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Progress Report on the Development of FOCAL-11  

I. SPECIFICATIONS 

The preliminary specifications for FOCAL-11 have been prepared 
according to the format set forth in Programming Projects Control Standard, 
the programming department memo #005-003-004-000. These specifications 
include the following sections: 

1.0 OVERALL DESCRIPTION  
2.0 HARDWARE ENVIRONMENT  
3.0 SOFTWARE ENVIRONMENT  
7.0 LANGUAGE  

These sections constitute a basic framework for the language. 

II. CODING 

Roughly, one-third of the coding has been completed and is ready 
to be tested. The commands that have been coded are: ON, IF, DO, GOTO, 
FOR, SET, ASK, TYPE. 

In order for these commands to be executed, the following subroutines 
are necessary: READC, PRINTC, PUSHF, POPF, SORTC, SORTJ, PROCESS, TESTC, 
TESTN, MOVTORO, GETC, SPNOR, GETNSC, FINDLN, GETARG, SORTV, TSTLPR, 
TSTGRP, GETLN, ECALL, EVAL, GTOPR, MOVS00, GETOP. All of these sub-
routines have been coded. 
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The subroutines EVAL, MOVS00, GETOPR, and GETOP in the present version 
of FOCAL-11 are similar to the subroutines of the same names in BASIC-11. 
The other subroutines are similar to corresponding subroutines in FOCAL-8 
(1969). In fact, considerable effort was made so that FOCAL-11 would be 
consistent with FOCAL-8, a feature that is beneficial to both the 
experienced and inexperienced users of the FOCAL language. The following 
conventions have been adopted in order to implement consistency. 

Macros Being 
Utilized 

Meaning of the 
Macros in PAL-11  

Comparable 
FOCAL Macro  

   

   

PUSH DUMMY1 = MO ✓ DUMMY1, -(SP) 
	

PUSHA 
POP DUMMY1 = MO ✓ (SP)+, DUMMY1 
	

POPA 
PUSHJ DUMMY1 = JS R R5, DUMMY1 
	

PUSHJ 
POPJ 	= RT S R5 
	

POPJ 
GETC 	= MO ✓ (RA)+, CHAR 
	

GETC 
SORTC 	= JS R R5, XSORTC 
	

SORTC 
SORTJ 	= JS R R5, XSORTB 
	

SORTJ 
PRINTC 	= JS R R5, XPRINTC 
	

PRINTC 
GETLN 	= JS R R5, XGETLN 
	

GETLN 
FINDLN 	= JS R R5, XFIND 
	

FINDLN 
TESTC 	= JS R R5, XTESTC 
	

TESTC 
TESTN 	= JS R R5, XTESTN 
	

TESTN 
PUSHF 	= JS R R5, XPUSHF 
	

PUSHF 
POPF 	= JS R R5, XPOPF 
	

POPF 
TSTGRP 	= JS R R5, TSTGRP 
	

TSTGRP 
TSTLPR 	= JS R R5, LPRTST 
	

TSTLPR 
SPNOR 	= JS R R5, XNSC 
	

SPNOR 

SP = the stack pointer (register 6) and is the register that handles 
the push-down list. 

R5 = register 5 and is used in most of the subroutine calls. 



-3- 

The present version of FOCAL-11 has been designed so that the PAL-11A 
Assembler will read in and store text. Thus the actual input form of 
a FOCAL-11 program must conform to the conventions of PAL-11A. In 
addition only the teletype can be used for input and output. Also, 
indirect statements are the only type of statements that are allowed 
in the present coding. For example, suppose one wants to run the 
following FOCAL-11 program. 

1.10 TYPE 2j9 
2.13 SET X = 5 
2.15 QUIT 

In order to use the PAL-11A to store this program, one would type the 
following statements on the teletype keyboard to the assembler. 

TXTBGN = #L1.01 
L1. 01 : .WORD L2.13 

.BYTE 1,01 

.ASCII 'TYPE 2$9' 

. EVEN 

.BYTE 15, 	12 ; CR, LF 
L2.13: .WORD L2.15 

.BYTE 2, 	13 

.ASCII 'SET X = 5' 

.EVEN 

.BYTE 15, 	12 ; CR LF 
L2.15: .WORD 0 ; A zero signifies the end of text. 

.BYTE 2, 	15 

.ASCII 'QUIT' 

.EVEN 

.BYTE 15, 	12 

The syntactical form required to start execution of this program 
remains to be defined. 



1.3M.11,1_ 	
APPLICATILI:Z1 GEU;41:, TECH: 

THE FORMLA CALCULATOR 

FOR THE D.E0C0 PDP-11 

C,  

0 

CG 

Cf 
AUTHORS: CU EN MCALEN 

' • JOHN ALDEMAN 

PROJECT NUNBER: Aa2S4 

C 



SMALL Co:,;puica Appuciaiw4:1 LAD GEORCtA TECH 

;FLOATING-POINT (NORMALIZED) 
0,0 (3 WORDS), 

;LOWEST ADDRESS OF 3 CONSECUTIVE WORDS, 

;DEBUG SWITCH - NONZERO FOR 
;LITERAL, 
0./ST BRAUCHER, 
;POINTER FOR OUTPUT Fop.m„, 

0/nRInDLE POINTER. 
;ASS - TYPE SWITCH, 

;VARIABLEs IN FOCAL - 11 

R1=21 
R2=7.2 
R32 73 
R4=7.4 
R5=7.5 
R6=7.6 
R7=7.7 
CHAR=R3 
SORTCN=R2 

.SLN: 0 
MN: 0 

..> 0 
:TP:XPC: 	0 

i*: 
a.: 

XRT=R2 
,f311.7 1 

5,r0 0 
0 

;U: 0 
GSW: 1 

15 
V.1: 0 

fONE: I 

: 0 

144 

Die 0 
5: 0 

OP: 0 
SUB: 0 

;SORYCN = ITS BINARY EQUIVALENT, 	 Li ,,,, 

;IN FINDLD. 	 C) 
;OPERATOR CODE IN IFpOD COMANDS, 
;OCTAL VALUES ARE: "<"=19°='=29 	... r›.:4 	 0 
;PROGRAM COUNTER FOR TEXT, 
;TEXTPOINTERS - XPO POINTS TO THE 
; 1ST WORD OF A LINE ID TEXT, 	 0 
;ADDITIONALTEXTPOINYER, 
; 	. 	

. 

;LINE NUMBER READ IN DO COMMAND. 	 C) 

;SAME, 

;SAME, 

;SAME, 

0' 
;FLTING-PT. (NORMALIZED) 144 
; (3 WORDS), 

;LOCATION TO sionE VARIABLE DAME, 
;LOCATION TO STORE VARIADLE SUBSCRIPT, 
;FUNCTION COD7,4 
;FLAG: =0 (GETC) 9  <>0 (READC)0 

;TEXT CHARACTER PLACED IN R5, 
;IN SOTC•- SORTCD= X (0 BYTES 
;DOWD IN LIST MATCH occunzp). 
;IN TEM - IF CHAR IS A NU•DER 2  

.;ADDRESS OF LINE FOUND ID FINDLN, 
;ADDRESS OF PREVIOUS LINE TESTED 

;EXTRA REGISTER, 	 0 
;FLAG FOR DO COM:.1AND: GROUP:0 9  
;LIDE=100000 9  ALL-1, 

0' 



SHALL COMPUTER A?PLICATIM1 LA9 
GEORGIA TECH ;NNE TONICS IN FOCAL-11 

9  PUSH DUNNYI 

;POP DUE:IY1 

PUS : J DIMMY1 

;PO?J 

;MC 

;PAC KO. 

;SO RC 

;SORTJ 

PRINTC 

;OETLO 

tFINDLN 

;C:INSO 

;TESTC 

;TESTN 

;PUMP RN 

;PUSX7 

;POPE 

;TSTORP 

;SO 

;SICF2 

;SPNOR 

;TSTLPR 

;SORTV 

;NOVSn 

;:.30VTORO 

AP(-- 

• C.,--;"o 

Gc-roc) 

NOV DUNMY1 0 -(RG) 

NOV (R6)+ 9 DUNNYI 

JSR R5 0 MINAYI 

RTS F5 

NOVS (R4)+ 9 CNAR 

NOV CHAR 9 ADD1 

JSR R59XSORTC 

JSR R5 0SORTB 

JSR R5 9XPRNYC 

JSR R5 9 NCETLN 

JSR R5 9 NFIND 

JSR R5,XNSC 

JSR R5 9NTESTC 

JSR R5 v XTESTO 

TST (RN)+ 

JSR .R5 9 MS117 

JSR R5 g XPOPF 

JSRR5 g TSTGRP 

BR o+2 

BR 0+4 

JSR R5 v XSP1 OR 

JSR R5 0 LPRIST 

JSR R5 9 XSORTV 

JSR PC 9 NOVS00 

JSR PO 0 NOVTORO 

Wr.:4•)(2• 

1'1- 	c-r?k-950 

) 



rHALL COMPLITEll APPLICATI(1 
• rYEETn7, 111. TULIP: 

;SIZE OF BUFFER! (IN BYTES)* 
;70RMAT (AHOC/I UNFORMATTED)* 
;BYTE-COUNT* 
;RESERVE 1 BYTE OF STORAGE° 

;SIZE OF DUFFER2 (IN BYTES)* 
;FORMAT (ANSCl/ UNFOMATTED), 
•;BYTE-COUNT* 	- 
;RESERVE 1 BYTE OF STORAGE. 

