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The capability of operating on binary floating
point numbers is provided by the four rou-
tines presented in this technical note. These
routines perform the addition, subtraction,
multiplication, and division of binary floating
point operands in normalized two's com-
plement notation. 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<T7F, 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 26 and 27 of the most-significant byte.

Normalized Format

All operands used as inputs to these routines
must be 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 - 27", in decimal.
For negative numbers—

[1.]J000. ...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),¢ is not per-
mitted. Zero is defined as mantissa
(0.000. . .0), with exponent (80)¢.

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

OPERATIONAL DETAILS

The routines operate as follows:

(OPERAND1) # (OPERAND2) —
RESULT,

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

X, 0r:.

Operands 1 and 2 are stored in memory start-
ing at addresses OP1 and OP2 and, as men-
tioned previously, must be 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 and/or 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 round-up.

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 the operation of the routines. Figure 2
illustrates the operation via a TTY or other
terminal.

BINARY FLOATING POINT FORMAT

BYTE O BYTE 1 BYTE 2 BYTE (LENG-1)
\ v o\ oo »
Exponent  \ e ) Mantissa _—
Most- Least-
Significant Significant
Byte Byte
Figure 1
HEXADECIMAL
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




OPERATION OF TEST PROGRAM

*G AAA

B1456739 + FF456789 = B3156C16B  (NO ROUNDING)
45937654 + 46456789 = 44468ACC

544673934 + S56B87654 ="5504B142

M1456739 - FFA56789 = #B3681B4D

B1546576 - B2765434 = B2B3DEST

SAABAABB -~ 65876543 = £5739ABD

*G LAL

AAQSL739 * 23567294 = CCSDCSE3  (ROUNDING)

45763765 % 23876545 = 6896051C8
FF37BFCD % 457BCDFE = 448BBBC9
AAAAAAAA : BBBBBBBB = F@35030333
EBBEBBBEB : AAAAAAAA = 11666667
FBS5BB308 * 11666667 = 814008333
Figure 2
PROGRAM TITLE BINARY ARITHMETIC FLOATING POINT ROUTINES
FUNCTION 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

# =4, -, Xor.

PARAMETERS
INPUT: 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.
OUTPUT: RESULT is in memory starting at address RSLT.

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

HARDWARE AFFECTED

Ro| R1 | R2 | R3 | R" | R2 | R3' | RAM REQUIRED (BYTES): 6 X LENG +5
REQISTERS | + | % | % | x ROM REQUIRED BYTES): 598
Fl nlsp EXECUTION TIME: Variable
e X MAXIMUM SUBROUTINE NESTING LEVELS: 1
e cc | ibc| rRs | wc | ovF|com| ¢
Sk X | x X | X | X | X | ASSEMBLER/COMPILER USED: TWIN VER 1.0




LINE ADDR  OBJECT E SOURCE

ea1e
0011
6a12

2 oz
3 e
a1
LR
[C0]

LS

* PD768160

*

* BINARY FLORTING POINT ARITHMETIC PACKAGE

*

* THIS PACKAGE CONSISTS OF : AN ADDITION ROUTINE,

* R SUBTRACTION ROUTINE,

A MULTIPLICATION ROUTINE,
AND A DIVISION ROUTINE
FOR TWO BINARY FLORTING
POINT NUMBERS

THE FORMAT OF THE BINARY FLOATING POINT NUMBERS 15
AS FOLLOWS  BYTE @ = EXPONENT IN TWO'S COMPLEMENT
BYTE 1-->(LENG-1) = MANTISSA IN TWO'S
COMPLEMENT OF WHICH BYTE 1 IS THE MOST
SIGNIFICANT BYTE
THE POINT POSITION IS IN FRONT OF THE
MANTISSA

A E R KRR R X R E W

*
* DEFINITIONS OF SYMEQLS

*

ko ERU (] PROCESSOR-REGISTERS

KL EQU 1

ke EQ 4

RS OER ki

5 A H g PRl SENSE

FooE H 4@ FLAG

I Ew H2w’ INTERRUFT INHIBIT
SPE H o7 STRCKFIINTER

[V 21 Hia PSL CONDITION CODE

100 e H 2@ INTERDIGIT CARRY
RLEQU H1a REGISTER BANK SELECT

W R H &5 1=WITH. B=RITHOUT CAREY
OvF EdU Ha4” OERFLOW

oM sl H'ae 1=LIGIC. 8=ARTTH COMPARE
L EQU H a1 CHERYBORRIM

I B (2] BRANCH COND — ZERD

FooEw 1 FOSITIVE

N B g NEGATIYE

B¢ EW ] EQURL

6T B 1 DRERTER THAN
LT EM Z LESS THAN

M e 3 LINCONG T TTONAL
AL EQU (] RLL BITS AFE 1§
NOEQU 2 NOT RLL BITS ARE 1

. Khba

* DEFINITIONS OF PROGRAM DEF INED SYMBOLS
*

LENG EQU 4

LEN EQU LENG
LENZ EQU LEN+LEN
LEN4 EQU LENZ+LENZ
LENG EQd) LEN4+LENG
MLEN EQ LENE-7
DLEN EQll LEN3-1

*

e

LENGTH OF DFERAND

*
+ SCRRTCH-FAD ARER +
*

L) H s
ROUN FES 1 ROLNDING CONSTANT
HOR - RES 2 INDIRECT RADDRESS
FLAG PES 1 FLAG
OFR - FES LEN OFERAND 1 SCRATCH-PRO ARER
SION 1 SIGN FLAG

OFE FES LENE OFERAND 2 SCRRTCH-FRD AREA

6108

81081 B44¢ 7788
8162 3448 0704
6102 844R BFC440
0104 844D CF6784
8185 8458 HFE442
8106 8453 CF6759
8187 8456 SB72
6188 8458 17

*

* DPERANDS ARER *

H 7Ce”
LEN OPERAND 1
LEN OPERAND 2
LEN FESULT
*
*
* FROGRAM ARER *
*
ORG H 4407
PNTL DRTR  <0P1 INDIRECT ADDRESS OF OPERAND 1
DATR  >OFL
PNTZ DATR  <OFZ INDIRECT ADDRESS 0OF OPERAND 2
DATR  D0FZ
PNTR DHTR <RSLT INDIRECT ADDRESS OF RESULT
DATA ORSLT

