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

ABSTRACT

This subrouhne will extract the square root of a single-precision integer. Given

an input N (0 < N < 2! ), it will produce an integer K and a remainder R, such that N = K2 +R.

3.

3.1

3.3

4.

4.1

REQUIREMENTS

Storage

This subroutine uses 23 (decimal) memory locations.

Equipment
Standard PDP-8

USAGE

Loading

The library tape that is supplied is a symbolic 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

accumulator.

Calling Sequence

This subroutine is called with an effective JMS SQRT with the argument in the
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 SQRI.

6.2

DESCRIPTION

Examples and/or Applications

The following program will illustrate the use of this subroutine:
400
CLA
TAD X
JMS | SQRTPT
HLT
X, 0145 (1101 DECIMAL)
SQRTPT, SQRT

This sample program will halt at location 403 with 0012 (octal) or 10 (decimal)

in the accumulator. Register SQR1 (address 0222) will contain 0001, the remainder.
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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 N
I @2k-1)=2 L K- z]=2(%)(N+])—N=N2
K=1 K=1 K=1
9. EXECUTICN TIME
9.4 Timing Equation

If the answer is N, the time for the subroutine is
(30 + N (25.5)) psec
10. PROGRAM

10.4 Program Listing



/DEC WB-FMAA-LA
/SGUARE RUO! yesyene ENIER WITH SQUARE [N AU

/ EXITS WlLIH ROUT IN AC
/ UDD INIEGLER MEIHUD
0ZcR VRO SJR 1, 0
b2Vl 3222 DCA SGR1 /SAVE INPUT
w2asz2 3226 pCa ROOT /0 10 ANSWER
2.3 1223 TAD SUWRZ /=13 FIRST AITEMPI
K2r4 $2¢5 SQAX, DCA SWRU
v2Lhb 1222 TAD SGUR1 /COMPARE [NPUI
bevée  /1ue CLL /WITH THIS IRY
w27 1225 TAD SWRU
G210 742u SNL
©211 bH217 JMP SGRt /TEST>INPUT; ALL WONE
w212 2226 [52 RUOI /ADU +1 TO ANSWER
0213 $22¢ DCA SUR1 /INPUT=[NPUI=TEST
0214 1225 TAD SQRU
4215 1224 TAD SQRS /TESTsTEST=2
0216 5244 JMP SUX /CUNTINYE
02,7 7200 Seat , CLA
0220 1226 TAD ROQI /FETCH ANSWER
0221 H60u JMP 1 SQRi /EXLT
4222 WY SQR1, 2
0w2es 1717 SWYRe., -1
0224 /776 SQRS, -2
£225 Luo SQRU, 2
Lee6 Vv RQ0 I, 9
PAUSE
b

THERE AxE NO tHHUHS

SYMBUL iABLt

ROO p22e6

SURU @eeb

SURF P21/

SURI B20v

SUR1 Peee

SUR?Z B22s

SURY 0224

SUX B204
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1. Signed Multiply Subroutine - Single Precision, DEC-08-FMBA-D.

2. ABSTRACT

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

3. REQUIREMENTS

3.1 Storage

This subroutine uses 44 (decimal) memory locations.
4, USAGE

4.1 Loading

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

4.2 Calling Sequence

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

is stored in location MP1.

6. DESCRIPTION

6.1 Discussion

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

6.1.1 On entry, the sign of the multiplier is tested, and if negative, the multiplier is made
positive.
6.1.2 The multiplicand is obtained and tested for 0. If it equals O, a jump to the exit is executed.
Next the sign of the multiplicand is tested, and if it is negative, the multiplicand is made positive.
6.1.3 At this point, the content of the link is as follows:
Sign of Multiplier Sign of Multiplicand Link

0 0 0

0 1 1

1 0 1

1 1 0
andrepresents, therefore, the sign of the product.
6.1.4 The multiplication loop proper (tagged MP4) is entered. During this loop, the least signifi-

cant half of the product shifts into the most significant end of MP1, while the multiplier shifts out the
least significant end of MP1 and is lost. Note that the sign of the product is retained in MP1,

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



6.2 Examples or Applications
Example (See 11.1 Flow Chart)
The C(Y) are tested. If C(Y) =0, C(MP1) = C(MP5) = 0. If C(Y) # 0, C(Y)—~ C(MP2),

C(MP5) are cleared and mulitplication is carried out as described below.

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

For this example, assume that the registers MP1, MP5, and MP2 are five bits in length in-

stead of 11. The following sequential steps occur in a multiply operation. The multiplicand is 9 and the
multiplier is 4.

MP5 MP1 Y Comments

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

00100 01001 C(MP2) + C(MP5) - C(MP5) since C(MP1) isa 1.

00010 00100 C(MP5, MPI) rotated right one place. C(MP])” is
tested.

00001 00010 No addition, because C(MP1); is 0. C(MP5, MP2)
rotated right one bit and ACy is tested.

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

00100 10001 C(MP2) + C(MP5) = C(MP5) since C(MP])” isal.

00010 01000 C(MP5, MP1) rotated right.

00001 00100 No addition, C(MP1);1 =0, C(MP5, MP1) rotated

right one bit. Rotation counter indicates that the
multiplication is complete since it has been reduced
to 0.

6.3 Scaling

Upon entry the binary point is assumed to be located between bit positions 0 and 1 in both
multiplier and multiplicand. Since there are 11 magnitude bits in each of the two factors, the product
contains 22 magnitude bits.

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

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

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

On entry, multiplier and multiplicand must be 2s complement binary. After return, the
product is contained in two words in 2s complement form.,

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

7.1 Algorithm

The conventional algorithm is used. The least significant bit of the multiplier is tested.
If it is equal to 1, the multiplicand is added to the 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 O, it bypasses the multiplication

loop. In this case, execution time is 25.5 psec if the multiplier is positive and 27.0 psec if the multi-
plier is negative.

9.2 Maximum

Maximum execution time occurs when the sign of the product is negative and the multip!
consists (in binary) of all Ts. This time is approximately 350 psec.

10. PROGRAM

10.4 Program Listing
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0200
bedl
w2
w223
w24
w215
veLé
w7
v2l10
4211
0212
0213
6214
0215
0216
6217
0220
wl2el
w222
0223
0224
0225
0226
w227
B2sQ
w231
0We2s2
KW2s3
w234
0255
0256
bed7
Y%
bedl
w242
w243
244
©v245
4246
6247
¢33
beol
0wev?2
¥weod

VoL
/1Y
7510
/061
3254
3251
1600
/4506
244
/510
/061
$25¢
1247/
$2o3
1256
/010
3259
1251
/436
1252
/11w
$evl
2299
5216
125K
/016
7450
5240
3254
1251
2261
20P6
/141
$25u
1251
/04¢
/48¢
/01
256
/764
Vo
A1)
Voo
Voo

/DEC-@8-FMBA
/TAO'S> COMPLEMENT SINGLE PRECISION MULTIPLY ROUTINE
/REITURN WIGH ORUER PRUVUCT IN AC, LOW [N MP1

MUL

MP4,

MPSN,

MP2,

CoMpP,

THIR,
MP1,
MP>
MP2,
MP3,

PAUSE

0

CLL

SPA

CMA CML JAC
DCA MP1
DCA MPY
TAD 1 Muki
SNA

JMP MPSN#2
SPA

CMA CML JAC
DCA MP2
TAD THIR
DCA MP3
TAD MP1
RAR

DCA MP]
TAD MP>
SZL

TAD MP2
CLL RAR
DCA MP5
182 MP3
JMP MP4
TAD MP1
RAR

SZL

JMP COMP
DCA MP1
TAD MP>
1S MUL
JMP 1 MUl
CMA Ci.L lAC
DCA MP1
TAD MPD
CMA

SZL

IAC

JMP MPZ
7764

[ SIS IS S

2-4

/TEST FOR NEGATIVE MULTIPLIER

/STORE MULTIPLIER

/TEST FOR ZERU MULTIPLICAND
/JIMP IF MULTIPLICANU=V
/TESIT FOR NEGATIVE MULTIPLICAND

/STORE MULTIPLICAND

/MULTIPLY LOOP PROPLR

/TEST I+ MULTIPLICAND SHOULD BE ADDED

/TEST FOR END OF LOOQP

ZEXIT TO CALLING PROGRAM

/COMPLEMENT PROVUCT

/ELEVEN [N DECIMAL



SYMBOL

CuMP
MFSN
MPZ
MP1
MP2
MP 3
MP 4
MP5S
MUL T
THIR

1.

1.1

ENTER CLEAR LINK

iAaBLe

8240
B232
B236
B2ou
Bes52
Be>5s
0216
@e2ol
Pei
B24/

DIAGRAMS

Flow Chart

NO

s
MULTIPLIER
NEGATIVE

Y&s COMPLEMENT MULTIPLIER

SET LINK

SAVE MULTIPLIER
C{AC)+C(MP1)
LOAD MULTIPLICAND
C({(MULT))—=C(AC)

1S
MULTIPLICAND
ZERO ?

IS
MULTIPLICAND
NEGATIVE

COMPLEMENT MULTIPLICAND
COMPLEMENT LINK

SAVE MULTIPLICAND C(AC)— C(MP2)
CLEAR MOST SIGNIFICANT HALF
OF PRODUCT O —#C(MP5)

SIGN STATUS IS IN LINK IT WILL BE

SHIFTED ALONG WITH MULTIPLIER

ANDEND UP iN LINK AT END OF LOOP.

LOAD LEAST SIGNIFICANT HALF OF
PRODUCT AND MULTIPLIER

ROTATE RIGHT

C{(MP1) —» C(AC)

C(L) —e C(MPY)
cimpn —ecicf

STORE LEAST HALF OF PRODUCT
AND MULTIPLIER
C(AC) —* C(MP1)

LOAD MOST SIGNIFICANT HALF

C(MP5) —-+ C(AC)

OF PRODUCT

IS LINK =172
e WAS LEAST SIGNIFICANT BI
OF MULTIPLIER = 1 BEFORE
ROTATE ?

ADD MULTIPLICAND

CLEAR LINK AND ROTATE MOST

C(MP5) +C(MP2)—e C(AC)

SIGNIF ICANT HALF OF PRODUCT
RIGHT C(AC);—*C(L)

A

SAVE MOST SIGNIFICANT HALF OF PRODUCT

C(AC) —+C(MP5)

NO

1S LOOP COUNT REDUCED
TO ZERO

SHOULD
PRODUCT BE POSITIVE
ie IS LINK=O?

| COMPLEMENT BOTH HALVES

OF PRODUCT

RETURN TO
CALLING FROGRAM







1. Single Precision Signed Divide Subroutine, DEC-08-FMCA-D

2. ABSTRACT

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

3. REQUIREMENTS
3.1 Storage

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

4. USAGE

4.1 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 called with an effective JMS DIVIDE. The accumulator contains
the high-order bits of the dividend; the location following the JMS contains the low-order bits
of the dividend; the location following this contains the divisor; and the subroutine returns to
the following location with the quotient in the accumulator and the remainder in C(HDIVND).
If a divide error has occurred, C(L) =1 and the accumulator contains 0, otherwise C(L) = 0.

TAD HIGH D /C(AC) = HIGH DIVIDEND
JMS | DIVDP /CALL DIVIDE
LOWD /LOW DIVIDEND
DIVSOR /DIVISOR
HLT /C(AC) = QUOTIENT IFL=0
DIVDP, DIVIDE /(0200)
HIGHD, /HIGH DIVIDEND
4.5 Errors in Usage

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

(High-Order Dividend) - 2]2 + Low-Order Dividend
Divisor

= Quotient, Remainder

or

(High-Dividend) - 2] 2+ 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.

2—] 2-2 2_22 Dividend (2's Complement)
0 23
L Binary Point
Dividend Sign
-1 -11 . .
2 2 Divisor (2's Complement)
0 11
zr-—-— Binary Point
Sign



= 2—] 2_2 2_” Quotient (2's Complement)

0 11
i L Binary Point

Sign

If High-Order Dividend
Low-Order Dividend
Quotient
Remainder
Divisor

HD - 2'2 4+ LD

D

so that Q - D + R = (HD) - 2'2 + (LD)

or

IS T T
© O I
w) DUU

Il

=Q, R

HD - 2'2 4 D) - 2722

D - 2-]1

Examples:

(a) 000 000 000 000 000 000 000 111
000 000 000 O11

= 000 000 000 010

Remainder = 000 000 000 001

/7 _
5= 2,1
(b) 000 100 000 000 000 000 000 000 _
570 000 000 000 =010 000 000 000
Remainder = 000 000 000 000
1
4_1
12
2
7. METHODS (See Above)
9. EXECUTION TIME
9.1 Minimum 58.5 psec (Divide Check)
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9.2
9.3

10.
10.4

Maximum 478.5 psec
Average = 460 psec
PROGRAM

Program Listing



G200
021
212
6203
wlka
52065
0206
6297
¢21@
2211
¢212
0213
214
w215
w216
217
62l
¢c2el
0ee?
223
224
Wez2s
veee6
0227
d2389
231
02382
K233
234
©235

Yoo
/160
7510
7060
3267
7429
7040
3272
1690
74309
7141
3270
7430
2267
2200
1680
7100
7500
7061
3271
7420
7040
1272
32738
7100
1271
1267
229V
7654
56249

/JEC-0B8-FMCA-LA
/STGNED SINGLE PRECISIUN DIVIDE SUBROUTINE
/CALLING SEQUENCE:

/
/
/
/

/

/PAGE 1

UIVIDE,

L(AC)

JMS UlVIDE

LOW URUER UJV]IDENU

UIV]ISUR

RETURN G
/1t HIGH ORQER DIVIUENU
/THAN THE UIVISOR;

']

LLL
SPA
UMA
UCA
SNL
UMA
uCa
TAU
SZL
UMA
UCA
SZL
1S4
IS¢
TAD
bLL
SMA
UMA
UCA
sNL
UMA
TAUD
UCa
LLL
TAU
1AU
1S#
S£L
JMP

3-5

UM,
HUTVNY

SUVNU
I DIVIve

CLL [AC
LOIVND

HUTVND
VIVIDE
I OIvioe

CML IAC
VIVSOR

SUVNU
SNSWER

UIVSOR
HOIVNUD
UlvIDe
CLA

I DIvive

CONTAINS HIUH ORDER DIVIDEND

C(AU)=QUOTIENT: REMAINDER IN HUIVND
IS tQUAL TO OR GREATER
NO UIVISION TAKES PLACE AND C(L)=1

/0IVIDENDKR?
/YES COMPLEMENT AND SET C(L)
/H1GH ORDER OIVIDEND

/ST DIVIDEND SJGN SWITCH
/FETCH LOW ORDER DIVIDEND

/YES: COMPLEMENT
/LOA ORDER DIVIDEND
/CARRY?

