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PREFACE 

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

For background in the papertapesystem, refe~ to the PDP-II Paper Tape 
Software Programming Handbook (OEC-II-XPTSA-A-D). 
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1. 1 INTRODUCTION 

CHAPTER 1 
FPHP-ll OVERVIEW 

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

FPHP-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. FPHP-ll 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-ll can be tailored to 
include only those routines needed to run a particular user program. 

1.2 HARmvARE F.EQUIREHENTS 

The FPMP-ll package is designed for use on 
of core, and can be easily reassembled to 
EAE, 11/45 EIS, or 11/45 FPU (refer to 
instructions) • 

1.3 SOFTWARE REQUIREMENTS 

any PDP-II with at least 8K 
take advantage of the 11/20 
section 3.5 for detailed 

LINK-lIS (or the DOS LINK-II linker) is used to link a user program 
with an FPMP-ll object module to create a load module. PAL-lIS (or 
MACRO-II under DOS-II) is used whenever the FPHP-ll 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 number 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-ll 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 24 

Multiplication and division are accomplished by shift operations: each 
one -place shift to the left represents multiplication by two1 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 
immediately 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 signific~nt digit. In 
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computing a mantissa from decimal input, FPMP-ll uses the, convention 

1/2 $IMANTISSAI<l 

to normalize the input value. Note that when I MANTISSA I 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-ll floating-point numbers are stored as two 16-bit PDP-II words 
(single precision) or four 16-bit PDP-II 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 
2008 from bits 14-7 of the first word. 

1.5.1 

NOTE 

The single and double prec~s~on formats shown below 
are limited to normalized numbers. The high-order 
bit of the mantissa (which is always 1) is omitted 
from its implied position (bit 7 of WORD n) in order 
to allow one more bit in the exponent field. 

Single Precision 

The mantissa and exponent are stored as follows: 

WORD n 

lsi' exponent high-order mantissa I 
15 14 7 6 0 

WORD n+2 

Ilow-order 

15 

mantissa J 
o 

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 prec1s10n 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 

exponent I mantissa ~ mantissa 

15 14 7 6 o 15 

WORD n+4 WORD·n+6 

mantissa lowest order mantissa 

15 o 15 

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

Decimal Binary Internal Form 
Value Floating Point Sinsle Precision 

(octal) 

1 0.1 x 21 040200 000000 

2 0.1 x 22 040400 000000 

5 0.101 x 2 
3 

040640 000000 

10 0.101 x 24 041040 000000 

12 
1 

0.10110101. •• x 2 040265 002363 

-1 ... 0.1 x 2 
1 

140200 000000 

0.5 0.1 x 20 040000 000000 
-1 

0~25 0.1 x 2 037600 000000 

0.75 0.11 x 2 
0 

040100 000000 

-0.25 -0.1 x 2 
-1 

137600 000000 
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CHAPTER 2 

DESCRIPTION OF PACKAGE 

As distributed the FPMP-ll 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 
(DEC-ll-NFPMA-A-PRl) which includes 
handlers and the following OTS routines 
operation: 

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

an 
the 
for 

object 
FPMP-ll 
two-word 

module 
TRAP and 
floating 

$ADR 
$SBR 
$MLR 
$DVR 
$CMR 
SIN 
COS 
AINT 
ATAN 
ATAN2 
SQRT 
TANH 
EXP 
ALOG 
ALOGIO 

Arctangent routine with two arguments 
Square root routine 
Hyperbolic tangent routine 
Exponential routine 
Natural logarithm routine 
Base-IO 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-II-NFPMA-A-PR2) which includes the TRAP and error handlers and 
the following OTS routines for four-word floating point operations: 

$ADD Add routine 
$SBD Subtract routine 
$MLD Multiply routine 
$DVD Divide routine 
$CMD Compare routine 

.. .OS.J:tL _____ Sine __ rOJlt:i.mL 
DCOS Cosine routine 
DATAN Arctangent routine 
DATAN2 Arctangent routine with two arguments 
DSQRT Square root routine 
DEXP Exponential routine 
DLOG Natural logarithm routine 
DLOGIO Base-IO 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 section3.1). 

Appendix D contains a more detailed description of the functions. 

2.3 SOURCE TAPES 

The source tapes (DEC-II-NFPMA-A-PAI-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 FPMP-II to perform conversions to and from 
ASCII strings are those used by FORTRAN to perform Input/Output. The 
FPMP-ll 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-ll subroutines 
and convert numbers in internal form to ASCII strings. 
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In order to effectively use 1;.h~ ASCII conver.si,on routines of FPl-1P-ll, 
the meaning of the various parameters which must be passed to these 
routines and the various data formats involved must be understood. 
Table 2-1 conta.i,ns. the various data .formats processed by FPMP-ll 
conversion routines: . 

CODE 

D 

E 

F 

G 

I 

o 

INTERNAL 
FORM 

Double Precision 

Single Precision 

Single Precision 

Single Precision 

Integer 

Integer 

T~BLE 2-1· 

DATA FORMATS 

EXTERNAL 
INPUT FOm1 .. 

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 
or without a decimal 
point or exponent 

. field 

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

Decimal number witli
out a decimal point 
or exponent 

Octal number 

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 
. d.ecimal. point and with 
or without an E exponent 
field (see table 2-2) 

Decimal nilmberwithout 
a decimal point or 
exponent 

Octal number 

The following FPMP-ll routines perform the above conversions: 

$DCI D conversion for input 
$DCO D conversion for output 
$RCI E,F, and G conversion for input 
$ECO E conversion for output 
$FCO F conversion for output 
$GCO G conversion for output 
$ICI I conversion for input 
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$ICO I conversion for output 
$OCI 0 conversion for input 
$OCO 0 conversion for output 

Each of these routines requires one or more of the followin9 
parameters: 

w 

d 

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. 

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

from the right hand end of- the ASCI! 
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) for F type conversion, (1 factor) 
(ASCII number)=(internal no.) *10 sca e 

b) for D and Etype conversions, the scale fac'tor multiplies 
the fraction by a power of ten, but the exponent is 
adjusted, leaving the number unchanged except in form. 

c) 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 
th.ereis 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, 
U are integer constants): 

Magnitude of data Resulting Conversion 

O.l<M<l F-type with p=0,w=W-4 and d=D 
1<M<10 F-type with p=0,w=W-4 and d=D-1. 

10D- 2<M<10D-1 F-type 
10D-1<M<10D F-type 
All others E-type 

Examples: 
The following internal numbers are 
various format parameters (b=b1ank) : 

(A) 

(B) 

ONE-WORD INTEGERS: 

INTERNAL I(w=5) 
l:iYH~1liB 

(Decimal) 

5 bbbb5 
10 bbb10 
-23 bb-23 
0 bbbbO 
123,456 ***** 

TWO-WORD FLOATING POINT: 

INTERNAL 

0 
1 
-1 
0.1 
555 
0.001 

o 
1 
0.1 

NO. 
-----(P=O)----
E(w=10,d=2) 

bbO.OOE 00 
bbO.10E 01 
b-0.10E 01 
bbO.10E 00 
bbO.55E 03 
bbO.10E-02 

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

bbO.OOE-01 
bb1.00E 00 
bb1.00E-01 

(C) FOUR-WORD FLOATING POINT: 

with p=0,w=W-4 and d=l. 
with p=0,w=W-4 and d=O. 
with p=P,w=W, and d=D. 

shown converted according 

I (w=7) 

bbbbbb5 
bbbbb10 
bbbb-23 
bbbbbbO 
b123456 

F(w=10,d=2) 

bbbbbbO.OO 
bbbbbb1.00 
bbbbb-1.00 
bbbbbbO.10 
bbbb555.00 
bbbbbbO.OO 

bbbbbbO.OO 
bbbbb10.00 
bbbbbb1.00 

O(w=10) 

bbbbbbbbb5 
bbbbbbbb12 
bbbbbbb-27 
bbbbbbbbbO 
bbbb361100 

G(w=10,d=2) 

bbO.OObbbb 
bb1.00bbbb 
b-1.00bbbb 
bbO.10bbbb 
bbO.55E 03 
bbO.10E-02 

bbO.OObbbb 
bb1.00bbbb 
bbO.10bbb]:;> 

to 

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 FPHP-l1 

The user program can access the FPHP-11 routines by TRAP instruction 
and/or direct cal],. 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-l1 package. If TRAP calls are being used, the 
user program must initialize the TRAP vector at location 348. The 
TRAP vector can be initialized by putting the following code in the 
user program • 

• GLOBL TRAPH 
HOV #TRAPH,@#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-ll 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 
General Register 6) The operand is popped off for 
STR and STD push the FLAC onto the stack.) 

3.1. 2 @RO Mode 

stack. (R6 is 
use. (exception: 

General Register 0 points to the operand. Register 0 is not changed 
by FPMP-l1. 

3.1. 3 Immediatel:-10de 

The operand inunediately 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 TP~P as .WORD A-. 

EXA1>1PLE: 

1010 is internally coded as: 

10 110000100101000001 rlo-o-o-O-O-O-O-OO-O-O-O-O-O-0'01 
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 Hade: 

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

,PUSH FLOATING 
,10 ONTO THE STACK 
;ADO TO FLAC 

Symbols ADR (for single prec~s~on add) and STACKM (for stack mode) are 
assigned values 128 and 08 respectively. (Refer to page 17.) 

@RO Mode: 

HOV #'l'EN,RO 
TRAP ADR+ARM 

TEN: • WORD 041040,000000 

;GETrADDRESS OF OPERAND IN RO 
;ADD TO FLAC 

,FLOATING POINT TEN 

Symbols ADR and Aru1 (@RO mode) are assigned the values 128 and 1008 
respectively. 

Immediate Node: 

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 

;FLOATING POINT TEN 

Symbols ADR and REU1 (relative mode) 
respectively. 

equal and 

To perform the above 
instead of ADR, and 
of- zeros (i.e. 
floating-point ten). 

operations in double precision, use ADD:::,~48 
extend the floating point ten with two more words 

TEN: .WORD 041040,0,0,0, double precision 

The source form of a TRAP call is: 

TRAP num + mode 

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

f.lode 

o 
1008 
2008 
3008 

Stack mode 
@RO Ivlode 
Immediate mode 
Relative mode 

The binary form of the TRAP instruction 

WORD: 
110001001 nunrrrrrr 1 
15 0 

Where 

is: 

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 number . 

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=12 
SBR=13 
MLR=21 
DVR=25 

iSINGLE PRECISION ADD ROUTINE 
,SINGLE PRECISION SUBTRACT 
iSINGLE PRECISION MULTIPLY 
iSINGLE PRECISION DIVIDE 

allow TRAP calls to be coded as follows:. 

TRAP ADR+ REUI 
TRAP HLR+ARH 
TRAP SBR+ U'lMEDM 

iADD IN RELATIVE MODE 
iMULTIPLY IN @RO HODE 
;SUBTRACT IN IMMEDIATE HODE 

Note tilat single argument, single result functions, such as square 
root (SQRT) require no addressing (refer to Appendix O)i 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 

~ !! ~ Y. Q 

<0 I 0 0 0 
=0 0 I 0 0 
>0 0 0 0 0 

After a floating point compare (either single or double precision), 
the condition codes Cl,l:'eset as follows: 

FLAC<OPR 
FLAC=OPR 
FLAC>OPR 

I 
o 
o 

o 
I 
o 

o 
o 
o 

o 
o 
o 

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

EXAHPLE: 

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 HLR+IHH 

FTWO: .WORD 040400,0 
TRAP STR+ RELM 
• WORD TEI>lP 1-. 
TRAP HLR+ RELM 
• V'vORD FTWO-. 
TRAP HLR+RELM 
.WORD C-. 
TRAp STR+ RELM 
.WORD TEHP2-. 
MOV #B,RO 
TRAP LDR+ARM. 
TRAP I>lLR+ARM. 
TRAP SBR+ RELM 
• WORD TEt,{P2-. 
TRAP SQRT 

TRAP SBR+ARM 
TRAP DVR+RELM 
.WORD TEMP1-. 
TRAP STR+ REU-t 
.WORD X-. 

A: .WORD 040400,0 
B: .WORD 040640,0 
C: .WORD 037600,0 
X: .=.+4 
TEHP1: .=.+4 
TEMP2: .=.+4 

;LOAD A INTO FLAC 
;RELATIVE ADDRESS OF A 
;HULTIPLY BY 2.0 
;CONSTANT 2.0 
;STORE FLAC IN TEHPl 
;RELAT~VE ADDRESS OF TEHPl 
;HPY BY 2.0 TO GET 4*A 

;HPY BY C 

,STORE FLAC IN TEMP2 

;GET ADDRESS OF B INTO RO 
;LOAD B INTO FLAC(@RQ MODE) 
;CALCULATE B*l3 
;SUBTRACT 4*A*C (IN TEMP2) 

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

;STORE FLAC INTO X 

,VALUE OF A (2.0) 
;VALUE OF B (5.0) 
;VALUE OF C (0.25) 
;LO~ATION FOR RESULT 
;TEHPORARY 
;TEHPORARY 

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 TRAP calls if one of the.following 
calling conventions is used: 

1. POLISH - receive two arguments, either single or double 
prec2s2on, 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. J5RR - The user routine should be expecting a call of the 
following form: 
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A: 

JSR R5,subr 
BR A-
.WORD arg 

;jump to subroutine 

;single argument's address 

arg is the symbolic address of the subroutine's single or double 
prec~s1on argument. Note that the instruction following the JSR 
is not necessarily a BR. The returned result in registers RO-R3 
is stored in the FLAC by the TRAP handler. 

Furthermore, user routines to be called by the TRAP handler must 
reside within the8K words -physically following the beginning of the 
TRAP handler in memory, and an entry must be made 1n 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+l0. is referenced by "TRAP 5+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. O-indicates no routine corresponds to this table entry. 

b. 
flags I relative address 

15 13 o 

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

bit 14 set to 0 = J5RR 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 J5RR 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-ll. . 
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3.3 DIRECT CALLS TO OTS ROUTINES 

Occasionally it is desirable 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 
global 
Calling 
calling 

the OTS routines can be directly called by using its FPMP-ll 
entry point and observing the prop~r calling conventions. 
conventions fall into a few basic types as follows (the 
conventions for each routine are given in Appendix D): 

3.3.1 Polish Mode 

Polish mode calls are designed to be most effective in a 
compiler-generated environment. They are easily produced by a 
compiler and are particularly efficient in storage space used and 
interpretation overhead. 

The routines that are called with Polish mode are: 

No. of Location of 
Name Arguments Result 

$ADD 2 4 word sum on top of stack 
$ADR 2 2 word sum on top of stack 
$CMD 2 sets condition codes 
$CMR 2 sets condition codes 
$DINT 1 integer result on top stack 
$DR 1 2 word result on top of stack 
$DVD 2 4 word quotient on top of stack 
$DVI 2 integer quotient on top of stack 
$DVR 2 2 word quotient on top of stack 
$ID 1 4 word result on top of stack 
$IR 1 2 word result on top of stack 
$INTR 1 result on top of stack 
$MLD 2 result on top of stack 
$MLI 2 result on top of stack 
$MLR 2 result on top of stack 
$NGD 1 result on top of stack 
$NGI 1 result on top of stack 
$NGR 1 result on top of 'stack 
$POPR5 4 result in registers RO-R3 
$POPR4 4 result in registers RO-R3 
$POPR3 2 result in registers RO,Rl 
$PSHRI 1 result on top of stack 
$PSHR2 1 result on top of stack 
$PSHR3 2 result on top of stack 
$PSHR4 4 result on top of stack 
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No. of Location of 
Name Arguments Result 

$PSHRS 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 

Each 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 exponemt) 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-ll. 

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 $POLSH,$ADR,$~~R 

HOV C+2,-(SP) 
MOV C,-(SP) 
MOV B+2,-(SP) 
HOV B,-(SP) 
HOV A+2,-(SP) 
Ivl0V A,- (SP) 
JSR R4,$POLSH 
.WORD $ADR 

.WORD $HLR 

• WORD .+2 

iPUSH C ONTO STACK. 

iPUSH B ONTO STACK. 

iPUSH A ONTO STACK. 

iENTER POLISH MODE 
i ADD A TO B AND LEAVE 
;THE RESULT ON THE STACK 
iMULTIPLY PREVIOUS SUM BY 
iC 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 $POLSH in FPMP-Il. It is coded as follows: 

.GLOBL $POLSH 
$POLSH: TST (SP)+ 

JMP @ (R4)+ 

;DELETE OLD VALUE OF R4 FROH 
iTHE TOP OF THE STACK. 
;ENTER POLISH HODE. 

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 "JHP @(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: MOV 
NOV 
JHP 

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

iDUPLICATE STACK ITEH 
;TWO WORD ITEM 
iRETURN 

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

3.3.2 J5RR Hode 

J5RR is the calling convention used by most of the FORTRAN library 
functions. J5RR mode calls are of the form 

JSR R5,subroutine 

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

XX: 

.GLOBL SUBR 
JSR R5,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 
R5 since it is the parameter list pointer. 

The results of subroutines called in J5RR mode are generally stored as 
follows: integer results are returned in RO, two-word floating point 
results in RO andRI and four-word results in RO-R3. . 

An example of a call in J5RR mode is this call to calculate the square 
root of X: 

A: 

X: 

.GLOBL SQRT 

JSR R5,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-RI. 

The functions which use J5RR mode calls are: 

# of Register(s) for 
Function Arguments Result 

ALOG I RO,RI 
ALOGlO I RO,RI 
AINT I RO,RI 
ATAN I RO,RI 
ATAN2 2 RO,RI 
DBLE I RO-R3 
DLOG I RO,R3 
DLOGIO 1 RO,R3 
DCOS I RO,R3 
DSIN I RO-R3 

. DSQRT I RO-R3 
DATAN I RO-R3 
DATAN2 2 . RO.-R3 
DEXP I RO-R3 
EXP 1 RO,RI 
FLOAT I RO,RI 
IFIX I RO 
IDINT 1 RO 
INT I RO 
SIN I RO-RI 
COS I RO-RI 
SNGL I RO,RI 
TA.L~H I RO,RI 
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3.3.3 JPC Hode 

The JPC mode of subroutine call is used for communicating with the 
ASCII conversion routines in FPHP-ll. 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) 

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

iPush first argument onto stack 

iPush last argument onto stack 
icall 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 no.,- (SP) 
CLR -(SP) 
CLR -(SP) 
JSR PC,$RCI 

iPUSH ADDRESS OF FIELD 
iPUSH LENGTH OF FIELD 
;D-SCALE IS ZERO 
iP-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 example, 

or 
BUFFER: .ASCII /l13.25bbbb/ 

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

ROUTINES WHICH USE THE JPC MODE OF CALL 

Name Description 

$DCI ASCII to dbl. 
prec. 

$DCO DbI. 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 
Arg 

4 

4 

Call 
Format 

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 
JSRPC,$DCI 

Push addr. of start of ASCII field 
Push length of ASCII field in bytes 
Push b 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. 

5 

5 

2 

3 

JSR PC,$ECO 

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

Same calling 
as $ECO. 
JSR PC,$GCO 

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

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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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 
fie1.d 
specified 



TABLE 3-1 (Cant.) 

ROUTINES WHICH USE THE JPC MODE OF CALL 

# of Call Location 
Name Description Arg. Format Of Result 

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

$OCO Octal to ASCII 3 Same calling sequence as $ICO ASCII field 
JSR PC,$OCO 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 $OCI 
preserve the contents of the general registers and restore them to 
their original values before returning. The ASCII output conversion 
subroutines $DCO, $ECO, $PCO, $GCO, $ICO, and $OCO destroy the 
contents of general registers RO, Rl, R2, and R3, but preserve the 
contents of R4 and R5. 

Errors detected by the ASCII input conversion subroutines $RCI, $DCI, 
$ICI, and $OCI cause the subroutine to return with a zero result and 
with tile C bit set 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 $ERR 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-ll subroutine is put in RO in the 
following format: 

RO: 

I error number error class J 
15 8 7 ° 

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

3.4.1 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 ;move 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, II) ISSUED BY 

0,0 

3,1 
3,2 
3,3 
3,4 
3,5 
3,6 
3,8 
3,10 
3,11 
3,12 
3,14 
3,22 

3,23 

4,2 
4,3 
4,4 
4,5 
4,10 
4,11 
4,12 
5,1 

5,2 
5,3 
5,4 
5,5 
5,6 

5,7 
5,8 

TRAPH 

$ADD 
$ADR 
$DVD 
$DVD 
$DVI 
$DVR 
$DVR 
$MLD 
$NEG 
$MLR 
$HLI 
$RI 

$DR 

DEXP 
DLOG 
DSQRT 
EXP 
ALOG 
SQRT 
SNGL 
$ADD 

$ADR 
$DVR 
DEXP 
EXP 
$MLD 

$MLR 
$DVD 

TABLE 3-2 

FPI1P-ll ERROR CODES 

EXPLANATION 

Illegal TRAP instruction. Rl points to the 
TRAP instr. 
Expon. overflow in double prec. addition 
Exponent overflow in real addition 
Double prec. dive by zero 
Expon. overflow in double precision division 
Integer division by a 
Expon. overflow in real division 
Real division by zero 
Expon. overflow in double prec. mUlto 
Exponent overflow during negation 
Expon. overflow in real multiplication 
Product outside of range on integer multo 
Real outside range on real to integer 
conversion 
Exponent overflow on double to 
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 

real 

Expon. underflow in double prec. addition 
(warning) 
Exponent underflovl in real addition (warning)· 
Expon. underflow in real dive (warning) 
DEXP argument less than -88.7 (warning) 
EXP argument less than -88.7 (warning) 
Expon. underflow in double prec. multo 
(warning) 
Expon. underflow in real multiplication 
Expon. underflow in double prec. division 
(warning) 
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3.5 CREA~ING SPECIAL PACKAGES 

FP~W-ll source code includes PAL-lIS conditiorial assembly instructions 
which allow tailoring of the FPMP-1l package to include only the 
functions required by the user program. (Refer to the PAL-lIS manual 
(DEC-ll-YRWB-D) for information on conditional assembly instructions.) 
The desired routines are theri assembled to take advantage of whatever 
hardware features are available. 

3.5.1 Assembly Switch Tape 

To take advantage of the conditional assembly instructions in the 
FPMP-ll source code, a separate tape which sets the switches of the 
desired routines and hardware must be prepared and included in the 
assembly of the FPMP-1l pa.ckage. 

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

FPU=l 

When the FPU switch is set; many FPMP-ll routines assemble differently 
to take advantage of the FPU. 

When using the PDP-1l/45 FPU option, it is the user's responsibility 
to set up the FPU TRAP vector (location 244S) 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-II instruction set. In no case should more than 
one hardware option switch be set during an assembly. 
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TABLE 3-3 

HARDVvARE OPTION SWITCHES 

Switch Name Hardware Option 

FPU PDP-ll/45 floating point unit 
EAE PDP-ll/20 EAE 
MULDIV PDP-1l-40 extended instruction set (EIS) 

PDP-ll/45 processor 

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-lIS does not 
support these op codes. ~~CRO-II can be used for 
assembly when the FPU switch is set. 

or 

Each section of code in the FPMP-II package is assigned a number and 
the switch to cause a particular section of code to be included is 
called CNP$n. 

Table 3-4 lists the sections of the FPMP-ll 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$l4=l 
.EOT 
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TABLE 3-4 

CONDITIONAL FPl>1P-11 ASSEMBLY CODES 

Section No. Switch Name Subroutine Contained 

1 CND$l $ADD,$SBD 
2 CND$2 $ADR,$SBR 
3 CND$3 ALOG , ALOG 10 
4 CND$4 AINT,$INTR 
5 CND$5 $CMD 
6 CND$6 $CMR 
7 CND$7 DBLE 
8 CND$8 $DCI,$RCI 
9 CND$9 $DCO,$ECO,$FCO,$GCO 

10 CND$10 DLOG,DLOG10 
( 

11 . CND$ll $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 IFIX 
23 CND$23 FLOAT 
24 CND$24 $ICI,$OCI 
25 CND$25 $ICO,$OCO 
26 CND$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;$NGD 
32 CND$32 $PSHR5,$PSHR4,$PSHR3,$PSHR2,$PSHR1 ( 
33 CND$33 $POPR5,$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,ATAN2 
40 CND$40 $POLSH(switch is always set) 
41 CND$41 SQRT 
42 CND$42 TRAPH 
43 CND$43 $ERR, $ERRA (switch is always set) 
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The CLASS5 switch can be 
messages interpreted by 
5 errors are ignored. 
trigonometric functions 
is set. 

set (CLASS5=1) to have class 5 (warning) 
the error handler of FPHP-ll. Normally class 

Hany of the FPHP-ll transcendental and 
do not operate properly if the class 5 switch 

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

SINGLE Assemble the standard single precision (2 word) 
package when set 

DOUBLE 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. More 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-ll source tape: 

1. Decide which FPHP-ll 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 
editor) 
Software 
editor). 

paper tape or source file (either off"';line or using the 
in the following format, (Refer to the Paper Tape 

Programming Handbook for information on using the 

switch-name-l =1 
switch-name-2 = 1 

switch-name-n = 1 
.EOT 

,FIRST SWITCH TO BE SET 

,LAST SWITCH TO BE SET 

(Where "switch-name-l"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=l 
EAE=l 
.EOT 

;USE STANDARD 2-WORD PKG. 
;SPECIFY 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 STD4-WORD PKG. 
.; INTEGER DIVIDE 
;INTEGER MULTIPLY 

It is not necessary to worry about interdependency among FPMP-II 
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 
aritl~etic routines and other internal functions is resolved by 
the FPIvlP-ll source code. In particular, the above s\V'i tch being 
set causes the following routines to be included; TANH, EXP, 
$ADR, $SBR, $l<lLR, $DVR, $FCALL, $POLSH, $PSHR3, $ERR, $IR, and 
$RI. 

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

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

NOTE 

Because of limitations in the symbol table size in 
the 8K version (V002A) of PAL-lIS, it is not 
possible to include all FPHP-Il 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 
asserooled separately by PAL-lIS, and the resulting 
tape then linked with the standard packages using 
the LINK-lIS 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 FPHP-ll 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-lIS (or DOS 
IvlACRO-ll), and the FPz"lP-ll object tape are linked with LINK-lIS (or 
DOS LINK-II) (refer to Appendix C for LINK-lIS instructions). 
LINK-lIS requires two passes and produces a tape called a load module 
which contains the user program and the FPMP-ll 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 PROGRM1 

The following sample program illustrates most of the FPMP-II 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 t,hree FIO.O numbers, stores 
them as A,B and C.and prints the number~ stored for verificatio~n~ __ _ 
The roots ofAX2+BX+C=% are calculated-using the formula X=-B±~~-4AC. 
If A=% the program halts. 2A 

0f1!0000 

000004 
00000b 
00012110 
000011 
000012 
0121012114 
00001& 
000017 
000020 

000034 

00012144 

000000 
000001 
00012102 
000003 
1000004 
1400005 
100000& 
000007 
11,10121100 
000200 
000300 
00121071 
000073 
000012 
000013 
000021 
0000i!5 
000046 
000011 
01210002 
1il00011 
i::J00004 
000012 

l(jla70b 
100201210 
0~Hti0iil4 
000000 

002 
000 

000004 
000504' 

012 
001 

012737~ 

000000 
000034 
012737 
000340 
0001213& 
0047&7 
000374 
1i:l12701' 
000&4& 
012700~ 

01210451.1 

,1ITLt:. XM1PI.E 
Rfdd0 
R 1 =% 1 
R2=%2 
R3=%3 
R4.X4 
R5:;%5 
SPa%#) 
PCa%7 
ARM=100 
IMM;:200 
RE\,.M!II300 
LDR=71 
STRII73 
AUR lli 12 
S8R= 13 
MLRlli,H 
DVR=a5 
SlilRT=4& 
t4SGL.EN=9. 
RiiSt:.T=2 
RI:.AI.IOP;:11 
WAnR=4 
WRITE=l£! 
.GLUBL TRAPH,$R~l,$FCO 

BEG1N= MOV #2~00,SP' 

lOT 
~WOI-iD 
.bYTE 

lOT 
.WOkO 
.ByTE 

MOV 

MOV 

RESTARl JSR 

MOV 

MOV 

0; 
RE.SET,0 

TITI.E 
WRlTE,U 

#TRAPH,fl#34; 

#BUF·FR+b, R 1; 

4-1 

INITIA\,.IZE STACK 

INIT THE lOX PACKAGE 

WI-U TE THE T ITL,.E 

INlTIAL12E TRAP VECTOR 

READ ONE INPUT LINE INTO 6UfFR 

GET ADDR OF BEGINNING OF BUFFER 

GET AODR OF VAR 'A' 



000050 010146 I~OOP: 
000052 0101346 
00005(1 010146 
00005b 012746 

000012 
liiH1J00bC! 01215046 
000064 005046 
000066 00"767' 

000000 
0001i:172 104471 
000074 11214513 
000016 012600 
000100 012b01 
000102 022020 
0f<l01((J4 1062701 

000012 
0130110 012705' 

000567 
000114 004767 

0010174 
0(!J0120 021i:l027~ 

12l"~4b4 
000124 101751 
000126 104771 
0130130 000324 
000132 00151.17 
000134 104712 
011l0131:1 000316 
000 1 40 1121 4 77 3 
000142 000326 
00~144 104621 
Ii:HH1146 040400 
0130150 000000 
00((J152 11211.17al 
000151.1 Cll00310 
000156 104773 
000160 000314 
01/10162 ((I12H'0~ 

012104&0 
0001b6 104571 
000170 104521 
000172 104713 
000174 000300 
fd0121~76 0014's0 
000200 01212441 
00121202 10444b 
00021214 104773 
1210121213& 14002&& 
0100210 104513 
000212 104725 
000214 000254 
00ft121b 0127kl5' 

\Il00534 
0f1l0222 012147&7 

(() o liHo "6 
((l0022b 104b11 
12100230 0121121000 ZERO; 
000232 00121000 
001212.34.11214513 
00121236 104713 
0012124121 0013234 
000242 104725 
00121244 000224 
000c4b 01271215' 

00121545 

MOV 
MOV 
MOV 
MOV 

CI.R 
tl.R 
J5R 

TkAP 
TRAI-' 
MOIi 
MOV. 
CMP 
AOO 

MUV 

JSR 

CMP 

[;1..0:; 
TfoiAP 
.WORD 
t:lI::.Q 
TRAP 
.wOkD 
TRAP 
.wOkO 
TRAP 
.WORD 

TkAP 
,WOk!) 
TkAP 
.WORO 
MOV 

TRAP 
TRAP 
TRAP 
.WOI-IO 
SEQ 
t.H. T 
TRAI-' 
TkAP 
,wOR!) 
T iiiA j-1 

TRAP 
.WOk!) 
MOV 

JSR 

TRAP 
.WORO 

TKAP 
TRAP 
• wOkO 
TRAP 
• ~IOt<IJ 
MUV 

Rl,"C5P)1 
R0, ... (SP); 
Rl,-CSP)' 
#10.~ .. (5P)l 

"(SP); 
"'lSP), 
PC, $RCI1 

l.OR; 
STR+ARM; 
(SP)+,R0, 
($P)+,RU 
(RI2l)+, (101121)+, 
#10.,Rl; 

#MSGBl.K,R5 

PC,PRINH 

R0,#C; 

XLOOP; 
L.OR+REl.M 1 
A-. 
END; 
AOR+REL.MI 
A .... 
STR+RtiLM, 
TEMPi .. " 
MLR+IMMI 
0404130,12100000, 

MLR+REI,.M, 
C ... 
STR+RELM; 
TE~'Pt! ... 
#13,ReI; 

I,.QR+ARMI 
ML,.R ... ARMi 
SBR+RELM' 
TEMP2 .. , 
ROOll; 
IMAG1 
SGlRH 
STR+REI,..Mr 
TEMP2 ... 
SBR+ARM; 
OVR+REl.MJ 
TEMP1 ... 
#MSG1,RS1 

PC,PRINT 

LOR+IMM; 
13,0 

SBR+ARMI 
SI:lR+RtLMl 
TEMP2 .... 
DVR+REI.MJ 
TEMPt ... 
#MSG2,R5; 

4-2 

SAVE Rl 
SAVE R0 
PUSH AODR OF ASCII STRING REAO 
PUSH \.ENGTH 

o FORMAT SCALE 
P SCALE 
CONVERT ONE NUMBER (F10,0) 

LOAD FLAt FROM TOP OF STACK 
STORE INTO VARIABLE A,B, OR C 
RESTORE Rei 
AND Rl 
INCR R0 BY 4 
INCR BUFFER POINTER TO NEXT VAR 

CAL~ PRINT SUBROUTINE 

I..A5T VAR? 

~OOP 
L.OAO A INTO FloAt; 
,RELATIVE ADDRESS OF A 
E~IT IF A = 0 
A + A TO GIVE 2*A 

STORE ~*A INTO TEMPl 

MPY BY 2 TO GET 4*A(IMMEO MODE 
CONST 2,0 

MPY 8Y C 

STORE 4*A*C IN TEMP2 

GET AOORES5 OF VARIAa~E 'B' 

I..OAO ~ INTO FLAC 
MPY BY B TO GET 8**2 
SUBTRACT 4*A*C 

BRANCH If ONLY ONE ROOT 
6**2 ~ 4*A*C < 0 111 
TAKE SQRT OF FL.AC 
SAVE SQRT(B**2-4*A*C) IN TEMP2 

ADD MINUS B 
DIVIDE BY 2*A (IN TEMPt) 

AODR OF "ROOT 1 = " MESSAGE 

,CAl.I.. PRINT SUBROUTINE 

ZERO THE FL.AC (IMMEDIATE MODE) 
'fLOATI~G POINT ZERO 

.. B 

.. SQRT(B**2 .. 4*A*C) 

AODR OF "ROOT 2 • " 

Ii' 

c 

( 

( 
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01!J0420 ~12b01 MOV (SP)+,R1 ( 
000422 ~12b02 ('IUV (SP)+,RC! 
000424 012&03 M.UV (SP)+,R3 
00~4'?b 012&1<14 MUY (SP)+,R4 
!2IilI0430 ~12b05 MUY (SP)+,R5 
00~432 0!210207 RTS PC, RETURN 

, R !:.AU SUBROUTINE 
!2I0043'1 000004 REAO: lUTI CALL lOX FOR READ 
iZl0i.143b 00!db40" .WOI'<O BUFFR; ADOR OF INPUT 8UFFER 
I'(HHl440 011 .8 Yl'E REAOOP,0, READ SI.Of 0 CKB) 
(iH()0441 000 
0121121442 12100004 WAITI: lor; CALI.. lOX 
00fl1444 000442' .wQI'<O WAITI; CREATE WAIT 1.00P 
liHil044b 004 .bYTE WAITR,0; WAlT FOR SI..OT 0 eKB) 
000441 0~0 
0010450 01210207 ~lS PC; Rf;.TURN 
0!d0452 12100000 ENO: HAI"T; FINISHED 
~H:l0454 000000 H .WOI<O 0,121 ( 12I121~45b 1/100000 
ftJi2I04b0 000000 B: ,WOI(O 121,0 
0004&2 00001il0 • 
00~4b4 000000 c: • ~JOt<O 0,0 
00f(,14&b 1100000 
f(H:l0470 000~00 TEMPt: .WOI<O 121,0 
000472 "'00000 
000414 000000 TEMP2; .IttOklJ 0,0 
kHH'l470 017)000121 
0itH'lS00 00\1000 TEMP]: .wOI<O 0,0 
000502 00"'000 

( 00\1.1504 01210022 TITI.E: • WOkO 18 • 
Ii:H:1050& 000000 .1'101<0 0 
01110510 itH!l0022 .;liOkO 18. 
000512 015 .tiVfE 15,12 
12100513 012 
121100514 124 .Ase II /lEST OF f'PMP 111 
000!:)15 105 
00051b 123 
(df/HZIS! 7 124 
liHil0520 0401 
01()~521 117 

( ((H'l0522 Ub 
000523 040 '---
~00524 10& 
000525 12121 
01:1Vl52b 115 
0~0521 120 
000530 0&1 
121001)31 0bl 
01i'J~532 015 • BYI\:. 15,12 , .... 
1000533 012 
000534 lC!2 MSG1: .AS~Il IkOOT 1 • I 
000535 117 
00053b 111 
000537 124 
000540 ~40 
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000541 
000542 
0k'J0543 
000544 
000545 
0210546 
000547 
000550 
000551 
0012!552 
000553 
211210554 
000555 
000556 
000557 
000560 
01ZH1l561 
0012!562 
000563 
0005&4 
0005&5·· 
000566 
0005&1 
000570 
000571 
000572 
000573 
000574 
000575 
000576 
0013571 

000600 
00121602 
000603 
000604 
000606 
000601 
000610 
000611 
000bli:! 
000613 
00061'1 
000615 
00061E! 
000617 
000620 
000621 
00121b22 
rlH:llZlb23 
000624 
000625 
000626 
r,H'l0b27 
000630 
000631 

c 

061 
040 
075 
04121 
122 
117 
117 
124 
040 
062 
040 
rirls 
040 
122 
117 
117 
124 . 
040 
075 
040 
040 
040 
040 
040 
040 
040 
040 
040 
040 
040 
040 

000&00 
000032 

0180 
000 

12100032. 
015 
012 
122 
117 
117 
1~4 
123 
040 
101 
122 
10S 
040 
111 
115 
101 
107 
111 
l1b 
HH 
122 

MSG21 

MSG31 

MSG4: 
.EVt.N 
.WOkD 
.~Y1E 

.WOkO 
,i.1Y T E 

.ASL; II 

IkOOT 2 III I 

IROOT = I 

I I 

2&. 
15,12· 

IROOTS ARE IMAGINARY*.*, 
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000b32 131 
( 

00121633 052 
!d00b34 052 
"'00635 052 
00003t;. 015 .bYTE 1~,12 
0ro~b31 012 

000b40 .EV~N 

000640 f2!00120 BUFFR; .wOWD BIi:), 
000642 000 .bYTE 0,0 "" 
00111645 0130 
0\1":1644 000000 .iAlOkD 0 

0007b6 ,=.+80, 

flJlZl07bb 1i!l00040 OBUF= .WOt<Q 32. 
000H0 000 .dYH. 0,0 
12100171 000 
0!a1!'l772 00i:Hl40 .wiJRO 32, ( 0100774 040 • AS\,; Il I I 
000775 040 
riH')077~ 040 
00{(l777 040 
IiHlH'l00 040 
001001 040 
001002 040 
001003 04121 
001004 040 

001031 .=.+20. 
001031 015 .bYTE 1!:i,12,12 

( [()i01032 012 
12101033 012 

000011li2J ,t::NIJ 6E(;lN 

A 000454R AOt( :: 000012 ARM = 0013100 
B 00[14b0R BEGIN 000000R 6UFFR 00~640R 

C 01ZlfZl4b4R OVt< III 000025 END !Il00452R 
H..OOP 012100S0R IMAG 1210030!4R IMM = 01210200 
LOR II 12100071 MLOQP 000344R MI..R = 000021 
MSGtjLK 0005b'7R MSGI.i:.N = 00012111 MSGl 000534R 
MSG2 000545R MSG3 00055bR MSG4 0013600R 
O"Uf' 0007&6R PC =%121012100', PRINT 0013314R ( Rt::.AO 000434R REAOVP II 121012112111 REI.M = 01210300 
RI::.St:T :: 12100121'112 R€.STAR 000034R ROOTl 000260R 
Rfd =%0000013 Rl =%012100011 R2 ==%0012101212 
R,S =%0012112103 R4 1II%{/I0fiHHi.14 R5 ,·%000005 
SIH~ = flI!D@013 SP ;%00000(, SQRT III 012112104& 
5TI'I = 00vH173 TEMPI 0riH!J470R TEMP2 12l12l0474R 
TEMP3 000500R TITt.,t. 1Zlf40504R TRAPH = -****- G 
WAlTl 00el442R WAITU 0~H1410R WAITR III 012113004 
wRlTt::. = 00121012 ZEt<O 0~023f1lR nco = ****** G 
$~Cl = ****** G • = 001fil34R 

• 

4-6 



( 

( 
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... ' 

TEST OF FPMPII 
2d'J 

ROOT = 

II. 00 2.0 
2.13000121130000 

4.0000000000 

2~0000000000 

-1.0000000000 

12.5 3.25 5.43 
12. 50000000121!2l 

3.250013130000 

5.4299998283 

ROOTS ARE IMAGINARY*** 

ROOT 1 = 
ROOT 2 ::; 

5 

ROOT = 

ROOT 2 = 

.06E002 40E-001 
0.30000013119 

6.0000000000 

4.0000000000 

-0.6905062795 

-19.309 Lj921112 

15 3 
5.0001300001313 

15·0000000000 

3.0000000000 

-13.2154767066 

- 2. 78 L152348 71 

4.0 3.75 
13.00000130000 

3.7500000000 

PROGRAM OUTPUT 

4-7 

;Teletype input in three 
;lO-character fields 

;program verification 
;0£ input 

;result 
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APPENDIX A 

BOOTSTRAP AND ABSOLUTE LOADERS 

A.l THE BOOTSTRAP LO~ER 

A.l.l 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 memory size, and xx in all subsequent locations would be the same 
as the first. 

Location Memory 

017744 0 
037744 1 
057744 2 
077744 3 
117744 4 
137744 5 
157744 6 

Bank Memory Size 

4K 
8K 

12K 
16K 
20K 
24K 
28K 

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

Teletype Paper Tape Reader 
High-speed Paper Tape Reader 

A-I 

177560 
177550 



Load 

SET SR TO NEXT 
I----~ INSTRUCTION 

No 

INITIALIZE 

SET SR TO XX7744 

PRESS LOAD ADDR 

SET SR 
TO CORRECT 
INSTRUCTION 

Verify 

Figure A-I Loading and Verifying the Bootstrap Loader 
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A.l.2 Loading with the Bootstrap Loader 

''*' ---"'-lsee figure E.l 
With Bootstrap 

-
Loader in Core 

( 

(--1 

( 

.. , 

( 

I 
Set ENABLE/HALT 
To HALT 

I 
Place Bootstrap 
Tape in I-

Code 351 must be 
-..- - - -- over reader sensors 

specified reader 

r 
Set SR to xx7744 

I 
Press LOAD ADDR 

I 
Set ENABLE/HALT 
to ENABLE 

I 
Press START 

I 
Tape Reads in 
and stops 
At end of Data 

I 
Data is in Core 

Figure A-2. Loading Bootstrap Tapes into Core 

A.2 THE ABSOLUTE LOADER 

A.2.l Loading the Absolute Loader 

The Bootstrap Loader is used to load the Absolute Loader into core. 
(See Figure A-2.) The ~solute Loader occupies locations xx7474 
through xx7743, and its starting address is x;x:7500. 
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1\..2.2 Loading with the Absolute Loader 

When usin9 the Absolute Loader, 
available: normal, relocated to 
relocation. 

there are 
specific 

three type iii 
address, and 

of loads 
continued 

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

,Type of Load 

Normal 

Relocated - continue loading 
where left off 

Switch Reqiste;r 
Bits 1-14 Bit 0 

(ignored) 

o 
o 
1 

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

LOAD ABS _I , LOADER __ -lSEE FIG.A-2 

1-----1 .. SET ENABLE/HALT TO HALT 

SET SR TO XX7776 TO SPECIFY READER 

HSR=177550 
LSR;::;:177560 
XX is HIGH 
EST CORE 
MEMORY 
BANK 

(This is 
necessary 
only if 
using a 
reader 
different 

PLACE TAPE IN READER 
'1..-__._ ___ ---..1 from that 

SET SR TO XX7500. PRESS LOAD ADDR 

used by 
the boot
strap loader.) 

Normal SET BIT 0 OF SR~R_e_l_o_c_a_t_e __ t_o-< 
CLEAR BIT 0 OF SR SPECIFY ADDR IN 

BITS 1-14 

Figure A-3 

Specific 
ADDR 

SET BIT 0 OF SR, CLEAR BITS 1-14 

Yes 

ENABLE/HALT TO ENABLE 

PLACE NEXT TAPE 
IN READER 

Loading with the Absolute Loader 
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APPENDIX B 

USING THE PAL-llS ASSEHBLER 

Run the assembler according to the directions in Section B.l. If 
another program is being assembled along with FPHP-ll, it should be 
read before the FPHP-ll package. This other program must be followed 
by a .EOT instruction and must not define any FPHP-ll labels or 
conditional switches. After any user program being assembled with 
FPHP-ll has been read, the assembler prints EOF? and pauses. Place 
the switch setting tape previously created (refer to section 3.5.1.1) 
in the reader and type the RETURN key. At the end of this tape the 
asser~ler 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 assemb+er 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 
FPHP-ll object module on the binary output device specified in the 
initial assembler dialogue. 

B.l ASSEMBLER OPERATING PROCEDURES 

Loading: 

storage Requirements: 

Starting: 

Initial Dialogue: 

Printout 

*S vi'hat is 

*B vi'hat 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 8K 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 :Usting? 

the output device of the symbol table? 

may be answered by any One of the following 



Character Answer Indicated 

T Teleprinter keyboard 

L Low-speed reader or punch 

H High-speed reader or punch 

P Line Printer 

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

Option Typed 

/1 

/2 
/3 

on pass 1 

on pass 2 
on pass 3 

Function to be performed 

/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. 

DialogueDur ing .,Assembly: 

Printout 

EOF ? 

END ? 

EOM ? 

Restarting: 

,Response 

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

type RETURN. Po, • 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 
device may be readied and 
continued by typing RETURN. 

listing device, the 
the assembly· may be 

If the end-of-mediurn 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-ll PAL-IIS Assembler and LINK-IIS Linker Programmer's Manual 
(DEC-ll-YRHB-D) • 
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B.2 ASSEMBLER ERROR CODES 

Error Code 

A 

B 

D 

I 

L 

N 

p 

Q 

R 

s 

T 

U 

Meaning 

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. 

NlmWer containing an 8 or 9 was not terminated 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 return WaS not followed by a linefeed or 
form feed. 

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

of or 

Symbol 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 command string 
interpreter to await the next command string to be 
typed. 

Truncation error. Hore 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 ~ero. 
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APPENDIX C 

USING LINK-llS 

C.l LOADING AND COMl-lAND STRING 

The Linker is loaded by the Absolute Loader and is self-starting. It 
uses a simple conunand 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 *I<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-ll 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 SKmachine. It relocates the program such that it is' 
as high as possible in SK but leaves room for the Absolute and Boot 
Loaders. (These assumed values may be changed by altering parameters 
HGHMEM (highest legal memory address +1) 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) • 
l63S4.-1l2.=16272 

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

The standard assumption is 
(37460 S) • 

n is an octal number (unsigned) which defines a 
new top address. 

C-l 



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 
bottom address of the program. That is, a new 
of memory is calculated so that the bottom of 
program corresponds with n. 

the 
top 
the 

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

LINK-ll 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 p~int 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 
reguestseach 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 cpnunand string options, except for *'1' and 
*)3, 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 

C'l'RL/P ,is used fol;:' two purposes by LINKll-S. If a C~RL/P is typed 
while· a load map is being printed, the load map is aborted and the 
Linker continues. CTRL/P typed at any othel;:' time causes the Linker to 
l;:'estart :i.tself. 

C.2.2 Non-Fatal Errors 

Message 

?MODULE NN1E xxxxxx NOT UNIQUE 

?MAP DEV;I:CE 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, 
teX'minated by <CR> or <LF> causes 
the Linker to continue. A CTRL/P 
causes the map be to aborted • 
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l>lessaqe Explanation 

?BYTE RELOC ERROR AT ASS ADDRESS XXlOtxx. 
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 thf;! 
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 MULTIP;LY DE;FINED BY MODULE 

C.2.3 Fatal Errors 

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

were 
The 
and 

The Linker restarts after anyoftbe following: 

l-lessage Explanations 

?SYM~OL ~AB;LE OVERF;LOW - MODULE xxxxxx, SYMBOL xxxxxx 
, Symbol Table overflow. 

?SYSTEM ERROR xx system Error. Where xx is 
ic;lentifying numl:)er as follows: 

an 
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Number 

01 

Meaning 

Unrecognized symbol 
table entry found. 

02 A relocation 
directory references 
a global name which 
oannot be found in 
the symbol table. 
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Number 

03 

04 

05 

06 

Meaning 

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

Object module does 
not start with a 
qSD. 

The first entry in 
the GSD is not the 
module name. 

An RLD references a 
section name which 
cannot be found. 

07 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 

11 

A checksum error 
occurred on· the 
object module~ 

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-ll loads all of its unused TRAP vectors with the code~ 

• WORD .+2,HALT 

59 that if .the TRAP OCCUl;'s, 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 HA;LT (octal) 

12 
16 
26 
32 

lleaning 

Reserved instruction executed. 
Trace TRAP occurred. 
Power fail TRAP. 
EMT executed. 

A halt at address 40 indicates an IOXLPT detected error. 
(displayed in the console lights) cont,;lins an ident;fying code: 

RO 

Code in RO 

o 

1 
2 
3 
4 
5 

IO~LPT also sets Rlas follo~s: 

Meaning 

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

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

If the error code is 1-5, Rl points to some element in the 10'1' 
argument list or to the instruction following the argument list, 
depending on whether ;j:OXLP'l' has finished decoding all the arguments 
when it detects the error. 
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APPENDJ;X 0 

SU.HMARY OF 
FPMP-ll ROUTINES 

This appendix lists all the global entry points of FPMP-ll and 
provides a brief description of the purpose of each. Sections 0.1 and 
0.2 are for reference when it is desired to call FPMP-ll routines 
directly (i.e., without the use of the TRAP handler). Entry names 
preceded by an octal number can be referenced via tbe 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 assigned a number 
for future use. 

Examples of the calling .conventions are: 

POLISH MODE: 

JSR R4,$POLSH 
'$subrl 
$subr2 

• 
· $subrn 
• WORD .+2 

;enter Polish mode 
icall desired subroutines 

icall last subroutine desired 
;leave Polish mode. 

---...... ---..;.------_._-----.. ------------------------------------... --
J5RR: 

XX: 

JSR 
BR 

R5,subr 
XX 
argl 
arg2 

• WORD 
• WORD 

• 

• WORD argn 

;call desired subroutine 

;subroutine argument address 

;last argument 
;return point 

-------------------------------.---------.----------.-----.---
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JPC: 

push args onto stack 
JSR PC,subr 

.. 

D.l OTS ROUTINES 

These are the routines taken. from theFORT.RA~ operating time system. 
The codes used in the following table are: 

S = Routine is included in 
package. 

D = Routine is included in 
package. 

SD = Routine is included in 

Octal codes shown inparentheEles 

OCTAL # OF 
NAME CODE PKG ARGU MODE 

$ADD 14 D 2 Polish 

$ADR 12 S 2 Polish 

AIN'T 26 S 1 J5RR 

ALOG 53 S 1 J5RR 

ALOGIO 54 S 1 J5RR 

ATAN 42 S 1 J5RR 

the standard single precision (2-word) 

the standard double precision (4 ... word) 

both standard packages. 

are not yet implemented. 

DESCRIPTION 

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

The single precision add routine. 
Same as $APD except it llseS 2 word 
numbers. . 

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

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

Same as ALOG, except calcula.tes 
base-IO logarithm. 

Returns the arctangent 
ar<;1ument in RO,Rl. 
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NAME 

ATAN2 

$CHD 

cos 

DATAN 

DATAN2 

DBLE 

$DCI 

$DCO 

OCTAL # OF 
CODE PKG ARGU HODE 

(43) S 2 J5RR 

16 D 2 Polish 

17 

37 

44 

(45) 

(34) 

(57) 

(61) 

S 

S 

D 

D 

SD 

SD 

2 

1 

1 

2 

1 

4 

5 

Polish 

J5RR 

J5RR 

J5RR 

J5RR 

JPC 

JPC 

DESCRIPTION 

Returns ARCTAN(ARGI/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 
4(SP) = @SP 
4 (SP) @SP 

N=l,z=O 
N=O,Z=l 
N=O,Z=O 

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

Single precision version of bcos. 

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 (fromW.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. 



OCTAL # OF 
NAME CODE PKG ARGU MODE 

DCOS 41 D 1 J5RR 

DEXP 52 D 1 J5RR 

$DI (11) SD Polish 

$DINT (76) D 1 Polish 

DLOG 55 D 1 J5RR 

DLOGIO 56 D 1 J5RR 

$DR (6 ) 1 Polish 

DSIN 40 D 1 J5RR 

DSQRT 47 D 1 J5RR 

$DVD 23 D 2 Polish 

$DVI (24) 2 Polish 

$DVR 25 S 2 Polish 

DESCRIPTION 

Calculates the cosine of its double 
prec~s~on 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 ALOGIO. 

Replaces the double prec~s~on item 
at the top of the stack with its 
two word, rounded form. 

Calculates the sine of its double 
prec~s~on argo and returns the 
double precision result in RO-R3. 

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

The double prec~s~on 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 prec~s~on division 
routine. Same as $DVD, but for 2 
word floating point numbers. 
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OCTAL # OF 
NAME CODE PKG ARGU MODE DESCRIPTION ----
$ECO (62 ) SD 5 JPC Single precision to ASCII 

conversion according to E format. 
Same calling sequence as $DCO 

r- except that a 2-word value is to be 
converted. 

EXP 51 S 1 J5RR Single precision version of DEXP. 
'{", Returns result in RO,R1. 

$FCALL S Internal OTS routine. 

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

FLOAT (32) 1 J5RR Returns in RO-R1, the real 

( equivalent of its integer argument. 

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

$ICI (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. 

$ICO (67) 3 JPC Integer to ASCII conversion. 
Calling sequence: 
Push address of ASCII field. 
Push length in bytes of ASCII 
field. 
Push integer value to be converted. 
JSR PC,$ICO 

( Error will return with C bit set 
on. RO-R3 destroyed. 

IOINT (31) 1 J5RR Returns sign of arg * greatest 
integer <= ,.arg I in RD. 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. 

IFIX (35) 1 J5RR Returns the truncated and fixed 
real argument in RD. 

( 
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OCTAL # OF ( NAME CODE PKG ARGU MODE DESCRIPTION 

INT (30) 1 J5RR Same as IDINT for single precision 
args. 

$INTR (27) S 1 Polish Same 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. 

$HLD 22 D 2 Polish Double prf;:!cision multiply. 
Replaces the top two doubles on the 
stack with their product. 

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

$I1LR 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. 

$OCI (66) 2 JPC ASCII to octal conversion. Same 
call as $ICI. 

$OCO (70) 3 JPC Octal to ASCII conversion. Same 
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 

$POPR5 

$PSHRl 

$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 

o 

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 

J5RR 

J5RR 

J5RR 

J5RR 

DESCRIPTION 

Internal routine 
from the stack 
registers RO-R3. 

to pop 4-words 
and plac.e them in 

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

Same as $PSHRI. 

Push RO,RI onto stack. 

Push RO-R3 onto stack. 

Same as $PSHR4. 

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

the single prec~s~on 
on the top of the stack to 
precision format. Leaves 

on stack. 

Converts 
number 
double 
result 

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, RI • 

Single precision version of DSQRT. 

Single prec~s~on hyperbolic tangent 
function. Returns (EXP(2*ARG)-I) / 
(EXP(2*ARG)+I) in RO,RI. 
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D.2 NON-OTS ROUTINES 

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

OCTAL 
NAME CODE PKG DESCRIPTION 

$ERR SD Internal error handler. 

$ERRA 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-II 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 
TRAP call to the single precision square root routine can be coded as 
follows: 

TRAP 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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("OperandI! is the contents of the location addressed in the TRAP 
call. ) 

* 

* 

* 

* 

* 

* 

* 

* 
* 
* 

OCTAL 
CODE 

i4 

26 

53 

54 

42 

16 

17 

37 

44 

52 

55 

56 

41 

NAME 

$ADD 

$ADR 

AINT 

ALOG 

ALOGIO 

ATAN 

$OlD 

$CMR 

COS 

DATAN 

DEXP 

DLOG 

DLOGIO 

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 < = 
I,FLAC.[. 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-IO log. 

Replaces contents of 
arctangent. Assumes 
FLAC. 

the FLAC by its 
2-word argument in 

Compares operand to the conte~s of the 
FLAC, and returns 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 

40 

47 

23 

25 

51 

72 

71 

22 

21 

15 

13 

36 

46 

73 

74 

50 

NAME 

DSIN 

DSQRT 

$DVD 

$DVR 

EXP 

$LDD 

$LDR 

HLD 

$MLR 

$SBD 

$SBR 

SIN 

SQRT 

$STR 

$STD 

TANH 

DESCRIPTION 

Same as DCOS, but calculates sine instead of 
cosine. 

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

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

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

Same as DEXP, but for 2-word argument. 

Same as $LDR, but assumes 4-word operand. 

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

Double prec~s~on multiplication routine. 
Multiplies the contents of the FLAC by the 
operand and stores the result in the FLAC. 
Assumes 4~ord operands. 

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

The double 
Subtracts 
theFLAC. 

prec~s~on subtraction routine. 
the operand from the contents of 
Assumes a 4-word operand. 

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

Same as DSIN, but for 2-word argument. 

Same as DSQRT, but for 2~word argument. 

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

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

Replaces the contents of the FLAC by its 
hyperbolic tangent. Assumes 2-word 
argument. 

D-10 

( 

( 

c 



( 

( 

APPENDIX E 
FPHP-ll SOURCE LISTING 

This source listing of FPHP-ll is included for documentation of the 
logic only. The sources provided to users do not have comments 
because of size restrictions. 
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1 
2 
3 
4 
!5 
(; 

7 
8 
iii 
10 
11 
12 
U 
14 
15 

000001 
000001 
000~01 
fClli:HH:l01 
kl 00 t'J01 
0000161 
000001 
000001 
01i:HH"!I, 
000001 
000001 
00,=H!l01 
000001 

UNGL,EI1 
OOUSL.EI!Il 
eNOS711 
CNDU231 
CN0$1711 
CNOi22i!11 
CNO!2311 
CNIH24U 
CND52511 
eNoues;1 
CNO$29'l 
CNOU481 
CNO$36"~ 
,Eor 

/ 



1 
2 
J 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 . 
14 
U 
16 
17 
18 
19 
20 
21 
22 
23 
24. 
25 
26 
27 

IPt<ODUCT COOE 

, COMPIJTe.R 

, CUNfilljURAT ION , 
'SU,TWARE R~QUIREMINTS 
I 

,pf.COGRAM NAME 

IV~RSION , 
'OI:.SC~XPTION , , , 
'AUTHOR , 
'DATE , , 

UEC.l1-NfPMA-A-t..A 

PDP-i1 

PAPER TAPE CONFIGU~ATION IS MINIMUM 
6192 WORDS MEMO~Y 

PA~~11S (OR MACRU.il) 
~INK.l1S (OR LINK-Ii) 

fPMP-ll 

VERSION L.EVEL. 1 
PATCH L.EVEI.. A 

f.I.,OATING POINT MAT~ PACKAGE 
PL.US TRAP HANOL.ER 
tFL,OATING POINT SU~ROUTINES TAKEN FROM 
OOS-11 FORTRAN IV OTS) 

f. PET~RS (TRAP ~ANOI..EH & PACKAGE 
IN1EGRAT10~) 

AUGUST, 1972 

COPYRIGHT i912,OtalTAL E~UIPM!N' CORP" 
MAYNARO, MASSAC~USETTS 01754 

( 

( 

(: 

( 



FPMP 11 FI"OAHNG POINT' " MATH PA MACRU VR~4.i4 07-SfP-72 11143 'PAGE 4 
..., 

-..,) 

( 
1 000000' .CSe:CT 
2 
;) CONDITIONAL.$ TO liENERATE THE STANDARO PACKAGES, .. .IFOF 51 NGI..E' ~H NGL.E PRECI$lON PACKAGE? 

.1>" 5 000~01 CNOS2 8 1 ; i4DR, SSBR 
6 00000l CNO$311 ; AI"OG, AI.OGU 
'1 000001 CIIIO,411 ; AINT 
8 000001 CNOse.l 1iCMR 
9 ~00id01 CNDU 8111 1iOVR 
10 000i1101 CNO$2011 1EXP 
11 riHHtHilU CNOS3fUl IS!'1L,R 
12 000id01 CtIIOS37IJl ISXN,COS 
13 000k101 eNOUS'! ITANH 
14 000001 CNOS391!1 'A'TAN,ATAN~ 
15 0001tl01 (;1'1(,)141 1 1 1SQRT 
18 "'00001 CNOS4411 

( 17 00010101 CNOJ46'1 
is .ENOC 
19 
20 .IFO" OOUBI..E' IJOUSL.E PRECISION PACKAGE1 
21 000[d01 (;NO$1111 IIAOO,$580 
22 000001 CNO$(5;11 1iCMO 
23 01U!001 CIIIO$12111 'OL.OG,DI.,OG10 
24 000001 CN0$13" 1 lDSIN,OCOS 
25 0001401 CNOUU~ 'OSQRT 
26 0001Cl12l1 CNOUe-U1 '04T4N,D4TAN2 

C 
.- 27 2100001 CNouell 1310110 

28 1a00001 CNO$1£U 1 10EXP 
29 000ii101 eIliOUS'l 'iMI..D 
30 0160001 CNO$4511 ;SL,OP 
31 000001 CNO$47!!11 '$STO 
;sa .ENDC 
33 
34 .1FO"- 51 NGL.E' OUUBL,E 
3~ 1il00001 CNO$St;l I$OCI,iRCI 
36 000001 CNOi9;i 'SECO,iFCQ,SGCO,SOCQ 
37 000001 CNO$3111 1iNG1,SNtiR,5NGO 

( 38 000001 CNO$42'1 ITliUPH 
39 .ENOC 

.. 