*

* TRANSFER OPERANDS ROUTINE *

*

* THIS ROUTINE TRANSFERS THE OPERANDS TO THE

* SCRATCH-PAD

*

TRAN PPSL W0 NITH CARRY
LODI,R3 LEN SET BYTE COUNTER

LFC OO, R *PNTL, R3, - DECR BYTE COUNTER AND TRANSFER
STRA, k8 OPR, R3 BYTE OF OPERANDL TO SCRATCH-PRD
LODA, RB #PNT2, R3  TRANSFER BYTE OF OPERAND2
STRA, R8 0P8, R3 T0 SCRATCH-PRD
BRWR, R3 LPC CONTINUE IF BYTE COUNTER IS
RETC, N NOT 6, ELSE RETURN

TRANSFER OPERANDS ROUTINE

TRAN

With carry

Set byte counter
LENG — R3

—

Decrement byte counter

Fetch byte of operand 1
indexed by byte counter

Store byte in scratchpad
‘OPA’

Fetch byte of operand 2
indexed by byte counter.

Store byte in scratchpad
‘oPB’

Figure 3




LINE RDDR (OBJECT E SOURCE

0110

el

8112

a113

8114

6115

8116

8117 8459 3868
A118 8458 3FBS32
8119 845 1B2E
8128

8121 8468 8687
9122 8462 6789
8122 6464 1887
6124

8125 466 8697
8126 8463 0784
8127 B46R D678
8128 846D CEO781
8129 8478 (F8782
2138 8473 6761
8131 06475 7701
6132 8477 OFE78L
6132 B47A 1RE2
8134 B47C 7561
B125 B4TE G664
8136 8488 FAS1E
137

8136 8482 @C8781
6139 8436 E4
9148 8457 986A
#141 8432 1B16
8142

8142

6144

8145

8146

@147

6143

8149 B4SE 3FB446
A154 B48E 7502
@151 8439 28
152 8491 (8733
@153 8494 CCA7E0
8154 8497 @04754
8155 6498 EDATSY
8156 3490 1941
8157 B49F 1R45
815§ B4Rt 7501
6159 B4R3 8704
B160 B4RS BFE7E9
@161 B4RE BFETG4
8162 B4AE CF6789
8163 B4RE FB7S
164

*
* SUBTRACTION ROUTINE *

*

+ THIS ROUTINE SUBTRACTS TWO BINARY FLORTING POINT
* NUMBERS

*
BSUB BSTR, UN TRAN TRANSFER OPERANDS

BSTR, UN TCOM PERFORM TWO’S COMPLEMENT
BCTR, UN RDDJ

*

ADDC LODI, R2 <0PB RDDRESS OF OPERAND 2 IN
LODI. R3 0P8 REGISTERS
BCTR, UN RDDE

*

ADDD LODI, R2 <0PR RDDRESS OF OPERAND 1 IN

LODL, R3 Y0FA REGISTERS

LODA, R1 OPB FETCH EXP OF OPERAND 1 IN R1
RODE STRA. R2 ADR SET INDIRECT ADDRESS WITH

STRA, R3 ADR+1 ADDRESS WHICH IS IN REGISTERS
ADDF LODIR3 1 SET BYTE COUNTER

Pl C SET CARRY

LODA, R *ROR, R3  FETCH M S BYTE OF MANTISSA

BLTR, N ADDG IF BYTE 1S NEGATIVE, BRANCH
oL C ELSE CLEAR CARRY

RDDG LODL, R2 LEN SET END OF BYTE COUNTER
BSTR. UN RRIN ROTATE RIGHT MANTISSA AND

* TNCREMENT EXPONENT

LODR, k@ *HDR TEST TWO EXPONENTS

(€7, VAR Y

BCFR, EQ AUOF IF NOT EQUAL, CONTINUE
BLTR, UN ADDH IF EGUAL. ALIGN READY. GO BACK

*

* ADDITION ROUTINE *

*

* THIS ROUTINE RODS TWO BINARY FLOATING POINT NUMBERS
*

BROD BSTR, LN TRAN TRANSFER OPERANDS

RDDJ CFSL COM RRITRMETIC COMFARE
EORZ K8 CLEAR ROUNDING BYTE
STRA,RB OPR+LEN  OF BUTH OPERANDS
STRA, k6 OPB+LEN
LODAR, R1 OPA COMPARE EXPONENTS OF THE TWO
COMA. RL OPB OPERANDS
ECTR, GT RDDC ALIGN OPERAND 2
ECTR, LT ARDDD ALIGN OPERAND 1

HODH CPSL € CLEAR CARRY
LODI, RS LEN SET BYTE COUNTER

ADDK LODA. R OPB, RS ADD MANTISSA OPERAND 1 AND
RODA, k@ OPF, K3 MANTISSH OPERAND 2 AND STORE
STRA, k8 0FB, R3 RESULT ON PLACE OF OPERAND 2
BORR, R3 ADDK. DECK BYTE COUNTER AND BRANCH

* IF BYTE COUNTER IS NOT @

LINE AODF OBJECT E SOURCE

G166 B4Ba Ada7
2167 B4B2 8559
68 B4Bd JFAS1A
B169

B4BT ZFBETT
w4
L BFETS
BDR7eH
#e 1912
773
6 RCOTSR
S BF47aa
R4B8
BL7S BICE CFeT3a
188 @401 E7A1
w181 b Fav4
8152 @40S 1B11

4 @07 TSa1
5 M09 SCATHA
3€ G400 AF4TRY
B4DF 3408
CFETE3

B4FS E76C
B4FT 1982
B2RA B4F9 8z
8241 B4FA C2Z
6282 BFE AF47E9
#2083 B4FE CFE444
i #oel EE6SRC

6206 954 1562
B2A7 A5H6 @5he
7208 @385 SB6R
4210 #5eR a1

8211 0506 14
8212 85eC 48

8214 8560 7F8000

ROOF LODI, ke <OFB RDDRESS OF OPERAND 2 (RESULT)

