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INTRODUCTION

The capability of operating on binary floating
point numbers is provided by the four routines
presented in this applications memo. These
routines perform the addition, subtraction, mul-
tiplication, and division of binary floating point
operands in normalized two's complement no-
tation. Multiple precision is facilitated through
the use of a variable-length mantissa.

Data Format

The format for the operands used in these
routines is shown in Figure 1.

Byte 0 of the number represents the exponent
in two's-complement notation. Thus, the allow-
able range for the exponent (E) is:

80=E=7F, in hex;
or
—128<=E=<+ 127, in decimal.

Bytes 1 through (LENG-1) represent the man-
tissa in two's-complement notation, where
LENG is a symbol defined as a positive integer
in the source program via an EQU assembler
directive. The most-significant bit of byte 1 rep-
resents the sign of the mantissa, and the deci-
mal point of the mantissa is at the most-
significant bit of the mantissa, that is, between
bits 28 and 27 of the most-significant byte.

Normalized Format

All operands used as inputs to these routines
must be pre-normalized, and the results are
provided in normalized form. A normalized
n-bit mantissa has the following form:

For positive numbers—

[0.]100. . . .0=M=<[0.]111... .1, in
binary;

or
0.5=M=1 — 2", in decimal.
For negative numbers—
[1.]000....0=M=[1.]011... 1, in

binary;
or
—(1)=M=-(0.5 + 27") in decimal.
However, the number with mantissa

(1.000. . . .0), and exponent (7F),s is not per-
mitted. Zero is defined as mantissa
(0.000. . .0), with exponent (80)s.

Table 1 shows the range of acceptable values
forthe case LENG = 4, i.e., one-byte exponent
and three-byte mantissa.
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OPERATIONAL DETAILS

The routines operate as follows:

(OPERAND1) # (OPERAND2) —
RESULT,

where # is one of the four operators +, —,

X, 00,

Operands 1 and 2 are stored in memory start-
ing at addresses OP1 and OP2 and, as men-
tioned previously, must be pre-normalized.
The normalized result is situated in memory
starting at location RSLT. This area need not
be cleared prior to execution of the routine.
The program area and the operands may be
located on different pages of the memory
space. The input operands are moved to a
scratch area located in the same page as the
program prior to function execution. Thus, the
original operands are not destroyed. Some
savings in program size can be realized if the
operands are located on the same page as the
program andfor if their values need not be
retained.

Rounding of the result is controlled by the con-
tents of the location ROUN:

(ROUN) = H'00' specifies no rounding,
(ROUN) = H'80" specifies roundup.

Various error conditions (overflow, underflow,
etc.) result in jumps to different error locations
to facilitate test and/or corrective actions.

The main program calls the routines by per-
forming the following subroutine branches:

BSTA, UN BADD for addition
BSTA, UN BSUB for subtraction
BSTA, UN BMUL for multiplication
BSTA, UN BDIV for division

Test Program

The listing on the last page is a test program
which may be used on the PC1001 prototyping
board running under the PIPBUG monitor to
test thé operation of the routines. Figure 2
illustrates the operation via a TTY or other
terminal.

BINARY FLOATING POINT FORMAT
BYTEO BYTE 1 BYTE 2 BYTE (LENG-1)
[ e J \ ——— J
Exponent ‘e et Mantissa ———
Most- - Least-
Significant Significant
Byte Byte
Figure 1
MAL
s DECIMAL
EQUIVALENT
MANTISSA EXP.
+
[ LARGEST POSITIVE 7FFFFF 7F +1.70141E+38
SMALLEST POSITIVE 400000 70 +1.46937E-39
0 ZERO 000000 80 0
SMALLEST NEGATIVE BFFFFF 80 —1.46937E—-39
LARGEST NEGATIVE 800001 7F -1.70141E+38
Table 1 RANGE OF VALUES FOR A FOUR-BYTE NUMBER
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*G LAA

B1456739
435987654
544678934

B1456789
B154L576
SO0E0000 -

|
*G bLA6

AAQSLETBY
435768765
FF87BFCD

AAAAAAAA
CEBBBBEB
FBSB0060

OPERATION OF TEST PROGRAM

2,4 MmALL

+ FF456789 = @156C146B (NO ROUNDING)
+ 46456789 = 44468ACC 1,0 M "\[ £
+ 56B87654 = 55A4B14z 2,7} Wikl
- FF4546789 = @8681B4AD 1. wmALL
- @Z2765434 = B2B3DES7 L3 WMALL
65876543 = 65789ABD O 1) ‘;Z“"‘.
4 . WAL
* 235467894 = CCSDCSE3 (ROUNDING)
¥ 23876545 = 68B9651C8
* 457BCDFE = 448BBACY
: BBBBBBBB = F@5060003
: AAAAAAAA = 11666667
#* 11666667 = 61400000
Figure 2

PROGRAM TITLE

FUNCTION

PARAMETERS
INPUT:

OUTPUT:

BINARY ARITHMETIC FLOATING POINT ROUTINES

Addition, subtraction, multiplication, and division of binary floating point numbers. The specification of numbers and

routines is described in the introduction to this applications memo.

OPERAND 1 # OPERAND 2 — RESULT

L A o o

ROUN must contain the rounding constant.

Length of operands and result are defined by LENG.
OPERAND 1 is in memory starting at address OP1.
OPERAND 2 is in memory starting at address OP2.

RESULT is in memory starting at address RSLT.

HARDWARE AFFECTED

Refer to Figures 3 thraugh 9 for flowcharts and program listings.

REGISTERS

PSU

PSL

R3 RAM REQUIRED (BYTES): 6 X LENG +5
ROM REQUIRED BYTES): 598

EXECUTION TIME: Variable
MAXIMUM SUBROUTINE NESTING LEVELS: 1

RO | R1 | R2 | R3 | R1" | R
X X X X
E I SP
X
CC |IDC| RS | WC | OVF|COM| C
X X X X X

X ASSEMBLER/COMPILER USED: TWIN VER 1.0

SinOtics
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e *

w4 *

8075 + OPERAHDS AREF +

a7 %

7T 8791 ORG H* 708"

oaTs arce 0F1 RES LEN OPERAND 1

BT @7id. Pz RES LEN OPERAND 2

a8 orce RSLT RES LEN RESILT

Bas1 *

a2

[ *

B854 * PROGRAN AREA

aass *

Bg86 AL ORG H’448°

BEE7 8448 @7 PNTL DATA  <OP1 INDIRECT ADDRESS OF OPERAND 1
BaBS 44l (8 DATA  >0PL

BOES B442 87 PNT2 DATR  (0P2 INDIRECT RDDRESS OF OPERAND 2
98 B443 4 DATR 02

8051 444 87 PNTR DRTR  (RSLT INDIRECT ADDRESS OF RESULT
B892 445 8 DATR  DRSLT

a9z *

Ba%4

s *

% * TRANSFER OPERANDS ROUTINE »

L *

L] * THIS ROUTINE TRANSFERS THE OPERANDS TO THE
8ags * SCRATCH-PAD.

