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CONVERSION ROUTINES

INTRODUCTION

Conversion routines like binary to BCD, BCD to binary, and
BCD to ASCII are often used in microprocessor based
systems. This applications memo describes routines for
converting:

® FEight-bit unsigned binary to BCD.

® Sixteen-bit signed binary to BCD.

® Signed BCD to binary conversion 1 (using an addition
method).

® Signed BCD to binary conversion 2 (using a multi-

plication method).

Signed BCD to ASCII

ASCII to BCD

Hexadecimal to ASCII

ASCII to Hexadecimal

1. EIGHT-BIT UNSIGNED BINARY-TO-BCD
CONVERSION

FUNCTION:

Converts an unsigned binary number to a BCD number
(3 digits). ]
(BINN) Conversion » RO, R1

A multiplication method is used.

PARAMETERS:

Input: BINN contains the binary number (8 bits
unsigned.

Output: Registers RO, R1 contain the BCD result

(3 BCD digits).

RO is the most-significant byte.

The maximum BCD result is 256 decimal.
Refer to figures 1.1 and 1.2 for flowchart and program
listing.

HARDWARE AFFECTED

RO | RT | R2 | R3 | R1" | R2" | R¥
REGISTERS

X X

F " sp
PSU

CC | IDC| RS | WC | OVF|cOM| C
PSL

X X X X X

2650 MICROPROCESSOR
APPLICATIONS MEMO

RAM REQUIRED (BYTES): 1
ROM REQUIRED (BYTES): _ 28
EXECUTION TIME: Variable

MAXIMUM SUBROUTINE
NESTING LEVELS: 0

ASSEMBLER/COMPILER USED:

PIPHASM

Enter CONV Subroutine

i Operation:

—R0, R1
® Operations with carry (Binary) (BCD)
® Logical compare
® Clear carry

conversion
Initialize PSL: BINN

-

[ (BINN) binary number —R0

:

(RO)—R1

i

i

Decimal Adjust (R1)

!

—  — —

Clear LS 4 bits of RO

Clear MS 4 bits of R1 J

MS 4 bits
(RO) zero

No

FRO) Binary Number—H"10'— R0 I

i

-

(R1) + BCD 16 —R1 I

!

Decimal Adjust R1 J

!

.

Add Carry from R1 to RO ]

A

( EXIT )

FIGURE 1-1

Flowchart for Eight-Bit Unsigned Binary-to-BCD

Conversion (Multiplication Method)
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32 8588
33 8582
34 8564
35 8547
36 8568
37 8564
38 854

48 956D

42 B56F
43 8511
4 8513
45 8515
4 8517
47 8518
48 #5148

3 8510

o808
fast
pegs
g2
8681
8863
682

Booe

8588

#56F

#51c

17 8

75 81

ac 86 86
(3]

43 #F

35 &b
99

LU

E4 16
1A #9
A4 gF
85 7B
b5

84 06
1B 73

4

3 PD768858
T R aa s S s RR R AT
# B BIT UNSIGNED BINARY TO BCD CONVERSION
FHHH R R R R b
*

#THIS ROUTINE CONVERTS AN 8 BIT UNSIGNED BINARY
#NUMBER INTO AN UNSIGNED BCD NUMBER.

*

$BINARY NUMBER IS IN BINN.

#BCD NUMBER (AFTER CONVERSION) IS IN Ré:RI1.

#  HUNDREDS IN RE

+  TENS:UNITS IN R1,

+

#DEFINITIONS OF SYMBOLS:

3

Ré EQU # PROCESSOR-REGISTERS

RI  EQU 1

WC EQU H'#8? PSL: 1=WITH» B=WITHOUT CARRY

COM EQU '8z’ 1=LOGICy #=ARITH.COMPARE
¢ EQU H'g1’ CARRY : BORROW
UN - EQU 3 BRANCH COND.: UNCONDITIONAL
LT EQU 2 LESS THAN
3
]
ORG H' 668’
¥
BINN RES 1 BINARY NUMBER.

*

ORG H' 588’ START ADDRESS OF ROUTINE.
3

# INITIALISATION:

CONV PPSL  NC+COM WITH CARRY:LOGICAL COMPARE
St € CLEAR CARRY FLAG IN PSL.
LODAsR& BINN 8 BIT BIN.NUMBER -) RE.
STRZ Rt (R8) -)> R1.

ANDI,R1 H'8F* CLEAR WS & BITS BIN. NUMBER
ADDLRT W64 PREPARE Ri FOR DECIMAL ADJUST.
DAR:R1

]
ANDI:RE8 H'F8’ CLEAR LS 4 BITS.

1

LOOP COMI:R8 H'18’
BCTR:LT EXIT IF MS 4 BITS ZERO THEN RETRUN.
SUBI:RB H'18'-1  SUBTRACT t FROM MS 4 BITS
ADDI:R1 H'16'+H'66"-1 ADD BCD 16 AND PREPARE

DAR:R1 FOR DECIMAL ADJUST.
ADDI:RE § ADD CARRY TO MS BCD DIGIT
BCTR:UN LOOP BRANCH AGAIN

3

EXIT HALT END OF CONVERSION.
END

FIGURE 1-2 Program Listing for Eight-Bit Unsigned Binary-to-BCD Conversion
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2. SIXTEEN-BIT SIGNED BINARY-TO-BCD
CONVERSION

FUNCTION:

Converts a signed 16-bit binary number to a signed BCD
number.
Subtraction of base numbers is used.

PARAMETERS:
Input: BINN, BINN+1 contain the signed binary
number.

BINN is the most-significant byte.
Binary number is destroyed after conversion.

Output: BCDD, BCDD+1, BCDD+2 contain the BCD
result.
BCDD contains the sign and the most-significant
BCD digit.

The minimum BCD result is -32768 decimal.
The maximum BCD result is +32767 decimal.

Refer to figures 2.1 and 2.2 for flowchart and program
listing.

HARDWARE AFFECTED
RO | R1 | R2 | R3 [ R1" | R2” | R¥
REGISTERS
X X X X
F " SP
PSU
cC | IDC| RS | WC | OVF |COM
PSL
X X X X X
RAM REQUIRED (BYTES): __ &6
ROM REQUIRED (BYTES): __ 106
EXECUTION TIME: ___ _Variable ______________
MAXIMUM SUBROUTINE
NESTING LEVELS: O
ASSEMBLER/COMPILER USED: _ P|IPHASM _________

Enter BBCD Routine

i

Initialize PSL:
® Operations with carry
® Clear borrow

!

