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Appendix A
SYNTAX EQUATIONS

The following pages contain the complete syntactic description
of JOVIAL (J73), The metalinguistic eguations are in
alphabetical order of the metalinguistic terms being defined,

In general, each defining equatien is {ndividually bexed, The
boxes are nubered sequentially in the upper left hand corner by
a nurkber in {talics followed by a colon, Following the celon {5
a 1ist of the box numbers {n which the current term is used as a
part ¢f the definitions of other terms, The metalinguistic
symbology is explained in section 1,4,

Equations 94 and 95 are in one box, These are both valid and
necessary definitions for formatplist, EgQuatien 144 is the
definition for mark, In the same bOx, Opposite each mark (s a
metalinguistic term (Or two), These marks constitute the
definitions of these terms, Equation 172 defines patternidigit,
In the saMe box is information giving the bit patter
corresponding to each patternidigit, depending on the order of
. the patterniconstant, In the box with eguation 190, the

definition of relationalioperator, 1s a lisgt of the meanings of
the relationalioperators, Box 234 contains a definition for
systemidependenticharacter, but the definition 1s a prose
descriptiony a metalinguisitic equation is not feasible,
Equations 247 and 248 are in one pox, They are both valld and
necessary definitions for variable,

i 233

abbreyiation 1= Jletter

21! 63

abnormaligirective 1p1= JABNORMAL datagname ]
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31 130

absolutesfunetionicall 11t= ABS ( numericiformula )

41 58, 170

definition
actualidefinetparameter 1(1i=
" definition "

53 101, 170, 180, 191
STop
ajternategentrancesname
RETURN
proceduresname
TEST controlivariable
EXIT statementiname

actualiinputiparameter s
statementiname
procedyreiname
formyla
tableiname
datatblocKiname
variable
@ pointertformula

61 170, 180, 194

actualtoutputiparameter ji= varlab)e
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7 166,217

aljocationstincrement ;= number

81 9, 49, 166, 182, 205, 217

allocationispecifier 11= @ pointerjformula

91 75, 184
alternatetentrancetdeclaration 1:=
‘ ENTER alternatetentrancetiname
( formaltinputiparameter
t formaltoutputiparameter )

environmentalispecifier itemjdescription
allocationispecifier

packingispecifier [ bitinumper ]

s - constant !

103 130

alternatejentrancesfunctionicall iis ALT ¢
procecdureindpe )

113 5, 9, 53, 104, 122, 138, 180, 187, 193

alternatejentranceiname ji= name
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123 159
-
K2
arithmeticioperator 1iis=s
/
\
L 2
131
. assignmentioperator iiI=s =
141 207
assignmentiStatement 1i=
formula
variable indexedjvariablejrange

indexedivariablegrange =
formatifunctiontcall

formula

formatjvariable s 1
indexedjvariablesrange

151 159

attributejassociation 1= @@ [ descriptiongattibute

31098
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161 63
peginidirective 1= |BEGIN reference '
1714 18
bitiform gi= form
181 18, 29, 97, 159, 196
patternsconstant
entryjvariable
’ compari{son
chainjecomparison

bitistringrfunctionjcall

shiftifunctionicall
bitiformyla 1= bitiform

pitiformula logicalioperator

NOT bitiformuyla

pitiformula & bittformyla

( bitiformula )

numericiformula

characteriformula

191 9, 182, 205, 217, 218

bitinumber 33= number

203 18, 130

' bitistringsfunctionicall =

bitiformula

BIT ( fermula , numericgformula ’
nuymericiformula )

26 SEP 74
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211 247
bitivariable 1!i=

entrysvariable

BIT (¢ namedgvariable , numericiformula ’

numer{ciformula )
221 217

bitsipersentry 11= number

233 130

byteistringifynceiontcall iIt=

BYTE ( characteriformuyla , nymericiformula '
numericiformyla )
2413 18
chaintcomparison ti= comparison relationioperatoer
formula

251 26, 32, 46, 62, 100, 112, 120, 137, 213, 234, 240

sian
character =
systemsdependenticharacter
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261 29, 39

characterjconstant 3= count f character L

271 29

¢haracter;form 3= form

281 29
charactergformat 1= count c
291 18, 23, 93, 94, 97

charactericonstant
characterivariable
characterifornm

characteritormula 1= characterifunctionicall
characteriformyla & characteriformyla
( charactertformula )
bitiformula

301 29

characteryfunctionicall = functionicall
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it 29, 96, 247
namedjcharactergvariable
characterjvariable 1= BYTE ¢
namedicharacterivariable , nymericjformyla

¢+ numericiformula )

324 233

comment g3t= " character "

comparison ii= formula relationaljoperator formyla

i 341 63
compoolidirective 1%
name
eompoolsname
1COMPOOL ( name ) !

( compooliname )

KLY 34

compooliname $i= name
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363 219
declaration
compoundistatement 1= BEGIN END ]
statement
371 38, 97, 238, 241

conditicnaljformyla 3= formyla

it 207
. conditionalistatement 1=
IF conditionaltformula | controlledistatement

statementiname 1§ ELSE
controlledystatement

394 9, 42, 182, 205, 233
numericjconstant

consStant 1= patterniconstant
charactericonstant

403 97

constantiformyla 3= ( formyla )
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411 166, 167, 217, 218
constantilist 1#i=
[ index )
([ index ) constantilisgielement

Cconstantjyistiejement
’

423 41, 42

’ * constant '
constantylistyelement 17 -
count ( constantplistielement )
constantilistielement

431 136, 148

incrementiphrase terminatoriphrase
replacementiphrase
controliclause 1= initialiphase
incrementiphrase
terminatoriphrase replacementiphrase

443 5, 239
namedivariabple

controlivariable it=
lettericontroltvariabie

. 453 38, 141

controjledystatement 3= statement

JOVIAL J73
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461 63

copyrdirective 1= COPY character !

473 26, 28, 42, 72, 78, 95, 98, 103, 120, 124, 126, 171,
173, 199

eount = number

483 182

datagallocatorispecifier 115 @

491 49, 51, 75
datatblockideclaration 1ti=

environmentalispecifier

BLOCK datatblocKipname 1}
allocatientspecifier
simplesitemideclaration
tablesdecyaration

BEGIN END ’

datajblockideclaration
independentjoverlaystdeclaration

50¢ 5, 49, 52, 90, 109, 138, 209

dataibjockiname 1= nape
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511 54

itemideclaration

datatdeclaration 1is tabletdeclaration
datalbloeckideclaration
overlayvideclaration

521 2¢ 129, 174, 195, 244
iteminame
dataitname = tableiname

datatblockiname

53 130

procedureiname
dataysizejfupctionscaly 113= DSIZE ( )
alternatetentranceiname

54: 36, S4, 112, 179

statusplistideclaration
formideclaration
datagdeclaration
nullideclaration

declaration :% definetdeclaration
name declaration
processingtdeclaration
externalideclaration
BEGIN declaration END !

551 54

definetdeclaration 1ti=



JOVIAL 73

PEFINE definetname
" definition "j

561 55, 58

definetname 1= name

573 4, 55

definition 1:= sign

581

definitiontinvocation
actualidefineiparameter

593 185

DLS 26=SEP»74 15122 31098

wi2w

( formalidefinejparameter

115 definetname (

)

26 SEP 74

)

dependentiprodramideclaration $t= procedureldeclaration

601 15, 69

{iteminame
descriptiontattribute
{temgdescription
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(equel)

611 166, 217

dimensiontiist 112 ( lowertbound upperibound

)

621 207

directistatement 1= DIRECT character JOVIAL

633

compooljdirective
skipidirective
begintdirective
endidirective
tracejdirective
ceopytdirective
abnormalidirective
setsidirective
directive 1% usestdirective
pointeridirective
orderidirective
recursiveidirective
timetdirective
spaceldirective
linkageidirective
interferencetdirective
frequencytdirective
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641 233

1CoMPOOL

ISK1IP

IBEGIN

1END

ITRACE

1COPY

1ABNORMAL

ISETS
directiveikey 117 1USES

IPOINTER

{0RDER

IRECURSIVE

ITIME

|8PACE

ILINKAGE

| INTERFERENCE

|FREQUENCY

651 63
endjdirective 1= [END

661 2117

entriesirersword i3 number

671 18, 24, 117, 252

entrysvariabje 3= tabjeiname [ index ) 8
pointeriformyla

AV T St



DLS 26+SEP=74 15122 31098

-35-
26 SEP 74 JOVIAL J73
681 9, 49, 166, 182, 205, 217
pregraminame
IN procedureiname
environmentalispecifier 11i= RESERVE
RESERVE
6913 159

evaluationicontrol 11i= @ [ deseriptiongsattribute )

708 207

exchangegstatement 3g= variable ==z Variable

71 207 =

exitystatement 1= EXIT statementpname

coynt D couynt Z

exrad 1= coynt Z eouynt D

eount Z *
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731 130

exradi;functienscall 1= XRAD ( numericsformula )

741 132

exradsspecifier 3= number '

751 54

externaljdeclaration 1=
siMplesitemideclaration

tablegdeclaration
datatbloekideclaration
nametdeclaration

DEF procedureideclaration
alternatetentrancesdeclaration

REF simpletitemideclaration
tabletdeclaration

BEGIN datalbloekideclaration END !

namesdeclaration
procedurejdeclaration
alternatejentrancedeclaration

161 87

fieldywidth 315 number

171 159

fixedjconstant 3=

number ¢
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E scale A
scale
number s number
781 158
* count )
integerjpart
e fractionipart
-
fixediformat 1= integergipart
count + R
count -
fractiongpart
.
791 160

¢ixedifunctionicall 11= ¢fynctionjcall

803 162

flyxedivariable 1i=®= namedivariable

813 157

floatingiconstant 1it=
+
number E scale
number A M +
scale
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-
E scale

number - number

821 158

floatingiformat 1t significand E eXrad

831 162

floatingtfunetionticall 1ti= fuynctiontcall

84 162

floatingsvariable 131= namedivariable

851 141

forsclause 3= FOR loopicontrol !
861 $742%

form ti= forminame ( formuja )
87: 54

26 SEP 74
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formideclaration 1$is FORM forminame
fieldiwidth H
c

883 86, 87

forminame gi= name

891 55, 170
formalidefinejparameter 1= letter

901 9, 170, 182

statementiname
simplegiteminame
formaltinputiparameter 11:= procedyreinanme
tableiname
3 datatbloeKiname

9113 9, 170, 182

formalioutputiparameter 1ts simpletiteminame

921 95

nulltfermat
insertiformat

. format 1= skipiformat
characterjformat
patternjformat
numerictformat
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931 14, 130

formatifuncticonicall 1=

FORMAT ( characterjformula ' formatilist
» procedurejiname )
94 93, 95, 96

formatglist 31s characteriformula

. 951 93, 95, 96

format
formatplist t=
eoynt ( formattlist )

{ 961 14, 102, 247
formativariable 13
FORMAT ( characterivarlable ' formatilist
¢t pProcedureiname )
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9714 S, 14, 20, 24, 33, 37, 40, 86, 119, 159, 192, 203,
209, 242, 245

pointerjformula
numericiformyla
bitiformula

formyla 3% conditionaljformyla
characteriformyla
valueiformyla
numericiformula
constantiformula

. count D count Z

fractionipart 1=

count D

993 130

fractiongpartsfunctionscall $it= FRAC ( numericiformula
)

100 65

frequencysdirective 1:® IFREQUENCY character )
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101' 300 79' 8], 125
intrinsicifunctionicall
procedureiname
functionicall 1= @ pointeriformula
alternatetentranceiname

( actualiinput parameter )

102y 248
formatpvariable
BYTE ( namedscharacterivariable ,
numeric:formyla
. :unctionallvartable 11= » Numericiformula E

BIT ( namedjvarjable , numericiformula

¢+ numericiformula )
1031 158
generalizedinumericiformula s count N R
’ 1043 207
| gottosstatement 18 GOTO statementiname 4

{ndex ) '
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1051 115
hightpoint
1061 233
*
.
/
'L
\
&
=
s=
<
>
<8
>=
{decogranm
.
'
L]
)
|
"
.
(
)
(
]
Q
g
1071 43

11z €2

wdle

numericsformula

numericiformula
incrementiphrase
numericivalueiformula

1ts  BY

DLS 26«SEP«74 153122 31098
JOVIAL J73
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108 49, 168
independentioverjayjdecjaration 1=
[ number ]

OVERLAY independentioverlayjexpression
[ patterngconstant )

1091 111
spacer
simpletiteminame
independentioverlayielement 1= tableiname
dataiblockiname

( independenttoverlayiexpression )

1103 108, 109
independentipverjayjexpression =

independentioverlayistring :
independentjoverlaysstring

111 110

independentioverlavistring 1tis
independentjoyerlayjelement

1121 185
independentiprogramideclaration 1%
statement
PROGRAM programiname ( character ) )
declaration
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113, 41, 67, 104, 237

{indey 1= {ndeyjcomponent

1141 113, 11e

indexicomponent 112 nymericpformyla

1151 i1s

inNdexicomponengigange 1% loyipoing

116¢ 118, 155
indexicomponentirange

indexirange 11is
indexicomponent

1171 150
tablegvariaple

indexedjvariable =
entryivariable

15122 31098

JOVIAL J73

highipoing
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1181 14

indexedjvariablesrange 131=

iteminame
[ {ndex ) @ pointeriformula
tableiname
iteminame
ALL @ pointeriformula )
tableiname

1191 43

initialiphrase 111z formula

1201 92
count s
numera)
insertiformat 11:= count /
letter
count "  eharacter "
121 182

instructiongallocationispecifier :t= pointersformula
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1221 130

procedureiname

instructionisizesfunctiontcall

15122

31098
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1= ISIZE ( )

alternatetentranceyname

123 157, 178

integerjconstant 1=

124: 158

count
+
integeriformat

count

1251 160

integerifunctionicall

1261 78
eount Z
integeripart ii=
count D

number
Z eoynt D
R
D coynt Z
i1t=  functionicall
count D
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130

integeripartifunctiongcall 11:= INT ( numericiformula )

162

namedivariable

integerivariable 1=

letterscontrolivariable

interferencesdirective 1i= |INTERFERENCE datainame

datajnane '

104

formatyfunctionscall
byteistringifunctionscayly
bitistringsfunctionscall
alternatesentrancegfynctionjcall
nymbergofientriesifunctiongcall
locationgfynctiongeall
shiftifynceionicall
absolutetfunctiongcall
wordsiperientryifunctionjcall

inerinsicitfunctiontcall 115 exradffunctionicall

significandifynctionicall
signedsfunetionicall

signums funetionicall
sizetfunctionicall
typetfunetionicall
fractiontpartifunctionicall
integeripartifunctionjcall
instructiontsizejfunctionicall
datagsizetfunctienscall
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1310 51
simplegitemideclaration
ftemideclararion 1i= ordinaryitablejitemideclaration
specifieditablesitemsdeclaration

1321 9y 60, 166+ 167, 182, 205, 217, 218

itemidescription 1i=

o sizetspecifier
F'% R significandispecifier ’
exradispecifier
statusilist
s statusilistiname
. s R sizejspecifier +
u ' precisionispecifier

133y 52. 60, 118, 167, 187, 205; 218, 229, 237;

iteminame 1= name
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1341 1, 89, 120, 135, 136, 145, 197, 221

XL ITITOMMOoON®@ >

letter s ]

NeEXxE<CHOMXDwWOoO X

1351 44, 128, 233, 248

jettericontroytvariable 1= jetter

1361 140

l1etteryloopicontrol 1= letter ( controliclause )
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137 63
linkagetdirective 131 |LINKAGE eharacter !
1381 130

stateMentiname
namedivariable
locationtfunctionicall 1i= LoC ( tableinane
datatblockiname
procedyreiname
alternatejentranceiname

1391 130

AND
0OR
logicayjoperator =
EQvV
XOR
1401 85

namedjlooprcontrol
looptcontrol =
letteryloopjecontrol

14118 207
loopistatement 3= foriclause contolledistatement
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142 115
lowipoint
1431

1441

mark

number
lowerbOund

pDLS 26=5EP=74 15122 31098

wS52w

t1= numericsformula

simpletiteminame

197

- e DAV EL e

e o )

plustsign

minustsian

asterisk

slash

backislash

ampersand
greatertthanisign
lessithantsian
equalsisign

at:sign

' decimalipoint
colon

comma

seémicolon

space
leftiparenthesis, parenthesis
rightiparenthesis, parenthesis
leftibracket, bracket
rightibracket, bracket
prime
guotatyonimark
dollargsign
exclamationjpoine

26 SEP 74
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1451 11, 34, 35, 50, 56, 88, 133, 183, 186, 206,
225, 233, 236, 241
jetter
letter numeral
name 1i=
$ s
146 54, 75
statementiname
namegdeclaration j3i= NAME I
Procedyretnanme
1471 31, 102
namedicharacterivariable 13= namedjvariable

1481 140

namedjloopicentrol i3 namedjvariaple (

)

1491 219

namedistatement 313 Statementiname

31098

JOVIAL J73

220, 221,

controliclause

statement
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1501 21, 44, B0, 84, 102, 128, 138, 147, 148
simplegvariable

namedivariable 1t1i=
indexedivariable

1511 54, 164, 215

NULL '
nulltdeclaratien 1ti=
BEGIN END [
1521 92

nulliformat 1=

153 219
NULL H
nullideclaratjon =
BEGIN END ]

1541 70 199 22+ 479 669 74, 76+ 770 B4y 108, 123, 143, 169
177+ 189, 194, 201, 210, 214, 223, 232+ 233, 243, 249, 250

number $is numeral
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155} 130

numbersofrentriessfunctionscall 1= NENT
{ 4indexirange ) )

