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ABSTRACT
The syntax of the ACL language is described in terms of a directed-graph
structure which is written in a machine independent language and automatically
translated to NOVA assembly language. A syntax analyser based on this
directed-graph structure is incorporated into a new version of the ACL-NOVA
system to improve the response to terminal input and this, together with a
number of other modifications, reduces the size of the system from %K to
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1. INTRODUCTION

All input to the ACL-NOVA system (Sanger 1971; Bennett & Sanger 1973) is
syntax checked for validity using a dynamic echo-checking mechanism. &s each
input character is received by the computer, it is examined and only sent back
to a terminal to be printed (echoed) if it is syntactically correct. This
application of the full-duplex mode of operation of a terminal provides
interaction with the computer and protects the user from trivial typing
errors. It also has the advantage that statements do not have to be checked
for syntax at run time thus improving program execution times.

The syntax analyser also dynamically builds up an internal code repre-
sentation of the input statement. The internal code representation of the
statement as well as a number of indicators, such as the statement type, are
set up by the syntax analyser to simplify run time processing and this pro-
duced more efficient program execution. The edit and error correction
facilities provided in the ACL-NOVA system also influenced the design of the
syntax analyser, since their use could dynamically alter the original state-
ment.

In the original version of the ACL-NOVA system, the syntax analyser began
its scan at the start of the input buffer each time a character was received.
In this case, the time required to analyse a statement was essentially a
quadratic function of the number of characters in the statement. The internal
code representation was only updated for a valid character, but bracket
counters and words used to describe the syntactical state of the statement
were fully constructed each time a character was received. The first 135
words of each user area were used for saving user dependent information such
as state indicators and counters, an input buffer, an internal code buffer
and an output buffer.

In the latest version of ACL-NOVA,details of the current syntactical
state of a statement are saved in each user area. Syntax analysis in this
case begins with the current node pointer,and the time taken should then be
a linear function of the number of characters in the statement.

2. DIRECTED-GRAPH SYNTAX ANALYSIS

2.1 General Discussion

The syntax of the ACL language used in the latest version of the ACL-NOVA
system is represented by a directed-graph structure (Hayes & Hurst 1972;
Hayes 1973) in which each element of the syntax is represented by a node in
the graph. For the syntax of a statement to be correct, every element of the

statement must match the corresponding node in the directed-graph. The



elements of the syntax are either single characters or groupings of other
elements. Each element in the syntax has a corresponding node in the graph
which represents that element and, in addition, each node in the graph may
have a successor (or forward) node and an alternate node so that the ordering
of the elements within the complete syntax may be represented. Optionally
asgociated with each node in the graph is a semantic action routine (with an
optional operand) which is executed on a match of a node and a character in
the statement.

The syntax analysis of terminal input consists of taking each character
as it is received and comparing it with the current node in the graph. If
a match is obtained, an action routine may be optionally execﬁted to check
for extra constraints on the input character or to store the statement type
in the internal code buffer. The character is translated to the appropriate
internal code and stored in the internal code buffer, the address of the
forward node is saved as the new current node address to indicate where syntax
éhecking of the next input character is to begin, and the input character is
echoed at the terminal. If a match is not obtained, the alternate node.
becomes the node to be matched and the process is repeated until either a
match is obtained or all of the alternate nodes have been tested and an
‘error' node has been encountered., In the latter case, the character is
rejected (not echoed), the internal code buffer is not updated and the current
node pointer in the user area remains unaltered. The appropriate combination
of forward and alternate nodes thus describes the syntax of each statement
while the action routines fill the vital role of checking for balanced
brackets, storing appropriate internal codes in the internal code buffer,
handling the error correction facilities, signalling the background when a
statement is to be processed and many other functions essential to the ACL-
NOVA system. Without the action routine capability, the directed-graph
structure could not have been used for syntax analysing input to the ACL-NOVA
system.

2.2 Directed-Graph Node

Every element of the syntax is represented by a directed-graph node
which contains information about the type of node, the character to be
matched, a forward pointer to be used if a match is obtained and an alternate
pointer to be used in the case of mismatch. Special node types are used if
an action routine is to be executed regardless of the input character code
(an 'ANY' node), if control is to be passed to a sub-graph ('NON-TERMINAL'

node), returned from a sub-graph ('RETURN' node), or if there is no match



possible for the input character being analysed {'ERROR' node). The ANY node-
is used to initialise pointers and buffers and, depending on the action
routine given control, can be considered to provide either a gehuine match
(so that the forward pointer is stored as the new current node address) or a
mismatch (so that alternate nodes are tested to obtain a match). The ACL
language syntax requires only one sub-graph and this is used to analyse
arithmetic statements and expressions. This means that only one word in the
user area is required for a node address for return from a sub-graph.

The nodes used in the ACL-NOVA system are chosen to minimise the space
required for the directed-graph structure. Each node consists of from one

to four words as shown below:

- OPTIONAL -
INDICATORS ACTION ADDRESS
AND OR ALTERNATE | FORWARD
SYMBOL
BYTE | DISPLACEMENT | POINTER | POINTER
OPERAND TO
ACTION ADDR
0 1 2 3

The indicators and symbol word take . the form:

A R | A o
! E|{L |F |{E |P |8 SYMBOL
rla|T (T |o|lR|E |P OR
t|N|lu{E {R|R |R |A |NULL FOR NON-TERMINAL
olY|R|R |[w]O |2 |R OR
N N |8 |A|R [N |E |DISPL TO ACTION IF ANY
a |R D
T |D
E

where the first byte contains indicators showing if the node type is ANY,
RETURN or ERROR or if the node contains an action routine pointer, an operand,
an alternate pointer or a forward pointer; the second byte contains the
character to be matched, a null character indicating a NON-TERMINAL node, or
an 8-bit displacement into a table of action routine addresses for an ANY
node. If a node does not contain a forward and/or alternate pointer, then the
next node in the graph is used as the forward and/or alternate node respec-
tively - this significantly reduces the space required for the directed-graph.
It also turns out that one-byte operands are sufficient for the ACL-NOVA

syntax analyser and the action word is compressed to a one-byte operand and
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an é—bit displacement into a table of action routine addresses if the
OPERAND bit is set in the indicator byte. No action routine is allowed for
a NON-TERMINAL node and, in this case, the action word contains the address
of the first node in the sub-graph.

The complete syntax of the ACL language is defined by a six hundred and
seventy word directed-graph and thirty five action routines amounting to
four hundred and sixty words. The complete syntax checking of each input
character is carried out by a seventy five word syntax monitor program
(SNMON)} that is used to analyse the directed-graph structure and that makes
use of only two additional words (containing the current node address and the
node address for return from a sub-graph) in each user work area. The NOVA
assembly code version of the SNMON program is shown in Appendix A.

2.3 The Language for Describing Directed-Graph Nodes

To simplify the process for describing the syntax of the ACL language,
a language for describing a node in the graph is used. Statements in this
very simple (one statement) language are translated to NOVA assembly state-
ments by a simple SNOBOL program (see Appendix B). The use of this language k
gives a number of distinct advantages:
(i) The syntax is specified more easily and compactly which reduces
the initial coding times and also makes the task of debugging tﬁe
syntax much more manageable.

(ii) Because of the relative compactness of the ¢oding in the simple
language, the number of trivial coding errors is greatly reduced and
these are recognised quickly, either by the simple SNOBOL program ox
in the debugging phase.

(iii) The language description of the syntax for ACL affords a well
documented, complete description of the syntax.

(iv) The syntax was specified in a machine indeperdent form so that
implementation on a machine other than a NOVA computer would he
greatly simplified as only the SNOBOL program would need to be
rewritten.

The syntax of the simple language is:
[label) [symbol] {{action [(operand)])] [+forward} [; alternate] [: comment]

where [ 1 indicates an optional field,
label - the name of the node (for referencing a node from another node) ,
symbol - . a single character in quotes,

. the name of an unprintable character, or a group of characters,

. null implies the node will match anything,



. ' 1 followed by the name of a sub-graph,

action — the name of the action routine associated with the node,
operand - an operand for the action routine,

forward - the name of the forward node,

alternate - . the name of the alternate node,

. =1 followed by an error number,
. RETURN indicates a successful return from a sub-graph.
The complete syntax description used by the ACL~NOVA system is given
in Appendix C as an illustration of the use of the simple language which may,
in fact, be used to describe the syntax of languages other than ACL (Hayes
1973). The NOVA assembly code expansion of the ACL syntax is shown in
Appendix D.

2.4 Response to Terminal Input

The time taken to syntax check each character as it is received from
a terminal is a measure of the system response to terminal input. To assess
this response for the two syntax analysers used by the different versions
of the ACL-NOVA system, a NOVA simulator (Sanger 1970) is used to syntax
analyse the seventy one character statement 1+1*¥1+1%14.....0iecenenaeanatl
under both systems. The simulation is set up so that each character in
the statement is passed in turn to the syntax analyser for checking and a
1imited trace of the simulation program allows the elapsed CPU time to be
printed out. The elapsed CPU time in milliseconds wversus the nunber of
input characters is shown in Figure 1 for both syntax analysers and these
times apply to a NOVA computer with a 2.6 psec cycle time.

In the original syntax checker the elapsed CPU time, T, required to
analyse n input characters in the statement L+1%141*)4+.......c000 .+l turns
out to be a quadratic function of n, T = 0.178 n? + 1.203 n - 0.355. The
CPU time required to analyse the (n+l}th character in the statement is the
linear function

ar
dn

= 0.356n + 1.203

where the longest time of 26.1 msec is required for the 71lst character. This
value is still well below the 100 msec required to print a character on a
teletypewriter terminal and explains why the original ACL-NOVA system
supporting five teletypewriter terminals was able to give a good response to
terminal input. However, if the last character in the seventy character
statement 1+1*1+1%1+..........+1*1+ is deleted using the '<l' option, then

the total CPU time required to analyse sixty nine input characters must



elapse before output begins at the terminal. This elapsed time of 930 msec
represents a worst case in the response to terminal input and it is quite
noticeable by a terminal user.

The elapsed CPU time for the directed-graph syntax checker is a linear
function of n, T = 1.222 n + 0.134. 1In this case the CPU time required to
analyse each input character is constant at 1.222 msec thus providing a very
good response to terminal input. For the worst case described above, 84.5 msec
is required by the new syntax analyser. This gives a user no noticeable
delay on a 100 msec teletypewriter and is a considerable improvement over the
930 msec required by the previous version.

It is worth emphasising that the above times correspond to simulations
of the original NOVA computer which is the slowest of the NOVA range of
computers. The above trends would still apply on the newer computers, with
the directed-graph syntax analyser providing a highly significant improvement
in the response to terminal input. ‘

2.5 Effects on Other Parts of the System

Implementation of the directed-graph syntax analyser reduced the size
of the ACL-NOVA system. The size of the interrupt handler was significantly
reduced as a number of special functions, previously processed before passing
control to the syntax analyser, are now included in the directed-graph
structure and processed by appropriate action routines. Character codes for
syntax matching and various address constants used by the original syntax
analyser previously occupied one third of the page zero area and are now
freed for use by other routines. .

This initial saving of system space provided the incentive to make a
number of other system modifications. These included changes to the
Background Control Program (BGCP) to carry out one scan (instead of two
scans} of the user areas; changes to the floating point Ppackages so that
more use is made of common save areas and the routines are no longer general
but are specific to the ACL-NOVA system; and changes to the process of
saving stored statements so. that statement numbers can be stored without
requiring an extra word for the statement.

