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PREFACE 

This manual assumes the reader is familiar with PDP-11 assembly 
language programming and with floating point operations in general. 

For background in the papertape system, refer to the PDP-11 Paper Tape 
Software Programming Handbook (DEC-11-GGPC-D). 
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CHAPTER l 
FPMP-11 OVERVIEW 

1.1 INTRODUCTION 

The Floating-Point Math Package, FPMP-11, is designed to bring the 2/4 
word floating point format of the FORTRAN environment to the paper 
tape software system of the PDP-11. The numerical routines in FPMP-11 
are the same as those of the DOS-11 Fortran Operating Time System 
(OTS). TRAP and error handlers have been included to aid in 
interfacing with the FORTRAN routines. 

FPl-1P-ll provides an easy means of performing basic arithmetic 
operations such as add, subtract, multiply, divide and compare. It 
also provides transcendental functions (SIN, cos, etc.), type 
conversions (integer to floating point, 2 word to 4 word, etc.) and 
ASCII conversions (ASCII to 2 word floating point, etc.). 

Floating-point notation is particularly useful for computations 
involving numerous multiply and divide operations where operand 
magnitudes may vary widely. FPMP-11 stores very large and very small 
numbers by saving only the significant digits and computing an 
exponent to account for leading and trailing zeros. 

To conserve core space in a small system, FPMP-11 can be tailored to 
include only those routines needed to run a particular user program. 

1.2 .HARDWARE REQUIREMENTS 

The FPMP-11 package is designed for use on any PDP-11 with at least BK 
of core, and can be easily reassembled to take advantage of the 11/20 
EAE, 11/45 EIS, or 11/45 FPU (refer to section 3.5 for detailed 
instructions). 

1.3 SOFTWARE REQUIREMENTS 

LINK-llS (or the DOS LINK-11 linker) is used to link a user program 
with an FPMP-11 object module to create a load module. PAL-llS (or 
MACR0-11 under DOS-11) is used whenever the FPMP-11 package is 
reassembled. 

1.4 FLOATING-POINT NOTATION 

A floating-point number may be written as a mantissa, which consists 
of the floating-point number with its decimal point shifted a given 
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number of places in either direction, and an exponent which indicates 
the nwnber of places that the decimal point was shifted and the 
direction of the shift. A negative exponent corresponds to a shift to 
the right, while a positive exponent corresponds to a shift to the 
left. Thus, the mantissa multiplied by the base (radix) of the number 
system in use, raised to a power as supplied in the exponent, gives 
the value of the number in fixed-point notation. For example, the 
decimal number 12 in fixed-point notation can be represented as 

12 or 12.0 

In floating-point notation with a base of 10, the number might appear 
as 

2 
.12 x 10 

where the mantissa is .12 and the exponent, 2. 

A fraction, such as twelve ten-thousandths, is represented as 

.0012 

in fixed-point notation and in floating-point notation as 

.12 x 10-2 

The minus sign before the exponent indicates that the significant 
digits of the mantissa are to be shifted right from the decimal point. 

In FPMP-11 all numbers are manipulated and stored in binary notation. 
With a radix of 2, the decimal number 12 is represented as 

1100 

and in floating-point format as 

.1100 x 2
4 

Multiplication and division are accomplished by shift operations: each 
one - place shift to the left represents multiplication by two; each 
equivalent shift to the right represents division by two. 

A floating-point number may be represented in an infinite variety of 
ways, since the decimal point may be shifted any number of places in 
either direction. If the decimal point is shifted until it appears 
inunediately to the left of the most significant digit, the number is 
said to be normalized. The mantissa of a normalized floating-point 
number may be stored as an integer, since the decimal point is 
understood to appear to the left of the most significant digit. In 

1-2 



computing a mantissa from decimal input, FPMP-11 uses the convention 

1/2 ~jMANTISSAj<l 

to normalize the input value. Note that when !MANTISSA! is stored as 
a binary fraction in normalized form, the left most (high order) bit 
is always a 1. The only exception to the normalization rule is the 
floating-point zero (either single or double precision) which has a 
mantissa and exponent both equal to zero. 

1.5 FLOATING-POINT NUMBER STORAGE 

FPMP-11 floating-point numbers are stored as two 16-bit PDP-11 words 
(single precision) or four 16-bit PDP-11 words (double precision). 
The sign of the number is bit 15 of the first word. (0 indicates 
positive, 1 indicates negative). The binary exponent is stored in 
bits 14-7 of the first word. The exponent is stored in excess 128 
(200 8) code. The value of the exponent is obtained by subtracting 
200

8 
from bits 14-7 of the first word. 

NOTE 

The single and double precision formats shown below 
are limited to normalized numbers. The high-order 
bit of the mantissa (which is always l) is omitted 
from its implied position (bit 7 of WORD n) in order 
to allow one more bit in the exponent field. 

1.5.1 Single Precision 

The mantissa and exponent are stored as follows: 

WORD n 

[s I exponent high-order mantissa! 

15 14 7 6 0 

WORD n+2 

I low-order mantissa ] 
15 0 

The first word (lowest core address) contains the sign of the 
mantissa, the exponent excess 12810 and the high-order mantissa 
(absolute value). The second word is the low-order mantissa (absolute 
value continued). 
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1.5.2 Double Precision 

Double precision format is identical to single precision format except 
that it has two additional words (WORD n+4 and WORD n+6) of low-order 
mantissa. 

WORD n WORD n+2 

js I exponent I man ti-~~-~---1 mantissa 

15 14 7 6 0 15 0 

WORD n+4 WORD n+6 

mantissa J Clowest order mantissa 

15 0 15 0 

The list below provides examples of numbers in decimal form, binary 
floating point notation and single precision internal form. 

Decimal 
Value 

1 

2 

10 

-..... 

0.5 

0.25 

0.75 

-0.25 

Binary 
Floating Point 

0 .1 x 21 

0 .1 x 22 

3 
0.101 x 2 

0.101 x 24 

1 
0.10110101 ••• x 2 

-0.1 x 2 

l 2
0 

0. x 

1 

-1 
0.1 x 2 

0 
0.11 x 2 

-1 
-0.1 x 2 

1-4 

Internal Form 
Single Precision 

(octal) 

040200 000000 

040400 000000 

040640 000000 

041040 000000 

040265 002363 

140200 000000 

040000 000000 

037600 000000 

040100 000000 

137600 000000 



CHAPTER 2 

DESCRIPTION OF PACKAGE 

As distributed the FPMP-11 package contains three sub-packages: the 
object tape of the single precision functions, the object tape of the 
double precision functions and the source tapes. 

2.1 SINGLE PRECISION PACKAGE 

The single precision package is an 
(DEC-11-NFPMA-A-PRl) which includes the 
handlers and the following OTS routines for 
operation: 

Add routine 
Subtract routine 
Multiply routine 
Divide routine 
Compare routine 
Sine routine 
Cosine routine 
Truncation routine 
Arctangent routine 

object 
FPMP-11 
two-word 

module 
TRAP and 
floating 

$ADR 
$SBR 
$MLR 
$DVR 
$CMR 
SIN 
cos 
AINT 
ATAN 
ATAN2 
SQRT 
TANH 
EXP 
ALOG 
ALOGlO 

Arctangent routine with two arguments 
Square root routine 
Hyperbolic tangent routine 
Exponential routine 
Natural logarithm routine 
Base-10 logarithm routine 

tape 
error 
point 

and the ASCII input/output conversion routines. ·There are also 
routines to load and store the FLAC (FLoating-point Accumulator) which 
may be called through the TRAP handler. (Refer to section 3.1.) 

The functions are identical to their FORTRAN counterparts and are 
described in more detail in Appendix D. 
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2.2 DOUBLE PRECISION PACKAGE 

The double precision package is an object module tape 
(DEC-ll-NFPMA-A-PR2) which includes the TRAP and error handlers and 
the following OTS routines for four-word floating point operations: 

$ADD 
$SBD 
$ULD 
$DVD 
$CMD 
DSIN 
DCOS 
DATAN 
1JATAN2 
DSQRT 
DEXP 
DLOG 
pLOGlO 

Add routine 
Subtract routine 
Multiply routine 
Divide routine 
Compare routine 
Sine routine 
Cosine routine 
Arctangent routine 
Arctangent routine with two arguments 
Square root routine 
Exponential routine 
Natural logarithm routine 
Base-10 logarithm routine 

and ASCII input/output conversions routines. There are also routines 
to load and store the FLAC which may be called through the TRAP 
handler (refer to section 3.1). 

Appendix D contains a more detailed description of the functions. 

2.3 SOURCE TAPES 

The source tapes (DEC-ll-NFPMA-A-PA1-PA6) contain the source code for 
the TRAP handler, the error handler and all the OTS routines described 
in Appendix D. Conditional assembly instructions are included in the 
source code to aid in the construction of specially tailored packages. 
For example, an object tape of only the TRAP and error handlers and 
the arithmetic functions, add, subtract, multiply and divide can be 
easily created. Such a package can result in great savings of core 
when the other functions are not required. (Refer to section 3.5 for 
information on creating special packages.) 

2.4 CONVERSION ROUTINES 

The subroutines included in F~W-11 to perform conversions to and from 
ASCII strings,",are those used by FORTP-.All to perform Input/Output. The 
FPMP-11 routines do not perform any actual I/O, but simply convert 
strings of ASCII characters in memory to the internal form of 
floating-point numbers or integers used by other FPMP-11 subroutines 
and convert numbers in internal form to ASCII strings. 
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In order to effectively use the AS<;II conversion routines of FPMP-11, 
the meaning of the various parameters which must be passed to these 
routines and the various data formats involved must be understood. 
'l'able 2-1 contains the various data formats processed by FPMP-11 
conversion routines: 

CODE INTERNAL 
FORM 

D Double Precision 

E Single Precision 

F Single Precision 

G Single Precision 

I Integer 

0 Integer 

TABLE 2-1 

DATA FORMATS 

EXTERNAL 
INPUT fORM 

Decimal number with 
or without a decimal 
point or exponent 
field. 

Decimal munber 
with or without a 
decimal point or 
exponent field 

Decimal number with 
or without a decimal 
point or exponent 
field 

Decimal number with 
or without a decimal 
point or exponent 
field. 

Decimal number with-
out a decimal point 
or exponent 

Octal nwnber 

EXTERNAL OUTPUT 
FORM 

Decimal number with a D 
exponent field and a 
decimal point. 

Decimal number with an E 
exponent field and a 
decimal point. 

Decimal number with a 
decimal point 

Decimal number with a 
decimal point and with 
or without an E exponent 
field (see table 2-2) 

Decimal number without 
a decimal point or 
exponent 

Octal number 

The following FPMP-11 routines perform the above conversions: 

$DCI 
$DCO 
$RCI 
$ECO 
$FCO 
$GCO 

-t> $ICI 

D conversion for input 
D conversion for output 
E,F, and G conversion for input 
E conversion for output 
F conversion for output 
G conversion for output 
I conversion for input 
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-;:;- $!CO 
...- $0CI 
-soco 

I conversion for output 
O conversion for input 
O conversion for output 

Each of these routines requires one or more of the following 
parameters: 

w The width of the ASCII field in characters. The field width 
w of all output conversions should always be large enough to 
include spaces for the decimal point, sign, and exponent. 
In all such conversions, if w is not large enough to 
accomodate the converted number, asterisks are placed in the 
ASCII field. 

d The decimal position: 
a) on input, the decimal point is assumed to 

from the right hand end of the ASCII 
explicit decimal point is found. 

be d digits 
field, if no 

b) on output, d digits appear to the right of the decimal 
point. 

p the scale factor: 

a) 

b) 

c) 

for F type conversion, 
(ASCII number)=(internal no.) *lO(scale factor) 

for D and E type conversions, the scale factor multiplies 
the fraction by a power of ten, but the exponent is 
adjusted, leaving the number unchanged except in form. 

for G type conversions, the scale factor is not used 
unless the magnitude of the number is such that E format 
is used. 

d) In all input operations, the scale factor is not used if 
there is an exponent in the external field. 

NOTE 

Input conversion routines handle all blanks as 
zeros. For example, 3.0E2...., in a six character 
field would be considered to be 3.0E20. 
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TABLE 2-2 

G-TYPE OUTPUT CONVERSIONS 

Routine $GCO is called with parameters p=P, w=W, and d=D (where P, W, 
Dare integer constants): 

Magnitude of data Resul!:ing Conversion 

O.l<M<l F-type with p=O,w=W-4 and d=D 
l<M<lO F-type with p=O,w=W-4 and d=D-1. 

10D-2 <M<lOD-l F-type with p=O,w=W-4 and d=l. 
loD-l<M<lOD F-type with p=O,w=W-4 and d=O. 
All others E-type with p=P,w=W, and d=D. 

Examples: 
The following ~nternal numbers are shown converted according to 
various format parameters (b=blank): 

(A) ONE-WORD INTEGERS: 

INTERNAL 
NUMBER 

(Decimal) 

5 
10 
-23 
0 
123,456 

I(w==S) 

bbbbS 
bbblO 
bb-23 
bbbbO 
***** 

(B) TWO-WORD FLOATING POINT: 

INTERNAL NO. 

0 
l 
-1 
0.1 
555 
0.001 

0 
l 
0.1 

-----(P=O)----­
E(w=l0,d=2) 

bbO.OOE 00 
bbO.lOE 01 
b-0.lOE 01 
bbO.lOE 00 
bb0.55E 03 
bbO.lOE-02 

-----(P=l)-----

bbO.OOE-01 
bbl.DOE 00 
bbl.OOE-01 

(C) FOUR-WORD FLOATING POINT: 

I (w=7) 

bbbbbb5 
bbbbblO 
bbbb-23 
bbbbbbO 
bl23456 

F(w=l0,d=2) 

bbbbbb0.00 
bbbbbbl.00 
bbbbb-1.00 
bbbbbb0.10 
bbbbSSS.00 
bbbbbb0.00 

bbbbbb0.00 
bbbbbl0.00 
bbbbbbl.00 

O(w=lO) 

bbbbbbbbbS 
bbbbbbbbl2 
bbbbbbb-27 
bbbbbbbbbO 
bbbb361100 

G(w=l0,d=2) 

bbO.OObbbb 
bbl.OObbbb 
b-1.00bbbb 
bbO.lObbbb 
bbO.SSE 03 

.bbO.lOE-02 

bbO.OObbbb 
bbl. OObbbb 
bbO.lObbbb 

D-type conversion is the only one available for 4-word floating-point 
numbers. It is similar to E format except that the exponent part 
prints with a D instead of an E. 
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CHAPTER 3 

USING FPMP-11 

The user program can access the FPMP-11 routines by TRAP instruction 
and/or direct call of the routine. (For information on writing a user 
program, refer to the Papertape Software Programming Handbook.) The 
TRAP handler saves and restores the contents of the PDP-11 general 
registers. The OTS routines normally do not. All FPMP-11 entry 
points used by the program must be declared with a .GLOBL assembler 
directive in the user program. (The entry points are listed in 
Appendix D.) To include user floating point error routines, 
initialize the global location $ERVEC as described in section 3.4. __,. --.. 

3.1 USING THE TRAP HANDLER WITH FPMP-11 

In order to simplify use of the various OTS routines, a TRAP handler 
is included in the FPMP-11 package. If TRAP calls are being used, the 
user program must initialize the TRAP vector at location 349. The 
TRAP vector can be initialized by putting the following code in the 
user program • 

• GLOBL TRAPH 
MOV ITRAPH,@#34 

. MOV #340 ,@#36 
;address of TRAP handler 
;set priority of operation 

The TRAP handler, TRAPH, uses software to simulate a floating-point 
accumulator (FLAC). The FLAC is a pseudo-register which is the 
implicit destination address of every·trapped operation. Operations 
can be performed on the FLAC by issuing coded TRAP instructions in the 
user program. In addition to being used with the OTS functions, items 
can be loaded into and stored from the FLAC. 

The FLAC is maintained by the TRAP handler in double precision format; 
however, it is important to note that single precision operations 
(e.g. $ADR or SQRT) destroy the contents of the two lowest order 

words of the FLAC. In particular, these two words are not set to 
zero. This means that a single precision function can operate on the 
FLAC while it contains either a single or double precision number, but 
the result will be single precision and should not be operated on by 
the double precision routines. A number can be explicitly converted 
between the single and double precision formats by the FPMP-11 
routines $RD and $DR which convert single to double and double to 
single respectively. These routines, $RD and $DR, can not be called 
via the TRAP handler. 
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Because it contains the floating accumulator, the TRAP handler of 
FPMP-11 is not re-entrant. For this reason, care must be exercised if 
the TRAP handler is to be called both in a main program and in an 
interrupt-driven subroutine. To call the TRAP handler to perform 
floating point operations within an interrupt-driven subroutine, the 
contents of the FLAC should be pushed onto the processor stack before 
any other TRAP calls are executed. The FLAC can be pushed onto the 
stack by executing the instruction "TRAP 73". After all TRAP calls 
have been completed by the interrupt-driven subroutine, and before 
returning from the interrupt, the FLAC must be restored from the stack 
(it must be at the top of the stack) by executing the instruction 
"TRAP 71". If the double precision routines are being used, the traps 
are TRAP 74 and TRAP 72 respectively. 

Addressing Modes Available in TRAP Calls: 

3.1.1 Stack Mode 

The operand is considered to be on the top of the R6 stack. (R6 is 
General Register 6) The operand is popped off for use. (exception: 
STR and STD push the FLAC onto the stack.) 

3.1.2 @RO Mode 

General Register 0 points to the operand. Register 0 is not changed 
by FP.MP-11. 

3.1.3 Immediate Mode 

The operand immediately follows the TRAP instruction in the next two 
or four words depending on whether the operation is single or double 
precision. 

3.1.4 Relative Mode 

The address of the operand, relative to the PC, immediately follows 
the TRAP instruction. For example to address an operand at location 
A, code the word following the TRAP as .WORD A-. 

EXAMPLE: 

10
10 

is internally coded as: 

lo I 10000100 I 01000001 l 00000000000000001 
15 14 7 6 0 15 0 
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which is 041040 000000 (octal). To add 1010 to the FLAC in each of 
the four modes (single precision): 

Stack Mode: 

MOV #000000,-(SP) 
MOV #041040,-(SP) 
TRAP ADR+STACKM 

;PUSH FLOATIHG 
;10 ONTO THE STACK 
;l\DD TO FLAC 

Symbols ADR (for single precision add) and STACKM (for stack mode) are 
assigned values 128 and 0 8 respectively. (Refer to page 17.) 

@RO Mode: 

NOV #TEN,RO 
TRAP ADR+ARM 

TEN: .WORD 041040,000000 

;GET ADDRESS OF OPERAND IN RO 
;ADD TO FLAC 

;FLOATING POINT TEN 

Symbols ADR and ARM (@RO mode) are assigned the values 128 and 1008 
respectively. 

Inunedi ate Hade : 

TRAP ADR+IMMEDM 
.WORD 041040,000000 

;ADD TO FLAC 
;FLOATING POINT TEN 

Symbols ADR and IMMEDM (inunediate mode) equal 
respectively. 
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Relative Mode: 

TRAP ADR+RELM 
.WORD TEN-. 

TEN: .WORD 041040,000000 

;ADD TO FLAC 
;RELATIVE ADDRESS OF OPERAND 

;:PLOATING POINT TEN 

Symbols ADR and RELM (relative mode) 
respectively. 

equal and 

To perform the above operations in double precision, use ADD=l4s 
instead of ADR, and extend the floating point ten with two more words 
of zeros (i.e. TEN: .WORD 041040,0,0,0: double precision 
floating-point ten). 

The source form of a TRAP call is: 

TRAP num + mode 

where num is the number of the OTS routine to 
Appendix D for the OTS routine numbers), 
following addressing modes: 

Mode 

0 
ioo8 
2008 
3009 

Stack mode 
@RO Mode 
Immediate mode 
Relative mode 

The binary form of the TRAP instruction is: 

WORD: 
110001001 nunrrrrrr I 
15 0 

Where 

be called (refer to 
and mode is one of the 

mm = addressing mode bits (00 = Stack mode, 01 = @RO mode, 
Immediate mode, 11 = Relative mode) 

10 = 

rrrrrr = OTS routine nl.Ullber 

It is suggested that commonly used addressing modes and routine 
numbers be referenced symbolically. For instance, the statements 

STACKM=O 
ARM=lOO 
IMMEDM=200 
RELM=300 

:STACK MODE 
:@RO MODE 
:IMMEDIATE MODE 
;RELATIVE MODE 
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ADR=l2 
SBR=l3 
MLR=21 
DVR=25 

;SINGLE PRECISION ADD ROUTINE 
;SINGLE PRECISION SUBTRACT 
;SINGLE PRECISION MULTIPLY 
;SINGLE PRECISION DIVIDE 

allow TRAP calls to be coded as follows: 

TRAP ADR+RELM 
TRAP MLR+ARM 
TRAP SBR+IMMEDM 

;ADD IN RELATIVE MODE 
;MULTIPLY IN @RO MODE 
;SUBTRACT IN IMMEDIATE MODE 

Note that single argument, single result functions, such as square 
root (SQRT) require no addressing (refer to Appendix D); the argument 
is taken from the FLAC and the result is stored back into the FLAC. 
Consequently, the addressing mode of a TRAP call to such a function is 
ignored by the TRAP handler, and no address is used. 

The TRAP handler sets the condition codes to reflect the contents of 
the FLAC after every operation except a compare. After any operation 
except floating point compare, the condition bits are set as follows: 

Condition Codes 

~ !i ! Y. ~ 

<0 l 0 0 0 
=O 0 l 0 0 
>O 0 0 0 0 

After a floating point compare (either single or double precision), 
the condition codes are set as follows: 

FLAC<OPR 
FLAC=OPR 
FLAC>OPR 

l 
0 
0 

0 
l 
0 

0 
0 
0 

0 
0 
0 

where OPR is the operand addressed by the TRAP compare instruction. 

EXAMPLE: 

To calculate 

-B+SQRT (B*B-4*A*C) 
X= 

2*A 

the following program might be written: 
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TRAP LDR+RELM 
.WORD A-. 
TRAP MLR+IMM 

FTWO: .WORD 040400,0 
TRAP STR+RELM 
.WORD TE.MPl-. 
TRAP MLR+RELM 
.WORD FTWO-. 
TRAP MLR+RELM 
.WORD C-. 
TRAP STR+RELM 
.WORD TEMP2-. 
MOV #B,RO 
TRAP LDR+ARM 
TRAP MLR+ARM 
TRAP SBR+RELM 
.WORD TEMP2-. 
TRAP SQRT 

TRAP SBR+ARM 
TRAP DVR+RELH 
.WORD TEMPl-. 
TRAP STR+REL.M 
.WORD X-. 

A: .WORD 040400,0 
B: .WORD 040640,0 
C: .WORD 037600,0 
X: .=.+4 
TEMP!: .=.+4 
TEMP2: .=.+4 

;LOAD A INTO FLAC 
; RELATIVE ADDRESS OF A 
;MULTIPLY BY 2.0 
;CONSTANT 2.0 
;STORE FLAC IN TEMPl 
;RELATIVE ADDRESS OF TEMPl 
;MPY BY 2.0 TO GET 4*A 

;MPY BY C 

;STORE FLAC IN TEMP2 

;GET ADDRESS OF B INTO RO 
;LOAD B INTO FLAC (@RO MODE) 
;CALCULATE B*B 
;SUBTRACT 4*A*C (IN TEMP2) 

;CALC SQUARE ROOT OF FLAC, 
;NO ADDRESSING REQUIRED 
;ADD MINUS B 
;DIVIDE BY 2.0*A IN TEMP! 

;STORE FLAC INTO X 

;VALUE OF A ( 2. 0) 
;VALUE OF B (5.0) 
;VALUE OF c ( 0. 25) 
;LOCATION FOR RESULT 
;TEMPORARY 
;TEMPORARY 

The above example assumes that the TRAP vector (location 34 8 ) has 
been initialized as previously described. 

3.2 ACCESSING USER ROUTINES VIA THE TRAP HANDLER 

Special floating-point functions may be coded as assembly language 
subroutines and accessed via T~P calls if one of the following 
calling conventions is used:: 

1. POLISH - receive two arguments, either single or double 
precision, on the stack, and return one result, of the same 
precision as the arguments, on the stack. Return must be via a 

JMP @ (R4) + 

2. JSRR - The user routine should be expecting a call of the 
following form: 
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A: 

JSR RS,subr 
BR A 
.WORD arg 

;jump to subroutine 

;single argument's address 

arg is the symbolic address of the subroutine's single or double 
precision argument. Note that the instruction following the JSR 
is not necessarily a BR. The returned result in registers R0-R3 
is stored in the FLAC by the TRAP handler. 

Furthermore, user routines to be called by the TRAP handler must 
reside within the 8K words physically following the beginning of the 
TRAP handler in memory, and an entry must be made in the TRAP 
handler's dispatch table. The dispatch table called TBL$42 in TRAPH, 
is organized as follows: 

1. There is a one word entry corresponding to each routine-number 
which can be coded in a TRAP call (total of 64 words). 

2. The position of the word in the table corresponds to the 
routine-number which calls it (e.g. the word at location TBL$42 
is referenced by "TRAP O+mode", while the word at location 
TBL$42+10. is referenced by "TRAP S+mode"). In general, the 
word at location TBL$42+2n is referenced by the call TRAP n+mode. 

3. The word at each table location is coded as follows: 

a. a-indicates no routine corresponds to this table entry. 

b. 
[ flags ( relative address 

15 13 0 

bit 15 set to 0 = single precision routine 
1 = double precision 

bit 14 set to 0 = JSRR mode call 
1 = POLISH mode call 

bits 13-0 = The address of the entry point of the 
routine to be called minus the address 
of the label PT$42 in TRAPH. 

In JSRR mode, TRAPH supplies the FLAC as the single argument and 
stores the result back into the FLAC. No explicit address is accepted 
in the TRAP instruction. In POLISH mode, TRAPH uses the FLAC as one 
argument and the location addressed in the TRAP call as the second. 
The result is stored in the FLAC. Refer to section 3.1 for addressing 
modes in TRAP calls to FPMP-11. 
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3.3 DIRECT CALLS TO OTS ROUTINES 

Occasionally it is desirabl(~ to call OTS routines directly. For 
instance, some routines cannot be accessed using the TRAP handler 
(refer to Appendix D). Furthermore, eliminating the TRAP handler 
overhead decreases the execution time of the user program. Note that 
when called directly, the OTS routines do not preserve the contents of 
the general registers, nor do they in general set the condition codes 
to reflect the result of the operation, these functions are performed 
by the TRAP handler when it is used. 

Any of the OTS routines can be directly called by using its FPHP-11 
global entry point and observing the proper calling conventions. 
Calling conventions fall into a few basic types as follows (the 
calling conventions for each routine are given in Appendix D): 

3.3.l Polish Mo~e --
Polish mode calls are designed to 
compiler-generated environment. They 
compiler and are particularly efficient 
interpretation overhead. 

be most effective in a 
are easily produced by a 

in storage space used and 

The routines that are called with Polish mode are: 

Name 

$ADD 
$ADR 
$CMD 
$CMR 
$DINT 
$DR 
$DVD 
$DVI 
$DVR 
$ID 
$IR 
$INTR 
$MLD 
$MLI 
$HLR 
$NGO 
$UGI 
$NGR 
$POPRS 
$POPR4 
$POPR3 
$PSHR1 
$PSHR2 
$PSUR3 
$PSHR4 

No. of 
Arguments 

2 
2 
2 
2 
1 
l 
2 
2 
2 
1 
l 
1 
2 
2 
2 
1 
1 
1 
4 
4 
2 
1 
1 
2 
4 

Location of 
Result 

4 word sum on top of. stack 
2 word sum on top of stack 
sets condition codes 
sets condition codes 
integer result on top stack 
2 word result on top of stack 
4 word quotient on top of stack 
integer quotient on top of stack 
2 word quotient on top of stack 
4 word result on top of stack 
2 word result on top of stack 
result on top of stack 
result on top of stack 
result on top of stack 
result on top of stack 
result on top of stack 
res~lt on top of stack 
result on top of stack 
reLlult in registers RO~R3 
result in registers RO-RJ 
result in registers RO,Rl 
result on top of stack 
result on top of stack 
result on top of stack 
result on top of stack 
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No. of Location of 
Name Arguments Result 

$PSHR5 4 result on top of stack 
$RD 1 result on top of stack 
$DI 1 result on top of stack 
$RI 1 result on top of stack 
$SBD 2 result on top of stack 
$SBR 2 result on top of stack 

Eacb routine called in Polish mode pops the necessary arguments off 
the R6 (General Register 6) stack and pushes the final result onto the 
stack. Multi-word arguments are always pushed onto the stack 
low-order word first, so that the highest-order word (the one 
containing the sign and exponent) remains on top of the stack (@SP). 

Arguments must be pushed onto the stack before entering Polish mode so 
that the source operand is on the top of the stack and the destination 
operand is next down from the top. 

Polish mode is entered with a JSR in the form 

JSR R4,$POLSH 

where $POLSH is a global subroutine in FPMP-11. 

Routines to be used are then called by supplying a word with the 
address of the routine • 

• WORD $ADR 

Exit from Polish mode is by coding a word containing the address of 
the next instruction to be executed. For example to execute the next 
instruction in sequence, 

.WORD .+2 

Using Polish mode, coding to calculate (A+B)*C with the single 
precision routines might be written as: 

. 
• GLOBL j_POLSH,$ADR,$MLR 

MOV C+2,-(SP) 
MOV C,-(SP) 
MOV B+2,-(SP) 
MOV B,-(SP) 
MOV A+2,-(SP) 
MOV A,-(SP) 
JSR R4,$POLSH 
.WORD $ADR 

.WORD $.MLR 

• WORD .+2 

;PUSH C ONTO STACK. 

;PUSH B ONTO STACK. 

;PUSH A ONTO STACK. 

;ENTER POLISH MODE 
;ADD A TO B AND LEAVE 
;THE RESULT ON THE STACK 
~MULTIPLY PREVIOUS SUM BY 
;C AND LEAVE RESULT ON STACK. 
;LEAVE POLISH MODE • 
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After execution of the above code, the result of the calculation 
(A+B)*C is on the top of the R6 stack. 

The routine "$POLSH" that causes entry into Polish mode is located at 
global entry $POLSII in FPMP-11. It is coded as follows: 

• GLOBL $POLSH 
$POLSH: TST (SP)+ 

JMP @(R4)+ 

;DELETE OLD VALUE OF R4 FROM 
;THE TOP OF THE STACK. 
;ENTER POLISH MODE. 

Each routine called in Polish mode takes its operands from the top of 
the stack and pushes its result, if any, back onto the stack. Each 
routine returns with a "JMP @(R4)+" which passes control to the next 
routine in sequence. User routines can be written and called in 
Polish mode provided they preserve the contents of R4 and return by 
executing a "JMP @(R4)+". The following is an example of a user 
subroutine written for Polish calls. 

DUP: HOV 
MOV 
JMP 

2(SP),-(SP) 
2(SP) ,-(SP) 
@(R4)+ 

;DUPLICATE STACK ITEM 
;TWO WORD ITEM 
;RETURN 

When executed, this subroutine duplicates the two-word item on the top 
of the stack. 

3.3.2 JSRR Mode 

JSRR is the calling convention used by most of the FORTRAN library 
functions. JSRR mode calls are of the form 

JSR RS,subroutine 

All argument addresses are placed in a list following the subprogram 
call. The generalized standard sequence is: 

XX: 

.GLOBL SUBR 
JSR RS,SUBR 
BR XX 
A 
B 

z 

where A, B ••• z are argument addresses. 
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Subprograms are responsible for not altering the contents of register 
RS since it is the parameter list pointer. 

The results of subroutines called in JSRR mode are generally stored as 
follows: integer results are returned in RO, two-word floating point 
results in RO and Rl and four-word results in R0-R3. 

An example of a call in JSRR mode is this call to calculate the square 
root of X: 

A: 

X: 

.GLOBL SQRT 

JSR RS,SQRT 
BR A 
.WORD X 

;CALL TO SQRT ROUTINE 
;RETURN POINT 
;ADDRESS OF ARGUMENT 
;CONTINUE PROGRAM 

.WORD 040400,000000 ;2 WORD FLOATING POINT NUMBER, 
;VALUE OF X=2. 

In this example, the result is returned as a two-word floating point 
number in RO-Rl. 

The functions which use JSRR mode calls are: 

# of Register(s) for 
Function Arguments Result 

ALOG 1 RO,Rl 
. ALOGlO 1 RO,Rl 

AINT 1 RO,Rl 
ATAN 1 RO, Rl 
ATAN2 2 RO, Rl 
DBLE 1 RO-R3 
DLOG 1 RO,R3 
DLOGlO 1 RO,R3 
DCOS 1 RO,R3 
DSIN 1 RO-R3 
DSQRT 1 RO-R3 
DATAN 1 RO-R3 
DATAN2 2 RO-R3 
DEXP 1 RO-R3 
EXP 1 RO,Rl 
FLOAT 1 RO,Rl 
IFIX l RO 
I DINT 1 RO 
INT l RO 
SIN l RO-Rl 
cos 1 RO-Rl 
SHGL 1 RO,Rl 
TA.i.~H 1 RO,Rl 
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3.3.3 JPC Mode 

The JPC mode of subroutine call is used for communicating with the 
ASCII conversion routines in FPMP-11. With JPC mode, the arguments 
must be pushed onto the stack before the subroutine is called. The 
call to each individual subroutine is listed in Table 3-1. In 
general, a JPC mode call is coded as follows: 

HOV R3,-(SP) 

MOV #ARG,-(SP) 
JSR PC,subr 

;push first argument onto stack 

;push last argument onto stack 
;call subroutine 

For example, to convert a ten character ASCII field at location BUFFER 
to internal single precision format, the following might be coded: 

HOV #BUFFER,-(SP) 
HOV #10.,-(SP) 
CLR -{SP) 
CLR -(SP) 
JSR PC,$RCI 

;PUSH ADDRESS OF FIELD 
;PUSH LENGTH OF FIELD 
;D-SCALE IS ZERO 
;P-SCALE IS ZERO 
;CALL CONVERSION ROUTINE 

After the above code is executed, the internal representation of the 
number at location BUFFER is in the top two words of the stack. The 
ten characters at location BUFFER can be read from an I/O device, or 
coded as constants: For exam.ple, 

or 
BUFFER: .ASCII /113.25bbbb/ 

BUFFER: .ASCII /-3.627E+09/ 
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TABLE 3-1 

ROUTINES WHICH USE THE JPC MODE OF CALL 

i-Jame Description 

$DCI ASCII to dbl. 
prec. 

$DCO Dbl. prec. to 
ASCII 

$ECO Single prec. ·to 
ASCII 
E format 

$FCO Single prec. 
to ASCII 
F format 

$GCO Single prec. 
to ASCII 
G format 

$ICI ASCII to integer 

.__ $ICO Integer to ASCII 

# 
of Call 
Arg Format 

4 Push addr. of start of ASCII field 
Push length of ASCII field in bytes 
Push format scale D (from W.D) 
position of assumed decimal 
point 

Push P format scale 
JSR PC,$DCI 

4 Push addr. of start of ASCII field 
Push length of ASCII field in bytes 
Push D part of W.D (position of 

decimal point) 
Push P scale 
Push 4 word value to be converted 

lowest order word first 
JSR PC,$DCO 

4 Same calling sequence as $DCO 
except that a 2 word value is to 
be converted. 
JSR PC,$ECO 

5 Same calling 
sequence as 
$ECO. 
JSR PC,$FCO 

5 Same calling 
as $ECO. 
JSR PC,$GCO 

2 Push addr. of start of ASCII field 
Push length in bytes of ASCII field 
JSR PC,$ICI 

3 Push addr. of ASCII field 
Push length of ASCII field in bytes 
Push integer value to be converted 
JSR PC,$ICO 
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Location 
Of Result 

4 word 
result on 
top of 
stack 

ASCII 
field 
specified 

ASCII 
field 
Specified 

ASCII 
field 
specified 

ASCII 
field 
specified. 

Integer 
result on 
top of stack 

ASCII 
field 
specified 



--

TABLE 3-1 (Cont.) 

ROUTINES WHICH USE THE JPC MODE OF CALL 

* of Call Location 
Nrune Description Arg. Format Of Result 

$0CI ASCII to octal 3 Same calling sequence as $ICI Top of stack 
JSR PC,$0CI 

$0CO Octal to ASCII 3 Same calling sequence as $ICO ASCII field 
JSR PC,$0CO specified 

$RCI ASCII to single 4 Same calling sequence as $DCI Two word 
prec. JSR PC,$RCI result on 

top of stack 

The ASCII input conversion subroutines $RCI, $DCI, $ICI, and $0CI 
preserve the contents of the general registers and restore them-to 
their original values before returning. The ASCII output conversion 
subroutines $DCO, $ECO, $FCO, $GCO, ~ICO, and $0CO destroy the 
contents of general registers RO, Rl, R2, ~ R3, but preserve the 
contents of R4 and RS. 

Errors detected by the ASCII input conversion subroutines $RCI, $DCI, 
$;rCI, and $0CI cause the subroutine to return with a zero result and 
with the C bitset in the condition codes. 
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3.4 ERRORS 

All errors in floating-point operations, such as overflow of the FLAC 
or an illegal TRAP instruction, are handled by the routines $~ and 
$ERRA. These routines save the contents of RO, and load the error 
code into RO. The routines then perform a JSR PC,@$ERVEC. $ERVEC is 
a global location which is initially set to contain the address of a 
HALT instruction but can contain the address of a user error handling 
routine. If the user error handling routine is to be used, code is 
inserted in the initialization of the program as explained in section 
3.4.1. 

The error code generated by the FPMP-11 subroutine is put in RO in the 
following format: 

RO: 

l error number error class J 
15 8 7 0 

Error codes and their meanings are shown in Table 3-2. 

3.4.l user Error Handling Routines 

To include a user error handling routine in a program, the following 
code must be included in the initialization of the program • 

• GLOBL $ERVEC 
MOV #ERROR,$ERVEC 1move address of error routine 

ERROR: user's error handling routine 

The error handling routine can be written to terminate with a HALT 
instruction or, if registers 1 through 5 are saved, to continue the 
program by executing an RTS PC instruction. The only exception is the 
halt after an illegal TRAP instruction {error 0,0) from which it is 
impossible to continue. If such a TRAP occurs, its address is in Rl 
when the error routine is called. 
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ERROR 
CODE 

._(CLASS,#) ISSUED 

o,o TRAP II 

3,1 $ADD 
3,2 $ADR 
3,3 $DVD 
3,4 $DVD 
3,5 $DVI 
3,6 $DVR 
3,8 $DVR 
3,10 $MLD 
3,11 $NEG 
3,12 $MLH. 
3,14 $.HLI 
3,22 $RI 

3,23 $DR 

4,2 DEXP 
4,3 DLOG 
4,4 DSQRT 
4,5 EXP 
4,10 ALOG 
4,11 SQRT 
4,12 SNGL 
5,1 $ADD 

5,2 $ADR 
5,3 $DVR 
5,4 DEXP 
5,5 EXP 
5,6 $MLD 

5,7 $MLR 
5,8 $DVD 

13Y 

TABLE 3-2 

FPllP-11 ERROR CODES 

EXPLAHA'l'IOH 

Illegal TRAP instruction. Rl points to the 
TRAP instr. 
Expon. overflow in double prec. addition 
Exponent overflow in real addition 
Double prec. div. by zero 
Expon. overflow in double precision division 
Integer division by 0 
Expon. overflow in real division 
Real.division by zero 
Expon. overflow in double prec. mult. 
Exponent overflow during negation 
Expon. overflow in real multiplication 
Product outside of range on integer mult. 
Real outside range on real to integer 
conversion 
Exponent overflow on double to real 
conversion 
DEXP argument greater than 87 
DLOG argument less than or equal to zero 
DSQRT argument less than zero 
EXP argument greater than 87 
ALOG argument less than or equal to zero 
SQRT argument less than zero 
SNGL exponent overflow in round 
Expon. underflow in double prec. addition 
(warning) 
Exponent underflow in real addition (warning) 
Expon. underflow in real div. (warning) 
DEXP argument less than -88.7 (warning) 
EXP argument less than -88.7 (warning) 
Expon. underflow in double prec. mult. 
(warning) 
Expon. underflow in real multiplication 
Expon. uoderf low in double prec. division 
(warning) 
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3.5 CREATING SPECIAL PACKAGES 

FPMP-11 source code includes PAL-llS conditional assembly instructions 
which allow tailoring of the FPMP-11 package to include only the 
functions required by the user program. (Refer to the PAL-llS manual 
(DEC-11-YRWB-D) for information on conditional assembly instructions.) 
The desired routines are then assembled to take advantage of whatever 
hardware features are available. 

3.5.1 Assembly Switch Tape 

o take advantage of the conditional assembly instructions in 
PMP-11 source code, a separate tape which sets the switches of 
esired routines and hardware must be prepared and included in 
ssembly of the FPMP-11 package. 

the 
the 
the 

The switches are set by statements which assign a value to the switch 
name. For example, to indicate the availability of the 11/45 FPO 
hardware, the FPO switch is set with the following statement 

FPO=l 

When the FPO switch is set, many FPMP-11 routines assemble differently 
to take advantage of the FPO. 

Whenusing the PDP-11/45 FPO option, it is the user's responsibility 
to set up the FPU TRAP vector (location 2449) and the FPU status reg­
ister (refer to the PDP-11/45 Processor Handbook). Refer to Table 3-3 
for hardware switch option names. 

Significant size and speed advantages can be expected if one of the 
hardware options is present and its corresponding switch is set. If 
no hardware option switch is set the assembler assumes the program 
uses the basic PDP-11 instruction set. In no case should more than 
one hardware option switch be set during an assembly. 
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TABLE 3-3 

HARDWARE OPTION SWITCHES 

Switch Name Hardware Option 

FPU PDP-11/45 floating point unit 
EAE PDP-11/20 EAE 
MULDIV PDP-11/-45 extended instruction set (EIS) 

NOTE 

If the FPU switch is set during an assembly, the 
assembler being used must be capable of processing 
the extended op codes which will appear. The 
present version (V002A) of PAL-llS does not 
support these op codes. HACR0-11 can be used for 
assembly when the FPU switch is set. 

Each section of code in the FPHP-11 package is assigned a number and 
the switch to cause a particular section of code to be included is 
called CND$n. 

Table 3-4 lists the sections of the FPMP-11 package, the routines 
contained in each section and the switch name to be used. 

For example, to include the DSQRT routine in the package set the 
switch with the following code: 

CND$14=1 
.EOT 
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TABLE 3-4 

CONDITIONAL FPHP-11 ASSEMBLY CODES 

Section No. Switch Name Subroutine Contained 

l CND$1 $ADD,$SBD 
2 CND$2 $ADR,$SBR 
3 CND$3 ALOG,ALOGlO 
4 CND$4 AINT,$INTR 
5 CND$5 $CHD 
6 CND$6 $CMR 
7 CND$7 DBLE 
8 CND$8 $DCI,$RCI 
9 CND$9 $DCO,$ECO,$FCO,$GCO 

10 CND$10 DLOG,DLOGlO 
11 CND$11 $DINT 
12 CND$12 $DR 
13 CND$13 DSIN,DCOS 
14 CND$14 DSQRT 
15 CND$15 DATAN,DATAN2 
16 CND$16 $DVD 
17 CND$17 $DVI 
18 CND$18 $DVR 
19 CND$19 DEXP 
20 CND$20 EXP 
21 CND$21 $FCALL 
22 CND$22 !FIX 
23 CND$23 FLOAT 

....... 24 _£l{.Q§1.~ -i-.. $ICI,$0CI .. 25 ~·~·§H~ --I ~ $IC0,$0CO 
26 INT,IDINT 
27 CND$27 $ID,$IR 
28 CND$28 $MLD 
29 CND$29 $MLI 
30 CND$30 $MLR 
31 CND$31 $NGI,$NGR,$1JGD 
32 CND$32 $PSHR5, $PSIIR4, $PSHR3, $PSIIR2, $PSHR1 
33 CND$33 $POPRS,$POPR4,$POPR3 
34 CND$34 $RD 
35 CND$35 $RI,$DI 
36 CND$36 SNGL 
37 CND$37 SIN,COS 
38 CND$38 TANH 
39 CND$39 ATAN ,ATA1J2 
40 ....J;.1~~ ~~~o $POLSH(switch is always set) 
41 CND$4l -S'Q"fff-. 
42 CND$42 TRAPH 

~ 43 CND$43 -t- $ERR, $ERPill (switch is always set) . <;tlfq ''"' 

/, 

'\ (i'\'il!;/';:,."-· 

,.:;_ ,.~. 
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The CLASS5 switch can be set (CLl\SS5=1) to have class 5 {warning) 
messages interpreted by the error handler of FPMP-11. Normally class 
5 errors are ignored. Many of the FPMP-11 transcendental and 
trigonometric functions do not operate properly if the class 5 switch 
is set. 

There are two additional switches which work together with the others. 
When these switches are set the standard single or double precision 
TRAP handler packag~s are assembled. The two switches are: 

SINGLE 

DOUBLE 

Assemble the standard single precision {2 word) 
package when set 
Assemble the standard double precision (4 word) 
package when set. 

The contents of the standard packages are listed in Chapter 2. The 
SINGLE and DOUBLE switches may be set together to produce a combined 
package containing both standard packages. It is also possible to 
include a few double precision subroutines with the standard single 
precision package or to include some of the non-standard routines 
(e.g. integer multiply), with the single and/or double precision 
package. Hore information on creating these special combinations is 
given in section 3.5.1.1. 

3.5.1.1 Preparing the Assembly Switch Tape 

To assemble the FPMP-11 source tape: 

1. Decide which FPMP-11 routines are to be included in the resulting 
package. Refer to Appendix D for a list of available routines. 

2. Obtain the switch names for the desired routines from Table 3-4. 

3. Decide which, if any, of the hardware option switches is to be 
set. 

4. Create a paper tape or source file (either off-line or using the 
editor) in the following format; (Refer to the Paper Tape 
Software Programming Handbook for information on using the 
editor). 

switch-narne-1 =l 
switch-narne-2 = 1 

switch-name-n 
.EOT 

1 

;FIRST SWITCH TO BE SET 

; L2\ST SWITCH TO BE SET 

(Where "switch-name-!" thru "switch-name-n" are the names of the 
switches to be set.) If preparing the tape off line, be sure to 
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put a carriage return/line feed after each line. For example, to 
assemble the standard single precision package to take advantage 
of the EAE, create the following tape: 

SINGLE=! 
EAE=l 
.EOT 

iUSE STANDARD 2-WORD PKG. 
iSPECIFY EAE 

To assemble a standard double precision package plus integer 
multiply and divide, create the following tape: 

DOUBLE = 1 
CND$17 = 1 
CND$29 = 1 
.EOT 

;GET STD 4-WORD PKG. 
iINTEGER DIVIDE 
iINTEGER MULTIPLY 

· It is not necessary to worry about interdependency among FPMP-11 
routines. For example, to create a package containing only the 
single precision function TANH, the tape 

CND$38 = 1 
.EOT 

;TANH 

is sufficient. The fact that the TANH function calls the 
arithmetic routines and other internal functions is resolved by 
the FPMP-11 source code. In particular, the above switch being 
set causes the following routines to be included1 TANH, EXP, 
$ADR, $SBR, $MLR, $DVR, $FCALL, $POLSH, $PSHR3, $ERR, $IR, and 
$RI. 

5. Assemble the FPMP-11 package with PAL-llS loading the FPMP-11 
source tapes (1 thru 6) last. Refer to Appendix B. 

6. The object module produced by PAL-llS can now be used as 
described in section 3.6. 

NOTE 

Because of limitations in the symbol table size in 
the SK version (V002A) of PAL-llS, it is not 
possible to include all FPMP-11 routines in a 
single assembly. The error message produced by 
the assembler is "S" and the assembly is aborted. 
It is possible however, to assemble as much as the 
standard single and double precision packages 
together. If the integer and conversion routines 
not included in the standard packages are needed 
along with both standard packages, they can be 
assembled separately by PAL-llS, and the resulting 
tape then linked with the standard packages using 
the LINK-llS linker. If this procedure is used, 
the linker produces error messages because of the 
multiple occurrence of the labels $POLSH, $V20A, 
$ERR, and $ERRA. These are non-fatal errors and 
can be ignored. 
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3.6 LOADING INSTRUCTIONS 

The FPMP-11 package can be used as distributed by linking the object 
tapes (single or double precision) with the user object program or by 
using the source tapes to assemble a user-tailored package and then 
linking the package to the user program. 

The Bootstrap and Absolute Loaders must be resident in core before any 
of the other programs can be loaded. Refer to Appendix A for loading 
instructions. 

The object tape of the user program produced by PAL-llS (or DOS 
MACR0-11), an<l the FPMP-11 object tape are linked with LINK-llS (or 
DOS LINK-11) (refer to Appendix C for LIUK-llS instructions). 
LINK-llS requires two passes and produces a tape called a load module 
which contains the user program and the FPMP-11 routines. 

Use the Absolute Loader to load this module and execute the program. 
{Refer to Appendix A for details on using the ABS Loader.) 
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CHAPTER 4 
SAMPLE PROGRAM 

The following sample program illustrates most of the FPMP-11 modes of 
calls. Note that execution of this sample program requires the use of 
the Input/Output Executive (IOX) program which must be loaded before 
the sample program. This program inputs three FlO.O numbers, stores 
them as A,B and C and prints the numbers stored for verificatio~n..,_~­
The roots of AX2+BX+C=~ are calculated using the formula X=-B±./B~-4AC • 
If A=~ the program halts. 2A 

000000 
~000"11 
00ei002 
00'1003 
ld00004 
ld00005 
00000& 
001l10~7 
kl0~H 00 
"100200 
00f0300 
000071 
00M:1073 
fd0~012 
000013 
000021 
~001?125 
00004& 
!000011 
ll10"10'12 
lll0~H111 

000004 
00k'i012 

000000 ~1~70h BEGlN1 
ia02"10'1 

ltH10 ki 0 '+ li.HHH:i~11.l 

00'1J00b '10'100.0 
~~"1161 IO 002 
~1{)0011 '11£10 
0i.100 l c 0000ftl4 
0(c:'l0fa 11.l lt.HH:.1504 • 
~H!'l0~ 1 b [!112 
~V.lrl!V-; 1 7 vH11 
0'1ft1'120 !012737" 

vHHrn0"' 
1()0[a0J4 

~H10~2b !0127.37 
lli0ft1340 
0000.5b 

0Vl0~34 '1047&7 RE.STAFd 
fl.100374 

i()~H1!a40 ltlli::?7M' 
000646 

[11~"'044 f()l2H'l0' 
'6004!:>4 

,fITLE. XAMPL.F: 
R"'•%0 
Rld1 
H~•~2 
RJd3 
R4d4 
R~d5 
SJJd& 
Pt;•U 
At-<"1•100 
IMM•cld0 
RE.LM•300 
LUR 11 71 
STR•'f 3 
AL>R•lc 
StiR•l3 
ML.R•21 
ov~·2~ 
Sl..IRl •46 
M~GL.fN•9 1 
RtSt.T•2 
1{1;.AIJOP•ll 
WA!TR•4 
Wr<IJE:12 
.GLUSL THAPH 1 $H~l,$FCO 
MOV #2~00,SP, INITIALIZ~ STACK 

IuT 
.wOt<O 
.bYJt 

JOT 
.wOkO 
.oVT E 

MOV 

JS~ 

MU\# 

MuV 

01 
Hl:.St:T,0 

T ITLf 
WklTE,l; 

fC,READI 
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INIT THt !OX PACKAG~ 

W~ITE THt:. TITLE 

INlTlALlZt THAP VECTOR 

RtAO ONE INPUT LINE INTO tlUFFR 

GtT AOOR OF ~EGlNNING OF tlUFFER 

GET AUOR Of VA~ 'A' 



000~5~ ~10146 ILbOP: MOV 
000052 ~1~~4b MLlV 
000~5~ 01014~ MUV 
000~5b ~12;4b MOV 

lll00012 
0000b~ ~0504b CLR 
0000&4 ~0~04b CLR 
~000bb 0047b7' J~R 

00001£10 
000012 10u11 
000074 10~573 
0rtl007b ~126k1~ 

00010~ 012b01 
0({)0102 ia22vi20 
~"10104 '1&2701 

'100012 
000110 ~t2rnc;,' 

~016Sb7 

0'10114 ~047b7 
~fll0174 

000120 k12k1027' 
liH,,~4b4 

0'10124 1".11751 
00012b 10Q771 
000130 000324 
"'"'0132 fCil'1547 
r,::100134 104712 
00013b tc0031b 
000140 104773 
000142 01Zl032~ 
000144 104b21 
00014b 040400 
000150 ~00000 
0ia01s2 104121 
'10015'6 ~00310 
00015b 10Ll773 
0~0lb0 ~HiH'.!314 
'1'101b~ ~1271£10' 

'100ao0 
0~0lbb 104~71 

00~17iti 104~21 

~l.:10172 10"713 
0~111174 ~ ~v<h.10 

000116 h·~ l'U0 
00020it; ~02Ll41 

000202 1~444b 

'100id~4 l~'-1773 

0"'020b ~01J?bb 
12101ZJ21il ltJ!4i:sl3 
~H1f£'212 lv\'-172~ 

~~0~ 14 ~;~v12~Ll 

r.1.1ft1~ 1 b ~· 127vl5, 
l(J~~5.SLl 

0~~t:?22 H:H~Hi7 
0_,,ievJbb 

1£10~22b l~Llbf 1 
00~23~ ~~~~0~ ZtRo: 
~002 3c ,· 2 .:HH.H?I 
IO~eJt:"34 lr?4.1513 
(()1()0236 104713 
lrh1 QI 2 4 rli It ~ 0 2 3 4 
~M0242 1~4725 

"100244 ~vivt?cu 

0~Ci!l~ati n21i;;s' 
,,:,HJ'la'::> 

Tr< AP 
TRAP 
MOv 
MOV 
CMP 
Al.JO 

MUV 

CMP 

f:iLO:;> 
Tt<AP 
.~Qt-cl) 

~to 

TkAP 
.... otoeo 
Tl'CAl-1 
.WOl'\O 
TkAI"' 
e IN0kl) 

n.:Afol 
• wOl'<L) 
Tr<AP 
• v-tOr<O 
Ml.JV 

T~OfJ 
Tl't Al-" 

T"' A I"" 
• l'\lo~u 
Btl..i 
ti L- T 
Tl'<AI"' 
Tl'(At-' 

.wOr<U 
TI'\ A r1 
Tl'<AI"' 
• tNOkO 
MuV 

Tr< A I-' 
.~Okl) 

T!"<Ai-' 

Tl"IAtJ 

• iNUrcU 
TkAt-' · 
• it. t) KI) 

MuV 

~1,•(SP)J 

R0,•(SP)J 
k1,•CSP)J 
#10.,•CSP)J 

.. (SP '1 
•lSP); 
PC.:,$RC11 

LOR; 
STR+ARM; 
lSP)+,IH'.l; 
l5P)+,Rl; 
(RV'J)+, (k0)+J 
#10.,Rt; 

#MSGBLK,~5 

!LOOP; 
L.DR+Rf.LMI 
A•. 
END: 
AOH+RfLM: 
A ... 

·srR+RfLM 1 
TE.MP1•. 
MLR+!MM; 
040400,0000001 

""LR+Rt:.LM; 
c-. 
STR+RtLM: 
TtMP~- • 
-~."'~; 

llJR+AtH~; 

Mt-R+Aid~; 

S~R+Rf.LMJ 
lt.MP?• • 
f<uOT 11 
lMAGJ 
Sc.iR Tr 
STR+RtLM1 
TEMP2'"• 
SbR+AkM; 
DVR+Rt:.LMJ 
TtMP1• • 
#rv1SGt,R~; 

PC,PRINT 

SbR+AkMI 
SoR+~tLMI 

HMP2•. 
UVP+RtLM; 
TtMPt-. 
# ,.., s () ? , F< ~ ; 

4-2 

SAVE R1 
SAVE ~0 

PUSH ADOR OF ASCII STMING REAU 
PUSH LENGTH 

D f'ORMAT SCALE 
P SCALE 
CONVERT ONE NUMdER (F10.0) 

LOAD FLAC FROM TOP OF STACK 
SlOME INTO VARJAijLE A, ~. OR C 
RE.STORE R0 
ANO Rl 
INC~ R0 BY 4 
!NCR BUFFER POINTER TO NEiT VAR 

CALL PRINT SUBROUTINE 

LAST VAR? 

LOOP 
LOAD A INTO fLAC 
,MELATIVE AODkESS OF A 
EXIT lF A • 0 
A + A TO GIVE 2•A 

STORE 2*A INTO TEMP1 

MPV BY 2 TO GET 4•A (lMMEO MOOE 
CONST 2.0 

MPV BY C 

STORE a*A•C IN TEMP2 

GET AOOMfSS OF VAMINBLE 'B' 

LOAU ~ INTO FL.AC 
M~Y 6Y ~ TO GtT H••2 
SUBTRACT IUA*C 

BRANC~ IF ONLY ONE ROOT 
B••2 • 4•A•C < 0 1?1 
TAKE SQRT Of FLAC 
SAVt SQRTCB••~-Q•A•C) IN TEMP2 

AOO ""lNUS ~ 
DIV!Ot BY 2•A (lN T~MP1) 

AUOM OF "ROOT 1 : " MESSAGE 

'CALL PRINT SuB~OUTINt 

ZtRO THE FLAC ClMMEOIATt MODE) 
lfLOATlNG POINT ZtRO 

• B 
•SQ~T(B••2•Q•••Cl 

•UDM UF "ROOT 2 : " 



lihH1252 ~Vj47b7 JSR PC,PRINT 
lll'2111:H'1.Sb 

'1iM,125b ~HH:lbbb 81'( RESTAIH BRANCH TO GO •GAIN 
li1it:JV"2b~ 104 7, 1 ROOTll TkAt' LDR+RELMI ZERO THE fLAC 
0el02bt:? 1777 46 .~OkO Zt:RU•. 
0002t-:i4 10'4513 T '°'At' SBRHRMJ GET • B 
1Zllilf£126b 104 7 ~5 T~A~ 0\IR+RELM; DIV BY 2•A 
0~0cu ~002ft'0 • ~OkO Tt:MP1• • 
000212 ~1~H:l~' MUV #MSl73,R~f 11 k00T • II 

k1QH'.:'5~b 

0~~276 '104707 J~R PC,PRINT 
ll'00~ 12 

it:li1H1l.302 lll0~b'::>4 ul"( Rt.STAI( 
k:l0~.512l4 '101i:i004 !MAGI IOT; WRITE IMAG!NAIH HOOTS MESSAGE 
liHH:LS0b lc:1006f.101' • i,., Ok I) MSG~J ADOHE.SS OF MESSAGE BUFFER 
~0~310 012 .1HTE Wlot!TE, 1 J WRITE TO SLOT 1 
000311 001 
00C1.S12 "'01Zlb~0 Ai-t REST AR 

, Pt(l"'T SUBROUTINE 
000314 0 ms"" PRINTS MOV R5,•CSP)1 UVt REGS 
000316 1tJlf044b MUV R4,•(SP) 
00032"1 0Hl34b MuV R3,•(SP) 
ftHH'.1322 "1 l ~24& MU\' R2 1 •(SP) 
lcHa0 3 2 4 01014& MOV R1,•CSP) 
r.:10fc'LS2b k110eJ4b MUV R~ 1 •(SP) 
0~0330 104 773 Tio<AP STR+RELMJ STORE THE FL.AC 
000.S3i! 00014& • ~OkU TE.MP3• • 
kHH133~ 012104 MUV #MSGLEN,R4J CHAR COUNT FOR MESSAGE 

000011 
00034{d 012703' MUV #OBUF+&,R3, AOOR OF OUTPUT FIELD 

000774 
000344 112523 MLOOP: MOV~ CRS)+, CR3)+; MOV TrtE CHAR MESSAGE 
Cr:'l~0:S4b 005304 Ol:.C R4 
0~.HLS50 001375 BNE MLOOP 
0rtl1"35~ ~1034& MOV R3,•CSP) I AOOk OF OUTPUT FIELD FOR CONV 
00'1354 01274& MUV #20.,•CSP)J LEN OFFIELD 

000021.l 
0003b0 ia1274& Ml.JV #10.,-CSP)I Ot.:CIMAL PLACES 

00~012 
0~0.Sb4 IC:l0~ft:'4~,. CLR •CSP'; p SCAL.E 
'1ill03b6 01674& MUV Tf.:.MP3+2,•CSP)J PUSH VALUE TO ~E CONVERTED 

IC:l00110 
0~'1372 "11b7 4b MlJV Tt.MP3,•CSP) 

"10"1102 
C{ll/Hll37b ~047b7' J :SR PC,SFCO; CALL CONVERSION ROUTINE IN Fli'MP 

~0ia0fc:i0 

~HH:'l402 000V104 !OTi CALL. Tl-IE IOX PACKAGE 
"100404 001l!Hib. .~awo OBUFf WRITE THE OUTPur ~UH t::R 
0ill040b 012 ,bVH. wkITE,11 TU SLOT 1 CK 8) 
k:H:'l0"0 f ra ia 1 
k'h1'14 1 V: k:H?J001()U wAITO: I IJ T; CALL. lOX 
r.100'+1c 000410' • ,.Qi"<l) WAJTO; Cl-tEATt:. WAIT LOOP 
00vH~14 '104 .,oYlE V..AITR,11 WAIT t-O!Ol SLOT l (KR) 
00el41~ vi 1£11 
00~41b 0126"10 MuV CSP)+,~ft:l: Rt.STORE REGS 
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'10~H1 c~ w.i1~bk'.;1 ~1u 'V U:iP)+,R1 
~iLJ'142~ ~1i2b~2 MUV CSPJ+,~c! 
1£]~0424 iat~b~3 MuV (SP)+,R.3 
~i{j'14Clb ~ 1 ~6!/14 MUV (SP)+,R4 
0..,043~ ~ l 2blll~ M(.JV (SP)+,R~ 
~::h'i vi 4 .5 t: 00~t?l(l7 RTS PC; Qt::T\.JRN 

Rt. A l.J ~ui:;r.;:uu1 !NE 
0k'.l~4j~ ~0~HH'.l4 Rt.AIJ: lUTi CALL lox f o...- READ 
k11lH143b k'.i~h.ib4~. • .-. IJ 110 buff-~; AGf)k OF INPUT HvFFE~ 
0itH144k'.J ~~ 11 .oYTt:: ~tAUOP,1£1: Rt.AU !lLOT (() ( K 8) 
~v.10441 ~l;i{ 

'11.!1044~ 0~:h1V' 0" wA!Tl: I u T ; CALL IOX 
01tH1444 00~14 <J2. • w 01"1 l) ~AJl!; C1-<tATl::. WA 1T LOOP 
1::hH144b 0i3Ll .oYlt: v.AIT~ 1 0; WAIT F 01< SLOT '1 (i<ti) 
~~'141.l I (A rt 0 
'1"1045k:) ~0~1207 ~lS PL; IH:. TURN 
i!Jl.!10452 li!'J0f{J~HiH~ ENU: HALT; FINIStiEO 
0fa~454 00k1~ft0 A: • ~vt-<LJ 0,0 
0t1~45b lc'.100000 
0004b~ 000'10"' a: • wQl'(O e: I (~ 

"'004b2 k:'l01d1vl0 • 
~Hrn4b4 ILJ000~0 c: • r'l01"10 e,0 
0~~4bb ~H?H~l0!£H~ 

0il1v'470 t:H~~t11.00 T&.MP1: • ..,Jl'\O ~, f.1 
'11lH.14 7 ~ IO fiH:'; e, ~ '1 
0ilH1474 k:J01600.0 TEMP2: "\\>Ok L> e, r 
"1"'0'l7b ~:HH:H'1~0 

000500 "01.:1000 TEMF'3' •IN QI'( I) 0' eJ 
000502 ~HJHHHH" 

000~04 00~H-122 Tl TLE: .r.OkU 18. 
0~050b w:H:H:HH~0 • tJOl'<D ~ 

0113051!0 000(},22 • ilj Or< lJ 18. 
~i,:H_-'1~1(. ~15 • n y ff:. 1 ~ .12 
~0~~1.3 ~n2 
wHrn~ t 4 1~4 .ASL.!! /JEST OF FPMP11/ 
0"1~~15 1 "1~ 
ii1ft'1~51 b 123 
01t1~';) 1 7 124 
W'.lla~';)2fti ~4(Jl 

flH:rn~21 117 
~!00~22 1 lllb 
~H1~~23 040 
~h:H~'l':>2 l.l 10b 
0k:H1~2~ 12~ 
k10V1~2~ 115 
~W::10'.:>27 1 2fr1 
el0et~3~ 0t'1 
ei~~~31 ~~1 

'1itJ0~.dc 015 .ciYlt. 1 '.:> ,i? 

~i.Olt1~33 012 
~1(')0!:>34 122 MSG 1 : .ASl..li /1-(QQT 1 s I 
~lllW'.:13:, 11 7 
~hH1S3h 11 7 
0~'1.,37 1~4 

00~:i41i ~14 ~~ 
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0k10541. 0&1 
000542 040 
0rll054J 07S 
000544 040 
000'345 122 MSG21 .ASl..Il /kOOT 2 • I 
000546 117 
000~47 117 
000550 124 
000551 040 
01d0552 '1b2 
011)0553 040 
0k10!:>54 ~HS 
(!:H10~5~ 040 
011?055b 1c2 M.lG31 .ASl..Il /J.<OOT • I 
0k'0557 117 
000~60 117 
0005&1 1c4 
000562 040 
000563 075 
0005&4 040 
0005&5 040 
0005&6 040 
000567 040 MSGBLKI • ASC ll I I 
000~70 040 
000~71 040 
000572 040 
0id0S'73 0U 
000574 040 
000575 040 
00057f> 040 
01d0517 040 

000600 .t.Vt.N 
0k10&00 000032 MSG41 .woHo 2&. 
00060i 000 .~YlE 0,0 
000603 000 
000604 000032 .wOkO 2&. 
000606 015 .tHTE 15,12 
IG'lll'0b0'7 012 
000&10 122 • A St; II /ROOTS ARE IMAGINARY•U/ 
000&11 117 
0w0&12 117 
01110613 124 
000614 123 
000&15 0 ti Pl 
000&1f> l la 1 
0iMc1617 122 
000&20 10~ 
000621 0£i0 
0~0b22 111 
Ctll(10&23 115 
0~0624 101 
0'10&25 107 
00r,,b2b 111 
000b27 11b 
000b3((l 101 
~01d631 lU 
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0~HJb32 1.H 
0!i:HH)33 ~~~2 

f01i'.l0b34 0~i1 
~ftl0b3':> ~52 

0~003b 015 • b v r i::. 1~,12 
01tH:lb.31 ~12 

~10~1b 'rn .t.Vt.N 

00'1b4fl' ¥'.) 0 liJ 1 c ,1 Bu~F~: • r.Ol"D 80 • 
fdfl'0b4c ~el "1 .oYTE V1 I ~ 

00~:b4$ '~ it1 ~1 
0~~b1Hi Vi0~HH:n1 .1o;OkD ~ 

k.1'drcJ7bb .=.+Bk:'J. 

00076b 1600040 OBUF: • wOl'(U 3~ • 
0~H:17 7 e. ~00 • 0y1 It. ({I, 0 
01tHH 71 0~0 

01t101n 16121"-'040 ,~OklJ 32. 
0!a0 77 4 040 ,ASl..ll I I 
00~175 ca" 0 
00"1776 040 
rth10777 040 
001'£:00 Cl'40 
0~HHH Ct) 'l0 
001e.0~ 0Q0 
001ro0.5 040 
001004 040 

001031 .=.+~0. 
001031 01~ ,t:>Ylt: 1~, 12, 12 
001032 012 
001033 012 

000000 .t:.NU BE.GIN 

A 000454R AOt-t = 000'112 ARM • 000100 
8 0004b0R tiEuIN 000000R BUFF~ 00etb40R 

c 0004b4R 0\11-t s 000'125 END 000452R 
lLUUP 000050R !MAG 01£H2l304R IMM = 00~200 
LUt< • 000071 MLUOP 000344R MLk I: 000021 
MSutjLK 0k:1~5b7R MSuLtN • 000011 MSGt ~0Cll534R 

MS&2 000545R MS(,3 N:H~55bR MSG4 000b00R 
ObUf- 00rt7b&R PC =u~~000·1 PRINT 0~0314R 

R~AL> 0~'14HR READUP = 000011 REL.M = 000300 
f'tSt T = 000002 RtSTAR 000034R ROOTl 01l'!IZl2b0~ 

H0 •%000"'00 Rl :a~0~HHHH R2 •XliH;'IJ.?1002 
R .5 •X000003 R4 •%0012llc'J04 R5 •Ul00005 
StH~ • 01d001 :s SP =X0~0017!& SQRT c 00004& 
STt-t • 0~0~17 .5 TE:MP1 0t10470R TEMP2 000474R 
TtMP3 000~0rtR T ITLt:. 0~121504R TRAPH • ****** G 
INAlll 0'1044C!R wAlTU 0kJ0tU 0R iHAITR • 00001714 
W~ITI:. c ~~0~12 ZF-1'<0 11H:,023'1R SFCO = ****** G 
$~CI = ****** G • • 001034R 
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TSST .J F FPl\1P 1 1 
IJ e I~~ DI ?. • 0 

?.. 011 12100nr.rnr.w1 

!·{00 T 

12.s 3.25 5.43 
12.5000000000 

3.2500000000 

5• L-!29999828 3 

ncvns ARE P1AGINARY*** 

3. E-01 

HOOT = 

1rJr) T 2 

RO'.JT 

ROOT 2 = 

.06~002 40E-001 
(1. ~10Cl0000 l 19 

6·0000000000 

-0. 690506279!.J 

- 19 • 3V!9 Lt9 21 1 12 

l e ,) 

s.0000000000 

15.0000000000 

-(/J. 2154767066 

- 2• 78 L!52348 71 

4.u, 3.75 
0.0000000000 

PROGRAM OUTPUT 
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;Teletype input in three 
;10-character fields 

;program verification 
;of input 

; result. 





APPENDIX A 

BOOTSTRAP AND ABSOLUTE LOADERS 

A.l THE BOOTSTRAP LOA'DER 

A.1.1 Loading the Bootstrap Loader 

The Bootstrap Loader should be toggled into the highest core memory 
bank. 

xx7744 
xx7746 
xx7750 
xx7752 
xx7754 
xx7756 
xx7760 
xx7762 
xx7764 
xx7766 
xx7770 
xx7772 
xx7774 
xx7776 

016701 
000026 
012702 
000352 
005211 
105711 
100376 
116162 
000002 
xx7400 
005267 
177756 
000765 
yyyyyy 

xx represents the highest available memory bank. For example, the 
first location of the loader would be one of the following, depending 
on ~emery size, and xx ·in all subsequent locations would be the same 
as the first. 

