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Th~ 5ym~olic Debugginq System (50S ) i s e co~ v ers a t ional facility for 
testing ~nd debugqing prog r ams . rh~s f a c i lity wa s original ly pr ovided for 
J60/J7 0 - i5sembl~r language programs, b ut i~ has been extended to include 
F JPT?~~ , PL/I, ~na PL360 programs. 5 0 S enables t he user to i ni t iate the 
0xec ut iJ l 1f a prog r am an d mOLitor its pe rform an ce by displa ying or 
~~aj, fyin} instr uc tions aLa data ~t s ~r a ~e gic po~nts in the pr ogram . 

50S m ~y be in v ~ked in ac e~pl icit ma~ner wit h t he ~TS command 

$DEDUG FD~ame 

WhetD " fDna~e " i s t~e file or da vice conta ining th e program to be debugged . 
The D~r ~m et drs t o t he $OEgUG comm and a r e t he same as those for the $RUN 
c ~mm a n~ : hence , if tlte p rog r~m r efe r s t o logica l I/O Ullits or has a PAR 
field , t hese a l so may be i ~cluded on the $DERUG comma nd, i.e., 

$OE 9UG program SCAPDS =i npnt SPP!NT=o utput PA3 =options 

The U5 e ~ c o mmu ni c a t es wi th 50S by eutering Qgh~g £~m~arr4~ from his 
t erm i o!l . 5DS prihts tte p=ef i x character " +" when i t is request ing a 
c ) mmavd . rhis prefix cha r act er also pr ecedes all 50S messages 3nd d i agnos
t ics. Ini tia lly, debug c~~m!~ds a~e re~d from th e pseudo-dev i ce .SOURC E* 
~~d SDS ~u tpu~ messages and e~ r o r diaq nost i c s a r e wr itten on .SINK* . 
:om m an~s na y be a ntered in ei ther upper- o r low er - case . 

When the pro ~r am has been su ccessf ully load e d , 5DS prints 

+READ Y 
+ 

at ~ hi cn point 50S is ready for its f'rst command . Debug comm lnds may be 
used to execu~e a po r tio~ (or al l) o f t he progr am be i ng debugged , to 
~stab l i 5~ sp~c i~ l c o ndi~i~ t s that SDS sho uld ~ ecogni z e , o r to request that 
s pecifi= scora qe l~ c'tions be disolaved or modified . For inst!nce. t he RUN 
command ini~iat~ s executi~n ~f th e pr og r am , and the MA P command l is ts 
relevant i~forma tion a bout each l oaded sect ion . Th e BREAK command is 
pr ovi de i t c inse rt brea kpoints at strategic loca t ions in the program. If a 
prog ram in t e rrup t occurs duri ng execut ion, o r if a brea kpoint is encoun 
~e red . = ~n tr~ l is re ~ urned to 50S which ex~l~ins why the progra m has stopped 
runni ~q ~ nd req !19stS a~ot hE r comm~ nd . ~he DISPLAY command may the n be used 
~~ se l?:tively exa mine specific loc a~ i o ns in memory or the contents of the 
g~n9ra l ild flo!tinq- point r egisters . =hanges to data and instructions may 
bp rnida wi t h the ~O DIF Y c~mmand . The prog r am may be res ta rted with t he 
CJNTINTI3 : ommand , In this m~ n ner , t he user may "step 'l through th e program 
3nd monitor its pc rfo=m3c c e . A c o mple t e descript i on of t he debug command 
l an quaqe 3ppear ,i at the end of ~his section . 
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L~qi=!l I/O unit assignments 5nd PAR f ield info rm ation may ba specified 
on t he $D~BUG c ommand in the same format as with tha $R UN command. If t he 
user has Jrnitted thes e assignm~nts from the $DEBUG command Ot desires to 
change J[ r e3et an y o f the assignments , th i s roay be done by ~he SET Q2hgg 
c omma nd . Por example , ~fter issuing the ~T S command 

SDEEUG - LOAD 

~he debug co mmand 

SET 5=D~TA 6=RESULTS PAR=LIS T 

~ssiqns the files DATA and 
resoActively, ~ nd se~s the 9AR 
the sa~e ~s if the MTS comreand 

PESULTS to 
field to t he 

logical 1/0 units 5 
charecte r str ing LIST. 

$DEB UG - LOAD 5=D ATA 6 =B~SULTS PAR=lIST 

had heen issued o=igi~ally . 

and 
This 

6 , 
is 

Assi 3Bing IJ~ic ~l I / O units with the SET command may be used to rewind 
sequenti~l or line f i les or to ~ssign ne w li ne numbe r r ange s f~r line fi l es 
hut will no, affect ~he s t at us of othar types of pseudo -de vic9s (such as 
*~~UFCE* and the position of ~apes). The PAR option must be th~ last 
parameter specified since the :em~inder of the input line is taken as the 
PAR fi~lj . 

' ltar n! ci vely, sns may ~e ilvoked implicitly by entering the Mrs command 

5ssr DEBUG =ON 

~ll pro~r!ms lo! ded after t his p~in t are processed by SOS . The MTS commands 
SRUN an j $Sr ART/$ RESrART do ~ot start exec ution of the program directly, but 
t ra n~fe r control t o 5DS wi t h an implicit dehug command of RUR or CONTINUE 
(respectLvely) . 5DS wi l l intercept any er r o r that occu r s , pri nt an error 
comment , and return to the caller (normally ~~S command mJde). At this 
point th ~ user may explicitly enter debug command mode with the MTS command 

ISDS 

to d~ternina wh~t we nt wro~g with his prog ram. This mode of ~peration may 
bv di sabled by ~ he ~TS command 

$SET OEEuG =OP? 

The jaf~ul~ for the DE8!JG ~otion is OFF . When the D3B UG option is ON , 
all user progr1Ms , la~guage trinslators , and othe r publicl~ available 
programs .re processed by SDS: hence , :he user shou ld be aware of which 
progrsms he does and does Lot w an~ 50S to procAss . Norrual ly, when the use r 
is not rmn~i~g ona of hi s cwn orograms, the DEBUG opt i on shou l d be OFF . 

~ he user may specify a l ocal time limit on ~hc $DE8UG command , e . g ., 
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$D~BUG program ! =s 

rh~ t5_1I::! .L~m i ~ Specified 3..pplies only to the Q!g£llj;~Q.!l j;~ !!!g 2.f j;hg !H~:'§£~§ 
EtQg£~m: time spe nt in processing 5DS command3 is not ir.cluded. When the 
loca l time limi t is exceeded, oxe cu~ion of ~he user's is suspended . The 
user m~y subsequently resu~e execution with ~he CONTINUE co mmand. When 
e xecut iJn i s resu med , a new local time limit is establish ed which is the 
time limit specified b y the :HS rIME option : the defaul t is no time limit. 

The mJ5~ useful feature ~f SDS is the abilit y to selectively r efe r to 
l?cati~13 ~n the program being de bugged. Loc a tions r e f erenced may be e ither 
loca tions within the executa ble code (e.g . , t he ettry point to 3. subroutine ) 
ry r loc~ticns ~h at co ntain data. storage loc~~ions may be referenced 
symbo l i:::llly, by relat i ve ad:lI:"ess , 01: by abso l ute (virtual ) address. In the 
symb0 1i~ w~de , a l ocation i s r eferred to by the symbol assigned to that 
l~catio~ !~ program translation t ime. 

Symbolic re£erenci~q is possib le only with t hose langu!ge processors 
Wllic~ qan~rate ~ symbol tab la ~i th the ~bject programs they produce. Th i s 
symbolic inf.)rmation is cO:!ltained in S'lM record s in the ~b ject module. 
':urrently , S'al :;:'2co::ds a re generated by t he 360/370 Assemble r 3 ("'ASMG ) , the 
':'ss ~_sse!Dbler ( *lo.S ~l T ) , the F'JR!'RAN - G and FORTRAtI - H compile r s ( *FTU ), the 
PL/I - F : :::mpiler ( .... 1?11 ) , and the P L3 60 com piler (*P L3 60 ) . With these 
process:)C.5, the rES,!' parameter must be speci fied for t he processo r to 
pLoduc~ ~ymbol ~ able information. The formats a r e : 

$PO':l *I\S~l G SCAFDS =sourc e SPUNCH =ob j ect PAR = 'l'~sr 

SEUN *hSWl' SCA. PDS=sQurce SPUNCH =ob ject PAR =TESr 

$R[J~l *FTN SCARDS=sourc e SPUN:!I=~bject PAR=TEST 

$EiJil *FrN 5 : A3.D$=source SPUN : H=ob ;ect PA R-=O PT =H , I'ES T 

$BUN *PL 1 SCAEDS=source :5PUNCH=ob ject PAR=TESr 

.'liRUli "'PL360 SCAB.DS=sour ~ e SPUNCH =ob;ect P.il.R='l'EST 

When r efere3~i nq 
loaded p:~gram5 which 
an ob j::!=t modu l ~ . 
IF , and SN030L4 . 

hv rel~tiv e ~r virtual a ddresses, SOS will process all 
were produced by a language translator th~t generates 
This excludes inte~pretiv e translators such 3.S WATPIV, 

Oebuq !1 od~ 365 



~TS 1: !dE :iLCH!GA N T£ PMIU1L 3YSTE~ 

P~qe Re vi sed March 1977 April 1976 

Sinca tha principle function ~f SOS is to provide a convenient means of 
debuggin::J ?rogX:-nms , a power-ful and flexible method for specifying storage 
locatiJQ5 must be ava i lable. The means for specifying stc r ~ge locations 
mus~ hlva tbe clpa bility ~f ~es~lviag potential ambiguities that may ari se 
wh~~ chlcact~x:- strings m~y be interpreted as symbols or a s hexadecimal 
nurnb~x:- s Jr when s c r i ngs of hexadecimal digits may be confused with strings 
~ f deciD~1 digits . The constructs th~t ~re used to refer t o storage 
loca.ti::ms a re c:ill §.i2£s.a.£ £.~fft.~~!!£§ .§K2£§.§.:z.iQ!l§.. '!'hroughout this descrip
tion of 50S , the ~erm5 " l ocation" and " storage reference expression t t are 
used i n terch~nqeably . 

the ~ ane£a l f~rm o f as 50S 5 t ~tage reference expression is 

S (i)tj 

(1) 1 sY!!lb~lic l ocation i.n the sou rce language program, 
(2) ~ relative a ddress ~ithin an object module assigned at assembly or 

:ompilatlon t ime , er 
(3) 3.n abso lut e (v irt 'lal) add r ess corr esponding to a location wit hi.n the 

l~aded program. 

" ~ i t ' , an ~~~il~!! index, is, i n i~s simplest form , a signed or unsigned 
gg£ims1. in':eqe:c , an d "j", an QE..t12!H;1. displacement, is 3. h~!!!gg£iB!~1. 
ir.tege:c. Ii de:.erlilini ng the location to be r eferenced , the index spec ifies 
t. he ~th e lemant (e .g., a~t~ item , ins~ructionl of an a rr ay rel~ti ve to the 
b~se " S" ~nd the displacement specifies t he number of bytes to be added to 
(o r subtracted from ) thp l~cat ion i ndicat ed by S (i ) .1 A stor~ge reference 
expressi~n is termi nated by a hlank . Examples of val id s torlge r eference 
fiX pressi J ns are : 

ALPHA 
ALPHi\ (1+ ) 
HPHA (- 3) 
EET.D. + 1: 
BETA (24) + 10 

.EQ£'!!! 

s 
S (i) 
5 (i) 

S+ i 
S ( i ) + i 

When sp~:ifyi n g ~he " 5" ccmp~nent of a s~orage reference expr@ssion, it may 
he necessary to dis t i nguish explicitly between a symbolic, rel ati ve , or 
3.bso lu t ~ s.ddress . Fo r e xamp l e , " A l llll C~Hl1d be int.erpreted as the ::ymbo l A14 
:)~ the ["~l a ti ve :>r a bsolute 3.ddress A 14 (hex). By default , an Il SIl com?onent 
beginnin1 wit h ~ lett er is treaten as a ~ymbol: if i t is not a defined 

l :he cJmple ~ e specification fo r ~he com90nents of 
expressi~n a re more complex th a n ~he simple definitions 
com~lete definition is gi ven later in thi s subsection . 
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syohe l witllin the proqram , a n attemp~ is made to treat it ~s ~ haxadecimal 
rGla~iva o r absolute add r ess . If tt~ " 5 " component begins with a decimal 
digit (:> - 9 ), th~ s ymb ') l is 2'_lw:!,ys created as a relative or absolu 1:e add r ess . 
Fu rther m) r e, an "5" component that d~es not begin with a l etter is t r eated 
hy def~ul , as a r ~ lati ve h e~adecimal adnress if its value is l e ss than 
100000 (h~x) a nd is treated 3.S ar, a bsolute hexadecimal a ddress if its value 
is equ~ l co ~r greater than 100000 (hex ). The following tab l e pr~vides 
s~ v eral ~xdmp le3 of default int erpretation . 

A 1 4 · 
OA 1" 
S 123" 
58 12 )4 
XYZ 

symbol or rela ti ve add res s 
rel a tive a ddress 
s ymbol or relative address 
ab solute address 
sy mbol only 

when i t is necessary t o override t he defa ul t interpretation , one 
mo d i fie ~s ~Q , ~R , o r ~ A , may be appenden to " the expression 
in tDrprat ~ ~io~ 8 3 E SYM bol , rel at ivp add ress , or absolute address, 
ti vely . Thus , OA 14 and Alu IDR both specify a r elative hexadecimal 
l~cati on !nd B 1 2)4 ~A specifi e s an abso l ute hexadecimal address . 

of the 
to force 

respec
address 

~s st3Led ~b? v e , t he simplest f~rms for indices an d displacements are 
decima l and hex3.d ec i iIl3. l cor..stants , respecti vely . When it is more convenient 
to r: e pre 5e nt an i nde x us ir_g 3. hexadecimal constan t or a displacement using a 
decimal =~ ns ~a nt , the modifiers ~x an d iD may be appended to the constant to 
force interpr etation as a hexadecimal or decimal number , respective l y. 
Thus , 

B:::TA (1 8WX) + 16 c'l1 0 

i s equivale:\t t o 

3ETA (2U) +1 0 

Por PJRTRAN ~ t PL/! a rrays , 
separated by co mmas. Multiple 

the index "i" may be 
indices may specified, 

, ( 6 ) 

B ( " • 1) 
C (O, O, C,-l) 

a ser i es of 
corresponding 

indices 
to the 

To p[~ v ide fur t her gener a li t y i n the s pecificat ion of s~orage references, 
both i n1i=cs "i " and displacements "j" may he sto r age referecce express ions. 
An inne x ma y be gi ve a in th~ f~rm S (i ) and a dis p l a cement may be given in 
th<;! f orJl S (i l. Dis olacel1er.ts mav !'tot be used on r ecursive storage reference 
expressi~ns . Wh a n ~n i nde x or ' displacement is expressed as a stora ge 
re fe ren= ~ r athe = chan ~s a s imple num eric constant , the cont e nts of the 
l ocati oa soccified i s used f or t he index or displacement. As man y levels of 
rACUr3iJ~ ~~ des i red ma y be soecified . For example , th e expression 
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A (K) 

specifies ~ hat t he contents ,! 
t o be usaJ a s th e i;~~i-~l-t he 
referen==u. Sinila~ly , 

t he locat. ion 
ar ray A in 

whos e symbolic 
computing the 

reference is K i s 
actua l location 

is a st)ra ge r e ference 
disp13canen~s are treated 

using tw, levels 
as numeric constants 

A.lPHA+A 

of recursion. 
where poss ibl e . 

I ndices 
Thus , 

and 

ref~r5 to the l~c at~cn ALPEA ~lus t~n bytes since displ acements 3re normal ly 
treated is hexadecim a l co nstants , bu t 

i\LPHA +i\&Q 

refers t ~ the l ~catio~ ALPHA plus a displacement specified by the contents 
of th~ l)::; a tion wh ose symhol is A (iilQ f ·')rces symbolic interpretation) and 

i\LPHAH.mR 

r efers tJ the location ALPHA pl us a rlisplacement speci fied by the contents 
of l ocati) n whose rela t i ve add~ess within the program is oooaOA (h ex ) . 
~u lt iol a symbolic indices may be used f o r FO ~TRAN and PL/I ar r ays. 

In ~ jji t ion, "i ll a nd I'i 'l may also be arithmet ic expressions using the 
,n9 ~ cto rs +, - , * , a nd / ar.o any ~ecess~ry lev e l s of parentheses to a c hieve 
the desired order o f corup u~!ti on . 2 l ements in ~ hese arithmetic expressions 
m!y be CJnstants ~r sto r age reference ex pressions . Fo r examp l e , 

ALPHA (1+2) 
ALPHPo. (I*2 +1) 
ALPHA (( I + 10) /2) 
.a.LPHA +7AO - 1 6 
AL PHA + ( 1C+2 0 ) *2 

Numeric =O D3tants used i~ indic9s are treated as decimal whi l e num eric 
c~nS~3 n t; used ~~ disp l ~cements a re treated as haxadecimal unless ove rridden 
hy the IDX or ~D mo di fiers , respecti v ely. 
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The fo l lo.ling J60/3 70- assernbler lang uage p:rog!'am illust ra tes th e use o f 
storage r:ef e re nce expr:(!ssions . 

000000 PF )G CSEC'I 
000000 USING * , 15 
000000 58 10 F0 14 L 1, ;\ LPHA 
000004 5P. 1 0 F0 1S II D .~ 1 , C 
000008 SO l e PO 14 ST 1, ALPHA 
oooooe 5BAO F0 1C L 10 , VSYS 
0000 10 0 7 F~. DF 10 
0000 14 OOOOOOOA ALPHA DC F ' 10 ' 
0000 18 000000 14 C OC F ' 20 ' 
OO)O l C 00000000 VSVS DC V (5 YSTEM ) 
0000 20 GAr.MA DS 20F 
0000 7 0 l eo 22C3)3C 1C022C DEL'l'A DC 2? '1, 22,333' 

END 

To d l 5pl~y th2 c urrent co~tents of a l o cation , the DISPLAY c ommand may be 
'J.sf'-d , e . g. , 

DISP LAY .~LPHA 

conve!' t5 the c oa~en~s of ~LPHk according to its t ype an d length (a s 
determi n~a by inf?rmation pro vid ed by 5¥M re c or ds ) and prints the r e sult . 
~h~ t Y~2 ~ efa rs to t he for~at in which it is ~ isp lay ed (e .g., fixed - point , 
floatin~ - ~oin t, cha racter. hexadecima l, etc.l and the l ength r efers t o the 
nUlilbE- r of bytes t hat are displayed. If ALPH A (a f ull~'o rd in teg e r) from the 
a bov e pro:J ram i .e) displayed (before t he proqram i s execut ed ), the result is 
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ALPHA I F ' '10 ( 4 byt es ) 

The le!'q'Cf, is give;) f:Jr t ypes F , F . P , and Z. Similarly , 

DISPLAY C 

would pro1 uce 

C ' F ' +2 0 

LO C3~~J n3 m~v a l so be referred to b y the relativ~ addresses assigned at 
t r an sla t lon 'tim £! : To dis-ol a v t he con t ents of t he relative location C, as 
o ~posed tJ the symbo lic l~ catio n : . the command 

D!SPLJl.Y oc 

or 

DISPLA Y CoR 

m~ y b~ us e d. This di~plays the instruction at locatio~ OeOODe in the form 

AD (3 ) ' I ' L 'OFD1C 

The iVR ll:lil i fie:c is llsed 'to indic3.te a relative add ress. If no symbo l table 
w;.s pr o vi5 e d a t transle.tior. t. ime , t he COI'.te:lts of the location is printed in 
hexadecl~al format as 

000 00: 1 X' 58A01~OlC 

The user may ji s pl a y a ny addressable location in his 
specifying ai ... absc- lute (v it't 'Jal ) address . ro display 
abs~lute l o cati~n 5 16A26, t he comma nd i s 

DISPLH 5 1 6A28 

vir t ual memory 
the c')o tents of 

by 
the 

!f prssi ol e , 't Ile contents cf 5 16A28 are c on ve rted according to type and 
l pna+h snd displayed on the user ' s te rminal . If the addr~ss given specifies 
a n i lIa;!! , an utreferetcad , or a protected page , an error message is 
produced . 

~ spe::: ia l for m o f sto::3.ge reference e xpr ession , the Q!.Q£!s. §'lQ£~gg 
Igfg[.gn~~ (or sim pl'j t he sto r aqe blo cJc.), is provid e d to specify a r ange of 
lccati o ~s. A sto rag e block is represente~ by two s t or~ge refe r ence 
e xpr essi, rs s~pa~l~ed by ex actly th~ ~e periods (no embedded bl anks are 
allowed ). 'The ge n~ t" a l f o rm is 

.5 (i) tj ••• s (i) ±j 

P~ r pX3~plc . t o disp l a y the l inea r a rray GA~MA oE dimension 20, the command 
is 
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DISP L~.Y GHHJA (1 ) ••• GAH,!i\ (2 0 ) 

If t h~ s ymbol for 
lower- b~ u nd add cess , 

the uppe r - bound address 
i~ may he o mi tted, e.g. , 

is identica l t o that of the 

DISPLAY GAi;MA ( 1) ••• (20 ) 

~lccks m~y be u~e rl to s~ecify an y range o f addresses as shown in the 
foll o wing ~xamples : 

DISPL AY ALPHA ••• GA I'J:-\ i\ ( 2 ) 
DI~PLAY 9CO ••• A28IDE 
DI S PLAY 516000 • •• 5 161\28 

~he uppar - bound !dJress ~ u s t be qreate~ than the lower- bound address. 

The us e r m~ y s pe c ify ~ relocation factor with the SET debug command . 
This r el)= a ~io n fact or i s added to e ve ry relative a ddres s s pecification that 
is ~ot oV2rridd~n by , he IDC m?d if ie r . Fo r example , the command sequence 

displ!ys 
il i.so l !!. v 
,: 4- : _ .... 5 "' ... 00 . 

tha conte D': S of 
l ocati ) ns usin g 

SET 8F =517000 
DISPLAY no 

l~cation 5 172AO . 
only the relative 

This make i t 
addresses given 

c:lnvenient to 
io an assembly 

It is Jften usefu l t o o v errid~ th e imp l ied or assumed type, length, or 
s cale ~ tt ributes ~f a ref e r e~ced l o ca tio~. 50S p=ovides a set of keyword 
m o d iE ie r~ which tempo r a rily ?verride t he attributes by explicitly specifying 
ne~ att rlbutes. A ke yw o rd modifie r consists of the modif i er character "WI' 
followe1 by a keyword describing the modifier. 

50S ~3cogn1z3s the f oll o wing keyword modifiers : 

37~ Debug :i;)de 

s ets the type , length , and scale a~tributes to "X 'I, Il i l' , and 
'I j'l, respectively . The length and /or scal e ~t~rihutes ma y 
be o mi tted . "x" may be an y of the type- codes defined below~ 
'I i'l and l' j'I ma y be any l engt h or s cale attri bute as defined 
with the LENGTH and SCALE modifiers below. 

A h- type ad dr ess c on stant 
B binary 
C ch a =act e r (EBCDIC) 
o Eloating-poin-t: (l ong) 
:;: floatiJlg - point ( long or short ) 
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F fixpd- poin~ in teger 
H fixed - p'Jir.t i nteger (ha lfword ) 
I ins : ruction 
L l ogical ( fORTRAN ) 
!1 COi!lpleX ( FORTRAN ) 
p pack~d decima l 
S S- type add:-ess constant 
V V- type address constant 
~ ch annel command word 
X h9xadecimal 
y V- t ype ad dress c onstant 
Z zoned decima l 

sets the length attribute to "i", where "i" is an unsigned 
dec~mal integer. "!" may range from 1 to 655 35 . The 
standa rd default i = 4; th i s is the value used when there i s 
~o symbol informativD asso ciated with the specified add ress. 

se t s t he binar:-v scale f~ctor to " j ", where "jn is a signed 
or un signe d d ec1rnal integer. The s~andard default is O. 
Binary scale fac tors follow the conventions us ed by the 
16C/370- assembler 13nquage, i . e ., the scale factor t r eats 
~he the constant as if it were mul tipliod internally by the 
spec i fied power o f two . 

res~ric ts the storage r eference co the control or common 
sec t icn HCS ". 

res&riccs the s ~ orage reference to generat ion "i" of the 
current con tr e l section. 

restr icts the storage refe r en ce to the dsect 'i ds "~ . 

restr i c~s the s~orag e reference ~o the external procedu r e 
" xxx " (PL/I programs only ). 

res~ tic~ s th~ s:orage reference to b l ock level "i" of an 
exterr.a l pr-ocedure CPL/! programs only). 

restric:s t he scorage refer ence to 
r ecllrsi ve prJ c edure nr cont r olled data 
grams or. ly) 

spec:"fies he 
var i abl e CPL/I 

compi l ation statement 
programs only ) • 

invocation ni " 
variable (PL/I 

of a 
pro-

number fo r the data 

KeYW' :H:d modifiers :aay he appended eithe r to commands or to s t orage 
ref~renc! expre3sioas. If they a re appended to a command , they apply to a ll 
storage reference Gxpre~sions appearing in tha command : if t hey are appended 
to ! storage r e f erence expressio~ , they apply only to that expression. A 
ke y word modifier appe~d3 d to a storage reference expression overrides a 
keyword !ppen ded tC a comman d. 
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Por exa~ple, t he user ro~y wish to display a symbol in its hexadecimal 
repr~sent~~ion . In ~h e foll~wing ex~mple , t he TYP E keywo rd modif i er is 
appended to tlte symbol ALPH~. The code foll ow ing the "=" i s che type code 
for hexlieci~al f orm attirg , as defined below . The command 

DISPLAY ALPHAm!~PE = X 

displays the contents of A1P!!A (from the previous program ) as 

ALPHA 'X, OOOOOQOA 

IE ~ leJ~th att~ibu~e of B were also appli ed , the command wo uld be 

DISPLAY ALPHA~TYPE=XL8 

and t he symool ~ould be di s played as 

ALPHA ' X' OOOOOOOA 000000 14 

O~ly tbe first letter o f ~ny keyword modifier need be enter ed : hence, the 
prec eding example c o uld be given as 

DISPLAY ALPHAmT =X LS 

!f both ALPllA anrl BErA ere to be dis9layed usi ng a length at t ribute of 8 , 
the TYPE m~difier may be appended to the command . e.q •• 

$DISPL~Y~T=8 ALPHA 8ETA 

As m~ny keyword modifiers !s needed may be appended ~o a parameter. For 
b locks. the TYPE , LENGT tl , and SCALE mOdifiers may he append ed to giihgr the 
upper- b~und or lower- bound address, e.g. , 

DISPLAY 516100wT=PL4 ••. 5 16120 

DISPL~Y 516 100 •• • 516120~T=FL4 

I~ is ,f:en d=sirable tc r estrict the use of an 50S parameter to a sing l e 
co,trol J~ common sec t ion b y the use of the CSECT keyword mod ifier. This is 
nerma l ly j~ne when a symbol or relative address is defined in more than one 
section . F~r example , 

DISPL~Y 3BTA~C:SUBR 

displ~ys che COLten t s o f location BETA in t he section SUBF . If t he CSECT 
modifier is used wi t h the lower-bound ~dd r ess of a block pa ra~eter, it 
~ppl i es to b~~h ~ddresses (unless overridrlen on the upper - bou~d address) ; if 
the cs~:r modiEi~r is used wi t h the uppe r - bound address , it applies only to 
the uPP9c-bound ~ddr es s . 
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The symbol 3 LANK ma y be 
sect ion s. Par ex a mple , in 
b l ank - b~med com~on section may 

us e d for referring 
d. FORTRi\N pr ogram , 
be displayed by 

DISPLAY A@C =BLA NK 

to 
the 

blank - named common 
vari3.ble A in a 

If the rr~gram a lready has a ~ontrol section o r common section by the name 
of ~ LA NK , the S~T c omman d may he used a lter the blank-named common symbol. 
The use ~f BLANK as a blank - ~amed c ommon symbol will not i nter fere with the 
l I se o f 3LANK f o r other symbo ls in the proqram. 