FPMPl1 FL.OAUNG POINT & MUH fi?A MACRU VF/J44-104 01.Sf:.P .. 72 11143 PAGE 5 

C 
1 .IfOF CNO$~e, TANM1 
2 fd0~001 CNDUIl '$AOR,$S6R 
;) 000001 CNDU8111 liOVR 
4 kHJ0001 CIIIPU0IIl IEXP 
e 0~H:,!~01 CNDS21"l liFeA!..!.. 
6 000ItJ(/J 1 (.';1110$3011 'iMI..R 
7 000001 CNOU2l1 'SPSHR;' 
8 ,ENoe 
9 
10 .IFNOF liP 1,1 

11 .IFf,)F CNO'~'CNU$20'CNOi37'CND$~9 
12 00000~ CIIID$2-1 '$AD~,$SBR 

U 0000~1 CNOU8l1 ,SOVR 
14 kh1000 , CNDi30'1 'iMI..R 
1~ .1F'OF CNOS~7' alt~,co:u 
16 000001 CND$41!11 , SINT~ 
17 .I!NOC ( 
18 .f.NOC 
19 .lFQF CND$10lCNO$1~'CNOS15'CND51~ 
20 000001 (;N051 111 I$400,$$BO 
21 000001 CIIIOl1611 ;$OVO 
22 ((J000"1 CNOS2Ul '5MI.D 
2\S 000~01 CNO$3311 '$POPR4 
24 .IFOF CNOl13' USXN,OCOS? 
25 000001 CNOU 111 '$OINT 
26 .~NOC 
27 .ENDC C) :28 .IF'OF CNOS~' CNiJ$ 10' AI..OG OR DI..OG7 
29 000001 CNDS27'1 'UR,UO 
30 .eNce 
31 "IFDF CNOU9, eNDU!e" EXP OIiC Oi)(1i'1 
;sa ~00001 (;1'110$27'1 IUR,UO 
33 000001 CNOU511 'SRI,IOl 
34 .ENOC 
35 .IfOF CNOS~4' U8QRT7 
36 04!1(IJ001 tNDUll '$~OO 
37 00r/l~01 (;1'110$16-1 'IPVI) 
38 .ENCe C-
39 .IFOF CNOS411 SQRT'l 
40 ~HHHI0! CNO!21!1 '[UDR 
41 000001 CNOU8!!11 'SOVR 
42 .ENOC 
43 .ENOe 
44 
45 .IFOff CNOs23' t'I..OATl 
46 000001 CN0527;1 'UR,UO 
47 000001 CNPU311 'iPOPR3 
48 .ENOC 
49 ,IFOF CNDS22lcNQ$26, IflX, INT, OR IOINT? 
50 000001 (;1'11053511 ,.RI,IOI 
51 ,ENOe 
52 .1FOF CNOSJSl' ATAN OR ATAN2'l 
5J 000!a01 CNO$3JlQ 'POPR3 
54 "ENOt 

(- ~ 



TRAPil2 MACRO VR04-i4 rZli'-SiP.12 1114~ FlAGi 6 
I 
! 
\ 

1 , flu.e; TIUP~2 
a .1FOF CNOs42 
3 • GI.. OB I,. THAFHI, SEHRA 
4 , TIo!~ FPMP-l' TIUFI HANOI-i;R 

I> 15 ~00000 R01!XIZI 
6 0013001 Rilll 
'1 000002 R2!!1X2 
8 00000i3 f(3U:5 
9 flH40004 R4U4 . 
U 000005 R5'%15 
11 0111121006 spue 
U 000(C)01 PCU7 
13 
14 12100"0 ra4271HI TRAP,",' 8lC ''''',2C8PJI eL.t.A~ AI..I- UU:R CONO CODES 

0012101"1 

(~-
IUJfiH~02 

10 00f/HtH5 0VH5046 CI,.R ·CSPJ, SP.CE FOR AODR MODE 
UJ 000U 0101!i4e MOV R:5,.(SP)I SAVE THE Rt:GlSTERS 
17 0012112 010445 MOV R4,.~SP) 

18 00U4 rtJ10;)46 MOV R~f·H;P) 
1~ 00015 1/1 UfUtJ MOV Ra, .. ~SP) 
20 00020 0il1l14ti MOV Rl,·qH~' 
U 1lI00~2 010045 MOV R0,.tsP) 
22 000;4.0 01601213 MOV 2kHSIli),RJ, GET USER'S STATuS waRD 

000020 
23 000~" 042703 81C .20,H3' CI.,EAR ,.SIT FOR US 

( 
.- 0210020 

24 00(lJit4 010~Ji' MOV RJ, '-1777761 ESTABI-ISM AS CURRENT Sf ATU$ 
<, 

177".,e 
215 0021 40 U66~1 MOV U(SP),Rl, GET USER'S PC 

00121016 
26 01512144 01010tl MOV fU, R~' COPY USER'~ PC 
21 00046 014104 MaV ·CRH,R4' PICK UP TRAP INsTRUeTION 
28 000~0 0U40~ MOV IU,R;.t, COPy 
29 0~0~2 0427214 ext .ln700,~4' CAI.C TABL.E INDEx 

1 777!ll0 

C 
;$0 2102106 006iJ04 ASL R4, TIMES TWO 
U 00121621 U6404 MOV TlH,S42 CR4) , R4, GEl TABI.', t.NTRY 

[iJ00~001 
;J2 000~4 001t)5fS eEr.l ERRS42' ERRORI NO t.NTRY IN TAf;H"E 
33 000 6 6 010402 MOY R4,R2, COpy TABL.E ENTRy 
~4 0IUI"" 042702 SIC N,40000,R2, CL.~~R MoDE ens 

i400210 
35 fc10074 060702 ADO PC,R~' R£1.0CATE ROUTINE ADORESS 

.<1 36 0¥H1I7e 0~2704 PT542, SIT N40000,1<4, AOORESSING REQUIRED 
040000 

~7 00102 001°14 ef;Q NAU$42' BRANCH I" NONE ~EQUIRe:O 
38 0011114 106103 ROI,.S R3' TE5T OPEfo(ANO ADDRESS MODE 

.{I, 39 001,,1(5 100ua epL. PI",MS42' BRANCH l' 61T 6 EQUALS 0 
41/1 00U0 !031il04 sec STKS42J BRA Ncr; I" IIR0 MODE 
41 REL.ATlVE MOOt: 
42 01i1.1U2 010500 MOV R!),Rfd, COpy USERI~ PC 
43 001 i4 0S2ti0~ ADO (Rf;j)+,R01 CAI.C ACTUAl. OPERAND ADDRESS 
44 ifHH lei Uf/ll)6ei UPCS428 MOV R!,l(iCSPJ, UPDATE WiER'S Pc 

( 
000016 

415 0u~a 012705 ST~S421 Mev _fACi42+tJ,R5' AOORE$S OF FI..AC 
000440' 



TRAP02 

46 !aItH2S 
47 0'" U0 
48 0~132 
49 0UJ4 
50 0U~6 
U IIIU40 
52 ~1i:1142 
5;$ 0"144 
54 00146 
55 01a1 ~0 
:56 001 0 2 
57 0011)4 
56 0[H{)5 
59 0011!50 

60 001 ts 4 
61 001t.if.i 
62 00170 
6~ 00172 
64 
65 
66 
67 
68 01r'174 

6Q 0kl1iH.l0 
70 00202 
7~ 
72 00204 

1;S 00U0 
14 00212 
75 002U 
78 00216 
17 00220 
78 00222 

71i 002~6 
80 002~0 
81 1a1D2~2 
82 002;'4 
83 0"2~6 
84 00240 
85 0V1242 
85 ~HHZ44 
87 0024e 
88 00il)!ll 
81i1 002:>2 
90 002\.')4 

91 140262 
92 002~4 
93 002C)6 
94 00270 
90 0k1212 
96 00274 

0015704 
00240~ 
00!SliQl!; 
00504!5 
0015725 
III Ht546 
len 4:546 
014546 
1i;'I1404e 
IH!lts704 
002402 
~22020 
000404 
062700 
000010 
014048 
014046 
014046 
014046 

TST 
6L.T 
CI..R 
CL.R 
TST 

$T4,42. MOV 
MOV 
MOV 
MOV 
TST 
Bt..T 
CMP 
Slit 

ST~$42' AOD 

MOV 
MOV 

OTiS421 MOV 
MOV 

Roll' 
5T45421 
'RS, 
"'CIHU 
(RfS)+, 
'115," CSP).' 
III C 1i(!5 ~, , III t S P ) 
III(R5l,·c&P) 
II eR5}:, '" C&p) 
R4, 
ST6s42' 
CR0)+, (RiC'h, 
OT2$42 
*,8.,10(0 

"eR0J,," (I5P) , 
.. (R0l.,,, C~P) 
III CR0l .• II (liP) 
'" (R0l.,,, C~P) 

SINGt..~ oR oeUBt..!? 
BRANCH IF DOUBL.E 
C~~.R t..A~T 2 WORDS 0' ,,,,At 

INCR Rei 
PuSr TME Ft..AC 

SINGt..i OH oouet..~1 
8RANCH IF QOUeLi 
INCR R0 ev 4 

CALL. ROUTINE IN POLISH MODE. 

0127kHI 
000202' 
000112 
0002041.0fit$42' 

012705 
000432' 
U262' 
012c,i21$ 
012025 
012625 

, 

011700 RETS4;i!1 
012101:1 
01lH;l432I 
005725 
002410 
itl031il13 
000725 
002,011 
00!572b 
00100' 
01iH5725 
001005 
0015000 
005400 NEG$42' 
0t5~76e CM~S421 
177776 
000020 
00t5700 PI..S$4~; 
~la600 CMU42; 
012601 
012602 
1!l12CH:l;) 
0126214 

THIS IS NOT A STANDARD PO~ISH CA~~ 
IN ORD~~ TO ~EDUCE OVERHEAO, 
MDV NADRi42,~4' ADORESS OF RETURN AODR 

JMP .Ra, CAt..~ ~U6ROUTIN~ 
.WORD ,+2, RETURN lOD~g$S 
NOW POP R~SU~T TU FLAC 
Mev NrACi42,RS, AOOR OF F~AC 

MOV 
MOV 
MOV 
MOV 
MOV 
MOV 

lsr 
BL.T 
6GT 

, TsT 
6NE 
TST 
eNt': 
TiT 
aNI:: 
CI..R 
NEG 
en 

1ST 
MOV 
MOV 
MOV 
MaV 
MOV 

(SP) .. , (R!;I) + 
CSP)., (R~)'" 
(SP)., (k:t,+ 
($P)"', CRO). 
,PC,W0' 
"rACIll42,R~' 

eRe)·, 
NEG$421 
PI.$$42' 
(R5)+ 
PL.Ss42 
(R5)+ 
PI".S$42 
(R15) + 
PI..$S42 
R0, 
RID' 
.N17777t1,20(SP) 

R0, 
(SP)·,R0' 
(liP)+,R.l 
(SP)+,R2 
(SP)+,R3 
CSP,·,R4 

MA~E R0 POSITIVE 
AODR OF '"L.AC 

TEiT THE FI.AC 
BRANCH If 'L.AC MINUS 
BRANCH 11" PI.US 

FL.AG '~A~ AS ZERO 
F,I,.AC 15 NEG 
,SET USER!S taNDS 

SET COND COD~S 
RESTORE US;R'S REGS 

"~ 

( 

( 

(! 



( 

( 

(-

91 (lJ027e 
98 00"00 
99 0~~1i'I2 
U0 0~04 
llU 03'''J 

102 0312 

UI~ roue 
104 0;)20 ,,,e 0322 

us f.i~ae 

0;)\$4 
03~6 
0;)40 
0342 
rU44 
0346 
0~00 
0;}:52 

liHat)0~ 
11:111115726 
01/J14U 
J,00008 
21121$66 
0i1l000e 
012fHHi 
000006 
0226ae 
000002 
0i 211566 
IlHII ('II 002 
01266(j 
IiHHII002 
000002 

0IU'U 
11112705 
1""10432 , 
01002' 
010125 
010a2~ 
010~2l) 
000722 

Mav 
TST 
SEQ 
6PL. 
MOV 

MOV 

CMP 
RTI 

RTa$421 MOV 

MQY 

RTU421 RU 

~OUTlNE 
JSR 
MOV 
,wORD 
MOV 
MOY 
MOV 
MOV 
ElR 

CSP).,Rf) 
(SP)·, 
R11$42' 
RT2S 42' 
(SP,.,6t i P), 

(SP)+,6C:tP) 

(SP)·,(SP)+ 

CSP).,2($Pl, 

(SP,.,2tJP) 

TO MAKE HiRH 
Re"H2' 
(Ii'C)4I, FHH 
FACS42' 
R0,(H5).' 
Rl,(HO,· 
R2,(~5). 
R~,CIi(5). 
Rt:Ts421 

, MORE MODE CH~CKING 

1!il7 
U. 
UHl 
110 
Ul 
Ui 
113 
U4 
115 
116 
117 
ua 
119 
U0 
12J, 
U2 

~~04 103010 Pl..MS421 , eec . 8TM142' 
IMMEDIATE MODE 
MOV R~,R0, 

12" 
12' 
U~ 

US 
U1 
128 
lag 
1')0 
lU 

03015 
0;515" 
e~ti2 
0;J04 

IU1121 
0:!12 
"374 

0;$715 
0400 

ua 04icl4 

U\) 0410 
134 0412 
U504U 

fOUOl2l0 
005104 
002"03 
(1)('270$ 
ft!I000U 
000652 
0a2~20 
000f,H50 

010000 
052700 
kHHUl22 
00!5i68 
000014 
vHH5704 
00224;$ 
005466 
000014 
00064121 

TST R4, 
BGt;; PI.. Ui42' 
ADO ,.e.,k51 

. B~ 
F'L.U421 eMP 

SR 
, STACK 
STMS421 MOV 

AOO 

INC 

TST 
6GE 
NEG 

I:lR 

UPCl42 
tR5)., (R!'»)., 
UPC$42 

Moot;; 
S~,RIiI 
,.22, H0J 

14CS~H 

R4, 
STK$42, 
14(SP)J 

STI(l42 

TeST IF STACK MODE 
NO, SO RETURN 
BRANCH l' SINGI..E PREC 
POP USER' ARG. 

'~~TURN TO USER 
POP TWO wORD ARG. 

CAL.I..S 
tAI.L. sueRQUTl NE 
PICK UP AODR Or FI..AC 
ARij ADORES~ (FI..At) 
STORE RESULT INTO FL.At 

GO 00 STANDARD RETURN 

BRANCH IF jTACK MODE 

ADD~ IS U$iR'S PC 
SlNGL.e; OR OOU8L.E 
BRANCH If' UNGL.E 
UPDATi WiER'S PC 

UPDATE PC 

CAL.C ADOR OF ARG ON STACK 

FI"AG STACK Moot; 

SINGL.! OR DOUBL.E? 
SIUNCrt IF $lNGLE 
FI,.AG DOU!;L.f; 

, ERROR' ROUTINE NOT AVAIL.ASI,,! IN PACKAG~ 
00500~ ERHS421 CL.R R01 SlijNAL TRAPH ERROR 

7 

UO 
U7 
US 
139 
1414 004ee1 JS~ R5,S~RRA' Rl POINTS TO 6AO TRAP INSTR 

141 "4~0 
142 

021J66 
000714 BR 

143 , FLOATING ACCUMUL.ATOR 
144 04~2 m00~00 FAC$421 ,WORD 0,0,~,0 
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04a4 000fOfZl0 
0441$ 000000 
0440 0013000 

i4e .XFOIF CNI.)$~ 
14~ 'COMPARISON ~UOGi 
147 0442 fO U704 CM!i(S421 MOV *,CAR i 42,H4, AODR OF RETI,IRNA.DOR 

01fl0 4U' 
148 l1l.I446 00f(lle1 JMP SCMR 

002666 
149 "M~2 '1H'~454' !;AHs4la I .~ORP ,.2 
150 041>4 053765 eu '*'177716,24($P) ISe.T USEH CONO 

1'17'16 
0000e4 

($P)+, ($P)+, 11:)1 04152 022C)2(5 CMP POP SUCK 
lr52 04t$4 100!21677 6R CMU42 
1153 .ENOC 

( 154 " 

li5:) ,IFOF CNQSf) 
155 0466 kl127"4 CM~$421 MOV *,CAO'42,1'<4 

00~41(:i' 
HIT 0472 00Uf!i7 Jt<1P SC;;MO 

002544 
158 21416 ItlkHHrH)04' CAI')S42I .WORO CMFs42 
1!59 .aNoe 
160 -040000 PMOOE,40000 
161 100000 OMOOe:!II 100000 
162 0500 0001000 TSL.$421 _WO~O 0,0,1r:l,0,16,0,0,0 '0·' C-0tHd2 000000, ) 

0011'4 000~00 
ir.HHle; 000000 
0510 000VJ00 
0e12 000000 
0!))14 000000 
0~16 "0~~00 

163 VJ~20 000000 ,WORD 0,0 ,10·11 
0~22 000000 

l64 • HOro . eNOl2 

C HH5 051i!4 fd41712 .WORO SAO~·PT$42.PMODE 112 
161$ 0526 041706 .WOAD iSBR-PT$42+'MODE IU 
H~7 .ENoe 
lISe .%FNOfl' CNosi 
lS9 .WORO 0,0 , 12 .. 13 
170 .ENOC 
171 .IFOF CNOU 
172 liHS"s0 1401'H.l6 ,WORD iAOO"PTi42+PMODE.OMOOf 114 .r.. 

173 1Il5a2 1'0602 .WORD $5ijO~PT$42.PMOOE·DMODE 110 
174 ,ENOC 
175 .1FNDF CNOU 
176 .WO~D 0,0 ,,4_15 
177 .ENce 
1'8 .IFOr CNO$~ 
179 01534 140370 .WOfolO CMOi 42-pf$42+PMODE+OMOOE 1115 
180 .ENOC 
181 IIIFNDJ! eNOS:) 
182 ,WORD 0 116 
183 .fNOC l , 

184 .It'DF CNOSO 
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(-
185 0!5~8 040~44 .IIIORO CMR$'2-pTi42·PMQOE 111 
US .ENoe 
181 .IFNDF CNOsc) 
188 ,WORO 121 III 

~. 189 .ENoe 
,,5)0 fllel40 rora0000 ,wORD 0 12" 
UH .IFOF CNO$40 
192 0!!i42 0'7064 "WORD SMLR-PT$42+PMOOE '21 
i9;' ,ENoe 
194 .IFNOf eNOU0 
195 ,WORD 0 121 
15H$ .ENOC 
191 .IFOF CNO$28 
198 01544 If'61415111 ,WORD $M~D-PT$42+PMOOE.OMODE '22 
H~S) .ENDe 
200 .lfl'NDF CNi)S28 

( 201 ,iII0RO r/I 122 
202 .ENoe 
203 ,IFOf CNOSU 
204 li'll546 i5rU 12 ,WORD SOVO-PTi42+PMOOE+OMOOE '23 
214~ ,i-NOe 
206 .lFNDF CNOU6 
207 ,IIfORO " '2J 
208 .ENce 
209 05:50 000000 ,WORD 0 12' 
210 .1l'OF eND$le 

-- 211 0502 0(;3U0 .\IIORD SQVR-PT,42+PMOOE 125 

( 212 .ENoe 
2U .1fi'NDf CNOSU 
214 .WORD 121 12:; 
215 ,e:r-..oc 
2115 .IFO" CNOS4 
217 0!5l:14 00~liI26 ,wORD AlNT""PU42 '28 
218 .ENOC 
Ug .HNOF' eNos4 
220 .WO~O 0 '2tj 
2~H .e:NOC 

(- 222 0506 000000 ,WORD 21,0,14,0,14,0,0 127.35 
05e0 000000 

'--- 0~62 00010014 
0504 000000 
0505 111210000 
0570 000000 
0512 01tJ0000 

22~ • H'OF' CNO$~1 
..". 224 057. U 7766 .WORO SlN·~T$4a,COS.PTS42 , 3eh,,37 

~516 1d117 32 
225 ,ENOC 
226 .1FNOP CNOS~7 
227 .WO~D 21,0 '~ti",,31 
228 ,ENoe 
22g .IFOF CNOU3 
230 0600 1071554 .WO~O O'lNePTs42+0MOD! '41Cl 
231 0602 1011)16 ,WORO OCO~·PT$42.0MOOE '41 
2;$2 .ENOt: 

( 2~3 ,IFNO' CNOU3 
234 .\IIORD 0,0 140 .. 41 
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( 
235 .ENot 
23f!i ,XFOF CNQS"9 
237 06144 021(IH52 ,WORD AT AN-PT$42 '42 
2.}8 .ENOC; 
239 .1f'NOfi CNI,)S;';9 
240 ,wORO 0 
24" ,e:NOC: 
242 liHi06 000000 .wORD 0 ,4it 
24~ .If''OF eNO$U 
244 IIJt5U 1110.0 .\fjORO OATAN.PT~42.DMOOE '4' 
245 .f.NOC 
246 .1FNQF CNQU5 
241 ,wo~o 0 '44 
248 .ENOC 
249 0612 0011"1100 .WORD 21 '4' 25111 . .IFOli' CNOS41 
251 0614 021 052 .wO~D SWRT-PU42 '4f1i ( 252 .ENoe 
253 • IP'NOF ONDS41 
204 .~ORD 0 '46 
25~ .e:NOC 
2:5(5 .IFO~ CNOU4 
2:51 0Ue 110;)56 ,wORD OSQRT.PT~42.0Mooe '47 
2e)8 .ENOC 
2:59 .1FNOF CNO$~4 
260 ,wORD 0 '47 
261 "e:NOC 
262 .IFOF CNO$~e ( 
2S3 06~121 2Hi0J0ei .wo~o TANH-PU42 '50 
26' .ENOC 
~Hie .IFNOF CNO$~a 
266 .wORD 0 '50 
261 ,ENOC 
266 .11'OF CNOS20 
269 irJ622 014450 ,\IIO~D EXP .. Iii'TS42 '151 
270 .!NOC 
271 .IFNOF CNOS29) 
212 ,\\lORD 0 '51 

(-273 .ENQC 
274 .1FOF CNI.Hllg 
27~ 0624 113tH :2 ,11101'10 OfXPRPT$42+0MQOE lei 
276 ,ENQC 
277 .1FNDF CNOiU 
278 .wORD 0 HS2 
279 ,ENOC 
2$0 ,IFOf' eN053 
281 0626 klIi!I24fS2 ,iIIO~O AL.OG"pTS42 '5;) 
282 06J0 00244~ ,WORO AI,.OG10.PT$42 '154 
28;j .ENoe 
284 .IfiNDF CNO$3 ." . 

285 ,wo~o fi" 0 '53",54 
286 .ENoe 
287 , !FOP CNOSU 
288 06J2 Ult.HHHS .\IIORO OL.OGIII!PTS42+0MOOE , t5~ , 
289 "'6~4 106b52 .WORD OL.OGl0·PTi42.0MOO~ Hie 
290 ,iNOC ( 2;1 .tfNOF CNO$10 

: 



( 

292 
29~ 
294 liHS;.16 ((J00000 

0640 000000 
0642 000000 
i/I~44 0012100121 
0646 000000 
01SIU 000000 
0et)2 000000 
0004 0121121000 
0eHH5 0~0000 
060121 000000 

295 
296 0662 0017415 
297 
298 
299 
300 
~IU 
~02 06ti4 lCI1761il 
~0~ 
304 
~HHJ 
~06 
307 
~08 IH.lOrs 0tH~000 
;)121~ 
~10 
Hi 
Hi 
313 
314 Ii:Hi70 162054 
;.\15 
316 
U1 
iU8 
319 0e1i 00rUl0fr3 

0574 000000 
0616 0121001210 

320 
321 
322 
323 
324 
325 
326 
327 
il2e 
329 
~30 
331 
,ua 
333 
3~4 
335 
~U6 
337 

000kl00 
00001211 
1/10~1D1/I2 
000003 
000004 
00000ts 

, , , , , , , , 

.\ljORO 0,0 

.ENoe; 
,WORO 0,0,~,0,0,0,0,0,0,0 

.1'011' CN01(l44 
,WORO $~DR~PT$42+PMODE "1 
.[NOC 
,IFNO' 1;"'0$44 
,WORD 0 '7~ 
,ENOC 
.1l'DF (.';"10$45 
,WORD $~OD·PTl42+'KOOE+OMOOE ,,2 
.ENoe 
.1"-"'OF CNOS45 
,_ORO " '72 
,ENOC 
.IFO" CNOs46 
.WORD S$T~.PT$42+~MODE '73 
.EI'IOC 
.IFIIIO" CNO$46 
.\I40~O " '7;) 
.ENOC 
.lFOFCNOS4, 
.~ORO $STO.PTS42+P~OOE.OMOOE ,,4 
.ENot 
.IFNOF CNOS4, 
.WO~D " 17. 
laNce 
.wO~o 0,0,~ "~.'7 

.ENOr.; 
I fl fL.! SAOOIiI!S 
.IFOF CNOU 
.G~OB~ $AOO,$S6D,SE~R 
IAOO •• ~ TH~ OOUlLE PRECISION AOO ROUTINE 
SADO V00eA .. . 

/I 

COPYRIGHT 1971,l g 72 DIGIT~L EQUIPM~NT CORP., MAYNARD, MA 
ADO TH~ TOP &TACK ITEM TO THE SECONO ITEM 
AND L~AVE TH~ SUM IN THEIR PLACE. 
$560 ••• TH~ DOUBLE PRECISION SUBTRACT ROUTINE 
SUBTRACT TMe-fOP-STACK IT!M FROM THe sECOND ITEM 
AND LEAVE TH' DIF~ERENCE IN PLACE OF THEM 
R01%0 . 
R 1!!!U 
R2'X2 
R3U:S 
R41!1¥4 
R,,,%!S 



UOOltl5 MACRIJ I/R041!1!1 4 07 .. S~P.72 1114\; PAliE 6· /.2.-
( 

3;,8 000006 SPI!I%S 
3.}9 kl00vHl7 ~Cp."7 
;)40 000006 A1I6 
341 IH'I00U SUS. 
342 000012 Cl-10. 
343 liHiHli014 01112. 
;'44 000"16 A21114, 
;545 0kl0020 8~U16. 
346 00002~ C2118. 
341 t.'l"002' 02120. 
348 000000 UGNSI0. 
349 111~04 MQIl77304 
3~0 177JU NORlIIl77Ua 
35, 1171)14 L.SH1117314 
~e;2 17?HB ASHU77U6 
353. 000~00 '011%0 ( 3154 1Il71i'l1!! k:lI5 e 71 fS SSliJD I AOO .1001i'J00, 'SF' 'NEGATE TOP STACI< nEM i 

UlZlIiltiH4 
30f) .IFO" FPU 
3156 uuce ,WORD 170Ul "SETO 
301 .WO~O 172426 ""'00 (SF')·,'0 'GET OPEFUNO 
3!58 .\liORD 172!2126 "AOOO (SP).,F0 IAOD 
309 ,WORD p404e , , aro FEl,·eSp) ,SUM TO S'fACK 
360 "IMP • tR4l .• 
361 .ENDC 
362 .IFNO' Ffi'U 
363 0704 010446 SAUDI MOV R4,.~SP' ( 364 07015 010f:i46 MOV R~,.tSPl 

I 

3155 0710 0050415 CL,R "" (SPJ. ICL.EAR SIGNS 
366 0712 0rcUHU!4 CI..R R4 'CI..EAR EXPONENTS 
367 v!l714 101,)15005 CI,.R Rt) 

368 07UI 006iHHS ASL. 01CSP) 'SHIFT OUT SIliN OF TOP HEM 
01110014 

369 0722 01iHH6ei ROL. tiCS!'" 
000012 

370 ~726 vH'l6166 ROL. 81(SP) 
000010 C-371 07;j2 006166 ROL. A leSP) 1SHIFT U 
000006 

372 Vl7!)6 ~e56604 SlSB Al.1~SPl,R4 'Gt.T El 
000007 

373 0742 1001441 SEQ AlZU IJUMP IF Zf.RO 
374 "744 106U6 ROl.6 • Sill IGET 51 
3715 1/17415 r,HHS~66 . ASI. D2(SP) 'SHIFT OUT SlGN 0,.- SECONO ITEM 

kH:'0024 
376 07~2 0061615 HOL. C2(&~) 

000022 
377 0106 \iHHUfi(S ~QL. 62 (Sfoi) 

1d00~20 
378 07(;2 006166 ROI. A2CS P) ISrlII'T A2 

000015 
379 07tiel 1 :Hj60~ eUB A2+1tSP),R5 ,GET E2 

0ilHHH 1 
380 0772 ~Ct!10311l tlNE A:ilNSl 'JUMP IF NOT " 381 0774 H161a16 RORe 'SP IfilECONSTRUCT Ai 

( 31$2 0776 ~1Il6I1ltij(~ ROR A1CSfi) 
i'l0~liH.'I6 



(- SAODliHS MACRO VR04"14 07·SEIP.12 1U4i.t PA(i1t 6+ /\3 

38\5 10-142 00EHII6e ROR B1CSP) 
000"10 

384 U06 006061$ ~OR ca esP) 

"'- 000012 
385 UU 0flHHil66 RQR 01tsP) 

rtI~0"'14 
~8G UU 016666 MOV "l(Sfi),A~tSP) ,FIRST AFiG TO TOP OF STACK 

1'600006 
000016 

;'81 102" 016666 MOV U (SP) ,1)2 CSP) 
000010 
000020 

388 10~a Ii:! US6ee MOV Cl(S'),Cli!(SP) 
000012 
000022 

C 389 1040 016~e6 MOV 01(SP),D2(SP) 
0kHHt114 
000024 

3911) 10415 005126 AlUU TST (3P). IFL.USH UGNS 
~91 10='0 0001151 JMP OUTil 'DONE 

(11)0416 
392 10Ci4 U61tH5 A2NU J ROL.B SlGNS+1 (Sp) 'Gt.T S2 

(Ill1l0001 
3!il3 10"0 " 12766 MOVS 'H,A~+it~P) 'INSERT NQRMAI.. SIT 

000lrHH 

C 
000("11 

394 U(;6 112765 MOVe 'H ,U+1 t~P) ,INSERT NOHMA!.. en 
000!d01 
0001'607 

3g:s 1014 16040~ SUB R4,RC) IRt'j,Ea.El, R4;;El 
396 1075 00311111 ijGT EUU 'JUMP I; E2~fl 
397 1100 1016600 MOV A2tSt'),~1D ,RlhA2 

000fDle 
398 1104 k)"6~01 MOV 62tSP),fH ,RlI1B2 

f412H!l02d 
39$J 1110 0l6tJ1lI2 MOV C2 (S1'l) , R2 

C 0001iHea 
400 104 016~03 MOV 02(SP"R4 

IlHU024 
401 1120 000421 8R SCKU ,GO CHECK SIGNS 
402 1122 liH50l:i0.4 EXA!l' ADO FHI,R4 IR5~Ea·El,~4.E2,E2>El 
40;) u!u i/ll6()00 MOV Al ts P) , RIO ,RlOaAi 

firJ0000f; 
404 U~0 0UHJ01 MOV IU eSP) ,Rl ,RhBl 

1000"10 
405 1134 016602 MOV Cl es P) ,Fi2 

0!c'10012 
406 1140 10115603 MOV 01(Sfil),RJ 

000014 
4611 1144 01666fJ MOV A2(SP'),A1tSP) 

IiHIl00 115 
011)0006 

408 U~2 016666 MQV 82 (5"'), eH eSP) 
000020 

(- 000010 
409 U00 ~U6eHi MOV C2(SP),C~tSP) 

0100022 



UD005 MACRiJ VR04!1!1 4 07·UP,,12 '114~ F'AIlt;; 6+ /'1 
( 

000012 
410 l1e:J6 0115066 MOV OI2(SP:l,IJ'CSP) 

VJIUfcl24 
000VJ14 

411 1174 000;)16 SWA/3 np IEXCHANG~ SIGNS 
4i~ 1176 0015405 NEG FH:I 'E,l!1!E2 
413 121i1(2l 1 ;iH~ () 1 e; SCI\U; CMPB SlGN~+ltSP)"SP 'COMPARE SIGNS 

000001 
414 1204 001 4 12 SEQ E!;KU nMEY IRE nlE UMt:. CHECI< EXPONENT 
4"lS Uffl6 0\d!540a NEG R3 ;NEGATE OPERAND 
4a,6 1210 00!5~02 Aoe R2 
417 12i2 0!i'l5ei01 Aoe R1 
418 1214 ~0e.1)00 AOC Rid 
419 1216 01iH:l402 NEG R2 
421il 12a0 005:)01 Aoe Rl 
421 1222 0051:)01') AOC R0 
422 H~24 005401 N~G ~1 ( 4aa 1226 fcl05601d AOC Hili 
424 12~0 ~05400 NEG Rid 
42' 1232 0015705 e:CI'iU' TST R~ 'CHECK EXPONENTS 
426 12;)4 0014157 se:Q SfOU 'JUMP IF U .. E2 
427 12i}6 VJ22105 SFTs1 , eM'" •• 57.,R5 ,IS Tt'iERE ANY POINT IN SHU"TlNG1 

l'l7r07 
4~8 12412 0"'~411 eL.~ SFRU ryES 
429 1.244 rtl16t:>00 Mav Al(SP),R" ' , NO, ANSWER IS OPERAND 

00001iH:l 
430 121)0 016 6 01 MOV B1CSi"),Rl ;WlTH THE L.ARGEH EXPONENT ( 11l001H 0 
4U 1204 016602 MOV Cl(S"",1-l2 

0irH!lfD la 
432 12t10 016§0~ Mav OlCSP),R;) 

011l01il14 
433 1254 rtl00~04 BR NOOSi 
434 12e)e 0i2705 SFI1U; CMP ~ .. 8,'R!5 'CHECK .. Of sns TO SHIFT 

1771'10 
435 1272 003442 61,.E SR8$1 IJUMP IF NOT MORE THAN 1/2 WORD 
436 .IFNOf'" ft1UL,O'V 
4.)7 1274 005046 CLoR "'tSPl 1Sf;T UP e:xTENUON ans ( 
438 1276 [6057~H'l TsT R0 'ACCORDING TO HICiH ORQER FRACTION '", 
439 1300 10011101 6PI.. SF1U 'JUMP IF • 
440 ~302 rtl0e1116 COM 'SF' 
441 ,fNOC 
442 ,IFOF MUL.OIV 
443 TST fOIl'! 
444 .WORD 008746 , 1 SEI( ·CSP) 'EXTEND SIGN 
445 ,ENDe 
446 1304 02270:> SFU~ I CMP .-16.,Rb 

171160 
441 1310 iH!l2411 6L.T SUU 1JUMP ~F NOT MOR~ THAN A WORD TO SHIFT 
448 1312 010203 MOV R~,R~ ;SHIFf A ~ORO AT A TIME 
449 1314 010102 MOV R1,Ri'C 
4~0 lU6 fcH0001 MOV R0,R~ 
4:'51 1320 0U~00 MOV '$P,K0 'USE. EXTEN:$XON 
4:52 1322 06271(15 AOO .16"R5 'ADJUST EXPONENT 

0001t:l20 
4~~ 13~fi 001 ~66 aNt:; Sf'lU ITRY AGUN (~ 454 1330 0057215 rsT (SP)· 1POP EXTENIiION 



IA0005 MACRO VR04-,,4 07·SEP.72 1114a PAijE e. /.5 

4:55 Ui.l2 0004~0, alii SFOU 'SHIFT U AL.Lo DONE 
4:50 .IfQF EAE 
4:57 S10U I CMP # .. ~,R5 
458 SL.E $84$1 'JUMP IF NOT MORt. THAN 3 TO SHIFT 
4e9 MOV R4,.~P 'SAVE EXP 
480 1'10 V #",,,,1'<4 'POINT 'fa MQ 
461 MQY R3,.1If~4 '1.0W OROE~ PARTS TO AC,MQ 
452 Mav Ra,.tR4, 
46;) MaV R:5,'f*I.SM ,SHIfT THEM 
4tU MOV (H4)·,R2 ,SAVE PARTXAL R2 
4S~ MOY .R4,H3 'L.OWEsT OROER IS DONi 
4s6 CL.R ,R4 
467 MOV Rl,.~R4' ,SET UP NEXT HIGHER WORD 
468 MOY Re,,1IL-8M ,ANO 5Hl1'T n 
4S!iI T$T CH4,+ 'POlNT TO MQ 

( 
4170 US flH4,I'(2 'FINISH R2 
471 Mev Rl,.H4 
4172 I'10Y R"".CR4' '00 HIGH Ofi(OER NOW 
47;) Mav R5""ASH 
474 MOV (R4)+,R0 ""UGH OROEH OONE; 
4715 MOV ,M4,Hl 
476 "lOY (SP)·,R4 
471 6R $lfOU 
4I?S .e:NOC 
47!iJ .IF'"NOfi' EAE&MUL.D~V 
480 1~i)4 ~22705 810 $1 ; CMP •• S.,RIS 

( 17777i1 
4$1 1340 003416 BLot: 58A$! 'JUMP IF NOT MORE THAN 112 wo~o TO GO 
482 1342 ilt;i270~ ADO IIles,IRS 1 SHIFT L.EFT 16-)( 

rU0(i)20 
.483 U45 00630;] SL,I:IU; lSI.. R3 'SHIFT I."E.Ff 
484 1~O0 006102 ROL. R2 

. 485 1~'2 006hH ROt.. Rl 
4186 1;'~4 006100 ROI. Rill 
481 13~5 i1015115 ~.OL. ,sp 
488 1300 00!!5J0~ DEC. R~ 'COUNT l..OQP 

(-- 48g U~2 00;&371 eliT SI,.8U 
490 1315. o Ua0;) MOV FH:~, R~ 

'---. 491 U66 010102 MOV FU, RIC 
49a U10 0U0U MOY R0,Rl 
4!U 1312 0126~"iI MOV (sP)+,R0 
4 iii 4 1374 1/l00401 SR SPOU 'SHIFT DONi 
495 .!Nf)C 
496 ,IFOF MUL.OXy 

- 497 SlbU I tMP ll io 3,RI5 'JUMP IF NOT MORt. THAN ~ TO SHIFT 
498 61.E B8AU 
4519 MOV R4"ap ISAVE t::xp AND SHiFT COUNT 
51U MOV R~,.~SP' 

..;, 51U Mav Rl,R4 'SAVE R1 
502 ,WORD 073ltHd5 " ASHe ~5,R0 ISHIFT HIGH ORtlE 
503 MOV R2,RO 'SAvE R2 
504 .!IIORO 0';'4~6 , , ASHe 'SP,R4 ,SHIFT IT 
50!5 MOY R2,R4 
e0f5 MOY R~,R~ 'R2 ~ONE 

( 
507 Mav R3,Rb 'SET UP 1..0 w ORDER 
508 ,WORD 0'34~6 , , ASHe tSP)+,R4 ;00 I.OW 
309 t<\ov RO r~~ , 



$AD00~ MACRO "RId.-,4 07-Se:;P-72 1114;$ PAl:if: 6· /~ ( 
510 MO" (SP)·,R4 , RiSTOR! E)(PONENT TO R4 
511 tiR Srqai 
512 ,ENOC 
51~ 1376 0rlH!i72! S8AU. TsT cap)· ,POP EXTENSION 
1514 14i/l0 i/l06200 SRi:tsil ASH R0 'SHIFT RIGHT 
5i5 !4[(12 0rl16001 ROR Rl 
516 1404 0061302 ROR R2 
517 140() 006003 ROR R3 
~S18 1410 ~0ea05 INC fH5 'COUNT L.OOP 
ug 1412 01il2772 tlL.T SHasl 
520 1414 flj5t5603 8Flll1; ADO 01(sf""R;) ,FURM TH£ $UM 

000014 
521 1420 1'J0/SC102 AOC Ri 
522 1422 flj05~01 ADC Rl 
523 1424 00!.HHH' /lot: Rfi:l 
524 1426 066602 AOO Ci(5~"R2 ( 00k.H!! 12 
525 l4\t2 005501 ADO Rl 
526 i4~4 005:500 AOC RIc!I 
527 U.j6 066601 AOO BlCSP"Ri 

000010 
528 1442 005'00 AOC R0 
529 U44 0ei6000 ADO Al(SP),RI' 

000006 
530 14~0 12ets16 eMPS SH,N$+1 C&F'), 'SF' ,CHECK FOR UNEQUAL. SIGNS 

1rJ0ra001 
;GO C~EAN'UP'SUBTRACT ( 5U 1404 00,0eHt' aN~ SUBU 

5;S2 14/)6 030021 SIT R0, ,*3.000 
vH'I, ~01l1 

5aa 1402 00140el SEQ NQO$~ 'JUMP IF NO NORMAl. au OVERFL.OW 
~J4 14(14 0iH:ii00 ASR RII' 
535 141$6 01116~01 RO~ Rl 
5;$6 1470 006002 ROR R2 
1537 1412 00tH003 ROR R3 
53. 1414 iHl1e204 INC R4 'INCREASE E~PONENT 
539 147e 1Z!00~04 1'101.)$1' ~WAB FU 'MOVE ExPONENT L.iFT 
540 U00 001031 BNE OVfiU 'JUMP IF OVER'\"OW ( 541 lOfd2 1~0i1D04 NFI"U I ens R0,R4 I1NSERT Hllil'! OROER FRACTION ) 

542 11504 006026 fliQR CiP). IlN5ErH SlGN 
543 UH:16 kHd61rJ04 ROR R4 
544 1510 01'6001 f(OR Rl 
5415 USi2 006002 ROR R2 
54«5 un. 006001$ ROR R;) 

1547 1516 0051:)03 AOC R3 
548 U20 005~02 APe: Ri 

,.. 
54" 15'H! 005001 AOC Ri 
550 U24 005:;04 Aoe R4 
5e11 US2e 102411 6V8 OVRU 'JUMP IF QVERfi'L.OW ON ROUNO 
552 15~0 10341t5 sea OVRSl 
553 15~2 010466 MOV ~4,A~.0 .. a(SPJ 'STORE EXPONENT AND SlGN 

000014 
554 US~6 0101613 MO" R~,62 ... 0 .. a($p) 'INSERT ~ow ORDfR FRACTION 

0012'016 
555 1542 Ii! U~HI6 MOV R2,C~.0"~(SP) 

riHIl0020 ( 556 1546 010,Hi6 MOV R3,D~.0",aCSP) 
0021022 



( 

( 

(-

557 UI:52 
558 l1554 
559 15~e 

560 1e02 
15tH 
552 156.-
56\5 US06 

1564 1512 
565 &1574 
5se 11'.175 
561 U57e 
568 itlll10 
569 ilSea 

570 1 fHUS 
51i leu 
572 iSH 
57~ UU 
574 l(u' 
575 1615 
576 16a0 
577 1622 
518 Hili4 
579 1626 
salll 
581. U~0 
fH'2 16"2 
58;) is!}' 
584 16;t15 
'85 164121 
586 1642 
587 164. 
588 1646 
589 HI~ra 
59111 16'2 
591 teo. 
592 !6t56 
5i:S Uf$0 
594 1«502 
51H' USe4 
5ge usee 
597 
598 
599 
600 
6U 
602 
603 
604 
6e5 
606 
601 
608 
60~ 
610 

0121505 OuTU I 
U2b04 
062106 
000010 
000U4 , 
005726 OvJiSil 
01214501 OVHU. 
kl20214 
0210767 

00a 
001 

005704 UT~U I 
IdIZl3i!:3e 
0041567 UNfi'U I 
02020121 
000401 

liHHS 
001 

00!S1d00 UNIJU I 
005001 
ra05f602 
IUS0,,;, 
005010 Ufo/51 a 
0051404 
0001~U , 
0f1l1571Zl111 $Uij$ll 
ftJ03i1l1~ 
RI~J1425 
001540~ 
01iHHh~2 
r405~01 
IjHH;~00 
00540a 
005"01 
005500 
0015401 
00M'00 
fIl00~16 
1411.115400 
ra014 U 

Mav 
MOV 
AOC 

-IMP 

TiT 
JaR 

BR 
,eYTE 
.BYTf 
TST 
\;Gf 
,.IS" 

6R 
,BYTE 
,BYTE 
CLr.( 
CL,R 
CL,R 
CL,R 
Ct..~ 
CI..R 
6R 

TaT 
SGT 
SEQ 
NEG 
ADC 
ADC 
AOC 
NEG 
ADC 
AOC 
NEG 
ACC 
SWA8 
NEG 
SEQ 

.1FOF 
en 
StilE 
MOV 
MOV 
MOV 
MQV 
CI.R 
MOV 
$UB 
MOV 
MOV 
MOV 
MOV 

(SP1+, FUS 
(5P)+,R4 
.8.,~P ,POP SiCONQ ARGUM~NT 

'(R4~. 'CONE. RETURN 

(~P)+ ,POP $IGN 
R5,S~RR 'ERROR 3" 

OUTU 
3 
1 
R4 'CHECK FOR UNO~R'I..OW 
Noell 
RI5,S'RR 'ERROR 5,1 

UNOU 
5 
1 
RIiJ 
Rl 'UNOERFL.OW, TREAT AS 0 
112 
R~ 
'~P 'SET SIGN PLUS 
R4 
N'L.Si 'FINISH OUT NORMAL.L.Y 

/7 

R0 
6T951 
ZTSU 
R;! 

'CHECK HIG~ O~OfH RESULT FRACTION 
IIF POSITIVE SIGN IS OK 

R2 
Rl 
R0 
R2 
Ri 
R0 
Rl 
RfIl 
flSP 
Iii 0 
ZTSU, 

EAE 
R0,#740 

'CHEC~ FO~ ZERO ~EjULf 
;GET ASSOL.UT~ VAL.UE 

,e:XCHANGE SIGNS 

C~ECK FO~ lfRO RtSULT 

S9ASS 'JUMP IF NOT MOR~ THAN 4 TO SHIFT 
R4,.~SPJ ,SAVE EXP 
.MQ,~4 'POINT fQ MQ 
Rl"H4 'LOW ORDE~ FRACTION TO MQ 
R0,.2(R4J ,HIGH ORUE~ FRACTION TO AC 
'.NOW ;NORMALIZf 
'#NOH,.(~,) 'SAV~ SCALi 
.e,.~p -'COMPENSAT~ FOR NO~MAL BIT POSITION 
Rl"R. 'GET 2 HIGH ORDER PARTS 
iHl,.CR4) 
'5P,~.LSH ,SHIFT THEM 
(H4).,R0 ;R0 DONE 



$AOO05 MACRO 111'04 11 14 07 ... Sf:P.72 UI4~ PAijE 5+ /ff 
( 

611 MOV fI~4,~1· 'SAVE PAf~TlAL. Ri 
612 MOV Rll"f'(4 'Gf;r NEXT 
61;' CL.~ "'CIU) 
614 MOV ,$P,t.I.SH ,SMIF'T IT 
615 ElU CR4)+,Rl 'FINISH Rl 
6i6 MOV R~"H4 'GET NEXT 
61" MOV ~2,"'P~4' 
618 MOV dlSP,'wLSH . , SHIFT IT 
619 MOV (~4)·,R2 ,F1N15H R2 
62111 MOV 'r!4, 1oC 3 ,RJ. DONE 
621 SUB (::iP)+,.S~ ,COMPENSATt EXPONENT 
622 MOV (lSP)+,R4 , Rt:.sTORE IT TO R4 
623 I:HiT NODU 'JUMP IF NO UNOeR,L.OI'l 
624 I:H~ UNFU 
625 .ENOC 
6ru HUH; 0;)0027 89AU, SIT R0,N4Ql0 ICHECK NORMAL. 8l1' 

( Itl i,fHa 400 
627 1672 001341 t3NE UTSU ;JUMP IF FOUNO 
628 lei 7 4 00!5~1l!4 OEC R4 'OECREASE EXPONENT 
629 11576 0~6a03 A51. ~3 'OOUBL.E F~AC:TlON 
630 '700 00e102 ROI. R2 
631 1102 006101 ROI. fH 
6;)2 l1ia4 ~HHH00 ROL. R0 
633 1706 000761 BR 69AU JTRV AGAIN 
6~4 1.710 1 era!'.!'" lTl.iUI sue N8" 1'(4 'REDUCE EXPONENT 

00001fd 
635 1714 ~0570l TST Rl C-! 
6~1S "7~e 001020 6NE U1U 'JUMP IF ONLY R010 
631 1720 HH~704 SUB #II US., R4 

000020 . 
t,i38 i724 010201 MOV R2,Rl 
639 l1:i!e P.HtJ 1012 6NE ZTC!s1 'JuMP IF R2 NOT 0 
640 1730 162704 SUB N~6.,R4 

0001"20 
641 1734 00570;) TST R;) 

642 17"6 [(lUlU SEQ Zf.I'Ul , ANSWER IS iii 

1S4~ 1740 150;)01 SlSS R3,Rl 'MOVE SYTES TO R0,~1 

(~ 644 1742 000~01 iwAS Rl 
6415 1144 000~03 awn ~~. 

646 1746 1~fil300 usa R3,R" 
641 J.7 1)0 005003 CI..R R3 'MAKE AI..L. OTHERS 0 
648 ~7~2 0007415 BR tH9S~ IGO NORMAI.UE 
641.1 11;'4 010~02 znup MOV R3,R~ 
650 17l)t) fd0500i5 CL,.R Fi~ 
651 17(50 000.)01 nUll SWA6 flH 'MOVE AL.L. ~YTES L.!F'T ,.... 
652 1162 1516100 ens FU,Rfd 
6 f);) 1704 10151.:101 CL.RS Rl 
654 J,706 0"H~~0~ SWAe R2 
655 t710 l bel2U eua R2,rU 
6C5tl 17 1 2 105~02 CI.RB' . R2 
657 1774 0ftH,1301) $,...8 R3 
e58 1116 J:50~02 BlS8 R,3,R~ 
(s59 20!tl1/l 105003 CI,.R6 R3 
650 ~01lJ2 0007iH 6R lH9$1 'GO NORMAL.Ue:: WHAT'S L,EfT 
6U .iNOC 

( 682 .ENoe J 



SAD~04 . MAC~Q VR04-14 IrH'·SEP-72 11 '4~ PAI.iE ., /? 
.I"~ 

( 
1 "TUI"E 'AORId' 
2 ,IFO' CNO$2 
~ ,GI.OBI" UOR, SiSH, n~R .. , SADR •••• THE R~AL. ADO ~OUTlNE 
(5 , SACR Vil04A 
e , C:OPyl'UGI1T 1971, PIGIT.~ EQUIPMENT CORP., MAYNARD, MASS. ., , R!PI"ACi THE TW~ IT~MS ON TOP OF TH~ STACK 
8 , \tilTH THUR SUM, 
9 , IS8R •• ~. THE RiAL. SU6TRACT ROUTINE 
10 , SUBTRACT THE TOPST~CK ITeM FROM THE sECOND ITEM 
U , REPL.AC~ T~EM 60TH WITH THE DI~FERENCE. 

U ~:Hll000 rD R0U0 
U 000001 MilU 
14 000002 R2!!!"2 
15 0f/l000~ R3U3 
16 000004 R4 !I!Il 14 

C 11 000005 R5'"5 
18 1ilJ00iHUI spue 
u 000001 pcn? 
20 000000 UGNSI0 
21 ftHHH:104 A1'4 
22 000006 Ud 
2;) 0021010 AU8. 
24 0fUiH It 133110, 
215 n'1a02 ACl117302 
28 171~04 MQ1117304 

( 
27 ,77il12 NOfhl77U2 
28 l17iHI5 ASHI!111UfS 
29 000000 '0U0 
:u liHI!01U 06211e sstUH ADD 'H 00i100, 'SP 'CHANGE TH~ SIGN OFTQP XTfM 

UlIUl00 
U .1FOF' FPU 
32 SADRI .WORD 170001 "SETF 
3~ ,WORD 112426 "1.0F CSP)+,FIII ,GET OPERAND. 
;u ,wORD i720iie "ADOI' (SP)+",,~ 'ADD 
;U ,\IIORD i140 46 ,,51' FIlI,1!!I(5P) ,SUM TO STACK 
;U ..IMP • C~4J+ 

C 37 .I!NDC 
iSS .IFNOF FPU 
39 0201.0 UIll446 SADRI MOV R4, .. ~SP) 
40 0iU2 ruefil.e CI.R .,SP) 'Cl.lAR SIGNS 
41 "aU4 01l1e002 . tl"R R2 . ICl.fAR E)(PQllli:Nls 
42 020U 0ftJ5fa03 ca"R R~ 
4~ 02020 006iHi8 AS\" SlceP, 'SI11FT 81 

210011106 ... 44 0~024 006166 ROI. At (stil) 'Stun Ai 
I/IIU004 

45 020~0 156e0;$ ens A"·1~SP),R3 ,Gf.T E1 
rcHil0ld05 

46 020~4 001t#74· !'EIi! OUTS2 'JUMP IF ZERO 
47 020~e 106116 ROl.8 ':5P "iEl 51 
48 02040 1d06~6e ASL. 82(SP, 'SHIFT 62 

000fi112 
49 021/144 006166 ROI. A2(8P) 'SHIFT AI! 

0000111.1 

( 50 020150 1 t5eeti"~ tHSB A2+1~ep),R2 'GET f2 
"ltH!liiH " 



iAOR04 MACRO VR04 11 14 07-SEPw72 11*4" PAttI:: ,. 

51 02(lJei4 00""'14 t;Ni A2NSi 'JUMP IF NOT 0 
( 

52 0201>6 HHi015 RQRS 'SP 'RECONSTRUCT Al, li i 
53 020ei0 IIHl60ee ROR A 1 tS~J 

000lrH!l4 
54 02064 o IiHHHS I') ROR UCS"', 

000006 
55 02010 ftJ16tjee MOV A1 eSP) , Aa(Sp) IPIRSTARG TO TOP OF STACK 

4, 000004 
000010 

fH.i 02076 2116666 MOV 1'1 tSPh I:I~ tSP) 
o (iH:HD ItH5 
000012 

157 02U4 000=>50 eFt ouria 'DONE 
158 02UJ6 1 liHU 66 AaNs2; ROL.B UGN~+l t~P) ,Gt.T S2 

000kl01 
59 f/l2U,2 1l2i'15c) Move 4H,A2 ... 1t'P) ,INSEHT NOfi(MAt.. an 

ftHHl10K'!1 ( 000011 
era 02120 112766 MOVS .1,U.lt~P) 'INSERT NORMAL en 

000001 
17J0000~ 

61 02126 160;102 sue R;),R2 , M2I!!i2-U, IUII5E·1 
62 0il!1J0 00~ftJ05 SliT EU$2 'JUMP IF Elb,,!! 
63 021J2 016($00 MOV A2CS~"R0 'R~d2 

(000010 
64 021;)6 l!H6e)01 MOV 62 esP) ,IU ,Rhea 

00Gl1012 
65 02142 000 41' ~R SCIU2 'CHECK S.IGNS C \ 66 0U44 Ii"S020i) E~A$~; ADO ~2,IN 'R2.E2·El,R3'~2,E2~El 
67 02146 016t:i00 MOil Al(SP'),R0 ,Ria-Ai 

IIHl0il104 
68 021b2 016601 MOV fU esP ) , FU ,R11l81 

\1100fd06 
69 021b6 o ifHH.i($ MOV A2 ($~) , u (SF') 

~00010 
100~HH'4 

70 021~4 IZI1I5CSS 6 MOV 8a (SP) , Bl CSP) 
00QHIl1 a C 000~0ei i 

71 02112 000"1C) S~A6 tSP 'EXCHANGE SIGNS 
72 02114 1il015402 NaG R2 lEi-fa 
1~ 02176 1 ii!f;() 1 (:j SC"s21 CMP8 S1GN~"'1C~P) , ,sp ,UE IF &XGNS AR.E TME SAME 

000001 
74 022~2 001 4 03 tH!Q EC~$ii lYES, CHECf( EXPONENT$ 
75 1322\114 0015401 NEG Fe, INEGATf; FRACTION 
76 02206 ItHHHH!lfd AOC R0 
17 02210 00~400 NEt.il R0 
78 02212 kHHS702 EC KS2I TST R2 
'19 0221«1 Ii1U 4150 B!Q SI"'OS~ 'JUMP IF U!lE2 
80 02216 022702 SPT 52. eMP "-2511,R2 , Ii TtoIERt: ANY POINT IN SHIFTING., ... 

117747 
81 0221iZ2 'H'340~ aLe. .PfRS2 I YE$ . 
82 022i4 016(;00 MOV A1CSil'),RIiJ 'NO, ANSWER IS OPERAND 

000004 8.., 022.)0 ~HtH)(iH MOV 81(SP"fiC~ ,WITH THE I.ARGER ~XPONENT 
0001il0ti 

(-84 02234 000456 ClR NOOl2 ! 



(~ 

... 

( 

( 

8~ 
8S SF~S21 
87 
88 
8~ 
90 
!H 
9a 
g3 SF~S21 
g. 
9:;1 
96 ~22~e 022102 SF~S2' 

177 7'10 
97 1212242 "'03431 
98 02244 ic1IU004 
99 02246 005700 
100 22t)0 U0001 
lU 22b2 0215104 
102 22~4 ~22702 NCPS21 

177760 
103 22t10 k')0240f5 
104 22b2 U01ilU 
1145 22Ci4 010400 
UO 22156 liH52702 

01110020 
107 2212 ~014U 
108 2214 1022702 SR~$21 

,'f77'1'IJ 
1092300 00;.,412 
110 231"2 082702 

000vHi!0 
111 2306 006~~1 SF~$2' 
112 aU0 11l0U00 
11;$ [i!312 006U4 
114 2U 4 flJ0e~02 
U' iUS "0331~ 
115 2320 0i!l10U 
117 2;'22 kl 10400 
118 2~24 01110404 
119 2326 006200 $,012. 
120 23~0 006001 
12 1 23~2 liHH'202 
122 23.)4 i002174 
123 
124 23~6 ~5660~ SFUS21 

000004 
125 i342 066b01 

!cHHlitl06 
126 :i!34e 00!5~0~ 
127 2~1)0 126016 

000001 
US 2~~4 IIH'J 1034 
129 2;Hj(S 0;)0021 

01Z1t 001a 
130 231:;2 001403 
l;U 23D4 006200 
132 23156 008001 

• IFDF . 
MQV 
MOV 
MOV 
MOV 
MQV 
.I!NOC 
.IFOF 
.""ORO 
.IfNOt 
• UNOF 
CMP 

BI,.f. 
CI.,R 
TST 
I;tPL. 
COM 
CMP 

f.iL.T 
MOV 
MOV 
AOO 

eEQ 
eMP 

Bl"f 
ADQ 

AS'" 
ROL. 
ROI. 
DfC 
eST 
MOil 
MOV 
BR 
ASR 
ROR 
INC 
61..T 
.ENor; 
ADO 

ADO 

AOC 
CIlIPB 

6Ni; 
SIT 

Be;Q 
ASR 
ROR 

e,:4e; 
Rl,'-MQ 'MOVE ~~ACTION TO AC,MQ 
R0"NAC 
R2"NASH ,SHIFf RIGHT TO EQUALIZE EXPONfN 
'~MQ,Rl 'RECOVER SHIFi~O FHACTION . 
.NAC, FUI 

MUL.OXV 
073002 ;,ASHe R2,R0 

EAE&MUL.DXV 
.-S.,R2 'CHEC~ _ o~ 61TS TO SHIFT 

SF0$~ IJUMP IF NOT MORE THAN 1/2 WORO 
R4 ISET UP EXTENSION ~ITS 
Rill 'BASED ON NIGH ORO~R FRACTION 
NCP$2 IJUMP IF + 
R4 ,. OTHERWl~E 
.·16.,R2 

SRI,.i2 'JUMP IF L.fSS THAN ONE WORD TO SHIfT 
RIIl,Ri 'SHIFT RIGHT A WHOL.E ~ORO 
R4,R~ 'USE EXTENSION BITS 
_'6.,R2 'ACCOUNT FOR SHI'T 

S"O$~ 
."S.,R2 

S'0Si IJU~P IF NOT MOR~ THAN 1/2 WORO 
-l6"R2 ISHIFT LEFT le.x 

Rl 
R0 
f't4 
R2 'COUNT LOOP 
SfiL.$~ 
R0,~l 'PUT RESUL.T IN R0, Rl 
R4,R~ 
SJiOSi 
R0 ISHIFT A MIN AND e MIN 
Rl 
R~ 'REDUCf EXPONENT OIFFERENCE 
Sf0Si 

Ai (SI", , ~H4 

I", eSP) ,R~ 

R0 
SIGNS.1C~P),fiSP 

,Al+A2 

,81+62 

SUB$a ,GO CLEAN UP SuaTRACT 
R0,.U0" 

NODS2 'JUMP IF NO NORMAL alT OVERFLOW 
Rill 
Rl 



UDR04 MACRO YR04"1 4 07·SEP.72 11143 PAlJE 7+ ':;.;2.. 

