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ABSTRACT

A practical implementation of the techniques of interval
analysis developed by Professor R. E. Moore (Interval
Analysis, Prentice-Hall, 1966) is described for solving systems

of differential equations on the CDC 3600 and 1604.




' A PROGRAM FOR THE SOLUTION OF DIFFERENTIAL
EQUATIONS USING INTERVAL ARITHMETIC
(DIFEQ)
For the CDC 3600 and 1604

J. A. Braun and R. E. Moore

Purpose

To provide a numerical solution, together with machine computed error bounds,
for systems of N first order differential equations. Error bounding is rigorous,
completely automatic and includes truncation errors, round-off errors and errors
in initial data. This package is designed for use with FORTRAN. For a full
description of the theory behind DIFEQ, see [1]
Input

The first two data cards contain respectively, in I3 format, the size, N ,
of the system and the number of terms NDER, to be taken in the Taylor expansion.
The next three data cards contain respectively, in E20.8 format, the starting
value TSTART, of the independent variable, the final value, TFINAL, of the
independent variable and the printing interval DELTAT of the independent vari-
able. The next set of data cards contains the system of equations, subject to
the rules contained in Formulae below. The final data cards contain, in C(E20. 8,
E20.8) format, the initial conditions, given as intervals — degenerate or other-

wise — and appearing in the order yl’ yz, \% etc.

3’
See EXAMPLES below for illustrations.
Program DIFEQ is written for use with FORTRAN 63 on the CDC 3600 and

1604.

Sponsored by the Mathematics Research Center, United States Army, Madison,
Wisconsin, under Contract No, : DA-31-124-ARO-D-462,



Formulae

The system of equations is to be given in strings of first order equations,
all equations ending with a terminating character "$" . One must supply NJr
equations defining the dependent variables. .A dependent variable name is a
string of two or three alphanumeric characters, the first of which must bea Y.
The name of the derivative of the dependent variable is like the dependent variable with
the exception that the first character must bea D . In the equations all variable
names, operator names, left parentheses, right parentheses, termination charac-
ters (i,e. $) and equality signs must be separated from each other by at least
one blank, (subsequent blanks will be ignored) and contain no blanks within
themselves. As usual, columns 73-80 will be ignored.

If a parameter is to be used its name must be any string of one, two or three
letters the first of which must bean M, (e.g. MU). A shorthand variable may
be used and its name may be any string of one, two, or three letters, the first of
which is not a Y,D, or M . All constants may appear signed or unsigned in
Integer, E or F format. All of these cards will be read in until N dependent
variables have been read in. The equations may be strung out over many cards,
or several formulas may appear on one card. The termination character signifies

the end of one equation and the end of a card has no real significance.

EXAMPLES
dy
1.) PROBLEM: Ix 2y, y(0) =1

INPUT DATA DECK: 001
010
0.0
0.1
Dl =2 % Yl §
1.0

T N equéls the size of the system.
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These cards correspond respectively to:
N, Size of system;
NDER, Number of Taylor series terms to be used;
TSTART, Initial value of x;
TFINAL, Final value of x;
DELTAT, Print interval;
The Differential Equation ;

Initial value of vy.

2.)
2
PROBLEM: gY-:y y(0) = 1
dx
INPUT DATA DECK: 001
010
0.0
1.0
0.1
Dl = Y1 # 2 %
1.0
3.)
px =1+p) (1 -p)lx, +p)
PROBLEM: %, - 2%_ = X. - -
1 2“1 3 3
r R
¢ 42% o kx, (L-px,
XpTeX =%~ 73 - 3
r R
2 2
T = {(x1 -14+p) +x }1/2
2
2
R= {(x, +pf + 22}
1 2
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INPUT DATA DECK:

004
010
0.0
2.2234346E-04
2.2234346E-04

MU = .01215 $

SMR= ((YI-1+MU )% 2 + Y2 %% 2) %% 5 §

BGR= ( ( YL+ MU ) %k 2 4 Y2 s 2) 5 %

Dl =Y3 §

D2=Y4 $

D3=2 % Y4 + Y1 -MU * (YI-14+MU)/SMR** 3 - (1-MU) *

( YI+MU) / BGR

D4 = -2 % ¥3 + Y2 - MU =

-1.7641402E-02
~1.6018386E-02
9.8544878E 00

-4.1519712E 00

3 3
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Qutput

The output will be as follows:
The equations will be printed as they were read in, followed by the list of initial
conditions and their errors. Then for each printing interval, DELTAT, (specified
on the fifth data card), the following will be printed: the real time elapsed since
the last print statement, the total real time elapsed, T, the present value of the
independent variable solution (s) at that value, and their associated errors.
Printing will stop when the solution at the final value of the independent variable
TFINAL has been printed, see examples.

The following messages may occur:

SOLUTION IS A CONSTANT, when such is the case. When the solution is a
polynomial - its coefficients will be printed. Delta T = 0 will be printed when
a solution cannot be obtained at a given value of the independent value, and

the program will terminate.
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Other Subroutines

The subroutine SEARCH has been omitted from the listing of DIFEQ because
it is contained in the 1604 and 3600 libraries. Below is a listing of SEARCH if
it is needed. It is @ general table — lookup routine. The calling sequence is
CALL SEARCH (N, TABLE, ARG, IND), where:

N is the number of entries to be searched;

TABLE is the name of the array to be scanned;

ARG is the argument we are searching for;

IND is the output parameter, which containsthe ordinal of the argument in

the table; IND is zero if ARG is not in the table,

SUBROUTINE SEARCH (K, A, S, N)

TYPE INTEGER A, S

DIMENSION A(K)

DO 10 I=1,K

IF (S. EQ. A(I) 11, 10

10 CONTINUE

N=0
RETURN
I N-=I
END
REFERENCE ;
1. Moore, R. E., "Interval Analysis", Prentice-Hall, 1966.
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Listing of DIFEQ for the CDC 1604 may be obtained by writing to

Mathematics Research Center
University of Wisconsin
Madison, Wisconsin 53706

Following is the listing of DIFEQ for the CDC 3600.

PROGRAM DIFEQ DFQ
THIS PROGRAM PRODUCES A NUMERICAL SOLUTION FOR A SYSTEM QF N DFQ
FIRST-ORDER URDINARY DIFFERENTIAL EQUATIONS WITH GIVEN DFQ
INITIAL CONDITIONSe THE SYSTEM IS ASSUMED TO BE AUTONOMOUSe  DFQ
ERROR-BOUNDING IS RIGOROUSs COMPLETELY AUTOMATICs AND INCLUDESODFQ
ROUND-OFF £RRORSe METHOD OF SOLUTION IS BY EXPANSION IN A DFQ
TAYLOR SERIESe COMPUTATION IS DONE USING INTERVAL ARITHMETIC. DFQ

DFQ

INPUT IS AS FOLLOWSe FQ
1) N (SIZE OF THE SYSTEM) DFQ
2) NDER (NUMBER OF TERMS TO BE TAKEN IN THE TAYLOR EXPANSION) DFQ
3) TSTART (STARTING VALUt OF THE INUEPENDENT VARIABLE) DFQ
4) TFINAL (FINAL VALUZ OF THEt INDEPcNOENT VARIABLE) DFQ
5) DELTAT (PRINTING INTERVAL - ReSULT WILL BE PRINTED FOR EACH DFu
INCREMENT OF DELTAT IN THE INDEPENDENT VARIABLE) DFQ

6) THE SYSTEM OF EQUATIONSs REPRESENTED BY FORTRAN-TYPE DFQ
STATEMENTSs EACH EQUATION TERMINATED BY $ DFQ

7) THE INITIAL CONDITIONSs GIVEN AS INTERVALS (DEGENERATE OR  DFQ
OTHERWISE) « DFQ

DFQ

, DFQ

TYPE IN5(2) YsDsuWsT yUELTAT»YOLD 9PSEULT » BBOX DFQ
COMMON YsDosQsTINOYSHNDER DFQ
DIMENSION Y(31912),D(31912)9Q(31930)sT(315100)sYOLD(31s12)> DFQ
1880X(12) sYYOLD(31) DFQ
COMMON/OVERFLOW/ INDCAT DFQ
COMMON/YOLD/YOLD DFQ
DIMENSION DT(2)sYY(2s31s12)s8B(2+12) DFQ
EQUIVALENCE(DTsDELTAT) » (DELTsDT(2))s(YsYY) s (BBOXsBB) DFQ
DATA(DT=0.) DFQ
DATA (TWOM36=1e4556~11) DFQ
TYPE LOGICAL SW DFQ
READ 1sNSYSaNDER UFQ
FORMAT(13) OFQ
ND1=NDER+1 DFQ
READ 2sTSTARTsTFINALsPRINTDEL OFQ
FORMAT(E2048) DFQ
CALL COMPILE(NSYSsNDER) DFQ
CALL ZCODEINT(YsDsQsT962) DFQ
READ 3s((YY(I2s1511)9s12=1s2)3s11=1sNSYS) DFQ
FORMAT((E204835E2048)) DFQ
DFQ

INITIALIZATION DFQ
DELT=POWER2(2¢*%(=364/(NDER-1))) DFQ
IF(DELTeEQe0) GC TO 500 DFQ
CALL PRINSTAR(TSTARTsPRINTDEL) DFQ

-10-
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10

20

30

40

50

60

70

80

90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460




[aNaNaNaNA]

[aNa}

100

110

120

130

140

150

142
743
T4k

745

746

747

748

749

Sw=0 DFQ

TIME=TSTART DFQ
OFQ

OFQ

MAIN LOOP OFQ
OFQ

COMPUTE THE FIRST (NDER-1) DERIVATIVES AT Y=YQ oFQ
CALL YSUPERK(NLER-1) DFQ
PSEUDT=0. LFQ
OBTAIN NORM QF Y! bFQ
YNORM=FNORM(DsNSYS) DFQ
IF{YNORM+sEWeO) GO TO 500 DFQ
SAVE THE VALUES OF YO DFQ
DO 110 J1=1yNDER bFQ
DO 110 K1=1sNSYS DFQ
YOLD(J19K1)=Y(J19K1) ' DFQ
DFQ

OBTAIN B-BOX DFQ
DO 130 K2=1sNSYS OFQ
Y{(1sK2)=YOLD(1sK2)+YOLD(2sK2)%¥DELTAT/YNORM DFQ
BBOX(K2) =Y (1sK2) DFw
DFQ

OBTAIN A-80X UFQ
INDCAT=0 DFQ
CALL YSUPERK(NLER) - DFQ
IF(INDCAT) 1509160 DFQ
LFQ

CANNOT COMPUTE REMAINDER OVER B-BOX - HALVE B-BOX AND TRY AGAINe DFQ
DELT=POWER2(DELT/24) DFQ
IF(DELTeEWQe0) GO TO 500 DFQ
GO TO 120 OFQ
PRINT 743 DFQ
FORMAT(30Xs30HTHERE IS A POLYNOMIAL SOLUTION) DFQ
PRINT 744 DFaQ
FORMAT (50X %2 N*) DFQ
PRINT 745 LFQ
FORMAT (* THE POLY IS OF THE FORM P(X)=A0+ALl(X~X0)+A2(X-X0) +eeeeetDFQ
XAN(X-X0) *) DFQ
PRINT 7465 TIME OFQ
FORMAT (% WHERE XU=#F7,2) DFQ
PRINT 747 OFQ
FORMAT(* COEFF BELOW-CONSTANT TERM FIRST¥) bFQ
IF(YOLDINDERs1)eNE«O) GO TO 749 DFQ
NDER=NDER~1 DFQ
GO TO 748 VFQ
DO 800 J=1sNDER DFQ
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470
480
490
500
510
520
530
540
550
560
570
580
590
600
610
620
630
640
650
660
670
680
690
700
710
120
730
740
750
760
710
780
790
800
810
820
830
840
850
860
870
880
890
900
910
920




800

750

160

170

180

190

200

210

220

230

YYOLD(J)=YOLD(Jy1l) DFQ
PRINT 7505(YYOLD(J)sJ=1sNDER) DFQ
FORMAT(5€2048) DFQ
GO TO 500 DFQ

DFQ
COMPUTE A-BOX DFQ
CALL EXPANDI(DELTAT) DFQ

DFQ
TEST TO SEE IF A-BOX 1S CONTAINEL IN B-8GX DFQ
DO 170 J3=1»NSYS DFQ
IF(UYY(1919J3)eblTeBB(10JU3))e0R{YY(2519J3)aGTaBB(29J3)))180,170 OFQ
CONTINUE DFQ
GO TO 300 DFQ

DFQ
A-BOX DOES NOT FIT INTO B-BOX —--——- TEST FLIP-FLOP DFQ
IF(SW)190,200 DFQ

DFQ
PROCEDURE I (SW ON) =-——- FLIP SWITCHs HALVE DELTATs RE-EVALUATE ADFQ
SW=0 DFQ
DELT=POWER2 (DELT/24) DFQ
IF(DELT«EQe0) GO TO 500 LFQ
GO TO 160 _ OF W

DFQ
PROCEDURE II (SW OFF) ===== FLIP SWsREPLACE 8 8Y A, COMPUTE LELT ODFQ
Sw=1 DFQ
OBTAIN WIDTH OF YSUPERKI(B) OFQ
WIDTHB=04 OFQ
DO 210 I3=1,NSYS OFQ
WIDTHB=MAX1F (WIDTHBsYY(2sNDER+113)~YY(1sNDER+113}) DFQ
IF(WIDTHB+EQsO) GO TO 742 OFQ
OBTAIN WIDTH OF YSUPERK(A) OFQ
INDCAT=0 DFQ
CALL YSUPERK(NDER) DFQ
IF(INDCAT)1505220 DFQ
WIDTHA=O. DFQ
DO 230 K3=1»NSYS DFQ
WIDTHA=MAX1F (WIDTHAs YY (2 s NDER+19K3) =YY (1 sNDER+15K3)) DFQ
IF(WIDTHAEQeQ) GO TO 742 DFQ
OBTAIN FUDGE-INTEGER D DFQ
KD=MAX1F (Oe s (LOGF{WIDTHB)-LOGF (WIDTHA))/LOGF(DELT)) DFQ
COMPUTE NEW DELT DFQ
EXPFUD=1e/FLOATF (KD+NDER-1) DFQ
DELT=POWERZ2 ( (TWOM36*YNORM/WIDTHB ) #%EXPFUD) DFQ
IF(DELT<EQeO) GO TO 500 OF@Q
SAVE B-BOX(THAT WAS A-BOX) DFQ
DO 240 I14=14NSYS OFQ

~12-
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930

940

950

960

970

980

990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380




[y

an

240

300

310

320

500

BBOX(I4)=Y(1y14)
GO T0 160

SUCCESSFUL BOUNDING OF REMAINDER ----- FINISH UP
————— GET BETTER BOUND ON REMAINDER TERM
CALL YSUPERKI(NDER)

————— TEST FOR PRINTING (PRINT)

CALL PRINTER(TIMEsDELT)

STEP INDEPENDENT VARIABLE»s AND TtST FOR END
TIME=TIME+LELT

IF(TIMEeGETFINAL)S00+320

OBTAIN NEW BASE POINT YO

PSEUDT=DELT

CALL EXPAND (PSEUDT)

GO TO 100

END

CONT INUE

END

SUBROUTINE YSUPERK(NDER)

TYPE INTS5(2) YsUsQ,T

COMMON Y(31012)9D€§1912),u(3l;301vT(31y100)9N9K
DO 1 J=1sNDER

CALL DECODINT(J-1)

DO 1 I=1»N
Y{J+1s1)=D(Js])/J
END

SUBROUTINE EXPAND(T)

TYPE INT5(2}) YsYOLDST

COMMON Y(31s12)sOTHER(8804)sNSYSsNDER
COMMON/YOLD/7YOLD(31412)

DO 1 I=1sNSYS

Y(1sI)=Y{NDER+1,1)

DO 1 J=1sNDER

M=NDER-J+1
Y{1s1)=Y(1sI1)*T+YOLD(Ms1)
END

SUBROUTINE PRINTER{TIMEsDELT)

TYPE INT5(2) YsPSEUDT

COMMON Y(31512) sOTHER(8804) s NSYSsNDER
DIMENSION YY(2+31,12)
EQUIVALENCE(Y»YY)

KS=1 ‘
IF(TIME+DELTeGL e TLASTPR+PRDELT)1+100
TLASTPR=TLASTPR+PRDELT

CURT=TIMEF (DUMMY)
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DFu
DFQ
DFQ
DFQ
DFQ
DFQ
bFQ
PFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFuY
DFQ
DFQ
DFQ
OFQ
DFQ
DFQ
DFQ
DFQ
bFQ
DFQ
DFQ
bDFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ

~13-

1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
1840




ELT=(CURT-RTPL} /1000, DFQ 1850

TEL=(CURT~-RTIME) /1000 OFQ 1860
RTPL=CURT PFQ 1870
PSEUDT=TLASTPR-TIME DFQ 1880
CALL EXPAND(PSEULT) DFQ 1890
PRINT 10, TLASTPRSELTSTEL UFQ 1900
10 FORMAT(15HOSOLUTION AT T=E1l54795X923HTIME SINCE LAST PRINT =F6+2s DFQ 1910
1 31H SECONDSs TOTAL ELAPSED TIME = FT7e2s9H SECONDS,) PFQ 1920
50 DO 60 I=1sNSYS LFQ 1930
X=y{1lsl) vFQ 1940
E=YY(29191)-X DFQ 1950
PRINT 51slsXsE vFQ 1960
51 FORMAT(10X9s1HY s 294X 91H=9E20e10920Xs 7THERROR =E1343) PFQ 1970
60 CONTINUE DFQ 1980
GO TO(2+100)sKS DFQ 1990
100 RETURN DFQ 2000
ENTRY PRINSTAR DFQ 2010
KS=2 LFQ 2020
TLASTPR=TIME DFQ 2030
PRDELT=DeLT DFQ 2040
PRINT 61,TIMt vFw 2050
61 FORMAT(27HO INITIAL CONDITIONS AT T = Fl5.10) DFQ 2060
RTIME=RTPL=TIMEF (DUMMY) DFQ 2070 :
GO TO 50 LFQ 2080
END DFQ@ 2090
FUNCTION FNORM(DsN) DFQ 2100
DIMENSICN D(2+31512) DFQ 2110
FNORM=0, DFQ 2120
DO 1 I=1,N DFQ 2130
1 FNORM=MAX1F (FNORMyABSF(D(1s1s1))sABSF(D(2s151))) DFQ 2140
[F(FNORMsEQ«De) 2510 PFQ 2150
2 PRINT 3 DFQ 2160
3 FORMAT(22HOSOLUTION IS CONSTANT) OFQ 2170
10 RETURN VFQ 2180
END DFQ 2190
FUNCTION POWER2(A) OFQ 2200
DATA(TW020=202540u00000000008) DFQ 2210
TYPE INTEGER Q VFQ 2220
Q=A*¥TWO20 LDFQ 2230
IF(Q)10s1 DFQ 2240
1 PRINT 2 DFQ 2250
2 FORMAT(13HO DELTA T = 0) DFQ 2260
POWERZ2=0 % RETURN vFQ 2270
10 POWERZ2=FLOATF{W)/TW020 VLFQ 2280
END DFQ 2290
SUBROUTINE ZCOVEINT(ZsUsWsTsKSTOR) DFQ 2300

-14- #901



10

11

20

110

111

112

1

1

DIMENSION Z(1)sD(1)sQ(1)eT(1)

COMMON/ZLIST/ZCOLE(1000)

COMMON/CONSTANT/C(51)

COMMON/ERASABLE/MCODE(60) sLEX(31) sKCoLCOMI300) sLCVM(300)
LIBFUN(10)sMORE(270)sKTST

TYPE INTEGER ZCOUESZCsSWLsSWRsOPESRY
DATA(MH=T7T7T77777700000000B) s (ML=T777777778)»(LS58=100000000B)

{LBLANK=606060608B)

2C=Q

KSIN=KTST

CALL STARTINT

DO 500 ND=1sKC

LV=LCVMIND) ¢« AND e MH

RV=LCVM{ND) e« AND e ML

LV=LV/LS8

E=LCOM(ND) « AND e ML

NE=NAD(E»ZsDsQsT9+KSTOR)

OP=LCOM({ND) «AND eMH

SWL=LV=LVAND ML

IF(SWLeEQe4R 18,9

SWL=0

GO 70 10

SWL=SWLeANDS 778

SWL=oWL-23B

NL=NAD(LVs ZsUsUWsT9KSTOR)

SWR=LCVM{ND) «AND+ 778

SWR=SWR-238

NR=NAD(RVs ZsDsUWsTsKSTOR)}

2C=2C+1

CALL ScARCH(2sLIBFUNs10sINDsOP)
IF({IND}20s11

CALL ERDIF

STQP

GO TO(110s120913Us140+15091604170+1809190s200) sIND

ADDITION
IF(SWL)111,115
LDACINTERVAL) 2 NL
ZCODE(ZC)=MCODE(29)
2C=2C+1
ZCODE(ZC)=MCODE (3} +NL
IF{SWR)112,113
2C=7C+1
FADUINTERVAL) 2 NR
ZCODE(ZC)=MCODE(18)
LC=2C+1

#901

DFQ
OFQ
DFQ
DFQ
DFQ
DFQ
DFQ
oFQ
vFQ
DFQ
LFQ
DFQ
DFaQ
DFQ
oFQ
DFQ
DFQ
DFQ
DFQ
DFQ
OFQ
DFQ
DFQ
UFQ
OFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFaQ
DFQ
oFQ
DFQ
LFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
vFQ
DFQ
DFQ
vFQ

-15-

2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410
2420
2430
2440
2450
2460
2470
2480
2490
2500
2510
2520
2530
2540
2550
2560
2570
2580
2590
2600
2610
2620
2630
2649
2650
2660
2670
2680
2690
2700
2710
2720
2730
2740
2750
2760




M

119

113

1131

115
1119

lie

118
1181

120

121

122

123

ZCOLE(ZCI=MCOLE (3 }+NR

LC=ZIC+1

STA 2 NE
ZCQDE(ZC) =MCODE(19)
2C=4C+1

ZCODE(ZC)=MCODE (3} +NE

GO TO 490

LC=2C+1

LIu 1 (J) IJdP 1  #+3

ZCODE(ZC) =KRAMUN (MCODE(30) »£LCODE(ZC+3))

LC=4C+1

FAD(REAL) NR
2CouE(ZC)I=MCQODE(31)
2C=2C+1
ZCODE(ZC)=MCODE (4 ) +NR
GO 10 119

IF(SWR)116,1119
NT=NR

NR=NL

NL=NT

GO TO 260

LDA (INTEZRVAL) NR
LCODELZLC)=MC0DE(L9)
LC=2C+1
ZCODELZC)=MCODLE (3 ) +NR
NR=NL

IF(LVeEQeLBLANK) 1194113
IF(LVeEGQeLBLANK 11811131
LCODE(LC-1)=2C0DE(2C-1)-2
GO TO 119

SUBTRACTION
LF(SWL)121s125
LDOACINTERVAL)Z NL
LCobe(LC)=MCODE(29)
LC=2C+1
ZCODE(LC)=MCODE (3 ) +NL
IF(SWR)122,123
2C=2C+1

FSBUINTERVAL) 2 NR
LCQDE(LC)=MC0DE(32)
ZC=4C+1
ZCODE(ZC)=MCODE (3 ) +NR
6O TO 119

LC=2C+1

Liu 1 () [JP 1 *+3

~16-

DFQ
DFQ
DFQ
OFQ
DFQ
DFQ
OFQ
DFQ
oFQ
bFQ
oFG
LFQ
LFW
bFQ
OFQ
ofFQ
UFQ
DFQ
DFQ
DFQ
DFQ
DFQ
vFQ
vFW
bFQ
bFQ
OFQ
DFW
DFQ
DFQ
DFQ
DFQ
LFQ
DFQ
DFQ
vFQ
OFQ
DFQ
DFQ
DFQ
VFQ
bFQ
DFQ
DFQ
LFQ
DFQ

#901

2770
2780
2790
2800
2810
2820
2830
2840
2850
2860
2870
2880
2890
2900
2910
2920
2930
2940
2950
2960
2970
2980
2990
3000
3010
3020
3030
3040
3050
3060
3070
3080
3090
3100
3110
3120
3130
3140
3150
3160
3170
3180
3190
3200
3210
3220




o

(@)

1231

125

126

128

130
131
132

133

134

135
136

138

LCODE(ZC)=KRAMDN(MCODE(30)»ZCODE(2C+3))
LC=24C+1

FSB (REAL) NR

ZCODE(Z2C)=MCODE(33)

LC=2C+1

ZCODE(ZC)=MCODE (4)+NR

GO TO 119

IF(SWR11269260

LACCINTERVAL) 2 NR

LCODE(ZC)=MC0ODL(58)

LZC=2C+1
ZCoLE(ZC)=MCODE(3)+NR

NR=NL

IF (LV «EQe¢ LBLANK) 119,113
LAC(REAL) NR
ZCODE(ZC-1)=MCODE(12)

ZCODE(ZC)=MCODE (4) +NR
NR=NL
IF(LV+eEQeLBLANK)1181s1131

MULTIPLICATION
IF(SWL)}131+135
IF{SWR) 132,133
KSwl=0

SW2=1s
KSW3=MCODE(23)
KSW5=0
ZCODE(Z2C)=MCODE (49)
GO TO 250

LDA (REAL) NR
ZCODE(ZC)=MCOvL (28)
2C=2C+1
ZCODE(ZC)=MCODE (4) +NR
LC=ZC+1
FMUCINTERVAL)2 NL
ZCODE(ZC)=MCODE(34)
2C=2C+1

ZCODE(ZC) =MCODE (3 ) +NL
GO TO 119
IF(SWRJ1136+260
NTEMP=NL

NL=NR

NR=NTEMP

GO TO 133

2C=Z2C+1

FMU (REAL) NR

#901

DFQ
OFQ
OFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
LFQ
DFQ
DFQ
OFQ
DFQ
PFQ
OFQ
DFQ
DFQ
DFQ
LFQ
DFQ
VFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
VFQ
DFQ
DFQ
OFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
OFQ
DFQ
DFQ
DFQ
LFQ
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3230
3240
3250
3260
3270
3280
3290
3300
3310
3320
3330
3340
3350
3360
3370
3380
3390
3400
3410
3420
3430
3440
3450
3460
3470
3480
3490
3500
3510
3520
3530
3540
3550
3560
3570
3580
3590
3600
3610
3620
3630
3640
3650
3660
3670
3680




[aXa)

[

140

141

142

143

145
1451

1452

ZCODE(ZC)=MCODE(35)
20=2C+1
ZCODE(ZC)=MCODE (4)+NR
GO 70 119

DIVISION

IF{SWR)141+146

LIL 1 (2J) IJP 1  #+]
ZCODE(ZC)=KRAMUN(MCODE(36) s Z2C0ODE(ZC+1))
LZC=2C+1

IuP 1 *+4

LCQUEZC) =KRAMUP {MCODE(37)9ZCODE(ZC+4))
2C=7C+1

KSW1=0

Sw2=0

KSW3=MCQODE(23)

KSW5=2

IF(SWL) 1429143

LDA (INTERVAL) NL

ZCODE(ZC)=MCODE(29)

2C=2C+1

ZCODE(ZC)=MCODE(3)+NL

2C=72C+1

SLJ  *+16

ZCODE(Z2C) =XRAMUP (MCODE(38) s2CODE{ZC+16))
NTEMP=NL

NL=NE

GO T0 250

LDA (REAL) NL —
ZCOLE(ZC)=MCODE(28)

2C=2C+1

ZCOLE(ZC)=MCODE (4 ) +NL

2C=7C+1

SLJ  *+14

LCODE(ZC)=KRAMUP {MCODE(38)»ZCODE(ZC+14))
NL=NE

GO TO 250

IF(SWL)145141452

2C=2C+1

FAD (INTERVAL) 2 NL
ZCODE(ZC)=MCODE(18)

ZC=2C+1
ZCODE(ZC)=MCODE (3} +NTEMP
LC=2C+1

FDy (INTERVAL) NR

ZCODE(ZC)=MCOLE(39)

-18-

DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
VFQ
vFQ
LFQ
DFQ
DFQ
DF@
DFW
DFQ
DFQ
OFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFaQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ

#901

3690
3700
3710
3720
3730
3740
3750
3760
3770
3780
3790
3800
3810
3820
3830
3840
3850
3860
3870
3880
3890
3900
3910
3920
3930
3940
3950
3960
3970
3980
3990
4000
4010
4020
4030
4040
4050
4060
4070
4080
4090
4100
4110
4120
4130
4140




2C=2C+1 DFQ 4150

ZCODE(ZC)=MCODE (&) +NR DFQ 4160

GO TO 119 DFQ 4170

146 IF(SWL)147+260 DFQ 4180
147 2C=2C+1 DFQ 4190
LDA (INTERVAL) 2 NL DFQ 4200
ZCODE(ZC)=MCODE (29) DFQ 4210
ZC=2C+1] DFQ 4220
ZCODE(ZC)=MCODE{3)+NL DFQ 4230

148 2(=2C+1 DFQ 4240
FOv (REAL}) NR DFQ 4250
ZCoDE(ZC)=MCODE (40) DFQ 4260
2C=Z2C+1 DFQ 4270
ZCODE{(ZC)=MCODE (4)+NR DFQ 4280

GO TO 119 DFQ@ 4290

DFQ 4300

X*%YsWHERE Y IS CONSTANT DFQ 4310

150 IF(SWL}152+260 DFQ 4320
152 K2=RV/1008 DFQ 4330
EXPON=C(K2) DFQ 4340
KEX=EXPON DFQ 4350
EXPLIT=KEX DFQ 4360
IF((EXPONSEQeEXPIT) ¢« ANDe (KEXeGES0)} 11555151 DFQ 4370

155 JF(KEX~=1)1591+1592+156 DFQ 4380
156 SwWK=U DFQ 4390
NP=NL DFQ 4400
NET=NE bFQ 4410

157 KET=KEX DFQ 4420
KEX=KEX/2 DFQ 4430
IF(KETeEQeKEX#21157651571 DFQ 4440

1571 IF(SWK)1572+1575 N DFQ 4450
1572 NL=NP DFQ 4460
NR=NY1 VFQ 4470
IF(KEX11573+1574 vEd 4480

1573 KSIN=KSIN+1 DFQ 4490
KI={KSIN=1)*¥K5TOUR+] DFQ 4500
NE=NY1=KRAMDN(O»sT (K1)) DFQ 4510
IND=1 DFQ 4520

GO TO 132 DFQ 4530

1574 NE=NET DFQ 4540
IND=3 DFQ 4550

GO TO 132 DFQ 4560

1575 NY1=NP DF4 4570
SWK=1s DFQ 4580

GO TO 1576 DFQ 4590

1576 NL=NR=NP DFQ 4600

#901 -19-




1577

1591

1592

151

158

160

IF( (KEX.t_(J-l).AN.J.(SWK.tuoO.) ) 1574’1577
KSIN=KSIN+1

K1={KSIN-1)#KSTOR+]
NE=NP=KRAMDN(QOsT(K1))

IND=2

GO TO 132

NL=KRAMDN (0+C(2))

IND=1

LV=LBLANK

GO TO 260

LV=LBLANK

NR=NL

GO TO 116

LIL 1 (2J) IJp 1 %+6

LZCODE(ZLC) =KRAMUN{MCODE(36)+ZCODE(ZC+6))
LC=2C+1

ISk O ZRO X
ZCOLE(ZC) =MCOLE (41)
2C=2C+1

LCODE(ZC)=KRAMUP (MCODE(38),,2C00E(Z2C+3))
L(=2C+1

RTJ(EXPREAL} £ZRO Y
ZCODE(LC)=MCODE (4) +NL
IC=2C+1
ZCODE(ZC)=MCODE (4} +NR
2C=2C+1

SLJ ¥+17

ZCouE(ZC)=KRAMUP (MCODE(38)s2CODE(2C+1T7))
LC=/C+1

RTJ coM3 ZRO NR
LZCODE(ZC)=MCODE (42)+NR

KSW1=0

Sw2=1

KSw3=MCODE(22)

KSwb=2

NR=NL

NL=NE

GO TO 250

ZCODE(ZC-1)=MCODLE (43)+NL
ZCODE(ZLC=-2)=2C0bE(Z2C-2)-2
ZCODE(ZC)=NR

GO0 TO 119

Z=L0G(X)

IF(SWR11614+260
LIL 1 (24) [JP 1 %+l

-20-

DFQ
DFQ
LFQ
DFQ
DFQ
DF@
DFQ
DFQ
vFQ
vFQ
DFQ
VFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFW
LFQ
LFW
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFW
VFQ
vFQ
VFG
OFG
DFQ
DFQ
DFQ
DFQ
DFQ
BFQ
DFQ
VFQ
VFQ

#901

4610
4620
4630
4640
4650
4660
4670
4680
4690
4700
4710
4720
4730
4740
4750
4760
4770
4780
4790
4800
4810
4820
4830
4840
4850
4860
4870
4880
4890
4900
4910
4920
4930
4940
4950
4960
4970
4980
4990
5000
5010
5020
5030
5040
5050
5060




lel

le4

ZCODE(ZC)=KRAMUN{MCODE(36)+£4£CODE(ZC+1))
LC=4C+1

1Jp 1 *¥7

ZCODE(ZC) =KRAMUP (MCODE(37) +2CODE(ZC+T7))
2C=ZC+1

RTJ LOGS

ZCOoDE(LC)=MCODE(T)