/YES

/FETCH DIVISOR
/NEGATE IT

/SAVE DIV]SOR

/NAS It <82

/YES: AC=-1

/ANSWER S]GN SWITCH

/COMPARE DIVISOR
/WITH DIVIDEND

/OVER FLOW?
/YES! DIVISORKDIVIDEND



/PAGE 2

5286 127 1AU M1 /13 SHIFTS
2237 3274 UCA UIVENT
G24p 5251 JMP DV2

/0IVIUE LOUP

v241 1267 bv3, TAU HUIVNU
p242 T7ius RAL
0243 3267 UCA HDIVND /DIVIDEND LEFT SHIFT
244 1267 JAU HDIVND
62645 1271 TAU UIVSOR /COMPARE OIVISOR3DIVIDEND
w246 7439 SEL
vwea4?7 3267 WCA HDIVND /REMAINDER AFTER SUBTRACT
6223 7249 CLA
weo1 1270 Dv2, lFav LDIVND /QUOTIENT BITS
(222 7604 RAL /ENTER HERE
6293 3270 UCA LDIVND
0224 2274 |S#¢ UIVCNT /OONE 122
©255 5Z4l JMP UV3 /NO3 CONTINVE
w26 1267 TAU HOIVNY /REMAINDER
¢?>7 2272 1SZ SUVNU /0IVIDENDKE?
Yw2ed 7i¢41 UMA [AC /YES
0261 3267 UCA HOUIVND
2262 127¢ TAU LDIVND /QUOTIENT
K263 22738 1SZ SNSwWER /ANSWERK®?
0264 7¢41 CMA [AC /YES: NEGATE
0265 7109 CLL
8266 5609 JMP [ DIVIDE /EXIT
267  0doe HOIVNU, 17
270 0oRe LOIVNU, [
©271 Yoo DIvsOr, [/
22/72 Woeu SOVND» v
K273 0909 SNSyER, 14
Ze74 00R¢ DIVCNT, 4
275 7768 M13, =-1> /=13(10)
b ]

SYMBOL TAdLtb

DIVCNT Be74
DIVIDE B2vw
DIVSOR per71
bv2 Weol
DvV3 D24l
HUTVND 2267
LUTVND G627
M13 2e/>
SUVND A27¢
SNSwEk 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 multiplier
and multiplicand.

3. REQUIREMENTS

3.1 Storage

This subroutine uses 125 (decimal) memory locations.
4, USAGE

4.2 Calling Sequence

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

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

6. DESCRIPTION

6.1 Discussion

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

Sign

\ N yi \ Multiplicand (2's Complement)

Sign @ ® Q @

Multiplier (2's Complement)




The results are added:

Result of Multiply 1

Result of Multiply 2

Result of Multiply 3

Result of Multiply 4

Answer

Accumulator B D
Sign
6.2 Examples
To multiply two double precision numbers which are located in registers tagged
X and Y:
0400
JMS | DMULTP
X
Y
HLT
X, 0
0
Y, 0
0

DMULTP, DMUL
If X and Y contained:

X
Y
The answers would be:
0000 0000
AC B

6000
3000

7200
AC

0000
0000

0000 0000 0000

B C D

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

formerly Digital-8-16-F.



6.3 Scaling

Since there are 23 magnitude bits in both the multiplier and the multiplicand,
the product will contain 46 magnitude bits. These are right justified in the AC and B, C, and
D registers. Since the answer is in 2's complement form, the two sign bits are equal (redundant).

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

(XXXX  XXX.X) (XXXX  XXXX.)
the scaling of the answer will be

XXXX  XXXX  XXXX  XXX.X

The operands and the answer are in 2's complement form. Since only 46 bits of
product may be produced and since the answer is right-justified, the two "sign" bits (0 and 1)
are redundant.

7. METHODS

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

9. EXECUTION TIME

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

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

10. PROGRAM

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

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

10.4 Program Listing
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0we i
veil
eJ2
Ledd
w24
peds
Yee b
vex7
6210
211
v212
w213
Gel4
Wel5
w216
0eew
veel
WZZZ
p2ed
p224
wees
0226
©ee7
0230
0es1
wese
¥wedd
254
0235
0236
wes7
¥249
w241

PYBL
/80K
1583
8582
4506
1887
5534
1556
$885
4306
1335
$501
1836
4544
3343
1873
$942
1554
$801
1836
4544
19472
$342
/064
18/3
$341
/004
3541
1855
$$01
1887
4544
1542
$342

/OEC~-U8-FMDA=-LA
/S1GNED DOUBLE PRECISION MULTIPLY ROUIINE
/CALLING SEQUENCE:

NN NN

~N

/PAGE 1
OMyUL, (]
CLL
TAD
DCa
JMS
TAD
DCA
TAD
DCA
JMS
TAD
DCa
TAD
JMS
DCA
TAD
DCA
TAD
DCA
TAD
JMS
TAD
DCA
RAL
TAD
DCA
RAL
pCa
TAD
DCA
TAD
JMS
TAD
DCaA

JMS DMuUL
AUDRESS O¢
AUDRESS OF
RETURN,

CLA
RES |
SIGNSwW
TSIGN
MLTH
MUL I'H
MLTL
MUL i L
TSIGN
MUL L
MP2
MLTL
MP &

D

MPS

C
MUL I H
MP2
MLTL
MP 4

MULTIPLICAND(HIGH QRUER)
MULTIPLIER(HIGH ORUER)
HIGH URPER PRODUCT [N AC

NeXT WIGH Tu LUW [N B,C,D

/-2

/StT SIGN SWITCH

/rb1CH AND SET SIGN
/RESULT IN MLIH,MLTL
/H1GH ORDER MULTIPLICAND

/LOW QRDER MULTIPLICAND
/FETCH ANU SET SIGN
/LOW ORDER MULTIPLICAND
/LUW ORDER MULTIPLIER
/MULTIPLY

/LUW ORDER

/HIGH ORDER
/HIGH OROER MULTIPLICAND

/LOA ORDER MULTIPLIER
/MULTIPLY

/Gt T CARRY

/GELT CARRY
/LUW ORDER MULTIPLICAND

/HIGH ORDER MULTIPLIER
/MULTIPLY

/A0



w242
0243
V244
6245
0246
0247
©weoe
vZo1l
K252
Y253
2o 4
V255
vw2o6é
wes7
0260
0261
w262
0263
X
0265
0266
6267
©we/0
v2/1
6272
6273
Ww2/4
we/5
we’é
wer7
V3@

wdel
¢S 2
6343
V34
U305

/004
1873
1541
$$541
/0v4
194y
S84
1354
S3ul
18487
4544
1541
5341
/004
1973
1349
2332
by
$340
1343
/141
3343
1342
4501
3542
13541
4361
S941
1354k
43591
XY}

VYL
/040
74386
/11
>/61

/PAGE 2

MP2,
COM,

RAL
TAD
TAD
DCa
RAL
Tap
DCA
TAD
DCA
TAD
JMS
TAD
DCa
RAL
TAQ
TAD
ISZ
JMP
DCA
TAD
CMA
DCA
TAD
JMS
DCa
TAD
JMS
DCaA
TAD
JMS
JMP

CMA
SZL

MLTH

MP5

A
SIGNSW
1 DMUL
A

D

CLL IAC
D

C

COM

C

B

COM

B

A

COM

I PmMuUL

CLL 1AC

JMP

I COM

/Gt T CARRY

/GET CARRY

/ADD
/HIGH ORD&ER MULTIPLICAND

/HIGH ORDER MULTIPLIER

/ANSWER <277
/NO: BX]T
/YES

/NEGATE

/NEGATE

/NEGATE

/EXLT



R
w3L7
w3ig
v311
w312
0313
¢S14
6815
£L316
0317
©320
0321
03z22
6323
324
1325
w326
0327
0330
v3s1

w382
6353
6354
¢335
0336
6387

6340
0341
23542
0343

VDY
1606
334
1/40
/190
7516
/06
5337
2340
1/40
/430
23382
7000
7430
7141
3536
7430
2387
220w
/06

VoYY
/7176
woRY
PG
VwoYYY
gope

VoY
v
BYYD
wowe

/PAGE $
MP1,
TSIGN,

SIGNSw,
RES |,
MUL I H»
MUL L
MLTL,
MLTH,
ADDRS,

2

TAD
DCA
TAD
CLL

4-6

I OMUL
AUDRS
I AUDKS

CML
MLTH
AUDRS

1 AUDRS

SIGNSW
CLL 1AC
MLTL
MLTH

DMUL
I TSIGN

/FETCH ADURESS

/tETCH HIGHW ORDER

/1S5 1T <87

/YeSt COMPLEMENT, SET LINK

/FETCH LOW ORUDER

/WAS | T <82

/YES, ADD 3§ TO SWITCH
/COMPLEMENT, CLEAR LINK

/CARRY?
/YLS

/EXIT ROUTINE



v344
6545
0346
0347
035>0
K351
wdv2
©353
W34
0355
0826
6327
€360
0361
Lse2
VW63
vws64
0365
£L366
K367
©w3/0
ws/1

vs/2
L5/3
cs/4

SYMBOL

A
AUDKS
B8

C

Cuy

v
DMUL
MLTH
MLTL
MP1
Mp2
MP3
MP 4
MH5
MUL I H
MUL I L
M12
ReS |
SIGNSw
TSTGN

VoYK
3966
$387%
1974
$$/¢
/10w
1966
/010
S906
138/3
/820
362
/1l
1861
/01
$8/3
28/¢
53852
1306
/01
7169
5/44

bovio
pYow
7/64

IABLE

D340
0354y
D341
B34z
Ps01
Bs4s
0200
033/
0336
gsd6
B301
0372
I REX
8373
03834
V33>
D874
BSSS
Bs32
p3pe

/PAGE 4

MP 4,

MP 3,
MP5,
M12»

PAUSE

DCa
DCA
TAD
0Ca
CLL
TAD
RAR
DCa
TAD
SNL
JMp
CLL
TAD
RAR
DCa
IS2
JMP
TAD
RAR

LL
Smp

-14

MP1
MPS
M12
MRS

MP1

MP1
MP5

o *3
MP2
MPS
MPS

MP&4+6
MP1

[ MpP4

/UNSIGNED MULTIPLY

/COUNT 12 BITS

/CARRY GOES INTQ
JLEFT OF MP1
/1EST MULTIPLIER

/A 17
/NO; UON'T ADU
/YES: ADD

/UONE 22 BIIS?
/NU: CARRY (S IN
/YES: DONE

/eX]T

glT

cw)






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

2. ABSTRACT

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

3. REQUIREMENTS

3.1 Storage

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

4, USAGE

4.1 Loading

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

4.2 Calling Sequence

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

TAD HIGH
IMS | DDIVP
LOW
HLT

DDIVP, DUBDIV

HIGH, . /ADDRESS OF DIVIDEND
0 /DIVIDEND
0
0
0

LOW, 0 /DIVISOR
0

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

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

I

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:

—DI—YM = Quotient, Remainder
Divisor
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.

2_] 2“46 Dividend (2's Complement)
0 47
i i t Binary Point
Dividend Sign
271 2—23 Divisor (2's Complement)
0 23
i L Binary Point
Divisor Sign



- 2-] 2_23 Quotient (2's Complement)

0 23
i L Binary Point

Quotient Sign

or
245 21 20
0 47
L sign
222 21 20
0 23
L Sign
222 21 20
LSign
9. EXECUTION TIME
2.1 Minimum 1.424 msec
9.2 Maximum 1.705 msec
9.3 Average 1.65 msec
10. PROGRAM
10.4 Program Listing
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2200
0201
0202
6203
6204
VW25
026
0207
r<lp
6211
6212
€213
L214
0215
©216
G217
w220
0221
0222
223
0224
4225
V226
6227
0280
0281
V232
0283
0254
¢2$5
0256

FYY]
3831
1843
8840
1/351
3832
2331
1781
3333
2881
1751
3354
23881
1/381
3385
13382
/793
5237
2349
1355
/141
33835
1854
4544
RERY
138383
4344
3333
188¢
4344
3832

/OEC-UB-FMEA~LA
/UJUBLE PRECISION DiIVIWE SUBRUUITINE
/CALLING SEQUENCE:

/ C(AC)Y=ADORESS OF

NIV

/
/
/
/
/
/
/

/RPAGE 1

JJsulV, 7]
DCA
TAD
DCA
TAD
DCA
[S?
TAD
DCA
[s2
TAD
DCA
1SZ
TAD
DCA
TAD
SMA
JMP
1S2
TAD
CMaA
DCA
TAD
JMS
DCA
TAD
JMS
DCA
TAD
JMS
DCA

puBULILV

ADDRESS Ot
RETURN}

HIGH ORDER DIVIDEND

H{GH ORDER DIVISOR
CLAU)=HIGH ORDER QUOTIENT

CCDLIVND4)7LUW ORUER QUOTIENT
C(RIVNDL)=HIGH QRUER REMA INDER
C(DIVNDZ)=LOW ORUER REMAINDER

IF DIVISORKDIVIDENU}

ADDRS
RESI
SIGNSW
I AUDRS
DIVNUL
ADDRS

1 AUDUKS
DIVNUZ
AUDRS

I AU,
DIVNDS
ADDRS

I ADOUKS
DIVND4
Dlvinbl
CLA
DIVeOlL
SIGNSW
DIVND4
1AC CLL
DIVND4
DIVNDS
COM
DIYNDS
DlyNUZ
COM
DlyNUe
DIVNDL
COM
DIVNU1

ReSUL IS UNSPECIFIIED

/0IVIDEND AUDRESS
/-2

/SET SIGN SWITCH
/HIGH~0RDER DIVIDEND

/0IVIDEND

/D1VIDEND

/DIVIDEND
/01IV]DENDLD?