Location Memory Bank Memory Size 

017744 0 4K 
037744 1 8K 
057744 2 12K 
077744 3 16K 
117744 4 20K 
137744 5 24K 
157744 6 28K 

The contents of location xx7776 {yyyyyy) in the instruction column 
above should contain the device status register address of the 
papertape reader to be used when loading the bootstrap formatted tapes 
specified as follows: 

Teletype Paper Tape Reader 
High-speed Paper Tape Reader 
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177560 
177550 



INITIALIZE 

~~~~•Ml SET SR TO XX7744 

[~s LOAD ADDR 

Load Verify 

SET SR TO 016701 PRESS EXAM 

LIFT DEP 

SET SR TO NEXT 
.~~_.... INSTRUCTION 

LIFT DEP 

No 

LIFT DEP 

SET SR 
TO CORREC'r 
INSTRUCTION 

FINISHED 

Figure A-1 Loading and Verifying the Bootstrap Loader 
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A.1.2 Loading with the Bootstrap Loader 

With Bootstrap 

Loader in Core 

Set ENABLE/HALT 
To HALT 

------1see figure E.l 

Place Bootstrap Code 351 must be 
Tape in - - - - over reader sensors 
specified reader 

Set SR to xx7744 

Press LOAD ADDR 

Set ENABLE/HALT 
to ENABLE 

Press START 

Tape Reads in 
and stops 
At end of Data 

Data is in Core 

Figure A-2. Loading Bootstrap Tapes into Core 

A.2 THE ABSOLUTE LOADER 

A.2.1 Loading the Absolute Loader 

The Bootstrap Loader is used to load the Absolute Loader into core. 
(See Figure A-2.) The Absolute Loader occupies locations xx7474 
through xx7743 1 and its starting address is xx7500. 
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A.2.2 Loading with the Absolute Loader 

When using the Absolute Loader, 
available: normal, relocated to 
relocation. 

there are 
specific 

three types 
address, and 

of loads 
continued 

Optional switch register settings for the three types of loads are 
listed below. 

Switch Register 
Type of Load Bits 1-14 Bit 0 

Normal (ignored). 

Relocated - continue loading 0 
where left off 

0 

1 

Relocated - load in specified nnnnn 1 
area of core (specified address) 
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INITIALIZE 

LOAD ABS 
LOADER 

·-----~ 

---iSEE FIG.A-j 

HSR=l 77550 
LSR=l 77560 
XX is HIGH 

SET SR TO XX7776 TO SPECIFY READER ; EST CORE 

(This is 
necessary 
only if 
using a 
reader 
different 

MEMORY 
BANK 

....__ ____ ~ from that 
PLACE TAPE IN READER 

SET SR TO XX7500. PRESS LOAD ADDR 

used by 
the boot­
strap loader.) 

SET BIT 0 OF SR1--R_e_l_o_c_a_t_e_t_o __ ~ 
CLEAR BIT 0 OF SR 

Normal 

SPECIFY ADDR IN 
BITS 1-14 

Figure A-3 

Specific 
ADDR 

SET BIT 0 OF SR, CLEAR BITS 1-14 

PRESS CONTINUE 

Yes 

REMOVE TAPE 

SET ENABLE/HALT TO ENABLE 

PRESS START 

PLACE NEXT TAPE 
IN READER 

Loading with the Absolute Loader 
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APPENDIX B 

USING THE PAL-llS ASSEMBLER 

Run the assembler according to the directions in Section B.l. If 
another program is being assembled along with FPMP-11, it should be 
read before the FPMP-11 package. This other program must be followed 
by a .EOT instruction and must not define any FPMP-11 labels or 
conditional switches. After any user program being assembled with 
FPMP-11 has been read, the assembler prints EOF? and pauses. Place 
the switch setting tape previously created (refer to section 3.S.1.1) 
in the reader and type the RETURN key. At the end of this tape the 
assembler again prints EOF? Place the first source tape of the FPMP-11 
package in the reader and type the RETURN key. After this source tape 
has been read and the assembler prints EOF?, place the next source 
tape in sequence in the reader and type RETURN. Repeat this sequence 
until all source tapes have been read. When the last tape has been 
read, the assembler proceeds to Pass 2. All·of the tapes must be read 
again using the same procedure as above. The assembler produces the 
FPMP-11 object module on the binary output device specified in the 
initial assembler dialogue. 

B.l ASSEMBLER OPERATING PROCEDURES 

Loading: 

Sto~age Requirements: 

Starting: 

Initial Dialogue: 

Printout 

*S What is 

*B, What is 

*L What is 

*T What is 

Each of these questions 
characters: 

Use Absolute Loader. The start address of 
the Loader must be in the console switches. 

PAL-llS uses SK memory. 

Immediately upon loading, PAL-llS is 
control and initiates dialogue. 

Inquiry 

in 

the input device of the source symbolic tape? 

the output device of the binary object tape? 

the output device of the assembly listing? 

the output device of the symbol table? 

may be answered by any one of the following 
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Character Answer Indicated 

T Teleprinter keyboard 

L Low-speed reader or punch 

H High-speed reader or punch 

P Line Printe1~ 

Each of these answers may be followed by the other characters 
indicating options: 

Option Typed Function to be performed 

/1 on pass l 

/2 on pass 2 
/3 on pass 3 

/E errors to be listed on the Teleprinter on the same pass 
(meaningful only for *B or *L). 

Each answer is terminated by typing the RETURN key. Answering with a 
RETURN alone deletes the function. 

Dialogue During Assembly: 

Printout 

EOF ? 

END ? 

EOM ? 

Restarting: 

.Response 

Place next tape in reader and 
statement may be forced by 
RETURN. 

type RETURN. A .END 
typing E followed by 

Start next pass by placing first tape in reader and 
typing RETURN. 

If the end-of-medium is on the listing device, the 
device may be readied and the assembly may be 
continued by typing RETURN. 

If the end-of-medium is on 
assembler will discontinue 
itself. 

the binary device, the 
the assembly and restart 

Type CTRL/P. The initial dialogue will be started again. 

For more detailed information on the PAL-llS Assembler, refer to the 
PDP-11 PAL-llS Assembler and LINK-llS Linker Programmer's Manual 
(DEC-11-YRWB-D). 

B-2 



B.2 ASSEMBLER ERROR CODES 

Error Code 

A 

B 

D 

I 

L 

M 

N 

p 

Q 

R 

s 

T 

u 

~eaning 

Addressing error. An address within the 
instruction is ·incorrect. Also includes 
relocation errors. 

Bounding error. Instructions or word data are 
being assembled at an odd address in memory. 

Doubly-defined symbol referenced. Reference was 
made to a symbol which is defined more than once. 

Illegal character detected. Illegal characters 
which are also non-printing are replaced by a ? on 
the listing. 

Line buffer overflow. All extra characters beyond 
72 are ignored. 

Multiple definition of a label. A label was 
encountered which was equivalent (in the first six 
characters) to a previously encountered label. 

Number containing· an 8 or 9 was not tenninated by 
a decimal point. 

Phase error-. A label's definition or value varies 
from one pass to another. 

Questionable syntax. There are missing arguments 
or the instruction scan was not completed, or a 
carriage re.turn was not followed by a linefeed or 
form feed. 

Register-type error. An invalid use 
reference to a register has been made. 

of or 

SyµWol table overflow. When the quantity of 
user-defined symbols exceeds the allocated space 
available in the user's symbol table, the 
assembler outputs the current source line with the 
s error code, then returns to the conunand string 
interpreter to await the next conunand string to be 
typed. 

Truncation error. More than the allotted number 
of bits were input so the leftmost bits were 
truncated. T error does not occur for the result 
of an expression. 

Undefined symbol. An undefined symbol was entered 
during the evaluation of an expression. Relative 
to the expression, the undefined symbol is 
assigned a value·of zero. 
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APPENDIX C 

USING LINK-llS 

C.l LOADING AND COMMAND STRING 

The Linker is loaded by the Absolute Loader and is self-starting. It 
uses a simple command dialogue which allows the object module, load 
module and load map devices to be specified. During pass 1 and pass 
2, the Linker asks for each object module individually. 

For illustration purposes, the non-printing characters carriage 
return, line feed and space are represented as <CR>, <LF> and <SPACE>. 

Operation begins by the linker typing its name and version. This is 
followed by the input option printed as *!<SPACE>. The responses are: 

<CR> Read object module from HSR. 
H<CR> Read object module from HSR. 
L<CR> Read object module from LSR. 

The input option is followed by the output option *O<SPACE >. The 
responses are: 

<CR> Punch load module on HSP. 
H<CR> Punch load module on HSP. 
L<CR> Punch load module on LSP. 

LINK-11 asks if a load map is desired by typing *M<SPACE>. The legal 
responses are <CR> for no map, T<CR> or H<CR> or P<CR> for a map on 
the·teleprinter, high-speed punch, or line printer, respectively. 

The next two options concern the placement of the relocated object 
program in memory. The standard version of the Linker assumes it is 
linking for an BK machine. It relocates the program such that it is 
as high as possible in BK but leaves room for the Absolute and Boot 
Loaders. {These assumed values may be changed by altering parameters 
HGHMEM (highest legal memory address +l} and ALODSZ (number of bytes 
allocated for Absolute Loader and Boot Loader) and reassembling the 
linker.) The *T and *B options control the relocation of a program. 
After the option *T<SPACE> is printed, respond as follows: 

<CR> 

n<CR> 

Relocate so that 
top of memory. 
then the top 
(HGHMEM-ALODSZ) • 
16384.-112.=16272 

program is up against the current 
If the top has not been changed, 
is the assembled-in top 

The standard assumption is 
(37460g). 

n is an octal number (unsigned) which defines a 
new top address. 
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If a new top is specified, the *B option is suppressed. 

After the option *B<SPACE> .is printed respond as follows: 

<CR> 

n<CR > 

Use current top of memory. 

n is an unsigned octal number which defines the 
bottom address of the program. That is, a new top 
of memory is calculated so that the bottom of the 
program corresponds with n. 

Once a top of memory has been calculated (by *T or *B} , that value is 
used until it is changed. 

LINK-11 indicates the start of pass one by printing PASS 1. The input 
is requested by the Linker, one tape at a time by printing *<SPACE>. 
The legal responses are: 

<CR> 

U<CR> 

E<CR> 

C<CR> 

Read a tape and request more input. 

List all undefined globals on the teleprinter and 
request more input. 

End of input. If there are undefined globals, 
list them on the teleprinter and request more 
input. Otherwise print the load map if requested, 
and enter pass 2. 

End of input. Assign 0 to any undefined globals, 
print the load map (if requested), and enter pass 
2. 

The Linker indicates the start of pass 2 by printing PASS 2 and 
requests each input tape as in pass 1. 

A <CR> is the only useful response to an asterisk (*} on pass 2. The 
modules must be read on pass 2 in the same order as pass 1. When the 
last module has been read, the Linker automatically finishes the load 
module and restarts itself. 

Leader and trailer are punched on the load module. 

If the low-speed punch (LSP) is being used for the load module output, 
it should be turned on before pass 2 begins, i.e., turn it on before 
typing E<CR> or C<CR>. The echo of these characters (and the load 
map) if printed on the Teletype are punched on the load module but may 
be easily removed since leader is punched on the load module. The LSP 
can also be turned on while leader is being punched (after the linker 
has typed PASS 2) to keep the load map, etc., from being punched onto 
the tape. 
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NOTE 

On all command string options, except for *T and 
*B, the linker examines only the last character 
typed preceding the carriage return. Thus, 

ABCDEFGH<CR> 

is equivalent to H<CR>. 

C.2 ERROR PROCEDURE AND MESSAGES 

C.2.1 Restarting 

CTRL/P is used for two purposes by LINKll-s. If a CTRL/P is typed 
while a load map is being printed, the load map is aborted and the 
Linker continues. CTRL/P typed at any other time causes the Linker to 
restart itself. 

C.2.2 Non-Fatal Errors 

Message 

?MODULE NAME xxxxxx NOT UNIQUE 

?MAP DEVICE EOM. 
TYPE <CR> TO CONTINUE 

Explanation 

Non-unique object module name 
this error is detected during pass 
1 and results in an error message 
and the module is rejected. The 
Linker will then ask for more 
input. 

Load map device EOM this error 
allows the user an option to fix 
the device and continue or abort 
the map listing. Any response, 
terminated by <CR> or <LF> causes 
the Linker to continue. A CTRL/P 
causes the map be to aborted. 

C-3 



Message Explanation 

?BYTE RELOC ERROR AT ABS ADDRESS xxxxxx. 
A byte relocation error the 
Linker tries to relocate and link 
byte quantities. However, 
relocation usually fails and 
linking may fail. Failure is 
defined as the high byte of the 
relocated value (or the linked 
value) not being all zero. In such 
a case, the value is truncated to 8 
bits. The Linker automatically 
continues. 

?LOAD xxxxxx NEXT If the object modules are not read 
in the same order on pass 2 as pass 
1, the Linker indicates which 
module should be loaded next by 
typing this message and asking for 
more input. 

?xxxxxx MULTIPLY DEFINED BY MODULE 

C.2.3 Fatal Errors 

xxxxxx. 
Multiply-defined globals 
discovered, during pass 1. 
second definition is ignored 
the Linker continues. 

were 
The 
and 

The Linker restarts after any of the following: 

Message Explanations 

?SYMBOL TABLE OVERFLOW - MODULE xxxxxx, SYMBOL xxxxxx 
Symbol Table overflow. 

?SYSTEM ERROR xx System Error. Where xx is an 
identifying number as follows: 

Nwnber 

01 

02 
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Meaning 

Unrecognized symbol 
table entry found. 

A relocation 
directory references 
a global name which 
cannot be found in 
the symbol table. 



Number 

03 

04 

05 

06 

07 

Meaning 

A relocation 
directory contains a 
location counter 
modification conunand 
which is not last. 

Object module does 
not start with a 
GSD. 

The f i~st entry in 
the GSD is not the 
module ·name. 

An RLD references a 
section name which 
cannot be found. 

The TRA 
specification 
references a 
nonexistent module 
name. 

08 The TRA 
specification 
references a 
non-existent section 
name. 

09 An internal jump 
table index is out 
of range. 

10 A checksum error 
occurred on the 
object module. 

11 An object module 
binary block is too 
big (more than 64 
words of data). 

12 A device error 
occurred on the load 
module output 
device. 

All system errors except for 
numbers 10 and 12 indicate a 
program failure either in the 
Linker or the program which 
generated the object module. Error 
05 can occur if a tape is read 
which is not an object module. 
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C.2.4 Error Halts 

LINK-11 loads all of its unused TRAP vectors with the code: 

.HORD .+2,HALT 

so that if the TRAP occurs, the processor halts in the second word of 
the vector. The address of the halt, displayed in the console lights, 
therefore indicates the cause of the halt. 

Address of HALT (octal) 

12 
16 
26 
32 

Meaning 

Reserved instruction executed. 
Trace TRAP occurred. 
Power fail TRAP. 
EI1'r executed. 

A halt at address 40 indicates an IOXLP'l' detectec1 error. RO 
(displayed. in the console lights) contains an ic.~cntfying code: 

Code in RO 

0 

1 
2 
3 
4 
5 

IOXLPT also sets Rl as follows: 

Meaning 

Illegal memory reference, SP 
overflow or illegal 
instruction. 
Illegal IOX command. 
Slot number out of range. 
Device number illegal. 
Referenced slot not INITed. 
Illegal data mode. 

If the error code is O, Rl contains the PC at the time of the 
error. 

If the error code is 1-5, Rl points to some element in the IOT 
argument list or to the instruction following the argument list, 
depending on whether IOXLPT has finished decoding all the arguments 
when it detects the error. 
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APPENDIX D 

SUMMARY OF 
FPMP-11 ROUTINES 

This appendix lists all the global entry points of FPMP-11 and 
provides a brief description of the purpose of each. Sections D.l and 
D.2 are for reference when it is desired to call FPMP-11 routines 
directly (i.e., without the use of the TRAP handler). Entry names 
preceded by an octal number can be referenced via the TRAP handler. 
The number is the "routine number" referred to throughout this manual. 
If the number is enclosed· in parentheses, the routine cannot be 
accessed by the present TRAP handler, but has been assi:gned a number 
for future use. 

Examples of the calling conventions are: 

POLISH MODE: 

JSRR: 

XX: 

JSR R4,$POLSH 
$subrl 
$subr2 

. 
$subrn 
.WORD· .+2 

JSR RS,subr 
BR XX 
.WORD argl 
.WORD arg2 

.WORD argn 

1enter Polish mode 
1call desired subroutines 

1 call last subroutine de.sired 
1leave Polish mode. 

1call desired subroutine 

1subroutine argument address 

1last argument 
1return point 

--------------------------------------------------------------
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JPC: 

push args onto stack 
JSR PC,subr 

D.l OTS ROUTINES 

These are the routines taken f rorn the FORTRAN operating time system. 
The codes used in the following table are: 

s = Routine is included in the standard single precision (2-word) 
package. 

D = Routine is included in the standard double precision {4-word) 
package. 

SD = Routine is included i:n both standard packages. 

Octal codes shown in parentheses are not yet implemented. 

OCTAL # OF 
NAME CODE PKG ARGU MODE 

$ADD 14 D 2 Polish 

$ADR 12 s 2 Polish 

AINT 26 S 1 J5RR 

ALOG 53 S 1 JSRR 

ALOGlO 54 s 1 JSRR 

ATAN 42 s 1 J5RR 

DESCRIPTION 

The double precision add routine. 
Adds the top stack i tern ( 4 words) 
to the second item (4 words) and 
leaves the four word sum in their 
place. 

The single precision add routine. 
Same as $ADD except it uses 2 word 
numbers. 

Returns sign of argument * greatest 
real integer = absolute value of 
the argument in RO,Rl. 

Calculates natural logarithm of its 
single argument and returns a two 
word result in RO,Rl. 

Sarne as ALOG, except calculates 
base-10 logarithm. 

Returns the arctangent 
argument in RO,Rl. 
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NAME 

ATAN2 

$C.HD 

$CMR 

cos 

DATAN 

DATAN2 

DBLE 

$DCI 

$DCO 

OCTAL # OF 
CODE PKG ARGU MODE 

(43) S 2 JSRR 

16 D 2 Polish 

17 

37 

44 

(45) 

(34) 

(57) 

(61) 

s 

s 

b 

D 

SD 

SD 

2 

1 

1 

2 

1 

4 

5 

Polish 

JSRR 

JSRR 

JSRR 

JSRR 

JPC 

JPC 

DESCRIPTION 

Returns ARCTAN(ARG1/ARG2) in RO,Rl. 

Compares top 4 word items on the 
stack, flushes the two items, and 
returns the following condition 
codes: 
4(SP) @SP N=l,Z=O 
4(SP) = @SP N=O,Z=l 
4(SP) @SP N=O,Z=O 

Same as $CMD except it is for 2 
word arguments. 

Single precision version of DCOS. 

Double precision version of ATAN. 

Double precision version of ATAN2. 

Returns in RO-R3 the double 
precision equivalent of the single 
precision (two word) argument. 

ASCII to double conversion. 
Calling sequence: 

Push address of start of ASCII 
field. 
Push length of ASCII field in 
bytes. 
Push format scale D (from W.D) 
position of assumed decimal 
point (see FORTRAN manual). 
Push P format scale (see 
FORTRAN manual). 
JSR PC,$DCI. 

Returns 4 word result on top of 
stack. 

Double precision to ASCII 
conversion. Calling sequence: 

D-3 

Push address of start of ASCII 
field. 
Push length in bytes of ASCII 
field (W part of W.D) 
Push D part of W.D (position of 
decimal point). 
Push P scale. 
Push 4 word value to be convert­
ed, lowest order word first. 
JSR PC,$DCO. 



NAME 

DCOS 

DEXP 

$DI 

$DINT 

DLOG 

DLOGlO 

$DR 

DSIN 

DSQRT 

$DVD 

$DVI 

$DVR 

OCTAL # OF 
CODE PKG ARGU MODE 

41 D 1 JSRR 

52 D 1 J5RR 

(11) SD Polish 

(76) D 1 Polish 

55 D 1 JSRR 

56 D 1 JSRR 

(6) 1 Polish 

40 D 1 JSRR 

47 D 1 JSRR 

23 D 2 Polish 

(24) 2 Polish 

25 s 2 Polish 

DESCRIPTION 

Calculates the cosine of its double 
precision argument and returns the 
double precision result in RO-R3. 

Calculates the exponential of its 
double precision argument, and 
returns the double precision result 
in RO-R3. 

Converts double precision number on 
the top of the stack to integer. 
Leaves result on stack. 

OTS internal function to find the 
integer part of a double precision 
number. 

Double precision (4 word) version 
of ALOG. 

Double precision (4 word) version 
of ALOGlO. 

Replaces the double precision item 
at the top of the stack with its 
two word, rounded form. 

Calculates the sine of its double 
precision arg. and returns the 
double precision result in RO-R3. 

Calculates the square root of 'its 
double precision arg. and returns 
the double precision result in 
RO-R3. 

The double precision division 
routine. Divides the second 4-word 
item on the stack by the top item 
and leaves the quotient in their 
place. 

The integer division routine. 
Calculates 2(SP)/@SP and returns 
the integer quotient on the top of 
the stack. 

The single precision division 
routine. Sarne as $DVD, but for 2 
word floating point numbers. 
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OCTAL # OF 
NAME CODE PKG ARGU MODE DESCRIPTION ----
$BCO (62) SD 5 JPC Single precision to ASCII 

conversion according to E format. 
Same calling sequence as $DCO 
except that a 2-word value is to be 
converted. 

EXP 51 s 1 JSRR Single precision version of DEXP. 
Returns result in RO,Rl. 

$FCALL s Internal OTS routine. 

$FCO (64) SD 5 JPC Same as $ECO except uses F format 
conversion. 

FLOAT (32) 1 JSRR Returns in RO-Rl, the real 
equivalent of its integer argument. 

$GCO (63) SD 5 JPC Same as $ECO except uses G format 
conversion. 

~ (65) 2 JPC ASCII to integer conversion. 
Calling sequence: 
Push address of start of ASCII 
field. 
Push length in bytes of ASCII 
field. 
JSR PC,$ICI 
Returns with integer result on top 
of stack. 

--{;~~-~ (67) 3 JPC Integer to ASCII conversion. 
\ . Calling sequence: 

[J;JF A1<' Push add·ress of ASCII field. 
Push length in bytes of ASCII 
field. 
Push integer value to be converted. 
JSR PC,$ICO 
Error will return with c bit set 
on. RO-R3 destroyed. 

I DINT (31) 1 JSRR Returns sign of arg * greatest 
integer <= Jarg I in RO. Arg is 
double precision. 

$ID (5} SD 1 Polish Convert full word argument on the 
top of the stack to double 
precision and return result as top 
4-words of stack. 

!FIX (35) 1 JSRR Returns the truncated and fixed 
real argument in RO. 
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OCTAL # OF 
NAME CODE PKG ARGU MODE DESCRIPTION 

INT (30) 1 JSRR Same as ID INT for single precision 
args. 

$INTR (27) s 1 Polish Sarne function as AINT, but called 
in Polish mode with argument and 
returns result on the stack. 

$IR (4) SD 1 Polish Convert full word argument on the 
top of the stack to single 
precision and return result as top 
2-words of stack. 

$MLD 22 D 2 Polish Double precision multiply. 
Replaces the top two doubles on the 
stack with their product. 

$MLI (20) 2 Polish Integer multiply. Replaces the top 
2 integers on the stack with their 
full word product. 

$MLR 21 s 2 Polish Single precision multiply. 
Replaces the top two singles on the 
stack with their product. 

$NGD (3) SD 2 Polish Negate the double precision number 
on the top of the stack. 

$NGI (1) SD 1 Polish Negate the integer on the top of 
the stack. 

$NGR (2) SD 1 Polish Negate the single precision number 
on the top of the stack. 

----(~29 (66) 2 JPC ASCII to octal conversion. Same 
call as $ICI. 

---~Q£~ (70) 3 JPC Octal to ASCII conversion. Sarne 
call as $ICO. 

$POLSH SD Called whenever it is desired to 
enter Polish mode from normal 
in-line code. It must be called 
via a JSR R4,$POLSH. 

$POPR3 D Polish Internal routine to pop 2-words 
from the stack and place them into 
RO ,Rl. 

$POPR4 D Polish Internal routine to pop 4-words 
from the stack and place them in 
RO-R3. 
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NAME 

$POPRS 

$PSHR1 

$PSHR2 

$PSHR3 

$PSHR4 

$PSHR5 

$RCI 

$RD 

$RI 

$SBD 

$SBR 

SIN 

SNGL 

SQRT 

TANH 

OCTAL 
CODE 

(60) 

(7) 

(10) 

15 

13 

36 

(33) 

46 

50 

# OF 
PKG ARGU MODE 

D 

SD 

SD 

SD 

SD 

SD 

SD 

SD 

D 

s 

s 

s 

s 

4 

1 

1 

1 

1 

Polish 

Polish 

Polish 

Polish 

Polish 

Polish 

JPC 

Polish 

Polish 

Polish 

Polish 

JSRR 

JSRR 

JSRR 

JSRR 

DESCRIPTION 

Internal routine 
from the stack 
reg.isters RO-R3. 

to pop 4-words 
and place them in 

Internal routine to push the 
contents of RO onto the stack. 

Same as $PSHR1. 

Push RO,Rl onto stack. 

Push RO-R3 onto stack. 

Same as $PSHR4. 

ASCII to single precision 
conversion. Same calling sequence 
as $DCI. Returns 2-word result on 
top of stack. 

Converts the single precision 
number on the top of the stack to 
double precision format. Leaves 
result on stack. 

Converts single precision number on 
the top of the stack to integer. 
Leaves result on stack. 

The double precision subtract 
routine. Subtracts the double 
precision number on the top of the 
stack from the second double 
precision number on the stack and 
leaves the result on the top of the 
stack in their place. 

Same as $SBD 
precision. 

but for single 

Single precision version of DSIN. 

Rounds double precision argument to 
single precision. Returns result 
in RO, Rl. 

Single precision version of DSQRT. 

Single precision hyperbolic tangent 
function. Returns (EXP(2*ARG)-l) I 
(EXP(2*ARG)+l) in RO,Rl. 
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D.2 NON-OTS ROUTINES 

These routines are written especially for FPMP-11 and should not be 
called directly by the user. 

OCTAL 
NAME CODE PKG DESCRIPTION 

-{~ SD Internal error handler. 

---0~~~ SD Similar to $ERR. 

$LDR 71 s Load FLAC, single precision. 

$LDD 72 D Load FLAC, double precision. 

$STR 73 s Store FLAC, single precision. 

$STD 74 D Store FLAC, double precision. 

TRAPH SD The TRAP handler routines and 
tables. 

D.3 ROUTINES ACCESSED VIA TRAP HANDLER 

The following is a table of the FPMP-11 routines which can be accessed 
via TRAPH, the trap handler. Each routine name (entry point) is 
preceded by its TRAP code number to be used to access it, and followed 
by a brief description of its operation when called via the TRAP 
handler. Those entries which are preceded by an asterisk (*) perform 
operations only on the FLAC, and address no operands. For example, a 
TRl~P call to the single precision square root routine can be coded as 
follows: 

TR.t"\P 46 

The net effect of the above TRAP instruction is to replace the 
contents of the FLAC with its square root and then set the condition 
codes to reflect the result. Note that since the FLAC is implicitly 
addressed in this instruction, the TRAP call supplies no other 
address. For such a TRAP call, the addressing mode bits (bits 6 and 7 
of the TRAP instruction) are ignored. 

All entries not marked by an asterisk require an operand when called. 
The operand is addressed in one of the 4 addressing modes explained in 
section 3.1.1. The addressing mode is specified in bit 6-7 of the 
TRAP instruction. 
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("Operand" is the contents of the location addressed in the TRAP 
call.) 

* 

* 

* 

* 

* 

* 
* 

* 

* 
* 

OCTAL 
CODE 

14 

12 

26 

53 

54 

42 

16 

17 

37 

44 

52 

55 

56 

41 

NAME 

$ADD 

$ADR 

AINT 

ALOG 

ALOGlO 

ATAN 

$CHD 

$CMR 

cos 

DATAN 

DEXP 

DLOG 

DLOGlO 

DCOS 

DESCRIPTION 

Double 
operand 
operand. 

precision 
to the 

addition 
FLAC. 

routine. Adds 
Assumes 4 - word 

Single 
operand 
operand. 

precision 
to the 

addition 
FLAC. 

routine. 
Assumes 

Adds 
2-word 

Replaces contents of the FLAC by its integer 
part. SIGN (FLAC) * greatest integer < = 
IFLAC I· Assumes 2-word argument in FLAC. 

Replaces contents of the FLAC by its natural 
logarithm. Assumes 2-word argument in FLAC. 

Same as ALOG, except calculates base-10 log. 

Replaces contents of 
arctangent. Assumes 
FLAC. 

the FLAC by its 
2-word argument in 

Compares operand to the contents of the 
FLAC, and re'turns the following condition 
codes. 

FLAC<operand, N=l,Z=O 
FLAC=operand, N=O,Z=l 
FLAC>operand, N=O,Z=O 

Assumes 4-word operands. 

Same as $CMD, but for 2-word operands. 

Same as DCOS, but for 2-word argument. 

Same as ATAN, but for 4-word argument. 

Replaces the contents of the FLAC by its 
exponential. Assumes 4-word argument in the 
FLAC. 

Same as ALOG, but for 4-word argument. 

Same as ALOGlO, but for 4-word argument. 

Replaces the contents of the FLAC 
cosine. Assumes 4 - word argument 
FLAC.· 
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OCTAL 
CODE NAME DESCRIPTION 

* 40 DSIN Same as DCOS, but calculates sine instead of 
cosine. 

* 47 DSQRT Replaces the contents of the FLAC by its 
square root. Assumes 4-word argument in the 
FLl\C. 

23 $DVD Double precision division routine. Divides 
the FLAC by the operand and stores the 
result in the FLAC. Assumes 4-word 
operands. 

25 $DVR Same as $DVD, but for 2-word operands. 

* 51 EXP Same as DEXP, but for 2-word argument. 

72 $LDD Same as $LOR, but assumes 4-word operand. 

71 $LOR Replaces the contents of the FLAC by the 
operand. Assumes 2-word operand. 

22 .HLD Double precision multiplication routine. 
Multiplies the contents of the FLAC by the 
operand and stores the result in the FLAC. 
Assumes 4 -word operands • 

21 $MLR Same as $MLD, but for 2-word operands. 

15 $SBD The double precision subtraction routine. 
Subtracts the operand from the contents of 
the FLAC. Assumes a 4-word operand. 

13 $SBR Same as $SBD, but for 2-word operand. 

* 36 SIN Same as DSIN, but for 2-word argument. 

* 46 SQRT Same as DSQRT, but for 2-word argument. 

73 $STR Stores the contents of the FLAC into the 
operand location. The contents of the FLAC 
are unchanged. 

74 $STD Same as $STR, but assumes 4-word operand 
location. 

* 50 TANH Replaces the contents of the FLAC by its 
hyperbolic tangent. Assumes 2-word 
argument. 
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APPENDIX E 
FPMP-11 SOURCE LISTING 

This source listing of FPMP-11 is included for 
logic only. The sources provided to users 
because of size restrictions. 

E-1 

documentation of the 
do not have comments 



1 
2 
3 
4 
5 
6 
1 
8 
g 
l0 
11 
12 
1.! 
14 
1 l5 

fl'0Pl001 
0icHHi'0l 
01l'0 I001 
000i0~1 
ra0P1~e 1 
k10~10li! 1 
~Vl~001 
01fj0k'01 
"100001 
000!001 
!000001 
000001 
0!00001 

&1111GLE•1 
OOU8L.E•1 
CNDS7•1 
CNOU21111 
CNOS17•1 
CNL>S22•1 
CNOS2~Hl1 
CNOS201 
t;NOS25• 1 
C NO UtH!!l 
CNOS2fil• 1 
CNDU4• 1 
CNDS3ti• 1 
1EOT 



1 
2 
3 

• 5 
6 
1 
8 
g 

10 
11 
12 
13 
14 
1 !5 
15 
17 
u 
u~ 

20 
21 
22 
2J 
24 
25 
2b 
27 

JPWOUUCT COOE 

ICUMPIJTt.R 

ICUNf' lCIURATION , 
ISU~T~Akf ~EQUIREMENTS 

' 
f Vf.R:ilON , 
1ot.sC~IPTIOl'-J , , 
' 
IAUTt<tqR , 

lilOP• 11 

~APER TAPE. CO~FI~U~AT!UN IS MINIMUM 
~192 wOROS MfMO~Y 

P•L.~11s cu~ MAC~U-11) 
~INK•11S (0~ l.IN~•lt) 

f""P"1P•11 

vt.RSION l.E.~El. 1 
.... TCH L.t:VE'9 A 

fl.OATING PUINT MAtH PAC~AGE 
~l.US T~AP HANOLEM 
l~L.OATlNG POINT SU~ROUTINES TAK~N ~ROM 
UOS•l1 FORTRA~ I~ UTS) 

t. PETt.RS lTMAP HA~O~EW & PAC~AGE 
lN1 EGtiUTlON) 

•uGuST, 1972 

COPVRIG~T 1972, UI~ITAL E~UIPM~NT CORP., 
MAYNARU, MASSAC~USt.TTS ~1754 



F"PMP 11 FLOATlNG POINT & MATH PA MACRU Vk~4~14 ~7•StP•72 11143 ~AGE 4 

1 ID00IO~~' 1CSECT 
2 
3 CONOITIONAL.S TO ~ENEHATE THE STANDARD PAC~AGES, 

4 ,IFOF SINGl.E.J ~l~GL.E PR~CISION P4CKAGE7 
5 001.HHH CNOS2•1 IUOR,UBR 
f) i0000k11 Cf\10S3P1 'AL.Oli,AL0~10 
1 k3001d01 CNDIO 1 iAINT 
8 000001 CNOS6•1 JiCMR 
g 0001d01 CNLJS18•1 ;sovR 
10 ~0(11ic101 CN052011 ; EXP 
11 0001'101 CN0'3f&1.l 1 ISML.R 
12 00121~01 CNOU7•1 I SIN, COS 
13 0001d01 CNO:USl l ITANH 
14 k'0011101 CNOU;11 I AUN, ATANi 
1 :> 000~01 CNUS41•1 ISQRT 
16 ldl60"101 CNOU01 
17 lt1001tl01 CNOS4ei~'1 
18 ,ENOC 
15~ 
2~ ,IfJ'DF UUUSLt.E• UOi.JSL.E PHECISION PACKAGE? 
21 000~01 c~ou • 1 I UDO, S!BO 
22 000001 CNDS~111 ;scMD 
23 ~~0001 CNDS10•1 J OL.OG, L)L,OG 10 
24 000.,Qll C:NOS13'1 JOSIN,OCOS 
2 !5 0f601401 CNOU.01 I OSQFCT 
2b 0001d01 CNOS1~U•1 IDATAN10AHN2 
27 000001 CNOUe•1 IS0\10 
28 lcHHHHH CNOS19•1 IOEXP 
29 00011101 CNOS2il 1 llMl.0 
31d 01d0v.101 CNOU~• 1 Ill.OD 
31 000h1 CNOU7•1 l!STO 
32 ,ENOC 
33 
34 ,IFOF" S1 NGL.E I OUUSL.E 
3Ci 00~001 CNCU• 1 1$0Cl,5RCI 
3b 011!1001d1 CN0t9'1 ISECO,SFC01SGCO,IO~O 

37 000001 CNIJS31•1 ISNGl,SNGlii1SNCID 
38 000001 CNOU2• 1 ITIOPH 
39 ,fNOC 



1 • H·or-· CNOsJeJ TANH? 
2 !000!0({; 1 (;NOU•t 1 UDR, SSB~ 
3 {Ci'.H'.10~ 1 c~oua-1 •~ov~ 
4 IC~~~01 CNU.a20•1 I t.X p 
5 ~~~l()\11 CND\21•1 I VC.:AL.I. 
6 W"~~~~ 1 CNUaJ0•1 13!"1LF( 
7 k'l00k.1~ 1 l:~L.1$32•1 15PSt'l~J 

8 • t"'OC 
g 
10 .IFNl,Jf F'fo'U 
11 •HOF CN01J1c~u•20,CNQi371C~OSJ9 
12 jjj~~IO~ l C:NOS2•1 I UDR 1 ISB~ 

1J ~00~!01 CNOUlll 1 :\OV~ 
14 k"-'~"ei 1 C~UU0• l J.)MLQ 
1:, ,If OF CN05J7J .s 1 ~, cu::n 
ltS 0~H'!~~ 1 CN0.t01 JUNTR 
11 .c.~oc 

18 1ENOt 
1 !il .lFOf CN0\1~1C~DStJlCND5151C~u•t~ 
20 ''"''0!d01 C~l.111•1 1 UOU, ISBD 
21 ~hH1lll~ 1 C~l.IU~•l l>OVO 
22 ~ia0001 CNOS26•1 ; SML.0 
2~ ~~0~e1 CfllUS3JS1 l~POPR4 

2• .IFOF' CNIJSlJJ LJSIN,OCOS? 
2~ 0'60V}~ 1 CNUU1•1 ''OlNT 
26 .t.NOC 
21 ,ENOC 
28 I I ft OF t:NlJSJ 1CM.HI10 I ALOG OR UL.OG? 
2§1 ~~~ki01 CNl:ii21•1 IUR,slo 
30 ,f.NOC 
31 • HOF CNIH 19 ! CNO:i2~ I t)P Olo( QtXP? 
32 ~ "1Vi ltHH C"LJi271ll I Uli(, UO 
JJ v.'! IC.h"I v1 v) 1 CNUSJ0111 lt.RJ,.\Ul 
3' • t."'JC 
J:, .l .. JF C"'t)\14J lJ s I~~ T 7 
36 ~li:.hHH~ 1 l.~U\1•1 I UDO 
37 ~i.1fA~~1 CNlH1flll1 , !i)\10 

3 tS • f:NOC 
Jw • Huf- C ~Ha 41; !:>tHn? _, 

4~ ~laY.'~01 C~O.i2•1 I 1f. 4LHl 
41 ~~~~1!11 tN0\18•1 i$llV~ 

42 I C.NJC 
4J ,t;NOC 
44 

·~ I l .. U .. CNL> i4!3 I fL.LlAl1 
4t.i '3 ~ ~Hle 1 C•·JIH27 q ;;ty~,:JoilU 

47 11H1f1.~01 Cf'llL1i3Jc 1 I ii?(JPioiJ 

4d I f:."'l)C 
4!il ,!FJF CND$4';> 1 (.i'-IUS:;?OJ ffh, INT , OR l O PJT? 
t»~ ~~Qliar.1 CNu$J~;;l l!io(I,\01 
ell ,ENJC 
52 .lrDF CN!HJ~; AT41'-! Ok •TAN2? 
5J ~11rnk'~1 C~OiJJ:1 IPOPR3 
54 • C:"4JC: 



1 
a 
3 
4 

' 6 
7 
8 
Q 

u 
l1 
l2 
u 
14 00000 

lei 00008 
U UlOU 
17 0100U 
18 0io0U 
19 000u 
u "'00a0 
121 "10022 
22 000iU 

23 011Hl1~0 

24 000..t• 

2t5 1tH0040 

215 000•• 
27 0H40 
28 01dl000 
:zg 0uoa 

J0 00006 
~ 1 0!0000 

"" 32 0f00U 
JJ 0140ti6 
;u 00070 

3~ ~H74 
J6 0H7e 

37 ~k'1I02 
38 00 U• 
3!.1 1iHHld~ 

40 tdU 10 
41 
42 ~"' l u 
43 ~t1114 
44 d01Ui 

4~ llli01U 

HliH000 
0001d~ I 
!a001ll02 
i100fai'3 
0140004 
I000I00C5 
fr:IHI008 
000Wl07 

uuee TRAPHI 
0000,., 
000!002 
ro0150.,e 
"1050 
010•0 
IOlta~O 
0ua•e 
IUUO 
"UlU6 
U15U3 
00002!0 
04a7U 
f000IOU 
~l0U7 
inne 
U6b"'1 
000.01e 
U~l00 
01004 
01214'13 
ru210• 
117700 
008'.\04 
01604 
000e>0~' 
001~e>6 
0104~2 
04270a 
100ei111 
060702 
032704 PTl421 
040il0k!J 
0io1C)1• 
UblrdJ 
u012a 
1~3k'l04 

~1fi:\~0Wl 
062b0~ 
I01'1f>6b IJPl.:$4~1 
000~1t> 
"1127111~ ST~i42C 
0ilJ04A"'' 

•Tl TL! THAP02 
• U"D' CNUS42 
.G~OBL THAPH,SfHRA 
T~E ,PMP•ll TRA~ HANDLER 
R0•U 
Hllll 
Hawn 
RUU 
RUU 
fiCSIU 
IPU& 
PCU7 

SIC 

CL.M 
MOV 
MOV 
MOY 
MOV 
MOV 
MOV 
l'-10V 

ilt 

MOV 

MOV 

MOV 
MOV 
MOV 
UC 

ASL 
MDV 

SEW 
MOV 
BIC 

ADO 
ts IT 

•CIPJI 
FtD,•tSP)I 
R4,•tSP) 
~"'•t&P> 
Rlii1•\8P) 
R11•\lfl' 
Rk'1•lSP) 
H (SI'), HO 

#20 1 HU 

FU,f#17777U 

lb(Sti'>,~ll 

R1 ,F~OI 
•tfi~P,RAI 
tu, R~J 
•111100, ~o 

RO 
Tttl..1412 (~4), IU I 

EWRS42J 
R•,~~J 
#lOI000,MU 

PC,f~2J 
#40000, W4 J 

BfQ N•US421 
kOL.8 RJJ 
BP~ Pl.M!42f 
BCC 5Ti<s42' 
... EL.ATlVE MQQC. 
MOV R~ 1 RIOJ 
ADO (~~)+,R~I 

MOV R0 1 lb(SPJI 

MO\I 

C~tAR At.~ USER COND COD!I 

SPACE FOM AOOR ~OD! 
&AVE THE R~GISTERS 

G!T USER'S STATUS WORD 

CL.fAR T•~IT FOM US 

ESTABl..ISH AS CURRENT STATUI 

r;n usu~' s PC 

COPY USE~tt; PC 
Pl~K UP TRAP lNSTRUCTlON 
COPY 
CALC TASI..~ INOtK 

TIMES TWU 
GET UBL.t. t.NTHY 

ERHORI NU tNTRY IN TA8~E 
COPY TA~~E tNTRV 
Ct.t. M~ ,.,OOE e 1 rs 
RE~OCATE ~uUTlNE AOOHESS 
AOORtSSING REYUlRED 

eRANC~ I~ NONE ~EQUIREO 
TE5T OP~~AND AUOR~SS MOOE 
s~•NC~ I~ dIT 6 EQUALS ~ 
BR~N~~ l~ •R0 MOOE 

CIJ~V iJSt:.~ ':; PC 
CA~C ACTUA~ OPC.~4NO ADU~tS~ 
UPD4TE u~E~•s PC 



TIUP02 MACtoiU VR0A•14 07•St.P•72 1114\t PA(if 6• 

4fj 0ftl126 '1H7et4 TST R41 SlNGLt OR DOUBLE? 
47 0IOU0 H2403 61. T ST4S4U BR•NCH l~ DOUBL.E 
48 0~Ua 005U e Cl.H 'fof fS' c~t•~ 1.•~T 2 wo~os OF 'LAC 
4g 0~U4 Hf51"4 :5 CL.k •CHCil. 
50 0Uh 0!05725 TST (Rts)+I INC:R Re 
51 ~0140 0110•6 ST4S42 I MOV ·~e,•cSPJI PUST T"4E Fl.AC 
S2 ia01•2 !014545 MO\I • t~~l, • lliP) 
5~ 10l0144 010'6 MOV •CR!l,•C5P) 
S• 00146 "'1 •00 MOV wCR!i,•C~P) 
55 0k'1 :t0 0iH5704 TST R41 SINGLE OH 00U8L.E1 
5e 00102 002402 SLT ST61421 8RANCM I' UOUSL~ 
57 0f0l LU k122020 CMP (R0)+, (WIO)+J lNCR R0 SV ' 
58 0(0106 ~00404 Slit OTU42 
59 0ue0 U2701d STU421 •oo #8,,W0 

0ilrt10 l 0 
60 0ue• 01046 MOV •CR0J,•C~P)J PU~H OPt.HANO 
61 00106 fU4tdO MOV • ( ~ 0 l. , " ( ~ p ) 
62 00170 014046 0T~S4~1 MOV •tFHH,•C5P) 
6i) 0017a 01'U5 MOv • CR0l_ 1 • C~P) 
64 
ee CAL.I. ROUTINE IN POLISH MOOE. 
56 TMlS lS NOT A STANOA~D POL.ISM C~l.L 
(S 7 IN OHO~R TO HEOUCE OVERME•O. 
H eJU74 012704' l"IOV #AORIA2, WO ADORESS OF RETURN ADO~ 

t1002":i? I 

es 0(02k10 000112 JMP •~2, CAl..L. SUBHtJUTlNE 
70 ld0202 000~0•••0~54~1 ,wo~o ,•2r RETURN AOnli<ESS 
71 ' NOW POP ~t!SUl.T TU Fl.AC 
72 002k24 01271i15 MOV ·~•c142,~e1 •DUR UP'' f ~AC 

01604Ja• 
7J 002u 012&2~ MOv CSP)+, CR~l• 
74 00212 012b20 MOV CSP)•, CR:))+ 
n; 0fd2U 012b2' MOV (SP)•, Ck::f J • 
76 ia02 u 012625 MOV (SP)•, (HQ)+ 
77 002a0 ~11700 RETs4~1 MOV •PC,1'<0' MA~E H0 f"OSITIVE 
18 00222 0127~5 MOV •F•C142,~~I ADOR OF f L,.~C 

000432• 
7g U2~6 01iH5725 TST (RS)+J TEST THE fl.AC 
821 01U0 kl"2 410 l:SI. T Nt:GS42J BRANCH Ifi fi'L.AC MINUS 
81 ~0U2 111Ul01 i5 SGT PL,SS42' BfiiANCl't I' PL.US 
82 un• 00e1215 TST (HIS)+ 
83 0ilU6 001011 i:SNE P1.Sl42 
84 00240 fllrtJ~12eJ UT (RfS)+ 
85 002•2 00U07 BNt. P1.U42 
H 00244 00e12~ TST (~5)+ 

87 ~0248 001~0:1 6NE PL.SS42 
88 002:>0 lt!W3e.00 CL.Iii RU FL.AG f'L.A.t; AS ZE~O 
89 002:>2 01iHS400 Nt.tl!i42 S NE Ci R~I Ft.AC IS NEll 
90 l.1fdi,4 0!537CS6 CMt'S421 sis U177'7bd~1rHSP) r SET USERtS CONUS 

177776 
00t4020 

!H 140202 '1\1!§70!0 PL.~5421 UT IHH SET CONO CUOES 
'12 00204 i012600 Cti1U4'al MOV (~P)+,R01 RESTOME USt:.RfS REGS 
P3 0iH?ti6 0126"11 MOV (SP)+,Rl 
g~ 01270 "'12002 MQV (SP)+,R2 
go 0k1272 012e;0J fllOV (SP)+,RJ 
96 0027• 012e0.:i MOV (SP)+,R4 



g1 0io21e 
ra 0uld0 
gg iald302 
10~ '63~4 
U1 03~'5 

102 ld312 

11d3 IOJ16 
1~• 1aJa0 
ue> 111~c2 

~3J4 
ldJJb 
~J40 
"'342 
lt.1344 
0J4t:i 
lt'lJ:)0 
"'J::')2 

1t1l200~ 
lr.11lH572fi 
l.HH4U 
100k10ti 
li11206Ci 
k1~01Ak1ei 
~12bet; 

la~lt'lk?0c; 
1{)22'>20 
~001t1~2 
k:IUbbb 
Ill rt! llll00 2 
V112t>6ri 
0~0"102 
ltHHH,02 

k'k'l4~12 
~121~~ 
lt'lllll!432' 
~hH:12e5 
~1~125 
01~~20 
01~~2~ 
0007U 

MOV 
lST 
BEQ 
~PL. 
fitiQV 

MQ\I 

Ct-1~ 
li<Tl 

RTltS421 MOV 

MO\/ 

~OUTI~t. 
JSR 
MQV 
.1t10lifO 
MQV 
MOV 
MQV 
MQV 
~R 

(:»P)+,RO 
(SPl•I 
RTIS421 
Rf 25421 
(l:iP1+,6(~~)1 

(:;P)+ 1 6C~P) 

CSP)+, (S ... l+ 

(SP)•,2CSP), 

(SP]+,2C::SP) 

lU MAKE J5~R 
R!'},fl'<2J 
(liC)+,R~I 

~ACi42' 
~"'' (~!5)•1 
~1, ('1!5).t· 
R2, (l'iO) • 
R3,(t-1!5)• 
Mt;;Ts42J 

, MQ~E MOOE CH~CKING 

l 07 
1 ~ij 
hl9 
11~ 
111 
112 
113 
114 
115 
1 l f) 

117 
118 
11 !1 
12!0 
121 
122 
123 
124 
12 :j 

~3~4 1~3~1~ P~Mi4~1 , bC:C STMS~21 
l"1M!.OlATE MOVE 

12e 
127 
1~8 
1:-Ht 
1 J el 
1J1 

~3=>6 

lc1Jb0 
~Jb2 
wl3b4 

(OJ70 
.,372 
idJ14 

1JJ VJ41ill 
1.34 ~•12 
1Jb 0414 

13b ~4&0 
1J7 

IO 10!) 1.H1 
ie",H)/~4 
002"'V'3 
~52100 
liHH?J0U 
~0lijo!)a 

~~2~2~ 
~00b00 

~H'1b~~ 
f1H)2/lllit> 
~00k12c 
~1'1~ct:>o 
l.1~01'114 
k10till(J4 
V.11C22'4J 
ili0546b 
~H'lll~14 

~01t,b40 

PL1S42& 

, 
STMS421 

MOV R~ 1 1(iOJ 

TST R41 
BGt PL.1S42J 
ADO #6.,toi!5J 

BR 
C,;MP 
BR 
STACK 
f"IOV 
ADU 

INC 

lSl 
bGt 
Nl:,G 

U~C$42 
(H5)•, (~!>)+J 
UPC$42 

MOOt:. 
SP,RIO 
-~2,f"(01 

141(S~)I 

~41 

ST!<S42J 
14(Sr>)J 

TfiT 1, ST•CK MOOE 
N01 SO RETU~N 
BHANCH I' SINGLE PREC 
POP un~' oc;, 

I RE:. Tl.110• TO USEk 
POP T~O wo~O AR~, 

CAl..l..S 
CAL.I. SUtjWOUTlNt 
PIC~ UP •OOR or F~AC 
AH~ AUO~tSS (FLAC) 
STU~E kESU~T INTO Fl.AC 

GO DO STANUAHO ~ETU~N 

AODR 15 ust~·s PC 
SINGl..t O~ UOUSLE 
B~ANCH H SI~GL.t 
u~o• n. uaEP't 's Pc 

UPIH n PC 

SlNul..t o~ UOUSl..t? 
l::H<AN~H Jr ::tlNGLE 
n.AG lJOUl:IL.t 

138 ; t~RuHI ROUTI~E NUT AV•lLAB~t IN ~A~KAGt 
1JQ ~·~2 ~0~1d'1.,, 
1'4¥!1 it14ii4 ~"14bt;7 

141 ~4J(i:) 

142 

v~tJbt> 
~fi:h~ 77 4 

tRH,425 C~h R~1 SI~~·~ T~A~H fR~O~ 
JS~ ~~ 1 iC~~AI M1 POINT~ TO dAP f~AP INST~ 

143 1 ~~U4Tl~~ ACCUMU~ATQR 
144 ~·~~ ~~~~~~ ~•~S421 ,~OQO 0,~.~,0 



T~AP02 MAClo(U Vfi~4w14 07•St:.P-n 111 4 ~ PAI.It ~· 

iUJ4 ~0"110lt!~ 

IUJC ~1cHIJfll~~ 

"4•~ ~0~~~it' 
14:; .1 F Ofi CNUliCI 
140 ICOMPAkLSUN 1-·uoc;t:. 
1 ·'1 ~·•2 ~12704 CMP<$4~& MOV #CA~a42,"41 •uO~ OF Wt TURN 400R 

~~I/HA 4 ~ 2 I 
148 IU46 10 icH:' 1 Cl 7 JMJ-1 SC: MR 

0~~b66 

14Sil ~4=>2 ~~!114!J41L.Al'(54~S • i'llJRL) ,+2 

1 ~"' (d4l)4 ~~3/t;t; BIS u111116124 csi;i) J St. T USE~ CO Nt) 

177770 
~"'~~24 

1::; 1 0402 "a2e:i20 t.:r-1P (5P)+,(S"1)+J POP STACI'\ 
1 :J2 ~4b4 it100b71 b~ CM1.J42 
1~3 ,ENOC 
1~4 

1 !>5 ,IFOF CNIJ~:i 

1~6 0406 klU?/04 CP•HJS4:l I MOV 'fCAL);)42rloC4 

fe00410t 
1~7 U72 kHiHH 61 J"1P 5C Mu 

'1?~2~44 

158 u1e 1110~11!!'.')41 t C AUS42 I 1 lllORD CMf $42 
1 e>g 1ENOC 
160 0400016 PMODE.•4~000 

161 10~0~~ OMOOt. • HHH:1"'~ 
162 ldei00 0011'.100~ TBL.$4WI I illO~O 0,0,~,0,io,0,"'"' 1~·1 

ld~02 000"'"'"' 
0!504 ~HH'J 11!00 
~~tab 00~k:J0IO 

0e10 0001tl~0 

0~12 ltHH:H00~ 
0~U "~0~0~ 
0e1b 1110~\00~ 

18J 0~a0 0~000~ 1 1110RO 0, VJ , 1h11 
kH5U I0001Z101d 

184 , Hr Of" CNDSis! 
16~ 0~;.?· ld41712 I itlORD oo~·PU42•PMOOE 11~ 
166 li!l5i6 -'41706 ,wORO UBR•PU42+,.MOUE HJ 
U1 ,ENOC 
168 ,lFNDJ"' CNO~C! 
15g .~o~o 0 I fa , 1:i•13 
170 ,ENOC 
171 ,IFOF' CNL)Sl 
172 "'eJ0 141db0b I tiriOMO 5AOO•PT$42•PMOO~•DMOOt ;i4 

173 1r1e;J2 i•0be2 ,..io~o $SdO•PT$42•~M00t+DMODt IP 
174 ,ENOC 
170 ,1,."L)~ CNO!l 
176 • wUt'tU 0, id 114 .. 15 

171 I l::r'4 i.) C 
178 , IFQF CND:i::> 
17g 0C)J4 1•1.1J7id • itjQll10 CMU,42·~T$42+PMOOE•OHOOE 116 
180 ,ENOC 
181· • H' \,l[')f' CNLJ$0 
182 • ·~Ui;(O ~ , 1 ti 
18J .Et'IOC 
1B• .!FUF CN[.aO 
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us 0e11e e•U•4 1wORD CMR1•2•PTl4R•PMOOE 111 
185 1ENDC ,,., 1ll'NOJr CNOU 
188 1WCRO 0 111 
U9 ,ENOC 
l '10 ec•e 000000 1WURD QI I 2IO 
1'11 ,U'.OF CNDU0 
1'12 n•2 ro~70U ,i.iORD IMLR•PTl42•PMOOE 121 
1U , l:t<llDC 
&9• , U* NDf' CNOU0 
&95 , ~ORD . I IU 
1'15 ,ENDC 
197 ,l,OF CNDSi8 
198 iae•• l~6Ulll I "'ORO IMLD•PTl•2+PMODE•DMODf 12a 
& 99 ,!NDC 
200 ,lf'ND' CNDU8 
20& ,wORD e 122 
202 ,!NOC 
21H ,ll'DF CNOUe 
204 0546 uuu I WOlitD IOVO•PTl42•PMOOE•OMOD£ 123 
205 ,I.NOC 
arae 1lFNDF CNDIU 
207 .~ORD 0 IU 
201 ,INDC 
209 "5D0 000000 ,WORD 0 124 
2U ,lf'Ofl' CNCSU 
211 0502 0&Ue0 ,WORD IDVA•PTl42+PMOOE , 2 Ci 

212 1lhOC 
2U 1 lll'NOf' CNDSU 
2U 1 lllORD 0 120 
2U ,!NOC 
2U ,I,OF CND$4 
217 HS• HHJU ,wORD UNT•PTl42 IU 
au ,!NDC 
219 elfiNDF CNOl4 
2H 1 WORD ii 120 
2al 11!NOC 
222 HU H00U 1 wDRD e,0,l0,0,~,0,0 , 21.35 

(r.HU50 0H00fd 
0eo2 0001000 
000• 000(000 
Hie IOUUltJ 
01570 000000 
ee7a ro00000 

223 ,U'OF C:NOU1 
22• 0974 !0171 !O ,WORD SlN·~Tl,a,cos.PTS42 , 30.37 

ldf>18 017132 
225 ,ENOC 
226 ,IFNDfi' tNDU7 
227 ,wu~D 0,0 f3h37 
2~8 ,!:NOC 
22~ 1IFO' CNOSU 
230 ene u1se4 , 1'110~0 OilN•PTS42+0MOQ! , 4!0 

2U rD6U U7D1t> , 1140~0 OCOS•PTS42•DMOOE , 41 
H2 ,!NOC 
2U 1lFNDI' CNDSU 
234 .wo~o 0,0 140••0 
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23~ ,ENOC 
235 •I f'OF CNOs"g 
2.j7 HU 1t12Ut52 • ~OiilO ATAN•PU42 142 
2U aENOC 
239 , IF "'ID~ CNOU9 
2"110 .1110~0 0 
24l at NOC 
2•2 06-'6 0'1HHHH'J • WUiilO 0 ,._, 
20 .HOF C~DSUI 
20 0810 1110111id I il'URO OATAN•PT*42•0~00E 144 
UD .t.NOC 
246 1 lfiNL>f" CNDSU 
247 1 lllURO 0 ,4. 
248 ,ENOC 
2•9 0612 00~000 , wCJRO 0 145 
25!0 1 lFOfi' CNUS41 
251 061• 021oe2 1 1110QO SYRT•PTS42 l4t:i 
252 ,ENOC 
253 • n·~oF CNOS41 
204 ,wCJ~D 0 148 
255 .E~OC 

256 ,JFDF CNOU• 
257 0fH6 110J56 , wo~o OSQqT.PT'42•0MOOE , . ., 
258 ,ENOC 
25~ ,IF~OP' CNDU4 
290 I i.iO~O 0 141 
261 ,ENOC 
252 1 lf'iOF CNOIJ8 
263 106a0 02"'J~b .wORO TANM•PU42 , ~"' 
26' ,ENOC 
265 I IF NOf" CNOU8 
2U .~ORO 0 150 
281 ,fNllC 
258 1lfiOF CN01il2l 
2ng ld622 014415(; .1110~0 EXP•PTUi 1~1 
27(0 ,!NOC 
271 aIFNOf CNL>Ut'J 
21~ , iliORD ~ nn 
273 1 ENOC 
27• 1 lFOF CNDU9 
~ne 0624 1136 ta ,wo~o Ot:.XP"PT542+DMOD! 1sa 
276 ,!NOC 
277 .IFNO, CNL>U9 
218 1 WORO 0 1~2 

219 .ENOC 
280 ,IFo~· CNIJU 
281 0ti26 ro024~c 1 ..iOlilO AL.OG•PTS42 l~J 

282 ~U0 rtHti24•e, ,wo~u AL.OG U•P T U2 154 
283 ,ENOC 
2U • IF NDF CNUU 
280 ,wo~o 0,0 I 5J.54 
286 ,ENOC 
287 ,IFOF CNOSU 
288· 06~2 1I06056 ,wo~o DL.OG•PT$42•0MODE I 5:) 

28'1 I06J4 106~52 ,wo~o UL.0Gl0•Pfl42+DMODE 'et> 
2,HJ 1ENOC 
2511 1 lFNOIJ CNOSU 



292 
2g3 
2Sil4 kj6Jb I000001iJ 

ID640 1'100!000 
~6•2 ~I0~00~ 
11HS '4 iJ irHH:H:H1 
~e;;ie n00r.0 
'H5 0 0 lch'l 0 iUHo 
~6~2 ~~000k:J 
~604 ftJ0000~ 
0tj~fl) 00~000 

0eo0 ~0P1ra00 
2SH5 
2gs 1t16ea ki6114CS 
2!il 1 
2ge 
2g~ 

301d 
301 
ua ioe;t>4 tet761d 
303 
314' 
305 
306 
307 
Utt id606 t'1621d01D 
31Zli 
310 
311 
ua 
313 
u• 0e70 uaro~• 
315 
ue 
311 
318 
31; ee1a 000000 

0614 00000QI 
0615 000000 

U0 
321 
U2 
323 
u• 
325 
328 
327 
328 
Jag 
,Ufd 
331 
3~2 
J33 
334 
3:JCS 
JJ6 
337 

0001d00 
ld00001 
00~~02 
0~00"'3 
000004 
000'10~ 

, , , , , 
' ' , 

,wo~o 

aENOC 
1 WORD 

, 1p;·o11 CNOS44 
,wORO l~OR•PT~42•PMOOE 171 
a!NOC 
.If'NOI' CNOl4• 
,wO~D 0 J71 
1ENOC 
1 H'OF CNOS45 
,~ORO S~OD•PT142•PMOO!+OMOOE 11~ 
1ENOC 
alFNDI' CNDS4t5 
,wORO 0 11a 
,!NOC 
1IFOF CNOS45 
,~ORO liT~•PTl42•PMOD! 17~ 
.E~OC 
1Il'ND' CNOS48 
,wo~D 0 J7~ 
1iNOC 
1I'D" CNDS47 
.~ORD llTD•~Tl42+P~OD!•OMODE J74 
1!NDC 
1 ll'NDI' CNOSO 
,WORD 0 174 
1iNDC 
.~o~o 0,1,0 11,.11 

,!NOC 
• n TL.! UDOlOe 
, 1,oir CNDU 
1GLOBL SADDrS&8D,SEMR 
IAOO •~• TMt DOUB~E PRECISION AOO ROUTINE 
UDO V005A 
COPYRIGHT 197111~12 DIGIT•L EQUIPMiNT CORP., MAYNARD, HA 
ADO THi TOP ~TAC~ ITEM TO TM~ SECOND ITEM 
AND L!AVE TMt SUM IN THEIR ~LACE1 
sse~ ••• TM~ OOU8LE PHECISION SUBTRACT ROUTINE 
SUBTRACT TH! TOP ST•CK ITtM FROM TH~ SECOND ITEM 
ANO LEAVt THt Dl~FE~ENCE IN PLACt Uf THEM 
Rruu 
~101 
~2•X2 
R3U3 
~OU 
R!••S 
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UI 000~00 SP•~6 
u; 0tl~I007 fi>C•U i•• 10~0021e •1•6 
Ul 00'10U ~1•8, 
ua 000012 C1•10, 
U;J 000014' 1)1112. 
U' ra00.,1e A2114, 
Uet 011Hhi20 l:ta•lb, 
346 111~~~2~ C2•18, 
U7 fiHHH,24 02•20, 
U8 0'100~id SlG114SU 1 

Ui 177~~4 MQ• 177JrU 
3lH 171~12 NOH•171312 
3'1 177~14 l.SMl177J14 
ua 177316 4Sl"l•177Ub 
3153 000~00 F0•Ull 
JU 01i00 1DU71 e u•oa ADO •U0IOL'IM,, ISP INEGATE TOP STACK ITEM 

Ul011:10-' 
~e55 1 lFDF'. FPU 
ne UIJO I ,wo~o 170U 1 ''SETO 
351 .~o~o 172426 I' l..DO ($P)•1F0 f GET OPERA NO 
HI ,wo~o 17212126 114000 (SP)•1F0 f AOO 
Hi ,wu~o 1704~ 1 I STD F01•CSP) JSUM "TO S'T ACK 
HI JMP fCR4l_ + 
3U ,ENOC 
Ha 1 1FNOP: FPU 
H3 uu k'1044'6 SAUDI MOV R41•tSPJ 
JI• 0705 010~45 MOV R~,.~SPJ 

HS 01U 00~0•6 Cl.R •CSPJ PCL.E•R SIGNS 
3H 117U n~00• c: I. Ji( R4 'CL.EAR !XPONENTS 
H7 .t7U IOliHH"00 CL.H ~b 

HI ~7U 00eae,e ASL. 01(8~) ISrtI'T OUT SlliN OF TOP lTEH 
000014 

U'1 0722 00fS1615 ROL c 1 c 81'1) 
000ru2 

3711 k'1i6 00tnees ROI. 81(5~, 

'400010 
371 07U He U6 ~OL. Al (SI') JSHIFT u 

0l1H1'°U 
ua 07U H>6tlia4 61&~ A1•1~SP)1R4 IGtT El 

000li007 
373 0742 0014U 8£Q AUU JJUMP IF ZE~O 

374 !074• ueue ROL.S UP IGET 51 
37& io1•e 006~66 ASL. D2CSP) ISHIF'T OUT SIGN Op- S£C0ND ITEM 

1c10002• 
375 07~2 006169 ~OL. C2 (Si'1l 

000"'22 
377 070b roioe15e kOL. B2(Sfi) 

I000Vl20 
;)18 oe;2 006166 ~OL. A2(SP) I SHIFT A2 

~00ft>l5 
37~ 0706 1~ee>0~ t:ttsd A2•1,SP),R5 ICit.T E2 

kHHHO 11 
3U 0172 ~k1 UJ~ l:P~ t. A:lNU JJUMP lF NOT Ill 
381 0174 ue11::116 ROkrJ UP I RECONSTRUCT Al 
382 0775 ~H06l065 ROH AlCSt-') 

rald~0~0 
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383 10142 01C6I066 kOM B 1 CSP) 
~l1hH11 ~ 

384 1lll IC2 b ~0ts~~o ROR C1CSP) 

"""'""' 12 380 1 k'.112 ~Hll6~tse ~OM 01 CSP) 
~ld0I014 

3&o 1ic1 e 1t1166tso MO\/ A1(Sl-'),A2(SP) JFIRST A~G T ll TOP OF STACK 
160"1"106 
01i:HHHl'5 

387 U24 v.i 16666 MO\' t:U (SPl ,t)c(SPl 
~00IOU 
~Vj0"20 

388 10~2 ~16beo MO\/ Cl CSI') ,C2CSP) 
"00U 2 
~H1'0022 

39g U40 ~ 1 t;tH;e ~0\1 01(Sli'1),02 CSF') 
0"''111114 
~"~024 

39wl h14f) 00~12e •1ts11 TST (SP)+ I FL.LIS~ SlGt-.IS 
J!H UH)0 000167 JMP OUTi1 JO ONE 

rdltlfc.147b 
H2 1"11)4 1ia61b6 •2~51 I ~OL.d S1CiN~+1 (:SP) J Gt. T 52 

~~00U 
3~3 H:l00 112766 MOV~ #1 1 A~+1tSP) II~St.RT NO~MAL. i:UT 

1i10011HH 
~11101.111 

3!iil4 U"b 1127bt5 MOVB #l 1 A1+1 (SP) I I~Sfll(T NQl-(MAL. BIT 
lfll00IO~ 1 
0kHH10 7 

3" ::> 107• 1C> VJ 4 '~ ;') SUB R4,~=> 1~5•E2•E.1, R4•E1 
3~15 1076 003011 6CiT EX All IJUMP 1 F' t.2>E1 
3g7 11 ld0 ~16bld~ MOV A2CSl'J,F(id ,~~·A2 

rd icH1'11 0 
3QB 11u k116ti01 MOV t;;.?(SI"') ,f-'1 •~1•62 

~0~Hnd 
Jg~ 1110 ~16D"2 "10V C~tst-),~2 

IOld0"122 
4it>111 1114 v.i 1t.iO11'1 J MQ\I 02(5~),RJ 

k,1[()0.,24 
401 112~ k1~k'427 BR SCKU 'c; 0 CHt:.CK SIGNS 
402 11~2 ~ei0!:)04 Ex AU & AOO ~O,R4 IR5•~2•E1,~4•t2,t2>~1 
40J 11~4 w.H tH>0 ltl MOV Al(Sfi'),i<_, Jf(IO•Al 

~~~ltl00 
41(.14 11~0 "160'11 MQ\I ~l(Sl-1),ld PU•~l 

~00!01V'J 

4ia~ 11 _;4 I01~6~2 MOV Cl(Sr') 1 iii2 
fl:l1,H1~12 

41t:HS 1140 Vi1t;bt1J MQV l.)1(51-i),~J 

fc10~~14 

407 1144 k116b6fiJ MQV A2(Sl-1),AllSP) 
0~01t:l1b 
~IO~li11t6 

4~8 11 ~l2 ~160t>o MQV tj~ (SI-'), bl (SP) 

~~0"'2111 
VJllHH11~ 

4~g 11b~ ~160bh "'10\1 C2(Sl-') 1 C1CSP) 
~ic::l~v1U 
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~{d~l612 

410 11 '»6 ~16bts6 MOV U2CS..-) ,lH tSF) 
ia00~~4 

~1cHH114 

411 1114 v:IWH~ J 1 t'!S ~111Ad fl SP 1t.XCHAf\,!Gf. ~IGNS 
4U? 1176 IOld041r1~ NECi R::> , t:.1 •E:.2 
413 12!0 el 12bbte SC"U: C:MPF3 SlGN~+l(~fJ),fSP JCUMPAR~ SlGNS 

10lll~kl01 

41• 12!04 llf"1412 tH.1.11 ECIU l ITrlP:.Y'RE 11''1t ::; A Mt• CHECi< EXPONENT 
41~ l2106 01.'l~40J "'e: c; ~3 I NEeiATt. OPtlllAi\jO 
416 1210 0~5~~2 AOC M2 
417 1212 l!'lde>:>~ 1 AOC Rt 
418 1214 1tJVJ5t)eV1 AOC. ~Id 

419 1216 "11~4~~ ~EG M2 
4 :-.?v3 1220 016~::>~ 1 A IJ C: Jil 1 
421 1222 ra~!i~0r-J AOC ~HJ 

422 12241 "'~~4v·1 NEG ~1 
42J 121itts li!!05=>0io AOC "'11C.'.1 

424 12J~ ~H!~4vh? NE. l.:f l'lllt'I 
425 12J2 ~~~7~:> t:.Cl'\U I T .S 1 Rb iCHf:.CK t::XPlJ~t:.NT S 
426 12J4 k'!Vl 14b1 dE::Q St-OU IJUMP IF t:.1;if2 
427 12Jb ltl~27ia~ sn~ 11 C"1~ ··~7.,i;.(~ 1!5 lril~t hY POINT IN SHlf'"l1"4G1 

117107 
4c8 12•2 ~~J411 d L. t:. Sf'~ i l 1YES 
42~ 124• 10l6b0~ MO\' AlCS""),(.(IO JNU, HiS~E::t( 15 uPf::fUNO 

"1wH'l"1"'6 
4J0 1~0i21 ill 60'1 l l""OV 61(51"),kl ; ,,.1 Th l HC. l..A;(Gl:.w EXPONf:.NT 