2C=2C+1

SLJ *+2

LCOUE(ZC) =KRAMUP {MCODE(38),2C00E(ZC+2))
2C=2C+1

DLDA X

ZCODE(ZC) =MCODE (4)+NR

LC=2C+1

STAUINTERVAL) 2 2Z

ZCODE(LC)=MCODE(19)

LC=2C+1

2COoDE(ZC)=MCODE (4 )+NE

LC=7C+1

SLJ *¥+25
LCODE(LC)=KRAMUP (MCODE(38) +9£CODE(2C+25))
2C=4C+1

1Jp 1 #+4 PASS

ZCQUE(ZC) =KRAMUP {MCODE(37) 9 ZCODE(ZC+4))
LC=2C+1

LA (INTERVAL) 2 X

ZCODE(ZC)=MCODE(29)

LC=2C+1

ZCODE(ZC)=MCODE {3 )+NR

2C=2C+1

Sly  *+17

ZCODE(ZC)=KRAMUP (MCODE(38)+yZCODE(ZC+1T))
ZC=72C+1

ENI 4 O INDI 1 -1
2CoDE(LC)=MC0LE(50)
KSwl=2

SW2=0

KSW3=MCODE(21)

KSWb=2

NL=NR

NTEMP=NR

NR=NE

GO TO 250

NR=NL

GO TO 1451

LDA X STA T+1
#901

DFQ
OFQ
DFQ
DFQ
DFQ
vFQ
DFQ
DFQ
DFQ
OFQ
DFQ
DFW
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
bFaQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
vFQ
vkFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ

=-21-

5070
5080
5090
5100
5110
5120
5130
5140
5150
5160
5170
5180
5190
5200
5210
5220
5230
5240
5250
5260
5270
5280
5290
5300
5310
5320
5330
5340
5350
5360
5370
5380
5390
5400
5410
5420
5430
5440
5450
5460
5470
56480
5490
5500
5510
5520

2
2
g




168

L79

171

ZCODE(ZC~1)=MCODE (45)+NR¥LSB
ZCODE(Z2C-21=2C0DE(Z2C=-2)+1

STA T+2 —

ZCODE(ZC)=MCODE (46)

2C=2C+1

RTJ LOGS (OR EXP59SIN5sCOS59sATANS)
ZCODE(ZLC)=MCODE (1+IND)

LC=2C+1

SLY  ¥*¥+2

ZCODE(ZC)=KRAMUP (MCODE(38)+s2C0ODE(ZLCH2))
2C=4C+1

DLDA T+1

ZCODE(ZC)=MCODE(4)+T+1

LC=2C+1

STAUINTERVAL)Y Z

ZCODE(ZC)=MCODE(19)

LC=2C+1

ZCODE(ZC)=MCODE (4)+NE

GO TO 490

LZ=EXPF{X)

IF{SWR)171+260

LI 1 (20} [UP 1 *+1
LCODELLC)=KRAMUN {MCODE (36 ) sC00E(LCH+L})
2C=2C+1

IJp 1 *+7

ZCODE(LC)=KRAMUP {MCODE(37),£2C0DE(LCH+T))
LC=2C+1

RTJ EXPS

LCODE{ZC)=MCODe (8)

LC=ZC+1

SLY  *+2

LCODE(ZC) =KRAMUP (MCODE (38 ) s £CuDEIZC+2))
LC=2C+1

DLDA X

ZCODE(ZC)=MCOLE (4)+NR

LC=4C+1

STAUINTERVAL) £

ZCODE(ZC)=MCODE(19)

2C=2C+1

ZCODE(ZLC)=MCODE (4)+NE

2C=2C+1

SLJ *+15
ZCODE(ZC)=KRAMUP (MCODE(38) 9£CODE(ZLC+15))
LC=72C+1

ENI & O PASS

—ll=

DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFu
VFQ
DFW
DFQ
DFW
DFQ
DFQ
oFQ
DFQ
DFG
DFU
DFQ
DFQ
OFW
DFW
VFU
DFQ
DFQ
DFQ
CFQ
DFQ
DFQ
DFQ
VFW
DFQ
DFQ
DFQ
VFu
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
LDFG
LFW

#901

5530
5540
5550
5560
5570
5580
5590
5600
5610
5620
5630
5640
5650
5660
5670
5680
5690
5700
5710
5720
5730
5740
5750
2760
5770
5780
5790
5800
5810
5820
5830
5840
5820
5860
5870
5860
5890
5900
5910
5920
5930
5940
5950
5300
5970
5940




180
181

182

2CQDELC)=MC0oLE (44)
KSwi=0

SW2=1.
KSw3=MCODE(21)
KSW5=2

NL=NE

GO TO 25¢

Z=SINF(X)
IF{SWR) 181260
KSIN=KSIN+1
Kl=(KSIN=-1)#KSTOR+1
NW=KRAMON(OsT(K1))
LI 1 (2J) 1JP 1 #+1
LCODE(ZC)I=KRAMON{IMCODE(36) +2C0ODE(ZC+1))
2C=2C+1
IJp 1 *+12
ZCODE(ZC) =KRAMUP (MCODE(37) +4C0ODE(ZC+12))
ZC=7C+1
RTJ SINS
LCoue (LC)Yy=MC0oLE(Y)
LC=4C+1
SLd  #+/2
ZCOLE(ZLC)=KRAMUP (MCODE(38) +4C0DE(ZCH2))
2C=2C+1
DLDA X
ZCODE(ZC)Y=MCODE (4 )+NR
2C=2C+1
STACINTERVAL) 2
LCODE(LC)=MCOLE(19)
1C=4C+1
ZCODE(ZC)=MCODE {4 ) +NE
LC=4C+1
RTJ COSH
ZCODLE(LC)=MCODE(L10)
ZC=2C+1
SLy  #+2
LCODE(ZC)=KRAMUP (MCODE (38)sZCODE(ZC+2))
LC=2C+1
DLDA X
ZCODE(ZC)=MCODL (4 ) +NR
LC=2C+1
STAUINTERVAL) <2
ZCODE(ZC)=MCODE(19)
2C=2C+1
2COoLE(ZLC)=MCODE (4 ) +Nw

#901

DFQ
DFQ
DFaQ
DFQ
DFQ
DFaQ
bFQ
DFQ
DFQ
DFQ
DFQ
DFQ
bFQ
vFQ
DFQ
DFQ
OFQ
DFQ
bFG
OFQ
vFQ
OFQ
DFQ
LFQ
VFQ
DFQ
DFQ
DFQ
DFQ
bFQ
bFQ
DFQ
LFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
bFQ
DFQ
DFQ
vFQ
DFQ

~23-

5990
6000
6010
6020
6030
6040
6050
6060
6070
6080
6090
6100
6110
6120
6130
6140
6150
6160
6170
6180
6190
6200
6210
6220
6230
6240
6250
6260
6270
6280
6290
6300
6310
6320
6330
6340
6350
6360
6370
6380
6390
6400
6410
6420
6430
6440




C

.

185

190
161

200
201

2C=2C+1

Sty *+29

ZCODE(ZC) =KRAMUP (MCODE (38)9ZCODE(ZC+29))
2C=2C+1

ENT 4 O PASS
LCODE(ZC)=MCODE(44)
KSw1=0

Sw2=1,

KSW3=MCODE(Z21)

KSW5=2

NL=NW

GO TO 250

IND=IND+1

SW2=0,

NL=NE

NE=NW

LC=2C+1

ENI 4 O LIL 1 (2J-2)
LCODE(ZC)=MCODE(4T)

GO TO 250

£=COSF{X)
IF{S5WR1191+260
NW=NE

KSIN=KSIN+1
Kl=(KSIN-1)}#KSTUR+]
NE=KRAMDN (OsT{K11))
IND=1IND-1

GO TO 182

Z=ATAN(X)

IF(SWR)201,260

KSIN=KSIN+1

K1=(KSIN=-1)#KSTOR+1

NV=KRAMDN(Q»T(K1))

KSIN=KSIN+1

K1=(KSIN-1)*KSTOR+1

NW=KRAMDN (0»T(K1))

LIL 1 (2J) IJP 1 #+]
ZCODE(ZC)=KRAMDN(MCODE(36)+ZCODE(ZC+1))
2C=7C+1

Typ 1 *+21

ZCODE(ZC)=KRAMUP (MCODE(37)+ZCODE(ZC+21))
2C=2C+1

RTJ ATANS

ZCODE(ZC)=MCODLE(1])

—24-

DFQ
DFQ
bFQ
DFQ
DFQ
DFQ
bFQ
LFQ
DFQ
DFQ
VFQ
DFQ
DFQ
DFQ
DFQ
OFQ
DFQ
DFQ
DFQ
DFQ
vFQ
DFQ
UFQ
vFQ
VFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
LFQ
DFQ
bFQ
vFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
bFQ
DFQ
DFQ
DFQ

#901

6450
6460
6470
6480
6490
6500
6510
6520
6530
6540
6550
6560
6570
6580
6590
6600
6610
6620
6630
6640
6650
6660
6670

6680

6690
6700
6710
6720
6730
6740
6750
6760
6770
6780
6790
6800
6810
6820
6830
6840
6850
6860
6870
6880
6890
6900

S —



N

2C=2C+1
SLJ  #+2

ZCODE(ZC)Y=KRAMUP (MCODE(38)»2CODE(ZC+2))

LC=72C+1

DLDA X
LZCODE(ZC)=MCODE (4 ) +NR
2C=2C+1

STAUINTERVAL) ¢
ZCODE(ZC)y=MC0Lc(19)
LC=2C+1
LCODE(ZC)=MCODE (&4 ) +NE
LC=2C+1

LoA (INTERVAL) X
LCoDE(ZC)=MCCDE(29)
ZC=2C+1
ZCODE(ZC)=MCODE(3)+NR
LC=4C+]

FMUCINTERVAL) X
LCobE(ZC)=MCODE(34)
LC=2C+1
ZLOLE(2C)=MCOLE (3 ) +NR
LC=2C+1

FAD (REAL) 1.
LCOLE(ZC)=MCQuL (21)
ZC=2C+1
LZCODE(ZC)=MCODE(4)+1
LC=1C+1

STA v
ZCODE(ZC)=MCODE(19)
LC=2C+1
ZCODELZC)=MCODE {3 ) +NV
2C=4C+1

LDA (REAL) 1.
ZCODE(ZC)=MCODE(Z28)
LC=2C+1
ZCODE(ZC)=MCODE{4)+1
2C=72C+1

Foy (INTERVAL) V
ZCODE(ZC)=MCODE(39)
2C=2C+1
ZCODE(ZC)=MCODE (4 ) +NV
2C=4C+1

STA W
2ZCODE(ZC)=MCODE(19)
2C=2C+1
ZCODE(ZC)=MCODL(3)+Nw

#901

DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFG
DFQ
LFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFW
DFU
OFQ
DFQ
LFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DF@
DFQ
LFQ
DFQ
DFQ
DFQ
DFQ
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6910
6920
6930
6540
6950
6960
6970
6980
6990
7000
7010
7020
7030
7040
7050
7060
7070
7080
7090
7100
7110
7120
7130
7140
7150
7160
7170
7180
7190
7200
7210
1220
7230
7240
1250
7260
72170
7280
7290
7300
7310
7320
7330
7340
7350
7360

o e e




205
206

207

LC=ZC+1
Sty #+47

ZCODE(ZC)=KRAMUP (MCODE (38) s ZCODE(ZC+47))

IC=2C+1

INI 1 2 PASS
ZCODE(ZC)=MCODE (48)
NT=NE

NL=NR

NE=NV

KSW1=0

Sw2=1 -
KSW3=MCODE(23)

KSW4=1

KSW5=0

GO T0 250

GO TO(206+207s49U) 4sKSWG
2C=4C+1

ENI 4 O LIt 1 (2J-2)
ZCoDE(ZC)=MCODc (47)
Sw2=00

KSwa=2

KSwbs=2

NT2=NR

NL=Nw

NR=NV

NE=NW

GO TO 250

LC=2C+1

FDv (INTERVAL) v
ZCODE(ZC)=MCODE (39)
L(=2C+l
ZCODE{ZC)=MCODE (4 )+NV
Z(=2C+1

STA (INTERVAL}) 2 W
ZCQUELLC)=MCoLE(19)
2C=4C+1

ZCOLE(ZC) =MCODE (3 ) +NW
2C=4C+1

ENI 4 O LIL 1 (2J-2)
ZCODE(ZC)=MCODE (47)
SW2=1
NR=NT2
NE=NT
KSW3=MCODE (21)
KSW4=3
GO TO 250
~26-

DFW
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DF
VFQ
DFQ
VEQ
DFQ
DFQ
DF@
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
vkFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
LFW
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
VFQ
DFQ
DFQ
DFQ
DFQ

#901

7370
7380
7390
7400
7410
7420
7430
7640
7450
7460
7470
7480
7490
7500
7510
7520
7530
7540
7550
7560
7570
7580
7590
7600
7610
7620
7630
7640
7650
7660
7670
7680
7690
7700
7710
7720
7730
7740
7750
7760
7770
7780
7790
7800
7810
7820




251

252

253

2576

2157

MULTIPLICATION LOOQP

2C=2C+]1

1) ENA O ENT 3 (0 OR 2)
LCODE(ZC)=MCODE(13)+KSW5

2(=2C+1

2} STA 2 NE STA 2 NE+1

LCODE(LC)=MCODE (14 )+NE*1000000018
LC=72C+1

IF(SW21251+252

3) LDA (OR LAC) 3-NR
ZCODE(ZC)=MCODE(15)
2C=2C+1
LCODE(ZC)=MCODE({1)+NR

GO TO 253
ZCODE(ZC)=MCODE(16)
ZC=4C+1
ZCODE(ZC)=MCODE {1 )+NR
2C=2C+1

4) FMU 1 NL
ZCOVELLC)=MCoLE(1T7)
LC=2C+1

ZCODE(ZC)=MCODL (2)+NL+KSW1
LC=2C+1

8) RTJ (COM1 OR COMZ2 OR #*+1)
ZCODE(ZC)=KSwW3

LC=2C+1

5) FAD 2 NE
ZCODE(ZC)=MCODE(18)
LC=2C+1

ZCQDE(Z2C) =MC0LE (3 ) +NE
LC=Z2C+1

6) STA 2 Nt

LCODE (£C)=MC0ODE(19)

2C=2C+1

LCODE(2C)=MCODE (3)+NE

LC=4C+1

7y INI 3 2 [JP 1 *+1

ZCODLE(ZC) =KRAMUN(MCODE(20)sZ2CODE(ZC+1))
2C=2C+1

9) IJP 1 #-10
LCODE(LC)=KRAMUN(MCODE(24) 9£CODE(ZC=10))

GO TO (257692157949091459145241645490918594909205)sIND

L(C=2C+1
GO TO 1576
LC=ZC+1

#901

DFQ
DFQ
DFQ
DFQ@
DFQ
VFQ
DFQ
DFQ
LFu
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
LFQ
OFQ
LFQ
DFQ
DFu
DF@Q
OFQ
DFQ
DFQ
DFQ
DFQ
LFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
VFQ
DFQ
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\
i
|
|
WETTJ

7830
7840
7850
7860
7870
7880
7890
7900
7910
7920
7930
7940
7950
7960
7970
7980
7990
8000
8010
8020
8030
8040
8050
80060
8070
8080
8090
8100
8110
8120
8130
8140
8150
8160
8170
8180
8190
8200
§210
8220
8230
8240
8250
8260
8270
8280



[aN A

260

490
491
500

689

699

GO TO 157

BOTH ARGUMENTS CONSTANT

1) ENQ 2 0O QJP *+3
ZCODE(ZC)=KRAMDN(MCODE(25)+ZCODE(ZC+3))
2)  ENA 0 STA 2 NE

2C=2C+1

LZCODE(ZC)=MCODE (26 ) +NE

LC=2C+1

3) STA 2 NE+1 Std™  *+7

LCODLE(LC) =KRAMUN(MCODE(2T) 9 LCODE(ZCHT) }+nNE*L58

4) LDA NL (REAL)

L(=2C+1

ZCODE(ZC)=MCODE (28)

LC=2C+1

ZCODE(ZC)=MCODE (4)+NL

GO TO (118+12B5138+148515851689168+9168+168+168)IND

[F{ZCe(GTe999)16999491
IF(KSINeGT+100)689,500

CONTINUE

LC=2C+1

SLy EXIT

ZCoDE(ZC)=MCODE(5])

RETURN

CALL ERTST

STQP

CALL ERZCD

SToP

END
IDENT DUMMY INT
ENTRY DECODINT
ENTRY STARTINT
EXT @1Q00550
EXT @lQUl550
EXT Q1Q04550
EXT Q1Q02550
EXT Q1Q10550
EXT @1Quos1lo
EXT Q1QO1510
EXT QlQou2510
EXT Q1QuU3550
EXT @1Q03510
EXT QlQ04510
EXT @1Qub550