If a c~ nt ro l section of a given n3me appears more th~n once in the 
proqram, the GEN keyword m)di.fier c an be used t o specify che desired 
OCCllrre:1.::e of that. section. The first timA a cont.rol section of a given 
name is l,aded , i t. is assi gned t he generation number 1, the second T.~me it 
is !cad~j , it is a ss igned the qene['ati.on number 2 , etc. The command 

DISPLAY EFTAn~ =SU3amG=2 

displav3 the conte nts of loca~ion BETh in the second occur r ence o f sect ion 
SUE? 

The OSEeT keywo['a mOdifie r can he used to res trict an 5DS paramete r to a 
particul~r dummy co~~~ol sectio n , O~ dse c t , when that symbol is defined in 
hoth a = on~rol section ard ~ dsact. 

The mJdifie[' charact ~ r ma v be changed by the SET MOD CH=x commanu, so t hat 
symhol~ =~ n tainin g ~n ' I ~ ' I char ~cter c an be r eferred to in SOS parameter s. 

5DS predefines a small cumber of 
display ~he c O:lten ts of ~11 ~f t. he 
n GRS " is used , e. q., 

" useful ll symbols. Fo r instance , to 
general registers, t he predefined symbol 

DISPLll.Y GFS 

To r~fec to t he i t h gen~ral r egisLec , t he symbol "GRi " is used , where I f ill is 
t he regi.ster number, rang i ng from 0-1 5 (flecima l), or 0- 9 and A- F (h~x). 

Si m i l~rly , ~o refer ~o the f l oat inq- point r egisters, the sym bol "FRS" is 
used . r~ [efar t o t.he jt h floating - point registe r, th e symb o l " ?Rj" is 
use rl, whe r e " j " is 0 , 2, u, or 6 . 

~he t £= F and ~T =E mQdifjers may be ap Dlied t.o GRS and 
t o obtlin fix ad- point an a floating - point conversion 
fl o~tin q - point r~qis~e[' s . 

FRS , r espectively, 
of the gene r al and 

1'0 :r:;!fsr to the current program status word (PSW) , the symbol " PSW" is 
used. 
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To refer tJ a pro gram - defined l oc ation with the same name 
predefjna1 symbol , t he ~Q m~aifier must be appended to the symbol. 
display &Ile program- defined symbol GR7, the command is 

DISPl~, Y GR7iilQ 

whereas, to display genera l regis t er 7, the co mmand is 

DISPLA Y. GR 7 

l\pril 1976 

as an 50S 
Thus , to 

A lev~l of i~direct iofi t hr~ugh aey s t orage reference may be achie ved bv 
?lac tng t be ind:rectiorl cha["acter 11 $ " at t. ha front o f th e storage r eference: 
Tha st~raqe reference is assumed to contain a four - byte address which is 
used by 5DS as t he effecti ve a ddress. For example , to display t he contents 
of the l o ca~ion wh ose address is contained in general register 6, the 
command is 

DISPLA Y. $GR6 

whereas, to display the contents of general register 6 , the command is 

D!SPL.~ Y. GR6 

As m~nv l evels of indirec~ion ~s needed mav be achieved by placi ng the 
approp~i! te number of indirec t ion characte~s at t he front of ~he parameter . 
For e xamp l e , t o displ a y tl.€ loc ation whose address is contained in the 
location pointed t o by general register 2, the command i s 

DISPLAY $$GF2 

5DS stops a~ the first il legal address encounte red and repor t s the 
ind i rec t i~n level . An i llega l address is an ad dress which spe~ifies a 
protecte1 paqe, an un referenced page , or a nonexistent page. The chain of 
indirecti:n need not be c ontained in 5DS - processed c on trol sections . 

By conve~tion , the indirection ope rat o r a ppl ied to the PSW, i.e. , 

DISPLA Y $PSW 

displa ys the location addr~ssed by the current PSW. 

The indirec t i~n Jperat~r h~s high~r precedgnce than "±" used to add a 
displacement, a .g • • the expression $ ~ DDR+4 takes the contents ~f ADDR and 
then adds 4 ~o form a new add r ess . whereas t he expression $ ( A0 0 9 +4) adds 4 
to the !ddress of AOD6 to fo r m the address uS9d fo[" the indirect i on. A 
storage refarence ma y he parenthesized t o any desired level to cause the 
indirection ope r at o r ~o be applied t o t he desired part. The i ndirec t i on 
'peratcr normall y appli9s t o ~ symbol 2~d its index (but not the displace
ment) . rhe f011')wing t ablE' sb:Jws how par.en t hesizing may be used . 
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$ADDP+4 
$ ( ADDF +II) 
$ '.OD? ( 2 ) 
$(.;OOR) (2) 
($AODIi) ( 2) 
$.n.DDp' ( 2) +4 
$ I>\ODF (2) +4) 

ADD? 
ADDR+4 
AOOR ( 2) 
.DOR (2) 
i\DD'R 
AOOF (2 ) 
HOF (2) +4 

The indirec tion character m3. y be changed by the SET INDCH= x: command, so 
'" hat SVI\lbols bey:iiln i r,g with a "$" can be referred to in sos parameter s. 

SDS c~nS~3n ts may lie specified with t he MODIF Y and SCAN commands, i .e., 

MODIPY 5 ( i ) ±i constant 
SCAN S (i) ±i constant 

I n a dditiJ n , th e y may be e lements in 50S relational and logical expressions 
(see t he 5ub3ecci')n " 50S Rela t ional and Loqical Expr-essi ons lI

). 

The format Jf the 50S c~n s~ant a ll ows t he inclusion of t ype , 
sc.;.le fi.:::t O!:' ;).tt.ributes on the constant expre3sion ( in a manner 
t.he 360/370- :lssembler l ang uage). The prototype i~ 

x:LiSj 'r,nnn l 

l ength , 
simi l ar 

and 
to 

whe;:-e HK. JI is 'Ch? t ype , lI t i ll is the length , lI Sj " is the sca le factor 
att r i buta, and " nnnn" is the const~nt: the type, length , and/or sca le factor 
~ttr ibutes may be omitted . The values fo r " x", " i ll, and I'i" may be any of 
the va lues th~t are lega l wi th t he ~T=x , ~ L=i, and ~s=j modifiers . If the 
typ"=, , length , 0": .:sc·l le fact:lt ?ttr-ibutes ar-: omitt~d , the standard defaults 
are ass um~d . EKam ples ~f SOS c onstan t s are 

A' LAB'::L ' 
AL2 'L A3EL2 ' 
C I A ' or CL3 ' A' 
F' ' J I 

FL2S2' 10 ' 
~: ' 4D5G I 

E ' ~.6 ' 

When us~d ',t/ l.t n the l':OD I F Y and SCAN comm.ands , explicit type , l e ngth, and 
scale f~=tor attr i bu te s will override the implicit or e xplicit attributes of 
t he firs~ a =gum aLt of t he fCDIFY or SCAN commands. 

~I)DIF Y ,\LPH A CL6 ' ABCDEFGH' 
~O DIFY ALPHA~T =C L 8 ' ABCDEFQH ' 
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The a bove two comma n ds a re synonymous. 

!h~ rules for forming e6ch · ype of 50S constant a re given bel~~ . 

~_ - type :d.con 

BinC'. rv 

CharE.ct~ r 

]7 6 D~ b ug :10c1e 

If t he leng t h of t he pa rameter is three or four bytes, 
the cc nstant may be any legal virtu a l address . r elative 
addr ess, or program- defined symbol . If the address is 
less than 100000 (hex). the current section base and 
relocati~n factor a re added to produce a virtual 
address. If the length of the parameter is one or two 
bytes , the constant is tre~ted a s a fixed - point decima l 
i n teger ,f length one or two , respec t ive ly. Tile example 
below modifies the lecation ADOR to contain the address 
of t he symbo l LeOp. 

MODIFY lDDR ~ ILOO? ' 

A binary cons~ant is a 5tr~ng consisting of the charac
t en; 0 , 1, and *. The characters a and 1 indicate that 
~he corresponding bi t posit ions are taken as a and 1, 
respect i vely . The cha r acte r * indicates that the corre
spo nding bit p03ition is to be ignored . ?~r ~he MO DIFY 
command , * means ~ha t the corresponding bit posit i on is 
lef ',:. unchanged . For th~ SCAN command, * means that the 
corresponding bit pusition is taken as O. For an 5DS 
relation~l expression , * means that the corresponding 
bit positicn is not tested i n the re l stion. The maximum 
lengt h f~r a binary const ant is 64 bi ts . I n the 
fol l o wing examp l e , hits 1 and 2 of the variable sws are 
mo dified t ~ 1 and 0, resp~ct ively : al l other bits are 
lQft unchanged . (Bits are numbered left to right 
s t 2rti ng wi t h bit zero. ) 

MCDIFY SWS 8 1 * 10*****1 

An y of the valid EBCDIC characters may be designated in 
a charac t er constant. Only one character constant may 
be specified in th e second operand to the MODIFY 
corn~and. Special attention must be given to repres ent
i ng primes CI.S characters: each sing le pr ime desired as a 
character i n the constar.t must be represented as a pai r 
o f p~imes. The maximum length of a character constant 
is 256 bytes . ~wo consecutive p r imes are counted as one 
clla~acter. If the number of characters given is l ess 
than the sp ecifiad length , the ccnstant i s padd3d on the 
r i ght with blanks. 

MO DIFY CH!R C ' ~BCDE ' 

UODIFY CllAB2 CLalA ' 

Cha nnel command words are t r eated as hexadecimal con
stants of length 9. 
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Comp l<:!x 

Fi xed - pJint 

F!oat5.n g - point 
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A c omplex cons~a nt consis ts of a pai r of floating - point 
cons~ants , seoarated bv a comma or a blank . The first 
constaLt is th ~ r eal pa r i and t he second cJ nstant is th<:! 
ima gin a ry part . If on ly one c onstant i s specified, only 
t. he re a l part is USE'!d . The l ength o f the entire complex 
c onsta,-,t is a or 16 bytes . Comp l ex constants a r e used 
prim~ r ily i~ FORTRAN programs. In the examples below, 
t he location COMP 1 i s modified to cont.ain 3.0 and 4 . 0 
for the r ea l and imagin a ry parts of a cJmple x nu mber. 
respective l y , and the location COMP2 i s modified to 
contain 5. 0 as the real par t wi th the imagina ry part 
being unchang ed. When only the r eal pa~t is being 
n,c nified , the E (f l oat :' ng- po int ) qual ifier must be used . 

NCDU'Y C0 111? 1 ~l ' 3 . 0 ,4. 0 ' 
MODIFY COMP2 E' S. OI 

i\ fixed - ~ oint cons tant is wri tten a s a sig ned or 
unsigne-d d ecimal numb er. A fractional part may be 
i ncluded ; hO'lI'e ve r-, unl ess a bi na ry scale factor is 
~ upplied, the fra c t ional part is deleted . Binary scale 
factors fellow the con ventions used by the 360/37 0-
a ssembler l ang uage , i . e ., the s c ale factor mu ltiplies 
the constant b y the speci fied powe r o f two . A fixed 
ooint c onstant may va ry in l ength from one to four 
bytes. Fixed- point constants are right-j ustified and 
pa1ded with l ead i ng zeros. In the examp les below , the 
location F: r. i s mod ified to the constant 2, and the 
l oc a ti cn FIX2 is modified to t he constant 32. 

:1 0D IF'!~ F I X F '2' 
MO DIFY F I X2 Fs3 '4' 

A fl~cting - point constant is wr itten as a decimal 
number . As an option , a decima l exponent ma y fo llow. 
The number may be an integer , a frac:ion . or a mixed 
number- . If the l ength o f the constan t is 4 bytes or 
l ess , ~ he const ant is treated as a short -precision 
const ant : other wise , it is treat ed as a long-precision 
con sta~t. The format of the constan~ is as fo llows : 

(1) The nUBber is written as a signed or unsigned 
dec im a l value . The deci mal point can be p l aced 
before , within, o r aft~ r ~he numb er. If i t is 
omjtted , th e nu mber is assumed to be =.n inte ger. A 
posi t ive numb e r is assumed if an unsigned con stan t 
is specifiNl. 

( 2 ) 'l'he exponent is optiona l. If spec ified , i t is 
wr~. tt en immediat e ly a f ter th e numbe r as En , whe re 
'I n ll i s an oFt i ona lly signed decimal va lue specifying 
th~ expon=~~ o f the factor 10. The va lue of the 
constan t ma y be in t he ran qe o f .7237 005 15E +76 to 
.539760535E-7 8 . If an unsi gned e xp onent is speci-
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!iexa deci[ll;;.l 

I r, structi)n 

Logica 1 

378 [)f!bug .1~de 

fied, a plus 
rcct::>r ma y be 

sign is 
applied. 

assumed . No binary scale 

I~ the f::>llowing examples , the paramete r XY is modif i ed 
to 46.4 15 . 

MODIFY XY E' 46 . 41S ' 
t'l(J DIf'Y X'i r; ' 464 15E- 3 ' 
~ODIFY XY E I+.464 15E2 ' 

A hexadecimal cons t ant consist s of one or more of the 
he xadecimal digi t s 0- 9 and A- F. Only one hexadec i mal 
c onsta Lt may be specified in the second· operand for the 
!1 0 DIFY c om mand . The maximum length of a hexadecimal 
c cnstant is 25 6 bytes. Constants tl!at contain an even 
number ~f diqits are translated as one byte per pair of 
digits . If an odd number of digits is specified , a 
leading zero is assumed t o provide an even number of 
digits. If the number of digits gi ven is l ess than an 
~!£±b~1f s~eci:ied length , the c~nstant is padded on t he 
right with zero s; otherwise , the~e is nj padding. In 
the ex am ple below, ~he l ocation HEX l is modified to the 
hexad~ci!Hl constant C1C2C3C4C5. 

NODI? Y HEX l X ' C1C2C3C4CS I 

An "i ns truction " constant consists of a 360/370-
a~sembler mnemonic and a hex3decimal operand of the 
approp ri ate leng t h . The operand is separated from the 
mnemonic b y oue or more blanks ; blanks may be inc l uded 
w':' thin t he operand, but not t he mnemonic. Extended 
mnemoni cs (such 3.5 BNM ) may be used , in which case the 
exteEded mnemonic will include the mask digit of the Be 
or BCF ins~ruction. The length of the instru c t i on 
c Vr.stapt need not agree with the length of the inst r uc
tio n be ing modified. In the firs t eJ{ampl e ue l ow, the 
locatio n INS 1 is modified te· the instruction t' SR 1,2" . 

~OD IF'i I~S l IISE 12' 
MOD !FY INS2 r'al 0 3098 1 

Logical const.::lJ.ts consist of the constants ". TRUE. " and 
". FALSE. ", which c.re converted internally to the f ixed
point num bers 1 an d 0, respecti vel y. If neither 
" . TR UE. " nor 'I. FALSE. " is specified, the constant is 
t reated as a char a c~er ~tr.ing . Logica l constants a r e 
used prima:i ly in FORTRAN programs. In the examples 
bel o w, the l ocat io n LOG 1 is modified to the constant 
" .TRUE. " and the location LOG2 is modified to the 
character A. 

folQD I F'i LOGl 
:10DIF Y LOr.2 

l'.TRU E. ' 
L ' ." , 
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S- tY P9 ldc .:in 

V- tYl?e 

y- t. ype 3.:1cor> 
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A p~cked ~r zoned decimal constant is writ ten as a 
siqned ~r unsigned decimal value. If t he sign is 
omitted , a plus sign is assumed . The existence of a 
de c i mal ooint in no way affects t he co nversion of a 
de cimal r.onstant . The decimal point is i gnored . Scal
ing aLd exponent modifiers may not be used with decimal 
con sta~ts . The maximum l ength of a decimal constant is 
16 bytes . 

Po r ~acked decimal conversion , each pair of decimal 
digits is packed into one by~e. The rightmost digit and 
the sign are trans l ated into the rightmost byte. If an 
even r umber of packed digits is specified , the leftmost 
four bits in the lef tm ost byte are set to zer o and the 
~ightmost four bits contain the first digit. If the 
CO:3te.r. t requires fewer bytes than the l enqth of the 
pa r a me~er , the c onstant is padded on the left with 
zeros . 

Fo r zo ~ed decima l conve r sion, each decim~l digit is 
t=anslated into one byte. The rightmost byte contains 
th e sign as well as th~ rightmost digit . If the 
consta~t requires fewer bytes tha~ the length of the 
pa r a me te L' . the const?.nt is padded on the l eft wi th 
zerc s . 

KO DIFY PACK l P '2 J ' 
NO DIry ZONE1 Z'-4 4' 

Not supported. 

V-type 
example 
vir'tual 

adcons a~e treat@.d 
below, the location 
address 512600. 

as 
ve on 

~ODIFY VC ON V' 512600 ' 

A- type adcons . 
is modified 

I n 
to 

the 
the 

y- type a ac ons are treated as fixed-point decimal con
stants wh ose length depends on the length of t he 
paramet.er. heine; modified . In the example beloW", the 
l ocatio p. yeON is modified to the intege~ constant 2. 

:'iODIFY YC ON Y'2' 

Al l of ~ he c~nversi op. t ypes listed with th~ description of the TYPE 
keyword modifiar are supp~rted by tho 50S output -conversion routines . In 
addit:~on , t.he svmb::ll " # 11 1s nst;!d to specify assembler - generated sp1l.ces . The 
f:)llowin~ conve;tions are used when SOS attempts to disp l a y ill ega l data : 
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Fl oati n:j - poiJ.t 

:inst.r uc t io n 

Packed 5 z onE·d 

If a hexadecimal code is encountered 
chara cte r eq uiva lent , a question ma rk is 

which hC'l.s 
substituted. 

no 

If thp l~ ng ~h of tIle number exceeds 8 bytes , the number 
i s prin ted in hexadecimal forma t . 

If 
~ s 

th e len gth of the number exceeds 
pri Lted in hexadec i ma l forma t . 

A by tes, the number 

If t he o pcode field of an instruction does not corre
spo nd to a ma chin e operation , the instruct i on i s printed 
as t WO hex diqits s urr ounded by asterisk s . The instruc
tion is ass lIm ed to be 2 bytes in len gt h (RR typel. 

If th~ l e ng th of th e numbe r exceeds 16 bytes , the number 
is printed ~n hex a decima l f or mat . If a n illegal packed 
o!' zon ed digit i s encountered , a ques ·tion mark is 
subs t i tu ten . 

50S r~ld t io n~ l a r d l ogical expressions a r e 
~n d WH2N com~snds t o c ont r ol conditional 
pr oq r am . 

de signed fo r use with the IF 
SDS processing o f the user ' s 

~e l~t ~ ona l e xpr essions are f o rmed b y 
c~ nst5n : s with a r~lationa l operator . 
follcws : 

combining two SOS parameters or 
The six r elational operators a re as 

• GT. or 
• GE . or 
.LT. or 
• LL or 
.EQ . n 
• NF. • or 

> 
>= 
< 
<= 
= 
~= 

Greater tha n 
Greater tha n o r equa l to 
Less than 
Less than o r equa l to 
Eq ual to 
No t equ a l to 

The re l ationa l 2 xpress ions express a conaition that c a n be either t ru e or 
f<C'. ls e . ex a mples of r e l a tiona l express i ons are 

AlPHA .GT. 5E TA 
.~. L I?HA ( 2) . EQ . P i !.;' 
SWS = 8 ' 11 **0000 ' 

If o no s ide of a rela tion a l e xpr ession is a c ons t a nt which has the type 
a ~ ~rihut9 c~i~ted , ~he t ype ~ttribu~ e from t~e othe r side of the e xpr ession 
is a ss11med, e .g. , 

3F'J LIP-b u g :lode 
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AL PHA= ' " 

i s equ i ll ~ l e:l t t o 

ALPHA = F ' l ' 

if Al PHA is defined as a fi xed - po i nt i nt e g e r. 

The E~ll o w iJ g l ogica l operator3 ma y be use d to fo r m l og ical e xpre ssio ns : 

• ~.ND . 

. OF . 
• KOF. . 
. NOT . 

:n 6 
or I 

or " 

~c c h ope r ~ n d f o r the logi c a l opera~or 
expr essiJn (t he negation ope r ato r has 
of l ogi= ~l expr~ssion s a r e 

.... J\ L~ P.A > BE'I A 

Lo gica l a nd 
Logica l a t" 
togica l e xclus ive or 
Logical not 

must 
on ly a 

be a r e l at ional o r 
r ig h t - hand o pe ra n d ) . 

ALPHA = f ' J ' & B3T A .... = F' 6 ' 
( ALPHA. EO . BITA . O? GiUFlA . GT . F '1 0 ' 1 . I, ND . DE LTA . LE . F ' l' 

l ogical 
Exam ples 

P a re~th~ 3izinq m~y be u ~ed whe r e 
pr ec e den =es . Em bedd~d bla ~ ks 

nec essa ry ~o a c hi e ve the desir e d operator 
i n the e xp~ession a r e legal only a round t he 

re l at5" J~! 1 o r log i c a l ope rat ors . 

"!'he pr ecedence hi~r a r ch y fo r 5DS o perato r s is a s f o llo ws 
p r E'c~d e n ::;e oper a tors a r e at the top ) : 

$ 
+, 

' , f 
',
. x x . 

. NOT . 
• AN D. 
. O~ • •• X!)::. 

incE r ect ion 
ll il.ar-y o perato rs 
multiplicat~on an d division 
a"dition and su b"c:ra c t ion 
.. "elat i ona l o pe rator s 
• G'!:' • • • G E •• , 1 T . , • L C: ••• E Q ••• N E • 
nega tion 
and 
o r ~nd e xclu s ive o r 

(th e highest 

The cu~ren~ s ymbo l 
l ~ca tio ~ speci fie d i n a 
sequ p n c2s s uch ~s 

c haract er '1 * " c an 
debu g command. Th is 

be us ed t o re prese nt the las t 
is most useful i n deb ug c om ma nd 

D! SPL A '{ A8C 
!~ O DIF Y >:< p' " 
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which displ\ys t he c onte nts , ~ location ABC and then mod i fie s t hat locati on 
tc the c'nscan~ 1 1 '. 

The ::nrrent symbol 
a ppe &de j ~o it , bu t no t 

charlc te r 
an innex. 

may have a displacement 
For e xample, 

DI~PLAY ABC *ID T=XL8 

and/or modifier s 

display; the conte n~s of loca~ion ABC according to its typ~ and length , and 
t he n di spla ys Age i n hexadecima l forma t wi th a length of 8 bytes . 

DIs!?L.i!.Y lIPC( 10 1 * + !) 

d i sple.ys th e locat i pns ABC (1 0) and r,BC ( 10) + 4. 
example of ~ st orag e ref~L€nce block. ) 

(Note : this is ilot an 

Fo r the cas~ o f 
lQ~~f=Q~~~£ symbol. 

block 9arameters , the curr ent syo:bol will be the 
For. ex ample , 

DISPLAY ALPH A ••• BRTA *IDT=X 

di s!lla ys tIle range fr om ALPIIA to BET A, the~ the contents of ALPHA in 
hexadecimal form a~. 

Note : [-lany debug c ommands r:eEer co s t m:age locations and, therefore , ",i l 1 
ch an ge the valu e of the curren t symbol character . Hence. t he user shou l d be 
a war e of the va lue th a t the current symhol character is represont i ng . 

Whenever the us er ' s pr,gram ret urns to t he system, or calls the 
subroutines SYSlE~ , HT S, MTS = ~D , or ~RSJE, SDS intercep~s the retu r n and 
returns =o nt rol to debug co mmand mode . For a re t urn to the system or a call 
to SYSrEN, tha program may net be cont inued wit h the CONTINUE command ; for 
the o thar subro utin~ calls, the 9rogram ma y be con t inued. For a ca ll to 
MT SC MD, ~ he ~TS c ommand specified wi l l have been executed . 

Whene ver t hG use r's progr am d ynamically loads ano t her section via a ca l l 
to ~he subrou ~ ines LINK , LOAD , o r XCTL , 50S may in t ercept the ca ll and 
re turn : ont r ol ~c debug command mo~e . The sectio~s specified in t he 
s ubrou tlDe calls wi ll ha ve b~en loaded at t his poin t , bu t aot en te red . The 
user may then s~t breakpoints before c OLtinuing the program . An intercept 
maY a ls, be made 0 ,1 ce.lls t o t he U N LO~,D subroutine and on l'sturns f r om 
prbgrams ~hat ha ve been called via LI NK and XCTL. This in terc~pt feat ure 
may be ana bled by the debug command 

S~T XFP= ON 

NormlLly, &11 sec t i ons which are dyna mical l y l oaded by ca lls to LINK, 
LJ AD , and XCTl. ~r e en~erea into the symbol ~dble . If the debug command 

3 8 2 D~bllq i'lo d ~ 
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is given, these d y n amic~lly 
tabl e , thus r educing its size. 
of ~he 5at ~ing of the XFS optio 
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SET LLX=QFF 

l oaded sections are omitted from the symbol 
The setting of th~ LLX option is independent 

whenever a progr am interrupt, a n attention i n terrupt, a timer interrupt, 
o r an rio er~or occurs duri ng t~e e xecution of the program, 50S normally 
i n t ercepts t he a rror co n diti~n and re t u: ns con t ro l to de bug command mode . 

I n t~e c~se o f a p=ogram in t errup t , the location of the inst ruction 
c a using the i n ~erru pt is printed. For an imprecise interrupt ( p rotec~ion 
e xc e ption on an l AM Mo d e l 360/67 ~n ly), an indicat i on that the in terrupt was 
imp r ecisa is als~ print e d. rhe user's program may be restar~ed by the 
CO NTINUE comma n d , un l~ss the inte rrupt was imprecise , in which cas~, the 
~C TO or RUN corn~and mus t be used. 

I n tha c a se of 
inte rrup t occurr ed 
CONTINUE comma n d . 

an attention 
is printed. 

interrupt, the 
The user's program 

locat io n ~t which 
may be restarted by 

the 
the 

I n the e Ven~ that the user's 
PG !ITTRP or ATFWTRP , SOS mayor 
user ' s inter rup t r ou ti r. e s do. 
in terrupt r)uti nes by ente ring 

progr a m has called the system subroutines 
may not regain control depending on what the 

However, t he user may disable his own 
the debug command 

when t he i n terrup~ 
user rest a rts his 
at the ins t ruc cion 
routinAs a ra not 
sett:ng tt e PGN T o r 

PGNT= OF F ATTN =OPF 

~s t a ken, c ont r o l is re t urned immediately to 50S. If the 
p r o gram with the CON~INUB command, execution is restarted 
at which th e i n~errupt was taken. Th e user's interrupt 

c a lled. Norma l int errupt processing may be resumed by 
AT Tn options 011. 

In tha Clse ~f a t imer in terr upt , the locatio n at which the interrupt 
occur rel 1 3 printe d. The exceeding of a local t im e limit is t he on ly type 
o f timer i nterrupt tha t r eturns control to d~bug mod e unless the user 
prog~am t i mer i~t err u pt exi t rou t ine ret urn s to t he system. 