(5500 *

B8l B44e TTe8 TRAN PPSL WL HITH CRRRY

162 0448 BT84 LODL, B3 LEN SET BYTE COUNTER

D162 B44A BFC440  LPC LODA, R *PNTL R3, - DECR BYTE COUNTER AND TRANSFER
STRA. k@ OPA.RT  BYTE OF OPERANDL TO SCRATCH-PRD
LODA, R *PNT2,R3  TRANSFER BYTE OF OPERFNDZ
STRA, k@ OPB. RZ T0 SCRATCH-PRD

8167 8456 SB72 BRNR, R LPC CONTINUE IF BYTE COUNTER IS
8168 8458 17 RETC. N NOT 6, ELSE RETURN

TRANSFER OPERANDS ROUTINE

TRAN

i

with carry
Sat byts countie
LENG—= R3

Dacramant byts countsr.

Fatch byte of operand 1
ndaxid by byts sounter,

Snore byte in soratchped
OPA".

P
LINE ADOR DBJECT E SOURCE
o001 * PO76E108
Beez
s *
) + BINARY FLOATING POINT ARITHMETIC PACKAGE.
| 0085 .
| [0 * THIS PACKAGE CONSISTS OF - AN FODITION RIUTINE,
| o007 * A SUBTRACTION ROUTINE,
| 088 * A MLTIPLICATION ROUTINE.
| ] * D A DIVISION ROUTINE
| 0918 * FOR TWO BINARY FLORTING
| o011 B POINT HUMBERS.
l [ 5 g *
| 13 = THE FORMAT OF THE BIMARY FLOATING POINT MUMBERS [5
| Be1d ® S FOLLOWS: BYTE @ = EXPONENT IN THO'S COMPLEMENT
i 8845 * BYTE 1--(LENG-1) = MANTISSH IN TWO'S
1 916 * COMPLEMENT OF MHICH BYTE 1 IS THE MOST
) 0817 . SIGNIF ICANT BYTE.
2018 * THE POINT POSITION IS IN FRONT OF THE
13 . MANTISSA !
paze ®
|
I a2 *
| - 0021 « DEFINITIONS OF SYHEOLS:
a4 "
0825 2000 - TR PROCESSOR-REGISTERS
| W26 BReL MOEW
' 0627 0A0Z - TR
| 028 0063 B OB 2
| 0029 paSA S EW W' P SENE
0078 A048 FOEW  H4e FLAG
| 2031 Paze D TR INTERRUFT INHIBIT
| 0932 ABE7 9 OEW  HOT STRCKPOINTER
| 0021 GACH CC EQ  HOR°  PSL: CONDITION CODE
024 282D 10 BN H® INTERDIGIT CRERY
2035 0818 RS EQU  H1e REGISTER BAMK SELECT
0936 AREE W OEW  Hes 1=HITH, B=HITHIUT CRRRY
0027 2004 OF BV Hed OVERFLOW
| ™% 2038 ARaz CM E HBZ 1=L0GIC. B=ARITH COMPRRE
2039 0061 ¢ EW Kot CHRRY/BORROM
B4 000 Z Ew @ BRANCH COND. ©  ZERD
0041 BR0L I TR | POSITIVE
0042 0062 N OEW 2 HEGATIVE
3 600 B EW @ EQUAL
2944 0991 6T EW 1 GREATER THAH
8045 G002 1 T LESS THAM
| 8046 0003 W OEW 3 UNCOND T TIONAL
2047 0090 AL OEW B ALL BITS ARE 1
W43 W OEW 2 NOT ALL BITS ARE 1
8043
[25"] *
051 « DEFINITIONS OF PROGRAM DEF INED SYMBOLS
a5z *
™ 053 034 LENGEW 4 LENGTH OF OPERRND
8854 B804 LEN EQU  LENG
055 006k LENZ EQU  LENSLEN
8956 0010 LEN4 EQU  LENZHLENZ
ol ] LENE EQU  LENM+LEN4
2058 0815 WLEN EQU  LEN®-7
855 aa1F DLEN EGU  LENS-1
(521 *
m: FYTreY
o062 .
Lo + SCRATCH-FAD AREA +
(L2 *
P06 M08 ORG  H789’
B06E A7 ROUN FES 1 ROUNDING CONSTANT
2067 A7EL AR RES 2 INDIRELT ADORESS
P68 4787 FLAG RES 1 FLAG
2059 0784 0PA RES  LEN OPERRND 1 SCRATCH-PRD ARER
o870 A7aR SIGN RES 1 SIGN FLAG
o071 67 PB FES  LEN2 OPERAND 2 SCRATCH-PRAD ARER
v *
VY

Fatch byts of oparand 2
indaxed by byts counter,

Stors byts in serutchpsd
3
’M counter = 07

Figure 3
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LINE AODR (OBJECT E SOURCE

a8

il *

8112 * SIETRACTION ROUTIME *

i3 -

8114 + THIS ROUTINE SUBTRACTS TWO BINARY FLORTING POINT
15 + NUMBERS

glie .