;RESET DEVICES TO /NIT/AL 
;STATE. 

. ;ASSOCIATE DEVICES UITH SLOT -
;NUNBERS (RDEVASLOT)* 

. WDEV 9 PSL07). 

;SETUP PERnANENT POINTER TO 
;BEGINNING 02 TEXT AND A CHANGE-
;ABLE ur: PNTR. AND CRAC, PDTR 0 

 ;EXECUTE PR 	
n 

OGRAM. 
;ADJUST POINTERS TO NEXT LINE. 

RESET=2 
INKT.7.1 

URYTE:12 
READ=11 
RSLOTx0 
PSLOT:1 

Vg 
	1 

2 
1 
2 
1 
0: 
*EVEN 

72: 
2 • 
1 

*EVEN • 
jf: IOT 

*UORD 0 
*BYTE RESE1 0 0 

ICT 
*WORD RDEV 
•*BYTE INITOISLOT 
IOT 

PDEV 
.BYTE INIT v PSLOT 

MOV inXTBGN 9 CFRS 
NOV CFRS v NPC 
MOV XPC v Ril 

3NT: JSR R5 9 PROCA 
MOV XPC,,,R4 
MOV (R4) 9 XPC 
BR XCONT 	• 

UORD OF A LINE IS 
SECOND UORD IN 
THE REST OF THE LINE 

;TEXT IS STORED SUCH ?NAT THE FIRS? 
;A POINTER TO THE NEXT LINE AND THE 
;THE LINE CONTAINS THE LINE UNBER. 
;CONTAINS TEXT. 

;READC XREADC USES R30 
;XREADC READS IN A CHARACTER FROM THE KEYBOARD AND 
;PLACES IT /N R3 (CHAR). 

EADCz ID? 
.UORD XREADC 
.BYTE UAITRpRSLOT 

IOT 
.UORD BUF1 
QEY?E READ vRSLOT 

NOVB BUF1+6 9 CNAR 
RTS R5 

;IS TELEYPE KEYBOARD READY? 

;NO - CO TO XREADC. 
;YES - READ IN CHARACTER 
;FROM HEYBOARD AND PLACE 
;IN BUFFER10 
;HOVE CHARCTER TO CHAR. 
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;PRXNTO 	XPRUIC9 .PRINIC On THE TELETYPE PRINTER 
;THE CHARACTER IN CHAR (R3). 

NC: PUSH FO 
PUSH Ri 
PUSH R2 

r>4- 	ID? i4 

• .UORD LOO? 
.BYTE WAITR 9 PSLOT 

SORTJ 
,WORD TLISTD 
.WORD SPENT 
P1JS11,1 XOUTC 
POP E2 
POP RI 

• POP RO 
POPJ 

IC: 10V3 CHAR 9BUF2+6 
IOT 

( WORD BUF2 
°BYTE URITE 9 PSLOT 

POP.] 

IS TELETYPE PRINTER RADY? 

;CO - GOTO LOOP. 
;YES - SORT CHARACTER AGAINST 
;TERNICATOR LIST (CR 9 7100 

;NO MATCH - PRINT THE CHARACTER. 

;MOVE CHAR INTO BUFFER2 AND 
;PRINT 
;THE CHARACTER. 

;XOUTL - PRINTS CAN in CHARACTER IN CHAR WITHOUT 
;SORTING YEE CHARACTER AGAINST A LIST FIRST, 

TL: 	IC? • 
.UORD XOUTL 

• .BYTE UAITR.PSL07 
PUSH.] XOUTC 
POPJ 

;CRPRNT- CARRIAGE REWRN 9 LINE FEED PRINT. 

'RNT7 IC? 
.UORD BUFCR 
&WORD WRITE D PSLOT 

POPJ 

;COM:7 CONTROL/X CAUSES ?NE FOLLOWING CHARACTERS 
;TO BE PRINTED: 7 9  K9 CR 9  LV 9  AND 6 SPACES. 

RI: IC? 
° WORD BUFCN 
.W0RD URITE 9  PSLOT 

POP,' 

F CX: 

2 	 ;SIZE OF BUFFER IV BYTES. 
2 	 ;FORNA7 .. ASCU UNFORNATTED. 
2 	 ;BYTE-COUNT. 
.BYTE 15 9 12 	 ACR 9LV.  

12 	 ;SIZE OF BUFFER IN BYTES. 
2 	 ;FORM? - ASCII UNFORNATTED. 
12 	 . 	;BYTE-COUNT. 
*BYTE 136 9 113 9 15 9 12 iltp K9 CR. LF. 
,BYTE 40 9 40 9 40 9 40 9 40 E40 	;6 SPACES. 
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,- '' ,P TFCH 

;PUSNF - XPUSM7 9  PUSHES A FLOATING-PT. EMBER (UNOS e. 
;ADDRESS IS En REGISTER R5) ONTO THE STACK® XPUSN7 	 0 
;USES REMSTERS R9 0 R50 THE 3RD UORD O 	TEE FL0n7111G- 

, ;PT. ENDER IS ON THE TOP 0:7  THE STACU. 	
1 

0 

;EFf; NOV 	XRØ 	 ;SAVE DATA IN RS0 
NOV 	(R5).:-9RO 	, 
PUSH (R0)-:- 	 ;PUSH THE 1ST uon FIRST. 
PUSH (20) 2.- 	 ;PUSH TEE 22D WORD NEXT. 

I 
0 	t 

i 

PUSH (RU) 	 ;PUSH THE 3RD WORD . LAST. 
0 EOV KRO 9R0 	 ;RESTORE DATA TO RC)„ 

RTS 	R5 	 . . 
f 

I 
;POPP' — XPOPF 9  POPS A FLOATING-PT. NUMBER 	RO:1 THE 0 	I 
;STAC!C TO THE LOCATION GIVEN fl) REGISTER 50 XPO?F 
;USES REGISTERS RO 9R50 NOTE TEAT THE 3RD unD 07 THE 
;FLOATING—PT0-NUMBER IS ON TEE TOP 07 THE STAM,'THEREFORE /0 
;ThE 3RD WORD COSHES 07F TEE STAC1C FIRST. 

P17:. EOV R0 9 )CRO 	 ;SAVE DATA IV RO. 	
, 

E.OV 	(R5) 9 R0 

/ 0 

ADD 06 9R0 	 OET ADDRESS OF 3RD WORD + 2 0  
POP -(RC) 	 ;POP 3RD WORD TO 3RD WORD ADDRESS,. 0 

POP —(RO) 	 ;POP 23D 'JORD NEXT* 
POP -(RO) 	 ;POP 1ST WORD LAST. 

0 
NOV XR0 9R0 	 ;RESTORE DATA TO RO. 
RTS R5 

0 

0 

0 

0 

0 

0 



SWILL 't:OMPUTF:a ‘tr- PLVJAITJ 11; LAD C' C- 5- 0.07;74'. 

;SORTC 	XSORTC 9  UPON ENTRY A CHARACTER IS IN R3 (CHAR) 
AND THE POMER TO A LIST ADDRESS IS IN R5, XSORTC COM- 
;PARES THE CHARACTER RN RS TO ?NOSE IN A LIST. IF A HATCH 
OCCTi:S :‘, THEN R2 (SORTCN) IS SE = 2 TIMES THE EU LER OF 

;BYTES DOUR THE LIST THAT THE NAYCH OCCURRED. IF A NATCH 
;OCCURS ID SOR?C 9  THE 1ST RETURN IS TANEN. IF NO 
;HATCH OCCURS, THEN THE 2ND RETURN IS TMEN. 
riME 

 
;HATCH/ 
	SEQUENCE FOR XSORTC IS 

;SORTC 
; „NOD LISTADDRESS 
;XXX 	 ;/ST RETURN - A HATCH OCCURRED. 
gYVY ;2ND RETURN - NO MATCH. 
;SORTC USES REGISTERS RO 9 R1 9  R2 9 R5. SORTCN:E2 9  

RTC: 

EST: 

1,10V (R5)-:,- 9 E2 
NOV R2 9 RD 
INC RO 
EUV3 (R2)+ 94 

SEXC 
CMPB CHAR 0 E1 
BNE SRIEST 
SUB RO,R2 
SORTON:R2 
ADD SORTON D SORTCN 
RTS R5 

;HOVE LIST ADDRESS TO R20 

;HOVE CHARACTER IN LIST TO R1. 
;IF CHARAC IS < 0 9  GM SEXC. 
;COMPARE CHAR Ural Ri. 
; L)OT EQUAL - GO TO SRIEST. 
;EQUAL - SET UP SORYCN. 

