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Foreword

The RCA CDP1801 and CDP1802 COSMAC Microprocessors are
CMOS 8-bit register-criented central processing units. They are suit-
able for use in a wide range of stored-program computer systems and
products. Often, their applications require extended precision arith-
metic calculations with possible interfacing of the system to BCD-
oriented peripheral hardware. For such applications, this Manual
provides a set of 16-bit 2’s complement arithmetic subroutines de-
signed to be operated on the RCA COSMAC Microprocessors.
Versions are supplied for use with either the RCA CDP180t or
CDP1802. A suitable selection from this set of subroutines may be
made for the calculations required in a specific application.

The subroutines described in this Manual are also available in source
Ianguage on a floppy diskette CDP188826 for use with the RCA
Floppy Disk System CDP18S800.

In this Manual, the 29 Binary Arithmetic Subroutines are described,
first in general and then in detail. A Standard Call and Return
Technique for facilitating their use is provided along with complete
listings. Additionally, BCD-to-binary and binary-to-BCD conversions
are described. As a tutorial aid, a sample program is also provided.

Users requiring additional information on the available hardware,
firmware, and software support systems should refer to the COSMAC
technical literature. Reference should be made to the device technical
data sheets and to the following publications: k

MPM-201 _User Manual for the RCA CDP1802 COSMAC
Microprocessor

MPM-202  Timesharing Manual for the RCA CDP1802 COSMAC
Microprocessor

MPM-203  Evaluation Kit Manual for the RCA CDP1802 COS-
MAC Microprocessor

MPM-208  Operator Manual for the RCA COSMAC Development
System
MPM-101  User Manual for the CDP1801 COSMAC Micro-

processor

MPM-102  Program Development Guide for the CDP1801 COS-
MAC Microprocessor (Timesharing)
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Binary Arithmetic Subroutines

Binary Arithmetic Subroutines

introduction

The Binary Arithmetic Subroutine Package given in
this Manual is a set of 16-bit 2’s complement arithmetic
suproutines designed to be operated on a COSMAC
microprocessor. The subroutines are coded in Levell
assembly languape and require 1K-byte of memory space.
These subroutines do not alter themselves and can be
stored in Read-Only Memory. Different versions are
available for the CDP1801 and CDP1802. The subsou-
tines may be used individually or in any combination.

Four arithmetic functions are included:

1. 16-bit 2’s complement Addition:
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2. 16-bit 2’s complement Subtraction:
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3. 16-bit 2’s complement Multiplication which yields 32.
bit result:
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4, 32-bit 2’s complement Division which yields 16-bit

result:
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BCD-to-binary and binary-to-BCD conversions together
with utility routines {which can be used to save or restore
the contents of registers) are provided.

- e [ ] — [

Paintar
Or

bit | 8 bit k—‘ﬁ"“—'l g_‘IBbit—-l

18

had P
Memory [ - I R{AC) I——-‘P R{AC} |
oimur

$2CS§-2a089

CDPi801:
8hit 8bit Bhit Bbit
e 16 bir | A T
RIAC) ‘—_’ Memory [Sign 100 m?l 102I ................
] Pointer
I ALAR) |
CDP1BO2:
8hit Bhit Bbit Bbit
b~ 16 bit —¥] A A
RIAC) < ““I Memory [Sign 10" J1gn—1 mﬂ*zl ................

Paointar
[ R{AR) E

92C5-2809I




6-__ R - Binary Arithmetic Subroutines for RCA COSMAC Microprocessors

Applications

Various applications of these subroutines are possible.
For example, a user may enter BCD numbers from
external devices, manipulate these numbers in 2’s
complement arithmetic functions, and finally output the
result in BCD form back to external devices. A diagram
of such an application js given in Fig. 1.

| CDP1B01/1802 Arh:l'u'nszt»::j

Subroutine Package '
I BCD |
ECD User's Application Binary !
Program s ! I
o =
[External Devices] =
BCD o ¥l BCD &* Binary |
Binary
I 8ch E
CDP1801/1802 Program J

Fig. 1 — Example of microprocessor system using
the arithmetic subroutine package.

It is possible to use the arithmetic functionis) only,
as diagrammed in Fig. 2, or a combination of these
subroutines to suit the user’s needs.

CDP1801/1802 Arithmetic
Subroutine Package

Binary

User's Application
Program Binary

Fig. 2 — Application using arithmetic functions onl V-

Basic Conventions

All of the subroutines in this package foliow the call
and return conventions described in the User Manual for
the RCA CDP1802 COSMAC Micropracessor (MPM-201).
A stack area in RAM is also implied. Symbolic register
names are used to permit custom modifications and
register allocation. The standard registers’ definitions and
their functions are:

R(SP)= R2 .. The stack pointer.

R(PC)=R3 .. The program ccunter used by
all the subroutines.

.. Pointer to CALL routine.

. Pointer to RETURN routine.

. Pointer to arguments passed
from main program,

. Pointer to BCD digits in mem-
ory. Used in BCD conversion
routines.

. Counter for the number of
BCD digits. Used in BCD con-
version routines,

. Scratchpad and counter. Used
in multiply, divide and others.

. Peinter to the address of one
of the two operands in add,
subtract, multiply ané divide
operations.

. 16-bit accumulator or sign ex-
tension. Used in multiplication
and division to hold the most
significant half of the product
and dividend. It is also used to
store the remainder after a
divide operation.

. 16-bit accumulator. Used as
cne of the two operands for
all computations.

R(CALL) = R4
R(RETN) = R5
R(LINK) = R6
R(AR}= RA
R(NR)= RB
R(CR) = RC

R(MA) = RD

R(MQ) = RE

R(AC) = RF

Binary Arithmetic Subroutines

Subroutine Categories

Alist of the binary arithmetic subroutines by category
together with a description of their functions follows.
The secondary subroutines shown are used internally

will not be described in further detail. For the interested
user, commented coding is provided on the actual listing
of the binary arithmetic subroutine package. These

by the other subroutines only. Their functions, therefore, secondary routines are relatively short and selt-explana-
lory.

I. ADDITION
NAME ARGUMENT FUNCTION
ADDOP  aaaa R{AC)HM(OPERAND POINTER} =+ R(AC)
ADD - R(ACHOPERAND + R(AC)
ADDCON nnnn R{AC)+CONSTANT > R(ACQ)
ADDST  --- R(ACHiwo bytes on slack + R(AC)
Il. SUBTRACTION
SpOP AR M{OPERAND POINTER)-R{AC) + R{A()
SD .- OPERAND - R{AC) * R(AQ)
SDCON nnnn CONSTANT—-R(AC) + R{AC)
SMOP Al R(AC) M(OPERAND POINTER) + R(AC)
SM - R{AC) OPLRAND += R{AC)

. MULTIPLICATION

MPYOP  aaan R{ACM(OPERAND POINTER)
MPY .- RIACH=OPERAND

V. DIVISION
DIVOP aani

> |RIMQ}R{AC)]
* [R(MOQYR(AC)]

IRIMO ) RAC)H /IM{OPERAND POINTER )+ R{AC)

DIVO - - zerey divide check and sign extension
DIV --- quotient overflow check
DIVQ “-- [R{(MQR{AC)]) /OPERAND > R{AC)

V. BINARY-CODED-DECIMAL NUMBER CONVYERSION

CBD AHHPRHN Binary in R{AC) > BCD

CDB adai.nn BCD = Binary in R(AC)

VI. UTILITY ROUTINES

PUSHAC  --- R(AC)H> stack

PUSHCQ --- RIMOLRIMA)LR(CR) = stack
POPAC - stack = REAC)

POP .- stack = discard

POPCO S stack » RIMOLR(MALR{CR)
LOADOP  uaau M{OPLERAND POINTER) > R(AC)
LOAD - OPERAND » R(AC)

LODCON nnnn
STOROP  uaaa

CONSTANT ~ R{AC)
R(AC)+ M{OPERAND POINTER)

STORE - - R{AC)~ OPERAND

COMPOP  aaas [f RIAC)2M{OPERAND POINTER) then | + DF

COMP - it RIAC)20PERAND then | + DF

TEST .- compare R(AC) with O

SWAPAQ --- R(AC) 2 R{MQ)

VII. SECONDARY ROUTINES

DABS#* ABS|R(MQ)] ABS(OPERAND)~> R(MQ)
DSM* entry point of DABS
DVA® enlry point of DABS

DSHIL* MQ#2 » MQ

DZ5S clear memory locations for BCD

NOTES:

aadit is two bytes address of operand. * found in CDPI80]
nann is (wo byltes constunt literul,

version only.
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Calling Sequence

The calling sequences of the subroutines are similar;
the only differences are the nature of their arguments.

Some routines deal implicitly with an operand on the
stack, or with an operand pointed to by the address
register. Some fetch the address of the operand from the
call sequence argument list, and others fetch the actual
argument from the call sequence. Typically, a routine
which fetches the address of an eperand is used if the
operand is a varizble. On the other hand, a routine that
fetches the actual argument is used if the operand is a
constant. For instance, if the function A=B/C+5 isto be
performed, the calling sequence of the divide and add
routines couid be:

SEP CALL
A(DIVOP) .. assume [R(MQ)R{AC)] cori-
tain the variable B.
A{C) .. address of the variable C in
Memory.
.now R(AC) contains the quo-
tient of the
. operation B/C.
SEP CALL i
A(ADDCON)
X'0005" .. the constant 5 is to be added
to the
. quotient of B/C stored in
R{AC) previously.

.now R(AC) contains B/C+5

Algorithms

The add and subtlract routines use ordinary 2’s com-
plement add and subtract methods. For multiplication,
the add-shift algerithm is implemented. The divide
routine uses the nonrestoring method. These algorithms
can be found in computer arithmetic books. For example,
see Digital Computer Design Fundamentals by Yaohan
Chu, McGraw-Hill Book Company.

The BCD-to-binary conversion is accomplished by
taking the digits in order, starting with the most signi-
ficant, and adding them to ten times the previous partial
resuit—successively.

The binary-to-BCD conversion for the CDP1801 is
implemented in the reverse order. The binary number in
register AC is divided by ten successively until R{AC)
becomes zero. On each iteration, the remainder is the
corresponding BCD digit starting from the least signi-
ficant. DZS is an internal subroutine used to initialize all
the digits to zero.

The implementation of the binary-to-BCD conversion
for the CDP1802 is faster than that for the CDPI&0D]. It
is described in the book referenced above,

Meaning of DF

The add, subtract, divide, BCD-to-binary conversion,
and binary-to-BCD conversion routines affect DF. The
DF is set if the result has overflowed. Since no overflow
condition is possible for multiplication, the multiply
routine sets DF if the product is greater than 16 bits.
Some of the subroutines also use DF to indicate the
terminal condition of an operation. For example, the
compare subroutine sets DF if the content of R{AC) is
greater than or equal to the operznd pointed to by
register MA. Thus, it is assumed and is essential that the
subroutine linkage routines do not alter the state of DF.
The “Standard Subroutine Call and Return Technique”
is assumed. Appendix A contains a listing typical of these
programs,

Utility Routines

Four of the general registers R(AC), R(MQ), R(MA),
and R(CR), are used by various routines. For programs
that need these registers, special routines have been in-
cluded which save them on the stack, and later restore
them. Accordingly, the register save and restore routines
are completely independent. In particular, these routines
are partitioned into two sets: routines to push and pop
the accumulator, and routines to push and pep the other
three registers as a block. The separate routines for the
accumulator permit intermediate results to be saved on
the stack for later use in computation. In addition, a
routine is provided to swap or exchange the accumulator
with the accumulator extension, which is used in multi-
plication and division.

It is assumed that the stack pointer normatly points
to one byle above the first of two bytes stored by the
subroufine call operation (i.e., the last pushed, having the
lower memory address), and that these two bytes are
normally popped off by the relurn operation. Note that
this assumption is consistent with the standard subroutine
linkage conventions. Thus, to save data on the stack, the
data must be inserted beneath those first two bytes, so
that when they are popped off, the saved data. will be on
top. Similarly, when the data is to be recovered, it must
be fetched from beneath the top two bytes, then the gap
closed up. One of the entries to the binary add routine
also permits using the virtual top of the stack as one

operand (that is, the (op of the stack as seen by the -

calling pragram).

Binary Arithmetic Subroutines -

Defined Options

Some of the lines in the listing have one or more flags
on the right margin. They consist of a symbol enclosed
within parentheses. These symbels are used to flag
“Defined Options” which are specified in the notes to
follow. Usually to invoke a particular option, all of the
lines flagged by the same character are altered in some
specified way.

(@) Separate Stack

While it is expected that the user will utilize the
standard subroutine linkage, there is no requirement that
the stack pointer used for the binary arithmetic be the
same as that for the subroutine linkage. Since some of
these routines do not themselves make use of the call
linkages, it is not always necessary to use a stack for the
calls. If a stack is not needed, subroutines PUSHC(,
PUSHAC, POPCQ and POPAC are inappropriate. If their
functions are desired, the routines must be rewritten
omitting the operation of slicing off the top of the stack

and working under it (actually this results in the routines

being trivially simple, so the user should have no diffi-
culty recoding them). If the arithmetic from the top of
the stack is still a desirable feature, the lines flagged by
(@) must be deleted, so that R{MA) will point to the
actual top of the stack.

(0} 16-Bit Dividend

By retaining the lines so flagged, and deleting the lines
flagged (/), the divide routine will assume that all divi-
dends fit entirely into the R{AC), and that error condi-
tions can occur only if the divisor is zero.

(/) 32-Bit Dividend

By retaining the lines so flagged, and deleting the lines
flagged (0), the divide routine wil! assume that all divi-
dends occupy the full 32 bits of the R{AC) and R(MQ),
and that a divide fault is possible only if the quotient re-
sult of the dividend divided by the divisor would exceed
the 16 bits of the R(AC), or if the divisor is zero (which
is equivalent to an infinite quotient),

{G} (/) No Divide Check

By deleting all the lines flagged by either {(0) or {/),
the divide routine will perform ro testing on the possi-
bility of a divide fault. This deletion poses the simple
hazard that the numbers resulting from the operation will
be meaningless if & divide fault occurs, and no indication
of the error will be returned to the calling routine. Note
that in this option, the dividend is assumed to be 32 bits.

If the user needs to make alterations to the routines,
or if some are omitted, their placement in memory may
need changing to eliminate possible branchesout of page.

Timing

Timing measurements, given in Fig. 3, were taken on
the arithmetic and code conversion subroutines, For the
CDPIBC! version, the speed is limited by the size of the
program since the objective is to fit the total package into
1-K of memory. However, with the CDP1302 instruction
set, it is possible to meet this memory space requirement
while optimizing for speed. All the measurements were
based on a clock rate of 2 MHz. The actual timing can be
rescaled depending on the user’s application system
clock rate. For instance, if the CDP1802 is operated at a
6-MHz clock rate, the time shown is reduced by a factor
of three.

I. Arithmetic Functions

ADD SUBTRACT MULTIPLY DIVIBE
Best: [0.152ms 0.168 ms 3.112 ms 13.80 ms
Worst: { 0.264 ms 0.32 ms 9.782 ms 16.15 ms

It. BCD 2 BINARY

BINARY - BCD BCO -~ BINARY
Best: 15.36 ms 5.84 ms
Worst: 7348 ms 29.76 ms

Fig. 3(a)—Timing measurements for the RCA CDP1801
COSMAC Microprocessor (based on 2-MHz
clock rate).

|. Arithmetic Functions

ADD SUBTRACT MUELTIPLY DIVIDE |
Bast: | 0.136 ms 0.128 ms 2.792 ms 4.496 ms
Worst: | 0.224 ms 0.256 ms 4.223 ms 5.856 ms

il. BCD = BINARY

BINARY + BCD BCD -~ BINARY
Best: 4.37 ms 0.31 ms
Worst: 9.27 ms 267 ms

Fig. 3(bJ—Timing measurements for the RCA CDP1802
COSMAC Microprocessor [based on 2-MHz
clock rate).




10 Binary Arithmetic Subroutines for RCA COSMAC Microprocessors Detailed Description of Subroutines 11

Detailed Description of Subroutines

The following material provides a detailed description procedure, the registers used, other subroutines used, the
of each subroutine and how it is used. For ease of use this meaning of DF on retwn, the number magnitude, the
infermation is given in a standard format which includes lime range for the subroutine, its length in bytes, and,
the subroutine identification, its function, the calling where helpful, an example.

Index by Category Index - Alphabetically
Subroutine Page Subroutine Page
[. ADDITION

ADDQOP 12 ADD 12

ADD 12 ADDCON 12

ADDCON 12 ADDOP 12

ADDST 13 ADDST 13

1. SUBTRACTION CBD 18

SDOP 13 CDB 19

SD 13 COMP 22

SDCON 14 COMPOP 22

SMOP 14 DIV 16

SM 14 DIVO 16

(1. MULTIPLICATION DIVOP 16

MPY QP 15 DIV(Q 16

MPY 15 LOAD 21

IV. DIVISION LOADOP ., 2]

DIVOP 16 LODCON 21

DIVO 16 MPY 5

DIV 16 MPYOP 5

DIVQ 16 POP 20

V. BINARY-CODED.DECIMAL POPAC 20

NUMBER CONVERSION POPCQ 20

CBD 18 PUSHAC 2

CDB 19 PUSHCQ 20

VI UTILITY ROUTINES SD 5

PUSHAC 20 SDCON 14

PUSHCQ 20 SDOP 13

POPAC 20 SM 14

POP 20 SMOP 14

POPCQ 20 STORE 22

LOADOP 21 STOROP 22

LOAD 21 SWAPAQ 23

LODCON 21 TEST 23
STOROP 22
STORE 22
COMPOP 22
TEST 23
SWAPAQ 23




10.

. Registers Used:

. Subroutine: ADDOP

ADD

. Function:

ADDOP and ADD are two entries of a subrou-
tine that add the content of R(AC) and a two-
byte operand in memory pointed to by R(IMA).
The sum is stored in R{AC})

ADDOP fetches the address of operand from
the calling program and stores it in R{MA).
ADD assumes the address of operand is already
in R(MA).

. Calling Procedure:

.. enter from ADDQP
SEP CALL
A(ADDOP)
A(OPR) .. where OPR s
. the address of the
. operand.

..enter from ADD
SEP CALL
A(ADD)Y . . R{(MA) contains the address of
. operand.

R(LINK) for ADDOP only, R(MA), R(AC), R(SP).

. Other Subroutines Used:
ADDOQP : should be followed in memory by ADD.

ADD ©onone

. On Return:

DF = 0 means addition was successful.
DF = 1 means the sum has exceeded the maximum
or minimum range of representable numbers,

. Number:
Representation: Signed 2’s complement
Width: 16 bits
Range: 8000 < numbery g < 7FFF
-32768 < number | < 32767
. Time:
CLOCK RATE: 2 MHz 6.4 MHz
Best 0152 - - ms
CDP180I Worst  0.264 - ms
) Best 0.136 0.042 ms
COPIS0Z worse 0092 0060  ms
. Length:
CDP1801 CDPIg02
version version
ADDOP 4] 26 bytes
ADD 37 22 bytes
Example:
. assume AC = FFFE(= -2}
.. assume M(OPR) = #0001
.. enter from ADDOP
SEP CALL
A(ADDOP)

A(OPR) .. address of operand
|codel .. R{AC)isnow FFFF (=-1)
.with DF =0

S

Binary Arithmetic Subroutines for RCA COSMAC Microprocessors

Subroutine: ADDCON

. Function:

This subroutine adds the content of R{(AC) to the
two-byte constant passed from the calling program.
The sum is placed in R{AC).

. Calling Procedure:

SEP CALL
A(ADDCON)
Xnnnn' .. where nnnn is the
.. constant to be added to R(AC).
Registers Used:
R(LINK), R(MA}, R(AC), R(SP).

. Other Subroutine Used:

ADD

. On Return:

DF = 0 means addition was successful.
DF =1 means the sum exceeded the maximum or
minimum range of representable numbers,

. Number:
Representation: Signed 2’s complement
Width: 16 bits
Range: 8000 < number 14 < 7FFF
—32768 < numbery < 32767
. Time:
CILOCK RATE: 2MHz 6.4 MHz
Best 0.208 — ms
CDP1501 Worst  0.288 - ms
Best 0.192 0.060 ms
CDPISOZ oot 0216 0.067 ms
. Length:
CDP1R01 CDP1R02
version version
45 30 bytes

13

ADDST adds the content of R{AC} to the top two

bytes of stack. These two bytes should be stored in

a sequence such that the more significant part is on
the top and the less significant part is at the bottom.

. Calling Procedure:

SEP CALL
LA(ADDST) . 2-byte constant is stored
.. on top of stack.

. Registers Used:

R(LINK), R(MA}, R(AC), R(SP).

. Other Subroutine Used:

ADD

. On Return:

DF = 0 means addition was successful.
DF = | means the sum exceeded the maximum or
minimum range of representable numbers.

. Number:
Representation: Signed 2’s complement
Width: 16 bits
Range: 8000 < number; g << 7FFF or
~32768 < number g = 32767
. Time:
CLOCK RATE: 2 MHz 6.4 MHz
Best 0.218 — ms
CDP1801 Worst 0,298 — ms

Best 0204 0064  ms
COPIBO2 oo 0224 0.070 s

. Length:
CDPi&01 CDP1802
version version
46 31 bytes

10.

Detailed Description of Subroutines

. Subroutine: ADDST 1. Subroutine: SDOP

. Funection: . SD
2. Function:

SDOP and SD are two different entries of a sub-
routine that subtraci R{AC) from the contents
of two bytes in memory that is pointed to by R(MA).

SDOP fetches the address of minuend from the
calling program and stores it in R(MA).

SD assumes the address of minuend is already in
R(MA).

Calling Procedure:
.. to enter from SDOP

SEP CALL

ASDOP)

AMINU) . where MINU is the address
.. of the minuend.

.. 1o enter from SD
SEP CALL

A(SD) .. the address of minuend should be
. in RIMA).
Registers Used:

R(LINK) for SDOP only, R(MA), R(AC), R(SP).

. Other Subroutines Used:

SDOP: should be followed in memory by SD.

SD  :none

On Return:

DF = 0 means subtraction was successful.

DF = | means subtraction was unsuccessful because
the difference has exceeded the maximum or
minimum range of representable numbers.