The new version of the ACL-NOVA system resulting from all these chanées
requires just under 6K words of memory compared to the original 6%K words,
provides more efficient processing of statements because of the simplified
structure of the Background Control Program,and gives a significantly
improved response to terminal input. The reduction in the time required to

analyse terminal input lowers the overall system overhead and provides more



time for background statement processing.
3. CONCLUSIONS

The description of the syntax of the ACL language, in terms of a
directed-graph structure written in a machine independent language,gives a
number of distinct advantages. It provides a well documented, complete
description of the ACL language and, because of the relative compactness of
the coding in the simple language, it makes the task of debugging the syntax
much more manageable. The simplicity of the machine independent language
also allowed the SNOBOL program used to convert this language to NOVA
assembly code to detect trivial coding errors.

Implementation of the directed-graph syntax analyser, together with a
number of other system modifications, resulted in a version of the ACL-NOVA
system that requires just under 6K words compared with the original 6%K
word system, and provided a significant improvement in the response to
terminal input. The total CPU time required to analyse a statement using
the directed-graph syntax checker is a linear function of the number of
input characters compared with the original syntax checker where the
functioh is quadratic. There is much better response to terminal input and
less impacton other users, especially under worst case conditions.
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APPENDIX A
NOVA ASSEMBLY CODE LISTING OF THE SNMON PROGRAM

IIll!ﬂlliii‘ll!il!llll!ll!ililill*ll
L )
» SNMON - SYNTAX CHECKER MONITOR PROGRAM
*
. ON ENTRY: AC1 CONTAINS THE INPUT CHARACTER
. SNM2S CONTAINS THE ADDRESS OF THE USER AREA
#*
. ON EXIT: RETURN TO AC3 IF CHARACTER 1S NOT VALID, OTHERWISE,
» RETURN TO AC3+1. AC1 CONTAINS THE CHARACTER
. TO BE ECHOED AND ANY ADDITIONAL OQUTPUT IS [N THE
. CUTPUT BUFFER, AND AC2 CONTAINS USER AREA ADDRESS.
-
Iili'll!i!Il.ll!liiii'ill!ill!lel!
SNMON STA 3,SNMLS SAVE RETURN ADDRESS
L DA 3,SNM2S LOAD ADDR OF USER AREA
LDA 2,CNODE(3) L.OAD CURRENT NODE ADDRESS
SNM1 LDA 8.0(2) LOAD SYMB & IND WORD
LDA 3,SNMLM LOAD MASK X(@@FF)
AND B.3,SNR ISOLATE SYMB & SKIP IF NONEZERO
JMP SNM7 OTHERWISE, PROCESS NONTERM
MOVL 2.0,52C SKIP IF NO ACTION ROUTINE
INE 2,2 OTHERWISE, ADD ONE TO PTR
STA @,SNM3S SAVE COPY OF SYMB & IND
STA 1,SNM4S SAVE INPUT CHARACTER
STA 2,SNM5S SAVE POSN UP TO IN CURRENT STMT
MOVL # ©,9,52C SKIP 1F NOT ANY
JMP SNM2 OTHERWISE, FORM ACTION ADDRESS
SUBC 1.,3,S2R SKIP 1F MATCH
JMP SNM1@ OTHERWISE, PROCESS MISMATCH
# MATCH, CHECK FOR ACTION ROUTINE
MOV @,8,SNC SKIP IF ACTION BIT IS ON
JMP SNM4 OTHERWISE, UPDATE IC BUFFER
# ACTION ROUTINE, CHECK IF OPERAND PRESENT
LDA 3,SNM2M LOAD MASK X{(0408)
AND @,3.SNR SKIP IF OPERAND PRESENT
JMP SNM3 DTHERWISE, EXECUTE ACTION ROUTINE
LDA 1,8(2) LOAD ACTION WORD
LDA 3, SNMIM LOAD MASK X(QBFF)
AND 1,3 ISOLATE DISPL TO ACTION ROUTINE
SUBS 3.1 ISOLATE OPERAND
SNM2 LDA 2 ) SNM&C LOAD PTR TO ACTION ADDR TABLE
ADD 3,2 POINT TO REQUIRED ENTRY
SNM3 JSR 1 22 EXECUTE ACTION ROUTINE
JMP SNMO BR, MISMATCH RETURN FROM ACTION
» NORMAL RETURN - GENERATE INTERNAL CODE
SNM4 JSR 1 SNMSC FORM INTERNAL CODE
# RETURN WITH SPECIAL INTERNAL CODE
JSR 1 SNM4C STORE CODE IN IC BUFFER
LDA @.SNM3S LOAD SYMB & IND WORD
LDA 2,SNMSS LOAD POSN UP TO AT CURRENT NODE
ADDL 2.0 SKIP OVER ANY & RETURN BITS
INC 2,2 POINT TO POSSIBLE ALT PTR
# MATCH, CHECK FOR FORWARD POINTER
MOVL @,9,52C SKIP IF NO ALT PTR
INC 2,2 OTHERWISE, ADD ONE YO PTR
MOVL B.08,S2C SKIP IF NO FORWARD PTR
LDA 2,8(2) OTHERWISE., LOAD FORWARD PTR
» STORE NEW NODE POINTER
SNMS LDA 3,SNM2S LOAD ADDR OF USER AREA
STA 2,CNODE(3) STORE NEW NODE PTR
IS# SNM1S ADD ONE TO RETURN ADDR = CHAR VALID
LDA 1,SNM4S LOAD CHAR TO BE ECHOED
SNM6 LDA 2, 5NM2S L0AD ADDR OF USER AREA

PB489400
pB489500
@e489600
2a489700
09489800
22489900
224900090
pP490180
20490200
82492300
PR490400
PP490500
op490600
pa4967e0
pB490800
20490900
00491009
pe4ac1100
00491200
20491300
08491400
20491500
90491600
20491700
20491800
20491908
004920800
po492100
po492200
20452300
0B492400
#9492500
PB492600
492700
pp492800
2492900
#p49302¢0
20493100
Ba493208
2R493302
BB493400
P0493500
2A4936040
pe493700
RE493800
AE4939¢0
A0494000
pa494100
89494200
pe494300
30494400
20494500
204946042
PB494700
20494800
aB494980
04950040
PA49510806
80495200
nE495300
2B495400
ap4955008
PE4956¢20



JMP SNM1S
*  NON-TERMINAL
SNM7 LDA 3. SNM2S
STA 2.ARETN(3)
SNM8 LDA 2:,1(2)
JMP SNML
# MJISMATCH RETURN FROM ACTION
SNM17 LDA 1,SNH4S
SNM9 LDA P.SNM3S
LDA 2,SNMSS
# MISMATCH - TAKE
SNM1Q ADDL g.0,582C
JMP SNM1S
MOVL B.9,S%C
JMP SNM8
* MISHATCH, NO ALTERNATE POINTER
ADDL# @.0,5%C
JMP SNMS
INC 2.2
MOVL 9.8,SZC
INC 2,2
JMP SNM1
# MISMATCH, RETURN WITH SUCCESS
SNM15 LDA 3,5NM2S
LDA 2:ARETN(3)
LOA p.a{2)
INC 2.2
ADDL 2.8
ADDL @.,8,8%C
INC 2,2
INC 2.2
MOVL 8.0,S2%C
LDA 2,6(2)
JMP SNM1
SNM4C DC AC(SNM13)
SNMSC (1] A{SNM11)
SNM6C nc ACACTBL~-1)

RETURN

LOAD ADDR OF USER AREA

STORE CURRENT NOOE AS RETN ADDR
LOAD NEW NODE PTR

PROCESS NEW NODE

LOAD INPUT CHARACTER
LOAD SYMB & IND WORD
LOAD POSN UP TO AT CURRENT NODE

ALTERNATE OR RETURN

SKIP IF NOT RETURN

OTHERWISE, RETURN WITH SUCCESS
SKIP IF NO ALT PTR

OTHERWISE, CHECK ALTERNATE NODE
= IF NOT ERROR USE NEXT NODE
SKIP IF NO ERROR

RETURN CHARACTER NOT VALID
POINT TO POSSIALE FORWARD PTR
SKIP IF NO FORMWARD PTR
OTHERWISE, ADD ONE TO PTR
PROCESS NEXT NODE

LOAD ADDR OF USER AREA
LOAD RETURN ADDRESS
LOAD SYMB & IND WORD

INCREMENT OVER NONTERM ADDR(ACT ONLY)

SKIP OVER ACT & ANY BITS
SKIP IF NO ALT PTR

OTHERWISE, ADD ONE TO PTR
POINT T0 FOR PTR (IF ANY)

SKIP IFf NO FOR PTR (USE NEXT NODE)

OTHERKWISE, LOAD FOR PTR
PROCESS NEW NODE

PTR TO ACTION ADDR TABLE

20495709
pB495820
BA495900
08496002
p0496100
20496200
20496300
P0496400
PA496500
PB496600
PB496700
0P496820
204969028
p9497000
88497100
004972008
PO497300
20497400
20497500
BB497620
P24%7702
po4978e9
80497909
ga498200
Pp498160
pe498200
ag49a8300
Pv498400
Q3498500
PR498609
22498700
aB49880Q0
20496920
22499020
8499100
09499200
204993080



APPENDIX B
LISTING OF THE SNOBOL PROGRAM USED TO PROCESS THE MACHINE

INDEPENDENT LANGUAGE

7/

//SNOB EXEC SNOBOL,REGION=240K
L0UMP = 1
SANCHOR z 1
TABLE = TABLE(256,180)

TABLEC'NONTERM'> = '@9°'
TABLES'A? > = 41!
TABLES'B' > =z '42°
TABLE<'C! > = 'C3y
TABLEL'D! > = 144"
TABLE<'E? > = tC5°
TABLES'F! > = 'Ca?
TABLE<'G’ > = '47¢
TABLEC'H! > = '49°
TABLES']" > = Cco!
TABLE<'J! > = 'CA!
TABLEC'K! > = 48"
TABLEC'L? > = 'CC!
TABLES'M!? > = '4p¢
TABLEC'N! > = rag?
TABLE<'0"' > = 'CF!
TABLE<S P! > = 59"
TABLEL'Q’ > = D1
TABLEL 'R’ > = D2
TABLEZ'S! > = 153
TABLES'T? > = 'Da»
TABLEL'U! > = 55!
TABLES V! > = 158!
TABLEC W >s 07
TABLE< X! > = DB
TABLEL'Y? > = 159"
TABLES'Z' > = 50
TABLELS'S’ > = 300
TABLE<'1' > = 'g1¢
TABLEC2! > = 82"
TABLEL"3" > = 33
TABLE<'4"* > = 'B4?
TABLES'S! > = 135"
TABLEC"' 6! > = 136"
TABLES*7" > = 187"
TABLES 8! > = *'Bg’
TABLELS9! > = 139
TABLEKS™™? > = 22
TABLESM '™ > = 27
TABLEL*' (" > = 28°
TABLE<S")' > = a9
TABLES '+ > = YAA!
TABLEL !+ > = '28"
TABLE<'," .2 = VAG!
TABLEL =" > = n2p
TABLEL" " > = 2¢¢
TABLEC /" > = MAF!
TABLE< " > = '3A
TABLE<" ;* > = 'BB'
TABLEC'C” > = 130!
TABLEC > > = 'BE’
TABLE<* ' > 2 tAD?
TABLES'UPARROW'> = 'DE"
TABLES*ASSIGN® > = '5F°
TABLES'CR? > = '8p*