;SORT() SORM. UPON ENTM A CHARACTER IS IN R3 (CHAR) 9 
 ;THE POINTER TO A LIST IS IN R59  AND A POINTER TO A 2ND 

;LIST IS 	 SORYB COMPARES THE CHARACTER IN R3 
OCCUC0 9 =2 TEETHE 1ST LIST. IL- A 

;LOCATION 0  SORTON.+ ADDRESS OF LIST2 9  CONTAINS AN ADDRESS 
;MI  CH IS BRANCHED TO. IF NO MATCH O'COURS 9  THEN A RETURN 
;IS EXECUTED TO ME 3RD LINE AFTERTHE CALL TO SOOT. 
;THE CALLING SEQUENCE FOR SORTJ IS 
;SORTJ 

.UORD LIST1ADDRESS 

dd  
,UORD LIST2ODDRESS 

t. OCC 	 ;RETURN HERE '720 
;SORTJ CALLS SORTC AND USES REGISTER R5 PLUS THOSE USED 
;IN SORTC. 

ID: 

(OV (R5)-:- 9R2 
PUSHJ XSORTC+2 
BR SR TAD 
BUMP R5 
RTS R5 
NOV (U) 9 R5 
ADD SORTCN 0 R5 
MOV (R5) 9R5 
RTS R5 

;SORT CHAR AGAINST LIS:.7 0 
;RETURN HERE IF MATCH FOUND.) 
;NO.MATCH - RETURN TO SRD 
;LINE AFTER CALL* 
;ADDRESS 07 COMMAND SET UP, 

;GO DO COMMAND. 

0 

0 

0 

0 



0 

0 

0 

kd iotal. u Mfari)ZT 	
• 	 0  

Trpw 	LA 
;COTO COMMAND. unn ENTRY R4 POINTS TO A LINE NUMBER. • 
;COTO PLACES THIS NUMBERIN THE LOCATION "LINENO" AND PUTS 
;THE ADDRESS 07 THIS LINE IN XPC. 
;COTO CALLS GETLN AND FNDLN. 

GETLP 
FINDLN 
ERROR 
NOV TNISLN 0 XPC 
MOV XPC 0 R4 

;LINE NOT FOUND. 
;PUT ADDRESS 07 LINE IN P.C. 

 

;PROCA - UPON ENTRY XPC AND R4 POINT TO THE FIRST 
;UORD OF A LINE IN THE STORED TEXT. UPON ENTRY TO PROCESS 
;R4 0  THE CHARACTER POINTER 0  HOU POINTS TO THE 3RD WORD 
;OF THE LINE . PROCA CONSIDERS ONLY THE 1ST LETTER OF A 
;COEMAND AND PROCEEDS TO THE ADDRESS OF THE APPROPRIATE 
pcomnmp (IF THE comnn IS LEGAL)0 UPON EXIT R3 CONTAINS 
;THE co.;:map TERMINATOR AND R4 POINTS TO THE NEXT CHARACTER. 
;PROCA CALLS GETC AND SONG' AND USES REGISTERS R3 0 R4 0  
;R5 PLUS THOSE IN SORTC. 

C) 

CM ADD 04 0 E4 
LCESS2CETC 
1Cz 	CMP 015 0 CHAR 

BNE 0+4 
POPJ 
SORTC 
..UO2D CLIST 
DR PROCESS 
BIC 040 9 CHAR 
PUSH CHAR 

1: 	GETC. 
SORTC 

°WORD GLI Si  
BR .+4 
BR PRC1 
PUSH CHAR 
NOV 2(RG) 0 CHAR 
SORTC 
.UORD COMLIST 

BR 0+4 
ERROR 
PCP ma 
mov•ccomeo 9 (R6) 
ADD SORTC0 9 (R6) 
LIMP 0616>+ 

;SETUP CHARACTER POINTER. 
;GET CHARACTER. 
;IS CHAR A CORD? 

;YES - EXIT "PROCESS'. 
r, a). 

;IGNORE SPACE D 	" 0 ", 	TIC AND ";". 
;CONVERT LONER CASE LETTER TO 
;UPPER CASE. 

O F  

1 
;SNIP NEXT LIVE IF C.T. 	FOUND. 0 
;IGNORE CHARACTERS UP TO C, T. 

I 

;‹- 
;GET 1ST LETTER OF COMMAND. 0 
;GET ADDRESS OF COMMAND. 
;ADDRESS OF COMMAND LIST. 

;-> 0 	I 
; 
;‹- 

;ILLEGAL COMNAND0 

() 

;GO DO COOMAND ., 

0;) 



C OPUTE MR APPLICATiLii;;J(Ab G 
SMALL 

rupsIn it- nu 

;011 9 17 CUMAND. UPON ENTRY: F4 POINTS TO TnE 
;OHARAC?ER FOLLOUING THE COMA  ND TERMNATOR v  SORTCN 
CR2) IS SUCH• THAT THE LOCAYION 9  SORTCD 	i2COMG0 9  CONTAINS 

;THE ADDRESS OF EITHER THE IF OR ON•COMMAND, 
;THE CPCDE REGISTER (RO) DILL' 
;CONTAIN IN7ORNATION ABOUT THE OPERATOR(S) BETWEEN 
TEE FIRST AND SECOND EXPRESSION IN THE 2—BRANCH IF OR 
;ON COMANDS: `7 .a °  = 1 9  14 : 44  r. 29 19 > "  4, R2 IS USED AS 
;A FLAG, REGISTERS USED — ALL, ON 9 IF CALL TESTC 9 CETC 
;CETNSC 9 SORTC 9 SORTJ9ECALL, 

C) 

O 

0 

C 

HO C,COMGO9COMADD 
ADD SORTCN 9 COMADD 
OPCDEr.RD 
CLR OPCDE 
CLR R2 
PUSH R2 
PUSH CPODE .  
?ESN 
JSR PC 9 EVALOO-2 
EVS OP` A' 
BR BOPY 
GETNSC 
SORTC 
,UORD OPL/ST 

S ,VJ 
BGE OPT2 
'1ST 2(2G) 
BEQ IFSBR 
BR SETER 
NOV i';FLAC 9 R0 
MOVTO2O 
ER ADM. 
MOV7=EMT4e7 
NOV OFLAC9 RI 
NOV OFLARG9R0 
NOVP.-FAM 

I: 	GET )SC 
SORTJ 
0UORD HOPIS. 
,UORD APROP 

v. 	ROR A. 
BR: 	.,?7=EMT,!,-10 

NOV CFLAC 9 RI 
NOV OFLARG 9 R0 
C1PF+FAM 
DLT ROTI 
BEG ROT2 
ROR OPCDE 

2: . 	ROR CPCDE 
It 	ROR OPCDE 

BCS IF2BR 
.NOV 0-1 9RO 
BR IF3 

;DISTINGUISH IF AND ON, 

;CLEAR OPERATOR CODE, 

;SAVE FLAG, 

;TEST CHARACTER, 
;T- EVALUATES EXPRESSION, 
;N- OVERFLOW TEST FOR POEN MATCH. 

;A- GET A NONSPACE CHARACTER, 
;SORT CHAR AGAINST OPERATOR 
;LIST, 

;MATCH — COTO OPY2, 
NO MATCH%TEST BRANCHING FLAG, 

;IF FLAG: 6 9  COTO IFSB2, 
;OTHERUISE DO A 2-BRANCH IF 9 ON, 
;MOVE rums:7R EVALUATED BY 
;EVAL TO FLAC, 

;MOVE NUMBER TO FLARG0 

;GET NON—SPACE CHARACTER. 
;SORT CHAR AGAINST PAREO 
;AND OPERATOR LIST, 
;RETURN TO OPTI IF OPRTR MD 
;TO AOPT IF L•PAREN.(R2<0) 

;RELATIONSHIP BETVEEN EXPRI 
;AND EXPR2 COMPARED WITH OPCDE, 

;COTO IF2ER IF OPCDE AGREES, ` 
;NO AGREEMENT — HOVE TO TERM-
;NAM AND DO NEXT CM1AND, 

O 

O 

O 

O 

O 

O 

O 

0 



1.30i%;'/.11-1T APPLICATIC:',:: 	1“7  

0-BRANCA FV 0  
;TEST VALUE OF EXPM, 
;IF > 09 GO PAST 2 CONAS.• 

;/F O v  GO PAST 1 COMA, 
;EXPRF-20 - DO COT CO PAST 
;ACV COMAS. 

;READ TNE LINE CUNDER. 
;MOVE TO TEENINATOR. 

C) 

0 

0 

R n VOV 
TST FLnc+2 
NT C3 
BrQ 
It,:C RD 
INC ED 
'1ST RD 
BI 

3R,r; 	GETtO 
P.1s GC 

SOTO 
,UORD TLISTA 

BR  
RD 	IF2321 	; 	I 
Cvi? CODD 9 OIFADD;<- 	;OIFADDnP02NTER TO IF CONMAND, 

;UAS TXE CONMAND AN IF OR AN ON? 
DOE DO-:-2 	 ton CONNAND = DO, 
BR GOTO2 	 IF CONNAND 	COTO. 	. 
Posn RO 
SOM.1 	 ;LOON FOR CODA OR C. 
QUORD TLIST et I 

.UORD MIST f; 
CHO ; I DUO EA7CH, 
DR 0-3 
GETC ;FOUND A COVd1A0 
POP RO 
DR DR2 

DEC 2(SP) 
JNP AD?? 