C 
U3 2;'$10 0015203 iNC; RJ 'INCREASE E~PONENT 
U4 2312 U0~0a NOUS21 SUB RJ 'MOVE EXPONENT L.En 
135 2374 ~01020 SNE OVR$~ 'JUMP IF OVEfiFL.OW 
136 23715 1~0003 SUB IH'I, R4 
131 2400 liH!l6016 ROR '5P 'INSERT S II.'N 

.... 

US 2402 18iiHHtl03 ~OR R3 

139 2404 006001 ROR Rl 
140 241/1f) 00~b01 AOC Fi1 'ROUND SUM ., 
141 24U fd05b03 ADe R3 
,42 24~2 102411 ells OVliU2 'JUMP IF OVERFL.OW ON RUUNO 
143 24i4 11(13 4 1121 BC$ OVRS;C 
144 iUiS 010~tHS STf($2; MOV R3,A2C$P) nHORE EXPON~NT AND SIGN 

000010 
145 2422 010H;(; MOV R1,82CSP) ,INSt:RT 1..01'4 ORDER FRACTION 

ill00012 
146 2426 00572/S OUT.2_ tST (~P) ... ,POP SIGNS ( 147 2430 012004 MOV t&P)·,R4 
146 24~2 "'22026 eMP (5P)+, (&P)+ ,POP PlRiT ARGUMENT 
149 24J4 000U4 JMP .CR4h ;OONE, RETURN 
150 , 
1:5, 24~6 rll04eiSl ,OVfo(:s2; JaR FU, ,:S~RR ;ERROR 3,2 

~17J44 
152 2442 0130171 BR OUTSi 
ie53 2444 003 .BYTE 3 
1154 2445 002 .SYTE 2 
155 , 
l~e 2446 00t\700 SU~S21 TST R0 'CHe.CK HIGI'1 OROEH F(E~UI,.T FRAcnON C--
151 24:)0 003005 BGT tH9$2 'IF poSITIVe UGN IS OK 
158 24~2 001413 SEQ ZTS$~ "HECI< FOR ZERO HE$ULf 
1:)9 24:)4 005400 NEG Rrd 'GET A6S0I.Un: VAL.Ut:: 
160 "41)6 IHHS401 NEG Rl 
161 241:50 ~00ti0~ sac R!i!l 
182 2402 iHl0316 SvjAS ,sp 'EXCHANGE SIGN~ 

163 24(j4 8TIII52. 
154 .1~DF EAE 
165 BIT R0,.700 
HHS aNt. B9U~ 'JUMP IF NOT MORf. 11'1AN 2 TO SHIFT 

( 167 MOV R 1, .HfMQ 'RESUL.T FRACUON TO AC,MQ 
le8 MOV R0"tf.C -
169 Cl.~ •• NOH 'NORMAL-HE 
170 sue 'tfNO~,R3 ,ADJUST i)(PONe;NT 
171 MOV •• S,'.ASH ,SHIFT TO CORRECT ponnON 
172 AOO .(),R~ , COMPENSATE eXPONENT 
173 BI.,t. UNF$~ 'JUMP IF UNDERFI.0w 
174 MOV .tf.C,R0 
17es MOV '.MQtlH ,GU P'kACTION BACK 
176 BR NUO$2 
171 .Ellloe 
178 24ti4 030~21 S9~12' an RI2I,tf 400 

000400 
119 247121 00H'l14 6Ne: UTU£ 'JUMP IF NORMAL, SIT FOUND 
180· 2472 005;,)03 OEC R3 IOECREASE EXPUNENT 
lSi 2414 V:l06~01 A 51.. fH 'OOUSL.E FRACTION 
182 247(5 ~Hl610~ ROI. [.10 

183 2500 0~0771 BR S9Aii ITRY AGAIN ( ,,84 2::1((\2 !O~5701 ZT8S2. TST Rl 'CHE.el< I..OIIJ OROER PART ! 

18~ .1FOr EAE 



( 
$AORIIJ4 MACRO VR04"1 4 f67"S~P.72 UU~ PAGe: ,+ .,;L3 

18e BN! 8T~S2 
iS7 6R zti~$a 
U8 ,e;Noe 
189 .IFNOr EAE 

"'"', ,90 2~"4 rl01415 iH!Q ZER$~ 

191 iOfiHS 000~01 S ilIA tJ R! ,SAVE NORMAI,.UE $QME TIME 
U2 2010 U0U0 usa Rl,Rirl 'MOVE e ITS I"EFT 
193 2~U 10lS00 " CI"fi(fj Rl 

-o( 194 aU4 162703 sue .8 II 10<3 'TEL.L. E)(PONENT AE'OUT XT 
~H/J011'110 

1915 2!)20 0~0761 BR aH~$a 

196 .ENOC 
UJ7 2r52a 005703 IJTU21 TST R3 'CHECK FORUNOERI'L.UW 
l!n IUi4 003;)22 eaT NOOi~ 'JUMP IF NONE 
1S19 2526 004tit7 UNrs21 JaR R:l,st::;RR 'ERROR 5,2 

( fa!7'U54 
2o" 2ti~2 000401 taR UNOSa 
201 2e~4 0215 .SHE 5 
21112 2t5;,e ~'Hl .eYTE 2 
20" 215~6 005001 !,JNIJS21 CI..R Rl 1UNoERIl'I"OW, TJilEAT AS 0 
204 2540 00e00~ lEHS2t CI.R R3 ICL.EAH EXPONENT 
20S 2t542 ftl00725 I:SIi! SHU;.! 
20S ,iO,.OC 
207 .e:NOC 

( 
'''--

(- . 



( 
1 • T ITI",E UL.GIi!I3 
2 .IFDF CNOS~ 
3 , 
4 , AI.,OG Vrh,!3A !MI' 

!5 , 
6 , COPYRIGHT 1971 , OIbITAI., EQUIPMENT CORPORATION, MAYNARO,MAS$ 
7 , 
a ,G1..06L. AL.OG'ALD~10,JERR' 

"" 9 ,IFNDF FPU 
10 • (;1..0BL. iPOL.~H,IADR,$SaR,SMLR,$OVR,$IR' 

u .eNDC 
~2 , TioIE FORTRAN AL.OII AND AI..OG10 F LJNC TI ONS 
13 , CAL.L.ING SEQU!;;NCe-;1 
14 , JSR R!,AL.OG ~OR AI.O(l10J 
U , 6R A 
16 , ,\IIORD ARGUMENT ADDRESS ( 11 'A' la , REl'URN$ L.N(Afo(G) ~OR L.OGU (ARG» iN R0,Rl. 
19 ; 
20 000000 ~0U0 
21 000iU' Rr·u 
22 000002 k2'U2 
2.) 1tl00~03 R3U3 
24 12100004 R4U4 
2' kllll0id00 R 5111% 5 
26 000001:) spus C-21 000007 ~CU7 " 

:u kHH'l000 r01%0 
2Q 000((11211 Fl!lU 
30 01:20002 F2U2 
31 "fi:l0~03 F'3U3 
32 .tfilNOF FPU 
33 02544 011'46 AL.Ue; Ul MOil ,pe,"CSP) ,GET 0004XX AS A FL.AG 
:54 0215415 f1H'J0401 6R L.OGSJ 
35 12!20blll 0~H5046 AL,.Oij; CL,R !'IICSP~ 'fL,AG AI"OG 
36 02002 klltHi04 1..011$3' MOil 2 tR5J., R4 ,Gf.T ARG AOORE$S 

00011102 ( 31 021):>6 ~12746 MOV ilHil71VJ30,-CSP) 'PUSH .. 1I2~'1"N (2) 
07103fa 

38 0.UHS2 012 7 46 MOil "137 b61,"'CSP) 
1~7661 

3~ 021566 024646 CMP _(SP),_(SP) ,Gt.T iIIOR~ iPACE 
40 02f)10 016446 MOil 2 (R4~_, '" (Sp) ,GeT ARG 

000002 
41 0,2514 ~U44f:i MOV '~4,'" CS~J. ~ 

42 02576 003l;)34 8L.E E~fU'; 'JUMP IF NOT POSH 1 VE 
4;) 02600 006.316 AS\.. np 
44 026~2 116666 Move 1 CSPl., 12, esP) ,Gar E~PONt:;NT 

000iie101 
000"14 

45 el26U 112766 MOVS "r;!00'1(S~) 'TRANiFO~M ARG TO C1/2d) 
000200 
~0000l 

46 02616 006016 /«OR 'SF' 
47 02620 ~12746 MOV ~002363, .. (SP) ,PUSH 1.I 2.f<OOT2 ( 002363 
48 02624 U2'46 MOil *t04011l65,,,,,CS~) 



$AL.GkI~ MACRO VFh).·14 "7.S~PII!12 11 U~ P."E 8+ ..!)~ 
('. 

04006:5 
49 1a26;)0 0U64t:1 MOV 6(SP).,·t SP ) ,PUSH X 

00!lPiHHS 
50 ,':U;) 4 01EHS46 MOV 6 tSPh III (~Pl 

00000t5 
51 02t.S40 012746 MQV .002~153,·tSIil) ,PUSM 1/2.~OOT2 

002\.H1~ 
52 IrHUI44 0121415 MOV W040 0S5,"(SP) 

... 1il40fdfH~ 
503 0iHHi0 0ic144e7 JSR R4,!II"'O,"SH , ENTE:;1't POL. ISH MOOE 

016770 
54 026:)4 002(0041 .WORO $S6R,UPSJ,$AOR,$DV~ ;(;1:;1 (X"ROOT2)1 

026()6 0027eel 
026ti0 0020 lit" 
026ei2 0132!6 1 

(~ 
~O , (hROOT2) 
55 02664 0~3014 1 .WORD DUP$3,DUP$3 ;Gt:.T THREE COPIES 

02666 003fd14 , 
57 02670 017 lea' .WORD iML.R,REGI3,STK$3,STK$3,STK*3 'SET UP POI..YNClMI 

02tJ72 002742' 
0~674 002754' 
02616 10027154' 
02700 0027541 

tiS 1(12702 ~111e2' ,~ORO IML.R,$ADH,$M~R,$AO~,SMLR,SAOR,SML.R,SAOR 

027fd4 002010 , 
02706 011162' 

,/ 02710 00216 10' 
\~ 1112112 017Ui' 

02714 ~V,lU !Ii" 
~a71e 017UiJ' 
02720 0020U 1 

551 '~XPANO POLYNOMIAL. 
60 02722 00:5iC101d' ,wORD SCL.S~,$IH,PL2$3,SMLR 'Gt:T I.N(EXP) 

142724 0uwea' 
~a726 0~~02el 
02730 kl17U2' 

61 027~2 0020U" .ItjO~D $AOlhEX Xj 3 'COMBINE ... lTH fO~ACTION 

C 0.21"4 00304"" 
82 'AND CHECK IF DONE 
63 027it6 U71621 ,\liORD SML.R,ElCl$3 'MiJl,. T IF'''' Y t)y I,.OG10 eE) ANO RETURN 

02740 0~304141 
84 , 
6t5 1a2142 ((lJ,aO~Hl Rt:ijUI MOV (5P,·,R0 ,POP Y 
66 0274. 012001 MOV (SP)·,Rl 

"" 
67 02746 01270~ HOY WCONiJ •• ,R2 ,PUINT TO COEH IC IENTS 

flJ0\5U41 
68 142702 0004g12 BR STC$~ 
69 0a11:14 o Ul146 5TI\$3' MOV Rl,·tsP) ,PUSH y 

113 0271'6 010046 MOV R0,.~SP' 
71 027b0 U424$ STC$~' MOY -t~U,wtSP) ,PLlSH COe.HICltNT 
72 0i7Ci2 014246 Mav -(R2J,-C:iP) 
73 0271')4 0i001;S4 JMP '(R4) .• 
74 , 
75 liH!766 o U6fj6 UPi;S; MOV ($P)"', Uh esP) 'MOVE IJEM TO WORK SPACE 

/ 
000ua 

~. 
76 02772 V11266t5 MOV ($P)+, 10, (SP) 

000012 



77 02776 00U;J4 
78 , 
79 0~000 00~04e SC~S3; 
80 0iHHtlQ 1 :')661 jiJ 

0~0rcH"J 
81 \?I~017J6 15271 e; 

fclVl0fi00 
82 0~0la 0001;$4 
8~ , 
84 0~0~4 01e~4d OU~$~. 

00000a 
815 1/.ii!0ii0 016646 

000Ht!lra2 
86 0:)024 Ul0 U4 
87 , 
88 0J02b ~12746 P~~$~I 

~7U30 
89 1/l\)04a ~1274e 

040061 
90 0~0;)e ~00 U4 
91 , 
92 0~040 10e~eOEXl$~' 

1111(1121141215 
93 0;"2144 00240' 
94 0;)046 ~12746 

~::i57U 
g~ '0;')(/)~2 012:746 

037735 
96 Ich10 0e 0fl10134 
97 030~0 012600 ~GT$~; 
98 0~0b2 "12c:J01 
g~ ~30e4 0~Jej72e5 
1.00 30b6 ~00205 
101 ~010 0b2106 ER~$JI 

~012101b 
102 i)074 [6040&7 

\Hel06 
103 i) U0 000i0e) 
104 3 U'2 1r)04 
105 3103 itlU 
106 
101 
108 4~OG10~ 
10g 
110 A~OGI 
111 ~O~$3. 
112 
113 
114 
11~ 
116 
11,1 
118 
119 
120 
121 
122 

JMP 

CI"R 
tlUe 

SUB 

..IMP 

MOV 

MOV 

-IMP 

MOV 

MOV 

-IMP 

oe:c:a 

"I.T 
MOV 

MOV 

JMP 
MOV 
MOV 
TsT 
~n 
ADO 

JS~ 

~U 
.BYTE 
• BYTE 
,ENOC 
dFOF 
MOV 
SR 
CL.~ 
SElF 
SEU 
MOV 
I..OF 
CfP'CC 
ijL.E 
6rEXP 
1.0C;XF 
MU~F 
L.OtXP 
L.Or 
suap 

.. CR4~.'" 

·tSP) 
6cspi,'sP 
"200,'SP 

'OUl.'" 

2 CSPJ,," (SI') 

2~SPl.,.C~P) 

II ~R4'." 

.01103{11,-CSPl 

iii '" 4~ Iih51 , .. c S II' ) 

'tR4~.'" 

, Gt T UP,ONI\:;NT 

,RiMOVE ~x~ess 128 

'OUP~XCATE STACK ITEM 

5 CSPl. 'CHECK FOR ALOG10 

LijT$~ 'NG, OO~E 
.~~5131,-(SPl ,PUSH 1.0G10(E) 

,,0 ~ 7 7 3a ,'" (·sp ) 

'CR4~+ 
($P)',R0 ,POP HESUI.T 
(SP,.,Rl 
CSP). 'FI.USH FI.AG 
R~ 
*l14.,SP 

R~,$~RR '~RRO~ 4,1~ 

R~ 
4 
10. 

P"PU 
'Pt;,f'(4, 
LOG$~' 
R4, , , 
-'''CQ lIi 3,R14 
'2(RO),fi2, 

EHIU~, 
F2,~U, 
IH,F;), 
(~\t))"';FU .",,,i, 
11'2,1"1, 
CRII1).F2, 

GET 0 AS AI.OG FI.AG 
SINGl.f P~ECI110N FP 
SHORT 1 NTfGER$ 
,PUiNTER TO CONSTANTS FOR ROUTtN 
GET ARGUMENT 

JUMP IF NOT POSITIVE· 
G~r EXPONENT O~ ARG 
CONVE~T.T 0 FP FORM 
SCA~~ '~CTU~'EXPON£NT.LN(2) 
TRANSFORMARG TO (1/2,1) 

X-1/2*SQRTt2) 

(, 

c 



( 

( 

c 

12\S 
124 
US 
126 
127 
128 
129 
UVl 
131 
UZ 
13~ 
134 
135 
130 
137 
1~8 
13~ 
140 
141 
142 
J.43 
J.44 
145 
146 
141 
148 
149 
U0 
J.5J. 
152 
1~13 
1154 
155 
US 
1~7 
ue 
,'9 ~104 0a7~;S2 

~10e 014525 
150 
181 UU 031714 

;SU2 U00~e 
Ui 
l~a ~U4 040liH52 

3116 1215~;sa 

, 
L.G Tn. 

, , , 
FCIJU I , 
1 , 
, 

AOOF 
DIVF 
L.OF 
MUI.F 

MOV 
I.DF 
MUL.F 
DEC 
AOOF 
6GT 

MUL.F 
AOOF 
ADOII' 
TST 
eEl,) 
MYL,F 

CR0)+,Fl1 
Fl,Fi, 
F2,fa, 
Fl,fl, 

.~,R~' 
(R0)·,fifCH 
Fl,FIO, 
RU 
CR0)+,F01 
XPO$~' 

F2,FIO, 
(Rfrl)·,FIU 
F3,Ftc:I, 
R4, 
L.GTU, 
CR0)·,F01 

)(.1/2*$QRT~~) 
W.(X·~OOT2J/(X·ROOT2) 

COUNT OF CONSTS FOR POLYNOMIAL. 
INITIAIo.IlE ACCUMUL,ATOR FOR POLYN 

COUNT 
F~;. Y*F0 ... cell 
L.OOP 

F0'~ W*F" • l/2*LN(2) 
ADO SCAL.~ 'ACTOR FOR EXPONtNT 
TE~T AL.OG1~ FLAG 

AI.OG101' AL.OG*LOG10(E) 

STF F0,.tSP), MOVE RESUL,T TO STACK 
MOV (SP)i,R0' 
MOV CiP).,Rl1 ANO THENCE TO R0,Rl 
rns Rl), 
JSR R5,S~RR' ERROR 4,10 
~T$ R~' EXIT.NO ~T~CK C~EANUP NECESSARY 
.8YTE 4 
,aHE U. 
OROER~DEPfNO'NT CONSTANTS FOR ROUTINE 
R0 POINTS AT CUR~ENT CONSTANT IN FPU VERSION 

.WORD 0400b1,0110~0, ~N(2) 

.WORD 040065,0~2J63, 1/2.SQRTt2J 

.iNOC 
CONSTANTS FOH PO~VNOMIA~ EXPANSION 

,WORD 0J7e~2,0'45~5 1,300974 506 

, • 666t.HSg47 i 

,64 , 
165 3120 040400 CON$~I .WORD 0404~0,0~0000 

\\122 000000 
'1.9g999999 

lese 
161 
168 
169 
170 
171 
172 

.IFOF FPU 
MORE OROE~~O~PENPENT CONSTANTS 
,WORD 131601,071~30' ~1/2.~N(i) 

.WORD 0377~e,00~731' ~OG10(E) 
,ENOC 
.ENOC 



1 
2 
:3 
4 
:') 

6 
7 
8 
9 
U 
11 
12 
U 
14 
15 
16 
11 
18 
19 
20 
21 
22 
23 
24 
25 
25 
27 
28 
29 
30 
U 
32 
33 
34 
3~ 

3e> 
37 
36 
39 
40 
41 
42 
43 
44 
45 0J124 

46 0;''130 
47 f/J,HJ2 

48 0;H~6 
49 0;5140 
50 0~142 
51 031 4 4 
52 03146 
53 0~1;)0 
64 \d31l)2 
5el 03104 

000000 
000001 
"'0f1l~02 
1000003 
fd00~04 
000lrl05 
00121006 
Ii:H/l0007 
171304 
171J14 
0001l10ie1 
000001 

, , 
1 , 
1 , 
, A; 
1 , , , , 

016b04 AINTI 
id00002 
011400 
016401 
000002 
010 7 02 
000 403 
1!l05ftHiH~ $I NTR; 
012600 
~H2601 
@1000" 411$4; 
006103 
HH)I2103 

• TI TL.C; UNTfd3 
.1FOF CNOli 4 
.GL.OBL AINT,SINTR 
AINT V003A 
COPVRIGHT 1971, UIGIT4L. EQUIPMENT CORP., MAYARD, MASS, 
AtNT FORTMAN AINT FUNCTION, CAL.L.tNG SEQUENCE 
JSR FHiJ,UNT 
ijR A· 
,~ORO ADDRtSS Up ARGUMENT 

RETURNS SIGN OF ARG • G~EATEST R~AL. INTEGER • ~ 
ASS(ARG) IN K0 AND Rl. 

UNTR SAME FUNCUON AS UNT, SUT CAL.L.e:O IN THE· 
POL.ISH MODE WITH THE ARGUMENT AND RETURN ON THE STACK, 
R0U0 
R1Ul 
R21!%2 
f<31!1%3 
R4U4 
R5U5 
5pII%6 
PC.,,? 
MQI! 177304 
i.SH.177314 
~·0U0 

fi'lll%1 
.IFOF 
,wORD 
,WORD 
.WORD 
.WORD 
MOV . 
MOV 
RTS 

FPU 
1700~1 "SETP 
1724/5,2 
171467,24 
1741 4 6 "STF 
(SP)+,R0 
(5P)+,Rl 
R!) IRETURN 

"I,.OF '2tR5),F0 ,GET ARG 
"MOOF ONE,~0 'G~T INTEGER PAR 
Fl,-(iP, 
,POP TO U~CR REGS 

( 

( 

( 

,WORD 
.wORD 
_WORD 

1700"1 , ,SETF 
1724~5 , IL.DF 
111407,4 

(S~)+,F0 
"MOOP ONi!;,Ffd 
Fl,·eSp) 

,GET ARG ( 
'GET XNTEGERI'AR 

.WORD 
JMIi 
,WOI<O 
,ENOr; 
.1f1NOF 
MOV 

1741 45 "n' 
fl tR4l.... 1 RETURN 
040200,0 

FPU 
2(fH5J,R4· 

,"''''OArIN'' 1, 

MOV '~4,k0 IGET HIGH ORDER ARGUMENT 
MOV 2(~4~,Rl rL.Ow ORO~R 

MOV 
6io( 
CI..R 
MOV 
MOV 
HOV 
ROI. 
C!,.RB 

,",e,Re! 
AIU4 

;MAKE 11:2 NON {/I 

Jil2 ;MAKE R2 121 
(SP)+,R0 
(SP)"',Rl 
RV!l,R~ 
R~ 
R~ 

,GET ~IGM ORDER ARGUMENT 
'1,.0\11 ORDER 

'DUMP UGN 
( 
'-



( 
SANT~3 MAf;RO VR04"14 ~7 .. SEPIll72 1114;) PAIit:, g. .29' 

\ 
~e 03106 1'00iUl3 SIIIA6 ~3 lijEr EXPON,NT 
57 lihUt\l0 162703 SUB #230,R3 '~EMOvE EXCESS 2iil0 ANO CMEeK ~ANGE 

0!ll0~3" 
58 0iH ti4 VJ020~0 BGE ONES4- IJUMP IF IT 15 AI..Rf:ADY AN INTf;GfR 
59 031 66 !lI22703 CMP ~ .. 30,R3 

1777f;10 
60 01'5172 002403 el..T SMFS4 'JUMP IF TMe:R~ 1$ !'IORK TO DO 
61 03114 kH:'I15000 CI.oR Rill IARG IS c I , SO ti(ETURN ~ 

62 03116 005001 eLf.( . Rl 
153 0;)200 000412 eli( ON~S4 
154 0~2k)2 12110346 $1-1"54. MOV . R3, .. ~SP) ,PUSH -SHIn COUNT 
65 • IfiNDF' EAEIMULO'V 
66 0;U04 0060210 ROH$4; ROIiC R0' 'SIo41FT FRACTION 
67 03206 00e1001 RO~ Rl 
68 0~210 005203 INC R;) 'COUNT 1.00 P 

( 
69 f(l32H! 002714 61..T ROR$4 ,GO AGAIN 

\~ 70 03214 U 2tl03 MOV (SP)·,R;) HH~T COUNT BACK 
71 0iHHe 0W16~01 ASI..UI A 51.. Rl 'SHIFT FRAtnoN IHCK wITH 0'$ 
72 0;)220 006100 ROL. R" 
13 0~222 1!l0(520J INC R\i ,r;O\JNT I,.OOPAGA1N 
74 IU2ii24 ruan4 til..T ASI,.S4 
75 .tNOC 
18 fAt; CODE 
n ,11'0F E;AE 
18 MOV #MQ,Ha '~OINT TO MQ 
79 MOV Rl"H3 'INSERT ARt; 

/---
80 MOV R0,.~R3) 

( U MOV .8P,'iiI,.SH 'SHIFT RIGHT 
82 NEG .sP 'SET FOR L.~FT 
8~ MOV (SP)·,'.L.SM ,SHIFT L.t:.FT 
84 MOV (~3)+,Rrc 'R~SUI..T TO REGS 
815 'MOV flR3,Hl 
86 .ENOC 
87 MUI..OIV CODE 
88 .110'01' ' MUL.Olv 
89 ,WORD 073016 ';ASHe 'SP,R0 ISt1IFT OUT FRACTION 

( 51" Ne;G fliP 'SET FOR L.t:.FT SHIFT 
91 ,wORD 07"2126 , 'ASHe - (SP)+,R0 1 $IHFT l~TEGER P 
92 .fLNoe 
g.) 0~226 00ti10ii2 ONt.S41 TST R2 'CH~CI< ENTRy fL.AG 
94 03230 I,HH 41211 SEQ ONU4 'JUMP IF UNTR 
90 032;$2 000205 RTS RO 'RETURN IF SAINT 
915 03234 010146 ONU4; MOV R~,.~SPl IPUSH-RESUI.,T 
g7 0;U36 0l.0046 Mav R0,·~SP) 

A, 98 ftiJ;}240 000134 JMP • CfUJ .• , POL.lSH RETURN 
99 ,e;NOC 
100 ,fLN!)C 

( 



1 
a 
3 
4 
IS 
e ., 
8 
9 
10 
11 
12 
13 
14 
U 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
2;' 
28 
29 
30 
U 
32 032 4 2 
~3 03244 

34 0~200 
3:5 03202 
36 0152154 
37 032~6 
38 0~~t)0 
;$51 0321:>2 
40 0321:14 
41 032ti6 
42 ld32/0 
43 103272 

44 03276 
45 0J300 

46 03306 
47 0;'3 U 

48 0;)316 
49 03320 
50 0;)322 
51 0J3i!4 

~0011)00 

00Q1001 
000002 
1011'11.1004 
0000G:'" 
0i1l0007 
fD0000~ 

~11100 
fD ltHi 0l 
0.ilI0010 
002004 
IilU300 
"12602 
002403 
000422 
012002 
0"'2421 
~20102 
00111314 
02fHHS 
000010 
00Ull 
!c:l26666 
1't100~ U! 
V,l\hlV)0~ 
00100!:i 
0266ee 
0VJ0~ 14 
vHrHI'i'0 4 
001001 
~05000 
Vl'Hi~00 
103401 

, , , , , , , , , , , , , 

iCMOI 

FPUOI 

• Tln.~ 
.tFOF 
.GL.08L. 
aCMO 

iCMO 

$c;;MD~2 
eNIHI) 
aCMO 
TH~ OOU8~f COMPARE ROUTINE. 

V002A 

COPYRIGHT 19'1, Ut~IT~~ EQUIPMlNT GORP~, 
CA~~EO IN TH~ PO~ISH MODE "ITM THE TWO 
COMPARANOS o~ TH~ $TAtK, 
'l~ST J~ AT ti(&P~, S~COND 1$ fSP 
F~U$M TME TWU COMPARANOS ANO RETURN 
THE FO~~OWXNG CONDITION CORES' 
FIRST C S!CONO NIl, Z'0 
'1~~T • S!CONO NIB, Z'l 
'IRST > S~CONO N.e, Z~0 

. IHI"'0 
Joi1!WU 
Joi202 
jli4111%4 
SPIIIU 
pen7 

, , SETO 

MAYNARO, MASS, 

F'011X0 
,IFOF 
.~ORO 
.WORO 
.WORD 
,II/OIilO 
Jr1Ji1 
,!NQC 
.IFNQF 
MOV 

FPI,I 
11111(Ul 
172428 
1734i6 
,,700091 
'CR4J, •. 

,,~oo CSP).,FO 'GET s~eONO kRG 
"CMPO (iP).,"" 'COMPAI1fE 
'teFCCIGfT CONDITION ~OOEs 

FPU 
'PC,H0 'GET ~0XXXXXXXXX01 IN R0 

MOV 8.(S~).~' 'GiT HIGH UROER Fl~STA"G 

BGE FP~$~ 'JUMP IF FIRST ARG + 
ASL. R0 'FLAG 'lRST A~G· 
MOV (SP,+,R2 ,GET HIGH .~'ECONO ARG 
a~T SME$~ 'JUMP IF aOTH,SlijN' • 
8R N~G$Q 'JUMP IF F~R8T. AND SftOND • 
MOV . C$P)+,R~ 
a~T P~S$~ 'JUMP I, ,1RST + AND SgCOND • 
c~p Rl,R~ JCOMP.R! MAGNXTUDI$ 
aNi OUTlb 'JU~P If 01FFER!NT 
CMP S.(SP"'$~ 

aNI:. OU1S 0 
CMP 10.c~~),atsP) 

aNt; ours!:> 
CMP 12.(~P),4(SP) 

SNt:: 
CI.R 
RO~ 
6CS 

OUT";) 
R0 
RftI 
Pl..ssl> 

"L,AG , 
'SAVE celT .NO TE~TSECONO ARG • 
'JUMP IF $~COND ARij + 

( 

( 

( 

( 



JJI 

52 0332e 00ei400 Ne:Wi$~' NEil RID 'REVERSE C eIT 
IS;) "~3a0 0()2.706 PL,iI5' AOD "14.,8P ,POP ARGS 

~00U6 
54 Id;U~4 00"'0\4 TS.T Rf/I IU:T Z AND N t;nS CORRECTL.V 
55 ,,":U8 000U4 JMP • tR4~.'" 'RelU~N TO CAL.I..e:~ 
015 .kNoe 
07 .e;NOC 

c 

c 

c. 



1 
2 
;) 

4 
5 
6 
7 
8 
9 
10 
11 
!2 
13 
14 
U 
16 
17 
18 
161 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 03340 
33 0;)342 

34 0334e 
3~ 033 50 
36 033"2 
37 1133:54 
36 033:)6 
39 03300 
413 033 0 2 
4" 03.H14 
42 ~3;)06 
43 0;'370 

44 0~J14 
45 !i)3376 
46 0.)4~0 
47 034132 
48 03404 
49 03.06 

50 0~U12 
51 03414 
52 
53 

00.tH100 
00000" 
0000212 
000004 
f60000ts 
IlHHI1007 
000000 

, , , , , , , , , , , , , 

iCMRI 

U 1700 SCMIH 
016001 
000004 
002004 
kl0S300 
U2002 
002403 
tH'0 4U 
012e02 P'PS$O; 
002411 
020 h.l2 SMt.iO; 
0"1~04 
02f5«)lei 
i":l0004 
001001 
005000 
0015000 OUrsol 
103401 
IIHll5400 Nt:,ijS61 
0e2706 PL.U6; 
000000 
IIH(H5700 
000134 

IT ITL.E 
.1F'OF 
.GI..OBI.. 
iCMR 

iCMR 

5CMR02 
CNQSI:i 
SCHiol 
THE ~e.L. COMPA~f ROUTINE, 

V002A 

COPYRIGHT 1971, OIGITA~ EQUIPMENT CORP., 
CALLEO IN TH~ POLISH MODE ~ITH THE TWO 
COMPA~ANO$ ON TM~ STAC~' 
~IRST IS AT 4(SPl, SECOND IS 'SP 
FLUSH THE TWU COMPARANOS AND RETURN 
THE FULLowlNij CONDITION COO~S; 
FIRST • SiCO~D Nil, Zl0 
FIRST. steONe ~10, Zl l 
FIRST ~ SECOND N:;a, zle 
R0'U 
RlIU 
R21X2 
R4U4 
SPU6 
PC,"7 

, , SETF 

HAVARD, MASS. 

FralU 
.IfOF 
.WORD 
.wo~o 
.IIjO~O 
.WORD 
JMP 
.f£NOC 
.IFNOP 
MOV 
MOV 

FPU 
"70001 
172426 
P'34~6 
i1001d0 
'C~4l+ 

I'LOF (8')+,'0 'Ilf S~CONO AR& 
lJCMPF 1S~'.~F~ 'tdM'AR! 
"eFCC 'G~T CONDITION CODES 

FPU 
'PC,H0 'GET 00XXXXX XXXX01 IN R0 
4CSPJ,Rl 'GiT HIGH OROE~ FIRST ARG 

aGE FPSSO 'JUMP IF FIRST ARG + 
AiL R0 'fLA~ FIRST ARG • 
MeV tSP)+,R2 'G~T HIGH SECONO ARG 
aLf SM~$O 'JUMP IF aOTH SI~NS • 
SR NtGlb 'JUMP IF FIRST. ANO SECOND + 
MOV (~P).,R2 
e~T P~SIO 'JUMP %F F~RST ... AND SECOND R 

CMP R1,~2 'COMPARe MAGNITUUES 
6NE OUTSI 'JUMP IF DIFFERENT 
CMP 4tSPJ,'SP 'COM~4ME LOW ORDER 

aNt;; 
CI.R 
ROR 
sea 
NEG 
AOO 

TST 
JMP 
,ENoe 
.ENOC 

OUTII:i 
Rill 
Ria 
PI-5S/,) 
~0 
"6,SI" 

RIO 
.tR4l+ 

iJUMP IF OIFrER!NT 
'FL.AG , 
'~AVE C eXT AND TEST SECOND ARG • 
'J~MP IF SiCONDAR~ ... 
'~EVERSE e Bn 
'·POP ARGS 

ISET Z ANO N eIT~ .CORR~CTL' 
'~ETURN TO CALLE~ 

( 

( 

( 

• 



1 
2 
3 
4 
!5 
e ., 
8 
9 
10 
11 
12 
13 
14 
15 
18 
17 
18 
19 
20 
21 
22 
23 
24 0;)4i6 

2:) 0\S422 
26 0~424 
27 034215 
28 0;)4;)0 
29 0~432 
30 

000000 
00rtHHIJ1 
000002 
000003 
00000' 
016b02 
R!00ld1ll2 
~12~00 
01 U~01 
005002 
0185003 
000200 

33 

• Tl fl.E $08L.IIl2 
.IFOF CNOS1 , 

, DBLE V002A , 
, COPYRIGHT 1971, OI~lTA~ EQUIPMENT CORPU~ATION, MAYNARD, MASS , 

• (;1..06L . OttL.E 
, TH~ PORTRAN peL.t FUNCT10N 
, CAL.L.ING SEQU~NCt' 
, JSR R5,D~LE 
, aR A 
; .~o~o AHGyMfNT AODR~SS 
, A. 
I ~ETURNS TME UOU~~t PRE6%CIQN EQUIVALENT 
, OF THE REAL ARGUM~NT IN R0 • RS, , 

~0U0 
Rl;U 
R2'X2 
~3U3 
R5-iCS 
MoV 2tR5J,R2 'G~T ARG Ai.lDRESS 

MOV 
Mav 
CL,R 
CL.R 
RU 
.e:NOC 

(~2)+,R0 'G~T HIGH ORDER 
.R2,Hl 'G~T L.OW OROER 
H2 'CL.EAR L.OWEST ORUEW 
R3 
R5 'RETURN TO CAL.L.~R 



1 
2 
3 
<4 
!) 

6 
7 
8 
g 
U 
11 
U 
13 
14 ,,5 
16 
11 
18 
19 
20 
21 
22 
23 
24 
2~ 
26 
27 
28 
2!:l 
30 
3\ 
32 
33 
34 
30 
36 
37 
38 
39 
410 
41 0~4J4 
42 034;)6 
4~ (IJ~440 
44 ~3442 
4! 03444 
46 03446 
47 ~3400 
4d 1b~452 
49 03404 
51,3 V);)40b 
51 ~J4(;0 

52 0~4b2 
53 0;)404 
54 03406 

55 03472 

.un.t:: $OC1fr)l 
,IFOf CNO$~ , 

, iOCI V001 A , 
, C9PYRIGHT 1911, Ol~ITA~ EQUIPMENT CORPORATION, MAYNARO,MASS 

.G~oa~ $UCl,SRCI 
, iDCI ~~. Asell TO OOUBLE CONV~R$ION. 
, IRel ~~~ ASCII TO ReAL CONVERSION, 
, CALLING SEQO~NCt' 
, PUSH ADORESS of ~TARTO' 'lELO 
, PUSH LtNGTM UF FlELo 
, PUS~ FO~MAT ~CAL~ D F~OM ~.o 
, PUSH ~ PORMAT s~A~E 
, JSRPC,$OCI ~OR iRCl) 

010000 'R0;X0 
000001 Rl-Xl 
0'0~~2 R2-%2 
000~03 ~J.X~ 
000~04 ~4'%4 
~~'~05 ~5.%5 
0~0006 SFIX6 
~~0~07' PC=%7 
000000 NUMENU:;II' 
000~0a ~OlNTl,.-2 
000fd04. 0 Ib IT 514 
Iih~0~0C 6EXPlllb 
IDIIlIilItl10 ES1GNae, 
~00012 SlbN'10. 
000v.l14 I;:EXP:;12. 
0!l10k'l.ao P'~0. 
llJiil0!d40 0.32. 
fOI00!Oi)2fRl"iII2b. 
000042 LEN~THIII34. 
~~0042 TEMP'~~N~fH 
0001d36 RESUI.TIIIP 
0~0044 START=36. 
!tHhHJ44 fNIJ;START 
~~5~46 iR~l' CLR 
005216 INC 
000401 BR 
0~504~ SO~I; C~R 
010046 CNVSS; MOV 
~10146 MOV 
1/I,0i40 MOV 
~1~J46 MQV 
010446 MOV 
010~40 MOV 
0~5046 CI"R 
00~046 CLR 
0~~046 CI"H 
012146 MOV 
000101 
012746 MOV 
000(022 . 

'!II CSp). 
.ap 
CNVS. 

'C~EAR ERROR FLAG 
'~~T REAL ~ONVER$lON FLAG 

-t8P) ;CLEAR 
R~,,,,,,SP) 
iH,·tsP) 
k",IIIt~SP) 
R3,.(SP) 
ji(4,,,,~SP) 
RI),.tsP) 
"'tSpj 'CLEAR 
-(81"', 'Cl.,lUR 
"eSPJ 'CLEAR 
1.f615.;.CSP, 

ERROR FLAG ANDiET FOR DOUBLE 

EXP 
SIGN 
ESlliN 

'XNITIALIZE 6EXP 

'INITIALIZ~ MAX DIGITS 

(Ii· 

(I 

c-

(! 



156 0~47e 0015fC14e 
51 rU:5'U UH5ia4ei 
58 0i.Hi02 I/J1 (Stifle 

0{D(a044 
:59 035ta6 [j)66(:160 

~0004a 
iC'IIlJI.H'l44 

60 0;'b14 ~iaetfIJ00 
U 0~!.u e ~H,e(dU 
02 0iS!520 0051lJ02 
6,5 0~5i2 0~5ol10\S 
64 0~524 112~04 seN,SI 
65 0;)5.U !c:l42704 

177f)U 
615 03t1iS2 121d 421 

I1lIiHHtl40 
67 0351$6 00100:5 
68 0~540 020~e6 

"'00044 
69 03544 IIlVl2167 
70 03546 000167 

00032(:1 
71 0~5~2 la0421 SG~$$I 

0000e~ 
72 03s~e iHH4~5 
73 0~500 120427 

k'00fUH' 
74 03504 la01013 
7!!J 2l~l5ei6 "o5266 

01fJ0kl12 
76 0;"1512 000447 
17 0J5'4 112004 NxTsSI 
78 0;)576 042704 

17'~0~ 
79 0~6(Q2 i20427 

000040 
80 0~S0e 1f)iOl~0c 
81 ~~6U VJ127f/l4 

o 1Dr"Iil(H!l 
82 0~5~4 12~421 fliCK,S; 

000106v! 
83 13~()20 1602f)14 
84 0~622 00 U 10 
85 0iHi24 001)700 
86 0aBie 001 IdfrH5 
87 fd~(:i~0 0i/lti701 
813 illJ6.)2 001004 
8~ 0~6~4 f(h15/02 
g" l!l;HSiHi 1/101002 
91 0;)640 005703 
~2 01}64~ 1t)1t)1423 
~~ ~~644 1~0427 NNzsa; 

k1001d71 
94 l/liHil>0 100;)121 
9$ 0\Hi~2 00SiUi6 

0160004 
96 0~6t)6 ~02003 

Cl.~ 
CI..R 
MOV 

AOO 

CI.R 
CL.R 
CI.t1 
CL,.1ii 
Move 
tnc 
CMfo'S 

6 filE 
CMF' 

6L.T 
JMP 

CMPe 

SEQ 
t,;MPe· 

aNt: 
INC 

e~ 
Move 
6lC 

CMP8 

iiSNi 
/'loy 

CMP8 

BL,T 
"Nt 
TST 
aNI!. 
TST 
fjNt;. 
lST 
Bille: 
1$T 
ae:Q 
CMPB 

I:HH 
DEC 

BGE 

-(SPl 'C~EAR POINT~ 
.CSP~ 'C~~AR NUM~NU 
STARrCSPJ,~5 'G~T FIE~D START ADDRESS 

'PUINT TO END .1 

RIO 'CL,EAR NUMiRIC WURK SPACE 
Ri 
Ra 
RJ 
C~b,+,R4 ,GET NEXT lNPuT CHARACTER 
#177000,R4 

R4,.' ;TEST FOR 61.ANK 

SGSS~ 'IF NOT aL,.NK L.OO~ FOR + OR • 
.~5,START~SP) 'CHECK ENO 0' Fl!I,.O 

$CN58 'IF NoT DON~ &0 ~ET NEXT 
Z~RSS 'ENTIRE Flt~D IS a~ANK 

R4,W'+ ICHECK FOR + $IGN 

'~O$ij 'IF FOUND ~GNORE IT 
R4,.'~ 'CHECK FOR. SIGN 

NCK$ij 'IF NOT FOUND CH~CK NUMERICS 
SlGN~SP) '$'T w SlGN f~.G 

FI"OU 
CwtS)·,R4 
#117b00,1<. 

'G~T NE~T lNPUT CHARACTER 

NCKU 
.'ICl, riC 4 
1<4,.'0 

PCK$if 
NNzset 
R0 
NNZSts 

Ff' 
NNZU 
R2 
NNZ$8 
RJ 
F'I.011:5 
R4,1f'9 

'TREAT ~~ANK AS 0 

'CH~CK FOR ~EGA~ CHARACTER 

'CHECK FOR OfCIMA~ POINT 
'JUMP IF NOT 0 
IC~ECK TO ~EE IF ANY NON.ZERO OlGITS FOU 

EXCiij 'CHEC~ FOR EXPON~NT 
DIGITI(SP) 'COUNT AS A SIGNIFICANT DIGIT 

A21$6 'JUMP IF ~E CAN USE THIs OIGIT 
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( 

97 036b0 005266 lNC EE)(P~SP) , COMPt::NSA n:. FOI'I SKIPPED OIGIT 
kHIl0014 

fiI..O$,b 98 Vl30ei4 000412 6~ 
99 ~;'HH)ti 162104 A2USl $UB #&!lJ,1o(4 ;CONVERT ASCII TO 'NTEGER 

o kHcHhi 0 
U0 ~672 ~~4161 JSk PC, ML.5S6 , MUL. TIPL,V ey (5 

2101044 
HH 3676 ~047t)7 JSR PC,L,,"Ti8 , DtJUeL.t:. HESUL.T FOR 10 

01d1106 
U2 37102 0004",,;) ADO R4,HJ HOD IN CURRENT OltiilT 
U3 31011 rtlk:l5!>02 AD!; R~ 
hl4 37~b ~lclb~01 AUt; R1 
hiD J7U WiiH'):)00 ADC R0 lEND OF CONVERT IiOR Hils DIGIT 
106 37U 020066 '''1 .. Ll $8 ; CMP R5,~NO(5Pl ,CHfCK FOR END OF FIEI.D 

fr:I001iJ44 
U7 ;)716 0027~Hj i'jL.T NXTS8 

( 108 37~0 010;)16 1'10\1 RC,,~P 'POINTER TO L.UT NUMERIC TO NUMEND 
109 ;S7Z2 005700 SCL.SS' T$1 R0 
~U ~7.c4 t'!~11t)0" 6NE scua ,JUM.P IF NUMSE:;R NOT 0 
111 ~726 0~tl101 TST R1 
112 ~7~0 lcl01ill0<4 aNI:; scus 
113 3732 IillriHS'Iil(i! TST R2 
114 3734 0ft'J 1002 i3NE seua 
110 ~7J6 klYJS103 1ST RJ 
116 ~740 WIil14:)1 l:it:;Q .ZERU 'INPUT NI)MSER IS " 117 3742 !lI21Ci0:) SC; uu; t;MF' flSP,~5 'CHEC'K NltM:C;'ND 
118 ~744 (0111)e3 aNt:. NOPU 'JUMP ·If THE~t: WAS AN EXPONENTIiULO C 1 HI 3746 16f.HHHi SUB P'SPJ,U~~PCSP) 'USE THE FORMAT P SCAL.E \ 

000(t!31!i 
1i.100U4 

120 37b4 il~b76u N.O'58: TST POXNTI.,(SP) 
000002 

121 3700 ~0U02 aNE PNUtJ ;JUMP JF THERE WAS A DECIMAl. POINT 
122 1)702 016016 MOV OCSPJ,flSP ,USE THE:: D SCAL.E 

o IrH:'Hi:l 40 
123 3766 lbt)t).tO PNlstU sue PUINTI.C,~PJ, ,flSP 

000002 
124 3712 101 066 sue fI~P,t:.EXPtsP) ,FORM COMPL.ETE OECIMAL. EXPONENT C 000014 
12~ ~776 1<103"0;) 6GT MUI..SS ,MUL. TIPL. Y by 10*tc:XP 
126 4000 002043 6L.1 unsts 'JUMP H UtCIMAL. EXPONI::NT IS NEG 
121 41r:1102 ItHiJ0167 JMP, FLo Tit; 'JUMP IF EXP IS e 

1a1i",446 
128 4005 ~20~27 MUIoU; CMP "H:3, "i) 146~ 

k)31 462 
12g 4012 101tlll f.H'Il MOVIS 'JUMP IF FRACT TOO BIG TO MUloT BY !5 
130 4014 0047es1 JSR PC, ML.5U ""Fe At T, !5*F~ AC T 

000722 
131 4020 ~\/I5il66 lNC BEXPtSP, HIMES 2 

0001/.1136 '" 
132 40~4 ~05~()6 01058; DEC EI:.XPtSP) 'OVER 10 

000014 
133 4030 ~~3~6t; eGT MUL.U ,,JUMP IF MOR~ DEr.:IMAI.. EXPONENT 
134 40.)2 000167 JII1P FL,T5D 'DECIMAl.. EXPONENT "ONE 

\:lii3041(S 
135 40~6 0(;4161 MOVS8; JSH PC, 1'1::14$8 ,MuL.T1PL.V i:jy 5/4 ( lil00l'3:l 
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Uti 4042 'Hie 7 eHi ADO .3,Se.XPC SP) , TIMES 8 
000003 
000006 

~ 131 40~0 0~076ei 6~ o 10$tS ,GO DIVIDE BY 10 
US 4052 120427 PCKS8. CMPB R 4, .' • 

iD000e'H5 
139 401515 liHUftlliH::I aNI:; E~FUij 'JUMP IF NOT A PfiC'M.L, POINT 
140 4000 005766 PTJi$81 1ST PUXNTL,CSPl 

000iiHHl 
141 4004 ~:HO 1003 BNt: E~rutS IJUMP If' A • AI.,Rf;AOY ENCOUNTER EO 
142 40~f5 0105615 MOY Rt;,PilINTI.(SP) ,SAyE A POINTER TO THe: • ., 

000002 
143 4012 ~00107 6R fil'I..OS8 , GO ~'OR NEXT CHARACTER 
144 4074 U5H\6 e:RH$8. COMB ERF+l(SflJ ,FI..AG ERROR 

~0003~ C- 145 4100 0050"0 ~EHS8 • CL,R R0 IRESUI. T IS 0 
140 4,O2 01ll5klU CI.R R~ 
1.1 "111l4 1fl41~00a tl..R Hi 
148 41~H5 00e!003 CL.Fi ,;3 

.149 4U0 0100107 JMP STRSI:S ,~O PUSH RESUI..T ANI) RETURN 
000450 

1150 4114 120 427 e;Xtf,8, CMPB R4,.'f 
00010$ 

151 4120 0fU 40~ SEQ fXUB 'JUMP lit E 
152 4122 120421 CMPB . R4,.'D 

( 
01i0U4 

1515 4126 ~U il8:i: BNf e;RR$8 l1F NOT E OR Q THEN ERROR 
154 41\)0 rou!He EXT$Sa MOV R:i,.5P 'SAVE POl~HER TO END Or NUM +! 
1155 ~1132 kl0!5i)16 DEC fSP 'OECREMENT NUMENO 
us 41;'4 0lkli,)6B MOV R;,),T~MP,(~P) 

000042· 
157 41 40 kJ0500~ CL.,F( R.l 
158 4142 0205613 t:MP Ro,ENOCSP) 

0021044 
159 4146 0102352 aGe; E~RS8 ,JUM.P IF NO ROOM FUR EXP 
100 41!rd " 12b04 MOYS (~::s)+,R4 

C~ 161 'H02 kl42704 ext .'17~00,jit4 
177000 

162 41:>6 120427 eMF'S R4,.'. 'CHECK FOR .e:xp 
0001il5~ 

163 41 62 idU400 f.iEQ EfU 8 
164 41 04 U0427 CMfilB R4,.' .. 'CH~CK FOR .EXP 

0021055 
165 4170 1il011d10 BNi: ENMSij ,GO CHf:CK fOR NUMe;HIC 
166 4172 1i'J0l)~ea INC EUGN CSP) ,FL.AG EXPONENT NEGATIVE 

t'l00010 
lei? 4176 02~:)66 EFU81 eMf" R!5,f,NOCSP.) 

000044 
11:)8 4202 1iJ1U2.,t~4 aGE Ef<RSi 
169 4~v)4 1 UZb04 EF2$8; Move (R~,+,R4 ,GET NExT t:HAR 
P0 42"6 042704 iHe .077 0 00,10(4 

177600 
17, 4212 120427 ENMs81 eMF'S R4,.' 'CHECK FOR BL.ANK 

000w:J40 

( 172 4216 001002 BNf. ENU8 
17a 4220 012104 MOV '''0,i'l4 ITREAT BL.ANK AS " 000~HS0 
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174 4224 120427 ENUtH eMF'S R4,#'0 
000060 

175 42~h" ~~2721 61"T ER~$6 

176 42~2 12itl427 CMPB R4,1t'S/ 
000071 '" 

171 42~6 ~03;) 1IS BGT E.RR1S8 It-oOT .. 11141..10 CHAIi( 
178 4240 162704 5UB ftt;j0,W4 ICONVERT ASCII TU lNTEGER 

000060 
1"9 4~44 ~06~~.$ AS!.. R;) IX.wl0tX+O 

,~, 

180 4246 ~60304 AOD R3,R4 
161 4ii!:)0 I?J~H)30') ASL. R3 
182 42=>2 ~06Jfil~ AS!.. RJ 
~8~ 41i!~4 IOQ0403 AOD R4,R3 IENO OF' ABOVE COMMENT 
184 42:)6 k.1201!1(;)6 CMF' Rf',ENP(SP, 

000044 
165 4202 ~02750 BL.T E1'2168 'JUMP IF MQRE FIc.L.1J TO GO C 186 42Q4 005766 lSi EU(,;N (SPJ 'CHEC~ EXPONENT SIGN 

0~Hl!d10 
187 421~ ~01401 I:iEQ EN/2$8 IJUMP IF IT IS • 
188 4272 ~05403 NEG R3 'MAKE USER EXPON!:;NT '" 
189 4274 ra6~1~eH$ EN~$ij; AOD R;},Et.XP(SP) , Gt'."r COMPL.~TE DECIMAL. EXPONENT 

~\il0014 

190 4300 (l16C>03 MOV Te:;MP~SP).R3 
000042 

191 4304 ~001t:i7 JMP SCl.,sS ,GO SCAI,.E THE, NUMERIC PART 
177412 

192 4310 ~HH'S700 0IV$8. TST ~0 ( 193 43U 0024~:S "I..T 0\11$8 'JUMP IF fJ'RACT I.. EFT JUSTlPlEO 
194 4314 ~05\HH,j OV~$8; OEC Bt:.XP~SP) ,I.,EFT JUST LF'Y NUMERIC BITS 

1Il00006 
196 4J2VJ ~e4767 JSIii: Pt.;,I.,",TU 

\il\il~464 

196 4324 1~0')7') BPI., OV2$8 
197 4;;,,6 v.l121~4 OV1581 MOV ~16.d(4 ,sn POR SIXTEEN IT~RAnONS 

000020 
198 4332 ~~4761 JS~ pe,RUS8 

ill~l!a464 ( 
--

199 4336 ~ Ul>46 MOV RJ, ... ~SP) 
200 4\)40 010246 MOIJ R2,,,,tSPJ 
2~1 4342 v.ll~~46 MOY Rl,"'~SPJ , IN IT UI.,Ut;; QUOTIENT 
202 4344 !II 10iD4e MOY R0,..,~SP) 

203 43"11) 1O~41ti' Ov;)Ss; JSFi PC, ~~ HIS 
Kl~L145\D 

204 4302 ~V,l0~41 t.:I,.C 
205 "13:)4 0d41b7 J,.R ~C, RUSS ,.., 

illlZlrc44a 
206 43 6 0 itl1210~ MOV #2,~5 

001711210, 
2~7 4364 ~00~41 Clot: .. 
208 4360 IOVl47b7 OV4$8; JSR pe,RU$S 

00043~ 

209 4372 itl66b0J ADO 6 CSP)" R;) 
ld00il1V)6 

210 4376 ~055,34 AOe R2 
211 44ii.'11ll 01Z1:;,b01 AOC foll ( 212 44~2 ~14!)O00 AOe: R0 I 

213 44ldA id66002 1100 4 tSP)" R2 
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000004 
at4 4410 005~01 AOC ~1 
21:5 44U 005000 AOe: R0 ., 'HE) .4~4 WlO6001 ADO 2(SP~_,Rl 

, (lj"'0~li/Ia 
217 4420 ~~H:100i8 Aoe R0 
218 4422 ~e1600 ACD flSP,~0 

U g "';4 005~0~ lac R~ 'COUNT TWItE 
220 4426 1/103~e1 BGT OV4$1:I 
221 44~0 005304 OEC R4 
222 44~2 II:'I1d3i)4() ~Gr DY3StJ 
2a3 "4~4 "'021~H~ ADO .8H~P ,POP OlvlOEND 

11:'100010 
224 4440 10~7ef; $ue _J,SfXPC:iP) 

C~ 
00!Zl00~ 
0001000 

225 4446 0IiH$~(HS INC EEXP~SP) ,SUMP DECIMAL. EXPONENT 
1i"11011'14 

22(i 44b2 002710 SLoT OlVU 'JUMP IF MQru TO 00 
227 441)4 0053(S6 FL,-Tl8, pec BC;XP~SP) ,POST NOHMAL.lZE THf RESUL.T 

000006 
228 4400 004761 JSH PC,L.tTS8 

000324 
22 g 4404 103i)7~ Bec FI..TI6 
2~0 446& ~lJt)2" 6& AOO "a00,eEXflCSP) '$~T ExcESIi 128 

C 0fiH'!200 
000006 

2U 4474 k10347C 61.~ UNOSi INUMSER TOO SMAL,!.. TO REPRESENT 
232 4415 026 6 e7 CMP BI:.XP~5P',"377 

00i)fi'l0e 
000~" 

233 4~~4 ~1Cl31D71 8GT OVRSS 'JUMP IF NUM8E;R TOO BIG 
234 4506 1IiH100~ CI,.RS R3 
235 4~U 100203 tqSi3 R2,R~ 
230 451a il00~03 S.,AS R3 

C 
237 4:; J.4 105Ull CI,.RB R2 
2~8 45U 1f!i0102 elSa Rl,Ril 
23~ 4t)i!21 klkliih102 SWAi3 R2 
240 4~a2 U5001 CI..RB fU 
24, 4524 1500U 6lS~ 110,R~ 'MOVc. OUT LOltlt:ST ORDER ans 
242 4!526 000~01 SwAB Rl 
243 4!U0 105!hH!l CI",Rt3 R0 
2-44 4t/32 156Q0!Cl sua st;.XPtSP),R0 IINSERT THE BINARY EXPONENT 

21000136 
245 4536 000.)210 SWAB RID 'PUT IN THt:: RIGHT ORDER 
246 4:\40 ~0e06e ROR SIGN ~SP' 'TEST THE ARITHMETIC SIGN 

000iD12 ... 24' 4544 0041tH' ..lSF( PC,RUSS 'INSERT IN RESULT 
000252 

2.8 4ij~0 0~5~03 Aoe R3 
249 4~O2 01i15002 ADC R2 
215!() 4f;i~4 ~f/j5001 Aot; Rl .FlNAL. ROUND 
251 45tsfj 005tHHIJ Aoe RID 

C. 
202 4560 U2443 BV~ Ol/RU 'JUMP IF OVERF'L.OW 
253 4eib2 103442 tiCS OVR$& 
254 4664 lta5,es6 ST~$8; TSTe ~RF(~P) irES! REAL./OOUBL,E fOl..AG 

000032 



101 :)21)4 004767 
0000415 

102 5j!! 7 0 0fi)~2tH:i 
0001a0e 

103 C)27' 4 U2'6~ 
0001d0~ 
~i60fi)04 

104 O~02 ~i034150 
106 03"4 001424 
US e~HH' iH!0127 

146U4 
107 0312 lrD3014 
US ti31A 0if>Q27 

flHtl0004 
ln17~ 

109 l5a22 100301 ~ 
11 0 5324 004767 

"'00020 
'11 :>~\)0 ~\iH);HH; 

~:H10006 
112 b3\;4 VJo~760 

000002 
000004 

113 0342 ~~040.c 
U 4\ C~44 1(J~4167 

001264 
115 !.')3~0 fd05~6!) 