1561 120, 145, 154, 197

Aymera

VO 00U =W N -0

1571 39, 159

integericonstant
fixediconstant

numéricteonstant 1t= floatingjconstant
statusgconstant
gualifjedystatusiconstant

1581 92

generajizedinumericsformat

integerjformat
numericjyformat 1i=

fixediformat

floatingiformat

JOVIAL J73

tablegname
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1591 3, 18, 20, 21, 23, 3%, 73, 97, 99, 102, 108, 107, 114,
127, 142, 159, 1641, 175, 196, 198, 200, 202, 232

numériciconstant
numericivariaple
numericsfunctionicall
.
numericsformula

numericiformula 31= numericiformula arithmeticjioperater

eyajuationjcontrol numeric:formuyla
evajuvationicontrol
formula
attribuytejassociation
( nuymericsformula )
bitiformyla

1601¢ 159
integertfunctionicall

numericifunctiontcall 1= tixedifunctionicall
floatingifunctionicall

1611 97, 107

nUmericivajuesformuia 35 [ numericifermuja )

1621 159, 176, 247
integerivariable
numericivariaple 1= fixedjvariable
floatingivariable
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1631 63

orderidirective i1t |ORDER

1641 165

nyllideclaration
ordinaryitabletitemideclaration

ordinaryitabletbody 1=
ordinaryitapleritemsdeclaration
REGIN END '
subordinatejoverlayideclaration

1651 238

ordinaryjtab)lesdeclaration iit= ordi{narystablegheading
ordinaryjtabjegtbody

1661 165

ordinaryitabletheading 1% |
enyvironmentalispecifier :
TABLE tapbleinanme

allocationtspecifier

t allocationtincrement dimensionilist
structureispecifier packingtspecifier
itemtdeseription = constantilist !
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1671 131, 164

ordinarystabjesitemideciaration 1i1=

ITEM {teminame itemgdescription
Packingispecifier = constantilist !,
1683 51

|
independenttoverlayideclaration (

overlayideclaration 1i1i= |
subordinateloverlayvideclaration

1691 9, 166, 167, 182, 205, 217, 218
N
packingispecifier 1= M number

D

actualjdefinejparameter
formajpdefinesparapeter
parameter 3= actyaliinputiparameter
formalsinputiparameter
actualsoutputiparameter
formaljoutputiparameter
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-
~
o
ad
w
©
~

39, 108

18,

1711

- o™

B count * patterntdigit

ti= 3

patterniconstant

171

1721

order

pattern patternjdigit

- ~ ~m ) - w
"
-
.
e
-
o
-4
o
CwwMNMmMTNOUrOO l.ﬂufwhwm_f.b MO dFZ00M0XWEHD>
>
L
-
s
@
o

CrO O O OOt Ot O OO OO OO O O -
OO At 0O At OO At COH OO A"t COA OOt OO vt vt
COO0O0OMm m el COOOH e O OO Oret ot vt © OO O wit vt ot vt
COO0O0CO0O 00O ™ i et sl sl sl vt D OO O O O O O vt ot vt vt vt vt ot vt

COO0OO0O0O0O0O0O0OO0O0O 00 OO O vt vt vl wid vt wd ot ot vt vt ot of ot ot od ot




DLS 26+SEP=74 15122 31098

wb0Om
. JOVIAL J73 26 SEP 74

1731 92
1
2 |
patterniformat 1= 3 B count P

4

5

1741 63

pointerjdirective 1= |POINTER pointerjformula
datainame ]

1781 5, 8, 67, 97, 104, 118, 121, 174, 180, 208, 237
integericonstant

pointeriformula 3= simpletintegerjvariable
( numerictformula )

1761 247

pointerivariable it= numericivariaple

1771 132

precisiontspecifier 1= number
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178 221, 233
ABS
ALL
ALT NENT
AND NOT
BEGIN NULL
FIT NWDSEN
BLOCK OR
BY OVERLAY
BYTE PROC
DEF PROGRAM
DEFINE REF
DIRECT REMQUOD
DSIZE RESERVE
ELSE RETURN
END SHIFT
primitive 1= ENTER SIG
EQV SIGNED
EXIT SIGNUM
FOR SIZE
FORM STATUS
FORMAT STOP
FRAC SWITCH
Gor0 TABLE
IF TEST
IN THEN
INT TYPE
ISIZE UNTIL
ITEM WHILE
JOVIAL XOR
LCce XRAD
NAME ZAP
1791 1814
declaration

procedureibody

statement
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180 207
procedurejcallistatement i=
remquojprocedurejcallystatement
proceduyreiname
@ pointerjformula
alternatetlentranceiname
( actuvaliinputiparameter )
( actyaltinputiparameter ! !

actualioutputiparameter )

181 59, 75, 184

proceduregdec)aration 113 proceduregheading
procedureibody

1821 181
proceduresheading 1=

environmentalispecifier

| PROC proceduresname
datajallocationispecifier

i instructionjallocationispecifier

( formaliinputiparameter '
formalioutputiparameter )
environmentalispecifier
itemidescription
‘ allocationtspecifier
packingispecifier [ bitinumber )

+
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26 SEP 74
= constant [
1831 5, 10, 53, 68, 90, 95, 101, 122,
167, 193
proceduretname ::{® name
1841} 54
programideclaration
processingtdeclaration 1i=

alternatelentrancetdeclaration

1853 184

independentiprogramideclaration
programtdeclaratyn 113
dependentiprogramideclaration

1861 68, 112
pregraminame ti= name
1871 157
statusjlistiname
{iteMiname
gqualifiedistatustconstant 158 V(
status )
procedureiname

alternatelentranceiname

26«SEP=74 15122 31098
JOVIAL J73
138, 146, 180, 182,

procedyretdeclaration

tabletname
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1881 63

recursivejdirective 1= |RECURSIVE

1891 16, 211

referenCe 1:s number

. 190y 24, 33, 24s

< less than
= equal
> agreater than
relationaltoperator 1=

> greater than or egual, not less than
<« less than or greater than, not egual
<= less than or equal, not greater than

191 180

remqguosprocedure;callistatement 1=

REMOQUDN ( actualiinputiparameter ,
actualiinputiparameter
1 actyalioutputiparameter ,
actyalioutputjparameter )
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1921 43
formula

replacementiphrase $i§= THEN
valuyetformula

1931 207
procedureiname

returngstatement 1= RETURN
alternateientrancesname

‘ 1941 77, 81

sCale 11 npnumberl

3 1951 63

1961 18, 130

shiftifunctiontcall it® SHIFT
numericiformula )

. 19718 25, 57, 234

jetter
sign 11 nUmeral
mark

(

DLS 26=SEP=74 15122 31098

setsydirective 111® |[SETS datainame !

pitiformyla

JOVIAL J73

’
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wbhw
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198 18, 130

signedifunctionieall 3= SIGNED ( numerictformula )

1991 B2
count D * count D
count Z
count D 9 count D
count D s

+
significand 1=

count D * count D
Count = count D
count D count B

2001 130

siagnificandifunctionscall t= SIG ( numericiformula )

2011 132

signiticandigpecifier 11t nymber
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2021 130

signumsfunctiontcall tp= SIGNUM ( numericiformula

203 207

simplerassignmentystatement $i= variable = formula

2041 178

simplesintegertvariable 118 gimplegyariable

2051 49, 75, 131
simpletitemideclaration 1=
environmentalispecifier
ITEM {teminame
allocationispecifier
itemtdescription packingispecifier

+*
{ pitinumber ) = constant

2061 90, 91, 109, 143, 20g, 243

‘ simpletiteminame it= name

)
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207%

DLS 26~SEP»74 15122 31098

wbf=

219

simplesassignmentistatement
assignmentistateMent
exchangegstatement
gostosstatement
exitistatement
testystatement

simplegstatement 3= returngistatement

2081

zapjstatement
stopistatement
loopistatement
conditionalistatement
switchistatement
procedyrejcallistatement
directistatement

150, 204

simplesvarianle 1= simpletiteminame
pointeriformula

2091

130

formula
sizejfunctionscayl 3= SIZE (
datagblockiname

2103

132

sizegspecifier 3= number

26 SEP 74



26 SEP 74

mgq=

DLS 26=SEP=74 15122 31098

JOVIAL J73
2111t 63
skipidirective 11t= |[SKIP reference H
212¢ 92
skipiformat s X
2131 63
spacejdirective 31= |SPACE character [
214 109
spacer 1§42 nymber
2151 216
nullideclaration
specifiedstableibody 1=
specifieditapleiitemtideclaration
BEGIN specifieditanletitemideclaration END !

2161 235

specifieditapleideclaration

specifieditanietbody

t1= specifieditabletheading
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217 216
sPecifiedstabletheading 1=
enyironmentalyspecifier
TABLE tablejiname
allocationgspecifier
t allocationiincrement dimensionilist
structureispecifier

wordsiperientry

bitstipertentry bitinumber entriesiperivord
packingspecifier itemidescription
packingispecifier

[ bitinumber ¢ Wordinumber ] -

. eonstantilist ’

2181 131, 215

specifiedjtabjesitepmgdecyaration 11=

ITEM {teminame itemidescription
packingsspecifier [ Pitsnumber
¢ wordjnumber ] = constant !

2191 36, 45, 112, 149, 179, 232

nullistatement
statement ii= simpleistatement
compoundistatement

| ‘ namedistatement
|
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2201 5, 38' 71, %90, 104, 138, 146, 149, 232

statementiname ti= name

22114 187, 222, 233

primitive
statuys 3= name
letter

2221 157, 223

. statustconstant 1= V( status )

2231 132, 224

, statustlist 113

- .
{ number ) statustconstant {
nymbeér ] statusSiconstant

2241 54

statusglistideclaration 3= STATUS statusilistinape
statusglist

2251 132, 187, 224

statustlistiname is name
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2261 207

stopistatement =

227 166, 217
P

structuresspecifier
L

2281 164, 168

subordinatejoyerjayjdeclaration
subOrdinatejoverlayiexpression

2291 234

itemtnagme

w2

STOP

subordinateipverilayielement
( subordinatetoverlaytexpression )

2301 228, 229

subordinaterpsverjayiexpression

Subordinatejoverlaysistring
Subordinatejoverlayistring

DLS 26=SEP=74 15122

31098

26 SEP 74

11 OVERLAY
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w73=

2311 230

subordinatetoverlayistring 1ii=
subordinateloverlaytelement

2321 207
sWitehtstatement 1i=

SWITCH numerictformula statementiname 3}
+
BEGIN [ number ) statement
’ END ]

233y

Primitive

idecaram

name

lettertcontrolsvariable
symbol = abbreviatjon

numper

constant

comment

directivetkey

status

2341 25
systemidependenticharacter

Most computer systems can read and write more
characters than are encompassed in the set of JOVIAL
sign, The entire set that can be handled {s know as
the set of characters, The characters that are not
signs are known as systemidependentjcharacters,

31098

JOVIAL J73



DLS 26«SEP=74 15122 31098
wT4w
' JOVIAL 073 26 SEP 74

23151 49, 51, 715
ordinaryttabletdeclaration

tablesdeclaration 1=
speciftieditabletdeclaration

23614 S, 52, 67, 90, 109, 118, 138, 155, 166, 187, 217, 251,
252

tableiname 3t= name

23N 117
‘ tablegvarjiable 1= iteminame 4 index ] @
pointerjformula

2381 43
r WHILE
eongditionalj¢ormyla
terminator;phrase = UNTIL
valyuejterminatgor
2391 207
testistatement 11i= TEST controlyvariabnle }
@
2401 63

timegdirective 3= |TIME character !
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241 63
tracesdirective 313 ITRACE ( conditionaliformula
name !
2421 130

JOVIAL 073

typeifunctionicall 1:= TYPE ( formula

2431 61
numper

upperibound iis=
simpleriteminame

244y 63

usesydirective 1= |USES datapiname

245, 97, 192, 24s

yaluyesformyla 1= [ formyla ]
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2461 238
valuelterminator 1ti=
WHILE valueiformula relationalioperator Vvariable
UNTIL variable relatiponalioperator valueifermula

247 5, 6, 14, 70, 203, 246

pointergvariab)e
numericsvariable
variable 3= bitjvariable
charactergjvariable
formatjyarjiable

2481 S, 6, 14, 70, 203, 246
namedsvariable

variable 13= lettertcontrolivariable
functionalivariakle

2491 217, 218

wordinumber 1S number

2501 217

wordsgipeérientry 1tis number
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2511 130

wordsipergentrysfunctionscall 1= NWDSEN ( tablegname
)

2521 207

tableiname
Zapistatement 33 ZAP ]
entryivariable
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Coluymn 0 1
6 7 8 9
14 15
Code 0 1
6 7 R 9
E F
RoW
c spa
P
1 |
q
2 "
P
3 $
5
4 s
t
5 %
u
6 &
v
7 .
w
8 (
b 4
9 )
b
10 “
z
11 .
12 )
13 -
14 3
15 /
Netesg row 0O, column 33

row 1, ecolumn 3p one

row 7, ecluymn 2: prime, often rendered as a vertical mark

in JOVIAL
row 12, eolumn 6: a lowere
row 15, column 4: an upper

Figure 2=i,

DLS 26=SEP=74 15122
19*

31098
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2 3 4 5
10 11 12 13

2 3 4 5
A B (o D

ce 0 Q P
i A Q a
2 B R b
3 C 8 (]
4 D T 4
-] E U e
6 F \ £
7 W q
R H X h
9 1 Y i
1 J Z b
' K ( K
< L \ i
s M ] m
> N n
? 0 0
zeroe

ase letter
case letter

Characters
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fixediconstant value size precision
1940 19 5 0 |
19A3 19 8 3 -
19A=2 16 3 =2
2,3A0 2 2 0 |
2,3A-} 2 1 -l
2,3A2 2,25 4 2
2,3a5 2,28125 7
2,3A6 2,296875 8
Left Right sympol starts withi
symbol
ends in numeral letter s ’ ' "
numeral SR SR SR SR
-] s
letter SR SR SR SR
8 SR SR SR SR
¢ SR SR SR SR
. SR SR
L
SF
valye of the conditional:;formyla
0 i
IF SkipP the congrolledistatement f0llowing Execute the
following controlledistatement
this conditionaliformula, then skip the
controlledistatement
Execute the controlledistatement immediately
following the matching
following the matching ELSE ELSE if there is
one,
‘ if there is one,
UNTIL Execute the controlledistatement, Go on to the
next controliclause
or exit the loop if there is
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no further congroliclause,

WHILE Go on to the next econtoliclause Execute the
controlledistatement,

or exit the loop if there

is no further controliclause,

bltifermula 110 01011100 01010111
10000101 01111100
padded 00000110 01011100 01010111
10000101 01111100
selected 01011100 01010111
10000101 |
:
I
|
X Y x\y X y x\y
7 0 undefined 3.7 2 0,3
1 2 1 4,6 1,5 0,1
2 2 0 '001 1.5 1.4
3 2 i i -2 -1
3 2 1 3,7 LY =0,3
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First or Only Character Meaning
1 Number of integer bits |
A Number of fractien bits (bits after the
point),
4 Maximum size I+A the system normally allovws
for
fixed and integer arithemetic,
Y An even larger maximum size I+A allowed
under

evajuationsContral (often about 2#z),

. v vaiue,

s
Second Character Meaningt "Of the,.," f
r |
1 First operand f
2 Second operand E
M Modulus (for x\¥). i
N Numerator (for X/Y or x\V¥), i
D Denominator (for Xx/¥),
I Integer operand (if the other is fixed),
A Fixed operand (if the other i{s integer),
R Result (preliminary result {f S exists),
’ s Result reqguired by evajuationjcontrol,

B Base {n exponentation,
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R
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E Exponent,
Valye of original Valye of value of
bitiformyla
bitiformula numericiformula resulting from SHIFT
11111 3 11000
11111 wl,7 01111
00000100000 5 10000000000
00000100000 w3 00000000100
1014 3 000
1014 -l 000
101 -l 001
bitiformula & bitiformuia
result
10 1 101
111001 00011110101 11100100011110101
00010000 0000010 000100000000010
0 0 00
P q NOT P p OR g p EQV q p AND g P XOR q

.00
-0 O
= e e
O
-0 O
000
O o
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wBdw

26 SEP 74

= (assignment) == (excChange)

EGY XOR

OR

AND (logical)

NOT

2 € > <z >» <> (relatjional)

&

* =

SR ¢ with or without evaluationtcontrel )
*¥

indexing @ ( pointing, evaluationicontrol )
Ae ( attributesassociation )

In the algorithm it {5 necessary to consider several
operands and operations simultaneously, The fellowing
diagram shows the relationships, All are pegged in
relation to the present operand, Any operation may
replace #,

A$BeC#DSEGSF ®#G#H®I®JK
the next operation

the prior operand the next oOperand
the prior operation the current operation

the present operand

The leftmogt Operand Of the fOrmula {s initally the
present operand,
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Start Evaluate present operand,

The next operand becomes

Evaluate next operand,

yes Is there a current

the present operand,
yes

IS there a next operation
the present

with higher precedence
becomes the value

than the current operation?
formula,

no

Compine the present operand
and the next operand in
accordance with the current
Exit

operation, The result
bécomes the present operand
(which has been evaluated),
no

operation?
no
The value of
operand

0f the

The prior operand becomes

the present operand,

Yes

Is thepe a prior operation

Figure 4«2, Combination Algorithm
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ABC
Operation
Float
type

ABC assignment XYZ
Bit

(ayso parameter
Bit

matching and Int
exchange, both

Fix

ways) Float Bit

ABC arithmetic XYZ
Float Float
XYZ arithmetic ABC
Scale Float

ABC relatjional XyZ

6 Note 6
Bit Note 6
or nt Note 6

XY¥Z relational ARC
Float Float

ABC & XY¥Z Char
XYZ & ABC Other

ABC logical xYZ
Bit
XYZ logical ABC

Indexing, pointing
Int

wlhbm=

Char
Bit

Bit
Fix

Bit
Float

Other

Char
Int

Int
Float

Char
Bit

Any

DLS 26=SEP=74 15122 31098

XYZ type

Char

Bit

conyerted to

Char
pit

Bit
Bit

Float
Note

Note

Note
Note

Int
Note

Bit
Bit

Bit

Note

Bit
Bit

Int
Bit

Float
Note 2

Note 4

Int
Note 6

Scale
int

Bit
Bit

Bit

Int

Figure 4«3, Type Conversion

Entrance used
integer

normaj 0

ALT ¢

statusiconstant

procedyrejname

Int

Bit
Bit

Int
Fix

Float
Float

Scale

Note 6
Note 6

Float
Float

Bit
Bit

Bit

Int

)