=28~

DFA
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
OFQ
bFQ
DFQ
DFQ
VFQ
DFQ
DFQ
bFaQ
PFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
OFQ
DFQ

#901

8290
8300
8310
8320
8330
8340
8350
8360
8370
8380
8390
8400
8410
8420
8430
8440
8450
8460
8470
8480
8490
8500
8510
8520
8530
8540
8550
8560
8570
8580
8590
8600
8610
8620
8630
8640
8650
8660
8670
8680
8690
8700
8710
8720
8730
8740




»

ERASABLE
CONSTANT

ZLIST

DECODINT
+

EXIT

EXT
EXT
EXT
EXT
EXT
EXT
EXT
BLOCK
COMMON
BLOCK
COMMON
BLOCK
COMMON
ORGR
SLJ
SIV
SIL
SIu
SIL
Slu
SIL
LIL
Sl
INI
LDA
ARS
SAU
LDA
SAU
LIU
INA
SAL
INA
SAL
LIL
ENA
AJPsNZ
LDA
STA
StLJ
LDA
FMU
STA
SLJ
ENI
ENI

#901

@1Qu5510
@2QU7551
LOGS
EXP5
SINS
C0s5
ATANS
973

MASKSINT (601

51 —_
C(51)
1000
2COLE(1000)
3+

*3
EXIT»1
EXIT,2
EXIT+143
EXIT+1s4
EXIT+245
EXIT+296
DECUDINT,1
RETURNeesl
ls1

Osl

24

*+]1

* %

T

Te6

0s6

T

-2

T+5

Te2

0e6

*+2

C+1
=SFACT
2CODE
Cs6

FACT
FACT
ZCODE
*¥41
*¥kg 2

ADDRESS+1 OF CALL TO DECODLE

ZRO(J) ENI ©
ADDRESS OF J
JTO A

J TO UPPER OF T
J T0 16

2J TO LOWER OF T

24 To 12
IS J = 0
YES---

SET J-FACTORIAL = 1le

OBTAIN J-FACTORIAL

RESTORE
INDEX

DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
bFQ
DFQ
DFQ
DFQ
bFQ
DFQ
DFQ
OFQ
DFQ
DFaQ
OFQ
OFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFaQ
DFuW
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
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8750
8760
8770
8780
8790
8800
8810
8820
8830
8840
8850
8860
8870
8880
8890
8900
8910
8920
8930
8940
8950
8960
8970
8980
8990
9000
9010
9020
9030
9040
3050
9060
9070
9080
9090
9100
9110
9120
9130
9140
9150
9160
9170
9180
9190
9200

e K AR




ENI *%,3

ENI *#y 4
ENI *#¥e9H
ENT *¥%496
RETURNes SLJ *H#
STARTINT StLJ %
+ SIU EX2s1
ENI 11
LOOPSTAR LDA Ml-1,1
STA MASKSINT-1s1
15K 6091
SLJd LOOPSTAR
£EX2 ENI *¥yl
SLJ STARTINT
M1 DLDA 0s3
M2 DLDA Os1
M3 DLDA 092
M4 DLDA 0
15 DLDA T+1
M6 DLDA FACT
M7 BRTJ ($)LOGSy s %
M8 BRTJ {D)EXPSy o
M9 BRTJ ($)C0S5y %
M10 BRTJ (B)SINBy 9 #*
M1l BRTJ (D)ATANS 99
M12 BRTJ {$)W1Q01510 s 9
M13 ENA 0
ENI 0s3
M14 STA 0s2
STA 1,2
M15 BRTJ (3$)1W1Q00550 9%
Mlé BRTJ {($)W1Q01550 93
A17 BRTJ ($)U1Q04550 9%
118 BRTJ {$)14W1Q02550 s o %
19 BRTJ {($)uwlQl055099%
M2V “INI 233
1JP Oyl
M21 RTJ COMl
M22 RTJ COM<
MZ3 ENI 0
M24 ENT 0
1JP 01
M25 ENQ 0s2
QUPZR 0
MZ6 ENA 0
STA 0s2
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REGISTERS

EXIT

MULTIPLICATION LOOP
SET 13 TO 0 OR 2

ZERO SuM

LOA 3 NR

(OR) LAC 3 NR

FMU 1 NL

FAD 2 Nt

STA 2 Nt

INT 3 2

INI 1 -1 (UNLESS ZERO)

IJP 1 %*¥=6 (TO M3)

DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
OFQ
OFQ
bFaQ
OFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
oFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
pFQ
VFQ
DFQ
DFQ
brQ
DFQ
Dra
DFQ
vFa
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ
DFQ

#901

9210
9220
9230
9240
9250
9260
9270
9280
9290
9300
9310
9320
9330
9340
9350
9360
9370
9380
9390
9400
9410
9420
9430
9440
9450
9460
9470
9480
9490
9500
9510
9520
9530
9540
9550
9560
9570
9580
9590
9600
9610
9620
9630
9640
9650
9660




M27

M28
M29
M30

M31
M32
M33
M34
M35
M36

M37
M38
M39
M40
M4 1
M4 2

M43

M4 4
M45

M4
M4 7

M4 8
M49
M50

M51
M52

M53

M54

M55
M56
M57
M58
comMl

STA
SLJ
BRTJ
BRTJ
LIy
IJpP
BRTJ
BRTJ
BRTJ
BRTJ
BRTJ
LIL
IJP
1JpP
SLJ
BRTJ
BRTJ
BRTJ
RTJ
ZRO
RTJ
ZRO
ENI
LDA
STA
STA
ENI
LIL
INI
LIL
ENI
INI
SLJ
LDA
AJP sNZ
FsB
STA
LDA
FMU
STA
BRTJ
BRTJ
BRTJ
SLJ
INI
BRTJ

#901

1,2

0
{$1U1Q005109 9%
($)W1Q005509 9%
Trl

Osl
{(3)U1Q02510 4%
($)U1Q03550 9%
(5)W1Q03510 9%
(5141004550 9%
($1U1Q04510 9%
Trl

Os1

Osl

0
($)Q1Q05550 9%
{$)U1Q05510y 9%
($)Q2Q07551 9%
COM3

0]

COM4

0

Osé

0

T+1

T+2

Os4

T+5s1

291

Tsl

Os4

-1s1

EXIT

Os2

0]

C+1

D92

0s2

0s2

092
($)Q1Q04510, 9%
($)1Q1Q055109 o %
($)1Q1Q015509 9%
3* %

14
($)Q1Q04510 9%

LDA
LDA

FAD
FSB
FSB8
FMU
FMU

FDV
FOv

PART OF MULTIPLY LOOP
FOR OBTAINING (u=K)/J

{REAL)
2 (INTERVAL)

(REAL)
2 (INTERVAL)
(REAL)
2 (INTERVAL)
(REAL)

{ INTERVAL)
(REAL)

DFQ 9670
DFQ 9680
DFQ 9690
DFQ 9700
DFQ 9710
DFQ 9720
DFQ 9730
DFQ 9740
DFQ 9750
DFQ 9760
DFQ 9770
OFQ 9780
DFQ 9790
DFQ 9800
DFQ 9810
DFQ 9820
DFQ 9830
DFQ 9840
DFQ 9850
DFQ 9860
DFW 9870
bFQ 9880
DF@ 9890
DFQ 9900
DFQ 9910
DFQ 9920
DFQ 9930
DFQ 9940
DFQ 9950
DFQ 9960
DFQ 9970
DFQ 9980
VFQ 9990
DFQ10000
DFQlo0010
DFQ10020
DFQ10030
DFQl10040
DFQL0050
DFQ10060
DFQ10070
DFQ10080
DFQ10090
DFQ10100
DFQlOLL0
OFQlol2o
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come
comai

COM22

COM3

COM4

-OM41

COM42

DFMU
BRTJ
DFDV
SLJ
SLJ
INI
BRTJ
DSTA
BRTJ
DLDA
BRTJ
DFMu
BRTJ
DFSB
BRTJ
DFDV
BRTJ
DFMU
INI
SLJ
SLJ
LIV
LDA
SAL
LIV
ENI
INI
StJ
SLJ
LIV
LDA
SAU
LDA
SAL
LDA
STA
STA
INI
BRTJ
SLJ
DLDA
DLDA
SIu
SLJ
BSS
ENTRY

-32-

Crd
($)Q1Q05510 4%
Ceb

COM1

* %

~1s5
{$)W1Q10550y 9%
T+1
($)wlQ00510y 9%
3* %
($)W1Q06510s's*
Cod
{$)01Q03510 9%
Csd
{($)W1Q05510 s #
Cyb
($1Q1Q04550, ¢
T+1

ls4

COM2

* %

COM3,5

-1,5

COM22+1

Tsb

1s4

=11

COM3

* %

COM4 45

-195

COM4&41

0s5

COM&42+3

% %

T+1

T+2

1,5
($)Q2Q07551 9%
*4-2

T+1

* %

COM4 45

COM4

6

ZPRINT

FMU (J-K)
FOV (J)

PART OF MULTIPLY LOOP
FOR OBTAINING (C*(J-K)-K)/J

STA{T+1)

LLDA (CQ)
FMU {(J=K)
FSB (K)
FDv (J)
FMU (T+1)
INITIALIZATION FOR COMZ2
ADDRLSS OF CALL TO CoMm3
C IN LOWER OF A
J K+l FOR K=J=-1)

1 TO I4 (J-K FOR K=J-1)
2J-2 T0 11

REAL TO REAL

BASE TO Ti

EXPONENTIATE

EXPONENT
SET UP EXIT
EXIT

DFQ10130
DFQlol40
DFQl0150
DFQl0160
DFQ10l170
DF@l10180
DFQl0190
DFQlo0200
LFQloZ10
DFQloZ220
DFQ10230
LFQ10240
DF@l0250
DFQl0260
DFQl0270
DFQlo0280
DFQl0290
DFW10300
DFQ10310
DFQ10320
VFW10330
VFQl0340
UFWl0350
DFQ10360
VFW10370
DFQl10380
DFQl0390
DFQ10400
DFQlo410
DFQ10420
LFQ10430
DFQ10440
DFQl0450
DF@lo460
DFQ10470
DFQ10480
OFQ10490
DFQ10500
DFQlo0510
DFQ10520
DFGQ10530
DFQl0540
DFQ10550
DFQ10560
DFQ10570
OFQlo580

#901



ZPRINT

+

FQUND

SORT

ZEX

TABOP

SLJ
CODAP
SIU
LIL
SIL
INI
LOQ
LOA
STL
ARS
STL
LDA
STL
ARS
STL
LDA
STL
ARS
STL
LDL
ALS
ENI
LbQ@
MEQ
StJ
LDQ
SLJ
LDQ
sTQ
LDA
LRS
QRS
STQ
LRS
QRS
$TQ
LRS
QRS
5TQ
STA
ENI
SLJ
RTJ
SSU
RTJ
SSU

#901

oo

o

* 3

ZEX
ZPRINT
ZEX

1
=Q77777
0

T+3

24

1

1

T+1

24

T+4

2 \
T+5

24

T+2

T

24

23
=07777700000000
TABOP-1
FOUND+1
TABOP~-1
SORT
=060606060
T+5

T

15

33

T+4

9

39

T+3

15

33

T+2

T+1

*3%

* %
Q1Q00550
421318
Q1Q01550
123318

ADDRESS OF OPR

ADDRESS OF ZCOobe(l)

ADDRESS OF OPL
ADDRESS OF VR
ADDRESS OF OP

ADDRESS OF VL

TABLE OF INT SUBROUTINES

AND THEIR NAMES

DFQ10590
DFQ10600
DFQ10610
DFQL0620
DFQL10630
DFQLO640
DFQ10650
LFQLO660
DFQL0670
DFQ10680
VFQ10690
DFQLO700
DF@LQT710
DFQ10720
DFQl0730
DFQ10740
DFQ10750
DFQ10760
DFQ10770
DFQlo780
DFQLO790
DFQ10800
bFQl0810
DFQl0820
DFQ10830
DFQlo840
DFQ10850
DFQ10860
DFQl0870
DFQ10880
DFQ10890
DFQ10900
DFQ10910
DFW10920
DFQ10930
DFQ10940
DFQ10950
DFQ10960
DFQ10970
DFQ10980
DFQ10990
DFQ11000
DFQ11010
DFQl11020
DFQ@11030
DFQ11040
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RTJ
MUF
RTJ
MUF
RTJ
62
RTJ
SSU
RTJ
S5U—
RTJ
MUF
RTJ
MUF
RTJ
MUF
RTJ
MUF
RTJ
MUF
RTJ
MUF
RTJ
FSB
RTJ
55U
RTJ
Dvli
RTJ
62
RTJ
QJpP
RTJ
STQ
RTJ
WJP
RTJ
QJP
RTJ
@JP
RTJ
QupP
COMPASS
END

-34 -

Q1404550
464318
Q1Q02550
124318
Q110550
321318
Q1Quos510
421518
Q1QU1510
123518
Q1Q02510
124518
Q1Q03550
222318
QlQo03510
222518
Q1Q04510
464518
Q1QU5550
465318
W1Q05510
465518
Q2QU7551
346518
LOGS
627268
EXP5
747268
SINS
145268
C0S5
662268
ATANS
321458
COMl
644018
com2
644028
COM3
644038
COM4
644048

SUBROUTINE COMPILE(NSYSsMAXNDER)
EQUIVALENCE (SYMEOL 9KYMBGL )

DFE@11050
DFQ11060
DFQ11070
DFQ11080
DFG11090
DFQ11100
DFQl111Q
DFQL1120
DFQ11130
DFQ11140
DFQ11150
DFQ11l60
DFQ11170
DFQ11180
DFQ11190
DFQ11200
DFQ11210
DFQ11220
DFQ11230
DFQ11240
DFQL1250
DFQ11260
DFQL1270
DFQ11280
DFQ11290
DFQ11300
DFQ11310
DFE11320
DF@11330
DFQ11340
DFQ11350
VFQ11360
DFQ11370
DFQ11380
VFQE11390
DFQ11400
DFQ11410
DFQ11420
DFQ11430
DFQ11440
DFQ11450
LFQ11460
DFQL11470
DFQl1480
DFQl11490
UFQL1500

#901




[a N

10

31

32

40

41

45
50

TYPE INTEGER TNAME,DICTION
TYPE LOGICAL SwlsSw2

COMMON/ERASABLE /MCODE (60) s LEXsDICTION(30)»>KCOMP s LCOMOP (300) »

DFQl1510
DFQ11520
DFQR11530

1 LCOMVAR(300)sLIBFUN(I0)sLOPTI(50)sLISTOP(50)sLVAT(100)sLILUB(50)sDFQ11540

2 MTABLE(10)sITABLE(10)sKTST
COMMON/CONSTANT/CONTAB(50) +KCON

DATA(MASKHIGH=7777777700000000B) s (LSHIF8=1000000008) s (MAXCP=300)

PATA(ML=77777777b)

DFQ11550
DFQ11560
DFQ11570
DFQL11580

DATA(LIBFUN=2060606000000000B»40606060000000008+5460606000000000BsDFQ11590

1 6160606000000U00B54546060000000008+43462726000000008
2 25674726000000008,6231452600000000b923466226000000008
3 21632145000000008)

INITIALIZATION

KTST=KCOMP=LEX=MTCON=KEQ=0

KCON=MAXNDER+1

DO 1 N=1sKCON

CONTAB{N)=N-1

PRINT 2

FORMAT (23H0 FORMULAS COMPILED ARE //)

READ LcFT SIDE OF FORMJLA

CALL RONUMINAMCF)
NAMEF=NAMEF o ANU s MASKHIGH
NPAR=NAMEF ¢ ANUC# 77000000000000008Bs0Re 7R
[F(NPAR«EQe1HM) 3140

FORMULA 15 PARAMETER DEFINITION
MTCON=MTCON+1

MTABLE (MTCON)=NAMEF 4OR«4R

CALL RDNUM{KYMBOL)

IF (KYMBOL«NEs1H=)1003532

CALL RUNUM(SYMBOL)

CALL AUCON(SYMBOL » ITABLE(MTCON))
CALL RDNUM{SYMBOL)
IF(KYMBOLeNES«1H$)1003,+10

I[F (NPAReEGQW 1HD) 45941

SHORTHAND-SYMBOL-VARITABLE-ADD NAME TOQ LIST
LEX=LEX+1 :
DICTION(LEX)=NAMEF/LSHIF8
DICTION(LEX)I=DICTION(LEX)sANDsML

GO TO 50

D-EQUATION

KEQ=KEQ+1
CALL RONUMI{SYMBOL)

#901

DFQ11600
DFQ11610
LFW11620
DFQ11630
DFQ11640
DFQR11650
DFQ11660
DFQ11670
DFQ11680
DFQ11690
DFQl1l7o0
DFQ11710
DFQ11720
DFQ11730
DFW11740
DFQ11750
DFW11760
DFQ11770
DFQ11780
DFQ11790
DFQ11800
DFQ11810
DFQ11820
DFQll830
DFQ11840
DFW11850
DFW11860
DFQ11870
DFQR11880
DFQ11890
DFQ11900
DFQ11910
LFE11920
DFQ11930
DFW11940
DFR11950
DFQ11960Q
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[

199

220
521
522
526
227
528
201
2011
2012
2013

2014
202

211

[F(KYMBOL«NE«1H=)1003+199

INITIALIZATION FOR COMPILING FUNCTION
KVT=LBANK=SW2=LOPT(1)=LOPT(2)=0
LBANK=U

KOp=2

SW1l=1

SWg=z=1l.