LODIL, R1 20FE IN REGISTERS

BSTH, N OVFL INCR EXPONENT AND ROTRTE RIGHT
* MANTISSA OF RESULT IF OVF = 1

BSTH, UN NORM NORMALIZE RESWILT

LODI. kX LEN SET BYTE COUNTER

LODA, kG OPB,RZ  FETCH ROUNDING BYTE OF RESULT

LODA, k1 OPB+1 FETCH M. S BYTE OF RESULT

BLTR, F ROFG BRANCH TF RESULT 1S FISITIVE
ROFE FPSL C CLEAR BORROW

SIUBA. kA ROUN SUBTRACT ROUNDING CONSTANT
FOFF LODA. F® OPR. KX, - SUBTRACT BORKOW FROM MANTISS

SUBL ke 8 FESILT

STRA, k@ OFB.KX  STORE BYTE IN RESULT

COMILRS 1 TEST AND BRANCH IF SUBTRACTION

BCFR, EQ ROFF OF BORKOW 1S NOT RERDY

ECTR, UN ROFH CONTINUE
*
FOFG CPSL C CLERR CARRY

RODA. kB RUUN ADD ROUNDING CONSTANT

ROFA LA, Rg OPB,RZ. - ADD CARRY AND MANTISSA RESULT
ROD1, k@ @

STRA, Ré OPB, RT  STORE RESULT
COMIL RS 1 TEST AND BRANCH IF ADDITION
BCFR.EO ROFR OF CARRY IS NOT FERDY
FOFH BSTE. UN OVFS INCR EXPONENT AND ROTRTE RIGHT
¥ MANTISSA RESULT IF OVF = 1
L00T, k2 LEN-1 SET BYTE COUNTER
ESTR. UN NOKR NORMALIZE RESULT
LO01.R3 LEN SET BYTE COUNTER
LODL, kL H'FF” SET FLAG
LObIL F2 2 TRBLE INDEX
ROFE COML, RZ 2 CHANGE TRBLE INDEX IF
BCTR, GT ROFD BYTE COUNTER IS LESS THAN 2
Lz k3
STRZ K2

ROFD LODH. K8 OPB. R3, - TRANSFER RESULT FROM SCRATCH-
STRA, k@ *PNTR,RZ  PAD TO DEFINED RESULT ARER
COMA, k8 TBL-1,R2  COMPARE RESULT WITH ILLEGAL

* YALUE
BCTR. EB ROFC CLEAR FLAG IF NOT EQUAL
LODI.RL @

KOFC BRNK, R RUFB TEST AND BRANCH IF TRANSFER

* AHD COMPARE IS NOT READY
Loz Rt TEST AND BRANCH TO ERROR HALT
RETC. 2 IF RESULT HAS THE ILLEGAL

ERRI HALT VALUE, ELSE RETURN

*

TBL DATA H’7F, 88,00 ILLEGAL YALUE OF RESULT

*



ADDITION/SUBTRACTION AND ROUND-OFF ROUTINES

BADD

Subroutine TRAN
Transfer operands

Subroutine TRAN
Transfer operands.

Subroutine TCOM
Perform two’s comple
ment of operand 2

[

Y

Arithmetic compare

Clear rounding byte of
operand 1 and 2 in
scratchpad

Exponent operand 1

Yes

exponent operand 27

Exponent operand 1 -
exponent operand 27

Clear carry.

Set byte counter
LENG —= R3

Fetch byte of mantissa
of operand 2 indexed
by byte counter

Add byte of mantissa
of operand 1 indexed
by byte counter.

:

Store result byte in
place of operand 2 byte,

Decrement byte counter

'

No

Byte counter = 07

Yes

of operand 1
rs R2 and R3

Address
tor

Set indirect address
(R2) — ADR
(R3) — ADR+1

Address of
to registers R2 and R3

Set byte

counter 1 —= R3

Set carry.

Fetch most-significant
byte of mantissa indexed
by byte counter

Subroutine RRIN
Rotate right mantissa and
increment exponent.

Exponent operand 1 =
exponent operand 27

operand 2

Address of result (OPB)
in registers RO and R1

Subroutine OVFL
Increment exponent and
rotate mantissa of result
right if OVF = 1

Subroutine NORM
Normalize result

Set byte counter
LENG —= R3

Add rounding constant
and rounding byte

of result.

Decrement byte counter

Fetch byte of mantissa
of result indexed by
byte counter

Add 0 with carry
Restore byte in result

Byte counter = 17

Subtract rounding
constant from rounding
byte of result

—

Decrement byte counter.
Fetch byte of mantissa of
result indexed by byte
counter

Subtract 0 with borrow.

Restore byte in result

Byte counter = 17

Figure 4

)

Subroutine OVFS5
Increment exponent and
rotate mantissa of result
right if OVF = 1

Set byte counter
LENG - 1— R2

Subroutine NORA I

Set byte counter
LENG — R3

Set flag (R1)

Set table index
3— R2

Byte counter (R3) >
table index (R2)?

Decrement byte counter
Fetch byte of result from
scratchpad indexed by
byte counter

Store byte in result area
(RSLT) indexed by

byte counter.