Clear BCDD, BCDD+1, BCDD+2
-10— R1 (index base register)

[ Two's complement binary number I

i

[ H’'09’ negative sign)— BCDD+2 l

Operation:

BINN, BINN+1—

(Binary)

LOOP

Shift BCD register left 4 bits
for loading next BCD digit

i

—BCDD, BCDD+1, BCDD+2
(BCD)

1

Subtract current base number
from Binary number

Binary number

negative

Add current base number to
Binary number

!

Set pointer to next base
number: (R1) +2—=R1

onversion
ready:
(R1) =0,

tBCDD+2) +1—BCDD+2 l

L

FIGURE 2-1

Flowchart for Signed Binary-to-BCD Conversion
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L)
8
9
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5
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o4
63
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89
%
n
n
73
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b
76
n
8
"
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88
89
9%
91

#6685

#689
(L1
(1))

1
3
(1]
il

42
#9453

[0 /3
8685

#505

#511
#513

#521

9525
#527

#532

9538

954
55

#55F

27 18
#3E8
o
L X ]
(X1

e

28
78
CF 4 82
S8 7B
5 Fe

6 05 80
9 1§
8 0
28

AE WM
CE 66 99
a7

[ L ]
CC 86 04

75

8 #

[ 2 K]
W 4 82
Dé

CF 66 82
SB 77
FA T3

85 82

8 82
78
s M
AD 45 #F
CE 66 89
W75

14 #9

0 96 84
82

CC 96 §4
1B 64

# 902

§E 45 96
8D 45 11
CE 66 ¥
%75
85 83
59 42
LN

+  PD768#S1

+ BINARY TO BCD CONVERSION +

+

#THIS ROUTINE CONVERTS A SIGNED BINARY NUMBER
#(15 BITS) INTO A SIGNED BCD NUMBER

#(24 BITS: SIGN + 5 BCD BIGITS).

+

#THE BINARY NUMBER 1S IN BINN:BIMN+1,

#THE BCD NUMBER IS IN BCDD)BCDD+1,BCDD+2.

#BINN AND BCDD ARE MOST SIGHIFICANT BYTES.

NS NIBBLE OF BCDD=§ FOR POSITIVE BINART NUMBERS.
#MS NIBBLE OF BCDD=9 FOR NEGATIVE BINARY NUMBERS,
3

#SUBTRAHENDS ARE PLACED IN RECISTER BASE (18 BYTES)
#

#DEFINITION OF SYMBOLS:

#
Ré EQU § PROCESSOR-REGISTERS
Rl EQU 1
Rz EQU 2
R3 EQU 3
W EQ H'ee’ PSL: 1=WITH: #=WITHOUT CARRY
C W H'81’ CARRY+BORRON
N EQ 2 BRANCH COND.: NEGATIVE
N EQU 3 UNCONDITIONALY
+
+
ORG H688" START ADDRESS
¥
BINN RES 2 BINARY NUMBER MEMORY LOCATION
BCDD RES 3 BCD RECISTER
BASE BATA  H'27,18" 16688
DATA  H'§3:E8" 1868
DATA  H'BHi64’ 168
DATA  H'8hBA' 1§
DATA  H'#f1 |
LEN EQU $-BASE LENGTH BASE RECISTER
ORG H'588! START ADDR. OF PROGRAM

3
BBCD PPSL  WC+C ARITHMETIC+ROTATE WITH CARRY:
L] CLEAR BORROW.
EORZ RS INITIALISATION: CLEAR RS.
LODI/R3 3
LOCE STRA)R@ BCDDIR3:-
BRNR:R3 LOCH
LODI:R1 -LEN

CLEAR 3 BYTES OF BCD REGISTER.

LENGTH OF BASE RECISTER.

LODA/RZ BINM HS & BITS BINARY NUMBER.
BCFR/N  LOOP IF P0OS. GO TO LOOP
COMP LODINRZ 2 LOAD INDEX RECISTER.
LOCt EORZ  R§ THO'S COMPLEMENT BY

SUBAIRE BINNIRZ)-
STRA'R® BINN)R2

SUBTRACTING FROM ZERO.

BRNR:RZ LOCI RETURN IF NOT READY.
LODI+RE H'#9’ NEGATIVE SIGN INDICATION.
STRAIRS BCDD+2 SIGN IN LSB OF BCD RECISTER.
3 SHIFT BCD REG. LEFT & TIMES.
LooP CPSL € CLEAR CARRY FOR ROTATE.
LODIIRZ 4 BIT COUNT.
LP2 LODI/R3 3 INDEX BYTE SHIFT.
LP1 LODA:R@ BCDD:R3:- BCD DIGIT INTO R#.
RRL1R§ CARRY (PREVIOUS MS BIT)-) LSB
STRA'RS BCDD:R3  AND MS BIT -) CARRY.
BRNR+R3 LP1
BDRR:RZ LP2
3
SUBL ADDIWR? 2 RESTORE BASE INDEX.
LODI+RZ 2 INDEX RECISTER
PPSL € CLEAR BORROW

LOCZ LODA:RS BINNIRZ:- LOAD BINN AND SUBTRACT
SUBA/R@ BASE-256+LENIRI»- CORRESPONDING

STRA:RS BINN:RZ  BASE DIGIT

BRNR1RZ LOC2

BCTR:N  CORR IF BINN NEG. THEN CORRECTION.
LODA:R@ BCDD+2

ADDZ  R2 ADD 1 TO LSB OF BCD NUMBER
STRAIRG BCDD+2 C=1 IN PSL AND (R2):=§
BCTRUN SUBL

]

CORR LODI'RZ 2 INDEX COUNT

L0C3 LODA:R@ BINN:RZ:- ADD CORRESPONDING BASE BYTE 10
ADDA:R@ BASE-256+LEN+2)R1:- BINARY NUMBER.
STRA:R# BINK)RZ

BRNR:RZ LOC3 RETURN IF NOT READT!