BIS 01 9 (RG) 
BR OKI 

BS 02 v (RG) 
BR OM 

BIS 04 v (R6) 
BR OP71 

13( OR I ENCOUNTERED, SET FLAG, 

;‹ ENCOUNTERED, SET OPCDE, 

ENCOUNTERED, SET OPCDE, 

p. ENCOU)TERED, SET OPCDE0 

9 

0 

o; 

0 

0 

0  

0 

0 



Mum_ CrtIrmarrEn 
 

f;DO USES REGISTERS 
PUSH R4 

GETLN, 
-Ica - 
USHF 
,UCRD TEXTP 

PUSN7 
,UORD CAGSti 

TST NAGSU 
BNI DOONE 
FINDLV 
BR 
NOV TNISLN9R2 
	toorq, 

P • 	e  
*cab 
9 

BU1V 
NOV R2pRI 
TSTORP 
ERROR 

RPI: PUSNJ PRO3A 
POPP 

1.:30RD NAGSU 
OU OMPC 9R2 
BEO DOODT 
NOV R2 v XPO 
EN? R2 
75? unGsu 
BGT 	 ;-> 
NOV R2 o R1 	; 
TSTGRP 	. ; I 
BR Dconi 	; 
NOV (R2) 9 1./NENO 
BR DGRPI 

ONE .1. 	FINDLO 
ERROR • 
PUSNJ PROCA 
OP F. 
•UORD PAGSU 

OVT: POPF 
,UORD TEXTP 

PO? R4 
PROC 

AND RO, 
;SAVE TEXTPOINTERS, 

CiET THE LIVE NIEZER. 

;PUSH UP,OSU, 

;IS NAGSU NEGATIVE? 
;YES - CO TO DOONE. 
;NO - FIND L/CE UHOSE 0 

;IS 	TO OR 1,  LINEN00 

;GET ADDRESS OF THE LINE 0, 

;IS LINE 0 IV THE GROUP? 

4:; . EXECUTE LINED 
;RESTORE NAGSU 

;CNECiZ FOR END OF ?Me 
CO TO MONT. 

;Si NAGSU FOR DO ALL OR GROUP, 
;DO ALL - SHIP NEXT 3 unEs. 
;DO GROUP. 
;IS NEXT LINE I GROUP? 
;NO - COTO DCONT, 
;YES, 

• ;FIND THE LINE. 
;LINE IS COT FOUND, 
;DO THE LINE° 
;RESTORE THE DATA, 

R2 



ESTC:, 

;XTESTC 	TgSTO - TELLS UNT,THER A NON-SPACE cHnj!EIn 
0:z3) IS A TERMInTOR (1ST RETURD) 9  A umBER (2ND RETURN),. 
A FUNTION (3RD RETURN) 9  OR AU ALPHABETIC (4TH RETURN). 
ESTC CALLS - SPNOR 9 SORTC9 1ESTD AND USES REGISTERS R3 AND 

;R5 PLUS THOSE IN THE CALLED SUBROUTINES, UPON ENTRY A 
;CHARACTER IS IN R3 (CHAR). IF IT IS A SPACE 9  THEO THE NEXT 
;NON-SPACE CHARACTER FRON TEXT IS PLACED IN R3 AND 
IS TESTED. 

SPED R 	 ;IGNORE SPACES, 
SORTC 	 ;IS CHAR A TERMINATOR? 

o VIORD TERNS 
RTS R5 
BUNP R5 
MP 0 °F0 CHAR 
DEO Xf-23 
TESTD 
RTS R5 
BR ,÷4 	9" 
RTS R5 	; •1 
BUNP R5 
MOP R5 
RTS R5 

Caa' v° L I L AT I O NS LAII 

0 

0 

O 

0 

;YES - 1ST RETURN, 
;NO, 
;IS CHAR AU F? 
;YES - GOTO 3RD RETURN* 
;NO, 
;CHAR IS A c So - 1ST RETURN, 

;CHAR IS A 0 - 2ND RETURN, 
;CHAR IS ALPHABETIC - 4TH 
;RETURN, 

;FOR 9  SET CONNAND, UPON ENTRY R4 POINTS TO THE CHARACTER 
;FoLLOUING THE COMAND TERMINATOR, FOR 9 SE? USES ALL 
;OF THE REGISTERS AND CALLS GETARG 9 SPOOR 9 EVAL 9 SORTJ, 
;PUSH7 9 POPF9PROCESS, 

3R:SET:PUSHJ GETARG 
SPNOR 
CUP CMAR 9.0'11 
BEO .+4 
ERROR • 
PUSH PT1 
JSR PC 9 EVALOO 
PO? HI 
MOV PTI 9R0 
MOVTORO 
GETC 
SORTJ 
0VORD ILIST 
„WORD FLIST1 

ERROR 
INCR 	PUSH PT1 

JSR PC 9  EVALOO 
MOV OFLAC 9 R0 
NOVTORO 
GETC 
SORTJ 
,UORD TLIST 
o tIORD FLIST2 

ERROR 

;IGNORE SPACES. 
;IS CHAR AN "="? 

;NO, 
;YES-SAVE POINTER TO VARIABLE* 
;GET INITIAL VALUE OF EXPR, 

;PLACE THIS VALUE IN LOCATION 
;GIVEN BY P110 

;SORT CHARAC AGAINST TERMI-
;NATOR LIST, 

;SAVE VARIABLE ADDRESS, 
' ;EVALUATE INCREMENT, IF ANY. 

;SORT CHARAC AGAINST TERNI-
;NATOR LIST, 

CJ 

0 



CC 	
(1) SMALL 	MPUTEll APPLIE;ATILMZ; LAiii 

GEDRMA TECH NIT: NOV V7LAC 9 R1. 
NOV `2:i..!:cRGR0 0 

J .SR PC 2 EVAIGO 	 ;EVALUATE LIMIT - NO ERROR 
;DETECTION AFTER LIMIT, 

NOV OFLAC,,RD 
NOVYCR 

r PUS1—;F 	 ;SAVE TEXT OF OBJECT STNNTS0 
(MO RD TEXT? 

PUSN R4 
PUSHJ PROCESS 	 ;DO THE OBJECT STEM'S,. 
PO? R. 
POPP 	 ;RESTORE THE REMAINING TEXT0 
002D TEXT? 

ADDFEET4-1 	 ;ADD THE INCREMENT TO THE 
NOV CFLARG 9 R1 	 ;VARIABLE,. 
NOV 2CRO 9 R0 
ADD7-/-FAM 
NOV OFLAC 9 R1 	 ;TEST LIMIT AGAINST 
CMPI4FAN 	 ;VAR/ABLE. 
BGE FCM 	 ;UNIT > OR :VAR, COTO FOONT0 
BUN? R6 	 ;LIMIT < VAR. 
POPJ 

TORO:NOV 22 0 (R0)+ 
NOV R2 s,(0)+ 
MOV R5 9 (RO) 
JS? PC 

FIN: NOV OFLIGNE 0 R1 
EOV OFLARG D RO 
EOVP+FAM 
BR FCONT 

;SET INCREMENT 7. 10 

;FLTONE=NOREALIZED 9  FLYING 
;POINT 10 

• 



;AS  TYPE comm), „ UPON ENTRY R4 POINTS TO THE ci.IM.eiTA 
;AFTER THE COMMAND TERMINATOR.. ENTER TYPE WITH 20 .:. 
;CR > O. AS,TYPE USES REGISTERS RD 9 R3 r,R5. 
;AS1l 9 TYPE CALLS SORTF 9 GETARG ryRINTC 9 FLINPT v EVAL Q CETC 9 SORTJv 
CETLU Q XOUTL. 

CLR RO 
NOV 209ATSW 
CLR DEBGStJ 
SP NOR 
SORTJ 

(LIST 
0WORD ATLIST 

TSY ATV 
BNE TYPE2 
PUSMJ GETARG 
PUSH CHAR 
NOV C% c,R3 
MINTC 
INC INSUB 
NOV LR0 
JSR R5 9 FLINPT 
POP CHAR 
BR ASi ►  

o JSR Pc 9 EvnLoo 
JSR.R5 0 FOUTPUT 
BR TYPE 

OY: INC DEt3GSU 

	

• 	EEO et-4 
G7TC 
SORTJ 
°WORD TLIST2 
„WORD TLIST3 

PRINTC 
BR TQUOT4-2 

NTR: GETC 
GETLN 
IIOV LIVENO 9 FISW 
BR TASK 

RLF2: EOV CCR 9 R3 
JSR R5 9 XOUTL 
DEC R3 
BR .4.-6 

	

RLF 	MOV CCR 9R3 
PRINTC 

SK4: GETC' 
BR TASX  

;DISTINGUISH ASK AND TYPE 
;COMMANDS. 
;RE-ENABLE THE TRACE. 
;IGNORE SPACES. ' 
;SPECIAL CHARACTER? 

;TEST QUOTE SUTTON. 