V ( procedureiname )

26 SEP 74

Fix

Bit
Bit

Int
Fix

Note

Bit
Bit

Bit

Int
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first alternate
alternatetentrancetname )
second alternate
alternatetentranceiname )
ete, ete,

parameter
qualifiedistatusiconstant
type val
bitiformula 0
VI(TYPEIBIT)

integeriformula
V(TYPERINT)

(signed or unsigned)
fixedsformula
V(TYPE:FIX)

(signed or unsigned)
fleatingiformula
V(TYPEjFLOAT)

charactergjformula
V(TYPE$BYTE)

1
2

ue

310098

DLs 26=SEP=74 15122

JOVIAL J73

V ¢ first
VvV ( second

ete,

typetfunctionicall

statuysiconstant

V(BIT)

VCINT)

V(FIX)

V(FLOAT)

V(BYTE)
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START
O== skip A1, do A2
A? E=3
i== do Al
O== skip Bl Qw= skip D1, do D2
(NULL
B? D?
do B2 or none),
skip A2
i=» do Bi i== do D}
' Skip D2 (if any
and A2
Es2
O== skip C1, do C2 (NULL of none), skip B2
énd A2
c?

i== d0 C1

Skip C2 (if any), B2 and A2
EXIT
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No terminatoriphrase Terminatoriphrase
No initialiphrase, 1A, Leave controlivariable alone,

1B, Same as {A except
reéplacementiphrase, Execute controlledjistatement
execute controlledgstatement

or incrementiphrase just once, zero or one time
depending
onterminatoriphrase,
Injtialiphrase 2A, Initialize controljvariable,
2B, Same as 2A except
only Execute coOntrolledistatement execyte
controlledistatement
just Once, zero Or one time depending
en terminatoriphrase,
Replacelentiphrase 3A, Leave controlivariable alone
3B, Same as 3A except test in
only for the first execution, Before accordance
with terminatoriphrase
each subseguent execution of the pefore every
execution of
controlledistatement,replace the the

controlledistatement ==
value of thecontrolivariable, even the first one,
Repeat executions "forever",

Incrementgphrase 4A, Same as 3A except add 4B,
Same as 4A except
only to value of controljvariable test as in 3B,

{nstead of replacing value,

Initialiphrase and SA, Initjalize controlivariable,
SB, Same as SA except

replacementiphrase Execute controlledjstatement once,
check for termination

Replace value of controljvariabple before each
execution,

before each subsegquent execution,
Repeat executions "forever'",

Initialiphrase and 6A, Initialize controlivariable,
6B, Same as 6A, except

incrementiphrase Execute controlledistatement once,
check for termination

Add to value of controlivariable pefore each
execution,

pefore each subseguent execution,
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Repeat executions "forever",
1
start ALPHA Set BETA to 3
=
? 2 or 3 Set GAMMA to the
valuye of BETA
4 I1f GAMMA eguals 2
set BETA to 2
6 Set BETA to the
value of GAMMA
Set ALPHp to 7 next
<1, S or >
Undefined
FormatiLists
Input Buffer Field 010C 10C,,
28,3b*'bABCD*bAED f28,3bb*
P28,3b827bABC"*
*bABCDD* *Ds27bbbb*
3 *ABbbbbbbbb’ *ABbbbb*
ALPHABET*AbTHERMOPILED i *ALPHADL*
*ALPHABBETS27"
| 2 *BETS27Ab’ *Abbbbb*
| 3 *THERMOPILE* PTHERMO*
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4B3pS3pS3pP8sip SB5pS5p
Ban! 000 042 616 821 00011 62Q11
Humpbug 487 S6D 627 567 28ELM MATBY
Input Buffer Field SN, 6N, SNSN
1,2E3~b4gs5bb3iby 1 1,2E3
2 =485
3 37
+46b7,00015A18, 1 illegal field
(contains blank)
2 «00015
3 b &
+SD4D=3ZDDR »SDSZSZSZ *SD",NZZ" ,"DDR
1573,64 + 1573 1574 4857 3 + 15,74
- 27 = 0027 =27 w2 17 - 27
0,0 0000 00 0 00
=in740 undefined =10740 undefined -
1,07,40
FormatgLists
Input Buffer Field "SPEEDbB",DDD,"MPH ,DDDS8SS
SPEEDp10OpMPH 1 100 *SPEED*

2 100
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+2ZDD,DZZ »4Z#3DR w4l =4Z2%R
1573,6405 +1573,64 1573641 1573 157
=27 =27,0 =27000 =27 =3
0,0 00,0 000
=10740 undefined undefined undefined
«1074
1573,6400 1573,6410 1573,0000
1570,0000
=27 =27 =27 =30
0,0 0,0 0,0 0,0
undefined undefined undefined
»10740
+:6DE+32ZR =SD#HZSES=3Z# *S53D,SES=3DR
+53#5DSES+832
+ 39,7528 +:397528E4+2 397528 E 1 398, E
=001 + 39752 E + 4
=, 008711246 »,871125E=2 e 8711246 E =3 = 871, E

=005 = 87112

26 SEP 74
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PROGRAM AA
XX (tablegname)

PROC BB
XX (iteminame)

PROC CC
no occurrence o0f XX

PROC DD
XX used but not declared

PROC EE

Figure 7«1, Scope of Names

Serial Structure Parallel Structure
ist half AB(0) 1ist half AB(O])
2d half AB[0) ist half AB([1)
XYro) ist half AB(2)
1st half AB[1) 1st half AB(3)

2d half AB(1)
xXYr1)

{st nalf AB(2)
2d half AB(2)
XY(2)
i1st naylf AB(3)
2¢ half AB(3)
XY(3)

Examples Table MN has 2 {
1' 2' Qnd 3.
Ttem AB occupies 2 words
Item XY ocecupies 1 word,
Notel 12 consecutive ¢
illustration above,

24 half AB[O0)
2d half AB(1)
2d half AB([2)
2d half AB([3)
XY([0)
xy(rl)
XY(2)
XY(3)

tems, AB and XY, and 4 entries,

oMputer words are shown in each

31098

JOVIAL J73

0,
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Figure 7«2, Serial and Parallel Table Structure

Tight Structure

entry (0) entry (1) entry (2)
entry (3) entry (4) entry (5)

A table of six entries is medium packed, three entries to
the word,

OVERLAY AA, AB, AC & BA, (BX & BY, BZ), BC )
AC AA AB

BA BX BC

BY BZ
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RELATED STRUCTURE AA,100,(BB 1 EE) CC,EE,DD
200,FF,GG § DD
-

cc AA AA cc

100 100

+
EE BB BB
EE

. DD DD

200 200
FF FF
GG GG

Figure 7#4, Allocation of a Related Structure

entrance number statusjconstant
normal 0 V( procedurejiname )
first ajternate 1 Ve
alternatejentranceiname )

second alternate 2 v

alternatejentrancesname )
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RELATIVE WORD

0 1
1 2
2
3 1
4 2
5
6 1
7 2
8
S 1
10 2
11
12 1
13 2
14
15 1
16 2
17
18 1
19 2
20
21 1
22 2
23
24 1
25 2
’
.
.
62
63 1
64 2
65
66 i
67 2
68
69 1
70 2
71

Figure 10~

“gh=

SERIAL

AB[0,0,0)
AB[0,0,0)
X¥[0,0,0)
AB[0,0,1)
AB[0,0,1)
XY10,0,1)
RB[0O,1,0]
AB(O,1,0

XYt0,1,0)
AB[0,1,1)
ABl0,1,1)
XYr0,1,1)
AB(0,2,0)
AB(0,2,0)
XYr0,2,0
AB(0,2,1]
AB[0,2,1)
XY(0,2,1)
AB(0,3,0)
AB[0,3,0)
XY(0,3,0)
AB[O,3,1)
AB(0,3,1)
X¥(0,3.1)
AB[1,0,0)
AB[1,0,0)

.
XY¥12,2,0)
AB([2,2,1]
AB[2,2,1)
XY[02,2,1)
AB[2,3,0)
AB(2,3,0)
XY (2,3,0)
AB(2,3,1)
AB[2,3,1)
XY(2,3,1)

Indexing and storage Allocation

LS I S e e e e e

DLS 26+SEP=74 15122 31098

PARALLEL

AB(0,0,0]
AB[0,0,1)
AB[0,1,0)
AB(0,1,1)
AB(0,2,0)
AB(0,2,1)
ABL(0,3,0)
RB(0,3,1)
AB([1,0,0]
AB[1,0,1)
AB(1,1,0)
AB([1,1,1)
AB(1,2,0)
AB(1,2,1)
AB(1,3,0)
AB(1,3,1)
AB(2,0,0)
AB[2,0,1)
AB(2,1,0)
AB([2,1,1)
AB(2,2,0)
AB(2,2,1)
AB(2,3,0]
AB(2,3,1)
AB[0,0,0]
AB(0,0,1)

XY[(1,3,0)
XY(1,3,1)
XY(2,0,0)
XY(2,0,1)
XY[(2,1,0)
XY(2,1,1)
X¥(2,2,0)
XY(2,2,11
XY[2,3,0)
XY(2,3,1)
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22#31

0
BB(0,1)
1

BB(0,4]
2

BBE[(0,7)
3
BB(1,2]

4
BE(1,5]

S
BR(2/,0]

6
BE(2,3)
7
BE(2/6])
8
BE(3,1])
9

BB(3,4)

BB(S5,3]
15
BR(5¢6])
16
17

Figure 10=2

2=11

BB[0,2)
BE[0,5)
BE(1,0)
BB[1,3)
BE[1,6)
BB(2,1)
BE[2,4)
BB(2,7)
BB(3,2)
BE(3,5)
BE(4,0)
BE(4,3)
BE(4,6)
BB([5,1)
BE[5,4)

BB[5,7)

Bits
12=214

BB[0,0]
BB(0,3)
BB[0,6])
BB(1,0]
BB(1,3]
BB([1+6)
BB(2,0)
BB[2,3)
BB[2,6)
BB(3,0)
BB(3,3]
BB[3,6)
BB(4,0)
BB[4,3)
BB(4,6)
BB([5,0)

BB(5,3)
BB([5,6)

97w

22=31

BB(0,1)
BB(0,4)
BB(0,7)
BB[1,1)
BB[1,4)
BBIl1,7)
BB[2,1)
BB[2,4)
BB[2,7]
BB(3,1]
BB(3,4)
BB[3,7)
BB[4,1)
BB[4,4]
BB(4,7])
BB[S,1]

BB(5,4)
BB(5,7)

DLS 26=SEP=74 15122 31098

0=1
bB(0,2)

BB(0,5)

BB(1,2)

BB[1,5)

BB(2,2)
BB([2,5)

BB(3,2]
BB[3,5)

BB(4,2)

BB(4,5)

BB(5,2]
BB(5,5]

2=11

JOVIAL J73

Bits
12=214

BB[0,0)
BE[0,3)
BB(0,6)
BB(1,1]
BB[1,4)
BB(1,7)
BB(2,2)
BB[2,5)
BB(3,0)
BB(3,3)
BB([3,6)
BB4,1)
BB [4,4)
BB(4,7)
BB([5,2]

BB(5,5)

Indexing and Allocating Tight Structure Tables
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A dratt of my view O0f the NSW,
support it,

with reasons why the Air Force should
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BACKGROUND

The priniciple short term way in which we can impProve the current
problems of unreliable and costly software systems, is to support
programmers and their management with modern methods and
toOols,,eref, Monterey Study.

Experience, methOds and tools toO support MOdern Programming
practices exist within many R&D environments around the ARPANET,
put unfortunately seldom on the machines for which AF systens are
being developed,

The NSW will allow AF (and eventually AF contractor) prodrammers
and their managers to use these tools where they exist, in a
straightforward manner, without a costly capital investment for
each system,
NSW
The NSW represents the f£irst concerted effort to accomplish the
primary goal for which the ARPANET was {nitially constructed, ie
resource sharing, It consists of four components, none Of which
. can be remeved with oyt reducing the whole thing to ashes,

The Network exec Or the "works manager",

the detajiled implementor Or "foreman'

the user interface or "front end",

and the tools themselves,

L WORKS MANAGERw==MCA EFFORT

MCA will develop the network executive or "Works Manager", It
will keep track of the NSW files, where they are gtored, thelr
versions, whc last updated them etc, It will be responsible for
knowing who has access to which tools and Which files, It will
Keep track of tpool useage and do the accounting apnd billing, In
the caseé of tools that reside on more than one host, it will
determine lcading and connect the user to the least loaded host,

FOREMAN==MCA EFFORT

MCA will develOp the software which performs the detailed login
into i{ndividual hosts, moyes files from one host tO another, etc,
In general, the Foreman is responsible for seeing that the

| commands given by the Manager are carried Ooyt, and if they are

| ‘ aborted, reports the statuys back to the Manager,
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FRONT ENDwwSRI EFFORT

SRI will develop the NSW "front end" system, whicn will provide a
coherent user interface to the NSW and hence to the tools,

The fronteend will reside {n a PDPel1, running the ELF
timew=sharing executive, It will contain the grammer and user
profile for the particylar tool requested by the user, It will
perform the terminal mapping functions Of a TIP, as well as the
command feedback fyhctions O0f the program beinNg used at the
moment,

SRI will deyelop the NSW protoecols which alloy tools to be
interfaced with the works manager, and also ARPANET protocols
Which allow file transfer etc, to be accomplished in a more
efficient manner,

TOOLSw»=INITIAL
NLS

SRI will reconfigure NLS, so0 that {t can be {nterfaced with the
NSWy ie, the division into a front=end and a backwend, The NLS
gronteend will be written in the command Meta Language (CML),
eompiled on the PDP=10X and shipped over the ARPANET to the
PDP=11, 7The front end will contain the command langyage
parsing, user feedback and terminal sypport functions, The
packeend (executable procedures) will reside on one or more
PDP+#10Xs, This is being dene for two purposes?

to develop the protocels for interfacing toels in general
and their command languages to the NSW,

to cut the cost of NLS use in half,

Sri{ will add to the capability of NLS, to make it a more
complete documentation system, 1In particular they will

modify the output processor tc improve i{ts ease O0f yse and
tO generate code acceptable to the Linotron at WPAFB,

add an elementary line drawing capability,

SRI will add features desioned specifically to support COBOL
programmers operating in the RJE mode,

B=4700
The priniciple tool residing on the Bw»4700 at Gunter AFB will
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be a COBOL compiler, It will be used by AFDSDC programmers to
develop software for the B8-3500s,

LINTRON

The Linotron at WPAFB {s capable of generating quality output
in several fonts and styles, Experimentation with a commercial
COM organization indicates that this is desireable when a
document is widely distributed and uypdated infrequently, The
total precess of publishing documents in this manner is less
costly than conventional typesetting, however the particular
commercial COM service now in use is undyly expensive, The
Linotron at WPAFB is Jovernment owned, underused and cheaper to
use, since it goes directly to paper with out the intermediate
step of microfilm,

DATACOMPUTER

The data computer is a mass storeage divice (a trillion bits)
accessed via a data management system on a PDPe10, It will be
used as the main backup storage deyice for the NSW,

‘ SENERIO FOR NSW USE

The following is my understanding of a "typical" senerio of how
the NSW i{s initially expected to be used,

A programrmer at AFDSDC in Alabama would use terminals located
in his working environment, econnected t0 a PDP=11, connected to
an TIP or IMp, to log into the NSW computer, ' After being
recognized as a legitimate NSW user, he would i{ndicate which
tool he wished to use,

Let uUs assume that he wants to work further on a COBOL program
he has been writing, He would give the works manager a command
to "get me some NLSW,

After determining which machine the user should be connected
to, the works manager gives the Command to the foreman "Connect
this terminal to host XY2 and log him into NLS", The foreman
makes the network connection, 1095 into TENEX and starts the
NLS sybsystem running, While this {s happening, the works
manager sends the NLS grammer and user profile to the PDFe1l,
to set up the NLS fronteend tailOred to that particular user,
The NsSW machine invokes a dynamic recOnnect and takes itself
oyt of the loOp, s0 that the fronteend and back=enNd have a
direct netwOrk connection,

' puring the course of the session in NLS, the user can access
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|
|
others files, copy code into his program, edit, rearrange, get l
special views, etc, He might have need to refer to a pregranm
specification document, He would obtain it by saying Load File

and giving the directory and file names, If it was not on the

local host, a signal would be sent to the NSW hOost, which would

eonsult its cataloagues, determine that it resided at the Data

Computer, issue a command to the fereman to retrieve it and

send a copy to the yserss current host) probably flagged as

read only, Ta4

Presuming that the user had the program written to the best of

his apility, he would invoke an NLS user program which would

make preliminary syntax checks, correct misspelled reserved

words, and notify the yser of reserved Words not declared,

After the user had corrected these errors he weuld invoke a

second user program that would insert the necessary "contrel

cards", strip the indentation associfated with NLS, prepare a

file in a format suitable for entry to the B«4700 via RJE and

notify the wWorks manager Of its existencCe, 7as

The user would then contact the works manager and request the

B=4700 CpBOoL compiler tool, He woyld specify the file to be

compiled, whether or not he wished to be notified when the job
finished or aborted and the file name of any results returned

from the compilatien, The works manager would issue the

appropriate commands to the foreman, who would see that the

file was moved from the NLS machine into the RJE queue on the

B=4700 disc, Taé

In doing s0, it will talk with the Be4700 NCP, which is

resident {n the pDpwll  The pDpell will communicate with

the BEw4700 by simulating a deyice the B«4700 operating

system knows (initially a tape drive), 7a6a

The Operator woyld be notified of i{ts existance, and schedule
it according to the procedures used within the B=4700 facility, 737

Upon logging out of the NSW, the WorKs Manager would request
charges from the hosts used during that session, add them to
the user’s account and at the end of the month, prepare and
send him a bill, 7a7a