LISTOP(2)=1H+

LILUD(Zlfl

OBTAIN NEXT SYMBOL
IF{SW&) 200242001
SH4g=1e
KYMBOL=NEXTSYM

GO TO 2003

CALL RODNUM(SYMBOL)
CALL RDTYPELLTYPL)
[IF(LTYPE)220s2205211

OPERATOR

[F(KYMOOLeEQelH()}221+521
IF(KYMBOLeEQelH) ) 2224522
IF(KYMBOLatQelr$)2269526

IF(KYMBOL e EQe1H+eORe KYMDOL e EU e 1H=) 2279527
IF(KYMBOLeEQe l1H*¥eORe KYMBOL eEWe 1H/) 2285528
IF(KYMUOL oL Qe2H¥*%)2294201

VARIABLE

KAR=KYMBOL « AND« 7000000008

IF (KARNEL0)22542011

KAR=KYMBOL + ANDs 7700000000000000B«0OR«60606060606060B
IF(KAReEWQelHM) 20125202

CALL SEARCH(2sMTABLEsMTCONsIND9aKYMBOL)
IF{IND)201452013

CALL ERPAR

STQP

KYMBOL=ITABLE(IND)

KVT=KVYT+1

LVAT(KVT)=KYMBOL

Sh2=1

GO TO <200

CONSTANT

CALL ADCONI(SYMBOL sKYMBOL )
GO TO <02
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DFQL11970
DFQ11980
DFQl1990
DFQ12000
DFQ12010
LFW12020
LDFQR12030
DFW12040
PFQL2050
PFQL2060
LFQ12070
DFQ12060
DFW12090
DFQ12100
DFQ@12110
DFQ12120
DFQl2130
LFQ12140
DFW12150
DFW12160
VFQL2170
DFW@l2lsy
LFQl2190
DFQ12200
DFQ12210
DFQ12220
DFQ12230
DFQL2240
DFQ12250
DFQL2260
DFQL12270
DFQl2280
DFQ12290
LFQ12300
DFW12310
LFQL2320
VFQ12330
DFQ12340
DFQ12350
DFQ12360
DFQ12370
DFQ12380
DFQl2390
DFQ12400
DFQl2alo
PFQ12420

#901




221

222

226
223

225
2251

227

228
2281

229

2782
2292

2293

2291

LEFT PARs
LBANK=LBANK+5
Sw2=0

GO TO 200

RIGHT PAR)
LBANK=LBANK-5
IF (LBANK) 100352005200

END OPLRATOR 3

IF (LBANK«NE+0)10034223
SW1=LOPT({KOP-1)

LCOP=0

G0 TO 230

FUNCTION OPERATOR
LCOP=4+LBANK
Lug=1

GO TO 230

+ OR - OPERATOR
LCOP=1+LBANK
IF(5W2)2281,2251

¥ OR / OPERATOR
LCOP=2+LBANK
Lug=0

GO TO 230

*¥%* OPERATOR

le{»:U .

LCOP=3+LBANK

CALL RDNUMINEXTSYM)
CALL RDTYPE(LTYPL)

IF (LTYPE) 2292922922282

SW5=1.
GO TO 2281

KAR=NEXTSYM«AND«77000000000000008B
IF (KAR+EQe.1HM) 2282,2293

5W5=00
GO TO 230

EXPONENT IS NOT A CONSTANT -~ CODE A**¥B AS EXPF(B*LOGF(A))

LV2=LVAT(KVT)/LSHIFS8
LV2=LV2eAND 777771778
KCOMP=KCOMP+1

#901

DFQ12430
DFQ12440
DFQl2450
DFQ12460
DFQ12470
DFQ12480
DFwl12490
DFQ12500
DFQ12510
DFQ12520
DFQ12530
DFQ12540
DFQR12550
DFQl2560
DFQl2570
DFQ12580
DFQl12590
DFQ12600
DFQ12610
DFQ12620
VFWE12630
DFQL12640
DFQ12650
VFQ12660
DFQ12670
DFQl2esd
DFQ12690
DFQ12700
DFQl12710
DFQ12720
DFQ12730
DFQ12740
DFQL2720
DFQ12760
DFQ12770
DFQ12780
DFQ12790
DFQ12800
DFQl2810
DFQ12820
DFQ12830
DFQ12840
DFQ12850
DFQ12860
DFQ12870
DFQ12880
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[aNa}

230
240

550

551

231
232

552

553

233
234

250

NDEST=TNAME {DUMMY )

LCOMOP (KCOMP ) =L IBFUN(6) « ORNDEST
LCOMVAR(KCOMP)=6060606000000000B¢0ReLV2
KOp=KOP+1

LISTOP(KOP)=LIBFUN(7)

LOPT(KOP)=LCOP

LILUB(KOP)=1

KYMBOL=LIBFUN(3)

Lup=0 —

GO TO 250

COMPARE LEVEL OF CURRENT OP WITH THAT OF PRECELDING
IF (LCOP +GTe LOPT(KOP) ) 240,550
IF (SW4 «ORe SWH) 25052291
PROCESS PRECEEDING QP.
SW1=LCOP.0OR«LOPT(KOP-1)
IF(SWL)231551

NDEST=NAMEF /LSHIF 8
NDEST=NDEST«AND« 7777777178

GO TO 232

NDEST=TNAME (DUMMY)
LOPDE=LISTOP(KOP) ¢ AND ¢« MASKHIGH
KCOMP=KCOMP+1

IF {KCOMP « GT « MAXCP ) 10059552

LCOMOP (KCOMP ) =LOPDE«OReNDEST
LV2=LVAT(KVT)/LSHIFS8
LV2=LV2eAND«T777777778B
[F(LILUB(KOP})233+553

B8INARY OPERATION

KVT=KVT-1
LV1=LVAT(KVT)«AND«MASKHIGH
GO TO 234

UNITARY OPERATION

LV1=60606060000000008
LCOMVAR(KCOMP )=LV1+0RsLV2
LVAT{KVT)=NDEST¥*LSHIF8
KOp=K0OP~-1

IF (SW1) 230,260

ADD CURRENT OP TO OP TABLE
KOp=KOP+1
LISTOP(KOP)=KYMBOL
LOPT(KOP)=LCOP

-38-

DFQ12890
DFQ12900
DFQ12910
DFQ12920
DFQ12930
DFQ12940
DFQ12950
DFQ12960
DFQ12970
DFQ12980
DFQ@12990
DFQ13000
DFQL13010
DFQ13020
DFQ13030
DFQ13040
DFQ13050
DFQL13060
DFQ13070
DFQ13080
LFQ13090
DFE13100
vFQ13110
DFQ@13120
DFQ13130
DFQ13140
DFQ13150
DFQ13160
DFQ13170
DFQ@13180
DFQ13190
DFQ13200
vFQ13210
DFQ13220
DFQ13230
VFW13240
DFQ13250
DFQ13260
DFQ13270
DFQ13280
DFQ13290
DFQ13300
DFQl3310
DFQ13320
DFQ13330
DFQ13340

#901




260
261

262
263

1003
1021

1005

W N

10

LILUB(KOP)=LUB
GO TO 200

IF((LEXeGTe30)eOR¢{MTCONeGT+10)12619262

CALL ERLEX

SToP
IF(KEQeEQeNSYS)263,410
RETURN

ERROR RETURNS
PRINT 1021sNAMEF

FORMAT(36H PARENTHESIS ERROR IN DEFINITION OF A4//)

RETURN

CALL ERCOM

STOP

END

FUNCTION TNAME (DUMMY)
TYPE INTEGER TNAME

COMMON/ERASABLE/FIRST(972) K

K=K+l
IF(KeGT4100)1s2
CALL ERTST

SToP
TNAME=64%K+63B
RETURN

END

FUNCTION NAD(NAMEs»Y9DsQsTsKS)

DIMENSION Y(1)sD(1)»Q(1)»T(1)
COMMON/ERASABLE/MC(60)sLEXsDICTION(30) sMORE(881) sKTST
COMMON/CONSTANT /C(50) s NC

LB1=NAME «AND+ 778
LBT=NAME/1008
LB2=LBT«ANDe778B
LB3=LBT/1008B
LB4=NAME/1000000B
LB3=LB3.AND.778
LB4=LB4sANDs 778
IF(LBleEQe1RC1I10s1
IF(LBleEQe1RT)20s2
IF({LB4+EQe1RY)3093
IF(LB4eEQe1RD140»50

CONSTANT
NAD=KRAMDN (0 C(LBT))
RETURN

INTERMEDIATE STORAGE

#901

DFQ13350
DFQ13360
DFQ13370
DFQ13380
DFQ13390
DFQ13400
DFQ13410
DFQ13420
DFQ@13430
DFQ13440
DFQl13450
PFQ13460
DFQ13470
DFQ13480
DFQ13490
DFQ13500
DFQ13510
DFQ13520
DFQ13530
DFQ13540
DFQ13550
DFQ13560
DFQR13570
DFQ13580
DFQ13590
DFQ13600
DFQ13610
DFQ13620
DFQ13630
DFQ13640
DFQ13650
DFQ13660
DFQl3670
DFQ13680
DFQ13690
DFQ1370Q0
DFQ13710
DFQ13720
DFQ13730
DFQ13740
DFQ13750
DFQ13760
DFQ13770
DFQ13780
DFQ13790
DFQ13800

-39-




el a!

20

30

40
41
42

43

50

10

11

K=KS*¥(LBT-1)+1
NAD=KRAMDN(OQsT(K))
RETURN

Y
K=KRAMDN (0,Y(0))
GO TO 41

D

K=KRAMON (0»D(0))
IF(LB2+EQe60B) 42943
NAD=K+(LB3=-1)#KS+1

RETURN
NAD=K+(LB3*¥10+LB2~1) #KS+1
RETURN

SHORTHAND-SYMBOL VARIABLE

CALL SEARCH(2sDICTIONsLEX s INDsNAME)
K=KS¥(IND~-1)+1

NAD=KRAMDN{O,Q{(K))

END

SUBROUTINE ERRORS

DIMENSION IFMT(5)

DATA(IFMT=8H(35HOLENsBHGTH OF +0»8HTABLE EXs8HCEEDED.))

ENTRY ERCON

IFMT (3)=8BHCONST «
PRINT IFMT

SToP

ENTRY ERLEX
IFMT(3)=8HLEXICON
GO TO 10

ENTRY ERDIF

PRINT 11

FORMAT (26HOUNDIFFERENTIABLE OP-CODEe)
SToP

ENTRY ERTST
IFMT(3)=8HT-STORL
GO T0 10

ENTRY ERCOM
IFMT(3)=8HCOMPILE
GO T0 10

ENTRY ERYCD
IFMT(3)=8HY~CODE
GO TO 10

ENTRY ERZCD

IFMT (3 )=8HZ-COLE
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DFQ13810
DFQ13820
DFQ13830
DFQ13840
DFQ13850
DFQ13860
DFQ13870
DFQ13880
DFQ13890
DFQ13900
DFQ13910
VFW13920
DFQ13930
DFQ13940
DFQ13950
DFQ13960
DFQl3970
DFQ13980
DFQR13990
DFQ14000
DFQE14010
DFQ14020
DFQ14030
DFQ14040
DFQL4050
DFQ14060
DFQ14070
DFQ14080
DFQ14090
DFQ14100
DFQl4l1C
DFQ14120
DFQl4130
DFQL4l40
DFW14150
DFQl4160
DFQl4l70
DFQ14180
DFQ14190
DFQ14200
DFQ14210
DFQ14220
DFW14230
DFQl4240
DFQl4250
DFQl4260

#901




12

1

11

6

GO TO 10
ENTRY ERPAR

PRINT 12

FORMAT (22H0 UNDEFINED PARAMETER.)
STOP

END

SUBROUTINE ADCON(CNsNCON)
COMMON/CONSTANT 7€ (50) 4KC
CALL SEARCH(2sCsKCsINDsCN)
IF(IND)5,1

KC=KC+1

IF (KCoGT50)243

CALL ERCON

STOP

CtkC)=CN

IND=KC

NCON=( IND*64+23B)*1000000008B
RETURN

END

ALLEN REITER'S SUBROUTINE SEARCH HAS BEEN REPLACED
BY THE LIBRARY SUBROUTINE OF THE SAME NAMt

SUBROUTINE RDNUMCISIT)

TYPE INTEGER STAGE sCOLCOUNT s COLMAX 9CHARAC CHARTYPE »OLDCHARS
1 RDBYTEsWORD s TESDC»EXPONENT yDIGITS9ESIGN»SIGN
DIMENSION BUFFER(1Q) s TYPETAB(4)4+DECISION(12)9XPA(4)sXPB(10)»

1 XpC(10)

DATA(COLCOUNT=74) 9 (COLMAX=T3) s (PRINTING=10)s (MASK=T7T78B),
1 (TYPETAB=11111111110730008+3555545555027007B+35555555550770008B»
1 6755555555077000B) 9 (DECISION=8H532==1=/98H54TTTTT/+8HOTTTTTT/»

DFQL4270
DFQ14280
DFQ14290
DFQ14300
DFQ14310
DFQ14320
DFQl4330
DFQ14340
DFQ14350
DFQl4360
DFQl4370
DFQ14380
DFQl4390
DFQl4400
DFQ14410
DFQLl4420
DFQLl4430
DFQl4440
DFQL4450
DFQl4460
DFQ14470
DFQ14480
DFQ14490
DFQ14500
DFQl4510
DFQl4520
DFQL4530
DFQl4540
DFQ14550
DFQ14560
DFW14570

18H6//77/77798BHE6VTIVVV/ 98HEVVTIVVV/ $8HIVE//T7//+8HIV///87/+8HIVVVVVV/,DFQ14580

1 BH=XX==X=/98HXXX==X=/y8H=XX==X=/) s (XPA=10+1¢0E100+y10E200)
1 140E300)s{XPB=10091e0t1051e0E2091e¢0E3091e¢0E40+»10E509140E60
1 1,0E7091e0E80s1e0E90) s (XPC=1e05s10e05100e05100060+10000s0910E5,

1 1.,0E69140E7914089140E9)
EQUIVALENCE(XsI)
FLOATING=1.0
GO 10 1
ENTRY RDINT
FLOATING=0.0
STAGE=1

N=DIGITS=EXPONENT=WORD=TESDC=SIGN=ESIGN=0

OLDCHAR=CHARAC
IF (COLCOUNT-COLMAX)3,56+2
CHARAC=1R

#901

DFQL4590
DFQl14600
DFQl4610
DFW14620
DFQ14630
DFQ14640
DFQ14650
DFQ14660
DFQ14670
DFQ14680
DFQl4690
DFQ14700
DFQl4a710
DFQl4720




500

~ W N e

131
130

10
12
21
15

22
24

26

25

16

18
27

19

20

28

104

101

GO 7O 7

READ 500 (BUFFER(I)yI=1910}

FORMAT(10A8)

IF(PRINTING)4s5

PRINT 501 (BUFFER(I)sI=1910)

FORMAT (X9A8 s XA8 )

COLCOUNT=1
CHARAC=RDBYTE(BUFFERsCOLCOUNT 9864 yMASK)
COLCOUNT=COLCOUNT +1
CHARTYPE=RDBYTE(TYPETABsCHARAC+1s169897)
IF(CHARTYPE) 130131