000"'04 
116 :J3:.'i4 0~ 13154 
117 
118 
119 b35e1 flIiH511100 
120 '360 0047til 

000464 
U 1 15364 11)047 C7 

0ii;HHHHi 
122 0370 005700 
12;S 5372 vHHi40~ 
124 :)37 4 ~0t5JfH:i 

000006 
125 a400 000'67 
126 
127 0402 lfd!i166 

000014 
128 t:!4fll6 (60,424 
tag b4U 10ti~tH' 

liHH3!t114 
130 0414 UU14 
131 5416 01iH57e)ei 

"kH"'fIJ eI 
132 0422 002Ql1 
U3 e>424 020660 

raft:l~160e 
000022 

134 1)432 ItU!l;U0~ 
135 04~4 U50fH,S 

0k10~14 

OVU9, 

OVil5$); 

, , 
NOMSSI 
NOU91 

, 
NQIJ$9; 

JSR 

INC 

SUB 

PC, M45S9 

EEXPtsP) 

.~,ati,)(Pt&f» 

,G~T 4/5 FRACTION 

,MUL.TIPI..V IjV HI 

'AND OHIOe: By 8 

BGT MUL.$~ IJUMP IF BINARY ~XPON~NT STIL.L. POS. 
8~Q NOMI~ 'JUMP. IF EXPONENT GONE NOW 
CMP Rl,., .. 63i4 ,eINARY EXPONENT IS NEGATIVE 

BHlS DV1$~ 'JUMP IF NO ROOM FOR 5/4 FRACTION 
tMP Bt)(P~SP', •• J 

BGT OVls9 'JUMP IF NOT ENOUGH BINARY EXP L.EFT 
JSR PC;M~"$9 ,MUL.TIPL.Y FRACTION ev 5/4 

DEC 

ADO 

t,iR 
JsR 

INC 

SNE 
AT nus 
M'<IO THE 
CL.R 
JSR 

JSR 

EfXP(SP) 

.2,et.xPC SP) 

OV2$9 
PC,RlTS9 

B~l(PtSPJ 

,OlVIOE By 10 

1MI.II..TlPI.,Y sy 4 

'IHVIOE ey 2 

,MUI.TXPI.,Y 6Y :2 

OXVS9 IHIT IT AGAIN IF BIN.£XP. NOT GONE 
POINT TH~ BINARY EXPONENT IS 0 
FRActION IS INRi, R2, R3 AND R4. 
R0 'C~E.R OVERF~OW ACCUMULATOR 
P~,M04$g 'MU~TIP~Y fRACTION BY 5/4 

Pr,:,ML.859 'AND NOW BY 8 

1ST R0 
SNf NUO$~ 'JUMP IF AN INTE~EH PART RESUI.TS 
DEC E~XP~SP' 'D~CRaM~NT EXPONENT 

BR N01S~ ,GO AGAIN TO ijET AN INTEGER PART 
AT THIS POINT TH~ MOST SlGNIFICANT NON ZERO D4GIT XS IN 
fSTe TYP~tsP' ,raST CONV~R$ON TYPE 

SEQ ffT$9 'JUMP IF F FORMAT 
fIIORS TYPE~SP' 

ace EFT$9 'JUMP IF E FORMAT OR 0 'ORMAT 
TST EEXPCSP) ,G FORMAT 

e~T EFTS~ 'JUMP IF R~SU~T ~.l 
CMP EeXp~5P)'O(SP) 

aGT EFTs~ 'JUMP IF R~SU~T >1°**0 
C~R6 TYPE,SP) IMAKf TyPE F INSTEAD OF ~ 

(: 

(; 

(I 

(1. 



(~ 

c 

( 

13~ ~440 162766 sue 
000i404 
kllhlWi24 

1~7 ~445 166066 sus 
000fD0e 
",00022 

138 ~4~4 ~0~Wi66 C~R 
01;",021.1 

l~g e4~0 016605 FFT$91 MQV 
21001/105 

140 5404 0e6~0~ 'F's91 AOO 
o IiHH(l 22 

14' 5410 066~05 ADO 
01i!J01i120 

142 54'4 0~41e1 JSR 
0"0~40 

14~ ~'00 016605 MOV 
kHD01/124 

144 eS04 10601213 sus 
000022 

145 551121 1~~7e6 T$T8 
00121014 

14e ~514 00101~ i~f 
141 ~6'6 ~66666 ADO 

rtI~H!l00d 
i2100~20 

i48 ~~24 ~~3407 ~~t 
i49 ~5a6 le6~05 sue 

000fd20 
15121 ~e~2 le270~ sue 

2100002 
lei ~5~6 004761 JS~ 

000744 
lea ~e42 000410 6R 
1~3 ~~44 162705 'F~s9' sus 

o rr.HHH!J a 
154 ~5~0 0047&1 JSR 

000732 
!5' ~5b4 112725 Mova 

21210060 
15e ~500 11272~ Mova 

00011156 
157 ~~e4 0i~~ee ,,4591 . CMP 

000024 
158 ~570 10~003 BMI$ 
159 ~!72 112725 . ~OV8 

eJ000eH1J 
160 5575 000712 BR 
iii ~6~0 ~16006 Ff~$9' MOV 

IdliHHIl24 
162 ~604 lo600~ SUB 

00002ii 
163 ~6'0 005~0~ DEC 
184 5612 01~5b5 MOV 

000k102 
185 '6~6 1t:l05166 TST 

000i1120 

EEXP1SP),PCSP) 'DECR~AS~ D ev ~ OF OIGITS LEFT 

pesp)· J$U$P~NO P SCA~E 

Ef)(P ~$P) "us 
DtSFi'J,FU5 

PC$P),R~ 

PC,RUDSS 

~ (SP), R5 

o CiPJ, R:t 

TVP!t$P) 

IF' FORMAT 

'P~$9 'JUMP X, NOT F CONVERSION 
f.e:xP~SP),PC$P) 'COMBINe; P ANI.) EXP 

,~ei9 'JUMP IF THERl IS NO INTEGER PART IN RES 
PtSPl,R5 

.a,Rb 'SIGN SLOT IS 8+L.UwE.P.2 

P~,l~N$S 'INSERT SIijN AND CHECK WIOTH 

FF~ii 'JUMP TO INS~RT loalTS 
.~,R~ IS1GN SLOT IS S.L80w3 

PC,IJNS9 ,GU INSERT SIGN AND CHECK ~tOTH 

.'0,~R~)· 

If' I' (R5). 

R~,~UFl' 

'INSE~T ~~ADING 0 

, INSERT • 

, CMECI< F aLo END 

FF~S9 'JU~p IF F'~LD FULL 
.~0,tR~1+ ,PUT IN AN9THfR LEADING ZERO 

H'4iY 
,"CSP).,Re 

DtSPJ,R5 

R5 'LOCATION 'OR • 
R~,PUXNTtsP) 'R~MEMBER XTS LOCATION 

PCSPJ 



166 ~622 ~!a3~01 
167 66a4 ~vHj~0~ 
168 ~6~6 lb6005 ~FbS9. 

0liHHl2kJ 
169 ties\)2 0ti14167 

0160114 
170 06;)6 U51fH~ 

000ft114 
171 IHi42 ~014rsl 
172 0644 [tHil043J 
17~ ~C546 162 766 ~fT$9; 

0001i204 
000024 

17 4 0604 fi.l1D5l!0b 
175 elfitiei ""!!ISlee 

IiH:'J0020 
176 btj(',i2 003100 
177 !liSts4 1rH6600 

{(l00022 
l78 15670 \,)(5600' 

00002~ 
'79 ~674 i!)047el 

000440 
180 01"'0 il usti0:1 

1iJ001a24 
1 U ~704 16(SQ05 

000022 
182 07 ~ 0 006~0;j • 
183 151 12 010~6t5 

00011:HH~ 
184 t> n 6 1 06005 

000020 
185 b7i2 005~0:) 
186 t'124 004767 

1000556 
181 07\)0 004767 

o ~H:' ¢) 16 
188 ~7~4 le666~ fFls9' 

000020 
0(011)00 

la9 1)742 !a16ei03 
000024 

190 5746 116623 
000f()1° 

l!H 57:l2 016004 
to 1i:h:l0!a 6 

192 07t;6 v)~2~04 
193 OlC)0 005404 
194 ~7e2 11272~ 

001/)[055 
195 t'166 000402 
196 5110 11272~ ~X~5~' 

000040 
1~7 5174 11~'1~ EX1S9; 

000kH50 
1~8 ~01/l0 lo~'04 ~X~$9; 

!a0001a 

SGT 
·INC 
sue 

JSR 

lSTa 

SEQ 
8R 
SUB 

CL.R Tsr 
6L,i 
MOV 

ADO 

J$~ 

MOV 

sue 

OEC 
MOV 

$US_ 

OEC 
JSR 

JSFi 

.us 

MOV 

Move 
MOV 

aGt.: 
NEG 
Mavs 
6R 
MOVS 

MOV!) 

SUB 

fF6$ii 
R~ - 'POINT TO SL,OT FOR Fl~ST NON-ZERO OIGIT 
PCSP).,RI; 

PC,DbSS9 

TYPE ~SP) 

,GO INSERT l~L. DIGITS 

ONES9 'AL.L. THROUGH IF F rO~MAT 
EFE,9 'GO FINISH E FORMAT 
~4,b~SP) lMA~E ROOM FOR E Fl!L.O 

R5 
P~SPJ 

FFES~ 'PROCESS AS F FMT i RETURN TO E'MTi 
O(SP.~,R5 'G~T ROUND1NG FACTOR 

P~SPJ.,R5' 

PC,Ri,JDI9. 

L. csPh 115 

OtSPJ,FH5 

R~' 
R~, POINT PiP), 

P tSp)., R~' 

AL.~OW fOR P SCALE 

,GO USE IT 

,POINT TO ~IGN SL.OT 

POINT S~QT • ~·O.l 
SAVE ~OCATlON fOR • 

R~' $l~N S~OT· L.-OMP.2 
PC,lijNS9 ,GO CHECK WlDTH AND INSERT SIGN 

cP~,DijSS9 ,GO PROCESa A~~ DIGITS 

PCSPI,EE~'CiP) 'CORR~CT EXPON~NT FOR P 

I..tSPJ,R3 

TYPE'" 1 eSP) , (R~' ... 

EeXp~sPl,R4 

'MOVE OUT E OR 0 

EXPS9 IJUMP IF EXPONENT POSITlVE 
R4 'GET A6S0L.YTE VA~U~ 
#'.,~R3)+ 'INSERT • 

EXU9 
.' dR3)+ .INSERT ij~ANK POR ... 

"0,~R3 ICI..EAR T~NS DIGIT 

.,0.,R4 'TEST FOR TENS 

( 

( 

( 

( 

.. -

(I 



SOCOfU MACRO VR!i:l4 11 14 
(~ 

07-SEP",72 1 P4~ PA~E 14. f'7 

199 6 fij 144 0024132 61.T EX2S9 
200 fhl~b UH5~U INCti flRJ , ACCUMUL.A Tt:. HNS 
2U I>IilU ~00n\5 tJR EX~$~ 

202 6U2 002704 ~Xa$91 ADD .,2,1<4 'GET POSl T1 Ve: UNITS 
c 000012 

2O;) bUts 11046~ Mova R4,1~R3l IMUVE UN US OUT 
2100001 

204 00i2 00a10lS ON~Sg. ADO "8 II ~p 
00fl1010 

205 62126 U260~ MOV (SP)+,R!5 
2faO e0~0 U2~04 MOV CiP,+,R4 
2147 60~a 012666 MOV ($P)·,6(~Pl ,MOVE FL,AG AND RETURN UP 

Iil 11"110 ~HJ 
21i1i 60:.16 0l2b(Ui MOV ($P)·,6tSPl) 

021000(5 

( 
209 0042 02202ei eMF' CSP)+,(S,"". ,FI.USM JUNK 
210 0044 00B 126 ROI.. (SF')· ISET C BIT IF ERRO~ 

au 1)046 00121207 RT$ Pt; ; RETURN TO CAI.I.ER 
Ui 
au 1 MUL. UPL, V CONTENT:j Of loll . , . R4 BY ~/4. 
214 , ANY OVERFL.OW GOf.~ INTO R0. 
ue 00~0 010146 M!54S91 MOV Rl,.~SP) ,S/4X"X+X/4 
218 60Q2 !fJ10it46 MQV R~,III~SP' 
211 60~4 liH0ij46 Mav ~\1,.~iP) 
us ISIa;)b u~44e MOV R4,-~SP) 
21 9 eili:,ch, 0.,4167 JSR Pc,IiUTi9 ,X/2 

( rD00~51ll 
220 (5064 ~04761 -ISH PC,Rn$~ ,X/4 

000~44 
221 0070 'HH5~~4 AOC R4 'ROUND 
222 t:i072 00ee50i1 ADC; R3 
22.- t.ira74 005~"2 . AO~ R2 
224 6076 [fHHi:;)01 AOI; Rl 
226 SUe 1iJ6:atita4 AOO (&P'''',R4 
22fS 0102. 00'~03 AOC R~ 
221 tU04 00t5b02 Aoe R~ 

( 
22$ ''1'''5 1d05~01 Ace ;q 
2211) 6110 1d05Ci00 Ape; R0 
230 6lJ,2 062ti03 ADO CSP'''',R3 
231 004 005002 ADC R2 
2;J2 SUb I/II/If;Ci01 AOe Rl 
23~ ()120 0rIHj::S~H:l AOC; R0 
234 6122 062002 ADO (SP)+,R2 
2;)!') CHi4 1Zl1il5~U Ace RJ, 

4, 236 6126 00!500kl AOe R~ 
2;)7 611'0 062601 ADO (SP)+,Rl 
2;)8 61~2 1l:l05~00 AOe:: R[(I 
2!19 61.)4 010021211 ~TS PC 'RETURN TO CAL.L.ER 
240 , 
241 , 
242 61it(j U270"5 r~4;$9 I MOV 4;16.,~5 , NIJL. TIPI.. Y ~11 .. R4 8Y 4/5 

1;""01(120 
2';) 61 42 fr)itl4767 JSfii PC,fUTS9 

0210466 

C 
244 6146 01044t> MOV R.4,.~SP' 
245 CH :i0 010J46 MOV FlJ,",,~SP) 
246 0102 ID 10~46 MOV R2,.tSPJ 



SOC004 MAC~O IIR04\1J114 rn"'SEP.72 1114~ PAI.iE: 14. j/P (-

247 81~4 IDl0146 MOV Rl,\I!I~SP) 
248 ~1!>6 004767 M:5U9; J$R PC,RHSg 

"'~1IJ4!1~ 
249 b1 6 2 kH647 tl7 "'SH Pc,RlTS9 ... 

2100446 
250 61 66 ~12/00 MQV 4fa,Rlj! 

00011'04 
21)1 6172 21164767 M5lt$9; JSR PC,R~T$9 

0004315 
2:)2 61 7e (666()04 ADO 6tSrlJ.,R4 

10 liH.l0 06 
au 6202 li'IiCl5b03 Aile R3 
204 f>2rJ4 ~i/.I50\\\a Aot; R2 
25:) 62 ,,)f,S idlil5bllll AOC; !iil 
2/H5 5210 06660J AOO 4tSPJ.,R3 

( 000004 
2~1 t!i214 005~0i A.DC R2 
258 6ue 00~e10" AD!; R1 
259 5220 ~o660i ADO 2 CSP-J.,R2 

000002 
2150 0224 f005\)~1 AOC FU 
2S, tJ226 0ei 1601 APO 'I:iP,~l 
282 62;'0 fr:)05~0(IJ ot:c R0 
26;) ()2~2 itJ03.;)07 6GT MoU!iI 
264 Oii!\~4 0!1l6~0~ OEC fH5 
265 C>2i$S k:l0:$~47 i3GT M~U9 ( 2156 6f!4f4 11'62 1 06 ADD 4fs.,IliP IFL.USH MUt.. TXPL.IER 

000010 
261 ti;l44 0i60201 RU PC 
268 , 
2eiSi , MUL. TlPL. Y THE cot-fre:NTS OF R0 , • I R4 BY 8, 
270 ; NO OVfiRfl.,OW U ANTICIPATED 
271 6246 010546 M1.,8S9' MOV FH,;,!IJI~SP' 
272 021>0 012705 MOil 4fiS,R~ 

IZIIh.'l0rU 
21;) 62:)4 iOIZI6i.)(64 M8USI; .51. R4 
274 es2~t5 006103 ~Olo. R3 ( 275 O~6k1 0iiH5U2 ROL. R2 
276 6262 IQIiHHU /(ot.. R1 
277 e~64 ki!iJo A 0fcl FCQ'- FUl 
270 62Qb 1t105'i0o DEC R~ 

279 ti270 I~H;';3311 iGT MUS!!i 
280 6212 !a U b05 MOV tSP)+,R5 
au 6214 000207 titTS PC 
282 5276 1I:'l1tl5126 ERI<$9; Tn (5P)+ 'POP RETURN 
283 «)300 01600~ MOV SCSPJ.,R3 ,POINT TO Ii IEL.O BEGIN 

01cl01i:l26 
284 ti3i44 ~ 1tSb04 MOV L.C$PJ.,R4 ,Gf:.T FIEI..O END +1 Ir 

fd0ii;l024 
285 bU0 U516t1 TSTe TYPe:~SP) 'CHEC;K IF END MODIPIEO 

0vHH114 
21Hl b1314 k:l0140:a Be;1iI STSSii 'NO, THIS 1$" r FORMAT 
287 63U ro62'~4 AOD .4,R4 'PUT BACK t:XPONENT SPACE 

011"/1004 

(. 288 b~22 1l212~ STljSQI MOV~ " , .. , tR3,+ ,FXL.L. FliL,D WITH .. I 

Ii:I 0 IiHl 52 
2Sg (;i~2fS 020~04 CMP RJ,R4 



.. 

c 

290 f)3~0 u~n .. 
291 ti~~2 005166 

r11001il14 
292 ti~~6 000o~1 
29J 
294 
295 
29~ 
291 
298 ti3 40 0201527 

000024 
299 «5;'44 0~30154 
300 6;)46 0105tHJ 

12l1iIG:1iil06 
~ru el3~2 "014lH~ 
~0a ti~54 002450 
iHl3 ti356 fa 1011.146 
~04 6;,00 Icl hH 46 
30' 63t>2 121 U24CS 
300 6;)04 1lI10;)46 
301 63bb 11:110 •• 6 
308 63711' 012701 

'000fIH!I 
309 t:i~7 4 "0:h~0a 
~10 0376 ","5003 
311 li400 1d05101(14 
312 64V.l2 I/lldea60 

000020 
;$13 «1406 001 4 11 
314 6410 0164167 

177b22 
315 64'4 11)04167 

000214 
UO 6420 004761 

0~0iU 
U 7 6424 1d!l)4767 

0012141!04 
US 64~0 000104 
319 64~2 00e)000 
320 fi4it4 121621:104 
32 ~ 0446 flli(H5003 
~a2 "~41/J 1001)1)02 
~a3 0442 V)vl6001 
324 6444 06260~ 
325 04.e 0ltHHi02 
326 (:i4b0 liHHHJ01 
;)21 0402 lcloZt:i02 
328 641'4 ",051)01 
329 tl4b~ 1tl62601 
330 0400 10050~~ 
331 6462 0626ri;H4 
i532 6404 02270~ 

000012 
333 0470 01'03002 
334 ti412 1t1r.!l526e1 

00001 !d 
33:) Ci47fJ 0~0201 

, , , , , 
RUUs91 

RU,l $9; 

~~o 8T5$9 'JUMP IF MORE TO GU 
COM TYPE~$P' 'F~AG ERROH 

SR ONES iii 

ROUND THE CONTENfS OF H0 .,. R4 TO THE PRECISION 
QPEClfXEO BY R5. 
THIS ROUTINE IS SHORTER THAN T~E TAB~i THAT 
OTHERWISE WOULD ijE NiEDED. 
eMF! RO,.~0. 

BGT RUi$9 'JUMP IF NCT WORTH ROUNDING 

1/1 

MOV R~,B~XP.~+2(SP) ,SAVE ROUNDING PRECISION IN TEMP 

ij~Q RU3S1i1 'JUMP IF ROUNO 1$ TO ~EAOING DIGIT 
6~T RU119 'JUMP IF NO R.OUNDING TO 00 
MOV R0,.~SP)· 
MOV Rl, .. tsP) 
MOV R2,"t~P' 
MOV R~,.~SP) 
Mav R4,.~SP' 
MOV .100000,Hi ,INIERT ,5 

CLR 
t;1..~ 
tV~ 
DEC 

R2 
R;.) 
R4 
Bt.XP+0+2+10. esP) 

6~Q RODS~ 'JUMP IF DONE 

'COUNT PRECISION 

JSR PC,M 45S9 ,MULTIPLY ijy 4/5 

JSR PC,R~TS9 

JSR P~,R~T$9 

JSR PC,R1TS9 ,OlV10E ijy e 

6R HOf$~ ,GO CHECK IF DON' WITH FACTOR 
CL,R RIc:l 
AOO CSP).,R4 'ADD '~ACT'ON To RND 'ACTOR 
Ape R3 
ADe R2 
Aoe Rl 
AOO (SP).,Ra 
AOC R2 
Aoe "1 
ADO (SPJ +, R2 
Aot R' 
AOD (~P).,Rl 
AOC ,~1tI 
ADO (5P).,RIlJ 
CMP NU.,R0 

8GT RUl19 'JUMP IF NO OVERFLOW 
INC E~XP+2(S~J ,BUMP DECIMAL EXPONENT 

RTS PC I~ETURN fa CALLER 



1 
2 
;5 
4 
b 
6 ., 
8 
9 
10 
11, 
12 
13 
14 
15 
16 
17 
113 
19 
20 
21 
22 
2J 
24 
2~ 
26 
21 
28 
2~ 
30 
;U 
32 
33 liHHj:!0 
34 iil6f)~2 
3~ filtil)04 
36 2106015 
37 0b660 

36 0b664 

31:1 00610 

40 06614 

41 067i!l0 

42 00104 

43 00710 

44 06714 
4:5 0f:i716 
46 1116720 
47 067a2 
48 ",tile4 
49 0b726 
50 067;'0 

• U TI..f. $OI..G!d3 
.IFOr- CNIJ! 10 , 

1 O~OG V00$A , 
, ~OPYRIGHT 1~7i, Ol~ITA~ EQUIPMENT CORPORATION, MAYNARO,MA$S , 

00liHil016 
0001t.i01 
til iii ~J!lHa ~ 
v.liOv)~03 

1Cl0~"'04 
000~H:~5 
fCllil011l06 
¥'J!II0!d!a7 
!(liOl(! It:l 00 
~00001 
!thH1Kl02 
1il100id0J 

, , , , , ,4 ; , , 

1il1174t:l DLJJGUlI 
vH'l0401 
00:;1(146 OI..Uij; 
(Q Uti46 L.OliU 01 
016t)04 
~00idl!3;,l 
!tI02'~4 
000010 
012746 
147l)72 
U2'4fJ 
173721 
012146 
011il21 
01214" 
13761H 
162/06 
000Vl10 
1j!~4446 
0l444U 
01444ei 
~14446 
003001 
Icl06H6 
116666 

.GL.OBI" 

.IPNDF 
• GL. 0 IH .. 
,ENOe: 

O~OG'O~O~10,$ERR' 
FIi'U 
$POL~H,$ADD,SSBO,$M~O,$OVO,SIO,$POPR4' 

T~~ FORTRAN DLOG AND DLOG1~ 
CA~~ING StQU~NCe' 
J5~ RO,OLOG tOR O~UG10) 
6~ A 
.WORD ARGUMENT ADDRESS 

Rc.TURNS L,N(ARG) tOR L.OGU(ARG)) IN RI2I OIl! RJ. 

R01X0 
~l!1U 
fi<2l!iX2 
RJ!I%3 
k41U 
k511%~ 
6plI%Q 
PCU? 
F0111X0 
Fl1lel 
F2111%2 
" JIIU 
.I"NOP' 
MOV 
I:iR 
'1..1< 
MOV 
MOV 

ADD 

MOV 

MOV 

MOV 

MOil 

sue 

MOV 
MOV 
MOV 
MOV 
6L.~ 
AS!" 
MOil6 

FPU 
'PC,-C$PJ_ 
L.OGU0 
"tSPJ_ , fOl"AG 
R:), .. ~SP) 
2CR5'"R4 

OI..OG 
,&AVE RETU~N POINTER 
,Gc.T ARG APORtSS 

.S.,W4 'POINT TO LEAST S[GNIFICANT PART 

#1411)72,"'CSP) 

'*173721,"'CSP) 

#071 id 21,"'CSP) 

.~37Q61, ... (SP) 

;PUSH wl/2*L.N(2) 

.8,,~p ;GET WORK SPACE 

.CR4~, ... C'P) ,GET ARG 
wt'Ul,I!!P(SP) 
-(R4J,,,,,C SP) 
• tF~4i, ... (SP) 
E~R$10 'JUMP IF NOT POSITIVE 
,SP 
1,SPJ,26.CSP) ·IGET ~XPONENT 

... 

c 



( 

( 

r,H'00lill 
~rihl"'3iil 

51 liH'7~6 112'66 
000~0~ 
V')\i'HHI01 

sa 06744 ltli:lt)\i)tU 
5 J 0 Q14 e; ~ U 1 ~ 6 

1!)n45 
54 0t;752 ¥.l1274ei 

031171 
55 ((1('7 e>6 '" ~ 27 46 

0~2a6" 
56 0~702 01274ei 

040tiHH!i 
57 (Ilf>70(i I()lbb46 

0001il16 
58 06772 01604($ 

l/l[iHH'l16 
5~ 015776 ~1t)(;i46 

00001e 
60 07002 016040 

iIl01il1tl1() 
61 070id6 1i11214d 

1t5714!5 
62 07012 kl1214Q 

031771 
63 070Ui ~12'46 

ro02"e~ 
64 07022 IIll2740 

Vl40065 
fH5 07026 0044e>1 

U2f.Ha 
66 070\$2 'cH'0700 I 

07034 00781:10 1 

0701)6 0007041 
070 4 \0 ItH2i10 1 

67 
68 07042 !iH:l7~"61 

~7044 0i117a4e, 
69 0111146 lIli61461 
70 07000 017015' 
11 070~2 007i441 
72 070~4 0~o146'XPD$10; 

07kHie; 0fd0104' 
"'000 ru 6i4t> t 
0700a ~\Q0704' 
07004 itllo~40' 
0700b liHl0704' 
~r1a10 1tl1614!)' 
~"072 IIH10104' 

73 ~7074 0161461 
~7076 000704' 
011!()\il idle14!:" 
071'-12 k:l0iQi'\lJ4' 
071kl4 iQ1614~1 
07tiJ.16 ~kl\l.!704' 

74 

Mova 

ROR 
MOV 

Mav 

Mev 
MOV 

MOV 

HOV 

MOV 

MOV 

MOV 

MOV 

MOV 

Mev 

J5R 

,\IIORO 

.WORD 

.WO~D 
,WORD 
.WORD 
,!IIORO 

,WORD 

UP 
__ 157145,"lSP' 

~0311n,"CSP) 

#002~63,,,(SP) 

#040~65,,,,,(SP) 

14. (~P) ,"'esP) 
14,(~P),,,,,(SP) 

l4. (~P' ,"'CSP) 

14. (~P) ,"'CSP) 

#1e5n45,"CSP) 

#0317'71,"(5P) 

if002~63'''($P) 

.~40!IJe5,I!I(SPJ 

R4,$ f1 0I..SH 

'PUSH )( 

1ENTER PQI..ISH MODE 

;Gi:.T ChROOT2l1 

I(X+ROOT2) 
'G~T THR~E COPIES 

SMI..D 1SET UP POI..YNOMIAI.. 
$POP~4 ,POP Y 
ReGU~ 
SMLD,SADU,SMLD,$ADO,iMLO,$AQO,$MLD,SADD 



$OL.G0~ MAt;RO VR04"'14 1117-SEP ... 72 1114i.i !'AliE is. ~t/ ( 
7~ 011U ~1i!7232' ,WORD S'L.S'0,S~D,PL2$10,$MLO 'GET I..N(EXP) 

07112 liU6!446, 
01U4 flI07ii!70I 
07U6 (61t)1461 

7t; ~71a0 1il0~704' .WORD SADD,EXl i 10 ICUMI:n~E WlTH FfUCTlON 
071fl2 007i>t:iP 

77 ;ANO CHe:CK IF DONE 
78 07124 Uti 1 ~HP .It/ORD SMI..O,El(liU , MUL, Tl PI.. Y 6y L.O~10 eEl ANO RETURN 

\il7125 007 J l:Z' 
79 k17Ura lOoIC106 ~R~'UI AOO .1f24.,SP ''"L.USH JUNK 

fD00k)~0 

80 07134 004~e>7 JSR RO,$t:.RR 
IQl2~4e1 

81 07140 1il~0ti1tl4 eR E~O$10 
82 07142 004 • BYTE 4 

( 83 07143 k103 ,BYTE: :s 
84 , 
ab 01144 12112104 REI;Ulal Mav lie ON:l10+ 1i1 _ , R4 ,POINT TO COEFI'lCIENTS 

IlIil:l7 M'iilI 
6e 071~0 (O1270~ MOV .7,R~ ,eEVEN CONSTANTS 

0iC10~01 
87 0'11)4 1600040. ~R S'fCU 0 
a6 07155 010J40 ST~S101 MOV R:),,,,~SP' 
89 ,,71fi0 010~45 MOV Fl2,.~SP' 
90 \iJ716jil 1010146 MOV jiU,,,,~SP' H~USH y 
91 07104 IdHl~46 MOV R0,.~SP) ( 92 iD716t) 1/:'14446 ST~UIU MOV '" Cfoi4J., '" t~P) ,PIJSH CO~FFXC1~NT 
9;) 01110 014445 MOV II (!il4~.,'!11 eSP) 
94 01172 111"4446 MOV "'tIHJ., .. C~P) 
95 071 1 4 1lJ14446. MOV ·tR4'.,,,(~P) 
96 0717e 00~i305 DEC R~ 'COUNT CONaTANTS 
97 07200 003af.i6 eGT STKU0 
98 07202 012704 MOV .XPDI10,~4 ,Sf:;T UP RETURN TO I..XST 

~070!541 

99 07206 ii'00134 ..IMP .. CR4l .• 
100 , 

( 1':11 72U 012666 UPltlkH MOV (SP) +, 2~. (SP) ,MOVE UI;.M TO WORK SPAtE 
000!d26 

102 7214 012666 MOV C:;P)·,22.C$P) 
000025 

103 72~0 1i'l12()(j('i MOV C5Pl+,22.tSP) 
0la01il2t!l 

104 72~4 0~266C> MOil CiP)+,22.(SP) 
00011126 .to 

1iII~ 721;0 001/1134 JMP .. ClUJ + 
106 , 
107 72~2 "'!iH5f441!i SCL.U (01 eL.f( -esp, 
108 72~4 11,)otl16 sua 12.CtP),'SP 'Gto;T r;XPONti:NT • 

~00014 
109 7240 ~0211ei sus #200,.SP ,REMOVe: t;;X(;ES$ 128 

ii"Q0~00 
1114 7244 000134 -iMP • (RAJ ... 
Ul , 
U2 7246 I/lld046 DUPU",' MOV e tSP~., III (:;P) 

( 000006 ) 

113 72:52 liH6540 MOV 6(SP),'!!!(:$P) ,OUPL.ICATe: STACK ITEM 
000iil06 



c 

c. 

U4 laOS 

11 5 12()2 

116 7206 
Ul 
118 7270 

USI 721~ 

120 7~00 

Ul 73fd4 

. 122 7~U 
lai5 
124 7~12 

laC5 lU6 
128 1320 

121 7324 

128 7;S~0 

129 73~4 

U0 73421 
131 la412 
l32 73 4 4 
U~ 1~4e 
134 7Jl)k'j 
Ub 1302 
136 13:)4 
lIS7 7306 
UCI 
Uri 
140 
141 
142 
143 
144 
145 
14t.s 
147 
148 
149 
,:)0 
1~1 
152 
163 
1:54 
15;' 
158 
157 
leiS 
3.59 

016646 
000006 
Vl16646 
1lI00~06 
000U4 

012746 
147:>72 
U2746 
17~721 
012746 
071021 
kl12146 
040061 
\lI00U4 

10!5i$66 
0000U 
f\102411 
012148 
024U2 
01214Ei 
124467 
Id U7 4C5 
0e15730 
0127M$ 
[(J\S77\!Cj 
001ilU4 
16 Uth()0 
012601 
012 6 0a 
U2ti03 
IUlQ05 
kUI5126 
000205 

, 

MO~ 

MO~ 

JMP 

PL.~S1"'; MOV 

, 

MOV 

MOV 

MOV 

JMP 

ttl( U l!cH OEca 

61..1 
MQV 

MOV 

HOV 

MOV 

JMP 
LGT$U'II MOV 

MOV 
MOV 
MOV 

e:ROU0IMOV 
TST 
RTS 
.ENOC 

• If' OF 
t,)I,.UGUI MOV 

SR 
OI..OG. CLoH 
1..0~UU SETO 

SEU 
MOV 
LoOD 
epee 

, 

tit..E 
6TEXP 
I..OCI0 
MUL.O 
L.OE;;XP 

LOO 
SIJ~O 
AODO 
DIVD 
I..OD 

etsP) .• "CSP) 

s tSPJ., '" (:'.iP) 

If! tR4}.'" 

#147b12,"CSP) 

#P31.21,"'CSP) 

• 011 ~21 , '11( S P ) 

.~40051, .. CSP) 

.tR4J. 

l'.(~P) 'CHECK FOR ALOG10 

I"GTsi0 INO, DONE 
~HDIa4 HI2,' tsP) 

~H 24 467," tSP) 

.05573fD,·CSP) 

."31 736,"CSP) 

'CR4l+ 
(SP)+,R0 
(IiP)+,Rl 
CIP)·,FC2 
(SP,·,R;'S 
(SP)+,RI5 
(Sp).. , fi'I..UIHt 
RO 

FPU 
'PC,~t41 
I,.OGU0' 
R4, , , 
."·CO<ll10,HU 
.2(Rb"tr2, 

EHRU01 
'2,R3., 
fH, Fi), 
(Rkl)+,F31 
#~, p~, 

F2,,.·1, 
C~I/I)'f2' 
C~0)+,FlI 
Fl,F2,· 
F2,F~' 

,POP RESUL,T 

IRi$TORE Rt;TURN 
F!"AG 

GET 0004XX AS O~OG10 FLAG 

GET 0 AS D~OG FLAG 
DOUBLE PRECISION " 
SHORT INTEGERS 
POINTER TO CONSTANTS 

GET ARG 

JUMP IF NOT POSITIVE 
G~T EXPONENT Of ARGUMENT 
CONveRT TO PP FORM 
SCALE FACTOR.EX'ONENT~I..N(2) 
TRANSfORM ARG TO(1/2,1) 

)(1II!1/2*SQRTt2) 
x+li2·SQRTt2) 
w,tx-~OOT2)/(X+~OOT2) 



160 
161 
U2 
163 
164 
165 
166 
167 
168 
HIS) 
110 
171 
17a 
11;) 
174 
1'~ 
176 
P7 
178 
179 
181D 
181 
U2 
U~ 
184 
180 
186 
lal 
168 
189 
19i1 
191 
192 
193 
194 
195 
Ui6 
lSJ77;SCSa kl~745tJ 

7;'b2 106270 
198 7304 157 lens 

7356 174710 

, MUL"O 

MOV 
1.00 

XPI)U 01 MUL.O 
Oft; 
AOOO 
aGT 
MUL.O 
ALHlO 
AOOO 
TST 
SEQ 
MUL"O , 

L.GTU01 ~TO 

, 

MOV 
MOV 
MOV 
MOV 
RU 

fRRU0; JSR 
HU 
.BYTE 
.anE 

'I'1,F", 
*16, ru, 
(110) +, Ftc" F1,,,0, 
RU 
(R0)·,f0' 
x'posU, 
F2,FI6, 
C.ji(~) +" 0' 
FJ,Pfd, 
/14' 
L,GTU0, 
"HI) ,p' 0 , 

fi0,.tSP)I 
C5P)+,R01 
(SP,·,RlI 
tSP)+,R21 
(SP)+,R3' 
k~' 

R~,St;.RR' 
F'H', 
4 
3 

COUNT CONSTANTS FOR POL"YNOMIAL 
INITIALIZE.CCUMUL"ATOR 

COUNT 
F0;,1 y.ro0 • Ctl) 
L.OOP 

F0''1 W*F0 e 1/2*LNcal 
ADO SCALE fACTOR FOR EXPON~NT 
TEST OLOG10 FLAG 

OLOG10 • O~OG*LOG10tEl 

MoVE RESULT TO STACK 
ANO TENCE TO R0, •• R3 

EXlT 

ERROR 4,a 
fXXT • NO STACK CLEANUP REQUIRED 

, , , , 
O~OER"'OEPt;Not;'t/T C,Cl'NS T AN rs fi' OR ROUU Nf 

fiCUs 10' , 
, 

R0 POINTS AT CURWENT CONSTANT IN FPU VERSION 

,WORD 0400bl,0110~7, 
.~ORO 113721,1 415121 

,lIiORD 
.WORO 
.e:NOC 

040065,00236~, 1/2*SQRTt2J 
031771.1:)71415, . 

,wo~o 0J14~5,106270 ,.16948212 488 

.WORD 

199 , 
2(()IU 7370 037411 

7372 0727\U 
201 7374 13771es 

. 7316 U1~10 
202 ; 
2t4J '4~0 ~~7:>44 

74ril2 llU5~ 
204 74~4 ~6'-1101 

7406 1J5465 
205 , 
2i30 7 410 ~37 Q22 

14~2 fe'44430 
207 7414 K)07;)0(S 

1418 0ti3062 
208 1 

,WORO 0374 71,072731 

.WORO 1317'e)11711~ 

,WORD ~37543,111153 1.222238231327 91 

,WORD 0e01~1,1~546~ 

.wo~o 0~7622,044436 1.2857140915904689 

,wORD 0073fd~,06~062 

( 



(--
" 

209 74alll ra37714 
7422 146U4 

au 7424 1:>34fHl 
74ie HHII7') 

~, au 
au 14~0 04111iiS!52 

7432 l25252 
213 74;)4 u~a., 

74;)6 004043 
214 
lUIS 14421 040400 

7442 !/HII~001d 

216 7444 IOI4IUI(J~ 
7446 IDrIlliHJ151 

all 

(~ 
218 
au 
220 
221 
222 
22a 
224 
225 
226 

t~-

, 
CONiUH 

, , 
, 

,WORD 

,WORD 

.wo~o 

.WORO 

.WOjitO 

,WORD 

.IFOr 
MO~E 

.wo~o 

.WORO 

0~77U, l4tl314 '.400000~0'206045365 

1034 00, 1~5n3 

ra4~0()2,1;.l52!!i2 ,,6666b6OS6663J660S94 

,252 41,01(14643 

040400,0091000 '2.0000000~000000261 

0000ro0,0~0057 

FPU 
ORO~H"'O;PENLa:.NT CONSTANTS 

1~1661,071027' ·1/~.~N(2) 
l1a1 21,1 41512, 

.wO~D 0~77~6,0~513r1l' ~OG10tE) 

.WORD 1244~1,024162' 

.ENor; 

.~NOC 



i 
2 
is 
4 
b 
6 
7 , 
e , 
9 , 
10 I 
l' 000000 
12 ~Ir3\l1IaU 
U "012l~0a 
14 \illiHil~0;$ 
10 iQVJ0004 
16 ~~01a0b 
17 0fiH21006 
U 1.77~04 
19 1773\ti 
20 000000 
21 00U01 
22 
23 JDINTI 
a4 
2:5 
26 
27 
28 
29 
30 
31 074a0 012600 !OlNT; 
32 014l>2 012601 
33 11174:)4 III 12602 
34 07 4~6 012603 
~o V)140(IJ Id 10440 
;U 'IJ' 402 I(j 10040 
37 074t:i4 1'10004 
38 07466 "06104 
39 07470 105004 
4121 074'2 fdVl0~04 
4' 01474 152104 

1/l(/J0a7~ 

42 01 l!iitl0 0132041 
4J 0"~1iI2 02211214 

1111114 
44 ,,7506 00240:; 
4~ 07b10 01cl0000 
415 0ll:H 2 0050U 
47 ~'~~4 ~~6~0a C2JS11; 
48 07!H.l fd05Vl03 
49 1117520 ~ill043i 
60 ~1022 SH~$l~' 
tH 
52 07~~2 0U40~ 
5~ 07tH!4 022704 

17774" 
54 075~0 rli02410 

• Tl TI..f SONT02 
.1 ~ () ,.. C N 0 U 1 

$D~NT V0~aA 

.(;~OBI" stUNT 
COPyRIGHT 1911, UIGITA~ EQUIPMENT CORP., MAYNARO, 
01& INTERNAL FUN'T~ON TO 'INO THE INTEGER 
PART OF A ooUa~t PRECISION NUMBER. 
CALL£O IN TH~ POLISH MOOE, 
R0IU 
Rl!1!U 
R21U 
kJU3 
~4111%4 
/i(5"%6 
81"1%6 
MQIl17304 
A5HI177H6 
F0U0 

FPU 
1700H "$~TO 
17 24ae , ,1,,00 
1114Q7,iI 
17 41 ~ e , rs T D 
"tR4J.'" ',RETURN 
04IUIc10,0,0,1IJ 

FtlU 
(8P)+,R0 
(&P)+,Rl 
CSP)·,R2 
CSP)·,R3 
R4,·CSP) 
~!S,.tsP) 

(SfI)+,FO 
"MODO QNt.,F0 
p'l·,,-(S II' ) 
TO ,CA I.l.e;~ 
,FL.OATlNIi 1. 

,POP OOUlil..c; ARG 

F1Ul 
.H' Of 
.!IIORD 
.WORO 
.wORO 
,il/ORO 
JMP 
,WORD 
.ENOC 
.IfiNQF 
MOIJ 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
ROI.. 
CLRB 
hAS 
iUti 

~0,R4 liaT EXPON~NT 
R4 
R4 
R4 
~a10,R4 ICONVERT TO -5Hl'T COUNT 

'I..OAD ARG 
'GET INTEGt::R PAR 
;';P~SH IN'I'EG,E'R 

aGE ONEill 'JUMP IF ARG MusT~E INTEGER ALREAOV 
eMil' H,;,113, IU 

61..T SHFS~l 'JUMP TO G~T l~r~GiR pART 
CI..R ~0 'ANSWER IS 0 
CI..R R1 
CL.R ~2 
(a, iii R3 
a~ ONEU 1 

,IFNDF 
MOV 
CMP 

61..T 

EAE&MUI..DXV 
R4,R~ 'SAVE A CO~Y OF SHIFT COUNT 
~~32.,R4 .CHECK ",Ow OR HIGH TRUNCATION 

RURS 11 

( 
'-. 

(I 

c 



j 
, 

(r- SONT02 MACRO VR04"'14 "7I11SEP",,7? 1114~ PAGE 16 ... 59 

55 075.)2 001'770 SEQ C2;)'11 ,GO CI..t.AR ,,"OW QROEI( HAI..F 
5tS ~75"4 062704 A Of.) .J~,'R4 ;00 MIGH O~De;R 

000040 
'"', 57 07540 It! hl40Q MOV R4,R; 

5d 07042 1d061C100 RRU11l ROR R0 ISHHT OUT FRACUON ans 
59 07544 006001 ROF( Rl 
60 fd154C!1 tH/'I!5!il04 INC (.(4 

.... 61 0151)0 Ilh'l2174 BI..T RRUll 
tH! 07552 006;;i12l1 AsUlll ASL. loti ISi'llFT IN 015 
63 015~4 fI:10U00 ROL. R0 
64 075b6 005205 'NC He; 
6e.> \B15t)0 002774 t3L.T ,u1$11 
66 010 6 2 1C)1007 (:54 eR C!r!;JU, IGO CI..EAR 1..0w ORI.H;:H 
61 0715C)4 fiIliH!id02 ROI'CU 11 liaR R2 ''''OVE OUT ff RACTlON BITS 
58 0751'$6 006003 ROR R~ 

( 69 01570 011!!!I~04 INC R4 'COUNT 1..00P 
70 07572 002714 6L.T RORUl 

7' 0'Nf/4 1O~6~03 ASI"U l_ ASt.. RJ 
72 07~'6 006102 ROI.. Ra 
7J 0761d0 1lI~5~0:5 INt; «0 'COUNT 1..00P 
14 01802 00277 4 61..T ASI.,U 1 
1~ ,ENoe 
16 .iFOF iAe. 
'17 MOV .MQ,~5 'POINT TO MQ 
78 ,e;NOC 

f- 7fJ ,Ir-OF MUL.Ohqe::I\t 
80 eMF' ."'32.,R4 'CHECK FOR HIGH OR L.OW OROEft TRU 
81 6L.T R23Ul n.ow 
82 SEQ C;23U 1 lCI"EAR L.OW ORDER 
83 1l(0Ulll AOO .32,'R4 ""'IGM ORO!I< PARTS 
84 .IFOF MUL.01V 
80 ,ItiQRO 0731c'1IQ4 "ASHe R4,RfIl 'SHIF'T OUT FRACTION 
8«5 NEG R4 ISET TO SM1FT "'En 
87 • \\lORD 0730104 , , ASHe R4,R0 ltiii~ I hlG IN THE Ill! S 

88 ,ENDC 
89 .IPOF EAE 

C 90 Mav FU, ,1'(5 'HIGH 'ORDER TO AC,MQ 
91 Mav R0,.tRe5) 
92 MOV R4, • .,.SH ,SHIFT RIGHT 
93 NEG R4 
94 Mav R4,.-ASH ,SHIFT I..&:'Fr 
95 Mav (!HS) "', RItl ,RESUI..T TO REGS 
96 Mav 'H5,Hl 

4} 97 .ENOC 
98 bR C231~1 IGO (a.EAR I..ow ORLlEH 
99 .IfOF MUI,.OXV 
100 R2~U 11 .WORO 0732~4 "ASHe R4 ,f~2 
101 ~EG R4 

"" ua .WORD 0732~4 "ASHe IU,R2 'SHIFT IN ~'Jf S 
10~ .ENOC 
104 ,H'Of EAE 
105 fii2i>$11; MOV RJ,,(iC5 II..OW Oi<OfR TO AC,MQ 
ue MOV R2,,,,,~R~) 

( 
101 MOV f<4,fl'*ASH 'DUMP BITS 
108 NEG R4 
109 MOV R4"lfA.SM 'BRING IN fCI's 
110 MOV (R5)+,R2 , Re:SUI..T TO REGS 



SONT02 MACRO "R04"14 ld7.,Sep",,12 U 14~ PA(lE 16. c 
1t.l MOV '{ii!5,~3 
lU ,EN!)C 
111$ ,ENOC 
U4 7fSID4 0121>0t'$ DNt::SU I MOV (IiiP).,R5 
US '5~e 012CS04 Mev (5P).,R4 
116 1t) 10 010;"46 MOY RJ, .. ~SP) ,PUSH REi!)"'T 
117 ltH2 0' ~H~4I'.5 MOV R2, .. ~SP) 
U8 1614 010i41) MOV Rl,III~SP' 
11~ 16~tS I!Il l!lIkI_ei MOV FHtJ, .. ~SP' 
120 7620 1tI~01"4 JMP ",fUJ.+ 'RETURN 
H!1 .e:NOC 
12a ,ENOl; 

c 

c 

(, 



(~ 
'ORet2 MACRO VR04-14 07.SEP",12 11'4~ PAIIE 17 61 

1 .TITL.E StHH'12 
2 .IFOF CNOUZ 
3 .GL.OSt. $D~,iERf( 

4 , 'OR T,I'1E UQUiSL.E PRECUXON TO REA~ CONVERTER 
"1 5 , 

5 , .OR VIil02A ., I , , COPYRIGMT 1911, OIGlTAL eQUIPMENT CORP. , MAVNARD, MASS~ 

9 , ROUND THE TOP $TACt( IT~M 10 R~A~ FORMAT. 
10 000004 RuU 
U 01110000 Rbl%6 
12 w)~iIHhHj SIP I!! "6 
U 000000 Fi/lIIXIZI 
14 .%FOF FPU 
U lOR, ,WORD P0001 "SETF 

( 10 .IIjO~O 171425 , J\"OCOF (SP)"'''''i/I ,CONVI;RT ARG 
11 .wORD ,7121000 "eFee . ,GET CONDITION CODES 

- lIS eva ovuu 'JUMP IF Ove;~F L. OW ON ROI,IND 

U ,WOJifD 174046 "STF F0, .. CSP) 
20 JMP '(R4'., HI 
21 .ENQC 
22 IHN!;)' FPU 
2J 07&22 fd0616tJ SOH. HOL. 4t$PJ ;ROUND L.OW ORDER PART 

000004 
24 07eie ~015;60 Aoe at'p) 

000002 

(~ 25 076;)2 ~05~16 Aoe ,sp 
26 ft)76~4 U~406 !.iCS OVFUU ''''UM~ 1F OVe;RIi't,.ow 
27 07e;~e U24!t)e ava OVIUU 
28 07640 U20ti6 OR 1 Ii 2. Mev (SPl." 2 (j,P) ,Move; HI~Ht:.ST OROER PART 

[60r1l0212 
ali 07644 0uoe6 MQY (IjP)·,2t~P) 'MOV~ L.01'4 UROER REAL. 

000002 
~I/I 0761h, 000U4 JMP , tR4J .... 'RETURN 
~1 076~2 102262/;) OVHUliU t;MP C,p)·,,~Ii)+ ,FI..USH ARG 

32 011504 022620 CMP (SP,·,(S!i'l. 

(~ 
33 .r!,NOC 
iU 016~6 004~e1 OvU121 JSR R!,Sfi;RR 'ERROR 3,2~ 

012U4 
3e 1/176ei2 000401 tiff OR2Ua 
36 k)766' i!l0a • SHe: 3 
;J1 016~1:i "121 .ane 23, 
;se 07.seils 005046 OR.UUI CI"R IIItSPJ IRETURN 0, 
;'9 07670 1/l0e046 ca,R -cspJ 
40 07612 01i:l0U4 JMfi .tR4i. 
41 ,t;;NOC 

(~ 



, 
2 
~ 
4 
() 

6 ., 
e 
~ 
HI 
It 
1i 
U 
14 
1~ 
16 
11 
11 
19 
20 
2l 
22 
2~ 
~4 
lib 
26 
21 
28 
29 
;50 
U 
32 
;)J 
34 07574 
35 01616 

36 0n~2 
37 0nlt!4 

i58 07n0 

3~ 1217714 

'0 017ira 
41 07722 

42 0nae 

43 077~2 

44 0n;Hs 

45 07142 

46 07746 
077=>0 

47 071;>2 

• UTL.e; SO$Nk14 
,IFO'" CNOSU , 

, OSINCS V004A 
I 
, ~OPYRl~HT 197" OI~ITA~ EQUIPM~NT CORPORATION, MAYNARD,MA~S , 

01210000 
0liUHcali 
0~01d02 
001ak10i) 
illd0iil04 
00000' 
1il1r:l0tl106 
000001 
1000"'00 
iHU!I"01 
IDIi"HHH~ 
01d01d0~ 

, , , , , , 
, A , , 

"UJ046 Deus. 
UfH.504 
000002 
01t1e046 
(US4415 
000~06 
ue446 
~IUVJ04 
\iU6 4 4t) 
000002 
011440 
IdU74fJ 
0tS4.)02 
~12746 
HU0." 
"12746 
007732 
flH2746 
040Ul 
0Wl4467 
klU67e 
(000713'" 
0100001 
0U~4(ij DUNC 

011 N ,PCOS, • GI.QiH. 
.1~·NOfi' 

.GL.061.. 

.~NOC 

FPU 
S'OO'$S~U"M~O,$OVD,'DINT,'POL.SH,SPOPR" 

O$lN OCOS TH~ ooue~a PRECISION SIN AND COS 
FUNQUON$. 
CA~~lNG 6'QU'NC~; 
JSR R~,O$lN tOR OCOS) 
SR 1\ 
.WORO A~G ADCR~SS 

RETURNS 
Fi0lU 
RlI"l 
RUX2 
Ri3U3 
ii(4U4 
R!Sue 
$P'''O 
PCIII"7 
FIIHI'U 
nUl 
"2111%2 
F;SI~;S 

,IFNO" 
MOV 
MOV 

FPU 
R~,.,S') 
2 t~el., R4 

,SAVE R!TUHN POINTER 
,~ET ARGUMiNT ADDRESS 

CL.R .($P~ 'MAKE ROOM FOR QUAORANT 'LAG 
MQV 6CR4J.,IIIC~P) 

Mev 4 (R4J., III til') 

MOV 

MOV '~4,·($P~ 
MOV .~64302,·(SPl 

MOV *"21~41,.($Pl 

MOV 

MOV *040~11,III(SPl 

JS~ R4,$~O~SH 

,wQRD SAOO,SNC i 13 

MOV Re,lItsP) 

'PUSH AR~UMENT 

,PUSH PI/2 

'ENTE~ PUI.~SH MODE 

,coseX).SlN(X+Pl/2) 

,$AVE RETURN 

( 

( 

c 

c 



48 07704 

49 077e0 
fS0 07i'ba 

ell It!17i'ESe 

52 rtJ711'(. 

53 0771e 
54 If()01D0 
5:5 1O"O2 

56 UHH:HS 
57 UHU0 

( 58 10014 

59 1IiH"~0 

60 UJ024 

6" UI040 

Sa UIZl~4 
6;.} H10~6 
64 H,10 40 
(SO 10042 
66 10044 
67 10046 
68 100~0 
69 101/11>2 
70 100 04 
.,~ 100~e 
72 lld0ti0 
73 100 0 2 

( 
.-,- 74 1.00ti4 

\ 75 10066 
\ 
"-- 76 UHJ70 

7"/ 10072 
10074 
10f37t'i 
1 liH III 0 
10Ul2 

<; l1i1U4 
Ul11!16 
1v;UI:!! 

78 1\O11~ 

'" 
10114 
1~ll6 
1141f,h, 
lklll2 
lldllCll 
11D1aO 

/ 1~1J~ 

l 79 lldU2 
U UllJ4 

U St)04 
id~01d0i 
lOiOtilO4f> 
kl1ts44ti 
"'00006 
"lei44!) 
IlHHHl04 
Ub440 
fd00~0a 
01144 6 
(lj06~1e$ $N~U.!I 
01iHHHl6 
0fcH'J010 
!o!(l(Si016 
0"2746 
0ei4:$02 
012746 
12U'41 
"~274!S 
01077;$2 
012746 
040711 
"~44~S7 
011bU 
~ i i:!ilq" 1 
0U1t)4' 
10074fS0' 
0007001 
01~1761 
0101541 
0074501 
1il10216' 
rilI1.l0"~0' 
01~224' 
U0154 1QSt;.UH 
010154' 
1(116146' 
U1t>1ep 
010~~HH 
fd161.4!)lXPIJU31 
000704' 
0Ul401 
01i.1!lJ71!)41 
0t6~46' 
i,HH~7 ((14, 
",161401 
o lih,,7lr) 4 , 
~1614fJ' 
0001041 
eJ1614e)I 
I1ra0'~4' 
t:\1611lbl 
0fd01~4' 
01b14(il 
vJIr.l~7e4 I 

IQ16i40 1 
Idl7076'PF/4U31 

Mav 'G~r ARGUM~NT ADDRESS 

C~R .(SP~ ;MAKE ROOM POR QUADRANT F~AG 
MOV 6CR4i,~t$p) 

MOV 4tR4J,.,SP) 

MOV 2(R4J,.C~P) 

MOV _R4,·CSPJ 'PUS~ ARGUMENT 
AS~ _sp 'C~~AR SIGN AND SAVE IT 
ROR 8.CS~) 'IN QUADRANT '~AG 

ROR ,S!'J 
MOV .064J02,·CSP) 

MOV #121 1d 41,·CSP) 

MOV 

"TSR 

.WORD 
,WORD 
,WORD 
.WORO 
.WORD 
,WORD 
,~ORO 
.WORO 
.wU~o 
,WORD 
,WORD 
,WORD 
It/ORO 
.WORD 
,WORD 
,wORD 

.WORD 

'ENTER PO~ISH MQDE 

$O\'O 'X/2PI 
DUP!13 '2 COPIES 
SUINT IINTCX/2PIJ 
$Sao "RACT(X/2PI) 
X'il~ '4.FRACTeX/2PI, 
OVP$~3 '2 COPIE$ 
SDINT 'INT(4*FRACT(./2~I)) 
QUD$i3 'SAVE INTe ••• ,.,J 
$S80 IY;fRACTC4.'RACTtX/2PI)) 
QST$13 ;REDUCE Y TO '.1,1) 
OUP$l3 '2 COPIES 
OUP$~3 '3 COPIES 
S Ml,.[) IV *Y 
$POPH4 'SAvE Y.Y 
P~Y$l3 'PUSH COEFFICIENTS 
SM~D,$ADV,$ML.D,$AOO,$M~O,$ADD,iMLD,SAOO 

,WORD $M~O 1Y*P(Y*Y) 
,WORD 5POPH, ,POP HIGH UROfR NEiUL.T 



SOSNitl4 MACRO VRiD4""14 07·~H£llI",72 "p 43 PAl.iE 18+ (,V 
( 

81 101.)6 kH0140' ,\\lORD fHNU3 
82 101 40 01315726 RTNUJI rSl (~P). ,POP QUAORANT FL.AG 
83 101 42 VJ02~Wl2 aGe RUU3 'JUMP IF ARGUMENT W.U ... 
84 1fd1 4 4 ~6~a00 ADO .100k200,~0 IUNt·Xlh$INCX) 

100000 
80 1'01 0 21 kH2f)0~ RnU;'H MOV (SP)+,RO 
86 111l1!)2 01i'J0iH!JIS fHS R:) ;SACK TO CAL,I.ER 
87 , 
&8 101:)4 IiH6646 QUPil~1 MOV (i C~PJ.," tlSP) ,OUPL.ICAl'E STACK nEM 

Ii"Hlfd0S 
8!:1 l1i'llQ0 1016646 MOil 6CSPJ,'-CSP) 

0e101r:H'J IS 
90 lldl(S4 ~1664() MOV 6tSP~_,"'tSPl 

01tlk:l~05 
91 11d1 70 1ci166fH~ MOil 6 (SPh '" eSP) 

000I1HHJ 
( 92 10174 ~001 ~4 JMP 'eRA).+ 

93 , 
94 10176 005716 X4:ti131 TaT ,sP 'CHECK FOR o fFutTlON 
95 102100 001403 liEQ ZERU31 Qun NOW 
96 1~202 105266 INC8 J, ~SPl. ,QUAORUPI.E STACK ITEM 

liHtl0001 
97 102"'6 000134 JMP 'tR4J+ 
98 110210 012;"04 ZEHUJJ MOV I#F'R41j13, 1iC 4' RETURN ZERO RESULT 

0101341 
99 lld214 ~00U4 JMP .. 0(4) .... ' ust: POI,.UH 
U0 , C-un 0216 k}01666 QUUU.u 61S 'SP,16.,(I>P) , SAVE QUAD~ANT NUMBER 

liHcH1I020 
102 0222 liH10134 JMP 'CR4~'" 
103 , 
U,4 11)2 Ii: 4 1015766 QSTi13; TsrB 8. (SJil) , TEsT QUAORAN·r 

000~10 
101) ~2;S0 ~0141b SEQ Q13$13 iJUMP IF FIRST OR THIRD QUAD 
106 1(l232 06271 ~ ADD "UHlli'l00, 'SP INC.GATE STACK lTEM 

10000~ 

10' \i)2~6 kliOok:l4b CL,R -CSPJ 
(~ 1111'; 1d24121 \ilV)5id46 t;l,.fiI .. tSPl: 

'09 Vl242 00504t.1 CI,.R " CSP). ;PUSH A FI"OATlNG 1. 
110 16244 01214t:i MOil ,,402f40,.tsP) 

040~00 

111 02~1!I 01i144e)7 JSR R4,i POI,.5H 'ENTER POl-ISH 
011~70 

112 ftH!b4 ~H'0704 , .IIlORO 5ADO,QSldU ,X'l.""X 
Vi2:)6 U0260 , ). 

113 1I?201d il12704 QSI<SUJ MOV I#QSE lii 13,H4 ;POINT SACK INTo L. 1$T 
010Vl60 , 

114 021)4 106~eltl Q1~U.H AS~B g. (SP) ;TEST QU.ORANT 
000VJ11 .. 

115 
116 10210 103002 ace QUUU 'JUMP IF FIRST oR ~ECONO 

117 0272 062716 . AOO 1#1001000, 'tiP ,NEGATE STACK ITEM 
10(iHd0~ 

11(5 0215 U0134 tilUTU~; JMP 'tR4l ... 
U9 , 

(-12!tl 0300 012104 Pt,.Y$13. MOV .CON I 1J+S .,1I/4 Jf:lOINT TO I.ISr OF COEFFICIENTS ! 

