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l. Single Precision Square Root, DEC-08-FMAA-D 

2. ABSTRACT 

This subroutine will extract the square root of a single-precision integer. Given 
an input N (0< N<2! 2). it will produce an integer K and a remainder R, such that N = K2 +R. 

3. REQUIREMENTS 

3.1 Storage 

This subroutine uses 23 (decimal) memory locations. 

3.3 Equipment 

Standard PDP-8 

4, USAGE 

4,1 Loading 

The library tape that is supplied is a symbolic tape. It does not begin with an 
origin setting, although it does end witha dollar sign. The binary tape produced by assem- 
bling this tape, or the binary tape produced by assembling this tape with other tapes, is loaded 
with the Binary Loader. 

4.2 Calling Sequence 

This subroutine is called with an effective JMS SQRT with the argument in the 
accumulator. The subroutine returns control to the location following the JMS with the an- 
swer in the accumulator and with the remainder in the register tagged SQR1. 

6. DESCRIPTION 

6.2 Examples and/or Applications 

The following program will illustrate the use of this subroutine: 

400 
CLA 
TAD X 
JMS | SQRTPT 
HLT 

X, 0145 (1101 DECIMAL) 
SQRIPT, SQRT 

This sample program will halt at location 403 with 0012 (octal) or 10 (decimal) 
in the accumulator. Register SQR1 (address 0222) will contain 0001, the remainder. 

l=]



/. METHODS 

7.2 Algorithm 

The algorithm makes use of the fact that the sum of the odd integers is a square: 

N N N 

) (2K-1)=2 2 K- b1=2 GY(N +1) ~N=N? 
K=] K=1 K=] 

9. EXECUTICN TIME 

9.4 Timing Equation 

If the answer is N, the time for the subroutine is 

(30 + N (25.5)) usec 

10. PROGRAM 

10.4 Program Listing



/DEUL WB-FMAAWLA 

JSQUARE ROO! et qgeee LNIER WITH SQUARE JN AU 

/ EXITS WLIH ROUT IN AC 

/ QOD INIELER MEI RUD 

02.8 O00. SUR 1s 4 

J2”¥1 $222 DCA SQR1 JSAVE INPUT 

W262 $226 OCA ROOT /@ 10 ANSWER 

263 1223 TAD SUR2 f~1; FIRST ATTEMPT. 

W244 $2ed SQX» DCA SURV 

W265 1222 TAD SQR1 /COMPARE [NPUI 

26 /10¢ CLL JWITR THIS IRY 

W2u7 1225 TAD SQRV 

W210 /42b SNL 

C211 217 JMP SQRE /IESTPINPUT; ALL WONE 

we1l2 2226 IsZ2 ROO! /ADU +4 TQ ANSWER 

W218 S$e2e DCA SURI /{NPUTSINPUI-ITEST 

0214 1225 TAD SQRU 

2215 i224 TAD SORS /JESTSTESTH=2 

W216 2204 JMP SX /CUNTINUE 

0247 /ebi SQRr , CLA 

0220 12426 TAD ROQI /FE TCH ANSWER 

Y2e1 dou JMP ] SOR! EXIT 

L222 606u SQR1, Q 

W223 S47 SUR?’ » wl 

0224 //76 SQRS» “2 

¥225 CL SQRU, Q 

0226 60bxn ROO!» 4 

PAUSE 

b 

THERE Ant NO ERRUKS 

SYMBOL i ABLE 

ROO | Q22e6 

SQRU B22d 
SURF Q2i/ 

SUR | G20 

SQUR1 W22ee 
SUR2 B22 
SUR S W224 
SX 0204





1. Signed Multiply Subroutine - Single Precision, DEC-08-FMBA-D. 

2. ABSTRACT 

This subroutine forms a 22-bit signed product from 11-bit signed multiplier and multiplicand. 

3. REQUIREMENTS 

3.1 Storage 

This subroutine uses 44 (decimal) memory locations. 

4, USAGE 

4,1 Loading 

The library tape that is supplied is a symbolic tape. It does not begin with an origin set- 
ting, although it does end with a dollar sign. The binary tape produced by assembling this tape, or the 
binary tape produced by assembling this tape with other tapes, is loaded with the Binary Loader. 

4.2 Calling Sequence 

The subroutine is called by an effective JMS MULT. When the JMS is executed to enter 
the subroutine, the multiplier must be in the accumulator (AC). The location following the JMS must 
contain the multiplicand. The subroutine returns to the instruction immediately following the latter 
location with the most significant part of the product in the AC. The least significant part of the product 
is stored in location MP1. 

6. DESCRIPTION 

6.1 Discussion 

Reference to the flow chart (11.1) will illustrate the following discussion. 

6.1.1 On entry, the sign of the multiplier is tested, and if negative, the multiplier is made 

positive. 

6.1.2 The multiplicand is obtained and tested for O. If it equals 0, a jump to the exit is executed. 
Next the sign of the multiplicand is tested, and if it is negative, the multiplicand is made positive. 

6.1.3 At this point, the content of the link is as follows: 

Sign of Multiplier Sign of Multiplicand Link 

0 0 0 
0 l l 
l 0 l 
l l 0 

andrepresents, therefore, the sign of the product. 

6.1.4 The multiplication loop proper (tagged MP4) is entered. During this loop, the least signifi- 
cant half of the product shifts into the most significant end of MP1, while the multiplier shifts out the 
least significant end of MP1 and is lost. Note that the sign of the product is retained in MP1. 

6.1.5 The sign of the product is tested. If positive, the subroutine exits. If negative, comple- 
mentation of the product is performed before the exit. 



6.2 Examples or Applications 

Example (See 11.1 Flow Chart) 

The C(Y) are tested. If C(Y) = 0, C(MP1) = C(MP5) = 0. If C(Y) # 0, C(Y)— C(MP2), 
C(MP5) are cleared and mulitplication is carried out as described below. 

If C(MP1)1] contains a 1, C(MP2) are added to C(MP5). The contents of MP5 and the MP1 

are then shifted right one bit. If C(MP1), = 0, the contents of MP5 and those of the MP1 are shifted 

right one bit. 

For this example, assume that the registers MP1, MP5, and MP2 are five bits in length in- 
stead of 11. The following sequential steps occur in a multiply operation. The multiplicand is 9 and the 
multiplier is 4. 

MP5 MP1 Y Comments 

00000 01001 00100 Initial contents of the register MP1 ready to be tested. 

00100 01001 C(MP2) + C(MPS5) - C(MP5) since C(MP1) isal. 

00010 00100 C(MP5, MP1) rotated right one place. C(MP1) 1, is 
tested. 

00001 00010 No addition, because C(MP1)1] is 0. C(MP5, MP2) 

rotated right one bit and AC), is tested. 

00000 10001 No addition, C(MP1),1 = 0, C(MP5, MP1) rotated 
right one bit. C(MP1),, is tested. 

00100 10001 C(MP2) + C(MP5) > C(MP5) since C(MP1) 11 isa 1. 

00010 01000 C(MP5, MP1) rotated right. 

00001 00100 No addition, C(MP1)77 =0, C(MP5, MP1) rotated 
right one bit. Rotation counter indicates that the 
multiplication is complete since it has been reduced 

to 0. 

Scaling 

Upon entry the binary point is assumed to be located between bit positions 0 and 1 in both 

multiplier and multiplicand. Since there are 11 magnitude bits in each of the two factors, the product 
contains 22 magnitude bits. 

The product is double signed; i.e., bit positions O and 1 of the most significant word of the 
product both contain the sign. The remaining ten bits of the most significant word of the product are 

magnitude bits. 

The least significant word of the product is devoted entirely to magnitude. 

If the binary points of the factors are as stated above, the binary point of the product will 
be located between bit positions 1 and 2 in the most significant position of the product. 

On entry, multiplier and multiplicand must be 2s complement binary. After return, the 

product is contained in two words in 2s complement form. 

For more information on binary scaling for fixed-point computers, see Application Note 501. 
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7. METHOD 

7.1 Algorithm 

The conventional algorithm is used. The least significant bit of the multiplier is tested. 
If it is equal to 1, the multiplicand is added tothe developing product and this quantity is shifted right. 
If the least significant bit of the multiplier is 0, no addition is made before the shift. The process is 
repeated until all bits of the multiplier in order from least significant to most significant have been 
processed. 

9. EXECUTION TIME 

9.1 Minimum 

When the subroutine discovers that the multiplicand is 0, it bypasses the multiplication 
loop. In this case, execution time is 25.5 usec if the multiplier is positive and 27.0 usec if the multi- 
plier is negative. 

9.2 Maximum 

Maximum execution time occurs when the sign of the product is negative and the multipl 
consists (in binary) of all 1s. This time is approximately 350 usec. 

10. PROGRAM 

10.4 Program Listing 
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G27 
wedi 
Weve 
HW228 
we04 
W2u5 
O2u6 
Led7 
J210 

Jeli 
Y212 
02138 
4214 
215 

0216 
6217 
8220 
Beel 
W222 

0223 
6224 

d225 
0226 
W227 
v250 
W251 
W2eSe2 
W253 
wes4 
W255 
0256 
be 37 
bc 4k 
We4l 
0242 
0243 
244 
W245 
%246 
62497 
werd 
weal 
232 
W293 

wuow 
/160 
7>1u 
7061 
325i 
$251 
1609 
746 
5254 
/D10 

/bo4 
$252 
1247 
$258 
1250 
/10 
32di 
1251 
14 $6 

1252 
/11e 
$21 
228 
5216 
12>4 
/O16 
74.5¢ 
5240) 
S2du 
1251 
2200 
2006 
/144 
$2di 
12>4 
/ 040 
/4 Si 
/bo4 
2250 

1164 
OOud 
BvO0 
uowu 
Youd 

/DEC-G8~-FMBA 

/TWU'sd COMPLEMENT SINGLE PRECISION MULTIPLY ROUTINE 
/RE TURN HIGH QRUER PRUVUCT IN AC, LOW JN MP1 

MUL te Q 

CLL 
SPA 7ZTEST FOR NEGATIVE MULTIPLIER 

CMA CML JAC 
DOA MPI “STORE MULTIPLIER 

DCA MPS 

TAD I MUL! 
SNA ATEST FOR ZERU MULTIPLICAND 

JMP MPSNe¥e2 7JMP JF MULITIPLICANU=0 
SPA /JTES!| FOR NEGATIVE MULTIPLICAND 

CMA CML JAC 
DCA MPFe2 /STORE MULTIPLICAND 

TAD THIR 

DCA MPS 
MP 45 TAD MPU /MULTIPLY LOOP PROPER 

RAR 

DCA MP1 

TAD MPD 
SéL JTEST Tk MULTIPLICAND SHOULQ BE ADDED 

TAD MP2 
CLL RAR 

DCA MPS 
ISZ MPS /1TkES! FOR END OF LOQP 

JMP MP4 

TAD MP1 

RAR 

MPSN> S4L 

JMP COMP 

DCA MP1 
TAD MPO 

MPZ >» ISZ MUL! /JEXTT TO CALLING PROGRAM 

JMP JT Mtb) 
COMP, CMa Cit da /COMPLEMENT PROVUCT 

DCA MP4 

TAD MPS 
CMA 

Sé2t 

TAC 
JMP MP@ 

THIR, 7/64 7ZELEVEN JIN DECIMAL 

MP1, 4) 

MP5, 0 
MP? > Q 

MPS, g 

PAUSE 
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NO 

SYMBOL 

COMP 

MRSN 
Merz 
Mr] 
MP2 
Mr 3S 
Mr 4 
MP5 
MUL | 
THIR 

DIAGRAMS 

Flow Chart 

CLEAR LINK 

i ABLE 

B24 
B25e 
0256 
B20 
W252 
W295 
0216 
O2>1 
B200 
B24/ 

is 

MULTIPLIER 
NEGATIVE 

YS COMPLEMENT MULTIPLIER 
SET LINK 

SAVE MULTIPLIER 
C(AC)-~C (MP!) 

LOAD MULTIPLICANOD 
C(({MULT))—> C(AC) 

1S 

MULTIPLICAND 
ZERO ? 

NO 

1S 

MULTIPLICAND 

NEGATIVE 

| COMPLEMENT MULTIPLICAND 

COMPLEMENT LINK 
CLEAR MOST SIGNIFICANT HALF 
OF PRODUCT O-—-®C(MP5) 

SAVE MULTIPLICAND C(AC)-* C(MP2) SIGN STATUS IS IN LINK. iT WILL BE 
SHIFTED ALONG WITH MULTIPLIER 
ANDEND UP iN LINK AT END OF LOOP. 

f 
LOAD LEAST SIGNIFICANT HALF OF 
PRODUCT AND MULTIPLIER 

C(MPt) —* C(AC) 

ROTATE RIGHT 
C(L) —* C( MP1) 

STORE LEAST HALF OF PRODUCT 

C(MPI) —eciif 
AND MULTIPLIER 

C(AC) —» C(MP1) 

LOAD MOST SIGNIFICANT HALF 

OF PRODUCT 
C(MP5) —-® C(AC) 

IS LINK 21? 

1@ WAS LEAST SIGNIFICANT BI 

OF MULTIPLIER = ‘4 BEFORE 
ROTATE ? 

| = ADD MULTIPLICAND 
C(MP5) +C(MP2)—™ C(AC) 

CLEAR LINK AND ROTATE MOST 
SIGNIFICANT HALF OF PRODUCT 
RIGHT C(AC),,—@C(L) 

SAVE MOST SIGNIFICANT HALF OF PRODUCT 

C (AC) —*C(MPS5) 

tS LOOP COUNT REDUCED 
TO ZERO 

SHOULD 
PRODUCT BE POSITIVE 

ie IS LINK #0? 

COMPLEMENT BOTH HALVES 
OF PRODUCT 

RETURN TO 
CALLING FROGRAM 
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1. Single Precision Signed Divide Subroutine, DEC-08-FMCA-D 

2. ABSTRACT 

The Single-Precision Divide Subroutine will divide a 12-bit signed divisor into 
a 24-bit signed dividend to produce a 12-bit signed quotient and a 12-bit signed remainder. 

3. REQUIREMENTS 

3.1 Storage 

This subroutine requires 62 (decimal) memory locations. It is provided in two 
forms: binary tape assembled with an origin of 0200, and a symbolic tape with no origin set- 
ting and ending with a dollar sign. 

4, USAGE 

4, Loading 

This subroutine requires 62 (decimal) memory locations. It is provided as a 

symbolic tape with no origin setting and ending with a dollar sign. 

4,2 Calling Sequence 

The subroutine is called with an effective JMS DIVIDE. The accumulator contains 
the high-order bits of the dividend; the location following the JMS contains the low-order bits 

of the dividend; the location following this contains the divisor; and the subroutine returns to 
the following location with the quotient in the accumulator and the remainder in C(HDIVND). 
If a divide error has occurred, C(L) = 1 and the accumulator contains 0, otherwise C(L) = 0. 

TAD HIGH D /C(AC) = HIGH DIVIDEND 
JMS | DIVDP /CALL DIVIDE 
LOWD /LOW DIVIDEND 
DIVSOR /DIVISOR 

HLT /C(AC) = QUOTIENT IF L=0 

DIVDP, DIVIDE / (0200) 
HIGHD, /HIGH DIVIDEND 

4.5 Errors in Usage 

There are two types of errors that may be encountered in using the divide sub- 
routine, the first of which is tested by the routine. The divide may be represented as: 

(High-Order Dividend) - gi4 + Low-Order Dividend 
Divisor 

= Quotient, Remainder 

Or 

(High-Dividend) - 2 24 Low-Dividend = (Quotient) (Divisor) + Remainder. 

3-1 



Since (Quotient) < 3777(8), it is possible that a divisor and dividend are so 

specified that no quotient may be found that satisifies this identity. If High-Order Dividend 

> Quotient, then the divide will not take place and C(L) will be 1. There are cases, however, 
that are not detected by this test. For example: 

1777) 7777 

2000 

Since (3777) (2000) + 3777 = 1000 1777, there is no possible quotient that when multiplied 

by the divisor will yield the dividend. 

5. RESTRICTIONS 

See Section 4.5. 

6. DESCRIPTION 

6.1 Discussion 

The algorithm works by shifting the dividend left and comparing it with the 
divisor. If Dividend > Divisor then Dividend = Dividend-Divisor, and a bit is set in the quo- 
tient. This is repeated the proper number of times. The remainder will have the same sign as 
the dividend, and the quotient will be signed properly: (Dividend Sign) XOR (Divisor Sign) = 

(Quotient Sign). 

6.3 Scaling 

The Single-Precision Divide Subroutine is scaled analogous to the scaling of the 
Single-Precision Multiply Subroutine (DEC-08-FMBA, previously Digital-8-11-F). It may be 
thought of as either an integer divide or a fractional divide. 

z! 5? 2°74 Dividend (2's Complement) 

0 23 
_ Binary Point 

Dividend Sign 

-] -11 a 
2 2 Divisor (2's Complement) 

0 1] 
— Binary Point 

Sign



= 2” 2? gli Quotient (2's Complement) 

0 1] 
LL _ Binary Point 

Sign 

lf High-Order Dividend 
Low-Order Dividend 

Quotient 

Remainder 

Divisor 

HD: 2!4 41D 
D 

so that Q@- D+R=(HD) - 2!* + (LD) 
Or 

| 

U
*
7
T
O
C
c
o
 

=Q,R 

12 -22 
(HD - 2 ot) 2 -q.2)! ol 

D+ 2 

Examples: 

(a) 000 000 000 000 000 000 000 111 
= 000 000 000 010 

000 000 O00 O11 

Remainder = 000 000 O00 OO] 

7 3 2, | 

(b) 000 100 000 000 000 000 000 000 | 
010000 000 000 = 010 000 000 000 

Remainder = 000 000 000 000 

i 
41 
1 2 
2 

7. METHODS (See Above) 

9. EXECUTION TIME 

9.1 Minimum 58.5 usec (Divide Check) 
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9.2 

9.3 

10. 