/NO: CONTINUE
/YEST ADD 1 TO SWITCH

/NEGATE DJVIDEND



0237
L2490
0241
V242
K243
0244
K245
6p46
V247
2o
021
0252
©£2n3
b2o4
K255
bevé
Lev7
0260
v261
6262
w263
0264

/PAGE 2

/FEICH UIVISOR

JIvoeOol,

TAD
152
DCa
TAD
CLL
SMA
CMA
DCA
1S2
TAD
SNL
I1S?
NUP
S2|
CMA
DCA
SZL
1Sz
TAD
DCa
CLL
JMP

I DuBulv
puBulv
ADDRS

1 ALUD~KS

CML
HUIVSK
AUDRS

I AUDKRS

SIGNSW
IAC CLlL
LUIVSR
HUIVSk
MZ5
DIVCN|

Dlve

5-5

/AUDURESS OF DIVISUR
/HIGH ORDER DIVISUR

/UIVISQOR>¥?

/YLSINEGATE AND StT C(L)
/LOW ORDER DIVISOR

/ABD 1 TO SIGN SWITCH
/COMPLEMENT

/LOW ORDER UIlVISOR
/CARRY?

/YLS

/St OlVIDE COUNT=24



K265
266
w267
ve/9
we/l
ver’2
wers3
wa2/4
©w2/5
be/6
wer7
K
vw3ul
0362
633
034
0345
WSv6
IRY
0310
¥311
512
6313
6314
0315
0316
WwS17
6320
6321
L3822
0323
wdz4
0825
NYA)
0327
ANRY)

1883
/064
3383
1882
7004
3832
138383
1587
$$31
/004
1832
13586
/420
5506
S$$82
138581
RERK)
/200
18385
/004
3335
1554
/004
3544
2541
5265
2840
92/
1585
/141
53885
1534
4544
5600
13554
oXoYA%

/2AGE 3

JIvs,

Dlve,

ouT,

TAD
RAL
pCa
TAD
RAL
DCaA
TAD
TAD
DCA
RAL
TAD
TAD
SNL
JMP
DCA
TAD
DCa
CLA
TAD
RAL
DCA
TAD
RAL
DCA
1S2
JMP
[SZ
JMP
TAp
CMA
DCA
TAD
JMS
JMP
TAD
JMP

DiynNuz

DIVNDe
DIVNDL

DIVNDL
DIVNUZ
LUlverx
AUORS

DIVNU1
HUJVS~

Dive_l
DIVND1
ADDRS

DIVNDZ

DIVND4

D] VND4
DIVNDS

DIVNDY
DIVCNI
DIV3
SIGNSwW
ourT
DIVND4
CLL 1AC
DIVND4
DIVNDY
COM

I OuBulv
DIVNDY

I Dusulv

5-6

/SHIFT HIGH DIVIDEND
/LEFT

/COMPARE DIVISOR:
/WITH DIV]SOR

/6T CARRY

/RUTATE LOW ORDER
/WORDS LEFT

/QUTOLENT BITS

JENTER FROM C(L)
/UONE 247

/NO: CONTINUE
/ANSWELR<@?

/NOY EX]T

/YES



U9l Wl6Y

$3832 YWidw
L3883 Kb
58854  Wibibw
885 VAL
L5566  Wlbw
0387 Wb
©w540  VYVL
0541 VYL
0542 /747
0343 /7/6
4344 VUL
0345 /04U
U346 7438V
¢547 /161

K320 /44

SYMBOL (ABLE

AUDKS
CUM
DIVCN
LDIVLO1
DIVND1
DiyND2
DIVNDS
DIVND4
Dive
DivVs
DuBUL1
HUIVSK
LUIVSK
M25
ouT
ReS 1
SIGNSw

2331
544
p341
023/
B33«
B33s
03834
KKE]
03807/
Be6>
Wekv
Bs3e6
B33/
V342
Bs2/
3549
B34y

REFERENCES

/PAaLE 4

AJURS
DIVYNDL,
JIVNUL
JIVNDS,
JIVND4,
HJIVSK,
LIOlvSr,
SIGNSW,
DIVCN I
M25,

RES |,

CaoM,

L SIS IS S RIS RS EUNR N]

11
N
-

2

CMaA

SZL

CLL [TAGC

JMP [ CGOM

PAUSE

See DEC-08-FMDA, formerly Digital-8-13-F.

/=25(10)






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 (Xisinradians). The argument is a double-precision word, 2 bits representing
the integer part and 21 bits representing the fractional part. The result is a 23-bit signed
fraction — 1 < Sin(X) < 1.

3. REQUIREMENTS

3.1 Storage

This subroutine uses 248 (decimal) memory locations.

3.2 Subprograms and/or Subroutines

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

4. USAGE

4.2 Calling Sequence

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

JMS | DSINP
ARGMNT
HLT
DSINP, DSIN
ARGMNT, 1000
0000
6. DESCRIPTION
6.1 Discussion

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

if X=0 Sin(0) =0
if X <0, Sin(=X) = =Sin(X) (recursive call)
if X<, Sin(X) = =Sin(X — 1) (recursive call)
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if X>n/2 Sin(X) = =Sin(X = 7) (recursive call)
if X =m/2 Sin(n/2) =1

for 0< X< /2,

F=2—1)r-( so that 0 < F< 1, then:

. B 2 4 6 8
Sin(X) = F(C] + C3F + C5F + C7F + C9F )
6.3 Scaling
The scaling for the argument is:
t__ Implied
Binary Point (word is 2's complement)

Sign

The binary weightings of the argument may be represented as:

1 R Y I -20! -
220212223245..g 220221

L Binary Point

Sign

Thus, 1.5 radians would be:
001 100 000 000 000 000 000 000
and —1.5 radians would be:

110 100 000 000 000 000 000 000

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



ARG
ARG+

ARG
ARG+1

7.2

9.1

9.2

9.3

10.

10.1

0400 (8).

2—] 2-2 2-3 2-4 % § 2-21 2-22 2-23
?—— Implied

Binary Point
Sign

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

011 000 000 000
000 000 000 000

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

101 000 000 000
000 000 000 000

METHODS

Algorithm

See Section 6.1.

EXECUTION TIME

Minimum When the argument is a multiple of m: 70 psec
Maximum Without EAE: 10.6 msec
With EAE: 2.78 msec
Average Without EAE: 10.4 msec
With EAE: 2.6 msec.
PROGRAM
Core Map

The Double-Precision Sine Subroutine, as listed, was assembled starting at

It assumes that the Double-Precision Multiply Subroutine ( DEC-08-FMDA,

formerly Digital-8-13-F) is in core starting at 0200, If the multiply subroutine is placed
elsewhere, the pointers on page 1 of the program should be changed.
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10.4

0400
pag1
pép2
Pa4p3
Va4
04p5
papeé
pag?
pa1g
pe11
V412
0413
0414
0415
416
va17
0420
pazy
paz22
0ac3
0424
pags
D426
paz7
pa3n
pa31
pa32
Pa33
434
0435
ERY
437
V440
0441
pa42
0443
444
P445

0200
0341
0342
0400

00R0o
1600
3351
1751
3347
2351
17514
3350
2200
1200
3763
2363
1347
7640
5233
1350
7640
5233
7200
3754
3755
7240
1363
3363
1763
3351
57514
1347
7700
5261
1350
7141
3350
1347
7040
7430
7001
3347

Program Listing

/DEC~UB=FMFB=PA

/00UBLE PRECISIUN S|NE
/POINIERS TO UEC=0B-FrMUA
OMUL =201

B=341

C=342

#4200

DSIN, 2
TAD | DSIN /ADURESS QF
DCA TEMP

TAD | TEMP /H]IGH ORDOER

DCA X2
1SZ TEMP
TAD I TEMP /LOW QRDER
DCA Xx2+¢1
1Sz DS /PIX EX]IT

TAD DS! /SAVE ON PUSHDOWN L [ST

OCA I PUSH
[SZ PUSH
TAD X2 /(CHECK FOR ZERO
S£A CLA
JMP NEG
TAD X2+l
SZA CLA
JMP NEG /NO
cLA
DCA | PNTS /SIN(Y)=0
DCA 1 PNTS+y
X111, CLA CMA /eX]T
TAD PUSH
TAD | PUSH
DCA TEMP
JMP 1 TEMP

NEG) TAD X¢ /CHECK FOR NEGATIVE X

SMA CLA
JMP POS

TAD Xé=+1 /SIN(aX)3=SIN(X)

CLL CMA [AC
DCA Xé#+l
TAD X<

CMA

SEL

1AC

DCA X<

ARGUMENT



0446
D447
0450
pas1
0452
D453
0454
0455
LY
0457
pae6Q
0461
P462
V463
0464
Pa65
V466
pa67
V470
0471
0472
va73
474
V475
pa76
0477
v500
V501

52
6563
504
V505
0506
w507
0510
w511
0512
513
514
0515
0516
0517
0520
0521
0522
0523

4200
0547
1755
7141
3755
1754
7040
7430
7001
3754
5225
7100
1350
1360
3354
7004
1347
1357
7510
5300
3347
1351
33850
4200
0547
5250
7300
1350
1362
3351
7004
1347
1361
7510
5337
7440
5324
1351
7440
5324
7140
7010
3754
7040
3755
5225

/DEC=08~FMFB=PA
/PALE 2
JMS DSIN
Xe
XiT2, TAD | PNT3#*1
CLL CMA ]AC
DCA 1 PNTS+1
TAD 1 PNTS
CMaA
S£L
1AC
DCA 1 PNTS
JMP X[T
POS, cli
TAD X<Z+]
TAD MP]*}
DCA TEMP

RAL /CARRY

TAD x&
TAD MPI
SPA

JMP PUHK

/RECURS|VE CALL FQR S|NE

/NEGATE THE ANSWER

/1S X<P?

DCA y¢ /SIN(xI)z=5IN(xePl)

TAD TEMP
DCA X241
JuS DS

g N

JMP X [TE

PCHK, CLA CLL /1S XKPJ/2?

TAD X241
TAD MP10,1
DCA TEMP
RAL

TAD X2
TAD MP10
SPA

JMP ALG
SEA

JMP P2NG
TAD TEMP
SEA

JMP PEZNG

CMA CcLL /SIN(PI/2)51

RAR
DCA I PNTS
CMA

DCA [ PNTS$*1
JMP 1Td
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V524
0525
0526
0527
0530
P531
0532
0533
534
0535
0536
0537
540
0541
0542
2543
0544
545
0546

0547
550
551
552
p553
0554
0555
0556
0557
0560
561
562
0563

7300
1350
1360
3350
7004
1347
1357
3347
4200
0547
5250
7200
1350
7104
3753
1347
7004
3752
5756

0000
0200
YL
9743
0744
0741
9742
0600
4667
4023
6333
60312
0564

/UEC=0B=

/PAGE 3
PeNG,

ALG,

FMFB=PA

CLlL CLA

TAD X2+1

TAD MP1+1 /SIN(X)a=SIN(X=P])
DCA xé=+]

RAL

TAD X<

TAD MP]

DCA Xxe

JMS DSIN /RECURS]IVE CALL FOR SINE
X2

JMP x[T2

cLa /ALIGN SCALING FOR ALGORITHM
TAD X<Zel

CLL RAL

DCA I PNTZ+1

TAD x2

RAL

DCA ] PNT2

JMP 1 PNT4

/SYMBOLS AND CONSTANTS FOR TH]S PAGE

X2,

TEMP,
PNT2,

PNTS,

PNT&,
MP T,

MP10,

PUSH,

2

2

0

X

X3

ARG

ARG*1

DALG

4667 /=(P])
4024

6533 /=(Pl/2e)
6012

PUSHel / POINTER FOR PUSHOOWN LIST



0600
0601
v6p2
LY R
o4
0605
0606
067
0610
ve11
0612
0613
0614
615
0616
0617
0620
ve21
0622
0623
0eed
0625
062é
ve27
0630
0631
(R
0633
0634
0635
Ve36
0637
P64Q
0641
0642
0643
0644
0645
0646
p647
0650
651
0652
0653
0654
0655

/LYY
4736
9743
0755
4277
4277
4312
9743
4736
P743
743
4277
4312
w737
1353
3345
1354
3346
3341
3342
7100
1745
1342
3342
2345
7004
1341
1745
3341
2345
4736
0741
0737
4277
4312
0743
2346
5223
7100
1341
751@
7020
7010
3341
1342
7010
3342