B117 8459 1B6B BSUB BSTR: UN TRAN TRANSFER OPERANDS

B118 8458 3FE53I3 BSTA. UN TCOM PERFORM THO'S COMPLEMENT
8119 B45E 1B2E BLTR. UW ADDJ

[ i) *

B121 G468 0687 ADDC LODI, R2 <0PB ADORESS OF OPERAND 2 IN
0122 B462 @789 LOOL. RS 0P8 REGISTERS

8123 Bd64 1887 BCTR: UN ADDE

a4 *

BL25 G466 BEBT AODO LODI, R2 <0PR ADDRESS OF OPERAND 1 IN
BL26 G468 BT84 LOOL. R3 20PA REGISTERS

8127 B46A B087E9 LODA, RL 0P8 FETCH EXP OF OPERAND 1 IN R1
8128 846D CEBTEL FDDE STRAL R2 ADR SET IWDIRECT RDDRESS WITH
8129 o470 CFave2 STRAL RS ADR+L RDDRESS WHICH IS IN REGISTERS
2138 8473 a7ed FDDF LODT.R3Z 1 SET BYTE COUNTER

8131 475 7781 PP € SET CRRRY

8132 0477 OFETBL LODR, B +ADR, RI  FETCH M. 5. BYTE OF MANTISSA
8137 B47R 1RAC ELTRAN  ADDG IF BYTE IS MEGRTIVE, BRANCH
8134 B47C 7501 L C ELSE CLERR CRRRY

0135 M7E 0684 RDDG LODI. R2 LEN SET END OF BYTE COUNTER
P136 8488 IFASLE BSTR. UN RRIN ROTRTE RIGHT MANTISSA AND
37 * INCREMENT EXPONENT

8138 8483 @C9781 LOOA, RO *ADR TEST THO EXPONENTS

6139 8486 E1 oz R

2140 B487 986 BCFR, ER RODF IF NOT EQUAL. CONTINUE

B4l 8489 1B16 BCTR, UN RDDH IF EQUAL, ALIGN RERDY, GO BRACK
ei42 *

M4z

0144 *

8145 # ADDITION ROUTINE #

146 *

147 * THIS ROUTINE ADDS THO BINARY FLORTING POINT MUMEERS
Bl48 *

6149 488 IFBd4E BADD BSTR. UN TRAN TRANSFER OPERANDS

BL56 48E THE2 AODJ CPSL COW ARITHHETIC COMPARE

8151 8499 20 EORZ  RD CLEAR ROUNDING BNTE

152 8491 CCavas STRA. R OFA+LEN  OF BOTH OPERAMDS

B153 8494 CCATED STRA. B OPBLEN

B154 8457 BDATS4 LODA: R1 OPR COMPARE EXPONENTS OF THE TWO
8155 B49R EDBTE9 COMA- k1 OPB OPERANDS

6156 2490 1941 BLTR: GT ADDC ALIGN OPERAND 2

BLST B49F 1R45 BCTR: LT RODD ALIGN OPERAND 1

B158 B4R 7581 RHCPSL C CLERR CRRRY

B159 B4A3 a7ed LO01, RS LEN SET BYTE COUNTER

BL60 B4AS BFETE9 FOOK LODA, RO OPB.RZ  ADD MANTISSA OPERAMD 1 AND
B161 B4A8 EF6TE4 AODA, R OPRL RS MANTISSA OPERAND 2 AND STORE
8162 B4RE CFE7E9 STRA. 9 OPB. R3 RESILT ON PLACE OF OPERAND 2
B163 B4RE FBTS BORR, RZ ADDK DECR BYTE COUNTER AND BRANCH
8164 * IF BYTE COUNTER IS NOT 8
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LINE ADOR OBJECT E SOURCE

8166 B4B9 M4BT ROOF LOOT, kB <0PB
B167 B4B2 @559 LODL, R 0P8
BL60 B4B4 IFASLA BSTA, UN OVFL
B63 *

BL78 B4ET ZFBETS BSTR, UN NORM
BL7T1 B4ER BT84 LO0L, R3 LEN
B172 B4BL BFETSY LODA. RS 0P, R
8172 @4BF @0G7TSA LODA, RL 0PB+L
74 M0z 1912 BCTR: P ROFG
BL7S G404 7781 ROFEFPSL €

8176 406 ALATER SUBA kB ROUN
BLTT 9405 OF4TED ROFF LOOA. P8 OPB,R3, -
BLTS B4CC A SUBIL. F8 8

8179 B4CE CFeTed STRA, @ 0PB, R3
8188 8401 EP COML R3S 1

8181 0T F74 BCFR, EQ RIOFF
8182 8405 1B11 BCTR: UM ROFH
8183 *

154 8407 7581 ROFG CPSL €

8185 8409 BLATEA AOOf, B ROUN
B136 B40C BF47E9 ROFA LODA. @ 0P8, R2. -
8187 B4DF 5408 ADOL. R @

8188 B4E1 CFeTES STRAL P8 OPB, BT
189 B4E4 ETRL COMILRS 1

198 B4ER 9874 BCFR. EQ ROFR
8191 B4ER 3B2C ROFH BSTR: UN OVFS
8192 *

B193 G4ER B6A3 LODI, k2 LEN-1
8194 B4EC IFBETT BSTR: UN NORR
8195 B4EF a7ed LODI. R3 LEN
819 84F1 5FF LOOL, Ry H'FF”
B157 B4FT 9683 LOOI. k2 3

H5%8 B4F5 EVAZ ROFB COML,R3 2

8199 B4FT 1962 BCTR. GT ROFD
8208 B4F9 B3 Loz R3

8201 B4FA C2 STRZ R2

G202 B4FB BF47RY ROFD LODA, 8 OPE, R3, -
8200 G4FE CFE444 STRAL F@ *PHTR, R3
6284 @561 EEsSAC COMA, A TBL-1, k2
s *

6206 @584 1382 ECTR. ER ROFC
8287 586 @588 LODI,RL @

208 @588 SBoR ROFC BRNR. RS ROFB
6209 *

@210 @5eA a1 Loz ®”

6211 8586 14 RETC, 2

8212 @s5eC 48 ERRI HALT

8212 *

8214 @560 7Fopee TEL DATR

8215 *

6 Sinotics

ADDRESS OF OPERAND 2 (RESLLT)
IN REGISTERS

INCR EXPOMENT AND ROTATE RIGHT
MANTISSA OF RESULT IF OVF = 1

WORMFLIZE RESILT

SET BYTE COUNTER

FETCH ROUMDING BYTE OF RESULT

FETCH M. S BYTE OF RESILT

BRAMCH IF RESILT 15 POSITIVE

CLEAR BORROM

SUBTRACT ROUNDING CONSTRNT

SUBTRACT BORROM FROM MANTISSA
RESILT

STORE BYTE IN RESULT

TEST AND BRANCH IF SUBTRACTION
OF BORFIM 15 MOT READY

CONTINE

CLEAR CARRY
ADD ROUNDING CONSTANT
ADD CARRY AND MANTISSA RESULT

STORE RESILT

TEST AHD BRANCH IF ADDITION
OF CARRY 1S NOT RERDY

INCR EXPONENT AND ROTATE RIGHT
MANTISSA RESULT IF OWF = §
SET EYTE COUNTER

NORMALIZE RESULT

SET BYTE COUNTER

SET FLAG

TRELE INDEX

CHAMGE TRELE [NDEX IF

BYTE COUNTER IS LESS THAN 2

TRANSFER RESULT FRON SCRATCH-
PAD TO DEFIHED RESILT ARER
COWPARE RESULT WITH ILLEGAL
WALLE

CLEAR FLAG [F NOT EQUAL

TEST AND BRANCH IF TRANSFER
FHD COMPARE 15 WOT READY
TEST AHD BRANCH TD ERROR HALT
IF RESULT HAS THE ILLEGAL
WALUE, ELSE RETURN

H'7F, 60, 68’ ILLEGAL YALUE OF RESILT
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BEUB

ADDITION/SUBTRACTION AND ROUNDOFF ROUTINES

BADD

l

Subroutine TRAN
Transter operands.