~104~4' 



( 

121 kl304 

12a 0;)10 
12;) 0312 
124 !CU. 
lao 1il3~6 
126 03~0 
127 ~3a2 
128 0324 
129 0326 
,30 rU30 
131 0332 
lJ2 10334 
133 1t1336 

134 0~42 
UO 
1315 
1~1 
138 
139 
140 
141 
142 
143 
144 
14~ 
i4e 
147 
148 
i4g 
US0 
151 
1::12 
153 
Ui4 
155 
1:55 
1!57 
lesS 
15~ 
160 
161 
162 
16~ 
164 
16~ 
166 
U7 
US 
S,6g 
170 
171 
172 
173 
174 
175 

~12705 MOV 
wHl01i:lll 
00~404 ~~ 
01034e PY25131 MOV 
~1024e MOV 
~1~l46 MOV 
01~~4~ MOV 
~1444~ PylS13' MOV 
014446 MOil 
014446 MOV 
014446 MOil 
005305 DEC 
00330~ 8GT 
kl12704 MOil 
010072' 
~00134 JMP 

,ENoe , 
.x~'OF 

DeUSI SEro 
1..00 
AOOO 
SR 

OUt'" ano 
LoOO 

SNI,;S131 Ije:TI 
MOil 
CL.R 
CFCC 
BGE 
INC 
A8S0 

POSH3; 01110 
t-iOOO 
t:FCC: 
SEQ 
MOOD 
STeOI 
RQR 
ace 
NEGO 
AOOO 

Q13i131 ~OR 

, 
oCC 
NEGO 

Ql~U3; i..OP 
i'iy\"O 
MOV 
1..00 

XPUS131 f1UL.O 
OEi; 
ADOD 
6ST , 
MUL.O 
aT 

~94,~5 1NINE CONSTANTS 

PYUU 
R.3, .. lsP, 
R2, .. tSP) 
Rl,.tSP, 'P~SH Y.Y 
R!i:I,,,,,CSP) 
.. t~4l, .. (sP) ,PUSH CONSTANT 
.. CR4)., .. ($P) 
!!I tR4J" _lliP) 
,,(fi<4)., .. eSp) 
R~ ;COUNT COEfFICIENTS 
PY2$~3 
#XPO:i13,1"I4 

• CR4l." 

fPU , 
'aCR~),fllJ, 
PI2iU,filO, 
SNCU3, , 
4D2(R~),~Id, , 
#""Co i 13, 1oC 0, 
R4, , 
PUSU3' 
R4, 
Fill; 
(R0,+,P01 
#1,(!l,f0; 

RTNU31 
#4.0,nH 
Fl,Rl, 
RU 
Q13U31 
F0, 
#i.0,P01 
~u 
Q 12U 3' 
,.'~ , 
FIIl,F2, 
F2,jI!~, 

,.6,,1'<1' 
C~0)+,FP 
F'2,F~' 
RU 
(1'<0)+,FlI 
XPOU31 

Fl,F'iI), 
R4, 

OOU6L.E pRECISION FP 
GET ARGUMENT 
COS(X).SlNlX+PI/2) 

OOU61..E PRECISION FP 
GET ARGUMENT 
SHORT INlEIIERS 
POINT~R TO CONSTANTS 
SIGN fLAG: + ARG 
GET SIGN OF ARG 

SlGN fLAG ... A~G 
REMDVt ARGUMENT SIGN 
X/2PI 
f0' FRACTCX/2PI) 

EXIT ON ~ FRACTION 
'0' FRACTC4*PRACT(X/2PI) 

QUAD- INTC4*f~ACT(X/2PI») 

JUMP IF 'I~ST OR THIR QUAD 

JUMP IF FIRST OR 2ND QUAD 
Y II .. y 

Z:;Y""2 
COUNT OF CONSTANTS FOR POLYNOMIA 
INITIA~IlE ACCUMU~ATOR 

COUNT 
Fl;: ZI" + C(l) 
L.OOP 

f0h1 Y*Fl 
TE.~T SIGN FLAG 



., I r 

SOSN04 MACRO VR04"'14 07 .. Sf:.P.72 1114;) fi'AbE 16+ ~~ (-

17(5 eEQ RTNU3' 
177 NiGO f0, SIN(.X) , -UN ex) . 
178 RTNU31 STO F'0,.~SP)1 MOVE RESUL,T TO STACK 
179 MOV (SP)+,R0' ANO THf:NCE· TO R0".R~ 
180 MOV (SP)+,RU 
181 MOV (SP)+,R~' 

!Sa "'0 v tSfiP)+,R~' 

16:5 FitTS R~' EXU 
184 , 
165 P12U3, ,WORO 040311,O07732, P1/2 
188 .WORO 12U 4 1,1lit)4302, 
187 , 
llU , OROER.DEPEN~~NT ~ONSTANTS 

189 , 
~90 FCUU31 ,WORD 0407 H, [t!!iJ7732, 2*PI C-191 ,INO~O 1210 4 1,004302, 
192 .ENoe 
19,5 0~44 026716 ,\IIO~O 020n6,1067.03 ,.P8706109 S171E.l1 

iC1;S4Ci 106103 
194 1i(li$::iIQ 04esa77 ,wORD 045277,146362 

fd3~a 146~62 
HHS 
196 ldJt)4 1~i'iJ467 ,wORD 130461, ,J0273 ' •• fi6643a11206~96E·9 

03;)(1 1J6~7~ 
191 0;solti iIQJIO!')4 .WORD 12130:)4,123153 

0362 1,231t)3 ( 196 , 
~99 0~e4 0!2164 .WORD 03~lb4,07.6f:11 ,,~69213487211g023E.' ~ 

0366 ~14"e7 
200 (6310 041~!s4 .wo~o 0472:;4,1:;'474~ 

0372 11)4742 
au , 
20a 'il314 ~33bbl .l'IORO 1;)351),,111)1646 ' •• J~ge843~07206693Ew5 

0376 U1164t.i 
203 04010 l(s721 0 .WORD 1612HI,1 34U 6 

111402 U401& 
21214 ( 
20e) (1)404 "'iHHHHc1 .WORD fll3:)0~0, 03fHlI32 '.le0.411e47068221~.3 

0406 0360~a 
20~ 04Ul 041~14. .WORD 04U14,1\j)3131 

0412 U31U 
20' , 
208 !a4'4 ,362U ,\IIORD 1362 J l,0()4546 ' •• 46817~4135~02643f.2 

0416 064ti415 
209 kl420 ~7142~ .WORD 0?14~J, 1~5024 

IU22 125024 
210 
2U 1il424 0~7~4'" ,WORD 0;)72 43,032743 ,.796 92sa624616544E-l 

1il426 032743 
212 ~4~~ 0;Jfj(')!;:S ,\IIORD 0356;'5,0:11557 

0432 0::;1~Hj7 

213 
214 [(1434 14011l4(; ,~QRD 142!045,0~6747 ,.,64Sge40g75062452 

f(j4'HI ~t50747 

215 0440 03045::; ,WORD 21304 05,1'1222 (- ! 

!d442 171~22 
:utJ 



27,7 0444 0 40;)11 CONSUl .WORD 0403i1,1il07732 ".5?0790~26194ag7 

0.4tl eJ077~a 
218 ~4t)0 UU41 .WORD 121.0 4 1,0Q4302 

rU'a 015';)02 
2,9 
22Vl .e:NOC 

""". 

c 

C~ . 

C.' 



1 
2 
;) 

4 
e> 
6 
7 
e 
~ 

10 
U 
U 
1.5 
14 
15 
16 
17 
18 
1~ 
20 
21 
22 
2~ 
2~ 
25 
20 
27 
28 
29 
30 
~H 
~2 10454 
~3 Ul4t)6 

34 10402 
~5 U4f$4 
31) 1"'4~5 
37 10470 

38 10474 

;)9 10~00 

40 UHS~2 
41 1fd01ll4 

42 lk1510 
4;1 lljltiU 
44 U!H4 
41) 10510 
46 10520 
47 lrae~2 
46 lld!Hll4 

49 H05J0 
00 1"'5~2 
51 1~5')4 
52 l!Z15Jb 

~H:'J01il00 
00\t.H:HH 
id0~"'0~ 
~001i1~~ 
000004 
0!Cl01tl00 
i)··IilflI·¥ha0 
fdid0~01 
01Olil~02 
IDIil\ilIilIl"; 

010"40 
016::>05 
0-00002 
0U~U 
100461 
001 472 
01e~0a 
11'1Q0002 
1H2746 
000004 
0~6!i!01 
00el00i 
062701 
02U00 
005~46 
0ib5!046 
IU 0246 
il10140 
01iHi046 
1r10!51i:l4a 
1d16l)4ti 
000002 
[011048 
011H51il4e 
1il1ll5040 
1I.l10240 

• n TL.t: $OSQ03 
drOF CNOU4 , 

, DSQRT V003A 
; 
1 COPYRIGHT 1971, DlijITA~ EQU1PMiNT CORPORATION, MAVNARO,MASS , 

, , , , , 
1U , , 

OI$QIH , $E~R' .GL.OIH. 
.IF'NOIi' 
,GL.C!Bt,. 
.t:NOC 
iO~QRT 
CAL.I.ING 
JSR 

FPU 
$AOO,SOVU,SPO~SM' 

THf OOU6~E PRECISION 8QUAR~ ROOT ~UNCTION 
SEQUt1.NC,1 
R5, SDSQIH 

8R A 
'IARG 

RETURNS DSQRT IN R0 '" RJ. 

R0U0 
R1!!1U 
"aU2 
R3U3 
iiC4"U 
Fi5·X!) 
P;01~1iJ 

Pll1U 
,. 2 !lila 
I$pue 
• IFNOF 
MOV 
MOV 

FPU 
Ro, .. tSP) 
2 ~R5J" ~5 ,GfT ARGUMENT ADDRESS 

MOV 'R~,Hl 'GET HIGH ORDER ARijUMENT 
aMI ~HR$14 IfRROR IF ARGUMENT NEGArIYI 
SEQ ,Zb.RU41 f UT E)(lT IF ZEHO 
MOV 2 CR5~., R2 

Mav ,PUSH ITfRATION COUNT 

ASH Ri ;fORM INITIA~ EsTIMATE 
ROR R2 
ADO .201~0,~' 

CLoR "tSP} 
CLR -tspl 'U$E ONI.Y HIGH a~DtR PARTS FIRST 
MOV Ra,.(sP, 
MOV Rl,-~SP) "CAUSE AOO AND DIVIDE ARE 
CL.R -tSP) 'fASTER THAT WAY 
CL,R !MCSPJ 
MOV 2(R!~,.C~P) 

MOV 'R5,-CSP) 
CI..R ",~pl 
'I..R I!iItSP) 
MOV R2,,,,~SP) 

( 

c 

}II' 

(~ 



r 
" 

(~ 

~~ 1~540 010146 MOV 
54 10542 ~04401 ~U~$14' JSR 

UU16 
55 UfS46 01221""· 

10550 121007041 
U5l;)2 1iI10~54' 

.WORD 

56 10554 16211~ UP~S!.l 3U6 
2100200 

57 10151)0 00~~e(:S 
0fl10~"QI 

58 UJ504 fcH61420 
eli UH;CiIe 0U04t5 

02121000 
60 10572 U 6:~4t:1 

000004 
61 HH5715 016/,)415 

0liHll002 
62 10602 0U~4e 
6~ 10504 011;040 

0000U 
54 10610 01M14" 

0000115 
05 10tH.4 U6646 

0002116 
06 111:1620 016646 

00eli'l1 e 

DEC 

SEQ 
MOV 

MOV 

MOV 

MOV 
MOV 

.Mav 

MOV 

MOil 

61 10624 00014~ ~R 
68 ,0625 01200~ OuTS14, MaV 
6~ 10e~0 012001 MOV 
70 106~2 012002 Mev 1" 106~4 012b0~ Mav 
12 1~6~6 ~05126 TST 
1~ 10640 ~12000 RTN$14' MOV 
74 10642 000i05 RTa 
15 10644 0045e7 ERRSl4J JSR 

0HUe 
16 1IrH5Cj0 o kHIJ 77 i) 
.,., 1060.a iUl. 
78 U6~i5 1d04 
7~ 105~4 ~0500~ ZE~'l~1 
80 U6:)6 005001. 

~Hl 
,BYTE 
,eYTE 
Ct./( 
CI..R 
Ct.R 
tl,.R 
eR 

81 1066", iOidlSilI0a 
sa 10662 fiJiHHHU 
83 UHS64 0007fH! 
8. 
81:> 
86 
67 
88 
89 
90 
91 
92 
9~ 
94 
95 
96 

,ENOC , 
.1FOF 

OSQRT I MOil 
MOY 
6MI 
B~Q 
MOY 
ASR 
ROR 
ADO 
CI,.R 

Rl,-~SP) 
R4~$~O~5~ 'ENTER PO~'SH MOO~ 

$DVD,$AOU,UP~$14 "X/i.E) 

.200, .SP , Cl'I.E+E) 12 

a.eS P) 'COUNT L.OOP 

OUTU4 
6CR!5},I!lI(I$PJ 

4 CfHH" II!! (liP) 

2 CR5l.,., O~P) IU&E L.OW O~PER PARTS 

'~5,"C.SPl 
14. c'P' , ,jesP) 

,TOO FROM NOW ON 

1 4. C ~ p, , ".( s p ) 

'4.C~P),,,,CSP) 

14, C~P),·tSP) 

L.UP$~4 ,GO fOR .N~TH~R IT~RATION 
CSP)+,R0 ,GEf RESUI,.T INTO R0-R3 
(SP)+,Rl 
C5P)·,R2 
(SP).,RJ 
(SF'). ,POP ITERATION CUUNTiR 
($P)+,R! 
R~ 'RETURN TO CAL.L.ER 
R5,$~RR 'ERROR 4,4 

RTNUA 
4 
4 
RfD 
Rl 
R2 
R;) 

RTNU4 

'FlU 
iCR5~,R4' GET ARGUMENT AOORESS 
'~4,Hl' GET HIGH O~DER ARGUMENT 
ERR$14 ;~RROR IF ARGU~ENT NEGATIVE 
Z~R$~4 'FAST ~X1T If ZERO 
2tR4l.,R21 
Ri 'fORM INITlA~ EsTIMATE 
Ra 
_20100, FU 
• tSPJ. 



97 CIoH • eSp), ,use; ONL.Y M~GH QI10t::RPMTS FIRST 
!HI MOV R2,.tSPJ 
99 MOV fq,·~S~) "CAUSe: A-OIJ ANO OIVIDE '-ARE 
100 MOV #4,RIiJ, ntRATlON COUNT 
Ull SETO , OOUBL.t:: PRECUION FP 
102 L.DD (~P)+,F0' GET INITIA~ ISTIMAT! 
U;) L.OO '~4,f2' GET x 
104 , 

It' 

100 I.,UPU41 1..00 F0,F1, e:.E' 
10", '"PO '2,,0, X 
101 P1IIO Fl,FiiI, X/E 
101:1 AOOO P"l,FVJ, X/E+E 
109 OEC R0; COUNT 
U0 OIVO _a,flI,,0, l"CX/E+ill2 
111 eG'T L.I.IPU 4, I,.OOp, 
U2 .( 
u~ ~TO FI(j,.~SP)l M. 0 vt:: RESUL.T TO STACK 
114 MOV CSP)+,RIIJ' 
115 MOV t~P)·,RlI 

lU Mev tS".,R2I ANO THENCe; TO ~0, •• R3 
111 MOV (SP)+,R3' 
118 RU FUll 
11~ , 

R~,$'RR' 12il iRRU41 ,JSR ERJiCQR 4,4 
12l RTi Rei, 
ua • avTe; 4 

( 123 .BYTE 4 
" 

1a4 ZER$~4' CI..f( IHH 
125 f;l,.k RU 
1~6 tl;.R R2, 
127 Ct..R RJ, 
128 RTi R~' 
129 .E;NOC 
130 ,iNOC 

C 



( 

'" 

( 

C~ 

( 

1 
2 
3 
4 
o 
ei ., 
e 
i 
10 
11 
12 
U 
2.4 
15 
Ui 
11 
U 
19 
a0 
U 
22 
23 
24 
25 
26 
21 
28 
2~ 
30 
31 
;)2 
33 
~4 

000000 
01()000 1 
000002 315 

J6 
37 
38 

·1Il!iS000J 

39 
4~ 4, 
42 
43 
44 
45 
46 
41 l1iHHi5 
48 U610 
49 Ulf5 12 
150 UlS74 
5, U67t.i 
52 10100 
53 10102 
54 1fIl704 
155 10106 
56 101U 
57 U7~i 

I!HlI0"" 4 
000~0~ 
000~06 
fd00~HH!I 
liHd0001 
000002 
Iiltll000~ 
vH(l0004 
0002105 

010546 
IfHHSk:J46 
001H'I46 
00e0.ei 
0106046 
0051U15 
0050~6 
005ia46 
021504(5 
1il06U6 
U6ei04 

71 

.TITI.! $I)TN~13 

.IF'Of CNDU5 , 
, DATAN V~03~ , 
I ~O~YR'G~T 1971, OIijlTA~ EQUIPMENT CORPORATION, MAVNARD,MASS , 

,GLOBI". 
.1F'!IIOJi 
.GL.081.. 
,ENOC 

OAUN,DHANU 
FPU 
$AOOl$S60,$~LD,$CVD,$POLSH,$POP~., 

, , T~E FORTRAN DATAN AND OATAN2 
CALLING S~QU~NCt FOR OATANI 

FUNCTiONS 

, JSR RS,DATAN , eR A . , ,wORD AWGUMfNT ADORESS 
lid , RETURNS ARCTAN(AHG) IN R0 AND R1. , , , , , , 

CAL.L.ING 
JaR 
6Ft 
.I'IORO 
.WOffD 

SEQU~NCE fOR OATAN21 
RI5,pATAN2 
A 
ARGUMENT 1 ADDRESS 
ARGUMENT 2 ADDRESS 

, A; , , , 
~ETURNS ACRTAN(A~Gl/ARG2) IN H0 ANU R1. 
IF AeS(ARGi/ARG2~ ~ 2.*24, TME R~SULTIs 
51(;f\4 (ARGO *,.,1/2, 
IF ARG2 c. T~E R~$UL.T IS ARCTAN(AR G1/ARG2) + 
SIGr-.I CARG U*IP.'. 

I , , 
R0U0 
R1Ul 
R2U2 
RJlXJ 
R4U4 
~~!lXb 
$"'11%6 
~-0·U1 

Ii l!1U 
F21!1%2 
F3U3 
P'4U4 
n.iUb 
• H NO" 

OAl'AN21 MOY 
CI,.R 
CI.,R 
CI.,R 
CL,R 
CI..R 
(a,R 
CI..H 
CI.,R 
CI..t< 
!'lOY 

FIIU 
R~,.~SP' 
.tS~J 1CI..EAR SIGN FI,.AG 
.CSPJ 'CLEAR OATAN2 BIAS 
"cspj . 
-tSpj 
·tiPj 
-tspj 'CL~AR QUAORANT bIAS 
• tSPJ: .tsP) 
·esp; 
2tR5~,R4 ,GET FIRST ARG AODRESS 



$L)TN0~ MACRO VRi!l4-14 07"'SEfh1l72 1 U 41) ~A(iE 21&+ 7..2..-
C 

fd00002 
58 une 016446 MaV 6 CR4J., '" (SP) 

000006 
59 10122 f1'1644~ MOV 4tR4},.,~F') 

000004 .. 
60 10128 016440 MeV 2(R4}.,·C~P) ;ra.T nRiT ARa 

0001ilv;l2 
61 U7~2 IiJ 114<46 MQV f H4,"'(SPJ. 
6~ 107~4 011600 MOV '&P,H0 ,.u~Gl TO RIO 
63 107~e U6~04 MOV 4Cili5l. ,R4 ,GET SE(;UNfJ ARG ADDRESS 

0001604 
64 10742 016440 MOV etR4J.,.CSP) 

0!2HHHHi 
65 11'1746 1Il1644f> MOV <4 CR4)., .eSP) 

0013004 
66 Ul7~a 016440 MOV 2CR4J.,-C;jP) 'GaT :JECONP AtH, 

C 000~0~ 
67 U7~6 U~440 MOV .R4," (SP). 
68 10760 011601 MOV 4'SP,Hl 'ARG2 TO 1011 
61i 107ti2 00144~ SEQ XNFU!$ 'JUMP IF' O~NOMINATOR IS 0 
70 1\':1704 ~1/:l6i)00 A5L. Rill IGET ASS VAL, .~Gl 
71 1070(5 10!H'J00 Cl,,~a Rfc'I 'GET EXPONIi.NT 
72 10770 000\)00 SWAB R0 
73 10772 00tJ301 ASL. Ri 
74 1\tI7/4 1051001 CL.riB Rl 'GET EXPONENT AR"2 
70 lfd716 0"'0~01 6\1lAB fU 
76 lHH:'I0 160100 Si;J6 iH ,Ri) , GET EXPONENT DI~Fe:RENCE ( 17 lhH'2 0227~0 CMP .:58"R0 ;CHECK MAGNITUDE 

0210072 
78 110VS6 ~162433 til"T lNFU5 'TREAT AS ~NFINnY 
79 11010 1004461 DIVUIH' JSR R4,SPOL.SH 

010030 
80 11014 012~U ' ,wORD SOVD,UPL,$15 1Gf.T ARG1/ARG2 

110U U 1020' 
81 1 UHl0 ""577 ~ UPI,.,U:I, TST .4 (RI!» 'IF ARG2 )III), ~IAS 50 

Ii:H;HHH~4 
82 11024 ~021024 BGE AT~U5 IIF ARG2c0, 81AS·sIGN(ARG1)·Pl 

C 8J 1102e 012766 Mav 't040:S11, U. (SP) IPl I 

040bll 
~Hl002" 

84 1101014 Ii? 12760 MQII .007732, U. (SPl 
IIlkl7732 
0000~2 

85 lU42 ~12766 MOV .121"'41,~0. esP' 
12 H)41 
~.HHI~24 

86 110b21 U~76e1 MOV .1i'l64a~H, 22. CSP) 
"'6A30~ 
0160026 

87 110b6 Itlltlf:l771:i fST '2CRtj) ITEST Ar,Gl 
0~000.2 

88 110fS2 0!li!2kl((l~ aGE ATEUb 
89 111/lb4 1062/66 400 '*1Ilh'lia00, 16, eSP) ;",PI 

100000 
il000211l 

C 90 11012 0~5116 ATt.UOI TST 'SF' 1SET CODES 
91 11014 0021443 LH~ ,ATHie IJfJIN ~U.1N ROUTINE 



IOTNfIl;) MACRO VR~4"14 ~7.S~P.'2 1U4~ PAliE 20+ 7rJ 

92 lUTe 0627015 XNi"U!H ADO "J6.,SP 'FL,USH STACK 
fIlliH'I044 

gil U 1fd2 U270trl MOV #;040.,)11,~0 ,ANS , $lGN (ARIH).p I 12 
040~11 

94 HUe 11112701 Mev .007732,~1 
0077"2 

95 l11U 012102 MOV .HU~41,H2 
121041 

915 1IU15 i'l1210a MOV .1(l64~01, ~:s 
0ti4~U 

91 1U22 1lJ16f571fS TST ';lCR:;)) 'fEST ARG1 
(U10f1!l() 2 

98 11126 10021i:l02 fiGE IN~U5 'JUMP IP ..,Plta 
99 1!1~0 062700 ADD " lIiH'l1D (\) Ii! ,~" , ",p I 12 

( 
U0000 

100 U~4 "~~20:5 INHUOI RU Rei '~ETURN TO USER 
llU , 
102 U~8 0105.6 OATANI MOV R:'),.~SPJ 
10;) 11 40 0~151i14Q CI.R ,. tSIo'l. ICL,EAR SIGN FI,AG 
U4 11 4a ror;H'j04~ CL.R ,. tSPJ. ICl,.'AR AUN2 I:HAli 
105 U44 00504" CL~ ·tSP) 
106 1146 00&-'46 CI"H '" t$P~. 
107 11~0 0051440 Cl..~ -eiP' 
10$ 1102 til IU iii 46 CL.~ -tspi , CI"EA.fI~ QUADRANT bIAS 
109 111'4 001511:1.e CI.R '" (Sp). 

e lU 11:>t,; 001hl40 CI..I1 -CSp) 
Ul 1.100 01d15040 Cl..k .,spi 
U2 utla III U~rD~ MOV 2tR5{, R4 'G~T ARG ADDRESS 

fD0000i 
U3 11 6 6 0U446 MOV 6 'R4 J .• we SP ) 

2l1D01H16 
U4 1172 fU644Ci MOV 4CR4J.,wClitP) 

1600004 
U5 1175 ~U440 MOV 2tR4l.,.(:iP) 'GET I.Ow Of'tOERARG 

000002 

C 
116 1202 0U44S MOV '~4," CiP) .. '!it.T !'UGH O~DER 
U1 120. 00200~ ATUUI eGE Pl.UU5 'JUMP IF QUADRANT l OR :s 
118 UI/J6 1il~2716 ADD "100000,'SP ,G~T ASS yAI..Ui 

100000 
119 1212 k'052eO 

01'1l0!11~0 
INC 24,C SP) IFL.AG • 

la0 1216 1Il~1627 PLUUl:Il 
1040200 

eMP fSP,if402!a0 ,eMle/( IF Cl. 

\:<. 1il 1222 U~45~ 61..0 1.,t:.1U5 'JUMP IF cl, 
122 1224 0~30U eGT GT1U5 1>1. 
12a 1226 f1101)1ee TST 2(SP~ 'CHECK L.OW ORDER 

000r/J02 

'''' 
124 U;)a 001160111 eNi GTUl5 
U~ 12;U f1111l1576f5 rsr 4 t$P). 

2100004 
126 1240 00100~ eNt: GTUH5 
127 1242 005766 UT eCiP J, 

12100006 

c. 128 1245 [diU 44~ BEQ L.iUU , '1. 
la9 U~0 0U74ie GnU~1 MOl; .140i)11,1t. eSP) ;.PIl2 

140~U 
01d0\i) 10 



'~0 1206 0121ee MOV 
~077;S2 
~i10"'12 

1~1 la04 ~1276e MOV 
121041 
0i40Vl14 

,32 1212 ~121b~ MOV 
~~l4a01 
10160016 

133 ~3~0 ~0b~dO DEC 
il00VJ30 

134 1~~4 ~16~4~ MOV 
210000'" 

135 1310 ~16646 MOV 
000006 

'~B 1314 ~l~~4~ MaV 
IIHHll160 t1 

137 1320 ~16b4~ MQV 
01c2000f5 

,38 1324 ~12'e~ MOV 
040200 
~v)lZIflIU 

139 13~2 0~bieo C~R 
0001t:11C! 

'40 1~~6 005066 c~~ 
UlllJitl14 

141 1342 0~i0tif$ C~~, 
000016 

142 1~45 ~044~7 JSR 
0U1i!1~ 

14J '3~2 012210' .wORD 
13~4 ID U J5fP 

144 1~~6 01~~40 ~ElI1~1 MOV 
~00IiH~6 

145 13~2 ~~6040 MOV 
000006 

,46 l~~e 016~40 MQV 
0001i106 

147 1312 01S~40 MOV 
000005 

148 1376 00~~60 C~R 
000010 

~4g 14~2 ~0~0~~ C~R 
0kHlIIIJU 

1~0 i4~6 ~0e0ee C~R 
Ir:'I 00 I/H 4 

1~1 1412 ~050b6 C~R 
"00016 

,b2 1416 ~21021 CMP 
[(J~7()11 

153 1422 103~07 6~O 
154 1424 1~1~16 eMl 
155 1426 "26027 eMF' 

ftlU002 
~30.242 

156 14J4 1~101i eHl 
151 l4Jb 10a~01 e~o 

e tsPJ.,,, (:jP) 

e tsPl,," (:if') 

fH S P J. ,- ($ P) 

6t$Pl"lIt~P) 

.402[(10, e .csp) 

1k'.t~P) 

Ul. C~P) 

i4', t ~;P,) 

R4,S~OL.SH 

SOVO,I,.EU15 

6 (SPl.,1I (:SP) 

(5 tSP~., 'I!IC&P) 

6 CSPJ., .;(SP) 

6 ~SPJ.,,, (ljP) 

, COMPUTE 1,1"1.. 

a,esP) IXN5iRT A 0. 

10.(~P) 

12, (~P) 

14. t~P' 

'5P, H0"76 11 HANC1S) 

L.l~$i5 'JUMP IF L.ESS THAN TANtiS) 
TNSli5 'JUMP IF ~ 
2 (SPl., *HIJ~0242 

TNS$l5 
. L.15515 

( 

.. 

c 

( 

.. 



50TIII03 MAc.;RO Vi104"'14 07111SEP.72 1114;) PAGE 20. 7..j-

1~8 14 40 mHH:i27 eMF' 4(SP),#112366 
fh10¥)1/.l4 
P~~f5ti 

109 1446 1~10!O~ 61'11 T'NSU 5 
160 14;)0 103474 a~o 1.15515 
161 1402 !tI2602' eMF' b CSp) ,*H165~b' 

0001iHH> 
000((;1 

1(52 i4t)0 l\iH 4 70 !.iL. OS I..llSU 5 
16;) 1462 U2 1 66 TNiU!) ; Mev iI;(Q40i1l06,S.(SP) ,1NSEii(T Pl/6 

"40012!6 
IU 'iHi~ i6 1 tIJ 

164 1410 1i.l12160 MOY ~HH!J5j:!2S.,U.(SPJ 
ro~5~21 
11!000 Hi 

C UO 14le W:l1276E:i MOV '*140:)53, U~. (SP) 
140:i53 
~00014 

166 i!:iiQ4 1Q1~'60 MOV 'H 15 4 54,14" esP) 
U 5454 
0"001c> 

167 lU2 Ii:ll1b0w:l MOV '~P,R0 'AFiG TO REGS 
168 1514 016601 MOV 2~SPl_,Rl 

ia00101il2 
169 1520 ~16e>0~ MOV 4tSPJ.,R2 

C-- 000004 
170 1::124 ~1600') MQV 6(SfllhR3 

Idw01Q06 
111 15\)0 ~12'4es MOV .!ll62::i24,-CSPl 

062ti24 
172 15;)4 ~U146 MOV #1i:l41 J 02,·CSPl 

041302 
173 15 40 012146 MOV #131 727,"'CSP) 'PUSH .ROOT 3 

131127 
174 1544 kl12746 MOV "140~3S, ... CSP) 

14033:) 

( 175 1500 "10;)40 MOV R3,,,,,~SP) 

176 1::»02 iii UH~41t;1 MOY R2,.~SP) 
177 1554 ~U146 MOV Rll"'~SP) 
178 1506 010Vl4ei MOV Ri(l,1I!~SPl ,PUSH AIHi 
179 1fj00 0~=S06tj CI..H .. C~P) 
180 1:5~2 klilHiicl46 CI..R -tSP)" 
181 1504 li'lil51(J46 CI..R ""'SP~ 'PUSH 1. 
182 1~66 012746 MOV .402f40,,,~SP) 

040.a00 
183 1.572 ~12146 MOV #fcHj21l24, OIl esP) 

kH)2024 
184 US16 012140 MOV #04.1i)02,"CSP) 

'0 041.)02 
185 1b02 ~ H~7 41> MOV #131 727,·CSP) ,PUSH ROUT3 

131727 
181) 161i:16 012746 MOV .!lJ4~,)35,,,,,(SP) 

~41/l335 
187 HIl2 ~10~4ei MOV R3,,,,,{.SP) 

( 188 1614 010246 HOV R2,,,,,~SP' 
189 l6U) ~1UA6 MQV rll,-tsP) ,PlJSH ARG 
190 U20 010fU6 MOV R0,·dSP) 



191 1 b:il2 k:)12J44b1 
iIHftlklU 

19~ , 
19" 16c6 01614()1 

11).,)0 fllllHd100' 
16.)2 ",U17til 
16.,)4 0011:17001 
16,)0 IjH 2ii! un 
16 4 'b iOl1f.)4~1 

194 '0 42 1'1 00. Li O$10' 
1!:15 1644 11.116601 

k1il1~~02 
196 !6~0 ~lbb02 

000004 
197 1604 ~16(;)0~ 

~H'101d06 
196 16t:i0 U 0i)40 
199 1602 010246 
20., 1b04 kll!l!14ti 
201 160(5 U0046 
202 1610 ~lflj.,)4b 
2V,1J 1612 iIl10246 
204 1674 0U14e 
21llo 161CS ~Ul04C 
2~6 HID0 "H144b7 

.,07740 
2.0 ., 1 704 ·k11 Etl4 (; , 
208 '706 011b7e l 

1110 0120201 
209 1712 01014~'XPU510. 

1714 0007041 
PH; 1i:l1614b' 
1720 01iH,,7flj41 
H4Ii!2 ;Dl(;14CP 
1724 ~007!lJ4' 

210 172b ~1614b' 
P~0 000104' 
PJ2 0UH4b' 
1734 00217(() 4 , 
li'36 Ubi4<$' 
H 40 iiJ00 704! 

211 1742 "'16140' 
~744 0007041 
17 4 I) Ii) llH tid' 
17t10 ilJ00 1 ft)4 1 

17:;)2 I6lfHAO' 
17t'A 00~1041 

2i2 17~5 ~~0704' 
213 1700 ~i20e41 
214 17b2 0001041 
215 1704 ~1'51el 
216 1706 ~1117~' 
2" 1770 0~5126 EX15101 
218 1772 012005 . 
21 9 177 4 1000~VJO 
220 , 
221 1716 li)12ij66 UP$l~; 

JSR 

,IIIORO 

MOV 
NOV 

MOV 

MOV 

MOV 
MOV 
MOV 
Mall 
MOV 
MO\' 
MOV 
MOV 
!lSI< 

'IlWO~P 
,I'/O:~O 

,wORD 

.WORD 

.wo~o 

.WORD 
,wORD 
,WORD 
.WORD 
,WORD 
TST 
HOV 
RU 

MQV 

(~OOT3.X·l)/CROOTJ +X' 
$M~O~ISau,UPS15,$S60,$OVD,~15$15 

'SP,1o(0 1GET ARG 
2(Sfon,Rl 

4tSPJ.,R2 

6 tSP)., R3 

R~, .. ~5F') 
R2,.tSP) 
~l,'IIi'SP) 
R0,.tsP) 
R3,",~SP~ 
R2,.'SP) 
Rl,,,,tsP' 
jt(0,"!'~SPJ 
R4,S~O\,.SI"t 

;Gt.T THRfE COPIES 

$!!1J .. O 'GIfT M~G.,~2. 
$ PO p~ 4 , ~ I" y 51 51 S to T U P C 0 e. F fil C 1 EN i S 

SiAOD 
SGN$l5 
$AOO 
$POPr<4 
EXIU5 

'P(X)+0 l~ XC~l, PtX).PI/2 IF X~l 
, ADJUST SIGN 
, ADO AT AN2 BIAS 

,POP HESUI"T TO REGS 

CSP). ,POP SIGN '~AG 
C5P)·,R5 
R~ 'RETURN TO USER 

C 5 P) + , 2 2, rs p ) ,MUVE STAC~ ITEM UP 

c 

c 

( 

c 

(I 



c 

222 20V)2 

223 2121((16 

224 2U2 

2215 20'15 
226 
227 2020 

1228 2024 

229 2030 
230 20.)2 
au 20~4 
232 2036 
233 212140 
234 20 4 2 
2\t5 2044 
230 2046 
2i$7 21211)0 
238 21211)2 
239 20t)4 
24id a0~b 

241 2002 
242 
243 2064 

244 2010 
241) 2012 

246 2076 
241 
248 
241i1 
2b0 
251 
252 
2::t3 
254 
255 
256 
257 
~58 
259 
260 
261 
262 
263 
2tS4 
265 
266 
267 
268 
289 

000faal\l 
012066 MOV 
000~2ti 
01a.eti MOV 
121121211;)26 
01266~ MOV 
000020 
000134 JMP , 
01271214 PLYslb; MQV 
U2W10' 
012106 MOV 
0121001' 
00041214 SR 
~i0~40 pv.srl)J MOV 
0'0i46 MOV 
010i46 MQV 
0U046 MO'II 
~i4446 PV~$15; MOV 
o i 4,446MQV " 
01444~ MOV 
014446 MOY 
~05~0' DEC 
003~66 6GT 
0i2704 MOV 
0U712' 
000U4 ,"'Hii' , 
~0576~ ~GN$l~1 Til 
fi:I 001i:1 20 
~014~2 eEQ 
06211e ADO 
100000 ' 
~HHH34 SGU1~1 JMP 

.ENDC 

.IFOF 
OATAN~' SETO 

Mall 
. MOV, 

MOV 
MOV 
eEQ 
ASI.. 
CI,.RS 
SwAt) 
.A$I,. 
tl.,RS 
iii/AS· 
$US 
eMP 
tJl"T 
1,.00 
LoOD 

. cpee 
, aGE· 

NEG!) 

(5P).,22. esP' 

eSP)., 22, CSP) 

(~P)+,22.(SP) 

'tR4J, • 

77 

.CON~15+8~,R4 'POI~T TU CO~"ICIENT TABl.,i 

#Y.,W5 'GET. ~F ~ONSTANTS 

PY1U5 
Ra,-tsp) 
R2,I!II~SP.l 
Rl,.tsP, IPLISH ARG 
R0'''~$P) 
.(R4l,.(~P)· ;PUSH CONSTANT 
.. tR4',," tljP) 
" t ~ 4 l, , " (:j p ) 

... CR4J.,lIIt~P) 
Re> , COUNT 
PY2U5 
#XfilD i 15,R4 

'CR4J. + 

16,(~P) 'CHECK SIGN FL.AG 

SG1U5 
.,,00Vl00,'SP 

FIi'U , 
2(R5J.,R~H 
4CR5~,R4' 
'R3,;(0, 
f1~4,~U 
INFiHU 
R01 . 
H0, 
R0, 
FiU 
RU 
RU 
Rl,RIr), 
ff58.,R0, 
INFU5' 
PXSltJ,F3J 
'R3,~'0' 

SET OP MOO~ FOR FPU 
AOORESS OF ARca 
AOOR;SS OF ARG2 
HIGH Ofl(Ot:.R ARGl 

. ~IGH OROER ARG2 
JUMP iF DiNOMINATOR 0 

EXfi'ONENT 01' ARG2 
(jET EX'PONENT 'OIFFERENCE 

CHt.Cl< MAGNITUO~ 
TR~AT AS INFINITE 

lN~Tl~LIZE aIAS~PI 
GET ARCH 

JUMP-Iff ARIH>0 
BIA~'.lGNCAR(1)*Pl 





(~ 

--c 

c-

(-

327 
328 
329 
330 
33J, 
332 
333 
334 
335 
3ae 
337 
338 
33g 
340 
34J, 
342 
343 
344 
:$45 
346 
347 
~48 
349 
350 
351 
352 
353 

eEQ 
NEijO 

SGU101 AD!)D , 
t::~I$lOI aTC 

MOV 
MOV 
MOV 
MOV 
RTS 

, 
,wORD 
.il/ORO 

Pt2SUia .wORD 
.WORO , 

11 Ou 5. • WORD 
.WORD , 

PUU51 .WORO 
,WORD , 

RT"U f); • WORD 
.WORO 

SGUJ,S1 
PH F5,,.,, 
fq,.tsP), 
(SP)+,FHiI 
(5P)·,RU 
(SP)+,R21 
tsP)·,R~' 
R5, 

04frHU 1 dI ID 7132, 
1 a 104 1, 0"43~U , 

040311, 01d1132, 
1 a 10 4 1, 0c;43011 

0~7U 1, 0~02_42' 
172306, 0~02e 1r 

"" 400~6, 0W1522lJ 
140503, U5454, 

0403~f$, 1.ll 727, 
04131r:12,002524, 

354 ~J,00 037~6~ FCUii~1 
211/12 H)0707 

.fNOC 

.WO~O 0J70()5,lb0707 

162J lIJ 0,1 63fa;S0 355 2104 1(S2\i00 
2U6 153030 

356 , 
351 2110 137204 

202 143fi!33 
358 aU4 i,l1Zl40U 

aU6 ~00413 
3~9 , 
3~0 U20 IIJ,s7235 

2 i22 043011!2 
36" 2124 (6~7U4 

iU6 142446 
3~2 1 
363 21 il0 U1272 

2Ua 025671 
3f.542i~4 015412 

21.)6 065~~0 
3eCS 
30b 2140 0~7~4J 

2142 107047 
;U,' 2144 023 0 25 

2146 025401 
368 , 
3«:19 21 50 137422 

~U52 044444 
370 21~4 1tl71.)3:) 

21 5 ts 1161!Sl 
311 , 

.II/ORO 

,WORD 'J72W14,14323~ 

.wORD 004010,0~0413 

~wO~O 0'72'5,~4300a 

.WORO 0271~4,142446 

.WORD 

,\fjQRD 

U7272d,25671 

1 U412, 0"t5630 

,WORO 037343,1~7041 

.WORD 02~625,025401 

.WORD 137422,0 44444 

,wORU 07'3~5,11"151 

79 

NO AOJUSTME::NT· 
NEGATE R~SULT FOR C-l,0)&(1,INF) 
ArAN2 ex AS 

MOVE ~ESULT TO $TACK 
AND THEN TO REGISTERS 

EXlT 

PI 

PI/2 

TAN (15) 

PI/(; 



SDTN0~ MACRO VR144"l4 ",·SE' ... ·72 11 '4\) PAGE 20+ RtJ 
(~ 

372 21f:j0 [()~7~14 .wO~O 0;J7U4, l46314 I.19g999 9g09a729448 
. 4!lti2 146,)14 

14t,;2a4,ltj5155~ 373 ~HC>4 1(jt5~24 ,WORO 
2166 1 15 !!HHI 0 

374 , 
37~ U1VJ 1~765a ,WORD 1~16r)2,125252 ' •• 33333~3~33332993t 

2112 12f12b2 
376 21'4 12~2~2 .WORD 1252b2,1131502 

2176 113602 
317 
~"8 22f1:10 040200 

, 
CONile;; .~ORD 0402IiH'J,000000 ,.999999~99999999 

22~2 1tJ00000 
379 22!cl4 000000 .wORD 00VJ~fd0,0"'1/l~1!!0 

2206 000000 
380 
3U ,ENoe 

( 

(! 

( 

. "" 

(I 



r 

( 

( 

1 
2 
~ 
<4 
e 
6 
7 
8 
9 
U 
11 
12 
13 
14 
US 
16 
17 
18 
19 
20 
U 
22 
2J 
24 
2:; 
25 
27 
26 
29 
;)0 
U 
32 
33 
34 
315 
;'6 12210 
37 12212 
38 li2i4 
;Ji laUt» 
'fa 12220 
41 12222 
42 12224 
4;5 12226 

44 12232 
4~ 122~4 
46 12236 

41 12242 
48 12244 

49 12250 
50 12202 

51 122::i6 
52 122 6 e1 
5;) 12262 

lIle0iil00 
1?J01ll001 
~"'0~02 
1d001il03 
0001404 
IiHhl!O\iH) 
Ii) 0001rll 6 
000007 
k'J00000 
0~01t')ta1 

~1~~.010 
00002V) 
~i40020 

, , , , 
1 , , 
1 , , 

IOVDI 

010446 $0 VO I 
ft310:)4f:i 
It')~HHH'0 
ItlV)511l01 
005002 
iO!l!!Kl0i5 
~0e1iJ46 
0~6~6~ 
I!!Vl011)1() 
00EH 1 () 
1D05046 
It')0f)ltl6 
0000U1 
0iU:S21 
106 ( 11) 
~~H'J021 
Idlill:)20 
156000 
~00021i1 
01D0.)01t:l 
000261 
~H'l61D00 

?I 

• unIt: SOVOk'ifS 
.IfOF CNUU6 
.G~06~ iOVO'ifR~A 
$OVO ~~~ THE oous~~ DIVIOE ROUTINE 

50VO VIlIliH5A 

COPyRIGHT 1911~lg12 OIGITA~ E~UI~M~~T CORP., MAYNAHD, MA 
CA~~EO IN TMf PO~lSH MOD~ 
TME NUM~RATOH 15 THE SECONO ITEM ON TH~ STACK 
AND THE O~NOMINATOR IS ON TOP. 
TAKES THE QUUTIENT AND puTS IT ON TOP 
OF THE 5TAC~ IN THEIR PLAC~ 
1(0-%0 
IIllUl 
((2 !!IX 2 
Ft3U3 
R4U4 
R5'%5 
$P-U 
PC'%7 
"0"'0 
"PI%l 
thill, 
NII1S. 
1.l,15. 
,lrOr 
,wORO 
,WORD 
.wORD 
.il/ORO 
.ltIORO 
JMP 
.ENOC 
.1FNDF 
1'1011 
MOV 
C:~H 

'~R 
CI.,.R 
C~f( 
CI,.R 
AS!.. 

'f'U 
1121011 
172!5~6 
1724~6 
1144 0 1 
174046 
, tR4~ .• 

FPU 
RA,III!~SP' 
R5,,,,~SP~ 
RftI 
Rl 
R2 
1<3 
.. tSp) 

"SETO 
"1..00 
, , 1..00 
',01YO 
;,sro 

N+'h2 CSP). 

CSP1+,fl ,GET OIIIISUR 
(SP).,F0 ,GET OIVIO~NO 
Fl,F0 IG~T QijOTIENT 
F0,.(SP) ,fO STACK 

,SHIFT NUMt;;RATOR 

ROL '5P ;GET NUMERATOR SIGN 
CL.R • tSPJ 
TST utSpi, CHECK FOH 0.21 DENOMINATOR 

OCH$16; 
N·l(~P),·SP 

JUMP TO tRROR EXIT 
'G~T ~UM~RATOR EXPONENT 

ijEQ Z[Rsle 1JUMP If NUMERATOR IS ZERO 
BIS8 N tSPJ., R0 

R0 

R0 

I~E'T JUSTIfY NUMERATOR FRACfION 
;XNSERT NORMAL 6~T 



$DVQkHS MACRQ VRic.14"'14 071111SEP",72 1114J PAGE 21+ ~,;L 
( 

54 12264 15tHi~H' iHSti N+;) (:;.iF'), H0 . 

kl00023 
55 12270 ~~()b01 6ISB N·2(~P),!(1 

ij;!~002a 
56 12274 iii elll,1 J01 hAB Rl 
57 12276 lO6Q01 1:1158 N.5C:)P),~1 

~Vl002:S 
58 r2J~2 1~o00a 6lS6 N"'4(Sp),1i<2 

t'!iZl0"24 
51iJ 123"6 0100,)02 SWAB R2 
60 li23~0 106002 !:IUS N+7(&P),R2 

1lI~0i1J27 
151 12314 10(;003 61$6 N+6(~P),H3 

000((126 
62 12320 ~00J0') SwAB R3 
63 12322 ~tH)366 ASI.. O(SPJ 15HlI'T DENOMINATOR ( k)00~11d 
64 12326 liH1~:>61:i AO!; 2(SP) , GU RESUI,.T $lGN 

tHHHi:l\i,2 
65 12332 YJ III ~,)\(l 0 4 CL,t( R4 
66 U3~4 1:)6004 i:!ISi3 O+lC OPJ,Jo(4 ;G~T DIVISOR EXPONENT 

\:100011 
67 123 40 10041& SUB R4,~oP ;SUBTRAC;T e;XPONfNTi 
68 12342 0(d0~66 Sde OCSPJ 'L.E:PT JUSTln DENOMINATOR 

000010 
69 12;)46 i.1~0261 SEC 'INSt:.~T NORMAl.. slT 
10 123:'0 0061d66 .. kOI'l DeSP) C ~1,H'IiO 10 
71 12304 llbo66 MOVS O+H~Pl ,OCSP) 

~0~~1;) 

0~01Cll ". 
72 123 62 116060 Mova O·2C~P),U+3(SP) 

00\iHH2 
~tl001.) 

73 12370 111:1060 MOVS D+5 (~P) ,1.1+2 (SP) 
000010 
\d1il~lid12 C 14 12376 11 6 QfHi MOVS O+4(~P),l)+'C$p) 
000~114 
W~0t:i1~ 

75 124~4 116066 MOVti 0+7 (sp) ,1.)+4 eSP) 
iOIl!01H 7 
~.HH.Hj 14 

7tj 124U 1~bo60 Mava 0+6(:;'P),0+7(5P) 
0i1l0fll16 
~~0\O 17 

." 12420 116~HHH:i CI"R6 D·fj(~P) 
VJ ~ 01(.\10 

78 U424 006VJ60 CL.R Q(SPJ ;eI.EAR QUOTIENT 
ra0"~2fi:1 

19 124~0 1d05i?16f;i CL.R Q+2(::iP) 

000i!:12a 
80 124 3 4 lllv.?b.a66 Cl.~ Q+4(I:iP' 

~1D1,iJ1iJii!4 

81 12440 i020l(l60 CMP R~,O~5P) ;COMPARE HIGH NUM. AND OEN, 
~((J001 ~ 

82 1[(444 lIiH 164~ ~HI Dl.wUfi 'JUMP IF OENOMINATUt< 1,,01'1 



/'~-

( 
SDVDld5 MACRU IIR04 111 14 07·StiP.72 11 14,) PAI.iE 21+ ~S 

83 12446 11113446 a!";o OHUU! 'JUMP IF UI::NOMINATOR HIGH 
84 1241)0 ID201tHi eMF' fO, 0+2 (ijlil) , COMPAJH~ 1.0W OROER PARTS 

r,)[I)001 a 
8' 1(41)4 10103~ . Stotl DI.WU e 
66 1a406 Ul3 44i i:H .. O OH1U6 
87 12400 ~21i"!tHj eMF' Ra,Q+4CSP) 

ilIZJ0U4 
88 124f.j4 Uli1l~a SHX DL.W$ U 

C> 89 1240b UI;)IIIj36 al.o OHI$16 
~11J 12470 020386 CMP R3,O·6CS P) 

0001i1U 
!H 1247 .. Ul"2C1 tHU OL.~I U 
92 \24 16 1110,0:52 8Ni Ol11Ue 
SI;,t U~1iJ0 01at5li!16 iNC 'Sill 'SUMP EXPONENT 
94 12502 \d05004 CI..R R4 

( 95 12504 00046' 6R F·I..TU6 
96 1a506 012700 OC:I'I$1o, MOil .140~,R0 'EF(RO~ 3,3 

flHU403 
97 HHH2 ~f40403. f;)R e:C15U 
SIS UCH4 0U70~ UNtJU e; MOil .40!llb,R0 IEWROR 15,8 

0~400!5 
~C;L.U6i gg J,2es20 ~fQbl"() TsT " tSP). H"AKE SIGN 

100 2522 "'04b61 e;cuu, JaR R:5,St;.RRA 
1t:l01270 

lU ilU6 02262t.i UI<$ltil eMf! esP'''', (lSfo'J+ ,P\"U5H f~P AND SIGN 

C 
102 2530 ~HHSiD66 CI..R Q+0_4 ($pJ. 

1:1[D0i!114 
10~ 2534 0~HHHH5 (a,R Q+2,,4(SfJ. 

~0001e 
104 25 40 005066 C!,.;R Q+4-4C$P' 

0001620 

"" 2&44 1O~5IiH.H5 CI,.R Q+fh4 ($PJ 
000022 

U6 ~f)~0 ~01Cl471 6R RTNU6 
107 20:)2 Id 0 6!a [tll/l Ol..lIIue; RO~ R0 IHAL,VE OiNClMlNATOR (e'0) 
108 20:)4 01/16001 ROR Rl PTO ~N$IJRE TM4T !'leU 

C- ug 25:)15 0061002 ROR R2 
110 i500 llJiaf)1iJ0i) kOR RJ 
Ul 2562 li'H1I5ii 16 INC ,:;p ICOMPENSATE EXPONENT 
112 2564 Ura705 Orll.$UI MOil .9.,He ,GO OOFt~I$T 9 QUOTIENT ans 

0001411 
U3 2510 10"4761 JSR PC,OVU1(i 

00U7e 
114 2514 lU 46Ci MOVa R.4, Q tsP) 'SAVE A 1.,1,. HIGH ORDER Q FRACTION 

.(,. "00~20 
lU ,EXCEPT NO~MAL. Bn 
UQ 2600 001:57015 TST R::'i 'SEE IF DONE 
111 26id2 i!l011D25 SNt:. FL;Ule I '(ES, R_EST OF NUMERATOR IS 0 

b US 2604 012705 MOil 'HtI.,R5 'GO 00 16 MORt. anS 
0021020 

119 ~eu fU~4767 JSfol PC,p Vl$1ti 
"f4015tl 

120 i~14 " U46t> MOV R4,Q+2CS P) 
rtlfd 0 III 22 

( 121 2620 IIHd0705 1ST R::i 
~22 26"2 1il0Ul0 "Ne; FL,,1:U6 
123 ae24 1O.12'0~ MOV IH6"R5 



$OIlO~5 MACRU IIR04 1J11 14 "7-S!P.72 11;4;" PAtH. 21+ 8~ C--
IH'0VJ20 

U4 26~0 004761 ,JSR PC,OVlSU 
000136 

125 ~H5J4 ftll~4bCi MOV R4,Q+4($P) '!>' 
000i024 

126 4!640 iQWl5 105 TST 1il15 
127 2642 1001\DV,!o SI'IIf. FI..Ule 
12$ c644 Ii} U~I 1115 MOV t:fllS.,RS 

000020 
129 25:)121 004767 JSR PC,OV\Ufj 

000116 
130 2151:)4 Ilh1040 ~ rH~ rq",TU6 
131 2656 [(H:l6v304 /Ii'I.,UUI CI..R R4 1Cl..EAR i.,O\t/EST ORUER QUOTIENT 
132 2660 ftl12C)0~ FI,.lUtil MOV C:iP)+,R~ ,PUSH UP EXPON.e:NT' 
iJi$ 2602 fd6:;l705 AOO #200;R5 lAOO IN EXCESS 200 

000200- ( 134 26fH:i 003712 SI,.I! UNOUe 'UNO~Rfl'!.O\ll 
lJij ae70 02270' CMP .311,,.5 

kl00~71 
l36 2614 002433 fH.'f aVRUe 'OVERFI..OW 
137 2616 1 uoe(S MoVe 

0liHHH1 
RO,Q+l·2~SP) 'INSERT t:)(PONENT IN RES!.T 

138 27"2 0\i:H:i~26 iGNU ti I ~OR (SP)· HN6ERT QUOT ltNT SIGN 
139 2704 00606b RO~ Q+0",4CSPJ 

Iilltlk'014 
1,40 027J0 0·060'6'G ROR Q"'a .. ~($PJ, 

(~ 000016 
141 2714 Itlli) ~ wHi 6 I<OR Q+4,.4 esp, 

0!/l00i~ 
142 2720 i6~6~04 RQR R4 
143 ~722 1i/05004 Aoe IU ,ROUND 
144 2724 ~06e>tSB 

V300fd2~ 
Aoe Q+4 .. 4 csp~. 

145 21"0 005f:ieHi Aoe Q+2,,4 CS.Pl 
000f1l16 

146 27i)4 itlIii15f)f)e) Ape Q+".4(6P) 
~0ttl014 C 147 214~ 0lV,i46t:i MOV IU, Q+e". ~SP) ,XNSERT L.OW OROE~ FRACTION ! 

000022 
148 2144 1\i13406 I'CS OVUle 
149 2746 102 4 00 evs IJVUUI 
1~1iI 1C7 0 0 ".12 b 00 RTNSUI MOV (SP)+,R!5 
1:51 27:)2 "12 6 04 HOV (~P)+,R4 
US2 2754 0(j2706 AOO t:f8.,~P 'FLUSH FtRST ARGUMf;NT 

f/l00k110. 
153 27 00 0~HUi'54 JMP 'CR4J .... 
154 2762 f(J0~746 UV 1 Ubi TST "'tSPJ IF'AKE:: ExP 
.55 27b4 0127el0 OV~Ubl MO~ li201ihi,R0 'ERROR 3,4 

~1!l2i103 
15t$ 2710 ~~0ei:S3 SR ECI..S16 
107 27'12 01Cl6";04 0\11$161 AS!,. R4 I$Hlf'T QUOT lENT 
loB 2774 ~1d6J0;J ASL. R3 'SHIFT NUMf.IUTOR 
109 2,.,76 0ldU 02 Ii(OL. R2 
16~ 30!t:10 0015101 ROL. Rl 

( 161 ~0~2 ~1()6 h1Jli:l ~Ol.. R0 
162 J0~4 hJ342iQ BCS GQ$l~ ;GUARANTEED TO GO 
163 ~006 026600 CMP 0+0+2 tiPJ., R0 'COMPARE HIGH DIVISOR AND OIVIDE 



( 

c 

000012 
164 3U2 lU~\14 
Hi5 ihH4 1(63414 
l66 ;)fil16 0~6601 

0~01tl14 
167 ~04!2 hi 1Ii.l30 
1fH1 .)024 ~1/l;S411d 
169 ~l!liiC6 k'J26t)0~ 

0001411:1 
1110 J0~2 hi 11624 
171 .)034 103404 
172 ~0~b 1!1261)0J 

1i30fil020 
113 30 4 2 101020 
174 312144 1!101 422 
~15 3046 lb6~03 ~O$16; 

000~20 
176 301)2 ~1i25t>0a 
177 ;';iQ:)4 ~~5()01 
176 3006 "ii:HHi00 
17~ 30ei0 lbt.ioit,Hi 

ftHl0016 
180 ~0e4 005001 
181 31(jOb ~1()5t,;1Il1tl 
182 30 70 1 bt.i601 

"HH:I~14 
lS3 30/4 ~fill)o0~ 
184 3076 16tSfj00 

000012 
18:) ~102 005-,,,4 
1d6 31~4 00530~ NGOSlbl 
187 310t> V103331 
18d 3110 k31b0207 
189 3112 00b204 ~QU$lb; 
190 3114 k100401 
1~1 3116 006~04 tQ2$1~; 
192 ~1~0 00~306 EQ1$IO. 
193 3 H~2 003;)7 b 
194 3124 !Cl01!1~05 
19~ ~li6 ~~0~07 wT~$161 
,gel 
191 

~t<tI 
61..0 
c.;MP 

Srf:!: 
6L,Q 
CMP 

8tH 
61..0 
eMf! 

6r11 
SEQ 
SUB 

$BC 
sac 
sec 
sue 

sac 
SBC 
sue 

$6(: 
SUB 

INC 
OfC 
!.iGT 
~n 
INC 
t.iR 
ASI.. 
DEC 
6GT 
:!:NC 
HTS 
.ENOC 
.E~OC 

NijQS1e IJUMP IF DIVISOR B1GGER 
GO$l~ 'JUMP IF DIVISOR SMA~LER 
O+2+~CSP~,Rl ,CHEC~ TME LOw QRDERS 

NGO$16 
GOUt) 
O""4,,,oi2CSPhR2 

NGOS16 
G051 0 
D+6+2CSP),R3 

Ni.10U6 
NWO$16 'JUMP IF NUMERATOR .DENOMINATOR 
D.6.~CSP~,R3 IN'N-O 

R~ 
Rl 
FH' 
O+fh~ CSPJ, R2 

Rl 
RVl 
O+2+1it (SF), IU 

R0 
0+0+2 (SP)_, R0 

R4 ;INSERT QUOTIENT BIT 
~~ 'COUNT LOOP 
OVUle 
PC 
R4 'INSERT LAST, 8lT IN QUOTIENT 
f,W U l6 
R4 1flNISH OUT QUOTIENT ~lTM ~'S 
R:S 
E~2$16 
~~ "~AG NO MO~E NUME~ATOR 
PC 'RETURN TO CAL.LER 



1 
2 
3 
4 
5 
6 ., 
8 
9 
U 
11 
12 
13 
14 
U 
115 
17 
ill 
19 
20 
21 liH~0 
22 131~2 
2'} 131~4 
24 1~1"6 
25 131 40 
28 1U42 
27 1~H44 
28 1~146 
29 1311>0 
30 131~2 
31 13104 
32 131~e> 
33 lH 60 

34 1;Hei4 
3t:i 13106 
36 131 70 
31 13112 
;n 131 74 
39 131'6 
40 134t00 
41 1~21Q2 
42 13204 
43 J.32fil6 
44 lJ210 
4t5 132U 
4f.5 1 iHH .. 
4' 13216 
48 1 \s~Ht0 
49 132~2 
50 13224 
fil U226 
~2 1;$2;t0 
5:5 U2J2 
54 1 ;'234 
515 13236 
5t) U2 4 0 

000000 
0\110001 
ItHI0i'102 
0~0~",J 
000004 
00~.a0~ 
Vl00006 
11N04 

, , , , , , , , 

0052100 lOY 11 
012()il!1 
003003 
v.l01443 
0~5a0\?1 
005401 
"111>03 Pl4i17; 
003003 
0211434 
0IiH'~00 
0(,'1:5403 
U0446 Pi2U 7J 
012104 
~~0i1J10 
~05~02 
000~03 
001 402 
006304 
I!:Hl0303 
k'J~6;)03 OlVsll1 
00ol02 
1D0i40t) 
11j{1l520~ 
160U2 
U300l 
060102 
0~H5.)03 
vHHS ~0 4 I..LjIiI 51 7 I 
klWi~136C 
012604 
00!40~ 
0015200 
103 4 02 
'H'~40;$ 
1102404 
U0~1f1 P~il1l 
~00134 

,UTL.E iliOVU~ 
.. .tfOf eN!.)!'? 
.G~OeL SOVI,$ER~ 
~DVI •••• _~THE INTEGER OIVIO~ ROuTINE 

$OVl Vw:l03A 

COPYRIGHT 1971, PIG!TAL EQUIPMENT ~ORP. MAYNARO, MASS. 
C4LLED IN TH~ PO~lSH MODE WITH THE NUM~R.TOR AT 2(SP) 
ANO THE DENOMINATOR 'SP. 
RiTURNS TM, lNTtGER QUOTIENT 'SP. 
HilIl!Ul 
R1Ul 
~2'~.2 
i'f3!;%3 
1'14U4 
/i(U%5 
Sf'U6 
MQ'-171304 
,I'NO' EAf&MUI..DIV 
CI..R R0 'CI..~AR RESULT SIGN 
MaY CSP)+,Rl IGtT DENOMINATOR 
~GT P1517 'JuMP. IF OENOMINATOR PLUS 
SEQ CHKS17 ICAN'T DIVIDE ey ZtRO 
INC R~ ,NOTf .. 
NEG Rl 
MOY '~P,~3 
6GT P2U7 
SEQ URU7 
INC R0 
NEG R3 
MOV R4, .. ~SP' 

, GET NUMERATOR 
lJMP IF NUMERATOH PLUS 
'JUMP IF IT IS Z~RO 
,ijET RESU~ T SIGN 

MOV #8.,K4 ;SET POR 8 ITERATIONS 

'~R Ra '~LtAR HIGH ORDE~ ~lVIDEND 
SWAB RJ ;TEST HIGH OROER NUMERATOR 
UEQ OlV$17 ;JUMP IF HlGH OROE~ QUOTIENT IS 0 
AS~ R4 1wE NEED AL~ 16 IT~RATIQNS 
SWAB R3 JUNCO THE ABOVE SWAB 
ASL R3 'DOUBLE OIVIO~NO 
ROI.. R2 
SEw ~UP$~7 'JUMP IF NO CHANCE THIS TIME 
INt: R~ l,A.SSUMe: IT wIL.l,. GO. INSERT QUOflE'NT BIT 
sua Ri,R2 'TRIAl.. STEP 
~HIS I..UP.S~7 10K 
AOO kl,Ra 1DIviDEND NOT BIG tNOUGH YET 
OEC R3 'TAKE OUT QUOTIENT aIr 
DEC R4 
6GT 01Y$11 ,GO AGAIN 
MOY (SP).,R4 
NEij ~3 ITEST fOR ~EGMAX 
ASR R0 'GET RESUI..T SIGN 
6CS P3i17 'JUMP IF • 
NEG R~ 'ANSWER 18 POSITIV~ 
avs CHKS17 'JUMP IF ANSW~R IS ~NEGMAX 
Mav R~"ap 'OUTPUT RESUbT 
JMP 'tR4)+ 'RETURN 

( 

( 

c 

l' 



(-- SOVIIU MACRO 'IRil4"14 07""St:;P",72 11;4i) PA!,i[ 22 1• &7 
" 

57 13242 0~H5"'16 ~E~U7 • CI..R 'SP '~ESUI..T IS ell 
58 U244 "00134 !iMP , C R4l. + 
5Si .ENoe 

..,. 60 , $I0Yl FOR THE Eu' 
61 .IfOF fAe: 
62 IOYIi MeV IjMQ,110 IPOINT TO MQ 
63 Mev (5P)·,Rl ,Gt:T OIVUO~ 

,.. 04 SEQ CHKU7 'JUMP IP DIVISIoN ijy 13 
6:5 MOV (SP)+,'R" ,IHVIOEND TO Mlil 
66 TST IIICR0J 'SKIP AC 
67 MOV Rl,,,,,tR{/J) ,OIVISOR TO OlY 
66 eMF' CR0)., (Rid,. ,POINT TO MQ 
69 MOV 'H~0,I11CSPJ ,GET QUOTIENT 
70 "'MP 'CR4J. , RETURN TO U$~R 

C-. 
71 .ENoe 
72 , $OVI FOR MUI../OIV 
13 • UO'Of MUI.DIV 
14 sovu MOV 2tSPJ,Rl 'GET 1.0111 O~Of,:R DIVIDEND 
75 ,WORO 0il67~0 "se:x Ria 'EXTEND SIGN 

7" ,\IIORD 07uie "OIV (SP)+,R0 ,OIVIDE 
77 MOV R0"Sp 'PUSH QUOUENT 
76 see CHK$l7 'JUMP IF iHROR 
19 JMP .tR4l.+ 
80 .f!NOC 
81 13246 004~t.S1 (;Hl\i PI JSR R~,$tRR 'ERROR 3, e . 