In a similar manner, the user could instruct the NSW to archive
the object code f£ile, in which case it Would be moved from the
B=4700 to the Data Computer, Tab

The same general technigues would pe used to access any tool
avajlable via the NSW, A document could be partially prepared
on different machines, using editors like QED, TECD, NLS, etc,
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It coyld be merged under NLS, reformated, draft coples printed
at each coordinators’ site, changes incorporated, output
processor directives inserted, a sequential file created, moved
to the tape unit on the WPAFB TIP, carried to the Linotron,
photocomposed, multiple coples printed and distributed te
recipients, This would all be accomplished through the
facilities and under the control of NSW, It can be
accomplished now, but an indi{vidual would have to know all the
idiosyncracies of each toolj their login procedures, their
operating systems, the command languages,,syntax and
grammer,,o0f their user programms, file Compression and transfer
protocols, etc,, etc,, etc,

REASONS FOR AIR FORCE SUPPORT OF NSW

AIR FORCE in General

Direct coupling of RED and using commands in the computer
system development area,

lower costs, More reliable software, which is more responsive
to the user’s needs,

shortened develppment=to=applications cycle,

petter use of R&D computer expertize,
Mechanisr wherepy commericially developed (as well as AF
sponsored) tools can be placed in a competitive marketplace for
use and evaluation,

Minimize the replicatien and transferal of useful tools to many
machines and devejopment sites,

Using commands

Initially AFDSDC

Access tO NLS, the most POwerful docymentation and
programming suport system {n the country todayll|

ability to write COBOL source code, edit i{t, have it
ehecked for misspellings etc, and formated for entry inte
the RJE system on the B=4700,

ability to maintain all source code listings, systenm
docuymentation, manadement data, etcjcross index them,
retrieve them, modify them gquiekly,,
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ability to publish documents via the Linotron,

soon WWMCCS and others

besides the abOve capabilities; the WWMCCS cOommynity and
other AF users on the ARPANET will have access t0 RADC

developed tools

Jevial compilers

preprocesors to support structured programming

test tools

anéd any other tools we care to make availlable via the

NSW,

RADC

vehicle for "exporting" tools we develop in a meaningful way,

direct involvement in the development Of a prototype

. operational system for AFDSDC

supperted 50% by General Robbins out of OgM money,

supported 25% by ARPA,

supported 25% by RADC,

in on the 9round floor of the first majJor ARPANET development
effort aimed specifically at its initial goal of resouce

sharing,
We can apnly the knowledge gained toi
AFSC network
WWMCCS network
'

31099

gblaj

8b2

8b2a
8b2al
8b2a2
8b2a3

8b2a4
8¢

gcl

8c2
8c2a
8c2b
8e2c

Bec3
8cla
gclal
8C§!2
gc3al
sciaq
8c3as




DLS 26=SEP=74 16317

3rd COM Test run,.,Equations and Tables

(J31100) 26=SEP=74 16117313

Distributiont
DLS)

/RJIC(

[ INFO=ONLY )

)

Title: Author(s): Duane L, Stone/DLSy

)} Sub=Collectionst RADCjy Clerk:

31100



DLS 26=SEP=74 16117 31100

3rd COM Test run,.,,Equatf{ons and Tables

contains revised Tabstops tC line up equations and tables better,
This has not been edited for mistakes, It contains directives for
overall format and type styles which are good,
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Appendix A
SYNTAX EQUATIONS

The following pages contain the complete syntactic description
of JOVIAL (J73), The metalinguistic eguations are in
alphabetical order of the metalinguistic terms being defined,

In general, each defining equatjon is indiyvidually boxed, The
boxes are nubered seguentially in the upper left hand corner by
a number in italics followed by a colon, Following the colon {s
a list Of the box numbers in which the current term is used as a
part of the definitions of other terms, The metalinguistic
sympology is explained in section 1,4,

Equations 94 and 95 are in one box, These are both valid and
necessary definitions for formatslist, Equation 144 is the
definition for mark, In the same box, opposite each mark is a
metalinguistic term (or two), These marks constitute the
definitions of these terms, Equation 172 defines pattern:digit,
In the same box is information giving the pit patter
corresponding to each patternidigit, depending on the order of
the patterniconstant, In the box with equation 190, the

. definition of relationaltoperator, is a list of the meanings of
the relationalioperators, Box 234 contains a definition feor
systemidependenticharacter, but the definition is a prose
descriptions a metalinguisitic equation is not feasible,
Equations 247 and 248 are in one box, They are poth valid and
necessary definitions for variable,

i 233

abbreyiation = letter

21 63

apnormalydirective t= |JABNORMAL q4ataznhame ’
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3 130

absolutegfunetionicall 1=

41 58, 170
definition
actualsdefinegparameter

" detinition "

St 101, 170, 180, 191

STOP

RETURN
procedureiname
TEST controljvariable
EXIT statementiname
actualsinputiparameter 3=
statementiname
procedyreiname
formula
tahleiname
datatblocKtname
variable
@ pointertformula

6% 170, 180, 1914

actualsoutputiparameter =

ABS (

DLS 26+SEP=74 16117
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numericiformula

ajternatejentranceyname

variabje

)

31100
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103

111

alternatejentrancejdeclaration =
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166,217

ajjocationtincrement 1:= number

9, 49, 166, 182, 205, 217

allocationispecifier 113 @ pointeriformula

75, 184

ENTER ajternateientrancejname

( formaliinputiparameter

! formajlioutputparameter )
enyironmentalispecifier itemsdescription
allocationgspecifier

packingispecifier [ bitgnumper )

= + constant '

130 ;
alternatesentrancejfunctionicall 1it= ALT (
procedureiname ) :
5, 9, 53, 101, 122, 138, 180, 187, 193

alternategentranceiname gi= name
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123 159
-
K2
arithmeticioperator 11
/
\
e
13:
assignmentjoperator 1= H
14; 207
assignmentistatement 1=
formula
variable indexedivariablejrange )

indexedtvariablejrange =
formatsfunctionieall

formuyla

formatgvariable = !
indexedivariableirange

1514 159

attributetassoclation 115 @@ [ descriptiontattibute )
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161 63

begingdirective 3= |BEGIN

171 18

bitsform gi= form

181 18, 29, 97, 159, 196

patterniconstant
entryivariable
comparison
chaintcomparisoen
bitistringifunctionicall
shiftifunctiontcall
bitiforrula it= pitiform

DLS 26«SEP=74 16117 31100

reference }

bittformula logicalioperator bitiformula

NOT bitiformula

pitiformula & Bbitiformula

( bitsyformula )
numericsformula
characterjformula

191 9, 182, 205, 217, 218

bitinumber 3= number

20¢ 18, 130

bitistringtfunctiongcall 1=

BIT ( formyla , numericiformula '

numerictformula )

26 SEP 74
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211 247
bitivariable 113=

entryjvariable

BIT ( namedjvariable , numericiformula '

numerjicsformula )
221 217

bitsipergentry (1= number

23, 130

bytelstringisynceionticall 18

BYTE ( characteriformula , numericiformula '
numericiformula )
241 18
chaintcomparisen 1= comparison relationioperator
formula

251 26, 32, 46, 62, 100, 112, 120, 137, 213, 234, 240

Sian
character 118
systemjdependenticharacter
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2614 29, 39

charactericonstant 1iis= count * character ¢

274 29

charactergform t3= £fornm

281 29

characteériformat = count C

293 18, 23, 93, 94, 97

characterjconstant
characteriyariable
characterjform
characteriformyla (1= characterifuncticonicall
characteriformyla & characterifOrmyla
{ charactertformula )
bittformyla

301 29

characterifunctiontcall 1= funetionicall
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31 29, 96, 247
namedgcharacteryvariab)e
charactergjvariable 1= BYTE ¢
namedjcharacterivariable , nuymeri{ciformula

¢ nDumericiformula )

i 233

comment $1® " character "

‘ 3y 18, 24

comparison 1$i= formuyla relationalioperator formuyla

34 63
compoolidirective 1=
name
compooliname
{COMPOOL ( name ) !

( compooliname )

353 34

compooliname (3= name
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361 219
declaration
compoundistatement 3= BEGIN END ’
statement
37 38, 97, 238, 241

conditionajiformula gji= formula

383 207 |

|

‘ conditionalistatement 1:1=® :
IF conditionaliformyla J controlledistatement

statementiname | ELSE
contrOlledistatement

393 9, 42, 182, 205, 233
numericiconstant

constant ti= patterniconstant
charactericonstant

401 97

constantsformula g3= ( formula )
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411 166, 167, 217, 218
constanttlist 118
[ index )
[ 4index ] constantiliseielement

constanttjistielement
’

421 41, 42
’ + constant '
constantplistielement 3= -

count ( constantilistielement )
constantilistielement

43 136, 148

incrementiphrase terminatorjyphrase
replacementiphrase
controliclause 1% initialiphase
incrementiphrase
terminatortphrase replacementiphrase

441 5 239
namedivariable

controlivariable it=
letterscontrolivariable

. 453 38, 141

controjledystatement 3= statepent
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461 63

copytdirective 1:3= COPY character )

471 26y 28+ 42+ 72, 78y 95, 98, 103, 120, 124/, 126, 171,
173, 199

eount s nuymber

483 182
’ datatallocatorispecifier 3= @
49 49, 51, 75

-y

datajiblockideclaration i1i=

environmentalispecifier
BLOCK datapblockinanpe '
allocationgspecifier

simplesitemideclaration
tablejdeclaration

BEGIN END )
datatblockideclaration
independentioverlaytdeclaration

501 5, 49, 52, 90, 109, 138, 209

. dataiblockiname 13= name
|
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w3l=

514 54

itemjdeclaration
datajdecjaration ji= tabjejdeclaraticn

datajblockideclaration

overlayideclaration

521 2, 129, 174, 195, 244

iteminame
datatname (3= tabletname

datatblocKiname

531 130

procedureiname
dataysizejfupctiontcaly 1= DSIZE (
alternatejentrancepname

54 36' 54' 112! 179

statusg)listidecjaration
formideclaration
datagdeclaration
nullideclaration

declaration 1% definetdeclaragion
name declaration
processingideclaration
externalideclaration
BEGIN declaration END !

551 54

definetdeclaration 1i=
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DEFINE definegname ( formalsdefinejparameter )
" definition "j

563 55, 58

definejname 3= name

571 4, 55

definition 1= sign

definitiontinvocation 1= definetname (
actualidefinetparameter )

591 185

dependentiprogramideclaration 1:= procedurejdeclaration

601 15, 69

iteminame
descriptionsattribute 1=
{temidescription
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(equébl)
611 166 217
dimensiontlist 11z [ lowerjboynd 3 ypperibound
]
62 207
directistatement 1= DIRECT character JOVIAL !
631
compoolidirective
’ skiptdirective
pegintdirective
enditdirective
tracejdirective
copyidirective

abnormalidirective
setsydirective
directive 1= usesidirective
pointertdirective
ordergdirective
recursivetdirective
timegdirective
spacetdirective
l1inkagejdirective
interferencetdirective
frequencytdirective
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641 233

|COMPOOL
I|8KIP
IBEGIN
1END
JTRACE
|COPY
|ABNORMAL
I|SETS
directiveikey 1= |USES
IPOINTER
ICRDER
IRECURSIVE |
ITIME |
|SPACE |
ILINKAGE
|INTERFERENCE
IFREQUENCY

651 63

endidirective 1113 |END )

661 217

entriesiperiword 1ti= number

671 18, 21, 117, 252

entryivariable 3= tablepname [ index ] @
| pointeriformula
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681 9y 49, 166+ 182, 205, 217

programiname

IN procedureiname
environmentalispecifier 1= RESERVE
RESERVE
691 159

eValuationicontrol iz @ [ deseriptionitattribute )

704 207

exchangejstatement 113= variable == variable )

71 207

eX{tystatement 13= EXIT statementgname )

721 82

count D ecount Z

exrad 1= coynt Z count D

eount Z *
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733 130

exradifunctiontcall 1t= XRAD ( numericyformula )

74; 132

exradispecifier 1= number

751 54

exgeérnalideclaragion 1:1=
simpleijitemideclaration
. tableideclaration
datalblockideclaration
nametdeclaration
DEF procedureideclaration
alternateientranceideclaration
REF simpletitemideclaration
tablejdeclaration
BEGIN dataiblockideclaration END )
namegdeclaration
proceduresdeclaration
alternatejentrancegdecjaration

7613 87

fieldiwidth 1= number

771 157

‘ fixedjeonstant 1=

nymber 1
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wilw
E scale A
scale
number ' nymber
158
* eount D
integeripart
. fractionipart

*

filxediformat 1is

count * R

791

count -

160

fixedgfunctiontcall 1t#

8014

811

integeripart

fractiongpart

functionicall

162
fixedjyariable 11= namedivariable
157
floatingiconstant 1=
+*
nympber E scale

number .
scajle

JOVIAL J73
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E
nurber »
821 158
floatingiformat
83 162

floatingtfunctionsicall 1i1i1=

84 162
floatingiyariable
8513 141

fopiclayge

861

form

17, 27

forminame (

DLS 26wSEP=74 16317 31100

=38=
26 SEP 74

+
scale

number

eXrad R

tts significand E

functionicall

i1= namediyariable

FOR 1loopicongyol )

formula )
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formydecjaration gy= FORM formyname
fleldiwidth !
c

881 Be, 87

forminame 11t name

891¢ 55, 170
formalidefineiparameter $i= letter

904 9, 170, 182

statepentiname

simpleiiteminame
formalsinputiparameter = procedyregname

tableiname

datajblockiname

911 9, 170, 182

formajjoutputgparameter gi= simplegiteminame

921 95

nullrformat
ingertiformat

‘ format 1i= sKipiformat
characteriformat
patterniformat
numericiformat



DLS 26=SEPe74 16117 31100

wd0=
' JOVIAL 073 26 SEP 74

93; 14, 130
formatifynctionjcall 1=

FORMAT ( characterjformula ’ formatglist
¢ Procedureiname )

941 93, 95, 96

formatslist 111= characteriformula

. 951 93, 95, 96

format
tormatilist 1=
count ( formatilist )

961 14, 102, 247
formatj)variabjle 1=

FORMAT ( characterjvariable ’ formatjilist
y Procedyreiname )
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971 Sy 14, 20, 24, 33, 37, 40, B6, 119, 159, 192, 203,
209, 242, 245

pointeriformula
numericiformula
bitiformula

formula i conditionaliformula
characteriformula
vajlueiformula
numericsformula
constantiformula

981 78

‘ eount D count Z

fractionjpart 118

count D

991 130

fractiontpartifunctiontcall 11t FRAC ( numerictiformula |
)

100¢ 65

frequencysdirective 3= |FREQUENCY character )
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101 30, 79, 83, 1258
intrinsicifunctionicall
proceduyretname
functionicall = @ pointertformyla
alternatejentranceiname
( actualiinput parameter )
102y 248
formatyvariable
BYTE ( namedicharacterivariable
numericiformyla
functionalivariable 1:i= » numerictiformula
)
BIT ( namedivariable , numericiformula
» numericiformula )
1031 158
generalizedinumericiformula 3= count N R
104; 207
goitoistatement 1= GOTO statementinanme (

index ] !
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widie
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1051 115

highipoint §i=® nuymerictformula

1061 233
+
-
/
L 2
\
&
=
<
>
<s
>=

{ideogram gi= <>

L
’
!
'
i
"
’
(
)
(
]
[}
ge

1071 43

numericsformula
increpmentiphrase 1= BY
numericivaluegformula

JOVIAL J73
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wdigw
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108¢ 49, 168
independentioverlayideclaration 1:=
[ numbper ]

OVERLAY independentioverlayiexpression
[ patterntcenstant ]

1091 111
spacer
simplesiteminanme
independentioverlayielement = tablegname
datajblockiname

( independentjoverlayiexpression )

110¢ 108, 109
independentjoverjaysexpression 1=

independentjoverlaytstring [
independentioverlayistring

1111 110

independentioverlayistring 1ii=
independentioverlayjelement

1121 185
independentiprogramideclaration 1ii=
statement
PROGRAM programiname ( Character ) )

declaration
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w4dSe
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113: 41, 67, 104, 237

index 11i1= {ndextecomponent

1143 113, 116

indexicomponent 1= numericiformula

1154 116

indexjcomponentirange jis lowipoint ! highjpoint

1161 118, 155
indexjcomPonentirange

indexirange 1%
{ndexjcomponent

11N 150
tablejvariable

indexedivariable 1=
entryivariable
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1183 14

indexedjvariableyrange 3=

iteminame
[ {ndex ) @ pointerjformula
tablejname
itemgname
ALL @ pointergformula )

tablegnanme

1191 43

. initialiphrase 3= ¢formula

1201 92
count S
numeral
insertiformat 1= count /
p jetter

ecount " character L

1211 182

instructionsallocationtspecifier ii= Pointergfornula




"4~

. 26 SEP 74

1221 130

procedyreiname
instructiontsizesfunectionicall
alternatetentranceiname

1231 157, 175

integericonstant 113 pupber

1241 158

‘ count Z

-
integeriformat 1=

coynt D

1251 160

DLS 26=SEP=74 16117 31100

JOVIAL J73

1ts ISIZE ( )

count D
R
coynt Z

integerifunctiongcall 118 functiongecall

1261 78

count Z count

integeripart 1iis
count D

D
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wdfe
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1271 130

integerjpartsfunctionscall st= INT

1283 162

namedjvariable
integertvarianle 1=
letterrcontrolivariable

(

26

numericyformul

1291 63
interferencetdirective 1= |INTERFERENCE datainane
datainame )

130 101

formatyfynetionjcall
bytetstringsfunctionicall
bitistringtfunctionicall
alternatetentrancetfynctionicall
numbertofientriesifunctionicall
locationtfunctionicall
shiftifunctienicall
absolutetfunctionicall
werdsiperientryifunctionicall

intrinsicifunctionscall 1ts exradifunctionicall

signiticandifunctionicall
signedjfunctiongcall
signumsfunctiontcall
sizesfunctiongcall
typeirfunctiongjcall
fractionipartifunctionicall
integerspartyfunctiongcajl
instructionisizesfunctionycall
datagsizesfunctiongcall