Exponent operand 1 >

axponant operand 27

Clear carry.

Sat byte counter.
LENG —= R3

Add byte of mantise
of oparand 1 indexed

Sat indirect addres
{R2) —= ADR
(R3] —= ADR+1

=

counter 1 —= A3

Sat carry.

Fatch most-significant
byte of mantisa indexed
by byte countes.

Subroutine RRIN,
Fotate right mantisss and
increment exponent,

Exponent aperand 1 =
wapanant opsrand 27

Addreis of result (OPB)
i ragisters RO and R1.

Subroutsne OVFL
increment sxpanent and
rotate mantisa of result
right if OVF = 1.

Sube putiree NORM
Normalize result.
Sat byte counter
LENG —= R3

Subtract rounding
‘constant from rownding
byte of result.

=

Dwcraemsent byte counter.
Fatch byte of mantiss
of result indexed by
bryte counter.

Add 0 with carry.
Rastore byte in result.

Byte counter = 17

Dwcremant byte counter.
Fatch byte of mantissa of
result indexed by byt
counter

Subtract 0 with barrow.
Fiestore byte in result.

-

Subroutine OVFS
Increment exponent and
rotate mantitss of rewlt
right if OVF = 1.

Sat byte counter
LENG - 1— R2

Sat byte counter
LENG — R3

Sat flag (A1)
Sat table index.
3— A2

Byt counter {R3) =
table index [R2)7

Rt table index
(R3] — RZ

Figure 4

Decrement byte counter.
Fatch byt of result fram
scratchpad indexed by
bryte counter.

Store byte in rewult area
(RSLT) inclxed by

bryte counter.

Yo Byt = similar byte of

table indexed by table
index - 17

SiNOtics

i
|
|
|
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Lk

a044 *
a7 @245 * THO'S COMPLEMENT ROUTINE
a8 * G246 +
8218 * OVERFLOW ROUTINE 8247 # THIS ROUTINE PREFORMS A THO’S COMPLEMENT OF THE
* 245 + BINGRY FLOATING POINT NUMBER ADDRESSED BY ADR.
A * THIS ROUTINE INCREMENTS THE EXPOMENT AND ROTATES 8249 *
azz2 * THE MANTISSA RIGHT IF THE OWF FLAG = 1 @250 8533 era: TCOM LOOI. RS LEN-1 BYTE COUNTER
822 * 8251 @535 a6a7 THOA LODT. B2 {0PE: ADDRESS (F OPERAND 2
8224 8516 0781 (WFL STRA. R9 ADR SET INDIRECT ADDRESS WITH 8252 8537 M489 LODL Fild 0P8 IN REGISTERS
8225 @513 (0872 STRA, R ADR+1 RDDRESS OF OPERAND 8253 @539 CE6T81 TWOE STRA, R2 ADR SET INDIRECT ADDRESS
8226 @516 6B OVF5 LODL, k2 LEW SET END OF BYTE COUNTER H254 @530 (CA7E2 STRA, R ADR+1
8227 @518 BSA4 Ov45 TPEL  OWF TEST AND RETURM IF ND MANTISSA B255 853F a2 THOC LODZ  R3 SET END OF BYTE COUNTER
8228 854A 16 RETC, N0 OWERFLOW #8256 @548 (2 STRZ R FOR SUER (WFL
8229 @SB e7e8 REIN LODL RZ @ SET EBYTE COUNTER 8257 @541 77l L SET CRRRY
6230 51D eFETEL LODA, k@ »ADR. RS FETCH EXPONENT OF OPERAND 8258 9542 2 LPE EORZ RO CLEAR R
6231 8520 E47F COMI, k@ H'7F” TEST AND BRANCH TO ERROR HALT 8255 @544 RFETSL SUBR, Re +ADR.RT  COMPLEMENT BYTE
9232 9522 180€ BCTR, E@ ERRA IF EXPONENT 15 MAXIMLM B260 547 (FETSL STRA. R +ADR. RS STORE BYTE IN OPERAND
8233 8524 Deoe BIRR, R@ $+2 ELSE INCREMENT EXPONENT 261 B54R FETT EORR.R2 LPB DECR BYTE COUNTER AMD CONTINUE
@234 8526 CFETBL LPA STRA. R@ «ADR. BT STORE BYTE IN OPERAND 262 * IF BYTE COUNTER 15 MOT &
8235 8525 a2 Loz 2 TEST AND RETURN IF BYTE B262 @540 1B4A BLTR. UN 0V45 ELSE SUBROUTINE OYERFLOW
6236 8528 E3 oMz R3 COUNTER 1S AT THE END 264 *
8237 8528 14 RETC, ER
8238 8520 AFATEL LODA. B8 ADR, B3, + FETCH NEXT BYTE OF OPERRND
8239 B5F S8 FRRL R ROTATE RIGHT BYTE
#2408 538 1B74 BCTR, UN LPA CONT INLE
6241 @532 48 ERRA HALT FRHGE OVERFLOM OF OPERAND
8242 *
OVERFLOW AND TWO’s-COMPLEMENT ROUTINES
ovFL OVFS  Ovas  RAIN e

Sat inderect addres
{RO) —= ADR
iR1) — ADR +1

Sat wndl of byte counter
LENG —= R2

Increment byte courter.

Fatch byte of mantiss
acidressed by ADR and
byte counter.

Fiotate byte right.