(.- ItUH,034 
82 132C)2 I6i6U 34 JMP • ~!(4J .• 
&3 132:)4 021" .eYTE ., 
84 l;Sa!)!) 005 .anE 5 
8b .[NDC 

c 

c. 



1 
2 
3 
4 
5 
6 
7 
a 
~ 
10 
11 
12 
13 
14 
15 
10 
11 
is 
19 
20 
21 
22 
IU 
24 
2~ 
26 
27 
28 
29 
30 
;)1 
32 
33 
;)4 
;u 
36 
37 
38 
39 
40 
41 
42 1~2:>6 
4:,$ U200 
44 13262 
45 1~2f54 
46 132 tH) 
47 13210 

46 13274 
41i l3276 
51'11 1;)31110 

51 U304 
52 1~31D6 

53 13312 
54 1~314 

"001000 
'r.H~0~01 
~00VlliH! 
000003 
000004 
IU0~0!5 
000~06 
"!lH:l iQ 01 
177~04 
171312 
17TH4 
177U6 
f(HHHI00 
lCJIiJ0i11!tl~ 

.. kHt700 10 
1fJ001iJ~4 
000014 

010446 
0U~4e 
00fl000 
1Cl\Q!5~U 
100504d 
00fN66 
000~12 
1C06110 
[cHU!i045 
\,11/)5706 
121021010 
001456 
U6b16 
~il!'HH5 
(6"," 4fH 
106e00 

, , , , , , , , , , , , 

10VI'(I 

$OVRI 

.1'1 fl..! SOVRkle 

.IFiOF CNoue 

.G~oa~ $DVR,$~RHA 
$OVR ~ •• THE REA~ DIVIDE ROUTlNE 

$I)VR VUl8A 

COPYRIGHT 1971,1~72 OIGITA~ EQUIPMaNT CORP" MAYNARD, MA 

CA~~ED IN TH~ P~~lSH MODE 
TH~ ~UMERATO~ IS TH~ SECOND IT~M ON THE STACK 
AND THE O~NOMINATOR IS ON TOP, 
TAKES THE QUUTl~NT ANO PUTS IT ON TOP 
OF TH~ STACK IN THEIR PLAC~ 
R.01U 
"lU1 
R2 l11 X2 
1ii3!l!X3 
~4"'4 
1i1511%b 
oPUS 
PCI!I%7 
MQlIIl77304 
NOfh!lnJU 
I.$H.177~" 4 
AiH-17131t1 
f0U0 
101 1 %1 
Oltl • 
NIU. 
Ci/lPu. 
.IFOfi FFlIJ 
,WOKO 110001 "SETF 
.WORD 172526 ,,~OF (SP)+,Fl ,GET OIVISOR 
,wORQ 172426 ,,~OF (SP)+,F0 ;GET DIVIDEND 
,WORD 1744~1 "OlVF Fl,P0 IOlVIO~ 
,WORD 174046 "STF F0,~CSP) 'QUOTIENT TO STC 
.IMP 'CR4J.", 
,f!NOe 
.XfNOF Ff!1"I 
MOV R4,.tsP) 
MQV Rf:5,.tsP, 
Ct..R Rill 
Cl..~ FU 
CI..Ji< .. tiP) 
ASI.. N+0.~C$P~ 'SHIFT NUMERATO~ 

RO~ fSP ;GET ~UMERATOR SlGN 
Cl..~ ",(SPJ 
TST U(SP~' CHECK FOR ~.0 OENOMINATOR 

OCHU8J 
N+1C~P),'SP 'G~T NUMERATOR EXPONENT 

SEQ XE~i~8 'JUMP IF NUMERATOR 15 ZERO 
aUB NCSPJ.,R~ 

( 

..... 

c 

c 

( 
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kHH:Ht!l14 

C 5:) 1~3i0 ~ Id IZ)I~ ~:H/I IhlAij R0 I ""EfT JUSUFY NUME~ATOR FRACTION 
56 133a2 id002el SEC; '1 NSEFfT NORMAt.. aU 
57 U324 006000 Ii(OR R0 
t:ld 1~32!!) iQ6b0\!l IHse N+JC::iP),r(1O 

0il10(O 11 
5g 133~2 1:>61>01 61$13 N.ac~p),Hl 

000016 
60 133a6 ~)(O(D -'01 8WAS Rl 
61 133 40 ~1i1l5"02 CI,.R R2 
62 1;)3-2 1(J1d5iO~;) i;lo.foI ~J 
63 \3.)44 klI'HS~6" ASI,. D ~S"j. , 8Hl,"'T DENOMINATOR 

IrH'01l1 i0 
64 1;)3~0 0i6~tHHS AOC i (SP l. 'tiET RESUl.l SIGN 

1i'001i!10i 
6~ 1~\U4 l~660a BIS8 O·1(~Pl,H2 ,GET OIVISUR EXPONENT 

000011 
66 13360 160ia15 SUB Ra,~~p 'SUbTRACT e;.XPONENTS 

C 
67 1335 2 11105002 CI..R R2 
6iS U364 If:i6502 ens O~$Pl.,R~ ,GET HIGH URDER FRACTION 

1d00k'l10 
69 13370 000;)02 S!'IAB R2 
70 13.)72 !(l~0~61 SEC IINS~RT NORMAL. eU 
71 13;)74 0106002 ROR R2 
12 1337b 1:)6002 BUB O+3C~P),H2 

0001D1'-' 
13 13402 1~6ti03 tHS6 o"'a(~p),r(3 

000012 
14 1~4i16 000-a~3 SWAI:) R3 

( 1~ .IFQF EAE1MUL.UIV 
76 CI..C 'ENSURE NUM. ANO Of;NOM. • 
77 ROR R0, 
18 !'COR R' 'LOW ORDER Rl ANO H3 ARE 0 
79 ~OR Ra 
80 ROw R3 
8i .ENOC: 
82 1344U 020"'02 eMF' R0,H2 ICOMPMtE H~G,", NUMERATOR AND DENOMINATOR 
83 11'412 103440 el.o OHUU IJUMP IF' DENOMINATOR HIGH 
84 .lfiNDP EAE&MUL,D1V 

/ 
85 134414 l010;)4 aMI ol.wUa , JU!IIP IF OENOMINATUR LOW 

\,- 86 13416 02010') CMP R"R~ 'COMPARf; L,OW OROtlR PART$ 
81 1"420 1010~2' eMl OL.WU 8 
8d 13422 k'l01tl34 aNt; 0111118 
89 1;)424 k1k1~H:HHi C,L,.R Q CSPJ. 'QUOTIENT F RACTlON IS 1 

000014 
90 U4J0 00!H~ 1 I) INC ,:sp 'SUMP EXPONENT 
91 134\12 00500f) ca.R R5 
9~ 13434 011H144l) BR Fl., TUe 
9J .ENDC 
94 • !FOr; EAEtMUl..P1V 
9~ thllS 0l,.W518 'JUMP IF DliNOM1NATUR 1.0w OR SAME 
96 .ENOC 
97 1~436 022626 n K$1U eMF' (SP)+,(SPJ+ ,FI..LJSH EXP ANO SIGN 
98 13440 00041ei 8R ECUU 
99 U442 IOftHS720 Oe MU81 ur (SP) • 1FI,.U$H ~xp 
100 ;)444 01270" MOV .400J,R0 ,eRROR 3,8 

11~4003 

C 
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( 

HU .)41)0 0004121(5 eFt ECL.U 8 
Ui ,U02 1i101:1146 ovuu. l'ST "CSPJ 'FAKE SIGN 
10;) ~4~4 0l270ID OyHU81 MOV ".HH,J ,R0 .ERROR 3,6 

00;30121;$ 
U4 34tl0 VJ00402 S~ ECL,U IS 
u~ \)462 Ii:! 12700 UN~UfH MOV 'f140 b ,R0 'Eji(RO~ 5,3 

iHIl140 " 
106 J406 ,thH"26 £CI.S11U T$T (SP)· '''I,.USH SIGN 
107 ~470 004561 JSR R:5,S~RRA 

.... 
~1.H;iS2~ 

108 ;U74 011H5066 ECU1U CI.,R Q+0w4 (iP). , Ri;:TIJRN 0 
0ItHIHi) 10 

10 !I) ~:500 tcH65066 CI",R Q·2",4CSPJ 
1i!l00iil12 

111 ;U04 fI;lW)044:5 tlR RTNS 18 
ill ~5~6 1/I~6(/101(l Dl"wUII ROR R0 , HAl,.n: NUM~RATOR (C'0) ( lU 3510 0216001 ROR Rl no EN$UlifE THAT Nel) 
111$ .$5U IilliHi~ 115 INC 'liP 'COMPENSATE EXPONENT 
U4 • Ir'NP" e;Ai.&MUL.O~Y 
U5 \$014 Ii! 12704 DI;lUU MQV ,,~.,H4 ,GO DO FlRST 9 QUOTIENT ans 

000011 
U5 ;,e1t0 004101 JSH PC,OV1$1a 

000104 
117 ~524 1 UlS6b MOV!) R5,QtSP, ;UVE A~I.. HI~H OROER Q FIUCiT ION 

0001(114 
ue , EXCEPT NOfitMAL, sn 
119 ~c"0 klfD0704 1ST RA , SE.e If DONE C ) 12-0· ;)5'~ 2, 00' t" 4'0 :2 BfQ Nnn18 'NilI, NUMf.RATOR NOT 0 
121 35~4 ~0!H":lI' Cl",fit Rt) 'AL.I". THE REST OF THE QUOTIENT IS Zt:RO 
122 3536 000404 eR FI..T$18 
12~ 3540 012'~4 NTUUI MOV "16.,R4 ,GO DO 16 MORE ens 

kl00020 
124 3544 1604167 .,/SR PC,O"Ultl 

000080 
125 .!NOC 
Uti • IF 01" EA~,MUL.OH 
127 OHU1S' CI..C ( 

.-

l'iS RO~ R;) IENSIJRe: L.OW HAL.F Ot::NOM, • 
12g ~o~ R0 ,SCAI..E NUMERATOR FOR nXEO PT. DIVIOE 
Ukl ROR Rl 
131 .iNOC 
1\12 .1~·OF fAE 
133 MOV 'fMQ,W5 'POINT TO MQ 
U4 MOV Rl,flH5 'NUMERATOR TO AC,M~ 
U5 MOV R0,IIJI~R5) ~, 

136 MOV R2,.~R5, 't"+S*~)/C 
U7 1ST e1'(5) ... 1 PI)lNT 10AO 
138 MOV (~5)+,Rl 'K~EP REMAINDER 
US! MOV CR5)·,R4 ,KeEP QUOUENT 
&40 MOV R3,.i<15 ;GET Q*O 
141 1ST "C~5J 'POINT TO MQ 
142 ASR flU 'SCAI.E R 
i4~ ~ue FU,.pH)) ,Q-P"R 
&44 o~c 'lUSH 
l.5 MOV R2,·tR5) , (lhO-R) Ie ( ,46 CMP (H5)·, CI'I~). ,MQ 
l47 NEG '~5 
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( 
148 MQII .2,f.ASH I MUI,.T BY 4 
149 ADO R4,lIIIl1~5' ,Q+CQ*OI!lI()*S/C 
150 C\.R fllflliO(oj , NOIiSMAL. ne: 
151 SUS '.NQ~"S'" ,APPI-Y TO ~)(PONENT 

152 MOV •• 6,~.I..SM P~OSITION NORMAI"BlT 
153 MOV C R 5) + ,(H :; p , , $TORi QUoTIENT 
104 MOV '~5,~5 
16b .e:NOC 
1:;6 ,IFOF MUI..OIV 
157 MOV R0,R~ 'NUM~RATOR TO OlVIOltND 
15e MOV Rl,RO 
159 .\IIU~O 07 14 fa 2 , , OIV 1<2,R4 ,(A.S*S)/C 
ifj0 MOV R:':I,FU 'SAvE REMA1NOER 
16" MOV R4,R~ 1SAVE QUOTiENT 
1152 .WORD 070403 , , MUL. R3d~4 'GET Q*O 
16~ ASR Rl ISCAL.e: R 

( 164 SUB Rl,R4 1Q*O-R 
165 I WORO. 07J421,,,1 " ASHe •• ~,R4 'SCALE 
166 ,WORD 0714102 , , OlV R2,R4 , GET -CQ*O .. R) Ie 
J.l:i7 NEG R4 , tf~"Q*O' Ie 
le8 . ,IIIORO 07342,,"'~4. " ASHe *'14.,R4 IUNSCALE 
U9 ADO R0,R4 IIH (R"ChD) -SIC 
170 N6TUI:II ,\IIORO 07341ii17,1 " ASHe ''1,R4 'SHIFT 
171 SfIiIl N8UU 'CHECK FOR NORMAL. an 
172 DEC ,SP ICOMPENSATt EXPONENT 
p;1 BR NBTS1 a ,~o AGAIN 

( 
174 NUUIH _""ORO 1117~4Cl7,.7 "ASHe If.8,R4 'ALIGN FRACTION 
U'5 MOV R4,cHSf') 'STO~E HIGH ORDER 
176 .I:NOC 
111 ~5:)0 012604 FI,. TUiI MOV (~Pl·,R4 ,PUSH UP EXPONENT 
pe .)5Qa 11162/04 ADD #20Ql,R4 ,~oo IN fXCES$ 2fl10 

000200 
179 :301)6 VllCJ314i 61.t; UNOUe IUNOfR'L.OW 
180 ~:5ti0 0i2'04 CMP #J77, R4 

000;)77 
181 ,H5C) 4 "~2733 61.T QVRU8 10VEIilFI,.OW 
182 3506 110466 MOVS rU,Q·1·2~SP) 'lNS~fo1T ixPONENT IN RESULT 

( 00011)13 
183 3f)72 '''06026 SGNU81 fiiOfii CSP)+ 'INSERT QUOTtENT S~GN 

184 ;)574 00611:166 RQR Q.01l14(SPJ 
00113010 

185 31500 1'1061(10:) HOH R~ 
186 36102 rJ05Q0' AOC Rtj 'ROUND 
187 ;)604 01a5~6t) AOC Q+0.4C$I"J 

1?l130111!0 
illl 8 ;)6U 1i!110::)60 MOV R~,!il+211!14lSP) 'INSERT 1.01'4 ORDER FRACTION 

iQ00~U 
J.89 \)614 10311 ~ 6eS ovuu 
,90 3au> l02'16 ijV$ OVU18 

-.9 19 1 ~()a0 kli2 ti ll,J5 lifTNUiI MQV (~P)+,Rf) 

192 \)522 012th?)4 MQV (SFo')+,R4 
19;) ~624 \/I~21!12C1 CMP (SF')·, (&P)+ IF~USH FIRSt ARGUMENT 
194 ~626 ~~0~~4 JMP fltR4H· 
19~ .If''NUF EAE&MUL.01V 
190 3es~0 1606\)0:) OVU1(;1 ASL. Rl) 'SHIFT QUOTIENT 

( 
197 ~6~2 [;",'16 1,H'll • lSI.. Rl ;SHIFT NUMe:RATOR 
198 ~f);}4 006100 ROI. Rrc'J 
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( 

199 36!l6 10;)41216 flCS SOU ij 'GUA~ANTEED TO GO 
2014 3640 020200 CMP R2,Rei 1~O~PARE ~lGH DIVI$OR AND DIVlOENO 
2U ;Hi4:! 101 iii U fHU NGOUe 'JUMP IF OIVI~OM BIGGER 
202 ;)tj44 Ul34fU 61.0 GUuts 'JUMP I' DIVISOR $MALL~~ 
203 3646 020"01 CMP R3,IiU ICHfCK THE LOW O~O~~S 
204 iSeOIil 101005 aHI IIjGQU8 
2~;) ~6:>2 i50140 7 BEQ NWDU8 'JUMP IF NUMERATOR -OENOMINATOR 
206 3t.51)4 100;')01 GOUI:'II $UfJ R~,R~ 'NIIIN-O 
207 "806 005000 sse Ril 
208 3600 1602014 sus M~,RId 
2~g ,,)602 00520~ INC IU , INSERT QUOTHNT an 
210 ~654 00,304 NGUiU I DEC fit. 'COUNT I.OOP 
au 11606 0fi:1i)~60 BGT 0'11518 
212 it810 1il~0a07 fUS PC 
213 ~e72 1IJ12I5201:5 NQIJ$ 18 J INC Re , I NSE.fotT L.AST 1 81T IN QUOTIENT 
214 iHi74 000 401 alii t;QUJ.8 ( 21~ 3616 0ii16~0f;j t;QlIIS181 AiL. RO IPINUH ouT QUOTIENT ~lTH 121' S I 

216 ~71t10 0!D!5~04 E,QUUI gEC R4 
217 37~2 0~3~71) eGT EQ2SU 
218 i$1t'4 005204 INC R4 "~.G NO MORE NUMEHATOR 
219 ~71(lfj 0fa0i07 FiT:i$1IH RT8 PC 'RETURN TO CA~~ER 
220 ,ENOC 
2U ,I!NOC; 
222 .&:NOC 

( I 

c 

.. 



1 
2 
3 
4 
~ 
6 
1 
8 
9 
U 
11 
12 
13 
14 
10 
16 

( 17 
18 
19 
2£1 
21 
22 
23 
24 
2el 
20 
27 
26 ( 
29 
J0 
;H 
32 
33 
~4 
30 
36 

37 
38 ( 
39 
40 

41 
42 
43 

44 
45 
46 

47 
46 
49 

:)0 

51 

lJ110 
13112 

1371ei 

1~7a0 
1~1;a2 

liH20 
13730 
137.$2 

137.)6 
13'40 
13742 

13746 

13700 

1;';7::)4 

137()0 

0000130 
Vl\iH.'l~01 
k)t(l01002 
itlIi.l000J 
",00!(Je\4 
w0~1iJ0() 
~Hh:lICJ00 
eHHH'.l~0 
000kH) 1 
~lil01CJ02 
\a0131Q03 

010:)4fj 
016004 
\Il~0!lH':i! 
~U40'" 

1C031::l04 
020~27 
141062 
lflil\D(')2 
000403 
020021 
iQ4Il1HHI 
1101~~3 
00630lil 
~20(('!27 
1l!43001!J 
lf4i~444 

162700 
~H1!21w!l24 

~t)2'04 
((.!1c:l00U 
014446 

.un.1:. $I)XPi05 

.IIi'DP CNOU9 
I 
, DEXP V~05A 
; 
, ~OPYRIGHT 1971,191~ OIijITA~ EQUl'MENT CO~PORATIDN, MAYNAHQ,MAS , 

, 
I , , , 
IA; 
; 
1 

,GL.061.. 
.IfNOf 
• GI..OtSL • 
• ENOC 

DE:XP,$tRI'<A, 
FPU 
$AOD,$S80,$MLO,$DVO,$XD,~DI,$POLSH,$POPR4' 

T~t FORTRAN UEXP fUNCTION 
CA~I..XNG SEQU~NCt; 
JSR R5,DEXP 
BR A 
.~Owo ARGUMENT ADDRESS 

RETURNS ~ •• AHG IN He ~ R3. 

RQlU0 
~q=%1 
R2=X2 
kJUJ 
R4:II%4 
k!)HO 
~P!l%6 
1'0=%0 
fit;;!%! 
1'211:%2 
f.3!l%3 
.IFOf 
Mav 
.E.NDC 
• lfo'NOf 
Mev 
MOV 

MOV 

• tNtlC 
~"T 
CMP 

F'PI.,I 
fl2(RO) ,R!i:1; 

FI'IU 
RO,.(SP) 
2tF<5j,R4 

GET HIGH O~DER ARG 

1SAVE RETURN 
'GET ARt:; POINTEI'l 

@R4,He 1GET HIGH U~OE~ ARij 

POSS,g iJUMP IF + 
R~,#141662 ,ARG is ~ 

dHl 
6R 

POO$l!H (;MP 

ZER$19 ;JUMP IF AN; <S8,7 
$MT$19 'JUMP TO T~ST SMALl.. MAGNITUDE ARG 
R0,**4166~ 

6111 
$MTu!:n ASI,. 

CMP 

dl..O 
• HiNOF 
SUb 

ADO 

MOV 

OVR$19 IJUMP IF AkG >87 
R0 ;OUMP SIGN 
Ri2I, /:1:43 kH') 0 

QNEi'9 ;JUMP IF AkG MAGNITUOE <2 •• ~60 
fPlj 
#20.,SP "ET WORK &PACE 

#8"N4 'POINT TO ~O" OROEk ARG 

'" CR4).," (~P) IPUSH ARG 
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( 
52 U1~~ ~U~46 MOV • CR4)., .. (:tP) 
53 1~1f!j4 U4446 MOil .. tR4J.,-t 5P) 
54 1~7c,;tS (D14446 MOil .. CR4J.,,, t&P) 
55 U110 012748 MOV .013781,IIICSP) IPUSM ~OG2te:) 

Jdl31U .." . 

56 13774 ((11274($ MOV • 024:i34,'!ICSP) 
024034 

57 14~~0 1d U? 4f> MOV *112501;),-(81') 
U51Q7~ 

158 140JD4 01a746 MQV .40210,,,,,'SP) 
ftI40a10 

59 14010 ~044e1 JSR R4, S~OL.SH 'ENTE~ POLISH MODE 
0ilniU 

60 140'4 0161.tt) , ,WORD SML,O ;YIX*L.QG2CI:'.) 
61 14Ue 014454 1 ,WORD OUP$U 
62 14020 0"(;40 l .\IlORO SOl 'lNTtX"'L.OG2CE» 
63 14022 ~ 143441 .jljORO AOJS~9 ( 64 140i4 01bVl4CP ,¥jORQ 110 IZ~XNT(X·L.OG2t~»),Y>10' Z,Z,,1,yc0 
fH5 14eie 0007001 ,wORO $580 
66 ,-f/l1$0 01deZ l .wORO MJ.e519 'OI10.'X*L,OG2CE)·FL.OAT(Z») 
.7 14f(hH~ kH 44154' .WORD OUPSU '2 COPlES 
ee 14034 IU 71:)40 1 .V/ORO SIJX 
69 ,40iH> 014402' ,wORO OSViU 'SAVE INTEGER "'ART 0' 2uy 
70 14040 ~U0461 ,WORD 110 'f!;;lO-ZNTCOJ 
71 J.4042 012107001 .WORO UBO,D16$19 ,1/16 

2,4044 U4n0' 
12 i4041$ ru 44541 I\IIO~O OUPUg,OI"lPU9 ,Gt.T ;) copas 

( 140~0 0l44~4' ! 

73 14"~iC 01tH4~I • WORO· $1111..0 'Ett:: 
74 14054 U7576 , ,WORD $PO""'~4 ,POP EtE TO REGS 
75 140~f) 0141161 .WORO UPI,;Ug 
76 140b0 ~U701tJ ON!r;U91 MOV H402160,RI4 I Rf;SUI..T IS 1. 

2140200 
77 i40~4 0004UI I:H~ zu~~ 
18 1400b 012700 OVRU9; MOV .1004, R0 Ie:WROR 4d! 

001"'04 
'19 14072 U040i tHe ECI"U9 
80 14074 1Ili210V1 U;~U91 MOV H2001:t,Rg! ,EMROR 5,4 C-

002kl05 
I 

81 14U0 004:)67 iCl.U9 I JSR RO,St;.RRA 
~05'12 

82 2,4U4 00~000 Ca.R R0 'RESUI.T IS 0 
8;) 1411Z16 00e001 11$1$)1 CI.R Ri 
84 14U0 005002 CI"R Ri 
8& J.4ua ~1t)f)V)0.} CL"R R') 
86 14U4 0"'0011 ttR OUTU9 
87 14U6 01274t$ UPI.U!;) I MOV .033343."CSP) ,PUSH P0~7.21350~41084481g0e3 

~;"3;143 

88 14U2 iOU ' 4b MOV '*fc'I1 !!)~45, .. eSPl 
U 5~4el ::t.. 

89 14126 1012146 MOV .1~2405, .. (SP) 
U2401.5 

90 141~2 012740 MOV .040~46,~($P) 
itl40"145 

91 , 
( g~ 141i)ts VH0.)46 MOV R~,.~SP) ! 

93 14140 1010246 MOV R2, .. ~SP) 
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94 14142 0lU40 MOV IH,·tsPJ 
9~ 14144 Ie Ulll46 MOV R~,IIII~SP) 

96 , 
91 14i46 U27A~ MQV .~ !5 31 IU , II C S P ) 'PUS~ P1'.15716'135831801928 

"'" 1~3103 
98 ,4IuOa U;i74d MOV .,~:,)ItJU,"CSP' 

1:;3011 
99 141:)6 U2746 MOV .t! U~6~, .. esP' 

.,. lU"'S0 
U0 4leia 1d12746 MOil 'f037HS4,!III (SP) 

0~ne4 
101 
h12 4les U","4t1 MaV R,;),.~SP) 

10" 41'111 ~10a46 MOV Ri,,, rep, 
U4 4l/a 0h'!ld "'011 IH,.~$P) 
101) 4114 IlIhl04e MOV Rf6,"w ~SP' 

( U6 
U7 4116 Vl1274f!i MOV' 1f111"'42,"'(5P) 'PUSH Q012~.813771'965230~oa973 

17U42 
106 4202 ~U~7 4~ MOV .Vl74 433,-CSP) 

0144~U 
109 42leH5 012746 MOV lfu,23a',-CSPl 

Ult132 
1U 4212 ~U7 4e MOV ~H" 4 1 fl4 6 ,'" 5 P ) 

041246 
li1 , 

C 
ua 04Ut) 004467 .,JSR R4,$~OL.81'! 

~0es422 
113 4222 V-l1i.i070 II 1 .WORD UDO,AUPiU ,AIE*!+Q0 TO WORK SPAce 

4224 U44U' 
114 42~i5 ~16146' ,l'lORD SMI"O,SAOIJ,SML.D , (UE* tEthP 1.P0) 

42J0 000704' 
42;.)2 ~lfH4C>' 

115 42~4 iOU470, .WQ~O TWCU9 'OUP~ICATE ~ AND 6 
He 42J15 0007041 .WORD 5AOO, A.6PU9 ,'.8 TO WOl10 SPACe: 

4240 !tl14432 , 
U1 4242 ~0~71l11i)' ,wORD i&SO,iOVIJ ,(A+S'/CA.t;) 

( 4244 012210' 
US 4a4~ U42:un ,WORD SCI,,:U 9 I.PPL.Y $CAI..E FACTORS 
11 9 42tJ0 itI12105 SCI..U 9' MQV #IH2'19. d • ,R5 ,POINT TO Fi'OWEH$ OF 2 

flI14~541 
120 42:;4 ~06~6d ASHU ~ I ASR &.(51") ISMXn 0 

000fl1U 
121 4200 U;"ii/lU eec NMI"SU ,,JUMP " snu OFF 
UI!2 42cJ2 ~"4e4e MOV III CRfSl .• " t~Pl 'PUSH 2**tt2*.N).O/16) 

IQ 

U3 4264 fd14~4e Mav II CR!5J.,. ($", 
124 4206 U4~4f.) MOV ,,(R5J.,. C:$P) 
12~ 4270 U 4~4" MQV • tR 5 J. , ,; l & P ) 
126 4212 V!l044ti7 JSR R4,Sfoi'Ol,.SM 

." ~IiH5~4fJ 
127 427(; ~16140' .WORQ IMI,,!), UR$19 ,MUI"UPI"Y BY AeOVE FACTOR AND TE 

4;S1d0 !IH 4a64 I 
128 431d2 !llid!40;) NMI..U91 Se;Q SC;;uu 
129 4304 1fH~70e sue #8.,1<5 , P·iJINT TO NEXT P(JwfiR OF 2 

00011\110 
/ 130 4310 100115761 eR ~~Rslg 

~- 131 4312 012bli'!((l SCU1S11 MQV ($P)·,R0 ,POP RESUI,.'T 
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( 
U2 '3J,4 012d~1 MOV (5P)·,Rl 
13" 43Hi Idl2olil2 MOV (SP)+,R2 
,34 4320 U260;) MOV (SP)+,R3 
13ei 43aa Vlkl5126 TST' (iP). ,p!'L.USH. 0 

U6 4324 fD12ti04 MOV (SP)+,R4 'GET Z 
137 4320 000~04 S\IIAS fiI' 
138 43~0 10~\iJ0" CL,.Rij R4 IMA!<E INTO EXPON~NT MODIFIER 
139 4332 006204 ASR Fl4 
140 4334 1d6040~ ADO. "4,RIa IAPPL.Y TO ~ESUL.T 

141 433e Hl0bt53 B!I1X OVRU9 'JUMP IF OVERf"L.OW 
142 4340 01200($ QUTU91 MOV (SP)+,R5 ,POP RETURN 
143 4342 1tl00205 RT' R:) 'RETURN TO USER 
144 , 
~45 4344 0051115 AO.,lUfH TST '2(R:i) 'TEST )( 

000frl02 
146 4;)00 rofD2001 aGE AHNU9 'JUMP IF ... 
147 43~2 ~0e~lCS DEC fSP IlIllZ lII i ( 148 43~4 Itlllf:i66 AR!IIU!H MOV "SP,28,(~P) 'SAVE Z AS AN INTEGER 

.""0034 
149 43()0 ~00U4 JMP '(R4h 
U0 , 
HH 4302 052716 M1!>U!i1 AOI.) tH 0011,J, '5101 no'" STACK InM 

0011110id 
152 4~oe l100 U4 .IMP 'e IU J.'" 
1O~ 

, 
Hi. 4370 1027115 I.HOl191 SUS _U01iJ, 'SI'l '1/1es.STACl\ nt:M 

00 Ul00 
( 155 4374 100~01 61"1,. OtH<U9 'JUMP IF NO UND~HFL.OW 

156 4376 005vHe 'LoR ,iP 'UNO£;RFL,OWI!l0 --. 
157 4400 000134 061<U 511 JMP , ~R4}.'" 
1~8 , 
U~ 44162 U !f)(5CS OSVU9; MOV ,:sp,ae.(&P) ;SAV~ 0 AS AN INTEGER 

kH'J0~32 
160 44w:16 001i11~4 JMP , tR4J .... 
lbl , 
162 4.oUt "'2666 AUfo'U91 MOV OIP)·,38.CSP) ,A TO WORK SPACE 

000~46 
1fj3 4414 Id U06b MOV ClSP)+,38.CSP) ( 01iH~046 
164 4411!0 rc12666 MOV ($P)+,38.(SPl 

liH601iJ46 
165 4424 U2066 Mav C$P)+,38.tSP) 

000\346 
168 4430 ~i6kH 34 JM'P . .tR4J .... 
167 , 
108 4442 012666 ASji'U91 HOV ($Ii)+,22.(SP) ,MOVi A+S TO WOR!) SPACE ",. 

0vH:J02(;5 
16~ 44M, 1012060 MOV (SP)·,22,CSP) 

liJi2I01d26 
170 4442 1cl12066 MOV ($P)+,22.(SP) II, 

(IH","1I26 
171 4446 ~ 1206C> MOV ($P)+,22.(SP) 

~iil002e 
17'2 4402 000~.:)4 JMP f ClUJ. 
113 , 
174 44b4 016()46 IJU"'Ulil MOV 6'SPl.!I(~P) ,O\,iP\..ICATe: STACK UtI" 

000006 



(-- SDXPI4f:1 MACRO VIHcl~.14 ·01.SEP.72 "14~ PA~1i 12~. ?7 

115 4400 klltHS4e MOV 8 (811)., .. t&P) 

$16 4415'4 
000"0e5. 
o U64ei MOV 6tSP~, .. t~P) 
01a0008 

\71 4470 016e>4ti MOV e tSPJ" '" (~P) 
000006 

va 447~ 1i:'~0';U JMP 'tR4~ ... 
179 , 
iSla 4416 012700 T\tI~U~' MOV .~.,H0 'tIGHT n~MS 

000010 
18 1 III I!IVl 2 I.1UO~6 hUlli' MOV 14, C~Pl ,-CiP) ,DUPL.ICATE a DOUBLES 

l4~eVl U 
182 45~6 raIiHh.\G'" OEC R0 
18~ 4e.U Vl"'\liH4 iotGT TW1U9 
184 4e1U 0riH!IU4 .IMP '~R4~, + 

( 181) , 
U6 , 
Ul 4tH4 040aes .WOR!) 04026e,002~03,031771,lD7140 12,*",1/2 

4tHe 002~e~ 
4b~0 ~U1H 
4:')22 U7U5 

188 4~24 "40a~14 .WORD 040240,0~3160,~50e~,,1~4251 '2 U 1/4 
4026 1r:I;,s31e0 
41)~\/l 0t:i0C;l' 
4&~l UdU 

(- 189 40\)4 0402U ,wORD fI.l40213,112701,161r'2,105727 12"'" 
45;)6 112701 
4~4\b 1(;)17b2 
4S42 U5121 

190 4e>44 04020" RT2s19' ,WORD 040205,1a5303,0e~7'4,044~7~ ,2u1/U 
4046 12530~ 
4:\)~0 ~6\)114 
4~~2 ~4417~ 

'91 .ENOC; 
'92 
~93 elFOF FPU 

C 194 liTO , OQUe~E P~EQISION FP 
195 SEn , SHORT INTfL(iERS 
19fi MOV .FCO*tS),1iC0, POINTiR To CONSTANTS 
197 L.OD '2(RI)),,.a, GET ARGUMENT 
198 MOOD (RIiI)+,F~' F2'FRACT(X*~QG2(E') 

199 STCOX F3,R4, Z"NTtX*~OG2C!)) 
200 T510 Fa, 
201 CFt!; , 

Q' 21i12 iGE M16U9, TI$T Pi 
203 ADDD 'H,0, Far MA~E Fa POSITIVE 
2~4 UEe R4, ANO AOJU'T Z'~"l 
205 , 

.i;, 205 Mtb$UJ MOO~ _U.WI,F21 F2;FRACT('~.tX·~OG2(E)·FLOAT(Z» 

207 STCOI F3,R~' C.-INT tlfhC ... 
208 OIVO _U.",F2I E!!I~'2/U 

209 1..00 Fa,F;), 
2U MI,II..O F3,F~' ~.~ 

2U , 
( 212 1.00 '3,F1, 

213 AODO (Hrt))+,FlI ht.*E+QI/J 
214 MUL.O (RII))+,F3' 



215 
215 
217 
2U 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
23'" 
231 
2;)2 
2~3 
2114 
235 
2~6 
237 
2,)$ 
239 
240 
2'1 
242 
24~ 
244 
245 
24e 
247 
248 
24g 
250 
2U 
252 
253 
2:S4 
255 
256 
2:S1 
2fi8 
25i 
260 
251 
2fS2 
263 
264 
265 
2fHi 
267 

, 

AOOO 
MUL.O 
1.,00 
.000 
51,180 
01VO 

3Cl,.sUI ASR 
SCC 
MUL,O 
eR 

NMl..lfi.-IllEQ 
ADO 
tU , 

$CUUII $TD 
t-IOV 
MOV 
MOV 
MQV 
$WA8 
Cl.,R8 
A'Sf< 
ADO 
6Ml 
RTS , 

QNf.U~" MOV 
6R 

OVHi19. MOV 
I;H~ 

URU 9. MOV 
~CL,U91 JaR 

CI",R 
lli19, CI"R 

eL.R 
CI..R 
I<fS 

C~I1l)+,F~' 
F2,F~' 
Fl,f1fD, 
F3,F~' 
F3,Fl, 
F! , F~' 

R31 
NML,$UI 
C!if0)·,Ff1l1 
SCI,.U9' 
SCUU, 
if6.,H01 
SCI..Ug, 

FIi'J,.~$PH 
(SP)·,R01 
(SP)+,RlI 
($FI)·,R21 
(iP).,R31 
R4, 
R4, 
R41 
R4,R0, 
OVRU9' 
RI:i, 

#40200, .HI 
ZU19 
.U04,R0 
ECI,.U9 
#2kl0 b ,R0 
R:5,$i;.RRA 
R0 , RESUI. T 
Rl 
H2 
R3 
Rf)J 

~'tE*~.Pl + P0)*f 

A+6 
A lid' 
(A+6)/CA"SJ 

SHIF'T 0 

MU~TIP~Y BY ROOT OF 2 

POINT TO N~XT ROOT Of 2 

MOVE RESULT TO STACK 
ANO tHENCE TO R0 •• ,R3 

CONVE~T l TO EXPONENT MODIfIER 

APPL,V TO Re;SUI.,T 
JUMP IF OVt:RFI.,Ow 
EXlT 

,RllSUI..T U 1. 

,EHROR 4,2 

,EHROR 5,4 

n 0 

Exn , , , QROER.OEPfNOiNT C,ONSTANTS 
R0 POINTS AT NEXT,CONSTANT %~'PU VERS10N 

" FcIJ$191 .wQRIJ 40211il, U:)073,024534,U37 6 U LOG2CE) 

Q0 
, 

,\l/ORO 
• WORD " 
.\tjO~O 
.WORD 
,WORD 
,it/ORO 
.WORD 
.ENOC 
.ENoe 

04124e,1~12~2,074433,171042' 
0~11b4,113360,1530.11,1'3703, 
040746,1'24~5,015345,03334~' 
0402~e,la'~03,~e31i4,04417~' 
040213,112101,181102,10512 7 , 
~402J0,033760,e506'5'134251' 
0402~~,~0236~,031771,15714" 

Pi 
P0 
2**1/16 
2**1/8 
2**1/4 
2**1/2 

( 

( 

( 

( 

(: 



( 

( 

( 

.r. 

( 

1 
2 
a 

.4 
IS 
Cii 
7 
e 
~ 
10 
U 
12 
U 
14 
115 
U 
17 
is 
19 
20 
U 
22 
23 
24 
21> 
215 
27 
21i 
29 
J0 
U 
~a 
;U 14eb4 

:54 14,era 
~, 145ei2 
iU 145ti4 

iJ7 14,,70 
38 14,72 
3SJ 14tS74 

14014t$fI.'I0 
41 146IDa 
42 i4604 

43 14f5U 
44 
45 14612 
'6 14614 
47 14ele 

48 14(522 

49 14626 
'0 1461)0 

ff 

• U TL.E UXPIQ4 
.~FOF' CNO$~0 , 

, 'XP V004A , 
I ~OPYRlaHT ig71,1~1a DXijITA~ EQU1PMENT CORPORAfION, MAYNARO,MAS , 

I,GL.OfH • 

, 
UP, $~:~RA, 
FPU 
'AOR,$S6~,iML.R,SOVR,$lR,lRI,SPOL.SH' 

.' , 
• IP'NOli 
,GL.Oell.. 
.ItNOC 
iX' 
CA~l,.lNG 
JSFt 

TH~ ~EAL. EX'ONfNTIATION ROUTINE 
$f;QU'NCE I . 
""iX!' 

rD00000 
~00"01 
1d01Zi0IU 
1D~01jhU 
1D1I.I0~0~ 
!(l~0IiHH) 
0000015 
1d001t107 
0000130 
01C101r)tai 
000(1102 
0~000" 
L{l16004 
IUHU02 
011400 
00iH;l04 
020021 
14 1052 
1~1146 
kll~H!140 ~ 
020021 
041C160 
UU~1 
0rtH5~1ZI0 
\cHielltlll? 
11)63000 
UI):)27 

00t5146 
00e04e 
ua746 
040200 
\Ol644!:! 
000002 
0U44ei 
U6 446 
000002 

, , , Slit 
,wORO 

A 
AR(; APOIo(t;;ss 

,AI , , R!TURN§ ~)(PON!NT1A~ XN ~0 AND Rl. 

M0""0 
iHUl 
1'12U2 
iojUU 
fo( 411.l4 
RU'I) 
$PU6 
PC'" 
'0U0 
"uu 
I'2Ua 
fi'3U3 

OPI MOV 

MOV 
6GT 
CMP 

IHIX 
Slit 

PO~S2ft)1 eMP 

~Ml 
SMT$20 •• 51. 

CMP 

f3I"O 
,IFNOF 
TST 
C~R 
MOV· 

MOV 

MOV 
MOV 

'~4,~0 'GET HIGH ORDE~ A~G 
POSS20 'JUMP IF ARG • 
R0,#l416f:i2 

ZifUi0 'JUMP IF EXPONENT C "e8,1 
$MTS20 
R0,#416tild . 

QVRli0 'JUMP IF EXPQNENT • '1 
~0 'DUMP UGN 
Rill, #OiU01D 

ONiS20 . 'JUMP IF EIPONENT MAGNITUDE C 2*.~28 
p;pu 
wC$Pl 'SAVE SPAC~ FOR SCAL.E 
-CiPl 'PUSH A 1. 
#40200, .. tsP) 

atfit4~.,.tSP) 

'~4,"C$PJ a (R4J., III C~P) 

'G~T I"OW OROER ARGUMENT 

PUGH OROEf( 
'NeED TWO COPlts OF IT 



51 14()J401144f$ 
52 146~f) 004461 

00~1d02 
53 14642 ~14132' 
54 14644 017162' 
e)l:) 1464(; ~17(;100' 
SIS 146~~ 014744 1 

57 14e5a ~16~e2' 
58 14~'4 ~~473a' 
59 146~6 ~i3~06' 
60 14660 ~02i04' 
61 146(;12 ~147~2' 
62 14664 ~17162' 
e~ i46be 002~10' 
64 146 70 0132515' 
55 14612 002f13 U I 
66 14674 ~02~10' 
67 14676 013a5/S 1 

68 14700 ~14712' 
69 147i!12 002010' 
10 14704 014720' 
11 147~6 01"621 
72 14710 015~461 

MOV 
"'SFt 

13 14712 ~6~716 INCS2~' 

,JljORD 
.wORD 
,WORD 
.WORO 
,WORD 
,wORD 
.WORt> 
.WORD 
,II/ORO 
,WORD 
.WORD 
,IIIORO 
,WORD 
,WORD 
,WORD 
.wORD 
• I'tIORO 
.WORD 
.wORD 
.~ORD 
APD 

74 147U 
75 
70 14720 

n 147~4 

76 147~0 
7fJ 
lUI i 41;!2 

81 147056 

82 14,42 
83 

lkl0200 
~~0U4 

W) 16046 
000!iHl2 
kl u;t:i 46 
0001/102 
000134 

U2746 
12:51117;) 
rd12146 
0 40a70 
000'34 

84 14744 011IHH5 
f/l00012 

85 1471)0 1!l0U34 
86 
&7 
88 
eQ 

147~2 
1471)4 
147be 

kl0611E5 
~~6U0 
Hl2 7 1d. 
000400 

Sl0 147t;i2 U143t(1 
91 14764 00/5000 
92 147t:i6 00611116 
g3 147701OU 0 00 
9 4 1 4772 kH 60 U 

k:l~ik'l~0 2 
95 1076 iUl2146 

ra36bl'ii! 
96 16 tH'2 1(J127A~ 

141100 

,JMP , 
DUI"$20. MOV 

, 
MOV 

-IMP 

"'1..1;.$201 MQV 

, 
P'lOV 

. ,J MP 

~SVS201 ~O\l 

.IMP , 
C,l1s2k'1l ROL. 

ROI. 
SUB 

Bt,.OS 
ROR 
ROR 
MOV 
MOV 

MOV 

MOV 

'~4,"(SPJ 
R4,$I"OI"SH '~NTER PULI~H MOO! 

PI,.ES20 'PUSH I"OG2(E) 
SMI"R 
IjRl 
e;:SVS20 
UR 
PI..Ei~0 
iOVR 
158M 

H'XX LOG2CE).X 
1SAVE EXPONENT 
'FLOAT IT 
IPUSH LOG2tE) 

CFR$i0 iPUSH CONTiNUED ~RACTXON CONSTANTS 
$MI,." 'V-V 
.AOR 181+'-"1 
iOVR lAl/CB1+YtY) 
'AOR ".A1/CS1.'-Y) 
SAOR 'A0.Y.Al/C~1.'.'l 
SOVR lY/CA0+Y+A1/CBl+Yt'" 
IN~Si0 '.~tY/(A0+Y+Al/(ijl.Y.V)) 
$AOR '1-2.Y/ ••••••••• 
OUPS20 'OUP~ICATE IT 
$M~R '(1~2ty/., ••• ) •• 2 
SC~$a0 'EXIT PO~ISM MOOt ANO SCALE R~$UI,.T 
.1~0i00,'SP 'MULTIP~Y ey .2.0 

'tR4J+ 'GO BACK TO LIST 

2tSPJ, .. t~P) 

2tSPl.,W!C S P) 

't~.J+ 

"U5"'1'~,· (Sp) 

,,40270, "dSP) 

'C~4J .... 

"11', U. (&1") 

'.C~4J .... 

'DUPLICATE STACK ITEM 

,SAVE EXPONENT SCALE 

fliP 'j~l'T MOOIFIEO AR~ 
R0 'SAVE SIGN 
.400,,8P ,DIVIOE 6y 2. 

ZF R $ ':! 0 , U ttj Dt; R , L Q W" M A I< f! A lit G ~ 
R0 'GET SIGN SACK 
,$P 
'SP,~0 'GET MOOIFIEOAR~UMENT 
2tSPJ,Rl 'IN R~GISTtRS 

( 

.", 

( 

( 

.. 



(~ 

( 

( 

97 1!;0kHS 
98 1l)U0 
99 10012 

100 =>016 

Ul 1.;022 

102 1:>026 

103 
104 
105 
US 
,07 
10$ 
UQ 
110 
111 
112 
113 
114 
116 
116 
117 
116 
119 
'20 
121 

. 122 

°0;)2 
;)0,)4 
150~6 
0040 
~04a 

fel10146 
U0~4tJ 
IIH 2146 
P;7\l'l71 
01214" 
042426 
U2146 
0t)cU3J 
U2148 
041~60 
iO U' 40 
010~46 
010146 
IiJU04e 
000134 

iC U21iJ1 , 

MOV 
MOV 
MOV 

MOV 

MOV 

HOV 

MOV 
MOV 
MOV 
HOV 
JMP 
.iNoe 
.IFOF 
IifiTO 
SETl 
MOV 
L.DCFD 
MODO 
STCOI 
1..00 
exvo 
Sfl' 
,",OCOF 
epee 
!jEw 
L.OF 
MUL,F 
AOIJP 
L.OF 
DIV" 
ADDF 
ADOI' 
OlVP 
MUI,.F 
~U~F 
My!..,.. 
STf' 
.ENOC 

12~ 
124 
125 
126 
127 
128 
129 
13iil 
131 
132 
133 
U4 
135 
130 
1~7 
138 
13g 
140 
141 
142 
143 
144 
14ei 
,46 
147 
i 4d 
14i 

.lP'NDfI 
0044 022~26 lr~$201 CMP , 
b046 ~12~00 SCL.S2~. 
511!C0 012601 

5052 0120214 

,o54 000304 
00156 HH"ld04 
~0()0 0~6204 
t)002 \Il6040~ 

.ENOC 
MOV 
MOV 
.IFNOf 
MOY 
.E;NOC 
&wAB 
CL.Re 
~S" 
AOD 

Rl,,,,tsP) 
R0,,,,,tSP) 
.~71 b71," CSfIIJ 

"042 426,""tSP) 

'*1:15ti133,'II,SPJ 

#0411)6iZ1,l!!(SP) 

Rl,·~SP' 
R0,,,,,SP) 
Rl,I!I~SP' 
fHJ,.tSP' 
.tR4j ... 

FPtJ , , 
#fiCOi20,1iI1II, 
'ji(4, r.21 
C~0)"',F2' 
fl',R 4 1 
"1.0,,.01 
CR0)·,f2' , 
F2,Fa, , 
ac; uga, 
F2,F~' 
F;),F~' 
(fi(0)+,F~' 
(R0)·,FlI 
F3,Fl, 
F2,F1, 
(R0)·,n' 
F!,Fi, 
.2,0,F21 
F2,1i"" 
'0,P'101 
F0,,,,,~SP)' 

FPU 

/01 

ooua~E pHECIS!ON ARGUMENT REDUCT 
SHORT I NfEGERS 
P01NTiR TO CONSTANTS 
GET ARGUMENT 
'2"RACT(X·~OG2(E») 
R4;INT (X·I..OG2C~») 
F0'1.0 
r'F2/t2~~O~2(~» 

R~ST IN SINGLE PR~ClSION 
TE$T FOR UNOERF~OW 
~PPROXIMAUQN i'le:SU~T IS 1.0 

Al/CB1"'Y*VJ 

A0+Y+Al/C61+V.Y) 
Y/(A0+y+Al/C81+Y*Y» 

,,,,,a*Y/ ••• 
(1"'2*Y/ ••• ) •• 2 
MOVE APpROXIMATION TO $TAC~ 

CSP)+,CS~). 'F~USH CFRACT ARG 
~ESUL,T IS ,. 

(~P).,R01 
(~P)+,RlI 
FIi'U 
(SjO)).,R41 

R4, 
R41 
R41 
R4,RIIJ, 

GET APPROXIMATION RESU~T 

GET INTCX*~OG2(E» 

MAKE INTO ~XPONENT MODIFIER 

ADO IN EXPONENT MODIFIER 



$ElCP{D4 MACHO VR041!11!14 07.$1:.1'.72 U14~ PAliE 25. / c:> 2..--- ~ 

( 

150 :5004 10040~ tlMl OVIU20' TEST OVERFI..Ow 
Ul 5ra~6 ro00fi05 IHi R!H 
lea , 
153 :sra70 001)001 ON~$201 CL.R Rl ,lo( 

154 ~0'~ IrH!a100 MOil *OH1~~0, R~ , e;lCP CUNY) .. 1-
~401i00 

155 15076 ~1lI0i1l00 RTS R:) 
HH~ bUill 012700 OVHs201 MOV If240 4 ,R0 'ERROR 4,5 .. 

002404 
151 5H'4 0140402 6R ECI,.S20 
168 :; Ultj 012700 lEio<S201 MQV If24~~,R0 ,ERROR 3d) 

002405 
159 0112 01'04061 Etl..s201 JSR R5,$I::.RR. 

004700 <,; 

HS0 0116 !i:'l0fS000 CI,.f( R0 'RETURN 0 
lOl ~la" ~0e0ra1 CI..R Rl C I 162 0122 il.I00a0~ RTS R5 
163 
It:i4 ,lFOP F'PU 
16' , UROER"oe;PfNoI;f;NT CONSTANTS 
166 , 
107 fl'CIJ'S20I ,\IIORD !Il4fc'1270,1~5073, L.OG2(E) OOUBL.E PRECISION 
168 ,WORD 024t5i)4, 01 :$7611 
169 , 
P0 ,\IIORD 0404~0,1~507;)' a.I..OG2CEl OOUBL.E PRECISION 
171 ,WORD 02;4!!$;)4,0 U7e'1, 

C 172 , 
Pi) I\IIO~D 0415~0,0t)6133, 61"80.09011;101 
174 , 
171> ,WORD 0424~6, o, 1571' A1"601.8042667 
PIS 
171 .I'/O~O 14110(;" 0;"6602, A0 h 12.0U01675 
178 .ENOO 
179 .ENoe; 

C 

c 



( 
1 
2 
3 
4 
b 
6 
7 
8 

',,.. 9 
10 
11 
U 
13 
14 
It'S 
16 
11 
18 
19 
20 11)124 

21 lU~0 

22 \5\34 
23 l::ili)e 

24 11)142 
2!5 11)1 44 
26 l e146 

( 
27 1blb2 
28 
29 

i:l00~00 
000004 
0!alailliU 
000ii!106 

• Tl TLE SflCI..fa2 
.tFOF CNOS21 , 

, iFeAL!.. V002A 
I 
",COPYRIGHT 1971, Ol~ITAI. EQUIPMENTCORPORAUON, MAYNARD, MASS , 
, , , , , , , 

.GL,,061.. SFCAI.L, 
"CALI.. .~. RUUIIN~ FOR CALLING SINijL~ ARG FORTRAN 
'UNCTION$ FRUM wITHIN OTHER FORT~AN FUNCTIONS, 
~AL~lNij SeQU~NC~1 
MOV ARG PO%NreR,R~ 
MOV _~UNCTION NAME,R4 
JSR PC,SfCAL~ 
FLUSH ARGUMENT 
R0UI1J 
k4U4 
R5'%5 

012'746 $F(;AI.LI 
liH 1514fP 

$P,%6 
MOV 

'PC: U27.6 
000!37 
iii 1I1.l fj 4 15 
U2746 
0004", 
III ut)e~ 
004014 
052700 
000i11U 
00013" 

MOV 

MOV 
Mav 
MOV 
J$R 

RETIIl2 U ADO 

JMP , 

_137,-(51'"') , 

R',.~SP' ' 
.401 pI! ($1") 

SI'"', rH> 

,JMP 

Rra,.R4 
.lI.,~P 'FLUSH CALL 

AR(i 
.+4 

'RETURN TO USER WITH ARG ON STACK 
AND FUNcTCAHGl IN HEGS. 



, 
2 
~ 
4 
5 
6 
1 
8 
g 

U 
U 
U 
U 
14 

'" 10 
P 
18 
19 
20 
U 
aa 11'1:541 

23 U160 

24 115164 
2t! U1 66 

26 10172 
!fill4 

27 ,UrIS 
a' 102"0 
2g 

, • TlTL.E $lilX~3 
.XFOF CNOSi2 

, IFIX V003A , 
, ~OPYRIGHT 1971,l91i DIGITA~ iQUIPMENT CQ~PORATION, MAVNARO,MAS , 

IG~oe~ IFIX'$Rl,IPO~SH 
, T1'IE FORTRAN IFIX FUNCUON 
, CAL~lNG $~WU~Ne~1 
, JSR R!,I~IX 
, SR A" 
I .WORD ARGUMENT ADDRESS 
,AI 
, RETURNS TME TRUNCATED AND F1XEDHEA~ 
, ARGUMiNT AS AN JNTEG~R IN R0, , 

000000 
1d001U4 
00101)0:) 
000008 
016604 IF IX I 
0el,HHHI 
U6446 
000002 

R01%0 
~4'%4 

·.~5Ut) . 
iPue 
MOV 

MOV " 

011446 MOV 
004467 RNDS221 JSR 
0044!2 
IU 1fH5I1P 
"15176' 
"'2~0j UP~$221 MOY 
1/I~~20' RT$ 

.ENQC 

"2 ~ROJ., R4 

2 CR4J.,!II t~P) . 

'H4,·($P). 
R4"POL.SH 

$"I,~PL$22 

'GET ARGADORt;$S 

,PUSH AI;G 

,ENTER POL.ISH MODE 

tTHUNCAT~ AND FIX 

(1P)+,R0 ,POP lNTiGER RESULT 
,RC'RETURN TO CALL!H 

( 

.' 

(' 

( 

c 

..... 



1 
2 
J 
4 
5 

V,L 

6 ., 
8 
9 . ., 
10 
11 
12 
13 
14 
l~ 
15 
17 
18 
19 

( 
20 
2i 
iC2 
23 Ui202 

24 11,52166 

25 1l:i212 
26 1~a14 
27 U2HS ( 
a8 152Z0 
29 

• TlTL.e: $FI..TIcI2 
,IF'OF' CNO$2J , 

, F~OAT V0~2A , 
I ~OPyRXGHT 1~7J, OIijITA~ EQUIPMENT CORPORATION, MAYNARD,"ASS 
1 

000000 
0~0~01 
~00004 
0001i10~ 
fijllJ0ltH~e 

, , , , , 
, A; , , , 

~H7~40 "L.OAlI 
00121002 
004461 
004432 
Ie 16.,62' 
0l76UJI 
0152UII 
0002015 UPI..$2~1 

,G1..061.. 
F'I..OA'T 
CAL.L.ING 
.,tSR 
SR 
,II<IO~O 

FL.OAT,SlR,$POI..SH,$POPR3 
THE 'ORT~AN FLOAT FUNCTIUN 
SEQU~NCtl 
R:-J,trL.OAT 
A 
AODR~SS UF INTEGER 

RETURNS REAL. EQUiVALENT IN R0 ANO Mi. 
USES slF~. 

