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INTRODUCTION 

PL/DS i s  a  Sys tem/370-res ident  compi le r  tha t  provides  f lex ib le  
prepara t ion  of  programs fo r  use  on  the  IBM 8100 Informat ion  Sys tem.  I t  
provides  the  oppor tun i ty  fo r  programmer  p roduct iv i ty  assoc ia ted  wi th  the  
Sys tem/370 in te rac t ive  envi ronment .  Programs can  be  wr i t t en  for  use  
e i ther  under  8100  Dis t r ibu ted  Program Execut ive  (DPPX)  Base ,  o r  for  use  
under  o ther  8100 opera t ing  envi ronments .  

PL/DS has  these  bas ic  fea tures :  

•  i t  i s  a  h igh  leve l  programming language  wi th  p reprocessor - l ike  macro  
suppor t .  

•  I t  enables  coding  a t  the  machine  l eve l  wi th  (a )  suppor t  of  machine  
ins t ruc t ions  and  (b)  suppor t  o f  a  subse t  of  8100  DPPX Assembler  
code .  

•  The  PL/DS ob jec t  code  executes  on  bo th  the  Sys tem/370-res ident  
Program Development  S imula tor  — for  tes t ing  and  debugging  — and  on  
the  8100.  

•  i t  provides  s impl i f ied  in t ra -modular  l inkage  for  programming tha t  
wi l l  be  executed  under  DPPX Base .  

•  I t  has  code  op t imiza t ion  opt ions .  

Compi l ing  and  t es t ing  on  the  s imula tor  permi ts  an  appl ica t ion  
deve lopment  s t ra tegy  whereby  l ive  8100 product ion  programs a re  no t  
degraded  due  to  new appl ica t ion  deve lopment .  This  i s  espec ia l ly  
impor tan t  when the  8100s  p resen t ly  ins ta l led  a re  running  to  capac i ty  
wi th  ex is t ing  product ion  appl ica t ions .  New programs can  be  deve loped  
and  t es ted ,  us ing  Sys tem/370,  before  de l ivery  of  the  8100s  they  wi l l  run  
on .  

The  8100  DPPX Assembler  p rovides  fo r  coding  main- l ine  log ic ,  invoking  
DPPX macros ,  and  user  def in i t ion  of  DPPX Assembler  macros .  In  cont ras t  
to  the  DPPX Assembler ,  the  PL/DS compi le r  suppor t s :  

•  A h igh  leve l  coding  language .  
•  iBB-suppl ied  PL/DS macros  o r  user -wr i t ten  PI /DS macros .  
•  8100 Informat ion  Sys tem machine  l anguage .  
•  A subse t  of  DPPX Assembler  s ta tements .  

The  PL/DS ob jec t  code  can  op t iona l ly  be  prepared  for  execut ion  on  e i ther  
the  s imula tor ,  o r  on  the  8100 sys tem.  

The  h igh  leve l  compi le r  l anguage  provides  PL/ I - l ike  coding  power ,  and  
inc ludes  s t ruc tured  programming commands  such  as  IF ,  THEN,  and  DO.  The  
format ted  l i s t ing  opt ion  log ica l ly  indents  s t ruc tured  code  for  easy  
read ing .  

The  PL/DS macro  language  permi ts  compi le  t ime  modi f ica t ion  of  PL/DS 
source ,  and  suppor t s :  (a )  PL/DS macro  def in i t ions  s tored  in  l ib ra ry  da ta  
se t s ;  (b)  user  def in i t ion  of  PL/DS macros ;  and  (c )  submi t ta l  of  a  subse t  
o f  DPPX Assembler  s ta tements .  

The  machine  language  suppor t  has  the  f lex ib i l i ty  of  accept ing  IBH 8100 
ins t ruc t ion  mnemonics  wi thout  ins i s t ing  upon machine-code  operands ;  
PL/DS- l ike  express ions  a re  accepted  as  operands .  

The  machine  language  suppor t  and  the  DPPX Assembler  s ta tement  suppor t  
permi t  programming when exac t ing  requi rements  ex is t ,  whi le  the  h igh  
leve l  PL/DS s ta tements  meet  the  requi rements  of  sys tem leve l  
programmers .  Input  to  the  compi le r  i s  f ree- form,  wi t f i  f l ex ib le  spac ing  
a l lowed and  the  use  of  semicolons  as  s ta tement  de l imi te rs .  

In t roduc t ion  1  



The th ree  Pl /DS phases  — macro ,  compi le ,  and  assembly  — can  op t iona l ly  
be  ind iv idua l ly  suppressed ,  and  there  a re  opt ions  to  obta in  l i s t ings ,  
format ted  or  unformat ted ,  a f te r  the  macro  phase ,  a f te r  the  compi le  
phase ,  and  a f te r  the  assembly  phase .  For  l i s t ing  readabi l i ty ,  there  a re  
two fea tures :  

•  The  format t ing  opt ion  for  s t ruc tured  code ,  as  descr ibed  above .  

•  An op t ion  for  pr in t ing  inc luded  code  a f te r  the  program segment  tha t  
inc luded  i t ,  so  tha t  the  cont inu i ty  of  the  inc luding  segment  log ic  
i s  kept  compact  and  un in te r rup ted .  

One  fea ture  of  the  compi le r  i s  opt imiza t ion .  This  op t ion  genera tes  
h igh ly  opt imized  code ,  a l lowing  a  sk i l l ed  PL/DS programmer  to  produce  
very  e f f ic ien t  code .  (The  user  of  OPTIMIZE should  read  "Opt imiza t ion  
Precaut ions ,"  in  Appendix  F ,  before  us ing  OPTIMIZE.)  

PL/DS Language  f ie fe rence  



CHAPTER 1 .  LANGUAGE DESCRIPTION AND CODING RULES 

LANGUAGE DESCRIPTION 

There  a re  a  number  o f  sec t ions  to  PL/DS language .  The  fo l lowing  
descr ip t ions  wi l l  he lp  you  keep  them sor ted  out .  Refer  to  F igure  1  as  
you  read  th i s .  As  your  fami l ia r i ty  wi th  the  par t s  of  the  language  
increases  you  can  cont inue  to  use  th i s  f igure  for  c la r i fy ing  language  
re la t ionsh ips .  

MACRO AND COMPILE CODE OBJECTIVES 

The  two main  sec t ions  of  the  language  a re  compi le  source  code  and  macro  
source  code .  The  compi le  code  ach ieves  the  main  ob jec t ive  of  
programming e f for t s :  i t  expresses  the  program's  log ic  in  code  tha t  the  
compi le r  conver t s  to  a  machine  language  ob jec t  program.  The  macro  code  
g ives  a  preprocessor - l ike  op t ion  to  make  changes  to  compi le  code  before  
compi l ing  i t .  Macro  s ta tements  express  log ic  to :  (a )  con t ro l  macro  
phase  process ing ,  (b)  to  change  charac te r  s t r ings  in  compi le  source  
code ,  and  (c )  to  add  s ta tements  to  compi le  code .  

Both  macro  and  compi le r  code  do  no t  have  to  be  presen t  in  every  source  
da ta  se t ;  e i ther  one  can  ex is t  a lone .  A source  da ta  se t  might  conta in  
compi le  code  on ly .  Or ,  the  da ta  se t  might  be  on ly  powerfu l  macros  tha t  
the  programmer  invokes  and  codes  appropr ia te  parameters  fo r ;  these  
macros  would  produce  a l l  the  compi le  code  fo r  the  ob jec t  program.  

THE COMPILE CODE 

The  bas ic  par t  of  compi le  source  code  i s  the  compi le  s ta tements .  
Compi le  s ta tements  a re  the  language  tha t  you  as  a  programmer  use  to  
express  the  log ic  of  your  program.  

Another  par t  of  compi le  code  i s  bui l t - in  func t ions .  These  func t ions  a re  
compi le r -provided  shor tcu ts  to  conserve  code  and  g ive  you  addi t iona l  
da ta .  You code  them in  your  compi le  s ta tements .  

Machine  ins t ruc t ions  a re  an  ex tens ion  of  the  PL/DS compi le  code .  They  
enable  you  to  expl ic i t ly  code  spec i f ic  machine  ins t ruc t ions ,  whi le  
permi t t ing  the  use  of  convent iona l  PL/DS express ions  as  operands  of  the  
ins t ruc t ions .  The  compi le  phase  of  the  PL/DS compi le r  reso lves  these  
express ions .  

DPPX Assembly  s ta tement  subse t  suppor t  enables  you  to  submi t  pure  
assembler  code  in  your  program,  and  you  exerc i se  fu l l  cont ro l  in  your  
spec i f ica t ion  of  normal  assembler  operands .  Your  assembler  code  i s  
assembled  wi th  no  compi le  phase  sc ru t iny  for  PL/DS express ions .  

In  F igure  1 ,  the  assembly  s ta tements  a re  shown wi th in  macro  def in i t ions .  
This  i s  for  accuracy:  the  assembler  s ta tements  must  be  inser ted  in to  the  
source  s ta tements  by  use  of  the  PL/DS macro  def in i t ions  descr ibed  be low.  

Any o f  the  compi le  code  can  be  a l te red  dur ing  a  compi le r  run  wi th  PL/DS 
macro  code .  
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THE MACRO CODE 

Macro  code  i s  for  a l te r ing  compi le  code  jus t  before  i t  i s  compi led .  The  
macro  code  has  th ree  bas ic  par t s :  macro  def in i t ions ,  macro  ou te r  
s ta tements ,  and  macro  invoca t ions .  

The  log ic  in  macro  ou te r  code  i s  executed  dur ing  the  macro  p rocess ing  
phase  of  the  compi le r .  You can  use  macro  ou te r  s ta tements  for  some 
macro  log ic ,  bu t  the  macro  def in i t ions  a re  more  powerfu l .  

PL/DS Macro  def in i t ions  a re  macro  code  "procedures"  tha t  you  a re  us ing  
more  than  once .  The  opera t ions  tha t  a  macro  def in i t ion  conta ins  a re  
executed  dur ing  the  macro  p rocess ing  phase  of  the  compi le r  wherever  you  
code  a  macro  invoca t ion  for  tha t  macro .  

Wi th in  a  macro  def in i t ion ,  you  use  PL/DS macro  def in i t ion  s ta tements  to  
code  the  opera t ions  tha t  happen  when tha t  macro  i s  invoiced .  Wi th in  the  
macro  def in i t ion  s ta tements ,  you  can  use  the  PL/DS macro  def in i t ion  
func t ions .  The  macro  def in i t ion  func t ions ,  l ike  the  compi le  s ta tement  
bu i l t - in  func t ions ,  p rovide  addi t iona l  f l ex ib i l i ty  to  the  macro  
def in i t ion  s ta tements .  

I COMPILER CONTROLS |  

I COMPILER OPTIONS 1 

COMPILE SOURCE CODE 

1  C O M P I L E  S T A T E M E N T S  
'  i  1  
1  B U I L T - I N  F U N C T I O N S  |  |  
•  1  |  

1  M A C H I N E  I N S T R U C T I O N  S T A T E M E N T S  |  

MACRO SOURCE CODE 

i  
I  M A C R O  
|  

i  
O U T E R  S T A T E M E N T S  |  

I  M A C R O  
i  

I N V O C A T I O N S  

MACRO DEFINITIONS 

MACRO DEFINITION STATEMENTS 
—— 

I MACRO DEFINITION FUNCTIONS |  

I DPPX ASSEMBLY STATEMENTS |  

Figure  1 .  PL/DS Language  Component  Domains  
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P L / D S  E N V I R O N M E N T S  A N D  R E S E R V E D  W O R D S  

There  a re  three  "envi ronments"  tha t  impact  your  coding .  They  a re :  

•  The  compi le  envi ronment .  

•  The  macro  ou te r  envi ronment .  

•  The  macro  def in i t ion  envi ronment .  

Cer ta in  ru les  a re  no t  shared  across  envi ronments .  This  i s  most  apparen t  
in  the  use  of  keywords ,  reserved  words ,  and  var iab les .  In  a  g iven  
envi ronment ,  you  can  use  reserved  words  f rom o ther  envi ronments  as  long  
as  you  do  not  v io la te  any  ru les  se t  down for  the i r  use  in  the  presen t  
envi ronment .  

There  i s  an  impor tan t  except ion  to  th i s  in  the  shar ing  of  var iab les  
dec la red  EXTERNAL be tween  macro  envi ronments ,  and  th i s  i s  covered  in  the  
descr ip t ions  of  the  macro  DECLARE and  %DECLARE s ta tements .  

THE PROCESSING OF SOURCE DATA BY THE COMPILER 

The  e f fec t s  of  the  compi le r  on  the  conten ts  of  the  source  da ta  se t  a re  
shown in  F igure  2 .  The  changes  tha t  t ake  p lace  in  each  par t  of  the  da ta  
se t  a t  each  compi le r  phase  a re  shown be low.  (The  re la t ive  s ize  of  each  
type  of  code  i s  for  i l lus t ra t ion  only ,  and  in  ac tua l  cases  can  devia te  
markedly  f rom what  the  f igure  shows. )  (The  ac tua l  code  i s  not  in  
separa te  groups  in  the  input  da ta  se t ,  bu t  i s  in te rmixed  throughout  to  
ob ta in  the  resu l t s  des i red  by  the  programmer . )  

Paren thes ized  mater ia l  po in ts  to  the  par t s  of  the  language  tha t  a re  used  
to  obta in  these  resu l t s .  

1 .  MACjiO PROCESSING PHASE CHANGES:  

•  Machine  ins t ruc t ion  s ta tements  ( see ,  "Machine  Ins t ruc t ion  Suppor t" )  
can  be  added  f rom pr iva te  l ib ra r ies .  The  machine  ins t ruc t ion  i s  
not  processed ,  bu t  i t  can  be  a l te red  and  addi t iona l  s ta tements  
inser ted  (macro  var iab les  and  answer  t ex t )  .  

•  Compi le  s ta tements  ( see ,  "Language  Ins t ruc t ions  and  Bui l t - in  
Funct ions")  can  be  added  f rom pr iva te  l ib ra r ies .  The  compi le r  code  
i s  not  processed ,  bu t  i t  can  be  a l te red  and  addi t iona l  s ta tements  
inser ted .  

•  DPPX assembler  s ta tements  can  be  inser ted .  The  assembler  code  can  
be  a l te red .  

•  Macro  code  can  be  added  f rom pr iva te  l ib ra r ies ,  and/or  by  
invoca t ions  of  l ib ra ry- res ident  macro  def in i t ions .  I t  i s  a l l  
executed  to  produce  answer  t ex t  and  macro  var iab le  subs t i tu t ion  
va lues ,  and  d i sappears  a t  the  end  of  the  macro  p rocess ing  phase .  

2 .  COMPILE PHASE CHANGES:  

•  Machine  ins t ruc t ion  s ta tements  can  be  added  f rom pr iva te  l ib ra r ies .  
The  compi le  phase  p rocesses  each  input  machine  language  s ta tement  
to  y ie ld  the  assembler  s ta tement  equiva len t  of  each  ac tua l  machine  
language  opera t ion  spec i f ied ,  p lus ,  where  necessary ,  the  
housekeeping  assembler  s ta tements  to  supply  the  PL/DS var iab le  
va lues  re fe renced  in  the  s ta tement .  The  machine  language  
s ta tements  a l l  become assembler  s ta tements  by  the  end  of  the  
compi le  phase .  

•  Compi le  s ta tements  can  be  added  f rom pr iva te  l ib ra r ies .  The  
compi le  code  i s  a l l  processed  in to  assembler  s ta tements ,  and  
d i sappears  a t  the  end  of  the  compi le  phase .  
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•  The  addi t ion  to  assembler  s ta tements  i s  the  ou tput  of  the  compi le  
phase  process ing  of  bo th  the  compi le  source  code  and  the  machine  
language  s ta tements .  

3 .  ASSEMBLY PHASE CHANGES:  

•  Assembler  s ta tements  a re  conver ted  in to  objec t  code ,  and  d i sappear .  

SOURCE DATA SET DIFFEBENCES 

Al l  o f  the  components  shown in  F igure  2  do  no t  have  to  be  presen t  in  a  
source  da ta  se t .  One  ex t reme could  be  a  source  da ta  se t  wi th  on ly  
compi le  source  s ta tements .  Another  ex t reme could  be  a  macro-code-only  
source  da ta  se t .  (The  macro  invoca t ions  could  genera te  any  o f :  machine  
language ,  compi le r  code ,  and/or  assembler  code ,  fo r  subseguent  
p rocess ing  as  jus t  descr ibed . )  

EXEC 
PLDS 

• 
Input 
Source 
Data Set 
Contents 

Macro 

1. Macro 
Phase 
Changes 

2. Compile 
Phase 
Changes 

3. Assembly 
Phase 
Changes 

Output 
Data 
Set 

Object 
Code 

Figure  2 .  Phase-by-Phase  PL/DS Process ing  of  Source  Data  
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CODING ROLES 

RECORD FORMAT 

The  log ica l  records  in  the  source  code  da ta  se t  a re  80  charac te rs  long .  
Columns  2  th rough 72  a re  the  source  t ex t  a rea  of  the  input  records ,  
un less  you  submi t  the  MARGINS compi le r  op t ion  to  change  the  marg ins .  
Hi th in  the  source  t ex t  a rea  there  a re  no  co lumns  o r  f i e lds  wi th  spec ia l  
uses .  The  compi le r  does  no t  look  a t  any  source  record  co lumns  ou ts ide  
of  the  source  tex t  a rea .  

CHARACTER SET 

The  charac te r  se t  used  fo r  PL/DS i s  EBCDIC.  Charac te r  da ta  appear ing  in  
the  PL/DS program i s  in te rpre ted  us ing  EBCDIC charac te r  codes .  

You can  use  a l l  256 EBCDIC charac te rs  wi th in  comments  and  charac te r  da ta  
cons tan ts .  However ,  on ly  a  subse t  of  the  EBCDIC charac te r  se t  i s  used  
fo r  any  o ther  par t  of  a  PL/DS s ta tement .  This  subse t  cons is t s  o f :  

•  The  l e t te rs  A  th rough Z,  and  the  spec ia l  charac te rs  # ,  $ ,  and  a .  

•  The  d ig i t s  0  th rough 9 .  

•  The  19  spec ia l  charac te rs  in  Figure  3 .  

Le t te rs ,  d ig i t s ,  and  the  charac te rs  # ,  $ ,  and  a ,  are  used  in  forming  
language  keywords ,  da ta  cons tan ts ,  and  var iab le  names  fo r  da ta .  The  
spec ia l  charac te rs  a re  used ,  s ing ly  or  in  combina t ion ,  e i ther  as  
de l imi te rs  or  to  form opera tors .  Del imi te rs  and  opera tors  formed of  
spec ia l  charac te rs  in  combina t ion  a re  ca l led  compos i te  de l imi te rs  and  
compos i te  opera tors ,  respec t ive ly .  

Charac te r  Name 

/ 
( 
) 

Blank  
Equal  o r  ass ignment  s ign  
P lus  or  addi t ion  s ign  
Minus  o r  sub t rac t ion  s ign  
Aste r i sk  or  mul t ip l ica t ion  

s ign  
S lash  or  d iv i s ion  s ign  
Lef t  paren thes i s  
Right  paren thes i s  
Comma 

Charac te r  

A 
I 
> 
< 
% 
? 

Kane 

Semicolon  
Colon  
Apos t rophe  
"Not"  s ign  
"And"  s ign  
"Or"  s ign  
"Grea te r  than"  s ign  
"Less  than"  s ign  
Percent  s ign  
Ques t ion  mark  

F igure  3 .  Spec ia l  Charac te rs  in  the  PL/DS Charac te r  Se t  

BOLES FOR CODING IDENTIFIERS 

Ident i f ie rs  a re  names  tha t  you  code ,  such  as  labe ls  of  s ta tements  and  
names  o f  var iab les .  Your  iden t i f ie rs  must  conform to  the  fo l lowing:  

•  One  to  e igh t  charac te rs  long .  

•  F i r s t  charac te r  can  be  one  of  the  a lphabe t ic  charac te rs  A th rough 
Z ,  o r  *  o r  $ .  

•  Charac te rs  2-8  can  be  any  of  the  a lphabe t ic  charac te rs ,  the  numer ic  
charac te rs  0  th rough 9 ,  and  the  spec ia l  charac te rs  # ,  $ ,  o r  9 .  
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SOURCE STATEMENT FORMAT 

text area of a f They can begin anywhere in the source 
necessary Z i + h L l '  and cont;Lnue on as .any consecutive records as 
necessary without any continuation characters. (The FORMAT compiler 
p on produces listings that have the statements neatly and loqicallv 

aligned, regardless of the input record format.) neatiy ana -Logically 

s^an"11^6^^^011 KhiS iS the control statements. The "at 
In9 thi record 111 IVz* non"blaDk character, within margins, 

ecord, and the a xxxx control statement must be the onl C 
statement, other than a comment, in the record. 

STATEMENT DELIMITERS 

endings of^statements,^ou^an "thinh^like^he^o.Dil6 £eginnings and resuits- ..2s«.laĵ is?iis; .itoasS; 
The usual statement-ending delimiter is the semicolon. 

statements?0 ^The^keywords" ̂ hesf" "+ l6Vel CO"piie so"« 
identifiers. The begin chfrac^ers FoT. ̂ ^'6^® C°ntain are tbeir 

shown on the syntax diaqrams in thsir ̂  VDS. iail9uage components 
unusual cases "S in tbis •««-!• 

identifiers. The begin characte^ f,^' ZZZcontain are their 
are shown on the syntax diaqrams in thsi^' pVDS language components 

statements?1andSassemblerCstatementsdeSAssei^l^^°"^'>nSBa^ot'l^®^^""™*°" 

ŝ -sssi s-r.su: S, them to 

RULES FOR USING BLANKS 

Blanks can be used freelv on a pt/nc 
restrictions: 7 statement, except for the following 

® D JtS C3 D IlOt SDlbGddpd in oari ahi« 
and keywords. names, labels, entry names, 

* cannot be embedded i n 
character constants as meaningful ch^ac!!?! I***5' °ther in 

operators?DOt ^ eBt,edded " composite delimiters and composite 

Note: Variable names, Keywords and aa<-
(smallest meaningful character groupinosfata constants are "tokens" 
adjacent to one another. Some appropriate d??- Cannot be i"nediately 
more blanks, must separate them? approprlate delimiter, such as one or 

SUBSCRIPT AND SUBSTRING EXPRESSIONS 

An operand can contain a subscri n+ er- u ^ • 
expressions may be any valid expression substring expression. These 
to arithmetically calculate the subscript ?? ?,,!*? t6d Talue is used 
the subscript or substring expressi™ ^string. The value of 
associated dimension (subscript! «£? Dot be greater than the 
greater than zero. <subscnpt) or length (substring) . it «Ust bl 
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Subscr ip t  Express ions  

A subscr ip t  express ion  i s  used  to  re fe rence  an  e lement  of  an  a r ray .  I t  
g ives  the  pos i t ion  of  the  e lement  wi th in  the  a r ray .  The  express ion ,  
enc losed  in  paren theses ,  fo l lows  the  var iab le  name ass igned  to  the  
a r ray ;  tha t  i s ,  a r rayname ( subscr ip t  express ion) .  For  mul t ip le  
d imens ions  there  must  be  as  many subscr ip t  express ions  wi th in  the  
paren theses  as  there  a re  d imens ions .  Mul t ip le  subscr ip t  express ions  a re  
separa ted  by  commas .  

A subscr ip t  express ion  may be  any  express ion  va l id  a r i thmet ica l ly .  

Examples  of  subscr ip t  express ions  a re ;  

(3)  
( 1 )  
(3  +  J )  
(B->C)  
( I  +  J  ,  K* 10)  

Subs t r ing  Express ions  

A subs t r ing  express ion  i s  used  to  
charac te rs  of  s t r ing  da ta .  See ,  

re fe rence  one  o r  more  b i t s  or  
"S t r ing  Data  DECLARE S ta tement  

At t r ibu tes ) , "  under  the  DECLARE s ta tement ,  fo r  more  in format ion .  

To re fe rence  one  b i t  o r  charac te r ,  the  express ion ,  enc losed  in  
paren theses ,  fo l lows  the  var iab le  name ass igned  to  the  s t r ing  da ta ,  tha t  
i s ;  var iab lename(subs t r ing  express ion) .  

To re fe rence  more  than  one  b i t  o r  charac te r ,  you  mus t  ind ica te  the  
pos i t ion  in  the  s t r ing  da ta  of  the  f i r s t  b i t  o r  charac te r  and  the  
pos i t ion  of  the  l as t  b i t  o r  charac te r .  The  f i r s t  pos i t ion  and  the  l as t  
pos i t ion  a re  separa ted  by  a  co lon .  

To re fe rence  a  por t ion  of  s t r ing  da ta  tha t  i s  an  e lement  o f  an  a r ray ,  
the  subs t r ing  express ion  i s  preceded  by  the  subscr ip t  express ion  (or  
express ions  separa ted  by  commas ,  fo r  mul t ip le  d imens ions) .  The  
subs t r ing  and  subscr ip t  express ions  a re  separa ted  by a  comma.  Examples  
o f  subs t r ing  express ions  a re ;  

DECLARE STRING CHAR(100) ;  
DECLARE SDIB1 (10)  CHAR (10) ;  
DECLARE SDIH2 (5 ,  2)  CHAR (10) ;  

STRING (3 :3)  
STRING (3)  
STRING (3 :4)  
STRING ( J :  J+3)  
SDIB1 (7 ,2 :2)  
SDIB1 (7 ,2)  
SDIB2 (4 ,2 ,3 :9)  
STRING(J)  
STRING(J :J+K)  
SDIB2 ( I ,  J ,  4 :  A*B)  

/*  SCALAR 100  BYTES LONG * /  
/*  ARRAY OF 10  ITEMS -  EACH 10  BYTES * /  
/*  2-DIMENSIONAL ARRAY -  EACH 10  BYTES*/  
/*  THE THIRD BYTE OF STRING * /  
/*  THE THIRD BYTE OF STRING * /  

2  BYTES STARTING HITH THE THIRD * /  
4  BYTES STARTING AT JTH * /  

/*  SINGLE BYTE FROM THE 7TH ELEMENT * /  
/*  SINGLE BYTE FROM THE 7TH ELEMENT * /  

7  BYTES FROM ELEMENT "SDIM2(4 ,2)"  * /  
A SINGLE BYTE * /  

/*  BOTH BOUNDS DYNAMIC * /  
/*  UPPER BOUND DYNAMIC * /  

/» 
/• 

/* 
/* 

Var iab le  length  subs t r ings  a re  poss ib le .  See ,  "Var iab le  Length  
Subs t r ings ,"  under  the  Ass ignment  s ta tement ,  fo r  more  in format ion .  

PL/DS REGISTERS 

Before  coding  any  PL/DS s ta tements  in  which  you  mus t  spec i fy  reg is te rs ,  
i t  i s  impor tan t  to  be  fami l ia r  wi th  the  reg is te r  nomencla ture  used  by  
the  compi le r ,  descr ibed  in  Appendix  I  of  th i s  publ ica t ion .  This  
nomencla ture  i s  cons is ten t  wi th  tha t  used  by  the  DPPX Assembler .  
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The  LINKAGE op t i on  you  spec i fy  i n  you r  P R O C E D U R E  s t a t e me n t  a l so  i a pa c t s  
you r  r eg i s t e r  u sage .  

PO IN T E R NOTATION FOE INDIRECT ADDRESSING 

Po in t e r  no t a t i o n  u se s  a n  ope ra to r ,  -> ,  made  up  o f  two  spec i a l  
cha r ac t e r s :  -  and  > .  T h e  f o rma t  o f  po in t e r  no t a t i on  i s :  

po in t e r  va r i ab l e  ->  i nd i r ec t  da t a  

wh e re :  

PS iS l e r  va r i ab l e  i s  t he  name  o f  a  va r i ab l e  whose  va lue  i s  t he  
add re s s  o f  t he  i n d i r ec t  da t a .  

±£d±£§£ t  da t a  i s  the  name  o f  t he  da t a  t o  be  found  a t  t h e  a dd re s s  
con t a ined  i n  t he  p o in t e r  va r i ab l e .  

I n  t he  f o l l o wing  example :  

D E CL A RE  P  POIN TER;  
D E CL A RE  A CHARACTER (8 )  ;  
P - >A=•ABCDEFGH• ;  

. . . t h e  va r i ab l e  P  dec l a r ed  a s  P O I N TER ho ld s  t he  add re s s  o f  va r i ab l e  A.  

RU L E S F OR CO D ING COMMENTS 

s°rr- <*»"«•» '* •»" .ppj./1. 

nn !h i n t r -  C a n *  i n c - L u d e  a n ?  v a l i d  E BCDIC cha r ac t e r s .  Howeve r  t h e  
combina t i on  * /  shou ld  n o t  a ppe a r  w i t h i n  a  commen t  because  ' t  
ch a rac t e r s  t e rm ina t e  t he  commen t .  '  the se  

SYN TA X  DIAGRAMS 

encoun t e r ed  i n  ^ t he r^B^produc t^^The  S svn t a* n d i aa r ° n  t h a D  y O U  h a v e  

ch a rac t e r s  connec t ed  w i th  S ISs  to  ! ! ve  5 e  a  " *  " ° r d S  a ° d  

c od ing  spec i a l  cha r ac t e r s ,  keyw or ds ,  and  va r i ous  op^ands .«®9»«»c«s  f o r  

Bas i c  Syn t ax  R u le s  

A l l  spec i a l  cha r ac t e r s  and  c ap i t a l  l e t t e r s  m us t  be  coded  a s  sh o wn .  

'  t h e* ^ap p r op r i a t e  o r ?  S t a t e * e n t  t s  t ha t  you  mu s t  code  

•  2Ss . t 2e h 0 2£E  t a l s  p r e  s en  t ed  "o n  JSTV t \  h °^  i a t °  ° r  

op t iona l  e l emen t s  t o  choose  f ro m a t  t ha t  po i ! t .  C h ° U t  l l D e S  3 1 6  

E l emen t s  o r  s e t s  o f  e l em en t - ^  f ka i  
• p p to p c i a t .  t . v , ,  i i «  , „ , c l l [ l ,  o p  a n d  

t h e  o f  t h e i t  
l e ad i ng  t o  and  f rom t h e "  d l a g r a "  a r e  i d en t i f i ed  by  b roken  l i ne s  
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Example of Syntax Rules 

Figure 4 is an example of a syntax diagram, demonstrating the syntax 
diagram rules just described. The numbers are for this example only, 
and do not appear on standard syntax diagrams. 

in 

iti 
v I I—I 1—u 

r—label:-111 2 | , 
I I '—' I <—i 

— I l-DOH I 31 
I I I 1—1 
i 1 ,—, i control = start 

|5| variable value 
|—• . 

r-UNTIL—, 
J |—(relational expression)—! 
'—WHILE—1 I 

i— 

I 10| 

I9| 

>—. rincrementn .-. 

LB Y—• 
I—I 
| 61 «-decrementJ 

*-TO end* *-WHILE— (relational* 
value expression) 

17 | 18 I 

1. The label is an optional element in the statement. There can be 
more than one label. All labels must precede the DO keyword. 

2. The DO keyword is the only element of this statement, other than 
the final semicolon, that must appear (see option 3). 

There are three optional and mutually exclusive forms of this statement 
(3, 4, 5), all shown after (to the right of) the DO keyword. 

3. There may be no other elements after the DO keyword. 

4. There may only be a WHILE or UNTIL keyword with its associated 
expression after the DO keyword. 

5. A control variable may be assigned a start value. This element can 
be optionally followed by the BY, TO, or WHILE keywords with their 
associated arguments. These keywords may be written in any order; 
it is not necessary that they be written as in the diagram. 

6. The optional BY keyword may be used to specify an incrementing or 
decrementing value to be added to/subtracted from the control 
variable. 

7. The optional TO keyword indicates a limit for the control variable. 
When exceeded, the DO processing is terminated. 

8. The optional WHILE keyword must have an expression with it. The 
expression defines the conditions under which the DO processing 
will continue. 

g The broken and dotted lines show that BY..., TO..., and WHILE... 
may be coded in any seguence. 

10. The semicolon is a special character that must be written as 
indicated to signify the logical end of the DO statement. 

Figure 4. Explanatory Syntax Diagram 
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INTRA-MODULAR LINKAGE 

Simplified intra-modular linkage for programs that will be used under 
DPPX Base" is a PL/DS feature listed in the introduction of this 
publication. To use this feature, see the LINKAGE (3) option in the 
description of the PROCEDURE statement. 

M22IMD SEQUENCES IN THE SOURCE TEXT DATA SET 

rMnir»Qtl0ndeSfiheS th® inPut sequences that the compiler permits and 
requires. The statement names, shown in capital letters, will mean more 
to you as you become familiar with the contents of this manual. Just 
remember you have this section you can refer to. 

This section does not discuss operation-defined sequences that are 
spelled out elsewhere in the manual! These include: 

* °°- *" "cbo "»*"« 

client*- <tie9i*"lin3 of «•••"> requires a corresponding •/ (end of 

• Every opening • requires a closing '. 

REQUIRED SOURCE TEXT SEQUENCE 

havebis^C S6gUenCe of statements that your source text data set must 

SCREATE3 °Ptional ^t customary 

I 
optional segment definition (s) 

aENDCREATE 
PROCEDURE 
%INCLUDE 

3INCLUDE 

SINCLUDE 

END 

for compile phase main procedure 
tor inclusion at macro phase 

for inclusion at compile phase 

for inclusion at macro phase 

for compile phase main procedure 

Options", thatS you can ufe^t^splcify"^comDil230"'**^ under "Compiler 
set's compile. specify compiler options for this data 

If you submit an dPROCESS statement it i. , , 
source data set. must be the first record in your 

aCREA TE. . . aENDCREATE: This is a c;P+ A 

compiler control statements that vonnstateBents' described under 
statements (segments) that yon Sll llZr- ^ t0 Sui)Bit sets of 

you submit 3CREATE... aENDCREATE st^temenL (th 31NCLODE). If 
beginning of your data set, immediatey°U BUSt plaCe the" at «« 

sen, immediately after any aPROCESS statement. 
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PROCEDURE. .  .END;  The  main  procedure  of  your  program must  s t a r t  wi th  a  
PROCEDURE s ta tement  and  end  wi th  an  END s ta tement .  This  i s  requi red  for  
the  compi le  phase  of  the  compi le r .  (You can  e i ther  p lace  these  ac tua l  
s ta tements  in  your  source  da ta  se t ,  o r  make  sure  tha t  they  wi l l  be  
inser ted  by e i ther  a iNCLUDE,  XINCLUDE,  o r  by  answer  t ex t  f rom macros  you  
invoke . )  

X I N C L U D E :  To inc lude ,  f rom an  ex te rna l  l ib ra ry ,  source  t ex t  tha t  i s  to  
be  scanned  by  the  macro  phase  of  the  compi le r ,  you  use  X I N C L U D E .  
Contras t  th i s  wi th  S I N C L U D E ,  below.  There  i s  no  requi rement  fo r  
X I N C L U D E  s ta tements  to  precede  a i N C L U D E  s ta tements .  

a iNCLUDE:  To inc lude ,  f rom an  ex te rna l  l ib ra ry ,  source  tex t  fo r  
process ing  fo l lowing  the  macro  phase  o f  the  compi le r ,  you  use  a iNCLUDE.  
Cont ras t  th i s  wi th  XINCLUDE,  above .  There  i s  no  requi rement  fo r  
a iNCLUDE s ta tements  to  fo l low XINCLUDE s ta tements .  

BASIC MACRO LANGUAGE SEQUENCES 

The  macro  process ing  phase  of  the  compi le r  t akes  one  pass  th rough source  
t ex t .  To  conform to  th i s ,  the  fo l lowing  bas ic  ru les ,  d i scussed  under  
"PL/DS Macro  Outer  Code ,"  apply :  

•  You can  a l te r  the  sequence  o f  macro  process ing  wi th  XGOTO 
s ta tements ,  bu t  any  macro  code  you  branch  pas t  d i sappears  a t  the  
end  of  the  macro  p rocess ing  phase .  

•  Macro  code  tha t  a l te rs  source  code  s t r ings  must  be  processed  before  
the  s t r ings  i t  a l te rs .  

•  Macro  code  tha t  i s sues  answer  code  must  be  p rocessed  a t  the  
pos i t ion  tha t  the  answer  t ex t  i s  to  appear .  

•  Macro  def in i t ions  tha t  a re  inc luded  in  th i s  da ta  se t  must  appear  
before  the i r  invoca t ions  a re  processed .  

•  Source  t ex t  tha t  i s  on separa te  da ta  se t s  and  tha t  i s  to  be  
processed  in  the  macro  phase  of  the  compi le r  mus t  be  brought  in to  
the  source  s t ream wi th  a  XINCLUDE s ta tement  a t  the  p lace  where  i t  
i s  to  appear .  
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COMPILEB OPTIONS AN£ CONTROLS 

When  you  submi t  a  job  fo r  compi la t ion ,  t he re  i s  a  se t  o f  compi le r  
op t ions  and  compi le r  con t ro l s  to  choose  f rom.  

The  compi le r  op t ions  tha t  you  choose  a re  in  e f fec t  fo r  the  whole  compi le  
job .  You  i n t e r spe r se  the  compi le r  con t ro l s  wi th  your  source  s t a t ement s  
wherever  you  need  them.  

In  the  ca tegory  o f  compi le r  op t ions  and  con t ro l s ,  t he re  i s  a  t e s t  op t ion  
fo r  use  by  coder s  o f  macro  de f in i t ions .  See  the  desc r ip t ion  of  VBTBC,  
under  "Macro  Def in i t ion  Debugg ing  Aids . "  

COMPILER OPTIONS 

The  compi le r  op t ions  a re  exp la ined  in  add i t iona l  de ta i l  i n  Append ix  H o f  
t h i s  manua l ,  and  in  fu l l  de ta i l  i n  the  pub l i ca t ion ,  P roqrammina  Lanquaae  
fo r  Dis t r ibu ted  Sys tem (PL/DS) .  Use r ' s  Guide .  You  can  e i th i l "  omi t  
compi le r  op t ions  and  accep t  the  de fau l t  va lues  fo r  them,  o r  spec i fy  the  
op t ions  wi th  the  va lues  tha t  you  wan t .  You  can  spec i fy  op t ions  e i the r  
in  the  PAEM f i e ld  o f  the  EXEC s t a t ement  o r  in  an  EPROCESS compi le r  
con t ro l  s t a t ement  a t  the  f i r s t  o f  your  source  s t a t ement s .  When  an  
op t ion  i s  in  bo th  the  PAf i i l  f i e ld  and  the  SPEOCESS s t a t ement ,  the  PAEM 
f i e ld  spec i f i ca t ion  i s  used  by  fhe  compi le r .  

ADECK:  Wr i t e  ob jec t  deck  r e su l t ing  f rom assembly  phase  t o  SYSPUNCH.  

ADEFS:  Def ine  a l l  va r i ab les  in  assemble r  code .  

ALIST:  P r in t  a s sembly  phase  l i s t ing .  

ANNOTATE:  Show compi le r  source  s t a t ement s  i n  assembly  phase  l i s t ing .  

ASSEMBLE:  Pe r fo rm assembly  phase ,  cond i t iona l  on  l eve l  o f  e r ro r  
encoun te red  in  compi le  phase .  

^ f i f i OBJErT C nn^n i f e i l h ; L f i ! r  ^  a s s e m b l y  l i s t ing  pages  and  fo r  SYSLIN ( see  OBJECT op t ion)  ob jec t  code  r ecords .  

AXREF:  P roduce  a s sembly  c ross  r e fe rence  l i s t ing .  

BUFSIZE:  Spec i fy  amount  o f  INCLUDE buf fe r  s to rage .  

COMPILE:  Pe r fo rm compi le  phase .  

ESD:  P roduce  l i s t ing  of  ex te rna l  symbol  d i c t iona ry .  

EXTEND:  Inc rease  s t a t i c  t ab le  s to rage  fo r  OPTIMIZE.  

FDECK:  Wr i t e  fo rmat t ed  source  to  SYSPUNCH.  

FLAG:  Spec i fy  seve r i ty  l eve l  o f  messages  t o  p r in t  on  l i s t ing .  

FORMAT:  Inden t  and  a l ign  s t ruc tu red  code  on  l i s t ing  fo r  r eadab i l i ty .  

FSOUECE:  P r in t  unfo rmat t ed  source  on  l i s t ing .  

IDE:  Add  CSECT in fo rmat ion  da ta  r ecord  to  
ex te rna l  p rocedure  END s t a t ement .  compi le r  p roduced  

LINECOUNT:  Number  o f  l i nes  pe r  l i s t ing  page .  

MACPAEM:  Pass  da ta  t o  the  macro  phase .  

MACRO:  Pe r fo rm macro  p rocess ing  phase .  
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MARGINS: Specify margins of input records that contain compiler source. 

MDECK: Punch macro processing phase output to SYSPUNCH. 

MPERCENT: Amount of SIZE option for global dictionary and string area. 

HSOORCE: Print original source, before any macro processing, on listing. 

HXREF: Print macro variable attribute and cross reference. 

OBJECT: Format object code for simulator (SYSLIN), or for transfer to 
DPPX (SYSITEXT) , or both. 

OPTIMIZE: Optimize the code produced by the compile phase. 

OPTIONS: Print compiler options at beginning of listing. 

RLD: Print listing of the relocation dictionary. 

SIZE: Specify dictionary and text buffer size. 

SOURCE: Specify printing of source. 

STATISTICS: Print compile phase statistics, such as number of 
statements. 

TERMINAL: Specify message severity for SYSTERM. 

TEST: Produce special source symbol table (SYM) object module records. 

TITLE: Specify heading for each page of compile phase listing. 

XREF: Print attribute and cross reference table on listing. 

COMPILER CONTROL STATEMENTS 

Besides the special PROCESS control statement described above for 
specifying compiler options, there are six other control statements. 

As described above, under "Source Statement Format," there can be no 
other statement except a comment on a compiler control statement line. 
The a sign prefix must be the first non-blank character after the left 
margin of the first line of a compiler control statement. Each 
statement can take as many additional lines as required to complete. 

dCREATE: Begins and names a segment for later inclusion with an aiNCLUDE 
or XINCLDDE statement. 

aEJECT: Specifies the conditions for an eject to a new printout page at 
this place in the compiler-produced listing. 

aENDCREATE: Ends the segment started with the last 3CREATE statement. 

aiHCLODE: Incorporates compiler source statements from external 
libraries into this compilation. 

8LIST: Allows changing, overriding, and restoring the control for 
printing compiler-generated lines after this place in the program. This 
applies to the listing after the compile phase. 

aPROCESS: Specify compiler options. (Note: the PROCESS statement usage 
is described in the section, "Compiler Options.") 

aSPACE: Leave blank line(s) on listing. 
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CHAPTER 2 .  COM PILE STATEMENTS AND BUILT-IN FUNCTIONS 

This  sec t ion  descr ibes  the  ru les  for  coding  compi le  s ta tements  and  the  
bu i l t - in  func t ions  tha t  the  compi le r  suppor t s  for  these  s ta tements .  

In  addi t ion  to  these  s ta tements ,  you  can  code  machine  ins t ruc t ions ,  as  
descr ibed  in  the  sec t ion ,  "Bui l t - in  Machine  Ins t ruc t ions ."  

Bes ides  in - l ine  source  code ,  you  can  br ing  the  conten ts  of  source  code  
da ta  se t s  in to  your  input .  

Your  se t  of  source  s ta tements  can  be  dynamica l ly  a l te red  or  added  to  
dur ing  a  compi le  run  us ing  the  macro  language .  A macro  phase  of  the  
compi le r  ac t s  on  your  macro  ins t ruc t ions  and  per forms  the  spec i f ied  
a l te ra t ions  before  the  compi le  phase  processes  the  f ina l  source  
s ta tements .  See  the  sec t ion ,  "Compi le r  Macro  l anguage ."  

COMPILE STATEMENTS 

SUMMARY OF COMPILE STATEMENTS 

STATEMENT 

ass ignment  

CALL 

DECLARE 

DO 

ELSE 

END 

ENTRY 

MACGEN,  ENDGEN 

GOTO 

IF  

nu l l  s ta tement  

PROCEDURE 

RESPECIFY 

RETURN 

THEN 

USE 

Dynamica l ly  ass igns  source  express ion  va lue  to  
var iab le .  

Invokes  an  ex te rna l  or  in te rna l  procedure .  

Descr ibes  a t t r ibu tes  of  a  var iab le .  

S ta r t s  a  do-group .  

S ta tes  ac t ion  when IF  condi t ion  i s  fa l se .  

Ends  do-group  or  end  of  p rocedure .  

Marks  secondary  en t ry  poin ts  in  a  procedure .  

Iden t i f ies  assembler  t ex t  to  be  passed  unchanqed  
through compi le  phase .  

Transfers  cont ro l  (normal ly  wi th in  procedure)  .  

Sta tes  condi t ion  for  IF ,  THEN,  and  (op t iona l ly)  
ELSE sequence .  1 9  

Ind ica tes  no  compi le r  ac t ion  ( fa l l  th rouahl  
usua l ly  in  a  THEN o r  ELSE.  tn rough) ,  

Marks  p r imary  en t ry  poin t  in  procedure .  

Over r ides  a t t r ibu tes  of  var iab le .  

Returns  cont ro l  f rom a  ca l led  procedure .  

S ta tes  ac t ion  when I F  condi t ion  i s  t rue .  
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Assignment  — Ass ign  a  Value  To a  Var iab le  

Purpose  

Ass ign  a  va lue  to  a l l  o r  par t  of  a  var iab le ,  changing  the  va lue  
spec i f ied  in  the  DECLARE s ta tement  INITIAL a t t r ibu te .  

Rules  

Only  the  rece iver  var iab le  i s  changed .  

Syntax  

•  1  
v  |  

i l abe l :  1  —| 
I I  
1  |—rece iver— = —source  express ion  ;  
I I  
i  i  

Operands  

l abe l  Opt iona l .  Code  one  o r  more  l abe ls ,  each  fo l lowed by  
a  co lon .  

rece iver  A va r iab le  tha t  i s  to  be  ass igned  a  va lue .  I t  must  
be  a  var iab le  dec la red  FIXED BINARY,  CHARACTER,  BIT,  
o r  POINTER.  I f  the  rece iv ing  var iab le  descr ibes  an  
e lement  of  an  a r ray ,  you  wi l l  a l so  code  a  subscr ip t  
express ion .  I f  the  rece iv ing  var iab le  descr ibes  
par t  o f  a  charac te r  o r  b i t  s t r ing ,  you  wi l l  a l so  
code  a  subs t r ing  express ion .  I f  the  rece iv ing  
var iab le  i s  BASED,  you  can  expl ic i t ly  
po in te r -qua l i fy  i t .  For  coding  these  spec ia l  cases ,  
see  "Coding  Rules , "  in  Chapter  1 .  

source  express ion  Simple  i t em (a  s ing le  operand)  o r  a  complex  
express ion  (one  o r  more  operands  and  one  or  more  
opera tors )  whose  resu l t  the  compi le r  ass igns  to  the  
rece iver .  

Operat ions  Peformed in  the  Ass ignment  Statement  

The compi le r  per forms  the  ass ignment  wi th  a  po in te r ,  a r i thmet ic ,  o r  
s t r ing  opera t ion  based  on  the  fo l lowing  a lgor i thm:  

IF  rece iver  i s  POINTER o r  FIXED(32)  
THEN 

po in te r  ass ignment  
ELSE 

IF  rece iver  i s  FIXED or  source  i s  FIXED 
THEN 

a r i thmet ic  ass ignment  
ELSE 

s t r ing  opera t ion  

Bhen the  rece iver  and  source  have  d i f fe ren t  lengths ,  the  compi le r  
ad jus t s  the  ass igned  va lue  in  the  rece iver  as  in  Figure  5 .  
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OPERATION |  I I  
— 

I  
TYPE —> |  POINTER i  ARITHMETIC |  STRING |  
(see  |  I I  I  
a lgor i thm) |  I I  1  

OPERAND |  Source  I Source  |  Source  |  Source  |  Source  and J 
CHARACTER |  must  be  I i s  |  is  I and/or  |  receiver  |  
-IS TICS —> |  unsigned*!  s igned |  unsigned I r ece iver  |  are  |  

I I I  a re  BIT |  C H A R A C T E R  |  
i  

ADJUSTHENT |  Value i s  |  Value i s  |  Value i s  I Value  i s  |  
1 

Value  i s  |  
IF |  extended I ex tended |  extended I ex tended |  extended |  
RECEIVER |  on le f t  |  on le f t  |  on lef t  I on  r ight  |  on r ight  |  
LENGTH IS  |  with  |  with  |  with  I wi th  |  with  |  
GREATER |  zeros  I s ign  |  zeros  I z  e  ro  s  |  blanks  |  
THAN |  I I  I  I  I  SOURCE |  I I  I  |  1  LENGTH —> |  I I  I  I  1  

ADJUSTMENT |  I 
I Value  i s  

1 
1  
1  IF  |  Value i s  t runcated  on le f t  I t runcated  on r ight  |  
I RECEIVER |  

on r ight  |  
I LENGTH IS  |  I I  LESS THAN |  

SOURCE |  I 
LENGTH —> |  (Resul ts  unpredic table  i f  s igni f icant  b i t s  t runcated)  |  

* If  source  i s  s igned,  i t  i s  t rea ted  as  unsigned.  

Figure  5 .  Adjus tments  to  Length  of  Ass igned Value  

Notes  on BIT Receivers ;  

The fo l lowing requirements  exis t  when the  receiver  i s  BIT;  

1 .  The length  of  the  receiver  and i t s  s tar t ing  b i t  pos i t ion  must  be  
known a t  compi le  t ime.  

2 .  The length  of  the  source  and i t s  s tar t ing  b i t  pos i t ion  must  be  
known a t  compi le  t ime.  

3 .  The length  of  the  source  must  equal  the  length  of  the  receiver  i f  
the  source  i s  a  var iable .  

<t .  I f  e i ther  of  the  source  or  receiver  b i t  s t r ings  crosses  two or  more  
byte  boundar ies ,  then e i ther  the  source  must  be  a  b i t  constant ,  or  
both  source  and receiver  must  be  mul t ip les  of  e ight  b i t s  a l igned on 
a  byte  boundary .  *  

5 .  I f  the  source  i s  not  a  b i t  var iable ,  or  a  b i t  s t r ing  constant ,  or  
any express ion o ther  than " - (b i t -var iable)" ,  then both  source  and 
boundary.  ^  B U l t i P l e s  o £  bits  a l igned on a  byte  

Notes  on St r ing Receivers ;  

The fo l lowing length  requirements  exis t  for  s t r ing  receivers :  

'• "«orLt5^gei\r.»ii6tbbJ«s""Uiple ° ° '  
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COMPLEX SOOBCE EXPRESSIONS IN ASSIGNMENT STATEMENTS 

Operands  in  the  Source  Express ion  

Source  express ion  operands  can  be  e i ther  var iab le  names  o r  cons tan ts .  
Var iab les  may be  FIXED,  POINTER,  CHARACTER,  o r  BIT.  I f  a  var iab le  
descr ibes  an  e lement  of  an  a r ray ,  the  var iab le  wi l l  inc lude  a  subscr ip t  
express ion .  I f  a  var iab le  descr ibes  par t  of  a  charac te r  o r  b i t  s t r ing ,  
the  var iab le  wi l l  inc lude  a  subs t r ing  express ion .  I f  a  var iab le  i s  
BASED,  i t  can  be  expl ic i t ly  poin te r  qua l i f ied .  

Cons tan ts  may be  a r i thmet ic  o r  s t r ing ;  how to  code  each  type  of  cons tan t  
i s  descr ibed  be low.  

Ar i thmet ic  Cons tan ts  

There  a re  two types  of  a r i thmet ic  cons tan ts ;  dec imal  and  b inary .  

A dec imal  cons tan t  cons is t s  of  a  s t r ing  of  d ig i t s  (0  -  9) ,  poss ib ly  
p re f ixed  by  a  s ign .  I t  must  no t  conta in  commas  o r  per iods .  

The  va lue  of  a  cons tan t  de te rmines  i t s  defau l t  p rec i s ion :  

-32768 = <  va lue  =  <  32767 i s  FIXED(15)  
32768 =  <  va lue  =  <  65535 i s  FIXED(16)  
65536 =  <  va lue  =  <  2147483647 i s  FIXED (32)  

A b inary  cons tan t  cons is t s  of  a  s t r ing  of  d ig i t s  0  and  1 ,  fo l lowed by  
the  l e t te r  B ( for  example ,  100B i s  equa l  to  4) ;  the  cons tan t  may be  
s igned  or  uns igned .  When the  cons tan t  i s  conver ted  in to  dec imal  form,  
i t s  va lue  must  conform to  the  ru les  for  dec imal  cons tan ts .  

S t r ing  Cons tan ts  

There  a re  three  types  of  s t r ing  cons tan ts ;  charac te r ,  b i t ,  and  
hexadec imal .  

A charac te r  cons tan t  cons is t s  of  any  EBCDIC charac te rs  enc losed  in  
apos t rophes ;  i f  any  of  the  charac te rs  i s  an  apos t rophe ,  code  two 
consecut ive  apos t rophes .  

A l> i t  cons tan t  cons is t s  on ly  of  the  d ig i t s  0  and  1  enc losed  in  
apos t rophes  and  fo l lowed by  the  le t te r  B.  

A hexadec imal  cons tan t  cons is t s  of  any  hexadec imal  d ig i t s  (0-9 ,  A-F)  
enc losed  in  apos t rophes  and  fo l lowed by  the  l e t te r  X.  I t  i s  a  shor thand  
for  the  equiva len t  b i t  cons tan t .  For  example ,  the  hexadec imal  cons tan t  
•B 'X i s  the  same as  the  b i t  cons tan t  '1011 'B.  

The  nu l l  charac te r  s t r ing  i s  coded  as  the  nul l  b i t  s t r ing  i s  coded  
as  ' 'B .  For  examples  of  nu l l  s t r ings  tha t  se t  a reas  to  zeros  o r  b lanks ,  
see  the  sec t ion ,  "Coding  Common Funct ions ,"  in  Appendix  G.  

The  maximum length  of  a  charac te r ,  hexadec imal ,  o r  b i t  cons tan t  i s  256 
input  charac te rs .  To  ca lcu la te  the  length  of  any  cons tan t  you  count  the  
number  o f  input  charac te rs ,  exc luding  the  enc los ing  or  doubl ing  
apos t rophes .  For  example :  

•  The  charac te r  cons tan t  * C^ 'NEIL '  counts  as  s ix  charac te rs .  

•  The  hexadec imal  cons tan t  '  B'X counts  as  one  charac te r .  Note  tha t  
i t s  b i t  conf igura t ion  i s  the  same as  tha t  of  the  b i t  cons tan t  
•1011 'B,  which  counts  as  four  charac te rs .  

•  The  b i t  cons tan t  '010 'B counts  as  th ree  charac te rs .  
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Operators in the Source Expression 

Figure 6 shows the operators that can be used in a source expression. \ 
OPEBATOB OPEBATION 

+ Prefix plus 
-• Negation 

Prefix minus 
* Multiplication 
/ Division 
// Bemainder 
+ Addition 

Subtraction 
& AND 
| Inclusive OB 
&& Exclusive OB 

PBIOBITY ASSOCIATED DATA TYPE 

1 Arithmetic or pointer 
1 Bit 
1 Arithmetic or pointer 
2 Arithmetic 
2 Arithmetic 
2 Arithmetic 
3 Arithmetic or pointer 
3 Arithmetic or pointer 
4 Bit or arithmetic 
5 Bit or arithmetic 
6 Bit or arithmetic 

Note: When -> (pointer variable notation), or subscripting, or 
substringing, or any of the built-in functions appears in the 
source expression, it is treated first. 

Figure 6. Table of Expression Operators 

In complex expressions, the order of associating operands with operators 
in the expression is determined by the priority of each operator. The 
operands connected by the highest priority operator (lowest number) are 
associated first, the operands connected by the second highest priority 
operator are associated next, and so on. 

If more than one operator of priority 1 appears in the expression, 
association of their operands is done from right to left. If more than 
one operator of the same priority -- other than priority 1 — appears in 
the expression, association of their operands is done from left to 
right. 

If you want to change the order of association, you may use parentheses. 
Operators and operands enclosed in parentheses are associated first and 
are associated by priority. For example, in this statement: 

A = 2* (3+4) ; 

...(3+4) is 
statement 

associated first; the result is multiplied by 2. In the 

B = H* (N* (Q/P- Q)) ; 

...(Q/P-Q) is associated first; the result 
result of multiplication is multiplied by M. 

is multiplied by N ;  the 

Operation Sequence in a Complex Source Expression 

If the source expression is complex, a pointer, arithmetic, or string 
operation is performed for each operator in the expression. Hhich type 
of operation is performed at a given stage of the evaluation depends 
entirely on the operator and the attributes of its operands. The 
attributes of intermediate results are described below. 

Pointer Operations 

A pointer operation is performed when the operation is addition or 
subtraction and one or both operands is a pointer. The result is an 
unsigned value with precision 32 of type POINTEB. iesuir is an I 
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I f  the  operands  have  d i f fe ren t  prec is ions ,  the  shor te r  operand  i s  
conceptua l ly  ex tended  on  the  l e f t :  wi th  i t s  s ign  i f  the  i tem i s  s igned ,  
o r  wi th  zeros  i f  i t  i s  uns igned .  S t r ing  operands  a re  a l lowed i f  they  
a re  byte-a l igned  and  one  o r  two or  four  by tes  in  length ;  they  a re  
t rea ted  as  FIXED (8)  o r  FIXED (16)  r espec t ive ly .  

Po in te rs  may on ly  be  used  as  operands  of  addi t ion ,  sub t rac t ion ,  p re f ix  
addi t ion ,  or  p re f ix  subt rac t ion .  

Ar i thmet ic  Opera t ions  

An a r i thmet ic  opera t ion  i s  per formed i f  one  o r  both  operands  a re  
a r i thmet ic  and  ne i ther  i s  poin te r .  The  resu l t  a f te r  apply ing  any  
a r i thmet ic  opera tors  i s  usua l ly  a  ha l fword  a r i thmet ic  va lue .  There  i s  
one  except ion :  i f  e i ther  operand  i s  FIXED(32) ,  the  resu l t  i s  FIXED(32)  .  

I f  the  operands  have  d i f fe ren t  prec is ions ,  the  shor te r  operand  i s  
conceptua l ly  ex tended  on  the  l e f t :  wi th  i t s  s ign  i f  the  i tem i s  s igned ,  
o r  wi th  zeros  i f  the  i tem i s  uns igned .  S t r ing  operands  a re  a l lowed i f  
they  a re  byte -a l igned  and  e i ther  one  o r  two bytes  long;  they  a re  t rea ted  
as  FIXED (8)  o r  FIXED (16) ,  respec t ive ly .  I f  e i ther  operand  i s  FIXED(16) ,  
the  resu l t  i s  UNSIGNED;  i f  ne i ther  operand  i s  FIXED(16) ,  the  resu l t  i s  
SIGNED.  

See  Appendix  D fo r  t ab les  showing  prec is ion  ru les .  

Res t r ic t ions  on  Div is ion  and  Eemainder  Opera t ions  

There  a re  two res t r ic t ions  on  d iv i s ion  ( / )  and  remainder  ( / / )  .  

1 .  Both  d iv idend  and  d iv i sor  must  be  uns igned .  

2 .  The  d iv i sor  cannot  have  prec is ion  grea te r  than  16 .  

3 .  The  d iv i sor  cannot  be  0 .  

The  resu l t  i s  uns igned ,  o f  p rec i s ion  16 .  

I f  bo th  operands  a re  cons tan ts ,  s igned  d iv i s ion  wi th  p rec i s ion  of  31  i s  
per formed.  

S t£ ing  Opera t ions  

A s t r ing  opera t ion  i s  per formed i f  both  operands  a re  s t r ings  and  the  
opera t ion  i s  "Or ,"  "Exclus ive  Or ,"  o r  "And."  Both  operands  must  have  
the  same length ,  a rd  must  be  e igh t -b i t  mul t ip les  a l igned  on by te  
boundar ies .  A charac te r  i s  cons idered  as  e igh t  b i t s .  

The  resu l t  i s  a  s t r ing  tha t  has  the  same length  as  the  operands .  

Var iab le -Length  Subs t r ings  

The  fo l lowing  ru les  apply  fo r  var iab le - length  subs t r ings :  

1 .  A var iab le - length  subs t r ing  in  a  source  express ion  must  no t  be  
longer  than  the  rece iver .  

2 .  A var iab le - length  subs t r ing  tha t  i s  the  rece iver  mus t  no t  be  longer  
than  the  source .  

3 .  A var iab le - length  subs t r ing  must  no t  exceed  the  range  of  the  s t r ing  
da ta  of  which  i t  i s  a  por t ion .  
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h.  A va r iab le - length  subs t r ing  cannot  be  used  as  an  a r i thmet ic  
operand .  

5 .  I f  the  rece iver  of  an  ass ignment  s ta tement  i s  a  var iab le  length  
subs t r ing ,  no  padding  of  b lanks  o r  b inary  zeros  i s  done .  

Caut ion :  The  compi le r  assumes  tha t  the  above  ru les  have  been  fo l lowed.  

A b i t  subs t r ing  express ion  tha t  re fe rences  one  b i t  can  only  be  a  
cons tan t  va lue .  

I f  a  b i t  s t r ing  has  a  var iab le  subs t r ing  range ,  the  compi le r  assumes  
but  does  no t  check  to  ensure  — tha t :  (a )  the  lower  bound spec i f ies  

the  f i r s t  b i t  of  a  by te  and  tha t  (b)  the  upper  bound spec i f ies  the  l as t  
b i t  o f  a  by te .  
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CALL - -  Invoke  an  Externa l  o r  In te rna l  Procedure  

Purpose  

You use  CALL to  cause  the  compi le r -genera ted  code  to  invoke  another  
p rocedure  dur ing  execut ion .  

Pules  

CALL i s  a  reserved  keyword .  Do no t  use  i t  as  the  name of  a  var iab le .  

Svnta  x  
i  1  i  i  1 
V |  V |  

, labe l :  ,  r  (—argument—"—) 
I  I  I  

- |  |—CALL—entryname- |  
I  I  I  
i  i  i  

Operands  

l abe l  

en t ry  name 

a rgument  

Opt iona l ,  
a  co lon .  

Code  one  o r  more  l abe ls ,  each  fo l lowed by  

Name o f  a  PROCEDURE s ta tement  o r  of  an  ENTRY 
s ta tement ,  o r  of  a  name dec la red  wi th  the  a t t r ibu tes  
BASED and  ENTRY.  See  the  BASED a t t r ibu te  of  the  
DECLARE s ta tement .  The  en t ryname must  appear  in  an  
in te rna l  procedure  of  the  ca l l ing  procedure ,  o r  in  
an  ex te rna l  procedure .  The  en t ryname cannot  be  in  a  
procedure  tha t  i s  in te rna l  to  e i ther  an  in te rna l  
procedure  in  the  ca l l ing  procedure  o r  a  separa te ly  
compi led  procedure .  

Code  none ,  one ,  o r  more  parameters ,  separa ted  by  
commas ,  to  pass  to  the  ca l led  procedure .  Each  one  
must  be  a  cons tan t ,  a  var iab le ,  o r  an  express ion .  

CALL Arguments  

You can  pass  up  to  16  a rguments ,  each  separa ted  by  a  comma,  to  the  
procedure  you  a re  ca l l ing .  An a rgument  can  be  a  cons tan t ,  a  var iab le ,  
o r  a  complex  express ion .  The  two res t r ic t ions  for  a rguments  a re :  

1 .  When your  a rgument  i s  a  REGISTER var iab le ,  the  compi le r  i s sues  a  
warn ing  message ,  and  ass igns  the  va lue  to  a  compi le r -c rea ted  
temporary  var iab le  in  s torage .  

2 .  When your  a rgument  i s  a  b i t  s t r ing  tha t  i s  not  on  a  by te  boundary ,  
the  compi le r  i s sues  a  warn ing  message .  

Some examples  of  va l id  a rguments  a re :  

A ARRAY (3)  
32  TAB(H)  
C»D (LIST (4) )  
( J )  ITEM(7,2 :5)  

There  i s  an  example  of  a  CALL s ta tement  in  the  descr ip t ion  of  the  
DECLARE s ta tement  SETS/NOSETS en t ry  op t ion .  
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Declar ing  the  Entry  Mame o f  a  Cal led  Procedure  

In  the  ca l l ing  and ca l led  procedure ,  you need not  dec lare  the  entry  name 
as  ENTRY.  I f  you do  not  dec lare  the  entry  name,  appropriate  defaul ts  
are  ass igned when the  entry  name i s  encountered.  For  a  deta i led  
descr ipt ion  of  how to  dec lare  an entry  name refer  to  the  d iscuss ion  of  
the  DECLARE s tatement .  

The  dec lare  s tatement  for  the  entry  name should  appear  in  the  ca l l ing  
procedure .  I t  need only  inc lude  the  entry  name and any se lected  
opt ions .  There  are  ten  opt ions  that  may be  used:  

FLOWS/NOFLOKS EXIT/NOEXIT REFS/NOREFS 
SEQFLOW/NOSEQFLOW SETS/NOSETS 

They are  expla ined in  the  descr ipt ion  of  the  DECLARE s tatement  ENTRY 
a t tr ibute ,  be low.  

Us ing  a  Based Entry  

I f  a  based entry  i s  used,  i t  must  be  dec lared with  the  VALUERANGE 
a t tr ibute .  This  a l lows  proper  analys i s  o f  f low paths .  

Example  o f  CALL Us ing  a  Based Entry  

DCL RTN BASED VALUERANGE(RTN1,RTN2,RTN3)  ENTRY,  
RPTR (3 )  PTR INIT(ADDfi (RTN1)  ,ADDR (RTN2)  ,ADDR(RTN3))  ;  

CALL RPTR ( I ) ->RTN; 

Al ternat ive ly ,  i f  RTN i s  dec lared BASED(RPTR(I)  )  ,  the  CALL s tatement  can 
be  s impl i f ied  to:  

CALL RTN; 

How the  CALL Arguments  are  Passed 

When you inc lude  arguments  on  a  CALL s tatement ,  a  parameter  l i s t  i s  
produced.  The  parameter  l i s t  conta ins  one  word for  every  argument .  The  
address  corresponding to  an argument  i s  inserted  in  th is  word.  Three  
poss ib le  k inds  of  addresses  are  inserted ,  depending  on the  type  of  
argument .  

! i  Variables :  The  actual  address  of  a  s ingle  var iable  i s  inserted  in  the  
parameter  l i s t .  The var iable  can be  subscr ipted  or  substr inged or  
expl ic i t ly  or  impl ic i t ly  pointer  qual i f ied .  A b i t  var iable  not  'on  a  
byte  boundary wi l l  use  the  byte  address  o f  the  f i rs t  b i t .  

When a  REGISTER var iable  i s  spec i f ied ,  the  value  of  the  reg is ter  wi l l  be  
s tored in  a  compi ler-generated  temporary ,  and the  address  of  the  
temporary  wi l l  be  used.  

Cgss^agts :  For  arguments  that  are  constants ,  the  value  of  the  
constant  i s  ass igned to  s torage  and the  address  of  the  ass igned s torage  
area  i s  inserted  in  the  parameter  l i s t .  9  s torage  

CojLpie i  Express ions:  The  express ion  i s  evaluated and the  resul t  i s  
ass igned to  a  compi ler-generated  temporary  var iable  The 
temporary  var iable  i s  inserted  in  the  parameter  l i s t .  a d d r e s s  the  

Argument  and Parameter  Correspondence  

^arguments  on^CALL statement  p «»«gnd.  by the ir  pos i t ions  in  
ca l l ing .  The compi ler  assoc iates  S  statement  

th< 
The  compi ler  assoc iates  arguments  * th™2  ̂ S^t^rlS  
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in  which  they  appear :  the  f i r s t  argument  i s  assoc ia ted  wi th  the  f i r s t  
parameter ,  the  second a rgument  wi th  the  second parameter ,  and  so  on .  

S ince  the  assoc ia t ion  of  a rguments  and  parameters  i s  by o rder ,  i t  may 
no t  mat te r  whether  the  var iab le  names  used  a re  the  same or  d i f fe ren t .  
However ,  when  you  a re  pass ing  arguments  to  an  in te rna l  procedure ,  the  
var iab le  names  used  fo r  the  arguments  mus t  be  d i f fe ren t  f rom the  names  
used  for  the  parameters .  

Dec la r ing  Arguments  and  Parameters  

Arguments  a re  dec la red  in  the  ca l l ing  procedure ;  parameters  a re  dec la red  
in  the  ca l led  procedure .  The  da ta  type  a t t r ibu tes  you  dec la re  for  a  
parameter  should  be  the  same a t t r ibu tes  you  dec la re  for  the  
cor responding  argument  in  the  ca l l ing  procedure .  

Modi fy ing  a  Parameter  

when the  ca l led  procedure  ass igns  a  va lue  to  a  parameter ,  th i s  resu l t s  
in  modi fy ing  the  cor responding  argument  in  the  ca l l ing  procedure .  This  
has  no  e f fec t  on  the  ca l l ing  procedure  un less  the  ac tua l  address  of  the  
a rgument  was  inser ted  in  the  parameter  l i s t  or  the  a rgument  was  a  
cons tan t .  (Which  a rguments  have  the i r  ac tua l  address  inser ted  in  the  
parameter  l i s t  i s  descr ibed  above  in  "How the  CALL Arguments  a re  
Passed ." )  You should  no t  modi fy  a  parameter  whose  cor responding  
a rgument  i s  a  cons tan t ,  s ince  th i s  could  cause  unpred ic tab le  resu l t s  in  
the  ca l l ing  procedure .  

Note :  To guaran tee  eva lua t ion  and  ass ignment  of  an  a rgument  to  a  
temporary  var iab le ,  you  must  code  the  EVAL bu i l t - in  func t ion .  For  
example ,  EVAL can  be  used  to  pro tec t  the  CALL a rgument  f rom changes  
by  i t s  cor responding  parameter .  

Where  Cont ro l  i s  Returned  

Cont ro l  i s  normal ly  re turned  to  the  s ta tement  immedia te ly  fo l lowing  the  
CALL s ta tement .  Cont ro l  i s  re turned  when e i ther  a  RETURN s ta tement  or  a  
p rocedure  END s ta tement  i s  encountered .  I f  you  want  cont ro l  re turned  to  
some o ther  po in t  wi th in  the  ca l l ing  procedure ,  use  the  RETURN TO op t ion  
of  the  RETURN s ta tement .  You should  iden t i fy  o ther  re turn  poin t  names  
by  us ing  the  FLOWS op t ion  when dec la r ing  the  en t ry  name.  

Note :  I f  you  want  a  re turn  code  va lue  re turned  in  reg is te r  2 ,  use  
the  CODE op t ion  of  the  RETURN s ta tement .  ( I f  LINKAGE (3)  i s  
spec i f ied ,  the  va lue  i s  in  reg is te r  30 .  This  i s  the  convent ion  to  
use  in  a  program tha t  i s  to  run  on  DPPX.)  
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DECLARE — Name a Variable and Assign its Attributes 

Note: There are two other forms of 
"DECLARE — Specifying a Structure," 
Array." 

the DECLARE statement. See, 
and "DECLARE — Specifying an 

Purpose 

States, to the compiler, the names and attributes of the variables and 
named constants in your program. 

Rules 

When using individual DECLARE statements to build a structure, the 
statements must be grouped together. 

When you omit specifying one cr more of the attribute types, the 
compiler assigns a default value for those attribute types. (See 
Appendix A.) 

When you use a variable that you have not declared, the compiler assiqns 
a set of attributes. 

See the assignment statement for specifying the value of a variable. 

Each variable name declared in the program must be different, to 
represent only one variable, even in disjoint procedures (procedures 
that are not internal or external one to the other). 

DECLARE and DCL are reserved keywords; do not use them as variable 
names. 

Syntax 

i 1 
V I 

r-label;Ji (--DECLARE—, 
I II I 

-I I —I I—-, 
I II II 
I II II 
1 1 L DCL « | 

I 

r 
' . , 
I V | 
I level i—(-number-1)-, 
I r-number—name 1 | , tributes-, 

I I I 
+-I I-
I I | 

V | , . J 

V | . . 
1 name 
I 

-name (-dimension—") " 
extent 

Operands 

label 
colon?31" Specify one or »ore labels, each followed by a 

level number For a data item within a structure, give the item's 
ee also, "DECLARE — Specifying a Structure." 
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name Spec i fy  the  name of  the  var iab le  you  a re  dec la r ing .  

number  For  an  a r ray ,  g ive  the  number  o f  iden t ica l  i t ems  in  the  
a r ray .  For  a  mul t i -d imens ioned  a r ray ,  separa te  the  
d imens ions  wi th  commas .  See  a l so ,  "DECLARE - -  Spec i fy ing  
an  Array ."  

a t t r ibu tes  Spec i fy  the  seven  a t t r ibu te  types  of  the  var iab le .  The  
a t t r ibu te  types  and  the i r  cor responding  va lues  a re  
descr ibed  under  "At t r ibu te  Types  and  Thei r  Opt ions  for  
the  DECLARE S ta tement , "  be low.  Code  them separa ted  wi th  
b lan lcs .  

Dec la r ing  More  Than  One  Var iab le  on  a  S ta tement :  To dec la re  more  than  
one  var iab le  on  the  same DECLARE s ta tement ,  separa te  each  dec la ra t ion  
wi th  a  comma.  For  example :  

DCL BASE POINTER,  
AREA CHAR (12)  ,  
COUNT FIXED (15)  ;  

S impl i f ied  Coding  of  Var iab les  With  Common At t r ibu tes :  At t r ibu tes  common 
to  severa l  var iab les  can  be  fac tored  to  e l imina te  repea ted  
spec i f ica t ion .  To use  fac tor ing ,  p lace  in  paren theses  the  var iab le  
names  separa ted  by commas;  fo l low each  name wi th  any  unigue  a t t r ibu tes .  
L is t ,  fo l lowing  the  r igh t  paren thes i s ,  those  a t t r ibu tes  tha t  the  
var iab les  have  in  common.  For  example :  

DCL (FLAG A,FLAGB) BIT(1) ;  

. . .FLAGA i s  dec la red  as  BIT(1)  and  FLAGB i s  dec la red  as  BIT(1) .  

In  the  fo l lowing:  

DCL (B BIT (8) ,  C CHAR(20))  EXTERNAL;  

. . .B  i s  dec la red  as  BIT (8)  and  EXTERNAL.  C i s  dec la red  as  CHAR (20)  and  
EXTERNAL.  

Par t ia l  dec la ra t ions  may themselves  involve  fac tor ing .  For  example :  

DCL (LV FIXED(15) ,  (SB BIT(1) ,  SC CHAR (16) )  EXTERNAL) LOCAL;  

. .  .LV i s  dec la red  as  FIXED (15)  and  LOCAL.  SB i s  dec la red  as  BIT(1) ,  
EXTERNAL,  and  LOCAL.  SC i s  dec la red  as  CHAR (16) ,  EXTERNAL,  and  LOCAL.  

When dec la r ing  a  s t ruc ture ,  the  leve l  number  can  be  fac tored  to  the  l e f t  
of  the  fac tor ing  paren thes i s .  For  example :  

DECLARE 1  A,  2 (B,C,D) ;  

. . .This  dec la res  B,  C and  D a s  leve l  twos  of  A.  
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ATTRIBUTE TYPES AND THEIR OPTIONS FOR THE DECLARE STATEMENT 

The  t ab le  in  Figure  7  summar izes  the  seven  types  of  a t t r ibu tes  and  the i r  
op t ions  for  the  a t t r ibu tes  operand  in  the  DECLARE syn tax .  Descr ip t ions  
of  each  a t t r ibu te  fo l low.  

DATA TYPES STORAGE I BOUNDARY 
CLASS |  ALIGNMENT 

INITIAL 
- IZATION 

NORMAL 
- ITY 

RESTRICTION SCOPE 

Ar i thmet ic  
FIXED 

SIGNED 
UNSIGNED 

BINARY 
SIGNED 
UNSIGNED 

S t r ing  
CHARACTER 
BIT 

POINTER 

Program 
LABEL* 
ENTRY* 

AUTOMATIC|BOUNDARY 
I BYTE 

BASED |  HWORD 
POSITION|  NORD 

I  
DEFINED |  

POSITION|  
I  

REGISTER |  
I 
I  

INITIAL NORMAL 
ABNORMAL 

RESTRICTED 
UNRESTRICTED 

INTERNAL 
EXTERNAL 

STATIC 
LOCAL |  
NONLOCAL|  

STRONG |  
WEAK |  

I 
CONSTANT 1 

I  
Pa rameter |  

I  

*  LABEL o r  ENTRY somet imes  has  VALUERANGE.  ENTRY somet imes  has  op t ions .  

F igure  7 .  Table  of  DECLARE At t r ibu te  Types  and  Opt ions  For  Each  

Data  T_ype  At t r ibu tes  in  the  DECLARE S ta tement  

There  a re  four  d i f fe ren t  da ta  type  a t t r ibu tes :  a r i thmet ic ,  s t r ing ,  
po in te r ,  and  program.  

The  da ta  type  a t t r ibu te  you spec i fy  de te rmines  how the  b i t  conf igura t ion  
of  an  i t em i s  in te rpre ted .  Cer ta in  keyword  a t t r ibu tes  cor respond to  
each  type .  I f  you  do  no t  spec i fy  a  da ta  type  a t t r ibu te ,  the  da ta  i s  
ass igned  a  defau l t  o f  FIXED (15) .  

See  Appendix  D fo r  the  prec is ion  assoc ia ted  wi th  FIXED,  CHAR,  and  BIT 
var iab les  used  as  operands  in  a r i thmet ic  express ions .  

Ar i thmet ic  Data  Type  DECLARE S ta tement  At t r ibu tes  

Ar i thmet ic  da ta  i s  in te rpre ted  as  a  b inary  f ixed  po in t  in teger .  To  
dec la re  a  var iab le  as  a r i thmet ic ,  you  code  one  or  bo th  of  the  keyword  
a t t r ibu tes  BINARY and  FIXED.  To  spec i fy  tha t  an  a r i thmet ic  var iab le  i s  
s igned  or  uns igned ,  you  can  inc lude  the  keywords  SIGNED or  UNSIGNED 
The  format  of  these  a t t r ibu tes  i s :  

-BINARY ,  r— (p rec is ion- )  
I 1 

-BIN » i_  ' !  '  '  I— i  SIGNED ,  
I I 

i— (prec is ion- )  
-PIXED 1 ,  ! - „ , S 1 G „ 1 J  
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Prec is ion :  The  op t iona l  va lues  in  paren theses  descr ibe  the  prec is ion  of  
the  da ta .  The  p rec i s ion  de te rmines  the  number  of  b i t s  ass igned  for  the  
maximum pos i t ive  va lue  of  the  da ta .  For  p rec i s ion  15 ,  an  addi t iona l  b i t  
i s  ass igned  as  a  s ign  b i t ;  for  a  nega t ive  va lue ,  the  to ta l  f ie ld  
represen ts  a  va lue  in  twos  complement  fo rm.  Prec is ion  may be  spec i f ied  
e i ther  wi th  BINARY o r  wi th  FIXED.  I f  you  spec i fy  FIXED and  BINARY,  you  
may inc lude  a  prec is ion  va lue  fo l lowing  e i ther  keyword ,  bu t  no t  bo th .  
S igned  da ta  can  have  a  prec is ion  of  15 ;  uns igned  da ta  can  have  a  
p rec i s ion  of  8 ,  16 ,  o r  32 .  The  p rec i s ion  you  spec i fy  de te rmines  how 
many by tes  a re  ass igned  to  conta in  the  va lue .  

Prec is ion  Number  o f  Bytes  Ass igned  

8 1 
15 2  
1 6  2  
32 4  

Defau l t  Prec is ion :  I f  you  do  not  spec i fy  a  prec is ion  fo l lowing  the  
keyword  BINARY or  FIXED,  the  defau l t  p rec i s ion  i s  15 .  

Bound a rv :  I f  you  do  no t  spec i fy  boundary  in format ion  (BOUNDARY 
a t t r ibu te )  when you  dec la re  the  a r i thmet ic  da ta ,  boundary  a l ignment  i s  
as  fo l lows:  

Prec is ion  Boundary  

8 
15 
16 
32 

byte  
ha l fword  
ha l fword  
word  

S t r ing  Data  Type  DECLARE S ta tement  At t r ibu tes  

S t r ing  da ta  i s  d iv ided  in to  two ca tegor ies :  charac te r  and  b i t .  

CHARACTER S t r ing  Data :  This  i s  in te rpre ted  as  a  sequence  of  8 -b i t  EBCDIC 
charac te rs .  To  dec la re  a  var iab le  as  a  charac te r  s t r ing ,  you  code  the  
keyword  CHARACTER.  The  fo rmat  of  th i s  a t t r ibu te  i s :  

,  CHARACTER ,  ,  ( length)  ,  
I  I I  I 

•I  I  1  I -
I  I I  I 
< CHAR '  '  « 

The  l ength  you ind ica te  i s  the  number  o f  charac te rs  in  the  s t r ing .  You 
may spec i fy  an  as te r i sk  (*)  i f  the  length  i s  not  known,  such  as  for  
NONLOCAL da ta  (see  the  STATIC s torage  c lass  a t t r ibu te  of  the  DECLARE 
s ta tement ) ,  o r  fo r  parameters ,  o r  fo r  based  s t r ings .  Hhen you  use  the  
as te r i sk ,  code  a  subs t r ing  express ion  when re fe renc ing  the  s t r ing ,  
un less  the  re fe rence  to  the  s t r ing  i s  a  CALL a rgument  o r  the  argument  o f  
the  A DDR func t ion .  I f  you  omi t  the  length ,  a  l ength  of  1  i s  assumed.  

b i t  S t r ing  Data :  This  i s  in te rpre ted  as  a  sequence  of  b i t s .  To dec la re  
a  var iab le  as  a  b i t  s t r ing ,  you  code  the  keyword  BIT.  The  format  of  
th i s  a t t r ibu te  i s :  

,  ( length)  ,  
BIT 1 I  

•  i  

The  l ength  you ind ica te  i s  the  number  o f  b i t s  in  the  s t r ing .  I f  the  
length  i s  not  known,  such  as  for  NONLOCAL da ta  o r  parameters  o r  based  
s t r ings ,  an  (*)  may be  spec i f ied .  When the  as te r i sk  i s  used ,  a  
subs t r ing  express ion  i s  requi red  when re fe renc ing  the  s t r ing ,  un less  the  
re fe rence  to  the  s t r ing  i s  as  a  CALL a rgument  or  as  the  argument  of  the  
ADDR func t ion .  I f  the  length  i s  omi t ted ,  a  l ength  of  1  i s  assumed.  

Compi le  S ta tements  (DECLARE At t r ibu tes )  29  



Defaul t  Boundary :  I f  you  do  no t  spec i fy  the  boundary  a t t r ibu te  when you  
dec la re  the  s t r ing  da ta ,  the  compi le r -genera ted  boundary  a l ignment  i s  as  
fo l lows:  

Data  Type  

CHARACTER 

Boundary  

by te  

BIT (no t  in  a  s t ruc ture)  by te  

BIT ( in  a  s t ruc ture)  b i t  

Length  Spec i f ica t ion :  The  l ength  f ie ld  for  CHARACTER o r  BIT i t ems  may be  
any  express ion  tha t  the  compi le r  can  eva lua te  a t  th i s  poin t  in  the  
compi le  phase .  In  par t icu la r ,  i t  may use  re fe rences  to  CONSTANT i t ems  
or  the  LENGTH bu i l t - in  func t ion  to  re fe r  to  i t ems  of  known l ength .  

POINTER Data  Type  DECLARE S ta tement  At t r ibu te  

? i D t e r  d a t a  i s  in te rpre ted  as  be ing  a  var iab le  tha t  conta ins  the  
address  of  some o ther  da ta .  The  name dec la red  for  th i s  o ther  da ta  i s  
ass igned  the  BASED a t t r ibu te .  (For  a  d i scuss ion  of  the  BASED a t t r ibu te ,  
see  the  top ic  "Storage  Class  At t r ibu tes"  l a te r  in  th i s  chapter . )  
Poin te r  da ta  i s  a lways  a  non-nega t ive  va lue .  

To dec la re  a  var iab le  as  a  po in te r ,  you  code  the  keyword  POINTER o r  PTH 
The  format  of  th i s  a t t r ibu te  i s :  

-POINTER-

-PTR-
I -

A po in te r  i s  an  uns igned  i t em,  occupying  four  by tes .  I t  i s  a l igned  on  a  
word  boundary ,  un less  th i s  i s  over r idden  by  the  BOUNDARY a t t r ibu te .  

An undec la red  var iab le  defau l t s  to  POINTER 
var iab le  operand  in  a  po in te r  express ion .  when i t  i s  the  po in te r  

Program Data  Type  DECLARE S ta tement  At t r ibu tes  

Program da ta  i s  in te rpre ted  as  be ing  the  iden t i f ie r  of  an  ins t ruc t ion  
This  can  be  e i ther  of  the  fo l lowing:  

•  An en t ry  name on  a  PROCEDURE o r  ENTRY s ta tement .  

•  A l abe l  name on  any  o ther  type  of  s ta tement .  

You use  two keyword  a t t r ibu tes  to  spec i fy  program da ta*  ENTRY an  a  
+ T " T E Y  a t t r ibu te  ind ica tes  the  address 'o f  an  eJ t ry  na^e  The  

LABEL a t t r ibu te  ind ica tes  the  address  of  a  l abe l  name.  A  th i rd  byword  
a t t r ibu te ,  VALUERANGE,  i s  requi red  for  a  BASED ENTRY o r  LABEL.  

Dec la r ing  a  LABEL Name Program Data  Type  At t r ibu te  

To dec la re  a  name as  a  l abe l ,  code  the  icevword  T  A R F T  T  &  N  N  T  •  

a  name tha t  precedes  the  s ta tement  keyword  on  any  s ta tement  o ther  thn  t 0  
PROCEDURE o r  ENTRY s ta tement .  I t  a l so  anni - ie=  o ther  than  a  
name dec la red  as  ENTRY) tha t  fo l lows  the  keyword  GOTO? 3 " 6  ( ° t h e t  t h a n  a  

Defaul t :  A name defau l t s  to  LABEL in  the  fo l lowing  two cases :  

1 .  Hhen a  GOTO s ta tement ' s  t a rge t  i s  the  name.  

2 .  Hhen you  code  the  name as  a  i -v . ,  
PROCEDURE o r  ENTRY s ta tement .  s t a t e B e n t  except  a  
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Declar ing  an  ENTBY Name Program Data  Type  At t r ibu te  

To dec la re  a  var iab le  as  an  en t ry  name,  code  the  keyword  ENTBY.  ENTBY 
appl ies  to  names  tha t  precede  the  keywords  PBOCEDOBE o r  ENTBY.  I t  a l so  
appl ies  to  a  name tha t  fo l lows  the  keyword  CALL.  ENTBY i s  a  reserved  
keyword;  do  no t  use  i t  as  a  var iab le  name.  

Defau l t :  A name defau l t s  to  ENTBY in  the  fo l lowing  cases :  

1 .  When a  CALL s ta tement ' s  t a rge t  i s  the  name.  

2 .  Bhen  you  code  the  name immedia te ly  before  e i ther  of  the  keywords  
PBOCEDOBE o r  ENTBY.  

S££t£X 

I I  t  1  I  
V  V  I I  

—ENTBY 1 OPTIONS (—opt ion—(-opt ion  parameter - 1 )  - r —'-)  —i— 
I I  I I  
I '  '  I 
i  i  

ENTBY Opt ions :  Bhen  dec la r ing  an  en t ry  name,  you  may ind ica te  one  or  
more  op t ions .  The  op t ions  a re  spec i f ied  in  the  OPTIONS a t t r ibu te .  
The i r  func t ion  i s  to  def ine  the  ac t ions  of  the  en t ry  when i t  i s  ca l led .  

Opt ions  a re  ava i lab le  to  descr ibe  an  ENTBY.  They  a re  descr ibed  be low.  
Two oppos i te  op t ions  of  the  same yes-no  pa i r  cannot  appear  wi th in  the  
same OPTIONS a t t r ibu te .  

EXIT/HOEXIT Ent ry  Opt ion  

Descr ip t ion :  Ind ica tes  tha t  the  dec la red  en t ry  may g ive  up  cont ro l  and  
and  never  re turn  to  i t s  invoker .  

Func t ion :  EXIT spec i f ies  tha t  the  dec la red  en t ry  may no t  re turn  to  i t s  
invoker .  
NOEXIT spec i f ies  tha t  the  dec la red  en t ry  a lways  re turns  to  i t s  
invoker .  

PLOBS/NOFLOBS Ent ry  Opt ion  

Descr ip t ion :  Def ines  re turn  po in t ( s ) ,  o ther  than  the  normal  one  
fo l lowing  the  ca l l ,  in  the  ca l l ing  procedure .  

Func t ion :  FLOBS iden t i f ies  addi t iona l  re turn  po in ts .  
NOFLOBS ind ica tes  no  addi t iona l  re turn  poin ts .  

Parameter :  Beturn  po in t  names  (a  l i s t  of  l abe ls )  fo r  FLOBS.  
None  fo r  NOFLOBS.  

p E F S /NOREFS Ent ry  Opt ion  

poKir r ip t ion :  Spec i f ies  var iab les  re fe renced  in  the  ca l led  procedure .  

Punc t ion :  BEFS iden t i f ies  i t ems  re fe renced  in  ca l led  procedure .  
NOBEFS ind ica tes  no  re fe rences  to  i t ems  in  ca l led  procedure .  
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Parameter: Either names of variables or decimal numbers representing 
argument positions for REFS. 
No parameters for NOREFS. 

SEOFLOW/NOSEQFLOW Entry Option 

Description: Indicates that the declared entry may return directly to 
the next sequential statement following its invocation. 

Function: SEQF10B specifies that the declared entry may return to the 
next sequential statement. 
NOSEQFLOW specifies that the declared entry never returns to 
the next sequential statement. 

SETS/NOSETS Entry Option 

Description: Specifies variables modified by the called procedure. 

Function: SETS identifies variables that the called procedure alters. 
NOSETS indicates no variables modified in calling procedure. 

Parameter: For SETS, either names of variables or decimal numbers 
representing argument positions. 
For NOSETS, no parameter. 

Function: NOSETS indicates no variables modified in called procedure. 

Example of ENTRY Attribute Option in DECLARE Statement 

The following is an example of how to use the above options: 

EXAMP: PROCEDURE; /^CALLING PROCEDURE */ 

R 
I 

DCL X LOCAL EXTERNAL; /* R EF ER EN C ED VARIABLE */ 

DCL CALLEDPR ENTRY OPTIONS(REFS (X,1,2,3),SETS(2,3) ,EXIT) ; 

/•CALLED PROCEDURE */ 

CALL CALLEDPR (A,B,C); /•THREE VARIABLES PASSED*/ 
I I I 
R R R 
S S 

...where R is a variable referenced in CALLEDPR procedure, and S is a 
variable modified in CALLEDPR procedure. 

Note: SEQFLOW is a default option. SEQFL08 and NOFLOHS indicate that 
return to EXAMP from CALLEDPR is to the statement immediately after the 
CALL statement; EXIT indicates that CALLEDPR might not necessarily 
return to EXAMP, such as in the case of an abnormal termination. 

Usina VALUERANGE for LABEL or ENTRY Attributes 

To show possible actual values for a basfd pntrv r\r t 
the VALUERANGE attribute. The s?ntlx of this attrl^te is:? C°d 

v I 
• VALUERANGE—( ( ( Dame ) 

I I 
-i i 1 

i i i 
1—V ALRG 1 L 

I 
I-
I 

<  *  ) -
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name Name mus t  be  a  var iab le  dec la red  wi th  the  LABEL o r  ENTRY 
a t t r ibu te .  

•  When as te r i sk  i s  coded ,  the  compi le r  assumes  tha t  the  LABEL o r  
ENTRY var iab le  i s  ex te rna l  to  the  procedure ,  and  tha t  you  do  no t  
know the  names  of  the  ac tua l  va lues .  

VALUERANGE has  two func t ions :  

•  I t  suppl ies  in format ion  requi red  for  cor rec t  code  genera t ion  by  the  
OPTIMIZE compi le r  op t ion .  

•  I t  documents  the  poss ib le  va lues  of  the  LABEL o r  ENTRY var iab le .  

INTERNAL and  EXTERNAL At t r ibu tes  

The  scope  of  a  var iab le  i s  tha t  por t ion  of  the  program tha t  can  
re fe rence  the  var iab le .  The  scope  of  a  var iab le  i s  e i ther  in te rna l  or  
ex te rna l .  

A va r iab le  wi th  in te rna l  s^ace  i s  known on ly  to  the  procedure  in  which  
i t  i s  dec la red  and  any  procedures  in te rna l  to  the  dec la r ing  procedure .  
To  dec la re  a  var iab le  as  having  in te rna l  scope ,  code  the  keyword:  

,  INTERNAL 1 
1  |  
« INT '  

A va r iab le  wi th  in te rna l  scope  i s  known to  the  procedure  in  which  i t  i s  
dec la red ,  and  (a )  to  procedures  in te rna l  to  the  dec la r ing  procedure ,  o r  
(b)  to  separa te ly  compi led  procedures  (and  the i r  in te rna l  procedures)  
tha t  dec la re  the  var iab le  wi th  the  EXTERNAL a t t r ibu te .  To dec la re  a  
var iab le  as  having  ex te rna l  scope ,  code :  

,  EXTERNAL ,  
| | 
i  EX T  1  

Defaul t :  I f  you  do  no t  spec i fy  a  scope  a t t r ibu te ,  a  var iab le  defau l t s  to  
INTERNAL,  except  fo r  two cases .  

1 .  An en t ry  name on  the  outermost  PROCEDURE s ta tement  o r  on  an  ENTRY 
s ta tement  in  the  outermost  procedure  defau l t s  to  EXTERNAL.  

2 .  The  t a rge t  of  a  CALL s ta tement  tha t  i s  e i ther  dec la red  as  BASED,  o r  
i s  not  an  en t ry  name for  an  in te rna l  procedure ,  defau l t s  to  
EXTERNAL.  

Referencing Variables Across Procedures 

In  a  one-procedure  program,  a l l  var iab les  dec la red  in  the  procedure  can  
be  re fe renced  in  the  procedure .  Normal ly ,  these  var iab les  cannot  be  
re fe renced  by  any  o ther  ex te rna l  procedure .  I f  you  want  another  
p rocedure  to  be  ab le  to  re fe rence  one  of  these  var iab les ,  you  can  do  one  
of  th ree  th ings :  

1 .  Dec la re  the  var iab le  as  EXTERNAL in  both  procedures .  I f  you  dec la re  
a '  v a r i a b l e  in  two ex te rna l  procedures  and  spec i fy  the  a t t r ibu te  
EXTERNAL,  the  var iab le  may be  re fe renced  in  e i ther  procedure .  ( I f  
EXTERNAL i s  not  spec i f ied ,  the  compi le r  assumes  tha t  you  a re  dec la r ing  
two d i f fe ren t  var iab les . )  The  var iab le  i s  ass igned  s torage  only  once ;  
you  mus t  ind ica te  to  the  compi le r  i n  which  procedure  i t  should  ass ign  
th i s  space .  Code  the  s torage  c lass  a t t r ibu te  LOCAL when s to rage  i s  to  
be  ass igned  in  th i s  procedure .  Code  the  s torage  c lass  a t t r ibu te  
NONLOCAL when s to rage  i s  not  to  be  ass igned  in  th i s  procedure .  
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2.  Pass  the  var iab le  as  an  a rgument  on  a  CALL s ta tement .  Refer  
CALL S ta tement"  for  de ta i l s  on  how to  pass  a rguments .  

3 .  Ose  Nes ted  Procedures .  Redes ign  the  program so  tha t  one  o t  the  
ex te rna l  procedures  i s  an  in te rna l  procedure  of  the  
tha t  i s  dec la red  in  a  procedure  can  be  re fe renced  by  any  
in te rna l  to  i t .  Once  the  var iab le  i s  dec la red ,  i t  must  no t  be  dec la red  
aga in .  F igure  8  i l lus t ra tes  which  var iab les  may be  re fe renced  by  
procedure .  

C I  
I  
L -

r 
D I  

I  L-

r 
E |  

I 
i  

P rocedure  A can  re fe rence  those  var iab les  tha t  i t  and  another  
ex te rna l  procedure  dec la re  as  EXTERNAL.  

."4 " XL .?£. 
Procedure  B can  re fe rence  any  var iab les  tha t  procedure  A dec la res  
or  uses .  

Procedure  C can  re fe rence  any  var iab les  tha t  procedures  B and  A 
dec la re  o r  use .  

Procedure  D can  re fe rence  any  var iab les  tha t  procedures  B and  A 
dec la re  o r  use .  

Procedure  E can  re fe rence  any  var iab les  tha t  procedure  A dec la res  
or  uses .  

To ensure  tha t  any  in te rna l  procedure  can  re fe rence  a  var iab le ,  
dec la re  a l l  var iab les  in  the  outermost  p rocedure .  

F igure  8 .  Referenc ing  Var iab les  in  Nes ted  Procedures  

S torage  Class  DECLARE S ta tement  At t r ibu tes  

The  s to rage  c lass  a t t r ibu te  t e l l s  the  compi le r  where  o r  how s torage  i s  
to  be  a l loca ted  for  a  var iab le .  Depending  on  the  a t t r ibu te ,  the  
compi le r  ass igns  the  da ta  to  a  f ixed  da ta  a rea ,  to  a  dynamic  da ta  a rea ,  
or  to  no  da ta  a rea .  

I f  you  do  no t  spec i fy  a  s to rage  c lass  a t t r ibu te  for  a  var iab le ,  the  
defau l t  i s  one  of  the  fo l lowing:  

•  STATIC NONLOCAL,  i f  the  var iab le  i s  EXTERNAL and  no t  in i t i a l ixed .  

STATIC LOCAL,  i f  the  var iab le  i s  INTERNAL in  a  nonreent ran t  
envi ronment ,  o r  i f  the  var iab le  i s  in i t i a l ized .  

AUTOMATIC,  i f  the  var iab le  i s  INTERNAL and  i s  not  in i t i a l ized  in  i  
reen t ran t  envi ronment .  1  w a  1  
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STATIC S torage  Class  At t r ibu te  zz  Fixed  S torage  

I f  you  want  s to rage  for  a  var iab le  ass igned  and  never  reass igned ,  code  
the  keyword  STATIC.  

I  I  
I  I  

1  STATIC—'  — i  ,  LOCAL 1 
i l l  I  
L  1  |  |  

I I 
i  NONLOCAL ,  1  1  

I  I  
•—(WEAK) 1  

i  I  
1 — (STRONG) » 

The  LOCAL a t t r ibu te  t e l l s  the  compi le r  to  ass ign  s torage  in  the  same 
a rea  (CSECT)  a s  the  genera ted  code .  STATIC LOCAL var iab les  can  be  
in i t i a l ized  when they  a re  dec la red .  See  "The  INITIAL At t r ibu te , "  l a te r  
in  th i s  sec t ion ,  for  in i t i a l iz ing  a  STATIC LOCAL var iab le .  