CHARTYPE=8
STAGE=RDBYTE(DECISION(STAGE) sCHARTYPE 8964 3sMASK)
IF{STAGE=11)10+9+100

STAGE=10

GO TO (11912911511915+16911918519520)9STAGE
IF(CHARAC-1R+ )21,11

SIGN=1

GO TO 11

IF OVERFLOW FAULT 22+22
IF{CHARAC=-10)24+25425

I=N+N

I=1+I+N

I=1+I+CHARAC

IF OVERFLOW FAULT 25426

N=1

GO T0 11 N

DIGITS=DIGITS+1

GO 70 11

DIGITS=DIGITS-1

GO TO 15

IF { (CHARAC=1R+)#{CHARAC=1R ))27,11
ESIGN=1

GO TO 11
EXPONENT=EXPONcNT*10+CHARAC

GO TO 11
I=WORD«AND770000U000000V000B
IF(I111.28

WORD=64%WORD

WORD=WORD «OR s CHARAC

GO TO 11

SCAN COMPLETEs PREPARE FOR EXIT
STAGE=STAGE+1-1R/

GO TO (10151029103+104510551065107)»STAGE
[=COLCOUNT=1

PRINT 502s1»CHARAC

-42-

#90L

DFQ14730
DFW14740
DFQl4750
DFQl4760
DFQ14770
DFQL4780
DFQ14790
DFQ14800
DFQ14810
DFQ14820
DFQ14830
DFQl14840
DFQ14850
DFQl4860
DFQ14870
DFQl14880
DFQR14890
DFQ14900
DFQ14910
DFQR14920
DFW14930
DFQ14940
DFQ14950
DFQL4960
DFQL14970
DFQ14980
DFQ14990
DFQ15000
DFQ15010
DFQ15020
DFQR15030
DFQ15040
DFQ15050
DFQ15060
DFQ15070
DFQ15080
DFQ15090
DFQ15100
DFQ15110
DFQ15120
DFQ15130
DFQ15140
DFw15150
DFQ15160
LFWR15170
DFQ15180




502
103

102
114

105
104

108

109

111

112

120

113

503

126

125

124

115
116

117

107
106

GO 7O 1

FORMAT (19H INPUT ERROR COLUMN I3,11H CHARACTER 02)
COLCOUNT=COLCOUNT -1

CHARAC=0LDCHAR

151 T=CHARAC%¥1000000000000008
ISI1T=7R «ORISIT
RETURN

COLCOUNT=COLCOUNT-1
DIGITS=DIGITS+(1~ESIGN-ESIGN) *EXPONENT
TEsDC=1

N=N* (1-SIGN-S1GN)
IF(FLOATING) 1245109

ISIT=N

IF(DIGITS)12651145111
IFOVERFLOW FAULT 112,112

DO 120 1=1»DIGITS
N=1SIT+ISIT

N=N+N+1SIT

ISIT=N+N

IF OVERFLOW FAULT 113,114
PRINT 503

FORMAT (18H INTLGER TOO LARGE)
1S1T=37777777777777778

GO TO 114

DIGITS==DIGITS

DO 125 I=1,DIGITS
1SIT=1S1T/10

GO TO 114

X=N

K=XABSF (DIGITS)

J1=K/100

K=K=1CU*J1

J2=K/10

K=K-J2#10
Y=XPA(J1+1)¥XPB(J2+1) ¥XPC(K+1)
IF(DIGITS)11551161117

X=X/Y

1517=1

GO TO 114

X=X*Y

GO TO 116
COLCOUNT=COLCOUNT-1

TESDC=-1

ISIT=WORD
I=WORD«AND+77000U00000000008
IF(1)1145132

#901
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DFQL15190
DFQ15200
DFQ15210
DFQ15220
DFQL5230
DFQ15240
DFQ15250
DFQ15260
DFQL5270
OFQ15280
DFW15290
DFQ15300
DFQ15310
DFQ15320
DFQ15330
DFQ15340
DFQ15350
DFQl5360
DFQL5370
DFQ15380
DFQ15390
DFQ15400
DFQ@15410
vFQLl5420
DFQl15430
DFQ15440
DFQ15450
DFQ15460
DFQL5470
DFQl5480
LFQ15490
DFQ15500
DFQ15510
DFQ15520
DFQ15530
DFQ15540
DFQL5550
DFQ15560
DFQ15570
DFQ15580
DFQ15590
DFQ15600
DFQ15610
DFQ15620
DFQ15630
LFQ15640




132

201

202

<RAMDN
+

EXIT

KRAMUP
+

WORD=WORDL*64
WORO=WORDWORe1R

GO TO 106

ENTRY RDTYPE

ISIT=TESDC

GO T0 114

ENTRY RDPRINT
PRINTING=ISIT

GO 70 114

ENTRY RDMOLE

GO TO (201520211517
DECISION(10)=DECISION(11)
GO TO l14
DECISION(10)=DECISION(12)
GO TO 114

END

FUNCTION RDBYTE(IsJsKsKKsMASK)

DIMENSION 1(10)

N=(J-1)/K
M=K+K*¥N-J
II=1(N+1)
[F(M)1sls2
NN=1
DO 3 N=1lsM
NN=NN#*KK
II=1I/NN
RDOBYTE=11+ANDeMASK
END
IDENT KRAM
CODAP
ENTRY KRAMDN
SLJ *%*
SIU 6 EXIT
LIL 6 KRAMDN
SIL 6 EXIT
INI 6 1
LDA 6 0
STA =5SAV
LIv 6 SAV
SCL =0=-77717
ADD 6 0
ENI 6 k%
SLJ *%
ENTRY KRAMUP
SLJ *3%

SV 6 EXIT

-44-

#90]

DFQ15650
DFQ15660
DFQ15670
DFQ15680
DFQ15690
PFQL570Q
DFQ@15710
DFQ15720
DFQ15730
DFQ15740
DFQ15750
DFQ15760
DFQ15770
DFQ15780
DFQ15790
DFQL15800
DFQ15810
DFQ15820
DFQ15830
DFQ15840
PFQE15850
DFWQ1586Q
DFQ15870
VFW15880
DFQ15890
DFW15900
DFQ15910
DFQ15920
DFQ15930
DFQ15940
DFQ15950
DFQ15960
DFQ15970
0FQ15980
DFQ15990
DFQ16000
DFQ16010C
DFQ16020
DFQR16030
DFQ16040
DFG16050
DFQ16060
DFQlé6070
DFQ16080
DFQ16090
DFW1610Q0




JICT.

A

B

TEMP
Q1Q00530

Q1Q@00550
+
+

@005

Q1w@01530

Q1Q01550
+

+

LIL
SIL
INI
LDA
STA
LIu
SCL
ALS
ADD
SLJ
COMPASS
END
IDENT
EXT
EXT
EXT
EXT
EXT
EXT
oCT
BCD
ocT
ocT
oCT
oCT
B8SS
ENTRY
BSS
ENTRY
SLJ
RTJ
LDA
STA
LDA
STA
SLJ
ENTRY
BSS
ENTRY
SLJ
RTJ
LAC
STA
LAC
SLJ
ENTRY

#901

oo

o

KRAMUP
EXIT

1

0

SAV

SAV
=0-17777
24

0

EXIT

INTERVAL
LOGS

EXP5
SPOPSADD
SPOPSMUL
SPOPSDIV
ERRORINT

0

1s INTERVAL

S~ C OO0

Q1Q00530
0
Q1Q00550
* ¥

IN1

As7

=SEL
A+ls7
=SER
EXIT
Q1QU1530
0
Q1Q01550
¥*%

IN1
A+ls7

EL

As7

Q005
Q1Q00500

INTERVAL ARITHMETIC PACKAGE

LOAD ACC WITH INTERVAL

LOAD NEGATIVE WITH INTERVAL

LDA WITH INTEGER
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DFQ16110
DFW16120
DFQ16130
DFQR16140
DFQ16150
DFQ16160
DFQ16170
DFQ16180
DFQ16190
DFW16200
DFQle210
DFQR16220
DFQ16230
DFQ16240
DFQ16250
DFQ16260
DFQ16270
DFQ16280
DFQ16290
DFQ16300
DFQ16310
DFQ16320
DFQ16330
DFQ16340
DFQ16350
DFQ16360
DFQ16370
DFQ16380
DFQ16390
DFQ16400
DFQ16410
DFQ16420
DFQ16430
DFQ16440
DFQ16450
DFQ16460
DFQ16470
DFQ16480
DFQ16490,
DFQ16500
DFQ16510
DFQ16520
DFQ16530
DFQ16540
DFQ16550
DFQ16560

AT R R ORI



@1Q00500
+

+
w054
)

Q1401500
+

+

Wld0u510
-+
+

Q1Q01510
+

+

W1w02500
+

+

AVDINT
ADREAL

-+

@1lQ03500
+
+

Q31602510
+

+

WwlW03510

sLJ
RTJ
LDA
RTJ
STA
SLJ
ENTRY
SLJ
RTJ
LAC
SLJ
cNTRY
SLJ
RTJ
LOA
StJ
ENTRY
S5LJ
RTJ
LAC
sSLJ
ENTRY
StJ
RTJ
LDA
RTJ
STA
LDQ
RTJ
sTQ
LDA
LDQ
RTJ
SLJ
ENTRY
SLJ
RTJ
LAC
SLJ
ENTRY
SLJ
RTJ
LDA
Siud
ENTRY
StJ
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* %

IN1

As7
FLOAT
=SEL
Q005
@1QU1500
# %

IN1

As

W054
WlWuoslo
%* ¥

IN1

As7

Q05
Q1Q01510
33

IN1

As7

@05
QlQu2s500
* 3%

IN1

As?
FLOAT
=55AVA
EL
SPOPSADD
EL

SAVA

ER
SPOPSADD
Q00>
@lQL3500
¥*3

IN1

A7
ADINT
G1Qu2s510
* ¥

IN1

A7
AOREAL

Q1lQu3510
¥ 3%

LAC WTH INTEGER

LLVA WITH ReAL

LAC WITH REAL

ALD INTEGER

SUBTRACT INTEGER

ADD REAL

SUBTRACT REAL

#901

LFQRL65TU
DFQ16580
DFQR16590
DFQ16600
DFQLl6610
OFQ16620
OFQR16630
DFQ16640
LFQR16650
DFU16660
DFQL6670
DFW16680
DFW16690
DFQ16700
DFQ16710
DFQR16720
DFQL6730
DFW16T40
DFUl6750
DFQl6760
DFQ16770
DFQ16780
DFQL16790
DFQle8uu
DFQ16810
DFW16820
DFQ16830
DFQ16840
DFQ16850
DFG16860
DFW16870
DFQ16880
VFWwle890
VFE16900
DFuWl16910
VFQ16920
VFGE16Y30
DFQR16940
DFQRL16950
DFQ16960
DFQ16970
DFQ16980
DFQ16990
DFW17000
DFQ17010
DFW17020

N



Q1Q02530

@1lQ02550
-+

AD55
+

ADS

@1303530

wl@03550
+

odgb5
+

@1G@04500
+

+

QU315

MyLT

RTJ
LAC
SLJ
ENTRY
BSS
ENTRY
SLJ
RTJ
LDA
LLQ
RTJ
sTQ
LDA
LDQ
RTJ
SLJ
ENTRY
BSS
ENTRY
SLJ
RTJ
LAC
LOQ
RTJ
STQ
LAC
StJ
eNTRY
SLJ
RTJ
LDA
RTJ
STA
STA
LDA
LDQ
RTJ
STA
STQ
LDA
LDQ
RTJ
RTJ
LDA
LuQ
RTJ

#901

IN1

Ay7
ADREAL
@1Qu2530
0
Q1Q02550
* ¥

IN1

As7

EL
SPOPSADD
EL

A+ls7

ER
SPOPSADD
¢005
QlQU3530
6]
@1Qu3550
3%

IN1
A+1s7

EL
SPOPSADD
EL

As?

ADS
@1Q04500
33

INL

AsT
FLOAT
=5uL
=5DR

DL

EL
SPOPSMUL
=STMAX
=5TMIN
DL

ER
SPOPSMUL
MAXMIN
DR

EL
SPOPSMUL

ADD INTeRVAL

SUBTRACT INTERVAL

DFQL7030
DFQ17040
DFQ17050
DFQ17060
DFQ@l7070
DFQl7080
DFQL7090
OFQ17100
DFW17110
VEQL7120
DFQ17130
DFQL7140
DFQL7150
DFQ17160
DFQ17170
DFQ17180
DFQ17190
VFQL7200
DFQ17210
DFQ17220
VFQW17430
DFW17240
DFQ17250
DFQ17260
DF@17270
DFGQ17280
DFQ17290
DFW17300
DFQ17310
VFW17320
DFQ17330
DFQL17340
VFW17350
DFQ17360
DFQ17370
DFQ17380
LFQ17390
DFQ17400
DFQ17410
DFQ17420
DFQ17430
DFQ17440
DFGQ17450
DFQ17460
DFWEL7470
DFQ17480
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Wl@04510
+

+

W1la04530
W1Q04550
+

Wu455

Ww1w05530C

@l@05550
+
@555

W5551

41Q05500

RTJ
LDA
LLQ
RTJ
RTJ
LDA
STA
LDA
SLJ
ENTRY
SLJ
RTJ
LDA
SLJ
ENTRY
B35S
ENTRY
SLJ
RTJ
LDA
STA
LUA
STA
SLJ
ENTRY
BSS
ENTRY
SLJ
RTJ
LDA
AJP LR
AJPsPL
LDA
AJPsZR
AJPsPL
LDA
LDQ
RTJ
STQ
LDA
LDG
RTJ
STA
SLJ
ENTRY
stJ
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MAXMIN
UR

ER
SPOPSMUL
MAXMIN
TMIN

EL

TMAX
w00b
WwlWuab10
¥*#

Inl

AsT
w0315
Ww1lQU4530
J
Ww1l@04550
* %

IN1

As7

=SuUL
A+ls7
=SVUR
MULT
@lQ0553Q
¢
1@05550
33t

IN1

As7
ERRDIV
WHbH51
A+1ls7
ERRLUIV
ERRDIV
Fl

A+1s7
SPOPSDIV
DL

Fl

As7
SPOPSDIV
DR

MULT

@WlWo5500
*%

MULTIPLY BY REAL

MULTIPLY BY INTERVAL

DIVILE BY INTERVAL

TeST FOR DIVISION BY ZERO

DIVIDE BY INTEGER

DFQL7490
CFWQ17500
DFQl751v
DFQ17520
VFWl7530
DFQ17540
DFWQ17550
VFQL17560
vFWl7570
LFWL17580
OFW17590
VFW17600
DFQ17610
VFQ17620
DFQ17630
VFQL17640
DFQL7650
DFQ17660
ODFQWl7670
oFQ17680
bFQ17690
OFWl7700
DFQL7710
VFQ17720
UFQL7730
DFQ17740
DFQLT7750
DFQ17760
DFQ17770C
OFQ17780
VFQL177%90
DFQ178Q0
DFQR17810
DFQ17820
DFQL17830
DFQ17840
DFQ17850
DFQL7860
DFQL7870
DFQ17880
DFQL17890
DFQ17900
DFQ17910
DFQ17920
DFQL7930
DFQ17940

#901




Q055

@1Q05510
+
+

ERRDIV
+

Q1Q10050
+
+

Q100

Q1Q10150
+
+

Q1Q10550
+
+

Q1Q10510
+
+

RTJ
LDA
RTJ
STA
AJPsZR
LDA
LDQ
RTJ
STQ
STA
SLJ
ENTRY
SLJ
RTJ
LDA
StJ
BRTJ
St
ENTRY
SLJ
RTJ
RTJ
STA
STA
STA
STA
sLJ
ENTRY
SLJ
RTJ
SLJ
ENTRY
SLJ
RTJ
LDA
STA
LoQ
STQ
StLJd
ENTRY
SLJ
RTJ
LDA
FAD
FOV
STA