ADDIIRT 3 UPDATE BASE POINTER:C=1IN PSL

BRNR:R1 LOOP RETURN 1F CONVERSION NOT READY
EXIT HALT ~ END OF CONVERSION

END

FIGURE 2-2 Program Listing for Signed Binary-to-BCD Conversion
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3. SIGNED BCD-TO-BINARY CONVERSION 1

FUNCTION:

Converts a five-digit signed BCD number to a sixteen-bit
signed binary number.

Addition of base numbers is used.

PARAMETERS:
Input: BCDD, BCDD+1, BCDD+2 contain the BCD
number.
BCDD contains the sign plus the most-significant
BCD digit.
The range of BCD numbers is: —=32768<BCD
Number<+32767.
BCDD is destroyed after the conversion.
Output: BINN, BINN+1 contain the signed binary
number.

BINN is the most-significant byte.

Refer to figures 3.1 and 3.2 for flowchart and program
listing.

HARDWARE AFFECTED
RO | R1 | R2 | R3 | R | R2" | R3
REGISTERS
X X X X
F n |sp
PSU
cc | IDC| RS | wc | ovF|com| C
PSL
X X X X X
RAM REQUIRED (BYTES): 5
ROM REQUIRED (BYTES): 86
EXECUTION TIME: _______Variable
MAXIMUM SUBROUTINE
NESTING LEVELS: o0
ASSEMBLER/COMPILER USED: _ PIPHASM

Enter BBIN Routine

i

Operation

BCDD, BCDD+1, BCDD+2—=BINN, BINN+1
Initialize PSL: (BCD) (Binary)
® Operations with carry

0 —Binary register
10— R1 (number of base digits)

LOOPl

Clear carry (o—c in PSL)

!

L LS BCD digit—R3

Yes (

Next BCD digit)

Add current base number
to binary number
(R3) -1—R3

BCD digit
zero; (R3) = 0,

Shift BCD register right 4 bits
to point to next BCD digit

!

Set pointer to next base
number: (R1) -2—R1

Sign
BCD number
negative

I Two's complement binary number

C exit )

C exit )

FIGURE 3-1: Flowchart for signed BCD-to-Binary Conversion
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#404  phod
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B
#71
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475 #4475
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847
#4846
#1482
#4584
#4846
#488

N~ O OO O O~ O O
WR = 0 ® o= w

#484
#48C
$48E  BASE
#49¢
492 8492
#1493
8494
#499

@O~~~ ~
— @ 0 ® ~ O U &

§498 9498

© @
w N

86 94
7 Fd
#F 65 85
A

CF 65 #5
DB 77
B#
FAT1
F9 88
F9 St

F4 98

98 8D
78

8 92

1)

AE 46 B8
CE 66 08
W

4

# PD768852

# BCD TO BINARY CONVERSION
R e e e Y]

i

# THIS FOUTINE CONVERTS A SIGNED BCD NUMBER

# (24 BITS: SIGN45 BCD DICITS) INTO A SIGNED

+ BINARY MUMBER (16 BITS).

+ -32768 <BCD NUMBER (432787

+  BCD NUMBER IS LOST AFTER CONVERSION.

+

+ THE BINARY NUMBER IS IN BINN:BINN+1.

+ THE BCD NUMBER IS IN BCDD:BCDD+1:BCDD+2 (A#-AH).
+ THE BASE NUMBERS ARE IN BASE:- -1BASE+9 (R#:R4).
# BINM AND BCDD ARE MOST SIGNIFICANT BYTES.

]

+ PRINCIPLE OF COMVERSION IS:

+ BINN = AB.RB+ AL.R1+ AZ.R2+ A3.R3+ M.R4

+  AF -A4 = NUMBER OF DIGITS OF BCD NUMBER.

# R -R4 = BASE NUMBERS FOR CONVERSION,

+

+ DEFINITIONS OF SYMBOLS:

R§ EQ PROCESSOR-RECISTERS
Rl EW |
R2 EQ 2
R3 EQU 3
N EQU H'#8’ PSL: 1=NITH: §=NITHOUT CARRY
C EQU W8 CARRY : BORROW
I W # BRANCH COND: ZERO
ON EQU ¢ ALL BITS ARE 1
SICN EQU H'#8’ TO TEST BCD. NUMBER
LEN EQU 18 INDEX NUMBER (LENCTH BASE REG)
]
ORC H' 688’
]
BINN RES 2 BINARY NUMBER
BCDD RES 3 BCD NUMBER

BASE DATA H'27:18' 1994
DATA H'93,E8" 1689
DATA K064’ I
DATA H'#H: 88’ 1
DATA H'#MiB1' |

ORC K 459" START OF PROGRAM

BBIN PPSL  WC ARITHMETIC+ROTATE WITH CARRY
EORZ  Ré CLEAR RE
STRA:RE BINN CLEAR BINARY RECISTERS

STRA'RG BINN+L

LODI+R1 LEN INDEX FOR BASE DIGITS

LooP CPSL € CLEAR CARRY
LODAR3 BCDD+2 LOAB LS BCD DIGIT IN R3
ANDIR3 H'BF' CLEAR M5 & BITS
BCTR:Z MEXT IF ZERD GO TO NEXT

LOC1 LODI+RZ 2

LOCZ LODA'RG BINNIRZ:-
ADDA'R@ BASE'R1:- ADD BASE DIGIT TO BIN. NUMBER
STRA:RS BINN)RZ

LOAD INDEX

BRNR:RZ LOCZ
ADDIRI 2 RESTORE BASE POINTER
BDRR»R3 LOCH IF NOT READY RETURN TO LOCI

NEXT LODIsRZ 4 BIT COUNT

LPZ LODI/R3 -3 INDEX FOR BYTE COUNT

LP1 LODA:R@ BCDD-256+3:R3 BCD DIGIT INTO R#
RRR:R§ CARRY (PREVIOUS LS BIT) -)> NSB
STRA:R# BCDD-256+31R3 AND LS BIT -) CARRY.
BIRR:R3 LP1 NEXT BCDD BYTE

st €
BDRR:RZ LP2 NEXT SHIFT OF BCD REC. BIT
BORR:R1 $+42 UPDATE BASE POINTER WITHOUT

BDRR:R1 LOOP AFFECTING C FLAG IN PSL AND
+ GO TO LOOP IF NOT READY
THI:R§ SICN

BCFR/ON EXIT IF SIGN POS. THEN READY.

comp PPSL € CLEAR BORROW
LODIsRZ 2 NUMBER OF DIGITS
LP3 EORZ  R# TNO'S COMPLEMENT BY

SUBA:R@ BINN:RZ,- SUBTRACTION FROM ZERO
STRA:RG BINN:RZ
BRNR1RZ LP3

3

EXIT HALT
END

END OF CONVERSION

FIGURE 3-2 Program Listing for Signed BCD-to-Binary Conversion
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4. SIGNED BCD-TO-BINARY CONVERSION 2

FUNCTION:

Converts a five-digit signed BCD number to a sixteen-bit
signed binary number.