10.4 

Maximum 478.5 usec 

Average ~ 460 usec 

PROGRAM 

Program Listing 
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veud 

Vell 

Web? 

U20S 

weld 

Z2ud 

J2K6 

0297 

weld 

Zell 

W212 

W213 
veld 

weld 

w216 
£217 

weed 

Leet 

iede 

wees 

L224 

W225 

b226 

v2e7 

J25e2 

v2St 

w23e 

258 

U254 

W235 

Bde 

/10¥ 

7510 

7060 

267 

7420 

7040 

$272 

160 

74930 

7141 

S2e7U 

74930 

226] 

cekw 

1O0u 

7140 

7200 

7261 

3271 

74920 

70490 

1272 

3278 

7/100 

1271 

126/ 

ced 

76$ 

5600 

JQEC-OB-FMCA-LA 

/JSIGNED SINGLE PRECISTUN DIVIDE SUBROUTINE 

JCALLING SEQUENCE: 
/ L(AC) 
/ JMS UVIVIVE 
/ LOW ORDER UI VIDENU 
/ UIVISUR 
/ RETURN: 

/PAGE 1 

ODIVIDt, id 
ULL 
SPA 
UMA 

UCA 

ONL 

UMA 
UCA 
TAU 

DZL 

UMA 

WUCA 
2ZL 
Isz 

1Sz 
TAU 

VoL 
OMA 

UMA 

UCA 
> NL 

UMA 
TAU 

UCA 

ULL 
TAU 
TAU 

1Sz 
2ZL 
JMP 

3-5 

CML 
HDITYNu 

SUVNU 
I OIlVIve 

CLL IAC 
LUIVNU 

HUT VNU 
UIVIDE 
1 DIVIOk 

UML IAC 
VIVSOR 

SUVND 
ONSWER 

UIVSOR 
HOI VNU 

VIVIDE 
CLA 
I DIVIve 

CONTAINS HIGH ORVER DIVIDEND 

CCAU)SQUOTIENT: REMAINDER IN HUIVNO 

J/1F HIGH ORDER DIVIvDENU 

J/THAN THe UI VISOR; 
IS tQUAL TO OR GREATER 

NO UIVISION TAKES PLACE AND CCL) 51 

JOIVIDEND<0? 

/YES COMPLEMENT AND SET CCL) 
JHIGH ORDER OIVIDEND 

SET DIVIDEND SIGN SWITCH 
/FETCH LOW ORDER QIVIDEND 

/JYES$ COMPLEMENT 
/L.0W ORDER OIVIDEND 
/CARRY? 
/YES 

/FETCH DIVISOR 

/NEGATE IT 
/SAVE OIVISOR 
/WAs IT <2? 
/YESt ACZe1 

/ANSWER SIGN SWITCH 

/COMPARE DIVISOR 
/WITH DIVIDEND 

/OVER FLOW? 
/YES! DIVISORKDIVIDEND



i275 
5274 
5251 

1126/7 
7264 
$267 

4126/7 
1271 
74938 

3267 
72¢0 

12740 
7604 

$270 
22/4 
5241 
4267 
2272 
7041 
$267 

i127’ 
Z2e7s 
7244 
7400 
5620 

e2o0 
WvOe 
QueG~ 
odes 
QYGd 
woe? 
7768 

SYMBOL TABLE 

OILVCONT 

OiVIdt 

DIVSOR 

DV2 

DVS 

HUITVNO 

LUIVNY 

M1iS 

SUVND 

SNSwERK 

g274 
C280 

O27%4 

Yicod 

W244 

8267 
G27 

veld 

Q27e 

A27S 

/PAGE 2 

TAU 

UCA 
UMP 

JJIVIVE LOUP 

DvS» 1TAU 

RAL 

UCA 

. AU 

TAU 

Fae 

WCA 

ULA 
DV2s PAU 

RAL 

WCA 

sz 

JMP 

Pau 

1Sz 

UMA 

WUA 

TAU 

1Sz 

UMA 

VLE 

IMP 

HUIVNU» 

LOIVNUs 

O[VSOR, 

SUVND» 

SNS were 
DIVUNT» 

M13. 

I
M
S
 
w
o
e
a
k
w
d
e
 

M15 

UIVGNT 

UV2 

HUITVNU 

HUT VNU 
HOTVNU 
UIVSOR 

HUT VNU 

LUIVNU 

LUIVNU 
UIVCONT 
UVS 
HUITVNU 
SUVNU 
TAC 
HUTVNUY 

LUITVNO 
ONSWER 
TAC 

1 OlVibe 

415 SHIFTS 

/JDIVIDEND LEFT SHIFT 

COMPARE OIVISORSOTVIDEND 

JREMAINDER AFTER SUBTRACT 

/QUOTIENT BITS 
/ENTER HERE 

/OONE 12? 
“NOt CONTINUE 
/REMAINDER 
/JOIVIDEND<@? 
/YES 

/QUOTIENT 
/ANSWERCO? 
/YES: NEGATE 

/EXIT 

/713(1@)



1. Signed Double Precision Multiply, DEC-08-FMDA-D 

2. ABSTRACT 

This subroutine forms a 46-bit signed product from the 23-bit signed multiplier 
and multiplicand. 

3. REQUIREMENTS 

3.1 Storage 

This subroutine uses 125 (decimal) memory locations. 

4, USAGE 

4.2 Calling Sequence 

The signed double precision multiply routine is called by an effective JMS DMUL. 
The two locations following the JMS must contain the address of the high-order multiplicand and 

the address of the high-order multiplier respectively. 

The subroutine will return to the instruction immediately following the latter loca- 
tion, with the most significant portion of the answer in the accumulator. The low order portions 
of the answer will be in registers (from high to low) B, C, and D. 

6. DESCRIPTION 

6.] Discussion 

The double precision multiply routine calls a single precision multiply routine 
four times after the absolute values of the multiplier and multiplicand have been taken. 

Sign 

4 RQ JAA MN Multiplicand (2's Complement) 

Sign |@ (2) © ® 

Multiplier (2's Complement) 



The results are added: 

Result of Multiply 1 

Result of Multiply 2 

Result of Multiply 3 

Result of Multiply 4 

Answer Accumulator B C D 

Sign 

6.2 Examples 

To multiply two double precision numbers which are located in registers tagged 

X and Y: 

0400 
JMS | DMULTP 
X 

Y 
HLT 

X, 0 
0 

Y, 0 
0 

DMULTP, DMUL 

If X and Y contained: 

X 0000 0012 

Y 0000 0012 

The answers would be: 

0000 0000 0000 0144 

AC B C D 

6000 

3000 

7200 

AC 

0000 

0000 

0000 0000 0000 

B C D 

For further examples see the Double Precision Sine Routine, DEC-08-FMFA 

formerly Digital-8-16-F.



6.3 Scaling 

Since there are 23 magnitude bits in both the multiplier and the multiplicand, 

the product will contain 46 magnitude bits. These are right justified in the AC and B, C, and 

D registers. Since the answer is in 2's complement form, the two sign bits are equal (redundant). 

The multiply routine may be thought of as an integer multiplication, as a fraction 
multiplication, or as any combination of these. When the double precision multiply routine is 
given two 23-bit numbers, it produces a 46-bit product that is right justified. If the scaling is 

(XXXX XXX.X)  (XXXX_ ~— XXXX.) 

the scaling of the answer will be 

XXXX XMXKXXKX XXXX XKKXXK.X 

The operands and the answer are in 2's complement form. Since only 46 bits of 

product may be produced and since the answer is right-justified, the two "sign" bits (0 and 1) 
are redundant. 

7. METHODS 

7.1 See the Single Precision Multiply Routine write-up, DEC-08-FMBA 
formerly Digital-8-11-F. 

9. EXECUTION TIME 

The execution time is a function of the number of 1's in the operands. 

The maximum execution time is 1.605 msec. Average time will be around 
1.4 msec. 

10. PROGRAM 

The subroutine occupies approximately one memory page and may be located on 

any page. The symbolic library tape does not start with an origin setting, but does end with a 
dollar sign. 

10.4 Program Listing 
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v2 50 
werd 

v2l2 
Kceus 
Leu4 
W2d5 
¥crb 
woul 

u21@d 

e211 
212 
v2138 
ic1i4 
W215 
216 
wcl7 

0220 
~2e1 
ara 
b228 
B224 

Wedd 

0226 

w2e7 
L238 

W2S1 
“w2eSe 
W258 
W254 
0255 
256 
V2S7 
W248 
w24] 

QUO 
/S0b 

1553 
S5Se 
4506 
1453/7 
5534 
1556 
5555 
45W6 

1435 
5501 
1556 
4544 
5543 
157% 
5542 
15354 

S561 
1556 
4544 

1542 
$54¢ 
/004 

15/68 
$5414 
1004 
3540 

1555 
S501 
15S/ 
4544 
154¢ 
$542 

JOEUC~WB-FMDA-LA 

/SIGNED DUUBLR PRECISION MULTIPLY ROUIINE 
/CALLING SEQUENCE: 

JMS DMUL 
AUDRESS Qt 

/ 
/ 
/ AUDRESS OF 
/ RETURN, 

CLL 

TAD 

DC A 

JMS 
TAD 

DCA 

TAD 

DCA 

JMS 

TAD 

DCA 

TAD 

JIMS 

DCA 

TAD 

DCA 

TAD 

DUA 

TAD 

JMS 

TAD 

OUA 

RAL 

TAD 

DCA 

RAL. 

DCA 

TAD 

DCA 

TAD 

JMS 

TAD 

DCA 

CLA 
RES | 
SIGNSw 

TSTGN 

MLTH 
MUL IH 

MET L 

MUL IL 
TSIGN 

MUL IL 

MP2 

MUTE 
MP @ 
D 
MRS 
C 

MUL 1H 

MP2 
MULTE 
MP4 

MULIIPLICAND(CHIGH QRUER) 
MULILPLIERC HIGH ORDER) 

HIGH URDER PRUDUCT IN AC 
/ NEXT AWIGRH TU LOW IN B,C, 

/-2 
/St i SIGN SwW1ICH 

/reE TCH ANY SET SIGN 
/ZRESULT IN MLIRSMLTL 
JHiGM ORDER MULTIPLICAND 

/JiLOW ORDER MULTIPLICAND 
APE TCH ANY SET SIGN 
/LOW ORDER MULTIPLICAND 

/LOW ORDER MULTIPLIER 

“MULTIPLY 
41.UW ORDER 

/HIGH ORDER 
JHiGH ORDER MULTIPLICAND 

7iL.OW ORDER MULTIPLIER 
/MULTIPLY 

/GET CARRY 

/GET CARRY 

/LOW ORDER MULTIPLICAND 

/HIGH ORDER MULTIPLIER 
/MULTIPLY 

/AVU



W242 

L293 

32494 

4245 

0246 

02497 

V25Q 

w2o4 

w292 

J2d03 

beo4 

Y255 

W256 

W257 

V2600 

YV2ol 

Y262 

0263 

w264 

Y265 

0266 

Y267 

B2/O 

02/1 

¥2/2 

W273 

W2/4 

02/5 

W276 

Yel] 

0508 

wSel 

Sk 2 

63u3 

0 Sn 4 

Wv 305 

/084 

1578 

1541 

$541 

024 

154 

$ $4 

1554 

$$61 

1547 

4544 

1541 

$$41 

1/004 

19/38 

1542 

2332 

SOW 

$340 

1543 

/141 

$543 

1$42 
4501 

5542 

1541 
43561 

$541 

154¢ 

4S01 

5600 

ObOw 
104% 
7456 
/161 

2/61 

/PALE 

MPe» 

COM, 

2 

RAL 

DUA 
TAD 

Sz 
JMP 

TAD 

CMA 
DCA 

MP5 

A 

SIGNSwW 

J] OMUL 
A 

8) 
CLL TAC 
D 

C 

COM 

C 

B 

CQM 

B 

A 

CQM 

I OMUL 

/GET CARRY 

/GeET CARRY 

/ADD 
JHIGH ORDER MULTIPLICAND 

/HIGH ORDER MULTIPLIER 

JANSWER €O?? 
JNO: EXIT 

YES 

AJNEGATE 

ZNEGATE 

/NEGATE 

EXIT



056 
WSL7 

0312 
0$1i1 
0512 
0513 
6514 
WS15 
0516 
0317 
C320 
S21 
0322 
£523 
£324 

y$25 
0326 
0327 
3350 
W351 

0552 
6353 
6354 
6855 
£556 
GS$7 

0340 
6344 
2542 
0343 

O00u 
Low 
S54 
1/42 
/1lege 
7316 
/06b 
$537 
2540 

1/46 
1/450 
esse 
1000 

1430 
141 
5536 
7430 
2357 
ecu 
2/%6 

WOBL 
7/16 
WOU 
OLQu 
O00 
CUWe 

wbWYd 
WbYe 
WOOO 
Wd 

/PALE 3S 

MP1, 
TSIGN, 

SIGNSw, 

RES! , 

MUL I He 

MULIL» 

MUTus 

MLTH, 

AUDRKS, 

0 
TAD 
DCA 
TAD 
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IT DMUL 

AUORS 

I AUDRKS 

CML 
MLTH 
AJDRS 

I AUOKS 

SIGNSW 

CLi, TAC 
MLTL 

ML TH 

DMUL 
I TSION 

PE TCH ADURESS 

/tE TCH HIGH ORDER 

i135 IT <8? 
7YtES+ COMPLEMENT, SET LINK 

“FETCH LOW URUER 
JWAS IT <0? 
4Y¥tS, ADD 4 TO SWITCH 

“COMPLEMENT, CLEAR LINK 

GARRY? 
/YtS 

/EXIT ROUTINE



6544 
W545 
0346 
0347 
0590 
SOL 
W552 
0398 
W354 
$95 
0526 
w$o7 

C360 
0561 
¥502 
0563 
W504 
0565 
5366 
vw S67 
¥5/0 
WS/1 

L3S/2 

KS/3 
w5/4 

SYMBOL 

A 

AUDKS 

B 
C 
CUy 
U 
DMUL 

MUTH 

MLTL 

Med 

MP2 

Me S 

Mr 4 

Mr5 

MULIA 

MULIL 

Mie 

Rts | 

SIGNSa 

ToTGn 

VOVb 

$506 

55/5 

15/4 

SS/e 

/106 

15W6 

/01U 

$5U6 

1573 

140 

5S62 

/liéb 

1$61 

610 

$878 

2S/zc 

a3Sd2 

1506 

/O1e 

/16 

5/44 

bYOY 
ObuU 

1/64 

bABLE 

B34 
O549v 
B54 
0542 
Z501 
OS49S 
O20 
O33/ 
0556 
0506 
WS01 
OS/e 
G544 
05/35 
85354 
W555 
0574 
eer) 

OS52 
gsgo 

/PALE 4 

MP4, 

MPS> 

MP5» 
Mid» 

PAUSE 

/SUNSTGNED MULTIPLY 

MPa 
MPS 
Mie /COUNT 12 BITS 
MPS 

MP4 /CARRY GOES INTO 
/LLFT OF MPL 

MP4 JiEST MULTIPLIER BIT 
MP5 

/aA 1? 
Aaa) /NO; DON'T ADU 

/Yes: AOD 
MP2 

MPS 
MPS /UONE 42 BIIS? 
MP4+6 JNO: CARRY 1S IN GCL) 
MP1 YES: DONE 

] MP4 /tEXIT





1. Double Precision Signed Divide Subroutine, DEC-08-FMEA-D. 

2. ABSTRACT 

The Double-Precision Divide Subroutine will divide a 24-bit signed divisor into 
a 48-bit signed dividend to produce a 24-bit signed quotient and an unsigned remainder. 

3. REQUIREMENTS 

3.1 Storage 

This subroutine requires 105 (decimal) memory locations. It is provided in two 
forms: a binary tape assembled with an origin of 0200 and, a symbolic tape with no origin 
setting. 

4, USAGE 

4.] Loading 

The subroutine is loaded with the Binary Loader (Digital-8-2-U). The symbolic 
is either assembled with the user program or separately with the proper origin setting. 

4.2 Calling Sequence 

The subroutine is called with an effective JMS DUBDIV with the address of the 
high-order word of the dividend (address of the dividend) in the accumulator, followed by the 
address of the high-order word of the divisor (address of the divisor). Control returns to the 
calling program at the address of the JMS plus 2. 

TAD HIGH 
JMS | DDIVP 
LOW 
HLT 

DDIVP, DUBDIV | 
HIGH, -4] / ADDRESS OF DIVIDEND 

0 /DIVIDEND 
0 
0 
0 

LOW, 0 /DIVISOR 
0 

The high-order quotient is returned in the accumulator and the remaining bits of 
the answer are found as follows: 

C(DIVND4) = Low-order quotient 
C(DIVND1) High-order remainder 
C(DIVND2) Low-order remainder | 

The quotient is signed, while the remainder is left unsigned. 
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4.5 Errors in Usage 

Since the division process may be represented as: 

Dividend 

Divisor 
= Quotient, Remainder 

such that: 

Dividend = (Quotient) (Divisor) + Remainder 

It is possible to specify a dividend and a divisor such that the quotient cannot 
be contained within the word size (in this case, 23 bits). If this is true, the results will be 
nonvalid. This condition is not tested by the Double-Precision Divide Subroutine. (For a 

more complete description, see DEC-08-FMCA, formerly Digital-8-12-F, Section 4.5.) 