/0EC~UB~FMFB=PA

/PAGE 4

#USIN*200

DALG,

LOOoP,

JMS 1 DMTG
X

TOPI

JMS SCAL
JMS SCAL
JMS ROUND
X

JMS 1 DMTG
X

X

JMS SCAL
JMS ROUND
XSQR

TAD FYX /NI

DCA PNT /
TAD FOUR
DCA CHK /
DCA ARG /
DCA ARG*l
CLL

TAD | PNT
TAD ARG+l
DCA ARG+*}]
[SZ PNT
RAL

TAD ARG
TAD | PNT
DCA ARG

/FORM (2/P])#ARG

/JGET RID QF EXTRA SIGN BIT
/SCALING = © NOW

JLET XxuX

/LET RID OF EXTRA SIGN BIT

NP>\

[zt

152 PNT / [INCREMENT POINTER FOR NEXT

JMS 1 DMTG
ARG

XSQR

JMS SCAL
JMS ROUND
ARG

|82 CHK
JMP LOOP
cLL

/GET RID QF SIGN BIT

TAD ARG /SHI[FT ARG 1 PLACE

SPA

CML

RAR

OCA ARG
TAD ARG+l
RAR

DCA ARG+l

6-7



0656
0657
0660
8661
0662
0663
0664
665
666
0667
0670
0671,
0672
673
0674
0675
676
8677
8700
8701
8702
0703
8704
0705
706
e707
8710
711
8712
0713
p714
p715
716
0717
8720
721
w722
g723
0724
725
726
727
0730
731
8732
8733
8734
0735

7100
1360
1342
3342
7004
1341
1357
3341
4736
0741
0743
4277
4277
4312
0741
5676
p4a25
pooo
3352
1752
7104
3752
1751
7004
3751
1350
7004
5677
poo
3347
1712
2312
3350
1347
3750
1350
7001
3347
1751
3747
1752
7740
5712
2747
5712
2750
7000
5712

OuUT,
SCAL,

ROUND,

cLL JAUU [N LAST CONSTANT

TAD Cl+1

TAD ARG*1

DCA ARG*1

RAL /CARRY

TAD ARG

TAD C1

DCA ARG ~
JMS | DMTG

ARG

X .
JMS S.-AL /PUT SAALING ACK T0 £2ERO
JMS SCAL 76ET RYD oF sPof 817
JMS ROUND

ARG

JMP 1 OUT

X1T1

2 /ROUTINE TO ADJUST SCALING
DCA TEMZ

TAD ] CTG

CLL RAL

DCA [ CTG

TAD I BTG

RAL

DCA ] BTG

TAD TEMZ

RAL

JMP 1 SCAL

0

DCA TEML

TAD | ROUND /ADDRESS OF H]GH ORUER
1SZ ROUND

DCA TLMZ

TAD TEMA

DCA | TEMZ

TAD TEMZ

1AC

DCA ThM1

TAD | BTG

DCA | TEM1

TAD ] CTG

SPA LA /41T =177

P ROURD /NO} EXIT

1SZ | TEM1 JYEST ROUND

JMP 1 ROQUND

152 1 TeM2 / CARRY

NOP /RETURN SKIP QR NOT!!

JMP 1 ROUND



0736
9737
0740
8741
0742
0743
0744
0745
0746
@747
2750
9751
2752
9753
0754
2755
8756
0757
2769
2761
9762
0763
R764
2765
0766
0767
2770

0200
oo
oo
pvoo
00O
0000
00D
00RO
0RO
0000
0o
0341
0342
0761
7774
2427
6303
3110
3755
2367
oo
3331
7766
1505
0243
0420
5325

/DEC=UB~FMFBaPA

/PAGE 6

/SYMBULS AND CONSTANTS

OMTG,
XSQR,

ARG,
X
PNT,

CHK
EMl,
femz,
BTG,
CTG,
FYX)
FOUR,
TOPI,

cL,
C9
C7,
€5,

C3,

OMUL

(@ It R SRS ESIRS RS IS RS RS IS IS

6-9
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SYMBOL TaBLE

ALg 0537
ARG @741
B P34
BTG 8751
C 0342
CHK 0746
C:G 9752
C @757
Cs 0767
Co 0765
c7 p763
cy @761
DALG 2600
DMTG 0736
DMUL P200
DSIN 8400
FOUR 0754
Fyx @753
LOOP 9623
MP 8557
MP10 9561
NEG 9433
ouT B676
PCHK 2500
PNT @745
PNT2 P552
PNTJ3 @554
PNT4 @556
RPOS 2461
PUSH 8563
PZNG 9524
ROUND B712
SCAL 0677
TEMP #551
TEM1 @747
TeM2 @750
TOP] 8755
X 0743
XT3 @425
XIT2 2450
XS5QR P737

Xe @547




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 Equipment
Standard PDP-8.

4. USAGE

4.1 Loading

The library tape that is supplied is a symbolic tape. It begins with an absolute
origin setting and ends with a dollar sign. The binary tape produced by assembling this tape,

or the binary tape produced by assembling this tape with other tapes, is loaded with the Binary
Loader.

4.2 Calling Sequence

The Double-Precision Cosine Subroutine is called 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<0; COS(=X) = COS(X)
Then SIN(w/2 = X) = COS(X)



range.

6.3

9.1

9.3

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

Scaling
See DEC-08-FMFB-D

METHODS
See DEC-08-FMFB-D

FORMAT
See DEC-08-FMFB-D

EXECUTION TIME
Minimum
The minimum time occurs when the argument is 0. In this case, time = 55.5 psec.

Average

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

longer than the Double=-Precision Sine Subroutine (see DEC-08-FMFB-D).

10.

10.4

PROGRAM

Program Listing



17pa
1701
10¢2
1283
10024
17085
17@6
1067
1210
1711
1712
17213
1714
1715
17216
1217
1020
1921
1222
1623
1p24
17225
1026
1227
1737
1031
1232
1233
1234
1335
1036

u741
2400

1009
AVao
1600
3262
1662
3256
2262
1662
3257
1256
7640
5224
1257
7640
5224
7740
7710
3660
7040
3661
5254
1256
7700
5237
1257
7141
3257
1756
7140
7430
7441
3256

/DEC-28-FMGB=~PA
/DOUBLE PRECISION COSINE SUBROUTINE
/CALLS DEC-@B~-FMFA
/POINTERS TO DEC-@8-FMFB FOLLOW

ARG=741
0SIN=400

#1900
DCOS,

TSIGNN,

?

TAD
DCA
TAD
NCA
[S7
TAD
DCaA
TAD
SZA
JMP
TAD
SZA
JMP
CMaA
RAR
DCA
CMA
DCA
JMP
TAD
SMA
JMP
TAD
CLL
DCA
TAD
CMA
SZL
IAC
DCA

1 DBCOS
ADDRSS

! ADDRSS
£ X
ADDRSS

1 ADODRSS
FX+1

EX

CLA
TSIGNN
FX+1

cCLA
TSIGNN

1 ARGPNT

1 ARGPNT+1
FXIT

EX

CLA

ARGPOS
EX+1

CMA TAC
Ex+1

£ X

EX

/FETCH ADDRESS OF
/ARGUMENT

/FETCH HIGH ORDER
/ARGUMENT

/INCREMENT ADDRESS POINTER
/FETCH LOW ORDER
/ARGUMENT

/1S ARGUMENT EQUAL
/T0 ZERO

/NO: TEST THE SIGN
/TEST LOW ORDER BITS
/FOR 2ZERO

/NOT EQUAL TO ZERO

/SET ANSWER T0 1
/SEE IF X>p
/ARGUMENT IS >p

/ARGUMENT IS <8
/NEGATE IT



1237 7300 ARGPOS.: CLL CLA

1040 1257 TAD EX+1
1p41  7p41 CMA 1AC
1042 1265 TAD PIOT+1 /SUBTRACT X FROM
1243 3257 DCA EX+1 /P1/2
1244 1256 TAD EX
1745 7040 cMa
1046 7430 SZL
1047 7001 1AC
1050 1264 TAD PIOT
1051 3256 DCA EX
1752 4663 JMS 1 DSINPT /CALL SINE SUBROUTINE
1053 1956 EX /ARGUMENT ADDRESS
1054 2200 EXIT, 1SZ DCOS /JRETURN TO CALL+1
1055 5600 JMP 1 DCOS /ANSWER IN ARG,ARG#1
1056 0000 £X, e
1857 0000 )
1068 2741 ARGPNT, ARG
1761 0742 ARG+1
1062 P200 ADDRSS, B
1063 0400 DSINPT, DSIN
1764 1444 PIOT, 1444
1765 1767 1767
PAUSE

SYMBOL TABLE

ADDRSS 1062

ARG 0741
ARGPNT 1060
ARGPOS 1837

DCOS 1008¢

DSIN 2400
DSINPT 1063

E X 1056

EXIT 10454

PIOT 1064
TSIGNN 1024

12. REFERENCES
12.1 Other Library Programs

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



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

2. ABSTRACT

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

3. REQUIREMENTS

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

4. USAGE
4.1 Loading
Binary Loader (Digital-8-2-U) or DECtape System.
4.2 Calling Sequence
Identical to Digital-8-5-S.
5. RESTRICTIONS
See Digital-8-5-S.

6. DESCRIPTION

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

7. METHODS
See Digital-8-5-S.

8. FORMAT (Not Applicable)
9. EXECUTION TIME
9.3 Average

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

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

FSUB = FADD time + 42 psec

FDIV = 3.4 msec (approximately)

8-1



10.

10.4

JJ 4
vodl
w42
wddd
w44
vd45
w46
ou4l
v SY

0ol

w6l

56w
56wl
56¥2
pIYIN
5664
56v5
56¥6
5667
5610
5611
5612
5613
5614
5815
5616
5017
5620

Uoed
Wb
Yudw
YY)
Wb
Yo
widiow
Y
3171,

06i0Y

WUididd

YWY
1360
3¥51
3458
1 6VY
32517
1257
0265
1659
5214
1267
wavY
3262
127w
0257
1262
3262

FMPY

FGET = 156 psec
FPUT = 172 psec
FNOR =
+84 psec if argument <0.
FEXT = 140.5 psec
PROGRAM

Program Listing

3.3 msec (approximately)

/4 WORD FLOATING POINT
/ARITHMETIC INTERPRETER

/PAGE 1

x4

EX1, Y

HIGHI, 0

MIDl, "]

LOwWl, %)

EXP, 0

HORDER, ¥

MIDDL, 6

LORDER, ©

OVER2, "

OVERIL, o

*x51

FLAG, )

*5500

FPNT, )
CLA CLL
DCA OVERI
DCA OVERZ2
TAD I FPNT
DCA JunmP
TAD JUMP
AND PAGENO
SNA CLA
JMP +3
TAD MASKS
AND FPNT
DCA ADDRS
TAD MASKT
AND JUipP
TAD ADDRS
DCA ADODRS

168 + N(42) usec where N is number of shifts;

/ARITHMETIC ERROR FLAG

8-2

/GET INSTRUCTION
/PAGE 9272
/YES

/NO - GeT PAGE BITS

/GET 7 BIT ADDRELSS



5621
5622
5629
5624
5825
5626
5627
5634
5631
5632
5634
5634
5635
5636
5637
56 41
5641
5642
5643
5644
5645
5646
56417
5654
5651
5652
5653
5654
56855
5656
56517
566¢
5661
5662
5663
5664
5665
5666
5667
5676
5671
5672
5673
5674
5675
5676
58717
5Tww
5741

1266
w251
1654
5221
1662
3262
2209
1662
Sv4d
1262
3263
2263
1663
341
2263
1663
dw4e
2263
1663
Su43
1257
T166
TVv6
w264
1271
3264
166y
3260
4660
5211
YUY
YUY
VY
b
YW
Vul7
v2dyY
W4ud
71609
w177
5672
5714
(Y7151
YIPAS
6367
66WI
5742
5733
S2u

LOOPWI,

JUNMP,
JUNMP2,
Go2,
ADDRS,
SAVE,
MASK3,
PAGENO,
INDRCT,
MASKS,
MASKT,
TABLE,

TaD
AND
SNA
JMP

DCA
1sz

o117
0200
V4w
166w
w111
o+l

EXIT
FLAD
FLSU
FLMY
FLDV
FLGT
FLPT
FNOR

INDRCT
JUMP
CLA
LOOPul
I ADDRS
ADDRS
FPNT

I ADDRS
eXl
ADDRS
SAVE
SAVE

I SAVE
HIGHI
SAVE

I SAVe
MIDI
SAVE

I 5AVE
LOWl
JUmpP
RTL

MASK3
TABLE
JUNMP2
I JunP2
JUMP2
I JumpP2
FPNT+1

M

8-3

/BIT3=177

/YES - DEFER

/EXPONENT

/HIGH ORDER

/MIDDLE BITS

/LOwWER BITS

/LOOK-UP ON TABLL

/EXECUTE
/GET NexT



5Twe
5763
57v4
5765
574d6
577
571
5711
5712
5715

5714
5715
5716
5717
5729
5721
572¢<
5723
5724
3725
5726
5721
5736
5731
5732

5753
5734
5735
5736
5737
574w
5741
2742
5744
5744
5745
5746
57417

575uv
5751
5752
57595
5754
5755
5756

Yo
lu4w
344
1641
31645
1042
3046
1643
S641
5291

WuY
1257
w264
1450
5609
1350
3260
1660
326U
1206
3261
4660
1261
NPAL
52ul

VYW
1044
3662
1045
2262
3662
1046
2262
3662
1u47
2262
3662
529l

575u
5774
5770
5770
577v
577
5779

/FLOATING GzT=5udw

FLGT, 0
TAD EXI
DCA EXP
TAD HIGHI
DCA HORDER
TAD mIDI
DCA MIDDL
TAD LOW1
DCA LORDER
JUP FPNT+1

/FLOATING EXIT OR SUBROUTINE=WUXX

EXIT, )
TAD JUNMP
AND MASK3
SNA
JMP I FPNT
TAD TABLLS
DCA JumMP2

TAD I JJwP2

DCA dJuMPe
TAD FPNT
DCA Go2

JMS I JumP2

TAD GO2

DCA FPNT

JMP FPNT+1
/FLOATING PJT=ocwdy
FLPT, "

TAD EXP

DCA I ADDRS

TAD HORDER
I15Z ADDRsS

DCA I ADDRS

TAD MIDDL
15Z ADDRS

DCA I ADDRS

TAD LORDER
15Z ADDRS

DCA I ADDRS

JMP FPNT+1

TABLES, .
EXIT6
EXIT6
EXIT6
EXIT6
EXIT6
EXITS

/BITS 8-11=z67?