. Number:
Representation: Sigred 2’s complement
4Width: 16 bits
Range: 8000 < numbery g < 7FFF or
—32768 < number|q & 32767,
Time:
CLOCK RATE: » MHz 6.4 MHz
Best 0.168 : ms
COPTEOT wors: 0256 - ms
Best 0.128 0.040 ms
CDPI80Z wworst 0184 0057 ms
. Length:

CDP1&01 CDP1&02

Version version
Sbor 35 24 bytes
SD 31 20 bytes
Example:
[code] .. assume R{AC) = X‘0C0A’

.. assume M(MINU) = X'0005’
SEP CALL

A(SDOP)Y . enter from SDOP

AMIND . address of minuend will be
.. fetched by SDOP
[code] .. R{AC) is now FFFB (= —0005)

.with DF = 0.
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1. Subroutine: SDCON
2. Function:
This subroutine subtracts AC from a 16-bit con-
stant and stores the difference in AC.
3. Calling Procedure:
SEP CALL
A(SDCON)
Amnnn' L. where nnnp is the constant,
4. Registers Used:

R(LINK}, R(IMA), R{AC), R(SP).
5. Other Subroutine Used :

SD
6. On Return:

DF = 0 means subtraction was successful.

DF = 1 means subtraction was unsuccessful because
the difference exceeded the maximum or
minimum range of representable numbers.

7. Number: ’

Representation:  Signed 2’s complement

Widih: 16 bits

Range: 8000 < numbery g < 7FFF or

—32768 < number g < 32767
8. Time:
CLOCK RATE: 2 MH:z 6.4 MHz
Best 0216 ms
CDP1801 Worst  (0.272 ms
onn Best 0.184 0.057 ms
- CDPISOZ worse 0208 0065 ms
9. Length:
CDP1801 CDP1802
version version
39 28 bytes
10. Example:

[code] .. assume R(AC) = X'0002'

SEP CALL

A(SDCON)

X00027 .. constant is X‘0005°

Jcode] .. R{AC) is now X'0003" with DF =0

I

Binary Arithmetic Subroutines for RCA COSMAC Microprocessors

Subroutine: SMOP

SM

2. Function:

10.

SMOP and SM are two different entries of a sub-
routine that subtract the contents of two bytes
in memory, which is pointed to by R(MA), from
R{AC). SMOP fetches the address of subtrahend
fram the calling program and stores it in R(MA).
SM assumes the address of subtrahend is already
in R(IMA).

. Calling Procedure:
.. to enter from SMOP

SEP CALL

JA(SMOP)

A(SUBT) .. wheve SUBT is the

. address of the subtrahend.
.. to enter from SM
SEP CALL
A(SM) .. R(MA) should contain
.. the address of subtrahend.
. Registers Used:
R(LINK) for SMOP only, R(MA), R{AC), R(SP).
. Other Subroutines Used:
SMOP:  should be followed in memory by SM.
SM ' none
. On Return:

DF =1{ means subtraction was successful,

DF =1 means subtraction was unsuccessful because
the difference has exceeded the maximum or
minimum range of representable numbers.

. Number:

Representation: Signed 2’s complement

Width: 15 bits

Range: 8000 < number|g < 7FFF or

—32768 < number| g < 32767
. Time:
CLOCK RATE: 2 MHz 6.4 MHz
Best 0.2i6 — ms
CDPISOL e 0320 - ms
Best 0.192 0.060 ms

CDPISOZ wore 0256 0080 ms

Length:

CDP1801 CDP1802
version version

SMOP 49 34 bytes

SM 45 30 bytes

Example:

[code] .. assume M(100; 101} =0001 and

.. R(MA} = 0100 and R{AC) = 8000

SEP CALL

A(SM) .. take SM entry

[code] .. DE=1
.. difference exceeded the
. maximum range of negative
. number

Detailed Description of Subroutines

1. Subroutine:

MPY

2. Function:

MPYOP and MPY are two different entries of a
subroutine that multiply R(AC}) by the contents
of two bytes in memory which are pointed to by
R(MA). The product is placed in R(MQ) and
R(AC) with the highest bit of R(MQ) as the sign
bit and the lowest bit of R{AC) as the least signi-
ficant bit.

MPYOP fetches the address of multiplier from
the calling program and stores it in R(MA}.

MPY assumes the address of multiplier is already
in R(MA}.

. Calling Procedure:

.. to enter from MPYOP

SEP CALL

AMPYOPR)

A(MPLR) .. where MPLR is the address
.. of the multipiier.

.. to enter from MPY

SEP CALL
JA(MPY) .. the address of multiplier
.. should be in R{MA).
. Hegisters Used:

R(LINK) for MPYOP only, R{MA)}, R(MQ), R{AC),

R(CR).

. Other Subroutines Used:

MPYOP: should be followed in memory by MPY.
MPY : DSM, DVA (for CDP1801 version only).

6. On Return:

DF = 0 means product < 16 bits
DF = | means product > 16 bits

MPYOP

7. Number:
Representation:
Width:

Range:

Signed 2°s complement
Multiplicand and Multiplier:
16 bits
Product:
32 bits
Muitiplicand and Multiplier:
8000 < number | g < 7FFF or
—-32768 < numberg < 32767

Product:

CO008000 << number | <= 40000000
—1073709056 < number g <% 1073741824

8. Time:
CLOCK RATE 2 MHz 6.4 MHz
Best 3112 — ms
COPIEOT worst 9782 ms
Best 2792 0.872 s
CDPI802 Worst  4.223 1.320 ms
9. Length:
CDP1801 CDP1802
version® version
MPYOP 131 81 bytes
MPY 127 77 bytes
*Including secondary subroutines.
10. Example:
[code] .. assume M(MPLR) = X'0001"
.. assume R{AC)= FFFF{= --0001)
SEP CALL
AMPYOP). . enter from MPYOP
A(MPLR)
{code] .. [R(MQ): R(AC}] = FFFFFFFF(=—1)

-with DF = 0 since the magnitude
. of product is less than 15 bits
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1.

2.

Subroutine: DIVOP
DIV0
DIV
DIVQ
Function:

DIVOP, DIVO, DIV, DIVQ are four different entries
of a subroutine which divide the contents of [R(MQ);
R(AC)] by the contents of two bytes in memory
pointed to by R(MA).

Upon returaing from the subroutine, R(AC) con-
tains the quotient and R(MQ) contains the remainder.

DIVOP fetches the address of divisor from the call-
ing program and stores it in R(MA).

DIVO assumes the address of divisor is already in
R(MA) and the magnitude of dividend does not ex-
ceed 15 bits. It extends the sign bit of R(AC) into
R(MQ), and does =z divide check (divisor = 0).

DIV also assumes the address of divisor is already
in R(MA). It checks dividend against divisor to
make sure that the magnitude of quotient will not
exceed |5 bits. The divisible numbers are shown on
the following page.

DIVQ assumes R(MA) contzins the address of divisor.
It divides [R(MQ); R(AC)] by the operand in mem-
ory which is pointed to by R{MA}). When returning
to the calling program, R(AC) contains the quotient
with remainder stored in R{MQ). This entry does not
check condition; hence, it is the user’s responsibility
to determine if the quotient is meaningful.

Calling Procedure:
.. enter from DIVOP

SEP CALL
A(DIVOP)
A(DIVR) | where DIVR is the
. address of divisor.
.enter from the other entry points
SEP CALL
A(DIVO) .or DIV, or DIVQ
.. the address of divisor
.. should be in MA.
. Registers Used:

DIVOP: R(LINK), R(MA).

DIVO:  R{MA), R(AC), R(MQ).

DIV:  R(CR), R(MQ), R(AC), R(MA).
DIVQ: R(CR), R(MQ), R(AC), R(MA), R(SP).

. Other Subroutines Used:

DIVOP: The code should fall through DIVO and
DIVQ if zero divide check and sign extension op-
tion (which is performed by DIV() is chosen.

Binary Arithmetic Subroutines for RCA COSMAC Microprocessors

Alternatively, the code could fall through DIV
and DIV} if the option of quotient overflow
check is selected.

DIVG: The code should fall through DIV, DIVQ.

DIV: (1) The code should fall through DIVQ.
(2) DSHL, DABS (for CDP{801 only).

DIVQ: DSHL, DABS (for CDP1801 oniy).

. On Return:

DF =0 means division was successful.
DF = 1 means:
{1} If subroutines are in sequence of
DPIVOP, DIVO, DIVQ, or DIVD,
DIVQ: Division was unsuccessful
because [R(MQ); R(AC)] division
by 0 was attempted.
(2) If subroutines are in sequence of
DIVOP, DIV, DIVQ or DIV, DIVQ:
Division was unsuccessful because the
magnitude of dividend is too large and,
consequently, R(AC) will overflow,

The contents of R(MQ) and R{AC) are not changed
if DF is set to 1,

. Number:

Representation: Signed 2°s complement
Width: Dividend: 32 bits
Divisor, Quotient, Remainder: 16 bits
Range: . Dividend (absolute):
C0000001 < numbery g < 400007FFE
=~ 1073741823 < number < 1073774591

Bivisor, Remainder, Quotient:
8000 < number| g < 7FFF
~32768 < number < 32767

. Time:
CLOCK RATE: 2 MHz 6.4 MHz
Best 13.38 — ms
CDPISOT wort 1576 _ ms
Best 4496 1.403 ms
CDPISO2 ot 5856 1.830 ms
. Length:

The numbers indicated here are the lengths of each
enttry of the divide subroutine. Thus, the actual
length of the subroutine should be the sum of the
entries that are used.

CDP:1801 CDP1802

version version
DIVOP 4 4 bytes
DIVO 20 18 byies
DIV 170 168 bytes
DIVG 173 114 bytes

Detailed Description of Subroutines

10. Example 1:

[code]

SEP CALL
LA(DIVOP)
A(DIVR)
[code]

ARMQ); R{AC)] is now 00010003 [code]
.. where remainder = 0001
.. and quotient = 0003

.with DF =0

DIVIDEND

7FFF FEFE
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Example 2:
.assume M(DIVR) = X'0003" [code]
.. assume R{AC)= X'000A" [code]
.enter DIVOP, DIVO, DIV(Q
SEP CALL
. followed by DIV0, DIVQ ADIVEP)
.. address of divisor A(DVSR)

.. assume M{DVSR) = X*0002"
..and [R(MQ}; R{AC)] = 00500001
_enter DIVOP, DIV, DIVQ

. followed by DIV, DIV(Q
.. address of divisor
.. DF = 1 since [R(MQ); R(AC)]
.. {=00500001} divided by

. 0002 would result in

.. overflow of AC (Quotient
.is too large to be able to
. store in 16 bits)

4006 7FFF 4 Isom

3FFF FFFE

3FFF 7FFD

3FFE FFEC

FFEF 8001

B[IIJDI

— 7FFF FFFF

- 3FFF 7FFF

3FFE FFFF

0000 7FFF

FFFF 8000

€001 8001
£007 0004
C001 0001
3 €00
000 8901 (- C0OP 6003
Iaoao 8001
cooc coot -f - €000 0002
BOGO 060G $000 0000
8000 0 7FEF
DIVISOR 92C5 -28085

Shaded area indicates divisible numbers.
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. Subroutine: CBD 6. On Retum:
2. Function: DF =0 means conversion was successful.

CBD converts the signed 2’s complement number in
R(AC) to binary-coded-decimal (BCD) numbers. The
address for the storing is a two-byte hex number
passed from the calling program. The number of
digits (including sign) of this BCD number is a one-
byte hexadecimal number passed also from the call-
ing program to CBD. On return, the BCD resuit is
stored in a sequence such that the sign of the BCD
numbers is followed for the CDP1E01 version by
the least significant digit, followed by the second
least significant digit, and for the CDP1802 version,
by the most significant digit, followed by the second
mosl significant digit, etc.

. Calling Procedure:

SEP CALL

A(CBD)

A(BCD) .. address for BCD result
Ann .. where nn is a ane-byte

cconstant in hex to indicate
. the maximum number of
.. digits for result (including
.. sign).
. Registers Used:
R(LINK). R{AR}, R{(NR), R{(AC). R{(MA).
. Other Subroutines Used:
SDCON
DZ5S For CDP1841 version only.
PUSHAC
DIVQ

DF = 1 means the number of digits of BCD {and
sign) is larger than the length argument
passed from the calling program. (Overflowed!)

7. Number:
Representation: Signed 2's complement R(AC).
Width: R{AC): 16 bits
BCD: 2 <length <6
Range: 8000 < AC < 7FFF

--32768 < BCD < 32767
Sign of BCD: #)B =+

#OD = _
8. Time:
CLOCK RATE: 2 MHz 6.4 MHz
Best 15.36 — ms
CDP1801 Worst 7348 — ms
Best 437 1.366 ms
CDPISOZ worst 927 2.897 ms
9. Length:
CDP1801 CPbP1802
version® version
339 83 bytes

*Including secondary subroutines.

10. Example:
.assume AC = FFEO- =324
.. assume BCD is to be stored in memory
.. starting at address A(RSLT).
SEP CALL
A(CBD)
A(RSLT) .. address of BCD to be stored
H03 .. only three digit Jocations will be used.

The last two locations will be
cleared to zeros.
. the BCD number will be stored in
memory pointed to
.. by R{AR).

For the CDP1801 version, the above conversion will
produce the following:

R(AR)[:RSLT M(RSLT) M(RSLT+I) M(RSLT+2) M(RSLT+3) M(RSLT+4)
ob | 02 [ o3 [ o0 | o0 | = 3244

SIGN

100 10! 102 103

5 bytes in length

For the CDP1802 version, the above conversion will
produce the following:

R(AR) |-RSLT M{RSLT) M{(RSLT+{) M(RSLT+l) M{(RSLT+3) M(RSLT+4}

oD |

oo [ oo ] 03 [ o J..g

SIGN

2

103 102 10! 100

5 bytes in length

1.
2.

Detailed Description of Subroutines 192
Subroutine: CDB . Other Subroutines Used:
Function: PUSHAC
CDB converts the binary-coded-decimal (BCD) LODCON
number stored in memory, whose address is passed STORE ) "
from the calling program, into a signed 2’s comple- ADDST For CDP1801 version only.
ment number and stores it in R{AC). The length SDCON
of the BCD number, i.e., the number of digits and MPY
the sign, is a one-byte argument that is also passed . On Return:
from the calling program. The BCD number should DF = 0 means conversion was successful.
b.e stored in memory in a sequence such that the DF =1 means conversion failed because the BCD
first byte is the sign and, for the CDP1801, the sacond number is either too large or too small (o
byte is the least significant digit, the third byte is the be representable as a signed 16-bit 2’s com-
second Jeast significant digit, etc.; for the CDP1802, plement number.
the second byte is the most significant digit, the third . Number:
byte is the second most significant digit, etc. Representation:  Signed 2's complement R(AC).
) ‘ ) Width: R(AC): 16 bits
The sign of this BCD number is represented by BCD: 2<length<6
#0B(+) and #0D(—). Range: 8000 < R{AC) < 7FFF
3. Calling Procedure: —32768 < BCD < 32767
A(CDB} CLOCK RATE: 2 MHz 6.4 MHz
A(BCD number} . . address of the BCD number Best S %4 - ms
#nn .. length of the BCD, includes CDP1801 29 24 _ ms
. sign, .
. Registers Used: cDpiso2 vt 971 i ms
R(LINK), R(AR), R(NR), R(AC). - ot = ' e
( ) ( )1 ( ), (AC) . Length'
CDPi801 CDP1802
version® version
342 107 byies

*Including secondary subroutines.

10. Example:

.. assume the BCD number, #1536, is to be

.. converted to signed 2’s complement number
. und the BCD is stored in the memory as

M{BCD) M(BCD+1) M(BCD+2) M(BC[SH} M(BCD+4}

Lo |

SRS Xij]=]53610

SIGN

1o} 102 IE

for the CDP1801 version, or

M(BCD) M(BCD+1} M(BCD+2) M(BCD+3) M(BCD+4)

Lo ]

L X5 X3 | X6 | =1536)

SIGN

10- 10} 100

for the CDP1802 version.

where X is ignored by CDB. i.¢.. the BCD digits
can be stored as ASCII numbers.

SEP CALL

A{CDB)

A(BCD) . . address of BCD

FHOS .. & digits + sign = length of BCD

- R(AC) now contains 0600 4(= 1536
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. Subroutine: PUSHAC
. Function:

This subroutine pushes the content of R{AC) onto
stack with R(AC).1 on the top and R(AC).0 at the
bottom. Upon returning, R(MA) is left pointing to
R{AC).1 (one byte below Lhe top of the stack,ie.,
R(MA) = R(SP)+1).

. Calling Procedure:

SEP CALL

,A(PUSHAC)

. Registers Used:

R(MA), R{AC), R(SP).

. Other Subroutine Used:

None
. On Return:
DF is not changed by PUSHAC.
. Length:
CDP1801 CDPI&G2
version version
21 19 bytes
. Subroutine: PUSHCQ
. Function:

PUSHCQ pushes the contents of R(CR), R(MA),
R(MQ) onto stack. R(IMQ).1, R(MQ).0, R(MA}L,
R(MA).0, R(CR).1, R{CR).0 are stored from top
to bottom accordingty. R{MA) is changed by
PUSHCQ.

. Calling Procedure:

SEP CALL

,A(PUSHCQ)

. Registers Used:

R(CR), R(MA), R(MQ), R{SP),(R(MA) is changed
by PUSHCQ).

. Other Subroutine Used:

None
. On Return:
DF is not changed by PUSHCQ.
. Length:
CDP1801 CDP1802
version version

33 28 hytes

1.
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Subroutine: POPAC
POP

. Function:
POPAC pops the top two bytes off the stack and
stores them in R(AC).1 and R(AC).0. On return,
R{MA) is left pointing tc the byte below the top
of the stack, i.e., RIMA) = R(SP)+1.
POP is another entry of the subroutine which pops
two bytes off the stack witheut storing them in
R(AC).
Calling Procedure:
SEP CALL
A(POPAC) .. or POP
Registers Used:
R(MA), R{AC) for POPAC only, R(SP).

. Other Subroutine Used:

None
. On Return:
DF = 0 means the top two bytes were not stored
in R{AQ),
DF = 1 means R(AC) contains the fop two bytes
of stack.
. Length:
CDP1801 CDP1802
version versicn
POPAC 29 26 bytes
POP 25 23 bytes
. Subroutine: POPCQ
. Function:

POPCQ pops each of the top six bytas of the stack
into RMQ).1, R(IMQ).0, R(MA).1, R(MA).0,
R(CR).1, R(CR).0 in sequence.

Calling Procedure:

SEP CALL

A(POPCQ)

Registers Used:

R(MQ), R(MA), R(CR), R(SP).

. Other Subroutine Used:

None
On Returmn:
DF is not changed by POPCQ.
. Length:
CDP1RO!L CDPi802
version version
32 30 bytes

Detaited Description of Subroutines
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. Subroutine: LOADOP

LOAD

. Function:

LOADOP and LOAD are entries to a subroutine
that lead the contents of memory {two bytes),
whose high order byte is pointed to by R(MA).

into R(AC). R(MA) is incremented twice by LOAD.

LOADOP fetches the address of the operand and
stores it into R(MA) and then does a LOAD.

LOAD assumes R(MA) is pointing to operand.

. Calling Procedure:

.. enter from LOADOP

SEP CALL
A(LOADOR)
A(QOPR) .. Load M(OPR) and M{OPR+1)
into R{AC)
center from LOAD
SEF CALL
A(LOAD)Y .. Load M[R(MA)] and M[R(MA+1}]

into R{AC)

. Registers Used:

R(LINK) for LOADOP only, R{(MA), R(AC).

. Other Subroutines Used:

LOADOP:  should be followed by LOAD.
LOAD: none.

. On Return:
DF is not changed by LOADOP or LOAD.
. Length:;
CDP18O1 CDP1802
version version
LOADOP: 9 G bytes
LOAD: 5 5 bytes
. Example:
.. assume M{OPR) contains X'AB’
~assume M{OPR+1) contains X‘CI’
SEP CALL
A(LOADOP)
A{OPR) .. address of ABCD

.. R(AC) now contains ABCD
. R{MA) contains A(OPR+2)

. Subroutine:
. Function:

LODCON

LODCON loads the two-byie consiant following

the subreutine call into register AC.

. Calling Procedure:

SEP CALL

A(LODCON)

Xnnnn' .. the constant
[code]

. Registers Used:

R(LINK}, R(AC).

. Other Subroutine Used:

None
. On Retumn:
DF is not changed by LODCON.
. Length:
CDP18O1 CDP1&(O2
version version
3 5

bytes




. Subroutine: STOROP

STORE
. Function:

STOROP and STORE are entries of a subroutine
which stores the contents of R{AC}into the mem-
ory locations pointed to by R(IMA). On return,
R(MA)is pointing 1o the next 16-hit word . i.e.,
R{MAY}is incremented {wice.

STOROP fetches the uddress of the operand and
stores it into R(IMA). 1t then does a STORE.
STORE assumes R(MA) contains the address of
the operand.

. Calling Procedure:
.. 1o enter from STOROP

SEP CALL

JA(STOROP)

A(OPR) .. address of operand

[code] .. RiMA)is now A(OPR 02
. toenter rom STORE

SEP CALL

A(STORE)

[code] .. RIMA}is now A(OPR)+#02

. Registers Used:
R{MA), R(AC), R(LINK) for STOROP only.
. Other Subroutines Used;

STOROP: should be followed in memory by STORE.

STORE: none.

. On Retumn:

DF is not changed by STORLE or STOROP.
. Length:

CDP1801 CDP1&802

version version
STORQOP: 11 11 bytes
STORE: 7 7 bytes

1.
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Subroutine: COMPOP
COMP

. Function:

COMPOP and COMP are entries to a subroutine
that compares R(AC) and the two-byte contents
of memory pointed to by R(MA). DF is set to ]
if R{AC} is greater than or equal to the contents
of memory.

COMPOP fetches the operand address and stores
it into R(MA). It then does 2 COMP,

COMP assumes R(MA} is pointing to the operand.

. Calling Procedure:

.. enter from COMPQOP

SEP CALL

A{COMPOP)

A(OFR) .. address of operand
.. enter from COMP

SEP CALL

ACOMP) L. do comparison

Registers Used:

R(AC), R(MA), R(LINK) for COMPOP anly.

. Other Subroutines Used:
COMPOP: should ke followed in memory by COMP.

COMP: none.

On Return:

DF = ( means R(AC) < M(MA).
DF = | means R(AC 2 M(MA).

. Number:
Representation:  Signed 2°s complement
Width: 16 bits
Runge: 8000 < number| 5 < 7FFF
—32768 <Inumber | < 32767
. Length:
CDP1801] CDP1802
version version
COMPOP: 22 22 bytes
COMP: 18 I8 bytes
. Example:
.. assume R(AC) = 0001,
. M{OPR} contains X’"FFFF’
SEP CALL
ACOMPOP)
A(OPR) .. adéress for comparison

.. DF is set to | since
.000! > FFFF(= —1)

Detailed Description of Subroutines
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. Subroutine: TEST
2. Function:

TEST tests if R(AC) is equal to zero. It so, TEST
returns to the 3rd byre immediately following the
SEP call of TEST in the calling program. [f R(AC)
is not zero, TEST returns to the 5th byte foliowing
the SEP call of TEST in the calling program.