A multiplication method is used.

PARAMETERS:

Input: BCDD, BCDD+1 contain the BCD number.
BCDD contains the sign plus the most-significant
BCD digit.
The range of BCD numbers is: —-32768<BCD
Number<+32767

Output: BINN, BINN+1 contain the signed binary
number.

BINN is the most-significant byte.

Refer to figures 4.1 and 4.2 for flowchart and program
listing.

HARDWARE AFFECTED
RO | R1 | R2 | R3 | R1" | R2" | R3
REGISTERS
X X X X
F 1" SP
PSU
cc | IDC| RS | wC | OVF |[cOmM| C
PSL
X X X X
RAM REQUIRED (BYTES): 6
ROM REQUIRED (BYTES): 87
EXECUTION TIME: __ __ _\ Variable
MAXIMUM SUBROUTINE
NESTING LEVELS: O
ASSEMBLER/COMPILER USED: __PIPHASM __ _______

Enter BCDC Routine

Operation
BCDD, BCDD+1, BCDD+2 +Binn, Binn+1
Initialize PSL (BCD) {Binary)

® Operations with carry

i

0-—=BINN, BINN+1
5—A3 (BCD digit count)

!

l Save sign of BCD number |

-

I Clear carry ]

!

BINN, BINN+1—>R1, R2
(Binary number)

:

[ Rotate (R1, R2) Left twice ]

L ? Multiplication: binary number x 10

l(R1, R2)+(BINN, BINN+1)—=R1, RZI

i

[ Rotate (R1, R2) Left once J
J

i

(R1, R2) + MS BCD digit—R1, R2
(R1, R2)— BINN, BINN+1

;

Shift BCD register left 4 bits
to point to next BCD digit

(R3) -1—R3
(Digit count)

Conversion
ready: (R3)=0

Sign
negative

| Two's complement binary number l

T
C exit ) C exit )

FIGURE 4-1: Flowchart for signed BCD-to-Binary Conversion
(Multiplication Method).
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1 +  PD7468653

2 HH I 0P 44

3 + BCD TO BINARY CONVERSION +

4 BRI A A R

S ]

4 + THIS ROUTINE CONVERTS A SIGNED BCD NUMBER

7 + (24 BITS: SIGN + 5 BCD DIGITS) INTD A SIGMED

8 + BINARY NUMBER (16 BITS),

9 +  -32768 < BCD NUMBER { +32747

19 + BCD NUMBER 15 LOST AFTER CONVERSION

11 +

12 + PRINCIPLE:

13 # BIN.=((CLLU(A+1H) +B) #18) +0) #16) +D) #19) +E
14 + ABCDE= BCD MUMBER

15 ]

16 # NULTIPLICATION BY 18 1S DONE BY:

17 # LOAD RZ:R1 WITH BIN. NUMBER: SHIFT LEFT TWICE,
18 +  ADD BIN. NUMBER TO RZ:Ri» SHIFT LEFT ONCE:

19 +  STORE R2:R1 IN BINN:BINN+1 AS RESULT

28 #

21 + DEFINITION OF SYMBOLS:

22 L Ré EW ] PROCESSOR-REGISTERS

23 (1) Rl EQU 1

24 #9692 RZ EW 2

25 #0863 R3  EQU 3

2 #98e W OEW H'88’ PSL: 1=WITH» B=NITHOUT CARRY
27 8981 [ ] LR CARRY : BORROW

28 #9862 N EW 2 COND: NEGATIVE

29 45 NN EQU 5 INDEX FOR NUMBER OF BCD DIGITS
3% +

31 ORG H' e8!

3 +

33 (131 BINN RES 2 BINARY NUMBER

34 #o82 BCDD RES 3 BCD NUMBER AND SIGN

35 8665 SIGN RES 1 SAVE SIGN DIGIT

3% ]

38 3

39 ORG N1 458" START OF PROGRAM

4 ]