I n t n~ case of an I/~ in t errup~ , a system er ror message (if any) is 
rri n ~ed. If the use r has suppressed th~ intercept of the I/O e rro r either 
by call1 ng ~h e SUb=ollti~e5 SE IOER? o r S!OERR or by specifyi n g the ERRBTU 
:/~ modifi e r on che I/O call , control i s no t returned to debug mode. 

If the user '~ pro gram causes an MTS program interrupt (often caused b y 
pass i nq ~n illegal pa r ameter ~o an I ~ subr outine), co n trol is r etu rned to 
debug mo1e with ~he messa ge that execution ha s been prematurely interrupted. 

Whenav e r a p='gram interrup t , an at t ention interr up t , an I~ interrupt, a 
t imer i ntc~rupt , or an i~terce pted call to LINK, LOAD , lCTL, o r UNLOA D 
occurs , SD3 changes j ~ s i~pu t sou rce to rea d fr om * MSQ URCE* and it s output 
s i ~k t o wri~ e o ~ * M5 !NK* . 

De b~a Mode 383 



MTS 1: rHE ~ICHI G AN TERn I NAL SYSTE~ 

~pril 1976 

If the use~ls pr o gram e xplic it ly c a lls t he subroutine TRACER , or: if, on a 
c a ll to th e eleoen ~ a ry f unction li brary, ~he tra cehack proqram is implicitly 
c a lled 1u e to the occurrence ~f an er ror c ondi t ion , the tr3ceb~ck program is 
in voked. An error messa ge ma y be printed and the pr e fix character 11:11 will 
appea r, Th:'s ~re El.x ch a racter ir.d ica t.es that ~he t raceback program is in 
co~tro l. A ~ ~ h is poin ~ , the use r may ~nte r a ny of s e veral TRACE R co mmands . 
Jn ly tw~ are di s cuss £d her e : ~he MTS c~mmand a nd the RETURN command. The 
remainder o f tha TRACER co~rn ands a re desc ribed in CCMemc 218, I'The Traceback 
Program , II If an MTS command is ente r e d, centrol r eturns to debug mode . The 
PS ~ and registe r s at t his point r e flect t hei~ s t a~us in t he trace back 
proqr~m. A CONr INU ! debug c ommand returns control to the traceback progr am 
inst pa d of re s um ing pxecuti~n of t he user ' s program . If a RE TURN I' name " 
command is entered , w!lere Il naMe '1 is the name of the subr out i ne or library 
func ~ ion whic h cau sed th e traceback program to be invoked, a normal return 
is made by t hat subrouti r.e t o its calling program . Program. execution then 
proceens , 

50S pruvide s th~ user. with the faci lit y of sett i ng several different 
t ypes of brea kpoints in s~rategic l ocatio ns in his program . when encoun 
te r en du r ing pr ogram executi on , these breakpoints c a use SDS to a s s ume 
cO:itrol of che pr og r am and take a ce rtain course of a c tion. Each breakpoint 
i nsart e n ~n the user ' s pr og r am is a X' QO ' code which replaces t he opcode of 
the i,s ~ ruction at whi ch it is i nse r ted and which c auses a special program 
interrupt and r~turns c ont r o l to 50S . Th e opcode of the instruc ~ ion tha~ is 
repl ace1 by th e br eakpoint cod e is saved f o r lat e r executi on when the 
proq!:am resumes e xe cut i on . The di f feren t t ypes of breakpoints that are 
currently a va ila ble a re described below. 

A globa l breakpoint retur ns c ontrol t o 
may t han e~tcr an y de bug commac d . Globa l 
BR~ AK comm ~d , ~ , q., 

deb uq c omma nd m~ d e. 

breakpoints a re set 
The 

by 
user 
the 

BREAK LOC ' 

sets 3. glob a l br.ea kpo int at l oc atio n LOC1. Fo r 
qlob~l br e~kpoin~ p ro cesg~ n g, see the descrip~ion o f 
b'? lo'ol , 

1Q£~1 2£~~tEQb~t~ 

fu r the r details of 
the BREAK command 

A local breakooi r.t ret ur ns cont r ol to debug command mode . Local 
brelkpoints a r e sei by the parameters to the FUN an d CONTI nUE commands, 
or the secJnd and successi ve para meters to the GOTO c ommand, e.g., 

RUN L OC' 
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set3 a loc ~ l bre ~ kpcint a t l~cation LOe 1 and thp.n initiates execution 
of the user ' s program at the ent r y point . If more than one loca l 
hre3.kpoint, is se';: , t he first one encount"'lred returns contcol t.O debug 
comn3.nd mOde. Lo cal breakpoints are in effect Q!l±y. fo r the duration of 
tha cur r Gn~ c cmmand that set them; the y a re automatic~lly deleted 
b~fore the user entp.:s ~h~ next command . 

I\n a.t - p')int causes SD~ to process a lis t 
cemm~nds . Th~s list of praster ed commanas is set 
(saa the de3ccip t i on of the AT c ommand ). 

of pres~ored debug 
up by the ~T command 

~reakpoints may ~ ot be set at an instruction which is the object of an 
execute ins truct ion , or a t an i ns truction which wil l be modified or 
referen=ed by the program. For execute instru ~tions , the breakpoint shou ld 
be set 3.t the '}xecute instr uction itself . If the location specified is not 
halfword - 3.ligned , the bre?kpoin t i s not set . A warning i s i ssued i f the 
user se~s a breakpo1nt in a data item . 

The BNEAK c~mmand also may be used to set b r eakpoin~s in resident -sys~e m 
stora ge r egions. When t l:e b:-eakp;,int is set , a message wi ll be printed 
indicatiQg t hat ~ he br ea kpoint is a " simu l ator breakpoint. " In o rd er for 
this t ype of breakpoint to be t aken , t he pr~qram must be sirnula~ed at ~he 
poi nt -:>f the brea kpoint. Simulation of resident-system 5~orage may be 
ach i ~vpj by specifyinq the SIH and FULLSIM options on the SET comma~d , e . g., 
SI M =C~ ~~d FULLSI~ = O N . This fea t ure may be used for settinq breakpoi nts i n 
<EFL> (Elern.e:lt a ry Fu:;ctior. Library ), <FIX> (FORTRAN 1/0 Library ), or ?L 1SYN 
( Res:d en t - S ys~em PL/I Library) . I f the FULLSIM option is FULL , resident 
system sub~ou~~nes in LCSY~BC L a l so wil l be simulated . Warning : Ca r e must 
be t aken il1 se t ting bre;!.kpCrints in c..thp.r areas o.f resident - syst em st.orage 
since 1': cannot be guaran t eed that execution of the program may be properly 
restar ted . 

Glob~l breakpoi~~s 
comm a nds. The LIST 
ThQ !GNJRf co rnm ~nd i s 
number of 't imes. 'Ihe 

~n d a t - p~ in ts are res tored by th e RESTORE or CLEAN 
c('lmm a. nd lis ts all cur rent breakpoints and at- points . 

used to ignore a breakpoin t or an at - point a specified 
command 

SET BP3AK =OFF AT=OFF 

Ls used t) igno ~ e all breakpoin~s and at - points without rest.orinq the~ . 

A program simu lu ~ or is pro vided by 50S to a ll ow t he user to step through 
his pr~~r a ~ one or more ins ~ r uctions at ~ t 1me. Al l inst ructions t hat are 
steroed ~h:rough are simula t ed by SDS instead of beinq executed nor ma lly. 
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The simulator is invoked by the STEP command spe cifying the number of 
icstruc~i~ns to be 5tepped. P. .g., 

STEP 3 

causes the next t hree ins truc ticns to be simulated. If ~o step 
given, l step o f 1 is a$s umet1, s te ppinq star ts with t he current 
contai na i in the PSW. upon completion of the stepping , control is 
t o d·abug command mode . 

count is 
address 

returned 

if sn ab hJrrnal co ndi t ion occurs t1uring s t epping , the stepping is 
ter!:'linated at tha current instruction and control retur ns to debug command 
m~de . If t he program branches to a legal l0w- core symbo l such as SCARDS or 
SPRIPT, th~ r O U~1ne i s executed instead of being simulated and stepping 
resu mes up on th~ ret u=n from that routi.1e. The executior. of t he r outine 
~)gS nlt cou n~ as a step. If the program branches to an address less than 
3 0 00 00 which d 03 s not clrresp~nd to a legal low - core symbo l, stepping is 
terminated and a warning message is printed. The user m!y restart the 
program with ei~her a CON~IKUE or GO TO command. 

:f a program inte r r upt cr attent i on interrupt occ urs and the user has 
specified an exit r o utiLe via the PGNTTRP o r ATTNTRP subroutines , these 
rout ines !rQ also s im ulated un ti l t he soecified stepping count i s exhausted . 
Thts m~y be over r i dden by the PGNr and ATTN options of the SET command. 

The c~st of simulati ng a portion of a prog r am compared to executing it 
no ~ma lly is approxima t ely 50 t o 1. Any local time est imates set by the user 
or any t imer interrupts set by the program wi ll be affected by p~ogram 
s imulation sinc~ t he o verh ea d ~f simulat ing t he program is taken as a part 
of th~ pr ~ gram ax~cution time . 

FORTR;\tl and PL/I users should not e that th e S"rEP comm and specifies 
.!!!;,~hb.!lg ba. !lgQ@;9.El instructions in ehe c ount. If i t is desired to step a 
speci fied llumbeI:" of F'G~TP"~N or PL/I ':"nstructions, the CONrINU:C: command 
sbould be used spec:!. fyir.g local breakpoir.ts . 

The 5IH option ma y be used to specify that the pr og r !m is to be 
simlilated. If t he SIf option is ON, any command that starts pr ogram 
execut i~n will i nvoke the simul a toI:'" to s im ulate the pI:"ogram . Resident
system 5ubI:"Qutines will not be simulated ; instead, they will be executed 
normaD.¥ and sirnul2.ti cn wi ll resume when the subroutine r etu r ns. 

~he fULLSI N optio n m ~ y be use~ to specify that res ident - system sub r ou
tines ire to be simulated in addition t o t he user program. If t he FULLSI~ 
option is ON, c:llls ~ o <~FL> (Elementarv Function !,ibrary) , <FIX> (FOR"THAN 
:/0 LibC"3ry), and PL1SHl (gesident - Systern PL/I Library ) wi ll be sim ula ted . 
If the FULLSIH o pt iJn is FULL. ca lls to the res ident - sys t eQ subroutines in 
LC5Y ~BOL will a lso be simulated. Note : The SIN o~tion must a lso he ON for 
t he FULLSIN option t o be e ffec t ive. 
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When i program c on sisting of one o r more modules! is initially loa ded by 
5DS . t he control sections , common sections , and dumm y cont r ol sactions of 
the modul~s are entered in t o the 5DS map in the orde r in wh ich they a ppear 
in the l oad mo dule(s) . ~hese modules co~prise a single ma p control block 
wi~hin the 5DS map . If, during execution , the program calls the loader to 
l oad more modules, these also a re proc~ssed by 50S and ente r ed into the SOS 
m~p in ~ new map con trol block . 

A seplra~e map c ont r ol block is creeted for each calIon 
Hencp , the sec t ions that comprise each map control block 
storage i~dex number . 

the loader. 
have a unique 

The fir~~ tim e a co~~ro l section name ap pears i n the 5DS map , it is 
assigned a genera~ion numbe~ of 1. If a control section i s load~d which has 
the s am e :lame as a previously procE:'ssed control section in an earlier map 
control block , t hat sectioL is assigned a new qene=a tion number one greate r 
than the last previous generation number used for a sect ion by that name ; 
hence , for each subsequent occurrence of a control sect io n for a given name , 
there 55 ~ssigried t. o it a u[:.ique qeneration number. This gener ation numbe r 
c~n be used via the GEN keyword modifier to distingu i sh between t he 
different occurrences of c ont r~l sections with the same name . Dum my control 
sections (dsect:; ) do not h ave generatio:l numbers assigned to them . 

l A m~du12 i~ defined 
EN ~ re=~rd . For 
p~OdUC25 a s€p~rate 

as a sequencE o f l oad records up to and 
PO RTI' Idt progra ms , pach main program 
ob ject module. 

including an 
and subrout. i ne 
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!n iti~ lly, the entir e 50S m~p is open . This means th at t he entire map is 
available for the searching for a s ymbol . The first section in the map a lso 
hecomes the curr~n't. sF'ctio r· . This means that the first section i s avai l ab l e 
f o r the sea rching for a r~ l ati v e add r ess . 

rhe ord er o f searching th r ough tt e sos map for a symbol is as fol lows: 

(l) If the symbo l iE a ~redefined symbol, the sea r ch termin a tes 
imme dia t ely . 

( 2) If only one moci ul e of the map is open (see below), on ly that modul e 
is searched. The se~rch c overs a ll control sections , co mm on 
section s , a nd defined dseets of that modul e . 

(3) If the entire map loS open , all sections may be searched. If 3. match 
is f ound i n a ny sect ion , the remainder of the map is searched for a 
ju plic&~e symbol . If none is fo und , the sea r ch ~ermin ate s: other
wise a warning i£ print ed and t he fir st mat ch is used . If a match 
is fou~d in a n undefined dsect . the search c onti n ues f or a match in 
~ defi ~ed sec t io n . !f such a ma~ch is found and no furthe r 
j uplicatioa e xist~ , the search is ter mi na t ed with no warni ng 
!nessage . 

The :S ! CT comm a nd prc vi de s a means of specif yi ng a new current module . 
The module cont ~ Lning th e section na ~ed by t he c ommand becomes t he new 
curr en t ~ 0d ule and the rema ining woduies a r e closed : that is. check in g f or 
mult iply - d~fine~ symbo l s is suppressed an d . if & s yoho l cannot be located in 
the C \ l rren ~ mod ule, no fu r ther searching t akes pl ace . If the sec t ion 
specified is Q con t ro l sec tion or dsect , al l control sec~~ons and dsects in 
t hat mod ul e a r e open for sparching . For example, t he command 

CSECT SU3P 

spec!fies 't.h ~ w~dule co nt ai n ing the section SUBF a s t he current module . If 
t he comm3.nd 

CSECT i 

i s ente r ed , where " i tt is ~~ ul sign ed decimal intege r, t he module conta i ni ng 
t he ith bl ank- n3med contro l sec t ion in the SDS map becomes the current 
module. This is the oLly way to r e fer to blank - named (pri vat e ) co ntrol 
sect ions i n the map . A bl~nk - named c ommon section may be ref err ed to by the 
blank-name comm o n symhol BLANK . 

If ":h~ c omman d 

CS-::CT 'it 

is en tera j, the fi r st mo dul Q i n the 50S map again be c omes the curr ent mod ul e 
and 4he r em~ini~g mo dules ere ~paned. The open- map character "*" may be 
changed by the 3£~ J~A PCH=x comma nd . 

~b i ec t modules c o mpos ed of 
betw een ce n t rol 5 ec~ ion s , comm~n 

multiple a ssemblies may 
sec tions , and ds:ects . 

ha ve 
SOS 

name conflicts 
observes the 
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foll ovi n3 co~ven tions when such conflicts occur wi t hi n a §!ngl~ m~Q £2nt£Qb 
llbQfk: 

A :sect has the same name 
).s ::. pre vi.:>usl y defir,ed 
csect. 

A ~S€ct has the same name 
as a previously d0fir.ed 
c;)mmon sp.etio n ~ 

h :sect ha s the same r.~me 
as a previously d e fi~ed 
lisect.. 

A : ommon sectio~ h~s t he 
S3me name as a previcusly 
defined csect. 

, :ommon section has the 
S~~e name as a previously 
defined common section . 

A c ommoD seccioD has th e 
same name a s a pr e vicus ly 
de fined dseet . 

A dsect has the s a me name 
as a previously defined 
eseet.. 

A aseet. h~s t he same n~me 
as a previously defined 
c ommon sectio~ . 

A 1sect h~s the s ame name 
as a previously defined 
dsect in the sa me module . 

A lsect has ~he same name 
a s ~ pre viously defined 
dsect in a nlff?rent 
m:>dule (DSEC'IS=ON) . 

A dsect h~s ~he same n~~e 
aa a previously defined 
dsect in a different 
module (DSECTS=OFF). 
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The o r iginal csect is retained and the 
duplicat~ csect is ignored, 
unless i~ is a blank - named csect. 

The symbols of the csect are 
merged wi t h the symbo l s of t he common 
sectl.on . 

Bot h the cs e ct and t he dseet 
ate reta i ned . 

The csect is marked as a common 
Eecticn in the SDS map, and the 
symbols in the common secti on are 
ffi ergcd with t he symho l s of ~he csect. 

The o riginal c ommon section is 
retained and the symbols of each 
are mergad . 

Eot h the dsect and the coomon 
secticn are retained. 

B~th t he dsect and the csect 
a t" e retained. 

Both the dsect and the common 
section a r e retained . 

The o riginal ds ect is retained 
an d the symbols of each ar e 
cxe merged . 

50 t h dsects are retained . 

The ori gina l dsect is r etained 
an d ~ he duplicate dsect is 
iqr..ored . 
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DEBlIGGI N; AS5!H9LER LANG UAG E PROGRAMS -------------------------------------
~o gener ate a 360 /37 0- assembler 

e i ther the Assentbler- G ( •. !\S~G ) 
i n voked with the T~ST opticn using 

l anguage object modul e with SY M 
or the TSS .~s: sembl e r ( .AS;'lT) 
a command of the form ! 

records" 
shou I d be 

$}UN *ASMG SCA?DS =sQurce SP UNCH=ob j e ct PAR=TEST 

$aUR *n3NT SCAiOS=sour c e SPUN CH=obj ec t PAB =TE ST 

The 3.m:>unt. of s ynb oJ lic ii1fot'ma t ior. orcd ll ced by each ass e mb ler diff~rs. 
Th e Assembler - G pr oduc es information for the fo llowing d ata typas: 

Labe l ed da ~a va riable$ 
rlnlabeled data vc risbles 
Lab~led i nst r uctio ns 
Relo C' ~table EQU s 
AS3ambl er- qener a~ed spa c es (fo r instruction o r data a lignment) 

The Asse mbler- G exc ludes info r mation for the following dat~ types : 

! J nl~be led i nstr uGt ion~ 
Ab5,) lut.e EQUs 

l'h e 
t ion 

TSS A3semoler do es no . pr oduce as 
is on ly pLoduc?d for t he f ol l ow in g 

much symbolic 
t.Y i?9S : 

infor mation. Infor ma -

Labele~ d ~ t a v a riable~ 

La beled in5t ruc tions 

The T5S Assembler excludes i nforma t ion fo ~ the following data t ypes: 

unl !bel ed Ja ta va riables 
!J~labeled i~structions 
flb30 lur.e a:1d r e l o c ;;.t able EQUs 
Assembler- }e ne=ated spaces 

Since t he TSS AGsemhler dOES not produce symbolic infor mat i on to disting uish 
hetween unlabeled data va riables \nd unl a be l e d instructions . 5DS assumes 
that the y a re bo t il i nst ruc t i ons . The use r must specify the app r opri ate type 
a nd len1th modif i ers t o obt ain t he c orrect data con v ersion. For e xampl e , 

D!S£lLj\ y 341JlT =FL2 

displ a ys l c c at i~ n OOO U3~ from the example program given be l ow . 

Whe n p~ocessi~q i ndices i n 50S par amete 4s for Assembler-G prog~ams r 
duplicat io n fac t or s an d assembler - genera t ed spaces are ignored. I n 
examplE' oe 10 '" , HW (2) refe rs to the same l o c atio n as CH ; Hlil (3) and CH ( 2) 
refer t~ the s a me l o c a tion as FW . 

Dehuo Mode 
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000020 0 009 H Ii DC [i' 9 ' 
000028 OS 00 
00OO 2a C 1C2 C3C4C54 0 CH DC C'AaCDE • 
0OO03J 0000000 5 FW ~· c F 15 1 

0<)00 34 00 10 -, HI 16 1 

As sembler- generated spaces are i~seIted by the ass embler at locat i ons 000022 
a nd DO OD2E. s ince th e ze r o auplication Fa et0r OD and ~ he ful l woed specifica
tio n f~c FW requ i re doublewo rd and f~llword a lignment, r espec ti vely. For 
tss Assembler progra ms , assemb le~ - gen e rated spaces are not ignored; hence 
HII' ( 2 ) ;;.s not equi valent t c CH . 

Addressabilicy for dummy c ont rol sect ions (dsse t s ) must be specified by 
the US!N~ comm an d. The base ad dress s pec i fied by th e USING command may be 
s t~tic Jr dynamic. If a loca t ion is specifie~ , the base add r ess is stati c: 
if a gener a l registe r: i s specified, t h~ base aadress is dynamic, i.e ., the 
base adjress changes when content s of the ~egis t er changes. If a gener a l 
registe r is t o be used as a st~ t ic base, the ind i rection operator must be 
app l ied to t he reqiste~. Fo:;; e xample, 

USING D.~ REA GR 1 

spec i f i es tha t 
a dd r ess3. bili t y} • 

GR1 contains the b a se a ddr~ss f o r the dsee t DAREA. (dynam i c 
wh i le 

USING DAREA $GR 1 

spec i fies t hat chs current. c:ln tents o f GF 1 (,,,he n t his command is issued ) i s 
t he h~s?- address for Dr,BE.a. (stl'\t.ic addressabili.ty). The DROP c;)mmand can be 
Ilsed to remo ve ~ h e a ddressebili t y o f a dsect . F9t' example , 

DROP GEl 1 

specifias Lha t all dsect~ addres~ed by 
the descci p~ ions of the USI NG a nd DROP 
~ddres s ing dsec::'s. 

GF 1 10':)e 
cO!Dmands 

!he ~D keyword modifier c an 
pa r ti cular dssct when t hat l oc a tion 
a dsec t . Fo r example . 

be used to 
is defined in 

DIS?L~Y ALPHA~D = DAREA 

t hei r 
for 

refer 
both a 

:td de essa bili t Y • 
furt her deta lls 

See 
of 

to a location in a 
control section and 

di spl ays the l ocatio n ALPHA in the dsect DAREk. I f 
is defi_:l:d in s everal diff f!rant a ss em blies , t he 
sp e c ified by ~ p pe~ding the ~C keywJrd mo difier 
mo difie~. For examp le . 

a dsect of the same name 
desired dsect can be 

immediately ~fter the wD 

DISPLJI. Y .U PHA @ D: DA RE.~.mC=SUB R 

displays t he l3ca t 1 0~ ALPHA i n t he dsect DAPE! that is de fined in the 
c ontrol s ect ion SUS E. 
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To :jenerate Ii 

c ompil er sh3u ld be 
FORT FAK- G ob j e c t module with S y ~ re c ords, 

in voked .... i t h t he TEST opt i on using a command of 
PORTRAN- G 
the form : 

$i UN *FTN SCARDS:sourc e SP UNCII:ob ject PAR=lEST 

Sta te (l1e n t. labels ma y be specif i ed either by using the so urce- lis t ing 
s tatement Dumber (internal f or mat ) o r the user- defined stateme nt number 
( ext~r n= l farmac ), ':'f presen t . The prefix " 15# " mus t precede a so urce
l ist:'!!g st a -::. ement n11mber , e . g. , 

IS .10 

is t he s o urce - l is t i~g statement n umber 10. The prefix " ~ I' must precede a 
user - define:! st. a te!D ent number, e .g., 

# 1 0 

is i:.he Il.:; er - c1efined stat emEn t "l umber 10. On ly t hose statement numbers t hat 
def iT"€ g!££1!1£Q!',§ FOR'!~.~N st.a .. emellts ma y be lJsed . An e xecutable statement 
is defined as a stat ement which is from one of t he f ol l owing ca tegori es : 

(1) il.ssig!1men.; stat.e: n:eJ. ts 
(2) Control stat.ements 
(3\ I/J sta t.ements 

~ ll othecs, such a s ".: hos e defining On1ENSION , REA L, INTEGER , Dil. rA, COMMON, 
SUB R·J UTIN E , F' U'l:T! ON, ENT :Y , EQU IVALENCE, and FORI·l ~. T stat ements are unde
fi ned . 8)th s o urce-l isting and use r - d ef ined st.atements must be specified 
~!lhQ~t l~~£~nq ~~t~2' 

The E:.llowing d;;,{_a ~ ype c :'>de.s ar e u~e d for variables i n FORT RAN programs. 

E 
o 
F 

" .1 

L 

" X 

Pea l (float i ng- point ) 
l\ea l (fl oating - point, a- byt e ) 
In teger (fi xad-poir.t) 
I nteg~r (f i xe d - point , 2- byte) 
Log ica l 
Complex 
H e )Cad ec ~mal 

Arg umen t. s t o FORTRA N subr:)ut i nes an d functions may be one of two t yp es : 

(1 l r e fer ence by valu e , o r 
(2) refer ence hv l ocation. 

When an a rgu me n t is passed as a reference by v a lue argument , the actual 
va lu e of the va~i a bl e is pa ssed by th e calli,g pr ogram to t he subp r ogram . 
Therpfor~ , t here is a copy of ~ hat v~ria ble i~ both t he calling program and 
the s ubp r ogram . Sca l ar. (und i lllensi:H!ed ) a rqumcnts a re normally passed in 
~his minner . The s ubprogram use s its ow n copy of t he argu men t f o r any 
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calcul~ tions done. U90n retu~n of the sub program to t he calling program, 
thg a rqument is passed back to the c~lling program and t he calling proqram ' s 
copy is updated . Therefore, I.hen displa ying an argument of this type , it. is 
important to keep in mind whe~e the variable is located ~nd when i t is 
dis91 aye1. 

Hhen ~n a rgume nt is passed as a re ference by location argument, only the 
a ddress of the argument is passed by the calling program to the subprogram. 
Therefo re , only one c opy of the argument exi5~s and it is located in the 
c~ll':'nq ilt"ogrCl.lll (or a common sectior;). Array arguments are always passed in 
t his maaner. The subprogram uses the copy of the argument in the calling 
pr~gram f~r its cslculatio~s . when displaying an argument of this type, 
either the vari able name from t he calling program or the variable name from 
thq su bprogram argument list may be use~. 30th refer to the same va r iable. 
When using the name from the subprogram argument lis t , the address ~assed t o 
the sllbprogram is us ed to locate the variable in the calling program. 
Therefore, ~ he subprograPI wust have he~ called a t leas~ on ce for thi s 
address to be val id. If the address i s invalid, an e!:' r or comment is 
produced in ~he form 

xxxxxxx SPECIFIES AN ILLEGAL ADD RES S. 

F0RT 3ln USers shou ld ~ote that the 
J&.!E!J!i9.~ instruc tions in i t s count . If 
number ~f F0RTP~N s~atements, the CONTINOE 
local breakpoints . 

STEP command specifies N~£h~ng 
it is desired to step a specified 
command should be used specifying 

;:h e symbol BLANK may he usen t o refer to blank- named common sections in 
r OSTR AN programs. For example . 

DISPLAY ALP!!AillC = 9L~.NK 

d~splay ~ the variable ALPHA from the bl~nk-named common section . 