5. RESTRICTIONS 

See Section 4.5. 

6. DESCRIPTION 

6.1] Discussion 

See DEC-08-FMCA, Section 6.1. 

6.3 Scaling 

The Dobule-Precision Divide Subroutine is scaled analogous to the scaling of the 

Double-Precision Multiply Subroutine (DEC-08-FMDA, formerly Digital-8-13-F). It may be 

considered either an integer divide or a fractional divide. 

27 246 Dividend (2's Complement) 

0 47 

| ] TL pinary Point 

| Dividend Sign 

97! 7723 Divisor (2's Complement) 

0 23 
TL pinary Point 

Divisor Sign



= -| -23 

0 23 
| —_ Binary Point 

Quotient Sign 

or 

0 47 

Le sign 

0 23 
TL sign 

922 9! 3° 

TL sign 

9, EXECUTION TIME 

9.) Minimum 1.424 msec 

9.2 Maximum 1.705 msec 

9.3 Average 1.65 msec 

10. PROGRAM 

10.4 Program Listing 
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0240 

0201 
W2de2 
w203 
b264 
W205 
Y206 
0207 
pel 
0211 
W212 
v213 
e214 
0215 
%216 
W217 
w220 
v221 
Q222 
K223 
224 
2225 
W226 
6227 
0250 
w254 
W252 
0253 
W254 
6255 
6256 

Wd0v 

SSSI 
1543 
$540 
1/$1 
55S2 
251 
1/7 $14 
$533 
25$1 
1/$1 
5554 

Z5S1 
1/$21 
$555 
1$S2 
//0%) 
5237 
2540 
1555 
4/141 
$539 
1554 
4544 

$554 
1553 
4544 
$553 
15d$e¢ 
4544 

$552 

JJEC OB-FMEALA 
/JOUBLE PRECISION DiVive SUBROUTINE 
/TALLING SEQUENCES 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 

/PAGE 41 

JUBUIV, 

CCAC)FAUDDRESS OF 

Jys DUBUIY 
ADDRESS OF 

RETURN} 

4) 

DCA 
TAD 
DCA 
TAD 
DCA 
Isz 

TAD 
DCA 
loz 

TAD 
DCA 
1S? 
TAD 
DCA 
TAD 

SMA 

JMP 
ISZ 

TAD 
CMA 

DCA 

TAD 
UMS 
DCA 
TAD 
JMS 
DUA 

TAD 

JMS 
DUA 

HIGH ORDER DIVIDEND 

H}GH ORDER DIVISOR 

CC(AL)=HIGH ORDER QUOTIENT 
C(QIVND4)=LOW ORUVER QUOTIENT 
C(D1VyD1)=HIGH QRUER REyAlNQER 
C(DIVNOZ)=LOW ORDER REMAINDER 

IF DIVISORKDIVIQENULS 

AQDDRS 
R&S i 
SIGNSW 
I AUDRS 

DIVNUI 
AUDRS 

I AUURS 
DIVNDe 

AUDRS 

I ADVS 
DIVNUS 

AVORS 
J ADORS 
DIVNU4 
DIVNDI 
CLA 
DIVGQO1 
SiGNSW 
DIVNO4 
TAC CLL 
DIVND4S 
DIVNDS 
COM 
DIYNUS 
DIVNUE 
CQM 
DIVNUe 
DIVNDIV 
COM 
DIVNUGI 

RESULIS UNSPECIFIED 

ZOUIVIDEND AUDRESS 
/-e 
/SET SIGN SWITCH 

/HIGH~ORDER DIVIDEND 

/OIVIDEND 

/DIVIDEND 

JUIVIDEND 

/OLVIDEND<B? 

/NO? CONTINUE 
/Ytst ADD 4 TO SWITCH 

NEGATE DIVIDEND 

Se ea oe.



PALE 2 

/FEICH UIVISOR 

237 1600 VIVb6O1, TAD I DuUBUITY 
0298 eeu ISsZ DUBUILYV 

W241 S531 DCA AVODRS /AUURESS OF DIVISUR 
0292 4731 TAD I AUURS “HIGH ORDER DIV1ISUR 
v243 /1be CLL 
W244 300 Sma /UIVISOR> 0? 
W245 /060 CMA CML /YEStNEGATE AND StT C(L) 
W296 33556 DCA HUIVSK 

0247 25381 ISZ AVDRS 
v250 1/81 TAD I AUDKS /LOW ORDER UVIVISOR 
Y291 7/426 SNL 
W292 2540 ISZ# SIGNSwW JADD 1 TO SIGN SWITCH 
253 /000 NOP 
W254 /458 SZ. 
6295 /141 CMA IAC CLL /COMPLEMENT 
W296 $35$7 DCA LUIVSR /LOW ORDER UIVISOR 
v2D7 /48¢ SZ /CARRY? 
W260 23306 IS2Z HUI VSR /YtS 
We61 154¢ TAD Med 
202 $541 DCA DIVUN| Stet OLVIQE COUNTS24 

W263 /iwl CLL 
0264 53507 JMP DIVE 

5-5 



265 
wv 266 
W267 
2/8 
v2/1 
wW2/2 
Yi2/3 
2/4 
2/5 
62/6 
wel? 
OSu¥ 

WSL 

0$02 
WSUS 
0584 
0305 
W506 
0507 

¥310 
L311 
4512 
0513 
6514 

W$15 
0$16 

W517 
0320 
WS21 
$22 
05238 
v¥S24 

0525 
v$26 
usel 

2550 

1$$3 

{064 

$553 

isse 
7004 

$5$2 

15353 

LSS/ 

5S$1 
/0064 

13532 

1556 

1420 

5506 

$SSe2 

1551 

$5535 

1/260 

1555 

(O04 

5355 

15354 

/004 

$354 

2S41 

59265 

254K 

DSe/ 

1595 

/i4i 

$$$5 

15354 

4544 

2606 

15354 

560K 

/PALE § 

VIVSs 

OIV2. 

OUT» 

TAD 
RAL 

DCA 
TAD 

RAL 
DCA 
TAD 

TAD 

DCA 
RAL 

TAD 
TAD 
SNL 
JMP 
OCA 
TAD 

DUA 
CLA 
TAD 
RAL 

DCA 
TAD 
RAL 
OCA 
1S2 
JMP 
152 
JMP 

TAD 
CMA 
DCA 
TAD 
JMS 
JMP 
TAD 

JMP 

DIVNUe 

DIVNUe 
DIVNUL 

DIVNDG 

DIVNVe 
LUT Vor 
AVORS 

DIVNUI 
HUT VSaA 

DIVecl 
DIVNDI 
AUDRS 
DIVNUe 

DIVNU4 

0) VND4 
DIVNUS 

DIVNDS 
DIVCN: 
DIVS 
SIGNSW 

OUT 
ot VND4 

CLL IAC 
DIVNUD4 
DIVNUVOS 
COM 
I] OuBUTV 

DIVNUS 
I DubuUlY 
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/SHIFT HIGH DIVIDEND 
/LEET 

COMPARE DIVISOR: 
JWI tH DIVISOR 

/GeT CARRY 

“ROTATE LOW ORDER 
/WORDS LEFT 

/QUTOIENT BITS 

JZENTER FROM CCL) 
/UONE 24? 
“NOs CONTINUE 

/ANSWER<Q? 
/NO: EXIT 

SYtS



OSS) VOW 

US$2 Ube 
VSSS BOOu 

5554 Wed 
uwS55 wdOL 
5556 dW 
0357 WORE 

0540 OWOu 

OS41 WO 

0542 //47 

03493 /7/6 

3544 VOOW 

0395 /046 
W546 74950 

L547 /1ei 
~S98 0/44 

SYMBOL : ABLE 

AUDRKS O@S31 
CUM 544 
DIVUN: 0541 

DivGO1 B23/ 
DIVND1 O$$z 
DiyNOe 0555 
DIVNDS 0554 

DIiVND4 05$>d 

Dive QS0/ 
DiVS 026d 

DUBUI v O20 

HUIVSK 0556 
LUIVSK OSS/ 
M25 UVS4e2 

OUT OS2/ 

ReSi 0549S 
SIGNSw 0S4u 

12. REFERENCES 

/PaAbLE 4 

AJURS» 

VIVNOI» 

VIVNUE» 

UVIVNDS» 
VIVNOG» 

HJIVSK» 

LUITVSKn, 

ST GNSOW, 

OJ VUNI » 

M2)» 

RES| > 

COM, 

CLL IAC 

See DEC-08-FMDA, formerly Digital-8-13-F. 
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1. Double-Precision Sine Subroutine, DEC-O8-FMFB-D. 

2. ABSTRACT 

The Double-Precision Sine Subroutine will evaluate the function Sin(X) for 
—4<X <4 (X is in radians). The argument is a double-precision word, 2 bits representing 

the integer part and 21 bits representing the fractional part. The result is a 23-bit signed 

fraction — 1 < Sin(X) <1. 

3. REQUIREMENTS 

3.1 Storage 

This subroutine uses 248 (decimal) memory locations. 

3.2 Subprograms and/or Subroutines 

The Double-Precision Multiply Subroutine (DEC-08-FMDA, formerly Digital-8-13-F) 
or EAE Version (Digital-8-23-F). 

4, USAGE 

4.2 Calling Sequence 

The Double-Precision Sine Subroutine is called by an effective JMS DSIN fol- 
lowed by the address of the high-order word of the argument. Control returns to the calling 
program at the address of argument address + 1 with C(AC)=0, C(L)=0 and with the 

answer in registers ARG, ARG +1. For example: 

JMS | DSINP 

ARGMNT 

HLT 

DSINP, DSIN 
ARGMNT, 1000 

0000 

6. DESCRIPTION 

6. | Discussion 

The input to the sine subroutine is considered to be in radians within the range 
-4<X<4, The subroutine is able to call itself recursively and does so when reducing the 
range of the argument to the first quadrant. The following identities are used: 

if X= 0 Sin(0O) = 0 

if xX <0, Sin(—X) = —Sin(X) (recursive call) 

if X<T, Sin(X) = —Sin(X — 7) (recursive call) 
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if X>1/2 Sin(X) = —Sin(X — 1) (recursive call) 

if X=7/2 Sin(t/2) = 1 

for 0<X<7/2, 

p= =o so that O<F<1,_ then: 

ry) — 2 4 6 8 Sin(X) = F(C, + CF + C.F + CIF + Co’) 

6.3 Scaling 

The scaling for the argument is: 

? 4 Implied 
Binary Point (word is 2's complement) 

L— Sign 

The binary weightings of the argument may be represented as: 

l -]|.-2}.-3]_- -~0| - 9' | 99 Np-2i-Sfyra|§. -  § 520) 521 
2 

t_ Binary Point 

Sign 

Thus, 1.5 radians would be: 

001 100 000 000 O00 000 000 000 

and —| .5 radians would be: 

110 100 000 000 000 000 000 000 

The answer is a 23-bit signed fraction (2's complement) with the following binary 
weightings:



ARG 

ARG+1 

10. 

10.1 

0400 (8). 

57 2 273 774 ; 9721 7722 7723 

TL Implied 
Binary Point 

Sign 

Thus if the answer were 0.75(10), it would appear as follows: 

011 000 O00 000 

000 000 000 000 

If the answer were —0.75(10), it would appear as: 

101 000 000 000 

000 000 000 000 

METHODS 

Algorithm 

See Section 6.1. 

EXECUTION TIME 

Minimum When the argument is a multiple of m: 70 psec 

Maximum Without EAE: 10.6 msec 
With EAE: 2.78 msec 

Average Without EAE: 10.4 msec 
With EAE: 2.6 msec. 

PROGRAM 

Core Map 

The Double-Precision Sine Subroutine, as listed, was assembled starting at 
It assumes that the Double-Precision Multiply Subroutine ( DEC-08-FMDA, 

formerly Digital-8-13-F) is in core starting at 0200. If the multiply subroutine is placed 
elsewhere, the pointers on page | of the program should be changed. 
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10.4 

2400 
0421 
0402 
0403 
0404 
0405 

0426 
0407 
0412 
O4it 
0412 
0413 
0414 
2415 
0416 
0417 
0420 
0421 
Q422 
0423 
0424 

0425 
2426 
0427 
0450 

04514 
0432 
04353 
04354 
0455 
04356 
04357 
0440 
0444 
0442 
0443 
0444 

0445 

0200 
0541 
0542 
0400 

2020 
1600 
3354 
4754 
3347 
2354 
17514 
3350 
2200 
1202 
3763 
2363 
1347 
7640 
5233 
1350 
7640 
5233 
7200 
3754 
3755 
7240 
1363 
3363 
1763 
3554 
5754 
1347 
7700 
5261 
1350 
7441 
3350 
1347 
7040 
7430 
7204 
3347 

Program Listing 

/VEC UBF MF BePrA 

/QQOUBLE PRECISION SINE 

/POINIERS TO VEG Ob-k MUA 

OMUL e200 
B=5414 

C=342 

#420 

OSIN, Q 
] DSIN 
TEMP 

1 TEMP 
DCA Xz 

TEMP 
1 TEMP 
X2e] 
D°] 
DS! 
1 PUSH 
PUSH 

TAD Xe2 
CLA 
NEG 
Kee) 
CLA 
NEG /NO 

JADURESS QF 

/JHIGH ORDER 

/\.0W QROER 

/eIX EXIT 

/CHEOCK FOR ZERO 

] PNTS 

DCA | PNT S*4 
CMA /EXIT 

PUSH 

psi 
| PUSH 
TEMP 
1 TEMP 

TAD Xe 
CLA 
PQS 
Xe] 
CMA TAC 

Xee] 
TAD Xe 

/XINCO) = 

XI T1, 

NEG, 

DCA Xe 

ARGUMENT 

JZSAVE ON PUSHDOWN LIST 

/CHEOCK FOR NEGATIVE X 

JOIN( SX) FeSITN(X)



0446 
9447 
0450 
g454 
0452 
0453 
0454 
9455 
0456 
9457 
0460 
2464 
0462 
0463 
2464 
9465 
0466 
0467 
0470 
2474 
0472 
2473 
2474 
0475 
0476 
0477 
0500 
0504 
502 

0503 
2504 
0505 
0506 
05207 
2510 
0511 
0512 
0515 
0514 
0515 
0516 
W517 
0520 
W524 
2522 
0523 

4200 
9247 
1755 
7141 
$755 
1754 
7040 
74350 
7004 
$754 
9225 
7100 
1550 
1562 
S554 
7004 
1547 
1357 
7510 
5500 
$547 
1554 
5550 
4200 
0547 
9250 
7500 
1550 
1562 
S551 
7004 
1547 
1561 
7310 
5337 
7440 
5324 
1551 
7440 
9324 
7140 
7010 
$754 
7040 
$755 
5225 

/PALE 2 

X[T2, 

PQS, 

PCHK, 

JMS 
XZ 
TAD 
CLL 
DCA 
TAD 
CMA 
SéL 
LAC 
DCA 
JMP 
CLL 
TAD 
TAD 
DCA 
RAL 
TAD 
TAD 
SPA 
JMP 
DUA 
TAD 
OCA 
Jus 
x 
JMP 
CLA 
TAD 
TAD 
DUA 
RAL 
TAD 
TAD 
SPA 
JMP 
SHA 
JMP 
TAD 
SéA 
JMP 
CMA 
RAR 
DCA 
CMA 
OCA 
JMP 

6-5 

DSIN /RECURSI VE CALL FOR SINE 

1 PNTS#*) 
CMA [TAL 

] PNTS#*] 
] PNTS 

/NEGATE THE ANSWER 

] PNTS 
XITI 

/[> X<Pl? 
Xoo) 
MP] *) 
TEMP 

/CARRY 
Xe 
MP} 

PCHK 
ye SSING yD FeSIN Gy oP] 

TEMP ker) 
Xe+] 
D351 

X1Te 
CLL /IS X<PI1/2? 
Xe) 
MPIO 4 
TEMP 

Xe 
MP 10 

ALG 

PeNG 
TEMP 

PZNG 
CLL /SINCPI/2) 51 

I PNTS 

| PNTS*2 
ya



0524 
0525 
0526 
0527 
0530 
0534 
0552 
0533 
O5354 
0535 
0556 
0537 
0542 
0544 
0542 
0543 
0544 
9545 
2546 

0547 
0550 
B554 
0552 
0553 
0554 
0555 
0556 
Q557 
2560 
0564 
0562 
9563 

7502 
1552 
1560 
3350 
7004 
13547 
1557 
3547 
4200 
0547 
9250 
7200 
1550 
7104 
3753 
1547 
7004 
$752 
5756 

9000 
2220 
0200 
0743 
0744 
0744 
0742 
2602 
4667 
4023 

6333 
6012 
0564 

/UQEC#OB8=FMF BPA 
JPAGE 3 

P2Nb, 

ALG, 

CLL 
TAD 
TAD 
DCA 
RAL 
TAD 
TAD 
DCA 
JMS 
Xe 
JMP 
CLA 
TAD 
CLL 
OCA 
TAD 
RAL 
OCA 
JMP 

CLA 
Xe+] 
MPY*1 

Xe+] 
JSINGCX) BHSTNGX#PT]) 

DSIN /RECURSTVE CALL FOR SINE 

XiTe 
ALIGN SCALING FOR ALGORITHM 

Xceed, 
RAL 
I PNT2*1 
Xe 

1 PNT2 
| PNT4 

/SYMBOLS ANU CONSTANTS FOR THIS PAGE 

X2> 

TEMP, 

PNT2, 

PNT Ss; 

PNT4, 

MP ly 

MPTQO>) 

