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1. 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 (O ~ N < 212), it will produce an integer K and a remainder R, such that N = K2 + R. 

3. 

3. 1 

3.3 

4. 

4.1 

REQU IREME N TS 

Storage 

This subroutine uses 23 (decimal) memory locations. 

Equipment 

Standard PDP-8 

USAGE 

Loading 

The I ibrary tape that is suppl ied is a symbol ic tape. It does not begin with an 
origin setting, although it does end with a 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 
accumu lator. 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. 

6.2 

DESCRIPTION 

Examples and/or Appl ications 

The following program will illustrate the use of th~ subroutine: 

400 
CLA 
TAD X 
JMS I 
HLT 

X, 
SQRTPT, 

0145 
SQRT 

SQRTPT 

(1101 DECIMAL) 

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. 
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7. METHODS 

7.2 Algorithm 

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

N N 

I (2K-l) = 2 I 
K=l K=l 

9. EXECUTION TIME 

9.4 Timing Equation 

N 

K-
\' N 2 
I.. 1 = 2 (2)(N + 1) - N = N 

K=l 

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

(30 + N (25. 5)) ~sec 

10. PROGRAM 

10.4 Program Listing 
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1t:l2X:0 
0201 
02,)2 
02,-3 
02£.4 
02~5 

02(6 
Ii) 2\(' 7 
\0210 
i()211 
0212 
0213 
0214 
0215 
0216 
021 7 
0a0 
iOnl 
lJ2n 
0a3 
0224 
~a5 

0n6 

1000.0 
.5222 
3226 
la3 
.5~25 
1222 
110,;) 
U25 
142L:) 
:>217 
n26 
.5 2 2c:: 
1225 
1224 
::>204 
1~k'J0 
1n6 
:>60'; 
1U00J 
i/n 
/176 
l:JiO\()0 
1t:l01U", 

10((.; 108-FMAA-LA 
ISQUAK~ RUQI , •• , .•• 
1 

t:..1~IE.H I'll fH 
t:.x!T~ WllH 

1 
SJ~I , 

UDD lNII:.~~k MEIHuD 
o 

SYMI::jUL I AI::jLt:. 

SlJX, 

S Q R~ , 

SQR1, 
SUR~, 

Sl.lRj, 
SQRU, 
R i.,l Q I , 

RUQ I 0226 
S(,)RU 022:> 
Sl.IR~ 0211 
SWR i 0200 
SWRl 0222 
SLJR2 022.5 
SURj 0224 
Sux 0204 

D(;A SQRl 
O(;A Roor 
TAD SlJR2 
DCA SURU 
TAO SURl 
ClL 
TAD SURu 
SNL 
JMP SORt
ISr RUOI 
D(;A SURl 
TAO SURD 
TAD S(JRj 
JMP SUX 
ClA 
TAD RUOf 
JMP I SURI 
o 
-1 
-2 
rlJ 
o 

PAUSE 
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S(JLJARI:. 1 N AL: 
RUUl IN A(,; 

ISAVE lNPLJT 
/'iJ 10 ANSwER 
1-1; FIRST AllEMP[ 

ICOMPARE, !NI-'UI 
/WI1H THIS IRY 

IllST>INPUT; ALL WONE 
IAWU +1 TO ANSWi:.R 
11NPUT=INPUI-1~Sl 

/llST=Tt.ST-2 
ICUNTINUE 

/F~lCH ANSWt:.R 
IEX1T 





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

2. ABSTRACT 

This subroutine forms a 22-bit signed product from ll-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. 

6.1 

6.1.1 
positive. 

DESCRIPTION 

Discussion 

Reference to the flow chart (11 . 1) will illustrate the following discussion. 

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

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 

a 
a 

Sign of Multiplicand 

a 
1 
a 

and represents, therefore, the si gn of the product. 

Link 

a 
I 
1 
a 

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. 
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6.2 Examples or Applications 

Example (See 11.1 Flow Chart) 

The C(Y) are tested. If C(y) = 0, C(MPl) = C(MP5) = o. If C(Y) =F 0, C(Y)- C(MP2), 
C(MP5) are cleared and mulitplication is carried out as described below. 

If C(MPl) 11 contains a 1, C(MP2) are added to C(MP5). The contents of MP5 and the MPI 
are then shifted right one bit. If C(MP1)11= 0, the contents of MP5 and those of the MPI are shifted 
right one bit. 

For this example, assume that the registers MPl, 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 

00000 

00100 

00010 

00001 

00000 

00100 

00010 

00001 

6.3 Scaling 

MPl 

01001 

01001 

00100 

00010 

10001 

10001 

01000 

00100 

Y 

00100 

Comments 

In i tia I contents of the register MP 1 ready to be tested. 

C(MP2) + C(MP5) - C(MP5) since C(MP1) is a 1. 

C(MP5, MPl) rotated right one place. C(MPl)11 is 
tested. 

No addition, because C(MPl) 11 is O. C(MP5, MP2) 
rotated right one bit and AC 11 is tested. 

No addition, C(MPl)11 = 0, C(MP5, MP1) rotated 
right one bit. C(MP1) 11 is tested. 

C(MP2) + C(MP5) - C(MP5) since C(MPl) 11 is a 1. 

C(MP5, MP1) rotated right. 

No addition, C(MPl) 11 = 0, C(MP5, MPl) rotated 
right one bit. Rotation counter indicates that the 
multiplication is complete since it has been reduced 
to O. 

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 0 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 I-lsec if the multiplier is positive and 27.0 I-lsec if the multi
plier is negative. 

9.2 Maximum 

Maximum execution time occurs when the sign of the product is negative and the multipf 
consists (in binary) of all ls. This time is approximately 350 I-lsec. 

10. PROGRAM 

10.4 Program Listing 
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IDee - ¢e -FMSA 
ITwU'::> (.;OMPLEMENT SINl>LI:. PRI:.CISION MULTIPLY ROUTINE 
IR£IUkN IoIIGH ORUER r'RUUUCT IN AC, LOW IN MP1 

02,'0 01HJ0 MUL. I, 0 
~~01 11ic:10 CLl 
0202 I ~ 111) SPA ITESl FOR NE,GATIVI;. MULTIPLIER 
0283 1061 C~lA CML !A(.: 
0204 32~iI:i D(;A MPl ISTORI:. MULTIPLIt;,.R 
02b5 :S2~1 DGA MP~ 
1£)2 ... 6 1600 TAD I MUL.l 
~)U7 14~1,; SNA IT ES1 FOR H:RU MULT1PlICANO 
0210 ,2,54 JMP ~iPSN.~ IJMP IF MUL 1 IPI.I CANU=iIJ 
0211 1~1.J SPA ITES I FOR NI;.GAlIVE. MULTIPLICAND 
0212 1061 CMA CMI. lAC 
0213 -52,2 DCA MP;i! IS10RE MULTIPLI(;ANO 
0214 1241 TAD THIR 
ic:I215 j2:.3 DCA MP3 
0216 12~0 MP4, TAD MP1 IMUL J IPLY LOOP pROPE.R 
1IJ217 10HJ RAR 
1IJ220 32~iI:i DCA MPJ, 
il:i2~1 12:.1 TAD MP~ 

0222 14.30 StL ITES'I H MUI..TIPLlCAND SHOULO BE ADDED 
il:i223 12~2 TAD MP2 
i0224 !111v CLl RAR 
0225 j2:.1 DCA MP~ 
0226 U~j IS2 MP3 IH.SI FOR END OF 1..00P 
0227 ,216 JMP MP4 
02.30 12~0 TAD MPJ, 
102.31 101':; RAR 
02-52 74j0 MPSN, StL 
02-53 ~240 JMP COMP 
02-54 S2~\5 D(;A MPJ, 
02-55 12:.1 TAD MP) 
102-56 U0iO MPt, IS2 MlJ\...' IEXIT TO CALLING PROGRAM 
k:ic.37 :.600 JMP I ~1'11.. I 

11<:4~ 1141 CQ'1P, CMA C l. L. IA(; ICOMPLEMENT PROLlUCT 
0"-41 .3~~~ DCA MP:l, 
0242 12:'1 TAD MP) 
0243 10 4~) CMA 
k:i244 14.3<: StL 
0245 1001 lAC 
0246 :.2j6 JMP MPii! 
0247 II 64 hI! R I 7164 IEL.LVEN IN OEI,;IMAL. 
i62:.0 iJ00i MP1, 0 
k:i 2:. 1 \)0~J MP~, 0 
"'2~2 0000 MP2, ~ 

02:.3 000J ,MP3, ~ 

PAJSE 
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SvMtjOL 

CUM~ 

Ml-ISN 
MPt 
MPl 
Ml-I2 
MP3 
MP4 
MP5 
MUL 
THIK 

11. DIAGRAMS 

11. 1 Flow Chart 

CLEAR LI NK 

AtlLl 

0241£) 
0n2 
0236 
02:>0 
02:;'2 
02::;.5 
0216 
02:>1 
0201£) 
0241 

COMPLEMENT MULTIPLIER 
SET LI NK 

COMPLEMENT MULTIPLICAND 
COMPLEMENT LINK 

ROTATE RIGHT 

g~~lp~~~7~p 

ADD MULTIPlfCAND 
C(MP51 +C(MP2)-C(AC) 

STORE LEAST HALF OF PRODUCT 
AND MULTI Pli ER 

C(AC1- C(MPI) 

COMPLEMENT BOTH HALVES 
OF PRODuCT 
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.0 

SIGN STATuS IS IN LINK IT WilL BE 
SHIFTED ALONG WITH MUL TIPll ER 
AND END UP IN LINK AT END OF LOO P. 

SAllE MOST SIGNIFICANT HALF OF PRODuCT 
C(AC) ---+C(MP5) 





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 symbol ic tape with no origin set
ting and ending with a dollar sign. 

4. USAGE 

4.1 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 ca lied with an effective JMS DIVI DE. 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} = o. 

DIVDP, 
HIGHD, 

TAD HIGH D 
JMS I DIVDP 
LOWD 
DIVSOR 
HLT 

DIVIDE 

/C(AC} = HIGH DIVIDEND 
/CALL DIVI DE 
/LOW DIVIDEND 
/DIVISOR 
/C(AC) = QUOTIENT IF L = 0 

/(0200) 
/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: 

(H igh-Order Dividend) . 212 + Low-Order Dividend 
Divisor 

= Quotient, Remainder 

or 

(High-Dividend)' 212+ Low-Dividend= (Quotient) (Divisor) + Remainder. 
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.. "' .. - -----------

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. 

Dividend (2's Complement) 

23 

Divisor (2'5 Complement) 

11 
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\2- 11\ Quotient (2 1s Complement) 

If High-Order Dividend = HD 
Low-Order Dividend = LD 
Quotient = Q 
Remainder 
Divisor 

12 
HD . 2 + LD = Q R 

D ' 

= R 
= D 

11 

so that Q . D + R = (HD) . 212 + (LD) 

or 

(HD· 212+ LD)· 2-22 -11 R. 2-11 
-'--------=~-- = Q . 2 

D . 2-11 

Examples: 

000 000 000 000 000 000 000 111 = 000 
000 000 000 all 

(a) 

Remainder = 000 

7 
3" = 2, 1 

(b) 000 100 000 000 000 000 000 000 = 010 
010 000 000 000 

Remainder = 000 

1 
"4 1 
T-2" 
2 

7. METHODS (See Above) 

9. EXECUTION TIME 

9.1 Minimum 58.5 fJsec (Divide Check) 
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000 000 010 

000 000 001 
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000 000 000 



9.2 Maximum 478.5 I-lsec 

9.3 Average ~460 I-lsec 

10. PROGRAM 

10.4 Program Listing 
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0200 0J0i'l 
~nl I HJ~ 
<)202 1?1k1 
0203 706J 
;u2~i4 3207 
~2~5 742J 
<i 2~'6 71iJ4U 
01';;)7 .5272 
02H' 161iJ1iJ 
<::1'11 74.51iJ 
~: 211' 7141 
0213 .5nkJ 
,,214 7431iJ 
01'15 2201 
.;? 16 2200 
<'217 1600 
0220 7HH1 
t221 7?kJ0 
iJ <'i. 2 7061 
.::2 2 3 3<'71 
<i224 742u 
0n5 7~) 41iJ 
0226 1272 
J227 327,S 
.. 12.50 71f1kJ 
02.51 1271 
.:2.52 1261 
.: 2.5.3 2201iJ 
,02.54 70S0 
b?j5 ?6J0 

IJEC-i08-FMCA-L.A 
ISIGN~U ~lNG~~ PR~CISIUN ulVIUE SUBROUTINE 
ICALLlNG S~QU~NC~: 

I ~(~C) CONTAINS HIGH ORDER DIVID~ND 
I JMS UIVID~ 

I LO~ URU~R U1VID~NU 
I UIVISUH 
I k~TUkN: C(AC):QUOTIENTI REMAINDER IN HUIVND 
Ilf HIGH OkU~H UIVIO~NU IS ~QUAL TO OR GREATER 
IT~AN TH~ UIVISUR; NO UIVISION TAK~S PLACE AND ceL):1 

IPAGE 1 

DIVlD~, iO 

~LL 

~PA IDIVIDc.ND<iZJ1 
L.MA CML. Ins COMPL.EMENT AND St:T 
UCA HDIVNU IHIGH ORDER DIVIDEND 
~NL 

L.MA 

C (L ) 

UCA SUVNU ISt.T DIVIDEND SIGN SIolITCH 
fAU I DIVID~ In. TCH LOw ORDER OIVIDEND 
:,tL 
L.MA CL.L. lAC IY~SI COMPLEMENT 
UCA LDIVNU ILOw ORDER DIVIDEND 
:,tL. ICARRY? 
1st HUIVNU IYES 
1St UIVID!:. 
IAU I LlIVliJ~ IFETCH DIVISOR 
eLL 
:'MA 
L.MA CML. lAC Iii/EGA TE IT 
UCA UIVSOH ISAVE DIVISOR 
~NL. I~OS IT <r.:l? 
CMA IYES; AC="'l 
rAU SUVf~U 
UCA SNSWI:.R IANSIolER S 1 G!~ SIolITCH 
eLL 
TAU UIVSOR ICOMPARE DIVISOR 
IAU HDIVNU llollTH DIVIDEND 
1 S t UIVID~ 
~tL. (;L.A lOVER FLOW? 
JMI-' I DIVIU~ IYES: DIVlSOR<DlVlDEND 
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IPAGE 2 

aS6 in? lAU M1.5 113 SHIns 
<::2.3 7 3<:74 ue A ulVe NT 
02 4 i~ ,2;1 JMt-' iJV2 

IJIV!Ul L.lJUP 

0241 1261 lJv3, lAU HU!VNU 
<,;242 n04 HAL. 
0243 326/ ueA HiJIVNiJ IDIV!DEND u:n SH I FT 
0244 1267 IAU HlJIVNiJ 
k:)245 1271 fAU UIV5lJR ICOMPARE OlVISORIDIVIDEND 
<i246 7430 ~tL. 