/YES: FEXT

/NO:LOOKUP BITS 8-11
/0N SUBROUTINE TABLE

/SAVE PSZUDO PC

/ReSTORE P5edDu PC

/ReTURN

/SUBROUTINE TABLE
/ABSOLUTE ADDRESSES
/0F SUBROUTINES

/EXIT6=DUMMY OR NOP



3757
5769
5761
5762
5763
5764
5765
5766
5767

5776
5771

oYY
Swdl
Qv
6UdS
6ud 4
VWD
66
SvuT
6ol
Gull
Gule
6013
6ol 4
Suld
Swlé
Gul?
Quwad
o2l
Su22
6uw23
ow24
cv25

OPAS
Su2T
SVWdu

6udl
Swd2
6Wwdd
6wd4

5770
5770
5770
5779
5770
5774
5770
577¢
577¢

Koo
5779

QY
4231
5619
4312
IRYL)
1951
1454
3459
TV¥4
1043
1v4d7
3047
Tvwv4
lw4d?2
lw4s
39046
Tow4
lvdl
1v45
SY45
4705
560u

JBYY
4706
52ul

YV
1945
164y
224U

EXITE,

/FLOATING
*xQUid
FLAD,

/FLOATING
FLSU,

cXIT6
LXIT6
EXIT6
cXIT6
EXIT6
EXIT6
cXIT6
eXIT6
EXIT6

v
JiiP 1 EXIT6

ADp=lwwu

7]

JMS ALIGN /ALIGN wOorDS
JMP I FLAD /NO ALIGNMENT
JMS SCALE

CLA CLL /TRIPLe ADDITION
TAD OVERI

TAD OVeR2

DCA Over2

RAL /CARRY

TAD LoVl

TAD LORDeR

DCA LORDER

RAL

Tab MID1

TAD MIDDL

DCA MIvJL

RAL

TAD HIGHI

TAD HORDER

DCA HORDER

JMS I NORMAL

JMP 1 FLAD

SUBTRACT=2vuv
Y

JMS I OPMINS /NEGATE OPLRAND
JMP FLSUX /ADD

/ALIGN BINARY POINTS

ALIGN,

()

TAD HORDzR
SZA CLA
JMP .+4



6J35
6ud6
637
64
Siv41
Sw42
6943
S544
5u45
Sw4b
60417
Sudv
6651
6uU52
653
SwS 4
w55
6W58
6u517
Y
661
6462
Sub3
6664
665
6u66
YY)
66Tw
6uTl
6u72
- 6uwT3
SuT4
6w 715
616
6uT7
6l vy
6l4l
6lv2
6livd
6lv4
6145
6146
6lvT
Sllv
6111

104y
3044
5272
1041
1659
5631
104y
7041
1044
1450
52172
1509
Te4l
33v4
1304
13067
1710
5274
1049
To41
1644
Tov4a
7626
1319
1311
SRYN
4733
2384
526817
2231
5631
104l
T641
1044
1700
56351
5792
5783
oidd
Yoo
62104
6346
w45
b2
6116

DOWE,

NOGO,

POINT,
AMOUNT,
NORMAL,
OPMINS,
TESTL,
TCONI,
TCONZ,

TAD
DCA
JMP
TAD
SNA
JMP
TAD
CHMA
TAD
SNA
JMP
SHA
CMA
DCA
TAD
TAD
SPA
JMP
TaD
CMA
TAD
RAL
SNL
TAD
TaD
DCA
JMS
157
JMP
152
JMP
TAD
CMA
TAD
SMA
JpP
JP

EX1

EXP
DONL
HIGHI
CLA

I ALIGN
EXl1

I1AC

EXP

DONE

IAC
AMOUNT
AMOUNT
TESTI
CLA
NOGO
£X1
IAC
LXP

CLA
TCONI
TCON2
POINT

I POINT
AMOUNT
=2
ALIGN

I ALIGN
Xl

IAC

LXP

CLA

I ALIGN
I .+1

FLGT+1

0
]

FNORM
OPNcG

VY45

SHFTOP-SHFTAC
SHFTAC

/C(FAC) =y

/0PERAND=Y

/EXPONENTS EQUAL - EXIT

/NUMBER OF PLACES

/NO SHIFTING POSSIBLE

/SHIFT OPERAND RIGHT
/SHIFT FAC RIGHT



/3CALe BOTH RIGHT

Sl12 wwdy SCALE, )

ol 18 434l JMS SHFTOP
olla 4516 JUS SHFTAC
olls 5712 JMP 1 SCALE

/3CALE FLOATING AC RIGHT
6116 Judd SHFTAC, o

8117 T300 CLA CLL
Slde 1445 TAD HORDzR
6lzl  T51u SPA

ol22 Te62e CML

6l28  T91d RAR

6l24  3dv45 DCA HORDerR
dle> 1446 TAD MIDoOL
slz6 T4l RAR

8127 5u46 DCA MIDDL
olds  1u47 TAD LORDER
6131 TolY RAR

dld2  dud4T DCA LORDER
ols8S 1454 TAD OVERz
6134 T4l RAR

6135 J3u5Y DCA 0OVER2
6136 2v44 15Z rcXxpP
6137 Tuwd NOP

614y 5716 JMP I SHFTAC

/S5CALE OPERAND RIGHT
6141 wdwvd SHFTOP, 0

6l42 T30 CLA CLL
6145 1441 TAD HIGHI
6l44 7519 SPA

6145 7929 CML

6146 7010 RAR

6147 Su4l DCA HIGHI
68156 1442 TAD MIDI
6151 76l RAR

6152 Jdv42 DCA MIDI
6155 1443 TAD LOWl
6154 1418 RAR

6155 JSv4d DCA LOwl
6156 1451 TAD OVERI
6157 Tule RAR

Gl&Y  Jdwsl DCA QOVerl
6161 264w 152 =Xl
Sl6z2  Twdd NOP

6l6S 5741 JiP 1 SHFTOP
6164 4200 FLSUX, JMS FLAD
6165 5626 JMP T FLUX

8-7



/NORMALIZE FLOATING ACCUMULATOR

*x852WW
62¥d  YwdY  FNORM, 0
Luwl 1389 CLA CLL
ceve 3361 DCA MPl /9 # OF SHIFTS
62ud 3363 DCA MPJS /ReSET SWITCH
62vd4  1w45 TAD HORDER
62u5 T51¢ SPA /INPUT<y
6206 2363 152 MPs /YES=5.T SWITCH
2uT T84 SZA CLA /FAC=u?
62l 5224 JMP GOS8 /NO
S2l11l 146 TAD MIDDL
62l2 T64u S5ZA CLA
o2ld 35224 JMP GO6
o2ldg  1luwdld TAD LORDER
021> T64u SZA CLA
6216 5224 JMP GOS8 /NO
6217 1wdd TAD OVER2
022¢  154v SZA CLA
6221 5224 JMP GO6 /NO
6222 Jdwd4 DCA EXP /YES
6225 560 JIMP I FNORM /EXIT
6224 13635 GOS6, TAD MPS
6225 1640 SZA CLA /WAs INPUT <y
6226 4261 JMS ACNEG /YES
6227 1645 SHIFT, TAD HORDER
628w Tlv4 CLL RAL
6231 171w SPA CLA /T00 FaR?
8232 5251 JMP NORLEXT /YesseKIT ROUTINEL
6233 145v TAD OVER2 /NO
6284 1194 CLL RAL
6255 Sudd DCA 0OVrRr2 /SHIFT LEFT
6236 1447 TAD LORDER
6237 Tvv4 RAL
024w dv4T DCA LORDER
6241 1446 TAD MIvDL
o242 T4 RAL
6245 Sv46 DCA MIDDL
6244 1045 TAD HORDER
6245 Tvi4 RAL
6246 3¥45 DCA HORDER
8247 2361 15Z MP1 /ADD 1 TO COUNT
6258 5227 JMP SHIFT /CONTINUE
6251 1361 NOREXT, TAD MP1 /SUBTRACT COUNT FroM
6252 Tw4l CMA IAC /EXPONENT
62535 144 TAD =XP
6254 3944 DCA wxP
6255 1563 TAD MP3 /WAS INPUT<¥??
6258 To4Y SZA CLA
6257 4261 JMS ACNEG /YES
62616 56U JMP I FNORM /EXIT
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6261
8262
6263
8264
8265
8266
62617
621w
8271
62172
6273
6274
615
6276
617
8349
836l
6312
6313
63u 4
G3u5

6346
6387
6319
8311
6312
6313
8314
6315
6316
6317
652
68521
6322
6323
6324
6325
6326
65217
6331
6331
8332

Y30
1300
1959
Tv41
3950
1947
Tvdd
7439
7101
3047
1446
7649
T43u
Tlul
3046
1845
T840
7439
7101
3445
5661

VoY
1300
1u51
1941
3451
1843
1040
74350
7101
30495
1842
1049
1430
7101
3v42
1041
1040
7430
7191
3941
5706

/NEGATE FLOATING AC

ACNEG,

OPNEG,

g

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

CLL
OVER2
IAC
OVER2
LORDER

IAC
LORDER
MIDDL

IAC
MIDDL
HORDER

IAC
HORDER

JMP 1 ACNEG
/NEGATE OPERAND

(%]

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

CLL
OVERI1
1AC
OVERI
LOW1

IAC
LOwl
MID1

IAC

MIDI
HIGHI1

iaC
HIGH1

I OPNEG
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6333
6334
6335
6536
8357
6349
6341
6342
835495
8344
8345
6346
8347
68356
6351
6552
6353
6354
6355
6356
63517
636¥
6361
6362
6363
6364
6365
6366
8367
6370
6371
6372
6373
6374
6375
68376
63717

§40¢
G4ul
04v2
64¥3
64v 4
6415
646
84¥17

VoYY
3361
3364
1565
3363
Tl6o
1361
7810
3361
1364
7420
5351
71460
1362
7010
3364
2363
5341
1361
1618
7140
5733
Y
Y0vY
oo
BWovw
7764
6469
WY
4766
42480
SidY
2717
5767
4261
5767
675u

Bevw
7201
1040
1944
3v44
1377
3772
47173

MULTIP,

MP2 CON,
MP3,
MPSCON,
THIR,
FMULTI,
FLUY,

SIGNI,

*6400

/FLOATING

FMULT,

7

DCaA
DCA
TAD
DCA
CLL
TAD
RAR
DCA
TAD
SNL
JMP
CLL
TAD
RAR
DCA
15z
JMP
TAD
RAR
CLL
JMP

%)
)
0
0

-14

MP1
MPSCON
THIR
MP3

MP1

MP1
MPSCON

ot
MP2 CON
MPSCON
MP3

MULTIP+6
MP1

I MULTIP

FMULT

%

JMs
JMS
DCA
15Z
JMP
JMS
JMP

I FMULTIL
FNORM
OVER2

I SIGNI
I FLMY
ACNLG

I FLMY

SGNTST

MULTIPLY
/ CAX2 12 4+B*2 112+ C) * (D*2 124+ %2 11 2+F)

0

CLA
TAD
TAD
DCA
TAD
DCA
JMS

IAC

Xl

LXP

EXP
SMACLA
I SGNSW
I SIGNP

8-10

/ADD EXPONENTS

/SET UP SIGN ROUTINc«
/GO THERE



64lu
6411
6412
6414
6414
6415
8416
6411
6429
64dz1
6422
6423
6424
6425
6426
64217
6431
6431
6432
6433
6434
6435
04356
84317
844y
6441
6442
6443
6444
6445
6446
6441
645y
6451
6452
6453
6454
6455
6456
64517
6464
6461
6462
6463
6464
6465
6466
64617
647v
6471

1d4o
3775
1v47
47174
7200
1776
3371
1846
3775
1843
4774
1371
3371
T4
1776
3370
Tvv4
3367
1842
3775
1047
4774
1371
3371
Tvd4
1379
1776
3379
T4
1367
3367
1v45
3775
1043
4774
1370
3374
71484
1367
1776
3367
Tév4
3366
1041
37175
1647
4774
137
3378
Tvd4

TAD
DCA
TAD
JMS
CLA
TAD
DCA
TAD
DCA
TAD
JMS
TAD
DCA
RAL
TAD
DCA
RAL
DCA
TAD
DCA
TAD
JMS
TAD
DCA
RAL
TAD
TAD
DCA
RAL
TAD
DCA
TAD
DCA
TAD
JMS
TAD
DCA
RAL
TAD
TAD
DCA
RAL
DCA
TAD
DCA
TAD
JMS
TAD
DCaA
RAL