PUSH, 

) 
4) 
" 
X 
X*4 
ARG 
ARG* 
DALG 
4667 
4026 
65355 
601e 
PUSH 

1 

fe=(P]) 

f=(PJ/¢) 

¢, / POJTNTER FOR PUSHDOWN LIST



0602 
W604 

0602 
0603 

0604 

Q605 

2606 

0607 

2612 

0611 
W612 
0613 
0614 

0615 

0616 

QY617 

2622 

0621 

W620 
2623 
V624 

0625 
0626 

0627 

0630 
Q6S4 
0632 

0633 

0634 

G635 

0636 

06357 

Q64¢ 
C6414 

0642 
Q643 

0644 
0645 
2646 
9647 

0652 
2654 
2652 
0653 

Y654 

655 

V600 
4736 

Q743 
Q755 
4277 
4277 
4512 

Q743 
4736 
0743 
2743 
4277 
4342 
0737 

1353 
53545 
1554 

3546 
5544 

3340 
7120 
1745 

1542 
3$42 
2545 
7004 
1541 
1745 
5544 
2345 
4736 
O744 
0737 
4277 
4312 
O744 
2546 
52258 
7100 
1544 
7240 

7020 
7012 

5544 
1342 
7012 

5342 

/QEC#OB=FMFBePA 
/PAGE 4 
#USIN*208 
DALL, 

LOOP, 

JMS 
X 
TOP] 
JMS 
JMS 
JMS 
x 
JMS 
x 
xX 

JMS 
JMS 
XSQR 
TAD 
DUA 
TAD 
OCA 
DCA 
OCA 
CLL 
TAD 
TAD 
OCA 
[Sz 
RAL 

TAD 
TAD 
DUA 
1S2 
JMS 
ARG 
XSOR 
JMS 
JMS 
ARG 
[Sz 
JMP 
CLL 
TAD 
SPA 
CML 
RAR 
OCA 
TAD 
RAR 
OCA 
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1 DMTG JEFORM (2/P1)#ARG 

SCAL /JGET RID QF EXTRA SIGN BIT 
SUAL /SCALING = @ NOW 
ROUND 

1 OMTG JET X#x 

SCAL /GET RID OF EXTRA SIGN BIT 
ROUND 

FYX /INI 

PNT # 
FQUR 

CHK / 
ARG / 

ARG*4 N
f
 

Y
P
N
 

-1
 

TZE 

} PNT 

ARG*1 
ARG*1 
PNT 

ARG 
] PNT 
ARG 
PNT ZINCREMENT POINTER FOR NEXT 
1 DMTG 

SCAL /GET RID QF SIGN BIT 
ROUND 

CHK 
|.QOF 

ARG /SRIFT ARG 1 PLACE 

ARG 
ARG*4 

ARG*4



0656 
0657 

0662 

C664 

G662 

0663 

Q664 

@665 
0666 

0667 

0672 

Q674, 
Z672 

0673 

0674 

0675 

0676 

2677 

0700 

G704 
Q702 
0703 

0704 

0705 

2706 

0707 

0710 
Q711 

Q712 
0713 

Q744 
0715 

0716 
0717 

0720 

07214 

0722 

g7es 
0724 

0725 

0726 

0727 

0730 

97351 
0732 

0753 
07354 

0735 

7102 
1560 
1542 
3342 
70604 
1541 
1357 
5564 
4736 

B741 
0743 
4277 

4277 
4512 

0741 
5676 

0425 
W082 
$552 

1752 
7104 
$752 
1751 
7004 

S751 
1550 
7004 
5677 

B2A2 
3547 
1712 
2512 
3550 

13547 
3750 
1550 

7@Q01 
3347 

1754 
3747 

1752 
7740 

5712 
2747 
5712 
2750 
7002 
5712 

OUT»? 

SCALs 

ROUND, 

CLL 
TAD 
TAD 
OCA 
RAL 
TAD 
TAD 
DCA 
JMS 
ARG 
xX 
JMS 
JMS 
JMS 
ARG 
JMP 
XITI 

4 
DCA 
TAD 
CLL 
DCA 
TAD 
RAL 
DCA 
TAD 
RAL 
JMP 
1) 
DGA 
TAD 
1Sz 
DCA 
TAD 
OCA 
TAD 
TAC 
OCA 
TAD 

QUA 
TAD 
SPA 
JMP 
1SZ 
JMP 
1SZ 
NOP 
JMP 

Ciel 
ARG] 
ARG#*4 

ARG 
op! 
ARG 
} DMTG 

ScAk 
SUAL 
ROUND 

I OUT 

TELMe 
1 CTG 

RAL 
1 CTG 
1 BTG 

1] BIG 
TEMe 

1 SOCAL 

TEM 
] ROUND 
ROUND 
TEMe 
TEM 

1 TEM2 
TLMe 

TEML 
1 BIG 
1 TEM 
1 CTG 

/PUT §$ 
GET R Y 

/aQU JN LAST CONSTANT 

ALING 
D OF S t 

AGK TO ZERO 
GN BIT 

/ROYUTJNE TO AYJUST SCALING 

ZADUVRESS OF HIGH ORUER 

La /jhT W729? 
/NO‘ EXIT ROUND 

1 TEMI 
t ROUND 
1 Teme 

ZRETURN 
1 ROUND 

/YES! 

JcARRY 
Sk 

ROUND 

IP QR NOT!



0756 
0737 
0740 
B744 
0742 
0743 
0744 

0745 
0746 
Q747 
0752 
Q7>1 
0752 
0753 
0754 
Q755 
0756 
Q757 
0762 
0764 
0762 
0768 
0764 
0765 
0766 
Q767 
0770 

0200 
0002 
QLO2 
OLO2 
Q0202 
0200 
ry 
0220 
0220 
QQO2 
O22 
0544 
—34e2 
0764 
7774 
2427 
6503 
$110 
$755 
2567 
QOO8 
S554 
7766 
1505 
0243 
0420 
93525 

/QOEC#OBHFMFBaPA 
/PALE 6 
/SYMBULS ANQ CONSTANTS 
QOMTG, 

XSQR, 

ARG, 

DMUL 

O
M
A
 

a
g
e
d
I
a
w
I
a
d
k
s
e
s
a
 

& 

6-9 
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SYMBOL TaBLe& 

AL, 05357 
0744 
034) 
0751 
0342 
0746 
0752 
0757 
0767 
0765 
0763 
0764 
0600 
0736 
G200 
0422 
0754 
753 

0623 
557 
0561 

04338 
0676 
2500 
0745 
G552 
go24 

0556 
2461 
05635 
G524 
0712 
0677 
Q551 
2747 
750 
755 

0743 
0425 
2450 
0737 
G547 
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1. Double-Precision Cosine Subroutine, DEC-O8-F MGB=D 

2 ABSTRACT 

This subroutine will form the cosine of a double-precision argument (in radians). 
The input range is -4<X< 4, 

3. REQUIREMENTS 

3.1 Storage 

This subroutine requires 64 (decimal) memory locations. 

3.2 Subprograms and/or Subroutines 

This subroutine requires the Double-Precision Sine Subroutine (DEC-08-FMFB-D). 
The symbolic tape contains definitions that are used as intercommunication registers to the 

sine subroutine. If the sine subroutine is moved, these "pointers" must be changed. 

3.3 Equipment 

Standard PDP-8. 

4, USAGE 

4.] Loading 

The library tape that is supplied is a symbolic tape. It begins with an absolute 
origin setting and ends with a dollar sign. The binary tape produced by assembling this tape, 
or the binary tape produced by assembling this tape with other tapes, is loaded with the Binary 
Loader. 

4.2 Calling Sequence 

The Double-Precision Cosine Subroutine is called ina manner that is identical 
to the way in which the Double-Precision Sine Subroutine is called. For more complete in- 
formation, see DEC-08-F MFB-D 

5. RESTRICTIONS 

See DEC-08=F MFB-D 

6. DESCRIPTION 

6.1 Discussion 

The Double-Precision Cosine Subroutine uses the following identities: 

If X<0; COS(—X) = COS(X) 

Then SIN(1/2 — X) = COS(X)



This insures that the argument presented to the sine subroutine is in the proper 

range. 

6.3 Scaling 

See DEC-08-F MFB-D 

7. METHODS 

See DEC-08-F MFB-D 

8. FORMAT 

See DEC-08-FMFB-D 

9. EXECUTION TIME 

9.1 Minimum 

The minimum time occurs when the argument is 0. In this case, time = 55.5 usec. 

9.3 Average 

In general, the Double-Precision Cosine Subroutine takes from 75 usec to 93 usec 

longer than the Double-Precision Sine Subroutine (see DEC-08-F MFB-D). 

10. PROGRAM 

10.4 Program Listing



1aAa 
1704 
182 
1703 
1244 
1705 
1404 
17G7 
1714 
1211 
1412 
1413 
1214 
1°15 
1416 
1217 
1822 
1421 
1922 
1223 
1724 
1925 
126 
1227 

1230 
1734 

1% 32 
1233 
1234 
1435 
1236 

0743. 
D400 

190% 
Anae 
1608 
3262 
1662 
3256 
2262 
1662 
3257 
1256 
7640 
5224 
1257 
7649 
5224 
7042 
7210 
3660 
7040 
3661 
5254 
1256 
7700 
5237 
1257 
7144 
3257 
1256 
7040 
7430 
7901 
3256 

/DEC-$28-FMGB=PA 
/DOUBLE PRECISION COSINE SUBROUTINE 

CALLS DEC#Q8-F MFA 
/POINTERS TO DEC*-@8-FMFB FOLLOW 

ARG=741 
DSIN=48@ 

#12400 

ocoS, 

TSIGNN, 

A 
TAD 
DCA 
TAD 
NCA 
1S2 
TAD 
DCA 
TAD 
SZA 
JMP 

TAD 
SZA 
JMP 
CMA 
RAR 
OCA 
CMA 
DCA 
IMP 
TAD 
SMA 
JMP 
TAD 

CLL 
DCA 

TAD 
CMA 
SZ2L 
TAC 
DCA 

1 bcos 

ADDRSS 

1 ADORSS 

E X 

ADDRSS 

1 ADORSS 

FEX+1 

EX 

CLA 

TSIGNN 

FX+1 

CLA 

TSIGNN 

I ARGPNT 

T ARGPNT+1 

FXIT 

E X 

CLA 

ARGPOS 

EX+1 

CMA IAC 

Ey+l 

E X 

EX 

/FETCH ADDRESS OF 
/ARGUMENT 
/FETCH HIGH ORDER 

/ARGUMENT 
/INCREMENT ADDRESS POINTER 
/FETCH LOW ORDER 
/ARGUMENT 
71S ARGUMENT EQUAL 
/TO ZERO 
/NO: TEST THE SIGN 

/TEST LOW ORDER BITS 
/JFOR ZERO 
/NOT EQUAL TO ZERO 

/SET ANSWER TO 1 

/JSEE IF Xdqg 

/ARGUMENT IS >@ 
/ZARGUMENT IS <@ 

/NEGATE IT



14237 7308 ARGPOS, CLL CLA 
134% 1257 TAD EX+1 
1a4i 7941 CMA JAC 
1242 1265 TAD PIOT#1 /SUBTRACT X FROM 
1243 $257 DCA EX+1 /PI¥/2 
1244 1256 TAD EX 
1945 7040 CMa 
1446 7432 SZL 
10247 78014 TAC 
1950 1264 TAD PIOT 
1951 93256 DCA EX 
1452 4663 JMS T DSINPT /CALL SINE SUBROUTINE 
1953 13456 EX /ARGUMENT ADDRESS 
1254 2208 EXIT, ISZ OCOS “RETURN TO CALL#¥i4 
1255 540@ JMP 1 DCOS /ANSWER IN ARG, ARG#1 
1956 0800 EXs My 

1457 @8va Z 
1268 0741 ARGPNT, ARG 
1761 0742 ARG +4 
18762 A000 ADDRSS, @ 
1263 64080 DSINPT. DSIN 
1764 1444 PIOT, 1444 

1765 1767 1767 

PAUSE 

SYMBOL TABLE 

ADORSS 1062 

ARG 67414 
ARGPNT 1460 
ARGPOS 1237 
DCOS 100 
DSIN 0446 
DSINPT 1863 
E X 1056 
EXIT 1454 

PIOT 1264 
TSIGNN 1024 

12. REFERENCES 

12.1 Other Library Programs 

See Digital-8-16-F for further explanation of the calling sequence, timing, scaling, © 

and algorithm.



1. Four-Word Floating-Point Package, DEC-08-FMHA-D. 

2. ABSTRACT 

This program is almost identical to the 3-word Floating-Point Package 
(Digital-8-5-S) except that accuracy is carried to 35 bits, and 4 12-bit words are used for 

storage. 

3. REQUIREMENTS 

3.1 Storage 

This program occupies registers 7; 40-61; 5600-7577 (octal). 

4, USAGE 

4.1 Loading 

Binary Loader (Digital-8-2-U) or DECtape System. 

4.2 Calling Sequence 

Identical to Digital-8-5-S. 

5. RESTRICTIONS 

See Digital-8-5-S. 

6. DESCRIPTION 

The floating accumulator resides in memory locations 44, 45, 46, and 47. The 
instructions FGET, FPUT use 4-word arguments (11-bit exponent + sign; 35-bit mantissa + sign). 
The 4-word package contains all operations except for square root (0002) and square (0001). 

7. METHODS 

See Digital-8-5-S. 

8. FORMAT (Not Applicable) 

9. EXECUTION TIME 

9.3 Average 

Execution times are very difficult to estimate as they greatly depend upon the data 
on which the floating-point package is operating. Generally speaking: 

FADD = 382 sec + 42(N) where N is the number of shifts to align 
binary points. 

FSUB = FADD time + 42 usec 

FDIV = 3.4 msec (approximately) 

8-] 



10. 

10.4 

BBW 

yiddd 

JWI 

bw 

Wedd 

WdWwW 

WOU 

Od big 

rele) 

Obdd 

wid 

ayy) 
T3500 

5J51 
5858 

16¥W 
5257 
1257 

W209 
71650 
5214 

1267 
PACTS 

5262 
l27Tw 

J257 
L262 
5262 

FMPY = ~~ 3.3 msec (approximately) 
FGET = 156 usec 
FPUT = 172 usec 
FNOR = 168 + N(42) psec where N is number of shifts; 

+84 usec if argument <0. 

FEXT = 140.5 usec 

PROGRAM 

Program Listing 

4/4 WORD FLOATING POINT 
/JARITHMETIC INTERPRETER 
/PAGze 1 

* 4 

EXl, ") 

HIGHI1, rm 

MIDI, ") 

LOwl, ") 

EXP, ) 

HORDER, a) 

WIUOL, " 

LORDER, 7) 
OVrR2, 7) 

OVeRI, i 

* 6 | 
rLAG, ") /JARITHMETIC eRRORK FLAG 

*5 S00 

FPNT, Y) 
CLA CLL 

DCA OVER! 

DCA OViERZ 

TAD I FPNT /GET INSTRUCTION 

DCA JUMP 

TAD JUMP 

AND PAGENO /PAGE 0?? 

SNA CLA 
JMP .+3 /Yus 

TAD MASKS JNO - GeT PAGE BITS 

AND FPNTI 

DCA ADDRS 

TAD MASKT /GET 7 BIT ADDRESS 

AND JufP 

TAD ADDRS 

DCA ADURS



5621 
3622 
5625 
5624 
3625 
3626 

2627 
563 
2651 
5652 
5633 
5634 
9655 
5636 
3657 
26 4 

56 41 
5642 
9643 
3644 
5645 
5646 
2647 
565d 
5651 
5652 
3653 
5654 
5655 
5656 
5657 
5660 
5661 
5662 
9563 
5664 
5665 
5666 
5667 
567 
5671 
5672 

56735 
5674 
5675 

5676 
5877 
STi 

5731 

1266 
ae | 
TOD 
D2eT 
1662 
S262 

eA) 
1662 
SW4v 
1262 
52635 
22635 
1663 
SW4l 
a2 
1665 
Swe! 
22635 
1663 
5045 
1257 
T1066 
T006 
J264 
le7\ 
S260 
166¢ 
5260 
4660 
22101 
VUWS 

WOW 
Wd 
Jud 
JdWw 

Ju17 
J2dV 
J400 
T6028 
J17T7 
9612 
5714 
GWU 
6026 
6367 

O60 
S7TWe2 
97133 

620 

LOOPv1, 

JUMP, 
JUMP2, 
G02, 
ADDRS, 
SAVE, 
MASKS , 
PAGENO, 
LWDRCT, 
MASKS, 
MASKT, 
TABLE, 

INDRCT 
JUMP 

CLA 
LOOPw1 
I ADDRS 
ADDRS 

FPNT 
I ADDRS 
cXl 
ADDRS 

SAVE 
SAVE 

I SAVE 
HIGH1 
SAVE 

I SAVE 
MIDI 
SAVE 
I SAVe 
LOwl 
JUMP 

RTL 

MASKS 
TABLE 
JUMP2 
1 JUuMPa2 
JUMP2 
I JUMPe2 
FPNT+1 

8-3 

/BIT3=17? 