0247 3267 UCA HUIVNU IREMAINDER AFTER SUBTHACT 
02,';1 7200 LLA 
<)2:;'1 1270 DV2, 'A U L.UIVNU IQUOTIENT BITS 
l2'~ 7004 KAL. IE.NTER HERE 
62:;'3 32/0 UCA L.UIVNU 
0~'4 2274 1St UIVCNT luON£. 127 
~2?5 ';)241 .JMP UV3 INOI CONTINU£. 
,,2'6 1267 fAU HU!VNLl IR!::MAINDER 
U,7 2272 1St SUVI\ILl ID!VIDE.ND<fIJ? 
k! 2 6 J 7041 t,;MA lAC IYES 
0261 3267 UCA HUIVND 
n6? 1<:70 1AU I..UIVNLl IQUDTIENT 
0263 2<:73 1St SNSwl:.r< IANSWER<fIJ? 
0264 7041 LMA lAC IYES: NEGATE 
0265 111ilLJ LLl.. 
0266 :;,60<1 JMP 1 DIVIlJt:. IEXlT 

;:.267 ~\ '" ill" HJII/NU, 10 

i:21Vl 0000 LiJlVNU, 10 

<:271 000;) UIv::;Or<. 10 

0212 0000 SJVND, 10 

al3 0'j((i0 s,\JS wEr< I 10 

~d4 ~~0(J DlveNl, 10 

t '27 5 716S M13, -1' 1-13(10) 

1> 

SYMt101.. TAtiLl:. 

01VC NT 0274 
DIVIDt:. k'~ 2;)0 

D1VSOR 0271 
lJV2 I'! 2 , 1 
DV3 024:" 
I-1U I V:\JD 21267 
LJIV'JJ 0;U,; 

~113 l~ 2 I:;' 
SUV'\JD ;'1272 
S,~ S" E. R 0273 
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1. Signed Double Precision Multiply, DEC-08-FMDA-D 

2. ABSTRACT 

This subroutine forms a 46-bit signed product from the 23-bit signed multipl ier 
and multipl icand. 

3. REQUIREMENTS 

3.1 Storage 

This subroutine uses 125 (decimal) memory locations. 

4. USAGE 

4.2 Call ing 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 multipl ier 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. 1 Discussion 

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

Multiplicand (2 1s Complement) 

Multiplier (2 1s Complement) 
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The results are added: 

Result of Multiply 1 

Result of Multiply 2 

Result of Multiply 3 

Result of Multiply 4 

III Accumulator I B C D Answer 

Sign 

6.2 Exampl es 

To multiply two double precision numbers which are located in registers tagged 
X and Y: 

0400 
JMS 
X 
Y 
HLT 

X, a 
a 

Y, a 
a 

DMUL TP, DMUL 

If X and Y contained: 

The answers would be: 

0000 

AC 

DMULTP 

X 

Y 

0000 

B 

0000 

0000 

0000 

C 

0012 

0012 

0144 

D 

6000 

3000 

7200 

AC 

0000 

0000 

0000 

B 

0000 

C 

0000 

D 

For further examples see the Double Precision Sine Routine, DEC-08-FMFA 
formerly Digital-8-16-F. 
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6.3 Seal ing 

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 1s complement form, the two sign bits are equal (redundant). 

The multiply routine may be thought of as an integer multipl ication, 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 seal ing of the answer will be 

XXXX XXXX XXXX XXX.X 

The operands and the answer are in 2 1s 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 lIs 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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IJEC-lOb-~MDA-LA 
ISIL>Nt..O DUUl:llt. PRt.C1SIUN MUL llPLY fiOUI!NE 
ICALlINL> SE(Wt.N(,;E: 
I JMS DMUL 
I ALJDRESS O~ l'1ULlIPLICANO(H1GH URuE.R) 
I AUDRESS 01- MULI1PL1UI(HIIlH ORUtR) 
I Rt;.TURN, HIGH UHUEH I-'fiUOUe f iN Ae 
I Nt.Xl HI(';H Tu LU ... IN fj,C,U 
IPAL>E 1 

l'l~j0 000l ll:-1JL, 0 
<:J2,'l ISIOk.i Cll CLA 
02_)2 lS.53 TAD Rt.SI 1-2 
1t2J3 SSS<:, 0('; A SIGNS ... ISU SIGN Sw I r CH 
It 2~· 4 4S06 JMS TSIL>N Ir UGH ANI,) SET SIGN 
t,2J5 us 1 TAD MUH IRt.SULT IN MllH,MLTl 
02.6 SS34 DCA MUL,IH IHIGH ORDUI MUlTIl-'llCANlJ 
02,' 7 lS36 TAD MlTL 
0~10 S.535 D(,;A MUL,IL IlUW ORDER MULTIPLICAND 
02 11 4306 JMS TSILJN 1~t.TCH ANlJ SU SILJN 
~212 13.55 TAD MU\.11. ILOW ORDER 11Ul T I PL I (';AI'JlJ 
0213 .5.501 DCA MP2 
id4 lS.50 TAD MUL ILUW ORlJER MULTIPLIER 
0215 4344 JMS MI-'4 IMULT I PLY 
kj216 3.543 DCA 0 !Luw ORDER 
",217 U! .5 TAD MI-" 
1'l220 S.542 0('; A C IHILJH ORDE.R 
k~ 2<: 1 1.534 TAD MUL,IH IHIGH OROt.R MUllll-'LlCANO 
~,2 ~ 2 S.501 DCA MI-'2 
\:'2~3 1.5.30 TAD MLTL /LUW ORDER MULT I PLI ER 
k.i224 4.544 JMS MI-'4 IMULTIPlY 
02~5 1.542 TAD C 
0226 .5S42 DCA C 
0227 10!(J4 RAl I GU CARRY 
<1230 1.5/3 TAO MP5 
1'l231 .5.541 DCA B 
ia2.52 1004 RAl IGU CARRY 
0203 3.540 DCA A 
02.54 lS35 TAD MUL,fL IlUW ORDER MULTIPLICAND 
0205 .5.501 DCA MP2 
0236 U3 I TAO MlTH /HIGH ORDER MUL1IPLlEH 
k'J2.57 4044 JMS MI-'4 IMULT I PLY 
10240 1342 TAD e 
iu2 41 .5342 0('; A C lAUD 
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IPA(;E 2 

~242 1004 RAl IGt-f CARRY 
0~43 U/3 TAD MP!) 
0244 U41 TAD B 
0245 .5,,41 DCA B 
0246 1k:l04 RAL ll.itT CARRY 
,)247 U40 TAO A 
k:l 1:':> 0 .5,,40 DCA A lAUD 
02?1 13.54 TAD MUI.II1 IHJ(;H ORDf..R MUL T I PLI CANO 
I;';b2 "".:)1 DCA MP«! 
02?3 13.57 TAD MLTH II1J(;H OROt;.j;/ MUL 1 I PLI Ef( 
1;';2?4 4.544 JMS MP4 
kl2:>5 1341 TAD B 
kl2:>6 .5"41 DCA B 
kl2:>7 1004 RAL 
19200 1-,:>/3 TAO MP5 
19201 1340 TAO A 
0202 2332 lSi! SlGNSw IANSVIER (01( 
kl203 ?O<:li JMP I OMUI.. INa: i:.X 1 T 
.:)264 .5340 Dl,;A A Ins 
01:'05 1343 TAD D 
0266 1141 CMA Clio lAC INt-GATE 
'0207 3"43 DCA D 
iJ2/0 1"42 TAD C INt-GAr!:. 
02/1 4"01 JMS COM 
102/2 3.542 DCA C 
02/3 1341 TAD B 
~2/4 4.3l1il JMS COM INI:.GArE 
102/5 "j41 DCA B 
02/6 1.540 TAD A 
vno 4.501 JMS COM 
<:i3d1 '000 JMP I OMUL II:.XjT 

MP2, 
",.5.1 00016 COM, 0 
t.5l2 1040 CMA 
0303 14j0 SrL 
0314 1111i1 Cll lAC 
03<:)5 ,/01 JMP 1 COM 
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IPAGE. ~ 

MP1, 
0~06 kHHl,j TSZGN, IZI 
k:l3107 lbk:l0 TAD I OMUL IH.TCH ADLJ~t.S::) 
k:l310 3~4i<J DCA AUDf-lS 
.0311 1/40 TAD I AUDr<S It-UCH Hlu~ Of-lDE.R 
0312 1100 Cll 
10313 1::>10 Sr>A liS IT <01 
.:i~14 /06\:, eMA CML IYI:.S: COMPLt.MI:.Nf. SET L! NK 
\(i~15 ~337 DCA MlTH 
0316 234k:l 1St AUPf-l::) 
k:l317 1/410 TAD I AU[Jf(S IFI:.TCH lOW URI.lE.R 
0320 1430 Stl IWAS IT <01 
0321 2~~2 1St SIGNSW Ins. A[JD 1 TO SWITCH 
k:l322 1k:lk:lk1 NOP 
0323 /430 Stl 
iiJ324 7141 CMA Cll, lAC IGOMPLE.Mt.NT, CU.AR LI NK 
0 325 3~36 DCA MLTl 
k!i326 /43k:l Stl ICARRY1 
i0327 23~7 1St HLTH IYI:.S 
03~i2J 22k:l0 I::)t DMUL 
\03~1 ::>/i06 JMP I T::>!l>N II:.XjT ROUTINE 

103~2 iO k:lfc:i 0 SIGNS .... [/) 

103~3 1116 ~t.S I. -2 
103~4 1IJ00k:l MUl,IH, III 
03~5 k:lk:l0~ MUL.ll, [/) 

i0336 101(lk:l0 Ml,TL., [/) 

k:l3~7 00k:l0 MLTH. [/) 

AODKS, 
0340 1O\(i00 A. [/) 

\tJ341 1Ok:lk:liO tl. [/) 

0342 1IJk:l00 C, III 
ilJ343 k:li000 U I [/) 
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liJAl>E 4 

0344 i/J0"'0 MP4. 0 IUNSIGNEO MULll PLY 
~345 3.)~0 DCA MPl 
0346 .5.5/3 Dt,;A MP!> 
1).347 1.5/4 TAD Ml.~ IGOUNf 12 BITS 
03:>121 .5,5 Ii. D(;A M"';S 
i()3~1 IHli<J CLL 
i(),5:>2 UIIJ6 TAD MPl IGAHRY GOE.S INTO 
kJ3,3 10H;1 RAR IU .. F T OF MPl 
1O.3~4 .5.506 D(;A MP:1 III:.:;)T MULTIPLIEI-l tilT 
0.5:>5 1.5/3 TAD MP~ 
,'h~~6 14 i.0 SNl IA 11 
03:>7 :>,5b2 JMP ,.J INa; UON'T ADu 
1::36121 11~0 CLL IYl:.S: ADO 
03bl 1,5i/J1 TAD MP2 
~,5b2 1010 RAR 
0363 .,:,.513 O(;A M"'~ 
03b4 'C..,:, 12 lSi! MP3 IUON£: 12 ~ I' 51 
0,505 :;),):>2 JMP M .... ·6 INU: CARRy j S IN e<L) 
0,~ 0 6 1,)0b TAD MPl IYI:.S: DONt. 
~307 lilJ10 RAR 
kJ3/12J 71100 eLL 
103/1 ?/44 JMP I MPiI II:.X!T 

t,,5/2 [00[00 MP3, " 1t3/3 100"'i<J MP5. 121 
0":'74 /104 M12. -14 

PAUSE 

SVMtiOL I Atilt. 

A 1213410 
ALlDH5 121.,:, 4 iIJ 
8 0341 
e 12J":'4'C. 
CUM 12J,51/J1 
U 121,54,5 
OMUl 121212110 
ML.TH 121331 
ML.Tl 12J,53b 
Mr'l 0,5l2Jb 
Mr'2 03"'1 
Mr'3 I2J.5U 
MI-'4 121.,:,44 
MI-'5 l2J.5n 
MUllH 121,534 
MUlil 1il33~ 
M12 121":'74 
Rt.51 0,53,5 
5 I G'';5 ... 121":' 3d 
TS I [,N 12J.3l/Jb 
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1. Double Precision Signed Divide Subroutine, DEC-08-FMEA-D. 

2. ABSTRACT 

The Double-Prec ision Divide Subroutine wi II divide a 24-bit signed divisor into 
a 48-bit signed dividend to produce a 24-bit signed quotient and an unsigned remainder. 

3. REQU IREMENTS 

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 

4.1 Loading 

The subroutine is loaded with the Binary Loader (Digital-8-2-U). The symbol ic 
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 I DDIVP 
LOW 
HLT 

DDIVP, 
HIGH, 

DUBDIV 
. + 1 
o 

/ADDRESS OF DIVIDEND 
!DIVIDEND 

o 
o 
o 

LOW, o /DIVISOR 
o 
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 . . 
D" = Quotient, Rema Inder 

IVlsor 

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. 

o UL Binary Point 
Dividend Sign 

o L L B;nary Po;n! 
Divisor Sign 

23 
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Dividend (2's Complement) 

47 

Divisor (2'5 Complement) 



or 

9. 

9.1 

9.2 

9.3 

o L L Binary Point 
Quotient Sign 

I 1 12451 

o L Sign 

12221 

°L Sign 

1 li21 
L Sign 

EXECUTION TIME 

Minimum 1.424 msec 

Maximum 1 .705 msec 

Average 1.65 msec 

10. PROGRAM 

10.4 Program listing 

Quotient (2 1s Complement) 

kl201 
47 

121 120
1 

23 

121120 I 
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02i:l0 1O\Of<;1\O 

10201 3.531 
102.;2 1.5 4 3 
102103 .5.540 
102104 11.51 
10205 .5332 
102106 id.51 
10207 11 .51 
~210 .5.533 
10211 2.5.51 
10212 11.51 
\C213 .5.5.54 
(.:;214 <:::.5.51 
10215 11 .51 
\(;216 .5.5.5, 
k) 217 1.532 
kJ220 1 1 iO lJ 
i0221 ';)2.57 
02n 2.540 
k::223 l.5.55 
02;:>4 1141 
10225 .5.535 
0226 1.5.5 4 
.,:,227 4.544 
02.50 -5.5.54 
\(;2.51 1.5.5 3 
02.52 4.544 
\02.53 -5.5.53 
02.54 1.5.52 
1U2.55 4.544 
<)2.56 3.5-52 

IJU;-i08-FMEA-LA 
IUQuHlE P~ECISION D1YIU~ SU~RUUllN~ 
ICAlL1NG SEQU~N~~; 

1 C(AC)=AUOriESS O~ HIGH ORUER DIVIDtNU 
1 JMS DU8U!V 
1 ADDRESS Or HIGH OriUER DIVISOR 
1 RETURN: C(A~):HIGH URDEH UUOTIENT 
1 C(U1VND4):LUW ORUER aUOTltNT 
1 C(DIVND1):HIGH URUER REMAINDER 
1 C(OIVND~):LUW ORUER REMAINDER 
IIF D1V1SOR<DIVIOtNul H~SULIS UNSP~C!FIED 

OAGE 1 

JI,)::H)jV, 121 

DCA AODHS IOIVIUEND AUDRESS 
TAD RESI 1-£ 
DCA SIGI~Sw 15E1 SIGN SWITCH 
TAD I AuD~S IHIGH-ORDER DIVID~ND 
DCA DIYNUl 
1St AUPHS 
TAD I AUUKS IOIVIO[ND 
DCA DIVNLJ~ 