#901

IN1

As7
FLOAT

DL
ERRDIV
Fl

DL
SPOPSDIY
DL

DR

MULT
@1Qus5510
3* %

IN1

A7

Q055
(SIERRORINT o %
EXIT
Q1Q10050
* %

IN1
FLOAT
As7
A+1ls7
=SEL
=SER
EXIT
Q1G10150
¥* 3%

IN1

Q100
Ql1Ql0550
%* %

IN1

EL

A7

ER

A+1s7
EXIT
Q1Q10510
4%

IN1

EL

ER
=02002400000000000
As7

DIVIDE BY REAL

STORE INTEGER

STORE REAL

STORE INTERVAL

STORE INTERVAL IN REAL

~~~~~ TAKES AVERAGE

!

DFQ17950
DFQ17960
DFQ17970
DFQ17980
DFQ17990
DFQ18000
DFQ18010
DFQ18020
DFQ18030
DFQ18040
DFQ18050
DFQ18060
DFQ18070
DFQ18080
DFQ18090
OFQl8100
DFQ18110
DFQl18120
DFQ18130
DFQ18140
DFQ18150
DFQl8160
DFQ18170
DFQl8180
DFQ18190
DFQ18200
DFQl18210
DFQ18220
DFQ18230
DFQ18240
DFQ18250
DFQ18260
DFQ18270
DFQ18280
DFQ18290
DFQ18300
DFQl831lo
DFQ18320
DFQ18330
DFQ18340
DFQ18350
DFQ18360
DFQ18370
DFQ18380
DFQle39¢C
DFQ1840(
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@1Q10500
+

+

W0Q06500
-+

Q2007055
W2Q07155
Ww2Q@07555
+
+

Qu71

Wo72

+
+
ERREXP

SLJ
ENTRY
SLJ
RTJ
LDA
FAD
FDv
RTJ
STA
StJ
ENTRY
StJ
LAC
LQC
5TQ
STA
SLJ
ENTRY
BSS
BSS
SLJ
RTJ
LDA
STA
LDA
STA
LDA
AJP 9 ZR
AJP sMI
STA
LDA

© STA

BRTJ
stJ
01
00
BRTJ
DLDA
BRTJ
DSTA
BRTJ
SiLJ
01
00
SLJ
BRTJ

-50-

EXIT
Q1Q10500
* 3

IN1

EL

ER

=02002400000000000

FIX

As7

eXIT
QOWU6500
3%

EL

ER

EL

ER
Q0QU6500

STORE INTERVAL IN INTEGER

TAKES AVERAGE

COMPLEMENT ACC

W2WUT055902W071559Q2U07555

0]

0]

* %

IN2

A+ls7

TevP+3

As 7

TEMP+2

Be7

ERREXP

ERREXP

TEMP

B+1s7

TEMP+1
{S)L0GH s o

*+42

DICT,

(%) TeMP
{3)W1Q04550s 9%
TEMP+2
{($)Q1Q10550 s s
TEMP
{S)EXPSg ok

*+2

DICT.

($)TEMP

EX2
{SIERRORINT 9 9%

DFQ18410
DFQ18420
DFQ18430
DFQ18440Q
DFQ18450
DFQ18460
DFW18470
DFQ18480
DFQL18490
VFQ18500
DFQL18510
VFQEL18520
DFQ18530
DFQ18540
DFQl8550
UFU18560
VEQ18570

INTERVAL EXPONENT - TREATDFW1858Q

SET OF POWERS

EXPONENT TO TEMP+2

NEGATIVE BASE

FMULTEMP)
TEMP*EXPONENT TO ACC

TEMP=EXPONENT * LOG(BASE)

UFU185%0
DFQ18600
LFQLE8610
DFW18620
DFQE18630
VFU18640
VFQL18650
DFU18660
DFQ18670
DFQ18680
DFQ18690
DFG18700
DFG18710
DFw18720
DFQ18730
DFQ18740
DFU18750
LFWLIBT60
DFQ18770
DFQ18780
bFQR18790
oFW18800
DFQ18810
VFQ18820
DFW18830
DFQ18840
DFQ18850
DFQLl8860

#901




+

©2Q07015
Q2Q07115

Q2Q07515
+

+
RTIP

W2Q07005
Q2407105

€W2wo7505
+

+

W26007050
Q2Q071590

@2Q07550
+

+

REMULTI

LOOP

SLJ
ENTRY
BSS
BSS
SLJ
RTJ
LDA
AJPZR
AJPsMI
STA
STA
LbQ
STQ
LDQ
sTQ
SLJ
ENTRY
BSS
BSS
SLJ
RTJ
LDA
RTJ
sLJ
ENTRY
BSS
BSS
sLJ
RTJ
LDA
RTJ
LDQ
5TQ
LDQ
STQ
LbQ
STQ
sTQ
ENQ
LRS
STA
QJP IR
BRTJ
DLDA
BRTJ
OLDA

#901

EX2

Q2Q07115,Q2Q07515+,Q2Q07015

0]

Q

*%

INZ
Bs7
ERREXP
ERREXP
TEMP
TEMP+1
As7
TeEMP+2
A+ls7
TEMP+3
Q072

REAL TO INTERVAL POWER

02Q07005,Q2Q07105+Q2Q07505

0

0]

¥* ¥
INZ
b
FLOAT
RTIP

W2Q0T0509W02W071509Q2W07550

0]

0

*¥%

IN2

As7
TESTEXP
Bs7
TEMP
B+1ls7
TEMP+1
Fl
TEMP+2
TeMP+3
0

1

=5J
PASS
($)Q1Q00550 9%
TEMP
($)W1Q04550s 9%
TEMP+2

INTEGER TO INTERVAL POWER

INTEGER EXPONENTS
-TREATED AS INTERVAL PRODUCTS
TAKEN N TIMES

J=EXPONENT

J=J/é
SKIP IF LOW-ORDER BIT=0

LDA (TEMP)

FMU(TEMP+2)

DFQ18870
DFQ18880
bFQ18890
DFQ18900
DFQ18910
DFQ18920
VFQ18930
DFQ18940
DFQL8950
LDFQ18960
DFQ18970Q
DFQ18980
DFW18990
DFQ19000
DFQ19010
DFQ19020
DFQ19030
DF@19040
DFQ19050
PFQ19060
DFQL9070
DFQ19080
DFQL90%90
vFQR19100
DFQl9110
DFW19120
VFQ19130
DFQL9L40
DFQ19150
DFQ19160
OFQL9L70
DFQ19180
VFWL9190
DFQ19200
DFQ19210
PFQL19220
DFQ19230
DFQ19240
DFQ19250
DFQ19260
DFQ19270
DFQ19280
PFQ19290
DFQ19300
DFQ19310
DFQ1932¢0
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PASS

ENDEXP

EXPOS

TeSTEXP

POSEXP

Q2Q07553
W2Q07051
@2Q07151
w2@07551
+

+

-+

WwHOLE

BRTJ
DSTA
BRTJ
DLDA
BRTJ
DLDA
BRTJ
DSTA
LDA
AJP sNZ
LbQ
WJPsPL
BRTJ
DLDA
BRTJ
DLDA
SLJ
BRTJ
DLDA
SLJ
SLJ
AJPsPL
ENQ
SCM
STQ
SLJ
ENQ
SLJ
ENTRY
BSS
ENTRY
BSS
BSS
SLJ
RTJ
LDA
RTJ
STA
RTJ
FSB
AJPsZR
LDA
STA
SLJ
DA
RTJ

~52-

($)W1Ql055Us s
TEMP+2
($)W1Q005509 9%
TEMP
($)Q1Q04550 s 9%
TeMP
(3)W1Q105509 9%
TempP

J

LOOP

SEXP

EXPUS
(%)WwlQ00510 9%
Fl
($)W1Q05550y 9%
TEMP+2

EX2
{$)1W1IQ00550 9%
TemP+2

EXZ

%%

POSEXP

-1

ALSEY

=5SEXP

TcSTexXP

1

*-1

Q2Q07553

0

W2Q07051 96207151 9W02w07551

0

¢]

*3#

INZ
As7
FiX
=5K1
FLOAT
As7
WHOLE
As7
TEMP+3
Q071
Kl
TESTEXP

STA(TEMP+2)
p=pxY
LDA(TEMP)
FMU(TEMP)

STA(TEMP)
Y=y *Y

ENO IF JU=0

LDA le

FDV 8

LDA B

EXIT

CHECK FOR NEGATIVE £XPONENT

=1 FUR NeOGATIVE EXPONENT

COMPLEMENT A

+1 FOR POSITIVE EXPONENT

FIX cXPUNocNT

TEST FOR INTEGER

EXACT INTEGER

IF A=0

DFUl9330
DFQ19340
DFQ19350
OFQ19360
DFQ19370
DFEW19380
DFQ19390
DFQ19400
DFQ19410
DFQ19420
DFQ19430
vFQ19440
DFQ19450
DFQ19460
bFQL9470
DFQ19480
DFQ19490
DFQ1%9500
DFU19510
LFW19520
PFEU19530
vFQ19540
DFW19550
DFW19560
DFQLOST0
DFw19580
LFQLI590
DFQ19600
DFQL9610
DFQ19620

REAL EXPONENT = StET OF PLFQ19630

DFU19640
LFE19650
DFE19660
DFQL9670
DFW1g68y
DFQL96Y0
DFW19700
DFQ19710
DFQ19720
DFQ19730
DFQ19740
bFQ19750
DFQl9760
DFQ19770
DFQ19780

#901

§
i
E:
E
P




EVEN

REPEATI

LOOPLOOP

+
REPEATZ2

LDQ
QJUPsPL
LDQ
WJPsM]
STA
ENQ
LDL
AJP s IR
LDA
LDQ
RTJ
57Q
sSLJ
LD@Q
STQ
LDQ
LDA
RTJ
STA
SLJ
LUQ
sTQ
sLJ
ENQ
STQ
LAC
LDQ
STQ
THS
STA
LDQ
SLJ
SLJ
S7Q
LDQ
5TQ
ENQ
LRS
STA
WJPZR
LDA
LDQ
RTJ
SLJ
LDA
LbQ

#901

Bl
REMULTI
B+1s7
REMULTI
Kl

1

Kl

EVEN

K1l

S 7
REPCLATI
TeEMP+1
REPEATZ2
TEMP+]
TEMP+2
B+1ls7
Kl
REPEAT1
TeEMP+]
REPEATZ2
TeMP+1
TEMP+3
ENDEXP
0
TEMP+2
Bs 7
B+1ls7
TEMP+3
TEMP+3
TEMP+3
TcMP+3
UPPLR
*3¥%

TEMP

Fl
TemMP+1
0

1

J
REPEATZ2
TEMP
TEMP+1
SPOPSMUL
REPEAT1
ToeMP
TocMP

IF B LOES NOT CONTAIN ZEROs

DFQ19790
DFQ19800

ALGORITHM IS SAME AS INTEGER EXPDFG19810

TeST FOR EVEN OR Ovb

QUL EXPONENT
OBTAIN LEFT END-POINT bBY
REPEATEDL MULTIPLICATIONS

LOWER RESULT

OBTAIN RIGHT ENDPOINT

UPPER RESULT

EVEN EXPONENT
SET LEFT END-POUINT TO ZERO

FIND BIGGER(IN ABSOLUTE
VALUE) OF THE TwO END-POINTS

Y=BASE
P=1le
J=J/ <2

SKIP MULTIPLICATION OF P BY Y
IF LOW-ORDER BIT OF J IS ZERO

P=p*Y
EXIT TO STA/STQ

DFQ19820
DFW19830
DFQ19840
VFQ19850
DFQ19860
LFQLIBTOQ
DFW19880
DFW19890
DFW19900
DFQ19910
DFQ19920
DFQL19930
DFQ19940
DFQ19950
LFQ19960
DFQ19970
DFQR19980
VFWi9990
vFQ20000
DFW20010
DFQ20020
DFQ20030
DFQ20040
DFQ20050
DFQ20060
DFQ20070
DFQ20080
LDFQ20090
DFQ20100
DFWZ0l10
DFQ20120
LFQ20130
DFW20140
DFQ20150
DFQ20160
DFQ20170
DF@20180
DFQ20190
DFQZ20200
DFQ20210
DFQ20220
PFQ20430
VFWE20240

-53-

PE—

§
z
£




INL

ENDL

IN2

EnD2

RTJ
STA
LDA
AJPsNZ
LDA
ARS
INA
SAU
SLJ
SLJ
SIU
LIU
INI
STA
RAD
SIU
SIU
LIL
INI
LDA
STA
INA
STA
LDA
eNI
SLJ
sLJ
SIU
LIV
INI
Slu
STA
LIL
SIJ
INI
LDA
STA
INA
STA
INI
LDA
STA
INA
STA
LDA
ENT

~54-

SPOPSMUL
TEMP

J
LOOPLOOP
REPEAT1
24

1

#*+]

*%

#*#

END1s1
IN1s1
=294
=55AVA
Os1
#+191
EXITs1
F*ity ]
-1yl
Os1

A

1

A+l
SAVA
**,l
INL

3* %
ENDZ 1
IN2» 1
-2s1
#4191
SAVA
*¥ g |
EXZ2y1
Lel
Osl

B+1
1.1
Osl

A+l
SAVA
*¥hy 1l

Y=Y*Y

END IF J=0
SET uP t&XIT

EXIT
INITIALIZATION FOR @ld

A44e OF CALL TO IN1

SET uP eXIT
ReSTORE A
eX1T

INITIALIZATION FOR Q2Q

ADDs+1 OF CALL TO INZ

SAVE A

CALL TO weu

RESTURE A
RESTORE Il

VFQ20450
DFQ20260
DFQR20270
DFQ20280
VFWc0490
LFQ20300
LDFQ2031u
VFQ20320
vFW20330
DFW20340
DFW20350
LFW20360
DFWEE0370
DFWE20380
DFGQ20390
DFW20400
DFQ20410
DFw20420
PFQR20430
DFQ20440
DFQ@20450
DFW20460
LFWL04T0
DFQ0480
DFQ20490
DFWZ0500
DFQ20510
DFQ20520
DFW20530
DFQ20540
DFW20550
vFu0560
VFW20570
VFw20580
LEWZ05YV
VFW20600
DFQZ0610
DFQ20620
DFW20630
DFQR20640
DFQR20650
DFQ20660
DFQ20670
DFQ20680
DFQ206%0
DFQ20700

#901




EXIT
EX2
FIx

FIXNEG
HeXP
FLOAT
FLN

MAXMIN
+

ALSEV
MONE
PZERO
Fl

OVERFLOW

INIT

RET1

SLJ
SLJ
SLJ
SLJ
AJPyMI
FAD
sCL
sLJ
FSB
ST
SLJ
oCT
SLJ
AJP M1
SST
FAD
SLJ
SCL
FAD
SLJ
SLJ
THS
STA
STQ
LDA
THS
SLJ
STA
SLJ
oCT
oCT
ocT
ocT
END
IDENT
CODAP
BLOCK
COMMON
ORGR
SLJ
5TQ
AJP
LDQ
STQ
LQC
STL

#901

IN2
*%

*%
3

FIXNEG

HEXP

HEXP

FIX

HeXP

HEXP

FIX
2044400000U00G000
*3%

FLN

MONE

PZERO

FLOAT

MONE

PZERO

FLOAT

*%

=STMAX

TMAX

=5SAVQ

SAVQ

=5TMIN

MAXMIN

TMIN

MAXMIN

-0
2044000000000000
0
2u0140000000000U

SPOPS

1

INDCATOR
*

*¥
=5X
NEGA
=01
=55A
M12
=SMA

EXIT FOR W1Q*'$S
EXIT FOR Q2Q'S

EXIT FOR NEGATIVE
POSITION COEFFICIENT IN A

CLEAR HIGH BITS

FLOAT FIXcD-POINT NUMBER

PUT IN EXPONENT
NORMALIZE

PUT IN NEGATIVE EXPONENT

TEST FOR MAXIMUM
AeGT e TMAX

TEST FOR MINUMUM

A «Lte TMIN

SPECIAL OPERATIONS FOR TH:

INTERVAL PACKAGE.
IN A AND Qe ANSWERS ARE-
UPPER LIMIT IN Ay
LOWER LIMIT IN W

STORE SIGN(A)

MANTISSA(A)

PFQ20710
DFQ2Q720
DFQ20730
DFQ20740
DFQ20750
VFQE20760
VFEWZo770
DFQ20780
DFQ20790
VFW20800
DFQ20810
DFW20820
DFQR20830
DFQ20840
DFQ20850
DFQ20860
DFQ20870
LDFQ20880
DFQ20890
DFQ20900
DFR20910
DFQ20920
DF@20930
LFQ20940
DFQ20950
DFQ20960
DFQ20970
DFRZ0980
PFQR20990
DFQ21000
DFQ21010
DFWQ21020
DFR21030
DFQR21040
DFW21050
DFQ21060
LFQ21070
DFQ21080
DFQ21090

ARGUMENTS AREDFQZ21100

DFQ21110
DFQ21120
DFE21130
DFQ21140
DFW21150
LFQ211i60
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ReT2

M12
ALSEV
N12
N13
HERD

ARS
INA
AJP
AJP
INA
STA
LDA
AJP
LDQ
STQ
LQC
STL
ARS
INA
AJP
AJP
INA
STA
SLJ
SCM
Luc
SLJ
SCM
LQC
SLJ
oCT
oCT
ocT
ocCT
SLJ
STA
LDA
AJP
SCM
THS
stJ
LDA
AJP
AJP
INA
INA
ALS
SCL
STA
SST
QJP

~56-

36
-20008
*+2

*+1

1

=SEA

X

NEGX
=01
=55X
Ml2
=SMX

36
-20U0B
*+2

*+1

1

=5EX
INIT
ALSEYV
=01
ReET1
ALSEV
=01
RETZ2
T777000000000000
-0
11771777700
4000777777177
¥*H#
=STEMP
EA

#*#4]
Q7177777777771
=01777
OF LUW
EA

*+7

*+1

-1
20008
36

N13

EA

TeMP
NOCARRY

IF NeGATIVE -

STORE SION(X)

MANTISSA(X)

IF NEGATIVE -

——-RETURN—=

INCReASE BY 1