DF igset to | if AC is negative.

. Calling Procedure:

SEP CALL

A(TEST)

BR ZEROL .. TEST returns here
if AC=0.

fnon-zere exit] . TEST returns here
il AC#0.

. Registers Used:

R(LINK). R(AC).

. Other Subroutine Used:

None

. On Return:

DE = 0 means number in R{AC) is posilive.
DF = 1 means number in R(AC) is negative.

. Length:
CDPI1&GI CDPIsG2
version version
11 10 bytes

. Subroutine: SWAPAQ

. Function:

This subroutine exchuanges the contents of RCACH
and RIMQ). RICR L0 §s used us a sereteh register.

. Calling Procedure:

SEP CALL
A(SWAPAQ)

. Registers Used:

R(CR}. R{IMA), R{AC).

. Other Subroutine Used:

None
. On Return:
DF is not changed by SWAPAQ.
. Length:
CDPI&0I CDPIso2
version version
13 13 byies
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Appendix A

CALLR:
CALLS:

RETR:
RET:

Appendix A - Standard Subroutine

Call and Return Technique

. CDP1801 Version:
A. Subroutine CALL;

SEP R3

GHI Ra
STR R2
DEC R2
GLO RS
STR R2
DEC R2
GHI R3

PHI R6

GLO R3
PLO R6
IDA RS
PHI R3

LDA R6
PLO R3

.. to subroutine . . .
.. save R6 on stack.

.save R3in Ré.

. . set subroutine address
..in R3.

BR CALLR ..jump to subroutine.
B. Subroutine RETURN:

SEP R3
GHI Re
PHI R3
GLO Ro
PLO R3
INCRZ
LDA R2
PLO R6
EDAR2
PHI Re6
DECR2
BR RETR

.. return to main
.. restore return address
.. inte R3.

. . restore old R6 saved on stack
.into Ré6

.. return.

i. CDP1802 Version:

A, Subroutine CALL:

CALLR: SEPR3

CALLS: SEX R2
GHI R&
STXD
GLO R6
STXD
GHI R3
PHI Ré&
GLOR3
PLO Re
LDA Ré6
PHI R3
LDA Ré6
PLO R3
BR CALLR

.. to subroutine . . .

. point to stack

.. save R6 on stack.

..save R3 in R6.

.. set subroutine address

..in R3.

. .jump to subroutine.

B. Subroutine RETURN:

RETR: SEP R3

RET: GHI Ro6
PHI R3
GLO R6
PLO R3
SEX R2
INCR2
LDXA
PLORé&
LBX
PHI R6
BR RETR

.. return to main . . .
.. restore return address
. .inte R3.

.. restore old Ré saved
.. on stack into R6.

..oreturn.

25
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Appendix B(l) -
Arithmetic Subroutine
Listing for CDP1801
g
noaon ¢ 0001 eses COPYRIGHT 1975 RCA CORPORPATION ...
nono noge
faon pons ORG HOLOO
panp a0y oo COSMAC ARITHMETIC SURROUTINE PACKAGE
nune 3 noos o
ougo fn06 ae EXTRACTED FOR RINARY ARITHMETIC
aunn nooy +a AND CONVERSIONS FOR DFEcIMAL
funn 3 000R e OCCUPIFS 1K BYTES
aunn 3 faono -
ounn g ~N10 oo
nunn 1 nni1 s« DESIGNFD FOR STANDARD CSDP SUBROUTINE CALLERETIIRMN
ounn 3 on12 -
nunn no13 .o FOR STANDARD LINKAGE
ounn N1y 8Pz HN2 .,.IT SHOULD BF TH® STAcK POINTER,
nupn 3 nn1s PC= #A3 ,,,IT IS THE PROGRAM COUNTER
nunn 014 «a |ISPD BY THESE SUBROITINES,
punn an17 CALL=z HAL _,,1T7 SHOULP POINT TO THE ROUTINE
nuno nnia es WHICH PFFFETS SURROUTINFE calls.
nupn g anta RETN= #05 ,,,.IT SHOULPM POINT TO THE ROUTINE
punn g ansn es WHICH FFFFETS SUBROUTINE RETIRN,
ounn nnzi LINKe HA6 .,,1T SHOULD POINT Tn cALL PARAMETER
ounn AND2 se ss (USUALLY OPFRAND APDRESSES AND/OR CONSTANT)
ounn ne23 ea
aunp neoL .a
nunn g noes .o THF FOLLOWING REGISTERS MUST RF ASSIGHED
nunn i no2e6 ARz HAA L, (UUSFPD FOR RFSIILT ADPMRESS)
punn g ang7 '
nurn 3 aN2AR HR= #hlR ,  UUSED FOR RESIILT DIGIT €OUNT)
nunn 1 rRP0 aa 16=RIT RINARY ARITHMETIC ROUTINFS,
nupn 3 nn3n «a THE FOLLOWING REGISTERS MUST AF ASSIGMNED
aunn g nn3y AC= HOF ,. 16~RIT ACCUMILATORZRF,
nunn 3 AQ32 M@= HOF ., 16=BIT ACCIMULATOR=RE ‘EXTENSION.
nunn s 0N33 Maz HOD .. (TEMPORZRAARY) OPFRANA MEMORY ADDRESS,
aynn g nN3y CR= HNC ., (TEMPORARY) SCRATEHPAD ANB cO'NTER,
ryan g nnNxs P
auna 0036 ARG *+HOA |, FOR PAGE BOUNDARY
fgunp no3y “a
AunR 3 no38 se SWARP AC WITH MQ REGISTERS
qups ofFj 0030 SWAPAGY! GHI MQ .. SAVE MG,1
MU0 A nnup PLO CR .. IN £R.n {COULD HAVE PLSHED AN STAC
AUNA OF 3 nou GHI AC .. NOW AC.1 TO M@, 1
AupR AF: noup PHT MG
nune /e ofux GLO MR ., SAVE MQ.n
An A L PHT AC .o IN AC.1
TLOF RE; nnys GLO AC .. THEN ac,n TO M@.N
TUOF AR N046 PLO MO
410 oOF 3 nouy GHI AC +. MNOW SAVER M@0 TO Ac.n
U111 AR nO4R PLO AC
412 8es noao GLO R .. FINALLY SAVED MG.1
413 ABF: 050 PHI AC .. TO AC.1
IW1L PR nos1 SFP RETHM
SIS I nnNso ae 16=BIT SUBTRACT AC FROM FONSTANT
S S L nosy ee EEFEACT CONSTANT=AC
W15 nosy oo FhSdddobkahwdd {(TO CALLy WRITE) sokdabiddayd
u1m noss oo wdAECALL SDOON 3 s CONSTANY
1015 R&1 0056 SDCONt &LO LINK ., (ESSENTIALLY $AME A% ADCON)
a1 AP onsYy PLO MA
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0417 958 fnosAa GHI LINK o Ouih o118 e CALL HERE IF OPFRAND

ouin #ans pnso PHT MA S nuLy g 0117 . s ADDRESE IN BEGISTER MA

2419 161 noeat INe L INK L nuyly g RS ¥ ee FREXACTAC-M{R (MA})

ouin 1A 0na1 TN LTHMK i Daduly 3 ntio oo RWhdkikddEds {TO CALL, WRITE) wdwmdkadad
ALIR BA21 naae B2 5P 5 Duul 3 ti2n 0s FdERLCALL SM

nu1p 3 nosu sa 16=BIT SHBRTRACT .AC FROM OPFRAND e auuly EFMI NIsz eMq gEY Ma L L.8FT X PTR

puIn ¢ aAnNeGs s s HHEHAC=OPRM-AC Sl Cuus oF} nt23 GHI AC . .GET SIGN OF AC AND

puim 3 a06a oo REEORNEREEHE (TO CALL, WRITE) sSepisdobdbiomdk ' Qe Eal n12u SHR .. AND STORF IN 7TH BIT OF ¢R

auip g nnav s EEERCALL SDOP 3 5 A (OPRY) e nuuT %23 nios £T® 2P, .RUT PUT IN (SP) FIReT

ouln LnAA - . DLuR OF} n126 GHI AC . .AND SFF IF OPFRANDS SIGNS ARE THF SAME
Auin Ges , ARG SPAP: LDA LINK ,. EETeH OPERAMD ADDRESS o nuna Fig nt127 XOR

autE BN i ids PHI Ma ., TO Ma RFGISTFR g fiisha FARD N12R ANT #8080 ,,.TAKE OUT rOMPARING SIGN RIT

AUIE Led rNT LA LINK g fhur F2s n129 gFX SP . .NOW STORE THAT RIT IN BTH OF R
fupn APy AR PLO MA ,. FalL INTO SD ahun Fug n13n ADBY . .BY ADDING TO IT

nur1 AN s 16=RIT SURTRACT AC FROM OPFRAND ' DULF 523 nis9 eTR &P ,.AND STORE THESE TwD BITS an 8TacK
nuPrqy naTL «a CALL HFRE IF OPPRAND DULF 173 ng{3> INC MA L, ,POINT TO LOW 8

au21 g nn7s as AMDRESS TN AFGISTER Ma pusn PN n{33 SEX MA  ,LREMEMAFR TO SET X TO OPERANNS
fuP1 3 neTe oo NERHACEM{R{MA))=AC nusi AF: ne3g GLO AC ,. FETCH AC LOW 8

PuBY g fro77 oo REEERddoxtkk {TO FALL: WRITE) sasdsdaksks . nus> 73 n135 &M ., SUBTRACT MEMORY FROM IT

fu2Y g anTa . SmEECALL D Nusz AF 3 7136 PLO AC .. PUT IT RACK.

nusd g An7o - fLRL 2P ni37 AFC MA .. NOW HIGH A

quri PR AN Sne SEX Ma ., SFT X PTR TO Ma uRs ary nN13R GHTI AcC

rups ar: noal GHT AC  ..CHECK SIGN RIT OF aC NuKeE 33HF 3 n13o0 RAF SMMNA

nup B3y nnAz XOR . ,AND OPERAMP pMa usa FED1 nun SMI #0171 .. PROPAGATE mORROW OF LOW 8

Nudu FAANG NHARR ANT HAR L RESULT a 1 IF mIFF DLsA RIFES niLl RDE EMNA

AuPe B2y nOAY ZTR &P « o AND STORF 0N 3TACK o NuURer F33 olup HOR .. SECOMN RORROW) FORCE RBORROW QT
nLPT 1M} nnas TNE Ma . ,POINT TO LOW 8 ALSM 3[R Nie3 pH3R ., WHILE =1mTRACTING HIGH 8,

QuPR AF1 nnAae6 GLO AC .., FETCH AC LOW 8 ' QuUsE F73 Af4L  SMNR2 SM ., HIGH 8 SURTRACT, NA RORROW ACROSS,
ouPa FS)y anAa7 gN ,. SURTRACT FROM LOW 8 TN MEMORY . PUSE AR n145% PHI AC .. PUT HIGH 8 BACK

NU2A AEg nneA BLO AC .. PUT IT RACK B QuRh FP 014k SEX §F  ,,NOW CHECK IF  UNDERFLOWED

pusp 2n3 neag NFE MA ., Now HIGH 8 w fug] £03 niu7 LPX  ,.LOAD THE STORFD TWO RITS

Juze aF; ftaan GHT AC o Nue2 EAANG niuA ANI BBD . ,AND TAKE OUT THE COMPARING ZIBN alIT
Au2n 3335 nno RDF SDMB ., (NO BORROW) AuAL FOAE3 Ao RZ €M1 ,.THE SAME: IINDFRFLOW NOT PnSsinir
nuUPE £ty nna2 ADT #01 ,, PROPAGATE LOW & RORROW Nuss OF3 n150 GHT Af . OTHFRWISE HAVE TO COMPARE 21GM OF RF
Nu31 3R3R: nfo3 RNF SINR : LCHLT

NLAZ FUus nnou APP .. SECOND RORROW] FORCE RORROW OLT . 0Le7 Fhi M151 gHR L WITH SIGM.OF AC

Qa3 Iag nnog B3R ., AND SKIP OVER REGULAR SUBTRACT B nNLas F3j 152 XOR ,.SIGN RIT OF AC WAS STORFD ON 8TACK
Bu3® £85y npas  SHNB? S0 ., SURTRACT HIGH 8 NuaD FALNG n153 ANT #Hun .aTAKE OUT THAT 7TH ®BIT

0436 RE nnav PHI AC .. PUT IT BACK PLAR E&} 0154 Mie SHR ..SET NF=0 IF oK

Du37 4oy nnas LBA SP «oLOAD STORER ~OMPARTING BIT OF ORERANPS _ fuse 32703 1155 BZ SMRT ,.THE SAMF, IT9% 0K

nu3a 223 nnoaq PEC 8P L. RFSFT STACK POINTER : Nuar FEMD) 0156 2MI HNno s OTHFRWISE SFT nF=1

N430 3PIM n1an RZ SNFF  .,.IF OPFRANRIS SIGNS ARF SAMP fuyn n5; 0157 SMRTY SEFR RETN , RETURN WITH PE=NO BORROW
Nu3AR aF g n1m GHT AC ..NO OVFRFLOW POSSIRBLE -3 B t15a oe

Nu3r B2y ninp XOR .. OTHER WISF CHECK RFSULT TS & I 0is0 .0 ,

nu3m Feang Nin3 SHFF: ADI #A0 L ,SFET DF=n IF OK gury fisn s+16X16 BRIT SIGNED MULTIPLY (218 £oMPLEMENT)
nu3e m5,y atni SER RFTN 0 a RETHRN auT71 n161 o0 HEFEAC=ACEOPRE

quan nios - au71 3 ni&2 » o NGRS (TO CALL, WRITE) dddedoiodokapdokdg
Quan nioe s 16=R1IT SURTRACT FROM AC (ADDRESS IM cALL) nyTt n1e3 . EukiECALL MPYOP 5, A{OPRN)

ouup n107 aa FRFBACEZACOPAN nuTi 3 N1 6L .

Guun piInR oo RdOkERRRERER (TO CALL, WRITFE) skdmhddddlonk U7l ue; nie® MPYOP: DA LINMK L. .FETCH MULTIPLICAND ADDRS
oLun n109 oo AkERCALL SMOP 1 » A (OPRN) ouT? B nles PHI Ma L, INTO REGISTER A

nuun n11n “a ou73 uag D167 LPA LINK

auun Les n111 SMOP: LDA LINK QuTu AD: 0168 PLO MA . FALL INTO Mey

Out1 B3 niy2 PHI MA ou7s 3 7169 .o 16X18 BIT SIGNED MILTIPLY (295 COMPLEMENT
sl 0113 LrA LINK 0u75 8170 «» CALL HERE IF OPFRAND ADDRERS

QUL AD: 0114 PLO MA 0u7% 3 nt71 ee IM REGISTER Ma

Ouuu n1is oo 16=RIT SIATRACT FROM AC (ADPRESS IN Mp)
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oL75
ou7s
ouss
ou7s
Qu7s
Nu76
ou7s
Ou7A
OUTA
NUTR
ouTP
ou7RF
faan
ngAal
fypp
nup=
gual
nuas
Nugs
nugy
gufo
(LIR30
nuar
oupp
ouspE
QuprF
Juan
Cuon2
oqa3
ouoy
Ouagea
duay
fuag
neoa
nyoR
ngap
ouoF
Y.
QLA2
Qupxs
Quan
Ouae
AR
cupQ
NupR
0hAcC
DUAF
L AF
ounn
ouml
oup2
OuRL
o0ups
OuR7
OuRA
AuRG
O4RrA
NuRe
Oupm

- we we

Fh
oF )
FXx3
Eaansg
BC
Faing
AC 3
Fanos
RF 1
AF 3
2C
oF
Fal
=1
AF 3
ARAans
Fas
FORAN}
XAj
Fé&i
AR}
aF ¢
3ROA
1P
falelld
TACF g
(g%
QumnA
FRg
ac 1
FCRM}
ANAAS
Mg
nurFgg
Fhg
23AR0
E0y
Ecans
oF
3RAF @
Fél
Fond;
A
Fal
RE}
aF 1
3BRA}
Féi
FaRD 3
3At
Fe:
AF3
3RCO
aF}
Fo8sni

0172
0193
0y 74
n175
n17e
0177
0178
0179
n1A0
01a1
A1a2
n1A3
nlaL
n1R5
N1R6
n1a7
n1aR
0180
0100
nig1
r102
n1o3
niau
n195
nioe
n197
n19A
n199
n200
n201
0202
0203
pocy
n2ns5
GELTS
nen7
n20a
p2n0
0210
n211
ne12
n213
n21u
n215
n21e
0217
n218
0219
n22n
n221
0222
ns23
0224
n225
N226
no27
n228
no2q
n23n
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oo ¥EBEAC=ACEMIR(MA))

oo Hdkddkddgddk (TO CALL, WRITE) swkabrigsdw
oo ¥kEACALL MPY

MPYe: SEX MA ., SET X NOW

MBL e

MPP ¢

MPA e

MPg e

GHI AC ..CHECK I8 THE SIGN OF MULTIcANR
XOR +.THF SAME AS THE SIGN OF MULTIPR
ANT HBO ..AND STORE THAT RIT
PHI ¢® L.INTO €R.1
LDI Bi0 .. SET COINTER TO 16
PLO FR
LDYI #nf ., INITIALIZE MO TO 0
PHI M@ ,.. TO HOLD PRODPIICT.,
PLO MQ
DEEC €R  o.IF NOTy DECREMPNT IT.
GHI AC .o SHIFT AC (=MULTIPLIFR) RIGHT
SHR
PHI ac¢
GLO AC
BNF %+H06
SHR ., SHIFT 1 ACROSS RYTFS ..
ORT Han
» H3A
EHR «s SHIFT 0 ACROSS BYTES ..
PLO AC
GHI Mg
RHF MPB ., IF NO RIT OUTs DON'T ADP.
INC MA ., POINT TO LOW 8 AF MULTIPLIcANP
GLO CR .. IF NOT LAST ITFRATION,
ANZ MPA ,, GO ADD.
SEP CALL ..CALL SUBTRACT MOS(MA) RONTINE
rA(DEMY
SFX MA . FIX X PTR 3
GHI ¢R ,.NOW ARF THE SIGNS OF OPERANME THE $AME
ADI HBN L.TEST FOR SIGN aIT
AR MPS+HNS ,,IF MEGATIVF, 2IGN EXTENP
SEP CcALL  ,.¢ALL ADPR M@ & (Ma) sUm
P ALDVA)
SEFX MA
ADF %+ HNS
LDX
ADI H80..IF OPERAND IS NEGATIVE» THEN
GHI M@ +PUT M@,1 INTO O
ANF *+H06 « o EXTEND A 1 FOR =SIGN BIT
SHR .« SHIFT IN 1
ORI #B0
y 38
SHR .. SHIFT IN 0
PHI M@
GLO MQ o, CONTINYE FO LOW 8 OF MO
BNF %+HN6
SHR
ORI HaAD
» H38
SHR
PLO MaQ
BNF MT .. IF NO CARRY OUT, ITERATE,
GHI AC .. ADD CARRY OUT INTO aAc MsRB,
ORI RrAN
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OuRF
oucn
ouecH
oucs
oucu
nuce
oucy
fuco
ourm
Quep
AUEE
oumn
oup?
oupu
ouns
nups
oupe
aupA
auno
NuAA
nupR
nupc
nupn
oupF
aurq
OuFE3
NUFEY
nurs
OLFA
CLER
nuFa
NUE A
ALFR
nusr
nuFn
NuFF
nuF1
ouE=
OuFy
DUFS
DLFaA
OuF7
OuFA
NUFA
nufFa
OQUFA
QuFn
DuFce
OUFn
QuUFe
OLFF
0501
0503
n504
0505
ns06
0506
0506

BF
acy
RO
qF ¢
FCRO
aF 1
BFRCR S
FREF
3Aan2y
aF §
38n2s
FRFEF 3
FCFF 3
D&

i

frhs
3RFA:
AP}
£71
AE g
2P
aF j
33F51
FFO13
33F51
F33
IR
F71
I0FAS
aArg
Fisp
AR
2N
ar
IRFRY
FCO1s
3RFR:
F51
3as
Fis
aF 3
nE§

I

F21
RF s
B2
Fus
AF g
oF 3
52%
IRN3Z g
Fents
Fig
RF #
sl

i

H

1
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06231
n232
n233

Q234
n235
ne3é
0237
n23R
no30
n2un
na2u1
npL2
nans
a2un
g2us
naoLe
npus
az2ua
n2ua0
A250
n251
ngs2
n283
na28L
n255
A256&
n2s7
nese
0259
nzen
neenl
no2e2
n263
nz2eu
nN265
nNe6a6
0267
N2&A
f2e0
na27n
0271
nz72
n273
AP7Y
n27%
n276
n27Ts
0278
0279
nzan
n2a1
n2KR2
nN2R3%
nzat
nzas
0286
0287
0288

MT 2

MPX 8

PHI

Ac

GLO CR . CHECK COUNTER

BNZ

MPL s IF COUNTER IS NOT 0G0 RACK FOR MORE

GHI AC «. FINISHED:

ADI
GLO
BNF
XR 1
RNZ
GHI
BNF
XR1
ADI
SEP

#a0 ,., CHECK FOR PRODUET > 15 BITS.
M@

w+H0OU L THAT!S HIGH 17 RITS

HFF ., ALL N0 OR FF,

H4+HAT oo NAW,

MG

*+HOU

’FF

HEF ., SET DF IF PRODICT > 15 BITS
RETN .. RETURN,

es« SUBRROUTINE TO RE INCLUDED IN DIV,DIVReMPY ...,

mARS:

nemMe

BVAY

PVA ¢

BNF

eM
PLO
nEC
GHI
ADF
eMI
RDF
XOR

INC MA L oME.0=(Ma)
DVA ..IF NO FLAG, MQ.+(MA)
GLO MQ ..LOAD MQ.H TO D
e MB.O=(MA,N)
MO . .AMD STORE RACK INTO Ma.D
MA  ,.B0O THE SAMF FOR M@Q,1
M@ ..LOAR M@ .1 INTO P
*+HNB L. IF NO ROBRROW »SKIP
#ni1 . MINS 1 FOR RORROW ONIT
*+H04 . ,IF MQ,1 NO BORROW O1T» SKIP
« OTHERWISF ONLY DO XOR