4 #4590 8456 77 98 BCDC PPSL  WC ARITH. :ROTATE NITH CARRY
2 M2 28 EORZ R CLEAR Re

43 #4453 CC 86 99 STRAIRG BINN CLEAR BINARY NUMBERS

LI 11 CC 86 81 STRAIRS BINN+L

45 9459 #7 85 LODI+R3 NUM BCD INDEX REGISTER

L +

47 8458 o 86 82 LODA:R@ BCDD SAVE SIGN OF BCD NUMBER IN
48 PASE CC 86 85 STRA'RE SICN MEMORY LOC. SICN

L4} +

56 ¥ MULTIPLY BINARY NUMBER BY 18
St #461 #4601 75 41 LooP CPSL  C CLEAR CARRY

52 #4463 #D 86 86 LODA:RY BINN LOAD BIN. NUMBER IN R1:R2
53 #4bh #E 86 81 LODA+RZ BINN+1

54 #4469 D2 RRLIR2 ROTATE REGISTERS R1:RZ LEFT 2
55 B4R Dt RRL:RL

56 #4468 D2 RRL1R2

57 B46C D1 RRL1R1

58 #44D 8E 86 81 ADDAYRZ BINN+1 ADD BIN. NUMBER T0 R1:RZ
59 #8478 8D 86 88 ADDAIRT BINN

o8 8473 D2 RRL1R2 SHIFT R1+RZ LEFT ONCE

61 #4714 Dt RRL:R1

62 L]

83 L]

o4 9475 #C 86 82 LODARE BCDD LOAD MS BCD DIGIT IN R#
65 8473 H oF ANDI'R® H'8F’ CLEAR MS 4 BITS

b6 847 82 ADDZ  RZ ADD BCD TO BINARY NUMBER
67 #4TR 85 88 ADDI+RY # ADD CARRY TO MS BYTE

68 9470 CD #6 88 STRAIR1 BINN STORE RESULT IN BINN:BINN+1
69 8488 CC 86 #1 STRAIRG BINN+L

" + ROTATE BCD NUMBER & TIMES LEFT
n 3 T0 POINT TO NEXT BCD DIGIT
72 8483 #5 84 LODI:RI 4 BIT COUNT

73 8485 9485 94 93 LPZ LODI\RZ 3 INDEX FOR BYTE COUNT

74 8487 BAST BE 46 92 LF1  LODA'R® BCDD:R2-

75 8484 Dé RRL:RE SHIFT BCD BYTE LEFT

76 8488 CE 66 82 STRA:R@ BCDD:RZ

77 B48E 5477 BRNR:RZ LP1 NEXT BYTE OF BCD REGISTER
78 BA%E F§ 73 BDRR:R1 LP2 NEXT BIT SHIFT

79 §492 FB 4D BDRR:R3 LOOP 70 LOOP IF MULTIPLY NOT READY
88 +

81 8494 #C 86 85 LODA+RE SICN

82 8497 9 6D BCFR'N  EXIT IF SIGN POS. THEN READY
83 8499 778 PPSL  C CLEAR CARRY

84 B49B 85 82 LODIyRZ 2 INDEX LOADING

85 849D 49D 28 LP3 EORZ RE TNO'S COMPLEMENT BY

56 B49E AE 66 88 SUBA'R@ BINNIRZ  SUBTRACTING FROM “f°"

87 #4A1 i 86 88 STRARA BINN

85 B4A4 SA 77 BRNR:RZ LP3

89 3

98 B4A6 B4AL 44 EXIT HALT END OF CONVERSION

91 END

FIGURE 4-2 Program Listing for Signed BCD-to-Binary Conversion
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5. SIGNED BCD-TO-ASCII CONVERSION

FUNCTION:

Converts n BCD digits plus sign to n + 1 ASCII characters
(sign included).

PARAMETERS:

BCDD, BCDD+1, ------ BCDD+ (numb - 1)
BCDD conrtaihs the sign plus the most-significant
digit (2 BCD digits/byte).

Numb,is the number of BCD bytes.

ASCI,ASCI+1, ------ ,ASCI + (num - 1) contains
the signed result.

ASCI contains the sign.

ASCI+1 contains the most-significant byte.

Input:

Output:

Refer to figures 5.1 and 5.2 for flowchart and program
listing.

HARDWARE AFFECTED
RO | R1 R2 | R3 | R1" | R2" | R3
REGISTERS

X X X X

F 1 SP
PSU

CC | IDC| RS [ WC | OVF|COM| C
PSL

X X X X X

N Numb, N Num+1

RAM REQUIRED (BYTES):

ROM REQUIRED (BYTES): 53
EXECUTION TIME: Variable
MAXIMUM SUBROUTINE

NESTING LEVELS: 0

PIPHASM

ASSEMBLER/COMPILER USED:

10

Enter BASC Routine

Y

Operation:

Initialize PSL:

BCD digit + H '30'—ASCII

(Conversion)
® Operations with carry

o Clear carry

!

[ Number of BCD digits—R3 ]

LOOP{

[ LS BCD-Byte—=R0 J
l Clear MS 4 bits of RO ]
I (RO) + H '30'—>R0 ]

(RO)— ASCI indexed (R3)

SHFTL

Shift BCD register right 4 bits
to point to next digit.

i

(R3) -1—R3
(index counter)

Yes
Positive Negative

A '+'—ASCI I I A~ —>ASCI I

FIGURE 5-1

Flowchart for BCD-to-ASCII Conversion (signed)
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0O Q0 N O~ W) e

42 8580
43 8562

46 #5686
47 8569
48 8568
49 856D

51 8518
52 #8512
53 8514
54 8517
55 #518
56 #51B
57 851D
58 #51F
39 8521

61 #9523
62 8526
63 8528
o4 524
65 852D
b6 #52F
&7 8531

6% 8534

a8es
#os1
#o82
8643
#8488
Bt
883
(100

#6883
8865

(211
BAE3

#5868

#5686

#5186
#512
8514

#523

#528

#52F

#9534

77 88
n#
87 85

#C 84 E2
44 BF
84 38
CF 64 E3

85 64

#6 FD

8k 63 E3
4

CE 63 E3
DA 77

75 81
Fe 71

FB 43

6 84 E2
18 #7
84 2D
T 84 E3
1B #5

84 2B
CC 84 E3

L0

+

+ PD760854
B R R R R R R 444
+ BCD TO ASCIT CONVERSION +

B R R AR R R R E R 0 44

H

# THIS ROUTINE CONVERTS A SIGNED BCD NUMBER

+ INTO ASCIT CHARACTERS (SIGN INCLUDED).

# BCD FORMAT: SIGN + BCD DIGITS (TWO DIGITS:BYTES)
# THE NUMBER OF BCD DIGITS -) R3 = NUM

* THE NUMBER OF BCD BYTES -> RZ = NUMB

+ BCD NUMBER IS IN BCDD:BCDD+1---1BCDD# (N-1)

+ ASCI1 CHARACTERS ARE IN ASCIIASCII+1r--- ASCIT+NUM
+ (SIGN) (BCD DIGITS)

3

# DEFINITIONS OF SYMBOLS:

)

Ré EQU ]

Rl EQU 1

Rz EQU 2

R3 EQU 3

W EQU h'#g’ PSL: 1=RITH) B=NITHOUT CARRY
t W H'é1’ CARRY : BORROW

UN  EQU 3 COND: UNCONDITIONAL

7 B # ZERD

]

# IN THIS EXAMPLE THE CONVERSION OF 5 BCD DIGITS
+ IS PERFORMED.

]

NUMB EGU 3 NUMBER OF BCD BYTES
NUM  EQU 5 NUMBER OF BCD DIGITS
3
]
ORG HAE’
3
BCDD RES NUMB RESERVE FOR BCD NUMBER

ASCI RES NUM+
]