~00111ia 
4J1 112 ~ 4 016fi~2 MQv c1cs.-,,~~ 

~~~ltll2 
4311! 120~ ~1b00J MQ\I 01($!-'),kJ 

"1kl~ld14 

4JJ 120411 00(1~~'14 fJ ~ 1\-vU,il 1 
434 12 t) 6 ld227~~ 5r-l-(U I C:MP ... d.d~5 ;C1'1tCi< .. Of bITS T IJ S~lfl 

17777-d 
4J~ 12,2 '1~3442 b L. t. &1-HU 1 IJlJl"IP lF NUl MORi::. THAN 112 illO~O 

4J6 .II" NL) fr MUL..OlV 
431 U2'4 ~~~lc.UO c L. i'< •~SF') ISET UP l:,Xlt:.N~lON t,; 1 Ts 
4J8 1 ;2 / b ~"'57k10 lST ~~ IACCORUl~l1 TO 1-1 I l.JH O~Ut.R F~AC:TIO~ 

4JW 1300 U:hHOP.11 ~Pt.. Sf' 1 ~ l I JUMP 1F ... 
440 1J~2 ~0~110 L:QM -~~ 
441 ,tNDC 
442 , H Of MUL.O!V 
443 lSl R Id 
444 'ill Ii~ l) V\0674~ ;; Sf: x • (SP) ll:XTt:.NU SIGN 
445 • t !<.Jc 
446 13~4 ~2~70::> SF U1: l,;M!-1 #111t16.,~b 

17716-li 
441 1~1~ '102~11 b 1. T 5lt>q ; J lJ ~1 p lF "J!;iT M (11-d:. IHAN A ~!.)~() TU ~l"il Fi 
40 1J12 ~10.~0J "10 v Re, I'(.) I ~1·41 r I A ~lJl•Hi AT A TI Ml 
44g 1314 '1101~2 !"';QV ~ 1, ... ~ 
4 :>id 1316 llll~~vi1 ,.1Qlt F(y-J,~l 

4 :j 1 1320 ~' 11 t> ~Id MQ\/ fl s p' I'(?- i u~t. I: )( Tt. i\J ;; l(l f\j 

4~~ 1322 0b2/l.';l!) A 0 l) 1:11r..,~: ;t.DJUST U~ONt.~ T 

~~lt'lt!l20 

4~J 13~6 ~~1Jeo ti ... t :SI- ltl ; l•H A(iA!r.. 

454 1JJ0 tl~ts726 T ,) ? r ~ ~ 1 "" ; O:'iJP t. )C Tt.N:, I f'N 



4H UU 01U4H 
450 
•51 110111 
08 
09 
480 
Ol 
•ea 
03 
U4 
485 
Oti 
461 
488 
09 
470 
471 
412 
.,~ 

47• 
05 
478 
477 
478 
41g 
480 1~~• e22705 s10111 

11777~ 
481 U40 003416 
482 U42 iHi27~5 

roHJU0 
~83 1346 005~0J SL-Ill 
o• uo0 00s102 
4U 1u2 00ehH 
05 UU liHUH00 
01 uae 0u116 
488 1360 UU05 
ug uoa erou11 
'"" us. ~uao 
01 uee 110102 
•;a u1e eurau 
•n u1a uatiH 
4g4 U7 • 001•07 
Ort 
•SJe 
4'17 St0S11 
498 
•gg 
500 
5U 
502 
503 
504 
U5 
SU 
507 
508 
5U 

SR 
.HOF 
CMP 
8Lf. 
MDV 
MOV 
"10V 
MOV 
~ov 
MO¥ 
MO\I 
CL.R 
"40V 
MOY 
TIT 
BIS 
MOY 
MOY 
MOY 
MOY 
MQV 
MOV 
b!it 
,ENOC 
,IFNOf" 
CP1P 

si...e: 
AOD 

ASL. 
~01. 
MOI., 
ROI. 
ROL. 
DEC 
BGT 
MDV 
MOV 
MOV 
MOV 
SR 
,!NOC 
I I''DF 
CMP 
BL.E 
MOV 
MOV 
'"10V 
,WORD 
MOY 
I ~URD 
MOV 
MOV 
MOV 
,WORD 
MOV 

SFDS1 ISHl'T IS ALL DONt 
UE 
#•J,M5 
S8All IJUMP IF NOT MOR~ THAN 3 TO SHIFT 
R4,•IP ISAVE EXP 
#MQ,K4 IPOlNT TO MQ 
R3,fW4 11.0~ ORDER PARTS TU AC,HQ 
Ra,.u~•l 
R5,•~LSM ISHIFT THE~ 
(H42+,R2 ISAVE PAHTlA~ R2 
fR.,H3 JLO~EST ORUER IS OO~E 
•M4 
Rl,•t~•> JSfT UP NEXT· HIGHER WORD 
Rs,t•L&H JAND SHI~T lT 
(H4)+ IPOlNT TO MQ 
fM4 1 H2 l'INlSH H2 
FU, •H4 
R0,•(R4) 100 HIGH QWOER NOW 
RS, f#UH 
(R4)•,R0 IHIGH ORDEW OONi 
•N4,Hl 
(SP)•,R4 
llJDU 

UE&f'lUL.OlV 
#•8,1R5 

88AS1 •JUMP 1F NOT MORE TMAN 112 WORD TO GO 
#16,1~5 •SMI'T LEFT 15•X 

R~ 'SHIFT ~EFT 
R2 
Rl 
R0 
HP 
R5 ICOUNT LOOP 
SL,8U 
Ra,R~ 
Ju, .. a 
RllJ,Ri 
(SP)+ 1 R0 
l,Oll ISMI'T OONt 

MUL.OIV 
#•3 1 H5 •JUMP 1F NOT MO~~ T~AN 3 TO SHIFT 
suu 
R4 1 fiP ISAVE EXP ANO SHlFl COUNT 
R~,.\SP) 
FU 1 R4 ISAVE Rl 
0730~~ 11 AijHC R~1R0 JSHIFT HIGH OROE 
H a., R ~ J SA \I E R 2 
073•16 II ASHC •SP,R4 ISHl'T IT 
R2 1 R4 
H:5 1 1U JR2 DONE 
R~,R~ ISET UP LO~ O~OEH 
0734ie II A.SHC tSP)+,H4 IOU LOw 
R:5 1 Ha 



uoo0e MACRO VAU•14 ~7•StP•72 1114~ PAllE 6• 

510 MOV C8P)•,R4 IR~STOlif! EXPONENT TO R4 
511 u SfftJS1 
5U .!NOC 
513 U7e 00~726 S8Al11 TST (SP)+ IPOP EXTENSION 
514 uu 110e200 SRtt511 •SR R" 'St-tIFT RlG~T 
5U 1oa 006001 ROR R1 
eu 1'04 '106002 F' oi;.c ~2 

!)17 U"'b ltl05003 f(QH RJ 
518 U10 ~"~~0~ 1 i\JC R~ I COUNT L.00~ 
!Hg 1412 ~~2772 t5 L. T Sli(U1 
520 1414 '1tH;b~J SFUS1; AQO 01(81-'),k-) 'FUR,.. T 11 t. :SUM 

000014 
521 1420 ~i0eo02 AOC Htt 
eaa l4a2 k'.10~=>01 AOC R1 
523 1424 rtH1H5000 AL)C H~ 

52• uae roo6602 AOU Cl(SP),k~ 

li'ld01l'12 
525 14.!2 0~eo'11 ADC R1 
528 104 ~05,0~ AOC f.( id 
e27 14J6 ~66601 •oo 81(SP),FH 

{ti00011d 
528 1442 00~500 •or; R~ 

529 U4• 0e.ee014 AOO Al(SF'),kld 
000kHHS 

530 uc.0 126616 CMPB SlCINh1 C:;P) ,UP JC~EC" FUR U~EQUAL SIGNS 
kH00ia~1 

531 1'04 001~e5 bNt. SU~S1 IGO CL.t.AN UP su~TRACT 

532 u:.;e; k'J01c1c1 en R~,#100!0 

~0111!10\6 

533 uc2 0014"~ BEY NODS! IJUMP IF NO NORH•L. l:U l OVERFLOW 
e,J4 1404 ~0tHit00 ASM R~ 

~35 1456 0~61d01 kl)M Ri 
5J6 147" 0 IO 61cHt~ 2 HOR R2 
5J7 1•12 {Oi06l00J fo( Qf( ~J 

538 1474 kHH5~Cll4 INC FU llNC~EASE t.XPONE.NT 
~;,g 1.-1e kH1k1304 NOIJSl I ::;wAa R4 IMOVf. ExPONE~T L. tFT 
~40 1 !5f£10 0(0111531 li"IE OVJP51 IJuMP IF OVER,-L.O~ 

~41 1eio2 U0~04 NF I. 51 I t:l?Sd liHJ,R4 I I NSt.FH HI~!"! UROf.R Fl'UCTION 
542 Uh'I• ld061D2t5 ~o~ (.SP)+ IINSt.~T SI liN 
!•3 15I06 1Cfd6rd~4 ~Olit R4 
SU 1510 00t1v:>e 1 ~Oli< Rl 
eA:) 1012 ~HHHtH.,2 kQli( Re 
e•e 1~1• lt06V)IZIJ WO~ RJ 
0•7 1eus il00~1il3 AOC R3 
5.U 1~20 rtl{i)!5002 •oc RC! 
S4~ 1e22 0~5001 AOC Rl 
5~0 1~'' fllet!=>li!l4 ADC R4 
5!j 1 1026 102•11 evs OVRSl 1 Ji.JMP IF OVf.Rf'l,.QW u~ rcUtJNO 
552 1e~0 103410 8CS OVMil 
:553 l~U ie1~466 MOV R4,A~•0 .. 2(SP) JSTO~t EXPO~l:.1111 ANO SlGN 

IDI0~014 
e;54 it>..)6 "10160 MV R1,6,+0•~CSP) I 1N51:.~T l.O~ O~U£:.R FRACTION 

lt10010l5 
!555' 154~ iOU2e6 MO~ fil:l,c~+0 .. 2csP> 

1.100~20 

556 1546 010Jeo MO\I R3,Diil!•0"'jiCSPl 
000022 



5'7 1~~2 012b0' 0UT511 
558 1e~' v.i12ou 
5~H~ 1M>6 06210e 

~~0~ll0 
500 U502 0~~134 
561 
5e52 1e504 
563 lfll)f:i 

564 
56~ 
!560 
561 
568 
~6~ 

510 
571 
572 
51J 
574 
575 
!576 
571 
e1s 
~1g 

580 
581 
:582 
583 
514 
OH 
t586 
587 
~88 
5ag 
590 
5'11 
'592 
51.l~ 

5~• 
cu~e 
5'18 
5g7 
598 
!59fi 
600 
601 
Hll 
61d3 
6~4 
605 
606 
601 
6~8 
e01i11 
6U 

1012 
1574 
1~7~ 
1~1e 
16id0 
1602 

1 t>i06 
1'510 
1611 
11!512 
1614 
16US 
1620 
1ea2 
ua• 
1e2e 

UJ0 
16J2 
16'14 
1 ti ;,to 
US4e 
1642 
1644 
u•e 
1800 
U:ta 
U'• u~e 
uo0 
usoa 
uu 
HSU 

~1a~1ae 
llH.!14&61 
~2~214 
V)ft'l07e1 

\:1'13 
!001 

(iHH5/ k>• 
1,;103~Je 
004067 
"12020~ 
000401 

1110~ 
~01 

00!51d01lt 
0 0 !5~HU 
k10elll"Ha 
ne00;s 
kHae.a u 
ltlld!ilJ04 
0001ae 

0015700 
"3031d1~ 
IZllU 425 
ro0!54U 
10k1U0a 
0rae::.01 
0IZl!HtUI 
00s•0a 
rameH>01 
01cH5h0 
U5401 
005ttU 
000->15 
~1&1~•~0 
k11141l 

' OVf S1 I 
OVWU I 

UT:iU I 

UNI- 111 

U~IJU' 

ZEHUI 

, 
su~u • 

MOV 
MOV 
AOL) 

JMP 

TST 
JSR 

Ei ~ 
,8YTE 
,SYTE 
lST 
t;j~ r 
JSH 

Blif 
.BYTE 
,BVTE 
c; L." 
CL.R 
Cl.R 
CL.~ 
CL.H 
CL.R 
8~ 

TST 
SGT 
SEW 
NEG 
AOC 
ADC 
AOC 
NE(I 
ADC 
AOC 
NEG 
ADC 
SlllU 
N!G 
SEQ 

,X,Of' 
UT 
Sl'llt 
MOV 
MOV 
MOV 
MOV 
CL.R 
MOV 
~u~ 
MOV 
MOV 
MOV 
MOV 

(5P,•,FH5 
(5P)+,R• 
#8 1 ,op JPOP SECONO A~GUMfNT 

•(~4~+ JUONE, ~ETURN 

C~P)+ J~OP SlGN 
~e,s,RH IER~OR 3,1 

OUT51 
J 
1 
FU 
NUDSl 
Re,st.RR 

UNOS1 
5 
1 
~~ 
~1 

~a 
R;, 
UP 
R• 
Nl'L.S 1 

FHO 
8T~U 
ZTSU 
fO 
Ra 
FU 
RIO 
R2 
Ri 
R0 
liU 
R0 
UP 
Rro 
ZTSUI 

t:AE 
R0 dt140 

IC~eCK FOR UND~R~~Ow. 

IUO~OR ~,1 

I SET UGN PL.US 

IFINlSH OUT NURMA~~y 

IC~EC~ ~IG~ O~OEH H~SULT FRACTION 
IIF POSITIVE SIGN 15 O~ 
IC~~C~ 'OR ZEHO ~EiULT 
J'ET A~IOLUTE VA~UE 

lt.XCHANGE SlG~S 

C~ECK FQ~ lfRO R~SU~T 

SWASl IJUMP lF NUT MORt TMAN 4 TO SHI'T 
R•,•'SPl JSAVE EXP 
•MQ,H4 IPOINT TO MQ 
Ml,fH4 IL.OW O~Oe~ FRACTION TO MQ 
R0,•2(R4l. JHlGH ORUE~ ~RACTION TO AC 
f#NQW INORMA~IZE 
••N0~ 1 •(~P) IS~V~ SCALt 
•e,f~P ICOMPENSATt FOR NQ~MA~ BIT POSITION 
R1 1 f~4 IGET 2 HlG~ OHDEM PARTS 
;1io, .. p:~4) 
•SP,f#L.5H IS~IFT THEM 
(R~)+,R~ JR~ OONE 



'A L>O~· ::> M•C~U vi:f~4"'14 ~1•5t.P·l~ 11 ; 4 j PAL.Jt. t;+ 

b11 HOV fi(A, ''ti , s 4 v I:. ~Al(TUL. R1 
612 MOV ~~,,114 •GET Nl:.XT 
f513 C: 1..W ·t~4J 
ti1. MOV f5P, f#l.SH ;SHIFT IT 
61' dIS (M4)+ 1 R1 1FlNl:SH Rt 
616 HOV ~J,tt~4 IGET Nt::)(f 

617 MOV K"r•lRil) 
6U MQV ISP,l.,L.SH I SHH T IT 
6 t!iil MQV (~4)+,i;c~ JPf1NlSH 112 
u~ MOV fiU,1"<3 IRJ UONE 
b21 SU~ C::.>P)+,15._, ICOMPt:.NSATl: i:.Xl'ONtNT 

622 MOV (:;IJ)•,R4 JRt:.STOH lT TU '-14 
6aJ l:Hil NUlH 1 1JUMP IF NU UNOfi"lfl.Ow 
524 b Ii UNFU 
825 ,ENDC 
6215 1t>Oe 0;)0027 S9•Si 1 S i; IT Fi0,•4~0 ICt-ttCI< NO~MAL. SIT 

¥.1la04~0 

627 1612 0~ 1 JO ~Nt. UT.sil I JUt-iP IF FlJUNO 
6~8 1e7• 014~J~4 L>EC IU 'DECfoef.ASt. EXPONENT 
62~ H176 ld~6J0J ASI.. RJ , LlOU6L.t:. F~ACTION 
a;,~ 1700 ~0e 10' ~OL. R2 
U1 1702 0~e 101 kQL. R1 
ua 17U ltHHUU ROL. Rid 
UJ 17 i16 ldU767 ~R i;g~U 1TiH AGAIN 
6;,~ PU lU7PI• ZT01 I sui; #6 t I I'( 4 ''°'EDUCE EXPONENT 

~~01d u 
835 1714 ~H15101 TST ~1 

6~15 1715 001 lr12~ tjNf:: ZT1U IJUM? lF ONI.. Y R010 
837 17C?0 1tsc704 SUB #1ts, •R• 

000kl20 
1531 17ii• 0u201 MOIJ ~~,Fl'' 
e;,~ 1126 001012 BNt:. Z1cU IJJMP lF M2 NOT 0 
60 17J0 1152704 SUB #10, ,r~~ 

00klll12~ 
541 11~h 0~~7~3 TST RJ 
ua 17..)f; iHH7U SEQ Zt:.HS1 ••NSwER IS 0 
6•3 1740 UP!J01 tHSrJ MJ,Rl IMOIJE ~vn.s TU ~~. ~q 

60 1142 00~i.t01 SdB R1 
U5 174'• 00~"~J hAB litJ 
f:i4'8 11•e 1~030fd tHS8 RJ,~IO 

U7 1700 f60!51rh,J CL.R ~J PUl<E •1..1.. OTl-tt:.FCS ~ 

UI 17:)2 U~70 BR tiTgU '"a NOlh1•L.lZE 
Ulil 17~• V)10J02 ZTiU11 MOV RJ,R~ 

1e0 11:; fi "10!5'°0~ CL.~ RJ 
6~1 17150 k100J~'1 ZTU1 I hAS R1 IMOVE •LL. oYTt:.S l..E FT 

652 1762 15k11~~ BUS R1 1 M~ 
6!1:)~ 17b4 1t151i11U CL.~d ~1 

6~• 1706 0wH.'IJ~~ bwAa H~ 

6~5 1110 1o~iie1 t:H~o lil2' ~ 1 
656 1712 l ld~io0c Cl.Rd R2 
6~1 1174 1'1~~ .. h~3 Si11A6 ~J 

6e>8 1716 1:>viJei2 blSd ~J,~;t 

e,5g 2~1t10 1~~¥-lOIJ Cl..~d 10 

66"' :.!0"'2 ~lt)V11J1 d~ t:H9U , (, 0 NORMAL! lt:. 1111"1A r 1 s l.,t:.FT 

661 ,t.Nt.)(. 

eea ,t.r--ioc 



UUMU f"ACRU VR04•14 07•SEll•72 1110 PA'if 7 

1 I TITLE UORI04 
2 ,IFO' CNOSW 
3 I CiL.OBL. IAOM 1 SSBH, H~A 

• ' UDR ·~•• THE ~~AL ADO ROVTINE 
5 , uo~ V004• 
fi , tOPYRlGHT 1g71, UIGlTAL. EQ~lPMENT CORP,, MAYNARD, 11ASS 1 ., 

' "EP~Att THf TWO ITEMS ON TOP OF T~f STACK 
8 ' wIT1'4 THflH SUM, 
9 ' ISU •••• THE RtAL SU8T~AtT HOUTINE 
l0 , SUBTRACT THE TOP STAC~ ITE~ FROM T~E SECOND lTE1'1 
11 ' HfPLAC~ T~EM BOTH WITH TM! Dl~FERENCE, 

u 000ian RUH 
u H0001 Hl•U 
u 00002 RUU 
15 ro0uu ~"'u 
16 iHH!l004 ROU 
17 iHHHOIU R5115 
u ~00'110 0 SPIU 
19 000007 PC•U 
20 H01H0 Uli~S10 
21 000!004 ., .. 
122 0U0U Bl "e 
u 000(0 u A21f 1 

24 Hlill2 eu 111, 
2& 171302 AC•l77U2 
25 l77'ii4 MQl1773U 
27 117312 N01hl17U2 
28 177.tae AIH•l17Ut5 
2~ 000000 1'01U 
u lda01i4 0ea11 e ISBRI ADD #U0i01 1 fSP JCHANGE THt SIGN 0, TOP ITEM 

100000 
31 1lfiDF ,PU 
32 UURI ,wORD 1700141 I JS!TF 
3;) ,wCRD 112.ae I I LDF (IP)•,,0 IGET OPERAND 
u 1 wORO 1120ae llAOCF (SP)•,,0 IAOD 
35 , WORD i1•0•e ''IT' ,11,•(SP) ISUM TO STACK 
u JMP UtUl+ 
:17 .!~DC 

H , Il'NOf" f PU 
u 02UI 010••6 UDMI MOY R•1•~SP) .., ra2U2 euue CL.N •CIPJ 'Ct.,IAR SIGNS 

•1 li!liBU 105012 CLM R2 I Cl.UR EXPDNEP<4TI 
•a 0UU uuu tLH R~ 
0 02020 neucs UL. 81 (Iii) llHIFT 81 

0!00006 ... ld2024 00UU HOL. U (Sli'] ISHIFT •1 
.,0000• 

u t'120U 156003 IHIB A1+1~IP)1fU 'Gf. T fl 
fcHUlld05 

•e 020U 001074 l:lEQ ours a IJIJMP 1, ztRO 
0 020H 106110 HOl.8 UP HIET S1 
0 020•0 nueo ASL. Ba (SP' 'll'UFT 82 

eld~fc112 
4UI 02~·· 00Ue6 ROL, A2 (SP) I &Hl'T A2 

roeeiou 
50 02000 aoee02 8118 AU1~IP)1R2 JGET f2 

HllOU 



51 0a0:)4 001k114 
52 0~006 106016 
!J 0a060 io0e0ee 

00"'1l104 
5 .. 020&• 006~eb 

0_,01'100 
55 ia2010 ~teo~es 

IU0-004 
000010 

~fS 0a01e 016~60 
000006 
"11d0012 

" auu 00ei=>~~ 
ss 0a10e 10e160 •2Ns2; 

000!001 
59 raaiu u21~b 

liH00001 
000\011 

8111 02120 112766 
aHl0001 
00000:) 

61 02126 1&0Je2 
e2 0w1J0 l00J~0~ 
u 021"2 016tie~ 

iHD001 ~ 
64 021J6 ~16b01 

0{d0i012 
6~ 0U42 0~e41' 
66 ~2144 0602~J f~A$cl 
67 0214! U6b~0 

I000!0r.4 
88 0c1~2 ra16CS01 

IOld0~0b 
69 0uoe ~1606b 

io00iau 
k'0IOW'.104 

10 iouo .. lll16CS66 
liHHH'12 
0i001606 

71 02172 '°"'0J10 
1a ~a174 io0~•""a 
7J 02179 12601~ SC~i21 

ld~0lllltll 1 
74 02202 iHH4!l3 
7fJ '122i04 liHH;401 
7ei 01i206 k105t>0~ 
77 0i210 I0~5•0ii1 
78 02212 00e702 tC~S~I 
7g 0&21• e.,14~~ 
8~ 0221~ 022702 SFl,~1 

1171 A1 
a1 022a2 '1~3•e~ 
u 022i4 016b0121 

0irJ0VJ04 
83 022J0 016601 

IO!a0k10b 
84 022~4' 0004~6 

"10V 

MO\I 

BR 
l(QL.d 

MOVB 

MOVd 

sue 
~Gl 
MO\I 

MQV 

tSR 
ADD 
MOV 

t'IOV 

t5!Q 
NEG 
ADC 
Nt:, '1 
lST 
dEQ 
CMP 

~1.E 
MO\I 

MOV 

A2NSii? IJU~P lF NOT 0 
ISP JHECONST~uCT Al,~1 
A 1 ( S.,-) 

a 1 C Sli) 

Al (5 ... ) ,A~(SP) JFIRST ARu TO TOP OF STAC~ 

tH (SP), ts:.! (SP) 

UUTSii? JO ONE 
SlGNS.1 t:iP) IGt.T S2 

Jl~SE~T NOkMA~ ~lT 

f INStMT NO~MA~ BIT 

RJ,R2 IH2•e2•E11 ~3•E1 
EXAS2 IJUMP IF ~2••~1 
A2(Sf'),~~ FM~•A2 

SC~I~ JCHECK SIGNS 
~~,R~ 1~2•E2•E1,~3•E2,~2>t1 
illCSf'),kld P1hA1 

l:Sl(St-'),~d 

A2 (SfJ), U CSP) 

B2 (St-'), tH CS Pl 

•SP IEXCMA~GE SIGNS 
fil2 IE1•E2 
Sl~N~+1C~Pl,•SP ISfE IF SI~NS ARE THE SAME 

~~~S' IYES, CHEC~ tXPONENTS 
~1 INEGATE FRACTION 
[!ii~ 

l'i0 
~2 

s~os~ IJUMP lF t1•E~ 
••251 1 R2 II~ T~~~t ANY POINT IN SHI~TIN~? 

Sf'RU I YES 
A1(S ... ),w0 

81CSP),ld 

NOOSi 



8 e5 
85 5~~121 

87 
81 
8 Si 
90 
gi 
92 
gJ SFRS2t 
9, 
g5 
Q& 022~e ~a210a s,~121 

177170 
g7 ld2242 ~034J1 
;e 1rH~2•• ''"'~00• 
gg 0224'5 00~70id 

100 2i00 1 "'0001 
Ul 2202 rtJ0~104 
102 2204 ~a2102 ~CPS21 

1711U 
U3 a2t10 ~02405 
u• ~2b2 ro Ulk101 
hi~ 22e>• ro10•00 
U6 UU 0e2702 

ld00~20 
101 221a 001•21 
1~8 227• fr.122702 SR~S21 

11717id 
109 Uilia 00~4U 
1 U 2H2 082702 

uuu 
111 2~0e 00e~01 SF~S21 
112 uu 006100 
11J nu USU' 
114 i~U 0015~02 
us uu 003373 
116 Ui0 0U001 
111 aua iou4u 
111 na• 01a0•0' 
11g a~ae 00ea0a s,~121 
120 2U0 00H01 
u1 au2 011H5a0a 
122 2U4 l002174 
12~ 
124 a3~6 0S&60~ SFU121 

li:11d~I0~4 
12es rn•2 ueH 1 

1Ck10~05 
126 UO 0fHH5~H~ 
121 2~C)0 1aeo1e 

0016!0~ 1 
128 -~04 ld~11aJ4 
12g c306 k'J0~21 

vHHv.10~ 
130 ~3ft2 !tHQ140J 
131 230• 0061i0~ 
1J2 2J015 01iHhl~l 

,lf'OF 
MOV 
MQV 
MOV 
f'10V 
f"IOV 
.e:~oc 
,1..-oF 
• 1t10~0 
,ENOC 
1IFNOF 
CMP 

6 L. e. 
Cl.R 
TST 
l:t PL. 
COM 
CMP 

tt I. T 
MOV 
MOV 
•oo 
BfQ 
CMP 

f.tl.E 
ADO 

ASL. 
~OL. 
HOL. 
IJEC 
tJGT 
MOY 
MOV 
u 
•SM 
RO~ 
lNC 
Bl.T 
a!NOt 
•oo 
AOL> 

AOC 
CMPS 

f 4E 
Rl,l•MQ ,MOVE ~~ACTION T~ AC,M~ 
R0,1•AC 
~2,1•A&~ 'S~IFT ~l~~T TO EQUALlZf EXPON!N 
••MQ1Rl 1RECOVE~ SMI,TEO FWACTION 
•OCdl0 

MIJL.D1V 
0730~2 1J4SHC R21R~ 

EAE&MUL01V 
••8,,R2 1C~EC~. o~ 81TS ro·s~l,T 

S~01~ IJUMP l, NOT MORt TMAN 1/2 ~ORO 
R~ 'SET UP EXlE~SION ~ITS 
M~ ISAIEO ON ~I~H oHot~ FRACTION 
NCPI~ IJU~P 1, + 
R• ,. OTMERWli! 
••16e 1 R2 

s"1.sa IJUMP IF 1.tss T~AN ONE WORO TO SHI'T 
~0,Rl ,S~I,T RIGMT • wMO~~ wO~D 
R•,R~ JUS! EXTENllON 81TI 
#l8,1R2 JACCOUNT ~OR IHIFT 

StrOI~ 
•• , •• ~2 

l'ISa IJU~P 1, NOT MORt TMAN 112 wO~O 
#l8a1R2 ISHI'T LE'T 15•X 

IH 
Ria 
fU 
Ra 
Sl'l.S~ 
R0,Ri 
R•,RiO 
s,osa 
R0 
FU 
Ra 
SF0Sli 

JCOUNT LOOP 

IPUT RflUl.T IN Ri 1 ~1 

ISHI'T A MIN AND 8 ~IN 

U(S~),Rld 

81(51'),Rl 18h82 

R 0 
SlliN~•1 (!iP), fSP 

SUBS~ l~O C~EAN UP SUSlRACT 
R0 1 •10U 

NOOS2 
Rill 
fiil 1 

IJuMP IF NO NORMAL ~IT O~ERFLO~ 



UORk14 M•~MU V~ldA•14 ~7115t.P•7~ 111 ~ ~ P.A~t 7+ 

1J3 2;110 00~~1l'J lNC ~J llNCRE•SE ~-PONENT 
U' a372 "~0~0J NOUS21 S!lfAB ~J IMOVE EiPQ~tNT l.t~T 

U5 2374 1&H"1Id2 ~ ttN~ 0\110~ IJIJMP IF OVEkFl.O~ 
ue a;s7e 1:)0k>0J BISS ~~,~J 

U1 2•610 00b016 ~Qli( UP I l~St:.~T ShN 
u• uu HeroeiJ ~OFC R3 
13g ~•a• liHHi001 ~o~ ij 1 
1•i 2•~b i&HH5b0 \ ADC ~1 lkOUND SUM 
1•1 ao0 k'0500J AOt; ~J 

1•2 2412 U2411 l:SvS uv~oc 1JUMP lF ovERfiil.Oili UN ~UUNO 

tU iO• UJ4U l::t c: s Q\l~t~ 

1•• c•U5 0 l0Jt:;Cj Slr(521 MQV R3 1 A~(SPJ J5TIJRt t;;XPU~Jt"'T ANO SIG~ 

IO~~~lk:1 

1•~ 2•22 10l01b6 MQ\I ~1,tt,CSPJ I INst.PoiT ~O~ O~U~R F~ACTION 

00~!012 
14& 2•a6 k10!)726 0L(l S 2 I TST (5P)• IPOP S 1 li"'S 
141 200 i01~tl~4 MQV (~IJ)•,~· 

10 24'12 "122020 CM!i" (8P)+,(SI-')+ JPOP FIRST A~(;UME."'IT 

1•~ 2•~· IOI001J4 JMP f (k4J+ IOONE, RETURlli 
l~~ ' 151 24iie ~u~e1 Qyl'(521 JS~ Ji(~, it:.~~ JE~ROR J,2 

!017~4'4 

1~2 2••2 r,,00171 B~ OUUllZ 
1'3 iU44 _,03 .BVTf. J 
1 :! ' 2••e ld02 ,B'l'TE 2 
155 , 
ue 24•e 110~70~ su~121 fST R~ JCHtC~ ~lGM O~OE~ ~ESu~T Flol&CTIO~ 

157 24~0 003005 6GT t:H YSit IIF POSITIVE tiIGN u o~ 

Ui 2•e>2 0-'t•tJ Sf GI ZThllt IC~EC~ FO~ ZE~O Mf~ULT 

U9 :i4~4 1tH0!•0~ NEra ~~ IGET AbSOl.UTE VAl.Ut:. 
160 ~•oe li'0!5401 NEG Rl 
HH i4el0 00~00~ S8C ~111 

ua 24'>2 000J16 hAd ISP lt.XCMANGE SIGNS 
1U 2404 nws21 
lU , 1'' OF E /lf. 
165 t; IT R~,#700 

166 thlt:. BWAS~ I J\.JMP lF NOT MORE THAN 2 TO SHIFT 
U7 MOV FU, l•MQ I RESUL. T FfUCT ION TU AC,MQ 
1H ,_,av R"'''"AC 
1eg c l.r.t f if NQI'( 1fl.I0~1'1AL.IZE 

171tJ sus fUtNO~,lifJ IAL>JUST tXPONENT 
171 MOV ••b, •••511 IS~IFT TU CORR~CT POSIT IO"' 
172 •oo #c;,RI) ICQMPfNSATt tXPONENT 
173 t,; I. t. UN,..5il'! I JIJMP lF U~OE~Fl.0~ 

174 MOV l#ACrRl'd 
17 e; P-IOV f#MQ,~1 IGET Fk.ACTlON 6A~K 

176 tj ~ NUU!~ 

177 • tNOC 
118 24b4 ld3~~27 b9Ai2& i; IT R~,•400 

~0~4~\'.i 
11g 2411i1 k)~1~14 bNE UTU~ :JuMP H NORMAL b I l F'UUNO 

180 ~472 ld0~31tlJ OEC R3 IUfC~t•st tx~U~ENT 

181 247• ~0bJilJ 1 A SI. ~1 luOUbl.t F~•CTION 
182 2476 ~"'b lit'~ i'( OL. ~H1 

UJ 2~"1~ icld~771 8~ dH!.i! IT~ 'f AllAlN 

184 4?~162 lt.lWl57~H ZT~S2: T!l ~1 ICtott.CI( 1,.Uill Qlo(L)f~ P '-~ T 
185 ,IF'OF EA t. 



UOR04 MACRU \IR16••14 ~1 .. Sf P•72 11 U~ PAllE 1+ 

ue SNf srgs2 
U7 b~ HRS~ 
us ,!NOC: 
ug ,IFNOF EAE 
1g0 ~eu ~~1•1:> bEQ Zf.104' 
1~1 ~0-'() ~W)0J01 s.os FH I SAVE ~ORMAl.lZE ~CME T11'1E 
1ga 2C>10 10010\d 1'ISB R1 1 RIO JMOVE SITS l.Et'T 
1g3 2e12 10~01 C l,.l'(B H1 
194 2~14 16270.J SUB •8 1 ,HJ JTEL.L. t.)(PQ~Ef'llT UOUT lT 

~001&H0 
190 ~~a0 ~H'£1761 6~ a·rgsa 
UH:i ,ENOC 
1g7 2~Hi2 00e;103 tJTU2 I TST R3 JCHt.CK FOR UNDER~L.Uw. 

l i tt atta• 0"1H2a BGT NOOSii IJUMP 1, NONt. 
u1g 2~26 ~04:>61 UNf. $2 I JSR R·~, It.RR •U~ROR !512 

11:>17~~· 
200 2CiJ2 000401 u UNOU 
201 ae~• ldiZl ~ .~YTE 5 
2-'2 2!)J~ vj02 I dYTE 2 
20J ae5;;e 0~5001 UNIJS21 Cl.,R Rl 'U~CEiH L.OW, TRUT AS ~ 

2"'4 2&40 0kH5k)03 ZE!o(l21 c L.li( RJ ICL.EA~ EXPONENT 
205 2~•2 k316072:5 ~lit SHUit 
21lH5 ,ENOC 
207 ,!NOC 



1 
2 
3 
4 
~ 

b 
1 
8 
9 
10 
11 
12 
13 
14 
15 
16 
11 
18 
1~ 
2., 
21 
22 
23 
2• 
25 
26 
27 
28 
2Q 
J0 
31 
J 4' 
3J ~2~44 
34 ~12~•0 
J~ ~Ii?~:;)~ 

~ fj ~120~2 

J7 lr.l1'~~6 

3d ~~~02 

3~ ~2506 
4d l-12510 

41 ~~~/4 
42 ~20/b 
43 <Jli6"10 
44 i!l ~ t" ti 2 

4:; v4~t>1~ 

4b ~1c61 b 
41 ~2b~IC 

48 ~c624 

.TlTl.t: UL.G~J 
elFOF CND!~ 

eG~ObL. AL.UG1A~U~l~,iE~~I 
, I~r-..DF Ff.IU 
,G~Ob~ i~Ol.~~ 1 lAU~,IS~~,5M~~,$UV~,il~1 
,eNDC , 

I 
1 , 

l~~ FO~TRAN A~OG A~D ~l.OG1~ ~U~CTIUNS 
CA~l.lN~ StQU~~Ctl 
JS~ ~~.A~OG co~ A~U~l~) 
ti~ A , ,wO~D A~~UME~1 ADDRESS 

k1lilJ'1J"'~~ 
~"~~~1 
~kiV-ll'll02 
li0~~~"1J 
~H1~~~4 

~~~'°~':> 
~HHHt.1~C> 

~~0(1~7 

v.H.l~lil~0 
'1~VllO~ 1 
~~~\!i~2 
W'lvH' ~~ 3 

1 A I , , 
~0•X0 

k1•X1 
1o<2•X2 
~l'.J•X3 
laC4&X4 
~5•X~ 

&r:>•X6 
PC•t7 
J.-'s~~ 
F- t:'U 
Jo' 2·~2 
F- . .\•~-3 

£ p '"L' 
e 1 11 4 6 A L ,_ , ~ j• f !'"'< ·J ¥ 

~?(4~1 t~ 
V~5~45 AL~~1 C~~ 

t' 1 6 ~ (~ 4 I. ( · u- 1 .! f M Q \/ 
~Hh~~.-1'2 
~1274~ ~av 
'117 t~J~ 
~121~~ MQ~ 

137bb1 
~i~b46 tMP 
~1~44~ MO~ 

t'-'Hl~2 
~11'4b MQV 

tli3~34 c~l 
VtbJ16 ASL 
llbO~e ~JV~ 

~ ~ ~~" e' 1 
l' ~l/ () 14 
1121~0 
t()1-'2e11 

H1 ~"'1W!1 

~~~~lb 
~ic:7•o 
iCk.12JbJ 
k:l,/4ti 

r j..l -.· 

f~c,~r~~; =~tl 6j~4Xl '& '~LAG 
Lllu:t.:. 
•(~FJ ;fL~G ALD5 
2(to<~;,~, J(,,~1 Al-:!J ~OCi-<!;.-::S 

,. ~ J ? of: 3 ~ , • ( s r;· ) 

11·tSFJ,•l~~) 
2l~4),•f~P) 

~"'d,•(S~J 

li.ltl .itU't"- ;:,,P4Ct 
JGtl Al-IG 

l~~~~ 1JJ~P lF ~~T ~OS!Tlvt 
f'S~ 

':SP 
.&ti.1~2Jf53, • (SP) 



Ul.GIOJ MAt~PllJ V~"14"14 07•SEP•7~ 1114~ P•lit. 8• 

ID 411) ltH!i e 
49 1t1ae_,0 015e>4e> MOV 6CSPJ_,•C5P) JPUSH )( 

~WS01d06 
5"1 "1261)4 016646 MOV 6CSPJ ,•(:iP) 

000~06 
01 01ltS40 0121•e MOV #002-.t63,•(SP) I PUSl-I 1 l•hHOOT2 

002~e3 
52 lc12644 0127415 MQV #0 OJliHt 5 , "" C SP l 

04'0!00~ 
5J 0~600 1..:1"'44e1 JStii R4,Sto'OLSH I E~H." PUl,..lSH MODE 

~16710 
5• ~26~• k'~204' I lf4Q~l) ssa~1UPS~,SAOR1SOV~ I Gt. T CX•ROOT2) I 

ld~~06 0027681 
~:ize;e>0 00210l ~' 
~260~ 013~56' 

tSO J ChHOOT2l 
56 ~aoe• ltl03014' ,WORD OUPU,DUf'U I Gt. T TH~EE COPIES 

0aeoe t1U~H4 1 

57 0ae10 unea• ,wo~o IMLHrREGtJ,STKS3,ST~S3,STK•3 f SET UP POl.VNOMI 
ue12 002142• 
0~674 0021e4P 
~2676 ~0a7e•• 
0lH00 0027~4· 

58 lb2702 ld171'52 1 , it40RO IM~R1SAD~1SML~1SAO~,SMLR1SAOR,SMLR 1 1ADR 
027U 00U10' 
"'271/Je 0171152• 
~a1u 002'61k1' 
lt)27U 017162• 
ltli1U 00UU1 1 

~21U 011ua• 
02720 00201~· 

5i IEXPANO POl.YNOMIAL. 
60 02722 00Hl0id' 1 l'IORO SCL1~ 1 11H,P1.2S~,IM~R IGt:T LN(E>CP) 

0272• ro UrDea' 
~2726 01d~fi020 I 
0a7;,0 k>17U2 1 

61 021~2 ld0U 10' 1 ~OlifD UORrEXlU JCOM81NE wlTH ~~ACTION 
021,u 003fU0' 

82 IAND CHECK If' OONf 
e~ U7~8 u1ua• , wORO SMl.RtUlU I MUI. UPI. Y tty L.OGU CE) AND Rf.TURN 

1&12740 01nrou • 
54 , 
ee 14a1•2 012~0"1 RfijSJI MOY (SP)•,Rio JPUP Y 
ee 0274• 012001 MOV (SP)• 1RS, 
67 0270 0121 ~H! MOV #CONl3U,R2 JPOINT TO COEFP'ICIE~TS 

IOVl3l24t 
68 ldi702 "'"!l04~2 BR STCO 
6~ 0UrJ• 0U149 STl\531 MOV IU,•CSPJ I PLIS"4 v 
., 0 027~6 01"3046 l"'IOV IHl,•CSP) 
11 027b0 0141ii46 STt.:531 MOV •(RRJ.,•t:iP) JPIJSH cat.Ffo" IClt.NT 
12 02702 ~141il46 MOY •tR2l,•C;:iP) 
73 0i704 0klfil U4 JMP fCR4~_• 
74 , 
75 02706 012eiees Ufill~l. "°'OV (::iP)+,U1CSP) JMUvt:. I TtM TO illlORI< SPACE 

n001 a 
1t:J 02772 ~1266e MOY (SP)+, Ut CSP) 

H0irHa 



77 02776 "'"'"'134 
78 , 
7g 0~000 ~~o"'4c sc~sJ; 
80 ia~~i'a U>6b 1 ~ 

01d0006 
81 UU6 1527to 

~ld01i""' 
82 0it012 ~001J4 
8J I 
e• 03~1• wl6b4o uu~,J1 

~H.1"1~~2 

8~ "'3020 ~lb64b 
~0~002 

ae n~~· ~~0134 
81 ' 88 ~~02b ~12146 PL~SJI 

~71-'3~ 
eg ldi10~2 vi127•6 

"''e"'e 1 
g0 0J0'18 ld0UJ4 
gl , 
gz 0~0•0 1~eJeo txl!Ja 

~ l1UH1HrJ ::» 
U 0U44 00240~ 
g4 0;sro46 ~127.0o 

0~~7J1 
9~ 0;)01)2 0127Ab 

k1377J6 
96 0~0::>e 000 u.i 
g1 0~000 012b00 L.GT!JI 
98 0~0b2 012001 
g!i k1'1004 00!'l72t:S 
100 '3065 00121~0~ 
101 ~070 ~b2706 E~MSJI 

000"'116 
102 ~07 4 "12140&7 

016706 
103 i.\Urll 000i0!) 
10• ;su2 "0• 
105 3U3 ld12 
ue 
107 
108 4L.UG101 
Ulll 
110 ALUGS 
111 ~O~•JI 
112 
11J 
114 
115 
116 
117 
118 
UQ· 
1~0 
121 
122 

01..H:i 

MQV 

MOV 

JMP 

MO\/ 

MOV 

JMP 

MOV 

JMP 
~Q\I 
MQV 

TST 
RTS 
ADO 

JSM 

wu 
1 BYTE 
I BYTE 
,fNOC 
.IFOF 
MOV 
SR 
CL.H 
SEH' 
SETI 
'10\1 
1,.0F 
Cl'CC 
t:H,t 
tHf:.XP 
L. 0 (.IF' 
MuL.f 
L.Ot.XP 
L..Df 
SubF' 

f (R4)+ 

• C SIJJ 
6CSPJ,fS~ 

@ll(R4J• 

2C5~l,•(::iP) 

2 (SPJ, • (~P) 

f (liU) + 

#~71~30,•(SP) 

it~4~1d61 1 •(SP) 

filR4l+ 

5 c ~p ,) 

J(.;t.f tXPUNt:.NT 

l~t:.MOVE ~xCESS 128 

IOUPL.!CATE STAC~ IT~M 

IPUSH L.."-J(2J 

LijTSJ l~O, OUNE 
-~~b/31,•CSP) JPUSH ~O~l~(E) 

#0J7736,•CSP) 

f C~4l+ 
(SP)+,R~ IPOP MESU~T 
(SP)+,Rl 
(5P)+ IFLUSH F~4G 
R~ 

•U I, SP 

FPU 
fPC,"~°' 
LUCi$J J 
R4J , , 
~o· CCl:t3, ~IO 
f 2 ( R!:> ) , I' Ii? I 

El(~SJ' 
F2 1 1(1J 
Fel,FJJ 
(~~)+,FJ1 

at~, F ~I 

F2,F11 
(Mld)of2J 

GET 0004XX AS AL0~10 FLAG 

GET 0 AS A~OG F~AG 
SING~E PKE~ISiuN FP 
SHURT INTEl..ERS 
JPUINTE~ TU CONSTANTS FOR ~OUTIN 
GE:. T ARGUMEl"H 

JUMP IF NOT POSITIVE 
GET EXPONENT Qr ARG 
CONVtkT T U f P FORM 
sc•~t J4CTUM•EXPO~ENT•L.N(2) 
TRANSFORM ARG T0 (1/2,1) 



IALCi03 ~ACRIJ VRk14•14 07-UP•72 U 141) PAl'lt. •• 
1n AODF (R0J•,,U h1/2•1Q~T (2) 
u• DlV' Fl I ,a J W1ti•HOOT2l/(X•ROOT2) 
U5 LD' ,2,,.,, 
ue MUV "''" Y• W**2 
U7 
128 MOV H1R1J COUNT O' CDNSTS 'OR ~OLVNOMlAI. 
1U I.DI' (R0)+,F~J INlTlALlZE ACCUMULATOR FOR POLYN 
Uk1 XPUU I MUL' ,1,l'lOJ 
U1 DEC RU COUNT 
ua ADDI' (N0)•,F01 FU• hFIO • cc l > 
1H SGT XPDl~J L.OOP 
lU 
U5 MULi' l'i11'k1J 
ue ADO" (Rll)•,Fill 

"'' U,i' 
• l /hL.N C2l 

U7 ADDI' fl'3,FVJJ ADD SCALE ~ACTOR l'OR EXPON!NT 
U8 UT ... , TUT ALOGU 'LAG 
1U Hr.1 L.GTU I 
um MULfl' (fitri!l)•,F01 Al.0G101' A~OG•LOG10CE) 
141 , 
1'2 l.GTIU STfl '"'•~SPll MOYE RESULT TO STACK 
10 MOY (IP)•,R01 

'" MQY (IP)+,RU ANO THENCE TO Ria, FU 
145 RTI R5J 
ue ERHsU JSR RD,ltRRI !RHOR ~ 1 l0 
U1 RTI "~' EXlT•NO iTACK tL.UNUfl NiCUURY 
10 .BYTE • 10 1 ltV TE u. 
ura , O~D!R•OfPfNOtNT CONITANTS FOR ROUTINE 
Ul I Al POlNTI AT CUR~fNT CONSTANT IN FPU VERSION 
ua , 
U3 FCUUI , \!IORD u0001,01uu1 l.N t al 
lU , 
UIS ,WORD 0•006e,unn1 112•1QRT(2J 
ue 1iNDC 
1151 , CONSTANT& ,OM PO~VNOMlA~ IXPANSlON 
lH ' U9 uu U7tiH ,wORO n1u2,euua , • "9097 4~0ei 

UH 0UDU 
lH 
Ul Ule U77t• 1 llfDMC in1114, iauu I ,UH9U00 

uu l2UU 
lH 
1n ;s1 u 00052 ,wQ'ID UHDl,U8H2 J,OHH90l 

3111 lHU2 
1u I 
185 uara 0•0400 CONUI ,WORD 0•U~0, 0HH1il 11.9ggg999~ 

;,iaa 0001-'00 
ue 11lFDF P'JIU 
U7 MORf ORDEHwDtP!N~ENT CONSTANTS 
U8 ,WORD u1eo1,011ne' •112•L.NC~) 
U'1 
170 ,wo~o U77~e, 0C)573 U L.OllUCE> 
171 ,ENOC 
172 ,!NOC 



l 
12 
3 
~ 
5 
6 , 
8 
g 

UJ 
11 
l2 
u 
14 
15 
16 
17 
18 
u 
20 
21 
22 
u 
u 
25 
215 
27 
28 
2!'i 
30 
u 
32 
33 
34 
J5 
35 
31 
38 
;J~ 

40 
41 
42 
'43 
44 
45 0U24 

46 0'1130 
47 0JU2 

48 031 i16 
4g 03140 
50 0U42 
51 031414 
52 0~14C5 
53 Ulb0 
54 lt)iJ1:)2 
5:5 0u:;4 

000000 
000001 
l0001d02 
000003 
li:1001a04 
iH!l0 0ro 5 
iH10 "10 el 
000007 
177J0~ 
171Jt4 
000\UJltl 
000!001 

I 
I 
I , , , 
, Al , , 
' , , 

AINTI 

0Nt541 

016t>04 AINTI 
000kHH? 
01140~ 
016401 
0"'00~2 
010102 
00003 
k'~~k102 UNTJiU 
012600 
012501 
010003 4tU41 
006103 
100003 

, Tl TL.t UNTk13 
elFDF CN014 
,GLOBL AlNT1SlNT~ 
AINT V003A 
COPYRIGHT 1g11, UIGlTAL EQUIPMENT CORP,, MAVARO, MASS, 
AINT FO~THAN AINT FUNCTION, CA~LING SEQUENCE 
JSH lil:5,UNT 
d~ A 
.~ORD AOORtSS UF ARGUMENT 

METURNS SlGN OF ARG * GREATEST RtAL INTEGER c 1 

ASS(ARGl IN H0 ANO Rl, 

IINTR SAME FUNCTION AS AlNT, sur CALLED IN THE 
POLISH MODE WITH THf AHGUMENT AND RETURN ON THE $TAC~, 
~0•7'0 
R1•U 
R2•i2 
RJU3 
~OU 
R!U5 
SP•~e 
PC•X7 
MQ•1171SIU 
l.S~,177314 
~0•7'0 
Ft•U 
.IFOF 
, wo~o 
, ltoJORO 
.wo~o 
,WORD 
MOV 
MO\I 
HTS 

,wURO 
.~ORD 
• wORD 
,wURO 
JM~ 

1 ~OfifD 
,ENOC 
,IFNOF" 
MOV 

IJ'PU 
17~01d1 1JSETF 
172415,2 
17140?,24 
174146 IJSTF 
(SP)+,Rro 
(:iP]+,R1 
R~ I RETURN 

1700id1 llSElF 
1724~5 '11.0F 
111407,4 
174*14e IJSTPJ 
f lR4J• IHETUHN 
040200,0 

FPU 
2 CRSJ, R.a 

Jl~OF f2(~5)1F0 JGtT A~G 
JJMOOF ON~,F0 IGET INTEGfR PAR 
F1,•(~P) 
JPOP TO UStR ~EGS 

(SP)+1F~ IGET •RG 
JJMODF ON~,F~ JG!T INTEGER PAR 
F11•CSP) 

Hil.OATJNCI 1, 

JGtT ARGUM~NT AOORfSS 

MOY fR4,k0 ,GET MlGH ORD~R AR~UMENT 
MOV 2(~4l 1 Rl ILO~ OROtk 

MOV PC,Rc IHAKt R2 NON 0 
b~ Al1S4 
C~~ R2 IMAKE R2 0 
MOY (~P)+,~0 JGtT HIGH U~OtR AwGUMENT 
MOV (SPJ+,Rt IL.OW UROER 
MOV fh1,fii3 
RO~ ~3 IDU~P $IGN 
Cl.HS HJ 



UNTI03 MACrotU V~h14•14 I07•St.P•72 11 UJ PAlll:. 9+ 

~e IOJ10fS ~00~0J SdS ~3 I ltf T EXPONt.NT 
51 03160 1ti270J SUB #230,R3 IHEMOVE. EXCESS 2I00 ANO CME.CK MANGE 

U0c3!d 
:>8 03tb4 I002I02~ BGt. ONU4 IJUMP lF IT u Al.RtAOY AN INTEGEM 
59 0J1be "12270~ CMP ••301R3 

i 111e0 
60 0~'11 a 01tl~•0J tt l. T SMFS4 IJUMP I,.- THe;Rt;. Ii wQRI( TU DO 
61 ~3174 !DkH500 Id Cl.R M0 I ARG IS c 1 • SO tl(fTURN WI 

62 ~'5115 00~~01 c I. Fe Rl 
63 "'J~l60 0I0~4U ~R 0NtS4 
64 0~i"'2 010\t4(; SMft 141 MOV R;;J,.~SP] JPUSH •SMl~T COUNT 
6~ I H NOP' EAE&MUL.tUV 
6b 0J2U 006rd0~ NQHi41 ROR R0 I SHIFT ,RAC Tl ON 
61 ~->206 00~001 ROR Rl 
b8 11.'1~210 00ea0;, lNC R ;J I COUNT I.COP 
b~ ltl;)2U kH02714 BL.T liCURS4 JGO AGAIN 
70 ~~214 k)U?bU MOV (SP)+,R" IGtT COUNT BACK 
71 0\H!16 k1~6h 1 •st..ua •s1. R1 lll'U!S'T FfUC:TION tUCK dTH 0•s 
72 0~220 006100 ~OL. R0 
73 0~2a2 '°iaea0J lNC RJ ICOVNT L.OOP AtiAlN 
74 0J224 00211• SL.T AIL.14 
7~ ,!NOC 
., ts t.u coot: 
71 1lFDF UE 
78 MOV #M~,HJ Jli'OINT TO MQ 
7fJ MOV "11fH3 I INSER1 AM ti 
80 MOV RIO,•~R3) 
81 MOV UP,f#L.11'1 I SM I FT RlGt1T 
ea NEG UP IHT FOR L.t'T 
83 MOV (IP)•,HL.SH 1 ll"tI'f i..tn 
u MOV (tif3)•,H0 IRUUL.T TO REGS 
ae MOV fR3,Wl 
86 ,!NOC 
81 MUL.OlV CODE 
88 1IFDF MUL.OlV 
89 ,wORD 073Ue I JUMC UP,R0 ISH1''T OUT ,RACTION 
90 N!ct UP JS!T FOR L.t'T SHl,T 
;1 ,wORO 01uae 1 IOHC (SP)•1R0 JSHif'T l~TEGER p 
ga 1iNOC 
g3 0~2~6 ~IZl!7U 0Nt.S41 TST Ra IC~EC( ENTRY FL.AG 
g4 0;)U0 ~HH401 UW DNU4 IJLJMP IP' UNTR 
~~ 032.)2 00020~ ~TS Re IHUURN l' UlNT 
ge 0;,U4 0101•5 Df\IU41 MOV Rl1•~SP) JPUS"4 RE~U~T 
g7 ldU~ts 010046 !to40V liH~,.~SP) 
ge !0;1240 0~0U4 JMP f CR4J_ • I POL. UH RElURN 
SHl ,e;NOC 
100 .ENOC 



1 
a 
3 

• 
~ 
e 
'1 
8 
g 

liD 
11 
12 
13 
14 
1' 
16 
17 
18 
1 51 
20 
21 
22 
23 
u 
25 
26 
27 
28 
2~ 
30 
u 
32 u2•2 
33 0324• 

34 032~0 
J~ ld3202 
36 0U04 
37 032:l6 
38 0~20~ 
J§J 03202 
40 032b• 
41 ~~:ZO! 
42 "'J2/0 
'3 ~3272 

U ldU7& 
4::i 0'JJia0 

46 0~316 
4g IQ3J2V'l 
~0 i()~J~2 
51 0J31l4 

idid011H~~ 

k'~~001 
e01t100a 
1111Ht1004 
00'4t{d~(S 

0i0tj007 
lthHH10~ 

ro1170.., 
IOI tsb01 
01100u 
002id04 
"1~6~00 
r61261U 
002403 
li:Hih:J422 
012b02 
0Vl2421 
~2~ ua 
~u w> 1 • 
0~e>blti 

0 "''Hot"' 
00lw111 
l1'6HiC66 
~~tZ1~12 
~0~~0~ 
001v.i~:; 
~2ot>ee 
~~0~14 

~il!~"'0A 
001~01 

"'~~lt'lil~ 
Wj l1Hi v1 re fr:) 

1034"' 1 

SCMDI 

•Tl H.t 
,IFOF 

";;M0_,2 
t;NUS=> 
iCMLi , GI.OSI.. 

SCMD THf ~OUB~t CO~PARE ~OUTINf, 

~CMO 

COP11HU.l-IT 1911, U1CilT Al.. t.~UIPMt~T t;O~P,, MAYNARD, M~SS, 
CAl..1..~0 IN T~~ POI.IS~ MOOE ~ITH T~E Two 
~OMPA~ANUS O~ T~t STACKI 
'I~ST lS AT d(SPJ, S~CUNO 15 •S~ 
~1..US~ THE r~u CUMPARANOS A~O ~ETUR~ 
T~t FUl..1..0~lNb CONDITION coo~s· 
FIRST c SECO~O N•1 1 Z•0 
~I~ST ~ StCONO Ns0, Z•t 
~lRST > StCOND N•0, Z•0 
R~•~0 
lii1•U 
~2•%2 
~4•~4 
bfil•%6 
PC•Xi' 
F2•~et 
,IrOF 
, titi10RO 
I illlORO 
.~ORO 

, 1110i-lO 
Jf'1P 
, ftt.iOC 

FPIJ 
17-1011 
1724;.!fi 
1134~6 

170~~0 
ICR4h 

• lfNOF Flii1U 

1'SE.TO 
111.CJD I' C1>1lilO 
llCFCC 

CSP)+,FO JGET SECOND ARG 
CS~l•1F0 'CO~PARE 
JGtT CONUITlON CODES 

MOY •Pc,w0 IGET 00XXXXX Xl~X01 lN ~0 
MQy d,(5~),~1 JGtT ~IG~ VRUE~ FIRST ARG 

~G~ FPS$0 IJUMP IF FIRST A~G + 
ASL ~0 iFLA~ f I~ST A~G • 
MOV (SP)+,H2 JGtT ~IGM ~fCONO ARG 
61.T SMtt~ JJUMP lF BOTH SlijN~ • 
BR ~t~SO IJUMP lF 'lRST • AND SECOND + 
MOV (SP)+, H2 
SLT P~S5~ IJUMP IF FlRST + ANO StCOND • 
~~p R1,R~ ICOMPAHf MAGNlTUut~ 
~Nt OUT$0 IJu~P lF OlF~ERfNT 
CMP s.cs~),.~P 

6t-1t OUTS~ 
C M P 1 id. 1 ( ~ J.1 ) , ii:? ( 5 P ) 

t;Nt ouu=» 
C,MP 12,(~P),4(SP) 

uur~o 

foe~ 

Ria 
P~SiiO 

lfLAG a 

JSAVt C bIT ANO Tt~T StCOND A~G • 
1JUMP lF StCONO AR~ + 



ICMDU M~CRO ¥Ri4•l4 01•1iP•72 ll 10 PACiE lh 

52 0nae i!H400 N!Yl~I N!ij MllJ IREVIRIE C en 
u UH0 0ea1u PLh51 ADD #U,1SP IPOP ANGI 

nuu 
u 6a3H4' US7U TIT Rro llET ·z A~D N IUU CORRE.CTI. Y 
155 roUH nuu JMP t CIUl_ • IM!TURN TO CALt.£fiC 
u ,INOC 
57 elNOC 



1 
2 
J 

• 5 
6 
1 
8 
9 
u 
11 
12 
13 
14 
u 
u 
17 
18 
u 
20 
21 
22 
23 
24 
25 
2e 
27 
28 
29 
30 
31 
u 0u•0 
33 0U42 

34 0J34e 
3~ 0JJ:50 
36 03302 
37 0U~4 
38 0~3:)6 

U 0UfH:J 
0 03302 
41 0~~Ci4 
42 ii;.,~bO 
43 ~JJ70 

44 0~374 
45 ~3376 
46 0J00 
47 !03012 
0 03404 
4Y 03406 

50 0J•l2 
51 0.)41• 
52 
~3 

000v:i0111 
00'11001 
i01t10002 
~~01d04 
0~0006 
0000ro1 
liHHH0014 

$CMRI 

"'11700 SCMRI 
016601 
0wlUl04 
0urru~i11 
l1HH5;tllJ0 
rD12b02 
002403 
tHH~412 
012002 fi'PSS61 
kl02411 
~~0llt)2 SMt5bl 
001\104 
026b 16 
kHd0Wj0411 
0UI001 
00~"100 

lll~t500~ OU Ub I 
103401 
00540-' Nt"Sbl 
rae;210e ~L~Us 
~00~00 
~0~700 
~00134 

,TlTL.E 
• IF D~ 
,GL.OBL. 
'CMR 

5CMR~2 
CNDSO 
SCMR 
THE HtAL COMPAkf ~OUTlNE1 

Y01Z12A 

COPYRlijHT 1g71 1 UIGITAL EQUIPMENT CORP., MAYARD, MASS, 
CA~~EO 1~ TH~ PO~ISM MOOE ~ITH TME TWO 
COMP•RAN08 ON TM~ STACKS 
~I~ST 15 AT 4(SPl, SECOND JS ISP 
FLUSH THE TWU COMPA~ANOS ANO Hf TURN 
THf rU~LOWlN~ CONDITION CODES& 
~l~ST c StCONO N•1, Z•0 
FI~ST • StCONO ~•0, Z•t 
,l~ST > SECOND N10, Z•0 
~i/J•U 

•ci•u 
RUU 
fiOU 
SFt•US 
PC•U 
fi0•U 
1IfOF 
• wo~o 
, 1110~0 
.wu~o 

I \l!URO 
JMP 

Fl'U 
1700"11 
17~4~6 
1734~6 
H'00"1t" 
f UU)+ 

,s;""oc 
1IFNDF FPU 

IJSt.T,-
1 H,Olii 
I JC MP F 
IJCFCC 

(SP)+,F0 JGET SECONO A~G 
(SP)+,F0 I COMPARE 
JG~T CONDITION CODES 

MOY fPC,H0 IGET 00xxxxx xxxx01 lN R0 
MOV 4CSPJ,R1 JGfT HIGH ORUE~ FIRST AWG 

~GE FPS!O IJUMP IF FlRST A~G + 
AS~ R0 lf~AG FIRST ARG • 
MOV (5P)+,R2 IGfT HIGH ~ECONO ARG 
~~T SM~SO IJU~P l' BOTH SiijNS • 
~R NtGSb IJUMP lF Fl~ST • ANO SECOND + 
MOV (~P)+,R2 
dL.T PL.Sib IJUMP IF ~l~ST + •ND SECOND R 

CMP ~1,~~ ICOMP•~f MAGNlTUUES 
8NE OUTSC IJUMP IF DlFPERENT 
CMP ~CSPl,•SP JCOMPAR! ~uw ORDER 

BNI:. 
CL.R 
"'OR 
acs 
NEG 
ADD 

TST 
JMf-1 
,ENOC 
.ENOC 

OUTlb 
R~ 

~0 
PL..SSO 
~0 
#6 1 SI"' 

R0 
I tFUl.• 

;JUMP IF DIFFERENT 
IPl.All • 
16AVt C SIT ANO TEbT SECOND A~G • 
IJuMP lF SECOND AR~ + 
l~EVERSE C BIT 
IPOP •RGS 

ISET Z AND N BIT~ COR~tCTL.V 
IRETU~N TO CA~LE~ 



1 
2 
3 

• 
~ 
e ., 
8 
~ 

HO 
11 
12 
u 
u 
u 
u 
17 
u 
u 
20 
21 
22 
23 
24 

u 
26 
27 
28 
251 
30 

0~oe 

0~•22 
0U24' 
0uae 
V'U~0 
0uu 

iHrHlHl.100 
"100f00 l 
0001d"2 
000rd03 
00000e 
0Hi~02 
000w>0a 
io ua00 
0U2ttii 
009002 
00!500.S 
~1Z10a0~ 

I Tl TL.t: SUSL.Wl2 
,IFOF CNIJS7 

' I OBL.E V~~2A , 
' ~OPYRl~HT 1971, DIYlTAL. EQUIPMENT COMPU~ATION, MAYNARO,MASS 

' 
1GL.06L. DttL.E 

I TME FORT~AN U8Lt FUNCTION 
J CALL.ING SiQU~NCtl 
J JSR R5,0~LE 
I SR A 
' .~o~o A~GUMlNT ADDRESS , .. 
' RETURNS THi uou~~t PR!llClCN EQUIVALENT 
' 0, TH~ REAL. A~GUMlNT IN R0 • R~ 1 

' 

DBI.ti. I 

M01'U 
~11U 
Rau a 
~JIXJ 
RS•U 
MOY 

MOV 
MOV 
CL.R 
Cl.R 
RU 
,ENOC: 

2tR5J,R2 J(itT UG AL>OREIS 

C~2)+ 1 R0 JGtT HIGM U~OER 
•~a.~1 IGET ~ow OHDER 
R2 ICl.EAR L.OWtST OR~EH 
R;) 

R5 l~ETURN TO CAL.LEH 



l 
2 
3 
4 
~ 
6 
1 
8 
g 
10 
11 
u 
lJ 
1' 
Ui 
us 
l1 
18 
1g 
20 
21 
22 
23 
u 
2~ 
26 
27 
28 
2g 
30 
31 
32 
33 
34 
3~ 
36 
37 
38 
3g 
40 
•1 U04 
42 0J4_,ti 
o 0a•40 
u 03442 
45 03444 
46 0'5446 
41 ~3400 
0 ~3432 
4g 034:i4 
50 iD~4f>b 
u iaJ400 
52 0_,02 
53 "1J4t)4 
54 034bti 

li000000 
UIZJ-101 
liHhJ-'0i 
000i6U 
iHhl1&1U 
00011)05 
000005 
IOUll)07 
0000n 
000161212 
000(004 
U0td00 
0~011'10 
000012 
000"14 
u00ao 
lhl01d40 
uu~a 
0000•2 
~UI04c 
000038 
0'40!044 
tothHdU 
0~~K'.0 
005a1e 
00001 
01i.1~04fJ 
ri110rd4e 
"'10146 
ltl40f:!40 
~Hi.J40 
0104aHi 
iaHH>d 
0i0f)046 
01CH>~40 
00tj~4t:f 

012146 
k100l01 
rcU2746 
000!022 

I Tl TL.ti soc u 1 
I IFOF CNOU 

IDCI V001A 

~OPYRlGMT 1911, OlYITA~ EQUIPMENT CURPURATlO~, MAYNARo,~•ss 

1GLO~~ SUCl1SR~l 
I IDCI ••• ASClI TO DOUBLE C0NVt~S10N, 
I IRCl ••• ASCII TU REA~ CONVER5ION, 
I ~4LL1NG StQUtNCtl 
, PUSH A~ORfSS OF START OF ~lELO 
, PUSM L~NGTH U~ ~l~L.O 
I PUSH fUMMAT OCAL.t 0 FRUM WeO 
I PUSM P POHMAT SCA~E 
I JSH PC,SDCI ~O~ IRCI) 

NUMf NU•k1 
POINTL•li? 
DiliITSU 
iEXP•b 
tSlGN•S, 
Sl&iN•U, 
EEXP:1112, 
l?•-''11 

R01U 
Rl•U 
R2•¥2 
•O•U 
W.OU 
R~.,~ 

SPU6 
PC•i7 

0•~2. 
ERl'•2b, 
LfNt;TH•34, 
TEMP•L.t.NC.TH 
RESU~T•P 
STAJ.tf•36 1 

ENLl.SlART 
SR t; 1 I C;f., R 

INC 
B~ 

I0(.;1: CL.R 
CNVS8: MOV 

MO\I 
~0\1 
MQV 
MOV 
MQ\I 
CL.H 
CL.R 
CL.~ 
MOV 

MCJV 

,.CSP) 
UP 
CNVU 

ICLEAR ERROR 'L.4~ 
IS~T R!AL. ~ONVERSION Fl.AG 

•tSPJ ICL.EA.R 
R~,.,8P) 

~11"'t5Pl 
F<21•~SP) 
RJ,•CSP) 
iiC4 1 w~SP) 
R&,•(SP) 
•CSP) ICL.EAR 
•CSPJ IC:L.EAR 
•(SPJ ICl.EAR 
lfb:l I,·. c Sti1) 

ERROR FL.AG AND SET FOR OOUBl.E 

EXP 
SIGN 
ESILiN 

I INITUL.Ut: ttEXP 

JlNITlAL.lZE MAX DIGITS 



156 0~U76 0051U& 
157 UH0 u'ue 
~8 0~Ht02 01etJidl) 

16!000•4 
~g 03~0f5 ~66660 

ld0fi'IU2 
1hh~1u• 

e0 ~Je.1• u~~00 
61 0J~H:1 00ek'01 
62 0.,~20 01a5~0a 
s-s 0nl2 n5.,0J 
64 0J~24 112~0• SCNl81 
65 0Je2e io•2704 

177600 
615 0;.Hf.J2 12K'4i1 

00llliU0 
87 ld35"6 U U0~ 
66 U~40 020CHi6 

1110roia.u 
651 0\\544 0!02167 
10 03e4o fOliHH67 

000Ub 
71 0~~ea 1a0•21 SGISil 

nun 
12 us~e 001 •e;s 
73 0~500 120427 

00005!5 
74 ue&4 HU13 
7 ~ U15U 5'Ui66 

0i10i012 
75 031512 000441 
77 0~514 112004 NXTl81 
11 ns1e u27ia• 

!1700111 
79 ~3ei12 120•27 

00000 
u 0uee 0ia u0a 
81 1a~U0 W-112704 

0~21060 
82 ~~614 120421 NCKlil 

~1Hd0{0ts~ 

8J ta~620 k102~ 14 
U 0J6a2 00Ut0 
80 0H24 k20f>70~ 
u uaae 00 urae 
87 k13U0 00~701 
88 0J6U lll~U04 
89 iaJbU 10-'510c 
Qra fl'il6"6 1,H010~i 
gl 0~H140 '61D57~J 
iji ia36-2 '6Vl14C!3 
YJ ~J644 1~0421 NNZS81 

!000~71 
94 ~hH5~0 !003121 
g~ ~JtH>2 00eue 

talil0104 
ge; uebe ~~2011'3 

AOO 

CL,R 
CL.R 
c: i.k 
Ct..R 
MOY8 
SIC 

C,_.PB 

S~E 
CMP 

BL.T 
JMP 

CMP8 

SEQ 
CMP8 

SNE 
lNC 

SR 
MOV8 
UC 

tMPI 

BNE 
MOY 

CMP8 

BL.T 
SNE 
TST 
fJNE 
TST 
~NE 
UT 
81\if 
UT 
SEQ 
CMPB 

tHH 
DEC 

BCit. 

•CSPl ICLEAR POINTL 
•CSPJ ICLfAR NUMtNO 
STARf CSPJ,R5 fG~T ~lELO STA"T ADDRESS 

L.fNG1H(SP),ENOCSP) IPUINT TO ENO •l 

H~ f CL.EAR ~UMERIC ~URK SPACE 
Hl 
Ra 
RJ 
C~~)+,R• JGIT NE~T lNPUT CHARACTER 
#117000,R• 

SGSSij llF NOT 8L.ANK LOO~ FO~ + ON • 
R~,STARTCSP) JCH!CK END O~ FlE~D 

SCNl8 f lF NOT DONf GO GET NEXT 
Z~Rld IENTlRf FitLO IS B~ANK 

R41•'• JCHtCK 'OR + SIGN 

FL.DI¥ JlF FOUND IGNORE IT 
R4,#'• ICHECK FOH • SIGN 

NCK1¥ 11' NUT ~OUND CMiCK NUM!RlCS 
8lGN~S~> fltT • SlGN 'LAG 

F~DU 
(H5)•,R4 
#117601,tie• 

JGiT NEXT lNPUT C~ARACT!R 

NCKU 

•'"•"• 
M4,# 1 0 

PCKU 
NNZSi 
R0 
N~ZSB 
R1 
NNZSd 
RZ 
NNZSS 
RJ 
f"L.OSd 
R4,# 1 9 

ICHECK FOR BLANK¥ 

JTM!AT BLANK AS 0 

ICHECK ~OR L.!GAL CHARACT!R 

IC"ECK FOR DECIMAL POINT 
JJUMP 1, NOT 0 
IC~ECK TO SEt l, ANY NDN•ZERO 01G%TI ,OU 

EXCSij ,CHEC( FOR EXPONtNT 
OlijlTS(S~) JCOUNT Ai A SlijNlFICANT OIGIT 

f JUMP lF we CAN USf TH15 DIGIT 



97 0~eb0 ~0526~ lNC 
~'10"1' 

91 ~360' 0•0412 BH 
g~ 0~6~ti 162704 A211~1 SUB 

0~0ld60 
10~ ~672 ~~4161 JSW 

1iHOl04• 
1~1 ~676 ~04767 JSR 

001106 
1~2 ~7~2 ~604~~ ADO 
10~ J70• 0~5~02 AOC 
1~4 J7d6 ~~~~01 AOC 
l~~ ~710 ~0~~~0 AOC 
106 ~712 02006~ flUSaS CM~ 

lll001U4 
1~7 ~716 ~021iO ~~T 
l0i ~7~0 ~10~1& ~ov 
109 ~7i2 00570~ sc~S81 TST 
11i ~1'4 ~~1~00 6Nf 
111 ~726 ~0~701 TST 
112 J7~0 ~01~04 ~Nt 
11& ~7~2 ~~510i TST 
114 37~4 0~1002 ~Nt 
11~ ~7~6 ~~51iJ lST 
116 ~7•0 ~014e7 SEQ 
117 ~7•2 021005 SCllijl tMP 
118 ~744 ~01~eJ 8Nt 
11g ~745 1ee666 SUB 

000IOH 
010014 

120 ~7D4 m~~76o NOPS81 TST 
010ua 

1a1 ~700 ~01~02 BNE 
122 ~7b2 01!~18 MOV 

01UHU0 
1a3 ~1tie 1~6~1b PNl581 IU6 

000~0a 
12• ~772 161666 SUB 

000014 
125 ~776 ~13~0~ SGT 
1as •eee 0020•~ s~r 
&a7 4002 000187 JMP 

00••6 
128 4008 ~2~~i1 MUL581 CMP 

IU314U 
12g •012 101W11 S~l 
130 401• 0047e7 JSR 

000122 
1~1 •0a0 ~~e2e6 lNC 

ro00006 
1~2 402• ~05J05 01~!81 O!C 

000014 
133 ~0~0 ~~JJ6b ~GT 
1~• 40J2 0~0le7 J~P 

ll.11'1041ti 
135 •0Je ~~4161 MOV581 JSM 

lll00Ua 

EfXP~SP) JCOMPfNSATt FO~ SKIPP~O OJijIT 

FLOSti 
#&~ 1 ~A JCONVERT ASCII TO INTEGER 

PC,M~~S6 J~ULTIP~Y ~y 5 

PC,L.'TSB JOOUSLt ~E~ULT FOR 10 

R4,~~ •~OD IN CU~RfNT OI~IT 
Rll 
R1 
~0 ltNO o~ CONVt~T Faw THIS DIGIT 
A~,~N0(8P) JCMECK FO~ ~NO OF FIELD 

NXTU 
R~,-~P IPOINTER TO LAST NUME~lC TO NUMENO 
M~ 

SC1S~ IJUMP IF NUMStR NOT 0 
IH 
SC:Ut> 
R2 
scu~ 
R i$ 
ZERSd llNPUT NUMS~R IS 0 
•SP,~~ JCHECK NUMfNO 
NOPSti IJuMP IP T~t~L w~S AN f•PONENT ~IELO 
PCSPJ,tt~P(SP) JUSE THE FO~MAT P SC•LE 

POI NTL. (SP) 

PNTSb IJUMP l' TME~E w•s A DECIMAL POINT 
DCSPJ,•SP JUIE T~E 0 SCALE 

PUlNlL(SP),UP 

MtJL.SS 
01VU 
f'l. TU 

IFORM COMP~ETE O!ClMAL EXPONENT 

IMUl.TIPL.Y ~y 10•*EXP 
IJUMP IF OtCIMAL. EXPONtNT IS NEG 
IJU~P IF fXP IS 0 

FHO,#Jl46~ 

MDVSb JJU~P lF FWACT TOO BIG TO MULT BY 5 
PC,M~518 JF~ACT•5*F~ACT 

BtXP~5Pl JT1MES 2 

E~XP~SP) JOVER 10 

MULSij IJUMP IF M0Rt OE~IMAL. EXPONENT 
Fl.TSd IDEClMAL EXPONENT ~ONE 

~C,MQ4S8 JMu~TlPLY dV 514 



lH •1142 UR7H 
HIHI 
HHll& 

U1 •0'0 Ui17U 
l~• •e5a 1ae•21 PcK111 

HUH 
UQ •008 HUro9 
141 •0b0 108765 PT~S81 

n0ua 
141 •eo• HUU 
1.c2 .ceu euou 

1111012 
10 4071 (0110707 
1'' ••7• 11e1ee CRM111 

HllH 
t•S •tll 115111 ZlMlll 
10 •ua HHIU 

&•7 ''"' uaeea 1'1 4tH IHHU 
10 41UI IUU7 

I0014H 
io1 •11• 121•21 £x~111 

HUU 
u1 •tae 1u•n 
ua •1aa 121•11 

HUU 
tH •tH Hl~U 
154 •tam 111&11 !XTl&I 
U5 41_,I f00Ht8 
UI •tU lllUH9 

eeeua 
U7 •1•1 IHll! 
u• •t•a euue 

HU•• 
1u •14e ua~u 
iu •1&0 uaou 
Ul 4102 e•270• 

177001 
ua •106 ue•21 

HUU 
lH 4151 iil•U 
104 •lU 121417 

ll01055 
115 4171 HUU 
ue 4t72 UHH 

HUU 
187 •171 eamoes 1,1111 

00100 
tu •212 10au• 
1&9 •a~• 11aoe• tFa111 
170 4211 IU2704 

l770H 
111 •212 1a1•a1 iN~1a1 

IHllU 
112 •au uuea 
11" •aa1 ua11• 

1111811 

•oo 

8Nf 
TIT 

BNE 
MOY 

BR 
COMB 

CLR 
CLR 
CL.R 
Ci.flt 

-1"' 
CHPB 

81Q 
CMPB 

SN£ 
HOV 
D!C 
MOV 

CL,R 
Cfl4P 

BGl 
MOV9 
sic 

CMPB 

HQ 
CMPI 

BN& 
INC 

tMP 

8GE 
Mova 
SIC 

BNE 
HOY 

ITU4£1 I 

0101~ IGO DIVIDE BY 10 
R41•'• 

EHRIB IJUMP 1, NOT A Ott,MA~ POINT 
PUlNTL(&PJ 

ERRS• IJUM' l' A 1 ALR,4UV fNCOUNTIRIO 
R~ 1 PUINT~(l,J ISAVE A POINTER TO TH! • •I 

'LDll IGO FOR ~EXT CMA~ACTfR 
!RF•ICIP~ ''LAG ERROR 

Rrl 
Rt 
Ra 
fH 
ITAU 

IRUULT U I 

IGO PUIH RllUi.T ANU RETURN 

£XT1i IJUMP l, E 
R•,#'D 

EHRSI ll, NOT E OR 0 THEN E~MOR 
R5,,_, llAVE PQINT!R TO !NO OF NUM •l 
llP IDECR!M!NT NUHlND 
R;J, TEMP (IP.) 

R.J 
R~1END(IP) 

£HRll IJUMP l, ND ROOM ,CR EX, 
(RSJ•,Pt• 
#2,77CjQ11 1 R• 

R•••'• ICH!CK FOR •iXP 

!1'111 
R41•'• ICH!CK ,OR •!KP 

£NMll IGO CHfCK FD~ NUMEMIC 
EllGN(IP~ JF~AG tXPONENT NEGATIV! 

R5,t.NO(IP) 

E .. Rllt 
(fU5)+ 1 U 
•177000,~• 

R•,•' JCMfC~ FOR BLANK 

lNUI 
#•0,H• ITREAT !~ANK Al I 



174 42a4 120427 EN1S~I tMPB 
I0000e0 

175 4230 ~02721 B~T 
116 •a~a 12~•a1 CMPd 

000071 
111 42~6 ~ZJ~1~ BGT 
11a 4240 1e2104 sue 

kH0006~ 
17Q 4244 0~6J~J AS~ 
180 4246 ~60304 AOD 
181 •ao0 0~6~03 •s~ 
112 •202 006~03 AS~ 
11J 420• 000403 ADD 
11• •a~e ~a0~ee CMP 

000044 
115 42ti2 0127~0 BLT 
188 •21• 00e7e6 TST 

000!0 u 
187 •210 001401 HEQ 
188 4272 00~403 ~EG 
18~ 4274 050~66 f~~SijS AOO 

!0001414 
191 4300 01eo0~ MOV 

000 ua 
1g1 4314 000161 JMP 

171412 
192 4~10 00~70~ 01~581 TST 
19~ 4312 002405 b~T 
194 4314 00e~ee OV~581 DEC 

~00k106 
195 4~20 004767 JS~ 

"'"'"04 198 43a4 100J7~ dPL 
197 -~~6 012704 DVll~I MOV 

000020 
198 43~a (i)04761 JS~ 

H~04 
199 43~5 010~40 MOV 
200 4~40 010246 MO¥ 
2~1 •342 010140 MOV 
202 4344 010"'48 MOV 
20J 43•& ~041~1 DV~S81 JSH 

0~0•e-' 
20• 43~2 0~0,•1 ~~c 
205 •J~4 0d47~7 JiM 

tt>ld(Oti•U 
206 •360 ~1270~ MOV 

"1fd0002 
2~7 U64 ~~0~.U CLC 
2~8 436b ~~•767 OV4581 JS~ 

000430 
20g •372 ~66b0J ~DO 

~00006 
210 ·~r6 ~0~~a~ AOC 
211 ••~0 000~01 •oc 
212 •402 00!~00 AOC 
213 ••~• ~66602 .,Ou 

ERRS~ J~OT A VAL10 CHAH 
#60,~4 JCON~EkT ASCII TU l~TEGER 

R~ IX•l~•X+O 
R31IU 
RJ 
FU 
H4 1 R~ IENO OF ABOVE COMMENT 
R~1ENDCSP) 

Ef2Sij ,JUMP lF MO~E Flf~U TO GO 
ESIGN(SPJ JCMEC~ EXPONENT SIGN 

EN2S8 JJUMP I' IT IS + 
RJ JMAKE USER EXPONtNT ~ 
fiJ,ttXP(~P) IG~T COMP~ETE DECIMAL EXPONENT 

Tt:MP~SP),RJ 

SCL.U IGO SCA~E TME NU~ERIC PART 

lsl0 
OVli~ IJUMP IF FHACT LtFT JUSTIFlED 
BtXP~SP) IL.tFT JUStlfV NUMERIC BITS 

OV21li 
#16 1 1~4 ISET FO~ SIXTEEN ITERATIONS 

PC1!UTS8 

RJ,•tSP) 
R21•lSPl 
Rlr•~SP) 
R0,•C5Pl 
Pc,wiru 

6CSPJ_,R~ 

R2 
R1 
R0 
HSPJ_ 1 R2 



0~0004 
214 uu ~i;o:>~u 
215 uu 005000 
216 0 u I006tJ01 

1600~02 
211 ua0 1cild~~0!!! 
218 4422 it!61600 
21~ 44,, ~05~~~ 
220 442Ci ~0Ue7 
221 u.J0 ~0e30• 
222 •oa "n"o 
223 U-1• ~021(06 

rd00010 
224 400 102756 

0001d0-t 
i600i000 

220 u•& ne~ee 
~ld0I014 

226 4'b2 £602710 
227 4404 0~~~66 ~LTS81 

000~06 
2n ooia roiOA7&1 

0H\t24 
22fi 440• 10U1J 
2;,a 44e& 0tJ27ee 

0!00200 
'600006 

231 4414 V>U47& 
aJ2 447e k12e6a1 

00u0e 
IHU77 

233 0'44 I0~3i071 
au •5U U50U 
Ub •Ue l00i0"1 
2U •512 H0ihlJ 
au uu UHH10a 
ue 4t5U U01U 
U9 461i0 WI00\tU 
20 4Dc2 U~00l 
a• 1 •Da' 150001 
242 4525 000..tU 
UJ O.J0 U50H 
au ou 1~600!ilt 

HU0ti 
2•:S •5JeJ Ui6'100 
246 4540 l1H.Hli065 

!00011112 
247 4544 0~t1l7b7 

~ltH!1'2~a 
248 40:>0 lih15:il03 
249 4t>~2 V)~~Q02 
2~16 4504 ~~H>OU 
2~1 45tje k10~000 
2~2 4500 1U 1UJ 
2!53 .i~b2 103442 -
254 4b6• 1~e1~s STHS81 

ltll1H'.I Id 3 2 

ADC 
AOC 
ADO 

AOC 
•oo 
UE~ 
BtH 
OEC 
tlCH 
400 

SUB 

lNC 

BL. T 
CtC 

JSM 

sec 
AOO 

8 L. t. 
CMP 

f:tGT 
Cl.RS 
8158 
S.iAtJ 
Cl.RB 
SIU 
&WAd 
CL,liiB 
IHSS 
$ilf At!I 
Ct.RS 
8158 

JSk 

AO~ 
AOC 
•OI; 
AOC 
BVS 
dCS 
TST1:$ 

Ml 
R~ 

2CSPl_,Rl 

R0 
fttP,rt0 
R~ ICOuNT TwlCE 
ovoij 
R4 
ov;us 
#8,,~p IPOP OlVlDENO 

JBUMP DECIMAL. tXPON!NT 

DlVS~ IJUMP 1, MORE TO OU 
BfXP~&Pl JPCIT NOHMAL.lZE THE RflULT 

PC,L.~TH 

15'1.. TU 
#200' BEXfi' CSP> 

UNOSij INUM8E~ TOO SMALi.. TO REPRESENT 
Bt.XP ~SP)' #377 

ov~s~ IJUMP lF N~MS~R TOO BIG 
R;) 

Rlil,R~ 
RiJ 
R2 
FU, R" 
R2 
R1 
M0,R1 IMOV~ OUT L.OW!ST QHOER ~lTS 
R1 
R0 
BiXPtSP)•R0 IINSERT THE BINARY EXPONENT 

R0 IPUT IN TMt ~IG~T U~OER 
SIGN~SP) ITtST T~E 4HlTHMETIC SIGN 

PC,R4TSS 1l~SE~T lN RESULT 

R3 
R2 
R1 l~lNAL ROUND 
Rlr.'I 
OV~Sij rJuMP lF OVERFLOW 
0V~$1:S 
~H~(~~) ITEST REA~IDOUBLt fLAG 



SL>Cl'11 MACRtl VR04•14 01•St.P•1~ 1114J PA lit lJ• 

255 •e10 ~:H014t.1 SEW OPRSCS IJLJ~P lF OUUBL.f 
2se 012 io0eiua ROl. H2 IMOUNO TO HEA~ PHt~lSlON 
251 4e7• k'0~=>01 AOC FU 
au .,,. I0~5~0~ AOr; fie~ 

aae •e•0 U243J ov~ UVRU 
2H 4H2 103•32 BCS OVRsti IJUMP IF OYE~~L.OW UN ROUND 
261 461114 010!002 MOV R0,~~ IMOVE HIGM ORUER RtSUL.T UP 
262 4605 ro10103 MOV ~H, RJ 
26J 4610 I010~6a OPHS81 MOV Rli5,Rt:.SUL.TCSP) JSTORt R~SUL.T ON ST•CK 

1600~36 
254 •614 i.110160 MOV IH, Rt.SUL. T+2 CSP) 

\10~fU~ 
2&e •620 0Ua60 MOV R2 I ~t.SUL. T+4 CSP) 

"'~0ua 
aoo Oi• "1UJb6 "10\I fU,RtSUL.f•fiCSP) 

0001U4 
267 •e~0 11"6.UM ADO #14,rSP lt;L.EAR SUCK Of JUNK 

{000~ 1 tj 
258 •U• ro1200~ MOY (5P)+,Re, 

2 Ci" •Uts ~12604 MOV CiP)•,R4 
210 111840 W!l2003 MO\I CiP)•,~~ 

271 •&42 01a60a MOV CSP)•,R2 
272 4844 012001 MOV C5P)•,k1 
27J 4'646 IDU001d MOY (SPl•,R0 
214 •U0 1H1U TSU UP ITEST ~E•l.IOOIJ8L.f ~L.AG 
275 4602 ~HU404 bEQ RIH~ Sb JJU~P lF DOU81.E 
276 •U• 1e1 ue;ee MQ\I (5P)•,2CSP) IPUIH FL.AG UP 

000002 
217 4U0 012oeb MOV CSP)+,2(SP) JPUSM RETU~N UP 

nnea 
278 404 ~06Ul5 RRNHI RQi,. (SP)+ I FL.USH 'LAv AND SET C BIT IF ERROR 
21SI 4618 i100207 RU Pt 
281 , 
281 07(11 ovwaa1 
aea 010 000 U7 UNUS8 I JMP ER!Uli' 

1 na00 
an , 
21' 4574 020027 MS4111 CP11P R0,#148;H4 

i•eu• 
285 •1roa U~Ol5 81,.0 M~5StJ 1 JUMP lF RDOM FDA :5/4 * FIUCT 
2H 47'°2 000a.u CLC 
287 471• 004767 JSR PC,RUH •DIVIDE l:tV 2 

li0001U 
288 417 l0 005.,tiS lNC BtXP+0+2tSP) Jfl1Ul.TIPl.Y av 2 

H0IOU 
aag '11• 010~0 Met>U I MOV R0,•lSPl 
2g0 OU 010Uti MOV ru,•lSPl 
25H 020 ra102•6 MO" Pt2,•lSP) 
292 •7ii2 010h6 MOV fCJ,.tSPl 
293 472• 1600~• 1 Cl.C 
2iiJ4 Oio '(J'/J4ltJ1 J Sj( Pt;,RlTS8 I HAL.fiii 

0001a71d 
29~ 47~2 ~i6e2•1 ci.c 
296· 47~4 (004767 JS~ PC,~.l.TU JQUARTfR 

00P'IOCi2 
2!il7 040 0004U tHc M:>AStl IGO GET ,+F/4 
2!il8 4742 01'1046 ML~S8 I MOV Rk),.~SP) JMUL.T ev ~ 



SOCII01 MACRU VfH14 .. 14 07•St.P•1c 1114_, PAllE 13• 

25H~ 410 1t1U1Atl MOV Fq,.~SP) 

Uld •7•& k' 102•6 MOY R2,•~SPJ 
301 uo0 0U~46 MOV IU,•~IP) 
302 47~2 !L104761 JIH PC,L.~'TSS 'DOUBLE 

i01d0'132 
303 0~6 '/J'OA1t!J1 JSR Pt:, L.r-TSe JQU•DHUPL.E 

000026 
304 002 IOOiiC>0J MeAS8 I ADO (~P)+,R~ 
311)~ 0'04 k?~fS002 AOC H2 
UG 006 f61iH~OIU AOC Hi 
301 4770 ~0~0~0 AOC Rrd 
308 4772 '162602 •oo CSP)+,Rl2 
30~ •714 "'uct01 ADC FU 
310 477e io~ eon ADC ~0 

311 0000 062et01 •oo (IPJ• 1 H1 
312 e002 U5hii AOC Rid 
3U 00¥1• I0626ltlld AOD (SPJ+,Re 
u• 0006 Rlrrl0201 RTI pc; I CODES MAV BE TEITED ON RETURN 
;)15 50l0 U&J0J L.FTS81 ASL. R3 
316 c;ua ~h16U2 ROI. Ra 
317 DU• 006101 ROL Rl 
hd OIU6 ld0610VJ ROI. R0 
31g oea0 l1H~0i07 RU Pt 
320 0022 H6000 HUl81 ROR Rra 
JU =t024' Rl0ef00 l jlfQR R1 
ua Ct0iti 01()6002 ~OR R~ 

HJ :>eU 006~0J ROM R;J 

~2• =5032 000ae1 RU Pt 
U5 1INDC 



1 
2 
3 
4 
!5 
6 ., 
8 
9 
1~ 

11 
12 
13 
14 
1~ 
16 
11 
18 
1~ 
20 
21 
22 
'J 
24 
2 :> 
2 es 
27 
2d 
29 
3 ia 
31 
32 
33 
34 
3~ 

3ti 
37 
JS 

JQ 
40 
41 
42 
43 
44 
40 
4 Ci 

47 
48 

4g 

~0 
~1 

5~ 

~oioJ4 

0t)040 
~5042 
llJ~044 
0:t0•6 
ld00:>0 
111~0:>2 
~!:>004 
00~~6 

~:>~ti2 
0oec;4 

td:>(c)10 

·0~07 4 
~~016 

1t.1e>11d2 

':'l~~k'.l01d 
~l(.)~VJ~ 1 
~~~!()"'~ 
11H101tl0J 
':HHHH~4 
IOI00VJ0~ 

"'"'~vi"'o 
0~0001 

~Hc10ii0e2 

~~0I0~4 

IO~~I00e> 

k11d0I014 
0001t120 
,,h)0~2112 

00~VJ24 

rJlthi~20 

01270~ 
{tl4240J 
0v.H~42~ 
005~0vJ 
~Wl0416 

"1260~ 
~12001 
~12002 
Vl1100J 
v.i1211e 
~42~02 
~1fa446 

1aU100.a 
k1~'1~~· 
0112l~B5 
0{1HHd04 
~~0'H c 
~1270~ 
~42402 
~12003 

P01NTl:2 
etEXP•4 
tE.XP•e> 
TY~t.•12, 
P• 1 b, 
u• 18, 
1.1d~0. 
S•~2. 
SG~vl 

scc;.o 1 

,flTl.t 'IJCOttl4 
1 H F)f CNOS~ 

.GLOB~ stca,~rCU,5GCO,~OCu 
5ECO THE t CONVERSION OUTPUT ~OUTIN~ FOR HtA~S 
$FCO T~E ~ CONVERSIO~ OUTPUT ~OUTlNf FO~ RtALS 
5GCO THE ~ CuNVE~SION OUTPUT ~OUTlNt rOR REALS 
iOCO THE ~ CUN\IE~~ION ROUTINE FUR OOUti~ES 
CA~L.lN~ St~UtNCll 
PU5~ FltLO sr~~T 
Pu~~ FI~~u L~NGTH 
Pus~ 0 PA~T Of ~.o SP~CiflCATlON 
Pus ... p SCAL.!:. 
~u~~ VA~Ut TU ~t UUTPuT 
JS~ PC,$~CO (OR SFCO) (u~ ~GCO) (UR !OCO) 
k~, Rl, R2, kJ A~t 0~8TROYtO 
R0=Ul 
ioel=U 
"'2• ~2 
,;cJ•U 
~u·~4 
k~U~ 

~P•%6 
PC•U 

MOV 

6~ 
ci..~ 
i; R 
MQV 
MOV 
MQ\I 
MQ\t 
MO\' 

MQV 
MQ'i 

xcosw 
R~ 
XC:OSi~ 
(8P)+,R0 
CSP)•,R1 
(Sfi')+,R2 
.SP,"<3 iTHIRO 
•420~2,f~P 

R4r•~SP) 
4(.SPJ,~41 

xcuw 
#424~2' kit! 