P H3A . AND SKIP oVFR NORMAL SURTRACTION

SM
RR

ADD
PLO
DEC
GHI
BNE
ARI
RNF
<N

H3A
ahp

SER

oM@ 1=(Ma, 1)
NVR ..SKIP OVER ADD STERS
GLO MO . MR+(Ma)
s aM@A+(MA, D)
MQ  ,.AND PUT RACK IMTO MQ.n
MA . .D0 THE SAME FOR MQ.1 8MA,1
M@ ,.LOAD MQ.,1 INTC D
*4+808  ..IF NO CARRY OUTeSKIP CARRY OVER
#01 . .CARRY OVER STEP
®k+HO4 ,,SKIP cARRY TIF NO CARRY RESULT
« o OTHFRWISE IT'S 0 HERF,PUT IT BACK
.o AMD SKIP NORMAL ADDITION
«e ADD MQA.1 AND (MA.1)
PHI MO ..AND STORE INTO M@.1
RETN s

es SURRONTIMNE TO RE INCLUDED IN;nIVrDIV@ seoa

DsHL ¢

GLC
STR
ADD
PLO
GHI
ETR
RNF
ADT
ADD
PHI
SEP

SEX P ,,SFT X TO 8TacCK
MR .. ADP MQ.N TO ITSELF
sP ,.CAUSE MR.n SHIFT TO LFFT

Mo . o AND STORE BACK

M@ .00 THE SAME FOR MQ.1

SP

4804 ,,IF NO CARRY QUTSKIP caRRY OVER
#01 ..ADD 1 FOR CARRY OVER

«« ADD MB,1 TO ITSELF

M@ +,STORE BACK

RETM <
32716 RIT SIGNER DIVIDE (2'S COMPLFMENT)
AC=M@y AC/OPRN
QUOTIENT IN AC » RFMAINDER IN M@
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0506
0506
05086
0sné
0507
osna
nsno
asna
N50A
Ns0A
as0p
NERAA
050A
0saR
osne
050F
0510
n512
nsqu
neis
NEia
n5i7
tR1R
nsia
0S1R
nsin
N8IF
0R1F
n51F
051F
051F
081F
0520
0s21
0522
n5o3x
N828
0526
0528
Ns2A
052R
052¢e
052n
NR2F
Rl
n&32
0%s3u
0%35
0537
0530
053R
0530
053F
053F
0540
osu2
0544

b
¥
i
L4éas

0289
n29n0
p2o1

0292
n293
N2ou
n2as
n296
n2a7v
n2aa8
n20g9
n3nn
0301

n3n2
nPANS
n30u
n3INkE
n306
0309
n3oA
0309
0310
n3ii1
0312
n3i3
0314
0315
n3ie
n317
n3ia
0319
n3a2n
n321

niz2
n3z23
n3izu
N325
n3ze
n3z2y
0328
n3z2e
033n
n33i
nxz2
N333%
0334
N33%
0336
n337
0338
N330
O340
0341

o342
0343
034y
N2y

o« ddEdkkiwkdkky (TO CALL) WRITE) $¥kidobkdokg
oo CALL DIVOP : »A(OPRN)

MIVORP: LDA LINK ,. FETCH OPFRAND ADPRESS
PHI MA ., TO RFGISTER Ma
LDA LINK
PLO MA ., FALL INTO DIVO/PIV/DIVG,
ss 32/16 RIT SIGNED DIVIDE (2'S cOMPLEMENT)
sss OPTION #1: cLFAR M@ AND CHECK EOR ZERO D
e FEEACSMA» AC/MI(RIMAY)
e HRdokdkiikkbkdk (TO CALL, WRITE) sdbdimkkbgik
«o WkkxCALL DIVO

nPIVOo: SEX MA .. SET X TO POINT TO DIVISOR (n)
GHI A€ .« LOOK AT AC SIGN (0)
ADI #80 .. COPY IT TO PF (0)
LhI #a0 .. EXTEND #00 IF POSITIVE, (0)
RNF s+804 ., (0)
LDI #FF ., BFF IF NEGATIVF., (D)
PHI MQ ,. GIVING +n OR =0 IN M@ (n)
PLO M@ .. (n)
LA Ma .. CHECK FOR ZF®O PIVISOR (0)
oR .. (0)
NEC MA .. (DON'T FORGET TO FIX POINTER) (n)
SBI #OD .. IF ZFROe caLL IT DIVIDE CHEECK(D)
BNF DIV  ..G0 ON IF NO DIVIDF CHFECK ERR
SFP RETN ,.AND RETURN WITH DF=1 (0)
sses OPTION H2: PPRMIT 32=RIT OIVIDEND: (/)
ses MAKE SURE QUIOTIENT DOES NOT EXCFEP 16 BITS (/)
oo HdkREERRdokEE (TO CALLy WRITE) skbmdkiikdoky
.o ¥kkgdok CALL DIV

DIV GHI M@ ««SAVE PARTIAL DIVIDEND(/)
PHI CR .oIMNTO CR,1(A
GLO M@ s (/)
PLO CR ..AND CR,N{/)
SEP CALL ..CALL SHIFT LEFT ROUTINE (/)
GHI AC +,ALSO SHIFT HIGH OF AC(/)
ANTI #ARn ., (WHICH IS THF 16TH RIT) (/)
RZ D7 ..RUT IF NeSKIP SHIFT(/)

INE MO L.IF 1 SHIFT INTO MQ(s)
rﬂSB .ll‘/,
n7e GLO CR ..S8FE IF MG.0 =n(/)
BNZ D2 «« IF MOT GO THROUGH CHECKING STEPS(/)
GHI CR ..SFF IF MQ.1 IS HuO(/)
XRI Bu4n ,,WHICH SHOULD RESIILT 0 IF TRUFB(/)
BZ Du as IF TRUF»SKIP NORMAL cHFECKINMNG(/)
n2:e GHI CR .o CHECK IF HIGH 2 RITS OF MQ@ ARE THE SAME (/)
ANI HCO o« TAKE OUT 2 HIGH BITS(/)
SDI #n0  ..SEE IF THEY ARF THE SAME(/)
ADI #an os IF NOT+HIGH RIT IS 1(/)
BROF DVXX ..SET DF ANB RETURN(/)
oo e GHI CR  ..LOOK AT THE SIGNS OF DIVNR ANP mIVS R({/)
SEX MA .. .POINT X TO DIVSRI(/)
XOR oo (/)
ANI #80 .,.IF DIFFEREMT, RESULT B8n(/)
€Dl #00 ..SEFT DF IF SAME(/)

SEP CALL ..CALL ABS(MQ@=(MA)) SUB(/)

Appendix B(l)

05u5
nsyy
05uA
nsua
N5uR
ORLP
OBupP
NERA
n581
ngs2
N55L
08588
0R&7
(1558
n5sa0
0BER
0s558¢
N158R
NESE
0RA1

N5aA3
nses
0566
N5a8
05AA
05ac
NS5aF
ARAF
n&719

QRT3
057L
NR7A
0877
n57/
nsso
057
057R
0R7e
a57n
057F
NSAN
nsa2
NBA3
0RaL
05R5
05pg
0587
N5RO
A5&8A
0sAc
058F
058F
0501

AURS
12pF]
ac
FCRN:
3REC
OF s
FPOOs
BF
AF
325C1
aF s
FFR1s
RF}
aF s
FRoos
AF§
aF
32651
ECAaN;
33}
3anF
RF 1
FCFE
33c0:
FRFEF§
IAATLS
Qcs
FARM§
T32RF
Flg
33cns
oF 3
Fus
RF}
1P
AF §
Fig
AF 3
3RA3
oF
Feals
RF §
Fng
Fé1
2ns
aF
3RAC S
Frans
RF 3
Ferns
=Toll
FARD S
ZAQT
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03up
03u7
n3uR
n3yo
N3350
0351
N352
0353
n3isy
0355
N356
N357
n35A
N3850
N3a0
n361
0362
N363
n3su
N335
N366
N367
0368
n3s60
n370
0371

n372
0373
0374
n3ss
n37e
0377
nx7A
3o
N3an
0381
n3a2
038”3
n3au
n3a5
n3ae
n3a7
0328
n3ag
039N
0301

n3g2
0303
n3qL
0305
0396
0397
0398

pvas

Dine

# A(MARS)

SEX
GHI
ADI
RME
GHI
snI
PHT
6LO
RZ

GHI
SMI
PHI
GLO
snl
PLO

Ma
CR
san
pva
MR
HOO
Ma
Ma
bva2
M@
HO1
MQ
M@
#oA
MO
GHI

RZ D106

API
RDF

2a0

§]ale}

RR Do

GLO M@

ADI
BDF
XRT
RNZ
GHI
ANT
RZ

ADD
BRE
GHI
ADD
PHI
INE
GLo
ADD
PLO
BNF
GHT
ADIT
PHT
LpX
SHR
DEC
GHI
RMNF
ADI
PHI
ADI
GHI
ANT
ANZ

HFE

DVXX

HFFE
NVH
o
Han
Do

s (/)
«oSET X TO DIVSOR{/)
0« LOOK AT THE SIGN OF RIVIND(/)
«eDF=1 IF BIVND IS NEG(/)
s« IF NOT» BON'T COMPLMENT DIFFERENCE (/)
+ « COMPLEMENT MQ,1(/)
«sBY SUBTRACTING FROM n (/)
« o STORE BACK INTO M@,1(/)
«eD0 THE SAME FOR MQ.n(/)
« o BUT IF 0,NO NEED TO(/)
— 4
« s OTHERWISE NO RORROW FROM M@, (/)
oo L)
.00 COMPLMEMTATION FOR Ma.n(/)
«oBY SUBTRACTING FROM n (/)
« o AMD PLIT BACK INTO MO.N({/)
M@ . .NOW LOOK AT THE DIFF OF MQ&(MA){/)
s« IF 0 CHECK MQ=n SPFCIAL €ASES(/)
«s CHECK IF MR IS NEGATIVE(/)
es IF YESs NO PROBLEM(/)
.o IF NOT 0 1OR NFEGy, DIVND IS T0OO LARGE (/)
. «HERE WE CHECK DIFF=n CASES(/)
eoIF MQ@,0 IS NOT EITHER n OR 1(/)
«o THEN BIVMA IS STILL TOO LARGE(/)
« o RESULT A IF MQ@.0 WAS 1(/)
o IF NOTe MUST BRP N GO TO PVHI(/)
«« SEE IF DIVNR IS NFGATIVE(/)
« RESULT 80 IF YES(/)
.« IF DIVND POSITIVEs IT CANNOT PRIVIDBF (/)

« « SEF IF NIVISOR Ie POSITIVE(/)

BVXX

AC

«o IF NEGATIVEs BIVND CANNOT mIVIRE (/)
o NOW CHECK IF AC+(Ma)>n IF LOW AC IS A(/)

e s ACL14+(MA,T) (/)

M@
MA
AC

o o AND STORE SUM IN MQ,1(/)
«.NO THF SAME FOR LOW AC 8(MA,D) (/)
« s LOAD AC.N INTO D(/)

«ahC.O0 TO (MA,N) (/)

M@

*¥+H0G

Me
S |
M@

ae (/)
« o SKIP CARRY OVER IF NO cARRY OUT(/)
« B0 CARRY OQVER(/)
«oRY ADD 1 TO MO,1(/)
e (/) :

. .NOW HECK LOW RIT (MA) IS 0 OR 1(/)
« o SHIFT THAT LOW RIT OUT(/)

MA
o]

*+HAS

rB0O
MQ
#aa0
CcR
H80

*+HNG6

« o REMEMBER TO RESET Ma (/)
««READY TO ADD #80(/)

«oIF LOW RIT OF Ae IS 1(/)
e aTO MO, 1(/)
««SAVE STATUSI(/)

« oSEE IF M@ >n(/)
««SEE IF DIVND IS POSITIVE (/)
0o BY TAKING OUT THE SIGN BIT(/)

oo IF NOT»GO THROUGH BDIFF CHEeK(/)
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0593 3RBE 0399 BNF D9 L.IF ACE(MA} =0, BAD(/) O05F4 Fui nuse ADD

0595 30081 0400 BR DPR L,.O0THERWISE I8 0OK{2) OBES AR AuSa PHI AC

0S9T OF: ount GHT Me ,.MO=62(/) 08Fs 3RFOS ngsa BMF #4803 ., BIT SHIFTED OUT OF AC .1
0508 33¢0) oun2 BOF BVXX ..IF NEGATIVE: THEN OUTI(/) ' 05FR 1F3 o463 INC Ma ., GOES INTO MQ.0

0594 IACK oun3 BNZ DDG ,.IF NOT, THEN NO PROBLEM(/) o 08Fa #nDj la2 SEX MA ..

050¢C AF} nunY GLO MG ..MAKE SURF MG.nH IS 0 T00(/) fi O8PA B3 Gus3d GLO PR 2. MNOW. WAS THAT aDDe OR SUBTRACT?
059 32RF auo0s B2 D9 .,IF YES, THEN RETURN WITH DF=1(/) i 0%FR F3i DUty XOR .. IT DEPENDS ON ZAVED FLAG,

N5aF Z0CS nune BR DB ..0R FLSE GO TO DIVIBE(/) : DREC Feafd nLes ARI B#80 .. AND SIGN OF DIVISOR.

N5A1 o pUNT AVHY GHI CR ,.BFF IF THF OPFRANDS SIGNE RIEF(/) § OSEF Do 046H geP  eALL L .cALL ABS(Ma=(MA)) suB

N5A2 F31 nung XO0R  ,.BY COMPARING SIGN BITS(/) o OSEF NUDSS bue7 » A{DARS)

NRAS FARDS ruNG ANTI HBO  ..AND TAKE OUT THAT BIT(/) E 05F1 PN ou6n SEX MA

NRAS 3A763 alt1n AMZ D10+H11 L. IF SINGS DIFF: IT!S OK(/) . 0RE2 203 fu6g DEE CR .., COUNT DOWN ITERATION rOUNTER
ARAT of nuii GMI CR L, ,0THERWISE TF=T SIGN OF DIVNR(/) E NGE3 ACY nL7o GLO CR

NSAn Frang aut2 ADI #8010 L. IF PORITIVE, RETURN WITH mEzi (/) E O%FL FATES auT1 ANT H7E

NEAR SREF1 nuls BNF DO L RFTIRN WITH DF=1(/) g NREA 3RER: nu7e RNF %4805 ,, TESY CARRY OUT OF ADD/SUSTRACT
Nsac 1M1 nulb INe Ma ., SEF IF LOW BIT OF ae Ig 0 OR 1(/) : DRFR 173 nuT3 INC AC .o IF 1» SHIFT INTO QUOTIFNT»
NBAn By AB1s LAY ..LOAR THAT IN D) N 0%KFO EoAan) nu7y ORI HAO .. AND FLAG MEXT OP AS SUBTRACT,
W T 1% nuls AFC MA L REMEMBER TO RESET MA (/) N NSER ACH nu7s PLO CR .. OTHERWISE IT'S ADD,

NEAF E61 ALY eHR .« SHIFT THAT BIT OUT(/) s NSEC EA3F AuTe ANT H3F ,, LOOK AT COUNTER!

asRN AR nuta GLO AC  L.IF ACc IS NOT n LNOT PROBLEM{/) OSEE IANR} ouTY BMZ VL .. IF NOT 0: LOOR BACK:

ASA1 TACK) nu1o ANZ BPQ .50 TO NIVIBE(A) . N&arn 33201 nuTA RDF PDVR .. AT END» CHECK REMAINOFR ABJUZT.
ASR3 gF | nu2n GHI Ac  ..READY TO eHECK #an IF LOW BIT AC 1S 1(/) _ Nanh2 Ra nL7a yH3R

NERL 33[AG ouz1 ADF #+8#N6 ., (/) : neny 1F nuAat  DVeR INC AC .. (FINAL DIVIDF STER)

0BRE 32AF) nuzo RZ D9  ..NO GOOD: RETURN WITH DF=1(/) . fetu F33 nupt X0® ., BRF ZURE TO GET POLARITY

0SBA 30053 nu2x BR POQ .. ANY THING FLSE IS OK{/) : 0aNS Feans ougR2 AT HBO ., OF ADJISTMENT RIGHT. ..

O5®RA FRRN} Du2y XRT #AN  L.L,IF AC.1 ISINT HBO(/) o Ned7 1D: nugl INC MA .. YE®, APD DIVISOR RACK ONs

D5Re 3ALSS nu2s BNZ DhQ .. IT!S OKi/) i 06NA AF: nupt GLO M@ .. TH CORRECT FOR FINAL <SUBRTRACT.
NERE ERNANG fuze Noe EMI HON L, ,DF I8 SET TO 1(/) E D&M 33163 nuAs BDE NVYM ,, (ADDING NFGATIVE IS SUBT.)
NEen ar) DL27T NYXX1 GHI R, .PUT ORGINAL DIVNB{/) i 060R Fug QuRA AND .. WHICH SHOILDMN'T HAVE,

0RC1 RE (o 1%-7 PHI MQ .. INTO MQ(/) F 06NC AR AuR7 PLO M@

082 ACe pH29 GLO CR .. (/) nanp 203 o482 DEC MA

0RC3 AF 430 PLO M@ sa i) : D&NF oF: nupo9 GHI MG

ORed NSy 431 8FP RETH . ,aAND RETURN WITH PF=1(/) : 0&NF 3R13; nuon BNF #+B0U4

ASCs ofg 432 BNGR: GHI €®  ,..PUT ORGINAL DIVNR{/) : a1l Feoly ouol ADT BN1 ., NO NEER TO SAVE CARRY oUT
%6 REY Qu3s PHI MQ ,.BACK IMTO Ma{/) e 0613 Fu3 nuo2 ADD

NEFT acy no 3y GLO CR .4l g D61y 3INIFS nugs AR DVR=HO1

Nseca AF) nu3s PLO MR 4. (/) . Dal1& F73 ouoL  HVMr SM ,, SAME THING,

0509 0u3e sas OPTION 8#3: ASSUME RENIGN PROGRAMI NOCHECK - 9617 AFs guos PLO MA@ ., EXCEPT, FOR NFGATIVE DIVISOR,
0%co nu3? ee Fikdkkdaackr® (TO CALLe WRITE) siudskdomoniks B DA1A 2D nuog DEC MA

9500 3 nuza .. EEHXCALL DIVQ R Nel1o aF} n4a7 GHI M@

05C9 oF; nu3a pIVA! GHI M@ ..L08K AT DIVIREND SIGN b 0617 334F) guoas ROF *+HAY

05cA FCANG ouun ADI 880 .. IF POSITIVE, ; Dale FENL; nuoo gMI HmM

05CC FRGO3 Disi LDT Han ,. PLAN T0 BEGIN WITH SURTRACT: L Neir Fvi 0500 M

O05CF 3RD2 ouy? ANF #+B0O4 ,, (ALSO SAVE SIGM OF DIVIAEND) . 0&K1F RF3 0501 PHT Mg

nNSMN Fasns Quuz LBI #%0 .. OTHER WISF BREGIN WITH ADD. : 0&2N OF1 0502 DVR? GMI MQ ., IF REMAINDFR IS NOT ZFRO»
0sm2 ac nLLL PLO CR .. SET ITERATION COUNT IN CR,.0 : 0621 ZA2E) 803 BMZ #*+HNR

08D3 PL ) NLus pvL e sFP calL .,cALL LEFT SHIFT =UR i Ne2% Ar nNso0u 6LO Ma

05n4 NUER} oLus » A (PSHL) @ 0R24 P34 0505 BZ DVM .. BUT IT IS NO PROBLEM,

05hs BE; nuy7 GLO AZ .. NOW DO ag ; 0626 ACH 0506 GLO CR .. IF NOT ZERO,

0Sp7 &2 nuLp STR 2P ,, : 0A27 FALOS 0507 ANT #u48 ,, IT SHOULD BE SAME SIGN

0SNA Fui Jtlyo ADD Ne29 Ferds 0508 anl #en .. AS ORIGINAL DIVIDEND,

0%R9 ARG naso PLO AC . 0AZHR o} 0500 GHI M@

35RA OF ) ous1 GHI ar : 0n2¢ 33303 0510 BPF *+H0U

O5MR B2y nus2 sTR 8P ., : 02 FRAN n511 XRI B&n

DSNC 3RFO} NLG3 BNE #4840 / 0e30 Fean) 0512 ART 80 ., IF NOT, WE NEED

OSDE FCOLs nusy ADT #01 : 2632 3R03 n513% BNF DVE .. ONE MORFE DIVIDE ITERATION.
0SEN 3BEL: NLER BNF #4804 : 0634 FO1 0514 PVN2 LDX .. FINALLYs IF DIVISOR NEGATIVE,
05F2 F&; 0use SD .. NON'T LOSE rARRY OUT : 0635 FCAans nN515 ADT #ag

05F3 38: ous7 ¢ H38 : CA37 3Ru4L) 0516 BNF BVX 2o (ITIS NOTH WE ARE DONE)
; 0a3w REY 0S17 GLO A€ .. COMPLEMENT QUOTIENT,
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063A
D&3C
0630
063F
Oaun
0mul
Neuz
OelLy
0aL5
0gus
06u5
DY
0aLs
0ALS
AalLS
nNaus
Nau%
Deur
0aLS
PaLA
Qruy
nauR
Neu9
DAL A
DARERA
naue
06uF
DeuF
DB
052
ORR2
0654
A&56
0e5A
0sR0
DeHR
QAR
365M
D&sp
D660
0ea2
0663
Oanu
0666
0667
066R
Neso
0e6A
0s6C
0aef
066K
0s70
0671
0a72
0p74
0675
Gavr6
0677
0679
067A

FREFE ¢
AF 3
agF 3
FRFEF
BF$
iFs
Fcom
DS

o ee G0 W wa wE G we

ey
RA
uae
AA3
ua
ATy
RR 3
Faini
SA
aF
FDOTF )
FAS
M3
NaAD
33803
D
finls;
nng
an:
s I'R}
0AFO
EFRQODS
501
103
FROA:s
85D
P
2R
AR
327F:
Fanni
AF 3
RF1
Bu
N&ro;
1A1
RFE})
BAG
AF
RY.T.Y:E
aF1
ZAEB:

514
N519
0820
0521
0522
nB23
0524
0525
nK26
ns27
0528
0529
n53Nn
ala% b/
n532
0533
Ne34
0538
ns3a
n837y
N"3A
n53a
nsLn
0541
nesL2
543
NsLy
NRL%
05ka
D5L7
o548
0540
0580
nss51
nese
OR53
nesy
555
nN5R6
nes7y
NE5AR
nRBa
0Re&n
561
ns562
nS&3
ORéL
n565
n5646
0567
0568
0%s0
0570
0571
nst2
nN573
0570
057s%
0576