The  NONLOCAL a t t r ibu te  t e l l s  the  compi le r  no t  to  ass ign  s torage  for  th i s  
var iab le  in  the  PROCEDURE where  th i s  DECLARE appears .  S torage  i s  
ass igned  where  th i s  var iab le  i s  dec la red  LOCAL.  

Defau l t :  A va r iab le  dec la red  as  STATIC defau l t s  to  NONLOCAL i f  i t  i s  
EXTERNAL and  no t  in i t i a l ized .  A var iab le  dec la red  as  STATIC defau l t s  to  
LOCAL i f  i t  i s  INTERNAL o r  i s  in i t i a l ized .  I f  only  LOCAL o r  NONLOCAL i s  
coded ,  STATIC i s  impl ied .  

The  STRONG a t t r ibu te  ind ica tes  tha t  the  compi le r  should  genera te  a  
s t rong  ex te rna l  re fe rence  (EXTRN) o r  a  V- type  address  cons tan t  fo r  the  
nonloca l  var iab le .  This  a t t r ibu te  need  no t  be  spec i f ied ,  s ince  i t  i s  
the  defau l t .  

The  BEAK a t t r ibu te  ind ica tes  tha t  the  compi le r  should  genera te  a  weak  
ex te rna l  re fe rence  (NXTRN) fo r  the  nonloca l  var iab le .  

AUTOMATIC S torage  Class  At t r ibu te  - -  Dyna®±£ S torage  

In  a  reen t ran t  envi ronment ,  you  can  cause  s torage  to  be  ass igned  to  a  
var iab le  when the  procedure  i s  en te red  for  execut ion .  To do  th i s ,  you  
code  the  keyword:  

,  AUTOMATIC ,  
1  I  
i  AUTO '  

Upon ex i t  f rom the  procedure ,  the  ass igned  s torage  i s  au tomat ica l ly  
f reed .  

Reegt ran t  Envi ronment :  In  order  to  spec i fy  the  AUTOMATIC a t t r ibu te ,  the  
ou te rmost  PROCEDURE s ta tement  must  inc lude  the  opt ion  REENTRANT.  {See ,  
"PROCEDURE — Pr imary  Ent ry  Poin t , "  fo r  de ta i l s  of  p rocedure  op t ions . )  
Any var iab le  dec la red  wi th  the  AUTOMATIC a t t r ibu te  in  an  in te rna l  
procedure  i s  ass igned  s torage  a t  the  same t ime  as  AUTOMATIC da ta  in  the  
ex te rna l  procedure .  

Defau l t :  In  a  reen t ran t  envi ronment ,  i f  no  s torage  c lass  a t t r ibu te  i s  
spec i f ied  the  defau l t  i s  AUTOMATIC i f  the  var iab le  i s  INTERNAL and  no t  
in i t i a l ized .  
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REGISTER Storaqe Class Attribute 

If your program assigns data to a register, you must first *ke 
register a name and declare the name with the storage class attribute. 

, REGISTER , 
1 | ( register number ) 
' REG ' 

The REGISTER attribute indicates that the data is located in a specific 
byte, halfword, or in a word register. See Appendix I for register 
nomenclature. 

Data declared with the register attribute may be SIGNED FIXED/BINARY, 
UNSIGNED FIXED/BINARY, POINTER, BIT, or CHARACTER. (CHARACTER register 
data must be one or two bytes long. BIT register data can have a length 
of up to 16.) Any precisions allowed are allowed here; the specified 
precision limits the allowable range of values for the register. The 
BOUNDARY and INITIAL attributes cannot be specified with the REGISTER 
attribute. If a precision greater than one byte is specified, use an 
even word register number. The variable name assigned to the register 
cannot be subscripted or substringed. 

Registers: The register number you specify with the REGISTER attribute 
must take into account the register nomenclature described in Appendix I 
of this publication. You may specify any of the register numbers, but 
certain registers have compiler-assigned functions and you may not want 
to use these registers. The normal compiler-assigned functions for 
these registers depend upon whether the LINKAGE (1), LINKAGE (2), or 
LINKAGE (3) option of the PROCEDURE statement is in effect. See the 
descriptions of these options under the PROCEDURE statement description. 

See the DECLARE attribute, RESTRICTED, for reserving registers for your 
own code. 

Restriction on Register Declarations: "DECLARE ... REGISTER ..." 
statements are invalid if they appear as part of the main compiler input 
stream (SYSIN) . They are valid only when (a) inserted with jllNCLUDE or 
3INCLUDE statements, or (b) when obtained from SYSLIB by invoking a 
cataloged macro that issues an ANSWER statement that produces the 
register declaration in answer text. 

BASED Storage Class Attribute — Indirect Addressing 

The BASED attribute allows you to use one variable name to reference 
different storage areas. The BASED attribute causes no storage to be 
assigned for the variable. Instead, whenever you reference the BASBD 
variable the compiler applies the declared data attributes to a storage 
area. The storage area is located by the value of the pointer 
expression. 

The general form of the BASED attribute is: 

i—POSITION—, 
(pointer ,— | | — (-relative position-) , 

r-expression) 1 . «~POS < 
—BASED )- J 1 

L (*) . . 
L  

—  —  —  —  —  —  — —  —  —  —  J  

Psinq §. Pointer Expression in the BASED Attribute 

The pointer expression tells the compiler the 
area. The compiler evaluates the expression of the storage 
locate the storage area. when you reference the BASFn lts.'^ue to 

aecl*"a 
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The po in te r  va lue  can  be  a  bu i l t - in  func t ion  wi th  a  po in te r  va lue  such  
as  th i s :  

DCL B BASED (ADDB (  A)  )  ;  
ADDR (A)  ->  B =  0 ;  

DCL B BASED(EVAL (P-Q+R))  ;  
EVAL (P-Q+R)  ->  B =  0 ;  

The  po in te r  va lue  can  be  subscr ip ted  or  i t se l f  po in te r  qua l i f ied :  

DCL N BASED (T(1) ) ;  
T( I )  ->  M =  0  

DCL B BASED (Q)  ;  
DCL Q BASED(P) ;  
P  ->  Q ->  B =  0  ;  

When an  as te r i sk  or  no  po in te r  express ion  fo l lows  BASED,  a  po in te r  va lue  
mus t  be  furn ished  by  a  RESPECIFY s ta tement  o r  by  expl ic i t  po in te r  
no ta t ion .  

POSITION:  The  POSITION a t t r ibu te  ind ica tes  an  ad jus tment  to  the  va lue  of  
the  po in te r  express ion .  I f  POSITION i s  spec i f ied ,  the  compi le r  ad jus t s  
the  address  to  the  spec i f ied  re la t ive  pos i t ion .  For  example :  POS (1)  i s  
the  loca t ion  poin ted  to ;  no  ad jus tment  i s  made .  POS (2)  adds  one  b i t  o r  
by te ,  POS (3)  adds  two b i t s  or  by tes ,  e tc .  I f  the  BASED i t em i s  a  b i t  
s t r ing ,  the  POSITION i s  the  re la t ive  b i t ,  and  the  pos i t ion  spec i f ica t ion  
must  be  a  mul t ip le  of  e igh t  p lus  one .  The  pos i t ion  spec i f ica t ion  for  a  
b i t  s t r ing  can  be  1 ,  9 ,  17 ,  and  o ther  such  va lues .  In  a l l  o ther  cases  
i t  i s  the  re la t ive  byte .  The  defau l t  POSITION va lue  i s  1 .  

I f  you  do  no t  inc lude  a  po in te r  express ion  fo l lowing  the  BASED a t t r ibu te  
in  the  dec la ra t ion ,  o r  i f  you  wr i te  BASED (* ) ,  you  mus t  do  one  of  two 
th ings :  

1 .  Each  t ime  the  BASED var iab le  i s  re fe renced ,  provide  a  po in te r  va lue  
wi th  the  BASED var iab le .  You would  code  i t  as  poin te r  va lue  ->  
based  var iab le .  This  po in te r  va lue  g ives  the  loca t ion  of  the  
s to rage  a rea .  

2 .  Inc lude  a  RESPECIFY s ta tement  somewhere  before  you  re fe rence  the  
BASED var iab le .  On the  RESPECIFY s ta tement ,  ind ica te  what  po in te r  
express ion  i s  to  be  used  to  loca te  the  s torage  a rea .  (See ,  
"RESPECIFY — Change  Regis te r  or  Po in te r  At t r ibu tes  of  a  Var iab le , "  
fo r  de ta i l s  of  how to  code  the  s ta tement . )  

Note  fo r  S t ruc tures :  For  s t ruc tures ,  the  BASED a t t r ibu te  must  be  
spec i f ied  wi th  only  the  oute rmost  s t ruc ture .  This  causes  a l l  components  
o f  the  s t ruc ture  to  be  BASED.  

Provid ing  a  New Poin te r  Var iab le  

Even  though you  dec la re  a  var iab le  as  BASED on  some express ion  you  can  
cause  the  compi le r  to  use  a  d i f fe ren t  express ion .  There  a re  two ways  to  
over r ide  the  express ion  spec i f ied  in  the  DECLARE:  

1 .  Bhen  you  re fe rence  the  BASED var iab le ,  use  po in te r  no ta t ion .  

2 .  Before  you  re fe rence  the  BASED var iab le ,  inc lude  a  RESPECIFY 
s ta tement  tha t  provides  a  new defau l t  po in te r  express ion .  

Us ing  Poin te r  Nota t ion ;  Po in te r  no ta t ion  cons is t s  of  a  po in te r  va lue  
fo l lowed by the  compos i te  symbol  ->  fo l lowed by  a  BASED var iab le .  The  
po in te r  va lue  i s  used  to  loca te  the  s torage  a rea .  The  va lue  i s  a  
po in te r  var iab le ,  which  may be  i t se l f  subscr ip ted  or  po in te r  qua l i f ied ,  
o r  a  bu i l t - in  func t ion  whose  va lue  i s  POINTER.  The  POSITION spec i f ied  
when the  BASED var iab le  i s  dec la red  i s  not  over r iden  by  expl ic i t  po in te r  
no ta t ion .  The  re la t ive  pos i t ion  i s  used  wi th  the  new po in te r  va lue .  
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When po in te r  no ta t ion  i s  used  wi th  a  component  of  a  BASED s t ruc ture ,  the  
poin te r  i s  t rea ted  as  i f  i t  were  po in t ing  to  the  beginning  of  the  
outermost  s t ruc ture .  The  loca t ion  of  the  component  i s  de te rmined  by  
combin ing  i t s  of fse t  f rom the  outermost  s t ruc ture  wi th  the  po in te r  
va lue .  This  does  no t  change  the  va lue  of  the  po in te r .  

Us ing  a  EESPECIFY S ta tement :  A po in te r  express ion  spec i f ied  on  the  
RESPECIFT s ta tement  i s  used  to  loca te  the  BASED var iab le  spec i f ied  on  
tha t  s ta tement .  The  po in te r  express ion  i s  a l so  used  to  loca te  any  
var iab le  dec la red  DEFINED on  the  BASED var iab le .  I f  a  POSITION was  
spec i f ied  when the  BASED var iab le  was  dec la red ,  the  cons tan t  
d i sp lacement  i s  used  wi th  the  new po in te r  var iab le .  The  BASED var iab le  
on  a  EESPECIFY s ta tement  cannot  be  the  component  of  a  s t ruc ture .  For  
de ta i l s  on  how to  code  th i s  s ta tement ,  re fe r  to  "The  EESPECIFY 
S ta tement . "  

DEFINED S torage  Class  At t r ibu te  - -  Mapping  in to  Another  Var iab le  

The  DEFINED a t t r ibu te  a l lows  you  to  use  d i f fe ren t  var iab le  names  to  
re fe rence  the  same s torage  a rea .  You code  the  DEFINED a t t r ibu te  and  the  
name of  another  var iab le  to  make  the  var iab le  you  a re  dec la r ing  
represen t  the  same s torage  a rea  as  tha t  o ther  var iab le .  The  i t em be ing  
dec la red  i s  mapped  on  the  i tem fo l lowing  DEFINED.  You may have  i t ems  
DEFINED on  DEFINED i t ems;  the  l imi t  i s  15  l eve ls .  POSITION may be  
ind ica ted .  I f  i t  i s ,  the  address  of  the  s torage  a rea  i s  ad jus ted  by  the  
spec i f ied  pos i t ion ;  fo r  example ,  POSITION (1)  ind ica tes  no  ad jus tment  and  
POSITION (2)  iden t i f ies  the  next  b i t  o r  by te .  

I f  the  def in ing  i tem i s  a  b i t  s t r ing ,  the  POSITION must  spec i fy  a  by te  
boundary  when added  to  the  b i t  o f f se t  of  the  def in ing  i tem.  For  
example ,  i f  the  def in ing  b i t  s t r ing  i s  on a  by te  boundary ,  o f f se t  ze ro ,  
the  pos i t ion  spec i f ica t ion  can  be  1 ,  9 ,  17  and  o ther  such  numbers .  I f  
the  def in ing  b i t  s t r ing  has  an  o f f se t  of  3 ,  the  pos i t ion  spec i f ica t ion  
can  be  6 ,  1h ,  22  and  so  for th .  

The  form of  the  DEFINED a t t r ibu te  i s :  

i—POSITION—| 
1  DEFINED—, ,— |  j—(re la t ive  pos i t ion)—,  
I I | «— POS 1 

I -
I  — 

—I |—(-name-) - |  
I  I  I  
L_DEF '  i  

Example  of  DEFINED Use  

def in i t ions :" 6  t 0  U S ® *  C H A R ( 0 )  i t e m  t 0  o v e r l a y cont ro l  b lock  

DCL 1  S  BASED BDY(HWOED) ,  
2  *  CHAR (2)  ,  
2  A 1  CHAE (0 ) ,  

3  B FIXED (16)  ,  
3  C FIXED (16)  ,  

2  A2 CHAR (0)  ,  
3  D FIXED (16)  ,  
3  E FIXED (16)  ,  
3  F  FIXED (16)  ;  

Caut ion :  This  t echnique  should  usua l ly  
reasons :  be  avoided  for  the  fo l lowing  

'• a^-isirraa •« 
ind ica t ing  tha^ th^suS 'of ' t t e  ImigSi 'S ' tK* i " C '  " " ' " I  
length  cf  the  conta in ing  s t ruc ture .  e lements  exceeds  the  
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A be t te r  so lu t ion  i s  the  fo l lowing:  

DCL 1  S  BASED BDY (HWORD) ,  
2  *  CHAR (2)  ,  
2  OVERLAID CHAR(HAX (LENGTH(A1)  ,LENGTH(A2)) )  ;  

DCL 1  A1 DEF (OVERLAID)  ,  
3  B FIXED (16)  ,  
3  C FIXED (16)  ,  

DCL 1  A2 DEF (OVERLAID)  ,  
3  D FIXED (16)  ,  
3  E FIXED (16)  ,  
3  F  FIXED (16)  ;  

/»  LENGTH (S)  IS  8  # /  

Paraae te r  S torage  Class  At t r ibu te  

Input  parameters  fo r  a  procedure  be long  to  the  parameter  s to rage  c lass .  
There  i s  no  a t t r ibu te  keyword  to  ind ica te  th i s  s torage  c lass ;  a  var iab le  
in  a  parameter  l i s t  i s  au tomat ica l ly  ass igned  to  th i s  s torage  c lass .  
References  to  parameters  a re  ind i rec t  re fe rences  through a  l i s t  of  
po in te rs  to  the  cor responding  arguments .  

CONSTANT S torage  Class  At t r ibu te  — Unvary ing  Quant i ty  

The  CONSTANT a t t r ibu te  ind ica tes  an  unvary ing  a r i thmet ic  o r  s t r ing  
guant i ty .  I t  can  be  spec i f ied  for  a l l  da ta  types  except  LABEL and  ENTRY 
da ta .  The  func t ion  of  CONSTANT i s  to  provide  parameter iza t ion  by  
p rovid ing  a  name fo r  f requent ly  used  quant i t i es .  

Dec la r ing  a  name wi th  the  CONSTANT a t t r ibu te  does  no t  cause  s torage  to  
be  reserved  wi th  the  g iven  va lue  o r  name.  I t  ins t ruc ts  the  compi le  
phase  o f  the  compi le r  tha t  i t  i s  to  rep lace  a l l  occur rences  of  the  
dec la red  name in  source  s ta tements  wi th  the  cons tan t  va lue  before  
proceeding  to  genera te  any  code  or  da ta  for  those  source  s ta tements .  
The  dec la red  name does  no t  appear  as  a  symbol  anywhere  in  the  subsequent  
assembly  phase .  

An i t em which  i s  a r i thmet ic  and  CONSTANT may be  used  as :  

•  A p rec i s ion  for  FIXED da ta .  

•  A rep l ica t ion  fac tor  wi th  the  INITIAL a t t r ibu te .  

•  A l ength  for  BIT or  CHARACTER da ta .  

• A dimens ion  for  a r rays .  

• A pos i t ion  for  the  POSITION a t t r ibu te .  

•  An in i t i a l  va lue .  

•  An i t em in  an  a r i thmet ic  express ion .  

An i t em which  i s  s t r ing  and  CONSTANT may be  used  

•  An in i t i a l  va lue .  

•  An i t em in  a  s t r ing  express ion .  
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The genera l  form of  the  CONSTANT a t t r ibu te  i s :  

-CONSTANT (  va lue  )  

The  da ta  type  a t t r ibu tes  of  the  va lue  must  match  the  da ta  a t t r ibu te  
dec la red  or  impl ied  for  the  var iab le  name dec la red  as  CONSTANT.  I t  the  
var iab le  i s  a  charac te r  s t r ing ,  the  length  of  the  va lue  must  be  the  sa«e  
as  tha t  dec la red  for  the  var iab le .  

Some examples  of  dec la ra t ion  and  use  of  the  CONSTANT a t t r ibu te  a re .  

DCL A FIXED (15)  CONSTANT(2048)  ;  
DCL P  PTE;  
P  =  P  +  A;  

DCL B FIXED (15)  CONSTANT (19) ;  

DCL CS CHAE (3)  CONSTANT ( •  ABC • )  ;  
DCL VS CHAE (3)  INIT(CS) ;  

DCL BS BIT(8)  CONSTANT ( '10110101•B)  ;  

DCL HS BIT(8)  CONSTANT(•  CO'X)  ;  

When the  da ta  type  a t t r ibu te  of  the  cons tan t  i s  FIXED,  the  va lue  can  be  
an  a r i thmet ic  express ion .  The  express ion  can  use  the  opera t ions  + ,  - ,  
* ,  / ,  and  / / .  The  te rms  can  be  dec imal  cons tan ts ,  names  dec la red  as  
FIXED cons tan ts ,  o r  the  MAX,  MIN,  LENGTH,  o r  DIM bu i l t - in  func t ions .  I t  
must  be  poss ib le  to  eva lua te  the  express ion  a t  compi le  t ime .  

Example :  

DCL A CHAE (13)  ,  
B FIXED CONSTANT (2)  ,  
C FIXED CONSTANT (11) ,  
D (6)  CHAE (B)  ,  
E CHAE (KKK) ,  
KKK FIXED 

CONSTANT (MAX (LENGTH (A)  ,  B*DIM (D)  ,  C)  )  ;  /*  KKK=13*/  

The  INITIAL At t r ibu te  

When you  dec la re  a r i thmet ic ,  s t r ing ,  or  po in te r  da ta  tha t  i s  STATIC 
LOCAL,  you  can  ass ign  i t  an  in i t i a l  va lue  us ing  the  INITIAL a t t r ibu te .  
The  genera l  format  of  th i s  a t t r ibu te  i s :  

' I 
r  INIT ,  |  r —(repl ica t ion)  ,  ,  *  ,  |  
I  I  V |  | |  , ,  

—  I  I  (  1  | — |  | _ i _ )  _  
I I I  I I  |  
i—INITIAL '  i  i  va lue  i  

Repl ica t ion :  For  a r rays  on ly ,  the  in i t i a l  va lue  may be  preceded  by  a  
rep l ica t ion  number  in  paren theses  to  ind ica te  tha t  the  va lue  i s  to  be  
repea ted  the  spec i f ied  number  o f  t imes ;  ( (5) 'A ' )  i s  equiva len t  to  
( , A , , , A , , , A , , , A , , , A') .  S imi la r ly ,  rep l ica t ion  of  more  than  the  f i r s t  
l e v e l  o f  t h e  s t r u c t u r e  c a n  b e  c o d e d .  A  r e p l i c a t i o n  v a l u e  m a v  b e  
spec i f ied  as :  1  

A dec imal  cons tan t .  

A b inary  cons tan t .  

A name dec la red  as  a  a r i thmet ic  cons tan t .  

The  LENGTH bu i l t - in  func t ion .  

The  DIM bu i l t - in  func t ion .  
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The Initializing Value 

You code an asterisk to indicate that the element should not be 
initialized. 
You code the initializing value so that it is valid as an assignment to 
the declared variable; the declared variable acts as the receiver and 
the initializing value acts as the source expression. Refer to the 
discussion of the assignment statement for rules applying to different 
initialization techniques. This includes; 

• Initializing arithmetic data with string or address data. 

• Initializing string data with arithmetic or address data. 

• Initializing string data with a value longer than the declared 
item. 

If the initializing value is arithmetic, the format is: 

r- + 

H 
i * 

-constant-

—name declared as FIXED CONSTANT— 

—ADDR (name) 

-LENGTH (name)-

r,decimal constant—i 
-DIM (name—| |-)-

Note: The ADDR function can only be used in an INIT expression if 
the name is declared as having the storage class attribute, STATIC. 

If the initializing value is a character or bit string, the format is: 

, constant • 
1 I 
i name declared as CONSTANT 1 

nitializing an Array 

Hultiple initial values separated by commas are used for array 
initialization. If not enough values are specified, the remaining array 
elements are not initialized; if too many values are specified, the 
remaining values are ignored. For multiple dimensioned arrays, initial 
values are associated according to the mapping order. For exanple, the 

ay A(3,2) is mapped as: A(1,1) A (1,2) A (2, 1) A (2, 2) A (3, 1) A ( 3, 2) • 
The subscripts are separately incremented in order from right to left. 
The maximum value of any subscript is the number of elements in that 
level of the array. The sequence of the values specified after the 
INITIAL keyword should correspond to this mapping order. 

The pOUNDARY Attribute 

The BODNDARY attribute specifies the boundary alignment you desire for a 
variable. Do not specify the BOUNDARY attribute with the attributes 
REGISTERCONSTANT, LABEL, or ENTRY. 
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Defaul t :  I f  the  BOUNDARY a t t r ibu te  i s  not  spec i f ied ,  the  defau l t  
a l ignment  fo r  the  var iab le  depends  on  i t s  charac te r i s t ics .  

The  format  of  th i s  a t t r ibu te  i s :  

-BOUNDARY-

-BDY 

j—BYTE ,  
|  — (—|—HWOfiD— |  -
-J  «— BORD '  

pos i t ion  
I )  

Pos i t ion :  I f  you  spec i fy  a  pos i t ion ,  i t  must  be  a  dec imal  number  and  i t  
ind ica tes  the  s ta r t ing  byte  pos i t ion  wi th in  the  spec i f ied  boundary .  

The  defau l t  va lue  fo r  pos i t ion  i s  1 .  

Arrays :  Every  e lement  in  an  a r ray  has  the  same boundary  and  pos i t ion .  
Components  in  a  s t ruc ture  must  have  the  same boundary  o r  a  l esser  
boundary  than  tha t  of  the  conta in ing  s t ruc ture .  The  s ta r t ing  byte  
pos i t ion  for  each  component  need  no t  be  the  same.  

Notes :  

I f  the  i tem i s  STATIC,  the  compi le r  a l igns  the  da ta  on  the  cor rec t  
boundary .  I f  the  i tem i s  BASED,  i t  i s  the  user ' s  respons ib i l i ty  to  
ensure  tha t  the  poin te r  used  g ives  the  cor rec t  a l ignment .  I f  the  
i tem i s  AUTOMATIC,  i t  i s  the  user ' s  respons ib i l i ty  to  ensure  tha t  
the  dynamic  s to rage  a rea  i s  a l igned  on  the  l a rges t  BOONDABY 
spec i f ied  for  AUTOMATIC i t ems .  

You cannot  use  the  BOUNDARY a t t r ibu te  to  change  the  boundary  
a l ignment  of  var iab les  wi th  the  en t ry  or  l abe l  program da ta  type  
a t t r ibu te .  These  a re  a lways  a l igned  on  a  ha l fword  boundary .  

Charac te r i s t ic  Defaul t  Boundary  

BIT 

CHARACTEfi  

FIXED (8)  

FIXED (15)  

FIXED (16)  

FIXED (32)  

POINTED 

LABEL 

ENTRY 

STRUCTURE HITH NO 
DATA TYPE DECLARED 

STRUCTURE HITH DATA 
TYPE DECLARED 

by te  (no t  in  a  s t ruc ture)  
b i t  ( in  a  s t ruc ture ;  no  d imens ion  

a t t r ibu te )  
by te  ( in  a  s t ruc ture ;  d imens ion  

a t t r ibu te )  

by te  

by te  

ha l fword  

ha l fword  

word  

word  

ha l fword  (may no t  be  spec i f ied)  

ha l fword  (may no t  be  spec i f ied)  

l a rges t  boundary  requi red  by  the  
immedia te  components  

defau l t  boundary  fo r  the  da ta  type  

The  RESTRICTED At t r ibu te  

The  RESTRICTED a t t r ibu te  may be  spec i f ied  wi th  
a t t rxbute ,  REGISTER.  The  RESTRICTED a t t r ih . ,* I  s to rage  c la :  
f rom modi fy ing  the  spec i f ied  reg is te r  in  genej  a te lTcod" 5  the 'Ttt' 
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of  each  procedure ,  ex te rna l  and  in te rna l ,  the  compi le r  assumes  tha t  a l l  
reg is te rs  RESTRICTED under  any  name known to  tha t  procedure  a re  no t  
ava i lab le  for  use  in  compi le r  genera ted  code .  

Each  reg is te r  var iab le  tha t  i s  dec la red  RESTRICTED in  a  procedure  
becomes  unres t r ic ted  a t  the  end  of  tha t  procedure .  The  spec i f ied  
reg is te r  i s  res t r ic ted  f rom the  beginning  of  the  procedure .  (A r eg is te r  
spec i f ied  RESTRICTED in  the  program's  main  procedure  i s  res t r ic ted  f rom 
s ta r t  to  end  of  the  program,  un less  a  RESPECIFY s ta tement  unres t r ic t s  
i t . )  

Note :  Regis te r  var iab les  tha t  a re  res t r ic ted  or  unres t r ic ted  wi th  a  
RESPECIFY s ta tement  remain  so  throughout  the  program regard less  of  the  
nes t ing  leve l  of  the  procedure  they  were  dec la red  in  and  subsequent ly  
respec i f ied  in .  This  remains  in  e f fec t  un t i l  they  a re  changed  wi th  the  
RESPECIFY s ta tement .  

Once  you  no  longer  need  a  reg is te r ,  you  should  re lease  i t  for  use  by  the  
compi le r .  For  a  reg is te r  known by  more  than  one  var iab le  name,  each  
name mus t  be  ind ica ted  for  re lease  before  the  reg is te r  i s  f ree  for  
compi le r  use .  A r es t r ic ted  reg is te r  can  be  re leased  by  us ing  the  
RESPECIFY s ta tement .  For  more  in format ion ,  re fe r  to  "RESPECIFY 
Change  Regis te r  or  Po in te r  At t r ibu tes  of  a  Var iab le . "  

To ind ica te  tha t  a  reg is te r  i s  res t r ic ted  you  spec i fy :  

,  RESTRICTED ,  
1  |  
'  RSTD 1  

I t  i s  not  necessary  to  spec i fy  the  RESTRICTED a t t r ibu te  on  the  DECLARE 
s ta tement ;  RESTRICTED i s  the  defau l t .  

The  0  NRESTRICTED At t r ibu te  

The  0NRESTRICTED a t t r ibu te  can  be  used  to  ind ica te  tha t  the  reg is te r  
spec i f ied  in  the  REGISTER a t t r ibu te  on  the  DECLARE s ta tement  can  be  used  
in  the  compi le r  genera ted  code  i f  i t  i s  needed  and  i t  i f  i s  not  
RESTRICTED under  any  o ther  known name.  

To  ind ica te  tha t  a  reg is te r  i s  unres t r ic ted  spec i fy :  

,  UNRESTRICTED 
1  |  
i UN RSTD 1  

I f  you  want  to  change  the  res t r ic tedness ,  use  the  RESPECIFY s ta tement .  
For  more  in format ion ,  re fe r  to  "RESPECIFY — Change  Regis te r  o r  Poin te r  
At t r ibu tes  of  a  Var iab le . "  

The  NORMAL At t r ibu te  

The  NORMAL a t t r ibu te  can  be  used  to  ind ica te  tha t  the  compi le r  can  keep  
a  h i s tory  of  the  var iab le .  Keeping  the  h i s tory  of  a  var iab le  a l lows  the  
compi le r  to  produce  more  e f f ic ien t  code .  I t  i s  not  necessary  to  spec i fy  
the  NORMAL a t t r ibu te  on  the  DECLARE s ta tement ,  s ince  th i s  i s  the  
defau l t .  

To spec i fy  th i s  a t t r ibu te ,  code :  

NORMAL 
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The  ABNOEHAi  A t t r ibu te  

The ABNOEHAi a t t r ibu te  prevents  the  compi le r  f rom keeping  a  h i s tory  of  a  
var iab le .  To spec i fy  th i s  a t t r ibu te ,  code :  

,  ABNOEHAi ,  
| | 

> ABNL '  

Keeping  h i s tory  of  a  var iab le  a l lows  the  compi le r  to  produce  more  
e f f ic ien t  code .  However ,  when  var iab les  over lap  one  another ,  and  th i s  
over lapping  i s  unknown to  the  compi le r ,  incor rec t  h i s tory  may be  kep t .  
Over lapping  tha t  i s  unknown to  the  compi le r  may ex i s t  wi th  EXTEBNAL 
var iab les ,  BASED var iab les ,  and  parameters .  For  example :  

DCL Q POINTEE;  
DCL D BASED(Q)  ;  
DCL C INIT (1)  ;  
Q =  ADDR(C) ;  / *  causes  C and  D to  over lap  * /  
V =  C;  /*  V i s  se t  to  the  va lue  of  C ,  which  i s  1  * /  
D =  2 ;  /*  D,  and  thus  C,  i s  se t  to  2 .  • /  
V =  C ;  / *  v  would  be  i ncor rec t ly  s e t  to  1  ( the  

o ld  va lue  o f  C)  i f  h i s to ry  were  kep t  * /  

In  th i s  case ,  the  var iab le  C should  be  dec la red  wi th  the  ABNOEHAi 
a t t r ibu te .  

1 :p: 

' f l  s 
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DECLARE - -  Spec i fy ing  an  Array  

Note :  There  a re  two o ther  forms  of  the  DECLARE s ta tement .  See  
"DECLARE — Name a  Var iab le  and  Ass ign  i t s  At t r ibu tes , "  and  
"DECLARE - -  Spec i fy ing  a  S t ruc ture . "  

An a r ray  i s  a  co l lec t ion  of  da ta  e lements  tha t  have  iden t ica l  
a t t r ibu tes .  The  a r ray  occupies  a  cont iguous  a rea  of  s to rage  and  i s  
known by  a  common name.  An ind iv idua l  e lement  i s  re fe renced  by  g iv ing  
i t s  loca t ion  in  the  a r ray .  To dec la re  an  a r ray ,  code :  

i  1 
V  I  ( — D E C L A R E — ,  ,  1  , - a t t r i b u t e s - n  

i—labe l : - "—,  |  |  array  V I I  I 
— |  |  — |  |—name (  d imens ion— 1  —) — |  I—; 
'  '  |  |  extent  |  I 

1 —DCL > <-  1  

Dimens ion  of  an  Array :  Arrays  can  have  up  to  15  d imens ions .  Each  
d imens ion  of  an  a r ray  has  an  assoc ia ted  ex ten t ,  o r  number  o f  
repe t i t ions .  The  to ta l  number  o f  e lements  in  the  a r ray  i s  the  product  
o f  a l l  the  d imens ion  ex ten ts  ( for  a  one-d imens iona l  a r ray ,  the  ex ten t  i s  
the  number  of  e lements ) .  I f  the  ex ten t  i s  unknown and  the  a r ray  i s  not  
LOCAL o r  AUTOMATIC,  you  may spec i fy  an  as te r i sk  (*) ,  a s  a  d imens ion  
ex ten t .  For  mul t id imens iona l  a r rays ,  you  use  commas  to  de l imi t  the  
d imens ion  ex ten ts  you  spec i fy .  In  a  mul t id imens iona l  a r ray ,  you  may 
on ly  use  an  as te r i sk  as  the  le f tmos t  d imens ion  ex ten t .  The  normal  
defau l t  a t t r ibu tes  apply  to  the  a r ray  i f  you  do  no t  dec la re  a  da ta  type ,  
scope ,  s to rage  c lass ,  o r  BOUNDARY a t t r ibu te .  

Bound a ry  

Each  e lement  in  an  a r ray  i s  a l igned  on  the  same boundary .  Each  e lement  
o f  a  b i t  a r ray  i s  a l igned  by  defau l t  on  a  by te  boundary .  

In i t i a l iz inq  

When you  dec la re  a  STATIC LOCAL a r ray ,  you  can  in i t i a l ize  i t s  e lements  
us ing  the  INITIAL a t t r ibu te .  Mul t ip le  in i t i a l  va lues  separa ted  by  
commas  a re  used  for  a r ray  in i t i a l iza t ion .  I f  no t  enough va lues  a re  
spec i f ied ,  the  remain ing  a r ray  e lements  a re  not  in i t i a l ized ;  i f  too  many 
va lues  a re  spec i f ied ,  the  remain ing  va lues  a re  ignored .  You may use  an  
as te r i sk  in  p lace  of  an  in i t i a l  va lue  to  ind ica te  tha t  the  e lement  
should  not  be  in i t i a l ized .  An in i t i a l  va lue  may be  preceded  by  a  
rep l ica t ion  number  in  paren theses  to  ind ica te  tha t  the  va lue  i s  to  be  
repea ted  the  spec i f ied  number  of  t imes .  See  the  example  be low.  

Referencing an Array Element 

When you  want  to  re fe rence  an  e lement  o f  an  a r ray ,  fo l low the  ar ray  name 
wi th  a  subscr ip t  express ion  in  paren theses ,  i . e . ,  a r rayname ( subscr ip t  
express ion)  .  The  subscr ip t  express ion  g ives  the  pos i t ion  of  the  e lement  
wi th in  the  a r ray .  For  mul t ip le  d imens ions  there  must  be  as  many 
express ions  ( separa ted  by  commas)  a s  there  a re  d imens ions .  

Subsc r ip t  express ions  may  be  any  express ion  va l id  a r i thmet i ca l ly .  
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Example  of  an  Array  Decla ra t ion  

In  the  fo l lowing  example ,  EXAHP i s  a  th ree  d imens iona l  a r ray .  There  a re  
two e lements  in  each  d imens ion .  Each  e lement  i s  a  charac te r  s t r ing  wi th  
a  l ength  of  3 .  

DCL EXAHP (2 ,2 ,2)  CHAB (3)  INIT( 'EFB•  ,  «NEW' ,  (2 )  * , (4)  •  JCA•)  ;  

The  resu l t ing  e lements ,  and  the i r  conten ts ,  i s :  

e lement  
subscr ip t  conten t  

r  - i  
1  1  1  |  EFB 1 

1  1  
I 

2  I  NEW 
1  
1  

1  2  
I  

1  |  < undef ined  

1  2  
I 

2  |  
1 

<  undef ined  

2  1  
I 

1  I  JCA 
1 
1  

2  1  
I 

2  I  JCA 
1 
1  

2  2  
I 

1  |  JCA 
j 

1  

2  2  
1 

2  I  JCA 
1 
1  

L  J  

The  subscr ip t s  be low could  be  used  to  re fe rence  e lements  of  th i s  a r ray .  
The  assoc ia ted  e lement  in  the  a r ray  i s  ind ica ted  where  no  var iab le  
appears  in  a  subscr ip t .  

(1 ,1 ,2)  re fe rs  to  the  e lement  in i t i a l ized  NEW. 

(1 ,2 ,2)  re fe rs  to  the  second non- in i t i a l ized  e lement .  

(2 ,2 ,2)  re fe rs  to  the  l as t  e lement  in  the  a r ray :  JCA.  

(3+J ,F ,T)  

(B-BC,1+J ,10*K)  

46  PL/DS Language  Beference  



DECLARE — Spec i fy ing  a  S t ruc ture  

Note :  There  a re  two o ther  forms  of  the  DECLARE s ta tement .  See  
"DECLARE — Name o f  Var iab le  and  Ass ign  i t s  At t r ibu tes , "  and  
"DECLARE - -  Spec i fy ing  an  Array ."  

A s t ruc ture  i s  a  co l lec t ion  of  da ta  tha t  inc ludes  sca la r  da ta ,  a r rays ,  
and  s t ruc tures .  This  co l lec t ion  of  da ta  usua l ly  has  un l ike  a t t r ibu tes ;  
however ,  the  da ta  can  have  iden t ica l  a t t r ibu tes .  

I f  da ta  i t ems  must  have  a  spec i f ic  sequence  in  the  compi led  code ,  
dec la re  them in  tha t  sequence  and  as  a  par t  of  a  s t ruc ture .  I tems  not  a  
par t  of  a  s t ruc ture  do  no t  necessar i ly  have  the i r  source  code  sequence  
re ta ined  the  genera ted  code .  

The  major  s t ruc ture  i s  g iven  a  name:  the  s t ruc ture  name.  Each  
component  o f  the  s t ruc ture  i s  g iven  a  name:  the  component  name.  A 
s t ruc ture  can  conta in  components  tha t  a re  s t ruc tures .  These  components  
a re  ca l led  subs t ruc tures  or  minor  s t ruc tures .  

When you  re fe rence  the  s t ruc ture  name,  you  a re  re fe r r ing  to  the  en t i re  
co l lec t ion  of  da ta .  When you  re fe rence  a  component  name,  you  a re  
re fe r r ing  only  to  the  component .  

To  dec la re  a  s t ruc ture ,  code :  

i  T  
V |  ,  DECLARE ,  r -a t  t r ibu tes—,  

r—label : - "—,  I I  I I  
— |  |  1 |  — 1 s t ruc ture  1 I—,  

> '  |  |  name |  I I  
I  DCL '  «- 1  |  

I 

I  I  
|  ,  a t t r i b u t e s  1  |  
V  I  I I  

,  ,—leve l  component—|  |—' i  
|  number  name L  1  I  

- I  I -
I  I  
•  "  

IS*®!  Numbers :  Leve l  numbers  ind ica te  the  h ie ra rchy  of  the  components  in  
a  s t ruc ture .  The  major  s t ruc ture  name a lways  has  a  l eve l  number  o f  1 ,  
which  ind ica tes  tha t  th i s  name i s  a t  the  h ighes t  l eve l .  Component  names  
may be  a t  the  second l eve l  o r  lower .  Each  component  name mus t  have  a  
l eve l  number  g rea te r  than  i t s  conta in ing  s t ruc ture ,  and ,  i f  i t  in  turn  
i s  a  s t ruc ture ,  i t  must  be  fo l lowed immedia te ly  by  the  component  names  
tha t  make  up  i t s  s t ruc ture .  The  l eve l  number  o f  a  component  mus t  be  
equa l  to  or  l ess  than  the  leve l  number  o f  the  immedia te ly  preceding  
component  a t  the  same l eve l .  The  fo l lowing  i s  a  s t ruc ture  of  components  
in  a  s ing le  DECLARE s ta tement :  

DCL 1  STBOCT,  
3  FULLWD FIXED (32)  ,  

5  ITEMA FIXED (15) ,  
5  ITEHB CHAR (2)  ,  

3  HALFHDS FIXED (15)  ,  
5  ITEHC FIXED (8)  ,  
5  ITEBD BIT(8) ;  

I f  the  component ,  "3  HALFHDS,"  were  coded  "4  HALFHORDS,"  i t  would  no t  
fo l low the  " immedia te ly  preceding"  ru le  jus t  g iven;  i t  would  become a  
subs t ruc ture  of  "3  FULLHD",  and  no t  a  component  separa te  f rom tha t  
s t ruc ture .  
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Att r ibu tes :  The  a t t r ibu tes  descr ibed  for  dec la r ing  a  var iab le  apply  to  
s t ruc tures  as  wel l .  

At t r ibu tes  can  be  ass igned  to  the  major  s t ruc ture  name and  to  any  of  the  
dec la red  component  names .  I f  you  do  no t  dec la re  a  da ta  type  a t t r ibu te  
for  the  major  s t ruc ture  or  fo r  a  subs t ruc ture ,  the  defau l t  da ta  type  i s  
CHARACTER,  wi th  a  l ength  suf f ic ien t  to  span  a l l  of  i t s  components .  I f  
you  do  not  dec la re  a  da ta  type  for  any  component  name tha t  i s  not  a  
s t ruc ture ,  the  defau l t  i s  FIXED (15) .  

You can  only  dec la re  a  s to rage  c lass  a t t r ibu te  wi th  the  major  s t ruc ture  
name.  Al l  components  a re  in  the  same s torage  c lass  as  the  s t ruc ture .  
Also ,  you  can  on ly  dec la re  the  NORMAL o r  ABNORMAL a t t r ibu te  wi th  the  
major  s t ruc ture  name.  

You can  use  the  INITIAL a t t r ibu te  to  in i t i a l ize  an  en t i re  s t ruc ture  or  
any  component  o f  a  s t ruc ture .  

Boundary  

I f  you  do  no t  expl ic i t ly  dec la re  the  da ta  type  or  boundary  of  a  
s t ruc ture ,  the  s t ruc ture  i s  a l igned  on  the  s t ronges t  boundary  requi red  
by  immedia te  components .  I f  you  dec la re  the  da ta  type  but  no t  the  
boundary ,  the  s t ruc ture  i s  a l igned  on  the  defau l t  boundary  for  the  
assoc ia ted  da ta  type .  

The  boundary  fo r  a  component  mus t  be  the  same boundary  o r  a  l esser  
boundary  than  tha t  of  the  s t ruc ture .  The  s ta r t ing  byte  pos i t ion  for  
each  component  need  no t  be  the  same.  (See ,  "BOUNDARY At t r ibu te"  for  
fur ther  in format ion) .  

When two BIT components  a re  dec la red  consecut ive ly ,  the  s ta r t ing  
pos i t ion  of  the  second component ' s  b i t  s t r ing  immedia te ly  fo l lows  the  
ending  pos i t ion  of  the  prev ious  component ' s  b i t  s t r ing  ( tha t  i s .  the  
b i t s  a re  packed) .  

A BIT component  tha t  i s  in i t i a l ized  must  be  a l igned  on  a  by te  boundary .  

Regis te r  S t ruc tures  

S H U < ^K U ^ e s „S5 length  one ,  two,  o r  four  by tes  can  have  the  s toraqe  c lass  
a t t r ibu te  REGISTER.  The  dec la ra t ion  must  be  f rom a  SYSLIB,  a s  in  o th l r  
reg is te r  dec la res .  (See ,  "Res t r ic t ion  on  Regis te r  Dec la ra t ions ,"  in  the  
descr ip t ion  of  the  REGISTER a t t r ibu te  of  the  DECLARE s ta tement . )  

One  by te  s t ruc tures  can  be  assoc ia ted  wi th  any  of  the  32  by te  pos i t ions  
in  the  lower  ha l fword  por t ion  of  the  reg is te rs .  

Two by te  s t ruc tures  can  be  assoc ia ted  wi th  any  o f  the  16  lower  ha l fword  pos i t ions  of  the  reg is te rs .  lower  ha l fword  

Four  by te  s t ruc tures  can  be  assoc ia ted  wi th  any  of  the  16  even-numbered  
reg is te rs .  The  h igh-order  two by tes  wi l l  be  he ld  in  the  upper  ha l fword  
of  the  reg is te r  and  the  low-order  two by tes  wi l l  be  he ld  i  n  n !  i !  
hal fword  of  the  reg is te r .  There  a re  severa l  res t r ic t ive  ^  
dec la ra t ion  and  use  of  four  by te  reg is te r  s t ruc tures :  t r l C t l o n s  o n  t h e  

•  The major  s t ruc tures  can  only  be  POINTER or  FIXED(32)  .  

FIXED < (32) P ? n e n t  t h S t  1 S  f ° U r  b y t e s  l o n 9 c a n  only  be  POINTER o r  

•  Any component  tha t  i s  not  four  by tes  lona  rann/M-  or .  
be tween  the  l e f t  and  r igh t  ha lves  of  the  s t ruc ture .  boundary  

•  No component  o f  l e ss  than  two bv tes  ran  ho  i „  *  ko  
major  s t ruc ture .  upper  ha l f  o f  the  
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• Substring expressions cannot refer to part of the lower half of the 
major structure. 

• Substring expressions cannot span the boundary between the upper and 
lower halves of the major structure. 

No register structure, nor its components, can have either the DIMENSION 
attribute or the BOUNDARY attribute. 

Overlappinq 

You can specify that the size of a structure is different from the size 
required to span its components. If the specified size for a minor 
structure is smaller than the size required for its components, the 
portion of data that extends beyond the minor structure's size overlaps 
with the data of the next declared component. For example: 

DCI 1 MAJOR, 
2 MIN0R1 CHAR (3) , 

3 C0MP1 CHAR(2), 
3 C0MP2 CHAR (2) , 

2 MIN0R2 CHAR (4) , 
3 COMP4 CHAR (2) , 
3 C0MP5 CHAR(2); 

r , 
I MAJOR | 
L J 

I I I I I I I 
I I I I I I I 
r i I I I I 
| HIN0R1 | | | | | 

I J I I I I 
I I I I I I I 
I I I I I I I 
r 1 I I I I I 
I C0MP1 I I I I I I 

I I I 
I I I 
i 1 
| COM P2 | 

Overlap > I////I 
I////I 

| MIN0R2 | 
I 
I I I I I 
I I I I I 
r ! | | 
| C0MP4 | | | 

i | | 
I I I 
I I I 
r i 
I C0MP5 | 
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Note :  When the  spec i f ied  s ize  of  the  major  s t ruc ture  i s  less  than  the  
s ize  of  a l l  of  i t s  components ,  the  next  da ta  i t em dec la red  a f te r  the  
s t ruc ture  does  no t  over lap  wi th  the  s t ruc ture .  For  example ,  

DCL 1  HAJ CHAR (4) ,  
2  A CHAR (2)  ,  
2  B CHAR (8 ) ,  

DCL C CHAR(1) ;  

r  i  
|  HAJ 1 
L J 

I  I  

I  I  
r  n  
I  A  |  
I J 

I  

r  i  
I C  |  
L 1 

Name P laceholders  

I f  the  name of  a  s t ruc ture  i s  not  s ign i f ican t  and  wi l l  never  be  
re fe renced ,  o r  i f  a  component  i s  used  on ly  as  a  f i l l e r  to  ensure  proper  
boundary  a l ignment  of  components  tha t  fo l low,  you  need  no t  supply  a  name 
on  the  DECLARE s ta tement .  In  p lace  of  the  name,  code  an  as te r i sk ;  the  
compi le r  wi l l  supply  a  name.  For  example :  

DECLARE 1  * ,  x 
2  ITEH1,  
2  ITEM2,  
2  *  CHAR (3)  ,  
2  BYTE CHAR(1) ;  

Order inq  Data  I tems  

Data  i t ems  not  in  a  s t ruc ture  do  no t  necessar i ly  have  the  sane  c rder  
( sequence)  in  the  genera ted  code  as  they  do  in  the  source  code .  I f  
order ing  i s  requi red  the  i t ems  should  be  in  a  s t ruc ture .  
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Arrays  of  S t ruc tures  

You may dec la re  the  ou te rmost  s t ruc ture  as  an  a r ray-  I f  you  do  th i s ,  no  
component  name can  be  dec la red  as  an  a r ray .  To dec la re  the  outermost  
s t ruc ture  as  an  a r ray ,  code :  

DCL 1  s t ruc ture  name (d imens ions)  [ a t t r ibu tes ]  

[ , l eve l  number  component  name [a t t r ibu tes ] ] . . . ;  

Below i s  an  example  of  an  ou te rmost  s t ruc ture  dec la red  as  an  
a r ray :  

DCL 1  A (2 )  ,  
2  B,  
2  C ,  

3  D,  
3  E ,  

2  F ;  

C(1)  <  

C (2)  <  

B (1)  

D(1)  

E(1)  

F(1)  

B (2)  

D(2)  

E  (2)  

F(2)  

>  A (1)  

>  A (2 )  

You may dec la re  a  subs t ruc ture  as  an  a r ray .  I f  you  do  th i s ,  ne i ther  any  
of  the  ou te r  s t ruc tures  nor  any  of  the  subs t ruc ture ' s  components  can  be  
dec la red  as  an  a r ray .  To dec la re  a  subs t ruc ture  as  an  a r ray ,  code :  

DCL 1  s t ruc ture  name [a t t r ibu tes ] ,  

l eve l  number  subs t ruc ture  name(number  o f  e lements ) [a t t r ibu tes ] ,  

Below i s  an  example  of  a  subs t ruc ture  dec la red  as  an  a r ray :  

DCL 1  A,  
2  B,  
2  C (2)  

3  D,  
3  E,  

2  f ;  

C(1)  <  

C (2)  <  
I 

B 

D(1)  

E(1)  

D (2)  

E(2)  

F  

>  A 
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You may dec la re  any  component  tha t  does  no t  descr ibe  a  s t ruc ture  as  an  
a r ray .  I f  you  do  th i s ,  none  of  the  s t ruc tures  of  which  th i s  component  
i s  a  par t  can  be  dec la red  as  a r rays .  To dec la re  a  component  as  an  
a r ray ,  code :  

DCL 1  s t ruc ture  name [a t t r ibu tes ] ,  

l eve l  number  component  name (number  o f  e lements )  [  a t t r ibu tes  ] ,  

DCL 1  A,  
2  B (2)  ,  
2  C,  

3  D (2)  ,  
3  E(2)  ,  

2  J?  (2 ) ;  

r  
I  
I  
I  

I  
I  
I  
L 

r~  t 
I  B  (1 )  I 

I  B  (2 )  I  

I  D  (1 )  1 

I  D  (2 )  1 

I  E  (1 )  I  

I  E  (2 )  I  

I  F  (1)  1  

I  F  (2)  1 
i  

>  A 

r  i  i  -i 
I I C  | |  
I  I  I  I  

B < |  D (1)  |  |  
DCL 1  A,  |  |  |  |  

2 B,  |  |  D (2)  |  |  
3 C,  «- |  1 |  
3 D (2)  ,  IE  |  > A 

2  E ,  r  |  1 |  
2 F ,  |  |  G (1)  |  |  

3 G (2)  ,  |  |  1 |  
3 H;  F  <  |  G (2)  |  |  

I ,  1  ,  
I  I  H  | |  
L  I  J  J  

Using  an  As te r i sk  

When dec la r ing  a  s t ruc ture  or  component  as  an  a r ray ,  you  somet imes  can  
code  an  as te r i sk  ins tead  of  spec i f ica l ly  s ta t ing  the  number  o f  e lements  
in  the  a r ray .  You can  do  th i s  i f  the  s t ruc ture  has  a  s to rage  c lass  
a t t r ibu te  of  STATIC NONLOCAL,  o r  BASED,  o r  parameter .  The  as te r i sk  may 
no t  be  used  wi th  AUTOMATIC o r  STATIC LOCAL i t ems .  I f  you  code  an  
as te r i sk ,  a l l  components  tha t  fo l low must  be  par t  of  the  component  
dec la red  wi th  the  as te r i sk .  For  example :  

DCL 1  A,  / *  ASSUME A IS  A PABAMETEK * /  
2  B,  
2  C,  
2  D(*)  ,  

3 E,  
3  F ;  

Note :  You can  a l so  use  an  as te r i sk  as  a  s t r ing  length .  See .  "S t r ing  
Data  Type  DECLARE S ta tement  At t r ibu tes , "  in  the  descr ip t ions  of  DECLARE 
s ta tement  a t t r ibu tes .  
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DO — S ta r t  of  Do-Group 

Purpose  

Marks  the  f i r s t  of  a  do-group:  a  se t  of  s ta tements  tha t  the  compi le r  
wi l l  bu i ld  to  execute  once  or  a  number  o f  t imes ,  based  on  what  you  
spec i fy  in  the  DO s ta tement .  

Rules  

The  END s ta tement  marks  the  end  of  the  do-group .  

DO i s  a  reserved  keyword;  do  no t  use  i t  as  a  var iab le  name.  

Sypt f rx  

V |  UNTIL—, 
i—labe l : - "  t  ,  1 |—(re la t iona l  express ion)—! 
I |  |  '—WHILE—'  |  

— I |—DO—| L.  
I  I  I  
i  1  i  con t ro l  =  s ta r t  ,  

var iab le  va lue  |  

rincrement - i  . - .  .—.  

"-BY—. '  L T0 end-"  " -BHILE-( re la t iona l -"  
va lue  express ion)  

" -decrement -"  

Operands  

l abe l  Opt iona l .  Code  one  or  more  l abe ls ,  each  fo l lowed by  a  
co lon .  

UNTIL Keyword  tha t  spec i f ies  tha t  when the  condi t ion  fo l lowing  
i t  i s  tes ted  fo l lowing  an  execut ion  of  the  do-group ,  and  
i s  t rue ,  the  repe t i t ion  of  the  do-group  must  end .  

cont ro l  var iab le  
Name of  var iab le  to  hold  a  va lue  tha t  cont ro ls  the  number  
o f  r epe t i t ions  of  the  group .  This  mus t  have  a t t r ibu tes  
tha t  a re  va l id  in  an  a r i thmet ic  contex t .  

s t a r t  va lue  

BT 

increment  

decrement  

A cons tan t ,  var iab le ,  o r  express ion  
p laced  in to  the  cont ro l  var iab le .  

whose  va lue  i s  to  be  

Keyword  tha t  spec i f ies  tha t  the  cont ro l  var iab le  i s  to  be  
bumped up  o r  down a t  each  i t e ra t ion  of  the  do-group .  

Spec i f ies  how much to  add  to  the  cont ro l  var iab le  before  
compar ing  i t  to  the  end  va lue .  

Spec i f ies  how much to  subt rac t  f rom the  cont ro l  var iab le  
before  compar ing  i t  to  the  end  va lue .  The  f i r s t  
non-b lank  charac te r  a f te r  the  keyword  BY mus t  be  a  minus  
s ign .  The  minus  s ign  ind ica tes  tha t  the  BY va lue  i s  a  
decrement  ins tead  of  an  increment .  
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Keyword  tha t  spec i f ies  tha t  an  end  va lue  i s  to  be  
compared  to  the  cont ro l  var iab le  a f te r  each  execut ion  of  
the  do-group .  

A cons tan t ,  var iab le ,  o r  express ion  tha t  spec i f ies  the  
incremented /decremented  va lue  of  the  cont ro l  var iab le  a t  
which  repe t i t ion  of  the  do-group  i s  to  end .  

Keyword  tha t  spec i f ies  tha t  the  condi t ion  fo l lowing  i t  
must  be  t rue  for  repe t i t ion  of  the  do-group  to  occur .  

re la t iona l  express ion  
The  condi t ion  fo l lowing  the  WHILE o r  ONTIL keyword  mus t  
be  any  re la t iona l  express ion  va l id  fo r  an  IE  s ta tement .  

TO 

end  va lue  

WHILE 

Non-Looping  Do-Groups  

A non- looping  do-group  descr ibes  a  do-group  tha t  i s  executed  once .  
Termina t ion  normal ly  occurs  a f te r  the  s ing le  execut ion  of  the  group  of  
s ta tements .  The  WHILE condi t ion  may be  used  to  cont ro l  execut ion ;  i f  
the  WHILE condi t ion  i s  not  met ,  the  do-group  i s  never  executed .  

There  a re  th ree  forms  of  non- looping  do-groups .  Al l  o ther  forms  a re  
looping .  The  th ree  forms  a re  iden t i f ied  by  the  DO s ta tement  op t ions .  

1 .  The  f i r s t  form ind ica tes  a  do-group  tha t  i s  a lways  executed  once .  
This  form i s  wr i t ten  as  fo l lows:  

DO;  

2 .  The  second  form resu l t s  in  f i r s t  ass ign ing  the  s ta r t  va lue  to  the  
cont ro l  var iab le ,  then  execut ing  the  do-group  once .  This  form i s  
wr i t ten  as  fo l lows:  

DO cont ro l  var iab le  = s ta r t  va lue ;  

3 .  The  th i rd  form uses  the  WHILE op t ion  to  de te rmine  whether  o r  no t  
the  do-group  i s  executed .  I f  the  WHILE condi t ion  i s  met ,  th i s  form 
resu l t s  in  one  execut ion  of  the  do-group .  I f  the  WHILE condi t ion  
i s  not  met ,  the  do-group  i s  not  executed .  This  form i s  wr i t ten  as  
fo l lows:  

DO cont ro l  var iab le  = s ta r t  va lue  
WHILE (  express ion  ) ;  

Looping  Do-Groups  

A looping  do-group  descr ibes  a  do-group  tha t  might  be  executed  more  than  
once  in  success ion  or  tha t  might  no t  be  executed  a t  a l l .  

a r e  S ^ e r a ^«° r m S  ° £  t h e  1 ) 0  s t a t e n e nt  tha t  cause  looping  
do-groups .  The  d i f fe ren t  forms  cor respond to  the  combina t ions  of  
the  DO%tatement f .  "  D °  S t a t e m e i l t  < r e £ e r  t o  syntax  d iagram of  

" D ^ 0 1  ° f  t h e  l o o P i n 9•  cer ta in  in format ion  should  be  

11 
Jh .n°  " °" 0 1  in i t i a l iza t ion  a 'n i  
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H° w  Opt ions  Cont ro l  Looping  Do-Groups  

When you  code  a  cont ro l  var iab le ,  F igure  9  shows how the  informat ion  you 
spec i fy  wi th  the  op t ions  i s  used  in  cont ro l l ing  execut ion  of  looping  
do-groups .  S teps  2  and  3  provide  mechanisms  for  ex i t  f rom the  loop .  
S teps  1 ,  2  and  4  a re  components  tha t  use  the  cont ro l  var iab le .  Each  
s tep  i s  assoc ia ted  wi th  one  of  the  op t ions :  

OPTION STEP 

S ta r t  va lue  ass ignment  S tep  1 .  
The  TO op t ion  S tep  2 .  
The  WHILE op t ion  S tep  3 .  
The  BY op t ion  S tep  4 .  

F igure  10  shows how the  WHILE op t ion  cont ro ls  execut ion  of  a  looping  
do-group  wi th  no  cont ro l  var iab le  spec i f ied .  

F igure  11  shows how the  UNTIL op t ion  cont ro ls  execut ion  of  a  looping  
do-group  wi th  no  cont ro l  var iab le  spec i f ied .  

Notes :  

1 .  I f  a  cont ro l  var iab le  i s  se t  and  there  i s  no  WHILE condi t ion ,  the  TO 
t e s t  a lone  cont ro ls  the  execut ion  of  the  do-group .  I f  a  cont ro l  
var iab le  i s  se t  and  there  i s  no TO va lue ,  the  WHILE t es t  a lone  cont ro ls  
the  execut ion  of  the  do-group .  

2 .  I f  the  TO va lue  i s  exceeded ,  do-group  execut ion  i s  te rmina ted  even  i f  
the  WHILE condi t ion  i s  s t i l l  t rue .  

3 .  I f  the  WHILE condi t ion  i s  not  t rue ,  the  do-group  i s  not  executed  
desp i te  the  fac t  tha t  the  TO va lue  has  no t  been  reached .  

4 .  I f  a  BY i s  not  spec i f ied  and  a  cont ro l  var iab le  i s  se t  and  a  TO va lue  
i s  spec i f ied ,  the  cont ro l  var iab le  i s  incremented  by  1 .  

The  Con t ro l  Var iab le  

The  cont ro l  var iab le  must  be  an  a r i thmet ic  var iab le ,  o r  a  s t r ing  
var iab le  of  one  or  two by tes .  The  cont ro l  var iab le  can  be  re fe renced  
wi th in  the  do-group .  I f  you  modi fy  the  cont ro l  var iab le  wi th in  the  
do-group ,  the  modi f ied  va lue  i s  used  in  de te rmin ing  whether  o r  no t  to  
execute  the  do-group  aga in .  

I f  on ly  the  cont ro l  var iab le  in i t i a l iza t ion  i s  spec i f ied  on  the  DO 
s ta tement ,  the  s ta r t  va lue  i s  ass igned  to  the  cont ro l  var iab le  and  the  
group  of  s ta tements  i s  executed  once .  I f  a  WHILE express ion  i s  a l so  
spec i f ied  wi th  the  cont ro l  var iab le  se t t ing ,  the  cont ro l  var iab le  i s  
in i t i a l ized  and  the  group  of  s ta tements  may be  executed  once ,  provided  
the  WHILE condi t ion  i s  met .  

On ex i t  f rom the  do-group ,  the  cont ro l  var iab le  i s  the  va lue  a t  the  
te rmina t ion  of  the  loop .  I f  no  looping  occur red ,  the  cont ro l  var iab le  
equa ls  the  s ta r t  va lue  ass igned  to  i t .  

The  S  t a r t  Value  

The  s ta r t  va lue  can  be  any  cons tan t ,  var iab le ,  o r  complex  express ion  
tha t  i s  va l id  as  an  a r i thmet ic  va lue .  (See ,  "Ass ignment  — Ass ign  a  
Value  to  a  Var iab le , "  fo r  a  de ta i led  explana t ion  of  express ions . )  
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I 1 
| Assign start value | 
| to control variable | 

I 
I 
V 

* * 

* Is the * 
* BY value * 

* negative * 
* ? * 

* * 

* * 

* * 

* TO * 
* value * 

— NO * >= control * 
* variable * 

* ? * 
* * 

-NO—TERMINATE 
DO-GBOUP 

I 
YES 

I 
V 

* * 

* TO * 
* value * 

* <= control * 
* variable * 

* ? * 
* * 

YES 
l<-
V 

I 
YES 

— NO — TERMI NATE 
DO-GROUP 

* * 

* * 

* WHILE * 
* condition *— NO 
* met * 
* 7 * 

* * 

TERMINATE 
DO-GROUP 

I 
YES 

I 
V 

I 
I Execute do-group 
I 
i 

I 
I 
V 

i 
| Update control 
| variable using 

I BY value 

Figure 9. Do-Group Execution — Control Variable Specified 
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The BY Value  

The BY value  can be  any constant ,  var iable  or  complex express ion tha t  
can be  used in  an ar i thmet ic  express ion.  I f  a  BY va lue  i s  not  
speci f ied ,  but  the  s tar t  value  and the  TO value  are  speci f ied ,  the  BY 
va lue  defaul ts  to  1 .  

The BY va lue  i s  recalcula ted  on each i te ra t ion of  the  loop.  Therefore ,  
^  n ot  a  constant ,  the  BY value  can change on each i te ra t ion.  

I f  the  f i r s t  non-blank character  af ter  the  BY keyword i s  ( (or  i s  not) )  a  
minus  s ign ,  the  BY va lue  i s  subtrac ted  f rom ( (or  added to) )  the  control  
var iable  on each i te ra t ion of  the  loop.  The resul t ing  control  var iable  
value  i s  then compared to  the  TO value  to  determine whether  or  not  the  
loop terminates .  The loop terminates  i f  the  control  var iable  i s  less  
than ( (or  greater  than))  the  TO value .  

The TO Value  

The TO value  can be  any constant ,  var iable ,  or  complex express ion val id  
when used ar i thmet ica l ly .  

The TO value  wi l l  be  recalcula ted  on each i te ra t ion of  the  loop.  
Therefore ,  i f  i t  i s  not  a  constant ,  the  TO value  can change on each 
i te ra t ion of  the  loop.  

I f  you do not  code a  TO va lue ,  but  you code a  BY va lue ,  the  loop i s  
potent ia l ly  inf in i te ;  some exi t  mechanism must  be  inc luded in  the  
do-group.  The WHILE opt ion may be  used to  provide  exi t  control .  

The WHILE Value  

The WHILE va lue  can be  any re la t ional  express ion.  I f  the  resul t  of  the  
express ion i s  t rue ,  the  do-group i s  executed.  I f  the  resul t  i s  fa lse ,  
the  do-group i s  not  executed.  

I f  both  a  TO value  and a  WHILE express ion are  coded,  the  TO value  
compar ison i s  made before  the  WHILE express ion i s  evaluated .  

£he  UNTIL Value  

The UNTIL va lue  can be  any re la t ional  express ion.  I f  the  resul t  of  the  
express ion i s  fa lse ,  execut ion of  the  do-group cont inues .  I f  the  resul t  
i s  t rue ,  execut ion of  the  do-group ends .  

I f  an  UNTIL express ion i s  coded,  then i t  i s  not  permiss ib le  to  code a  
control  var iable ,  s tar t  value ,  BY va lue ,  TO va lue ,  or  WHILE express ion.  

Nested  Do-Groups  

You can inc lude up to  1h nes t ing levels  of  DO s ta tements  wi th in  a  
do-group.  A DO s ta tement  and i t s  associa ted  s ta tements  wi th in  a  
do-group are  executed the  speci f ied  number  of  t imes  each t ime the  
do-group i s  encountered.  For  example:  

LOOP10:  
LOOP5:  

. . .LOOP10 i s  

DO I  = 1  TO 10;  
DO J  = 1  TO 5 ;  

A ( I , J )  = X;  
END; 

END; 
executed 10 t imes .  

/ •EXECUTE LOOP 10 TIHES • /  
/•EXECUTE LOOP 5  TIHES • /  
/•CONTROL VARIABLE IS  SUBSCRIPT*/  

L00P5 i s  executed 5  t imes  for  every  
s ingle  execut ion of  LOOP10.  In  to ta l ,  L00P5 i s  executed 50 t imes .  
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*  W H I L E  *  

* condition *-
* met * 

* ? * 
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N O  T E R M I N A T E  D O - G R O U P  

Y E S  

Figure 10. Do-Group Execution — WHILE Option Only 
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Figure 11. Do-Group Execution — UNTIL Option Only 
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END End of  Procedure  or  Do-Group 

Purpose  

Te l l s  the  compi le r  tha t  th i s  i s  the  end  of  the  s ta tements  for  the  
presen t  procedure  o r  do-group .  

Rules  

For  an  END s ta tement  a t  the  end  of  a  p rocedure ,  the  compi le r  genera tes  a  
re turn  to  the  ca l l ing  procedure .  

For  an  END s ta tement  a t  the  end  of  a  looping  do-group ,  the  compi le r  
genera tes  a  t es t  of  the  condi t ions  for  looping  tha t  you  spec i f ied  in  the  
DO s ta tement .  

END i s  a  reserved  keyword;  do  no t  use  i t  as  a  var iab le  name.  

Syntax  

I  
1  
I  
i  

- l abe l :  

-END-

- labe l  1-

-en t ryna  me-

Opera  nds  

l abe l  Opt iona l .  Code  one  o r  more  l abe ls ,  each  fo l lowed by  a  co lon .  

en t ryname The  name,  on  the  PROCEDURE s ta tement ,  o f  the  procedure  tha t  
th i s  END s ta tement  appl ies  to .  

l abe l  1  The  l abe l  of  the  DO s ta tement  in t roduc ing  the  do-group  tha t  
th i s  END s ta tement  appl ies  to .  
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ENTRY — Secondary  Ent ry  Poin t  

Purpose  

Des igna tes  a  secondary  en t ry  po in t  fo r  a  procedure ,  
po in t  i s  the  procedure ' s  PROCEDURE s ta tement . )  

(The  pr imary  en t ry  

Rules  

The  number  o f  secondary  en t ry  po in ts  in  a  procedure  i s  not  res t r ic ted .  

Use  the  CALL s ta tement  to  invoke  a  procedure  a t  a  secondary  en t ry  po in t .  
You may pass  a rguments  wi th  the  CALL by  coding  the i r  assoc ia ted  
parameters  on  the  ENTRY s ta tement .  

ENTRY i s  a  reserved  keyword;  do  no t  use  i t  as  a  var iab le  name.  

Syntax  

— ( parameter  
en t ryname;  —'-ENTRY—| 

Operands  

en t ryname 

parameter  

Code  a t  l eas t  one  to  spec i fy  the  name you  wi l l  use  in  the  
CALL s ta tement  fo r  th i s  secondary  en t ry  po in t .  

Code  the  names  of  the  var iab les  wi th  which  the  procedure  
re fe rences  the  a rguments  passed  in  the  CALL s ta tement .  

Dec la r ing  the  Ent ry  Name 

When dec la r ing  the  en t ry  name tha t  you  re fe rence  in  the  ENTRY s ta tement ,  
the  DECLARE s ta tement  appears  in  the  ca l l ing  procedure .  I f  you  do  no t  
dec la re  the  en t ry  name,  appropr ia te  defau l t s  a re  ass igned  when the  en t ry  
name i s  encountered .  For  a  de ta i led  descr ip t ion  of  how to  dec la re  an  
en t ry  name,  r e fe r  to  the  d i scuss ion  of  "Program Data"  in  the  DECLARE 
s ta tement  sec t ion .  

Spec i fy ing  Ent ry  Arguments  and  Parameters  

Parameters  on  an  ENTRY s ta tement  mus t  be  s imple  da ta  i tem names ,  each  
separa ted  by  a  comma.  The  maximum number  of  parameters  i s  16 .  The  
number  and  pos i t ion  of  the  parameters  on  a  PROCEDURE and  ENTRY s ta tement  
need  no t  be  the  same.  

There  i s  a  cor respondence  be tween  the  parameters  on  the  ENTRY s ta tement  
and  the  arguments  on  the  CALL s ta tement  tha t  invokes  th i s  en t ry  po in t  
When you  inc lude  arguments  on  a  CALL s ta tement ,  a  parameter  l i s t  i s  
produced .  Each  a rgument  i s  ass igned  one  word  in  the  parameter  l i s t ;  an  

The  parmreg  po in ts  to  th i s  parameter  address  i s  inser ted  in  each  word ,  
l i s t  across  the  l inkage .  

The  compi le r  assoc ia tes  CALL s ta tement  a rguments  wi th  ENTRY s ta temen 
parameters  in  the  order  in  which  they  appear ;  the  f i r s t  argument  i  
assoc ia ted  wi th  the  f i r s t  parameter ,  the  second a rgument  wi th  the  secon  
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parameter ,  and  so  on .  S ince  the  assoc ia t ion  of  a rguments  and  parameters  
i s  by o rder ,  i t  does  no t  mat te r  whether  the  var iab le  names  used  a re  the  
same or  d i f fe ren t .  However ,  when  CALL s ta tement  a rguments  a re  passed  to  
an  in te rna l  procedure ,  the  var iab le  names  used  fo r  the  ENTRY s ta tement  
a rguments  must  be  d i f fe ren t  f rom the  names  used  for  the  parameters  in  
the  CALL s ta tement .  

Arguments  a re  dec la red  in  the  ca l l ing  procedure ;  parameters  a re  dec la red  
in  the  ca l led  procedure .  The  da ta  type  a t t r ibu tes  dec la red  for  a  
parameter  should  be  the  same a t t r ibu tes  dec la red  for  the  cor responding  
a rgument  in  the  ca l l ing  procedure .  Parameters  a re  au tomat ica l ly  
ass igned  to  the  PARAMETER s to rage  c lass ;  therefore ,  do  no t  dec la re  a  
s to rage  c lass  a t t r ibu te  for  a  parameter .  

Modi fy ing  an  Ent ry  Parameter  

Ass ign ing  a  va lue  to  a  parameter  resu l t s  in  modi fy ing  the  cor responding  
a rgument .  This  has  no  e f fec t  on  the  ca l l ing  procedure  un less  the  ac tua l  
address  of  the  argument  was  inser ted  in  the  parameter  l i s t  or  the  
a rgument  was  a  cons tan t .  (The  type  of  a rgument  tha t  has  i t s  ac tua l  
address  inser ted  in  the  parameter  l i s t  i s  descr ibed  in  "The  CALL 
S ta tement"  under  the  top ic  "How the  Arguments  Are  Passed ." )  

You should  not  modi fy  a  parameter  whose  cor responding  argument  i s  a  
cons tan t  s ince  th i s  could  cause  unpred ic tab le  resu l t s  in  the  ca l l ing  
procedure .  See  the  descr ip t ion  of  the  EVAL bu i l t - in  func t ion  for  an  
example  of  a  cons tan t  tha t  i s  an  a rgument .  
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MACGEN, 3ENDGEN ~ Assembly Statement Delimiters 

Purpose 

Allows you to include a subset 
processing by the assembly phase. 

of DPPX Assembler statements for 

Bules 

The MACGEN statement is valid only when produced as ANSWEB text by a 
PL/DS macro definition invoked from SYSLIB. 

The DPPX Assembler PL/DS "subset" limitations are: no invocations of 
DPPX Base assembler macros and no DPPX Assembler macro definitions may 
be in the assembler statements between the MACGEN and SENDGEN 
statements. 

Any text contained between the statements MACGEN and SENDGEN is passed 
unchanged to the assembly phase and is not processed by the compile 
phase. 

The compiler has no knowledge of the contents of the text without help 
from options on the MACGEN statement. For optimization purposes, you 
must code the options. 

Without this information, incorrect code may be generated. For example, 
if the compiler does not know that a variable is referenced within the 
text, it may assign that variable to a register, causing errors in the 
assembly phase. 

MACGEN and ENDGEN are reserved keywords; do not use them as variable 
names. 

Synta x 

1. A single line of text may 
following syntax: 

be passed to the assembly phase using the 

-label:-
I 

-MACGEN-J- -options- -(simple text) —; 

2. If several lines of text are required, the following syntax should be 
used: 

i 1 i 1 
V I I  I  
label: '—MACGEN—' options »-

I 
i 

Text for the assembler (one or more lines) 

•<i ENDGEN-
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Opt ions  Syntax  

In  bo th  cases ,  the  syntax  of  the  op t ions  parameter  i s :  

i—EEFS—(var iab le  l i s t )  ,  
I  I  

H  1-

-SETS—(var iab le  l i s t )  

—NOREFS— -NOSETS-

rFLOBS-( labe l  l i s t ) t  
I  I  

—NOFLOWS-

—SEQFLOW—i 

I 
-NOSEQFLOWJ 

r  EXIT 1 
I  I  

H (-• 
I  
« -—NOEXIT-

I  
|  i 1  1 

I I I 
1  1  —SIZE ( s ize- in—bytes)  —'— 

REFS (var iab le  l i s t )  /NOREFS L is t  the  var iab les  re fe renced  bu t  no t  se t  in  
the  assembler  s ta tements .  Defau l t :  NOREFS.  

SETS (var iab le  l i s t ) /NOSETS Lis t  the  var iab les  whose  va lues  a re  se t  in  
the  assembler  s ta tements .  Defau l t :  NOSETS.  

FLOWS ( l abe l  l i s t ) /NOFLOWS Lis t  the  l abe ls  in  any  o ther  sec t ion  of  code  
in  th i s  compi la t ion  tha t  the  assembler  
s ta tements  might  b ranch  to .  Defaul t :  
NOFLOWS.  

S E Q F L O W  spec i f ies  tha t  the  log ic  f low of  the  
assembler  s ta tements  may cont inue  in to  the  
s ta tement  fo l lowing  a E N D G E N .  Defaul t :  
S E Q F L O W .  

EXIT spec i f ies  tha t  the  log ic  f low might  no t  
re turn  a t  a l l  to  th i s  assembly  module .  
Defau l t :  NOEXIT.  

Spec i fy  in  by tes  the  maximum s ize  of  the  
code  tha t  the  assembly  phase  wi l l  genera te  
f rom these  s ta tements .  

The  au thor  of  the  macro  should  ensure  tha t  the  cor rec t  in format ion  i s  
spec i f ied  by  means  o f  the  MACGEN op t ions .  

SEQFLOW/NOSEQFLOW 

EXIT/NOEXIT 

SIZE ( s ize- in-bytes )  
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GOTO — Transfer  Cont ro l  

Purpose  

GOTO t ransfers  cont ro l  e i ther  to  a  t a rge t  po in t  in  the  procedure ,  o r  to  
a  separa te ly-compi led  procedure .  

Rules  

Can  be  used  wi th  the  IF  s ta tement  fo r  condi t iona l  t ransfer  of  cont ro l .  

GOTO and  GO and  TO a re  reserved  keywords ;  do  no t  use  them as  var iab le  
names .  

Syntax  

I  I  
I  i  

V  I  
i  l abe l :  ' t  
I I  

— I I  
I  I  
i  i  

Operands  

l abe l  Opt iona l .  Spec i fy  one  or  more  l abe ls ,  each  fo l lowed by  a  
co lon .  

t a rge t  po in t  Code  the  l abe l  of  the  s ta tement  you  want  to  branch  to .  I f  
you  use  a  based  l abe l ,  dec la re  i t  wi th  the  VALUERANGE da ta  
type  a t t r ibu te  of  the  DECLARE s ta tement .  

Example  of  a  Branch  Using  a  BASED LABEL 

DCL LAB BASED VALUERANGE(LAB 1 ,LAB2,LAB3)  LABEL,  
LPTR(3)  PTR INIT(ADDR(LAB1) ,ADDR(LAB2) ,ADDR(LAB3)) ;  

GOTO LPTR ( I ) ->LAB;  

Al te rna t ive ly ,  i f  LAB i s  dec la red  BASED(LPTR(I )  )  ,  the  GOTO s ta tement  can  
be  s impl i f ied  to  

GOTO LAB;  

-GOTO-
I I  

- |  |  targe t  po in t -
I 

-GO TO— 
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IF  THEN (ELSE)  - -  Condi t iona l  Execut ion  

Purpose  

IF  in t roduces  a  re la t iona l  express ion .  

The  express ion  i s  eva lua ted  dur ing  program execut ion .  I f  the  express ion  
i s  t rue ,  the  fo l lowing  THEN c lause  log ic  i s  executed ;  i f  there  i s  an  
ELSE c lause ,  i t  i s  bypassed .  I f  the  express ion  i s  fa l se ,  the  THEN 
c lause  log ic  i s  bypassed ,  and  the  ELSE c lause  log ic ,  o r  the  next  
sequent ia l  ins t ruc t ion  i f  there  i s  no ELSE c lause ,  i s  executed .  

Rules  

IF ,  THEN,  and  
names .  

ELSE a re  reserved  keywords ;  do  not  use  them as  var iab le  

Syntax  

- IF—rela t iona l  express ion—THEN c lause-
—ELSE c lause-

I — 

Rela t iona l  Express ion  Syntax  

The  form of  a  re la t iona l  express ion  i s :  

I  
A 

- s imple  compar i son-
I  
I  — 

I — ( re la t iona l— 
express ion)  

Re la t iona l  Express ion  Operands  

The  ' and*  s ign  (A)  i s  used  as  a  connec tor  of  compar i sons .  I f  bo th  
compar i sons  a re  t rue ,  the  resu l t  i s  t rue ;  o therwise ,  the  resu l t  i s  
fa l se .  I f  the  l e f t  compar i son  i s  fa l se ,  the  r igh t  compar i son  i s  
not  t es ted .  See ,  "Connec tors  in  IF  S ta tement  Compar i sons ,"  be low.  

The  ' o r '  s ign  ( | )  i s  used  as  a  connec tor  of  compar i sons .  I f  bo th  
compar i sons  a re  fa l se ,  the  resu l t  i s  fa l se ;  o therwise ,  the  resu l t  
i s  t rue .  I f  the  l e f t  compar i son  i s  t rue ,  the  r igh t  compar i son  i s  
not  t es ted .  See ,  "Connec tors  in  IF  Sta tement  Compar i sons ,"  be low.  

The  'no t*  s ign  (-<)  causes  the  nega t ion  of  a  re la t iona l  express ion .  
I f  the  re la t iona l  express ion  i s  t rue ,  the  resu l t  i s  fa l se .  I f  the  
re la t iona l  express ion  i s  fa l se ,  the  resu l t  i s  t rue .  

S imple  Compar i son  Syntax  

operand—compar i son  opera tor—operand  
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Simple  Express ion  IF  Sta tement  Operands  

The  operands  on  the  IF  s ta tement  can  bear i thmet ic  o r  s t r ing  cons tan ts ,  
o r  var iab les ,  o r  complex  express ions .  Var iab les  may be  FIXED,  POINTE,  
CHABACTEB,  o r  BIT.  I f  a  var iab le  descr ibes  an  e lement  of  an  a r ray ,  the  
var iab le  wi l l  inc lude  a  subscr ip t  express ion .  I f  a  var iab le  descr ibes  
par t  of  a  charac te r  o r  b i t  s t r ing ,  the  var iab le  wi l l  inc lude  a  subs t r ing  
express ion .  

See  the  top ic ,  "S t r ing  Cons tan ts , "  under  "Ass ignment  - -  Ass ign  a  Value  
to  a  Var iab le . "  See  a l so ,  "Charac te r -S t r ing  Compar i sons"  and  
"Bi t -S t r ing  Compar i sons ,"  be low.  

Opera tors  in  an  IF  Sta tement  Compar i son  Operand  

See  "Opera tors  in  the  Source  Express ion ,"  under  "Ass ignment  — Ass ign  a  
Value  to  a  Var iab le . "  

Opera t ion  Per formed on  the  Operand  

When a  compar i son  operand  i s  a  complex  express ion ,  i t  must  be  eva lua ted  
by  per forming  a  po in te r ,  a r i thmet ic ,  or  s t r ing  opera t ion  for  each  
opera tor  in  the  express ion .  For  de ta i l s ,  see  the  top ic  "Opera t ion  
Sequence  in  a  Complex  Source  Express ion ,"  under  "Ass ignment  — Ass ign  a  
Value  to  a  Var iab le . "  

IF  St  a tement  Compar i son  Opera tors  

The  compar i son  opera tor  tha t  appears  be tween  two operands  on  an  IF  
s ta tement  de te rmines  how the  operands  a re  compared .  Compar i son  
opera tors  appear  in  F igure  12 .  

Opera tor  Meaning  

>  g rea te r  than  

< l ess  than  

-•> not greater than 

-•< not less than 

= equa l  to  

-•= not equal to 

>= or  => g rea te r  than  or  equa l  to  

<= or  =< l ess  than  o r  equa l  to  

Figure  12 .  IF  Compar i son  Opera tors  

Opera t ion  Per formed on  IF  S ta tement  Compar i sons  

The  type  of  compar i son  made  i s  poin te r ,  a r i thmet ic ,  o r  s t r ing .  

po in tgr  Compar i sons :  The  compar i son  i s  of  type  ESi f i te r  i f  e i ther  operan  
i s  poin te r  da ta .  I f  the  o ther  operand  i s  not  po in te r  da ta ,  i t  should  b  
uns igned ,  and  wi l l  be  padded  on  the  l e f t  wi th  zeros  before  th  
compar i son  i s  made .  The  resu l t  i s  uns igned .  
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Ari thmet ic  Compar i sons :  The  compar i son  i s  a r i thmet ic  i f  ne i ther  of  the  
operands  i s  poin te r  da ta ,  and  a t  l eas t  one  i s  a r i thmet ic .  I f  the  
operand  of  g rea te r  p rec i s ion  i s  uns igned ,  the  compar i son  i s  uns igned;  
o therwise  i t  i s  s igned .  As  a  conseguence  of  th i s  ru le ,  the  on ly  s igned  
compar i sons  a re  of  FIXED(15)  wi th  e i ther  FIXED(8)  o r  FIXED(15) .  

Charac te r -S t r ing  Compar i sons :  The  compar i son  i s  a  charac te r - s t r ing  
compar i son  i f  ne i ther  operand  i s  FIXED o r  POINTER,  and  i f  one  or  bo th  
operands  a re  CHARACTER.  The  compar i son  proceeds  f rom l e f t  to  r igh t .  
The  compar i son  resu l t  i s  based  on  the  hexadec imal  charac te r  codes  of  the  
va lues  compared .  Both  operands  must  have  the  same length .  The  
fo l lowing  i s  an  except ion :  a  charac te r  express ion  can  be  compared  to  a  
nu l l  s t r ing  ( '  • ) .  This  i s  equiva len t  to  compar ing  the  s t r ing  to  b lanks .  

Note :  A charac te r  s t r ing  tha t  i s  compared  to  a  b i t  s t r ing  has  a  
l ength  tha t  i s  e igh t  t imes  i t s  charac te r  l ength .  S t r ing  operands  
tha t  a re  e igh t  b i t  mul t ip les  a l igned  on  a  by te  boundary  a re  l imi ted  
to  a  maximum of  256  by tes .  

Bi t -S t r ing  Compar i sons :  The  compar i son  i s  a  b i t - s t r ing  compar i son  when 
bo th  operands  a re  of  type  b i t  (var iab le  o r  cons tan t ) .  In  th i s  case ,  the  
on ly  va l id  compar i son  opera tors  a re  =  and  -«=.  E i ther  operand  can  be  
p receded  by  the  -> opera tor ,  which  ind ica tes  tha t  the  ones  complement  i s  
to  be  t aken  pr ior  to  per forming  the  compar i son .  Both  operands  must  have  
the  same length  and  th i s  length  must  be  known a t  compi le  t ime .  The  
fo l lowing  i s  an  except ion :  a  b i t  s t r ing  can  be  compared  to  the  nu l l  b i t  
s t r ing  ( '  'B) .  This  i s  equiva len t  to  compar ing  the  b i t  s t r ing  to  a  b i t  
s t r ing  of  zero  b i t s .  You can  a l so  compare  the  b i t  s t r ing  to  which  
i s  equiva len t  to  compar ing  the  b i t  s t r ing  to  a  b i t  s t r ing  of  one  ("1")  
b i t s .  

I f  bo th  operands  a re  var iab les  and  e i ther  one  of  them i s  not  
by te -a l igned ,  or  one  of  them has  a  l ength  tha t  i s  not  a  mul t ip le  of  
e igh t ,  then  each  var iab le  must  be  conta ined  wi th in  two by tes .  I f  one  
operand  i s  a  b i t  cons tan t ,  the  o ther  can  no t  span  more  than  32  by tes .  
I f  bo th  operands  a re  var iab les  and  a re  byte -a l igned  wi th  a  length  tha t  
i s  a  mul t ip le  of  e igh t ,  then  the  var iab les  can  be  256  by tes  in  length .  

Connec tors  in  IF  Sta tement  Compar i sons  

The  connec tors  A and  |  al low you to  have  more  than  one  compar i son  on  an  
IF  s ta tement .  F igure  13  shows how the  resu l t  of  one  compar i son  a f fec t s  
whether  another  compar i son  wi l l  be  made .  I f  another  compar i son  i s  not  
made ,  the  resu l t  of  the  f i r s t  compar i son  de te rmines  the  resu l t  of  the  
connec tor .  

The  connec tor  A has  a  h igher  p r ior i ty  than  the  connec tor  | .  

I f  the  connec tor  i s  A,  the  re la t ion  on  the  l e f t  of  the  A connec tor  i s  
tes ted .  I f  the  l e f t  re la t ion  i s  t rue ,  the  re la t ion  on  the  r igh t  
de te rmines  the  t ru th  or  fa l s i ty  of  the  A.  I f  the  l e f t  compar i son  i s  
fa l se ,  the  A i s  fa l se .  

I f  the  connec tor  i s  |  ,  the  re la t ion  on  the  l e f t  of  the  |  connec tor  i s  
tes ted .  I f  the  l e f t  re la t ion  i s  fa l se ,  the  r igh t  re la t ion  de te rmines  
the  t ru th  or  fa l s i ty  of  the  | .  I f  the  l e f t  re la t ion  i s  t rue ,  the  |  is  
t rue .  

The  -*  a s  a  log ica l  opera t ion  reverses  t ru th  or  fa l s i ty  a t  tha t  po in t .  
For  example ,  -»  (A>B)  i s  equiva len t  to  A-->B.  
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Com parison#1 
Eesult 

F 
F 

Connector 
Character 

Comparison*2 
Eesult 

T & T = 

T & F 
F & T (not tested) = 

F & F (not tested) = 

T I T (not tested) = 

T I F (not tested) = 
T 
F 

Combined 
Eesult 

T 
F 
F 
F 
T 
T 
T 
F 

Figure 13. Summary of Eesults of Connected IF Comparisons (True-False) 

The THEN Clause in the IF Statement 

The THEN clause immediately follows the relational expression, and it is 
executed only if the relation is true. The THEN clause can be one of; a 
null statement, a single statement (other than an END statement, an 
ENTBI statement, or a PBOCEDDEE statement) , or it can be a group of 
statements (a do-group). A THEN clause can be another IF statement, 
called a nested IF statement. Nested IF statements are described after 
the discussion of the ELSE clause. 

The E LSE Clause in the IF Statement 

The ELSE clause appears after the THEN clause. It is executed only when 
the relation is false. The ELSE clause can be one of: a null statement, 
a single statement (other than an END statement or PBOCEDURE statement) , 
or it can be a group of statements (a do-group). An ELSE clause can be 
another IF statement, called a nested IF statement. Nested IF 
statements are described below. 

Note: The ELSE keyword cannot be preceded by labels. Labels are allowed 
after the ELSE keyword on the statement (s) of the ELSE clause. 

Nested IF Statements 

When an IF statement appears in a THEN or ELSE clause, it is called a 
nested IF statement. A nested IF statement is coded exactly like any IF 
statement. The maximum level of nesting for IF statements is 1U. 

Hithin a nest of IF statements, the innermost ELSE clause is associated 
with the innermost THEN clause; the next innermost ELSE clause is 
associated with the next innermost THEN clause, and so on. If an 
incorrect association would be made because an IF has a THEN clause but 
does not require an ELSE clause, follow the THEN clause with a null ELSE 
clause. (ELSE; is a null ELSE clause.) 

In the following example if the inner null ELSE were omitted, the second 
ELSE would be associated with the second rather than the first IF. 

X = 0; 
IF A = B THEN 
IF I>J THEN 

X = 1; 
ELSE; 

ELSE 
X = 2; 
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Nul l  S ta tement  — No Compi le r  Act ion  

Purpose  

You use  a  nu l l  s ta tement  to  ind ica te  tha t  you  want  no  compi le r  ac t ion  a t  
th i s  poin t  in  your  program.  

The  nu l l  s ta tement  i s  usefu l  fo r  spec ia l  s i tua t ions  in  condi t iona l  ( IF)  
cons t ruc t ions .  You would  use  i t  a f te r  the  keyword  THEN when no  ac t ion  
i s  to  be  taken  i f  the  re la t iona l  opera tor  i s  t rue .  You would  use  i t  
a f te r  the  keyword  ELSE when i t  i s  necessary  to  provide  proper  
assoc ia t ion  of  THEN and  ELSE c lauses  in  a  nes t  of  IF  s ta tements .  

Rules  

When a  nu l l  s ta tement  fo l lows  the  THEN Keyword ,  and  the  IF  compar i son  i s  
t rue ,  then  the  compi le r -genera ted  code ' s  execut ion  cont inues  wi th  the  
ins t ruc t ion  fo l lowing  the  IF  s ta tement .  

Svnta  x  

l abe l :  
• I  I -

Operands  

l abe l  Opt iona l .  Code  one  o r  more  l abe ls ,  each  fo l lowed by  a  co lon .  
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PROCEDURE - -  Pr imary  Ent ry  Poin t  

Purpose  

The  PROCEDURE s ta tement  ind ica tes  the  pr imary  en t ry  po in t  fo r  a  
procedure .  (The  ENTRY s ta tement  i s  used  to  ind ica te  secondary  en t ry  
poin ts . )  

Rules  

A PROCEDURE s ta tement  a lways  appears  as  the  f i r s t  s ta tement  of  each  
ex te rna l  or  in te rna l  procedure ,  inc lud ing  the  main  p rocedure .  However ,  
a  PROCEDURE s ta tement  fo r  an  ex te rna l  procedure  can  be  preceded  by  a  
MACGEN s ta tement  or  RESPECIFY s ta tements  tha t  res t r ic t  reg is te rs .  

Opt ions  on  the  PROCEDURE s ta tement  cause  the  PL/DS genera ted  code  for  
the  s ta tement  to  be  a l te red .  

The  LINKAGE(3)  op t ion  of  the  PROCEDURE s ta tement  provides  enhanced  
in t ra -modular  l inkage  for  execut ion  under  DPPX Base .  

The  name tha t  you  code  on  the  PROCEDURE s ta tement  of  the  main  p rocedure  
becomes  the  name of  the  cont ro l  sec t ion  (CSECT)  tha t  the  assembly  phase  
bu i lds  f rom tha t  procedure .  I f  you  code  severa l  names  for  the  PBOCEDURE 
s ta tement ,  the  assembly  phase  uses  the  f i r s t  one  fo r  the  cont ro l  sec t ion  
name.  

A nes ted  procedure  does  no t  have  i t s  name used  as  an  assembly  cont ro l  
sec t ion  name.  

A PROCEDURE s ta tement  and  an  END s ta tement  begin  and  end  a  procedure .  

An ex te rna l  procedure  can  conta in  up  to  254  p rocedures ,  ca l led  in te rna l  
procedures .  In te rna l  procedures  can  conta in  procedures  up  to  a  nes t ing  
leve l  of  14 .  An in te rna l  procedure  can  be  invoked  only  by  i t s  
conta in ing  procedure  or  by  any  o ther  procedure  wi th in  the  conta in ing  
procedure .  

Data  dec la red  in  an  ex te rna l  procedure  i s  known to  a l l  i t s  in te rna l  
procedures .  Data  dec la red  in  an  in te rna l  procedure  i s  known on ly  to  
i t se l f  and  i t s  in te rna l  procedures .  An in te rna l  procedure  may no t  
dec la re  a  var iab le  wi th  the  same name tha t  was  dec la red  in  a  conta in ing  
procedure  o r  another  in te rna l  procedure .  

PROC and  PBOCEDURE a re  reserved  keywords ;  do  no t  use  them as  var iab le  
names .  

Syntax  

i—P—i 

r ,—• I 
i ' —J • » •  i  i  r  .  V |  \  

I I  i -PROCEDUREn r  {-parameter  )  ,  OPTIONS-(—opt ion  — 
*  I  I  | |  | i  r  '  

—procedure-*- |  j_ j  j  .  I  
name;  I I I  

1 —PROC * i  j  ;  I  
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Operands  

procedure  name The  p rocedure  name i s  the  name you  want  ass igned  as  the  
pr imary  en t ry  poin t  name.  The  f i r s t  name wi l l  be  the  
name of  the  CSECT.  You may spec i fy  mul t ip le  procedure  
names ,  each  fo l lowed by  a  co lon .  

In  the  ca l l ing  procedure ,  you  should  dec la re  the  name of  
a  ca l led  procedure  as  ENTRY.  I f  you  do  no t  dec la re  the  
procedure  name,  appropr ia te  defau l t s  a re  ass igned  when 
the  procedure  name i s  f i r s t  encountered .  For  a  de ta i led  
descr ip t ion  of  how to  dec la re  a  PROCEDURE name,  re fe r  to  
the  d i scuss ion  of  Program Data  in  the  DECLARE s ta tement  
sec t ion .  

parameter  The  parameter  i s  a  var iab le  name tha t  i s  assoc ia ted  wi th  
an  a rgument .  Parameters  on  a  PROCEDURE s ta tement  must  
be  s imple  da ta  names ,  each  separa ted  by  a  comma.  The  
maximum number  o f  parameters  i s  16 .  

There  i s  a  cor respondence  be tween  the  parameters  on  the  
PROCEDURE s ta tement  and  the  arguments  on  the  CALL 
s ta tement  tha t  invokes  th i s  procedure .  When you  inc lude  
arguments  on  a  CALL s ta tement ,  a  parameter  l i s t  i s  
produced .  Each  a rgument  i s  ass igned  one  word  in  the  
parameter  l i s t ;  an  address  i s  inser ted  in  each  word .  
The  parameter  reg is te r  po in ts  to  th i s  parameter  l i s t .  

Arguments  a re  assoc ia ted  wi th  parameters  in  the  order  in  
which  they  appear ;  the  f i r s t  argument  i s  assoc ia ted  wi th  
the  f i r s t  parameter ,  the  second argument  wi th  the  second 
parameter ,  and  so  on .  S ince  the  assoc ia t ion  of  
a rguments  and  parameters  i s  by  o rder ,  i t  does  no t  mat te r  
whether  the  var iab le  names  used  a re  the  same o r  
d i f fe ren t ,  when pass ing  parameters  be tween  separa te ly  
compi led  procedures .  However ,  when  a rguments  a re  passed  
to  an  in te rna l  procedure ,  the  var iab le  names  used  fo r  
the  a rguments  mus t  be  d i f fe ren t  f rom the  names  used  fo r  
the  parameters .  

Arguments  a re  dec la red  in  the  ca l l ing  procedure ;  
parameters  a re  dec la red  in  the  ca l led  procedure .  The  
da ta  type  a t t r ibu tes  dec la red  for  a  parameter  should  be  
the  same a t t r ibu tes  dec la red  for  the  cor responding  
argument  in  the  ca l l ing  procedure .  Parameters  a re  
au tomat ica l ly  ass igned  to  the  parameter  s to rage  c lass ;  
therefore ,  do  no t  dec la re  a  s to rage  c lass  a t t r ibu te  for  
a  parameter .  

Ass ign ing  a  va lue  to  a  parameter  resu l t s  in  modi fy ing  
the  cor responding  argument .  This  has  no  e f fec t  on  the  
ca l l ing  procedure  un less  (a )  the  ac tua l  address  of  the  
argument  was  inser ted  in  the  parameter  l i s t  or  (b)  the  
a rgument  was  a  cons tan t .  (Which  a rguments  have  the i r  
ac tua l  address  inser ted  in  the  parameter  l i s t  i s  
descr ibed  in  the  descr ip t ion ,  "Cal l  - -  Invoke  an  
In te rna l  o r  Externa l  Procedure ,"  under  the  top ic  "How 
the  Arguments  Are  Passed ." )  You should  no t  modi fy  a  
parameter  whose  cor responding  argument  i s  a  cons tan t  
s ince  th i s  could  cause  unpred ic tab le  resu l t s  in  the  
ca l l ing  procedure .  

Dpt ion  * o u  must  spec i fy  OPTIONS and  the  op t ions  you have  
se lec ted  only  in  the  PROCEDURE s ta tement  of  your  
p rogram's  main  procedure .  

The  op t ions  a re  keywords  tha t  a re  used  to  a l te r  the  
s tandard  en t ry  and  ex i t  code  provided  by  the  PL/DS 
Compi le r .  You may spec i fy  one  or  more  op t ions ,  each  
separa ted  by  a  comma o r  a  b lank .  
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You can  code  
paren theses .  

ode  b lanks  to  separa te  op t ions  spec i f ied  in  the  

There  a re  op t ions  ava i lab le  to  a l te r  compi le r -genera ted  
en t ry  and  ex i t  code .  These  op t ions  and  the i r  assoc ia ted  
keywords  a re  shown under  "Summary  o f  PROCEDURE S ta tement  
Opt ions ."  

Note :  A number  of  PROCEDURE op t ions  descr ibed  be low 
permi t  you  to  spec i fy  reg is te rs  for  var ious  purposes .  
You should  ensure  tha t  the  reg is te r  numbers  you  spec i fy  
do  no t  conf l ic t  wi th  the  reg is te r  convent ions  assoc ia ted  
wi th  the  LINKAGE op t ion  you choose .  