RESERVE FOR SIGN:ASCIIT DIGITS

0RG H'588’ PROGRAM START HERE

]

BASC PPSL  WC ARTTHMETIC:ROTATE WITH CARRY
cPsL ¢ CLEAR CARRY
LODI/R3 NUM INDEX REGISTER

]
LOOP LODA:R® BCDD+NUMB-1 LOAD LS BCD DIGIT IN Ré
ANDI:RE H'@F° CLEAR HS 4 BITS
ADDIRS H'38’ ASCII CHARACTER
STRA:RS ASCI'R3  STORE ASCII CHARACTER
1
SHFT LODI+R1 & BIT COUNT
LP2 LODI'RZ -NUMB INDEX FOR BYTE SHIFT
LP1 LODA:R# BCDD-256+NUMB1RZ
RRR RS CARRY (PREVIOUS LS BIT) -) MSB
STRA:RE BCDD-256+NUNB)RZ  AND LS BIT -)CARRY
BIRR:RZ LP1
st C CLEAR CARRY
BDRR:R1 LP2
BDRR:R3 LOOP IF NOT READY GO TO LOOP
]
SIGN LODA:R# BCDD+NUMB-1  SIGN -) R#
BCTR:Z POS
NEG LODI:RE A'-'
STRA:RS ASCI
BCTR+UN EXIT
POS LODI:RE A'+’
STRA:R8 ASCI
3
EXIT HALT  END OF CONVERSION
END

FIGURE 5-2 Program Listing for BCD-to-ASCII Conversion (Signed)
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6. ASCII-TO-BCD CONVERSION

FUNCTION:

Converts n ASCI| digits to n BCD digits.
ASC||———BCD

PARAMETERS:

Input: ADIG, ADIG+1, ----, ADIG+(n - 1) contain
ASCII digits.
The most-significant digit is in ADIG
(byte/digit).

Output: BCDD, BCDD+1, ----, BCDD + (n-1) contains
BCD digits.
The most-significant digit is in BCDD

(2 digits/byte).

Refer to figures 6.1 and 6.2 for flowchart and program
listing.

HARDWARE AFFECTED

RO R1 R2 R3 | R1T" | R2 | R3
REGISTERS

X X X X

F 1 SP
PSU

cc IDC| RS | WC | OVF|COM| C
PSL

X X X X X

nADIG + nBCDD

RAM REQUIRED (BYTES):

ROM REQUIRED (BYTES): 37
EXECUTION TIME: _______Variable
MAXIMUM SUBROUTINE

NESTING LEVELS: 0

PIPHASM

ASSEMBLER/COMPILER USED:

12

Enter ASBC Routine
START

CONV
Initialize PSL:
® Operations without carry
® Clear carry

1 Add R1
BCD —R0
Count
—=R2 l

‘ Save RO

in—
AsCll BCDD (R2)
Count
—R3 {
Add +1
LOOP to BCD
Move ASCII Count (R2)
(R3) digit
—=R0

l Yes
Subtract
H 30" -

il No
Save
RO—=R1
Save RO
in—>»
BCDD (R2)

Move ASCII
(R3) digit

—=R0

i

Shift RO
left 4

bits

FIGURE 6-1 Flowchart for ASCII-to-BCD Conversion
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QO ~ O~ WY -

~0

18

1

12

13 o906

14 8861

15 #e8Z

16 #8683

17 8868

18 8861

19 8883

28

21

2z

23

24 9085

25 #9893

43

28

29 8756

38 #8685

31 8755

37 8863

3

34

35 #5688 75 89

36 8562 84 83

37 8564 47 65

38 8586 OF &7 aF
39 8589 A4 38

48 8568 L1

41 858C CE 67 54
A2 B568F FB 83

43 8511 1F 85 25
44 G514 OF 67 4F
45 8517 A4 38
46 #519 D@

47 651A D6

48 8518 D8

49 #51C D#

38 851D 41

91 #51E CE 67 54
52 #521 FA 88

93 #3923 FB 61

34 8325 48

39

&+ PD76P855
FHHHHHHE AR IR R 44
# ASCII TO BCD CONVERSION +

S LS r SRl CrTeeRSR ey ee RS RSN S AL SRR
3

# THIS ROUTINE CONVERTS A STRING OF ASCII

# DIGITS TO A STRING OF BCD DIGITS.

3

# ADIG IS MS DIGIT ASCII

+ BCDD IS MS DIGIT BCD

]

# DEFINITIONS OF SYMBOLS:

Ré EQU 8 PROCESSOR-REGISTERS

Rt EQU 1

Rz EQU 4

R3 EQU 3

WC EQU H'#8’ PSL: 1-NITH:» B-NITHOUT
¢ EQU H'81’ CARRY : BORRON

UN EQU 3 BR.COND: ALWAYS

# IN THIS EXAMPLE THE CONVERSION OF 5

# ASCIT CHARACTERS IS PERFORMED.
*

NN EQU b
NUM1 EQU 3
]

ORG H'758° RAM DEFINITIONS
ADIG RES NUH ASCII BYTES RESERVED
ACNT EQU $-ADIC ASCIT DIGIT COUNT
BCDD RES NUM1 BCD BYTES RESERVED

BONT EQU $-BCDD BCD BYTE COUNT
3

ORG HY588' START OF SUBROUTINE

CONV CPSL  WC+C ARITH.WITHOUT:NO CARRY
LODIRZ BCNT BCD COUNT -) RZ
LODIR3 ACNT ASCII COUNT -)R3

LOOP LODA:R® ADIG-1,R3 RB HAS ASCII DIGIT
SUBI.RE H'38’ MAKE IT BCD

STRZ Rl RE -)R1

STRA:R® BCDD-1.RZ SAVE 1 BED DIGIT
BDRR:R3 NEXT DECREMENT -NON ZERD BR
BCTA:UN BYE ONVERSION COMPLETE

NEXT LODA:R& ADIG-1:R3 NEXT ASCII DIGIT
SUBL:RE H'38’ MAKE IT BCD

RRL RS SHIFT LEFT & BITS

RRL:RE

RRL: RS

RRL:R#

I0ORZ R INCLUSIVE OR LON DRDER

STRA+R@ BCDD-1,R2 STORE 2 BCD DIGITS

BORR:RZ $+2 DECREMENT BCD COUNT

BDRR+R3 LOOP DECREMENT-NON ZERO BR.
BYE " HALT END OF ASCII -) BCD

END

FIGURE 6-2 Program Listing for ASCIl-to-BCD Conversion
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7. HEXADECIMAL-TO-ASCII CONVERSION