'~c- generate a 
cornp ile~ should be 

FORTEAN-H o hj~ct module with SYM 
invoked wi t h the TEST option using 

records , the FORTRAN - H 
a command of the form: 

IRUN *F~N SCARDS =source SPUNCH=object PAB=OPT=H,TEST,options 

Because of the o~ timiz inq f~atures of the FORTRAN - H compiler, the symbol 
ta b18 information provided may be of limited use . This is d ue to several 
Doss! ble transformations which may be D~rformed on t he object module by the 
~o m9 i le r during optimization . For exam ple, the compiler often moves 
operations from wi t hi ;1 a statement t o the beginning of the block of 
statements in which ~hat sta tement r esides if it does affect the l ogical 
) perati~ n of the pro gram. This ma kes it gu~te difficult to follow the exact 
execu ti. on flow of t.he program using SDS . For i nstaJl c~ , a breakpoint may be 
set. at: 5. s~atell1.er:t l a bel, and whe:1 the hreakpoint is reached, the statement 
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ma y have already beqn e xecuted because its te xt has been mo ved to the 
beqinni n ~ of the block. Fur~h~rmore , i t is not uncommon for the com piler to 
mov e the en tire te xt o f a statement , lea ving only the label. When this 
happens 'Co two :ld ; acent l a beled state men'Cs . ha th l abels reference t he same 
lo ca~ion and SDS does treat them as distinct (since , i n f act , they a r e not) . 
Another diffic ul t y posed by optimiz atio n i s the f act that vari a ble values 
are o ft en kept i n registers for l a rge r ange s of i nstructions without 
llpaa.:in:r the memo;:y loca t ion. This often h3.ppens within DC.- l oo ps. Since 
5DS knows t.: illy :ihich me mo ry l ocat i on corr es ponds to which symbol . (and not 
which regist er ), displdyirg a vati a bl e from SDS may no t. y i eld t. he current 
va lu e of the va ri ab l e . 

Th e p c~b lems ot o ptimizatioL a r e e limi na ted if t he prog r am is compiled at 
op'Cimiz :l1:ion l e ve l O. Unfortunately . most of the advantag es o f using 
FOR':?H! - fi are a.lso elimi r;,~ t ed at optimi zat ion l evel O . In general, it is 
prob~bly b~t~er to deb ug a p~oqram us i ng FORTRAN - G, and then r ecompile i t in 
F~~r9AN - H a fter a wo rking ve rsion is o btaine d. The use o f SYH records with 
F OR~R nN-H shou ld be r est r i ct e d to t.hos~ cases where this is not possible, or 
wil en hid den buqq emerge at a l ater time . 

~h e P::' Rl'R P.N - H compu.er only produces sym bo l tab le informat io n for 
exte rn a l ( user - d~ f ined ) statement labels; no i nfor mation is pr od uced ior 
internal (s )urce- li s t ing ) statement l abe ls. A. s Iol'i th f OFTR AN - G, t h e labe l is 
pr ec edea by " #" , e . ~ ., s t a tement l abe l 10 0 is the symbol # 100. 

To g-an er at.e a PL/! C'bject module wi t h SY 11 records, t he PL/I compil er 
sh o uld ba in voked with the TE ST o pt ion us ing a comma nd of the form: 

SR UN *PL 1 SCARDS = sou ~c e SPUNCH=object PAR= TE ST, opt i ons 

This sec~i on describ~s the basi c 
proc eau ~ e . Kno~ledg e of th i s will aid 
vQr~able s and managing his pr og r am. 

organization o f a PL/I external 
the user in displayi ng program data 

An externa. l pr ocedure h a S' several cont rol sectioI! s, the iIlost pertinen t of 
which a r e describ ed belo w. 

The Q£~g£~~ ~Q~1~Ql e££iiQQ is the first co nt r o l section a h d con t a i ns 
~l l cachi ne l~nguage i nst ruc tio ns f o r the pr ocedure . The name of t his 
section is ch e first label of th e e xterna l proce~ure statement . If the 
label is l OLqer t ha n seven cha r act9rs , t he first fo ur aD a l ast three 
characters o f tIle label are used to form the s ectio n name. This i s the 
co nt rol sec~ion in wh i ch breakpoin~s a nd at - poi nts a re se t by t he user. 
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~he static internal cJn t ~ol section is the secor.d control section and 
co ~taIns-stor~g€-for-aIl-st~tic-Interna1 variables and constants. The 
sE'::tion name }.s that of the proqram cont-rol section, elCtend:'!d on the 
right. with a si!1g1e l(: tt er A ari d padded on the lef t wi t h asterisks to 
e i ght cha racters, e.g. , fo r the procedure name PROG , the static 
i ntg rna l con t r o l section name is ***PRO GA. 

~li~~AIli is a 4- byte co nt rol section which 
ma:i..n pr ocedure. IHE!L1!.IN is prod uced 
proce dure with the option ~AIN specifierl. 

contains the address of the 
only if there is an external 

rtl~lifBr is a 12- by t e contro l section which is the entry point t o the 
progr am. IHEN TR Y is a lw a ys produced if t here is an exte r na l pr ocedure . 
This sectl~n immediate ly transfers to one o f six lib r ary routines which 
in i tialize the PL/! en vironment before the start of execution in the 
main p=ocedure. 

~:';.%.t.i£ §Kt.g£U~l y.a1:.i~Qlg§. a re c ont rol section entries if 
iroitialized , or co mmon section entries if they are not. All 
whi=h a r e declared as externil by the proqram are in separite 
one section allocated f~r each va=iab le de clared. 

they are 
variables 
sections , 

The program control section is subdivided into un its called hlQ£~§ . Each 
block is a delimited seguence of statements that constitutes a section o f 
the progr~m. The r e a r e two kinds of blocks: procedure bl ocks and begin 
blocks . 

Blocks wich i n an external procedure a re eithe r active or inactive. Each 
't- J.me a block. i s entered , <5 dynamic storage acea ( DS~. l is a llocated fOl: that 
block: ~ block is consideL~d active afte r its DSA has been al l ocated and 
he fore ~n exi t ha s be?n made fr~m the bl ock . the DSA conta ins the con~rol 
information and the automati c variable stora ge for the block . When the 
plock is exit-:d , the DSA is released and the block becomes inacti ve . At 
t his point the a ut oma t ic sto~aga for the block is released and variables 
declared aa automatic ere no longer available to the prog r am or 5DS. The 
DSAs for a ll bl~ck s t hat a ~e active within the procedure are chained 
tcgether . This chair.ing of DSAs a llows SDS to access all of the program's 
current ly allocated automatic data var iab l es at one time . 

The foll owi ng four 5DS modifiers are used for specifying the locatio n and 
block l e vel of program data variables. 

'::'he wP=xx;.c keyword modifier, wh e r e I1XX X " :'.s the name of an §,!t.§.£.!l'!!b. 
pr~ ~ edu r e, may be used to r efer to a var iabl e within a parti cular 
external procedure. The scope of " xxx " includes all of the control 
sections of t he procedure, all of the interna l pr ocedures and blocks 
contained in the p~ocedure , and a l l of the s t a t ic, automatic , based, 
and controlled data vaciables declared wi~hin the pLoceduce. External 
va~iables which arB sto~ed in common sections a re not included in the 
scope ;Jf I1 Kxx ". 

The 
used 

IDO =i keyw o rd 
to refer to a 

modifier, lI'he r e "i" is a block level n umber, may be 
variable within a particular block of an externa l 
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procedure . Ba ch block wi t hin an external pr ocedure has a block level 
number associa t ed with it: t his number is given i n the compilat i on 
list i ng under the level co l umn . In order fo r a r efer en ce to a 
p?~ticular block to be val id , the hlock must be active , i . e ., t he block 
mus t h3 ve bean ente r ed and a DSA must be currently allocated fo r it. 

The ~~nn k a y wo r~ modifier , wh e r e " n& " is the compil ation statement 
number of ~he statement in whi ch t he variable ~as declared, may be used 
to refer t o any va riabl e that was e xpl i cit ly decl ared in a DECLARE 
st~ ~ ernglt . Th i s modifier is nece ssary in tho s e cases whe r e ther e a r e 
multiple occurrenc~s of a utomati c variab l es of the same name at t he 
same block l ev9l o r wher e ~here are multi ple occurren ces of static 
var i 3b l es of th~ s a me name in the sa me external procedure . 

The mI =i ke yword 
used to refer t o 
controlled dac? 
mo r e detail below. 

modifier , where 'I i 'l i s an i nvocation number , may be 
sepa r a t e invocat i ons o f r e cursive procedu r eS or 

va ri a bles. The use of t his mOdifier is discussed in 

All PL/I dat3 varia bles e x: is t in eit he r 
c ?n ventior..s for 

static , automatic, based , o r 
specifying these dif f ere nt data co nt r o lled storage. The 

types are given bel ow . 

St3tic variab l es 

St~tic var1 anl es (either g xt ernal o ~ i ntern a l) are a lw a ys a vailable 
~ithin the program and may be displayed at any time befor e , dur i ng. or 
after program e xecut ~on. The iP m~difier may be used to spec if y a 
pan:ic ular pr oc e dur e f~r an int e!:'rlal var i ab le: t he mC modifier may be 
usej ~o speci t y a particula r common section for an exte r nal va r iab l e if 
the specif1catioL would otherwise he ambig uo us , e.g. , 

OISPLAY SDATI@P =Fi FST (for i nte r na l SOATI ) 
DISPLAY SDAT AiVC =SDATA (fo r exte rn al SDATA) 

Au to m~ti = va riables 

Au toma~ic varia bles may be disp l ayed only when the blocks declaring 
th~m 3r e ac ~i ve. If tIle bl ock is inact i ve , the variabl es a re assumed 
to b R unallocated . When t he same ~utom3tic variab l e has been decla red 
with in several active bl ocks , the dec l a r a tion associa ted with the most 
r~cantly entere d block i s as sumed u~ l ~s3 o ver ri dden by the &8 mod ifier, 
e. g. , 

DIS PLAY ADATA~B= 2 

disp l a y3 ~ he va lue of ADATA ~ssociated with the second bl ock l evel. If 
AnAT~ W3S Jecl a red in block level 2 a t s~at ement 15, the command 
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DISPLAY ADATAmj 15 

could a lso be use d to display its value . 

If 3. bl ock ha s 
associated wi t h 
the illI iDodifie!:', 

been 
t he 

entered recursively, the 
l~~es~ eutry will be assumed 

automatic variables 
unless overri dden by 

e. g. , 

DISPLA Y RDATA~I: 1 

displays t he value of P.DATA associated with the first invocation of the 
hlock in which it was decl a red. 

Based v3.ri ables 

Based v~ri3.bles may be displayed cnly when they are active, i. e ., after 
they a re allocated by an ALLOCATE statement and befo r e they are 
rele3.sed by a FREE statement in the program . If the variable is not 
cucrent ly a llocated, a message is printed to that effect . Each 
al locaticn of ~ based va= iabl e has a pointer variable associated with 
it. If no pointer va r iable is specified , the pointer variable given 
wi t h t he declarat ion 5tatement is as sumen. This may be overridden by 
specifying another pointer variable using the standard PL/ I 11_)11 

nOtation , e.q ., 

DISPLAY ?TR-) BDATA 

displays the value of BDATA which has PTR as its pointer variable. The 
poio.te r v'lriable name me. y be qua lified with the ii1P, alB, OJ# , and iii! 
modifie r s t~ obt a in the desired base address ; ~ he based variable name 
may be qualified ~ith the WP modi fier to obtain the desired base 
att ri butes. 

:o~t rollad vari~bles 

Con tr olled variables may he displayed only when the y are active , i. e ., 
~~t 2 r they are allocated by an ALL OCAT! St2teme~t and before they ar e 
r c la~sad by a P?EE s t atement in t he proq r!m . If the variable is not 
curre ntly allocated , a message is printed to that e ffect. When the 
sama contr ·:)lled varic.ble has been allocated several times , t h'3 most 
recant al!oca~ion is assumed unless it is overri.dden by the aI 
modifier, :~ . q ., 

OISPLAY COATAIDI: l 

displays the va lue of t he fir st invocation of the controlled storage 
variable CDATA . 

rhe following da t a type c:)des are used for variables in PL/I programs : 

E 

" " 
p 

Float D:acima l 
Float Decimal 
Fixed l).acir.la l 

396 DebtlQ :1ode 

a nd Binary Real (floatinq - point) 
a nd Eina ry Complex ( f loating - poin~ ) 
(pC'.cked decimal) 



HTS 1: THE MICHIGAN TERMINAL SYSTEM 

hpril 197 6 Page Rev i$ed March 1977 

F 
C 
B 
• o 

x 

Fi xed Binary (fixed - point ) 
Character string 
Bit string 
Pointec an d Label Da ta 
Area D~ta an d File Data 

?he following paragraphs describe special considerations that must be 
followed for cert ain data vari ahle classifications . 

Arr ays 

Arr~y variables in a PtlI program must be specified 
A~ ~rtay elemen t specified without a subscript will 
message . 

with subscripts. 
generate an error 

La bel V::triables 

Labal var iables a re normally dIsplayed as A- type address constants . If 
they a re displayed in hexadecim~l format . tlle~'are displayed as 8- byte 
elements. 

~ixed Dec~o~l variables 

Fixed 
for iLa t 

decima.l 
~~th !!£ 

varia hIps are cur r ently 
§~1~~g Qg£fQr~Eg. A fixed 

displayed in packed decimal 
decimal variable declared as 

DECLAH£ FDl\ T!. FIXED DEC!!'!A L (7 , 2) IUITIAL (6) 

is lisplayed in the fo~mat 

FDA~A ' P ' +0000600 

Varyinq Length :h ara c~er Strings 

Va ryi ng l ength character st rings are displayed a~ their current l ength . 
This may range from zero to the maximum length declared for the string. 

Bit Strings 

Bit sc rin g var i a bles 
used t o indica~e the 
e. g . , 

,".re displayed 
o ffse t of the 

as binary 
variable 

B!TDATA ' B ' **** 1110 

co nstants. 
within the 

An asterisk is 
first byte, 

in1.lc a 'tes a four - hit ve,riable beginn i ng at bit position If (bit 
positi")ns .:I.re !Iumhere d 0 through 7). Varying leng'th bit stri ngs a r e 
displ a yeo a t t helr curre~t length. This may range from zero to the 
m~ximum l enq t h declar8d f.or the string. 
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Picture D;.ta 

Pictured d3..ta vari a bles ar e displayed 
the internal f o rmat of the vari~hl~ . 

as character str ing data using 
~ pictur ed var i able declared a s 

DECLARE PICDATA PICTURE '$ZZ9V . 99 ' INITIP.L('12.34 ') 

is displayed i n t he format 

PICDAT.fj, ' e ' " $ 12 . 34 ,i 

Structures 

! s tr uc t ured variabl e must be specified using its fully qualified name 
even t hough a partially qu~lified name is uni.gue within the program. 
Cu r rel1tly, the total l e ngth of th~ fully qualified name may not exceed 
31 :haractars : if t he ~ame is longer than 31 cha r~cters , only the firs t 
31 ch a ract e rs a r e retaine d in th e s y mbo l t able and may be used. For 
structured a rr ay elements , a ll subscri pts must appe a r at the end of the 
v a !:~~ble n::tme , e.g . , 

DISPLAY X. Y.Z( 1,2 ) 

must be use d to d :~splay the variable even though !\ (1 ) . Y.Z (2 ) might be 
va lid within the program s ynt a x . 

Statement L,3.bel s 

Statement labels may he specified either by using a symbol ic s tateme nt 
label name or by us ing tile statement n umber given in the comp i lation 
l is , i ::1g . On ly s -c a t. em en t labels f or: executable PT./I st.a temen ts rna y be 
qra~ified . Sta t ements such as DE CLA RE , PORHAT , PRO CEDU RE , and ENTRY 
a re not defined. state~en t numbers a re s pecified in th e form ~~nn " , 
where !' nn '! is the compil~tion listi n g st a tement number, e . g., 

BREA K #27 

sets a br ea kpoint a t s t a tement number 27 in the program. 

~rea V ari~ bles ~nd Offsets 

Easad are a va riable~ ma y be 
var i~ bles o r offsets within t he 
muse be a dde d t o t ile add r ess ~ f 
:L . e., 

displayed using 
a r ea . wh~n usinq 
the a r ea va r iabl e 

(area+offset) - >variahl e 

either t hei r po i nter 
an offset , the offset 
to form a pointer, 

Fo= e xample , c c r. s ider the foll~wing seguenc~ of ins truction s: 

3Ga Debuq :1od e 
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DE;C lAPE 9itREl. AR EA (255) BASED U .. PTR ) 
1 Br,S BASED rSPTB), 

2 OFF OF FS ET ( BAREA ) , 
2 VALUE FIXED DECIHAl (6 ,2), 

OPTR P OINTE ?: 

ALLOCATE B!+.RE: A; 
ALIOC.~:'E BAS IN 
AL LOCATE BAS IN 
BAS . OFF = QPTE: 
BPTR - > VALU E = 
OPT R - ) vr,LU E = 

(B~RE A ) ; 
(SH EA) SET (QPTF ) ; 

25; 
50 : 

Af~ec executi op. o f these inst~uctions, a structured link 
constr ucted in which t he first e l ement h~s the va lue 25 and t he 
e l ement has the va lue 50 . Either of t he following commands may 
to display the f i r st element : 

DISPLAY ~AS .VALUE 

DISPLAY BP~R - )BAS . V A LUE 

lis t is 
seco nd 

be used 

Any of the fol l o wi~q c o mmands may he us~d to displ ay the second 
ele me n t: 

DISPLAY OP~~ - > BAS.VALU E 

D!SPL~ Y (BAREA +BAS . OFF)- ) BA S.VALUE 
DISP11>.Y ( BARE A+ ( BP'l' R-)BAS . 0 FF) ) - )B .~S . VALUE 

Fi. le Varia.bl es 

File vari1blez a re displ~yed in hexadecimal fo~mat. The region 
dis played f or t he file va riabl e is the declare contro l block (DClCB ) 
whic tl spe c i fies the att~ibutes of the file. The name of the file is at 
l ocation 19 (he x) with in the DeLeE. 

To generate a PL36 0 
should be invok e d with 

o bject module with SY M r e cords , 
t he TEST option using a command 

the PL360 
of the form: 

compiler 

SR UN -PL360 SCAFDS =source SPUNCH =objec t PAR =TEST,options 

The followi~g ?arag r ap hs describe 
p!:" cq cam. Knowl edge o f this will aid the 
variables and managi ng his pr ogram . 

t he 
user 

basic org anization of a 
i n displaying program 

PL360 
data 

A PL36 0 program is divided into procedu~es. Ea ch of ~he5e procedures is 
fu~the~ divided i nto units c al l ed segments . Each segment consti t utes a 
co~t co l 5ecti~n , c om mon section, or dummy control section (ds ect). There 
a re t wo types of segments: 

Debuo Mode lqq 
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A R££££~~ ~~£m~nl is a cont~o l se c t ion t hat contains the machine 
language inst ructions and the lite~al pool for the procedure. The name 
of the c ont rol section is the na me ~iven with the PROCEDURE statement. 
Ea:::h globa l procedure, ~nd segl:ler.t 9rocedure generates a separate 
cont r ol sectio~ : loca l proc~dures do r.ot generate separate c~ntrol 
se:::tions. Pro9ra m segments a=e the control section~ iu which break
points and at-poin~s are set by the user. 

A Q~i~ §gqmg~t is a c on t rol section , comm on section , or dummy control 
spction that cJntains storage for t he data variables referenced by a 
prJ~ram segment . The name of a data segmen~ is the name given with the 
d at ~ segment declaration statement ; if no name is supplied , a name i s 
genera'Ced b y the com piler. The names generated by the compiler are 
qiven in the prograre source listiaq or may be displayed by the MAP 
debug commlnd. Each pr~cedure may reference several data segments . 

The fJllowing data type c~des are used for variables in PL360 programs : 

E flea l (floati ng - point) 
D L ong R'9al (floating - po~~nt , 8 - hyte) 
F Integer ( fixed - point ) 
H Sho~t I nteger (fixed - point , 2- byte ) 
X ayte (helCaoecimal ) 

A rr~ y variables in a PL360 progr am may he specified with subscripts . The 
fir5t e l emen t of the array has the subscript 1. 

S~atene~~ l abels mu s t be ~eferenced by the label used in the program . If 
the l!bel i3 used both as 2 stat ement label name and a da ta variable name, 
the ~C mJdifier should be used ~o speciEy the correct occurrence , e .g., 

STI-lT 1Q)C=NA IN 

s~eci fie s ~he scateme nt l abe l ST~T l from the segment ~AIN. 

The ccm9i l er generates 
s ~!t eQen ~s. END statements . 
a r~ of t.he form 

fou:: sped.al 
DS.zCTS, an d the 

;Bxxxx 
ItExxxy. 
#:Oxx xx 
#ENDxxxx 

labels 
end o f 

which correspond to BEG IN 
the segment . The La be l s 

whe~e " xxxx " i.s ~he source- list i,lq statement number . !:.g~!!~!!.g_~~tQ§_s.£~ 
r£.g.!!i£f:i!. For example , a FEGIN sta. tement at statement n umber 4 and an END 
sta t ement ac sCltemen t. number 8 wou l d have the labels 

gener~te:i by 
brp-a kpoints or 

#80004 
,,"EOOOS 

the compiler. These generated lahe ls may be us en for s etting 
displaying ins t ructions . Dsect l abels may be used with the 
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USING ::;oOlmand to e s ta.bl ish 3.d<1ressabilit v for th e corresponding dsect. The 
END labal ganerateJ for the end of the se~ment corresponds to ~he begin ni ng 
of the l itera l pool at ~ he end of the segment. 

5DS provid~s a terse merle of ooeratioD whic h e l iminates o r shortens many 
~f the ::;'nfirm~tion and diagn~stic-messaqes prin~ed. !erse mode i s enabl ed 
by the command 

SET TEPSE=ON 

and is disabled by t he co~mand 

SET TEP SE =O FF 

If the rE RSE option i s ~;TS (the de fa ult), the current setti ng of the tiTS 
TERSE option will be used as the setting for the 5 0S TERSE option . 

T"he following messages are eliminated i n ters e mode: 

(1) RE I'OY. This message i s often pr inted Iro"hen SOS is requesting a 
::; o mma nd . 

(2) DONE. 1' IL is me~sage is ofte41 p r inted after 50S has taken some action 
s uch as sett ing or r~storing a breakpoint . 

(3 ) V:!rification hy the ~ODrFY command . The MODIFY command normally 
verifies the modif ic~tion by p~inting both the o l d and ne~ values of 
th e lcca'toion . 

T~e foll~W1nq messa g ~s are s hortene d in terse mode: 

( 1) 

(2 ) 

The breakpoint snd at - point intRrrupt messages gi ve only the address 
:>f L1teL"ru ption and do not i dentify t he tvpe of inte rru ption . 
rhe call t o SYSTeM, ERROR , MT S , and MTSCMD messages do not gi ve the 
Gn 14 return address . 

The BRIEF :Jption (which is a synonym for 'tEES'!:: ) or the VERBOSE op~ion 
(, .. h':"ch is ';'';l antonym for TEFS:!!: ) may also be used to control ter se mode . The 
WARNMSG ~ption may be used to co~trol certsin war ning messages . If the 
WABNMSG opt i o n is ON, all messages concerning addresse s out s ide of cont r ol 
se ction bounds ~r subscri pts outside o f a rr~y bounds are suppr essed. 
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An automat~ c e r r o r - dumping facility similar to that p r ov i ded by the MTS 
SERPOBDUHP command is pro vid ed for batch users. In the event that an e rror 
cond ition occurs duri ng t he execution of the program , a symbolic dump o f the 
prog ram is give n . This dump inc ludes the PSW, the general and floating 
point reg i ster3 , an d a ll of the data s t orage locations in t ile program. 
Instructi,ns and other a rees not covered by thF! symbol table 5.rt9 ex c l u ded. 
This facility ma y be enabled by the command sequence 

wher e " FDna me 'l is 
execllted. NO'te that 
$DERUG :::omrnand . 'rne 

or 

$SET DEB UG = ON 
$SDS SET EPROPDUMP =ON 
$rUN FDname 

t h e fj .le or device cont aining the user program ta be 
the HTS $?UN command has been given i nstead of t he 
error- dump facility may be disabl ed by the command 

$SET DEBUG =OF F 

$SDS SET ERRORDUMP=QFF 

Termiaal us~rs ma y cbtain a symbolic dump by the DUMP debug command. A 
s~mple 3f t he symbolic dump is given wit h t he DUMP command desc r ipt i on. 

S ev eL~l of the debug commands may be used suc cessfully even if 50S has 
not processed the l oadea progr3m or if the r e is no curr ent ly lo ~ded program. 
~he user may US3 t he output con version facili t ies of SOS to display selected 
l oc2.ticns o f virtual memory. For ex ample , the debug comma nd 

DISPLA Y 516260&T =CL32 

displ ays i n character formet the 32 bytes starting at l ocation 516260, if it 
is a v! lid vi rt ual address. The icput co nversion facilities may be used t o 
modif y selected storage , e .g., the debug command 

l':O OIFY 516260 CL8 f ABCD1\nCD ' 

modifies the 8 bytes starting at locati~n 5 16260 to b~ the character stLing 
ABCDABCD . 

The ~bove comm &Ld may be given from ~TS co~ ma nd mode in the torm of a 
single $SDS command , ~ . g., 
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$30S ~~DIFY 5 16260 CL8 ' ABCDABCO' 

ii.i t er th= single c ommand is executed, cont rol is returned to l'lTS command 
mode . 

when Sos is initialized , an area of syst~m storage is assigned to 50S and 
a ll of t he defa ult 5DS options are set . 50S is initialized und er any of the 
foll ~ ~ing c onditions : 

(1) If DEBUG=OFF is specified (t he default), SDS is i nit i a li zed with the 
first $OEiJUG or $SDS COlllm ?n c1 i:1 the job or after SDS has been 
previous ly t erminated (se e below). 

(2) If DEBUG=ON is spe c ified , 50S 13 ~nitia l ized with the first $DEBUG , 
$RUN , $ 3ERUN , $!.CAD , $Sr.a.R'!' , $PEST.i\RT , or SSDS command in the ;ob o r 
afte r 50S ha s beer. previously terrn i na~ed . 

When 50S is !;9set , al l of the loaded program symbol table information (if 
any ) is released and c ertain 50S tables are released. The basic 50S work 
storage remains end t he S D~ S2T opt ions re~ain in effect ( except f or t he 
I~pnT , OUTPUT , ENTR Y, PAR , and logical I/O unit assignments). Input 
comm a nds ~re re ~ d from *SOURCE* and out out i s written on *S ! NK* . SOS is 
reset under an y of the fcl l ow i nq conditions: 

(1) During initi a lization (see above ). 
(2) Wi t h each $O EB UG , SRUN , SFEEUN , a~d $LOAD command i f $5ET DE3UG=ON 

is specifi.ed . 
(3) iilith each $OEBUG comm and if $SET OEBUG=OFF :Ls specified. 

When SOS is t erminat9d, all o f the loaded proqram symbol table infor ma 
tion (if any ) is rele a sed and the basic SD5 work stor age i s released. 50S 
i s terminated u nder any of the following conditions: 

( 1 ) 
(2) 
( 3) 
(" ) 

the STOP de b ug ccmmand is gi ven . 
rhe $SET DB BUG=OF F c~rom and is given . 
rhe $UNLOA O CLS =$DS c~mmand is given. 
A $I\.UN , SRSr:UN , $LOAD , or $UNLO.\D command is given (i f :iiS::T 
DEBUG=QFF ~ S specifi ed). 
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On the f?ll~wing page is a list of the debug 
Paramp.te~s for each comm~nd should ba sepa r ated 
paramet~r te r ms ~sed a r e : 

commands ava i lab l e 
by blanks . Some 

for 
of 

SDS. 
the 

(1) l:>cation - these are storagE: references of the form S (i) ±j. 

(?) section - these are cont.rol section , common secticn , ::> r dsect names. 