Byte = similar byte of
table indexed by table

Clear flag (R

No

Byte counter = 07
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LINE ADDR O0BJECT E SOURCE 8243

9244 *
8217 8245 * THO'S COMPLEMENT ROUTINE
8218 * 6246 *
8219 * OVERFLOW ROUTINE * 8247 * THIS ROUTINE PREFORMS A TWO'S COMPLEMENT OF THE
8228 * 8248 * BINARY FLOATING POINT NUMBER ADDFESSED BY ADR
(272} * THIS ROUTINE INCREMENTS THE EXPONENT AND ROTATES 8249 *
8222 * THE MANTISSA RIGHT IF THE OVF FLAG = 1 6256 8533 6783 TCOM LODI, R3 LEN-1 BYTE COLNTER
8223 * 9251 @535 DeAT TWOA LODT. k2 <OPE FDDRESS (F OPERAND 2
8224 8510 CCO781 OVFL STRA, R® ADR SET INDIRECT ADDRESS WITH 6252 @537 8489 LODI. @ S0FE IN REGISTERS
8225 8513 CDarsz STRR, R1 ADR+1 ADDRESS OF OPERAND 8253 @539 CEB781 ThOE STRA. R2 ADK SET INDIRECT RDDRESS
8226 8516 8684 OVFS LODI, R2 LEN SET END OF BYTE COUNTER #254 B93C CCe7e2 STRA, R@ ADR+1
6227 8518 BS&4 0v4S TPSL  OVF TEST AND RETURN IF NO MANTISSA 6255 853F 82 TWOC LODZ k3 SET END OF BYTE COUNTEP
6228 @51A 16 RETC, NO OVERFLOW 4256 @548 (2 STRZ (74 FOR SUBR OYFL
8229 8518 8760 RRIN LODI,R3 @ SET BYTE COUNTER 8257 @541 771 PFSL C SET CHRRY
6238 851D OFET81 LODA, R® *ADR, kK3 FETCH EXPONENT OF OPERAND 8758 @542 28 LPB EOKZ ] CLEAR k8
8231 8520 E47F COMI. KR8 H'7F° TEST AND BRANCH TO ERROR HALT 8259 8544 AFET31 SUBA, R@ *RDR, RZ  COMPLEMENT BYTE
0232 8522 186E BCTR, EQ ERRA IF EXPONENT IS MAXIMUM 8268 @547 CFE?S1 STRA, RG *ADK, RS STORE BYTE IN OFERAND
8233 8524 D800 BIRR, R $+2 ELSE INCREMENT EXPONENT w261 @54A FET7 BDRK, K3 LPB DECR BYTE COUNTER RND CTNT INUE
6234 8526 CFE781 LPA STRA,R8 *ADR,R3  STORE BYTE IN OPERAND a6z * IF BYTE COUNTER I5 NOT &
6235 @529 82 Lz Rz TEST AND RETURN IF BYTE 8262 854C 1B4A BLTR, UN OY45 ELSE SUBROUTINE OYERFLOW
8236 B52R E3 oz R3 COUNTER 1S AT THE END 6264 *
B237 8528 14 RETC,EQ
BZ38 @S2 AFATBL LODA. R *ADR, RS, + FETCH NEXT BYTE OF OPERAND
8239 B52F S8 KRE. ket KOTATE RIGHT BYTE
@248 9538 1874 BCTR, UN LPR CONTINUE
%241 8532 44 ERRR HALT FANGE OVERFLOW OF OPERAND
8242 *

OVERFLOW AND TWO’s-COMPLEMENT ROUTINES
OVFL OVFS  0vVas  RRIN TCOM TWOA TWOB

(RO)— ADR

Set indirect address

(R1) —= ADR +1

Set end of byte counter
LENG — R2

OVF =17

Yes

Mantissa overflow

No

1]

0—

operand.

Set byte counter

Fetch exponent of

ond

Restore byte in operand.

s byte counter at the
(R2) = (R3)2,

Set byte counter
LENG - 1— R3
Address of operand 2 in

registers R2 and RO

Set indirect address
(R2) — ADR
(RO) — ADR +1

:

Save byte countar
(R3)— R2

Set carry

——

Clear register (RO)

Subtract byte of mantissa
of operand indexed by
byte counter from 00.
Restore byts in mantisss
of operand

Decrement byts counter.

No

Byte counter = 07

Increment byte counter

Fetch byte of mantissa
addressed by ADR and
byte counter

Rotate byte right.

Figure 5




8265

8266

B267 WS4E 46
AZ6E B54F 8878y
B2h9 S5z 987A
6278 8554 2@
8271 BG5S CFAdd4
H55%
273 855
B55C
5 ASSE [Lgddd
Sl 1T

ASEs 687

9 3564 v454
HoEE A763
4568 JB4F
a5eh o1

265 WSRE 1967
56D e
HSeE (CB76%
T W

257
aers

R
azal

axec
X
o304
azes
306
a387
6188 BSTH BAFF
8309 857C CCB783
ax18 B57F Fedde
#3211 8562 8DaTSA
@312 8565 1348
A312 BSE7 B4FF
@314 569 (L8788
6315 @58C BEATES
8216 B58F 184X
8317 @591 1R4F
8318 8593 81
8319 @534 1R
0320 859¢ 28
8324 9597 CC8788
8322 859 8765
8323 859C CF478D
@324 5% SB7B
8325 @51 BCAT83
6326 854 CH682
8327

SRRk kA4

*

ERRC HALT DUMHY ERROR

MOIB LODA, kK8 FLAG TEST AND BRANCH T0 ERROP
BCFR, 2 ERRC HALT IF FLAG IS SET

MDIC EORZ  R9 CLEAR RO

MOIN STRA, ke *PNTR, RX, + RESULT OF OPERATION 1S ZERC
COMIL R LEN-1 STORE @ IN MANTISSA FESILT
BLFR. EQ MOIN AND H'38° IN EXPONENT
LODL.FH H &8
STRA. KA 4FNTR

RETC. N
*
MOIE LDDI. k2 <OFR ADDRESS OF OPERAND 1 IN
LODI. F# 0F REGISTERS
LODI. FX LEN-1 BYTE COUNTER
EETR. LN TWOB ThO'S COMPLEMENT OF OPERFND 1
Loz K TEST AND BRANCH IF OFERAND 2
ECTE.F MDIL IS POSITIYE
EORZ KB ELSE CLEAR SIGH FLAG
STRA. kg SIGN
HOID BSTH, UN TCOM TW(’S COMPLEMENT  OF OFERAND 2
MUIL EORZ FR CLERF kB AND ERANCH BRCK
ECTR, UN MOIF

+
*

P,

+

* MULTIPLICATION ROUTINE *

*
* THIS FOUTINE MULTIFLIES ThO BINARY FLORTING POINT
+ NUMBERS
*
BMUL EORZ  RA CLEAR FLAG (R2)
BCTR. N MDIR
4
*
* DIYISION ROUTINE *
*