/YES = DEFER 

/EXPONENT 

/HIGH ORDER 

/MIDDLe BITS 

/LOWER BIIS 

/LOOK-UP ON TABLE 

/EXECUTE 
/GeTt NexT



aTw2 
5765 
5704 
5765 
5706 
S77 
5710 
2711 
IT12 
57135 

D714 
3715 
5716 
3717 
S120 
3721 
9122 
3725 
5124 
D125 
5726 
9727 
37S 
D731 
97132 

5753 
5734 
5735 

5736 
STST 
57 Aw 

5741 
9742 
5743 
5744 
5T45 
5746 
5747 

5156 
3751 
9152 
9155 
9754 
57155 
37358 

Vuw 
li4u 
5044 
1v4l 
5W45 
1842 
SAG 
1W435 
547 

2201 

WWW 
1257 
W264 
T4506 
2600 
1556 
S260 
166 
5260 
Ladi 
5261 
4666 
126] 
Saud 
920 | 

VYBW 
1044 
3662 
1045 
e262 
5662 
1W46 
2262 
5662 
Lu4T7 
2262 
5662 
2201 

575i 
5778 
5770 
5770 

571 
5778 
5770 

/FLOATING GxT=5iue 
FLGT, 

/¥LOATING 
EXIT, 

/PLOATING 
FLPT, 

TABLEO, 

J 

TAD EX 
DCA EXP 
TAD HIGH1 
DCA HORDER 
TAD MIDI 
DCA MIDDL 
TAD LOwl 
DCA LORDER 
JMiP FPNT+1 
EXIT OR SUBROUTINE=06XX 
4) 
TAD JUMP 
AND MASKS 
SNA 

JMP I FPNT 
TAD TABLE6 
DCA JUMP2 
TAD I JUMPe 
DCA JUMP2 
TAD FPNT 
DCA G02 
JMS I JUMPS? 
TAD G02 
DCA FPNI 
JMP FPNT+1 
PUT=6¥0u 
J 

TAD &XP 
DCA I ADDRS 

TAD HORDER 
IsZ ADDRS 
DCA I ADDRS 

TAD MIDDL 
ISZ AUDRS 
DCA I ADDRS 
TAD LORDER 
ISZ ADDRS 
DCA I ADDRS 

JMP FPNI+1 

wXLTS 
EXLI6 
EX1T6 
EX1T6 
EXLT6 
EX1LT6 

/BITS 8-11=0?? 
/YES3 F2exXT 
/NOsLOOKUP BITS 8-11 
/ON SUBROUTINE TABLE 

/SAVE P5szUDO PC 

/ReSTORe PSseudU PC 

/SUBROUTINE TABLE 
/ABSOLUTE ADDRESSES 
/OF SUBROUTINES 

/EXIT6=DUMMY OF NOP



D757 
5762 
5761 
3762 

—5763 
397164 
3765 
27166 
ST67 

D717 
5771 

Sud 
6ud | 

6802 
60035 
6004 

6005 
6006 
6uu7 
60 lu 
6vl11 
6wle 

6015 
6014 
Sw15 
6016 
6017 
Swad 

6021 
6022 
6023 

6024 
6025 

6U26 

6027 

SW Siu 

6051 

ow d2 

60535 

6054 

57710 
57110 
D770 
S770 
D770 
57170 
5770 
5770 
5110 

UWddd 
5178 

J0vWe 
4251 
5600 
45le2 
71500 

1051 
1052 
5d50 
T004 
1043 
Lw47 
5847 
71004 
lw42 
Lw46 
5846 
716Ww4 

1w4l 
1W45 
5045 
41wW)5 
9600 

JBI 
4706 
2201 

Bod 
145 
T64Y 

24 

nXLT6 
EXII6 
EXITS 
tXALTS 
EXIT6 
EXL16 
EXIT6 
nX1Ts6 
EXI16 

EXITS, " 
JmP 1 EXIT6 

/FLOATING ADD=lwwd 
*6OUd 

FLAD, a) 

JMS 

JMP 

JS 

CLA 

TAD 

TAD 

DCA 

RAL 

TAD 

TAD 

DUA 

RAL 

TAD 

TAD 

DCA 

RAL 

TAD 

TAD 

DCA 

JMS 

JMp 

ALIGN 
I FLAD 
SCALE 
CLL 
OVER] 
OVER2 
OVERS 

LOw | 
LORDaR 
LORDER 

MIDI 
MIDOL 
MIDOL 

HLGH1 
HORDER 
HORVaR 
I NORMAL 
I FLAD 

/¥LOATING SUBTRACT=200u 

FLSuU, m 
JMS 
JMP 

/ALIGN BINARY 
ALIGN, y 

TAD 
SZA 
JMP 

I OPMINS 
FLSUX 

POINTS 

HORDin 
CLA 
ot4 

8-5 

/ALIGN WORDS 
/NO ALIGNMENT 

/TRIPLe ADDITION 

/ CARKY 

/NeGATEeE OPLRAWD 
/ADD



6055 

6056 

6057 

60 40 

6041 

6u 42? 
6043 

SJ44 

6045 

6v 46 

6047 

6w dv 

605 1 

6952 

6055 

6w54 

6055 

6955 

6057 

606 

606 | 

6062 

6v65 

6064 

6065 

6056 

6067 
60 70 

6071 

6072 

69735 

6u 74 

6075 

6076 
6077 

61 oJ 

61d] 

6102 

61035 

6144 

6105 

6126 

SlwuT 

6llw 

6lil 

104 

5044 

5272 
1041 
71650 

56351 
1840 
7041 

1Ww44 

71450 
52 le 
150u 
7041 
5304 

1304 
13507 
T7160 

5274 
104 

7041 
1644 
7004 
7620 
1310 
L311 
5588 

47035 
2504 

5267 
2a85l 
5631 
LWw4u 
7641 
1v44 
T1700 
56351 
5702 
5703 
Jvdd 

Wddd 
6200 
636 
WBA 
OU235 

6116 

DONE, 

NOUQ, 

POINT, 
AMOUNT, 
NORMAL, 
OPMINS, 
TESTI, 
TCON, 
TCON2, 

TAD 

DCA 
JMP 
TAD 
SNA 

JMP 
TAD 
CMA 

TAD 
oNA 
JMP 

Sma 
CMA 
DCA 

TAD 
TAD 
SPA 

JMP 
TAD 
CMA 
TAD 
RAL 
SNL 
TAD 
TAD 
DCA 

JMS 
ISZ 
JMP 

ISZ 
JMP 

TAD 

CMA 
TAD 
SMA 

Jip 
JiP 

LX 
EXP 
DONE 
HIGHI 
CLA 
I ALIGN 
Xl 
IAC 
EXP 

DONE 

IAC 
AMOUNT 
AMOUNT 
TESTI 
CLA 
NOGO 
Xl 
IAC 
XP 

CLA 
TCON) 
TCON2 
POINT 
I POINT 
AMOUNT 
ome 

ALIGN 
I ALIGN 

EXl 
IAC 
EXP 
CLA 
I ALIGN 
I .t+l 

FLGT+1 
7) 
d 

F NORM 
OPNrG 
OWAD 
SHFTOP*SHFTAC 
SHF TAC 

/CCFAC) =u 

/OPERAND=d 

ZEXPONENTS EQUAL - EXIT 

/NUMBER OF PLACES 

ZNO SHIFTING POSSIBLe 

/SHIFT OPzRAND RIGHT 
/SHIFT FAC RIGHT



Slle 
ol ls 

6114 
ol 15 

6116 
6117 

6l au 

6121 

ol22 

6123 

6124 

ol 2d 

6126 

Sl2il 
6150 

6131 

6152 

6153 

6154 

6155 
6156 

6157 

614 

6141 
6142 
6145 
6144 
6145 
6146 
6147 
6150 
6151 
6152 
6155 
6154 
6135 
6156 
6157 

ol Su 
6161 

6162 
6165 
6164 

6165 

vou 
4541 
4516 
5712 

WwdW 
T3500 

1045 
TOL 
Toei 
Told 

5045 
1Jd46 
Td1d 

5Y46 
Luw47 
Told 

5u47 
1d5¢ 
Td10 

SWdd 
CvWA4 
Tdwd 

9716 

WW 
T3500 

1041 

To1W 

T1020 

T0810 

541 

142 

TO1d 

342 
1Jd45 

76108 

$V435 

Ld5i 

Tiled 

Sswol 

cua 

Tédd 

5741 

4200 

5626 

/53CALEL 

SUALK, 

/ SCALE 
SHFTAC, 

BOTH RIGHT 
) 
JMS SHFTOP 
JMS SH TAC 
JMP I SCALE 

FLOATING AC RIGHT 
") 
CLA CLL 
TAD HORDER 
SPA 
CML 
RAR 
DCA HORD2R 
TAD MIDOL 
RAR 
DCA MIDDL 
TAD LORDER 
nan 
DCA LORDER 
TAD OVERZ 
RAR 
DCA OVER2 
1S5Z &XP 
NOP 
JMP IL SHFTAC 

/SCALE OPERAND RIGHT 
SHFTOP, 

FLSUX, 

0 
CLA CLL 
TAD HIGH] 
SPA 
CmL 
RAR 
DCA 
TAD 
RAR 
DCA MIDI 
TAD LOW] 
RAR 
DCA LOwl 
TAD OVER] 
RAR 
DCA OVeR! 
ISsZ eXxl 
NOP 
JiiP I] SHFTOP 

JMS FLAD 

SMP 1 FLUX 

HIGH] 
MID1 

8-7



6200 
620 | 
622 
62035 
62154 
6205 
6206 
6207 
621 
6211 
6212 
6215 
6214 
6215 
6216 
6217 
6220 
6221 
6222 
6225 
6224 
62245 
6226 

6ecT 
625i 
6251 
62352 
6253 
6254 

6255 
62356 
62357 

62 4d 
6241 
6242 
62435 
62.44 
6245 
6246 
$247 
6250 

6251 
6252 
6253 

6254 
6255 
6256 
6297 
62 6 

dvd 

71500 

5561 

3363 

1W45 

T5109 

25635 

1640 

5224 

1446 

1640 

3224 

lw47 

1640 

2224 

lwo 

1540 

2224 

5044 

5 OW 

1363 

T1640 

4261 

1345 

7104 

TIL 

5251 

135 

71104 

505d 

1d47 

T0084 

S6A4T 

1846 

7904 

SW46 

1w45 

T1004 

345 

2561 

522 

1561 

7641 
1w44 

3044 

1563 

T5040 

4261 
560d 

/NORMALIZi& FLOATING ACCUMULATOR 
* 52 

FNORM, 

GO6, 

SHIFT, 

NOREXT, 

0 
CLA 
DCA 
DUA 
TAD 
SPA 

ISZ 
SZA 
JMP 
TAD 
SZA 
JMP 
TAD 
SZA 
JMP 
TAD 
SZA 
JidP 
DCA 
Jip 
TAD 
SZA 
JMS 
TAD 
CLL 
SPA 

JMP 
TAD 
CLL 
DCA 
TAV 
RAL 
DCA 
TAD 
RAL 
DCA 
TAD 
RAL 
DCA 
I5sZ 
JiiP 

TAD 
CMA 
TAD 
DCA 
TAD 
SZA 
JMS 
JMP 

CLL 
MP1 
MPS 
HORDER 

MPS 

CLA 
GOS 
MIDDL 
CLA 
GO6 
LORVDER 
CLA 
GOS 
OVER? 
CLA 
GO6 
iXP 
I FNORM 
MPS 
CLA 
ACNEG 
HORDER 
RAL 
CLA 

NOrReAT 
OVER? 
RAL 

OVnR2 
LORDER 

LORDER 
MIODL 

MIUDL 
HORDER 

HORDER 
MP1 
SHIFT 

MP1 
IAC 
XP 
uAP 
MPS 
CLA 
ACWEG 
I FNORM 

8-8 

/d # OF SHIFTS 
/ReStl swlTCn 

/INPUT<# 
/YeseounT SWITCH 
/FAC=0? 
JNO 

/NO 

JNO 
/YERS 
/exll 

/WAS INPUI <s 
/Y RD 

/TOQO FAR? 
/Yoos enALT kOUTING 
JNO 

/SHIFT LEFT 

ZADD 1 TQ COUNT 
/CONTINUE 
/SUBTRACT COUNT From 
/EXPONLNT 

{WAS INPUT<d?? 

/Y ES 
/JEXIT



6261 
6262 
62563 

6264 
6265 
5266 
6267 
od TW 
S271 
62172 
6275 
6274 
6275 
6276 
6277 
§580 
65 1 
6502 
6503 
6504 
6305 

6506 
6507 
6510 
S311 
6512 
65135 
6514 
6515 
6516 
6517 
6520 
6521 
6522 
6525 
6524 
6525 
6526 
6327 
65510 
635351 
6552 

JUBY 
T5000 

1050 
7041 
5050 
1047 
TW40 
T4350 
T1ivl 
5047 
1046 
T1640 
143 
7101 
5846 
1245 
TOA 
T4450 
T1001 
50845 
2661 

WUBY 
TSi00 
Luol 
T041 
551 
1045 
T040 
T4350 
T1061 
5045 
1042 
T0440 
T4306 
T1801 
5642 
1041 
TO40 
14350 
T1081 
5841 
2706 

/NEGATE FLOATING AC 
ACNEG, J 

CLA 
TAD 
CMA 
DCA 
TAD 
CMA 
SZL 
CLL 
DCA 
TAD 
CMA 
SZL 
CLL 
DCA 
TAD 
CMA 
SZL 
CLL 
DCA 
JMP 

4) 
CLA 
TAD 
CMA 
DCA 
TAD 
CMA 
SZL 
CLL 
DCA 
TAD 
CMA 
SZL 
CLL 
DCA 
TAD 
CMA 
SZL 
CLL 
DCA 
JMP 

CLL 
OVER2 
IAC 
OVER2 
LORDER 

IAC 
LORDzZR 
MIDDL 

IAC 
MIDDL 
HORDER 

IAC 
HORDER 
I ACNEG 

/NEGATE OPERAND 

CLL 
OVeRI] 
LAC 
OVERI 
LOW] 

IAC 
LOw1l 
MIDI 

LAC 
MIDI 
HIGH 

IAC 
HIGH] 
I OPNEG 

8-9



6555 
6554 
6555 
6556 
6557 
654i 
6541 
6542 
6545 
6544 
6545 
6546 
6547 
6550 
6551 
6552 
6355 
6554 
6555 
6556 
6557 
656 
6561 
6562 
6565 
6564 
6565 
6566 
6567 
657 
6571 
6572 
6575 
6374 
6575 
6376 
6577 

64008 
641 
6402 
6405 

6404 
6405 
6406 
6407 

BUOY 
5561 
5564 
1565 
5565 
T1b0 
1561 
T0109 
5561 
1564 
T420 
9551 
T1006 
1562 
T0810 
3564 
25685 
9541 
1561 
T6108 
TIS 
51535 
Odd 
JOWW 
UODO 
BBD 
T7164 
S400 
Wid 
4766 
4200 
550 
27Ttil 
5767 
4261 
5767 
675 

BEd 
T2061 
1J40 
1044 
5044 
L577 
5772 
A773 

MULTIP, 

SIGNI, 

KG 408 

/FLOATING 

DCA MP1 
DCA MPSCON 
TAD THIR 
DCA MPS 

TAD MP1 

DCA MP1 
TAD MPSCON 

JMP .+3 

TAD MP2CON 

DCA MPSCON 
ISZ MPS 
JMP MULTIP+6 
TAD MP1 

JMP I MULTIP 

“14 
FMULT 
"4 
JMS I FMULTI 
JMS FNORM 
DCA OVER2 
ISZ 1 SIGNI 
JMP I FLMY 
JMS ACNEG 
JMP I FLMY 
SGNTST 

MULTIPLY 
/ CA*2 12 44+B*2 Tleat+C)* CD*2 T2 4+ keke T12+F) 
FMULT, "4 

CLA IAC 
TAD eXl 
TAD &£XP 
DCA EXP 
TAD SMACLA 
DCA 1 SGNSW 
JMS I SIGNP 

/ADD EXPONENTS 

/StT UP SIGN ROUTINE 
/GO THERE



641 
6411 
6412 
6415 
6414 

6415 
6416 
6417 
6420 
6421 
6422 
6425 
6424 
6425 
6426 
6427 
6450 

64351 
6432 
6433 
6454 
6435 

6436 
6457 
644¢ 
6441 
6442 
64435 
6444 

6445 
6446 
6447 
645 
6451 
6452 
6455 — 
6454 
6455 
6456 
6457 
646i 
6461 
6462 
6463 
6464 
6465 
6466 
6467 
647 
6471 

Lw4o 

3775 
147 
A174 
72.00 
1776 
5371 
1u46 
3175 
1043 
A174 
i371 
3371 
7004 
1776 
5370 
Tuw4 
3367 
1w42 
3775 
1047 
A174 
1371 
3371 
7004 
1370 
1776 
337u 
Tyv4 
1367 
5367 
1045 
3775 
1v43 
A174 
137” 
3370 
7024 
1367 
1776 
3367 
T8604 
5366 
1v4l 
3775 
1u47 
4174 
1370 
3570 
7004 

TAD 
DOA 
TAD 
JMS 
CLA 
TAD 
DCA 
TAD 
DCA 
TAD 
JMS 
TAD 
DCA 
RAL 
TAD 
DCA 
RAL 
DCA 
TAD 
DCA 
TAD 
JMS 
TAD 
DCA 
RAL 
TAD 
TAD 
DCA 
RAL 
TAD 
DCA 
TAD 
DCA 
TAD 
JMS 
TAD 
DCA 
RAL 
TAD 
TAD 
DCA 
RAL 
DCA 
TAD 
DCA 
TAD 
JMS 
TAD 
DCA 
RAL 

LOw| 
I MP2 
LORDER 
I DMULT 

I MP5 
MULS 
MIDDL 
I MP2 
LOw| 
I DMULT 
MULS 
MULS 

I MP5 
MUL4 

MULS 
MIDI 
I MP2 
LORDER 
I DMULT 
MULS 
MULS 

MUL4 
I MP5 
MUL4 

MULS 
MULS 
HORDER 
I MP2 
LOW] 
I DMULT 
MUL4 
MUL4 

MULS 
I MP5 
MULS 

MUL2 
HIGH1 
I MP2 
LORDER 
I DMULT 
MUL4 
MUL4 
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/CKFE 