The f~ ll owing notati on c onventions a r e used in the prototypes of the 
commands : 

upper - C2.3e 
brackets [ J 
braces (] 

el l i psis ••• 

undetl~ning 

- represents a generic type ~hich is to be replaced b y an 
item supplied by the use r. 

- kndi cates materi~l to be repea ted verbatim in the command . 
- indicates that mate ria l within the brackets is optiona l . 
- indicate s that the materia l within t he br aces represents 

cho~c~s , from whi~h exact ly one must be selected. The 
choices a re separated by vertical bars . 

- i~dicat es that the preceding syntactic unit may be 
repeated . 
indicates the minimum a bbreviation of the command or 
p~r am ~ter. Longe r abb reviations are accep ted . 

~ate -: E':;,r descriptions of the I\TTNTRP , ERFOF.DUMP , INPUT , LENGTH, OUTPUT, 
PG UTTPP , PR3FIX , Bf , SCALE , TSPS3 , and TYP E commands , see the appropriate 
SET c om mand options. These 1re imple mented as individua l comm~nds , but are 
not i ndividually d:Jcumented . 
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a,T 
~~I!!TBP 
8.!IF.IBu r::: 
~F.EAK 

~1 EAN 
£Q i1 r1EN T 
£ONTIN tJ E 

:Q ~II. CT rVA:r E 

QE~UG 
Q! SPL ,~ '( 
QEOP 
Qi! 1-1P 
g~;D 

gg R0B Du~iP 
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JiEXOISPLAY 
IE 
IG NORL'! 
:I!i£LUDE 
IliPUT 
!:~NGTH 
1 !ST 

~~ MD 
_ -: D!P Y 

:'UT?UT 
RlR1IS T 
R~NT'!'RP 
£ PEF IX 
QUALIFY 
li~~~T 
E.EsrC'RF. 
BFl~UP.N 
EE 
rEI N 
~~ll E 
!i~ ,~ N 
.5.12 5 
§E l:' 
;lIEP 
21::QP 
§.H1 80 L 
r EFS? 
li~l ETl\ LLY 
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f naroe lELOH1£P.H;GES l .EEFEF:ENCES) •• • 
l ocation rconstant 11ocC'.tion ) 
loca t ion ••• f:com mand J 
[ O' I OFF ) 
l o ca ti on ••• 
l oca tion ••• 
[ o? !. ior . ••• ] 
[t e xtJ 
[lo c ation ... ] 
{s '3c tion 1 i r"'} 
{ na m e r rLO WI£H b NG~SlliEFERENCES} ••• 
filenC;;.me [I / O uni.ts] [limits ] [P,!l. R=par.ameters] 
l o c a ti on [ • .• l oca ti on ] •• • 
{se c tion I l o c c t ion 1 ••• 
[ (PS W IGR3 I FRS 1 sec tion} ••• J 

[ [ ON I OFF I FU LL) 1 
loca t io ~ [location ••• ] 
l ocation[ • . • lo c a t i on ] ••• 
expression [;co mmand ] 
breakpoin t - l abe l fi llocat i on ) 
filename 
FDname 
i 
[ optic:!. ••• ] 
[ ['tiLL I DSECT) 1 
[ 111'S - c0mmand] 
loca tion fcor.sta n t Il oe a tion ) 
l ~! :'" - c o mhl ."la ) 
o n- condi t 40r ( ; corn ma i 1 
FDname 
l o c ati o n [count ] 
(ON I OFl") 
ch:tr a c + er. 
location ••• 
[ O:1 - co;. di t ion ••• ] 
[ (locat i on I J:fo.rne l • • • ] 
[ Mr S- c omma nd ] 
ne xadecimal- c o!".Rtant 
[lo c ation ... ) 
i 
[(se c d.on l lccetion 1 • . • 1ocation 21 *1 (cons tant l location} J 

cp r: icn ••• 
[i [ll",NCH ]] 

l ocation ••• 
( O:~ I O' F) 
{O ~ I OFF 1 !? R I ;:T I F. ESET I C L EAIi' } [ optio n •• • ] 
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TBA CF: 
!lPE 
~S! NG 

~II E U 

t r a c e- o ption [location ••• ] 
code 
{ s ectio~ tsy mbo l} location 
{e xprcssion l locatio n £BA NGES} [;coromand ] 
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DESUG COH~AND DESCRIPTION 

d,g,TIVA TE fr ame I ELCW I£H ANGES I EEF 2RENCC:Sl ••• 

If I' name'l i s specif i ed , the corresponding when- condition is 
a ctivated . This may be used to reactivate a when- condition 
t hat has been e xplicitly deactivated by the DEACTIVATE 
cJrnruand or implicit ly deactivated after its condit i on has 
been s atis fied during program execution. See the desc r iption 
o f the WHEN command for further det ails. 

If FL OW , CHANGES . or 9EFEFENCES 
change, or reference tracing , 
See ~ h e descriptio n of the TRACE 
of tracing . 

is specified. then flow, 
respectively , is activ ated . 

command for f ur ther details 

AC~IVA1E nebuo :ommand U0 7 
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DEBOG COn~AND DESCRI PTION 

Pro~otyp= : ~L~ ER l ocetion (ccnstant l location) 

Actio n: The ALTE R c ~mma nd is i dentica l to the MO DI FY command . See 
the description of the MODIF Y cornmann . 

408 ALr~F D~b~q Comm~nd 
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pro\:o·t ypa: 

Action : 

~'1'S 1: THE ~iICHIG1\.N TERMItli'lL SYSTE!1 

DEBUG COMMAND DESCR IPTION 

(a) aT loca t i on •• ot( ; command ] 

(b) a T location ••• 
command 
command 

END 
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where "locati~DII specifies the location for an at - point to be 
inser te d in t he useL' I 5 program and " commdnd " is a single 
debug command or a part oE a list. of debug commands to be 
~xecutcd in sequence when th~ ~t - point is reached in the 
progra m. With t he single command prototype (a l , the c ommand 
is s~parated from the at-poi~t symbol list by a semico lon. 
i~ ~th !: he cc.mm and list prototype (b), 50S enters into command 
insertion mode (ind ica ted by the II?" prefix character) and 
reads debug com~ands until an E10 comm an d is given . 

A~ at - poi ~ t is established at each specified location by 
reple c~ng the opcoda of t h~ ins~ruction ~ith XIOO ': the 
:J r-igin a l o pc:)de is saved fo r l ater execution o,;han execution 
o f the p=og~arn i s r esumed or when t he at - point is restored or 
~therwise removed. 

With t he command lis t prototype (b), 50S enters into command 
inslZ:rtion mode . All commands en t ered during command mode are 
3aved in a command l i st for later processing. When an 
end - of - file or an END c omma~d is entered , 50S r esumes normal 
co mm~nd process ing. AT commands (and their respective com 
ma nd l i s t s ) m~y he r. es t eil in other IF or wilEN command lists. 
AT commands m=y not be nested in other AT command lis~s; a 
second AT c ommand will terminate the first AT command list 
a nd begin a naw comma nd l ist. If the use r enters a nu ll 
command Ii;:@. dur-inq command inser tion mode , the previously 
~ntered ccmmand is del€ted fr-om the list of saved commands • 

. ~hen an at - p')int is encountered during the execution of the 
qse: l s program , each of the commands in the command list for 
t h at at-po~ nt is executed in sequence . When the END command 
is execu~ed , control returns to the userls progr am and normal 
e xecu t lon is resumed (unless a breakpoint has been encoun
'Cered during the execution of the command list). If control 
~s ~J be returned to debug command mode rather than to the 
pr ogr a m, the SDS comma nd should appear immediate ly before the 
3ND c')mm~nd sinc e the SDS comm an d te rminates the processing 

AT Debuq Command 409 
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Ey.am~les : 

1pril 1976 

:>f the ccmmcnd lis t . The 
also terminated in the 
:>ccl1=ring in the program. 

processing 
event of 

of th e command 
an abnor ma l 

list is 
candi tion 

At.-poi nts are a. utornat ic3.11y a nnounced if t he command list 
causes an output mess~ge ~o be generated (e .g., the output 
from the DISPLA. Y cOIDDland) , or if there :~s no comill::\nd list fo r 
·:he <d~ - point . rhe C0 1H1ENT commanr1 may he used for commen'ts 
or announcements of at- points when no output messages would 
otherwise be qenera ted . 

An at - point should i:ot be set at an instruction 'lihich i s the 
object of an execute instruction , or at an instruction which 
will be modified or referenced by the program. For an 
execute iLstruction , the at- point should be set at the 
:!xecute instruc t ion i":self. If the locat ion specified is not 
halfw ord- aliqned , the at- point is net set. A warn ing is 
issued if the u se~ 5ets an at -~oint in a da ta item. 

At - p~ints may be removed by eit her the RESTOR E or the CLEAN 
commar. ::ls . 

l\~' LABLL ; SDS 

In the aho ve example , when t he at - point at location LABEL is 
reached, contro l is retur ned to debug command mode. 

!I:l' LP.EEL 1 
DISP LAY GRS 
SDS 
'EN D 

In the above e xample , when t he at- poitt at locat io n LAB EL l i s 
reached , the gener&l regist.ers are displayed and control is 
raturned to debug command mode . 

AT LABEL2 
MODIFY ALP HA F'2' 
GOTO lAEEL3 
END 

In ~he above example , whe~ the at - point 
~eached , the location ALPHA is mo~ified 
~ x ecu~~or. is then resumed at locat io n LABEL3 . 

at location is 
t.o the valua 2. 

Ul0 'T Deb ug CJm man d 
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Pr ,Jt o typa : 

Actio n: 

Ex amp l e : 

MTS 1: THe ~ ICHIGAN TERM INAL SYSTEM 

Page Re vis ad March 1977 

D~aUG CQ]HAND DESC~IPTION 

iIIP. IBUT E loca t ion •• ~ 

~ he at tr ib utes for ea c h pa r ame ter in the list are displayed; 
t hese inclun e : 

t he loaded abso lu t e address, 
~he r e l ati ve address , 
the sec tion name , 
the section gener3.ti on numbe r (::"f :Ef-ferent from 1), 
t he t yp e . 
the l en qth, 
t he duplicat ion fact o r (i f dif fe r en t from 1) I 

the sca le facto r (if differ e nt ft"om 0), and 
t. he dimension number (if a F') FTRAN o r £IL/I a rr ay ). 

Th e one - ch ara c t er 
descr~ptiou cf t he 

codes for 
TYP E key ... ·ord 

t. he t ype are 
modifier. 

defined with the 

If a s ymboli c loc~tion is specified without t he CSECT keyword 
modifier and all section5 in t he map are open (a CSECT 
command ha s no ~ been specified), all occurrences of the 
locat ion a~e displayed. 

The a ttr~but es of GANM~ a re displayed as 

G ~. ~l to! .i\. : 
LA=514020 FA=000020 SECTION =P ROG TYPE =F LEN =U DUP =20 

ATTRIBUTE Oebuq Command ij 11 
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Prot? ty pe : 

Acti on : 

DEBUG COMMAND DESC2IPTION 

2REAK l ocation ~ •• 

A glob!l breakpoint is established at each l ocation specified 
h y rep l acing the cpcode of t he i nstruct ion with ;( ' 00' ; the 
original o pcode is saved f o r late r e xecution when e xecution 
of t h e program is r e~ um ed o r when t he break po i nt is restored 
or ot herwise rem o v ~d . 

when the pr og r am being debugged attempt s to execute the 
i~stru c~ion at ~he brea kpoint, c on t rol is returned to SDS 
which announces the loc~ tio n of the breakpo i nt and prompts 
for its fle xt cO !!lGland . The instr. uction at the breakpoint. has 
IlQ t.. .Y. ~! been g!~£!!t§..1. The stat-us of the pro gr a m is 
p=ese r ved and may be e x am i ne d ~n d modified with t he appropri 
at.e comm ands. Exe cu tio n may be resumed with the :O NTINUE or 
STEP commands which execute the instruc ti ~n at the breakpoint 
J.nc1 resume ;}.ormal sequencing . To rest.a rt 'It SOlne ot her 
point , the GOTO command ma y be used . 

Brea kpo ints may be removed with eithe r t he REsrORE or the 
C L Ei\?~ commar,ds . 

A hr e akp~ int sho uld not be set at an instr uction which is the 
objec t o f?n execu te i nstruction , o r at an i ~st r uction which 
wiil be modified or referenced by the pr ogram . Por an 
execut e instruction , the break point shou l d be set at the 
2 ~ ecut e i ns t ruction itself. I f t he l ocat ion specified is not 
halfll'or d- ali gned . the hr eakpoint is r.ot set. A warning is 
i ssu e d if t he user sets a br eakpo i nt i n a data i tem . 

1"'or FO?TR.H; :tad PL/! pr:oqr'3.:!ls , the use! ma y set breakpoints 
by specifyinq th e externa l (user- defined ) or i n~ernal (s ource 
list ing) statement nu mbe=s . The " ~ " must. be used to pr e fix a 
FGElT~Hl e xt e r na l statement number cr a Pl.lI internal 3tate
ment numbf!r , e . g ., 

BREAK t 10 

a nd l'I s t '1 mus t be used t o prefix a FORTRAN i nter na l statement 
numbe r , E' .g., 

BREAK :!:S 11: 10 
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~xamp l e : 

NTS 1: THE MICHIGAN TER~IMAL SYSTEM 

Page Re vised March 197 7 

No~e : Or-Iy thos e statement numbers which define ~!g£Qlablg 
~O~TRAM o r PLII statement s may be used. All others , such as 
those de(ininq DI~ENS I O N , DAr~ , COMM ON, SUBROUTINE, FUNCT I ON , 
8NrRY , EQ UIVAJ.E NCE , FGRMAT , o r DECLARE s~~tements are 
undefined . 

~he BREAK ccmmand also may b~ used to set breakpoints in 
resident- system storage = egio~s . When the breakpoint is set, 
~ messaqe will be pri~ t ed indicating that the hreakpoint is a 
"s imulator break point , ' I In order for this type of breakpoint 
t o be ta ken , the progra m mus t be simula ted at the point of 
~h e broa kpoint. Simulation of resid e nt- system storage may be 
~ c hieved by speci fy i ng the 51ft and FlftLSI M options on the SET 
c ommand , e .q., S:M =ON a nd FULL3I M=ON . This may be used for 
settinq br eakooints in <EFL> ( E lemen~ary Function Library), 
<FI X> (Fn BTBA N 110 Library ), o r PL 1SYM (Resident - System PL/I 
Lihr a ry ) • IE the F ULL S!H option is FULL , reside~t-sy5tem 

subr o ut i nes in LCS YMB OL also wil l be simulated . Warning : 
Care must he t~ k en in s e tt inq breakpoints in other areas of 
reside n t - system storage since it cannot be guaranteed that 
execu tion o f t he program ma y be properly res t arted. 

"PEAK l OO P 206 503 100 

Gl o b~ l breakpoints a re s e t at the symbolic location LOO~, the 
rela ti ve loca tion 206, an d t he absolute locat ion 503 100 . 

BPEAK oeh ua : ornma nd U13 
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P~ge ~9vis e d Ma rch 1977 April 1976 

pro":otype: 

lIcf-ion: 

Exall'ple : 

DEBUG COMMAND DESCRIPTION 

~1EAN [option ••• ] 

The actio~ specified by " option " is ~aken. 
!ny one of the following: 

"option II !lIay be 

!IT 
EiR;:.1..K 

~t.LLS 

~HA NGT::S 

£~UNT 

EL JW 
~fI EEL 
2NS 

~I :'l 

,!!H ENS 

All at - points set by the ~T command a r e deleted. 
Al l breakpc.ints (e xcept simulator bre:ikpoints) set 
b y the ERE f. K command are deleted . 
Cal l t racing is disabled and the c all li s~ is 
deleted. 
Change trac i ng is disabled and the chaJqe list i s 
deleted . 
Ccunt tracing is disab l ed 
de::·leted . 
Flow tracing is d i sab l ed. 
Li: bel t !"acing is disabled. 
All on - conditions s~t by 
deleted . 

an d t he connt lis t is 

the ON command are 

l\@ierence tracing is disabled and the :refarence 
l ist is deleted. 
Al l simulator breakpoints set by the BREAK command 
are dele t ed. 
All when-conditions set b y the WH~N command are 
deleten . 

If ~o pa r amete r is specified , al l breakpoints and at - points 
a r e delet ed . 

CLE~.N 11 

All at - poi~ts a r e removed f r ~m the progr am. 

4 14 CIE AK Debn1 :oamand 
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pro t otypa : 

f\ c +:"o n : 

Ex<"mple: 

MT S 1: THE MICH IGA N TE R~INA L SYSTEM 

Page Re vised r:a rch 1977 

DEBUG COMMAND DES CR IPTION 

~Q!:!M E NT ( te x t ) 

!f t he use~ has 
mode , t he c omment 
pr oc essed . 

enter~d the 
is pr inted 

command in 
when the 

c ommand- insertion 
c o mma n d list is 

I n debuq cc mm and mode , ':h c co~r1 ENT command has no effec t . 

A'!:' LOOP 
C ON ~ENT SKIP 2 INST~UCT ICNS AT LOOP 
GO~ O LOOP ( )} 
END 

At t he l oc ation LOOP , 
L ) QP Il i s prin ted : t hen , 
LOOP ( J ) • 

th e c omment 
execut ion 

"SK IP 2 INS TRUCT I ONS AT 
r es umes at location 

SOMM ER! Debuq command 415 
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Pr o t o type: 

Ac t i on : 

DEBUG COMMAND DESCRIPTION 

~ONT TNU::: [lo ca":.ion ••• ] 

Ex ec u~i 0 n o f t he progra m is resumed from the point of t he 
last inte rrupt. T-F a hn:!;;>.kpoint was encoun tered , execution 
3eg i>l s wi t h ' t te ins t rucr. i on at the breakpoint. If an 
a tten t io3 i nte rr upt or prog r am inte rrup t had been taken, 
a xecu ti ~n b~gins a t the location specified by the PSW. In 
the even t of a ~ i mpr£cis~ program interr up t (l8[·! i10del 360/67 
.Jnlyl, a GCr 'T" O 'J r a RUN commaad must be used to rest art the 
IIser ' s program . 

If ~ location is specified , a local breakpoint is set a t the 
loca ~ i o n specified. This breakpoint code is an XI OO I which 
repl a ces t he o pcc de of t he ins~~uc t ion. When the p~ogram 
ehcount@ r s e loca l br eakpoint , c ontro l is returned to debug 
cornm:i nd mode . Loc a l br-eakp'Jin"t s are in effec t only for the 
dura t ion of the comm&nd , and are a utomatical ly erased before 
~ ha us er ent er s his nex t command. 

rhe CO NT I Nu r command may 
pr ogram if the init i al 
hav e be en modified. 

co NTINUE V J C2 

be used to initiate execution of 
va lues of the registers and/o r 

the 
PSW 

~ l o cal br eakpoint is set at location LOC2 and execution of 
the pro gram i5 resumed . 

U16 C )N~ I N U 3 D~ buq CG rn rn~~d 
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Pr oto type : 

:omment : 

E: x~!llples : 

DEBUG COM~AND DESCRIPTION 

~~EC? {sectionlil.} 

If " section " is give n , the module con~aining the section 
n~med becomes t he new current module and tile remaining 
modules are closed ; that is, checking for multiply- defined 
symbols is suppr~ssed , an d , if a symbol cannot be located in 
~he cur~ent module , no further searchillg is done. All 
contr~l sect~ ons , common sections . and defined dsects in the 
module are open for sea~chinq . 

If "i" is given , the modu le containing the i t h bl ank- named 
con~~ol section loaded becomes the current module and the 
remain ing modules are closed (see "control Section Process 
ing " above). 

If the opel" - map ch3. r acter ' I.I!,II is given , the 
loaded ~gain becomes the current module and 
Modules are opened . 

first module 
'0; he rema i ning 

To specify e m~dule cJntaining a dsect as the current module, 
" section " must be specified as 

dsectii)C =c~ect 

where 'I csect " is the name of the control 
~tle dsect was asse mbled. The dsect 
~~fi3ed with a USING comm and . 

CSECT PPOG 

section with which 
must he previously 

rile module containin g the section P?OG becomes the current 
module . 

CSECT DAP.EAmC=5UBP 

Th e module containing the dsect DARE! in the section SUBR 
hacome3 ~ he current module . 

CSE::-T Debua Command 417 
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Pro-.o type : 

DEBUG CO MMAND DESCR IPTION 

QElA: 'I IVA TE {namE:' I [LOW I £H.a.NG ES I REFEFENCES} ••• 

If II name " i s 
deacti vc.t ed. 
detai ls . 

speci f i ed , the corre5p~nding 
Se e the des cription of IHlEN 

when- condition is 
command for further 

I f FLO W, CHA NGES, 
chang e , or refe~ ence 
Se e the de sc r i pti on 
of t r a c ing . 

or. EE F ERE ~CES i s specified , t hen flow , 
t racing , respect i vely, i s deactivated . 
o f t he TRACE c ommand for fur the r details 



i\pri..l 1976 

Pr? ::.otype: 

Ac t ion: 

Exampl e : 

~TS 1: THE MICHIGAK TERMINAL SYSTEM 

Page Revised Karch 1977 

DEBUG CO~MAND DESCRIPT I ON 

rlf:.QUG filen arn~ [I/O uni ts ) [limits J [P!l.F=parameters] 

The cur rent progr am b~ing debugged 
program is lo~d2d from "filename" . 
t o reload the current program being 

is unl:»aded 
This command 

debugged. 

and a new 
may be used 

The !/o upits . limits . and PAR field specifications 
same as fer the MTS $DEBUG command (this comm and 
mented by passing the en t ire command line to 
pr ocessillY ) • 

D~B(IG - LOAD SCAFDS =OATA 

are 't.he 
is imple

HTS for 

~he program in t he file - LOAD is loaded for debuqqing. 

D~BUG Debuq Command 419 
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pro-r.ot vpe : 

,," c tion : 

Sxa mpl e : 

DEB UG CO ~ M ~ ND DES CR! PT I Or 

~I S P LA Y loc at i on [ ... l o cat icn ] ••• 

Ea ch l ocC'.t ic7l (or ele me,H. in t he s to r ag e blo ck ) i s disp l ayed 
in t he f~ rm a t ceq ui r ed by its t yp e an d length and pr inted 
a l ong with a o ne- ch a r a c t er co de which i ndicates t he l 0ca 
ti o ~ ' s t ype . The t yp e cod e s a r e de fi ned with the desc r i pt i on 
of the TYPF ke ywor d mo d i f ie r . 

: f the t y pe an d l eng th a~ t r ibu tes of a l ocat i on are unkn own , 
0 1: i f a l a ca-r.ion sp e ci f ies an a ddr e ss which i s inco cc e c t l y 
a l i gned with r espec t to its t ype , the con tent s of the byte 
3pe c ifi e d hy t he l oca t ion , a nd the c ontents of th e next th r ee 
bytes , ar e pr i nted i n hexad e cim a l form at . 

~ ll q l oba l br ea kpoi nts and a t - points a r e tem po~arily r esto r ed 
before ea ch l ocati o7l is displa yed . 

DISPL.i\Y A.L PHA 

I'h e l oc ation A.LP l! /\ i s displ a ye c1 accordi ng to its t ype and 
leng~ h a ttri butes . 

DISP Ll, Y ;\L PII .~ • •• BE':'A 

Bacll l oc a t i c n i n t he ranq e o f ALPH A t o BE TA is disp l a yed 
a ccor ding to its t ype a nd l engt h. 

420 DISPLAY Debug ccmm~nd 
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!?r ') tc.ty pa: 

Action ~ 

~ x am pl e : 

HTS 1: T!I E MICHIGAN TERMINAL S YSTE! 

Pege Revised ~arch 1977 

DEB ijG COM~ A N D DESCRIPTION 

QE JP [sec tion llocat i on } ••• 

If II se c tior. " is specified, t haI: dsect l oses i t s add r essabil i
cy ( SP.'3 t he descriptior. of the USING c ommand). 

If 1I 1 o cat '::" on ll sp ecifies a gener a l register , a ll dsects 
co vered by tha t registe r are no longe r address ab l e by SDS 
( ~ . e . , symbols and r elati ve ad dresses within tha t dsect 

c annot. be accessed ). If IIl l')ce:tion li specifies a s torage 
~ddress , a ll dsects ba sed a t the virtua l address cor r e 
s ponding to that l oca t ion l ose t hei r a ddressa bi lity . 

I f tho pa ratl'ete r m~.y be in te=pret ed bot h as a dsect name and 
a s a symbol , it is a ssumed to be a dssct name. 

DROP GP 1 

The dseet s cov ered by GP 1 are released and are no longer 
::tddre s sable . 

DP OP Debua Command 421 
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Page P(;' vised Ma rch 1977 

P r-Qtot yp~: 

, .' .. c_ l.on : 

CC ln m?nt : 

Example? : 

DEBUG COMHAND DESCRIPTION 

!!li. t'! F [(PSWIGF.S IFPSlsect ion} ••• J 

A s ymbo l i c dump of t ile sections specified 
include s only the va ri able s~oraqe of the 
tions and a r eas not cov er ed by the symbol 

is given • 
section; 

tahle are 

The dump 
instruc

excl u ded. 

Por e a ch 
name , t he 
value fi.f 

item dumped, the relative address , the symbolic 
data t ype, the converted va lue, and the hexadecimal 
the nata type is not Xl is nurnped. 

If psw is speci fied , the hexadecima l a~d symbolic address 
forill s are given . 

I f G2S is specified, the gene r al r egisters are dumped in hex, 
fi xed - poin t decimal , and symbolic address format. 

If F RS is specified , t he floating- point reg isters are dumped 
in he xa deci wal an d float ing- point decimal format. 

If nJ pararnet~r 1S specified . the PSW . the registers, and all 
sectic,ns ar-E dumped. 

Since t he outpu~ from this command ma y be ext ensive, terminal 
~sers should set t he output device t o a file or *PR!NT* via 
':.he SET OUTPU 'r=FOna me command. 

The our"op opt i"n may be used t~ obtain an abbr E'vi 3.tad symbolic 
dump where a ll POPTPAN and PL/I a rrays are omitted excep t for 
the first element in the a rray. This option may be enabled 
by sett i ng DUH?=SHORT wit h the SET c om ma nd ; t he default is 
FULL . 

Po~ bat ch user 3 , an aut omat ic s ymbolic dump may he obtained 
in the e v~n t o f an abnormal program terminat~on via t he SET 
E F ROFD U ~p=Or debug c ommand. This facility is simila r to the 
$~RRGRD U M P command iL NT5 comm and mode which produces a 
nexad ecirna l dum p of a program i n tile eV8n t of an abnormal 
pr og r-am t erminat ion. 

A s am ple symbo l ic dump i s given on the next page . 

S2T OUTPHT= *PPI1H"" 
DU i1P 

A symbo l i c dump of the p~W , th e r cqis~er s , and al l loaded 
s~cti ons is prod uced on * PRINT*. 

U22 DU iP De 3ug C om~ an d 
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Pr ') ": 0-::' yp e : 

, ,. 
.. c '. l.on : 

Exampl e : 

MTS 1: TH! MICHIGAN TER~INA L SYSTEM 

Page Revised Ma r ch 1977 

DEBUG COMM AND DESCRIPTION 

~ND 

If '-he cOIl: m~nd is ente=ed in co mm and - inserti on mode , the 
cu!:' r er.t sE"quen c e of comma nds being entered into comlnand lis;:, 
associat.ed wi t h th e .a.T . !F , or WHF:' comma nd is te:r:lllina t ed , 
~nd c ent r o l is returned to debug com mand mode. 