* THIS ROUTINE DIVIDES TWO BINRRY FLORTING POINT

+ NUMEERS

*

BUIY LODL K@ H'FF SET FLAG (R®)

MOIA STRA. R# FLAG STORE K8 IN FLAG
BSTH, UN TRAN TRANSFER OPERANDS
LO0R, R1 OPB+1 FETCH M S BYTE OF OPERAND 2
BLTR.Z MDIB BRANCH IF OPERAND 2 1S 8
LODI.F8 H'FF’ SET SIGN FLAG
STRR, k& SIGN
LOOA, K2 OPF+1 FETCH M. S BYTE OF OPERAND 1
BLTR,Z MDIC BRANCH IF OPERAND 1 IS 8
BUTR-N MDIE BRANCH IF OPERAND 1 IS NEG
LoDz Ri TEST AND BRANCH IF OPERAND
BCTR,N MDID 2 1S NEGATIVE
EORZ  R® CLEAR SIGN FLAG
STRA, RO SIGN

MDIF LODI, R LEN+L SET BYTE COUNTER

MDIG STRA, kB OFBHLEN,R3, - CLEAR RESULT ARER IN
BRNR, R3 MDIG SCRATCH-PRD
LOOR, k8 FLAG TEST AND BRANCH IF FLAG IS SET
BCFR,Z DIV

MULTIPLICATION/DIVISION ROUTINE

BMUL BDIV

Y

Subroutine TRAN
Transfer operands to

scratchpad

Yes
Operand 2 = 07
No

Set SIGN flag
Yes
Operand 1 = 07

No

Store 00 as mantissa in
result area

Store H'80" as exponent
in result area

-

Operand 1
= negative”

Address of operand 11n
registers R2 and RO

Set byte counter
LENG - 1— R3

'

Subroutine TWOB
Two s complement of

Clear SIGN flag. operand 1

-
Set byte counter
LENG + 1 —= R3

Decrement byte counter

Operand 2
= negative?

!

Operand 2
= positive”

Store 00 in mantissa of
temporary result

Yes

FLAG = set?
(dwvision)

(FIG. 8)

Subroutine TCOM
Two's complement of
operand 2

!

(FIG. 7)

Figure 6

Error
Halt
ERRC




LINE ADDR (OBJECT E SOURCE

8328 @5A7 8619
8329 @5A9 7561
8339 95AB 0706
8331 @5A0 BF6789
8332 @588 D@
6333 @581 CFE789
8334 @584 FB77
8335 @586 BS@1
8336 @568 981B
6237 @S8R 8783
8338 B5BC 7501
8339 B5BE BF479D
6248 B5C1 86785
8341 @5C4 CFA78D
8242 85C7 5B7S
8343 85C9 6703
8244 B5CB BFE789
8345 B5CE 84060
8246 8508 CFE7SIY
8247 @502 FB76
8348 8505 FAS2
8249

8358 8507 7541
8351 @509 @0e7s4
8352 85DC 8D87s9
@353 @50F BS64
8354 ASEL 9C8663
#2355 ¥5E4 20
9356 85E5 BSAL
8357 @5E7 9CB646
8358 A5EA 48
8359

8368 BSEE E703
8361 @SED 9817
8262 BSEF 77
8263 @5F1 @703
#264 B5FX BF6784
8365 BSFE RFETEI
8166 ASF9 CFE794
@367 @5FC FB7S
B368

8163 BFE 7701
8378 B6oe 1610
8371

6372 BRaC B61F
A7 Bepd 7782

8278 8616 7581
8379 8612 B7ed
8230 9614 BF47S0
8381 8617 D@
8382 8618 CFE78D
@383 9618 5877
#3864

8355 61D @78z
8236 BE1F OF6784
8357 B6ee Dy
@386 M2T (FET34
6283 0626 FET7
82%

#3931 8628 FASC
@392
8397 BECA BFITHL
9294 862D CFETEY
8395 630 E7R4
B33 BESZ 9676
8397 Be34 776l
@398 BE3E B0ATE4
8399 @639 RDAT39
6400 G630 8401
8401 @63E BTG4
B 0648 7816
8492 2642 ECeL
8484 A6dd 9613
8485 2646 (CB789
406 BE49 3BZH
84087 BE4R 7S8L
8488 64D BCA7RY
M09 8658 81
6414 A6S1 (CO789

ML LODI,R2 MLEN

MULACPSL  C
LODL, R3 LEN2-2

MULB LODA, R 0PB, R3
RRL, k8
STRA, R® 0PB, R3
EDRR, R3 MULB
TPL €
BCFR, AL MULE
LODIL, R3 LEN-1
[0 N

SET BIT COUNTER

CLEAR CARRY

SET BYTE COUNTER
KOTATE LEFT MANTISSA OF
OPERAND2

BRANCH IF NOT READY
TEST AND BRANCH IF C = @

SET BYTE COUNTER
CLERR CARRY

MULC LODA, RO OPBHLEN, R3, - ADD MANTISSAS OF OPERAND 1

ADDA, RO OFA+1, K2

AND OF TEMPORARY RESULT

STRA, R OPBHLEN, K3

BRNR, RS MULC
LODL, R3 LEN-1

MULD LODA, k8 OFB, R3
RO, k8 6
STRA, k8 0PB, R3
BORR, R3 MULD

MULE BORR, RZ MULR

*
L C
LODA. R1 OPA
RDDA. P1 OPB
TPL OV
BCFA, AL MDIH
EORZ  Re
TPSL C
BCFA, AL MOII

ERRG HALT

*

DIVA COMIL. R LEN-1
BCFR, EQ DIVD

DIVB PPSL
LODI, R LEN-1

DIVC LODA, K9 OFR, R3
SUBA, R8 OFB, k3
STRA. k8 OFR, K3
BORR, R3 DIVC

')

PPSL C
ECTR. UN DIVE
*
DIY LOOL k2 DLEN
PFSL C(M
DIVD LODR, K8 OPR, K3, +
COMA, RA OPB, R3
BCTR, EQ DIVA
BCTR, GT DIVB
L C
DIVE LOOL,R3 LEN