Summary  of  PROCEDURE S ta tement  Opt ions  

BAIN:  Ind ica tes  tha t  no  module  ca l l s  th i s  module  and  tha t  no  reg is te rs  
a re  saved  on  en t ry  or  res tored  on  ex i t .  

REENTRANT:  Ind ica tes  tha t  compi le r -genera ted  code  should  be  reen t ran t .  

LINKAGE:  Spec i f ies  the  type  of  l inkage  code  to  be  genera ted  by  the  
compi le r  a t  pro logs  and  ep i logs .  (Cer ta in  va lues  of  LINKAGE a l low 
procedure  op t ions  no t  l i s ted  in  th i s  tab le .  See  Appendix  E . )  

ID:  Spec i f ies  tha t  an  iden t i fy ing  charac te r  s t r ing  i s  to  appear  a t  the  
f ron t  of  the  procedure  be ing  compi led .  

NOID:  Spec i f ies  tha t  no  iden t i fy ing  charac te r  s t r ing  i s  to  appear  a t  the  
s ta r t  of  the  procedure  be ing  compi led .  

ENDID:  Spec i f ies  tha t  an  iden t i fy ing  charac te r  s t r ing  i s  to  appear  a t  
the  end  of  the  procedure  be ing  compi led .  

NOENDID:  Spec i f ies  tha t  an  iden t i fy ing  charac te r  s t r ing  i s  not  to  appear  
a t  the  end  of  the  procedure  be ing  compi led .  

SATE:  Spec i f ies  the  reg is te rs  to  be  saved  on  en t ry  to  and  res tored  on  
ex i t  f rom the  procedure  be ing  compi led .  

NOSAVE:  Spec i f ies  the  reg is te rs  tha t  a re  no t  to  be  saved  on  en t ry  and  
res tored  on  re turn  f rom the  procedure  be ing  compi led .  

AUTODATA:  Ind ica tes  the  maximum permiss ib le  s ize  of  the  dynamic  DSECT 
tha t  forms  the  AUTOBATIC da ta  of  a  reen t ran t  procedure .  

NOAUTODATA:  Ind ica tes  tha t  there  should  be  no  dynamic  DSECT even  though 
the  procedure  i s  reen t ran t .  

AUTOREG:  Spec i f ies  the  reg is te r  to  be  used  to  address  AUTOBATIC da ta .  

NOAUTOREG:  Spec i f ies  tha t  the  compi le r  should  no t  se t  up  any  reg is te r  to  
address  AUTOBATIC da ta .  

TEBPS:  Ind ica tes  tha t  compi le r -genera ted  temporary  s to rage  a reas  need  
not  be  avoided .  

NOTEBPS:  Ind ica tes  tha t ,  where  poss ib le ,  the  compi le r  should  avoid  
genera t ing  temporary  s to rage  a reas .  

STATREG:  Spec i f ies  the  reg is te r ( s )  to  be  used  to  address  STATIC da ta .  

NOSTATREG.  Spec i f ies  tha t  the  compi le r  should  no t  se t  up  any  req is te r  to  
address  STATIC da ta .  *  1  to  

SklUMh' -  Ind ica tes  tha t  the  compi le r  i s  to  c rea te  a  save  
use  of  CALLed p rocedures .  a rea  for  the  

a  save  a rea  for  
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SAVEREG:  Spec i f ies  the  reg is te r  to  be  used  to  loca te  save  a reas  to  hold  
copies  of  reg is te rs  a t  in te r -module  in te r faces .  

NOSAVEREG:  Ind ica tes  tha t  no  reg is te r  i s  to  be  used  to  loca te  save  
a reas .  

RETREG:  Spec i f ies  the  reg is te r  to  be  used  fo r  the  BA1R ins t ruc t ion  in  
CALL s ta tements  and  for  the  match ing  BR ins t ruc t ion  in  RETURN 
s ta tements .  

NORET REG:  Ind ica tes  tha t  there  i s  no  re turn  reg is te r .  

RTOREG:  Spec i f ies  the  reg is te r  to  be  used  to  hold  the  address  of  a  
b ranch  ta rge t  in  a  RETURN-TO s ta tement .  

NORTOREG:  Ind ica tes  tha t  no  reg is te r  i s  to  be  used  to  hold  the  address  
o f  a  branch  ta rge t  in  a  RETURN-TO s ta tement .  

PARBR EG:  Spec i f ies  the  reg is te r  to  be  used  to  loca te  parameter  l i s t s  a t  
CALL,  PROCEDURE,  o r  ENTRY s ta tements .  

NOPARMREG:  Ind ica tes  tha t  no  reg is te r  i s  to  be  used  to  loca te  parameter  
l i s t s  a t  CALL,  PROCEDURE,  o r  ENTRY s ta tements .  

RCODREG:  Spec i f ies  the  reg is te r  to  be  used  to  pass  a  re turn  code  va lue  
back  to  a  CALLing  p rocedure .  

NORCODREG;  Ind ica tes  tha t  no  reg is te r  i s  to  be  used  to  pass  a  
re turn-code  va lue  back  to  a  CALLing  p rocedure .  

BRANREG:  Spec i f ies  the  reg is te r  to  be  used  to  hold  the  address  of  CALled  
en t ry  po in ts .  

NOBRA NREG;  Ind ica tes  tha t  no  reg is te r  i s  to  be  used  to  hold  the  address  
o f  CALLed en t ry  po in ts .  

WORKREGS:  Spec i f ies  the  reg is te rs  to  be  avoided  by  the  g loba l  reg is te r  
ass ignment  phase .  

NOWORKREGS:  Ind ica tes  tha t  the  g loba l  reg is te r  ass ignment  phase  can  use  
a l l  non- res t r ic ted  reg is te rs .  

BAIN - -  Procedure  S ta tement  Opt ion  

The  BAIN op t ion  i s  coded  as :  

BAIN 

BAIN spec i f ies  tha t  no  reg is te rs  a re  saved  on  in i t i a l  en t ry  to  the  
procedure ,  and  tha t  a  RETURN o r  the  cor responding  procedure  END 
s ta tement  cor responds  to  e i ther :  (a )  a  loop  s top  of  the  form "J  *" ,  fo r  
LI  NKAGE (1)  o r  LINKAGE{2)  ;  o r  (b)  a  DPPX "EXIT"  func t ion  for  LINKAGE (3)  .  

Parameters  may be  passed  to  a  MAIN p rocedure .  I t  i s  the  user ' s  
respons ib i l i ty  to  ensure  tha t  PARMREG po in ts  to  an  appropr ia te  parameter  
address  l i s t .  

I f  BAIN i s  spec i f ied ,  the  op t ions  SAVE and  NOSAVE a re  inva l id .  

REENTRANT "  Procedure  S ta tement  Opt ion  

The  REENTRANT op t ion  i s  coded  as :  

REENTRANT 

when REENTRANT i s  spec i f ied  as  an  op t ion  on  a  PROCEDURE s ta tement ,  the  
compi le r  genera tes  reen t ran t  code .  The  ex te rna l  procedure  and  i t s  
in te rna l  procedures  a re  reen t ran t  as  a  un i t ;  in te rna l  procedures  a re  not  
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separa te ly  reent rant .  Storage  for  AUTOMATIC da ta  in  the  external  and 
in ternal  procedures  i s  obta ined as  one b lock a t  the  beginning of  the  
procedure ,  and f reed a t  the  end.  

E EE NT RANT has  an  ef fec t  on procedure  opt ion defaul ts  and declara t ion 
defaul ts .  I f  REENTRANT i s  speci f ied ,  the  defaul t  s torage  c lass  for  
declara t ions  i s  AUTOMATIC,  and the  procedure  opt ions  AUT0BEG(28)  and 
NOSTATREG a re  assumed by defaul t .  

I f  REENTRANT i s  not  speci f ied ,  and i f  i t  i s  not  impl ied  by speci fy ing 
one or  more  of  the  opt ions  AUTOREG, AUTODATA, NOAUTOREG, o r  NOAUTODATA, 
then the  defaul t  s torage  c lass  for  data  i s  STATIC LOCAL.  

LINKAGE — Procedure  Sta tement  Opt ion 

The LINKAGE opt ion i s  coded as :  

LINKAGE (  number  )  

This  opt ion indicates  which l inkage convent ions  should  be  observed by 
the  compi ler .  

LINKAGE(0)  :  Indicates  tha t  the  compi ler  should  not  genera te  any prologue 
or  epi logue code a t  a l l .  No CSECT card  wi l l  be  genera ted ,  tu t  the  end 
of  the  genera ted  assembler  code for  the  module  wi l l  be  marked by an  
assembler  END s ta tement .  I t  i s  the  user ' s  responsibi l i ty  to  ensure  tha t  
any dynamic  s torage  required  i s  obta ined and tha t  any required  or  
defaul ted  AUTOREGs or  STATREGs a re  loaded wi th  correc t  values .  

LINKAGE Q)  :  Indicates  tha t  the  compi ler  should  genera te  a  CSECT card  for  
the  main  name of  the  procedure ,  and ENTRY cards  for  any secondary  names,  
but  should  not  genera te  any code to  save  or  res tore  regis ters ,  or  to  
provide  addressabi l i ty  to  STATIC or  AUTOMATIC da ta .  I t  i s  again  the  
user ' s  responsibi l i ty  to  ensure  tha t  any dynamic  s torage  required  i s  
obta ined,  and tha t  regis ters  are  loaded wi th  correc t  values .  

f®® 1 4  f o r  t h e  r e 9 i s t e r  convent ions  tha t  are  in  ef fec t  for  LI  WKA (  1)  •  

LINKAGE(2)  :  Is  the  defaul t  va lue .  The compi ler  saves  and res tores  
regis ters ,  and provides  addressabi l i ty  to  data  areas .  

LINKAGE^? 1 4  f ° r  ^ r e g i s t e r  convent ions  tha t  are  in  ef fec t  for  

S Tt P ^f i e S  i n t r a - f f l ° d u ^ l inkage in  code for  execut ion under  
Base .  I t  a l lows severa l  addi t ional  procedure  opt ions  sn<~h a  <= •  GETADTO, USESTACK, SUBPOOL,  and EID.  opt ions ,  such as .  

The LINKAGE (3)  opt ion imposes  i t s  own se t  of  rea i^+er  <-r>n„«>, ,  Appendix  E for  de ta i l s .  regis ter  convent ions .  See  
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Address  Regis te r  Funct ion  

0  Used  fo r  pro logue  and  ep i logue  code .  
Not  r es tored  a f te r  use .  

1 6  Poin ts  to  a  parameter  l i s t  across  the  
l inkage  i f  the  PROCEDURE s ta tement  conta ins  
parameters  o r  i f  you  ca l l  a  procedure  and  
pass  a rguments .  

Used  to  hold  the  re turn  code  1  n* 
RETURN CODE (n)  i s  spec i f ied .  

i f  

28  or  o ther  
reg is te r  (s )  
chosen  by  user  
o r  never  
res t r ic ted  by  
user  

Used  a s  a  base  reg is te r  for  address ing  
STATIC da ta .  (No reg is te r  i s  used  un less  
spec i f ied  by  user ) .  See  STATREG procedure  
op t ion .  

Used  a s  a  base  reg is te r  for  address ing  
AUTOMATIC da ta  in  a  reen t ran t  envi ronment .  
See  AUTOREG procedure  op t ion .  

22  Used by  the  s tandard  save  mechanism.  
Regis te r  22  po in ts  to  the  save  a rea .  

2h  Used  ac ross  l inkage  as  a  " re turn  to"  
loca t ion  poin te r  when cont ro l  i s  re turned  
to  an  invoking  procedure .  

1 0  Used ac ross  l inkage  to  conta in  the  address  
of  the  en t ry  poin t  of  any  procedure  tha t  
i s  ca l led .  Not  r es tored  a f te r  use .  

Al l  o ther  
reg is te rs ,  and  
above  a t  t imes  
when they  a re  
no t  in  use  

Used  when necessary  fo r  a r i thmet ic  
ca lcu la t ions ,  indexing ,  ex te rna l  da ta  
address ing ,  and  po in te r  manipula t ion .  

Procedure  op t ions  a re  descr ibed  wi th  the  PROCEDURE s ta tement .  

F igure  11 .  LINKAGE( 1)  o r  J . INKAGE (2)  Regis te r  Convent ions  

ID,  E NDID,  and  NOID — Procedure  S ta tement  Opt ions  

The  ID and  ENDID op t ions  produce  for  a  module  an  iden t i fy ing  charac te r  
s t r ing ,  hexadec imal  s t r ing ,  or  b i t  s t r ing .  The  ID Opt ion  p laces  the  
s t r ing  in  the  objec t  code  a t  the  f ron t  of  the  module .  The  ENDID p laces  
the  s t r ing  a t  the  end  of  the  module .  E i ther  o r  bo th  op t ions  may be  
coded .  

The  ID and  ENDID op t ions  a re  coded  as :  

(—(charac te r  s t r ing  )  —i  
XD 1  (—(hexadec imal  s t r ing)  —(— r  
ENDID I i—(bi t  s t r ing  )  —« I  

The  charac te r  s t r ing  you spec i fy  wi th  the  opt ion  can  be  up  to  256  
charac te rs  long .  I f  one  of  the  charac te rs  i s  an  apos t rophe ,  code  two 
consecut ive  apos t rophes  in  i t s  p lace .  

I f  you  do  no t  spec i fy  a  charac te r  s t r ing  fo l lowing  the  keyword  ID,  the  
compi le r  genera tes  a  name based  on  the  f i r s t  (or  on ly)  name for  the  
procedure .  
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The NOID Opt ion i s  coded as :  

NOID 

The  NOID opt ion  indicates  that  no  ident i fy ing  character  s tr ing  i s  to  be  
generated .  

I f  ne i ther  opt ion  i s  coded,  the  defaul t  i s  ID,  fo l lowed by no  s tr ing .  

SAVE — Procedure  Statement  0pt ion  

The SAVE opt ion  i s  coded as :  

The SAVE opt ion  a l lows  you to  spec i fy  the  reg is ters  that  are  saved at  
the  s tart  of  the  procedure  and res tored on ex i t  from the  procedure .  
(For  opt imizat ion ,  a l l  reg is ters  are  saved on entry  to  the  procedure . )  
Except  for  the  reg is ters  noted  be low,  the  fo l lowing rules  apply:  

(a)  I f  SAVE i s  spec i f ied  with  no  operands ,  a l l  reg is ters  are  res tored.  

(b)  I f  SAVE i s  spec i f ied  with  operands ,  the  reg is ters  spec i f ied  are  
saved and are  res tored on ex i t  from the  procedure ,  but  the  reg is ters  
that  are  not  spec i f ied  reta in  whatever  contents  they  have  at  the  end of  
the  procedure .  

The  defaul t  i s  SAVE with  no  operands .  Do not  code  SAVE and NOSAVE in  
the  same procedure .  

r  
V 

i  (  reg is ter  number  1  —) 
—SAVE—| 

Notes  

1 .  With  LINKAGE (3)  in  use ,  you cannot  spec i fy  a  reg is ter  l i s t  with  SAVE.  

NOSAVE - -  Procedure  Statement  Opt ion 

The NOSAVE opt ion  i s  coded as :  

r 

NOSAVE—| 
i—(—register number—«-) , 

- —t — uiuieu on entry.) 
a save area. if a 

save area and all 
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Do no t  code  SAVE and  NOSAVE in  the  same procedure .  

Note :  Wi th  LINKAGE (3)  in  use ,  you  cannot  spec i fy  a  reg is te r  l i s t  wi th  
NOSAVE.  

Regis te rs  El ig ib le  fo r  SAVE and  NOSAVE:  Only  even-numbered  reg is te rs  
f rom 0-30  may be  spec i f ied .  F igure  15  shows the  save  a rea ' s  format .  

Wor  d  Conten ts  

1  Chain-back  address  ( th i rd  word  o f  ca l l ing  procedure ' s  save  a rea)  

2  Chain- forward  address  ( th i rd  word  of  ca l led  procedure ' s  save  
a rea)  

3 -6  Lower  ha l fwords  of  p r imary  reg is te rs  

7-10  Upper  ha l fwords  of  pr imary  reg is te rs  

11-14  Lower  ha l fwords  of  secondary  reg is te rs  

15-18  Upper  ha l fwords  of  secondary  reg is te rs  

F igure  15 .  Format  o f  the  Save  Area  fo r  LINKAGE (2)  

STATREG - -  Procedure  S ta tement  Opt ion  

The  STATREG opt ion  i s  coded  as :  

STATREG— (  r eg is te r  )  

Any even  reg is te r  f rom 2  through 30 ,  except  10 ,  24  and  26 ,  may be  
spec i f ied  as  a  base  reg is te r .  The  reg is te r  provides  addressab i l i ty  to  
32K by tes  of  s to rage .  By defau l t ,  no  reg is te r  wi l l  be  provided ,  and  
reg is te r  0  wi l l  be  used .  This  provides  addressab i l i ty  to  STATIC da ta  
wi th in  32K of  the  cur ren t  ins t ruc t ion .  You need  on ly  use  STATREG i f  
th i s  defau l t  address ing  i s  inadeguate .  Do no t  use  PARMREG i f  there  a re  
any  CALL s ta tements  wi th  parameters  in  the  procedure .  

NOSTA TREG - -  Procedure  S ta tement  Opt ion  

The  NOSTATREG op t ion  i s  coded  as :  

NOSTATREG 

I f  th i s  opt ion  i s  coded ,  no  reg is te r  wi l l  be  ass igned  to  poin t  to  STATIC 
da ta .  NOSTATREG i s  a lways  the  defau l t .  

AUTOR EG -  -  Procedure  S ta tement  Opt ion  

The  AUTOREG op t ion  i s  coded  as :  

—AUTOREG—(— reg is te r  )  

ny  even  reg is te r  f rom 2  through 30  can  be  spec i f ied  as  a  base  
eg is te r .  The  defau l t  i s  28 .  The  reg is te r  provides  addressab i l i ty  to  

I2K by tes  of  AUTOMATIC s to rage .  PARMREG should  no t  be  used  i f  there  a re  
my CALL s ta tements  wi th  a rguments  in  the  procedure .  

UTOREG i s  the  defau l t  i f  REENTRANT i s  spec i f ied ,  and  wi l l  fo rce  
EENTRA NT i f  AUTOREG i s  spec i f ied  wi thout  REENTRANT.  I f  STATREG i s  a l so  

:oded ,  the  reg is te rs  chosen  must  no t  over lap .  
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NOAUTOREG — Procedure Statement Option 

The NOAUTOREG Option is coded as: 

NOAOTOEEG-

If this option is coded, there will be no addressability to any 
AUTOMATIC storage required by the procedure. This option is the default 
if EEENTEANT is not specified. If it is specified together with 
REENTRANT, it implies that, although the procedure is reentrant, it does 
not require any AUTOMATIC storage. 

AUTODATA -- Procedure Statement Option 

The AUTODATA option is coded as: 

. (n) , 
AUTODATA | | 

i 1 

This option is used to control the size of the dynamic DSECT created for 
a REENTRANT procedure. If the size of the DSECT exceeds n bytes, an 
error message is produced. AUTODATA (0) means the same as NOAUTODATA, 
and implies that no dynamic DSECT will be required. If no value is 
coded, the option simply means that a DSECT is expected. 

The default is AUTODATA with no value, if REENTRANT is specified, and 
NOAUTODATA if REENTRANT is not specified. If REENTRANT is not 
specified, AUTODATA forces the option REENTRANT. 

NOAUTODATA — Procedure Statement Option 

The NOAUTODATA option is coded as: 

NOAUTODATA 

This option specifies that no dynamic data area is required for this 
procedure. If the compiler generates any dynamic data, an assembler 
error message is produced. If REENTRANT is not specified, NOAUTODATA 
forces REENTRANT. 

TEMPS — Procedure Statement Option 

The TEMPS option is coded as: 

-TEMPS-

The TEMPS option specifies that the compiler is to generate temporary 

fs0thfdefau!t?S re9Ulred- IF NEITHER TE«PS »°TE«PS is code^P?E«pI 

NOTEMPS -- Procedure Statement Option 

The NOTEMPS option is coded as: 

NOTEMPS 

This option specifies that the compiler <shr.ma 
temporary storage areas where possible. if tte c«Diw ^ ̂ eneratinc 
generating a temporary storage area, it issues a warning Lssage 
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HQSAVE A R E  A - -  Procedure  S ta tement  Opt ion  

The  NOSAVEAREA op t ion  i s  coded  as :  

NOSAVEAREA 

This  op t ion  spec i f ies  tha t  there  should  be  no  save  a rea  a l loca ted  for  
the  use  of  ca l led  procedures .  

Normal ly ,  the  compi le r  a l loca tes  a  save  a rea  i f  a  CALL s ta tement  or  a  
MACGEN s ta tement  appears  in  the  program be ing  compi led .  This  procedure  
op t ion  causes  the  compi le r  to  not  c rea te  such  a  save  a rea .  

Note :  This  op t ion  i s  f requent ly  needed  when the  op t ions  REENTRANT and  
NOAUTODATA a re  coded .  

SAVEREG - -  Procedure  S ta tement  Opt ion  

The  SAVEREG op t ion  i s  coded  as :  

SAVEREG ( reg is te r )  

This  op t ion  spec i f ies  the  reg is te r  to  be  used  to  loca te  reg is te r  save  
a reas .  The  reg is te r  must  be  an  even-numbered  reg is te r  and  mus t  no t  be  
0 .  

N^te :  LINKAGE (3)  genera tes  pro log  and  ep i log  code  to  invoke  l inkage  
ass i s t  rou t ines  tha t  a re  dependent  on  th i s  reg is te r  number .  Therefore ,  
changing  the  reg is te r  number  means  tha t  the  user  mus t  rep lace  the  
l inkage  ass i s t  rou t ines .  

NOSAVEREG - -  Procedure  S ta tement  Opt ion  

The  NOSAVEREG op t ion  i s  coded  as :  

NOSAVEREG 

This  op t ion  spec i f ies  tha t  no  reg is te r  i s  to  be  used  to  loca te  reg is te r  
save  a reas .  This  i s  inva l id  i f  e i ther  of  the  opt ions  SAVEAREA or  SAVE 
a re  expl ic i t ly  coded  o r  suppl ied  by defau l t .  

RETREG - -  Procedure  S ta tement  Opt ion  

The  RETREG op t ion  i s  coded  as :  

RETREG(regis te r )  

This  op t ion  spec i f ies  the  reg is te r  to  be  used  to  e f fec t  in te r -procedure  
l inkage .  I t  i s  se t  by  CALL s ta tements  (BALR ins t ruc t ion)  and  used  by  
RETURN s ta tements .  The  reg is te r  must  be  an  even-numbered  reg is te r  and  
mus t  no t  be  0 .  

Note :  LINKAGE (3)  genera tes  pro log  and  ep i log  code  to  invoke  l inkage  
ass i s t  rou t ines  tha t  a re  dependent  on  th i s  reg is te r  number .  Therefore ,  
changing  the  reg is te r  number  means  tha t  the  user  mus t  r ep lace  the  
l inkage  ass i s t  rou t ines .  
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NORBTREG — Procedure  S ta tement  Opt ion  

The  NORETREG Opt ion  i s  coded  as :  

NOEETEEG 

This  op t ion  spec i f ies  tha t  no  reg is te r  i s  to  be  used  to  e f fec t  
in te r -procedure  l inkage .  This  i s  inva l id  i f  LINKAGE(3)  i s  coded .  

BTOREG — Procedure  S ta tement  Opt ion  

The  RTOEEG Opt ion  i s  coded  as :  

RTOREG(regis te r )  

This  op t ion  spec i f ies  the  reg is te r  to  be  used  to  e f fec t  in te r -procedure  
l inkage .  I t  i s  used  by  RETURN-to  s ta tements  to  hold  the  address  of  the  
re turn- to  l abe l .  The  reg is te r  must  be  an  even-numbered  reg is te r  and  
must  no t  be  0 .  

For  LINKAGE (3)  ,  the  defau l t  i s  26 .  For  o ther  va lues  of  LINKAGE,  the  
defau l t  i s  to  the  reg is te r  used  fo r  RETREG.  

Note :  LINKAGE (3)  genera tes  pro log  and  ep i log  code  to  invoke  l inkage  
ass i s t  rou t ines  tha t  a re  dependent  on  th i s  reg is te r  number .  Therefore ,  
changing  the  reg is te r  number  means  tha t  the  user  must  r ep lace  the  
l inkage  ass i s t  rou t ines .  

NORTOREG — Procedure  S ta tement  Opt ion  

The  NORTOREG op t ion  i s  coded  as :  

NORTOREG 

This  op t ion  spec i f ies  tha t  no  reg is te r  i s  to  be  used  to  e f fec t  RETORN-TO 
l inkage .  This  i s  inva l id  i f  any  RETORN-TO s ta tements  appear  in  the  
procedure  be ing  compi led .  

RCODREG — Procedure  S ta tement  Opt ion  

The  RCODREG op t ion  i s  coded  as :  

RCODREG(regis te r )  

This  op t ion  spec i f ies  the  reg is te r  to  be  used  by  RETURN-CODE s ta tements  
to  re turn  an  express ion  va lue  to  the  CALLing  p rocedure .  The  req is te r  
must  be  an  even-numbered  reg is te r  and  must  no t  be  0 .  

2 .S!?" ; ;? - 1 :  C ^ e d  d e f a u l t  i s  agis te r  30 .  For  o ther  va lues  of  LINKAGE,  the  defau l t  i s  Regis te r  2 .  

NORCODREG - -  Procedure  S ta tement  Opt ion  

The  NORCODREG op t ion  i s  coded  as :  

NORCODREG 

This  op t ion  spec i f ies  tha t  no  req is te r  i s  t  r> ^  
RETORN-CODE va lues .  This  i s  inva l id  i f  RETURN-rnnv  I  I  t 0  c o c t a l °  
the  procedure  be ing  compi led .  s ta tements  a re  in  
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PARMBEG Procedure  S ta tement  Opt ion  

The  PARMBEG op t ion  i s  coded  as :  

PARMREG ( reg is te r )  

This  op t ion  spec i f ies  the  reg is te r  to  be  used  to  loca te  parameter  
address  l i s t s  a t  CALL,  PROCEDURE,  and  ENTRY s ta tements .  The  reg is te r  
mus t  be  an  even-numbered  reg is te r  and  mus t  be  0 .  

Not^ :  LINKAGE (3)  genera tes  pro log  and  ep i log  code  to  invoke  l inkage  
ass i s t  rou t ines  tha t  a re  dependent  on  th i s  reg is te r  number .  Therefore ,  
changing  the  reg is te r  number  means  tha t  the  user  mus t  r ep lace  the  
l inkage  ass i s t  rou t ines .  

NOPAB MREG - -  Procedure  S ta tement  Opt ion  

The  NOPARMREG op t ion  i s  coded  as :  

NOPARMREG 

This  op t ion  spec i f ies  tha t  no  reg is te r  i s  to  be  used  to  loca te  parameter  
address  l i s t s .  This  i s  inva l id  i f  any  CALL,  PROCEDURE,  o r  ENTRY has  a  
parameter  l i s t .  

BRANREG - -  Procedure  S ta tement  Opt ion  

The  BRANREG op t ion  i s  coded  as :  

BRANREG ( reg is te r )  

This  op t ion  spec i f ies  the  reg is te r  to  be  used  as  a  branch  reg is te r .  
This  reg is te r  i s  used  to  hold  the  address  of  the  t a rge t  en t ry  of  a  CALL 
s ta tement .  The  reg is te r  must  be  a  pr imary  even-numbered  reg is te r  and  
mus t  no t  be  0 .  

I f  LINKAGE (3)  i s  coded  the  defau l t  i s  8 .  For  o ther  va lues  of  LINKAGE,  
the  reg is te r  i s  defau l ted  to  10 .  

Note :  LINKAGE (3)  genera tes  pro log  and  ep i log  code  to  invoke  l inkage  
ass i s t  rou t ines  tha t  a re  dependent  on  th i s  reg is te r  number .  Therefore ,  
changing  the  reg is te r  number  means  tha t  the  user  mus t  rep lace  the  
l inkage  ass i s t  rou t ines .  

NOBRA NREG zz  Procedure  S ta tement  Opt ion  

The  NOBRANREG op t ion  i s  coded  as :  

NOBRANREG 

This  op t ion  ind ica tes  tha t  no  reg is te r  i s  to  be  used  as  a  branch  
reg is te r .  
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WOEKBEGS — Procedure  S ta t ement  Opt ion  

The WOBKBEGS op t ion  i s  coded  as :  

V •  
-WOBKBEGS {  r eg is te r  1  )  

This  op t ion  spec i f i e s  one  o r  more  r eg i s t e r s  tha t  a re  no t  to  be  used  by  
the  r eg i s t e r  as s ignment  a lgor i thm dur ing  op t imiza t ion  These  r eg i s t e r s  
a re  rese rved  fo r  the  compi le  phase ' s  f ina l  code  genera t ion  phase .  

This  op t ion  i s  not  normal ly  needed .  I t  i s  suppl ied  for  the  use  of  
programmers  who have  a  s t r ingent  op t imiza t ion  problem.  

NOWOEKBEGS - -  Procedure  S ta tement  Opt ion  

The  NOWOEKBEGS op t ion  i s  coded  as :  

NOWOEKBEGS 

This  op t ion  ind ica tes  tha t  the  reg is te r  ass ignment  phase  of  op t imiza t ion  
i s  to  use  a l l  non- res t r ic ted  reg is te rs .  This  op t ion  should  be  used  wi th  
care .  I t  can  lead  to  more  h igh ly  opt imized  code ,  bu t  i t  exposes  the  
user  to  the  poss ib i l i ty  of  a  fa i lu re - to-compi le  s i tua t ion  because  code  
genera t ion  cannot  f ind  any  reg is te rs  to  eva lua te  express ions  in .  
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RESPECIFY -- Change Register or Pointer Attributes of a Variable 

Purpose 

For REGISTER variables, the RESPECIFY statement can be used to make an 
unrestricted register variable restricted or a restricted register 
variable unrestricted. For BASED variables, the RESPECIFY statement can 
be used to replace the present pointer value for locating the data. 

Rules 

The RESPECIFY statement functions only as a control on compiler 
processing and does not cause any executable code to be generated; the 
RESPECIFY statement acts as a null statement if executed. 

The compiler implements the RESPECIFY statement at the place where the 
statement appears; this implementation is unconditional, even if the 
program's logic branches past the RESPECIFY statement. (Note the 
similarity to the assembler USING statement.) 

The condition specified in the RESPECIFY statement remains in effect 
throughout the program unless another RESPECIFY statement changes it. 

RESPECIFY and RFY are reserved keywords; do not use them as variables or 
label names. 

Syntax 

I I 
v I 

i—label:-"-) rRESPECIFY-, 
-I l-l I-
i ' LR FY ' 

V I 
r (—register—") -, 
I I 

- I  I -
1 register 1 

I 
r (variable-1) i 

-RSTD-

—RESTRICTED— 

l-UNRESTRICTED-
I 
"~U N R ST D 

-variable-
I—I 

-BASED (pointer—' 
expression) 

Operands 

label Xou may code one or more labels, each followed by a 
colon. 

register Code the name(s) of a variable declared register 
that you want restricted or released. If you code 
only one register variable, you need not enclose it 
in parentheses. 

See also, "Extent of Register Restriction," in 
Appendix I. 

RESTBICTED/UNRESTRICTED 
Specify whether you want the register that you coded 
to be restricted or unrestricted. See "Register 
Restrictedness," below. (Default; If nothing is 
coded after the register name, the restrictedness 
reverts to whichever was specified or defaulted in 
the declaration of the register.) 
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variable The variable is the name of data that is declared as 
BASED. If you specify only one variable name, you 
need not enclose it in parentheses. 

pointer expression A pointer expression is a pointer value that is used 
to locate the specified variable name(s). The 
expression: 

ADDR (SAB) 

...in the statement: 

BESPECIFY JOE BASED(ADDE(SAfl)); 

...is a valid pointer expression, using the ADDE 
built-in function. 

The pointer value is used to locate the data for 
every variable name included on the EESPECIFY 
statement, for its components if a structure, and 
for any variable declared DEFINED on one of these 
based variables. The POSITION specified when the 
BASED variable was declared is used with the new 
pointer in locating the data. 

(Default: If nothing is coded after the variable 
name, the pointer value reverts to that specified in 
the declaration of the variable.) 

Register Restrictedness 

When a register is restricted, it is reserved for use by program 
statement references to it, without danger to the integrity of its 
contents by compiler-generated code. 

When a register is unrestricted, it is free for use by the compiler as 
required in generated code. 

Within a given scope, a register that has several register variable 
names (the register has been specified in the EEGISTEE attribute of the 

use as follows: 

changes by the 
names has the 

of its register 

procedure, and 
names for this 

DECLARE statement) is available/unavailable for compiler 

• The register content integrity is reserved for 
program as long as at least one of its variable 
attribute, RESTRICTED. 

• The register is available for compiler use when all 
variable names have the attribute, DNEESTRICTED. 

Scofie: The scope of a register comprises the outermost 
its nested procedures, that declare register variable rorri «?+ pr . 

Restrictiveness Differences Between DECLARE and R FS  PPPTPY • Nntr t h r  
following differences in register varHHi-es^ctHiS11 between the 
DECLARE and RESPECIFY statements: netween the 

A register variable declared RESTRICTED becomes unrestricted at H 0 end of the procedure it was declared in. unrestricted at the 

•  A register variable respecified RESTRICTED or ONRESTRICTED 
unconditionally remains so until it is respecified otherwise This 
overrides the rule of declaration immediately above r" lse- Thls 
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bbtobM — Beturn Control back to Calling Procedure 

£UUfif f  

ca l led** procedure^  U^sta tE^t 'E^cni ,?* 1 1 " 9  p r 0 C # d u t #  b * t 0 "  t k « 

Bnlee 

s t« te-ent C or 8 !«  •  " turn  « l t l«  to  the  ntntnnnnt  fo l lowing the  CALL s ta tement  or  to  none o ther  labeled  n tntenent .  

LveorH. C ^ ^  "turned to  the  ca l l ing  procedure .  BETUBM I s  a  reserved Keyword;  do  not  use  i t  as  a  var iable  naae .  

SXAl&I 

i  1  
V I 

,—labels  —, r  -CODE(rcode)  
- I  l -BETOBH-l  

«-  1  L  

i i—TO re turn  point—« 
l  — l  I—; 

Operands  

label  Opt ional ,  code one or  aore  labels ,  each fo l lowed br  
a  colon.  '  

CODE 

rcode 
*  value  i s  to  be re turned to  the  ca l l ing  procedure .  

Tne rcode value ,  in  parentheses ,  i s  a  an  a r i thse t ic  
value  or  pointer  you want  re turned to  the  ca l l ing  
procedure  as  a  re turn  code.  

This  value  i s  re turned to  the  ca l l ing  procedure  in  
BCODBBBC (PROCEDURE opt ion) .  

Code a  var iable ,  a  constant ,  or  a  coaples  
express ion.  Sons  exaspies  of  the  value  a re :  

CODE(12)  
CODE(P ->  BET) 
CODE(ADDR (A))  
CODE(RJ •  84)  

CODE (•  00* X) 
CODE ( (S*4)  • ! )  

TO Code i s  re turned to  a  speci f ied  re turn  point ,  not  to  
the  s ta teaent  af ter  CALL.  

re turn  point  The re turn  point  i s  a  naae  tha t  ident i f ies  the  
s ta teaent  you want  to  re turn  to .  I t  aus t  be  a  
label .  

I t  you do not  inc lude the  keyword TO and a  re turn  
point  var iable  on the  BETOBI s ta teaent ,  control  i s  
re turned to  the  s ta teaent  fo l lowing the  CALL 
s ta teaent  in  the  ca l l ing  procedure .  
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BUILT-IN FUNCTIONS FOB COBPILE STATEMENTS 

The  bu i l t - in  func t ions  a re  a ids  to  coding  compi le  s ta tements .  Some of  
them a l low you to  do  th ings  tha t  cannot  be  done  us ing  compi le  
ins t ruc t ions .  Others  a re  a  compact  way o f  per forming  opera t ions  tha t  
would  requi re  severa l  s ta tements .  In  most  cases  a  bu i l t - in  func t ion  i s  
l ike  a  var iab le ,  re turn ing  a  va lue  to  the  p lace  in  a  s ta tement  where  i t  
appears ,  fo r  use  by  the  remainder  of  the  s ta tement .  

The  keywords  tha t  iden t i fy  the  bu i l t - in  func t ions  a re  not  reserved .  
However ,  you  cannot  use  any  of  these  keywords  a s  both  a  bu i l t - in  
func t ion  and  a  var iab le  name.  I f  the  keyword  i s  not  expl ic i t ly  dec la red  
e l sewhere  as  user  da ta ,  the  compi le r  in te rpre t s  i t  as  a  bu i l t - in  
func t ion .  

The  bu i l t - in  func t ions  a re  summar ized  in  F igure  16 .  

Bui l t - in  
Funct ion  Use  

ABS Return  abso lu te  va lue  (pos i t ive ,  uns igned)  of  spec i f ied  
var iab le  or  express ion .  

ADDR Return  address  of  spec i f ied  non- reg is te r  var iab le ,  o r  
reserve  s torage  in  the  STATIC da ta  a rea  fo r  a  spec i f ied  
cons tan t .  

DIM Return  ex ten t  ( s ize)  of  a  spec i f ied  d imens ion  in  a  
spec i f ied  a r ray .  

EVAL Return  the  va lue  of  the  resu l t  of  the  spec i f ied  
express ion .  

LENGTH Return  length  of  spec i f ied  cons tan t  o r  var iab le .  

MAX Re turn  the  maximum va lue  f rom the  spec i f ied  express ions .  

MIN Oppos i te  of  MAX.  

F igure  16 .  Bui l t - in  Funct ions  and  Thei r  Uses  
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ABS - -  Absolu te  Value  Bui l t - in  Funct ion  

PurD Ose  

Returns  the  abso lu te  va lue  (pos i t ive  va lue)  of  a  var iab le  o r  express ion  
to  the  p lace  where  i t  i s  coded .  

Rules  

Can appear  in  any  express ion .  

I t s  charac te r i s t ics  a re :  uns igned  FIXED(16)  va lue .  

ABS i s  not  a  reserved  Keyword ,  bu t  i f  you  expl ic i t ly  dec la re  ABS as  a  
var iab le  in  your  program,  i t  loses  i t s  bui l t - in  func t ion  in  the  program.  

Syntax  

ABS (  express ion  )  

Operand  

express ion  A var iab le  o r  express ion ,  enc losed  in  paren theses .  

Examples  of  ABS Dse 

Y =  ABS (T)  •  10;  

DO I  = 1  to  ABS (A-B)  ;  

X =  ABS (ABS (A-B)  -  ABS(C/D)) ;  

IF  X =  ABS (C +  12)  THEN GOTO FINISH;  

Z =  ABS (B 4  ST) ;  

DO I  = 1  TO ABS ( (A+B)  *  -C)  ;  

Compi le  S ta tement  Bui l t - in  Funct ions  87  



ADDE — Address  Bui l t - in  Funct ion  

Purpose  

ADDE ob ta ins  the  address  of  a  var iab le  or  a  cons tan t .  When i t  obta ins  
the  address  of  a  cons tan t ,  i t  a l so  reserves  s torage  to  hold  the  va lue  of  
the  cons tan t .  

Rules  

The  var iab le  named may no t  have  the  REGISTER a t t r ibu te .  

The  var iab le  named can  be  po in te r  qua l i f ied ,  subscr ip ted ,  o r  
subs t r inged ,  un less  ADDR appears  in  the  va lue  operand  of  the  INITIAL 
a t t r ibu te  in  a  DECLARE s ta tement .  In  th i s  case  i t s  argument  mus t  be  a  
s imple  da ta  i t em name and  mus t  be  s ta t ic .  

The  var iab le  named cannot  be  a  b i t  s t r ing  unless  i t  i s  on a  by te  
boundary .  I f  i t  i s  not  on  a  by te  boundary ,  the  compi le r  i s sues  a  
warn ing  and  uses  the  byte  address .  

ADDR i s  not  a  reserved  keyword ,  bu t  i f  you  expl ic i t ly  dec la re  ADDR as  a  
var iab le  in  your  program,  i t  loses  i t s  bui l t - in  func t ion  in  the  program.  

Svnta  x  

i  va r iab le  name 1 
ADDR— (— |  I—) 

i  cons tan t  1  

Operands  

var iab le  name Name the  var iab le  whose  (non- reg is te r )  address  i s  
requi red .  

cons tan t  A cons tan t  tha t  i s  to  have  s to rage  ass igned  in  the  s ta t ic  
a rea .  You should  no t  modi fy  th i s  cons tan t .  

Examples  of  ADDR 

DCL CARD BASED(ADDR(BUFF)) ;  /* < —  VARIABLE */ 

DCL POINT PTR INIT(ADDR (BUFF))  ;  /* < —  VARIABLE */ 

X =  ADDR (25)  ;  /* <  —  VARIABLE */ 
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DIM -- Array Dimension Built-in Function 

Purpose 

DIH obtains the extent of a dimension of an array. 

Rules 

For a one-dimensional array, DIM returns the number of elements in the 
array. 

The array name cannot be subscripted, substringed, or explicitly pointer 
qualified, and cannot contain operators. The DIM built-in function can 
appear in any position where a decimal constant is allowed, except for 
the level number of a structure and the second argument of DIM. 

If the array is multidimensional, a dimension number may be specified, 
and the result of the DIM built-in function is the extent of that 
dimension. The value must have been declared at compile time. 

DIM is not a reserved keyword, but if you explicitly declare DIM as a 
variable in your program, it loses its built-in function in the program. 

Syntax 

, ,—dimension 1 
— DIM —(—arrayname—j I—) — 

1 

Operands 

arrayname Name of array with the dimension whose size you are 
obtaining. 

dimension The dimension whose extent you want. (Default: 1) 

Examples of DIM 

DCL ARX(DIM(ARRAY)) DEFINED(ARRAY); 

DCL C(4) CHAR (DIM (DC7) ) ; 

F = <• * DIM (TARY) ; 

DO I = 1 TO DIM (A); 

DCL MATRIX (2,3) FIXED(15); 

DCL SNITCHES BIT(DIM(MATRIX,1) *DIM (MATRIX ,2)) ; 
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EVAL --  Express ion  Value  Bui l t - in  Funct ion  

Purpose  

Provides  the  va lue ,  a f te r  eva lua t ion ,  of  the  express ion  you  spec i fy  as  
i t s  argument .  

Rules  

I t  i s  va l id  to  code  EVAL anywhere  the  va lue  of  i t s  argument  has  va l id  
meaning .  

EVAL i s  not  a  reserved  Keyword ,  bu t  i f  you  expl ic i t ly  dec la re  EVAL as  a  
var iab le  in  your  program,  i t  loses  i t s  bui l t - in  func t ion  in  the  program.  

Syntax  

EVAL (  express ion  )  

Operands  

express ion  The  express ion  whose  va lue  you  want  used  in  p lace  of  the  
EVAL a t  execut ion  t ime .  

Uses  of  EVAL 

Cont ro l l ing  Sequence  of  Mathemat ica l  Opera t ions  wi th  EVAL;  You can  use  
EVAL to  cont ro l  the  way the  compi le r  works  ou t  the  answer  o f  an  
express ion .  

The  compi le r  v iews  each  express ion  as  th ree  func t iona l  un i t s :  opera tor  
and  two operands .  Dur ing  compi le r  p rocess ing ,  un i t s  a re  a r ranged  
accord ing  to  the  pr ior i ty  of  the  opera tors  and  the i r  da ta  types .  You 
may use  paren theses  to  group  i t ems  of  an  express ion  to  make  the  meaning  
of  the  express ion  more  ev ident ;  however ,  the  order  of  compi le r  
eva lua t ion  of  these  un i t s  i s  not  a f fec ted  by  paren theses .  

In  most  cases  the  order  of  eva lua t ion  can  be  accord ing  to  ru les  for  
opera tor  and  da ta  type  pr ior i ty .  However ,  i f  there  i s  a  poss ib i l i ty  of  
over f low,  i t  i s  impor tan t  to  spec i fy  the  eva lua t ion  order .  

Given  the  s ta tement ;  

A =  (B -  C)  +  (D -  E)  ;  

. . .where  a l l  var iab les  a re  a r i thmet ic  and  a l l  opera tors  a re  of  the  same 
p r ior i ty ,  the  compi le r  may per form the  opera t ions  in  severa l  d i f fe ren t  
orders .  Some poss ib le  eva lua t ion  orders  a re :  

(B+D)  -  (C«-E)  

(B-E)  -  (D-C)  

(D+B-E)  -  C 

Logica l ly  a l l  a re  equiva len t .  However ,  you  may want  to  avoid  a  
poss ib i l i ty  of  over f low by spec i fy ing  a  par t icu la r  order  of  eva lua t ion .  
EVAL forces  eva lua t ion  of  a  spec i f ied  un i t .  Use  EVAL to  guaran tee  tha t  
the  compi le r  wi l l  eva lua te  an  express ion  in  a  par t icu la r  order ,  even  
though there  a re  equiva len t  a l te rna t ives .  
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In  the  s ta tement :  

A =  EVAL(B -  C)  +  (D -  E)  ;  

. . . the  compi le r  recognizes  tha t  i t  must  eva lua te  (B -  C)  a s  ind ica ted .  

Temporary  Var iab les  fo r  Changeable  CALL Parameters :  EVAL i s  usefu l  in  
CALL a rguments  to  avoid  a  change  to  a  parameter  a f fec t ing  the  argument ,  
o r  to  pass  the  va lue  of  a  reg is te r  var iab le .  In  the  express ion :  

CALL X (EVAL (3)  )  ;  

. . .EVAL causes  a  temporary  loca t ion  to  be  ass igned  the  va lue  3  and  th i s  
passed  as  the  a rgument .  A change  to  the  cor responding  parameter  wi l l  
on ly  change  the  temporary  var iab le  and  no t  a f fec t  re fe rences  to  the  
cons tan t  3 .  

The  s ize  of  the  temporary  loca t ion  depends  on  the  a t t r ibu tes  of  the  
a rgument  of  EVAL.  I f  the  argument  i s  a  FIXED(32) ,  a  POINTER,  a  
FIXED (32)  express ion ,  o r  a  POINTER express ion ,  the  length  i s  four  by tes ;  
o therwise  i t  i s  two by tes .  
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LENGTH -- Data Length Built-in Function 

Purpose 

Obtains the length of the constant or variable that you specify. 

Pules 

LENGTH must only be used when the length of the argument is available at 
compile time. 

Whether the value returned by LENGTH is the number of bytes or the 
number of bits depends upon your specified constant's or variable's 
type; see Figure 17. 

LENGTH can be pointer qualified, substringed, or subscripted. The 
LENGTH built-in function can appear in any position where a decimal 
constant is allowed, except for: the level number of a structure, the 
value in the CONSTANT attribute, and the second argument of the DIH 
function. 

LENGTH is not a reserved keyword, but if you explicitly declare LENGTH 
as a variable in your program, it loses its built-in function in the 
program. 

Syntax  

i string constant 1 
LENGTH ( j arithmetic constant (-

1 variable name ' 

Operands 

string constant 

arithmetic constant 

variable name 

The string constant whose length you want. 

An arithmetic constant up to a value of 65535 will 
give a length of 2. For larger values the length 
is 4. 

The name of the variable whose length you want. 
(The variable can be pointer qualified, 
substringed, or subscripted.) 

1 — 

I TYPE 
DECLARED 

CHARACTERISTIC 
| 'LENGTH' 
| RETURNS NUHBER OF: 

• 

| string 
I constant 

character 
hexadecimal 
bit 

| bytes 
I bits 
I bits 

| arithmetic 
| constant 

decimal 
binary 

1 2 or 4 
1 2 or 4 

| variable 

I 

BIT 
not BIT 

I bits 
I bytes 

J 

Figure 17. Values Returned by LENGTH Built-in Function 
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Examples of the LENGTH Built-in Function 

Some examples of LENGTH used with a string constant are: 

DCL BOF CHAR (LENGTH (' SOHE MESSAGE")) 
I NIT ('SOME MESSAGE") ; 

.BOF is CHAR (12) . 

C80 (1:LENGTH(«MESSAGE')) = "MESSAGE"; 

The string 'MESSAGE" is assigned to the first seven 
bytes of C80. 

An example of LENGTH used with an arithmetic constant is: 

DCL B BIT(LENGTH(42)); 

...The length of B is BIT(2). 

Some examples of LENGTH used with a variable name are: 

DCL ARRAY (10) CHAR (6) ; 
CTR = LENGTH (ARRAY) ; 

...CTR is assigned a value of 6. 

DCL B BIT (4); 
FIX = 4 * LENGTH (B) ; 

...FIX is assigned a value of 16. 

Mote on Character String Constants 

When one of the characters in the character constant you are coding is 
an apostrophe, code two consecutive apostrophes. The value returned by 
LENGTH ignores the extra apostrophe. For example, the value of the 
character constant ,0,,NE1LI is six (bytes) . 
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MA X - Maximum Value  Bui l t - in  Funct ion  

Purpose  

The  MAX bu i l t - in  func t ion  re turns  the  a r i thmet ic  va lue  tha t  i s  the  
la rges t  of  the  resu l t  of  the  express ions  you  spec i fy  as  arguments .  

Rules  

MAX i s  not  a  reserved  keyword ,  bu t  i f  you  expl ic i t ly  dec la re  MAX a s  a  
var iab le  in  your  program,  i t  loses  i t s  bui l t - in  func t ion  in  the  program.  

Svnta  x  

MAX (  a rgument  l i s t  )  

Operands  

a rgument  l i s t  Code  two o r  more  a r i thmet ic  express ions  separa ted  by  
co  micas*  

Examples  of  the  MAX Bui l t - in  Funct ion  

A =  MAX (B,C)  ;  

. . .The  la rger  of  the  two a rguments ,  B o r  C ,  i s  ass igned  to  A.  

IF  MAX (A,B*3,C)  =  X THEN GO TO STOP;  

. . .The  la rges t  of  the  th ree  a rguments  i s  compared  wi th  Y.  
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MIN - -  Minimum Value  Bui l t - in  Funct ion  

Purpose  

The  MIN bu i l t - in  func t ion  re turns  the  a r i thmet ic  va lue  tha t  i s  the  
smal les t  of  the  resu l t s  of  the  express ions  you  spec i fy  as  a rguments .  

Rules  

MIN i s  not  a  reserved  keyword ,  bu t  i f  you  expl ic i t ly  dec la re  MIN a s  a  
var iab le  in  your  program,  i t  loses  i t s  bu i l t - in  func t ion  in  the  program.  

Svnta  x  

HIN (  a rgument  l i s t  )  

Operands  

a rgument  l i s t  Code  two or  more  a r i thmet ic  express ions  separa ted  by  
c  ommas .  

Examples  of  HIN 

IF  MIN (A,B+C,  D)  =  LOHEST THEN GOTO FINISH;  

. . .The  argument  wi th  the  smal les t  va lue  i s  compared  to  LOHEST 

Z =  MIN (MAX (A ,  B)  ,C)  ;  

. . . Z  i s  a s s i g n e d  t h e  s m a l l e r  o f  t h e  t w o  a r g u m e n t s .  
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CHAPTER 3 .  MACHINE INSTRUCTION SUPPORT 

The  compi le r  suppor t  of  machine  ins t ruc t ions  permi ts  you  to  code  
s ta tements  whose  opera t ions  a re  machine  ins t ruc t ion  mnemonics  o r  
ex tended  mnemonics ,  and  whose  operands  a re  PL/DS express ions .  This  i s  
in  cont ras t  wi th  the  compi le r ' s  DPPX Assembler  ins t ruc t ion  suppor t  ( see ,  
MACGEN),  which  requi res  operands  in  formal  assembler  format .  

For  de ta i l s  of  the  machine  ins t ruc t ions ,  re fe r  to  the  publ ica t ion ,  8100  
Informat ion  Sys tem;  Pr inc ip les  of  Opera t ion .  

For  de ta i l s  of  the  ex tended  mnemonics ,  r e fe r  to  the  publ ica t ion ,  DPPX 
Assembler  Programming;  Language  Reference  and  Guide .  

SUPPORTED MACHINE INSTRUCTION SYNTAX 

1 
I I , 1 

- labe l ; - "  ,  v  |  
I mnemonic  (  operand  1 )  • 

Operands  

l abe l  Opt iona l ,  
co lon .  

Spec i fy  one  o r  more  l abe ls ,  each  fo l lowed by  a  

mnemonic  Code  the  mnemonic  fo r  the  machine  ins t ruc t ion .  The  mnemonics  
and  ex tended  mnemonics  a re  descr ibed  on  the  fo l lowing  pages .  
This  name cannot  be  used  for  any  o ther  purpose  in  the  
procedure  be ing  compi led .  

operands  The  l ength ,  number ,  and  type  of  operands  a l lowed for  each  
ins t ruc t ion  a re  spec i f ied  in  the  fo l lowing  pages .  
Subs t r ing ing ,  subscr ip t ing ,  and  po in te r  qua l i f ica t ion  of  
operands  i s  a l lowed.  

OPE R A N D S IN  SUP P ORTED MACHINE I NSTRUCTION STATEMENTS 

NUMBER OF OPERANDS 

The  number  o f  operands  requi red  depends  on  the  ins t ruc t ion  used .  
Usua l ly  a  suppor ted  machine  ins t ruc t ion  wi l l  have  the  same number  o f  
a rguments  as  i t s  assembler - language  counterpar t .  However ,  when  the  8100 
assumes  an  impl ied  reg is te r  number  a s  an  a rgument  to  the  ins t ruc t ion ,  
the  suppor ted  machine  ins t ruc t ion  has  one  more  operand  than  the  
assembler  form.  The  addi t iona l  operand  i s  a lways  wr i t t en  f i r s t  and  i t  
i s  an  express ion  g iv ing  the  va lue  to  be  assoc ia ted  wi th  the  impl ied  
reg is te r .  The  fo l lowing  suppor ted  machine  ins t ruc t ions  have  the  
addi t iona l  operand;  

101 

JBZ 
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TYPES OF OPERANDS 

The operands for the mnemonics must follow compiler syntax and must be 
of the length and type required by the instruction, but usually need not 
be registers or follow register affinity requirements. For exceptions 
to this, see "Instructions That Require Registers," below. 

The operands of a supported machine instruction can be valid PL/DS 
variables or expressions. Substringing, subscripting, and pointer 
qualification of operands is allowed. If the hardware instruction 
requires an operand in a register, and the variable or expression is not 
in a register, the compiler generates housekeeping code to load/store 
the value in/from a suitable work register. Apart from loading and 
storing, the compiler will make no adjustments to the operands 
specified. Specifically, no padding or truncation of operands is 
performed. Each operand is in one of the following classes: 

value-in-register 
immediate 
address-in-register 
base-displacement 

"Value-in-reqister" Operands 

before 

The value of the given expression is to be associated with a suitable 
register. This association can be done by one of: declaration as a 
register variable; compiler optimization associating variables with 
register; compiler code generation issuing housekeeping code 
and/or after the instruction. For example: 

DCL P REGISTER (9) PTR RSTD; 
DCL (X , Y BASED (P) ) FIXED(15); 

CTLZ (X,Y); /* COUNT IN "Y», ANSWER IN "X"*/ 

...might yield the following code: 

LHN a)02H,P load "Y" (compiler chose 302H) 
CTLZ 318H,302H count leading zero bits in "Y" 
STH 318H,X save count of leading zeros 
STHN a02h,P save "Y" 

If OPTIMIZE is in effect, "X" would probably be assigned to a register, 
which means that "X" instead of "318H" would be used in the "CTLZ" and 
no "STH" is needed following the "CTLZ". The following code would 
result: 

LHN 302H,P 
CTLZ X,302H 
STHN a02H,P 

load "Y" (compiler chose a02H) 
count leading zero bits in "Y" 
save "Y" 

"Immediate" Operands 

The expression is not to be associated with a register or storage but is 
to be passed directly to the final assembly phase. For example. 

npriARF P PTR /* ASSUHE COMPILER PUTS IN REG */ 
BV FIXED(8) BASED, /* VAL-IN-REG V 
RONS BIT(8) CONSTANT('7F'X); /* IMMEDIATE */ 

LRI (P->BV, /* "V AL-IN -R EG • */ 
RONS); /* "IHMEEIATE" */ 

...gives the following: 

LRI ao1B,X'7F' target instruction 
STN 301B,P save "P->BV" 
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"Address - in-Regis te r"  Operands  

The  address  of  the  g iven  operand  must  be  assoc ia ted  wi th  a  su i tab le  
reg is te r  p r ior  to  i s su ing  the  g iven  ins t ruc t ion .  As  in  
"va lue- in- reg is te r" ,  above ,  th i s  impl ies  housekeeping  before  the  
ins t ruc t ion .  For  example :  

BR (LBL1) ;  /*  "1BL1"  IS  A LOCAL LABEL * /  

.g ives  the  fo l lowing  

LA 302W,LBL1 "302H" chosen  by  compi le r  
BR 302W ta rge t  ins t ruc t ion  

Proper  dec la ra t ion  wi l l  e l imina te  the  need  for  housekeeping  code  as  in  
the  fo l lowing  example :  

DECLARE 
XITREG PTR REGISTER(24)  RSTD,  
XITLBL LABEL BASED VALUERANGE(*)  ;  

BR (XITREG->XITLBL);  / *  user  "XITREG" * /  

. . .g ives  the  fo l lowing:  

BR XITREG ta rge t  ins t ruc t ion  

"Base-Disp lacement"  Operands  

A base  d isp lacement  form of  the  operand  i s  regui red .  For  example ,  the  
second argument  of  "LHS":  

DECLARE 
PR REG (4)  PTR RSTD,  
XX FIXED(16)  BASED(PR)  POS (5) ,  
I  FIXED(1 6)  ;  

LHS ( I ,  XX) ;  

Gives  the  fo l lowing:  

LHR 314H,PR compi le r  p icks  base  reg  
LHRD 314H,  PR 
LHS I ,XX (314W) t a rge t  ins t ruc t ion  

/*  NOT A BASE REG * /  
/*  DISP=4 * /  
/*  CHPLR ASSIGNS TO REG * /  
/*  USER BII  * /  

Regis te r  Operands  

I f  the  ins t ruc t ion  requi res  an  operand  to  be  in  a  reg is te r ,  and  the  
var iab le  you  spec i fy  i s  not  a  reg is te r ,  the  compi le r  wi l l  t ake  care  of  
the  housekeeping  requi red  to  load  or  s to re  the  var iab le .  For  except ions  
to  th i s ,  see  " Ins t ruc t ions  That  Requi re  Regis te rs , "  be low.  There  a re  
advantages  i f  you  do  no t  expl ic i t ly  spec i fy  reg is te rs ,  bu t  in  a  few 
cases  th i s  i s  unavoidable .  

The  Advantages  of  Avoid ing  Regis te r  Operands  

There  a re  two advantages  of  avoid ing  expl ic i t  reg is te rs  except  when 
p rocess ing  requi rements  fo rce  the i r  use :  

1 .  I t  prevents  the  unnecessary  res t r ic t ion  of  r eg is te rs ,  and  a l lows  the  
compi le r  to  a l loca te  reg is te rs  more  e f f ic ien t ly .  In  ex t reme cases ,  i f  
too  many reg is te rs  a re  res t r ic ted ,  the  compi le r  may run  ou t  of  reg is te rs  
and  be  unable  to  comple te  the  compi la t ion .  

2 .  I t  a l lows  the  opt imiza t ion  phases  of  the  compi le r  to  ass ign  var iab les  
to  reg is te rs  accord ing  to  f requency  of  use .  Thus ,  even  i f  a  var iab le  i s  
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not  dec la red  as  a  reg is te r ,  i t  may be  ass igned  to  one ,  and  
compi le r -genera ted  code  for  the  machine  ins t ruc t ion  wi l l  be  adgus tea  
accord ingly .  

Ins t ruc t ions  That  Requi re  Regis te rs  

The  fo l lowing  mnemonics  a re  except ions  to  the  above  d i scuss ion .  They  
each  requi re  a  var iab le  dec la red  as  a  reg is te r  in  the  operand  l i s ted :  

BAL operand-1  
BALR operand-1  
BCTR operand-1  
DHR operand-1  
JAL operand-1  
LHQ operand-2  
MHR operand-1  
STHQ operand-2  

Notes :  

1 .  The  MHR ins t ruc t ion  has  d i f fe ren t  meanings  depending  on  whether  o r  
no t  the  f i r s t  reg is te r  number  i s  a  mul t ip le  of  four .  See  the  
descr ip t ion  in  the  publ ica t ion ,  IBM 8J .00  In format ion  Sys tem:  Pr inc ip les  
of  Opera t ion .  

2 .  The  DHR ins t ruc t ion ' s  f i r s t  reg is te r  number  mus t  be  a  mul t ip le  of  
four ,  and  both  th i s  reg is te r  and  the  even-numbered  reg is te r  fo l lowing  i t  
must  be  res t r ic ted  and  then  loaded  us ing  convent iona l  ass ignment  
s ta tements  before  i s su ing  the  DHR.  

Extended  Hnemonics  

The  Cont ro l - Immedia te  and  Input /Output  ins t ruc t ions  have  ex tended  
mnemonics  ( for  example :  KIR and  KIW) tha t  ind ica te  whether  the  
ins t ruc t ion  i s  per forming  a  read  or  a  wr i te .  A " read"  causes  a  va lue  to  
mater ia l ize  in  a  reg is te r ,  which  impl ies  tha t  s to re  code  fo l lows  the  
suppor ted  machine  ins t ruc t ion .  A "wr i te"  impl ies  tha t  a  va lue  ex is t s  in  
a  reg is te r  to  be  wr i t t en  and  therefore  there  must  be  code  to  load  a  
reg is te r  pr ior  to  i ssu ing  the  suppor ted  machine  ins t ruc t ion .  

No£e:  The  compi le r ' s  op t imiza t ion  phase  f requent ly  ass igns  the  g iven  
express ion  to  a  reg is te r  so  tha t  load /s tore  code  i s  not  needed .  

COMPILER ADJUSTMENTS TO VARIABLES IN ARGUMENTS 

I f  the  suppor ted  machine  ins t ruc t ion  requi res  an  address  ( such  as  BCR)  ,  
the  compi le r  genera tes  ins t ruc t ions  to  load  the  address  of  the  var iab le  
you  spec i fy  in to  a  reg is te r .  

Apar t  f rom loading  and  s to r ing ,  the  compi le r  makes  no  ad jus tments  to  the  
var iab les  spec i f ied .  In  par t icu la r ,  the  compi le r  per forms  no  padding  o r  
t runca t ion  of  var iab les .  

I f  the  ins t ruc t ion  requi res  an  ind i rec t  operand  (such  as  LHNI) ,  code  a  
po in te r  to  the  i t em.  The  compi le r  causes  th i s  poin te r  to  be  ad jus ted  i f  
the  ins t ruc t ion  increments  or  decrements .  
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SUPPORTED MACHINE INSTRUCTIONS AND EXTENDED MNEMONICS 

The following table lists the supported machine instructions, operands, 
and names. 

Note that the compiler supports some extended mnemonics (for example, 
BER and KIR) in addition to the actual machine instructions. 

The following explains the operand symbols used in the table below. 

Each operand will be a valid PL/DS expression, but will have constraints 
on its attributes. 

Operand Meaning 

B operand must be FIXED (8) or CHAR(1) 
or BIT (8) on a byte boundary 

E operand must be ENTRY 
H operand must be FIXED (15) or FIXED (1~61 or CHAR (2) 

or BIT (16) on a halfword boundary 
In operand must be immediate value 

(which can be represented in n bits) 
L operand must be LABEL 
P operand must be POINTER or FIXED(32) 
RS operand must be FIXED (16) or BIT(16) 

(user has responsibility to ensure that 
the operand contains a valid register 
space address) 

Z operand must be the constant 0 
* operand attributes are not checked 
xA operand must be accessible via address-in-register 
xD operand must be accessible via base-displacement 
xL operand must have attribute LOCAL 
xO operand is an output which implies that 

neither constants nor arithmetic expressions 
nor string expressions are permitted. 

xR operand must be declared as register 
xU operand must be unsigned 
xZ zero used if explicitly specified 

(not a value of zero to be associated with 
some register) 

cc opcode is one of extended branch mnemonics: 
z E 0 TE 
p H X null 
H L NO NM 
NZ NE NX 
NP NH NL 
Y V 

Note: The control immediate (KI) machine instruction must be used with 
care. See the publication, 8100 Information System: Principles of 
Operation. 

The PL/DS compiler does not recognize or interpret the specialized 
meanings of control immediate operands, and does not act on the values 
preceding and following the control immediate statement in a "knowing" 
way. 
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1 

|  M N E M O N I C  

I  
|  e x t  =  
|  e x t e n d e d  

O P E E A N D S  

|  A H R  H O  H  -

|  A H R I  H O  1 4  — 

|  A R  B O  B  — 

|  A R I  B O  1 8  — 

|  A Y  H R  H O  H Z  -

| A Y H R E  P O  P Z  — 

1  
|  A Y R  B O  B  -

|  B A L  P R O  E  — 

|  B A L R  P R O  E A  — 

|  B A L R Z  
1  

e x t  P R O  Z  

1  
|  B c c R  e x t  L A  _ _ 
|  B C  1 4  L  — 

|  B C R  1 4  L A  — 

|  B C T R  B R O  L A  — 

|  B N X  B  L i  — 

| C H R  H  H  — 

I C L H S  P O  P O  H O  
|  C L S  P O  P O  H O  
| C R  B  B  — 

|  C T L Z  H O  H O  — 

I C Y H R E  P  P Z  — 

1  
|  D H R  H R U O  H U  -

| I O  B O  H  -

|  I O H  H O  H  — 

I I O H R  e x t  H O  H  — 

|  I O H W  e x t  H  H  — 

| I O I  B 2  B O  1 8  
I I O I R  e x t  B  B O  1 8  
|  I O I W  e x t  B  B  1 8  
|  I O R  e x t  B O  H  — 

| I O W  e x t  B  H  — 

|  J A L  e x t  P R O  L L  — 

|  J B Z  H 2  1 4  L L  
|  J c c  e x t  L L  - — 

|  J C  1 4  L L  — 

I  J C X  e x t  1 4  L L  — 

| K I  B O  1 8  -

|  K I R  e x t  B O  1 8  — 

|  K I W  e x t  B  1 8  — 

|  K I Z  e x t  Z  1 8  — 

|  K D O  1 4  - — 

1  L  B O  B D  — 

|  L A  P O  *  D  -

|  L A T  P O  B  S O  — 

|  L H  B O  B D  — 

|  L H N  H O  P  — 

| L H N D  H O  P O  — 

I L H N I  H O  P O  — 

1  L H Q  1 2  P B  — 

N A M E  

A D D  ( h a l f w o r d ,  r e g i s t e r )  
A D D  ( h a l f w o r d ,  r e g i s t e r - i m m e d i a t e )  
A D D  ( b y t e ,  r e g i s t e r )  
A D D  ( b y t e ,  r e g i s t e r - i m m e d i a t e )  
A D D  W I T H  C A R R Y  ( h a l f w o r d ,  r e g i s t e r )  
A D D  W I T H  C A R R Y  ( h a l f w o r d ,  r e g i s t e r ,  

e x t e n d e d )  
A D D  W I T H  C A R R Y  ( b y t e ,  r e g i s t e r )  
B R A N C H  A N D  L I N K  
B R A N C H  A N D  L I N K  ( r e g i s t e r )  
B R A N C H  A N D  L I N K  ( r e g i s t e r  
w i t h  s e c o n d  a r g  0 ;  l o a d  c u r r e n t  a d d r e s s  
w i t h o u t  b r a n c h i n g )  
B R A N C H  O N  C O N D I T I O N  ( r e g i s t e r )  
B R A N C H  O N  C O N D I T I O N  
B R A N C H  O N  C O N D I T I O N  ( r e g i s t e r )  
B R A N C H  O N  C O U N T  ( b y t e ,  r e g i s t e r )  
B R A N C H  O N  I N D E X  ( b y t e )  
C O M P A R E  ( h a l f w o r d ,  r e g i s t e r )  
C O M P A R E  L O G I C A L  ( h a l f w o r d s ,  s t o r a g e )  
C O M P A R E  L O G I C A L  ( b y t e s ,  s t o r a g e )  
C O M P A R E  ( b y t e ,  r e g i s t e r )  
C O U N T  L E A D I N G  Z E R O S  ( h a l f w o r d )  
C O M P A R E  W I T H  C A R R Y  ( h a l f w o r d ,  r e g i s t e r ,  

e x t e n d e d )  
D I V I D E  ( h a l f w o r d ,  r e g i s t e r )  
I N P U T / O U T P U T  ( b y t e )  

( h a l f w o r d )  
( h a l f w o r d ,  r e a d )  
( h a l f w o r d ,  w r i t e )  
( b y t e ,  i m m e d i a t e )  
( b y t e ,  i m m e d i a t e ,  r e a d )  
( b y t e ,  i m m e d i a t e ,  w r i t e )  
( r e a d )  
( w r i t e )  

I N P U T / O U T P U T  
I N P U T / O U T P U T  
I N P U T / O U T P U T  
I N P U T / O U T P U T  
I N P U T / O U T P U T  
I N P U T / O U T P U T  
I N P U T / O U T P U T  
I N P U T / O U T P U T  
J U M P  A N D  L I N K  
J U M P  O N  B I T  Z E R O  

( w r i t e )  
( z e r o  a s  r e g i s t e r )  

( h a l f w o r d )  
J U M P  O N  C O N D I T I O N  
J U M P  O N  C O N D I T I O N  
J U M P  O N  C O N D I T I O N  E X T E N D E D  
C O N T R O L  I M M E D I A T E  
C O N T R O L  I M M E D I A T E  ( r e a d )  
C O N T R O L  I M M E D I A T E  
C O N T R O L  I M M E D I A T E  
C O N T R O L  D I R E C T  O U T  
L O A D  ( b y t e )  
L O A D  A D D R E S S  
L O A D  F R O M  A D D R E S S  T R A N S L A T I O N  T A B L E  
L O A D  ( h a l f w o r d )  
L O A D  ( h a l f w o r d ,  w i t h  i n d e x )  
L O A D  ( h a l f w o r d ,  w i t h  i n d e x  d e c r e m e n t e d )  
L O A D  ( h a l f w o r d ,  w i t h  i n d e x  i n c r e m e n t e d  
L O A D  ( h a l f w o r d s ,  q u a d r a n t )  

F i g u r e  1 8 .  T a b l e  o f  S u p p o r t e d  M a c h i n e  I n s t r u c t i o n s  ( P a r t  1  o f  2 )  

z  I m p l i e d  r e g i s t e r  v a l u e  ( d e s c r i b e d  a b o v e ,  u n d e r  " N u m b e r  o f  O p e r a n d s . " )  

M a c h i n e  I n s t r u c t i o n  S u p p o r t  1 0 1  



MNEMONIC 

est = 
extended 

LHE | HO H 
LHELU I HO P 

LHEN 
1 
| HO BS 

LHEU I PO P 
LHEUL | PO 

1 
H 

LHS 
1 
| HO HD 

LN I BO P 
LND | BO PO 
LNI | BO PO 
LB | BO B 
LEI | BO 18 
LEN | BO ES 
LW | PO PD 
MHE IHBUO HU 
MVS | PO PO 
MVHS | PO PO 
NHE I HO H 
NE I BO BZ 
NEI | BO 18 
OHE I HO H 
OE | BO BZ 
OEI I BO 18 
PC | — — 

EL I BO 13 
ELH | HO 14 
SHE | HO H 
SHEI | HO 14 
SLHL | HO 14 
SLL I BO 14 
SE I BO B 
SEI ext| BO 18 
ST 1 B BDO 
STAT 1 P BSO 
STH 1 H HDO 
STHN 1 H P 
STHND 1 H PO 
STHNI 1 H PO 
ST HQ 1 12 PEO 
STHEN 1 H BS 
STHS i H HDO 
ST N 1 B P 
STND 1 B PO 
STNI 1 B PO 
STEN 1 B ES 
ST H 1 P PDO 
SY HE | HO HZ 
SYHEE | PO PZ 

SYE 
1 
I BO B 

TBI 1 B 18 
TS | BZ BO 
XHB | HO H 
XE | BO B 
XEI | BO 18 

OPEBANDS 

HO 
HO 

NAME 

LOAD (halfword, register) 
LOAD (halfword, register, lower half from 

upper) 
LOAD (halfword, register-indirect) 
LOAD (halfword, register, upper half) 
LOAD (halfword, register, upper half from 

lower) 
LOAD (halfword, short form) 
LOAD (byte, with index) 
LOAD (byte, with index decremented) 
LOAD (byte, with index incremented) 
LOAD (byte, register) 
LOAD (byte, register—immediate) 
LOAD (byte, register—indirect) 
LOAD (word) 
MULTIPLY (halfword, register) 
MOVE (bytes, storage) 
MOVE (halfwords, storage) 
AND (halfword, register) 
AND (byte, register) 
AND (byte, register—immediate) 
OB (halfword, register) 
OB (byte, register) 
OB (byte register-immediate) 
PEOGEAM CHECK ('FFFF* X) 
EOTATE LEFT (byte) 
BOTATE LEFT (halfword) 
SUBTEACT (halfword, register) 
SUBTEACT (halfword, register—immediate) 
SHIFT LEFT (halfword, logical) 
SHIFT LEFT (byte, logical) 
SUBTEACT (byte, register) 
SUBTEACT (byte, register—immediate) 
STOEE (byte) 
STOEE TO ADDEESS T BAN SLAT ION TABLE 
STOEE (halfword) 
STOEE (halfword, with index) 
STOEE (halfword, with index decremented) 
STOEE (halfword, with index incremented) 
STOEE (halfwords, quadrant) 
STOEE (halfword, register—indirect) 
STOEE (halfword, short form) 
STOEE (byte, with index) 
STOEE (byte, with index decremented) 
STOEE (byte, with index incremented) 
STOEE (byte, register-indirect) 
STOEE (word) 
SUBTEACT WITH CABBY (halfword, register) 
SUBTEACT HITH CAEBY (halfword, register, 

extended 
SUBTEACT KITH CABBY (byte, register) 
TEST (byte, register-immediate) 
TEST AND SET (byte) 
EXCLUSIVE OE (halfword, register) 
EXCLUSIVE OB (byte, register) 
EXCLUSIVE OE (byte, register-immediate) 

Figure 19. Table of Supported Machine Instructions (Part 2 of 2) 
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E X A M P L E S  O F  S U P P O R T E D  M £ M I M  I N S T R U C T I O N  U S E  

EXAMPLE OF ARITHMETIC INSTRUCTIONS 

Th i s  example  i s  typ ica l  o f  the  a r i thmet i c  bu i l t - in  ins t ruc t ions .  

DCL (X ,  Y)  F IXED (1S)  ;  
AHR (X,  Y)  ;  

Th i s  has  ve ry  nea r ly  the  same  e f fec t  a s :  X =  X +  Y;  and  wi l l  work  
whe the r  o r  no t  X and  Y a r e  in  STATIC,  AUTOMATIC,  BASED o r  PARAMETER,  o r  
have  been  a s s igned  to  r eg i s t e r s  by  t he  compi le r ' s  op t imiza t ion  phases .  
The  on ly  d i f f e rences  be tween  the  bu i l t - in  ins t ruc t ion  and  the  ass ignmen  
s t a t ement  a re  tha t :  

•  the  bu i l t - in  ins t ruc t ion  guaran tees  tha t  an  AHR w i l l  be  
genera ted .  

•  the  cond i t ion  code  s e t  a s  a  r e su l t  o f  t he  AHR wi l l  be  
p rese rved  even  i f  code  fo l lows  the  AHR t o  s to re  the  r e su l t  i n  

EXAMPLE OF BRANCH AND JUMP INSTRUCTIONS 

Th i s  example  i s  typ ica l  o f  t he  b ranch  and  jump suppor ted  mach ine  
in s t ruc t ions .  Note  t ha t  the  operands  a re  more  complex  than  in  the  
p reced ing  example .  

DCL X F IXED (15)  BASED (P)  ;  
DCL Y (10)  FIXED (15)  ;  
DCL J  FIXED (8 )  ;  
DCL (P  ,Q)  POINTER;  
AHR (Q->X,X +  Y ( J ) ) ;  
BZR (LAB)  ;  
X=-X;  
L A B :  

The  bu i l t - in  ins t ruc t ion  BZR causes  a  b ranch  to  be  t aken  to  the  l abe l  
LAB i f  the  r e su l t  o f  the  AHR i s  ze ro .  Even  though  LAB i s  access ib le  by  
means  o f  a  jump i n s t ruc t ion ,  a  BZR i n s t ruc t ion  wi l l  be  genera ted .  Th i s  
cou ld  be  use fu l  t o  avo id  genera t ion ,  by  t he  compi le r ,  o f  t he  assemble r  
G i n s t ruc t ion ,  which  may  expand  in to  a  long  jump.  

I f  a  b ranch  o r  jump bu i l t - in  ins t ruc t ion  i s  i s sued ,  the  use r  shou ld  
ensure  tha t  the  cond i t ion  code  i s  se t  co r rec t ly  by  s e t t ing  i t  wi th  a  
bu i l t - in  ins t ruc t ion .  For  example ,  t he  fo l lowing  code  i s  no t  s a fe ,  
because  the  cond i t ion  code  i s  no t  gua ran teed .  ( I f  t he  express ion  X Y  
occurs  ea r l i e r ,  i t  may  be  r e t a ined  in  a  r eg i s t e r  t o  avo id  r eca lcu la t ion ,  
and  address ing  X i n  o rde r  to  s to re  the  r e su l t  may  r equ i re  add i t ion  o f  
o f f se t  to  a  base  va lue . )  

DCL (X,Y)  F IXED (15) ;  / * •***  unsa fe  cod ing  ***** /  
x  _  x  +  y  /*****  to  i l l u s t r a t e  ***** /  
BZR (LAB) ; '  / ****•  above  t ex t  ***** /  
LAB:  
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EXAMPLE OF fiEGISTEH USE IN BUILT-IN INSTRUCTIONS 

Operands of built-in instructions do not generally have to be declared 
registers. The compiler generates the housekeeping instructions to 
load, store, and evaluate arguments. The specified instruction is 
generated. The following example shows the code generated when the 
operands of AHE are; a) registers, b) complex expressions. 

* DCL 1 S BASED (P) , 
* 2 A FIXED (15) , 
* 2 B (10) FIXED (15) ; 
* DCL P PTE; 
* AHE (X,Y); 

AHE X,Y 
* AHE (P->B (6) ,P->A) ; 

LHS 30V00007,B+10(P) 
LHN 302H,P 
AHR S0V00007,302H 
STHS 30V00007,B+10(P) 

EXAMPLE OF CODING EEGISTEES IN BALE AND BCE; 

BALE requires that the first operand be a pointer register and the 
second be of type ENTEY. This example shows how it should be coded: 

DCL ENT1 ENTEY EXTERNAL; 
DCL RETPTR PTE REGISTER (4) ; 
DCL P PTE; 
DCL BENTEY BASED ENTEY VALEG(*); 
P=ADDE (ENT1); /* p HAS TARGET FOE BALE */ 

BALE (EETPTE,P->BENTEY) ; 

BCE requires that the second operand be of type LABEL: 

DCL BLAB LABEL BASED VALEG(LAB1,LAB2); 
DCL P PTE; 
P=ADDR (LAB1) ; 

BCE(8,P->B1AB) ; 

EXAMPLE OF CODING BNX 

Because of the need to provide flow information on BNX instructions, the 
VALUERANGE information must be associated with the BNX instruction. This 
enables the compiler to know the possible target points for the BNX. 

The following example shows how a BNX instruction should be coded: 

DECLARE 
BNXTAB(4) FIXED(16) 

STATIC LOCAL 
INIT ( ADDE (L0) , 

ADDR(L1) , 
ADDE (L2) , 
ADDR (L3) ) , 

BNXLAB LABEL 
BASED(ADDE(BNXTAB(1))) 
VALUERANGE(L0,L1,L2,L3) 

XFOEBNX FIXED (8); 

BNX 
(XFORBNX, 
BNXLAB ); 

/* BRANCH TABLE FOE BNX */ 

/* LABEL FOE INDEX=0 
/* LABEL FOE INDEX=1 
/* LABEL FOE INDEX=2 
/* LABEL FOE INDEX=3 
/* LABEL FOB BNX BII 
/» USE BNXTAB 

9 

/* INDEX FOE BNX 

/* A BNX BII 
/* THE INDEX 
/* USES BNXTAB 

•/ 
*/ 
V 
•/ 
*/ 
*/ 

*/ 

V 
•/ 
*/ 
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CHAPTER i t .  PL/DS MACRO OUTER CODE 

The  PL/DS macro  code  enan les  you  to  code  p reprocessor - l ake  log ic  tha t  i s  
execu ted  by  t he  s ing le -pass  macro  p rocess ing  phase  a t  the  beg inn ing  o f  
t he  PL/DS compi le r  run .  Af te r  t h i s  macro  phase  the  macro  s t a t ement s  
d i sappear  f rom the  source  t ex t  tha t  i s  passed  to  the  compi le  phase  o f  
t he  compi le r .  

There  a re  two  macro  env i ronments :  t he  macro  ou te r  env i ronment  and  each  
m a c r o  def in i t ion .^  env i ronment .  Th i s  chap te r  desc r ibes  macro  ou te r  co  e  
and  macro  invoca t ions .  

The  PL/DS macro  l anguage  i s  ve r sa t i l e ,  wi th  ins t ruc t ions  fo r  b ranch ing  
and  cond i t iona l  execu t ion ,  fo r  example .  Wi th  t he  macro  code  you  make  
changes  to  the  compi le  code  be fo re  fo rward ing  i t  t o  the  compi le  phase .  
Your  macro  log ic  i s  an  e f f i c i en t  way  t o  "cus tomize"  s t andard ized  code  
wi th  the  cod ing  o f  pa ramete r s  t ha t  r e f l ec t  the  changes  you  wan  
i ncorpora ted  in  th i s  ve r s ion  o f  t he  p rogram-

The  macro  code  you  use  i s  re fe r red  to  he re  as  macro  "ou te r "  s t a t ement s .  
Th i s  d i s t ingu i shes  i t  f rom macro  de f in i t ion  code .  Macro  de f in i t ions  a re  
PROC- l ike  g roups  o f  macro  de f in i t ion  s t a t ement s .  You  cause  macro  
de f in i t ions  to  execu te  dur ing  the  macro  p rocess ing  phase  wi th  macro  
invoca t ions ,  a l so  desc r ibed  in  th i s  chap te r .  

Bes ides  b ranch ing  and  cond i t iona l  macro  s t a t ement  execu t ion ,  you  can  
a l t e r  cha rac te r  s t r ings  in  the  compi le  source  code .  We ca l l  
compi le  code  r ep laceab le  s t r ings  " t a rge t  s t r ings . "  

Taroe t  s t r inqs  a re  s t r ings  in  your  non-macro  code  tha t  ma tch  the  names  
o f  va r i ab les  you  dec la re  in  your  macro  code .  When  t he  cond i t ions  a re  
r iqh t  - -  a  t a rge t  s t r ing  i s  "e l ig ib le"  and  the  macro  ou te r  va r i ab le  wi th  
the  same  name  i s  "ac t iva ted"  - -  the  macro  phase  r ep laces  the  t a rge t  
s t r ing  wi th  the  cha rac te r s  o f  wha teve r  va lue  the  macro  ou te r  va r i ab le  i  
presen t ly  a s s igned .  The  macro  p rocess ing  phase  pe r fo rms  one  sequen t i a  
scan  o f  your  i npu t  da ta  s e t .  The  macro  s t a t ement s  can  be  in t e r spe r sed  
wi th  the  compi le  s t a t ement s ;  the  compi le  phase  scans  a l l  s t a t ement s  an  
execu tes  each  macro  s t a t ement  a s  i t  encoun te r s  i t .  There fo re ,  you  mus t  
p l ace  in  your  source  da ta  se t  the  macro  va r i ab le  DECLARE,  ACTIVATE,  and  
a s s ign  s t a t ement s  be fo re  the  t a rge t  s t r ings  you  wan t  them to  a f fec t .  

You can  d i sab le  the  t a rge t  s t r ing  rep lacement  by  any  macro  var iab le  wi th  
the  DEACTIVATE s ta tement .  You can  re -enable  a  deac t iva ted  var iab le  wi th  
the  ACTIVATE s ta tement .  

Bes ides  chang ing  the  con ten t s  o f  cha rac te r  s t r ings  wi th  macro  ou te r  
code ,  you  can  a l so  de le t e  s t a t ement s  f rom the  source  code  da ta  se t .  
t he  XGOTO s t a t ement  desc r ip t ion .  I f  fo r  any  reason  you  wan t  t o  bypass  
t he  macro  p rocess ing  phase  in  your  compi le r  run ,  see  the  compi le r  
op t ion ,  "NOMACRO."  

You  can  use  the  XINCLUDE s t a t ement  t o  b r ing  add i t iona l  source  code  in  
f rom a  use r  l i b ra ry  fo r  p rocess ing  dur ing  the  macro  phase .  

There  a re  some  r e fe rences  in  the  macro  ou te r  code  desc r ip t ions  to  
"answer  t ex t . "  Answer  t ex t  i s  l ines  of  source  code  inse r t ed  in to  the  
source  da ta  s e t  under  ce r t a in  cond i t ions  by  ce r t a in  macro  de f in i t ions  
you  invoke .  I t  i s  desc r ibed  in  Chap te r  5  o f  t h i s  pub l i ca t ion .  

You need  to  unders tand  the  meaning  and  uses  of  th ree  par t s  of  macro  
l anguage:  

•  macro  def in i t ion  

•  macro  execu t ion  

•  macro  ou te r  s t a t ement s  
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Macro Definition: You define or create a macro by specifying its name 
and a set of macro definition statements that are known by this name. 
Macro definitions may exist within your program, or you can catalog them 
for use in more than one program by putting them in a library data set. 

The rules for coding macro definitions are described separately in 
Chapter 5 of this publication. 

Macro Execution: When you invoke a macro definition in your program, the 
statements specified in that macro's definition are executed. The 
execution of macro definitions alters the values of shared (EXTERNAL) 
variables, and produces lines of source code, called answer text, which 
replace the macro invocation. 

Macro Outer Statements: You may code statements that control the 
sequence and flow of macro processing and that perform source statement 
modifications outside of macros. The compiler macro statements that you 
use for this are called Macro Outer Statements. 

SHARED VARIABLES 

You can share the assigned value of a macro outer variable between the 
macro outer environment and the invoked macro definition environment by 
declaring it EXTERNAL in both places. The ACTIVATED or DEACTIVATED 
status is not shared, and must be separately specified in each 
environment. 

In either of these environments, if the same variable name is declared 
as INTERNAL, the macro processing phase treats them as two different 
variables. 

MODIFYING SOORCE TEXT WITH MACRO ODTER CODE 

Macro outer code modifies source text before it is compiled. 
Modifications to source text consist of: 

Replacing target strings in non-macro text with their macro 
variable assigned values. 

• Deleting segments of source text. 

• Adding segments of source text. 

REPLACING TARGET STRINGS 

Replacement of character strings in non-macro text occurs when a tarqet 
string is present in a non-macro statement. The target strinq is 

6 ValUe earlier assi9*ed to its corresponding macro 
variable with a macro assignment statement. 

|2te: The macro processing phase of the compiler is a single pass 
through the source text dataset. This pass proceeds sequentially 
from beginning to end of the source code except when macrn 
statements like %GOTO cause input to be skipped over! 

You must code your macro statements so that in this sinole th0 
compiler will have scanned the macro code that 
variable values before it scans the non-ma^o code containing0 
target strings that you want replaced. containing the 

An eligible target string in non-macro text will be reDla«-«=a »ni 
corresponding macro variable has been specified in a DMOTms 

Of th. ACTIV ATE „d DEAC^JS 1"" 
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Any t a rqe t  s t r ing  in  the  a rguments  and  pa ramete r s  you  code  in  a  macro  
invoca t ion  a re  r ep laced  by  t he i r  ac t iva ted  macro  ou te r  va r i ab le ' s  
p resen t  a s s igned  va lue  be fo re  the  invoked  macro  i s  execu ted .  

E l ig ib le  Tarqe t  S t r ings :  Cer t a in  cha rac te r  s t r ings  a re  no t  e l ig ib le  
t a rge t  s t r ings :  

0  S t r ings  in  comments  o r  wi th in  s t r ing  cons tan t s .  

•  S t r ings  tha t  co r respond  to  a  macro  va r i ab le  bu t  a re  immedia te ly  
p receded  o r  fo l lowed  by  a  l e t t e r ,  d ig i t ,  o r  apos t rophe .  

•  Charac te r  sequences  tha t  co r respond  to  a  macro  va r i ab le  excep t  fo r  
imbedded  b lanks  no t  p resen t  i n  the  macro  va r i ab le .  

.  Macro  va r i ab les  spec i f i ed  in  the  DEACTIVATE s t a t ement .  

For  example ,  t he  macro  t a rge t  s t r ing  B i s  no t  r ep laced  in  the  fo l lowing  
cases :  

In  the  as s ignment :  X =  'ABCD' ;  ( i t  i s  wi th in  a  s t r ing  cons tan t ) .  

i n  the  s t r ings :  AB,  101B,  o r  -1 'B .  (P receded  by  l e t t e r ,  d ig i t ,  
apos t rophe . )  

A cha rac te r  t a rge t  s t r ing  migh t  be  r ep laced  by  a  va lue  tha t  con ta ins  
ano the r  t a rge t  s t r ing .  Because  o f  t h i s  poss ib i l i ty ,  macro  P h a se  
p rocess ing  re scans  the  rep laced  s t r ing  to  see  i f  i t  con ta ins  an  
ac t iva ted  va r i ab le .  I f  i t  does ,  macro  phase  p rocess ing  r ep laces  t h i s  
s t r ing  wi th  i t s  cor respond ing  va r i ab le ' s  a s s igned  va lue .  Then  the  ma 
phase  r e scans  aga in .  I f  the  rep lacement  a l so  con ta ins  a  t a rge t  s t r ing ,  
i t  i s  fu r the r  r ep laced .  Th i s  r e - re scann ing  con t inues  un t i l  the re  i s  no  
rep lacement  fo r  the  s t r ing .  

I f  t he  va lue  tha t  r ep laces  the  t a rge t  s t r ing  con ta ins  one  o r  more  
embedded  b lanks ,  t he  re - rescann ing  i s  conf ined  to  the  ind iv idua l  pa r t s  
o f  t he  rep lacement  s t r ing  sepa ra ted  by  the  b lanks ,  s t a r t ing  f rom 
l e f t .  Given  the  fo l lowing  va r i ab les  and  as s igned  va lues :  

%DCL A . . . ,  
%A =  •  JO ' ;  
*DCL B . . . ;  
%B =  ' 0  E ' ;  
XDCL JO . . . ;  
XJO =  'B  E ' ;  
%DCL E . . . ;  
%E =  *  Z ' ;  

t he  fo l lowing  t a rge t  s t r ing :  

A 

a f t e r  scann ing  and  r e scann ing  y ie lds :  

0  Z Z  

rhe  a s s igned  va lue  o f  a  macro  va r i ab le  shou ld  no t  con ta in  the  name  
the  macro  va r i ab le  i t  i s  rep lac ing .  I f  i t  does ,  a  r ep lacement  loop  i s  
;aused  because  macro  phase  p rocess ing  r ep laces  the  t a rge t  va r i ab le  

same  macro  va r i ab le .  

DELETING SOUBCE TEXT 

De le t ion  o f  source  t ex t  occurs  when  a  macro  GOTO s t a t ement  d i r ec t s  macro  
p rocess ing  to  s top  scann ing  and  re sume  p rocess ing  a t  a  pa r t i cu la r  
l abe led  s t a t ement  fu r the r  on .  Tex t  be tween  these  two  po in t s  does  no t  
appea r  a s  pa r t  o f  t he  modi f i ed  t ex t  tha t  wi l l  be  compi led .  

PL/DS Macro  Oute r  Code  107  



ADDING TEXT TO THE SOURCE TEXT 

Addi t ion  of  source  t ex t  occurs  when a  macro  ^INCLUDE s ta tement  i s  
encountered .  The  reques ted  source  tex t  i s  added  f rom a  user  l ib ra ry  a t  
th i s  po in t ,  i s  scanned  by  the  macro  p rocess ing  phase ,  and  the  resu l t  
becomes  par t  o f  the  modi f ied  source  tha t  i s  compi led .  

IDENTIFIER LENGTH IN MACRO CODE 

In  PL/DS macro  code ,  macro  var iab le  names  of  up  to  16  charac te rs  a re  
permi t ted .  

COMPILER PROCESSING OF MACRO CODE 

™=^r-^ a C r °^  d e f i n i t i o n s ,  macro  invoca t ions ,  GOTOs,  and  the  res t  of  the  
code  a re  processed  and  executed  dur ing  the  one-pass  macro  

process ing  phase .  The  macro  p rocess ing  phase  l eaves  no  macro  code  fo r  
the  compi le  phase ,  which  comes  nex t .  I f  your  macro  log ic  resu l t s  in  any  
change  to  the  compi le r  source  code  tha t  looks  l i Jce  macro  l anguaqe .  i t  
wi l l  cause  an  e r ror  in  the  compi le  phase .  

The  inputs  and  resu l t s  of  the  macro  phase  a re  shown in  Figure  20 .  

INPUT 

MACRO DEFINITION 

MACRO INVOCATION 

MACRO OUTER STATEMENTS 

PROCESS OUTPUT 

•>  COMPILER 
MACRO PHASE 

->  COMPILE PHASE SOURCE 

SOURCE CODE 

F igure  20 .  Macro  Process ing  Phase  Opera t ion  

The  macro  phase  scans  the  source  t ex t  and  forms  a  modi f ied  source  t ex t  Vatren^ a r e  u s e d  t o  t e l 1  t h e  m a c r o  p h a s « fcoi  to  .od i f i  ? ] ; ;  
source  t ex t .  These  macro  s ta tements  wi l l  no t  themselves  appear  in  thp  
modi f ied  t ex t .  i f  a  macro  invoca t ion  i s  in  the  source  the  s ta tP iPntc  
in  the  def in i t ion  of  tha t  macro  a re  brought  in  f rom'  a  l ib ra ry  and  
processed  wi th  o ther  macro  s ta tements .  The  macro  invoca t ion  s ta tement  
does  no t  appear  in  the  modi f ied  source  t ex t .  s ta tement  

The  modi f ied  source  se rves  as  input  to  the  compi le  phase .  

The  macro  fac i l i ty  makes  ava i lab le  the  fo l lowinq  modi f i ra t innc  
source  t ex t  be fore  i t  i s  compi led  in to  assembler  language  code:  y ° U r  

•  Change  segments  of  the  source  t ex t .  

•  Dele te  segments  of  the  source  t ex t .  

•  Add segments  o f  t ex t  to  your  source  t ex t .  
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C O M P I L E R  S O U R C E  M O D I F I C A T I O N  S E Q U E N C E  

Dur inq  the  one-pass  macro  p rocess ing  phase ,  the  compi le r  immedia te ly  
r e scans  each  jus t - changed  t a rge t  va r i ab le .  On t he  re scan  i t  i s  look ing  
fo r  the  p resence  o f  any  add i t iona l  t a rge t  va r i ab le .  

The  compi le r  r ep laces  any  t a rge t  va r i ab le  i t  f inds  on  t he  " scan ,  and  
then  re scans  the  r e su l t s  o f  t he  rep lacement  on ly  fo r  any  add i t iona l  
e l ig ib le  t a rge t  va r i ab le .  (See  the  no te  in  the  desc r ip t ion  o f  t he  
conca tena t ion  opera to r ,  be low. )  

Only  when  the  r e scan  does  no t  y i e ld  ano the r  t a rge t  va r i ab le  does  t he  
compi le r  macro  phase  p roceed  t o  scan  the  fo l lowing  t ex t .  

COMPILER IDENTIFICATION OF MACRO LANGUAGE CONTENTS 

Iden t i f i ca t ion  of  Macro  Def in i t ions  and  Macro  Def in i t ion  S ta tement s  

The  compi le r  r ecogn izes  your  macro  de f in i t ions  by  t he  XMACRO and  SEND 
s t a t ement s  tha t  beg in  and  end  them.  The  macro  de f in i t ion  s t a t ement s  
themse lves  have  no  spec ia l  cha rac te r  p re f ixes ,  bu t  t he i r  p resence  
be tween  XMACRO and  XEND i den t i f i e s  them.  

Iden t i f i ca t ion  o f  Macro  Invoca t ions  

The  compi le r  r ecogn izes  each  macro  invoca t ion  by  t he  ques t ion  mark  you  
code  in  the  f i r s t  co lumn (wi th in  marg ins )  o f  the  s t a t ement .  

Iden t i f i ca t ion  of  Macro  Oute r  S ta t ement s  

The  compi le r  r ecogn izes  your  macro  ou te r  s t a t ement s  by  t he  Pe r cen t  s ign  
in  the  f i r s t  co lumn (wi th in  marg ins )  o f  the  s t a t ement .  The  XMACRO and  
XEND s t a t ement s  a re  spec ia l  cases  o f  macro  ou te r  s t a t ement s ,  desc r ibed  
in  the  macro  de f in i t ion  chap te r .  

I d e n t i f i c a t i o n  o f  N o n - M a c r o  T e x t  

Non-macro  t ex t  i s  inpu t  tha t  i s  ne i the r  macro  s t a t ement s  nor  "ae ro  
de f in i t ions .  No l i ne  of  i npu t  can  in te rmix  macro  s t a t ement s  and  
non-macro  t ex t .  The  p resence  o f  a  "X"  a s  the  f i r s t  (non  b lank)  
cha rac te r  on  a  l i ne  ind ica tes  tha t  t h i s  l i ne  can  cons i s t  so le ly  of  macro  
s t a t ement s .  For  example ,  t he  fo l lowing  would  be  an  e r ro r :  

XDECLARE A F IXED;  X=0;  

S imi la r ly ,  i t  i s  an  e r ro r  to  have  a  macro  s t a t ement  i n  a  l i ne  o f  
non-macro  t ex t .  For  example ,  t he  fo l lowing  would  be  an  e r ro r :  

A =  B+ C ;  XDECLARE X CHAR;  

Mote :  Do  no t  confuse  the  s ing le  "X"  wi th  the  "XX"  conca tena t ion  
ope ra to r ,  desc r ibed  be low.  
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MACRO OUTER ENVIRONMENT KEYWORDS 

F igure  21  l i s t s  a l l  of  the  words  recognized  by  the  compi le r  macro  
process ing  phase  as  macro  ou te r  envi ronment  keywords .  Those  Keywor  
tha t  a re  ind ica ted  as  reserved  cannot  be  used  fo r  var iab le  names .  