;DO ASK - SETUP PTI. 
;SAVE IN—LINE CHARACTER. 

;TYPE COLON. 
;INDICATE 'READC'0 

;READ DATA AND SAVE. 
;RETEST LAST TDRMINATOR. 

;DO TYPE, 	• 
;PRINT. 

;DISABLE TRACE. 

;TYPE LITERALS. 

;PASS PERCENT SIGN. 
;READ FORMAT CONTROL 43 %7,03". 

' ;F/SW:OUTPUT INFORMATION. 

;SPLAT 	C,R. ALONE. 

;NON—PRINTING DELAY CDR CR. 

;EXCLAMATION POINT .7. CRO.F. 

;MOVE TO NEXT CHARACTER. 

'o 
It) 



. 	 tN:K-'11.1 UMINITER kn..M.',Tfrl%3 
L^,E1 r- 	 .....,,.. -r 	. WSC. <0t-a:;- 0 - 01;T NO0-AeE OiANACftR) ANtliknAiNitra-. 

;:;TACK:0 1 1 01. 1i CALL OETC AND P.O1N U:.;V Nk0114F0 0,40. 

g1R: CMP 040 0 CHAR 	 ;IS CHAR A SPACE? 
BNE ..-:-G 	;-> 
CETC 	 ; I 	;YES. GET NEXT CHARACTER. 
BR XSPNCR 	; I 	;TEST IT 

;YESTN 	NYESIN TESTS UHEYNFn INE CHANACIt'i; 10 Ns1 
;A PERIOD <1ST RETURN), A LETTER <2ND HETURN),OR A 
;NUMBER (3RD RETURN), TESIN USES REGISTERS R0042 „R3 <CHAR), 
AND R5. 

"(N: CM? 0'.,CHAR 
DEO .+4 
VIM? R5 	; I 
MOV CHAR, SORTCN ;<- 
SUB 060 9 SORTCN 
BCE'-: 	 t-> 
RTS R5 	 ; I 
MOV 0-11 DR0 	;<- 
ADD SORTCN,R0 

BUMP R5 	 ; I 
RTS R5 

;FINDLN 	XFIND FINDS A PARTICULAR LINE NUMBER IN THE 
;TEXT. UPON ENTRYTHE DESIRED LINE NUMBER RESIDES IN 
;"LINENO". FINDLN USES REGISTERS R0 9 RI 9 R2 9 R4 0 R5„ R1 
;USED AS LASTLN„ RU USED AS THISLN. AXOUT = R4. UPON 
;EXIT RO,THISLO,XPC, AND R4 CONTAIN THE ADDRESS OF THE 
;LINE WHOSE LINE 0 IS > OR = TO THE DESIRED LINE NUMBER, 
;R! AND LASTLN CONTAIN THE ADDRESS OF THE LAST LINE 
;TESTED, 

ND: MOV CFRS,R1 
MOV RI,RO 
MOV LINEMO 9 R2 

MN: GNP E2,2(R0) 
PGE FEND3-4 
MOV RO,R1 
NOV• 	ORO,R0 
I3NE FINDN 
BR FEND.) 
PNE FENDS 
BUMP R5 

JD3: NOV R1,LASTLN 
MOV RO,THISLM 
NOV ROOXOUT 
MOV RO,AXOUT 
AXOUI:R4 
CLR XCT 
RTS R5 

;INITIALIZE POINTERS TO 1ST 
;LINE OF TEXT. 

•;IS LINENO >OR: LTUE0 TN TEXT? 
;YES - SKIP NEXT 4 LINES, 
;MOV THISLN TO LASTLN. 
;END OF TEXT? 
;MO - GOTO FINDN. 
;YES. 
;MOVED PAST LINENO-1ST RETURN. 
;FOUND LINENO - 2ND RETURN, 
;SET UP LASTLN. 
;SET UP THISLN. 
;SET "TEXT!". 

; IS CHAR A VERIOD? 

;NO, 
;YES - 1ST RETURN. 
;IS CHAR A LETTER, A O p ETC.? 

;NO. 
;YES, 
;IS CHAR A 0? 

;YES - 3RD RETURN. 
;NO - 2ND RETURN. 



IFTH 
;GETARG - UPON ENTRY R3 SHOULD CONTAIN AN ALPHABETIC 
;CHARACTER* IF 1JOT 9  AN ERROR DIAGNOSTIC IS GIVEN. IF 
THE UR/ABLE BEING SOUGMT IS NOT FOUDD 9  THEP IT IS 
;CREATED AND ASSIGNED A VALUE OF ZERO. UPON EXIT THE 
;ADDRESS OF THE FOUND VARIABLE (OR CREATED VARIABLE) IS 
;STORED ID PT!, 
;GETARG USES ALL OF THE REGISTERS* 
;GETARG CALLS TESTC 9 PACN9 GETC 9 SORTC 9 TSTLPR 9 ECALL 9SORTV, 

•RC TESTC 
ERROR 
ERROR 
ERROR 

VAR: CLR ADD! 
PACNC 
GEN 
SORTC 
*WORD TERMS 

BR GSERCH 	. 
MOVB CNAR 9 ADD1+1 
CETC 	 ;<- 
SORTC 	 ; X 
.WORD TERMS 	; I 

ER GSERCH 	; I 
BR *—S 

RCX: ISTLPR 
ER Csi 
MOV ADD1 9 R/ 
JSR PC,ECALL 
EVS CEYARC+4 
POP ADD! 
MOVSTN 
FIX 
CMP (RG) 9 R1 
ADD OG 9 RG 
JSR R5 9 INTEGER 
MOV RI 9 SUBS 
PUSH R4 
MOV ADD1 9 CNAR 
SORTV 

rH12 	*BYTE 0 9 2 
*WORD SPLISTI 

JMP SPECL1 
SORTV 

11-(22 	*BYTE 0 9 2 
.UORD SPLIST2 

JMY)  SPECL2 
SO2TV 

lai3: 	*BYTE 0 9 12 
U.ST2 *WORD 0 

SKP2 
JM? CREATE 

SERH: BUMP ADDRSS 
PUSH ADDRSS 
MOV SUBS 9 CHAR 

1 	;TEST CHARACTER* 
;To 
;No 
;F. 
;ALPHABETIC CHARACTER—PACK IT 
;IN 1ST BYTE OF ADD1* 
;GET A CHARACTER* 
IS CHARACTER A TERMINATOR?' 

;YES, 
;DO - SAVE 2ND LETTER 
;IN 2ND BYTE OP ADD 1, 
;IGNORE THE REST* 

;LOON FOR SUBSCRIPT VIA SORTCN, 
; ► OT SUBSCRIPTED BY L-PAR. 

;TEST PARED MATCH. 
;RESTORE VANE, 
;PUT THE NUMBER CO THE STACK* 
;CONVERT 70 1G—BIT NUMBER 
•;AND PLACE THE rum:3ER IN RI, 
;DELETE NUMBER OD STACK* 
;CONVERT TO 1G—BIT NUMBER, 
;STORE SUBSCRIPT* 

;VARIABLE NAME IN CHAR. 
;SORT VANE AGAINST SPECIAL USTI* 

;ADDRESS OF SPECIAL USTI* 
;MATCH. 
;NO MATCH—SORT AGAINST 
;SPECIAL LEST20 

, ;ADDRESS OF SPECIAL LIST2. 
;MATCH, 
;NO MATCH — SORT NAME 
;AGAINST VARIABLE LIST. 

;MATCH w  SKIP NEXT LINE* 
;NO MATCH. 
;GET VARIABLE SBSCRPT ADDRESS* 
;SAVE THIS ADDRESS* 
;PLACE SUBSCRIPT IN CHAR* 



JSR R5 9 STV1 
SP2 

	

CRATE 	; I 
• (NG)+ 9 ADDRSS;<- 
SEC. VFOUND 
SUB 12 9 ADDRSS 
PUSH R2 
MOV ADD2CHAR 
JSR R5 9 STV1 

	

J:1? CREATE 	; 
• (RG)-:- 9 ADDRSS;<- 
BCE VARSRN 
BUMP ADDRSS 

1.10t1 DU::? ADDRSS 
• ADDRSS 9 PT1 
PO? R4 
POPJ 

47. 

LoP4ALL. COHPLIckfl 
CED:ZOLA TECH 

;SORT SUBS AGATNST VARIABLE UST* 
;MATCH SnP 

 
NEXT LINE, • 

;CO MATCH,. 
;DOES PUSHED VARIADLE ADDRESS = 
;CURRENT ADDRESS? YES-COTO VFOUND. 
;NO - TEST VARIABLE NANE. 
;SAVE NANE ADDRESS0 
;VARIABLE NANE TN CHAR, 
* oIs ('JANE XD REST OF LIST? 
;YES 	SNIP NEXT LINE* 
;NO.. 
;DOES OLD unmE ADDRESScCURRENT 

ONE? NO - GOTO VARSRH.. 
;YES - FOUND VARIABLE. 
;SET POINTER.. 