Sat indirect address
(R2] —= ADR
(RD) == ADR +1

'

Save byte counter
{R3)— R2

Sat carry

Figure 5
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8265

8266

B267 WS4E 48
@268 B54F BCaTel
§269 @552 397A
6278 6554 28
8271 8555 (FAdd4
8272 8958 EVGS
8273 835R 98739
B274 8550 p40@
BTS BS5E (rod44
8276 @361 17
w7

BIT8 @562 BeET
B2T9 @564 0404
6280 @566 aTa
BZB1 @568 IB4F
#2682 @Sen ol
6287 856E 1907
8284 836D 20
8285 BS6E (788
@286 8571 IFAS33
B2ET 0574 20
6288 6575 1823
w289

629

2

8292

8297

8254

8295

6296

8237

8295 8577 20
8299 8575 182
L

ez

ez

ez

G304

azes

386

e

B388 BSTH B4FF
8369 857C CCeTes
0310 B57F 3IF6d4E
8311 @582 80aTER
0312 @585 1848
0313 @567 B4FF
8314 @5e9 Clavee
8315 @58 BEATES
8316 @56F 184
8317 @551 1R4F
9318 @593 81
18319 5% 1A%E
8320 5% 28
8321 @597 CCaTes
8322 @55A 785
8323 @55C CF478D
8324 @55F SETE
8125 @SAdl eCaTel
6326 B5A4 CaeE2
327

2650 MICROPROCESSOR APPLICATIONS MEMO

L

ERRC HALT DUMITY ERROR

HO1E LODA. R@ FLAG TEST AMD BRANCH TO ERROR
BLFR. 2 ERRC HALT IF FLAG IS SET

MOIC EORZ  R® CLERR RD

MDIN STRA. R9 #PNTR. R3. + RESULT OF OPERATION IS ZERO

COMIL RZ LEN-1 STORE @ IN WANTISSA FESLLT
BCFR EQ MDIN AN HB8” IN EXPUNENT
LODL R H 29"
STRAL BB $PNTR
RETC. UM
*®
MDIE LOOI, k2 {0PA ADDRESS OF OPERAND 1 IN
LODI, Fé 0PR REGISTERS
LOOL, RE LEN-1 BYTE COUNTER
ESTR. UM TWOB TWO'S COMPLEMENT OF OPERAND 1
Loz R TEST AND BRANCH IF OPERAND 2
ECTR. P MDIL IS POSITIVE
ERZ R® ELSE CLEAR SIGN FLAG
STRA, k@ SIGH
MDID BSTH UN TCON THO'S COMPLEMENT OF OPERAND 2
MWL EORZ PR CLERR RO AMD ERAMCH BRACK
ECTR. UN MOIF

*
*

®

* WATIPLICATION ROUTIMNE

*

# THIS ROUTINE MULTIPLIES TWO BINARY FLORTING POINT

* HUMBERS

-

BML EORZ  Re
ECTR. [N HDIR

CLERR FLAG (FB)

*

*
& DIVISION ROUTINE #
*

# THIS ROUTINE DIVIDES THO BINARY FLOATING POINT
* NUHEERS

*

BOIY LODI. R@ H'FF SET FLAG (RE)

MDIA STRA. RG FLAG STORE F@ IN FLAG
BSTR. UN TRAN TRANSFER OPERANDS
LODA. RL OPE+L FETCH M. 5. BYTE OF OPERAND 2
BCTR. 2 MOIB BRANCH [F OPERAND 2 1S 8
LODL. R H'FF* SET SIGN FLAG
STRA. R SIGN
LODA. R2 OPA+L FETCH M. 5. BYTE OF OPERAND 1
BTR.Z MIC BRANCH [F OPERAND L IS @
ECTR:N MDIE BRANCH [F OPERAND 1 IS MEG
Loz M TEST AHD BRANCH [F OPERRND
ECTR.N MOID 2 1S NEGATIVE
ERZ 8 CLERR SIGN FLAG
STRA, R SIGH

MOIF LODI. R3 LEN+L SET BYTE COUNTER

MIG STRA, R@ OPB+LEN. R3, - CLEAR RESULT AREA IN
BRMR RS MDIG SCRATCH-PAD
LODA, R FLAG TEST AND BRANCH 1F FLRG IS SET
BCFR.Z DIV

MULTIPLICATION/DIVISION ROUTINE

BMUL

s

BOIV

St FLAG. |

Sat byte courter
LENG +1—=R3

Decrement byTe counter
Storé 00 in mantissa of
TempOrany it

Address of operand 1 i
regivters A2 and RO
Set byte counter

LENG - 1—= R3

Figure 6
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LINE ADDR OBJECT E SOURCE

8328 B5A7 8619
8329 @59 7561
8338 95R8 @786
8331 B5A0 BFETBY
8332 @588 DO
8333 8581 CFeTe9
8334 8584 FB77
8335 @586 6501
8336 @588 9848
8337 @5BA @re:
8338 @5BC 7581
8339 B5BE BF4TED
8340 @501 BFeTES
8341 @504 CF6TED
8242 @sC7 B7S
8342 85C9 870
8344 8508 BFETEY
8345 BSCE 8406
8346 8508 CFeTsI
8347 @503 FB76
8348 @505 FRS2
8349

8350 8507 7561
8351 @509 B06TH4
8352 @SDC 80eTsY
8353 B50F BG4
8354 B5EL 908663
8355 85E4 20
8356 85E5 6501
8257 @5E7 900646
8358 B5EA 48
8159

8360 BSER ET3
8361 BSED 9817
8362 BSEF T7e1
8363 @SF1 87el
364 B5F3 BFETS4
0365 B5F6 RFETES
@366 BSF9 CFETS4
8367 @5FC FBTS
368

B369 BSFE 7781
8378 Bcae 1Bie
8371

8372 BRAZ B61F
8373 BeR4 7782
8374 D6B6 BF2TE4
8375 9689 EFETEY
#376 B66C 1850
8377 BEBE 195F
8278 @616 7561
8379 B612 BT
8229 8614 BF4780
8381 8617 D8
8382 8618 CFersD
@383 861B 3877
B384

8385 B61D 6783
9386 B6LF BFETB4
8367 8622 DA
8388 622 CFETB4
8289 @626 FB77
a3%

8391 8628 FRSC
@392

B39 BE2R BFZTEC
8354 8620 CFeTEs
6395 BeIR ETMd
B39% 632 9676
8397 8634 7781
8338 8636 B0OTE4
@299 B6Z9 ADETEY
8400 B63C M0
8481 B63E BI04
e Bede 3818
6483 8642 ESHL
M04 8644 9513
M85 8646 CCOTES
@6 D649 38R
8407 B64B TSOL
8485 864D aCarag
409 8658 &1
G418 @651 CCamgs