In debug command mode , the END command has no effect. 

AT Leep 
DI SPLA Y GE l 
EN D 

rhe comman d l is~ for t he at - point 
~e rminated by the ~WD co mmand ~nd 
deb ug c ommard mode . 

at locat ion LOOP 
cont r o l is ~eturned 

is 
to 



~TS 1: r~E MICH IG AN TER~!NJL SYSTE M 

Page Pevi5~d Mar ch 19 77 P..pril 1976 

Pr::)totype: 

Action : 

EX'l.mp l e : 

DEBUG CO~~AND DESCP!P~ION 

iO TO l oc .tioD [l ocat i on ••• 1 

~ x ecution cf the program i s resumed at the specified loca 
~ic n . The l oc ation must specif.y a halfword - aligned address. 

L ! more ~ h an one l ocation is specifiea , local breakpoints are 
set at the sec ond , t hird , etc., locations. Thi s break point 
code is ~r y' I OO ' which r epl~ces the opcode of the i ns truc 
tion . when t he progra.m encf) u-:lters a local breakp oint , 
contro l is returned to debug c ommand mode . Local breakpoints 
~ re in effect on l y fo r t he duration of t he comm and , and are 
d u~omatica l ly erased ~efore ~he use r enters Lhe ne xt command. 

rhe G O~O c~remand may be used to init ~ ate the execution of the 
program if a different entry point is desired . 

GOTO LOC 1 LOC2 

,\ local brec.kpoint is set at l ocation lOC2 and execu t i on of 
t. he pro gram is res umed at location LC'C 1. 
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P r ot otyp .~ ; 

Act i on ~ 

Exai:iple : 

Mrs 1: THE MICHIGAN TERMINAL SYSTEM 

Page Re vised t-Ia rch 197 7 

D~B1JG CO~ M AND DESCRIPT!O~ 

tlEXO:SPLO\Y l:.c~tion[ • • ,loc ... ti·:>n ) ••• 

Each location is d~splayed in the hexadecimal format used by 
the SDUHP s ubr outine ~ee t he desc ri ption of the SDUMP 
9ubroutille in MTS Volume 3), Par sto r age blocks, the entire 
b lock i s dipplayed. 

Globa l brea k~Jint s and at - point s are not restored hefore 
those locations are displayed . 

fjl',XDISPLAY S002AO •• • soone 

The s~orage block star ting at location 5002AO is dumped in 
hexo.dacimal forma t , 

HEXDISPLbY Debuq :ommand 427 
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Proto typa : 

DESUG COMM AND DESCR IPTI ON 

( a ) IF expr ess ion ; comm~nd 

(bl If e xpressi on 
command 
comman rl 

EN D 

where " expr ession " is ::l r e lational or l ogical expression and 
"command " is a single debug command or a part of a li st of 
debug commands to be ~xecutEd in sequence. 

~~th protot ype (a l , t hq ~inq le debug c ommaed is executed if 
the va lue of the expression is t rue ; o t he rwise , t he command 
is not execut ed . The command is separated f rom the expres
s ion with a sem1colon. With the c ommand li51: prototype (b), 
:...f the va l ue of 'the expr es s ion is true , SDS enters into 
comm~nd inEe ction mode (indicated by the "?" prefix charac 
~er l and rearls debuq commands until an END command is g~ven : 
wlen t he EnD command i s given , the en tir e sequence of 
comm a nds is t.hen exec uted . :f the value of t he expression i s 
false , comman d i nsertion mode is not ente r ed . 

IF comman ds (and their respecti ve comm and lis ts ) rn a y be 
nested in other IF , AT , or WHEN command lis ts . Ea ch nested 
command list must be indi vidua lly termina ted by an END 
command (unless a single comoand fo rm is used) . If an IF 
comm an d and i ts associated command l ist is rlested in another 
command l ist , and if the va lue of the express ion is false, 
·che associated c ommand list is skipped . 

Ver i fication th~t at e x pression i s true will be given 
~ he IF command is executed from anot her IF or AT 
list . This verification i s suppressed in t erse mode. 

on ly if 
command 

the IF command is designed to te~t a sta tic condition in the 
user ' s prcg r ':f!1 (as opposed to a dynamic condition whic h is 
test.ed by t he ~HE~ command ) . Since this condition is tested 
wheI~ 'the IF command is executed , the most common use for the 
IF' c o mmand i5 in conjunct ion- ;'i-:.h the AT command for patching 
?rog~ams o r testing prog~am conditio~s . 

IF kLPHA > f ' 4 1 ; GOTO LA BEL2 

U28 IP Debug C v mma ~rl 
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I~ the abo ve ~Kample, execution of the 
&ransfers to loca~io~ LABEL2 if ALPlfA has ~ 
t han 4 . 

user ' s 
va l ue 

pr ogr am 
gr ea t e r 

In 
has 

IF' ALPHA = F ' 6 ' 
NO DIFY BETA Fl O' 
i'! () DIFY GA!1MA. F ll OO ' 
END 

t he 
:'he 

above 
val ue 

A!' LA BEL 

example , 
0. 

IF ALPHA ..., = f ' O' 
f"! ODIFY BE'!'A F ' O' 
G0 7 :) L/I.BEL4 
END 
END 

BETA and GAMMA are modif i ed i f ALPH A 

In the above example , when the at - point LABEL is reac hed in 
t he I1 s ~r ' s program , the l!. T command list i s execut ed. If 
ALPIIA is no t equal to t he va lu e 0 , BETA is modified a nd t he 
prog=am r esumes executi on at location LA6EL4 . Note that 
~here must be !l END command for hoth the IF command l ist and 
the AT cc mma~d list . 

AT LA BEL 3 
IF ALPHA < F'O ' & BETA> F ' O ' 

C'DIFY ~_ t~B.\ F ' O ' 
IF BETA> F ' 10 ': MODIFY 3ETA F ' 1 0 ' 
END 
DISPLA Y G:l:S 
[NO 

In ~he ~bove ey. a mple , when t he at - poin~ LABEL3 is r eac hed in 
the user ' s pr o gram , the IT command list is executed . I~ 
ALPHA is less th a n 0 and D!T~ is qreater ~ha n 0 , ALPHA i s 
modified. I n addit:'on if BETA 1.3 g r eater th3.D 10 , BETA. i s 
mc.difj e cl. After all modifications are made (i f any ), t he 
general regis t er s are displayed and the program r esumes 
execu~ion . Note that the fi r st IP command (of protot y pe (bl) 
has a second IF command (of prototype ( a ) 1 ne s ted i n i t s 
command li.s~ . 

I F nHhno C: o mm.:\nrl U?q 
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Pr :)~o t,!pe : 

~.ction : 

<'".. mp l e> : 

DEBUG C1HMAND DESCRIPT: ON 

!GN JE E breakpoint - label {i l location} 

Jrdina rily , when control reaches a global breakpoint or an 
at - point in t he program , execution i s interru pted and con t rol 
raturns tc 5DS . The IGN ORE command pro vides a means of 
s uppressing this interr up t ion each time contr~l r eaches the 
breakpoint , for a tota l o f " i " t i mes, where " i " i s either a 
d~cim a l i ntege r or t he con ~ ents of the l oca t ion specified . 
The !.!ls t t :;'me con t rol r~aches the breakpoint , the interrup
t io n i s ta ken ~s usua l. 

If a location is specified , the type of t he storage location 
may he fixed - point (full word or h~ l fwo rd), float i nq-point 
(l ong or s hort ), or he xa decimal (4 hytes or less). A 
location that is in the fo r m of a r. elati ve add r ess must have 
the IDF mod~fie r a?pen ded . 

The :gnore cou~ t must be positive and may not exceed 05 535. 

:-GNOPE LOO P 10 

u3 0 IG~)?F. Debug Co mrna~ d 
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Action : 

::: xamp l e s : 

MTS 1: THE MICHIGAN TERMINA L SYSTEM 

Page 2evised Ma rch 1977 

DS9UG COMM AND DESCRIPTION 

IH~LUD R filename 

rhe symbols th=. t a re c onta ined in the object file "file name " 
~ re incl uded i~ ~he SDS symbo l table. If a s ymbo l table does 
not c urrently e xis t , one is cons t ructed . Only S YM, ESD, and 
3ND ~ eco r ds ~~e processed~ a ll other types of l oader r eco rds 
a r e iqnored. Th e loaded addr esses of exte:-na l symbo ls are 
obta~ned from the system l oade r map ; hence, the MTS SYMTAB 
Jption must be ON. 

USEF PF OGSA !! !NT8PRUPT. 
$SDS 
I NCL UD::! fil ename 
SHl $~SW 

initiate program execution 

PSw : xxxxxxxx xxxxxxxx 
enter debug mode 
bui l d SDS symbol tab l e 
displ ay interrupt address 
begin debuggi ng sess i on 

l'he abo ve sequence o f comm ands illust r ates how 
comman d can be us ad for initiating a deb ugging 
~n unex?ected error is detected i n a program . 

~ he !NCLUD~ 
sess io n after 

IN CLUD E: f:'lena.me 
USING dsec t ad dres s 
DISPLA Y symbol 

inc lude dsect symbols 
set dsect ba s e a ddress 

The a bQ v~ sequ ence o f c ommand3 illustrat es how the I NCLUDE 
comm an d ca ~ be used for displayinq selected areas of dynami
cally a llo c<:_ted storag~ f or pr ograms that wer e not pr ocessed 
by SDS at load time. In this case , " f~ l ename ll contains SYH 
~e cord :; -t:. ha t we=e generat ed for the dsect. 

!NC TIlO e Oph n o rnl'1m::>nti Ul 1 



MTS 1: rKE A!CHLGAN TER~INAL SYSTE~ 

P~ge P~ vl sed March 1977 1\ pri l 1976 

Pr o t n typa: 

I\cti nn : 

Exarnole : 

DEB UG COMMAND DESCRIPTI ON 

hIST [ o ption •• e] 

The action specified by " option" is taken. " optio n " may be 
~ ny o n2 o f t he following : 

!iT 
§.BEAK 

<;!lLLS 
£HANG ES 

~QUNr 

Q.N 5 

~IM 

~HE:NS 

~.l l 3.t -points set by t he i\T command are listed. 
All breakpoints (ex c ept simulator breakpoints) set 
by the BREAK c:::mmand are lis -ced. 
The sta t us of call trac i ng is given. 
The status of change tracing along with the change 
list i.s given. 
The current counts recorded by count tracing are 
list!?!d. 
'!'he status of flow tracing is given. 
illl label points specified for label tracing are 
listed. 
All progr~m modifications made by t he i'lODIFY com
mand are lis t ed (ex cept modifications made in an 
~t - co mmand list ) • 
The status of all on-conditions set by the ON 
command are lis t ed. 
The st a tus of reference tracing along with the 
r eference l ist is given. 
All simula t or breakpoints set by the BREAK command 
are lis t ed . 
The status of a ll when-conditions set by the WHEN 
c ommand a re listed. 

If n o paramete r is specified, all breakpoints and at - points 
a re li s ted . 

L::::sr A 

A list i ng of al l the currently set at - points is produced . 

432 LIS ! De buq Co mman d 
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Pr o t o t ype : 

Act i on : 
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PEB UG COjMAND DESCRIPTI ON 

::lap r [FULL I DSECT) J 

~ ma p i s produc e d , listing e~ch control section and common 
~ec~io n in the user ' s program. The map incl udes t he ~ection 
name , section typ e , the section lenqth , the loaded add r ess , 
th e =eloc~ t ion iactor , a nd the s~orage index numbe~ . If t he 
3torag e index number is omitted , then it is the same as the 
storage i ndp x numbe r of t he pre vious sec t i on . 

.:H a nk - name:d (private) contr.,l sect ions are specified b y 
unsign e d de c im a l i ntegers assigned according to their order 
in t he SDS mao . This integer i s the only way to r e f er to a 
bl~nk - n amed control section. A blank - named commo n section is 
specified in the map a s a blank symbol. The blank - name 
com~on symbo l (initia lly BLANK ) i s used to r efe r to a 
blank - named co mmon sec~ io n . 

The ps e udo- r egis t er r. ame symho l (ini t ia l ly PRAREA ) i s used to 
refer ~o the pseudo- register a r~a . 

If the -FULl, parameter is specified , t he map a l so inc lud es all 
dsec t. s and library-loaded sections . If the dsee t i s u nde 
fi~ed , the address field is bl ank : if the dsect is d eE i ned , 
t h e ~ d d r ess field contains t Ile current address de f i ni t i on fo r 
that dsect. Address~s 00000 1 through OOOOOF a r e used to 
i Ldica,e that t he dsect is de fine d by the cur r en t contents of 
GR l ~ hrough GRF (G R1S), res pacti vely . 

If t he DSECT pa r ameter is specified , t h e map onl y in c ludes 
che current ly def!ned ds~ct s : control sections , common sec 
tion s , a~d undefined dsec ts are omitted . 

The symbol s used for the map type are: 

CS 
C ~! 

DS 
PR 
LCS 
LCte 
LDS 

r-! lo. P FULL 

control section de finition 
c o mm on section def i nit i on 
dsec t defin i t ion 
pseudo - register a r ea 
l i br a ry contr ol sect ion defini t i on 
l i bra rY com~on section definition 
U .hrary dsect definttion 

A ful l ma p is p ~ inted as f o llows : 
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NA~~ T YP E lENGI'H ADDRE SS REl OC SP _. 
~l AI~ CS 000 26 8 S03~C8 ,034e8 00 80 
COM 1 Cl1 00 0070 50 37 30 503730 
DS::: C l OS 00 00?4 
COM2 Ct1 00 002 0 5037AO 5 037 AD 
511BB cs 000228 5037CO 5037CO 
DS EC2 OS 0000 2C OOOOOq 
SQ?T LCS 000032 5039FO 5039FO 
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Pr oto type; 

~. c tion : 

E xampl~ : 

tITS 1: T ilE !1 I~HIGAN T3::\t!INAL SYSTEM 

Pa ge il:e vised ~la rc h 197 7 

DEBUG COM~AND OESCRIPTr~N 

~~HD r-!T$ - command 

CQn t r ol r~t ur ns to MTS comman d mode wh ere the specified MT S 
command is executed. Afte r the c ommand is exe cuted , cont r ol 
~e t urn s immediat e ly to debug comm and mode. 

As a n a l ter native, any 
s ig n "$" is also executed 

input line beginning with a dollar 
a s an tiT S comma :J.d . 

MeMO $DUMP ON . FRINT* 

:n the abov~ example , con t r o l =et urns 
wher e ~ hcx~decima l dump o f the use r ' s 

i1CMD rO!T PROGl(A~ . S")U 
edi t cornman ds 

~T S 

to MT S 
pr ogram 

command 
is 'taken . 

!l:ode 

In the abo ve ex amp le , t he MTS file ed i tor i s inv ok ed direct ly 
fr om debug comm and mode. After the file PROGBA~ . SOU has been 
edi ted , cOl".t rol retur ns t o de bug com mand mod e . In thi s 
manne r , the us e!' may upda 'te his pr ogram sou r ce file while 
debugginq his pr ogram o biect file. 

["Cl-:D DebuQ command 435 
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Pr"to type : 

Ac t ion : 

EX3. mple s : 

DEBU G COMJAND DESCRIPTION 

lQD I FY l a ce tion {consta T!'!.11ocat i onl 

The fi:rst p:!.c a met8r spe c ifies 
modi fied an d t he second pa r a mete r 
us ed for the modification. 

t l-.e location 
specifies the 

t hat is to 
va lue t o 

be 
be 

c onstant spec ifies a l ist of one or more constants de l imited 
by-blanks or commas. The entire l ist is enclosed in primes. 
Th e constant or list of constants is pl aced i n the specified 
loca t i on(s ). If no att ributes a r e specifi ed for t he con
~t ant s , they are c on verted acco r di~g to the type and length 
a t tr~ butes of the f ir s t parameter . 

I f the secon d pa r a mete r specif i e s a s to r a ge l o cat ion, then 
t he he xadecima l content s of that loca tion i.s used for the 
modifi c ation . The length us ed is the len gt h attribute o f the 
fi rst pa r ameter. 

If the second pa rameter i s a 
~f t he c onstant , rather t han 
be ing modified , is used wh e n 

hexadecima l cons tant , the length 
the length of t he paramete r 

sos makes the modific at ion. 

verificat io n of t he modification is given by printing both 
the o ld value ~n d the n ew value o f the locat i on modified. 
Verifica t ion may be suppressed h y entering terse mode (see 
t he IEE SE opti on in. the SET comnland d e s crip t ion) . i\ 11.s"ting 
o f all mo dif~cation5 mad e to the pr og r a m (e xcept modifica
t i <)ns made in an a t - c ommand 1i51:. ) may be obt a i ne d by us ing 
til e LIST com mand, e .g., 

LIS! ~lCDS 

Gl obal breakpoints and at - poi nts ar e tem por~rily 
befor e the mod i fication if the hreakpoint ad dress is 
t he modi f ication address . 

11 0 Dlf Y BET P.(l) F '1 0 , 20 , 30.40 ' 

r esto red 
egual to 

The firs+: fou r l ocat i ons starting wi th BETA (1) are mod i fied 
~o t he constcnts 10~ 20, 30 , and 40 , r espectively. 

~ O DIF Y DELTA X' 0000003E ' 

DE LT~ i s modi fied i n he xadec i mal fo r mat t o t he cons t ant 
00000 03£. 

U36 ~JDIF Y Deb~q C o mma~d 
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lO D! FY GR 1 Gi l 

The c on t ent s ,E g ~ n er a l register 3 ~re cop i ed t o ge n eral 
cegiste r 1. GFJ is u nc han gEd . 

M0 DIF Y Oe b UD Command 437 
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prot otype: 

l . ' .. c t.lon : 

EX::llnple : 

DEBUG CON~~N D DESCRIPTION 

~IS [ ~:'l' 5 - co mmand] 

C·:mtrol :re t ur ns t o t he c a l ler (no rmally :-IT S command mode) • 
r he MTS com man d $5DS ma y be used to return contr ol to debug 
cO~ffi and mode , from which the user c an then resume debugging 
his pro gram. An o p t ional MTS command may be specified , whi ch 
i s ex ecu ted befo r e contro l is r e tu r ned to the ca ller. 

The e f fe c t ~ f this command i s ide ntic a l to that o f the RETURN 
comm an d. 

~:rs $ DUNP ;)N "'Pf;IN~* 

Ii1 't he abo ve e xample, contro l retur ns to ;1T5 
wh e re a hexadecima l dump of the use r' s program 

command mode 
i s produced. 

4 3 8 M1S Deb uq ~omma na 
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P:rotot ypa : 

MTS 1: THE MICHIG AN TERM I NAL SYSTE~ 

!lag e Revisad Ma -rch 1977 

DEBUG COMMAND DESCRIPTION 

(a 1 Q1 or. - con dition ; comma nd 

(b) Qll on- c ondi t ion 
comman d 
co mmand 

END 

~here PGNT , ATTN, I OE'PF., LOCAL , or Y.F R speci fies a program 
.:)n - condi'tior! and " command!! is a sir.gle d -'3 bug comma,nd o r a 
part of a list of debug commands to be executed in sequence. 

iH t h the single command pr ot otype ( ::;, ), a sing l e de hug c ommand 
is specified , separated fr om th~ on-condi~ion by a sem i colon. 
If the cond ition occurs during proq =am execution , the debug 
comm a nd i s €xecuted . 

Wi th th e com ma&d lis t pr~ to ty p~ ( bl, Sos enters into comman d 
.~ nserti c:! mode (in.j:"ca ted hy ":. h.; " ? !! prE::f ix char a cter ) i:l.r.d 
:: ~ads 0 'b ug c OlflmaTdh unt i1 a·~ I."·r c (.' mma nd is given. I f .. he 
-;ond:;,.ti r· ... :Jccu[" s d 110nq pr c''J:-a!: .-:{;~cu tio n , the debug c r)rnma ':'i 
~ i ~~ i~ ~ · .~ cu t0d . 

:'1. f·. l:" '.<r. g or. - co ~i",,: ,:",C; '~··v I":",, sp e cifi~d : 

Fr oq[~~ {-~ F r='lU

~t ~ - -~i - ~ int-=-'1P~ 
I/O error 
Local time estimat e exceeded 
Timer in terrupt 

2. Gi:~ 

ll':'T'~ 
l OERF 
!,OCAL 
!!t'lN 
!i P!! 
tlTS 
tl£ !'!D 
~Y S E1'~ 

aRR OR 
f, ETUR !i 

Call to suho utine LINK , LOAD, XeTL , or UN LO AD 
Call to subroutine MTS 
Cal l to subroutin~ MTSCMD 
Call to subrou t ine SYSTEM 
Cal l to s ubr o ut i n~ ERROR 
Pr og r a m r et urn to system 

I f PGNT is specified an d a prog r am in terrupt occurs d ur i nq 
proq~~m e x ~cution , the sing l e debug c ornma~d or command list 
is execu ted . I f the program has ca ll ed the subroutine 
PG NT~BP , t he command li st is executed before the PGN TTRP exit 
routine is called. 

I t AT'r1<l' i s ~p~r:i£ied and an attention interrupt 
~~ oqram c x e cu ~i~L , the single' deb ug cOJnmand o r 

occu r s d uring 
command l ist 

eN De buo CnmmR nn U,Q 
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Exampl e s : 

i s e xecut e d. I f t he program has 
ATT NTRP , th e co mmand list is e xecu t ed 
r o utine is called. 

ca l led t he subrou t ine 
before t he ATTNTRP eKit 

If r OEFS is specified and an 110 i n terrupt occurs during 
pr ogram ex ecution , th e s in gl e debug command or com ~a J J list 
i s execut ed. I f t he pr o gram has c a lled t he subro'l tines 
3ETIOERP. o r SI OE RRf th e command list is executed before the 
axi~ r o u t i ne i s called. 

I f LO C ~.L is specifie d a nd a local time es timate is exceeded 
duri r.g pr ogra m e xecutio n, the s i ngle debug comma nd or command 
li s t i s e xecu t ed. 

If r I ]N is specifi e d a nd 
pr ogr a m e xecut io n, t he s i ngle 
i s execut ed. 

• 
a time r inte rru pt 
debug comm a nd or 

oc curs dur i ng 
command l ist 

I f XFR is spec ified a nd the program calls the s ystem 
subro uti ~ es LI NK, L O~ D , leTL, or UNLOAD, the single debug 
co mma nd or co mmand list is executed . For calls to LINKf 
LOAD , ~ nd XCTL, the sections specified wil l ha ve been loaded, 
but ~ ot en t ~red, at th e time th e command list is exec u~ed . 
for c a l ls to UNLOAD, the sections specified will have been 
un l oa ded at the time t he c omma nd list is executed . The 
comm a nd list i s a lso execut ed when sect ions t hat have been 
lo aded by c a lls ~o LI NK and xeTL a re unloaded . 

I f MT S, ~ C ~ D, SY STE~ f or ERROR is specified and a call is 
ma d ~ t o one o f t he s ubr out ines 11'1'" 5, ~l T:5CMDf SYSTE i'I. , or ERRO?f 
~h e s i nqle dehug c o mmand o r co mmand list is executed. 

I f PET U6N i s sp ecified an d 
{via t he i a s .: ruc t ion BF 141 
comm an d lis t is executed . 

t h e program returns to the sys~em 
t he s ing l e debug command or 

The RESET 
Go ndi t ions. 

an d CLEAN co mm ands ma y be used co delete on
r he pr o t ot ype f or t he RE SET c~mmand i s 

R~§~T on - c onditio n • •• 

The protot ype f or t he CLEAN co mmand is 

The LIST co mm an d may he us e d to 
on - con ditions . The pr otot ype f o r 

L:::: S'!' Q~S 

ON PG NT ; G O ~O LA BE L2 

lis t a ll of the current 
the LIST comm3Dd is 

1u n ON J ebaq Comma ~ d 
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In the abo ve e ~amp le, execution of th e us e r l s prog r am 
~r ans f ers to l ocati on LA8£ L2 i f a pro gram interr upt occu r s. 

ON PGNT 
I F GF 15. EQ . F' O' 
C G~~EN T SKIP SUB ~O UTI NE SUSHX 
GO TO $GP 1U 
EN D 
EH D 

~h e a bo ve e xa mple illus trates how th e all c omm and ca n be usgd 
t o bypa;:;s t :t e execu t i on of a n unloaded or una vailable 
e xtern~ l s ubro u t in e . For exampl e , ass ume t hat t he following 
~w o instruc~ions a r e us ed to c a ll the 3ubrout i ne SUaR! : 

1 15,=V ( SUBRX ) 
BA L ? 14 , 15 

If , afte r th e c a lli n g progra m is l oaded , the s ymbo l SUBHX 
::emains undefi ned , t he l ite r a l V ( SUBRX ) will hav ~ a value of 
ze r o ann a program inter rupt wi ll occur when a call to SUBRX 
is a~ temptcd. The a bo v e ON comma nd list wi ll test for such a 
?rogram in terrup t con d ition . If th is t ype of pro gram int er
ru p~ occurs, the commett " SKIP SU8R Ol1TINE su a RX " will be 
pri n:ed a nd e xe cut ion will be resumed at t he next in s~ruction 
fol l o wing the BA LR in struction. I f ge~~ r a l r eq is ter 15 is 
:lO n 7. CrO , n')::'m a l pl:og r am interr upt pre c essing will occur. 
No~e th a t th~re must be a n END command for both the IF 
c~ m man d lis t ~nd the ON command list . 

O"l D"" bll n rnmm::lnn LlLI 1 
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Prototy~a: 

Example : 

DEB UG COMMAND DESCRIPTIO N 

gAlib IST location (count ] 

The PAR LISr c ommand ma y be used to display t he con t ents of a 
pa r auleter list in symb o l i c form with each parameter converted 
a cco:Ldin g t c i ts data t yp e . The addr ess of t he parame·ter 
list is specified by nlocation". The number of parameters to 
be di sp l ayed in the parameter l i st is specified by Ilcou nt l '; 

i f omi tte r]. parameters are displayed unti l the p3. r ameter list 
i s exh a usted o r unt~l an illeg~l pa r ame ter list adcon is 
~n cou::! t ered . 

For ea c h pa r amete r in the parameter lis t , the fo llowing 
informa tion is disp l ayed: 

the a ddress o f ~h e parameter , 
the symb~lic name of t he paramete r, and 
the value o f th e paramete~. 

I f " locat io~ '1 c ~nta i ns the ad dress of 
list, the sys tem paramete ~ list is 
cha~a c te r form~t. 

PAR LI ST $G!i 1 

t he syst em 
displayed in 

parameter 
a special 

The param eter lis t point e d to by gene r a l register 1 is 
displayed . 

4h 2 ?~ ~ L I ST Deb ug Cornmard 
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Pr?t 'j t ype : 

MTS 1: THE HICHIGAN TEBMIHAL SYSTEM 

Page Re vised March 197 7 

DEBUG C03MAVO DESCRIPTION 

QUALIFY location ••• 

.. 'l1e lengtb , type , and 
chang~d a ccording to the 
appended to that symbol. 

sc~le a ttributes 
t ype, length , and 

of a 
scale 

sym bo 1 a r e 
modi fie r s 

If t he leng th att ribute of a symbol is changed, any nonzero 
dupl i cation factor associated wi t h the s ymbol i s automa~ i cal
ly set to ore : c.g ., if a symbol is assembled with a type and 
leng th 256C is nualified with a length of 256 , it in effect 
becomes C1256. 

Predefined symbols o r PL/I symbols may not be qualified. 