31100
SEP 74

a)
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13118 51
simpletitemideclaration
itemtdeclaration 1i= ordinaryttabletitemideclaration
specifieditapletitemtdeclaration

132t 9, 60, 166, 167, 182, 205, 217, 218
itepsdescription 111=
C sizeyspecifier

Ri-ty <K significandispecifier '
exradyspecifier

statysglist

s statuss)istiname
‘ ¢ R sizetspecifier -
v ' precisionispecifier

1331 52+ 60 118y 167, 187, 205, 218, 229, 237,

iteminame 1= name
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w50=
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134 1, 89, 120, 135, 136, 145, 197, 22%

CXGHNIOMMOOm >

letter :i= M

N xXE<CHOLOTODOO=2

135 44, 128, 233, 248

jetterscontrojsvariable 1= jetter

1361 140

letter:loopicontrol i1 letter ( eontroliclause )
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wS5iw
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1371 63
linkagetdirective 1= |LINKAGE character ]
1381 130

statementiname
namedjvariable

locationsfunctiongcall 1= LOC ¢ tablegtname
dataiblockiname f
procedyreiname
alternatetentrancesname

1391 130
AND
OR
lcgicalioperator 1tis
EQV
XOR
140¢ BS

namedjloopicontrol
loopiContrel 1i=
jetteryloopjcontrol

1411 207
loopistatement 1= forjclause contolledgstatement
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1421 115

lowsipoint i:= numericiformula

1433 61

number
lowerghound 1=
simplegiteminame

144y 197

plusgsign
minusisiaon
asterisk
slash
backgslash
ampersand
greaterithantsign
lessithanisign
equalsisign
atisign

i= ’ decimalipoint
ecolon
comma
semicolon
space
leftiparenthesis, parenthesis
rightiparenthesis, parenthesis
leftibracket, bracket
rightibracket, bracket
prime
guotati{onymark
dollar;sign
exclamationtpoint

mark

- e ®HAVRSSNE L

T T Mt e
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145¢ 11, 34, 35, 50, 56, B8, 133, 183, 186, 206, 220, 221%,
225+ 233y 236, 241

letter
letter numeral
name §i=
H $

146 54, 75
statepentinanme

name;declaration 1= NAME J
precedurejiname

147 31, 102

némedjcharactersvariable 335 namedgvariab)e

1481 140

namedilooptcontrol 1= namedjvariaple ( controliclause
)

1491 219

namedistatement t= statementiname ! statement
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1501 21, 44, 80, 84, 102, 128, 138, 147, 148
simplejvariabjle

namedjvarjiable 1=
indexedivariable

|
1511 54, 164, 215 I

NULL ]
nullideclaration 3%
BEGIN END !
1521 92

nulliformat 1=

1533 219
NULL !

nullideclaration pis=
BEGIN END '

1541 7, 19, 22, 47, 66, 74, 76, 77, 81, 108, 123, 143, 169,
177, 189, 194, 201, 210, 214, 223, 232, 233, 243, 249, 250

number gi= numeraj



-55.
26 SEP 74
1551 130
numbertofientriesifunctionicall
{ indexirange ) )
1561 120, 145, 154, 197
0
1
2
3
numera)l g3i= 4
S
6
7
8
9
1571 39, 159

integertconstant
fixediconstant

DLS 26=SEP=74 16117 31100

JOVIAL J73

112 NENT ( tableiname

numericticonstant 1ti= floatingiconstant

statustconstant

qualifiedistatusiconstant

1561 92

genera)izedinumeric;format

integerjformat
numericiformat 1=

fixediformat

floatingsformat
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1591 3, 18, 200 219 23, 31, 73, 974 99, 102, 105, 107, 114,
127, 142, 159, 161+ 175, 196, 198, 200, 202, 232

numericiconstant
numericivariable
numeriesfunctionicall
B
numerictformula

-
numeériciformula gsi= numericiformula arithmeticjoperator

evajuationicontrol numericiformula
evaluationicontrol
formula
attributejassociation
( numericsgformuyla )
bitgformuyla

1601 159
integertfunctionicall

numericifunctiontcall 118 ¢ixedtfunctionicall
floatingtfunctionicall

1611 97, 107

numeéricivajuetforpuia st [ numericiformuia )

1621 159, 176, 247
integerivarjable
numericivariable :i= fixedjvariable
floatingivariable




w57=

26 SEP 74

1631 63

orderidirective 11:s |ORDER

1641 165

nullideclaration

DLS 26=SEPw74 16117 31100
JOVIAL J73

ordinaryitabletitemsdeclaration

ordinarystablesbody 11=

ordinarysttablegitempdeclaration

BEGIN END ’

subordinatejoverlayjdeclaration

1651 235

ordinarystablesdeclaration ii=
ordinarystablegbody

1661 165
ordinaryttabletheading 1=
environmentalispecifier
TABLE tableiname
allocationispecifier
! allocationtincrement
structuretspecifier

itemidescription =

ordinaryjtableiheading

dimensiontlist
packingispecifier

constantilist [



DLS 26#SEP=74 16117 31100

58w

. JOVIAL J73

1671 131, 164

ordinaryitabletitemideclaration 1=

ITEM iteminame itemidescription
packingispecifier = constantilist
168: 51

indepéndentjoverlayideclaration
overlayideclaration 11=
subordi{natejoverlayjdeclaration

1691 9, 166, 167, 182, 208, 217, 218
N
packingispecifier 1= M nymber

D

170t

actualidefinejparameter
forpaltdefinetparameter

parameter 1= actualtinputiparameter
formalsinputiparameter
actualioutputiparameter
formalioutputiparameter

26 SEP 74
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-
~
o
=)
wi
w
o~

39, 108

18,

1711

patternidigit

B count ¢

112 3

patternjconseant

171

1721

order

pattern patternidiagit
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patternidigit
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1731 92
1
2
patterniformat i= 3 B
4
5
1741 63

pointeridirective 1= |POINTER
datainane '

1751 5, 8, 67, 97, 101, 118, 121,

integericonstant

DLS 26=SEP=74 16117 31100

count P

pointergformula

174, 180, 208, 237

pointersformula 13® simpletintegerjvariable

( numericsformula )

1761 247

pointerjvariable 3= numericivariable

17171 132

Precigionispecifier 1% nymber

26 SEP 74
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1763 221, 233

ABS
ALL
ALT
AND
BEGIN
FIT
BLOCK
BY
BYTE
DEF
DEFINE
DIRECT
DSIZE
ELSE
END
primitive 111%
EQV
EXIT
FOR
FORM
FORMAT
FRAC
(e]ul Ju
IF
IN
INT
ISIZE
ITEM
JOVIAL
Loc
NAME

1791 181

declarat
preoceduregbody
statemen

Ll 3

NENT
NOT
NULL
NWDSEN
OR
OVERLAY
PROC
PROGRAM
REF
REMQUO
RESERVE
RETURN
SHIFT

ENTER
SIGNED
SIGNUM
SIZE
STATUS
STOP
SWITCH
TABLE
TEST
THEN
TYPE
UNTIL
WHILE
XOR
XRAD
ZAP

ion
11
t

S§1G

DLs 26=SEP=74 16117 31100

JOVIAL J73
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1801 207
procedureicallistatement 1i=
remguoiprocedureicallistatement
procedureinanme

@ pointertformula
alternateientranceiname

( actualiinputiparameter )
( actualiinputsparameter ! !
actualjoutputjparameter )

1813 59, 75, 184

procedurejdecjaration iis proceduregheading
proceduyrejbody

182: 181

proceduresheading 1=

environmentaligpecifier

PROC proeceduretname
datatallocationispecifier

I 4instructiontallocationispecifier

( formaliinputiparameter H
tormalioutputiparameter )

| environmentalispecifier
{temsdescription

‘ allocationispecifier

packingispecifier [ bitinumber )

+
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& constant !

5 68, 90, 96, 101, 122/

193

1831
167,

10/ 53,

procedureiname ti= name

184 54
pregramjdeclaration
processingsdec)aration ji=
alternatesentrancejdeclaration

1851 184

independent;iprogramsdeclaration

programjdeclaraton 1i=
dependentiprogramjdeclaration

1861 68, 112

pregraminame 1i= name

1871 157
statusglistiname
iteminame
qualified;statusiconstant
status )
procedureiname
alternatejentrancesname

s V(

138, 146, 180,

procedyrejdecjaration

tableiname

31100

JOVIAL J73

182,



JOVIAL 073

1881 63

recursivejdirective 1i1:s

1891: 16, 211
reference its number
150¢ 24, 33, 246
< 1ess than
= equa)
> greater than
rejlationalioperator 1=
»= greater than
<> less than or
<= less than or

191 180

remqguosprocedurescallistatement

REMOUD

DLS 26=5SEP=74 16117
whiw

IRECURSIVE

or equal, not less than
greater than, not equal
equal, not greater than

actualiinpytiparameter
actualiinputiparameter

! actualioutputiparameter
actualioutputiparameter ) J

31100

26 SEP 74
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1921 43
formula

repjacepentipnrase g33= THEN
vajuesformula

193¢ 207

Proceduyreiname
returnystatement 13§ RETURN
alternatetentrancetname

1941 77, 81

scale tit= npumber

195: 63

26=SEP=74 16117

JOVIAL J73

setsydirective 3= |SETS datagname

1961 i, 130

pitiformula

shiftifunctionscall 1= SHIFT

numerjciformula )

1971 25, 57, 234

letter
sign 11= numeral
mark
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198 18, 130

signedsfunctionscall 11= SIGNED ( numericiformula )

189: B2

count D P count D
count Z
count D ' eoynt D
eount D '
-
. significand 1=

count D » count D
count * count D
count D count *

2001 130

signifi{candifunctionicall 3:= S8SIG ( numericyformula )

2011 132

significandigpecifier 1= number
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2021 130

signumifunctionicall ti= SIGNUM ( numerictformula )

2031 207

simpletaggignmengigratement 3= variable = formula

2041 175

simpletintegertvariable 1ti:= gimplejvariable

2053 49, 75, 131t
simpleiitemtdeclaration ji=
environmentalispecifier
ITEM i{teminame
allocationispecifier
itemidescription packingispecifier

+
[ pitinumber ) = constant

2061 90, 91, 109, 143, 208, 243

Simplegiteminame 1= name
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2071 219

simpletassignmentistatement
assignmentistatefMent
exchangeistatement
gojtoistatement
exitistatement
testtstatement
simpletstatement 1§is returnistatement
Zapistatement
stopitstatement
loopistatement
conditionalistatement
switchpstatement
procedurejcallistatement
directystatement

2083 150, 204

simplegvariable 1= simpjetiteminame 8 |
pointeriformula |

2091 130 |
formula |
sizetfunctionicall 1118 SIZE ( )

dataibloeKiname

2101 132

slzeyspecifier ::= number



DLS 26«SEP=74 16117 31100

w69=
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21118 63

skipidirective 1i1= |SKIpP reference !
2128 92

skiptformat 1= X
213 63

Spacejdirective 1= |[SPACE character !
214 109

spacer 118 nymber

2151 216
nullideclaration
specitieditableipody 1i1=

specifieditanletitemtdeclaration
BEGIN specifieditabletitemideclaration END !

2161 235

specifiedstablejdeclaration 1= specifiedjtablejheading
specifiedjytableibody
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70w
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21714 216
specifieditableiheading 1=
environmentalsspecifier
TABLE tableiname
allocationgspecifier
§ allocationgincrement dimensionglist
structureispecifier

vordsipersentry
bitstperrentry bitynumber entriesipergword

packingspecifier {itemidescription
packingispecifier

[ pitinumper ¢ wordinumber ] =

. constanttlist )

2181 131, 215

specifiedjtapjesitepsdecyaration 1=

' ITEM itemgname itemydescription
packingispecifier { bitsnumper
» WwWordinumber ) = Constant ]

2191 36, 45, 112, 149, 179, 232

nujlistatement
statement 3= simplesstatement
compoundistatement

‘ namedistatement
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DLS 26+SEPw=74 16117

wliw
2201 5, 38, 71, 90, 104, 138, 146, 149, 232
statementinam® 1= name
2211 187, 222, 233
primitive
status 1= nape
letter
2221 157, 223
statusiconstant 18 V( status )
2231 132, 224
statustilist 1=
- +
{ number ) statusiconstant 4
numbeér ] statusiconstant
-~ -
224y 54

statusglistideclaration 1= STATUS statusilistiname
statusjlist

2251 132, 187, 224

statusjlistyname 3= name

JOVIAL J73
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2261 207

stopistatement 1=

2271 166, 217
P

structuregspecifier
T

2281 164, 168

DLS 26=SEP=74 16117

w]2-

STOP

subordinatejoverjayjdecjaration 11%
subOrdinateioverlayjexpression

2291 231

{itemingme

subordinatelpverlayielement 3=

( subordinatetoverlayiexpression

230% 228, 229

sUbordinateigverjayiexpression 1=

subordinatesoverlaysstring }
Subordinatejoverlaysstring

31100

26 SEP 74

OVERLAY

)
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2311 230

supordinatejoverlayistring =
subordinatejoveriayjelement

2327 207
swWwitchistatement 1=
SWITCH nuymericiformula j statementiname
+

BEGIN ( number statement
' END )

2331

primitive

ideogranm

name

lettericontrolivariable
symbol 1= abbreviation

number

constant

comment

directiveikey

status

2341 25
systemjdePendenticharacter

Most compuyter systemMs can read and write more
characters than are encompassed in the set of JOVIAL
sign, The entire set that can be handled i{s knov¥ as
the set of characters, The characters that are not
signs are known as systemidependenticharacters,

31100
AL J73

oy
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2351 49, 51, 715
ordinaryitableideclaration

tableideclaration 1=
specifieditabletdeclaration

2361 S, 52, 67, 90, 109, 118, 138, 155, 166, 187, 217, 25%,
252

tablegname g33= name

237y 117
. tablejvariable 13= {temgname 4 index ] @
pointeriformula |

2384 43
WHILE
eOngitionalgsormyla
terminatoriphrase ;= UNTIL

valyeiterminator

2391 207
testystatement 3= TEST Controljvariable )
2401 63

timegdirective 1= |TIME character }




pLg 26=SEP=74 16117 31100
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24118 63
tracejdirective 11= |TRACE ( conditionaltformula )
néme ]
242y 130

typegfunetionscall 3= TYPE ( formula )

243 61
number

upperibound 1%
simpletiteminame

2441 63

usesidirective 1ts |USES datainahe !

2451 97, 192, 246

valuetformyla $1= [ formuyla ]
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2461 238
vajuerterminator =
WHILE valuejformyla Trelationaljoperator variable
UNTIL varjable relationaljoperator valuejformula

2471 S¢ 64 14, 70, 203, 246
pointerjvariable
numericivariable

varlable ii= pltivariable

charactertvariable
formativariable

2481 5, 6, 14, 70, 203, 246
namedjvariab)e

variable g13= lettericontrolivariable
functionalivariable

2491 217, 218

wordinumber 1= number

2501 217

wordsiperjentry (1% number
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2511 130

wordsiperientryifunctiontcall 3t= NWDSEN ( tableéjname
)

252y 207

tablejname
zépistatement 3= 2ZAP !
entrygjvariaole
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' 26 SEP 74

coiumn
6 7
14 15

Code

{C
z

11
12
13
14
15

rev 1, column
rew 7, column
ir JOVIAL

row 12, column
} rew 15, column

Notes)y row 0,

™ O

DLS 26#SEPw74 16317 31100

AL
JOVIAL J73
1 2 3 4 5
9 10 11 12 13
1 2 3 4 5
9 A B c D
space 0 e P
l 1 A Q a
" 2 B R b
4 3 c 8 c
H 4 D T d
% L} E U e
& 6 F v £
’ 7 G - g
( R H X h
) » I Y i
. ! J A b
- ) K [ K
’ < L \ 1
- ] M ] m
. > N n
/ ? 0 o

column 31 zero

3
21

61
41

one
prime, often rendered as a vertical mark

a lowercase letter
an uppercase letter

Figure 2#}, Characters
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tixediconstant value size precision
1940 19 5 0
19A3 19 8 3
19A=2 16 3 -2
2.,3A0 2 2 0
2.3A=} 2 i L2
2.,3A2 2,25 A 2
2,3as 2,28125 7 5
2,3A6 2,296875 8 o
Left Right symbol starts with:
symbol
ends in numeral letter § ’ ' -
numeral SR SR SR SR
SR
letter SR SR S8R SR
§ SR S8R SR SR
e SR SR SR SR
. SR SR
"
SR
Value of the conditionaliformula
0 1
IF Skip the controlledistatement following Execute the

following controlledistatement

this copditignaliformula,
controlledsstatement

Execute the controlledistatement
following the matching

following the matching ELSE

thepn skip the
immediately

ELSE i{f there {s
che,
{1f there is one,
UNTIL Execute the controlledistatement, GO on t0 the
Negxt controliclause v
or exit the loop if there is
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|

|

I wBlw

‘ . 26 SEP 74 JOVIAL J73

no further controliclause, |
|

WHILE Go on to the next contoliclause Execute the
controlledsstatement,
or exit the loop if there

{5 no further controljClause,
bitiformula 110 01011100 01010111
10000101 01111100
padded 00000110 01011100 010101114
10000101 01111100
selected 01011100 01010111
10000101
I
|
@ |
X y X\Yy X v X\Y {
|
|
|
7 0 undefined 3,7 2 0,3
|
1 2 1 4,6 1,5 0.1 |
2 2 0 0,1 1.5 1,4
3 2 i i "2 L}
-3 2 1 3.7 -2 .0.3
P 2 §¢7 3,7 -2 i,
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Character Meaning

I Number of i{nteger bits

A Number of fraction bits (bits after the
point),

Z Maximum size I+A the system normally allows
= fixed and integer arithemetic,

Y An even larger maximuym size I+A allowed
under

evaluationicontrol (often about 2#z),

\ Value,
Second Character Meaningt "Of the,,,"

1 First operand

2 Second opPerand

M Modulus (for x\Y),

N Numerator (for Xx/y or x\Y¥).