SET BYTE COUNTER

ADD CARRY WITH M. 5 PART OF
TEMPORARY RESULT AND REST
OF OPERAND 2

DECR BIT COUNTER AND ERANCH IF
NOT ZERO

CLEAR CARRY

ADD EXPONENT OPERAND 1

AND EXPONENT OPERFND &

TEST AND BRANCH IF 0VF=

UDRRECTING CONSTANT = @
TEST AND BRANCH IF C = @

ELSE ERROR HALT

TEST AND BRANCH BACK IF

BYTE COUNTER IS NOT AT THE END
CLEAR BORROW

SET BYTE COUNTER

SUBTRACT MANTISSH OFERAND 2
FROM MANTISSA TEMPORARY
REMAINDER

DECR EYTE COUNTER AND BRANCH IF
BYTE COUNTER IS NOT @

SET CRRRY

BRANCH BACK

SET BIT COUNTER

LOGICAL COMPRRE

COMPARE M. S. BYTE (F REMAINDER
WITH M S BYTE OF OPERAND 2
IF EQUAL COMPARE OTHER BYTES
IF GREATER THAN, SUBTRACT
CLEAR CARRY

SET BYTE COUNTER

DIVF LODA. R OPBHLEN, K3, - FOTATE LEFT CARRY IN RESULT

KRL, k8

STRA, k@ OPB+LEN, R3

BRNR, R3 DIVF
*
LODI, K3 LEN-1
DIYG LOOA, R OPR, R3
RKL. k@
STRA, kG OFA, K3
BORK, R DIVG

BDKR, k2 DIVD
*

ARER

DECR BYTE COUNTER AND BRANCH IF
BYTE COUNTER IS NOT @ ’
SET BYTE COUNTER

ROTATE LEFT REMAINDER

DECR BYTE COUNTER AND ERANCH IF
BYTE COUNTER IS NOT @
DECR BIT COUNTER AND BRANCH IF
BIT COUNTER IS NOT @

DIVH LODA, K8 DPB+LEN-1, RZ, + TRANSFER MANTISSA RESULT

STRA, k8 0FB, R3
COMI. RS LEN
ECFR, EQ DIVH
PPl C
LOOH, k1 OPA
SUBA, R1 OFB
LODI, k8 1
TPSL  OVF
BCFR, AL MOIK
TPL C
BUFR, AL ERRF
MUIT STRA, k@ OPE
BSTR, UN NORM
CPsL C
LODA, RO OPE
RDZ KL
STRA, R8 0PB

TO PLACE OF MANTISSA OF
UPERAND 2 ON SCRATCH-PAD

CLEAR BORROW

SUBTRACT EXFONENT CPERAND 2
FROM EXPONENT OPERAND 1
CORRECTING CONSTANT = 1
TEST RND BRANCH IF OVF = 9

TEST AND BRANCH TO ERROR HALT
IFC=@

STORE TEMPORARY EXP. RESULT
NORMALIZE RESLLT

CLERR CARRY

RDD TEMPORARY EXPUNENT RND
CORRECTING CONSTANT

STORE EXPONENT RESULT

Bd11 8654 BSH4
B412 8656 1816
8413 8655 46
#414 0659 49
6415

B41€ B6SA 7501
8417 865C 31
8418 2650 C1
6413 B65E 28
B420 B65F BS84
8421 8661 1863
6422 0663 CDB7E9
8423 8666 360D
9424 9668 8704
8425 B66R 0CA788
8426 966D BLOS3S
0427 9670 7584
8428 8672 1FB4B0
8429

TPSL  OVF
BCTK, AL MDLJ

ERRH HALT

ERRF HALT

*

WIK CPSL  C
ADDZ  Ri
STRZ KL
EORZ RS
TP OV
BLTR, AL MDII

MDIH STRA,R1 OPB
BSTR, UN NORM

MDIJ LODI,R3 LEN
LODA, R@ SIGN
BSFR,Z TWOR
CPSL OV
BCTR, UN ROOF

*

TEST AND BRANCH IF OVF = 1

ELSE ERROR HALT
ERROR HALT

CLERR CRRRY

ADD TEMPORARY EXPONENT AND
CORRECTING CONSTANT

NEW CORRECTING CONSTANT = @
TEST AND BRANCH IF OVF = 1

STORE EXPONENT

NORMALIZE RESULT

BYTE COUNTER

TEST A PREFROM THO'S
COMPLEMENT IF SIGN = SET
CLEAR OVF FLAG

ROUND RESULT

MULTIPLICATION ROUTING (Cont.)

Set bit counter

8 X1t

ENG) - 7— R2

Set byte counter
LENG - 1—=R3

Clear carry

Set byte counter
(2 X LENG) - 2 — R3

—

counter

Restore

result.

Fetch byte of mantissa of
multiplier or temporary
result indexed by byte

Rotate byte left.

of multiplier or temporary

Decrement byte counter

byte in mantissa

No

Byte counter = 07

Carry = 17

Yes

Set byte counter
LENG-1— R3
Clear carry

—

result

Decrement byte counter.

Fetch byte of temporary

Add with similar byte of
multiplicand

Restore byte in
temporary result

No

Byte counter = 07

—

ERRG

Y
Error
Halt

Fetch byte of most
significant part of
temporary result or of
multiplier indexed by
byte counter.

Add 0 with carry.

Restore byte in
temporary result or
multiplier

Decrement byte counter

Byte counter = 07

Decrement bit counter

Yes

Clear carry

Add exponent multiplier
and exponent multiplicand

:

xponent overflow’
OVF

=12
Yes

Correcting constant = 0.

No

es
No
.a ::C

(FIG. 8) (FIG. 8)

Figure 7




Set bit counter
(8 X LENG) - 1 — R2

Logical compare

DIVISION ROUTINE (Cont.)

Set byte counter
- R3

IS

Increment byte counter

Fetch byte of remainder
indexed by byte counter.

Byte = similar byte

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

Clear borrow

Set byte counter
LENG - 1 — R3

| Clear carry I

Set byte counter
LENG — R3

Decrement byte counter

Fetch byte of temporary
result

Rotate byte left.