KEYWORD ABBREVIATION RESERVED 

ACTIVATE ACT Yes  

CHARACTER CHAR 

DEACTIVATE DEACT Yes  
DECLARE DC1 Yes  

ELSE Yes  
END yes  
EXTERNAL EXT 

FIXED 

GOTO GO TO Yes  

I f  Yes  
INCLUDE Yes  
INTERNAL INT 

MACRO y e s  

THEN v „ c  

Figure  21 .  Macro  Outer  Keywords  

COMPILER CONTROLS FOR MACRO PROCESSING 

MACRO SOURCE CODE MARGINS 

The  macro  ou te r  s ta tements  in  your  source  da ta  se t  must  observe  the  l e f t  
and  r igh t  source  co lumns  spec i f ied  in  the  MARGINS compi le r  op t ior  i t  
there  i s  any  non-macro  t ex t  ou ts ide  of  these  co lumns ,  the  co^ i i«  
Opt ions ."  ^  ̂  ° U t P U t  t 6 X t  ° f  t h S  m a C r °  P h a s e -  See  "Compi le r  

SUPPRESSING MACRC PROCESSING 

You can  prevent  compi le r  macro  p rocess ing  phase  wi th  
compi le r  op t ion .  See  "Compi le r  Opt ions ."  n th  the  NOBACRO 
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THE CONCATENATION OPERATOR: %% 

The double "percent", *X, is an operator you can use xn non-macro text 
to concatenate variables, especially target variables. Durxng the macro 
processing phase, the compiler replaces XX with a null string, brxngxng 
together the strings on either side. 

For example, during the macro phase the last statement in this set: 

% DC1 (XX, YY, ZZ) CHAR; 
X XX = ' AB'; 
% YY = '01•; 
X ZZ = '02' ; 

XXXXYY = XXXXZZ + 3; 

...becomes: 

AB01 = ABO 2 + 3; 

The following example illustrates how the name prefix of a structure can 
be parameterized using XX. Given this source code. 

File DCB COPY: 
%ACT Z; 
XIF Z=11 XTHEN 

% Z=' DC B' ; 
DC1 1 ZXX1 BDY (HWORD) BASED, 

3 ZXXF1 FIXED(15), 
3 ZXXF2 CHAR (2), 

3 ZXXFN; 
Xz=' '; 
XDEACT Z; 

...the statement 

XINCLODE SYS1IB (DCB) ; 

...would return: 

DCL 1 DCB1 BDY (HWORD) BASED, 
3 DCBF1 FIXED ( 15) , 
3 DCBF2 CHAR(2) , 

3 DCBFN; 

...but the statement 

XZ='ABC'• 
XINCLODE* SYSLIB (DCB) ; 

...would return: 

DCL 1 ABC1 BDY (HWORD) BASED, 
3 ABCF1 FIXED ( 15) , 
3 ABCF2 CHAR (2) , 

3 ABCFN; 
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Note :  As  expla ined  e l sewhere ,  t a rge t  s t r ings  tha t  have  been  rep laced  a re  
rescanned  for  poss ib le  addi t iona l  t a rge t  s t r ings .  The  s t r ing  tha t  
resu l t s  f rom XX conca tena t ion  i s  not  rescanned  in  i t s  en t i re ty .  Only  
each  ind iv idua l  token  i s  rescanned .  The  conca tena t ion  can  be  thought  of  
as  tak ing  p lace  only  when a l l  rescanning  of  the  tokens  on  each  s ide  of  
i t  i s  comple ted .  

In  the  fo l lowing  example ,  these  macro  var iab le  ass ignments  a re  in  
e f fec t :  

X A 
% B 
X XY 
% X 
X Y 
X MN 

'X '  ;  
l  y  f  •  
•  ZZ • ;  
•M'  ;  
'N ' ;  
1  EE'  ;  

. . . the  ta rge t  s t r ing  scan  and  rescan  of  th i s  non-macro  
t ex t :  

AXXB 

. . .would  resu l t  in :  

MN 

SUMMARY OF MACRO OUTER STATEMENTS 

The  fo l lowing  l i s t s  the  macro  ou te r  s ta tements  descr ibed  
in  th i s  sec t ion .  

STATEMENT USE 

XACTI  VATE 

Xass ignment  

XDEACTIV ATE 

XDECLARE 

XGOTO 

XIF 

XINCLUDE 

Xnul l  

Causes  the  spec i f ied  macro  var iab le ' s  
ass igned  va lue  to  rep lace  e l ig ib le  match ing  
t a rge t  s t r ings .  

Ass igns  a  va lue  to  a  macro  var iab le .  

Blocks  the  spec i f ied  macro  var iab le ' s  
ass igned  va lue  f rom rep lac ing  e l ig ib le  
match ing  t a rge t  s t r ings .  

Def ines  the  da ta  type  and  scope  of  a  
macro  var iab le .  

Changes  the  poin t  a t  which  scanning  
cont in  ues .  

Provides  condi t iona l  macro  s ta tement  
execut ion .  

Inc ludes  source  t ex t  f rom a  user  l ib ra ry .  

Causes  no  ac t ion .  
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%ACTIVAT E --  Act iva te  Macro  Outer  Var iab le  

Purpose  

You use  the  macro  ou te r  %ACTXVATE s ta tement  to  res tore  a  prev ious ly  
deac t iva ted  macro  ou te r  var iab le  to  H ac t iva ted"  s ta tus .  

(Note  tha t  there  i s  a l so  a  macro  def in i t ion  ACTIVATE s ta tement ,  fo r  
macro  def in i t ion  var iab les . )  

Rules  

The  defau l t  s ta te  of  each  macro  ou te r  var iab le  dec la red  INTERNAL i s  
ac t iva ted ,  un t i l  i t  i s  expl ic i t ly  deac t iva ted .  

The  defau l t  s ta te  of  each  macro  ou te r  var iab le  dec la red  EXTERNAL i s  
ac t iva ted ,  un less  the  most  recent ly  invoked  macro  def in i t ion  tha t  
dec la red  the  same var iab le  name EXTERNAL a l so  deac t iva ted  i t .  

Dur ing  the  macro  p rocess ing  phase  of  the  compi le r ,  ACT and  ACTIVATE a re  
reserved  keywords ;  do  no t  use  them as  macro  var iab les .  

Syntax  

r  t  
V I 

,  l abe l :—"—, i—ACT-
—*—I I 1  

i  i  "  ACTIVATE-

Operands  

l abe l  Opt iona l .  Code  one  or  more  l abe ls ,  each  fo l lowed by  a  co lon .  

name The  name(s)  o f  the  macro  var iab le (s )  whose  e l ig ib le  
cor responding  t a rge t  s t r ing  (s )  wi l l  be  rep laced  by  the i r  
var iab le (s )  ass igned  va lue(s ) .  
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%Assignment  — Spec i fy  Macro  Outer  Var iab le  Value  

Purpose  

You use  a  %ass ignment  s ta tement  to  spec i fy  a  va lue  for  a  macro  ou te r  
var iab le .  

Rules  

The  va lue  or  va lues  you  ass ign  must  be  the  same da ta  type  as  you  
dec la red  for  the  macro  var iab le .  

Bules  of  Targe t  S t r ing  Replacement  by  Macro  Outer  Var iab le  Values  

The  charac te rs  of  the  va lue  tha t  you  ass ign  to  the  macro  ou te r  var iab le  
in  the  macro  ass ignment  s ta tement  a re  the  charac te rs  tha t  the  macro  
phase  uses  to  rep lace  any  e l ig ib le  non-macro  t a rge t  s t r ing  tha t  matches  
the  name of  the  macro  ou te r  var iab le .  The  e l ig ib i l i ty  of  a  t a rge t  
s t r ing  for  rep lacement  by  the  va lue  you  ass igned  i t s  match ing  macro  
ou te r  var iab le  i s  cont ro l led  by  severa l  fac tors :  

1 .  The  ACTIVATE and  DEACTIVATE s ta tements .  

2 .  The  RESCAN and  NORESCAN parameters  of  the  macro  def in i t ion  ANSWER 
s ta tement .  

3 .  The  INTERNAL or  EXTERNAL parameter  o f  the  var iab le ' s  DECLARE 
s ta tement .  

4 .  The  macro  process ing  phase  makes  a  s ing le  pass  th rough the  source  
code  da ta  se t .  I t  must  p rocess  your  macro  var iab le  ass ignment  
s ta tement  before  i t  scans  the  cor responding  ta rge t  s t r ing .  (The  
sequence  of  scanning  can  devia te  f rom the  ac tua l  source  s ta tement  
sequence  under  cont ro l  of  macro  GOTO s ta tements . )  

5 .  The  t a rge t  s t r ing  i s  in  non-macro  t ex t ,  answer  t ex t ,  o r  the  
arguments  in  a  macro  invoca t ion .  I t  i s  not  in  comments  ( /*  * / )  o r  
in  s t r ing  cons tan ts ,  and  does  no t  have  a  l e t te r ,  d ig i t ,  o r  
apos t rophe  e i ther  jus t  before  or  jus t  a f te r  i t .  

The  va lue  tha t  you  ass ign  to  a  macro  var iab le  should  no t  conta in  
unmatched  comment  de l imi te rs  ( /*  * / )  o r  unmatched  s t r ing  de l imi te rs  
( '  ' ) ,  un less  the  ta rge t  var iab le  tha t  i t  rep laces  i s  conca tena ted  (%%) 
to  another  t a rge t  var iab le  tha t  wi l l  have  the  match ing  de l imi te rs .  An 
unmatched  de l imi te r  causes  the  compi le  phase  to  cont inue  scanning  in  the  
search  for  a  c los ing  de l imi te r .  

The  on ly  macro  code  tha t  a  charac te r  cons tan t  in  an  ass igned  va lue  can  
conta in  i s  a  macro  invoca t ion .  

Apos t rophes  enc los ing  charac te r  cons tan ts  do  no t  appear  in  the  va lue  
ass igned  to  the  rece iver ,  nor  a re  they  counted  in  the  length .  
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Syntax for Assigning a FIXED Ma£E2 Variable 

i 1 
V I 

, label'-i 
I I- -variablel 

-operator— 

-constant— 
-variable2-

r1-; 

Operands for FIXED Macro Variable Assignment 

label 

variablel 

constant 

Optional. Specify one or more or more labels, each followed 
by a colon. 

Specify the FIXED macro variable that is to have assigned to 
it the value you are coding after the egual sign. 

The egual sign identifies this as an assignment statement. 

Must be a decimal number in the range 
+2147483647. 

-2147183647 to 

variable2 Another macro variable declared FIXED, that has an assigned 
value. (You can code variablel here, when its present value 
is involved in the computation of its new value.) 

operator Specify the operation to be performed to compute the value 
of the receiver. 

Use one of: +-*/// (<-remainder) 

Evaluation of a source expression that contains operators is done by 
priority of the operators. First, the prefix operators, then *, /, // 
operators, and then • and - operators. If you want to change the order 
of evaluation, you may use parentheses. Operators and their associated 
operands enclosed in parentheses are evaluated first and are evaluated 
by priority. 
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Syntax for Assigning a CHARACTER Macro Variable 

, 1 | 
r . I 
V I I 
,—label :J-i V 

%—| |—variablel = , 
i 1 i 

-•constant • 

—variable2 

Operands for CHARACTER Macro Variable Assignment 

label 

variablel 

• constant' 

variable2 

I I 

Optional. Code one or more labels, each followed by a 
colon. 

Specify the CHARACTER macro variable (receiver) that is 
to have assigned to it the value (source) you are coding 
after the equal sign. 

The equal sign identifies this as an assignment 
statement. 

Code a character string, enclosed in apostrophes. 

Another macro variable declared CHAR, that has an 
assigned value. (You can code variablel here, when its 
present value is involved in the computation of its new 
value.) 

You can assign a string that contains a concatenated 
series of functions and/or character constants and/or 
macro variables. 

Notes: 

1. Character constants, enclosed in apostrophes, and CHARACTER macro 
variables can appear in the source expression of the macro assignment 
statement. The receiver is assigned both the value and the length of 
the source expression. Apostrophes enclosing character constants do not 
appear in the value assigned to the receiver. The value assigned to the 
receiver should not contain unmatched comment or string delimiters. 

2. If a character constant is used, it cannot contain macro statements. 
(The rescan will ignore them and the compile phase will treat them as 
errors.) The character constant can be a null string (e.g. %B= •';). In 
this case the receiver is assigned a length of zero. 

3. You can concatenate character constants and macro variables with 
other character constants and macro variables by using the concatenation 
operator (II). This operator simply connects the operands together; a 
string is formed with a length equal to the sum of the lengths of the 
operands. The total length cannot exceed 1,000 bytes. 
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%DEACTIVATE — Deac t iva te  Macro  Outer  Var iab le  

Purpose  

In  a  macro  ou te r  s ta tement ,  spec i fy  to  the  compi le r  tha t  a  macro  
var iab le ' s  va lue  wi l l  no t  rep lace  a  var iab le  wi th  the  same name ( ta rge t  
var iab le )  in  non-macro  code .  

This  i s  usefu l  where  a  macro  var iab le  conf l ic t s  wi th  a  var iab le  name 
used  in  the  program;  by  deac t iva t ing  the  macro  var iab le ,  the  var iab le  
name i s  not  rep laced  where  i t  appears  in  source  t ex t .  La te r ,  you  can  
reac t iva te  the  macro  var iab le  us ing  the  ACTIVATE s ta tement .  

(Note  tha t  there  i s  a l so  a  macro  def in i t ion  DEACTIVATE s ta tement ,  fo r  
macro  def in i t ion  var iab les . )  

Rules  

The  defau l t  s ta te  of  each  ou te r  macro  var iab le  dec la red  INTERNAL i s  
ac t iva ted ,  un t i l  i t  i s  expl ic i t ly  deac t iva ted .  

The  defau l t  s ta te  of  each  macro  ou te r  var iab le  dec la red  EXTERNAL i s  
ac t iva ted ,  un less  the  most  r ecen t ly  invoked  macro  def in i t ion  tha t  
dec la red  the  same var iab le  name EXTERNAL a l so  deac t iva ted  i t .  

I f  a  DEACTIVATE s ta tement  i s  not  scanned  (because  of  the  ac t ion  of  a  
macro  GOTO s ta tement ) ,  the  var iab le  remains  ac t iva ted .  

Dur ing  the  macro  phase ,  DEACT and  DEACTIVATE a re  reserved  keywords ;  do  
no t  use  them as  macro  var iab les .  

Syntax  

I  
l abe l :  , r-DEACT ,  V 

I  I  h  1  name 
I  i  L-DEACTIVATE—' 

Operands  

l abe l  Opt iona l .  Code  one  o r  more  l abe ls ,  each  fo l lowed by  a  co lon .  

name The  name ( s )  of  the  macro  var iab le  (s )  tha t  you  a re  
deac t iva t ing .  
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XDECLABE — Declare  a  Macro  Outer  Var iab le  

Purpose  

in  macro  l anguage ,  ass ign  a t t r ibu tes  of  FIXED or  CHABACTEB and  INTERNAL 
or  EXTEBNAL to  a  macro  var iab le .  (Note  tha t  there  i s  a  
def in i t ion  DECLABE s ta tement ,  whose  INTEBNAL macro  var iab les  a re  known 
only  wi th in  the  macro  def in i t ion  they  a re  coded  in . )  

Eules  

You cannot  ass ign  a  prec is ion  for  FIXED macro  var iab les  or  a  l ength  for  
CHABACTEB macro  var iab les .  A FIXED macro  var iab le  i s  represen ted  
in te rna l ly  as  an  ass igned  b inary  word  wi th  an  in i t i a l  va lue  of  ze ro .  
CHABACTEB var iab le  has  an  in i t i a l  length  of  ze ro ,  which  changes  as  
va lues  a re  ass igned  to  i t .  

You cannot  in i t i a l ize  the  macro  var iab le  in  th i s  s ta tement .  Use  the  
Xass ignment  s ta tement .  

The  DECLABE s ta tement  for  a  macro  var iab le  must  come before  any  use  of  
tha t  macro  var iab le .  Any macro  var iab le  tha t  i s  not  dec la red  i s  
ass igned  a  da ta  type  of  CHABACTEB;  the  defau l t  scope  a t t r ibu te  i s  
INTEBNAL.  

You can  dec la re  more  than  one  macro  var iab le  on  the  same macro  DECLABE 
s ta tement .  I f  a  number  o f  macro  var iab les  have  the  same a t t r ibu tes ,  
separa te  the  var iab les  wi th  commas  and  enc lose  the  l i s t  in  paren theses ;  
fo l low the  l i s t  wi th  the  a t t r ibu tes .  Be sure  tha t  a  branch  a t  a  XGOTO 
s ta tement  does  no t  cause  a  macro  DECLABE s ta tement  to  be  sk ipped .  

Macro  var iab les  dec la red  INTEBNAL in  a  macro  ou te r  XDECLABE s ta tement  
a re  no t  known to  any  macro  def in i t ion  invoked  in  the  same compi le r  run .  

A macro  ou te r  var iab le  dec la red  EXTEBNAL and  a  var iab le  of  the  same name 
dec la red  EXTEBNAL in  any  invoked  macro  def in i t ion  share  the  same 
ass igned  va lue  or  changes  to  tha t  ass igned  va lue  by  the  macro  once  
invoked .  

Such  "shared  var iab les"  a l so  car ry  the i r  ac t iva ted  or  deac t iva ted  s ta tus  
across  envi ronments .  

DCL and  DECLABE a re  reserved  keywords ;  do  no t  use  them as  macro  
var iab les .  

1 1 8  PL/DS Language  f ie fe rence  



Syntax  

r INT ,  
V |  r  FIXED r  -  I i  ~  t  

,—DCL r ( -name—')  T .  •  •  i—INTERNAL—' 
I  |—' -name '—- — -  -  — — — — •  •  •"  
1 —DECLARE—' .  r  CHAR- — —i -  •  i— EXTERNAL—i 

L_ |  |—1 «-  _  |  I ~  J  

<-  CHARACTER- 1  "—EXT J  

Operands  

name Code  the  name of  the  macro  var iab le  you  a re  dec la r ing .  

The  maximum length  of  the  name i s  16  charac te rs .  The  
f i r s t  charac te r  must  be  a lphabe t ic  (A-Z) .  The  remain ing  
charac te rs  must  be  a lphabe t ic  (A-Z) ,  numer ic  (0-9) ,  o r  
underscore  (_) .  

The  macro  var iab le  has  the  a t t r ibu te ,  f ixed .  

The  macro  var iab le  has  the  a t t r ibu te ,  charac te r .  The  
defau l t  i s  CHARACTER.  

The  macro  var iab le  has  the  scope  a t t r ibu te ,  in te rna l .  
This  i s  the  defau l t  scope  a t t r ibu te .  INTERNAL macro  
var iab les  a re  no t  known to  any  macro  def in i t ion  tha t  i s  
invoked  dur ing  the  macro  phase .  

The  macro  var iab le  has  the  scope  a t t r ibu te ,  ex te rna l .  

EXTERNAL macro  var iab les  can  be  re fe renced  outs ide  of  
and  wi th in  a  macro  def in i t ion .  

The  f i r s t  t ime the  var iab le  i s  dec la red ,  the  va lue  of  a  FIXED var iab le  
i s  zero  and  the  va lue  of  a  CHARACTER var iab le  i s  a  nu l l  s t r ing .  
Thereaf te r ,  the  va lue  of  the  var iab le  i s  the  most  r ecen t  va lue  ass igned  
to  i t ;  th i s  va lue  can  be  changed  on ly  by  execut ing  an  ass ignment  
s ta tement .  

FIX ED 

CHARACTER/CHAR 

INTERNAL/INT 

EXTERNAL/EXT 
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%GOTO - -  Transfer  Cont ro l  In  Macro  Outer  Code  

Purpose  

In  a  macro  ou te r  s ta tement ,  t ransfer  the  scanning  of  macro  ou te r  
s ta tements  to  a  labe l led  s ta tement  l a te r  in  the  source  code  da ta  se t .  

Rules  

The  s ta tement  tha t  scanning  i s  t ransfer red  to  must  be  somewhere  a f te r  
the  %GOTO s ta tement  in  your  input  s t ream.  

Source  da ta  se t  s ta tements  be tween  the  macro  %GOTO s ta tement  and  the  
t ransfer  po in t  a re  ignored ;  they  a re  not  scanned  o r  executed  dur ing  the  
macro  phase ,  nor  a re  they  compi led  dur ing  the  compi le  phase .  This  
appl ies  to  a l l  macro  s ta tements  inc lud ing  the  DEACTIVATE and  ACTIVATE 
s ta tements .  

GOTO and  GO 
names .  

and  TO a re  reserved  keywords ;  do  no t  use  them as  var iab le  

Syntax  

% 1 
- l abe l : - -GOTO-

— I - l abe!2-
-G0 T0-

Operands  

l abe l  Opt iona l .  Code  one  o r  more  l abe ls ,  each  fo l lowed by  a  co lon .  

Iabe l2  The  l abe l  of  the  macro  s ta tement  where  scanning  i s  to  
cont inue .  Be  sure  tha t  a  %GOTO does  no t  un in ten t iona l ly  cause  
a  branch  tha t  sk ips  a  macro  DECLARE.  

Note  on  Transfer r ing  Scanning  to  a  Macro  Invoca t ion :  The  l abe l  fo l lowing  
the  t r igger  charac te r  (? )  o f  a  macro  invoca t ion  cannot  be  the  t a rge t  of  
a  macro  %GOTO s ta tement .  I f  you  want  to  t ransfer  the  scan  to  an  
invoca t ion ,  you  must  use  a  nu l l  s ta tement  ahead  of  the  invoca t ion .  For  
example ;  

% GOTO MLABE1;  

%MLABEL:  

?  LABELS;  MACR01;  

The  l abe!2  parameter  of  the  macro  XGOTO s ta tement  should  be  the  nu l l  
s ta tement ' s  l abe l ,  and  no t  one  of  the  l abe ls  fo l lowing  the  t r igger  
charac te r .  The  invoca t ion ,  ?LABELS:  MACR01 ;  mus t  be  on  the  l ine  a f te r  
the  nu l l  s ta tement .  
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Dele t ing  Source  S ta tements  With  %GOTO 

I f  you  can  iden t i fy  in  your  macro  log ic  the  need  to  e l imina te  cer ta in  
s ta tements  in  your  source  code  da ta  se t ,  you  can  use  a  XGOTO to  hranch  
pas t  them,  and  they  wi l l  d i sappear  a f te r  the  macro  p rocess ing  phase .  

For  example :  

XIF A=B XTHEN XGOTO FIRST;  XELSE XGOTO SECOND; 
XFIRST . . . t  

-  -  -  > s ta tements  no t  de le ted  i f  A=B 

XSECOND 
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XIF,  XTHEN,  XELSE Condi t iona l  Macro  Outer  S ta tement  Execut ion  

Purpose  

S ta tes  a  condi t ion  dur ing  macro  process ing  under  which  an  accompanying  
XTHEN o r  op t iona l  XELSE c lause  i s  to  be  executed .  

Rules  

I f  there  i s  no  XELSE c lause ,  and  the  XIF condi t ion  i s  fa l se ,  process ing  
cont inues  wi th  the  source  t ex t  fo l lowing  the  XTHEN c lause .  

Mul t ip le  IF  re la t iona l  express ions  connec ted  by  |  or  & a re  no t  suppor ted  
in  PL/DS macro  code .  

IF ,  THEN,  and  ELSE a re  reserved  keywords ;  do  no t  use  them as  var iab le  
names .  

Syntax  

-*-! 

V I  
l abe l : J -

| - IF- re la t iona l—STHENXclause ;  -
express ion  

-XElSEXclause ;T  
I -

Operands  

l abe l  

re la t iona l  express ion  

Opt iona l .  Code  one  o r  
fo l lowed by  a  co lon .  

more  l abe ls ,  each  

Code  the  XIF s ta tement  condi t ion ,  a  compar i s ion  
of  f ixed  or  charac te r  va lues ,  descr ibed  be low.  

STHENXclause  Code  the  keyword  XTHEN and  the  ac t ion  to  be  
per formed i f  the  compar i son  i s  t rue .  The  
ac t ion  can  be  any  macro  s ta tement  except  XHACRO 
o r  SEND.  

SELSESclause  Code  the  keyword  SEISE and  ac t ion  to  be  
per formed i f  the  compar i son  i s  fa l se .  The  
ac t ion  can  be  any  macro  s ta tement  except  SMACRO 
or  SEND.  

Note ;  You can  code  a  nu l l  s ta tement  as  the  STHEN or  XELSE c lause  
when there  i s  no  ac t ion  to  per form on  tha t  par t icu la r  resu l t  o f  the  
IF  compar i son .  (A SGOTO to  a  nu l l  s ta tement  a t  th i s  po in t  passes  
cont ro l  to  the  l ines  fo l lowing  the  nu l l  s ta tement . )  
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Format of FIXED Variable Comparisons 

When you want to compare a FIXED macro variable with another FIXED macro 
variable, a constant, or an expression, the format of the relational 
expression in the macro %IF statement is. 

-v ariabl omparison-
,—constant 1 

- I  I" 
L—variable 2—1 

—  I 
L_ 

-operator (-
t— constant—i 

•I I-
'—v ar i a bl e 2—' I-

variable Code a macro variable declared FIXED. 

comparison Code the type of comparison. You can use one of the 
following: 

Operator Meaning 

constant 

= equal to 
-.= not equal to 
> greater than 
< less than 
>= greater than or equal to 
<= less than or equal to 
-.> not greater than 
-.< not less than 

Evaluation of a complex expression is by priority of the 
operators. The prefix operators are evaluated first, then 
*, /, // operators, and then + and - operators. If you want 
to change the order of evaluation, you may use parentheses. 
Operators and their associated operands enclosed in 
parentheses are evaluated first and are evaluated by 
priority. 

You must use a decimal number. 

variable2 Code a macro variable declared FIXED. 

operator Code the operation 
comparison is made. 

to perform on the values before 
Dse one of + - * / //. 

the 

* 
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Format of CHARACTER Variable Comparisons 

When you want to compare a CHARACTER macro variable with another 
CHARACTER macro variable, a character constant, or an expression, the 
format of the relational expression in the macro *XF statement is: 

| "1 
V r'constant1! | 

r'constant1! |—1| —| I—1 t 
-variable—comparison—| | (- >—variable2-» |-

1—variable2J ' 1 

variable Code a macro variable declared CHARACTER. It can be up to 
1,000 characters long. 

comparison Code the type of comparison. You can use one of the 
following: 

Operator Meaning 

= equal to 
—» = not equal to 
> greater than 
< less than 
>= greater than or equal to 
<= less than or equal to 

not greater than 
not less than 

constant Code a character string enclosed in parentheses. It does 
not have to be the same length as the macro variable. It 
can be up to 1,000 characters long. 

variable 2 Code a macro variable declared CHARACTER. It does not have 
to be the same length as the macro variable. It can be up 
to 1,000 characters long. 

I I You can concatenate character constants and macro variables 
with other character constants and macro variables using the 
concatenation operator (||). This operator simply connects 
the operands together forming a string with a length equal 
to the sum of the lengths of the operands. The total length 
can be up to 1,000 characters. 

Note: If the macro variable and the value it is compared to are not the 
same length, the comparison adds blanks on the right of the shorter 
value, to make it equal in length to the longer value. 
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XINCLUDE Inc lude  Source  Code  f rom a  User  L ibrary  

Purpose  

Dur ing  the  macro  p rocess ing  phase  of  the  compi le r ,  incorpora tes  the  t ex t  
f rom a  user  l ib ra ry  in to  the  source  t ex t .  (To incorpora te  tex t  a f te r  
macro  p rocess ing ,  use  the  3INCLUDE compi le r  cont ro l  s ta tement . )  

Rules  

The  source  tex t  can  conta in  any  PL/DS s ta tements .  

The  inc luded  tex t  i s  scanned  dur ing  the  macro  phase  in  the  same manner  
as  the  source  t ex t ,  wi th  rep lacements  be ing  made  and  macro  s ta tements  
be ing  executed .  Hhen a l l  of  the  incorpora ted  tex t  has  been  scanned ,  
scanning  cont inues  fo l lowing  the  macro  XINCLUDE s ta tement .  

The  inc luded  tex t  tha t  remains  a f te r  macro  p rocess ing  s tays  in  the  
source  tex t  fo r  subsequent  process ing  by  the  compi le  phase  of  the  
compi le r .  

The  inc luded  tex t  can  conta in  XINCLUDEs and  subsequent  incorpora ted  t ex t  
can  conta in  XINCLUDEs.  The  compi le r  accepts  up  to  14  l eve ls  of  nes ted  
inc luded  code .  

Segments  c rea ted  wi th  3CREATE and  3ENDCREATE a t  the  f i r s t  of  the  source  
da ta  se t  can  be  inc luded ,  us ing  XINCLUDE,  l a te r  in  the  same source  da ta  
se t .  

Macro  XINCLUDE s ta tements  appear  as  PL/DS comments  a t  the  end  of  the  
source  l i s t ing .  
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Syntax  

- labe l :  -
-X—I |  -INCLUDE-ddname— (membername)  

—SEGMENT—, 

-SEG 

NOSEGHENT 

—NOSEG 

Operands  

l abe l  Opt iona l ,  
co lon .  

Code  one  or  more  l abe ls ,  each  fo l lowed by  a  

ddname Spec i fy  the  name of  the  DD s ta tement ,  in  th i s  compi le r  
run ' s  JCL,  fo r  the  da ta  se t  tha t  conta ins  the  inc luded  
tex t .  (Typica l ly ,  th i s  i s  SYSLIB.)  

membername Spec i fy  the  member  tha t  conta ins  the  inc luded  t ex t .  
(You wi l l  need  a  separa te  XINC1UDE fo r  each  par t i t ioned  
da ta  se t  member  you  inc lude . )  

SEGME NT/SEG Code  th i s  to  cause  the  t ex t  inc luded  by  th i s  s ta tement  
to  be  l i s ted  on  a  separa te  page  a f te r  a l l  non- inc luded  
tex t .  (This  i s  an  a id  to  keep  the  non- inc luded  t ex t  
compact  and  i t s  log ic  f low c lear ,  espec ia l ly  in  
s t ruc tured  code  under  the  FORMAT compi le r  op t ion . )  

NOSEGMENT/NOSEG Code  th i s  to  cause  the  compi le r  to  l i s t  the  t ex t  
inc luded  by  th i s  s ta tement  a t  the  p lace  where  i t  reads  
th i s  s ta tement .  

Seqment /Noseqment  Defau l t :  Whichever  segmenta t ion  parameter  i s  in  e f fec t  
for  the  SOURCE compi le r  cont ro l  op t ion .  
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X I N C L U D E  P a r a m e t e r i z a t i o n  

W h e n  s t a n d a r d  d e c l a r a t i o n s  f o r  c o n t r o l  b l o c k s  a r e  I N C L U D E D  i t  i s  o f t e n  
u s e f u l  t o  b e  a b l e  t o  c h a n g e  t h e  n a m e  a n d / o r  a t t r i b u t e s  o n  t h e  l e v e l  1 .  
T h e  f o l l o w i n g  e x a m p l e  s h o w s  h o w  t h i s  c a n  b e  a c h i e v e d :  

F i l e  • D C B  C O P Y ' :  

X A C T  Z N A M  E , Z A T T B ;  
% I F  Z N A M E = • 1  X T H E N  

X Z N A M  E = *  D C B • ;  / *  S E T  N A M E  D E F A U L T  * /  
X I F  Z A T T R = •  •  X T H E N  

% Z A T T R = ' B D Y ( H O E D )  B A S E D ' ;  / *  S E T  A T T E  D E F A U L T  * /  
D C L  1  Z N A M E  Z A T T E ,  

3  D C B F 1  . .  

3  D C B F N  ;  
X Z N A M E = ' ' ;  
X Z A T T E = '  '  ;  
X D E A C T  Z N A M E , Z A T T E ;  / *  R E S E T  F O E  O T H E R  I N C L U D E S  * /  

1 .  D e f a u l t  i n v o c a t i o n :  

X I N C L U D E  S Y S L I B ( D C B ) ;  

.  .  . w o u l d  r e t u r n :  

D C L  1  D C B  B D Y ( H O E D )  B A S E D ,  
3  D C B F 1  . .  

3  D C B F N  ;  

2 .  O v e r r i d i n g  d e f a u l t s :  

X Z N A M E = «  D C B E * ;  
X Z A T T E = ' ( 8 )  B D Y ( H O E D )  L O C A L  E X T E R N A L ' ;  
X I N C L U D E  S Y S L I B ( D C B ) ;  

. . . w o u l d  r e t u r n :  

D C L  1  D C B E ( 8 )  B D Y ( H O E D )  L O C A L  E X T E R N A L ,  
3  D C B F 1  . .  

3  D C B F N  ;  
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The % Nul l  S ta tement  in  Macro  Outer  Code  

Purpose  

A s ta tement  tha t  spec i f ies  a  macro  phase  s ta tement  wi thout  any  macro  
process ing  ac t ion  to  be  per formed.  

Rules  

When the  ta rge t  of  a  SGOTO s ta tement  i s  a  nu l l  s ta tement ,  p rocess ing  
proceeds  wi th  the  s ta tement  fo l lowing  the  nu l l  s ta tement .  A nu l l  
s ta tement  i s  requi red  when the  ta rge t  of  a  SGOTO s ta tement  i s  a  macro  
invoca t ion .  See  the  XGOTO descr ip t ion .  

When a  SIF  s ta tement  has  a  nu l l  s ta tement  as  the  THEN o r  ELSE c lause ,  no  
ac t ion  occurs  when the  compar i son  in  the  %IF s ta tement  l eads  to  the  nu l l  
s ta tement .  

Synta  x  

- l abe l :— 

Operand  

l abe l  Opt iona l .  Code  one  or  mere  l abe ls ,  each  fo l lowed by  a  co lon .  
(A l abe l  i s  requi red  i f  the  nu l l  s ta tement  i s  the  t a rge t  of  a  

GOTO o r  %GOTO s ta tement . )  
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INVOKING MACRO DEFINITIONS 

SUMMA RY 

You use  a  macro  Invoca t ion  to  cause  execut ion  of  the  s ta tements  of  a  
spec i f ied  macro  def in i t ion ,  dur ing  the  macro  p rocess ing  phase  o f  the  
compi le r .  Any answer  t ex t  produced  by  the  macro  def in i t ion  appears  in  
the  source  code  a t  the  poin t  where  the  macro  invoca t ion  took  p lace .  The  
answer  t ex t  i s  a l l  tha t  remains  of  a l l  the  macro  source  code  a f te r  the  
macro  process ing  phase .  The  answer  t ex t  and  compi le  source  code  (wi th  
t a rge t  var iab les  a l te red  to  the i r  macro  var iab le  ass igned  va lues)  a re  
the  input  s t ream to  the  compi le  phase  o f  the  compi le r .  

You usua l ly  code  a  macro  invoca t ion  by  i t se l f  as  a  s ta tement ;  however ,  
you  can  a l so  code  i t  as  the  operand  of  a  source  s ta tement .  

I f  the  va lue  of  a  rep laced  ta rge t  var iab le  conta ins  a  macro  invoca t ion ,  
the  macro  process ing  phase  does  no t  invoke  the  macro  def in i t ion .  

The  def in i t ion  of  the  macro  you  invoke  must  e i ther  be  in  a  l ib ra ry ,  o r  
must  have  been  processed  in  your  macro  code  ahead  of  your  invoca t ion  of  
i t .  

I f  a  macro  wi th  a  ce r ta in  name res ides  in  a  l ib ra ry  and  a  macro  wi th  the  
same name i s  def ined  in  the  source  program where  tha t  macro  name i s  
invoked ,  the  macro  def in i t ion  in  the  program and  no t  the  l ib ra ry ,  i s  
used .  

The  au thor  of  the  macro  must  in form you how to  use  the  macro ,  inc lud ing  
the  appropr ia te  va lues  to  code  in  the  invoca t ion  a rguments .  

For  the  PL/DS macro  descr ip t ions ,  see  the  publ ica t ion ,  JLis t r i .kH. i ed  
Proqr  amminq Develo  pment  Sys tem (DPDS)  ,  PL/DS Macros  For  JLEEJJ  k .§se .  
Refer  ence .  

PARAMETER PASSING 

l ihen  a  macro  def in i t ion  has  provis ion  for  parameter  pass ing ,  you  
inc lude ,  in  the  invoca t ion ,  a  macro  l i s t  to  pass  a  pos i t iona l  a rgument  
l i s t ,  and/or  a  keyname l i s t  to  pass  keyname a rgument  l i s t s .  

Macro  s ta tements  in  the  macro  def in i t ion  check  to  see  what  in format ion  
you  inc lude  on  the  macro  invoca t ion .  In  many cases  the  macro  def in i t ion  
wi l l  supply  a  defau l t  va lue  fo r  any  a rgument  ycu  do  no t  spec i fy  in  the  
macro  invoca t ion  and  for  any  keyname or  keyname a rgument  you  d id  no t  
spec i fy .  In  order  to  invoke  a  macro  def in i t ion  you mus t  know the  macro  
name and  be  aware  of  the  charac te r i s t ics  of  the  assoc ia ted  macro  l i s t ,  
inc lud ing  any  defau l t  va lues .  

TARGET STRINGS IN MACRO INVOCATIONS 

I f  a  macro  invoca t ion ' s  a rgument  conta ins  any  t a rge t  s t r ing  tha t  matches  
the  name of  a  var iab le  tha t  i s  ac t iva ted  in  the  invoking  envi ronment ,  
the  macro  p rocess ing  phase  of  the  compi le r  rep laces  the  invoca t ion  
var iab le  wi th  i t s  presen t ly-ass igned  var iab le  va lue  before  execut ing  the  
invoked  macro .  
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BLANKS AND COMMENTS IN MACRO INVOCATIONS 

Before  execut ion  of  the  invoked  macro ,  the  macro  process ing  phase  
removes  b lanks  and  comments  f rom the  macro  invoca t ion  s t r ing .  There  a re  
two except ions .  

The  f i r s t  except ion  i s :  any  b lank  or  comment  tha t  i s  par t  of  a  s t r ing  
cons tan t  i s  not  removed.  

The  second  except ion  i s  for  any  of  the  fo l lowing:  a  b lank ,  a  success ion  
of  one  or  more  b lanks ,  o r  a  comment .  Any o f  these  tha t  i s  preceded  o r  
fo l lowed by  an  a lphabe t ic  charac te r ,  numer ic  charac te r ,  underscore ,  o r  
apos t rophe  becomes  a  s ing le  b lank  before  execut ion  of  the  invoked  macro .  

Svnta  x  

i  1  
I  i  ,  1 I  

i  .  .  ,  .  I V | |  
V |  V |  V i— (—argument2 J )  —i |  

r - labe l : - " - ,  ,— ( -a rgument" ! -" )  —,  keyname- l  I—'- i  
- ? - |  |name |  |  — |  « '  |—;  

i  1  i  i  i  i  

Operands  

l abe l  Opt iona l ,  
co lon .  

Spec i fy  one  o r  more  l abe ls ,  each  fo l lowed by  a  

name Code  the  name of  the  macro  you  a re  invoking .  The  name of  a  
macro  i s  spec i f ied  in  the  SSMACRO s ta tement  a t  the  f i r s t  of  
the  macro  def in i t ion .  

argument" !  This  i s  your  pos i t iona l  parameter  l i s t  of  a rguments  fo r  use  
by  the  macro .  The  a rguments  mus t  be  in  the  seguence  
es tab l i shed  in  the  macro ' s  def in i t ion .  

Separa te  them by  commas .  To omi t  a  par t icu la r  pos i t iona l  
parameter ,  code  a  comma in  i t s  p lace .  

keyname Code  the  name of  one  of  th i s  macro ' s  keyname parameters ,  
spec i f ied  in  the  XMACRO s ta tement  a t  the  f i r s t  of  the  macro  
def in i t ion .  You can  code  the  keyname parameters  in  a  
d i f fe ren t  seguence  than  they  appear  in  on  the  %MACRO 
s ta tement .  

a rgument2  For  each  keyname,  you  can  code  e i ther  no  parameters ,  one  
parameter ,  o r  a  parameter  l i s t ;  depending  on  what  i s  def ined  
and  appropr ia te  fo r  the  macro  you  a re  invoking  and  the  use  
you  a re  making  of  i t .  
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Examples  of  Invoca t ions  

?  MACR012 (12 ,LIST, ,NO)  KEY1( '010 'B)  KEY2(A,B,C) ;  

. . .MACR012 i s  the  name of  the  macro .  This  invoca t ion  inc ludes  both  a  
pos i t iona l  parameter  l i s t  and  keynames  wi th  the i r  assoc ia ted  arguments .  

A =  B +  ?X;  

. . .X  i s  the  name of  the  macro  in  th i s  source  code  ass ignment  s ta tement .  

DO I  =  1  TO 20  BY 7INCRMNT;  

. . . INCRMNT i s  the  name of  the  macro  invoked  in  th i s  source  code  DO 
s ta tement .  

The  fo l lowing  a re  DPPX macro  invoca t ions :  

7ASSIGNQ QID(JABPI)  THRf^ 'X) ;  

7XCTL ID (2)  NAMEA(4)  RNAME (TARGETA) ;  
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CHAPTER 5 .  CODING PL/DS MACRO DEFINITIONS 

This  chapter  assumes  tha t  you  a re  fami l ia r  wi th  macro  p rocess ing  and  
invoca t ions  as  descr ibed  in  the  prev ious  chapter .  

A macro  def in i t ion  i s  a  sequence  of  macro  def in i t ion  ins t ruc t ions  tha t  
the  macro  p rocess ing  phase  in i t i a l ly  processes  and  then  executes  
wherever  tha t  macro  i s  invoked  in  the  user ' s  source  t ex t .  Macro  
def in i t ions  can  per form two func t ions :  

•  They can  ass ign  va lues  to  var iab les ,  such  as  rep lacement  va lues  fo r  
ta rge t  s t r ings  in  non-macro  t ex t .  

•  They can  spec i fy  source  code  s ta tements  fo r  inser t ion  in to  the  
source  t ex t  for  the  compi le r  run .  Source  s ta tements  inser ted  by  
macro  code  a re  ca l led  "answer  t ex t . "  

Macro  def in i t ions  can  appear  in  the  source  program or  can  res ide  as  
members  o f  a  user ' s  par t i t ioned  da ta  se t  (DDNAME =  SYSIIB) .  I f  a  macro  
def in i t ion  i s  inc luded  in  the  source  program,  on ly  tha t  source  program 
may invoke  the  macro .  A macro  def in i t ion  in  a  l ib ra ry  can  be  invoked  by  
any  number  o f  PI /DS programs.  

THE RESPONSIBILITIES OF A MACRO DEFINITION PROGRAMMER 

When you  a re  producing  macro  def in i t ions  tha t  wi l l  be  invoked  by  many 
users ,  you  a re  respons ib le  fo r  making  them as  read i ly  usab le  as  
poss ib le ,  and  for  supply ing  c lear ,  comple te  ins t ruc t ions  for  the i r  use .  
You can  see  an  approach  to  such  documenta t ion  in  the  publ ica t ion .  
Dis t r ibu ted  Process ing  Development  Sys tem (DPDS) ,  PL/DS Macros  fo r  DPPX 
Base :  Reference .  

Some of  the  th ings  you  should  spec i fy  in  a  user  descr ip t ion  of  a  macro  
a re :  

•  Which  o f  the  macro ' s  severa l  names  ( i f  more  than  one)  to  use  fo r  a  
cer ta in  func t ion .  

•  The  meanings  of  and  appropr ia te  va lues  fo r  both  pos i t iona l  
parameters  and  keyword  parameters ,  inc lud ing  subs t r ing ing  
informat ion .  

•  The  macro  ou te r  var iab les  tha t  the  user  mus t  dec la re  EXTERNAL 
( shared  var iab les )  ,  and  the  s ign i f icance  of  the  va lues  the  macro  
re turns  in  them.  

•  The  va lue  ( s )  - -  i f  any  — tha t  the  user  mus t  submi t  in  the  MACPARM 
compi le r  op t ion ,  fo r  use  by  th i s  macro .  

These  and  o ther  cons idera t ions  wi l l  come to  mind ,  i f  you  pu t  yourse l f  in  
the  shoes  of  the  coder  who wi l l  invoke  your  macro .  Te l l  h im enough,  bu t  
do  no t  t e l l  h im so  much tha t  he  wi l l  be  confused!  
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WRITING A MACRO DEFINITION 

Wri t ing  a  macro  def in i t ion  i s  very  s imi la r  to  wr i t ing  a  PI /DS procedure .  
Every  macro  def in i t ion  has  th ree  par t s :  

1 .  A % MACRO s ta tement  f i r s t .  

2 .  One  o r  more  macro  def in i t ion  s ta tements .  

3 .  A %END s ta tement  l as t .  

The  %MACRO s ta tement  begins  the  macro  def in i t ion  as  the  PROCEDURE 
s ta tement  begins  a  source  code  procedure .  I t  i s  somet imes  re fe r red  to  
as  a  header  s ta tement .  You mus t  code  a t  l eas t  one  name in  the  s ta tement .  
This  becomes  the  macro  name used  to  invoke  the  macro .  

The  macro  def in i t ion  s ta tements  be tween  the  %MACRO and  the  SEND 
s ta tements  can  be  any  of  the  fo l lowing:  

ACTIVATE s ta tement  
ANSWER s ta tement  
Ass ignment  s ta tement  
DEACTIVATE s ta tement  
DECLARE s ta tement  
DO s ta tement  
END s ta tement  
GOTO s ta tement  
IF  s ta tement  
Nul l  s ta tement  
RETURN s ta tement  

The  SEND s ta tement  def ines  the  end  of  the  macro  def in i t ion .  

You wi l l  no t ice  tha t  the  names  of  some macro  def in i t ion  s ta tements  and  
macro  ou te r  s ta tements  a re  iden t ica l .  There  i s  usua l ly  a  d i f fe rence  in  
the i r  uses ,  however ,  and  the  descr ip t ions  in  th i s  chapter  of  the  manual  
po in t  ou t  the  d i f fe rences .  

SHARING VARIABLES BETWEEN MACRO DEFINITIONS 

Each  macro  def in i t ion  i s  a  separa te  "envi ronment"  f rom any  o ther  macro  
def in i t ion  and  f rom the  macro  ou te r  (non-def in i t ion  s ta tements )  
envi ronment .  

To  share  a  var iab le  among severa l  envi ronments  in  the  same user  program,  
you  must  dec la re  tha t  var iab le  as  EXTERNAL in  each  of  those  
envi ronments .  I f  the  user  who i s  invoking  your  macros  mus t  make  use  of  
a  macro  def in i t ion  var iab le  you  dec la re  as  EXTERNAL,  he  must  be  to ld  to  
dec la re  the  var iab le  EXTERNAL in  h i s  ou te r  code .  

One  use  of  th i s  would  be  fo r  the  macro  def in i t ion  to  ass ign  the  va lue  of  
a  shared  macro  var iab le  so  tha t  i t s  cor responding  non-macro  t a rge t  
s t r ing  would  be  rep laced  wi th  an  appropr ia te  va lue  cor responding  to  an  
invoked  macro-def in i t ion-de tec ted  condi t ion .  

Note  tha t  a  shared  var iab le  car r ies  i t s  most  recent  ac t iva ted  or  
deac t iva ted  s ta tus  across  envi ronments .  
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MACRO DEFINITION FUNCTIONS 

The  macro  def in i t ion  func t ions  a re  spec ia l  func t ions  tha t  you  can  use  in  
macro  def in i t ion  s ta tements .  They  provide  you  wi th  da ta  tha t  i s  not  
ava i lab le  wi th  normal  opera tors  and  operands .  

When you  code  one  of  these  func t ions  in  a  macro  def in i t ion  s ta tement ,  
the  compi le r  deve lops  and  uses  the  va lue  i t  s tands  for  in  i t s  p lace .  

The  21  macro  def in i t ion  func t ions  a re  a l l  expla ined  under  "Using  Macro  
Def in i t ion  Funct ions ."  

The  invoca t ion  da ta  macro  def in i t ion  func t ions  and  the  MACPARM func t ion  
a re  espec ia l ly  usefu l  fo r  bu i ld ing  macro  log ic  based  upon va lues  and  
passed  by  invokers  and  compi le  t ime  users ,  respec t ive ly .  

MACRO DEFINITION ENVIRONMENT KEYWORDS 

F igure  22  l i s t s  a l l  of  the  words  recognized  by  the  compi le r  macro  phase  
process ing  as  macro  def in i t ion  envi ronment  keywords .  Those  keywords  
tha t  a re  ind ica ted  as  reserved  cannot  be  used  for  var iab le  names .  

(A macro  def in i t ion  func t ion  i s  not  a  reserved  keyword ,  bu t  i t  cannot  be  
used  as  bo th  a  macro  def in i t ion  func t ion  and  var iab le  name.  Unless  you  
expl ic i t ly  dec la re  i t  as  user  da ta ,  the  macro  def in i t ion  func t ion  i s  
ca tegor ized  for  the  whole  compi le r  run  by  the  way you  have  used  i t  the  
f i r s t  t ime the  compi le r  sees  i t . )  

KEYWORD ABBREVIATION RESERVED 

ACTIVATE ACT Yes  
ANSWER ANS Yes  

CHARACTER CHAR 
CODE 
COLUMN COL 

DEACTIVATE DEACT Yes  
DECLARE DCL Yes  
DO Yes  

ELSE Yes  
END Yes  
EXTERNAL EXT 

FIXED 

GOTO GO TO Yes  

IF  Yes  
INTERNAL INT 

KEYS 

MACRO Yes  
MESSAGE MSG 

NORESCAN 

PAGE 

RE SCAN 
RETURN Yes  

SKIP 

THEN Yes  

F igure  22 .  Macro  Def in i t ion  Keywords  
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COMPILER CONTROLS FOR MACRO PROCESSING 

MACRO SOURCE CODE MARGINS 

The  macro  def in i t ion  s ta tements  in  your  source  da ta  se t  must  observe  the  
l e f t  and  r igh t  source  co lumns  spec i f ied  in  the  MARGINS compi le r  op t ion .  
I f  there  i s  any  non-macro  t ex t  ou ts ide  of  these  co lumns ,  the  compi le r  
copies  i t  to  the  ou tput  t ex t  of  the  macro  p rocess ing  phase .  See  
"Compi le r  Opt ions ."  

COMPILER CONTROL STATEMENTS 

You may code  8SPACE and  8EJECT compi le r  cont ro l  s ta tements  wi th in  a  
macro  def in i t ion .  

THE FOUR STEPS OF MACRO USE 

This  sec t ion  g ives  an  example  o f  a  requi rement ,  and  expla ins  the  s teps  
involved  in  cons t ruc t ing  and  invoking  a  PL/DS macro  to  meet  tha t  
requi rement .  

In  th i s  example ,  a  PL/DS macro  ?LINK i s  requi red  so  tha t  the  invoca t ion :  

DCL R18 PTR REG (18)  ;  
DCL R16 FIXED(16)  REG(16) ;  
DCL ENTP PTR;  
DCL ENT ENTRY BASED(ENTP)  VALUERANGE (*)  ;  
?LINK EP (ENT)  ;  

. . .wi l l  genera te :  

DO;  
RFY (R16,  R18)  RSTD;  
R18=ADDR (ENT)  ;  
R16=567 8 ;  
KIZ (127) ;  
RFY (R16,  R18)  UNRSTD;  

END ;  

The  fo l lowing  s teps  a re  requi red  to  ach ieve  th i s :  

S tep  J :  Crea te  the  macro .  

The  fo l lowing  macro  def in i t ion  must  be  c rea ted :  

SLI  NK:  MACRO KEYS (EP)  ;  
ANS ( •  DO; ' )  

ANS( 'RFY (R16,  R18)  RSTD; ' )  
ANS(•R18 =  ADDR ( • I  IEP (1)  | |  ' )  ; '  
ANS(•R16=5678; • )  
ANS ( 'KIZ (127)  ;  • )  
ANS ( •RFY (R16,  R18)  UNRSTD; '  

ANS( 'END; ' )  
SEND;  

COL (M ACCOL)  ;  
COL (M ACCOL* 2)  SKIP;  

)  COL (M ACCOL* 2)  SKIP;  
COL (MACCOL* 2)  SKIP;  
COL (MACCOL* 2)  SKIP;  

)  COL (M ACCOL+ 2)  SKIP;  
COL (MACCOL) SKIP;  

S tep  2 :  Cata log  the  f i l e  conta in ing  
par t i t ioned  da ta  se t .  

the  macro  def in i t ion  
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Step 3: Add the macro invocation to the source program. 

For example: 

T:PROC; 

^INCLUDE SYSLIB(LINK); /* NOT ESSENTIAL - BUT USEFUL 
WHEN AND ONLY WHEN 
DEBUGGING THE MACRO */ 

?LINK EP (FEED); /* INVOKE LINK MACRO */ 

END; 

Step 4: Compile the source program. 

Whenever the invocation, ?LINK, appears in the source program, the 
specified code will he prepared for the compile phase. 

MACEO DEFINITION DEBUGGING klOS 

When debugging Ymacros, use the HACEO and HSOUBCE options. In addition, 
the VBLTEC option lists each change in value of any macro variable ^hat 
you specify. The variable value changes are printed on the macro phase 
listing at the location of the invocation. 

You code the option as a keyword preceding the semicolon at the end of 
your test run invocation as follows: 

I r 1 

V I 
? normal invocation contents VBLTEC-( variable name—1—) ; 

...where "variable" is the name of the a macro definition variable 
whose value changes during macro execution are to be listed. In the 
following example: 

?LINK EP(ENT1) VBLTEC(JOE,SAM) ; 

...the changes to variables JOE and SAM are printed during execution of 
the macro LINK. 
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SUMMARY OF MACRO DEFINITION STATEMENTS 

The  macro  def in i t ion  s ta tements  a re  the  par t  of  the  PL/DS macro  l anguage  
tha t  you  choose  f rom when you  def ine  a  macro .  You use  them to :  

•  Descr ibe  the  log ic  of  the  macro .  

•  Produce  ANSWER t ex t .  

•  Se t  macro  def in i t ion  var iab les .  

Each  macro  def in i t ion  cons is t s  o f :  a  %MACRO s ta tement ,  in  which  you  
spec i fy  the  macro  name and  keyword  names ;  the  se t  of  macro  def in i t ion  
s ta tements  tha t  spec i fy  the  ac t ion  or  se t  of  ac t ions  tha t  a re  to  occur  
when you  invoke  th i s  macro ;  and  the  %END s ta tement ,  tha t  s ign i f ies  the  
end  of  th i s  macro .  

Wi th in  the  macro  def in i t ion  s ta tements  you  may code  macro  def in i t ion  
func t ions ,  a  spec ia l  se t  of  func t ions  descr ibed  under  "Coding  Macro  
Def in i t ion  Funct ions ."  F igure  23  l i s t s  the  macro  def in i t ion  s ta tements  
covered  in  th i s  sec t ion .  

STATEMENT USE 

ACTIVATE 

ANSWER 

ass ignment  

DEACTIVATE 

DECLARE 

DO 

END 

SEND 

GOTO 

IF  

SMACRO 

nu l l  

RETURN 

Causes  the  spec i f ied  macro  def in i t ion  
var iab le ' s  ass igned  va lue  to  rep lace  e l ig ib le  
match ing  t a rge t  s t r ings .  

Conta ins  an  express ion  tha t  i s  eva lua ted  
and  made  par t  o f  the  source  tex t  to  be  
compi led .  

Ass igns  a  va lue  to  a  macro  def in i t ion  var iab le .  

Blocks  the  spec i f ied  macro  def in i t ion  
var iab le ' s  ass igned  va lue  f rom rep lac ing  
e l ig ib le  match ing  t a rge t  s t r ings .  

Def ines  the  da ta  type  and  scope  of  a  
macro  var iab le .  

Begins  a  un i t  of  code  wi th in  a  macro  def in i t ion .  

Ends  a  un i t  of  code  wi th in  a  macro  def in i t ion .  

Marks  the  end  of  a  macro  def in i t ion .  

Uncondi t iona l  b ranching  wi th in  a  macro  def in i t ion .  

Provides  condi t iona l  macro  s ta tement  execut ion .  

Marks  the  beginning  of  a  macro  def in i t ion .  

Causes  no  ac t ion .  

Returns  cont ro l  to  the  invoker  o f  a  macro .  

F igure  23 .  Table  of  Macro  Def in i t ion  Sta tements  
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ACTIVATE — Act iva te  Macro  Def in i t ion  Var iab le  

Purpose  

You use  the  macro  def in i t ion  ACTIVATE s ta tement  to  res tore  a  p rev ious ly  
deac t iva ted  macro  def in i t ion  var iab le  to  "ac t iva ted"  s ta tus .  

(Note  tha t  there  i s  a  macro  ou te r  %ACTIVATE s ta tement ,  fo r  macro  ou te r  
t a rge t  s t r ings . )  

The  t a rge t  s t r ings  tha t  a re  e l ig ib le  to  be  rep laced  by  the  ass igned  
va lue  of  ac t iva ted  macro  def in i t ion  var iab les  a re  expla ined  in  the  
descr ip t ion  of  the  Ass ignment  s ta tement .  

Bules  

P h a s e  u s e s  t h e  ass igned  va lue  of  an  ac t iva ted  macro  
x  var iab le  to  rep lace ,  in  each  subsequent  macro  def in i t ion  

ANSWER s ta tement  tha t  i t  executes  in  th i s  macro  def in i t ion ,  each  
name" 1  t a rge t  s t r ing  tha t  matches  the  macro  def in i t ion  var iab le ' s  

The  defau l t  s ta te  of  each  macro  def in i t ion  var iab le  dec la red  INTERNAL i s  ac t iva tea .  

s ^ a t e  o f  each  macro  def in i t ion  var iab le  dec la red  EXTERNAL i s  
ac t iva ted ,  un less  the  most  recent  envi ronment  tha t  dec la red  the  sane  
var iab le  name EXTERNAL has  a l so  deac t iva ted  i t .  

Answer  t ex t  i s  rescanned  for  ta rge t  s t r ings  except  
macro  var iab le  va lues  you  ea r l ie r  deac t iva te  wi th  
DEACTIVATE s ta tements ,  o r  (b)  answer  t ex t  in  whose  A 
spec i fy  NORESCAN.  The  DEACTIVATE s ta tement  in  (a )  
appear  ea r l ie r  in  the  presen t  macro  def in i t ion ,  o  
dec la red  EXTERNAL,  could  appear  in  a  macro  def in i t ion  
i t  EXTERNAL and  i s  invoked  p r ior  to  the  invoca t ion  o  
def in i t ion .  

fo r  e i ther  (a )  the  
macro  def in i t ion  

NSWER s ta tement  you  
above  would  e i ther  
r ,  for  a  var iab le  
tha t  a l so  dec la res  

f  the  presen t  macro  

Dur ing  the  macro  process ing  phase  of  the  compi le r ,  ACT and  ACTIVATE a re  
reserved  keywords ;  do  no t  use  them as  var iab le  names .  

Syntax  

r -i 

V " - labe l :—i—, i—ACT ,  v  
I  |  1 
L  '  •—ACTIVATE "  

Operands  

l abe l  Opt iona l .  Code  one  o r  more  l abe ls ,  each  fo l lowed by  a  co lon .  

name Code  the  ta rge t  var iab le ' s  name:  a  charac te r  s t r ing  in  answer  
t ex t  to  become e l ig ib le  for  rep lacement  by  i t s  cor resnondinn  macro  var iab le ' s  ass igned  va lue!  cor responding  
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ANSWER - -  Genera te  Source  Text ,  Invoke  Inner  Macro ,  P r in t  Message  

Purpose  

You use  the  macro  def in i t ion  ANSWER s ta tement  to  spec i fy  a  l ine  of  
compi le r  source  code  to  De inser ted  in  th i s  loca t ion  dur ing  the  macro  
p rocess ing  phase  of  the  compi le r .  You can  use  the  ANSWER s ta tement  to  
invoke  another  macro  f rom wi th in  the  macro  def in i t ion .  Also ,  you  can  
spec i fy  message  t ex t  to  be  pr in ted  on  the  MSOURCE l i s t ing .  

Rules  

The  ANSWER s ta tement  i s  the  only  way to  invoke  another  macro  wi th in  a  
macro .  You can  invoke  a  fu r ther  macro  f rom invoked  macros  fo r  a  to ta l  
of  15  l eve ls  of  macros  inc lud ing  the  f i r s t  one .  

The  PL/DS MACGEN compi le  s ta tement  i s  va l id  only  when i t  i s  answer  t ex t  
f rom an  ANSWER s ta tement  in  a  macro  def in i t ion  tha t  i s  invoked  f rom a  
macro  l ib ra ry .  

Answer  express ion  tex t  i s  scanned  and  e l ig ib le  t a rge t  s t r ings  a re  
rep laced  us ing  a  d i f fe ren t  procedure  f rom tha t  used  fo r  o ther  e l ig ib le  
ta rge t  s t r ings  dur ing  the  macro  phase  of  the  compi le r .  For  a  
descr ip t ion  of  p rocess ing  of  ANSWER s ta tements ,  see ,  "The  Sequence  of  
Process ing  ANSWER S ta tements , "  be low.  

You can  code  a  macro  def in i t ion  tha t  conta ins  none  or  one  or  more  ANSWER 
s ta tements .  

The  macro  p rocess ing  phase  pos i t ions  the  resu l t ing  answer  t ex t  o r  
message  a t  the  p lace  in  the  source  code  where  i t  processes  the  ANSWER 
s ta tement  tha t  spec i f ied  the  answer  o r  message  t ex t  (^ee  your  MSOURCE 
l i s t ing) .  

Dur ing  the  macro  process ing  phase  of  the  compi le r ,  ANS and  ANSWER a re  
reserved  keywords ;  do  not  use  them as  var iab le  names .  
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Syntax  

1  I r  PAGE t  
- labe l : J n  i—ANS ,  „—(express ion l )  —,  .  

|  — |  |  —| |—|— — —— — — — — — — — +  n  
1  1 —ANSNER—< '  1 .  r  (express ion2)  t  .  .  

L SKIP—|  |  — 1  .  
i 1 

,  MSG 
i  R  ESC A N i  p—|  |  -  (express ion3)—i  |—|  (—(express ion l )— 

.  .  L COLUMN J  .  .  LHESSAGE-"  
"t- — — — H—. .—. 

•  •  .  .  L NORE SCA N J  < i  j  

Operands  

l abe l  Opt iona l .  Code  one  o r  more  l abe ls ,  each  fo l lowed by  a  
co lon .  

express ion l  Code ,  in  paren theses ,  the  express ion  wi th  which  the  »acro  
process ing  phase  of  the  compi le r  wi l l  produce  answer  
t ex t .  The  var iab les ,  macro  def in i t ion  func t ions ,  and  
cons tan ts  tha t  you  code  in  the  express ion  must  a l l  be  
CHAHACTEB.  

You may code  a  macro  invoca t ion ,  p rovided  i t  i s  a t  the  
end  of  the  answer  express ion .  See  under  "Bules"  above ,  
in  th i s  descr ip t ion .  

See ,  "Coding  the  Answer  Express ion ,"  be low.  

SKIP(express ion2)  
Spec i f ies  tha t  the  answer  t ex t  produced  f rom express ion l  
i s  to  be  on  the  new source  l i s t ing  l ine .  I f  you  do  no t  
wish  the  defau l t  sk ip  of  1  (next  l ine)  ,  code  a  f ixed  
express ion .  (SKIP,  l ike  the  compi le r  cont ro l  word ,  
SPACE,  does  no t  space  any  fur ther  than  the  top  l ine  on  
the  next  page . )  

I f  you  code  bo th  SKIP and  PAGE,  SKIP i s  ignored .  

P A G E  Speci f ies  tha t  the  answer  t ex t  produced  f rom express ion l  
i s  to  be  a t  the  top  of  a  new page .  (PAGE i s  l ike  the  
compi le r  cont ro l  word ,  EJECT.)  

I f  you  code  bo th  SKIP and  PAGE,  SKIP i s  ignored .  

KESCAN Spec i f ies  tha t  the  answer  t ex t  express ion  i s  to  be  
scanned  for  ta rge t  var iab les  tha t  cor respond to  macro  
var iab les ,  and  the  var iab les  rep laced  by  the i r  macro  
var iab le  va lues .  RESCAN i s  the  defau l t  i f  you  do  no t  
code  NORESCAN.  See  "Targe t  Var iab les  in  Answer  Text  "  
be low.  '  

NORESCAN Spec i f ies  tha t  you  do  no t  want  scanning  of  th i s  answer  
express ion ,  wi th  rep lacement  o f  t a rge t  s t r inqs ,  to  take  
p lace .  NORESCAN i s  in  e f fec t  on ly  for  each  s inq le  ANSWEF 
s ta tement  you  code  i t  in .  
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COL/COLUMN (express ion3)  
Spec i f ies  the  co lumn of  the  source  program l i s t ing  tha t  
the  answer  t ex t  i s  to  s ta r t  in .  (See  the  MACCOL macro  
def in i t ion  func t ion  for  a  usefu l  example . )  Code  an  
express ion  tha t  i s  e i ther  a  f ixed  cons tan t  or  a  f ixed  
var iab le  or  a  complex  a r i thmet ic  express ion .  You may use  
any  macro  def in i t ion  func t ions ,  so  long  as  the  resu l t  i s  
ar i thmet ic .  This  parameter  i s  in  e f fec t  for  th i s  
s ta tement  on ly  and  on  the  source  l i s t ing  only ,  even  i f  
the  compi le r  op t ion  FORMAT COMPILE i s  in  e f fec t .  

See  a l so ,  "Defaul t  Values  fo r  the  COLUMN Keyword ,"  be low.  

Spec i f ies  a  message ,  in  express ions ,  to  be  p r in ted  on  the  
msource  l i s t ing  a t  the  p lace  where  the  macro  conta in ing  
th i s  ANSWER s ta tement  was  invoked .  Use  on ly  charac te r  
var iab les  and  cons tan ts  in  the  express ions  message  t ex t .  
(On the  source  l i s t ing ,  the  ANSWER s ta tement  ind ica tes  
the  f i r s t  of  any  answer  t ex t . )  

MSG/MESSAGE (express ions)  

Coding  the  Answer  Express ion  

The  answer  express ion  (express ion! ,  above)  has  the  fo l lowing  syntax :  

r' I  I  

• bu i l t - in  func t ion  
V rmacro  invoca t ion- !  

( ' cons tan t '  

1  var iab le -

bu i l t - in  func t ion  Code  a  func t ion  tha t  re turns  ( reso lves  to )  a  
charac te r  s t r ing .  

' cons tan t '  Code  a  charac te r  s t r ing ,  enc losed  in  apos t rophes .  

var iab le  Code  a  charac te r  var iab le  ( subscr ip ted ,  i f  in  
a r ray) .  

macro  invoca t ion  Opt iona l .  Code  a  macro  invoca t ion  a t  the  very  end  of  
the  ANSWER express ion .  

The  answer  t ex t  produced  f rom the  express ion  in  the  ANSWER s ta tement  can  
be  any  charac te r  s t r ing .  This  inc ludes  assembler  language  s ta tements  
and  a l l  PL/DS s ta tements  o ther  than  macro  s ta tements  ( the  macro  
invoca t ion  i s  an  except ion)  .  Answer  t ex t  tha t  i s  to  be  compi led  mus t  be  
PL/DS code ,  o r  i t  must  combine  wi th  sur rounding  s t r ings  to  make  PL/DS 
code .  (Reserved  words  tha t  appear  in  answer  t ex t  mus t  conform to  PL/DS 
ru les  for  the i r  use . )  
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Defaul t  Values  of  t i e  COLUMN Keyword  

The  COLUMN keyword  ind ica tes  tha t  the  s ta r t ing  column for  p r in t ing  e  
answer  t ex t .  Be  ce r ta in  to  spec i fy  a  co lumn grea te r  than  MACLMAE an  
l ess  than  o r  equa l  to  the  r igh t  source  marg in ,  spec i f ied  in  the  MARGINs 
compi le r  op t ion .  (You can  ob ta in  th i s  va lue  wi th  the  MACBMAR,  macro  
def in i t ion  func t ion . )  

I f  you  spec i fy  a  co lumn number  fo r  a  l ine  and  tha t  co lumn a l ready  
conta ins  answer  t ex t  ( f rom a  preceding  ANSWER s ta tement ) ,  the  new ANSWER 
s ta tement ' s  p r in ted  answer  t ex t  wi l l  beg in  on  a  new l ine .  

I f  the  answer  t ex t  does  no t  a l l  f i t  on  the  l ine ,  par t  of  i t  wi l l  be  
p laced  up  to  the  r igh t  source  marg in  (MACRMAR) ;  the  remainder  i s  
cont inued  on  the  next  l ine  a t  the  l e f t  source  marg in  (MACLMAR) .  

I f  you  omi t  the  COLUMN Keyword ,  one  of  the  fo l lowing  th ree  th ings  
occurs :  

1 .  I f  th i s  i s  the  f i r s t  ANSWER s ta tement  in  the  macro  def in i t ion ,  the  
answer  t ex t  begins  in  the  same co lumn as  the  macro  name in  the  
macro  invoca t ion .  

2 .  I f  an  ANSWER s ta tement  precedes  th i s  ANSWER s ta tement ,  and  PAGE o r  
SKIP i s  not  spec i f ied  or  impl ied ,  the  answer  t ex t  begins  in  the  
column immedia te ly  fo l lowing  the  l as t  charac te r  of  the  prev ious  
answer  s t r ing .  

3 .  I f  the  ANSWER s ta tement  conta ins  the  keyword  PAGE o r  SKIP,  the  
answer  t ex t  begins  in  the  same co lumn as  the  macro  name in  the  
s ta tement  tha t  invoked  th i s  macro .  

The  Sequence  of  Process ing  ANSWER S ta tements  

When the  macro  process ing  phase  of  PL/DS executes  an  ANSWER s ta tement  as  
par t  of  an  invoked  macro  def in i t ion ,  there  i s  a  se t  sequence  of  
opera t ions  per formed on  the  conten ts  of  the  ANSWER s ta tement .  The  
sequence  i s  as  fo l lows:  

1 '  Answer  Express ion  (express ion1  in  ANSWER Syntax) :  Regard less  of  
whether  o r  no t  NORESCAN i s  spec i f ied ,  scan  the  whole  answer  express ion  
once ,  wi thout  recogniz ing  any  inner  macro  invoca t ion  tha t  i t  conta ins .  
Replace  any  macro  def in i t ion  func t ions  ( inc luding  any  macro  invoca t ion  
pos i t iona l  and  keyword  parameters )  wi th  the i r  charac te r  va lues .  Replace  
any  e l ig ib le  ta rge t  var iab le  wi th  i t s  immedia te  macro  def in i t ion  
var iab le ' s  ass igned  va lue ,  bu t  do  no t  rescan  the  rep laced  s t r ing .  

Macro  def in i t ion  bu i l t - in  func t ions  a re  recognizable  when coded  as  
ind iv idua l  tokens  separa ted  by  the  conca tena t ion  opera tor  ( | | ) .  (No 
enc los ing  s ing le  quotes  a re  a l lowed.  For  example ,  MACNAME i s  recognized  
and  rep laced ,  bu t  'MACNAME'  i s  not . )  

2 .  Produce  Answer  Text  (NORESCAN In  Ef fec t ) :  I f  NORESCAN i s  spec i f ied ,  
p lace  the  en t i re  answer  express ion  tha t  resu l t s  f rom s tep  1  in to  the  
output  s t ream of  the  macro  p rocess ing  phase ,  obeying  the  PAGE,  SKIP,  o r  
COL tha t  i s  spec i f ied  in  the  ANSWER s ta tement .  

( I f  the  answer  t ex t  conta ins  an  inner  macro  invoca t ion ,  the  inner  macro  
i s  not  executed ,  and  because  i t  remains  in  the  output  i t  subsequent ly  
causes  a  compi le  phase  e r ror . )  
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3.  Produce  Answer  Text  (BESCAN in  Ef fec t ) :  I f  BESCAN i s  in  e f fec t  
(e i ther  defau l ted  or  BESCAN spec i f ied)  rescan  the  ANSWEB express ion  tha t  
resu l t s  f rom s tep  1  for  t a rge t  s t r ings  tha t  match  ac t iva ted  macro  
var iab les ,  and  rep lace  each  such  ta rge t  s t r ing  wi th  the  va lue  presen t ly  
ass igned  to  i t s  match ing  macro  def in i t ion  var iab le .  Immedia te ly  rescan  
and  re - rescan  each  such  rep laced  token  un t i l  no  fu r ther  rep lacements  a re  
found for  i t ,  then  cont inue  scanning  the  answer  express ion  for  another  
e l ig ib le  ta rge t  s t r ing .  

P lace  the  resu l t ing  tex t ,  up  to  any  answer  express ion  inner  macro  
invoca t ion ,  in to  the  macro  p rocess ing  phase  ou tput  da ta  se t ,  obeying  the  
PAGE,  SKIP,  o r  COL tha t  i s  spec i f ied  in  the  ANSWEB s ta tement .  

4 .  Execute  Inner  Macro  Invoca t ion  (BESCAN in  Effec t ) :  I f  an  inner  macro  
invoca t ion  wi th in  the  answer  express ion  i s  encountered  whi le  rescanning ,  
rescan  any  e l ig ib le  ta rge t  s t r ings  i t  conta ins  and  execute  tha t  macro  
def in i t ion  immedia te ly .  

(A macro  invoca t ion  tha t  i s  conta ined  in  the  rep lacement  va lue  of  an  
answer  express ion  ta rge t  s t r ing  i s  executed  because  the  invoca t ion  
t r igger  charac te r  (? )  i s  recognized  dur ing  the  re - rescan . )  

Process  any  answer  express ion  in  the  inner  macro  in  the  same way as  
descr ibed  in  th i s  sec t ion .  

5 .  I s sue  Message  Text  (express ion  4  in  ANSWEB Syntax)  :  

Af te r  process ing  the  answer  express ion  as  in  s tep  2  o r  s teps  3  and  4  
above ,  scan  the  message  express ion  once ,  as  for  express ion!  in  s tep  1  
above ,  and  i s sue  the  resu l t ing  tex t  as  a  message  on  the  MLIST l i s t ing .  

6 .  Besume Execut ion ;  Besume execut ion  of  the  macro  def in i t ion  a t  the  
s ta tement  fo l lowing  the  ANSWEB s ta tement .  

Avoid ing  Messages  Tha t  a re  Out  o f  Sequence  M±£h Answer  Text  

For  a  se r ies  of  success ive ly  nes ted  inner  macros  invoca t ions ,  the i r  
MLIST messages  may appear  in  inverse  order  to  the i r  answer  t ex t  and  
invoca t ions .  

This  occurs  when MESSAGE i s  coded  in  ANSWEB s ta tements  whose  express ion!  
conta ins  an  inner  macro  invoca t ion :  The  success ive  macros ,  ANSWEB 
s ta tements ,  and  inner  invoca t ions  in  express ion!  a re  processed  and  
executed ,  un t i l  no  fu r ther  nes ted  invoca t ion  occurs ;  the  innermost  
nes ted  macro  i s  comple ted  and  process ing  re turns  to  i t s  invoic ing  ANSWEB 
s ta tement ;  tha t  ANSWEB s ta tement ' s  message  i s  processed ;  upon  comple t ion  
of  i t s  macro ,  p rocess ing  "backs  ou t"  to  the  next - to- innermost  invoking  
ANSWEB s ta tement  and  i s sues  i t s  message ,  and  so  on .  

To  have  messages  appear  in  the  same seguence  as  the i r  cor responding  
answer  t ex t  and  macro  invoca t ions ,  code  the  ANSWEB s ta tement  wi th  
MESSAGE (express ion4)  on ly ,  then  code  the  ANSWEB s ta tement  wi th  
express ion!  on ly .  
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Example  o f  ANSBEE Macro  Sub- Idvoca t ions  Wi th  Pa ramete r  Pass ing  

The  fo l lowing  a re  th ree  macro  de f in i t ions .  Hi ,  M2,  *  T t he  
i l l u s t r a t e ,  in  ANSBEE s t a t ement s  con ta in ing  macro  sub- invoca t  '  
uses  bo th  o f  l i t e ra l  keynames  t ha t  don ' t  ge t  subs t i tu t ed  and  ^ i t i  
t ha t  do  ge t  subs t i tu t ed .  (See  the  desc r ip t ion  o f  the  macro  de f in i t ion  
Keyname func t ion . )  

The  au thor  o f  M1 ca l l ed  fo r  th ree  invoca t ion  keyname  pa ramete r s :  

% M1:  MACEO KEYS (AB,  CD,  EF) ;  

% END;  

The  au thor  o f  B2  has  found  a  use  fo r  M1 and  deve loped  log ic  to  sa t i s fy  
keyname  EF ,  l eav ing  on ly  two  keyname  pa ramete r s  fo r  the  invoker  o  
spec i fy :  

% M2:  MACEO KEYS (AB,  CD)  ;  

DCL VAEEF.  .  . ;  
VAEEF =  'LOU•  | |CD(1)  ;  

INV0KM1:ANSBEE 
( '  ?M1 '  |  |  '  AB* |  I AB |  |  '  CD '  |  |  CD |  |  '  EF ( '  |  I V AE EF  |  |  '  )  ;  1  )  ;  

% END;  

The  au thor  o f  M3 bu i lds  upon  the  M2 macro .  He  bu i lds  log ic  to  genera te  
a  va lue  fo r  keyname  CD,  l eav ing  on ly  AB fo r  the  M3 invoker  t o  spec i fy :  

% M3:  MACEO KEYS (AB) ;  

DCL VAECD.  .  . ;  
VAECD =  AB (1 )  I  I  1 1  '  ;  

INV0KM2:  ANSBEE ( , ?M2 , | | I  AB' | |AB | | '  CD( ' |  IVAECD |  | • )  ; ' )  ;  

% END;  

G iven  t h i s  s imple  invoca t ion :  

?  INV0KM3:  M3 AB (5491)  ;  

. . . s t a t ement  INV0KEM2 genera tes  t h i s  sub- invoca t ion :  

?M2 AB (54  9  1 )CD (54911)  ;  

. . . and  subsequen t ly  s t a t ement  INV0KEM1 p roduces  t h i s  second  l eve l  inne r  
invoca t ion :  

?M1 AB (5491)CD (54911)EF(L0D54911)  ;  

In  t h i s  way ,  t hen ,  you  can  see  how you  can  make  use  o f  and  somet imes  
s impl i fy  ex i s t ing  macros  by  de f in ing  ou te r  macros  t ha t  bu i ld  the  
requ i red  pa ramete r  va lues ,  and  then  pass  these  va lues  to  the i r  
appropr ia t e  keynames  i n  in t e rna l  ANSBEE express ion  invoca t ions .  
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E x a m p l e s  o f  t h e  M a c r o  D e f i n i t i o n  A N S W E R  S t a t e m e n t  

X X :  M A C R O ;  
D C 1  ( A  ,  B )  C H A R  ;  
A = • V B L ' ;  
B =  ;  

A N S  ( ' A = A + B  + 1 |  | C H A R  ( L E N G T H  ( A ) )  |  |  •  ; ' )  ;  
/ *  R E T U R N S  T O  T H E  C O M P I L E R ;  * /  
/ *  V B L = V B L + + + 3 ;  * /  

A N S  ( • A = A + B ;  ' ) N O R E S C A N ;  
/ •  R E T U R N S  T O  T H E  C O M P I L E R :  * /  
/ *  A = A + B ;  * /  

/ *  M E S S A G E  E X P R E S S I O N S  * /  

A N S  M S G ( *  A  C O N T A I N S  A N  I N V A L I D  V A L U E ' ) ;  
/ *  T H E  M E S S A G E  O N  T H E  * /  
/ *  S O U R C E  L I S T I N G  I S :  * /  

/ *  M S G  V B L  C O N T A I N S  A N  I N V A L I D  V A L U E  * /  

A N S  M S G  ( ' A  C O N T A I N S  A N  I N V A L I D  V A L U E ' )  N O R E S C A N ;  
/ *  T H E  M E S S A G E  O N  T H E  » /  
/ *  S O U R C E  L I S T I N G  I S :  * /  
/ *  M S G  A  C O N T A I N S  A N  I N V A L I D  V A L U E  * /  

/ *  N E S T I N G  M A C R O  I N V O C A T I O N S  * /  

A N S  ( ' A = ? Y ;  ' )  ;  
/ *  R E T U R N S  T O  T H E  C O M P I L E R :  * /  
/ *  V B L = 1 0 ;  * /  

S E N D  X ;  

X Y :  M A C R O ;  

A N S  ( '  1 0 ; ' )  
/ *  T H I S  A N S W E R  I S  R E T U R N E D  * /  
/ *  T O  T H E  M A C R O  X  W H I C H  * /  
/ *  I N V O K E S  Y  * /  

X E N D  Y ;  
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A ss i gnmen t  — Spec i fy  Mac ro  De f in i t i on  Va r i ab l e  Va lue  

Pu rpose  

You  u se  an  a s s ignmen t  s t a t emen t  t o  a s s ig n  a  va lue  t o  a  mac ro  de f i n i t i on  
va r i ab l e .  You  c an  u se  an y  o f  t he  mac ro  de f i n i t i on  func t i ons  i n  an  
a s s ignm e n t  s t a t emen t .  

Ru l e s  

T he  va lue  o r  va lue s  ( s ou rc e )  you  a s s i gn  mus t  be  t h e  s a me  da t a  t ype  a s  
y o u  dec l a r ed  f o r  t he  mac r o  va r i ab l e  ( r e ce ive r ) .  

a s  •  P ° f l t l o n a l  a rgum en t s  and  ke yna me  a rgumen t s  a r e  t r e a t e d  
CH A RA CTER va r i ab l e s .  A s ubsc r i p t  exp re s s ion  can  fo l l ow  any  va r i a b l e  

ec l a r ed  a s  an  a r r ay ;  a  subs t r i ng  exp re s s ion  can  fo l l ow  a ny  C HAR ACTER 
va r i ab l e .  How t o  code  subsc r i p t  and  subs t r i ng  exp re s s ions  i s  desc r i bed  
unde r  Subs c r i p t s  and  Subs t r i n gs  i n  Ma c ro  De f in i t i on  A ss ignmen t s , "  
be low .  ^  '  

T Mae t  S t r i ng  Rep l acemen t  by  Mac ro  De f in i t i on  Va r i ab l e  Va lue s  

Fo r  a  mac ro  de f i n i t i on  va r i ab l e  dec l a r ed  INTERNAL,  t h e  on ly  ma tch in g  
h f  l n g s  *? a t  i t S  a s s i 9 n e d  T a l u e  w i l l  r ep l ace  du r ing  execu t i on  

mu s t  b e  p roce s sed  a f t e r  i t s  a s s ignme n t ,  and  a r e ;  ( a )  t ho se  t a rg e t  
s t r i ngs  i n  answer  t ex t  t h a t  t h i s  sa me  mac ro  de f i n i t i on  o r  i t s  
sub - invoked  m a c ros  p roduces ,  and  (b )  t ho se  t a rge t  s t r i ngs  i n  t he  
pa r a me te r  l i s t s  o f  sub invoca t i ons  by  t h i s  mac ro .  

t a r a f t e r s+ r ?n ^ k e  3  ! f C r °  d e f i n i t i o n  va r i ab l e ' s  a s s i gned  va lue  r ep l ace  
t a rge t  s t r i ngs  i n  t he  mac ro  ou t e r  env i ronmen t  ( i nc lud ing  non -mac ro  
t ex t )  ,  you  mus t  d ec l a r e  t ha t  mac ro  va r i a b l e  a s  EXTERNAL and  ACTIVATE i t  
and  you  mus t  i n s t r uc t  t he  p r og r amme r  who  i nvokes  t h i s  mac ro  t o  dec l a r e  a  
m u s t ° A CTIVAT E a i t a b l e  ( % D E C L A E E ) '  w i t h  t h e  s a m e  n a m e '  a s  E X T E RN A L  and  he  

A t a r ge t  s t r i ng  i s  no t  e l i g i b l e  fo r  r ep l acemen t  i f  i t  i s  i n  commen t s  ( / *  

j u l t °be fo r fo r n j u^ rS t e J S i t ? r  h 3 S  3  d i 9 ± t '  ° r  a P° s t r o P h e  ^ the r  

The  va lue  t h a t  you  a s s i gn  t o  a  mac ro  va r i ab l e  shou ld  no t  con t a in  
unma tched  commen t  d e l i m i t e r s  ( / *  * / )  o r  unma tched  s t r i ng  de l im i t e r s  
.  e f S  ?  t a rge t  va r i ab l e  t ha t  i t  r e p l a c e s  i s  conca t ena t ed  ( X X )  
t o  ano the r  t a rge t  v a r i ab l e  t ha t  w i l l  have  t he  ma tch ing  de l im i t e r s  An  
t h r= l r r h ° f e n l 1 1 9  d e l i m i t e r  c a use s  t he  compi l e r  t o  con t i nue  s cann ing  i n  
t he  s ea r ch  f o r  a  c l o s ing  de l im i t e r .  

c a n  r n i L i n " 0  s t a t e m e n t  t h a t  a  cha rac t e r  cons t an t  i n  a n  a s s igned  va lue  can  con t a in  i s  a  mac ro  i nvoca t i on .  

T he  cha r a c t e r  cons t an t  c an  be  a  nu l l  s t r i ng  ( e . g .  B  =  •  •  ; )  .  in  wh ich  
E e  r e c e i v e r  i s  a s s igned  a  l eng th  o f  z e ro .  Apos t rophes  enc l c s inq  

cha rac t e r  cons t an t s  do  no t  a ppe a r  i n  t h e  va lue  a s s igned  t o  t he  r ece ive r  
no r  a r e  t hey  coun t ed  i n  t he  l en g t h .  e ce i v e r .  
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Syntax  for  Ass igning  a  FIXED Macro  Var iab le  

I  
- l abe l :— 

I- -var iab le l  =  — 

-opera tor -

-bui l t—in  func t ion-
-cons tan t  
-var iab le2  

- i  I  

Operands  for  FIXED Macro  Var iab le  Ass ignment  

l abe l  Opt iona l .  Code  one  o r  more  o r  more  l abe ls ,  each  fo l lowed by  
a  co lon .  

var iab le l  Spec i fy  the  FIXED macro  var iab le  ( rece iver )  tha t  i s  to  have  
ass igned  to  i t  the  va lue  ( source)  you  a re  coding  a f te r  the  
equa l  s ign .  You can  use  subscr ip t ing  only  i f  the  var iab le  
was  dec la red  wi th  a  d imens ion .  

The  equa l  s ign  iden t i f ies  th i s  as  an  ass ignment  s ta tement .  
The  source  express ion  fo l lows  the  equa l  s ign .  

cons tan t  Must  be  a  dec imal  number  in  the  range  -2147483647 to  
+2147483647.  

var iab le2  Another  macro  var iab le  dec la red  FIXED,  tha t  has  an  ass igned  
va lue .  (You can  code  var iab le l  here ,  when  i t s  presen t  va lue  
i s  involved  in  the  computa t ion  of  i t s  new va lue . )  You can  
use  subscr ip t ing  only  i f  the  var iab le  was  dec la red  wi th  a  
d imens ion .  

opera tor  Spec i fy  the  opera t ion  
of  the  rece iver .  

to  be  per formed to  compute  the  va lue  

Use  one  o f :  + -  *  /  / /  (<- remainder )  

Eva lua t ion  of  a  source  express ion  tha t  conta ins  opera tors  i s  done  by  
p r ior i ty  of  the  opera tors .  Bui l t - in  func t ions  a re  eva lua ted  f i r s t ,  then  
Pref ix  opera tors ,  then  * ,  / ,  / /  opera tors ,  and  then  + and  -  opera tors .  
I f  you  want  to  change  the  order  of  eva lua t ion ,  you  may 
Opera tors  and  the i r  assoc ia ted  operands  enc losed  in  
eva lua ted  f i r s t  and  a re  eva lua ted  by  p r ior i ty .  

use  paren theses ,  
paren theses  a re  
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Syptax  for  Ass igning  a  CHARACTER Macro  Var iab le  

V I 
,  l abe l  : j T 

- j  |—var iab le l  

- I  I -

-bu i l t—in  func t ion-

- ' cons tan t •  

-var iab le2-

Operands  fo r  CHARACTER Macro  Var iab le  Ass ignment  

l abe l  

var iab le l  

•  cons tan t '  

var iab le2  

I I  

Opt iona l .  Code  
co lon .  

one  or  more  l abe ls ,  each  fo l lowed by  a  

Spec i fy  the  CHARACTER macro  var iab le  ( rece iver )  tha t  i s  
to  have  ass igned  to  i t  the  va lue  ( source)  you  a re  coding  
a f te r  the  equa l  s ign .  You can  use  subscr ip t ing  only  i f  
the  var iab le  was  dec la red  wi th  a  d imens ion .  I t  may be  
subs t r inged .  

The  egua l  s ign  iden t i f ies  th i s  as  an  ass ignment  
s ta tement .  The  source  express ion  fo l lows  the  equa l  s ign .  

Code  a  charac te r  s t r ing ,  enc losed  in  apos t rophes .  

Another  macro  var iab le  dec la red  CHAR,  tha t  has  an  
ass igned  va lue .  (You can  code  var iab le l  here ,  when i t s  
presen t  va lue  i s  involved  in  the  computa t ion  of  i t s  new 
va lue . )  You can  use  subscr ip t ing  only  i f  the  var iab le  
was  dec la red  wi th  a  d imens ion .  I t  may be  subs t r inged .  

You can  ass ign  a  s t r ing  tha t  conta ins  a  conca tena ted  
se r ies  of  func t ions  and/or  charac te r  cons tan ts  and/or  
macro  var iab les .  The  maximum l ength  a l lowed for  the  
s t r ing  you bu i ld  i s  1 ,000  by tes .  

Notes :  

1 .  Charac te r  cons tan ts ,  enc losed  in  apos t rophes ,  and  CHARACTER macro  
var iab les  can  appear  in  the  source  express ion  of  the  macro  ass ignment  
s ta tement .  The  rece iver  i s  ass igned  both  the  va lue  and  the  length  of  
the  source  express ion .  Apos t rophes  enc los ing  charac te r  cons tan ts  do  no t  
appear  in  the  va lue  ass igned  to  the  rece iver .  The  va lue  ass igned  to  the  
rece iver  should  not  conta in  unmatched  comment  o r  s t r ing  de l imi te rs .  

2 .  A charac te r  cons tan t  source  express ion  can  conta in  a  macro  invoca t ion  
but  no  o ther  macro  s ta tements  ( the  rescan  wi l l  ignore  them and  the  
compi le  phase  wi l l  t rea t  them as  e r rors ) .  The  charac te r  cons tan t  can  be  
a  nu l l  s t r ing  ( for  example ,  B= • ' ; )  in  which  case  the  rece iver  i s  
ass igned  a  l ength  of  ze ro .  

3 .  The  va lue  ass igned  to  the  rece iver  should  not  conta in  unmatched  
comment  o r  s t r ing  de l imi te rs .  However ,  the  rece iver  may have  unmatched  
comment  o r  s t r ing  de l imi te rs  i f  they  a re  matched  in  another  var iab le  
conca tena ted  ( | | )  to  the  rece iver .  

Subscr ip t s  and  Subs t r ings  in  Macro  Def in i t ion  Ass ignments  

Both  var iab le l  and  var iab le2  in  an  ass ignment  s ta tement  in  a  macro  
def in i t ion  can  conta in  subscr ip t  express ions .  Var iab le2  can  conta in  
subs t r ing  express ions ,  bu t  var iab le l  may no t .  The  ru les  for  codinq  
these  express ions  a re  descr ibed  be low.  
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h.  subscr ip t  express ion  i s  used  to  re fe rence  an  e lement  of  an  a r ray ;  tbe  
express ion ,  enc losed  in  paren theses ,  fo l lows  the  a r ray  name;  

—airayname— (subscr ip t  express ion)  - -

The  subscr ip t  express ion  can  be  any  a r i thmet ic  express ion .  

Examples  o f  subscr ip t  express ions  a re ;  

DCL A (10)  FIXED;  

DCL B (20)  CHAB;  

A (1 )  

B (1  +  3)  

A (FIXED(B(MACCOL) )  )  

A subs t r ing  express ion  i s  used  to  re fe rence  a  por t ion  (one  o r  more  
charac te rs )  of  a  charac te r  s t r ing ;  the  express ion ,  enc losed  in  
paren theses ,  fo l lows  the  var iab le  name ass igned  to  the  charac te r  s t r ing :  

" •var iab le  name ( subs t r ing  express ion) - -

Subs t r ing  express ions  can  on ly  appear  in  the  source  express ion .  

Subs t r ing  express ions  can  conta in  dec imal  cons tan ts ,  FIXED var iab les  
tha t  a re  subscr ip ted  or  unsubscr ip ted ,  and  any  of  the  macro  def in i t ion  
func t ions  whose  va lue  i s  ar i thmet ic .  The  opera tors  tha t  can  appear  in  
the  express ion  a re  pref ix  p lus ,  p re f ix  minus ,  addi t ion ,  sub t rac t ion ,  
mul t ip l ica t ion ,  d iv i s ion ,  and  remainder  opera tors  (+ ,  - ,  * ,  / ,  / / )  .  
When the  express ion  conta ins  opera tors ,  paren theses  can  be  used  to  
change  the  order  of  eva lua t ion .  Opera tors  and  the i r  assoc ia ted  operands  
enc losed  in  paren theses  a re  eva lua ted  f i r s t ,  and  a re  eva lua ted  by  
p r ior i ty  of  the  opera tors .  

To  re fe rence  one  o r  more  charac te rs ,  you  mus t  ind ica te  the  pos i t ion  in  
the  charac te r  s t r ing  of  the  f i r s t  charac te r  and  the  pos i t ion  of  the  l as t  
charac te r .  The  f i r s t  pos i t ion  and  the  l as t  pos i t ion  a re  separa ted  by  a  
co lon .  The  format  of  the  f i r s t  and  l as t  pos i t ions  i s  coded  as  descr ibed  
in  the  prev ious  paragraph .  For  a  s ing le  pos i t ion ,  code  i t s  number  bo th  
before  and  a f te r  the  co lon .  Note  tha t  th i s  i s  more  res t r ic t ive  than  
compi le  phase  source  subs t r ing  express ions ,  where  you  can  omi t  the  upper  
l imi t  when you  a re  re fe renc ing  a  s ing le  charac te r .  

Hhen  you  re fe rence  more  than  one  charac te r ,  the  range  i s  checked:  

1»  The  va lue  of  the  f i r s t  pos i t ion  must  no t  be  g rea te r  than  the  va lue  
of  the  l as t  pos i t ion .  

2 .  The  va lue  of  the  f i r s t  and  l as t  pos i t ion  must  be  in  the  range  of  
the  charac te r  s t r ing .  

To re fe rence  a  por t ion  of  a  charac te r  s t r ing  tha t  i s  an  e lement  of  an  
a r ray ,  the  subs t r ing  express ion  i s  preceded  by  the  subscr ip t  express ion .  
The  two express ions  a re  separa ted  by  a  comma.  

Examples  of  subs t r ing  express ions  a re :  

DCL B (20)  CHAB;  

DCL C CHAB;  

C ( I :  J )  

C (FI  XED (B (3)  )  :  FIX ED (B (3)  )  +  4 )  

B (1 ,  1 :3)  

B ( I ,  J . -K)  

Coding  PL/DS Macro  Def in i t ions  149  



DEACTIVATE — Deac t iva te  Macro  Def in i t ion  Var iab le  

Purpose  

You use  the  macro  def in i t ion  DEACTIVATE s ta tement  to  spec i fy  to  the  
compi le r  tha t  a  presen t ly  ac t iva ted  macro  def in i t ion  var iab le  i s  no  
longer  e l ig ib le  to  have  i t s  ass igned  va lue  p laced  in to  an  e l ig ib le  
ta rge t  s t r ing .  

(Note  tha t  there  i s  a  macro  ou te r  ^DEACTIVATE s ta tement ,  fo r  macro  
invoca t ions ,  answer  t ex t ,  and  non-macro  t ex t  t a rge t  var iab les . )  

Hules  

The  defau l t  s ta te  of  each  macro  def in i t ion  var iab le  dec la red  INTERNAL i s  
ac t iva ted .  

The  defau l t  s ta te  of  each  macro  def in i t ion  var iab le  dec la red  EXTERNAL i s  
ac t iva ted ,  un less  the  most  r ecent  envi ronment  tha t  dec la red  the  same 
var iab le  name EXTERNAL has  a l so  deac t iva ted  i t .  

I f  a  DEACTIVATE s ta tement  i s  not  scanned ,  because  of  a  macro  GOTO 
s ta tement ,  the  var iab le  remains  ac t iva ted .  

Any dec la red  var iab le  tha t  has  been  deac t iva ted  i s  s t i l l  ava i lab le  for  
use  in  macro  def in i t ion  s ta tements ,  and  i t s  va lue  can  be  modi f ied  whi le  
i t  i s  deac t iva ted .  Arrays ,  l abe ls ,  keynames ,  and  bu i l t - in  func t ion  
names  a re  a lways  deac t iva ted .  

Dur ing  the  macro  process ing  phase  of  the  compi le r ,  DEACT and  DEACTIVATE 
a re  reserved  keywords ;  do  no t  use  them as  macro  var iab les .  

Syntax  

i  1  
V I  

•  l abe l :— 1 —, 
1 I  
i  1  

Operands  

l abe l  Opt iona l .  Code  one  o r  more  l abe ls ,  each  fo l lowed by  a  co lon .  

name Spec i fy  the  answer  t ex t  ta rge t  var iab le  tha t  i s  no  longer  to  
be  rep laced  in  answer  t ex t  by  i t s  cor responding  macro  
var iab le ' s  ass igned  va lue .  

,  DEACT ,  V '  |  
I |  name— 1  
1  DEACTIVA TE— 1  
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DECLARE — Declare  a  Macro  Def in i t ion  Var iab le  

Purdose  

You use  the  DECLARE s ta tement  in  a  macro  def in i t ion  to  ass ign  to  a  macro  
def in i t ion  var iab le  the  a t t r ibu tes  of  FIXED or  CHARACTER,  and  INTERNAL 
o r  EXTERNAL.  (Note  tha t  there  i s  a l so  a  macro  ou te r  XDECLARE s ta tement ,  
whose  INTERNAL macro  var iab le  va lues  a re  not  ava i lab le  to  execut ing  
macro  def in i t ions . )  

Rules  

You cannot  ass ign  a  prec is ion  for  FIXED macro  var iab les  or  a  l ength  for  
CHARACTER macro  var iab les .  A FIXED macro  var iab le  i s  represen ted  
in te rna l ly  as  a  b inary  word  wi th  an  in i t i a l  va lue  of  ze ro .  A CHARACTER 
var iab le  i s  a  var iab le  length  s t r ing .  The  l ength  of  the  var iab le  
changes  as  va lues  a re  ass igned  to  i t .  The  in i t i a l  length  of  the  
var iab le  i s  zero .  

You cannot  in i t i a l ize  the  macro  var iab le  in  th i s  s ta tement .  Use  the  
ass ignment  s ta tement .  

The  DECLARE s ta tement  for  a  macro  var iab le  must  come before  any  use  of  
tha t  macro  var iab le .  Any macro  var iab le  tha t  i s  not  dec la red  i s  
ass igned  a  da ta  type  of  CHARACTER;  the  defau l t  scope  a t t r ibu te  i s  
X NTERNA L•  

You can  dec la re  more  than  one  macro  var iab le  on  the  same macro  DECLARE 
s ta tement .  I f  a  number  of  macro  var iab les  have  the  same a t t r ibu tes ,  
separa te  the  var iab les  wi th  commas  and  enc lose  the  l i s t  in  paren theses-
fo l low the  l i s t  wi th  the  a t t r ibu tes .  