C~~)+,RJ 

IPOP ~ETU~N 
JGtT ~IGHEST O~~ER ARG 
IG~T NEXT 

ARG wO;.<O 
JFL.AG 0 t'QMMA.f 

JSAVt R4 
l~tT ~OwtST ORDER ARG 



!J 0~ U• 01Uld1 
5• aoue roUf)U 
5~ \l>5Ue 010.146 
56 16ti1la iouroo 
~1 0C5 U 4 005003 
&8 0DU6 0U440 
5~ 0e HU1 0Hia0• 
60 0~122 01~b•& •C11~1 
et 0~ 12• 11Hoe1u6 
ea 0tt1a& u5~•fJ 
0 0=tU0 02•048 
u 051'12 i'euee 

0000215 
roroua• 

6:s 01H•0 uun 
HUU 

60 001•• 11272~ CLtl~I 
00004_, 

e1 001&0 ro2uee. 
"'18!024 

ea ras1&4 u~77~ 
H UU& it~UU 
10 0aie1 ueue 
11 00102 unu 
1a 0s1&• iuue 

lOUU4 
1;s 01u10 rourou 
74 0U7a UHU 
75 0Dl1• iH00502 

76 ' 77 0'178 000ae1 NNll~I 
78 0UI00 HUU 
7~ 0UU UtHU 
u 0e>au 01u,,02 
11 iaoue. ia0a01 
ea 0u u usu a 
83 00212 U0~U 
u uau uuma 
U 1112U 10H0iJ 
a& uue nura• 
11 muu iee•n 
u 0oaa. ueu• 
89 e&'Ue Ul766 

euan 
rourou 

e0 ""au 002•2• 
91 0~2~8 0014•7 
ea 052•0 005701 MUL.S~I 
u n2•2 e02•10 
g41 0024' 0IOH04 
QC 00245 i!kl610~ 
96 0&ao0 00uu 
g1 0&202 lhH5hH 
Sht uaO• -1-'UH 

llUH004 
9~ 015atie fOUH7 
1H '212 1110000 

MOY 
MOV 
MOV 
MOY 
CL.R 
MOY 
CL.R 
MOV 
c; t..R 
CLR 
C:MP 
ADD 

MOV 

MOY8 

CMP 

BLO 
ROL. 
ROL. 
IWAB 
f-IOYi 

a NE 
Cl.R 
8R 

Ht 
HOR 
CLHB 
108 
SIH 
tL.H8 
il08 
~118 
Cl.AS 
IWAIJ 
8188 
tL.R8 
liUI 

a1.T 
Sf.Q 
TIT 
BLT 
Alt.. 
ROI.. 
ROI. 
toeO&. 
DEC 

tHiT 
u 

(SP,+ 1 R1 
(SP)• 1 R2 
R;t,•tSP) 
Rk11•tSPl 
R~ . JCL.EAR 
fU,•(SP) 
R• 
~~,.tSP) 
•(8Pl ICL.EAR 
•CSPJ ICL.tAR 
• tSPJ:, • Cif') 
SC8Pl. 1 t..tSP) 

S CSPJ., R0 

# 1 , ~R0)• 

R01L.tSP) 

tLtilil 

IGtT HIG~ ORDER AAG 
IGtT ~O~ OHOER ARG 
IPUS~ RETUMN 
IPUSM TYPE 

LOW OROE~ RtGlST!RS 
'SAVE ru 

JSAVE R~ ANO CONTINUE ALL TYPES 
EXP 
8E.)CP 

IRDOM FOH ~DINT ANO SIGN 
IPUINT 1 8t~OND !NO OF Flf~D 

IBL.ANt< OUT Fl!L.O 

R1 IGET ARG SIGN 
llP ISAVE lT 
JiU 
Al18t)(P(SP) IGiT BINARY EXPON!NT 

NNZIY 
RU 
NOD Iii 

IJUHP lF A~G NOT 0 
CLtAR OV~R,L.OW ACCUMUl.ATO~ 
GO PRINT T~E 0 lN ,ORMAT 

llNStRT NORMAL BJT 
FU 
R1 ILE,T JUSTl,V FRACTION 
R2 
R2, R1 
Ra 
R3 
Ail, Ri 
R~ 
u 
R4,0 
R• 
•a101eE•PCSP) •~EMOYE tXCESS 128 ,RO~ 8lNARV E 

DJVI" 
NOMSi 
R1 
MLUii 
R4 
R3 
Ra 
Rl 
BOP ~SPJ 

MUL.lii 
NOMli 

IJUMP lF 81NAHV EXPONENT NEG 
IJUMP IF NO SCALING TO DO 
IBINARV EXPONENT IS POSITIVE 
IJU~P lF F~ACTION OYER~LO~ IMPENDING 
IDOUBLE FHACTION 

ICOHPtNSATt EXPONENT 



101 b204 0~•7~7 
~0000 

10~ "'270 1.1~~~eses 
000ia!ll6 

h13 ~27 4 10~160 
000!011'~ 

"';~~0· 
104 :li3i02 "1!034~6 
us ~304 lcH> 1424 
Uti UH 011l0127 

146314 
107 ~312 110~h)14' 
U8 ~3U ~26627 

!000004 
1111'1'6 

10g U2a lo031d10 
110 5;,a .. 0k14~67 

!000020 
111 :>3'10 ~ia5~6e 

ro00~06 

112 03'141 I0021oO 
000~02 
00~.,04 

1 u o;ua "11li~40i 
114' D3•4 !0~4761 

001,64 
11~ ~3~0 I0~5ii6b 

0001ilU 
11e C§;,:t• 0~13!54 

117 
118 
11 g e3=>e 1tH6~00 ~ 
12-' ~36~ 1r10•7o1 

~~0464 
U1 &364 IOVl47e7 

lr3i00&e6 
122 0~70 ~~:)7~11) 
12.s e372 k>1"1~0J 
124 eJ74 10r.ll~J6& 

H00~b 
125 ~4id0 ~H>0161 
126 
121 002 ue166 

000~14 

128 '41c16 vHH424 
129 :>410 10t>iOeCI 

"10N1t 4 
13~ t>414 103114 
131 tl41fS 1iHH57bb 

ftllD~lrHiia 

132 0422 ltH:l2~11 
133 1:'>424 ~2btHH:i 

"1k1etlrHHi 
0016~22 

134 ~4~2 itHtJhH» 
U~ 5•J4 U~068 

12111>0'114 

, 
I 
NQMS~I 
NOU!ill 

I 
NOU5~1 

JSlii 

lNC 

sue 

EEXP \ S·P) 

,GtT 4/' f~ACTlON 

JMULTlPl,..Y t;V lid 

•ANO OIVlOt: BV 8 

~GT MU~5~ IJuMP IF SlNA~Y ~XPONENT STILi. POS1 
~EQ NOMSW ,JUMP IF EXPONENT ~ONE NOw 
~MP R1 1 #,4163l4 JBlNA~Y tXPONENT IS NtG~Tl~l 

8~15 OY1S~ IJUMP lF NO ROOM FOR 514 FR•CTlON 
CMP BtXP~SP)1#•J 

SGT ov1sw IJUMP lF NOT tNOUGH SINARV E~P LEFT 
JSH PC,M~41~ JMULTIPl.Y fRACTION BV ~/4 

DEC 

ADO 

t;R 
JS!o( 

lNC 

Et.~P~SPl 

OV2Sg 
PC,fUTSg 

Bt.XP~SP) 

'Ol\IIL>E t;y 10 

JMl.ll,.TlPt..Y t;y 4 

JOlVIOE i:tV 2 

I MUI. TlPI. Y "Y 2 

~Nt OlVSW IHIT IT AGAIN I~ BlN,EXP 1 NOT GON~ 
AT TMl~ POlNT THE BINARV EXPONENT lS 0 
·~o THc ~MACTIO~ IS IN R1, R2, R3 ANO H4. 
Cl.~ ~0 IC~E•R OVE~Fl.OW. AC~UMULATOR 
JSR PC,Mb4S~ ,MULflPt..Y fRACTlON BV 5/4 

JSR JAt';O NOw BY 8 

TS T liH1 
~NE NUDS~ •JUMP lF A~ lNTEijEW PART RE~Ul.TS 
UEC E~XP~SP) ,otcR~ME~T EXPONENT 

e~ NU1SW •~a AGAIN 10 ijff AN INTEGER PART 
AT T~IS PUI~T THt MOST SIGNlFIC•NT ~ON IERO OI~lT lS IN 
TSTS TYPEtSPJ JTtST CO~VERSON TYPE 

BE~ ffTSY 1JUMP IF F FO~MAT 
kOR8 TYPE~SP) 

ecc f~TSW JJU~P lF E fQMMAT u~ ~ ~ORMAT 
lST EEXP~SP) JG F~RMAT 

eLT EFTSi IJUMP lF R~SU~T <,l 
CMP E~XP~SP),U(SP) 

SGT EfTS~ •JUMP lf RtSU~T ~1~**0 
c~~s TYP!tSP) •MAKE TYPE F INSTEAD OF G 



1Je ~440 162166 SUB 
00004 
VJllJld'42• 

137 ~4~6 166~65 IUS 
000Uei 
11HUH02~ 

1Js ~•~• ~~e~66 c~~ 
000id2~ 

13g ~4b0 01660~ FFT1Q1 MOV 
0001D0f:i 

1•0 04b4 0&600~ F,ts91 •oo 
lllliHi>ID22 

141 bA10 0b6005 ADD 
I000WIU 

142 ~414 ~~47e1 JSR 
0006•0 

143 ~~~0 0166~0 MOV 
lcH00IO~ 4 

144 0~~4 1b6~0~ 5Ud 
'61a0il22 

140 ~~10 1~~766 TSTij 
!000014 

1•6 b~1• ~0101J 8Nt 
147 ~~16 ~b66e6 ADD 

110n00 
"'~0I021d 

148 ~~~· 0~~407 ~~t 
1•g ~~a6 1e600b sue 

000020 
1~0 eeJ2 1e210~ au~ 

01i1H11D02 
1~1 ~~~e ~041b1 JS~ 

kl0k1744 
1~2 ~e•a 000•1~ BR 
1~3 ~~-4 162705 ~FOS91 5Uij 

000"10'1 
1~4 ~5~0 ~04161 JSR 

rdQJ07;,2 
1~~ ~~b4 112725 MOVB 

000'°90 
156 ~~b0 11272~ MOV8 

ro00w>e5 
1~1 o~ti• ~a0,es ~'~'g' c~~ 

0001D24 
158 ~010 10~~03 SM1S 
l~i 5~72 112725 MOVS 

ro000e~ 
110 ~o7e ~e011a e~ 
161 b61D0 ~1600~ 'F~l~I MOV 

~I00{024 
162 06~4 106~ee SUS 

HHU 
16J ~610 005~05 DEC 
154 ~612 010e&d MOV 

U0VJ02 
165 ~616 ~05766 TST 

UrUIU 

!fXPtSP)rOCSP) JOtCREASt D ijY #OF OlGITS L£'T 

PC SP l. JSUSPENO P SCA~E 

ff.)(P tSfi'l 'R5 

DCSPJ,U 

P CSPJ., R~ 

PC,RUOU 

L. t SP l. , R :5 

DtSPJ,A:; 

TYPE ~&Pl 

IF FO~MAT 

FP5S~ ,JUMP 1, NOT ~ COhVERSlON 
EtXPtSP)rP(SP) JCOMBlNf P ANO E•P 

,~es~ IJUMP lF T~!Rt is NO INTEGER PART IN RES 
P(iPl_,Re 

#i,Mb 'SIGN SLOT IS S+~•U•E•P•2 

PC,lSN$9 llNSERT SI~N ANO CHECK WlDfM 

F~3SW IJUMP TO lNSlHT IOYlTS 
-~.~O JSIGN SLOT IS S•L•0•3 

PC1I~Nlg JGU lNSf~T SIGN ANO CHECK ~IOTH 

#•0, ~R5)+ 

#•,dFU5)• I INSEtn , 

IC"EC~ ~lE~O tNO 

Ff31~ IJU~P IF FlE~U FU~~ 
#•0,~R5)+ JPUT IN ANUTHfH LEADING ZfRO 

,,.o~ 

~CIPJ,R~ 

DtSPJ_,Re 

R5 ILOCATlON ~OR • 
R5,PUINTCSP) JR~MEMBEH lTI LOCATION 

P C&Pl. 



1ets ttesa2 iaiaJd~l 
101 ua~ VJ"'O~ij):J 
168 D6i6 1~6005 ~FbS~I 

0000216 
U!aJ Ota'12 0'1JJ4161 

~i6M 14 
170 06_,6 116576& 

0fd010l4 
171 '>642 IOiU4&7 
112 :5e44 kiri'~43J 
11~ ~e•s 1&21~6 tFTsg; 

0f40id04 
l.1ii:hU24 

174 :,so. "1I05~0::> 
11~ ~5:;~ llll.1!;166 

r600020 
176 b6C>2 ia037.0~ 
111 5e;ts4 \01660~ 

\:li60022 
178 15670 ~bbb05 

~000a~ 
119 ::5674 ~~A1()1 

000440 
u0 ~1ill0 ueei0' 

kH101d24 
181 57~4 1bbt>~::> 

000~22 
182 C>710 {l;ia::>~03 
183 15712 ~1~~6b 

kl"H~k1~a 
184 ~116 106005 

~0002115 
us ~122 k1~5Jra:s 
18b 574l4 V,04761 

{Oi!~~e;6 

187 ~71)0 ~U701 
0vH:101e 

188 ~734 16b06b EF~5g1 
~0k102d 
0~~'606 

18g ~742 ~160~J 
k'0{l!"124 

1~0 e,745 116()23 
~0('1~ 15 

1!11 :;7:>2 ~160!i;i4 

"ld~~C'io 
un ~7=>s "'16~'1~4 
1~J ~700 0~!>4~4 
1g4 0102 11272J 

l1~0I05~ 
195 b7b6 ~~0402 
196 ~110 11272J EX~SWI 

"001d40 
1~7 ~774 11~71J EXllgl 

01d~IOe0 
1Y8 00~0 1021~~ EX~$91 

0000ia 

JS~ 

T STB 

BEQ 
~~ 

sue 

Cl.~ 
TST 

ADO 

JSR 

MOV 

SUB 

DEC 
MOV 

UEC 
JSPi 

JS~ 

sue 

MOV!:t 

Biil 
MOVB 

MOVS 

sue 

FFtU~ 
~~ IPOlNT TO ~I.OT FUH FIRST NON•ZERO OIGIT 
PtSPJ,Rf> 

lYPE~SP) 

ONESW IA~L. THROU~~ 1, f ~O~MAT 
EfESW IGO FINf5H ~ FORMAT 
#4 1 l.lSP) JMAKE AUOM FO~ E FlEl.O 

R~ 
PCSPJ 

F~~$~ JP~OCESS A~ F FMT ' R~TURN TO EFMTE 
OCSPJ,R~ JGtT ~OUNOING FACTOR 

PCSPJ,R51 

l.(SPJ,H5 

DCSPJ ,He; 

R~J 
R~, PU INT lSP) J 

PCSPJ_,R51 

AL.~O~ f OW ~ SCAl.E 

rc;o uu n 

JPOI~T TU ~IGN SLOT 

POINT SLUT • ~·0•1 
SAVE L.OCATlON ~O~ • 

M~I Sl~N s~oT • L.·O·P·2 
~C1I~NSQ IGO CH~C~ WIOTH ANO INSERT SIGN 

p~,oussw JGU PROC~SS ·~L. DIGITS 

PCSPJ,EtXP(SP) JCO~~fCT EXPONtNT FOR P 

L.tSPJ,R3 

TYPE+1 c::n~,, CR3l • 

Ef:.XP lSPJ, ~4 

JMOVE OuT E OR 0 

E•~!W JJu~P IF ~~PON~NT ~OSllIVE 
R4 IGET AbSOl.uTE VA~ut 
••~,tR3)• rI~SE~T ~ 

U~,IF~4 ITEST f-Qf( TENS 



1gg t>ldl04 ~~2 .. 02 
2H O~Hht hl5clJ 
2iiH 0010 rD~lf\7"J 
2"2 0012 002/04 

t:i0~~1~ 
2~3 or.He 1U46J 

~H'l~~01 
21.14 ts0~2 ~t,,zl~o 

'10001v.1 
20tl b0:i6 il11~b~;, 
206 60J0 ~12blf14 
2~1 6tt>J:i wl12t>60 

kH.~'11~~0 

208 bk13ti 01~b()() 
00~11HH> 

20g t>0•2 0i2020 
2U C044 ~~6111?0 
~11 0048 ld00~"'' 
212 
213 
214 
21:5 t>0=>i0 k'.1101~' 
216 60~2 iarnc~u 
217 b~04 1Dh1J4o 
21d blt)Ob !01"'440 
211i 0000 f1.HU7e1 

H0oern 
220 fh,64 IU~4761 

~lt)~:).u 

221 0010 "1~~~1t4 
222 ee72 ld0~=>~J 
22J &074 kHJ0~'1~ 
224 607b ~0e>001 
22~ bU0 iac201t1 .. 
22b 01f02 ~0~!)~J 
227 01"4 0~~00~ 
228 bl.Ob ~!05001 
22g ~1h ~I05b0itJ 
230 6112 1t6200J 
2U 6114 ltl~50'12 
:i!J2 6Ub 00M,01 
23'1 61~0 005:l~H1 
234 b122 l(Jb200~ 
aJ!!t tt12• ro111~::>01 
ii36 01.i& lrHH;O'*.Hl 
237 51')0 002001 
238 6 U2 ltlrd~~01d 
239 01.t• ~I00'0' 
240 
241 
242 01-tb ~1~700 

000~21'1 
20 6142 lr)IC:)4167 

fUJV)4&d 
244 h 46 010440 
245 01 ~0 010J46 
U6 01e2 ld10i4a 

Bi., T E.X2tiil 
lNCd fRJ IACCUMULATt T~NS 
t:H~ E.X3S~ 
AOu #12,~4 IGET POSlTlYE UNlT~ 

MOV 
MOV 
MO\I 

(5P)+,FH5 
(iP)•,R4 
(:IP)•,ot::JP) 

NOV C~P)+,o(SP) 

IM~Vt fl.AG ANO ~ETURN UP 

CMP C5P)+,(5P)+ JFLUS~ JUN~ 
~OL CSP)+ 15ET C BIT IF ERHO~ 
HT-S P~ ;~ETURN TO C•LLE~ 

MU~TIPLY CUNlENT~ 
ANY OVlRFLU~ GUt~ 
MO\I ~1,w(SP) 
MO\I kir•dSP) 
MOV kJ,.~SP) 
MOV fo(ApdSP) 
JS~ PC:,~lTUI 

UF R1 ••• R4 ~V 0/4• 
I~TO 110, 

J514X•UX/4 

JSM PC,~lTS9 JXl4 

AOC R4 l~OU~O 
AOC RJ 
AOL; R2 
AOC ~1 
AOv (~P)+,R4 
AOC MJ 
AOC R~ 
AOC kl 
AOC M0 
AOO C~P)•,RJ 
AOC R~ 
AOC R1 
AOC iHJ 
ADO (SP)+,R2 
AOt; H1 
AOC R0 
ADO (SP)+,R1 
AOC RIO 
HTS PC IRETURN TO CAl.~E~ 

MOV #1o,,R5 IMULTIP~V R1,,,R4 ~y 4/o 

J Sli( PC ,rU T59 

MOV R41•~SPJ 
MOY ~3,•tSP) 
MOV R21•LSPl 



socou MA(.;RO VR04•l4 07•St.P•72 l1Ui) p,.ijf. 1•• 

247 ttl~4 "'1014e MOY Rl 1 •lSPl 
248 6156 Wt0•767 M~U91 JS~ PC,R.Lll~ 

~"'Vi•~ll 
a•g bt'>C? 01U7e>7 JSli< PC,RlTS~ 

UQ\446 
2~0 C> 1 Ob ~12/01/J MQ\I 1•ri1~i0 

IOI00_,0c 
ji!:u 6172 0u1e1 M~:tS91 JSk Pc,~uag 

0!0043b 
2~2 &17e "66004 ADO SCOJ, ,._. 

llllll 0005 
2iu ~2~2 10l.H1b0J ADC IU 
204 t1a1u "''°~:,0a •oc Ra 
·~~ 02'46 ~~0001 AOC ~1 
ne eu0 0ee6U •oo •tCSPJ_,RJ 

k'IUrD04 
U7 6:U• "0e~0a ADC R2 
2~1S C521 e H5'50l ~DC R1 
2~9 624'0 kl06&0a ADO acs.,J,R2 

~0eHD0~ 
au b2~h [0~~~~1 AOC Rl 
261 e21te 061001 AOO UP,~1 

2e2 ~l?.S0 l1HllD-t011! DIC R0 
26\1 02J2 VJIUU7 SGT MDU~ 
Z64 OiJ4 U&U5 Oft: ~~ 
265 ~2J6 k1U·U1 ttGT M:tUil 
au U40 roea1ee ADD #8.,IP ''LUSH MULTX,~1£~ 

00001~ 
267 oa•• 0HU1 RU PC 
2158 ' HSI , MULTIPLY THI CONT!NTI O' RI "• R4 BY a. 
270 , NO OViRFLOW IS ANTICIPATED 
271 152•6 roU5A5 Ml.llYI MOV HS,•(St'' 
272 ti200 0127015 MQV -~,R:, 

n00u 
273 b2t»• HUI~ MUl~I ASL R4 
21• ei2=>e neu~ ~o~ RJ 
275 eao0 HUU Iii OL. R2 
216 6a6a '409101 Pt 01. R1 
271 tii64 uuu HQi., liHd 
271 uoe '4llU0tt DEC R~ 

279 ti270 IOUOi iGT M8UW 
280 6212 iouo0s MOV (SP)•,R~ 

au 6a1• 00U07 tit Tl PC 
282 e21e IDI08728 t.FHCS91 TIT (SP)• IPOP ~ETURN 
2n b;.\00 rtH6b0J MOV scs,-J_, Ra f POINT TO f'lEl.0 HGIN 

011101125 
au 03!04 161600• MQV L CIP J., R4 f GtT 'l!~D ENO +l 

!000024 
215 OU0 ue7n TITB T YPf~SP) ICMECK IF ENO MODif lEO 

01l10014 
ue uu IOU40a SEQ STU~ INO, T~tS lS ~ ,ORMAT 
287 6JU 166211t'l4 ADO 

···~· 
f PUT BACK tXPONENT SP4C! 

~"10!004 
288 b322 1u1u Sf:j•~· MOvi:I _,,., ~R3)• 1~11.1. FlELO WITH • 

Ural0&2 
au es;ue I020~eJ· CMP RJ,IU 



tDCOli14 MACRO VRU•l4 ro7•SEPa72 UU" P•li~ lh 

2921 0;5110 IU'74 iL.0 IT Hg IJUMP lf' MORE TO GU 
Ul eu2 neiu COM TYPI ~SP> J'LAG ERROR 

000k'14 
aua eue rouo:s 1 SR DN!IW 
2U , 
2i4 , ROUND THE CONTENTS OF R0 ••• R4 TO TM! PRECISION 
no , $!1'EClf'UD 8V R5, 
U6 , J~lS ROUTINE 18 5HORT!M THAN Tt-tE TABL.E THAT 
291 ' CTH!RWlSE WO~LD ~l NEEDED, 
an U40 020021 RUUlil tMP Rl!;,#ii?0, 

H00U 
2'l; 6344 HUCS4 8GT RUUi JJUMP lF NCT WORTH ROUNDING 
:IH 6'14f5 ru0:;u MIJV Rl5,8tXP•h2(&P) JSAVE ROUNUING P~ECISION IN TEMP 

01d000ti 
Ul 0152 n1•sa l;f;Q RUUW JJUP4P l' ROUND li To ~EADlNG DIGIT 
H2 004 rof024~0 Bl.T RUU~ JJUMP lF NO ROUNUING TO DO 
an nu 010~•6 MQV R0,•~SPl 
31• ue11 '1110 ucs MQV R11•~SP) 
3U eatt2 0Ui4S MQV R21•~SPl 
ue a~o• li'10~40 MQV H~,.,SP) 

301 U«»e> 010••6 MOY R•1•~IP' 
H8 6370 IU2701 MOV #100V)0QJ,H1 Jlt-ISERT 1!5 

u0ran 
30fiJ U74 0il'~f00l CL.R R2 
310 0378 lrHcH500 3 c; ""Fe R;) 

311 u00 it'0e100• c ii.re R4 
112 Ulda IUU60 RDf-_ S9 I CEC 8l:.XP•0•a•10, CSP) JCOUNT PRECISION 

rt1l00020 
3U bUti [!')~ 1411 8f Q ROOS" IJUMP lF DONE 
u• eo0 004761 JSR PC,M•es~ JMULTIP~Y ~y 41~ 

H'7b22 
us 0414 ~u1e1 JSR PC,RIT59 

'400!H4 
ue o•ae 004707 JSR PC,R~Tlg 

0160au 
311 ua.- 1&1u1e1 JSR Pc,1UTSP J01Vl0l th 8 

V'itHHh)4 
us 6•"0 0001e4 SR ROFiiil JGC CHl:.CI< ll' DONi ,.ITl"I fACTOR 
31P 64;)2 00~000 ROIJS5ill CLR R0 
ue 60• 002e,04 AOD (SP)• 1 R4 JAOD FR•CTION TO ~ND '-ACTOR 
321 f!»4ti5 !00500~ AOC R3 
;ua h4'0 IO~bt)U AOC Ra 
323 C11U2 0id0b01 AOC FU 
324 0444 ~6260\l AOC CSPJ•,R3 
325 040 k105002 AOC H2 
326 0400 V)"'5~01 AOC Rl 
U1 0402 lll626tU AOC (SP)•,R2 
328 ti4e4 1a~5:,01 AOC Rl 
Ji~ tJ4bti lf)626U ADO (SP)•,R1 
3H 04b0 k'J050U AOC Hk'I 
331 64ti2 ~62600 ADO CSP)•,R0 
3U t;4b4 0221 u RU2SW I CMP #10 1 rR0 

000ro12 
U3 6470 0~~~02 BrH RUU9 IJUMP IF NO OVERFLOW 
334 0472 ~0eus lNC EtXP•2(SP) JBUMP OECIMU, EXPONENT 

k30U U 
;nt; 0476 w>iiH~207 ~WU~I RTS PC ,METURN TO CA~LEH 



336 be00 0ea100 Ru~•~• 
un0e 

331 6&k1• 0007!7 
U8 
335' 
340 
Ut fSfHH5 

ua e;su 
30 uu 

u• 01520 
u:s nu 
ue ee2e 
U7 H.,0 
us ee;,2 

;ug UH 
JU n•0 
35l 0542 

na 
3U 
3t54 
J:5:S 
356 
357 
358 

u1 eu• 
U2 H70 

3e;) b~14 
H4 697& 

3U 6CS02 

H6HU 
3ei7 6f.U0 

388 ti614 
;,eg uu 
UI Hie 

371 tUHU 

372 
373 
374 

iHZ~etee 
HkHdU 
lU-107 
nemee 
000002 
1uua 
111271' 
roneu 
.o~UllJ& 
010207 
iOHIDH 
(000102 
iUU7 
to0UU 
rouoee 
Hl0iilHJ 
1H6U 
Uf!207 

"2a7U 
HIUU 
H~iU 
1121ae 
HH6l 
U27H 

""~"'° u roUbee 
00000• 
HUU 
1u1u 
0001ee 
ro2U05 
romerou 
101•u 
0H701Zl 
r6000H 
l l0102~ 
0IO&I000 
IOU767 
i11a2• 
IOU767 
177•15 
0007!7 
000207 

, , , 
UN1g1 

, , , , 
DGIUI 

DGU~I 

OilJSil , , 375 
378 
317 

66~~ i0024l RI1S91 
t;6U 0090111 

ADC IROUNO MOST SIGNIFICANT DIGIT 

l:IR RUUW 

INSERT A • l~ NfCESSARY •Ng CMECK l~AT THE Pl!LO 
is wIDt ENOU~H TO CONTAIN TME R!IU~T. 
CMP Re,s•0•2,8P) JCO~PA~! SIGN SLOT WITH Fl!LD BE 

S~D S'CIW IJU~P l, IT MAY NOT 'IT 
ROH m+2cip) ITEST IIGN 

ICC llRli IJUMP l, • 
MOV8 #ta,fRS llNl!RT • 

lNC A~ IPOINT TO ~EADlNi QlGIT ILOT 
RTI PC I RETURN 
~OR 0•2C~P) JT!ST IIGN 

sea !MRSi IJUMP I, IT•I • 'CAUi! TMfRI IIN•T ROOM 
lNC RD IPOlNT TO ~EADlNw DIGIT SLOT 
CMP Ra,1•2c1P) 

fRRSi 
PC 

IJUMP IF NO ROOM FOR lT EITHER 

EXTRACT L!AOlNG glGITI FROM Ri. ,,, R4 A~D ~ILL IN 
TM! ARiA ITAWT1Nij AT THE ADOR!SS IN R5 AND 
80UND!D BY THE MUDl,l!D 'IiLO END, 
CMP #ii 1 1Ri ICH!CK I' OVERFLOW IN R0 

SGT· Di~lg IJUMP 1, ONLV DNi UlGlTS WORTH 
MOVB #•l,~RD)• IOUTPUT UY~R,LOw 

IU8 #10,1R0 ICORRECT RI 'OR N£•T DlGlT 

CMP PClNT•2tlP),R5 IC~!CK 'UR 1 SLOT 

SNE DGHli 
MOY8 *'••~RS)• llNSEHT t~t , 

CMP L•2CiP),He ICMECK fNO o~ fI!LD 

BLOI DIGS& IJUMP IF OONf 
ADD #11 1 H0 ICONVERT TO UCU 

Mova R0,(H!)• IPUT IT lN Fl~LU 
CLH Ria 
JI~ ,C,M,419 IMULTlPLY ~~ACTION BV 514 

JSA PC,M~81~ J4NO SY 8 

~R Ow11~ JGO CONVtHT TO ASCII 
~TS ·PC l~ETURN TO CA~LE~ 

SMl,T THE CONTEhTS OF Ht •• ~4 RlGHT 11 
t I. c; 
~OR Ri 



socoru MAC~O VRldA•14 07•stP•72 1114-' p Al.If. 1•• 

378 t>640 kl0UU HOR Ra 
J7g 66•2 ~Uld1U HO~ RJ 
JU 6t>•• IOti61hH ~Ok Riil 
381 660 "11)0il!!ll1 ~TS PC 
382 1ENOC 



1 
~ 
3 
4 
0 
6 ., 
d 
g 
u 
11 
14:? 
1 J 
1 '4 
10 
1 ti 
17 
18 
1g 
2d 
21 
22 
2J 
2• 
2~ 

26 
27 
28 
2 !ii 
J~ 

31 
32 
33 
34 
J~ 

3 t> 
37 

j8 

.3~ 

4.!l 

41 

42 

4J 

44 
4!'; 

46 
47 
4d 
4g 
5~ 

~bti::>~ 
k10be>2 
l(lbb:l4 
0ar;~e 

i:1bbC~1 

0bf}b4 

'Jo f': I vl 

0to74 

~til~~ 

lc'.Jb7>j4 

~071? 

l/Jb 7 14 
~Cl71ti 

0()1~~ 

11e n~2 

./JO!"i.4 
0C1~b 
~07J0 

~~0Vl~li1 
wHD0'601 

~"'~~lt1' 
~!r:h110~J 
w:) IC! ia"' e. 4 
V'001tl~:> 
~I001d~o 
~ID0~~1 
Uk1110ltlll 
'100I001 
~ ~fcHH? 2 
~00tcll(}J 

~1tl4b 
'100~01 
li:100ID40 
viUb4e 
~ Ud:>e4 
icl~{tllti.l!i 

vifJ2/~'1 
v,~0!01. 0 
16121~0 
10071C 
~1274a 

11~721 
ll·1214c 
~71~~' 
iti 12 7 tJ :J 

1J?Of'i1 
lb~'~"() 
~1210Vl1t1 
~ 1.ii4 .in 
~~1444b 

~14446 

~1441•0 
~ltl3b01 
~015Jt6 
116666 

•TI TL.t. '01.GIO~ 
, If'O~ CNUSU 

DLOG v003• 

~O~Y~l~~T 1~71, OI~ITA~ EUUIPMtNT CO~PURATION, MAYNARO,MASS 

.~~OBI. O~U~10L.Uij10,SE~RI 

.H~OF ft-1U 
aGLOb~ SPOL~M,5AOO,SS~O,\~L01SOVD1SlO,SPOPR41 
.E~OC 

, l~t FU~TRAN OLOu ANO OLOu10 PUNCTIUNS 
I CA~L.lNG StQUtNCtl 
I JS~ RO,O~OG tOR D~UG10J 
I ~~ A 
, ,wo~o •~GUM~NT ADDRESS 
, 41 
, RtTu~~s ~N(AriG) lUR l..OG1~(A~G)' IN R~. ~J. 

' 1"0•U 
1.q•x1 
ioc c?;; x 2 
r(J•XJ 
ii(OU 
~~·x~ 
~P•Xf:i 
1"1C01 
f~•n 
"'1•X1 
F2•X2 
~J•U 
.IFNOfii' 

UL(Jr,,UI MOV 
dR 

DLIJ!il Cl.~ 
l.Ci.1$101 MO\/ 

1"'1JY 

MOV 

MQV 

MQV 

l·'OV 
MQV 

MQ\I 
MOV 
I:) l.. t:. 
ASL 
MQvB 

Ff-'U 
ftPC,•(SrJ 
LOGS1"' 
"CSPJ HL.A.G 
R~ 1 •l5P) 
2 (Iii~'-, lo<4l 

U37b61 1 •(::iP) 

01.,0G 
ISAVE RtlU~N POJNTtR 
JGt.T ltRCi AIJORtSS 

•(M4l,·l~P) fGtT AWG 
•lf<4J,•C.lPJ 
•(~4J_,•(:,P) 

• lk4J, • (:S~) 
fk~~l~ IJUMP IF NOT POSlTl\lt 
f :)P 
1 lSF-JJ ,2e:;, (SP) JGtT tkfo'ONC.NT 



(000fhl1 
UU3i 

51 U1U lU,&6 
000~0iill 
ldkh~ia01 

52 00744 I0.,6~1ti 
~J 0et7•& vil2146 

U1145 
54 iab75a i>1274t> 

lllH771 
15~ 01'7~8 ~127.tb 

V>ld2J6J 
56 0610W I01270 

"oiae:.. 
51 06766 ~llbDd 

i'001dttJ 
58 06772 ~1604~ 

kh10ra1e 
ow une u&o.-o 

010rue 
f)IC) 070!02 "lb040 

vH000 l O 
61 ~10.06 ia1214C) 

1lH1.0t5 
62 ld70l2 kil214b 

ro~ 1n1 
(5J 07015 0121titi 

IOI02H~ 
ec fd70:ia ~1210 

i141dldb~ 
6~ ~702ei 004401 

IH2bl.Z 
6b 070162 lti00100' 

070..i4 007~1~' 
~70~6 0ia0704' 
ta104"' ~12cU 1 

bl 
6d ~7042 kH'17:t41e' 

~7rti44 0!07~461 

6!i ldl~•t> "'16l•c' 
10 010e,~ 011:>7r,,1 
11 ~70~2 01Z17144• 
7~ 070~4 ~16l4btXPU$1~1 

~lld06 lc:11Cl31'14' 
ldli.100 '1lb14bf 
07002 W)IOt7~4t 
~l~C• ~1bi4ct 
VJ/~06 0"10104 I 
i1Jl~10 k11610' 
M~l'i. wh:l07~• 1 

73 t/17014 \:?lb14tP 
'IJ7076 0~0704' 
'Id 1~~ ~16140' 
1671"12 ~"'.:i711!141 
011w:l4 W)lt>1•o• 
ld710 vl"107~4' 

74 

MO\'S 

fo<OH 
MQ\i 

MOV 

MO\/ 

MOV 

MQV 

MO\I 

MO\I 

MO\I 

"10\I 

MOV 

MO\/ 

MOV 

JSR 

,wo~o 

,1110RU 

I itiiU~O 

, wo~o 
1 ~URO 
,wORO 

, o!iiO~O 

ISP 
•UH14~1•tSP) 

•031111, .. CSF') 

•-102~e;s,•CSF'l 

#040fdtio,"CSP) 

14, C~P),"' CSP) 

14, C~P) ,•lSP) 

14, C~P) , .. CSP) 

"157145,,.CSP) 

#031711r"CSPJ 

#002~b3,•CSro>) 

#~40kits5,1111CSPJ 

R4,,rio1..~11 

I PUSH )( 

JGt:.l (X"'ROOT2)/ 

; (x+ROUT2l 
J~tT TH~tl COPIES 

SM~O 1SE1 UP PO~Y~UMIAL 
SPOPMA 1PVP Y 
~t.uU v, 
IML.O, OUV, SMl.11 r UDO, l>ML.O' SADD, ~r1LO, UDO 



7ts 071116 1:11tl72J21 
07112 I016!U6t 
~11'• ~07i00t 
~1116 wUt>14bt 

7o 'IJI tt.:?~ ~0k11ia4' 
~114:?2 k'01.J121 .,, 

78 ~1124 
IOllcb 

1Si 1!}71J0 

81 ~7140 
82 071•2 
83 011•J 
8• 
8:> 07144 

87 011~· 
88 ialt~b 
Siil 01160 
g~ ~71t>ll 

~1 011c• 
9;i "''100 
QJ 07·1'0 
g4 ~1112 
g:s ~1114 
g15 ~711b 
91 ~1~00 
gs !i1121a2 

gg 012166 

10"' 
U1 7210 

ua 1~14' 

U3 72~0 

104 7224 

10~ 72J0 
Utt 

'11ti1418t 
I0.,7J12' 
1t16:Zl"'6 E.RHIUll 
I001l!IDJ~ 
U•~ei7 
k) uo•e 
I0~0:)1tJ4 

~0111 
"10J 

I 
"1127~4 fH:&.tSh'll 
k107ai~l6' 
ra U'7 0:; 
~I0011l01 
~.6040• 
U0~4o ST~l101 
li1U~4eJ 
"'10146 
~1"~40 
k"l1A4•o STl..SUI 
0 U44b 
Vl U445 
~U446 

~0eJ0~ 
kHOUl!St> 
0127"14 
!0070!54' 
"00U4 

012f>6b 
0001&126 
012666 
~00020 

"'1206b 
0it30"'26 
012fH1b 
1tHOU26 
'°llti1U4 , 

,~ORIJ 

, lil!IORD 

ADO 

JSM 

MO\' 

bR 
MOY 
MOV 
MOV 
MQV 
MOV 
HOV 
MOV 
MOV 
L>EC 
~GT 
MQV 

JMP 

MOV 

MOV 

MOv 

JHP 

1"'1 12~2 
108 12J• 

ei0'5k10 
1::>ee1 b 
~00014 
102110 
~IOQ!il0~ 

~~~ 134 

SCl.UIOI CL.R 

1 u 1244 
111 
112 124t; 11116046 

li:H00006 
113 72:>2 ~1604t> 

~H:J01D0tS 

, 

BI~d 

blJI:! 

JMP 

L>lJPSl-'I MOV 

MOV 

ICUM8l~f WlTH f~4CT10N 

JA~O CHtCK I' DON! 
JMV~TlPL.Y ~y L.UG10(E) ANO ~ETURN 

•a• 1 1SP J~~USM JUN~ 

RO,Sl:.RR 

EHOS10 

• ;) 

JPOlNT TO ~OEFrICIENTS 

#1,~b ISEVff\I CONSTANTS 

s rcu 0 
~J,•tSP) 
H21•~5P) 
~l,•,SP) l~USH Y 
~~,•tSPJ 
•t~•~r·C~Pl l~USM COtFf ICl~NT 
• (IUJ, • C~Pl 
•tFUi,•tSP) 
•t~U)_,•(~P) 
R5 JCOU~T CON5TA~TS 
ST01~ 
#XPOl10,~4 1stT u~ ~ElURN TO LIST 

• (~4l .• 

(SP)+,221(SP) 

tiP)+,221 CSP) 

(5P)•,221CSP) 

(SP)+ 1 221 (SP) 

f (IUh 

• csi::i l 
u.c•PJ,'SP 
•~n,•SP 

f tR•)_• 

6 tSPl.,., (~P) 

6CSP), .. (:jP) 

JGt.T !XPUNtNT 

J~t~OVE tx~t&S 128 

IOUPLICAT! STAC~ lTfM 



114 1 ao6 u eo•e 
IDH008 

UI 7202 "11&60 
0001406 

ue 120ci 000u4 
117 
118 7210 1t1U746 

10=>72 
Ulil 7214 ZU70 

17~721 
U0 7;sO 012740 

071027 
Ul 7H4 ~12748 

"1'0061 
ua 1u11 ldfll0U4 
U'1 
1U 73U 10066 

rD0UI 1 ;t 
us 11u ua411 
ue 1ua 0U7•e 

non 
U7 7U• '61270 

124461 
128 7U0 ratal4Ct 

0~57~0 
U9 7;t1U 0U7d 

nn~u 
1H 7~40 ftHHU4 
1U 7~.ta UU10 
U2 73•4 011601 
iH 7~46 IOU6U 
u• 1:100 iauou 
1U 7~02 k1Uo1U 
ue 13:»4 0u12e 
U7 7U6 H02U 
us 
Ulil 
140 
141 
142 
143 
144 
14'5 
10 
147 
148 
14Q 
1 :>0 
1e;1 
152 
1!>3 
154 
1 :> :5 
1'6 
157 
1~8 
1~9 

' 

MOY 

MOV 

JMP 

PL, as hH MOV 

, 

MOV 

MOY 

MOV 

JMP 

~XU 101 DEC8 

BL.T 
MOV 

MOY 

MOY 

MOY 

JMP 
LGUU I MOY 

MOY 
MOV 
MOV 

fRUSl01 MOV 
TST 
RTS 
,e;NOC 

, If D' 
UL.OG U I MOY 

SR 
DL.UGI CL.lit 
L,OllUllll iETO 

SETI 
MOY 
L.OC 
Cfi''CC 
bl. t. 
SH:.XP 
1..0CID 
MuL.O 
L.Oi;.XP 

L. 01) 
aui.'o 
ADDO 
IJIVO 
1..00 

6 tSPJ. t • t:JP) 

6 CSPJ., • C~P) 

I tiUJ. + 

#147~12,•CSPl 

#173721,•CSP) 

#071"127,•CSP) 

#U00U I. CSP) 

•tR4h 

IPUSH L.NC:Zl 

11.CI') JCHECK ,OR ALOG1~ 

l.GTS10 INO, DUNE 
#UOe2, •CSP) 

#1244e7, .. tSPl 

#IUS5730 1 •CSP) 

#037736,•CSP) 

f CR4l• 
(SP)+,1<0 
(IP)+,R1 
(iP)•,Ra 
CSP)+,R~ 
(SP)+,RO 
(IP)+ I FL,.UIH 
Re 

FPU 
•PC,HO 
1.tHIShH 
RO , 
' 'o;-co• 10, H0J 
'2(Rt)l1P2r 

EtOUiel 
,a,~11 

R1,f"JJ 
(H0)+,f31 .,,,,,.', 
F2 1 Fl J 
(W0)1F21 
C~~)+,FU 
Fl,~ltJ 
F2,F11 

JPCP ~ESUt.T 

I Rt$TOR! RtTURN 
l'L. AG 

GET 0004X• AS Dt.OG10 'LAG 

GET 0 AS o~oa F~AG 
DOUBL.E PHtCISlON FP 
Si-tORT INTEGERS 
POINT~~ TO CONSTA~TS 

CIE T AHtl 

JUMP IF NOT POSITIVE 
GET EXPONENT O' ARGUMENT 
CONV~RT TO F~ FORM 
SCAl.E ~ACTOR•EXPONENT•LN(2l 
T~ANSfORM ARG 10(1/2,l) 

h1/2•SQRT t2) 
hln•SQHT t2) 
W•(~·~OOT2)/(X•~OOT2l 



SOL.Ci03 MACRU V~0A•l4 lc'7•5t.f'"'7~ 1114J PAI.if. 15+ 

100 ""UL.0 f1,Fll Y• W••2 
161 
16~ MOV #tt 1 N1J COUNT CONSTANTS FOR POL.YNOMIAl 
UJ I.. O IJ (l'(ft')+,fifiH 'NlTUL.IZE ACCUMUL.ATOH 
16' XPIJSUI ~UL.O F1,P'0f 
16~ Ot::C R 11 COUNT 
166 ADDO (R0)•,fiol f 0: II hP"0 + C(l) 
U7 tiGT XPlJS1U L.OIJP 
168 MUl..O ira,,~, 

HH~ •ouo (Hli')•,,ial F01• IUF0 "' 1/iitrlN(2) 
'71(1 ADDO ,,,,n1 1 ADU SC•Ll ~ACTOR ,OR EXPONf~T 

171 TST ~·, TEST 01.0CIU FL,AG 
172 SEQ L.liTU01 
17J MUL.O CM0l 1 FU DLOG10 • Ol..OG•LOG10(El 
174 , 
11~ l..G TIU I ~TU F0 1 •LIP)J MOVE MESULT TO STACK 
176 '10V (5P)• 1 R0J ANO TENCE TO R0 111 R3 
117 MOV CiP)•,AU 
118 MOV tSP)+,RU 
17Y MOV (SP)+,~~J 

lH RTS ~:;' EOT 
181 , 
182 1:-:RHSUI JSR R~ 1 St.FHU ERli<OR 4,J 
183 RTS R~I E.XlT • ND STACK CLEANUP REQUIRED 
184 .snE • 18:> 18YTE 3 
186 ' 187 , ORO!R•DEPiNOt~T CONSTANTS 'OR ROUTINE 
188 , R0 POINTS AT CURNiNT CONSTANT IN l'PU VERSION 
189 , 
igi f'CU$101 .~ORO 0•00b1,01ua11 L.N C2) 
191 aw ORO 1131a1, 1os121 
192 
193 , lllORO IUU6~, 01i23U I 1/2•SURTC2l 
lg4 .wo~o 0u111,1,11iee1 
15~5 1ENOC 
15'6 
l Sl7 1ao0 '137•5tt .wowo 037,4:»~, 1'06270 , .16Sil482i2488 

73b2 116827 '° 
198 7~0· 1 :n ucs ,wORO 1:.11e»e, 11•110 

7~oe 17 •770 
1951 
2~1tl 7J70 (UJ701 a lliURO U7-471 1 01273l ', 1a11 uo207gt;1 

7372 I07Q7U 
201 131• l317U ,WORO U77U, U711S 

1~1(; 117110 
U2 
2taJ 100 (D.j7~.U , iillORO 0J7:5i4J, u 115~ f ,2222:!81i3J32791 

7 4(0 2 11115;, 
20• 14"'4 k1b"10l ,~URO 01l0Lfl1, U~4e5 

701t:i Ue146ei 
20:> 
2130 1410 WJ7022 .~u~o k1J76~2.~4443b ,,~8!7140915g~488Q 

1412 I0043C> 
207 7414 k>I07~0C • 1110~0 007 ;tl06, 06J062 

7•18 0UHa 
208 



20~ 14W0 W2J7714 
74ia 1AIJ14 

au 1.a.- 1o;;s•u 
1•U 1t»el7J 

211 
212 7dil ~•ldVll.52 

1•112 lii&a~2 
UJ 704' 12~a•7 

1oe 0ue•J 
21• , 

, 1110~0 

.wu~o 

.~ORU 

210 7•40 ~·~•00 CONi101 .~O~D 
1442 idld~~0"1 

210 7••• ~de~~~ .~o~o 
108 l000H1 

0J17U, 1'46314 

1~J•t)0, 1c;en~ 

04~4~0,0091000 

0001Z!rll01 0id~H9157 

U7 
2U 
21g 

,IFOF" FPU 

2~0 

221 
222 
223 
22• 
220 
226 

MOkE OWD~W•OtPENUcNT CO~ST•NTS 

• wo~o 
,wo~o 

a Iii ORO 
1 llllORO 
,fNOC 
,fNOC 

1J1eo1,~11~211 •112•~~(2) 
17J121, 10~121 

0J77J6,~~5730J ~OG10CEl 
12Ht>7,024161'1 



1 
2 
J 
4 
~ 

6 
7 
8 
9 
10 
11 ~~011?~~ 
1 a 1thh~ vrn 1 
U 1600VH1la 
14 161401d0J 
U ldU~04 
16 ~~(0\000 

11 000ra~-s 
ld 171J04 
1~ l77J1e 
2kl 00000 
21 ~00fd01 
22 
2J IOiNTI 
~ .. 
2 :5 
28 
27 
28 
2 Si 
H 
31 074Q0 0(2800 IOINTI 
u 01402 ruuu 
u ~74~4 012002 
34 ~7 •~e "'12003 
u ld1•00 io10•0 
H ~ld2 t1l000 
37 07 AbA 010004 
38 074fS6 006104 
3g ~7470 l0!1.5'U~4 
0 ~1 •l'i. 000• 
41 ~,.,, 1&a104 

1Di'l0i7 ~ 
4a 01t!)~0 U204l 
4J 07t>ld2 !022704 

177111' 
44 0750(5 ki0240:5 
45 ~7ti10 0k'!OltJ00 
4! 07012 k10150U 
,, ~'~'' ~~~~0a c2~s111 
48 071)16 r6~5003 
4g _,75~0 klV)0'31 
50 ~lb22 SH~S111 
~l 
5a 01t>~2 io1~400 
5J ~7f>i4 1:122704 

17774(0 
o• 01~J0 '11d2•1e 

, Tl Tl.f. SONTI02 
elrDri' CNDU1 

SOI~T 

,Cil.uSL. SUINT 
CO~YRl~HT 1971, UIGlTAL E~UlPMENT CO~P., MAVNAMO, 
OT5 INTERN~L FU~~TlON TO ~IND THE lNTfGER 
PART O~ A OOUB~t P~~CISION NUMBE~, 
CALLtO IN TH~ POLISH MOO~, 
H0•'U 
liii1•U 
R2•U 
fi(JIXJ 
R4•·~4 
fit5•X~ 
SP•xe 
MQ•11731U 
ASM•171U6 
1''0•X0 
fi 1•U 
.1,-of 
• itiORO 
,WORD 
,wORO 
I 1140~0 
JMP 
eWORO 
.!NOC 
eifiNOF 
MOV 
MOV 
MQV 
MOY 
r'IOV 
MOV 
MOV 
ROI. 
CL.RB 
hAti 
iUtt 

FPU 
1700U IJSETD 
l7UU I II.DD 
11i•i'1·• 
1'41•9 I JSTL> 
f tR•)_ • I fit ET URN 

UUI00 d" 0, 0 

FfilU 
(SP)•,Rlll 
CSP'l•1Rl 
(IP)•,R2 
(IP)•,HJ 
M411•,SPJ 
RS,etSPJ 

CS~)+,FO 
JJ,..000 0Nt 1 F0 
'1i•(IP> 
TO CALL.EH 
JF'l..OAT!Nli 11 

JPOP ooutsi.t. ARG 

~0,R• IGET EXPONiNT 
Fi .. 
IU 
R4 
•2101R4 ICONVE~T TO •SHIFT CDU~T 

JLOAO ARG 
JGET INTEG~~ PAR 
IPUSH lNTECifR 

BGE ONESil JJuMP IF AMG MUST di INTEGER ALREAOV 
CMP *-10,llt• 

bl.T SMF1&1 IJUMP TO G~T I~TEGtR PA~T 
CLR R~ IANSWER IS 0 
CLH FU 
CL.~ Jll2 
Cl.Fe IU 
U DNES11 

1lfi''IO~ 
MQV 
CMP 

Sl., 1 

UE&MUL.OlV 
R4,R~ ISAVt A COPY OF 5H1,T COUNT 
#•!21,R• ICHECK LOW O~ HIGH T~UNCATlON 

RUIUH 



SONTli02 MAC~U VRil4•14 l"7•SEP11172 11 U~ PACit. lh 

55 id7DU 0un0 BEQ C23S 11 IGO CL.t.AR l.O"- O~Uf .. HALF 
H 111U4 H2704 •ou ·~2.,~· 100 Hl~H ORDER 

HU•0 
e1 (17540 1t110•00 MOV R4,R~ 

5d 07642 tiU610!il~ RR U 111 ROFf R0 •SHifT OUT F~ACTlON BITS 
5'1 07644 0061&'101 ROR H1 
60 07546 IOtO!~lll 4 INC R4 
&1 07500 Vl~217 • BL. T RR 1S 11 
62 01e~2 00eJ01 ASUUI •s1. ii( 1 ISHIFT IN 011 
u 01e:s• 0~'5100 ROI.. R0 
e• 07506 005200 lNt; H :I 
6b 117060 00217• tJ I. T uuu 
u 07062 011)Q1754 6R cauu IGO CL~AR LO~ ORUEH 
61 07156• 01rHJ~0a ~OH11ll ~OR R2 IMOVE OUT ~RACTION BITS 
68 07566 l&'J06003 ROR R~ 

e" 01a1m nei0• lNC R4 ICOUNT 1.00P 
70 07572 002174 BLT RtJRSl 1 
71 ~7514 UUIU ASl.U 1 I All. R3 
12 01578 00e10a ROI. RZ 
13 07610 rouau INC R~ f COUNT L.OOP 
'14 078142 002774 BL.T UL.111 
75 ,ENOC 
1 fj 1 lP'OF EAE 
., 7 HOV #MQ 1H! IPOlNT TO MQ 
78 ,!NOC 
79 ,u·oF MULOIV,EU 
H CMP #•;u,,RA JC HECK f' CJR HlwH OR LOW OROER TRU 
81 8L.T R~UU •1.ow 
ea SEQ CHIU •CLEAR L.OW OROE~ 
u RelU 11 ADO #32,rR~ 'HIGH ORDIM PART& 
8. ell'OF MUL.OlV 
H ,wORD i17UIO.- I JUHC R41Ri 'SHIFT OUT FRACTION 
86 NEG R41 ISET TO SMlFT L.E~ T 
87 • WORD 0730!04 IJASHC R•11FUI I BRING IN TME eJfS 
88 ,fNOC 
ag ,l,OF EAE 
80 MOV Rl,f~e IHIGH OROE:R TO At,MQ 
u MOY Rlil,•tR5) 
92 MQV Rfl,f#UH JSHlFT RIGHT 
g3 NEG R4 

~· 
MOY R41,f#ASt-i JSMI'T L.t.'1 

g :s MQV (R~)+,Rio IRESUL.T TO ~Ec;S 
g5 to10Y fH~ 1 tq 
'IU .ENOC 
H t:iR C23U1 I GO CL,.t.AR l..Ol'f OHL>EH 
gg 1lFOF MUI.DIV 
100 lifUU 11 1 161UifD 0732~• I; OHC R•1R2 
UH ~E:G R4 
U2 , lllORO 0732'°• I JUHC ~41R2 JSHif'T IN eJIS 
UJ ,fNOC 
u• , HtJF EAE 
us R2~U 11 MOY RJ, fl'<ei I LO!ill OlilOER TO ~C 1 Mlil 
U6 ..,ov Rli? 1 •~R~) 
1!01 , MOV R4 1 f#ASl't IOUMP BITS 
108 NE la IU 
ug MOV R4, f#ASH IB"'lNG lN IOtS 
110 MOV (R~)+,!o(2 "USUl.T TO REGS 



SDttilU2 MACAC VR0•"1• ld7•St.P•7~ u u~ f>Alif 16• 

111 MOV IH5 1 K~ 
112 ,£NOC 
lU ,ENOC 
u• 76!04 0Ub08 ONt.5111 MOV (iPJ• 1 R5 
115 1eu 012004 MOV CSP]•,JU 
115 7610 0U.,O MO\I kJ, ... ~!F>) JPUSH REliUL.T 
117 '"la 0102.us MOV R2r•~SP) 
118 76U kjlflUO HOV ru,•LIF'l 
11~ 7616 11Ui1d MOV R~ •• ~SP) 
120 7620 WJU 1 U Jf11P f(IUh J~ETURN 

121 ,ENOC 
ua ,!NOC 



IUR02 M.C.kU Vi-eii64•14 tll7•Sf.P"'12 11 I AJ PA~t. 1' 

1 ,TITL.t:. SOio(~~ 

a , HDF CNUS12 
3 ,GLIJ61. "U!it,•ERR 
A ' •o~ TrH. LJOU"l.E P~ECUION TO lit.AL. CONVERTER 
5 ' 6 , $1,)k ViZl..,cA. 
7 , 
e , COPYRlllHT 191 1, iJililHL f.~UIPMt.NT C:o~p,, MAVNAWO, MASS. 
~ , ~OU "U Tt1E TOP" STACI< ITE.M TO wt.Al. FUliMAT, 

u "'10~0• k4•U 
11 01h'HHH> k~•Xl> 

12 ~d-'lilltl6 0•¥6 
u 000~00 f0•X0 
14 I H !JF FPU 
u sorq • 1'10~0 11"0ia1 'I SETF 
16 1 WO!oCO 17141le 111..DCOF CSfi')+,,-0 I CONVEFH AHG 
17 • wOrfD 17'00k'0 llCfCC JGt:T CONOITION CODES 
ie ov.s OVU12 IJIJMP l P' OYfRFL.OW UN ROUND 
l~ ,~U~D 174046 I IS T F F0111(::#P) 
2k1 JMjo> f CIUl_+I "' at 1ENOC 
22 1Il'NOfi FPU 
2J ~76i2 ~~616b sore 1 MOL. 4CSPJ i ROLIN(.) L.,OW OF<OE~ PART 

W:100~k14 

24 01ewe 0~~~eo •oc 2(SPJ 
010002 

25 ia76Ji ue:> 10 AOC UP 
ae 01u .. in•00 tiC & OVRU2 IJUMP IF OVERfil,.O.,_ 

27 01ue ua .. 0ei SVI ov~su 

u i17U0 01 Ub& OU s 1 ~I MOY C5P)•,2C~P) JMOVE HlYHt.ST URDU~ PART 
k100002 

a111 076'• ~uou MOV C~P)•,2C~P) •MOVE L.OW UROEk REAL 
00000a 

u 07601 000 U4 JMP • o~•J • l~ETU~N 

~1 !07602 ~22626 OVWSllil tMP ($Pl•, CSfil) + I Fl.US11 AHG 

u ld1U4 H2et2e CMP (IP)+, CSP)• 
3 .! ,fNOC 
H ia760e IOUC)e7 0\11U•n JSR R~ 1 st:.RR l~RRUR J,23 

0l2U4 
30 01ee.2 0~0401 tH~ 0~2U2 

3& ia760• I003 ,eYTE J 
31 07Uti U1 ,BYTE 23, 
38 01~06 00rlld415 0RiiS121 CL.~ •CSPJ IHt::TURN llO, 
~g 01670 00e04e CL.R •CsPj 
•0 !0161~ ~~rd 134 JMP 1c~ui+ 
41 ,fNOC 



1 
2 
:5 
4 
t> 
6 
7 
8 
~ 
llll 
11 
1 Ii 
1J 
u 
1 ::> 
16 
17 
1d 
1~ 
20 
21 
22 
23 
lU 
2::, 
2C5 
27 
28 
:ii~ 

3l0 
31 
~2 
33 
34 07614 
H 01e1e 

36 01702 
37 017164 

u 07710 

~fl 07714 

u 0772~ 
iif l ~7122 

42 0nae 

43 077Ja 

.u ID77 46 

4~ 07742 

45 0n•e 
077:2'1 

47 077:>2 

1TlTl.E SOSN"'• 
eH'OF CNOSU 

DSI~CS VHO 

~OPYRl~~T 1g11, OI~lTA~ EQUIPMENT CORPORATION, MAVNARO,MASS 

11Ha01de0 
11HH001 
"1~0Kl02 
000i00J 
li.lW2iH~04 
0011005 
01d011506 
01000, 
k100W'J00 
ro00001 
IOUU2 
ro 160 Id ro ;-, 

, , , , 
' , 
I A I , 

010~415 OCUll 
uett0• 
n00u 
00!00 
1'11«540 
ro00U6 
01e•o 
icHUll004 
~ie••o 
000002 
011.U6 
~127•6 
eie;.--)02 
"'12146 
121{00 
012148 
!007132 
\al 27 '6 
lll40\i11 
l1h,44«S7 
"'1U7~ 
~"010•• 
0UIZIU• 
010~.0 L>UNI 

,G~OBI. OSlN1DCO~J 
1 H ~Ofi' F·~u 

1 G~JB~ SAODr!S~U,IML0150VD,IOtNT,IPOLSH,SPOPR41 
,fNOC 
OSI~ DCOS THE OOUBI.! P~fCiolUN SIN ·~o cos 
FUNCTIONS, 
CAI.I.ING it~U,NCfl 
JS~ RS,OIIN tO~ OCOS) 
8A A 
1 wORD A~G AOOR~SS 

RE:lURNS 
~0Uli:!: 
Rl•U 
~:z·i2 
io(J•XJ 
~.-u 
~5•XS 
l"'-X6 
PC•U 
F0•U 
P'l•U 
•'2•~r.? 
P';tU3 
I 1F~Of' 
MQV 
MQV 

FPU 
IU,•(SPJ 
2 UU5J, fU 

,s•v! R~TU~N POINTER 
JGET ARGUMENT ADDRESS 

C\.R •tSPJ IM4KE ROOM fO~ QUAuR4NT 'LAG 
e c1uJ:,. col MO\' 

MOV 

MOV 

4'(1Ul., • (0) 

MO~ f~4,•(SPl 
~ov •~&•a02,•csP> 

MOV #121~411•(SPl 

"10V 

JSJiC 

f'IOV 

JPUSH ARwUMENT 

JPUS~ PI/2 

IE~TEW PU~lSM MODE 

JCUSlX)•Sl~CX+Pl/2) 



IOINI• MACRU VR04•14 l07•1£P•72 11 UJ P~CIE 18+ .. e77D• U8004 MDV 2p~5J 1 RA JGtT •RGUM~NT ADDRESS 
H0lOU. .. 07710 H5U6 CL,R • (IPJ . IMAI<! ROOM FOM QUA~RANT FLAG 

H 011&a 016446 MOY 8 t N 4 l_ , • C i P ) 
nuee 

"' 07718 lOlUAI MOV 4 tlUJ, • CIP) 
000004 

sa e777a •u•~• MOV 2 CR•l. 1 •(SP) 
11eroea 

H 11778 IUOI HOV fR4'1"(SPl ll'USH ARGUMENT 
u lllH llUU IN~UU All. UP IC~EAR SIGN AND IAYE JT 
55 110112 HUH WQA '· ,,,..,, •IN QUADRANT '~A~ 

HelU 
H &IHI HUU ROM UP 
51 lllU UR70 MOV HU~U,•(SP) 

HOU 
SI llll4 U27.S "'OV #lUI0-4l1•(IPJ 

l2U4l 
#H·7~~2, •(SP) 59 111aw U27d MOV IPYSH 2•1"1 

H17H 
era l•1a• 0121.e MDV H071l,"(SP) 

110711 
8l llU0 fOU07 JSR R41 $1"0'9Sl"t l!NTlR PCJLUH MOO! 

0uou 
ea ''"'~' u2~u· .wc~o IOVD •X12PI ,, 111~1 0u1u• ,WDRD DUPIU 12 co,.ua 
u &H•e U7491J I ,WORD IUlNT I lNT012PlJ 
H 111•2 H07Ut ,wo~D HBO ll'RACTC)(/lr'U 
ee ue•• 0Ul78t 1WCRD UU.$ '._,,UCT 0Cl2'U 
87 1110 UU154• ,WORD DUPll3 12 CDPlU 
H u0s0 0074U ,wCRD IDINT llNT(4*,~ACT(X/2PIJ) 
H ueoa 0UiU 1WQRD QUO Sh llAVI INT(,.,,,,> 
70 lie~• 000700 1 lllO~D 1180 IV•,RACT(4*,RACTCX/2Pl)) ,, t005e 0 ua2• 1WDRD QITSU IREOUCE V TO t•l11> 
., 2 u01a uuu GISUUI 1 WORD OUPSU 12 COPIES 
7;, 1Uti2 0101~4 ,WORD 0Ufi'U:5 I 3 COPUS 
., 4 110•• roUld , wOlilD IML.O , y..,y 

7& l llele 017071 1WDRD IPOPH4 JUVE hY 
76 1•070 ruuu ,wQRO PL. VS U IPUSH COEFf ltlfNTS 
77 10072 rouue XPUIUI 1 lllORD IM~01S•DD,SML.O,SAOD,IMLD1SADO,IML0 1 SADD 

UU174 000704 
1£0076 "'16140 
UU0 H0704 
u1ea ueue 
UHU i600704 
UH~& ~U,•6 
11u0 0007U 

78 UlU U6ld ,wc~o IM~D1IAOD1IML.O,SAOO,SMLD1SAOO,IMLO,IAOD 

Ut14 00010• 
UU6 101610 
l~Ui0 ~0Ql704 
101a2 kl1610 
u 1 a• 000104 
Ula! k:?UiUO 
HHJ0 !0~07~4 

19 UU2 .auho ,~ORD IML.O IY•PCV*Yl 
80 UtJ4 u1e1e PM4SUI ,wQRD IPOPH4 IPOP HIGH UROEF~ RE:iUL. f 



81 101J& 
82 1u40 
83 101•2 
84 1!0144 

85 1!0100 
85 iro1::t2 
87 
H 10104 

89 11c1100 

g0 u1a• 

g1 U170 

ea 1011• 
PJ 
g4 10176 
ge 102k10 
ge 1kl2"'2 

0101•0• awORD 
00572& RTNllJI TS1 
~02~02 bGt 
~ea100 •oo 
100'200 
~12b0~ RT1Sl~I MOV 
000~05 ~Tl 

I01b048 
000k106 
!016646 
00111105 
016646 
H0I005 
~ 1664tS 
HUU 
H013• 

, 
UUfi'11JI MOV 

I 

MOV 

MOV 

MOV 

JMP 

005710 X••131 TST 
00t•03 ~EQ 
l052e6 1NC8 
kH!J0001 

97 102~6 000134 JMP 
98 1~210 01270• ZEMl131 MOV 

roUU4• 
gg 1021'1 0001U 
100 , 

JMP 

1~1 0216 0e1oe6 QUUl1JI SIS 
UU20 

102 0222 k10.0U• JMP 
103 
U4 111224 

Ub r6U0 
ue "'2~2 

107 lc)2~6 
1U 02•0 
109 ~2•2 
1 u 024• 

111 0200 

112 kl2Q4 
~fi~6 

11" ia20111 

114 020• 

11~ 

, 
105768 QSTs131 TSTB 
HU 10 
H14te 
062716 
100000 
010~IOO 
1&110eioo 
005.,'6 
"1214e 
040&00 
(0"'4467 
011.,70 
!000704• 
"1l0it101 

SEQ 
ADO 

JSR 

, 1110~0 

~12104 QSH,131 MOY 
"110060' 
106666 Q1~$1JJ ASHB 
000(011 

11& ~210 103002 ace 
117 "'272 k162715 AQO 

1110~011 
1lij ~278 0~0l~A QUTS1Jl JMP 
11g , 
l2~ ~300 0127~4 PLY!lJI MO~ 

kl1rlJ4e4• 

RTNIU 
(iPl• ·1pop QUADRANT ~LAG 
RT11l3 IJU~P lF ARGUMENT WAS • 
#1000001~~ ISlNC•Xl••SINCX) 

C~P>•,R~ 
R~ IBACK TO C•LLfR 

SC&PJ, • c:aP> 

SC8Pl I. Clf') 

6C8Pl 1 •CIP) 

&CSPJ_,•C&P) 

ICR4l. + 

IDUPLICATE STAt~ ITEM 

•SP IC~ECK ~OR 0 ~RAtTlON 
ZfRSlJJ WUIT NOW 
1'$P~ l~UAORUPLE STACK ITEM 

f tlUl • 
•PIU•U, H41 

• cruJ. •' 
UP 1 l6,C,Pl 

f CR•J+ 

HETURN Z!~O RESULT 

JSAVE QUAO~ANT NUMB!R 

R1 (1Pl ITEST QUAO~ANT 

Q13S1J IJUMP IF FIRST QM T~lRO QU40 
#100i00,•SP IN~GATE STACK ITEM 

•CSPJ 
•CiPi 
•(&Pi IPU&H A FLOATING 11 
#40200,"' tSPl 

IEl'ttTER POLlSH 

JPOINT s•c~ lNTu LIST 

YUTS13 IJUMP l~ FIRST OR ~ECOND 
#100~~0,ISP JNtGATl STAC~ ITEM 

f (W-4l• 

JPUI~T TU ~IST OF COEFFICIENTS 



121 0..il04 

122 HU 
1n nu 
124 IUU 
U5 UU 
126 "13~0 
u1 uaa 
U8 U24 
1a; nu 
'30 IU0 
UlUU 
132 ~;,iU 
133 ruu 

1u a:a•a 
au 
lH 
U7 
UI 
1-19 
141a 
1AU 
ua 
143 , ... 
1'5 
10 
141 
141 
lO 
lH 
Ul 
ua 
1 e53 
t!U 
1b5 
ue 
U7 
1~8 
1 o6il 
161 
161 
ua 
10 
HS4 
10~ 
Ut> 
187 
U8 
16lil 
170 
171 
172 
17;J 
174 
17~ 

k'.il2.1vib MOV 
~016!011 . 
~~0404 ij~ 
~103AO PY~l1JI MOV 
~1~248 MOV 
~1~146 MOV 
01~~40 MOV 
014~40 PV1i1JI MOV 
~14440 MOV 
~14445 MOV 
01 .. 441 MOY 
00e~0' C!C 
00~~68 &GT 
01270~ MOV 
UU72• 
000134 JMP 

,!NOC 

1 lf'OP.-
OCUSI l!TO 

L.DO 
•oco 
tlR 

OUN I &!TD 
LOD 

SN~IUI SUI 
MOV 
Cl.PC 
tff CC 
era 
INC 
ASSO 

PoUUI DIVO 
MOOO 
tlfCC 
SEQ 
MOOD 
5TCOl 
RO~ 
sec 
Nf tf O 
•ooo 

Qt..)1131 ~Ok 

' 
bCC 
NEGD 

Gl!dUI I.OD 
l'il.ll.O 
MO\I 
I.OU 

XPUS131 MUlrO 
OE(; 
AOOO 
6CiT 

MIJL.O 
Tsl 

#9 1 ,H5 ININE CONSTANTS 

PYUU 
RJ,•LSP) 
Ra,.tsPJ 
R1,•~SP) JPUSH V•Y 
R0,•~SP) 
•CH~l.•(SP) JPUSH co~sT•NT 
"CFCO, Ill! (IP) 
• OUJ., • lSP) 
• CfUJ_, •CSP) 
R~ ICOUNT COE~FlCitNTI 
PY21U 
UPOIU,H• 

•CRO• 

FPU , 
•ac~tt> ,FIJJ 
Pl2SU,,"11 
SNCUU , 
•2(R0) 1 HOJ , 
•,coiu,i;cu 
R.tl , 
PUSSUJ 
R•I 
F0J 
(R0)+,F01 
#l,01f01 

RTNIUI 
lf4,01F0J 
F11R1J 
RU 
Q1JU:.U 
,-u 
#l,01F01 
RU 
Cll211U 
r-·u 

fk'J,F2J 
fi2 1 FcJ 
'98.,1'<11 
(~0)+,FU 

F2 1 11'1J 
Rll 
(ii(0)+,f 11 
)(PO:UJJ 

OOU81.E PRfCISIO~ ~p 
GET ARGUMENT 
C05(X)•SIN(X+Pll2) 

DOUBL.! P~EClSlO~ ,P 
GU ARGUMENT 
SHURT 1Nlfi£RS 
POINTER TO CONSTANTS 
ll'N 'I.Ail • •MG 
GET SI liN O' ARtl 

SIGN Fl.AGI • ARG 
REMOV~ A~GUMENT SIGN 
X/iPI 
~01 FHACT(X/2Pl) 

EXIT ON 0 FRACTION 
'0' F~ACTC~•FRACT()(/2Pll 

QUAD• !NT(4•FRACT(X/2Pl)) 

JUMP lF ~I~ST OR THIR QUAO 

JUMP 1F 'JHST OR 2NO QUAO 
y ... y 

Z11h•2 
COUNT OF CUNSTANTS FOR POLYNOMlA 
INITIALIZE ACCU~UL.ATOR 

COUNT 
f 1 I • I. I ~· l + C ( I ) 
L.OOP 

F01• UFS. 
TE.bT SIG"' f'L.AiS 



IOSNU MACRO YFUl•• 14 17•st.P•12 ll 10 P•'lf lh 

170 SECI RTNSUI 
171 ~iriD FU UN(•)() I •UN()() 
178 RTNUU ITD Fro,• ~IPJ I MOVE RESULT TO STACK 
11g MOV (iP)•,RU ANO THt.NCE TO R0 11 ,R~ 
180 MOY (IPJ•,RU 
181 HOV CIPJ• 1 R21 
ua ,.,OY (llt]+,RU 
an F(TI UI EXIT 
lU , 
an PUIUI ,WORD il•H u I lld77H I Pll2 
ue aWDRD uu•1,1e.•ua1 
U1 . , 
u• , QRD!R•D!PfNDtNT CONST•NTI 
UliJ , 
li0 fl'CUIUI ,WORD u11u ,1t011u1 2•Pl 
Ul ,wORD uu•1, 010121 
u»a aiNOC 
U.J 130 UtU'U 1 lllDRO 0H7U 1 &U7U 1.aa10e1ee11111.11 

U48 ue7n 
1'1• UQ1 U'81i177 1WCRD 045277, l 4'H2 

e~oa t•!H2 
1515 
tH O~• u001 ,wDRD U04'1, l ilH73 , •• ee1•aa1121e39eE·~ 

H'S UU7'5 
1 lil7 060 l"HU ,WORD 11HeO•, 1aun 

Ul2 UUH 
1U8 
1e~ en• llUU• eWORD U21i•117Ul51 f ,b8921348727&U023E•7 

uee i17•H7 
200 1110 1•7H4 1WDRO U7a:J41, 1~•742 

0372 15'7•2 
au ' 202 UI• lH&el .~ORD tH5~1. 1uue l•135iea•1111a1aee31.s 

0~1e UlUfi 
au liUijJI &07111 ,WORD l872lt5,1il4016 

UH UOll 
au 
Hf> ruu UHH ,WORD usa:10, UHH 111804411147088221!•3 

UH UHU 
21H uu 1•111• I WOlltD uuu,1u1u 

uu uuu 
Hi' , 
HI uu lHIU .wo,.o IH2J1,0fJU•8 ,.,4e1110•l3530ae43!•2 

101 16•5d 
2rtHl uu 1114U ,WORD U'UU, 12H24 

1422 125114 
2U , 
2U uu H7i0 ,wCRD H72•"' IJ270 1.1;eu2e2&a411es44E•1 

uae 0U70 
2U u~ia 1t1HU~ • wD"D 1;)56~US, 0~ 1557 

14'12 ro'1se1 
213 
u• uu 1•000 .~u~o &010.it!5, 11se1•7 , •• s,s9e•0Y150ti2•s2 

UH 5556747 
au "''' U0455 ,WORD IJH40t!i, 171222 

u•a 171222 
ue 



217 ta••• ~•0il11 CQNUJ I , wURO 040Ji 1, ia-17732 ,1,s1019o~ab79•ag1 
0446 u11;sa 

218 U~0 121 IU l .~a~o 121041, 004302 
u~a 06•JU 

:u~ 
221D ,fNl)C 



1 
2 
J 
4 
t) 

b 
1 
8 
'J 
10 
11 
12 
1J 
14 
1~ 
16 
17 
18 
1 !J 
20 
21 
2~ 
2J 
2 4' 
2b 
21> 
27 
28 
29 
30 
31 
3~ 104!:>4 
JJ U4:>~ 

34 1i14b2 
3!5 U464 
Jc; 11d4bt:i 
37 U470 

38 lf0474 

3i U~Vl0 
40 HHHl2 
41 1fdl:>"14 

42 UH510 
0 ucu 
U U6U 
0 10510 
46 10520 
o 1ioec2 
418 111H.5tU 

"~ 1I05J0 
50 UCi\t2 
51 11d5"' 
~2 llO!J& 

i6vH~IO~i.1 
icHhHI 11.11 
~kh1"H'.1ii? 
k1001h'.I.) 
rcHiHlJ004 
HU0t> 
0la00~0 
!Old01d01 
01liia~02 
IO~lillhHS 

ldUei•O 
016:>0~ 
00000a 
IU 1~01 
1004e1 
(1'101oa 
u e:s0a 
IA fdliJ 00 2 
'° 127 46 
000004 
0Hi01 
008!002 
062701 
020100 
00e~AI) 
00eil46 
IOU246 
~ 101 ~o 
00e046 
~0!504t5 
111Ut>40 
000002 
~U54e 
0Uk14S 
d~lh6 
io10a•o 

I 
I , , , 
, Al 
; 

' 

, U TL,t SOSQ~J 
• n·op; CNDUA 

uSGRT 

DIQ~T,St:.HRJ .Gl.OBI. 
,!f'NUF 
I lil. Ol:H. 
at NOC 
iD~QRT 

CAL.l.lNG 
JSR 

FPU 
SA0~1SOVU1SPOLSMJ 

T~E uou~~l PRECISIU~ SQUA~~ ROOT ~UNCTION 
S E ~ U t. r~ Cl I 
R5,SiJSQIH 

ti R • U.RG 

~ETUR~S OSQRI IN R~ • RJ, 

~t1~•U 
W1•"1 
j:{2112 
RJ•XJ 
;;cou 
RS•X~ 
F0U0 
f' 1 •U 
F2•X:li 
IP•U 
,I,-NOF 
MOV 
MO\' 

,PU 
RO,•tSP) 
2CR5J,R~ 

MOV f~e,~1 IGET MlG~ O~OER A~~UMENT 
~Ml EMR$1• llRROR I' ARGUMENT NEGATIVE 
SfQ Z!Mil4 IFAST EXIT IF ZEHO 
MOV liHRSl, R2 

MOV JPUSH ITfR~TJON COUNT 

ASR Rl l~ORM lNlTlAL fSTIMAT~ 
ROH Ra 
ADO #Z01~0,"1 

Ct.R •CSPJ 
CLR •t8PJ IUSE ON~Y HIGM O~OtR ~ARTS FIRST 
MOV Ra,.(SI') 
MDV Rl1•CSP) J'CAUSE AOU ANO OIVID~ ARE 
CLH •tlPJ l~ASTEM THAT WAY 
Cl.~ "'C&Pi 
MOV 2CR!~~·C~P) 

MOY IM5,•(SPJ 
Cl.,R "'(SPJ 
CL.~ •CSPi 
MOV Ra,.(SP) 



5~ 110e•0 
U 1H4a 

55 ilde•e 
Ul~00 
i~ettz 

58 U5e• 

57 10500 

&8 UtU>4 
59 1HU 

60 1H7a 

6l U576 

82 11602 
63 tlH• 

94 10610 

85 116'4 

66 1uu 

157 lH24 
u 1'0626 
u unra 
10 uua 
1 l U6~' 
12 1uu 
7J 10640 
7• 1ee•a 
7e 10644 

76 UH500 
71 U602 
18 U6~~ 
7~ 106~4 
10 11606 
e1 uu"' 
12 106f52 
U tH04 
8• 
8CI 
86 
87 
88 
89 
90 
91 
sn 
93 
g4 
g5 
96 

~10146 MO¥ 
~044b1 1.U~l141 JSR 
Ullll76 
012au• ,wORU 
00070•• 
"U0~4 t 
162710 UP~S1•1 IUS 
000au 
005U5 
eJIUlil u 
fUi4U 
01650 
000000 
ue:;o 
000004 
01604& 
11Huom0a 
k1 u ~46 
016648 
01i1J0"1 u 
01664'0 
00001 e 
16 Ub46 
HIZlitlltl 
0Ui0415 
HHlO 

DEC 

BfQ 
HOV 

MOV 

MOV 

MOY 
MOY 

MOY 

MOV 

000745 ~R 
01260~ ouTst•I MOV 
~tao01 MOV 
~12602 MOV 
012&0~ MOV 
~0&1ae TST 
~1a00e RTNl141 MOV 
m00a0a AT& 
~04~67 EAH1141 JS~ 
llJUUO 
H017~ 

'-'04 
Kl04 

u~ron u:wuu 
nsrou 

SR 
a8YTE 
,8VTE 
Cl.R 
Cl.~ 
~l.R 
ti..R 
BR 

iDldt5V).aa 
U&~U 
00076'5 

,ENDC 

1lFOf' 
DIWRT I MOV 

MOV 
6Ml 
BEQ 
MOV 
ASR 
f( Oli 
ADO 
tL.R 

~U1•lSP) 
A4,S~OLSH IENTER PO~ISH MOOE 

SDVO•IAOU,UPLS1~ J(X/!•l) 

#2001fSP ICX/E+E)/2 

8,(SP) ltOUNT ~OOP 

OUTU4 
6CR5, 1 •CiP) 

4 tR5l. 1 • (0) 

2 OHJ), •(SP) 

fR5,•(SPl 
1•1CIP),•CSPJ 

141 C:.iP) ,•CSP) 

141 (~Pl ,•(SP) 

1•• (:,p) r 9 tSP) 

ITIJO !"ROM NOW ON 

LUPS14 JOQ ,O~ •NOTHE~ lTfAATlON 
(SP)+,Rm JGET RESU~T INTO ~0•R3 
(IP)+ 1 R1 
CSP)+ 1 R2 
(SP)+ 1 11CJ 
(5P)+ IPOP ITERATION CUUNTiR 
C:JP)+,Re 
Rb JRETURN TO CA~~ER 
R~rStRR JER~OR 414 

~TNU4 
4 
4 
R0 
IH 
Ra 
IU 
RTNU~ • 

,PU 
2CR5J 1 R~J GET AMGUMENT .4DDRESS 
tM4,W1J GET MlGH OHOER ARGUMENT 
~RRS14 l~RROR IF ARGU~ENT NEGATIVE 
Zt"S14 IFAIT tXlT If ZEHO 
2tR4l,R21 
Ri lfORM lNITlA~ ESTIMATE 
R2 
•a-a 1 "10 ,tU 
•tSPl 



g1 
SUI 
99 
100 
101 
102 
u-s 
104 
100 
ue 
107 
Ull 
10~ 
1U 
111 
112 
1U 
u• 
115 
118 
117 
ue 
u~ 
U0 
121 
ua 
123 
124 
125 
U6 
U7 
128 
129 
um 

t1,.R 
MOV 
MO\' 
MOV 
SETO 
L.00 
LOO 

LOO 
LOO 
DIVO 
•ouo 
Oft: 
DIYO 
Sr; T 

STO 
MOV 
MOV 
t40V 
MOV 
RTS 

JSR 
RU 
,avn; 
18VTE 
CL.~ 
t;1.k 
Cl.R 
CL.R 
MU 
eENOC 
• it-40C 

•($Pl JUSE 
R2,•tSPl 
Hl,•tSPJ 
U, RIO J , 
C~P)•,nH 
IH4,f2J 

Fi'l1n1 ,2,,0, 
Fl,,IO, 

'l·'~' H0 I 
#2e01FIZll 
L.UF>U4J 

Fl6r•~SP)J 
(8P)+,FhH 
tlPJ+,RU 
tSl')•,R2J 
CSP)•,RU 
Fee 1 

Ri5 I lt.RIH 
FU5 I 
4 

• RU 
RU 
R21 
RU 
R~I 

ONLY MlGM O~OkR PARTS FIRST 

l'CAUSE ADU ANO OIVIOE 4RE 
ITERATION t.;OUNT 
DOUBLf P~ECISlON FP 
Gf 1 INITlA~ ESTIM•TE 
GET X 

E •t.' 
)( 

)(If. 
XIE•E. 
COUNT 
f 1•CXIE•i)l2 
LOOP 

MOV~ ~ESUL.T TO STACK 

ANO THEN~E TO H0 11 .R~ 



1 
2 
3 
4 
~ 
6 ., 
9 
SI 
10 
11 
la 
1J 
u 
u 
15 
11 
11 
1'1 
a0 
21 
22 
n 
u 
25 
ae 
27 
28 
a9 
H 
3l 
u 
n 
3' 
315 
.16 
31 
H 
39 

·~ ~l 
4a 
u 
44 .. ~ 
•& 
'' uue 
48 1~610 
4~ 10672 
e,16 1'167 4 
51 11ac/t> 
~:z 101ra0 
~J 1k17~2 
~4 1~7~4 

5!5 10706 
~6 113710 
57 1~71i 

000000 
lhHlllOU 
H0002 
H000~ 
H0U4 
00000:, 
kH'H~wJld6 
roro0~HUI 
0"10.001 
u0~0a 
liOI0'1~03 
IOliH~~tc'.14 
lrHHHr.105 

I' n rLt !uT~~~:3 

dh)~ C"'(Hl5 

.~~Oti~ OATAN,0Af A~2J 
,IF"IOr FPU 
1G~O~~ SAOO,$SB0,SM~U,$0VD,SPO~~H•SPOPR•f 
1ENOC 

J T~E FORTRAN UAT•N ANO 0ATAN2 FUN~TlONS 
I CA~~lN~ StQUtN~t FO~ OATANI 
J JSH R~ 1 0ATAN 
J SH A 
1 ,wORD AMGUM!NT ADUME~S 
,. a 
I ~ETuRN5 A~CTAN(AWG) IN R0 ANO Rle 

' 1 CA~~ING S~~U~NC~ FOR OATAN~I 
1 JS~ R!5,DATAN~ 
I S~ A 
, .~o~o AR~UMENT l ADOH!SS 
, .wo~o ARGUMENT a A00RE$5 
, Al 
I ~ETURNS A~RTAN(A~G1/ARG2) lN R0 ANU R11 
I 1, ABl(ARG1/ARG2) > 2•*241 THE RtSU~T 1$ 
I Siw~(ARGll•Pl/2, -
I 1~ •R~2 C0 T~E RtSU~T lS AHCTAN(AR~1/ARG2) + 
J SIG~(ARG1l•Pl, , 

R000 
F(l•U 
~2•12 
i'CU~J 
Rou 
k::>•X~ 
6P•U; 
~0•U 
Fl•U 
f'2•:l2 
f3•U 
'*'OU 

~ ~· '::» 
I H ~l) f F ~u 

01~J4& 0A1AN21 
10lt~"'40 

MOV 
c I. fo( 

CL..k 

Fii~, .. ~SP) 
•(:;~J 1CL..t.A~ SIGP-4 ~I.AG 

kH.1~~46 

~0~t4b 

~~51Ufl 
fa~t-~46 
•. H'.l ti 16 4 15 
IDIC~~46 

00!!lt'() 
~~~"1.66 