INCREASE BY 1

COMPLEMENT A IF NEGATIVE

-1 TO SIGN(A)

COMPLEMENT X IF NEGATIVE

-1 TO SIGN(X)

—-COLLECT BITS AND PIECES-

SAVE A

RE-NORMALIZE EXPONENT wWRTe

FLOAT A

EXECT IF w=0

2000

LFG21170
DFW21180
OFQ21190
DFW21200
DFQ21210
vFQ21220
DFW21230
DFQ21240
DFE21250
VFG21200
DFQ21270
DFUZ1280
OFQZ1290G
DFE21300
DFG21310
DFG21320
DFW21330
DFQ21340
DFW21350
DFQ21360
UFQ@21370
VFU21380
DFQ21390
DFQ21400
DFG21410
DFW21420
DFW21430
DFQ21440
DFQ21450
DFQ21460
DFQ21470
DFQ21480
DFQ21490
DFQE21500
DFW21510
DFR21520
DFW21530
DFQ21540
DF@21550
DFQ21560
DFW21570
DFQ21580
DFU21590
DFG21600
VFE21610
DFWZ21620

#901

E
E




RET3

FLIP

NOCARRY

SPOPSADD

RET4
+

REASON

RETS

RET6

FAD
STA
MUT
STA
LDA
INA
FAD
MUI
AJP
LDQ
sLJ
LRS
LDA
SLJ
MUI
FAD
STA
SLJ
ENTRY
SLJ
RTJ
LDA
SUB
AJP
ENQ
THS
SLJ
SAU
LDA
LRS
STA
LDA
ADD
AJP
LDA
ADD
STA
sCL
AJP
LDA
INA
STA
LDA
LRS
RTJ
sLJ

#901

=00
=55AVA
SA
=5SAVB
EA

1

SAVA
SA
FLIP
SAvVEB
HoRY
48
SAVo
HERD
SA

=00
SAVB
RET3
SPOPSADD
*#
INIT
EA

EX
SWITCH
0
=0110
SKIPS
*+1

MX

* 3

MX

SA

5X
SUBTRACT
MA

MX
=S5TEMP
N12
NOVER
EA

1

EA
TEMP

1

HERD
SPOPSADD

NORMALIZE
MULTIPLY BY SIGN
EXPONENT WITH LOW-ORDER 1

ADD TO CHOPPED NUMBER FOR UPPER
MULTIPLY BY SIOGN

A TO0 Q
CHOPPELL NUMBER TO A

EXACT NUMBER TO A
AND W

SPe ADUITION

GO TO INITIALIZE

EA-EX
SWITCH IF EXeGTeEA

SHIFT ADDRESS=EA-EX

LINE UP MX WITH MA

COMPARE SIGNS OF X AND A
SUBTRACT IF DIFFERENT SIGNS
SAVE SUM

TEST FOR OVERFLOW
EXIT FOR NO OVERFLOW

AND SHIFT RIGHT BY 1

GO TO COLLECT
—-EX1T--

DFW21630
DFQ21640
DFW21650
DFQ21660
DFQ21670
DFQR21680
DFw21690
DFWZ21700
DFW21710
DFQ21720
DFW21730
DFQ21740
DFQ21750
DFQ21760
DFQ21770
DFQ21780
DFQ21790
DFQ21800
DFw21810
DFQ21820
DFQ21830
DFw21840
DFQ21850
DFQ21860
DFQ21870
DFQw21880
DFQR21890
DFQ21900
DFQ21910
DFQ21920
DFQ21930
DFQ21940
DFQR21950
DFW21960
DFQ21970
DFQ21980
DFQ21990
DFQ22000
DFGQ22010
DFQ22020
DFQ22030
DFQ22040
DFQ22050
DFQ22060
DFQ22070
DFW2208Q
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SKIPS

NOVER

SUBTRACT

GOOUT

NEGATE

SWITCH

LDA
AJP
ENQ
ENA
SLJ
LDA
sSLJ
LDA
SUB
AJP
GJP
INA
sSTQ
AJP
ENA
LQC
SIU
ENI
SIU
SCQ
LRS
STA
LDA
INA
STA
ENI
SLJ
LQC
STQ
SCM
ENQ
SLJ
STA
LDA
LDQ
STA
sTQ
LDA
LDQ
STQ
STA
LDA
LDQ
STA
sTQ
LAC

-5§-

MX
RET8
2

0
RETS
TeMP
RET6
MA

MX
NEGATE
RET&
~1
=5STORE
*+]

0
STORE
GOOUT
83
*4]
#*%

11
TeMP
EA
-72
EA

* %
NOVER
SA

SA
ALSEV
0
RET6
TeMmP
EA

EX

EX

EA

MA

MX

MA

MX

SX

SA

SA

SX
TempP

DFQ22090
DFQR22100
DFQ22110
DFQ22120
DFW22130
DFQ22140
LFQ22150
SUBTRACT MX FROM MA DFQ22160
—-NO UVERFLOW POSSIBLE LFuw2z2170
IF NEGATIVE = COMPLEMENTs SIOGN DF@22180
NO ReSIVUE-EXIT DEQ22L90
NEGATIVE ReSIDUL-JLCREASE MANTISDFW22200
DFW22210
DFw22220
DFQ22230
DFQz22240
DFQ22250
DFQ22260
vFQ22270
DFQ22280
DFW22290
VFW22300
LDFQ22310
vFW22320

RELOAD ACC

DFW22330°

DFQ22340
DFQ22350
DFQ22360
DFW22370
DFQ22380
DFE225390
DFQ22400
DFW22410
DFQ22420
DF Q22430
DFQ22440
DFW22450
DFA22460
DFQ22470
DFQ22480
BFQ22490
DFQ22500
DFW22510
DFQ22520
DFQ22530
DFQ22540

CHANGE SIOGN OF RESULT
COMPLEMzZNT ACC
NO RESTvue IN W POSoI8LE

INTERCHANOE X AND A

CHANLE SIGN OF (EA=-EX)

#901
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SPOPSMUL

SPOPSDIV

+
+

MASKMM
ADJUST

ADJUSTA

SLJ
ENTRY
SLJ
RTJ
LDA
ADD
STA
LDA
MUI
STA
LDA
ALS
MUF
RTJ
RTJ
SLJ
ENTRY
SLJ
RTJ
LDA
SuUB
INA
STA
LDA
MUI
STA
LDA
ALS
STA
LDA
ENQ
LRS
DVF
RTJ
RTJ
SLJ
oCT
SLJ
STA
sCL
AJP
RSO
LDA
LLS
SLJ
LDA

#901

RET4
SPOP SMUL
*%

INIT

EA

EX

EA

SA

SX

SA

MX

11

MA
ADJUST
HERD
SPOPSMUL
SPOPSDIV
*%

INIT

EA

EX

1

EA

SA

SX

SA

MX

11

TEMP

MA

0

1

TeEMP
ADJUST
HERD
SPOPSDIV
377177777707
*3#

TEMP

MAS KMM
ADJUSTA
EA

TEMP

1

ADJUST
TeEMP

SP«MULTIPLICATION

ADD EXPONENTS
NEW £XPONENT

NEW SIGN=SA%*S5X

LEFT=JUSTIFY MULTIPLIER

DFQ22550
DFQ22560
DFQR22570
DFQ22580
DFQ22590
DFQ22600
DFQ22610
DFQR22620
DFQR22630
DFQ22640
DFQ22650
DFW22660

FORM PRODUCT-NO OVERFLOW PUOSSIBLDFW22670

-—eXIT
SP«DIVISION

NeWw EXPONENT=tA-EX+2000

NEW SIGN=SA%SX

LEFT=JUSTIFY DIVISOR

DIVIDE-NO OVERFLOW POSSIbLE

DFQ22680
DFQ22690
DFQ22700
DFQR22710
DFQ22720
DFQ22730
DFQ22740
DFW22750
bFQ22760
DFQ22770
VFQ22780
DFW22790
DFQ@22800
DFQ22810
DFQz2820
DFQ22830
DFQ22840
DFQ22850
DFQ22860
LDFQR22870
DF Q22880
DFQ22890
DFQ22900
DFQ22910
DFQR22920
DFG22930
DFQ22940
DFQ22950
DFQ22960
DFQ22970
DFQ22980
DFQ22990
DFQ23000
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OFLOW

OVERI

19

2

3

SLJ ADJUST

LDQ EA

WJP 2 OVERI

LDA =04000000C00GO
MU I SA

STA =$SAVA

ENQ 0]

sTQ =5SAVB

AJP 3 FLIP

SLJ Hz R

ENQ 1

5TQ INDCATOR

LDA =03777777777 177777
MU SA

STA =SSAVA

STA =SSAVE

LbQ SAVD

SLJ HERD

END

FUNCTION LIBINT (ARG)

DIMENSION ARGI(2)sANS(2)

VDIMENSION P(6)sARR(2)sPIB2(2) s TWOPY(2)

EQUIVALENCE (PIOZsPIB2) s (TWOPY s TwOPI)

EQUIVALENCE (LIsSLI)s(RIsSRI)

EQUIVALENCE (DY sANS)

EQUIVALENCE (PIsP(1))s(PI2sP(3))s(PI3sP{5))s(ARGTsARR)
TYPE INT5(2) DsDYsLIBINT

TYPE INTS (2) ARGT4PIO2sTWOPI

TYPE DOUBLE DLOGsDEXPsDCOSsDATANIDSGURT

TYPE DOUBLE PIsPIZ24yPI3sLIsRIsALSARSTL1sT2sX
DATA(P=20026220773250428+05506043230461468+,20056220773250428

1 055060432306461468,2004455457437631B944164432362345148)

DATA(PIB2=20016220773250428920016220773250438)

1(TwOPY=20036220773250420+200362207732504308)

ENTRY LOG5S
IF(ARG(L1)}1lsl»2
PRINT 19
FORMAT (26H

RETURN

X=ARG(1)
LI=DLOG(X)
X=ARG(2)
RI=DLOG(X)

CALL ENDPTS (LIsRIs36)

ERROR IN TYPE 5 FUNCTION )

4 ANS(1)=SLI

ANS(2)=SRI
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DFQ23010
DFQ23020
bDFQ23030
DFQ23040
DFQ23050
DFQ23060
DFQR23070
DFQ23080
DFWZ30Y0
DFQ23100
VFQ23110
DFQWz3lz20
DFW23130
DFQZ23140
DFQ23150
DFQ23160
DFW23170
bFQ23180
DFQ23150
DFQ23200
DFQ23210
DFWE3220
DFQ23230
DFQ23240
DFW23250
DFQ23260
DFQ23270
DFQ23280
DFQ23290
DFQ23300
DFW23310
LFW23320
DFQ@23330
DFW23340
DFWZ23350
DFW23360
DFW23370
DFQ23350
DFQ23390
DFQ23400
DFQ23410Q
DFQ23420
DFQ23430
DFQ23440
DFQ23450
DFQZ3460

#901



5

11

100

101
102

110

111

112

113

114

LIBINT=DY

RETURN

ENTRY SQRT5
IF(ARG(1)) 1lel»ll
X=ARG(1)
LI=DSQRT(X)
X=ARG(2)
RI=DSQRT(X)

GO TO 3

ENTRY E£XP5
X=ARG(1)
LI=DEXP(X)
X=ARG(2)
RI=DEXP(X)

CALL ENDPTS (LIsRIs36)
IF(LI)6EsGsg
LI=0.0D

GO TO &

ENTRY SINS
ARR(1)=ARGI(1)}
ARR(2)=ARG(2)
ARGT=PI0Q2-ARGT
AL=ARR(1)

GO TO 100

ENTRY COS5
AL=ARR(1)=ARG(1)
ARR(2)=ARG(2)
K=AL/PIZ2
[F(AL)101,1025102
K=K=-1
ARGT=ARGT=K*TWOP1
AL=ARRI(1)
AR=ARR(2)
T1=AL-PI
IF(T1)110+110,120
T1=AR-PI2
IF(T1)112+111111
ANS(1)==1.
ANS(2)=1.

GO TO 5

T1=AR-PI
[F(T1)113s1149114
LI=DCOS(AR)
RI=DCOS(AL)

GO TO 3
T1=DCO>(AL)

#901

DFQ23470
DFQ23480
DFQ23490
DFQ23500
DFQ23510
DFQ23520
DFQ23530
DFQ23540
DFQ23550
LFW23560
DFQ23570
DFQ235380
DFQ23590
DFQ23600
DFQ23610
DFQ23620
DFQ23630
DFQ23640
DFQ23650
DFQ23660
DFQ23670
DFQ23680
DFQ23690
DFW23700
DFQ23710
DFW23720
DFQ23730
DFQ23740
DFQ23750
VFQ23760
DFQ23770
DFQ23780
DFQ23790
DFQ23800
DFQ23810
DFQ23820
DFQ23830
DFQ23840
DFQ23850
DFQ23860
DFQ23870
DFQ23880
DFW23890
DFQ23900
DFQ23910
DFW23920

-6]-




1

1
1

15

16
17

120

121

122

123

1

13

i

14

24

16

18

15

T2=DCOS(AR)}
IF(T1-T2)115+4115s116
RI=T2

GO TO 117

RI=T1

CALL ENDPTS (LIsRIs38)
LI="].Q

GO TO 4

Ti1=AR-PIZ3
IF{T1)121s111s111l
Tl1=AR-P12
IF(T1)122+1234143

LI=DCOS(AL)

RI=DCOS(AR)

GO T0O 3

T1=DCOS(AL)
T2=DCOS(AR)
IF(T1~T2)12451244125
LI=T1

GO TO 126

LI=T2

CALL ENDPTS (LIsRI436)
RIZlo

GO TO 4

ENTRY ATANS

X=ARG(1}

LI=CATAN(X)

X=ARG(2)

RI=DATAN(X)

GO T0 3

ENTRY ABSS
[IF(ARG(1))13s15515
IF(ARG{Z2)) l4slbsle

ANS(1)=0,
IF{ARG{2)+ARG(1)}117+18s18
ANS(2)=-ARG(1)

GO TO 5
ANS(2)Y=ARG(2)

GO TO 5
ANS(2)==ARG( 1)

ANS{1)==ARG({2)

GO TO 5

ANS({1)=ARG(1)

ANS(2)=ARG(2)

GO TO 5

ENTRY CDFN5
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DFQR23930
DFW23940
DFQ23950
DFQ23960
DFQ23970
DFQ23980
DFQRZ23990
bFQ240C0
DFQZ4010
DF&24020
DFQ24030
VFQ24040
0FQ24050
DFQ24060
DFQ24070
DFQ24080
DFQ24090
DFQ24100
DFW24110
DFQR24120
DFW24130
DFQ24140
DFW24150
DFW24160
DFW24170
DFWQ24180
DFQ24190
DFQ24200
DFQ24210
LFQR24220
DFQ24230
DFW24240
LFQ24250
vFW24260
DFW24270
DFQ24280
DFW24290
DFQ24300
DFQ24310
DFQ24320
DFQ24330
DFQ24340
DFQ24350
DF@24360
DFQ24370
DFQ24380

#901

;




20
21
22

30
31
32

100

101
102
200

201
202

Y=ARG(1)

LI=CDFNL(Y)

Y=ARG(2)

RI=CDFN(Y)

CALL ENDPTS (LIsRIS27)

GO TO &4

END

SUBROUTINE ENUPTO(LEPsREPSNOBITS)
TYPE RzAL LEP
[ADJ=2%%(36-NOBITS)
EP=2e#%[-NUSITS)
ITEMP=TADJ-1
IMASK=eNOT« I TEMP

LEP=ABSF (LEP)

ASSIGN 20 TO IEND

IF (LEP)200+100+100
IF(LEP) 214922422

ANS=—-ANS

LEP=ANS

ZEP=ABSF (REP)

ASSIGN 30 TO IEND
IF(REP1I10G+2005200
IF(REP}31+32+32

ANS=-ANS

REP=ANS

RETURN
TEMP1=(ZEPAND«7777000000000000B}«0Rs1ADJ
TEMP2={ZEP+AND e IMASK)
ANS=TEMPZ2-TEMP1
IF(ABSFLANS)«LT£P)101»102
ANS=-EP

GO TO IEND
TEMP1=(/ZtP«ANDe77770000000000008) ¢0Re1ALJ
TEMPZ2=ZEP « AND e IMASK
ANS=TEMP2+TEMP1+TcMP]
IF(ABSFUANS) «LTeEP}201+202
ANS=EP

GO 7O IEND

END

SUBROUTINE ERRORINT
COMMON/OVERFLOW/ INDCATOR
INDCATOR=1

RETURN

END

#901

UFQ24350
DFQ24400
DFQ24410
DF Q24420
DFQ24430
DF Q24440
DFW24450
VFQ2440600
VFwz44170
DFWd4480
DFQ24490
DF&L24500
DFW24510
DFW24520
CFQ24530
DFW24540
DFW24550
DFQ245€60
DFQ24570
DFQ24580
DFQ@24590
DFW24600
DFG24610
DFQ24620
DFWU24630
DF Q24640
DFw@24650
DFQ24660
DFQ24670
DFQ24680
DFQ24690
DFQ24700
VFW24710
DFQ24720
DFQ24730
DFQ24740
DFW24750
DFQ24760
DFQ24770
DFQ24780
DFQ24790
DFQ24800
DFQ24810
PFQ24820
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