/ BF 

/Cxr 

/AX*F 

/ D%*C



6472 
6473 
6474 
6475 
6476 
6477 
6500 
65u1 
6502 
6503 
65u4 
6565 
6506 
6507 
6510 
6511 
6512 
6513 
6514 
6515 
6516 
6517 
§52 
6521 
6522 
6525 
6524 
6525 
6526 
6527 
6530 
6531 
6532 
6533 
6554 
6535 
6536 
6537 
6540 
6541 
6542 
6543 
6544 
6545 
6546 
6547 
6550 
6551 
6552 

1567 
1776 
53567 
T0084 
1566 
5566 
1046 
3775 
142 

A714 
13570 
5570 
T6604 
1567 
1776 
3567 
T0604 
1566 
5566 
1045 
5775 
1042 
47174 
1567 
3S67 
TOB4 
1566 
1776 
5366 
T1004 
5565 
1041 
S175 
1046 
ATTA4 
1367 
5367 
Tiid4 
1566 
1776 
5566 
7604 
1565 
3565 
1W45 
3775 
1041 
4774 
1566 

TAD 
TAD 
DCA 
RAL 
TAD 
DCA 
TAD 
DCA 
TAD 

JMS 
TAD 
DCA 
RAL 
TAD 
TAD 
DCA 
RAL 
TAD 
DCA 
TAD 
DCA 
TAD 
JMS 
TAD 
DCA 
RAL 
TAD 
TAD 
DCA 
RAL 
DCA 
TAD 
DCA 
TAD 
JMS 
TAD 
DCA 
RAL 
TAD 
TAD 
DCA 
RAL 
TAD 
DCA 
TAD 
DCA 
TAD 
JMS 
TAD 

MULS 
I MP5 
MULS 

MUL2 
MUL2 
MIDDL 
I MP2 
MIDI /B*D 

I DMULT 
MUL4 
MUL4 

MULS 
I MP5 
MULS 

MUL2 
MUL2 
HORDER 
I MP2 
MIDI /AXE 
I DMULT 
MULS 
MULS 

MUL2 
I MP5 
MULe 

MULI 
HIGH1 
I MP2 
MIDDL /Bx*D 
I DMULT 
MULS 
MULS 

MUL2 
I MPS 
MUL2 

MULI 
MULI 
HORDER 
I Pe 
HIGH] /A*D 
I DMULT 
MUL2



6555 
6554 
6595 
6956 
6557 
6560 
6561 
63562 
6565 
6564 
6565 
6566 
6567 
657 
6571 
6572 
6575 
6574 
6575 
6576 
6577 

660 
6601 
6602 
6605 
66w4 

6609 
6606 
6607 
661 
6611 
6612 
6615 
S614 
6615 
6616 
6617 
6620 
662 1 
6622 
6625 
6624 
6825 
6626 

5046 
1604 
1565 
L776 
SUAS 
1567 
SU4T 
1576 
SOIC 
26080 
BOWY 
Odd 
ayy) 
BIW 
WWBO 
6740 
6727 
63538 
6562 
6564 
1700 

OW 
1040 
T0041 
1044 
Tiodl 
5644 
1526 
5540 
43527 
1v41 
1650 
5305 
T3500 
5520 
3521 
1525 
5524 
9258 
1Wv47 
71004 
SUW4T 
1046 
TOW4 

MULI, 
MUL2, 
MULS , 
MUL4, 
MULS , 
SGNSW, 
SIGNP, 
DMULT, 
MP2 , 
MP5, 
SMACLA, 

/FLOATING 
* 6600 
FLDV, 

DVS , 

DCA MIDDL 
RAL 
TAD MULI 
TAD I MP5 
DCA HORDER 
TAD MULS 
DCA LORDER 
TAD MUL4 
DCA OVER2 
JMP I FMULT 

SGNSWT 
SIGNCL 
MULTIP 
MP2CON 
MPSCON 
SMA CLA 

DIVIDE=400d 

”) 
TAD EX 
CMA IAC 
TAD &£XP 
IAC 
DCA EXP 
TAD SPACLA 
DCA SGNSWT 
JMS SIGNCL 
TAD HIGHI1 
SNA CLA 
JMP DVER 
CLA CLL 
DCA QUOL 
DCA QUOH 
TAD MIF 
DCA DIVCNT 
JMP DVX 
TAD LORDER 
RAL 
DCA LORDER 
TAD MIDDL 
RAL 

/SUBTRACT EXPONENTS 

/SET UP SIGNS 

/DIVISOR=0? 
/YES = ERROR



6627 
665 
6651 
66352 
6655 
6654 
66355 
6656 
66357 
6640 
6641 
6642 
6645 
6644 
6645 
6646 
6647 
665 
6651 
6652 
6655 
6654 
6655 
6656 
6657 
6660 
6$61 
6662 
6665 
6664 
6665 
6666 
6667 
667 
6671 
6672 
6675 
6674 
6675 
6676 
6677 
6700 
671 
6702 

5046 
1045 
T0804 
50345 
1045 
1047 
3522 
TO04 
142 
1046 
5525 
1004 
1041 
1045 
71420 
D224 
S45 
1525 
546 
L522 
5047 
T2000 
152d 
T004 
5520 
1321 
T6004 
5521 
105% 
T1004 
S50 
2524 
2222 
1520 
Se47 
1521 
5046 
1050 
3W45 
5050 
A717 
2550 
47TAS 
260d 

DVX, 

DV2, 

DEXIT, 

DCA 
TAD 
RAL 
DCA 
TAD 
TAD 
DCA 
RAL 
TAD 
TAD 
DCA 
RAL 
TAD 
TAD 
ONL 
JMP 
DCA 
TAD 
DCA 
TAD 
DCA 
CLA 
TAD 
RAL 
DO 
TAD 
RAL 
DC 
TAD 
RAL 
DCA 
I5Z 
JMP 
TAD 
DCA 
TAD 
DCA 
TAD 
DCA 
DCA 
JMS 
1SZ 
JMS 
JMP 

MIDDL 
HORDER 

HORDER 
LOW1 
LORDER 
DTEMI 

MIDI 
MIDDL 
DT eM2 

H1GH1 
HORDER 

DV2-1 
HORDER 
DTEM2 
MIDDL 
DTEMI1 
LORDER 

QUOL 

QUOL 
QUOH 

QUOd 
OVER2 

OVER2 
DIVONT 
DVS 
QUOL 
LORVER 
QUOH 
MIDDL 
OVnR2 
HORDER 
OVER2 
I NORMIT 
SGNTST 

I FACNEG 
I FLDV 

8-14 

/PARTIAL SUBTRACT 

/DIVISOR<DIVIDEND? 
/NO 
/YESs CCL) =SQUOTIzENT BIT 

/SHIFT BIT INTO 
/QUOTIENT 

/ DONE? 
/NO



6703 
G74 
6705 
6706 
6707 
671 
6711 
6712 
6715 
6714 
6715 
6716 

6717 
6720 
6721 
6722 
6725 
6724 
6725 
6726 

6727 
6750 
6751 
6752 
67155 
S734 
6755 
S736 
6757 
674 
6741 
6742 
6743 
6744 
6745 

6746 
6747 
6750 
6751 

T2240 
SJ47 
T240 
5046 
1340 
T1106 
5345 
1845 
SU4A4 
VAISS | 
T1000 
D500 

6200 
Odd 
O00 
Jd 
Bid 

WUdd 
1735 
7710 

WOW 
1351 
5350 
1045 
TTdU 
5557 
4T46 
2590 
1041 
T1700 
IT2T 
AT4T 
25516 
Td00 
S727 

6261 
6506 
BVO 
T7176 

DVER, 

NORMIT, 
QUOL, 
QUOH, 
DTEMI , 
DTEM2 , 
DIVCNT, 
MIF, 
SPACLA, 

CLA 
DCA 
CLA 
DCA 
CMA 
CLL 
DCA 
TAD 
DCA 
ISZ 
NOP 
JMP 

CMA 
LORDER 
CMA 
MIDDL 

RAR 
HORD&R 
HORDER 
EXP 
FLAG 

DEXIT 

F NORM 
0 
0 
" 
0 
"4 
“45 
SPA CLA 

/TEST SIGN SUBROUTINE 

SIGNCL, 

SGNSWT, 

FACNEG, 
OPNEGS, 
SGNTST, 
RESTOR, 

4) 
TAD 
DCA 
TAD 
SMA 
JMP 
JMS 
I5Z 
TAD 
OMA 
JMP 
JMS 
15Z 
NOP 
JMP 

ReSTOR 
SGNTST 
HORDER 
CLA 
ot 
I FACNEG 
SGNTST 
HIGH] 
CLA 
I SIGNCL 
I OPN&GS 
SGNTST 

I SIGNCL 

ACNEG 
OPNEG 
4) 
“2 

/DIVIDE ERROR 

/STEP COUNT 

/OR SPA CLA



AC NEG 
ADDRs 
ALIGN 
AMOUNT 
DeXIT 
DIVENT 
DMULT 
DONt 
DTEMI 
DleMe2 
DVarn 
DVA 
vV2 
DVS 
LAXALT 
EXIT6 
BXP 
aX 
FACNEG 
FLA D 
FLAG 
FLOV 
FLGT 
PLMY 
FLPT 
FLSU 
FMULT 
FMULTI 
FNOKM 
FP NT 
G02 
GO6 
HI GH1 
HOR DER 
INDRCT 
JUMP 
JUMP! 
LOOPw1 
LORDiK 
LOW | 
MA SKS 
MA SKD 
MA SKT 
MI voOL 
MI D1 
MIF 

6261 

5662 
60351 
6104 
670U 

6724 
6574 
6972 
6722 
6723 
670835 
66353 
6655 
6622 

5714 
5710 
W244 

W¥4U 
6746 
6000 

gv6l 
6600 
5702 
6367 
5733 
6926 
6400 
6366 
6200 
5600 
5661 
6224 
OwA4l 

Wid45 

5666 
5657 
5660 
5627 
JUAT 
OWU43 

5684 

5667 
5670 
W046 
WW 42 
6725 

MPSCON 

VP | 
MP2 
MPZCON 
MPS 
MP5 
MULTIP 

MUL1 
MUL? 
MULS 
MUL4 
MULS 
NOGO 
NOR EXT 
NOR MAL 
NOR MIT 

OPMINS 
OP NEG 
OPNEGS 

OVER] 
OVER2 
PAGENO 
POINT 
WUOH 
WUOL 
ReSTOR 
SAVE 
SCALE 
oGNOW 
oGNowT 
SGNTST 
SHF TAC 
SHE TOP 
ono FT 

sLGweL 
SIGinr 
SIGNI 
SMACLA 
SPACLA 
TAS LE 

TABLES 
TOON] 
TCON? 
TeST1 
THIR 

8-16 

6564 
63561 
6575 
6562 
63635 
6576 
65355 
6565 
6566 
6567 
6570 
6571 
6074 
6251 
6105 
6717 

61436 
656 
6747 
WUD) 
BWI 
9665 
6103 
6721 
6720 
6751 
3665 
6ll2 
6572 
6740 
67508 
6116 
6141 
6227 
6727 
65735 
6377 
6577 
6726 
9671 
9150 
611 
6111 
61907 
6565



dow Tl 

wo44 

wd45 

ww46 

Ww47 

wII2 

wu 3 

wu o4 

WDD 

ww 96 

wu dT 
Wi OW 

wwel 

o767 

677i 

6771 

OTT2 

O7175 

6774 

o7T75 
6776 

o7T7TT 

Tod 

Tow l 
Tee 

7408 
Tww4 

Twid 

Tw06 

Tuwol 

2 6W0w 

UUW 

WK 

JW 

JDwd 

ww id J 

dvd 

WWWW 

WW dd 

T7771 

T7TTT 

Wi iw 

WOW 

wow 
lwoT7 

71650 

5167 
L577 
4776 
5767 
1545 
Yel’ 

Udwbw 
Tew 
bw 45 

S846 
5W47 
5266 
5267 
455 

J4/\ 7/657 HB-vzC 
/4 WOrd 
/FLOATIWG POINT I/O nUUTINES 
/RedUTReS FLOATING POINT INTewrPreter 
/ENTRY AT woul 

* 7 

FPNT, 

* 4 4 
EXPONT, 
HORDER, 
MIDDL, 
LORDER, 

x52 

FPACIL, 

OWIT1, 
oWIT2, 
CHAR, 

VowIlT, 

*6767 

PRUHAR, 

LFrw, 

5960 
G
o
 

c 
&
 

/IF = wv, NO CR=LF AFTER OUTPUT 
/IF = », NO LF AFTER CR IN INPUT 

" /CONTAINS LAST CHAKACTER READ 
” /= vw IF NO CONVERSION TOOK PLACE 

TAD swlil2 
SiVA CLA 

JMP IL PrCHAR 
TAvD LFrb 
Jiis I OPuT 
JMP L PRCHAR 
OUT 
Yele 

/JOUBL2 PreClslON DeCIMAL-38INARKY 
/INPUL AND CONVERSION 
*x7Tdvw 

UELONV, ") 
CLA 
DCA 

DCA 
DCA 
DCA 
DCA 
JMS 

/INITIALIZe MANITISSA 
HORUER 
MIDDL 
LORDER 
SIGN 
DNUMBR 
INPUT



Twla 

Toll 

Tle 

7613 

1014 

Twl5 
7016 

Tol 7 

Td2w 

Tidal 

lWwae 
1TKu238 

1024 

Tlw2d 

Tw 

lwel 

Tw Sid 

TwSl 
TéSe2 
1w3S 

71054 
16955 

71596 
Tool 

71340 

Tu dl 
71042 

1045 
T1044 

71645 

1346 
T0647 

71050 

71851 

71052 

78535 

71854 

71055 

T0356 

Tw57 

71660 

7061 

71062 
710563 
T0064 

1665 

7066 
7Tu67 
Twit 

154% 

7145 

pYAA) 

1537 

1440 

32a l 

Te 4 

5266 

4550 

Ted 

lvouw 
1541 

1500 

5 6uW 

1542 

T5910 

ploy yy?) 

5265 

1W45 

w54S5 

14409 

Daa 

awdl 
2c6l 

4242 

pan? 

OOOO 

Lw47 
5045 

1346 

5042 

1Ww45 

5041 

5048 

4276 

42710 

4587 

4270 

1265 

5645 

5042 

S41 

4507 

1w4 

5642 

www 

wid 

DWI w 

JO 

DECON, 

MULTlw, 

DIGIT, 
SIU, 
DNUMBK, 

MULTe, 

PLUS 

DECUN 
MINUS 

ot4 
CMA 

oOIGN 
INPUT 

CHAR 
MINS 

I DECUNV 
PLUsl2 

1 D2eCONV 
Diail 
HORDER 
MASK 

DiCON 

DowIT 
DNUMBR 
MULTI we 
D2CUN 

LORKUER 
45 
MIDOL 
42 
HORDER 
41 
4 
MULI2 
MULT2 
DUBLAD 
MULT2 
DIGIT 
4S 
42 
4\ 
DUBLAD 
4u 
1 MULTI 
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/Test FOR SIGN 

/IkF-, Set SwiTCuH 

/is il A DIGIT 

/NOU 

JNO 
SY 05 

/OVeRF LOW? 