L1
L2

L3

READ

B2

TABLES*RUBOUT*

> = 'FF?
TABLES'ESCAPE' > = *'18°
TABLES*?* > = '3F
TABLE<'BELL' > = 87"
TABLES'CNTRLX' > = '18°"
TABLEC'S! >t 124"
ACTBL = TABLE(20.,10}
ACTBLS*SNT2A*> = *21°
ACTBL<'SNT4A*> = t@2°
ACTBLS*SNTSA'> = B3¢
ACTBLC*SNTZ7A*> = Q4"
ACTBLS'SNTBA'> = @5°
ACTBLC'SNTOA'> = @&
ACTBLS'SNT4B'> = 97"
ACTBLC'SNT5B*> = '@a°
ACTBL<'SNT&B'> = r@9?
ACTBLS*SNT9B*> = *gA"
ACTBLK'EDT3A*> = Q8!
ACTBLS'EDT4A'> = '0("
ACTBLC'SNT2C*> = +ap!
ACTBLCYAEX1A'> = 'QE!
ACTBLCYAEX3A'> = *@F!
ACTBLSYAEX4A'> = 19!
ACTBLSTAEXS5A'> = 11!
ACTBLS "AEX&A'> = 12
ACTBLS'AEX1B'> = 13"
ACTBLSTAEX28'> = '14"
HEXTBL = ARRAY('@:255')
N = @
WORK1 = '@P123456789ABCDEF?
WORK1 LEN(1) , D1 = IF(L3)
WORK2 = 'P12345678%ABCDEF "
WORKZ2 LEN(1) ., D2 = IFC(LY)
HEXTBL<N> = Di D2
N =N+1 1(L2)
ACTION = 128
ANY = 64
RETURN sz 32
ALTERN = 16
FORWARD = 8
ERR = 4
OPERAND = 2
BLNK = SPANC' *) \ NULL
ALPHANUM = 'ABCDEFGHIJKLMNOPQRSTUVHNXYZ01234567689"
LABELP = BREAK{' ') , LABEL SPAN(' ')
SYMP = "R LEN(L)Y . SYM "'m NULL . NONT \
{'#* N\ NULL) ., NONT SPANCALPHANUM) , SYM \
NULL . NONT NULL . SYM
OPERP = V(X0 LEN(2) ., OPER '))' \ NULL . OPER
ACTP = '(' SPANCALPHANUM) , ACT OPERP ')' \ NULL . ACT
NULL . QOPER
FORP £ '=>'" BLNK SPANCALPHANUM) . FOR \ NULL . FOR
ALTP = 'RETURN' , ARET NULL . ALT NULL . ER \
'#' SPAN{ALPHANUM) , ER NULL . ALT NULL . ARET ©
SPANCALPHANUM) , ALT NULL . ER NULL . ARET
ALTP 2 ';' BLNK ALTP \ NULL . ALT NULL , ER NULL ., ARET
COM = ':*' ARB N\ NULL
MACRO = LABELP SYMP BLNK ACTP BLNK FORP BLNK ALTP BLNK COM
POS(BE)
CARD = INPUT SF(FEND)



PATL
PAT2

+

PAT3
PAT4
PATS
PATS

+
COMMENT
ERROR

FEND

END
/#*
/7

B3

QUTPUT = CARD

CARD *#»? tS(COMMENT)

('as* CARD) LEN(72) . PUNCH

CARD MACRO :F{ERROR)

{LABEL °* 1) LEN(9) . LABEL

IND = 0

IND = DIFFERCARET) IND + RETURN

IND = DIFFERCALT) IND + ALTERN

IND = DIFFER(FOR) IND + FORWARD

IND = DIFFERC(ER) IND + ERR

IND = [DENT{SYM) IND + ANY IS(PATS)

IDENT(NONT) tS(PAT2)

IDENT(ACT) tSIPATYL)

OUTPUT = *sanen WARNING w#swss ACTION ON NON-TERMINAL NODE.'

OPER =

ACT = SYM

SYM = 'NONTERM®

IND = DIFFER(ACT)Y IND + ACTION

IND 2 DIFFER(OPER) IND + OPERAND

PUNCH = LABEL 'OC X(t* HEXTBLCEND> TABLE<CSYM> ')

IDENT{OPER) 1S(PATY)

PUNCH = ! Dc X{* OPER ACTBL<CACT> *')*
t{PAT4)

TOENT(ACT) 1S(PAT4)

PUNCH = DC A{* ACT "¢

IDENT(ALT) 1S(PATS)

PUNCH = ! oc A(' ALT ')

IDENT(FOR} 1S{READ)

PUNCH s ! +] A(' FOR ')? 1 (READ)

PUNCH 2z LABEL *'DC X(' HEXTBL<SIND> ACTBL<CACT> *)°
1 (PAT4)

PUNCH = CARD ${READ)}

OUTPUT = "annenssennsavains INVALID MACROD ssnsssssrussannen?

NERR = NERR + 1 t(READ)

OUTPUT z tuns END OF JOB #wat

IDENT(NERR) 1S(END)

OUTPUT s 'anssssssseneses NUMBER OF ERRORS WAS '

NERR !

YIS YYITIYIR I 2L 2 A






SYNT

APPENDIX C

THE SYNTAX OF THE ACL LANGUAGE DESCRIBED USING THE MACHINE

INDEPENDENT LANGUAGE

CR (SNT1A) :

CHECK FOR INITIAL CR

* IF PAPER TAPE NOT READY FLAG 1S SET, REJECT [NPUT CHARACTER.

* OTHERWISE,

SYN?7

SYN1D
SYN11

SYN18
SYN19
SYN2O
SYN21

SYN23

SYN24
SYN25
SYN26
SYN27
SYN28B
SYN29

SYN32
SYN33

SYN39
SYN4Q

SYN43

SYN46
SYN47
SYN48
SYN49
SYNSD
SYNS1

SYNS5

IF ACCEPT STMT INPUT,
(SNT2A) :
' v (SNT3AY -> SYN?7 !
{SNT4A) 3 SN133 :
(SNTSAY ; SYN2O H
(SNTSAY i SYN2P :
* 1 (SNT6A) 5 SYN2O H
CR (SNT7A(X(44))) :
(AEX18) 3 SYNn21 H
{SNTBA) 3 SYN23 t CHEC
* v (SNT3C) 1 EDT :
CR (SNT7A(X(45))) H
p! H
'Al‘
IU'

S5YN28

SYN24

SYN25S

'S SYN24

‘e SYN27

CR (SNT9A(X(59))) } EDT
H#AEXPS

CR (SNT1B) ; EDT

HAEXS3 => SYN19

' v {SNT2B) 3 EDTY

s we we wa wme

*n 8 28 =0 =a we

* ' => SYN1Q  EDT
* * (SNT3B) -> SYN1P ; EDY
#AEXS4 => SYN19
#AEXBS5 ~-> SYN19
#AEX56 -> SYN19
BAEXS57 ~> SYN19

YE'  SYNG64

*N' 3 SYN32

*D* 3 SYN2S

CR (SNTOAIX(4A)))
#AEX58 ~> SYN19

*I' ; SYNSQ

TF*t 7 SYN48

*{* (SNT4B(X(5C)}
#AEXPS

*.' (SNTSB(X(3C)))
*G*' 1 SYN43

*T* 5 SYN47

'.t 1 EDT

RAEXPS

1)r (SNT5B(X(3D)))}

SYN26

SYN25
EDT

=-> SYN49

TALY => SYN39

*E' 3 SYN4éS

*Q' => SYNAD
*N' 3 EDT

'E' «> SYN4O
#AEXS9 ~-> SYN19
v €07

SYN5S
SYN5S5

‘0! SYN25

P! § SYN26

CR (SNT9A(X(42))) 3
HAEX60 -> SYN19

EDT
EDT

ls.
lTO

. we WE WE We
.

SYN27

ONLY ALLOW ARITH STMT OR EXPRN,
USE SYN1iB8 AS ALT FOR ACCEPT INPUT

INITIAL SPACE(GENERATE SEG NOD)
CHECK FOR 1ST DIGIT IN SEQ NO.
CHECK FOR 2ND DIGIT IN SEG NO.
CHECK FOR 3RD DIGIT IN SEQ NO,
SPACE AFTER SEQ NO.

STATEMENT Y0 BE DELETED

CHECK FOR 1ST DIGIT IN STMT NO

K FOR 2ND DIGIT [N STHMT NO.

INDICATE STMT TO BE STORED
INSERT, DEL OR REPL STMT NO.
CHECK FOR PAUSE STMT

INDICATE PAUSE STMT AND EXIT
CHECK FOR ARITH STMT OR EXPRN
INDICATE ARITH STMT OR EXPRN
DUMMY ENTRY TO AEXP FOR NUMBER
NO STMT NO. REQUIRED

INDICATE STMT YO BE STORED

ONE DIGIY STMT NO,

INDICATE STMT TO BE STORED
ENTRY TO AEXP AFTER 1 LETTER
ENTRY TO AEXP AFTER 2 LETTERS
ENTRY TO AEXP AFTER 3 LETYERS
ENTRY TO AEXP AFTER 4 LEYTERS
CHECK FOR END STMTY

INDICATE END STHMT
ENTRY TO AEXP AFTER LETTER E
CHECK FOR IF STMT

STORE IF STMT TYPE
1ST OPERAND IN 1F STMT

LOAD SPECLAL CODE FOR , IN IF
CHECK FOR RELATIONAL OPERATORS

CHECK FOR 2ND OPERAND

ENTRY TO AEXP AFTER LETTER !
CHECK FOR STOP STMT

INDICATE STOP STMT
ENTRY TO AEXP AFTER LETTER S



SYNS6
SYNS?7

SYN61
SYN6&2
SYNG3
SYNG4
SYN66

SYN6S

SYN75S
SYN76

SYNE3

SYN9OD

SYN94
SYN9S

SNi@@
SN1g1

SN103

SN184
SN1@5

SNip9
SN110

SN121

'C*' i SYN76

YA'  SYN6B

L' 3 SYN2S

L' 3 SYN2é

L] 1

RAEXPS

CR (SNT7B)
¥AEX61 -> SYN19
*C' 3 SYN33

'Y 3 SYNS?

CR (SNTRA(X(3IF)))
(SNT58) -> SYN66

'0' 7 SYNG3
'N' ; SYN7S
Tt SYN26
It 5 SYN2?
'NY ¢ EDT
'ur 3 EODT
'EY 3 EDT
CR (SNT9A(X(3E))}
¥AEX62

'R' : SYN83
YE' 3 SYN24
T SYNZS
*U' 3 SYN26
*R' ; SYN27
'*N' ) EDY
CR (SNT2A(X(5E)))
*A'  SN194
'C* 3 SN1g3
'C*' 3 SYN25
'E' 1 SYNZ6
*P* 3 SYN27
*T* 5 EDT

(SNT&6B(X(5D)))

(SNT9B(X(55)))
(AEX4A) 3 EDT
{AEXSA) 1 SYNS5
(AEXSA) 3

=> SYN19

(AEX54)
(SNT5B(X(34)}) => SYN9E

|.'