XRI ®#FF .. BY INVERTING IT
PLO AC
GHI ac
XRI HFPF
PHI Ac
INC A€ .. THEN INCRPMENTING
apI #00 .., ALSO CLEAR DF,.
BvVX? SEP RETN ., BF=A IF PRIVIDE SUPCESSFEIUL,
L ]
«o BINARY TO DECIMAL CONVERSION
oe EEAEDECIMAL NUMBER = A
aa DECIMAL NUMBER = SIGN,NONLisN2eN3,,,
»e SIGNSHOBR 4
o a SIGNQﬁOD -
+a NOminkkn DIGIT
sa NIz10%&1 DIGIT, FTC
oo FRFIddokdmgdx (TO CALLe WRITE) stusddisidhiog
o *EEECALL CRD 3 s A( NUMBER) 3 LENGTH
CRN: LDA LINK ., GET PFcIMAL ADDRESS
PHI aA®m
LDA LINK
PLO AR
LDA LINK ,., GET SIZF (#}
PLO MR
PHI MR
LDI #9090 .. STORFE MINUgZ {(4)
5TR AR
GHI ac .., SET DF IF POSITIVE
bl HYF
EFX AR
SEP cALL .. NOW CHANGFE SIGN TO MaTeH
sAl DZ%)
BRDF x4+ HNT
SFP CALL ,. SET ar POSITIVE
o AL BDCON)
s HON
+HOD
SEP CALL .. PUSH AC INTO STACK,
s Al PUSHAC)
LRI 800 .., ONLY TO REPLACE IT
STR MAa .. BY A DIVISOR OF 1n
INC MA
LDT #DA
STR MA
BFC Ma
CBLY DEC NR ,. DECREMENT PRIGIT COUNT
G6LO MR ., CHECK ENP
RZ ¢BX .. ZERQ IS OVERFLOW,
LDI #pPD
PLO MG
PHI MG
SEP cAlLL .. DIVIDE RY 10
s AL DIVQ)
INC AR .. (<)
GLO MG ., REMAIMDER 18 THIS pIGIT
STR AR
GLO AC .. CHECK FOR NOM=ZFRO
RNZ CRL
GHT AC

Appendix B{l}

067A
0&7¢
Ba7h
n&7r
0&7F
0680
0881
0sn2
0sAD
NeR2
06R2
0r82
AFCY1
fNaRs
teas
06R7
N&RA
A/RQ
O6aRA
Daan
CARMD
naAE
aaa0
naot
ngo2
0s03
3=11
taos
0e0s
FGTS
fea7
Npon
fotelal
DaOA
0e9c
fgoF
NEAD
Q60
Y
Neal
NeAR
OaA7
0&a0
f0aAR
0rAD
AR
OeAF
N6AFR
DenF
OHAE
06AF

-0RAF

D&AF
0&RN
0&Rm1
0eR2
0en3
08R3
DeR3
06R3

3A6B%
Fér
381
F53
12

2ARS:
1R}
F23
OR ¢
521
LY.
FTt
LY. B
3301
OAl
EEOY
=¥
AR
Foi
FOs
AR g
nE:

E

541
TA
oR3
RB
A2A2;
Faons
2noay
H
FRARG
BRAAS
EFRfng
=X
I2ARE
FRNAY
FRANR1?
3Naa:

W ma W we me we

sy
RO
[{¥
AD 1
3
H
[}
}
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0577
n57A
ns7o
0580
nsa1
nsagz
05R3
05AL
0585
0586
nSA7
n5aR
0580
nsan
nso1
n%92
n5a%
n&aL
nsos
N506
6507
n50R
05009
nenn
nent
0e0P
n6o3
060U
06ns
n606
n607
nena
06na
0610
ne11
De12
neE1
nal1d
0615
ne16
n617
DE1R
0619
0620
0621
n622
n623
ne24
0625
0626
ne27
0628
0629
nA30
0631
n632
0633
0634
0635
0636

CRX2 8D .. SET NF FOR FAILIRE

DRP: RMF #*+#03 ., SAVP FLAG IN NR,0

BNZ ¢BL .. CONTINUE IF MORE DIGITS
EHR .. CLFAR DF FOR SUCCES"S
P HEA

INC 8P ,. POP STACK (THAT TEN}
INC 8P

SEP RFTN .. DONE,

L)

s RESTORE RESULT POINTPR

IMC NR ., (AZELIME WAS 0)

SFX SP ., PHSH SAVED DIGIT COUNT
GHI NR ,. INTO STArK

gTR 8P

GLO AR ,. SUBTRACT FROM RESULYT ADDRESS
M ., (O

PLO AR

BDF =+#ns ,, {=)(<)

GHI AR .. RORROW EROM HIGH aYTP (=)
sMI #01 ,, (=) (<)

PHT AR .. (=)

GLO NR .. RECOVFR DF

EHR

LOX .. POP SAVED COUNT,

PLO NR .. INTO NR.n

ZFP RETM .. RETURN

DZr: STR AR ., STORE A BYTE

INC AR ,, ADVANCE TO NEXT (<)

DEC NR ,. CHECK COUNT

GLO NR |
RZ DRP .. AT Ny GO RESTORE POINTERS L
LDI #0n ,. COMTINUE STARING o

AR PZR

<2 COMPARE SIGNS, AND CLEAR RESULT (ADDRESS

DZSt LDI HOB .. IF DFz=ny TRY "4+7 (4)

BNF #+HOL
LDI #OD .. OTHERWISE "= (+)

XOR .. COMPARE TO PRESENT MIR(X))

RZ #*+EDL .

LDI HNe ,, NOT EQUALs, SO CONDITION MINUS(+)
XRT #nR ,, IF EQUAL SET PLUS (+)

RR DZR ,, GO STORF, WITH ZERGQ IN RFPSULT,

. 16=BIT ADD TO AC», OPFRAND ADDRESS IN CALL
«s WEEHACBACHOPRN ,, OPRNx=2 BYTE OPERAND

o s Edkokiedclodolkd (TO CALL, WRITE) soletuoksksdidondk
s s EFERCALL APMDOP 3 ,A{OPRN)

ADDOPE LDha LINK ., FETCH OPFRAND ARDRESS

PHI MA .. TO REGISTEFR MA

LDA LINK

PLG MA s FALL INTO ADD

o 16=RIT ADE TO AC» OPERAND ADPRESRS IN REGI
ss CALL HERF IF OPRN ADDRESY

+«3 IS IN REGISTFR MA

s e BEEEACTACHMIR(MAY )
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D&R3
06R3
06R3
tar3
0aRu
0&Rs
D&RA
d&R8
06RO
0aRaA
DaRB
06RC
A eRN
0 6RF
0&RF
naes
n&cs
nees
NaCA
Neae7
NacH
Q&co
AacA
0RCR
Dern
neceE
0RCE
naht
0en3
08605
DRDA
DYk
0&DA
o&0A
Nang
NR0A
DenRr
aena
0abg
oshn
Neba
08DA
0&nA
nape
050D
DeNE
DAFND
CeEN
0ern
06E1
06F2
D6FS
0&FU
D&FS
CAFE
06F7
06FO
DeED
D&rFo
06FQ

o)}
oF 3
F3i
FAAD:
524
ins
RF 3
Fu1
AF}
2D
QF;
3RCT
Fent g
3RC7:
F51
38
Euy
RFE
Loy
223
TADG
oF §
F31
FAAD
IPNET
ECFR 3
RI-E
Fés
pS

- ws we ma we

a6
AD ¢
=1 %
RD ¢
161

163
30R3

a2
RA:
821
ADY
1
101
1M
3O0R3s
!

'

}

;

0637
0638
n&39
nteLo
oeul
o6L2
0643
deub
neus
0646
0su7
NBLR
fe40
nasn
ne51
nesz
N653
nasu
NeRS
nNARG

0657

0658
n6589
N66N
0661
0r62
0663
0664
n&ags
0666
NA&T
NA6R
0s60
0670
neT
0672
ne7>
NATY
NeTR
ne76
0677
N6HTA
N679
0680
a6R1
0682
N6AS
068L
06R%
0686
N&6RT
N688
6RO
0690
0691
0sa2
Heas
0594
0605
NAGOH

ADDE: 2
GHI
X0
ANT
£TR
TNE
GLD
ADD
PLD
DEC
GHI
BrE
ADI
RNF
<D
p H3
ADPMNEC 2
BT
LBA
DEC
BNZ
GHI
XOR
ANT
RZ
ADI
P 23
ADDRT §
SEP

L)

ADPCON:
&L0
GHI
PHI
ING
INC
AR

ADDST:
PHI
GLO
PLO
INE
ING
TNe
AR
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wikghdaddohdd (TO Cally WRITE) sabkgsnkdady
bt CALL ADD

EX MA ,,CHFECK SIGN RIT OF ac

AC  +.GET THE OPERANE
R s+ AND OPERAND nMA

HBD L RESULT A 1 IF DIFF

SP L .85TORE ON 8TAcCK

MA L. .POINT TO LOW B BITS

A€ .o FETEH AC LOW 8

s ADD LOW 8 FROM MEMORY

AC .+ PUT IT RACK

MA .o POINT YO HIGH 8 MEMORY LOCATION
AL

ADDNEC

801 .. ADD IN CARRY OUT OF LOW 8
ADBME oo (OMIT 3 LINFS IF CARRY QUT NOT
eo QOPS+ THAT CARRIFD OHTe LEAVING D¢
B .. FINISH ADD», FORCING CARRY TO 1.
APD .. ADD HIGH 8

AC .o PUT IN AC,

SP ..L0AD THE STORED COMPARING SIGHN BIT
2P  L.RESET STacK PTR

ADRDRT L NOT POSSIRLE

AC ., OTHERWISF SFE IF &M IS RIGHT

«AY COMPARING SIGN RITS
HRO L, ,TAKE QUT THE COMPARING RIT
ADDRT .. IF SAME,THEN NOT QVERFLOWED
HFF , ,OTHERWISE., SET DFe=1
A
SHR « o SHIFT OUT n INTD DF
RETN L .RET!IRN TO MAIN

16«RIT CONSTANT ADD TO AcC,

CALL HERE FOR ADD CONSTANT TO Ac
wHkHACTACHCONSTANT

dckugdrikkdhd (TO CALL, WRITE) shoktdnioidakdhg
22H¥CALL ADDCON 1 s CONSTANT

GLO LINK ., COPY LINK TO Ma
MaA

LINK

MA

LINK ., INCREMENT PAST DATUM
LINK

ADD .. GO ADD.

16-RIT ADD FROM TOP OF STacK
GHI SP .. COPY STACK POINTER

MA .. TO MA REGISTER

gP

MA

Ma ., ADVANCE TO SUR=TOP (R)
Mh LY (m)

MA .. (@)

ARD .. GO DO IT

HEH AC INTU STACK

Anpendix B(1)

T 223

B5 1

RN
"2
221
af s
521
a2
A&
A2}
AD
20
ins
1Dt
1mns

L RE ¢

21
224
QF 3
523

Y 223

Frs

> KOs

501
223
20
EN}
8521
221
= ol |
504
103
ACH
5D
DS

0697
608
Ne9g
0709
n7o1
nro2
N703
ladrdalcs
n7ns
n7o06
07NT
n7na
n7Ro
0710
06711
A7y 2
n713
nT7iu
AT
0716
o717
0718
n7ig
n7zn
nrel
n72o
nT723
nr2un
nNT25
n726
6727
0728
r72o
0730
0731
D732
0733
0734
N735
n73s
ny37
0738
0730
o740
g7u1
nru2
n743s
7Ly
oTus
0744
o7u7
0748
6749
07s0
0751
nTs2
0753
0754
0785

o @
a0

PLISHAC
PHI
GLO
PLO
INe
e
SEX
LDX
gTR
DEC
DEC
LpX
5TR
GHI
gETR
GLO
INE
gTR
DEC
DEC
sEP

PUSHCA!
&TR
DEC
GHI
&TR
GHI
PHI
GLo
PLO
BEC
INC
INE
INC
GLO
STR
DEC
GHIT
STR
DEC
SEX
LnX
STR
DEC
DEC
LDX
STR
DEC
GHI
STR
ING
GLO
STR
SEP

STACK POINTER = &P
gk kdoioldkdd (TO Calls WRITE)Y #®eddaddd
dkkeCALL PUSHAC

PUSH AC
GHI 3P

MA
5P
MA
MA L]
Ma
MA
se 10
ep
MA
sp

gP
AC s,
Ma
AL
MA
MA
MA oa
5P

(IUNDER TOP OF STACK)
ae COPY STACK POINTER TO Ma

MOW SLICE OFF TOP 2 BYTRSe

MAKE A 2=RYTE HOLF,

NOW STUFF ac TNTO THF HOLE,

LEAVF MA POIMTING 70 IT.

RETH «a (AC UNCHANGED)
ee PUSH Ry MA» MQ (UNRER TOP OF STACK)
G6LO MA .. FIRST PUSH MA ONTO TOP

L1
se
M A
gp
SP ..
MAa
gn
Ma
P
MA LI ]
Ma
MA ..
Ma ..
P
&P
MQ
se
SP
MA L.

SR
sP
Ma

sp
Sp
CR 4»
MA
MA
cR
Ma
RETN

MOW COPY P TO Ma

THEN ADJUST IT

TO POINT INTO OLH TOP
COMTIMUE PULISHING, MG

NOW COPY OLD TOP TA NEW TOP

FINALY INSERT c¢R IN HOLE

s (MA IS GARBAGE OUT)
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0TIF
071F
0720

0721

0722
0723
0724
0725
0776
8727
072a
0729
0724
n72n
072¢
072m
07eF
072F
n739
0731

0732
5733
0730
8735
0736
07%7
n738
n730
07%A
073R
e73c
n7an
073
NTIE
AT
C73F
573F
ny3E
073F
0740
0741
ou2
0743
D74
0TL3
D743
0743
A7u%
D743
0743
0TuL
n7L%
0746
0767
D7uR
07u8
o7LA
07u8
07un
074A

9
123
azi
=1k
a2
AD 3
1D
o
iDs
ins
103
ips
4ns
BC3
un;
Ar g
201
2D
L2y
=01
171
42
510 ]
U2y
RE 3
L2
AR}
42
=1al)
L2

n7s7
0758
0759
07&0

0761

0762
0763
0764
0765
0766
767
N768
0749
077N
0771

0772
f773
AT77u
0775
ATTE
3777
0778
N7T79
9780

nyeil

nree
07A3
o7aY
0785
n7a6
67R7
n78a
nNTARQ
nyad
0791

0792
0793
aroy
07e5
n796
0vo7
0708
799
NrRDO
0R801

nao2
paos
NR0L
a80%
0806
0R0N7
nanAa
neog
nalp
oAl

oRi2
DR13
nefL
nAaLs
0R16

sa DOP STACK INTO M@s MAr CR (UUNDER TOP OF &
POPCA: INC SP

GHY SP ,. €cOPY STACK POINTFR TO MA

PHI ™A

GLO 8P

PLO Ma

INE MA ., ADJUST POINTER TO rR DATUM

INC ™Ma

INEC Ma ,

INE MA

INg MA

INC MA

LDA MA ., FFTCH IT

PHI ¢R

Lba MA

218 &R

DEC MA .. COPY TOP OF STACK INTO GAR

DEC MA

LDa &P

ETR MA

INE MA

LDA gP

2TR Ma

LDA 8P ,. THEM POP M@

PHI MG

LDA SP

PLO M@

LDA §P .o FIMALLY POP Map

PHI MA

DA 8P

PLO MA

DEC 8P

EFP RFTH

sa 16=-RBIT ACCUMDLATOR LOADN (ADPRESE IM CaLL)

oo EEEBAC=OPRN

oo FEERasaBRded (TO CALLy WRITE) didnkioaddbakdk

oo ¥ERCALL LOADOR 1 , A(OPRMN)

LoaAnOPY LDAa LINK .. FETCH ADBRESS
PHI MA ,, TO MA REGISTER
LA LINK
PLO MA ,., FALL INTO LOAD
e 16=BIT ACCUMULATOR LOAD {ADPREFSE IN Mal
as CALL HFRE IF OPERAND
«¢ ADDRESS IN REGISTER Ma
0a ERHFEAC=MIRIMA))
oo ERdkdviolkwackX (TO CALL, WRITE) skdkbdiigdd
s WkkRCALL LOAD

LOAD: LDA MA ,, FFTCH HIGH B
PHI AC
LDA MA ,, NOW LOW &
PLO AC .. LEAVE MA AT NEXT DOUBLE-RYTE
SFP RETN .. GFFs THAT WAS QUICK,
ss 16=RIT ACCUMULATOR LOAD FROM CONSTANT IN
ae HEEEACZCONSTANT
s E¥ABRpEdkEdy (TO CALL, WRITF) dmbapdddddk
as ®HXECALL LODEON 1 s CONSTANT
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NTUR La)
0740 RE:
GT74A U6
ND7UR AF3
07Tue DR
D7D
07up
a7u4n 3
oFun
o7un i
orum 3
o7uD Uns
OTLUE PP
Q74F 46y
0750 AN
0vs51
0751
0751 ¢
0751
0751
0751 9
nyse B5Mg
0953 1M
0784 ARy
01788 5h
N75& 1M1
0757 NSy
0758 1
07=a
0785R 1
C75R 3
07s8 3
D7%e 3
nTsn
0788 LAT
D7%a AN
N75A up)
0788 AP
D7RC ¢
D75C ¢
0FRC 3
078~ 1
07%c ¢
BISC
075 1
0758 Fhy
0780 oF)
BT7RF FEMi
N75F FARNO}
0761 3ABCH
0763 oFy
07e4 F7y
0765 3A6N
0747 iDs
0768 AF
0769 F91
O7eA 2Py
0768 38}
0T76C Fus
G760 D5y

2817 LODCON: LNa LINK ,, FETCH HIGH 8

DRiA
naia
n&a20
nR21
0a22
na23
nR2u
NRZ25
nagze
nas7

PRI ar

LDA LINK .. THEN LOW 8

PLO A¢

SFP RETN

LI ]

ss 16=BIT ACCUMULATOR STORFE {ADDRESS IN ecall
ae FEEFOPRNmAC

oo kERFIRESEEYE {(TO CALL, WRITE) svsdasidbus
.0 wEkBECALL STOROP 1 A (OPRN)

OR28  STOROP: LPA LINK .. FETCH ADDRESS INTO MA

nNR20
0R3n
aR31
o322
NR33R
fa3u
nazs
nass

PHI Ma

LDA LINK

PLo Ma .o THEN FaALL INTO STORE

0 1&6=ATT ACCUMILATOR STORE (ADDRESS IN Ma)
e s FICREM(B (MA))=AC

vs HERRRASHEEEy (TO CALL, WRITE) #owdudgbikk
oo X¥RCALL STORF

NR37 STORPF: GHI aAC ,,. FIRST HIGH &

na3R
fR39
nAauMP
paul
ARL2
naux
nAaut
085
NBLE
0auy
QALR
nauo
nRS0

STR MA

INe MA ., INCREMEMYT MA, SINFE ITR DOESNIT
GLO AC .. NOW LOow 8

STR MA

INC MA .. LEAVE MA POINTING TO NEXT WORD
SFP RETN .. QUIT

ea 16=BIT COMPARE, OPFRAND ADDRESS IN CALL
a0 TREXACSOPRN  (PF RET IF n OR +)

oo Fodckddkchdckik (TO CALL, WRITE) selidkobofoad o
oo HHHRCALL COMOPR 3 ,A{OPRN}

nN8S1  cOMPOP: LDA LINK ,, FETCH ADDRFSS

nas2
nAas3
nARY
NAKS

1R56 o

0asy
085A
0A/5a
NRAN
0RA1

PHT MA ., TO MA REGISTER
LDA LTMK )

PLO Mja

ao 16=BIT COMPARE, OPFRAND APPRESS IN REGIST
o CALL HFRE IF OPFRAMP

s ADDRESS IN REGISTER MA

a0 FEEBAC-M{R{Ma}) (DF SET IF n OR +)

os ddokilERAAkEA (TO CALL, WRITFE) sdadddmkskh
e REHRCALL COMP

40

0R62 COMP! SEX MA ,. COMPARE HIGH A FRST

nRe3
NAsL
0R6S
0866
NRe7
nasR
0860
OR70
ne71
na7z
OR73
0R74
DR75 CNE?
0”76 CcMP

GHI  AC  ..CHECK IF =|IGH OF OPERANDS ARE SAMF
XOR  ,.BY LOOKING AT THE MIGHEST SIGN BIT
ANTI HBD L. RESULT A 1! IF NESATIVE

BMZ CNE  ,.IF NOTs THEN GO TO NP
GHI AcC
gM
BNZ CMPX .. NOT EQUAL QUITS
INC MA .. TRY LOW 8
GLO ac
gM
DFC MA ., LEAVE Ma POINTING TO IT
s H3R

ADD . .SFE IF OPERAND IS NEGATIVP

41
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07ab
0DY6F
D76E
076F
076F
076F
D7eF
07&F
07&6F
07eF
D76F
O7&E
NTAE
07aF
ATF6F
arrn
Q771
0772
Q773
o774
Q77s
0778
0777
077o
077R
Q77h
n77E
g7an
0781
07re2
D7R3
078U
0788
Q7as
nyey
0788
QF8A
07aR
a7en
078F
a7eF
Nyl
D702
0793
0795
07Tas
0798
D700
g7an
079n
0790
079F
07A0
D7Ad
07a2
ATAT
07A8
0726
0OT7AT
0Fa8

42 ]

e wn A W TE D VR WA S W %O wa )

ey
RAt
Les
AAY
ug
AR
PR
FAs
LAy
FRODI
E270
FREF
RAJ
FROD
AF 3
BF§
AR
"1
F21
ANl
Fis
AAG
3RAF
QAR
FCD1s
B
AR §
32C18
2R3
Dy
NEFS s
DU
nTuR;
ang
1 W]
Ny
nu7%:
3RAPE
123
121
D%3
DL
N7513
2A1
Y.y
2A5
FAQF S

0876 ¢MPX:

a7y
0898
navo
Has80
08a1
naa2
nags
Naey
NaRs
nRas
naa7
nNags
ORRO
Apon
naoi
nRa2
AROA
naou
naas
NRQE
0 a97
naoa
ngan
nado
fond
fonz
nens
Ho0u
pons
090s
non7
ne0s
al=tule]
0810
nois
nogiz
nqi3
fely
nol1s
[=h K
0917
na1 8
Nolo
ne2n
fo21
ngz2
noz3
nozy
nG2s
nozeé
o227
haza
0a29
Da3n
na31l
naaz2
no33
No3y
0a3s

cnB1

cnS?

chL:

SFP RETN +.DF=1 IF AC>»z{MA}

L

L]

oa DECIMAL TO RIMARY CONVERSION

00 ¥AEBAC=DECIMAL NUMBER OF N BYTES

eo DECIMAL MNUMBER = SIGNsNDeNI,N2eN3 ,,.
os SIGN = HOR +

L] SIGN = HOD =

ea NO=10%x0 DIGIT

«s Nizinw®l DIGIT. FTC

os WEEWEFRasELE (TO CALL, WRITFE) saddadshiiy

os kEFFCALL CDA 3 » A{NUMRER} j LENGTH
Loa LINK .. GET DECIMAL ADDRESE
PHI AR

LDA LINK

PLO AR

LDA LINK ,, AND SIZE (#)