/Y25~- TGNOne 

JINDEX NUMoen OF DIulIs 

JOON INde | 
/ROUTING ©O MULIIPLY 

/DOUBLE PreCISION Word 
/BY len CdzClMAL) 

/ReEMAIN=ReMALNDeER 

/CALL SUBROUTINE TO 
/MULTIPLY BY Two 
/CALL DOUBLE ADD 

/ADD LAST DIGIT RECrIVed 

/EXIT WITH REMAINDzR 
ZIN AC 

/SIORAGE FOR Diall 
/=0 IF PLUS: =7777 IF lwo 
/=NUMBerR OF DILGLIs 
/MULYIPLY LOnDeER, HUnvDENn DY 2



Tw7l 
Tole 

Tolls 
T0714 
Tw Td 
TwT16 
Toll 
Tlww 

7161 
Tle 
7103 
T1v4 
7105 
7106 
7167 
Tile 

7111 
7112) 
71135 
7114 
7115 
T116 

T117 
Tiled 
T121 
7122 
7123 
7124 
7T12’°5 
7126 
Tle7 
T1SW 
71351 
T1S2 

711385 
711354 
7155 
T1586 

T157 
71 40 

7141 
7142 
7148S 
7144 
7145 

T1471 

T3Sud 

LWw47 
TwWw4 
Su4l 

lw4o 
TW 4 
Ou 46 

Lw45 
71004 
3W45 
1v4u 
1004 
5040 
5670 
vd 
T5010 

Lw47 
1045 
53d47 
7Td04 
10346 
1342 
5046 
T0004 
LWw45 

1041 
5045 
T0004 
104 
S04 
5707 
bdVY 
T3500 
2266 

5750 
4736 
S750 
6261 

TTT6 
1525 
T5306 
wile 
T600 
T7175 
3146 

S147 

DUBLAD, 

MSIGN, 

Minus, 
PLus, 
MINS, 
PLuS12, 
MASK, 
Cold, 

CLA CLL 
TAD LORDER 
RAL 
DCA LORDER 
TAD fiIDDL 
RAL 
DCA MIDDL 
TAD HORDER 
RAL 
DCA HORDER 
TAD 4u 
RAL 
DCA 4d 
JuP I MULT2 

CLA CLL 
TAD LORDER 
TAD 43 
DCA LORDER 
RAL 
TAD MIDDL 
TAD 42 
DCA MIDDL 
RAL 
TAD HORDER 
TAD 41 
DCA HORDER 
RAL 
TAD 40 
DCA 44 
JMP I DUBLAD 
") 
CLA CLL 
1SZ SIGN 
JMP I MSIGN 
JMS I .+2 
JMP I MSIG@n 
6261 

2297259 
“299 
“2l2 
212-260 
ToOwd 

T7715 
5146 

7146 $146 
S147 

/DOUBLE PRECISION ADDITION 

/ROUTINe TO FORM 
/2°S COMPLEMENT 
/IkF CCSIGN) =7777 

/“ACNEG" IN INTERPRETER 

/TasT FOR S1Gi 

/TEST FOR DIGIT 

/Test FOR OVinFLOW 

5146



T1530 
W151 
1152 
W155 
T1354 
T1355 
T1156 
T1157 
T1 Si 
7161 
7162 
T1635 
1164 
7165 
1166 
T167 
117 
T1171 
7172 

T1735 
T1174 
1175 
T176 
W77 

T2000 
T2id | 
1202 
1205 
T2604 
T2095 
T206 
T2087 
1210 
T211 
Tale 
T215 
7214 
1215 
T216 

JddW 
T2008 
6US1 
2592 
6056 
568 
1JGu 
4774 
1Ww6v 
T4506 
5551 
1576 
T4590 
D175 
1377 
1650 
4775 
106” 
315% 

6767 
T5495 
T4061 
1401 
Wl 2 

BOW 
4217 
1524 
5844 
1545 
4545 
4757 
1Y56 
71650 
2606 
1541 
4545 
1542 
4545 
5S 0id 

/JINPUT A CHARACTER, 
/JINPUT SWITCH 
/Be TYPED. IF 
INPUT, ) 

CLA 
KSF 
JiP 
Kr 
DUA 
TAD 
JMS 
TAD 
SNA 
JhP 
TAD 
SNA 
JMP 
TAD 
SNA 
JiiS 
TAD 
Jip 

IF Cn, TeST 

a | 

CHAR 
CHAR 
I OUTPUT 
CHAR 

INPUT+1 
MrBOUT 

I RESTRT 
MINCR 
CLA 
I PRINT 
CHAR 
I INPulI 

PRCHAR 
OUT 
FLINTP+1 
-STT 
ST7T"215 

PRINT, 
OUTPuT, 
RESTRT, 
MRBOUT, 
MINCR, 

/FLOATING OUTPUT “EE” 
/JUSES: TSF 
/ JMP e7 i 

/ TLS 
* 7200 
FLOUTP, v 

Jiis 
TAD 
DCA 

TAD 
Jils 
JMS 

TAD 
SNA 
Jip 

TAD 
JMS 

FORMAT 

FOUTCN 
BEXP 
“eXPONT 

CHE 
OUT 
I FexPrt 

SWiTl 
CLA 
I FLOUTP 

CARRTN 
OUT 

TAD LNFELD 

JMS OUT 
JMP I FLOUTP 

8-20 

TO Ste IF LF SHOULD 
RUBOUT, RESTART INPUT 

/INPUT A CHARACTER 

/IGNORE BLANKS 

/RUBOUT-ResTART INPUT 

/Cnx - Sen IF TO Be FOLLOWED 
/BY Lr 
/eXIT KOUTING 

/CONVernt MANTISSA AND OUTPUT 

/CONVcRT eXPONENT AtNND OUTPUT 
/PRINT CrR-LF? 

/NO-EXIT 
/YES 

/EALT



T217 

1226 

Ted 
1222 

122535 

71224 

1225 

1226 

T22l 

T2$0 

72351 

T2352 

12558 

1254 

71255 

1256 

T1237 

712 4 

7241 

1c42 

7124535 

1244 

1245 

71246 

7247 

1250 

7251 

71252 

71253 

71254 

1255 

1256 

T2357 

1260 

7261 

1262 

712683 

71264 

71265 
1265 

7267 

YwWWW 

T1500 

1345 
T7106 
T1220 

1327 
T4350 
1330 

43545 
4553 
1331 
4545 
T5008 
1045 
TTwd 
59242 
Tw4u 

5735 
4732 
1240 
1w44 

5044 
5324 
1w44 

1500 
52635 
1326 
T7100 
5clb 

4437 
53748 
Oduvd 
T24U 
1524 
53524 
2245S 
44v7 
5744 
Jd Wd 

2OL4 
5246 

/THIS WHOLE SUBROUTING© MAY Be ALTereD TO BUFF aR 
/THE OUTPUT DIGITS : CHANGE JMS OUTDG TO DCA I lw, «Ic. 
FOUICHN, 

FGOl, 

Fu02 y 

FGOS, 

d 
CLA 
TAD 
SPA 
CLA 
TAD 
SZL 
TAD 
JMS 
JMS 
TAD 
JMS 
CLA 
TAD 
SMa 
JiP 
CMA 
DCA 
Js 
CLA 
TAD 
DCA 
DCA 
TAD 
Sia 
JwiP 
TAD 
Sia 
JMP 
Jus 

CLL 
HORDER 
CLA 
CML 
SPLUS 

SMINUS 
OUT 
OUTDa 
PERLOD 
OUT 
CLL 
HORDER 
CLA 
FGO1 

I SNPT 
I MSNPT 
CMA 
EXPONT 
EXPONT 
Brxp 
EXPONI 

FGUS 
FOUR 
CLA 
FGO4 
I FPNI 

FMPY IT TeENPT 
FeXxt 
CLA 
TAD 
DUA 
JMP 
JMS 

CMA 
BEXP 
BEXP 
FG02 
I FPNI 

FMPY I PRC.lw 

FEXT 
ISZ 
JMP 

BEXP 
FGOQ2 

8-2] 

/NUMBER>J?? 

/NO SET LINK 
/YRS 

/NO 

/OUTPUT “0” 

/OUTPUT "." 

/NUMBeR IS NeGATIVze 
/NEGAT2£ 

/SUBTRACT 1 FROM BINARY eXPOB 
/COMPENSATE AT FGO4 

/INITIALIZE DECIMAL EXPONENT 
15 ~4<EXPONENT<-1 

/TOO LARKGes MULTIPLY BY I/lw 

/TOO SMALL=TIities Tei 
/T2N 

/ONE TENTH



T2716 

TeT\ 
T2t2 
T273 

T274 
T275 
7276 
Tet 
T3500 
T7301 
71502 
1505 
1504 
7585 
1506 
T3507 
T51e 

7311 
T51e 
7318 
73514 
7315 
7516 
TST 
13520 
71321 
1522 
T5285 

T524 
T3525 
TS26 
T327 
71350 
T5351 
1532 
T3335 
T5334 
T3355 
T5356 
TSST7 
T54 
TS41 
T3542’ 
T3445 
TS 44 

59754 
41736 
4755 
TAL 
A560 
ad44 
5274 
145% 
5511 
43535 
1325 
5044 
4135 
4553 
2044 
9504 
2617 

71240 

13524 
5324 
1045 
1640 
5322 
lw47 
165 
5324 
7124 

5502 

WWW 

T1767 
Jdd4 
J255 
WJB2 
W256 
T1530 
T3866 
T3OD 
Td42 
T3710 
13525 
TSB4 
J215 
0212 
W505 
7144 

FGO4, 

FaQSA, 

FGO6, 

FGOQGA, 

FGOT, 

DEXP, 
MINUST, 
FOUR, 
SPLUS, 
SMINUS, 
PeRIOD, 
MSNPT, 
ONPT, 
DPT, 
MlwPTI, 
M2PT, 
FiXPPT, 
TENPT, 
CARRTN, 
LNFEED, 
CHE, 
PRU.1U, 

DCA 1 Drt 
JMS i Me2PT 
JMS 1 MiwPTI 

JMS DIVIWO 
ISZ eXPON!T 
JMP FGO5A 

JMP FGO7 
JMS OJUTDG 
TAD MINUS7 
DCA £XPONT 
JMS I MLePT 
JMS OUTDG 
ISZ eXPONT 
JiiP FGOQGA 
JMP I FOUTCN 

CLA CiA 
TAD BEXP 
DCA BEX? 
TAD HORDER 
SZA CLA 
JMP «+4 
TAD LORDzR 
SiNWA CLA 
DCA BEXP 
CLA CMA 
JMP FGO6+1 

“il 
ww 4 
235 
2557258 
226 
MSIGN 
SIGN 
DIGIT 
MULTI 
MULT2 
PeXC 
TEN 
Weld 
W2le 
ey) 
Celw 

8-22 

/MULTIPLY BY TwO 
/IneSHIFT LekT 
/MULTIPLY BY TEN 

/COMPENSAT&£ FOR 
/BINARY eXPONENT 

/IS FIRST DIGIT A ZeRO 
/YES, IGNORE 
/MULTIPLICATIONS YIELD 
/DECIMAL DIGITS AS HIGH 
/ORDER REMAINDERS 
/lE. »672K1U=6+.72«. ETC 

/7 DIGITS OJTPUJUT?? 
/NOs; CONTINUE 
/Yess “Xi 

/TGNORne FIRST DIGIT 
/SUBTRACT 1 FROM 
/DBECIMAL e2xXPONcNT 

JIS MAWTISSA ZeK0? 

/Ytss eXP=0 

/CONTAINS DeC1MAL cAPOWENT 
/NUMBER OF DIGITS OUTPUT 

/POINTERS



T3495 
TS46 
T3547 
T3550 
T3531 
1552 

1355 
T3554 
1555 
T5356 

TSS7 

1560 
T3561 
T3582 
T5835 
T1364 
T5865 
TS66 
T3567 
TST¢ 
TST] 
1572 
TSTS5 
T1574 
T1575 

T1400 

7401 
T4062 
T4065 
7404 
7405 
7496 
7467 

T41 a 

7411 
T7412 
T4165 
T4114 

7415 
7416 
7417 

Wdd 

6041 
2546 
60458 
T2000 
91745 

YU 
1557 
4545 

9155 

MPA 

wWdWY 

T1 1% 

5345 

14645 

Told 

5W45 

1w4s6 

TO1W 

5W46 

Lw47 

Télw 

S047 

1545 

51580 

wddWd 
71240 
5314 
561 
4717 
T2008 
Ludi 
1313 
1640 
Yaa 

1514 
TOD 
2222) 

5722 
S514 
S720 

OUT, 

OUTDG, 

C26u, 

DIVTWO, 

/PrLOATING 

* 7 Aidw 

FLINTP, 

id 

TSF 
JP .-l 
TLS 
CLA 
JMP 1 OUT 

3 

TAD C26u 
JMS QUT 
JMP I OUTDG 

B26 

0 
CLL RAR 
DCA OUT 
TAD HORDER 
RAR 
DCA HORDER 
TAD MIUDL 
RAR 
DCA MIDDL 
TAD LORDER 
RAK 
DCA LORDER 
TAD OuT 
JiiP 1 DIVTWO 

POINT INPuJl 

J 
CLA CA 
DCA PrR5w 
DCA DSWwIT 
JMS 1 DPovPT 
CLA 
TAD CHAR 
TAD PER 
SZA CLA 
JMP FIGOL 
TAD Pr5w 
SNA CLA 
JMP FIGO2 
DCA I DPN 
DCA PrRSwW 
JMP I DPCspPT 

8-23 

/OUTPUT ONxz ASCII CHARACTER 

/OUTPUT ONE DIGIT 

/DIVID2e BY TwO Li. 
/ROTATE RIGHT 
/TEMPORARY STORAGE 

/JINITIALIZE “PerRIOD SWITCH" 

/7T77T = NO PeRIOD 

/PerRIOD FOUND 
/SeECOND PERIOD 
/Yes, TeRMINATE 
/NO - seT NUMBER OF DIGITS TO 
/StET PERIOD SWITCH TO w 
CONVERT ReST OF STRING



1420 

7421 

1422 

71425 

T424 

71425 
14256 

T1427 

1434 

74351 

1432 

7433 

T1434 

71455 

T4356 

74357 

144 

7441 

71442 

14435 

7444 

T1445 
T7446 

7447 

145i 

7451 

T4532 
T4535 
T4354 
T455 
TA456 
T4571 
1460 
71461 
T4862 
T4863 
1464 
T1465 
T466 
1467 

1514 
7165 
1722 
T0041 
5515 
4721 
L3le2 
SW44 
4407 
Td 
6052 
WUD 
106 
1511 
164 
D292 
4717 
4721 
1045 
T3510 
T1001 
TO4V 
5277 
1247 
1515 
5315 

44uT 
9052 
WOM 
1315 
1450 
2600 
T1700 
3240 
44ul 
3718 
Bdwd 
251d 
I2I9 
260d 

/iND OF FLOATING POINT INPUT 

TAD PRSW 
SNA CLA 
TAD I DPN 
CMA LAC 
DCA SEXP 
JiiS 1 MSawPt 
TAD C45 
DCA 2XPONT 
Jiis I FPNT 
FNOR 
FPUT FPACI 
Fext 
TAD CHAR 
TAD MINUS& 
SZA CLA 
JMP eNDFI 
JMS I DPCVPT 
JMS 1 MSGNPT 
TAD HORDER 
SPA 
IAC 
SZA CLA 
JIMGP eXCkSS 
TAD LORVER 
TAD SiXxP 
DCA SEXP 

/PERIOD READ IN PREVIOUSLY? 

/YeSs-NUMBER OF DIGITS IN sek 
/NO 

/Tesot slain 

/NORMALIZe FP. Nutiber 

/SAVE NUMBER 

/" 2" READ IN? 
JNO 
/Y&S = CONVERT DECIMAL eXPONE 
/TEST SIGN 
/SEXPONENT TOO LARGE?? 

SY ERS 
/NOs;DECIMAL POINT I5 
/CCSEXP) PLACES TO KIGHT 
/OF LAST DIGIT 

/COMPENSATa2 FOR DECIMAL EXPONENTS 

ENDFI1, JMs I FPNT 

FGEeET FPACI 
FEXT 
TAD SEXP 
SNA 
JMP I FLINTP 
SMA CLA 
JMP FIGO4 

JMS IL FPNT 
FMPY I PC.lw 
FEXT 
ISZ SexXxP 
JMP ENDFI+S 
JMP I FLINTP 

8-24 

/RESTORE MANTISSA 

/e 1S TO THE LeFT: 
/TIMeS .lwded



Talo 

7471 
7472 
T4738 
T1474 
T4175 
7476 
T4771 
15 

1501 
1502 
7505 
1504 
T5045 
715W6 
1507 
71510 
71511 
1512 
71513 
71514 
7515 

1516 

7517 
1920 
T3521 
1522 

71523 
1524 
71525 

1526 
1527 
1530 

1551 
1532 
7338 
71534 
15385 
15356 
1537 
71940 

7541 
1542 

4407 
554 
Wid 
1240 
1515 
5315 
2292 
L516 
5W44 
1516 
545 

pXoy al?) 
wdd4 
2400 

WWW 
WUVOY 
7144 
T473 
WJI4S5 
1522 
JdUY 
YUU 
S777 

TOUS 

TW2U 
T1 Sw 
T1067 

OW 

1300 
1444 
7512 
7061 
5W44 

1367 
T430 
13570 
4775 
5045 
1v44 

cw45 
1371 
7T5uw 

5337 

rIGOQ4, 

TEW, 

PC.1u, 
MINUSE, 
C43, 
PER, 
PRSW, 
SEXP, 
C3777, 

DPCVPT, 
DPUSPT, 
MSGNPT, 
DPN, 

Jills 
FMPY 
FeXT 
CLA 
TAD 
DCA 
JMP 
TAD 
DCA 
TAD 
DCA 
JMP 
WW4 
24d’ 
Wid 
WWW 
Celw 
“505 
OV45 
“2596 
0 
0 
S777 

DECO 

I FPNI Se 
TEN 

IS TO THE RIGHT: 
/MULTIPLY BY 18 

CMA 
SEXP 
SEXP 
ENDF1I+5 
C3777 
EXPONT 
CSTTT 
HORDER 
I FLINTP 

/CONTAINS DECIMAL EXPONENT 

NV 
DECON 
MSIG N 
DNUMBR 

/OUTPUT THe EXPONENT 

FEXC, v 

CLA 
TAD 
SPA 
CMA 
DCA 
TAD 
SZL 
TAD 
JMS 
DCA 
TAD 
ISZ 
TAD 
OMA 
JMP 

CLL 
EXPONT 

IAC CML 
eEXPONT 
C255 

C255 
I DGPT 
HORDER 
EXPONT 
HORDER 
M144 

ake) 

8-25



7545 135Te2 
71544 Sw44 
7545 040 
1546 1W45 
T1547 = T448 
71550 4775 
7551 Sid45d 
7552 «1644 
71555 2045 
71554 1375 
71555 150d 
71556 5553 
71557 13574 
71560 Sw4T7 
7561 T7240 
7562 1045 
7563 4775 
71564 147 
7565 4775 
71566 57235 

7567 T7173 
71578 wide 
71571 T7634 
1572 0144 
1573 7166 
71574 wdle 
71575 7558 

BLKP T524 
CARKTN 7541 
CHAK TTS 
CHé T5435 
Celi T7144 
Cl2 T3574 
C144 T5372 
C255 T5867 
C255 T37 
C260 T1357 
C3777 1316 
C45 T3le 
viCON 162d 
vLLONV Tdd 
JGPT T5715 
vIGlT T0365 
VDIVIWO 756" 
vivUMobn T7d6T7 
vPCoPT 71520 

C253, 
C255, 
M144, 
C144, 
M2, 
C12, 
DGPT, 

TAD 
DCA 
CMA 
TAD 
3ZA 
JMS 
DCA 
TAD 
1SZ 
TAD 
OMA 
JMP 
TAD 
DCA 
CLA 
TAD 
JMS 
TAD 
JMS 
JMP 

0255 

Ci44 
EXPONT 

HORDER 

I DGPT 
HORDER 
EXPONT 
HORDER 
Mle 

LORDER 
CMA 
HORDER 
I DGPT 
LORDER 
I DGPT 
I FEXC 

“26 
2597255 
(1634 
glad 
71766 
vd12 
OUTDG 
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vPLVPT 
UP Ww 

ur ft 
vowl T 
JJ3 LAD 

™! 7 

LAPOWT 
PRAL 

rPexPPT 

Ful 

FuQzd 

FGOS 

FuQ4 

FQUDA 

FaQ6 

FuQ6A 

ra0T 

FLluol 

acre 
FIGOOS 

FIGO4 

FLINTP 

FLOUTP 

FOUR 

FOUTUN 
FPACI 

rPint 

HOK Don 

LwPuT 
LF ev 

LINE nev 
LON UDitk 

MASK 

MivDOL 
nil WOR 
MI NUS 

Il. 