Macro  var iab les  dec la red  INTERNAL in  a  macro  def in i t ion  DECLARE 
s ta tement  a re  known only  in  macros  invoked  wi th in  the  macro  tha t  
dec la res  them.  They  a re  a re  not  known ou ts ide  the  macro  def in i t ion  they  
a re  coded  in ,  and  they  d isappear  once  the  macro  def in i t ion  where  they  
were  dec la red  f in i shes  execut ing .  

A macro  def in i t ion  var iab le  dec la red  EXTERNAL in  one  macro  and  a  macro  
def in i t ion  var iab le  of  the  same name dec la red  EXTERNAL in  any  o ther  
macro ,  o r  a  macro  ou te r  var iab le  of  the  same name dec la red  EXTERNAL,  
share  (a )  the  va lue  most  r ecent ly  ass igned  to  tha t  var iab le  in  macro  
phase  process ing ,  and  (b)  the  most  r ecent ly  se t  ac t iva ted /deac t iva ted  
s ta  tus .  

DCL and  DECLARE a re  reserved  keywords ;  do  no t  use  them as  macro  
var iab les .  
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r  

Syntax  

I §  I  i  »  1  

I  v  r (number)  I 
|  r  ( -name—J'  L J  )  i  

T DECIAEE T  V |  r  (number)  T  I  
I  |  name—|  I — 
1 —DCL 1  1  '  

r CH AR— — —i  
—i  

i -CHARACTEfr"  •  

L  FIXED -  J  

r INT 

l jNTERNAL- 1  

r EXT n  

LEXTERNAl^ 

Operands  

name 

(number)  

FIXED 

CHARACTER/CHAR 

INTERNAL/INT 

EXTERNAL/EXT 

Code  the  name o f  the  macro  var iab le  you  are  

The  maximum l ength  o f  the  name i s  16  c h  remain ing  
f i r s t  character  must  be  a lphabet ic  (A ( 0 _ 9 ) >  o r  
characters  must  be  a lphabet ic  (A Z)  ,  
underscore  (_ ) .  

You can  dec lare  a  var iab le  as  an  a "ay  by  
number  o f  e l ements  in  the  a r r a y (maximum 25b)  
parentheses  r ight  a f ter  the  var iab le  name.  

The  macro  var iab le  has  the  a t tr ibute ,  f ixed .  

The  macro  var iab le  has  the  a t tr ibute ,  character .  

The  macro  var iab le  has  the  scope  a t tr ibute ,  in terna l .  
This  i s  the  de fau l t  scope  a t tr ibute .  

Interna l  macro  var iab les  are  not  hnonn to  any  macro  
de f in i t ion  that  i s  invo iced  dur ing  the  macro  phase .  

The  macro  var iab le  has  the  scope  a t tr ibute ,  ex terna l .  
EXTERNAL macro  var iab les  can  t e  re ferenced  outs ide  o t  
and wi th in  a  macro  de f in i t ion .  

The  f i r s t  t ime  the  EXTERNAL var iab le  i s  dec lared ,  the  
va lue  o f  a  FIXED var iab le  i s  zero  and  the  va lue  o f  a  
CHARACTER var iab le  i s  a  nu l l  s t r ing .  Thereaf ter ,  the  
va lue  o f  the  var iab le  i s  the  most  recent  va lue  ass igned  
to  i t ;  th i s  va lue  can  be  changed  on ly  by  execut ing  an  
ass ignment  s ta tement .  

Dec lar ing  Mul t ip le  Macro  Var iab les  In  One  S ta tement  

Factor ing  can  be  used  in  the  DECLARE s ta tement ;  however ,  on ly  var iab le  
names  and  d imens ions  can  appear  in  parentheses .  For  example :  

DCL (A (10  )  ,  B ,C)  FIXED INTERNAL;  

You can  dec lare  more  than  one  var iab le  in  a  DECLARE s ta tement  wi thout  
us ing  fac tor ing .  For  example :  

DECLARE X FIXED,  Y CHARACTER;  
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DO S ta r t  a  Macro  Def in i t ion  Do-Group 

Purpose  

g roup S S of 3  s ta tements 6 1 1 ^a t  3  m a C r 0  d e f i n i t ion  to  s ta r t  a  do-group-  a  
a l toge ther .  t s  tha t  you  can  execute  a l l  toge ther  o r  i j s !  

Rules  

You mark  the  end  of  a  do-group  wi th  an  END s ta tement .  

c a » " *  «  « «  
HACRO s ta tenent ,  o r  a  SEND s ta te .en t  to" ™"S,'icio t e f  i J l t io f""" 1 " '  * 

Do-groups  can  be  nes ted  up  to  15  l eve ls .  

Looping  do-groups  a re  not  suppor ted  in  PL/DS macro  code .  

DO i s  a  reserved  keyword;  do  no t  use  i t  as  a  var iab le  name.  

Syntax  

i  ,  
v I  

i  l a b e l « — ,  
—J I DO ;  

L_ 

Operands  

l abe l  Opt iona l .  Code  one  o r  more  l abe ls ,  each  fo l lowed by  a  co lon .  

Example  of  a  DO S ta tement  

An example  of  us ing  the  DO s ta tement  i s ;  
IF  A =  B THEN 

DO;  
1  

>-  DO-GROUP FOR "YES"  ANSWER 

END;  
E1SE 

DO;  

END;  

1  
>-  DO-GROUP FOR "NO" ANSWER 

Coding  PL/DS Macro  Def in i t ions  153  



END — End a  Macro  Def in i t ion  Do-Group 

Purpose  

You use  an  END s ta tement  to  end  a  macro  def in i t ion  do-group ,  s ta r ted  
wi th  a  macro  def in i t ion  DO s ta tement .  (Note  tha t  there  i s  a  SEND 
s ta tement ,  fo r  ending  a  macro  def in i t ion . )  

Rules  

END i s  a  reserved  keyword;  do  no t  use  i t  as  a  var iab le  name.  

Syntax  

V I  
i  l abe l :—"—, 

- I  |—END—| 
I 1  L_  

Operands  

l abe l  

name 
Opt iona l .  Code  one  o r  more  l abe ls ,  each  fo l lowed by  a  co lon .  

Opt iona l .  You can  code ,  fo r  documenta t ion  purposes ,  the  f i r s t  
labe l  on  the  DO s ta tement  tha t  begins  th i s  do-group .  
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XEND — End a Macro Definition 

Purpose 

MM?.* "™> " "9°"? «. end of , MCIO definition (see 

•aero definition do-groupo maCr° de£lnltlon EM[I statement, for ending a 

Rules 

definition^"if"processing relTel\tLCstTeLtt.the CaUet °f the macro 

END is a reserved keyvord; do not use it as a variable name. 

Synta x 

i i 
V I 

-label:-"— » - • name 
* ' I—END—| I-

»— 

Operands 

label 
optional, code one or .ore laiels. each follo.ed iy a colon. 

sKt^. I0U "« ".t is on the „lc,o 
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GOTO — Transfer  Cont ro l  Ins ide  a  Macro  Def in i t ion  

Purpose  

You use  the  macro  def in i t ion  GOTO s ta tement  to  branch  uncondi t iona l ly  to  
a  l abe l led  s ta tement  before  or  a f te r  i t  dur ing  execut ion  of  th i s  macro  
def in i t ion .  

(Note  tha t  there  i s  a  macro  ou te r  SGOTO s ta tement ,  fo r  branching  in  
macro  ou te r  code ,  and  i t  cannot  branch  backwards) .  

Rules  

The  GOTO s ta tement  and  the  labe l led  s ta tement  i t  branches  to  must  be  in  
the  same macro  def in i t ion .  

GOTO and  GO and  TO a re  reserved  keywords ;  do  no t  use  them as  var iab le  
names .  

Syntax  

,  GOTO ,  
I  I  l abe l2  ;  
i  GO TO—' 

Operands  

l abe l  Opt iona l .  Code  one  o r  more  l abe ls ,  each  fo l lowed by  a  co lon .  

labe l2  Code  the  labe l  of  the  s ta tement  wi th in  th i s  macro  def in i t ion  
tha t  you  wish  to  branch  to .  

Examples  o f  the  GOTO S ta tement  

Some examples  o f  us ing  the  GOTO s ta tement  in  a  macro  def in i t ion  a re ;  

% M1:  MACRO;  

LAB1:  LAE2:  A=B;  

GOTO LAB2;  

GOTO LAB3;  

IAB3;  IF  A=B THEN .  .  . ;  

SEND;  

V I 
i  l abe l ;—"— 

—  I  I -
i  1  
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' (^SE) Conditional Macro Definition Statement Execution 

Purpose 

under^which an ®** te"ent. in a macro definition to state a condition 
exerted fNo+0 ^ !Pa^ ln9. THEN °r  °P t ional ^ISE clause is to be 
character have %THEN ' and *ELSE ' " i th the Percent 
use Of maAr- J ^df® t lcal  uses in macro outer code, but do not allow the 

macro defanition functions in the relational expression.) 

Rules 

"nSnues^with ClaUSe ' and the IF condition is false, processing 
do-group! S°UrCe t6Xt fol lo» ia9 the THEN clause or THEN 

£"$1 macro^code?31 6XpreSSions ' ^ined by | and 4, are not supported 

nfmes?EN ' "d ELSE reserved keywords; do not use them as variable 

Syntax 

i—label:-1 -j 
i ! tp . , • . i—ELSE clause;—, 

1-ir-relatxonal expression—THEN clause;—| ] 
' > 

Operands 

label 

relational expression 

THEN clause 

ELSE clause 

Optional. Code one or 
followed by a colon. more labels, each 

Code the IF statement condition, a comparison of 
fixed or character values, described below. 

Code the keyword THEN and the statement or 
statements to be performed if the condition is 
true. 

Code the keyword ELSE and the statement or 
statements to be performed if the condition is 
false. 
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Format  o f  F ixed  Value  Compar i sons  

When you  want  to  compare  a  FIXED macro  var iab le  wi th  another  FIXED macro  
var iab le ,  a  cons tan t ,  o r  an  express ion ,  the  format  of  the  re la t iona l  
express ion  in  the  macro  IF  s ta tement  i s :  

-opera tor -

-bui l t—in  func t ion-
-cons tan t  
-var iab le  

-compar i son-

-opera tor -

bu i l t - in  func t ion  

cons tan t  

var iab le  

opera tor  

com pa  r i son  

-var iab le  

You may code  a  macro  def in i t ion  func t ion  i f  the  
va lue  i t  resu l t s  in  i s  FIXED.  

You mus t  code  a  dec imal  number .  

Code  any  macro  var iab le  dec la red  FIXED.  

Code  the  opera t ion  to  per form on the  va lues  before  
the comparison is made. Dse one of +• - * / // . 

Code the  type  of  compar i son .  You can  use  one  of  the  
fo l lowing:  

Opera tor  Meaning  

=  equa l  to  
-«= not equal to 
> grea te r  than  
< l ess  than  
>= g rea te r  than  or  equa l  to  
<= l ess  than  o r  egua l  to  
->> not greater than 
-•< not less than 

Evalua t ion  of  a  complex  express ion  i s  by  p r ior i ty  of  the  opera tors .  
Bui l t - in  func t ions  a re  eva lua ted  f i r s t ,  then  pref ix  opera tors ,  then  * ,  
A / /  opera tors ,  and  then  + and  -  opera tors .  I f  you  want  to  change  the  
order  of  eva lua t ion ,  you  may use  paren theses .  Opera tors  and  the i r  
assoc ia ted  operands  enc losed  in  paren theses  a re  eva lua ted  f i r s t  and  a re  
eva lua ted  by  p r ior i ty .  
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of  Charac te r  Value  C om par i  sons  

CHARACTER J J Jn  t 0  c o ! °P a r e  \  CHARACTER macro  var iab le  wi th  another  
format  of  t u  3  c h a r a c t e r  cons tan t ,  o r  an  express ion ,  the  of  the  re la t iona l  express ion  in  the  macro  IF  s ta tement  i s :  

I 

V i  bu i l t—in  func t ion-
1 ' cons tan t*  

- I  I -

—variab le -

-compar i son-

- I  I -

r~bui l t—in  func t ion-
H ' cons tan t '  

1  var iab le  -+-

bui l t - in  func t ion  

•cons tan t '  

var iab le  

compar i son  

You may code  a  macro  def in i t ion  func t ion  i f  the  
va lue  i t  resu l t s  in  i s  CHARACTER.  

Code  a  charac te r  s t r ing  enc losed  in  quotes .  I t  does  
no t  have  to  be  the  same length  as  the  macro  
var iab le .  I t  can  be  up  to  1 ,000  charac te rs  long .  

Code  a  macro  var iab le  dec la red  CHARACTER.  i t  can  be  
up  to  1 ,000  charac te rs  long .  The  var iab le  can  be  
subsr inged .  I f  the  var iab le  i s  in  an  a r ray ,  i t  must  
be  subscr ip ted .  

Code  the  type  of  compar i son .  You can  use  one  of  the  
fo l lowing:  

Opera tor  Meaning  

egua l  to  
-»= not equal to 
> g rea te r  than  
< l ess  than  
> =  grea te r  than  o r  equa l  to  
< =  l ess  than  or  equa l  to  
"•> not greater than 
"•< not less than 

' '  You can  conca tena te  charac te r  cons tan ts  and  macro  
var iab les  wi th  o ther  charac te r  cons tan ts  and  macro  
var iab les  us ing  the  conca tena t ion  opera tor  ( I I ) .  
This  opera tor  s imply  connec ts  the  operands  toge ther  
forming  a  s t r ing  wi th  a  l ength  equa l  to  the  sum of  
the  lengths  of  the  operands .  The  to ta l  length  can  
be  up  to  1 ,000  charac te rs .  

Note :  I f  the  macro  var iab le  and  the  va lue  i t  i s  compared  to  a re  no t  the  
same length ,  the  compar i son  adds  b lanks  on  the  r igh t  of  the  shor te r  
va lue ,  to  make  i t  equa l  in  length  to  the  longer  va lue .  
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The Nul l  S ta tement  in  Macro  Def in i t ion  Code  

Purpose  

4  s ta tement  tha t  spec i f ies  a  macro  phase  s ta tement  wi thout  any  macro  
process ing  ac t ion  to  be  per formed.  

Rules  

When the  t a rge t  of  a  GOTO s ta tement  i s  a  nu l l  s ta tement ,  p rocess ing  
proceeds  wi th  the  s ta tement  fo l lowing  the  nu l l  s ta tement .  

When a  IF  s ta tement  has  a  nu l l  s ta tement  as  the  THEN o r  ELSE c lause ,  no  
ac t ion  occurs  when the  compar i son  in  the  IF  s ta tement  l eads  to  the  nu l l  
s ta tement .  

Syntax  

- labe l : -
- I  |  

<-

Operand  

l abe l  Opt iona l .  Code  one  o r  more  l abe ls ,  each  fo l lowed by  a  co lon .  
(A l abe l  i s  requi red  i f  the  nu l l  s ta tement  i s  the  t a rqe t  of  a  

GOTO o r  GO TO s ta tement . )  
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%MACRO — Start a Macro Definition 

Purpose 

You use a %MACRO statement to start a macro definition, to specify the 
name or names of the macro you are defining, and to specify the keynames 

the arguments that you might pass to the macro when you invoke it. 

Rules 

You code after this statement the macro definition statements that 
prescribe the set of logic that belongs to this macro. You finish the 
definition with a % END statement. 

You invoke a macro definition for execution of its statements during the 
macro processing phase of the compiler with an invocation statement. 
See, "Invoking a Macro Definition." 

See the MACPARM macro definition function and MACPARM compiler control 
statement for information that can be passed by the invoker for use in 
the macro definition. 

Besides keyname parameters, a macro invocation can pass one or more 
variables called positional parameters for use by the invoked macro. 
These positional parameters are not defined in the MACRO statement. 

Because the macro processing phase of the compiler uses only one pass, 
each uncataloged macro definition must appear earlier in your source 
text than your invocation of that macro. 

During the macro processing phase of the compiler, MACRO Is a reserved 
keyword; do not use it as a variable name. 
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Syntax 

—X-

V I 
-KEY S— (—keyname-1 ) — 

-name:- -MACRO- i ; 

Operands 

name 

keyname 

Code one or up to 16 names that can R e u s e d  t o  invoke this 
macro. The maximum size allowed for a name^ i^ 
characters. The first character of characters are 
alphabetic (A to Z) and the remaining characters 
alphanumerics (A through Z, 0 through 9) • 

See the MACNAME macro definition function for use with 
multiple-name macro definition. 

Code the name or names of parameters that the invoking 
statement can pass to the macro. 

For the duration of a macro definition's 
Vovname specified in this macro defxnxtxon's XMACRO statemen 
Eas a temporary macro definition function of returning -hat 
this macro's invocation specified for thxs keyname. See, 
"Eevnalf -- Eacro Definition Function for Invocation 
Arauments " You can defeat this function by coding the 
S&Vfln macL text within single quotes. This makes it a 
literal that is not scanned for special meaning. This is 
illustrated in an example in the ANSWER statement description. 

Examples of the MACRO statement: 

ci„ BE INVOKED USING ANY OF TNBSE NANES V 

"indicates^nhat^keynahe'pahaheters can appear in the 
INVOKING STATEMENT */ 

For the above example, the macro invocation might look like this: 

7L0AD EP (BEGIN) DCB(DCBADDR) ; 
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RETURN S top  Macro  Execut ion  and  Return  to  Invoker  

Purpose  

You use  the  macro  def in i t ion  RETURN s ta tement  to  s top  process ing  wi th in  
the  macro ,  and  you  can  op t iona l ly  pass  a  sever i ty  code  to  ind ica te  the  
se r iousness  of  the  condi t ion  tha t  the  macro  has  de tec ted  dur ing  th i s  
execut ion .  

Rules  

The  RETURN s ta tement  causes  the  macro  p rocess ing  phase  to  immedia te ly  
l eave  the  macro  def in i t ion  i t  i s  execut ing ,  and  to  resume scanning  t ex t  
a f te r  the  semicolon  tha t  ends  the  invoca t ion  of  the  macro  tha t  i s sued  
RETURN.  

I f  the  macro  invoca t ion  was  f rom macro  ou te r  code ,  the  RETURN s ta tement  
causes  scanning  to  resume a t  the  next  macro  ou te r  s ta tement .  

I f  a  RETURN s ta tement  wi th  a  sever i ty  code  of  16  or  more  i s  executed ,  
the  compi le r  s tops  a f te r  the  macro  process ing  phase .  

RETURN i s  a  reserved  keyword;  do  no t  use  i t  as  a  var iab le  name.  

Syntax  

V I 
i  l abe l ;— 1 — (  ,—CODE (  rcode  )—,  

- I  I—RETURN—| | .  
L  '  i  

Operand  

l abe l  

CODE 

rcode  

Opt iona l .  Code  one  o r  more  l abe ls ,  each  fo l lowed by  a  co lon .  

You code  th i s  keyword  to  ind ica te  tha t  you  a re  pass ing  a  
sever i ty  code  wi th  the  re turn  s ta tement .  

Code  an  a r i thmet ic  express ion .  Note  the  e f fec t  of  th i s  va lue  
under  "Rules" ,  above .  

Note ;  The  rcode  va lue  i s  not  access ib le  by  the  macro  code .  To  
make  the  va lue  of  the  re turn  code  va lue  ava i lab le  for  
examina t ion  by  the  macro  log ic  tha t  fo l lows  the  RETURN ac t ion ,  
dec la re  an  ex te rna l  var iab le  and  ass ign  to  i t  the  va lue  of  
rcode  jus t  before  i s su ing  RETURN.  

In form the  users  of  the  macro  of  the  s ign i f icance  of  the  
re turn  va lues  ava i lab le  in  th i s  var iab le  dec la red  ex te rna l  in  
the i r  code .  
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USING MACRO DEFINITION BUILT-IN FUNCTIONS 

The  te rm "macro  def in i t ion  func t ions"  re fe rs  to  bu i l t - in  func t ions  tha t  
a re  ava i lab le  for  macro  def in i t ion  code  on ly .  When a  macro  wi th  macro  
def in i t ion  s ta tements  tha t  conta in  macro  def in i t ion  func t ions  i s  invoked  
dur ing  macro  p rocess ing ,  the  macro  p rocess ing  phase  of  the  compi le r  
rep laces  the  macro  def in i t ion  func t ions  wi th  the  va lues  they  s tand  for  
dur ing  i t s  execut ion  of  the  macro .  

There  a re  th ree  genera l  c lasses  of  macro  def in i t ion  func t ions :  

•  Invoca t ion  da ta  func t ions  

•  Compi le r  and  machine  cons tan t  func t ions  

•  St r ing  handl ing  func t ions .  

Some of  the  macro  def in i t ion  func t ions  re turn  f ixed  va lues ,  and  some 
re turn  charac te r  va lues .  See  the  FIXED and  CHAR func t ions  for  
conver t ing  one  to  the  o ther ,  where  appropr ia te .  

You can  code  the  macro  def in i t ion  func t ions  anywhere  you  can  use  a  
var iab le ,  except  as  the  rece iver  of  an  ass ignment .  

I f  you  dec la re  a  macro  var iab le  wi th  the  same name as  a  macro  def in i t ion  
func t ion ,  you  cannot  use  tha t  func t ion .  

SUBSTRINGING SINGLE CHARACTERS IN MACRO DEFINITION FUNCTIONS 

When you  code  a  subs t r ing  func t ion  in  PL/DS,  you  spec i fy  the  pos i t ion  of  
the  s ta r t  and  end  charac te rs  of  the  subs t r ing  ycu  requi re .  

With  macro  def in i t ion  func t ions ,  you  mus t  fo l low th i s  ru le  even  when the  
subs t r ing  you  want  i s  a  s ing le  charac te r .  

For  example ,  

MACNAME (2 :2)  

. . . r e turns  the  second charac te r  of  the  MACNAME func t ion ' s  subs t r ing .  

16h  PL/DS Language  Reference  



SUMMARY OF MACRO DEFINITION FUNCTIONS 

k p v n a I f " n a ^ t a l ?  t h S  a r 9 u m e n t  i n  th is  macro 's  invocat ion for  one of  the  keyname parameters  of  th is  macro def in i t ion .  

n^~I  Obtain  the  macro invocat ion column number  where  th is  macro 's  name s tar ted .  

I f i£E| :  Obta in  the  number  of  macro  invocat ions  tha t  have occurred so  
rar  in  th is  macro process ing phase .  

MACK|£§:  Obta in  f rom th is  macro 's  invocat ion the  keynames and the i r  speci f ied  values .  

MACLABEL: Obta in  the  labels  on th is  macro 's  invocat ion.  

MCLI |T:  Obta in  f rom th is  macro 's  invocat ion the  pos i t ional  
(non-keyword)  a rguments .  

MP NAME: Obta in  f rom th is  macro 's  invocat ion the  name by which th is  
macro was  invoked.  

SUHBER: Obta in  f rom th is  macro 's  invocat ion the  number  of  arguments  tha t  
were  submit ted .  

MACLMAS: Obta in  the  le f t  source  margin  for  th is  compi ler  run.  

HACRMAR: Obta in  the  r ight  source  margin  for  th is  compi ler  run.  

COMMENT: Make a  comment  on the  l i s t ing  from the  speci f ied  text .  

INDEX: Obta in  the  s tar t  posi t ion  of  a  speci f ied  character  s t r inq  wi th in  
another  speci f ied  character  s t r ing .  

2SOTE:  Make a  speci f ied  character  s t r ing  in to  a  guotes-enclosed 
character  s t r ing .  

REPEAT: Rei tera tes  a  speci f ied  character  s t r ing  and then repeats  i t  a  
speci f ied  number  of  t imes .  

CHAR: Conver ts  speci f ied  f ixed value  to  a  character  s t r ing .  

FIX ED: Conver ts  speci f ied  character  value  to  a  f ixed value .  

MACTIME: Obta ins  the  t ime of  th is  compi ler  run.  

MACDATE: Obta ins  the  date  of  th is  compi ler  run.  

MACPARM: Obta ins  the  character  s t r ing  passed to  th is  macro process ing 
phase  in  the  MACPARM parameter  of  the  EXEC card ' s  PARM f ie ld .  
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INVOCATION DATA HACBO DEFINITION FUNCTIONS 

The invocation data definition functions provide information, during 
macro definition execution, from the macro invocation of the macro 
definition you code them in. These functions are described in 
alphabetic sequence on the following pages, with some examples. 

Note: For the duration of a macro definition's execution, each of the 
invocation functions shown in the figure below has as a temporary value 
the corresponding value from this macro's invocation only. (See the 
descriptions of the individual functions for and defaults, where 
applicable.) 

Here is a diagram of the parts of a macro invocation, an example of a 
macro invocation, and the macro definition function(s) applicable to 
each part. 

V I 
r-label 

-?-l I-

INVOKE : 

V | V 
i— (—argumentlJ ) —i ,—keyname— | 
I l-l 
i 1 i 

1 1 I 
I I 

r-(-argument2J)t | 

I-; 

I I I 

l I I 
THEMACKO (77 , LI ST, , ONE) KEY1('010'B) KEY2(A,B,C) 

I j I l ^ I 

|MACLABEL| | | MACCOL j 
-i | « 1 

I MACNAME | 
I J 

I MAC1IST | 
i 1 

L| keyname |J 
i 1 

I 

| MACINDEX ( 
i 1 

NUMBEB |-

Figure 2h. Invocation Data fieturned By Macro Invocation Functions 

Macro invocations are described in this publication under "invr.tri ™ 
Macro Definitions." 
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Keyname — Macro  Def in i t ion  Funct ion  for  Invoca t ion  Arguments  

Purpose  

You use  the  keyname func t ion  in  a  macro  def in i t ion  to  ob ta in  one  o r  more  
o f  the  arguments  passed  by  the  macro  invoca t ion  for  one  of  th i s  macro ' s  
keyword  parameters .  (The  keyword  parameters  o r ig ina te  in  the  %MACBO 
s ta tement . )  See  F igure  24 .  

Rules  

The  da ta  type  of  the  resu l t  of  the  keyname func t ion  i s  a  charac te r  
s t r ing .  

The  s t r ing  tha t  i s  re turned  inc ludes  the  paren theses  coded  a round the  
argument  in  the  invoca t ion .  

For  a  keyname tha t  the  macro  invoca t ion  s ta ted ,  bu t  passed  no  charac te rs  
fo r ,  the  func t ion  g ives  the  keyname.  

For  a  keyname tha t  the  macro  invoca t ion  d id  no t  even  s ta te ,  the  func t ion  
g ives  a  nu l l  s t r ing .  

Syntax  

r  1 
V I  

,  . subpos i t ion-"—i  r—,  s t a r t :  end—i 
,— (—posi t ion— 1  1 —' L ~)  —i  
I  

-keyname (-  1 -

I  I  
i  ( s ta r t i end)  1  

Operands  

keyname 

pos i t ion  

subpos i t ion  

s ta r t :end  

Code  the  keyname whose  invoca t ion  parameter  ( s )  you  want .  

Use  one  of  the  parameter  l i s t  keynames  spec i f ied  for  th i s  
macro  in  i t s  %MACRO s ta tement .  

I f  you  code  no  more  operands ,  th i s  s ta tement  g ives  the  
va lue  spec i f ied  for  th i s  keyname in  the  macro ' s  
invoca t ion .  

Opt iona l .  You can  spec i fy  tha t  you  want  one  of  the  
parameters  f rom the  l i s t  of  parameters  tha t  the  macro  
invoca t ion  spec i f ied  for  th i s  keyname.  The  keyname 
re turned  i s  enc losed  in  one  ou te r  se t  of  paren theses  and  
separa ted  by  commas .  Code  a  f ixed  var iab le  or  cons tan t  
o r  a  complex  a r i thmet ic  express ion .  

Opt iona l .  For  the  parameter  in  pos i t ion ,  above ,  spec i fy  
the  subparameter ,  o r  sub-subparameter ,  e tc . ,  tha t  you  
want .  Code  a  f ixed  var iab le ,  a  cons tan t ,  o r  a  complex  
a r i thmet ic  express ion .  

Opt iona l .  For  keyname subs t r ings .  

1 .  Wi th  the  pos i t ion  and  op t iona l  subpos i t ion  operands ,  
code  the  pos i t ion  numbers  of  the  s ta r t  and  end  charac te rs  
of  the  subs t r ing  you  want .  
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2.  By i t se l f  r igh t  a f te r  keyname,  spec i fy  the  s ta r t  and  
end  pos i t ions  of  the  subs t r ing  wi th in  the  en t i re  
invoca t ion  parameter  l i s t  submi t ted  for  th i s  keyname.  

For  a  s ing le  pos i t ion ,  code  i t s  number  in  bo th  s ta r t  and  
end .  

Example  

Given  th i s  macro  def in i t ion  s ta tement :  

%TRY:  MACRO KEYS(BILL,  JOE,  HARRY,  PAUL,  SAM) 

%END;  

and  th i s  macro  invoca t ion :  

?  TRY BILL SAM (A)  JOE (A,  B ,  (C)  )  PAUL()  

. . .The  fo l lowing  a re  some poss ib le  keyname macro  def in i t ion  func t ions  
and  the  resu l t s  tha t  the  compi le r  re turns :  

DESCRIPTION KEYNAME FUNCTION RESULT 

Keyname s ta ted ,  bu t  no  parameters  
passed  BILL 

Keyname s ta ted ,  bu t  no  parameters  
passed  BILL(1)  

Keyname s ta ted ,  bu t  no  parameters  
passed  BILL(2)  

Keyname s ta ted ,  one  parameter  passed  SAM(1)  

No second  parameter  was  passed  SAM (2)  

When no  parameter  spec i f ied ,  
defau l t  a l l  JOE 

F i r s t  parameter  in  s t r ing  J0E(1)  

Second parameter  in  s t r ing  JOE (2)  

The  nes ted  paren theses  a re  in  a  sub l i s t  JOE(3)  

Wi th  one  parameter  JOE (3 ,1)  

Wi th  one  sub-subl i s t  JOE (3 ,1 ,1)  

And no  second  sub-subl i s t  J0E(3 ,1 ,2)  

F i r s t  l eve l  s t r ing  spec i f ied  
in  invoca t ion  PAUL 

But  no  sub l i s t  1  PAUL(1)  

Nor  sub l i s t  2  PAUL (2)  

HARRY keyname no t  spec i f ied  in  
macro  invoca t ion  HARRY 

BILL 

nu l l  s t r ing  

nul l  s t r ing  

A 

nu l l  s t r ing  

(A,B,  (C)  )  

A 

B 

(C)  

C 

C 

nu l l  s t r ing  

0  

nul l  s t r ing  

nul l  s t r ing  

nul l  s t r ing  
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MACCOL — Macro  Def in i t ion  Func t ion  fo r  Invoca t ion  Column 

Purpose  

You  u se  the  MACCOL func t ion  in  a  macro  de f in i t ion  to  ob ta in  the  co lumn 
number  where  t he  macro ' s  name  s t a r t ed  in  t h i s  macro  execu t ion ' s  
invoca t ion  s t a t ement .  You  can  use  th i s  va lue  to  pos i t ion  the  answer  
t ex t  f rom th i s  macro  on  the  ou tpu t  source  l i s t ing ,  r e l a t ive  to  the  
invoca t ion  name .  See  F igure  2d .  

Ru le  

The  da ta  type  o f  t he  r e su l t  o f  t he  MACCOL func t ion  i s  FIXED.  

I f  you  dec la re  MACCOL a s  a  va r i ab le ,  i t  i s  no  longer  a  macro  de f in i t ion  
func t ion .  

Svn ta  x  

MACCOL 

Example  

The  fo l lowing  macro  de f in i t ion  ANSWER s t a t ement  inden t s  the  answer  t ex t  
on  the  source  l i s t ing  two  pos i t ions  in  f rom the  invoca t ion  s t a t ement  
macro  name  co lumn.  

ANSWER ( th i s  i s  my answer  t ex t )  COLUMN(MACCOL+2) ;  
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MACINDEX — Macro  Def in i t ion  Funct ion  for  Invoca t ion  Tota l  

Purpose  

You use  the  MACINDEX func t ion  in  a  macro  def in i t ion  to  obta in  the  number  
of  macro  invoca t ions  tha t  have  occur red  in  the  cur ren t  macro  p rocess ing  
phase  of  the  compi le r .  See  F igure  24 .  

Bules  

The  da ta  type  of  the  resu l t  of  the  MACINDEX func t ion  i s  charac te r .  

The  f i r s t  t ime MACINDEX i s  used ,  the  va lue  i s  0001.  Each  t ime  a  macro  
i s  invoked ,  the  va lue  of  MACINDEX i s  incremented  by  1 ;  however ,  a s  long  
as  a  macro  def in i t ion  has  no t  re turned  cont ro l  to  i t s  invoker ,  th i s  
macro  sees  a  cons tan t  va lue  fo r  MACINDEX.  

The  va lue  i s  a  four -d ig i t  s t r ing  unless  the  subs t r ing  parameter  changes  
th i s .  

I f  you  dec la re  MACINDEX as  a  var iab le ,  i t  loses  i t s  macro  def in i t ion  
func t ion .  

Syntax  

i  ( s ta r t :  end)  1 
MACINDEX 1 |  

i i  

Operands  

s ta r t :end  Opt iona l .  You may code  any  subs t r ing  express ion  ind ica t ing  
the  s ta r t  pos i t ion  and  the  end  pos i t ion  of  a  por t ion  of  the  
MACINDEX s t r ing .  The  s ta r t  and  end  may be  spec i f ied  as  
FIXED var iab les ,  dec imal  cons tan ts ,  o r  a r i thmet ic  
express ions .  For  a  s ing le  pos i t ion ,  code  i t s  number  in  both  
s ta r t  and  end .  

170  PL/DS Language  Reference  



Example  

Assume the  macro  phase  i s  in  progress ,  and  the  va lue  of  MACINDEX i s  
0100.  The  macro  def in i t ion  named OUTER i s  invoked .  The  va lue  of  
MACINDEX dur ing  the  execut ion  of  OUTER and  the  execut ion  of  INNER tha t  
i t  invokes  a re  shown in  comments .  

SOUTER:  MACRO;  
DC1 (A,C)  CHARACTER;  

A =  MACINDEX;  
ANSWER ( '  ? INNER;  ' )  ;  
C =  MACINDEX;  

/ *  A=0101 * /  
/*  INVOKE ANOTHER 
/*  C=0101 * /  

MACRO DEFINITION * /  

SEND;  

SINNER:  MACRO;  
DECLARE B CHARACTER;  

B =  MACINDEX;  / *  B=0102 * /  

SEND;  

Now assume tha t  a  fur ther  macro ,  SNEWOUTER,  i s  invoked  fo l lowing  
SOUTER:  

SNEWOUTER:  MACRO;  
DCL (D)  CHARACTER;  

D =  MACINDEX;  / *  D =0103 * /  

SEND ;  

This  demons t ra tes  tha t  fo r  every  macro  def in i t ion ,  MACINDEX re turns  a  
un igue  va lue  tha t  you  can  use  wi thout  fear  of  dupl ica t ion  throughout  the  
macro  p rocess ing  phase  of  PL/DS.  
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BACKEYS --  Bacro  Def in i t ion  Funct ion  for  Invocat ion  Keyname Arguments  

Purpose  

You use  the  BACKEYS func t ion  in  a  macro  def in i t ion  to  ob ta in  a  s t r ing  of  
a l l  the  keynames  and  the i r  va lues  tha t  were  spec i f ied  in  the  macro  
invoca t ion  s ta tement .  See  F igure  24 .  

Rules  

The  da ta  type  of  the  resu l t  of  the  BACKEYS func t ion  i s  charac te r .  

Comments  and  non-s ign i f ican t  b lanks  a re  removed f rom the  l i s t  tha t  i s  
re turned .  

Do no t  use  the  ROBBER macro  def in i t ion  func t ion  wi th  BACKEYS to  
de te rmine  the  number  o f  keys  spec i f ied  in  the  invoca t ion .  

I f  you  dec la re  BACKEYS as  a  var iab le ,  i t  loses  i t s  macro  def in i t ion  
func t ion .  

Syntax  

—BACKEYS-
i  ( s tar t :end)  • 

- I  
i  

Operands  

s ta r t :end  Opt iona l .  You may code  any  subs t r ing  express ion  ind ica t ing  
the  s ta r t  pos i t ion  and  end  pos i t ion  of  a  por t ion  of  the  
BACKEYS s t r ing .  The  s ta r t  and  end  may be  spec i f ied  as  f ixed  
var iab les ,  dec imal  cons tan ts ,  o r  complex  a r i thmet ic  
express ions .  For  a  s ing le  pos i t ion ,  code  i t s  number  in  both  
s ta r t  and  end .  

Examples  

For  the  fo l lowing  invoca t ion :  

7LAB1:  A(X)  KEY 1  KEY2(•10•)KEY3 

. . . the  length  of  BACKEYS i s  10  and  i t s  va lue  i s :  

KEY1KEY2(*  10 ' )  KEY3 

You may use  BACKEYS wi th  o ther  bu i l t - in  func t ions  tha t  address  a  macro  
invoca t ion  to  c rea te  a  copy  of  tha t  invoca t ion  s t r ing .  The  fo l lowing  
example  g ives  the  va lue  of  BACKEYS fo r  a  spec i f ic  macro  invoca t ion .  
When th i s  ANSWER s ta tement  i s  executed :  

ANS ( •? • I  IBACLABELI  |  'BACB •  | |BACLIST|  |BACREYS|  | • ;  ' )  ;  

. . . i t  produces  the  fo l lowing  ca l l  to  an  inner  macro ,  BACB:  

?LAB1:BACB (X)KEY 1  KEY2 ( '  10 ' )KEY3 ;  

Note  tha t  the  inner  macro  name i s  fo l lowed by  a  b lank  to  a l low for  a  
nu l l  BACIIST.  
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In  the  fo l lowing  example ,  MACKEYS i s  used  to  provide  a  recons t ruc ted  
macro  invoca t ion  s t r ing  as  commentary  in  PL/DS code .  

Given  th i s  macro  invoca t ion  for  MAC 1 :  

?  LAB1:  MAC1 (A,B)  KEY1 (X)  KEY2 KEY3( 'AB 1 )  ;  

. . . and  g iven  these  two s ta tements  in  the  MAC1 macro  code :  

IDENT =  MACLABEL| |MACNAME| |MACLIST| |MACKEYS;  

A N S ( ' D O ; '  | I C O M M E N T ( I D E N T ) )  ;  

. . . the  macro  process ing  phase  genera tes  th i s  t ex t :  

D0; /*LAB1:  MAC1 (A,  B)  KEY 1  (X)  KEY2 KEY3( '  AB'  )  * /  
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MACLABEL — Macro  Def in i t ion  Funct ion  for  Invoca t ion  labe l  

Purpose  

You use  the  MACIABEL func t ion  in  a  macro  def in i t ion  to  obta in  the  labe l  
on  the  macro  invoca t ion  s ta tement  for  th i s  macro ,  o r  a  por t ion  of  i t .  
See  F igure  21 .  

Rules  

The  da ta  type  of  the  resu l t  of  the  MACIABEL func t ion  i s  charac te r .  

Any b lanks  or  comments  tha t  were  be tween  the  labe ls  on  the  macro  
invoca t ion  a re  removed;  the  co lon  a f te r  each  l abe l  remains .  

I f  the  macro  invoca t ion  had  no  l abe l ,  the  resu l t  i s  a  nu l l .  

I f  you  dec la re  MACLABEL a s  a  var iab le ,  i t  loses  i t s  macro  def in i t ion  
func t ion .  

Syntax  

r  ( s ta r t :  end)  ,  
—MACLABEL 1 I  

Operand  

s ta r t  rend  Opt iona l .  You may code  any  subs t r ing  express ion  ind ica t ing  
the  s ta r t  pos i t ion  and  end  pos i t ion  of  a  por t ion  of  the  
MACLABEL s t r ing .  The  s ta r t  and  end  may be  spec i f ied  as  
f ixed  var iab les ,  dec imal  cons tan ts ,  o r  complex  a r i thmet ic  
express ions .  For  a  s ing le  pos i t ion ,  code  i t s  number  in  both  
s ta r t  and  end .  

Example  

Given  the  CHARACTER macro  var iab le  A and  the  macro  invoca t ion  for  MAC 1 :  

DCL A CHAR;  
?  ABC:DEF:123:  MAC1;  

I f  you  code  the  MACLABEL func t ion  wi th in  MAC 1 :  

A=MACLABEL (3 :  9)  

I t  re turns  

C :DEF:1  
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MACLIST — Macro  Def in i t ion  for  Invoca t ion  Pos i t iona l  Arguments  

Purpose  

You use  the  MACLIST func t ion  in  a  macro  def in i t ion  to  f ind  the  va lue  of  
one  o r  more  of  the  pos i t iona l  a rguments  in  the  macro  invoca t ion  
s ta tement  fo r  th i s  macro .  See  F igure  21 .  

Rules  

The  da ta  type  of  the  resu l t  of  the  MACLIST func t ion  i s  charac te r .  

I f  no  pos i t iona l  a rguments  and  enc los ing  paren theses  a re  passed ,  the  
resu l t  of  the  func t ion  i s  a  nu l l  s t r ing .  

Any b lanks  or  comments  tha t  were  be tween  the  a rguments  on  the  macro  
invoca t ion  a re  removed;  the  sub l i s t  paren theses  and  the  comma a f te r  each  
subl i s t  a rgument  remain .  

I f  you  dec la re  MACLIST as  a  var iab le ,  i t  loses  i t s  macro  def in i t ion  
func t ion .  

Syntax  

r  1 
V I  

subpos i t ion- 1 —i ,  s ta r t :end~ 
,  (—posi t ion  1  1 — 1  L —) —i 
I  I  

MACLIST h  I -

• ( s ta r t ; end)  -

Operands  

pos i t ion  Opt iona l .  You can  code  the  pos i t ion  of  an  a rgument  o r  
sub l i s t  wi th in  the  macro  def in i t ion ' s  pos i t iona l  
parameter  l i s t .  The  pos i t ion  can  be  spec i f ied  as  a  
var iab le ,  cons tan t ,  o r  complex  a r i thmet ic  express ion .  

subpos i t ion  Opt iona l .  You can  code  the  pos i t ion  of  the  a rgument  you  
want  wi th in  the  subl i s t  spec i f ied  in  the  pos i t ion  
parameter .  The  subpos i t ion  can  be  spec i f ied  as  a  f ixed  
var iab le ,  cons tan t ,  o r  a  complex  a r i thmet ic  express ion .  

Note ;  I f  the  pos i t ion  i s  fo l lowed by  a  subpos i t ion  va lue  
of  1  and  the  pos i t ion  i s  not  a  sub l i s t ,  the  subpos i t ion  
i s  ignored .  The  same i s  t rue  when a  subpos i t ion  i s  
fo l lowed by  a  va lue  of  1  and  no  more  sub l i s t  va lues  
ex is t .  

s ta r t :end  Opt iona l .  You can  code  a  subs t r ing  express ion  tha t  
ind ica tes  the  s ta r t  pos i t ion  and  end  pos i t ion  of  a  
por t ion  of  the  MACLIST s t r ing .  The  s t a r t  and  end  may be  
spec i f ied  as  f ixed  var iab les ,  dec imal  cons tan ts ,  o r  
complex  a r i thmet ic  express ions .  For  a  s ing le  pos i t ion  
code  i t s  number  in  both  s ta r t  and  end .  
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Examples 

Given  a  macro  invoca t ion  tha t  passes  the  fo l lowing  pos i t iona l  pa ramete r  
l i s t :  

(A, ,  (B ,C)  ,  (D)  )  

. . . t he  fo l lowing  l i s t s  the  va lues  r e tu rned  by  va r ious  uses  o f  the  
MACLIST Bu i l t - in  func t ion  i n  the  invoked  macro .  

DESCRIPTION MACLIST FUNCTION 

Bant  a l l  invoca t ion  a rguments  MACLIST 

Want  s econd  th rough  four th  
cha rac te r s  o f  pos i t iona l  
a rgument  s t r ing  

Want  i nvoca t ion  a rgument l  

Want  suba rgument l  o f  i nvoca t ion  
a rgument l  sub l i s t  

Want  suba rgument2  o f  i nvoca t ion  
a rgument l  sub l i s t  

Want  i nvoca t ion  a rgument2  
( second  comma de l imi t s  i t )  

Want  suba rgument l  o f  invoca t ion  
a rgument2  sub l i s t  

Want  i nvoca t ion  a rgument3  

Want  f i r s t  th rough  four th  
cha rac te r s  o f  a rgument3  s t r ing  

Want  suba rgument l  o f  i nvoca t ion  
a rgument3  sub l i s t  

Want  suba rgument2  o f  invoca t ion  
a rgument3  sub l i s t  

Want  suba rgument3  o f  invoca t ion  
a rgument3  sub l i s t  

Want  i nvoca t ion  
a rguments  

Want  suba rgument l  o f  invoca t ion  
a rgument4  sub l i s t  

Want  subsubargument l  o f  
subargument l  o f  invoca t ion  
a rguments  sub l i s t  

MACLIST(2 :4 )  

MACLIST(1)  

MACLIST(1 ,1 )  

MACLIST (1 ,2 )  

MACLIST (2 )  

MACLIST (2 ,1 )  

MACLIST (3 )  

MACLIST(3 ,1 :4 )  

MACLIST (3 ,1 )  

MACLIST (3 ,2 )  

MACLIST (3 ,3 )  

MACLIST (4 )  

MACLIST (4 ,1 )  

MACLIST(4 ,1 ,1 )  

RESULT 

(A , , (B ,C)  ,  (D)  )  

A ,  ,  

A 

A 

nu l l  s t r ing  

nu l l  s t r ing  

nu l l  s t r ing  

(B,C)  

(B ,  C  

null string 

( D )  

176  PL/DS Language  Refe rence  



MAC NAME — Macro  Def in i t ion  Funct ion  for  Invoca t ion  Name 

Purpose  

You use  the  MACNAME func t ion  in  a  macro  def in i t ion  to  obta in  the  name,  
ou t  of  the  l i s t  of  names  in  the  macro  def in i t ion ,  tha t  the  macro  
invoca t ion  used  to  invoice  th i s  macro .  You can  use  mul t ip le  macro  names  
to  modi fy  the  process ing  wi th in  the  macro  depending  on  the  name tha t  was  
used  to  invoke  i t .  See  F igure  24 .  

Rules  

The  da ta  type  of  the  resu l t  of  the  MACNAME func t ion  i s  charac te r .  

The  l ength  of  the  resu l t  i s  the  number  o f  charac te rs  in  the  name o r  in  
the  subs t r ing ,  i f  spec i f ied .  

I f  you  dec la re  MACNAME as  a  var iab le ,  i t  loses  i t s  macro  def in i t ion  
func t ion .  

Svnta  x  

,  ( s ta r t :  end)  1 
MACNAME 1 I  

i  i  

Operand  

s ta r t :end  Opt iona l .  You can  code  the  s ta r t  pos i t ion  and  the  end  
pos i t ion  of  a  por t ion  of  the  MACNAME s t r ing .  The  s ta r t  and  
end  may be  spec i f ied  as  f ixed  var iab les ,  dec imal  cons tan ts ,  
o r  complex  a r i thmet ic  express ions .  For  a  s ing le  pos i t ion ,  
code  i t s  number  in  both  s ta r t  and  end .  

Example  

When th i s  macro :  

STEST1:  TEST2:  MACRO;  
DCI  A CHAR;  
A=MACN AME;  

% END ;  

. . . i s  invoked  dur ing  

7TEST2;  

. . . the  var iab le  A i s  

the  macro  phase  wi th :  

ass igned  the  va lue  'TEST2 '  dur ing  execut ion .  
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NUMBER --  Macro  Def in i t ion  Funct ion  for  Invoca t ion  Argument  Quant i ty  

Purpose  

You code  the  NUMBER func t ion  in  a  macro  def in i t ion  to  ob ta in  one  o f :  

•  the  number  of  pos i t iona l  a rguments  in  the  invoca t ion .  
•  the  number  of  a rguments  wi th  a  spec i f ied  keyname in  the  invoca t ion .  
•  the  number  of  a rguments  in  a  parameter  l i s t  subl i s t .  

See  F igure  2h .  

Rules  

The  da ta  type  of  the  resu l t  of  the  NUMBER func t ion  i s  f ixed .  

When the  NUMBER operands  re fe rence  anyth ing  tha t  i s  enc losed  in  
paren theses ,  the  resu l t  i s  1  p lus  the  number  o f  commas  wi th in  the  
paren theses ;  commas  inc luded  in  subl i s t s  wi th in  the  re fe rence  a re  not  
added  in to  the  va lue .  

When the  NUMBER operands  re fe rence  an  a rgument ,  keyname,  o r  sub l i s t  tha t  
i s  not  wi th in  paren theses ,  the  resu l t  i s  1 .  

When the  NUMBER operands  re fe rence  an  a rgument ,  sub l i s t ,  o r  keyname tha t  
does  no t  ex is t ,  the  resu l t  i s  0  (va lue  of  ze ro)  .  

Do no t  use  the  MACKEYS macro  def in i t ion  func t ion  wi th  NUMBER to  
de te rmine  the  number  of  keys  submi t ted  in  the  invoca t ion .  

I f  you  dec la re  NUMBER as  a  var iab le ,  i t  loses  i t s  macro  def in i t ion  
func t ion .  

Syntax  
i  1  
v  I  

i—,subpos i t ion-»—i 
i  MAC1IST—i ,  (pos i t ion  1 I  —)n  
|  |  |  .  .  |  

NUMBER-(—|  |  1 | _ )  
I I I  I  
1  keyname 1  '  1 

Operands  

Code  th i s  keyword  i f  the  a rguments  tha t  you  want  counted  a re  
in  a  pos i t iona l  macro  l i s t .  

I f  the  arguments  tha t  you  want  counted  a re  in  a  keyname 
parameter  l i s t ,  code  the  name of  the  key .  

Opt iona l .  For  the  MAC LI  ST keyword ,  code  the  pos i t ion  of  the  
argument  tha t  i s  a  sub l i s t  you  want  counted .  

For  the  keyname parameter ,  code  the  pos i t ion  of  the  argument  
in  tha t  keyname 's  l i s t  tha t  i s  a  sub l i s t  you  want  counted .  
The  pos i t ion  parameter  can  be  a  f ixed  var iab le ,  a  cons tan t ,  o r  
a  complex  a r i thmet ic  express ion .  

subpos i t ion  
Opt iona l .  For  the  parameter  in  pos i t ion ,  above ,  spec i fy  the  
subparameter ,  sub-subparameter ,  e tc . ,  tha t  you  want .  Code  a  
f ixed  var iab le ,  a  cons tan t ,  o r  a  complex  a r i thmet ic  
express ion .  

MACLIST 

keyname 

pos i t  ion  
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Example  

When the  macro  def in i t ion  TEST i s  invoked  wi th  the  fo l lowing  macro  
invoca t ion  s ta tement :  

?TEST (A, , (B,C)  , (D))  JOE(A,B)  SAM(A)  BILL HAL(A,(B,  (C ,D)) )  ;  

. . . there  a re  four  pos i t iona l  parameters  and  four  keyword  parameters .  

The  fo l lowing  i s  a  l i s t  of  the  va lues  re turned  by  var ious  uses  of  the  
NUMBER func t ion  wi th in  the  macro  TEST:  

DESCRIPTION NUMBER FUNCTION RESULT 

Count  pos i t iona l  a rguments  

Count  a rgument  sub l i s t  in  pos i t iona l  
a rgument l  

Count  a rgument  sub l i s t  in  pos i t iona l  
a rgument2  

Count  a rgument  sub l i s t  in  pos i t iona l  
a rgument3  

Count  a rguments  in  subpos i t ion  1  of  
pos i t iona l  a rgument3  

Count  a rgument  sub l i s t  in  a rguments  

Count  a rguments  fo r  keyword  JOE 

Count  a rguments  in  JOE's  
a rgument l  sub l i s t  

Count  a rguments  in  JOE's  
a rgument3  sub l i s t  

Count  a rguments  fo r  keyword  SAM 

Count  a rguments  in  SAM's  a rgument l  
sub l i s t  

Count  a rguments  fo r  keyword  BILL 

Count  a rguments  in  BILL ' S  argument l  
sub l i s t  

Count  a rguments  in  BILL ' S  argument2  
sub l i s t  

Count  a rguments  in  HAL'S  a rgument l  
sub l i s t  

Count  a rguments  in  subpos i t ion l  of  
HAL's  a rgument l  sub l i s t  

Count  a rguments  in  HAL's  a rgument2  
sub l i s t  

Count  a rguments  in  subpos i t ion l  of  
HAL's  a rgument2  sub l i s t  

Count  a rguments  in  subpos i t ion2  of  
HAL's  a rgument2  sub l i s t  

NUMBER (MACLIST)  

NUMBER (MACLIST (1)  )  

NUMBER (MACLIST (2)  )  

NUMBER (MACLIST (3)  )  

NUMBER (MACLIST (3 ,1) )  

NUMBER (MACLIST (4)  )  

NUMBER ( JOE)  

NUMBER (JOE (1)  )  

NUMBER ( JOE (3)  )  

NUMBER (SAM) 

NUMBER (SAM (1)  )  

NUMBER (BILL)  

NUMBER (BILL (1)  )  

NUMBER (BILL (2)  )  

NUMBER (HAL (1)  )  

NUMBER (HAL (1 ,1) )  

NUMBER (HAL (2)  )  

NUMBER (HAL (2 ,1) )  

NUMBER (HAL (2 ,2)  )  
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COMPILE-TIME MACRO DEFINITION FUNCTIONS 

The  compi le - t ime func t ions  ob ta in  compi le r  cont ro l  and  computer  
t ime/da te  va lues .  They  a re :  

•  MACLMAR - -  le f t  compi le r  marg in .  

•  MACPARM - -  EXEC card  MACPARM parameter  s t r ing .  

•  MACRMAR - -  Right  compi le r  marg in .  

•  MACTIME - -  Computer  c lock  t ime.  

•  MACDATE - -  Computer  c lock  da te .  

Descr ip t ions  and  examples  of  each  of  these  a re  on  the  fo l lowing  pages .  
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MACDATE - -  f i ac ro  Def in i t ion  Func t ion  fo r  Compi le  Da te  

Purpose  

You  u se  the  MACDATE func t ion  in  a  macro  de f in i t ion  to  ob ta in  the  da te  o f  
t he  compi le  i n  which  t h i s  macro  i s  invoked .  

Ru les  

The  da ta  type  o f  t ne  r e su l t  o f  t he  MACDATE func t ion  i s  charac te r .  

The  l eng th  o f  t he  r e su l t  i n  f ive  cha rac te r s ,  un less  you  code  the  
subs t r ing  operand .  

The  fo rmat  o f  t he  cha rac te r  s t r ing  i s  yyddd ,  where :  

yy  i s  the  yea r :  f rom 00  t o  99  
ddd  i s  the  day-o f -yea r  da te :  f rom 001  t o  366  

The  da te  va lue  i s  ob ta ined  f rom the  da te  s e t  in to  the  compute r  a t  IPX 
t ime ,  and  upda ted  by  the  compute r ' s  con t ro l  p rogram.  

I f  you  dec la re  MACDATE a s  a  va r i ab le ,  i t  loses  i t s  macro  de f in i t ion  
func t ion .  

Svn ta  x  

r  ( s t a r t :  end)  t  
MACDATE 1 I  

i  i  

Opera  nd  

s t a r t : end  Opt iona l .  You  can  spec i fy  a  pa r t  o f  t he  MACDATE s t r ing .  
Code  any  subs t r ing  express ion  ind ica t ing  the  s t a r t  pos i t ion  
and  end  pos i t ion  o f  the  MACDATE s t r ing  you  wan t .  The  s t a r t  
and  end  may  be  f ixed  va r i ab les ,  dec ima l  cons tan t s ,  o r  
complex  a r i thmet i c  express ions .  For  a  s ing le  pos i t ion ,  code  
i t s  number  i n  bo th  s t a r t  and  end .  
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MACLMAR — Macro  Def in i t ion  Funct ion  for  Lef t  Source  Margin  

Purpose  

You use  the  MACLMAR func t ion  in  a  macro  de f in i t ion  to  ob ta in  the  l e f t  
source  marg in  t ha t  i s  in  e f fec t  fo r  th i s  compi le r  run .  The  l e f t  source  
marg in  i s  the  co lumn number  i n  the  source  code  records  where  t he  
compi le r  beg ins  t o  read .  Th i s  a l lows  you  t o  ad jus t  the  l e f t  source  
marg in  o f  your  answer  t ex t .  

Ru les  

The  da ta  type  o f  t he  r e su l t  o f  t he  MACLMAE func t ion  i s  f ixed .  

The  de fau l t  l e f t  source  marg in  i s  2 .  Th i s  can  be  changed  wi th  the  
MARGINS compi le r  op t ion .  

See  the  MACBMAR func t ion  fo r  the  r igh t  source  marg in .  

I f  you  dec la re  MACLMAE a s  a  va r i ab le ,  i t  loses  i t s  macro  de f in i t ion  
func t ion .  

Svnta  x  

MACLMAE 

Example  

In  th i s  example ,  FIXED macro  va r i ab le  A i s  ass igned  the  va lue  o f  t he  
l e f t  source  marg in  and  used  t o  make  t he  answer  t ex t  beg in  a t  the  p roper  
source  marg in .  

DECLARE A F IXED;  

A =  MACLMAR; 

ANSWER ( express ion)  COLUMN (A) ;  / *  THE ANSWER TEXT WILL APPEAR 
IN THE SOURCE TEXT BEGINNING IN THE LEFT SOURCE MARGIN 
USED FOR THIS  COMPILATION * /  
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MACPA EM -- Macro Definition Function MACPAEM Compiler Option String 

Purpose 

You use the MACPARM function in a macro definition to obtain the 
character string, or optionally part of it, submitted as the parameter 
of the MACPARM compiler option in the compiler run in which this macrc 
is invoked. 

Rules 

The data type of the result of the MACPARM function is character. 

The MACPARM compiler option is for passing a character string for 
reference by the MACPARM macro definition function. You assign the 
meanings or controls implied by certain character strings, and implement 
them in your macro. 

If you declare MACPARM as a variable, it loses its macro definition 
function. 

Sintax 

i (start: end) 1 
MACPARM 1 I 

Operand 

start:end Optional. You can specify a part of the MACPARM string. 
Code any substring expression indicating the start position 
and end position of the portion of the MACPARM string that 
you want. The start and end may be fixed variables, decimal 
constants, or complex arithmetic expressions. For a single 
character, code its number in both start and end. 

Example 

In this example, an EXEC card specifies a MACPARM value of ABCDE, and in 
a macro the MACPARM function is used to establish a "go to finish" 
decision. 

//STEP EXEC PGM=IRE00000,PARM=,MACPARM(' 'ABCDE'') • 

XJOE:MACRO; 
DCL (P) CHAR; 
P = MACPARM; /* P = ABCDE */ 
IF p-.= « ABCDE1 THEN /* TEST MACPARM*/ 

GOTO FINISH; 

FINISH: ; 
XEND; 
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MACRMAR - -  Macro  Def in i t ion  Func t ion  fo r  R igh t  Source  Marg in  

Purpose  

You  u se  the  MACRMAR func t ion  in  a  macro  de f in i t ion  to  ob ta in  the  "9  
source  marg in  t ha t  i s  in  e f fec t  fo r  t h i s  compi le r  run .  The  r igh t  s o u ^e  
marg in  i s  the  co lumn number  i n  the  source  code  records  where  t ne  
compi le r  s tops  read ing .  Th i s  a l lows  you  t o  ad jus t  the  pos i t ion  o f  
answer  t ex t  wi th  r e spec t  to  the  r igh t  source  marg in .  

Ru les  

The  da ta  type  o f  t he  r e su l t  o f  t he  MACRMAR func t ion  i s  f ixed .  

The  de fau l t  r igh t  source  marg in  i s  72 .  Th i s  can  be  changed  wi th  the  
MARGINS compi le r  op t ion .  

See  the  MACLMAR func t ion  fo r  the  l e f t  source  marg in .  

I f  you  dec la re  MACLMAR a s  a  va r i ab le ,  i t  loses  i t s  macro  de f in i t ion  
func t ion .  

Syn tax  

-MACRMAE-

Example  

In  t h i s  example ,  answer  t ex t  (a  mic ro f i che  f l ag ,  in  th i s  case )  i s  
pos i t ioned  a t  the  r igh t  marg in .  

DECLARE A F IXED;  
DECLARE FLAG CHARACTER;  

A =  MACRMAR -  LENGTH(FLAG)  -  1 ;  

ANSWER (FLAG)  COLUMN(A) ;  / *  OUTPUT FLAG NEXT TO RIGHT MARGIN * /  
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MACTIME — Macro  Def in i t ion  Func t ion  fo r  Compi le  T ime  

Purpose  

You  u se  the  MACTIME func t ion  in  a  macro  de f in i t ion  to  ob ta in  the  t ime  o f  
day  o f  the  compi le  i n  which  t h i s  macro  i s  invoked .  

Ru les  

The  da ta  type  o f  t he  r e su l t  o f  t he  MACTIME func t ion  i s  charac te r .  

The  l eng th  o f  t he  r e su l t  i s  s ix  cha rac te r s ,  un less  you  code  the  
subs t r ing  operand .  

The  fo rmat  o f  t he  cha rac te r  s t r ing  i s  hhmmss ,  where :  

hh  i s  the  hour :  f rom 00  to  23  
mm i s  the  minu te :  f rom 00  t o  59  
s s  i s  the  second :  f rom 00  t o  59  

The  t ime  va lue  i s  ob ta ined  f rom the  t ime  se t  in to  the  compute r  a t  IP1  
t ime ,  and  upda ted  by  the  compute r ' s  con t ro l  p rogram.  

I f  you  dec la re  MACTIME a s  a  va r i ab le ,  i t  loses  i t s  macro  de f in i t ion  
func t ion .  

Syn tax  

i  ( s t a r t :  end)  
MACTIME 1 I  

i  I  

Operand  

s t a r t : end  Opt iona l .  You  can  spec i fy  a  pa r t  o f  t he  MACTIME s t r ing .  
Code  any  subs t r ing  express ion  ind ica t ing  the  s t a r t  pos i t ion  
and  end  pos i t ion  o f  t he  por t ion  o f  t he  MACTIME s t r ing  tha t  
you  wan t .  The  s t a r t  and  end  may  be  f ixed ,  va r i ab les ,  
dec ima l  cons tan t s ,  o r  complex  a r i thmet i c  express ions .  For  a  
s ing le  pos i t ion ,  code  i t s  number  i n  bo th  s t a r t  and  end .  
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STRING HANDLING MACRO DEFINITION FUNCTIONS 

The  cha rac te r  s t r ing  hand l ing  macro  de f in i t ion  func t ions^  pe r fo rm 
cha rac te r - s t r ing - re la t ed  opera t ions .  There  a re  seven  func t ions :  

INDEX ob ta ins  the  pos i t ion  o f  a  cha rac te r  s t r ing  in  ano the r  
cha rac te r  s t r ing .  

Desc r ip t ions  and  examples  o f  each  a re  on  the  fo l lowing  pages .  

Here  i s  a  summary  o f  the  r e su l t s  o f  each  func t ion .  Given  the  cha rac te r  
s t r ing  '+2345 '  a s s igned  to  va r i ab le  X,  

X= '+2345*  

the  r e su l t  o f  each  func t ion  i s :  

COMMENT makes  a  comment  ou t  o f  a  cha rac te r  s t r ing  

LENGTH ob ta ins  the  l eng th  o f  a  s t r ing .  

QUOTE enc loses  a  cha rac te r  s t r ing  in  quo tes .  

REPEAT r epea t s  a  cha rac te r  s t r ing  a  spec i f i ed  number  o f  t imes  

CHAR conver t s  f ixed  da ta  to  cha rac te r  da ta .  

FIXED conver t s  cha rac te r  da ta  to  f ixed  da ta .  

COMMENT(X)  - ->  /*+2345* /  

INDEX (X , 1 45 ' )—> 4  

LENGTH (X)  - ->  5  

QUOTE (X)  —> •+2345 '  

REPEAT (X,1 )  —> +2345  +  2345  

CHAR (X)  —> +2345  ( cha rac te r )  

FIXED (X)  —> 2345  ( a r i thmet i c )  
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COMMENT --  Macro  Def in i t ion  Func t ion  to  Genera te  a  Comment  

Pur  po  s e  

You  use  the  COMMENT func t ion  in  a  macro  de f in i t ion  to  i s sue  a  cha rac te r  
s t r ing  a s  a  comment  i n  answer  t ex t .  (You  can  code  your  own comments  
w i thou t  the  COMMENT func t ion ,  bu t  COMMENT ensures  tha t  the re  a re  no  
s t r ay  /*  or  * /  wi th in  the  comment  t ex t . )  

Ru les  

The  da ta  type  o f  t he  r e su l t  o f  t he  COMMENT func t ion  i s  charac te r .  

I f  any  comment  de l imi te r s ,  / *  o r  * / ,  appear  wi th in  the  spec i f i ed  
cha rac te r  s t r ing ,  the  COMMENT func t ion  changes  them to  />  o r  < / ,  
r e spec t ive ly .  

The  r e su l t an t  cha rac te r  s t r ing  mus t  be  no  more  than  1 ,000  cha rac te r s .  

I f  you  dec la re  COMMENT a s  a  va r i ab le ,  i t  loses  i t s  macro  de f in i t ion  
func t ion .  

Syn tax  

i  macrodef  func t ion  1 
I  I  

COM ME NT (  +—'cons tan t '  1 -—)  — 
I I  
•  v a r i ab le  1 1  1  

I  I  
i—s ta r t :  end— 1  

Operands  

macrodef  func t ion  You  may  code  a  macro  de f in i t ion  func t ion  i f  the  
va lue  p rov ided  by  the  func t ion  i s  a  cha rac te r  
s t r ing .  

' cons tan t '  Cons tan t .  May  be  any  cha rac te r  s t r ing  enc losed  in  
s ing le  guo tes .  The  max imum l eng th  i s  996  
cha rac te r s .  

va r i ab le  Var iab le  shou ld  be  a  CHARACTER va r i ab le  tha t  has  
p rev ious ly  been  a s s igned  a  cha rac te r  s t r ing .  

Example  

In  th i s  example ,  two  macro  va r i ab les ,  A and  B ,  a r e  dec la red  CHARACTER,  
and  a s s igned  cha rac te r  s t r ings  tha t  a re  comments .  

DCL A CHARACTER;  
DC1 B CHARACTER;  
A =  COMMENT ( 'WHAT' )  ;  
B =  COMME NT( 'NAME /*ODD' 'QUOTE*/ '  )  ;  

T h e  va lue  o f  A i s  /*WHAT*/  and  the  va lue  o f  B  i s  
/*  NAM E />0DD* QUOTEC/* / .  
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INDEX — Macro  Def in i t ion  Funct ion  for  Charac te r  S t r ing  Occurrences  

Pur  po  se  

You use  the  INDEX func t ion  in  a  macro  def in i t ion  to  obta in  i f  and  where  
a  spec i f ied  charac te r  s t r ing  or ,  op t iona l ly ,  the  n th  occur rence  of  a  
recur r ing  charac te r  s t r ing ,  i s  loca ted  in  another  spec i f ied  searched  
s t r ing .  

Rules  

The  da ta  type  of  the  resu l t  of  the  INDEX func t ion  i s  f ixed .  

The  resu l t  i s  the  number  of  pos i t ions  f rom the  s ta r t  of  the  searched  
s t r ing  of  the  s ta r t ing  pos i t ion  of  the  spec i f ied  searched- for  s t r ing .  

I f  there  i s  no  occur rence  of  the  searched- for  s t r ing ,  the  resu l t  i s  a  
zero .  

I f  you  dec la re  INDEX as  a  var iab le ,  i t  loses  i t s  macro  def in i t ion  
func t ion .  

Syntax  

i—macrodef  func t ion l  1 
4—'con  s t  an t  1 '  +-
•—var iab le  I T  '  

• - s ta r t :  end-

INDEX—(— 

-EBCDIC-

i—,macrodef  func t ion2  1 r ,num-
- |—, '  cons tan t2 '  1— |  
•—,var iab le2—i 1  '  

• - s ta r t :  end J  

- ,macrodef  func t ion  
- , 1  cons tan t3 '  
- ,  var iab le3—! 

• - s ta r t :  endJ  

I—) 

Operands  

macrodef  func t ion l  

' cons tan t l •  

var iab le l  

macrodef  func t ion2  

•cons tan t2 '  

This  i s  the  f i r s t  of  th ree  ways  you  can  spec i fy  the  
charac te r  s t r ing  to  be  searched .  Code  a  macro  
def in i t ion  func t ion  wi th  a  charac te r  s t r ing  resu l t .  

This  i s  the  second of  th ree  ways  you  can  spec i fy  the  
charac te r  s t r ing  to  be  searched .  Code  the  charac te r  
s t r ing ,  enc losed  in  s ing le  quotes .  

This  i s  the  th i rd  of  th ree  ways  you  can  spec i fy  the  
charac te r  s t r ing  to  be  searched .  Code  a  macro  
var iab le  dec la red  CHARACTER tha t  has  been  ass iqned  
the  charac te r  s t r ing .  

This  i s  the  f i r s t  of  th ree  ways  you  can  spec i fy  the  
charac te r  s t r ing  to  be  searched  for .  Code  a  macro  
def in i t ion  func t ion  wi th  a  charac te r  s t r ing  resu l t .  

This  i s  the  second of  th ree  ways  you  can  spec i fy  the  
charac te r  s t r ing  to  be  searched  for .  Code  the  
charac te r  s t r ing ,  enc losed  in  s ing le  quotes .  
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var iable2  

nun  

EBCDIC 

Th i s  i s  the  th i rd  o f  th ree  ways  you  can  spec i fy  the  
cha rac te r  s t r ing  to  be  sea rched  fo r .  Code  a  macro  
va r i ab le  dec la red  CHAEACTEE t ha t  has  been  a s s igned  
the  cha rac te r  s t r ing .  

Opt iona l .  You  can  spec i fy  which  occur rence  o f  a  
r ecur r ing  sea rched- fo r  s t r ing2  you  wan t  t he  s t a r t ing  
pos i t ion  o f  i n  the  sea rched  s t r ing" ! .  I t  may  be  
spec i f i ed  a s  a  f ixed  va r i ab le ,  dec ima l  cons tan t ,  o r  
complex  a r i thmet i c  express ion .  I f  you  omi t  t he  num 
operand ,  i t s  de fau l t  va lue  i s  1 .  

You  code  the  keyword  EBCDIC t o  spec i fy  tha t  you  wan t  
t he  pos i t ion  (dec imal  number )  o f  a  cha rac te r  i n  the  
EBCDIC t ab le .  

macrodef  func t ion3  Th i s  i s  the  f i r s t  of  t h ree  ways  t o  spec i fy  the  
cha rac te r  you  a re  sea rch ing  the  EBCDIC t ab le  fo r .  
The  macro  de f in i t ion  func t ion  you  code  mus t  have  a  
s ing le  cha rac te r  r e su l t .  

1 cons tan t3 '  

va r i ab le3  

Th i s  i s  the  second  of  t h ree  ways  t o  spec i fy  the  
cha rac te r  you  a re  sea rch ing  the  EBCDIC t ab le  fo r .  
Code  the  s ing le  cha rac te r ,  enc losed  in  s ing le  
quo tes .  

Th i s  i s  the  th i rd  of  t h ree  ways  t o  spec i fy  the  
cha rac te r  you  a re  sea rch ing  the  EBCDIC t ab le  fo r .  
Code  a  macro  va r i ab le  dec la red  CHAEACTEE t ha t  has  
been  a s s igned  the  s ing le  cha rac te r .  

Examples  

Given  a  cha rac te r  s t r ing  A,  t h i s  f i r s t  example  shows  how t o  f ind  the  
f i r s t  occur rence  o f  5  in  A and  the  second  occur rence  o f  1  in  A.  

DCL A CHAR;  
DCL B F IXED;  
DCL C  FIXED;  
A =  ' 01231*56789 ' ;  
B  =  INDEX (A , ' 5 ' )  ;  
C =  INDEX (A , ' 1 ' , 2 )  ;  

The  va lue  o f  B i s  6  and  the  va lue  o f  C i s  0  because  the re  i s  no  second  
occur rence  o f  t he  cha rac te r  1 .  

Th i s  second  example  i l l u s t r a t e s  the  convers ion  o f  one  cha rac te r  t o  an  
a r i thmet i c  va lue .  

Th i s  fo rm o f  t he  INDEX macro  de f in i t ion  func t ion  conver t s  one  cha rac te r  
i n to  an  a r i thmet i c  va lue  based  on  the  EBCDIC i n t e rna l  r ep resen ta t ion  o f  
t he  cha rac te r .  

DCL D F IXED;  
D =  INDEX(EBCDIC, •$• ) ;  

The  va lue  o f  D i s  91 ,  which  i s  the  a r i thmet i c  va lue  fo r  the  cha rac te r  $ .  
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LENGTH — Macro Definition Function for Character String Length 

Purpose 

You use the LENGTH function in a macro definition to obtain the length 
of the character string you specify. 

Eules 

The data type of the result of the LENGTH function is fixed. 

If the specified string is a null string, the result is 0 (zero) . 

If you declare LENGTH as a variable, it loses its macro definition 
function. 

Syntax 

I 
-LENGTH-

-macrodef function-

1 constant' 

variable 
I I 

-start:end-

— r-) -

I 

Operands 

macdef function 

'constant' 

variable 

You may specify a macro definition function that 
returns a character string. 

You may code any character string, surrounded by 
single quotes. The string can be up to 1,000 
characters. 

You may code a macro variable declared CHAEACTEE 
that you have assigned a character string to. 

Examples 

LENGTH ('ABC') is 3. 
LENGTH ('AB"C') ) is 4. 

DCL A CHAE; 
A='HLB'; 
LENGTH (A) is 3. 

7MACE01 (A,, (B,C) , (D) ) JOE (A, B) ; 
LENGTH (MACLIST) is 14. 
LENGTH (MACLIST (1) ) is 1. 
LENGTH (MACLIST(3) ) is 5. 
LENGTH (MACLIST (3, 1) ) is 1. 
LENGTH (JOE) is 5. 
LENGTH (COMMENT (MACLIST (3) ) ) is 9. /* (B, C) */ 

I 
>—>123456789 
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QOOTE - -  Macro  Def in i t ion  Funct ion  to  Bui ld  a  L i te ra l  

Purpose  

You use  the  QOOTE func t ion  in  a  macro  def in i t ion  to  enc lose  a  spec i f ied  
charac te r  s t r ing  in  s ing le  quotes .  (You can  code  your  own 
s ing le -quote-enc losed  charac te r  s t r ing ,  bu t  QOOTE ensures  tha t  a l l  
s ing le  quotes  in  the  s t r ing  a re  doubled . )  

Rules  

The  da ta  type  of  the  resu l t  of  the  QOOTE func t ion  i s  charac te r .  

The  conten ts  of  the  resu l t  i s  a  charac te r  s t r ing ,  wi th  s ing le  quotes  as  
the  f i r s t  and  l as t  charac te rs .  

Each  s ing le  quote  in  the  spec i f ied  charac te r  s t r ing  becomes  two s ing le  
quotes .  This  fo l lows  the  ru le  for  quoted  (or  l i t e ra l )  quotes .  

The  resu l t  can  be  up  to  1  ,000  charac te rs  long .  

I f  you  dec la re  QOOTE as  a  var iab le ,  i t  loses  i t s  macro  def in i t ion  
func t ion .  

Synta  x  

I  
—QOOTE— (—|-

Operands  

—macdef  func t ion-

' cons tan t '  

v  a r i  ab l  e  > -
I  I  
•—star t :end—'  

- I  )  — 

macdef  func t ion  You may code  a  macro  def in i t ion  func t ion  
re turns  the  charac te r  s t r ing .  

tha t  

•cons tan t '  You may code  the  charac te r  s t r ing  of  up  to  998  
charac te rs ,  enc losed  by  s ing le  quotes .  

var iab le  You may code  a  macro  var iab le  dec la red  CHARACTER 
tha t  you  have  ass igned  the  charac te r  s t r ing  to .  

:x  ample  
DC1 A CHAR;  
DCL B CHAR;  
DCL C FIXED;  
DCL D CHAR;  
DCL E CHAR;  
A =  ' IT"  S '  ;  
B =  QOOTE (A)  ;  
C =  10 ;  
D =  QOOTE(CHAR(C)  )  ;  
E =  QOOTE (QOOTE(•ABC')  )  ;  
ANSWER ( •Y=E; ' ) ;  

/*  IT 'S  IS  ASSIGNED TO A 
/ •  ' IT ' 'S '  IS  ASSIGNED TO B 

/* 
/* 
/* 
/* 

'  10•  IS  ASSIGNED TO D 
' "ABC'"  IS  ASSIGNED TO E 
E  IS  REPLACED WITH " 'ABC' 1  

ANSWER TEXT GENERATED IS :  
•  Y= '  •  'ABC" '  

*/ 
*/ 

V 
*/ 
V 

• * /  
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REPEAT - -  Macro  Def in i t ion  Func t ion  to  Repea t  a  S t r ing  

Purpose  

You  u se  the  REPEAT func t ion  in  a  macro  de f in i t ion  to  bu i ld  a  cha rac te r  
s t r ing  tha t  cons i s t s  o f  a  g iven  cha rac te r  s t r ing  repea ted  a  spec i t i ea  
number  o f  t imes .  

Ru les  

The  da ta  type  o f  t he  r e su l t  o f  t he  REPEAT func t ion  i s  cha rac te r .  

The  con ten t  o f  t he  r e su l t  i s  the  spec i f i ed  cha rac te r  s t r ing  fo l lowed  by  
i t s  repe t i t ion  the  spec i f i ed  number  o f  t imes .  

I f  the  spec i f i ed  r epe t i t ion  number  i s  0  ( ze ro )  ,  the  s t r ing  occurs  once  
in  the  r e su l t .  

The  spec i f i ed  r epe t i t ion  number  mus t  no t  be  nega t ive .  

The  r e su l t an t  s t r ing  can  be  up  to  1 ,000  cha rac te r s  long .  

I f  you  dec la re  REPEAT a s  a  va r i ab le ,  i t  loses  i t s  macro  de f in i t ion  
func t ion .  

Syn tax  

REPEAT-( -+-
I 

Operands  

macdef  func t ion  

•cons tan t 1  

var i ab le  

-macdef  func t ion-

•  cons tan t '  

va r i ab le  , 

- ,  num-
I I  

H  1  
I  I  

I—)  — 

I 
- s t a r t : end-

You may  spec i fy ,  fo r  r epe t i t ion ,  a  macro  de f in i t ion  
func t ion  tha t  r e tu rns  a  cha rac te r  s t r ing .  

You  may  spec i fy  the  ac tua l  cha rac te r  s t r ing  you  wan t  
r epea ted ,  enc losed  by  s ing le  quo tes .  

You  may  code  a  macro  va r i ab le  dec la red  CHARACTER,  t o  
which  you  have  a s s igned  the  s t r ing  you  a re  
repea t ing .  

num Opt iona l .  You  code  fo r  num the  number  o f  t imes  the  
cha rac te r  s t r ing  i s  to  be  r epea ted .  Remember ,  f o r  
the  s t r ing  to  appear  x  t imes  in  the  r e su l t ,  t he  num 
va lue  mus t  be  x -1 .  Use  a  macro  va r i ab le  dec la red  
FIXED,  a  cons tan t ,  o r  a  complex  a r i thmet i c  
express ion .  I f  you  omi t  num,  t he  de fau l t  i s  1  
(cha rac te r  s t r ing  appear s  twice  i n  the  r e su l t ) .  

Example :  

In  the  s t a t ement s  be low,  t he  comments  show the  r e su l t s  o f  t he  REPEATS:  

DECLARE(A,B,C ,D,E)  CHARACTER;  
A =  REPEAT ( ' 123 ' ,2 )  ;  
B =  'ABC' ;  
C  =  REPEAT (B ,  1 )  ;  
D =  REPEAT(B,0)  ;  

/ *  A =  123123123  * /  

/ *  C =  ABCABC * /  
/*  D =  ABC * /  
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CHAR -- Macro Definition Function to Convert Fixed to Character 

Pur pose 

You use the CHAR function in a macro definition to convert a fixed value 
into a character string, with optional truncation or high order zeros. 

Rules 

The data type of the result of the CHAR function is character. 

The absolute value of the fixed data is converted. 

With the num operand specified, truncation of significant digits or 
extension with zeros, to agree with the num value, is done on the left. 

If you declare CHAR as a variable, it loses its macro definition 
function. 

Syntax 

, macdet function 
I 

CHAR— (—| constant 
I 
i variable 

| r~, num-T 
1 1 I ) 

I , . 
j 

Operands 

macdef function 

const ant 

variable 

num 

You may code any macro 
returns a fixed number. 

definition function that 

You may code a decimal number. 

You may specify a macro variable declared FIXED that 
has a value assigned to it. 

Optional. You may specify the number of digits in 
the resulting character string. It can be a fixed 
variable, decimal constant, or complex arithmetic 
expression. 

If you omit the num operand, the default is either, 
the number of significant digits, if a fixed 
constant is converted; or the number of significant 
digits assigned, if a fixed variable is converted. 

Example 

in the following sequence, the results of various uses of CHAR are given 

in comments. 

DCL V FIXED; 
DCL W FIXED; 
DCL X CHARACTER; 
DCL Y CHARACTER; 
DCL Z CHARACTER; 
V = 27; 
W = 123; 

/* X = CHAR (V,t); /* X = 

Y = CHAR(V,1) ; /* Y = 

Z = •ABC' 1 ICHAR(W) ; /* Z = 

*/ 
V 
V 
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FIXED - -  Macro  Def in i t ion  Funct ion  to  Conver t  Charac te r  to  Fixed  

Purpose  

You use  the  FIXED func t ion  in  a  macro  def in i t ion  to  conver t  a  d ig i t  
charac te r  s t r ing ,  op t iona l ly  s igned ,  in to  a  f ixed  va lue .  

Pules  

The  da ta  type  of  the  resu l t  of  the  FIXED func t ion  i s  f ixed .  

To be  conver t ib le ,  the  submi t ted  s t r ing  must  be  dec imal  d ig i t  
charac te rs ;  the  f i r s t  charac te r  may be  a  p lus  s ign  (+)  o r  a  minus  s ign  
(" ) •  

The  l ength  of  the  f ixed  va lue  i s  the  number  o f  d ig i t s  submi t ted .  

I f  you  dec la re  FIXED as  a  var iab le ,  i t  loses  i t s  macro  def in i t ion  
func t ion .  

Syntax  

I  
FIXED-(—|-

I  

-macdef  func t ion-

• ' cons tan t ' -

-var iab le -

- s ta r t ;  end-

- j  ) _  

Operands  

aacdef  func t ion  

' cons tan t '  

var iab le  

You may code  any  macro  def in i t ion  func t ion  tha t  
re turns  a  conver t ib le  charac te r  s t r ing .  

You may code  a  conver t ib le  s t r ing ,  enc losed  in  
s ing le  quotes .  

+ S p e c i f y  a  m a c r °  var iab le  dec la red  CHARACTER 
tha t  has  a  conver t ib le  va lue  ass igned  to  i t .  

Example  

In  the  fo l lowing  sequence ,  the  resu l t s  of  var ious  g iven  in  comments .  va r ious  

DECLARE A CHARACTER;  
DECLARE B FIXED;  
DECLARE C FIXED;  
DECLARE D FIXED;  
DECLARE E FIXED;  

UJSfc iS  OX t iAcu  a r  

A =  •15 ' .  
B =  FIXED (A) ;  
C =  FIXED( '6 ' )  +  3 ;  
D =  FIXED (BACLIST (2) )  

E =  FIXED (A (2 :2) )  ;  

/* 
/* 
/* 

= 15  
=  9  y 
EQUALS THE CONVERTED VALUE OF*TH 

SECOND ARGUMENT IN THE MACRO LIST « /  
7  E ~ 5  v 
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APPENDIX A.  DEFAULT AND INCOMPATIBLE DATA ATTRIBUTES 

Th i s  append ix  l i s t s  the  de fau l t  fo r  each  type  o f  da ta  a t t r ibu te ,  and  
shows  those  a t t r ibu tes  tha t  a re  incompa t ib le  wi th in  the  same  
dec la ra t ion .  

DEFAULT DECLARE STATEMENT VARIABLE ATTRIBUTES 

The  fo l lowing  t ab les  show the  de fau l t  va lues  tha t  a re  assumed  when  you  
omi t  one  o r  more  da ta  a t t r ibu tes  on  t he  DECLARE s t a t ement .  Defau l t s  a re  
app l i ed  a t  the  f i r s t  appearance  o f  t he  va r i ab le  name .  

DEFAULT DATA TYPES 

1  • •  -  •  -  ~  "• "  
|  Known Charac te r i s t i c  1 

— , 
Defau l t  Da ta  Type  |  

i 1  i  •  i  .  .  1  
|  Sca la r  o r  Ar ray  1 F IXED 1 

|  Name p recedes  « ->»  1 
|  or  i s  a rgument  o f  BASED a t t r ibu te  1 

POINTER 1 
1  

|  St ruc tu re  1 CHARACTER t  
|  

1 s t ruc tu re  componen t  (no t  a l so  a  s t ruc tu re )  1 F IXED 1 
1  

|  Name p reced ing  PROCEDURE o r  ENTRY s t a t ement ,  1 
|  or  t a rge t  on  a  CALL s t a t ement .  1 

1  
ENTRY 1 

1  
|  Name p reced ing  any  s t a t ement  bu t  PROCEDURE 
|  ENTRY s t a t ement ,  o r  GOTO s t a t ement  t a rge t .  |  

1 
LABEL 1 

1 Name  dec la red  wi th  OPTIONS a t t r ibu te  1 
i  

ENTRY 1 

F igure  25 .  Tab le  o f  DECLARE Defau l t  Da ta  Types  

DEFAULT PRECISION OR LENGTH 

|  Known Charac te r i s t i c  
f |  

De fau l t  P rec i s ion  o r  Leng th  1 

|  FIXED Prec i s ion  i s  15  

|  POINTER P rec i s ion  i s  32  

|  BINARY Prec i s ion  i s  15  

I CHARACTER,  s t ruc tu re  Leng th  i s  the  sum o f  t he  l eng ths  o f  a l l  |  
the  componen t s  a t  the  nex t  l og ica l  l eve l  |  

|  BIT Leng th  i s  1  

(  CHARACTER Leng th  i s  1  
| 

Figure  26 .  Tab le  o f  DECLARE Defau l t  P rec i s ion  o r  Leng th  
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DEFAULT SCOPE 

l  Known Charac te r i s t ic  I Defau l t  Scope  |  
1 

i  _  |  
|  Targe t  of  a  CALL s ta tement  |  EXTERNAL 1 

|  Entry  name (Except  the  en t ry  name of  an  
|  in te rna l  procedure)  

1 1  
|  EXTERNAL I  

|  Entry  name of  an  in te rna l  procedure  |  INTERNAL 1 
1  -
)  A l l  o thers  |  INTERNAL 1 

• 

Figure  27 .  Table  of  DECLARE Defau l t  Scope  

DEFAULT STORAGE CLASS 

1 Dec la red  or  Impl ied  At t r ibu tes  Defaul t  S torage  Class  |  

|  LOCAL STATIC 

|  NONLOCAL STATIC 

|  STATIC,  i f  EXTERNAL and  no t  in i t i a l ized  NONLOCAL 

|  STATIC,  i f  INTERNAL or  in i t i a l ized  LOCAL 

|  No s torage  c lass  a t t r ibu tes  spec i f ied ,  
|  but  EXTERNAL and  no t  in i t i a l ized  STATIC NONLOCAL 

|  No s to rage  c lass  a t t r ibu tes  spec i f ied ,  
|  but  INTERNAL and  no t  in i t i a l ized  in  a  
|  reent ran t  envi ronment  AUTOMATIC 

|  No s torage  c lass  and  scope  a t t r ibu tes  
|  spec i f ied  and  not  in i t i a l ized  in  a  
|  reent ran t  envi ronment  AUTOMATIC 

|  No s to rage  c lass  and  scope  a t t r ibu te  
|  spec i f ied  and  in i t i a l ized  in  a  
1 r een t ran t  envi ronment  STATIC LOCAL 

|  No s to rage  c lass  a t t r ibu tes  spec i f ied ,  
|  but  in i t i a l ized ,  or  INTERNAL in  a  
|  nonreent ran t  envi ronment  STATIC LOCAL 

|  No s torage  c lass  and  scope  a t t r ibu tes  
|  spec i f ied  and  not  in i t i a l ized  in  a  
|  nonreent ran t  envi ronment  STATIC LOCAL 

|  components  o f  a  s t ruc ture  assume the  same s to rage  c lass  
I a t t r ibu tes  as  the  s t ruc ture .  

|  Parameters  a re  in  the  parameter  s to rage  
|  keyword  i s  def ined .  
t  

c lass ,  fo r  which  no  |  

J 

F igure  28 .  Table  of  DECLARE Defau l t  S torage  Classes  
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D E F A U L T  B O U N D A R Y  A L I G N M E N T  

Data  Type  1 
I  

De fau l t  Boundary  Al ignment  
— i  

1  |  
|  FIXED (8 )  1 
1  1  by te  
I  BINARY (8 )  1  

1  F IXED (15)  I  
|  I ha l fword  
|  BINARY (15)  I  

I  1  

|  FIXED (16)  I  
|  I ha l fword  
|  BINARY (16)  I  

|  FIXED (32)  I  word  

|  POINTER I  word  

|  LABEL I 
h a l fword  (canno t  be  spec i f i ed )  1 

|  ENTRY I  ha l fword  (canno t  be  spec i f i ed )  

|  CHARACTER I by te  
I  -

|  BIT I 

! 

by te  (no t  i n  a  s t ruc tu re )  
by te  ( a r ray  in  a  s t ruc tu re )  
b i t  (nonar ray  i n  a  s t ruc tu re )  « 

1— 

F igure  29 .  Tab le  o f  DECLARE Defau l t  Boundary  Al ignment  

D E F A U L T  P O S I T I O N  

I f  n o  P O S I T I O N  i s  s p e c i f i e d ,  t h e  d e f a u l t  i s  o n e .  

D E F A U L T  S T R U C T U R E  B O U N D A R Y  

d a t a  t y p e .  

D E F A U L T  I N I T I A L I Z A T I O N  

N o  i n i t i a l i z a t i o n  t a k e s  p l a c e  b y  d e f a u l t .  

D E F A U L T  R E S T R I C T E D N E S S  

R e g i s t e r s  a r e  R E S T R I C T E D  b y  d e f a u l t .  

D E F A U L T  N O R M A L I T Y  

A l l  d a t a  i s  N O R M A L  b y  d e f a u l t .  

D e f a u l t  a n d  I n c o m p a t i b l e  D a t a  A t t r i b u t e s  



INCOMPATIBLE ATTRIBUTES FOR SIMPLE ITEMS, ARRAYS, AND STRUCTURES 

Certain attributes cannot used in ̂ combination^ Pall valid 

combinations of"attribuies for simple items, arrays, and structur , 

respectively. 

COMPLEX FIGURE SYNTAX RULES 

The figures of incompatible attributes follow the syntax described here. 

A combination is allomed if oii ot tbfe dtboitutos ll ^th BUSt 

diagram p^fasL^Sl.'l.^'to rig* - to, to bottom. 

Bight to Left Path Restrictions 

A right to left path may be taken in only two cases: 

( 1 )  

V I 
( opt ' ) 

When a loop shows that a 
parameter can be repeated 

(2) 
-DCL- -1 name- Hhen a line returns to the 

left of the diagram 

-FIXED 

If no left to right path e^sts f| c°"fther?n fofexample in the 
are incompatible and may not be coded toge 
following excerpt from Figure 30. 

l-BIT— (len) • + 
i 

i-BDY-(bdy-,-
I I 
L, pOSJ 

LNORMALJ I 
'—ABNL—1 I 

-OPTIONS (-optJ ) • 
-LABEL- H — I--. —• —— 

LSTATICJ 

| r— »-i 
I v I 
<—V ALRG—(—nameJ ) -BASED-,— 

a BiTRP are incompatible. The only path joining them goes 
from right to left on the horizontal line that joins LABEL and STATIC. 
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Bot tom to  Top  Pa th  Res t r i c t ions  

& bo t tom to  top  pa th  may  be  t aken  in  on ly  two  cases :  

(1) 
i  • 1 
V I  

— (- -op t  — —) 

When a  loop  shows  tha t  a  
pa ramete r  can  be  r epea ted  

(2 )  

|  NORMAL 1  
i  ABNL 1  

When you  have  a  r e tu rn  pa th  
to  the  "main  l i ne"  f rom an  
op t ion  you  d ipped  down t o .  

sr* kj  'ssssr - sussrvxi 

fo l lowing  exce rp t  f rom F igure  30:  

u-ENTRY—i 
I I 
I I V I  I  

•—OPTIONS ( -op t - 1 )  -
-LABEL-

INIT- (va l )  

_ i  — i  1  r  
i  STATIC— 1  1 —LOCAL— 1  '—INT— 1  

'—EXT—'  

.  — L- ,—,  I  I  
|  |  "-STATIC- 1  •— NONLOCAL- i  -

m 

t h e  a t t r ibu tes  LABEL and  INIT  a re  incompa t ib le .  The  on ly  pa th  
j i ik iS  I to i  Eot to .  t o  top  b . t . «»  too  h . r l . o t . l  I tooa  . t t . r  
LABEL and  be fo re  INIT .  

NOTES ON THE COMPATIBLE ATTRIBUTES FIGURES 

1 .  A componen t  may  no t  have  a  d imens ion  a t t r ibu te  i f  a  con ta in ing  
s t ruc tu re  i s  d imens ioned .  

5  A componen t  may  no t  have  the  INITIAL a t t r ibu te  i f  a  con ta in ing  
2 -  s t ruc tu re  has  been  i n i t i a l i zed ,  o r  i f  t he  con ta in ing  s t ruc tu re  has  

been  dec la red  o the r  than  STATIC LOCAL.  

3 .  For  desc r ip t ions  of  t he  a t t r ibu tes ,  see  the  desc r ip t ion  of  t he  
DECLARE s t a t ement  in  Chap te r  2  o f  t h i s  manua l .  

4 .  " len"  means  a  dec la red  l eng th .  "p"  means  a  dec la red  p rec i s ion .  
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V 
DCL— •name-|—BIT—i— (leu) r 

1 

"-PTR-

CHAE—i — (len) ~~r 

, FIX ED-
I I i 

"-BINARY-1 L(P)J  "-UNSIGNED 

-SIGNED-

I 
I 
I 

-i I 

—i 
' 1 » -NORMAL—1 "—REG—(reg 11) 

I I 
I I 
I I 
I I 
I I 
I I 
I I 

-i I 
I I 

n I 

-ABNL-

I 
—I 

"CONSTANT- (val) J  

"-BDY-(bdy-i r)J  

I 
L , p 0 S J  

r~ 
I 
I— 
I 

"-NORMAL-1 

"-ABNL—1 

"-UNRSTD-1 I I 
'—RSTD—1 I I 

I I 
I I 

7  1  J  1 1—DEE- (name) —1—1 I 
I I 
I I 

—INIT-(val) 

-ENTRY-

-STATIC- -LOCAL-
— r 

-OPTIONS-
V I 

-(-opt-") 

I I 
I I 

-LABEL-
-1—| —'—1 —1 • r "i 

|  i-STATICJ  '—NONLOCAL-i 

I I 
•WEAK—' 

"-STRONG-" 
-LOCAL-

INT— 
«--EXTS-

—parameter-

V I I 
-VALRG- (-name-1) -1 BASED-! 

I I 
" - P O S - ( p O S ) - !  I 

-ADTO 1 I 
I I 
I I 
I I 

n I 
-INT—1 I I 

"—EXT—" I I 
I 1 
I I 
I I 
I I 
I I 

I 
-1 n I 

"—EXT—" I I 
i I 

I 
I I 

H I 
I I 

I I 

| >— POS- (pos) 
L p t r  e x p - r ) J  

Figure 30. Compatible Attributes for Simple Items 
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I 

I  
I  
V  

—DCL—name-

i  »  1  
V I  

(—dimens ion—'- )  • 

I  
- ,  F IXED-,—i-

I I  I  
|  L B IN A KY J  

, 
I  I  

( p ) - J  '—UNSIGNED-
I 
i  S IGNED— 

-PTR-

-CHAE—!-  ( l en ) - r -

I  
•—BD Y—(bdy— 

I 

— i—i-
I I  

— r )  J  

I  
r P O S -

I  
-NORMAL—* 

I  
—ABNL •  

-BIT—T-( len)  - r  

1—i 1—i 1 i" 
I I  I I  I I  

-STATIC— 1  1 —LOCAL— 1  <-_INT— 1  |  
I  I I I  
|  1 —EXT— 1  1 —I NIT— (— 

I  
- !  1—,  —v a l— r J )  • 

I  I I I  
1 —(rep  n)  — 1  «— *  — 1  

-NONLOCAL- i  r -
I  I  
1 —EXT—' 

«— STRONG-
L—WEAK — 

--ADTO-

—DEF (name)  1 

'—parameter  

Mote ;  The  repe t i t ion  in  INIT i s  va l id  only  i f  the  name has  d imens ion .  

F igure  31 .  Compat ib le  At t r ibu tes  for  Arrays  
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•  ( — d i m e n s i o n - "  — )  

— D C L —  1  — n a m e -

1—i r 
I I I 

— r—) —I "—NORMAL—" 
,pos—1 '  AB NL '  

F I X E D - r  

•  i — i "  
I  I  

I  " - B I N A R Y - "  « —  ( p )  -

' — P T R  
" — C H A R — , -  ( l e u ) — r  
|  i  1  
" — B I T  ( l e n )  

" - 0 N S I G N E D - "  
" — S I G N E D — "  

- B D Y — ( t o d y — i  —  

"  i — i  1 — i  -
I  I I  I I  I I  
" — S T A T I C — "  " — L O C A L — "  ' — I N T — 1  « —  

I I I 
I  " — E X T — "  
"  N O N L O C A L  

I  I  
I  

— A U T O -
- E X T -

- I N I T —  ( v a l )  •  

- S T R O N G -
— B E A K —  

- R E G I S T E R ( n u m b e r )  •  

— p a r a m e t e r -

— B A S E D  ( p t r e x p )  ,  

— D E F -

i 
| r 
I V 
'  l e v e l  n — n a m e -

- F I X E D — !  -
( P )  

" -  P T R -

" - O N S I G N E D - "  |  
• — S I G N E D — "  |  

'  C H A R - , - ( l e n ) - r -
|  " -  1  
'  B I T — ,  —  ( l e n )  — r -

I  

I  
" — B D Y —  ( b d y -

I  I  
' — ,  p o s — '  

- ) — 1  " — I N l T - ( v a l )  

"  i — i -
I  I  I  

" — N O R M A L -
•  I  
1  A B N L  1  

F i g u r e  3 2 .  C o m p a t i b l e  A t t r i b u t e s  f o r  S t r u c t u r e s  
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APPENDIX B. PL/DS SIZE HESTBICTIONS 

Because of the size of the PL/DS compiler's work areas, there are 
limitations on the maximum size of some items in a PL/DS procedure. 
These size restrictions are listed, by category, in the following 
"Limitation on ..." sections. 