1St AUDriS 
TAD I AUUKS IUIVIUEND 
DCA DIVNU.5 
1St AOOkS 
TAD I AUURS IUIVIDEND 
DCA D1VNU4 
TAD D1VNU1 IUIV!DEND<0'/ 
SMA CLA 
JMP DIVGOl li~U : CONTINUE 
lSi! SIGNSw Ins: AOD 1 TO SWITCI-I 
TAD D1VND4 
eMA lAC Cll. INEGA TE OlV1D~NO 
DCA DIVNU4 
TAD DIVNUj 
JMS CUM 
DCA D1VNUj 
TAD D1VNU2 
JMS COM 
D~A D1VNU, 
TAD DIVNUl 
JMS CUM 
DCA DIVNUl 
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IPAI.>E; 2 

IFE.ICH UIVISOR 
~237 16~J LlIVuOl. TAD I DU[jJ!V 
':240 akl0 lSi! DUtlU1V 
~241 3S31 DCA AUOHS IAUURE.SS or DIVISUR 
16 242 l 1S 1 TAD I AU[)"S IHII;H ORDt.R DIVISUR 
00243 11i1l0 CLL 
0244 i~i00 SMA IU I V I SOI-I>IO? 
10245 1<160 CMA CM!. IYt.SINEGATE AND StT C (Ll 
~246 33,36 DCA HLJlvSK 
<:1247 23,$1 lSi! ALJDRS 
02:>0 1/,31 TAD I AUUH5 ILOW ORDER UjVISOH 
i02~1 /4 2~' SNL 
1!J2:>2 2,340 lSi! SIGNSw IADU 1 TO SIGN SWITCH 
1t2:i3 1<100 NUP 
1!J2:>4 /4,30 Stl 
02~5 1141 CMA lAC ClL ICOMPLEMENT 
02:>6 3S,37 DCA lU!VSH /LOw ORDER UIVISOH 
02:>7 14,3<3 Stl ICARRY? 
0260 2330 lSi! HUlvSH I Yt. S 
0261 1342 TAD M2:i 
0262 3341 DCA DIV(;NI 151-.1 uIvlOE COUNT=24 
kl263 1J..JiO Cll 
0264 ::>307 JMP DIV~ 
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foJA('E 3 

ro265 1~33 LlIV3, TAD DIVNU~ ISHIFr HIliH DIVIDt:.NU 
~266 1:.104 RAL ILU T 
1ii26l Sj33 DCA o !VND, 
02/0 1~32 lAD DIVNUl 
02/1 7011J4 RAL 
0212 ~S32 DCA DIVNUl 
11)2/3 lSS3 TAD DIVNU, I[.;OMPARI:. DIVISOR; 
10214 USl TAD LUIVS~ IW II H DIVlSOR 
1IJ2/5 S~Sl DCA AUOKS 
'62/6 10:.14 RAL Ilil:..T CARRY 
rtJ217 1~32 TAD DIVNUl 
03J0 1~36 TAD HUlvS~ 
1!l3~1 1420 SNL 
itl302 ':>31::l6 JMP Dln.1 
1!l3k.-3 ~~S2 DCA DIVNDl 
IOS1.14 1331 TAD AUDKS 
0305 3~33 DCA DIVNIU 
0~06 n0J CLA 
0307 lS35 DIV2, TAD DIVNU'I IRUIAn. LOW Dr<DI:.R 
rtJ310 /004 RAL IWORDS LE~T 
0311 3335 DCA °IVNOli 
()~12 1~34 TAD D1VNUj IQl.ITOIENT BITS 
0313 litl04 RAL 
1£)314 ~3~4 DCA D1VNDj /t:NTER F RUM C (l.) 
0315 2341 lSi! DIV[';NI IUONl ~4? 
itlH6 ':>265 JMP O1V3 INO: CONTINUE 
1IJ~17 2~40 1St SlGNSW I ANSWI;.R<frH 
1il320 ';)j21 JMP OUT INO: EXIT 
0321 Us5 TAD DIV N04 In.S 
rc~22 1141 CMA eLL, lAC 
0323 ~j~,:> DCA DIVNU'I 
kJ324 1~34 TAD DIVNUj 
0~25 4S44 JMS CUM 
0~26 ':>61::lkJ JMP 1 OUbLJIV 
rtJ327 1334 OUT, TAD DIVNUj 
IIJjj0 ';)6r.:l0 JMP 1 DUt:iLJlv 
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IPAGi:. 4 

<)SSl 000.0 AJUNS. 0 
.0SS2 000" Ll!VND1, 0 
~SS3 060'- J I V I~ L.l" , eI 
.:JSS4 kJ06l L.l j V I\J D j , 0 
",SS5 0000 LlIVNO", 0 
0SS6 000"; HJIVSN, 0 
03S7 i000lJ L~IVSr1' 0 
0S40 I(HH:HJ SIGNS .. , 0 
0S41 000"; DIVI,;NI, 0 
0S42 1 14 7 M2?, ~J1 1-2':>(11:1) 
0..543 1116 ~E 5 I , -2 

0..544 10000 CQM, 0 
0345 11<140 CMA 
k)S46 74SiJ StL 
0541 11r.:J1 Cll lAC 
<';S:>0 :>/44 JMP I COM 

PAU::lE 

S YMtWL IAl:lll 

AUOHS 0..531 
CUM 0S44 
OIV(;NI elS41 
U1VG01 0231 
OIVNOl 0S..5~ 

OIVND~ 0SSS 
OIVi'JUj 0S,54 
O1VND4 0S,5:> 
O1V2 0,501 
U1VS 0~6:> 
UUBU 1, 0~00 

HUIVSt~ 0S,5b 
LUlvSH 0S31 
M25 0S42 
OUT 0S21 
Rt.SI elS4S 
S I GI\lS" 0S40 

12. REFERENCES 

See DEC-.Q8-FMDA, formerly Digi tal-8-13-F. 
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1. Double-Precision Sine Subroutine, DEC-08-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 < Si:l(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):c: a and with the 
answer in registers ARG, ARG + 1. For example: 

DSINP, 
ARGMNT, 

6. 

6.1 

JMS 
ARGMNT 
HLT 

DSIN 
1000 
0000 

DESCRIPTION 

Discussion 

DSINP 

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 
if 

if 

X=O 
X < 0, 

X < IT , 

Sin(O) = a 
Sin(-X) = -Sin(X) (recursive call) 

Sin(X) = -Sin(X - IT) (recursive call) 
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if 
if 

for 

x > IT/2 
X = IT/2 

a < x < IT/2, 

Sin(X) = - Sin(X - IT) (recursive ca II) 
Sin(lT/2) = 1 

2X 
F = - so that a < F < 1, then: 

IT 

6.3 Scaling 

and 

weightings: 

The scaling for the argument is: 

I111111111111 LLlmPlied 
Binary Point 

Sign 

1111111111111 

(word is 2 1s complement) 

The binary weightings of the argument may be represented as: 

Thus, 1.5 radians would be: 

001 100 000 000 000 000 000 000 

-1 .5 radians would be: 

110 100 000 000 000 000 000 000 

The answer is a 23-bit signed fraction (2 1s complement) with the following binary 
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Thus if the answer were 0.75(10), it wou Id appear as follows: 

ARG all 000 000 000 

ARG+l 000 000 000 000 

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

ARG 101 000 000 000 

ARG+l 000 000 000 000 

7. METHODS 

7.2 Algorithm 

See Sect;on 6.1. 

9. EXECUTION TIME 

9.1 Minimum When the argument is a multiple of n: 70 fJsec 

9.2 Maximum Without EAE: 10.6 msec 
Wit~ EAE: 2.78 msec 

9.3 Average Without EAE: 10.4 msec 
WithEAE: 2.6msec. 

10. PROGRAM 

10.1 Core Map 

The Double-Precision Sine Subroutine, as listed, was assembled starting at 
0400 (8). 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 1 of the program shou Id be changed. 
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10.4 Program Listing 

ILJEC,..IOB ... FMFlj.fJA 
IUOUb1I.E PIo<ECISION SlNt:. 
IPOINIE~S TO UEC·~~~~MUA 

fi)2~H' OMJL.:~0ra 
~341 B:341 
fi)342 C:342 
~400 .4~ra 

~400 ~~121121 OSIN, 0 
k:J401 160121 TAD I OSIN IADURI:.SS o~ ARGUME.NT 
k:J402 3351 DCA TI:..MP 
1214~3 1751 TAD I TI:..MP IHIGH ORl.H.R 
k:J4~4 3347 DCA X~ 
k:J405 2351 IS~ n. M P 
k:J406 1751 TAD ! Tt:.MP II..OW ORO!:.R 
121407 335121 OC;A X"·l 
12141121 22~12I p;~ DSI I~IXt;;XIT 
k:J411 120121 TAD DSI~ I~AVE ON PUSHDOWN LIST 
121412 3763 DCA ! PUSH 
k:J413 2363 IS~ PUSH 
121414 1347 TAD X~ ICHt:.CK ~ OR tERO 
121415 764121 StA CI..A 
121 416 5233 JMP NI:..G 
k:J417 1350 TAD X"·l 
12142121 764121 StA CLA 
121421 5233 JMP Nt.G INO 
0422 72[£10 CLA 
121423 3754 DCA I PNTJ I:iINCId):ra 
k:J424 3755 DCA I PNTJ+l 
k:J425 724121 X I T 1, CLA CMA It:.XIT 
0426 1363 TAD PUSH 
121427 3363 DCA pUSH 
043121 1763 TAD I PUSH 
0431 3351 DCA n. M P 
121432 5751 JMP I Tt.MP 
121433 1347 N!:.G, TAD x" ICHt.CK fOR NEGATIVI:. X 
121434 77121121 SMA CL.A 
121435 5261 JMP POS 
0436 1350 TAD Xc+l I:iINC'IIX):"SINCX) 
121431 7141 CL.L CMA lAC 
044121 335121 DCA xC·l 
121441 1347 TAD x( 

0442 704121 CMA 
0443 743121 StL 
0444 7001 lAC 
0445 3347 DCA X~ 
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IOEC"'108 ... F'MFB-PA 
IPAG£ 2 

0446 4200 JMS OSIN IRECURSIV~ CA~~ F'OR SINE. 
0441 0~47 X" 
04~0 1755 Xl T2, TAO 1 PNT3·1 INEGATE THE ANSWER 
0 4 51 7141 CI..L eMA lAC 
0452 3755 DCA 1 PNT,s·l 
0453 1754 TAD I PNTJ 
fd454 7040 eMA 
0455 7430 StL 
1d456 7001 lAC 
0451 3754 D(;A 1 PNTJ 
046121 5225 "IMP XlTl 
0461 7100 pos, e~~ 115 X(~ 11 
0462 1350 TAD X~·l 
0463 1360 TAD MPt·1 
0464 3351 DCA Tt:.MP 
0465 71004 RAL ICA~RY 
k:i466 1341 TAD X~ 
0461 1357 TAD MPJ 
0470 7~10 SPA 
0471 5300 "IMP PCHK 
0472 3347 DCA xC! ISIN(X)·-~JN(x·Pl) 
0473 1351 TAD T£.MP 
0474 3350 DCA X,·l 
0475 4200 ~~S DSIN 
0476 0~47 

0471 5250 JMP XITir:! 
050121 7300 PCHK, C~A e~L 115 X(~1/~1 
1d501 1350 TAD X;C·l 

~;~~ 1362 TAD HPIO.l 
3351 0(,; A Tt.MP 

10504 7004 RAL 
"'505 1347 TAD X~ 
0506 1361 TAD HPIO 
fc:l507 7'10 SPA 
051121 5337 "IMP A~G 
0511 7440 StA 
0512 5.324 "IMP Pir:!Nli 
0513 1351 TAD n .. M~ 
0514 7440 StA 
0515 5324 "IMP P"Nli 
0516 7140 eMA e~L /SlNCP1l2)s:1 
"'517 7010 RAR 
052121 3754 DCA I PNT..s 
0521 7040 eMA 
0522 3755 DCA I pNTJ·l 
0523 5225 "IMP xl T1 
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IIJE.O .. IOS-F'Mft:i.PA 
IPA(;E 3 

fc?5C:!4 73fc?12I P2N(;, CI.L CI.A 
0525 13 !H'I TAD Xt!·l 
0526 136121 TAD MPt·l I~IN(X)Q-SIN(X·PI) 
0527 335121 O(;A X4:!·l 
12153121 701214 RAL 
121531 1347 TAD X(! 
121532 1357 TAD MPI 
0533 3347 O(;A X~ 
0534 42~IZJ JMS DSJN 1~£C;URSIVl:. CAL.L roOR SIN!:; 
0535 121547 X4:! 
0536 5250 JMP X1T( 
053? 720121 A\.G, CI.A IAI..IGN SeALINtI roaR AL.GOR I nlM 
12154121 135121 TAD X~·l 
0541 711214 CI..L RAL 
121542 3753 DCA t PNTi:!·l 
121543 1347 TAD X~ 
0544 71211214 RAL 
121545 3752 DCA I PNTi:! 
0546 5756 JMP I PNT4 

ISYMBUL.S ANU CONSTANTS ~ OR THIS PAGE 
0547 121121121121 X2, 121 

12155121 12101210 121 
121551 1210121121 H .. MP, IZl 

121552 121743 PNT2, X 
121553 121744 X·1 
121554 0741 PNTJ, A~G 

121555 121742 ARG·1 
121556 12160121 PNT4, DALG 
0557 4667 MPl, 4667 1"'(Pl) 
12156121 412123 4"'23 
121561 6333 MPIO, 6333 1"(Pl/~) 
0562 612112 6"'12 
0563 121564 PUSH, PUSH·l I POINTt:R fOR PUSHUQWN L.IST 
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ILJE.C .. la8 .. F"MFt:i·PA 
IPAliE: 4 