BPLO NR

DEC NR . ,MINIIS ONE FOR SIGH

SEX AR ,. LOOK AT SIGN ({19}
LDA AR L, (€]
XRTI 8#0D .. IS IT MIMOS2 (+)
RZ %+H04 ., HON IF YES,
LDI #FF ,, HFF IF NO:
PHT MR ,, REMEMBER THATYT
LDI #00 .. INITIALIZE AC TO O
PLO Ae
PHI AC
GLO NR ,. GO TO OTHER END
TR &P .., BY APDING €IZF
SEX 8P
GLO AR ., TO ADDRESS
ADD .. (<)
PLO AR
BMF CDL .. (=)}{<)
GHI AR .. PROPAGATE CARRY (=)
ADI #n% .. ACROSS RYTES (=){<g)
PHI AR ., (2]
GLO NR .. ANY MORF DIGITS
RZ CDX s, NO
DEC NR ., YES,
eEP CaALL .. MOLTIPLY AC % 10
p AL PUSHAC)
geP CcAlLL .. FROM STACK
s AL LODCONY
r 200
s HOA
SEP CALL
s AL MPY)
BNF %4808 ,.IF NOT QVERFLOWED, SKIP EXIT
INC 8P L.RESFT STACK
INC 8P .,
SFP RFTN s OVERFLOW EXIT
SEP eall .o BAVE PRODIET IN €£7ACK
sA{ STHRE)
DEe AR 40 (<}
LDA AR ., NOW GET DIGIT
DEC AR
AN #AF ,. REMOVE OVERBITS
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QTAA
07aAR
07AN
O7AF
OTAF
87m1
gG7R2
o783
07R%
0786
078A
27Ra
a7RR
87Re
0 7an
0t TRE
Gyen
a7ce
Q7c2
O7cu
D705
nrey
O70R
a7co
S dol S
1hrdolo
07ce
n7ce
n7ep
07rF
N7cF
o7nn
i dabed
DNz
oT7ns
704
adrdnl-!
O7hA
07D
R
07PaA
07DA
o7he
OThE
o7EN
3761
grE2
07E3
G7Fu
07FR
N7F6
07F7
07ra
07FA
07F®
o7Fe
o07ER
07EF
G7EF
07FD
nYFE1
Ovr2
0FF3
O7FL
07F%
076
N7e7
060

AF 3
FANG ¢
21
i g
NaEN;
123
123
3BRF
RA3
3ACO
aR;
JACO;
2F 3
GF s
Feans
1Fs
D53
1=
RACOY
®y g
nuiss
112
nee
Echng
Bt

$

H

163
163
nR
OF s
FCRA:
oF 3
TACC S
AF
32CF 1
Inces

Na3sg
0937
0038
39
o0gun
Daoui
Doy2
tou3
gouy
0ous
AgUE
lif=10 4
ngun
nouag
pasn
=Ly}
nose
o3
nosy
noss
nasa
nasy
oSk
nae5a
nasn
nast
Qag?
00R3
oAl
N965
0966
k=l ¥
no&sR
nosa
noyn
nav
na7?
na7a
na7y
na7s
Nare
noys
na7a
novao
Nagn
nag1
nos2
0083
008
foRs
NCARA
nona7
fones
fogo
faad
a1=1=F !
nga2
neol
i1=1-17%
noas
0906
0997
0098
0990
1000
1001
1062

PLO ar
LPI #00
PHT AC
REP CcALL .. ADD TO PREVIOIS NUMBER
e A{ ADDST)
ChO: INCc &P
INC sp
BNF CDL .. ADVANEE TO NEXT nIGIT
GLO NR . .NO MORE DIGIT?
BNZ CDRT « « OVFRFLOWED
GHT NR ,.POSITIVE NUMBFR?
RNZ ¢ORT .. OVERFLOWED
DEC Ae . IF AC IS #8000 IS OK
GHI AC  ..TFST THAT BIT
ARI &aD °a
INC aC +.REMEMRER TO RESET AC
CORTS SEP RETM . ,0VERFLOW RETUBRN
CNXe GHI NR L,.NO, LOOK AT SIGN
RMZ #+#07 ,, POSITIVE
SEP cALL
p AL BDCOMN) .. NFGATIVE, SUBTRACT EROM o
p HOP
»HOQ
ADT HOO .. CLEAR PF
SFP RETM .. DE=0 IF OK,
2+ TEST 16=RIT ACCUMULATOR SIGN/ZERD Lue0e0
INC LINK ,,8KIP OVER NON ZERO RETHRN
INC LINK .,
SEP RETHN
TEST: GHI ac .. FIRST LOOK AT =GN
ART HAn [ .SET DF IF MINUS
GHI AC ., NOW CHECK FOR 0
RNZ TPST=HN3Z |, NO,
GLO ac
RZ TEST=801 .. GO TAKF ZFRO FXIT.
AR TEST=H#N3 ,. GO TAKF NON=ZERO EXIT.
os POP STACK (INTO AC) (VINDER TOP)
+s POPS 2 AYTES FROM STACK INTD AC
ae didckgkgadwdxr (TO CALL, WRITE) sokddokdiy
aa ¥EHECALL POPAC
POPAC? SMI 8200 ,, SET F TO REMEMBER THIS ENTRY
BR #4+HDL ‘
POP: ADT HDOD .. CLEAR DF FOR THIS FNTRY
ING 5P
GHI 8P ,, COPY SP TO Ma
BHT Ma
8LO 5P
PLD MA
INC MA .. ADJIST TO SUR=-TOP OF STACK
INC Ma
BNF *4#0R
LA MA ., POPPING INTO AC. GFET DATUM
PHI AC
LDA MA
PLO AC
DEC MA .. RESTORF POIMNTER
DEC MA
LBA SP ,. NOW CLOSE UP THE GaP
STR MA
IMC MA
LDa sP
ETR MA
INC MA
DEC 8P
SEP RETN .. MA POINTS 7O NEW %1B=TOP
FND

43




44 Binary Arithmetic Subroutines for RCA COSMAC wcroprocessors Appendix B(I1} 45

Appendix B(ll) -
Arithmetic Subroutine
Listing for CDP1802

onoe 0001

0oo0n oon2z

poon 0003 + s COPYRIGHT 1976 RCA CORPORATION

0000 nnoy aa COSMAC ARITHMETIC SUBROUTINE PACKAGE
aono 3 0005 s

nnen 0006 «a VERSION 1,1 FOR ¢DP18D2

ooen n0a7 2

nonp s 0008 we EXTRACTED FOR RINARY ARITHMETIC

nenn g onno s AND CONVERSIONS FOR PPCIMAL

annan ngio se OCCYPIFS 1K RYTES

ooonn 3 a011 s

none ante as

cann g AN 3 e DESIGNED FOR STANDARD €GD2 SHIRROITINE ~ALL & RETHIRN
poan Nty os

Q000 nNis s FOR STANDARA LIMKAGE

noaone g anNie SPe HAZ2 L,,.IT SHOULD RF THF &TAacK POINTFER,
nnonn no17 Prz #03 L, IT It THE PROGRAM cOUNTFER

nnng optA 2o LISFD BY THESE SURROHTINFS,

AR LI anlo calle HOU ,..1T SHOILD POINT TO THE ROIUTINFE
npan g noen «e WHICH FFFFCTS SUBROUTINE cALLS.

annn g anz1 RETN= #05 ,,,IT ¢HOULD POINT TO THE ROUTINE
nann nnaz «s WHICH FFFFETS SURROUTINE RETURN,

nnnp g nneas LINKe H06 ...1T SHOULD POINT TO CALL PARAMETER
nnon s nn2y eo sa {USUALLY OPFRAND ANNRESEFS ANA/OR CONSTANT)
AnNnpn g nazs s

nnnn g nngzea .

nacn nney ra THFE FOLLOWING REGISTFRI MIIST aF ASSIGMED
aonn noza AR= HOA L, (USEN FOR RES!ILT ADDRESS)

aonnn onNa2g

nono ¢ na3n MR HOR L, (HUSED FOR RESULT RIGIT ontINT)

oopnn ne3t as 16=RIT RINARY ARITHMETIC ROUTINES

a000 nnlo sv THFE FOLLOWING REGISTFRS MUST RF ASSIGNED
oonn nas3 AC= BOF ,. 16=AIT ACCUMILATOR=RF,

onnn g 003a MQz HOF .. 16=RIT ACCUMULATORZRE FXTENZION,
nnAn noxs Maz #nl ,. {TEMPORARY) OPPRANP MPMORY ARMDRFSS,
anng nn3a cR= HOC ., (TEMPORARY) SCRATCHPAD AND cOUNTER,
nann nnx7y . s

nnne nn3s aa

oona nN3a e SWAP AC WITH MQ RFGISTEFRS

nnnn orFy noun  SWAPAQ?! GHI MQ .. SAVE M@,

nont Ac: ool PLO CR ,. IM CcR,n (COULD HAVF PHSHED ON STAr
naR2 GFy nnuz GHI AC .. NOW AC.T TO MB.1

0003 REY nous PHI MG

0nnu gFt aouy GLO MA .. SAVF Ma.n

000% RE) nous PHT AC .. IMN AC.1

ONNE AF nue& GLO AC .. THEN A0 TO Ma,.D

n0aT AF) nnby PLO MG

8oaR aF: noug GHI A¢ .. NOW SAVED MQ,.Nn TO aC.n

ANnNaG AR noLo PLO AC

annA get 0050 GLO CR ., FINALLY SAVER M@,1

20NR RF; 0051 PHI. AC «a TO AC.1
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0n0c DS 0052 SEP RETN GLRTI 113 .» CALL HERE IF OPERAND
000N 0053 s 16=BIT SUBTRACT AC FROM CONSTANT 0037 1 0112 -+ ADPRESS IN REGISTFR Ma
o00p 3 065G e BEBEACE CONSTANT=AC 0031 0113 e BFBHEACTAC=MIR{MA)}
aoon n085 20 BhRbrdGEHRed (YO CALL, WRITE) m#&sas&ss&t no31 11y s MbRbhabaaks (70 CALL, WRITE) #ddssdsssss
gﬂﬂﬂ ! 0056 ao ¥aERCALL SDCON 3 sCONSTANT 322: : gi%: o oAt sy
n . - - L
ooae ot oan Cpeoyt BLO LINK .. (ESSENTIALLY SAME AS ADCONI ansy Tos 8117 SM:  SFX MA  ,.SET X PTR
BO0F 06 s P SHT LINK 0032 aF} 011R GHT AC ..GFT SIGN OF 3C aNP
0010 R 8060 BHT MA 0033 Foi ffta €HR L, .AND STORF IN 7TH BIT OF cR
an11 1es a061 INe LINK 0Ny &2y 0120 8TR §P .,RUT PUT IN (SP) FIRSY
012 161 a0es ING LINK 0035 oF: ni121 GHI AC ..AND SEF IP OPERANRS SIGNS ARE THE SAMF
0013 3nia: nO&3 BR SD nO36 F34 r22 XOR
0015 3 006 .. 0037 FAang n123 ANT #80 . ,TAKE OUT COMPARING SIGN RIT
0015 1 D085 o 16=RIT SUATRACT AC FROM OPERAMD 0n30 F2y 9124 SEX SP ., NOW STORE THAT RIT IN 8TH OF cR
0015 3 GLET o FEBHACZOPRN=AC 22§£ iy gigs Q?g %5’9Y ADﬁINGo;g " 0 K
A= g aneT PN N N3R 523 0126 STR &P  ,,AND STORE THESE TWO BITS OM STAC
00718 Noan L rrrneril angp 1, e RITED kwkhukn 003c 103 n127 INEC MA L, POINT 7O LOW 8
neiE nN&o .. 0N3D PO n12a SEX MA . ,RFMFMBER TO QET X TO OPFRANAS
Oniﬂ [TV n070 $ﬁ0pg LD& LINK oe FETCH OPFRAND ’\F}DRE%S UGBF RF" 0120 GLO AT s s F?TCH AC LOW 8
0nié AD an7TY PHT MA .. T& MaA REGISTER 003F F78 6130 M L. BHURTRACT MEMORY FROM IT
ant1y ue nore LpA LINK Doun AR 131 BLO AC .. PUIT TT RACK,
aN1R AP 0073 PLO MA .o FALL INTO =P - Nos1 20y n132 NEC MA ., MOW HIGH 8
nnte NO74 +s 16=RIT SURTRACT aC FPOM OPERANP . 02 of 0133 GHI A
najto nNTE «» CALL HFREF IF OPERAND 0nu3 771 N134 <SEMMp? SMR ,, HIGH 8 ®IIBTRs~T, NGO RORROW ACROSS,
neio nnTe .. ADPREFSS [N RFGISTER MA nuy RAFg A13R PHI AC .. PUT HIGH & RArK
0019 4 077 va FEEEACEMIR (MA) )mAC Dhes E21 olas B O R e o hans MED
Onlq ] 0 .a ***** ' 3 . (& i S o a AD g g ﬁFh TW H Tg
8010 1 AR 1 aamsentt eny (7O cally WRITE) tasbadwnnn 00uT FFy 0138 SHL ..AND TAKE OUT THE COMPARING €IGN 81T
0010 anan .. : NOLA SRUF) A11g BNF SMRT ,,THE SAME, UNDFRFLOW NOT POSSIRLF
nnta Foy NOAY 2Pt SFX MA .. SET X PTR TO Ma nNLA S24 n14o TR &P ,,PUT IT RACK TO 8TACK
0012 OF3 AnAZ 6HI AC  ..CHECK SIGN RIT OF Ap NOLR of nisg BHT AC L OTHERWISE HAVE TO COMPARF SIGN OF =ESILT
an1m F3; ANAS XOR . AND OPFRAND OMA noue B3 0142 XOR ,.STGM RIT OF AC WAS STORFD ON STACK
0nie 825 noagy STR B  ,.AND STORF ON &TAcK anup FE: AL SHL . .TAKF 01T THAT 7TH RIT
00IM 1M nNRs INE MA  L.PATNT 70 Law & i Dour PRy Nluy eMRTE &FP RETN ,,.PF=N IF SUATRACTION OK
001F AFj 00RA 6LO AC .. FFTCH ac LOW 8 B04F 1 0145 .o
OMF FRy 0087 SD .. SURTRACT FROM LOW 8 IN MFMORY 0nLE t1hé e
0020 AF1 noaR BLO AC ., PUT IT BaCK O04F n147 ao 16X16 RIT STGNED MULTIRPLY(2%S COMPLFMENT)
0021 2p3 soao DFC MA .. NOW HIGH & : 0nuF 3 n1LR o cEBARACTACKHOPRN
0nos aF nnoo GHI AC dnur nluo o odeckRkkRBdgRek (TO CaAlL, WRITF)Sddkkdhbiikd
onegs 7R: nnoq eONge EPR ., SUBTRACT HIGH R i Bour N180 s o ik CALL MPYOP 3 ,a{0PRMNY
0024 BF3 o092 PHI AC .. PUT IT RACK O0LF ¢ n1sy .o
0028 n2y nnaz LBN P ..LOAD STORFRH COMPARING RIT OF OPERANDS OnLF n&: 0152 MPYOP: LPa LINK ,.FETCH MULTIPLICAND ADDRS
Oﬂp(, ;.'f.'; Doqu QHL ..CHpcK gTORED EIGN ‘.OMPAHIgION RIT NOKRN B’M qu3 EHI Mf\ -.INTO REGISTE‘P A
0027 3R2C nnos RNF SNFF ., IF OPFRANDYE SIGNE ARP SAME | 0NS1 LAl 0154 LPA LIMNK
noze aoF; noas GHI AC ..NO OVERFLOW POSSIBLF ’ k nnss AN 0158 PLO Ma ,.FALL INTO MPY
nNN2A E3; noo7 XO® . OTHER WISF rHFCK PRSULT 3 anss 0156 ea 16X16 BIT SIGNED MILTIPLY (295 COMPLEMENT)
0noR FFI noan SHL  ..SET DF=h  IF 0K : 0053 n157 «s CALL HERF IF OPERANN ANDRESS
0n2e n5s nonoo SDFFs SEP RETM . s RETIRN 0083 0188 +«s IN REGISTER Ma
ononp ¢ Gioon . . 0053 1 f1509 ss HERXAC=ACEMIR{MA))
002D 0101 .. 16=RIT SUBTRACT FROM - ; 00s3 n160 oo ®REdcickERikkE (TO CALL, WRITE) wadwdhdbdsd
002n D102 ao ***#AC:AC-OP;S FROM aC {ANDRESS IN calL) goss ! 0161 sa EEERCALL MPY
0020 1 0103 oo BEEOARREEEEE (TO CALL, WRITE) wud * 053 1 ne62 .o
nn?n [ 0104 oo Hddkwmeall SMOP ) IA?OPRN\;J TE) WA RRLEE N3 Fry nie3 MPY 2 SEX MA se SET X MNOW
0020 3 0105 . 00%u oF ) 1164 GHI AC ..CHFCK 1% THF SIGN OF MILTIeaNn
DASR 4es 0106 <MOP: LDA LINK . 0n%%s £33y 0165 XOR .. THF SAME A8 THE SIGN OF MULTIPR
ON2F Ust n108 LDAa LIMK : 0n%A8 RBeq 0167 PHI CR ,.INTO €R,1
N3N Alg nino PLO Ma : 008%a FRIO 016A LDI B1i0 ., SET COUNTER TO 16

0n31 otio s 16=RIT SUBTRACT FROM ar¢ (ADDRFSS IN MA)







50

oon7
oapa
nopao
NORA
oopRr
apme
onpon
ANMFE
neFn
nneg
onE2
f1nF3
N0FYy
NnFa
noF7
a0Fs
noEg
OoEa
1 ¥a)a]
nore
A0FP
orre
foEs
[ )=p-]
0oFy
NGF%
N0Fes
NaFa
nnEqQ
O0EA
NDFER
noFe
OnNEE
101
010%
10
f110a
ninp
fBifa
aine
a10m
DioF
0111
0132
i1y
01157
0314
6117
f1ie
0110
0114
niin
01ic
fian
f11F

Qe
O3
33
FFE
ins
RF 3
33F6:
FT7e
LY
2P
aF ¢
T7e
hltiaof|
Flg
AP ¢
D3
OF
Ths
B®y
o
FEs
CRONEAS
oF 3
FREE :
RE 3
ary
FRFF
AF 3
171
OF 3
CPnIn3g
Feg
IFRAY
INVYL ¢
RF 1
FCEF
3561
FRFF 3
ZARO;
acs
FARD
=LY
Fug
2BReg
1P
RE
Fig
AF3
dal
oF i
T4
RF 3
1n3
Fhg
Fas

0286
0287
nzan
AZR9
0290
n2ol
na2az
0203
fZ2an
noas
Nrag
nza7
naos
nooo
A3nn
n3nt
naEnz
ARNSE
03ny
nN30%
0306
0307
H3NA
NAfQ
n310
0311
n3i2
n3il3
n31u
n3iIs
N316
n317
n3ina
nRia
n320
0321
n3zz
0323
f3240
n32s
n32g
0327
n3za
nNazo
N33N
5331

N33z
0333
0334
N335
D338
nN337
033A8
0339
n3un

DL ¢

PVA?

nyvRe

DV2s

Dio:
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GHI CR L, ,LO0K AT THE SIGNS OF DIVNN aND BIVER(/}
SEX Ma . ,POINT X 7O DIVISOR{/)

XOR 46 (/)

ML 2 .3FT DF IF THE SamE{/)

INE MA o MR, 0={Ma) (/)

GLO MQ .M@,N TO B/}

BOF BYA ..IF FLAG #+MO.N+{Ma) ()

% s o MAsDmiMa il {7}

PLO M@ e 2 2AND STORE mACK INTO MA.r{/)
DEC MA  ..00 THFE SAME FOR HIGH BYTE({ /)
GHI M3 . ,L0AR ME.1 INTG D/}

gMR HOM@01-(M.AG}) WITH C[\RQY(/}

RR AVAE = SKIP OVER aDD STEP{S)

ADP . MA@+ {MAY LA

PLO
pEe
GHT
ADIC

PHI MQ

GHT
SHL

LBNE DV2

GHI
XR1I
Pl
GLO
XR1
BLO
1MC

Laz
SHL
BOF

MO . .8TORE RACK TO Ma,n{/)
MA 5 . SAMF FOR HIGH RYTF(/}
MG o oMB14{Ma, 13/
.s ADD MA. 1 ANB (Ma,1) WITH CARRY (/)
2 o AND STORP RACK INTO MR, 11/3
CR . .LOOK AT THE SIGH OF DIVINMIL)
+:8FT PF IF DIVIND I% NFGATIVE
o [F NOTs PMONIT cOMPLEMENT BRIFF (/)
MG . COMPLEMENT MO/}
HFF L, .BY XO0R TO 8FF{/)
] as (7}
MG ,.(D0 THF SAMF FOR LOW RYTE){/)
BEF L, (/)
MO .l (/)
ME L .REMEMARFR TO ADD 1 (/)
GHT MQ L. NOW LOOK a7 THE NIFF OF Ma&(Mal{/)
DIN o IF OyeHECK Ma=n(/)
s CHECK IF MR I8 NEGATIVE(/)
DBe s 1F YEZe NO PRORLEMI/)

RR D9  L.IF NOT 0 NOR NEG:BIVND IS TOO LARGE (/)

gLa Ma

ART
RAF
XRT
Bz
GHT
ANT
nZ

ARD
[=1als
TNC
GLO
ADD
20
nEC
GHI
ADC
PHT
TNe
LOX
EHR

¢ o HERE WFE CHECK DIFFzZN LABFS (/)
HEE .. IF MQ,0 1% MOT EITHER 0 OR 102
BV sa THEMN DIVNR I8 STILL THO LaRkgFRis)
HEFE 2« RESILT A IF MQR.0 WAS 11{/)
BVYH L. IF NOTe» MUST RF Des GO TO BVHIS)
CR s o BFEF IF DIVNP IS NEGATIVE({S)
#Aan « RESILT AL IF YES{/)
DO LLIF BIVHR POSITIVE, IT CAMNOT BIVIRE(/)
o BFF TF DIVISOR 18 ROSITIVE(/)
BV e0 IF NEGATIVE: BIVND CANNOT PIVIDF{/)
MA s o ACH{MAY TO MQ{2}
A 2 sNO ne LOW FIRETI{/)
sa lF)
M  L,.5TORF RACK TO LOW MQ{/}
Ma . N0 THFE SAMFE FOR HIGH BYTE{/)

AC L. tF)
s s AR WITH CARRY{/}
MR ..t/

Ma o .LEAVE Ma POINTING TO LOW DIVISOR{S)
2o MOW HFeK LoW RIT {(Ma) IS 0 OR 1(/}
s SHIFT THAT LOW BIT OUT(/}

NIiF
126
ni21
ni22z
D1pu
Nire
0124
n127
nizo
012R
J12m
ftrarF
o1z
0132
0134
n13R
N137
313a
0134
013%R
013¢
n13®
13F
niug
O1up
~c1us
Otugy
nius
Nqiueg
Nyw7
Niag
nitga
Dtur
G1upF
nise
nisz
0154
0is6
187
a01RR
U Rqe]
0154
18R
015C
D150
018F
Ni8E
N1RF
nisfF
A18F
1&n
f161
t1a3
N1a0
D166
01487
0ian
03160
Nisa
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203
QF ¢
€7
Feady
AE 3
FF
af g
FARDN
RAPF
IR80
ANRA1
LT N
ar:
BASR
AF 3
BoRL
RORR:
acy
EF3R3
Fes
234y
acs
EE 3
AP
LRl
Frg
SR
F&s
PF}
TARAL
oF 3§
33513
RPRL
ANBRA7
FRRn;
ZARR
FFNN
acy
R® g
ard
AT
N5
acs
RE
Ae
AF g

3

H

!