QUA LIFY ABCiiT=X 

r he t ype attribute of .4B':: is changed to X (hexadecimal ). 

QUALIfY DebuQ Command 4u2.1 
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DEBUG COM!AND DESCRIPTION 

R~§gT [on-ccndition ••• ] 

If no parameter is specif i ed , all 50S SET options are r eset 
~o their default values . A list of t hese defaults, and the 
correspondi~g SET command options to cilange their values, i s 
pres~n t ed helow . 

At - poi n t processing 
Comm~nd - insertio~ prefix character 
Attention interrtlpt process i ng 
Blank - named common s ym bol 
Breakpoint processin g 
Duplicate common pr ocessing 
Dupl i cate dsect processing 
Dump command processing 
50S command s':)urce echoing 
E rr~rdump facili t y 
?ull scan option 
Lov- core siMula t ion 
I~direction character 
Indexing 
50S c omman n s~urce 
Simulo. tor instruction set 
Default lengt h 
LI NK , LOAD,XCTL , UNLOAD processing 
~orlifier charsctcr 
Cpen - map characte= 
50S o utput si nk 
Program inter ~upt proces~inQ 
P~eudo - ~egister a r ea name 
sos prefi x charact er 
Default re l ocation factor 
Def a ul t s c a le Eactor 
Au : o matic simulation 
'fel"Se mode 
limer inter r upts 
Defaul t t. ype 
Warning messages 
LINK,LCA O, XCTL , UNLOAD intercept 

AT ON 
.\TPREFI X , 
.i\ TTN ON 
BLA NK BLANK 
SREAK ON 
COI'l ~lO N OFF 
DSECTS OFF 
DU~I P FULL 
ECHO i1TS 
EPRORDU~!P OFF 
FULLSCA N OFF 
FULLS!11 OPF 
INDCH $ 
HiDE;.: ON 
I NPUT 'l't-!SOURCE* l 
IS 70 
iFN " LLX ON 
t10 DCH ill 
Ot11>. pel! • 
OUTPUT * l'lSINK*l 
PGNT ON 
PRAREA pRAREA 
PPEFIX + 
RF 0 
seA LE 0 
SIN OFF 
TE5.SE t1TS 
TH1 N OFF 
TYPE X (hex ) 
'ilAENNSG ON 
XFr. ON 

l Initially, the command so urce and the OUtpu t sink are 
.SJU EC3 * and *S!NK* , res pectively. 

IH'SE'r Dohno Cnr.\!TliI nn UU 1 
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lOERR, k OCAL, II f..N . KfR . !iTS, tl ~ I1D , .§.YS TEi1 , 
is specified, the correspond i ng on-conditi on 
oth€ ~ 5DS SET options a r e no t r eset . 
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DEBUG CO~M AND DESCRIPTION 

B.ESTOE ~ [{lccationlname} ••• ] 

If " lo cation " is specified , either 

(1) t he br~akpoint or at- point is deleted and the original 
i~3tructi ~n is restored if i t was sp ecif i ed hy the BREAK 
OJ: AT command, o r 

(2) t he loceti~& is remove d from ~ he change or reference 
t r a ce list if it was specified by ~he TRACE command. 

If I'name " i s specified, t he c orresponding when - condition is 
delet ed . 

If no parameter is specified, the most recently entered 
g l o bal breakpoi nt or at- point s e t by the BREAK o r AT command 
i s deleted end the original instruction is restored. 

!'l o c a t ion " must be specified to 
breakpoint. 

RLSI'OFiE LOC 2 

restor e a simulator 

The breakpoin t or at - point at l ocation LOC2 is removed from 
the pr o qram. 

PtS ~O ~E Dehug Command 444.1 
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DEBUG COMMAND DESCRIPTION 

Control returns to :ha ca l ler (normall y l'lTS command mode ) . 
\n o ptiona l ~TS command may be spec ifi ed , which is eXec uted 
befo re cont r ol is r etu r ned to the cal l e r . The SSDS command 
re t urns control t o debug command mode . 

rhe effect ?f t his command is i dentica l to that of the MTS 
command . 

PETUP" Dehl10 Cnm~~ n~ nos 
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Proto type : 

Ac t ion : 

EX3!n pl r:! : 

lElt! 

DEBUG COMMAND DESCRI PTION 

EYN [lo ca ti on ••• ] 

Control is t ransferred t o the entry point of the program and 
.;!x e cutioI: is started. General r egisters 1, 13, 14, ,'lnd 15 
a~e set t o t he fol l owi ng values: 

GP l pOi nt s to the PAR field character st r ing. 
GJ 13 points to a s ystem s a ve a r ea . 
GR 14 contains the return address . 
Gil15 contains the entry point address. 

The other registers and t he floating-point registers a re set 
'Co z ero . The pr:ogram mask and condition code are set to 
zer~ , The entry point and the PAR fiald may be changed by 
t he ENTFY a nd PAP opt i ons of the SET comma nd. 

If a l o ca tion is specified , 3 l ocal b r ~akpoint is established 
at tIle specified loc~tion by r eplacinq the op code of the 
ins t ruction wi t h X' OO ' . When t he program enco un t ers a local 
hreakpoint, co nt rol will be returned to debug command mode. 
Local hre?kpoin t s are in effec~ only for the duration of t he 
command , and are automatical ly deleted befo re the user enter s 
r.. he ne xt commar.d. 

For programs that are serially reusa ble, i.e., capable of 
bei ng rerun several times without being r e l oaded , the RUN 
comm2 ~d may be used co r est art the program at its entry 
point, Progr&ms that are sqrially reusable are e ither 
reen t ran t or the y do no t modify t heir constant areas . User 
program stc r a ge that is d yn emically acqui r ed is not a utomati
c a lly re lease d by 50S when t he program is rerun. 

The CON TINU E, GOTO, and STEP commands 
init i ate execution of the program 
ge neral or floating - point registers . 

RUN L OC2 

also may be used to 
wi~hout al t ering the 

A l ocal breakpoint is set at location LOC2 and execution of 
t he userls pr::'lgram is initiated. 

U46 p rln Dabuq Comm!nrl 
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DEBUG COM~AND DESCRIPT! ON 

~~!l.N [ (s£ction I l ocat io n 1 • • • location2 I * } [cons tant I location} ] 

If ";section " is specified , the named section is :searched for 
c.he va lue specified. If "location 1 •• . l ocation2" is speci 
fied, th€ area bounded hy 1I1ocation l " and "l ocation2 " is 
searched . If 11 * " is specified , all loaded control sections, 
commo n sections . and defined dsects are searched . In al l 
cases , all unreferenced or protected pages are skipped 
with o ul: C0mn:.ent. 

If a constan~ ~s specified , the v a lu e of the constant is used 
~ ~ the argurn~nt for t h e s ca n ~ if a location is specifi ed, the 
co nt8n~s of that location is used as the arg ument. 

It : he type specified is hexadecimal , character , o r packed o r 
zoned decimal , the lengt h of the constant specified is take n 
a3 the l ength of th e value to scan for: otherwise, the 
defaul t t yp e and l ength at~ributes are used f o r the scan if 
no TYP~ a~d LENGTH modifiers are specified on the first 
parame t er . 

IE no parameter is specified, then the sea rch resumes 
star." ~ ing at the first location he yond the previous ma~ch from 
ch~ previous SC~N conmand. 

rhe se~rch for the specified value is performed with r espect 
to the approp r ia~e bounda ry alignme~t af the value specified , 
i . e ., instl'uctians are scanne d for on half word boundaries , 
character ccnstants on byte boundaries , etc . 

The address parameter may contain unreferenced o r pr otected 
paqes wi t hin its range : e . g., 

SCAN 600000 ••• 6FFFFF C ' ABCDEF ' 

sca ns all 
6 fo= t. he 
protected 
c.Jmroent . 

of the user's r eferenced virtual 
character s t ring ABCDEF : all 
pages within this r ange arc 

memory in segment 
unrefe renccd o r 
i gnored without 

The FULLSCAK Jption may be U39d to scan the address r ange for 
11 1 occurretces of the ar gum ent instead of stopping after the 
first o ccurrence. This may be p.nab l ed by setting FU LLSCAN=ON 
with t he SF'! command: the d efault is OFF . 

SCAN Dphua Cnmm~n~ UU7 
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Examplp.s : SCAN MAIN D' 3 . 33 7 62 ' 

The se c t ion MA!a is 
floating - point constant 

scann ed 
3 .3 3762 . 

for 

SC~. N 6 16 100 ••• 6 1 fi2DB C ' OIJ'!'PUT ' 
SC AN 

-:. h e doubl e- pr- ec ision 

rhe r egion 6 16 100 ••• 6 162DB is scanned f o r the character 
canst apt OU1PUT . Then the remainder of the same r eg i on is 
3canne d for a second occurr en c e of ;)U'!·PUT . If the first SC AN 
command is terminate n without encountering a s uccessful 
ma t ch , the scc') nd SCAN co mmand has no effect. 
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DEBUG COM~~ND DESCRIPTION 

:f an AT , IF , or WHEN com macd list i s being processed, the 
command lis~ processing is t~rminated and cont rol is returned 
to debug comm and mode . The 5DS c ommand is no r m~lly q iv en as 
~he comm a nd pr eced in g t he END command in t he c ommand list . 

!n debug c uumand mode , the 5DS c ommand has no effect. 

This ccmmana is not the same as the MTS $SDS c ommand which is 
used to enter debug command mode: from MTS cummand mode . 

'T toe5 
D! S PLAY A ( ') ... ( 9 ) 
DISPLA Y PPS 
SDS 
END 

After the h'l command list for:: the at - point at location LOCS 
is processed , cont rol is r e turn ed to d ebug command mode . 

SDS D+?bua Command uug 
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Pro':ot ype : 

DhBIJG COMMAND DESCRIPTION 

:2~T opt i on ••• 

rhe SET command is used to alter the status :)f various SDS 
Jptlons , defaul t att rihutes , or defau l t characters. The 
va lid ke yword parameters a re as follows : 

AT = {ON 10PF} 

:\1 PREFIX =ch E:.r 

,\TT ~= (ON IOFFl 

ll L ~.NK = ::.ame 

BR BA K= {ON I OPF} 

IE t he option is OFF , al l current at 
poincs a~e ignored and program e xecuti o~ 
are eutomatical ly continued. The at 
points a r e n21 restored; i f an IG NORE 
comma nd is in effect f o r the at - point , 
its count is decremented as usual each 
t ime it is encounte r ed. The default is 
ON . 

T h~ command - insertion mode 
ter hecomes the charact er 
£h~t. The default is "? " . 

prefix charac 
specified by 

If the op t ion is OFF, user attention 
inter ru pt e xi t ro utines set up by calls 
to the suhroutine ATTNTRP are disabled; 
50S will process a ll attention inter
rupts. The option may be set to OFF 
befoL'e or after t he user's program has 
called the · subroutine ATTNTRP. The 
opt i o n may he: set to ON to r estore normal 
attention interrupt processing by the 
program . The defaul t is ON. 

The blank- named common symbol us ed to 
refer to bl ank - named common s ectio~ s is 
£et to 112!!l§: . The symbo l may not begin 
with the current indi r ect io n char acte r 
" $" , and ma y not c ontain any of the 
following cha r act e rs: () +- , . =' */ or the 
curr<C!nt modifier char-2.c t.e r " iil" . The 
default ~ 2. 1u e is BLA NK. 

If the optio n is OFF , al l current global 
breakpoints are ignored and program 
execution a re a utomatical l y continued. 
The breakpoints a r e ll2t restored ; if an 
IGN ORE comm and is in effect for the 
breakpoint, its count is decremented as 
usual ea c h time it is encounter ed . The 
default is ON. 

usa SEr OebuQ :omrn an d 
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BR IE?={OI110 FF1MfSl If the opt i on is ON , SOS enters t erse 
mode which eliminates many confirmation 
and dia9Dostic messages. If the option 
is 'J FF, complete message processing 
occurs. BRI!F is a synonym for TERSE a nd 
an antonym for VEFil OSE . The default is 
t he setting of the correspon ding MTS 
Blt lEf option . 

:J~M)K= (ON I CPF} If th is option i5 OPF, the symbo l s of all 
multiple occurrences of common sections 
of the same name with the same s~orage 
index n umber are merged, thus reducing 
the siz e of the symbol table. If this 
option is ON , t he symbols "ire kept sepa
rate : this is useful for checking whe~her 
each occurrence of a common section of 
the same name is id~ntical in length and 
symbol order:. The default is OFF. 

DS ECT5 =(OUICFFl If the option is OFF , all multiple occur
rences of dsects of the same name wi th 
the s~me storage index number a r e 
~gnored , thus reducing the size of the 
s ymb~l table. This option must be set to 
c.pp before tr.e program is loade d. The 
default is OFF . 

DU J P=(SHCRTIFULL} If this option is SH ORT, an abbreviated 
symboli c dnulp is prc.duced by the DUMP 
command : this dump omits all FORTRAN and 
~L/! arrays except for t he first element 
in the arrav; all other da ta variables 
a re included. If this optio~ is FULL, 
the symbolic dump conta ir.s all data 
variables. The default is FULL. 

~CH O=[O N I DFF I ~TS } If t he opt ion is ON, input commands to 
SOS are ec hoed ,n the current outp ut file 
cr de v ice if it is differ ent from the 
inout file or device . The default is the 
settir.q of the correspondir.g Mrs ECHO 
opt i on . 

1NTf Y=! ocation The entry point to the user's program is 
set to the location specified : i t may be 
a symbolic, relati ve. or virtual address. 

3R R0;DUHP={CN I OFF I~ULL} 
If th e option is ON and the user is 
r.unning in batch mode, a symbolic dump is 
a utom a tically given in the p. vent of an 
abnormal program termination: library-

S?T Debua Command 451 
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PULLS CI N-[OI IOPF} 

loadea sections a re excluded 
dump. If this option is FULL , 
loaded sect ions are includ~d in 
The default is OFP. 

P.pril 1976 

from the 
library

the dump. 

If t his option is ON , the SCAN command 
scans for all occurrences of the argument 
in the specified address range instead of 
s to pping after the firsc occurrence . The 
default is OPP . 

~~U L1 S I N= rON , OPF I fULL} 

INO":H =ch ar 

INDEX = (ON I OFF) 

INPLJT = FOnatilE: 

IS- [ fi 7 170 } 

45 2 S £ ~ D~buq comme~d 

If this optio:] is ON , sub["outines that 
resine in the low- core symbol tables 
<F.FL>, PL 15Y M. , ann <FIX> are simula 'ted . 
If this option is FULL, all low - core 
su bran t i ne.s are - imulated. If ' ~ his 
option is C PF , these subrout.ines are 
ex e cuted i nstead of simulated when called 
hy the SDS simulator as is always the 
c~s e for subroutines residing in LCSYM
Bal . The nefault is OFf. 

The indirect ion charact er becomes 
characte r specified by " char". 
default is 11 $11. 

the 
The 

If the option is OFF , only displacements 
from th e nearest symbolic location are 
used to disp l a y an add r ess . If this 
'ption is ON , both indexes and displace
ments are used. The defa ult is ON. 

SOS reads subsequent commands from the 
file o r device specified by '·PDname ··. If 
an end- I) f - file is det ected from the new 
command stream , or if an 2.ttantion inter 
rupt, a program interrupt, or a break 
point 0!21 an at - point ) is encountered, 
SOS returns to *USOURCE* for its 
commands . 

If th is option is 67, the IBM ~odel 
360/67 ins t ruction set is used to simu 
l~ t e the user proqraffi. If this option is 
7 0 , the 370 ins~ruction set is used to 
simulate the program. The default is 70. 

For programs run ning on a IBM Model 
360/67 , the followinq extended- precision 
(16 - byte) , floating - point 370 instruc
t ions are simula ted approximately by 
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LSN=i 

LL:(: [0 I OFF] 

LIOun :" t = rOnc.me 
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their equi valent long - precision (B - byte). 
floating - point instr uctioLs: 

LEER 
LDoE 
UR 
S'l.R 
MXE 
tHOR 
MXo 

The "C (Mo ni t or 
treated as a NOP 
nonprivileqed 370 
la ted ~x~ctly. 

LER 
LOR 
AOR 
SOB 
MDS 
l1D n 
Mo 

Call ) instruction i s 
instruction. ~oll othe r 
instruct i ons are s i mu -

For progra ms running on a 370 , t he fol 
lowing IBM Mode l 360/67 RPQ instr uctions 
a r e simulated approximately by t heir 
neare s t 370 ~quivalent in structions: 

MOOR 
MO D 

MXDR 
MID 

All othe r ISH Mode l 360/67 SPQ instrUC
tions ("OOR, ADD, SODR , SOD , AX , SA , HX , 
OX , LX , 3LT, SWPR, BAS, and BASR ) are 
simulated exactly. 

The default le~qth att r ibute is set to 
I'i l', where "i'l is an unsigned decimal 
integer betweer~ 1 and 65 53 5 . Initially , 
the default lengch attribute is 4. 

If the option is OFF , a ll sec t ions which 
are dynamically loaded hy calls to the 
subro utines LINK, LOAD , or X:TL a r e not 
€nte~ed into the symbol table , thus 
reducing the s ize of t he s ymbo l tab le. 
'X°he default is ON 4 Note that .. his option 
i s independent o f the setting of the XF R 
option which control s the int ercept ing of 
calls to the LINK, LOAD , XC TL , or UNLOAD 
subroutines . 

Logical I/O unit assignments for the 
user's program may be given for both 
input and output units. This may be used 
t o re wind seguentia l o r line f iles but 
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~-lO D:H=char 

::ll'l I\PC H=char 

) UTPU 'I =f OnaIll9 

PlI R=text 

PGN T= {ON I OFF} 

PF Ai'{E A=name 

PRr.:FIX=char 

~{f=cons t ant 

450 SS ! De huq Com mand 
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will not affec t the status 
of pseudo - devices (suc h as 
the position of t apes ) . 

of other types 
*' SOURCE* and 

The modifier charact er becomes 
character specified by "c ha r " . 
default is Il Ol Ii . 

The " open- map " c haracter becomes 
character specified by "char". 
default is " * 11. 

the 
The 

the 
The 

SDS writes subsequent output lines to the 
file o r device specified by " PDnams", If 
an a tt ent i on interru~t , a program i nt er
rupt , or a br eakpoint (ll2i an at - point) 
is encountered , 5DS switches its ou t put 
to *:-!SINK* . 

The PAR field is replaced by the charac
ter string specified by lI t ext ll . since 
" text " includes the remai~der of the 
input line, the PAR opt io n must be the 
l ast opt ion specif i ed on the SET command. 

!f the option is OFF, user prog r am i~ter
rup t exit r o utines set up by calls to the 
subroutine PGNT~ R P are disab led; SOS pro
cesses a ll pr og r am interrupts, The 
opt i o n may be set to OFF before or after 
the use r's pr og r am has called the subrou
ti n e PG NT TRP. The option may be set t o 
ON t o rest o re norma l progra m i nte rrupt 
pr o c e ssing by the prog r am. The default 
is ON . 

The pseudo - register area symbol used to 
r efer to the pseudo - r egister area is set 
t o "n ame " . The symbol may no t begin with 
the curren~ i ndirectio n character 1' $ '1, 

and ma y not c o n ta in any of the following 
ch a racters: () +- ,.= "*1 o r the cnrrent 
mo difier character I' @'I . The default 
value is PE lI.EEL 

The 5DS prefix character becomes the 
chara cter specif i ed by " char " . The 
default is "+". 

The un s igned hexadecimal " constant" 
defin es the def a ul t relocation factor, 
This constant is added to every ~ elativ e 
~ddre ss which i s not qualified by the @e 
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The" defaul t 
factor is O. 

value for the 

3CAL E=i The rlef~ul t binary scale fac to r is set to 
Ili 1. , where '·i'· is a Sig ned or unsigned 
decimal integer. I niti a lly , the def a ult 
scal~ factor is O. 

SIli = {C!~ I OFF} If this option is atl , any command t hat 
sta rts pr og r am execution c a ll s the 50S 
sim ulato r to sim ulate t he proqram. The 
default is OFF . By llsing the SIN option 
in co n ;unct i on wi t h t he 1S=67 option, 
pro grams using the IB H Mode l 360/67 
inst::-ll c t ion set lIlay be sim ulated on the 
370. 

!!BSE ={ON ICFP IMTS} If the opt ion is ON , 5DS enters terse 
mode wh ich eliminates many confirmation 
and di a gnostic mes.sages . If the opti on 
i s OFF, co mplete message processing 
occurs. TERSF is a s ynonym for BR I EF and 
an an tonym for VE RBOSE . The default is 
the sett i ng of t he corresponding MT S 
T::nSE o ption. 

T: MN=[ J NIC?F} If t he option is OFF , t im er interrupts 
set by the user program a re ignored and 
pr ogr a m exe cutiou con ti nues. The defa ult 
is ON . 

TYPE =x The default type attribute is set to I·X·', 
".'h ere "X II is a ny of the sos type codes 
described with t he des cript ion of the 
T!P E keyword modifier . I nitially, the 
default type attribute is X 
(hexa decima l) • 

VLRB )SE = [ONIOPP I MTS} 

'1I 1di.N;";SG = (ON I eFE'} 

I f the option ~ s u FF, SOS enters terse 
mode which eliminates many confirmation 
and diagnostic rnessaqes . If ~ he option 
is ON , c o mplete message process ing 
occurs . VER80SE is an antonym for BRIEF 
and '£ERS=: . The default is the setting of 
th e corresponding ['ITS VERBOS E opt i on. 

If the option is OFF , al l warning mes 
sages concerni ng addresses outs id e of 
cs e ct bound~ and subscripts outside of 
array bo unds a r e suppressed. The de fault 
i s ON . 
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Sxamoles : 

'I'his 
t.h e 

If the 
calls 

option is ON , 50S intercepts all 
to the subroutines LINK, LOAD, 

XCTL, and UNLGAD , and LItlK-returns and 
return to debug command mode. The 
mod ules specified in subroutine ca lls to 
LI NK , LOAD, and XCTL a r e l oaded and the 
r egist.e rs ar.e set up for the executi on of 
the 10~ded modules (in t he c ase o f LINK 
Oond XCTL ) . For XCT L, the c3. llin g program 
is unloaded and its symbols are purged 
from the 5DS map . For (INLOAD and LINK 
return, the module is unloaded and its 
sym hols are purged from the SD S map . If 
the option is OFF , 5DS does not intercept 
the subroutine ca l ls . The defa ul t is 
OFf . Note that this option is independ
ent o f the setting of the LL X opt i on 
which con t. rols the s ymbol ta ble pr ocess
ing o f modu l es dynamica lly l oaded by 
c3.lls to the LINK, LOAD, or lCTL 
sub r o utines. 

SST LEN=B rYP2=C TERSE=ON 

command 
de f::!ult 

set s the default length att~i t)ute to 
typB att r ibute to C (ch a racter), an d 

B bytes , 
sets te rse 

mode ON . 

SET SCARD$=INPDT SPRINT=OUTPUT PA~=EXEC 

~his c om mand sets SCARDS and SPRINT to the file s I NP UT 
0 U'!'PUT , respectively, and replaces th8 curr en t PAR fie l d 
\:he ch a r a c te r s t ri::lg 'EXEC . 

and 
wit h 

~56 SEr Debug :o ml:"l & r.d 
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DEBUG COM ~AND DESCRIPTION 

gEF [ i [ ~FANCH lJ 

?he r,e xt. II i " !!!.~£hi!l.g 1.:!ngQ£!lg ins '~ructions in the user's 
program a re simulaterl before cont rol re t urns to SOS. I f " i " 
i s ~O t. specified , on l y the next inst ruct ion i s simulated . 

!f BRANCH is 5~ecified, the user ' s prog r am is simulated unti l 
ei t her " i " i nstr uc t. i.,ns are executed or a successful branch 
i s exec ut ed . If simu la tion is te rminated due to a suc cessful 
branch, the RumbeL of unexecuted inst ru ctions remain i nq in 
the 3te p C0U~t " i 'l is printed in the form 

REMAINING STEP COUnT = x 

I f tIle user attem pts to STep pest a branch i nst ruc ti on, the 
branch is ta ken as usual unless t he program is t r ansfer ri ng 
to a l€:'gal lc,w- c ore symbo l su c h as SCARDS or SP?!NT . In th i s 
casa , the rout ine i s executed , not simulated , and stepping 
resumes at t he return address . The instructions execut ed i n 
the r0!ltine a~e no t counted in the stepping count . 

I E t he br aLch address is in residen t - sys t em storage and does 
not c~rresp0nd ·0 th~ ent r y point of a legal l ow - core s y mbol . 
simulation is t e rminated and a waLoing roessage i s printed . 
The user must restart his program wi t h eith er a CONT I NUE or 
G0TO comman d. 

Zf S£EP is used instead o f RUN to initiate program e xe c ution , 
registers 1 , 13 , 14 a~d 15 are loaded ~ith the appropria~e 
Va l u es (see t.he RUN dehug command des c ription ) • 

FGRTFAN and PL /I uSers should note that the SrEP command 
::opec i fies m.~£h1ng 12.n.9.!!.sgg inst ['uct i ons in t he count . If it 
1s d€:'sired t o s t ep a specified number of FJRTRAN or PL/ I 
in 3~rUCt~on s , th e CONTINU! comman d should be used spe ci f yin g 
local breakpoints . 

S:' EP 10 

rhe :ext 10 instructions in th e proq Lam are s i mulated . 

srpP Dehlla Comm~ ~1 US7 
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proto t yp e : 

l\:+io n : 

DreOG COMMAND DESCRIPTION 

SDS orocessing 
cd-ll e r (r..otmally 

is terminat ed and co ntro l is r eturned to the 
[iTS command mode ). 

All lo a ded - pr ~g ram symbol tabl e i nfo rmation a~d SDS wor k 
sto rage a re ~eleased . 

If the use r ' s program was loa d~d via the $DEBOG command, t he 
pr~gr~m is unlo a ded: if the pr ogram was loaded via the $RUN , 
$R ERO N, or $ L () _~ D cornman ds , the progra m is not unloaded . 

I f STOP is encoun~ered in an AT , IF, or WHEN command l i st , i t 
i s interpreted as an SDS com mand and c~ntrol is r eturned to 
de hug command mode. 
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Pr:)t o t,!pa : 

Ac t ~? }'1 : 

ExalUpl~3: 
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OrBUG COM MAND DE SCRIPTION 

~Y~BO L l oc~tion ••• 

The symboli c name fe r the s pecified location is printed. If 
10 s ymbol t~ bl e is pr esent , t he relative address a nd section 
name are pri~ted . If this c annot be done, the corresponding 
vi r tual add res s is ~ rinted . 

IE 4 l ocation has more than one s ymbo lic Lame, all of its 
name s a r e pr inted . 

SYMBO L ALPHA +4 $GR14 5 160 20 

rhis example disp l ay s the above l ocations i n the following 
form : 

ALPHA +4 = VSY S IN SECTION SUBR 
$GR 1. = FETRN (8 ) I N SECTION SUBH 
5 16020 = 2ETA IN SECTION MA INPR OG 
5 1602 0 = BM ARK I N SECTI ON MA INPR OG 

In t h i s examp l e , t he l oc ation 5 1602 0 has two s ymbo lic names. 

SYHB OL Debno Comm;:,nn USq 
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pro t ot yp a : 

DEBUG CO MMAND DESCRIPTION 

IU1Z'l'i\L L'i (CN I OFF I PalNT IBESET I CLE/l.R } [option ••• ] 

The TI HETALLY comma nd may be used to rno~itor the execution of 
! pro gram a rd to prod uce a hist og ra m depicticq the distribu 
ti on o f CPU o r :r;eal time withi n the proqram, i. e., to show 
~her e t he proqra m spends its time . 