12 

T1517 

1522! 
1554 

JWUS1 
Tlwl 
1452 
T4771 
ww44 

1523 
75357 
1242 
1246 
7268 
T27é 
1274 
T3v1 
713504 
T7511 
1420 
7422 
1426 
T4702 
T4¥ 
T2000 

71526 
T2i7 
0052 
Yul 
WW45 
7150 
6777 
1342 
0047 
7143 
wd46 
T7177 
7137 

DIAGRAMS (Not Applicable) 

REFERENCES 

See Digital-8-5-S. 
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OPUT 
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OUTDG 
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Per 
PenlOD 
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PLUS1L2 
Px CHAR 
PrUelw 

Pri wt 
Prow 

RootnKt 
SLAP 
DLuin 

SMINUS 

WPT 
SP Luss 
owl Ti 

owlila 
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TanPT 
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7331 
7142 

7142 
6767 
1544 
T1 73 
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l. Logical Subroutines, DEC-O8-FMIA-D. 

2. ABSTRACT 

Subroutines for performing the logical operations of inclusive and exclusive OR 
are presented as a package. 

3. REQUIREMENTS 

3.1] Storage 

Inclusive OR requires 12 (decimal) core locations. Exclusive OR requires 
14 (decimal) locations. 

3.3 Equipment 

Basic PDP-8 

4, USAGE 

4.1 Loading 

The subroutines may be placed in memory by means of the Binary Loader. See 
Digital-8-2-U-Rim for a complete description of this loader and its use. 

4.2 Calling Sequence 

Both subroutines are called by a JMS instruction with one argument in the ac- 
cumulator. The location following the calling JMS contains the address of the second argument. 

Both subroutines return to the location following that containing the latter address with the 
result in the AC. 

6. DESCRIPTION 

6.1 Discussion 

These subroutines supplement the AND and CMA hardware instructions 
in the performance of logical operations. Note that the result of the exclusive OR is the com- 
plement of the logical operation termed the "biconditional ." 

6.2 Examples 

Truth tables for these functions are as follows. Depending on the values of 
corresponding bits in A and B, the associated bit of the result conforms to the following truth 
tables:



AND Inclusive OR Exclusive OR Biconditional 

A B Result A B_ Result A B_ Result A B_ Result 
0 0 0 0 0 0 0 0 0 0 0 1 

O | 0 0 | ] O |] 1 O |] @) 

1 0O 0 1 O l 1 O 1 1 O 0 

1 J l 1 1 l | 0 | I 

Or for complete data words 

Inclusive OR Exclusive OR 

A 011010 111 001 A 011010111 001 

B 010 110 101 100 B 010 110 101 101 

Result O11 110 111 101 Result 001 100 010 100 

9. EXECUTION TIME 

9.2 Maximum 

Execution time is actually fixed for these subroutines. Inclusive OR requires 
precisely 32.0 microseconds. Exclusive OR requires exactly 46.0 microseconds. 

10. PROGRAM 

10.4 Program Listing 

0200 
0201 
0202 

0203 
0204 

0205 

0206 

A listing of both subroutines with INCOR stored in 0200 is as follows: 

0000 
3226 
1600 
3227 
1627 

7040 

0226 

/LOGICAL SUBROUTINES 
/ENTER WITH A IN AC 
/ADDRESS OF B FOLLOWS CALLING JMS 

/RETURN WITH RESULT IN AC TO 

/LOCATION FOLLOWING THAT HOLDING ADDRESS 

INCOR, 0 /\NCLUSIVE OR 
DCA  TEMPY1 

TAD | INCOR 

DCA  TEMPY2 
TAD | TEMPY2 

CMA 
AND TEMPY1



0207 

0210 
0211 

0212 
0213 
0214 

0215 
0216 
0217 

0220 
022] 

0222 
0223 
0224 

0225 
0226 
0227 

1627 

2200 

5600 

0000 
3226 
1612 
3227 

1226 

0627 
7041 
7104 

1226 
1627 
2212 

5612 

0000 
0000 

EXCOR, 

TEMPY1, 
TEMPY2, 

TAD | TEMPY2 

ISZ INCOR 
JMP | INCOR 

0 
DCA  TEMPY1 

TAD | EXCOR 
DCA  TEMPY2 

TAD ~~ TEMPY1 
AND | TEMPY2 

CIA 
CLL RAL 
TAD ~~ TEMPY1 
TAD | TEMPY2 

ISZ EXCOR 
JMP | EXCOR 
0 
Q 

/EXCLUSIVE OR





l. Arithmetic Shift Subroutines, DEC-O8-FMJA-D. 

2. ABS TRACT 

Four basic subroutines, shift right and shift left each at both single and double 

precision, are presented as a package. These are arithmetic shifts. 

3. REQUIREMENTS 

3.1 Storage 

Core storage required for these subroutines is as follows in decimal: 

Shift Left Shift Right 

Single Precision 12 15 
Double Precision 24 27 

3.3 Equipment 

Basic PDP-8 

4, USAGE 

4.1 Loading 

These subroutines may be loaded using the Binary Loader. See Digital-8-2-U-Rim 
for a complete description of this loader. 

4.2 Calling Sequence 

All four subroutines are called with -N (the 2's complement form of N) in the 
accumulator. N is a binary integer specifying the number of bit positions the data words are to 
be shifted. 

| In the location following the calling JMS instruction is an address which in the 
case of the single-precision subroutines is the address of the data to be shifted. In the case of 
the double-precision subroutines, this address is that of the most significant portion of the data. 
The least significant portion of the data must be located in the address following that of the 
most significant portion. 

These subroutines will return to the address following that of the calling JMS plus 
two. Upon exit, the AC will hold the shifted data in the case of single-precision shifts. In 
the case of double-precision shifts, the AC will hold the most significant portion of the result 
while the least significant portion of the result will be stored in location LSH. 

4.5 Errors 

It is possible by specifying too large an N to shift data completely out of a com- 
puter word or words in the case of single-precision shifts or double-precision shifts, respectively. 

These subroutines do not test for this eventuallity. 
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6. DESCRIPTION 

6.1 Discussion 

These subroutines are arithmetic shift subroutines. By this is meant that in the 
case of any shift, bits shifted "out" of the register are lost. In the case of left shifts, bits 
moving into the least significant bit position are always 0. In the case of right shifts, bits 

moving into the most significant bit position (the sign) bits are 0 if the original data was posi- 
tive but are | if the original data was negative. - 

6.2 Examples 

The following examples illustrate the nature of the single-precision shift process. 
In each example, a shift of four bits is shown: 

Right Left 

Positive Data 000 010 100 100 000 000 111 101 
Result 000 000 001 010 001 111 010 000 

Negative Data 111 111 010 100 111 110 000 101 

Result 111 111 117 101 100 001 010 000 

6.3 Scaling 

Shift right and shift left operations are the fundamental means by which numerical 
Gata is scaled in fixed-point computers. 

For more information on numerical binary scaling for fixed-point computers, see 
Application Note 801. 

9. EXECUTION TIMES 

9.3 Timing Equations 

Time needed for a given shift may be calculated from the following equations. 

9.3.1 Single-Precision Shift Left - Time in microseconds = 22.4 +6.4N s 

9.3.2 Single-Precision Shift Right - For positive data, time in microseconds = 22.4 + 9.6N. 
For negative data, time in microseconds = 22.4 + 11.2N. 

9.3.3 Double-Precision Shift Left - Time in microseconds = 40.0 + 20.8N 

9.3.4 Double-Precision Shift Right - For positive data, time in microseconds = 40.0 + 24.0N. 
For negative data, time in microseconds = 40.0 + 25.6N. 
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10. 

10.4 

0600 
0601 

0602 
0603 
0604 
0605 
0606 
0607 
0610 
06 1 1 

0612 

0613 
0614 

0615 
0616 
0617 

0620 
06 2 | 

0622 

0623 
0624 

0625 

0626 

PROGRAM 

Program Listing 

A listing of all four subroutines with SPSL located at 0600 is as follows: 

0000 
3302 
1600 

3303 
1703 

2200 
7104 
2302 
5206 
5600 
0000 

3302 
1612 

3303 
1703 
2212 
7100 
7510 

7020 
7010 
2302 

5220 

5612 

/SHIFT RIGHT SHIFT LEFT SUBROUTINES 
/SINGLE AND DOUBLE PRECISION 
/SHIFTS ARE ARITHMETIC RATHER THAN LOGICAL 
/BITS SHIFTED OUT OF REGISTER ARE LOST 
/DURING LEFT SHIFTS ZEROS ENTER LEAST SIG. BIT 
/DURING POSITIVE RIGHT SHIFTS ZEROS ENTER MOST SIG. BIT 
/DURING NEGATIVE RIGHT SHIFTS SIGN IS PROPAGATED 
/ENTER WITH -N IN AC 
/ CALLING SEQUENCE : JMS SPSL OR SPSR OR DPSL OR DPSR 
/ ADDRESS OF DATA 
/ RETURN, RESULT IN AC FOR SINGLE 
/ RESULT (MSB) IN AC FOR DOUBLE 
/ RESULT (LSB) IN LSH FOR DOUBLE 

SPSL, 0 
DCA CNTR /SINGLE PRECISION SHIFT LEFT 
TAD 1 SPSL 
DCA ADDR 
TAD | ADDR 
ISZ SPSL 
CLL RAL 
ISZ CNTR 
JMP .-2 
JMP 1 SPSL 

SPSR, 0 
DCA CNTR /SINGLE PRECISION SHIFT RIGHT 
TAD I SPSR 
DCA ADDR 
TAD | ADDR 
ISZ SPSR 
CLL 
SPA 
CML 
RAR 
ISZ CNTR 
JMP .-5 
JMP | SPSR 
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0627 

0630 

0631 

0632 

0633 

0634 

0635 

0636 
0637 
0640 

064 1 
0642 

0643 
0644 

0645 

0646 

0647 

06 50 
0651 

0652 

0653 
0654 

0655 
0656 
0657 

0660 
066 | 

0662 

0663 
0664 

0665 
0666 

0667 
0670 

067 | 

0672 

0673 

0674 

0675 

0676 
0677 

0000 

3302 

1627 

3303 
1703 

3304 
2303 
1703 

3305 
2227 

1305 
7104 

3305 
1304 

7004 

3304 

2302 
5241 
1304 

5627 
0000 
3302 
1653 

3303 
1703 

3304 

2303 
1703 

3305 
2253 
1304 

7100 
7510 
7020 

7010 

3304 
1305 

7010 

3305 
2302 

5265 

DPSL, 

DPSR, 

0 
DCA CNTR 

TAD | DPSL 
DCA ADDR 

TAD | ADDR 

DCA MSH 
ISZ ADDR 

TAD | ADDR 
DCA LSH 
ISZ DPSL 

TAD LSH 
CLL RAL 
DCA LSH 

TAD MSH 
RAL 
DCA MSH 

ISZ CNTR 

JMP .-7 
TAD MSH 
JMP | DPSL 
0 
DCA CNTR 

TAD | DPSR 
DCA ADDR 

TAD | ADDR 
DCA MSH 

ISZ ADDR 
TAD | ADDR 
DCA LSH 

ISZ DPSR- 

TAD MSH 
CLL 
SPA 
CML 
RAR 
DCA MSH 

TAD LSH 
RAR 
DCA LSH 

ISZ CNTR 

JMP .-12 

10-4 

/DOUBLE PRECISION SHIFT LEFT 

/MOST SIGNIFICANT HALF 

/LEAST SIGNIFICANT HALF 

/SHIFT LEFT 

/DOUBLE PRECISION SHIFT RIGHT 

/MOST SIGNIFICANT HALF 

/ LEAST SIGNIFICANT HALF 

/SHIFT RIGHT



0700 

0701 

0702 

0703 

0704 

0705 
ADDR 
CNTR 

DPSL 
DPSR 

LSH 
MSH 
SPSL 
SPSR 

1304 

5653 
0000 

0000 

0000 
0000 

0703 
0702 

0627 

0653 
0705 
0704 
0600 

0612 

TAD MSH 
JMP | DPSR 
0 
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1. Logical Shift Subroutines, DEC-O8-FMKA-D. 

2. ABSTRACT 

Two basic subroutines, shift right at both single and double precision are presented 
asa package. The shifts are logical in nature. 

3. REQUIREMENTS 

3.1 Storage 

Core storage required for these subroutines is 12 (decimal) locations for single pre- 
cision and 24 (decimal) locations for double precision. 

3.3 Equipment 

Basic PDP-8 

4, USAGE 

4.1 Loading 

These subroutines may be loaded using the Binary Loader. See Digital-8-2-U-Rim 
for a complete description of this loader. 

4.2 Calling Sequence 

Call with -N (the 2's complement form of N) in the accumulator. N is a binary 
integer specifying the number of bit positions the data word is to be shifted 

In the location following the calling JMS is the address of the data in the case 
of single precision. For double precision this location contains the address of the most signi- 
ficant portion of the data which must be stored in two consecutive words. 

The subroutines return to the location following that containing the data address. 

For single precision the result is in the accumulator upon return. For double pre- 
cision the most significant part of the result is in the accumulator on return while the balance 
of theresult is in location LESTSG. 

4.5 Errors 

It is quite possible by specifying too large an N effectively to shift data com- 
pletely out of a computer word or words. 

6. DESCRIPTION 

6.1 Discussion 



These subroutines are logical shift subroutines. It is important to note that there 
is no difference between arithmetic and logical shifts in the case of left shifts. Consequently 
only two new subroutines in addition to those described in Digital-8-8-U-Sym are required to 
supply all logical shifts. 

Logical right shifts are defined as those in which bits shifted "out" of the least 
significant bit position are lost. Bits moving into the most significant bit position are always 0. 

6.3 Examples 

The following examples illustrate the nature of the single-precision logical right 
shift. In each example, a shift of four bits is shown. 

Data Result 

000 O10 111 000 000 000 001 O11 
111 010 000 O00 000 O11 101 000 

9. EXECUTION TIMES 

9.3 Timing Equations 

Time needed for a given shift may be calculated from the following equations. 

9.3.1 Single-Precision Logical Right Shift - Time in microseconds = 22.4 + 6.4N. 

9.3.2 Double-Precision Logical Right Shift - Time in microseconds = 36.8 + 24.0N. 

10. PROGRAM 

10.4 Program Listing 

A listing of both subroutines with LSRSP located in 0200 is as follows: 

/LOGICAL SHIFT RIGHT SUBROUTINES 
/SINGLE AND DOUBLE PRECISION 

/ENTER WITH -N IN AC 
/DATA ADDRESS FOLLOWS CALLING JMS 

/RETURN WITH DATA IN AC 
/MOST SIGNIFICANT PART FOR DOUBLE 

/LEAST SIG. PART FOR DOUBLE IN LESTSG 
0200 0000 LSRSP, 0 /SINGLE PRECISION 
0201 3236 DCA TIMES 
0202 1600 TAD | LSRSP 

0203 3237 DCA COMMUN



0204 

0205 
0206 
0207 
0210 
0211 
0212 

0213 
0214 

0215 

0216 
0217 
0220 

0221 
0222 

0223 
0224 

Q225 
0226 
0227 

0230 

0231 

0232 
0233 
0234 

0235 
0236 
0237 

0240 
0241 

1637 
7\10 
2236 

5205 
2200 
5600 
0000 

3236 
1612 
3237 
1637 

3240 
2237 

1637 
3241 

1240 

7\10 

3240 
1241] 
7010 

3241 

2236 

5223 
1240 
2212 

5612 

LSRDP, 

SHIFT, 

TIMES, 
COMMUN, 
MOSTSG, 
LESTSG, 

TAD | COMMUN 

CLL RAR 
ISZ TIMES 

JMP .=2 
ISZ LSRSP 

JMP | LSRSP 
0 
DCA TIMES 

TAD | LSRDP 
DCA COMMUN 

TAD | COMMUN 

DCA MOSTSG 
ISZ COMMUN 

TAD | COMMUN 

DCA LESTSG 

TAD MOSTSG 
CLL RAR 
DCA MOSTSG 

TAD LESTSG 
RAR 

DCA LESTSG 
ISZ TIMES 

JMP SHIFT 
TAD MOSTSG 
ISZ LSRDP 

JMP 1 LSRDP 
0 

0 
0 
0 

/SHIFT LOOP 

/EXIT 

/DOUBLE PRECISION 

/SHIFT LOOP 

/EXIT 
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