D Denominator (for Xx/¥).

I Integer operand (if the other is fixed),

A Fixed operand (if the other is integer),

R Result (preliminary result 1f S exists),

s Result reguired py evaluationicontrol,

B Base {n exponentation,
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|
E EXxponent, |
|
|
|
|
|
|
|
|
|
value of original Value of valyue of |
bitiformyla |
bitigormyla numerictformula resulting from SHIFT
11111 3 11000
11111 wi,7 011114
00000100000 S 10000000000
00000100000 =3 00000000100
101 3 000
101 3 000
101 w2 0014
bitiformula & bitiformuja
resuit
10 1 101
111001 00011110101 11100100011110101%
00010000 0000010 0001000000000140
0 0 00
P q NOT P p OR g p EQV g p AND g P XOR g
0 0 b 0 1 0 0
. 0 1 1 1 0 0 1
1 0 0 i 0 0 1
1 | 0 1 1 1 0
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0 = (assignment) == (exchange)

1 EQV XOR

2 OR

3 AND (logical)

4 NOT

5 8K B E€B IRl € (relatfonal)

- &

7 + -

8 e\ ( with or without evaluyatioenicontrol )

9 e

1 indexing @ ( pointing, evaluationicontrol )

ke ( attributetassociation )

In the algorithm it is necessary to consider several

. ocperands and operations simultaneously, The following

diagram shows the relationships, All are pegded in
relation to the present operand, Any operation may
réplace ¢,

At*BsgCe¢DsEGSF ¥ G#*HS#IO®SJI ®K
the next operation
the prior eperand the next operand
the prior operation the current operation

the present operand

The leftmost Operand O0f the fOrmula {s initally the
Present operand,
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JOVIAL J73

start Evaluate present operand,

The next operand becomes

Evaluate next operand,

ves IS there a current

the present operand,
ves

15 there a next operation
the present

with higher precedence
becOmes the value

than the current operation?
tormula,

ne

Compine the present operand
and the next pperand in
accordance with the current
Exit

operation, The result
bécomes the present operand
(which has been evaluated),
ne

eperation?
no
The valye of
operand

0f the

The prior operand pecones

the present operand,

Yes

Is there a prior operation

:
|
|
|
Figure 4«2, Combination Algorithm :
|
|
|
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ABC XYZ type
Operation Char Bit int Fix

Float

type Converted to
ABC assianment XYZ Char Char Bit Bit Bit
Bit
(ayso parameter Bit Bit Bit Bit Bit
Bit
matching and Int Bit Bit Int Int Int
exchange, both Fix Bit Bit Fix Fix
Fix
ways) Float Bit Bit Float Float Float

ABC arithmetic XYZ Float Note 1 Note 2 Fleat
Float Float
XYZ arithmetic ABC Other Note 3 Note 4 Scale
Scale Float

ABEC relational XYZ Char Note 5§ Int Note 6 Note
6 Note 6

Bit Note 6 Int Note 6 Note 6 Note 6
or int Note 6 Int nt Scale Float
XYZ relationa)l ABC Float Note 6 Int Float
Float Float
ABC & XYZ Char Char Bit Bit Bit Bit
XYZ & ABC Other Bit Bit Bit Bit Bit
ABC logical xyZ Any Bit Bit Bit Bit
Bit
X¥Z logliecal ABC
Indexing, pointing Note 7 Int Int Int
Int

Figure 4«3, Type Conversion

Entrance used ALT ( procedurejiname )
integer statusjconstant
normal 0 V ( procedureiname )
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first alternate 1
alternategentrancetname )
second alternate 2
alternatesentrancejname )
ete, ete,

parameter
gualifiedystatusiconstant
type value

bitiformula 0
V(TYPEBIT)

integersformyla
V(TYPEIINT)

(signed or unsigned)
fixediformula
V(TYPEIFIX)

(signed or unsigned)
fioatingrformula
V(TYPEIFLOAT)

characteriformula
V(TYPEIBYTE)

DLS 26=SEP=74 16117

31100

JOVIAL J73

V ( first
V ( second

ete,

typegfunctiongcall

gstatysjconstant

V(BIT)

1 VCINT)

V(FIX)

3 Y(FLOAT)

4 V(BYTE) |
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JOVIAL J73 26 SEP 74
START
O== skip Al, do A2
A? E=3
i== do Al
O== skip B1 De= skip D1, do D2
(NULL
B? D?
do B2 or none),
skip A2
ies do Bl le= do DI
Skip D2 (if any
and A2
E=2
O== gkip Ci, do C2 (NULL or none), skip B2
and A2
c?
{== do C{

skip C2 (if any), B2 and A2
Exi EXIT
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No terminatorsphrase Terminatoriphrase
No initiali:pnrase, 1A, Leave controlivariable alone,

1B, Sape as 1A except
replacefentiphrase, Execute controllediistatement
execute controlledistatement

or incrementiphrase just once, Zero or onhe time
depending
onterminatortphrase,
Initialiphrase 2A, Initialize controlivariable,
2B, Same as 2A except
only EXxecute controlledistatement execute
controlledistatement
just once, zero or one time depending
on terminatoriphrase,
Replacemepntiphrase 3A, Leave coptreoljvariable alppe
38, Same as 3A except test {n
only ¢for the first execution, Before accordance
with terminatoriphrase
each sybseguent execution of the before every
execution of ,
controlledistatement,replace the the

controlledistatement ==
value of thecontrolivariable, even the £irst one,
Repeat executions "forever",

Inerementiphrase 4A, Same as 3A except add 4B,
same as 4A except
only to value of controlivariable test as in 3B,
instead of replacing value, [
Initialiphrase and SA, Initialize contrelivariable,
SB, Same as 5A except
réplacementiphrase Execute controlledistatement once,
check for termination
Replace vajue of controlivariable before each
execution,

before each subsequent execution,
Repeat execuytions "forever",

Initialiphrase and 6A, Initjalize controlivariable,
6B, Same as 6A, except
{nerementiphrase Execute controlledistatement once,
check fOr termination

Add to valuye of controlivariable before each
execution,

before each subseguent executlon,
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Repeat executions
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"forever",

31100
26 SEP 74

start ALPHA Set BETA to 3 |
= |

!

? 2 o0r 3 Set GAMMA to the |

value of BETA |

!

4 If GAMMA equals 2 :

set BETA to 2 |

5 Set BETA to the |

value of GAMMA ,

Set ALPHp to 7 next

€1, 5 or >6
Undefined
FormatiLists

Input Buffer Fileld e 10C 10C,,
28,3b*bABCD*bABD i *28,3bb"*
*28,3b827bABC*

2 ‘bABCDb’ ‘Ds27bbbb*

3 ‘ABbbbbbbbb* *ABbbbb"*
ALPHABET*ABTHERMOPILED 1 *ALPHAD*
fALPHADBFETS27*

2 *BETS27Abp " fAbbbbb"*

3 ‘THERMOPILE"® *THERMO*

|
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4B3pS3pS3psap 5B5pSSP

Ban! 000 042 616 821 00011 62Q11
Humbug 487 56D 627 567 2BELM MA4TBY

Input Buffer Field SN, 6N, SNSN

|
|
1,2E3"b485bbabY 1 1,2E3 E
|

2 #4585
3 37
+46b7,00015A18, 1 illegal fleld

(contains blank)

2 ,00015
@ ; 3

+SD4D=3ZDDR «SD82828%7 +SD",nzZ" ,"DDR
1573,64 + 1573 1574 11873 + 15,74
- 27 = D027 =27 =27 - 27
c,0 0000 00 0 (¢]y)
=10740 undefined =10740 undefined -
1,07,40
I
|
FormatyLists
Input Buffer Fileld "SPEEDD" ,DDD, "MPH 1DDDSSSES
SPEEDp 100pMPH 1 100 *SPEED"*
2 100
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+22D0D,D22 wdZ#3DR w4Z# w4Z24R
1573,6405 +1573,64 1573641 1573 157
w27  w27,0 =27000 27 -3
0,0 00,0 000
=10740 undefined undefined undefined
=1074
1573,6400 1573,6410 1573,0000
1570,0000
*27 =27 =27 =30
0,0 0,0 0,0 0,0
undefined yndefined undefined
=10740
+,6DE+3ZR wSDE6ZSESm3Z# =83D ,SES«=3DR
+53#5D8ES+832
« 39,7528 +,397528E42 397528 E 1 398, E
=001 + 39752 E + 4
=,008711246 »,871125E=2 = 8711246 E =3 = 874, E

=005 = 87112
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PROGRAM AA
XX (tableiname)

PROC BB
XX (iteminame)

PROC CC
no occurrence of XX

PROC DD
XX used but not declared

PROC EE

Figure 7«1, 8Scope of Names

Serial Structure Parallel Structure

i1st half AB(O] 1st half AB(O]
2¢ half AB[O) ist half AB(1)
XY(o) ist half AB(2)
i1st half AB(1) 1st half AB(3)
2d hal¢ ABIL1) 24 half AB(O)
XY(1) 2d half AB([1)
ist half AB(2) 24 half AB(2)
2d half AB(2) 24 half AB(3)

XYr2) XY(0)
i1st half AB(3) XY[1)
2d half AB(3) XY[2)

Xye3d) XYr3)

Example; Table MN has 2 items, AB and Xy, and 4 entries, 0,
1, 2+ and 3,

Item AB occuples 2 words,

Item XY occupies 1 word,
Nete} 12 consecutive computer words are shoWn in each
illustration above,
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Figure 7«2, Serial and Parallel Table Structure

Tight Structure

entry (0) entry (1) entry (2]

entry (3] entry (4) entry (5]

A table of six entries is mediuym packed,
the word,

OVERLAY AA, AB, AC i BA, (BX @ BY, BZ),
AC AA AB
BA BX BC
BY BZ

three entries to

BC
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wG5=-
. 26 SEP 74 JOVIAL J73
RELATED STRUCTURE AA,100,(BB 1 EE) CC,EE,DD
200,FF¢GG & DD
L ]
cc AA AA (o]
100 100 |
»
EE BB BB
EE

". DD DD

200 200
FF FF
GG GG |

Figure 7=4, Allocation of a Related Structure |

ehtrance numper statusiconstant

normal 0 V( procedureiname )
first alternate 1 Ve
alternatejentrancegname )

second alternate 2 Ve

alternatejentranceiname )
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RELATIVE WORD

0 1
i 2
2
3 1
“ 2
5
6 1
7 2
8
9 1
10 2
11
12 1
13 2
14
i5 i
16 2
17
18 1
19 2
20
21 i
22 2
23
24 1
25 2
L
.
.
62
63 i
64 2
65
66 1
67 2
68
69 1
70 2
71

Figure 10w{

06w

SERIAL

AB[0,0,0)
AB[0,0,0)
XY[0,040)
AB[0,0.1)
AB[0,0,1)
XY[0,0,1)
AB(0,1,0)
AB[O,1,0

XY(0,1,0)
AB(0,1,1)
AB([0,1,1)
XY[0,1,1)
AB[0,2,0)
AB[0,2,0)
XY(0,2,0)
AB[0,2,1)
AB[0,2,1)
XY(0,2,1)
AB[0,3,0]
AB[0,3,0)
XY(0,3,0)
ABLOs3,1)
AB[0,3,1)
XY(0,3,1)
AB(1,0.0)
AB[1,0,0)

L]
XY[2,2,0]
AB(2,2,1)
AB(2,2,1)
XY(2,2,1)
AB(2,3,0)
AB[2,3,0)
Xytrz,3,0)
AB[(2,3,1)
AB([2,3,1)
XY(2,3,1)

D DN 50 i 5n s s B B e e 5 e e R e e e e e e e e R e b

DLS 26=SEP=74 16317 31100
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PARALLEL

AB(0,0,0)
AB[0,0,1]
AB[0,1,0)
AB[O,1,1)
AB(0,2,0)
AB[0,2,1)
AB(0,3,0)
AB[0,3,1)
AB(1,0,0)
AB(1,0,1)
AB(1,1,0)
AB(1,1,1)
AB(1,2,0)
AB(1,2,1]
AB([1,3,0)
AB(1,3,1)
AB(2,0,0)
AB[2,0,1)
AB[2,1,0)
AB(2,1,1)
AB(2,2,0)
AB(2,2,1)
AB(2,3,0)
AB(2,3,1]
AB(0,0,0)
AB(0.0011

XY(1,3,0]
XY(1,3,1)
XY(2,0,0)
XY(2,0,1)
XY(2,1,0)
XY(2,1,1)
XY(2,2,0)
XY(2,2,1)
tha,Jlol
XY(2,3,1)

Indexing and storage Allocation
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0=1
22#31

0
BB(0,1)
1
BE (0, 4]
2

BB[0,7])
3
BEB(1,2]

K
BB(1,5])
]

BE[2,0)
6

BE[2,3)
7

BE[2,6)

8
BE[3,1)

9
BR(3,4)
10
BB(3,7])
11
BRl4,2]
12
BB(4,5)
13
BE[(5,0)

Figure 10e2

2=11

BE[0,2)
BE(0,5)
BE[1,0)
BE[1,3)
BB[1,6)
BE(2,1)
BB[2,4)
BB(2,7)
BE(3,2)
BE[3,5)
BEL4,0)
BE(443)
BE[4,6)
BE(S,1)
BE(5,4)
BB(5,7)

Bits
12=21

BB[0,0)
BB [0, 3)
BB[O,6)
BB[1,0)
BBI1,3)
BB[1,6)
BB[2,0)
BB([2,3)
BB[2,6]
BB(3,0)
BB[3,3)
BBL3,6)
BBL4,0)
BB[4,3)
BB[4,6)
BB5,0)

BB[5,3)
BB(5,6)

wG7-

22=31

BB(0,1)
BB(0,4)
BB(0,7]
BB(1,1)
BB(1,4)
BB(1,7)
BB2,1)
BB(2,4)
BB(2,1]
BB[3,1]
BB[3,4)
BB[3,7]
BBl4,1)
BB4,4)
BB[4,7]
BB(5,1)

BB([5,4)
BB(5,7)

DLS 26=SEP=74 16117 31100

0=1
bB[0,2)

BB[0,5]

BB(1,2)

BB[1,S)

BB([2,2)

BB(2,9)

BB(3,2)

BB(3,5)

BB(4,2)

BB(4,5)

BB(5,2)
BB(5,5)

2=11

JOVIAL J73

Bits
1221

BB[0,0)
BB(0,3)
BB(0,6)
BBL1,1)
BB(1,4)
BB(1,7)
BB[2,2)
BB(2,8)
BE(3,0)
BE[3,3)
BB[3,6)
BBl4s1)
BB4,s4)
BBL4,7)
BB [5,2)
BB (5,5)

Indexing and Allocating Tight Structure Tables
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Interim Report

BACKGROUND i
Maj, Smith AFCS called IS at the suggestion of Col, MeGinnis, 1a

Maj, Smith asked that someone from here call Sgt, Mixon,

AFCS/DOMA, 465#2295 to provide AFCS with information on whether or

not there i{s commercially available egquipment at their price(about

$1K per month per installation) that they can use in satisfying

their reguirement, ib

PROBLEM1{ 2

AFCS has stations worldewide that they would like to replace,
There are & total of 12 locations, The locations seem toO consist
0f low data rate relay stations, The major job is to call up
preformatted message forms which include the addresses, Teletypes
which activate a tape puneh directly are used To £ill in the
message information, After a Nnumber of messages have beenh put on
tape the tape is read i{nte a tape reader which puts out the info

for the comm lines, 2a
The maximym message size is twelye 70 character lines, The tape

‘ itself is five level Baud 0 code which is 11/16 inch wide, 2b
The baud rate is only 50, 2¢c

They would like to replace the present equipment, up to the peint
where the tape itself {s punched, by three CRT's and a *black box*
that can be used to call up the formats, £i11 in the blancks and
insert the messages, edit on line, store the work of three men in
one location where the information can be output in a single
stream to punch the tape that gets carried over to the tape reader

and then out over the comm lines, 2d

They figyre they can save 48 people if they can get this equipment

set up and properly werking, 2e
COURSE OF ACTICNg 3

Start with the terminal study that was done in ISIM (the reason we

were given this honor in the first place), 3a

Cheek with ISF to see what they can contribute, i

Check with Jim pope who should be ‘up® on these typees of things, 3c

Call Sgt, Mixon by this Friday or by Monday at the latest, 1If not
by then, then the call should be the following Frigday(TDy), 3a
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DISCUSSION WITH FRANK TROILO;

Frank gaye the opinion ¢hat the technology is ayailable to do this
however, the equipment that is available is al]l eight level code
which is not compatible with the five level code that is presently
in use,

His tirst syggestion was that they get rid of the tape pynchers
and tape readers and go direct]ly to the comm input, I explained
that they didn’t want to make waves that blg,

His second suggestion was that they throw oyt the slow 50 baud
network and substitute a modern high gpeed eight paud level net,
I indicated that probably You couldn’t do that for about S$1K per
month,

I thipk that Frapnk’s suggestions are goped, or at least similar to
the ones I would make myself, but ,,,

The next reasonable algernative is to byild a conyercer to cyt
eight baud kack to five baud jeve;, But this throws away a let of
capability that you paid for in the first place and limits the
character reportory,

Frank indicated that he was Quiee heayily loaded and yOyld Prefer
not to taxe the thing over at this time, but he said he would be
glad to aect as a consuyltant,

DISCUSSION WITH JIM POPE

The call to pope resulted in some interesting revelationsi

1, AFCS has already completed a study and come up with eXactly
what we were asked to do, The fbosses” in NCA like it and want
ot buy a version for cheeckou, but the Sergeants do not, So
things have come to a screeching halt,

2, Dave Griffin of Comm has done a study on the same problem
for AFCS and come up with a 850K solution for the first model,
He has been checking wwith Jim Pepe also,