~0U0 
kl !II %1 
Rt4I111X4 
R5!11~5 
$1"111%6 
MOV '2CR~),.~SP) ,GiT ARGUMENT ON STACK 

,WORD 
,wORD 
,wORD 
I-CTS 
.ENPC 

SIR 'CALL. iIR TO CONVERT TO REAL. 
S~opR3 ,POP RESUI..T TO RtGS 
U"'L.Slt3 
R~ ;~ETURN TO CA~~ER 



1 
2 
3 
4 
5 
6 ., 
8 
9 
10 
U 
U 
13 
14 
U 
16 
17 
ltJ 
19 
20 
U 1b2a2 

22 1:)226 
2J 1b2J0 

24 lb2~4 
25 1ei 2"6 

28 10242 

2S 152'6 

29 102«)2 
30 102b4 
31 15266 
32 10270 
33 102 72 

34 lti27(S 

35 10302 
36 Hi304 

37 1~3U 
~8 lb312 
39 let314 

40 1\:)320 
41 15322 
42 15324 
43 1~32S 

44 10332 

000000 
0~0001 
Vllilllllhl2 
vHilil III 146 
~00'UJ' 
0U74(l 
~012l1U7 
lIIiHl4012 
012146 
~00471 
U\O~41:i 
UC5001 
1000010 
iti66066 
"00iD06 
1d~0U \II 
016666 
000004 
liHt30iCl0ti 
L<JU06b 
000004 
o U24" 
~H"ID4e 
00U00 
112102 
04271212 
~77()00 
l20~21 
000iU0 
0~H ~04 
020166 
01210014 
002161 
ftl00454 
1057lHS 
00001217 
0~1(cl02 
005216 
(000420 
120227 
kllOkl053 
001 441 

, 
.un.1i. UCX02 
.1ftOF eNOli4 

, ilCI V002A , 
, COPYRIGHT 1971,197i D,ijIT.~ EQUIPMENT COHPORATION, MAYNARD,MAS , 
, , , , , , , 

,Gl..oeL. 
Iota 
$leI 
CA\.1.1NG 
FlUSI'! 
PU~r4 
JSR 
RETURN$ 
R0IU 
~ 11%1 
R2U2 
i1U ;C6 
PCII!%1 
MOil 

6R 
uell MOY 

GOi241 MOV 

STTS241 

MOV 

MOV 

MQV 

MOV 
CI,.R 
CI..R 
Mova 
uc 

$lCX,$OC:~ 
A&Cll TO OCTAl.. CONVER$ION 
ASCI' TO INTEGER CONV~RSION 
S~QUiNCe.1 
CMARACT[H FIEL.D START 
CMARACT~~ Flil..O I..fNGTH 
PC,SlCI OR SOCI 
WITH INT~GE~ R~SUL.T ON TOP OF STACK. 

.b7,"CSJIIJ. 

G0$24 
.471,-eSp ) 

~.l, .. PiPJ 
.$ .(5~' , ~~ 

IHSP)., a. tsP) 

4(SPl.,6(5P) 

R2,.~SPJ 
.(Spj 'CL,EAR 
RfD . , CL.e;AR 
(RO·,R2 
.,,77 600,1'(2 

,stT DECiMAL, FI..AGS 

,S/WE Rl 
'G~T 3T~lNG START 

H,iT END." 

,Fl00L.E HETURN POINTeR 

,SAVE;. RI1I 

'SAV~ R2 
UGN 
WORK SPACe: 

,Gf.T Ntxr CHAR, 

CMPS Ra,." 

BNE SGS~~4 'JUMP IF NUT 6L,ANK 
CMP Rl,12.(SP) 

f:$I..T 
8R 

5G$$24' TSTe 

aNI!; 
INC 
tlR 

$N 1$241 CMPe 

SEQ 

$Tn~4 
SGNSCl4 
7tSPJ.1 

SNUi4, 
6ISIP, 
NCKSi4' 
R2,.'.' 

'JUMP IF MORE TO $CAN 
;OONE 

IF OCTA~ CONVERSION 

00 NOT PERMIT SIGNS 
OCTA~ • FAKE THE SIGN BIT 
GO PROCE~S THE DIGIT 

;JUMP IF • 

c 

( 

(i 



( 

.5 It;3~. 120227 
"~00!5~ 

46 lb340 "'0 h\l U 
.7 10;S42 ~05alt$ 
48 15344 ~00434 
49 10346 lUU2 
50 lt53eil2l 042702 

i77601i:l 
~i 1531>4 120c21 

fI:lIQ0illllill 
152 1 e)360 itl01002 
5,) 1 ~302 112702 

000060 
54 If:j3~e 12il227 

01210060 
55 1~372 ~~2440 
56 15314 120266 

1!l00i00t:i 
57 104~0 003i63ei 
58 15402 162702 

~iHH'Ie0 
59 1~406 1057fHS 

1000007 
60 15412 00143~ 
61 lb4~4 1Q0e~01l1 
62 1 b416 102426 
6,5 10420 1()0~02 
64 U4~2 ~1tJ6400 
6S 15424 U '2423 
66 lti4iib ~H/l6~00 
61 164~0 102421 
68 1~""2 160200 
69 U4J4 102417 
70 104,)15 0201615 

1000014 
11 1:)442 010214, 
12 lb4 44 00602~ 
7 ~ 10446 103403 
14 1041'0 00541210 
75 11.'S4~2 102411 
76 Hj4~4 000241 
n 1154~8 012ti02 
78 1~460 k:112601 
19 1~402 006126 
8121 ""4ei4 k'l10kHi6 

000004 
81 10470 012Qq]0 
82 10"'2 ~00~01 
83 10474 fdVJ5726 
84 1 b416 2Hrl5000 
85 105~0 0015UiS 

86 '1'5~4 
0001/)04 
000164 

NXTS241 

C!'IPS 

eN~ 
INC 
8R 
MOVe 
SIC 

CMP6 

SN! 
MQve 

NCKS24. Cfo1P6 

t;;Rj;$241 
NGMS:U; 

, 

I.H. T 
CM~8 

ern 
sue 

TaTS 

e~Q 
Ail.. 
evs 
iUB 
A5L. 
el/s 
ASL. 
!:tv 6 
aut; 
t,;V8 
CMP 

81..1 
ROR 
SCi 
NEG 
ells 
CI.C 
MOV 
MOV 
ROL. 
MOV 

MOY 
1(18 
fST 
CI.,R 
COM 

BR 
8i' 
88 
89 
90 

15e06 006~00 OC~$24' ROL. 
lb510 11213171 acs 
1b 512 1111/)6100 R~l.. 

NCKsa4 IJUMP IF NOT-
,sp 'S~T SIGN. 
fll.DSi4 
C~!,+,R2 'G~T NExT CHAR. 
uno~H,,~2 

R2, iii' , 

NC~$a4 'JUMP IF NOT BI..AN~ 
.e0,R2 ,a~ANK .ZE~O 

R2,N'1i'! 

~RR$a4 'JUMP IF TOO SMAI.~ 
Ri, (HSPl 

ERRSi4 'JUMP IF TOO eIG 
N60,H2 'MAKE NUME~le . 

7CSPl 'OCTAL OR ~lNARY 

OI;L.S~4 
R0 'R0,SASitR0+R2 
Ef<RSi4 
RIlI,Ri 
Rill 
ERRsa4 
R0 
e;I1RSi4 
Ri,R'" 
ERRSi4 
H",1 2,CSP, 

NXT$24 'JUMP IF MORE FI~~O TO SCAN 
(SP)· ITiST SIGN 
ONfs24 'JUMP IF • 
R0 'MAKE + 
NGMS~4 'JUMP IF .NEGMAX 
,$iT SUtCESS FLAG 
(SP,+,R2 'R~STORE R~ 
CiP)+,Rl 'R~STORe: Ri 
(SP,. 'FLUSH FLAG AND ~ET C BIT %, ERROR 
R0,4~SP' 'RETURN R~jULT 

(SP)+,R0 
PC 
(iP). "LUSH SlGN 
RIlJ 
4CSPl 'SET ERROR FLAG 

ONES24 

R~' ~HIFT 3 BITS LEFT, 
e:HR'~4' CHECKING Ai YOU GO 
R0, 



UClrD2 MACRO VI'U .. -,4 Rl7-$I;;P.72 11141) PACi! a;. /dr' 
( 

~1 15U4 103761 BCi ERRS24, 
i2 lOI!lUi 00U01a «01;. RU 
~~ ,tsa(IJ Ul376(5 eCi E~lua4; 
94 l fi '22 a60a00 AOO R2,RiD, AD!) IN THE DXGIT 
9:.'1 uei4 01110744 ;i;lR F1,.0124, 00 NEXT ~l 

~~ .e:Noe 

( 

( 

( 
- . 

..' 

( 



c 

( 

(. 

, 
, 

• TITL.E UC:O~2 
.IFOF CNO:ll25 2 

;., 

'" 5 
, SICO V002A 

6 
'1 
e 
~ 
10 
U 
12 
13 
14 
15 
U 
!7 
18 

, 
, COPyRIGHT 1971, OIbITA~ EQUIPM~NT CORPORATION, MAYNARO,MASS 

o. 

19 ~00000 
UI 1tl1/10~01 
2 i 16011'00'2 
22 llIili000;S 
23 0~1211i104 
24 00000(; 
25 2100001 

, , , , " ., , , , , 

26 15!iS ~1210~ SOCOI 
1Il0UfHi 

27 l~5~2 000402 . 
28 loe~4 ~12700 $l~O' 

00U54 

.G~OB~ SlCO,SOCU 
SOCO OCTA~ TO ASCII CONV~R$lON 
SICO INTEGER T~ ASCII CONVE~SlON 
CA~~lNG $fQU~NCE; 
PUSH 'lE~O START ~OC~TI0N 
PU8~ F1E~U ~tNGTH 
PUSH V"L.U~ 
JSR pe,SICO tOR SOCO) 
fRROR WIL.L. R~TURN WITH C 6XT SET ON 
R0, Rl,R2, H3 AHt DESTROY~O 

. R0'X0 . 
fi<l'U 
R2lii!X2 
foi!3.~3 
fN-X4 
SP;X() 
PC",' 
MOV 

8R 
MOV 

GOi2::!i 
.CH::CS25I!do(EI..S2!, R0 

'PUINT TO OCTAL. TABLE 

'POINT TO DECIMAL. TAB~E 

29 1~540 ~10446 G~$2'1 MOV 
30 ,$542 016003 MOV 

R4,.tSP, 
8.(Sfi'l,R~ , GiT FlEI..O START 

000010 
31 11>:;)46 016002 

0iiHH~0e 
;U11'J::S~2 0i/)2~0~ 
33 15554 fiH'5002 
34 1:)556 k)05066 

il00001!) 

MOV 

35 15562 ~16004 L.P~S251 MOV 
000004 

~6 1 ei!5ti6 0 U7 41S 
21000410 

31 15572 020027 
000166 

38 \1$576 ~1il1405 
39 11.51.$00 0\45704 
40 ,'602 002003 
41 15604 0ilH,)4q)4 
42 1~606 klU716 

000055 

MOV 

CMP 

SEQ 
. TS'f 
8G~ 
NEG 
MOV 

43 15612 005046 PO~$2~1 C~R 
44 1~614 ~~0700 ADO 
45 106!6 RE~$2~1 
46 10616 005710 TST$201 TST 
47 106~0001416 SEQ 
48 1D622 ~05~01 C~R 

L.PS$~5 
R2 
tHSfIIJ. 

'G~T ~IEL.O LENGTH· 

'JUMP IF I..tNGTH NOT NEG 

4.CS P),R4 ,G~TVALUE TO 6E CONV!RT~D 

, CL.EAR SIGN 

PO$$g5 
R4 
POS$i5 
R4 .,,,,'$P 

'1'10 

,CHECK IF DOING OCTAL. 

IVE$, GIVE MAGN1TUOE RESULT 

'JUMP IFf • 
'GET A8S0l..UTE VALUi 
;$AVe; • 

'SET FENCa 

MCJVS~5 , JUMP IF AL.L. POwiR~ DONE 
tiU 



SICQfDi MACRO VR0~.14 01-$EP.7a ~'I"~ PAfjE :lrh //tJ 

4i U6i .. 161004 Sut;12!1 sue 'R0, Jil 4 'S~E IF C:URR(i:NT POWER WI~L. GQ AGAIN C 
50 ,5626 !id~40a 61.0 eACSi5 
51 1~6"0 005~0J, INC Ri 'SUMP DIGIT 
ea !'e~2 .00077" ~R &\JIU25 
5~ lOS.}4 ~62\Q04 IUr,;,2b I ADD (R0,+,R4 HOO MUCH, fUCK UP 
5~ 156;.\6 01rH5701 TST Rl ,.,; 

5& 10640 ItJlbi~04 6Ni N~ES~5 'JUMP IF DIGn NOT " 56 l'S42 0015118 T$T ,sp 
07 ,0644 10 Itl1 i" 64 eEQ Tillie 'JUMP IF NO NON-U;RO DIGlTS ViT 
58 ,,15646 0e5271U NZt.i201 ADO *Hi0,1<1 'CONVERT TO Aseu 

210006121 
59 uee>2 I",U4S MOV Rl,·~SP) 
60 115654 000760 eR rtiTSafi 
6i l~fHH) IQ00~03 MOIIS2~ I AOO R2,R~ 'POINT TO FIU.D !i;NU 
El2 ttiiS(j" iHH!704 ADD .60,ji(4 'CONVERT l..iA$T SIGNIFICANT alan 

000 lIH!i 0 
6~ il:i604 110443 Move R4,.~R") 
04 ,,1)6~tI i.l0e;)02 DCI'($2e; Ofe R2 ( "1:5 2,0610 00iU10 61.i 'UI,,$~5 'JUMP IF COUNT EXHAU$TEO \ 

66 It§e 72 112043 Mova CSPJ+,.(~J) ,MOVE Dll.iU 
67 i{SeT4 001"'4 ~Ni: OCRSie 'JUMP IF NOT THE FENC~ 
68 10676 lUiU MOVS ($P)+,'fi(~ 'Move; OUT THE SXliN 
ell) 15100 01iHS\)02 FII.S2!S1 OEC: Ra 
70 "~7fIHi! 001410 "EQ QN,S~6 'JUMP IF IF 1 fl.O FlI..L.ED 
71 115704 lU74il MOVS .' ,"CR3) ,MOVE IN ~iADING B~ANKS 

000i140 
12 157U 0ta077J 6R FU,$25 
13 Ul1U 005126 fiU~$201 TST CiP). 
74 1"Ti4 00 Ul 11 f.HlII~ fP~IU25 'NUM6e:R TOO lUG "011 FIEI,.D ( 
75 ,a7US 0227215 CMP .' , ~SP) + 

0000.rd 
76 ,1:1722 ~""li1U eNi STS$~5 .. 4. 'JUMP IF NQ ROOM FOR '" 
71 i:5724 0U004 f.)N~S2U MOV (SP)+,R4 
78 ib7iB ~ue6e MOV CSP)+,4ttiP) ,MOVE RETUIi(N UP 

000004 
1~ U7i)2 0"37215 TST (IP)· 'FL,USH VAI.,UE 
80 lD7~4 006128 . ROI. CS.P)+ IFI"UiH 'I,.AG AND SET C eIT ON IF e:RROR 
u iOl~fS 11100207 HTi filC 
82 11""" lIliH5126 iRRS2~1 TsT CSP)+ ( 815 U74a 00U7e 6Ni fi;RRI2e i 

84 ,,1)14.r ~~57i6 UT ('P)· ,'L,U$H SIGN 
85 ,,15746 0160f)il MOV e.(SP),R" 

000010 
86 157:>2 U272~ STi121); MOilS .'*,~Ra,· ,PH,I,. FIELD WlTH • 

002111152 
87 U7~6 "0ei~e6 Oie o ~sp~. 

000006 8. U7fi2 1111113;.\73 6GT $TSI2t5 'JUMP IF MORE TO 00 
e$l U7f$4 00eUS COM elC$P~ 'FI,.AG fRROR 

2100006 
~0 U770 1II~0755 SR QNt;S~5 
91 11:j7'2 ld23420 Dtc.;$a~, ,,~QRO '000~,,10001,100.,'0,,0 

1~774 U1751tl 
lOTTe! l/liiHU44 
lfi0i)0 000012 
lC>0~2 ~00~01c1 

$)2 U0~4 U0ialU OcTl2:)1 ,WORD 10001/10,1111000,1000,~00,10,0 ( i 



'ICOII MACHO VRa •• ,4 07-SiP.72 '1'4~ PA~f 3'. 
(-- UeH/U5 ~U000 

10U~ "" 1000 
loUa 00iUlht 

( 

(

~-

c 

• 

lo!iH4 ~.H~0Ii:1U 
UUO o0001U0 

ia .CNoe 



1 
2 
3 
4 
15 
fi 
)' 

8 
9 
U 
U 
12 
113 
14 
1!5 
i6 
11 
18 
19 
20 
U 
ar.l 115020 
:n 16e20 

24 lolaa4 

25 100"0 
26 1f$0it2 

21 100~fS 
10040 

28 1~042 
29 16044 
;50 

, , , 
• un.! $lNTi'l2 
.IFOF CNOs26 

i 1'fT 

/1.2- . 

, COPyRIGHT 1971, DI~tTA~ EQUIPMENT CORPURATION, MAYNARO,MAS$ 

o IcH!l flI 00 
000004 
00f2lWl0l' 
~00fjJ06 

, 
, , , , , 
IA' , , , 

XNTI 
ue=>04 IOlNT. 
000002 
U6446 
000002 
01144ei 
fU4467 
01ueHH' 
(,Il17es~0' 
U6fQ42 , 
012e",~ UPI.,201 
~00a05 . 

.G~OB~ XNT,'OlMT,$~X,$PO~$H -
TME FORTRAN ~NT AND IOINT FUNCTIONS, 
CA"'~ING SEQU~NCil 
J8M R',lNT tOR IOINT) 
eR A 
.wORO ARGUMENT ADO~!SS 

RETURNS INTEijER ~QU%VA~ENT IN R~. 
U8fS SR 1. . .. 

R0U0 
1'(41'4 
f'iSIXI$. 
IP'.6 

MOV a ~IUJ., R4 'Gi:T ARGUMtNT ADDRESS 

MOV 2CR4~,.C{iP) 'PUSH 1..01'1 ORO!R Re:A~ 

MOV 'M4,!!!I($Pl. ,HIGH OROER 
JSR R4,$POL.51'1 ,CAL.L. sfU TO CONVERT 

.WORt) SRI,~p~5a6 'INTiGe;R 

MOV ($P)·,R0. ,POP INTiGt:;Fi Rt:SULT 
IHS RI5 
.ENDC 

PART 

TO 

( 

c 

c 

(I 



(- URe4 MAeRU VFUJ4-1 4 07-SEP.7a 1';4~ PAije; 32 //3 

, .TXn,~ UR04 
a .IFOI' CNOia, 
~ ,GL.Qal. UR, ilD 
4 , INUGiR TO ~t.AL. CONVERSION, ... 
5 , 
6 , UN V004A 
7 , 

"\> 
8 , CQPYR1GHT 1971,1 912 DIGITAL. ~QUXPM~NT CORP" MAYNARD, MA 
9 , ARGUM~NT XS A 'UI.LWORO O~T~~ TO' 0' THE STACK 
lID , CONVEHT IT TO RIAL. FORMAT AND RETUWN n AS THi TOP 
U , TWO WORDS ON THt STACK, 
U o 0011H!1" RIU~0 

13 IUIue, Rl·~J, 
1. kllll000a Raua 
15 000160;,\ RU¥3 

/ 18 1il11l0~04 R4U04 

\ 11 IU001/1fJ 'P"'~ 
'" U 171iU4 MQI1771J04 

151 171hi NORIJ177U2 
21il fclilHUI00 "01%0 
21 .1FOF FPU .2 $lUI SETO, 
23 BR lDU27 
24 SJ~I a£TF , 
2~ 10U211 ,e;n , SHORT lNTEIiERS 

(~ 
2S L.OCIF CSP)+,F0' CONVe:RT 
27 "I' F0,.~SP" R!iUL.T TO ~TACI< 
28 JMP .. ~R4l. + 
29 ,(NOC 
~III .XPNDF !'flU 
U 100415 II'IU04Ei UIH MOV ,sP,-caPJ. JPUSH ARGUMENT DOWN 
\$2 l15000 0iU46 MOV ,$P," CSPJ. 
;n "21'2 rrHJ50ee CI.R 2 (SIP). ICI.EAR I,.OllliST ORDER DOUBLE 

1ll0000a 
~4 1e0~e iHllf51/1 e> 6 CI,.R 4 C$Pl. 

0001U4 

C- :10 lfili2 0tJ15040 UHI CI.R • t$PJ. 'MAKE ~OQM FOR RESIolL.T 
;n !Ollie 4 0letHU MOV 2t$p~.,rH Hit T INTEG~R ARGUMENT 

0001D02 
i57 10070 003002 eGT PU$$i7 
;S8 16072 001424 SEg %flU", 
~9 10074 00540l N!G "' 'G~T ABSOI.UT£ VAI.U~ 
40 151jl1e 'rlHIJOU6 po:naT. MOL. • tSP). 'SAVE SXGN 
41 .,fiNDF EAE 

(. 42 16"'0 ua702 MOV "220,~2 'GET MAX, POSSIBI.E EXPONENT +1 
000i20 

4\5 .ENoe 
44 , t:Ato COD~ 

.. 4~ ,1FOF fA! 
48 MOV #U1,R2 'GET MAX, POSSIBLE EXPONENT 
47 .ENot 4. 15 U/4 105086 CI.RS 4 taP). 'CI,.EAR LOWEST OROER FRACTION 

o I4\iHO 184 
49 10,10 NOMSa? 

( 50 .IFNOF EAE 
51 ,«51 U I/IIUilU 10(01.. Rl 'l.OOK "OR NORMAL. an 
Cia 1f$112 10~402 eea NUCSa? 'JUMP IF FOUNO 



5~ 1 (H l4 r/HII~~0a 
54 161 HI 000174 
'5 
5~ 
57 
58 
59 
60 
61 
62 
e3 
64 
65 
GIS 
67 

6816U4 
89 2,6126 
70 leu" 
71 UU2 
72 161"4 
73 iOU6 

74 lCU4:! 
75 10144 
16 
17 

110166 
a00005 
U51ClU 
150ilU 
01)0~01 
liHHHJ26 
006001 
UHS01U 
0~0i0" 
UUU 
000134 

OEC R2 'Q~CREASE iXPONENT 
aR NOMS21 'TRV AGAIN 
.~NDC 

, IUE CODE 
,1'OF ~Ai 
MOV _MQ,H~ ;POINT TO MQ 
CI"R 'R3 
MOV ~l,.~R~l ,MOV! ARG 
MOV .NQR'R0 'POINT TO NOR IN IAE 
CI"R .R0 'NO~MA~lZE FRACTION 
SUi C~0,.,R2· 'Ti~L fXPONENT 
MQV _a,'H0 'SHIFT OUT NORMAl" B%T Iv LIM 
MQV 'HI,~l 'RESUI"T TO Rl 
.liNOe 

NaOla7. Move Rl,5~SP) ,SAVE LOW ORDi~ FRACTION 

CLoRe 
USB 
SWA6 
ROR 
RON 
RQRe 

MOV 
U;H$271 JMP 

.ENce 

.eNce 

Rl 
R2,Rl 'COMeIN! iXPONENT AND HIGH ORDER PRACTIO 
IH 
(IP,· 'GiT SIGN 
Rl 'INSERT SXijN IN RESULT 
3($P) 

Rl,,~P 'OUTPUT RE$ULT 
'tR4J .• 

( 

'"" 

( 



C 

C' 

1 
2 
J 
4 
5 
6 ., 
8 
9 
U 
11 
12 
U 
14 
11:1 
1 eI' 
17 
U 
19 
20 
21 
22 
211 
24 
2~ 

26 
21 
28 
29 
30 
31 
32 
33 
34 16 146 
35 ltil~0 
36 16 U2 

31 16106 
38 16160. 
39 15102 

40 lbl06 
41 18110 

42 1t11 7 6 
43 162~0 

45 162U 

46 16215 

0011HHJ0 
1tl00!i101 
fD00002 
0Vl01d0~ 
01il01d\i'J4 
lDiihH(10b 
00000fi 
01:'11iJ001 
117~04 
00012110 
0il10!iJ~1il 
"'00014 
000002 
000000 

fO 10446 
" U~4Ei 
!iJWlt;iU6 
000004 
VJ ItHi , 4 ~ 
005046 
l1eHH ei 
rtt000U 
Wl014~O 
116t)6C1 
000U0 
000ii211 
0liH'Iiile ~ 
k)i16066 
000i1l10 
115066 
000fdU 
~~0W)U 
",0",~f,;ei 

0001d12 
116<:166 
000015 
000~12 
!il1D0J66 

, , , , , , , , 

$Mt..OI 

• Tl TLlt:: 
,If OF 
.GL,,06t.. 
iML.O 

$M1,.O 

SMt..OfcHIj 
CNi.)i~8 
iML.O,$ERHA 

THE DOUijL.E MYL.TIPI..Y ROUTINE 

V~0l!1A 

COPYR1GHT 1971, DIGITAl.. ~QUIPMENT CORP., MAYNARO, 
CAL.L.ED IN POt..ISH MODE. ' 
~EPI..AC~S THE TOP TWO OOU61.,tS ON TH~ STACK 
WITH THE1~ pHODUCT, 
~0"'fil 
Rl'U 
iii/2111%2 
"31%3, 
jt(4,%4 
R5U5 
SP'~6 
PC-X1 
MQ'177304 
A1I8. 
th16, 
wf:5I..T!!I12, 
U"IIHil2 

MASS" 

1"'011%0 
.IFOF 
.II/O~O 
.wO~O 
.WORD 
,WQRO 
JMP 
.iNOC 
• tF~OIi 
MOV 
MOV 
ASI,. 

FPI,) 
1100U 
172428 
P1026 
174046 
ttR4J. 

"StTO 
',I..DD 
I,MUL.O , ,aTa 

tSP).,F0 
(SI").,nJ 

.Ffil,w(&P) 

'GET OPERANO 
'PRODUCT 
,PRODUCT TO STAt 

FPU 
R4,.~SP) 
RI),,,~SP' 
A+(,,,.4 (SPJ 

ROL. .CSP~ IKEEP ~tGN 
CI..R wcspi 'Cl.,fAR EXPONENT 
Move A.1C~P),.SP. 'K~EP MUL.TIPLICANO EXPONiNT 

~EQ ZtR$~e 'JUMP IF ANSWfR IS ZERO 
MQY6A(SPl,A+1CSP) 'S~lFT F~A~TION LEFT 

se:c 
HOR 

SWAB .+2tI.:iP) 

'lNS~RT NU~M.AI.. 61T 

Move A"'~CI.:iP),A.2t$P) 

$WAB A+4(SP) 



SML.D05 MACRO VRil4 .. !4 07.Se.lih,72 11 14~ PAIiii; ;U. //b 

1i'000!4 

(~-

48 162~0 U 6666 MOVS A.7(~P),A.4(SP) 
0fcH!l017 
0~0014 

49 1"2~6 00036e SWAB '.6(OP) 
011100115 

50 16242 1050~HS CL,H8 A+e(~Pl ,MAI<ti; ROOM FOR E)(THA elTs 
0~HHHO 

51 102415 006~e6 ASI.. 13( $P~. ; SMlfl"T HIGH MUL. UPl.lER 
000020 

.",' 

52 16252 005056 AOC SIGN ~SP' ,Ge:T PRODUCT SIGN 
Vl00002 

5;1 U2~6 1id5758 TSU S·!tiP) 
000021 

5A l e5 a62 001160a SNE NNU28 'JUMP IF NOT lERO 
5' U26 .. fd2262eJ Ze:~$2IU CMP (iP)·,tall'). ,'I..UeH SIGN AND EXPONENT 
50 10266 000167 %EU281 liMP U:U28 

( 000;)34 
57 lfH!12 00~001D NN'$2S, Ca.R Rill lCL,iAR PRODUCT 
58 1621. 00fS001 CI.,R R" 
59 ,tFIIIOF EAE&MUI..DIV 
era 162715 00l5~HU Cl.~ R2 
61 1ei~00 00500;' CI.,P'< R3 
62 16;)1,)2 ~1ll51iHtH5 CI.,R Ri> 'CL.EAR C SIT OVERFI.OW CATCHE~· 
tSi$ 10304 0061468 ROR Bt8PJ ;SiGN IS NOW la 

000020 
54 UU0 fQ 12746 MOY __ US".uP) ,PUSH IT~RATION COUNT 

000fU0 ( f:ll5 lOiU. 0U~04 . MOV e+CS+i (iPl., R4 ,GiTl..owt:.sT ORDER MUL TIPL.ER 
~001n0 

68 16320 00l4~4 IH£Q 8eUI'l8 'JUMP IF NO ens HERE 
67 16322 k'l047e7 .JSR pC.,MT0$2f1 

000410 
68 16326 0U1U MOV NU •• ,Sp , Rt;$'TORE CUUNT 

ftl 00 IZI20 
69 163~2 Ialeei04 BeU281 MOY e+"+fiI!t$ftPJ.,R4 ,GI::T NEXT L.OWEST FRACTION 

kHt10ld26 
70 1ti3~6 ftllilU03 eN! 64Ni2e 'JUMP IF \;jO~K TO 00 

C 71 10~40 005766 TST e+e+fi (SPJ. 
I!Hcl0rU0 

72 16;)44 001406 I:1fQ B4U28 'JUMP lfI' NO PRODUCT YET 
73 10346 klliJ4707 84N5281 JSR PC, MT:U2!t 

0003t.l0 
74 1e3~2 0041ti7 JSR PC,MI.TS2ij 'ONE 611 FUI"L. PRECISION 

flI00ae2 
7!5 103~6 10127U MOY NU."SP ." 

000020 
7e 16362 ue604 8idU2S1 MOV e+2.2(SPJ,R4 ,,,e.r NE.XT 1'0 HIGHEST OROER PRACT 

0000~4 
77 163($6 IrlWllltl\UI SNit 62Nii8 .. 
7$ U!)10 vlIUS715 et TiT B+4+I!!CSPJ 

0210026 
79 16374 I1IVJ1!tl0J eNE 82NI28 
80 16370 Vltll516ti TST 8.6 ... 2 (SFIJ. 

0210030 
81 1641U ~0140a tHH~ 62zsaa ( 82 11541114 0214767 62NI2S1 JSR pc,M"'n2~ ) 



/~ 

( 

( 

( 

'\~ 

1>: 

000a~1D 
8J 164~0 016604 

fD01/li(J22 
84 lti4~4 U2116 

1il00001 
e! lli4a0 k\041el 

000214 
86 1<5424 i/04167 

000214 
87 le4~(ij 16a0126 
88 164i)2kl62t)04 
.89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
10~ 
1144 
U5 
106 
101 
108 
109 
lUI 
111 
112 
113 
114 
lU 
U6 
111 
ue 
119 
120 
121 
122 
123 
124 
12:) 
126 
127 
128 
129 
13121 
131 
,32 
13~ 
134 

624$28; MOV 

Mav 

JS~ 

.JSR 

TST 
AOD 
.ENQC 
,IFOF 
CI..R 
elsa 
.00 
Mava 
~OR 
$wAa 
Move 
hAS 
MOVS 
SWAt} 
MQVtl 
SWAB 
CI.Rd 
.ENOC 
eIrOf! 
MOV 
MOV 
MOV 
JSR 
MQV 
MOV 
MOV 
MOV 
JSR 
ADD 
ADC 
AOO 
AOe 
AOC 
MOV 
MOV 
JSR 
AUD 
AOC 
ADO 
AOC 
AOe 
MOV 
MOV 
..fIR 
ADO 
'AOC: 
AOO 
AOC 

PC, MI.. T$2I:J 

PC, MT1S21:t 

'G~T HIGH ORDER BITS 

,GO 00 THE NORMAL 8IT 

(&P). "LUSH ITEM~TIQN COUNT 
CSP,+,R4 'ADO ~XPQN~NTS 

EAc.,MUl..D'V 
ff4 
8 • 1 (.i P) , ~ 4 
R4,fI~P 'GET 
itl, ".USP) 
SCSPJ 

,Gt=.T e;xPONf;NT 
SUM Of EXpONENTS 

,INSERT NO~MAL aIT 

scspi 'l..E" JUSTIFY 
6+~CSP),ijCSP) 
B.2C~P) 
6+5 (SF), th2(/iPJ 
~.4CiP) 
8.7C$P),~+4C$P) 
8+5(bP) 
e+6C~p) 

EAE 
-MQ,~4 'POINT TO MQ 
ACSP),1!IC~P) 
a+6+iCSPJ,'R4 'G~T .1*64 
Re,EMIJS28 
(SP).,R2 'R~SU~T TO PRODUCT 
($P,+,R3 
A+2t:>P),"CSP) 
B+4+~(SP~,.R4 'G~T .2.e~ 
R5, EMUS2,f~ 
tSPJ+,R2< 'ADD TO ~ROOUCT 
Rt 
t~P,+,RJ 
R2 
Rl 
A+4C~P),·(SP) 
B+2+2CSPJ,'R4 IGiT A3.~2 
~5,~fill.lS2f,j 
(SP)+,R2 
~l 
(SP)+,R" 
fHIl 
FU 
A+6C~P),·(SP') 
8.0+~($pJ"R4 '~~T A4.el 
FH" EMUS28 
CSP)+,R2 
FU 
(SP)+,R3 
R2 



'M~00e; MAC~O VR0""14 kl7-$t.P .. 1~. 1114~ p,tC.ie: 33+ //$7 -
( 

U5 AOe Rl 
U6 MQV R~,R~ 'OlVIoE BY 2"16 
137 MOV iH,RW 
138 CI.R FU 
139 MOV A esp,.,,, CIP) 
140 MOV B+4+2(SPJ,'R4 Hie;T Al*~3 
Ul JSR R~,EMlJ$28 

142 ADO (~P)+,H2 

143 Aoe; Hi :If. 

144 ADO (SP)+,R3 
141S Aoe 1(2 
146 AOC Rl 
147 MOV A+2C!iiP),-CSP) 
148 MOV B+2+2CSft1J,'R4 IGIi.T A2*ij2 
1.49 "'SI1 R!5,E MUi26 
150 ADO (S/iJ)+,R2 
lU AO!; Rl ( 152 ADO CSP)+,R3 
153 Aoe Hi 
154 Aoe ron 
155 MOV A+4C bP),-CSP) 
U6 MOV e+0.~ eSPJ , .IIU IGfT Ahtt 1 -
U7 JSR FU),E MUS2 11 
HI8 ADO CSP)+,R2 
159 . Aoe R1 
UIi'I ADO (SP)+,R;3 
151 Aoe R2 

( H»2 Aot Rl 
163 MQV A CSP)., .. C~P) 
164 MQV e • 2.2 (S p. J. , • R 4 'G~T Al*ba 
iSS .ISH . R5, EMUS2i 

.160 ADO (SP)+,litl 
U7 Act FH:l 
US ADO t$P)+,R2 
169 AOC Rl 
110 ADC ~0 

171 MOV U2C SP),"CSP) 
172 MOV 6+0+2CSPl"R4 'GET A2*61 ( P3 J8M RO,E MUS2ij 
174 ADO (SP)+,Rl 
176 AO!; Rf(l 

116 AOO CSfoI)·,R2 
171 Aoe Rl 
178 ADe R!Il 
17g MaV A tSP)., 111($1") 
1814 MOV e·0+2(SPJ,'R4 '15fT Al. tl l 

~, 

181 JSR RO, t::MU$28 
182 AOD (SP)+,RIll 
18~ ADO (SP)·,Rl 
184 Aoe Fhl 
18' MOV tSP)·,R4 'G~T SUM 01" EXPONENTS 
186 ,ENOC 
181 .IFOP MUI., [H. v 
188 r"ov At$PJ,III(~P) 
ug MOV 8+6+2 ($1")., R4 HiliT 41*1:14 
190 JSR .PC,EMUI28 ( 191 MOV R4,~~ 'RESUI.T TO PRODUCT 



SML.O.'" MACRQ VR14-14 0h'StJ~.72 1114~ PAI.iE 33+ //7 
(~ 

\ 

,92 MOV Re,R~ 
193 MOV A+2t&Pl,"CSP) 
1r~4 MOV $+4+2 (SPJ., R4 . ,Gt.T A2.1'3 
195 JSR PC,i:MusgIJ 
196 AOO R4,Ri 'ADD TO PRODUCT 
191 AoC Rl 
UiJ ADO Rt),R~ 
199 Ape R2 

.t> 2era ADe; Rl 
201 Mav A.4(~P),·tSP) 
202 MOV e+2+2($P',R4 'G~T A;s.tta 
203 JSR pc,e;MUS21iJ 
204 ADO IU,R2 
205 ADC iH 
206 AOO R5,R;) 
2131 Ape Ft2 

( 208 ADC IH 
2~g MOY A+6C~P),·t$fIIl 
210 MOY e+0+~ (SP)" R4 lIitT A4.61 
au JSR PC, EMUS2!iI 
212 ADO fU,R~ 

au AOC R" 
214 ADO R::>,RI) 
210 Aor; Ri 
US AOC R1 
217 MOY R2,Ri) lOIYIPf; 8Y 2u18 

( 
-" 2U MaV IH,R2 

au CI.R R, 
220 ,MOV A tSI~q, l1li CliP) 
221 MOV 8+4+2 eSpJ" R4 'Ge;TA1·ij~ 
222 JSR PIC, e;MUue 
223 ADO R4,Ri 
22'- ADC Rl 
22f5 AOO R5,R~ 
22e AOC: Ri 
227 AOC Ri 
228 MOV A+2(~P)'''($F') 

r'- 229 MOV 8+2+2C:HilJ.,R4 lCiET A2.62 
\"., 231'11 .sSR PC,E MUS20 

2U ApI.) R4,~2 

2~2 .ADC Rl 
2a~ AOO Rb,Ra 
234 Aoe R2 
235 A.CC Ii< 1 
a.u MOY A·4(&Pl,"CI;P) 

,(~ 231 MQV e+(/I.2 CSPJ" R4 ,GET A:5.8, 
2a8 J$R PC,EMUS2' 
239 ADO R4,RiI! 
240 AOC fie 1 ,., 241 AOO R~,R~ 
242 APe R2 
243 Aoe FU 
244 MOV A(SPJ.,,,,(SP) 
24' MOV B+2""~(SPJ,R4 ,GETA1.1:l2 
240 JSR pc,eMUSia 

( 247 AOD R4,!U 
248 AOC ~0 



249 
25'" 
251 
2f52 
2~~ 
2154 
255 
206 
257 
258 
259 
2bftl 
261 
262 
263 
264 
2bl:) 
266 
2t!7 
2SiJ(;i4'l4 
269 t,;4~6 
i7i1 0440 
271 04-2 

·272 6444 
273 Ci44e 
274 t)4t,!j0 
275 "452 
276 64l)4 
271 64C)6 
278 6460 

279 04t)4 
280 6466 

281 6472 
282 0474 
21U 6476 
284 (;iSla0 
285 1551c)2 
286 6~04 
287 b5ldb 
288 IHH0 
2851 CHU2 
290 6tH 4 
291 6016 
292 65i0 
29J 6f!)~2 
294 61524 
295 oOil6 
ago efS~0 
291 65~a 
2ge 1,')!!i~4 
299 t;6~tI 
~00 6,40 
\llDi 6042 
3~2 6544 
~03 654'5 