I('

gt

BAEXPS
{SNT5B(X(35)))
#AEXPS
'}t «> SYN94 ; EDT
{SNT5B(X{(35)))

|’l

‘#' => SN1@0
#AEX63 ~> SYN19
'*T* § SN132

'Y' 3} SYN24

*P* 5 SYNZ2S

*E* § SYNZ2s

' ' -> SN110 ;
CR {SNT9A(X(49)))
*;' => SN1p9
ti' -> SN1p9
*<' ; SNiil9

¢ => EDITZ

(EDT3A) ; SN122

{SNT5B(X(31)})

(SNT1C)

SYNSS

Cc2

SYN2?7

} SYN94

SN109

SN10%

-

e ) we ss se s . e e as we

. we se 2 e

=3

CHECK FOR CALL STMT

INDICATE CALL STMT

CHECK FOR OPERAND

PROCESS STNT

ENTRY TO AEXP AFTER LETTER C
CHECK FOR STORED COMMENT

INDICATE COMMENT STATEMENT
ACCEPT ANY CHARACTER, 1C=EC
CHECK FOR CONTINUE STMT

INDICATE CONTINUE STMT
ENTRY TO AEXP AFTER LETTERS CO
CHECK FOR RETURN STMT

INDICATE RETURN STMT
CHECK FOR ACCEPT STMT

CHECK FOR ALPHABETIC CHAR
CHECK FOR ALPHANUMERIC CHAR
CHECK FOR ALPHANUMERIC CHAR
CHECK FOR ALPHANUMERIC CHAR

YN62 : LOOK FOR DELIMETER COMMA

SUBSCRIPTED VARIABLE BRACKET

CHECK FOR SUBSCRIPT

SUBS VBLE COMMA IN ACCEPT
CHECK FCR 2ND SUBSCRIPT

SUBS VBLE CLOSING BRACKET
SUBS VBLE COMMA IN CLEAR STMY

ENTRY TO AEXP AFTER LETTER A
CHECK FOR TYPE STHMT

CHECK FOR POSITIONAL PARAM

NONZERO DIGIT.LT.INPUT CHARS



SN117

SN119

SN122
SN123
SN124

SN126

SN130

SN132

SN133

SN137

SN143

* IF NO COMMA LOOK FOR CR,

SN145

SN146

SN147

SN152

SN155
SN158

SN165

C3

(EDT4A)

CR {(EDT5A4)

#AEXST

'S 3 EOTY

', (SNTSBIX{34)))
*1v 3 SN13d

ter o  SN123

Ty =% SN124
#AEXPS ~> SN117
{5NT5B)

*14 3 SN123

tr1 -h SN124
t,' (SNTSB(X(34)))
Y3' -> SN1@9

t3r -> SN1@9

CR (SNT9A(X(49)))
1

#AEXPS -> SN126

'G? SYN1B

‘o’ SYN24

v SYN25

T EDT

‘0! EDT

* 1 (SNT6B(X(48})) => SYN61 !
'R’ SN137

*Ur 3 SYN24

*N' 3 SYNZ25

CR (SNT9A(X(4B)))
L' ; SN147

*I' 3 SN146

*SY ; SYN25

*T* 3 SYN26

CR (SNT9A(X(4D)))
151 (SNTEB(X(4D))) ~-> SN145
v v (SNT6B(X(4D))) ; SYN27
#AEXPS

EDT

EOT

-> SN111

EDT

-

. wa S WE e We W

SYN26

OTHERWISE
v,Y (SNTBB(X(34))) => SYN6L !}
t ' > SN143 ; SYN62

#AEX64 -> SYN19

'E' ; SNib2

‘D SYN29

I SYN25

T SYN26

vt (SNTEB(X(4C))) => SYN6L ¢
*p* 3 SN158

*A' } SN155

vt (SNTEB(X(5A))) «> SYN6L
'8 ; SYN24

* + (SNTEB(X(58))) -> SYN61
*CY 3 SN2@7

't o' o« SYN6S

'L SYN63

‘e’ SYN25

‘A! SYN26

YR' (SNT2C(X(4E)))
* v -> SYN9D ; SYN62
*S' : SN187

1Yt ; SNi74

*M*' 3 SYNZ2S

s we W W

e we we

SYN27

DIGIT WITH SUM,LY.INPUT CHARS
DELETE CHARACTERS AND RETYPE

e ew

ACCEPT ANY CHARACTER

LO0OK FOR DELIMETER

INDICATE TYPE STHT

.-

CHECK FOR ARITH STMT OR EXPRN
CHECK FOR GO TO STMT

EDT ! INDICATE GO TO STMTY
! CHECK FOR RUN STMT

¢ INDICATE RUN STMT
: CHECK FOR LIST STMT

! CHECK 1ST OPERAND
CHECK 2ND OPERAND
SYN62

1 ENTRY TO AEXP AFTER LETTER L
: CHECK FOR EDIT STHMT
¢ CHECK FOR END IF NOT D

SYN2?7 t INDICATE EDIT STMT
¢ CHECK FOR PA OR PB

SYN25 t INDICATE PA STMT

SYN2S INDICATE PB STMT
CHECK FOR CLEAR STMY
CHECK FOR COMMENT



SNi74

SN179

SN187

SN193

SN196

SN2B2

SN226
SN2a7

SN299

AEXPS
AEXP

AEX2
AEX3
AEX4
AEXS
AEXS
AEX7?
AEXS
AEX9
AEX10

AEX15

'B* + SYN2é

‘0" 5 SYN27

‘L' ; EDT

'S* 5 EDT

tew

CR (SNT9A(X(4F)))
P ; SN179

*A' 3 SYNZ2S

'C*' ; SYN26

*E' 3 SYN27

CR (SNT9A(X(41)))
'U' 5 SYNS1

*SY | SYN2S

'P' ; SYN26

'E' 3 SYN27

™'} EDT

o' ; EDT

|:l
CR (SNT9A(X{50)))
YF*' i SN196

Y'Y ; SYN24
*R* 3 SYN2S
*0' 3 SYN26
*NY 5 SN193

CR (SNTOA(X(53)))
'F* 3 SYN27

'‘F*' 3 EDT

CR (SNT9A(X(54}))
*T* ; SNi32

*R" ; SNi@s

*0' 3 SYNZS

*N' 3 SNZ2@2

' * (SNT6B{X(51}))
CR {SNT9A(X(51)))
'F* ; SYN26

'FY 3 SYN27

' ' (SNT6B(X(52))) =-> SYN61

CR (SNT9A(X(52)))
CR (SNT9A{X{49)))
'$*' ; SN165

v #5

CR (SNT9A{X(56)))
(SNT5B) =-> SN299
(AEX1A)

*+' (AEX2A) => AEX2

tet (AEXZ2A}
*A' ; AEXS
‘Bt ;3 AEX6
'S'  AEX30

YO O CAEXIACX(32))) => AEXP

Tr ; AEX29

'N' «> AEXS 3 AEX3O

'CY ; AEX1PQ

*0' -> AEX4 3 AEX29

D' 5 AEX1S
P! AEX29
T AEX3B
TOYOCAEXIA(X(3Z20 D)
o1 u> AEXP ; AEXP
'E' ; AEX18

we we w

EDT

EOY

EDT

EDT

EDT

c4

-> SYN61

+ SYN27?

+
»

EDT

SYN27

AEX31

INDICATE SYMBOLS STHT
CHECK FOR SPACE STMT

INDICATE SPACE STMT

CHECK FOR SUSPEND STMTY

INDICATE SUSPEND STMT
CHECK FOR FTRON

INDICATE FTRON STMT

INDICATE FTROFF STMT

CHECK FOR TRON AND TROFF

t INDICATE TRON STMT

! INDICATE TROFF STMT

INDICATE TYPE STMT

¢ SPECIAL % STMT

INITIALISE POINTERS
UNARY PLUS OR MINUS

ABS

AEX31 ! FUNCTION BRACKET

ATN
Ccos
oPT

FUNCTION BRACKET
EXP



Cc5

AEX16 X' 3 AEX29

'Pr => AEXS : AEX3@
AEX18 ']' 3 AEX21 i INT
AEX19 *N' ; AEX29

'T* => AEXS ; AEXID
AEX21 LY 3 AEX24 ¢ LOG
AEX22 0 3 AEX29

'G*' -> AEXS ; AEX30
AEX24 'S 3 AEX28 T SIN
AEX25 110 =) AEX?

QT AEX29 ¢ SOR

*tRY => AEXS 3 AEX3P
AEX28 (AEX4A) ; AEX41
AEX29 (AEXSAY 3 AEX40
AEX32 (AEXSA) 3 AEX4P
AEX31 (AEXS5A) ALPHANUMERIC CHARACTER
AEX32 ASSIGN (AEX7A) => AEXP ASSIGNMENT ARROW
AEX33 )Y (AEXBA) => AEX33 + AEX32 IS FORPTR FOR SUBS VBLE

', (AEX9A)Y «> AEXP COMMA IN SUBSCRIPTED VARIABLE
o' (AEX2A) -> AEX2
tav (AEX2A) «> AEX2
te' (AEXZA) => AEX2
v/ (AEX2A)Y > AEX2
UPARROW (AEX2A) => AEX2
't => EDITL CHECK FOR EOQIT CHARACTER
(AEX2B) : RETURN RETURN IF ZERDO BRACKET LEVEL
AEX4D (' CAEX6A(X{31))) => AEXP 3 AEX32 : SUBS VBLE BRACKET
AEX41 vir CAEXIAIX(32)Y)) => AEXP NGRMAL OPENING BRACKET
(AEX1B) ¢ AEX51 DECIMAL NUMBER
AEX43 (AEX1B) => AEX43 DECIMAL NUMBER
', 3 AEX46
AEX45 (AEX1B) -> AEX45
AEX46 tEY 3 AEX33
tet (SNTSBUX(39)})) ~> AEX49
t-t (SNTSB(X(3IAY))
AEX49 (AEX1B) 3 EDT
CAEX18) =-> AEX33 7 AEX33
AEXS51 *,' 3 EDT
(AEX1B) => AEXA45
EDT LA 11
EDIT1 t¢* 3 EDITH
EDIT2 *¢r (EDT1A)
CR (EDT2A) 3 #2
EDIT4 (EDT3A) 3 #3
{EDT44)
CR (EDTSA) ; #4
AEXS3 CAEX1A) ;7 AEX43

ALPHABETIC CHARACTER
ALPHANUMERIC CHARACTER
ALPHANUMERIC CHARACTER

s we 43 W se

DECIMAL NUMBER

EXPONENT SYMBOL

EXPONENT PLUS

EXPONENT MINUS

DECIMAL NUMBER IN EXPONENT
2ND DIGIT IN EXPONENT

a8 en S8 *n we ww

e

DECiMAL NUMBER

NONZERO DIGIT,LY,INPUT CHARS
DIGIT WITH SUM.LT,.INPUT CHARS
DELETE CHARACTERS AND RETYPE

AEXS4 (AEX1A) 3 AEX29
AEX55 CAEX1A) 3 AEX3ID
AEXS6 (AEX1A) 3 AEX31
AEX5? CAEX1A) 3 AEX32
AEXS58 (AEX1A) : AEX16
AEXSY (AEX1AY 3 AEX1Y
AEX6D (AEX1A) ¢ AEX25
AEX61 (AEX1A) 3 AEX9
AEXS62 (AEX1A)} 3 AEX4
AEXSB3 CAEX1AY 3 AEX3
AEX64 CAEX1A) 3 AEX22