FUNCTION:
Converts a string of hexadecimal digits to a string of ASCI|I
digits. Enter HASC Routine
START
PARAMETERS:
Input: HEX, HEX+1, -, HEX + (n = 1) —
HEX is the most-significant digit (2 Hex. $! Qrerstions Wit ea
® Set carry
digit/byte). i —
Output:  ASCI, ASCI+1, ==, ASCI + (n = 1) asel ko
ASCI is the most-significant digit. TRB !
Refer to figures 7.1 and 7.2 for flowchart and program HEX RO—=R1
ength
listing. e T
l‘* Shift
right 4
HARDWARE AFFECTED ubekibindiy bitlm
— R0
RO | R1 | R2 | R3 | R1" | R2” | R¥ ! CIESFH
REGISTERS X x X X RO—=R1
i
Get ASCII
F | n |sp - ‘MS Et:a;gf”
PSU 4B|trs R1 l
l Save
cc | ioc| Rrs | we | ovE|com| ¢ Got ASCH Charecter
PSL E:EaFl“(]Rn l
X X X X X
l (R2)-1—=R2
Save ASCII
Character
RAM REQUIRED (BYTES): __ nHEX+nASCI
ROM REQUIRED (BYTES): 59

EXECUTION TIME: Variable

MAXIMUM SUBROUTINE
NESTING LEVELS:

FIGURE 7-1 Flowchart for Hexadecimal-to-ASCIl Conversion
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QO ~ O~ U e WO

~0

18

i

12

13 9888

14 Bos1

15 8862

16 683

17 8868

18 8681

19 8863

28

21

22

23 8882

24 8463

25

27

28 #6688

29 8882

38 8682

31 8683

R

33

34 8564 77 89

395 #5682 47 83
36 8584 86 82

37 8586 BE 65 FF
38 8569 C1

39 656A 45 #F

48 858C 8D 65 2C
41 858F CF 66 81
42 8512 FB 83

43 8514 1F 85 2B
44 8517 BE 65 FF
45 8514 C1

46 8518 51

47 #51C 51

48 851D 51

49 #51E 51

58 851F 45 #F

51 8521 8D 65 2C
52 8524 CF 64 81
33 8527 FA 88

54 #529 FB 5B

*+  PD76$856

444444444444t i+t 4 444t ibibtbtd

# HEXIDECIMAL TO ASCIT CONVERSION +
PRI R b A 4

+

# THIS ROUTINE CONVERTS A STRING OF ASCII
+ DIGITS TO A STRING OF HEX DIGITS,

1

# ASCI IS WS DIGIT ASCII,
# HEX IS MS DIGIT HEXIDECIMAL.

+

# DEFINITION OF SYMBOLS:

R EQU 8
Rl EQU 1
RZ EQU 2
R3 EQU 3

WC EQU H'g8’
L H'81?
UN  EQU 3

]

PROCESSOR-RECISTER

ARITHMETIC CARRY
CARRY :BORRON
UNCOND. BRANCH

# IN THIS EXAMPLE 3 HEXIDECIMAL
+ CHARACTERS ARE CONVERTED.

NUR  EQU 4
NUML EQU 3
#
ORG H' 688’
HEX RES NUM

HLEN EQU $-HEX
ASCI RES NUH1
ALEN EQU $-ASCI
3
ORG H! 586"
CONV PPSL  WE+C
LODI+R3 ALEN
LODI+RZ HLEN
CHEX LODA:R8 HEX-1.R2
STRZ R
ANDIsR1 H'8F’
LODA:R® ANSI:RI
STRA:RE ASCI-1:R3
BDRR+R3 NEXT
BCTA»UN BYE
NEXT LODA:RS HEX-1.R2
STRZ Rl
RRRR1
RRR:R1
RRR»R1
RRR:R1
ANDI+R1 H'BF’
LODA+RS ANSI:RI
STRA:R#® ASCI-1,R3
BDRR:RZ $+2

BDRR,R3 CHEX

HEX BYTE COUNT
ASCIT BYTE COUNT

RAM DEFINITIONS
RESERVES HEX BYTES
LENGTH OF HEX
RESERVES ASCII BYTES
LENGTH OF ASCII

START OF ROUTINE
ARITH.NITH: SET CARRY
R3= ASCII LENGTH

RZ= HEX LENGTH

GET HEX DIGITS

Ré ->R1

CLEAR MS 4 BITS

LOAD ASCII CORRESPONDI
SAVE 1T

R3-1» R3{)> BRANCH
END OF COKVERSION

GET HEX DIGITS

Ré -> Rt

SHIFT RIGHT & BITS

CLEAR WS 4 BITS

LOAD ASCI1 CORRESPONDI
SAVE IT

Rz - | CONT.

R3-1r R3{)> BRANCH

b5 #
56 8328 48 BYE HALT END OF CONVERSION
37 ¥
58 #52C 38 31 32 B ANST DATA  A’§123454789ABCDEF!
34 35 36 37
38 39 4 &2
34454
39 ]
o8 END

FIGURE 7-2 Program Listing for Hexadecimal-to-ASCI1l Conversion
15
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8. ASCII-TO-HEXADECIMAL CONVERSION

FUNCTION:

Converts a string of ASCII digits to a string of hexadecimal
digits. The conversion is done by table look-up. Non-
numeric ASCII halts this routine. It may be changed to
report non-numeric.

PARAMETERS:

Input: ASCI, ASCI+1, -, ASCI + (n - 1)
ASCI is the most-significant digit.

Output: HEX, HEX+1, ----, HEX + (n = 1)

HEX is the most-significant digit (2 Hex.
digits/byte)

Refer to figures 8.1 and 8.2 for flowchart and program
listing.