"'0",0 °OSlN·21£lf2l 
0600 4736 DAL.Ci, JMS I oMTG I~ORM (2/Pl)-ARG 
1£l601 0743 X 
"'602 ro755 TOPI 
"'603 4277 JMS SeAl. IliET RID o~ EXTRA SIGN ~IT 
"'604 4277 JMS SeAl. I~CAI.'NG :: '" NOW 
0605 4312 JMS ROUND 
0606 0743 X 
0607 4736 JMS I oMTL; lliET x-x 
06HI "'743 X 
0611 0743 x 
"'612 4277 JMS 5(,; AI. IliET 10<10 Of EXTRA SIGN tilT 
0613 4312 JMS ROUND 
0614 "'737 XSQR 
0615 1353 TAD F'fX IlNl 
0616 3345 OGA PNT I T 
0617 1354 TAO FOUR I 
0620 3346 ol;A CHK I A 
0621 3341 DCA AIo<G I I. 
06 22 33 42 DCA AIoiG·l I 1 H. 
0623 7100 l..OOP, eL.L 
"'6~4 1745 TAO I PNT 
0625 1342 TAO ARG·l 
0626 3342 DCA AI-<C·l 
0627 2345 ISE PNT 
063121 7004 RAL. 
0631 1341 TAD ARC 
0632 1745 TAD I PNT 
0633 3341 DCA ARG 
",634 2345 lSi! PNT IIN(.;RI:.Mt.NT P01NT~R F"OR NEXT 
f2l635 4736 JMS 1 DMTG 
06.36 0741 ARC 
0637 0737 X~GlR 
064121 4277 JMS SeAl. IliET RID Of SIGN t:iIT 
0641 4312 JMS ROUND 
0642 0741 ARC 
0643 2346 lSi! CHK 
0644 5223 JMP LOOP 
0645 71"'0 eL.L. 
0646 1341 TAD ARC ISHl~ T ARLi 1 PLACt;, 
0647 75 1 f2l SPA 
1065121 7020 CML. 
0651 7010 RAR 
0652 3341 DCA A~G 
0653 1342 TAD ARG·1 
10654 70Ul RAR 
0655 3342 DCA ARC·l 
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0656 7100 CLL IAULJ !N LAST CONSTANT 
0657 1360 TAD Cl·l 
~660 1342 TAD AI-<G·1 
0661 3342 DCA ARG·l 
~662 7004 RAL ICAHRY 
W;l663 1341 TAD ARG 
1£)664 1357 TAD Cl 
0665 3341 DCA ARG 
0666 4736 JMS I DMTG 
0667 0741 ARG 
~670 0743 X 
0671 4277 JMS S8 Al.. IPUT S ALINGA K TO tERO 
0672 4277 JMS S AL IliET RYO Of S~G2 tj!T 
0673 4312 ,JMS ROUND 
0674 1C)741 ARG 
0675 5676 JMP I OUT 
~676 0425 OUT, XITl 
0677 0IiHH' SCAl., 0 IROUTINI:. TO AUJUST SCALING 
0700 3350 DCA TI:.M~ 
0701 1752 TAD I CTG 
0702 7104 Cl.L RAL 
0703 3752 DC;A t CTG 
0704 1751 TAD r 8TG 
0705 7004 RAL 
0706 3751 DCA I BTG 
0707 1350 TAD TI:.M~ 
0710 7004 RAL 
0711 5677 JMP I SCAl. 
0712 0000 ROUND, 0 
0713 3347 DC;A n.Ml 
0714 1712 TAD I ROUNLJ IADORt::SS Of ~lGH ORUER 
~715 2312 lS~ ROUND 
0716 3350 DCA TI:.M~ 
0717 1347 TAD TI:.Ml 
0720 3750 DCA I n.M~ 
0721 1350 TAD TI:.M' 
0722 7001 lAC 
~723 3347 DCA TI:.Ml 

724 1751 TAD I 8TG 
0725 3747 DCA I TI:.M1 
0726 1752 TAO I eTG 
0727 7710 SPA yl.A ItjlT 10=1,', 
0730 5712 JMP ROUNU INOJ EXIT 
0731 2747 IS~ I H.Ml /YES: ROUND 
0732 5712 JMP I ROUNU 
0733 2750 Is~ I Tt:Mj:! I~ARRY 
0734 7000 NOP /~l:.rURN S IP OR NOTll 
0735 5712 JMP ROUNU 
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IOEC;-"B .. F'MF'~-PA 
IPAliE b 
ISYMBUI..S ANO ~ONSTANTS 

0736 02012l OMTli, DMUI.. 
0731 0000 XSQH, 0 
0740 0000 0 
0741 0000 flRG, 0 
0742 0fZJ00 0 
0743 rcH21012l X, 0 
0744 0000 0 
0745 0000 PNT, 0 
0746 0000 CHK, 0 
0747 0000 fE M1, 0 
0750 0000 ~M~, 0 
0751 0341 BTG, B 
0752 0342 eTG, c 
0753 0761 fYX, CC; 
0754 7774 fOUR, .4 
07~5 2427 TOP 1 , 2427 1e./Pl 
0156 6303 6J0J 
0757 3110 el, 3110 
0760 3755 375~ 
0761 2367 C9, 2.567 ICS"C'1 STOR~O IN BACKWARDS ORUER 
0762 0000 0000 
0763 3331 e7, 3.531 
0764 7766 7766 
0765 1505 C5, 1~0' 
0766 0243 0~4J 
076' 0420 e3, 0420 
0770 5325 5J2!; 

$ 
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SYMBOL. TABL.E: 

AL.G 121537 
AHG 121741 
9 121341 
BTG 121751 
C rzJ342 
CHK 121746 

~IG 121752 
121757 

CJ 121767 
C~ rzJ765 
C7 121763 
C9 rzJ761 
DAl,G 12161210 
OMTG 121736 
DMU\. 12121210 
DSIN 12140121 
~OUR 121754 
ryX 121753 
1.00P 121623 
MPI 121557 
MPIO 121561 
NI:.G 121433 
OUT 121676 
PCHK 1215121121 
PNT 0745 
PNT~ 121552 
PNT3 121 554 
PNT4 121556 
POS 121461 
PUSH 121563 
Pt!NG 121524 
ROUND 121712 
Sr.;AI. 121677 
TI:.MP 121551 
Tt::Ml rzJ747 
H,M2 121750 
TUPI 12175~ 
X 121743 
X1Tl 121425 
XIT2 121450 
X~Q~ 121737 
Xt! 121547 
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1 • Double-Precision Cosine Subroutine, DEC-08-FMGB-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 

4. 

4. 1 

Equipment 

Standard PDP-8. 

USAGE 

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 assembl ing this tape with other tapes, is loaded with the Binary 
Loader. 

4.2 Ca II ing Sequence 

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

5. RESTRICTIONS 

See DEC-08-FMFB-D 

6. DESCRIPTION 

6. 1 Discussion 

The Double-Precision Cosine Subroutine uses the following identities: 

If X<O; COS(-X} = COS(X} 

Then SIN(lT/2 - X} = COS(X} 
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This insures that the argument presented to the sine subroutine is in the proper 
range. 

6.3 Seal ing 

See DEC-OS-FMFB-D 

7. METHODS 

See DEC-OS-FMFB-D 

S. FORMAT 

See DEC-OS-FMFB-D 

9. EXECUTION TIME 

9.1 Minimum 

The minimum time occurs when the argument is O. In this case, time = 55.5 I-Isec. 

9.3 Average 

In general, the Double-Precision Cosine Subroutine takes from 75 I-Isec to 93 I-Isec 
longer than the Double-Precision Sine Subroutine (see DEC-OS-FMFB-D). 

10. PROGRAM 

10.4 Program listing 
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IDEC-08-FMG8-PA 
IDOUBlE PR[CISION COSINE SUBROUTINE 
ICAllS DEC-v.l8-FMFA 
IPOINTERS TO DEC-08-FMFB FOLLOW 

07 4~. ARG=741 
,) 4 00 OSIN=400 

1000 *HH:l0 
10rJc~ (1lil00 DCOS, 0 
1V'!01 11)00 TAD I DCOS IFETCH ADDRESS OF 
1002 3262 DCA ADDRSS IARGUMENT 
1003 1662 TAD I ADDRSS IFETCH HIGH ORDER 
11"'104 3251) DCA EX IARGUMENT 
1005 2262 ISr ADDRSS IINCREMENT ADDRESS POINTER 
1006 1662 TAD I AD(JRSS IFETCH LOW ORDER 
1 V1~P 3257 DCA rX+l IARGUMENT 
H'lCil 1256 TAO EX lIS ARGUMENT EQUAL 
1011 7640 StA CLA /TO HRO 
1t'1lt> 5224 JMP TSIGNN INO: TEST THE SIGN 
H'I13 1257 TAD FX+1 ITEST LOW ORDER BITS 
1014 71)40 StA CLA IFOR tERO 
H'I15 5224 JMP TSIGNN INOT EQUAL TO iZERa 
H'I16 7'i140 CMA 
HH7 7010 RAR 
1020 3660 DCA I ARGPNT 
1021 7040 CMA 
1022 3661 DCA T ARGPNT+l ISET ANSWER TO 1 
12123 5254 JMP FX IT 
1('124 1256 TSIGNN, TAD EX ISEE IF X>0 
1025 7701'1 SMA r:lA 
1('126 5237 JMP ARGPOS IARGUMENT IS >0 
1027 1257 TAD EX+1 IARGUMENT IS (0 
1 III ;5111 7141 ClL CMA lAC INEGATE IT 
1C~ 31. 3257 DCA Ex+l 
10:~2 1?5 I) TAO EX 
1033 7040 CMA 
1034 7430 StL 
1('135 7001 lAC 
1036 3251) DCA EX 

7-3 



1037 7300 ARGPOS. Cll ClA 
1040 1257 TAD EX+1 
10 41 7041 CMA fAC 
112142 1265 TAD PIOT+1 ISUBTRACT X FROM 
112143 3257 DCA EX+1 IPJ/2 
H:l44 1256 TAD EX 
1045 7040 eMA 
1046 7430 sn 
1047 7001 JAC 
1050 1264 TAD PlOT 
1051 3256 DCA EX 
1[l!52 4663 JMS I DS!NPT ICAll SINE SUBROUTINE 
1053 1(:156 EX IARGUMENT ADDRESS 
1054 2200 EX! T I JS~ DCOS IRE TURN TO CAlL+1 
1055 5600 JMP ! DCOS IANSWER IN ARG,ARG'*'l 
1056 0000 Ex. f2J 

1057 0000 0 
H'I60 0741 ARGPNT, ARG 
1061 0742 ARG+1 
1062 iZl000 ADDRSS. I2J 

1063 0400 DSINPT. DSIN 
1l'164 1444 PlOT, 1444 
1065 1767 1767 

PAUSE 

S YM BOl TABLE 

AODRSS 12162 
ARG 0741 
ARGPNT 1060 
ARGPOS 1037 
DCOS U:100 
DSIN 04Vl0 
DSINPT 1063 
EX Hl56 
EXIT Hl54 
PlOT 11064 
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. 
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1. Four-Word Floating-Point Package I DEC-OB-FMHA-D. 

2. ABSTRACT 

This program is almost identical to the 3-word Floating-Point Package 
(Digital-B-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-B-2-U) or DECtape System. 

4.2 Call ing Sequence 

Identical to Digital-B-5-S. 

5. RESTRICTIONS 

See Digital-B-5-S. 

6. DESCRIPTION 

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

7. 

B. 

9. 

9.3 

METHODS 

See Digital-B-5-S. 

FORMAT (Not Applicable) 

EXECUTION TIME 

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 

FSUB 
FDIV 

= 

= 
= 

3B2 I-lsec + 42(N) where N is the number of shifts to align 
binary points. 
FADD time + 42 I-lsec 
3.4 msec (approximately) 
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FMPY = 
FGET = 
FPUT = 
FNOR = 

FEXT = 

3.3 msec (approximately) 
156 jJsec 
172 jJsec 
168 + N(42) jJsec where N is number of shifts; 
+84 jJsec if argument <0. 
140.5 jJsec 

10. PROGRAM 

10.4 Program Listing 

J164..1 10010.1 
161641 010,00 
01042 J~JIO 

0.:J4S ~ulOlO 

1O~44 ItH?JiOlO 
il045 001010 
1O)(.J46 1010010 
J~47 0JJ0 
iUr.:lS iU 0010.1 

ttJJ51 1Oi600 

iUw.J61 I!h:l 10 0 

56~1O i(h.lk::J 10 
5601 7:)00 
56i/j2 31651 
5603 3.0510 
56164 161010 
56~5 .5257 
561.16 1257 
56iJ7 id265 
56110 76510 
5611 5214 
561 G 1267 
561.5 ~200 

5614 .5262 
5615 1~710 

5616 .cJ257 
5() 1 7 1262 
56.:::.) S262 

14 WORD FLOATING POINT 
IAHITHMETIC INTERPRETER 
IPAGE 1 

*410 
EX1, '" til GH1 , iC) 

MI j) 1 , 10 
LOW!, lei 
EXP, 10 
t{QRDER, 0 
i'll DOL, \(j 

LORD£R, 10 
OVER2, 0 

OViR1, ~ 

*61 
FLAG, 0 IARITHM£TIC ERROR FLAG 

*5S00 
FPNT, 10 

CLA CLL 
DCA OVER1 
DCA OViR2 
TAD 1 FPNT IG£T INSTr<uCTION 
DCA J u lflP 
TAD JUMP 
AND PAGiNO IPAGE 1077 
SNA CLA 
JMP .+3 IYES 
TAD l1ASK5 INO - GET PAG£ BITS 
Ai~D FPNf 
DCA ADDRS 
TAD NASK7 IG£T 7 BIT ADDRESS 
AND JUr1P 
TAD AOORS 
DCA ADJRS 
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5621 1::::66 TAD INDRCT IBIT3=177 
5622 0)257 AND JUMP 
:)6~j 76510 SNA CLA 
5624 5227 JI'lP LOOPa:Jl 
5625 1662 TAD 1 ADDRS IYES - DEFER 
5626 5262 DCA ADDRS 
5627 2210.:) LOOPiJ 1 , ISZ FPNT 
56310 1662 TAD 1 ADDRS 
5631 j04k::l DCA iX1 IEXPONiNT 
5632 1262 TAD ADDnS 
565j 3263 DCA SAVE 
5654 226,5 ISZ SAVE 
5635 1663 TAD 1 SAVE IHIGH ORDER 
5656 3041 DCA HIGH1 
5657 2263 ISZ SAVE 
5640 1663 TAD I SAVE 
5641 3k:J42 DCA ['lID1 IMIDDLE BITS 
5642 2263 ISZ SAVio 
564,5 1663 TAD I SAVE 
5644 31043 DCA LOlli 1 ILOwER BITS 
5645 1257 TAD JUl1P 
5646 71166 CLL RTL 
5647 70106 RTL 
5650 J264 AND MASK3 ILOOK-UP ON TABU:: 
5651 1271 TAD TABLE 
565:::: .52610 DCA J LJ fvjP2 
565.5 1660 TAD I J LJL1P2 
5654 .5260 DCA JUMP2 
5655 4660 JMS I JU[-1P2 IEXiCUTE 
5656 52101 JMP FPIIJT+ 1 18£T N£XT 
5657 i(Ji.j IQ iO J Ut1P, iO 
56616 K.l000 J Ur1P2, tU 
5661 IJIOiJ0 G02, 0 
5662 iJ0iJ0 ADDRS, 0 
5663 IIH:h.i0 SAVE, tU 
5664 10017 MASK3, 101017 
5665 1J2010 PAGE1\jO, iJ21t1k.i 
5666 kJ4k.iJ 1 NLlKeT , J4010 
5667 76010 MASK5, 76'ii'tJ 
567\(J k:.l177 MASK7, 10177 
5671 5672 TAdLE, .+1 
5672 5714 EXIT 
567.5 601J1tl FLAD 
5674 61()26 FLSJ 
5675 6367 FLMY 
5676 66100 FLDV 
5677 57'tJ2 FLGT 
57kJ..J 5753 FLPT 
57k:l1 621Ok:.l FNORM 
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IFLOATING GiT=501d1O 
5702- i£)0010 FLGT, 11 
5703 11040 TAD EX1 
57104 3"'44 DCA EXP 
5705 1041 TAD HIGrl1 
57106 31045 DCA HOHDER 
5707 11042 TAD 1'1101 
57110 3046 DCA MIDDL 
5711 11043 TAD LO.!l1 
5712 31047 DCA LORDiR 
5713 52i11 JlllP FPNT+1 

IFLOATING EXIT OR SUBROUTINE=fOiOXA 
5714 ICiJc') 010 EXIT, " 5715 1257 TAD JUMP 
5716 iU264 AND MASK3 
5717 7450 SNti IBITS 8-11=077 
5720 56010 J11P I FPNT IYES:FEXT 
5721 13510 TAD TABLi6 INO:LOOKUP BITS 8-11 
572~ 3260 DCA JUMP2 ION SUBROuTINE TABLE 
5723 1660 TAD 1 JLlNP2 
5724 326kJ DCA JUI'1P2 
5725 12010 TAD FPNT ISAVE PSiUDO PC 
5726 3261 DCA G02 
5727 4660 JMS I JUMP2 
5730 1261 TAD li02 IRiSTORi. P.3iuDu PC 
5731 .5200 DCA FPNI 
5732 5201 Ji~P FPNT+1 IRiTURN 