A r  .-1,1- LICAT/DP,:q (Jo 

0 

;SORTV XSORTV XNSTIGATES A SEARCH on A UST, UPON 
;ENTRY THE ENTITY BEICC SEARCHED FOR IS IN CHAR, THE 
;CALLING SEQUENCE FOR SORTV IS 
;SORTV 
; *BYTE LENGTX 9 VARBV7ES 	;NO., OF BYTES IN LIST 

;AND THE f 06 07 BYTES/VARIADLE, 
;RETURN HERE IF MATCH OCCURS, . 

;YYY 	 ;RETURN HERE IF CO MATCH OCCURS. 
;UPON EXIT IF THE ENTITY WAS FOU(JDp R2 CONTAINS ITS 

ADDRESS. 

LSLNG=R1 
VARBYT=R0 
ADDRSS=R2 

)RTVc NOVB (R5)+pLSLNG 
MOV3 (R5)÷pVAR3YT 
iiOVB (R5)-1- 9 ADDRSS 
ADD ADDRSSpLSLOG 

.112 

	

	CUP CHARp(ADDRSS) 
EEO STVNIT 
ADD VARBYT Q ADDRSS 
CNP ADDRSS 0  LSLNG 
ELT STV1 
BUN? R5 
PG?J  

;LSLNG=BYTE-LENGTH OF LIST * 
;VARBYTz0BYTES/VARIABLE 
;ADDRSSzADDRESS IN LIST 

;BEGINNING ADDRESS OF LIST, 
;LSLNGtLAST LIST 'ADDRESS+I 
;DOES CHAR=VARIABLE IN LIST? 
;YES - 1ST RETURN* 
;NO-GET ADDRESS OF NEXT VAR* 
AT END OF LIST? 

;NO - GO Y° STVI0 
;YES - 2ND RETURN* 

0 

/0 



to I. 

. T 

STLPR 	LPRYST. IF A LEFT PARENTNESIS UnSri.:UOuCi-'"' 1A  J." 
;TERED 9  TEEN A NAM In TEE TER::JINATOR LIST aTURRED 
PETUEEN SORTON 	5 AND /20 TSYLPR TESTS TO S 7E IF 
13EF YEE ULUE OF SORTCN IS IN TrS Innc. 

EST MP V11 9 SORTON 	;IS SORTCU < I!? 
LIGE LPRNYT 	 NO - 1ST RETURN° 
MP (25 9 SORTM 	 ;YES - IS SORTCU 	5? 
BLE LPRNIT 	 ;NO - 1ST RETURN() 
BU'? R5 	 ;YES„, L-PnR FOUND 	2ND 

IT POPJ 	 ;RETURN. 	• 
;TSTGRP TESTS TO SEE THAT TEE LINE IS I TNE GROUP 	• 
;SPECIFIED BY LINEN°. ADDRESS 07 A LIVE() IS IN ilto 
;CMPARE CROUP O TO TEE COUP NOBER 07 LINENOo 

1 	• 

GRP: NOV (R1)pR1 
sun R2 
MPB R1 0 LI1)EN0+1 
DINE 
sun? R5 ; 	;YES - 2ND RETURV, 
POPJ 	 ;<- 	;VO 	!SY RETURN, 

6  

LAO 

0 

o r 

0 

0 

0 

0 

0 

0 

0 

0 

C 

0 

C) 

0 

0 

0 

. 

;DO GROUP UUNSSRS AGREE? 

C) 



6E-22:1JA TFr”-J 

• eXCETLN FORMJ.LATES WE LINE NUnER 	113 THE DO AND COTO 
.COMUDS) ADD PLACES THIS LUMR TN LLIENO. TEE L0', -,- 
;02DEF: BYTE 07 LINE•° IS TilE STEP NUVIDER ADD THE HIU 

DE BYTE IS THE GROUP mi ER0 XCETLEI GIVES AO ERROR IF 
;TNE LINE UNDER IS NOT In VAE RANCE /001 TO 9D 0 990 
(iC?TION DO ALL, THERE LI)EN0=0 . ADD NO ERROR DIAC-
;NOSTIC IS CIVED)0 XGETLN SETS PACSU: OECOOD FOR A GROUP 0 0  
OODO5S FOR A LINE :?4 ADD 00000/ FOR ALL° 
;NGETLN USES REGISTERS ROpRipRC 9 R70 
OtGETLN CALLS SPDOR 0 EVAL 9  FLOATING POINT PAC:tACE(FIX 9  
;FLY 

0 

S 

• 

0 

0 

0 

U 

0 

B 0 

.0 

F 

0 

0 

9 
0 

0 

0 

0 

0 

o 



' LF) v G/LAC 9 SORTC. 
1 ULX:NORMALIZED 9 FLOATING— POINT 144 (OCTAL) 
;FLAC ;)FLACI,FLARG ARE INITIAL ADDRESSES OF 

Li  
3E:T.7 .:;:71A TECH 

;3-02D LocnTicms USED FOR STORING AND MANTPUlATING 
;FLOATINC—POINT DATA. 
;PON ENTRY?, CHAR IS EITHER A SPACE. OR YEE 1ST CHARAC-
;TER OF AN ARGUMENT 9  R4 POINTS TO THE NEXT CHARAC-
;TER OF TEXT, UPON EXITc CHAR CONTAINS A TERMINATOR 
<"p' 9 ; s CRS 44i) AND• 34 POINTS TO THE NEXT CHARACTER 

0 

TLNs 

;ICI 	TEXT. 

SPNOR V IGNORE SPACES, 
CLR LINEN° 
CLR unesu 

;SET LIVENOLTAGSW:0 
1 

CM? 0 ° P 9 CHAR IS CHAR AN A? 
BE0 GENII 
MOV CHAR v IESUB 

;YES — GOTO GEXIT, 
;NO - SET INSUS<:-00 

JSR PCEVAL00-2 ;EVALUATE 0 THAT FOLLOUS 
NOV OFLAC 9 R0 ;COMMAND NEYUORD AS FILTING—PT. 
NOVTORO 
FIX:ENT11 
FIX ;CONVERT TO FIXED-PT.(INTEGER) 
NOV FLAC 9 FLAC1 0 
BVC 9 
ERROR ; 	I ;NUMBER TOO LARGE OR TOO SMALL. 
NOV i2FLAC 9 R1 Vp ;SAVE ORIGINAL FLTING-PT 0 0  
NOV VFLARG 9R0 
NOVP%-FAM 
PUSHJ TESTA ;TEST GROUPS FOR CORRECT RANGE. 
FLT:EMT+13 
CM? FLAC1 9 FLAC ;SETUP STEP NUNBER IN LOU- 
SUBF=ENT-:-2 ;ORDER BYTE OF THE WORD LIOENO. 0 
NOV VFLAC 9 R1 
NOV OFLARG 9R0 
SUBF+FAM 
NULF=ENT-:-4 
NOV 0MULX 9 R1 
NOV DFLAC 9 R0 0 
NULF+FAM 
FIX 
NOV FLAC 0 FLAC1 
PUSHJ TESTA 

C 



C LiMPliTER te1ICAT:rnif.3 trj,,k,H 
A TECH 

GETC 
SOTO 

UORD ILISI 
BR GE::ITA 
ERROR 
	 ; I 

IT: CSTC 
SORTC 

0 UORD TLIST 
BR GENITA 
BR GEOT 

IT 	TSTB LINEN°  
FCI  
NOV OICOCSO 9 NAGSUO 
TSTB LEO-1 
BE  
NOV inpNAGSU ; I 
POPJ  

TA: CMP 0I43 9 FLACI 
BLE 0+4 
ERROR 	 ; 
TST FLAN 	;<-  

;TEST FOR TERMINATOR. 

;INCORRECT TERMINATOR. 
;MOVE 10 TERMINATOR IN THE 
;DO ALL COMMAND. 

SETUP VACSW. 

;LINE: -  NAGSUr.100000. 

;ALL: NACST.:000001 
;CROUP: VAGSU:000000, 

;NUMBER IS OUTSIDE RANCE. 

0 

0 

0 

0 

0 

BGT .+4 	;.., 
ERROR 	 ; 
NOV3 FLACI g LINENO;‹- 
POPJ 

;NUMBER IS OUTSIDE RANGE, 0 

0 

0 

0 

0 

0 

0 

0 

0 

I 0 

0 

0 

0 



CUMPUTER 

;MOVE SUBROUTINE RETURN DON 
THE PDLISI P(s? SAVED CONTENTS 

;OF 210 PUSH RETURN ADDRESS ON 
?S ;C ia o BACK UP TEXTPOINTER, 

;EVAL 	EVAL00 9  EVALUATE AN ARITNMETIC EXPRESSION. 
;UPON ENTRY R4 POINTS TO CURRENT TEXT POSITION CC). 
;ON EXIT EipE2 9 AND E5 CONTAIN THE NU ERIC VALUE OF THE 
;EXPRESSION. REGISTERS USED — ALL. 