~ 1h::l\"' 

c I..,; 
c L. lot 
Ct..iot 
c..1,.w 
i:.1.~ 
c 1,.1< 

c I.. t( 
r-JV 

•(SPJ JCLEAR 0~TAN~ ~IAS 

•lSFJ 
.. ls r.- J 

• t 5F J 
,, ( s [Pl) 

• ls p) 

•(SP) 
.. l ~ p; 



$L)h03 MAC~U VRd4•14 '17•SEP•72 lLIO P•lif 20+ 

k1001d02 
58 1~716 1.Ut;4 .. 6 MOV 6 (R4J_,., C3P) 

lt100000 
59 10122 ~ 1640 MO\I 4,R4l,.,C0) 

000004 
60 U74?6 rou••o MO\I 2 (fUJ_, • (::iP) I Gt T pilRIT Uta 

iaUi002 
e1 11D7J2 0u••6 MO\' fM4 1 •CS~J_ 
62 Ul7-'4 0 U 600 MOV UP,H0 IUG1 TO 0 
ei-S U1U kl U~04 MOV •tlif~l,~• HilT SEtU~U AR~ ADDRESS 

!00004 
6• 1!0742 0u••o MOV e trUJ_ 1 •Cl') 

010008 
65 U74e 0 lfS•Ue MOV 4 CR•l_, • Clfl) 

000004 
86 U7=»2 k'l16440 MOV 2 0"'·,. (~,, ltilT IECOND oc; 

H0~0a 
61 u1oe 1t>114•o MOV ffU,•CSPJ 
58 1010121 U1001 "10V UP,H1 IA~G:Z TO ru 
6W 10702 li0"'105 B!Q INfrlU IJUMP l' DtNOMINATOR u 0 
7" U70A ii0U01d ASL R"' IGET ABS VAL. ARG1 
71 1076«5 10!5000 CL.RB fii ro I (1£T EXPON~NT 
n. 10770 ro00~00 awu R0 
73 10712 HU01 ASL. R1 
74 U714' 10!001 CL.Ii<& Rl , li!T EXPONENT •Rwr2 
15 Ul7' 6 000~01 808 Rl 
76 1u00 U0100 SUB Rl ,R0 IGET !XPONINT OifFERfN~E 
17 1 U02 U270~ CMP #58 1 1R0 ICHECI( MAGNITUDE 

ili01117 2 
78 11011:16 00203 SL.T IN,_ le ITREAT U INF lNITV 
7g 11010 rtl,,.,467 CIVU91 JSR R4,lfilO~SH 

010U0 
80 11014 rouau• 1 lllORO IOVDrUPL.11:5 I Gt.T UGl/ARGa 

11019 u 1"120' 
81 1ua0 0"'577~ UPl..U&I UT U (RO) llF ARG2 :iaU) I SIU 10 

00000.c 
82 110~41 002"'2~ BG~ ATEU~ J l F AFHi2c0, 81AS•SIGN(ARG1)•Pl 
8J 110ce B127H MOV #040011 1 U, (SP) JPl 

040C) u 
rorauu 

84 1 l0~• 012166 MOV #001732, U, (SPJ 
k>lll17U 
000U2 

80 11042 ~ 12766 MOV •UllOO ,~0. CSP) 
12tli041 
0 ftH1IO2 4 

86 11000 012160 MOv #ldl54J01~4l2, (51') 
k?tl•J01 
1£1"10020 

61 1U!:lo tti"1~71ei 1 ST ·~ {Rl:>' ITEST A~lil 
~~~~et2 

aa 11.~02 kl~2IO~J ~Ge ATES1 ~ 
8~ ll~b• IOb2/ft6 ADU #11iH1I00~, 16 1 (SP) ;.PI 

100fd00 
~"'0V'2IO 

90 11'117 2 ~.~:u1e Ht.,1:)1 TSl UP ISE1 ClJDC.S 
!H 1101 ~ lcl~0••3 ~~ A TUl~ IJOIN MAIN ROUTINE 



IOTNlil3 MAC~O VR~~·14 07•SfP•72 11 UJ PAuf 2111+ 

9:i 11076 k16C?708 1NfiS1~1 AOC #35 1 1SP ifl.USH SUCi< 
"001'144 

g i! 111'02 "121~1D MOV •04rl!J11,~0 r•~s 1 SlGNCARGt)•Pl/2 
~4e'311 

~· 1l U)tS 012701 MOV #0ii:U7J2, toq 
~077~2 

g:, 11112 ~i21~a MOV #1211d41,~2 

1211tU1 
90 1111 e ~12lrt!J MO'V •"'64~~1.~~ 

ll.7b4J01 
91 111 ~2 ID~:5775 lST '2 (R~J JTEST ARG1 

IC~~~~2 
g tj 1112es ID~U02 bGE IN~Ue IJUMP IF +PI/2 
gg 111J0 k:527"0 ADD • 100io00, ~ra I •PI /2 

u0ia0id 
U0 11.!• "'~~~~~ lNHU~S RTS ~~ l~ETURN TO un~ 
Ul , 
102 u~e ~' 1 "'~46 OAT AN I MOV R:21•tSP) 
UJ 114~ ~~e1uo tL.H • C S'°'l ICL.~•R SICiN Fl.,AG 
104 11•2 ra~Hi~46 CL.R •CSP) ICL.EAR ATAN2 ttUS 
105 1144 11HiHH'48 Cl.R •CSP) 
100 u •e> "'kHh!46 Cl.lot •t&PJ 
U1 1l !)0 (O~e:>d4d t;i.,.R • t SP 1_ 

Ud 1ua ~lll~I0.6 CL.F( • (iPl_ 'Cl.EAR QU40~ANT ~IAS 
ug 11b• ltHH5046 CL,R •CSP)_ 
110 11~b ~~Hh140 t1.,R •CSPJ 
111 11 O{d IU15~40 CL.k •CSPi 
112 Ub2 ro uo~• MOV 2 CR'5)_, R4 IGt.T ARG ADO~ESS 

l&H:l01llfdi 
113 lt e;es ~ U•46 MOV 6CR4l. 1 •(SP) 

~~"~06 
114 1172 ~16440 MOV 40UJ,•t~P) 

"00004 
115 1176 ~1b440 MOV 2tH,0,•C~P) JGt.T L.Ovt O~DER AHG 

0~0"'0a 
116 12U ~11~46 MOV •~4,•CSPJ H;t.T HIGH U~DER 

111 12f0. 002004 4UUOI 6Gf. PL.UUl5 IJl.JMP IF QUAOIUNT 1 011 J 
118 1~~6 062716 ADO #U00HJ,fSP IGl:.T ABS VAL.Uf 

U"'l600 
11Y 1212 ~~t>2b6 lNC 241 (:iP) "L.•Ci • 

~0"'-'~0 
120 121 fi "'~1627 PLUS1 b I CMP UP 1 "402'0'1 I CME CK If' c1, 

io•"'200 
121 1222 1U4~~ BL.0 L.~1U!5. IJUMP IF cl, 
122 12~• ((;ia3011 SGT GTU1! , ,. , I 

123 122e 1L10~1ee TST 2 CSPJ. ICH£CK L.OW ORDER 
!000~02 

124 12~2 r.1~1"06 SNE GTUUJ 
125 121U '1057f;f5 UT 4(iPl. 

k11t'10004 
126 1240 ~~U0J tiNt CiTU1~ 
1~7 1242 lcl"1Sl66 UT ec~tJJ. 

~ ~ '~ IO 12HS 
liB 1240 ~"' 144~ BEQ L.t:.1 u e J • 1 I 
12!:il 12 !) ~ k'.112168 CITU1e>I MOV #101)11,d, CSPJ 1•Pl12 

14vhH 1 
~)~~IO 11J 



IDTN"3 MACRO VRU•14 ro1•HP•72 UIO PAr.iE 2h 

U0 UDO IU27H MOV #117732,11,(&~ 'ATANC•J•Pl/2•ATAN(11X) 
0071U 
nuu 

lU UO• 0U7H MOY •1a1roo, 12. c•Pl 
121011 
H0i014' 

U2 1272 i'127fJ6 HOV #IU_.rat, Ue (IP) 
roo•aro1 
i000fOU 

UJ UI00 0lbHti OEC u.c•P> •ADJUST UGN 
liHHUJH 

1U lH• '° 16046 MOV UIPJ. I. (IP.) IMCIV£ Uri OOWN 
rUIQllU 

U5 uu 01Ud MOV I (1,.J. I• (I") 
000001 

U6 uu uuo HOY 8CIPJ 1 • catt) 
08'0000 

U7 ua0 U66•t HOV 8~$11'l_,•(IP) 
HUU 

ue U24 01271515 HOV #402'001l1CSP) JINSf.HT 1. 
0•0an 
ro60U1i1 ug U'12 H&H6 CL.R lie CIPJ 
0000u 

140 U._,C5 HUH CLR u.c~,., 
iH1'HI• 

141 u•a HHH ca.R ,.,,~,, 

000018 
1•a uo IOU4ti1 JIR lil•1l~OLSH JCOMPUT! lelX 

KIU12~2 
143 13oa UUU• 1WORD IDVD1L.UIU 

1Jb4 IOU UtH 
144 U06 ruuo L.UIUI MOV l(IPJ_,•(lfl') JMDVE ARl'i OOWN 

0li!le10U 
!45 uea I0&6U6 MDV e(SPJ, •(IP) 

011aru1e 
148 UH UU•O MOV e ~lf'J_ 1 •(IP) 

"'"'"' 141 U72 ro &eo•e HOV 6 ~8PJ. I. (IP) 
HlfJIU 

148 U76 0Ht0U CL.R l,(lfii'J I lNllRT A 0 8 

Ulll 10 
149 l•I02 UHIH Ct.R U. (MP) 

1Hi12 
I'll Uf06 HIHH Ct.R U 1 (IP) 

IOIUU 
Ul 1412 ro05H8 CL.R , .. ,~,, 

""" l 6 ua uu ld21027 CMP n111,•n11u ITANCl5) 
(0~7011 

153 ua2 1 '°3007 6LD I.USU IJUMP l, L.ESS THAN U~HU> 
154 ua• uuu ilMl TNUU IJUMP ,, Ill 

U5 1426 roaee21 CMP 2C1Pl. 1 #0'10U2 
rae0002 
d0i42 

ua 14"4 UlU2 8Hl TNUl5 
U1 uu uuu 8L.D LUUe 



IDTN03 MAt;RO ~IC~~•14 07•SEP•72 UU3 PAli~ i2h 

U8 144fd iH!l6b27 CMP 4CSF-JJ ,•172366 
W>ld0~04 

PUeo 
1 !5~ 1446 10 l ~"'~ i;l"t l TNSi15 
1 fh1 U=>0 UJ474 BL.0 1.15515 
161 1•b2 "26021 tMf" C>(SPJ,•00~2b1 

"'_,0IO~C> 
IOO::>~b 1 

1 '5rl 1•00 1u•1~ t:il.,OS L.1~515 
16J 1'02 ~12766 TNh1!)1 MOV •~40"106,li, CSP) JilllSE~T Pl/6 

!a4V!~l?!6 
"1~0\01~ 

164 1A10 ldl27~b MOV •'10~~21 1 10, CSP) 
rcHD:i;~21 
ltli00~1• 

16~ U7e U276b MO\I •u0:>53, u~. tSP) 
14~)!)~3 

{Qitl0014 
1 t>o 15VJ4 li:i1'1bc MO~ #115454 1 14, (Sp) 

11~4~4 

""~~10 
its7 1~12 ~i1oe., MOV •::.~, 1'<0 IARG TO Ht::GS 
168 1t>14 01fibQl1 f"IO\/ 2l5Pl_,R1 

tJU~~a 
l5g 1Ci2k') Utib~a MOV 4 (SP J_ 1 R2 

000~04 
170 1~HU 0160"'~ MOV 6tSPJ_,RJ 

1thl01d00 
171 U.,,0 "1274& MOV •~62=>24,•CSP) 

r66a:>24 
172 1~J4 i012146 ~ov #~41.l~2,•(SPl 

041J02 
173 1540 012146 MOV •131127,,..CSP) I IOIUSH •ROOT 3 

131727 
174 1b4~ kl1274~ MDV -.14~J;:s~, .. CSP) 

140JJ5 
175 1t>ti0 IJU~40 MOV ~~,•lSP) 

176 1002 "'hJ2~b MO\/ k2,•(SF) 
171 H>:!J4' ~1~1•6 l'tlO \I R1,•lSP) 
178 15ti6 011ihUc> MQV kl01•~SP) IPUSM uu; 
179 USO!d "~~1(}46 c I. Ii( •CliPJ 
18~ 1~02 ~la~d46 Ci.k •tSPJ 
1 S1 1fH>4 lf.'.JVJ5VJ40 c; L. R ... (SP J JPUS~ 1. 
182 1 !)60 012746 MOV #40~kl~·,., ~SP) 

~4~;cfll~ 

ld3 1f>7 2 ll/12146 M (J \I •~02=>24, ... CSP) 
k'l02!:)24 

104 15/f) ~12140 MO\/ #~41~~2,•CSP) 
(1)41~02 

1 tt e; 1b02 rul214b ..-.av #131727 1 • CSP) IPIJSH ROUT..> 
131721 

186 Hi,~e 012146 HOV #i.d40~35,•(SP) 

~•viJ3~ 
187 1b12 ~ 10~40 f"IOV ~3,•lSP) 

188 1614 t11Ql24d Muv ~2,•lSPl 
ug 1b16 k/1~1.0 MO\/ ~1,·~SP) JPUS~ ·~(J 

190 1020 01""~46 MOIJ R'1,•~SP) 



l~H 1e~2 1(1044b7 
1Dlll'ld16 

19~ 
1QJ 1~il:?6 

lbJ0 
lOJ~ 
lbJ4 
lb JO 
104~ 

194 ib<lf~ 

1Sl5 11544 

196 10;,~ 

1Q7 1b!;4 

19d 
199 
20., 
2"'1 
2.,2 
il Id J 
2~4 
2.ao 
2~6 

2~7 
2ii:'18 

210 

211 

1600 
1602 
1b04 
160b 
lb/~ 
ltd~ 
HS74 
lolt> 
17iaiO 

17\i:14 
11111e 
171 \1 
1712 
1714 
1116 
l7~~ 
l. 7~2 
1nil4 
172b 
17J0 
17J2 
17J4 
17.)6 
1/41i1 
174~ 
1144 
1740 
l / ;)~ 
17 :J 2 
17 :J 4 

17 Ofi 
170" 
1702 
1704 
17Cb 

171"' 
1712 
1714 

, 
1t11b14o• 

~'°"''~~' i0l111c:>f 
001t17e:1tt' 
!Olf?.tllO t 
~110421 
~1100'1 l.11:>S10I 
'1166~1 
kJ0fcHH'l 2 
1t11bb~2 
000"'~4 
Ubb~3 
~ftl0W206 
~1'6J4fl) 

01 eil•e 
VJ1~1•d 
~10"146 
~1~~40 
"1 h~Z4o 
010146 
1t'1~1d•o 
lc?~A4td 

"10110 
"'161461 
i017=>76' 
k112\a2JI 
k'1oUti•XPUsl:SI 
0~'11704' 
iOUU4ct 
ihH,7~4 t 
1016l•o• 
I00el7'14' 
~11614tbl 

"'"'~1e4• 
!Olt:i14t>t 
~0071()41 

MH 614Ci I 

~"'~7041 
tll1o14o' 
k1007~4' 
i01514dt 
~~07L?J41 
ialol•o• 
00'111041 
.0~~7~41 
012~e4• 
~~ld104t 
~,11~1e• 
~1177\0t 
lt'ld~72.; t:.Xlsl~I 
0uoeo 
w:illl0~00 

I 

212 
213 
214 
21~ 
21 ti 
21' 
218 
219 
220 
221 17/6 ~12bb6 UP'1~1 

JSFC 

• wORIJ 

MOV 
~·OV 

MQV 

MOV 
,., av 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
J SfC 

• .-iO~D 
a Ill ORO 

.11110~0 

.wo~o 

• ..;QRD 
• ~Ul'<u 
.~ORD 
, iililO~D 
, illO~U 
lST 
MQV 
RTS 

MQV 

C~OOT~•X•1J/C~OOTJ +X) 
SM~01SSBO,UPS1~,ssso,1ovo,~1~s1~ 

nP,1'(0 IGET Af(G 

2lSPJ,R1 

4tSPl,R2 

b(SPJ,R3 

HJ,•lSP) 
R~r•lSP) 
~1,•,SP) 
R_,,•lSPJ 
R3, .. lSP) 
R2r•lSP) 
Rlr•lSP) 
iot0 1 •~SP) 

JGtT T~RtE COPl~S 

R4, S~OL.1ir1 

IM~O IGET ARG••~ 
5POPM4,P~V~l~ JStT UP COtFfICIENTS 

UDO 
SCit-JS15 
SAOO 
$P0Jill"C4 
Ex1$15 

,,(X)+~ l~ ~c•1, PlX)•Pl/2 IF X•l 
rADJIJST Sil6N 
IAOO 4TA"'2 olAS 

l?OP ~~SULT TQ ~EGS 

(SP)+ IPDP SlGN rLA~ 
(SP)+,R~ 

Ro IRETU~N TO US~R 

(:SPJ+,22, CSP) IMUVt STAC~ lTtM UP 



aaa 2010a 
an 20~6 
224 2012 

225 a01e 
226 
2a1 ua0 
us aio2• 
a2g 20J0 
2n u~a 
2U UU 
232 2036 
2;)3 2040 
234 a0•2 
23::; 204• 
2315 U46 
2~1 a0e>0 
2u uo2 
2J~ a0e• 
au u=t& 

U1 a002 
U2 
U3 20ti4 

U4 2070 
20 a012 

248 2076 
247 
248 
24!iJ 
2!)0 
251 
252 
2!53 
2~4 
255 
2515 
257 
258 
2159 
260 
261 
262 
263 
264 
26b 
2fHi 
U1 
26d 
299 

0001426 
012066 MOV 
000rou 
~1266& MOY 
016eHOU 
012&60 ~ov 
000~26 
0~0134 JMP , 
~1a704 P~YslOI MOV 
~121tU' 
01210~ MOV 
000u1 
00040• ~~ 
~10~40 PV211~1 MOV 
010a•e MOY 
0101~6 MOV 
010040 MOV 
~144•6 Py1sl~S MOY 
~14440 MOY 
014440 MOV 
~1•446 MOV 
~05~0~ Oft 
003~60 BGT 
01270~ MOV 
0117121 
~001~4 JMP 

' 0~576b S;NslOI TST 
000I020 
001402 BEQ 
062115 ADO 
U01rl00 
000l34 SG1S1~1 JMP 

,fNOC 

,IFOF 
UATAN21 SETO 

MOY 
t-10V 
MOV 
MOV 
BEQ 
UL. 
Ct.RS 
iwU 
ASL. 
t;L,li(d 
hAS 
SUS 
CM~ 
i:H, T 
1..00 
L.00 
CFCC 
dGt 
NE Gu 

(SP)+,221CSP) 

(5Pl• 1 221CSP) 

(SP)•,221 tSP) 

•(R4J+ 

PY1U!5 
RJ 1 •lSPl 
R2,•~SP) 

•POINT TU COE~f lCIENT TA~~t 

R11•tSPl JPUSM A~u 
Ri0 1 •~SP) 
•(R4J 1 •(~P) IPUSM CONSlANT 
•(R4l , .. t~P) 
•(RAJ,•(~P) 
• CH4J. 1 • (:iP) 
R~ I COUNT 
PY2U~ 
#Xf>Qjl5,IC4 

fOUJ+ 

1e.c~P) ICHECK SIGN F~•G 

SCH U !5 
#hl0wl00,•iP 

Fti'U , 
20H5J_,RJJ 
4CRSJ,R41 
•~J,I'(~· 
fR4,HU 
1NFU51 
R01 
H01 
R0' 
RU 
Rll 
RU 
Rl,RIOI 
•~e.,RU 
1NFU51 
P1Utl 1 FJI 
fHJ, .. 01 

SET OP MOO~ FOM FPU 
AOUUU OF ARG1 
AOIJRESS OF 4R(l2 
MlGH ORDt.R ARGl 
HlliM ORO~R AMG2 
JUMP 1, DENOMlNA.TOR 0 

EXPONtNT Of" ARG2 
GET EXPONtNT DIFFERENCE 

Ct1t.CK MAGNITUDE 
TRtAT AS INFINITE 

lNlTlA~IZ! 8IAS•Pl 
GET A~Gl 

JUMP lF •Rli1•0 
BlAS•SIGN(ARG1)•PI 



270 
271 
272 
27J 
274 
27:5 
276 
217 
278 
27'1 
280 
281 
282 
28J 
284 
285 
286 
287 
288 
289 
2~0 
2" 1 
2Ya 
2Si• i1 
294 
2'U5 
296 
297 
298 
299 
300 
301 
302 
303 
3041 
305 
306 
301 
~H 
U9 
;JU 
U1 
U2 
313 
U• 
U5 
ue 
U1 
318 
31~ 
3H 
321 
322 
323 
~2' 
325 
326 

AtPllf>I I.DD 
C,tc 
Dl.l 
t&.HD 

•2Mst:u OIVO 
BR 

' l~"IUI LOO 

' 

TST 
8Gf. 
NEGO 
tlR 

OATANI &!TO 
Cl.RO 
LOO 

ATlU~I Ct.Ft 
c,cc 
&TO 
Cl.RO 
BGI:. 
ABSO 
INC 

PLUUCI I.DD 
CMPO 
Cl'CC 
81.E 

GTlUCll DfC 
OIVD 
I.DD 
LOO 

' LE1Ut51 ITO 

I 

Cl.HO 
CMPO 
CFCC 
6Gt 
I.OD 
LDIJ 
MULO 
au so 
AOOD 
DIVO 

1.1~1UI I.OD 
MUL.0 
MOV 
MOV 
L.00 

XPLiSUI MULO 
UEC 
ADOO 
BGT 
MULO 
ADDO 
suao 
TST 

A2Mllt51 
;u 
Fl1'-'I 
uuuu 

PUUe,f11 
IH31 
UlU51 
'll 
UUHU 

, 
FU 
U(RO),ftil 
RO , 
,.J,Ft>J 
FU 
Pl.Ull!51 
F01 
R•I 
•1110•'11 
,0,d'lJ 

L.EU151 
R41 
F0,l'lJ ,,,,-1, 
Pl2Sl'51fi'~I 

F.J,F'4f 
FU 
THISU,f-'f 

LUUSI 
PUU~, P'.tl 
,0,f'll 
RTUU,r;ru 

•i.a''"' RTUl!5,f'&I 

"•''°' 
F0 1 F2J 
F0,FIJ 
#l'CDIU,"U 
tf8,,H1J 
(R0J•,,11 
FWJ,,11 
RU 
(R0)•,F11 
kPDS1~1 '1.00P ,2,,1, 
F3,ll'IJ 
f'41"il 
R•I 

GET AFHi2 

IF ARG2•~, 61A8•1 
ARG1/ARG2, SET FLOAT CC 
JOlN MAIN WOUTlNE 

~~~ULT•SIGN(ARG1J•PI/2 
TEST oca 
•Pl/2 
•Pl/2 

SET OP MOOt ,OH 'PU 
C'9Uk ATAN2 ~1AS 
GET ARGUME.~T 
CL.UH UCiN FLAG 
GfT SIGN O' AR~UMENT 
F9•AU~2 BUS 
CL.tAR QUAOHANT BIAS 
JUMP IF QUADRANT 1 OR 3 
ABS()(' 
FL.AG • 
1. 111 

C~t.CK IF )(tC•l,0 

~~1,0, AOJUST SIGN FLAG 
1.en 
ATAN(X)•Pll2•ATAN(11XJ 

QUADRANT BIA8•Pll2 

f 4•QUADRA~T BIAS 
,:1110,0 
COMF'AHE TANCU) I X 

XO UNCUJ 
F3•Pl/6 

hHOOU•& ,0 
hROUU 
(X*ROOT3•1e0Jl(X•ROOT3) 

• X•*2 
POINTfR lO POLYNOMIAL CONSTANTS 
COUNT OF COEFFICIENTS 
INITIALIZE ACCUMULATOH 

COUNT 
Fil• Fl• X*•2 + CCI) 

Flh fil•X 
P116 UR 0,k' 
P(XJ•QUAO !HAS 
TEST 5Ili~ Iii.AG 



IOTN~3 MACRO V~¥1••1• 07•Sf.P•12 1114J PAlit. 2h 

327 8EQ SGU15J NO AIJJUSTMtNT 
328 NE~O f"U NELiATE RtsUL. T FOR c • 1 '") I C1 I l NF) 
32g SGU 1 ~I AOUO FO,ll'il ATAN2 sx•s 
3H , 
331 ~xU1" STD Fl1•~SP)I MOVE PIE5Ul.T TO STACK 
ua MOV CSP)+,H01 ANO THEN TO ~ECiISTERS 

333 MOV (5P)+ 1 R1' 
;s;u MO\/ CSP)+,R21 
335 MOV C$P)•,RJI 
ue HTS R et I EXlT 
337 ' 3U , 
Uri PU101 I ifi1Qj'10 040U1 1 '1147732, Pl 
Uil 1 illORO 12U41,0~43UJ 
U1 I 
342 Pl~SU>I ,wORO 040311 ,01d17UJ PI/2 
30 • \1110~0 12UJ4t, 0~4301, 
u~ , 
u~ T 1 ::>s U I ,WORD 0Hei1,0~02•21 TA""t15) 
3'6 ,wo~o 11noe,0ti~2e 11 
347 , 
JO P 1 t>U ~I 1 wORO 04iH1k16,01d5221' Pll5 
349 .wo~o 1400=>3, 1154!54, 
350 I 
351 RTU1~1 1 WORO 0403~!'.5,1311271 

ua 1 WORO 041:51d2, 002520 
353 ,ENL>C 
3U 2100 037065 FCUSUI ,wCJ~O 0~70b5,1t)0707 I ,04439g!51Q7U7 

au2 u0101 
355 21~• ie2~00 1 lllORU 1023.,0, 1 bUH 

2U6 U~ld30 
356 
3:>7 2110 147204 ,wo~o t372104,14Ja33 ,.,0&~e31gJ510303 

WU2 143~33 
~58 2114 ~04r0 u .wo~o 004~'10, 0~H14U 

ai le t&H110' 13 
3~9 
360 ai20 I0~7U5 ,wo~o 0J72~5,"430k12 •• ~167g368SlfS06b 

a122 04Jk'02 
361 212• ro•11:14 ,wORO 0271t)4,142446 

2126 142 1U6 
H2 
JU 21~0 137272 I lliO~O 1~1212_,025871 l•10P0P0~71141~107• 

2U2 02~011 
3e4 2134 110412 ,~ORO 11b02100IHS30 

~u .,s rooM>30 
36:> 
Job ai1t0 k737~0 .~o .. o ~37J4J, U11l141 J,11111~i78980~1048 

2142 107047 
3C7 2144 "123025 , wCH"O 023625,01.?5401 

21•0 025401 
3b8 
36g 21 c;li!I 137 42~ , lliO~O 1J7422,044444 ···1•28~11410282~~·5 

ato2 IQ4'4444 
370 ih~U I071J3~ ,wORiJ 0713~5, 110101 

2106 1161~1 
3., l 



SOTNkl~ MACRU VRia4•14 01•St.P•12 1114J ~·"~ 21h 

372 210~ U7014 I illORD ldJ7U4, 146314 1,1gg~g9gggga12g44a 

~10~ 146~1• 
373 21041 146&24 .~o~u 1·4ea~•, 1aee5"' 

2tt>o 1fj56f)~ 

374 
37:> ~ 1'~ 137052 ,wo~o 1.J7b02, l~!!>2e;2 l•t3333JJJJ3JJ329930 

21'2 12~2~2 
31b ~Ol 4 12~~~2 .~o~o 1252~~111J6~2 

2170 113Cfi'\2 
377 , 
376 -=~(j_.j ~4~C!~..1 CoNs1~: .~o~u 0A4020P1f~000r~ ,,g9yg99~g~9gyg9g 

.:2ia2 k10~w:>ri0 
J7 !J 22~4 00000~ ,wU~D 0U"ld~, e11Hi16~0 

22!06 00000~ 
3~1a 
;) b 1 1ENOC 



l 
a 
;, 

' 5 
6 , 
8 
g 
u 
11 
12 
u ,, 
u 
18 
11 
u 
u 
u 
u 
22 
a~ 
24 
0 
26 
21 
28 
29 
u 
31 
32 
33 
34 
35 
:se 122u 
37 U212 
38 li2U 
~i U2lb 
0 12220 
•1 1a222 
'2 l22~U 
0 12226 

44 12232 
4C5 122J4 
4e 1a2J6 

47 12242 
48 1224• 

49 122b{l1 
50 12202 

5l 12206 
52 12260 
!53 122e2 

l000iel" 
000001 
I01'10kl02 
ldi0Ul1 
n0ro0• 
VJ~0I000 
U01hHi 
000001 
ro00000 
lal001dlt} 1 
vhhl!~U 

000Vlili 
f0~0020 

klU,46 
i010~•5 
"'0~000 
I00&I00l 
rt05'002 
~~&!00~ 
1U0eiao 
l;OV;i6.)66 
ll:Hl01ll10 
ii!i661lb 
~ID!50t46 
~v1e>1~6 
0ill00U 
~~1~21 
106blti 
~~k'!021 
ldldl~26 
15600ill 
V10n2i!l 
lr:)I00~0~ 
0~"1t61 
lrHHH0~0 

, , , , 
I 

' I , , 
' 

IOVUI 

•Tl TL.t IOVOIOS 
• IFO' CNIJIU 
.~~OSL IO~OPIER~A 
IOVJ ~•• THE OOUS~E DIVIDE ROUTINE 

1ovo v~n~ 

COPYRIGHT 197111972 UIGITA~ E~UIPMt~T CORP., MAVNA~O, MA 
CALLED lN TM~ PU~lSH ~UDE 
T~E NUMERATQH lS THE SECOND lTEM ON THE STACK 
ANO THE DfNOMINATOR lS Oh TOP, 
TAKES THE QUUTlENT ANO PUTS IT O~ TOP 
OF THE STAC~ IN fHEl~ Pt.ACt 
lii0U0 
iicl-X1 
Ra•l2 
Fe.HU 
R••u 
R&U!5 
&P•X6 
PC•U 
F0U0 
F 1•U 
01tt, 
N• lti• 
Q1U. 
,IJiOF 
1WORO 
,wo~o 
.wo~o 
, ..io~o 
,wORO 
JM~ 

eENOC 
• lfi .~o~ 
f-10V 
MOV 
CL.M 
t~R 
CLR 
Cl.~ 
CLR 
ASL. 

, PIJ 
17001.1 
112~2e 
17a4ae 
p .u01 
1140 4() 

f tR4l. • 

FPU 
IU1•~SPJ 
R~,.\SPl 
fof0 

~' Ft 2 
R J 

''SETO 
'''-00 
Ill.DO 
•101vo 
I' STO 

•CSPl 
N•0•i(SPl 

(iPl+1f1 IGET OlVISUR 
(SPl•1F0 •GET OIVIOENO 
F11'0 JGtT QUOTIENT 
F0,•(8P) JTO STAC~ 

ROL. fSP IGET NUMERATOR SIGN 
CLR •tSPJ 
TST utSP~J CHfCK FOM ~.0 DENOMINATOR 

OCHS le• 
N•1c:ap),fSP 

JU~P TO tRHOR EXIT 
•~tT ~UMERATOR EXPONENT 

dEQ Z~RS16 JJUMP IF NUMERATUR IS ZERO 
8 lS 13 N t SP J. , M 0 

SdS 
8f C 
ROR 

R0 

R0 

,LEFT JUSTIFY NUMERATO~ ,~ACTION 
llNS~RT NOHMAL BlT 



sovoia~ MACRU VRIU•14 U•U.P•ni 11 UJ PAGE 2h 

54 122'5• U60e0 oIS~ N+;S(l:i,_), M0 
!000023 

55 u:ara 1 ~fH>U 8ISB N•2C~P),H1 

ro1ou2a 
58 1~2741 ir:H~~J01 hA8 Rl 
~7 12216 166001 b !St! N•ec:,p>,w1 

1'Di1H~02:t 
58 12JI02 1 :>e;602 BISS N•4'(:)p),W2 

000[024 
5W 123~6 roi00.,0a llllU R2 
60 1iU0 1f»60"2 bIU N•7Cl:iP) ,wa 

1tH00027 
61 1a~u 106b~;J fHH N•6(~PJ,WJ 

000"25 
62 12320 ~u~u SdB RJ 
63 12322 IOH3tHi ASL. OC.SPJ JSHIFT DENOMINATOR 

l"HHOU 
64 12328 ue;~ee AOC 2CSPJ IGET fifESUL. T SIGN 

0!00002 
6~ 1a3J2 U~tll04 CL.H R4 
66 UH• 1660~· lHU O•l(~P) 1 W4 JGt:.T DIVISOW EXPONt.NT 

01i01ll11 
57 11it;,40 16041fJ sui:s FU, fOP 15UBTRACT fXPONENfi 
68 12342 001U66 ti WU DCSPJ IL.EFT JUSTlFY DENOMINATOR 

0u0u 
69 12346 0~0ae1 nc IINSt.RT NOfiiMAL. tHT 
70 1aJ:,0 0015~66 kOk DCSPJ 

IOUIOU 
71 123:'.14 1Ub56 MOVB O•H~Pl I IJ CSP) 

"uro1~ 
01d0IO 10 

72 123b2 11 tHHS6 MOVB O•ac~PJ,U•JCSP) 
0001D 12 
HU U 

13 12~10 1U066 '"10VB D+5c:,,p),L1+2(SP) 
!000015 
1.HJ01t112 

74 1~~76 1 U56titi MOV8 O•HO), U+:5(:;p) 
00001• 
IOll:l0VH~ 

1~ 124ir.U 116tl66 MOV~ 1)+7 C :)p), UU CSP) 

IOIZl0U 1 
iH001114 

1 tj 1~412 116066 MOV6 O+b (Oh U+7 CSP) 
001016 
~160I017 

71 12•~k1 h151Dt;5 C:L.Rt3 0•6(2;p) 

UfOIOltt 
78 12•2• io0HH CL.R Q(SPJ iCL.l:•~ QUOTIENT 

U002'0 
79 12.tJta ro05066 c; L, lot Cil•a c:,,Pl 

000id22 
80 1~4J• i105W)flfi Cl."' Q+4C~P) 

~hHHJ~4 

81 U.t40 020~60 CMP RID1DlSP) 1C0MFARt ~lGH N~M 1 ANO OEN, 
0f00111D 

82 11l44.t u11u2 bl-I I OL.wUe; IJUMP lf D~NOMINATUR LUw 



I~ U44ts U34•o 
•• 12400 ~ik:i166 

~0Vl~1it! 

ii5 124~4 lls11~3b 
U U•;>& UJJ4U2 
11 1a.00 02~2eo 

k'\1210014 
88 12•~· 11111"13£ 
ag 1240b 11!J~Q~O 

Y~ 12•1~ ~a0.Hso 
00iz:~U 

~1 12•7• 1'01"'20 
92 U?41o ~01032 
~J 12~100 l'1~5~10 
u 12~•2 idld~00• 
Sl5 ta~U k1~0465 
g,; li~ldc 0127U 

ltH)l 40J 
g7 UfH2 ill0'-1403 
~d 1il~H• 0U1aia 

~~4i:HH, 

gg 1&~1i10 ~"!:>IA6 
u.a 2~22 ~k14=>61 

ft?~7~7~ 

Ul 20iti c!226"o 
U2 2l531ll ~0~w:'6o 

d00~14 
U3 2~JA IU~ei~fH) 

000016 
u• a~•" 00~0ee 

~01tHac0 
U5 H4• ~~5k:i6o 

illllrti022 
106 ~5:)111 ~~~·11 
101 at>o2 111!ae11.10lll 
108 2~::>41 w:!06"1VI 1 
10Y a~~o 0~M102 
1 u ~500 ~~01e10J 
111 2!)t'2 VJ!a5~16 
l 12 2o64 U21'11~ 

~itlltl~ 11 
11J ~e,10 ~Wl41b7 

~HH:il 7 6 
11• 2~7• 11~4t>C 

li'HC0~2J 

11~ 
110 Untl~ lt)kj!57~!!> 
11' ~61d2 001~2~ 
118 ~e)-'4 U27~5 

ia!d(O~~~ 
11~ ~bl0 .,_,'IJA7f}7 

0~01~0 
l~d ibl• IU1~460 

'11d0022 
121 2620 ~icH570~ 
1,2 i642 ~iau10 
12.i '6c4 ~i21~~ 

b~l 
01..0 
C.MP 

o~l 
BNf 
l~C 
t:i_, R 
~R 

DCHUt>I MOV 

C:Cl.Slbl TSl 
f.cU1tr>: JS~ 

ZEk$lOI CMP 
C.d .. R 

c; I. R 

th~ 

IJL."'Uell ~o~ 
~Oliic 

RO~ 

kOFi 
I "'t 

011.l.Ubl MQV 

JS~ 

TST 
ts NI:. 
MI.) \i 

J Sk 

MOV 

DHIS16 IJUMP IF ut~OMINATUR HlGM 
Rl,0•2ca~) JCOMPARE LUw OHOE~ PA~TS 

Dl.wUt:i 
OHlUo 
Ra,0•4(5ft'J 

01..dlO 
0HU16 
RJ,0•6(5Pl 

o'-01e 
o,;u1e 
f~P lbJMP EXPUN~~T 
R• 
Fl.TUB 
#14~J,~~ ltk~UM J,J 

EC1U6 
•4~0~.~~ J~kROR ~,8 

•CSPJ HOt:. ~lGN 
R::;, Si:.f.(10 

(SP)+,(Si-')+ 
Q+ld•4 CSP) 

Q•2•4 CSf-lJ 

Q•e•4(S~J 

RTNU6 

Jf~USH t~P ANO SIGN 

R~ IH41..VE OE~OMlNATUR CC•0) 
R1 ITO lNSU~E T~•r Neu 
~2 

RJ 
fSP JCOMP~NSATt EXPONtNT 
~~ •• ~~ ;~~ 00 FlM~T 9 UUOTIENT ~ITS 

Pc;,ovu10 

IU,~lSP) 

R:> 
F1..1ue 
#lb.d~~ 

~!:> 

F1.1il6 
•16,,r-t5 

JtXCEPT ~o~~AI.. aIT 
; Si::t. I' OO~E 
IVEb1 HEST o~ NuME~ATOk IS ~ 
;~a DO 16 ~O~t dlT~ 



~~011l2~ 
124 26J0 l/J~4lt:J7 

'100136 
12!> 2tiJ4 ~1i£;4b0 

~~"'ld24 
126 2~40 .:l1Cl:>7~~ 
127 ~642 I0~1"1f!!> 
12d -'044 ltJl~,~~ 

"100~2~ 

12s.1 20::>~ kHU7b7 
000110 

1Ji0 2Cl!J4 ihH~4~1 
1J1 2b:lb ~10b~h114 
1J2 li!6b~ ~11r!b00 
1JJ 2602 ~0270!> 

"~02ki'i1 
1 J4 26()() 1h1371 il 
tJO ;.?el0 t'12270~ 

~"'C1J77 
136 2b/4 002433 
1Jl ;;.nsf6 11~:>tic; 

~HH~~17 
1J8 27~2 ~~blli20 
1J!I 2704 00f>l!16b 

~lt'l~la14 
140 VU _,~~iH>O 

lt?0Pll010 
141 :c?/14 ~~611.1bO 

~IH~IOii~ 

142 2720 ~~b~04 
l4J 'Ui."J. ld05~~· 
144 U~4 ~1i1e,:;bo 

~0~"12~ 
14!> 27J0 005~bb 

~ltl~I010 

146 VJ4 ~i.1!)~bb 
~0Vlid14 

147 ;a~~ 011646b 
01tHHic2 

148 2744 11dJ400 
14g 2746 1~2•00 

1 3 ~ Cl ~ ~ ~ l 2 b ~~ :;) 
1~1 21:>2 k112t:J~,,4 

1~2 U04 wH>27~b 
v.l IO 11.l 16 1 ,,, 

15J 270~ W1~M1J4 
1~4 ~7b2 ~~~740 

1~~ V04 "1127V'1111 
~~6H:10J 

156 27/~ V;1160(;~J 
1~1 VI-;. tJltl6~0~ 
1 ~d u 7 4 .ll1UbJ0J 
l~~ .U/6 ~11euz 
lbld ol0~~ I00t;101 
H>1 ~~w.i2 ~vl610d 
16~ J~-'A 1d.!4'210 
16J Jl1"6 ~;!!600~ 

,J il'i 

MtJV 

1ST 
i; ~ t. 
HOV 

JSR 

ftR 
FUS1til CL.k 
n.UltH MOV 

ADO 

S G '" ' 1 b I "" IJ R 
~OR 

RO~ 

AOC 
AOC 

ADC: 

AOC 

MQV 

oCS 
t5 vs 

!'lTNSUI MOv 
MuV 
AO() 

JMP 
uvlUbl TSl 
uvwuo1 f"IOv 

b~ 

IJV1S161 ~SL. 
• s L. 
i-i: OL. 
fo< OL. 
;(Q1,. 

bCS 
t. M tJ 

Pc,ovu10 

R4,Q+4(SP) 

"0 
F'l..UlfJ 
•lo.1R5 

F'l.TSlt5 
R• 'C~fAR ~OwtST O~UtR QUOTIENT 
(iP)•,k~ JPUSH U~ EXPONfNT 
•20~,R~ IAUU I~ tXCESS 2~0 

UNOS16 IUNOE~fL.0~ 
•317r~5 

OVR$10 'QVl~FL.O~ 
MO,Q•1•2lSP) II~SEijT txPONENT IN RfSLT 

CSP)• llN~ERT QUUTlt~T SlGN 
Q+0•4(Sf'IJ 

r.1U•4CSPl 

R4 
~· l~OUNO 
Q•A•4 (SPJ_ 

Q+2•4C:>Pl 

Q•h4 (Sf"J 

~•,Q•e-•tSP) JINSE~T ~o~ OkUE~ FqACTIO~ 

OVU16 
UVUle 
(SP)+,Re 
(SP)+,R4 
#8,,~P IFL.US~ ~I~ST AMGUMtNT 

f(k4J+ 
•l5PJ l,A~t lx? 
•200J,R~ Jtk~u~ Jr4 

ECL.Slo 
~4 1S~IrT ~UOTI~~T 
~J ISHIFT NUMtRATUR 
R2 
R1 
i( ~ 

~US1b l~UARA~T~tO TU GU 
O+~+,CSPJ,~~ JCUMPARt HlG~ UIVISOR AND UlVIDE 



H01U 
u• 1ua 1011~• 
US JmU 103414 
ue JeU 0auu 

0ro0~1• 
111 uaa uua0 
u• 10a• H13•U 
't9 ~eae ruuaiil 

nuu 
l711 ile..i2 UU~4 
171 J0U u;,•14 
171 ~eh 0261»1U 

000020 
i1J u•a uuu 
17• .l0•4 Ul •n 
175 ~049 18600~ &01101 

k'~rorou 
179 ~002 iOW'~OU 
l 71 ~004 0~500 l 
11a ~e5e H5Ue 
17g i.1010 161500a 

HUU 
l H ~06' HUU 
181 ~!JU ~lr)~bU 
182 U70 Uetb01 

U0Vll4 
lU \\17• H50U 
u• ~076 ueeu 

000012 
115 UH H!Ze• 
&88 ~l~• 00Di.100 NGUS1BI 
181 UH !003331 
lH ~U0 U0207 
ll~ ~112 115204 ~QUSl~I 
190 HU i!H40l 
ig1 i.1111 e0e~0• fQiSl~• 
192 11i0 005~05 EQlli61 
193 UH HU7~ 
19• uu 1"\0f;~0' 
195 ~126 ~00~07 MT~Si61 
15)1 
U1 

tit-11 
Bl.D 
C~P 

a"H 
SL,0 
CMP 

t.hU 
6Ew 
IUB 

UC 
SBC 
65~ 
SUS 

SSC 
UC 
iU6 

UC 
sue 

lNC 
DEC 
tSGT 
~Tl 
lNC 
SR 
~SL 
CEC 
BGT 
INC 
HU 
.ENDt 
,£NOC 

N~Osle JJUMP 1, DlVlSOR BIGGER 
GOS1b IJUMP 1~ OlVlSOR SMALLER 
0•2+2(SPJ,R1 IC~EC~ TH! LOW ORDERS 

NCfOS U 
GOUD 
0•411•~(SPJ ,R2 

NC.USU 
tiOUb 
D+6•itSP),R3 

NllOSl e 
N~Osle JJUMP lF NUMERATOR •DENOMINATOR 
0•6+Z(SPJ,RJ JN•N•O 

Ra 
R1 
R0 
D•4•i(SPJ,Ra 

R1 
R il 
D+hatSPJ,Rl 

R0 
D•hli2 t SP l_, R0 

R• IINSERT QU0Tl£NT 81T 
R& JCOUNT ~OOP 
ovuie 
PC 
M4 11Nl£~T ~AST 1 llT IN QUOTIENT 
ttUU6 
R• JFlNlSH OUT QUOTIENT ~lTH 0•S 
RO 
EW2Sle 
H~ Jf~•G NO HOHE NUME~ATO~ 
PC 1RETURN TO CAL~ER 



s 
2 
3 
4 
5 
ti 
7 
8 
g 

u 
11 
12 
13 
u 
u 
16 
11 
u 
19 
20 
21 1'11~0 
22 131~2 
23 1'11-'4 
24 1JtJ5 
2~ U140 
ae u1•a 
21 1J1 •• 
2a 1~1•e 
2fil 1J100 
30 1\i1~2 
31 13104 
32 1'11'6 
3J u1ee 

34 1i.H04 
Je> 1316'5 
Je5 13170 
31 1~112 
38 13174 
3!i1 1J11e 
41d Ucld0 
41 1UI02 
•2 1321i'4 
43 132"'6 
44 13210 
·~ 13212 
46 13214 
41 1J216 
48 U2C?i' 
.. ~ 11.'2'2 
~~ 13224 
:>1 1~226 
~2 U~J~ 
5J 1;,u2 
54 1 ~2J4 
5~ 1J2J6 
5o 13240 

""' 00 0 IO 
000001 
ID00i!l0~ 
UU~'1 
000004 
(i:Hih~ 110 ~ 
I0~000& 
117;10• 

, , 
I , 
1 

' I 
' 

ue000 IDV 11 
012001 
00300~ 
rHU 443 
005iH 
ne401 
.,Ub03 P1U7t 
003003 
001434 
01UUi!00 
IOU40J 
IOU40 PU171 
"'12704 
ltl00~10 
!005002 
000J0J 
0211402 
006.)04 
000.)03 
I006J0J OIVUfl 
~00102 
11HOl 40~ 
00!)2~3 
1f)010 2 
103002 
0601":1! 
~kH5J~3 
_,k?~J04 L.UfrU7 I 
VJ-1H6b 
012604 
005403 
00e~00 
1~3402 
160~403 
1i02404 
1&1U316 fiilU171 
1600134 

• TITL.f 1ov1ro3 
,IF'OF CNUl11 
,G~OBL. IDVI1SEH~ 
•DVI ••••••THf lNTE~E~ OIVIOt ROUTlNE 

IOVI 

COPYRl~~T lg71, UIGlTAL EQUlPMf~T ~-ORP1 MAYNARD, MASS, 
C4LLED I~ THt PO~ISM ~ODE WITH THE NUMERATOR AT 2(SP) 
A~O THE UtNOMINATOR ISP, 
RETURNS T~E INTt~ER QUOTIENT fSP1 
H0•U 
R1U1 
Rau2 
litUU 
ROU 
fUll~ 
IPU6 
MQ•1'13U 
,I,NO, !AE&MULDIV 
CLR R0 ICLeA~ RESULT SIGN 
MOV (SP)+,Rt JGtT OENOMlNATOR 
SGT P1117 IJUMP l~ O!NOMINATOR PLUS 
S!Q CH~l17 ICANfT OlVIDf BY Z~RO 
INC R0 INOTE • 
NEG Ff 1 
MOV UP,H3 
bGT P21S7 
SfQ URU7 
INC RIZI 
N!G R~ 
MOY IU1•~SPJ 

IG!T NUMERATOM 
IJMP IF NUM!RAfOH PLUS 
IJUMP I~ IT 11 Z£RO 
IHT RESULT SIGN 

~av #8,,~4 ISET POA 8 IT£RATIO~S 

tLH RI JC~tAR HlG~ OROE~ UlVlDEND 
IWAB RJ IT!ST HIG~ ORDER NUMERATOR 
bEQ DIVS17 IJUMP lF ~lGH OROfk QUOTIENT IS 0 
ASL R4 l~E NEED ALL 1~ lT~RATIONS 
S~AS RJ IUNOO THE A!OVE SWAB 
ASL. R3 IDOUBLf OIVIDtNO 
ROL. R2 
BEw ~UPS17 IJUM~ IF NO CHAN~f THIS TIME 
INC R3 IASSUMf IT ~I~L GO, INSERT QUOTIENT BIT 
Sub R1,Ri ITHIA~ STtP 
~HIS ~UPSl7 IOK 
AOO k1,R2 IOIVlOENO NOT Bl~ tNOU~~ YET 
OEC R3 ITA~E OuT YUOTIE~T BIT 
DEC f<4 
8Gl OlVSl7 IGO AGAI~ 
MOV CSP)• 1 R4 
N~~ kJ ITEST FOR ~E~MAX 
ASk R~ l'ET ~tSULT SIGN 
BCS P~~t7 IJUMP I~ • 
NE~ ~3 l•NS~!~ IS POSIT1¥t 
8vS c~~'l7 IJUMP lF ANSWER IS •NfGMAX 
MOv RJ,liP IOUTPUT ~ESULT 
J~~ f tR•l• IRETU~N 



IDVlH MACRO VR0••14 07•StP•72 1110 PAI.it: 2h 

57 ua•a eHOIH 10 UtitU71 CL.R .... ht Ea UI. T u 0 
II iUU U0134 JMP f CfUl. • 
5i ,t:NOC 
era iOYl ,OR TH! EU 
61 .IFOF UE 
H sov11 MOY #MQ,~0 I POINT TO MQ 
n MOV (Sit)•,Rl Jr.it.T OIVlSUR 

•• SE~ CHKU7 IJUMP IF DIVUlON ltV 0 
65 MOV (SP)+,tRIO JDIVIOENIJ TO MCil 
ea UT •CR0l JSKIP AC 
87 MOV R1,111(R0) JOlVUOR TO DIV 
18 CMP CRIJ+, (F<ic1J+ JPOINT TO MQ 
69 MOV •~0,•(IPJ JGET QUOTIENT 
7 IB JMP f trUJ • I RETURN TO UHR ,, ,!NOC 
71 IOVI FOR MUL.IDIV 
73 ,1,Df' MUI.DIV 
74 IOV 11 MOV 2CSPl,R1 IG~T ~ow O~OER DIVIDEND 
75 ,wORD 0ro87I00 JJSfX R0 JE.XTfNO SIGN 
75 ,wORO 07lldie IJOlV CSP)•,Rfd f Ol\IID! 
11 MO\' Rer, f SP I PUSM tWOTlENT 
78 BCS CHKU7 IJUHP H' EHROR 
7 fa JMP "~~J .• 
H ,fNOC 
81 1'1246 0{U~67 CM~U71 JSR R~, St.liUt IERROR 3,5 

lr1060~)4 
ea ua~2 16~0 U4 Jfl1P ·~~4)• 
u U2:l4 00~ ,enE 3 
84 U2~C> 00e .enE 5 
Sb ,fNOC 



1 
2 
3 .. 
5 
6 
7 
8 
g 
u 
11 
u 
u 
14 
15 
u 
l7 
u 
Ul 
am 
21 
22 
u 
u 
u 
2e 
'i.1 
21 
2g 
30 
~H 
Ja 
33 
u 
H 
u 
~7 
38 
3w 
0 
• 1 
u 1.5206 
O 1Uft0 
44 132"2 
4tS l ue .. 
46 tU66 •1 1u10 

48 1'5274 
4ii 1-s21cs 
~0 1 U.00 

51 1Ul04 
~2 1~3k>6 

5..t uua 
~u 1~314 

110UI 
HU0i 
.,11u0a 
HeJIU 
IHIU 
H0il00& 
HiHl06 
0101107 
171.J04 
117~U 
117114 
177,U 
UllllU 
IOIHI~ l 
0iJ00U 
ro1Ul4 
H0114 

mu•o 
IU0•6 
00f511H 
lli81d0l 
H51Ud 
HHH 
H0112 
HUU 
0HtU5 
IOI05166 
000010 
IOIH 4'56 
ueo10 
roueu 
ihH01 
1:seeu 

, 
' , , , 
' ' ' I , , , 

IOYRI 

IOVRI 

1TITL.! IOVRIOI 
,1r;oF CNOIU 
1G~OBL IDY~1SERHA 
IOV~ ••• TH! REAi. DIVIDE RCUTI~E 

IOVR VIHSA 

COPYHlwHT 1g11,1Y,2 DIGITAL EwUIPMtNT CORP,, MAYNAMO, MA 

CA~~EO IN THt PD~llM MODi 
THE hUMfRATOH II THE SECOND lT!M ON THE STACK 
A~C THE DfNO~lNATOR 11 ON TOP, 
TAKES THE QUUTJtNT AND PUTS IT ON TOP 
0, THI ITACK IN THEIR PLACt 
R0U8 
FH•U 
Ra•U 
RUU 
lifUU 
RS•U 
iP!U6 
Pt•X1 
MQ1177~U 
NOFhi71UI 
l.SH1S17U4 
AIH•l7'UI ,,, .. 
'1•U 
011, 
NeU 1 

r.i1u. 
,I,DF FPU 
,wo~o 111e~1 IJS!T' 
.wORO 11a~ae llLOF (SP]•,,1 IGfT DlVISUR 
,~ORO l7242e llLD' CSP]+,,0 IGET O!VlOtND 
,wORO t744~l IJDlVF F11F0 I01V1D~ 
.wo~o 11404e IJST, F01•(SP) JQUOTlENT TO ITC 
JMP f (~4)• 
1INOC 
1!,-ND' '"U 
MOV R41•tS'l 
MQV fU,•tSPl 
Cl.H R0 
Ct.tit Rl 
CL.Fe •(SPJ 
AS~ N•l•~CSP~ JSHI'T NUMERATO~ 

~O~ •SP IGET ~UME~ATOR SIGN 
CL~ •(SPJ 
lST U(SP~I CH~CK FOW ~.0 OENOMINATOH 

OC11U 81 
N•1caP),tsP l~tT NUMERATO~ EXPONENT 

SEQ ZE~ll8 IJU~' IF NUMERATOR IS ZERO 
f:SIU N CSPJ_, M0 



55 i,nu 
56 1Ui2 
ts7 1~3a• 
H 1ua& 

59 133~2 

era i;,,ues 
11 1n•0 
ea 1~3•a 
6" 1n•• 

'' iu=>0 

u iu:u 

ee 1uo0 
e1 1no2 
11 1nu 
H 1U70 
10 iu12 
7 l UJ1 A 
72 1H7& 

73 11412 

7• 1u0e 
7~ 
76 
17 
71 
79 
80 

000t'l 1' 
i0"'0J00 
_,00a61 
006iH 
U6b018 
{0.,0!017 
1:;0001 
kl00I016 
ro00~hi 1 
~~5~02 
lt)~~U;J 

IOl'l6"60 
~_,0U0 
U:HHSd 
~H'40a 
uecau 
UU11 
uu1e 
~H05002 
1~6002 
.,0010h1 
IOU~U 
1thl0W6 l 
006~0Z 
1066~2 
eeuu 
l~liU 
ro000u 
HU03 

" la 
u 
u 
85 
ae 
17 
u 
15) 

1342,0 020"'02 
1uu UJ•u 

1uu 
uoe 
1ua0 
l'14i2 
i;ua• 

90 1300 
sa 1 tJ•J2 
SH? 13'~• 
g_J 

g4 
95 
gt) 

97 -1U36 
H 1U40 
ig iu•2 
10~ 344A 

101034 
"201U 
uuu 
rou~u 

111"'0ee 
000~ 14 
0~0210 
"100~00 
0io0ue> 

il1i2026 ZEliC:i1tU 
n0415 
l1H0~72c5 Ott1U81 
012100 
"1U003 

s~u 
ae:c 
HO~ 

~Ue 

use 

&lo!IA8 
t;; I. tit 
~i.;IC 

AIL. 