ML LOOL RZ MLEN

MAACPL C
LODL B3 LEM2-2

WAE LOOA, RE OPE, R3
RRL, R
STRA, RE 0P, R3
BORR, R MLB
L ¢
BCFR. AL MULE
LODL R3 LEN-1
[* - N

TEST AND BRANCH IF C = @

SET BYTE COUNTER
CLEAR CARRY

WAL LODR, F8 OPE+LEM. R3, - ADD MANTISSAS OF OPERAND 1

ADDR, R OPA+L RZ  AND OF TEMPORRRY RESULT
STRA, RB OPBHLEN, RS
BRNR. RZ MALC
LODL, B3 LEN-1 SET BYTE COUNTER

MALD LODA B8 OFE.RT  ADD CRRRY WITH WS PRRT OF
ADDL, B @ TEMPORARY RESILT AND REST
STRA @ 0PB, R3 OF OPERAND 2
BDRR. RZ WALD

MALE BORR, B2 MULA DECR BIT COUNTER RHD BRANCH IF

* NOT ZERO
(P C CLEAR CRRRY
LODA; R1 OFR RO EXPONENT OPERAND 1
ADDA. F1 OPB AND EXPONENT OPERAND 2
TPL O TEST AHD BRANCH IF OVF=8
BCFR, AL WDIH
EORZ RO CORRECTING CONSTANT = @
WL ¢ TEST AND BRANCH IF C = @
BCFR AL MOI1

ERRG HALT ELSE ERROR HALT

N
DIVA COMI. RS LEN-1
BCFR EQ DIVD
DIvVBPPSL  C
LODT, RS LEN-1
DIVC LODA RO OPR, R2
SUBA kB 0P, R
STRA R OPA. R3
BORR. R3 DIVC

PPSL €
ECTR: UN DIYE

.

DIY LODI.RZ DLEM
PPSL  COM

DIVD LODA: k9 OPR, R3. +
COMAL R OPE.R3
BLTR EQ DIVA
BCTR GT DIVE
L C

DIVE LOOLR3 LEN

TEST AND BRFNCH BACK IF

BYTE COUNTER 1S HOT AT THE END
CLERR BORROH

SET ENTE CONTER

SUBTRACT MANTISSA OPERAND 2
FROM MANTISSA TEMPORRRY
FEMINDER

DECR BYTE COUNTER D ERFACH IF
BYTE COUNTER 1S NOT @

SET CARRY

ERANCH BACK

SET BIT COUNTER

LOGICAL COMPARE

COMPARE M. 5 BYTE (F REMAINDER
WITH M. 5 EYTE OF OPERAND 2
IF EQUAL COMFARE OTHER BYTES
IF GREATER THAN, SUBTRACT
CLEAR CRRRY

SET BYTE COUNTER

DIVF LOOA. R OPB4LEN. R2. - ROTATE LEFT CARRY [N RESLLT

RRL. k@

ARER

STRA, BB OPB+LEN, K3

BRNR; B3 DIVF
*
LODI, RS LEN-1
DIVG LOOA. @ OPR. B3
kL, k8
STRA. k8 0PR. R3
BORR, R3 DIVG
+
EDRR. B2 DIVD

DECR BYTE COUNTER AND BRANCH IF

ROTATE LEFT REMAIMDER

DECR BYTE COUNTER FND BRANCH IF
BYTE COUNTER 15 MOT @
DECR BIT COUNTER AMD BRAMCH IF
BIT COUNTER IS NOT @

DIVH LODA. kB OPB+LEN-1.R3. + TRANSFER MANTISSA RESULT

STRA: k8 OFB. R3
COMI.R3 LEN
BCFR.EQ DIW
PPL @
LO0A. R1 0PR
SUBA. RL 0FE
LODT. R 1
TPSL  OVF
BCFR. AL MDIK
6L
BCFR, AL ERRF
MP11 STRA R8 0PE
BSTR: LN HORN
L ¢
LODA. RO OPE
ADZ R
STRA. k8 0P8

TO PLACE OF MANTISSA OF
OPERAND 2 ON SCRATCH-PAD

CLERR BORROW

SUBTRACT EXPORENT OPERFND 2
FROM EXPONENT OPERAND 1
CORRECTING COMSTANT = 1
TEST AND BRANCH IF OWF = @

TEST AMD BRAMCH TD ERROR HALT
IFC=@

STORE TEMPORARY EXP. RESILT
HORMALIZE RESILT

CLEAR CRRRY

ADD TEMPORARY EXPOMENT AND
CORRECTING CONSTANT

STORE EXPONENT RESILT

2650 MICROPROCESSOR APPLICATIONS MEMO

B411 G654 BS54 TPL  OW TEST AND BRANCH IF OVF = 1
8412 9656 1810 BCTR. AL HDLJ

8413 965¢ 40 ERRH HALT ELSE ERROR HALT

B414 BESS 48 ERRF HALT ERROR HALT

415 *

8416 BE5A 7581 WIKCPSL € CLEAR CRRRY

8417 065C 81 AbZ R ROD TEMPORFRY EXPONENT AND
8418 9650 C1 STRZ R CORRECTING COMSTANT
B419 BESE 20 EORZ  RR NEW CORRECTING CONSTANT = @
8420 B65F E584 TPL OV TEST AND BRANCH IF OVF = 1
8421 B661 1863 BCTR, AL MOII

8422 BeR3 COATRY MDIH STRALRY OPB STORE EXPONENT

8423 D666 360D BSTR. UN NORM NORMALIZE RESILT

B424 BE6E 874 M1J LOOLR3 LEN BYTE COUNTER

8425 BG6A BCBTESE LODA, P8 SIGN TEST AND PREFROM TWO'S
B426 BEED BLESIS BSFA.Z TWOR COMPLEMENT IF SIGN = SET
B427 BE7D 7504 Pl OV CLEAR OVF FLAG

8428 BET2 1FE4ER BCTR. UN ROOF ROUND RESULT

M9 *

MULTIPLICATION ROUTING (Cont.)

Set bit counter
@ X LENG) - 7—= R2

l..—_

Set byte counter
LENG = 1==R3

Clear carry.

St byte counter
12X LENG) - 2 —= R3

Fatch byte of mast-

—

significant part of
tenporary result o of
multiplser inclexed by

Fetch byte of mantins of
maltiplier or temporary
result indexed by byte
counter

Rotate byte beft.

Restore byt in mantsss
of multsplier o temporary
result.

Decrement byte counter.

Eryhe counter.

Add 0 with carry.
Restore byt in
temparary result or
multipleer,

[Decrement byte counter.

¥

"
L

Carry = 17

Yo

Sat byta counter
LENG - 1 —= R3
Clear canry

Chmar canry
Add axponant musltplie

B

anwd expanent multiplcand.