IFLOATING PuT=6001O 
5735 jj000 FLPT, 10 
5734 1044 TAD EXP 
5735 3662 DCA I ADDRS 
5736 1045 TAD rlOROER 
5737 2262 I3Z ADDRS 
574'iJ 3662 DCA I ADDRS 
::>741 11646 TAD MIDDL 
5742 2262 ISZ ADDRS 
5745 3662 DCA I ADDRS 
5744 11047 TAD LOHDEr{ 
::>745 2262 ISZ ADDRS 
5746 3662 DCA I ADDHS 
5747 5201 JMP FPNT+1 

575iJ 5750 TABLE6, • ISU.3ROUTINE TABLE: 
5751 5770 £XIT6 IABSOLUTE ADDRESSES 
5752 577iJ iXIT6 lOr SLiBROUTINiS 
575.5 577i;j iXIT6 
5754 57710 EXIT6 
5755 57710 i.XIT6 IEXIT6=DUMMY OR NOP 
5756 5770 EXIT6 
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5757 577~ iXIT6 
5760 5770 £XIT6 
5761 5770 EXIT6 
5762 577:J £XIT6 
5763 577'iJ £XIT6 
5764 5770 £XIT6 
5765 5770 £XIT6 
5766 577.fJ £XIT6 
5767 5770 £XIT6 

5770 0.100 EXIT6, 10 
5771 5770 J i'lP I EXIT6 

IFLOATING ADD= h) 1£)1£) 

*6000 
6J00 100100 FL.AD, i{) 

6\()id1 4251 JMS ALIGN IALIGN WOrlDS 
6i<J.fJ2 5600 JMP 1 FLAD INO ALIGNM£NT 
600j 4312 J[1S SCALE 
61004 7jiOiO CLA CLL ITRIPL£ ADDITION 
6iU iU 5 1051 TAD OVEHl 
6..:)J6 1050 TAD OV£H2 
6007 j0510 D::;A o V l!.K2 
6101 iJ 7Uid4 HAL ICAfmy 
6\() 11 1'iJ43 TAD LOlli 1 
610 12 11047 TAD LO~DiR 
6.0 13 3047 DCA LOrlDiH 
61£) 14 71£)i.::l4 HAL 
6iU 15 11042 TAD 1'1101 
61616 1\()46 TAD MID~L 
6~1 7 3:046 DCA MIDJL 
6~;:;:il 7 \()I() 4 HAL 
6..121 1iU41 TAD HIGH1 
61022 1045 TAD HOiW£H 
6id23 3045 DCA HORDE:H 
6.024 4705 JMS I NORMAL 
6'iJ25 56010 JMP I FLAD 

IFLOATING SuBTRACT=2000 

6'iJ26 J000 FLSLJ, 0 
6'0c. 7 47106 JMS I OPl'llNS IN£GATi OP i:.RAi~J 
'S'iJ 3 iU 5201 J.~P FLSUX /ADD 

IALIGN BINARY POINT~ 
6.a31 UI()J0 ALIGN, 0 
61:)j2 1045 TAD HOROEit 
6u33 7640 SZA CLA 
6",,-54 5240 JMP .+4 
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61035 110410 TAD EX1 IC(FAC)=IO 
6u36 3044 DCA EXP 
6..,;,57 5272 JMP DONt: 
6u41U 11041 TAD HIGh1 
61041 7650 SNA CLA 
6042 5631 JMP I ALIGN IO?£RAND=1O 
6043 110410 TAD EXl 
6044 7041 Cl'lJA lAC 
6,,;45 1i044 TAD EXP 
61c:J46 745~ 3NA 
6047 5272 JNP DONE IEXPONENTS EQuAL - EXIT 
6",,510 75~'i) SirlA 
61J 51 7i041 CMA lAC 
6052 S304 DCi~ At10UNT INUMBEK OF PLACES 
61053 1304 TAD AMOJNT 
6'i)54 13107 TAD TESTl 
61055 77110 SPA CLA 
61056 5274 JMP NOGO INO SHIFTING POSSIBLi 
61.;)57 110410 TAD EXl 
6060 7041 CMA lAC 
6061 11044 TAD EXP 
6.062 7.;;>:)4 RAL 
61063 7620 SNL CLA 
6064 1310 TAD TCONl ISHIFI OPERAND RIGHT 
61065 1311 TAD TCON2 ISHIFT FAC HIGHT 
6066 SS0S DCA POINT 
6067 4703 JMS I POINT 
6070 2304 ISZ AMOuNT 
610 71 5267 J l'1P .-2 
6072 2231 DO ,~£, ISZ ALIGN 
6073 5631 JMP I ALIGN 
6it174 11c'J41Gl NOGO, TAU EX1 
610 75 7041 CI'1A lAC 
6iJ76 lk144 TAD t:XP 
6J77 77tM 5 ('1 A CLA 
611()iO 56S1 Jl1P I ALIGN 
61 i.ll 57102 J i'1P I .+1 
6102 57103 FLGI+l 
61103 00100 POINT, 0 
61104 101000 AMOUtH, 0 
61.05 621010 NORMAL, FNOR11 
61'i)6 63106 OPi'1IN5, OPNiG 
61107 101045 T fSTl , 0045 
611 \() 10023 TCON1, SI1FTOP-SriFTAC 
611 1 61 16 TCON2, StiFTAC 
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/SCI~U .. 80TH RIGKT 
61 12 II.JI:M0 SCf\ Lr.:., 0 
01 LS 4,)41 J~S SHFTOP 
61 14 4.)16 Ji1S SKFTAC 
01 1 ~ 5712 Jl1P I SCALE 

/ SCALi FLOATING AC RIGHT 
61 16 iJ~i00 .3I1FTA C, iJ 
611 7 75tJ~ CLA CLL 
61~~ 1.145 TAD HORDiH 
6121 7~11() SPA 
bl:~2 7'iJ20 Ci1L 
61:2-,) 70)1,0 HAR 
6124 -.)045 DCA HOHDiR 
61 ~:j 1J46 TAD MIDDL 
6126 701.1 RAR 
6127 -S046 DCA MIDDL 
61.)0 1~47 TAD LOKD£R 
61,)1 7.110 RAli 
61,)2 .)047 DCA LORDEH 
61..s .) 1£)5.1 TAJ OVER2 
61-S4 7~11iJ KAH 
61 -S5 .)1050 DCA OVEH2 
61 -S6 2~44 ISZ ~XP 
61..s7 7iJ0J NOP 
6140 5716 Jt1P I SHFTAC 

/ SC~\L~ OP£RANi.) RIGHT 
6141 1()0~0 SKFTOP, 1.1 
6142 73010 CLA CLL 
6143 11041 TAD HIGH1 
6144 7510 SPA 
6145 7020 ClYlL 
6146 70Hl HAR 
6147 31041 DCA HIGl11 
61510 1042 TAD MIDi 
6151 701J RAR 
6152 31942 DCA NIDi 
615-S lJ43 TAD LOwl 
6154 701~ RAR 
6155 -S194-S DCA LOwl 
6156 1051 TAD OVEK1 
6157 701..1 RAR 
G16J -S051 DCA OViR1 
6161 2040:) ISZ EX1 
6162 7000 NOP 
616-,) 5741 Jt'iP I SKFTuP 
6164 4200 FLSUX, JMS FLAD 
6165 5626 JMP I FLUX 
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INORt'1ALlZE FLOATING ACCUt1ULATOR 
*6201J 

6200 i00J0 FNOim, 10 
621£) 1 7.5k1~ CLA CLL 
6202 3.561 DCA MP1 h:J # OF SI1IFTS 
62103 .5363 DCA MP.5 IRiSi.T S~ITCi1 
6204 1045 TAD HOrWEa 
62iJ5 7:510 SPA IlNPJT<i!i 
6206 2363 ISZ ~lPj IYES-SJ:!.T S~ITCI1 
6207 7640 SZA CLA IFAC=i.::l7 .. 
621 i6 5224 Jl1P G06 INO 
6211 1046 TAD MIDDL 
6212 764'i) SZA CLA 
621.5 5224 Ji1P G06 
6214 1v:;47 TAD LOitDiH 
6215 7640 SZA CLA 
6216 5224 Jl1P G06 INa 
6217 10:50 TAD OV£R2 
6221iJ 7640 SZA CLA 
6221 5224 Ji1P GU6 INO 
6<:::22 .51044 DCA EXP IYES 
622.5 560.0 JI1P 1 FNUriC1 IEXIT 
6224 1.56.5 G06, TAD MPS 
6225 7640 SZA CLA IWAS INPUT <i6 
6226 4261 J11S ACNiG IYES 
6227 IJ45 SIH FT, TAD KUrWiR 
62.5iU 7104 CLL RAL 
62.51 7711{) SPA CLA ITOO FAi\? 
62.52 5251 JI1P NOliiXT IYi.S:J:!.XII aOUTINi 
623.5 !vj50 TAD OVEH2 INa 
62.54 7104 CLL HAL 
62.55 SiJ50 DCA OViK2 ISHIFT L£F'T 
62.56 IJ47 TAD LORDEa 
62,)7 7~iJ4 RAL 
62410 .5047 DCA LOHuER 
6241 1046 TAD I1IODL 
6242 7J04 RAL 
624.5 .5046 DCA f110DL 
6244 11045 TAl) HOrWER 
6245 7i604 RAL 
6246 3045 DCA HORDErt 
6247 2361 ISZ MPI IADD 1 TO COUNT 
625U 5227 JMP SHIFT ICONTINJ£ 
6251 IS61 NOREXT, TAD 11P1 ISLJBTKACT COUNT F j-( 0 Iv] 
6252 7iJ41 CMA lAC IEXPON!!.NT 
625.5 1044 TAD £XP 
6254 3044 DCA J:!.)\p 
6255 1-)6.5 TAD ['It'.5 l'lJAS INPUT<i677 
6256 7640 SZA CLA 
6257 4261 JI"J5 A C;~EG IYES 
62610 5600 JNP I FNOH1'1 IEXIT 
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INEGATE F'LOATIi~G AC 
6261 101000 ACNEG, 10 
6262 731£H) CLA CLL 
6263 10510 TAD OVER2 
6264 71041 CMA lAC 
6265 "s050 DCA OVER2 
6266 1047 TAD LORDER 
6267 70410 CMA 
627'1) 74,51.1 SZL 
6271 7101 CLL lAC 
62.72 31J47 DCA LORDER 
627"s 1046 TAD MIDDL 
6274 7J41:1 CI'1A 
6275 74,50 SZL 
6276 7hH CLL lAC 
fx. 77 .5046 DCA MIDDL 
6.300 1045 TAD HORDER 
6310 1 70410 CMA 
&5U2 74310 SZL 
6.310,5 7101 CLL lAC 
631£i4 31045 DCA HOiWER 
63105 5661 Jt1P I ACNEG 

INEGATE OPERAND 

63106 101000 OPNEG, 0 
63107 731010 CLA CLL 
6,511{) 11051 TAD OVERI 
6,511 71041 CMA lAC 
6312 31051 DCA OVERl 
6,513 11043 TAD LOW1 
6.514 71040 CMA 
6315 74310 SZL 
6,516 7101 CLL lAC 
6,51 7 31043 DCA LOwl 
6,5210 1042 TAD MIDI 
6.321 71041i:l CMA 
6.522 7430 SZL 
6,523 7101 CLL lAC 
6324 31042 DCA MIDI 
6325 1041 TAD HIGHI 
6326 71040 CMA 
6327 7430 SZL 
6330 711cH CLL lAC 
6331 31041 DCA HIGH1 
6332 5706 JMP I OPNEG 
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6JJJ 'cHhM MULTIP, I(J 

6JJ4 .3.$61 DCA MPI 
63J5 3364 DCA MPSCON 
6.$36 1365 TAD TrUrl 
6.337 3J63 DCA MP3 
6040 711010 CLL 
6.>41 1361 TAD f~Pl 
6342 7t.11ft) RAR 
6J43 3361 DCA MPI 
6344 IJ64 TAD MPSCON 
6.345 74210 SNL 
6J46 5.351 JMP .+3 
6.)47 710ft) CLL 
6.350 1362 TAD MP2CON 
6351 7t.110 rlAR 
6052 3364 DCA MPSCON 
6353 2363 ISZ MP3 
6354 5J41 JMP MULTIP+6 
6.355 1361 TAD MPI 
6356 70110 RAR 
6.357 711010 CLL 
6J61O 57.33 JMP I MULTIP 
6361 lOt.1iJlO MP1, 10 
6362 01Oft)1O MP2 CON, 10 
6363 100100 MP3, 0 
6364 161000 MPSCOI~, 10 
6365 7764 THIR, -14 
6366 641010 FMULTl , FMULT 
6367 0iOkh1 FU1Y, 0 
63716 4766 JMS 1 FMULTI 
6.3 71 42100 JMS FNOHM 
6372 3iU51O DCA OVER2 
6373 2777 ISZ I SIGNI 
6374 5767 Jr1P I FLMY 
6375 4261 JMS ACNiG 
6376 5767 JMP I FLMY 
6077 67510 SIGNl, SGNTST 

*6400 
IFLOATING MULTIPLY 
1 (A*2 t24+B*2 t12+C)* (D*2 t24+E*2 tl2+F) 