LOwl

I MP2
LORDER
I DMULT

I MP5
MULS
MIDDL

I MP2
LOWl

I DMULT
MULS
MULS

I MP5
MUL4

MULS
MIDI

I MP2
LORDER
I DMULT
MULS
MULS

MUL4
I MPS
MUL4

MULS
MUL3
HORDER
I MP2
LOwW1

I DMULT
MUL4
MUL4

MULS
I MP5
MULS

MUL2
HIGHI
1 MP2
LORDER
I DMULT
MUL4
MUL4

/CxF

/BXxF

/CxL

/AXF

/D*xC



84172
6473
6474
6475
6476
6477
65
65u1l
65u2
6513
S5u4
6565
6566
8507
651v
6511
6512
6513
6514
6515
6516
6517
852
6521
6522
6524
6524
6525
6526
65217
6538
6531
6532
6533
6534
6535
8536
6537
6540
6541
6542
6543
6544
6545
6546
85417
6551
6551
6552

1367
1776
33617
1064
1366
3366
1046
3775
1042
4774
1379
3379
Tvd4
1367
1776
3367
Tvv4
1366
3366
1045
3175
1042
4774
1367
3367
7084
1366
1776
3366
1004
3365
1841
3775
146
4774
1367
33617
Toiv4
1366
1776
3366
T804
1365
3365
1045
3775
lo4l
4774
1366

TAD
TAD
DCA
RAL
TAD
DCA
TAD
DCA
TAD
JMS
TAaD
DCA
RAL
TAD
TAD
DCA
RAL
TAD
DCA
TAD
DCA
TAD
JMS5
TAD
DCA
RAL
TAD
TAD
DCA
RAL
DCA
TAD
DCA
TAD
JMS
TAD
DCA
RAL
TAD
TAD
DCA
RAL
TAD
DCA
TAD
DCA
TAD
JMS
TAD

MULS
I MP5
MULS

mMuL2
MuL2
MIDDL

I MpP2
MIDI

I DMULT
MUL4
MUL4

MULS
I MP5
MULS

MuLe
MUL2
HORDER
I MP2
MIDI

I DMULT
MULS
MULS

MUL2
I MP5
MUL2

MULL
HIGHI

I MP2
MIDDL

I DMULT
MULS
MULS

MUL2
I WP5
MyL2

MUL1
MULL
HORDER
I MP2
HIGHL

I DMULT
MJL2

/B*D

/AXE

/B*D

/A%D



6553
6554
6555
68556
65517
6564
6561
6562
65695
6564
6565
6566
6567
657¢
6571
6572
6573
6574
6575
6576
65117

66w
6601
66v2
66813
66V 4
66W5
6606
66u7
6611
6611
6612
6619
8614
6615
6616
6617
6624
6621
6622
6623
6624
6625
6626

3446
Tvv4
1565
1776
3045
1367
3047
1370
3650
5600
vovY
vd00
BoVY
B0V
VYL
6749
67217
6333
6362
6364
1740

Vv
1049
1041
1044
Twdl
dv44
1326
5340
4321
1041
1659
5303
1309
3320
3321
1325
3324
5233
1047
1024
3047
1046
Tow4

MUL1,
MULZ2,
MULS ,
MUL4,
MULS,
SGNSW,
SIGNP,
DMULT,
MP5,
SMACLA,

/FLOATING
*660Y
FLDV,

bv3,

MIDDL

MUL1

I MP5
HORDER
MULS
LORDER
MUL4
OVER2
I FMUL

SGNSWT
SIGNCL
MULTIP
MP2CON
MPSCON

SMA

CLA

T

DIVIDE=44id

)

TAD
CMA
TAD
IAC
DCA
TAD
DCA
JMS
TAD
SNA
JMP
CLA
DCa
DCA
TAD
DCA
JMP
TAD
RAL
DCA
TAD
RAL

EX1
IAC
EXP

EXP
SPACLA
SGNSWT
SIGNCL
HIGHI
cLA
DVER
CLL
QUOL
QUOH
MIF
DIVCNT
DVX
LORDER

LORDER
MIDDL

/SUBTRACT EXPONENTS

/SET UP SIGNS

/DIVISOR=©?
/YES - ERROR



6627
663w
6631
6632
6639
6634

6635
6636

66317
664y
6641

6642
6643
6644
8645
6646
66417
6659
6651

6652
6653
6654
6655
6656
6657
6660
6661

6662
6663
6664
6665
6666
6667
6670
6671

6672
6673
6674
6675
6676
66717
679¥
6701

6Tv2

3046
1045
1004
3U45
1843
1847
3322
T84
lv42
1646
3323
1004
1041

1045
1420
5254
SY45
1323
3846
1322
3041
1208
1329
1064
3320
1321

Tvo4
3321

1852
1004
3659
2324
5222
1320
3v47
1321

3646
1850
3045
3859
47117
2350
4746
5600

DVX,

bvz,

DEXIT,

DCA MIDDL
TAD HORDER
RAL

DCA HORDER
TAD LOWl
TAD LORDER

DCA DTEMNMI
RAL

TAD MIDI
TAD MIDDL
DCA DTeEM2
RAL

TAD HIGHI
TAD HORDER
SNL

JMP Dva-l
DCA HORDER
TAD DTEM2
DCA MIDDL
TAD DTEMI
DCA LORDER
CLA

TAD QUOL
RAL

DCA QuUOL
TAD QUOH
RAL

DCA QuOH
TAD OVER2
RAL

DCA OVER2
1SZ DIVCNT
JMP DV3
TAD QUOL
DCA LORDER
TAD QUOH
DCA MIDDL
TAD OVeRr2
DCA HORDER
DCA OVER2

JMS I NORMIT

ISZ SGNTST

JMS 1 FACNEG

JMP 1 FLDV

8-14

/PARTIAL SUBTRACT

/DIVISOR<DIVIDEND?
/NO
/YESsC(L)=QUOTILENT BIT

/SHIFT BIT INTO
/QUOTIENT

/DONE?
/NO



6763 T24u DVER, CLA CMA /DIVIDE ERROR

6794 3347 DCA LORDER
6705 1249 CLA CHA
6706 3046 DCA MIDDL
61T 1049 CMA

§Tlo 7119 CLL RAR
6711 3445 DCA HORDER
6712 1045 TAD HORDER
6713 3044 DCA EXP
6714 2261 1SZ FLAG
6715 1240 NOP

6716 5390 JMP DEXIT
6717 6200 NORMIT,  FNORM

6720 0@V QUOL, )

6721 ¥208 QUOH, )

6722 4000 DTEMI, )

6723 ©Quvww DTEMZ2, )

6724 WVv¥ DIVCNT, © )

6725 1135 MIF, -4 /STEP COUNT
6726 1718 SPACLA, SPA CLA

/TEST SIGN SUBROUTINE
6727 w0v® SIGNCL, @

6730 1351 TAD RESTOR
67151 3359 DCA SGNTST
6732 1845 TAD HORDER
67133 7790 SMA CLA

87134 53317 JMP +3

8135 4746 JMS 1 FACNEG
§7136 2350 I1SZ SGNTST
87187 1041 TAD HIGHI
6740 7700 SGNSWT, SMA CLA /0R SPA CLA
6741 5727 JMP I SIGNCL
6742 47417 JMS 1 OPNEGS
8743 2350 157 SGNTST
8744 7800 NOP

6745 517217 JMP I SIGNCL

6746 6261 FACNEG, ACNEG
6747 6306 OPNEGS, OPNEG
6750 ©8QUd SGNTST, ¥
6751 17776 RESTOR, =2



ACNEG
ADDRS
ALIGN
AMOUNT
DeEXIT
DIVCNT
DMULT
DONE
VTEML
oTeEM2
DVER
VXK
pv2
VS
EXIT
EXIT6
tXP
cXl
FACNEG
FLAD
FLAG
FLDV
FLGT
FLNY
FLPT
FLSU
FMULT
FMULTI
FNORM
FPNT
G02
GO6
HIGHI
HORDER
INDRCT
JUMP
JUIiP2
LOOPu1
LORDLER
LOWL
MASKS
MASKS
MASKT
VIRV
ML D1
MLF

6261
5662
6831
6104
6740
6724
6574
6972
6722
6723
6783
6633
6655
6622
5714
5770
vd44
vy 4
6746
66Uy
U6l
661
5762
6367
5733
6026
64v1
6366
6210
5669
5661
6224
Yu4al
V45
5666
5651
5664
5627
0417
P43
5684
5667
5679
VY46
w42
6725

MPSCON
P 1
P2
MPZCON
MP3
MP5
MULTIP
MUL1
MUL2
MJL3
MUL4
MULS
NOGO
NOREXT
NORMAL
NORMIT
OPMINS
OPNEG
OPNEGS
OVER1
OVER2
PAGENO
POINT
QUOH
QUOL
ReESTOR
SAVE
SCALE
SGNSW
SGNoWT
SGNTST
SHFTAC
SHFTOP
SHIFT
SIGNCL
SIGNP
SIGNI
SMACLA
SPACLA
TABLE
TABLES
TCON1
TCON2
TESTI
THIR

8-16

6364
6361
6575
6362
6363
6576
6333
6565
6566
6567
6579
6571
69074
6251
6165
8717
6136
6346
8747
W51
dU5Y
5665
6163
6721
6721
6751
5663
6llz
6572
6740
6750
6116
6141
6227
67217
6573
63717
65717
6726
5671
5759
6l1v
i1l
6197
6365




wow T

wodd
wd 45
wuds
w4

w2
wwO3
wud4
ww55
w56
wwdT
ww oY
wubl

o167
8T7w
8771
Y P4
YR
8774
o775
87176
o177

T
Towl
Tvvl
1403
Towd
Twi5
Tuw6
TowT

pIYI]

Wlwu
wikidu
JWJo
vidu

wwid
Wudd
[WR9 )]
Wi
17717
1777
Yo
WY

(709571
w51
T165u
57617
138717
47176
5767
1545
walz

U0
7200
SudS
Su46
S3V47
32668
32617
43559

/4/17/65=HB=0EC

/4 W0oRv

/FLOATING POINT I/0 rROUTINLS
/REQUIRES FLOATING POINT INTERPRETER
/ENTRY AT wwwl

x7
FPNT,

*44
EXPONT,
HORDER,
MIDDL,
LORDER,

*52
FPACIL,

SWITL,
SWIT2,
CHAR,

VowlT,

*x67617
PRCHAR,

OPUT,
LFED,

5699

[\ S S 8

sEEG&

11717 /1F = v, NO Cr-LF AFTER OUTPUT
17717 /IF = v, NO LF AFTER CR IN INPUT
0 /CONTAINS LAST CHARACTLR READ
) /= w IF NO CUNVERSION TOOK PLACe

J

TaD sSwllz2
SWA CLA

JMP I PrRCHAR
TAu LFED

Jiis I OPUT
JMP I PRCHAR
ouUT

wa2la

/00UsLe PrReCISION DeCIMAL-BINARY
/INPUT AND CUNVERSION

x* T

DECONV,

CLA /INITIALIZE MANIISSA
DCA HORDER

DCA MIDDL

DCA LORDER

DCA SIGN

DCA DNUMBR

JMS INPUT



Tolu
Tull
1612
T613
Tol4
Tuld
Tul6
Tul
Tv2w
Tozl
Téz2
Tv2d
Tu24
Twd5
Twe 6
Twe
Tudw
Twdl
To o2
Twdd
Tud4
Tud>
Tus6
Twol
Tudw
Tvdl
Tu42
Tudd
1944
7645
Tv46
To4l
Tv56
Tus1
1652
7453
1954
Tu55
Tu>6
Tud17
Tubv
Tu6l
To62
1663
1964

Tu65
Tu66
TueT
ToTw

134¢
145y
5224
1337
1444
5221
124y
3266
4350
1200
lv6Gu
1541
1589
560
1542
151w
50w
3265
1445
w343
T440
522w
PALY!
<267
4242
522u
Yo
1v47
du4d
1846
Suw42
1845
3041
3348
4279
4270
4347
4279
1265
3643
Su42
S¢41
4501
1649
5642

Wil
U
Wi
Sy

DECON,

MULTlw,

DIGIT,
Sldiv,
DiUliBR,
MJLTZ,

TAD
SNA
JMP
TAD
SZA
JiP
CLA
DCA
Jils
CLA
TAD
TAD
olMA
JP
TAD
SPa
JMP
JCA
TAD
AND
SZA
JMP
152
157
JMs
JiP

TAD
DCA
TAD
DCA
TAD
DCA
pca
Jns
JiMS
JMs
JdMs
TAD
DCA

DCA

PLUsS

DECON
MINUS

ot4
CihA
SIGN
INPUT

CHAR
MINS

I DeCONV
PLUSIZ

I DeCONV
DIGIT
HORDER
MASK

DECUN
DSWIT
DNUMBR
MULTlw
LDeCui

LORULR
49
MIDDL
42
HORDER
41

49
MyLl2
MULT2
DUBLAD
MULT2
DIGIT
43

42

41
DUBLAD
49

I MULTIw

8-18

/TesT FOR SIGN

/1F=-, SET SWITCH

/15 1T A DIGIT

/NO

/NO

/YeS

/0VeRFLOW?