•oc 
8119 

IUB 
Cl.R 
IHH 

SlllAB 
SEC 
ROR 
BUS 

SUB 

SwA~ 

,1,Dfr 
Ct,.C 
ROR 
..COR 
RO~ 
ROk 
1 fNOC 
CllllP 
61.0 
, IHH)F 
8Hl 
CMP 
8Ml 
ltNt 
C. l.k 

lNC 
Cl..fi< 
BR 
,ENOC 
I 1" OF 
tHtlS 
aENOC 
(;MP 
tiR 
lST 
MOV 

R0 11.E,T JUSTIFY NUMEW•TOM FRACTION 
llNSE~T NO~MA~ S1T 

R0 
N+J(~P), WIO 

N•ac::tP),~1 

R1 
Ra 
~J 

O~SPJ_ 

acsPJ 

ISHIFT OENOMl~ATUR 

l(;ET REIUL.T SIGN 

JGET Dl\llSUR iXPONENT 

Ra,f~P ISUbTRACT EXPONENTS 
R2 
O~&P~ 1 R2 IGET MIG~ UROER FRACTION 

R2 
IINStRT NORMAL. 8lT 

Ra 
O•H~P),~2 

D•2CaiP),W3 

IU 
EAU MUL.Ll 1 V 

IENSURE NU~. AND OENOM, • 
R01 
R1 l~Ow ORDER R1 ANO R3 ARE 0' 
Ra 
~3 

R0,~2 ICO~P•Rf HlG~. ~UME~ATOA ANO DENOMINATOR 
0~1sie IJUMP IF OtNOM.lNATOR ~lGH 
EAE&MUL.01\I 
o~wS18 IJUMP lP ~tNOMIN•TUR LO~ 
R\,R~ ICOMPA~E L.0~ o~otR PARTS 
OL.~08 
OHIU8 
QtSP~ IQuOTitNT ~R•CTION IS 1 

f~P IBUMP EXPONENT 
R~ 

FL.TUB 

f.AE1MUl.D1V 
OL.WS18 IJUM~ IF OtNOMlNATUR L.0~ OR SA~E 

(SP)+,(SP)+ l~~USH EXP ANO SIGN 
ECU18 
(~P)• ifL.U5M EXP 
•400~,R~ l~~~O~ ~18 



u 1 J4:>il! 0u•0e 
ua u:n 0u1•e 
U3 ;J4~4 01212~ 

rdUld03 
U4 3400 ~WJ04'~2 
lid~ •. uo2 .0121~0 

00140~ 
l-'6 J4o6 k1'6~1ao 
107 J470 16U::te7 

~0&JU 
U8 J47 4 ~05~U 

un 10 
10~ J~-'0 0ro,0u 

000"11 a 
1 U ;J~iU it.h)0445 
111 ~~~e> 0IOHU 
112 "510 Hl5001 
1 u Jou 00~a1s 
114 
UO J~U U2704 

00fr!ll011 
116 J~~0 0U707 

UQIU4 
111 ~oa• uueo 

00011' 14 
118 
11'1 3th~0 IOH704 
1u "~~2 u1•0a 
121 i!5_,4 !005005 
122 iJeJe 0.00•0• 
UJ 3~40 eUlld• 

(000020 
12• 3~•• ro~u1e1 

000IOU 
12~ 
U6 
127 
1ae 
12g 
1H 
131 
U2 
133 
lU 
u~ 
136 
U7 
1J8 
1Jg 
1416 
141 
142 
143 
144 
145 
146 
141 

u 
OVUUI TST 
ovwuea MOV 

t.Cl.1111 TST 
JS~ 

tCUUI Cl.R 

CL.R 

tiR 
DL.WUU ROR 

ROR 
1"'4C 
1 lfiNOF 

OHUlttl MQV 

JSH 

MOV8 

TST 
l!IEQ 
Ct.H 
u 

~TUU I MOV 

JSR 

,[NOC 
1IP"OF 

LHU Sl tl I Cl.t 
kO~ 
!(OR 
~Ofii 
,fNOC 
•HOF 
MOV 
MOV 
"10V 
MOV 
TST 
MQV 
"10V 
MOV 
TST 
ASR 
sue 
DEC 
MOV 
CMP 
lllEG 

ECL.118 
•CSP~ IFAKf SI'N 
•J~0J,R0 IEHRO~ 316 

t~P)+ ''LUS~ SIGN 
R~ 1 St.R~A 

Q•a••CIJPJ 

RTOU 
R0 •HALVE NUMtRATOR tC•0) 
Hl ,TO ENIURE THAT NcU 
•IP ICOMPfNIATE E~PON!NT 
EA£111Ul.OIV 
#g 1 ,W• ,GO DO FIRST g QUOTIENT BITS 

Pc,ovuu 

IE~CEPT NO~MAI. BIT 
R4 liEE IF DONE 
NTISll INI, NUMlR•TOM NOT 0 
RS IA~I. THE R!IT O' TH! QUOTI!NT IS Z!RO 
Fl.TIU 
#l8 1 1R4 'GO DO 15 MOAt BITS 

Pc,ovuu 

R~ IENSURt 1.0~ ~Al.F OtNO~, • 
RB JSCAl.E NUMtR•TOR 'OR FIXED PT, OlVlOf 
Rt 

EAE 
•~Q,W5 IPOINT TO MQ 
Rl,•W~ INUMERATOR TO AC1Mw 
R~,.tfif5) 
R2 1 •tR5J JCA+S•B)IC 
(~5)• IPOINT TO AC 
CH~)+,R1 ;KffP REMAINDER 
C~~)•,R4 IKfEP QUDTltNT 
RJ,•tice IG!T Q•D 
•(~5~ f POINT TO MQ 
RL ISC•L.E ~ 
~l1•~P5) IQ*O•M 
••USl'i 
Ra,.(~5) 1Cw•O-~)/C 

(t•5l •, (~::>) + I Ml.I 
• 1~ e; 



l48 
lO 
15'!1 
U1 
\52 
in 
15• 
l~& 
1H 
U1 
u• 
UI 
lH 
lU 
ua 
183 
lU 
U5 
ue 
U7 
UI 
ua 
171 
&1& 
172 
17~ 
17• 
05 
17 (j 

171 
178 

Hg uoe 
l 111 "5e;a 

181 '11504 
ua 3eo6 

NBTllll 

NBUUI 

'I.. TUii 

HOV 
ADD 
(; l., R 
SUB 
l"OV 
MOV 
MOV 
aENOC 
,l,OF 
MOV 
HOV 
,wUFtD 
MOV 
MOV 
,wo~o 
ASR 
SUS 
.wORO 
,WORD 
N£i 
,~ORO 
ADD 
, illORD 
BM1 
DIEC 
BR 
,wOAD 
MOV 
,INDt 
MOV 
ADC 

81.t 
CMP 

Bl.T 
MO Vi 

113 3D72 
lU H7o4 

01204 
ua10• 
ueau 
UJ14i 
ua7e• 
HU77 
0"27U 
110465 
00U 13 
~H66021 
lrHH:Jk1e6 
~00fOU 

I00ti'°05 
005005 
005565 
00UU 
lf.110)66 
i1UIOU 
1ru11& 
10211e. 
lDUOkl~ 
012004 
~~a•u 
~"'0U4 

SGNS181 HOH 

185 Ulil0 
l 88 Hld2 
111 a6i04 

l88 HU 

HU 
Hle 
ua1c1 
H22 
ua• 
;t62ts 

RTNUU 

189 
1911 
tril 
192 
U3 
lg• 
195 
UU5 
15l7 
lH 

J&J0 ~06~0~ UV11181 
;j6;,2 008~01 
"634 rtJH1U 

ROR 

HOM 
AOC 
AOC 

MOV 

BCS 
t;yS 
MOY 
MOV 
CMP 
Jt1P 
alf~L>F 
•SL. 
ASL. 
HOL. 

#21t•AIM JMUL.T BY 4 
H4,•tR5) JQ•CQ•D•R)•SIC 
••NOH INORMAL.IZE 
f#NOH 1 •S~ IAPPLY TO EXPONENT 
#•6,t#LIM JPOSITION NORMAL BIT 
(R~l~ 1 Q(SP) JITORE QUOTIENT 
'"'~'~5 
MUL.OlV 
R0 1 R4 INUM£RATO~ TU DlVlQINO 
Rt,Rb 
0714~2 II DIV H2rR4 f (A•S•B)/C 
R5,R1 llAVE HEM•lNDtR. 
R4,R~ ISAVE QUOTIENT 
010403 II MUL ~31R4 l~ET Q•D 
Rl JSCAL.E R 
R1,R4 JQtO•R 
07J•27,•1 II ASMC #•1 1 R4 JSCAL.E 
0714~2 II OlV ~2,R4 JGfT (Q•O•R)/C 
R4 f (R•Q•Dl/C 
073427 1 •&4, II AS"C #14.,R4 JUNSCALE 
R~,~· JQ•(RwQ•O)•S/C 
07~4a7,l II ASHC #1,R4 llHl'T 
NSlll8 JtMECK FOR NORMA~ ~IT 
f&P f COMPiNSATt EXPONENT 
NBTlle IGO AGAIN 
a1~•a1,.1 •••SMC •·8,R4 IALlGN ,RACTlO~ 
R4 1 Q~SP) JSTOR£ HIGM ORDER 

CSP)+,R4 JPUIH UP E•PONtNT 
#2001R4 IADO IN EXC£S$ 2i0 

UNOS18 f UNOEA~LO~ 
#~17' R4 

OVRS18 ICV£R,L.OW 
R4,Q•t•2,IP) f lNSf~T iXPONENT IN RESULT 

CSP)+ f INSfRT QUOTIENT SlGN 
Q•0•4 (SPl_ 

liHt 
H~ I HOUNO 
Q•0•4(5Pl 

Re,Q+2•4\5P) f INSfRT L.OW ORUER FRACTION 

ovuu 
ovuu 
(SP)+,FH5 
(SP)+,R4 
CSPJ•,(SP)+ ''LUSH FIRST ARGV~ENT 
f (R~J.i. 
EAf.&MUL.OIV 
R~ f l~l'T QUOTIENT 
Ri f SHIFT NUMtRATOM 
RfCJ 



IOV~IOB MACRO VfiHB•• 14 k17•St:.P•72 11143 P•llt. 23+ 

1gg J6i)6 in•u ecs GOU¥ JGU•RANTEEO TO GO 
200 Jb•0 0au00 CMP ~a, RI JCOMPARE ~lG~ Ol~llOR ANO DIVlDfND 
20l i)642 uuu l:hU N(l0Sl8 IJUMP IF OlVlSOR BIGGER 
202 ab44 U340il Bl.0 GOU ts JJUMP l, DIVISOR SMAl.~tR 
203 3646 0a0~01 CMP 1u, ~' IC~~CK T~E LOW QHUtRS 
20~ 3600 U11!105 t:hU "41.iOUe 
2ia :> '16=>2 r.1~ 1407 B!Q NWOU8 IJU,.,P IF NUMER•TUR •OENOMINATO~ 
206 J6~4 1 ouru 1101181 :aus H3,JH IN01•0 
2l07 i.HiOe 005600 SBC R~ 
201 ;J660 ieuu SUB Ma,RIO 
209 "'tse2 H~i0~ lNt '" JI~SERT CiiUOTif~T BIT 
210 iJ664 0HU• NGUI lll DEC R• ICOUNT I.COP 
au Hie llHOUU 8GT OVUie 
au H711 u0a01 HTS PC 
2U .1612 005205 NQUIUI 1NC A5 I l NstRT I.UT 1 BIT JN WUOTIENT 
21• iU7• 110•01 SR EQUU 
21:) 3676 HUIU !QWSUI ASL R!5 Jf"INUM OUT QUOTl(NT wlTH e•s 
216 .t7 llHIJ HCi104 1.QlUll DEC R• 
217 '1792 IUl:U76 8GT EQUU 
ua ;,714 1052U lNC u ''LA~ NO MORE NUMEHATOR 
UY i17H roUU7 ROSUi RTI PC· JR£TURN TO CALLE~ 
22111 ,!NOC 
221 .1~oc 
222 1UtDC 



., 
I 
I • 5 
I 
7 
8 
9 
u 
u 
u 
u 
l• 
u 
u 
i7 
u 
u 
II 
u 
u 
H •• 15 
Ill 
17 .. 
19 
II 
u u 
n 
u 

HllH 
HIHl 
HIH2 
10tal90J 
IOHH4 
u.,111 
Hi HI 
l'/JHlll 
IHHI 
HllU 
HUU 

' I 
' 

DUP 

ID>CPlOCS 
CNOIU 

VU5A 

I 'OPYRlGHT 1971,1g72 DlwlTA~ £QU1PM£NT COHPORATlON, HAYNAHU,MAS , 

' ' , 
I , 
'Al 
I , 

D!XPI 

eiLOB~ D!XP1S£RHAI 
1lfl'NDfi' FPU 
.G~Oi~ IAOD1ll8Q1SM~o.sovo,110,•ol,IPOLIH,IPOPR4J 
1INDC 
THE ,ORTRAN U!iP ,UNCTION 
CAL~lNG l!QU~NCEI 
.JIR Rs,oh, 
BR A 
,wQRD ARGUMENT ADDRllS 

RITURN& i~•A~G IN R9 • R~, 

""" titt•U 
Rana 
fiCUU 
ROU 
RSIU 
IPIU 

'"'" ,,.u 
'a•U 
FHU 

FPU 
'2 (RO), fUJ I G!T HIGH OMD!R ARG 

15 11711 011041 OE•PI 
U U7U 0l"'5e• 

.1,orr 
MOY 
,!NOC 
1lfiNDI' 
MOY 
MOV 

fl'PU 
R01•tll') 
uu; ,ru 

JIAV! RETURN 
IGiT ARG PC%NU!l 

0101102 
~1 u1u rou•u 
~8 
19 1'1720 
"U712 

41 lUH 
.ia U1ile 
O U7U 

u Ui'\te 
u 13'40 
48 1~7~2 

47 U74fJ ... 

013104 
020127 
u1eea 
uuea 
000413 
120"27 
UtCifll 
l&olUI 
eJH~H 
li120H7 
UHH 
U~1U4 

O -11150 Ua7U 
HUU 

H U70• ua1u 
ro000U 

5l 13700 0UU6 

MOV 
1ENDC 
UT 
CMP 

tiHl 
8R 

Po•u $)I CMP 

8Hl 
IHTIUI ASL 

CMP 

ttL.O 
1IFNDP' 
aus 

ADO 

MOV 

JGIT HIGH URO!R ARi 

PCllll IJUMP I, + 
Rl,#l4l612 IARG IS • 

ZiRl19 IJUMP ,, AHG C8817 
IMTl19 IJUMP TO T&ST IMAL~ HAGNXTUD! ARQ 
Rm,••UH 

0VRl19 IJuMP I~ AHG •87 
RI IDUMP IIGN 
u,uun 
QNEl'D IJUMP lf AHG MAGNITUO! •2•••80 
FPU 
•a0 •• sP lij!T WORK IPACf 

IPOINT TO ~ow ORO!R ARQ 

• CIUl_, • C¥P) 



IDXPI015 MACRO YlltU•U 07•1!P•12 U 10 PAil 2•• 

sa U7ta. U•4•1 flilO~ • CRO, • tll') 
ea l"71• U•••I ,..ov • c.-•J. ,·.(IP) 
u U7U U44•1 MOY •(RO,• Cll'J 
55 U71m 0127•1 MDV HU7U,•CIP) ll'UIM 1.0Glt!) 

111U7U 
5e U77~ iOU7•0 MOV HUD:.t•1•CIP) 

llUD_,4 
57 1•110 ua10 MDV #UH,~1•C8') 

UH7~ 
51 ,.,,, rua1 •O f10V ••H711•'lf') 

UH71i1 
H l•IU 11017 JIR U,lf'.'DLIH. JINTIR l'OL.UH MODI 

HHH 

" i•eu UIUI 1WORD IMl.D I YUtL,QGI Ci) 
u i•ue IU4U ,WORD OUlll&I 
ea 1•1ae """ ,wo"o 11)1 I INT t>C•LOGi CU) 
13 14112 ro&ao 1WORD ADJl~t ,. l•H• mu.a 1NORO llD IZ•lNT(>C•~Olltl)J,Y••ll Z•Z•&1Yd 
II l41H IDHl7H 1WORD HID 
II 1•1~1 uoea 1WORO MUllt ID•ll•(X•~OG2(!)•,~0ATtll) 
17 1•1~a eu•u ,WORD DUl'UI 11 COlllU 
II 1•1~• U7041 ,~ORD IDl 
H l41H eu•ea 1.WCRO DIVIU llAYI JNTIHR l'AMT O' 2HY 
70 1•1•1 t'OllUI 1WDRD no lllO•INTC01 
71 1•1•2 0H7Ht 1WDRO llBDIDUIU lllU 

1•10 11071• 
72 141•1 1u•u• .wo"o DU"IU1 DUPIU JGU " COPUI 

1•000 iU4Ut 
73 t•Ua IUUO• 1wQRD IML.D IUE 
7• ,.,,. U7511' .wOlltD l"Dl'M• JPOP l•I TO RIGS 
78 14008 euue• ,WCRD Ull'L.IU 
71 14111 IU7H ON .. UU MQV #4i12fll1R.t JRllU~T U 11 

UUH 
17 ,., .. 111•u H Ulli 
71 14161 IU7H OYRSUI MOY #lH4 1RI JIMROR 412 

mu roe• 
19 1•17a HUU BR £CLIU 
811 ,.,,. U27U Z!fCUU MDV #HICt,RI llMRO" 5,. 

HH05 ,, 1•1111 H4H7 ICL.IUI JIR R01l"RRA 
115112 

ea i•iu llHH CL.R RI I R!IUL. T U I 
n Ullle 0015111 Ull91 CL.R Rl 
•• t•i u 115102 CL.R R2 
15 t•Ua IHH~ Ct.R IH 
ae t•H• llHDl 1 H OUTUO 
17 1•u1 U2748 UPL.IUI. MOY #U:SUJ, •(Ill) JPUIH Pa•712l35e3•11••••t9183 

IOilHO .. 1•112 ua10 MOY *I 15'1•! 1 • CIP) 
UH415 

8SJ 1•1ae iOU746 MOV •Ua•e5,•(IP) 
152405 

90 1•1J2 U2741 MOY #040~46,•CSP) 
U0741 

SH 
92 t•tH uu.e MOY R", • ~IPJ. 
n 1•1•0 ro10a1e HOV R21•~IP) 



SO>CP!d5 MAtRu Hna••14 iir)7•stfl•7i 1114ti PAllt: 24+ 

94 14S42 "10 U6 ~av ~U,•~SP) 
gl) 1•14• tttUid46 MO~ R~,.~&PJ 
96 
f'7 1•14ti 0 '27 •t; MOV #1~J703,•CSP) JPUSH P1•.~~7751t3~831801~28 

U3103 
QI 141':Z I012l•b MOV .•1~3~11,•(SP) 

lUUl 
g9 1•1U ~ '27 •5 MOV #1131)50,•CSP) 

1Ui.160 
UI •112 ro UI A6 MO\I #037H5•, .. CSP) 

~ll7 U54 
101 
ua •166 ~U"4& MOY R3 1 •~SP) 
1n 4110 li.110249 MOV Ra,.~SPJ 

If .. •11a 0101.e MQV ir.1,.~Sl'J 
lU . ,,. u~~..e MO¥ R0 1 •~SPJ 
us 
U1 •17e k'l2746 MOV #17111242, .. (SP) IPUSM Q0•20,a1a1111;s~23~~0a973 

111 iua 
UI •202 "1270 MOV #074433,•tSP) 

0744U 
U9 •ue Ua70 MOV •101a32,•CSPl 

utan 
110 4212 _, U7 46 MOV #041~46,•tSP) 

041246 
Ul 
ua •ue Ul4467 .J Sfif RA,S~OL.&1'1 

H~4U 
113 42i2 .00070•• 111110"10 UDO• AUPIU IA•f•E+Q~ TO WORK SPA Cf 

•au "u• u • 
11• •2H '°UU6• 1 !llORO SML.D 1 UOL>, S"°'L.O 18•f• ChhPt•PIO) 

•a~0 litlU7041 
•U:z 01610• 

115 41\2.U U400• 1 WURO T~cug 10uPL.ICATE A ANO B 
us •us ra11010•• 11140~0 UOO• ABPU9 1 us TO wo~o SPA Cf 

~a•m ~U4U' 
U1 •242 ~~~10-a• .~OAO SSB01SOVIJ '(hS) I CA•lt) 

•a~• ro12au • 
1 li 4aO ~14~:501 1 wO!itD SCL.09 I APPi. 'f SCAl..E FACTORS 
U 9 •U0 ~12105 SCl.5191 MOV •tH211 fiil•tt I' R5 JPOINT TO POWE~S a, 2 

iD14!:>t54'1 
12-a 42U ~[i.H5i6a ASHSUI UR i, CSI'") IS"4lFT 0 

00UU 
121 42tl0 U3~U ace NML.Ug , JuMP 1, !UT U UH' 
122 •202 ~l•~•e MO\/ • Clii!>l_, • C~P] JPUSH 2••Ct2••~)•Ul16l 

U3 •2c;• k114:i46 ~ov • 0~ ~ J_ I • ( S f'> ) 

124 •2oe u .. ,.e MO\I •OH5J 1 •(SP) 
120 •270 fU4,46 MOV "(Pf!5J, •(~Pl 
126 4212 u••e1 JSR R4, Sl"'OL.5H 

H~He 
127 4276 U614o' 1WURO SML.01 ASFU1Q JMUL.TIPL.Y tj'f ABOVE FACTOR ANO TE 

·~I00 "'uae•• 
121 •Jw>a tdwll40~ N"11.i1il 8EQ SC 1S l 9 
12~ OU 1U70e SUB •s,,ti<5 I POINT TO NEXT PUwC:R o~- 2 

~il0101 ~ 

U0 '310 ~007e:H 6R ASRUg 
131 4312 u20~0 scuun f"IOV CIP)+,RIZI IPOP litESUL.T 



soo~~ MACRO \1~04•114 07•SE.P•7i 11u;, PAI.it :lh 

U2 •3l4 ru ittU MOV CIPJ•,FO 
1U •310 IO 12002 MOV (lli'l•,R2 
13.t 4i.S20 012&03 MQV (SP)•,R3 
ue. •322 ldldf>/26 TST (IP)• lfft.Ult-t 0 
1Jel 4324 ':'12b04 MOV CIP)•,R4 '"iT I. 
U1 43~6 000..\121• SWAB R• 
1J8 43..>0 10~1d0• Cl."13 ~4 IMA~E lNTO EXPON£NT MODI'IER 
13g 4332 rueu• ASH fU 
10 43J4' ldC!i0•01d •oo "4,MIO IAPPL.V TO HEIUL.T 
141 4335 1 lc10C>53 B~l OVRUg IJU~P lF OVER,LOW 
142 4340 012000 OUlSUI MQV (SP)+,R~ IPOP RETURN 
143 ·~•2 n0~00 _ RU R~ llUTUR,_.. TO USU 
144 , 
14~ 4344 (001577' A0..111511 TST fa(M~) ITUT X 

0uua 
l'5 .cn0 U2U1 f:IGE AMNIU IJUMP IF • 
141 0:12 00U18 OEC UP IZ•Z•l 
148 4304 ld116e6 ARNlllil MOV UP,i8,CiP) JS AVE Z AS AN l~TEG!R 

IOHiOU 
14g Ob0 000U4 JMP f CR4'• 
U0 , 
1~1 41362 0U71 e M10U91 ADIJ # 1000, ISP J 1h &TACK IU:M 

001 UIO 
102 43oe !000 U4 JMP f tR4J_ • 
1oa , 
u• 4370 1U7U L>tU1UI SU8 UilU, UP J1116•STACK lTfM 

k'U k100 
1 ts5 ~374 10u01 l:IPI. D9HUU IJUMP IF NO UNDEH,~OW 
1 !56 •~1e unu CL.Ft "" I UNDERf'l.0•00 
1e1 4400 m~UH 06HU!il JMP ·~--•J_• 
158 , 
u~ 4d2 ruuer.s DSVSUI MOV nP,ae,tiP) JOVE D AS AN INTEGER 

"'"01il32 
1H 44!06 U0U4 JMJI I CR4J. • 
lf> 1 , 
162 uu ruuu AUfo'Sl~I MOY C•fl>•,U1CSP) 1'- TO WOHi< SPACE 

0UU6 
1 t;3 4U14 u auo MOV (SP)•,381CSP) 

HekU6 
1fj4 44il0 01 aoee MOV CSP)•,381CSPl 

000ue 
1fi 15 •4a• U20'56 "10V (1Pl•,381CSP) 

(0001U6 
use 4430 wH6U34 JMP •CR4J• 
U1 ' 168 4A~2 012666 AB~Uil MO\I (iP)+,221CSPl IMUVf A•B TO WORD SPACE 

01iHHl2'5 
18~ 44Je k' UOfitS MOV (iP)•,22, CSP) 

IOVJ0w>2b 
17r.1 4•42 ldl2C66 MOY C~PJ•,22, CSP) 

rrH00io2e 
171 4446 "'12060 MO\/ (SP)+,22,CSP) 

it)lii)0026 
11'2 4402 0UU4 JM~ f CR4J+ 
17J , 
174 •4~4 "'1654.ei) ou~u511 MOV 6 tSPJ, .. (l'jP) IOUPL.ICAT! STACK ITEM 

~0000& 



SOXPIOo MAC~U \IR0~•14 07•St.P•72 1114J PAl;t. 2A+ 

17~ 4400 ~lti01l6 MOY 6 (SPJ, • C:iP) 
k:10H~6 

11e •464 016040 MOV BCSPJ 1 •C::iP) 
H0005 

111 4470 018046 MOY 5(SPJ,•C~PJ 
000~U 

pa ••74 0~01J4 JMP •C~4J• 
17" , 
1H ••76 012100 TW~UWI '10V #1:1.,t'CG'l lt.IGHT ITt.MS 

~000 h1 
181 4502 fiH eti4b hUlil MO\I 14 1 (:IP) ,•CSP) IOLIPL.ICATE 2 DOUBLES 

HUU 
182 •e~e UHH DEC R0 
lU OU IO~U7• BGT TWU15J 
1U 4512 ~001 ~4 JMP f (R4J• 
186 
U6 
&11 OU 040H5 ,wO"D 0•02oe,0~23e3,031111,157l•~ I 2U 1 /2 

45U 002H3 
•020 ~un1 
•~aa uno 

ua o:u 104eau 1 W0f40 040aJ0,0431e0,~s0e1~,1~•25l 12**114 
oae !033760 
U~0 ro~001s 
•5.U U4iel 

189 45;,4 0•02u 1 lllORO 0402l3,11270l,1817~2110D727 12u 11e 
4eU i 127 01 
4U0 Ut7b2 
454'2 1H721 

l~il •544 "'0~0~ RTaUfil 1WCRD 0•020s,1ae~0~,1s311•,0••17J 12**1119 
•e4e ue~0J 
4:,;0 06~'714 
002 rd40 7 3 

UH ,fNOC 
ua 
1~3 1IFOF FPU 
11u llTO , OOUBL! P~EtISION FP 
195 SETI , SHORT lNTi(IE.RS 
Hl6 MOV #fCOIU,H01 POINTER TO CONSTANTS 
197 ~OD '2 (lif ~), f ;t, GET ARGUMENT 
U~8 MOOO (Rld)• 1 F21 ,a,,RACTCX*~OG2(El) 

19~ ITCOI F~1R•1 Z•lNTCX•'-OG2CE)) 
200 TITO Fa1 
201 t'CC , 
2ioa 8GE Ml611PJ TUT P2 
203 AODO #1.0,rr21 ~A~E '2 POSITIVE 
u• OEC RO ANO AOJUST Z"Z•l 
205 I 
20e MtUUI MOOO #U 1(0 1 F21 ,2•FRACTtto•(X*LOG2(El•FLOAT(Z)) 
21ci7 6TCOI FJ,R~J O•INT Ctb•C ••• 
208 OIVO #16 1 11,Fril E•'"21U 
2~9') L.00 ,..a,,~, 

2U MUl..O ,J,,~, ht 
211. 
212 '900 F:S,'11 
2U ADDO (M0l•,f'U Ad.•t+Q0 
214 MUl..O (~ta)+,,31 



U5 
U8 
217 
au 
219 
220 
221 
222 
UJ 
a:u 
225 
220 
227 
228 
229 
2H 
2U 
232 
233 
a;u 
235 
au 
U1 
IH 
U9 
20 
ao 
ua 
ao 
u• 
U5 
ue 
247 
ua 
UY 
2511 
251 
na 
25J 
au 
u~ 
a~s 
2~1 
2!58 
u~ 
260 
261 
262 
au 
264 
an 
266 
267 

' ICl.U!H 

NHL.I U I 

, 
ICUlfill 

' ONIUil 

CVNU91 

U:MU91 
ECL.U i I 

UIUI 

ADDO 
fli'ULO 
L.00 
AOOO 
SUtSO 
0 l v ., 

ASR 
sec 
MULO 
u 
HQ 
ADD 
8R 

$TD 
~ov 
MOV 
MOY 
MQV 
lwU 
CLRS 
ASR 
ADD 
I Ml 
RTI 

MOY 
8R 
MOY 
D~ 
MOY 
JSR 
CLN 
CLR 
C1.R 
t'9R 
IHI 

(~0] •, P'U 
,2,F"J 
,.1,f'iJ 
F3,,~, 

F3,,lr 
Fl,Fil1J 

RU 
N'1LS U I 
(NllJJ•,P01 
SCL.I U I 
SCUUI 
#1 1 ,MU 
lt;LUIH 

,,,.,IP>I 
(SP)•,RU 
(IPJ+,RU 
(IP)•, RU 
(l,)• 1 RU 
IUJ 
R41 
UI 
Rit 1 Ritf 
DVRl1U 
HI ..... ,, ... 
UUi 
#111•, RI 
ICLliP 
#21Hf:t, RI 
RS,lt.RRA 
R0 . IRUULT 
Rl 
R2 
u 
RU 

A+t:t 
A•tt 
(A+Bl I (A•ilJ 

SHIFT D 

MULTIPLY BY ROOT 0, 2 

MOY! RESULT TO STACK 
ANO THlNC£ TD R1 111 R3 

CONVIMT Z TO !~~ON!NT MODl'l!R 

APPLV TO RUUl.T 
JUMP 1' OVU,LOW 
un 
IRUULT U 11 

JIRROR 411 

JEf~RDR 514 

U II 

UlT 

CRDER•D!P!NOtNT COHITANTS 
R0 'OINTS AT NEXT CDNIT4NT l~ ,,U YfRSlON 

1 1110FH> 

,~ORD 
a WORD 
,wO!itD 
,WORD 

· • wORD 
, lllORD 
1 WORD 
,ENDC 
,fNOC 

40a1a,&ao01!,12453•,0131e11 

1•12•e,111a3a,074433,111••a• 
IJ71~4,ll3361,lS301lr1537eJ1 
140748,152405 1 11534S,0333•JJ 
0402~5,1~5~13,~83714,~4•&7~1 
1•0213,1ta111,1e11D2,10s121, 
0•02~0,0~~760,050615113•251• 
1402bb,01236~,031771,1571451 

LOG2 (i) 

Q0 
Pl 
P0 
2u11u 
2*• 118 
2**114 
2** 112 



' 2 
;s .. 
0 

• 1 
I 
~ 
u 
11 
l2 
u ,, 
u 
II 
17 ,. 
li 
H 
u 
22 
n 
u 
n 
a• 
27 
u 
It 
II 
II 
u 
H 14504 

u 1000 
H 1~502 
H l Uti• 

17 1070 
H 14512 
H 1074 

0 14ei\i(I 
•1 1'6"'2 
42 100• 

o l•eu 
u 
•s 14U2 
•e uei• 
41 14eU 

o 1.in2 

•§il t•Ue 
50 10~0 

HH10 
IOH001 
l0000U 
ihhHhh1 
IH0~04 
0000~ 
000IOU 
"100!007 
U00H 
uue 1 
01U02 
H000~ 
!01004 
1Hf002 
0U4H 
003004 
020'127 
1'1082 
1!01146 
000•03 
0ana1 
UiOH 
1(011~7 
0~8J00 
k'20U7 
UU01D 
1H~27 

00e140 
illdl50A6 
U2746 
!040~0.d 
01&4Ao 
000002 
U144b 
rou• . .e; 
000002 

eTITl.f IEXPI04 
,I,Of CNDSi0 

' I tXP V004A , 
I ~O,YMlGMT iw11,1;1a DlijlTAI. EQUlPMfNT CQHPORAT!ON, MAYNAHO,MAS 

' 

, 
' , , , 

• GL. OBI.. 
elFNOJ' 
• Cil..08L. 
,INOC 
E•P 
C:Al..L.1Nli 
JI~ 
IR 
,wORO 

EXP, lfJHtA I 
P'PU 
IAOR1SS8W1SMLR110VR,SIR,IR1,SP0LSHJ 

TH£ ~!AL !XPONENTIATION HQUTlN' 
HQUt;NCEI 
R51E•I' 
A 
Aii«G AOOHUS 

, Al , 
' 

R!TURNi ~XPONfNTl•L. JN RI AND R11 

R011U 
fit1•U 
R2•U 
RUU 
fCA•U 
A:uu 
IPUG 
f'CU7 
F0•U 
't•U 
f2•U 
F;,•U 
MOY 2CHL'5J.,R• f GET •RGUMtNT PO?NT!R 

MOV 
SGT 
CMP 

tHU 
ihf 

POU201 CMP 

SMI 
SMTU01 ASI. 

CMP 

SL.0 
i 1,rNOfl 
TST 
Cl.R 
MV 

MOY 

MQV 
MOV 

fM4,H0 ,GET HlG~ OROE~ •RG 
P0$1~0 ,JUMP l, AHG + 
R0,#1416i2 

Z£RS~0 1JUMP IF EXPONENT c •88.7 
SMTS20 
R~ 1 #41f)tSIO 

OYRsa0 IJU~P lF f~PQNENT > ., 
R0 IDUMP SIGN 
R0 1 #63011JIO 

ONES2~ 'JUMP IF EXPONENT MAGNITUDE c 2•*•~8 
,.·pu 
~tSPl JSAVE SPACt FOR SC41.f 
•CSPi FPUSH A 1, 
U02k101•CSP) 

2CMAJ_ 1 " (~fl) 

Ui4, 111 CSPJ 
2 (IUJ I t!I (:jP) 

IGfT ~Ow O~OE~ '~'UMENT 

JHlGH ORIJEH 
JNtED TWO COPI~S OF IT 



51 14U• 
~2 1•6-t6 

53 14642 
~ .. 104• 
5~ 1•646 
!56 1•6~~ 
:s1 t4'5=>a 
58 10~· 
~~ 1•6'6 
6iii 14600 
61 14ob2 
ea 14eb4 
u 14606 
u t•f>71 
95 14672 
u 14e7• 
61 1•676 
68 141"0 
c;g 10_,2 
70 14704 
71 14710f.5 
72 14111t! 
73 14712 

74 14716 
15 

lll1144tj 
0k24~Hi7 
0HI00:Z 
~U7J2' 
iU17162• 
~17b~01 

014744' 
~Htsiotl2• 
f014732• 
~1Jlit06• 
I00~ia~41 
rd147&2• 
017162' 
002.Ula' 
UJ2!0 I 
002f0 U I 
~HrHZ0 u I 

1013~!5e• 
~147121 
H:zk'UI 
0U720t 
!017162 I 
015UO I 
!002716 I~t;l2ial 
1"'0~00 
lcll001;,• 

' 

MO~ 
JSR 

,wo~o 
• 1110~0 
, 111u~o 
,wu~o 

.~ORD 
• 11110~0 
,wu~u 

, wOi:tO 
.~o~o 

, "'o~o 
,wc~o 
,wOAO 
.~ORO 
I WOfilO 
I illORO 
,wo~o 

1 wOr.tO 
,wo~o 
, 1i110RD 
, !lfOl'fO 
•oo 
JMP 

7b 147tr:~ i01U46 DUli'$21U MO\' 
lll0UU 

77 l •Q7 il 4 ~ .UifU e 

78 10J1i1 
ld001d02 
000U4 

,~ , 
MOV 

8~ 1•7~2 ~127•5 PL~S201 MOV 
UH51d7 iS 

tu 14736 "U7•0 
U0i70 

82 14742 ~VJ~U4 

MOY 

JHP 
BJ I 
d~ 147•• ~i1aee ~sv1201 ~av 

ltl~001a 
1:-i i •100 u0u• 
86 
'l>l 147:;2 
88 147::l4 
e;g 1"1~6 

g111 147b2 
g1 1.t7b4 
~2 147tl6 
g_, 101a 
94 14712 

i00U U 
k'06U0 
ua110 
000•00 
U14U 
l'H16000 
00U6 
io1ttl~ld 
~166e1 
~ra0~ea 
"'12746 
11'3600, 
!012746 
1411'1'0 

JMP 

' C,HS21dl kQL. 
ft 0 I. 
SUB 

BL.OS 
kQfii 
~OR 
MQV 
l"IQV 

r-iov 

MQ\I 

flU,•(SPJ 
iR•,sfi'Ol..111 

PL.~sa0 JPuS~ ~OGal~) 
.IML.R 
S~l lflX ~U~2(t)•X 
f5~1~0 JSAVE ~.~O~E~T SCA~E 

SIR l'L.OAT !l 
PL~li0 IPU~M L0~2[E) 
$0VR 
ISBR 
Cf~SW0 JPUSk LO~TlNUtD ~RACTION co~sr•NTS 
SML.R lhV 
uo~ J81•Y•Y 
IOVR IA11CB1+Y•Y) 
'AOR IY+•1i(B1•Y•Yl 
SAOR IA0•Y+A1/(~1+Y•Vl 
SOVR IY/(A0+V•All(Bt+Y•Y)) 
I~Cl'0 l•2•YICA0+Y+A1/Cij1•Y•Yll 
IAOR ll•~•Yl,, 1 , 11 ,, 1 
ouPsa0 IOUP~ICATE IT 
IML.R IC1 .. 2•Yl, 1 a 11 )••~ 
SCL.Sc0 IEXIT ~O~l8M MOOl 4NO SCALE RlSUL.T 
#1~0~00,fiP IMULTlPL.Y ijy •2 1 0 

f CR4J+ IGO B•C~ T~ L.IST 

2 CSPJ," (:JP) 

:HS Ill_,• C~P) 

•t~4J+ 

•U!5107'~1•(SPl 

#410270, • tSP) 

•t~•l• 

UP,l0 1 (:.tP) 

•t~4J• 

JOUP~ICATE STACK ITEM 

rPUSM L.Ofl2CE) 

ISAVE ~xPQ~fNT SCAL! 

fSP ISHIFT MOOl~lEO A~ij 
R~ JSAVf SlGN 
#•001•SP JOlVIOE ~y 21 

ZFRS~~ f UNOtR~LOW1 MAKE AMG 0 
~0 •GET SlGN e•c~ 
UP 
•SP-~0 IGET ~UOIFIED i~ijUM~NT 
2tSPJ,~1 rl~ R~GISTt~S 



e1 uue 
u uu~ 
9~ UU2 

UI OIU 

Ul &0aa 

102 1:1026 

113 
u• 
U5 
ue 
'91 

"' U9 
ue 
lU 
ua 
U3 
u• us 
lU 
111 

"' U9 
SH 
Ul 
U2 
ua 
lU 
us 
ue 
U7 
u• 
U9 
ura 
Ut 
ua 
1H 
lU 
us 
ue 

0012 ,, ... 
seu 
b040 
1»0•a 

(010146 
U0~4ti 
0U7d 
07 \071 
0U7•fJ 
U24U 
ua10 
0UlU 
0U741 
u1u0 
iOUld 
IUUd 
u0ue 
~uue 
H0lU 

ICU2211 , 

MOY. 
MOV 
MOY 

MOV 

MOY 

MOV 

MOV 
MOV 
MQV 
MOV 
JMfl 
1INOC 

11,DF 
liTD 
n:u 
MOV 
L.OC'D 
MODD 
ITCDl 
t.OO 
OIVO 
UT' 
i.OCDff 
c,cc 
UQ 
I.OF 
MUL.F 
ADI" 
L.OF 
D1VI' 
ADO' 
ADDI' 
DIVf" 
MUl.F 
IUl:5' 
MUL.I' 
ITF 
1lNDC 

U7 
UI 
Ui ,,, 

1lf'NDPJ 
D0•4 ~a2ti2e ZFMaa01 CMP 

141 
142 
10 
144 
145 
1•6 
147 , .. 
,.~ 

' 
~046 ~12000 IC~l2~1 
5000 01u01 

b0~2 012004 

0054 U0"U 
150:56 10~U4 
00e.0 00n0• 
0962 06040!0 

1ENOC 
MOY 
MQV 
1lFNOf 
MO~ 

1ENDC 
hAB 
CL,H8 
ASR 
•DO 

R1,•lSP) 
R0,•lSP) 
•~11:n l 1" CSP) 

#"58U3,• tSP) 

#0U060,•CSP) 

R11•tSP) 
R0,•LSfPl 
ro,.,sP> 
FUl,•tSP) 
t(R4j+ 

Ff'u 

' , #fiCOl20,H0J 
U4,~21 
(R0)•,FU 
FJ,R4J 
#l,01F0J 
(Rll)+,FU , 
Fa,,a, , 
scuau 
f'Z,,~, 
F;t,f'l)J 
(Hlll)•,,~J 
(R0)•,f'U 
F;),,lJ 
,2, Fl, 
(1'10)•,FU n,,,a, 
#2 1 0rF2' 
Fa,,IOJ 
Fli!l 1 ,0J 
F0,.~SP)I 

FPU 

JPUSH 60109019~1 *********** 

DOUBLE PRECISION ARGUMENT REDUCT 
SHORT lNTEfiERS 
P01NT£R TO CONSTANTS 
GEl ARGUMENT 
'2•,RACTCX•LOG2(f)) 
R4•1NT (X*LOQ2(£)) 
f0•l·" 
Y•~21C2•~0i2(!)) 

REIT lN IINGLI PRECISION 
TEiT "DR UNDER'LOW 
APPRDXlMATlON H!IULT 11 1,0 

Y•V 
u•v•v 
All CB1•V•VJ 

A0+Y+A11(8l+V•V> 
VltA0+V+l1/(81+Y•V)) 

1•2•VI, , , 
C1•2•Y/, , • l*•2 
MOVE APPROXIMATION TO STACK 

(iP)+,(S~)+ JFLUSH CFRACT ARG 
~t:SUL. T U 1, 

(iP)+,RIH 
(iP)+,t111 
, .. u 
CIP)• 1 R41 

R41 
R•I 
R41 
1u,1uo, 

Gfl APPROXIMATION RESULT 

GET lNTCX•LOw2(E)) 

MA~£ INTO EXPONENT MOUI~lEH 

ADD l~ EXPUNENT MODl,lER 



IEJCfl04 MAC~D VRIU•l4 07•H.f'•72 1110 PAI.it. 25• 

150 :t06• 1U405 I Ml ovua01 TUT OVEHn.ow 
Ut 5016 euae:t RTI HI 
ua , 
lU 5070 HDI00 l ONr.Uro I CLR Rl 
tU ~llVl iaU7H fl'IOY uru~a, Rid li>CPCTINY) • le 

ro40iH 
U5 ~076 IOH20' Ff Ti R5 
U6 ou0 ll"U701 OVH1201 MOV ,.ao•, Re I ER ROW 415 

11204 
U1 5U4 IH•U u !Cl.Iii 
ua DU& U27H Z!HIUI MOV #U00 1 Re f £MRQR 515 

rouoo 
1D9 0112 IOUH7 1c1.1ru 1 JIH A&, It.RFU 

roe.7111 
lH OlU H511U CLM Rll IRiTURN 111 

Ul ouro k11Hll CLR ro 
ua Olia neaes ~Tl RS 
lH 
u• all'Df' fiPIJ 
U5 , UROiR•DIPINDiNT ~QNITANTI 
tH , 
U7 f'CUUU ,WORD uu10, taH13• LOGIC!) DOUBLE PREClllO~ 
ua , .VORD 12cUl~4 ,ro U711' 
U9 
l70 ,WORD 11404~0, 1iH71J i•l.OG2C!l COUBL! ll'R!ClUON 
171 1WORO eun.,uueu 
112 , 
, , ii ,,.ORD uulie,ueu~, 11 •HJ I (/JfH' lil07 ,,, 
175 ,WORD UUiG, e7 U111 Al•8U,U42H7 
l1fl 
l 1'1 ,~DAD 1•1u0,0u11a1 Al••U,UHU7!5 
178 ,ENOC 
17 '1 ,£NOC 



' a· 
3 .. 
15 
I 
7 

• 9 

" u 
u 
u ,. 
u 
u 
11 
ll 
u 
21 1'512• 

u ''"'' 
aa 1lli"• 
II 'hH 

u u1•a 
H 111•• 
H lllO 

27 10102 
21 
u 

' 
,TITI.!: l"CL.l02 
1lFD' CNOlil 

I l,CAl.L VlllA 

' I ~QPYR1GHT 1971, DlwlT•'- !QUlPM£NT CORPORATION, MAVNARO,MAll 

111111 
HllU 
111111111 
111111 

' 
' , , 
' I 
' I 

ua1 o ''"''-'-' U!UI• 
IU7.S 
Hll;t7 
rouue 
eU70 
1111•1 l 

,G\.OBL. lf'CAl.L 
l'CAl.L ••~ RUUTlNI ,OR CAl.~lNG SINiL.£ ARG 'ORTRAN 
'UNCTlDNI 'RQM wlTHlN OTHER 
CAL.L.lN~ llQU~NCtl 

,QRTNAN 'UNCTIONl1 

HOV ARG ~OlNTER1RI 
MOV #,UN~TlON NAM!,~~ 
JSR PC,l~CAI.~ 
'L.UIH AHGUHINT 
RllU 
ROU 
MSIU 
lli'OS 
HOV 

MOV 

MOV 
HOV 

#U71 •(IP) 

RD1•,IP) 
••II 1 • Cll'l 

JJMP 

f ,WQRO 
IBM 

f l'C 

ARG 
••• 

illlll MOV lfil, FU5 IJIR 
il•ll• JIR 
0117ee NIT12ll ADC 
1111, II 
HIUI · JMP 

1INOC 

Ri1,•H4 

····~" 
f ~IPl• IRETURN TO Ull~ WITH ARG ON STACK 

ANO 'UNCTCAMG) IN MIGl1 



1 1 T ITL.l SJJIX~3 
2 .IFOF C:NDSi2 
3 , 
" 

, IF I lC VHJA 
5 , 
6 , COPYHivMT 1~71,1g7~ DIGITAL. EQUIPMENT ~O~PORATION, MAVNAHO,MAS 
1 , 
8 ,GL.081. lfF1X15RI1SPOl.SH 
g , T~E FO~TRAN !FI~ ~UNCTION 
u , CAL.~lNG SfYU,~CEI 

11 , JSR fiU,IfIX 
u , BR A 
1J I 1 wOlitD •RGUMENT AOORf SS 
u , Al 
1 f,) , ~ETIJRNS T~f TRUN~ATED kND 'IXEO Hf Al. 
16 , ARUUMENT Al AN INTEGER lN M0 1 

17 ' 18 00000fd R01U! 
19 11100!004 k••~4 
20 io11H:1~U R5•Ui 
21 rd00006 iP•ll5 
22 1010• 016004 lF IX I MOV 2tHOJ,R4 JGfT ARG AIJORfSS 

!000002 
2J 1:>160 llllb••6 MOV 2 CR4J, II C~P) I PUSM UG 

0UU2 
2-4 1'104 0114415 MO\/ IH4,•(lfill 
~5 1eiee H4467 RNDl221 JSR U,IPOL.SH I ENTER PUL UH HOOE 

01U4!52 
25 1~172 IU76!501 .~ORD 1 .. 1, UPL.li2 ITHUNCATf; AND f' IX 

15174 01151151 
27 1:;176 0JU010 UPL.s2:il MOV (IP)+,R0 JPOP INTiGtR Rf.SULT 
28 1 =>au 0ua0e J(TI fiU5 I MET URN TO CAL.LEH 
2g ,ENOC 



1 
2 

" ' 5 
6 
7 
I 
g 
u 
11 
u 
u 
14 
1 r) 
11 
17 
11 
u 
u 
u 
aa 
23 1 e21&12 

24 1 CS21ii6 

ae 10212 
26 1r>au 
27 lUU 
21 1su0 
2g 

1T1Tl .. t. fifiL.Tll:12 
,1r-0F (;NOS23 

' I F~OAT V002A , 
I COPYRIGMT 1971 1 Ol~ITA~ EQUIPMENT CORPORATION, MAYNARO,MASS 
I 

0kHH100 
0~0IO~l 
~~0"'04' 
0000~ 
IOI000D 

, 
' , 
' , 
I A I 

' , , 

~17~•0 FL.OATI 
000002 
~U4e7 
00•432 
'116iD62• 
iU7610• 
01l522"' 
01iH.1!20~ UPl.S~U 

I (IL.OBI. 
Fl.OAT 
CAl.L.l"'li 
JSR 
SR 
.~o~o 

F~OAl,SI~1SPO~SHrl~OPR~ 
THE ~ORT~AN fl.OAT fUNCTIUN 
St.QUf.:.NCt.1 
R~,FL.OAT 

• 
AOO~tSS U' INTEGtH 

RfTWRNS RtAI. EQu1VALENT lN R0 ANU H1, 
USES su~. 

~uu 
k1•U 
r.4•14' 
R5•U 
•P•O 
MOV 

JSR 

,wuRO 
I ~OliilO 
,wORO 
HTS 
,fNOC 

JG~T ARGUMtNT UN STACK 

f lNTlH PO~lSM MOOE 

SlH JC•l.L. SIR TO CONVE~T TO REAL 
SPOPH3 JPOP RESUL.T TO ~~GS 
UPL.S~~ 
R~ l~ETURN TO CAl.L.fH 



1 
2 
3 
4 
5 
6 
7 
8 
g 

10 
11 
12 
13 
14 
1~ 
1e 
11 
ld 
lg 
20 
21 1::>2,2 

22 1::>22!> 
2J 102J0 

24 tt>2J4 
2~ 1 ~230 

29 10202 
3~ 102b4 
31 10266 
32 1027~ 
33 10272 

34 1021ts 

J~ 1~J~2 
35 1~J~4 

37 tt>J u 
Jt; 10312 
3~ t=>J14 

4~ 1:>J1it0 
41 1~3~2 
42 1:.->3~4 

43 1~31Z6 

000000 
000001 
~~W'l~U 
~~1610lr;16 
000007 
~ 127 46 
~00U1 
1.1~0•0i2 
012146 
I000U 1 
011U4b 
"uo~ 1 
~H10\010 
~6e:;t>eo 
kH'1006 
ld~0~li0 
ueoee 
000~"14 
~"'0i00b 
ii?1006C> 
000004 
kih'li48 
11H.lJ!i046 
k.109000 
1 u lra2 
042702 
177600 
12k1~21 
"100Vl•0 
0~1n• 
rti2Ueo 
lil0e014 
"02767 
'1kl04~4 
U~ltHS 
lc:?llJ0001 
16~1"'~il 
~HJ~i210 
~la~42il1 

120a21 
ldl0'6i5J 
001441 

.un.E uc1k12 
1 lfl'O' tN01i4 

UCI Vi002A 

'OPY~I~~T 1971,1g7i OlijITAL. EQUIPME~T COHPORATlON, ~AYNAHO,MAS 

iO~ll 

• GL.OdL. 
50Cl 
UCI 
t;AL.1..lNG 
PUS"4 
PU&1"4 
JS~ 
~ETU~NS 

R0•U 
"1 Ul 
R2•X2 
&P•~6 
PC•X7 
HOV 

l.i01i24 I MOY 
MOY 

AOL> 

MOY 

MOv 

MOY 
CL,R 
cl. Fi 

STTS241 M0\16 
SIC: 

bLT 
8R 

SGiS241 TSTB 

bNE 
l~C 
dR 

5NU241 CMP6 

UCl1$0CI 
ASCll TO OCTA~ CONVEkSION 
ASCII TO l~TfGER CONVtRS10~ 
St.QUtNCt.1 
CHARACTfH 'IE~O &TA~T 
tHARACTf~ FliLD L!NGTM 
PC,SICI OR SOCI 
WlTM lNT~~E~ RESULT ON TOP OF STACK. 

C.0$24 
"471r•(SP) 

~lr•tSPl 
e.cafi'),fii' 

t; CSPl I 8, tSP) 

4CSPJ_,6t~P] 

IStT DEClMA~ F~AGS 

JUVf. R1 
IGlT STRlN~ START 

HiiT END•t 

IF10DL.f HETURN POINTER 

JSAYt. R0 

R2,•tSP) rs•vE R2 
•CSPJ JCLEAR SIGN 
R~ - ICLEA~ ~ORK SPACt 
CH1)+,k2 IGfT NEXT C~A~, 

•111~"'0,wa 

SGS~~4 IJUMP lF NOT S~ANK 
H1, 12. CSP) 

S TT 5~4 
SC:iNS~A 
"/CSPJ_J 

S~Uil!41 
flSP J 
Nr;KS~4 I 
Hril1•'+1 

IJWMP I~ MU~~ TO S~AN 
IOONE 

IF OCTAL CU~VE~SlON 

OU NOT P~RMIT SIGNS 
OCTAL. • ~AKE THf SIG~ BIT 
GO PROCE~S TH~ DIGIT 

IJUMP IF + 



45 l0U4 U0227 

U 1U40 
•1 11~42 
'8 lU44 
.u 11146 
Se tUD0 

klHIU 
00l~U 
0na1es 
000434 
uuu 
042702 
'77610 

BNt. 
1NC 
BR 

N>tTIU I MOVB 
axe 

51 l H04 U0i27 CMP8 
rd HUI 

u 1nu 001102 
n inea 112702 

HUH 

SN! 
MQVB 

S• 10318 1a1aa7 NC~li•I CMP8 
HllQHlJH 

U 1H72 w>U'O 
ss 1n7• UklaU 

H0'4U 

Bl.T 
CMPB 

97 lUll HHU 
H uoa ua7ea 

SGT 
IUB 

0H0H 
59 U4'H U57U UTl9 

11 scsoa 
61 tUU 
ea U4U 
ea ll•ae 
I• &l•U 
19 tUl4 
ee 1uae 
17 114110 
HtUU 
69 lid• 
10 10..u 

71 U442 
72 10444' 
niuo 
.,, 1uc;e 
.,, 1so2 
76 104'54 
n1uu 
78 154150 
7g 1502 
80 1546• 

81 lU70 
ea lU7a 
U U474 
84 15471 
85 lHH 

ro00007 
001435 SIQ 

~06~00 ··~ 112•2e IVI 
1e0~0a aue 
Bi6,01 AS~ 
&02423 BVI 
eee~e0 •s~ 
102421 IVS 
ie0a00 SUI 
112417 SVI 
eae1ee ~Lu12•1 CMP 
kHd0014 
102741 B~T 
00e0ae &GNs2•• ~o~ 
10~40~ SCI 
00e•0e NE' 
102411 svs 
000241 t~C 
0l2C02 0~~12•1 MOV 
012601 MOV 
~06l2ti NO~ 
010~66 MO~ 
l00011J04 
0121:>0ra 
H0i07 
Ut5725 
00e001 
0051U 
li.100'°0' 

MOY 
IHI 

~RHIUI TsT 
NGMIUI CL.~ 

COM 

86 10514 000164 
17· , 
88 15506 006100 0C~S241 HO~ 
8~ 1~510 103771 BCS 
90 ies12 0me100 Ro~ 

R2,# 1 • 

NCK1a4 IJUMP lF NOT • 
ISP llET SIGN • 
'L.01~4 
(~lJ+,RZ fGiT NEXT CMAR. 
#17'000,tit2 

Nt~sa4 IJUMP l, NDT BLANK 
#50,HI IBLANK •Z!MO 

tMRSi4 JJUMP 1, TQO SMAl.L 
Ra,o~SPJ 

!RRaa• IJUMP IF TOO BIG 
#60,W2 IMAKE NUMfMlC 

7C8Pl IOCTlL OR ~lN•RY 

oc1.1a4 
~- IR018All•Rl•Ra 
ENRli4 
R0,Ri 
R0 
!MRU4 
R0 
!RRSll4 
R21Ri 
EHRU4 
Rt,1a 1 (Sf"J 

NXT124 IJUMP lF MURE 'l~l.U TO SCAN 
(SP)• ITEST SIGN 
DN!sa• IJUMP l~ • 
R0, IMAl<E • 
NGM1a4 IJUMP lF •NE;MAX 
lliT SUCCESS FLAG 
(SPJ+ 1 R2 IRtSTORE R~ 
CIP)•,Ri IRtSTORE R1 
(~P)• IFLUSH FLAi AND iET C BIT l' £RROR 
R~,4~SPl JRETUMN R!iULT 

(SP)+ 1 R0 
PC 
(iP)+ IF~USH $1GN 
R0 
4CSP~ ISET ERROR FLAG 

ONU4!4 

R01 iHlFT J BITS ~E,T, 
ERRl~•I CHECKING Ai YOU GO 
R0, 



SICI02 MACRU VRi••l• 07•H.fll•12 1110 P•Cil 2g+ 

91 tU14' 103767 BCI ERRU4 I 
92 tHU UUH AOI. "'' u 10sa0 1037&5 eca lliCRU• I 
g4 sHU ee0a00 ADD Ra,R0J AOO IN THt: Olli IT 
g~ 1~e24 H07•4 dR ,i...osa•1 00 NEXT 
'16 1INDC 



' I 
3 

' & 

• ., 
• i 
u 
u 
u 
u , .. 
u 
u 
17 
u 
1 SI IZ!001etd 
H _,ia~~01 
21 1600~02 
U ld\Okl~IU 
U U01i0• 
2• HUU 
as u0u1 
H 10526 lOU10!0 

W00166 
21 1uu u0•0a 
U lOH~ ~127011 

H01D4 
29 lHif0 U0A4t) 
H 11ua UtH>0J 

110010 
u l uo u et>02 

000006 
u 11us112 01212uJ 
U 1U5• H~i102 
U 15556 ~liH510e& 

~~0\006 
u 15so2 ~ uu>0• 

00e100• 
38 usoe 0121.us 

0000'10 
37 1&:t72 11200~7 

!000166 
H 1t5576 -1"'14'~5 
u 15t5"10 0"15704 
•m lHU 002003 
•1 iCU5i4 005404 
42 1D610e5. IOU718 

lll00U~ 
0 1bb12 fDIO~U& 
'' 15514 \db0101d 

, 
,nn,E ueo~2 
1IFOF CNIJli~ 

I lltO V0~2A , 
I ~QPYHl~HT 1~71, OI~ITA~ E~UlPMfNT CORPORATION, MAYNARO,MASS 
I 

I 

' , , , , , , 
I 

SOl;OI 

,G~OBL ilC01SOtU 
IOCO OCTA~ TO ASCll CO~YERilQN 
llCO lNTf~ER TO •SCll CONVE~SlON 
CA~LlNG S!QUtNCEI 
PUSM FlELU START LOCATION 
PUSH ,IELU ~tN~TH 
PUSM VAL.Ut 
JSR PC,l~CO ~OR SOCO) 
ERROR WILL R~TUMN WITM C BIT SET ON 
R01 R1, R2, H~ •~E OESTROVtO 
R0U0 
R1•U 
H2•%2 
~.J•U 
lie4•"4 
&P•%0 
PC•U 
MOV •UCT•25•HELS2~rR0 IPUINT TO OCTAL T•~LE 

BR 
MOV 

GOi2:, 
#OECl25•~El.l~e,Rm IPUINT TO DECIMAi. TA8~E 

GOUt; I MOV R4,•tSPl 
8,(SP),R~ MOY 

8Gi LPSS~5 IJUMP IF LkN'TH NOT NEG 
CL.Fi< Ha 
CLk 6 tS.P J. 

1.P81251 MOV 

MOV 

CMP 

JGtT VALUE TO SE CONVERTED 

JCl.UR SIGN 

JCHECK l' DOING OCTAL 

bEQ PUS$~5 IYES1 GIVE MA~NITUUE R~SULT 
TST R4 
~Gt ,OSS~5 IJU~P 1, • 
NfG H4 IGET •~SOI.UT~ VA~Ut 
MOV •'•,•SP •s•vt • 

POU2' I Cl.k 
.Ai)O 

I SET Fi:.NCf. 