6400 100010 FMULT, 10 
64101 72101 CLA lAC 
641112 11040 TAD EXI 
6403 11044 TAD EXP 
64104 31044 DCA EXP IADD EXPONENTS 
6405 1377 TAD SMACLA 
6406 3772 DCA I SGNSVJ ISET UP SIGN ROUTINi 
64107 4773 JMS I SIGNP IGO THERE 
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641~ 104":> TAD LOwl 
6411 .5775 DCA I MP2 
6412 111:l47 TAD LaRDER IC*F 
641.5 4774 JMS I DMULT 
6414 721010 CLA 
6415 1776 TAD I MP5 
6416 .5.571 DCA MUL5 
6417 1046 TAD MIDDL 
6421£) .5775 DCA I MP2 
6421 1043 TAD LOwl IB*F 
6422 4774 JMS I DMULT 
6423 1'>71 TAD MUL5 
6424 3371 DCA MUL5 
6425 70104 HAL 
6426 1776 TAD I MP5 
6427 .5370 DCA MUL4 
64'>10 71004 RAL 
6431 3367 DCA MUL3 
6432 1042 TAD MIDI 
6433 3775 DCA I i'1P2 
6434 11.147 TAD LaRDER IC*E 
6435 4774 JIV1S I DMULT 
64.56 1371 TAD MUL5 
64'>7 3371 DCA MUL5 
64410 711i.34 RAL 
6441 13710 TAD r1UL4 
6442 1776 TAD I MP5 
6443 .5370 DCA MUL4 
6444 711:l104 HAL 
6445 1.567 TAD MUL3 
6446 '>367 DCA MUL3 
6447 11045 TAD HaRDER 
6450 .5775 DCA I MP2 
6451 1104.5 TAD LOW1 IA*F 
6452 4774 JMS 1 DMULT 
645'> 13710 TAD MUL4 
6454 3370 DCA MUL4 
6455 7101.34 HAL 
6456 1367 TAD MUL3 
6457 1776 TAD 1 MP5 
64610 3367 DCA t1UL3 
6461 7004 RAL 
6462 .5-566 DCA MUL2 
646-5 11041 TAD HIGHI 
6464 3775 DCA I MP2 
6465 110 47 TAD LaRDER ID*C 
6466 4774 JMS 1 DMULT 
6467 13710 TAD MUL4 
64710 '>'>70 DCA MUL4 
6471 70104 RAL 
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6472 1367 TAD MUL3 
6473 1776 TAD I MP5 
6474 3367 DCA MUL3 
6475 7li:HJ4 RAL 
6476 1366 TAD MUL2 
6477 3366 DCA MUL2 
651010 1~46 TAD MIDDL 
6501 3775 DCA I MP2 
65102 11.142 TAD MIDI 18*0 
651£J3 4774 JMS I Dl'1ULT 
65k'J4 1370 TAD MUL4 
65 k:i 5 3370 DCA MUL4 
65106 71O~4 RAL 
6507 1367 TAD i'1UL3 
65110 1 776 TAD I MP5 
6511 3367 DCA MUL3 
6512 7004 RAL 
6513 1366 TAD t1UL2 
6514 3366 DCA MUL2 
6515 1045 TAD HORDER 
6516 3775 DCA I MP2 
6517 lriJ42 TAD 1'1101 IA*E 
65210 4774 JMS I DMULT 
6521 1367 TAD MUL3 
6522 3367 DCA MUL3 
6523 710104 RAL 
6524 1366 TAD MUL2 
6525 1776 TAD I MP5 
6526 3366 DCA MUL2 
6527 7004 RAL 
6530 3365 DCA MULl 
6531 11041 TAD HIGH1 
6532 3775 DCA I MP2 
6533 1046 TAD MIDDL 18*0 
6534 4774 JMS I Di1ULT 
6535 1367 TAD MUL3 
6536 3367 DCA MUL3 
6537 710104 HAL 
6540 1366 TAD t1UL2 
6541 1776 TAD I MP5 
6542 3366 DCA MUL2 
6543 71.1[.14 RAL 
6544 1365 TAD MULl 
6545 3365 DCA i'1ULl 
6546 1045 TAD HORDER 
6547 3775 DCA I l1P2 
6550 11iJ41 TAD HIGH! IA*D 
6551 4774 Jf'1S I DMULT 
6552 1366 TAD MUL2 
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6553 .51146 DCA MIDDL 
6554 71004 RAL 
6555 1.565 TAD 11ULl 
6556 1776 TAD I MP5 
6557 3045 DCA HORDER 
6560 1367 TAD MUL3 
6561 3047 DCA LORDER 
6562 13710 TAD MUL4 
6563 30510 DCA OVER2 
6564 56010 JMP I FMULT 
6565 00100 11ULl , 0 
6566 010010 MUL2, 10 
6567 ~000 MUL3, 

'" 65711 IiM00 MUL4, fa 
6571 00010 MUL5, 10 
6572 67410 SGNSW, SGNSWT 
6573 6727 SIGNP, SIGNCL 
6574 6333 Dt1UL T , f1ULTIP 
6575 6362 MP2, MP2CON 
6576 6364 MP5, MPSCON 
6577 77100 3~lACLA, St1A CLA 

IFLOATING DIVIDE=40iOiO 
*661010 

66",,10 10101010 FLDV, 10 
66161 110410 TAD EX1 /SUBTRACT £XPONiNI5 
6602 71141 CMA lAC 
6603 11044 TAD £XP 
6604 7001 lAC 
66k'J5 31044 DCA EXP 
66106 1326 TAD SPACLA 
66107 .53411 DCA SGN5WT 
66110 4327 JMS SIGNCL /SET UP SIGNS 
6611 11041 TAD HIGrl1 
6612 7650 SNA CLA IDIVISOR=07 
661.5 5303 JMP DVER IYES - ERROR 
6614 73010 CLA CLL 
6615 3320 DCA QUOL 
6616 3321 DCA QUOH 
6617 1325 TAD MIF 
6620 3324 DCA DIVCNT 
6621 5233 JMP DVX 
6622 11047 DV3, TAD LOrWER 
6623 7004 RAL 
6624 3047 DCA LORDER 
6625 11046 TAD MIDDL 
6626 7.0104 RAL 
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6627 3046 DCA [HDDL 
66310 1045 TAD HORDER 
6631 71004 RAL 
6632 3045 DCA HORDER 
6633 1043 DVX, TAD LOwl IPARTIAL SUBTRACT 
6634 11047 TAD LORDER 
6635 3322 DCA DTEM1 
6636 70104 HAL 
6637 Hl42 TAD MID1 
6640 1~46 TAD [tlIDDL 
6641 -5323 DCA DTiM2 
6642 70~4 HAL 
664-5 1041 TAD HIGH1 
6644 11045 TAD HORDER 
6645 74210 5NL IDIVISOrl<DIVID~NJ7 
6646 5254 J I'1P DV2-1 INO 
6647 31045 DCA HORDER IYE5:CCL)=QUOTliNT BIT 
6650 132-5 TAD DTEM2 
6651 31046 DCA ~llDDL 
6652 1322 TAD DTEM1 
6653 -5047 DCA LORDER 
6654 7200 CLA 
6655 13210 DV2, TAD QJOL ISHIFT BIT INTO 
6656 7101104 RAL IQUOTIENT 
6657 33210 DCA QUOL 
6660 1321 TAD QUOH 
6661 7004 HAL 
6662 -5321 DCA QUOr{ 
6663 11050 TAD OVER2 
6664 7004 RAL 
6665 3050 DCA OVER2 
6666 2324 15Z DIVCNT IDONi7 
6667 5222 JMP DV3 INO 
66710 1320 TAD QUOL 
6671 3047 DCA LORDER 
6672 1321 TAD QJOH 
6673 31046 DCA r1IDDL 
6674 10510 TAD OViR2 
6675 -5045 DCA HOimER 
6676 30510 DCA OViR2 
6677 4717 JMS I NORMIT 
67100 2350 DEXIT, ISZ SGNTST 
67i11 4746 JMS I FACNEG 
6702 561010 JMP I FLDV 
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67iJ.5 724~ DViR, CLA CMA IDIVIDE ERROR 
67J4 3347 DCA LOrlDEH 
67 iJ 5 72410 CLA Cl~A 

6706 3:£:)46 DCA MIDDL 
6707 7i64l1 CMA 
67110 7110 CLL RAR 
6711 3:.145 DCA HORDZR 
6712 1~45 TAD HaRDER 
6713 3iQ44 DCA .c:XP 
6714 2061 ISZ FLAG 
6715 70J0 NOP 
6716 53010 JMP DEXIT 

6717 620!.1 NOR1~I T, FNORM 
6720 0000 QUaL, 1:1 
6721 1:1000 QUOH, 1:1 
6722 01000 DT Ei'll , it) 

6723 0000 DTEi'l2, 10 
6724 0001£l DlveNT, 1:1 
6725 7735 MI F, -43 ISTE:P COUNT 
6726 7711£l SPA CLA, SPA CLA 

I1ESI SIGN SUBROUTINE 

6727 ~'(HH3 SIGNCL, 10 
6730 1351 TAD RESTOH 
67.51 33510 DCA SGNTST 
6732 1045 TAD HaRDER 
6733 77010 SMA CLA 
67.54 5337 JMP .+3 
6735 4746 JMS I FACNEG 
6736 235~ ISZ SGNTST 
67.5 7 1041 TAD HIGH1 
6740 7701£l SGNS\lJT, SMA CLA lOR SPA CLA 
6741 5727 JMP I SIGNCL 
6742 4747 JMS I OPNEGS 
6743 2350 ISZ SGNTST 
6744 7000 NOP 
6745 5727 JMP I SIGNCL 

6746 6261 FACNEG, ACNEG 
6747 63106 OPNE:GS, OPN£G 
6750 0000 SGNTST, I£l 
6751 7776 RESTOR, -2 
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AC1~£G 6261 MPSCON 6364 
ADDHS 5662 Ill? 1 6361 
ALIGN 61.131 t1P2 6575 
MiO lJ NT 6104 ~lP2CON 6362 
i.EXI T 6700 MP3 6363 
iJI VeNT 6724 MP5 6576 
Dl1lJL T 6574 MlJLTIP 6333 
DONi 6072 MUll 6565 
DT E:f11 6722 MlJL2 6566 
OTiM2 6723 MLlL3 6567 
DViK 67103 i'lUL4 6570 
uVX 6633 MUL5 6571 
JV2 6655 NOGO 6074 
JV.5 6622 NORiXT 6251 
t..XI T 5714 NOn!vlAL 6105 
iXIT6 577'<) NORL11 T 6717 
t..XP 01044 opr1I NS 6136 
2X1 1010410 OPNEG 6306 
FA Cl~£G 6746 OPN£GS 6747 
FLAD 6000 OVER1 0051 
FLAG 0061 OVEri2 10050 
FLDV 66100 PAG£NO 5665 
FLGT 5702 POINT 6103 
FLMY 6367 QLlOH 6721 
FLPT 5733 QUOL 672id 
FLStJ 6026 RiSTOn 6751 
FMULT 64010 SAVE 5663 
FlYIULTl 6366 SCALi 6112 
FNORf1 6200 ;:;GN8iJ 6572 
FPNT 5600 ;jGNSW T 6740 
G02 5661 SGNTST 67510 
G06 6224 SHFTAC 6116 
HIGH1 01041 SHFTOP 6141 
HORDEH 101645 SHIFT 6227 
INDHCT 5666 SIG1~CL 6727 
JUf1P 5657 SI Gi~P 6573 
JLl1'jP2 56610 Sl GN1 6377 
LOOPic:l1 5627 Sl1ACLA 6577 
LORDEK 10047 SPACLA 6726 
LOiNl 0043 TABLE 5671 
l14 .3K3 5664 TAaLr.:6 57510 
f/i-\ SK5 5667 TCON1 6110 
r'lA SK7 56710 TCON2 6111 
l'lI JDL 01046 TEST! 6107 
MI01 0042 THIR 6365 
t11 F 6725 
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kJiHJ 7 5601iJ 

kJI£J44 00IJu 
kJlO 4 5 IOkJ01O 
1Ci'IJ46 iJ0"'1O 
L!1c:J47 UI0010 

iuiJ52 IulOiOoJ 
1LJ1iJ53 iJI£J1r:l0 
kJlu 5 4 iJliJtOlU 

luiu55 iU0",0 
1LJ056 7777 
iUliJ57 7777 
IUIiJ 610 iUliJ'lJliJ 

'lJ1061 iOiOlUL! 

6767 IiJliJitJliJ 
6771<) hl57 
6771 76510 
6772- 5767 
677,5 1,577 
6774 4776 
0775 5767 
6770 7,545 
0777 1:)212 

7":;00 0000 
70101 7200 
710102 ,51045 
7..110,5 ,51£)46 
711nJ4 ,51£)47 
71iJ'iJ5 ,5266 
7L!iJ6 ,5267 
71LJ07 4,550 

14/17/6::)-KB-D£C 
14 wOrlD 
IFLOATI~G POINT 110 ri0~TIN~S 
lriE~UIRiS FLOATING POINT INTERPRETER 
I £ i'a rl Y A T 'IJ iJ 'IJ 7 

*7 
FPrH, 56itJ'" 

*44 
t.XPO NT, 

'" rlOiWER, 0 
MI DOL, 10 
LORDER, 1.1 

*52 
FPACl, 10 

10 

~ 

'" SWI Tl , 7777 IIF - 10, NO CH-LF AFTER -
SwIT2, 7777 IIF = 10, NO LF AFTER CR 
eMArl, k.l ICONTAIN.3 LAST CrlArtACTiR 

OUTP~T 
IN INhH 

rliAD 
D3wIT, 10 1= 'IJ IF NO CUNV£R.3ION TOOK PLAC~ 

*6767 
P riCHArt, 0 

TAJ S...JIT2 
SNA CJ...A 
Jr~p 1 PnCriAri 
TAJ LFiD 
Jl'lS I OPUT 
J lVJP 1 PriCHArl 

OPUT, OUT 
LFED, 10212 

IJOUdLi Prt~CISI0N DECIMAL-BINArtY 
IINPUT AND CO~Virl.310N 
*7oJ0't.) 

DiCOl-.JV, 10 
CLA 
DCA HORJ£ri 
DCA MIDDL 
DCA LORDER 
DCA SIGN 
DCA DNUNBR 
JMS INP~T 
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701iU 1340 TAD PLuS ITl!:ST FOR SIGN 
7.:11 1 7450 SNA 
71012 5220 J i'JP D£CON 
7013 1337 TAD MINUS 
7014 7440 SZA 
7.;15 5221 J11P .+4 
7k:J16 7240 CLA C[M 
7",11 7 3266 DCA SIGN IIF-, SET S~ITCri 
7..;2'tJ 43510 D£COi~, Ji1S INPUT 
70~1 72iJI.Q CLA 
7.:;;:' 2 lk:J61() TAD CriMi lIS IT A DIGIT 
7",t::.3 1341 TAD 111 N9 
7j()24 7500 ;j ['IA 
7'I.Jt::.5 561()1() Jr1P I DiCONV INO 
7'tJ26 1342 TAD PLU;J12 
7'tJc:.7 751J SPA 
7'tJ3.:) 56';0 Jl"lP 1 DiCONV INa 
7k.i31 ,)265 DCA DIGIT IY is 
7'iJ3c.. 1 I() 45 TAD HOKD£H 
7'<),)3 iU343 AND l'1A S 1\ 10lll!.rlFLO,v( 
7.:;.54 744J SZA 
7wJ..)j 522li.1 Jl'lP D£COi~ IYl!.S-I~NOr(t. 