;CLEAR PAREN COUNT. 
;SAVE CONTENTS OF R5, 
;PUSH NULL (—I) ON STACK. 
;GET A NONSPACE CHARACTER. 
;IS IT A "-:-°? 
;YES—IGNORE IT GOTO EVAL 39 
;IS CHARACTER A °—"? 
;DO - GOTO EVALOI. 
;YES — SET OPERAND2 = 00 

;CET A CHARACTER, 
;IS IT AN OPEN PAREN? 
;NO — GOTO EVAL04.. 
;PUSH A ZERO ON ME SIAM, 
;INCREMENT PAREN COUNT, 
;GO BACK TO EvnLca. 
;MOVE CHARAC POINTER BACK ONE 
;STORE PAREN COUNT 
;AND OTHER DATA. 

;GET An OPERAND, 
;RESTORE DATA. 

;CET Afl OPERATOR' UN RO), 
;IS THE STACK NULL? 
;NO — GOTO EVALOG. 

;PUSH OPERAND ON THE STACK. 
;PUSH OPERATOR ON STACK. 
;GO BACH TO Evnus. 
;SAVE THE TEXTPOINTER. 
;GET THE TABLE ADDRESS. 
;FIND OPATOR2. 
;IT MUST BE FOUND," 
;GET RID OF BYTE POINTER. 
;STORE IN R50 
;CET TABLE ADDRESS. 
;FIND OPERATORI. 
;IT MUST BE FOUND. c 
;CLEAR LOU-ORDER BIT. 
;SAVE IT FOR NOU. 
;RESTORE TENTPOINTER. 
;IS PRIORITY OF OPERATORI>OPERATOR2? 
;NO - GO VACH TO EVAL050 
;YES—SAVE OPERATOR2. 
;GET TABLE ADDRESS. 

SP=RG 
ECV (SP) v -4(SP) 
PUSH 2! 
7ST —(SP) 
DEC R4 

;OD.; 	it i1 XR5 
PUSH R5 
NOV C-Ip-(SP) 

LO2?. CEINSO 
P3 v 0 °+ 

EEO. EvnLos 
CM? R3 9 0 ° 

 ENE EvnLeil 
EOV R3 9E 
CLR Pi 
CLR R2 
CLR R5 
BR EVALO5 

1.03: GETNSC 
1.0ic CM? P5 9 6i ° ( 

ENE EVAL4 
CLR , (SP) 
INC XE5 
BR EVAL02 

0_042 DEC R4 
PUSN XR5 
PUSH YR5 
PUSH R5 
JSR PC 9 GTP00 
POP R5 
POP YR5 
POP YR5 
CTOPR 
1ST OSP 
BGT EVALOG 
ER EVALI7 
NOVSYK 
MOV R0,—(SP) 
BR EVALG3 

r‘LOGa PUSH R4 
MOV fEVAL074.7 9R4 
CMPB.—(E4) 9R0 
BNE EVALOS 
ASR R4 
NOV R4 9 R5 
NOV CEVAL074-7 9 R4 

109: .MP -(R4) 9 2(SP) 
ENE EVAL09 
ASR R4 
NOV 1;4 9 YE5 
NOV (SP)-:- 9 R4 

YR5, R5 
ELT EVAL05 
MOV R0,R5 
NOV UEV:-.L07+7 9 R0 

0 

C 

0 

0 

0 

C; 

C 



SMALL el:NPUTER APPLICATIONS Ak 

At: UK', -(RO) 9 0SP 
BE Evn ID 
SUB :2EV::. 1 07-:-2 9 E0 
ASL ED • 
ADD (;EVnLII 9 E0 
NOV RO v YE5 
TST (SP)÷ 
;Iv SP 9 RD 
NOVSn: 
PUSH R4 
NOV SP,,R1 
BU:)? RI 
NO YR5R3 
PUSH R5 
JSR PC9 OCR3) 
PO? RS 
PO? R4 

•ADD N3pSP 
PO? RI• 
PO? R2 
PO? R3 
1ST OS? 
EGY EVALOG 

L172 .  CP R0 0 0 9 Y 
BE EVALI4 
TS? RCS 
ECT,EVALO5 
IST XR5 
BEE EW:LIS 
BU :1P SP 
POP R5 
CCC 
RTS PC 

11.130—ERROR 
LI4: ?ST XR5 

BNE EVALI5 
MS: BT1P SF 

PO? R5 
SEV 
RIS PC 

LI5: TST OSP 
ELT EVALI6 
BUM? SP 
DEC XR5 

• BR EVALI2 

LO?:. .BYTE 0 0 ') 
*BYTE °÷0 ° - 
°BYTE °* 0 6 / 
°BYTE '? 
..EVEN 

LII: ADF✓ O 
SUBFOO 
EUIFOO 
DIVFOD 
PURFOO 

;FIND OPERATOR° 
;IT MUST BE FOUND. 
;CET DISPLACEMENT, 

;GET'ROUTINE ADDRESS° 
;SAVE IT. 
;DISCARD OLD OPERATOR/. 
;GET DESTINATION ADD S50 
;PUT SOURCE ON STACK° 
;SAVE TMPOIN1ER0 
;GET 
;SOURCE ADDRESS An 
;ROUTINE ADDRESS* 
;SAVE OPERATOR2. 
;GO COMPUTE VALUE° 
;RESTORE OPERATOR20 
;RESTORE TEXTPOINTER° 
;DISCARD SOURCE° 
;PLACE RESULT 
9 1Q 
;OPERAND2, 
IS SsACt NULL? 
010-TAVE CARE 07 REST OF STACK, 
;IS OPERATOR A CLOSED PARE? 
;YES 	COTO .EVALS40 
NO. IS Xi A NULL? 

;NO - C070 EVAL05, 
; IS THE PARED COUNT ZERO? 
;NO - COTO airo I3, 
;YES. POP NULL, 
.;RESTORE CONTENTS OF R5* 
;CLEAR CONDITION CODES. 
;RETURN UIIH RESULT IN RI 9 R2 R3. 
PAREN CUNT BAD. 
;IS PAREN'COUNT ZERO? 
;NO - COTO EVALI5, 
;POP NULL* 
RESTORE CONTENTS 07 R5° 
;YES - ERROR MESSAGE LATER° 

;JUMP 
;IF STACK 	-10 
;POP NULL OFF STACg. 
;DECREASE PAREN COUNT BY ONE* 

.00 NOT 
• ;CHANGE 
;THE ORDER OF 
;711 7 S TABLE 

;THIS TABLE 
;COES UITH THE 
; ONE ABOVE 
;SO DO NOT CHANGE 
;ORDER. • 

crl 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



Zr.IALL. L u.; : ir ; iliElAfl 	• I_ I 	 o Nri A14 
. SM•RGIA TECH 

;CTOPR - CIPRO0 9  CET AN OPERATOR, 1,00 FOR .:- 9 - 9 * 9 /, . 
9 - AND )0 IF FOUND RD RETURNS OPERATOR nn RI POINTS 

;TO N7T CHARACTER° 7 F roT FOUND 9  RD nEl. m:s ZERO AND 
;RI PO!i)TS TO u.fmuiER WHERE FAILURE OCCURRED. 
;REGISTERS USED - RO 9 R5 v 24° , 

ZOO: PUSH R3 
CETNSC 
EOV C2VAL072.-7pRO 

;0t2; CPS (E) R3 
E2Q CYPRO2 
CMP R0 9 0EVAL7I ;HAS 
BCT CTPROI 
CL ►  RD 
DEC R4 

03.z PO? R3 
RTS PC 

02: NOV R3 S RO 
BR CYP255 

;SAVE CHP,RnTER0 
;CT U n ODSCE CNARACT DER 
GET ADDRESS 07 LIST. 
IS CHARCTER A LEGAL OPERATOR? 

;YES - COTO CTPRO20 
SEARCH FAILED? 

;NO, 
;YES - SET R0:0 AND BACEUP 
;POINTER TO PT. OF FAILURE, 
;RESTORE CHARACTER° 

;PUT CHARACTER ID RD, 

R3 9 R2 9 R1 (MO THE ;MOVSYN 	MOVS00 9 MOVE RECI" ✓TERS 
;STACN. 