4~·10616 
~e ueu 
., 1'56i~ 
48 1e.e;22 

FiEL.i4t~ I 
00~710 TSTi2~1 TST 'Ii< Id 
~01416 bEQ MUVS~5 IJUMP l, ALL POwiR~ DON~ 
~~~~~1 c~~ ~1 



SlCOltl2 M~CRO V~~••1• ~1•StP•72 111•J PAijt 3h 

·~ 10&~• 161k104 suttue. 1 Su~ IR0 1 1'C4 1 SEE. If CUR~ENT POWE~ WILL GO AGAIN 
5kJ 1~61l6 h13402 Bi.,O ucsae 
51 1:;eJ0 005201 I ~c: Rl l8LJMP DIGIT 
!52 106"2 00077 4 tH~ SU812~ 
53 10bJ4 1eitsa~0• iUl;,;520 I -00 (~0)+,FU ITOO MUCl"t, SACK UP 
5• 106J6 ~05701 TST Hl 
f>~ 10640 ~ldl~h'' SNt. NlES:l~ IJUMFI IF UlGIT NUT 0 
!56 1~642 ~ltl~116 TST UP 
51 1:>644 iOliH1ti4 6f.Q TITS~~ IJUMP lF NO ~uN•ZEkO DIGITS VET 
58 10646 rou101 NZU~OI AOU •~0,rc1 ICO~VE~T TO UCU 

0'10fd60 
5g 1:;0:>2 "1U1'6 MOV R1,•~SP) 
e~ 1~b04 ~0076~ 6~ UTSc!> 
61 1'>6QC) 000,eJ MOVS20 I ADO Hri 1 H~ IPOINT TO f IfLD tNU 
62 t ~~H>0 ~8270• •oo #U 1 W4 ICO~VE~T ~lAST SIG~IFIC4NT DIGIT 

000"1lh' 
6~ 1~604 110••.S ,.,ova 1u,.u~JJ 

64 1060~ iliH,..,02 0Cti<s20I Of C W2 
65 106!0 003410 ~L.f ~·u1.sr.!~ IJUMP IF cuu~T EAMAUSTfO 
ees 1~612 1Uf:»1U MOVB CSPJ+,•(ti(J) JMOVt. Olijlf 
61 1llb74 001J74 ~~f. OCRl~S IJU~P l, NOT TME FENCE 
6 tt lC>6f'O 112tt13 MQ\'8 (SP)+,•lo(.i I MOVE OUT THE SIGN 
5g 1~700 005J02 fr!L.52~ I OEC R2 
70 107!02 001410 "EQ ONEiii!~ IJUMP IF l'lEL.D 'lL.l.EO 
71 107"'4 1 U74J MOVS ._, ,•(R~J JMOV~ IN ~tAOlNG BLANKS 

I000t04~ 
72 1:>110 ltl~077J BR "11.1~!5 
73 tc>7l 2 rcHH512 6 FUl.S2bl TST CIP)+ 
14 10114 001011 S~E EH1U~S I "4Ufl'IB!R TOO tHCi fl"O~ flE1.D 
75 U116 ~22128 CMP •' ,~SP)+ 

'10e!IDO 
76 1:>1a2 001!011 fHolE STSl~f'11114 • JJUMP I,.- NO ROOM FOR • .,, 1b7c4 IU2br,,4 CNt.U~ I MOV CIP)+,R4 
78 1b746 ldi206b MOV CIP)•,4ttiP) IMDV! RfTUWN UP 

11Jid0004 
19 107.)2 0~~72d TST CIP)+ lflLLJSM VAl.UE 
80 1:J7~4 00tUU ROI. C8P)+ lf"L.USH ,~., AND lfT C SIT ON IF t:;RROR 
81 U7~f5 '100207 ~Ti l'C 
ea 15140 io~e12e fRt-IUO I TsT CIP) • 
83 10742 001ne SNi £ROU 
84 1~7•• VHOf;7llb UT (5'). l'L.USH SIGN 
8 !5 10746 0160213 "10V a.cs~),U 

1!100010 
8b 101:>2 112723 STiSUI "10~8 "''*• LR3)• 'n i..1. FU:LU Wllt1 * 

fdliHH'll52 
87 1:l7~6 110~.Ut> DEC 6(1Pl 

000000 
88 1e.7e;~ k"ld3J73 SGT ST:Uii?~ IJIJ~P lF M(JHf TO OU 
S9 1:>10• ICliOeJ16b COM et$PJ IF I.Au t:~ROflit 

iDUld00 
Sil0 1=>71~ ioia01:)~ l:l~ ONU25 
91 1 ::,112 ltli342IO Oi!l.;U~I • wURD l010i~,1000.,1~0.,10,,0 

1t>714 0~1750 
1011t> IQIOfd1•4 
160W>"' ~00012 
io0w>2 ltl~11H~0id 

~2 100j.a 1"'0~0~ OC ll2:> I 1 wtJHO 1~00~0,1~000.10~0,100,10,0 



lUH llllli00 
1'010 HUH 
urou uuu 
UIU4' UUU 
i 1016 0Hllllll 

1INDC 



1 
a 
J 
4 
5 
6 
7 
8 
9 
10 
11 
u 
u 
14 
l~ 
u 
17 
18 
1Q 
20 
21 
22 1Hi0 
n 16020 

u 1ua• 

21!5 160J0 
26 100..ta 

21 160U 
1'5040 

28 10042 
29 1b044 
30 

, , Tl n.E SI NTi12 
1IFOF CN0Sil5 

J lNT V002A , 
I ~OPYRlGHT 19711 Ol~ITA~ EQUIPMENT CORPURATlON, ~AVNAAO,MASS 

11!)11)0000 
U0U~ 
H0100t) 

"'ld0 ""° 6 

' , , 
' , 
' , Al 

' , , 

INTI 
~Ui&04 lDINTI 
n0100a 
016446 
0HI00c 
k1U446 
0(04467 
003605 
M)17tiellP 
0lH42t 
llH2000 UPL.120 I 
!00020~ 

,GLOB~ lNT,,DlNT,l~l,IPOL.SH 
T~~ ,ORTA~N INT AND lOXNT fUNCTIUN5, 
CAL.LlNij SEQUtNCt• 
JSR Rb1l~T tOR lOlNT) 
SR A 
.~o~o AMGUMENT ADD~!IS 

RETURN& lNTE~ER ~QUlVALENT lN R01 
USES IFU I 

MUU 
kOU 
fitS,"5 
IP•U 

MOV i(Rl5J 'IU IGtT ARGUM~NT •DD~ESS 

MOV 2CH•l,•CiP) JPUSH I.OW ORO!R REAL 

MOY flU,•(IPl_ HUGH ORU!H 
J$R R4,SflOL.IH IC AL.I.. SRI TO CONVERT 

.~ORO SH 1, ~PL.Uti JI NTEliEM 

MOV CIPJ•,R0 JPOP lNTEGt.~ REIUL T 
MTS RS 
1ENOC 

PART 

TO 



1 
2 
3 

~ ' ~ , 
6 , 

7 ' 8 , 

g ' 
l~ ' 
u ' U 0UIOH 
U HUU 
,. !000002 
u (000~03 
l ti IOlhJt004 
17 IUJ0~0f' 
11 177H~ 
U 117!JU 
2i 0 VI ra II Qh1 
u 
aa s1u1 
u 
2• l!HI 
a& 1011211 
u 
27 
21 
29 
H 
31 1e0~& 011e•ti 11u1 
H 11000 kl 11 O•O 
n 1eua 0nue 

000002 
~· ieese nerau 

01d01d04 
3e 1e0e2 ~0~i40 11"• 
36 1006~ 018~01 

"00w>02 
37 16070 003002 
H 1b07ri 0~142~ 
u 16074 0!05401 
40 16016 00614e PO~S271 
41 
42 1ou0 0121ea 

000i21d 
0 

•• •t> 
46 
47 
u 1e1u tliH5'160 

V'H00004 
4'J ·10110 NOMU7 I 
~0 
51 16110 006101 
52 ttiU2 10~402 

1TlTL.~ iHH14 
,IfiOf' CNDi~7 
1GLOBL. UR,iID 
lNTE~tk TU NtAL ~ONV~RSION1 

UR V004A 

COPYR1~HT 1g11,1~12 ulGITA~ EYUIPMtNT to~P., MAV~AHO, MA 
A~GUMENT lS A Fu~~ •ORO ON THt TOP Of THE STAC~ 
CQNVEHT IT TO RtAL fORMAT ANO "ETU~N 11 AS THE TOP 
T~O WORDS ON THt STACK, 
RUU 
Rl•U 
RUU 
R.UU 
RUU 
lfll•U 
MQl177304 
NOR•t77312 
FUU 
.1,0~ 

8!TOI 
BR 
HT, 
HTl 
L.DC1' 
ITF 
JMP 

,..PU 

1oua1 , 
' C::iP)•,F01 
F0r•t1Pll 
t U~.tj_ • 

1INDC 
1ll'NDI' l'PU 
MOY fSP,•(SP~ 
MQV f3P,•(SP1 

SHORT lNT!CifRS 
CO~V£RT 
RUUL.T TO STACI( 

JPUSH ARiUMENT DOWN 

CLR 2(SP~ ICLEAR L0Wi1T DROEH DOUBLE 

Ct.R 4 CSP)_ 

CLA •tSPJ IMAK£ ROOM ,o~ RtSut.T 
MOV 2CSPi,R1 JGtT INTEGER A~GUMENT 

ts GT 
BEQ 
Nf t; 
ROI. 
,ll'NO' 
MOV 

,ENOC 
t:u. cooe:: 

PUSSi7 
U.~U7 
R1 IG!T A8SOLUTt VA~Ut 
•CSPJ ISAVE SIGN 
EAE:. 
•2a0rH2 IGET MAX. ~OSS18~E EXPONENT +1 

,lf'DF t.Af. 
MOV #~17,R2 IGET MAX, POSSIS~E EXPONENT 
1 ENOC 
C~RS 4CiP~ ·~~~AR LO~tST OROEH FRACTION 

EAE 
FU 
NUOU7 

l~OOK FOR NORMAi. BlT 
I JUMP lF . ,OUNIJ 



llRU MACHO VRllJ••14' 07•Sf P•72 uu..t PAl.if 3h 

5J 1b1U 011HJl)0a DEC Ra IOECREASE tXPONENT 
~.- lblle 01i10774 SR NOM1a7 ITRY AUlN 
~~ 1f.NOC 
ee l:.At. CODE 
61 I HOF EAE 
58 f'IO\I #Mw,HJ I POINT TO MQ 
5g Ct.H •~J 
60 MOV Rl••'R3l JMOVE ARCi 
'51 MOV #NUR1N0 IPOINT TO NOR I~ EAE 
62 c; l.R IHI INORMALIZE 'HACTlON 
n 8Ul:S (H0J• 1 H2 JTtL.L EXPONENT 
64 MOY #2,fH0 ISHIFT OUT NO~MAI. SIT SV LSH 
65 MOV fH3, I'( 1 IREIULT TO Rl 
H ,iNDC 
61 u1a0 1UU6 NOUU71 MOV8 Rl,~HSP> I SAVE LO~ UiitDEH f'RACTION 

HUU 
68 1eta• UHU ~L.Htt FU 
eui 1tiU6 uraau SUB R2,Rl ICOMBIN! EXPONENT ANO t1IGM ORDER FtUCTIO 
71 16lh H0,0l SWAB Rl 
71 UU2 0118026 ROR ,,,.,. IGU SIGN 
72 151 '14 HH0 l ROR R1 IINSERT llliN lN NUULT 
1 ;J l 01.J& lllHU ROR8 3 CSPJ. 

HUU 
., 4 10142 roUUt MOY R&,UP I OUTPUT RUUL. T 
75 1b14't4 000U4 U.HS271 JMP t CR4l+ 
7 tJ .u~oc 
71 eiNOC 



IML.015 M•CRO VU••14 07•Sf:.P•72 1114~ PAijt 33 

1 1 T lTl.t:: SML.DIO! 
a .u·o, CN1aas 
3 e liL.OBI. IMl.D 1 SE"IO 

• ' IML..O TH! DOLltiL.E MU~TlPl.V ROUTINE 
5 ' • , IML.0 vueA 
7 , 
I , tOPYRUiiHT U71, OlGlTAL. EQUIPMENT CORP,, MAY NARO, MUS, 
9 ' C41.L.ED IN PO~IS~ MOOE, 
u , HIPl.AC~S THf TOP T~O OUUSL,.tS UN TM~ STACK 
u· , WITH THEl~ ,HDOLICT, 
u HUii RUU 
1 ;J UUl!l1 RlU1 ,. H00ra2 rc2ua 
u H0~U "UU 
u uue• AOU 
17 lh10110~ RSIU 
u 0140008 lft•U 
u liHhH~07 PC•X1 
H 177U4 MQ• 117304 
u 100010 A18 1 

2a HU211 e.u. 
u ueei• WflL.T,12 1 

u rniuea Sl(H02 
H 01012100 'IZl•U 
ae 1Ifl'OF FPU 
27 SMl.01 .~o~o 17HH I IUTD 
u • itfQ~O 112429 IJL.DD (IP)•,n1 Hi!T QP!IUND 
ae .wo~o '71026 llMUL.D (SP)•1F0 Jl'RODUCT 
H .woRo 17--041 I I STD ,.0,•CiP) ll'ROOUCT TO sue 
u JMP f tH4l. • 
H 1INOC 
n , 1,i-.Oli f'PU 
;u 1110 IOU4•fJ IML.DI MOV R41•~SP) 

~' 111s0 0uue MOV R~,.~SP) 
J6 10102 ~ie.1&6 ASL. A+0•4 C&PJ. ISM.lfT MU~TIPLlCANO 

00000• 
;s 7 uue ueuo MOI. • CSPl. IKEEP UGN 
38 16110 0iH50•6 Cl.R •CSPl ICl.fAR t:XPONENT 
39 18162 116618 MOYIS U1CtiP),f8P JK~EP MU~TlP~lC•NO EXPONt:r11 T 

0HU 1 
•ia 1<»1oe fd0106 HQ Zt.HSc8 IJUMP 1~ ANSWER 1S ZERO 
•1 16170 116b66 MOVB A tSPJ, h1 CSP) I SHI'T Ff< A CTI ON I.EFT 

HUU 
0001611 

•a 1e11e 0uae1 SEC II NSERT NUFCMAL. an 
0 16200 0~6065 ROM A(SPJ 

VJUIOl 0 
u 102\04 11eoee MOVS A•3C~P), A CSP) 

ro 0121 kl 1 il 
~0UU 

45 11212 I00tdU6 hAB A+2 CbP) 
0HIO 1 a 

46 ·1UU 11'5016 MQVB A•S (ijip), h2 (SP) 
0U015 
HU12 

•7 1ua4 ~OU6 $Ott A+4 cop) 



SMl.005 MAC~O VR04•14 ~7·S~P•72 1114~ P~Wi J~• 

k'00014 
48 1b~~0 uueo MOVB U7 c:.p), h4 CSP) 

00~017 
U0014 

4~ lfi2Jt> 0UJU IWAB U9CiP) 
01it~01 ts 

516 U242 1i4~~b0 CL.~lS A•S(:JPJ ,MAKE Rao~ ,OR fXTWA SITS 
000016 

~1 10246 1606~66 ASL. 8 CSP J. 1 SHIFT HIGH MUL.TlPl.lfR 
iHH!l0H 

~2 16202 00~~69 ADC UGN t&PJ JGiT PROUUCT SIGN 
k'JfdUIU 

5:J 1ei2:56 U57U TST8 B•lCIP) 
00U21 

54 1e;26a ~010U 8NE. NNU28 I JUMP I, NOT ZERO 
5, 1620• ~22~26 Z!ticUll CMP C5P)+, (II')• '''-UiH SIGN A~O UflONfNT 
56 1&2fje ~0~U7 ZEU21t JMP ZUS28 

~00JH 
!57 16212 ~1J~roe.11D NNUUI CL.R R0 I Cl.UR PRODUCT 
56 1621, 00~~01 CL.R R1 
og .l,NOF EAE&Mut.oiv 
60 1n1e 00~WJ02 Cl.R Ra 
61 1°'5"'0 neu~ tl.~ ~~ 
ti 2 1 b3~'2 ~:HHtld05 tL.R Re ICl.EAR C 8JT OV!HF~OW CATCHfR 
6J U3~U ro~eiaee RO~ 8 CSl'l 1 SlGN U NClll 21 

~~nu 
64 UU0 ~U746 MOV •U,,•(lli') JPUSH IT£RATlON COUNT 

f000I02~ 
fj ~ 1631• 01660• MOY B+hi (iPJ., IU JGtT ~O"klT ORDER MUL TIPLER 

000031d 
fHi 153i0 00140• ~IY 8Uli9 IJUMP 1, NO ens Ht.RE 
67 1t1Ja2 k'l0•767 JSR Pt,MTIUU 

000410 
H 1bH6 rua1u MOY •u,,uP I RU TORE CUUNT 

rt.'100021&1 
0 li 163.!2 1a U604 86Ui81 MOY BU•i CiPl_, R• •GtT NEXT L.OWEST FRACTION 

iH!l0klU 
10 1b3-JO nuu 8PllE B•NIU IJUMP IF WO!O. TO DO 
71 16~40 (00~1&6 TIT he+i CSPl 

00UH 
72 lft~-14 ~0106 S!Q 84ZU8 'JUMP IF ~O PRODUCT YET 
13 te>3•e 0'4•161 IUNii8 I JS~ PC,MTU28 

000Je~ 
74 1n=>2 00•1b1 JS~ PC,ML.Tl21 IONE SIT FULL P~ECISION 

u0au 
7, 103=»6 IO 1271 b MOY #U, 1 UP 

000k'l20 
1e 10"02 ueo0• 8•U12U MOV l9•hiCSPl1R• Hi ET NEXT TO HIGHEST ORDER 'RACT 

0001d24 
17 163b6 ~.a U06 8 llllt. 82NU8 
78 16.)10 W>U166 TST au+• cs.-.l 

000020 
1~ 1637• IO~ll00J 6Nt S2Nli8 
80 1U16 i6~e1eo TST 8•5•i CSP J_ 

000n0 
81 1u02 0u•ea t;EQ 82Zl~8 
&Ii? 1Uid4 00•1e1 tt2NIU I JS~ PC, ML.U2d 



uean 
It! 16'10 0U60• 

(1HH1-' a 2 
14 lCl•U ~ 12716 

ki00001 
II , .. ae 0'641~1 

neat• 
II ll·U• iU717 

0iHiti 14 
17 llf~I H57 25 
H ie•~a 06260• 
19 
9i 
u 
H 
93 
'1• 
95 
·96 
97 
91 
H 
&II 
Ul 
ua 
&lit ,,, 
ue 
111 

"' UI 
119 
l 11 
1U 
lU 
lU 
u• 
lU 
116 
117 
118 
119 
U0 
121 
122 
lU 
12' 
u~ 
126 
U7 
128 
l2SJ 
U0 
Ul 
U2 
1n 
u• 

8241281 MDV 

t10V 

JSH 

JSR 

UT 
AOD 
,fhOC 
1lFO, 
Cl.,R 
81$1:1 
AOO 
MOVB 
~OR 
hU 
r10V8 
SWAB 
MOVI 
IOI 
"OYI 
IWA8 
tl.Ri 
,INOt 
, If OF 
HOY 
MOV 
MOY 
JSR 
t10V 
MOY 
~av 
MOV 
JSR 
ADD 
ADC 
ADC 
ADC 
ADt 
P"OV 
MOV 
JSH 
ADD 
ADC 
ADO 
AOt 
ADC 
MOY 
MOV 
JSR 
ADO 
ADC 
AOO 
AOC 

PC,Ml.TS2tl 

PC,MTU2tl 

IGtT HIGH ORDEk BITS 

IGO DU TH! NORHAL BIT 

(IP)• IFl.,USH ITEHATlON CCUNT 
(SP)•,R• IADO tXPUNINTS 

EAUMUL.ulV 
R4 
8•1(1P),~4 JGtT EXPUNtNT 
R4,•~P JGET SUM O~ lXPONENTS 
#l18•l(IP) JINStRT NO~MAL KIT 
BtSPl 
Bt&Pi f LE'T JuSTlFY FRACTION 
B•;J(~P), It CSP) 
h2 (OP) 
8•5(iP),h2CIP) 
B•.t(IP) 
h7(11') 1 '5•4CIP) 
hS (OP) 
h6 (~P) 

UE 
#MQ 1 M4 IPOlNT TO MQ 
ACSPl 1 •(IP) 
B•6•acspJ,fR4 JGlT •t•64 
R~1EMUU8 
(SP)+ 1 R2 JRtSU~T TO PRODUCT 
(IP)+ 1 N3 
A•2ca.p),•(SP) 
B•4•acsp~··R• JGtT •2•63 
R~1fMUl28 
(8P.J+,R2 JAOD TO PRODUCT 
ro 
(¥PJ• 1 R3 
R2 
Rl 
A+4(iP),•(IP) 
B•a•i(IPJ,•R• JG~T ·~·sa 
fl5, E~UUI 
(SPJ• 1 R2 
kl 
(SP)+ 1 R3 
Ma 
Ri 
A•6(1P),•(SP) 
1•0•i(S,J,•R4 JGtT A4•S1 
R' 1 £MUl28 
(5P)+,R2 
R1 
(SP)•,R3 
ft2 



IML.00~ MACRO Vrf04•14 07•Stflw12 11 UJ P~Clf J~S. 

U5 AOC Rl 
U6 MOV Ra,R~ I OIV IDE 8Y 2**18 
137 MOV FU I RW 
138 tL.R Rt 
13g r-IOV ACIPJ,•C:JPJ 

' .. 0 MOV 8+02 CSPJ, tJU JCIET A1.t:tJ 
141 JS~ R~,EMUSU 
142 AOO (SP)+ 1 R2 
U3 AOC r.t 1 
lU ADO (1'9)+,Ha 
10 AO~ Ra 
146 ADt Rt 
147 fl10Y U2(¥P),•(SP) 
148 MOY hha (Sfi), •U JGt.T A2•tl2 
14Q JSR tU,£MUIU 
1 !j Id ADO (IPJ• 1 R2 
u' AOt Rt 
152 AOD (IP)+,R~ 

U-' AOC R2 
u• AOC RI 
155 MOY A+H~'9J, •CSP) 
l H MOY l•hi(SPJ,fU JGt.T Ahl:tl 
151 JIM Re, El'IUH• 
1 :58 ADO (SPJ+ 1 RI 
15g AOC Rl 
160 ADO (IP)+,R~ 

UH AOC 512 
162 AOC RI 
1153 MOV ACIPJ 1 •(jP) 
164 MOV ••a•a (SPJ_, •R• JGET Al•b2 
16~ JSR R&,!MUUI 
166 ADD (IP>+,Rt 
161 •oc Rfl 
168 ADU (IP)+,R2 
lU AOC IH 
170 AOC Rrd 
171 MOY U2(~PJ,•(SP) 
172 MOV B•0+a(SPJ,•Ro4 IGET Ah81 
17J JSR H~ 1 Efl\US:Zit 

174 ADO (8P)+,H1 
17:; AO~ Jee 
116 ADO (SP)+,Ra 
111 AOC ru 
178 AOC Ril 
17g ri,ov ACSPJ_ I. (SP) 
1H HOV hhli? (SP) 1 llU IGtT Al•tll 
181 JI~ U'l1fMUIU 
112 ADD (SPJ•,R0 
1U •oo (IP)• 1 R1 
184 AOC fit (0 

180 MOV (::IP)+ 1 M4' IGET SUM 0, EXPONENTS 
185 , Et-4uC 
181 .IFLlF P4UL.01V 
18&1 MQV A CSflJ, • PiP) 
18SJ MOV S+h~ CSP) 1 FU Jut.T Al•tlA 
l SHJ JSH PC, EP1U12H 
191 MOV fU,~~ IRE5U&.T TO PROOuCT 



IMLD'°C) MACRO VR04•14 07•St:.P•72 U IA~ PAilt 33+ 

U2 MOV R~,~3 

UJJ MOY U2 (~P), "CSP) 
1g• MOV B+h2CSPJ,R4 J Gt. T A2•63 
1;5 JSR PC,f.MUS2i 
1g6 ADO R4,R~ JAOD TO PRODUCT 
191 AOC IH 
lH 400 iief),RJ 
1gg AOC R2 
a00 AOC Hl 
201 MOV AU C~P),"' (SP) 
202 MOY 8•hlt (8P), R• JGC.T A:S•d2 
an JSH PC,EMUS2~ 

204 ADO ~U, R~ 

205 AOC iH 
U6 •oo R5 1 R~ 
U7 AOC F<2 
208 •oc ~1 
ug MOY A+o c::>P),. (SP) 
210 MOY B+0+~ ($P), !oU Jl.itT A4•t:i1 
211 JSR PC d:.f"IUS2lt 
212 AOO R4,Kit 
au ADC R1 
U4 AOO t(~,R~ 

21:, AOC ~2 

216 AOC FU 
217 MOV H2,~I) IOlVlOt. IH 20115 
218 MOV R1 1 R2 
2UJ Cl.R R1 
2U MOV AtSPJ 1 • (;iP) 

2U MOV B +4 + It ( SP J. , R A JGtT •1•ti3 
222 JSR Pt;,t.MU12li 
2n ~OD R41Ri 
22• AOC Rl 
22~ AOO !i<tS, ~J 
2U AOC R:il 
227 AOC R1 
228 MOV A+2(1P),•CSP) 
2a~ MOV s+a.a C8Pl., R4 JGET A2•d2 
2H JSH PC,EMUS2i 
au ADJJ IU, Ra 
2H ADC R1 
au AOIJ Rb 1 R~ 
2U •oc; lit2 
us ADC ~1 

au MOV ••4C~P),•($P) 
237 MOV 8•0•i(Sfi'J,R4 JGET A3•i:t1 
238 JSR PC,EMUS21 
23Sll ADD R4,R~ 

240 ADC k1 
Ui ADO ~::a,11~ 

ua AOC R Ii 
243 AOC Ri 
a44 fl'IOV A(SPJ,•(0) 
us MOV B+a•~CSPJ,IU JGt'.T A1•S2 
246 JSR PC,EMUUd 
247 AOO R4,IH 
248 •ot R0 



SMLOlcJC MACJ<O VR04•14 07eSE:.P•72 1110 PAliE 3h 

24D •oo Ra,~i 

20fd AOC Rl 
2f) 1 ADC R0 
2:;a MOV ••2 C:iPl I. tSPl 
2::;3 MOV S•S•i (SPJ, IU rGt.T A2•1:it 
2~• JSH PC, fMUS2S 
2~~ AOO R'4,~U 

2~6 AOC R0 
257 ADO R~,Ra 

2ea •oc; IH 
2~9 AOC 

k '° 
2bld ~ov A (SPl. 1 • lSPJ 
261 MOY 8•h~CSPJ,R4 JGt.T At•til 
262 JSH PC, !MUUd 
2e3 ADO R4 1 RIO 
264 A.OD R~,R1 
2t>::> ADC R~ 

266 MOV (:IPJ•,R~ JG~T SUM OF EXPONENTS 
2b7 et.NOC 
2Cid b4J4 U61)03 AS'9 RJ 151-iIFT OUT NOM"1AI. an 
~og b4J6 ioiae11tu w OL. H :Z 
~7ld Oo4•0 itl06hi1 pij 01. R :L 
271 644:il 0~e10" Ii( OL. HID 
21~ fl •'44 u3 .. 0e SC S NOMli8 IJUMP If IT .,.u liOUNO 
27J b44ti 0roeJ0J ASL. IU 
274 0 4=>"1 00e 102 ~OL. ~a 
27~ b4=>2 006101 ROI. R1 
ue 0404 "'!a6 l 01d l't OL. Rl"O IMUST "10t: GOT IT ~O~ 

271 b4:)6 ~H15J04 OEC R4 I ADJUST EXPONENT 
278 ei400 1t>2704 NOMS281 iUB #iZH1R4 ITA~E OUT O~E OF THE EXCESS 121118 

l'Htl 12120 Id 
27fal 0404 IOi03C53 f:) I. t. UNOU8 IJUMP IF UNDERFL.DW 
280 6466 0221~4 CMP #J171R4 

000;,7 7 
2ij1 f:iit12 M?~240 IL.T OYRli8 IJUMP 11' OV!RIJl.,OW 
282 6414 10500.! Cl.RS IU 
283 011178 1 ::l021U uu R:Z, 0 l8Hl'T ~RAtTlCN HlijHT 
284 09'50 0UilU SWAB IU 
285 05~2 ueua Cl.RB R2 
286 eeru uuu LHU R&1Ra 
281 65Wl& 000~02 hU R2 
288 HU U5001 Cl.RB Rl 
285l 6512 150001 UH R0,Rl 
a90 HU IOH,01 SWAB Ri 
291 esu 1Uil00 CL,RS Ff 0 
2ga 6!520 1 !50400 uu ru,R~ 

2 filii e~a2 00Uu h~~ RlO 
294 6&24 005025 ~OR (liPJ• JG!T PRODUCT SIGN 
2Q5 60ll6 0111600~ RO~ R0 IINSE~l lT IN Ut.IUl.T 
asui b5~0 1'106ial61 FCO~ FU 
2g1 fH5J2 008002 WOR RIZ 
298 f:I~~· 1Hel003 fl( Ofic fi(J 

2~!11 bb36 ~~~~0~ ADC RJ 1HOUNO ~ESUL.T 

300 6~40 00!5:let2 AOt: R2 
JU o~4a IOlrH>:)01 AOC R1 
31a2 '>!54• V>li5~01d AOC Rll 
J03 6ts46 10;,410 ecs av u~e 1JUMP IF OVEH~l.OW UN ~OUNO 



JU ti~:>0 u2•1::; 
HO HOa ldlUU 

IO!a0U• 
ue ae:t6 k' 10166 

H0I01ei 
301 b~Hi2 ~10~8b 

~la0~20 
301 t;~ti6 ~ UJ6o 

000022 
Jlll~ 6~72 IOH!?O~e 
JU 6514 -'120e4 
u1 e~,,, rooa10b 

~0~11110 

ua uio2 "'"'0u• 
313 681• .,_,~7 •6 
u• oe~e 0127011 

~0511H~J 
U5 e;u2 ~~0•~1-:; 

316 6614 ~12700 
~~Jii105 

317 esa0 "~5726 
ua ua2 .,u:l67 

~0317~ 

31g b61ii6 ~~~"0" 
320 156J0 ~-'5""1 
321 &e.J2 ne002 
ua oU• 0~~160J 
323 ti6U 0~07 •:S 
32' 
32~ 6640 U6.Z0A 
32'5 t>642 U3~22 
321 6544 I056oe.l 

i0"'002' 
328 tSb,0 11111~~:;02 
U'1 6e5a 005~01 
3U 660• W2'1b~00 
U1 86~6 Hl5005 
332 eu0 0eet:iv:.oa 

U0020 
333 666• 160~~0 l 
3U 6606 U6=>0_, 
;ue ee10 0_,5~0b 
336 b612 066t»01 

H01C)te 
337 6676 ue::>f1'110 
3-U 01io0 0uoe:; 
33~ 67t02 1t1b6be~ 

ro~0~14 

3•0 b7v26 vHH>=>0~ 
341 6710 V)IObc~~ 
U2 0712 ~~6~Ht1~ 
343 6714 ~h1611:lV 1 
34' ,,., lb ~w.H>~~~ 

H5 t.720 01&1612'0J 
.U6 6722 IOill!Job 

1110~1de2 
H7 b1ilb ~i.1~344 

MQ'V 

MQV 

MOV 

"1QV 
MOV 
ADO 

JMP 
O\lii2ttl TST 
OvWS2fH "'OV 

f:~1t!BI TST 
JS~ 

LEltS:Zttl tL.R 
CL,k 
CL.~ 
c I.~ 
bR 
, Ifi ~uF 

Ml,. T$281 AS~ 
sec 

MT1S2bl ADO 

AOC 
•oc 
AOC 
AOC 
ADO 

AOC 
AOC: 
AOC 
400 

•oc; 
AOC 
ADD 

A.Qt,; 
x012e1 •s..c 

~O" 
i-'QR 
~o~ 
RQ~ 

OEC 

t> G l 

OV1Sc8 
R0,~t.SL.T 'SI") 

R1,~t:.SL.T•ll(SP) 

R2,~t:.SLT+.t(~P) 

RJ,RC.SL.T•6(5~) 

(SP)•,R5 
(SP)•,w4 

JPUT OUT ANSwER 

#d,,Sp lfL.USH TOP A~GUMlNT 

•C~4J+ l~ETURN 
•lSPJ JfA~t SIGN 
•~00J,R?- rE~RO~ 311~ 

ft,;i,.SC!B 
•J~~o,R~ JE"RO~ ~16 

(~P)+ l~L.US~ SlG~ 

~~,~~~RA ,C•L.L. E~~O~ 

R~ 

R1 
R2 
~J 

ICL.E.AR HlG~ O~Dt~ ~ESu~T 
rCL.EAR 1..0lli OROE.R 

OUTS28 
E.AE&MUL.01\I 
fU ITEST 
XU2ti I JU,.,P 
•+6•4(SPl,RJ 

R2 
R1 
R~ 

NEXT MUl.Tl~LlER ~IT 
lF Il IS ~ 

IAUO IN MUi.TIPL.IC•NO 

~~ JSAYE OVER~L.Ow 
A+4•4 (::iPJ, R2 

I( 1 
WtO 
IHt 
A+2•4 (SPJ, IU 

R0 
R~ 

A•"+4(SPJ,RVi 

~:, 

k~ l~ECOVtR OVEkFL.O~ lF ANY 
~~ INOw SHIFT P~OOU~T 
~1 
i"t2 
1-(j 

2lSPJ ICOUNT LOOP 

Ml.TS~8 IAGAlN P~E•SE 



SMl.O~~ "1AC~U \l~k1A•li4 01•SEP•12 11UJ PAiiE 3J+ 

JO t>7J0 ~~~i&'.~7 k TS pt: IRETURN TO C•L.LE~ 
~ug t>7U I00~Jbb MT2UU DEC 2CSPJ ,00 ONl.V l~ BITS T~IS PUS 

~~0ia~2 
35ia 67~6 '1~6204 fl1TIOS26 I ASM R4 ITEST NEXT MUL. TI ~LI t.~ BIT 
3 :51 b140 1~3~'17 ti CC )(0~511!! IJU~P IF ~ 
J!)2 6742 lr!lei60~ 1 ADU h2+4CSPJ,Rt IU~E ON~Y MIGH UROER MUL.TIPL.ICAN 

~id0~16 
J!)J C74b 0~5_,~_, AOC R~ 

354 01~0 lth)5~~~ AOC ~~ 

J5o 01:12 ll!bbC)00 AOU h0•4(SPJ,R~ 

lllii101t114 
J!>6 b7:>b 0"1~~"~ •ot R:) 
~!:>7 et7b~ "0620~ XeU~ll I Ai~ R~ IRECO~lR U11Y OVf ~FL.OitJ 
J~ll '5752 IO!ll6000 Iii Ok fiC0 
J5g 67tt4 k7~bl001 ~OR Rl 
~Hiid 8166 ral1efi'e2 ~Ok ~2 

361 t:J71'!A ~ldblOl('J ~o~ RJ 
362 '0712 '1-'~Jb6 1.1EC 2tSPJ ICOUNT L.OOP 

"'00~02 
363 o71b ~03~51 t; CJ T Ml0$C8 
364 7~~0 1,H:l0i07 ~rs PC.: iRETU~N TO CA~L.ER 
3b5 I t.~OC 
3t>6 .lFuF"" EH 
361 EMU1i2~1 I.. i_ ~ ISP JC:L.EAR PRODUCT 
308 TST flii4 
36~ bt~ MZ:.2~ IJUMP I II' "4U1.TIPL.1E~ ~ 
370 Sc; T l'"IPl.!~8 

371 lST 2CSPJ n E5T MUL.TlPl.ICANO 
372 i; l Q MZ52tl IJIJl"IP l, 0 
313 ~GT MNGS:C8 IJU~P 1'' ••• 
374 • 0 I) (~4,•,flSP JCU~RE.CT 2'S COMPl.EMENT 
375 AOD 2CSPJ ,flS.., 
31tS !;R EML.Sc8 
311 MPL.5llel T!T 2CSPJ ,TEST MUl.TlPl..lCA~D 

318 tH.Q "1ZUti IJU~P IF 0 
31~ t:SGT ML.iil528 I JU,_,P Irr • 
~8~ •oo (fU)+ 1 U., 
381 6~ f Ml,.$4?8 
382 .., 1•.,11, 5 2 ij I ADO 2 CSPJ 1 ISi" 
383 ML.t.11281 lST (IU) + JPOINT TO f'4UL 
JS4 t:.~1.1281 MQV 2CSPJ_,et~4 IMVL.TlPL.Y 
Jee MQV •C~4J,2C~F-1l rGET f:'ROOUC:T 
386 AOU •C~4J,easP 
~81 TsT (W4)+ IPOINT TO MQ 
388 JMP IM5 l~ETUR~ 

J~g MZUBC c: I. k 2CSPJ IHTU'(N ~ 

3510 JMP -~5 
3§11 .ENOC 
3g2 , H CJF MUL,D1V 
JWJ t::MU528 I c L.. 11 "tS?J i CL.f.A~ HlG"t i;i11ooucr 
JQ4 TST ~4 ITEST MULTlPLlCA~D 

3Sil5 BEQ Ml.i2b 1JU~P I~ ~ 

JSHS i; c; T MPl.5ii?8 ,. 
Jg1 TST 4CSPJ llt::ST Mul.TlPLHR 
Jgo tf Q MZS2d IJU~P IF iO 
3~g e '1 T Ml\41!~8 I+ 
40~ bR f'4~1a:ii!s 



401 MPl.S2fjl TsT 4tSPJ. ITEST MUI. Tl Pl. lER 
02 tjEw MU2d IJWMP I fir 0 
403 t3 GT ML.QS28 ,. 
04' AOO FU 1 f ~P 
06 B~ Ml,.Q5~8 

06 MN\JUi I AOU K4,nP 
01 MNh2til A l)L) 4C~PJ,UP 

08 Ml.,i.iS2e I .~ORD 010406,4 J1MUI. 4(SP),R4 1Gt.T PRO 
·~g MQNl281 •ou (~P)•,R4 JADO IN rlll.H ORuER PARTS 
410 MOV (SP)•,UI' Jr LUSH MUL.TIPL.lER 
•11 f(TS PC I RETURN 
412 MZID2l:J C Cl.R ~4 HiESUL. T IS 0 
•U CL.N R~ 

41• u MUNli8 
•16 ,f~OC 

410 ,iNOC 
07 ,fNOC 



1 
a 
3 
4 
!5 
6· 
7 
8 
g 

u 
11 
12 
l3 , .. 
1 e, 
lb 
17 
18 
19 
20 
21 
22 110ru 
23 11i:HU 
24 17006 
2~ 17010 
2t; 17012 
27 170" 
2tl 17~U 
29 11020 
3"' 110a2 
31 110a• 
:s2 11ue 
33 11!a~0 
34 110U 

36 170H 
36 1700 
37 17042 
38 11M4 
J9 17i04f> 
0 17000 
41 11002 
42 110~u 
4J 170:>6 
u 11000 
4~ 17etQ2 
0 171t1b• 
47 17~06 
4S 17~7[1) 
4Q 17072 
5~ 171c'l74 
51 17~16 
5~ 1'1~0 
~J 17 U2 
54 171IOAI 
55 17H'6 
5b 11110 

l100~00 
000HI 1 
ID_,0!00i 
0IOWJlllU 
~\001404 
000uo 
~UU6 
117~11 
117Ul4 

0rl'H500~ 
01U01 
003003 
001465 
0051l0IO 
0'1,401 
101lbld3 
0'°31403 
~141450 
IOI0~201d 
k'.ik1!5403 
0104•6 
012704 
V1100~ l ~ 
0a0U3 
002~03 
010102 
IUU01 
U0~0J 
"'0e002 
006icH112 
newiu 
101601 
000102 
0~!5U4 
003;)72 
16120~4 
10~7~3 
0141.,2b 
1:5020J 
0vl0~0J 
1u002 
~~0J02 
0~6~~' 
~1:11"'20 
0060'1!3 

, , 
I 

' ' , , , 

1 ... :1 .. 11 

PU2~1 

CV~S2YI 

I TITl.t. SML.Uf:i 
,1.-oF CNUSi9 
,G~OSI. SM~IrSf~~ 
$~LI ••~• lNTtGtH MULTlP~Y 

IMLl V~0~A 

COPYHIGHT 1g11, UlGIT4L ~QUIPMET CURP,, MAVNARD, 
CA~~ED IN TH~ PO~lS~ MOOE 
HEPLAtE THE r~u 'NTEGERS Oh THE To~ OF THE STACK 
WITH TH!lW PHOOUCT 
R~•UI 
M1U1 
Ra•u 
~3•13 
k~•U 
~5•X5 
5P•lb 
SiU2QJ177J11 
MQIF117U4 
.I,NO~ EAE&Mu~ulV 
C~H R~ ICLfAR PMOUUCT SIGN 
MOV (8P)•,M1 IGET MULTIPLICAND 
~GT P112~ IJUMP lF + 
~£Q ZERsa; IJUMP IF ANSWER ls ZERU 
IN~ H0 INOTE • 
Nf<I Rl 
MOV fiP,~3 •GfT MULTIPLIER 
SGT P~UW 
HQ Zt:Rl~9 
l~t "~ IFORM HfSU~T SIGN 
Nf ti RJ 
MOV R•,•t5P) ISAVE R4 
MOV •s.,H4 l~ET UP FOR LOw tlijHT BITS 

CMP Rl,.,.~ 
~GE C~RS~9 IJUMP lr MU~TlPLlt~ SMALLER 
MOV Al,~i 11, NOT MAKE JT SQ 
MOV fU,R1 
MOV fica,~~ 

C~H Re ICLEAR HIGM O~Ot~ P~OOUCT 
ROR R2 JIHl'T PHODUCT 
HOR R3 
sec cvcsag IJUMP IF MVLTlPLlE~ BIT IS 0 
ADO R1 1 R~ IAOD IN ~U~TlP~lCANO 
OEC R4 ICOUNT LOUP 
SGT MIJL.$29 
MOV (j~)+,~4 JRtSTU~E ~4 
TSTB kJ ITEST HIG~ Mu~1I~L1EW 
6Nt UV~$~9 IJu~P lF M~~1lP~lE~ NOT GONE 
blSa R2,~J IMQV~ P~OOUCl ~I~Hr 
Sdd RJ 
ti,. RB w2 
~dd R2 
•SR k2 IONE ~AST SHl'T 
BNt OVHS~9 IJUMP IF ~kODUCT l~CEEOS 15 BITS 
~Olil' MJ 

MASS, 



~7 11112 
08 17114 
~g 17116 
u 171~Cc1 
e1 11ia2 
n 111a4 
6J 171~6 
64 171.)0 
6f) 171J2 
66 t71U 
61 171J6 
68 17140 
69 17142 
70 111•• 
11 17146 
1a 
73 
74 
1 'b 
16 
17 
78 
7g 
80 
81 
82 
SJ 
84 
8~ 
86 
87 
88 
ag 
g0 
Pl 171b~ 
g2 17102 

g3 171~6 
g4 11100 
g~ 171t§1 
9b 

v:i~H54V'J 

U'101 e.I 
iOIObltl0~ 
10;)4~2 

~ii1~4!ll3 
1162411 
010~10 
00~U4 
00~40J 
U21005 
fl'_,e001e1 
11i:l3772 
0~0402 
l1.HH501 e 
"00134 

iiHH.5016 
0~4:;67 

~i62Cj3~ 

14~0134 
Ill" J 
"'16 

OUTs25'1 

NGM$2Sil 

SMl.11 

iMl.11 

; MA"'E • 
IJuMP lF TCJO BIG 
l~ET P~OOUCT SIG~ 
IJUMP lF • 
1 MAKC: + 

1 MQ\lt:. OUT 11ESUI.. T 
IRETUlilN 

NEu 
i; p I. 
MO~ 

dCS 
NEG 
dVS 
MOY 
JMP 
NE c, 
eve 
RUk 
t:sCS 
SR 

RJ 
0VR$lt9 
R0 
OUTS29 
~J 

ov~s'g 
R3,flliP 
tttR4)+ 
R3 
ov~u~g 

R 14 
OUTS~g 
ov~s~g 
UP 

;TEST fQR OCTA~ 10~000 
JJUMP IF NOT 

Cl.R 
JMP 
• t::NOC 

• tR4)_• 

ITEST FO~ NfGATIVt MESULT 
IYES, w~ CAN ~•NUI..~ THIS 
10\#t~FL.l'l~ 
lt;l..EAR PROOUCT 
I RETURN 

~ML.I CODE ,O~ T~t EAE 
.HOF f.AE 
MOV ~MQ,~0 IGET 
MOV CSP)+,(~~)+ 
MOV CSP)+,fk~ 

MQV •CR0J 1 "(~P) 
BIH •2,Sl'(S29 

M Q A Li LHU:, 5 S 
rMUL.TlPL.lEM TO MQ 
rMU~TlPL.lCA~O To ~UL 
JPkODUCT TU sr•CK 

o~~ u~R$29 IJ~M~ lF P~ODUCT NUT SlNGL.E PRECISION 
JMP f (~4~+ IRETU~N TO UStR 
,ENOC 
iM~l FUR lHE MU~UlV 
1 lF' OF MUl.,O 1V 
MQV (Sl=')+,R0 ,MU\IE MUL.TlFL.lt:iii 
,wo~o ~7~~~b llMU~ (5~)+,~~ I MULTIPLY 
MOV R1 1 •~SP) JPUSM P~ODUCT 
BCS UV~i~~ JJUMP lF OH~FL.O~ 
JMP f (li(4)• 

.~NOC 
I,; L. H 
JSk 

(:SP) IRETU~N 0 

Jto1"' 
,BVTE. 
.nrE 
,C.NOC 

R~,S~R~ lf~ROR Jp14 



1 
2 
J 
4 
5 
() 

I 
B 
g 

u 
11 
12 
1J 
1• 0IO~I000 
1:; 0~H~k'liil 
16 00~~02 

11 ~'°~'°~J 
1d ~li!!~U• 
1511 itjtO~lt10~ 

21tJ ~hh~ra00 
21 ~ld~Wl01 
22 117~0• 
2J 177~11 
24 177"1' 
2~ fdia~1c1~~ 
2b ~~~~1~ •• ~. 
21 ~~0~14 s.12, 
28 ~~~~10 ~f~~f•8, 
2g 00~~~2 &I~N•2 
J0 
JS iM~wC 

32 
3J 
H 
3 e> 

3b 
37 
38 1,102 ~1~446 iML.RI 
3~ 1110• ~ll~~·b 
4~ 

41 111ce; l(llbee2 

4 ;t 
4J 
44 
4~ 

40 
47 
48 
49 
:H1 
51 

!>2 
!>J 

54 

17 t 72 
17114 
1' 116 
112~'11 

172'12 
112!04 
172"1& 
17210 
11212 
17214 

112c0 
17222 

112~6 

li!l00K:H'.4 
1:11i1b.)0i2 
~icH11'~ 
~.5f)~4o 

VttlMV2 
11~1210 
~~'10V'1 
-'-'\'Jcb 1 
0~e0~~ 

u~rovi' 
1:>et>ro2 
0¥it11tl13 
k.'1"15~'-13 
1 ~b00..> 
0~1tlld 12 
(Ul{jid~03 

,TlTt.E 
• lf' :JF 
• i.iL.udt. 
~ML~ 

SML.~~b 

CNOSJ0 
$ML.lil1 it:.~io(A 
TM~ ~tAL MULTIPLY kOUTI~~ 

COPYRIG~T 1971 1 UlGITAL ~QUI~MENT ~O~P,, MAYNARD, ~ASS, 

CAL.L~U l~ ~O~IS~ MO~t. 
REPLAtt5 THt TOP TWO ~EALS O~ TMk STACK 
~ITrl THtI~ PWOOUCT, 
kUU 
k1•U 
fi2•U 
tieJ•U 
k4•X• 
~~·xe.; 
SP•%15 
PC•X7 
MQ•177JU 
~0171311 
l..5H•177Jl4 
fiUrd 

1lFOF 
.wo~o 

I illO~O 

I \lllORO 
,wUi<O 
JMP 
,ENOC 
1 lh.tOf' 
MQV 
f-IQ~ 

, 1fi' NOf' 
MQV 

FPU 
17 ~HJ IO 1 
1724215 
1710~6 
17046 
·'ltoi4J+ 

~ ..,u 
~4,.~s~J 

II SUF 
IJt.LiF 
111'11.Jl..F" 
IJSlF 

(SP)+,F.1 
(S~)+,~!J 

F~r·C~P) 

~o, .. (SPJ 
C:A.t::&MlJLUiV 
•+it•4 (SPJ, R2 

~"' •• cs p J 
IS~IfT MU~TIP~ICAN~ 
IKEEP SIGN 
ICL.EA;.( EX~ONtNT 

IGU MlH .. TlPt.ICAN 
JMUL.TlPl.Y 
rPROOUCT lU STAC 

4 s L. 
~OL. 
Cl.H 
hAd 
MOV8 
r;, E. \i 
Ht: 
fiiQR 

11(SPJ 
~2 

~2,.-:,p 

l t:, 1 'J ,. l~Et~ MuL.TiP~ICA~D EXPONENT 
;JJ~P lF ANSwt~ ls ZE~U 
IIN~~~T NOMMA~ blT 

CL~t3 
bl~d 

t{;c! 

f.l2 
A+J(~P),1<2 



515 172~0 006~66 ASL. 8(SPJ. I SHIFT 1-4 I G~ MUI.. TlPL. It.M 
idk111'~14 

58 172J4 V!\45~60 ADC uG~·nsP> JGt.T PROUUCT SlliN 
0~01d02 

57 1124" U5766 TSTd tj•l(l»P) 
~H., U 

H 17244 ""°1'67 dtQ Zt. Ul)pi I JU"1P 1, ZtRO 
~~ 17246 IOfOt;IOU fiiOM IHSPl_ JSIGN 15 NOW lERU 

f0011'"14 
60 11ao2 0~0'10\0 CL.H R0 ICl.EA~ PHOOUCT 
61 112:>• ~0!5!a01 r; L. R Rl 
62 17ii~6 !016004 MOY h2(iP) 1 W4 JGt.T L.OW OliCOt:r~ MUL. TIPL.Ui;( 

~VJ0l016 
63 t7aea i)(61406 "EQ t52ZSJ0 
5• 11ata• 0U7ei:5 S2Ni3IO I MOY •15.,~c; 

ltlld01iH7 
65 17270 I0041t>1 JSM PC, MT0U~ 

~Ha0a20 

ea 1727• '{JtJ•761 JS~ PC, ML. TSJ!iO JOO ~•ST ~uw SlT FU~I.. P~EClSlON 
~16"' U0 

87 17300 !016004 d2l.SU I MOV BCSPl,R4 JG~T ~lGH UkOER ~ITS 

IDI00i014 
H 113104 ~1270:5 MOV #7, r.i~ I Tt1t.~E AME ONL.Y SEVEN OF THt::M 

~k30~07 
ti~ 17310 v-Jld47e7 JSR PC,Ml.TS3IO 

i00~144 

70 11314 ltl0.4ltJ1 JS~ PC,MlUJIO r~o 00 T"E NORMAL BIT 
r1H1UO 

71 11~a~ ~b2004 AOU (~P)+,H4 JAOO tXPUN~NTS 

72 ,ENOC 
73 t;.U. COOE 
74 , IFOfi E::AC: 
7~ \Al+A2•2•••lb)•(~1+62*'**•16) 
7b MOV #MQ,~4 JPOlNT TO MQ 
77 MOV ~1~0~00,M~ •GtT L.EAUING BlT 
78 MOY B+2•4(SP),f~4 JLOw OROtR B TU MQ 

7W MOV S•0•4CSPJ,•CA4) JHlG~ TO AC 
80 ~EQ Zt~l~0 IJUMP lF 0 
81 l~C f#~S~ IGET SIGN 
82 ~ORB us~ 

83 ~OL. •LS~J ISAYt lT 
84 MOY c~•>•,·c~~) JSAVE EXPONENT 
8 !5 ci..~e f5P IHIGHT JUSTIFY IT 
86 SWAB fSP 
87 MJV •7,l#LSH IM~VE F~ACTION LEFT 
88 ~ov 1w4,w(SPJ rs•vE B2 
851 ~lS ~~,·L~4) II~Sf~T NO~MAL ~IT 
g0 MOV (~4)+,•(~P) JSAVt Bt 
91 MQV A•2+4(SPJ.~~4 ;~uw ukQtk A TU MQ 

92 MOV A+~+4(5~J,•(R4) JHlGh TO A~ 

93 OE~ Zt2iJ~ iJUMP lf ~ 

94 I~~ l#~SH l~tT SIGN 
9 e> ~vHB l•S~ 

9h AOC o(SPJ luET ~tSUl..l SIGN 
'U MQV fM4,~J IGET F~PONt~T 

9 t; Cl..R~ ~3 

9~ SwAd RJ 



100 
101 
Ull? 
103 
104 
l05 
U6 
107 
U8 
UQ 
l 10 
111 
l12 
113 
U4 
ue. 
11 f5 
111 
118 
11'~ 
120 
121 
122 
123 
124 
u~ 
126 
127 
128 
129 
1311l 
131 
132 
133 
lJ.4 
1 J:) 
136 
137 
138 
13Q 
10 
Ul 
142 
14J 
1U 
14~ 
14ti 
147 
148 
141 g 
100 
101 
152 
103 
1 '5. 
155 
158 

AOD R~14CSP) ,GtT SUM OF !XPONENTS 
MOV #7,l#LSH IL~'T JUSTIFY 'RACTlON 
MOY (H4)•,~2 ISAVE Al 
BI& R5,~i IINSfAT NOWMAL. BIT 
CL.R R0 IC~EAR PRODUCT 
CL.R IH 
MOV C~4)+,RJ JSAV~ A2 
ttrd:. AaNU0 
TST •C~4J IPOINT TO MQ 
~H A2ZS~0 llHORT CUT 

42Nl301 MOV flP,•R~ JGET 81•A2 
CMP •tR•J,•CH•) JPOINT TU AC 
ADO R3 1 1H4 1•2 1 2ts COMP COMRECTION 
TST H;J 
BPL. UPU0 
ADO fSP,•R4 1Sl 1 CORHf~TION 

A2PJ~01 MOV (M4)• 1 R1 JHlGH PRODUCT To R1 
•2,13il MOV 2(8Pl 1 CR4)+ J82 TU MQ 

i:t~t; 82NS;)0 
TST •Ck4l JPOlNT TO MQ 
~R !2ZS~0 ISHORT CUT 

s2N1~01 MOV Ra,1H~ IGET B2•A1 
CMP •CR4~,•CH•l JPOINT TO AC 
•oo 2CSP~,.k4 162, CORR~~TION 
TST 2 CSPJ 
BP~ 82PSJ0 ,JU~P I' !2 • 
A~D Ra,1H4 1Al 1 CORRECTION 

B2~SJ01 ADD CR4)• 1 R1 JMlGH PRODUCT TO R1 
AOC R0 

S2l1~01 MOV Ri1 (~4)• JA1 TO MQ 
AOL> Ra,RIO 
MO~ ISP,•R• IGET A1tBl 
ADO (SP)+,Rk' 
ADD •tr~•J,R1 
AOC M0 
ADO •CR4J,R~ JAC+~0 
TST CSP)+ IPOP 82 
MOV (iP)+,R4 JG~T SUM OF EXPONENTS 
,!NOC 
MUL./OlV cuoe; 
,If'OF. f'lllJl..OIV 
Cll+A2•2••wtbl•C~1+82•2•••l6) 
MOV e•a·•CSPJ,R~ JLOW UROtR 8 
MOV 8•0••CSPJ,R4 JHlGH ORDEH 
BEQ Z.EMU0 
.~o~o 0734~1,1 ,, ASMC •1.~4 IGtT SIG 
ROL •CSPl ISAVE IT 
MQV ~4,•lSP) ;SAVE EXPO~~NT 
CLRS ISP . 
SwAB ISP IRIGHT JUSTIFY 
,~ORO 07J4i1 1 7 JI ASHC #7,R4 ILtFT JU 
MOV R5,•CSP) 1s•vc a2 
dIS •10~~~~.~4 llNSE~T ~OWMA~ BIT 
MOV H4 1 •CSP) JSAVc ~1 
M.OV A+2•4C&~J,R3 l~tT A2 
MQV A•0•4CIPJ,R2 JGtT Al 
SEQ Zf21~0 IJUMP lF RESU~T TO BE 0 



U7 1 wOlolO 07J2~7-1 ,, ASHC It 11 R2 Jf.it.T SIG 
1H •ot 6tSPJ J raE T 1-CESUl.l SIGN 
l :5 g MQV R2,ioild •GET f )(P0Nt.NT 
ua CL.~B ~"' Ul SdB R~ 

U2 ADU ~~,4,SP) I Gt. T $UM OF f.)(PUNl!NTS 
UJ .~o~o 1£'7J2C!7,7 ,, ASHC •7,~2 'C.,t.T Al 
16• tJ IS UvH~IC~H!I, 1'(2 JlNSt.~1 NO~MAI.. t:iIT 
te5 c L.li< R~ f Cl.C.AR ACCUMUL.ATU~ 

lb~ Ct.R R1 
161 U1 j;(J ; Ct-tt::.Ct< A2 
16d b Ii l.l A2Z1l~~~ , Ju HP lF ~ 

16g .11110~0 ~7~4~3 ,, M lJ I. !'( 3 r R4 'GET •2•81 
17ii4 AOL.I ~.).~4 

171 TsT RJ 
112 ~PL. A.21-1.ii~k, iJl.)"11-1 lF ·~ + 
173 •ou 'Si;>, ~4 ; 111 ca~ru.c 1 HiN 

174 A~~~J~I MOV t<4, ~d 1A2•M1*2'*'*'"'10 
11~ A24iJ~I MQV 2C~P),ii(4 I B ~ TU MUL. T lf'I. I!:~ 
17b t; Ela! B2 l. 'Ii Ji iJuMP l f- "' 177 .~o~D 0704~~ ; , MUL. "2, 1-i 4 JGET Al•t:n 
178 AOL> 2CSPJ,io<4 
17~ TSl 2lSPJ 
1 lii0 ti~ L. 0 l ~ J,,,) I~ I J UP-IP If He ... 
UH AOU loi 2, ~ 4 1A1 co~RECf lON 
182 ~21"'$Jlhl ADI) ~ 4, i;( l iA1wtj2•2•••1e 
1n AOC ~~"' 
184 d24$J~S MOV I'( 2, ~ 4 ; • 1 lu MUI. l IPL.It.I'< 
185 AQU R~,~iO 

180 • .-u~u ~/~4~(5 ;, MUL. f'S!J,~4 I Gt:. T ·41 • r\1 
187 A, 01.i (SP)+,1<0 

1 d fj •OD ~3.~1 iLOw Q~f)t.;.C ltl•H1 
ug AOC k VJ 

Hh~ AOL> ~ 4, lo( 11'.i J~IGM uROE ... ' A 1•1:31 
1 !H TH (SP)+ Ip L)P ~;' 
1Si2 MQV U:d-1 )+,R4 I Gt.T s lJ f1 o~ tXPONENTS 
1~J ,El'lDC 
1g4 1322 0~bh'.11 kOL. R1 IS"ilFT f1 UT NOkMAL. tHT 
1 !# ::> 7J2• ~ M'.>10 ll ~CH. lot i1 
196 132b 11.1~.&tl{lJ ~cs NU r~~ J ~ ; .JUMP H l l ""AS fr OUl'lO 

191 1u0 ~"-161~1 l'tLH,. R1 
l~d /3J2 ~lltil?~ "OI.. io<~ ; ,..., us, riAVE GuT 1 T NOW 
1 !Hl 73J4 ~l')!)..,~4 LlEC ~4 ;~oJusr EXPOM:.t-..T 
20~ 7J.)f; 1ht'l ./4 (~QM$..) V1: Sub *t2L10,~4 iT AK t.. Uu T UNt OF T"'lt_ t:.~CESS 1 ~ t; I 5 

1£) '11~ le' 0 it 
2w)1 1342 IC !ti.~~ JC ~I. t; uNi.)j,~C~ ; J l.Jf-'P lF UNl)t.;.(f 1,.UIN 

21r.12 7344 "'''210 -4 C.MP .it.j77r~4 

l(J'{J l{J..)' 7 
20J 73~~ il·"'t::427 b 1.. T u v ;( 1'.) r.~ IJIJMP H 0 '¥ E ~ f' L. tl IN 

2 .,, '.!:l2 hi!:l~rt.1 CL.ktj ,;( 1 
2 ~=> 'J':J4 1:.i1n~01 bI~d ~'°'""l 
2~b 7300 ~·~1(.J~ l ~lliAd Rl 
2~7 7 J0~1 1 w:l ~t)({1 A Ct.. red R0 

2 Ill l:i 7302 1JV400 ~I:,," 1"14, loo(~ 

2 0 Ii 73CJ• ~VJv\1)"1-1 ::i111Ab "'~ 
2U lJOb Hib(.20 ~Ok (~~,. ; Gt: l P~OOUCT SlGN 
211 73/it, ~~Hiti~~ ~Ok R~ I lNSEP-tT IT 1~ ~t.~ui..T 



SMl.R~!:> M•crrn VFi"14"14 ld7•SE~·7~ 111 4.,) PA lit 3~+ 

212 1J/2. ~-'MH' 1 "<OM ~1 
213 7374 ~000~1 AOC P< 1 
214 '3/f!!J V1~b:)~~ AOC R~ 
21:;, 1 414 V,I lrd3•14 oco 0\11$~~ JJU"1~ lP' OVERFL.OW UN RUUNO 
21b 14~2 1~2413 b v;; OVUJ0 
211 14I04 ~ hi~bO OUl!J~: r-iov R~,~l:.Sl..TlSP) IPUT OUT ANSWEH 

~\l'JkJtl10 

21s 7410 iU u 1 eo M~V r<1,~t:.SL.T•2CSP) 
lthH'lltl12 

21~ 1414 I01201t1e> MOV (SJ-1)+,Rr> 
221d 74lb ~120~4 MOV (:iP)+,R• 
221 /4~0 ¥l22b2b (, MJ-> CSP)+, (iii')+ IFL.US" T IJ P A~GUMtNT 
222 7422 ~VJ~1J4 J Mi-1 ·~~4l+ I RETURN 
t!2J • u,.oF EAt.IMUl..Dlv 
224 ZtilS3~ I c; ;"1P C:iP) •,(SP)+ •POP IH,i:;2 
22~ ,ENOC 
226 7 4iil?4 ~2202b ZUSJIOI CMP (SP)+, (5..,) + JPOP ~IGN ANO t.XPONf:Nf 
227 142f) kl~0411 "R Zt~SJ0 
22d '4.)0 ia~::>,~o Uv I'( S •• H.11 TST CSP)+ IFL.US~ SIGN 
22Y 14J2 k3127VJ~ ov UJ~ I MOV #tJ"0J,R~ I EIHHHc ;j 11 ~ 

l()!D6~~J 

230 74~f) wH0~4!li3 i:; 11 ECL.SJ0 
231 ''40 ltll27vHtl UNIJSJ~ I MOV #J4~!) 1 Rk1 I EHROR ~, i' 

k:lk13.qPJ:} 
232 7444 .,~~72~ TST CSP)+ HL.U:SH SlCi1'1 
23J 7 44C ~0•oe1 ECL.SJ01 JSR ~:l,StHFU JCAl..I.. f RfiCOH 

~~2~4' 
234 74:;,2 lilf'1~00 ID ZE~SJ~H Cl.f( RI() I Cl.EAR RESUL.T 
235 1404 ~~H:HH' 1 CL.H R1 
2J6 /4~b IC!ltHiJ/52 th~ OUU30 
231 1 If'NIJP"' EAE&MUL.OlV 
238 14t)0 0ic:164!04 ML. T$i)k1 I ASR R4 ITESl NEXT MUI. TlPL.lER 61T 
23~ 1402 103id04 sec XIOl~id IJUMP IF IT IS 0 
240 140• 0003~1 MT UJ~ I ADU R31Rl 
241 706 005~00 •oc R0 
242 7470 l itl3406 ts CS CIJVS~0 
24J 147'J. 000200 AOO ~:i,MrD 
244 ,.,. ~la600'5 x0u01 liCOR R0 INOW SHIFT Pf'OOUCT 
245 747b ialcHHD01 ~OR R1 
246 7 CJI00 .-.iio~JWltJ OE.C ~~ I COUNT L.,OOP 
247 715~2 "1~33fH5 tH.iT ML U->0 l•li~lN Pl.EASE 
248 7'5!04 1'100207 "TS PC I RETURN TO C•t..t.E.l't 
a•g 75!06 06~200 COl/5~01 ADO R2,~~ JFIRST 400 OvtRFl.Oi!!E.0 ~0 
2~0 7U0 ~1c110261 &EC I StoiO~ THIS OVE~Fl..0!11 To SHIFT 
2~1 7512 0iald77.:I ~R usu 
252 1~14 "1r'16~~4 MTIUJ01 ASf< R .a i~EDUCEO PHEClSION MUL. lIPL.V 
20J 101e Ul3~~ 1 oCC u01J0 
2 ti 4 7e>20 0t10ie~ •oo R2,~i0 IUSE ONL.Y 1"1lGr1 OtcOl:.R MUL.flPL.ICANO 
2 :>::> 7 :5Ar? 2 khHhl~~ XeJOJrcl rt Oli' R0 
~50 7e>~4 006~\l 1 ii\Q~ R1 
2~1 7b~b it.1105..;V'J 1.JEC R!:) 
2:Jd 15J0 ~li.13"171 0~·1 MTO~~ 
2~9 10J2 0vi0a"'1 wn PC 
2c~ , fft,tOC 
2b1 ,e:NOC 
2b2 I fl'IOC 



1 
2 
3 
4 
5 
e ., 
8 
9 
u 
l1 
u 
u 
u 
u 175'14 
l6 11ue 
17' 17540 
18 1754:Z 
1~ t7e42 
u 115'4 
21 17l''6 

22 175&2 
n 171504 

2• 17500 
n 11e6a 
26 17UJ 
21 

,TITl.t:. SNEGkJ2 
elFOF C:NDU1 , 

, •Nt~ V0{02A , 
I 'OPY~lGHT 1;71 1 191~ DIGITAi. tQUXPMENT COHPO~ATION, MAVN•WO,MAS 

~0004 
I0~000t; 
I000IOU 

I 

' ' , 

ldia04 t 6 'Nl'11 
102•0e 
0021134 

h"liCI 
01d01115 $NllOI 
rd01402 
'1627115 
11'10000 
l000U4 n~s:u 1 
{004~67 ov~u11 
{0~2i:Z6 
~"10U4 

ld03 
VJU 

1Gl.081. IN~l•SN&~,SNG01SERM 
l~TEGE~, ~tA~ ANU OOUBI.~ Pk~CISION NEGATlO~, 
CAL~EO lN THt PU~lS~ MOD~. 
NEGATfS THE ITEM ON TOP OF THc STACK, 
R4•U 
R~Ul5 
~fii'IU6 
NEG 
6V8 
JMP 

TST 
H~ 
AOO 

JMP 

"''"' 
JMP 
18VTE 
,8YTE 
,fNDC 

UP 
OVRUl 
f tR4J.+ 

UP 
Zi~Ul 

JNEGATE ·~ ITEGEW 
I JU,.,P H' U0000 
I RETURN 

IJUMP IF 0 TO •VOIIJ •01 
#100i100,fSP I INVERT fil,.OATING 

•CR4h 
~~,SC.RR IERRO~ 3,11 

f CR4J+ 
a 
111 

SIGN 



1 
2 
J 

• 
~ 

6 ., 
i 
~ 

u 
11 
u 
1J 
1• 
1~ 
lb 
17 
18 
u~ 
20 
21 
22 
23 
24 17576 
2:5 17516 
H 17800 
21 11u2 
28 1761U 
2g 17el0e 
u 17"10 
31 17612 
32 17614 
J~ 
u 

~1h~~~"' 
1£J(d'11d~1 

ll1I00~~2 
~~Vl0~J 
~ldlt)I004 

"1~0I00:> 
l!JIOl{}IO~O 
k'.l_,.Ok301 

~12tl0¥;1 

liH2b~1 
11'12002 
tU2t>IU 
00rto134 
u200i0 
'112001 
U01U 

I 

, TlTl.t. SPPRv.14 
, u;·or CNO:ti->3 

1 $POP~o V~04A 

I 
1 ~O~Y~l~~T 1g11, OI~lTA~ EYUJPMENl CORPURATION, MAYN•R~,MASS 
; , 
~?.·~~ 
1-(\iU 
ii(2•X~ 

~J•XJ 
lif••X4 
li(5•X~ 

s~•xo 
PC•X1 , 

Thl~ ~UUTlN~ ~tMOv~s TWO o~ fOU~ ITE~S FMOM THE STACK 
AND P~•CES T~~M lN ~tGlSTE~S ~0•~3. IT lS USED IN tXTEA 
~UNCTIONS TO RET~~~ THt fU~CTlON VAl.UE IN THE REGISTERS 

, 
$PUPtiCt> I 
SPUP~41 MOV 

MOV 
MOV 
MOV 
JMP 

IPUf.J~JI MOV 
MOV 
JM~ 

,!.NOC 

(SP)+,R0 
(SP)-t,R1 
(oP)•,R~ 

(SJ.l)•,R3 
• (1'<4h 
(~P)+ 1 R0 
CSPJ+,R1 
f tR4J+ 

J POP hlO wUROS 



SR01c:1~ 

1 • Tl Tl.. t. S~iJ0~ 
2 , I' OF. CNUU4 
J ,GL.OoL. I Ru 
4 , UCJ T ... t. ~EAL. TO OOU8L.~ P~tCISI~N CUNVERTER 
5 , 
6 I .;r(u V~k12A 

7 , 
8 , COFIYIHGHT 1971, Ul~IT4L fQUIPMf~T tORP,, MONOO, MASS, 
g ' APfi>ENO LEROS TO THE TOP STACK ITt.M TO 
u , MAl(f lT OUUB~E P~~ClSlON ~ORMAT 
11 lt1001t'!~· fU•U 
1~ ~l(J~lf.lll}b &P•'U> 
lJ k'.100~00 F0•UI 
14 ~0""U1 ltl•U 
1 :> 1 lh:JF FPU 
16 SFilJ I ,wo~o 110'111 I J SET D 
17 ,wORO 177 4~ft I I L.UCFLJ CiioJ)+,F0 ICO~VfRT ARG 

16 1 114URD 17048 IJSTO F01 .. (SPJ 
19 JMP f CR 4 J_ • 

20 ,ENOC 
21 ,IF'NOF Ft-JU 
22 17'516 W'.116b46 l~UI MOV 2tSPJ,•CSF') JMOVE 1..0~ ORUER PART 

000!002 
23 17ti22 ltJ1b046 MOV 2C$PJ_,•C::tP) JMUVE MlCfH OROE.~ PMH 

000~02 
24 17tH?6 d~ldb6 Cl.H 4tSPJ I INSERT TOIL.ING ztROS 

~0~Hd04 

25 176~2 ti0t:)5I060 C: L.R e CSP J. 
11Hl0Ul5 

26 1761)6 I0001J4 JMP I (!UJ. • 
27 ,ENOC 
28 ,iNOC 



1 
2 
J 
4 

~ 

" 7 
8 
g 

u 
11 
12 
13 
14 
1:,, 
16 
17 
ld 
lQ 
2 Id 
21 
22 
23 
24 
2~ 
26 
27 
2 tj 
29 
3"1 
31 
J 4' 
33 

J4 

3 !> 
Jo 
37 
38 
39 
40 
41 
4 4i 
~J 

44 

4 :> 
46 
47 

48 
4~ 

~0 
51 

~~ 

17b40 

17644 

17b00 
1/6:lil 
176!>41 
176~6 
1760~ 
116fl~ 
176f:;4 
17bOo 
t/670 
11612 

17 t)/ 0 
17HH:1 
1771i:l2 

t/7VJo 
1771~ 

11712 
11714 

1' 71'11 

v.H'.i0~0id 
llHHHH~ 1 
VJ~~d~C 
~ld~id03 
IOIO~~ft'·4 

"'!00 ICJ~ ::> 
l(lllJ~t!IOO 

117304 
1'1J14 
lt.i~fi'.1 ~It Ill 

~1C?OOtS IDJ.C 
~12lit11dhZ 
io1i20b0 

~~"002 
~iU!'h1~2 S~J. I 
VJ~~ie2 
~12001 
lll0td us 
~~h1~1 
~~t51A6 
1 h• H', J 
1~e,~~'1 
it.10~1~\l.l l 
1021~1 
v.iv1 1:1~e t 
i~24JJ 
lt1ii.)141 J 
"-'227tt1 
l(J id"'~ 11 
16141~422 
{I~ VI~ 0 J 
1'1~'1JL/lJ 
106bv.1 J 
~~~0V'J 

.TITl..t. $1'(l~4 

.Hor CNl)$J~ 

.G~Oo~ '~l.~~I,~tRh 
~EAL TU INTE~ER CONV~~SION, 

CQPYHl~HT 1~11,1~72 0I~IT4~ t~UlPMtNT ~QRP., MAYNA~O, MA 
A~~JMtNT 15 A UUURL~ ~ORD ~EA~ NUMdE~ U~ THE TOP 
I.IF" THt. :STACl<.e 
lRU~CA1~ lT A~O CONV~RT IT TU AN INTE~t~ ON THE 
TOP Uf TH~ SlAC~, 

h'~•'" ,q. "1 
R2•%2 
R~;;¥J 

i-14•X4 
I'( ~··i::;, 

~P•%t> 
MQ• 177 3~41 
L. s 1'1 • 1 71 .3 1 4 
f:ll•4~ 
.IhJF 
~ t:.T i) 
bR 
SETF 
SETI 
I.Ou 
STCul 
JMP 
• t:."' 1) c 
1 If' NL)f' 

MQ\I 

MO\I 

Cl..f( 
1 t-.1 c: 
MQ\I 

~01.. 

ti<UI.. 
kOL. 
l"IQ\I~ 

Cl.foi 6 
"1lj A 3 
~Un 

t; L. l 
~.t1A8 

ci..~t; 

l"H5d 

Ff.'U , 
RluJ.J!';>J 
r , 
(S~)+,f~; 

h:1 1 •(5P)I 
'UUJ•J 

r "'u 
c.s~J•,2c~~>1 

(31-')+,2(~P), 

S!Ntil..t:. PliCE~lSlllN 
SHli~l I~TE.~t.RS 
GET .A~GUi'1ENT 

CO~vE~T To SUCK 
RE.fUk~ 

~2 iCLtA~ wO~~ SPACt. 
R2 ISET u~ ~O~MAI. ~IT 
c~~)·,~1 ;GtT RtAI.. ARGWMENr 
~~F 1GET SIGN 
~1 IANO 
•(SPJ 1~4\it. lT 
Rl,~~ l~ET HlG~ ~~DtR ~RACTION 
;.( 1 
~l l~ET EiPONtNT 
•2"1,~1 

Zt~~~~ iJUMP lF 11 15 TUO SMALL 
0Nt.!-J5 
'Jl:'.>.1iol'l 

vv~~J~ IJU~P lF Il ts TUO Bl~ 
~3 1~0~M 16 dlTS OF ~lGH U~OfR F~ACTl~N 

t-iJ 
3(SPJ,Rj 



o3 ,I~~Of fAt.&MUL.L'h 
~· 17/~~ ~~b10~ ~OL ~J l~ET NEXT ~IT 
5~ 11722 ~~~1~2 ~OL. ~2 

~b 11724 ~05J~1 0~~53~; Utt ~1 IUEC~EASt txPO~tNT 
~7 177c6 ~~J~74 ~GT SfT$JS l~O AGAI~ lF ~or OUNt 
~d 
5g 
60 
61 
62 
6J 
b• 
0 t> 
66 
67 
6d 
() 9 
10 
11 
72 1'7Jiti 
1J t17J2 
74 117J4 
1!> t17JO 
lb 17741~ 
77 17742 
78 17744 
7Y 17146 
6~ 117~0 
s1 1n::n 
8~ 117t>4 
63 1770t.i 

84 177b2 
8J 1 l!t)4 
80 1' 7b5 
81 11100 
88 177'10 
89 
9it1 

\Cl~~4\ii2 

1G1~4vio 

1£J0~IOVi7 
k'.)li:)e.!02.0 
1~3.:.1111 
ililc:154~.2 

~ hi.l 10 
~1Mc'.l134 
ll!IOM12b 
1~3114 
V,1£ifl746 
V;~jd!)b1 

v;02"124 
~tli.-14"41 

~0J 
~26 

~IO~~v"2 
k:'.~~~/62 

SGN!Jol 

,E~t.>C 

t.H. COLJ~ 
,IFoF· t:A~ 
~ov •MQ,~0 IPOlNT TO MQ 
~! 11 \I R J , t-i l'C C'I I 1 NS E. ~ T ~· ~ Ac; l l 0 N 

MOV R2 1 •\~0) 
MDV ~1,-~LS~ IS~I~T Lt~T 
HOV -~~.~2 l~E~U~T TO R~~ 
,ENIJC 
MuL.Ol\I COLlt. 
ali'ufo MU1..,DJ.V 
.~u~o 07J~~1 JIASMC ~11~2 

• ElllOC 
"'c. c. 
tt \Is 
~~, 

~or< 

"c :s 
NEG 
MO\' 
JMP 
~Ok 
BC:S 
'51 
J Sk 

b~ 

• oYTt:: 
• ~YTE. 

~~ 
NuM.\..)5 
OVl<i~b 
C~P)• 
UUliJ~ 
~2 
~2, ft.JF" 

f;(~4J+ 
C SI"')+ 
OUT$J~ 
•(SPJ 
R~,H-1-?R 

lt.~lJ5 
J 
22 • 

1M4!\E • 
IJU~P lF PUSSlaLt NtGMA~ 
IJUMP lF MO~t T~AN 1~ b!TS 
IGE1 SlG"' 
IJUMP IF • 
1• i-d:.SULT 
ISTORE INTtGt~ ~~SULT 
l~ETURN TO CAL.LE~ 

JU~ lF ~E~ULl TU bt • 
IFM~f. SIGN 
I t.RllllJR 3, 2~ 

lt.K$J~I t.:L.1ot 1<2 
Sl.irOJ~ b~ 

I E:.NDC 
I t:: N l) (.; 



1 •Tl TL.E SSGl.!02 
a •If OF C~OSJb 
;s , 
• , SNGL. V~02A 
5 I 
6 I CUPYH Hit-IT 1971, IJlliIUI. fQUIPMfNT CORPORATION, MAYNARD,MASS 
7 ' i .GL,061. SNCIL' Sf H..C 
g , THt FO~TRA~ ~NGL fUNCTlO~ 

u I CAL.~lN~ StQUtNCEI 
11 , JS~ R~,SNGL. 

u ' t:H~ A 
13 ' ,wo~o A~GUMf NT AOD~ESS 

u , .. 
l~ I liifTURNS Trtf ARGUMENT iitOUNOt:.O TO ~l~Gl.E 

lb , PRC.CUON ~EAi. FOHMAl I "11 110, R1, 
17 ' 18 000"0" ~i!•X0 
1g 01d0H l kl•U 
20 0~0~04' k0,4 
21 ~~0"'0~ k~··u, 

22 1111a ro1e~0.- SNl.il,. I MQV 2CRt>l_,k4 , Gf. T AOOHE~S 
~00002 

u 17776 0124H MOV (~4)•,R~ •G~T 11l(IH UROf:.l't 

24 20000 012•01 MOV ("4)•,R1 rGt.T I.Ow OHOER 
2et 2l0002 011 •0 ~ MOV fl'(~, fi<A 'GET Nf:.XT wo~o 

26 20004 006104 H 01. ~4 1GET ROUND BIT 
21 2il~ltJ& ~0!5~01 AOC Rl ,~OIJNO REAL. 
28 20010 idlO:S,0~ AOC R0 
2~ 2'4U2 UJ•U ~cs 0VFUJ6 JJUMP lF OYEkFL.01111 ON ~OUNU 

;u 2H14 U240l t;vS ovroJe 
31 20015 0001'0:) kT5 R~ 1RElURN TO CAl.1.EH 
32 21D020 00061 0VioC$3bl J SH R::i;,st.R~ JtRR.OR 4.12 

lt'l~1762 
33 200a• "'~020:> RU R:; 
34 200ib I0~4 • snt. • 
30 21D027 le' 14 .BYTE 12. 
36 I f.NIJC 



1 
2 
J 
4 
~ 

6 
7 
8 
g 
u 
l1 
12 
13 
14 
1 e> 
lb 
17 
u 
19 
20 
21 
22 
23 
24 
2~ 
2ti 
21 
28 
2 !l 
3 L? 
31 
32 21d0J0 

;5 J 2~14J4 
J4 2UU 

3 t) 2~H!l42 
36 20044 

37 Ao? liH~ :;ia 

38 21t10~41 

3 !J ;iilO{db0 
2"1002 

41ci 2!00041 

41 ilH-'171/0 
42 2~~12 

43 2k'lk11() 
44 21UI00 
45 2~1"'2 

46 2k11I06 
41 2~110 

.TITLE SUN!d.4 
11".0' CNUSJ7 , 

I SINCOS V~04A , 
I ~OPY~IGHl 1~71,1g7~ Dl~lTA~ tQUIPMENT ~OHPO~ATION, MAYNARO,~AS 
I 

00'1~0!0 
V;JIC)k)~~l 

000002 
~014~0~ 
0v>011hU 
0~0~U 
0vl0~06 
IO!d0~~1 
rt'00'300 
0dkhll!{J 1 
10lll0002 
~ 0 rt. IO Cth) 

, 
I , , , 
I A I , 

016004 co~• 
~00"'02 
00~_,·~ 
id1e446 
I000kl02 
011446 
0127 49 
Wild'733 
~127.U 
~40311 
0iiii44t;7 
00lb64 
002!0101 
ld~010VI' 
~16~04 SINC 
fch'10I002 
~":S.U46 
"31b440 
0i;,0"'02 

.ca.OBL. 
, HNOF 
,GL.06L. 
1 fNOC 
UN 
CAL.l.lNli 
JSN 
~R 
• tff0~0 

~ETURNI 
R0•U 
fil1•U 
R2U2 
kJ•U 
flc4••4 
tii!)•¥!1 
U••'¥t; 
l'CU7 
f'0•UI 
F 1U1 
F2•¥2 
r;31u 
,IFNOr 
MO~ 

MOV 
MOV 

MOV 

JSii' 

MOV 

~11440 MQV 
0vl6~1o SN~$371 ASl. 
0061060 ~o~ 
11 IO 0 lrh~ 4 
00e1«>1e 
.01210 
'10773J 

SlN,~OSI 
I' PU 
IAOw,sM~~,5SdR,SOVk,l!NT~,~POLSH 

COS THE ~EAL ~lN A~O COSlN~ rUNCTIONS 
SECilUt.NCt.' 
~o,UN to~ CO&l 
A 
AHCi AOIJf(t;;SS 

SlN UR COS O~ A.RG 1N R0 AN~ R1 

F"PU 
2 (R!5J, ~4 JGtT ARGU~tNT ADDRESS 

•tSPJ IMA~f ~OOM FO~ YUAORA~T FLAG 
2CR4i,•CiP) JPUS~ A~~UMENT 

1114,•CSPJ 
#e0773J,•tSP) 

#ID4~J11,•CSPl 

IU, t..,OL.SH 

UOR•SNCIJ7 

2l~~J,R4 

l~~TE~ PUL.lSH MuOE 

'CWS(~)•~INCX+PI/2) 

JGtT ARGUM~NT ADDRESS 

•CSPJ l~A~E HOOM FO~ UUAURA~T FLAG 
2(iHJ ,•Cl)P) 

•~4,~cs~J ,PUSM ·~~UMENT 
·~~ IHE~OVt A~U SAVE SlGN 
4l~PJ IIN ~uAD~A~T FLA~ 

ISP 
•~07733,•CSP) 



5~ 2\11~4 

~1 2t11'6 
52 21.H J~ 
5~ 2ilJ1J2 
~4 201J4 
5!> 21013b 
56 2~140 
57 ~"'1•2 
58 21lJ144 
~w 2~1'ts 
6~ 2~1ovi 
61 2161=>2 
62 21r.11:>4 
6J ;i?01Qo 
6~ 2i"100 
60 2iH02 
bb 2~1f)4 
67 20100 
tHt 2~110 
65J 2!0172 
1~ 2~11• 
11 2017e 
12 2\02~0 
., J 

1• 
7~ 

76 
71 
78 
75) 

2021c12 
2'02i1• 
2162~6 
2~U"1 
2\0212 
U21' 

!012746 
1(140711 
i.:?WJ44b7 
~nc, i:n11:1 
.U1~11::!>6• 
021A222 1 

~0.31~4'• 

1.10'"'~4' 
~2'1;~~41 

~20222• 
tl~Jl 42' 
id2024ti' 
~~2~~4' 
~2!D2!>4' 
IU2~,c~22' ~~t.SJ7 I 
~~0£22• 
~17162' 
02~J24t 

11117162' 
~rt12~H ~' 
~11162' 
0Z2U~ t 

~1716l' 
I0~2~ HP 
~1111o;4(t 

0i621d1~' 
~1716i1P 

I02~~~4' 
0120'1'~ HTl'~~J71 
{()12Clr!l1 
0k1!>72o 
0021tll2l2 
lllts2701i1 
100~0~ 

JS~ 

, ... u~o 
• 1110~0 
11J110~U 
.~o~o 
.... u~o 
• wUJ.(0 
• MU~O 
, illlORO 
... u~o 
• i.tjQ~O 
.~o~o 

•>'WU~ 0 
• ;tjQ~O 
.... o~o 
• .eiU;,iO 
• ... o~ o 
• illlURU 
, ,.. I.JR I.) 
.~u110 

,wo~o 

1 -.ORD 
• wu~u 
.~LHW 

• 1110~ L) 

MOV 
MQ\I 

TSl 
bG~ 

~DO 

80 2022"' 
81 

00~~00 wT1S371 ~TS 
J 

aa ZHU 016040 UuPSJll MOV 
\0~0002 

83 202~6 01b046 

u 2i02~2 
~001il~2 

lll~0134 

8~ ' 

MOV 

JMP 

86 2~2J4 ~~5710 ••a371 TST 
87 2~2~6 ~~17b2 bEQ 
88 a0240 1~b,66 lNCe 

0~Vllc>01 
eg 2VJ244 iti~i/1134 

~0 ' 

JM~ 

91 20246 ~51060 ~UV$Jll BtS 
1111'.1~~1 ~ 

fl2 2fc'2::>2 ~~(.11134 
~J 

, 
g4 2~2e,4 1~57b6 ~5l$37: TST8 

~~"'~04 
9:; 2"12b0 1ti1ti141J 
9b 20202 r,j(;;l715 

bEGl 
ADO 

$I) y ~ 

OUPSJ7 
$lNTloC 
UBR 
X4H7 
l.)U~$.)1 

U"iTP< 
CalU0Slo)7 
SS6R 
QSU~7 

OUPi.)7 
l)U~!J7 
$Ml,.W 

fio'l..U~7 
jMl.R 
SAUR 
$ML.~ 

Oul!( 
iML.~ 

UO!i( 
iMI.~ 

SAOf.c 
iMl..R 

MT Nin 

1x12i-1 
12 COPlfS 
I lNT C~l2PIJ 
HRACT(x/2p.il) 
•4•HiACT(Xl2Pl) 
i2 COPIES 
iJNT(4•FRA~T(i/2PIJ) 
ISAVe 1Nl(,,,,,,) 
JY•~HACT(4•FRACTlx/2Pl)) 

IHEOuCl Y 10 l•l11l 
12 CO?lES 
13 CUr->lt.::S 
JY•Y 
IPUSH COE~~ICI~NTS 
I A4•YU2 
1A4•Y••2+AJ 

l((((A4•Z+A3)•Z+A3J•Z+A~)•Z 

1+A1l•Z•A0l•Z L•Y•Y 

tSP)+,R~ JPOP HIGM URO~R RESULT 
(~P)+,R1 
tSP)+ ;pop ~UAOk•~T F~AG 
MTl$J7 ,JUM~ lF AWGUMENT ~AS + 
#1~~~00,M~ ISlNC•X)••~INCX) 

2CSPJ_, .. c::.P) 

jl(SPJ_, .. c.;~) 

JDUPLlCATt STA'~ ITEM 

fi(~4J+ 

4l~PJ 

,CMtCK FO~ 0 FRAtTlUN 
FiinJlT NOlti 
,QUAORUP~E STAC~ lft~ 

Q1J$J7 IJUMP lF FlRST U~ f HIHU Q0AO 
•100~0~.~5? fNt~ATE ~TACK lTtM 



l~H~~01l1 

97 2d2b6 ~0b~Ab C~R 
98 2~27~ 012746 MOV 

04'1!ti!~~ 
99 2~21• ~~4407 JSH 

~"11JA4 
1~~ ~J~~ ~~2~101 .~u~o 

v:IJ162 ~~l/13~4' 
101 ~~~4 iol21~4 QS~5J11 MQV 

16201e>~I 

102 ~Jl~ l~b,bo W1~$J71 ASR8 
lflklvH1'115 

UJ 
1-14 ~314 10JIU02 
1~5 ~316 ~62116 

1 ic:l lli l'1 Vi"' 
Ut5 ...i;,~2 

1"' 1 
_,~~134 QUf )371 

Ud ~3it4 
10g fd32t) 
110 IOJ~0 

11~ 
11J 
114 
11 !> 
110 
117 
us 
11~ 
1Z~ 
uu 
122 
t2J 
124 
125 
125 
127' 
128 
12" 
130 
131 
132 
133 
134 
1Jb 
136 
1J1 
1Jc 
lJ~ 

14"1 

l • 1 
142 
143 
144 

0340 
~3-12 
~344 

0346 
lll3~0 
0302 
~J~4 
UOb 

~120M~ 
"'12b~1 
¥11210.Z 
~~io404' 
~12l0J 
I000IO~!) 