7<)..)6 ~~61 ISZ DSwiT 
7 iU.) 7 2267 ISZ DNu[1BI-i IINDEX NU ~lo l!.ri OF DIGlfS 
7iJ4 .. 4242 J(~S ~lULTl iU 
7,-,41 522'] Ji'JP DiCOl~ ICONT L~J.::.. 
7042 .Ql()010 ;'lULTlli.l , J IHOuTIl'Ji fO NULIIPLY 
7'tJ43 1k:J47 TAD LOR0£ri IDOUol..E PrliClSION ..JOriO 
7..344 SliJ4.5 DCA 4,) IdY fiN (DiCIi1AU 
7045 1046 TAD MIDDL 
7046 SiU42 DCA 42 
7047 1045 TAD HaRDER IREMAIN=RiMAINDEH 
7li.150 3kj41 DCA 41 
71.Q51 3040 DCA 410 
7.:;52 4270 J ['IS MULf2 ICALL SU.i3rlOUTINE TO 
7053 427'" Jl1S f1ULT2 IMULTIPLY BY Twa 
7054 4,)07 J l'1S DUBLAD ICALL DOUBLE ADD 
7'<)55 4270 Jr1S MULT2 
7'{)56 1265 TAD DIGIT IADD LAST DIGIT R£CiIV£D 
7..:;57 ,)043 DCA 43 
7060 ,)1042 DCA 42 
71061 31641 DCA 41 
7062 4307 JMS DUBLAD 
7063 11040 TAD 40 1£)(IT \IIITri RiMA1NDirl 
7';64 5642 Ji1P I MuLTl0 lIN AC 

7'IJ65 ICJliJ00 DIGIT, iii ISTORAGE FOR DI~IT 

7li.166 'tJiJ'tJiJ SIGN, 16 1=0 IF PLUS: =7777 IF ('1l i~ J;j 
7'iJ67 i00LOIV Di~UI1Brl, liJ 1= NlH1.::3irl OF DIGITS 
7<)7'iJ J0';J MLJL T2 , 0 It"IJLIIPJ...Y LOnDiK, HOKJl!./\ 0)' 2 
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7'iJ71 75'iJiJ CLA Cl.l. 
7'1.)7.::. 10)47 fAD LORDirl 
7&)7.5 7iJ~4 HAL.. 
7'iJ74 .5'iJ47 JCA LOrlDiR 
7't)75 11046 TAD NIDDl. 
7'iJ76 7iJiJ4 HAL 
7'iJ77 0vJ46 uCA MIDDL 
71L1I.:l 11rJ45 TAD rlORDErl 
71161 7'iJ~4 RAL 
71vJ2 ->045 DCA rlOHD£R 
7l1Q.5 1~41O TAD 410 
7104 7004 RAL 
71J5 ->040 DCA 4ilJ 
710::16 5670 JMP I MULT2 
71iJ7 1010100 DUBLAu, 10 IDOUBLE PHiCl5IUN ADDIflON 
711", 7.5idid CLA CLL 
7111 11047 TAD LOHDiR 
7112 1104.5 TAD 4.$ 
711.5 51047 DCA LORD£R 
7114 710104 RAL 
7115 1046 TAD MIDDL 
7116 11042 TAD 42 
711 7 .5046 DCA MIDDL 
7120 7004 RAL 
7121 1045 TAD HORDER 
7122 11041 TAD 41 
7123 3045 DCA HORDiR 
7124 7004 HAL 
7125 110410 TAD 410 
7126 .50410 DCA 410 
7127 5707 JMP I DUBLAD 
71.50 1001010 115IGN, 10 IROUTINE TO FORI'1 
71.51 731010 CLA CLL 12'5 COMPLEMENT 
71.52 2266 15Z SIGN III' C(SIGN)=7777 
71.5.5 57.510 J(1P I M5IGN 
71.54 4736 JM5 I .+2 
71.55 57.50 JMP I MSIGN 
71.56 6261 6261 I"ACNEG" IN I [~ T EIi P I( to T iIi 

71 -:>7 7776 i'il NUS, 25-:>-255 ITi3T FOR S I GI~ 
714JJ 7525 PLUS, -25.5 
7141 75~6 lllN9, -272 IT£ST FOrl OH31T 
7142 'iJ1()12 PLU512, 272-261() 
714-:> 761()1;) trIA 5 A, 76'iJ'iJ ITE5T FOn OViriFLO,J 
7144 7775 C.10, 1115 
714 :> .5146 .5146 

7146 .5146 .5146 
7147 3147 .5147 
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7150 
7151 
7152 
7153 
7154 
7155 
7156 
7157 
7160 
7161 
7162 
7163 
7164 
7165 
7166 
7167 
7170 
71 71 
7172 

7173 
7174 
7175 
7176 
7177 

72kJIO 
72iJ 1 
7202 
7203 
72104 
7205 
7206 
72107 
721 i() 
7211 
7212 
7213 
7214 
7215 
7216 

J0~~ 

72100 
6IJ31 
5352 
6IJ36 
3i()60 
1060 
4774 
11060 
745IJ 
5351 
1576 
7450 
5775 
1377 
765kl 
4773 
106kJ 
575iJ 

6767 
7345 
7401 
7401 
IU 162 

10000 
4217 
1324 
3044 
1343 
4345 
4737 
1056 
7650 
5600 
1341 
4345 
1342 
4345 
5600 

IINPUT A CHARACTER, IF CK, TEST 
IINPUT S~lTCH TO SEE IF LF SriOGLD 
IBi TYPED. IF RUBOGT, KESTAriT INPGI 
INPUT, 0 IINPJT A CHAriACTiri 

CLA 

PRINT, 
OUTPUT, 
[(E.3TRT, 
l1RrlOUT, 
MIl~Crl, 

IFLOATll~G 
IUSES: 
I 
I 
*7200 
FLOUTP, 

KSF 
J l~P .-1 
KR3 
DCA CHAR 
TAD CHArt 
JNS I OUTPUT 
TAD CHAR 
SNA 
Jf>lP INPUT+1 
TAD MRBOUT 
SNA 
JMP I RESTRT 
TAD MINCR 
SNA CLA 
Jr1S I PHINT 
TAD CHAR 
Jr1P I INPUr 

PRCHAH 
OUT 
FLINTP+l 
-,577 
,577-215 

OUTPUT "'i" FUHMAT 
TSF 

i() 

JfvJP .-1 
TLS 

J(tlS FOUTCN 
TAD BEX? 
DCA !.XPONT 
TAD CHE 
Jl1S OUT 
JMS I FEXPPT 
TAD SIJJITl 
SNA CLA 
J t1P I FLOUTP 
TAD CARRTN 
JMS OUT 
TAD LNFEED 
JMS OUT 
JMP I FLOUTP 
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IIGNORE BLANKS 

IRUBOUT-RESTART INPUT 

ICR - SEE IF TO BE FOLLOw~D 
IBY LF 
IEXIT hOUTINE 

ICONVERI MA~TI~SA AND OUTPUT 

ICONVERT EXPONENT AND OUTPUT 
IPRINT Crl-LF7 

INO-EXIT 
IYES 

IEXIT 



7217 
72.2.;) 
7~~1 
72'2.2 
7223 
7224 
7225 
7226 
7227 
72S';j 
72S 1 
72S2 
7.::.SS 
72.34 
72.S 5 
7236 
7237 
7240 
7241 
7c.42 
7243 
7244 
7c:.45 
7c:.46 
7247 
72.5tJ 
7251 
7252 
7253 
7254 
7.::.55 
72.56 
7257 
72.6'11 
7261 
7262 
7263 
7264 
7265 
7266 
7~67 

i<:h.Hh:l 
73010 
1045 
7710 
7220 
1327 
743kj 
1330 
4345 
4353 
1331 
4345 
7S0J 
11045 
77'U0 
5242 
7iU4k:l 
3733 
4732 
72410 
1\Q44 
31044 
S324 
1iU44 
75'i1J 
5263 
1326 
77't:)'t:) 
527k:l 
44.07 
374.0 
0iCJiJ't:) 
7240 
1324 
3S24 
5245 
44u7 
3744 
.0.000 
2324 
5246 

ITHIS WHOLE SUBRO~rlNi MAY BE ALTEKED 
ITHE O~IP~I DIGITS: CHANGE JMS O~TDG 

TO B~FF EH 
TO DCA 1 110, LTC. 

FOU rCi~, iO 

FG01, 

FG02, 

FGOS, 

CLA 
TAD 
SPA 
CLA 
TAD 
SZL 
TAD 
JMS 
J CV1S 
TAD 
JMS 
CLA 
TAD 
St1A 
JNP 
C£V1A 
DCA 
J{1S 
CLA 
TAD 
DCA 
DCA 
TAD 
S11A 

eLL 
HORDER 
CLA 
CML 
SPL~S 

5rH NUS 
OUT 
OuTDG 
PERIOD 
OUT 
CLL 
HORDErl 
CLA 
FGOl 

1 SNPT 
1 l'1SNPT 
C[1A 
£XPONf 
EXPONI 
BEX? 
E.XPONI 

Jil'JP FG03 
TAD Fuwrl 
Si'lA CLA 
JMP FG04 
JrlS I FPNT 
FMPY 1 TEN?T 
FiXT 
CLA Ci'1A 
TAD BEX? 
DCA BEXP 
JNP FG02 
Jt'1S 1 FPNT 
FMPY 1 PRC.11{) 
FEXT 
ISZ BEXP 
JMP FG02 

8-21 

IN~MB£rl>J77 

INO SET LINK 
IYES 

INO 

/OUTPUT "10" 

IOuTPUT .. " • 

INUMBER IS N~GATIVE 
IN£GATi: 

ISuBTHACT 1 F~OM BINARY ~XPOW 
ICUMPi:NSATE AT FG04 

IINITIALIZE DECIMAL EXPONENT 
lIS -4<EXPONENI<-l 

ITOO LAnGE: MuLTIPLY BY l/l~ 

ITOO SMALL-TIMES ILN 
ITEN 

ION£ TENTH 



7270 3734 FG04, DCA I OPT IMULTIPLY BY ToNO 
7" 71 4736 JiYlS 1 M2PT IIE:.SHIFT LiFT 
7272 4735 J{1S 1 ['lj1 lOP r IMULIIPLY BY T t::N 
7273 74110 SKP 
7274 4360 FG05A, Jl1S DIVT1IJO ICOMPE:NSATi FO.1 
7275 2044 ISZ iXPONT IBINArlY iXPONiNT 
7276 5274 JMP FG05A 
7277 7450 SNA lIS FIRST DIGIT A ZiRO 
7301:1 5311 JI1P FG07 IYES, IGNORE 
7.501 4353 FG06, JMS OJTDG IMULTIPLICATIONS YIELD 
7302 1325 TAD 11l NUS7 ID~Cl!ML DIGITS AS HIGH 
73103 3044 DCA ~XPONT IOrmER REMAINDERS 
73104 4735 FG06A, JMS I M10PT lIE. .672 X 110 = 6+ • 72 •• ETC 
7.505 4.553 JMS OUTDG 
73 'tJ 6 2044 ISZ EXPONT 17 DIGITS OJTPuT77 
7.51£)7 5304 J [YiP FG06A I i~O: CONTINU£ 
7.510 5617 JMP 1 FOJTCN IYi.S:i.XII 

7311 7240 FG07, CLA Ci1A IIGNOrli FIRST DIGIT 
7312 1324 TAD BEX? ISuBTilACT 1 FrlOM 
7313 .5324 DCA BEXr IDiCIMAL iXPONiNT 
7.514 1045 TAD HORDER 
7.515 764'iJ SZA C!..A 
7316 5322 J(1? .+4 lIS MA[HlSSA Zl!.i"W 7 
7317 11()47 TAD LOrlD~i\ 

732'iJ 765'1) SNA CLA 
7321 3324 DCA SEXP IYiS:i.XP=0 
7322 72410 CLA CMA 
7323 5302 J;1P FG06+1 

7324 1£110100 6EXP, wJ ICONTAINS D£CII1AL t.XPONiNf 
7325 7767 MINUS7, -11 INUMBEn OF DIGITS OuTPuT 
7.526 J0iU4 FOUrl, IQ'tJ04 
7.527 0253 SPLUS, 253 
7.530 100102 St'1li~US , 255-253 
7331 0256 PERIOD, G56 
7332 7131:1 MSNPT, MSIGN 
7333 71066 SNPT, SIGN IPOINTERS 
7334 7J65 DPT, DIGIT 
7.535 7042 MildP r , 11UL 11 0 
7336 707'lJ M2PT, MULT2 
7337 752.3 FEXPPT, FE:XC 
734itJ 7504 TENPT, TEN 
7341 0215 CARRH.J, 1J215 
7342 10212 LNF££D, 0212 
7343 031135 CH£, 305 
7344 7144 ?RC.10, C.ll:1 
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7545 i£h:l00 OUT, i() IOuTPUT ONi ASCII Ct{ARACT£K 
7546 6J41 TSF 
7547 5546 JI1P .-1 
7550 6046 TLS 
7551 721010 CLA 
7552 5745 Ji"lP I OUT 

7555 0101010 OUTDG, 10 10uTPUT ONE DIGIT 
7554 1357 TAD C260 
7555 4345 JMS OUT 
7356 5753 JMP I OUTDG 

7557 0260 C260, 10260 

7.561/; k:JlOi00 DIVTWO, It,) IDIVIDE: BY TwO IE. 
7.561 71110 eLL RAn IROTATE RIGMT 
7562- .5345 DCA OUT ITEMPORARY STOrlAGE 
7.565 1.:)45 TAD HORDEH 
7.564 7010 RAR 
7 ,)65 .51J45 DCA HORDER 
7.566 1k)46 TAD MiuDL 
70567 70Hl RAH 
7.5 7k:J o5ILJ46 DCA 11lDDL 
7.571 11047 TAD LORDER 
7.57:::. 7.010 RAR 
7.5705 .5047 DCA LOiWER 
7,) 7 4 10545 TAD OuT 
7.5 7'5 5760 J triP I DIVTwO 

IFLOATING POINT INPuT 
* 74i::JiJ 

741iJ0 Ji00..:J FLINTP, J 
74101 72410 CLA CIliA IINITIALIZ£ "P£RIOD ~wITCM" 
74,,)2. 05.314 DCA PRSw 
74'iJ.5 .5,061 DCA DSWIT 
74,,)4 4717 J[~S I DPCvPT 17777 - NO PElilOD -
740) '5 72ijJ CLA 
74.06 hi6J TAJ CMAR 
74iJ7 LS13 TAj) PER 
741iJ 764,j 5ZA CLA 
7411 522~j Jl1P FIG01 
7 .. 12 1.314 TAD PRSiIJ IPiRIOD FOUND 
741,) 76":>',,) SNA CLA IS£COND PERIOD 
7414 5222 J:1? FIG02 IYES, TiRf1DJA Ii 
7415 5722. DCA I DPN INO - SiT NUMBEI1 OF DIG1T3 T0 
7416 05514 DCA PrlSiV 15ET PERIOD S~ITCM TO 0 
7417 572J Jl1P I DPeSPT ICOlN£HT HiST OF STRING 
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742<1 
7421 
7422 
742.3 
7424 
7425 
7426 
7427 
74.31!J 
74S1 
74.32 
74.33 
74S4 
74,55 
7436 
74S7 
744k' 
7441 
7442 
744,5 
7444 
7445 
7446 
7447 
7450 
74::>1 

7452 
7453 
7454 
7455 
7456 
7457 
74610 
7461 
7462 
746,5 
7464 
7465 
7466 
7467 

1314 
7650 
1 722 
7041 
S.315 
4721 
1312 
3044 
44107 
71.1(J0 
6052 
k::ikM0 
11060 
1311 
764iJ 
5252 
4717 
4721 
1;145 
7510 
71001 
7641.1 
5277 
11047 
1.315 
.:s,515 

441.17 
51052 
00100 
1315 
7450 
56100 
770'iJ 
5270 
4407 
37110 
00010 
2~15 
5255 
56100 

FIGOI , 

F IG02, 

FIG03, 

TAD PRSW 
SNA CLA 
TAD I DPN 
ClM lAC 
DCA SEX? 
Ji13 I f1SGIWT 
TAD C4,5 
DCA iXPONT 
JtvlS I FPNT 
F:~Ort 
FPUT FPACI 
FiXT 
TAD CI1AR 
TAD MINUSi 
SZA CLA 
Jl1P iNDF1 
JM3 I DPCVPT 
J 113 I MSGNPT 
TAD HORDiR 
SPA 
lAC 
SZA CLA 
Jl1P EXCESS 
TAD LOrliJER 
TAD SiXP 
DCA SEXP 

IPErlIOD READ IN PKEVIUJSLY? 