Dacramant byte counter.
Faich byte of temporary
result.

Add with ymiler byte of
multiplicand.

Restare byte in
temporary resuit

'

No

Yes

(FIG. 8)

Figure 7

(FIG. 8)
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2650 MICROPROCESSOR APPLICATIONS MEMO

DIVISION ROUTINE (Cont.)
DIV
‘ ;
:‘;:‘.ENGI -1—R2 Incremant byte counter.
Logical compare F'um Ilr:u of mantise
of resul
- Store byt in place of
“ operand 2.

Is by té counter at the
ond, R3 = LENG?

Has byts counter  No
reached terminal count? —
R3= LENG - 1

Yes

Claas borvow

Sat byts counter
LENG - 1— R3

Dscramant byte counter.
Fetch byte of temporary

Riotate byte lafr.
Restore byt in
temporary result.

Set byte counter
LENG —=R3
Sat byte counter
LENG-1—=R3
No
xpanent
OVE =07 Ne
Fetch bryte of remainder
indaxed by byte counter. Ya
Rotate bybe lefi. Y Yo
Retors byte in
Errar Error
FaenBindee. Halt Halt Subroutine TWOA
ERRF ERRAH Twa's complamant of
weult,
(FIG. 4)

Figure 8
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LINE ADOR OBJECT E SOURCE

(X5

8432 *

8437 * NORMFLIZE ROUTINE

434 *

W35 « THIS ROUTINE NORMALIZES THE RESILT
8436 *

BI7 8675 Bl NORM LODL R2 LEN SET BYTE COUNTER
8438 8677 TSE2 NORA CPSL (DM RRITHETIC COMPRRE

8439 9679 B2 NORL LOOZ  R2 SET BYTE COUNTER

8448 B6TH C3 STRZ B

B441 B6TE BLETEA LODA, B OPB+1 FETCH M. 5. BYTE OF OPERAMD
442 BETE E4C8 COWI, R H'CR TEST AWD RETURN IF OPERAND
B443 8658 16 RETC, LT 15 HEG AND MORMAL IZED

444 9681 E4IF COMI, R® H'3F" TEST AND RETURN IF OPERAND IS
8445 8683 15 RETC, 6T POSITIVE AND NORMALIZED
B446 BEB4 aCATEY LODA. k8 0PE FETCH EXPONENT (F OPERAND
0447 8687 E489 COMI, R H'88" TEST AMD BRANCH IF EXPONENT
0448 0689 1812 BCTR. EQ LPE 15 HAXIMM

449 D656 FEOD BORR, RB $42 ELSE DECREMENT EXPOMENT

8458 B&BD CLATES STRA. k8 OPB STORE WEM EXFONENT

451 8698 7561 CPaL C CLEAR CRERY

8452 8692 OFETE9 LFD LODA. RO OPB.RZ  FETCH BYTE OF MANTISSA

8451 8695 D@ RRL. k8 ROTATE LEFT BYTE

8454 Be%E CFETES STRA. k@ OPB.RT  STORE BYTE IN MANTISSA

8455 8699 FB7T BURR, B3 LPD DECR BYTE COUNTER AWD BRANCH
8456 * IF COUNTER 15 NOT @

8457 D698 1BSC BCTR: UN NORL ELSE CONTINE

458 *

8459 @630 BFETSY  LPE LODRLR® OPB.RI  FETCH BYTE OF MWANTISSA

B468 06AD 3693 BCFR.Z ERRE BRANCH TO ERROR HALT IF EYTE
61 * 1S NOT @

8462 BeA2 FET9 BORR. 3 LPE DECR BYTE COUNTER AMD ERFNCH IF
62 * COUNTER 15 MOT @

B464 BER4 17 RETC, N ELSE RETURN. OPERFND 15 @
B4ES BERS 40 ERRB HALT RANGE UNDERFLOW OF MORMALZED
8466 * OPERAND

2650 MICROPROCESSOR APPLICATIONS MEMO

NORMALIZE ROUTINE

Set byts counter
{R2)—= (R3]
Fatch most signiticant
byte of mantissa of
rmsult

SiNOtiCs



BINARY ARITHMETIC FLOATING POINT ROUTINES AS57

2650 MICROPROCESSOR APPLICATIONS MEMO

PROGRAM TITLE TEST ROUTINE FOR BINARY ARITHMETIC FLOATING POINT ROUTINES
FUNCTION Inputs and echoes operands and operator and outputs the result of the operation via a teletype.
PARAMETERS
INPUT: None
OUTPUT: None
SPECIAL

REQUIREMENTS Hardware: Terminal and PC1001
Software: ~ PIPBUG (PC1001)

HARDWARE AFFECTED

Ro | R1 | R2 | R3 | R1" | R2 |R3'| RAM REQUIRED (BYTES): 0
REGISTERS | » | x | x | x | x | x | x | ROM REQUIRED (BYTES): 138
PSU F n | sp EXECUTION TIME: Variable
X X MAXIMUM SUBROUTINE NESTING LEVELS: 3
e cc |ioc | rs | we | ove|com | ¢
X | x | x| x| x| x | x| ASSEMBLERICOMPILER USED: TWIN VER 1.0

LINE ADDR (OBJECT E SOURCE

8465

B469 * LINE ADDR (OBJECT E SOURCE

8478 + BINARY FLORTING POINT ARITHMETIC TEST ROUTINE

7L * FOR USE MITH PIPBUG 8518 B6DC CFB7es TSTB STRA. R3 FLAG SAVE OPERATION CHAR. INDEX
w7z * 0519 960F 3Faed BSTA: UM COUT PRINT OPERATION CHARACTER
M7 * THIS ROUTINE INPUTS AWD OUTRUTS THE OPERAMDS, THE 8528 BEE2 3872 BSTR. N SPCE PRINT SPACE

8474 + OPERATOR AND THE RESILT IT DETECTS THE OPERATOR 521 BEE4 BEFF LODI. R2 -1 SET BYTE COUNTER

847 * AND CALLS THE ARITHMETIC ROUTINE. 8522 B6EG 3FB224 INF2 BSTA. N BIN INPUT THO HEX DIGITS

8476 * @523 B6E9 B Loz R STORE 1N RB

77 @524 BEEA CER442 STRA, RO *PNT2, R2, + STORE THO HEX DIGITS IN MEMORY
478 * 525 B6ED IFE26Y BSTA, UW BOUT PRINT THD HEX DIGITS