APPENDIX D
THE NQVA ASSEMBLY CODE EXPANSION OF THE ACL, SYNTAX

#SYNT CR (SNT1A) t CHECK FOR INITIAL CR gecé22ee
SYNT De X(8a80) ge56230p
DeC AUSNT1A) gesé6z2400
. IF PAPER TAPE NOT READY FLAG IS SET, REJECT INPUT CHARACTER., geséez2s50p
s OTHERWISE, IF ACCEPT STMT INPUT, ONLY ALLOW ARITH STMT OR EXPRN, gR5626090
» (SNT2A) ¢t USE SYN18 AS ALT FOR ACCEPT INPUT QP562700
pbc X14001) 06562889
» .Y Y (SNT3A) -> SYN? t INITIAL SPACE(GENERATE SEQ NO)B@S562908
DC X(B8BAOD} ees63000
ocC ALSNT3A) g@563100
(11 ACSYNT) pes63200
* {SNT4A) ; SN133 ! CHECKX FOR 1ST DIGIT IN SEQ ND.2G563300
e X(5002) pes5634@¢
oc A(SN1ZI) #P563500
» (SNTS5A) 3 SYN2O ! CHECK FOR 2ND DIGIT IN SEQ NO.D@563600
0c X{5ep3) 20563700
DeC A{SYNZ2D) #p563808
» (SNTSA) ¢ SYN2O ¢ CHECK FOR 3RD DIGIT IN SEQ NOD.0OB563900
] X(5803) Be564000
nc A{SYN2D) 29564100
* ' ' (SNT6A) 3 SYN2@ ¢ SPACE AFTER SEG NO. gas564200
DG X(o0AB) 00564300
BC A{SNT&A) @p564400
oc A(SYN2D) 9564500
#SYN7 CR (SNYZA(X(44}))) ! STATEMENT TO BE DELETED P0564600
SYN? (1] X(6280) A056474d0
ocC Xt44p4) 908564600
* (AEX1B) 3 SYN21 :? CHECK FOR 1ST DIGIT IN STMT NORB5649¢0
DC X(50613) 28565000
oc A(SYN21) , 28565180
. (SNT8A)  SYN23 : CHECK FOR 2ND DIGIT [N STMT NO, 00565208
oc X(5a85) Be565308
nc A{SYN23? : 225654900
#SYN1@ * ' (SNT3C) 3 EDT t INDICATE STMT T0 BE STORED #8565500
SYN1@ oc X(9oae) BB565600
DcC A(SNT3C) 208565709
DC ACEDT) BA565800
#SYN11 CR {SNT7A(X(45))) ¢ INSERT, DEL OR REPL STMT NO. @0%65900
SYN11 bcC x(8280) aps66800
DC X(4504) pps6stiee
) *P* ; SYN28 3 CHECK FOR PAUSE STHT 2R566200
DC X{i@5a) BO566300
oc A{S5YN28) PB566400
» YA' 5 SYN24 20566500
bc X{1@41} PR566600
8] A(SYNZ24) pB5 646700
. 'U' } SYN25 20566804
oc X(1@855) 28566900
oc ALSYN25) 85670048
" *S' 3 SYN26 20567100
ac X153} BR567209
] A{SYN26) 2as567300
» *E' ; SYN27 A0567400
nc X(1gC5) PEs567509
oc ACSYN2Y) 20567600
* CR (SNTQA(X(59))) ; EDT ¢ INDICATE PAUSE STMT AND EXIT 0RS67700
nc X(9280) 2R567800
Dc X(5906) pe567900
DC A(EDT) 2P568020
«S5YN18 #AEXPS ¢ CHECK FOR ARITH STMT OR EXPRN @G0568100
SYN18 ] X(6009) aps682@0
1] ACAEXPS) A056830¢
*SYN19 CR (SNT1B) ; EODT ¢ INDICATE ARITH STMT OR EXPRN 08568400



SYN19

#SYNZD
SYN2@

#5YN21
SYN21

#5YN23
SYN23

]
*#5YN24
SYN24

#SYN25
SYN25

#5SYN26
SYN26

#SYN27
SYNZ27

#SYN28
SYN28

®SYN29
SYNZ29

#5YN32
SYN32

#5YN32
SYN33

ocC X(9paD)
oc A{SNT1B)
oC A(EDT)
HAEXS3 -> SYN19
nc X(88ga)
ocC ACAEXS3)
M ACSYNLD)
't (SNT2B) : EDT
oc X(90A@)
oc A(SNT2B8)
bc ALEDT)
't => SYN1D ; EDT
oc X{184A0)
oC ALEDT)
bc ACSYNLE)
* v (SNT3B) -> SYN1@ ; EODT
119 X(9BAQ)
DC A(SNT3B)
oc AtEDT)
] ALSYNLIB)
#AEX54 -> SYN19
oc Xt8600)
DC ACAEX54)
DC A(SYNLIS)
ZAEXS5 => SYN19
oc X(8800)
Dc ALAEXSS)
ocC A(SYN19)
#AEXS56 -> SYN19
DC X(88008)
Dc ACLAEX56)
oc - A{SYN19)
#AEXS57 => SYN19
oc X(8800)
bc ALAEXST)
DC ALSYN19)
'E' ; SYN64
pc X(10C5)
DC A(SYNS4)
TN' 3 SYN32
ocC X{1ip4E)
bc A(SYN32)
D' : SYN25
DcC X{1044)
1] ALSYN25)
CR (SNTSA(X(4A))) ; SYNZ26
DC X{928D)
oc X(4A06}
oc A{SYN26)
#AEX58 -> SYN19
DC X(880@)
oc ACAEX58)
bc A(SYNLI®)
'I' 3 SYN5Q
DC X(19c9)
oc A(SYNSB)
'F' 3 SYN48
oc X(1ecs)
DC A(SYN4B)
*{* (SNT4B(X(5C))) ; SYN2S
oc X(9228)
Dc X{5ca7)
Dc A(SYN25)
#AEXPS

D2

Be568500
20568600
2P568700

$ DUMMY ENTRY YO AEXP FOR NUMBERAG568800

NO STMT NO,

INDICATE STMT T0 BE STORED

ONE DIGIT STMT NO.

INDICATE STMT TO BE STORED
ENTRY TO AEXP AFTER & LETTER

ENTRY TO AEXP AFTER 2 LETTERS

ENTRY TO AEXP AFTER 3 LETTERS

ENTRY TO AEXP AFTER 4 LETTERS

CHECK FOR END STMY

INDICATE END STHT

ENTRY TO AEXP AFTER LETTER E

CHECK FOR IF STMT

STCRE [F STMT TYPE

1ST OPERAND IN IF STMT

REQUIRED

aB568900
09569000
20569100
ae569220
BB569300
pR569400
pAS69500
BB5696P0
ge569700
pa569800
PO569908
ees570000
gesroien
0as70200
ges70300
aes79400
20570508
pes570600
ags7a700
Qes570800
20576900
Pa5710800
gas711e0
pas71200
Pa571308
eg571400
24571500
po5716060
28571700
pas5718060
pa571900
pO572000
aes721ia0
ags572200
98572380
BA572408
2e5725008
Be572600
ges72700
pes 72800
Aes572900
PRs73000
28573100
PE573200
2p573308
gas573400
PAS73560
PAS73608
pes5737¢06
ae5736@0
88573908
PE574008
#p574100
2R574200
@e574300
PA5744¢0

88574500

P0574600
08574700
20574800
20574900
PA575008



#SYN3G
SYN3S

*#SYN4D
SYN4Q

..

#SYN43
SYN43

#5YN46
SYN46

#SYN47
SYN4?

#5YN4B
SYN48

#3YNAY
SYN49

*SYN5Q
SYN5Q

#SYN51 .

SYNS1

*

wSYNSS
~ SYNB5

0C X(8000)
DeC ACAEXPS)
*,¢ (SNT5B(X(3C))) ; EDT
De X(922€)
0 X(3C08)
oc ACEDT)
"G 3 SYN43
oC X(1847)
DeC ACSYN43)
"Tr 3 SYN47
DC X(12D4)
oC ACSYN4T7)
*,0 3 EDT
bC X (1082E)
ocC ALEDT)
#AEXPS |
DC X(80080)
oC ACAEXPS)
*30 (SNTSB(X{3D)}))} => SYN49
beC X(BAA9)
oc . X(30@8)
ocC A{SYN49)
'LY -> SYN39
DC X (#8CC)
oc  A(SYN39)
'E' ; SYN46
DC X(10C5)
e ALSYNAS)
11 -> SYN4D ; EOTY
oc X(1801)
oC ACEDT)
DeC A(SYN4D)
*N* 3 EDT-
DC X(1B4E)
0C "ACEDT)
'Er => SYNAP ; EDT
e ~ X(18C5}
C ACEDT)
DC A(SYNAR)
#AEX59 => SYN19
oC X(8808)
oc ACAEX59)
DC ACSYN19)
v v ; EDT
e X(i0A8)
e ACEDT)
'S 3. SYNS6 .
DC X(1053)
0C ACSYNS6)
1T 1 SYNSS
DC X(1804)
be A(SYN5S)
"0' 3 SYNZ5
b X (1BCF )
oc A(SYN25)
*pr 3 SYN26
e X(10858)
oC  A{SYN26)
CR (SNTOA(X(42))) 3 SYN27
oC X(9280)
ocC X(4206)
oc ACSYN27)
#AEX6D => SYN19
DC X(8808)
bc ACAEX6D)
0C A(SYN19)

D3

[

LOAD SPECIAL CODE FOR ,

IN IF

@a575100
pAs75200
pBS75300
ges75460
22575500
nes5756a0

CHECK FOR RELATIONAL OPERATORSOO5757240

CHECK FOR 2ND OPERAND

ENTRY TO AEXP AFTER LETTER 1

CHECK FOR STOP STMT

INDICATE STOP STMT

ENTRY TO AEXP AFTER LETTER S

29575800
pA575980
ges76000
20576100
aBs5746200
PRs576300
P8576400
2R576520
20576600
ges76700
20576800
0576900
Bas778080
gp577100
gas?va2oe
Ae577308
2577400
Bes77500
pe5776098
AB577700
@A577609
2a57790@
22578000
pa578120
00578208
485783020
pes7s4o0
20578500
pR5786060
285787980
ep578800
295789008
pas7oee0
29579100
pAS79200
ges79300
2e579400
A8579508
20579668
aes79708
a9s579800
209579900
@e580980
pas80100
pps8a200
pes863ne
82580400
ga580500
PA588600
gA56@704@
aos58p800
Q058290
28581009
Pe581100
pa561200
2581300
005814080
ee581508
p9581600

RN e e

-l



#SYN56
SYNSé6

#SYNS?
SYNS?

]

#SYNG1
SYN61

#5SYNS2
SYNG2

#SYNG3
SYNGI

*SYNG4
SYN64

»

*#SYNGS
SYNG6

#SYNGS
SYNGS

#SYN75
SYN?7S

'C* 3 SYN76
nC X(1@8C3)
C A(SYN76)

*A' 3 SYN6B
DC X(1041)
D¢ ACSYNGB)
'L & SYN2S
oc © X(1ece)
oc A{SYN25)
LY 3 SYN26
oc X(18¢C)
DC AISYN26)
"+ (SNT6B(X(5D))) 5 SYN27
oc X(92A8)
ocC X(5089)
oC A(SYN27)
#AEXPS
C X(8000)
. oC ACAEXPS)
CR (SNT7B) ; EDT
oc X(9280)
0cC ACSNT?B)
oC ACEDT)
HAEX61 -> SYN19
bC X(8800)
oc ACAEX61)
ocC A(SYN19)
'C' 3 SYN33
DC X(12C3)
DC A{SYN33)
* v 3 SYNS?
oC X(10A2)
oc A(SYNS?)
CR (SNTOA(X(3F)))
oC X(8280)
oC X(3FB6)
(SNTSB) => SYN66
DC X(4808)
DC ALSYNGS)
'Ot } SYN63
DC X(16CF)
oc A{SYNG3)
'N' } SYN?5
oC X(104€)
oc A(SYN75)
'TY 3 SYN26
oC -X(10804)
DC A(SYN26)
"I' 3 SYN27
pC X410¢9)
e ACSYN27)
'N' : EDT
oc X (104E)
0C ACEDT)
'ur ; EDT
bc X(1055)
DC ALEDT)
‘E' 3 EDT
oc X¢1@8C5)
ocC ACEDT)
CR (SNTQA(X(3E))) 3 EDT
oC X(9280)
oc X(3E06)
DC ALEDT)
#AEX62 => SYN19
oc X(8800)