IYiS:-NUMdEri OF DIGITS IN SiR 
INO 

11£31 SIGN 

INOKMALIZi F.P. NJMa~K 

ISAVi NLlM3iK 

I" in R fA j) IN? 
INO 
IYES - CONVERT DECIMAL ~XPON' 
ITESr SIdN 
IEXPONENT TOO LARGE?? 

IYES 
INO:DECIMAL POINT IS 
IC(SEXP)PLACES TO HIGHT 
10F LAST DIGIT 

lEND OF FLOATING POINT INPUT 
ICOMPiNSATi FOR DECIMAL EXPONENTS 

£NDFI, Jt1S I FPNT 
FGET FPACI 
FEXT 
TAD SEXP 
SNA 
JMP I FLINTP 
St1A CLA 
JMP F1G04 
J~jS I FPNT 
Fl1PY 1 PC.lid 
FiXT 
ISZ SiXP 
J ({jp J::NDF 1+,5 
JMP I FLINTP 
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IRiSTOKE MANTI~SA 

I. IS TO THE LEFT: 
ITIMES .1iO"'J 



747~ 44w:J7 FIG04, Jl1.3 1 FPNT I. IS TO THE RIGHT: 
7471 001.)4 H1PY TEN IMllLTIPLY BY 110 
7472 1r"Ji.:h,IIO FEXT 
7470 72410 CLA Ct~A 
7474 1315 TAD SEXP 
7475 0.515 DCA SEXP 
7476 5255 Ji(JP £NDFI+.5 
7477 1.516 iXCESS, TAD C3777 
75uiU .5044 DCA EXPONT 
7501 1316 TAD C,5777 
75tJ2 311J45 DCA HOrWEr< 
750,5 56010 JMP 1 FLINTP 
75!a4 161004 T£i~, 0101()4 
75.,;5 24.00 2410.0 
75k.l6 t:ik.l\()1d IUl{h:h.J 
75iJ7 10000 kh::liO iJ 
751.0 7144 PC.10, C.IIO 1.1 iO 
7511 7473 MINLlSi, -305 
7512 IdJ4,5 C4.5 , 1004,5 
7513 7522 PER, -256 
7514 .0\01010 PRSW, \0 
7515 10101010 SEXP, 10 ICONTAINS DECIMAL i:XPON£NT 
7516 ,5777 C3 777, 3777 

7517 70100 DPCVPT, DECONV 
7521() 70216 DPCSPT, DECON 
7521 71.50 NSGNPT, MSIGN 
7522 71067 DPN, DNllM3R 

IOUTPUT THE EXPONENT 

752.3 IdldlJiJ Fixe, iO 
7524 7310:.10 CLA CLL 
7525 1.044 TAD iXPONT 
7526 7510 SPA 
7527 7061 CMA lAC CML 
75.5'1) 3044 DCA EXPONT 
75.51 1367 TAD C253 
7532 74.50 SZL 
753,5 1.570 TAD C255 
7534 4775 JMS I DGPT 
75.55 ,5045 DCA HORDER 
75.56 11044 TAD EXPONT 
7537 2045 ISZ HORDER 
75410 1371 TAD M144 
7541 7501Q SMA 
7542- 53.57 JMP .-3 
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7543 1372 TAD C144 
7544 31044 DCA EXPONT 
7545 70410 CMA 
7546 11045 TAD HORDiR 
7547 74410 SZA 
7551:1 4775 JlV}S I DGPT 
7551 3045 DCA HORDER 
7552 1044 TAD EXPONT 
7553 2045 ISZ HORDER 
7554 1373 TAD M12 
7555 7500 SMA 
7556 5353 JMP .-3 
7557 1374 TAD C12 
75610 3047 DCA LORDER 
7561 72410 CLA CMA 
7562 11045 TAD HORDER 
7563 4775 JNS I DGPT 
7564 IJ:147 TAD LORDER 
7565 4775 JMS 1 DGPT 
7566 5723 Jt1P I fEXC 

7567 7773 C253, 0253-2610 
7570 100102 C255, 255-253 
7571 7634 (,1144, 7634 
7572 10144 C144, 10144 
7573 7766 M12, 7766 
7574 0012 C12, .0012 
7575 7353 DGPT, OUTDG 

BL!:XP 7324 
CAI1RT N 7341 
CHAn ~060 
CI1£ 7343 
C.IIO 7144 
C12 7574 
C144 7572 
C253 7567 
C255 7570 
C260 7357 
C3777 7516 
C43 7512 
DL!:CON 7020 
JECONV 701010 
JGPT 7575 
DIGI T 7065 
D1 VTWO 736'1) 
01~LI(1Bn 7067 
uPC5fT 7520 
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ufG v'f T 7517 1,11 I~J.;)i 7511 
uP I~ 7522 1111'4US7 7325 
uP f 7334 dl i'.J9 7141 
u,j~ 1 T 161661 i'lrt B Ll LJ r 7176 
JJdLAJ 71~7 L'l;;;iGNPT 7521 
.t.lwF .L 7452 i-1;, I G ~~ 71310 
iACi~3 7477 i'j31~PT 7332 
i,i\P Ll L~T 1Q1L)44 ~1ULTl0 7042 
fi.A~ 7523 NULT2 707ifJ 
FiXPP I 7337 i'llJPT 7335 
FGOI 7242 £112 7573 
FuOG 7246 {r1l 44 7571 
FG03 7263 M2PT 7336 
FG04 727JtJ OPUT 6776 
FGLl5A 7274 OuT 7345 
FG06 731{)1 OUTDG 7353 
FG06A 73lU4 OuTPUT 7174 
F807 7311 PC. 1 :0 75110 
FlGOl 742ifJ PErl 7513 
FIG02 7422 PiiU OD 7331 
FIG03 7426 PLUS 7140 
FIG04 7470 fLUS12 7142 
fLliHP 741010 Pi<CrlAH 6767 
fLOuTP 72ifJiO P"C.11{) 7344 
fOUH 7326 Prll NT 7173 
FOUTCN 7217 P"SW 7514 
FPACI lOifJ52 KJ!.STrlT 7175 
FP1~T ifJI0107 Si.l\P 7515 
rtOHuiK ;,:)1045 ;;)IGi~ 7066 
II'JPUT 7150 SMINUS 7330 
LfEu 6777 SI~PT 7333 
Ll~FiiD 7342 SPLu;:;) 70527 
LOrWiH 01047 ,j,;J 1 Tl 101056 
t~Sl\ 7143 S~lT2 1Oi657 
NIODL IUJ46 l'i:.l'4 7504 
l'jll~CK 7177 Ii.i~fT 73410 
NINu;j 7137 

1l. DIAGRAMS (Not Applicable) 

12 REFERENCES 

See Digital-8-5-S. 
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1. Logical Subroutines, DEC-08-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 

4. 

4. 1 

Equipment 

Basic PDP-8 

USAGE 

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 Call ing Sequence 

Both subroutines are called by a JMS instruction with one argument in the ac
cumulator. The location following the call ing 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 . II 

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: 
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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 
0 1 0 0 1 1 0 1 1 0 1 0 
1 0 0 1 0 1 1 0 1 1 0 0 
1 1 1 1 1 1 1 1 0 1 1 1 

Or for complete data words 

Inclusive OR Exclusive OR 

A 0 1 1 0 10 111 00 1 A 011 010 111 001 
B 01 0 1 10 10 1 100 B 010 110 101 101 

Result 011 110 111 101 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 

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

0200 0000 
0201 3226 
0202 1600 
0203 3227 
0204 1627 
0205 7040 
0206 0226 

ILOGICAL SUBROUTINES 
IE NTER WITH A IN AC 
I ADDRESS OF B FOLLOWS CALLI NG JMS 
IRETURN WITH RESULT IN AC TO 
ILOCATION FOLLOWING THAT HOLDING ADDRESS 

INCOR, 0 IINCLUSIVE OR 
DCA TEMPY1 
TAD I INCOR 
DCA TEMPY2 
TAD I TEMPY2 
CMA 
AND TEMPY1 
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0207 1627 TAD TEMPY2 
0210 2200 ISZ INCOR 
0211 5600 JMP INCOR 
0212 0000 EXCOR, 0 /EXClUSIVE OR 
0213 3226 DCA TEMPY1 
0214 1612 TAD I EXCOR 
0215 3227 DCA TEMPY2 
0216 1226 TAD TEMPY1 
0217 0627 ANDI TEMPY2 
0220 7041 CIA 
0221 7104 Cll RAl 
0222 1226 TAD TEMPY1 
0223 1627 TAD TEMPY2 
0224 2212 ISZ EXCOR 
0225 5612 JMP EXCOR 
0226 0000 TEMPY1, 0 
0227 0000 TEMPY2, 0 
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1. Arithmetic Shift Subroutines, DEC-08-FMJA-D. 

2. ABSTRACT 

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: 

3.3 

4. 

4. 1 

Single Precision 
Double Precision 

Equipment 

Basic PDP-8 

USAGE 

Loading 

Shift Left 

12 
24 

Shift Right 

15 
27 

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

4.2 Call ing Sequence 

All four subroutines are called with -N (the 2 1s complementform 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 call ing 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 eventual I ity. 
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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 lIout ll of the register are lost. In the case of left shifts, bits 
moving into the least significant bit position are always O. In the case of right shifts, bits 
moving into the most significant bit position (the sign) bits are a if the original data was posi
tive but are 1 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 a 1 a 1 00 1 00 000 000 11 1 1 01 
Result 000 000 001 010 00 1 111 a 1 a 000 

Negative Data 111 111010 100 11 1 11 a 000 1 01 
Result 111111111101 100 001 010000 

6.3 Scal ing 

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

For more information on numerical binary scal ing for fixed-point computers, see 
Appl ication Note 801 . 

9. 

9.3 

9.3. 1 

9.3.2 

9.3.3 

9.3.4 

EXECUTION TIMES 

Tim i ng Equations 

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

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

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

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

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. PROGRAM 

10.4 Program Listing 

0600 
0601 
0602 
0603 
0604 
0605 
0606 
0607 
0610 
0611 
0612 
0613 
0614 
0615 
0616 
0617 
0620 
0621 
0622 
0623 
0624 
0625 
0626 

A I isting of all four subroutines with S PS L 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 
*600 
SPSL, 

SPSR, 

o 
DCA CNTR 
TAD I SPSL 
DCA ADDR 
TAD I AD DR 
ISZ SPSL 
C LL RAL 
ISZ CNTR 
JMP .-2 
JMP I SPSL 
o 
DCA CNTR 
TAD I SPSR 
DCA ADDR 
TAD I ADDR 
ISZ SPSR 
CLL 
SPA 
CML 
RAR 
ISZ CNTR 
JMP .-5 
JMP I SPSR 
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/SINGLE PRECISION SHIFT LEFT 

/SINGLE PRECISION SHIFT RIGHT 



0627 0000 DPSL, 0 
0630 3302 DCA CNTR /DOUBLE PRECISION SHIFT LEFT 
0631 1627 TAD I DPSL 
0632 3303 DCA ADDR 
0633 1703 TAD I ADDR 
0634 3304 DCA MSH /MOST SIGNIFICANT HALF 
0635 2303 ISZ AD DR 
0636 1703 TAD I ADDR 
0637 3305 DCA LSH /LEAST SIGNIFICANT HALF 
0640 2227 ISZ DPSL 
0641 1305 TAD LSH /SHIFT LEFT 
0642 7104 C LL RAL 
0643 3305 DCA LSH 
0644 1304 TAD MSH 
0645 7004 RAL 
0646 3304 DCA MSH 
0647 2302 ISZ CNTR 
0650 5241 JMP .-7 
0651 1304 TAD MSH 
0652 5627 JMP I DPSL 
0653 0000 DPSR, 0 
0654 3302 DCA CNTR /DOUBLE PRECISION SHIFT RIGHT 
0655 1653 TAD I DPSR 
0656 3303 DCA ADDR 
0657 1703 TAD I ADDR 
0660 3304 DCA MSH /MOST SIGNIFICANT HALF 
0661 2303 ISZ ADDR 
0662 1703 TAD I ADDR 
0663 3305 DCA LSH /LEAST SIGNIFICANT HALF 
0664 2253 ISZ DPSR 
0665 1304 TAD MSH /SHIFT RIGHT 
0666 7100 CLL 
0667 7510 SPA 
0670 7020 CML 
0671 7010 RAR 
0672 3304 DCA MSH 
0673 1305 TAD LSH 
0674 7010 RAR 
0675 3305 DCA LSH 
0676 2302 ISZ CNTR 
0677 5265 JMP.-12 
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0700 1304 TAD MSH 
0701 5653 JMP I DPSR 
0702 0000 CNTR, 0 
0703 0000 ADDR, 0 
0704 0000 MSH, 0 
0705 0000 LSH, 0 
ADDR 0703 
CNTR 0702 
DPSL 0627 
DPSR 0653 
LSH 0705 
MSH 0704 
SPSL 0600 
SPSR 0612 
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1. Logical Shift Subroutines, DEC-08-FMKA-D. 

2. ABSTRACT 

Two basic subroutines, shift right at both single and double precision are presented 
as a 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 

4. 

4. 1 

Equipment 

Basic PDP-8 

USAGE 

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 Ca II ing Sequence 

Call with -N (the 2 1s 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 the result 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. DESCRI PTION 

6. 1 Discussion 
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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-S-S-U-Sym are required to 
supply all logical shifts. 

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

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. 

9. 

9.3 

9.3. 1 

9.3.2 

10. 

10.4 

0200 
0201 
0202 
0203 

0000 
3236 
1600 
3237 

Data Resu I t 

000 a 1 a 1 1 1 000 
1 1 1 a 1 a 000 000 

000 000 001 all 
000 all 101 000 

EXECUTION TIMES 

Timing Equations 

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

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

Double-Precision Logical Right Shift - Time in microseconds = 36.S + 24.0N. 

PROGRAM 

Program Listing 

A I isting 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 

LSRSP, a /SINGLE PRECISION 
DCA TIMES 
TAD I LSRSP 
DCA COMMUN 
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0204 1637 TAD I COMMUN 
0205 7110 Cll RAR /SHIFT lOOP 
0206 2236 ISZ TIMES 
0207 5205 JMP .-2 
0210 2200 ISZ lSRSP /EXIT 
0211 5600 JMP I lSRSP 
0212 0000 lSRDP, 0 /DOUBlE PRECISION 
0213 3236 DCA TIMES 
0214 1612 TAD I lSRDP 
0215 3237 DCACOMMUN 
0216 1637 TAD I COMMUN 
0217 3240 DCA MOSTSG 
0220 2237 ISZ COMMUN 
0221 1637 TAD I COMMUN 
0222 3241 DCA lESTSG 
0223 1240 SHIFT, TAD MOSTSG /SHIFT lOOP 
0224 7110 Cll RAR 
0225 3240 DCA MOSTSG 
0226 1241 TAD lESTSG 
0227 7010 RAR 
0230 3241 DCA lESTSG 
0231 2236 ISZ TIMES 
0232 5223 JMP SHIFT 
0233 1240 TAD MOSTSG /EXIT 
0234 2212 ISZ lSRDP 
0235 5612 JMP I lSRDP 
0236 TIMES, 0 
0237 COMMUN, 0 
0240 MOSTSG, 0 
0241 lESTSG, 0 
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