/YeS=I1GNORL

/INDEX NUMber OF DIGlIS
/CONTINJ2

/ROUTINE TO MULIIPLY

/DOUBLE PReCISION WORD
/8Y LlenN (DeCIMAL)

/REMAIN=REMAINDER

/CALL SUbrOJTINE TO
/MULTIPLY BY TWO
/CALL DOUBLE ADD

/ADD LAST DIGIT RECeIVED

/EXIT WITH REMAINDeR
/IN AC

/53TORAGE FOR DIGIT
/=¢ IF PLUS: =7777 IF Mlnds
/=NuM3derR OF DIGITS

/MJLTIPLY LOrDer, HOmRDoR bY 2



TuTl
T2
Tuls
ToT4
TuT5
Tu18
To11
Tlwy
Tlol
T1v2
Y7
1104
1105
7106
1167
111w
7111
7112
7113
7114
7115
7116
7117
1129
7121
1122
7123
7124
7125
7126
1127
1139
7131
7152
7133
1134
1155
7156

11817
Tl 4u
11 41
11 42
7149
1144
1145

1147

T30y
147
Tou4
Svdl
lwds
Tuv4d
Suw4b
1w4d5
Tvv4a
dY45
1v4v
1094
¥4y
5670
Vv
1500
1v47
1043
3447
Tvw4
1446
1842
3346
71904
1045
1641
3045
1404
1049
Su40
57¢1
YoV
7309
2266
5754
4736
5735y
62481

17176
7525
1506
wol2
1600
1715
3146

3147

DUBLAD,

MSIGN,

WINUS,
PLUS,
MINS,
pPLUSIZ2,
MASK,
C.lv,

CLA CLL

TAD LORDER
RAL

UCA LORDER
TAD MIDDL
RAL

DCA MIDDL
TAD HORDER
RAL

DCA HORDER
TAD 4v

RAL

DCA 44

jMP I MULT2
CLAa CLL
TAD LORDER
TAD 49

DCA LORDER
RAL

TAD MIDDL
TAD 42

DCA MIDDL
RAL

TAD HORDER
TAD 41

DCA HORDER
RAL

TAD 44

DCA 40u

JMP 1 DUBLAD
]

CLA CLL

15Z SIGN
JMP I MSIGN
JMS 1 .+2
JMP I MsIGN
6261

258-255
=253
=272
212-26v
1001
1175
3146
71146 3146
3147

8-19

/DOUBLE PReCISION ADDITION

/ROJTINE TO FORM
/2'S COMPLEMENT
/1F C(31GN)=77717

/"ACNEG" IN INTEZRPReTen
/Te5T FOR SIGi
/TEST FOR DIGIT

/TEST FOR OVERFLOW

3146



7154
7151
7152
7153
1154
7155
7156
11517
1166
7161
1162
7169
7164
7165
7166
1167
1170
71171
1172

7173
1174
1175
7176
1717

1200
7201
7202
72063
1204
7265
7206
7287
1210
7211
7212
7213
7214
7215
7216

Jovi
1299
631
5352
6036
SU6Y
196y
4774
1669
1450
5551
15376
14594
5775
1377
1650
4773
lv6w
575¥

67617
7345
T4l
7401
w162

80w
4217
1524
3044
13435
4345
4737
1856
7659
5696
1341
4345
1342
4545
560

/INPUT A CHARACTE:R,
/INPUT SWITCH
/BE TYPED.

INPUT,

PRINT,
OUTPUT,
RESTRT,
MRBOUT,
MINCR,

/FLOATING

/USES:
/

/
*xT72409
FLOUTP,

IF Cr, TEST
TO SEE IF LF SHOULD

IF RUBOUT, RESTART INPUT

Y/

CLA

KSF

JIWP o=1

KRB

DCA CHAR

TAD CHAR

JMS I OUTPUT
TAD CHAR

SNA

JMP INPUT+1
TAD MRBOUT
SNA

JMP I RESTRT
TAD MINCR
SNA CLA

Ji1S I PRINT
TAD CHAR

JiiP I INPUI

PRCHAR
odT
FLINTP+1
=377
3T7-215

OUTPUT "LE" FURMAT
TSF

JMP -1

TLS

%]

JiS FOUTCN
TAD BeXP

DCA rXPONT
TAD CHe

Jis OJT

JMS I FeXPPT
TAD SWITI
SNA CLA

JMP I FLOUTP
TAD CARRTN
JMS OJT

TAD LNFEED
JM5 0OUT

JMP I FLOUTP

8-20

/INPUT A CHARACTER

/1GNORE BLANKS

/RUBOUT-RESTART INPUT

/CR = Scik IF TO Be FOLLOWED
/B8Y LF
/eXIT ROUTINCE

/CONVERT MANTISSA AND QUTPUT

/CONVERT EXPONENT AND OQUTPUT
/PRINT CR=-LF?

/NO=-EXIT
/YES

/EXIT



12117
1226
Te2l
1222
1223
7224
1225
1226
72217
1250
1251
1252
1233
1234
12355
1236
1237
1240
1241
142
1243
1244
1245
1246
1247
1250
1251
1252
1253
7254
1255
1256
12517
1260
7261
7262
1263
7264
1265
7268
A

R ]%]
1399
1v45
7718
1220
1327
T430
1339
4345
4353
1331
4345
T80
1645
Y
5242
Twdi
3734
4732
1249
ludd4
dv44
3324
lv44
15v9
5263
1326
TTvu
5270
4497
3744
Do
1249
1324
3524
5245
4407
3744
Jididid
2324
5246

/THIS WHOLk SUBROUTINE MAY BE ALTexiED TO BUFFeR
/THE OUTPJT DIGITS ¢ CHANGE JMS OUTDG TO DCA I lw, rTIC.

FOUICN,

FGOl,

rFsoz,

FGOS,

[

CLA CLL
TAD HORDER
SPA CLA
CLA CML
TAD SPLUS
SZL

TAD SMINUS
JMs OuT
JMS OUTDa
TAD PERIOD
JMS OJT
CLA CLL
TAD HORDER
SiMA CLA
JMP FGO1
CMA

DCA I SNPT
JMS I MSNPT
CLA CHA
TAD EXPONT
DCA EXPONT
DCA BrxP
TAD EXPONT
SMA

JMP FGOS
TAD FOUJR
SMA CLA
JMP FGO4
Jis I FPNT
FMPY I TENPT
FeXT

CLA CiMA
TAD BEXP
DCA BEXP
JMP FGO2
JM5 I FPNT
FN¥PY I PRC.lw
FEXT

I15Z BEXP
JMP FGO2

8-21

/NUMBER>4727

/NO SET LINK
/YES

/NO
/QUTPUT "g"

/0UTPJT "."

/NUMBER 15 NeGATIVE
/NEGATL

/SUBTRACT | FxOM BINARY cXPOB
/COMPENSATE AT FGO4

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

/TO0 LARGE: MULTIPLY BY 1/l

/TO0 SMALL-TIMES Tei
/TEN

/ONE TENTH



1276
171
7272
12735
1274
7275
1276
1277
130v
1501
1342
IRY/N)
136 4
135465
IRYS
1507
131w

7311
1512
1319
1314
1315
1516
1317
1320
1321
1522
1523

1524
1325
1326
1327
7539
7531
7332
1533
1534
7335
1536
1337
134w
7341
7542
7343
1544

3734
4736
4735
7410
4369
2444
5274
7459
5311
4353
1325
3044
4735
4353
2044
5344
5617

1244
1324
3324
1045
1644
2322
1v417
165u
3324
1240
5502

/115 17]
1761
vidd4
¥253
vJv2
02568
7139
1466
7465
71942
1479
7523
1564
w215
v212
vw34d5
1144

FGO4,

FG054A,

FGOSG,

FGOsA,

FGO7,

BEXP,
MINUST,
FOUR,
SPLUS,
SMINUS,
PZRIOD,
MSNPT,
SNPT,
DPT,
MlGPT,
M2 PT,
FEXPPT,
TENPT,
CARRTH,
LNFEED,
CHE,
PRC. 19,

DCA
Jis
Jis
SKP
Jis
15z
JMP
SNA
JMUP
BV
TAD
DCA
JMS
JMS
152
JmpP
JMP

CLA
TAaD
DCA
TAD
SZA
Jnp
TAD
SNA
DCA
CLA
J P

7]
-11
Yvwu4
2393
255-
226
MSIG
SIGN
DIGI
MULT
MULT
FeXxC
TEN
w215
wa2l2
S34>
Celw

1 DPT
I M2PT
I MlwPI

DIVTWO
EXPONT
FGO5A

FGO7
0JTDG
MINUST
LXPONT

I MIYPT
0JTDG
LXPONT
FG06aA

I FOJTCN

CiMA
BEXP
BEXP
HORDZR
CLA
«+4
LORDER
CLA
BEXP
CHMA
FGO6+1

2593
\
T

1y

2

8-22

/MULTIPLY BY TWO
/1e.SHIFT LEFT
/MULTIPLY BY TEN

/COMPENSATE FOR
/BINARY EXPONENT

/1S FIRST DIGIT A ZERO
/YES, IGNORE
/MULTIPLICATIONS YIELD
/DECIMAL DIGITS AS HIGH
/ORDER REMAINDERS

/1E. 672KlU=6+.72.. ETIC

/7 DIGITS 0JTPUT??
/NO: CONTINUEZ
/YeSeseXIT

/1GNORE FIRST DIGIT
/S5UBTRACT 1 FROM
/DECIMAL ZXPONeNT

/15 MANTISSA Zer0?

/YLS: LXP=y

/CONTAINS DECIMAL LXPONENT
/NUMBER OF DIGITS QUJTPUT

/POINTERS



1545
1546
1547
1359
1351
1552

1555
1354
1555
1556

15517

1566
1561
1562
1363
7564
1565
1566
73617
1576
7571
1572
YRYR)
1574
1575

T4v
T461
T4u2
1404
T4u 4
T465
T4v5
T407
1410
7411
T412
14193
7414
7415
7416
1417

wdvY
64l
5346
64456
1289
5745

vV Y
1357
4545
5755

/AN

7391%)Y]
1110
3345
1645
1010
Su45
1eds
116
Sw4d6
147
Tolo
3947
1545
5780

vdvd
1249
3314
3961
47117
12609
16Sd
1313
1649
522
1314
71659
5222
3722
S3514
5724

0ouT,

ouTbaG,

c260,

DIVTwO,

/FLOATING
*T4i4wv
FLINTP,

)

TSF

JUP .-1
TLS

CLA

JMP I OUT

)

TAD C26v
JMS OUT

JMP I OUTDG

w26y

]

CLL RAR
DCA 0OUT
TAD HORDER
RAR

DCA HORDER
TAD MIDDL
RAR

DCA MIDDL
TAD LORDER
RAR

UDCA LORDER
TAD 0OJT
JuiP I DIVTWO

POINT INPJT

<

CLA CnA

DCA PRSW

DCA DSWIT
JMS I DPCVPT
CLA

TAD CHAR

TAD PER

5ZA CLA

JMP FLGOL
TAD PrSW

SNA CLA

JaP FI1Go2
DCA I DPN
DCA PrSw

JiP I DPCSPT

8-23

/0JTPUT ONz ASCII CHARACTER

/0UTPUT ONE DIGIT

/DIVIDZ BY TWO IE.
/ROTATE RIGHT
/TEMPORARY STORAGE

/INITIALIZE "PErIOD SWITCH"

/1777 = NO PerIOD

/PERIOD FOUND

/SeCOND PERIOD

/YES, TERMINATE

/NO = 5eT NUMBER OF DIGITS 10
/SET PERIOD SWITCH TO ¥
/CONVERT REST OF STRING



7420
7421
1422
1423
1424
1425
7426
14217
1434
7451
14352
7433
1454
74355
7456
14517
T440
7441
T442
74493
7444
7445
7446
7447
T450
1451

7452
7453
7454
7455
7456
7457
1460
7461
7462
7463
7464
7465
7466
7467

1314
1659
1722
Tv4l
3315
4721
1312
Su44
4497
Tvdw
61852
9Y9p)
16y
1311
1649
5252
47117
4721
1045
1510
1041
1649
52717
1647
1315
3315

4497
5852
oYY
1315
7450
5649
1700
527
4401
3710
VLY
2915
5255
56y

Flagol,

Fig0e,

FIG03,

/END OF FLOATING POINT INPUT

TAD PRSW

SNA CLA

TAD 1 DPN
CMA IAC

DCA SEXP

JiMS I MsGWPT
TAD C49

DCA cXPONT
JMs I FPNT
FNOR

FPUT FPACI
FeXT

TAD CHAR

TAD MINUse
SZA CLA

JMP ENDFI
JMS I DPCVPT
Jis I MSGWPT
TAD HORDER
SPA

IAC

SZA CLA

JIP E£XCEss
TAD LOROER
TAD SEXP

DCA SEXP

/PERIOD READ IN PREVIOUSLY?

/YeSs=NUMBER OF DIGITS IN seR
/NO

/TeoT SIGN

/NORMALLIZE FoPe NUMBLR

/SAVE NUM3z&r

/""" READ IN?

/NO

/YES = CONVERT DECIMAL rXPONE
/TEST SIGN

/EXPONENT TOO LARGE??