!he T I ~ ETA LLY algo rithm 
program e xecuti on to 
3..c t ivi t y . 

is a technique 
determine the 

of random sampling 
distrihution of 

of 
CPU 

~hen TIMtTA LLf i s itvoked. an intern al data structure is 
cons truc~ed representing the various control sections and 
entr y poi nt s in t he pr o gram. Each o f t he control sect ions is 
divided into pa rtit ions o f a fixed size and ~ counter is 
established f:Jr each partition. ". t imer interrupt is set up 
to occur after ~ specified number of millisec:Jnds of user 
prog ra m e xecn t i or . When t he timer interrupt occurs, the data 
5~ruc t ur e is scanr.ed to determine in which partition the 
~n ce rrup t occurr ed, and its counter is incremented by one. 
Ano~ller timer interrup~ is set up for the same interval and 
program execution is r esumed . Eac h t ime a t imer interrupt 
occu('s , the ap propriate count e r is incremerlted and a new 
t. imer i nterrupt is set up. This pattern is continued 
through o ut program execution. When th e TIMETALLY results are 
prin~ed , a determination of t he ~ot al number of interrllpts 
taken is made on a partition- b y- pa rtition basis and a 
hi stogram d~picting the partition percentages is printed. 

TI MJTAL LY interc epts c~lls to ~TS residen~- systern subroutines 
rth ose defined i n LCSYMBOL, <EF L> . <FIX> , and PL 1SYM ) and 
sa ve s . fo r each c all, t he na ~e of t he subroutine and the 
point fr o m which the subroutine was called . This enables the 
de t ermination o f t he t ime spent ~it hin syst em subroutines as 
a fu nctio n o f the ~oints from which they were called. 

A spq c ia l par tit ion ?SYSTfM is est ablished for counting the 
num be r of t imer interrUp~5 t aken in MT S and the supervisor 
for which the cause ~s no t appa ren t. One common cause of 
chi s pro blem is t erminal output. Since term i na l output may 
be overl5.pped with p r og r a m e xecution, the asynchronous hand 
li ng o f t he c orn plet:i.on of an output operat ion represen t s 
system CPU act i vity for which t he cause is not appa r ent. 

! special partition ?US EF is estab lished f o r 
n um ber o f ~ imer interrupts t ake n at a ddresses 

counting the 
outside of In'S 

460 T!~B r AL Lf De buq Com fua ~d 
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~nd ~hq supervisor , but which are not co ntained in any of the 
partitio ns defined for the user program. A proqram which 
:lynam i cally acquires a region of storage, moves instructions 
into it , i'.rid pr:>ceeds to e x ecute t hem , may produce such 
interrupts . 

The f o llo~ing options may be specified on ~he TIMET ALLY 
command . More than ~ne option may be specified on t he 
command . The fir .it five options control the enablinq and 
disab l ing o f the TI~ETALLY facility. 

Ol! 

OFf 

PRINT 

fE S:T 

CL£Jo.R 

invok e s TI~ETALLY and enab les the 
of !!METALLY data during program 
Execution of the program may be 

'T'hi s o~tion 
collection 
execution . 
started by the BUN debuq command. 

This opt ion di sables the collection of data . 
This is needed only if the user d.::!,sires to 
c ollect da. ta in a smaller po!:"tion of the 
program . 

rhis option prints the accumulated T!METALLY 
data col l ected during program execution . 

~his option r esets the accu mulated data 
collectEd to zero . This is needed only 1! the 
user desires to issue a subsequent RUN command 
without reloa dinq the program. 

""h is option terminates t he TIMET.I\LLY facility 
and release s all TIMET ALLY data and storage . 
This storage is also a utonlat ica lly released when 
the program is unloaded. 

7he remaining optio~s c~trol the hehavior of the TIMET ALLY 
facili t.y . 

OUTP U'!' =FDname 

J? L= n 

This option specifies the file 
which the data results are to be 
this is omitted , the resu l ts a re 
current output fil e or device . 

or device on 
printed . If 

print.ed on the 

~his option specifies the maximum l ine length 
(output record length ) of the his togram . If 
~his ootion is omitted , a va l ue of 132 or the 
m a x imu~ o utput record length of the f i le or 
device specified by t he OQTPUT option i s 
assumed , whichever is smaller . At least one 
line of t he histogram will be of maximum length. 
' In "~ must be in the r ange 33 S n S 132 . 

TI~ErALLY Debua Com~~n~ a~1 
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PSIZE =n 

DEL'!' AT=dd 
DTD3 V=~e 

'.pri l 1976 

This option sets t he size (i il by tes ) of the 
?art i tions into which the control sections are 
divid3d. If th is o pt io:!. is omitted, a part ition 
size of 25 6 bytes is assumed. 

~hes e options set the interval to be used for 
schedulinq ~iEer inter r rupts during executio~ of 
t he prcgram . Timer interrupts a re scheduled 
with an in terval time that is uniformly distri
bu ted o ver the int erval " dd±es" millisec onds. 
The purpose of th e unif o rm r a ndom distribution 
is to a void unwanted corre l ation between samol
tn g f reguenc ies and cyclic prog r am execution. 
If DELTA T is not speci fied, a va lue of 1.5 is 
as sbm ed . If DTOEV is not specified, a value of 
DELTAT/2 i s ass umed. The values specified must 
h~ such that dd - e e > O.U. 

[Cl?UTHIE 1 PEAL TI!-JE} 
Thi s option specifies whe t her the ~ ime r in t er
ru pts a r e 'to be based on CPU ti me or real time. 
I f CPU7PJE is speci f ied , the -c ime::- i :1terrupt s 
a r e based o n CPU time using the value specified 
by DELTAT. If REA LTI ME is specified, t he t imer 
i nt e rru pts ~ re based on r ~al time using a DELTAT 
v ~l u e of 200 milliseconds. The defau l t is 
CP UTI!1E. 

5 YS= [ NCtlP I N01HiA LI FULL} 

462 TI~EtAL LY Jebtl Q Comma rd 

rhi s opt ion spec ifies th e manner in which timer 
int e rru pt s t hat occur in syst em storage (seg 
men ts 0- 5) a r e to be hand led. Th e default is 
NO;!nr.L. 

If NONE is spe cified, ti mer interrupts oc cu r ring 
in s ys te m storage are ignored : t his enab l es 
est i mates of " non system " timi ng only. 

If N~fi3 AL i s specified , 
in di catin g the name o f 
r o uti ne c a ll ed an d the 
subro ut ine is c a lled. 

infor mat ion i s recorded 
t he r esident - syst em sub

point fr om which the 

I f FU LL is spe c i fied , in a ddition to recording 
t he i n fo rm a~ ion specified by NORMAL , s eg ment s 0 
thro uqh 5 are t rea~ed as large cont ro l sec t ions 
an d i~ formation i s r ecorded qivinq the location 
wh ere the ti mer interrupt occurred . Since the 
tim i ng statistics pr~duced by the FU LL o ption 
are in t ~rms o f vir t ual addr esses , the user must 
ha ve an MTS system l oa d ma p in orde r t o in~er
pret this outp ut . In addit ion, knowl edge of the 
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iGt e rnal structu r e of MTS is needed to meaning
fully use this option . 

The TI META LLY facility ma y be used while 
l eti vel y debugged . However , data is 
9rogram i s being simu l ated , e.g ., when 
comm an ds are be ing used. 

the program is being 
not coll ected if the 

the STEP o r WilEN 

rhe f ollowi ng e xampl~ illustrates the use of the TIMETA LLY 
facility i n 50S . I~put from the use r is in uppercase; output 
from 5DS is in l owercase. 

#DE9 UG PR OGRAM 5=INP(I T 6=QUTPUT 
+rea dy 
+'IHI ET AL1Y ON 
+done 
+E\U N 

program execution 

+user program ret urn . 
+TI MF.T Al.LY PRINT 

+done 
+STOP 

" • 

TI HZTALLY results 

T:1ETA LLY De bug Co mmand U62.1 
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Prototy? e~ 

Act i :"l n : 

DE BUG C O ~ MAND DESCFIPTI ON 

(a) IEA CE .EL O ~I 

( b ) ~li ·!!'C [ l·n. BEL loca tion ••• 

( c) ~li!\ CF. £.8.LL5 [Ioca t:i.on ... ] 
( d ) IJl·~CE £~U NT locat ion ••• 

( e ) .!3. AC E (1IN K.~G E I ~A V Eft. :tE A} 

(f) 2:~A CE (£ HA~GES l liEFERENC~S l location ••• 
Prot o ty pe fa ) is us e d to specify f l ow tracing of thg p r og ra m. 
wi t h flow t recj.ng , ea c h t ime the program ma kes a branc)l . both 
t he n 8W and old instruction locations and the current 
co nd i "Lion cod e ar e prin t gd in the form: 

new l ocation FR OM old locatio n (CC=x) 

P:- o t o type (b ) is used to 
proq ram. wi t h l a bel tracing, 
through ODP of the spe cif i ed 
i ll t he f"')rm : 

specify l abel tracing 
each time the program 
locations , a message is 

.J f the 
passes 

pr inted 

*** AT LABEL locat ion 

Pr ot o type fe) is used t o specify s ubroutine call and r eturn 
t r a c i ng . A speci~l ca ll intercept is established at all 
cJltrol section bases and entry poi n ts ~nd any optionally 
s pec i fied location s in the p~cgram. When a call intercept is 
gnccu~tered , a messa ge is printed in the form 

subroutine CA LLED FRON address 

an d a retur~ in t ercept is established us i ng the address 
con~ ained in G! 14. When the retur n i n te r cept i s encountered, 
a mes sage iE pr i nted in t h e form 

subr o utin e RBTURNS TO address 

~nd ~he return intercept is r~movad. Wa r ning: 
retu~n tra c ing will onl y work properly fo r programs 
s ubro uti nes using the s t andard ~TS subroutine 
con ve:t:tior.s . 

Ca 11 and 
that call 

Ii n kaqe 

462 . 2 TPASB Debug Comman d 
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Pr ot o t.ype (ell i.s used to coun·t t he number ~f time s an 
~nstructi0n at a specified location is executed . No confir 
mation of ~nstr uction execution is printed dur i ng program 
~xecutio n . The LIST command may be used to l ist the 
~ccum u~at ed c o unts fo r each locat ion, i.e ., 

115 1' ~£UNTS 

P r otot y~ a (e ) is used t o disp lay the current save&r ea chai~ 
~ r s ub r outine li nkage ch a in. If SAVEABEA specified, the 
co ~ten~s cf t he curren t sa vea rea chai n i s displ~yed starting 
from t he current savearea ~ n d going back t o the entry point 
of th e program . If I.I NKf\ GE i s specified , t he contents of t he 
regist.aes at each subroutine call is pr inted starting from 
~he curren t subroutine call and going back to the entry point 
of the prog r am . 

Pr ot.ot ype (f ) is used to s pec i fy locat ion change and 
refe~ en ce tracinq. wi t h CHA NGE tracing , each time the value 
o f on e of the locations specified is ch ange d to a ~!!f!Iggt 
val ue , the Lew va lue i s pr i ntad a l on g with t he location at 
which it was c han ged in the form : 

s ymbo l va lue locat i on 

With REFEREK CZ t r a cing , each t ime 
specified is referenced, the va lue is 
reference t ype an d t he locat ion at 
made i n the form : 

one of the locations 
printed alonq with the 
which t he reference was 

s ymbo l va lue type location 

The ref erence t ypes are F (fe t ch) and S (s to rage ) . 

f LJW , CHANGE , ~r REFERBNCE t. racing is either act i ve or 
~nact i ve. An ~ ctiv e trace condition forces any command that 
star t s program execution to call the SDS simulato r to 
simulate the program. An inact i ve trace condition does not 
fO~Ce program sim ulation . Trace conditions may be activated 
or de a c t i va t ed by t he ACrlvATE an d DEACT I VATE commands. 
LABEL , CALL, SOUNT , SAVEAPEA , a nd LINKAGE tr~cinq do not 
[o~ce pro qrcffi simulat i on . 

1\ tr a c e conditio;l i s i nitia lly a c tive; for flow tracing, each 
branch i ~ s truction is tested for a successful branch . When a 
br anch is m~ d e , t he appropriat e traca mess a ge is printed. 
Por ch ange ~nd r efe renc e tracinq, ea ch location specif i ed is 
tes~e d a ft ~r every ins t ruc tion i n t he user ' s program for 
ch a~ges or ref~renc~s. ~ hen a ch ange or reference is made , 
th e a ppro priate t r ace messaqes are printed . 

Se ve t a I 
a l th o ugh 

tree ce condi tioDs may 
the more conditio ns a nd 

he acti ve a t 
s ymbols being 

anyone 
t ested 

time, 
a Eter. 

TFACE Debuq :ommand 062.3 
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e var y ins : r uc t i on step, t he more e xpen s ive t he use o f the 
c018lU ar.d wi ll be . 

The AC'II VA'fE and DEACTI VATE commands may be used to co ntrol 
~he range of tra c ing . The protot yp es for t hese com ma nds are: 

i£r I VA'IE LELCW 1£II ANG=:S IJEF ERE:NSES } ••• 
Q~ACTlvArE {fLOWI£ HAUGES li EPZRENCES l ••• 

\n example o f t he use of t hese c c mmands is given below . 

Thg CLEAN c ~mmand is use d to delete t race conditions (and 
t heir c o=respondinq loc ation li sts , if an y) from the SOS 
t.able s . The pro tot ype fe r t he CLEA r! c ommand is 

£1EUl (IL ')W I b AB!!L I e!l. L L S I £QU NT I £H I1NGES I REFERENCES} ••• 

l 'he E- BSTO RE comma.nd i s u~ea t o delete spe cified l o cations for 
ch auge an d r e f e r ence trace conditio ns. The prototype f or the 
RESTOF2 com reand is 

REST OFE l oc ation ••• 

~he LIST com mand ma y he used t o l ist a ll of t he current t~ace 
.lild their corresponding l oc atior: l ists . The list includes 
the t r a ce condition na !De, loca"; i on li st , and curren t s ta t us. 
r he p r o totype for the LIST com~and is 

1':5 ':' [[ LOW 1 1~.8t;L I £~l15 I £QUN T I £HA NG~S I ~EFERENCES} ••• 

An exam ple of the LIS T command is~ 

lIST FL OW CHlNGES 

The listing outpu ~ i~ in t he f ollowing form : 

PLOW TRACItiG (ACTIVE) 
CH A NG::!: TF.ACING ( J..CT!VE) 

1I.I.PH A aET i\ 

TRTlCE F L OW 

Th~ a bo ve e xamp l e prod uce s output in the following form: 

I'::ld~K 1 IU SECTIClJ NAI N F RON MARKO (CC =O) 
j"Lr,.FK4 FRJ ;\I MAFK3 (CC = 2) 
M>.RK6 PP OM :1A FKS (CC=2 ) 
SU SR :::ti S:::CTTON suap PFOM MARKS (CC = O) 

~s see n in the abo ve set of trace messages , the name o f the 
3ectior. is pr inted onl y whe n it changes from the pre vious 
~,;ect:"on • 

U ~2 .U r a AC1 Oabua Com~2nd 
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TRACE CH~HGES ALPHA BETA 

The a bove example produces output in the followir,g form: 

r h e 

.r.. LPlill ' F ' + 2 !1 A.:l K2 IN SECTI ON U ,.IN 
jl lPliA ' F ' + 3 !'l IlRK4 
BETA. I E ' 1 . ~J~.BK6 

TFACE =~F8 RENCES ALPHA SETA 

abo ve example prod uces output in 

ALP HA I F I 

ALP HA ' F' 
ri.LP HA I 1''1 
BEH I E I 
bETA • E I 

'l' ii.ACE' FLOW 
DEACTIV AT-:: FLOW 

+ 1 ( P) 
+ 2 (5 ) 
+3 ( 5 ) 

1. (5 ) 
1 • ( P ) 

It'! t·1A9K4 ; i\CT IVP.TE FLOW 

(lARK 1 
MARK 2 
MARK4 

~ARK6 
~'iA Ei K7 

AT MAFK 10 : DEACTI VATE FLOW 

the following fo["m: 

IN SECTION ~1Anl 

In ~ h ~ abc ve example , t he ~CTIVATE and D~ACTIVATE commands 
a ["e used i n co n ju ~ ct io n wi t h the AT co~mand to restr ict the 
range over wh i ch flow tr~cin9 is acti ve . Flow t r a cing is 
d c ~i ve and the proqrcffi i s sim ulated in t he r a nge of MAR K4 to 
MARK1 0 ; othe r wise , flow tracing is inactive and the progr~m 
is no t simula~ed . 

TF AC E Debua Command 462 . 5 



~IS 1: r HE ~rC H IGAN TE?H! NAL SYSTE, 

Page Fe vised M~ ~ch 1977 April 197 6 

462 . 6 U3r ~ ~ Deb ua co~ma~d 



Api:il 19 76 
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Acti on : 
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Pa ge Revised ~arch 1977 

DE3UG COMM AND DFSCRIPTION 

~SING fs ec~ion l symhol} l ocation 

r h e s ection (normally a dsect) named by "section" may be 
~ssiqne d a L address in two ways: 

( 1 ) "l·') c a tion " 
sta t i c base 

is a sto rage 
::>.ddress for the 

location 
sectio::1. 

which is used as a 

(2) "l o c~tion " i s a gener a l r~gister , the contents of which 
i s used as a dynamic base address for the section (i.e., 
~ h e ba~E addres s vari es wit h the c on tents of the regis 
":er ) • If the add r ess is gi yen in the form of $GRx, the 
current contents of the register is used as a static base 
for t he sec tion • 

. \ sactio n me\' be !:'edef ined by subsequent USING comlll'3.nds. The 
sect i.o r, length may be rerlefin ed by specifying Jl sectioniilL=i " 
o r " l oc ~tion@L=i ". If t he 3ection is not a dsee t , a warning 
mess a ge is printed when it is r~defined. 

I f ~he sect ion i s a ds~ct and occu~s in m~Le than one 
assem bly or if t here is a cs ect and ds eet of the s ame name, 
th e mD a nd ~c keyword modifi e rs may be used to sp ecify the 
le3i r c-d dse c7.. 

lI symb o l " may be specified to assign 
1:1 c ffset f!:'om toe dsect bco,se . 
dse c t s are valid. 

an address for a dsect at 
Only symbols contained in 

rh e DS OP comm~nd may be used to und e fine a dsect . 

USIN G DS3CT 1 GB 1 

r he s ection DSBCT l becomes dynamically addressable by the 
co n cent s of gen e I.: a l regis t er 1. 

US I NG DS ~CT 2 5 16200 

r h ~ s ection DS 3 CT2 becom~s statical ly addressable by the hasp. 
3.dd:c €ss 5 16200. 

USIN G ~ 0 3KARE1~C = SUa A $WADD R 

r he ds ect WOEK AREA fr~m t h e 
S ~Cti O ll SUF A bec o mes statica lly 
c~nte::1 t s of t he l oc ation WADDR. 

a s sembly which 
a nnressable by 

contains ;:he 
the cu rr e nt 

USI NG De~ uq C0mw~nd 46 3 
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Pr')tot vpa : 

DEBUG CO~~AND DESCRIPTI ON 

( a ) ~HEN [name] (expr essio:J. I loc::! t ioR £H>. NGES ) cooomand 

(b ) !HEN [name ] (express i on l location ~tiAN GES) 
command 
command 

where !' namE " is an optiona l name to be assigned to the 
wh en- condition (for subsequent r e f erencing of t he condition), 
" expressio i. " is a re l ational or l ogical e xpres s i on , "locc.>. 
tion" is a s~o r age reference location , an d "command '! is a 
single debug co.mand o r a pa r t of a l ist of debug commands to 
be e xec ut ed in sequetce . 

With t he ~ing le command pro~otype (a ), a sing l e debug command 
~s specifi ed , sepa r ated from the expression by a semico l on. 
when t he exp r ess i on is sat i sfied during proqram e xecutioL , 
the debug com;D.and is executed . 

with the command li.st prototyp~ (b ) , SDS enters in~o command 
insertion [,ode (i ndicat ed by the II?" p!'efix character ) and 
read s debuq comm ands until an ~ND command is given. When the 
~xprqssio ~ is 3atis fied duri ng program exe cu t ion, t he debu g 
comm and list is exec u ted ~ 

Th~ expression th~t must be s a tisfied durin g progr am execu 
tion ma y be ei ther a r e l dtiO:la l or l o q:'cal expression or a 
si.1gle l ocati;)n ir. the form 

l ocation ~ HANG~S 

If a single l ocation is specified, the e xpr ession i s satis
fied wh en t he location specifi ed changes in value. 

When- condi ti Jns are eit he r acti ve or inacti ve. An a ctiv e 
when - conditi~n forces any ccm~and which starts program e xecu
tion to call the 50S simulator to siruulate the program. An 
in.acti ve ~'hen - condition does not ferce program simulation . 

~ha when -co~di~ ion is initially active ; i ts e xpression is 
t.ested be fG ~ e the firs t ins'truct.ion and subseq uen tly afte r 
~ very ins~ructi on in the user ' s program is e xecu ted until i t 
i s sa ~isfied . When the e xpr ession is satisfied , the single 
commJ.nd or l:' st o f commands s pe cified is exe cu t ed a utomati -
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callv a!ld the .... her.- cor:.dition is deacti vated . When a when
cond ! tio~ is s atisfied , confi r mation is gi ven by printing the 
expr~~sion a~d ~he a ddress of t he next instruc t iJn to be 
executed in the prog r am . This c onf irmat ion is suppressed in 
terse mode . 

Se ver al wher. - c onditio ns may he a ctive a t any one time , 
alt~ o ugh , the more expr essions that are bei ng· tested after 
every instruc~icn step , the more e xpensi v e the use of the 
command will be . 

If a I J n~rne l' is spec ifie d with t he comm~n d , i t must be given 
in the f orm of "~ lxxx " ~, where "xxx " is an arbit r a ry Beri ng of 
Jnc to t hr ee characters . If the name is omitted , 5DS assigns 
a name to the when - condition. This nane is used for 
su bsequent activ ating , deactivating , or delet i ng the condi 
t io n from the SDS tab les . 

wHEN commar.ds (and their respective c ommand lists) 
~ested i n other WHEN , IF , Ot AT c ommand lists . Ea ch 
co~mand list must be individuall y te r minated by 
cvrnma nd Cutless a sing l e comma nd form is used ). 

rna y be 
nestec.1 
an EKD 

The ACtI VAT[ and DEACTI vaTE commands may be used to cont r ol 
~h e· r ange o f condition testi~g . The prototypes for th ese 
commands are : 

a~T! Vb~ E name ••• 
Q~ACTIvArE ~ame ••• 

whe re " tame " is t he name of the when- condit i on to be 
a c tivated o r deacti vated . The ACTr vAT~ command may be used 
to c~acti vate a wh en - condition that has been exp l icitly 
deactivated bv t.ho: DEACTIVATE command or implicitly d~act i 
v:li:ed 2.fter its expr-ess ion is satisfied during program 
execution . 

r n e RESTOFE and CLEAN 
~h en- conditi J ns from the 

commands may 
SDS tables . 

The pr oto type for the PESTORE command is 

EES~CFF name ••• 

be use<i to delete 

where "name " is t he name o f the when- conditio n to be deleted . 

The pr~~otype f o r the CLSAN command is 

rhe LIS! c ommand is used ~o list 
when - condi t ions . The list i,clud~s the 

a ll of the cu r r ent 
name , exp re3sion , and 
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Ex a mp l es : 

u c~ivit y status for each when - c ond ition . The prototype for 
the L:ST command is 

1 15T liHE NS 

Us ers sh o ula h~ a war e t hat the use of t h e WHEN command is 
rather expE!r.sive in te rms of processing time . rhis is aue to 
the f a c t that ~ h i le when - conditions ar e a c t ive, ~he progra m 
is bei ng s1.lilu l 'lt ed ar.<l co ns iderable test ing o f the progra m is 
oe i ng performed 0 determine whqn t he e x pressions spec i fied 
a r q satis fi e d. Hence , use rs shoula use the WIlE N command with 
z:es t r a in l a nd onl y for those part s of t he prog r am t ha t are 
be in~ debugged . The ACTIVA~~ 'lnd D£ ~CTIV ATE c ~ m~ ands will 
a id in restric t i ng the UEe of t h e WHEN command co reasona bly 
small portic~ s of the p r og r am . 

1he coct of simul a t ing 3 port ion o f a pr ogr am compared to 
executing it no r mal ly i s appro ximately 50 to 1. Tllis ratio 
oecomes la rg e r c.s wilen - condit.io n s a re act iva ted. The upper 
limi ~ of this ra t io depends on the following: 

(11 ?he n umber and complexity o f wher. -cond i tions t hat are 
act i ve at an y oce time . 

(2) The nu mbe r of times the expressions must be tested 
dur in g the simulation of the program . Expressions 
iI"l vo lvi;:g t.he genet.:!. l registers :ire tes te d each t ime 
t he sp~cified register changes va lue. Express i'Jn s 
i n vo l ving f l oatin g-point r egis t ers ar e test ei each 
t.ime a:!y floating - point re9"ister changes va l ue . Ex 
pressions in v o lving prog r am locatio~s (var iables) are 
~ es~ ed ~ach t~me a progr~m l oca tion within th e l ower 
and uo per bounds of 511 program locat i o ns bei ng 
t estea ch a nges va lue : that i s , if the e xpression 
beir.g "tes t. ed is 

ALPHA = 9ETA & DE LT A = ~AMNA 

wtere ALPHA, BETl , DELT~ , and GAMMA a re locat ions in 
~he pr og r am in ord er of increasing a dd r ess , then each 
t ime an v l ocation bet wee~ ALPHA and GA~MA changes 
v~lue ,-the e xpr essio~ is tested. 

WilEN ALPHA = F ' 6 '; 5DS 

in t h~ abo v e e xample , 
wll eR t he va lup of 
debug con!DE.f'.d mode . 

e xecution o f the use r' s 
ALPHA becomes 6 ; contro l 

WIl EN ALP HA CHANGES ; 50S 

program halts 
i s r eturned to 

In t he above example , exec ut ion of the us er ' s program ha l ts 
whe n the value of ALPHA changes t o a Raw value : contro l is 
re~urned to debug com mand mode , 
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AH EN GF 5 (= X' 00 0 0FFF E ' 
H0 DIFY GP5 X' OOOOFFPP ' 
GJ TCJ H.9EI.2 
EN D 

I n t he abo ve example , when the va lue of gene r a l 
necome:::; less '.:.han or equa l 'Co OOOOFFFE , toe 
modif~ed to 0100FFFF and pLogram exe cu tion is 
location U. E2L2. 

WHE N IABC ALPHA = p l O t; 50S 
DEAC TI VAT E lAUe 
AT LOC3 ; ACTIVATE I ABC 
AT LOC4 ; DEACTI VAT E lAse 

r- eg ist.9L 5 
Legister is 
L9s umed at 

In th~ abo ve examp le, t1:e ~. C T IVllTE and Df~~.CTIVAT.E comm and"S 
a re us ed in c on ;unc t i on with the AT command to Lestrict the 
ran g~ o ver which t he when- co n dition IABe i s a c ti ve. The 
~he D- co ndition is active and t.he pr og r am is simulated in the 
r~nge of lOC3 t o LOC4, and the e xpress io n is tested during 
t.his t i me ; o th~rwise , the condition is inacti ve a nd th e 
progra m is executed rather tha n simula ted . 
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