~hh'>•~2 
io101~0 
I010~46 

"'14~46 
k.i1424tS 
k10!)J0J 
0163J72 
~~~134 

' PL.YsJ71 

PY25J71 

PV UJ7 I 

co~• 

l"-10~$Jll 

Jl'1P 

MOV 
MQ\I 
MO~ 

MQV 

b~ 

MOV 
MOV 
MOV 
MOV 
UEC 
bGT 
J~P 
,fNDC 

1IFDJ­
bETD 
L.OCFL> 
AOUO 
bM 
SETO 
l.DCFD 
SETI 
MOV 
CL.R 
CFCC 
i; Gt. 
INC 
•~so 
DlVO 
MOOO 
nTF 
L.OCOF 
CF'CC 
tH.~ 
MQi.)r 

~TCFI 
1-CUi-< 

•CS~J ,PUSH A ~L.UATlN~ 11 
#4id2I00, .. CSPl 

UOH1QS1il~J1 

5(SPJ ITEST QUAOkANT 

QUT!J7 IJUMP lF F!~ST u~ S~CuNO 
•10~~00,•sP rNEG•TE STACK lTEM 

f(W4J+ 

c:;P)+,Rkl 
(SP)+ 1 R1 
"CON~;!1•4,~2 

PYlU7 
R1,•'8PJ 
R0,•(SP) 
•CH2J,•(»f.1) 
•C~2J_,•C~Pl 
RJ I COUNT 
PY2SJ7 
•t~4h 

FPU , 
f2C~:.1) ,Fill' 
PI2sJ7,JPIOI 
SNC;i~7J , 
f2(R0) 1 FldJ , 
•FCU:ll37,~;JjJ 
I( 4, , 
POUJ7' 1 
~41 
F~I 
(~itJ)+,Fe.I 

•~.2:>,Fli:'ll 
I 
F !11, f'- ~I 

I 
~T~~J71 

114 •. ;,,f-'11 
n, 1o< 11 
r< 1 , 

IPOINT TU ~IST UF COEF,lCIENTS 

JPUSH UY 

CO~FFICifNT~ 

DOUBLE P~ECISIO~ FP 
GET ARGUMENT 
COS(Xl• jlN(X+PI12) 

DOUBLt P~E~ISON FP 
GET ARGUMENT 
SMOMT !NH.wt.RS 
POlNTtR TO CO~STANTS 
SlijN ~LA~I • ARG 
GET Sl~N OF A~GuMENT 

SibN ~LA~I • AMG 
~~MUVt A~GuMtNT SIG~ 
X/(Pl/2) 
f'1cf IUCl CXl2Pl) 
SI~~~t P~~CISlO~ FP 
cor...vf1;T Ai;((iU11fNT 

CH~C~ FO~ ~ F~ACTION 

f~•F~ACTC4•F~ACT(X/2Pl)) 

QU•D•lNTl4•fRA~T(X/2Pl)) 



ISlNVJ4 riuc;~o VF'HU• 1 • ldl"St.P11172 1114~ PAliE •h 

1•5 sec Q1UJ71 JUMP IF fii IMST (J~ Tl'URU YUAO 

146 NEG.' ,.. 0, 
U7 ADU' u,0,,0, V•1,0•X 
148 ~1 OJ1 I ROR IHI 
ug BCC Q12SJ7J JLJMP lF F I~ST LJM SEC:ONO c.iUAO 

UIO NEGI" F~J V• •'f 
1~1 ' ua Uli0J71 l.OF F;a,FitJ 
1U M\JL..F F~,F"J Z•YU2 
l !54 MOV u,~~' COUNT OF cuNSUNTS FD~ POL.V 
1~5 L. Q F (M0)•,FlJ 1N1T lAl. ILE AC:CU114UL,ATOW 
Uti XPUU71 MUL.F F2, n f 
l !5 7 Lif C ~11 COUN 
1ea AOLHr C~0)+,Fi1' Fll• L•H + CCll 
UH~ dGT XPOS~71 1.0UP 
U0 MUL.F F"1 ,r; "1 J F01• hf 1 
UH TST R4J TE~T SIGN ~L.All 

162 SEQ ~ TN$n J 
l ti3 NEC.F F0J SINC•X) • "5I'lti) 
u• "'TNU1 I STf F~,.~SPJJ MOVE !iefSUL. T TO STACK 
16!5 MOV (5P)+,Mk)J hi.) T!ifNCE TO R0,~1 

166 MOV (SP)+ 1 R1' 
U7 RTS j.( l5 , f)(lT 
ue ' 1&w fiCOsJ7 I 
1711 PUUI I , wURO 041aJl1,0d71321 Pl12 COOUB~E P~EClSION) 

171 •• o~o 1210•1,004J02J 
172 
173 OROE:J~•UEPt:: NOt.N T ~ONST 4NTS 
174 
17~ ,ENOC 
176 
177 0;,e0 ioJ~i436 ,wO~D 0J!)~J6,1036721 ,0~U51d4l~ 

0302 1~~072 
178 
17P Utt4 13bli3l ,wORO 1J62.)1,01i!J1•3• •I 00457375:)51 

{0306 ~23143 
180 
U1 U70 u1ad , ... o~o 0J7 243, 0J2 U0 J ,01!il68iHJ79J 

0372 ~U1H 
ua 
lU 0;)74 1 •0iu~ , !llU~O 14004~, 0:>t)7 ~ l J • , 64!59eJ7 U 

0376 10b61 Al 
184 ' 1d5 UICl0 04V)J1l tONU7 I ,YIO~O 00311,0107133r 1. ~71t179eJ u 

"4~2 0~7733 

186 ,ENOC 



1 
2 
3 

• 5 
6 
7 
8 
g 

u 
11 
12 
13 
14 
1~ 
16 
17 
18 
1g 
20 
21 2kJOA 
22 20406 

2J 2002 
24 2"14l4 
2:> 20416 
2e; 21ua0 
21 210•a2 
2s 2io•a• 

25.1 20a11;>0 
J0 204J2 

Jl 2uJe 
32 2!0440 
H 20A42 
34 2u•• 

3::> 21d4''1 
36 204~2 

37 20oe 
38 2000 

3~ 2t0404 
40 20466 

•1 2itlo412 
42 21i1'14 
4J 2kl476 

o 205U 
47 aioou 

0100I001d 
it>~0~11!' 1 
~~0I004 
iO liUHO ~ 5 
io~eioll!o 
000001 
0101,.b 
ld1~:t0!) 
k'l01t'lU;t 
f6U:)0a 
k'llllt:;!:u 
I0~6J"~ 
10U00 
000J0~ 
'12~~27 
tol00il?0~ 

~~2•u 
~127U 
04020"' 
00~U1 
~~!57t::i 
00205~ 

06270!0 
10k'li0016 
~it:i0441 

020027 
k300 l 71 
0ld~W307 
020021 
VJ00164 
0~Ul4J 
t11bh1 
~~~0~2 
V>liO~!O 
~00•J:, 
~16:546 
000k'l~2 
IO 1 U46 
~627to 
li11Ul~0w> 
llll0D0~ 
012704 
0U~~4t 

1TlTl.f STNMI02 
,IFOf' CNOSJ8 
.G~OBL fAN~•tXP1~A0~,5S~~,sMLk 1 *D~k,SFCALL 
1GLOBL $~~~~M,5PSHR~ 

I TM~ ~URTRAN TANH fU~CTlO~ 
I TAN~ V002A 
I COPYRl~~T 1g11, UIGITAL EQ~IPMENT COMP,, MAYNARD, MAS~, 
I CALLING StQUNCEI 
I JS~ R,,T~NM 

I S~ A 
I ,~ORO A~~UMENT AOO~E&S 
I A I 
I ~fTUR~~ (~XP,1•A~G) •1)/(fXP(2•AHGl+l) IN R0,Nl 1 , 

t(!iUU 

rq•u 
wou 
M~•X5 
&PIS,6 
PC•X7 
MOV 
MOV 

R::>,•~SP) 
2CH~J,~~ 

1s•vl ~ETU~N POINTER 
IGtT ARG Al.>ORESS 

MOV ·~s,w0 IGET MlGH U~O~R AR~ 
BEQ Z~Rl~8 JJUMP IF ARG•~ 
ASi.. loC~ 
C.1.,Hd Rro 
&~Ad R~ JGET EXPONt~T 
CMP R0 1 #cla~ 

OL. T 
,..ov 

ST~sJe IJUMP IF •~S(ARGl Cl6, 
#402~0,R~ JANSwE~ ls 11•SIGN(ARG) 

Rl 
fH5 ITEST ARG ~IGN 
OUTS-)8 
#100~00,~0 IMA~~ •11 

BGT TANSJS IJUMP 1~ •1/~ 
Cf'4P )i0,af1154" 

8Gt. 
MOV 

$M~SJ8 IUSE CUNTI~UtO r~ACTlUN FO~ T~IS RA~GE 
2C~5J ,Rl 

MOV 
I:!~ 

TANSJ81 l"'OV 

f~5,"0 ll, A~S(~)C2•••1~ 1 ~ET TAN~•X 
OUTSJ8 
2C~5J 1 •(~P) JPUSH 2•AR~ u~ STACK 

,,~::>,•(SPJ 

•200r'S~ 

MOV $P,~~ ISET UP CAL.L TO tx~, ARG POINTER 
~ov #EX~rRA IPOINT TO tXP 



0 211~16 

•w 20eaa 
!i0 t.!IOba.a 
st aio,ae. 
sa 2ibJ0 

U i0bU 
54 2kl~J6 
~5 U,40 
~e 20e42 

97 2H46 

51 2'4=>~a 
UUA 
205,0 
U~6~ 
uecn 

'lJ"'47tH 
174•02 
10h~1'4b 
ti10~•6 
lll05Ub 
0121•e 
~•ia20"' 
~HH•o 
I01et04b 
ta0~~Uo 

~12l•c 
~·~2V!d 
~.,4.(.;1 

~w21~71l 

ltJiO~~ei4' 
.,a07~4' 
~~2ia11U' 
IOU.t~ot 
020t)64' 
0120~~ IJPL.53SI 

J SI'( 

MOY 
MQV 
CL..~ 
MQ\I 

J sr.c 

, 1110~0 

~l1•C5P) 
~~,.~SP) 
•C:JI") J~USH 1 1 

#402~~, ... ~SP) 

R11•~SP) 
lii~,.~SP) 

•CSP J_ 
lf4 ~ 2113'~ , ., UH) ) 

R4, St"Ol,.St'i 

(SP)+ 1 Ji(~ 

(SP)+,Rt 

JPUS"1 1 1 

59 UU• 
50 U~l56 
e1 U~/0 
62 H~72 
a~ au1.-

012001 
0120~~ 
0001i!00 
riH6~~1 
_,00"1U 

MOV 
MOV 

OUTSJtH MOV (SP)•,Rb JR~STORE RtTu~N 

u 2!0&00 
55 206U 

H aioHe 
auu 
aroeu 
20914 
U&U 

e1 aio&h 

H Utli4 

SSJ 2~6JWJ 

70 2(06.!• 
UbJ6 
2~640 

71 206 .. ~ 
214 b•U 
;i0646 
20tit>~ 
210b~2 
ZW,&t;• 
aldUb 

72 2Hh 
2~~5tt2 
206CU 

~1U0-d 
k'044b7 
!001036 
01707~· 
I017tj70• 
~17=>7~ 1 

01716itf 
~2~6201 

"TS 
S"11.U81 ,.,OV 

MOV 
J s~ 

,wURD 

1C1 U,046 XSWSJ8 I 
I00k1~01i 
iO lfSbO 
000~02 
~04467 
~01f0h' 
it120734 I 

!0162!010 I 

020660' 
U7b7~' 
~20712' 
-'1707!0• 
ID1Jli&:5o I 

it1~1!:i0U' 
~021d1~' 
~1 Uibb r 
11102004' 
0111e2• 
l&Ji~bfHi f 

""OV 

JSR 

,wo~o 

I illiURO 

~~ l~ETURN TO USER 
2CR~l,R1 JGtT ARG 

11!(5,rce 
R4 1 jFIQL.5!"4 

2CSJ-1l,•C~~) 

2tSPl 1 •C~P) 

R4rSPOl..~11 

PJ~s~s.,A~R,ONES38 

JGt.T )( A 

JS~T uP NUM!~ATOR 

73 
74 

, T~~ A~uvE COMPUTtS X(1•((V•~5.,,J/(¥+45 ••• •1~5.,/V))) 

70 21dt5b6 _.,1bO~-' 

'111"-""'e~ 
71 U&72 ~100~1 

, 
ONt.$3"1 

w~eRE Y•hX 
MQ\I 4(oPJ ,R~ 

MOV 6(SPJ,R1 



5T NH"'2 MAC~U v~~4•14 ~1•St.P•12 ll 14J PAI.If:. 43• 

~1tHH31c16 
17 ~id676 ~~~ttJeei c: L.k b(SPJ I I~St.~T • 1 • 

.0"1~~0CS 

78 2k17id2 ~127t5" MQV •4'12I00,•lSP) 
it.402~H.1 
illii0h4 

'19 21d71~ ~_, • ., lJ.f J~P 'l~4J• 
8..., 2"' 712 U274o P•Oi3t51 MuV UJ6~J7 1 •(SP) I Pl.ISi'! ·~·1042 

1Jb2J7 
81 jc!~71ti ~1,i4b Mu\' •414b4 1 •lSP) 

~414tl4 

8~ 2w:)7~2 ~12740 P!OSJ81 MOV •1657~1,•(Sl-l) JPWS ... 1~!>,4t5~~ 
1 tst:>l~7 

BJ 2iL17it6 ~1274b MO\' "417~2, .. (~P) 
1(1•1122 

84 2~7J2 11_.,~ 1 H JMP •C~4l• 
8 :> 2~7J4 Vt12146 PJ05381 MQ\I •1164~7,•(SP) I Pt.is.-. 3511~3~ 

1164~7 
86 2 07 •V' I01274b Nl\t #41414 1 •tSli') 

~41414 
87 4?~744 ~~0134 J "1P f (~4J+ 
88 ~~14b ~~HHd0~ ltl'(SJtn c L. fii RI? 
8~ 2~100 "wH>~t'i1 C1.,k "l 
90 2i0 nn ~~~'~., b" OUUJ8 
gi I 
g~ 2~70• ~12066 UPU81 ,.,ov (SP)•, U· (SP) JMOVE ST•c~ lTf.~ UP 

ldill0~ 12 
9J ~I07tt0 ~12066 MOV OiP)+,u.csP> 

~~{t>la 12 
!j 4 ;tW)704 ~!00134 JMP •c~uJ• 
g :> 
SH~ 1ENOC 



1 
2 
J 
4 
5 
ei 
7 
8 
~ 
u 
11 
12 
13 
14 
1 :> 
1b 
17 
18 
19 
20 
21 
22 
2J 
24 
25 
26 
2f 
28 
2~ 
,)0 

31 
J2 
33 
34 
Jo 
3C5 
37 
J el 
.!9 

."' 41 
42 
0 
u 
4~ 

46 
47 20706 
48 2~17lJ 
4~ 2~712 
!> "1 2"/J7' 4 
51 21/!1'6 
5~ 2U~~ 

53 2Ui04 

54 21010 
~ :5 21012 

~0~i00vj 

~lt'ltll~~ 1 
~d~IOI02 
'21tH1J~eJ 
~VH1WlV!4 

ltl"'01{11£):;) 
"I() It)~ lt) 0 
k1'10~~~ 

~d~~~1 

I0'1VJk.lei2 
~~~"'~J 
Wld1£i"1~4 
ljl~ld~~o 

.TITl..t:. ~ATNIO.) 
, IF Of CN{),Jg 

,G~O~~ AfA~•ATA~~J 
I n·\IOF p;·1o1u 
.G~Oc~ SAOR1SS~~.,M~~.sUVk,$PO~b~,$PUP~~· 
,ENOC 

J T~t FU~TRAN •TAN ANO ATAN2 FuNCTlONS 
J CAl..~lNG St~U~NCt FOR ATANI 
I JS~ ~5,ATAN 
1 B~ A 
I ,~ORD A~~uMtNT ADDRESS 

'Al I , WETU~NS A~CT~t\l (t&liCG) IN R~ ANO 

, C:AL.~lNl; ~t.QUl:.NCE FOi-( A TAN2 I , , , 
' 'Al 

JS~ 
6~ 
,wo~o 

,wU~O 

~3,•T•N2 

• 
A~L.UMt:.NT 1 ~OOl1ESS 
A~GUMt:.Nl 2 AOOkt;SS 

~1· 

I ~ETJRNS ACRTAN(A~G1/A~y2) lN ~~ •Nu R1 1 

1 lF A~5(AR~1/A~G2J > ~•*24, TH~ RtSULT lS 
1 bl~~,·~~1)•~~12, 
, IF ·~~2 c~ T~E ~~SULT ls Ak~TAN(AR~1/A~G2) + 
1 SIGN(A~G1J•P!, , 

~0•U 

~l•U 
~211X2 

ti<J•U 

1'(4• ~· 
~~·~::> 
SP•"6 
,. i(J•%0 

F1•U 
~2•¥2 
r;·3=¥3 

~'1~~46 .ATAt-.icl 
~Hl~~46 

fo 4•~4 
F~·~~ 

,H"u'" 
c L. ~ 
Cl.~ 

cl.~ 

FPIJ 
•(SPJ 
"'ls~ J 

ICL.t.AR SIG,..,. Fl.flLI 
;CL.EA~ Af~~2 ~IA~ 

e,~bk?4C\ 

~'1~~46 
~ltl5id46 
~1b0~4 

~~0~011? 
~1e>~46 

~illMJ~2 
~11440 

~i1o~rn 

c L. k 

c..1." 
MQV 

MQV 

MO\' 

MOV 

.. (SPJ 

.. lSPJ 
•CSPJ 
2(~5J,~4 

frU, .. (SPJ 

IGtT FI~ST ARG AOU~ESS 

'SP,~0 1ARG1 TO ~~ 



5s ~n~z· 
5~ 21~~6 

6{! ~1it.J~ 

61 210-n 
6~ 2UJ4 
6J 21~J~ 
04 ~11(14~ 

6:> ~1it42 
6b 2 U44 
bl .a1io4'> 
6ts 21iaoia 

~111~H1~4 

~Hf'44o 

"'111;a"'{?2 
Vi1144iJ 

ia110~1 
~~1431 
'1~0JV.1 

1 it15~V-., 
~~~J~~ 

ii'~6Jil 1 
1~~~~1 
ldlO~JIZ 1 
10~1~~ 
~'210~ 
~k'1~~32 

~.Q\I 

MQV 
MQ\I 

oEQ 
ASL. 
cl."< d 
S"'Ao 
ASI. 
Cl.RB 
S.-iAB 
s LJl:j 

C. M r1 

~~242~ o~T 
Vi~44b/ ~IV!39& JS!'( 
~~'1'~b2 

~1JZ5ot 
ll21~ti5' 

, 111uRD 71 211i:lb2 
21it04 

72 21~H>o ~~~17o UP~SJ9f TST 

7b 2111d2 

""'Vll6e4 
it"'2"14 
~12/fl!:) 
~4~::J11 

c:'i-1~1J 

d2lto 
lt'lk?773J 
~~V'~l~ 

lb ?.lllvi ,jli:d7.J 
i/Jlt"~~~v~ 

71 ;_; 1114 l'.~02~:~J 

1rs <1110 (lbtiloo 
1 {) ~· .:l v" 
~.6~161 ~ 

MOv 

MOV 

7~ l1124 ~~~/10 AT~$J~: 1Sl 
d0 ~11~6 ~11~42b ~Q 
61 211J0 ~b~l'~ L~~lJW: AOu 

111t'l~112&:! 
82 d11J4 ~12/v0 ~uv 

~4~Jll 

83 21140 ~i21c1 Muv 
1Jr.tl7JJ 

84 21144 ~~~/7~ lST 
i·~0rHiC 

M~ 2ll~e ~~~~l~ P·il 
8b i11~2 ~b~7~A AJD 

1 ~ 12 ~· ~' v' 
b 7 ~. l 1 ::> b '1 {)~"it'. 0 l I': I'(! J ::t : "' T S 
B~ I 
o~ ;110~ ~~~~4C ATA~l LL~ 

9~ 211b~ V~~d4o CL~ 

91 i1104 ~~~~~~ ~L~ 

9~ i11C~ ~~o~~o ~~~ 

9J 2117~ t~~~4b LL~ 
94 ~1112 ~1~0~4 ~ov 

2(..<dJ,•(::;P) 

fl~4,•fSf-'J 
flS?,~1 iAHG2 TQ ~1 

JNF5Jg IJUMP lF QtNCMINATU~ l~ 0 
~~ IGEl A~S v•L. ~~~1 
~~ l~E1 t~PO~tNT 

~"' 
R1 
Ji( 1 
I( 1 
w 1, ~Ii:! 
•2b,1Ji(0 

IGET EXPQNtNT Ol~F~~~~C~ 
IC~tC< MAt;~lTUDE 

lNF,JQ IT~~AT AS l~fl~ITY 
~4,Jl"'QL.S,.. 

ATE$J~ IIF A~~2<~, ~1AsaslGN(A~G1)•PI 

•~4~=>11, ~. (5"1) JPl 

1'v-1k111J3, 1r 1 (5PJ 

A I U j9 
ai l Vi 1: ,, ei 0 , d " ( ~ "'1 ) 1 "' 1-1 I 

,~~ J~ET CODES 
ATl~Jg 1JulN MAl~ RuuTI~t 
~18.tSP ;FLL~&t..f 5TACK 

-~~2..>11,....:./ 

1 :,. "" ' ,'. 9 I J J ,.. "" 1 f- + Fol 1 I 2 
iil~v•'}~,~.· J•l-1I/2 

·l~~J 1CLLA~ ~lG~ ~LA~ 
•(5~) ICLlA~ ATA~2 ~lA~ 

-C~PJ ;c~lA~ JuA~~A\T ~IA~ 

• l::; p J 
2(~b},R4 l~tT A~G 4UCRtS5 



U TNldJ MAC~U \11(!0~·14 1"7 .. St:.?•7il 1114~ ~•lit:. 44+ 

00~ia"' 
g => 21116 t11b446 MOV it. ~k4J, .. t~P) JG t. T 1..UW Ol'<Ot~ AIHi 

ili~l(l"'l?l2 
ge; 212-'2 011440 t1QV f1-t4, 111 CSt-1l J Gt. T HlGH IJROE.~ 

rn 212i04 ltili0:210i?4 AT1!~SH i:SGE PL.uiJ9 IJUMP IF QUALHUNT l o~ 3 
~8 212~6 k1b27to AQl.I "1 vH1vl~0, ft SP 1 Gt T 1'6S VALIJE 

10~00id 
;g 21212 ~h)~"t.lo lNC 1il, t~P) I f""L.A(; ... 

~~0~14 

10~ 1216 i021021 PL VSJ~H CMP -~'"', •4id2illl!1 I Clo'IECI'\ Ir <1. 
IQ41(\i1?0'1 

h'1 12~~ UJ431 l::H,.U l..f.l!;Jg IJuMP If "1 • 
lid~ 122• 00Jl.11ll~ bGT ~115Jg , > 1. 
UJ Uile> V!lk?57b6 TST 2t~PJ I Ct1E:.GK L. 0 w UROt~ 

"1~fl1id~2 
1.d4 12.s2 lth.1142~ t:.4EQ ~t:. Ul)9 I• 1. 
uo 12.j• k'i121f'6 L;U iJSH MOV tt10Jt1,4(SP) J•Pl/2 

14~~11 
14wH:h~~ 4 

106 1242 U216e, MOV #!Df"11J3,o(SP) J•TAN(~)•P!/2••TAN(l/X) 
~~71J3 
~ia0idltlb 

101 1U0 ~~~1)60 LiEC 121 C~P) lflOJUST SiuN 
01cHH'14 

ua 12=>• Ub64d MOV 2(SPJ ,•(~F) IMOVE ARI.I UOWN 
0~0!002 

109 1200 01b046 MO\I 2tifiJJ,•($P) 
000002 

lU UO• U21b6 MO\/ •40211:'l0,4t~P) IINSE~T 1. 
~oa01d 
lh'J"1004 

111 1272 IOIOe.066 (.;j,.,li( 6CSPJ_ 
00~!006 

112 121e 111.,4461 JSk R4,!i~OL.5H I COMPUH 1. /)( 
f001(1~Aa 

1U 1Jru U3~:>b' 1 lljORO SOV~•t.E1:i39 
13U 021J06t 

114 1306 ~ 1 bb40 L.ld SJfH HOV 2(:;pJ ,•t::»P) JMOVE ARtl UOlllN 
lr.H00~~2 

115 U12 Ubo46 MOV 2tSPJ 1 •(SP) 
000002 

116 131e "":>I061S Cl,.R 4CSPJ 
~k1C~0r,4 

117 1322 l{Jld~ld6o CL.fit SCSPJ 
[lj~~W.106 

us 1J:i6 ~c1b21 CMP UP,•031011 ITANC15) 
l(;Ji'b11 

uw 1JJ2 U3445 l:t\,. 0 L.10$->9 IJi,JMP lF L.tSS T "1 IH·.i T4N(15) 
120 Uii• HJ1~it4 6ti1 TNS~Jg IJUMP lF )I 

121 13J6 02t:H>27 CMP 2C:SPJ,;,~J~243 
(!fd~til(l2 

v.13ei~43 
122 1344 1~1410 di.. US L U>$J9 
12J· 1~4b ~12/06 TN~!IJ~C MOV #~4eJ~06,4CSP) llNStRT l"'I/t'.i 

lll40k2~0 

ll:'IU'1~1L14 

124 1304 1tilcloo MOV •1tHd~tt22,acsP) 



UTN03 MACRO \/f1V'4•14 ~7 .. 5c..p .. 12 11; 4J PA i..t. 44• 

~vl~222 
~11h:ah16 

12~ 131'2 ~110'1"' MQ\/ •sP,W0 IA~G TO Ht:: ti~ 
120 13ei4 U bbQI 1 MO\' 2(SPJ ,R1 

VJ~V.16~C? 

127 131 ()J ~12746 MO\I •1J1127,•CSP) 1PUSH ·~fJO T J 
1J172' 

1~d 1~14 ~1~14o MOV •140..)35, .. CSP) 
140"3:S 

129 14~0 01W1140 MOV R1 1 •lSP) 
1J~ 14id2 ~ hHi'46 ~10V Rk1 1 •dSP) J?USH ·~" 131 14 IO 4 lc100~40 Cl.k •(SPJ IPi.JSrt 1 • 
1J2 14~6 V'l274b MQV ••~2!00,•CSPl 

~oti!e"' 
1J3 1412 kll214t; MOV 1:1l31127 1 •(SP) I PuSl-t f:(QUTJ 

1J1727 
134 1410 ~12f 4Ci ~10\1 ~h!l403J:5,"'CSP) 

~40J3!) 

1 J:) 1•~2 ~11~146 MO\/ ~l,•lSP) ;PUSH ARI.I 
1 Jt:i 14~4 0hH146 MO\/ R~ 1 ,.lSPl 
131 l •it> i:!lcl44f".!} JSM k4, l~OL.:Srl JTkANSfOWM A~G 

ltld~~l~ 
138 , CHOOTJ•X•1)/(ROOTJ +x) 
13g 14J2 ltl171ti2• .~URD IM~R,sS~~.UPSJ~,SSb~,~DvH,~1~53g 

UJ4 ~~2"041 
14~6 ~'1:>36' 
144'0 ~~cldi?t4• 

1442 lt'lJ~tiCI 

1-444 \Cl21440I 
140 1440 ~110~~ L.1~5391 MOV '5P, t;e IGET A~G 

141 1400 ID16b~1 MOV 2l::tPJ,R1 
0001il0~ 

142 1404 01~146 MOV R1,•~SPl 'Gt. T TH~tE COPlES 
10 1015 IC10~46 MOV HID1•lSP) 
144 100 Uei14o MOV F'U,•lSPl 
145 102 ~hHl46 MOY Rd,•~SPl 
146 14b4 !Ofd4•H'7 JS~ ~4, Sl-101,.SH 

lt'J001 ~· 
147 1470 U716~' , wO!oiO SML.~ JGET ARGU2 
148 14'12 k'l21~:51d' ,wo~o Pl.. ySJg IS!:T UP cot.n IC ItNl'S 
14g U74 017U2t , 1110~0 IML.R1SA~~,SM~~.s•oM,IM~R,1•0R 

14715 ~~2I010' 
1~~0 01i'lb2' 
1~k12 "'ld2"1~' 
l:H'.14 ~111f'\2f 
1~~f) ~~a~ HP 

1 ::>Id •r:.•~ lf.\17.L6C:' .~o~o 'ML.R1!AU~,i~L.~1SAOW 

1~12 li::l~2~HJt 

1~14 f6171t>21 
l.::; 16 ltHJ2w;) lid f 

1 :> 1 1:>~~ I0'112WJ1li' ,io!IOi<O SAO~ 'P CXhld lF )(•U1, P(lt)1111PI/2 IF' h1 
1 !) ~ U>~2 ~21C>04r ,wO~u Sl#NiJ9 l4DJWST SIC,~ 

1b3 1~24 l.11d2~1Jd' • 1111101(0 UL)~ I A 0 lJ ATAN2 t1 us 
104 151l6 ~17b1~' • Aj 0 i-llJ 5P0P"'3 1 t.XU39 JPUP ~ESIJL. T TO t<eGS 

15J111 fll~1=>32' 
1 ti b 1 :i~2 0~5120 f.>ChJ9S TST lS~)• IPOP SlG~ FL.Ab 
1b6 151)4 ia~0c1c1:> .,. TS R5 1~ETU~N TO USt.R 



UTNI03 M•C1otO VRU•14 ld7•St.P•72 1114J PhE itl·h 

U7 ' u• U~6 i0l~b60 UPl"YI MOV CSPJ•,Ul1lSP) I MOVE STACI' ITEM UP 
~itt~0U 

U9 10•2 U2066 MOY CSP)+,u.csP) 
rD I00 "'12 

160 u•s 0HU• J~P f tR4J_ • 
1tH , 
'62 Ub0 0 l2ti00 ..,t..YsJ"I MOV (SP)+,Hr. JPOP POL.Y ARG 
U3 1502 012b"'1 MOV t~P)+,fH 

1u u:u eu102 MOY #CONi39+4,M2 •POINT TU l;OfFfi IClt.NT U8Lt. 
Y1a1b44 I 

U5 Uti0 viU7~3 MOV -~,H~ H.OOP ~ 
01d00U 

1ee lU4 000402 SR PUUg 
167 1~66 0101•tt'S pyas3wa MOV R1r•~SP) JPUSM ·~c; 
U8 U7ra rll10U6 MOY RfO,•~SPl 
169 U72 fl11424ti PY U~Si; I MOV .. tR2l ,•t~P) , Pl.ISi-i CONS fANT 
170 l157A 0l'Z4b MOV • tR2J., • liP) 
111 1576 HbJU oe:c IU •COUNT 
172 16'00 0~JJ1a BGT P'f 2S~SI 
173 1H2 iaia0 u• JMP f CH4J+ 
174 ' 176 uru !000766 SGl'IU~I TsT 8 I 'St") I C~t.CI( SlCiN Fl.•Ci 

il001d 10 
11e uu u1•02 bEQ Sei1$i)g 

117 uu 062718 ADU "1 I00~00, f SP J"lt.GATE HEliUL.T FOR (1111,0) I C1' I 
UNH:H4 

178 l!U UliJ1~U SG1UWI JMP f CR4l+ 
119 eENOC 
180 
lU •ff OF FPU 
ua 4TAN21 :SETf' ' SET FP MUOI;: FOH FPU 
183 MO\/ 2tR!!:IJ_,IUI AOUfitt.SS OF ARG1 
184 MOV 4tH~J.,R41 •DORESS OF •RG2 
ue MQV f~;J,Rll!J l-IHtH o~ot.H ARG1 
ue MOV U4,H1J "1ltlH OROl£!1f ARG2 
187 8EQ lNFS~gl JUMP lF DENOMINATOR 0 
111 ASL. RIH 
lH Cl.HS R0' 
Ul0 hAS RU EXPONENT O' ARli1 
l!H ASL. RU 
1Y2 CL.RS R1' 
1 YJ 5111U RU EXPONt.NT 01' ARG2 
u• sus fO,~IOJ GET ~XPONENT Olf~ERENCE 
lsHi CMP #26,,R0, CHt:.CK MAGNITUDE 
196 BL,. f INFl~9J TRl:.U AS INFINITE 
197 1.0~· PUJ~,f31 1NlTUL.1ZE 8IAS•PI 
1~8 t..OF fli(~,~01 CiET ARCH 
1gg CFCC 
au bG~ AlPUgl JUMP lF ARCipil) 

2U ~EGF F.!J 81AS•SIGN(A~G1)•PI 
202 At~U~I 1..0F' ·~4,f 11 [;El ARG2 
2f03 CFCC 
20'4 t:t"- T A21'1U9J 
205 ti.RF ,JI IF ARClhi>, 81Ah0 
ue A21'111i~ I DlVfl' F11FW>J AR"1/ARlli, SET FLOAT cc 
201 bR AT 15Jg' JOI~ MAIN ~OUTl~E 



a"'e 
ug 
210 
211 
212 
213 
214 
21 !) 
216 
211 
218 
219 
2214 
221 
222 
22J 
224 
225 
226 
227 
228 
229 
2"50 
2.U 
232 
2U 
2U 
235 
235 
237 
238 
23g 
2U 
241 
242 
20 
244 
245 
246 
247 
248 
249 
250 
21H 
2~a 
25~ 
2e;4 
2b0 
2!8 
257 
2bl:I 
2~9 
260 
261 
252 
2U 
264 

, 
1N~S391 L.OF 

TST 
6Gt. 
Nf llr' 
BR 

I 
ATANI IETF' 

CL.Afi' 
I.OF 

OUJSU CL.R c,cc 
STf" 
Cl.RF 
BGt. 
ABSF 
INC 

P1.US391 I.OF 
CMPF 
c,-cc 
bl.,f 

rnu~~· DEC 

, 
O IV I' 
I.OF 
L.DF 

LUU91 STf 
CLRF 
CMPF 
CFCC 
tl GE. 
I.OF 
I.OF 
MULF 
5uBF 
AODF 
DIV!' 

I 
L.1:;5;s!i1 I.OF 

MUI.fl' 
MOV 
MOY 
L.OF 

XPUIJY I MUL.F 
OEC 
AOO,­
ai; T 
MUl.F 
llOU, 
sue, 
TST 
SEQ 
NECi1'7 

SG1ai3wl AOOlf , 
tx~usu STf 

MOV 

P1U~;,F1J 
fH3f 
EXU~QJ 

'11 
EX U"SH 

, ,3, 
'2(~:)),Frll 

R4J , 
,, .j, Ji t>, 
, i), 

PL.USJ9J 
F01 
R4 I 
#1 1 01Fll 
n1,n1 

Lt.1U91 
IUI 
F0,Fll 
F11f'"I 
li'l209,h~• 

FJ,F4'J 
F' J, 
Tl51i~Q,,.~, 

1.uuru 
PI8S;)9, F·H 
f'0,,'l' 
tH3UY,fi"1J 
tH,01F0J 
RT3SU,,.U 
F11FfOJ 

Fld,FillJ 

,0, '"', 
#ff COIU 1 Rill 
#4,RlJ 
(R0)+,F1' 
P:k1,li1J 
RU 
CR0l•,,11 
XPOS.)QJ t..OOP 
F21F'll 
~-~.n, ,.,Fl, 
JU, 
SliU~;J 

F11 
,~,Fl, 

15"11•tSP)I 
(SP)+,R0I 

~f~ULT•SIGN(ARG1>•Pl/2 
TEST ARG 1 
+Pl/2 
•Pl/2 

SET FP M~OE 'UR FPU 
CLtAR ATAN~ BIAS 
GET ARGUMENT 
CL.tAR SitiN FL.All 
GET SIGN a'· ARGUMENT 
F~•HAN2 SUS 
CL~AM QUADRANT BIAS 
JUMP l, QUADRANT l OR 3 
At5S (X) 
FLAG • 
1 I'° 
CMtCK IF' XC•l,0 

X•l 1 0, AUJUST SIGN 'LAG 
11 !0/)( 
ATANCX)•Pl/2~ATAN(11X) 

~UAORANT BlAS•PI/2 

F4•QUAORANT BIAS 
FJ•0,0 
COfi'lPAHE TAN(1!5) I X 

XO UNCHO 
r;3•1i'l/6 

X.NOOT3•1 1 IO 
X+WOOTJ 
CX•ROOT3•1e0)1CX+ROOT3) 

)( 

)(•*2 
POINTtR TO POLYNOMIAL CONSTANTS 
COUNT OF CUE,FICIENTS 
lNlTlAL.lZE ACCUMULATO~ 

COUNT 
Fil• Ft• X*•2 + CCI) 

F11a P'l•X 
Pl/15 OR 0.ill 
P(X)w~UAO 6IAS 
TEU SIGN l"L.AC:i 
NO AOJUSTMtNT 
NEGATE ~tSULT fOR (•110)&(1,INF) 
ATflN~ BIAS 

MOVE ~f SULl TO STACK 
ANO THEN TU REGISTERS 



UTNld3 MAt~U VRwt4"" 14 071111StP•72 11:4J PAl.iE 44+ 

26t5 1-'iOV (~P)+,R1' 

260 ~TS Ii<:; , EXH 
267 , 
26d Pli3~1 .~o~o ia4~!:>11,~I0773~J Pl 
26W Pic!J!H , 1110RO 0 4 0 J 11 , ~1111 17 3 3 , fJ I/ 2 
270 11~5-)WI 1 lljURO 0J76111k'lJ~243J TAN C 1e)) 
271 Plt1$3fil ,wu~o 040~l06,~0,222f Pll! 
272 tieUSJW I , ..i o~o it-'411:).3~~- 1~1727 J k1JUT3 
273 I t:.Nl.)C 
274 1&c0 0.>7Jk1J:) fiCU$3r.I I .~u~L> li'J} 3~5 I rc'!JOJ02 ,,~9tiJ0J47d9 

1oit2 t1J~J0a 
275 u;a• 1J742l , ,aiU~O 1J74~1,0:>e;:>14 , ... 141Si~!j7 4024 

16ii!6 056~14 
276 ui)~ ltl~7=>1• ,wowo 0J7~14,14JJ33 ', 1Qfil~77~2I01 

16J2 1 •~J~U 
211 1 t)~. 1J7b:)i , l!.O~O 1J1602, 1tl~2A• J•1J3J33J1319 

1636 12~it44 
278 1o4i.1 ~·~2~"1 CONS3~1 ,NO~O 0402i0el I 0~hhh1~ J,~gg9gyW9W9 

1642 00~1iHH.1 
27W 
2U ,tNOC 



l 
a 
;) 

• 0 

, 
' ' 

:;QRT 

e 
7 
8 
Q 

J ~OPYRIGMT 1~71 1 DI~ITA~ EQUIPMENT CORPUH•TlUN, ~AYNARU1MASS 

10 
u 
u 
u 
l~ 
u 
u 
S1 
18 
u~ 
u 
21 
2a 
2J 
2A 
u 
26 
27 
21 ag 
u 
u 
32 

000000 
00000 l 
I0~0~U 
000(005 
w>~uiae 
0HH0 
000001 
~kiUU 

I 

' ' , 
' , ,. , 
I 
I 

IQHTI 

3J 216~0 ~10,•0 SQHTI 
u una ru650!5 

lc'l000U 
35 autt6 rou=su 
30 
37 
H 
39 
.till 

•1 

2UHh' 10040 
21682 001446 

UU4 WJ127'5 
00000~ 

•2 21e10 00earu 
•3 21672 rd62701 

02UH 
u au1e 00~u& 
•=- ai1io0 01010 
49 
47 211U k1HIH6 
o 21104 0115•e 
4Y 217"6 klldS0•6 
50 21110 0101'6 
51 21112 ~0.461 LUPS411 

177126 
5a u1u rauau• 

u 720 002010' 

,Gl.061. 
,lFNDfi 
,GL.081. 
,ENOC 
SQ!iiT 
CAL.I.ING 
JS~ 
f:iR 
#ARG 

SQRT,SEM~t 
FPU 
IAOR,SDV~,tP01.$M' 

THE ~EAL. SQUARE ROOT FUNCTION 
SfQUt.NC~I 
R5, SfillU 
A 

~!TURNS THE sau•HE ROOT IN R0 ANO ~1. 

~GUU 
~1U1 
R41U 
keu5 
SP•"6 
fi'llJ•U 
F1U1 
F211a 
.Il'DF 
MO\I 
, !NOC: 
a lf NOfii' 
MOV 
MOV 

MOV 
,ENOC 
SrU 
6EC'ii 
1lFNDf' 
MOY 

,ENOC 
•SR 
AOD 

Cl,.ti( 
MOV 
elf'NOF 
tL.R 
MOV 
CL.R 
MOV 
JS~ 

, wORO 

FPU 
fa(RO>,tHI 

,PU 
~ci, .. ,SP) 
2 tHsj_, Rl5 

GET HIGH O~OER ARGUMENT 

JGtT ARGUMENT ADDRESS 

fti(RS41 
Zt:Ri41 
FPU 

JG!T MlGM ORDfR ARGUMENT 

IERHOR IF ARGUMENT NEGATIVE 
1~4ST EXIT IF ZEHO 

""'•tSPl JPUSH lTt~ATlON COUNT 

R1 l~O~M INITIAL ESTIMATE 
#a01 I00, JU 

•(SP' IUSE ON~V HIGH OMOt.R PARTS ,IRST 
R11•(SP) J'CAUSE AOU ANO DIVIDE AR~ 
FPU 
•(SP) l~ASTtH THAT w•v 
f~S,•tSPl 
• tSPJ -
Ri1•\SP) 
R4 1 SPDLSM JINTtR POLlSH MOOE 

SOVR1UUH,UPL.S41 I (X/hE) 



217i2 
OJ 217~• 

54 211J0 

5!> f211J4 
~6 211Je 

57 21742 
58 21744 

5g 21700 

60 a17~• 
61 217~6 
62 21700 
6J 2178~ 
54 2176~ 
6:> 21706 
ee 21110 

67 21774 
6d 21776 
6~ 2117'1 
70 2Z000 
11 220roa 
72 2i0~ .. 
7J 
., 4 
1:; 
16 
11 
78 
19 
u 
u 
u 
8J 
84 
85 
86 
87 
u 
8!il 
gra 
g1 
g2 
5''1 
g4 
90 
9b 
g1 
g~ 

gg 

l 0!0 
101 

lt.'21724 I 
162716 UP&..5411 
"00a01a 
IOIO!Jb6 
rd00004 
ki~1•1"' 
IOlfSC»,H» 
01Ak'id02 
'° 11040 
IO Ub46 

ei u "'ee 
~16640 
ltl00I006 
0007~& 
!012000 0Ul$411 
"1Ub01 
kH0~726 
012b0b RTN541 I 
IO!d0~"1~ 
k11U~67 ERWS41 I 
ro~0V'l2 
~i6071 J 

IO Id 4 
rou 

ft110e)fd~0 ZEHS41 I 
li!IU0'11 
~vH~167 

' L.Uf'S41 I 

, 
t.RH5411 

aut:t 

DEC 

SEQ 
MOY 

MOY 
MOV 

MOV 

BR 
MOV 
HOV 
TST 
MOY 
KU 
JSR 

a~ 
.BYTE 
,BYTE 
Ct.~ 
Cl.R 
BR 
,E.~OC 
,1,-0F 
MQV 
&ETP' 
L.OF 
t.D' 

L.OF 
L. 0,. 
UIV' 
AODF 
UEC 
lJIV' 
SGT 

STF 
MOV 
~OV 

RT8 

JSR 
RU 
,BYTE 
• ~YTE 
C: I. R 
c.; I. t( 
lliU 
• t:PliOC 
.fNOC 

•~001ISP l(llE•E)/2 

4CS~J ICOUNT LOOP 

OUTS41 
2C~~l ,•O»P) IU5E ~ow OHDER PARTS 

fHt>,•(SPJ ITOO FROM ~aw ON 
6 tSPJ I .. t~P) 

fHSPJ, • t:iP) 

LUPS•t IGO FOR ANOT~!A lTiRATlON 
(SPJ•,~~ JGtT HfSULl INTO R0 1 R1 
CSPJ•,Rt 
(IP>• IPOP ITE~ATION cuu~TE~ 
CU"J•,H~ 
R~ IR!TURN TO CA~~ER 
R~,St.RR ltRHOR 4,11 

RTN$41 
~ 
11, 
R0 
FU 
RTNS'11 

FPU 
U 1 Hrtl I 

' (:iPJ+,f'0J 
f2(1if~J ,Fi2J 

~·0,Fll 
,.-;i,FllJJ 
F1,F~I 
,1,F~J 

A01 
#ii!,_,•FU 
1.UP1411 

,0,•C~P)I 
(SPJ•,R01 
(SP)+.,R1' 
R :i I 

R~,St.R~I 
R~I .. 
11, 
HO 
RU 
Rt> I 

JHRATION ~OUNT 
SI~GL~ PHECISION FP 
GET INITIAL fSTlMATE 
GET )C 

E •t.' 
)( 

XIE 
)(/t.+t. 
COi.iNT 
El•(X/E+t.)12 

~ESUL T TO SUCK 
ANU THENCE TO R~,Al 

EXIT 



l 
2 
3 .. 
b 
6 ., 
8 
9 
1IO 
u 
u 
lJ 
14 
10 
u 
17 
u 
u 
u 
21 
22 
23 
2, 
25 
26 
27 
28 

0~0~Ml 
IOflHHll~~ 

V'~0~0tS 
01iHH'.10l 

2W 22005 010'iJ46 SEHRI 
3~ 22010 ~16000 

'11Cl0~0a 

I TI TL.t: 
, GI.OS'°' 
W0 • X~ 
H5 • X~ 
SP • U> 
PC • X1 

$t:RR~1 
S~kw11ERWA,•ERVEC 

T~E ~HkOR ~ANDI.~~ OF FPM.P•11 
THIS ROUTINE PA~Scs CONTRO~ TU T"E USE~•s ERROR 
~OUTINE, 1' ANV 1 OEFAULT ACTIO~ I~ TU ~ALT 1 
USER MUST MOVE AUORtSS OF HIS ERWQH ROUTINE 
TO G~OBA~ 1.0~ATlON f$E~VEC' 1 CO~THOI. lS PASSED 
TO T~E AOUR!8S IN 5ERVEC VlA A JSR pC,fSERVEC, 
~EGISTER ZER~ ~I~~ CONTAIN THf EHRUR COOE, 

ORI 

MOV 
MOV 

.J :iH 
SH 
.ent. 
.t:tVTt:. 

MOV 
JSR 

Hb 1 SERR 
A 
t~~OR CLASS 
roHROH NUMBt.R 

#f~JiCNUM,R0 
R~,SERR• 

R~,.~SP)I 

2CFH5l,R"'J 
SAVE ~0 
GET ~MROH CLASS/NUM8EH 

31 22014 ~0~401 ~R EMt:U43 
w0,•tSP)J 
Cl.Ui~J 
R01#:.J 

32 2i0l0 ~l~~ .. 6 IEHHAI MOV 
33 22020 fM~S4JI .IFNO~ 
34 aa~a0 ia0~21 CMPs 

fc:H~10 lll0 5 
3Cj 220i4 COliH402 
315 
37 22028 0'/J4177 

~~0004 

tte: Q 

1f.NOC 
JS~ 

u 2a0~2 
3g 22034 
40 22k1!~6 
41 22040 
42 2~042 

k'.l 120H lGN!4~1 MOV 
000a0e 
fd22U0•1Elo(Vt.~I 
0~01'100 !'ii,.. 1$431 
~0~776 

FUS 
• loljo~o 
HAI. U 
bR 

Ir.;NS43J 

PC,UE.RVtCJ 

(SP)•,R~J 
k~, 

HL. TS431 

lil.U43' 

SAVt. ~0 
OE~lNE TU ijtT WA.RNINGS 
ci..•ss 5 ~WARNING)? 

lGNORE Ifi SQ 

CAL.L USE~ ~~~ ROUTINE 

RESTOl<E H0 
R~TU~N TO ER~OH ROUTINf 
AOUR Of US~R ERR MOUTlNf 
OEf' AUi. TI HAL. T 
HA~O STOl-1 



1 •Tl TL.E IL.OFH01 
2 .1prof' CNOS4.i&CNOU2 
J (Dw)0fi004 R4•U 
4 ldit'0tOkJ6 SP"'6 
5 
6 L.OAO f' L. AC • ~ING~E PRECISION 
1 
8 02~0•4 012c;e;e iL. Lili( I MOY (SP,+,2(:1P)I MO~E OPE~lNO TO RESULT LOC 

0 111 1r!1 kHH! 
g '-'220ti0 ~12b6o MOV (SPl+,2(~P) 

000002 
10 2200• ~~0U4 JMP IUUhl POL. ISH Rt.TUHN 
u .!NOC 



1 ,TlTL.t il.00~1 

a •HOF CNiJi45&~NOU2 
;J IUH.1160.S R0•l0 
4 11)~~~0~ Hoi4 

' ~ld0U6 ~P•~o 

6 
7 L.CJAI) FL.•C • UOUBl.E PRECISION 

• g 0220oe ~10001d SLUDI MOV SP,R01 COPV STACI< POINTER 
u aa000 k1till1~0 ADO #6.,M01 CAl..C AOD~ UF. RC.SULT 

lhHHi U 
u 2i004 ~1202~ ~av (:tr->)+, (H~)+I MO'H. OP~ANIJ TU RESUL.T L.OC 

12 22056 012ti20 MOV CliP)+, (R~)+ 

u 22010 012"2~ MOV CSP]+, (F(iOJ+ 

14 2u12 i012&21d MOV CSP)+,(~~)+ 

u 22014 01&1013• JMP fCR4hl POL.IS.; ~t.TU!iiN 

u 1 ENOC 



1 , Tl TLi UTH"1l 
2 1IFDF C.:NOS4HC."'Ul42 
J 0'1000~ lii0•U 
4 10ltltd~01 ~101 
5 k'.lldv'~02 k2•i2 
6 0~0Wl~J k.UU 
7 ~IO~wl04 liCOU 
8 0"'0ro0:; lol,1¥5 
g 0!00 ltl~ 0 5P•X6 
10 ~,Id 0 IO '111 PC07 
11 
12 SHIRE FL.AC • UNr.il.f PRf.ClSlON 
13 
14 220115 01:Z1ic:) UlRI MOV #f'AC••2,~:>I GET ADDRtU OF FLAC 

~lc.1~432' 
1~ 2~U2 ldl6b166 TST H CSl"J I TEST p;'QR SUCK MODE 

~0~1d311) 

16 22 lid~ IOI01~1:t SEQ n~s•u BIUNC"'I lfF NOT 
17 2f! 110 00~~86 Cl.k 31d(SP), CL.~AR STAC~ MOUE FLAG 

~00k131C1 
16 22U• ~uo0"' MOV SP,RlaJ COPV STAt;K POINTER 
19 22118 010h1 P10V SP,Rl 
21d 22120 '122121 CM~ (Rt)+, OHl+I R1 • I( 1 • 4 
21 22122 0u102 MOV #U, HU LOUP CUUNT 

00001J 
22 221ae '1HUU 1.PUIS I MOV (Ml)•, (~IO)+I MOVE UP UACK TO MAKE ROOM 
23 a21u "~e;,"12 CEC Ra 
24 2il.la ~IOtJ7e:t ttNE L.PUO 
2:> H0 POINTS TO OPtNAND L.OCATION 
28 221'14 ro12ou fl10Y (~5)•, (~IO).+J STU RE Ti-ti 'LAC 
27 221\te 012~20 MOV CR5J•, CU)+ 
21 aa1•0 000 U4 JMP • UUJ_ •I POI.UH ~ETUkN 
29 221•a ~ue2ro ITKSOI MOY (~5)+, (Hi)•I STORE TMt. fit.AC 
30 ~21•4 U2'U MOY (RS)+, OHO)• 
31 2210 02262«5 CMP CIP)+,(IP)+J POP OPEIUNU OFF TH! 8T4CK 
32 221 :5~ t1HU4 JMP • tFt•h 
3 '5 .ENOC 



llTDil MAC~O ~'UU•t • 07•SU••72 U U~ PAllE 52 

' 1TlTL,! UT Dill 
I elfO' CNDIO&cNoua 
I 01!0ki0i wuu 
• 11UI00 l fcllU 
I '1ID0W01 Fi21U • 010UI iic31U 
7 ~I00tdl&'!• ,. .. ,. 
• I000~00 r.a•u • 0111101601 IPU8 
u 000007 PC•X1 
ll 
u 121:12 012709 llTDI MO~ #fi4C1•2,M5 

k'004U • 
u 12lb6 i~&766 TIT U (I~) I TEST ,OH SUCK tit ODE 

000n• 
u aaioa 011l4H HQ ITKSO I BRANCH I' NOT 
u aue• H~l066 CL.H 34CSP) 

~~lh1U 
ll 22170 0100H MQV SP,~i 

17 Ut72 1tHU0l MOY lfil'1FU 
u Ut7• 06210& ADD #U,Ml 

~uu a 
u aau0 012702 MOV •U,H2 

kH000U 
u R22k1• ~ 12121 1.PU7 I MOV (H1J+, (~~)+ 
u UU& IOIO~l)~2 L>Et R2 
H 22210 01dl~75 iNi 1.t'l47 
H 22212 ~u:.u MOY (RS]+, (H~)+J STORE THt ff ~AC , .. 2i2U 0 l2b20 f'!IOV (H5) +, (FHOJ + 
H 22218 rau~n MOV (H9)+, (~li:IJ+ 
II 22220 012~U MDV CF~,)•, (fiflOl+ 
17 aau2 fi1~013• JMP I tR4h I RETURN 
H 222U 012:;20 ITKU71 MOV (MSJ+, OHi)• 
u aaaae 012:tn MOV (H5)+, (~ii)+ 
II HU0 012~21 MDV (R5)+, OflOJ• 
u 22U2 uaou MDV (H,J+, (Ri')+ 
u UU4 082708 ADO #U,SPJ POP OPERAND 

0HilJU 
u aaa•0 (ihHHU JMP f (R4J• 
;u ,ENOC 
u 1 Tl TL,£ Ft'MPU ~~OATING POINT & MATM PACKAGE 
H 
37 00k1!00l 1 eENO 



FPMP 11 n.uu !NG POINT I MATlof PA MACRU VH~h14 "7•St'.P1172 11143 PAGE !52• 
SYMSOI. UtH.t. 

A • 10lllicl010 ASP$ U 0144~2R AC " 171302 
ADJUg U4344~ AOFiiU2 0002ro 2 R Al~T I00Jl24f((i 
uu• ldk1J1::i0R Al.01'.i 0020~0RG Al.UG 1 k1 Vl02!544HG 
ARNSU I014J:J4H ASH • 171316 ASl.Sl l ~0157.tk 
ASl.14 k10-)2U~ ASRU~ 0 l 42tl4R AS1S11 ~07552fil 

AUN Hl1b0~c; ATAN2 0a01eteRc; ATt:.Ub ~ll072H 
ATf$to)g Ul124R ATlUO U 12k14H ATU39 UUUR 
AUPU g 0•410R At I 0000~4 AUS! 00l 049R 
A2 • 11Hi0010 •2118 0036b8R UNS1 1401054R 
UNU 0021UR 8 ' 00001.4 BACS25 IO 1 ~6HR 
BEXP I I0~001"4 ~rgu 0016b6R BT9S2 0rU464R 
Bl • 0"1Uk'J6 82 I 000012 82"'128 .01 ~4UH 
82NSJ0 W2112e4R i:s2zs21 0U00R 82ZS30 I0!7300R 
B4NSll8 kH6;)46R S4ZS28 01U02R B6U28 01eiJJ2R 
S9A$l 0016b6R 8S>Al2 HUb4R CA0S42 0U479R 
CMU4a M'k'IU~2R C,f<S20 iU47~2R Cl"f"S17 IO l J248R 
Cl.Eli 0k1:ll44~ tl.R UY 0170~0R CMDU2 00rd466R 
CMF142 U~2b4H CMHU2 00ru•2R CMlUa 0U264R 
CNDS1 • ro00U1 CNOU01 HHlOl CNOU 1 • 00rd0G!l 1 
CNOU2• f1hHilH l CNt>UU 0Hl1Jil CNDll 41 00000 l 
CNI.)$ un "'"'16001 CNOUtu 0~HIO 1 CNDS11• 000001 
CNDS18• u0e1tt1 CNDU 9• 000001 CNDU • 000001 
CNOU0• 000~id1 CNDU!• 0000!01 CNOS2~• f60V2001 
CNIJ52!t 0011HHO 1 CNOS20 0000!01 CNL>S25t 00u01 
CNDS26• 0000!01 CNDS271 0000i0t CNOS28• I001d001 
CNL>s~g• lllrdl0001 CNCl3 • 0000i01 CNOU0• ro00001 
CNOS~1" 0161l1001 CNOSJ2• 0000i61 CNOS33• 000001 
CNDU•• 00!0001 CNOUU 0n0ro 1 CNDS3b• 00_,001 
CNOS;!7• Hli60"'1 CNDUSS raro00ro 1 CNIJU91 I00IOHI I 
CNDs• • ~k100ill 1 tNOU1• 0000!01 CNDU2• 00000 t 
CNDU41 0000IO 1 CNDU~' 0000'11 CNDU6• 001d001 
CNIJS471 00i0001 CNOtb • 0001!!01 CN016 • k'00001 
CNDS7 I 01iHHHH CNDU • 000011)1 CNOSS) • 000001 
CNVH 01d~U44R CON SU U7440R CO~Sl 3 01U4'R 
CONU:; 01 ~21D0R CONU H.S1a0R CONl37 "'2(U00R 
CONUg HU40R CO& Q12HJ0RCi COVl30 rdt1~06H 

CVCS2'1 017062R Cl • 0U0U C2 • io000a2 
CUU1 nnu•H D • 00Hi0 OAUN ~lU36RG 
04UN2 f01f0!6etHG DBL..E HU&efiUi OCHUb 01ae0sw 
DCHU8 01U•2H ocos l!h,757 4Rti OCRl25 i01:)698R 
DECS2f! i01b172R DiCIU 011'W4R DUP la 1 J7 URG 
OGSS~ 006e>~aR DGUS) 0~fS570R OG2sg 000tnl2H 
LHi3$g H6510R OM1Slti U2~04R Ototl S18 0t3et4H 
DlGITU H000• 01GS9 H68~2H DlYU:i 0!1010R 
DlVU7 01317C5R DIVU~ "2105tiR OIVU ld~010H 
01vsg H~3I06R DI.CG 01c1ee~•Rv OL.OGU ~~ob~lllf~li 

01.~$16 0U~~2~ IJL."'118 0'U~~eR OMOOt. • 10"1000 
ONES 11 I00761UR IJNEU4 IU54eJeR ONES2~ 0t~724R 

ONt5Jl5 U77J0H ONt.U 0032ctiR ONt.$9 ~00022R 

0N1S4 01dJU4R OOUSL.t.• 0000IO 1 OPkS8 0046UR 
DRU12 0~7940H OR2 $12 007606R OSIN ld0'702RG 
OSQRT _, i U~•HG DSVUW 01441d2R OUPSU li'0724eifi! 
OUPU 3 ~Utb4R OUPUQ UU04R OUPS21d 014120H 
OIJPS3 I00U 14M 0UPS37 0202c2R ov l Sl b ~1~112H 

OVU18 ~U6J0H OV118 004326R ovug d0~344R 

OV218 k'lk10UR ov2sg H~U0R ov.ue I004346fi( 
OV4Sti IDID066R 01 • 00001• OUS8 "04024H 



Ji PMP 11 ri,.UATl~G PQJ.NT & 1"1411'4 ~A MAC!o(U VR.,,411114 lc.17•5t:.P•/2 1P43 PAGt. 52• 
SY MB UL TAt)l.t 

o usu~ U4370R 02 • 0~00~4 06to<S1 g 11'14400k 
Et KU !Ok/12J2 .. t.CKS2 ~~2212r; f.CL.Slb "112020~ 

ECL.IU lr'1 J4CHi~ t.CL.U~ 01"41~0R ECl.52a ~10112R 

ECl.128 i1l&b2~R t:.CL.S30 01144~R t.C U U> I012!522R 
ECUU 0U47 •~ C.tXP • 0~001c!l6 EFES9 ~0~734~ 

HUW 00~646~ t:.F1U 11:h1411 M< t:~;iS8 ~042041'( 

END • 0~044 C. N t1' t3 0042i2~ t:.NU8 ill04224H 
EN2Stt ~W142/4R E.Q u 1 b 0131~0R f.Q u 18 ldl..)700M 
EQ2Ue I01~116w EQ2U8 ftl13ts76R EOS4J l62ce2l!lo( 

E~' • ~0~16J' tROU0 007J!)2t< fRliiU~ vJ0713"11'( 
ERR SU ~ 10644~ tfHU24 0154~4R EAWU:> 101014~H 

ERRU '°"'"070~ f~Ri41 0217/~H~ E.Rf'(U2 0'1"1422~ 

ERRU U4074~ t:.~~i9 0~6276R tSlG~ • I00 ld010 

ESVS~0 k1147441if EOU 0011ll2R f.XAS2 ~0~144R 

EXCU H4114H EXU10 007312R E.Xl$1!> iOU71~W 

Ull~ w:1!031Z!4roR Ex U39 0215J2R EXl-1 014554HG 
EXP Si V'~~7/0R flCTi8 0041J~R EX lSP !00~174~ 

EXUi 0i66~ UR t:.XH9 _,!060V)0R rflCS42 ~~0432~ 

FCOU~ u2111:1~~ Fcca3g '1216;t0R FH':.lg ia0:;464FC 

FFUlif ~~e4e,0~ FFH9 ftHi56v>0~ foF4:1g ld0:)~64k 

"5'5Si ldlO:"lei44R f'Fbig 0~5~~eR F lL.S2t; 1111~700W 

FL.0124 111 :;,4J6R F1.Ct8 0"13112R FL.OAT iO 1 ::>2021'lG 
Fl.TIU 111 U600H f-1.,TUd ru;s~=>0R Fl., U8 ~i2144541iC 

FLU16 ~UUtH~ l"PU~ 014J202R FPUti 003J60W 
f'UL.12~ '1U7UR F0 ·u~0~~0 , 1 •U0!d001 
,2 •U~00"'2 ,..~ 00000163 ,.. •Ual0004 

":I •U0001d~ tlOS16 01304!R GOi18 U J654R 

c;osa• 01DUA~ Li0525 ld1~540R GU S1 ~ 0112~0H 

GUO" ~2U~41ii 1'1LTSO 022040R lOlNT 01a020~G 

l'IX ldUl~AHG lG~S43 0220J2R 1NtS2kl k114712~ 

IN,115 UU76R 1Nf'"S39 0211 J0R 1NRS1 ~ Wi111J4W 
lNRU9 0~U~6H l~T 0l belft0RG lSl'ISP 0U!06~ 

URSi H65HR L. • 01d0VJ~4 LENGTt1• 1616"'042 
LUU& fdl U~t;R l.U sJg 021Jlcl6R L..rrTS8 I00!)010R 

L.GTUe 0ro7342R 1.GTU 0030b~H.C l.OliS1t1 ~006!55'< 

LOGU iHOi0~2R L.PSS2e> 015~02R 1..PU5 U2126R 
LPU7 ~U2~.tR L. 511 • 17731• L.UPS14 01'0!42~ 

LUPS11 ld1J216M L.UP U 1 021712R L.t:>S15 IO 1 U42R 
L.UUi 142i44eR MOY SB 004(f'h)6R ML.TS28 i01b640R 
ML. T U0 U7'400R Mt.Ug 00~2CUR ML.U8 -'04742M 

Mt.Hill ~ltlt'>246R MQVUo 0156bt;M MQ • 177304 
MT01U iOU7J6H MTU30 011~1•R MTU28 01oe44R 
MTU~0 IU 7 464~ MT2S2b 0167~2R MUl..52~ 0170!52k 
f'lUL,$8 0u00e~ MUl..5'~ 0~t)24V!R M1tiS19 014362R 
M45Si I00,,tJ6R M:5AS8 0041b2R M5Ug kl0015BR 
M~asSJ ~{tlf)tf'~~ M5458 ld~4614H ~~45g ld000:30R 

Mb~U lll04714R M"U9 fth~620AR N • l00i6014 
NAL)S42 h103J4R NCKi24 01ei306R NCl\58 .00J614k 
NCPl2 ~~2204R NEG~4i2 011~2=>2~ NEGS~ i00JJ2tH< 

Nf.CiS6 {O~J4"14~ NFl.U 0\1 lt>'12R ~CiM524 ~1:;476~ 

NGMS2SJ I0171J2R NGMi3!> 0177:::lQIR NG0$1b It! 13 UUR 
NGOl18 tJ1Jbb4H "'iML.519 fd14Jk?2.H NNlUd ~1b2721( 

NNZU ~0J~44R N~UQ ~iJb116k ~OUS1 !0~1476~ 

NOOl2 IOllli3721'i NQOS21 il11b1~V}~ NOLiS9 iU~:>402toC 

NOM527 ~101 u~ P...QM\28 11.11 6 4 b ~·· ~ NOMS3el V'.1173J6k 

NOMS~ ~V>OJ06R Nl)P$8 "'"37::>41i( NOH • 171U2 
NOU~ 000Jt'HltoC NQUUo 01J112R NQl,a 11'3 1t11Jc12~ 



fPMP11 ~LUATlNij P~'~T & M•T~ PA MACHU V~~4•14 ~1•StP•72 11C43 PAGE S2• 
SV,.,dOL. TAbl.E 

NTidU 8 
NXTU 
0Ch2e; 
0Nf.U8 
OUTU4 
OIJU28 
OUTs3!5 
OllT~=> 
OVJU1 
OVIUltt 
0\11020 
OY~S30 
O\IJU'16 
OVU16 
ov1u0 
PCKs8 
PL,,U42 
PL.I.JU !5 
PL. YU:S 
PL.U42 
PMOOt. • 
PO INTL• 
POSU~ 
PTl'S8 
PVUU 
PY251;5 
PY2U9 
P1~SH 
P3117 
Q ' 
QSRSU 

I01J:>40R 
llfaile>74'R 
0160"4H 
Vl~~606R 
161 !06,e>H 
IO 1 t>~t>2R 
~17744R 
IOIO~Ja2R 
ldV' 1 e>bbR 
~ l'S4~4R 

il110UIOR 
I0174J0" 
~:lro0a0~ 
14l2762R 
I0174UR 
IOI04002H 
fUl6020R 
IU U16R 
IOU"a0H 
lOH312R 
0'01ak10 
000~02 
U!56UR 
11104060~ 
0ta0•2R 
IUUUR 
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Absolute loader, 3-22, A-1, A-3, 
A-4 

INDEX 

Addressing modes in TRAP calls, 3-2 
ASCII conversion routines, 2-3, 

3-12, 3-14 
errors, 3-14 

Assembler-PAL-llS, B-1 
error codes, B-3 

Assembly instructions, conditional, 
2-2 

Assembly switch tape, 3-17, 3-20 

Binary exponent, 1-3 
Binary form of TRAP instruction, 3-4 
Blanks in input conversion 

routines, 2-4 
Bootstrap loader, 3-22, A-1, A-2, 

A-3 

Calling conventions, 3-6 
CLASS5 switch, 3-20 
Conditional assembly instructions,2-2 

source codes, 3-17, 3-19 
Condition codes set by TRAP 

handler, 3-5 
Conve~sion routines, 2-2 through 2-5 

Data formats of conversion routines 
2-3 

Decimal position, 2-4 
Division, 1-2 
Double precision 

package, 2-2 
storage, 1-3 
switch, 3-2 

D type conversion, 2-3, 2-5 
scale factor, 2-4 

Entry points, 3-1 
Errors 

ASCII conversion routine, 3-14 
assembly, 3-21 
CLA s s 5 I 3 - 2 0 
floating point operations, 3-15 
FPMP-11 code, 3-16 
PAL-llS assembler, B-3 
user error handling routines, 3-15 
user floating point, 3-1 

E type conversion, 2-3 
scale factor, 2-4 

Excess 128 code, 1-3 
Exponent in floating point notation, 

1-2 

X-1 

Fixed point notation, 1-2 
FLAC see Floating point accumulator 
Floating point accumulator (FLAC), 

3-1 
restrictions, 3-1 

Floating point compare, 3-5 
Floating point notation, 1-1, 1-2 

double precision, 1-3 
normalized, 1-2 
single precision, 1-3 
storage, 1-3 

FORTRAN library functions, 3-10 
FORTRAN operating time system, D-2 
Fractional representation, 1-2 
F· type conversion, 2-3 

scale factor, 2-4 

Global entry points of FPMP-11, D-1 
.GLOBL assembler directive, 3-2 
G type output conversions, 2~3, 2-5 

scale factor, 2-4 

Hardware option switches, 3-17, 3-18 
Hardware requirements, 1-1 

Immediate mode, 3-2 
Input conversion routines, blanks 

in, 2-4 
Integer conversion, 2-5 
I type conversion, 2-3, 2-4 

J5RR mode, 3-6, 3-10 
storage of results, 3-11 

JPC mode subroutine call, 3-12, 3-13 
LINK llS linker, 3-22, C-1 

error halts, C-6 
error procedure and messages, C-3 
fatal errors, C-4 
non-fatal errors, C-4 
restarting, C-3 

Loaders, 3-22, A-1 
Loading instructions, FPMP-11 

package, 3-22 

Modes in TRAP calls, 3-2 
Multiplication, 1-2 

Negative exponent, 1-2 
Normalized numbers, 1-2, 1-4 
Number storage, 1-3 



One-word integer conversion, 2-5 
OTS routines, 3-1, D-2 

called directly, 3-8 
non-OTS routines, D-B 

O type conversion, 2-3, 2-4 

PAL-llS Assembler, B-1 
error codes, B-3 
operating procedures, B-1 

Polish mode, 3-6 
calls, 3-8 through 3-10 

@R,0: mode, 3-2 
Relative mode, 3-2 
Routines accessed by TRAP handler, 

D-8 

Sample program, 4·-1 
Scale factor, 2-4 
Single precision 

package, 2-1 
switch, 3-20 
word storage, 1-3 

Software requirements, 1-1 
Source listing, E-1 
Source tapes, 2-2 
Special packages, creation of, 3-17 
Stack mode, 3-2 
Storage of floating-point numbers, 

1-3 
Switch tape assembly, 3-17 
Switches 

CLASS5, 3-20 
double precision, 3-20 
single precision, 3-20 

Summary FPMP-11 routines, D-1 
Symbol table size limitations, 3-21 

Transcendental functions, 3-20 
TRAP calls 

addressing modes, 3-2 
binary form, 3-4 
source form, 3-4 

TRAP handler, 3-2 
for OTS routines, 3-1 
routines, D-8 
user routines, 3-6, 3-7 

Trigonometric functions, 3-20 
Two-word integer conversion, 2-5 

User error handling routines, 3-15 
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HOW TO OBTAIN SOFTWARE INFORMATION 

Announcements for new and revised software, as wel I as programming notes, 
software problems, and documentation corrections are published by Software 
Information Service in the fol lowing newsletters. 

Digital Software News for the PDP-8 & PDP-12 
Digital Software News for the PDP-II 
Digital Software News for the PDP-9/15 Family 

These newsletters contain information applicable to software available from 
Digital 's Program Library, Articles in Digita I Software News update the 
cumulative Software Performance Summary which is contained in each basic 
kit of system software for new computers. To assure that the monthly Digital 
Software News is sent to the appropriate software contact at your ins ta I lat ion, 
please check with the Software Specialist or Sales Engineer at your nearest 
Digital office. 

Questions or problems concerning Digital 's Software should be reported to 
the Software Specialist. In cases where no Software Specialist is available, 
please send a Software Performance Report form with details of the problem to: 

Software Information Service 
Digital Equipment Corporation 
146 Ma in Street, Bldg. 3-5 
Maynard, Massachusetts 01754 

These forms which are provided in the software kit should be fully filled out 
and accompanied by teletype output as well as I istings or tapes of the user 
program to facilitate a complete investigation. An answer wi 11 be sent to the 
individual and appropriate topics of general interest will be printed in the 
newsletter. 

Orders for new and revised software and manuals, additional Software Per­
formance Report forms, and software price lists should be directed to the 
nearest D igita I Field office or representative. U.S.A. customers may order 
directly from the Pro~rnm Library in Maynard. When ordering, include the 
code number and a brief description of the software requested. 

Digital Equipment Computer Users Society (DECUS) maintains a user library 
and publishes a catalog of programs as well as the DECUSCOPE magazine 
for its members and non-members who request it. For further information 
please write to: 

DECUS 
Digital Equipment Corporation 
146 Ma in Street, Bldg. 3-5 
Maynard, Massachusetts 01754 



READER'S COMMENTS 

FPMP-11 user's Manual 
DEC-11-NFPMA-A-D 

Digital Equipment Corporation maintains a continuous effort to improve the quality and usefulness 
of its publications. To do this effectively we need user feedback -- your critical evaluation of 
this manual. 

Please comment on this manual's completeness, accuracy, organization, usability. and read­
ability. 

Did you find errors in this manual? If so, specify by page. 

How can th is manua I be improved? 

Other comments? 

Please state your position. Date: 
----------~--------------------------- -------------

Name: Organization: ----------------------------------- ---------------------------
Street: Department: ----------------------------------- ----------------------------
City: State: Zip or Country ----------------------- --------------------- ------------
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