/YES
/NO:DECIMAL POINT IS

/C(SEXP)PLACES TO RIGHT
/0F LAST DIGIT

/COMPENSATZ FOR DECIMAL EXPONENTS

ENDFI,

JMs I FPNT
FGET FPACI
FEXT

TAD SEXP

SNA

JMP I FLINTP
SMA CLA

JMP FIGO4
JMS I FPNT
FiiPY I PC.lu
FEXT

1SZ SeXpP

JMP ENDFI+S$
JMP I FLINTP

8-24

/ReESTORE MANTISSA

/. 15 TO THE LEFT:
/TIMES «luwo



147w
1471
1472
74735
T474
1475
7476
7471
50
17561
1502
7503
15¥ 4
1565
7566
1567
7510
7511
7512
7513
7514
7515
7516

7511
1529
7521
7522

1523
1524
1525
1526
1521
IPRY
1551
15352
7533
7534
7535
7556
75317
154v
1541
1542

44v1
Sdw4
ViU
1249
1315
33815
2255
1516
Svd4
1316
S3w45
5616
Wwov4
24090
Yidww
WY
1144
1473
W43
1522
V80
VoYY
ST77

1YY
Tv20
11386
1467

WUl
1364
1044
7510
7061
3044
1367
7430
1570
47175
3045
1u44
2045
1371
150w
5337

FI1GO4,

TEWN,

PC.10,
MINUSE,
PER,
PRSW,
SEXP,
c3771,

DPCVPT,
DPCSPT,
MSGNPT,
DPN,

Jilo
FMPY
FEXT
CLA
TAD
DCA
JMP
TAD
DCA
TAD
DCA
JMP
YYv4
2419
Yo
Yo
C.lw

I FPNT
TEN

CHA
SEXP
SEXP
ENDFI+$
C3771
EXPONT
C3111
HORDER

I FLINTP

=345

04435

=256

]
)

31117

DECONV
DECON
MSIGN
DNUMBR

/0UTPUT THE EXPONENT

FEXC,

Y

CLA
TAD
SPA
CMA
DCA
TAD
SZL
TAD
JMS
DCA
TAD
ISZ
TAD
SMA
JMp

CLL
EXPONT

IAC CML
EXPONT
C253

Ca255
I DGPT
HORDER
EXPONT
HORDLR
Ml 44

)

8-25

/. 1S TO THE RIGHT:
/MJLTIPLY BY 1©

/CONTAINS DECIMAL EXPONLNT



7543 1372
1544 3044
7545 1040
71546 1v45
7547 T440
7550 4775
7551  $045
7552 1044
7555 2045
7554 1373
7555 7504
7556 5353
7557 1374
1560 3047
7561 7240
7562 1245
7563 47175
7564 14T
7565 4775
71566 5723
7567 1713
1579 ©0d2
1571 7634
1572 9144
7513 1166
1574 0612
7575 1353
BEXP 1324
CARRTN 7341
CHAR wo6Y
CHE 1343
Cold 7144
C12 1574
Cl4a 7572
253 7567
C255 75706
C260 7357
C3777 17516
C43 7512
DECON 7624
DECONV  T0uw
JGPT 7575
DIGIT 7465
DIVIWO 736u
ONUMBR 7067
LPCSPT 7524

253,
c255,
144,
Cla4,
M2,

c12,

DGPT,

TAD Cl44
DCA EXPONT
CMA

TAD HORDER
SZA

JMs I DGPT
DCA HORDER
TAD EXPONT
1SZ HORDER
TAD Ml2
SMA

JMP e=J
TAD Cl2
DCA LORDER
CLA CHMA
TAD HORDER
JMS 1 DGPT
TAD LORDER
JMS I DGPT
JMP I FEXC

B253=-260
255-253
1634
8144
1166
vgl2
ouTDG

8-26




uPLUVPT
VP W
vl [
uowlT
JUBLAD
LUk L
EACLEDS
éAPUNT
Frav
FEeXPPT
Faol
FaOg
FGOJS
Fa04
FQUSA
Fa06
FGO6A
FGo7
F1GO1
FL1GO2
FIGO0YS
FI1G04
FLINTP
FLOJTP
FOUR
FOUTCN
FPACI
FPWT
HORDLER
IwPUT
LFzD
LNFEeD
LORDER
MASK
MipDoL
Ml NCR
Ml Ndo

1.

12

15117 Ml Ndow
1522 I NUST
1534 vl N9
dvsl s QuUT
Tlul oGNP T
1452 Malyawn
1477 WsWPT
wodd MULTL v
7523 MULTZ2
7337 Wl oPT
7242 M2
1246 Ml 44
7263 MPT
1270 OPUT
7274 OuT
7301 OUTDG
1304 OUTPUT
7311 PC.19
7429 PER
7422 PERIOD
7426 PLUS
7478 PLUS12
T4y PrCHAR
1200 PrCo.luw
7326 PRINT
72117 Prsw
B52 Re3TRT
VT SEAP
045 Sl
7159 SMI NUS
671717 SNPT
1342 SPLUs
0047 oWwITl
7143 Swilz2
wd 46 LeN
71717 TenPT
7137

DIAGRAMS (Not Applicable)

REFERENCES
See Digital-8-5-S.
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7511
1325
7141
7176
1521
1139
1332
Tu42
ToTv
1335
1573
7571
1336
67176
1345
7353
7174
7519
7513
71331
1149
7142
8767
71344
7173
1514
7175
7515
1866
1334
7333
13217
PP
w57
1564
1349






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 Equipment
Basic PDP-8

4. USAGE

4.1 Loading

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

4.2 Calling Sequence

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

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

6. DESCRIPTION

6.1 Discussion

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

6.2 Examples

Truth tables for these functions are as follows. Depending on the values of

corresponding bits in A and B, the associated bit of the result conforms to the following truth
tables:



AND

B
0
1
0
1

9.

9.2

10.

10.4

0200
0201
0202
0203
0204
0205
0206

Result A B
0 0O O
0 1
1 0
1 1

0
1

Or for complete data words

Inclusive OR

A 011010 111 001
B 010110 101 100

Inclusive OR

Result

0
1
1
1

Result 011 110 111 101

EXECUTION TIME

Maximum

Exclusive OR

B  Result A B
0 0 0 0
1 1 0 1
0 1 1 0
1 0 1 1
Exclusive OR

A 011010111 001
B 010110 101 101

Result 001 100 010 100

Biconditional

Result
1

0
1

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

PROGRAM

Program Listing

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

/LOGICAL SUBROUTINES

/ENTER WITH A IN AC

/ADDRESS OF B FOLLOWS CALLING JMS
/RETURN WITH RESULT IN AC TO
/LOCATION FOLLOWING THAT HOLDING ADDRESS

0000
3226
1600
3227
1627
7040
0226

INCOR,

/INCLUSIVE OR

0

DCA TEMPYI
TAD | INCOR
DCA  TEMPY2
TAD | TEMPY2
CMA

AND TEMPY1



0207
0210
0211
0212
0213
0214
0215
0216
0217
0220
0221
0222
0223
0224
0225
0226
0227

1627
2200
5600
0000
3226
1612
3227
1226
0627
7041
7104
1226
1627
2212
5612
0000
0000

EXCOR,

TEMPY1,
TEMPY2,

TAD | TEMPY2
ISZ INCOR
JMP 1 INCOR
0

DCA  TEMPYI
TAD | EXCOR
DCA  TEMPY2
TAD  TEMPYI
AND | TEMPY2
CIA

CLL RAL

TAD  TEMPYI
TAD | TEMPY2
I1SZ EXCOR
JMP | EXCOR
0

0

/EXCLUSIVE OR






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:

Shift Left Shift Right
Single Precision 12 15
Double Precision 24 27
3.3 Equipment
Basic PDP-8
4. USAGE
4.1 Loading

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

4.2 Calling Sequence

All four subroutines are called with =N (the 2's complement form of N) in the

accumulator. N is a binary integer specifying the number of bit positions the data words are to
be shifted.

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

The least significant portion of the data must be located in the address following that of the
most significant portion.

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

4.5 Errors

It is possible by specifying too large an N to shift data completely out of a com-
puter word or words in the case of single-precision shifts or double-precision shifts, respectively.
These subroutines do not test for this eventuallity.

10-1



6. DESCRIPTION

6.1 Discussion

These subroutines are arithmetic shift subroutines. By this is meant that in the
case of any shift, bits shifted "out" of the register are lost. In the case of left shifts, bits
moving into the least significant bit position are always 0. In the case of right shifts, bits
moving into the most significant bit position (the sign) bits are 0 if the original data was posi-
tive but are 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 000 010 100 100 000 000 111 101
Result 000 000 001 010 001 111 010 000
Negative Data 111111 010 100 111 110 000 101
9 Result 11T 111 111 101 100 001 010 000
6.3 Scaling

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 scaling for fixed-point computers, see
Application Note 801.

9. EXECUTION TIMES

9.3 Timing Equations

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

9.3.1 Single-Precision Shift Left - Time in microseconds = 22.4 + 6 .4N -

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

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

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

For negative data, time in microseconds = 40.0 + 25.6N.

10-2



10.

10.4

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

PROGRAM

Program Listing

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

0000
3302
1600
3303
1703
2200
7104
2302
5206
5600
0000
3302
1612
3303
1703
2212
7100
7510
7020
7010
2302
5220
5612

/SHIFT RIGHT SHIFT LEFT SUBROUTINES

/SINGLE AND DOUBLE PRECISION

/SHIFTS ARE ARITHMETIC RATHER THAN LOGICAL

/BITS SHIFTED OUT OF REGISTER ARE LOST

/DURING LEFT SHIFTS ZEROS ENTER LEAST SIG. BIT

/DURING POSITIVE RIGHT SHIFTS ZEROS ENTER MOST SIG. BIT
/DURING NEGATIVE RIGHT SHIFTS SIGN 1S PROPAGATED

/ENTER WITH =N IN AC

/CALLING SEQUENCE : JMS SPSL OR SPSR OR DPSL OR DPSR

/ ADDRESS OF DATA

/ RETURN, RESULT IN AC FOR SINGLE

/ RESULT (MSB) IN AC FOR DOUBLE
/ RESULT (LSB) IN LSH FOR DOUBLE

SPSL, 0
DCA CNTR /SINGLE PRECISION SHIFT LEFT
TAD | SPSL
DCA ADDR
TAD | ADDR
ISZ SPSL
CLL RAL
ISZ CNTR
JMP -2
JMP | SPSL
SPSR, 0
DCA CNTR /SINGLE PRECISION SHIFT RIGHT
TAD | SPSR
DCA ADDR
TAD | ADDR
ISZ SPSR
CLL
SPA
CML
RAR
ISZ CNTR
JMP .-5
JMP 1 SPSR
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0627
0630
0631
0632
0633
0634
0635
0636
0637
0640
0641
0642
0643
0644
0645
0646
0647
0650
0651
0652
0653
0654
0655
0656
0657
0660
0661
0662
0663
0664
0665
0666
0667
0670
0671
0672
0673
0674
0675
0676
0677

0000
3302
1627
3303
1703
3304
2303
1703
3305
2227
1305
7104
3305
1304
7004
3304
2302
5241
1304
5627
0000
3302
1653
3303
1703
3304
2303
1703
3305
2253
1304
7100
7510
7020
7010
3304
1305
7010
3305
2302
5265

DPSL,

DPSR,

0

DCA CNITR
TAD | DPSL
DCA ADDR
TAD | ADDR
DCA MSH
ISZ ADDR
TAD | ADDR
DCA LSH
ISZ DPSL
TAD LSH
CLL RAL
DCA LSH
TAD MSH
RAL

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

DCA CNTR
TAD | DPSR
DCA ADDR
TAD | ADDR
DCA MSH
ISZ ADDR
TAD | ADDR
DCA LSH
ISZ DPSR
TAD MSH
CLL

SPA

CML

RAR

DCA MSH
TAD LSH
RAR

DCA LSH
ISZ CNTR
JMP .-12

10-4

/DOUBLE PRECISION SHIFT LEFT

/MOST SIGNIFICANT HALF

/LEAST SIGNIFICANT HALF

/SHIFT LEFT

/DOUBLE PRECISION SHIFT RIGHT

/MOST SIGNIFICANT HALF

/LEAST SIGNIFICANT HALF

/SHIFT RIGHT



0700
0701
0702
0703
0704
0705
ADDR
CNTR
DPSL
DPSR
LSH
MSH
SPSL
SPSR

1304
5653
0000
0000
0000
0000
0703
0702
0627
0653
0705
0704
0600
0612

CNTR,
ADDR,
MSH,
LSH,

TAD MSH

JMP | DPSR

0

0
0
0
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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 Equipment
Basic PDP-8

4. USAGE

4.1 Loading

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

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

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

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

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

4.5 Errors

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

6. DESCRIPTION

6.1 Discussion




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

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

6.3 Examples

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

Data Result
000 010 111 000 000 000 001 011
111 010 000 000 000 011 101 000
9. EXECUTION TIMES
2.3 Timing Equations

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

9.3.1 Single=Precision Logical Right Shift = Time in microseconds = 22.4 + 6.4N.
9.3.2 Double-Precision Logical Right Shift = Time in microseconds = 36.8 + 24.0N.
10. PROGRAM

10.4 Program Listing

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

/LOGICAL SHIFT RIGHT SUBROUTINES
/SINGLE AND DOUBLE PRECISION
/ENTER WITH -N IN AC

/DATA ADDRESS FOLLOWS CALLING JMS
/RETURN WITH DATA IN AC

/MOST SIGNIFICANT PART FOR DOUBLE
/LEAST SIG. PART FOR DOUBLE IN LESTSG

0200 0000 LSRSP, 0 /SINGLE PRECISION
0201 3236 DCA TIMES

0202 1600 TAD I LSRSP

0203 3237 DCA COMMUN



0204 1637 TAD | COMMUN

0205 7110 CLL RAR /SHIFT LOOP
0206 2236 ISZ TIMES

0207 5205 JMP -2

0210 2200 ISZ LSRSP JEXIT

0211 5600 JMP | LSRSP

0212 0000 LSRDP, 0 /DOUBLE PRECISION
0213 3236 DCA TIMES

0214 1612 TAD | LSRDP

0215 3237 DCA COMMUN

0216 1637 TAD | COMMUN

0217 3240 DCA MOSTSG

0220 2237 1ISZ COMMUN

0221 1637 TAD | 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 JEXIT

0234 2212 ISZ LSRDP

0235 5612 JMP | LSRDP

0236 TIMES, 0

0237 COMMUN, 0

0240 MOSTSG, 0

0241 LESTSG, O
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