Limitation on Internal Procedures: The maximum number of internal 
procedures in a single compilation is 254. 

Limitation on Variables: The maximum number of variables used in a 
single compilation depends on the size of the compiler's dictionary. 
The size of the dictionary is determined by the SIZE option, which is 
described in the PL/DS User's Guide. (Note: An array counts as one 
variable. For a structure, count every name as a variable; for example: 

DCL 1 A, 2 B, 2 C; 

...counts as three variables.) 

Limitation on Structures: You can have up to 15 levels in a structure. 

There is no limit to the number of components. 

The maximum displacement of any component in a structure from the 
beginning of its major structure is 32,767 bytes. 

Limitations on Arravs: The maximum extent of a dimension of an array is 
32,767 bytes. 

An array can have up to 15 dimensions. 

Limit ation on DO LOOPS: The maximum level of nesting for DO loops is 14. 

Limit ation of IF Statements: The maximum level of nesting for IF 
statements is 14. 

Limitation on Factored Attributes: The maximum number of left 
parentheses used to factor attributes on a DECLARE statement is 15. 

The maximum number of variables that can have factored attributes in a 
single declaration is 63. 

Limitations on CALL Statements: The maximum number of arguments in a 
CALL statement is 16. 

Limitations on Macro Statements: The maximum length of a CHARACTER macro 
variable is 1000 bytes. The total length of all CHARACTER macro 
variables should not exceed 45,000 bytes at any one time. 

The range of a FIXED macro variable is from -2147483647 to 2147483647. 

Limit ation on Parameters: The maximum number of parameters passed to an 
entry point is 16. 

Limitation of DEFINED Items: The maximum number of levels of DEFINED 
items (i.e. items DEFINED on other DEFINED items) is 15. 
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A P P E N D I X  C .  P L / D S  L A N G U A G E  K E Y W O R D S  

T h e  f o l l o w i n g  l i s t s  a l l  t h e  w o r d s  r e c o g n i z e d  b y  t h e  P L / D S  c o m p i l e r  a s  
l a n g u a g e  k e y w o r d s .  T h o s e  k e y w o r d s  t h a t  a r e  r e s e r v e d  c a n n o t  b e  u s e d  a s  
v a r i a b l e  n a m e s .  

r  
i  
|  K e y w o r d  
i  

P e r m i s s i b l e  
A b b r e v i a t i o n  

1  

R e s e r v e d l  
i  
| A B  N O R M A L  A B N L  
|  A B S  
|  A D D R  
|  A U T O D A T A  
|  A U T O M A T I C  A U T O  
| A U T O  R E G  
I  B A S E D  
|  B I N A R Y  B I N  

I  B I T  
| B O U N D A R Y  B D Y  
|  B Y  *  1  

I  B Y T E  
| C A L L  Y E S  |  
I C H A R A C T E R  C H A R  
I C O N S T A N T  
I  D E C L A R E  D C L  Y E S  |  
|  D E F I N E D  D E F  
|  D I M  
|  D O  Y E S  |  

I  E L S E  Y E S  |  
I  E N D  Y E S  |  
| E N D G E N  Y E S  |  
I  E N T R Y  Y E S  |  
I E V A L  
|  E X I T  
| E X T E  R N A L  E X T  
| F I X E D  
I  F L O W S  
I G O T O  G O  T O  Y E S  |  
| H W O R D  
1  I D  
1  I F  Y E S  |  
I  I N I T I A L  I N I T  
| I N T E R N A L  I N T  
I  L A B E L  
| L E N G T H  
I L O C A  L  
| L I N K A G E  
|  M A C G E N  Y E S  |  

I  M A I N  
I  M A X  
|  M I N  
| N O A U T O D A T A  
| N O A U T O R E G  
I N O E X I T  
L  • 

F i g u r e  3 3 .  P L / D S  L a n g u a g e  K e y w o r d s  

r  
i  
|  K e y w o r d  

1  

P e r m i s s i b l e  |  
A b b r e v i a t i o n | R e s e r v e  

1  —  
| N O F L C W S  1  
|  N O I D  1  
| N O N L O C A L  1  
| N O R E F S  1  
| N O R M A L  1  
| N O S A V E  1  
| N O S T A T N A M E  1  
| N O S T A T O R G  1  
|  N O S E  Q F L O W  1  
I N O S E T S  1  
| N O S T A T R E G  1  
| N O T E M P S  1  
I  O P T I O N S  1  
| P O I N T E R  P T R  |  
I  P O S I T I O N  P O S  |  
|  P R O C E D U R E  P R O C  |  Y E S  
| R E E N T R A N T  1  
|  R E F S  1  

I  R E G I S T E R  R E G  |  
| R E S P E C I F Y  R F Y  |  Y E S  
| R E S T R I C T E D  R S T D  |  
| R E T U R N  I  Y E S  
| R E T U R N  T O  |  Y E S  
|  S A V E  1  

I  S T A T N A M E  1  
| S T A T O R G  1  
| S E Q F L O W  1  
|  S E T S  1  
| S I G N E D  1  
| S T A T R E G  1  
I  S T R O N G  1  
| S T A T I C  1  
| T E M P S  1  
I  T H E N  |  Y E S  
|  T O  |  4 c  
| U N R E S T R I C T E D  U N R S T D  |  
| U N S I G N E D  1  
I  U N T I L  1  *  
| V A L U E R A N G E  V A L R G  |  
f  W E A K  1  
| W H I L E  1  *  
|  W O R D  1  
| W O R K R E G S  1  
| N O W O R K R E G S  1  

4 c  r e s e r v e d  f o l l o w i n g  D O  

2 0 h  P L / D S  L a n g u a g e  R e f e r e n c e  



APPENDIX D.  PRECISION OF ARITHMETIC EXPRESSIONS 

An a r i thmet i c  express ion  i s  two  f ixed  va r i ab les  sepa ra ted  by  an  
a r i thmet i c  ope ra to r  o r  s ign .  The  fo l lowing  t ab les  show the  p rec i s ion  
a s soc ia ted  wi th  a r i thmet i c  express ions .  The  co lumns  r ep resen t  t he  
a t t r ibu tes  of  t he  r igh t  operands .  The  rows  r ep resen t  the  a t t r ibu tes  o f  
t he  l e f t  operands .  The  i n t e r sec t ion  o f  a  row and  co lumn shows  the  
r e su l t ing  p rec i s ion .  

I f  a  g iven  a t t r ibu te  does  no t  appea r  i n  these  t ab les ,  then  tha t  
a t t r ibu te  canno t  be  used  i n  an  a r i thmet i c  express ion ;  fo r  example ,  
"CHAR (5 ) "  canno t  be  used  in  an  a r i thmet i c  express ion .  

BIT  i t ems  mus t  be  a l igned  on  a  by te  boundary .  

RIGHT OPERAND 

FIXED 
( 8 )  

FIXED 
( 1 5 )  

FIXED |  
( 1 6 )  I  

FIXED 
( 3 2 )  

|  CHAR |  
I  ( 1 )  I  
I  •  I  -

CHAR 
( 2 )  

BIT |  
( 8 )  I  

BIT |  
( 1 6 )  I  

1  FIXED ( 8 )  1 5  1 5  1 6  I  3 2  I  1 5  |  1 6  1 5  |  
| -

1 6  |  

E 
F  FIXED ( 1  5 )  1 5  1 5  1 6  |  3 2  I  1 5  I  1 6  1 5  |  

1  
1 6  |  

T 
FIXED ( 1 6 )  1 6  1 6  1 6  I  3 2  I  1 6  |  1 6  1 6  |  1 6  |  

0  
P FIXED ( 3 2 )  3 2  3 2  3 2  I  3 2  I  3 2  |  3 2  3 2  |  

1  
3 2  |  

E 
R CHAR ( 1 )  1 5  1  5  1 6  |  3 2  I  1 5  I  1 6  1 5  |  

1  
1 6  |  

A 
N CHAR ( 2 )  1 6  1 6  1 6  I  3 2  I  1 6  I  1 6  1 6  |  1 6  |  

D 
BIT  ( 8 )  1 5  1 5  1 6  |  3 2  I  1 5  I  1 6  1 5  |  1 6  |  

BIT ( 1 6 )  1 6  1 6  1 6  |  3 2  I  1 6  |  1 6  1 6  |  1 6  |  

Figure  3 h .  Table  o f  P rec i s ion  of  Add(+)  and  Sub t rac t  (  - )  Express ion  s  

RIGHT OPERAND 

FIXED 
( 8 )  

* 

FIXED 
( 1 5 )  

I  
FIXED |  

( 1 6 )  I  
FIXED 

( 3 2 )  

I  I  
|  CHAR |  

I  ( 1 )  I  
CHAR 

( 2 )  
|  BIT  
I  ( 8 )  

BIT 
( 1 6 )  

FIXED ( 8 )  1 6  1 6  1 6  |  3 2  I  1 6  |  1 6  I  1 6  1 6  

L  
E 
F  

# 

FIXED ( 1  5 )  1 6  1 6  
I  

1 6  |  3 2  
I  I  
I  1 6  |  1 6  1  1 6  1 6  

T 
FIXED ( 1 6 )  1 6  1 6  1 6  I  3 2  I  1 6  |  1 6  I  1 6  1 6  

0  
P  FIXED ( 3 2 )  3 2  3 2  3 2  |  3 2  I  3 2  I  3 2  I  3 2  3 2  

E 
R CHAR ( 1 )  1 6  1 6  1 6  |  3 2  I  1 6  I  1 6  I  1 6  1 6  

A 
N  CHAR ( 2 )  1 6  1 6  1 6  I  3 2  I  1 6  |  1 6  1  1 6  1 6  

D 
BIT  ( 8 )  1 6  1 6  1 6  I  3 2  I  1 6  |  1 6  I  1 6  1 6  

BIT ( 1 6 )  1 6  1 6  1 6  I  3 2  1  1 6  I  1 6  I  1 6  1 6  

*  FIXED (15)  i s  t r ea ted  as  FIXED (16)  

F igure  35 .  Tab le  o f  P rec i s ion  of  Mul t ip l i ca t ion  (* )  Express ions  
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E I G H T  O P E R A N D  

1  
E  
F  
T  

0  
P  
E  
E  
A  
N  
D  

F I X E D  
( 8 )  

*  I  
F I X E D  |  

( 15 )  I  
F I X E D  

( 16 )  
|  F I X E D  

I  ( 32 )  

I  I  
|  C H A R  I  

I  ( D  I 
C H A R  

( 2 )  
|  B I T  
I  ( 8 )  

I  
B I T  I  
( 1 6 )  I  

F I X E D  ( 8 )  16  16  |  16  |  e r ro r  |  16  i  16  |  16  1 6  |  

* 

F I X E D ( 1 5 )  16  1 6  |  16  |  e r ro r  
I  I  
I  1 6  I  1 6  I  16  

I  
16  I  

F I X E D  ( 16 )  16  16  |  16  |  e r ro r  I  16  I  16  I  16  16  I  

F I X E D  ( 32 )  16  16  |  16  |  er ro r  I  16  |  16  I  18  16  |  

C H A R  ( 1 )  16  16  |  16  |  er ro r  
I I  
I  1 6  |  1 6  I 16  16  |  

C H A R  ( 2 )  16  16  |  16  |  er ro r  I  16  |  16  I 16  16  I  

B I T  ( 8 )  16  1 6  |  16  |  er ro r  I  16  |  1 6  I  16  16  |  

B I T  ( 16 )  16  1 6  |  16  |  er r o r  I  16  |  16  I 16  16  |  

* F I X E D ( 1 5 )  i s  t r ea t ed  a s  F I X E D  ( 1 6 )  

F i g u r e  3 6 .  T a b l e  o f  P r e c i s i o n  o f  D i v i d e  ( / )  E x p r e s s i o n s  

E I G H T  O P E R A N D  

1  
E  
F  
T  

0  
P  
E  
E  
A  
N  
D  

F I X E D  
( 8 )  

I  *  I  
|  F I X E D  |  
I  ( 15 )  I  

F I X E D  
( 16 )  

F I X E D  
( 32 )  

I  I  
(  C H A R  |  
I  ( 1 )  I  

C H A R  
( 2 )  

B I T  
( 8 )  

I  
B I T  |  
( 16 )  I  

|  
F I X E D  ( 8 )  8  

- I  I  
I  1 6  |  16  e r ro r  I  8  |  16  8  16  |  

I 
* 

F I X E D  ( 15 )  8  

- I  I  
l  I  
I  1 6  |  16  e r ro r  

I  I  
I  8  |  16  8  

I  
16  |  
|  

F I X E D ( 16 )  8  
- i  I  
|  16  |  16  e r r o r  I  8  |  1 6  8  16  |  

F I X E D  ( 32 )  8  I  16  i  16  e r r o r  I  8  |  16  8  16  |  
|  

C H A R  ( 1 )  8  
" I  "  I 
|  16  |  16  e r ro r  I  8  |  1 6  8  16  |  

C H A R  ( 2 )  8  
- I  I  

I  1 6  |  16  e r ro r  I  8  |  1 6  8  16  |  

B I T  ( 8 )  8  I  16  |  16  e r r o r  I  8  |  16  8  16  

B I T  ( 16 )  8  
- I  I  

I  1 6  |  16  e r r o r  I  8  |  16  8  16  

* F I X E D ( 15 )  i s  t r e a t e d  a s  F I X E D  ( 1 6 )  

F i g u r e  3 7 .  T a b l e  o f  P r e c i s i o n  o f  R e m a i n d e r  ( / / )  E x p r e s s i o n s  
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APPENDIX E .  LINKAGE (3)  OPTIONS FOB PROGRAMS RON UN DEI  f iPPX.  BASE 

This  sec t ion  descr ibes  PROCEDURE s ta tement  op t ions  tha t  can  be  used  when 
the  main  PROCEDURE s ta tement  has  

OPTIONS(  LINKAGE(3)  REENTRANT . . . )  

coded .  The  code  sequences  genera ted  match  the  l inkage  pro tocols  of  the  
DPPX opera t ing  sys tem.  

The  genera ted  code  depends  on  the  f  ac t  tha t  DPPX Base  has  
a lways- res ident  modules  to  a id  in te r -program l inkage .  

The  op t ions  can  be  coded  as  fo l lows:  

i  1  
I  I  

OPTIONS ( -LINKAGE (3)  REENTRANT '  MAIN— '  1 
I  

I  
I  
|  ,  NOAUTODATA addi t iona l  op t ions- )  ;  

I I  
I  I  r  .  
I I  I I 
|  ,  AUTODATA—'-( length)  ,  

|  ,  ,  
I  |  ,  ,  |  ,  1 
I I  I  I I I  I  
I  1 -GET AUTO— ' -  ( l ength) - '  '  '  USESTACK— L  

I  
I  
I  I  1  I  I  
I I  I I  I 
I  '  — SUBPOOL— ( id)  - '  '  —EID-  (e id-number)  

I  
I  
'  addi t iona l  op t ions- ) ;  

Ind ica tes  tha t  th i s  procedure  i s  to  use  the  l inkage  
convent ions  of  DPPX Base .  

Ind ica tes  tha t  th i s  procedure  i s  invoked  v ia  
superv isor -ass i s ted  l inkage .  This  in  tu rn  impl ies  tha t :  
the  procedure  wi l l  no t  save  the  reg is te rs  in  the  pro log;  
and  The  procedure  wi l l  per form a  RETURN by  invoking  the  
EXIT func t ion  of  DPPX Base .  

Ind ica tes  tha t  no  au tomat ic  s to rage  should  be  requi red  by  
the  procedure  be ing  compi led .  This  impl ies  tha t  there  
wi l l  be  no  reques t  fo r  au tomat ic  da ta  nor  wi l l  there  be  
any  ad jus tment  of  the  s tack  po in te r .  An e r ror  message  
wi l l  be  i s sued  i f  the  compi le r  i s  unable  to  sa t i s fy  th i s  
cons t ra in t .  

AUTODATA ( length)  
Ind ica tes  the  maximum length  permi t ted  for  au tomat ic  
s to rage  for  the  procedure  be ing  compi led .  An e r ror  
message  wi l l  be  i s sued  i f  the  compi le r  i s  unable  to  
sa t i s fy  th i s  cons t ra in t .  I f  th i s  opt ion  i s  not  
spec i f ied ,  the  compi le r  wi l l  per form no  checks  about  the  
amount  o f  au tomat ic  da ta  requi red  by  the  compi led  module .  

LINKAGE (3)  

MAIN 

NOAUTODATA 
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USESTACK Ind ica tes  tha t  t h i s  p rocedure  shou ld  a t t empt  t o  
i t s  au tomat i c  s to rage  by  dec rement ing  the  s t ack  po in te r  
ins t ead  o f  i s su ing  a  GETMAIN macro .  

G E T A°TO( l e ng th ) I n d i c a t e s  t h a t  t h e  DPPX GETMAIN func t ion  can  be  
acqu i re  au tomat i c  s to rage .  I f  l eng th  i s  °® ; L  '  + h i s  
t he  ac tua l  amount  o f  au tomat i c  s to rage  needed  by  t h i s  
compi la t ion  wi l l  be  used .  Typ ica l ly  the  l eng th  spec i f i ed  
i s  re l a t ive ly  l a rge  so  tha t  a  GETMAIN i s  done  t o  
es t ab l i sh  a  s t ack  of  au tomat i c  da ta  to  u s e d  . .  
s ubsequen t ly -ca l l ed  p rocedures .  These  subsequen t ly -ca l l ed  
p rocedures  can  then  use  the  USESTACK op t ion .  No e .  
USESTACK i s  coded  in  con junc t ion  wi th  t h i s  op t ion ,  
GETMAIN w i l l  no t  be  invoked  i f  the re  i s  su f f i c i en t  space  
on  the  s t ack  to  supp ly  the  needed  au tomat i c  s to rage .  

SUBPOOI( id )  Ind ica tes  tha t  a  subpoo l  i den t i f i ca t ion  spec i f i ed  by  
be  used  when  ob ta in ing  au tomat i c  s to rage .  The  va lue  o f  
id  mus t  be  known a t  compi le  t ime  and  the  va lue  mus t  be  
con ta inab le  in  a  ha l fword .  The  de fau l t  va lue  o f  i d  i s  6 .  

EID ( e id -number )  .  
Th i s  p rov ides  an  env i ronment - id  to  be  used  in  the  Gt rnAiH 
invoca t ion .  The  va lue  o f  "e id -number"  mus t  be  known a t  
compi le  t ime  and  the  va lue  mus t  be  con ta inab le  i n  a  
ha l f  word .  The  de fau l t  va lue  i s  255 .  

add i t iona l  op t ions  
Wi th  LINKAGE(3)  ,  the  fo l lowing  op t ions ,  desc r ibed  under  
the  PEOCEDUEE s t a t ement ,  can  a l so  be  spec i f i ed ;  

ID NOID ENDID 
SAVE NOSAVE -  -  -  -  -
TEMPS NOTEMPS 
NOSAVE AEE A NOSAVEEEG 
WOEKEEGS NOWOEKEEGS 
NOEETEEG NOBTOEEG 

>  Note  t he  r e s t r i c t ion  tha t  SAVE 
and  NOSAVE under  LINKAGE (3 )  
pe rmi t  t he  sav ing  and  r e s to r ing  
o f  on ly  ALL r eg i s t e r s  o r  NO 
r eg i s t e r s .  

LINKA 
used  a re ;  

NAME 

GE (3 )  Reg i s t e r  Conven t ions ;  The  r eg i s t e r  conven t ions  tha t  w i l l  be  

AUTOEEG 
BEANEEG 
EETEEG 
ECODEEG 
PAEMEEG 
SAVEEEG 

EEGISTEE USE 

12  po in t s  to  Automat ic  s to rage  
08  Branch  Address  
08  Ee tu rn  Address  
30  Ee tu rn  Code  Va lue  
22  po in t s  t o  Paramete r  l i s t  
12  po in t s  to  by te  a t  end  c f  c a l l e r ' s  save  a rea  

Save  Area  Format ;  Tne  fo rmat  o f  t he  save  a rea  i s  as  fo l lows ;  

DECLABE 
1  SAVEAEEA BASED BDY(WOBD) ,  

CBF PTE,  
SSP  PTE,  

QB 
CHAE (8 )  ,  
CHAE (16)  ,  

*/ 
*/ 
*/ 

3  QE CHAE (16)  ;  

/ *  POINTS TO HIGHEE SAVE AREA 
/ *  POINTS TO STAET OF STACK 
/ *  EESEEVED 
/ *  QUADRANT FOE LOWER HALFWOED 

PORTION OF PRIMARY REGISTERS * /  
/*  QUADRANT FOE UPPER HALFWOED 

PORTION OF PRIMARY REGISTERS * /  

On en t ry ,  f f lSAVEREG po in t s  t o  the  by te  fo l lowing  t h i s  save  a rea .  

USESTACK De ta i l s :  Wi th  USESTACK,  t he  compi le r  a s sumes  tha t  3SAVEREG 
po in t s  t o  a  save  a rea  a s  desc r ibed  above ,  and  tha t  the  a rea  beh ind  the  
save  a rea  ( i . e . ,  has  a  lower  log ica l  address )  i s  ava i l ab le  fo r  au tomat i c  
s to rage  fo r  the  p rocedure  be ing  ccmpi led .  The  s t a r t  o f  s t ack  po in te r  i s  
used  to  check  tha t  su f f i c i en t  space  i s  ava i l ab le .  
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When GETMAIN i s  invoked  (GETAUTO op t ion) ,  a  new s tack  i s  crea ted  and  the  
au tomat ic  s to rage  i s  a l loca ted  s ta r t ing  f rom the  h ighes t  log ica l  address  
of  the  s tack  thus  c rea ted .  

The  fo l lowing  shows the  conten ts ,  in  s torage ,  of  a  " s tack ."  

1  WOBD 

AUTOMATIC AREA 
(var iab le  length)  

BACKWARD CHAIN POINTER 

STACK POINTER 

REG 8  SAVE 

RESERVED 

BYTES 0-3  

BYTES 4-7  

BYTES 8-1 1 

BYTES 12-15  

REGISTERS 0-2  

REGISTERS 4-6  

REGISTERS 8-10  

REGISTERS 12-14  

AUTOMATIC AREA 
(var iab le  length)  

BACKWARD CHAIN POINTER 

STACK POINTER 

Spec ia l  save  a rea  for  Regis te r  8 .  

S ix teen  byte  save  a reas  
for  the  lower  ha l fwords  
of  the  pr imary  word  reg is te rs  

Eight  ha l fword  save  a reas  
for  the  e igh t  upper  ha l fwords  
of  the  pr imary  word  reg is te rs  

A po in te r  to  the  h ighes t  address  of  the  
ca l le r ' s  savearea+1.  

A po in te r  to  the  lowes t  address  of  the  
s tack .  

F igure  38 .  Format  o f  a  S tack  
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EXAMPLE 1  

Rout ine  A ca l l s  rou t ine  B,  which  in  tu rn  ca l l s  rou t ine  C.  The  th ree  
rou t ines  need  to  be  reen t ran t .  In  th i s  example  the  compi le r  i s sues  a  
GETMAIN a t  the  s ta r t  of  each  rou t ine  and  a  FREEMAIN a t  the  end  of  each  
rou t ine .  At  the  end  of  A ( the  main  module)  ,  the  compi le r  i s sues  an  EXIT 
macro  to  re turn  to  the  superv isor .  

A:  PROC OPTIONS (MAIN REENTRANT LINKAGE ( J ) ) ;  

CALL B;  

END A;  

B:  PROC OPTIONS (REENTRANT LINKAGE(3))  ;  

CALL C;  

END B;  

C:  PROC OPTIONS (REENTRANT LINKAGE(3))  ;  

END C;  

EXAMPLE 2  

This  example  i s  s imi la r  to  Example  1 ,  bu t  fo r  e f f ic iency  only  one  
GETMAIN i s  requi red .  This  requi res  the  user  to  es t imate  the  to ta l  
GETMAIN a rea  requi red  for  modules  A,  B ,  and  C toge ther  ( inc lud ing  
saveareas) .  Le t  us  suppose  tha t  rou t ine  A needs  96  by tes ,  B 128  by tes  
and  C 32  by tes .  The  fo l lowing  code  provides  the  to ta l  of  256  by tes  and  
a l so  provides  a  check  tha t  each  ind iv idua l  module  does  no t  exceed  i t s  
es t imate .  The  space  i s  obta ined  f rom subpool  2 .  

A:  PROC OPTIONS (MAIN REENTRANT LINKAGE (3)  GETABTO (256)  
AUTODATA (96)  SDBPOCL(2)) ;  

CALL B;  

END A;  

B:  PROC OPTIONS (REENTRANT LINKAGE(3)  OSESTACK ADTODATA(128)) ;  

CALL C;  

END B;  

C:  PROC OPTIONS (REENTRANT LINKAGE (3)  OSESTACK ADTODATA (32) )  ;  

END C;  
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APPENDIX P .  PREVENTION AND DETECTION OF UNEXPECTED COMPILER RESULTS 

Occas iona l ly  you  rece ive  a  compi le r  l i s t ing  and f ind  tha t  some of  i t  i s  
fa r  f rom what  you  expec ted ,  and  tha t  the  e r ror  messages  do  not  seem 
log ica l .  

There  a re  severa l  ways  you  might  un in ten t iona l ly  mis lead  the  compi le r ,  
by  b reak ing  some s imple  bu t  impor tan t  coding  ru les .  

This  sec t ion  serves  both  to  warn  you  so  as  to  prevent  these  problems and  
to  sugges t  where  to  s ta r t  looking  i f  the  unexpla inable  has  happened ,  
e i ther  a t  compi le  t ime  o r  a t  ob jec t  (execut ion)  t ime .  

THE MATCHING PAIRS ERROR 

There  a re  cer ta in  pa i r s  of  cont ro ls  tha t  you  can  code .  The  f i r s t  member  
o f  the  pa i r  i s  a  s ta r te r  tha t  ass igns  a  spec ia l  meaning  to  a l l  fo l lowing  
t ex t .  

The  second  member  o f  the  pa i r  i s  a  te rmina tor  tha t  "swi tches  of t "  the  
spec ia l  meaning  tha t  you  coded  the  s ta r te r  for .  Now,  i f  you  code  the  
s ta r te r  but  omi t  the  te rmina tor ,  the  compi le r  cont inues  ass ign ing  th i s  
same spec ia l  meaning  to  a l l  of  your  code .  I t  cont inues  un t i l  i t  f inds  a  
t e rmina tor  l a te r  in  your  code .  Or  the  compi le r  cont inues  to  the  end  of  
your  input  i f  i t  f inds  no  appropr ia te  t e rmina tor .  On the  way i t  might  
i s sue  one  o r  more  e r ror  messages .  The  messages  a re  a  mys te ry  to  you ,  in  
the  contex t  of  your  program source  code ,  bu t  they  make  sense  in  the  
contex t  of  the  spec ia l  meaning  tha t  you  e r roneous ly  caused .  

Somet imes  your  e r ror  might  foo l  the  compi le r  in to  a  looping  ac t ion  wi th  
one  o r  more  of  the  fo l lowing  resu l t s :  the  compi le r  i s  cance l led  when i t  
runs  out  of  space  on  a  da ta  se t  or  in  your  compi le  reg ion;  the  compi le  
t akes  excess ive ly  long  to  f in i sh ,  and  i s  even  perhaps  cance l led  due  to  
excess ive  run  t ime;  your  ou tput  l i s t ing  i s  too  long .  

Some match ing  pa i r s  to  use  care fu l ly  a re  in  the  fo l lowing  tab le .  

STARTER 

3CREATE 

/* 

DO 

PROCEDURE 

« 

? ( t r igger  charac te r )  

(  

T E R M I N A T O R  

a E N D C R E A T E  

*/ 

E N D  

END 

REMARKS 

quoted  s t r ings  

semicolon  marks  end  of  s ta tement .  

Prevent ion ,  Detec t ion  of  Unexpec ted  Compi le r  Resu l t s  



ERROR LOOPS 

An indication of incorrect code is an error loop, 
amounts of one or more system resources, as described above 
discussion of looping under "The Matching Pairs Error." ®®"des unusual 
interpretations of code due to missing terminators, already described, 
there are several coding errors that the compiler cannot correct, y 
must be on the alert tor them. 

MACRO VARIABLE REPLACEMENT LOOP DURING COMPILE 

In the macro processing phase, the compiler scans each piece of 
non-macro text and answer text for strings that match the names of macro 
variables. It replaces each such string (target variable) with the 
value assigned to the macro variable. (The macro variable must be 
activated and the answer text must have rescan in effect -- see tie 
ACTIVATE and ANSWER statement.) It rescans what it replaced looking tor 
any further matching macro variable. If, in your code, variable X is 
replaced by value X, or if variable X is replaced by value Y and 
variable Y is replaced by value X, your compile will have a replacement 
loop. 

When the compiler detects that it has made an excessive number of 
consecutive replacements, it leaves the original target string with no 
replacements and issues an appropriate message. 

EXECUTION TIME LOOPS 

If there appears to be an unusual loop during actual use (execution) of 
a program — especially if it is compiled with the optimize option --
see the discussion of optimization later in this appendix. 
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OPTIMIZATION CAUTIONS 

The compi le - t ime opt ion  "OPTIMIZE" causes  a  longer  compi le  t ime ,  dur ing  
which  the  compi le r  p roduces  code  tha t  i s  s ign i f ican t ly  more  e f f ic ien t  
than  code  produced  under  the  NOOPTIMIZE op t ion .  Opt imized  and  
unopt imized  code  a re  equiva len t ;  tha t  i s ,  g iven  the  same input  da ta ,  the  
execut ion  of  the  opt imized  and  unopt imized  vers ions  y ie lds  the  same 
ou tput .  However ,  the  opt imized  vers ion  requi res  fewer  by tes  and/or  
fewer  execut ion  cyc les  than  the  non-opt imized  vers ion .  This  l e t s  you 
t rade  of f  hos t  compi le  t ime  aga ins t  execut ion  t ime on  the  8100.  

I t  i s  poss ib le  for  the  opt imized  vers ion  of  some programs t c  produce  
d i f fe ren t  ou tput  than  the  noopt imize  vers ion  of  the  same program.  There  
a re  two poss ib le  reasons  for  the  fa i lu re  to  have  equiva lence  be tween  
op t imized  and  non-opt imized  vers ions ;  

(1)  The  code  be ing  compi led  has  s t r ingent  des ign  c r i te r ia  tha t  can  
only  be  sa t i s f ied  by  compi l ing  wi th  the  OPTIMIZE op t ion  
(EEENTEANT code  wi th  the  NOAUTODATA op t ion  f requent ly  has  th i s  
charac te r i s t ic ) .  

(2)  The  compi le r ' s  op t imiza t ion  phase  per forms  t ransformat ions  
tha t  "change  the  meaning  of  the  program."  The  compi le r  might  
per form such  t ransformat ions  when you  have  fa i led  to  supply  
some in format ion  to  the  compi le r .  

You mus t  supply  in format ion  about ;  

•  Begis te r  res t r ic tedness  
•  Var iab les  be ing  changed  
•  Program f low 

These  th ree  top ics  a re  d i scussed  here .  

EEGISTEE EESTEICTEDNESS AS AN OPTIMIZATION PEOBIEM 

The  compi le r  may,  a t  any  s ta tement ,  genera te  code  tha t  uses  any  
unres t r ic ted  reg is te r .  You cannot  p red ic t  which  reg is te r  the  compi le r  
wi l l  use .  I f  op t imiza t ion  i s  run ,  a  g iven  reg is te r  may be  reserved  by  
the  compi le r" ,  to  hold  the  va lue  of  some express ion .  Somet imes  th i s  
in te rna l  reserva t ion  of  reg is te rs  i s  in  e f fec t  over  most  o r  a l l  of  the  
compi led  code .  

Somet imes  a  g iven  source  s ta tement  changes  the  va lue  of  a  spec i f ic  
reg is te r ,  bu t  there  i s  no  way tha t  the  compi le r  can  de te rmine  th i s .  You 
mus t  in form the  compi le r  of  your  res t r ic ted  reg is te rs  before  you  use  
them;  

EESPECIFY ( reg is te r - l i s t )  EES TEICT ED;  

Note :  Over - res t r ic t ion  of  reg is te rs  can  lead  to  sub-opt imal  code  when 
you  no  longer  need  your  res t r ic ted  reg is te rs ;  f ree  them them up  by  
coding:  

EESPECIFY ( reg is te r - l i s t )  ONEESTEICTED;  

Fa i lu re  to  res t r ic t  reg is te r ( s )  can  lead  to  the  genera t ion  of  inva l id  
code .  

The  s ta tements  tha t  can  po ten t ia l ly  cause  t rouble  a re :  

•  CALL to  an  ex te rna l  rou t ine  

•  MACGEN 

•  Cont ro l  Immedia te  (KI)  suppor ted  machine  ins t ruc t ion  

These  problems a re  descr ibed  be low.  
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Regis t e r  Res t r i c t edness  a t  a  CALL S ta t ement  

Obv ious ly ,  a  CALL s t a t ement  does  no t  p rese rve  the  va lues  i l y  
RETREG,  and  PARMREG.  O the r  r eg i s t e r s ,  however ,  a r e  no t  t h e  
des t royed .  There fo re ,  t he  compi le r  migh t  gene ra te  code  *ha  
r eg i s t e r  con ten t s  a re  p rese rved .  I f  the  ca l l ed  rou t ine  does  no t  
p rese rve  the  con ten t s  o f  some  o the r  r eg i s t e r ,  then  you  m 
CALL s t a t ement  wi th ;  

RFY r eg - l i s t  RSTD 

. . . and  

RFY r eg - l i s t  UNRSTD;  

s t a t emen t s .  

Hhen  you  spec i fy  LINKAGE (3 )  on  the  PROCEDURE s t a t ement ,  t he  compi le r  
wi l l  make  add i t iona l  a s sumpt ions .  In  th i s  case ,  t he  compi le r -genera ted  
code  wi l l  be  based  on  the  a s sumpt ion  tha t  a  C A L L - ex te rna l  s t a t ement  w i l l  
change  BRANREG,  RETREG (8 )  ,  PARMREG (22) ,  and  r eg i s t e r s  16 ,  2b ,  26 ,  28  and  
30 .  Th i s  confo rms  to  the  l inkage  conven t ions  o f  DPPX.  

Reg i s t e r  Res t r i c t edness  in  MACGEN and  Con t ro l  Immedia te  Ins t ruc t ions  

The  compi le r -genera ted  code  as sumes  tha t  a  MACGEN does  no t  co r rup t  any  
r eg i s t e r .  I t  i s  a  use r  r e spons ib i l i ty  to  su r round  the  MACGEN wi th  the  
appropr ia t e  RFY s t a t ement s .  

In  p rac t i ce ,  t h i s  r e spons ib i l i ty  usua l ly  r e s ides  wi th  the  au thor  o f  a  
macro  t ha t  inc ludes  a  MACGEN a s  pa r t  o f  i t s  answer  t ex t .  Also  no te  tha t  
in  p rac t i ce ,  a  MACGEN i s  ap t  to  have  the  same  r eg i s t e r  p rese rva t ion  
cha rac te r i s t i c s  as  a  CALL,  bu t  t h i s  assumpt ion  i s  no t  pa r t  o f  t he  
l anguage .  

A f ew con t ro l  immedia te  i n s t ruc t ions  can  change  a l l  secondary  o r  p r imary  
r eg i s t e r s ,  because  they  change  the  ac t ive  r eg i s t e r  space .  Th i s  f ac t  i s  
no t  "known"  t o  the  compi le r  and  the re fo re  you  mus t  aga in  use  RFY 
s t a t ement s ,  a s  desc r ibed  above .  In  p rac t i ce ,  ve ry  few programmers  need  
be  conce rned  wi th  t h i s  po in t .  

CHANGING OF VARIABLES AS AN OPTIMIZATION PROBLEM 

Th i s  i s  the  second  o f  t h ree  po ten t i a l  sources  of  op t imiza t ion  p rob lems .  
A s ign i f i can t  f ea tu re  o f  op t imiza t ion  i s  tha t  i t  may  keep  h i s to ry  on  
express ions  ( e .g . ,  "A+B" ,  "P ->Q" ,  "ADDR (X( I ) )  " ) .  The  va lue  o f  such  an  
express ion  may  be  ca r r i ed  in  a  r eg i s t e r .  There fo re ,  t he  compi le r  does  
no t  r epea ted ly  r e i s sue  the  code  to  re -eva lua te  the  express ion .  Whenever  
you  change  one  o f  t he  con t r ibu to r s  to  a  g iven  express ion ,  however ,  t he  
compi le r  mus t  r e -eva lua te  the  express ion  a t  i t s  nex t  occur rence .  

The  compi le r  can  de tec t  t ha t  a  va r i ab le  has  changed  when  one  o f  t he  
fo l lowing  occurs :  

•  You  code  the  va r i ab le  a s  the  r ece ive r  o f  an  a s s ignment  
s t a t ement .  

•  You  code  the  va r i ab le  a s  the  con t ro l  va r i ab le  o f  a  do- loop .  
•  You  code  the  va r i ab le  a s  an  ou tpu t  a rgument  o f  a  suppor ted  

mach ine  i n s t ruc t ion .  
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u t  CALl -p i tp r r^s  +  l ° r  S  v a r i a b l e  t 0  change  th rough  the  ac t ion  
CALL e x t ®" a i - s t a t e m e » t *  The  compi le r  makes  ce r t a in  assumpt ions  a t  a  
rou t ine •  r f c+r 3 1  p a r a m e t e r s  be  changed  by  the  ca l l ed  
be  chanced*  *nd  r eg i s t e r s  wi l l  be  changed ;  EXTERNAL va r i ab les  wi l l  
sL2ar 9 t o 'EXTEE N I r  f S  ^  < C O E S t a n t > be  changed  ( th i s  i s  
be  chanced  rn  "  S O n i e  o c c a s l o n s  s °<ne  o the r  va r i ab le  migh t  
o f  t he  ca l l ed  ENTRY? * '  ^  C ° d e  t h ® S E T S  °P t i o n  o n  t h e  DECLARE 

p roper lv^code  "?£ S «S«:  a s f a «>Pt ions  abou t  a  M A C G E N  s t a t ement ;  you  mus t  
t h i s  ^  T H F R  S E T S  op t ion  on  the  M A C G E N  s t a t ement .  ( in  p rac t i ce ,  
t h i s  i s  the  r e spons ib i l i ty  o f  t he  au thor  o f  a  macro . )  

Ind i sc r imina te  use  o f  po in te r s  can  in t roduce  e r ro r s .  The  compi le r  
9 i l i r Sv?r C po in£ a ?o d  t h"  t h e  a s s u m P t i ° n  t ha t  any  two  d i f f e ren t  po in te r s  
no  a t t emDt  to  t r ace  th  6  S a i ° e  a r e a  0  r e a l  s to rage .  The  compi le r  makes  , values to po"t,":= to a"9ct "te» 
Cons ide r  the  fo l lowing  example :  

l \  I  Z 1 ] > X :  / *  F I R S T  U S E  0 F  " p ->X"  CAUSES REG TO CONTAIN VALUE * /  

u"  S" - X D \ v : ,  / *  A C T U A L i x  CHANGES »P->X» BUT NOT DETECTED * /  
W -  P->Xt1 ;  / *  BIGHT ERRONEOUSLY RE-USE »P->X» * /  

the^omoi l l r  mfah? 1 6 / 1 " 6  3  c \ a n 9 e d  " p - > x "  bu t  t h i s  i s  no t  de tec ted  and  
t o  l ine  4  ( e r roneous ly )  keep  « P - > x »  i n  a  r eg i s t e r  f rom l ine  1  

You  can  avo id  t h i s  p rob lem wi th  one  o f  t he  fo l lowing :  

Rewr i t e  t he  code  to  use  a  s ing le  po in te r  name  
•  Inse r t  a  s t a t ement  o f  the  fo rm:  

P=P;  

. . .Th i s  wi l l  make  op t imiza t ion  r eeva lua te  any  express ion  based  on  "P . "  

Fo? e example^ C G E N  S t a t e m e D t  w i t h  t h e  appropr ia t e  SETS in fo rmat ion .  

MACGEN SIZE(O)  SETS (P)  ;  

PROGRAM FLOW AS AN OPTIMIZATION PROBLEM 

Th i s  i s  the  th i rd  o f  t h ree  a reas  o f  po ten t i a l  op t imiza t ion  p rob lems .  

The  compi le r  mus t  be  aware  o f  any  poss ib le  f low of  con t ro l  dur ino  
use C s t ruc tu red  code 0 " / 1 1 ^  "  ± S  C O B P i l i n 9-  Th i s  i s  au tomat i c  when  you  
cond i t ions  tha t  the  ( such  a s .  IF . . .THEN. . .ELSE) ,  bu t  t he re  a re  seve ra l  

f  t  compi le r  i s  unab le  t o  ana lyze .  You  mus t  S U D D I  V  
add i t lona l  in fo rmat ion  in  the  fo l lowing  cases :  

DECLARE o f  BASED LABELS ( see  VALUERANGE)  

DECLARE o f  BASED ENTRYs ( see  VALUERANGE)  

Ou t -o f - l ine  r e tu rn  f rom CALLed  en t ry  ( see  DECLARE o f  ENTRY)  

Ou t -o f - l ine  f low f rom MACGEN ( see  FLOWS keyword  o f  MACGEN)  

HS U L T :  — M  I I C O M P M T F  0 1  I N C O R R E C T  I N F O R M A T I O N ,  I N V A L I D  C O D E  M A Y  
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UNEXPECTED RESULTS WHEN USING THE RESPECIFY STATEMENT 

Your  p rogram may g ive  unexpec ted  resu l t s  i f  you  incor rec t ly  pos i t ion  
RESPECIFY s ta tements  wi th  the  RESTRICTED or  BASED op t ions  in  your  source  
code .  

You should  look  upon RESPECIFY,  wi th  the  RESTRICTED or  BASED op t ions ,  as  
an  ins t ruc t ion  to  the  compi le r .  I t  i s  not  execut ion  t ime log ic .  

Dur ing  the  compi le  phase ,  the  compi le r  implements  immedia te ly  each  
RESPECIFY s ta tement  wi th  the  RESTRICTED o r  BASED op t ion .  Every  
s ta tement  tha t  fo l lows  i t  has  the  resu l t  o f  the  RESPECIFY compi led  in to  
i t .  

I f ,  a t  execut ion  t ime your  log ic  bypasses  tha t  par t  of  your  code  where  
you  had  the  RESPECIFY s ta tement ,  i t  makes  no  d i f fe rence .  The  RESPECIFY 
i s  i n  e f f e c t  a n y w a y .  T h i s  i s  s i m i l a r  t o  t h e  D P P X  A s s e m b l e r  U S I N G  
command.  

See  the  example  be low.  S ta tement  6  i s  a  RESPECIFY . . .  BASED 
ins t ruc t ion .  S ta tement  8  i s  a  RESPECIFY . . .  BASED ins t ruc t ion .  The  
branch  f rom s ta tement  7  to  s ta tement  12  bypasses  s ta tement  8 .  However ,  
because  the  compi le r  implements  s ta tement  8  a t  compi le  t ime ,  you  would  
be  wrong to  assume tha t ;  

(a )  because  s ta tement  6  i s  the  l as t  s ta tement  in  which  you  respec i f ied  
X in  your  log ic  f low,  then  X i s  based  Q in  L2 and  13 .  

(b)  because  your  log ic  f low bypassed  s ta tement  8 ,  then  the  ass ignment  X 
based  P  i s  not  in  e f fec t .  

1 .  DCL X BASED (P)  ,  
2 .  (P ,  Q)  PTR;  
3 .  - - -

4.  - - -

5.  X
 

II
 o
 

\
 *
 

6.  RFY X BASED(Q);  
7 .  GO TO L1;  
8. RFY X BASED (P) ;  
9 .  L2:  RETURN;  
10 .  - - -

11.  - - -

12.  L1:  X=0;  /*  
13 .  GO TO L Z ;  

EQUIVALENT TO P->X=0 * /  

/*  EQUIVALENT TO P->X=0,  NOT Q->X=0 * /  
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COMMON PROBLEMS 

PL/DS S useJs n  a t ^o S  a a s w e r  Ques t ions  tha t  a re  f r equen t ly  asked  by  
c l a r i f i ed  here^  o f  l a uguage  tha t  a re  f r equen t ly  misunders tood  a re  c l a r i f i ed  he re .  

REGISTER Dec la res  and  MACGBN 

The  PL/DS compi le r  r equ i res :  

2.  

Example :  

Reg i s t e r  dec la ra t ions  mus t  e i the r  be  inc luded  (XINCLUDE)  f rom a  
de f in i t ion r +hL° r  a D S " e r  t 6 X t  P r o d u c e d  i nvok ing  a  macro  ae rmi t ion  tha t  r e s ides  in  a  macro  l i b ra ry .  

^ A a G e N  s * a t e m e n t  m u s t  b e  i n  answer  t ex t  p roduced  by  invok ing  a  
macro  de f in i t ion  tha t  r e s ides  in  a  macro  l i b ra ry .  

EPROCESS MACRO;  
MAIN:PROC OPTIONS( . . .  

®TNCLUDE S r S i I B  (REGDCLS)  ;  / *  INCLUDE REGISTER DECLARES * /  
(o r  XINCLUDE SYSLIB (REGDCLS)  ;  / *  INCLUDE REGISTER DECLARES * / )  

?LINK EP(FRED) ;  / *  PL/DS MACRO THAT RETURNS 
A MACGEN STATEMENT * /  END;  '  

Message :  IREhZOJI  T  INSUFFICIENT REGISTERS ARE AVAIL 

t e rmina t ing  m e s s a 9 e  i s  genera ted  by  the  compi le r  i f  the re  a re  no  
f e 9 1 ^ e r s  a v a l l a i 3 l e  fo r  the  code  genera t ion  fo r  a  pa r t i cu la r  

s t a t ement .  Th i s  may  be  due  t o  one  o f  t he  fo l lowing  two  r easons :  

^he  s t a t ement  i s  too  complex  t o  compi le  wi th  the  r eq i s t e r s  
a i l ab le  a t  t h a t  s t a t ement .  I f  t he  s t a t ement  can  be  s impl i f i ed  then  

h i s  shou ld  be  t r i ed  f i r s t .  A s t a t ement  such  a s  a  va r i ab le  l eng th  
s t r ing  ass ignment  r equ i res  a  number  o f  work  r eg i s t e r s .  Any  express ions  
t hese^ i sed^n 1 ^ 3  S i l O U l d  b e  a s s i 9 a ed  to  t empora ry  ha l fword  va r i ab les  and  these  used  in  the  ass ignment  s t a t ement .  

Reason  2 :  Too  many  r eg i s t e r s  a re  r e s t r i c t ed  by  t he  use r  a t  t ha t  
s t a t ement .  Reg i s t e r  r e s t r i c t edness  shou ld  be  checked  and  r eg i s t e r s  
unres t r i c t ed  i f  poss ib le .  See  "De te rmin ing  Reg i s t e r  Res t r i c t edness , "  i n  
Append ix  G.  i t  may  be  tha t  the re  a re  seve ra l  r eg i s t e r s  ava i l ab le  bu t  
no t  enough  o f  a  pa r t i cu la r  type ;  fo r  example ,  t oo  few p r imary  r eg i s t e r s .  
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Not All Local Variables Assigned to Registers W ith NOAUTODATA 

If reentrant code is required and the linkage scheme does not provide 
any AUTOMATIC storage then it is necessary for all LOCAL variables to be 
assigned to registers. If a particular variable is not assigned to a 
register by the compiler this may be for one of the reasons itemized 
under "Ensure Local Variables Can Be Globally Assigned to Registers." 

If none of these is the case then there are probably not enough 
registers available for this particular variable to be assigned. 
Following are approaches that may help to correct the problem. 

Approach J: Ensure register "restrictedness" is correct, that is, that 
there are no places where a register is restricted when it need not be. 

Approach 2: Use different names for different uses of the same work 
variable. For example, use '11', '12'... rather than 'I* throughout. 

Approach 3: Reestablish local pointer values if there are sections of 
the program where the pointer is not used. For example: 

P=ADDR (...); /* p SET HERE */ 

*P' referenced in this section (a). 

•P' not referenced in this section (b). 

'P' referenced in this section (c). 

Although P is not referenced in section (b) of the program, it is tying 
up a register, since its value is required later in section (c) . 
Inserting another 'P=ADDR(...) ;' statement in front of the last section 
will free up that register for another use in the central section. If 
possible, use different pointers 'PI', 'P2', etc. 

Approach d: Change the linkage scheme so that more registers are 
saved/restored, thus freeing more registers for global assignment. 

Approach 5: See whether some local variables can be eliminated 
completely. For example: 

DCL RATIO FIXED (16); 
RATIO=X/Y; 
IF RATIO > Z THEN. . . 

...could be rewritten: 

IF X/Y > Z THEN 

...thus eliminating the need for the variable 'RATIO'. 

Approach 6: Ensure KIs, IOs, IOHs, and IOIs are specified correctly. 
(See, "Specify KI, 10, IOH, and 101 Instructions Correctly.") 

Approach 7: Try using the WORKREGS procedure option. (See, "The WORKREGS 
Procedure Option," in Appendix G.) 
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faiiggrd/Halfword Arithmetic 

The arithmetic precision rules in PL/DS state that if two halfword 
variables are added, subtracted, etc., the result is halfword. The 
following example shows the use of an intermediate assignment to obtain 
a fullword result. 

•DCL X 
* (I,J) 

FIXED(32) , 
FIXED(16); 

*X=I+J; 
LHR X,I 
AHR X,J 
XHR a02H,o)02H 
LHRE X,a02H 

(I+J IN HALFHORD X) 

(EXTENSION OF X ZERO) 

it is known that the addition of 'I* and 'J' could carry into the 
high-order halfword then the statement should be coded: 

XHR X,X 
LHRE X,X 
LHR X,I 

*X=X+J; 
AHR X,J 
AYHRE X,0 

...word addition takes place in the second statement because of the 
rule that if either of the operands is FIXED (32) then the result is 
FIXED (32) . 

Similarly, for a word result of a halfword multiply, an intermediate 
assignment must be made: 

DCL X FIXED (32); 
DCL (I, J) FIXED (16) ; 
X=I*J; /* HIGH-ORDER HALFHORD OF X HILL BE ZERO */ 

X=I; 
X = X*J ; /* WORD*HALFHORD MULTIPLICATION »/ 

Message: IRE06121 I VARIABLE xxxx MAY BE USED BEFORE BEING SET 

This message is generated if the compiler detects a situation where a 
local variable could potentially be referenced before having been 
initialized. For example: 

T:PROC (A) ; 
DCL (X, Y, A) ; 
IF A=0 THEN 

Y=1; 
X=Y; 

...produces the message since when A is not zero, Y is not set. 
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Somet imes  i t  may be  d i f f icu l t  to  b ind  whether  there  i s  a  po ten t ia l  e r ror  
or  whether  the  compi le r  i s  be ing  over -cau t ious .  Fol lowing  a re  examples  
of  such  cases :  

Example  J :  

DO I=A TO B;  

Y=. .  . . ;  /*  Y SET * /  

END;  
X=Y;  /*  Y REFERENCED * /  

The  message  i s  produced  s ince  the  compi le r  has  to  assume tha t  the  loop  
i s  not  executed  when A has  a  va lue  grea te r  than  B.  

Example  2 :  

IF  FL AG= 1 1 'B THEN 
y=- - .5  /*  Y SET ONLY WHEN FLAG = 1  1 1 B » /  

IF  FLAG= 1 1"B THEN 
X=Y;  /*  Y REFERENCED ONLY WHEN FLAG=•  1 1 B * /  

Here ,  the  user  knows tha t  Y wi l l  be  se t  and  re fe renced  only  when 
FLAG= 1 1 *B.  However  the  compi le r  cannot  de tec t  tha t  th i s  i s  the  case ,  
and  i t  i ssues  the  message .  

Example  3 :  

DCL 1  FLAGS,  
2  FLAG1 BIT (1)  ,  
2  FLAG2 BIT (1)  ,  
2  FLAG3 BIT (1)  ;  

FLAG 1  =  * 0  •  B;  
FLAG2 =  ' 0 '  B;  
F  LAG3=•0•B;  

. . .would  produce  the  message  VAEIABLE "FLAGS" HAY BE USED BEFORE BEING 
SET even  though a l l  the  subcomponents  o f  the  s t ruc ture  have  been  se t .  
The  message  would  no t  have  been  produced  i f  the  s t ruc ture  had  been  
in i t i a l ized :  

FLAGS='*  B;  /*  INITIALIZE LOCAL FLAGS * /  

Note :  When th i s  message  i s  produced ,  modi fy  the  program to  e l imina te  i t .  
I f  necessary ,  inser t  a  s ta tement  to  in i t i a l ize  the  var iab le  a t  a  
su i tab le  po in t .  Fa i lure  to  do  th i s  inh ib i t s  op t imiza t ion  s ince ,  on  
en t ry  to  the  procedure ,  the  compi le r  assumes  the  var iab le  i s  busy ,  and  
t i es  up  a  reg is te r  unnecessar i ly .  
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APPENDIX G. PL/DS TECHNIQUES AND AIDS 

SOME HINTS ON SOURCE CODE STYLE 

The format of each procedure -- the way your source statements are set 
up can facilitate analyzing and modifying the code. He suggest the 
following conventions. 

1. Avoid placing many PL/DS statements on a single line. This can 
cause difficulty when it is necessary to change one statement on 
the line. 

2. Adopt specific conventions about the placement of comments in your 
source statements. 

3. Group your DECLARE statements at the beginning of the procedure. 

h. Indent each DO statement in a nest of DO statements, and line up 
each END statement under its associated DO statement. This ensures 
that you properly close each do-group. Also, indent and align all 
statements applicable to each DO statement. 

5. For an IF statement, the IF and ELSE Keywords should start in the 
same column on their respective input lines. Hhen you write nested 
IF statements, the statements at the same nesting level should have 
the same starting columns. 

Note: The FORMAT compiler option will assist in achieving these 
conventions. (See, "Compiler Options and Controls" and the PL/DS User's 
Guide.) 

The following illustrates each of the formatting conventions listed 
above. 

r i 
r ABCDE: PROCEDURE; | 2 | 
| L 1 

I 
I r DCL A FIXED (15); /* •/ 
I | DCL B FIXED (15) ; /* */ 
I r n DCL C CHAR (10) ; /* */ 
| I 3 | DCL D CHAR (20); /* */ 
| l J pcL E PTR (31) ; /* */ 

I L DCL B FIXED (15); /* */ 
I /* V 
I r DO I = 5 TO 10; /* */ 

r 1 I IF A * 1 = B THEN /* */ 
| 1 | | DO; /* »/ 
L J r i C = 1 A ABBCCDDEE '; /* */ 

I I t I DO WHILE (1=7) ; /* */ 
I L J E = ADDR(D); /* */ 
| | END; /* */ 

I | END; /* */ 
| «- END; /* */ 

I r IF THEN /* */ 
| | H=S; /* */ 
| r ~i ELSE 
| I 5 | IF THEN /* */ 
| l J Y = 0; /* */ 
| | ELSE /* */ 

I I ; /* v 
«- «- END ABCDE; /* */ 
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C O N T R O L - L I N G  A S S E M B L E R  C O D E  A N N O T A T I O N  

The ANNOTATE compi le r  op t ion  inser t s  the  PL/DS source  code  as  comments  
on  the  assembly  l i s t ing  (ALIST) .  Annota t ion  does  no t  begin  un t i l  a  
s ta tement  tha t  i s  not  one  of  the  fo l lowing  i s  encountered :  

PROCEDURE DECLARE RESPECIFY MACGEN 

To ensure  tha t  dec la ra t ions  appear  on  the  l i s t ing ,  add  a  nu l l  s ta tement  
a f te r  the  ex te rna l  PROCEDURE s ta tement .  For  example :  

3PR0CESS NOM; 
T:PROC;  
;  /*  NULL STATEMENT TO CAUSE ANNOTATION OF DECLARES * /  

DCL X FIXED (15) ,  
Y FIXED (15)  ,  

USES OF THE FORMAT OPTION 

Comment  Format t ing :  The  PL/DS format te r  has  convent ions  fo r  format t ing  
comments  tha t  a re  coded  in  separa te  records .  The  co lumn tha t  the  
opening  /*  of  the  comment  i s  in  de te rmines  the  format te r  ou tput  of  the  
comment ,  a s  fo l lows:  

H  ±S i s  Column:  • • • the  Format  o f  the  Comment  i s :  

2 ,3 ,  o r  h  Expanded  to  whole  l ine ,  wi th  * /  
a t  r igh t  marg in .  

Column 5  or  more  Enc losed  in  a  box  of  /* ,  *  and  * /  
a t  cur ren t  nes t ing  leve l  of  fo rmat ted  code .  

£3 ta  Se t  Format t ing :  You can  use  the  format te r  (wi th  care)  to  ob ta in  a  
format ted  vers ion  of  any  source  da ta  se t .  Compi l ing  wi th  the  opt ions :  

FORMAT (MACRO),  FDECK,  NOCOMPILE 

. . .p roduces  a  format ted  ou tput  f i l e  on  SYSPUNCH tha t  can  be  used  to  
rep lace  the  or ig ina l  source  da ta  se t .  

.Note :  Syntax  e r rors  should  be  cor rec ted  before  a t tempt ing  th i s .  
EPROCESS records  wi l l  no t  appear  in  the  ou tput  f i l e .  

USE OF SEGMENTED LISTINGS 

The  SOURCE (SEGMENT) compi le r  op t ion  causes  INCLUDES to  appear  in  the  
s o u t c e  l i s t ing  -§f ie£  the  main  body of  code  thereby  increas ing  the  
readabi l i ty  of  the  l i s t ing .  Segmenta t ion  can  be  tu rned  of f  se lec t ive ly  
wi th  the  NOSEG op t ion  on  the  INCLUDE s ta tement :  

3PR0CESS SOURCE(SEGMENT) ;  /*  TURNS ON SEGMENTATION • /  
T:PROC;  '  

SINCLUDE SYSLIB (AAA) ;  /*  (( ILL APPEAR AT END * /  

3INCLUDE SYSLIB(BBB)  NOSEG;  /*  WILL APPEAR IN-LINE * /  
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PERFORMANCE HINTS 

Th i s  sec t ion  con ta ins  h in t s  fo r  ob ta in ing  e f f i c i en t  genera ted  code  f rom 
the  PL/DS Compi le r  wi thou t  cod ing  a t  a  low assemble r - s ty le  l eve l .  

L inkage  Des ign  

The  impor tance  o f  l i nkage  des ign  shou ld  no t  be  underes t ima ted .  I t  can  
have  an  ove r r id ing  e f fec t  on  the  pe r fo rmance  o f  a  sys tem o r  app l i ca t ion .  
A poor ly  though t -ou t  l i nkage  scheme  a l so  reduces  p rogrammer  p roduc t iv i ty  
by  in t roduc ing  ex t ra  p rob lems ,  such  a s  d i f f i cu l ty  in  ge t t ing  a l l  
va r i ab les  as s igned  to  r eg i s t e r s .  

"L inkage"  i s  used  he re  to  mean  t he  way  i n  which  modules  pass  da ta  and  
con t ro l  be tween  each  o the r .  The  compi le r  p rov ides  va r ious  l inkage  
op t ions  (desc r ibed  in  the  main  chap te r s  o f  t h i s  manua l )  bu t  the  way  i n  
which  these  op t ions  a re  used  de te rmines  how e f fec t ive  the  chosec  l inkage  
scheme  wi l l  be .  PL/DS g ives  the  use r  f r eedom to  choose  h i s  own l eve l  o f  
con t ro l  ove r  l i nkage .  

A "h igh- l eve l "  l inkage  scheme  migh t  be  a s  fo l lows :  

Al l  r eg i s t e r s  saved  and  r e s to red .  

Da ta  communica ted  us ing  fo rmal  pa ramete r s .  

S tack  scheme  used  fo r  AUTOMATIC s to rage .  

No ded ica ted  r eg i s t e r s  fo r  communica t ion .  

. . .  a n d  w o u l d  h a v e  t h e s e  c h a r a c t e r i s t i c s :  

•  Inc reased  p roduc t iv i ty  due  to  eas i e r  p rogramming  and  c l ea re r  code .  

•  Inc reased  g loba l  op t imiza t ion  due  t o  g rea te r  r eg i s t e r  ava i l ab i l i ty  
(o f t en  l ead ing  to  reduced  module  s i ze ) .  

•  Some space  and  t ime  overhead  due  to  the  l inkage  i t s e l f .  

A " low- leve l "  l inkage  scheme  migh t  be :  

•  No (o r  f ew)  r eg i s t e r s  saved / res to red .  

•  Paramete r s  passed  in  ded ica ted  r eg i s t e r s .  

•  No use  o f  AUTOMATIC s to rage .  

•  Severa l  r eg i s t e r s  ded ica ted  to  address  con t ro l  b locks .  

.  . .  and  would  have  these  cha rac te r i s t i c s :  

•  Eeduced  p roduc t iv i ty  due  to  d i f f i cu l t i e s  such  a s  ge t t ing  a l l  
va r i ab les  a s s igned  to  r eg i s t e r s  and  pa ramete r  mismatches  due  t o  
l ack  o f  exp l i c i t  i n t e r face .  

•  Reduced  op t imiza t ion  due  t o  l ack  o f  r eg i s t e r s  i n  the  main  body  o f  
code .  

•  Ef f i c i en t  code  fo r  the  l inkage  i t s e l f .  

Pe r fo rmance  Hin t s  223  



In between these two extremes there are ma^y ddeterminedC° by the 
available and the final choice will be determined 
system/application constraints. 

Keep the following factors in mind while maJcing the final choice of 
linkage design. 

Register Usage: If only a few registers are available (that is, 
UNRESTRICTED) in the main body of a module, then the scope 
optimization is reduced and the size of the generated code wi 
larger than necessary since expressions, address calculations, and o er 
such things may have to be re-evaluated many times due to lack o 
registers to hold temporary values. 

The number of available registers is increased if: 

a. More registers are saved on entry and restored on exit from the 
procedure (and this can be relied upon when other procedures are 
CAILed). 

b. Fewer registers are RESTRICTED in the program. 

The Use of AUTOMATIC Storage: Overall storage savings can often be 
obtained by making modules reentrant and allowing the compiler to use 
AUTOMATIC storage for local variables that are not globally assigned to 
registers. 

The size of the generated code for a program is minimized if the best 
possible use is made of registers. It is often better if registers can 
be used to hold expressions rather than local variables where 
"expressions" includes addresses, based variables, etc. However, if 
expressions are to be assigned to registers in preference to local 
variables there must be somewhere to store the local variables. If 
there is no storage available for local variables, then expressions may 
have to be re-evaluated many times. 

The Use of Formal Parameters: The use of formal parameters should be 
considered with PL/DS where parameters (and their addresses) are 
considered as candidates for global register assignment along with other 
variables. Programs using formal parameters are often much easier to 
debug and maintain than those that pass data in control blocks or 
dedicated registers. 

Avoiding Register Declarations 

Variables should not be declared as registers unless absolutely 
necessary. The compiler is designed to assign to registers those 
variables and expressions that minimize the size of generated code. If 
a user declares a particular variable as a register in order to get more 
efficient code at a particular statement, this may have an adverse 
effect on optimization of the program as a whole. In general, it is 
better to leave the task of register allocation to the compiler. 

Remember that it is not necessary for operands of most built-in machine 
instructions (such as KI) to be register variables (there are some 
exceptions) . The compiler will generate housekeeping instructions to 
load and store operands if necessary. If the operands are in suitable 
registers then one-for-one code will be produced. The optimization 
phase of the compiler will, where feasible, automatically assign 
arguments of built-in instructions to registers of the proper type 
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Choice  o f  Reg i s t e r s  Dec la red  

HoweJer  " c ° m m e i l d e d  a "ove  tha t  r eg i s t e r  dec la  
cu tDnqp '+ho  — necessa ry  to  dec la re  a  r eg i s t  

n  ° a r e  S J l 0 U l d  b e  t a k e n  w h e n  choos ing  
compi le r "  wi l l  8 1 °° , s o , n e  r eg i s t e r s  a re  more  "use fu l  
compi le r  w i l l  t ake  accoun t  o f  t h i s  when  a s s  
a  Dar t i rn i  u s e r  shou ld  t ry  to  use  the  same  p r i  
8100  »n?  + a l  r eg i s t e r  fo r  a  va r i ab le .  Fo l lowing  
8100  r eg i s t e r s  and  the i r  "use fu lness" :  

Base  Reg i s t e r s  

r a t ions  be  avo ided ,  
e r  fo r  a  pa r t i cu la r  
which  r eg i s t e r  to  be  
"  than  o the r s  and  the  
ign ing  va r i ab les  t o  
nc ip les  when  choos ing  
i s  a  summary  o f  t he  

Reg i s t e r s  2 ,3  

Pr imary  Reg i s t e r s  

When  one  o f  t he  r eg i s t e r s  12 ,  1h ,  28 ,  o r  30  i s  the  
base  fo r  a  con t ro l  b lock ,  then  the  two-by te  LBS/STHS 
ins t ruc t ions  can  be  used  t o  address  va r i ab les  i n  the  

• f h ,  T 6 1 *  b y t e s -  Hence ,  base  r eg i s t e r s  a re  mos t  
su i t ab le  fo r  bas ing  smal l  con t ro l  b locks .  

I f  r eg i s t e r s  2  o r  3  con ta in  f l ags  then  i f  ind iv idua l  
f l ags  a re  t e s t ed ,  the  JBZ ( Jump B i t  Zero )  
i n s t ruc t ion  can  o f t en  be  used .  These  r eg i s t e r s  a re  
ve ry  use fu l  fo r  ho ld ing  f l ags .  

Ar i thmet i c  and  log ica l  ope ra t ions  a re  more  
e f f i c i en t ly  pe r fo rmed  on  p r imary  r eg i s t e r s  ( i . e  
r eg i s t e r s  0 -15) .  

Secondary  Reg i s t e r s  I t  i s  usua l ly  a  good  p rac t i ce  to  use  secondary  
r eg i s t e r s  (16-30)  to  ho ld  addresses  so  tha t  
p r imar ies  a re  f r eed  up  fo r  a r i thmet i c  ope ra t ions ,  
l og ica l  ope ra t ions  wi l l  be  l e s s  e f f i c i en t  when  
pe r fo rmed  on  secondary  r eg i s t e r s  s ince  the  r eg i s t e r  

b ® l o a d e d  i n t o  pr imary ,  ope ra ted  on ,  and  then  
loaded  back  in to  secondary .  

UNRESTRlCTED b l and ; L S  d e c l a r e d  a s  a  r eg i s t e r  i t  shou ld  be  dec la red  UNRESTRICTED,  and  r e spec i l i ed  a s  RESTRICTED/ONRESTRICTED a s  necessa ry  
In  th i s  way  t he  compi le r  can  make  use  o f  t he  pa r t i cu la r  r eg i s t e r  i n  tL  
por t ions  o f  t he  program where  i t  i s  UNRESTRICTED.  

I n t e rna l  Procedures  to  Decrease  Objec t  Code  

The  use  o f  i n t e rna l  p rocedures  can  be  a  s ign i f i can t  f ac to r  in  reduc ing  
the  overa l l  s i ze  of  the  genera ted  code .  The  t ime  and  space  overhead  o f  
ca l l ing  an  in t e rna l  p rocedure  i s  smal l ,  mak ing  i t  wor thwhi le  t o  c rea te  
an  in t e rna l  p rocedure  i f  even  a  sma l l  number  o f  s t a t ement s  a re  found  to  
be  common.  The  use  o f  an  i n t e rna l  p rocedure ,  even  i f  on ly  invoked  f rom 
one  po in t ,  can  g rea t ly  inc rease  a  p rogram ' s  r eadab i l i ty .  

I§T5HA^C t 5a ta N m,^ t 0 D A J A h C O m p i l e r  ° P t i ° n  h a S  b e e n  s P e c i f i® d  ( "eans  t ha t  
h»wef l r J t i  *  genera ted )  then  an  i n t e rna l  p rocedure  canno t  
address  l i s t  p a r a m e t e r s '  s l n c e  s t ° rage  i s  requ i red  fo r  the  pa ramete r  
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Alignment  of  Cont ro l  Block  Data  

Al ignment  o f  da ta  i s  very  impor tan t  on  the  8100 s ince  code  to  load  
misa l igned  da ta  in to  reg is te rs  i s  inef f ic ien t .  For  example :  

*DCL P  
*DCL 1  
*  
* 
* 
* 

*EF Y S  
*DCL X 
*X =  A;  

*X =  B;  

PTE;  
S  BDY(HWOED) BASED,  
2  *  FIXED (15)  ,  
2  A CHAE (2)  ,  
2  *  CH A E  (1)  ,  
2  B CHAE (2) ;  
BASED(P)  ;  
CHAE (2)  ;  

EHS X,A(P)  

L  
L 

X+0,B(P)  
X+1,B+1 (P)  

/*  A IS  BDY (HWOED) * /  

/*  B IS  BDY (H HO ED,  2)  * /  

(2  by tes )  

(8  by tes )  

tha t  da ta  i t ems  
word  boundar ies .  

Wherever  poss ib le ,  des ign  cont ro l  b locks  in  such  a  way 
have  the i r  cor rec t  boundary ;  fo r  ins tance ,  words  on  
na l fwords  on  ha l fword  boundar i0s•  

s i l o u J - d  b e  P a id  to  CHAEACTEE and  BIT i t ems ,  which  
Thev  shoul /L^  2  Pytes ,  s ince  they  do  no t  defau l t  to  BOUNDAEY(HWOED).  
They  should  be  dec la red  wi th  BDY (HWOED) wherever  poss ib le ,  even  i f  thev  

t ruc ture  a t  a  l a te r  da te  tha t  could  sh i f t  the  i tem of f  boundary .  

Even  fo r  s ing le  byte  i t ems  in  a  s t ruc ture ,  be t te r  code  wi l l  be  genera ted  
unk^wn-  fo r  1 S / n o W n  t o  b e  BDY (HWOED) o r  BDY (HWOED,2)  r a ther  than  
ran  o f f '  k  example ,  BDY (BYTE) .  This  i s  because  the  LHS ins t ruc t ion  

DCL 1  S  BASED,  

3  A FIXED(8) ,  
3  B FIXED (8)  ,  
3  C FIXED(8) ;  

/ *  DEFAULTS TO BDY(EYTE)  SINCE NO 
ELEMENTS EEQUIEE ALIGNMENT * /  

.XETiSi.-s tirs^,s:f — «*• — 
Size  of  Cont ro l  Blocks  

I f  cont ro l  b locks  a re  kept  to  64  by tes  or  l ess  i  n  i 0 „r ,+h  

DCL 1  S  BASED BDY (HWOED) ,  
2  A (100)  ,  
2  B,  
2  C;  

. . .  i s  less  e f f ic ien t  than ;  

DCL 1  S  BASED BDY(HWOED),  
2  B,  
2  C ,  
2  A (100)  ;  

" b , t " '  t h e n « "  « . . .  
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Waking  Array  Mul t ip l ie rs  Powers  of  2  fo r  Ef f ic ien t  Code  

The  mul t ip l ie r  for  an  a r ray  i s  the  byte  d i s tance  be tween  two consecut ive  
e lements .  Code  to  address  the  I ' th  e lement  of  an  a r ray  wi l l  be  more  
e f f ic ien t  i f  th i s  mul t ip l ie r  i s  a  power  of  2 ,  s ince  a  s imple  sh i f t  
ins t ruc t ion  can  be  used .  For  example :  

/* THESE ARRAYS HAVE MULTIPLIERS THAT ARE POWERS OF 2 :  */ 
DCL A1 (10)  FIXED(8) ;  /* MULTIPLIER =  1  */ 
DCL A2 (13)  FIXED(16) ;  /* MULTIPLIER =  2  */ 
DCL A3 (5)  CHAR (16)  ;  /* MULTIPLIER =  16  */ 

/* WHEREAS THESE HAVE MULTIPLIERS THAT ARE NOT:  * /  
DCL Ah (10)  CHAR(3) ;  /* MULTIPLIER =  3  */ 
DCL A5 (9)  CHAR (12)  ;  /* MULTIPLIER =  12  */ 

Par t icu la r  care  should  be  taken  wi th  a r rays  of  s t ruc tures :  

/*  THE MULTIPLIEf l  FOR THIS ABEAY OF STRUCTURES IS  6  * /  
DCL SDIM FIXED CONSTANT (  10)  ;  
DCL 1  S  (SDIM) BDY (HWORD),  

3  A FIXED (  16)  ,  
3  B FIXED (16)  ,  
3  C FIXED(16) ;  

/*  WHEREAS IT  IS  8  IN THIS EXAMPLE:  * /  
DCL 1  S  (SDIM) BDY (HWORD) CHAR (8 ) ,  /*  LENGTH SPECIFIED TO 

ENSURE MULTIPLIER IS  POWER OF 2  * /  
3  A FIXED (16)  ,  
3  B FIXED(16) ,  
3  C FIXED(16) ;  

/*  ANOTHER ALTERNATIVE MIGHT BE:  * /  
DCL 1  S  BDY (HWORD) ,  

3  A (SDIM) FIXED (16)  ,  
3  B(SDIM) FIXED(16) ,  
3  C (SDIM) FIXED (16)  ;  

The  code  requi red  to  address  A ( I )  in  the  second s t ruc ture  wi l l  be  much 
more  e f f ic ien t  than  tha t  requi red  to  address  A(I )  in  the  f i r s t .  In  
qenera l  then ,  make  a r rays  of  s t ruc tures  have  an  e lement  l enqth  tha t  i s  a  
power  of  2 .  

Note :  The  l enqth  of  a  s t ruc ture  e lement  can  be  found  in  the  a t t r ibu te  
and  c ross - re fe rence  l i s t ing .  

Use  o f  the  OPTIMIZE Opt ion  

NOOPTIMIZE i s  the  defau l t  and  means  exac t ly  what  i t  says :  no  
op t imiza t ion .  In  par t icu la r ,  loca l  var iab les  wi l l  no t  be  g loba l ly  
ass igned  to  reg is te rs  wi thout  OPTIMIZE,  even  i f  NOAUTOTDATA has  been  
spec i f ied ,  and  therefore  assembler  e r rors  may r esu l t .  However ,  i t  i s  
good prac t ice  to  compi le  wi th  NOOPT un t i l  a l l  syntax  and  semant ic  e r rors  
have  been  cor rec ted .  

The  compi le r  suppor t s  OPT (SPACE)  and  OPT(TIME)  wi th  OPT(SPACE)  a s  the  
defau l t .  The  on ly  d i f fe rence  i s  in  the  genera ted  code  for  s t r ing  
padding .  With  OPT(TIME)  an  over lapping  MVS ins t ruc t ion  i s  used .  I t  i s  
fas te r ,  but  t akes  more  space  than  a  BCTR loop .  

Caut ion :  Use  OPTIMIZE wi th  ca re .  See  the  descr ip t ion  of  op t imiza t ion  
techniques  in  Appendix  F .  
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Ensure  Loca l  Var iab les  Can Be Globa l ly  Ass igned  to  Beqis te rs  

A LOCAL var iab le  i s  a  candida te  for  g loba l  ass ignment  to  a  reg is te r  
un less  any  one  of  the  fo l lowing  i s  t rue :  

I t  i s  an  i tem in  a  s t ruc ture  (and  the  whole  s t ruc ture  cannot  be  
conta ined  in  a  reg is te r ) .  

I t  has  the  DEFINED a t t r ibu te .  

Another  i t em i s  DEFINED on  i t .  

I t  has  the  a t t r ibu te  ABNORMAL.  

I t  has  the  a t t r ibu te  EXTERNAL.  

I t  has  the  a t t r ibu te  INIT.  

I t  i s  CHARACTER and  subs t r inged .  

I t  i s  the  argument  of  the  ADDR bu i l t - in  func t ion .  

I t  i s  a  CALL a rgument  which  i s  not  wi th in  EVAL.  For  example :  

CALL SUB(EVAL(X)) ;  / *  X i s  s t i l l  a  candida te  * /  
CALL SOB(X)  ;  /*  X no t  a  candida te  * /  

•  I t  i s  an  a rgument  of  a  bu i l t - in  ins t ruc t ion  tha t  impl ies  the  
var iab le  i s  in  s torage .  For  example :  

LHS(Y r X);  /*  x  no t  a  candida te  * /  

Avoid  the  above  charac te r i s t ics  when dec la r ing  and  us ing  loca l  
var iab les ,  to  ensure  the i r  g loba l  ass ignment  to  reg is te rs .  

JLEeci fy  Cont ro l  Immedia te  and  Input /Output  Ins t ruc t ions  Correc t ly  

There  a re  th ree  ca tegor ies  of  Cont ro l - Immedia te  (KI)  opera t ions :  

1 .  Those  tha t  se t  the  f i r s t  operand .  These  should  be  spec i f ied  as  KIR 
(KI-Read) .  

2 .  Those  where  the  f i r s t  operand  i s  an  ou tput  f i e ld .  These  should  be  
spec i f ied  as  KIH (Kl -Wri te ) .  

3 .  Those  where  the  f i r s t  operand  i s  a  dummy ( for  example ,  se t  mas te r  
mask) .  These  should  be  spec i f ied  as  KIZ (Kl -Zero) .  

I f  KI  a lone  i s  spec i f ied ,  then  the  compi le r  wi l l  assume the  f i r s t  
operand  to  be  bo th  an  input  and  an  ou tput  f i e ld ,  which  wi l l  somet imes  
cause  redundant  loads  and  s to res  to  be  genera ted .  Even  i f  the  operand  
i s  a  reg is te r  and  there  a re  no  ex t ra  ins t ruc t ions  genera ted  for  tha t  
par t icu la r  s ta tement ,  overa l l  op t imiza t ion  can  be  improved  by  cor rec t  
spec i f ica t ion  of  these  ins t ruc t ions .  

The  same gu ide l ines  should  be  fo l lowed wi th  the  Input /Output  
ins t ruc t ions  10 ,  IOH,  and  101 .  ^"vuwput  

I I I I£(8)  Versus  FIXEC (15)  ̂ F IXED (16)  For  Loca l  Var iab les  

Binn 6  ^  addressab le  reg is te r  by tes  than  ha l fword  reg is te rs  on  the  
8100,  and  therefore  there  i s  more  chance  tha t  a  loca l  by te  var iab le  wi l l  
be  g loba l ly  ass igned  to  a  reg is te r .  However ,  i f  the  var iab le  i s  used  as  
i s  Thal fword  9  S U b S C r i P t '  t h 6 n  b 6 t t e r  C o d e  w i l 1  genera ted  i f  i t  
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FIXED (15)  Versus  FIXED (16)  

In  genera l ,  i f  a  par t icu la r  ha l fword  var iab le  i s  not  requi red  to  be  
s igned ,  then  i t  i s  be t te r  to  dec la re  i t  i s  as  FIXED (16)  ra ther  than  
FIXED (15)  (which  i s  the  defau l t ) .  This  i s  par t icu la r ly  t rue  when 
ha l fwords  a re  to  be  added  to  PTE o r  FIXED (32)  f i e lds .  On the  8100,  
genera ted  code  could  be  l a rger  i f  the  ha l fword  i s  FIXED (15)  :  

*DCL P  PTE;  
*DCL H16 FIXED(16) ;  
*DCL H15 FIXED (15) ;  
*P=P+H16;  

*P=P+H15;  

3SG00001 

/* U N S I G N E D  A D D I T I O N  */ 
A H E  P ,  H I  6 
A Y H E E  P,0  /* ( to ta l  4  by tes )  */ 

/* S I G N E D  A D D I T I O N  */ 
A H E  P,  H15 
A Y H E E  P,0  
A H  E I  H1 5 ,  0  
JNM a s G O O O O1 
S Y H R E  P,0  /* ( t  o t  a l  10  by tes )  */ 
D S  O H  

When a  ha l fword  i s  added  to  a  po in te r  as  par t  of  a  subscr ip t  
ca lcu la t ion ,  the  shor te r  sequence  i s  used  whether  the  subscr ip t  i s  
s igned  or  uns igned .  

On the  o ther  hand ,  i f  FIXED (16)  f i e lds  a re  compared ,  then  in  some 
ins tances  two branch  ins t ruc t ions  wi l l  be  requi red  whereas  on ly  one  
would  be  requi red  wi th  s igned  ha l fwords ;  

•DCL (H16, I16)  
•  DCL (H15, I15)  
•  IF  H16 >= 116  

CHE 
JE  
JY 

8ET00005 DS 

FIXED(16) ;  
FIXED (15)  ;  

THEN 
I I6 ,H16 
SET00005 
SEF00005 
OH 

/ •  LOGICAL COMPAEISON * /  

•  IF  HI  5  >= 115  THEN 
CHE H15, I15  
JL  SEF00007 

/ •  ABITHHETIC COMPARISON • /  

Use  s t ruc tures  for  Over lay  Def in ing  Loca l  Var iab les  

A loca l  var iab le  can  be  g iven  more  than  one  da ta  type  by  the  
cons t ruc t ion  of  a  su i tab le  s t ruc ture .  This  i s  preferab le  to  the  use  of  
the  DEFINED a t t r ibu te  which  inh ib i t s  op t imiza t ion .  In  th i s  example :  

DCL 1  XF16 FIXED (16) ,  
2  X F15  FIXED(15)  ,  

3  XCH2 CHAR (2 ) ,  
4  XB16 BIT (16)  ;  

the  s t ruc ture  would  a l low the  da ta  i tem to  be  manipula ted  as  any  one  
of"  four  da ta  types .  I t  may be  dec la red  as  a  reg is te r  o r  may be  ass igned  
to  a  reg is te r  by  the  opt imiza t ion  phase  of  the  compi le r .  
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Name Ind iv idua l  Bi t s  

F lag  b i t s  in  s t ruc tures  should  be  named,  se t ,  and  t es ted  ind iv idua l ly .  
This  has  the  fo l lowing  benef i t s :  

•  The  code  i s  more  readable  and  eas ie r  to  change .  Use  o f  masks  makes  
code  obscure  and  d i f f icu l t  to  modi fy .  

•  The  compi le r  wi l l  op t imize  re fe rences  to  b i t s  in  the  same by te  o r  
ha l fword ,  a s  descr ibed  next ,  under ,  "Group BIT Ass ignments . . . " .  

For  example :  

DCI  1  B BIT (8)  ,  
2  B1 BIT (1)  ,  
2  B23 BIT (2)  ,  

2  B8 BIT (1)  ;  
B1= '  1  * B;  
B23= 1 01•B;  

. . . i s  be t te r  than :  

DCL B BIT (8)  ;  
B=B |  • CO •  X;  
B=B & •BF•X;  

. . . and  i s  jus t  as  e f f ic ien t .  

Group Together  BIT Ass ignments  and  the i r  Tes t s  

I f  consecut ive  BIT ass ignment  s ta tements  se t  b i t s  in  the  same by te  o r  
ha l fword  they  wi l l  be  combined  by  the  compi le r .  They  wi l l  no t  be  
combined  un less  the  s ta tements  a re  consecut ive .  

In  the  fo l lowing  example ,  swapping  s ta tements  5  and  6  would  make  th ree  
consecut ive  BIT ass ignments ,  and  a l low a l l  th ree  BIT ass ignments  to  be  
combined  in to  one  machine  ins t ruc t ion .  Note  tha t  the  compi le r  has  
ass igned  by te  F  to  a  reg is te r .  

2  *DCL 1  F  BIT(8)  $ 

* 3  FLAG 1  BIT (1)  ,  
*  3  FLAG2 BIT (1)  ,  
*  3  FLAG3 BIT (  1)  :  

3  *FLAG1='1 'B;  
4  *FLAG2=•1 'B;  

OEI  FLAG2,X•CO'  
5  *X=0;  

XHE x ,x  
6  *FLAG3='1 'B;  

OEI  FLAG3,X•20 '  

S imi la r  gu ide l ines  should  be  fo l lowed 
example ,  coding:  

IF  FLAG1='1 'B& 
X =  0  & 
F1AG2=•1 'B THEN 

u? 1 -  a ^ O W  t h e  t w o  " F L A G "  t es t s  to  be  combined .  Be t te r  code  
would  be  ob ta ined  in  th i s  example  i f  the  l as t  two t es t s  were  t ransposed?  
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Make  Ujca l  F lags  BI  T  (8 )  S t ruc tu res  

Loca l  f l ags  shou ld  be  dec la red  in  BIT  (8 )  s t ruc tu res .  For  example :  

DC L  1  LCLFLAGS BIT(8)  ,  
2  OPTSW BIT  (1 )  ,  

2  ERRSW BIT  (1 )  ;  

DCL YES BIT  (1 )  CONSTANT (  •  1 '  B)  ;  
DCL NO BI  T  (1 )  CONSTANT ( ' 0 '  B)  ;  

LCLFLAGS=••B;  

OPTSW=YES;  

IF  ERE SW= NO THEN 

/ *  INITIALIZE LOCAL SWITCHES * /  

/ *  SET * /  

/*  TEST * /  

The  compi le r  w i l l  a t t empt  to  g loba l ly  ass ign  such  s t ruc tu res  to  
r eg i s t e r s .  The  f l ags  can  be  ze roed  by  LCLFLAGS = , , B and  e f f i c i en t  code  
w i l l  be  genera ted  fo r  se t t ing  and  t e s t ing  ind iv idua l  f l ags .  

Use  o f  AUTO DAT A (n )  

The  AUTODATA p rocedure  op t ion  wi l l  cause  a  d iagnos t i c  t o  be  genera ted  i f  
the  amount  o f  AUTOMATIC da ta  genera ted  exceeds  the  spec i f i ed  va lue .  I f  
e i the r  NOAUTODATA o r  AUTODATA (0 )  i s  spec i f i ed  then  i t  i s  c l ea r  tha t  the  
use r  would  ( i f  poss ib le )  l i ke  a l l  loca l  va r i ab les  a s s igned  to  r eg i s t e r s ,  
r eca lcu la t ing  express ions  i f  necessa ry .  The  compi le r  g loba l  r eg i s t e r  
a s s ignment  wi l l  i n spec t  th i s  op t ion  and  g ive  p re fe rence  to  loca l  
va r i ab les ,  i f  necessa ry .  

Somet imes  t he  compi le r  i s  unab le  t o  as s ign  enough  da ta  t o  r eg i s t e r s  t o  
sa t i s fy  th i s  use r  cons t ra in t  on  AUTODATA s i ze .  Th i s  wi l l  r e su l t  i n  a  
message ,  IRE2909I  E  AUTODATA LIMIT OF nn  BYTES HAS BEEN EXCEEDED BY yy  
BYTES . . . "  

In  t h i s  case ,  you  may  have  to  s tudy  the  assembly  phase  l i s t ing  to  
de te rmine  why  t he  excess ive  au toda ta  occur red .  

Avoid  Us ing  MACGEN 

The  use  o f  MACGEN may  r educe  the  e f fec t s  o f  g loba l  op t imiza t ion .  There  
a re  op t ions  tha t  can  be  spec i f i ed  on  the  MACGEN s t a t ement  to  t e l l  the  
compi le r  which  va r i ab les  a re  r e fe renced ,  fo r  example .  Th i s  in fo rmat ion  
shou ld  a lways  be  spec i f i ed .  Fa i lu re  to  do  t h i s  cou ld  cause  e i the r  
incor rec t  code  to  be  genera ted  o r  op t imiza t ion  to  be  r educed .  

Code  SIZE Opt ion  on  MACGEN 

The  PL/DS Compi le r  does  "go to  op t imiza t ion , "  tha t  i s ,  i t  genera tes  shor t  
lumps  r a the r  than  long  jumps  whenever  t he  t a rge t  o f  t he  jump i s  in  range  
o f  t he  shor t  jump.  However ,  i f  a  MACGEN s t a t ement  i s  spec i f i ed ,  the  
compi le r  may  no t  know the  s i ze  o f  t he  genera ted  code  wi th in  the  MACGEN.  
The  SIZE op t ion  enab les  the  use r  t o  in fo rm the  compi le r  wha t  t h i s  s i ze  
i s  I f  i t  y s  n o t  spec i f i ed ,  a  de fau l t  va lue  o f  S IZE (20)  i s  assumed  and  
long  jumps  may  be  genera ted  when  shor t  jumps  would  have  su f f i ced  (o r  t he  
oppos i t e ,  which  may  l ead  to  an  as sembly  f a i lu re ) .  

Pe r fo rmance  Hin t s  231  



Use Di f fe ren t  Names  For  "Di f fe ren t"  Var iab les  

I f  the  var iab le  " I" ,  fo r  example ,  i s  used  as  a  work  var iab le  in  many 
par t s  of  the  program,  then  i f  i t  i s  g loba l ly  ass igned  to  a  reg is te r  i t  
wi l l  be  in  the  same reg is te r  th roughout  the  program.  I f  d i f fe ren t  names  
(e .g .  « I1 ' ,  ' 12 ' ,  e tc . )  a re  used  when the  var iab le  i s  used  fo r  
essen t ia l ly  d i f fe ren t  func t ions ,  then  be t te r  reg is te r  ass ignment  may be  
poss ib le ,  s ince  d i f fe ren t  reg is te rs  can  be  used  in  d i f fe ren t  par t s  of  
the  program.  Bet te r  documenta t ion  may be  a  by-product  of  such  a  change .  

The  genera ted  code  wi l l  never  degrade  as  a  resu l t  of  such  a  change .  

I 

Prevent ing  Dead  Code  E l imina t ion  

I f  an  uncondi t iona l  branch  i s  fo l lowed by  code  tha t  i s  seemingly  
inaccess ib le ,  ( i . e .  does  no t  have  a  l abe l  and  i s  not  a  MACGEN) the  
compi le r  wi l l ,  under  ce r ta in  c i rcumstances ,  de le te  th i s  sec t ion  of  code .  
Pref ix ing  the  sec t ion  of  code  wi th  a  l abe l  wi l l  ensure  tha t  th i s  does  
no t  happen .  

"Jump-To-Jump"  Opt imiza t ion  

The  compi le r  has  jump- to- jump opt imiza t ion ,  which  can  reduce  the  s ize  of  
branching  code .  I f  a  branch  i s  outs ide  the  range  of  a  shor t  jump the  
compi le r  wi l l  a t tempt  to  f ind  an  in te rmedia te  jump tha t  a l ready  jumps  to  
the  des i red  ta rge t  o r ,  fa i l ing  th i s ,  wi l l  inser t  one  a t  a  su i tab le  po in t  
( i . e .  a f te r  an  uncondi t iona l  b ranch) .  I f  there  i s  no  su i tab le  po in t ,  
then  code  for  a  long  branch  wi l l  be  genera ted ,  which  wi l l  be  cos t ly .  In  
th i s  case ,  i t  may be  wor th  c rea t ing  a  su i tab le  po in t  fo r  the  compi le r  to  
make  use  o f .  

Example :  

NEXT:  

J (NEXT):  /*  THIS IS  A SUITABLE POINT AFTER WHICH 
AN INTERMEDIATE JUMP CAN BE INSERTED * /  

( 
.Note :  Do no t  code  GOTO NEXT,  s ince  the  compi le r  may "opt imize  i t  ou t . "  
The  use  of  a  bu i l t - in  ins t ruc t ion  ensures  tha t  i t  does  no t  ge t  de le ted!  
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SPECIALIZED CODING TECHNIQUES 

This section contains hints that, if followed, could lead to an 
improvement in generated code but that are not generally recommended 
since they reduce code readability. 

Local Copies of Basing Expressions 

Use this hint with care, as described above. 

If a routine makes many references to items in a control block that has 
a complex basing expression, the expression may have to be re-evaluated 
a number of times within the program. This may be for one of the 
following reasons: 

1. If the base item in the basing chain is a declared register, the 
expression will be re-evaluated after a CALL since that register 
could have been modified. 

2. There may not have been a register free to hold the expression. 

3. It may have been more profitable to use the available registers for 
other expressions. 

If it is known that the address of the control block does not change 
over a section of code, then its address can be assigned to a local 
pointer once and then the structure RESPECIFIED to be based on the local 
pointer. If this local pointer is then globally assigned to a register, 
the generated code will be considerably improved. 

For example: 
DCL 1 S1 BASED, 

2 S 1 A , 
2 S 1B, 
2 S12P PTR, /* "> S2 */ 

2 S 1Z; 
RFY S1 BASED (S 1 P) ; 
DCL 1 S2 BASED, 

2 S 2 A , 

2 S 22; 
RFY S2 BASED (S12P) ; 

If many references are made to S2 items, then it may be worth adding 
these statements at the start of the module: 

DCL LS2P PTR; /* LOCAL PTR TO S2 */ 

LS2P=ADDR (S2) ; /* GET ADDRESS OF S2 INTO LOCAL POINTER */ 

RFY S2 BASED(LS2P); /* NOW USE LS2P TO BASE S2 */ 

Local copies of EXTERN ALIASED Variables 

Use this hint with care, as described above. 

fytfrnal or BASED variable is set in a program then code 
Hhfiehf generated to store it at that point. If a particular such 

is set many times in a program then it can sometimes be worth 
variable is | x do±Dg ong tinal assignment at the return point 
*2III of the module. Note that code will only be improved if there is 
a register in which to hold the local copy of the variable. 
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Use of Pointers Instead of Subscripts/Substrings 

Use this hint with care, as described above. 

nnLUSe-r°f arrays in Pi/DS does carry a certain overhead in generated 
code. in instances where very efficient code is required, it mav be 
i^na +Sln? B^SED variables to simulate the array addressing code. This 
is particularly true if iterative DO-loops are used. 

SferTJhan°arrays?de i3eC°n'e l9SS readable "^h the use of pointers 

For example: 
DCL A (10) FIXED (8) 
DCL MAXVAL FIXED(8) 
DCL I FIXED (8) 
M AXV AL=0; 
DO 1 = 1 TO DIM(A) ; 

MAXVAL=MAX (MAXVAL , A (I) ) ; 
END; 

...could be coded: 
DCL A ( 10) FIXED (8) ; 
DCL AB FIXED (8) BASED (AP); 
DCL AP PTE; 
DCL MAXVAL FIXED (8) ; 
DCL I FIXED (8); 
MAXVAL=0; 
AP=ADDB (A) ; 
DO 1=1 TO DIM(A); 

MAXVAL=MAX(MAXVAL,AB); 
AP=AP+LENGTH(A); 

END; 

The HOBKBEG S Procedure Option 

Use this hint with care, as described above. 

" h i c i ? « < > * « « •  

option need not usually be sdpcifi<=a ^ code generation. The 
-ill choose work regi^rf 

inScrea1inthgethetf°numbEê  oT̂ iŝ rs T.tlHit COd* by 

the same time, however t Pl m f°r gl°bal assi9™ent. At 
during code gJn.raS'nilH be g^.fi ""J •* 
used with caution. 3 Hence this option should be 

For example: 

T1:PEOC OPTIONS(REENTRANT,WORKREGS (4,6) ) ; 

...specifies that half word/word reqisters 4 ana a 
and will not be available for global assignment. registers 

NOWOBKBEGS specifies that no reqisters are +p h 
generation and therefore all Registers can be n^a * reserved for code 
(where they are not "restricted) . C" 6 US6d for 9lobal assignment 

For example: 

T2:PROC OPTIONS (BEENTBANT,NOHORKBEGS) ; 

Programs that make heavy use of rpctcitpd „ 
registers are user-restricted are most likelv tn'h1 °r Where "any 
the WOEKBEGS option. One aDtir^k I I benefit from the use of 
NOWOBKBEGS, if the compilation fails with »insu?ftry COffiPllin9 -"h 
Code Generation" try WOBKBEGS(4) and so on Insuffrcient Registers for 
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CODING COMMON FUNCTIONS 

This  sec t ion  demons t ra tes  ways  of  coding  common func t ions  in  PL/DS.  The  
sugges ted  code  inc ludes  machine  ins t ruc t ions ,  i f  necessary ,  to  ge t  the  
des i red  resu l t .  

Tes t ing  For  Power  o f  2  

For  the  fo l lowing  example :  

DCL A FIXED (16)  ;  

. . . th i s  pseudo code  g ives  the  log ic  for  f ind ing  i f  A i s  a  power  
o f  2 :  

IF  A i=  0  & 
(A & {A-1) )=0  THEN 

A i s  a  power  of  2 .  
ELSE 

A i s  not  a  power  o f  2 .  

Note :  This  wi l l  no t  work  fo r  nega t ive  va lues .  

Jes t ing  for  Odd/Even  Values  

For  the  fo l lowing  example :  

DCL X FIX ED(16)  ;  

. . . th i s  pseudo code  g ives  the  log ic  to  t es t  whether  X i s  odd  or  even:  

IF  X/ /2=0 THEN 
• X '  i s  e v e n  

ELSE 
• X '  i s  o d d  

Note :  This  can  be  genera l ized  for  t es t ing  for  mul t ip les  of  any  cons tan t :  

IF  X/ /16=0 THEN 
•Y« i s  mul t ip le  of  16  
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B o u n d i n g  D o w n  

I n  t h e  f o l l o w i n g  e x a m p l e :  

D C L  X  F I X E D ( 1 6 ) ;  
X = X / 8 * 8 ;  / *  B O U N D  D O W N  T O  N E A B E S T  M U L T I P L E  O F  8  * /  

. . . t h e  v a l u e  o f  X  i s  r o u n d e d  d o w n  t o  t h e  n e a r e s t  m u l t i p l e  o f  8 .  

B o u n d i n g  U p  

I n  t h e  f o l l o w i n g  e x a m p l e :  

D C L  X  F I X E D  ( 1 6 )  ;  
X = ( X  +  7 ) / 8 * 8 ;  / *  B O U N D  D P  T O  N E A B E S T  M U L T I P L E  O F  8  * /  

. . . t h e  v a l u e  o f  X  i s  r o u n d e d  u p  t o  t h e  n e a r e s t  m u l t i p l e  o f  8 .  

H a n d l i n g  S t r i n g s  L o n g e r  T h a n  2 5 6  B y t e s  

H e r e  a r e  t w o  e x a m p l e s  o f  m o v i n g  s t r i n g s  l o n g e r  t h a n  2 5 6  b y t e s .  

E x a m p l e  _ 1 :  
D C L  ( S , T )  C H A E ( 4 0  0 0 )  B D Y  ( H W O B D )  ;  
S = T ;  / *  I N V A L I D  S I N C E  >  2 5 6  B Y T E S  * /  
D C L  C  C H A B ( 2 5 6 )  B D Y  ( H W O B D )  B A S E D ;  
D C L  P  P T B ;  / *  T A B G E T  P O I N T E E  * /  
D C L  Q  P T E ;  / *  S O U B C E  P O I N T E E  * /  
D C L  L  F I X E D ( 1 5 )  ;  
P  =  A D D E  ( S )  ;  / *  I N I T I A L I Z E  T A B G E T  P O I N T E E  * /  
Q = A D D R  ( T ) ;  / *  I N I T I A L I Z E  S O U B C E  P O I N T E E  * /  
L = L E N G T H ( S )  ;  / *  I N I T I A L I Z E  L E N G T H  T O  M O V E  * /  
D O  W H I L E ( L  >  2 5 6 )  ;  

P - > C = Q - > C ;  
L = L - L E N G T H ( C )  ;  / *  D E C B E M E N T  L E N G T H  T O  M O V E  * /  
P = P + L E N G T H  ( C )  ;  / *  I N C B E B E N T  T A B G E T  P O I N T E R  * /  
Q = Q + L E N G T H ( C )  ;  / *  I N C R E M E N T  S O U B C E  P O I N T E R  * /  

E N D ;  
I F  L  >  0  T H E N  / *  I F  S T I L L  B Y T E S  T O  M O V E  * /  

P - > C  ( 1 : L ) = Q - > C ( 1 : L )  ;  / *  M O V E  R E M A I N D E R  * /  

E x a m p l e  2 :  U s i n g  M V H S  B u i l t - i n  I n s t r u c t i o n .  