Restore byte in
temporary result.

!

Set byte counter
LENG - 1 —=R3

Fetch byte of remainder
indexed by byte counter

Rotate byte left

Restore byte in
rema

Byte counter = 07

Decrement bit counter

No

Fetch byte of remainder
indexed by byte counter
Subtract similar byte of
dividend.

Restore byte in
remainder.

Decrement byte counter

Byte counter = 07

Bit counter = 07

Figure 8

'

Increment byte counter

Fetch byte of mantissa
of result

Store byte in place of

operand 2

Is byte counter at the
end, R3 = LENG?

Clear borrow

Subtract exponent
dividend from exponent
divisor

Correcting constant = 1

¥

Exponent overflow

Store correcting constant in
place of exponent operand 2.
Subroutine NORM

Normalize result.

Clear carry
Add temporary exponent
result and correcting
constant.

New correcting

constant = 0.

Clear carry
Add temporary exponent
result and correcting
constant.

Store exponent result in
place of exponent
operand 2

——

i

Exponent overflow,

Error
Halt
ERRF

Error
Halt
ERRH

)}

Exponent overflow
OVF =12

Store exponent result in
place of exponent operand 2.

Subroutine NORM
Normalize result.

Set byte counter
LENG —=R3

No
Yes

Subroutine TWOA
Two's complement of
result

Clear OVF flag

10




LINE ADDR OBJECT E SOURCE

6431

8432 *

8432 * NORMALIZE ROUTINE *

8434 *

8435 * THIS ROUTINE NORMALIZES THE RESILT

8436 *

8437 8675 0684 NORM LODI,R2 LEN SET BYTE COUNTEK

6438 8677 7562 NORA CPSL CcoM ARITHMETIC COMPARE

8439 8673 62 NORL LODZ K2 SET BYTE COUNTER

8448 B67A C3 STRZ  R3

8441 678 BLB75A LODA, k8 OPB+1 FETCH M S BYTE OF OPERAND
8442 B6TE E4CO COMI. RO H'Ce’ TEST AND RETURN IF OPERAND
8442 2686 16 RETC, LT IS NEG AND NORMALIZED
8444 0631 E43F COMI, ke H/3F” TEST AND RETURN IF OPERAND IS
8445 8683 15 RETC. GT POSITIVE AND NORMALIZED
8446 8684 AB7E2 LODA, k8 0FE FETCH EXPONENT OF OPERAND
6447 8687 E400 COMI, k@& H’38 TEST AND BRANCH IF EXPONENT
6443 8689 1812 BCTR. EQ LPE IS MAKIMM

3449 9686 FGoa BORR, R@ $+2 ELSE DECREMENT EXPUNENT
8450 B6RD (LA7ET STRA, k8 OFB STORE NEW EXPONENT

5451 8698 7501 Pl C CLEAR CRRRY

8452 BE92 BFE739 LFD LODH 8 OFB.RS  FETCH BYTE OF MANTISZA
@453 8695 D8 RRL, R@ ROTATE LEFT BYTE
8454 B6% CFEPEY STRA, ke 0PB, kX STORE BYTE IN MANTISS

8455 86939 FE77 BORR. R3 LPD DECK EYTE COUNTER AND BRANCH
3456 * IF COUNTER 1S NOT @

57 BE9E 1BSC ECTR, UN NOR1 ELSE CONTINUE
8458 *
#4359 B30 BFETEY LPE LOOA k@ OPB.RZ  FETCH BYTE OF MANTISSH
3460 BeRE 88T BCFR. 2 ERRE BRANCH TO ERROR HALT IF BYTE
2150 * IS NOT &
8462 BERZ FETY BOKR, FZ  LPE DECE BYTE COUNTER AND BRANCH TF
3462 * COUNTER 15 NOT @
B464 B6A4 17 RETC. UN ELSE RETURN, OPERFND 15 @
8465 DERS 44 ERKB HALT RANGE UNOERFLOW OF NORMALIZED
6465 * OPERAND

NORMALIZE ROUTINE

NORM

Set and save byte counter
LENG — R2

Set byte counter

(R2) —=(R3)

Fetch most-significant
byte of mantissa of

result.

Is mantissa negative
and normalized?

Is mantissa positive
and normalized?

Fetch exponent of result

Is exponent negative
and maximum?

Decrement exponent
Restore exponent
Clear carry

—

Fetch byte of mantissa of
result indexed by byte
counter

Rotate byte left.
Restore byte in result

Decrement byte counter

NORA

Fetch byte of mantissa of
result indexed by byte
counter.

Yes

No

Byte counter = 07

No
Byte counter = 07 Yes
Error
Halt
ERRB ( Return ’
Figure 9

1



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” | R | R¥ RAM REQUIRED (BYTES): 0
REGISTERS X X X X X X X ROM REQUIRED (BYTES): 138
PSU F ] SP EXECUTION TIME: Variable
X MAXIMUM SUBROUTINE NESTING LEVELS: 3
PSL CC |IDC | RS | WC |OVF [COM | C
X X X X X X X ASSEMBLER/COMPILER USED: TWIN VER 1.0

LINE ADDR OBJECT E SOURCE

8468

8469

6479

8471

8472

8472

9474

8475

6476

3477

#47e

8479

3428

6431 PASF

8482 8420

P487 1e2d

454 BESH

8455 9264

56 B26E

487 8269

8455 8224

8459

6499 B6R6 A430
8491 06RS 1B61
8492 BeRAA 26
6497 36RE (L0788
8454 DERE SFOBEA
8495 BER1 BEFF
8436 PR3 3FAZZ4
8497 BoBS Bl
8492 @687 CEA440
8499 @6BA 2FBZ69
3508 B6BD E693
8501 B6BF 9672
950¢ Bel1 3B1R
8503 B6L2 FE86
6504 B6C6 8764
6565 B6(3 EF4720
8596 86(E 180F
8587 66CD 5B79
8568