3, We are apparently the ones that AFCS has chosen to go to
for a third opinion,

Jim agreed to call Sgt, Mixon to day, He will let me Know what
happens as a result, (Jim knows both Maj, sSmith and Sgt, Mixon)

31101

4a

40

4c

4d

de

4t

5a

Sal

Sa2
sa3

Sb



Pso Schedule

The schedyle for Donna and Sharon {s identical

Moenday 1030
Tuesday 1230
Wednesday 1030
Thursday 1230
Friday 1030
Duayna is scheduled
Monday 1430
Tuesday 0815
Wednesday 1500
Thupsday 1430

Friday 1430

= 1700
= 1700
= 1700
= 1700
= 1700
fori

= 1700
= 1000
= 1700
= 1700

= 1700

(every other week)

and 1530 =~

1700

EJK 27«SEP»74 09146 31102

1a
ib
ie
1d

ie

2a
2b
2¢
24
2e
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PTI meeting

Meeting with PTI 9«25«74 1
Present were! 1a
Dr, Elizabeth Cuthill (NSRDC) lal

Larry Avrunin (NSRDC) 1a2

Frank Brignolil (NSRDC ial
Arleigh varisham (?) (PTI 1a4

Stan Goldbera (PTI) 1as
Regional Manager 1a8a

Urban Technology System 1asb

Public Techneloagy Inc, 1as¢c

1140 Connecticut Ave, N,W, 1asd

‘ washinqton, D,C, 20036 lase
Tely 202»223+8240 ias¢

Mr, Joseph D, Antinucci (NSF) 1a6
Program Manager laga

Federal Laboratories Liaison 1aéb

pffice 0of Intergovernmental Science and Research Utilization 1aé6c

Room 601 laéd
National Science Foundation labe
1800 G St, N,W, 1a6t
washington, D,C, 20550 1469
Telr 202#632+5924 1aéh
Discussed; ib

Mr., Antinueci of NSF isg program manager for a DOD consortium of
Army, Navy, and Air Force labs (approx, 30), This is becoming a
. federal consortium of labs and is expected to grow to include
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non=pOD labs (maybe 700 throughout USA), They want technology
transfer from DOD outs Currently such transfer occurs thru
meetings, telephone calls, etc, They might like to aytomate it,
(This is the part amenable to NLS), They also have an
information acquisition and dissemination problem; mentioned
NTIS & 1498"s as example, (this is the part not directly
addressed by NLS) they will econtinue to have a problem for some
time to come),

Messrs, Goldberg and Marlsham (?) are members of Public
Technolegy Inc, (PTI), a not for profit organization organized
by a number of state and local government associations, They
are 3 months into an NSF funded 53 month experiment in which
they have set up a network of 27 cities and counties with
populatiens in the range of 50K to 500K, In each one, they have
placed & staff technology agent (a technical manager {f I
ynderstocd correctly) who works with the city to identify
problem areassetc, amenable to technology trangfer, They want a
automated system that would allow their agents to commynicate
sueh items as problems, solutions existing and proposed, and
background research material, (They fall, in my opinion,
directly under the umprella of NLS services),

I demongtrated NLS to them, offered to allow them experimental

yse of the system under our group, and suggested they contact
ARC directly for a detailed explanation of the NLS service,

31103

ibd

ib2

ip3
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Feedback on NNLS

This file has two purposest 1
Give me a file to play wieh while I learn NLS=8 ia
To docuyment some of my findings as I go along, ip

NOTA BENE} THIS IS A PERSONAL FILE WHICH I MAY CHOOSE TO MAIL FOR
THE PURPOSE OF LETTING SRI KNOW MY REACTIONS, TAKE THE COMMENTS IN
THE SPIRIT IN WHICH THEY ARE QFFERED, THERE IS NO INTENT TO SLANDER
OR LIBEL ANY INDIVIDUAL OFR ORGANIZATION, EXCEpT POSSIBLY *THEY®

WHICH I8 UNDEFINED AND INDEFINITE, 2
25 Sep 74 3
The PROCESS command does not seem to exist {n the TTY mode, All I
am abjle to get {s print and playback, 3a
27 Sep 74 -

1 think Stoney repoOrted that he was uynable t0 get a printfile
going 4{n any O0f the modes, I to0 have managed nothing except to
get the header in, 4a

. In addition I can’t seem to £ind something in NLSe8, that Works,
that will do the pld ODT, 4b

In the SENDMAIL subsystem, I think I indicated earlier that the

Source request confused the nell out of me, put I got that squared

away, Today I didpft use the ipterrpggate Command as I usuajly do

for mail, So I went through it by myself without the prompts from
interrogate, When I got to the point where I wanted to tell it

where the material was ] typed an s and got sendamail, SO went to

HELP after 100king oyer the meny that I got from the ?, While in

the HELP I typed source and was told HELP couldn®t f£ind it., S0 I

tried a 7 scmetime later and vas told 7 is not available call ARC,
Consider yourself called, e

I am f£inding the HELF helpful, now that I have gottenh some
experience and have & teel for its capabiites and, forglive me,
limitations, 44

The pew feature of having the command §o away after it is executed
takes a little pit of getting used to, BUT, at least it i5 a
| failsafe feature, I screwed up on occasion when I forgot that my
last command was a jump or a delete using the *old® NLS, qe

Inserting statements, I f£ind the control b and the control e
options very helpful, particularly on the TTY, combining them
. with the feedback option for levadj, should make {t relatively
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simple for novices to keep track of what they are doing on the
TTY,

Sep 74
My major complaint is that the system is SO slow,
Secgond comes the ipability to make a print copy,

Third I guess is the absence of the userwprogs, otherwise things
Seem to pe running fairly smooth on the IMLAC, 0Of course, I have
not gone toec far intc some Of the new features, First I am trying
to see what {t takes to transition from NLSe7 to =8,

My conclusicns tO this point are that the IMLAC user will not have
too Much treuble in doing his daily work i{n his accustomed Mapner,
As he develops skill he will start using the new features in much
the way people have been doing all along, The TTY user, flying
blind as it weres is going to have a very difficult time, I feel
that soMe intengive retraining is needed, Since most of our users
here are TTY users I think we have a problem that calls for a
serious lock at our training requirements,

31104
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This is several pages long don’t print it out on a teletype terminal,
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BACKGROUND ¢

Maj, Smigh AFCS called IS at the suggestion of Col, MecGinnig,

Maj, smith asked that someone from here call Sgt, Mixen,
AFCS/DOMA, 465%2295 to provide AFCS with information on whether or
not there is commereially avallable eauipment at their price(about
$1K per month per installation) that they cap use in satisfying
their reguirement,

PROBLEM;

AFCs has stations worldewide that they would like to replace,
There are a total of 12 locations, The locations seem to consist
of Jow data rate relay stations, The major job is to call up
preformatted message forms which include the addresses, Teletypes
which activate a tape punch directly are used To £1ill in the
message infermation, After a number of messages have been put on
tape the tape is read into a tape reader which puts out the info
for the comm lines,

The maximuym message size is twelve 70 character lines. The tape
itself is five level Baud 0 code which i{s 11/16 inch wide,

The bauyd rate is only 50,

They woyld like to replace the present equipment, yp to the point
where the tape itself is punched, by three CRT's and a *black box'
that can be used to call up the formats, £ill in the blancks and
insert the messages, edit on line, store the work of three men in
one location where the information can be output in a single
stream to punch the tape that gets carried over te the tape reader
and then out over the comm lines,

They ficure they can save 48 people {f they can get this equipment
set up and properly working,

COURSE OF ACTICNi

Start with the terminal study that was done in ISIM (the reason we
were given this honor in the first place),

Check with ISF t0 see whae they can coneribyte,
Check with Jim Pope wheo should be ‘up’ on these typees of things,

Call Sgt, mixon by this Friday or by monday at the latest, If not
by then, then the call should be the following Friday(TDY),

31108
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DISCUSSION WITH FRANK TROILOy

Frank gaye the opinion that the technology is available to do this
however, the equipment that is avallable is all eight level code
which is not compatible with the five level code that 1s presently
in use,

His first syggestion was ¢hat they geer rid of the tape punchers
and tape readers and geo directly to the comm input, I explained
that they didn’t want to makeé waves that blg,

His second suggestion was that they throw out the slow 50 baud
network and substitute a modern high speed eight baud leve)l net,
I indicated that probably you couldn’t do that for about glK per
month,

I think that Frank’s suyggesStions are good, or at least similar to
the ones I would maxe myself, but ,,,

The next reasonable alternative is to buyild a conyerter to cut
eignht bayd back to fiyve bayd level, But this throws away a lot of
capability that you paid fOr {n the first pPlace and limits the
character reportory,

Frank indicated that he was quite heavily loaded and woyld prefer
not to take the thing over at this time, put he said he would pe
9lad to act as a consultant,

DISCUSSION WITH Jlm POPE1

The call to pope resulted in some interesting revelations!

1, AFCS has already completed a study and come Up wWith exactly
what we were asked to do, The ’bosses’ {n NCA like {t and want
to buy a version for checkout, but the Sergeants do not, 8o
things have come to a screeching halt,

2, Daye Griffin of Comm has done a stydy on the Same preblem
for AFCS and come up with a8 $50K sojution for the £irst mode},
He has been checking wwith Jim Pope also,

3, We are apparently the ones that AFCS has chosen to go to
for a third opinion,

Jim agreed to call sgt, Mixon today, He will let me know what
happens as a result, (Jim Knows both Maj, Smith and Sgt, Mixen)
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DISCUSSION BETWEEN JIM POPE AND SGT, MIXON:

Jim Pope told Sqgt, Mixon of the work that tnhey did at NCA on the
problem of replacing the teletype/tape punch equipment with
display terminals,

Although there are a number Of of yays Of soying their problem,
the cleanest solution seems to be the Raytheon UPI Editing System,
This consists 0f a mini-computer with as many CRT*’s as you want,
Three is well within the capabiliity of the mini=, The system
uses Cassette tapes and is a five level Baud 0 system that was
designed for sueh use, The Kicker is that the system sells for
about 50K and I have no idea of what it would rent for but 10 to
12K per year i5 not uUnreasonable,

The Raythecn point of contact {s Dan Kelly 443=9521 x2341, (Can
get him threugh HansCom SwitChboard)

STATUS

There are 0f course, many alternatives, 0One of these i{s the use
0f the Beehive terminal with a suitable means Of getting the
tormats stored sO that they can be inputted to the internal logic
Of the display terminal and displayed so0 that the Messages can be
inserted, Then a sendprint type 0f command would output the
stored Messages to the punch,

Jim proposes the use of a SyKes recorder and Frank Troilo suggests
the use of hardwired boards te provide the fixed formats,

1 will do a little more homework and then call S9t¢, Mixon,
Discussion with Frank Treilo

I revievwed the situation and what I had been able to determine
with Frank, We agreed that the five level Baudot code was a
limiting factor and the Raytheon approach, which seemingly was
designed to do the job that AFCS was after, seemed to be the best
one, It {s possible by doing a lot of work, maybe 2 or 3
man=months we Might be able to come up with something better, But
this does not appear to be either desirable or costweffective,

The Super=Bee/Tape Cassette seems an interesting possibility, but
again there is a limit inasmuch as it is eight level and again we
Would need a way to cut back to five jevel,

Frank said he has the specs and will check to see {f any of these
machines have a five leve)l optiep, I told him tp Cool it until
after 1 called AFCS,
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We discussed the five level code and the fact that it i{s outmoded
and should be replaced, Agreed I would ask about the code,

Telecall to Sgt, Mixon

The first part of the call was a replay of what we already Knew,
The only adéitional innformation was that the five level Baydot
and the 50 Baud per second rate is required by the Comm systems
with which they interface,

The two systems are the Autodin and the IKO (International
Communicatiens Organization)

Although ‘trey’ have been threatening to update these to modern
eight level code fOr the last several years it has not been done,

The changeover is however still planned for the fyture, I alerted

the Sgt, t¢ the fact that whatever they buy it Must be capable Of
changing oyer to the eight level when the time cOmes,

I discussed with him the possible alternatives that I had picked
out of the thousands that are probably avallable, These were}

The Raytheon UPI System

The Supercee terminal - with some method of storing the
formats, Tape Would be my first choice,

The Teletype Corp Mode)l 40 = whiech was designed as a
replacement for the model 33 and the ruggedized 33,

The MILGp model 40+, Designed to compete with the mode]l 40
The VT.50 DECscope
The Bendix message orjented CRT,

1 pointed out to Sgt, Mixon that basjically he faced two optionsi

He could opt for inexpensive terminals tied to a fairly
expensive mini-computer,

He could go for the more expensive ’{ntelligent’ terminals,

The cost of the hardware using either of these two options wouyld
be roughly comparable,

In addition I Pointed out to him the dangers of selectina
equipment and trying to configure a systeMm ysing components not
designed to play together, I suggested that the best option for
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him at this time {s the Raytheon, Strangely enough he din"t seem

to be interested in anything except the cost, Then he indicated

that AFCS needed to perform a Costweffectiveness study to get any
approval to do anything, His major goal seems to have been to

assure himself that something can be bought on the commercial

market and to determine the approximate cost of that something,

He stated that {n any event AFCS woyld go oyt open bid, 9q

I recommended to him that he get a copy of the current Modern Data
1918gpfor a review of the current state of the art and a

l1isting of the most prominent, and stable manufactureres, In

fact, I offered to send him a copy but he wasn’t {nterested, I

guess he already had all he needed, 9h

FUTURE ACTION} 10

It was left at the level of "pon’t call us =~ we’ll call you, He
has my name and humber and I fervently hope he lO0ges them, 10a
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My travel this week == 10/2 =10/4#5

I am *forced’ to return to "God’s" country, tO attend Meetings at the
Army Labs located at NASA/AMgS, 1°'ll arrrive wed, 10/2, around noon,
I*'1] drop by to spend some time with you and your people, 1°d like
to ¥Work out a few mysteries on/ip NNLS, Alsp have further
conversations with JHB, et al, regarding BRL training sessions, 1’11
be glaad to spend late hours, after we finish oursessions at ANES ==
even Sat, am is a possipllity, Will see you Wed, afternoon,

STAN

31106
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.copy of Bedford to Ruggles memo re coop’n between grolups

Well, Inez Mattiuz is now fully debriefed after your Architect’s
workshop on the west Coasty she related how a number of you arch’s,
were less than enthusjiastic about the support provided to date by
ARC,

She also mentioned that the arch’s, were planning to get together
informally to exhange information and Opinions regarding use of the
system, and I agreed with her that this seemed to be a fairly
promising alternative given the current state of affairs,

In this context, I was wondering if you or any of your staff would be
inerested in speaking with either Inez, or Penny Napke, the
programmer nhere who is developing the info, ret*l, package (based on
the Content AnalyZer subsystem) for our use in H,@, Planning, I Know
we talked about this possinlity when we last met (first met), and I'd
1ike teo know if you feel this would be an appropriate time,

Inez and I would be interested in any othe ideas you might have
relating to the exchange of information netween our two groups, 1
think we all recognize that (whatever its shortcomings) we have a
pretty valuable tool here, and wefre interested {n exploring its
potenti{al for putting groups such as yours and ours {n closer touch,
Look forward te hearing from you,
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o This is a subset of on of the nsw reports,for your info,I have to
free up some space,

journal it to

31109
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THE NATIONAL SCFTWARE WORKS 1
INTRODUCTION 2

The prodyction and maintenance of large programs {s still an

outrageoysly expensive activity, The costs are not only high, but

also difficult t0 prediect or control, Aside from the manifest

payoffs derived from the use of compilers and (sOme) operating

systeMs and a certain amoynt of improyvement experienced by

programmers who code interactively, it is not at all clear that

the last twenty years of research and development in programming
technology have made any serious dent in the problenm, 2a

Thig sityation is particularly interesting in the light of a
general suspicion that, in principle, the problem ought te be
eaged by the creation of petter software to support the progranm
production and maintenance process for surely a 9reat deal has
been spent in the effort to invent just such software, The
reasons for our fajlure are arguable and a variety of hypotheses

haye been put forward 2b
= that the necessary tools == or, at least, many O0f them ==
exist in the research centers byt are not being effectively
’ delivered tO the practical programming community bl

= that feedback from the user coOmmynity hag i{ngufficient
influence On the research laboratories, sO that research
emphasis if unNrelated to user needs 2p2 |

= that the Necessary tools exists but are diffysed Over a
variety of hardwares in many physical locations) the problem is
that of difficulty of access, 2b3

Each of these hypetheses =« and the list may readily be extepded
== doubtless contains a certain amount of truth, and collectively
they surely sudgest that dramatic improvements in the way programs
are puilt are less likely to come from mardinal improvements in
present tocls (or the invention of some magical new one) than from
petter metheds of tocl access and delivery, and better
communicaticn between research laboratory and end user,

The idea of a National Software Works (NSW) on the ARPANET (1)
arose fairly maturally from these considerations, If some number
of end users were put on the network, and enough additional

offwthewshelf software were brought uUp on the network to supply a
complete set of conventional tools == compllers, documentation
alds, depugeing systems, etc, == for normal program development
work, some useful results might be expected to followi:
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# The user would immediately have more convenjient access to
standard tools unavailable on his own hardware (Or seldom
available if his hardware i{s often tied yp running production), 2d1

# The user would find it easy to access novel tools in use at
research facilities presently on the network, but not otherwise
avallable to him, 242

# Contact between the research laboratories and the user
ecommunity would naturally improve, 243

In sum, the NSW might poth immediately improve the present

situation of the user, and in the long term, provide an effective

vehicle for the communication of need from user to researcher and

of responsive tool from researcher to user, 2e

It was soon recodnized, however, that a viewy of the NSW as a mere
lashwup of tools wWhich happened to reside on the ARPANET would be
extremely shortesighted, The fact that all programmer contact
with tools would pass through a common communicati{on mechanism
with immense computing resources created a golden opportunity for
the study == and perhaps control == 0f the whole process of large
program creation and mainrenance, This thoyght was particularly
. attractive in the light of our feeling that one Of the most weakly
supported areas in the produyction and majintenance process is
project manageMent: the abseénce 0f any to0l which Keeps track of
what is going on, relating particular programmer activities to
each other or to the overall picture, appears on the face of it
rather a bad idea, 2¢