79 * DEFINITIONS OF PROGRAM DEFINED SYMBOLS 8526 B6FB E6A3 COML, R2 LEN-1 TEST AND BRAMCH [F OPERAND
ey * 8527 @6F2 9872 BOFR. EQ INPZ I5 WOT COMPLETE

8431 Ba3F QUES EQU W 3F CHARACTER 7 #5268 BEF4 T0EH ESTR. UM SPCE PRINT SPRCE

482 B30 EQUL EQU W30 CHARACTER = 8529 BEFE IFAC8E TSTD BSTR UM CHIN INPUT A CHARACTER

8487 aaze SPAC EQU H 2 SPACE CHARACTER 8538 96F9 E4ID COM1. P8 EQUL TEST AHD CONTIME IF IT IS
M54 B3GR CRLF EQU H'888R°  PIPBUG CR AND LF OUTRUT ROUTINE 8531 B6FE 9852 BCFR: EQ TSTK NOT A = CHARACTER

B85 8284 COUT EQU H'82B4°  PIPBUG CHARACTER OUTPUT ROUTINE 8512 B6FD IFECB4 BSTR. N COUT PRINT A = CHARACTER

M5 B2EE CHIN EQU H'8286°  PIPBUG CHARACTER INPUT ROUTINE 8533 6708 854 ESTR. N SPCE PRINT SPACE

87 8269 BOUT EQU H'826%°  PIPBUG 2 HEX DIGITS OUTPUT ROUTINE 8534 8762 acara: LODA, R® FLAG FETCH SAVED OPERATION CHAR.
B8 BZ24 BIN EQU H'8224° PIPBUG 2 HEX DIGITS INPUT ROUTINE 35 * THDEX

B89 * 8536 6785 7509 CPsL CHIC CLEAR CARRY, WITH CRRRY
490 BEAS 430 TSTL LODI,R@ H'8@’ ENTRY FOR ROUMDING 8537 6787 3 STRZ R3 MULTIPLY INDEX BY 3

451 B6A5 1B01 BCTR, M T5T4 8538 e7ee De FRL FB

452 B6AA 20 TST2 EDRZ RB ENTRY FOR MO ROUNDING 8539 6789 83 Mz m

8497 B6AB CCATEO T5T4 STRA.RD ROUN STORE ROUNDING CONSTANT #5408 @7oR C3 m B

8454 BEAE IFBEEA TSTZ BSTA. UM CRLF CR AND LF TO PRINTER @541 6708 BFOT24 ESHA  JUWP.RZ  JUWP TO SELECTED SUEBRDUTIME
8435 BEBL BEFF LODL. k2 -1 SET BYTE COUNTER 8542 B70E 7588 cPeL WC WITHOUT CRRRY

496 BEBT IFE224 INFL BSTA. UM BIN INPUT THO HEX DIGITS 8543 6718 @7FF LODL. R -4 COUNTER

B497 B6BE B bz R STORE IN k@ 8544 8712 OFF44 TSTG LODA. kB «PNTR. B3, + FETCH BYTE OF RESULT

8458 BEBT CER448 STRAR@ #PNTL R2,+ STORE TWO HEX DIGITS IN MEMORY 8545 8715 C1 STRZ ®

8499 BEEA IFA269 BSTA. UM BOUT PRINT TWO HEX DIGITS @546 8716 IFE269 BSTR. UM BOUT PRINT TWD HEX DIGITS

@508 BEED ECAT COML, k2 LEN-1 TEST AMD BRAMCH IF OPERFND @547 8719 E7a COM1, RZ LEN-L TEST AMD BRAMCH IF QUTFUT
@581 BEEF 9672 BCFR.EQ INPL 15 HOT COMPLETE @548 8718 9675 BLFR. EQ TSTG RESULT IS MOT RERDY

@562 el 3813 BSTR: N SPCE PRINT SPACE @549 0710 1FecAE BLTR: UN TST3 START NEW CALCULATION AGAIN
@582 BeCI Iraces TSTC BSTR.UN CHIN INFUT OPERATION CHARACTER 558 *

@584 BECE O7B4 LODI R3S 4 OPERATION CHARACTER COUNTER 8551 8720 2B202RCR  OPSI DATR W28, 20, 2R, 3R OPERATION CHAR: +.-.+,
8585 96L8 EF4720 TSTA COMA, R@ OPSI R3. - TEST AND BRAMCH IF IT 8552 *

8506 PECE 150F BCTR.EQ TSTB IS AM OPERATION CHARACTER 8553 8724 1FB4SE JMF BCTA: UN BADD ADDITION ROUTINE

8507 BECD SB79 BRMRLR2 TSTA TEST AND BRANCH IF COUNTER 1S #554 @727 1Fe459 BCTR. N BSLB SUBTRACTION ROUTINE

#585 * T ZERD 8555 O72R 1FeS77 BCTA, UN EMUL MULTIFLICATION ROUT INE
8569 B6(F B43F TSTK LODL.RE QUES PRINT ? @556 72D LFESTR BCTA UN BDIY DIVISION ROUTINE

0518 8601 IFO084 BSTR, UN COUT 8557 *

#5141 BeD4 1B58 BCTR, UN T5T3 STRRT A CALCULATION AGAIN 8558 Bd46 END TR

512 *

8513 8606 428 SPCE LODI.R® SPRC SPACE CHRRACTER IN R@ TOTAL ASSEMBLY ERRORS = 0908

.1 A3 -
Go i Wi DA
9
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2650 MICROPROCESSOR APPLICATIONS MEMO

Signetics 2650 Microprocessor Application Memos currently available:

AS50
AS51

AS52
AS53
AS54
AS55
AS56
AS57
AS58
SP50
SP51
SP52
SP53
SP54
SP55
SS50
SS851

MP51
MP52
MP53
MP54

Serial Input/Output

Bit & Byte Testing Procedures

General Delay Routines

Binary Arithmetic Routines

Conversion Routines

Fixed Point Decimal Arithmetic Routines

2650 Sorting Routines

Binary Arithmetic Floating Point Routines

BCD Arithmetic Floating Point Routines

2650 Evaluation Printed Circuit Board (PC1001)
2650 Demo System

Support Software for use with the NCSS Timesharing System
Simulator, Version 1.2

Support Software for use with the General Electric Mark Il Timesharing System
The ABC1500 Adaptable Board Computer
PIPBUG ’

Absolute Object Format

Initialization

Low-Cost Clock Generator Circuits

Address and Data Bus Interfacing Techniques
2650 Input/Output Structures and Interfaces

14
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