0589 B6CF B43F
6518 86D1 3FBcB4
8511 8604 1658
8512

8512 8606 0420
8514 B8 3FRR4
8515 &8 17

8516

*

* BINARY FLORTING POINT ARITHMETIC TEST ROUTINE

* FOR USE WITH PIPBUG

*

* THIS ROUTINE INPUTS AND OUTPUTS THE OPERANDS, THE
+ OPERATOR AND THE RESULT IT DETECTS THE OPERATOR
* AND CALLS THE ARITHMETIC ROUTINE

*

*

* DEFINITIONS OF PROGRAM DEFINED SYMBOLS
*

QUES EQU H3F” CHARACTER 7
EQUL EG H' 207 CHARACTEK =
SPAC EQU H e SPACE CHARACTER
CRLF EQU H'883R°  FIPBUG CR AND LF QUTPUT ROUTINE
COUT EQ H'@2B4"  PIPBUG CHARRCTER OUTPUT ROUTINE
CHIN EQU H'8Z86"  PIPBUG CHARACTER INPUT ROUTINE
BOUT EQU H'8263  FIPBUG 2 HEX DIGITS OUTPUT ROUTINE
EIN EQU H'8224°  PIPBUG 2 HEX DIGITS INPUT ROUTINE
*
TSTL LOGL. kG H 50 ENTRY FOR ROUNDING

BCTR. UN TST4
TST2 EORZ K@ ENTRY FOR NO ROUNDING

TST4 STRA. Re ROUN
TSTX BSTR. UN CRLF

STORE ROUNDING CONSTANT
CR AND LF TO PRINTER

LOOL, k2 -1 SET EYTE COUNTER
INF1 BSTR, N BIN INPUT TWO HEX DIGITS
Lz Rt STORE IN k8

STRA, R *PNT1,RZ, + STORE TMO HEX DIGITS IN MEMORY

BSTA. UN BOUT PRINT TWO HEX DIGITS
COMI, K2 LEN-1 TEST AND BRANCH IF OPERAND
BCFR, EQ NP1 IS NOT  COMPLETE
BSTR, UN SPCE PRINT SPACE

TSTC BSTR, UN CHIN INFUT OPERRTION CHARACTER
LODL, K3 4 OFERATION CHARACTER COUNTER

TSTR COMA, K8 OPSI,R3, - TEST AND BRANCH IF IT

BLTR,EQ TSTB IS AN OPERATION CHARACTER
BRIR, R3 TSTH TEST AND BRANCH IF COUNTER IS
* NOT ZERO
TSTK LODI, R8 QUES PRINT 2
BSTA, UN COUT
BCTR, UN TST3 START A CALCULATION AGAIN
*
SPCE LODI, R® SPAC SPACE CHARACTER IN R
BSTA.UN CouT PRINT SPACE
RETC, N

LINE ADDR OBJECT E SOURCE

SAYE OPERATION CHAR  INDEX
PRINT OPERATION CHARACTER
PRINT SPRCE

SET BYTE COUNTER

INPUT TWO HEX DIGITS
STORE IN R8

STRA, R® *PNTZ,R2, + STORE TWO HEX DIGITS IN MEMORY

PRINT TWO HEX DIGITS

TEST AND BRANCH [F DPERAND
IS NOT COMPLETE

PRINT SPACE

INFUT A CHARACTER

TEST AND CONTINUE IF IT IS
NOT A = CHARACTER

PRINT A = CHARACTER

FRINT SPRCE

FETCH SAVED OPERATION CHAR
INOEX

CLEAR CARRY, WITH CARRY

HULTIPLY INDEX BY 3

JUMF TO SELECTED SUEROUTINE
NITROUT CARRY
COUNTER

PRINT TWO HEX DIGITS

TEST AND BRANCH [F OUTPUT
RESULT IS NOT RERDY

STRET NEW CRLCULATION AGRIN

H'ZB, 20, 2R, 3" OPERATION CHAR. +. - %

RDOITION ROUTINE
SUETRRCTION ROUTINE
MULTIFLICATION ROUTINE
DIVISION ROUTINE

8518 860C CFO783 TSTB STRA, K3 FLAG
8519 G6DF 3FBZB4 BSTA, UN COUT
8528 @6E2 3872 BSTR, UN SPCE
6521 B6E4 B6FF LooL R2 -1
6522 86E6 3FEBZ24 INF2 BSTH, UN BIN
8523 96E9 AL Loz R
8524 B6ER CER442

8525 B6ED 2FB69 BSTR, UN BOUT
@526 B6FB E6O3 COMI, R2 LEN-1
8527 B6Fz 9872 BCFR, EQ INF2Z
8528 B6F4 3868 BSTR, UN SPCE
8529 BAF6 3FOEBE TSTD BSTR, UN CHIN
@530 B6F9 E43D COMI, k8 EQUL
8531 B6FB 9852 BCFR, EQ TSTK
@532 B6FD 3FAZB4 BSTA. N COUT
8533 0766 3854 BSTR. UN SPCE
8534 @762 BCA7R2 LOOR, Ré FLAG
@535 *

8536 8785 7989 CPSL C+WC
@537 8787 3 STRZ ¢
8938 6782 Do KRL. k9

6529 4789 83 ROOZ 3
#5460 A70R (3 STRZ K2
@541 8796 BFaTed BSXA JUMP, B3
8542 A78E 7565 CFSL WC
A543 @718 B7FF LODIL K3 -1
@544 9712 BFAdd4 TSTG LODA. k8 *PNTR, k3, + FETCH BYTE OF RESULT
8545 9715 1 STRZ K
#5946 B716 3FA6S BSTR, UN BOJT
@547 @719 E7AX COMI.R3 LEN-1
8548 9718 9679 BCFR. ER TSTG
@549 6710 1FA6AE ECTR, UN TST3
556 *

@551 a726 2B2D2AZH  OFSI DATH

@55 *

A953 @724 1F@48E JUF BCTR, UN BROD
8554 9727 1F8453 BLTH. UN BSUB
8555 O72R 1F@S77 BLTR, UN BMUL
a556 8720 1F@S7AR BCTA, UN BDIY
@557 *

8958 8446 END  TRAN

TOTRL ASSEMBLY ERRURS = @@d9
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