QF §
FE3
FAQO
7
FR&]0
AC S
ary
F&y
AFE 1

0341
n3u2
A3u3
NA4Y
03u%
N3AUA
n347
ECTI
340
n3=n
n3s1
n3s2
N353
0354
N385
N35A
A35T
N1358R
n3sa
N3a0
n3a1
N3s2
1363
0364
1385
n366
r387
0368
niea
n37n
0371
n372
NET73
nA7L
378
0376
nN377
N37R
Nn37o
N33R0
n3s1
N3a2
n3a3
N33Ry
N3RS
N3Re
O3Aa7
03RR
03Rro
N300
n3aj
0302
N3a3
n3a4
N3a%
n3as
0307
(398
0399

PYVH 1

Noy
NVXX ¢

Dhae

DEC MA
GHT MO
LSNF

ADT #ARN
PHTI M@

.. REMEMRER TO RESET MA(/)

. READY TO aDD #80(/)

L IF Low BIT OF AC TS t{/)
o TO MO, 10

- STORE STATUS(/)

SHL . .3FEF IF MO »>n{/)

GHI €& L.8EF IF NDIVND POSTIVE{(/A)

AMT Han L, ,RBY TaKE OIT SIGN{/)

RMZ #+8086 ., (F)

ANF NG L FXIT WITH PFs1i/)

RR NNG .. 0K{/)

RAF NVYXX .. IF MNPGATIVE. THEM CUTI{/}

GHI M@ ..SEF IF M@=n=2(/)

ANZ DRQ L. IF NOT, THEN NO PRORLEM{/)

GLO M& ,.MAKF SUBF MG,0 IS 0 T00(/)

aZ he ,.IF YEER, THFN RPTIRMN WITH nF=1(/)

R® DDO
GHI

2o 0R ELEF GO 7O DIVIRF{/)
R ,.5FF IF THE OPERANDS SIGN® mIFF(/)

XOR . .RY COMPARING SIGN RITS(/)

SHL o

ANF DI10+814

GHI c®
ZHL e
RHF o
THEC Ma

« AND TAKE OUT THAT SIT(/})
.o IF 2INGE DIFF, IT'S OK(/}
« 2 OTHEFRWISFE TFST SIGN OF RIVHD (/)
IF POSITIVF, RFTIAN WITH DE=1(/})
0 cRETURN WITH DF=1(/}

+«SFF IF LOW RIT OF AC IS 0 OR 1(/}

LDX . .LOAR THAT Id D{/)

DFEC WA
SHR o
GLO ac
rNZ DAQ
SHT ae
BME  k+H
rRZ Do
RR NDGE
XR1 Han
ANZ DRQ

eMI HOD

GHI
PHT MG
GLO €R
PLO M@

TFP RETMN
GHI ¢®

PHI M@
GLO CR

PLO M@

PIvVe:s

DVL?

ses OPT

« REMFMBER TO RFSFT Ma{/)

LSHIFT THAT BIT QUT(/)
2o IF AC IS NOT N »MOT PROALEM(/)
s GO TO DIVIRE(S)

« JRFARY TO CHFECK #80 IF LOW nIT ac IS 11/}

né L, 0/)
s+ NG GOODe RETUAN WITH DE=t{/}
e o ANY THING FLSP IZ 0OK{/)
«aIF AC,1 ISYNT HBO(/}
e ITIE OK (/)
«sDF IS SFT TO 10/}
rR . .PUT DRIGINAL NIVND(/)
.o INTO MQL/)
os (/)
e (/)
as AND RETIRN WITH mE=11(/)
e s PUT ORIGINAL NIVNDL/)Y
« 2 RACK INTO MQ(/)
e (/)
aals)
TON #3¢ ASSMF REMNIGN PROGRAM: NOCHECK

so dokEdkdnkiikEd (TO CALLe WRITE) #wmwddddpkdw

o s HHEE
GH1I
SHL s
LRt #30
LSNF ..
LDI #50
PLO CR
GLD MG

¢ALL PIVe
M@ . ,LO0K AT DIVIDEND SIGN
IF POSITIVE,
«s PLAN TO REGIN WITH SUBTRACT,
(ALSO SAVE SIGN AF DIVIDEND)
<o OTHER WISE REGIN WITH anm.
vs SET ITFRATION COUNT IN CR,N
..SHIFT M@ LEFT % RIT

SHL o .SHIFT LFFT MQA.0

PLO M@
GHI M@

+«SAME FOR HMIGH BYTE
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n16R TE o400 SHLC ao SHIFT LEFT WITH CARRY

0183 8F; Qu&0 GLO ™M@
D16c BE: 0401 PHI MQ .. g1ry 32¢1s nual RZ DVN ., AUT IT I8 WO PRORLEM,
01sp ARy nun2 6LO AC  ..SHIFY aACc LFFT 1 RIT D1R6 ACH ous2 GLO CR ., IF NOT ZEROs
016F FFy ouo3 SHL .. SHIFT AC.0 01RT FF: ousld SHL .. IT SHOULD BE SAME SIGN
N16F AR fuoL PLO AC .. 0iRR FE: AUeL CHL .. AS ORIGINAL DIVIMEND,
0170 OF) ouns BHI AL .. n1pe oF; nugs GHI MG
0171 7F oune gHLC + e SHIFT WITH CARRY C1RA CF3 0466 L SDF
C172 AF1 puo7 PHI Ae 01RB FRANG Nus7 XRI #ap
0173 3R76 n408[ BNF #4+#03 ,, RIT SHIFTED OUT OF A€.1s 0IRP FrAad: nLes anl #Ban ., IF NOT: WE NFFD
0175 15y puoo INC MB .+ GOES INTO MQ,0 01RF 3ROC nhsa RBNF DVEC .. ONE MORF DIVIRE ITERATION,
0176 FD gu1n SEX Ma ., niel £ng au70 DVNe LBX .. FINALLYs, IF DIVISOR NEGATIVFe
0177 AcCy nut1 GLO CR .. NOWe WAS THAT APPD, OR SURTRACT? 01c2 EFy oLTy SHL
0178 F33 ou12 XOR .. IT DFPFMDS ON SAVED FLAGS N1ec3 3RNOS nu72 ArHE DVX ee [ITIS NOT: WF ARF PONF)
0179 FF1 nLt3 HL. .. AND SIGN OF DIVISOR 0tr® AF} ou73 GLO AC .. COMPLEMENT QUOTIFNT.
0174 101 nuiy INC MA o oMB,0=(Ma,0) 01ce FRAFFS alTh XRT MFF ,, RY INVERTING IT,
0178 ary 0415 BLO MQ .. : 010R AR nu7s PLO Ae
017¢ 2RA% nLi6 ANF DSA  ..TF NO FLAG,MQ,N+({Ma,n) Dieo oF} ou76 GHI ac
017F F73 TS EM L, DicA EREF: nL7T? XR1 HFF
D17F APt BuiA PLO MA .. 01¢eE RF nu7R PRI ae
ntan 2D pulo PDEC MA  L.,FIX X PTR 01ch 1£1 Akya ING AC .o THPN INCREMPMTING
31R1 OF ) nu20 GHI MG ,.DO THE SAME FOR HIGH BYTE N1eE Fenng finan ABT #nn ., ALSO CLFAR DF,
Dtap 77 nu2l ZMB  ,.RFMEMBFR THAT RORROW RIT n1p0 DS AuAt  PVYX: EFP RETN .. DF=N IF DIVIDE SUFCESSFUL.
N183 3084} nuz2 BR PEM  ,.BKID OVFR ADD STEPY 11mn1 3 nyRP s
NIRS Flui Nu23 NBAT  ADD . MOHIMA) 2101 3 NuR3 os 16=BTIT ADP TO ACs OPERAND ANDRTSS IN CALL
t1as AR Ou2u FLO MQ ., 51R1 3 AURL sa AERFACZACHOIPRN ., OPRN=z2 RYTF OPERAND
nier 203 nu2s5 NEC MA ,.DO THFE SAMF FoR HIGH BYTE nipl nups aa EbECREmEdrkkE (TO CAlLe, WRITE} skkdobdbidy
N1RA GFy nu2e GHI MQ ., nimt NLUAS .o WkkkCALL ADDOP 3+ AUOPRN)
fi1RQ 7u; nu27 ADE .. AND WITH CARRY 0Im™1 ¢ LRy .a
01848 RE) pu2a DSM: BPHI MR  ,,STORE RACK TO MB.1 'R T2k I auaa .s
D1AR 201 ru2ra DFC CR .., COUNT DOWN ITERATION COUNTER 011 ué: NLRG  ADDOP: LPA LINK ., FETEH APERANM ADDRESS
N1Aac ACH AL30 GLO cR 0102 AR nuon PHI MA .. TO BPEGISTER Ma
g1an FATF) nu31 AMT HTF NPT 461 nual LDA LINK
018F ARoL: Huzo BNE *+H0E ,, TFST ~ARRY OUT OF ADD/SURTRACT 2ipu ADD nug2 PLO MA ., FALL INTO ADD
2101 1F3 QU333 INC AC 4o TF 19 SHIFT INTO QUOTIENT. aIns 3 nual es 16=RIT ADD TO ACs OPFRAND ADRDRFES IM REGI
D192 Faany nu3L ORI BBAO .. AND FLAG NEXT OP AS SUBTRACT. oINS 3 nyon .s CALL HERF IF OPRN ADDRESS
0104 ACH L35 PLO CR ., OTHERWISE ITVE anm, RN LI nues es TS5 IN REGISTER Ma
N1a5 FAZF) Nu3a ANI H3F ,, LOOK AT COUNTER: 01ns 4 nuoh os EHEKMACTACHMIR(MA))
0107 IART nu3y RNZ PVL .. IF MNOT 0» LOOP RACK: oi1ne g naoy .o FXMEEpAERKEER (TO CALLy WRITE) sedokdddkddorsk
190 33R0} nu3a BMF NVR ,, AT ENDy CHECK RPMATNDER ADJUST, nIps nuen oo HMARCALL ADD
L f10R 383 nu3a 2 834 nims 3 n4o9 .s
. a0 1F NL40  DVet INC AC .. (FINAL DIVIDE STER) nIns e AB0N ADD:  SFX MA L .CHFeK SIGM BIT OF AC
| G1of F33 Nuaut XO0R ., RBF SURE TO GFT BOLARITY D1Ps OF nRo1t GHT AC  ..GET THE OPFRANRG
- 019% FF3 Ouy2 EHL +4 OF ADJUISTMENT RIGHT.,. 0IpT F3 nsn2 XOR . .AND OPERAND RMA
- 019F 1M nuu3 INC MA ., YES» ADD DIVISOR RACK NN» 0INA FRADS nsn3 XRI HAND .,RESULT & 1 IF DIFF
- 1AM BE3 payn GLO M@ .. TO CORRECT FOR FIMAL SIRTRACT D1BA S23 asau STR &P .,.STORF OM =TacCK
. N141 33AA2 nuLs ADF DVM .. (ADDING NEGATIVE IS SURT,) 2 NIMR 1P nsng INC MA  «POINT TO LOW B RITS
N1a% Fui NLLE ADD .. WHICH SHOULDNTT HAVE, : oIne AaF) nENE GLO AC .+ FETCH AC LOW B
D1AL AF? nuy? PLO MG n1nNm™ Fus nRN7 ADD .. APD LOW 8 FROM MEMARY
01A% 2n3 LR DEC MA nipe AF1 nspA PLO AC .. PUT IT RaCK
N1ae OFs Quug GHI M& NARE 203 0500 DEC MA .., POINT TO HIGH 8 MEMORY LOFATION
0127 741 cusn ADC .. ADD WITH ¢aARRY 01ED aF ns10 GHY AC
N1A8 30AF; nus1 BR PVR=#O1 0171 TU 511 ADE .. ADD HIGH BYTE WITH CARRY
01A8 7 ous2  MYMz SM ,, SAME THING, _ 01F2 RF1 n51i2 PHI A€ .. PIUT IN AC,
018R AF 0u53 PLO M@ ,. FXCEPT: FOR MEGATIVE DIVISOR, 21F3 021 n513 LON 8P  ,.Loap THE STORFD COMPARING SIGN RIT
D1ac 2m 0450 BEC MA RiFL FEy n\giL gHL .. RESET STACK PTR
D1aR GF) U455 GHI Mo 01ES 3RFAS 515 ANF ADDRT+HG1 . NOT POSSIALE
D14F 771 456 SMA 01F7? of: nEl1e GHI AC . .OTHFRWISF SFEF IF SUM IS RIGHT
01AF ur) oum7 BHT MQ D1FA £31 ns17 XOR . oBY COMPARING SIGN RITS
01RO aF) QuBA  NVR: GHI MG ., IF REMAIMNDER IS MOT ZEROs fiFo EF1 N51A8 ADDRY: SHL .+SHIFT OUT 0 INTO DF

P1RT XARGS . DuS9 ANZ *+#05 D1FA DS 0s19 SEP RETN .,RETURN TO MAIN
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09ER i n520 oa n2i1é6 A2 n&7g9 GLO 3P
01FR 3 0521 .o 16=RBIT CONSTANT ADD TO AC. 0237 AD} 05A0 PLO Ma,
0tFR 0522 as CALL HEFRE FOR ADD CONSTANT TO ac 0218 221 a5a1 DFC SP
0i1PR g2y s FERBACTACHCONESTANT . 0210 10D 0582 ING MA .. THEN ADJUST IT
01FR 3 0524 oo BEkESkeASEEE (TO CALL, WRITE) swdrdsidhys 0214 Ans 0583 INC MaA
01FH H 0525 . ****CALL ADDCON 3 DCONSTANT 02!?’-’% 1ﬁs ﬁ"’sﬂﬂ INC ¥ a2 TO ?DINT INTO OLI’) TOP
nirR 0526 .. A21c RES n%A% 6LO M@ .. COMTINUE PUSHING, M@
DIFR 8k 0527 ADDCONt GLO LINK ., €OPY LINK TO Ma 021D 733 n586 STXD
DIFC AD: 0528 BLO MA N21F oF i ngaz GHT Ma
NIER 063 0529 BGHT LINK 021F 733 n5as STXD
N1FF RDS 0530 PHT Ma fz20 ons 0580 LOMN MA
01FF 1614 n53% INE LINK ., INCREMENMT PAST DATUM n221 73 nson gTXD
01FD 163 ns532 INE LINK 4222 2N 6501 NEC MA
01F1 30M5: 0533 RR ADP ,, GO ADD. 0223 nDt 0592 LDN Ma
0183 083y o s 0220 7HRy 8503 STXED
D1F3 3 n52% as 16=BIT ARD FROM TOP OF STACK G225 ar: LTI BHI R .. FIMALY IMSERT ¢R IN HOLF
DIEX 02y 0536 ADPST: GHT SP .. cOPY 3TaCK POINTER ng2a SN p5C5 STR MA
01FL BN nsE37 PHT MA ,, TO MA REGISTER G227 10 NBoG INE MA
0iFs a2y 0s3n 6LO &P 022A art 0597 GLO CR
N1EE A3 0539 PLO MA n22a Shi nsan ETR MA
01F7 101 nEun INC MA ., BDVANCE TO SUR=TOP (n) 0228 B&s n%o0 SEP RETM ., (MA 1% GARPAGE OUT}
n1FR 1M nsug INC MA o (@) goom penn .
01FQ 1P pHu2 INEG MA L, (@) 0208 3 nanl .o DOP STACK INTO M@, MAs €R (INDER TOP OF 8
01FA 3005 o563 AR ADD .. 60 DO 1T a2PR 12 A602  POPERT INC &P
01EC oSbL . n22e 62 AENE GHT SP ,, CORY STACK POINTER TA MA
01EC 3 NSER .a 0220 mR AL BHT MA
niEe nsLA . s nNpze poy Gals GLD &P
01FC 0%L7 so PHEH AC INTO STArK D22F AP n606 PO Ma
0iFe 3 nsua e STACK POINTER = gP 0236 103 0607 INe Ma .. ADJUST POINTER 70 CR DATUM
01FC 3 nsLo oo FERRERERREsE (TO CALL, WRITE) #adsstns N231 1D os0R TNC Ma
DIFe n&sn oo EEEECALL PUSHAC 0232 1D nena THE Ma
01FeC 4 0551 ss PUSH AC (UNDER TOP OF STACK) 9233 1n 0610 INC MA
01EC 92 nS5s2  PUSHAC: GHI 8P ., COPY STACK POINTFR TO Ma 0234 1P 0611 ThC ™A
01ER BP; nEEs BHT MA 0235 10 nalz2 INC Ma
niEpP A2 0554 GLO &P N236 b0 0613 LDA MA ., FFTEH IT
N1FF ap) Ness PLO Ma 0237 RC1 nely PHI CR
0200 1M nBSE ING MA ., NOW SLICF OFF TOP 2 BYTES, 023R NNy fe1s LON MA
n2nt 1me il la¥d IMNE MA 0230 AC3 feta PLLO €R
0202 Fo3 0S8R eFxY ep D234 2013 nel7 NEC Ma ., COPY TOP OF STACK INTO GaP
0203 Opi 0559 LON Ma ., TO MAKF A 2=BYTE HOLE, 023R 423 0618 Lha sP
0znu 733 9860 aTXD 023¢ 5n1 n6to ETR MA
N205 2N 0561 PEC MA 023n 1Mt . 0620 e Ma
206 NNt ns&2 LAN Ma 023F 42 n&21 LDA SP
n2n07 731 N563 £TXD 023F RRJ nNe22 STR Ma
02nNA oF: 0564 GHI AC .. NOW STUFE AC INTO THE HOLE, noun w2y ne2s LDA SP .. THEN POP M@
0200 5P nses STR Ma : 0261 RF} n62u BHT MG
020A &F} 0566 B5LO AC = 02u2 424 N62% LA 8P
020m 1D neg7 IMNE Ma G243 AE DAZe PLO MG
a2ne S0 NSaA TR MA 0204 423 0627 LDA SP ,, FINALLY POP M4
020D 2R 05A9 NEC MA ., LEAVE MA SOINTIMG TO IT. i N24% RD¥ 0628 BHT Ma
. D20F N51 0%70 EFP RFTN .. (AP NEHANGEM) : hz2ue 02 0/A20 LDN sP
- 020F 0571 .« PUSH CRs MA» MG (UNDFR TOP OF STACK) = p2u7 ADY 0630 PLO ¥
- n2nF ADi N572 PUSHEO! BLO MA ., FIRST PUSH Ma ONTO TOP . 02uA N5 0631 SEP RETN
- no1n B ne7s SEX op : 0260 | ne32 oo 16=8IT ACCUMULATOR LOAD (ADDRESS IN CALL)
0211 T3 ns7L £TXD J 024h0 3 N33 oo HEXBACTOPRN
n919 qn’ 0575 GHI MA OPL!-Q [ 063“‘ e t****mﬁm (?0 rALLQ WRITE) 3*—*m*~****
noi1xs 5oy 0576 TR gp 024G 3 0635 e WkERCALL LOADOP 1 s A{OPRN)
021 023 0577 GHI SP .. NOW fOPY SR TO Ma 02u9 0636 o
0515 AR’ pplad PHT Ma 02UD 46y 637 LOAPOP: LDA LINK ,. FFTCH ADDRESS
02448 RM fe3a PHI MA ., TO MA REGISTER