HARDWARE AFFECTED

RO | R1 | R2 | R3 | R1" | R2" | R3
REGISTERS
X X X X
F 1 SP
PSU
cCC | IDC| RS | WC | OVF|CcOM| C
PSL
X X X X X
RAM REQUIRED (BYTES): nASCI| + nHEX

ROM REQUIRED (BYTES): 68

EXECUTION TIME: __ Variable ___________

MAXIMUM SUBROUTINE
NESTING LEVELS: 1

ASSEMBLER/COMPILER USED: P|PHASM

16

Enter ASHC Routine

NEXTl

START
ASCII digit (R3)
—R0
CONV
Initialization m =16—=R1
PSL=WC+C
Table look-up ALKU
l RO—=R1
Compare
R3 = ASCII Length RO——
R2 = HEX Length Table (R1)
ACON ‘
ASCII digit (R3)
> Yes
—=R0 Shift left @
4 bits RO
/[~ : -
Clear LS Compare
Table look-up R1=1
sl 4 bits RO
Place low Y
order HEX 3
in RO
Store low l NG
order HEX (R2)
Store 2
HEX(R2) away Halt at table end;

may be changed
to report non-
numeric

FIGURE 8-1 Flowchart for ASCIlI-to-Hexadecimal Conversion
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1 * FD768857
2 44ttt 4444444444344 44444444
3 #+  ASCIT 7D HEX CONVERSION +
4 FHHEHEEHE PR AR E R bR b bbb b 444
5 +
b + THIS ROUTINE CONVERTS A STRING OF ASCII
7 + DIGITS TO A STRING OF HEXIDECIMAL DIGITS
8 # ASCT IS MS DIGIT ASCII
9 + HEX 1S MS DIGIT HEXIDECIMAL
18 + CONVERSION DONE BY TABLE LOOKUP
11 + NON NUMERIC ASCII HALT ROUTINE
12 +
13 # DEFINITION OF SYMBOLS:
14 9898 Ré EQU [] REGISTER-PROCESSOR
15 8881 Rt EQU 1
16 8882 R2 EQU 2
17 8683 R3 EQU 3
18 9488 W EQU H'#8’ ARITHHETIC CARRY
19 8861 C EQY H'81’ CARRY:BORRON
28 8803 UN  EQU 3 BRANCH UNCOND.
21 8882 LT EQ i LESS THAN
22 0088 EQ EQY [] EQUAL
23 *
24 + [N THIS EXAMPLE 3 ASCII DIGITS
25 # ARE CONVERTED T0 HEXIDECIMAL
26 ]
27 8663 NUR  EQU 3 ASCIT BYTE COUNT
28 8082 NUR1 EQU 2 HEX BYTE COUNT
29 +
3 #
3 ORG H' 688’ RAM DEFINITIONS
33 #6688 ASCI RES NN RESERVED ASCII BYTES
34 9883 ALEN EQU $-ASCI LENGTH OF ASCiI
35 8683 HEX RES NUM1 RESERVED HEX BYTES
36 9662 HLEN EQU $-HEX LENGTH OF HEX
37 +
38 ORG H'568° START OF ROUTINE
39 8588 77 89 CONv PPSL  WC+C ARITH.NITH + CARRY SET
49 9582 87 83 LODI+R3 ALEN R3 = ASCII LENGTH
41 8564 46 82 LODI'RZ HLEN RZ = HEX LENGTH
42 8586 OF &5 FF ACON LODA:RE ASCI-1»R3 GET ASCII DIGIT
43 8569 3B #8 BSTRsUN LKUP LOOKUP SUBROUTINE
44 8568 81 Loz Ri Rt -> R#
45 #56C CE 46 82 STRA'R® HEX-1:R2  SAVE HEX CORRESPONDING
4 @56F FB 1D BDRR:R3 NEXT (R3-1}» R3 <) BRANCH
47 8511 1B 31 BCTR/UN BYE END OF CONVERSION
48 #
49 8513 85 18 LKUP LODIsR1 14 LOOP CONSTANT
58 8515 ED 45 1E ALKU COMA'RB ANSIyRL,- COMPARE TO TABLE
51 #518 14 RETC:EQ RETURN - MATCH FOUND
52 8519 ES 1 COMIWRY 1 TEST END OF TABLE
53 851B 94 78 BCFRLT ALKU NO- LOOK AGAIN
54 851D 48 HALT ERROR - NON NUMERIC HE
‘95 #
56 #51E 38 31 32 33 ANSI DATA  A'@1234546789ABCDEF’
34 35 36 37
B394 2
HBHEH Y
57 +
38 52E @F 45 FF NEXT LODA:R® ASCI-1:R3 GET NEXT ASCII DIGIT
59 8531 3B 48 BSTR)UN LKUP LOOK UP SUBROUTINE
&8 8533 41 Lopz  Ri Rt -) R§
61 8534 D@ RRL:RE SHIFT LEFT 4 BITS
62 8535 M@ RRL+RE
63 #3536 D8 "~ RRL:RE
o4 §537 Dé RRL:RE
65 8538 44 Fé ANDIRE H'F’ CLEAR LS 4 BITS
b6 53R 4E bb 82 TORA:R® HEX-1)RZ  COMBINE LOW ORDER
67 953D CE 46 82 STRA'R® HEX-1:RZ  SAVE 2 HEX DIGITS
68 6546 FA 84 BDRR1RZ $+2 (R2-1)» CONTIUNE
69 §542 FB 42 BDRR'R3 ACON (R3-1)+ R3 <> BRANCH
7% #
71 8584 48 BYE HALT END OF CONVERSION
7 END

FIGURE 8-2 Program Listing for ASCll-to-Hexadecimal Conversion
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Signetics 2650 Microprocessor application memos currently available:

AS50
AS51
AS52
AS53
AS54
SP50
SP51

SP52
SP53
SP54

SS50
SS61
MP51
MP52
MP53

Serial Input/Qutput

Bit and Byte Testing Procedures

General Delay Routines

Binary Arithmetic Routines

Conversion Routines

2650 Evaluation Printed Circuit Board Level System (PC1001)
2650 Demo Systems

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

Support Software for use with the General Electric Mark Ill Timesharing
System

PIPBUG

Absolute Object Format (Revision 1)

2650 Initialization

Low Cost Clock Generator Circuits

Address and Data Bus Interfacing Techniques
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