To clarify the sort of suppoert we have in mind and to suggest its
influence upon the NSW design, we will digress briefly to talk in
general about the program production process, 29

THE PROGRAMMING PROCESS 3

In the production of a larde program, numerous programmers

cooperate in a venture whose end product is, {n some sense, a

single entity, In the course of their work toward this goal,

programmers prepare, edit, and manipulate a very large number of

plieces of "text" of various typest routines in a programming

language, data descriptions, structured data objects, modules of

cbject code produced by a compiler, assemblages o0f such modules

linked together by a 1ink editor, items Oof program documentation,

and so0 on, v 3a

To the degree that all of these types of text are either
machine=processable Oor machine=producible, it is reasonable to say
. that they are all either prepared (and repaired) by programmers or

IR R e O T R e s L
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produced by "tools", by which we mean elements of support scoftware
invoked by programmers to operate on pieces of text,

The pnumber of Such pieces of text which come into existence in the
Course of a large project can be astronomical, and even the number
in some kind of active status at a particular time i{s likely to be
huge, It ought to be clear that any absence of control over this
large and shifting {nventory material is an invitation to
confusion and the almost tota)l absence Oof any support software for
"{nyventory control" might have something to do with the high and
uncontrolled ¢Ost of program produyction (and perhaps something to
60 with our difficulties in figuring out what we are doing wrong), 3¢

Suppose by contrast that the total inventory of text pieces were
explicitly recarded as one logically integrated data base == the
Project File == and that some plece 0f support sOftware were
charged with the responsibility of managing that data base, This
plece of scftware = for the moment, let us call it the File
Manager = would, of course, Xeep booKs on the contents of the
Project File, These bookKs ¥would inelude not only the character
and status of each {tem in the Project File, but also its
relationship to other items in the File (that A 1s a later version
of B, that ¢ is the object code module corresponding to COBOL text
. D, and so on), 3d

It should be obvious that, if we have designed the books correctly

and arranged matters so that they are ajways kept accurately and
cempletely, they provide the data crucial to any serious attempt

by management to explore or control what is happening in the

project, Je

It is, 0f course, essential to any interesting use 0f the project

books that they be always complete and correct, that there be no

path on entry to the Project Files unguarded by the File Manager,

This suggests strongly that an individual programmer’s use c€ his

tools =~ at least when that use yields a nonstransitory (filed)

result == must always be reported to (and, perhaps, controlled by)

the File Manager, if

To arrange ratters so that this requirement is met is extremely
diffjcult when the support software designer is confined to the
resources of a particular local hardware; ¢to Keep the File
Manager and its bocks effectively on line at all times may be
insupportably expensive, 1Indeed, if a projects development Work
is pertormed on several computers With no communication among
them, it may be logically impossible to create a reasonable File
Manager, Thus, it {5 not surprising that there has beéen no
serious attempt to provide a facility of the sort we have

. described; at least the naturalness, if not the feasibility, of
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the idea depends on a unification and scale of computing resource
found only in gigantic machines or in networks,

THE NSW ENVIRONMENT

Against the packground of our feeling that serious progress in
rationalizing large program production will come less from the
polishing of particular tools than from a frontal attack on the
issue of improved access to tools and centralized management of
the vast inventory of text floating around a larde project, the
logic of our strategy fer the National Software Works becomes easy
to see,

= First of all, it {5 our intent to Put a projects programmers
on~iine tc the ARPANET, This has the immediate effect of
giving them access to many tools unavailable On their own local
hardware,

= Second, we will sypply interactive editing packages, both a
general text editor and editors which "speak" one or two common
programming languages’ the effect 0f such tools in facilitating
program preparaticn and modification i{s too well Known to
require any defense here,

» Third, projects will be able to store these files on yery
inexpensive on=line mass storage devices (the patacomputer
t2)), 1his should relieve a considerable part of a projects
16cal offeline file maintenance proplems, and faclilitate
joadesharing, when the projects local computer is busy,

= Fourth, a File Manager will be always on=line monitoring the
content and structure of the projects fijes and keeping the
books up to date, as text pieces are created and manipulated,

The presence of the first three facilities will permit the project
to conduct its business more or 1ess as it does now (using the
same languages, the same tools, etc,) with certain improvements in
ease Of too) access and foreign hardware access, editing, and
file management, In addition, the project may, at its option,
experiment with the use of different tools gcattered arouynd the
network,

The fourth fecility opens the door to some genuinely new ways of
controlling projects in the future, To pegin with, a fairly
powerful guery system will be provided to answer questions about
any filed entitys what it is, where it came from, what other
entities depend on it, ete, Later we will introdyce a variety of
experimenta)l tools for project control which yse the File
Manager®s books as their primary data or use the fact of the File
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Manager’s existence a&s their means of inyvocatjion (after all, the
later provides a single control point "awakened" every time
anything interesting happens), Here are sOme proposed toolsi 4c

# Project Status Reportery This relates the present status of
the files t0 the overall project plan (in machine=readable :
form), identifving pottlenecks, critical paths, ete, 4ci

# Project Accoyntant! This prodyces reports on the frequency
and cost of various patterns of activity interesting te project
manadement, 4c2

# Policy Enforcer: Eyerybody in Section A myst use the same
version cf functicon X) ne prodrammer may link up twWo routines
until each is adjudged debugger by a section managery no
programmer may start depugging until all his cede is writteny
no proQrammeér may write any code for phase 2 of the project
until he has written all his code for phase 1; no programmer
may start writing a newy routine until his last is documented,
The aboye list cf (rather inane) policy dicta are meant to
suggest & large family of more reasonable policies which might
apply tc some or all programmers at various phases of a
project, 1If a playsible way Of expressing such dicta in

. machineereadable form can be developed, it is no great trick to
devise a toCl which {s invoked by the File Manager to verify
that the present action of some prograMMer is consistent with
policy, s© that the action may be inhibited or permitted
accordinaly, 4¢3

The use of such New tools by the project wouyld 4d

of course, ke opticnal, 1In any event, the research community can
make use of such tools to collect the data it needs to discover
what makes prodram development and maintenance so expensive, de

SUPPORTING TECHNOLOGY 5

Virtually all multieprogram operating systems have attempted to
create a suitable pregramming envirenment by providing a set of
tools, Some merely provided a library from which tools could be
selected one at a time by the programmer, onthers, like MULTICS -
{3), CPw67 4), VS !5), and TENEX [6), have provided an oneline
environment for program building and debugging, 5a

All of these systems have been buyilt on & single computer and this
has severely limited their capabijity to pProvide the type of
enyironment described in the previous section, 1In fact, until
recently a combinaticn of several such hardware and software

. technical problenms existed wnich prevented the conception and
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implementation of this type of environment, These problems and
thei{r solution in the NSW are given below, S5p

1, 8ingle machine implementation (all tools provided had to exist
on the same machine)r Computer networks, such as the ARPA Network
(1), have established a communication mechanism whereby
Cooperating programs i{n different machines can function together
as a single system (the technical basis for eliminating these
problems are provided by computer networks, centralized mass
storage, the Programmer*s Interface (7), ACTORS (8), and Execution
Machines (see SYSTEM DESCRIPTION section below), The Programmer‘’s
Interface nas utilized this net technology to create an on=line
programming environment combining tools which run on different
machines, 5S¢

2, Non=integrated "toolw=atea=ti{me" systemMsy current systems
either segregate theiyr tools into non=interacting conponents which
are invoked one at a time or else provide highly complex
integrated versions of these with the interactions between them
built inte the systems themselves, The type of programming
environment we envision requires that actions or events in one
part of the system permeate throughout the rest to maintain
consistency and coordination between the component parts, The
. concept of ACTORS, by externalizing and removing the control and
communicatien between the component parts, greatly simplifies
constructing an integrated and coordinated system, Sd

3, Machine Independénce; althouygh tools rynning on different
machines may be integrated into a single one the technology does
not exist te run a single program on severa) different machines
and obtajin the same results, Therefore, software being produced
must be executed and tested On the machine for which it is
intended to ruyn in produyction mode, Thus, {f the software
enyironment is t0 be used to produce programs for more than one
machine, each Of these must be hooked in throuygh the computer
Network and & small portion ©f the system replicated on each
Execution Machine to provide for translation and run=time
monitoring capapilities, The rest 0f the software enyironment is
common and can be shared {ndependent of the machine for which
execution is intended, Se

4, Langyage Independencet cyrrently, i{f software is to be
produced for more thap one language then the tools must either be
duplicated in separate and distinet integrated programming
environments, Or elsé available in a noneintegrated tool=ateaestime
mode, The ProGrammeres Interface has shown that many of these
tools are language indepeéndent or only slignhtly language dependent
and has demenstrated how such tools can be extended to handle a
‘ wide set of programming languages, It utilizes tne programming
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| tools (editers, file systemMs, debuggers, Programmer’s Assistant
[9), etc,) developed for one language (LISP [10)) for the
development of sOftware in other lahNgyages (e,g.¢ ECL [111), It
has established interface reguirements for other languages whiech
would greatly reduce the effort required to transform these from
simple interactive programming languages into an extensive
programming environment, St

5, Economicsi in addition to the costs of creating an

appropriate proSramminG epvironpent, addressed abpve, there are

several econcmic factors which currently limit the use and utility

of existing programming environments, Most machines are sized for

their production requirements not their development ones, Hence,
typically they do not contain enough mass storage for the files

that would be required in an on=line environment, nor enough

memory to suppoOrt both the code being developed and the tools for

that developrent, Sg

Additionally, access to the System {s limited by the priorities oOf
the prodyction wory load, Networking and economies of scale
provide solutions by providing access to a system specifically
designed and sized for software development and on which no
production workKlcad exists, Changes would be based on usage and
. development costs for the system spread over a mueh wider
community of users because of the langyage and machine
independence aspects of the system, In addition, very cost
effective mass storaye can be provided (by the Datacomputer (2))
which provides a trillion bit oneline memory at a cost of about a
dollar per regabit per vear, 5h

SYSTEM DESCRIPTION 6

The hardware for the NSW, shown in Figure 1, consists of three
logical componeénts interconnécted by the ARPA Network: The data
computer, composed of a trillion bit store and a file management
system in the Mass Storage component, The ExecCution Machine
component is a set of machines responsible for running the program
being develcped and for colleecting data on its execution, For
each prograr being developed, the Execution Machine chosen is
automatically the sare as the production machine for that progranm,
Thus, during development, a program is execyted on the same
(actually a copy of the) machine it will run on during production,
This meechanism eliminates all machinesdependence compatibility
issues at the cost of replicating the executien software in each
machine for whieh this capability is desired and the cost of
having that machine availaple in the NSW, On the other hand, it
provides the great advantage of allowing the final component, the
Interactive Machine (or machines), to pe independent of the choice
. of production machine, thereby allowing it to handle a wider set
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0f {mplementation efforts, This component contains most Of the
system’s scftware and provides all of the facilities Of the NSW
except those descriped above, 6a

The ARPA Network not only interconnects the NSW components, it

also provides access for users to the system and supports a

variety of terminals, However, the NSW will pe oriented towards

the use of high capacity video terminals, 6b

Although the system is distributed across the ARPA Network, it {is
organized so that neither the user nor the component software

modules are aware of this, The user sees a single integrated

facility, 1The mechanisms described in the Framework Section

eénable modules either locally or remotely connected to communicate
without knowing each others precise location, 6¢c

TOOL INTEGRATICN 7

Qur discussion so far has concentrated on issues of tool access
and integration of project data management) we haye not yet talked
aboyt tools themselves, It should be clearly understood that f{t
is not the intention of the NSW to g0 Intd® massive tool
production, Initially, standard tools will be brought up on the
. various machines in the nNetwork, and novel ones will econtinyally
be broyght up by the researeh Organizations as they have peeh in
the past, In time, improyved versions of 0ld tools or guite nNew
ones Mmay be developed specifically for the NSwW, as the user’s
needs become clearer, but there is no present plan for major
activity along these lines, Ta

This reliance upon tools yhich already exist = or yill develop =
outside the NSW creates the obvious problem of integration of such
foreidn objects into the NSW, Here there are & number of issues: ]

# Arranoing communication between the tool and the rest of the
system (the project Files, the local console, etc,), by

# Providing standard 1inguistic conventions for programmers to

use when talking te any tool: Surely the highest jevel command
language utterances which {nvoke tools Should be standard over

the whele tool population, Wwhether lower leve] transactions

with various tools can be standardized at reasonable expense is
debatable, 102

# Provieing, for each too], on line instruction in its use, 703

# constraining tool contact with the Project Files to be
consistent with the File Manager's role as infallable guard, To4
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Certain of these problems must be met squarely: thus, the NSW

will enable communication to happen, and will provide a consistent
high=level command language, Others may be impractical to solve

in any complete or consistent way: thus some tool may have so
idiosyncratjc a pattern of on=line communication that it would be
pronibitively expensive to distort it to what might be called a

standard formy oneline i{nstruction might plausibly be guite

complete for a small, unusyal tool, byt we haye no intention of

demanding a8 while CIA course in COBCL programming as a necessary
accompaniment for a COBOL compiler, T¢

The last issue raisec¢ may deserve some discussion, The point is

that every effOrt to deliver filed text to a tool or to a file

text produced by a tcol be subjected to whatever inhibitions the

File Manager may then be authorized to impose and particularly by

the requirerents that enoygh information be suppplied to permit

the books te be Kept up to date, 74

Ideally, foreign tcols should be "naturalized", by which ye mean
that they should be so modified that this information a)) Sets
transmitted behind the programmer’s back, through negotiation
between the tool and the File Manager: thus a tool might
accompany each piece of text produced by a standard chunk of

’ descriptive information, 1In practice, the modification of some
tools may be {mpractically expensive; in thi{s si{tyation, attempts
to file tocl output will inyoke a standard conversational program
which extracts the necessary i{nformation from the programmer and
bloecks £il1ing until it {s sufficiently well informed, In effect,
we will natuyralize tool outputs, if it is too expensive to
natyralize the tools themselves, Te

FRAMEWORK 8

This naturalization and integration will be effected by the

framework which 1s designedt to allow the gystem to pbe guickly

put together, to obscure the difference between local and remote
commynicaticn, and to proyide a mechanism for smooth, long=term

growth for the inclusion of new facilities and improved

cooperation and coordination among the tools within the NSW, This

framework censists of two comporents, The first is a slight

extension te the traditional subroutine invecation mechanism, It

eénables subroutine calls both within the same machine and across

the ARPA Network to another machine, This mechanism determines

which type cf linkage to perform, utilizing the name of the

routine peing invoked to look up its loecation, Using this -
location determines which type of linkage should be performed, 8a

The second mechanism, and Executive, i{s more complex and is based
‘ on a combination of Actors (8], Ports (12), and Coeroutines (13)
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(see especially Ref, (8]), The Executive acts as an exchanhge
between what is happening and the mModyles that need to be
informed, 7The Executive, when notified that an action has
cecurred (or is about teo occur), is responsible for invoking
(using the rechanism described above) all those mModules within the
NSW that need to know about this event,

Each of the modules within the NSW can be thought of as a
selfecontained asynehronous unpit which utilizes these
communicatien mechanisms to keep informed about events which
affect {t and to announce its behavior to those concerned, Within
this framewerk each module has four responsibilities: to i{dentify
those actions that it performs; to notify the Executive when one
of these occurs (or is about to occur); to supply appropriate
informatien to the Executive for interpreting this action; and to
request notification €from the Executive of other actions of
concern,

This contrel structure is highly asynchronouys, being driven by the
actions that occur and the MOGUYQS that need to be informed,
Although it is specified in an interpretive form, the coftrol
structure can be "compiled" into normal intermodule invocations,
The important point is that each module doces not need to Know what

. other modules are affected by its actions, pbut only has to agree
to announce those actions,

Infitially the NSW will be comMposed of large modules with few, if
any, actions identified, As sueh, it will operate in a largely
conventional manner without much cooperation between the modules,
Over time, the coordination and cooperation between the modules
will be gradually tightened through the replacement of these
modules and the incorporation of new ones that i{dentify and report
more of their Pehavicr and whic¢h utilize the framework to Keep
informed of the behavior of other modules, 1In this way, the NSW
can smoothly evolve toward a more unified and comprehensive set of
capabilities,
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Evaluation of Singer’s ‘The social Functions Of the Teleppone,*

. October 1/74

On the whole it {5 a neat sort of a document = full of all sorts of
interesting stuff of things like party=lines, vellow pages, weather
services, crank calls ete,
Also, there’s a lot of statistical data of importance to somebedy
interested in describing average phone use, but little use to most
(noy, of phones in the bedryo,s Police reaction to reported crank
calls, and no, of calls to a gov’t office, etc,
Actually, that second category is sort of interesting, in the sense
that each individual item relates to a potential moneyw~making
service,
I would have liked to see that the document commissioning this study,
to see if it was less academic in nature, The document itself would
be more valyable if they introduced some relationships other than
purely telephonesoriented ones, (i,e, it is difficult to tell what
type of people he was talking to, whether they were real or not), The
report needs a different perspective to f£lash it out, make it more
substantial, The text dces little more than reproduce the data with
appropriate verbs were needed,
The report seems "down" on the phone company in the few instances
where the authors’ opinions do show through,

pg 155 = public would demand more of company {f they knew it was
not government centrolled (not clear if sample is solely Bell Canada

. territoery),

pg 58 » "surprising" that over So% L,D, rates were "just rightt

pg 163 = "only 35 percent" would pay §,25 for a weather call »
"only" 35 percent 777
I think it i{s a neat document that we might use as a source book for
a lot of stuff we dojy I presume Bell already has much of this data
(from a more reliable sample, too}) 1
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Numbers and NLS=8

I think that the current design for moving copying etc numbers {s

BAD, One often wants tC move Nnumbers etc around that are mixed {n

with text, I think it should be changed,,.back to0 what it was in old

NLS, 1
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