D4

i CHECK FOR CALL STMT

CHECK FOR OPERAND

! PROCESS STMT

s

INDICATE CALL STMY

ENTRY TO AEXP AFYER LETTER C

¢t CHECK FOR STORED COMMENT

t INDICATE COMMENT STATEMENT

t ACCEPT ANY CHARACTER,

1C=EC

! CHECK FOR CONTINUE STMT

! INDICATE CONTINUE STNHT

00581700
20581800
005819¢8
20582000
80582100
#2582200
08582300
60582400
20582500
69582600
28582700
20582800
08582908
ae583000
20583109
20583200
oR583300
PB583400
08583500
80583608
20583700
28583800
88583900
22584200
0BS84109
PASB4200
28584300
89584400
20584500
20584600
80584700
20584880
00584908
pB585008
Ges85100
08585200
39585300
20585400
20585500
20585600
@0585700
28585800
80585900
00586600
00586100
20586200
80586390
28586480
00586508
60586600
00586720
¥B58680p
60586960
@0587200
20587100
20587200
ap587308
AP587409
905687500
00587609
205687760
20587800
20587900
20588000

! ENTRY TO AEXP AFTER LETTERS COG258810¢

ZR588200



#SYN76
SYN76

#SYNB3
SYNB3

*SYNGD
SYN9Q

*

#SYN94
SYNG4

#SYNOS
SYN9S

DC A(AEX62)
oc A{SYN1IO)

*R* + SYNB3
0cC X(18D2)
oC A(SYNBS)

*EY 3 SYN24
oc¢ X{18C5)
pc A(SYNZ4)

'TY ; SYN2S
pc X(1904)
DC A{SYN25)

Ut ; SYN2é
oc X(1@55)
oc A(SYN26)

*R* ; SYN27
oC X(10602)
oC A(SYN2?7)

Nt i EDT
Dc X(104€)
oc ALEDT)

CR (SNT9A(X(5E))) ; EOT
DC Xt928D)
oC X{SEBE)
DcC ACEDT)

YA' ; SN1ip4
0C X(ip41)
DC A(SN1D4)

*C' 1 SN1B3
ocC X(18C3)
oc A(SN1D3)

*C*' 3 SYN25
ocC X(19Cc3)
bc ACSYN25)

‘E' 3 SYN26
ocC X(1@C5)
oC A{SYN26)

*P*t ; SYN27
oc X(1058)
oc ALSYN27)

‘T* 3 EOTY
] Xt10D4)
oC ACEDT)

v v (SNT9B(X(55))) ; EDT
] X(92A2)
DC X(550A)
oc A(EDT)

(AEX4A) ;3 EDY
oC X{5e10)
1] A(EDT)

(AEXSA)Y 3 SYN9S
oc X(5211)
oC A(SYN95)

(AEX5A) 3 SYN9S
oc X(5811)
DC A(SYNDS)

(AEX5A)
oc Xx{4011)

', (SNTSB(X{34))) -> SYN9D 3
oc X{9AAC)
oc X¢340@8)
bDC ALSYNG62)
] A(SYNGD)

t(* (SNTS5B(X(31))) ; SYN94
bc X(9228)
DC X{31g8)
DC A{SYNO4)

D5

t CHECK FOR RETURN STHT

t INDICATE REYURN STMT

t CHECK FOR ACCEPT SYMT

! CHECK FOR ALPHABETIC CHAR
: CHECK FOR ALPHANUMERIC CHAR
! CHECK FOR ALPHANUMERIC CHAR

t CHECK FOR ALPHANUMERIC CHAR

1 SUBSCRIPTED VARIABLE BRACKET

pasasien
ges8s4e0
pes88500
pesasseg
PR588700
pesas8an
pB588900
20589800
P0589100
P@5892049
29589304
pas89420
20589500
PR589600
20589700
oP589800
PEs589900
22550000
pR590100
a@s590280
00590300
aa59p400
pa598500
pas9p6ee
2A598708
pos9980e
20599909
22591800
28591100
20591200
PP5913009
o8591408
29591500
#p591600
295917060
pe591600
20591929
gas92000
pes921ep
eB5922048
29592300
A05924900
PR592500
208592600
20592700
28592800
ans592908
Ba5930e9
285931049
69593208
20593300
pR5934900
RE593500
BR593607
ap5937e0
Pe593800
pess3909

SYN62 : LOOK FOR DELIMETER COMMABE594000

Be5941009
pR594200
20594300
205944049
295945002
pR594609
PE5947020
P@594800



»SN10®
SNiQ@

#5N101
SN121

*SN103
SN103

*SN1D4
SN1g4

*SN1p5
SN1@5

*

*SN1@9
SN1@9

«SN110
SN11@

*

#SN111
SN111

*

'*s#* (SNTIC) -> SNio1

oc X{(B88AA}
oc AC(SNTIC)
DC A(SN1AL)
#AEXPS
oc X(8000)
nc ALAEXPS)
' (SNTSB(X(35))) ;
oc X{92AC)
bc Xt35@8)
DC A(SNLOD)
#AEXPS
Dc X(8g90)
DcC ACAEXPS)
')t -5 SYNO4 ; EDT
oC X(18A9)
oc ACEDT)
oc ACSYN94}
*»* (SNTS5B(X(35)}) ;
pc X(92AC)
oc X(3588)
pe A(SN1OB)
‘#' > SN1@@ ; EDT
oc XU(18AA)
DC ALEDT)
DC A(SN1OD)
#AEX63 ~> SYN19
bC X{s8p@)
bc ACAEX63)
oc A{SYN19)
*T*' 3 SN132
11 X{1ig04)
oC A{SN132)
'Y* ; SYN24
1Y X(1059)
DC A(SYN24)
*P* ¢ SYN25
ocC X{i@50}
oc A(SYN25)
'E*' 5 SYN26
oc x(iacs)
bc A(SYN26)
' ' -> SN11@ ; SN206
nc Xt184AQ)
¥ A(SN2D6)
Dc A{SN118)
CR (SNT9A(X(49)))
bc X(828D}
be X€(4996)
‘it «> SN109
DC X{0888)
DC ACSNIO®)
*ir -> SN129
nc Xtps3a)
119 A(SNLIDS)
*<*' } SN119
oc X(183C)
1Y A(SN119)
'<' => EDITZ2
oc X{gs3c)
] A(EDIT2)
(EDT3A) ; SN122
0c X<5eee)
oc A{SN122)
(EDT4A)
0c X{4@ac?

D6

-

CHECK FOR

SUBS VBLE

CHECK FOR

SU8S VBLE

SUBS VBLE

SUBSCRIPT

COMMA [N ACCEPT

2ND SUBSCRIPT

CLOSING BRACKETY

COMMA IN CLEAR STHMT

ENTRY TO AEXP AFTER LETTER A

CHECK FOR

TYPE STMT

! CHECK FOR POSITIONAL PARAM

NONZERO DIGIT.LT,INPUT CHARS

DIGIT WITH SUM,LT,INPUT CHARS

02594900
20595002
285951080
gR5952020
PE595302
Ag595402
B2595500
P2595600
20595708
28595809
20595908
285960020
28596100
20596200
20596389
205964420
20596500
Pa596608
20596700
pas596800
20596909
AR597000
P0597120
20597220
Pe5973ep
BR597400
Be5975a60
pas5976ap
20597700
20597820
ea597900
ges98220@
208598100
09598200
pE598300
PB598400
ge598500
Pe598600
20598700
pes988e9
pas98900
RE599R20
2@5991a62
P85992048
gps993ap
ge599408
28599500
28599600
PE599700
pas559800
pe599920
PP600200
00600100
20500200
08602300
Besop4en
206PQ500
poscegeen
20600700
gesppsen
Pd6d0908
J0621000
PeeB1100
pas@12e0
PP6R1300
paedi1400



#SN117
SN117

#SN119
SN119

*

#§N122
SN122

#SN123
SN123
#5N124
SN124

*

#SN126
SN126

#5N130Q
SN13@

*

*3N132
SN132

EDT

EDY

CR (EDT5A)

oc X(808D)

BC ACEDTSA)
#AEX53

oC X(8008)

oc ACAEXS3)
*>v ; €DT

oC X¢10BE)

oc ACEDT)
', (SNTSB(X(34)))

oC X(92AC)

ocC X(3408)

nc ALEDT)
"1 3 SN130

e X(1827)

oc A(SN130)
Yo o5 SN123

oC X(1927)

ocC A(SN123)
fvr o> SN124 ; EOT

oC X{(1827)

oc ACEDT)

oc A(SN124)
#AEXPS -> SN117
oc X(88029)

DC ACAEXPS)

oc A(SN117)
{SNT5B)

DC X (40088)
vt ; SN123

oc X(1027)
ocC A(SN12D)
ver o> §N124

ocC X{8827)
ocC A(SN124)
*,' (SNTSB(X(34))) => SNit11
DC X(BAAC)
oc X(3408)
e A(SN111)
';0 <> SN1@9

oc X(3888)
DC ACSN129)
viv => SN189

DC X(@83A)
ocC A{SN189)
CR (SNT9A(X(49)))
oC X(9280)
0C X{4906)

oc ALEDT)
tH

bC X(0022)
AAEXPS -> SN126
oC X(8802)
oc ACAEXPS)
DC A(SN126)
'G' : SYN1B

DC X(1047)
ocC A(SYN18)
"0' 3 SYN24

DC X (10CF )
ocC ACSYN24)
* ' 3 SYN25

DC X (1DAD)
DC ACSYN25)
"TY ; EOT

oC X(10D4)

D7

H

DELETE CHARACTERS AND RETYPE

ACCEPT ANY CHARACTER

LOOK FOR DELIMETER

INDICATE TYPE STMT

CHECK FOR ARITH STMT OR EXPRN

CHECK FOR GO TO STMT

80601520
ed6b1600
oeep1720
006918282
pe60v1920
PosR29200
p2s@2100
00602200
pos0z3002
pe602400
20602500
Q0602600
pe602700
Pes02800
20602928
Po603IB20
P2603120
Be603200
PB603308
PR6034@0
Qps03580
2P603600
QasB3700
20603890
aPs03%02
dpsea0aD
206024100
poso4200
20604300
2264400
RR604500
go646082
Q0624708
006248082
20604900
2P685000
2P685109
P@605200
@o605300
00605400
geee5500
PR685600
ggebs700
ogees5808
Pe605908
posesBan
eesB6100
PR606208
00606300
a0606400
gesRss500
gesossen
peeRs700
po60s800
Ad606900
29607002
20607100
pee07200
PBs07300
Q0607400
00607500
206076060
ea607700
gesd78e8
BRs@7900
poepBR0RD



a—

*SN133
SN133

#SN137
SNL137

*5N143
SN143

»

#SN145
SN145

#5N146
SN146

#5N147
SN147

D8

INDICATE GO TO STMT

CHECK FOR RUN STMY

INDICATE RUN STMT

CHECK FOR LIST STMT

CHECK 1ST OPERAND

OTHERWISE CHECK 2ND OPERAND

ENTRY TO AEXP AFTER LETTER L

CHECK FOR EDIT STMT

oc ACEDT)

'0* 3 EDT
oc X(10CF)
Dc A{EDT)

' ' (SNT6B(X(48))) -> SYN61 3 EDT :
oc X(9AAD)
DC X(4809)
nc ACEDT)
oc A{SYN61)

R ; SN137
oc X{iep2)
oc A(SN137)

‘Ut ; SYN24
oc X(10855)
bC A{SYN24)

'N' 5 SYN2S
oc X(194E)
Dc A(SYN25)

CR (SNYQA(X(4B))) ; SYN28
oc X(9280)
occ X(48086)
bC ACSYN26)