5002 PUSH R3 
PUSH R2 
PUSH RI 
RTS PC 

0 

0 

0 

0 

0 

;CETOP 	CYP00 9  GET AN OPERAND. 
;UPON ENTRY R4 POINTS TO THE START 07 AN OPERAND. 
;UPON EXIT RI 9 R2 9 R3 CONTAIN THE VALUE 07 THE OPERAND 
OF LEGAL° iF NOT LEGAL A FATAL ERROR CALL IS MADE. 
;ON LEGAL OR ILLEGAL EXITS RA WILL ALWAYS POINT 
;ONE CHARACTER AFTER THE SCAN WAS ENDED, NOTE: 

BE Rr.;:20222[MICENCE IT MAY 9  BY UAY 
;07 CALLS TO 'EVAL" 9  RE-ENTER ITSELF BEFORE 
;COMPLETION° REGISTERS USED - ALL° 

0 

C 

(2) 

OC: PUSH R4 
CETLSC 
TESTC 
BR GTPI5 
BR GTP18 
LEIP EFUN 
BR GTPO2 

IS: POP R4 
SUB 06 9 SP 
MOV SP 9RD 
ATOF 
POP RI 
POP R2 
POP R3 
RTS PC 

;SAVE YEXTPOINYER0 
;GET DONSPACE CHARACTER. 
;THE CHARACTER IS A 
;TERHINATOR-0070 GT?15, 
;NUNERIC0 
;FUNCTION° 
;ALPHABETIC, 
;RESTORE TENTPOINTER, 
1RESERVE SPACE FOR 0. 
;MOVE ADDRESS FOR 0 TO. RO, 
;ASCII TO NUMERIC CONVERSION. 
;PLACE THE 0 
;ID R1pR2oRao C) 

U 

O 

0 



IN9 3 	CM? Rl i,V00 
BL7 
SUB 05C0 9 R1 
A re D M00377„R1 
-EbV RI 9 EFC? 
ISTLPR 
ERROR 
JSR PCECALL 
POP EFOP 
NOVSTK 
NOV EFOP 9 115 
SORTC 

0UORD FOTABL 
SgPa 
ERROR 
ADD OFNTABF 9 SORTON 
NOV SP v R1 
PUSH R4 
SUB OG,; S? 
NOV SPRO 
JSR PC 9 0(R2) 
POP RI 
POP R2 
POP R3 
PC? R4 
ADD :710.,SP 
RTS PC 

TPI2s ERROR 

V Cu 
9 

1111. 1,(MPLITEil 	 A-P 
rirr.rrn7,n 

e,ET THE 
;NUMBER 
;AND 
;RETURN. 
;DOES it BEG 	UITH DECIMAL PT? 
;YES — G 	

IN 
GOO GTP1G, 	• 

;NO. 
;PLACE VARIABLE ADDRESS IN PT10 
;PLACE VARIABLE ADDRESS IN RO, 

POP RI 
P0? R2 
PO? R3 
RTS PC 

15s 	CE? 
BE@ GTPIG 
BR GYP  I2 

S2° GEYARG 
MOV PT/ 9R0 
NOV (0)=.- 9 R1 
NOV (R0)-:-„R2 
NOV (R0) 9 R5 
NOTE THAT IF VARIABLE D 
rUILL CREATE TEE VARIABL 

ti: °o 	CLR RI 
NI: GETC 

SCRTC 
,UORD TERMS 

BR E'Ut2 
ASL RI 
ADD CUR v RI 
BR ERN 

OES NOT EXIST S  THEN GETARG 
E AND SET IT = 00 
;CLEAR CODE SICmACE. 
;READ FUNCTION NAME. 
;THE F (1 9 2 t) OR 3 LETTERS). 
;IS CHARAC A TERMINATOR? 
;YES. 
;NO, TRANSLATE CHARACTER 
;70 FUNCTION CODENAME* 

;COMPLETE TRANSLATION TO 
;FUNCTION CODENAME. 

;SAVE FUNCTION CODENAMEQ 
;UAS TERMINATOR A L—PAREN? 
;NO. 
;YES, EVALUATE VON ARGUMENT. 
;RESTORE FUNCTION CODENAHE0 
HOVE FON ARGUMENT TO STACN0 

; IS FUNCTION CODENAME 
;IN LIST? 
;YES- SKIP NEXT LINE. 
;O.. 
;GET ADDRESS OF POINTER. 
;SOURCE ADDRESS IN R1* 

. ;SAVE CHARACTER POINTER. 
;RESERVE SPACE ON STACK, 
;DESTINATION ADDRESS. 
;GO EXECUTE FUNCTION. 
;MOVE ANSUER 
;TO REGISTERS R1 D R29 AND 

;RESTORE TEXTPOINTER. 
;DISCARD USELESS DATA ON STACK. 

;INCORRECT ARGUMENT. 



'3Tt 	OBY E 40, • 9 9 c r, 9 153,250 
GED.RMAj 

;7-DIT ANSCII CHARAGis 
j-EFi 

;SnOE, c'4 9 ° 0 % e2 0, CR9V:t9!ZO0 U00 TO END LIST, 

T 	G; 	T-:-1 
ILISTA2G 3  7 Sit-2 
fLIS Ez C-; 

	

LIST: °BYTE ° Sp c' 79 	°G, ° O, ° D, ° C, ° A, ° T o  ° L 	r, 1ST LETTERS OF 
SET v  F02, I F,GOTO, ON, DO 9 COV;11ENT,ASIt ,TYPE,LIBRARY. 

.BYTE 	9E 0  ° U 0  0 M 0  9 0 9  9 Rv 9 920 0  
ERASE0 URITE 9 MODIFY 9 OUIT 0 RETURN 0 ADDITIONAL SPACE FOR 

;USER-DEFINED COMMANDS, 	NEG, NO, ENDS LIST. 

.EDEN 

GO: SET 
FOR 

DD: IF 0 
GOTO 
ON 
DO 
COMMENT 
AS; 
TYPE 
LIBRARY 
ERn SE 
WRITE 
MODI FY 
Olin* 
RETURN 0 

N CUM 

•! PLACE ADDED COMMAND HERE, 

;CR - PRINT CR 0 LF. 
`-} CRPRNT 01( - PRINT s'N ;,CR 9 LF 9 6 SPACES. 

IpLS: .BYTE 
.BYTE 

•(9 • c 

•> 9 200 	;NEG. NO. ENDS LIST. 

:OP: 	AA 
AA 
AS 
AC 
AD 

 

0 



IST2 T7NTR 
TOUOT 
TCRLF 
TCRLF2 
TDUMP 
TASH4 
TASN4 
PROCESS 

PROCESS 

IST2: °BYTE 

.EVEN, 

ISTS: TASN 
PC1 

9 	9 15 200 

IF! 
PROCESS 
PC! 
PROCESS 

°BYTE 40 9  9 9 
'''`) /9 

° BYTE '( 9  C[ 9 9< 9 0) 9 

.BYTE ' 99  '° 9 15 9 1 3 . 	9 

FINCR 
PROCESS 
PCI 
PROCESS 
FLIMIT 
FINFIN 
ERROR 
FIN FIN 

M S 2 

STI2 

SY22 

ST: 
992 

°Bra 0Z9 9 
*A ot p  vs, 

;CODES FOR FUNCTIONS 

o 
; 
01 0" 
V V 

;CR 
;IX (CONTROL/X) 

rIALE. LDME71JTER A.PPLii;A:1.)11'.45 LAO 
1;t= -1' 	Itcii 

0 

0 

0 

0 

0 

0 

0 

f-N 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

• 

0 

0 

r° 9" = STANDARD FORMAT. 
;";" = SET 9 PLUS.... 
;CR = SET COMMA 3D° 
;IX = SET COMMAND° 
; 

;";" 

o 	= STANDARD° 
= SHORT 

;2 a  FOR MT DELIHYTER. 
— LITERAL DELIMITER. 

;1 — CR AND LINE FEED, 
— CR ONLY. 

;$ — DUMP THE SY EO 	 ,. OL TABLE CONTENTS 
;SPACE 	TERMINATOR FOR NAMES. 
9 0  -.TERMINATOR FOR EXPRESSIONS. 
;";" m TERNINATOR.FOR  CCMANDS. 
;CR - TERMINATOR FOR SYRINGS. 
;TN— TERMINATOR FOR COMMANDS. 

;LIST CONSISTS 07 " AND CR. 
e;NEG.NO. ENDS LIST. 

;CR = AUTOMATIC QUOTE SWITCH. 

(LISTED WITHOUT AN INITIAL F)9 

;ABS 9 SOT 9 SGN9ITR 
;RAC 9 MOD 9 EXP9SIN 
;COS ATN 9 LOG ; AND 
;OR X0R 9 COM EOU 
;ADC 9 SU 9 TIM 9 DAY 
;RAN 9 LIM 9 ILE° 

0, 0- 
T  

3 9 

4 = 9 200 

;SPACEv 41+ ° 9 C4"4.1 9 " /° 2 "e 9 Wi("4)  

;99(P90[909W<O909010 03>S1 
9 

o o o o o 
9 9 	; 17 CR 9 e:K0":9NEG,NO, 

NTABL: 
0BYTE 
0BYTE 
.BYTE 
.DYTE 
°BYTE 

.EVEN 

33 9 2 9 150 9 136 
115 9 126,0249154 
75 9  72 9 125 9 44 
160 9 20 9 67 9 113 
17 9 175 9 157953 
130 9 117 9 101 .  

;CR 

'$ 9 200 	;NEG.NO. ENDS LIST. 



ts 1-1,170 

;ADDRESSES 017 ' FUNCTIONS. 

ERROR 
ERROR 
ERROR 
ERROR 
ERROR 
ERROR 
ERROR 
ERROR 
ERROR 
ERROR 
ERROR 
ERROR  

LE6-;-::111A TECH 

; FADS 

;

▪ 

 FSGN 
	

Cy 

9 

• 

FIR 
r, FR .6 C 
9 	' • 

 ; FVIOD 	 0 
; FEX 
; FS 
; FOOS 	 0 
; FAIN 
; 
; FAND 	 0  
; FOR 
;FOR 
; FC01 	 0  
; FEQU 
; FADC 	

0 ; FSU 
; FYI 
; FDAY 	

0 ;FR AN 
; FLIM 
; FILE 	

0 

0 

(}, 

0 

• 
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