RS

o
L
29
P
.
.
o
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Appendix B{I)
NPUR 46&) 05639 Lba LINK P66 1 n&oo 2a CALL HERE IF OPERAND
02uc¢ ADS 0840 PLO MA .o FALL INTO LOAD nees ¢ n7FN0 a0 ADPRESS IN REGISTER Ma
ozum 3 Deui se 16=BIT ACCUMULATOR LOAD (ADPRFESS IN Ma) D266 1 n701 as BHEXBACMIRIMAY) (DF SET IF 00 OR &)
n2ubp ne42 20 CALL HERE IF OPERAND ' 02&8A 1 nro2 o s TkEhgddidddkk {TO call, WRITE) sddddphddisa
D2up 3 N6s3 as ADDRESE IN REGISTER Ma N266 1 n7n3x es WEERCALL COMP
o024n ey os FEFBACZMIR(MA)Y) np6e6 1 (1 de] 18 s
o2um 1 na45 2o EE¥ddddikdddis (TO CALL, WRITE) smimdwiskis N2aE EM N705  COMPt &FX MA ,, COMPARE HIGH 8 FR&T ,
o2un 0646 as BEERCALL LOAD : 0267 oOF3 0706 GHI AC  L.CHECK IF SIGMN OF OPFRANDS ARF SAME
a2un 0647 - 268 F3 0707 XOR . .BY LOOKING AT THF HIGHFST SIGN RIT
g2un up; ne4a  LOAD: LPAA MA .. FETCH HIGH 8 0260 FAROY 0708 ANT #80 L RFSIULT A "4t IF NEGATIVE
12ue RF3 0L PHI AC N26R JAT61 n700 BNZ €NE .,.IF NOT: THEN GO TO ¢NP
A2ur 401 nesG LDA MA ..« NOW LOW 8 o02em GF3 a710 GHT ac
D2RA AR NeE51 PLO AC .. LEAVE MA AT NEXT NOUBLE=BYTE n2aE F71 0711 SM
n2s1 DR; 0652 SFP RETN ,, GFF, THAT WAS QUICK, NPaF 34773 0712 BNZ CMPX .., NOT FQUAL QUITS
o252 1 neas3 0271 1M n713 INE MA .. TRY LOW 8
0pPE2 : nNasL ‘s 0272 ARy 0714 GLO Ae
p2R2 ness ss 16=RIT ACCUMULATOR LOAD FROM CONSTANT IN 0273 771 n71% SM
NP5D 3 nase oa WHIHACTCONSTANT 0274 201 0716 NEC MA ,+ LEAVE MA POINTING TO IT
neog2 0657 oo MEREERickeRag (TO CALL, WRITE) sckdrdddgihis 0295 3ai n717 » H38 _
nes2 g N&SA os ®REECALL LODCON 1 2 cOMSTANT 0276 Fui 718 CNE? ADD  .+SPF IF OPERAND I8 NEGATIVE
nes2 g peso .o n277 DS n7io eMPX: SFP RETMN  ,.PF=1 IF AC>=(Ma)
nPm2 L6 gedn  LODCOM: LDA LINK ., FFTCH HIGH A p27a 1 n720 .e
NORZ AE 3 WY S | PHI AC E n278 n721 oe
0oRL LA 0662 LPMA LINK ., THEN LOW 8 & D278 0722 .
DomE AR N&63 PLO AP : n2ya 0123 .o
02%/ D53 NEHU SED mETM L n2yR 0724 o TEET 16=A1T ACCUMILATOR SIGNJZERD .onsas
0257 1 0665 s 0278 tet 0725 INC LINK L, ,SKIP OVER NOM ZFRO RET!'RN
0287 D6A6 so 16=RIT ACCIMULATOR STORF (sPPRESS IN call 0270 161 nY26 INC LINK L,
0287 1 nee7 o8 WREHOPRNZAC n274 ARy n727 SEP RFTN
0257 1 J66R as ExdBddkdaidd (TO CALL, WRITE) Adkdgkdkddk n2YR ory n728 TEST: GHI AC .. FIRST LOOK AT SIGN
0257 1 ne6o aa HEERCALL STOROP 5 , A(OPEMN) ‘ 027¢ £F 0729 SHL ..8FT DF IF MINIg
N28Y fe7n .o nN270 aFy n730 GHI AC .. NOW CHECK FOR n
NPR7 ué 0A71  BTOROP: LDA LINK .. FETCH ADPRESS IMNTAH Ma DoTE IATA n73q BMNZ TEST=HN3 ,. NO,
NZsA RO 0672 PHT Ma 0280 RES 073> GLO AC
0250 4é) 0673 Lfa LINK 02A1 2PTAY n733 BZ TEST=H01 .. GO TAKF ZE®O EXIT,
0254 AP N&7U PLO MA .., THEM FALL INTO STORE NPA3 3ANT7AY nN734 RR TEST=HN3 ., GO TAKF NON-ZFRO EXIT,
02sn n&7s es 16=RIT ACEUMILATOR STORF (APDRESS IN Ma) g28s 735 s POP STACK (INTO AC) (UINDER TOP)
02%R 1 0AT6 oo FEEEMIR{MA))=AC n2eas r736 s« POPE 2 RYTES EROM STACK INTO AC
nasm g n677 as BlcERdckkmidk (TO Ccall, WRITE) edkikkkpkds 02Rr5 0737 s o REFERNIAKRER (TO call, WRITE) sdokdobdkskk
=L ne7R ao ®dEECALL STORF nzas n7im «e ®XFRCALL POPAC
025R n&7o oo N2RR FFON: 0730 POPAC: SMI H00 .. SFT DF TO REMEMBRER THIS ENTRY
| 026R aF i 06A0 <QTORFt GHI AC .. FIRST HIGH B D2RT €A} 2740 LSKP Y
- 025¢ 80y 0681 STR Ma 028R FCON 0741 POP: ADI HOD .. CLEAR DF FOR THIS ENTRY
. 0250 1N} nese INe MA ., INCREMFNT Mar SINCE STR PROEQN?T NPRA 121 n742 TNE SP
g; N2sE ar; nand GLO AC ., NOW LOW R N2AR aby nrL3 GHI 8P ., COPY &P TO Ma
i N28F 5N &AL TR Ma 0PaC RO n7uy PHI MA
- 0260 1D nEAs INC MA .. LEAVE Ma POINTING TO NEXT WORD 02an a2y D745 GLO 8P
- 0261 DS n6RAe SEP RETN .. QUIT nPaE ARG n746 PLO MA
. 0262 NerR7 ca } 02rF 151 nTL7? INC Ma .. ADJUST TO SUR=TOP OF STACK
o 0262 1 fesa .o | 02an 1Ny a7uR INC MaA
o 0282 3 nepe .+ 16=RIT COMPARE, OPFRAND ADPDRFSS IN CALL | 07291 3AmQRy 0749 BNE k+HOT
i 0262 1 0&00 »o XEKERAC-OPRN  (DF SEFT IF 0 OR +) N293 un) 0750 LBA MA .. POPPING INTO AC. GET DATIM
0262 1 n&o1 ve FREBEaGdktBk (TO CAlLL, WRITE) kudghhdkgy g2ou RFy n751 PHI aAcC
- N262 1 0602 oa REKECALL COMOP 5 5 A(OPRN) - 0295 OD1 07%2 LON MA
0262 1 0603 . E D206 AR 0753 pLO AC
0262 463 0604 COMPOP: LDA LINK ., BETCH ADDRESS n2o7 2m 0754 DEC MA
0263 RO} 0a0% PHI MA .. TO MA RFGISTER 0208 42} n7s58 LDA SP .. HNOW CLOSE UP THP GaAP
NoAL L& 069A LA LINK 0299 551 0756 STR Ma
0265 ADg 0697 PLO MA 020A 103 0757 INC MA

0266 ¢ 06948 s 16=RIT COMPARE. OPERAND ADDRESS IN RFGIST 029R N2} 0758 LbN SF

R R

R R T
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fzoc 5D 0759 STR MA _ 0204 3000 0R10 RR MPY3 ,.BACK FOR MORE ADDITION
029p 1D 0760 INEG Ma _ g2ne 121 0a2n MPYif: ING 8P . .RECOVFR LOOP COUNT
029F D5 0761 SEP RETN ., MA POINTS TO NEW SUR=TOP i

0POF ¢ 0762 Ve ' 02nh oF nazt GHI AC .. ADD HIGH RYTE

029F n7e3 «o PECIMAL TO AINARY CONVERSION : 02DF Fus oAz2 ABD .. ADD BACE TO 2acC

020F 0764 oo RRABE ACZDECIMAL NUMBER OF N BYTES . 020F RF 3 na23 PHT AC

029F 0765 ss DECIMAL NUMRER = SIGNsMNssos,seN1oNO : i Q2F0 33FFE} 0A24 BOF OVFLW=HA1 o RESULT DF IF OVFLAW
029F 3 0766 so SIGNZHOB + ' 0PF2 123 pPR2% INC 8P ,.RESFT STACK PNTR

02oF 0767 e SIGN=HOD = : 62F3 AEg NR2& GLO AC 20 R4MF FOR AC,0

020F 3 0768 ae NDzin#sn DIGIT - B2Fu Fuy 0a27 ADD

020F 1 769 .o Mizi0#%1 DIGIT N2FS AF1 1R?8 PLO AC

Noor 1 0770 oo FhBdbzidwk (TO cALLe WRITE) sddtdds D2FA OF 3 fR20 GHT AC . FOR CARRY OUT

020F 0771 oo Hohkk CALL CDR3 »A{NUMBER) 1 »LENGTH G2r7 70003 0A3N ADET B0

020F ups 1772 enBe LBA LINK . ,6FT NUM ADDRESS D2Fao aF) nAR31 PHI aC

O2AD BAI n7es PHI AR e s AND STORE IN Ra, O2FA 3RAF; nA32 BNF LLOOP . .IF NOT OVFLWr GO RAFK FOR MORP
02A1 u6l 77 LDa LINK noFe £AY NA33 L8KP  ,,8KIP STACK RESFT

02A2 AAl 0775 PLO AR 02Fn 123 ne3u INC &° ,.RESET STACK PTR

02A3 46 0776 LDA LINK ,.GET LENGTH noEF 123 NR35 NG &P

D2a4 FFOL: N777 sMI H0O9 - s MINUS SIGN BYTF Q2FF N8y or36 OVFLW: EFP RFTN  ,,DF=1

024K AR3 D77R PLO NR . .AND STORE IN RR, 0PED oF s 0837 FINAL?  GHI AC ..CHFCK IF FXCEED MAX POS NUM LIMT
0PA7 FBAN: n779 LDI 800 L,.CLFAR RF 02F1 FORO: oR3a ADI #80

02A0 AF: o7an PLO AC 02F3 3AFCS nA30 BaMZ P L,.IF NOT POSSIRLF, 2KI®

P2AA BF n7a1 PHT AC 02F% aF; 0RO GLO AC

N2AR NAs n7a2 LDN aRr « «CHECK SIGN RYTF 02F6 3AFCS 0R/u1 ANZ ¢P  .,IF NOT, 60 TO coMP

N2AC FRANI n7a3 XRI HOD . MINUS? 02Fa oRj nau2 GHI MR ..SFE IF IT 1% POSITIVE

0PAF BRt nTau PHI NR  ,.INTO NR,.1 0PFro FCEFR NRY3 ART HFF  ,,8FT DF ACCORDINGLY

D2AF 1Al 0785 LooP: INC AR .,GRAR THF FIRST nIGIT 02FR NS4 neLu SEP RETN

02BN F2 N7RG SEX SP  L,L.FIX X PNTR O2Fc R3FAS Neus RDF #=H01 ..0VFRFLOWED!'

0281 0Aj n7RT LBM AR .,CLEAR HIGH RYTE (FOR aSCII) N2FE oRj fp4ée GHI NR ., ,TFST FOR SIGN

1282 EANE; n7RA ANT HOP 02FR 3ANO} NaL? RMZ EXIT ..IF PO%y» DONF

0oRL 52} n7a9 STR €P  L.PUT IT RACK 03n1 RF1 naus GLO AC ..IF NEGes SIIBTRACT FROM 0
02RS AF1 n7an GLO AC  ..ADD THAT DIGIT TO ACCIM 0302 FRON NALo snI #00

oops Fud 0791 ADD N304 AF 0ARBN PLO AC

02R7 AF} n702 PLO AC 0305 oF 1 A5 GHT AC

02RR OF ¢ aA7a3 GHI aAC 3306 nNR52

02RG TCNN} 0794 ADCTI HOO . .RFMEMRER CARRY OVER 0306 700N} na’3 SNAT #00

N2RA AF} n7o8 PHI aC _ 03nR RF; CRSL PHT AC

noRe 33FF) n70s ADF OVFLW . PXCFFDS ACCUM LIMIT? 0300 nepss oo

D2RF 2R nyo7 DFC MR ,,PFC DIGIT COIMNTER 0300 NAS6 «a RINARY TO DECIMAL CONVFRSION
n2RE AR 0798 GLO NR .,8FF IF IT IS n? n3ng NR&7 os HEXFDFCIMAL NUMRER = AC

06200 3I2FN; 0709 BZ FINAL ..YES, THEN DONP 03ng 0R%A es DECIMAL NUMBER = SIGNsMNo,awqssNT12NO
02¢2 AFI nARON GLO AC L.O0THFRWISE MULTIPLY THE ACC mY 12 ¢309 0R5a +s SIGNzHOB + X

p2e3 FF3 ' fang. SHL 03n0 Naan e SIGN=HOD

02cL 73 pAN2 STXD n3no 0861 oo NOZ10%20 DIGIT

02¢S oF4 NAOS GHI AC n3x09 0R62 vo Niz10%%1 DIGIT, FTC

g2ce 7E nRNu SHLE  ..CARRY OVFR - n300 DR63 oo HEBENEERE (TO CALLs WRITE) skkdkds
g2e7 734 oR05 sTXD 03no nR6L ss Widopkk CALL B0 2 AINIMBFR) T 2 LENGTH
02cA 33FP) LGS ROF OVFLW=H02 ,,FXCFEDED Ace LIMIT 03ng 0R6S £XIT: SFP RETN

naca Fangy 0ROT LDT #02 030A NA&6 CRN: LPA LINK ,,GET THE ANDRESS

02ce 529 0ANR MPY34 STR SP ,.LOOP COMNT 03nR 0867 PHT AR ,.AND STORE IN RA

02em RE) oa0aQ GLa AC - Q3nc casa Lpa LINK  ,.SAMF FOR LOW RYTE

02CF FE) 0819 SHL  ,.NOW SHIFT AC OVER 4 TIMFS MORE 0300 onea PLO AR

02rE AR aa11 PLO A€ 030F na7o LBA LINK ,.GET LENGTH

asnn arF: 0A12 GHI AC ««SAME FOR AC.1 03nE ar7i EMI H01 ,.SUBTRAC FOR SIGN BYTE
6201 7F) 0A13 SHLC 03119 ne72 PLO NR  ,,3TORE IN NR,O

0212 BF: nR1Y PHI acC 0312 0873 PHT NR s s AND NR,1

0203 33Fn; OR15 RDF OVFLW=HN2 ,.IF OVFLOW, RFSFT STACK 0313 oRTL LDI #0F .o NUM OF ITERATIONS

nons N2 0R16 LON 8P ,,CHECK LOOP COUNT 0315 0R7S PLO MA . ,STORE IN MA.O

0206 32PC neis a7 MPY10 + s AFTER MULPLY RY B 0316 0a76 GHI AC +« TEST FOR SIGN

N2PMB FFO19 naln SMI #01  .,0R ELSE DEC LOOP COUNT 0317 0a7ry ZHL

o
o
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ﬁ
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i
i
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-
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A A B SR

50

0x1p
031A
031¢
031D
031F
0320
0321
0323
0324
N3%&
n3zy
0329
0324
A3oR
a3on
N32F
NnXoF
0331
0332
0333
i 11
0335
N335
CR3y
f33a
nx30
033a
033R
033n
033F
033F
a3y1
0342
DAL
03un
D3uR
03uy
03u9
03uaA
o34Rm
03uc¢
02up
0RuE
0381
0352
03R3
D354
0355
035s
03%7
Naxp
035A
N3sA
035D

FRORI
3R291
RFE )
Fpons
AF 3
OF
TN
RE}
ERODS
CRj
FRlnN
BAl
aR3
P32
143
2R1
OOV
F2y
QR
AR}
RF 1}
EF1
AF ¢
aFy
TE
BF 3
A
7C000
RA}
ans
TAL2:
n5:
DAy
TE
BA
FFEOAI
XBLAG
BAl
A3
R
AR
Tauxy
3341
2N
981
B2t
AAl
By
AA
QA
00
RAT
N3
H

0R7A
el ge]
aaRd
111k
oraZ
NaR3
naay
orA%
0RA/s
ORA7
akeYats
ARG
AROD
naal
fRa2
nRa3
raay
taas
NRAHK
ngay
NRag
0RGO
0900
nadl
ganz
agon3
nani
=hi
tols
0ad7y
neda
g9Qa
tol=h ¥y
noil
no1z
0913
no1y
no1s
nNoté
001y
nolR
0alg
0naz20
ng21
0022
0223
nozy
NQz5
fo26
0g27
0a2s
ngzo
0030
0631
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LDI H0R .. IF DF=0, IT IS POS
BNE POS o
GLO A€ .« OTHERWISF CONVERT IT 70 POS
SPpI HOO
PLO ae
GHI ac
SDBI #H0D
PHI AC
LBI #0P ..MINUS |IGN
LEBKP .a
LDI kOpQ
POS Y TR AR  L..PUT IT IN SIGM RYT
GLO NR o CHFCK NIGIT COUNTER
RZ LOOPI=-#N2 ,,G0 RACK FOR MORF ITFRATION
THE AR ,.G60 To NEXT DIGIT
DEC NR L ,DEC DIGIT CNTR
RR PAS=HND + B0 RACK POR MORF CLFAR
gEX &P
GHI NR L,RESET DIGIT NTR
PLO MR .e
LooP1 ¢ GLO Ar L .SHIFT RIT OF AC OUT

SHLL ..
PLO AC
GHI AC
SHLC .. SAME EOR AC.1
PHT A
LDN AR
ABCT HOO «o ADD TO LOWEST NIGIT
STR AR
GLO MA ««FOR MORE ITERATION?

ANZ ®+H03 L. CcoNTINUE IF MORF ITERATIAN

EMD 2 SFP RETN

MEXT: LDM AR

«+LOAD DIGIT

SHLE « 8HIFET LEFT OVER ONCFE

TR AR
SMI HGA
BMF $+HAS
STR AR
DFEC AR
DEC NR
GLO NR
ANZ  NEXT
ADF  FND
DFC Ma
GHI NR
STR 8P
6LO AR
ADD

PLO AR
GHI AR
ADCT #ON
PHI AR

« o PUT IT BACK

« MNEED TO INC NEXT DIGIT?
««SKIP IF MNOT»10

+ +ELSE UPDATE DIGIT

2«60 TO NEXT PIGIT

«« DFC DIGIT ¢OUNT

-+« CHECK IF no
«o IF NOT, DO THE 2AMF FOR MEXT DIGIT
» « OVERFLOWED

«DEC NO OF SHIFTS

«RESET ADDRESS PTR

+aPUT NIGIT ON 8TaACK

RR LOOPi=8£02 ana

PND

Sample Program

Appendix C -

Sample Program

A sample program to demonstrate the use of the
Arithmetic Subroutine Package is given in this appendix.
This program accepts two input parameters—PRICE and
POUND, calculates the PRICE-POUND product {TO-
TAL), and outputs TOTAL after rounding and truncation.

The input parameters are in BCD form and a maximum
of four digits is allowed. A decimal point is alsc assumed
on the left of the second least significant digit, ie.,
00.00 < PRICE, POUND < 69.99,

These pdrameters are then converted inte binary

numbers and TOTAL is calculated by multiplying PRICE

PRICEgen in MEM
- PRICE) in RIAC) Call SUB CDB

k4

Save PRICE in R{AC}

—= Stack Calt SUB PUSHAC

DF =1

1

A

POUND in MEM
BCD n Call SUB COB

Overflowed

and POUND in binary. This binary product is divided by
100 to eliminate the last two decimal digits of the
eventual BCD TOTAL. If the remainder of the division is
greater than fifty, one is added to the 1 6-bit quotient (for
rounding purposes). This latter is then converted back
into BCD form.

Note that since the binary-to-BCD routine is designed
for 16-bit conversion only, an overflow condition will
occur if TOTAL is greater than 327.67. The DF flag sets
if overflow occurs.

l

TOTALg|p in R{MO): R{IAC)
/10019 = TOTALg|y in Call SUB DIV
R{AC)truncated digits in
R{ma)

TOTALgy

> 16 bits ?

ie., TCTALgcD

> 327.67
?

— POUNDRg;n; in R{AC}
Round Up

TOTALgy [

Set Address Ptr. R{MA}
Pointing te PRICEgpy
on stack

Pop Off
1001 sonstant

PRICERp in MEM %
POUNDg |y in RIAC)
—w TOTALgN in RIMQ}

R{AC}

9

Load Constant 10G1g
anto stack; set R{MA)
Pointing to the constant

:

Calt SUB MPY

on stack

h

TOTALg)p in RIAC) Calt SUB CBD
— TOTALgep in MEM

92CS5-2808B4

Flow chart of sample program.
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0215
0215
0216
0218
021A
0218
02iB
021B
021B
021C
021E
021
021F
0221

0223
0223

0224

0224
0224
0224
0225
0226
0227

0227

0228
022A
022A
02ZA
G22A
022B
022C
022¢C
022E
022F
0230
0232

0233

0234
0235
0238
0237

0239
023B
0238
023B
0238
023C
023E
0240
0240
0241

0241

0241

0242
0243
0243
0244
024%
0248
0249
0249

04;
076E;
0270D;
05,

D4;
CEES;

D4,
076%;
0232;

05;

82;
AD;
1D;

D4,
0475;

12,
12;

F864;
52;
22;
F800;

0037
0038
0038
0040
0041

0042
0043
0044
0045
0046
0047
0048
0049
0050
0051

0052
0053
0Ch4
00635
0056
0057
Gos8
0059
0060
Q061

0062
oee63
0064
0665
00646
0067
co68
0069
0070
0071

0072
0073
0074
0075
0076
0077
0078
0079
0080
0081

0082
0o83
0as84
0085
0086
0087
ooss
0089
0080
0091

0092
0093
0094
0095
0096
ao97

LAB1:
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SEP CALL .. DO DECIMAL TO BINARY CONVERSION
LA(CDBY L7 .
A[PRICE) . . CONVERT PRICE INTO BINARY
#05 .. PRICE IS5 CHARS LONG

... AC NOW CONTAINS BINARY VALUE

.. OF PRICE PER POUND
SEP CALL .. PUSH CONTENT OF AC INTO STACK
APUSHAG) ..
SEP CALL.,. DO DECIMAL TO BINARY CONVERSION
ACDB)
AILBS! .. CONVERT QUANTITY (LBS)
... INTO BINARY

#0S .. QUANTITY IS 5 CHARS LONG

.. AC NOW CONTAINS BINARY VALUE

.. OF QUANTITY (LBS)
GLOSP .. COPY STACK POINTER TO MA
PLOMA .. "
INC MA .. POINT TO AC. 1
SEP CALL .. DO THE MULTIPLICATION
AMPY) :
... DIVIDE BY 100 TO REMOVE LAST TWO
... DECIMAL DIGITS

INC  SP .. MOVE 5P TWO BYTES

INC 5P ... BELOW TOP OF STACK, POR PRICE
... OFF STACK

LDt 100 .. LOAD 100 INTO STACK WITH

STR SP .. SPPOINTING TO THE HIGH BYTE

DEC SP LT

LD} 00 S

STR SP R

GLO sP .. COPY STACK POINTER TO MA

PLO MA .. POINTTO HIGHBYTE QF 100

DEC SP .. PGINT 7O FREE SPACE

SEP CALL

ALDIVY L DIVIDE PRODUCT BY 100
8DF LAB3 .. IFOVERFLOW GO TO LAB3
... CHECK IF REMAINDER 15 GREATER
... THAN 50, tF 50, ROUND UP
GLO MQ . . MQ CONTAINS THE REMAINDER
SMI 50
BNF LAB1 .. IF NO ROUND UP
... GO TO LAB1
INCAC .. JF ROUND UP ADD 1 TC
... THE LEAST SIGNIFICANT DIGIT

INCSP .. MOVE SP DOWN TWO BYTES
INCSP ... BELOW TOP OF STACK
SEP CALL .. DO BINARY TO DECIMAL CONVERSION
ACBD) L7
A(TPR) .. CONVERT TOTAL PRICE INTO DECIMAL
#06 .. TOTAL PRICE IS 6 CHARS LONG )

.. TOTAL PRICE |5 STORED IN M(TPR)

Partial assembly-fanguage listing of the calculation subroutine.