‘L' § SN147
DC X(1pce)
oC A(5N147)

*I' 3 SN14s
DC Xx{iaco
bc ALSN146)

*S* ; SYN25
3]y X(1053)
oc ALSYN25)

'T* 3 SYN26
] X{igD4)
oc A(SYN26)

CR (SNT9A(X(4DI )
DC X(8280)
oc X{4D@é}

*i' (SNT6B(X{4D))) =-> SN145
oc X(8A34A)
Dc X¢4009)
oc A{SN145)

' ' (SNT6B(X(4D))) } SYN27
oc X(92A0)

H X(4009)
Dc A(SYN27)

HAEXPS
oc X(89ea)
oc A(AEXPS)

* IF NO COMMA LOOK FOR CR,

'+' (SNT5BIX(34))) =-> SYN61 } SYN62
oc X{QAAC)
Dc X13498)
Dc ALSYNG2)
oc A(SYNGL)

' 1 -> SN143 ; SYN42
oC X{18A0)
oc A(SYN62)
oc A(SN143)

#AEX64 -> SYN19
oc X(8809)
]+ ALAEXS4)
(1] A(SYNL9)

*E* ; SN1S2
oc X(19Cc%)
oc A(SN152)

‘D' 3 SYN29

*

CHECK FOR END IF NOT D

d26p810@
20608208
20608300
02608400
20608500
28508600
0Ps08780
pesc08800
A0608909
PB&R900
ggspvioe
oB609200
2A629302
20609400

‘pBed9500

006096002
3609780
2609880
PB609900
oeeipdon
p0610100
PE610200
#0610300
P2610400
a0610582
paclo6ee
Bedela700
286106800
00610980
00611000
P2611109
09611200
20611300
pd6ii400
d0611500
oe611600
pes11708
o0611808
B2611902
pR612000
p2612100
pB612200
0612380
2612400
P9612500
pa612600
28612729
00612830
PB612920
PP613000
PP613100
Pe613200
20613300
00613400
20613500
2613600
086137002
20613800
PR613900
ees14000
Pd614100
PBas614209
00614320
08614400
08614500
@0614600



#SN152
SN152

*

#SN155
SN155

#SN158
SN158

L

#SN165
SN165

X(1244)
A(SYNZ9)
3 SYN2S
Xei1ace)
A(SYN2S)
i SYNZS
Xx¢(1004)
A(SYN26)

(SNT6B(X(4C})) -> SYNé1L

X(9AAR)
x(4ca9)
ALSYNZT)
A(SYNG61)
i SN158
X(10508)
A{SN158)
i SN155
X{1p41)
A(SN155)

(SNT6B(X(5A))) ~-> SYNé61

X(9AAD)
X{5A89)
A{SYN2Z25)
A(LSYNGL)
} SYN24
X(1842)
A(SYN24)

(SNT6B(X(5B))) -> SYN61

X{(9AAD)
X(5B09)
A(SYN25)
A(SYN61)
3 SN2@7
X(19C3)
A(SN287)
=-> SYN66
X(DBAD)
ACSYNGS)
SYN63
X(1ecc)
A(SYNGD)
} SYN25S
X{1@acs)
A{SYN25)
3 SYN26&
X(1p41)
A(SYN26)
(SNT2C(X(4E) )
X(9202)
X(4E0D)
AC(SYN27)

-

=> SYN9Q : SYN62

X{18A8)
A{SYN62)
A(SYNOD)
i SN187
X(1053)
ALSN1B?)
P OSN174
X(1859:
A(SN174)
SYN25
X140
A{SYN25)
i SYN26
X(1042)

-

»

D9

SYN27 H
¢t CHECK FOR
SYN25 :
SYN2S s

INDICATE EDIT STMT

PA OR PB

INDICATE PA STHY

INDICATE PB STMT

B@614700
ggs14800
296149ap
eo615000
20615100
22615200
2e615300
a@61540p
206155008
pe615600
#P615700
ap6158080
28615900
28616000
PB616100
@R616200
ga8616300
@aé16400
pE616500
ap616600
20616700
g8616800
28616900
PR617008
P0617100
00617200
P0617300
00617408
23617580
20617600
20617708
posl17800

CHECK FOR CLEAR STMT20617908

CHECK FOR COMMENT

gB618000
fR618100
#0618200
PP618300
028618400
008618500
22618690
gg618700
p0618808
0618900
Pas619000
p@s619100
pB619200
20619300
00619400
80619500
20619600
20619708
pos19808@
p@619900
20620002
PBs628100
00620200
po620300
po628402
006205008
0620600
20620700
62620800
PR620908
ad621000
PP621100
pe621202



#SN174
S5N174

#3N179
SN179

#SN187
SNi187

L ]

oc ACSYN26)
'0' ; SYN27

DC X(1BCF)

DC A(SYN27)
'Lt 3 EDT

0C X(19cC)

bC ACEDT)
'S* 3 EDT

DC X(1053)

DC A(EDT)
l:.

0c X(023A)
CR (SNTQA(X(4F)))

DC X(9280)

DC X(4FP6)

oC ACEDT)
"P' 3 SN179

DC X(1050)

0 ACSN179)
*A' ; SYN25

oC X(1041)

oc A(SYN25)
'C*' 3 SYN26

oC X(18C3)

bC A{SYN26)
'E' 3 SYN27

DeC X{10¢5)

DC ACSYN27)
CR (SNT9A(X(41)))

oC X(9280)

oC X(4106)

DC ACEDT)
"Y' 5 SYNSY

DC X(1055)

e A(SYN51)
'SY 3 SYN25

0C X(10853)

oC A(SYN25)
*P' } SYN26

o x(1es5@)

DC A(SYN26)
'E' i SYN27

DC X(12c5)

DC A(SYN27)
'N*' 3 EDT

oc X(104E)

oc ACEDT)
'D* 3 EDT

oC X(1844)

oC ACEDT)
I:'

be X(0034)
CR (SNT9A(X{58)))

oc X(9280)

oC X(5806)

oC ACEDT)
'F' 3 SN196

bC X¢108C6)

oc ACSN196)
*T* ; SYN24

e X(18D4)

DC ACSYN24)
"R' 3 SYN2S

e X(1002)

oc A(SYN25)
0! 3 SYN26

¢ EOT

;3 EOY

: EDT

Dlo

¢ INDICATE SYMBOLS STNT

t CHECK FOR SPACE STHMTY

t INDICATE SPACE STMT

¢ CHECK FOR SUSPEND STMT

¢ INDICATE SUSPEND STHTY

! CHECK FOR FTRON

00621300
PB621400
00621580
02621609
PR621700
20621800
00621900
pA622000
PRe22182
DB622200
PR622300
Ad622408
eRA622500
00622600
Q622700
Be622800
BB622900
ges23000
BRs23109
09623200
20623300
BP623400
008623500
00623600
00623700
00623808
BA623900
ea624000
03624100
00624260
00624300
00624402
PB624500
PB624600
PP624700
28624820
28624902
00625000
20625100
03625262
PB625300
20625400
BP625500
pe625600
20625700
ge625880
20625909
20626009
29626100
pos26208
20626300
pee2640e
P2626500
aB626600
28626709
oB626800
00626920
pe627009
poae271a0
00627209
09627300
p8627408
28627580
p6276080
20627780
PP627800



#SN193
SN193

#SN196
SN196

»

sSN2@2
SN2@2

*SN206
SN206

s5N2@7
SN2@87

#SN209
SN209

DC X¢1acCF)
DC A(SYN26)
*N'  SN193
oc X(104E)
DC A{SN1I9D)
CR (SNT9A(X(53))) ;3 EDT
oc X(9280D)
nc X{(5306)
+1¥ ACEDT)
'FY § SYN2V
oC X¢1acé)
oc ALSYN27)
‘F* 3 EOT
oC X(18Cé6)
Dc ALEDT)
CR (SNTOA(X(54))) : EOY
oc X(928D)
oc X(5406)
cc ACEDT)
'7* 3 SN132
0C X¢ie0D4)
oc A(SN132)
'R* 3 SN1@5
1] X(1802}
11 A(SN1D5)
'Q' 3 SYNZS
] X(1BCF)
nc A(SYN25)
*NY 3 SN202
oc X(104E)
DcC ALSN202)
'+ (SNT6B(X(51))) <> SYN6L
119 X{BAAD)
oc X(5189)
oc A(SYNGEL)
CR (SNT9A(X(%51))) 3 SYN27
DcC X({9280)
oc X{5106)
oc A(SYN27)
'F' 3 SYN26
DC X(18C6)
oc ALSYN26)
'Fr o3 SYN27
DC x¢1ace)
bc ALSYN27)
'+ (SNT&B(X(52))) -> SYN61
11 X{8AAD)
oc X(5289)
1 A(SYNG61)
CR (SNTQA(X(52))) 3 EDT
11 X(9280)
oc X(52086)
oc ACEDT)
CR (SNTOPA(X(49))) ; SYN27
oc X{9280D)
oc X(4906)
be ACSYN27)
*$v § SN165
e Xc(1824)
119 AtSN165)
Yo oNs
oc X(g4ap)
CR (SNTQA(X(S6)))
DC X(8280)
oc X(56086)

(SNT58) -> SN289

D1l

t INDICATE FTRON STMT

t INDICATE FTROFF STMT

t CHECK FOR TRON AND TROFF

1 INDICATE TRON STMT

t INDICATE TROFF STMT

: INDICATE TYPE STMT

t SPECIAL § STHMT

00627900
PP628000
pe628100
p8628200
PB628300
00628400
pB628500
20628608
PP628700
20628608
ae628902
p@s629008
PP629100
00629200
008629309
20629400
P0629500
00629600
20629700
BpE62%808
#B629900
20630008
f0630108
206382002
826303982
20630400
gac3ps0n
pes30soe
80638700
80630800
0630900
@0631000
Po631109
poA6312008
22631300
28631400
poe315e20
28631600
20631700
po631820
90631900
pR6320800
20632100
pR632220
28632300
20632400
20632500
20632600
a@s632700
ap632800
Bo632%00
20633000
PR633109
20633208
P9633308
P@633400
PP633500
2633600
28633708
B0633800
20633902
eBs34200
0634100
0B634202
pes34300
00634400



*AEXPS
AEXPS
*AEXP
AEXP

*AEX2
AEX2

*AEX3
AEX3

®AEX4
AEX4

*AEX5
AEXS

#AEXS
AEXS

*AEX7
AEX7
#AEXS
AEXS
#AEX9
AEX9

*AEX18
AEX19

»

*#AEX15
AEX15

*AEX16
AEX16

1] X(4808)
1] o ATSN229)
(AEX1A)
DC X(400E)
Y+ (AEXZ2A) -> AEX?
(1] x(gaz2g)
pe ACAEX2A)
nc ACAEX2)
t-' (AEX2A)
DC X(8p20)
11 ACAEX2A)
"A' 3 AEXS
oc X{i041)
DC ACAEXS}
*B' ; AEX6
ocC X(1842)
1] ACAEXS)
*S' ; AEX3D
(1] X(1853)
oC ACAEX38)
YOV CAEXIAIXI32))) => AEXP
DC X(9a28)
DC X¢328F)
oc ACAEX3IL)
110 ACAEXP)
'T* ; AEX29
DC X{1004}
] ACAEX29)
'N' => AEXS ; AEX3Q
1] X(184E)
bc ACAEX38)
Dc ACAEXS)
*C' 3 AEXip
DC X(10C3)
bC ACAEX13)
'O' => AEX4 : AEX29
DC X(18CF)
Dc ACAEX29)
pc A{AEX4)
DY 1 AEX15
oC X{1244)
3] ACAEX15)
Pt AEX29
bc X(1059)
nC ACAEX29)
*TY ; AEX30Q
DC X(ieD4)
oc ACAEX3D)
YO O CAEXIA(X(3I2)))
D¢ X(9228)
oc X{(320F)
4] A(AEX3L)
"R => AEXP 3 AEXP
DC X(1822)
DC ALAEXP)
DC ACAEXP)
'E' 7 AEX18
DC Xt14cs)
ocC ACAEX18)
*X?' 5 AEX29
bc X(1i608)
DC ACAEX29)
‘Pt <> AEXS 3 AEX3a
Dec X(1850)
oc ACAEX3D)
oc ACAEXS)

D12

INITIALISE POINTERS
UNARY PLUS OR MINUS

. ABS

AEX31 ¢t FUNCTION BRACKET

ATN

ces

DPT

FUNCTION BRACKET

EXP

02634509
00634600
08634700
20634800
00634900
00635800
#0635100
635200
20635300
PR635400
80635520
20635609
82635700
2635800
PA635900
28636009
Pe636120
P0636200
20636329
pd636400
20636500
BO636600
PR&36700
PR636800
PB636900
PA63I7000
08637100
gP637200
286373080
20637400
28637500
PR637600.