D C L  ( S , T )  C H A E ( 4 0 0 0 )  B D Y  ( H W O E D ) ;  
D C L  ( P ,  Q )  P T E :  
D C L  H  F I X E D ( 1 6 ) ;  / *  N U M B E R  O F  H A L F W O R D S  T O  M O V E  * /  
D C L  T E M P H  F I X E D ( 1 6 ) ;  / *  T E M P  #  H W O R D S  F O R  E A C H  M O V E  * /  
P = A D D R  ( S ) ;  / *  I N I T I A L I Z E  T A B G E T  P O I N T E R  * /  
Q  =  A D D R  ( T )  ;  / #  I N I T I A L I Z E  S O U B C E  P O I N T E R  * /  
H  = L E N G T H ( S ) / 2 ;  / *  I N I T I A L I Z E  #  H W O R D S  T O  M O V E  * /  
D O  U N T I L  ( H  < = 0 )  ;  

T E M P H = H ;  / *  G E T  #  H W O R D S  F O B  T H I S  M O V E  * /  
M V H S  ( P ,  Q , T E M P H )  ;  / *  M O V E  « B '  H A L F W O R D S  * /  
H = H - 2 5 6 ;  / *  D E C R E M E N T  #  H W O B D S  T O  M O V E  * /  

E N D ;  '  
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Zeroinq/Blanking  S t r ings .  S t ruc tures ,  and  Arrays  

The  nu l l  b i t  s t r ing  cons tan t ,  wr i t t en  ' 'B ,  and  the  nu l l  charac te r  s t r ing  
cons tan t ,  wr i t t en  •  o f ten  provide  the  bes t  means  of  se t t ing  an  a rea  to  
zeroes  or  b lanks .  The  l anguage  ru le  i s  tha t  padding  i s  wi th  zeroes  i f  
e i ther  the  source  o r  t a rge t  i s  BIT.  

Example  S t r ing  or  s t ruc ture .  

DCL S  CHAR (20)  ;  
S= * 'B;  /*  SETS S  TO ZEROES * /  
S=n ;  /*  SETS S  TO BLANKS * /  

Example  2 :  Array .  

DCL TAB (20)  CHAR (h)  ;  
DCL 1  TABC DEF (TAB)  ,  

3  *  (DIM (TAB)  )  CHAR (LENGTH (TAB)  )  ;  
TABC='  1 ;  /*  SETS TAB TO BLANKS * /  

Example  Var iab le  l ength  s t r ing .  

The  s ta tement  

S  (1 :  N)  = '  •  B 

in '  
source  

i s  inva l id  s ince  a  var iab le  length  ta rge t  cannot  be  longer  than  the  
ource .  A va l id  way o f  c lear ing  a  var iab le  length  s t r ing  i s  as  fo l lows .  

? C O:N)=S A n:^) 0 ) ^  S  (1 :N)  ;  /*  SETS 5(1  :N)  TO ZEROES V  

See  -Propagat ion  o f  Characters ,"  below,  for  se t t ing  S(1 :N)  to  blanks .  

Propagat ion  o f  Characters  

«•*- +• r\ nrnnaaate a character in a variable without simply 
codiSgTl i te ra l  5a lue '  because  the  number  o f  charac te r  pos i t ions  i s  too  
l a rge .  
E x a  mp>le  1 :  Se t  every  co lumn of  CARD CHAR(80)  to  '* •  .  

DCL CARD CHAR(80) ;  

DCL BCARD CHAR (LENGTH (CARD) -  1)  BASED (P)  ;  
P =  ADDR (CARD) ;  
BCARD (  1)  =  '  * '  •  
EVAL(P+1)  ->BCARD-BCARD;  

nn \  =r i  R D  M •  79)  wi l l  no t  propaga te  the  f i r s t  charac te r  
N^te :  c J S D f^"Lj  r e coqnizes  tha t  the  source  and  rece iver  over lap  
s ince  the  L n e r a ted  to  p lace  the  conten ts  of  co lumns  1-79  in to  and  code  i s  genera te  P c h a r a c t e r  f i e l d s  a r e  u s e d ,  over lap  i s  
o n l y B detec ted  i f  the  bas ing  express ions  a re  iden t ica l .  

1 ,  2 :  se t t ing  th .  f i r s t  »  charac te r .  of  CAED CHA.<80> to  Man*.  

DCL CAED CHAE(80) ;  
DCL P  PTR;  
DCL BCARD CHAR (80)  BASED(P) ;  
P=ADDR (CARD) ;  

E V A M P + 1 )  - > B C A R D ( 2 :N-1 ) = B C A R D (1 :N-1)  ;  

.  .  r-ARDti -N)  =  •  • ;  " i l l  " o r k  s i n c e  a  v a r i a b l e  subs t r ing  
- toen i t ted  to  be  longer  than  the  source .  
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Loca t ing  a  Spec i f i ed  Charac te r  i n  a  Charac te j c  S t r ing  

A f t e r  a  C L S  i n s t r u c t i o n  h a s  b e e n  e x e c u t e d  t h e  a d d r e s s  r e g i s t e r s  w i l l  b e  
p o i n t i n g  a t  t h e  f i r s t  c h a r a c t e r s  t h a t  d i d  n o t  c o m p a r e .  T h e  f o l l o w i n g  
e x a m p l e  s h o w s  h o w  C L S  c a n  b e  u s e d  t o  f i n d  t h e  f i r s t  n o n - b l a n k  c h a r a c t e r  
i n  C A R D :  

D C L  C A R D  C H A R ( 8 0 ) ;  
D C L  ( P ,  Q )  P T R ;  
D C L  I  F I X E D ( 1 5 ) ;  
P =  A D D R  ( C A R D )  ;  / *  P O I N T  T O  C A R D  V  
Q = A D D R  ( '  ' )  ;  / *  P O I N T  T O  A  B L A N K  * /  
1 = 1 ;  / *  S E T  L E N G T H  F O R  F I R S T  C O M P A R E  * /  
C L S ( Q , P , I ) ;  / *  T E S T  F I R S T  C H A R  O F  C A R D  * /  
J N E ( F O U N D ) ;  / *  B R A N C H  I F  F I R S T  C H A R  B L A N K  * /  

D O ;  / *  F I R S T  C H A R  I S  N O T  E L A N K  * /  
Q = A D D R ( C A R D )  ;  / *  P O I N T  T O  F I R S T  C H A R  ( B L A N K )  » /  
I = L E N G T H ( C A R D ) - 1 ;  / *  S E T  L E N G T H  F O R  S E C O N D  C O M P A R E  * /  
C L S  ( Q ,  P ,  I )  ;  / *  D O  O V E R L A P P I N G  C O M P A R E  * /  
J E  ( A L L B L A N K )  ;  / *  A L L  C H A R A C T E R S  A R E  B L A N K  * /  

E N D ;  
F O U N D : P = P - 1 ;  / *  N O N - B L A N K  F O U N D ,  A D J U S T  A D D R E S S  * /  

/ *  P  N O W  A D D R E S S E S  F I R S T  N O N - B L A N K  C H A R A C T E R  I N  C A R D  * /  

T h e  a b o v e  s e g u e n c e  c a n  b e  i m p r o v e d  b y  a r r a n g i n g  f o r  C A R D  t o  b e  p r e c e d e d  
i n  s t o r a g e  b y  a  b l a n k .  

U s i n g  a  B r a n c h  T a b l e  

E x a m p l e  1 , :  
D C L  L T A B L E ( 3 )  P T R  I N I T (  

A D D R ( L A B 1 ) ,  
A D D R ( L A B 2 )  ,  
A D D R  ( L A B 3 )  )  ;  / *  L A B 1  E T C .  L A B E L S  I N  T H I S  E R O C  * /  

D C L  B L A B E L  L A B E L  B A S E D  V A L R G ( L A B 1 , L A B 2 , L A B 2 ) ;  
/ *  V A L R G  I S  R E Q D  I N  P L / D S  * /  

G O T O  L T A B L E ( I )  - > B L A B E L ;  / *  B R A N C H  T O  I '  T H  L A B E L  I N  L T A B L E  * /  

E x a m p l e  2 :  
D C L  E N T 1  E N T R Y  E X T E R N A L ;  
D C L  E N T 2  E N T R Y  E X T E R N A L ;  
D C L  E N T 3  E N T R Y  E X T E R N A L ;  
D C L  E T A B L E  ( 3 )  P T R  I N I T (  

A D D R ( E N T 1 )  ,  
A D D R  ( E N T 2 )  ,  
A D D R ( E N T 3 )  )  ;  

D C L  B E N T R Y  E N T R Y  B A S E D  V A L R G  ( * )  ;  

C A L L  E T A B L E ( I ) - > B E N T R Y ;  / *  C A L L  I ' T H  E N T R Y  I N  E T A B L E  * /  

M a n i p u l a t i o n  o f  V a r i a b l e  B i t  P o s i t i o n s  

T h e  f o l l o w i n g  e x a m p l e  s h o w s  h o w  i n d i v i d u a l  b i t  p o s i t i o n s  i n  v a r i a b l e s  
c a n  b e  a d d r e s s e d  a n d  s e t  i n  P L / D S :  

D C L  B  B I T ( 8 ) ;  / *  F I E L D  T O  B E  S U B S T R I N G E D  * /  
D C L  B I T M A S K 1 ( 8 )  B I T ( 8 )  

I N I T ( ' 8 0 ' X , ' 4 0 ' X , ' 2 0 ' X , ' 1 0 ' X ,  ' 0 8 ' X ,  • 0 1 ' X , ' 0 2 ' X , ' 0 1 ' X 1  •  
D C L  B I T M A S K 2 ( 8 )  B I T  ( 8 )  

I N I T ( ' 7 F ' X ,  '  B F ' X , ' D F ' X , ' E F ' X ,  '  F 7 '  X ,  •  F B ' X , ' F D '  X , •  F E ' X )  •  
B = B  |  B I T M A S K 1  ( N )  ;  / *  S E T  N ' T H  B I T  O F  B  O N  '  * /  
B = B  &  B I T M A S K 2 ( N )  ;  / *  S E T  N ' T H  B I T  O F  B  O F F  * /  
I F  ( B  &  B I T M A S K 1  ( N )  )  - • =  ' O O ' X  T H E N  / *  T E S T  N ' T H  B I T  O F  B  * /  

N ' t h  b i t  o f  B  i s  o n .  
E L S E  

N ' t h  b i t  o f  B  i s  o f f .  
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Hanipulation of Bytes Within a Halfword 

The best way to handle individual bytes within a halfword is to declare 
the halfword as a structure: 

DCL 1 H FIXED(16) , 
3 HK FIXED (8) , 
3 HI FIXED (8) ; 

/* HK AND HL CAN NOW BE MANIPULATED SEPARATELY */ 
/* H MAY NOW BE ASSIGNED TO THE LOWER HALFWORD */ 
/* PORTION OF A REGISTER */ 

flani£ulation of Upper Half words of Registers 

Upper halfwords in registers can be handled explicitly. 

DCL 1 P PTR REG (6), 
2 PU FIXED (16) , 
2 PL FIXED (16) ; 

PU=0 ; 

PU=PU+1; 

IF PU = X THEN 

Use of Local aiNCLUDEs (3CREAII) 

The following example shows how the use of local includes together with 
the listing segmentation facility can improve code readability: 

SPROCESS SOURCE (SEGMENT) ; 
3CREATE SYSUT5 (AAA); 

DO; 

END 
8ENDCREATE; 
aCREATE SYSUT5(BBB) ; 

DO; 

END; 
3ENDCREATE; 

aEJECT; 
T: PROC; 

/•"THE USE OF INCLUDES ALLOWS THE LOGIC FOR THE MAIN */ 
/• LINE OF THIS ROUTINE TO BE SPECIFIED ON ONE PAGE. */ 
/• HOWEVER, IT IS NOT NECESSARY TO UPDATE A MACLIB */ 
/• TO MAKE CHANGES TO THE INCLUDES. */ 
IF ERRFLAG=YES THEN 

aiNCLUDE SYSUT5 (AAA); 
ELSE 
aiNCLUDE SYSUT5 (BBB); 

END; 
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C o n c a t e n a t i n g  C h a r a c t e r  S t r i n g s  

T h e  f o l l o w i n g  e x a m p l e  s h o w s  h o w  t h e  M V S  a n d  S T N I  i n s t r u c t i o n s  c a n  b e  
u s e d  t o  p e r f o r m  c o n c a t e n a t i o n ;  

D C L  O U T B E C  C H A R  ( 8  1 )  ;  
D C I  F 1  C H A R  ( 4 0 )  ;  
D C L  F 2  C H A R  ( 4  0 )  ;  
D C L  T P  P T R ;  / *  H O L D  T A R G E T  A D D R E S S  * /  
D C L  S P  P T R ;  / *  S O U R C E  A D D R E S S  * /  
D C L  L  F I X E D (  1 5 )  ;  

/ *  T H E  F O L L O W I N G  I S  E Q U I V A L E N T  T O  O U T R E C = F 1  | |  ' / '  I I  F 2 ;  * /  

T P = A D D R  ( O U T R E C )  ;  
S P = A D D R ( F 1 ) ;  
L = L E N G T H  ( F  1 )  ;  
M V S  ( T P , S P , 1 )  ;  / *  M O V E  F 1  T O  O U T R E C  * /  
S T N I ( ' / ' , T P )  ;  / *  A P P E N D  ' / '  * /  
S P = A D D R  ( F 2 )  ;  
L = L E N G T H ( F 2 )  ;  
M V S  ( T P , S P ,  L )  ;  / *  A P P E N D  F 2  * /  

Z e r o - O r i g i n  A r r a y s  

P L / D S 0 i ^ ° W ^ n ^  e x a m ^ > ' ' " e  ^ o w s  h o w  z e r o - o r i g i n  a r r a y s  c a n  b e  s i m u l a t e d  i n  

D C L  A  ( 1 0 )  I N I T  ( ( 1 0 )  0 )  ;  
D C L  1  *  B A S E D ( A D D R  ( A B ) )  ,  

2  A O  F I X E D  ( 1 6 )  ,  
2  A Z  ( D I M  ( A ) - 1 )  F I X E D  ( 1 6 )  ;  

X = A ( I ) ;  / *  I  C A N  R A N G E  F R O M  1 - 1 0  * /  
X = A Z  ( I )  ;  /* I C A N  R A N G E  F R O M  0 - 9  * /  
X = A 0 ;  / *  S P E C I A L - C A S E  S I N C E  A Z  ( 0 )  W O U L D  B E  I N V A L I D  * /  

C o d i n g  a n  I n f i n i t e  L o o p  

T h e  f o l l o w i n g  w i l l  c a u s e  a n  i n f i n i t e  l o o p  t o  b e  g e n e r a t e d :  

D O  U N T I L ( 1 = 2 ) ;  
E N D ;  

2 4 0  P L / D S  L a n g u a g e  R e f e r e n c e  



E>§±er  m in ing  R e g i s t e r  Res t r i c t ednes s  

The reg is te r  res t r ic t  s ta tus  i s  inc luded  as  a  32-h i t  mask  (8  hex  
charac te rs )  in  the  assembly  phase  l i s t ing  of  each  genera ted  ins t ruc t ion .  
A one-b i t  in  the  n th  pos i t ion  of  the  mask  means  tha t  the  n th  reg is te r  i s  
one  of  the  fo l lowing:  

1 .  Res t r i c t ed  by  the  user  a t  tha t  in s t ruc t ion .  

2 .  Res t r i c t ed  b y  the  compi l er  a t  t he  i n s t ru c t i o n  s i nce  the  reg i s t e r  
con ta ins  a  va lue  ne e de d  a t  a  l a t er  in s t ruc t ion .  

3 .  I t  i s  a  work  r eg i s t e r  t emporar i l y  r e s t r i c t ed  d u r i n g  code  g enera t ion  
f or  the  o n e  s ta t em ent .  

To  de t ermine  whe ther  a  r eg i s t er  i s  user - re s t r i c t ed  a t  a  par t i cu lar  
s ta t e  ment :  

1.  Compi le  wi th  the  NOOPTIMIZE op t ion .  

2 .  Add a  l abe l ed  nu l l  s ta t ement  a t  t he  requ i red  po in t  in  the  program.  

The mask  aga ins t  th i s  s ta tement  wi l l  have  b i t s  on  fo r  user  res t r ic ted  
and  g loba l ly  res t r ic ted  (e .g .  SAVEREG) r eg is te rs  on ly .  For  example ,  
cons ider  the  fo l lowing  sample  l ine  f rom the  l i s t ing  produced  by  the  
assembly  phase :  

( r e s t r i c t  mask)  ( s ta t ement  number )  

V V 

LAB DS OH 300003CO 0005 

Here ,  the  mask  300003CQ has  the  b i t  va lue :  

00110000000000000000001111000000 .  

Avoiding  C o r r u£t ion  of  a  Regis ter  by  an  EXTERNAL Procedure  

RFY (RH18,RH20)  RSTD;  
E:PROC OPTIONS(- - •  

3INCL0DE SYSLIB (REGDCLS)  ;  

Restricting a  r  
occas iona l ly  be  
the  pro logue  code .  
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P s i n g  a  T r a n s l a t e  T a b l e  

E x a m p l e :  

D C L  T R T A B  ( 2 5 6 )  C H A E ( 1 )  I N I T (  
• 2 0 « X , ' 2 1 ' X ,  

, 
• C F '  X )  ;  

D C L  T E  A N S L T E  ( 2 5 6 )  C H A R ( 1 )  B A S E D  ( A D D E  ( T E T A B )  )  P 0 S ( 2 ) ;  
D C L  ( T , C )  C H A E ( 1 )  ;  
D C L  C A E D  C H A E ( 8 0 ) ;  

/ *  S I N G L E  C H A E A C T E E  * /  
T = T B A N S L T E ( C ) ;  

/ *  S T E I N G  * /  
D O  1 = 1  T O  L E N G T H ( C A E D ) ;  

C A E D  ( I )  =  T B A N S L T E  ( C A E D  ( I )  )  ;  
E N D ;  

P s e  o f  t h e  C T L Z  M a c h i n e  I n s t r u c t i o n  

T h e  C T L Z  ( C o u n t  L e a d i n g  Z e r o e s )  i n s t r u c t i o n  c a n  b e  v e r y  u s e f u l  i n  
c e r t a i n  c i r c u m s t a n c e s .  E e m e m b e r  t h a t  i t  r e t u r n s  i n  t h e  f i r s t  o p e r a n d  
t h e  n u m b e r  o f  l e a d i n g  z e r o s  c o n t a i n e d  i n  t h e  s e c o n d  o p e r a n d .  I t  a l s o  
t u r n s  o f f  t h e  f i r s t  o n e  b i t  i n  t h e  s e c o n d  o p e r a n d .  F o r  e x a m p l e :  

D C L  N  F I X E D  ( 1 6 ) ;  
D C L  H  B I T  ( 1 6 ) ;  

H  =  ' 0 0 0 1 0 1 0 0 1 1 1 1 0 0 0 0 ' B ;  
C T L Z  ( N  , H )  ;  

/ *  N  i s  3 ;  * /  
/ *  H  i s  * 0 0 0 0 0 1 0 0 1 1 1 1 0 0 0 0 ' B ;  * /  

C T L Z  c a n  a l s o  b e  u s e d  t o  t e s t  a  h a l f w o r d  f o r  a  p o w e r  o f  t w o  a n d  f i n d  
w h i c h  p o w e r  i t  i s :  

D C L  N  F I X E D  ( 1 6 )  ;  
D C L  H  F I X E D  ( 1 6 ) ;  
D C L  T H  F I X E D  ( 1 6 ) ;  
T H = H  ;  
I F  T H  - . = 0  T H E N  

D O ;  
C T L Z  ( N ,  T H )  ;  
G N Z ( N 0 T P 2 )  ;  / *  B E A N C H  I F  S O M E  B I T S  S T I L L  O N  * /  
N = 1 5 - N ;  
P O W E R 2 :  / *  H  W A S  2 * * N  * /  

E N D ;  
N 0 T P 2 :  / *  H  W A S  N O T  A  P O W E E  O F  2  * /  
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Binary to Character Conversion 

# 
The following PL/DS procedure converts a halfword Binary field into 
EBCDIC, making use of the DHR instruction. 

BINCHAE: 
PROC ************ ******** ******/ 

DCL BINFLD FIXED(16) , /* BINARY INPUT */ 
PH ARFI D CHAR (Z#DIGITS) : /* CHARACTER OUTPUT / 

z*^** *************************************************** ******/ 
/* LOCAL DECLARATIONS / 
/***#*********************************************************/ 
DCL Z#DIGITS FIXED CONSTANT (5) ; /* NO. OF OUTPUT DIGITS */ 
/************************************************************/ 
/* THE FOLLOWING TWO REGISTERS MUST FORM A -HALFWORD PAIR' */ 
/* FOR USE IN THE ' DHR - INSTRUCTION. ___./ 
/****#•************************************************* / 
DCL 1 REM FIXED (16) REG(4) UNRSTD, /* REMAINDER */ 

2 ̂  FIXED /Qj • 
2 LREM FIXED(8); /* 10" ORDER BYTE OF REM */ 

DCL LBINFLD FIXED (16) REG (6) UNRSTD; /* LOCAL C°fX OF INPUT */ 
j FIXED f8) " /* LOOP CONTROL VARIAELE / 

/**************************************************************/ 
/* TAKE WORK COPY OF INPUT PARAMETER 
/**************************************************************/ 
RFY (REM,LBINFLD) RSTD; 
T RTNFT n—BINFLD" /* TAKE LOCAL COPY / 

/****#°I*!L****************************************************/ 

nn T — 7 it DT r TT R RY —1 TO 1* /* OVER OUTPUT FIELD 
PFM-0 /* INITIALIZE REMAINDER V 
DHR~(REM,10); /* DIVIDE BY 10 AND GET 

1 REMAINDER */ 
CHARFLD (I)=,F0'X+LREM; /* WRITE OUT THIS DIGIT */ 

END" END' /* BINCHAR */ 

Character to Binary Conversion 

The following PL/DS procedure converts an EBCDIC character field into 

binary. 

CHARBIN; 

^:s.iaa5:*»s5S522-

DCL CHARFLD CHAR (Z#DIGITS) , /* CHARACTER OUTPUT */ 
RTNFI D FIXED(16) * /* BINARY INPUT / 
***************************************************** ******/ 

******************************************************/ 

DCL Z#DIGITS FIXED CONSTANT (5) ; /* NO. OF OUTPUT DIGITS */ 
DCL Z#DIGITS fixe L00p CONTEOL VARIABLE V 

RTNFLD=0" /* INITIALIZE */ 
/t*************************************************************/ 

^*Jj!***********************************************************/ 
nn T=1 TO Z#DIGITS" /* BO OVER OUTPUT FIELD */ 

BINFLD=BINFLD*10+(CHARFLD (I)A'0F-X) ; /* ACCUMULATE RESULT */ 

END; ±. 
END; /* CHARBIN V 
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S O U R C E  C O D E  P A R A M E T E R I Z A T I O N  

I t  i s  g o o d  p r a c t i c e  t o  c o d e  i n  s u c h  a  w a y  t h a t  s p e c i f i c a t i o n  c h a n g e s  c a n  
b e  m a d e  w i t h  m i n i m u m  c h a n g e s  t o  t h e  s o u r c e  c o d e .  T h e  P L / D S  l a n g u a g e  
m a k e s  p a r a m e t e r i z a t i o n  v e r y  e a s y  w i t h  t h e  C O N S T A N T  a t t r i b u t e  a n d  
b u i l t - i n  f u n c t i o n s  s u c h  a s  L E N G T H ,  D I M ,  M A X ,  a n d  M I N .  F o l l o w i n g  i s  j u s t  
o n e  e x a m p l e  s h o w i n g  h o w  n e w  e n t r i e s  c a n  b e  a d d e d  t o  t h e  l o o k - u p  t a b l e  
( L T A B )  o r  t h e  f u n c t i o n  t a b l e  ( F T A B )  w i t h o u t  a n y  f u r t h e r  c h a n g e s  b e i n g  
n e c e s s a r y :  

D C L  C  C H A R ( 1 ) ;  / *  C H A R  T O  L O O K  U P  * /  
D C L  1  L T A B  S T A T I C ,  / *  L O O K U P  T A B L E  * /  

2  L T A B E L ,  
3  *  C H A R  ( 1 )  I N I T  ( '  B " )  ,  
3  *  F I X E D  ( 8 )  I N I T  ( 1 ) ,  

2  * ,  
3  *  C H A R  ( 1 )  I N I T  ( ' D " ) ,  
3  *  F I X E D  ( 8 )  I N I T ( 1 )  ,  

2  * ,  
3  *  C H A R ( 1 )  I N I T  ( • E • )  ,  
3  *  F I X E D  ( 8 )  I N I T  ( 2 ) ,  

2  * ,  
3  *  C H A R  ( 1 )  I N I T  ( ' H ' )  ,  
3  *  F I X E D  ( 8 )  I N I T ( 3 )  ;  

D C L  1  L O O K U P ( L E N G T H ( L T A B ) / L E N G T H ( L T A B E L )  )  
B A S E D  ( A D D R  ( L T A B )  )  ,  

3  I N C H A R  C H A R  ( 1 )  ,  
3  O U T I N D E X  F I X E D  ( 8 )  ;  

D C L  1  F T A B  S T A T I C ,  / *  F U N C T I O N  R O U T I N E  A D D R E S S E S  * /  
3  F T A B E L  P T R  I N I T  ( A D D R ( F U N C 1 ) )  ,  
3  *  P T R  I N I T  ( A D D R  ( F U N C 2 )  )  ,  
3  *  P T R  I N I T  ( A D D R ( F U N C 3 ) )  ;  

D C L  F U N C  ( L E N G T H  ( F T A B ) / L E N G T H  ( F T A B E L )  )  P T R  D E F  ( F T A B )  ;  
D C L  R O U T I N E  E N T R Y  B A S E D  ( F U N C ( O U T I N D E X  ( I )  )  )  V A L R G ( * )  ;  

/************«****»********/ 

/ *  S E A R C H  T A B L E  F O R  M A T C H  * /  
y/**** ****** *************** */ 

D O  1 = 1  T O  D I M ( L O O K U P )  
W H I L E  ( C - » = I N C H A R  ( I )  )  ;  

E N D ;  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * /  

/ *  B R A N C H  T O  F U N C T I O N  R O U T I N E  * /  
/ • • * • » • * * * # » * * » * * * * * • * * * * • * * * * * /  

I F  I  >  D I M  ( L O O K U P )  T H E N  
C A L L  E R R ;  

E L S E  
C A L L  R O U T I N E ;  
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APPENDIX H.  PL/DS OPTH'NS AND CONTBOLS 

Th i s  append ix  i s  a  qu ick  r e fe rence  fo r  use r s  o f  t h i s  pub l i ca t ion .  For  
comple te  and  de f in i t ive  desc r ip t ions  o f  op t ions  and  con t ro l s ,  consu l t  
t he  pub l i ca t ion :  Programming  Language  fo r  Dis t r ibu ted  Sys tems  (PL/DS) ,  
Use r ' s  Guide .  

COMPILER OPTIONS 

ADECK (NOADECK)  Compi le r  Opt ion  

Func t ion :  Causes  the  module  p roduced  by  the  assembly  phase  to  be  p laced  
on  the  SYSPUNCH da ta  s e t .  (NOADECK:  Suppresses  ADECK op t ion) .  

Pa ramete r s :  None .  

Defau l t :  NOADECK.  

ADEFS (NOADEFS)  Compi le r  Opt ion  

Func t ion :  Causes  a l l  va r i ab les ,  
de f ined  in  the  assemble r  code ,  
va r i ab les . )  

r e fe renced  and  unre fe renced ,  t o  be  
(NOADEFS:  de f ine  on ly  re fe renced  

Paramete r s :  None .  

Defau l t :  NOADEFS.  

ALIST (NOALIST)  Compi le r  Opt ion  

Func t ion :  Causes  a s sembly  l i s t ing  to  be  p r in ted  (NOALIST:  no  l i s t ing . )  

Pa ramete r s :  None .  

Defau l t :  ALIST.  

ANNOTATE (NOANNOTATE) ,  ANU2 (NOANNO)  Compi le r  Op t ion  

Func t ion :  Causes  PL/DS source  s t a t ement s  t o  appear  a s  comments  i n  the  
assemble r  t ex t ,  p reced ing  the  as semble r  code  tha t  i s  genera ted  fo r  each  
s t a t ement .  

Pa ramete r s :  None .  

Defau l t :  ANNOTATE.  

ASSEMBLE (NOASSEMBLE)  ,  ASM (NOASM) Compi le r  Opt ion  

Func t ion :  Al lows  the  f ina l  assembly  phase  o f  t he  compi le r  to  be invoked  
i f  no  e r ro r s  more  seve re  than  the  spec i f i ed  th resho ld  ( I r  W, E ,  o r  S)  
were  encoun te red  in  the  compi le  phase .  (NOASSEMBLE:  suppresses  ASSEMBLE 
op t ion . )  

Pa ramete r s :  ( I )  (W)  (E)  (S )  .  

Defau l t :  ASSEMBLE (E)  
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ATITLE (NOATITLE)  Compi le r  Opt ion  

Funct ion :  Al lows  spec i f ica t ion  of  iden t i f ie r  to  appear  in  assembly  
l i s t ing  t i t l es  and  in  SYSLIN ( see  OBJECT compi le r  op t ion)  ob jec t  module  
records .  

Parameter :  ( ' name ' ) .  A name of  up  to  four  charac te rs .  

Defau l t :  NOATITLE 

AXEEF (NOAXEEF)  Compi le r  Opt ion  

Funct ion :  Causes  on  the  assembly  l i s t ing  a  c ress  re fe rence  of  symbols  
used  in  the  assembly  phase .  (NOAXEEF:  no  c ross  re fe rence . )  

Parameters :  None .  

Defau l t :  AXEEF.  

BUFSIZE.  BUF Compi le r  Opt ion  

Funct ion :  Ind ica tes  how much cont iguous  s torage  for  INCLUDE buf fe rs  i s  
needed  a f te r  s torage  i s  a l loca ted  for  the  SIZE op t ion .  

Parameters :  (by tesK) ,  (by tes ) .  

Defau l t :  BUFSIZE (20K) .  

COMPILE (NOCOMPILE) ,  COMP fNOCOMP),C (NOC) Compi le r  Opt ion  

Funct ion :  Causes  the  compi le  phase  to  be  executed .  

Parameters :  None .  

Defau l t :  COMPILE.  

ESP (NOESD) Compi le r  Opt ion  

Funct ion :  Causes  p r in t ing  of  the  ex te rna l  symbol  d ic t ionary  (ESD)  a s  
par t  o f  the  l i s t ing .  The  op t ions  ASSEMBLE and  ALIST must  be  in  e f fec t .  
(NOESD:  no  ESD p r in ted . )  

Parameters :  None .  

Defau l t :  ESD.  

EXTEND Compi le r  Opt ion  

Funct ion :  Al lows  OPTIMIZE to  be  used  on  l a rge  programs by  increas ing  the  
space  ava i lab le  for  s ta t ica l ly  def ined  tab les  used  by  them.  

Parameters :  (nK) .  

Defau l t :  EXTEND (0) .  

FDECK (NOFDECK),  FD (NOFD) Compi le r  Opt ion  

Funct ion :  Causes  the  wr i t ing  of  format ted  source  s ta tements  to  the  
SYSPUNCH da ta  se t .  The  op t ion  FOEMAT mus t  be  in  e f fec t .  (NOFDECK:  no  
format ted  SYSPUNCH.)  

Parameters :  None .  

Defau l t  NOFDECK.  
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FLAG,  F  Compi le r  Opt ion  

Funct ion :  Cont ro ls  l eve l  of  d iagnos t ic  messages  p r in ted :  Informat ion ,  
Warning ,  Er ror ,  Ser ious .  

Parameters :  ( I )  (W) (E)  (S)  .  

Defaul t :  FLAG(I) .  

FOE HAT (NOFOEHAT),  FMT (NOFMT) Compi le r  Opt ion  

Funct ion :  Invokes  the  format te r ,  which  produces  a  l i s t ing  wi th  comments  
a l igned ,  and  wi th  log ica l  a l ignment  of  nes ted  IF ,  THEN,  ELSE,  DO,  and  
END s t ruc tured  programming seguences .  Causes  e i ther  the  macro  source  o r  
the  compi le r  source  to  be  format ted .  You can  submi t  bo th  
FORMAT(COHPILE)  and  FORMAT (MACRO) in  the  same run .  

Parameters :  None ,  o r  (MACRO) (COMPILE)  (COMP).  

Defau l t :  I f  FORMAT wi thout  operands ,  FMT (COMP) ;  i f  no t  spec i f ied ,  
NOFOR MAT.  

FSOURCE (NOFSOURCE)  ,  FS (NOFS)  Compi le r  Opt ion  

Funct ion :  Causes  the  source  before  format t ing  to  be  inc luded  in  the  
compi le r  in format ion  l i s t ing .  

Parameters :  None .  

Defau l t :  NOFSOURCE.  

IDR (NOIDR)  Compi le r  Opt ion  

Funct ion :  In  the  compi le  phase ,  causes  a  CSECT Informat ion  Data  Record  
to  be  added  to  the  END s ta tement  of  each  ex te rna l  p rocedure .  

Parameters :  None .  

Defau l t :  IDE.  

LINECOUNT,  LC Compi le r  Opt ion  

Funct ion :  Def ines  number  o f  l ines ,  inc lud ing  heading ,  p r in ted  on  each  
page .  

Parameter:  (number  o f  l ines) .  

Defaul t :  LINECOUNT (60) .  

MACPARM. MPARM Compi le r  Opt ion  

Funct ion :  Causes  a  s t r ing  of  parameter  da ta  to  be  passed  to  macro  
p rocess ing  phase ,  where  i t  i s  accessed  by  the  MACPARM macro  def in i t ion  
func t ion .  

Parameter:  ( ' s tr ing' ) .  

Defaul t :  MPARM (  " ) .  

PL/DS Opt ions  and  Cont ro ls  247  



MACRO (NOMACRO) ,  M (NOM) Compi le r  Opt ion  

Funct ion ;  Causes  macro  s ta tement  process ing  by  the  macro  phase  of  the  
compi le r .  (NOMACRO: no  macro  process ing  phase . )  

Parameters :  None .  

Defau l t :  MACRO 

MARGINS,  MAR Compi le r  Opt ion  

USSSi iSS-  Def ines  the  f i r s t  and  l as t  pos i t ions  of  cont ro l  and  source  
s ta tement  records  to  be  read  by  the  compi le r .  

Parameters :  ( l e f t  co lumn,  r igh t  co lumn)  .  

Defaul t :  MARGI NS (2 ,  72)  .  

MDECK (NOMDECK),  MD (NOMD) Compi le r  Opt ion  

Funct ion :  Causes  the  wr i t ing  of  the  source  s ta tements ,  as  modi f ied  by  
the  macro  process ing  phase  of  the  compi le r ,  to  the  SYSPUNCH da ta  se t .  

Parameters :  None .  

Defau l t :  NOMDECK.  

MPERCENT.  MPER Compi le r  Opt ion  

Funct ion :  Causes  the  spec i f ied  percentage  of  the  SIZE opt ion  to  be  used  
for  the  g loba l  d ic t ionary  and  s t r ing  area .  

Parameter :  (Value) .  

Defau l t :  MPERCENT (20) .  

MSOURCE (NOMSOURCE) ,  MS (NOMS) Compi le r  Opt ion  

lunc t io i j :  Causes  the  pr in t ing  of  the  PL/DS source  s ta tements  before  they  
a re  modi f ied  by  the  macro  phase  of  the  compi le r .  

Parameters :  None .  

Defau l t :  NOMSOURCE.  

MXREF (NOMXREF)  Compi le r  Opt ion  

lS££ff2£:  Causes  the  macro  var iab le  a t t r ibu te  and  c ross - re fe rence  to  be  
p r in ted .  

Parameters :  None .  

Defau l t :  I f  MSOURCE,  then  MXREF;  i f  NOMSOURCE,  then  NOMXREF.  

OBJECT (NOOBJECT)  Compi le r  Opt ion  

f££2f ion :  Hi th  DPPX parameter ,  p laces  the  ob jec t  module  in  the  SYSITEXT 
da ta  se t  for  8100 ob jec t  modules  ( l rec l=256) .  Hi th  DPDS parameter  
p laces  t ex t  da ta  in  the  SYSLIN da ta  se t  for  s imula tor  ob jec t  modules  
( l rec l -80) .  Wi th  BOTH parameter ,  does  both  DPPX and  DPDS ac t ions .  

Parameters :  DPDS,  DPPX,  BOTH.  

Defau l t :  OBJECT (DPDS)  .  
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OPTIMIZE (NOOPTIMIZE) ,  OPT (NOOPT)  Compi le r  Opt ion  

Funct ion :  Ind ica tes  tha t  the  compi le r  should  op t imize  the  code  fo r  
execut ion  speed  (TIME)  o r  fo r  s ize  of  compi led  module(SPACE)  .  
(NOOPTIMIZE:  min imal  op t imiza t ion  of  code . )  

Parameters :  SPACE o r  TIME o r  none .  

Defau l t :  I f  OPTIMIZE spec i f ied  wi th  no  parameters ,  OPTIMIZE(SPACE)  .  
Otherwise ,  NOOPTIMIZE.  

OPTIONS (No OPTIONS)  ,  OPTN INOOPTN) Compi le r  Opt ion  

Funct ion :  Causes  p r in t ing ,  a t  the  beginning  of  the  l i s t ing ,  of  the  
compi le r  op t ions  used .  

Param e te rs :  None .  

Defau l t :  OPTIONS.  

RLD (NORLD) Compi le r  Opt ion  

Funct ion :  Causes  p r in t ing  of  the  re loca t ion  d ic t ionary  in  the  l i s t ing .  
The  op t ions  ASSEMBLE and  ALIST mus t  be  in  e f fec t .  

Par  ameters :  None .  

Defau l t :  RLD.  

SIZE,  SZ Compi le r  Opt ion  

Funct ion :  Al lows  spec i f ica t ion  of  the  s ize  of  the  dynamic  a rea  fo r  the  
in te rna l  compi le r  d ic t ionary  and  t ex t  buf fe rs .  Minimum dynamic  a rea  for  
d ic t ionary  i s  32K (32 ,768)  by tes .  

Parameters :  (by tesK) ,  (by tes )  ,  (MAX).  

Defau l t :  SIZE (MAX).  (See  User ' s  Guide)  

SOURCE (NOSOURCE) ,  S  (NOS)  Compi le r  Opt ion  

Funct ion :  Causes  PL/DS source  s ta tements  to  be  p r in ted  in  segmented  o r  
non-segmented  form.  (The  SEGMENT o r  NOSEGMENT parameter  of  the  SINCLUDE 
o r  8INCLUDE s ta tement  can  over r ide  the  SEGMENT/NOSEGMENT parameter  o f  
the  SOURCE op t ion . )  I f  macro  p rocess ing  took  p lace ,  the  modi f ied  source  
i s  pr in ted .  (See  MSOURCE compi le r  op t ion  for  programmer  da tase t  
l i s t ing . )  

Parameters :  None ,  (SEGMENT) ,  (SEG) ,  (NOSEGMENT) ,  (NOSEG) .  

Defaul t :  SOURCE (NOSEGMENT).  

STATISTICS (NOSTATISTICS) ,  STATS (NOSTATS)  

Func t ion :  Produces  a  l i s t  of  s ta t i s ics  a t  end  of  compi le r  run .  

Par  ameters :  None  

Defau l t :  STATISTICS 
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TERMINAL (NOTERMINAL)  ,  TEM (NOTERM) Compi le r  Opt ion  

Funct ion :  Causes  e r ror  messages  f rom the  compi le  phase  to  be  wr i t t en  to  
SYSTERM. (NOTERMINAL:  no  d iagnos t ic  messages  wr i t t en  to  SYSTERM.)  

Parameters :  None .  

Defau l t :  NOTERM. 

TEST (NOTEST)  Compi le r  Opt ion  

Funct ion :  Causes  spec ia l  source  symbol  t ab le  (SYH cards)  in  ob jec t  
module .  

Parameters :  None .  

Defau l t :  TEST.  

TITLE Compi le r  Opt ion  

Funct ion :  Al lows  spec i f ica t ion  of  a  heading  for  each  page  of  l i s t ing .  

Parameter :  ( ' t i t l e ' ) .  Maximum of  63  charac te rs .  

DefauI t :  F i r s t  63  charac te rs  of  f i r s t  non-PROCESS s ta tement .  

XREF (NOXRE F)  ,  X (NOX) Compi le r  Opt ion  

Funct ion :  Causes  a t t r ibu te  and  c ross  re fe rence  t ab le  to  be  p r in ted  in  
the  l i s t ing .  

Parameters :  None .  

Defau l t :  XREF i f  SOURCE;  NOXREF i f  NOSOURCE.  

250  PL/DS Language  Reference  



COMPILER CONTROL STATEMENTS 

There  can  be  no  o ther  s ta tement  except  a  comment  on  a  compi le r  cont ro l  
s ta tement  l ine .  The  a)  s ign  pref ix  must  be  the  f i r s t  non-b lank  charac te r  
a f te r  the  l e f t  marg in  of  the  f i r s t  l ine  of  a  compi le r  cont ro l  s ta tement .  
Each  s ta tement  can  take  as  many addi t iona l  l ines  as  requi red  to  
comple te .  

a C R E A T E ,  a E N D C R E A T E  — Def ine  Program Segments  to r  La te r  Inc lus ion  

Purpose  

To fac i l i t a te  s t ruc tured  programming,  def ines  program segments  to  the  
compi le r ,  fo r  l a te r  inc lus ion  wi th  an  3INCLUDE or  %INCLUDE s ta tement .  

Rules  

Must  fo l low any  SPROCESS ca rds .  

Any number  o f  segments  may be  def ined ,  each  segment  enc losed  by  an  
aCREATE/aENDCREATE pa i r .  

Def ined  segments  may no t  conta in  nes ted  a C R E A T E  and  a E N D C R E A T E  commands .  

The  "a t"  s ign  (3)  p re f ix  must  be  the  f i r s t  charac te r ,  wi th in  marg ins ,  in  
the  l ine .  The  3CREATE or  aENDCREATE mus t  be  the  only  s ta tement ,  o ther  
than  a  comment ,  in  the  l ine .  

Syntax  

aCREATE-

*_ I— 
I  

- I  
I  
'  ddname— 

,  •_ 

|  (member)  -

3ENDC REATE-
-ddname-

• (member) -

Operands  

ddname name of  PDS where  member  i s  to  res ide .  

*  ddname i s  in te rpre ted  as  S Y S U T 5 .  

member  name of  member  ho ld ing  th i s  segment .  

(Normal ly  SYSUT5. )  
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3EJECT — Star t  New Page  in  Lis t ing  

Purpose  

Cause  the  compi le r ,  under  condi t ions  spec i f ied  in  the  op t ions ,  on  th i . s  
s ta tement ,  to  begin  a  new l i s t ing  page  on  the  next  source  s ta tement .  
(See  a l so  f f iSPACE.)  

Rules  

Opt ions  may be  spec i f ied  in  any  order .  

Code  anywhere  in  source  code .  

The  "a t"  s ign  (a) )  p re f ix  must  be  the  f i r s t  charac te r ,  wi th in  marg ins ,  o f  
the  l ine .  The  SEJECT must  be  the  only  s ta tement ,  o ther  than  a  comment ,  
in  the  l ine .  

Svnta  x  

—SEJECT-

-NOM-

r  - M A C R O -  i  r  - C O M P I L E -  T r - A S S E M B L E — ,  

. -  -  M  .  .  C  .  . -  - A S M  .  

. - N O M A C R O - .  . - N O C O M P I L E - .  . N O A S S E M B L E .  

-  NOC - —NO A SB— -•  

Operands  

MACRO o r  B (NOMACRO o r  NOB) 
fo rce  a  page  e jec t  a t  th i s  poin t  in  the  macro  source  l i s t ing  
(produced  by  the  compi le r  op t ion ,  MSOURCE) .  (Defau l t :  MACRO.)  

COMPILE o r  C (NOCOMPILE o r  NOC) 
fo rce  a  page  e jec t  a t  th i s  p lace  in  the  compi le  
(Defaul t :  COMPILE.)  

ASSEMBLE o r  ASM (NOASSEMBLE o r  NOASM) 
fo rce  a  page  e jec t  a t  th i s  p lace  in  the  assembly  
(Defaul t :  NOASSEMBLE.)  

phase  l i s t ing .  

phase  l i s t ing .  
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3INCL0DE — Inc lude  Data  Se ts  Conta in ing  Source  S ta tements  

Purpose  

Incorpora te  conten ts  of  spec i f ied  par t i t ioned  da ta  se t  member ,  
con ta in ing  compi le r  source  s ta tements ,  in to  th i s  run  a t  th i s  poin t .  The  
da ta  se t  member  can  be  one  c rea ted  wi th  dCBEATE/3ENDCBEATE a t  the  
beginning  of  th i s  compi le .  

Bules  

The  same s ta tement  may be  used  more  than  once .  

Each  s ta tement  must  be  on  one  l ine  only .  

The  "a t"  s ign  (3)  p re f ix  must  be  the  f i r s t  charac te r ,  wi th in  marg ins ,  in  
the  l ine .  The  3INCLUDE must  be  the  only  s ta tement ,  o ther  than  a  
comment ,  in  the  l ine .  

In  cont ras t  to  the  macro  JI INCLUDE s ta tement ,  the  3INCLUDE i s  not  
per formed by  the  compi le r  un t i l  a f te r  the  macro  p rocess ing  phase .  

Syntax  

-SEGMENT 1 

-SEG 

-8  INCLUDE —ddname- -  (member)  •  

-NOSEGMENT-

-NOSEG-

Qperands  

ddname of  par t i t ioned  da tase t  conta in ing  inc luded  member .  
(Normal ly  SYSLIB)  .  

name of  member  conta in ing  inc luded  s ta tements .  

SEGMENT o r  SEG (NOSEGMENT o r  NOSEG) 
spec i f ies  whether  inc luded  s ta tements  a re  l i s ted  a t  th i s  po in t  
in  the  procedure  o r  l a te r .  (Defaul t :  Whichever  segmenta t ion  
parameter  i s  in  e f fec t  for  the  SOUBCE compi le r  cont ro l  
op t ion . )  
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3LIST --  Cont ro l  Conten ts  of  L is t ing  

Purdose  

Cont ro ls  whether  or  no t  the  par t  of  the  program fo l lowing  th i s  s ta tement  
i s  to  be  pr in ted  on  the  compi le r  l i s t ing .  Or  saves  presen t  LIST ON o r  
LIST OFF s ta tus .  

Rules  

Remains  in  e f fec t  un t i l  nex t  3LIST command.  

Each  s ta tement  must  be  on  one  l ine  only .  

The  "a t"  s ign  (3)  p re f ix  must  be  the  f i r s t  charac te r ,  wi th in  marg ins ,  in  
the  l ine .  The  3LIST must  be  the  only  s ta tement ,  o ther  than  a  comment ,  
in  the  l ine .  

Syntax  

a  LIST 

,  ON ,  

|  OFF 1 

I  PUSH 1 

I  poP  1 

Operands  

ON (OFF)  Produce  (do  no t  produce)  normal  l i s t ing  of  fo l lowing  
s ta tements .  (Defau l t :  ON.)  

PUSH Save  the  presen t  (bu t  no t  necessar i ly  known)  ON o r  OFF LIST 
s ta tus  for  l a te r  resumpt ion  us ing  the  POP op t ion .  

POP Resume the  LIST OFF o r  LIST ON s t a tus  saved  wi th  the  most  
recent  LIST PUSH s ta tement .  
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SPROCESS — Spec i fy  Compi le r  Opt ions  for  This  Compi le  

Purpose  

Al lows  you  to  spec i fy  any  compi le r  op t ions  tha t  a re  not  a l ready  
spec i f ied  in  the  PARM f i e ld  of  the  compi le r  EXEC s ta tement .  

Rules  

The  PROCESS cont ro l  s ta tement (s )  mus t  appear  before  your  source  
s ta tements  and  o ther  cont ro l  s ta tements .  

Al l  charac te rs  in  the  SPROCESS s ta tement  must  be  wi th in  the  marg ins  
spec i f ied  in  the  MARGINS compi le r  op t ion  (defau l t  2 ,72) .  

Must  p recede  the  o ther  source  code  and  cont ro l  s ta tements .  

The  SPROCESS can  be  the  only  s ta tement ,  o ther  than  a  comment ,  in  the  
record .  

The  "a t"  s ign  (3)  p re f ix  must  be  the  f i r s t  charac te r ,  wi th in  marg ins ,  in  
the  record .  

May have  cont inua t ion  l ines ,  wi th  SPROCESS on  the  in i t i a l  l ine  only .  

The  op t ions  in  the  opt ion  f ie ld  may be  in  any  sequence .  

Any op t ions  spec i f ied  in  the  PARM f i e ld  of  the  JCL EXEC s ta tement  
over r ide  the i r  spec i f ica t ion  in  the  SPROCESS s ta tement .  

Svnta  x  
b lank  

|  space  t  

-op t ion-

-PROCESS 1 
I  
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SSPACE — Leave  Blank  Lines  on  L is t ing  

Purpose  

Cause  the  compi le r ,  under  condi t ions  spec i f ied  in  the  opt ions  on  th i s  
s ta tement ,  to  inser t  th i s  number  o f  spaces  before  pr in t ing  the  next  
l ine .  

Rules  

You may inser t  an  dSPACE anywhere  in  the  source  t ex t  da tase t .  

You may code  the  opt ions  in  any  sequence  a f te r  the  number .  

The  compi le r  s tops  inser t ing  b lank  l ines  a t  the  bot tom of  the  cur ren t  
page  of  the  l i s t ing  or  when the  spec i f ied  number  o f  l ines  has  been  
inser ted ,  whichever  comes  f i r s t .  

The  "a t"  s ign  (a>)  p re f ix  must  be  the  f i r s t  charac te r ,  wi th in  marg ins ,  in  
the  record .  The  3SPACE mus t  be  the  on ly  s ta tement ,  o ther  than  a  
comment ,  in  the  record .  

Syntax  

r  -MACHO- - |  i—COMPILE—, r -ASSEMBLE-

r  (n)  T 
I  I  
I I 

. -  -  M .  .  C .  .  ASM .  

I I  
1 1 . -NOMACRO-.  .  NOCOMPILE.  .NOASSEMBLE.  

—NOM— L  NOC- L  -NOASM-

Ope rands  

n  code  the  number  of  b lank  l ines  to  be  inser ted .  (Defaul t :  
1  • )  

MACRO o r  M(NOMACRO o r  NOM) 
spec i f ies  tha t  n  l ines  a re  (a re  not )  to  be  inser ted  a t  th i s  
p luce  in  the  macro  l i s t ing  (produced  by  the  compi le r  
op t ion ,  MSOURCE) .  Defau l t :  MACRO.  

COMPILE o r  C (NOCOMPILE o r  NOCOMP) 
spec i f ies  tha t  n  l ines  a re  (a re  no t )  to  be  inser ted  a t  th i s  
p lace  in  the  compi le r  source  l i s t ing  (produced  under  the  
compi le r  op t ion ,  SOURCE) .  Defau l t :  COMPILE.  

ASSEMBLE o r  ASM (NOASSEMBLE OR NOASM) 
spec i f ies  tha t  n  l ines  a re  to  be  inser ted  a t  th i s  p lace  in  
the  assembly  l i s t ing  (produced  under  the  compi le r  op t ion  
ASODRCE) .  Defau l t :  NOASSEMBLE.  opr ion .  
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APPENDIX I. SUMMARY OF PL/DS REGISTJ1 NOMENCLATURE 

The publication, 8100 Information System: Principles of Operation has a 
complete description of the program registers on the 8100. 

For programmer reference, the following is a summary of the conventions 
used by the DPPX Assembler to view the registers. It is important to 
know the register conventions in order to use them in PL/DS statements, 
machine instructions, and assembly code. Refer to Figure 39 as you rea 
these descriptions. 

THE PRIMARY AND SECONDARY REGISTERS 

The 8100 has sixteen word registers. The word registers are 
even-numbered: 0, 2, 4, 6 ... 30. The first eight word registers, 
numbered 0 through 14, are the primary word registers. 

The second eight word registers, numbered 16 through 30, are the 
secondary word registers. 

Each primary and secondary word register is subdivided into: 

• an upper halfword 

• a lower halfword consisting of two bytes. 

UPPER HALFWORD OF REGISTERS 

,, „nner halfword of each primary and secondary word register is 
eJplici?!? addressable with the following machine instruction mnemonics: 

A YHRE ADD WITH CARRY (halfword, register, extended) 

CYHRE COMPARE WITH CARRY (halfword, register, extended) 

LHRLU LOAD (halfword, register, lower half from upper) 

LOAD (halfword, register, upper half) 

LOAD (halfword, register, upper half from lower) 

SUBTRACT WITH CARRY (halfword, register, extended) 

LHRU 

LHRUL 

SYHRE 

r-dic+er is indirectly addressable with high 
T hvelPcompi!efcode °by declaring a structure, as shown in the -Example 

of Register Addressability," below. 

Summary of PL/DS Register Nomenclature 



14 

16  

20 

30 

<  WORD REGISTERS > 
(EVEN-NUMBERED) 

<— UPPER HALFWORD —> 

/ / / / / / / / / / / /  
/ / / / / / / / / / / /  

/ / / / / / / / / / / / /  
/ / / / / / / / / / / / /  

LOWER HALFWORD —> 

UPPER 
<-  (EVEN) ->  

BYTE 

/ / / / / /  
/ / / / / /  

14 

16 

1 8  

20 

/ / / / / /  
/ / / / / /  

30 

LOWER 
(ODD) ->  
BYTE 

/ / / / / / /  
/ / / / / / /  

15 

17  

19  

21  

/ / / / / / /  
/ / / / / / /  

31 

EIGHT 
PRIMARY 

> WORD 
REGISTERS 
0  — 14 

EIGHT 
SECONDARY 
WORD 
REGISTERS 
16  — 30 

F igure  39 .  DPPX Assembler  Regis te r  Convent ions  

LOWER HALFWORD OF REGISTERS 

h a ^ W ° r d K P°j ; t i o 1 ?  of  each  pr imary  and  secondary  word  reg is te  i s  an  even—odd numbered  pa i r  of  by tes .  ^  e  

The ha l fword  i s  addressab le  and  so  a re  the  by tes ;  tha t  i s  the  upper  an  
lower  by te  of  each  lower  ha l fword .  

The  upper  by te  of  the  pa i r  has  the  same number  a s  the  word  reg is te r  i  
i s  in ,  and  the  lower  by te  has  tha t  number  p lus  one .  For  example  wor  
reg is te r  6  conta ins  by tes  6  and  7  in  i t s  lower  ha l fword .  
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EXAMPLE OF REGISTEB ADDRESSABILITY WITH PL/DS CODE 

The following is an example of using high level PL/DS compile code to 
establish addressability within a register, including the upper 
halfword, by declaring a register structure. 

DECLARE 1 WR FIXED(32) 
2 WRUH FIXED (16), 
2 WRLH FIXED (16), 
3 WRHB CHAR (1) , 
3 WRLB CHAR (1) ; 

REGISTER 8, 
/* REG 8 UPPER HALFWORD 
/* REG 8 LOWER HALFWORD 
/* REG 8 HIGH ORDER BYTE (8) 
/* REG 8 LOW ORDER BYTE (9) 

*/ 

*/ 

*/ 
*/ 

USING THE REGISTERS 

When an implied or explicit byte in a register is required, PL/DS uses 
one of the byte positions that to PL/DS's knowledge is not in use. 

When an implied or explicit halfword in a register is required, PL/DS 
uses one of the lower halfwords that, to PL/DS's knowledge, does not 
have one of its bytes already in use. 

When an implied or explicit word in a register is required, PL/DS uses 
one of its word registers that, to PL/DS's knowledge, has neither its 
lower nor upper halfword in use. 

Take note of the expression "to PL/DS's knowledge," above. When you as 
a pro qrammer submit code at the register level, you are responsible for 
restricting, with the RESPECIFY command, each register that you want 
reserved for use in your code. 

You should use the RESPECIFY command to free up (UNRESTRICT) your 
restricted registers at the point in your code where your program is 
finished with them. 

EXTENT Of REGISTER RESTRICTION WITH RESPECIFY 

^ + HO RFSPECIFY statement for register restriction, the 
When you use the depends upon the data type attribute 
in° y o u r  o r i g i n a l  declaration J the specified register variable. 

For example: 

DECLARE R2F FIXED(32) REGISTER (2) ; 

RESPECIFY R2F RESTRICTED; 

restricts word register 2. 

Also: 

DECLARE R2H FIXED (15) REGISTER (2) ; 

RESPECIFY R2H RESTRICTED, 

c+ricts the lower halfword of register 2, and gives the compiler 
the'right to use the upper halfword of register 2. 

Further: 

DECLARE R2B FI XED (8) REGISTERS); 

RESPECIFY R2B RESTRICTED; 
2 /the upper byte of the lower halfword) of word 

...restricts byte 2 (t^ ̂ PP.^ the right t0 use the low-order byte 
register z# anu y 

t i t  / n c  D o / t i c f o r  Nnmpnclature 



2 and  the  upper  ha l fword  of  word  of  the  lower  ha l fword  of  word  reg is te r  
reg is te r  2 .  

S imi la r ly :  

DECLARE R3B FIXED (8)  REGISTER (3) ;  

RESPECIFY R3B RESTRICTED;  

. . . r es t r ic t s  the  low—order  cy te  of  the  lower  ha l fword  of  word  reg is te r  
2 ,  and  g ives  the  compi le r  the  r igh t  to  use  the  h igh—order  by te  of  the  
lower  ha l fword  of  word  r eg is te r  2  and  the  upper  ha l fword  of  word  
reg is te r  2 .  
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INDEX 

19 

Special Characters 

<= 66 
• (see add) 
I in IF relational expression 65 
II (see concatenation) 
& in IF relational expression 65 
a 20 
* (see asterisk; multiply; multiplication) 
*/ (see comments) 

in IF relational expression 65 
-.< 66 
-> 66 
- (see subtract; minus) 
-> (see coding rules; pointer expression) 
/ (see divide; division) 
/» (see comments) 

restriction 10 
// 20 
* (see identification of macro outer 
statements) 
*% (see concatenation) 
>= 66 
? (see identification of macro 
invocations; trigger character) 

• -- apostrophe or single quote 
doubled for null character string 
effect of doubling on LENGTH 93 
need for doubling 19,93 

• i — two apostrophes null string 
19,237 
(see also •) 

=< 66 
=> 66 

BS (see built-in functions) 
bsolute value, obtaining (see ABS built-in 

functions) 
ACT (§§e XACTIVATE) 
CT (see ACTIVATE) . 
ACTIVATE (see macro outer statemen ) 
CTIVATE (see macro definition sta 
ctivate macro outer variable 
(^ACTIVATE) 113 . 
ctivate macro definition variable 

(ACTIVATE) 138 r.QCIllt„ 205 
dd expressions, precisions o 
DDE (see built-in functions) ^ 
ddress of variable or constan ( — 
ddressing, indirect (see poin 
expressions) 
DECK (see compiler options) 

DEFS (sge compiler oP^jf^er operands in 
dvantages of avoiding register v 
machine instructions 98 
LIST (see compiler °PtloJs),,arv 

ligament, boundary (see boundary 

alignment) 
ilgorithm (see logic) » /hint) 226 
ilignment of control block data (hint) 

222 

analyzing unexpected compiler 
results 211-216 

ANNOTATE (see compiler options) 
getting it started asap in listing 

annotation of assembler code, 
controlling 222 
ANS (see ANSWER) 
ANSWER (see macro definition statements) 

statements 
examples 144,145 
scanned at least once despite 
NORESCAN 142 

sequence of processing 142 
answer expression (expressionl) , 
coding 141 

answer text, submitting a comment in (see 
COMMENT) 

(see also formatting) 
apostrophe 

character constant 19 
character string delimiter 19 
within character constant are 
doubled 19 

argument 
invocation keyname (MACKEYS) 172 
invocation positional (MACLIST) 175 
number of invocation (NUMBER) 178 
scanning character string for 
occurrences of (see INDEX) 

argumentl 
macro definition functions for 166 
parameter of macro invocation positional 
parameters 130 

argument2 
macro definition functions for 166 
parameter of macro invocation keyname 
parameters 130 

arguments 
invocation (see invocation arguments) 
passed by CALL statemnet 24 
parameter correspondence in PROCEDURE or 
ENTRY name 24 
possible modification of 25 

arithmetic comparison (IF) 67 
arithmetic constants (see complex source 
expressions. ..) 

arithmetic data type (see DECLARE, 
attributes) 

arithmetic expression, defined 205 
array element, referencing 45 

(see also subscript expression) 
array multipliers, more efficient when 
powers of 2 (hint) 227 

arrayname parameter (see DECLARE for an 

array) 
arrays 

compatible atributes for (see 
compatibility) 
declaring (see DECLARE for an array) 
initialization of (see initialization; 
initializing an array) 

of structures 51 
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ar rays  (cont inued)  
ob ta in ing  number  o f  e lements  in  

d imens ion  of  ( see  DIM) 
ze ro ing/b lanking  237 
zero  o r ig in  240  

ASSEMBLE ( see  compi le r  op t ions)  
ASSEMBLE/NOASSEMBLE operand  of  SSPACE 256  
ASSEMBLE/NOASSEMBLE operand  of  dEJECT 252  
assembly  code  

cont ro l l ing  annota t ion  of  222  
dur ing  PL/DS process ing  5 ,6  
f igure  4  
"subse t"  res t r ic t ions  for  PL/DS ( see  

MACGEN) 
assembly  phase  changes  to  source  da ta  6  
ass ignment  ( see  compi le  s ta tements ;  macro  
def in i t ion  s ta tements ;  %ass ignment )  

( see  a l so  in i t i a l iza t ion ;  INITIAL)  
ass igned  va lues ,  ru les  of  t a rge t  s t r ing  

rep lacement  by  macro  ou te r  var iab le  114  
ass ign ing  a  macro  ou te r  var iab le ' s  va lue  

(XAss ignment )  114  
Sass ignment  ( see  macro  ou te r  s ta tements )  
ass ignment  ( see  macro  def in i t ion  

s ta tements )  
as te r i sk  

b i t  s t r ing  length  29  
in  dec la r ing  e lement  no t  to  be  
in i t i a l ized  41  

mul t ip l ica t ion  opera tor  20  
p laceholder  in  s t ruc ture  50  
s t r ing  length  rep lacement  in  DECLABE 

( see  s t r ing  da ta  type)  
when dec la r ing  s t ruc ture  or  component  a s  
a r ray  52  

ATITLE ( see  compi le r  op t ions)  
a t t r ibu tes  of  var iab les  ( see  DECLABE)  
au toda ta (n) ,  use  of  (h in t )  231  
AUTODATA/NOAUTODATA 

op t ion  of  LINKAGE(3)  207  
procedure  op t ions  78  

AUTOMATIC 
compi le r -ass igned  a l ignment  42  
s to rage  c lass  (see  DECLABE;  a t t r ibu tes )  

AUTOBEG/NOAUTOBEG procedure  op t ions  77 ,78  
avoid ing  reg is te r  dec la ra t ions  (h in t )  224  
avoid ing  use  of  MACGEN (h in t )  231  
AXBEF ( see  compi le r  op t ions)  

BIT 
da ta  type  ( see  DECLABE,  a t t r ibu tes )  
rece iver  in  ass ignment  s ta tement ,  

requi rements  18  
b i t - s t r ing  compar i sons  ( IF)  67  
b i t s  

manipula t ion  of  238  
naming  ind iv idua l  (h in t )  230  

b lanking/zero ing  s t r ings ,  s t ruc tures ,  
a r rays  237  

b lanks  
coding  ru les  ( see  coding  ru les )  
removal  of  f rom macro  invoca t ion  130  

BOUNDABY a l ignment  ( see  DECLABE,  
a t t r ibu tes )  

defau l t s ,  t ab le  42  
in  a  s t ruc ture  48  
in  an  a r ray  45  
var iab le  b i t  s t r ing  must  be  on  by te  

boundary  ( see  ADDE) 
b ranch  ( see  GOTO) 
b ranch  tab le ,  us ing  238  
branch  wi th  l inkage  (see  CALL;  GOTO) 
b ranching  in  macro  ou te r  code  (XGOTO) 120  
BBANBEG/NOBBANBEG procedure  op t ions  81  
BUFSIZE ( see  compi le r  op t ions)  
bu i l t - in  func t ion  

compi le  code  3  
in  ANSWER express ion  141  
macro  code  ( see  macro  def in i t ion  

func t ions)  
bu i l t - in  func t ions  for  compi le  s ta tements  

descr ip t ions  
ABS 87  
ADDB 88  
DIM 89  
EVAL 90  
LENGTH 92  
MAX 94  
MIN 95  

summary ,  f igure  86  
BY operand  of  DO 57  
BYTE boundary  a l ignment  ( see  DECLABE,  
a t t r ibu tes )  

by tes ,  manipula t ion  of  in  a  ha l fword  239  

C 

B 

bas ic  sequence  of  source-da ta -se t  
s ta tements  12  

based  en t ry  name of  ca l led  procedure  24  
BASED,  de fau l t s  fo r  ( see  defau l t  boundary  
a l ignment ;  p rec i s ion  of  a r i thmet ic  
express ions)  

BASED operand  ( see  EESPECIFY)  
BASED s to rage  c lass  ( see  DECLABE,  
a t t r ibu tes )  

based  var iab les ,  rep lac ing  po in te r  va lue  
( see  EESPECIFY)  

beg in  charac te r  on  s ta tements  ( see  coding  
ru les )  

BINABY a r i thmet ic  da ta  ( see  DECLABE,  
a t t r ibu tes )  

b inary- to-charac te r  convers ion  243  

CALL ( see  compi le  s ta tements )  
changeable  parameters  ( see  EVAL)  
r e turn  code  25  

ca l l ing  procedure ,  re turn  to  ( see  END;  
BETURN) 

no  re turn  wi th  GOTO ( see  GOTO) 
cau t ion  on  use  of  DEFINED s torage  c lass  

DECLARE a t t r ibu te  38  
changing  names  o r  a t t r ibu tes  of  s tandard  

macro  ou te r  cont ro l  b locks  (XINCLUDE) 127  
CHAR ( see  macro  def in i ton  func t ions)  
CHARACTER da ta  type  ( see  DECLARE,  

a t t r ibu tes )  
CHARACTER macro  ou te r  var iab le ,  syn tax  for  

ass ign ing  va lue  116  
CHARACTER operand  of  macro  def in i t ion  

DECLARE 152  
charac te r  se t  in  PL/DS ( see  coding  ru les )  
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charac te r  s t r ing  
conca tena t ion  o f  240  
convers ion  t o  b ina ry  243  
compar i son  ( IP )  67  
compar i son  o f  i n  macro  ou te r  %IF  
s t a t ement s  124  

loca t ing  spec i f i c  cha rac te r  i n  238  
macro  compar i son  ( IF )  159  
ob ta in ing  l eng th  o f  ( see  LENGTH)  

cha rac te r  va r i ab le  
compar i sons  ( see  cha rac te r  s t r ing )  
convers ion  t o  f ixed  va lue  ( see  FIXED)  

CBARACTER/CHAR ope rand  o f  %DECLARE 119  
cho ice  o f  r eg i s t e r s  dec la red  (h in t )  225  
c l a r i f i ca t ion  o f  PL/DS l anguage  componen t  

r e l a t ionsh ips  3  
f igure  4  

Jc l ause  pa ramete r  
in  AELSE macro  ou te r  code  122  
in  %THEN macro  ou te r  code  122  
dead  ( see  dead  code)  
source ,  t r ea tmen t  by  compi le r  ( see  
source  da ta  s e t )  

code  
dead  ( see  dead  code)  
source ,  t r ea tmen t  by  compi le r  ( see  
source  da ta  s e t )  

CODE ope rand  (£££  BETURN)  
cod ing  

ru le s  
r ecord  fo rmat  7  
cha rac te r  s e t  7  
iden t i f i e r s  7  

source  s t a t ement  fo rmat  8  
b lanks  8  
comments  10  
de l imi te r s  8  
po in te r  no ta t ion  9  
subsc r ip t ing  and  subs t r ing ing  8 ,9  

s ty le  h in t s  221  
t echn iques ,  spec ia l i zed  ( se f i  
spec ia l i zed  cod ing  t echn iques )  

cod ing  common func t ions  235-243  
cod ing  PL/DS macro  de f in i t ions  
COL (§ee  COLUMN) _  1 i i n  
COLUMN ope rand  o f  ANSWER s t a t emen  

de fau l t  va lues  o f  142  
combina t ion  ope ra to r s  ( see  * •  *  

COMMENT \ s ee  macro  de f in i t ion  func t ions )  

C 0 > "see S a l so  macro  de f in i t ion  func t ion ,  

ho« B f o rma t t ed  by  FORMAT comp i l e r  

r emova l  o f 2 f rom macro  °  
ru les  fo r  cod ing  ( see  cod ing  ™les )  

common func t ions ,  cod ing  (  
common func t ions )  n r n h l e . s  2 1 7 - 2 2 0  

common PL/DS p rogrammer  p rob le  
compar i sons  c h a r a c t e r  

charac te r  va r i ab le  (S— 
var i ab le  compar i sons )  

IF ,  connec ted  ( see  connec ted  
compar i sons )  f i i e d  var i ab le  

f ixed  va r i ab le  ( see  
compar i sons )  

compa t ib i l i ty  o f  dec la red  a t t r ibu tes  
fo r  a r rays  201  
fo r  s imple  i t ems  200  
fo r  s t ruc tu res  202  

COMPILE ( see  compi le r  op t ions )  
compi le  da te  ( see  MACDATE)  
compi le  phase  changes  t o  source  da ta  5 ,6  
compi le  s t a t ement s  3 ,16-95  

desc r ip t ions  
3ENDGEN 62  
a s s ignment  17-22  
bu i l t - in  func t ions  fo r  3 ,86  
CALL 23-25  
DECLARE 26-52  
DO 53-58  
ELSE 65  
END 59  
ENTRY 60  
MACGEN 62  
GOTO 64  
IF  65  
nu l l  s t a t ement  69  
PROCEDURE 70  
RESPECIFY 83  
RETURN 85  
THEN 65  

dur ing  PI /OS p rocess ing  4 ,5 ,6  
compi le  t ime  ( see  MACTIME)  
COMPILE/NOCOMPILE 

ope rand  o f  a )EJECT 252  
operand  o f  3SPACE 256  

compi le r  ac t iv i t i e s  ( see  macro  p rocess ing  
phase ,  compi le  phase ,  a s sembly  phase )  

compi le r  and  mach ine  cons tan t  func t ions  
( see  macro  de f in i t ion  func t ions )  

compi le r  con t ro l  s t a t ement s  15 ,251-256  
( s ee  a l so  op t ions ,  compi le r ;  RESPECIFY 
ru les ,  83)  

desc r ip t ions  
3CREATE 251  
3EJECT 252  
3ENDCREATE 251  
3INCLDDE 253  
3LIST 254  
3PROCESS 255  
3SPACE 256  

fo r  macro  de f in i t ions  
source  code  marg ins  135  
aSPACE 135  
3EJECT 135  

summary  15  .  
compi le r  op t ions  ( see  op t ions ,  compi le r )  
compi le r  p rocess ing  o f  macro  code  108  

( s e e  a l so  ANSWER;  macro  p rocess ing  

c omple x S express ion  i n  CALL a rgument  24  
complex  source  express ions  in  ass ignment  

s t a t ement s  19  
a r i thmet i c  cons tan t s  

b ina ry  19  
dec ima l  19  

a r i thmet i c  ope ra t ions  
s t r ing  cons tan t s  

b i t  19  
cha rac te r  19  
hexadec imal  19  

s t r ing  opera t ions  
ope ra t ion  sequence  

20  

20  
20  
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complex source  express ions  in  ass ignment  
s ta tements  (cont inued)  

opera tors  and the i r  pr ior i t ies  20 
res t r ic t ions  21 

component  name parameter  (see  DECLARE for  
a  s t ructure)  

components  of  s t ructures  (see  DECLABE for  
a  s t ructure)  

composi te  de l imi ters ,  def in i t ion  7 
(see  a lso  • ;  /* ;  * / ;  concatenat ion)  

composi te  opera tors ,  def in i t ion  7 
(see  a lso  | | ;  %%; ->;  / / ;  
=>;  =<)  

concatenat ion 
of  character  s t r ings  ( | | )  240 
of  character  values  for  ass ignment  to  
character  macro outer  var iable  116 

of  character  var iables  in  macro outer  
%IF compar isons  124 

of  compi le  code by macro  
phase  (%%) 111,112 

condi t ional  execut ion (see  IF)  
condi t ional  macro def in i t ion  s ta tement  

execut ion (see  IF)  
nul l  s ta tements  in  160 

condi t ional  macro outer  s ta tement  execut ion 
(%IF)  122 

condi t ional  re-execut ion of  s ta tement(s)  
(see  DO) 

connected compar isons ,  IF  67 
pr ior i t ies  of  opera tors  67 
summary,  f igure  68 

constant  
ar i thmet ic  (see  ar i thmet ic  constants)  
c rea t ion of  (see  DECLABE) 
in  ANSWER express ion 141 
obta in ing address  of  (see  ADDE) 
obta in ing length  of  (see  LENGTH) 
s t r ing  (see  s t r ing  constants)  

constant  name in  CALL argument  24 
CONSTANT s torage  c lass  (see  DECLABE,  
a t t r ibutes)  

control  immedia te ,  speci fy ing correc t ly  
(h int )  228 

control  var iable  parameter  (see  DO) 
descr ip t ion 55 

control ,  re turn  of  (see  RETURN; END) 
fo l lowing CALL 25 

control l ing  sequence of  mathemat ica l  
opera t ions  90 

controls ,  compi ler  (see  compi ler  control  
s ta tements)  

(see  a lso  opt ions ,  compi ler )  
convers ion between character  and b inary  in  

compi le  code 243 
crea te  a  macro outer  var iable  

(% DECLARE) 118 
3CREATE (see  compi ler  control  s ta tements)  

(see  a lso  source  data  se t ,  required  
sequence)  

CREATE (see  3CREATE) 
c rea t ing a  s t ructure  (see  DECLARE for  a  

s t ructure)  
crea t ing a  var iable  (see  DECLARE) 
c rea t ing an ar ray  (see  DECLARE for  an  

ar ray)  
CSECT,  name suppl ied  by external  

procedure  70 

CTLZ (see  machine  ins t ruct ions)  
us ing 242 

cus tomizing s tandard  compi le  code (see  
macros)  

da ta  se ts  for  macro phase  process ing (see  
XINCLUDE) 

da ta ,  indi rec t  (see  indi rec t  data)  
da te  of  compi le  (see  MACDATE) 
DCL (see  DECLARE) 
%DCL ( see  ^DECLARE) 
ddname 

parameter  of  3CREATE/3ENDCREATE 251 
parameter  of  3INCLUDE 253 

%DEACT (see  5SDEACTIVATE) 
DEACT (see  DEACTIVATE) 
deact ivate  macro def in i t ion  var iable  

(DEACTIVATE) 150 
(see  a lso  ACTIVATE) 

deact ivate  macro outer  var iable  
(%DEACTIVATE) 117 

(see  a lso  ^ACTIVATE) 
^DEACTIVATE (see  macro outer  s ta tements)  
DEACTIVATE (see  macro def in i t ion  
s ta tements)  

dead code,  prevent ing e l iminat ion 
of  (h in t )  232 

declare  a  macro outer  var iable  
(XDECLARE) 118 

%DECLARE (see  macro outer  s ta tements)  
DECLARE (see  compi le  s ta tements ;  macro  
def in i t ion  s ta tements ;  ^DECLARE) 

as ter isk ,  use  of  in  (see  as ter isk)  
s t t r ibutes  in  compi le  s ta tement  28 -44  

boundary  a l ignment  41  
data  type  28  
defaul ts  195-197 
in i t ia l iza t ion 40 
normal i ty  43 
res t r ic t ion  42 
scope 33 
s torage  c lass  34 
table  of  ( f igure)  28  

for  a  s t ructure  47 
for  an ar ray  45 
opt ions  val id  for  ca l led  ent ry  name 24 

DECLARE REGISTER res t r ic t ions  217 
defaul t  DECLARE a r i thmet ic  boundary  and 

precis ion 29 
defaul t  DECLARE boundar ies ,  table  42 
defaul ts  for  omit ted  DECLARE a t t r ibutes  

boundary  a l ignment  197  
data  types  195 
in i t ia l iza t ion 197 
normal i ty  197 
pos i t ion  197 
precis ion or  length  
res t r ic tedness  197 
scope 196 
s torage  c lass  196 
s t ructure  boundary  

DEFINED s torage  c lass  
a t t r ibutes)  

m a c r o  (see  macro def in i t ion)  
dele t ion of  source  s ta tements  (XGOTO) 121 

195 

197 
(see  DECLARE,  
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delimiters (see coding rules) 
(see also concatenation) 
character string (apostrophes) 19 
composite (see composite delimiters) 
pairs, that must be matched 211 

development of 8100 programs on 
System/360 1 

diagnostic messages (see messages) 
Did (see built-in functions) 
dimension extent parameter (see DECLARE 
for an array) 

differences between 8100-resident Assembler 
and DPPX support 1 

(see also MACGEN) 
divide expressions, precisions of 
results 206 

overriding 219 
DO (see compile statements; macro 
definition statements) 

(see also END) 
conditional re-execution of 
statement (s) 53-58 

how options control looping 55 
nesting of 57 

do-group 
(see also DO; END) 
as THEN clause 68 
figures 56,58 
looping 54 
non-looping, 54 
limitation on contents of macro 153 

DSECT, name of 70 
(see also AUTODATA) 

DPPX Assembler on 8100 compared to PL/DS 
compiler 1 

B C D I C  parameter in I N D E X  macro definition 
function 188 
fficient programs under PL/DS (seg 
0 P T I H I Z E ;  optimization) 
: i D  option of L I N K A G E  ( 3 )  2 0 7  
i E J B C T  (see compiler control statements) 
JECT (see AEJECT) 
dement of array 

initializing (gee initialization) 
referencing (5£g array element, 
referencing) , „ 

lements, number of, obtaining (sg_ 
iELSE (see macro outer statements) 
1SE (see compile statements; macro 
definition statements; XELSE) 
1 S E  

operand of I P  68 ,-7 
operand of macro definition I  

END (see macro definition statement ) 
:»D (gee macro definition statements, 
compile statements) 

( § £ £  a l s o  R E T U R N ;  source data set, 
required sequence) 

nd  o f  do -g roup  (see  E N D )  
rd of macro definition (see * 
nd of procedure (£££ EMD|VU 
nd value parameter (£§.£ _ 5q 

IND — end of procedure or do-group 

3ENDCREATE (see compiler control 
statements) 

(see also source data set, required 
sequence) 

ENDCREATE (see 3ENDCREATE) 
3ENDGEN, end of assembly statements 62 

(see also compile statements) 
ENDID procedure option 75 
ensure local variables can be globally 

assigned to registers (hint) 228 
ENTRY statement -- secondary entry 
point 60 

(see also compile statements) 
ENTRY data type (see program data type) 

alignment unaffected by BOUNDARY 42 
entry name of called procedure, 

declaring 24 
based entry requires valuerange 24 
options valid for 24 
location of 24 

ENTRY options (see ENTRY data type) 
(see also VALUERANGE) 
example 32 

entry, secondary (see ENTRY) 
entryname parameter (see ENTRY; END) 

declared in calling procedure (see 
ENTRY) 

environments 
macro (see macro environments) 
PL/DS 5 

error messages (see messages) 
error loops (see loops) 
ESD (see compiler options) 
EVAL (see built-in functions) 
evaluated value of expression, obtaining 

(see EVAL) 
even-odd values, testing for 235 
exception to source statement format 8 
execution-time parameter (see MACPARB) 
EXIT/NOEXIT (see ENTRY options; BACGEN) 
expression, obtaining evaluated value of 

(see EVAL) 
expressions 

arithmetic (see arithmetic expression) 
finding a maximum or minimum of 
several (see MAX, BIN) 

PL/DS, facilitate machine instruction 
use 96 

pointer (see pointer expressions) 
subscript (see subscript expressions) 
substring (see substring expressions) 

EXTEND (se§ compiler options) 
extent of array, obtaining number of 

elements in (s§£ array) 
EXTERNAL operand of macro definition 

DECLARE 152 
external procedure, invocation of (see 

CALL) . . .. . , 
EXTERNAL scope (see DECLARE, attributes) 
external variable (see RESPECIFY; DECLARE; 

XDECLARE; variables, shared) 
(see alsb procedures, nested) 

EXTERNAL/EXT operand of SDECLARE 1 1 9  

factoring — declaring multiple variables 
in one statement (see DECLARE) 
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fa l l  th rough ( see  nu l l  s ta tement )  
fea tures ,  bas ic ,  of  PL/DS 1  
FDECK ( see  compi le r  op t ions)  
f ind ing  maximum f rom severa l  a r i thmet ic  
express ions  ( see  MAX) 

f ind ing  minimum f rom severa l  a r i thmet ic  
express ions  ( see  MIN)  

f ixed  var iab le  compar i sons  in  macro  
def in i t ion  ( IF)  158  

f ixed  var iab le  
convers ion  to  charac te r  s t r ing  (see  

CHAR) 
compar i sons  in  macro  ou te r  XIF 
s ta tements  123  

FIXED ( see  macro  def in i t ion  func t ions)  
FIXED a r i thmet ic  da ta  ( see  DECLARE 
a t t r ibu tes )  

FIXED macro  ou te r  var iab le ,  syn tax  for  
ass ign ing  va lue  115  

FIXED operand  of  XDECLARE 119  
FIXED (8)  versus  FIXED(15) ,  (16)  fo r  loca l  

var iab les  (h in t )  228  
FIXED (15)  versus  FIXED(16)  (h in t )  229  
FLAG ( see  compi le r  op t ions)  
f l ags ,  loca l ,  making  BIT (8)  s t ruc tures  of  

(h in t )  231  
f l ex ib i l i ty  of  machine  ins t ruc t ion  
operands  96  

f low,  program (see  program f low)  
FLOBS/NOFLOBS ( see  ENTRY op t ions ;  MACGEN 

op t ions)  
FORMAT ( see  compi le r  op t ions)  

how comments  ( /*  * / )  format ted  222  
format ,  o f  source  s ta tements  ( see  coding  

ru les )  
format t ing  of  answer  t ex t  on  l i s t ing  

(MACCOL) 169  
f ree- form (see  format  of  source  

s ta tements )  
FSOURCE ( see  compi le r  op t ions)  
fu l lword /ha l fword  a r i thmet ic  tha t  regui res  
fu l lword  resu l t  219  

func t ions  not  d i rec t ly  suppl ied  by  PL/DS 
( see  coding  common func t ions)  

func t ions ,  bu i l t - in  (see  bu i l t - in  
func t ions)  

func t ions ,  common,  coding  ( see  coding  
common func t ions)  

G 

GETAUTO op t ion  of  LINKAGE (3)  207  
example  of  use  210  

%G0TO ( see  macro  ou te r  s ta tements )  
GOTO ( see  compi le  s ta tements ;  macro  

def in i t ion  s ta tements ;  XGOTO) 
( see  a l so  res t r ic t ions)  

%G0 TO ( see  %GOTO) 
GO TO ( see  GOTO) 
g roup  toge ther  BIT ass ignments  and  the i r  
t es t s  (h in t )  230  

ha l fword ,  manipula t ion  of  by tes  wi th in  239  
h igh  l eve l  code  in  PL/DS 1  

h in t s  ( see  coding  common func t ions ;  
per formance  h in t s )  

( see  a l so  res t r ic t ions)  
HWORD boundary  a l ignment  ( see  DECLARE,  
a t t r ibu tes )  

I  

I /O,  spec i fy ing  cor rec t ly  (h in t )  228  
ID procedure  op t ion  75  
iden t i f ica t ion  

of  macro  invoca t ions  109  
of  macro  ou te r  s ta tements  109  
of  non-macro  t ex t  109  

iden t i f ie rs ,  coding  ( see  coding  ru les )  
IDR ( see  compi le r  op t ions)  
IF  ( see  compi le  s ta tements ;  macro  
def in i t ion  s ta tements ;  XIF)  

IF  compar i son  opera tors  ( see  opera tors )  
XIF ( see  macro  ou te r  s ta tements )  
inc lude  source  code  

for  compi le  phase  on ly  ( see  3INCLUDE) 
fo r  macro  phase  process ing  ( see  

XINCLODE) 
XINCLODE ( see  macro  ou te r  s ta tements )  

( see  a l so  source  da ta  se t ,  requi red  
sequence)  

parameter iza t ion ,  example  of  127  
SINCLUDE ( see  compi le r  cont ro l  s ta tements )  

( see  a l so  source  da ta  se t ,  requi red  
sequence)  

incompat ib le  a t t r ibu tes  for  s imple  i t ems ,  
a r rays ,  and  s t ruc tures  198  

INDEX ( see  macro  def in i t ion  func t ions)  
ind i rec t  address ing  ( see  po in te r  

express ions)  
ind i rec t  da ta ,  in  po in te r  express ion  ( see  

coding  ru les )  
INITIAL (see  DECLARE,  a t t r ibu tes )  
in i t i a l iza t ion  of  an  a r ray  41  

mul t ip le  va lues  for  45  
in i t i a l iz ing  va lue ,  the  41  
inner  macro  invoca t ion  in  ANSBER s ta tement  

can  resu l t  in  out -of -sequence  ANSBER 
messages  143  

example  144  
executed  a f te r  rescanning  143  
executed  before  remainder  of  ANSBER 
s ta tement  processed  143  

ins t ruc t ions ,  
machine  ( see  machine  ins t ruc t ions)  
macro  (^e  macro  code)  

in te rna l  procedure ,  invoca t ion  of  ( see  
CALL)  

INTERNAL operand  of  macro  def in i t ion  
DECLARE 152  

INTERNAL scope  ( see  DECLARE,  a t t r ibu tes )  
in te rna l  var iab le  33 ,106 ,118 ,151  

(See  a l so  procedures ,  nes ted)  
INTERNAL/INT operand  of  XDECLARE 119  
in t ra -modular  l inkage ,  s impl i f ied  12  
invoke  inner  macro  in  macro  def in i t ion  

(see  ANSBER)  
invoca t ion  arguments ,  macro  def in i t ion  

func t ion  for  ( see  Keyname)  
examples  168  

invoca t ion  da ta  func t ions  (see  macro  
def in i t ion  func t ions)  
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invoca t ion  of  ex te rna l ,  in te rna l  procedure  
(see  CALL)  

invoking  macro  def in i t ions  129  
issue  nessage  on  l i s t ing  f rom a  macro  
def in i t ion  (§§e  ANSWER) 

ju ip- to- juap  op t imiza t ion  (h in t )  232  

K 

keyname ( see  macro  def in i t ion  func t ions)  
keyname parameter  o f  macro  invoca t ion  130  

•aero  def in i t ion  func t ions  for  166  
KEYS operand  of  macro  def in i t ion  
func t ion  162  

keywords ,  PL/DS,  r eserved  204 
keywords  reserved  in  macro  ou te r  
envi ronment  110  

IBEL da ta  type  ( see  program da ta  type)  
(see  a l so  VALUERANGE) 
a l ignment  unaf fec ted  by  BOUNDARY 42  

ibe l  parameter  
by  i t se l f  i s  a  nu l l  s ta tement  69  
of  macro  invoca t ion  130  

macro  def in i t ion  func t ion  for  166  
abe l  used  on  invoca t ion  (MAC LABEL)  179  
abe ls ,  coding  ru les  ( sge  iden t i f ie rs ,  
coding)  
e f t  source  marg in ,  in te r roga te  (gee  
BACLHAB) 
eag tb  .  . ,  „  

of  a ss igned  va lue  ad jus ted  in  compi le  
ass ignment  18  ,  

of  cons tan t  o r  var iab le ,  ob ta in ing  (  
LENGTH) J  

ENGTH ( see  bu i l t - in  func t ions ;  macr  
def in i t ion  func t ions)  

e f fec t  of  double  apos t rophe  on  ^  
resu l t s  o f ,  summary  f igure  ^  

evel  number  parameter  ( see  DECLARE fo r  
s t ruc ture)  . .  .  
INECOONT ( sgg  compi le r  op t ions)  
inkage  des ign  (h in t )  223  P R 0 C EDURE)  

. INKAGE p rocedure  op t ions  (§eg  r  ,  
UUGXO) ( as  LI .KJGE proceduc .  op txo . r t  
.11KAGE (1)  (gf iS  LINKAGE p toceaui .  

reg is te r  convent ions  f o r '  J j r e  opt ions)  
. INKAGE (2)  (Sf ie  LINKAGE procedure  op t ion  

(ses fllSfi SAVE/H?SAIE)for figure 14 
reg is te r  c o n v e n t i o n s  for ,  *  o p t i o n s )  

• I N K A G E  ( 3 )  ( f i g e  L I N K A G E  
addi t iona l  p rocedure  op t ions  a l lowed 

b y  2 0 7  o c ^ ^  
DPPI  Base  l inkage  a d v a a t g |TAUTO 210 
example  o f  advantage  of  GETAUiu 
GETAOTO s tack  format  20»  2 Q Q  
PROCEDURE opt ions  usab iew 
register conventions 1 reTREG) 

Linkage ,  in te r -  procedure  ^" ta tements )  
'LIST (see  compi le r  cont ro  

l i t e ra l ,  macro  def in i t ion  func t ion  to  bu i ld  
( see  QUOTE)  

LOCAL/NONLOCAL ( see  STATIC)  
loca t ing  spec i f ic  charac te r  in  charac te r  
s t r ing  238  

log ic  for  de te rmin ing  compi le  ass ignment  
opera t ion  17  

log ic  f low does  no t  bypass  RESPECIFY 83  
loop  

ana lys i s  of  212  
avoid ing  212  
coding  in f in i te  240 

low leve l  (de ta i led)  code  for  exac t ing  
requi rements  1  

lower  ha l fword  of  reg is te rs  258  

MACCOL ( see  macro  def in i t ion  func t ions)  
HACDATE ( see  macro  def in i t ion  func t ions)  
MACGEN ( see  compi le  s ta tements )  

( see  a l so  ANSWER) 
per formance  h in t  231  
res t r ic t ion  218 
s ta r t  of  assembly  s ta tement (s )  62  

machine  ins t ruc t ions  3 ,96  
examples  103 ,104  
f igure  4  
t ab le  100-102  ^  

MACINDEX ( see  macro  def in i t ion  func t ions)  
HACKEYS ( see  macro  def in i t ion  func t ions)  
MACLABEL ( see  macro  def in i t ion  func t ions)  
MACLIST ( see  macro  def in i t ion  func t ions)  
MACLIST operand  of  NUMBER macro  def in i t ion  
func t ion  178  . . .  ,  .  