. 00637708

BP637800
PB637900
Gge3a0oa
20638100
00638209
PB63B300
PP638400
po638500
286386¢0
0638700
g0638800
03638900
ee639800
20639100
BR639200
00639389
20639400
2P639500
206396020
#a639700
20639800
PA639900
BRs4pooe
00640100
P0640200
0064p300
29642400
28640500
008643600
BB640700
P064p8602
20640900
92641000



#AEX18
AEX18

#AEX19
AEX19

*

*AEX21
AEX21

#AEX22
AEX22

*

#AEX24
AEX24

#AEX2S
AEX2S

#AEX28
AEX28

#AEX29
AEX29

#AEX3D
AEX30Q

#AEX31
AE% 31
#AEX32
AEX32Z

*AEX33
AEX33

*I' 3 AEX21

o] Xtigc9)

bc ACAEX21)}
"N 3 AEX29

oc X{1@4E?

DC A{AEX29)
T =3 AEXDS ; AEX3D

DC X(18D4)

oC ACAEX3B)

oc ACAEXS)
LY i AEX24

oc Xe1gce)

pc ALAEX24)
Q' ; AEX29

oc X(1&CF)

11 ACAEX29)
*G' => AEXS5 ; AEX30Q

oc X(1847)

DC AAEX3®)

oc ACAEXS)
'St 3 AEX28

oc Xt1@53)

oC A{AEX28)
Y1 =D AEX7

oc X(B8C9)

oc ALAEX7)
Q' 5 AEX29

bC Xt1ieDii

bC ACAEX29)
*RY => AEX5 : AEX3D

DcC X(1802)

DC ACAEX3ID)

oc ACAEXS)
(AEX4A) ; AEX41

oC X(sg18)

oc ACAEX41)
CAEXSA) & AEX4Q

bc X(5011)

nc ACAEX4D)
CAEXSA) } AEX4Q

De X(5811)

bc ACAEX4D)
CAEXSA)

1]y X(4411)
ASSIGN (AEX7A) ~-> AEXP

oc X(B85F)

nc ACAEX7A)

oc ACAEXP)
')* {AEXBA) => AEX33

bc X(88A9)

DC ACAEXBA)

bc ACAEX33)
*,' (AEX9A) -> AEXP

Dc X(BBAC)

oc ACAEX9A)

De ACAEXP)
t+r (AEX2A) =-> AEX2

0c x{(8828)

BC ACAEX2A)

bc A{AEX2)
‘=1 (AEX2A) -> AEX2

] X(88203

1] ACAEX2A)

DC ACAEX2)
et (AEXZ2A) => AEX2

oc X(8BAA)

D13

*

INT

LOG

SIN

SGR

ALPHABETIC CHARACTER

ALPHANUMERIC CHARACTER

ALPHANUMERIC CHARACTER

ALPHANUMERIC CHARACTER
ASSIGNMENT ARROW

fP641100
PB641200
Pe641300
80641400
P0641508
22641600
pesa1700
P6641600
29641900
pos42000
08642100
PB642290
PP642300
20642400
BO642500
20642600
aR642700
29642840
09642980
AA643000
20643100
PP643208
AP643300
B0643400
PR643500
2a643600
PR643708
20643800
P0643908
0d644009
20644100
o@644200
2B644300
BP644400
go644508
p0644600
20644708
ad6448080
20644900
20645000
20645100
pB645208
po645300
PB545400
28645500
@es645600
gpe64s57@0@
BR645500

! AEX32 1S FORPTR FOR SUBS VBLEOD645900

COMMA IN SUBSCRIPTED VARIABLE

PE646000
egs646109
22646200
@A6463E0
BB646400
209646500
PR646609
P0646700
B2646800
20646900
pPs647000
pes47108
pR6472080
28647300
206474020
20647500
PB647600



*AEX40
AEX49

*AEX4)
AEX41

#AEX43
AEX43

*

*AEX45
AEX45

#AEX46
AEX46

*AEX49
AEX49

*

*AEXS51
AEXS1

*EDT
€07
*EDIT1
EDIT1

«EDIT2
EDIT2

oC ACAEX2ZA)
bc ACAEX2)
/Y (AEX2A) -> AEX2
ac X{(BBAF)
DC ACAEX2A)
(1] ALAEX2}
UPARROW (AEX2A) =~> AEX2
DC X{(88DE}
oC ACAEX2A)
oc ACAEX2)
' -> EDITL
nc X{g83cC)
bC ACEDITL)
(AEX2B) ; RETURN
DC X{6014)
(' (AEX6A(X(31))) => AEXP
oc X(9A28)
119 X(3112)
oc ACAEX32)
DC ACAEXP)
YO CAEXIA(X(3D))) => AEXP
DC X(B8A28)
bc X(3BQF?
ocC ATAEXP)
(AEX1B) ;i AEXS1
oc Xt5813)
DC A(AEXS1)
(AEX1B) => AEX43
1] X(4813)
Dc ACAEX43)
Y. 3 AEX46
DC Xtip2e)
1 ACAEX46)
(AEX1B) ~-> AEX45
oc X(4813)
oc A(AEX45)
'EY 5 OAEX33 .
DC X(1gcs}
oc ACAEX33)
T+ (SNTS5B(X{39))) =-> AEX49
DC X(8A2B)
ne X{3908)
oc A{AEX49)
=t (SNTSB(X(3A)))
Dc X(8220)
DC X{3AD8)
(AEX1B) ; EDT
DC X{3p13)
oc ACEDT)
(AEX1B) -> AEX33 ; AEX33
0c X(5813)
DC A{AEX33)
oc ACAEX33)
.t 3 EDT
DC X{1@82E}
oC ACEDT)
(AEX1B) -> AEX4S
De X{4813)
be ALAEXA45)
<Y 3 B
DC X{p43C)
*<* ; EDIT4
D¢ X(183¢C)
ocC ACEDITH)
*<' (EDT1A)
H e X{883C)

D14

¢ CHECK FOR EDIT CHARACTER

! RETURN IF ZERO BRACKEY LEVEL

; AEX32 : SUBS VBLE BRACKET

¢! NORMAL OPENING BRACKET

DECIMAL NUMBER

DECIMAL NUMBER

-

DECIMAL NUMBER

! EXPONENT SYMBOL

! EXPONENT PLUS

EXPONENT MINUS

.

DECIMAL NUMBER IN EXPONENT

! 2ND DIGIT IN EXPONENT

DECIMAL NUMBER

aBs47700
PB647800
20647900
ops4800@
29648100
b9648200
20648300
09648400
29648500
pe648600
go648700
P2648809
PB648%08
20649000
22649100
28649230
PB649300
a¢64940¢
68649500
PR649600
PAs497080
20649800
BO649%00
20650008
28650100
g965p200
g965a300
20650400
aes50500
PB650600
PBs650700
Ads650800
pe650908
30651000
20651180
00651288
gp651300
20651400
pR651500
0651600
p8651700
pRs51860
BRe51900
pescs2000
pR652108
pe652200
20652300
2R652480
20652560
28652600
PB652709
pB652800
88652908
26653000
eps53100
PP653200
PR653300
PR653400
PB653580
20653600
2P653700
po653800
g0653900
Pes654000
nde54108
28654200



*EDIT4
EDITAH

*

*

*AEXS53
AEXS3

*AEX54
AEXS54

*AEXS5
AEX55

#AEXS6
AEX56

#AEXS?
AEXS57

+AEXS50
AEX58

*AEXS9
AEX59

*AEX6D
AEX6D

#AEX61
AEX61

*AEX62
AEX62

*AEX63
AEX63

#AEX64
AEX64

ACTBL

/] ACEDTLA)
CR (EDT2A) ; #2
DC X (8480}
oc ACEDT2A)

(EDT3AY ;5 #3
De Xt44g8)
(EDT4A)
oc X(400¢)
CR (EDTSA) ; #4
(1] X(8480)
ocC ALEDTSA)
(AEXLA)Y ; AEX43
DC X(590F)
Dc ACAEX43)
(AEX1A) & AEX29
DC X(50@2E)
Dce ACAEX29)
(AEX1A) 3 AEX3@
[2]¥ X(580E)
DC ACAEX3®)
(AEX1A)Y $ AEX31
oC X{S00E}
] o ALAEX3L)
(AEX1A) 3 AEX32
DC X(5@88E)
(1] ALAEX32)
(AEX1A) ; AEX16
DC X(50QE)
DC ACAEX16)
(AEX1A)  AEX19
1] X(580E)
DC ACAEX19)
(AEX1A) 3 AEX25
De X (S080E}
DC A{AEX25)
(AEX1A) 5 AEX9
1] X{528E)
DC A{AEX9)
(AEXLA)Y : AEX4
oc X (508€E)
[ ]» ACAEX4)
(AEX1A) 3 AEX3
DC X(5BRE)
nc ACAEX3)
{AEX1A) ; AEX22
] X (S@AQE)
De ACAEX22)
DC A(SNTZ2A)
DC AC(SNT4A)
bC A(SNTSA)
ocC ALSNT7A)
DC A(SNT8A)
bC A{SNT9A)
De ACSNT4B)
DC A({SNTSB)
DC A(SNT68)
DC A(SNT9B)
D¢ A(EDT3A)
oc A(EDT4A)
o¢ A(SNT2C)
DeC ACAEX1A)
DC ACAEX3A)
oc ACAEX4A)
DC ACAEXSA)
De A(AEXGA)
DC A(AEX1B?
DeC ALAEX2B)

D15

NONZERO DIGIT.LT.INPUT CHARS
DIGIT WITH SUM.LT,INPUT CHARS

DELETE CHARACTERS AND RETYPE

A0654300
oe654400
B8654500
00654600
00654700
@9654800
2P654900
23655000
90655108
pe655208
08655300
20655400
26655500
PA655600
20655700
00655800
00655908
29656000
80656100
22656200
29656300
Bd656400
#P656500
PR656608
2A656708
00656800
29656900
PB657000
22657109
BB657202
BR657304
206574040
20657500
pR6576082
BB657700
20657808
PB657908
28658000
pos5810e
20656200
20658300
pese58400
20658500
g06586049
gess5a7ee
28658800
PB658900
gR659000
B0659100
286592849
Pe659300
pB659400
p0659508
Be659600
PB659700
ge659829
D065990D
pR6600OD
gesépien
Q2650200
PA660300
20660400
2660500
2R660600
2p660700
20660808
PG6460900