MACLMAR ( see  macro  def in i t ion  func t ions)  
MACNAME ( see  macro  def in i t ion  func t ions)  
MACPARM ( see  macro  def in i t ion  func t ions)  
MACRMAR ( see  macro  def in i t ion  func t ions)  
XMACRO ( see  macro  def in i t ion  s ta tements )  
MACRO ( see  compi le r  op t ions ;  macro  
def in i t ion  func t ions)  

macro  code  ( sge  macro  ou te r  s ta tements ,  
macro  invoca t ions ;  macro  def in i t ions)  

dur ing  PL/DS process ing  5 ,6  
ou te r  ( see  macro  ou te r  code)  

macro  def in i t ion  . . .  ^^  
(see  a l so  macro  def in i t ion  func t ions ,  
macro -  invoca t ion)  

end  ( see  %END) 
f igure  4  
invoking  129  
keyname parameters  in  

( see  a l so  KEYNAME) 
name ( s )  o f  16  1  
s ta r t  of  ( see  XMACRO) 
s top  before  SEND ( see  RETURN) 

macro  def in i t ion  branch  ( see  GOTO) 
can  branch  forward  o r  back  wi th in  
def in i t ion  156 

macro  def in i t ion  func t ions  (bu i l t - in )  
compi le r  and  machine  cons tan t  

161  

func t ions  
MACDATE 
MACLMAR 
MACPARM 
MACRMAR 
MACTIME 

180 
181  
18 2 
18 3 
184  
18 5 
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macro  def in i t ion  func t ions  (bu i l t - in )  
(cont inued)  

invoca t ion  da ta  func t ions  166  
Keyname 167  
MACCOL 169  
MACINDEX 170  
MACKEYS 172  
MACLABEL 174  
MACLIST 175  
MACNAME 177  
NUMBEB 178  

overv iew f igure  166  
rep laced  in  ANSWEE express ion  142  
s t r ing  handl ing  func t ions  186  

COMMENT 187  
INDEX 188  
LENGTH 190  
QUOTE 191  
EEPEAT 192  
CHAE 193  
FIXED 194  

summary  165  
types  164  
us ing  164  

macro  def in i t ion  s ta tements  
descr ip t ions  

XEND 155  
XMACEO 161  
ACTIVATE 138  
ANSWEE 139  
ass ignment  146  
DEACTIVATE 150  
DECLAEE 151  
DO 153  
ELS E 157  
END 154  
GOTO 156  
IF  157  
nu l l  160  
EETUEN 163  
THEN 157  

summary  137  
macro  def in i t ion  var iab le  

ac t iva t ing  138  
ass ign ing  146  
charac te r ,  syn tax  for  ass ign ing  148  
deac t iva t ing  150 
dec la r ing  151  
f ixed ,  syntax  for  ass ign ing  147  
in te rna l  known on ly  whi le  macro  i s  

execut ing  151  
shared  151  
subscr ip t s  and  subs t r ings  ass igned  

to  148  
macro  def in i t ions  132  

ca ta logued  132  
debugging  a ids  136  
four  s teps  of  use  135  

def in i t ion  135  
ca ta log  the  def in i t ion  135  
macro  invoca t ion  in  source  136  
compi le  source  136  

func t ions  132  
reserved  keywords  134  
respons ib i l i t i es  of  programmer  of  132  
shared  var iab les  in  132 ,133  
wr i t ing  133  

macro  envi ronments  105  
shared  var iab les  in  106  

macro  invoca t ion  
(see  a l so  invoca t ion  macro  def in i t ion  
func t ions)  

cor respondence  of  invoca t ion  da ta  and  
macro  invoca t ion  func t ions ,  f igure  166 

f igure  4  
iden t i f ica t ion  of  109  
in  ANSWEE express ion  141  
removal  of  b lanks  and  comments  f rom 130 
us ing  va lues  f rom in  macro  def in i t ion  

(see  invoca t ion  da ta  func t ions)  
macro  invoca t ion ,  inner  ( see  inner  macro  

invoca t ion)  
macro  language  

bas ic  process ing  sequence  13  
par t s  def ined  

macro  def in i t ion  106 
macro  execut ion  106  
macro  ou te r  s ta tements  106  

macro  ou te r  code  105  
branching  in  (XGOTO) 120  
f igure  4  
nu l l  s ta tement  118  
shared  var iab les  118  

macro  ou te r  s ta tements  
descr ip t ions  

XACTIVATE 113  
56 a s s ignment  114  
XDEACH VATE 117  
56DECLAEE 118  
56ELSE 122  
56GOTO 120  
XIF 122  
XINCLUDE 125  
Xnul l  128  
XTHEN 122  

iden t i f ica t ion  109  
summary  112  

macro  ou te r  var iab le ,  
ac t iva te  (XACTIVATE)  113  
deac t iva t ion  of  (^DEACTIVATE)  117  
dec la r ing  (XDECLABE)  118  

macro  p rocess ing  cont ro ls  110  
source  code  marg ins  110  
suppress ing  macro  process ing  110  
conca tena t ion  opera tor  (XX)  111  

macro  p rocess ing  phase  
adding  to  source  t ex t  ( see  XINCLUDE) 

( see  a l so  ANSWEE) 
changes  to  source  da ta  5 ,6  
de le t ing  source  t ex t  wi th  107  
pass ing  compi le - t ime va lue  to  (see  

MACPABM) 
r ep lac ing  source  s t r ings  (see  t a rge t  
s t r ings)  

suppress ing  or  bypass ing  ( see  
MACEO/NOMACEO compi le r  op t ion)  

MACEO/NOMACEO ( see  compi le r  op t ions)  
operand  of  SEJECT 252  
operand  of  iSPACE 256  

MACTIME ( see  macro  def in i t ion  func t ions)  
MAIN 

LINKAGE (3)  op t ion  207  
PEOCEDUEE op t ion  73  

manipula t ion  of  b i t s ,  by tes ,  
ha l fwords  238 ,239  
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t a rg ins ,  l e f t  and  r igh t ,  in t e r roga t ing  
(see  HACLHAB;  MACRHAR)  

BARGIMS (Sjge compiler options) 
latching pairs error 211 
latheaatical operations, controlling 
sequence of (see sequence) 

, i v  ( see  bu i l t - in  func t ions )  
( see  a l so  HIN)  

i ax i«ua  o f  s eve ra l  express ions ,  f ind ing  
(see  BAX)  

BDECK ( s ee  compi le r  op t ions )  
BESSAGE ope rand  o f  ANSWER s t a t ement  140  
l e s sages  and  sugges ted  r e so lu t ions  

IBEO6121  VARIABLE XX HAY BE USED. . .  219  
IBE2909I  E  A OTODATA LIBIT . . .  231  
IBE47011  T  INSUFFICIENT REG 217  

SIB ( see  bu i l t - in  func t ions )  
(§§ i  f i i so  HA X)  

l i n i aum o f  s eve ra l  a r i thmet i c  express ions  
( see  HIN)  

i s eaon ics  ( see  mach ine  in s t ruc t ions )  
ex tended ,  mach ine  i n s t ruc t ion  99  

•od i fy ing  a  pa ramete r  25  
BPEBCBNT ( see  compi le r  op t ions )  
HSG (§££  HESSAGE)  
HSOURCE ( see  compi le r  op t ions )  
lu l t ip l i ca t ion  express ions ,  p rec i s ions  o f  
r e su l t s  205  

BIBEF ( see  compi le r  op t ions )  

l e  pa ramete r  o f  macro  invoca t ion  130  
•ae ro  de f in i t ion  func t ions  fo r  166  

t e s ,  cod ing  ru le s  <£££  i den t i f i e r s ,  
id ing)  
s t ed  IF  s t a t ement s  68  „„*• ! , „ ,« !  o f  
. . .  (Th i s  i s  a  p re f ix  on  the  nega t ions  o f  
any  op t ions .  We a r e  no t  g j e t  
ega t ive  op t ions  he re . )  (§ - -  ^  
p t ions ;  PBOCEDURE op t ions )  
ID (no  id )  p rocedure  op t ion  6  
n - i ac ro  de f in i t ions  ( see  ma 
t a t ement s )  ^ .  «  i n q  
n- . ac ro  t ex t ,  i den t i f i ca t ion  o:£  J J 9  

BBAL/ABNOHHAL a t t r ibu tes  ( see  
t t r ibu tes )  ~„+ inn  79  
SAVEAREA p rocedure  s t a t ement  P  
a l l  i cee  macro  ou te r  s t a t ement  )  
11  ( 5 ee  macro  de f in i t ion^ tament s )^  
11  s t a t ement  (S££  compi le  
ae ro  de f in i t ions ;  Snu l l )  

a s  IF  THEN o r  ELSE c l ause  
desc r ip t ion  69  b ranch  
requ i red  fo r  macro  o 1 u te  2 £ )  

( IGOTO)  t o  «c r .  1 JW(V) s  (XGOTO)  t o  macro  ,  
o . e t imes  r equ i red  in  nes ted  IF  s  
ELSE 68  , f t  
i s e  i n  IP ' s  ELSE c l ause  68  
se  fo r  IF•  s  THEN c l ause  e b c d IC 
»er  (pos i t ion )  o f  character 
» le  ( s se  INDEX)  i t i o n  func t ions )  
1EB ( see  macro  de f in i "  
>ered  r eg i s t e r  by tes  

OBJECT ( see  compi le r  op t ions )  
ob jec t ives  o f  PL/DS l anguage  componen t s  3  
ob ta in ing  number  o f  e l emen t s  i n  a r ray  ( see  

a r ray )  
ob ta in ing  numer ic  pos i t ion  o f  cha rac te r  in  

EBCDIC t ab le  188  
ON/OFF ope rand  of  3LIST 254  
ope rands ,  mach ine  in s t ruc t ion  

a re  PL/DS express ions  96  
impl i ed  ones  mus t  be  spec i f i ed  96  
mus t  comply  wi th  i n s t ruc t ion ' s  
r equ i rement s  97  

types  
address - in - reg i s t e r  98  
base -d i sp lacement  98  
immedia te  97  
va lue - in - reg i s t e r  97  

ope ra to r s ,  compos i t e  ( see  compos i t e  
ope ra to r s )  

ope ra to r s ,  i n  IF  s t a t ement  compar i son  66  
OPTIMIZE ( see  compi le r  op t ions )  

(h in t )  227  
ca re  r equ i red  when  used  213—215  

op t imiza t ion  o f  PL/DS ou tpu t  1 ,2  
( see  a l so  OPTIMIZE)  
a ided  by  non- reg i s t e r  mach ine  
i n s t ruc t ion  operands  98  

f a i lu re  to  produce  expec ted  
ou tpu t  213-215  

need  t o  spec i fy  MACGEN op t ions  fo r  62  
poss ib le  conf l i c t  wi th  NOWORKREGS 82  

op t ions  
ENTRY ( see  ENTRY da ta  type )  
LINKAGE (3 )  ( append ix )  207  
use  d i f f e ren t  names  fo r  d i f f e ren t  

OPTIONS ' ( see  op t ions ,  compi le r ;  PROCEDURE)  
summary  o f  PROCEDURE op t ions  72  

op t ions ,  compi le r  14 ,  245-250  
( see  a l so  3PR0CESS)  
spec i f i ca t ions  

ADECK 245  
ADEFS 245  
ALIST 245  
ANNOTATE 245  
ASSEMBLE 245  
ATITLE 246  
AXREF 246  
BUFSIZE 246  
COMPILE 24  6  
ESD 24  6  
EXTEND 246  
FDECK 246  
FLAG 247  
FORMAT 247  
FSOURCE 247  
IDR 247  
LINECOUNT 247  
MACPARM 247  
MACRO 248  
MARGINS 248  
MDECK 248  
MPERCENT 248  
M SOURCE 24  8  
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opt ions ,  compi ler  — speci f ica t ions  
(cont inued)  

OBJECT 2  48 
OPTIMIZE 249 
OPTIONS 249 
ELD 249 
SIZE 249 
SOUECE 249 
STATISTICS 249 
TEEMINAL 250 
TEST 250 
TITLE 250 
XEEF 250 

summary 14 
order  (see  sequence)  
order  of  var iables  (see  sequence)  
out -of-sequence ANSWEE messages  143 
over lapping s t ructure  components  49 

PAGE operand of  ANSWEE s ta tement  140 
parameter  operand (see  PEOCEDUEE) 

associa ted  wi th  CALL argument  71 
(see  a lso  CALL) 

not  necessar i ly  ident ica l  to  ENTRY 
parameter  (see  ENTEY) 

parameter  s torage  c lass  (see  DECLARE,  
a t t r ibutes)  

parameter  submit ted  a t  compi le  t ime to  
program (see  MACPAEM) 

parameter iza t ion of  source  code 244 
parameters  

corresponding to  CALL arguments  25 
(s£.§. a lso  ENTEY; PEOCEDOEE) 

keyname,  in  macro invocat ion 130 
names must  d i f fer  f rom CALL names in  
in ternal  procedure  61 

of  ca l led  procedure  24 
pass ing,  in  macro invocat ion 129 
pos i t ional ,  in  macro invocat ion 130 

parmreg pointer  to  CALL parameter  l i s t  60 
PAEMEEG/NOPAEMEEG procedure  opt ions  81 
performance h in ts  223-232 
phases  of  compi ler  (see  compi ler  phases)  
PL/DS 1  

descr ip t ion of  language par ts  3  
language keywords  204 
opt ions  and controls  (appendix)  245-250 
s ize  res t r ic t ions  (appendix)  203 

(see  a lso  res t r ic t ions)  
techniques  and a ids  (appendix)  221-244 

pointer  
compar isons  ( IF)  66 
da ta  type  (see  DECLAEE; a t t r ibutes)  
express ion (see  EESPECIFY;  coding 
ru les)  

(see  a lso  BASED s torage  c lass)  
example  84 
in  CALL s ta tement  24 
in  example  of  GOTO us ing based label  

64 
over—use of  i s  potent ia l  opt imize  

problem 215 
nota t ion,  to  change pointer  var iable  37 
opera t ions  in  ass ignment  complex source  
express ion 20 

pointer  (cont inued)  
qual i f ica t ion a l lowed in  machine  
ins t ruct ion operands  96 

var iable  
changing (see  providing a  new 

pointer  var iable)  
in  pointer  express ion (see  coding 

ru les)  
POSITION operand (see  BASED s torage  c lass  

DEFINED s torage  c lass)  
pos i t ional  invocat ion arguments  130 

(see  a lso  arguments)  
pos i t ional  parameters  in  macro 
invocat ion 130 

precis ion (see  ar i thmet ic  data  type  
DECLAEE s ta tement  a t t r ibutes)  

of  resul ts  of  a r i thmet ic  express ions  
(appendix)  205,206 

overr id ing 219 
preprocessor  funct ion of  macro code 3  
prevent ion and de tec t ion of  unexpected 
compi ler  resul ts  (appendix)  211-216 

pr imary regis ters  257 
pr ior i t ies  of  logica l  opera tors  20 
pr ior i ty  of  mathemat ica l  sequences ,  
overr id ing (see  sequence)  

program data  type  (see  DECLAEE,  
a t t r ibutes)  

procedure  (see  PEOCEDOEE) 
end of  (see  END) 
secondary  ent ry  point  (s )  in  (see  ENTEY) 

PEOCEDOEE (see  compi le  s ta tements)  
(see  a lso  aPROCESS;  END; ENTEY; source  
data  se t ,  required  sequence)  

procedure  name parameter  (see  PEOCEDOEE) 
( see  a lso  CSECT) 

procedure ,  external  
invocat ion of  (see  CALL) 
prevent ing corrupt ion of  regis ter  (s)  

by 241 
procedure ,  in ternal  

invocat ion of  (see  CALL) 
use  of  to  decrease  object  code 

(h int )  225 
procedures ,  nes ted ,  in ternal  and external  

var iables  in  34,70 
aPBOCESS  (seg  compi ler  control  s ta tements)  

(see  a lso  source  data  se t ,  required  
sequence)  

overr idden by EXEC PAEM f ie ld  14,255 
PROCESS (see  3PEOCESS) 
produce source  text  l ines  from macro 
def in i t ion  (see  ANSWEE) 

process ing of  source  code by PL/DS 5  
program development  for  8100 on 

System/360 1 
program f low informat ion required  for  

OPTIMIZE 215 
programmer  e r rors  and responsibi l i t ies  wi th  

OPTIMIZE 213-215 
providing a  new pointer  var iable  
PUSH/POP operand of  dLIST 254 

37 

quickies  (^ee  specia l  funct ions)  
QUOTE (se§  macro def in i t ion  funct ions)  
quote  s ign (• )  ( se S  • ;  apost rophe)  
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rcode parameter of RETURN statement (see 
RETURN) 

REENTRANT procedure option 73 
referencing variables across procedures 33 
REFS/NOREFS (see ENTRY options; MACGEN) 
register 

(see also registers; register operands) 
addressability, example 259 
avoiding corruption of by an EXTERNAL 
procedure 241 

bytes, numbered 258 
CALL target address (see BRANREG) 
conventions (figure) 258 

for LINKAGE (3) 208 
parameter (see RESPECIFY) 
parameter address lists (see PARMREG) 
restrictedness, determining 241 
structures, creating 48 
upper halfvords, manipulation of 239 
return code (see RCODREG) 
variables, changing restriction of (see 
RESPECIFY) 

register operands, machine instruction 
advantages of avoiding 98 
implied (see operands, machine 
instruction) 
required for machine instructions (see 
restrictions) 

REGISTER storage class (see DECLARE, 
attributes) 
registers 

(see also register; register operands) 
base (see STATREG; AUTOREG) 
choice of (hint) 225 
insufficient (see messages) 
lower halfword (see lower halfword of 
registers) 
optimization (see WORKREGS) 
PL/DS nomenclature for 
(appendix) 257-260 
primary (see primary registers) 
restrict mask on assembly listing 241 
restrictedness 

as an optimization problem 213 
differences between DECLARE and 
RESPECIFY 84 

explanation 84 
save areas (see SAVEREG) 
scope of 84 
secondary (see secondary registers) 
upper halfword (see upper halfword of 
registers) 
use of by PL/DS 259 
used for LOCAL variables if no AUTOMATIC 
storage 218 

relational expression parameter (see uu, 
IF) 

(see also 4; I » 7) 
in macro definition (IF) 157 

remainder expressions, precisions of 
results 206 . . . 
REPEAT (see macro definition functions) 
repetition of a string (see REPEAT) 
replacing target strings 106 

rescanning, re-rescanning 107 
replication parameter (see INITIAL) 

RESCAN/NORESCAN operand Of ANSWER 
statement 140 
always an initial scan despite 
NORESCAN 142 

answer expression's inner macro 
invocation ignored if NORESCAN 142 

reserved PL/DS language keywords 204 
reserved words 

macro outer environment 110 
within environments 5 

reserving storage (see storage class) 
(§ee also A DDR) 

RESPECIFY (see compile statements) 
amount of register restricted with 259 
as source of unexpected results (cannot 
be bypassed in logic) 216 

to change pointer variable 37 
RESTRICTED/UNRESTRICTED attribute (§ee 
DECLARE, attributes) 

effect of RESPECIFY, note 43 
RESTRICTED/UNRESTRICTED operand (§e§ 
RESPECIFY) 

restrictions 
(see also PL/DS language keywords) 
a starting position in record 251 
arithmetic expressions, acceptable 
attributes 205 
arrays 203 
branches in macro outer code (*G0T0) 
must be to later statements only 120 
branches to macro invocations in macro 
outer code must use null statement 120 
branched-to macro invocation in macro 
outer code must be on record after 
Xnull 120 
built-in function keywords as variable 
names 86 
CALL statements 203 
connected IF comparisons only in compile 
statements 122 
control immediate (KI) machine 
instruction operands not interpreted by 
PL/DS 100 
DEFINED items 203 
do not use MACKEYS with NUMBER 
invocation function 178 
DO loops 203 
factored attributes 203 
IF statements 203 
incompatible attributes for simple 
items, arrays, or structures 198 
initialization of macro outer variable 
not available in ^DECLARE 118 
length and character set for macro outer 
variable names 119 

length of macro identifiers 108 
length of QUOTE macro invocation 
string 191 
length of character string assigned to 
macro definition variable 148 

length of string operands in IF 
comparison 67 
LINKAGE (3) and NOSAVE procedure 
options 77 
LINKAGE (3) and SAVE procedure 
options 76 
MACGEN must come from cataloged 
macro 62 
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restrictions (continued) 
machine instructions that reguire 
register operands 99 

macro definition do-group may not 
contain DECLARE, MACRO, or %END 153 

macro definition function must not be 
receiver in assignment statement 164 

macro definition return code 
must be a programmer variable 163 
will stop compiler if >=16 163 

macro definition variable assigned 
character 148 

macro statement assigned to macro 
definition character constant must be 
invocation 146 

macro statements not eligible for 
assignment to macro character 
variables 116 

multiple expressions not supported in 
macro definition IF 157 

multiple IFs not supported in macro 
code 122 

nesting of IF statements 68 
number of internal procedures within 
external procedure 70 

number of nested internal procedures 
number of parameters in ENTRY 
statement 60 

number of PROCEDURE parameters 71 
on use of blanks (see blanks, coding 
rules) 

overcoming, for strings longer than 256 
bytes 236 

PROCEDURE options for LINKAGE(3) 
only 207 

range of constant values assignable to 
fixed macro outer variable 116 

range of decimal values allowed for 
macro definition fixed variable 147 

register 0 not permitted in procedure 
options 79,80,81 

single pass macro processing 
phase 106, 108 

statement labels cannot precede ELSE in 
IF statement 68 

structures 203 
subset of DPPX Assembler 62 
substringing single macro definition 
function character 164 

variables 203 
variable not multiple of 8 in IF 
comparison 67 

variables not byte aligned in IF 
comparison 67 

RETREG/NORETREG procedure options 79,80 
RETURN (see compile statements; macro 
definition statements) 

(see also END) 
return code 

CALL 25 
from called routine 25 
macro definition (see RETURN) 
return point parameter (see RETURN) 

right source margin, interrogate (see 
MACRMAR) 

RFY (see RESPECIFY) 
RLD (see compiler options) 
rounding down and up 236 
RTOREG/NORTOREG procedure options 80 

rules, coding 
rules, syntax 

(see coding rules) 
(see syntax diagrams) 

save area format for LINKAGE (3) 208 
SAVE/NOSAVE procedure options 76 

format of save area for LINKAGE (2), 
figure 77 

SSAVEREG value for LINKAGE(3) 208 
SAVEREG/NOSAVEREG procedure options 79 
scan for character in character string 238 
searching character strings 

for a character (compile code) 
(hint) 238 

for a string (macro definition) 188 
secondary registers 257 
S E G / N O S E G  (see  S E G M E N T / N O S E G M E N T )  
SEGMENT/NOSEGmInT operand 

^INCLUDE 126 
3INCLUDE 253 

sequence 
controlling, of mathematical 
operations 90 

70 of data items in generated code 
guaranteed in structure 50 

required basic, of source data 
statements 12 

SEQFLOB/NOSEQFLOH option (see ENTRY; 
MACGEN) 

SETS/NOSETS option (see ENTRY; MACGEN) 
of MACGEN required for correct 
optimization 215 

severity code, in macro definition RETURN 
statement 163 

shared variables in macros 106 
macro definition 151 
macro outer 118 

sign bit 29 
simple comparison (IF) 65 
simple items, compatible attributes for 

(see compatibility) 
simplified intra-modular linkage 12 
simplifying specification changes 244 
single character referencing, in substring 

expression (see coding rules) 
exception in macro definition 
functions 164 

SIZE (see compiler options) 
SIZE option of MACGEN (see MACGEN) 

(hint) 231 
SKIP operand of ANSWER statement 140 
SOURCE (see compiler options) 

SOURCE(SEGMENT) usage hints 222 
source code 

inclusion for macro phase processing 
(%INCLUDE) 125 

parameterization 244 
source data set 

extreme (special case) contents (see 
specialized use of PL/DS) 

phase-by-phase processing of (figure) 6 
required sequence 12 
treatment by compiler 5,6 
use of FORMAT to obtain formatted 
version 222 

statements, deletion of (XGOTO) 121 
(see compiler control statements) 3SPACE 
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SPACE (see  3SPACE) 
specia l  funct ions  (see  bui l t - in  funct ions ;  

macro def in i t ion  funct ions)  
specia l ized coding techniques  233,234 

local  copies  of  bas ing express ions  233 
local  copies  of  EXTERNAL/BASED 
var iables  233 

use  of  pointers  ins tead of  
subscr ip ts /subst r ings  234 

WORKREGS procedure  opt ion 234 
specia l ized use  of  PL/DS 6  
speci fy ing the  value  of  a  macro  outer  

var iable  (SAssignment)  114 
s torage ,  reserving (see  reserving s torage)  
STATEEG/NOSTATREG procedure  opt ions  77 
s tar t  value  parameter  of  DO 55  
s tar t  of  macro  def in i t ion  (see  fcMACRO) 
s ta tements ,  macro  def in i t ion ,  condi t ional  

execut ion of  (see  IF)  
STATIC compi ler -ass igned a l ignment  42 
STATIC s torage  c lass  (see  DECLARE,  
a t t r ibutes)  

STATISTICS (see  compi ler  opt ions)  
s ta tements ,  source ,  how processed by 
compi ler  (see  source  data  se t )  

s torage  c lass  (see  DECLARE,  a t t r ibutes)  
s t r ing  constants  (see  complex source  

ex press ions . . . )  
s t r ing  data  type  (see  DECLARE,  a t t r ibutes)  
s t r ing  handl ing funct ions  (see  macro 
def in i t ion  funct ions)  

s t r ing  receivers  in  ass ignment  s ta tement ,  
requirements  18 

s t r ings  
longer  than 256 bytes ,  handl ing 236 
target  (see  ta rget  s t r ings)  
zeroing/blanking 237 

s t ructure  name parameter  (see  DECLARE for  
a  s t ructure)  

s t ructure  zeroing,  b lanking 237 
s t ructure ,  declar ing (see  DECLARE for  a  
s t ructure)  

s t ructure ,  over lapping components  ( see  
over lapping s t ructure  components)  

s t ructure ,  regis ter  (see  regis ter  
s t ructures)  

s t ructures  
compat ib le  a t t r ibutes  for  (see  
compat ib i l i ty)  

outermost ,  as  ar rays  51 
use  of  for  over lay  def in ing local  
var iables  (h in t )  229 

s ty le ,  coding (see  coding s ty le)  
subscr ip t ing a l lowed in  machine  ins t ruct ion 

operands  96 
subscr ip t  express ion (see  coding ru les)  

ass igning to  macro def in i t ion  
var iable  149 

subst r ing express ion,  ass igning to  macro 
def in i t ion  var iable  149 

subst r inging (see  coding rules)  
a l lowed in  machine  ins t ruct ion 
operands  96 

except ion (see  s ingle  character  
referencing)  

subst r ings ,  var iable- length  (see  
var iable- length  subst r ings)  

SDBPOOL opt ion of  LINKAGE (3)  207 

subset  of  PL/DS suppor ted  DPPX 
Assembler  62 

subtrac t  express ions ,  precis ions  of  
resul ts  205 

summary of  macro  outer  s ta tements  112 
summary of  PL/DS regis ter  nomencla ture  

(appendix)  257-260 
syntax diagrams 

explanat ion 10 
f igure ,  example  11 

System/370,  development  of  8100 
programs on 1  

T 

table  
branch 23 8  
t rans la te  242 

ta rget  point  parameter  (see  GOTO) 
t a rget  s t r ings ,  ANSWER text  (see  sequence 

of  process ing ANSWER s ta tements)  
replaced uncondi t ional ly  in  ANSWER 
express ion in i t ia l  scan 142 

ta rget  s t r ings  
concatenat ion in  non-macro text  111 
def ined 105 
e l ig ib le  107,139,146 
d isabl ing replacement  of  (see  

%DEACTIVATE;  DEACTIVATE) 
replaced in  macro invocat ion 

arguments  129 
replacement  

(see  a lso  ANSWER; replac ing target  
s t r ings)  

f rom macro def in i t ion  
environment  146 

f rom macro outer  environment  107 
rescanning,  examples  112,144,145 

TEMPS/NOTEMPS procedure  s ta tement  opt ions  
78 

TERMINAL (see  compi ler  opt ions)  
TEST (see  compi ler  opt ions)  
THEN (see  compi le  s ta tements ;  macro 
def in i t ion  s ta tements ;  %THEN) 

THEN c lause  in  IF s ta tement  68 
THEN operand of  macro  def in i t ion  IF 157 
t ime of  compi le  (see  MACTIME) 
TITLE (see  compi ler  opt ions)  
TO operand (see  RETURN) 
TO operand of  DO 57 
tokens ,  def in i t ion  (see  coding ru les ,  

b lanks ,  note)  
t ransfer  control  (see  GOTO) 
t rans la te  table ,  us ing 242 
t r igger  character  (see  ?)  

uncondi t ional  branch (see  %G0T0;  GOTO) 
uncondi t ional  implementa t ion of  

RESPECIFY 83 
unexpected compi ler  resul ts ,  
analyzing 211-216 

unique numbers ,  genera t ion of  for  macros  
(MACINDEX) 170 

Index 273 



unpredic table  resul ts ,  poss ib le  (see  
modifying a  parameter)  

modifying a  constant  passed by a  
CALL 61 

UNTIL operand of  DO 57 
upper  ha l fword of  regis ters  257 

mnemonics  tha t  address  i t  257 
user-submit ted  parameter  to  program (see  

MACPARM) 
USESTACK opt ion of  LINKAGE (3)  207 
us ing a  branch table  238 
USING,  s imi lar i ty  of  RESPECIPY to  83 

value  
absolute  (see  absolute  value)  
ass igning to  macro def in i t ion  var iable  

(see  Assignment)  
ass igning to  macro outer  var iable  

(^Assignment)  114 
evaluated ,  ru les  (see  subscr ip t ;  

subst r ing)  
maximum of  severa l  ar i thmet ic  
express ions ,  f inding (see  HAX) 

minimum of  severa l  ar i thmet ic  
express ions ,  f inding (see  MIN) 

of  express ion,  obta in ing evlauated (see  
EVAL) 

parameter  (see  INITIAL;  the  
in i t ia l iz ing value)  

VALUE RANGE a t t r ibute  
required  for  based GOTO label  64 
required  for  LABEL or  ENTRY a t t r ibutes  
of  DECLARE 32 

values ,  even-odd,  tes t ing  for  235 
var iable  

ass igning value  to  (see  INITIAL) 
based (see  based var iables)  
crea t ion of  (see  DECLARE) 

a t t r ibutes  28 
value  of  (see  ass ignment ;  INITIAL) 

changing of ,  as  potent ia l  opt imizat ion 
problem 214 

character ,  compar isons  (see  character  
var iable  compar isons)  

external  (see  external  var iable)  
f ixed,  compar isons  (see  f ixed var iable  

compar isons)  
g iv ing a  value  to  ( in i t ia l iz ing)  (see  
ass ignment ;  INITIAL) 

in  ANSWER express ion 141 
in  CALL argument  parameter  l i s t  24 

var iable  (cont inued)  
in ternal  (see  in ternal  var iable)  
local  

fa i lure  to  ass ign to  regis ters  under  
NOAUTODATA 218 

poss ib ly  used before  being 
in i t ia l ized 219 

use  of  s t ructures  for  over lay  
def in ing (h int )  229 

macro def in i t ion  (see  macro def in i t ion  
var iable)  

ass igning value  to  (see  Assignment)  
obta in ing address  of  ( see  ADDR) 
obta in ing length  of  (see  LENGTH) 

macro  outer  
ac t ivat ing (^ACTIVATE) 113 
ass igning value  to  (^Assignment)  114 
deact ivat ion of  (XDEACTIVATE) 117 
declar ing (%DECLARE) 118 
shared 118 

pointer  (see  pointer  var iable)  
referencing across  procedures  33 
regis ter  (see  regis ter  var iables)  
sequence of  ( see  sequence)  
so lut ions  i f  insuff ic ient  
regis ters  for  218 

specia l  (see  bui l t - in  funct ions)  
var iable  name,  coding ru les  (see  
ident i f iers ,  coding)  

var iable- length  subst r ings  
caut ion 22 
ru les  for  use  in  ass ignments  21,22 

VBLTRC macro  def in i t ion  debugging a id  136 

WHILE operand of  DO 57 
WORD boundary  a l ignment  (see  DECLARE,  
a t t r ibutes)  

WORKREGS/NOWORKREGS procedure  opt ions  82 
wri t ing  a  macro def in i t ion  133 

XREF (see  compi ler  opt ions)  

zeroing/blanking s t r ings ,  s t ructures ,  
ar rays  237 

zero  or ig in  ar rays  240 
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PBEFACE 

The Programming Language for Distributed 
Systems (PL/DS) Compiler and the Program 
Development Simulator on a System/370 or 
1300 processor permit development and 
testing, in an interactive environment, of 
programs for the IBB 8100 Information 
System. 

This manual provides information for coding 
source programs to submit to the PL/DS 
compiler. For the information to compile a 
program see the PL/DS User's Guide, in the 
list below. 

The prerequisite publications are: 

• Distributed Processing Development 
System General Information, GC27-0505 

• IBM §152 Information System: Principles 
of Operation, GA23-0031 

The related manuals are: 

• Distributed Processing Development 
System Programming language for 
Distributed System User^s Guide, 
SC27-0478 

• Distributed Processing Development 
System Programming Danaijage for 
Distributed Systems Macros |or 
Distributed Processing Programming 
Executive Base Reference, SC27-0447 

Distributed Processing Development 
System Program Development Simulator 
User's Guide, SC27-0479 

Distributed Processing Programming 
Executive Assembler Programming: 
language Reference and Guide 

Distributed Processing Programming 
Executive Base Programming: Guide to 
listem Services 

0§e Publication 

The parts of this manual that you will use 
depend upon your programming department's 
policies and standards, and your own 
assignment as a programmer. Beyond Chapter 
1, which has basic information, you would 
use: 

Chapter 
coding. 

2, for high level PL/DS 

Chapter 3, for coding machine language 
statements. 

Chapter 9, for modifying source code 
during a compile, and/or invoking 
macros. 

Chapter 5, 
definitions. 

for coding macro 

For coding DPPX Assembler statements under 
the PL/DS compiler, see the description of 
MACGEN in Chapter 2. 

Consult the Table of Contents for 
appendixes appropriate to your needs. 

iii 
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O U  U L U C «  
°akoins: Specify margins of input records that contain compiler 

Punch macro processing phase output to SYSPUNCH. 

HPMCENT: Amount of SIZE option for global dictionary and string area. 

HSOURCE: Print original source, before any macro processing, on listing. 

BXREF: Print macro variable attribute and cross reference. 

DPPX~^SYSITEXT) ̂or'both?'6 SimUlat°r ^LIN) , or for transfer to 

OPTIMIZE: Optimize the code produced by the compile phase. 

OPTIONS: Print compiler options at beginning of listing. 

RLD: Print listing of the relocation dictionary. 

SIZE: Specify dictionary and text buffer size. 

SOURCE: Specify printing of source. 

statements! comPile Phase statistics, such as number of 

TERMINAL: Specify message severity for SYSTERM. 

TEST: Produce special source symbol table (SYM) object module records. 

TITLE: Specify heading for each page of compile phase listing. 

XREF: Print attribute and cross reference table on listing. 

COMPILER CONTROL STATEMENTS 

Besides the special PROCESS control statement described above for 
specifying compiler options, there are six other control statements. 

As described above, under "Source Statement Format," there can be no 

The" sian6Drnf-eltCePtt I comment on a compiler control statement line. 
31 sign prefix must be the first non-blank character after the left 

sta?emen? ^ °f * control statement EaJh 
statement can take as many additional lines as required to complete. 

or~<INCLUDE9statementf163 * Se9I°ent ^ inclusion a* INCLUDE 

H^ECT: Specifies the conditions for an eject to a new printout naae at 
this place in the compiler-produced listing. printout page at 

3ENDCREATE: Ends the segment started with the last 3CREATE statement. 

|Ĵ CLU|E: Incorporates compiler source statements from external 
libraries into this compilation. external 

changing, overriding, and restoring the control for 
printing compiler generated lines after this place in the program Thi=; 
applies to the listing after the compile phase. 

ff"a£lffn-hSae"fIuCOmpil,rr °Ptions- (Note: the PROCESS statement usage 
is described in the section, "Compiler Options.") 

JSPACE: Leave blank line (s) on listing. 

Coding Rules 15 
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CHAPTER 2: COMPILE STATEMENTS AND BUILT-IN FUNCTIONS 

This section describes the rules for coding compile statements and the 
built-in functions that the compiler supports for these statements. 

In addition to these statements, you can code machine instructions, as 
described in the section, "Built-in Machine Instructions." 

Besides in-line source code, you can bring the contents of source code 
data sets into your input. 

Your set of source statements can be dynamically altered or added to 
during a compile run using the macro language. 4 macro phase of the 
compiler acts on your macro instructions and performs the specified 
alterations before the compile phase processes the final source 
statements. See the section, "Compiler Macro Language." 

COMPILE STATEMENTS 

SUMMARY OF COMPILE STATEMENTS 

STATEMENT 

assignment 

CALL 

DECLARE 

DO 

ELSE 

END 

ENTRY 

MACGEN, ENDGEN 

GOTO 

IF 

ITERATE 

LEAVE 

null statement 

PROCEDURE 

RESPECIFT 

RETURN 

SELECT 

THEN 

USE 

Dynamically assigns source expression value to 
variable. 

Invokes an external or internal procedure. 

Describes attributes of a variable. 

Starts a do-group. 

States action when IF condition is false. 

Ends do-group or end of procedure. 

Marks secondary entry points in a procedure. 

Identifies assembler text to be passed unchanged 
through compile phase. 

Transfers control (normally within procedure) . 

States condition for IF, THEN, and (optionally) 
ELSE sequence. 

Performs next iteration, or repetition, of a 
do-group. 

Exits from a do-group. 

Indicates no compiler action (fall through) , 
usually in a THEN or ELSE. 

Marks primary entry point in procedure. 

Overrides attributes of variable. 

Returns control from a called procedure. 

Chooses execution path from a set of alternatives. 

States action when IF condition is true. 
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DO — Start of Do-Group 

Purpose 

The DO statement is a means of grouping statements into a common 
execution unit called a do-group. The DO statement begins the do-group; 
the END statement completes it. The statements within the do-group are 
treated as a single unit. 

This single unit can be executed once, many times, or not at all. 
Non-looping do-groups are executed at most once; looping do-groups may 
be executed repeatedly. 

Rules 

The END statement marks the end of the do-group. 

DO is a reserved keyword; do not use it as a variable name. 

Syntax 

rincrementT 
-BY-1 |-

<-decrementJ 

rT0 end 1 
-| value |-

i i 

p—label; —i 
1 | DO-
i I 

I 
-control =start—|-
variable value | 

I 
-REPEAT next— 

value 

| WHILE (relational—i UNTIL (relational—i 
1—I expression) | ( expression)|-

Operands 

label Optional. Code one or more labels, each followed by a 
colon. 

control variable 
Name of variable to hold a value that controls the number 
of repetitions of the group. This must have attributes 
that are valid in an arithmetic context. 

start value A constant, variable, or expression whose value is to be 
placed into the control variable. 

BY Keyword that specifies that the control variable is to be 
bumped up or down at each iteration of the do-group. 

increment Specifies the value to add to the control variable before 
comparing it to the end value. 

decrement Specifies the value to subtract from the control variable 
before comparing it to the end value. If the first 
nonblank character after the keyword, BY, is a minus 
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sign, the BY value 
increment. 

is a decrement instead of 

10 Keyword that specifies that an end value is to be 

I compared to the control variable prior to each iteration 
of the do-group. 

end value A constant, variable, or expression that specifies the 
value of the control variable at which repetition of the 
do-group is to end. 

REPEAT Keyword that specifies that the value of the control 
variable is to be replaced by the associated expression 
value at each iteration of the do-group. 

next value A constant, variable, or expression that specifies the 
value to replace the value of the control variable at 
each iteration of the do-group. 

HHILE Keyword that specifies that the condition following it 
must be true for repetition of the do-group to occur. 

0NTIL Keyword that specifies that when the condition following 
it is tested after an execution of the do-group, and is 
true, the repetition of the do-group must end. 

relational expression 
The condition following the HHILE or UNTIL keyword must 
be any relational expression valid for an IF statement. 

Non-Looping Do-Groups 

There are three forms of non-looping do-groups. All other forms are 
looping. The three forms are identified by options that may appear on 
the DO statement. 

1. The first form indicates a do—group that is always executed once. 
This form is written as follows: 

DO; 

2. The second form results in first assigning the start value to the 
control variable, then executing the do-group once. This form is 
written as follows: 

DO control variable = start value; 

|3• third form uses the HHILE condition to determine whether or not 
the do-group is executed. If the HHILE condition is met, this form 
results in one execution of the do-group. If the HHILE condition 
is not met, the do-group is not executed. This form is written as 
follows: 

DO control variable = start value 
HHILE ( relational expression ); 

Looping Do-Groups 

There are essentially two kinds of looping do-groups. In one, the 
compiler establishes a control variable, or counter, and modifies it 
each time a pass is made through the do-group. Setting up and modifying 
the control variable is accomplished through the use of constants, 
variables, arithmetic expressions, and combinations of the keywords BY, 
TO, and REPEAT. In the other kind of looping do-group, the compiler 
executes the do-group according to the validity of a relational 
expression after the keywords HHILE and UNTIL. Looping do-groups can 
have either or both forms of control. In the following examples. 
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flowcharts to the right of the PL/DS code illustrate the instruction 
flow in looping do-groups. 

The following example illustrates the first kind of looping do-group. 
It executes 10 times before control passes to the statement following 
it. 

A is the control variable; 10 is the end value, or the maximum value 
that the control variable can attain before the containing do-group 
loses control. Each time the do-group executes, the control variable 
is incremented automatically by 1. When its value reaches 11, the 
do-group has executed 10 times, and control passes to the statement 
following the END statement. 

Control variables, as well as start, end, next, incremental, and 
decremental values, must be arithmetic or string variables of 1 or 2 
bytes. They can be referenced within the do-group, and if they are 
changed there, the modified value is used to determine whether to 
execute the do-group again. For example, because the value of the 
control variable is changed within the following do-group, the loop 
executes only once. 

The next example illustrates how the counter or control variable can be 
incremented by the BY value. This do-group executes six times before 
control passes to the statement following it. 
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Each time this do-group executes, the control variable A is incremented 
by the BY value of 2. For the first execution of the do-group, A = 0; 
for the second, A = 2; for the third, A = 1; and so forth. Hhen A = 10, 
the do-group executes for the sixth and last time. In the following 
example, the BY value decrements the control variable. A, by 1, and the 
do-group executes 10 times. 

The BY statement is useful for looping through arrays or strings. 

The REPEAT and BY keywords are mutually exclusive. REPEAT indicates 
that the control variable is replaced with the REPEAT value at each 
execution of the loop. The following example uses the REPEAT keyword to 
search a chain of areas beginning at the address in the pointer START, 
until the end of the chain is reached. NEXTPTR contains the address of 
the next entry in the chain. 
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DCL (P, START) PTR; 
DCL 1 BLOCK BASED (P), 

2 NEXTPTR PTR, 

DO P = START REPEAT (NEXTPTR) 
WHILE (P -» = 0) ; 

END; 

The second broad category of looping do-groups uses relational 
expressions with the keywords WHILE and UNTIL to set up the loops. The 
chief difference between the WHILE and UNTIL loops is whether the 
do-group is executed before or after the relational expression is 
tested. 

The DO-WHILE loop, because the relational expression is tested before 
each execution of the do-group, is called a leading-decision loop. If 
the WHILE condition is satisfied, the do-group is executed. In the 
following example, the do-group executes only if the relational 
expression, A < 10, is true. The flowchart next to the code illustrates 
how, in a leading-decision loop, the relational expression is tested 
before the do-group is executed. 

DO WHILE (A < 10); 

END; 

NO 

Next 
sequential 
instruction 

The DO-UNTIL loop, because the relational expression is tested only 
after the do-group is executed, is called a trailing-decision loop. 
Each DO-UNTIL loop is executed at least once. After the initial 
execution, once the UNTIL condition is satisfied, the do-group ceases to 
execute, and control passes to the next sequential instruction. In the 
following example, the do-group executes once, tests the relational 
expression, and then executes again if that expression is not true. The 
flowchart next to the code illustrates how, in a trailing-decision loop, 
the do-group is executed before the relational expression is tested. 
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DO UNTIL (A > 10); 

END; YES 

Next 
sequential 
instruction 

BY and REPEAT may not be used in the same do-group, nor may TO and 
REPEAT. With the exception of those two pairs of mutually exclusive 
keywords, looping do-groups may combine keywords in any order. The 
following example illustrates the combination of BY, TO, WHILE, and 
UNTIL. The flowchart illustrates the sequence in which the compiler 
tests expressions and variables. 

DO I = START 
BY 4 
TO LIBIT 
UNTIL 
WHILE 

(X = 0) 
(7 = 0); 

END; 

NO 

Update control 
variable with 
BY value 

l=l+4 
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Note that although the WHILE expression is coded after 
expression, the compiler tests the WHILE expression first. No latter in 
what order the keywords and their related values or expressions are 
coded, the instruction flow illustrated by the flowchart rema 

unchanged. 

The next example illustrates the combination of REPEAT, WHILE, and UNTIL 

keywords. 

DO I = START 
REPEAT (NEXT) 
WHILE (Y = 0) 
UNTIL (X = 0) ; 

2B Looping Do-Groups 

re-evaluated on each 

3. 

Because the BY and TO expressions are 
iteration of the loop, their values can vary during the execution 
of the loop. 

If the control variable and TO value have precision FIXED (8) , an 
infinite loop results when the TO value reaches 255. If both 
values have precision FIXED (16), an infinite loop results when the 
TO value reaches 65,535. 

Loops can be represented without the use of many of the keywords 
with looping do-groups. The following example 

of setting up a loop to perform the same task: 
associated 
illustrates two ways 

LOOP: DO I = START 
BY DELTA 
WHILE (X = 

END; 

0) ; 

LOOP: I = START 
REALHEAD: IF X - = 0 THEN 

GOTO EXIT; 

1 = 1 +  D E L T A  
GOTO REALHEAD 

EXIT: 
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4. Infinitely looping do-groups may prove useful in some 
circumstances. A master control program, for example, might run on 
an infinitely looping do-group with a seldom-occuring execute 
command and exit nested deeply within it. The following example 
illustrates an infinitely looping do=group: 

DO I = START BY 0; 

END; 

Initialize control 
variable 
(l=START) 

Execute 
do-group 

Update control 
variable 
(1=1+0) 

Note, however, that when the optimize option is used to compile, 
the compiler will not generate code to add 0 to the control 
variable. 
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END — End of Procedure or Do-Group 

Purpose r ujl p 

Tells the compiler that this is the end of the statements for the 
present procedure, do-group, or select-group. 

Rules 

For an END statement at the end of a procedure, the compiler generates a 
return to the calling procedure. 

DO statement. 

END is a reserved keyword; do not use it as a variable name, 

syntax 

v I -label 1-
, label: ' i j 
I I ' ' 
\ !—ese—-} ~r 

i i " -entryname-

Operands 

label 
Optional. Code one or more labels, each followed by a colon. 

entryname The name, on the PROCEDURE statement, of the procedure that 
this END statement applies to. 

The label of the DO statement introducing the do-group that 
labell -- .. . -pun ctatpmpnt. aDDll 
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ENTRY — Secondary Entry Point 

Purpose 

Designates a secondary entry point for a procedure. (The primary entry 
point is the procedure's PROCEDURE statement.) 

Rules 

The number of secondary entry points in a procedure is not restricted. 

Use the CALL statement to invoke a procedure at a secondary entry point. 
You may pass arguments with the CALL by coding their associated 
parameters on the ENTRY statement. 

ENTRY is a reserved keyword; do not use it as a variable name. 

Syntax 

I I V | 
V I i ( parameter • ) 

entryname: —'—ENTRY—| 

Operands 

entryname Code at least one to specify the name you will use in the 
CALL statement for this secondary entry point. 

parameter Code the names of the variables with which the procedure 
references the arguments passed in the CALL statement. 

Declaring the Entry Name 

Hhen declaring the entry name that you reference in the ENTRY statement, 
the DECLARE statement appears in the calling procedure. If you do not 
declare the entry name, appropriate defaults are assigned when the entry 
name is encountered. For a detailed description of how to declare an 
entry name, refer to the discussion of "Program Data" in the DECLARE 
statement section. 

Specifying Entry Arguments and Parameters 

Parameters on an ENTRY statement must be simple data item names, each 
separated by a comma. The maximum number of parameters is 16. The 
number and position of the parameters on a PROCEDURE and ENTRY statement 
need not be the same. 

There is a correspondence between the parameters on the ENTRY statement 
and the arguments on the CALL statement that invokes this entry point. 
Hhen you include arguments on a CALL statement, a parameter list is 
produced. Each argument is assigned one word in the parameter list; an 
address is inserted in each word. The parmreg points to this parameter 
list across the linkage. 

The compiler associates CALL statement arguments with ENTRY statement 
parameters in the order in which they appear; the first argument is 
associated with the first parameter, the second argument with the second 
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ITERATE — Perform Next Iteration, or Repetition, of a Do-Group 

Purpose 

The ITERATE statement causes control to end the current iteration, or 
repetition, of a looping do-group and to proceed with the next iteration 
of a specified do-group. 

Syntax 

i—label:—i ,—labeld;—i 
1 | ITERATE 1 |—; 
i i i i 

Rules 

ITERATE is only valid within a looping do-group. 

If the labeld operand is specified, it must be a label of the DO 
statement of a containing looping do-group. Control proceeds to the DO 
statement of the do-group that the labeld operand specifies. This 
do-group must be in the same procedure (internal or main) as the ITERATE 
statement. 

If the labeld operand is omitted, control proceeds with the next 
iteration of the do-group that immediately contains the ITERATE 
statement. 

If the exit condition of the do-group to which the ITERATE statement 
returns is met, control leaves that do-group and passes to the next 
sequential instruction. 

The word ITERATE cannot be used as a compile statement if it is used 
elsewhere as a variable name. 

Example 

In the following example, if a specified condition is true, the current 
iteration of the do-group ends, and execution continues at LABEL1, the 
DO statement named after the ITERATE statement. If LABEL1 were not 
specified after the ITERATE statement, control would pass to LABEL2, the 
DO statement that immediately contains the ITERATE statement. 

LABEL1: DO I = 1 TO 10; 

LABEL2: DO J = 1 TO 10; 

IF X < 0 
THEN ITERATE LABEL 1; 

END LABEL2; 

END LABEL1; 
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LEAVE — Exit from a Do-Group 

Purpose 

The LEAVE statement causes control to leave a do-group as if the 
do-group had terminated normally. 

Syntax 

i—label:—, r-labeld:—i 
— I |—LEAVE—| | — ; 

t 1 i i 

Hules 

LEAVE is only valid within a do-group. 

If the labeld operand is specified, it must be a label of the DO 
statement of a containing do-group. The do-group that loses control is 
the group headed by the DO statement that the labeld operand specifies. 
This do-group must be in the same procedure (internal or main) as the 
LEAVE statement. 

If the labeld operand is omitted, the do-group that loses control is the 
group that immediately contains the LEAVE statement. 

The word LEAVE cannot be used as a compile statement if it is used 
elsewhere as a variable name. 

Example 

In the following example, if a specified condition is true, control 
leaves the LABEL 1 do-group and continues at LABEL4. If LABEL 1 were not 
specified after the LEAVE statement, control would pass to LABEL3, the 
next executable statement after the end of the LABEL2 do-group that 
contains the LEAVE statement. 

LABEL1: DO I = 1 TO 10; 

LABEL2: DO J = 1 TO 10; 

IF X > 0 
THEN LEAVE LABEL1; 

END LABEL2; 
LABEL3: DO K UNTIL A = B; 

END LABEL3; 
END LABEL1; 
LABEL4: DO L = 1 TO 10; 
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SAVEREG: Specifies the register to be used to locate save areas to hold 
copies of registers at inter-module interfaces. 

NOSAVEREG: Indicates that no register is to be used to locate save 
areas. 

RETREG: Specifies the register to be used for the BALR instruction in 
CALL statements and for the matching BR instruction in RETURN 
statements. 

NORETRIG: Indicates that there is no return register. 

RTOREG: Specifies the register to be used to hold the address of a 
branch target in a RET0RN-T0 statement. 

NORTOREG: Indicates that no register is to be used to hold the address 
of a branch target in a RETURN-TO statement. 

PARMREG: Specifies the register to be used to locate parameter lists at 
CALL, PROCEDURE, or ENTRY statements. 

NOPARBREG; Indicates that no register is to be used to locate parameter 
lists at CALL, PROCEDURE, or ENTRY statements. 

RCODREG: Specifies the register to be used to pass a return code value 
back to a CALLing procedure. 

NORCODREG: Indicates that no register is to be used to pass a 
return-code value back to a CALLing procedure. 

BRANREG: Specifies the register to be used to hold the address of CALLed 
entry points. 

NOBRANREG; Indicates that no register is to be used to hold the address 
of CALLed entry points. 

HORKREGS: Specifies the registers to be avoided by the global register 
assignment phase. 

NOWORKREGS: Indicates that the global register assignment phase can use 
all non-restricted registers. 

PATCHAREA: Allocates a storage area for use as a maintenance space 
within the generated code. 

NOPATCHAREA: Indicates that no storage area is allocated for use as a 
maintenance space within the generated code. 

CODEBNDRY: Indicates that the code being compiled starts at the 
specified boundary at execution time. 

NOCODEBN2HY: Indicates that the code being compiled starts at location 0 
at execution time. 

BAIN -- Procedure Statement Option 

The BAIN option is coded as: 

HiIlj 

MAIN specifies that no registers are saved on initial entry to the 
procedure, and that a RETURN or the corresponding procedure END 
statement corresponds to either: (a) a loop stop of the form "J *", for 
LINKAGE(1) or LINKAGE(2); or (b) a DPPX "EXIT" function for LINKAGE(3). 

Parameters may be passed to a BAIN procedure. It is the user's 
responsibility to ensure that PARBREG points to an appropriate parameter 
address list. 

If BAIN is specified, the options SAVE and NOSAVE are invalid. 
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REENTRANT -- Procedure Statement Option 

The REENTRANT option is coded as: 

REENTRANT 

Hhen REENTRANT is specified as an option on a PROCEDURE statement, the 
compiler generates reentrant code. The external procedure and its 
internal procedures are reentrant as a unit; internal procedures are not 
separately reentrant. Storage for AUTOMATIC data in the external and 
internal procedures is obtained as one block at the beginning of the 
procedure, and freed at the end. 

REENTRANT has an effect on procedure option defaults and declaration 
defaults. If REENTRANT is specified, the default storage class for 
declarations is AUTOMATIC, and the procedure options AUTOREG(28) and 
NOSTATREG are assumed by default. 

If REENTRANT is not specified, and if it is not implied by specifying 
one or more of the options AUTOREG, AUTODATA, NOAUTOREG, or NOAUTODATA, 
then the default storage class for data is STATIC LOCAL. 

LINKAGE IC Procedure statement Option 

The LINKAGE option is coded as: 

LINKAGE ( number 

This option indicates which linkage 
the compiler. 

} 

conventions should be observed by 

LINKAGE(0): Indicates that the compiler should not generate any prologue 
or epilogue code at all. No CSECT card will be generated, but the end 
of the generated assembler code for the module will be marked by an 
assembler END statement. It is the user's responsibility to ensure that 
any dynamic storage required is obtained and that any required or 

I defaulted AUTOREGs or STATREGs are loaded with correct values. This 
option should not be specified for code that will be used with the DPPX 
operating system. 

LINKAGEQ): Indicates that the compiler should generate a CSECT card for 
the main name of the procedure, and ENTRY cards for any secondary names, 
but should not generate any code to save or restore registers, or to 
provide addressability to STATIC or AUTOMATIC data. It is again the 
user's responsibility to ensure that any dynamic storage required is 
obtained, and that registers are loaded with correct values. 

See Figure 14 for the register conventions that are in effect for 
LINKAGE(1). 

LINKAGE(2) : Is the default value. The compiler saves and restores 
registers, and provides addressability to data areas. 

See Figure 14 for the register conventions that are in effect for 
LINKAGE(2). 

LINKAGE (3) : Simplifies intra-modular linkage in code for execution under 
DPPX Base. It allows several additional procedure options, such as: 
GETAUTO, USESTACK, SUBPOOL, and EID. 

The LINKAGE (3) option imposes its own set of register conventions. See 
Appendix E for details. 
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The PARMREG option is coded as: 

PARMREG (register) 

This option specifies the register to be used to locate parameter 
address lists at CALL, PROCEDDRE, and ENTRY statements. The register 
must be an even-numbered register and must be 0. 

Note: LINKAGE(3) generates prolog and epilog code to invoke linkage 
assist routines that are dependent on this register number. Therefore, 
changing the register number means that the user must replace the 
linkage assist routines. 

SOPARMREG -- Procedure Statement Option 

The NOPARHREG option is coded as: 

NOPARMREG 

This option specifies that no register is to be used to locate parameter 
address lists. This is invalid if any CALL, PROCEDURE, or ENTRY has a 
parameter list. 

BRANREG -- Procedure Statement Option 

The BRANREG option is coded as: 

BRANREG(register) 

This option specifies the register to be used as a branch register. 
This register is used to hold the address of the target entry of a CALL 
statement. The register must be a primary even-numbered register and 
must not be 0. 

If LINKAGE(3) is coded the default is 8. For other values of LINKAGE, 
the register is defaulted to 10. 

Note: LINKAGE(3) generates prolog and epilog code to invoke linkage 
assist routines that are dependent on this register number. Therefore, 
changing the register number means that the user must replace the 
linkage assist routines. 

NOBRANREG -- Procedure Statement Option 

The NOBRANREG option is coded as: 

NOBRANREG 

This option indicates that no register is to be used as a branch 
register. 
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^^EKKEGS —— Procedure Statement Option 

The WORKREGS option is coded as: 

i / 1 
I I 
» I 

WORKREGS ( register ' ) 

This option specifies one or more registers that are not to be used by 
the register assignment algorithm during optimization. These registers 
are reserved for the compile phase's final code generation phase. 

This option is not normally needed. It is supplied for the use of 
programmers who have a stringent optimization problem. 

NOWORKREGS —— Procedure Statement Option 

The NOWORKREGS option is coded as: 

— NOWORKREGS 

This option indicates that the register assignment phase of optimization 
rs to use all non-restricted registers. This option should be used with 
care, it can lead to more highly optimized code, but it exposes the 
user to the possibility of a failure—to—compile situation because code 
generation cannot find any registers to evaluate expressions in. 

1M£HAREA — Procedure Statement Option 

The PATCHAREA option is coded as: 

i PATCH , J r , j 
I T I I v v 
P ATCHAR EA (—size—, —bo undar y—) 

The PATCHAREA option causes the compiler to allocate a storage area for 
use as a maintenance space within the generated code. The argument size 
is a percentage of the storage size needed for the generated code. For 
example, if size were specified as 10 when 1500 bytes of code are 
generated, the compiler adds 150 bytes as a patch area. The value of 
size must be expressed as an integer in the range 1—99. its default 
value is 5. 

I£ argument boundary is coded, the patch areas are embedded in the 
middle of the executable instructions. A patch area immediately 
precedes every occurrence of boundary. The value of boundary must be 
expressed as a decimal integer. If boundary is omitted, a single patch 
area is allocated before the STATIC data and immediately after the 
executable instructions. 

When, as in most cases, code remains beyond the last patch area caused 
by the boundary argument, another patch area consisting of size percent 
of this residue is inserted immediately after the code. This additional 
patch area may be eliminated by coding the NORESIDUE procedure option. 

An example of the results of coding the PATCHAREA procedure option 
follows. If PATCHAREA (10,2000) is coded and 2900 bytes of instructions 
are generated, the compiler allocates maintenance space as follows: 

1800 bytes of code 
200 bytes of patch area 
600 bytes of code 
60 bytes of patch area 

Each patch area begins with a 10—character constant, PATCH AREA. 
Because of the resolution of long/short jumps, any patch area embedded 
in the code may be slightly smaller than the designated size. 
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NOPATCHAREA — Procedure Statement Option 

The NOPATCHAREA option is coded as: 

, NOPATCH , 
I * 

NOPATCHAREA 

The NOPATCHAREA option causes the compiler not to allocate a storage 
area for use as a maintenance space within the generated code. If 
neither PATCHAREA nor NOPATCHAREA is coded, NOPATCHAREA is the default. 

CODEBNDRY — Procedure Statement Option 

The CODEBNDRY option is coded as: 

CODEBNDRY (-boundary-) 

The CODEBNDRY option causes the compiler to assume that the code being 
compiled starts at the specified boundary at execution time. This 
option can interact with the PATCHAREA option, which normally assumes 
that code begins at location 0. The value of the boundary argument must 
be a decimal integer. 

Note: The CODEBNDRY option causes the compiler to generate code based on 
an assumption. The user is responsible to ensure that the code has the 
proper origin. He can do this by using the appropriate linkage-editor 
controls. 

NOCODENBNDRY — Procedure Statement Option 

The NOCODENBNDRY option is coded as: 

NOCODEBNDRY 

The NOCODENBNDRY option causes the compiler to assume that the code 
being compiled starts at location 0 at execution time. If neither the 
CODEBNDRY nor the NOCODEBNDRY option is coded, NOCODEBNDRY is the 
default. 
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RETURN — Return Control Back to Calling Procedure 

Purpose 

To return control from a procedure to a calling procedure before the 
called procedure's END statement is reached. 

Rules 

You can cause a return either to the statement following the CALL 
statement or to some other labeled statement. 

A value can be returned to the calling procedure, 
keyword; do not use it as a variable name. 

RETURN is a reserved 

Syntax 

V  I  
—label:-"- r —CODE(rcode) — 

—  I  |—RETURN—| 
-i i—TO return point—! 

I  — I  I  —  :  
_l L _ J 

Operands 

label 

CODE 

rcode 

TO 

return point 

Optional. Code one or more labels, each followed by 
a colon. 

A value is to be returned to the calling procedure. 

The rcode value, in parentheses, is a an arithmetic 
value or pointer you want returned to the calling 
procedure as a return code. 

This value is returned to the calling procedure in 
RCODEREG (PROCEDURE option). 

Code a variable, a constant, or a complex 
expression. Some examples of the value are: 

CODE (12) 
CODE(P -> RET) 
CODE (ADDR (A)) 
CODE(R3 + RU) 

CODE ('80'X) 
CODE((S+4)*X) 

Code is returned to a specified return point, not to 
the statement after CALL. 

The return point is a name that identifies the 
statement you want to return to. It must be a 
label. 

If you do not include the keyword TO and a return 
point variable on the RETURN statement, control is 
returned to the statement following the CALL 
statement in the calling procedure. 
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' SELECT — Chooses Execution Path 

I .Purpose 

The SELECT statement allows the selection of one execution path from a 
set of mutually exclusive choices. The SELECT statement begins the 
select-group; the END statement completes it. 

Syntax 

i label:—, ,— (expression—1)—, 
-I I—SELECT—| | ._ 

I r-
I I 
I v 

I 
v I I i OTHERWISE , 

| <—WHEN—(—expression—2—)—unit ,-| | unit-
"• I ' OTHER < 

I i—label:—, 
« END—| |_; 

Rules 

A select-group can appear in any context in which a do-group is 
permitted. A select-group must be terminated by a matching END 
statement. ^ 

Each unit is a single statement, do-group, or select-group. 

If the expression 1 argument is omitted, then each expression-2 must b 
la valid relational expression. If expression-1 is supplied _ expression. it expression-1 is supplie( 
expression-2 is treated as if the relational expression, expression-1 
expression-2, were coded. 

Each relational expression-2 is evaluated in the order written until one 
is found to be true. when and if this occurs, control passes to the 
unit associated with the WHEN clause containing the expression-2. If no 
such expression 2 is found to be true, control passes to the unit 
associated with the OTHERWISE. 

After execution of a unit following a WHEN or OTHERWISE clause, control 
passes to the first executable statement following the select-group, 
hv roSo1 °f contro1 is altered within the unit, for example, 
Dj d bUI0• 

WHEN or OTHERWISE keywords can not have a label prefix. However, the 
I R.TC-T. un*ts may have label prefixes. The keywords SELECT, WHEN, 
OTHERWISE, and OTHER can not be used as compile statements if they are 

|used elsewhere as variable names. 

Example: 

|In the following example, the select-group chooses an 
based upon the type of record that it is passed: 

execution path 
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DCL P PTR: 
DCL 1 RECORD BASED (P), 

2 RECTYPE FIXED (8), 

CALL READ (P) ; 
DO WHILE (P-i=0) ; 

SELECT (RECTYPE); 
WHEN (1) 
CALL RTN1 (P): 

WHEN (2,5) 

WHEN (3) 
DO; 

/* Sets "P" with addr of record */ 

/* Ignore these types */ 

END; 
WHEN («) 
CALL RTN4 (P); 

OTHERWISE 
CALL ERROR (P); 

END; 
CALL READ (P) ; /* Get next record */ 

END; 
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BUILT-IN FUNCTIONS FOB COMPILE STATEMENTS 

The built-in functions are aids to coding compile statements. Some of 
them allow you to do things that cannot be done using compile 
instructions. Others are a compact way of performing operations that 
would require several statements. In most cases a built-in function is 
like a variable, returning a value to the place in a statement where it 
appears, for use by the remainder of the statement. 

The keywords that identify the built-in functions are not reserved. 
However, you cannot use any of these keywords as both a built-in 
function and a variable name. If the keyword is not explicitly declared 
elsewhere as user data, the compiler interprets it as a built-in 
function. 

The built-in functions are summarized in Figure 16. 

Built-in 
Function Use 

ABS Return absolute value (positive, unsigned) of specified 
variable or expression. 

ADDS Return address of specified non-register variable, or 
reserve storage in the STATIC data area for a specified 
constant. 

DIM Return extent (size) of a specified dimension in a 
specified array. 

EVAL Return the value of the result of the specified 
expression. 

LENGTH Return length of specified constant or variable. 

Return the maximum value from the specified expressions. 

Opposite of MAX. 

MAX 

MIN 

Figure 16. Built-in Functions and Their Uses 
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not declared as a register, it may be assigned to one, and the 
compiler-generated code for the machine instruction will be adjusted 
accordingly. 

Instructions That Require Registers 

The following mnemonics are exceptions to the above discussion. They 
each require a variable declared as a register in the operand listed: 

1. The HHR instruction has different meanings depending on whether or 
not the first register number is a multiple of four. See the 
description in the publication, IBB 8100 Information sjrstem: 
Principles of Operation. 

2. The DHB instruction's first register number must be a multiple of 
four, and both this register and the even-numbered register 
following it must be restricted and then loaded using conventional 
assignment statements before issuing the DHR. 

Extended Mnemonics 

The Control-Immediate and Input/Output instructions have extended 
mnemonics (for example: KIR and KIW) that indicate whether the 
instruction is performing a read or a write. A "read" causes a value to 
materialize in a register, which implies that store code follows the 
supported machine instruction. A "write" implies that a value exists in 
a register to be written and therefore there must be code to load a 
register prior to issuing the supported machine instruction. 

Note: The compiler's optimization phase frequently assigns the given 
expression to a register so that load/store code is not needed. 

COMPILER ADJUSTMENTS TO VARIABLES IN ARGUMENTS 

If the supported machine instruction requires an address (such as BCR) , 
the compiler generates instructions to load the address of the variable 
you specify into a register. 

Apart from loading and storing, the compiler makes no adjustments to the 
variables specified. In particular, the compiler performs no padding or 
truncation of variables. 

If the instruction requires an indirect operand (such as LHNI), code a 
pointer to the item. The compiler causes this pointer to be adjusted if 
the instruction increments or decrements. 

BAL 
BALR 
BCTR 
DHR 
JAL 
LHQ 
HHR 
STHQ 

operand-1 
operand-1 
operand-1 
operand-1 
operand-1 
operand-2 
operand-1 
operand-2 

Notes 
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SUPPORTED MACHINE INSTRUCTIONS AND EXTENDED MNEMONICS 

IThe following table (Figures 18 and 19) lists the supported machine 
instructions, operands, and names. 

Note that the compiler supports some extended mnemonics (for example, 
BER and KIR) in addition to the actual machine instructions. 

The following explains the operand symbols used in the table below. 

Each operand will be a valid PL/DS expression, but will have constraints 
on its attributes. 

°E§Eand Meaning 

B operand must be FIXED (8) or CHAR(1) 
or BIT (8) on a byte boundary 

E operand must be ENTRT 
H operand must be FIXED (15) or FIXED(16) or CHAR(2) 

or BIT (16) on a halfword boundary 
In operand must be immediate value 

(which can be represented in n bits) 
L operand must be LABEL 
P operand must be POINTER or FIXED(32) 
RS operand must be FIXED (16) or BIT (16) 

(user has responsibility to ensure that 
the operand contains a valid register 
space address) 

Z operand must be the constant 0 
operand attributes are not checked 
operand must be accessible via address-in-register 
operand must be accessible via base-displacement 

xL operand must have attribute LOCAL 
xo operand is an output which implies that 

neither constants nor arithmetic expressions 
nor string expressions are permitted. 

xR operand must be declared as register 
xU operand must be unsigned 
xZ zero used if explicitly specified 

(not a value of zero to be associated with 
some register) 

cc opcode is one of extended branch mnemonics: 
Z E 0 TE 
P H X null 
M L NO NM 
NZ NE NX 
NP NH NL 
I V 

* 

XA 
XD 

Note: The control immediate (KI) machine instruction must be used with 
care. See the publication, 8100 Information System: Principles of 
Operation. 

The PL/DS compiler does not recognize or interpret the specialized 
meanings of control immediate operands, and does not act on the values 
preceding and following the control immediate statement in a "knowing" 
way. 

100 PL/DS Language Reference 



Page of SC27-0446-0 as updated 15 June 1980 by TNL SN31-1175 

INDEX 

<= 66 
+ 205 
| in IF relational expression 65 

I I (S®§ concatenation) 
S in IF relational expression 65 
66 20 
* 205 (see also asterisk) 
*/ 10 
-i in IF relational expression 65 
-.< 66 
-> 66 
- 205 
- >  1 0  
/ (§§§ divide; division) 
/* 10~ 
// 20 
* 109,128 
** 111,112 
->= 66 
? 109 
' — apostrophe or single quote 

doubled for null character string 19 
effect of doubling on LENGTH 93 
need for doubling 19,93 

• • — two apostrophes — 
null string 19,237 

=< 66 
=> 66 
a 251 

ABS 87 
absolute value, obtaining 87 
XACT 113 
ACT 138 
^ACTIVATE 113 
ACTIVATE 138 
activate macro definition variable 
(ACTIVATE) 138 
activate macro outer variable 
(^ACTIVATE) 113 

add expressions, precisions of 
results 205 
ADDR 88 
address of variable or constant 88 
addressing, indirect 10 
ADECK 245 
ADEFS 245 
advantages of avoiding register operands 
in machine instructions 98 
ALIST 245 
alignment, boundary (see BOUNDARY 
alignment) 

alignment of control block data (hint) 226 
analyzing unexpected compiler 
results 211-216 
ANNOTATE 245 

getting it started in listing 222 
annotation of assembler code, 
controlling 222 

ANS 139 
ANSWER 139 
answer text, formatting 169 
apostrophe 19 
argument 

invocation keyname (HACKEYS) 172 
invocation positional (MACLIST) 175 
number of invocation (NUMBER) 178 

argument 1 
macro definition functions for 166 
parameter of macro invocation positional 
parameters 130 

argument 2 
macro definition functions for 166 
parameter of macro invocation keyname 
parameters 130 

arguments 
parameter correspondence in PROCEDURE 
or ENTRY name 24 
passed by CALL statement 24 
possible modifications of 25 

arithmetic comparison (IF) 67 
constants 19 
data type 28 
expression, defined 205 

array element, referencing 45 
array multipliers, more efficient when 
powers of 2 (hint) 227 

arrayname parameter 45 
arrays 

compatible attributes for 201 
declaring 45 
dimension of 89 
initialization of 41 
obtaining number of elements in 89 
of structures 51 
zero origin 240 
zeroing/blanking 237 

ASSEMBLE/NOASSEMBLE operand of SSPACE 256 
ASSEMBLE/NOASSEMBLE operand of 3EJECT 256 
assembly code 

controlling anotation of 222 
during PL/DS processing 5,6 
"subset" restrictions for PL/DS 218 

assembly phase changes to source data 6 
assigned values, rules of target string 
replacement by macro outer variable 114 
assigning a macro outer variable's value 
(XAssignment) 114 
^assignment 114 
assignment 17-22,146 
asterisk 

bit string length 29 
in declaring element not to be 
initialized 41 
multiplication operator 20 
placeholder in structure 50 
when declaring structure or component 
as array 52 
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ATITLE 246 
attributes of variables 28-44 
autodata(n), use of (hint) 231 
AUTODATA/NOAUTODATA 

option of LINKAGE (3) 207 
procedure options 78.3 

AUTOMATIC 
compiler-assigned alignment 42 
storage class 34 

AUTOREG/NOAUTOREG procedure options 78.2 
avoiding register declarations (hint) 224 
avoiding use of MACGEN (hint) 231 
AXREF 246 

based entry name of called procedure 24 
BASED operand 36 
based variables 36 
basic seguence of source-data-set 

statements 12 
BINARY arithmetic data 28 
binary-to-character conversion 243 
BIT 

data type 29 
receiver in assignment statement, 
requirements 18 

bit-string comparisons (IF) 67 
bits 

manipulation of 238 
naming individual (hint) 230 

blanking/zeroing strings, structures, 
arrays 237 
blanks 

coding rules 8 
removal of from macro invocation 130 

BOUNDARY alignment 41 
defaults, table 42 
in a structure 48 
in an array 45 
variable bit string must be on 
byte boundary 88 

branch (see GOTO) 
branch table, using 238 
branch with linkage (see CALL; GOTO) 
branching in macro outer code (XGOTO) 120 
BRANREG/NOBRANREG procedure options 81 
BUFSIZE 246 
built-in function 

compile code 3 
in ANSWER expression 141 
macro code 4 

built-in functions for compile statements 
descriptions 

ABS 87 
ADDR 88 
DIM 89 
EVAL 90 
LENGTH 92 
MAX 94 
MIN 95 

summary, figure 86 
BY operand of DO 57 
BYTE boundary alignment 41 
bytes, manipulation of in a halfword 239 

CALL 23 
calling procedure, return to 154,163 

no return with GOTO 156 
changing names or attributes of standard 
macro outer control blocks (^INCLUDE) 1 

CHAR 29 
CHARACTER data type 29 
CHARACTER macro outer variable, syntax 
for assigning value 116 
CHARACTER operand of macro definition 
DECLARE 152 

character string 
concatenation of 240 
conversion to binary 243 
comparison (IF) 67 
comparison of in macro outer XIF 
statements 124 

locating specific character in 238 
macro comparison (IF) 159 
obtaining length of 190 

CHARACTER/CHAR operand of ^DECLARE 119 
choice of registers declared 
(hint) 225 

clarification of PL/DS language 
component relationships 3 
Xclause parameter 

in KELSE macro outer code 122 
in STHEN macro outer code 122 
dead (see dead code) 
source, treatment by compiler (see 

source data set) 
code 

dead 232 
source, treatment by compiler 5,6 

CODEBNDRY/NOCODEBNDRY procedure 
options 82.1 

CODE operand 85 
coding 
common functions 235-243 
PL/DS macro definitions 132 

rules 7 
source statement format 8 

blanks 8 
comments 10 
delimiters 8 
pointer notation 10 
subscripting and substringing 8,9 

style hints 221 
techniques, specialized 233 

COL 140 
COLUMN operand of ANSWER statement 140 

default values of 142 
combination operators 7 
COMMENT 187 
comments 

how formatted by FORMAT compiler 
option 222 

removal of from macro invocation 130 
rules for coding 10 

common functions, coding 235 
common PL/DS programmer problems 217-220 
comparisons 

IF, connected 67 
fixed variable 123 
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compatibility of declared attributes 
for arrays 201 
for simple items 200 
for structures 202 

COMPILE 246 
compile date 181 
compile phase changes to source data 5,6 
compile statements 3,16-95 

descriptions 
assignment 17-22 
built-in functions for 3,86 
CALL 23-25 
DECLARE 26-52 
DO 53-58 
ELSE 65 
END 59 
SENDGEN 62 
ENTRY 60 
MACGEN 62 
GOTO 64 
IF 65 

I ITERATE 68.1 
LEAVE 68.2 
MACGEN 62 
null statement 69 
PROCEDURE 70 
RESPECIFY 83 
RETURN 85 

I SELECT 86 
THEN 65 

during PL/DS processing 4,5,6 
compile time 185 
COMPILE/NOCOMPILE 

operand of 3EJECT 252 
operand of 3SPACE 256 

compiler and machine constant 
functions 180 
compiler control statements 15,251-256 

descriptions 
3CREATE 251 
3EJECT 252 
3ENDCREATE 251 
3INCLUDE 253 
3LIST 254 
EPROCESS 255 
3SPACE 256 

for macro definitions 
source code margins 135 
3SPACE 135 
3EJECT 135 

summary 15 
compiler options (see options, compiler) 
compiler processing of macro code 108,139 
complex expression in CALL argument 24 
complex source expressions in assignment 
statements 19 

arithmetic constants 
arithmetic operations 20 
string constants 
string operations 20 
operation sequence 20 
operators and their priorities 20 
restrictions 21 

component name parameter 47 
components of structures 47 

composite delimiters, definition 7 
composite operators, definition 7 
concatenation 

of character strings (||) 240 
of character values for assignment to 
character macro outer variable 116 

of character variables in macro 
outer %IF comparisons 124 
of compile code by macro 
phase (*X) 111,112 

conditional execution 65 
conditional macro definition statement 
execution 65 
null statements in 160 

conditional macro outer statement 
execution (35IF) 122 

conditional re-execution of 
statement(s) 53,153 
connected comparisons, IF 67 

priorities of operators 67 
summary, figure 68 

constant 
arithmetic 19 
creation of 26 
in ANSWER expression 141 
obtaining address of 88 
obtaining length of 92,190 
string 19 

constant name in CALL argument 24 
CONSTANT storage class 26 
control immediate, specifying correctly 
(hint) 228 
control variable parameter 
description 55 

control, return of 85,163 
following CALL 25 

controlling sequence of mathematical 
operations 90 
controls, compiler 15,245,251 
conversion between character and binary 
in compile code 243 

create a macro outer variable 
(XDECLARE) 118 
3CREATE 251 
CREATE 251 
creating a structure 47 
creating a variable 26 
creating an array 45 
CSECT, name supplied by external 
procedure 70 

CTLZ 242 

data, indirect 10 
data sets for macro phase processing 125 
date of compile (see MACDATE) 
DATE subargument of procedure 
statement option 77 
%DCL 118 
DCL (see DECLARE) 
ddname 

parameter of aCREATE/3ENDCREATE 251 
parameter of aiNCLUDE 253 

SDEACT 117 
DEACT 150 
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deactivate macro definition variable 
(DEACTIVATE) 150 
deactivate macro outer variable 
(^DEACTIVATE) 117 
^DEACTIVATE 117 
DEACTIVATE 150 
dead code, preventing elimination 
of (hint) 232 
declare a macro outer variable 
(^DECLARE) 118 

SSDECL ARE 118 
DECLARE 26-52,118,151 

attributes in compile statement 28-44 
boundary alignment 41 
data type 28 
defaults 195-197 
initialization 40 
normality 43 
restriction 42 
scope 33 
storage class 34 
table of (figure) 28 

for a structure 47 
for an array 45 
options valid for called entry 
name 24 

DECLARE REGISTER restrictions 217 
default DECLARE arithmetic boundary 
and precision 29 

default DECLARE boundaries, table 42 
defaults for omitted DECLARE attributes 

boundary alignment 197 
data types 195 
initialization 197 
normality 197 
position 197 
precision or length 195 
restrictedness 197 
scope 196 
storage class 196 
structure boundary 197 

DEFINED storage class 34 
definition, macro (see macro definition) 
deletion of source statements (XGOTO) 121 
delimiters 8 

character string (apostrophes) 19 
composite 7 
pairs, that must be matched 211 

development of 8100 programs on 
System/360 1 

differences between 8100-resident 
assembler and DPPX support 1,62 

DIM 89 
dimension extent parameter 45 
divide expressions, precisions of 
results 206 
overriding 219 

DO 53-58,153 
do-group 

as THEN clause 68 
figures 56,58 

I infinitely looping 58.2 
looping 54 
non-looping 54 
limitation on contents of macro 153 

DSECT, name of 70 
DPPX assembler on 8100 compared to 
PL/DS compiler 1 

EBCDIC parameter in INDEX macro definition 
function 188 
efficient programs under PL/DS 249 
EID option of LINKAGE (3) 207 
3EJECT 252 
EJECT 252 
element of array 

initializing 41 
referencing 45 

elements, number of, obtaining 89 
SELSE 122 
ELSE 

operand of IF 68 
operand of macro definition IF 157 

SEND 155 
END 59,154 
end of do-group (see END) 
end of macro definition 155 
end of procedure 59,154 
END — end of procedure or do-group 59 
3ENDCREATE 251 
ENDCREATE 251 
3ENDGEN, end of assembly statements 62 
ENDID procedure option 75 
ensure local variables can be globally 
assigned to registers (hint) 228 

ENTRY statement -- secondary entry 
point 60 

ENTRY data type 
alignment unaffected by BOONDARY 42 

entry name of called procedure, 
declaring 24 

ENTRY options 32 
entry, secondary 32 
entryname parameter 32 
environments 

macro 105 
PL/DS 5 

error loops 212 
ESD 246 
EVAL 90 
evaluated value of expression, 
obtaining 90 

even-odd values, testing for 235 
exception to source statement 
format 8 
execution-time parameter 183 
EXIT/NOEXIT 32 
expressions 

arithmetic 205 
finding a maximum or minimum 
of several 94,95 

PL/DS, facilitate machine 
instruction use 96 

pointer 10 
subscript 9 
substring 9 

EXTENT 246 
extent of array, obtaining number 
of elements in 89 
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EXTERNAL operand of macro definition 
DECLARE 152 

external procedure, invocation of 23 
EXTERNAL scope 33 
external variable 33 
EXTERNAL/EXT operand of %DECLARE 119 

fall through 69 
FDECK 246 
features, basic, of PL/DS 1 
fixed variable 

conversion to character string 193 
comparisons in macro 
definition (IF) 158 
comparisons in macro outer XIF 
statements 123 

FIXED 194 
FIXED arithmetic data 28 
FIXED macro outer variable, syntax for 
assigning value 115 

FIXED operand of 56DECLARE 119 
FIXED (8) versus FIXED (15), (16) for 
local variables (hint) 228 
FIXED(15) versus FIXED (16) (hint) 229 
FLAG 247 
flags, local, making BIT (8) structures 
of (hint) 231 

flexibility of machine instruction 
operands 96 
flow, program 215 
FLOWS/NOFLOWS 32 
FORHAT 247 

how comments (/* */) formatted 222 
format, of source statements 8 
formatting of answer text on listing 
(BACCOL) 169 

free-form 8 
FSOURCE 247 
fullword/halfword arithmetic that 
reguires fullword result 219 

functions, built-in (see built-in 
functions) 

functions, coding, common 235 
functions not directly supplied by 
PL/DS 235 

GETAUTO option of LINKAGE (3) 207 
example of use 210 

StGOTO 120 
GOTO 64,156 

(see also restrictions) 
group together BIT assignments and 
their tests (hint) 230 

halfword, manipulation of bytes 
within 239 

high level code in PL/DS 1 
HWORD boundary alignment 41 

identification 
of macro invocations 109 
of macro outer statements 109 
of non-macro text 109 

identifiers, coding 7 
IDR 247 
XIF 122 
IF 65,157 
IF comparison operators 66 
include source code 253 
SINCLUDE 125 
aiNCLUDE 253 
incompatible attributes for simple items, 
arrays, and structures 198 

INDEX 188 
indirect addressing 10 
indirect data, in pointer expression 10 
linfinite looping do-group 58.2 
INITIAL 40 
initialization of an array 41 

multiple values for 45 
initializing value, the 41 
inner macro invocation in ANSWER statement 

can result in out-of-sequence ANSWER 
messages 143 

example 144 
executed after rescanning 143 
executed before remainder of ANSWER 
statement processed 143 

instructions, machine (see machine 
instructions) 
internal procedure, invocation of 23 
INTERNAL operand of macro definition 
DECLARE 152 
INTERNAL scope 33 
internal variable 33,106,118,151 
INTERNAL/INT operand of ^DECLARE 119 
intra-modular linkage, simplified 12 
invocation arguments, macro definition 
function for 161 

examples 168 
invocation of external, internal 
procedure 23 

invoke inner macro in macro definition 139 
invoking macro definitions 129 
issue message on listing from a macro 
definition 139 

IITERATE compile statement 68.1 

jump-to-jump optimization (hint) 232 

keyname 161 
keyname parameter of macro invocation 130 

macro definition functions for 166 
KEYS operand of macro definition 
function 162 
keywords, PL/DS, reserved 204 
keywords reserved in macro outer 
environment 110 

I/O, specifying correctly (hint) 228 
ID procedure option 75 

LABEL data type 32 
alignment unaffected by BOUNDARY 42 
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label parameter 
by itself is a null statement 69 
of macro invocation 130 
macro definition functions for 166 

label used on invocation (MACLABEL) 174 
|LEAVE compile statement 68.2 
left source margin, interrogate 182 
length 

obtaining 92,190 
of assigned value adjusted in compile 
assignment 18 

of constant or variable, 
LENGTH 92,190 
level number of parameter 47 
LINECOUNT 247 
linkage design (hint) 223 
LINKAGE procedure options 70 
LINKAGE (0) 74 
LINKAGE(1) 74 

register conventions for, figure 14 
LINKAGE(2) 74 

register conventions for, figure 14 
LINKAGE(3) 70 

additional procedure options allowed 
by 207 

DPPX Base linkage advantages 207 
example of advantage of GETAUTO 210 
GETAOTO stack format 209 
PROCEDURE options usable with 208 
register conventions 208 

linkage, inter-procedure 79 
3LIST 254 
literal, macro definition function 
to build 191 

locating specific character in character 
string 238 

logic flow does not bypass RESPECIFI 83 
logic for determining compile assignment 
operation 17 

loop 
analysis of 212 
avoiding 212 
coding infinite 240 

low level (detailed) code for exacting 
requirements 1 

lower halfword of registers 258 

MACCOL 169 
MACDATE 181 
HACGEN 62 

performance hint 
restriction 218 
start of assembly 

machine instructions 
examples 103,104 
figure 4 
table 100-102 

MACINDEX 170 
HACKEYS 172 
MACLABEL 174 
MACLIST 175 
MACLIST operand of NUMBER macro definition 
function 178 
BACLMAR 182 

MACNAME 177 
MACPARM 183,247 
MACRMAR 184 
XMACRO 161 
MACRO 248 
macro definition 

branch 156 
end 155 
figure 4 
invoking 129 
keyname parameters in 161 
name (s) of 161 
start of 161 
stop before %END 163 

macro definition functions (built-in) 
compiler and machine constant 
functions 180 

MACDATE 181 
MACLMAR 182 
MACPARM 183 
MACRMAR 184 
MACTIME 185 

invocation data functions 166 
keyname 167 
MACCOL 169 
MACINDEX 170 
MACKEYS 172 
MACLABEL 174 
MACLIST 175 
MACNAME 177 
NUMBER 178 

overview figure 166 
replaced in ANSWER expression 142 
string handling functions 186 

COMMENT 187 
INDEX 188 
LENGTH 190 
QUOTE 191 
REPEAT 192 
CHAR 193 
FIXED 194 

summary 165 
types 164 
using 164 

macro definition statements 
descriptions 

ACTIVATE 138 
ANSWER 139 
assignment 146 
DEACTIVATE 150 
DECLARE 151 
DO 153 
ELSE 157 
SEND 155 
END 154 
GOTO 156 
IF 157 
%MACR0 161 
null 160 
RETURN 163 
THEN 157 

summary 137 
macro definition variable 

activating 138 
assigning 146 

231 

statement(s) 62 
3,96 
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macro definition variable (continued) 
character, syntax for assigning 148 
deactivating 150 
declaring 151 
fixed, syntax for assigning 147 
internal known only while macro is 
executing 151 

shared 151 
subscripts and substrings assigned 
to 148 

macro definitions 132 
catalogued 132 
debugging aids 136 
four steps of use 135 

definition 135 
catalog the definition 135 
macro invocation in source 136 
compile source 136 

functions 132 
reserved keywords 134 
responsibilities of programmer of 132 
shared variables in 132,133 
writing 133 

macro environments 105 
shared variables in 106 

macro invocation 129 
correspondence of invocation data and 
macro invocation functions, 
figure 166 
figure 4 
identification of 109 
in ANSWER expression 141 
inner 143 
removal of blanks and comments 
from 130 
using values from in macro 
definition 166 

macro language 
basic processing seguence 13 
parts defined 106 

macro outer code 105 
branching in (XGOTO) 120 
figure 4 
null statement 118 
shared variables 118 

macro outer statements 
descriptions 

XACTIVATE 113 
Xassignment 114 
^DEACTIVATE 117 
XDECLARE 118 
XELSE 122 
XGOTO 120 
XIF 122 
XINCLUDE 125 
Xnull 128 
XTHEN 122 

identification 109 
summary 112 

macro outer variable, 
activate (XACTIVATE) 113 
deactivation of (^DEACTIVATE) 117 
declaring (XDECLARE) 118 

macro processing controls 110 
source code margins 110 

macro processing controls (continued) 
suppressing macro processing 110 
concatentation operator (XX) 111 

macro processing phase 
adding to source text 125,139 
changes to source data 5,6 
deleting source text with 107 
passing compile-time value to 183 
suppressing or bypassing (see 
MACRO/NOMACRO compiler option) 

MACRO/NOMACRO 248 
operand of 3EJECT 252 
operand of 3SPACE 256 

MACTIME 185 
MAIN 

LINKAGE (3) option 207 
PROCEDURE option 73 

manipulating of bits, bytes, 
halfwords 238,239 
margins, left and right, 
interrogating 182,184 
MARGINS 248 
matching pairs error 211 
mathematical operations, controlling 
sequence of 90 
MAX 94 
maximum of several expressions, 
finding 94 
MDECK 248 
MESSAGE operand of ANSWER statement 140 
MIN 95 
minimum of several arithmetic 
expressions 95 
mnemonics 

extended, machine instruction 99 
modifying a parameter 25 
MPERCENT 248 
MSG 140 
MSOURCE 248 
multiplication expression, precisions 
of results 205 
MXREF 248 

name parameter of macro invocation 130 
macro definition functions for 166 

nested IF statements 68 
NOID (no id) procedure option 76 
non-macro text, identification of 109 
NORMAL/ABNORMAL attributes 43 
NOSAVEAREA procedure statement 
option 79 
Xnull 128 
null 160 
null statement 

as IF THEN or ELSE clause 160 
description 69 
required for macro outer code branch 
(XGOTO) to macro invocation (?) 120 

sometimes required in nested IF's 
ELSE 68 

use in IF's ELSE clause 68 
use for IF's THEN clause 68 

number (position) of character in EBCDIC 
table 188 
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NUMBER 178 
numbered register bytes 258 

OBJECT 248 
objectives of PL/DS language components 3 
CN/OFF operand of 3LIST 254 
operands, machine instruction 

are PL/DS expressions 96 
implied ones must be specified 96 
must comply with instruction's 
reguirements 97 
types 

address-in-register 98 
base-displacement 98 
immediate 97 
value-in-register 97 

operators 
composite 7 
in IF statement comparison 66 

OPTIMIZE 249 
care required when used 213-215 
(hint) 227 

optimization of PL/DS output 1,2,249 
aided by non-register machine 
instruction operands 98 

failure to produce expected 
output 213-215 

need to specify MACGEN options for 62 
possible conflict with NOWORKREGS 82 

options 
ENTRY 60 
LINKAGE (3) (appendix) 207 
use different names for different 
(hint) 232 

OPTIONS 249 
summary of PROCEDURE options 72 

options, compiler 14,245-250,255 
specifications 

ADECK 245 
ADEFS 245 
ALIST 245 
ANNOTATE 245 
ASSEMBLE 245 
ATITLE 246 
AXREF 246 
BUFSIZE 246 
COMPILE 246 
ESD 246 
EXTEND 246 
FDECK 246 
FLAG 247 
FORMAT 247 
FSOURCE 247 
IDR 247 
LINECOUNT 247 
MACPARM 247 
MACRO 248 
MARGINS 248 
MDECK 248 
MPERCENT 248 
MSOURCE 248 
MXREF 248 
OBJECT 248 
OPTIMIZE 249 
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specifications (continued) 
OPTIONS 249 
RLD 249 
SIZE 249 
SOURCE 249 
STATISTICS 249 
TERMINAL 250 
TEST 250 
TITLE 250 
XREF 250 

summary 14 
order of variables 50 
OTHER 86 
OTHERHISE 86 
out-of-sequence ANSWER messages 143 
overlapping structure components 49 

PAGE operand of ANSWER statement 140 
parameter operand 

associated with CALL argument 71 
not necessarily identical with ENTRY 
parameter 60 

parameter submitted at compile time 
to program 183 
parameterization of source code 244 
parameters 

corresponding to CALL arguments 25 
keyname, in macro invocation 130 
names must differ from CALL names 
in internal procedure 61 

of called procedure 24 
passing, in macro invocation 129 
positional, in macro invocation 130 

parmreg pointer to CALL parameter list 60 
PARMREG/NOPARMREG procedure options 81 
PATCHAREA/NOFATCHAREA procedure 
option 82,82.1 
performance hints 223-232 
PL/DS 1 

description of language parts 3 
language keywords 204 
options and controls (appendix) 245-250 
size restrictions (appendix) 203 

(see also restrictions) 
techniques and aids (appendix) 221-244 

pointer 
comparisons (IF) 66 
data type 28 
expression 10,37 

example 84 
in CALL statement 24 
in example of GOTO using based 
label 64 

over-use of its potential optimize 
problem 215 

notation, to change pointer variable 37 
operations in assignment complex 
source expression 20 

qualification allowed in machine 
instruction operands 96 
variable 

changing 37 
in pointer expression 10 

POSITION operand 34,36 
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positional invocation arguments 130 
positional parameters in macro 
invocation 130 
precision 29 

of results of arithmetic expressions 
(appendix) 205,206 

overriding 219 
preprocessor function of macro code 3 
prevention and detection of unexpected 
compiler results (appendix) 211-216 
primary registers 257 
priorities of logical operators 20 
priority of mathematical seguences, 
overriding 90 
procedure 70 

end of 59 
secondary entry point (s) in 60 

PBOCEDOEE 70 
procedure, external 

invocation of 23 
preventing corruption of register (s) 
by 241 

procedure, internal 
invocation of 23 
use of to decrease object code 
(hint) 225 

procedures, nested, internal 
and external variables in 34,70 

aPHOCESS 255 
overridden by EXEC PARM field 14,255 

PROCESS 255 
processing of source code by PL/DS 5 
produce source text lines from macro 
definition 139 
program development for 8100 on 
System/360 1 
program flow information reguired for 
OPTIMIZE 215 
programmer errors and responsibilities 
with OPTIMIZE 213-215 

PUSH/POP operand of 3LIST 254 

QUOTE 191 
guote sign (') 19 

rcode parameter of RETURN 
statement 85,163 
REENTRANT procedure option 73 
referencing variables across 
procedures 33 

REFS/NOREFS 32,62 
register 

addressability, example 259 
avoiding corruption of by an EXTERNAL 
procedure 241 

bytes, numbered 258 
CALL target address 81 
conventions (figure) 258 

for LINKAGE(3) 208 
parameter address lists 81 
restrictedness, determining 241 
return code 85 
structures, creating 48 

register (continued) 
upper halfwords, manipulation of 239 
variables, changing restriction of 84 

register operands, machine instruction 
advantages of avoiding 98 
implied 96 
reguired for machine instructions 79-81 

REGISTER storage class 36 
registers 

base 77,78 
choice of (hint) 225 
lower halfword 258 
optimization 82 
PL/DS nomenclature for 
(appendix) 257-260 
primary 257 
restrict mask on assembly listing 241 
restrictedness 

as an optimization problem 213 
differences between DECLARE 
and RESPECIFY 84 
explanation 84 

save areas 79 
scope of 84 
secondary 257 
upper halfword 257 
use of by PL/DS 259 
used for LOCAL variables if no 
AUTOMATIC storage 218 

relational expression parameter 53,65 
in macro definition (IF) 157 

remainder expressions, precisions of 
results 206 
REPEAT 192 
repetition of a string 192 
replacing target strings 106 

rescanning, re-rescanning 107 
replication parameter 40 
RESCAN/NORESCAN operand of ANSWER 
statement 140 
always an initial scan despite 
NORESCAN 142 
answer expression's inner macro 
invocation ignored if NORESCAN 142 

reserved PL/DS language keywords 204 
reserved words 

macro outer environment 110 
within environments 5 

reserving storage 34,88 
RESPECIFY 83 

amount of register restriction 
with 259 

as source of unexpected results 
(cannot be bypassed in logic) 216 
to change pointer variable 37 

RESTRICTED/UNRESTRICTED attribute 42 
effect of RESPECIFY, note 43 

RESTRICTED/UNRESTRICTED operand 83 
restrictions 

3 starting position in record 251 
arithmetic expressions, acceptable 
attributes 205 
arrays 203 
branches in macro outer code (XGOTO) 
must be to later statements only 120 
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restrictions (continued) 
branches to macro invocations in macro 
outer code must use null statement 1 
branched-to macro invocation in macro 
outer code must be on record after 
%null 120 
built-in function keywords as variable 
names 86 

CALL statements 203 
connected IF comparisons only in 
compile statements 122 

control immediate (KI) machine 
instruction operands not interpreted 
by PL/DS 100 

DEFINED items 203 
do not use MACKEIS with NUMBER 
invocation function 178 
DO loops 203 
factored attributes 203 
IF statements 203 
incompatible attributes for simple 
items, arrays, or structures 198 

initialization of macro outer variable 
not available in XDECLARE 118 

length and character set for macro 
outer variable names 119 

length of macro identifiers 108 
length of QUOTE macro invocation 
string 191 

length of character string assigned 
to macro definition variable 198 

length of string operands in IF 
comparison 67 
LINKAGE (3) and NOSAVE procedure 
options 77 
LINKAGE (3) and SAVE procedure 
options 76 
HACGEN must come from cataloged 
macro 62 

machine instructions that require 
register operands 99 
macro definition do-group may not 
contain DECLARE, MACRO, or 
/SEND 153 

macro definition function must 
not be receiver in- assignment 
statement 169 
macro definition return code 163 
macro definition variable assigned 
character 198 
macro statement assigned to macro 
definition character constant must 
be invocation 196 
macro statements not eligible for 
assignment to macro character 
variables 116 
multiple expressions not supported 
in macro definition IF 157 
multiple IFs not supported in macro 
code 122 
nesting of IF statements 68 
number of internal procedures within 
external procedure 70 
number of nested internal 
procedures 70 

restrictions (continued) 
number of parameters in ENTRY 
statement 60 
number of PROCEDURE parameters 71 
on use of blanks 8 
overcoming, for strings longer than 
256 bytes 236 

PROCEDURE options for LINKAGE(3) 
only 207 

range of constant values assignable 
to fixed macro outer variable 116 

range of decimal values allowed for 
macro definition fixed variable 197 

register 0 not permitted in procedure 
options 79,80,81 

single pass macro processing 
phase 106,108 

statement labels cannot precede ELSE 
in IF statement 68 

structures 203 
subset of DPPX Assembler 62 
substringing single macro definition 
function character 169 
variables 203 
variable not multiple of 8 in IF 
comparison 67 
variable not byte aligned in IF 
comparison 67 

RETREG/NORETREG procedure options 79,80 
RETURN 85,163 
return code 

CALL 25 
from called routine 25 
macro definition 163 
return point parameter 85 

right source margin, interrogate 189 
RFY 83 
RLD 299 
rounding down and up 236 
RTOREG/NORTOREG procedure options 80 

save area format for LINKAGE(3) 208 
SAVE/NOSAVE procedure options 78 
3SAVEREG value for LINKAGE (3) 208 
SAVEREG/NOSAVEREG procedure options 79 
scan for character in character 
string 238 

searching character strings 
for a character (compile code) 
(hint) 238 

for a string (macro definition) 188 
secondary registers 257 
SEG/NOSEG 126,253 
SEGMENT/NOSEGMENT operand 

^INCLUDE 126 
3INCLUDE 253 

select-group 86 
SELECT compile statement 86 
sequence 

controlling, of mathematical 
operations 90 

of data items in generated code 
guaranteed in structure 50 
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seguence (continued) 
required basic, of source data 
statements 12 

SEQFLOW/NOSEQFLOW option 31,63 
SETS/NOSETS option 32,63 

of MACGEN required for correct 
optimization 215 

severity code, in macro definition 
RETURN statement 163 

shared variables in macros 106 
macro definition 151 
macro outer 118 

sign bit 29 
simple comparison (IF) 65 
simple items, compatible attributes 
for 200 

simplified intra-modular linkage 12 
simplifying specification changes 244 
single character referencing, in 
substring expression 9 
exception in macro definition 
functions 164 

SIZE 249 
SIZE option of MACGEN 62 

(hint) 231 
SKIP operand of ANSWER statement 140 
SOURCE 249 

SOURCE(SEGMENT) usage hints 222 
source code 

inclusion for macro phase processing 
(XINCLUDE) 125 

parameterization 244 
source data set 

extreme (special case) contents 6 
phase-by-phase processing of 
(figure) 6 

required sequence 12 
treatment by compiler 5,6 
use of FORMAT to obtain formatted 
version 222 

source statements, deletion of (XGOTO) 121 
9SPACE 256 
SPACE 256 
specialized coding techniques 233,234 

local copies of basing expressions 233 
local copies of EXTERNAL/EASED 
variables 233 

use of pointers instead of 
subscripts/substrings 234 
WORKREGS procedure option 234 

specialized use of PL/DS 6 
specifying the value of a macro outer 
variable (SAssignment) 114 

start value parameter of DO 55 
start of macro definition 161 
statements, macro definition, 
conditional execution of 157 
STATIC compiler-assigned alignment 42 
STATIC storage class 35 
STATISTICS 249 
statements, source, how processed by 
compiler 5,6 
STATREG/NOSTATREG procedure options 78.2 
storage class 34 
storage, reserving 34,88 

string constants 20 
string data type 29 
string handling functions 186 
string receivers in assignment 
statement, requirements 18 
strings 

longer than 256 bytes, 
handling 236 
target 105 
zeroing/blanking 237 

structure name parameter 47 
structure zeroing, blanking 237 
structure, declaring 47 
structure, overlapping components 49 
structures 

compatible attributes for 202 
outermost, as arrays 51 
use of for overlay defining local 
variables (hint) 229 

subscripting allowed in machine 
instruction operands 96 ̂  

subscript expression 8 
assigning to macro definition 
variable 149 

substring expression, assigning to macro 
definition variable 149 

substringing 8 
allowed in machine instruction 
operands 96 
exception 9 

substrings, variable-length 21 
SUBPOOL option of LINKAGE (3) 207 
subset of PL/DS supported DPPX 
Assembler 62 

subtract expressions, precisions of 
results 205 
summary of macro outer statements 112 
summary of PL/DS register nomenclature 
(appendix) 257-260 

syntax diagrams 
explanation 10 
figure, example 11 

System/370, development of 8100 
programs on 1 

table 
branch 238 
translate 242 

target point parameter 64 
target strings 
ANSWER text 

replaced unconditionally in ANSWER 
expression initial scan 142 
concatenation in non-macro text 111 
defined 105 
eligible 107,139,146 
disabling replacement of 117,150 
replaced in macro invocation 
arguments 129 

replacement 
from macro definition 
environment 146 

from macro outer environment 107 
rescanning, examples 112,144,145 
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TEMPS/NOTEMPS procedure statement 
options 78.3 

TERMINAL 250 
TEST 250 
STHEN 122 
THEN 65,157 
THEN clause in IF statement 68 
THEN operand of macro definition IF 157 
time of compile 185 
TIME subargument of procedure 
statement option 77 
TITLE 250 
TO operand 85 
TO operand of DO 57 
tokens, definition 8 
transfer control 64,156 
translate table, using 242 

unconditional branch 64,120,156 
unconditional implementation of 
RESPECIFY 83 

unexpected compiler results, 
analyzing 211-216 
unigue numbers, generation of for 
macros (MACINDEX) 170 

unpredictable results, possible 25 
modifying a constant passed by 
a CALL 61 

UNTIL operand of DO 57 
upper halfword of registers 257 
user-submitted parameter to 
program 183,247 

DSESTACK option of LINKAGE(3) 207 
using a branch table 238 
USING, similarity of RESPECIFY to 83 

value 
absolute 87 
assigning to macro definition 
variable 146 

assigning to macro outer variable 
(^Assignment) 114 
evaluated, rules 8 
maximim of several arithmetic 
expressions, finding 94 
minimum of several arithmetic 
expressions, finding 95 

of expression, obtaining evaluated 90 
parameter 40 

VALUE RANGE attribute required for 
based GOTO label 64 
LABEL or ENTRY 
attributes of DECLARE 32 

values, even-odd, testing for 235 
variable 

assigning value to 40 

variable (continued) 
based 36 
creation of 

attributes 28 
value of 17 

changing of, as potential optimization 
problem 214 

external 33 
fixed, comparisons 123 
giving a value to (initializing) 1? 
in ANSWER expression 141 
in CALL argument parameter list 24 
internal 33,106,118,151 
local 

failure to assign to register under 
NOAUTODATA 218 

possibly used before being 
initialized 219 
use of structures for overlay 
defining (hint) 229 

macro definition 138,146 
assigning values to 146 
obtaining address of 88 
obtaining length of 190 

macro outer 
activating (^ACTIVATE) 113 
assigning value to (^Assignment) 11 
deactivation of (^DEACTIVATE) 117 
declaring (SDECLARE) 118 
shared 118 

pointer 10,37 
referencing across procedures 33 
register 84 
solutions if insufficient 
registers for 218 

special 86 
variable name, coding rules 7 
variable-length substrings 

caution 22 
rules for use in assignments 21,22 

VBLTRC macro definition debugging 
aid 136 
VLIST 24,32 

IWHEN 86 
WHILE operand of DO 57 
WORD boundary alignment 41 
WORKREGS/NOWORKREGS procedure options 82 
writing a macro definition 133 

XREF 250 

zeroing/blanking strings, structures, 
arrays 237 

zero origin arrays 240 

272 PL/DS Language Reference 



® 
international Eusiness Machines Corporation 
Data Processing Division 
1133 Westchester Avenue, White Plains, N.Y. 10604 

IBM World Trade Americas/Far East Corporation 
Town of Mount Pleasant, Route 9, North Tarrytown, N.Y., U.S.A. 10591 

IBM World Trade Europe/Middle East/Africa Corporation 
360 Hamilton Avenue, White Plains, N.Y., U.S.A. 10601 