AOO 
A 01:; 
AOC 
MOV 
Mav 
JSH 
AOD 
ADC 
AOO 
ADC 
ADC 
MOV 
MO" 
JSR 
AOD 
ADO 
ADC 
MOV 
,iNot 

006~03 A&~ 
006102 RQ~ 
0~6l0i ~O~ 
001H00 ~ ROI. 
1~3~0~ eca 
00e~03 AS~ 
00e102 RO~ 
00610' RO~ 
0~ei00 ~O~ 
~0e~04 DEC 
162704 NOM.2SliUS 
~00a00 
~~34~~ e~~ 
~22704 CMP 
000;)71 
~~~44~ i~T 
10500~ C~R8 
1~020~ iX,e 
000~0~ SWAB' 
10~00a CLRe 
150l0i el$8 
~00J02 SWAB 
105001 C~Re 
1~0001 61$8 
~00~01 SWAB 
10e000 C~~a 
100400elSS 
~00~0~ SW~6 
006026 RQR 
006000 RQR 
~060~1 ~OR 
00500a ~OR 
~06~03 ~QR 
005~03 Aoe 
005~02 ADC 
~05~01 Aoe 
~05b00 AOC 
10!416 ecs 

R~,Ri 
f(! 
R0 
A.2C~P),"'tSP) 
!:1+0+aC$p),Rt4 
Pc,I!:MUS28 
R4,f:U 
R~ 
Re,R2 
fU 
FHd 
A C$P~., '" ($P) 
8+0.2 (SPl., R4 
pt;, !Ml,l$2ij 
R4,R~ 
R!5,R' 
R~ 
C$P)·,R4 

R3 'SHIFT OUT NORMA~ eIT 
R2 
IH 
Hfi) 
NOH$~e 'JUMP IF IT WAS FOVNO 
A3 
Ri R, 
He 'MUST MAV~ GOT IT NOW 
R4 .. 'ADJUST ~XPONINT 
~200,R~ 'TAKE ouT ONl OF THE EXCESS 128'S 

UNOl2e 'JUMP IF UNOERF~QW 
tlJ7'1,R4 

OVRs28 'JUMP IF OVER'~OW 
Flit 
R2,~J 'S~I'T FRACTION HlijHT 
R~ 
R2 
R1fR~ 
Ra 
R' 
A0,R~ 
R1 
RiD 
R4,RII1 
R0 
tjP). 'ij~T PRODUCT SIGN 
~0 IINSERT IT IN Ra~U~T 
~l 
Ra 
fi(3 
R~ JROUNO RESU~T 
R2 
Rl 
RV) 
OV1$28 'JUMP IF OVER'~OW UN ROUND 

( 

( 



( 

c-

c 

304 tl~b0 HH!41t5 
300 ~502 ~ 10~60 

k'0IiHH 4 
31216 ~5b6 ~10166 

000016 
31217 b56a ~ liaiS6 

00ti"!l20' 
308 t,)!566 ~ U3~5 

000022 
309 6!j12 1«1120106 
,)10 01)74 161a b04 
3 u 66fb 062100 

1tl00010 
U 2 be\?!2 ~~01 34 
U~ 6604 0We>746 
314 lHiri25 U 2700 

~:HHj003 
Ues O{)U 0~040~ 
.$16 6614 1Il12700 

003lfHHS 
317 el620 k:tliH,7:'H~ 
318 66a2 VJiU~61 

kl0U 70 
31 ~ b026 0~~"01il 
320 t56JV) V:10!5"0' 
32" 66J2 01Of5VJ02 
~22 66~4 1D1iI500~ 
323 b6~6 000745 
3~4 
325 6640 006204 
326 ~642 t03vHi!2 
327 CHl44 ra5660~ 

kJ00022 
328 66:50 IIHHS~02 
32~ oeea fc)fd5:)01 
3314 66:)4 liHIfiOl!)0 
331 06~15 00~Hl05 
332 f.if:ib0 066602 

000020 
33~ 6664 1005~01 
334 boOtS 0!fl6:)0~ 
335 6670 005:$0' 
336 0612 066601 

01iHiHHe 
331 6676 IOldlHI00 
33a b'id0 005\)00 
339 ~71d2 1066b01iJ 

0ft10014 
340 1S7fd6 ~(d5:H'5 
341 67 U iU~6200 
342 6712 006000 
343 el714 ~06rau 
344 b7~b ~i06flJ02 
345 t:l720 0~6003 
346 6722 VJ0!5;)66 

IiHl!1l002 
347 6726 fIl03344 

avs 
OuTS2SIMOV 

MOV 

MOV 

MOV 

MOV 
MOil 
AOO 

JMP 
oV~$2t1' TST 
Ovl<$281 MOV 

6R 
UNI./$·28; MOV 

ECI..$28; TST 
JSfi 

ZEll$2ijl CI..R 
CL.R 
Cl.~ 
C\.,k 
6R 
·~IFNOF 

MI.. Ts281 ASH 
ace 

MT U2S I ADO 

Aoe 
AOC 
Ace 
AOC 
ADO 

Aoe 
AOC 
AOC 

.. 400 

Aoe 
AOC 
AOO 

Aoe 
)(0 1112 tI 1 ASR 

"OR 
ROR 
RO~ 
fiOR 
OfC 

IjGT 

OV1$4::8 
R0, ~"SL. nSp) 

Rl,Rt:;SI"T+2(SP) 

~2.Rt;SL.T+4CSP) 

R~,Rf.SL.T+6CS"') 

($P)·,R5 
($P)+,fi(4 

,PUT OUT ANSWER 

.ij.,~P Irl..USH TOP ARGUM~NT 

'CR4J+ 'RETURN 
~,sPI 'fAK~ SlGN 
.~00&,R0 IERROR 3,10 

Er;I..$~a 
.bel:>, R0 

C8P)+ 'F~USH SIGN 
RO~itRRA 'CA~L ERHO~ 

RIIJ 
Rl 
fU 
R.$ 

ICLEAR HIGH O~D~H ~ESULT 
'CLEAR ~Ow ORDER 

OUTs2e 
EAE&MUI.O'Y 
IU . , TI;5T 
XfU2t; , JUMP 
A+e.4 CiPl., R3 

R2 
Rl 
R0 

NEXT MU~TIPLIER ~IT 
IF IT IS fa 

'ADO IN MULTIPLICAND 

R~ 'SAVE OVE~FLOW 
14+4+4 (SPJ .• R2 

Rl 
FhJ 

R" A+2",4 (SPJ., R 1 

R0 
R~ 
A+0+4 (SP J" R0 

RI) 

R~ 'RECOVER OVERFI.OW IF ANV 
R~ 'NOW SHIFT PRODUCT 
Rl 
R2 
fU 
2(SPJ 'COUNT LOOP 

MLTS~8 'AGAIN PLEASE 

/;l/ 



$ML,,005 MACRO IIR0~."4 01-$1;;1'.12 1114~ PAGE 3~+ /~A.. 
( 

348 ti1~0 0iHH~01 [ilTS Pc:. 'RETURN TO CA~L~~ 
349 ti7~2 k10U66 MTiUSI DEC 2 C SP l. '00 ONI,.Y U BUS THIS PASS 

000002 
350 e7~5 iiHltii0" MTIU2S1 ASR R4 , TEST NEXT MUI,. TXIii'L.UR an 
351 t)740 UU01 acc X0U2e , , JUM,P IF III 
;,\52 0742 (lItS6($01 AOD ha40·cSPJ,Rl 'USE ONLY HIGH ORDER MY!. TlPLlCAN 

000016 
353 «5746 0165~0il1 ADC Rid 
354 '7~0 la",e~0:!!1 Aoe Rb ,;: 

365 671;)2 066500 400 A.".4CSP),R0. 
ft}00idl .. 

356 ts7~6 005~0t$ AQC R~ 

351 6760 006205 )("~$al!l' ASto( RI5 ,RECOIIER ANy OVE~FL.OW 
;,\68 Iyeia "'06000 RON Rill 
~69 6704 kl061iJ0' ROR Rl 
380 C515(lJ 006002 ROR R2 

( 3tH 8770 00611)0;) ROR R~ 
362 b772 ~1iJ5~66' oe:c a tSPJ. 'C;OUNT L.OOP 

rartHHHfl2 
363 tJ716 fll03i)L'J7 SGT MUliS 
364 701110 "''''0201 Rn PC IR~TURN TO C~~~ER 
~f.55 .ENOC 
~66 ,XFOF e;Ai 
~e1 ' a~~$a81 CI.R .liP ICL,EAR PRODUCT 
30e TST ,R4 
369 SEQ MU215 'JUMP IF ;.lUI.. Tl Pl..lER Ii! 
~7~ 6GT MPl..s2e ( a71 rST 2 tSP). 'TEST MUL. UPL.lCANO 
312 tU;GI. MU28 'JUMP X F, 0 ' 
313 SGT MNG$2a 'JUMP IF .+. 
~74 AOD (R4)+,'$P n:;OHRECT 2.f S COMPL.EMENT 
;)75 AOO a (Sf'll., 'Sf' 
~76 a~ EML,$i8 
371 MPI.S2S1 1ST 2 P$PJ. PTEST MUI.. TlPL.ICA NO 
378 f;)t;Q M~UIj 'JUMP IF 0 
319 tlGT ' MI,.Q$2S 1 JUMP IF • 
~80 AOD (R4)·,.~P 

C 381 8R EML,.$;t8 
382 MNl:ii281 ADO 2C&P).,'SP 
38~ MI,.QU81 T$T CR4)· 'POINT TO MU~ 
384 iMt..$2SI MOV 2t SPJ.,'R4 , MIJL, Tl PI.. Y 
3se MOV "tR4}.,2 CliP) ,GET PROOUCT 
386 ADO "tR4J" 'iP 
~81 TST CH4) .. 'POINT TO MQ 
388 JMP ,H5 'RETURN 

"'" 389 MII2S. CI..R 2 tSP) 'RETURN 0 
~90 -IMP 'H~ . 
3il ,ENOC 
iHHi .uo, HUL,O'V 
3~;J E::MUSa81 ~I.~ II (SPJ_ 'CL,E"~ H HiM ~ROOl.Je'f -. 
3~4 TST R4 'TEST MUL.UPL.tCAND 
;S1ll5 SEQ MlUtl 'JUMP 1F " 
396 ~GT MPL,s28 ,. 
;J97 TST 4($P). nEST MUI. UPL.LER 
~98 t)EQ MuatJ 'JUMP 1F (4 

( 3911l 6l1T MNUCils ,. ! 

"(/Jill 6R MNGS2S 



$MI.OIiD5 . MACRO V R IU -1 4· "7 - S E fiI. 7 a i'I'" PAGe: ~~. /tZ3 
/-

( 
4U MPI..$281 TST 4 CSPJ. 'TEST MULTIPLIER 
402 SEQ MZ$2t1 'JUMP IF " 
403 SGT MI..Q$~8 ,. 
41t)4 AOO R4,,~P 
406 eR ML"Q,2e 
4~6 MNljS281 ADO ilt4,'~Ui! 
4"1 MNU281 AOO 4tiPl.,-e" 
408 MI..~$2il ,It/ORO 07fl141)15,4 "MUL 4(SPl,N' ,GET PRO 
4taS) MDNI281 AOD ($P)+,R4 'ADO IN HlijH {JRDIR PARTS 
410 MOV (SP)·,'ilo' ,FLUSH .MUI,. TU'Ll!A 
4U RTS PC 'RETURN 
4U MZia8. el.R R4 H~e:$UL. T IS 0 
41;' CI,.R RI5 
414 tHt MUN$i8 
416 ,ENDC 
41 6 .iNDC 

( 4i7 .ENOC 

( 



-
'M~X'~ MACRU VR04-14 07.S~P.72 11'4~ PA~! 34 

1 
a 
;1 
4 
~ , 
7 
8 
Ii) 

10 
U 
12 
U ,. 
i~ 
U 
17 
U 
iSI 
20 
Iii 
22 17002 
23 11004 
24 170015 
2~ 17010 
2' 17012 
21 170\4 
28 17taU 
29 17~H~0 
~0 170i2 
U ~'0a .. 
;)2 171a& 
;n 171l1~1 
~4 170'12 

~e 170;)8 
~e 17040 
37 17042 
:$1 172144 
;t9 1704e 
421 110DIII 
41 1711'02 
42 11004 
4;J 17006 
44 lTee" 
45 1700a 
46 17,,~f4 
47 l1raOS 
48 i7070 
49 17072 
50 17074 
51 \ 17078 
02 17UI/) 
50l 17 1\112 
54 17i1t)4 
55 17116 
50 170.0 

001000 
1IJ00fUl 
kllll01Z10i 
IlJ ibiU 0,) 
00011'104 
00010~ 
1il1il011106 
117~U 
177;504 

, , , , , , , , 

0050014 IMI.!I 
rua601 
00~U0;) 
0014(515 
005i00 
0f1H5401 
IiH i ti0~ P 1'2~' 
010300il 
{dill 14ee 
ra0!200 
0k15403 
o U446 P2i2fil 
012704 
0ftHH1U 
0aU0~ 
00200ii 
0UU2 
fiU 0"1ll1 
1010203 
00'e00~ CL.liCs2!H 
00era02 MI,II.S291 
00600" 
10iUH~1 
IIJOlllua 
rUI5"04 c\'~.a91 
rIl0;S;)12 
0ue04 
Ul570~ 
IZIU "25 
lUi03 
0iU~0\$ . 
10U02 
000~02 
rhllSi02 
~01020 
11HHJrIl03 

• un.a $MI.Ue 
.IPfOP' CNos29 
.G~oal. IMI.I.SERH 
$M~l •• ~. INT!GEH MUI.TIPI.V 

IH11.1 VfDliH5A 

CO_VMIGHT 19~', U~GITAI. EQUIPMET CQRP~, MAYNARD, 
CA~I.ED IN TM; PPI.ISM MOOE 
RiPI.ACi TME TwO INTEGERS ON TME TOP OF THE STACK 
~lrH T~~Xk pHODUCT 
R2IIX0 
MllU 
Aaua 
R~U~ 
iU III X4 
Me"" 
I5PUS 
SiU29'1773U 
MIU 177304 
,IFNOF EA!&MUI.OIV 
CI.M R0 'CI.~AR PRODucr sIGN 
MOV (SP).,R1 'G~T MUI.TIPLICAND 
iGT p,.ai 'JUMP 11' • 
S£Q Z~Rsa9 'JUMP IF ANSW~R 18 ZERO 
INC R0 'NOTE • 
NEG IH 
MOV f$P,~~ 'GET MUI.TIPI.IER . 
eC;T paufII 
elQ U;Rsi9 
INC R0 'FORM RESUI.T SIGN 
NEG R\1 
MOV R4, .,SP) , SAVE R4 
MOV ~8.,H4 'SET UP FOR I.OW iXijHT alTS 

CMIi' FU,R~ 
&GE CI.Msi9 'JUMP IF MUI.TIPI.'E~ SMA~LER 
MQV RI,R2 'IF NOT MAKE IT $0 
Mev R3, fU 
MQV FC2,Rf 
C~R Ri 'CL~AR HIGH ORO!~ PROQUCT 
ROR Mi 'SHIFT PROOUCT 
R·OR R;) 
sec cYCsa~ 'JUMP IF MULTIPLIEH SIT IS 0 
AOD R~,R2 'ADD IN Mu~T1PLICAND 
Die R4 'COUNT LOOP 
8GT MUl.S29 
Mev t$P).,R4 ,R'STORi R4 
TiTS ~~ 'TEST HIGH MULTIPLiER 
eNE QVRSi9 'JUMP IF MU~TIPL1EH NOT GONE 
61se R2,Ra 'MOVl PROOUCT RliHT 
a\llAe IU 
Cl.R8 Ri 
i»lAe R2 
ASR ~2 'ONE ~AST IHI" 
eN~ OVRli9 'JUMP IF PMOOUCT EXC~ED8 15 BITS 
ROR R3 

( 

( 

( 

c 

l' 



( 

( 

c 

57 17112 
58 17114 
59 17U6 
60 17 U0 
6~ 171:i2 
62 11!a4 
63 ,71i" 
64 171;)0 
66 l 1 1;a2 
66 171~4 
67 171 36 
6S 17140 
69 ~1142 
70 17144 
71 17146 
72 
73 
74 
7e 
76 
77 
78 
79 
80 
81 
82 
8,) 

84 
8f) 

86 
87 
88 
89 
90 
91 171f)0 
92 171:52 

9;S 171 0 6 
94 il1f>0 
95 17161 
96 

VJ0!5403 
UJ001f5 
006000 
10~402 
0~6403 
'''2411 
010Hb 
00U~4 
005403 
10200' 
rtHH509J0 
Ul3772 
000402 
iHHH'l (5 
000134 

[6015016 
i"!14~61 
0132630 
0~U34 

003 
016 

OUTU91 

NGMi2~' 

iML.l' 

;MAKE • 
'JUMP IF TOO 
'GET pRODUCT 
'JUMP IF " 
'MAKE. 

lUG 
SIGN 

NEG 
~p.L. 
ROR 
6C$ 
NEG 
eve 
MOV 
liMP 
NEG 
ave 
ROR 
ecs 
BR 
CI..R 
JMP 
.ENOC 

R3 
OVRiag 
R0 
OUTS29 
R3 
OVR$~9 
R3,.;JP 
.tR4J. 
IU 
OVfUi9 
R14 
OUTlflp 
OVR1I29 
fl3P 

'MOVE OUT RESU~T 
'RETURN 
ITEST FOR OC.TA~ 100000 
'JUMP IF NOT 
'TEST FOR NiGATIV~ RiSULT 
'YES, WE CAN HANO~i THI. 
'OVERFL.OW 
'CI..EAR PRODUCT 

., tR4J .... , RETURN 

iM~l COOE FOH THi EA~ 
.lFOF tAE 
MOV ~MQ,H0 'GEl 
MOV (SP)+,(R0,+ 
MOV tSP)+,'R0 
Mav .CR0J,.C~P) 
BITf! .a, SfiCS29 

MQ AODRESS 
,MUI"TIPL.1ER TO MQ 
lMUI"TlPl"lCANO TO MUL. 
,pRODUCT TO STACK . 

6lQ OVR$29 'JUM' IF P.RODUCT NOT SINGLE PRECISION 
JMP .tR4~+ 'RETURN TO USER 
,ENOC 
iML.l FOR THE MUI..01V 
.IF'OF' MUI.Olv 
MOV CIH').,R0 ,MOVE MULTIP~lER 
.wORD 0700~6 "MVL. ($P)+,R~ 'MU~TIPL.Y 
MOY FU,· ~SP) 
acs OVR$~~ 'JUMP 

,PUSH PRODUCT 
U" OVERFL.OW 

JMP 'tR4l+ 
• ENOC . 
C~R eSP) 'R~TURN 0 
JS~ R~,itRR 'E~ROR 3,1 4 

J~1iI 
,BYTE 
.snE 
.~NOC 



SMf.,RIiH5 MACRQ VI'H'4"14 07"St;;P.72 U14~ PM'a 36 /e:;l? 
( 
' . 

1 • UTL,e; $ML,R05 
2 .1fi'OF CNO$~0 
3 • (;I..OI:H .. $MI.IoI,SEI(!o(A 

'" 
, iMf.,R THE MEAl.. MUf.,TIPf.,Y ~OUTINI:: 

e , .:"'1 

C5 , 
1 I SMI"R' V005A 
8 , 
i , COPYRIGHT 1971, ~'GIT.I" EQUIPMENT CORP" MAYNARQ, MASS. 
U , 
U , CAL.L.ED IN P04UM MODE. 
n , REPf.,ACES TH~ TOP TWO REAL.S ON TMI 'TACK 
U , WITH, THflH PHOOUCT, 
14 00121000 R0U0 
11:5 000001 R1U! 
Hi 000fU2 fi21X2 
17 e!a0100~ R;)U~ ( 
18 ~0tU04 /'(,,!I%4 
19 1rl10001U ji(5!Uti 
20 000iJII,O iP-IXS 
21 000001" PCIX? 
22 ln~04 MQI 177~04 
2;5 P7~11 SfUl11;)U 
24 177;U4 1..$"'.177314 
215 rtl1a0!li00 FUn 
26 011.100U 418. 
27 0iiJ0014 SIU. e 28 fd00U 0 RE~I..'f'8. 

., 

29 000002 $lllNU 
,II ,IFOF FPU 
U Sf'\I.RI .• WORD , 1iIHHlI "Sf Til' 
32 ,WORD 17242e , , L.PF (SP)+,'0 'GET MUI.TlPI.ICAN 
33 ,WORD 17 U126 ';MUL,F ($P)+,f'0 ,MULTIPI.V 
;54 ,wORD 174046 "STF pe,·esp) ,PRODUCT TO STAC 
~5 -IMP , CR4),. 
;,\0 ,ENOC 
:'7 .1FNorr FPU 
38 17102 010446 $MI.RI MOV IU,,,,~SP) ( ~,$) 171 0 4 0U~48 MeV Re,.tsP, ) 

40 .II"IIIOF EA~&MUI..O'V 
41 171eiS ueCl02 MOV A+0.4(SP)"R2 

000004 
4~ 17172 ~06~02 .$L. R2 'S~IFT MUI,.TXPI.ICANU 
4;' 17174 fcl0U4eJ ROL. wesP) , !(f;EP UGN 
44 17178 001:1046 ta.R .($P~ 'CI,.fJ,AR EXPONENT 
415 172100 000\102 SWAB Ra 
46 11202 1 H14H6 MaVS Ra"tip 'KEEP MUI.T1PL.ICANO EXPONENT 
47 172ta4 iHt11507 IUQ ZUU0 ;JUMP IF ANsweR IS ZERO 
48 17206 1i100fUl SEC 'INSERT NOH MAL. sIT 
49 17210 008002 fiCOR R2 -
eli! 17liUa 105002 CI"FH,i R2 
51 17U4 1'60rn US8 A+~C~P),~2 

000rtlU 
52 17220 0~500~ CL.R R3 
~;s 17222 lfSSti0\$ BUB .+aC:jp),R;J 

000012 (-54 17228 0it)0~0~ SWAB R~ 



( 

( 

( 

615 172~0 2106;H,0 
I~HcH.?Iil14 

58 172.)4 iOi65~fHfj 
0kHlJill02 

57 172 40 hHH'06 
f(J~0itllf:1 

58 17244 001467 
5g 1'245 !606IatH$ 

000014 
60 17eba 0015~0!(1 
51 112fS4 00!.')\I')01 
62 17af.)5 016~04 

0i:10!Uf.l 
63 1?2ea il0140d 
154 172Cii4 0U!701!1 

fllfd0017 
65 17270 ir:l04167 

0021220 
ee 17274 1I.l04167 

01/lU60 
67 17300 U6004 

1j)00014 
68 1731(14 01210/S 

0iaf/JtI)07 
6Y 17U0 laid4le1' 

~00144 
70 173'4 1tJ047bl 

00U44 
n H32f!) ta~2004 
12 
7~ 
74 
75 
7e1 
17 
18 
7g 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
5HZ 
9;S 
94 
9ti 
96 
9'1 
98 
99 

/~7 

8tSpJ 'SHIFT HIGH MU~T'P~lER , . 
SIGN~SP) ,GET PROOUCT SIGN 

TST8 e+l (~P) 

ij!Q lC'S.)0 'JUMP IF l~RQ 
ROM a(8P~ 'SlGN 1$ NOW ZERO 

~0 ICI..EAR PHgOUCT 
RJ, 

CL.R 
CI..R 
MQV e+acap),H4 ,GiT L.OW Q~D'R MUI..TXPI..IIR 

SEQ 
6aN$301 MOV 

.JSR 

.,JSR 

tt2~$~01 MeV 

6215;)0 
'H5.dHS 

Pc,MT0$;Sfll 

Pc,MI..T$:3W) '00 ~AST ~QW elT FU~L PRECXSION 

IGiT HIGH QRDER 81TS 

MOV .",RIiJ 'TMER~ ARE ONl.ySEVEN OF THEM 

¥SR PC,MI.TS~~ 

JaR ,GO DO THE NORMA~ BIT 

ADD t8P)+,R4 'ACO ~XPONiNTS 
.IENOC 
f;U; COO! 
,If OF e:AE 

, '.1+A2.2**.1~'·C~l.~2.2 ••• 16) 
MOV .MQ,H4 'POINT TO MQ 
MQV .'00000,H5 'G~T I..EAOXNG alT 
MOV B+2.4(SP~,'R4 'LOW ORDiR e TO MQ 
MOV a+0.~cspi,.(R4) ,HIGH TO AC 
SEQ ZERS~0 'JUMP IF 0 
INC .NLiM 'G~T SIGN 
RaRB '.Srl' 
ROI. .~SPJ 'SAVE IT 
MOV (R4)',.t~P) ,SAVE EXPONENT 
CL~e ,sp 'RIGHT JUSTIFY IT 
SwAa,sp 
MOV .",NLSM ,MOVE FRACTION LEFT 
MaV 'R4,-CSPl . 'SAVE 62 
SIS R~,.(R4' ,INSERT NORMA~ aXT 
MOV (R4)+,.C~P) ,SAVE B1 
MOV A+a+ 4CSPl,'R4 ,I..OW ORO~R A TOMQ 
MOV A+0+4(SPl,-CR4) ,HIGH TO AC 
eEQ Z~2$40 'JUMP IF 0 
INC f~~SH 'GET SIGN 
RORB fNSR 
Aoe 6Cep) IGtT RfSU~T $lG~ 
MOV 'R4.~3 'G!T EXPONaNT 
CI..RS R;) 
Sd8 R;t , 



SML.R0t) MACRQ VRfU-t4 01·St;P.72 1114~ P A\H;; 31)+ .J.:2?' 

U0 ADO R~, HSP) 'Gt::;T SUM OF EXPONENTS 
( 

10i MOV N""jlL,SH ,L.iFT JUSTIFY FRACTION 
102 MOV C~4)+,R2 ., SAVE A1 
103 au R!5,~2 'INSERT NO~MAI. alT 
U4 Cl.~ R~ 'CL.EAR PRODUCT 
101) CI.,R FU 

,..' 

106 MOV tR4)+,R;) 'SAVE A2 
U1 [jNf. A2NS;.t0 
10e UT '" CR4J. 'POINT TO MQ 
U~ 6R A2U~0 'SHORT CUT 
lUI A2 NUrtli Mav 'SP,.~4 'GET F,U*A.2 
111 eMF' '" C R 4~. , II (Ii( 4 ) 'POINT TO AC 
112 ADO R3,.H4 He. 2'S COMP CO~RicnON 
U3 TST R;) 
U4 BPI. AapS~0 
uo ADD 'IP,IFf4 HH. CORRECUON 
11e A2P$~01 Mav (R4)+,Rl 'H~GH PRODUCT TO IH ( 117 A21.5301 MOV 2 eSPl., CR4)+ '62 TO Mill 
118. ~Nr; B2NI;,)0 
119 1ST .. tR4~ 'POINT TO MQ 
120 SR e2U;)0 'SHORT CUT 
121 B2N$~0' Mav Ra,tli4 ; GET 62*Al 
122 ~MP -(R4l.,.(H4) 'POINT TO At 
123 ADO 2tSP'.,.r-<4 182, CORRE;CTlON 
U4 TST 2 tSPJ. 
UO BPI. e2PS~12I 'JUMP IF e2 + 
126 ACD R2,tDR4 1Ah CORRECTiON 
127 e2fi1$~01 AOD (R4)·,Rl ,HXGH PROOi,lCT TO Rt . ( 
12' Aoe R0 
U$l f:iaU;J01 MaV R2,(1'<4). ,At TO MQ 
UIZI AOD R2,R~ 

131 MOV '&P,'R4 'GET Alt81 
132 ADO (~Pl+,R0 

133 ADO -CR4J.,Rl 
U" AOe ~0 

U~ ADD II CR.J. ,Rk') I AC+Fi¥) 
136 TST (Sfill+ ,POP S2 
131 MOV CSP)+,R4 ,GU SUM Or 1i:)(PONENTS 

( US ,It;NOC 
139 , f~UL./O IV CODe; 
140 .1ftO" I'1uI.OIV 
141 , (Al+A2*2*·-l b)*,ijl+B2*2.*.16) 
14'11 MOV "+2. 4 (SPJ., R!5 IL.OW ORPtR B 
143 MOV e+Iil·4 (SP),R4 'HIGH ORDER 
14114 ee:Q ZtH.S~fl 

14' ,wORD 07:S4~1 1 , . " ASHe 'f! ,R4 'Gil SIG 
14$ ROL. IIICSPJ 'SAVE IT 
141 MOV R4,·~SP) ;SAVE EXPONENT 
148 CloRe .SF» 
14~ SWAB .SP H~XGHT JUSTIFY 
U0 ,It/ORO 07;)42,,7 " ASHe,: .',R4 H,EFT JU 
J,!5l MOV R~,,,,~SP' ,SAVE 82 
J,~a en NU01i:100,R4 , XNSfPCT NORMAL. an 
Ui~ MOV R4, .. ~SP' ,SAVE 61 
1~4 MOV A+a. 4 (Sfol), R~ ,GET A2 
155 MOV A+lh4 CSP), R2 , GtT At 
1!)6 SEQ Zf;2$;)0 'JUMP IF R!SUI,..T TO SE 0 



c 

'c , 

( 

( 

U7 
US 
159 
150 
161 
U2 
163 
is' 
U~ 
168 
161 
l68 
U9 
170 
171 
112 
17;) 
174 .i~$~01 
175 A2l$~01 
176 
an 
us 
17~ 
U0 
lSI 
,sa 82~S~01 
is! 
184 82l$~0; 

iS5 
leG 
181 
18$ 
U9 
190 
191 
l~a 
,93 
194 7322 006101 
i 9~ '''24 0'"'' 00 
,;6 73iti U3 40i.\ 
191 1iU" 006101 
lSld 73\$2 006UJ0 
199 7 3~4 005~,04 
200 1J~6 162704 NOM$3~1 

000200 
201 7342 \d034;U 
202 7344 022704 

1/100~77 
203 73~0 002 421 
204 '3~2 105i101 
20~ '~04 1 :5001U 
206 731)1) 000~1U 
201 7;)00 105000 
208 7302 1~fIl400 
209 73ti4 IiIlihl.)00 
210 '3gb iilVl61U6 
211 7370 006001 

.WORD 
ADC 
MOV 
ca,RS 
511/A8 
ADD 
,wORD 
au 
tL,R 
ca,R 
T$T 
iff; 
,WORD 
ADO 
TST 
apL. 
AOU 
HOV 
MQV 
SEQ 
.WOfolD 
AOD 
TST 
BPI.. 
ADO 
AOD 
Aoe; 
MQV 
ADD 
~tljORO 
AOO 
ADD 
ADC 
ADD 
TST 
MOV 
.!NOC 
HOI.. 
HtH. 
eCi 
ROI.. 
ROt. 
PEC 
Sue 

a"" CMP 

6L.T 
CI..RB 
USIt 
idS 
C",RB 
tn;ae 
&\l/A6 
ROR 
~OR 

01322',1 " ASHe 
6t$P~ 'G!T RfSU~T SIGN 
R2.R~ 'GiT !XPONiNT 
Mill . 
Rill 
R0,4~SP) 
0732i7,7 
ItU0!c'100, R2 
R0 , CI.EAR 
Rl 

'G~T SUM OF i~PONENTS 
II ASHe .7,R2 
'INSERT NORMAl. SIT 

ACCUMUI.ATOR 

R~ 'CHECK A2 
AaZ$~0 'JUMP IF 0 
0704~~" MUL. 
R3, R~ 
fU 
AaPI~0 'JUMP IF A2 + 
'5P,H~ '.1 CORR~CTION 
R4,R~ 'A2*81*2*.-16 
2($P~,M4· '62 TO MUI.TXPI.1ER 
8~1$~0 'JUMP IF 0 
0104~2 I' MU~ 
2CSP~.,R4 
2C8P~ 
e2PS~0 
R2,R' 
R4,!lU 
R0 

'JUMP IF 82 ... 
, A 1 C:ORru:cnON 
,.".62*2**"'16 

Ra,R' 'Ai TO MUI.TIP~IER 
R2,Rf4 
01i1J4~t5 " 
(SP)'4I,R0 

MUI. 

Ht,Rl 'LOW OROER Al*ai 
IHl 
R4,R~ 'HIGH ORDER Al*81 
(&P)+ ,POI' 62 
(SP)+,R4 ,GiT SUM OF EXPONENTS 

fH 
R0 
NOM$~0 
R1 
Rill 

'SHIFT OUT NORMAl. 51T 

'JUMP IF IT WAS 'QUND 

'MUST HAV! GOT IT NOW 
'ADJUST EXPONfNT 

,ae;T A1 

R4 
.2i:HD,R4 'TAKE OUT ONE OF THf EXCESS 128'8 

UNO$~0 
.~n,'U 

OVR$~0 
Ri 
R0, FH 
Ri 
R~ 
i'i4,R0 
Iiotfll 
(~p,+ 

Rill 

'JUMP IF UNOE~FLUW 

'JUMP I' OVERFLOW 

'GET PROOUCT SIGN 
'INS~RT IT IN REayt.T 



SMt,.R0!5 MACRO VR04!l114 07eSEP,.72 1114;) PA(';t: \SQ'" /30 
(' 

212 7312 01iH3001 RQR Rl 
( 

213 7374 0055211 AOC FU 
214 '137tJ IIHHiQ00 AOC R0 
:ill) 741i:l0 U3 4H4 ~C$ 01/ l$J0 'JUMP IF gVEFtFL,OW ON ROUND 
216 741i'12 102413 eVs OVli J 0 
217 741114 ltli006Q OUTUrU MOV R0,Rti.SI..'I"SP) ;PUT OUT ANSWER 

000010 
218 74 ita ~10HHj MOV Rl,R~SL.T"'2CSP) 

0100012 
219 741.4 It) 120'15 MOV (SP)·,R6 
2a0 74U ~a2604 MOV (i.P)·,R4 
221 14U 022C)2~ CI'1Ii' (I5P,., ($P') ... 'FI..U5to1 TOP ARGUMENT 
222 742:2 ~Hl0U4 JMP • CR4J... I RETURN 
223 .lFOF EAEqMUI.P1V 
224 Zf::2S~" I C,"1P CSP)., (SP)+ ,POP 61,82 
225 .C;NOC 
226 74,,4 !(j22612ti ZEU30. CMP eSP)., (SP)+ ,POP /(iH,N ANO e;XPONENT 

( 221 7425 1000 4 11 6R 1.t:R$~0 
22S 74~0 0057215 ov~nfa I TST cap)· , "t..U5H SIGN 
229 14;)2 fa U700 OVU301 MOV #6\i,H:,;), Ret IC:HROR 3r1~ 

IthH5003 
230 74"6 00ilJ4~~ 6R ECI..$~0 
231 7440 1il12700 UNIJU01 MOV .J40 b,R0 ;EHROR ~h 7 

ro0~405 
232 7444 0057a15 TST CSP)+ , F'I.,USH SIGN 
233 744t) kl04:)e7 ECI"U01 JSR R!:i, $~R!U 'CAL,I,. ERNCR 

!d02~44 
234 74~2 v:;0512l00 Zf,t<$;HH CI"R R0 ICI..EAR RESUI..T ( :230 7404 00511101 CI..R Rl 
aa6 74Q6 000752 61'( Oun~0 
237 • I'tIIO~' EAE&MuL.O~V 
2313 7460 0k16204 MI.. T$301 "Sf( R4 nEST NEXT MU\..TlF'I..IER BIT 
239 74CJ2 103\il11J4 acc XV)S3id ;JUMP IF IT IS 0 
240 7464 060~0! MTU301 ADO R~,Ri 
241 74be; 005:>00 AOC RQJ 
242 7470 1~3406 SCi COVS;$0 
243 7472 0602130 ADO R2,f'l1i:'I 
244 7474 ",o15000 )(0$31/11 RQIi< R0 'NOW SHIFT PfiODUCT 

( 245 7476 1/106001 ROR Rl 
246 71)100 005~0:.i DEC R:5 ICOUNT 1..001" 
247 11502 i:l1P3;Hse t'GT HI. TS~0 IAG!\.lN Pi-EASE 
24$ 7!5~4 0001a01 RHi PC 'RETURN TO CAl..I"E~ 

249 75~f5 060200 COVi;UII ADO R2,RIlI ; fIRST .1\00 OVf.RFI..OWED Rib 
250 7510 (0010 lrH51 SEC ISHOw THIS OVERFI..O~ To SHIFT 
251 751~ 0!i,H,n0 BR X0S3!O 
252 7:514 (006204 MTIU301 ASR R4 1REDUCt::O PHECISION MlJl"TlPl..Y 
2~3 7516 103001 sec Xkl0SJ0 
254 7520 060i00 ADO R2,~kl ;USE ONt..Y i'1IGi't oRot;R M U L. UP L. I CAN 0 
255 7f5~2 rtH:t8000 X0U301 ROlli R0 
256 7!5a4 006001 !';OR Rl 
257 roatS 1tJ1Q5300 OEC R6 
25S 7530 itHi);)~71 a~'f MHJS~0 
259 7532 000207 ~TS PC 
260 .ENOC 
261 .~NOC 
262 .EI'IOC ( 



( 
l • Tl n.t: SNEGli1a 
2 .IFOF eND',), 
" 

, 
4 , iNt;(i V0(UA 

''0. S , 
0 , ~OPYHJGI'1T 1971.197i DIGITAL. iQUIPMe:NT CORPOI'lATlON, MAYNA~D,MAS 

'1 , 
IS ,Gl..oel. SNGl,SNG~,SNG~,$ERR 

'" 9 , INTEGER, Ht:;AI. AN~ DOUBL.E PRECISION NEGATION, 
10 , CAL.I"EO IN THI PUI. ISM MQOE. 
11 , NEGATES THE ITEM ON TOP OF THE STACK, 
12 ItH)I,.:l04 R4U4 
U 1ll~01110b R5'~~ 
l4 1i100~GHl 6PI'U 
111> 175;'4 IjJI/Hj 4 le $N~lI NEG ,:;p 'NltGATi AN nEGf:~ 

( 
16 115i16 Ul24feHS eva QVRUl IJUMP IF lliHHUI0 
11 17040 000U4 . JMP • tR4J .• 'RETURN 
U 17542 liNtilH 
19 17542 ~0!571e SNIIDJ , TST, 'iP 
20 17544 001402 6iQ ~tRS~l ',JUMP IF 0 TO AVOliJ -0, 
al 17546 06271f,5 ADO .,UIi100,fl6P . 'INVERT. FL.QATIN~ SIGN 

100000 
22 17502 00U~4 UIi(UU JMP 'CR4~. •• t..,:. 

2~ 115Q4 004~HS7 DYI'C$U. JS~ ~!5,U.RR , ERROR .3 d 1 
01Zl2a~HI ... ~ 

24 17500 kJ00134 JMP • CR4J .... 

C~ 
20 ~71l1e2 fcl0i) .• eYrE 3 
26 1750;S IiIU ,enE 11. 
;!7 .ENOI; 



, 
a 
i1 .. 
5 
(i ., 
• g 
u 
U 
12 
U , .. 
U 
16 
!7 
18 
1 iii 
20 
U 
22 
2iS 17504 
24 17604 
25 175fH' 
26 11570 
21 ,715712 
28 175712 
2!iJ 17074 

"'" ;)1 

• n fL,[ iPHRlj7 
.. IFOF CNO$\)2 , 

, iPSHR '1007' , 
ICUPYHlijHT 1!i111, OlijITA~ EQUIPM~NT CURPORATION, MAYNARO, MASS, 
I ~ 

000i"U R0 
000W1U A, 
000002 R2 
0001i10iS ~" 
'i"hll~04 ~4 
i\001i1tU Ae) 
000i10e SP 
ih)011J01 PC 

, 10 
, It 
" X2 • Xi) 
" 14 
" X 1,5 
I %6 
I X1 

I 
ITHU , , RO~TINE PLACES ON~' TwQ~ OR 'OUH ITEMS ON TME STAC~ 

FROM TH~ REGISTtMa R0.R3. IT IS UIEOAFTER FUNCTION 
CALLS TO PLA~E TM~ FUNCTION RfSU~T ON ~HE STACK , 

SpliHR51 
U0~46 $P8HR41 
0Ui46 
01014(1 $PiHRiH 

$p:5MR2a 
IU 0046 i,iHR 11 
00ua4 

.GL.081. 

MOV 
MOV 
MOV 

MQV 
JMP 

,!NDe 

SPSHH5,SPSHR4,IPSHM3,.PSHRi,SP$HR1 

R",.UP' 
R2,.~SP) 

,PUSH FOUR WORDs 

f'U,.~SPl ,PUSH TWO WORDS 

R0, .. ~SP) ,PUSH 'ONt; WORD 
, tR~~,. 

( 

"', 

(' 
,,-, 

(-

( 

( 
'--



SPPR04 MACHt.) VR04-14 !D7-S;Ih72 U14~ PAGE ;'8 /33 
( 

! • Tl fL,t: SPP~1d4 
2 • H'OF CNDS~3 
;t , 
4 , iPOIPRO V0fUA 

'G b , 
f; , r,;OfiYIHGIoIT 1971, DlllinA!. EQUIPMENT CO~PCRATlON, MAYNARI),MASS 
7 , , , 

\t> 9 fc1i1l0000 fofQlI%0 
10 o «H!l 1d0 i RllU 
11 1O~~1lJ0i R2'''2 
U flI 00 ICHU R31"~ 
U 1tJ01t)~·04 R4.,,4 
14 ftIia0i110ei R5'U 
U ~01il1Cl06 SPIXS 

.. 16 VJIQIlJ1iI01 filC'V 

( P , 
18 , TMU ROUTINi HEMOV~S TWO OR FOUR ITiMS '~OM THE STACK 
19 , ANO PI-ACES T~EM IN REGISTeRS H0.~3. IT IS use;o IN EXTER 
20 , 'UNCTIONS TO RETU~N THE FUNCT10N VA~UE IN THE REGISTERS 
21 , 
22 .• GL.OSL. $POPH6,$POPR4t$POPR~ 
23 , 
24 17576 ,PIJPHt)I 
2tS 1751e fcl12001a iPUPfil41 ~ov (iP)·,R0 ,POP fOUR WOROS 
25 l1f;1I1l0 012001 Mav (SP).,Rl 

C· 27 116WlZ IDl 2002 MOV CSP)·,R2 
as 1761i14 It"260J MOV ClfP).,R3 
29 l1tHHS !i!l00134 .IMP • tR4~ .• 
~fcl 17fJU III 12tJ01l1 $PUPI'(~1 MOV t SP)·,R0 ,POP TWO WUROS 
31 17tH2 kll20U MQV (SP)·,Rl 
32 176~4 1i:'l!tl0U4 JMIi' f tR4J .• 
3:5 , 
34 .ENOC 

( 

( 
'--



IR002 

1 
a 
~ 
4' 
5 
e ., 
8 
9 
U 
11 
12 
U 
14 
U 
it' 
17 
18 
19 
ae 
u 
22 1'1tUe 

a~ 17622 

24 17tsi8 

25 1"t)~2 

26 176~6 
27 
:28 

00121004 
lihfJ001U 
000Vj00 
tlJ0011J01 

, , , , , , , 

016045 $RI) I 
000fd02 
fclU646 
0001iJ02 
~iII5"60 
01'1l01U4 
ro05~6d 
0001l1e6 
0001;S4 

,Tl TI,.t 
,IFO'" 

$Ii(00i 
CNO$~4 
IRQ • eH.OBI.. 

'RO TME HEA~ TO· OOU81..E PRECI~10N CONVERTER 

iRC V002A 

COPYRIGHT 1971, OlGITAI.. EQUIPMENT CORP., MAYNARD, MASS, 
APP~NO 'EROS TO THE TO~ STACK ITtH TO 
MAKE IT Do~e~E pRECISION ~ORMAT . 
R4I~4 
&PUeJ 
firatUi 
1'11'1 
.IFOF 
."'O~O 
,WORD 
,WORD 
.IMP 

FIIU 
170Ul 
177426 
1740 4 6 
, (Fhq • 

.• !NOC 
.1FNOF FPU 

"Se.TO 
, , 1..0CFO C$P)"" Fill 'CONVERT ARG 
"nD 1'0,· eiP) 

MOV 2~SPl,.($P) 'MOVE I..OW ORDER PART 

MOV 

C~R 4CSPl 'INSERT TRAl~ING Z~ROS 

CI..R e ~'P). 
liMP , tR4l.'" 
.iNOC 
.iNO!; 

( 

( 

( 

( 



(~ 

( 

1 
2 
3 
A 
15 

" 7 
8 
9 
10 
11 
12 
13 
14 
10 
Ui 
17 
18 
19 
20 
21 
22 
23 
24 
20 
26 
27 
28 
29 
;$0 
31 
32 
33 17640 

34 17644 

35 17600 
36 176:')2 
37 17()~4 
38 176:16 
39 l1tH:J~ 
40 11662 
41 11604 
42 1761>6 
4..5 11670 
44 17612 

4! 17676 
46 171(D0 
47 11702 

48 1771/16 
49 117U 
50 17"2 
51 1771.4 

52 17721t1 

00000;:1 
000001 
~~0!O02 
000003 
lQiOlil1fI04 
"'i00~0!) 
01i10VJ06 
ln~04 
l'17~14 
klli:lfCHHl0 

, , , , , , 
I , , 

5011 

iFH I 
RXD$iHH 

U2~6~ SOIl 
000002 
~U066 
000002 
W!l0f:H:S02 $Rli 
005202 
012601 
006116 
006101 
0~ellA6 
110103 
101)001 
01e)0~01 

162 701 
V1!i)0201 
002433 
1601413 
!i:1227~11 
~1iI01iH 1 
~0Z4~U 
001/.1J0a 
105003 
155603 
ij:l\i.l0003 

• TI Tl.f $1'( 104 
.HOr CND$3S 
.GI.O~1. $Rl,iDI,~~RR 
HEA~ TO lNT~~ER CONVERSION. 

~Rl V004A 

COPYR1~HT 19/1,19'2 OIGITA~ EQUIPM~NT CORP., MAYNARO, MA 
ARG~M~NT IS A OOUB~E WORD REA~ NUMSER ON THE TOP 
OFf HE:. STACK, 
TRUNcAta 1T AND CONVERT IT TO AN INTEGER ON TME 
TOP OF TM' stAt~, 
Rei'"'' 
Io'UXl 
R2U2 
R3U3 
R4"U 
R~no 
SPUi) 
MQU77304 
~sth177314 
"011%0 
,lrooP' 
::'ETO 
BR 
$ETP 
SEll 
1..00 
STCOI 
JMP 
,ENot 

FPU , 
RI0$~5' , , 
(SP'''',FvH 
pr0,-QSP" 'CR4'., , 

.IF'NDP' FPU 
Mav (~~).,2t~P)' 

MOV (~P,+,2(~P)' 

SING!,.! PfiCEt;lSION 
SHORT INTEGERS 
GET ARGUMENT 
CONVERT TO STACK 
RETURN 

TRUNCATE TO REAL FORMAT 

CLR R2 'CLEAR WORK SPAC~ 
INC ~~ IS!T UP NORMAL. SIT 
MOV C~P).~Rl ,GET REAL. ARGUMENT 
ROL 'SP IGET SIGN 
ROL. Rl 'AND 
ROL. -csPJ 'SAVE IT 
Move Rl,R~ 'GET HIGH OROER FRACTION 
CI".R6 Rl 
SwAB Rl 'GET EXPONfNT 
SUB #201,Rl 

eLT ZER$35 IJUM~ IF IT 1$ TOO SMALL 
SEQ ONE!35 
Cl"lP -U.,Rl 

~~T OVRsJ§ 'JUMP IF IT IS TOO BIG 
SWAB R3 'fORM ~6 8IT$.OF HIGM ORDER FRACTION 
'~~B R3 
6l&B 3 tSPJ., R3 



SRX04 MAC~O VR04-14 07.SEP·7a n'4~ PAGE 40. /f~ 
(~ \ 

5;) .1~NO" EAf;&MUL.OH 
54 177i0 1il0U0~ ~OL. R;' '~ET NE)(T !:)IT 

5e 177fi2 ueua ROt.. R2 
56 11124 ~.H't5J01 DEcnel fa;c fiU 'OECREASE EXPQNf:NT 
57 171215 003~14 BGT $FU~t) ,GO AGAIN IF Nor OONE 
58 .!NOC 
59 , 
50 , EU CODE 
61 .IFO' EAE 
lSi MOV .MQ,R0 'POINT TO MQ 

6;' MOV R~"K0 J1NSEtn PRACTION 
64 MOV R2,"'~R0' 
61) MOV IU, '-I,,$H ,SM1"T L.t::~' T 
60 MOV .R0,R2 'fi!ESUL,T TO REG 
67 .ENDC 
61 , I'IUI"OlV COOE 
69 ,lrO," MUI..D4V ( 70 ,wORO 0762~1 , , ASHC R1,R2 
11 .ENOe 
12 177"0 01U5402 ONt;,Ur) I N~G R2 'MAI<E '" 
73 177\$2 ,O2406 avs NGMS.)! 'JUMP IF PQ$$UL,l"; NEGMA)( 
14 171~4 003001 BGT OVR,U5 IJUMP IF' MQRE THAN 1~ eus 
1e 177iHI 1il08026 $GN$;to, ROR (I$P)· 'GET SIGN 
76 17740 103401 ace OIJTi4e 'JUMP H'III 
17 17142 005402 NEG Ri 'III RfSUI,.T 
18 17744 0UOl1t5 OuTS;):> I MOV . R2,.~P , STORE INTl:.GE~ Rl;.SUL. T- . 

79 171415 UU ;'4 JMP ~tR4l ... ; RETURN TO C.L.l.,f~ 
( 80 111:)0 ,,0erU8 NC;M$3bl ~OR (~P)' 

81 ,,71$2 U;,174 s·cs OUTUe 'OK III' RESUL,T TO BE " 
8a 17704 0051415 OV~8l3::i' TST • tSPJ. 'fAKE $tGN 
e~ 177:.18 004:!i61 JSR R~, Sl:di~R 'ERROR 3,22 

002fi:'124 
84 17762 0013401 SR Zt:;~U5 
85 1nt>4 0!U livrE ~ 
86 17765 026 ,BYTE 22. 
87 171b6 ra01$1tl02 ZER$;Se; I 'LoR R2 ,ANswER IS 0 
88 17710 000762 6R $GNU5 
89 .ENOC ( gill ,iNOC 

,,"' 



c-
1 
a 
;) 

4 
~ 
(5 

7 
S 
9 
10 
11 
12 
13 
14 
l~ 
16 

( 17 
18 000000 
19 0~0Wl01 
20 01illil1Q0 " 
21 ~0000!) 

22 1777a 016:)04 
000002 

23 17776 0124~0 
24 20000 ua 4 '" 
2~ 2 [iHHl12 1Z111 404 
26 20004 00~H04 

( 27 200015 011H5~01 
28 21«H.H0 005~00 
29 2vlU2 h'3402 
30 2002.4 102 401 
U 20016 ~0(21rc0~ 
32 2kl020 0040&7 

0181762 
;33 20024 "'~0'h~5 
34 20026 fa,,4 
30 2112027 itH -4 

( 
36 

( 

/3'7 

• T 1 TL.E SSGI.id2 
.IFOF' CND$~6 , 

, SNGI. V~02A , 
I ~OPYRI~MT i971, OXijXTA~ EQUIPM!NT CORPORATION, MAYNARD, MASS , 
, , , , , 
,AI , , , 

OVfi($3b; 

.GI.OB!. $NGI.,$ERH 
TH~ FCRTRA~ ~NGL FUNCTIoN 
CAI.1.1NG $tQU~NCEI 
JS~ ~~,SNGL 
aR A 

.• wo~o ARGUMENT AOO~ESS 

RETURNS T~E ARGuMENT .ROUNDEQ TO SINGLE 
PRE-ClSON ~EAI.. fQRMAT I/Il.R0, Rl. 

R0U0 
Rl'U 
10(41%4 
k5UO 
Mev 2 (R~n., R4 

MOV 
MOV 
MOV 
ROt. 
AOC 
ADC 
~CS 
Svs 
kT5 
.ISH 

RTS 
.SYTE. 
.ane: 
• EN!,), 

C~4)·,R0 
CR4)+,Rl 
'ioC4~R4 
R4 
Hi 
R2I 
OvR.j;)6 
OVR$~6 
R:§ 

. Rt), St:.RR 

'GET 'UGH OROER 
'G~T L.OW (JRoe:R 

'GET NEXT WORD 
'GET ROUNO BIT 
'HOUND REAl,. 

'JUMP 11" OVERFL,Ow ON ROUNO 

IRETURN TO CAt.L.E~ 
; ERRO·R 4r1~ 



, 
2 
:5 .. 
b 
5 ., 
8 
SJ 
U 
11 
12 
13 ,4 
U 
16 
17 
18 
19 
221 
U 
2a 
ii5 
24 
2~ 
26 
21 
28 
29 
i0 
U 
32 200~0 

~3 200~4 
;)4 2V)0~e 

35 21lH~42 
36 20044 

:)7 200:10 

38 20004 

3111 200fi0 
216002 

40 20004 

41 20010 
42 2liUl72 

43 20076 
44 20U0 
4:5 af4U2 

46 201"6 
47 2U U 

,TlTl..E $SlN~4 
• If OF . CNUS.)7 , 

, SINCOS V~04A , 
, ~OPYRIGHT 1971,197a OlijITA~ iQUIPMENT CORPORATION, MAYNARo,MAS , 

00f1)III Ghl 
01i)1f)1iJ0i 
0210002 
o IchHIIU 
1D00~04 
01a1/l00" 
0[c'1!1l~06 
Vllf)01tl01 
000210121 
000001 
000002 
00161(10;) 

, , , , , 
, A • 
I 

0UHi 04 CO~I 
000002 
0051Ue 
icU6446 
00001212 
011 44e 
01274ei 
0017;s~ 
0U74~ 
040311 
004467 
0U~64 
0021Dl flI' 
02U00 , 
U6~04 SINI 
0001D02 
Ii:lfd 51d 415 
016446 
000002 

,tiL-OBL. 
.1rNOF 
,GI,.061.. 
.e;NOC 
3IN 
CAL.1.1NIi 
'JS/ti 
SR ' 
"II/ORO 

RETURN$ 
1'<01U 
~lUl 

: R2U2 
fo( 31!!! %;3 
f(4U4 
ii(!U5 
$P"Hi 
lIeU1 
F"I'U . 
FIUl 
'211!%2' 
~';U;U 

.1F.III0f1 
MOV 

ca.R 
MOV 

MOV 
MOV 

MOV 

JS~ 

.WORO 

MOV 

Ct"R 
MOV 

illU44~ 
01/J6iUts 
0060e6 
000004 
006016 
012146 
00,73;$ 

MOV 
SN~$i.571 ASL. 

ROR 

RQR 
MOV 

UN,(.;OS, 
FJilI,I 
$I\OR, SML,t< ,UBR, $OV Fe, U NTR , iPOL,SH 

CO $ THE REA L, U N AN 0 C (J 51 N ~ FUN C Tl 0 N S 
St;:QUi;.NCEI 
~I$,UN tOR COli) 
A 
AHG AOOR/;SS 

SIN gReYS OF ARG IN R0 AN~ Rl 

FPU 
aCR!Sl., R4 'G~T ARGUM~NT ADDRESS 

-C$PJ 'MAKE ROOM FOW QUAORA~T FLAG 
2CR4j,-C SP) ,PUSH ARGUMENT 

ftf~4, II cap). 
.001733,"'tSP) 

iH!l40 al1,"CSP) 

R4,iI"OL,SH 

5AOR,SNC$37 

2 (ReiJ., R4 

,PI,ISH PI/2 

,!NTE~ POLISH MODE 

'COS(~)'~INCX.PI/2) 

,G~T ARGUMENT ADDRESS 

.,sPJ 1MAKE ROOM FO~ QUAORANT FL.AG 
2CR4~,,,,(SP) 

fR4,.(S~~ ,PUSH ARGUMENT 
'i~ 'REMOVE AND SAVE SIGN 
jC&Pl 'IN QUADRANT F~AG 

'$P 
'H,107733,· tSP) 

( 

( 

( 

( 

.. 



( 

( 

c 

50 21dl~4 
5l 20126 
e52 201 J0 
53 2U~2 
54 201~4 
Sf) 201 ~6 
56 20140 
57 20142 
58 20144 
59 21H46 
e0 2Uf)1/l 
61 201~2 
S2 2~lb4 
63 201b6 
64 20100 
6:5 201tl2 
66 201f:i4 
61 201t16 
6ei au 70 
69 2k1172 
10 2~114 
71 20176 
12 211:i2fcl0 

1c!112146 
10 40711 
IiClWJ 44f,) 7 
Vl01:>2iO 
id 1325(;)1 
020222' 
~03142' 
~H'I20041 
i6202:54 
020222 
W!!fd3142 
11120246 
002004 
0202!!14 
1/l2~a22 
!C20222 
017162 
020324 
01 n. 62 
002010 
vH71621 
002010 i 
1li1716~' 
1002010 1 
!d1116jCI 
1lI~2010 , 
VJl716~' 

0202041 

MOV 

,JSR 

.I'IO~O 
~WORO 
.f/ORO 
,wo~o 
.wORD 
,\fjORD 
,itliQRO 
.It/ORO 
.iIlO~O 
.WORO 
,\\IORO 
.wORO 
.\IIORO 
,il/ORO 
,WOiiO 
.~OR() 
,wORD 

< ,wORD 
.wORD 
.\ljO~O 
,wORD 
,II/ORO 
.~ORO 

13 
74 
7b 
16 
77 
78 
19 

21212"2 
2(02U 
20206 
20210 
aidU2 
20214 

012000 RrN5J7I 
k? 12601 

.WORD 
I'IO.Y 
MOV 
TST 
f.jG~ 

80 20220 
81 
82 ~ra2~2 

83 202~6 

84 20242 
8b 
86 
81 
88 

2~234 
202~6 
20240 

89 2v.l244 
90 

0kif:j72i5 
iHo2la02 
liJCI2700 
100011)(11 
000~0:) 

016t$46 
0~0002 
01b"4() 
VJ0¥HH~2 
01001;)4 

~Jii1511 (? 
~kl1762 
h'l5aEl6 
00V!001 . 
liHHH34 

9, 20246 0fH6fHS 

92 20202 
g" 

0100010 
0100134 

94 2021)4 105766 
0~0~04 

95 2~260 ~01413 
96 202~2 002716 

~OD 

iH1U7. RT& 
; 
l)u PS37C MOV 

1 
X4j37; 

, 

MOY 

JMP 

UT 
SEQ 
INC~ 

JMP 

IalUIJs311 6 ts 

JMP , 
QSTUlI UTa 

tle;Q 
ADO 

#040~11,"(SP) 

R4,5i~OI,.SH 

$OVR 
OUPS;))' 
UNTfo( 
$S6R 
)(4$37 
OIJIiI$i)7 
UNTt< 
QUO$;,)7 
U6R 
QSU31 
DUPU1 
O\JPU7 
SMI.R 
PI,.U~7 
iMLoR 
$AOR 
$MI..R 
iAO~ 
iMLeR 
UOR 
$ML,R 
SAOk 
iMI..R 

RTN.iJ7 

1l(/2PI '2 copas 
llNT(X/2PIJ 
IfRACT(Xl2~O 
, hp·RACT (X/2Pl) 
'2 COPlES 
;INT(4*FRA~T(l(/2PI» 
is.vE INTe •••••• ) 
,y.'~ACTC4*FRACTtX/2PI» 
'REDUCE Y TO Ce l,i) 
'2 COPlES 
'3 COPIES 
,Y*, 
'PUSH COEF'ICIENTS 
, A4*V.*2 
, A4*Y**2+U 

'(C((A4.Z·A3r~z+A3l.Z.A2)*1 
'+A1)*Z.A0)*1 ZPY*Y 

t'P)+,R0 ,POP MIGM ORDER RESU~T 
(:)P).,Rl 
eSPl. ,POP Q~AOkANT F~AG 
RT!$J7 'JUMP IF A.HGUMENT WAS ... 
.100~00,H0 'SIN(.X)q.~XNCX) 

R~ IBACK. TO CA~~ER 

2CSPJ.,,,(~P) 

2CSPJ.,I!I(::JP) 

'(R4h 

'OUP~lCATE STAC~ ITEM 

liSP 
RTNS..i7 
ltSP) 

'CH~CK FO~ 0 FRACTION 
'QUIT NOW 
'QUADRUP~E $TAC~ ITEM 

II tR4J .... 

'SP,a.(sP) 

., tR4J .... 

,SAVE QUADRANT NUM6fR 

Q13$'7 'JUMP IF ~lRST OR TMIRO QUAO 
#'00~00,.5P 'N~GATE ~TAtK ITEM 



100f1l00 
97 20266 ~0b~46 C~R 
98 20270 ~~274e MOV 

2140200 
99 20274 ~04467 JSR 

001iU4 
100 ~~00 0020101 .WORO 

~\}1t)2 lDa0~04' 
101 ~~~4 ~12704 QSHS31' MOV 

0UUHP 
102 0310 '06a~6 Ql~$~71 A$RS 

00011105 
U3 
U4 0314 10301!lii! 
105 0Ue ~62718 

1!d01rll00 

sec 
AOO 

106 0322 000~34 QUT$~7' JMP 
101, 
108 0324 012000 P~Y5371 MOV 
109 032e 012~01 MOV 
1'0 ~3~0 01a102 MOV 

02 
1 liS 
04 
115 
116 
117 
U8 
U 9 
U!0 
121 
122 
12~ 
124 
125 
126 
127 
128 
U~ 
130 
lU 
132 
13;) 
U4 
135 
136 
U7 
138 
'39 
14~ 
141 
142 
143 
144 

"~140 
"'34112 
0344 
0346 
03b0 
031)2 
,,;)04 
'U~b 

0a04041 
Vl U'0~ 
00011'06 
01iJ0402 
01014" 
0100.'16 
1il14~46 
ki14245 
00eJ03 
01i33~12 
U0i34 

Py2si)71 

PyU~71 

COil 

UNI 

SN~$"7' 

I>10V 

·eR 
MOV 
I'IOV 
MOV 
MOV 
DEC 
tsGT 
JMP 

.• ENoe 

.1'O~ 
I:lETO 
L.OCFO 
'000 
bR 
$iTO 
L.OCFD 
SETl 
MOV 
CI,.R 
CFCC 
6GE 
INC 
•. 880 
DIVO 
MODO 
SETF 
1.0COF 
CFCC 
aEQ 
MOO' 
STeFl 
ROR 

-tiP) IPUSH. FI,.OATING 1, 
,*402h,,, tsP) 

~4,$POL,.SI1 

UOR,QSfoI_31 

;'QSU37, 1'i4 

,ENTER POl.,.lSIoi 

5CSPJ 'TEST QUAORANT 

QUT$~7 'JUMP IF FIRST OR $ECONO 
,*100~00,.SP 'NiGA'E $TACK ITEM 

'tH4J .• 

C~P).,R0 
(iP)·,Rl 
'*CON~3'.4,R2 

.:;,~~ 

PYlU7 
1l~,w~SP' 
RIll, .. tsP) 
-CR2),IIIC&P) 
wCR2i,"CI'P) 
R~ 1 COUNT 
PY2U7 
'~1iI4j+ 

FPU ; , 
'2t~b),rli!l, 
Pla$~7,f'-" 
SNCi47, , 
'2,Rb),f'fd, , 
.'COIll31, ~~'" 
R4, , . 

PO'S~i" 
R4, 
F~' 
(R0)·,F01 
'*I:'I,2:),F0' , 
F0,,0, , 
~TNS..t" 
.,4.0,,..0, 
Fl,R~' 
RU 

'SAVE If." 
,POINT TO L.lST OF COEFFICIENTS 

,PUSH Y.Y 

OOUBl,.f P~ECISIO~ FP 
Ge;T Ilf(GUMENT 
CO&CX). SINCX+Pl/2) 

OOU6~i p~eClS0NFP 
GEl ARGUMENT 
SHORT INTEGERS 
POINTER fa CONSTANTS 
aliN F~Aij. ~ARG 
G~T SIGN OF A~GUMENT. 

SX~N F~AGI • A~G 
~~MOV~ ARGUMENT SIGN 
X/tP1/2) .. 
f0liFRACTCX/2Pll 
SXNG~f PRECISION FP 
CONVERT ARGUMENi . 

CH~CK FOR ~ FRACTION 
F0-FRACTC4*FRACTCX/2Pl» 
QUAO'lNT'4.'RA'T(~/2PI») 

( 

c 

(! 

( 



c-

,( 

c. 

c 

c 

145 
146 
141 
148 
149 
1514 
151 
152 
U3 
154 
155 
106 
151 
1158 ug 
160 
161 
162 
U" 
164 
161) 
itH) 
161 
168 
16~ 
170 
111 
P2 
113 
174 
17~ 
17& 
117 0360 035036 

03ti2 1:)\\672 
178 
179 I'l3ti4 l;)SIl!3l 

~3~6 023143 
180 
Ul ~370 03724~ 

1il372 032130 

Bce 
NEGF 
AOOF 

\H~$Jn RQR 
BCC 
NEGII' , 

IiIl~$37' L.OF 
MY"'F 
MOV 
I.Of 

)(PUU1. MUL.F 
ute 
AOOF 
eGT 
MUL,F 
TST 
SEQ 
NEGF 

RTNU71 STF 
MOV 
MOV 
RU , 

FCO$~71 

Q13!.)71 
F(U 
#;1.0,F0, 
RlI 
Q12$~1J .' 
1"0' 

F0,F'~' 
F~,F'" 
#;4,~~, 
(1<0)., F 11 
1'2,1"1, 
1<11 
(H0)·,Fl' 
XPOS;S1, 
n ,F0, 
R4, 
RrN$~71 
FiiH 
F~, .. tSPH 
(SP)·,~0' 
C:SP)·,Rl1 
k!5, 

JUMP IF FIHST OR THIRD QUAO 

JUMP IF FI~ST OR ~ECONP QUAO 
y" ""y' 

z,vua 
COUNT OF CONSTANTS FOR POI.' 
lNIT1AL.l'E ACCUMUL.ATOR 

COIJN 
Fi;' l.F1 • ceI, 
L.OUP 
F01=1 hFl 
TEST SIGN FL.A" 

SIN(wX) " -SINtX) 
MOV~ RESUL,T TO STACK 

AND TH~NCE TO R0,Rl 

Pl~$~l' .wORO 040J~1,0~7132, PI/2 tOOUBL.E PREOISION, 
.WORD 121041,0~4302' , 

, ORDfR.OEPENO~NT CONSTANTS , 
.&;NOC , 
,wO~D 0350~e,1~3612' .0001514i41~ 

.wORD 

182 , 
UJ 0314 14004~ 

0316 "b6741 
184 , 

,wORD 

ld5 ~4~0 ~40'11 ~ONil7' .WORD 0403~1,0~7133, 1.~7~7geJ1a 
0402 0id7733 

,ENOC: 



1 
2 
~ 
~ 
o 
6 
7 
8 
9 
10 
U 
12 
13 , .. 
1:5 000000 
16 1illaltIIoilU ,1 ItPiJ01i.104 
18 000005 
19 "'00~015 
20 21000211 
U 20404 010c>"e 
22 20406 U EHI0!5 

kHH'lfCI02 
23 204U 01l~0il 
24 21U14 V3211~!U 
25 2rt14U rD~6;UJ0 
26 20420 HH5~00 
27 2ta422 000;J00 
28 20424 02ftH/l27 

ftJ~0~0:5 
29 204~0 0~2410 
30 204~2 1(l127Cl1" 

0421200 
U 2fd4~e 00f5~U 
32 20440 1t)1tJt5716 
~3 20442 0fIl205a 
34 2111444 062700 

100000 
3:> 21i:l400 kl00447 
36 20452 0i0021 

000177 
37 204tH:I 00~~07 
1)8 20460 020027 

000164 
39 2k1404 00204;) 
40 2fU'J6 U et5U 

IOWl01r)02 
41 2.,472 U 100¥) 
42 21i1414 0004:55 
4~ 2il416 0151546 

000002 
44 20502 01 U4~ 
45 20504 fdt.52716 

. 000~0f/1 
4ti 201510 01000!; 
47 20U 2 012704 

0U~54' 

, , , , , , , 
, A I , , 

• H TI.E UNHkl2 
.IFOF CNO$~a 
.G~Oe~ TANH'EXP'_AOR,$SeR,$M~R,*PVR,SFCA~L 
.G~Oe~ SPO~~H,$PSHR3 
THE FORTRAN TANH fUNCTtON 
T ANtol VrU2A 
COPYRIGHT 19'\, OIGITA~ EQUXPMENT CORP" MAYNARD, MASS, 
CA~LING StQUNCEI 
JSR R~,TANH 

£:lR It. 
.~ORO A~~UMINT ADOREl! 

RETURNS C~XP~2.A~Gl -1)/(!XP(2*ARG1+l) IN R0,Rl. 

R0U"· 
iqUi 
114U4 
1151%5 
iPU6 
PCI!!%1 
MOV R:),'dSP) 
MOV 2 CR5J., Rfj 

'SAV~ RETU~N POINTER 
IG~T ARG A~ORESS 

MOV '~ti,~0 'GET HIGH ORDER ARG 
SEQ Z~RI~8 'JUMP IF ARG_0 
AS!. ~0 
t.1.~a R0 
SwAB ~0 'GET eXPON;NT 
CMP R0,#:l05 

61..T 
MOV 

CI.H 
TSt' 

leGe. 
ADO 

STE$~e ;JUMP If A~S(ARGl 416, 
#40200,R~ ,ANSWER ~s 1 •• S1GN(ARG) 

Rl 
fR5 'T~ST ARG $lGN 
OUTS;)8 
#l00000,~0 ,MAKE -1. 

SR 
snn61 CMP 

OUUl)8 
R~,U77 

6GT TAN$~8 'JUM~ IF >1/2 . 
eMF' R0,*#l64 

aGe: 
MQV 

MOV 
a~ 

TANS3" MOV 

MOV 
AOD 

SM~j~8 'USE CONTINUED F~ACTIQN FOR 1HIS RANGE 
2tR5J,Rl 

'R5,~0 '1' AaeCX)<2*.~12, ~ET TANH.X 
OUTSU 
2tR5~,.(~P) ;PUSH2 •• Ri ON STACK 

.R5,"C$PJ 
#200,'SP ,OOU6I.,E ARG 

MOV $P,~~ 'SET UP CA~~ TO ~xp. ARG POINTER 
MaV #lXP,R4 'POINT TO EXP 

( 

.. 

c 

(I 



( 

( 

48 2~IfH 6 

49 20~22 
50 2i1HHi4 
51 2ldS26 
52 2!tHh~0 

53 205~4 
54 2~fS;)6 
55 2'iH)4~ 
56 2!U'42 

57 20546 

58 2~tH~2 
2I1H)~4 
20~~b 
2tO~O~ 
20502 

59 2":>04 
60 201566 
U 2vH.il0 
6a 20:512 
63 201574 

64 20600 
60 20602 

66 20606 
20610 
20U2 
20e1. 
2~~16 

07 2\j)t>iiil~ 

68 2i1H:ilie4 

69 20630 

70 21iHS34 
206Je 
211)640 

7 ~ 21lH54~ 
2ldS44 
20640 
2 liHSQ'4 
2~c>~a 
2V;16:$4 
21c}6h 

72 216600 
206ti2 
20664 

73 
74 

0047t)1 
174402 
Ii.11 U 46 
ro U04t) 
0rtH'h146 
012746 
041/.l200 
!e1U~4e> 
010046 
0015046 
ItlU/46 
04020¥:l 
i6w4 4 (S7 
(clV)1072 
~\i)21()01i1' 
0207!54 1 

00201,n 
~U.HH" 
0Utl64 1 

012ti~1t) UPI..$3L;1 
012001 . 
U2005 QUTUSI 
0002015 
t116:>tH 51'1\"138' 
0001a02 
0111>00 
004467 
0010315 
011b7~1 
((l17!570 1 

V:i17b71i:l 1 

017162 1 

"'20~20' 
l(llC:i04t$ XSldJIU 
~0000lt! 
~ 16640 
000002 
~04461 
001010 
~20734' 
1i'J0U 1 ill' 
020660' 
1011b7~1 
1(120712 1 

U7:')701 
111132501 
1d0~~l!l1' 
1D0U l!iJl 
~113:i5S' 
1002004' 
0171152' 
V)2~b6411 , , 

15 2"'5«)6 0HHH10 
01il01(J04 

115 2111(572 ~16t>01 

ONt:;S3toJi 

~SR p~,$rCA~~ 

MOV Rl,.CSP) ,PUSH E.*2ARG 
MOV RfD,.tsP) 
C~R .t$~j 1PUSH 1, 
MOV .402~0,·tSP) 

MOV 
MOV 
C~R 
MOV 

Rl,·~SP) 
R0,.~SP) 
-CSp) 
fit40~~0,.tsP' 'PUSH 1. 

JSR R4,51>'O\.5H , Gn CU*2X .1) I ('**2X +0 

MOV 
MOV 
MOV 
~n 
MOV 

(SP).,R0 
(IiP)·,Rl 
(SI',.,Rf:i 
R~ 'RETU~N 
2 CR5J., R 1 

MOV '1'(5,1'(0 
J~~ R4,'~OI..SH 

.WORD 

MOV 

MOV 2~SPl,·C~P) 

JSR R4,i~OI..S" 

,POP ~ESUI..T 

, Re:STORE fiiTU'RN 
TO UiER 
,GET M~G 

,GiT )( A 

.WO~D P3~$~e,SAOR,ONES3e 'S~T uP NUMERATOR 

TH~ A60vE COMPUT~$ XC1-CCV+35 ••• '/CV+45 •• ,+105,./Y»)) 
Wio1fRE hXtX 
MOV 4(jpl,R~ 'GET XSQUA~E A~AIN 

MOV 6tSPJ_,Rl 



STNHflI2 MACRO VR~4.~4 07·SEP-72 U t4~ PAijE 43. /f//( 

01i'1001iH!i 
( 

.,7 216676 0~5IOe~ CI..R 6 tSP~_ II NSt::FH A 1. 
0~00"6 

.,'" a~702 0U7e~ MOV "402~0,4~SP) 
040200 -~ 

0~0fClf64 
79 2flJ7U IhHH3.a JMP 'U~4J,. 
80 20712 U274tl P4~$381 MOV _uSaJ7,'" (SP) IPUSH 4~, 1842 

1 iHS231 '", 

8~ 20716 U2/4~ MOV ",414b4,.CSP) 
041464 

82 216722 "'27415 Pl~S381 MOV .~6f';707,""tSP) ,PUSH 10f>.4fj05 
1(56107 

83 207ae 012746 MOV "4P~2,,,tiP) 
~41122 

84 207;'2 000134 Jfo1P 'tH4)+ 
8:) 20744 012746 P~~5381 MOV **U64!57,"'CSPl ,PUSH ~5 t1 b35 ( Ut:l4!7 
86 2167 40 012746 MOV "41414,.t~P) 

041414 
87 20744 1300134 JMP • tlU',. 
88 20146 ~015ra0f1) lEWi;)/:! • C;L,H R0 
89 207:50 ~IDti001 CI"fi( 1(1 
90 2161:>2 VlIU/0tS "Hi OUTI~8 
91 , 
92 2fj)7~4 161266($ UPi3lU MOV tiP)·, U, (SP) 'MOVE STACK ITEM UP 

01i'10~12 

( 9;) 20760 012066 MOV CtiP)+,10.(SP, 
i100i812 .-

94 20704 0001~4 JMP '~~4J. 
g~ , 
9rs .ENOC 

Ii' 



( 
\ 

c 

1 
2 
J 
4 
5 
& 
1 
IS 
~ 
HI 
U 
12 
l4 
14 
15 
U 
17 
is 
U 
20 
2l 
22 
23 
24 
20 
26 
2" 
28 
29 
30 
31 
32 
33 rtI00id0~ 
34 1,111'10100 ~ 
30 VJV)0~02 
315 d00003 
37 1iI1(J0V)~4 
38 0i1J01i101:) 
39 1{l1d0d06 
40 0160fi1210 
41 01(1lail01 
42 ItI~Vi1002 
4;) 0Wl0003 
44 1il~~1i!04 
40 tlJil01d0:t 
46 
47 207t:i6005046 
48 207'0 005046 
49 2V3772 00f)104f:\ 
50 20774 005046 
51 2k'!77/5 1i3ltHi046 
~~ 2 UfiJ0 iii i 6:;~4 

00000c 
53 21004 016446 

000002 
54 21010 011446 
5~ 2U12 011b00 

, .TITL,t; UTN03 
.1,.OF CNO$~g 

, AlAN V~03A , 
, ~oP'RXiHT ,911, DI~ITA~ EQUIPMENT CORPO~ATION, MAYNARO,MASS , 

, , , , , , .. , , , , , , , 
,AI , , , , , , 

.GL.OBl.. 
,IFI\IOf 
.GI..06l.. 
,ENDC 

ATAN, ATAN2I 
FII'U 
SAOR,SS6~,SMl..A,ICV~,SPOI..SH,$POP~!, 

T~~ 'ORTRAN ATAN 
CAL.I..INGSfQUI;.NC~ 

ANO AT ANi FUNCTIONS 
f·O~ ATANI 

JSR R5,.lAN 
!Jill A-
,wORD AHGUMENT AOOR!$S 

CAI,.1.1NG 
JSR 
6R 
,wOlitO 
.I'IORO 

S!QU~NCE FOR AlAN2' 
RS,ATAN2 
A 
A~ijUM~NT 1 ADORESS 
A~GUM~NT 2 AODRiSS 

RETURNS ACRT.NCA~Gl/ARG2) IN R0 AND Rt, 
IF ABstARG1/ APG2J ~ 2 •• 24, TH~ RESU~T 15 
~lGNCARG1'·PI/2. ' 
IF ARG~ .~ THE R~$ULT ls ARCTANCARG1/AAG2) • 
alGi'll (ARGl J tP". 

Run 
ii(l11J.U 
R2Ui 
R;)UJ 
k4U4 
!l(5.~!) 
$PIIU 
f'0U0 
F'l11U 
r2.'U 
"'31;%3 
F' 411%4 
F~U5 
.1fNI,)F 
CI..R 
CI..R 
CL,R 
CI..R 
r.a.~ 
MOil 

MOV 

FFlU 
.c~p~ 'CI..~AR SJGN FI..)G 
-tiPI 'CLEAR ATANa 61Ai 
II!I~SPJ, 
.tSPJ 'CL.EAR QUAORANT ~IAS 
!II! (Spj 
2c~~i R4 JGtT FIR~T ARG ADDRESS 

" 

MOV '~4,·(SPI 
MOV fSP,~0 'ARG1 TO R0 



56 UU4 uet)04 
00130214 

57 21020 0 US4.!;) 
ft:I001(502 

58 21024 raU44fi' 
5!iJ 21026 U 1 t)01 
60 U0~0 "'014~7 
6 1 210\$22106;)00 
62 210~4 Ulf!l01Z10 
el1 U0~6 r'l!"0~00 
64 i1040 0!i:l(5i}U. 
8() U042 U0001 
66 21044 01r)0~U 
87 Ii lfi)4e 161a U~ 
58 210Q0 022700 

000Q132 

MOV 

Mev 
MOV 
MQV 
eEQ 
ASL. 
CL,HB 
~da 
AiL. 
CL.Re 
$wAi 
SUB 
CMP 

69 a10~4 0~242~ 6~T 
10 210~6 004467 OIV$~9. JSR 

000062 
1i 21ldda ~1~2~6' 

21004 021066' 
72 2i0~6 00577~ UP~$391 TST 

klro0~04 
13 21012 ftl0aU4 
74 2111174 012766 

16 2UUl 

77 21114 
782UU 

040511 
01/10fl1U 
til 12166 
007733 
1iO~0U2 
1D01:)77~ 
0001402 
r1l0200 \,\ 
1Ut:i27(56 
1ftl0000 
000010 

6Gi:: 
MOV 

TST 

79 aua4 
8121 211!i~S 
81 2U:.1eJ 

0~~116 AT~$agl TST 

82 2lU4 

13~ 211 40 

134 21144 

13' 211~0 
8e 2Ub2 

87 21106 
88 
e9 211"0 
921 211(:12 
91 211(:;4 
92 2U66 
93 2U70 
94 21112 

000426 eR 
062706 IN'5391 ADD 
01210022 
U2100 
040.111 
i612701 
0077:U 
00577' 
rD01Z1(4"2 
002002 
~Hj2700 
100000 
fchll0a06 

0015"46 
00:5040 
IllfcH504/5 
kJ~5046 
005046 
Itlles~104 

MOV 

MOV 

TST 

6GE 
ADO 

INIi<$;UI RU . , 
ATAN. CI..R 

CI,.R 
l;L,R 
Cl..tit 
CL.R 
MOil 

4 C~5J., R4 

2 CR4J., '" (SP) 

.fit4,"(SPJ. 

'G~T SECOND ARG ADDRESS 

,GET SECOND ARG 

'SP, fit l 'ARG2 TO Rl 
INFS~9 'JUMP IF DENOMINATOR IS 0 
R0 IGET ABS VAl. ARGi 
R0 JGET EXPQNtNT 
Rid 
Rl 
Rl 'GET EXPONiNT A~i2 
ru 
~1,R0 'GEl EXPON~NT OIF'ERENC~ 
"26 I , f( 0 , C HE CK MAG'" IT UOE 

INFS~9 'TREAT 4S ~NFINlfy 
R4,SPOI..SH 

SOVR,UPl,.i;)SI 

'4(R~) 'IP ARG2 >0, ~Ili ~0 

ATE$~g IIF ARG2<0, 81ASISIGNC ARG1).PI 
•• 40~li,S.($P)'Pl 

'2(Rb) ITEst ARGl 

.TE$~9 
H100~00,8.(SP) ,.PI 

.ap 'SiT CODES 
AT1$~9 'JOIN MAIN ROUTINE _,s.,sp ;F~USH STA~K 

.040~U,~0 

.~07733,Hl 

'2(R~) 'T~ST ARGl 

INR$~9 IJUMP IF +Pl/2 
~100~0~,R0 ,.PI/a 

R~ '~ETURN TO USfR 

.t$P~ 'C~EAR. SIGN F~AG 
-tspl 'C~EAR ATAN2 6IA$ 
""CSPJ 
.Csp~ 1CI,.EAR QUADRANT ~IAS 
.(SPJ 
2tRSi J R4 ,GET A~G APORESS 

( 

c 



iATNL'J~ MACRO VR"4.14 07 .. SEP.72 1114a PAtti 44+ 1¥-7 
( 
, 

0001002 
9::» 21116 016446 MOV, a ~R4J" ~ (:)P) 'G~r I.OW O~De:R A~G 

01d01t:102 
96 U2 ia 2 011446 t10V '~4," (SIiI). 1 GL'iT MIGH ORDER 

\-q.. 97 212id4 1i'J1ilJ2004 ATU~g; I:5GE PI..Y$Jg 'JUMP IF QUAOrUNT 1 O~ 3 
98 21206 062116 ADO "100000,'SP 'Gt.T Aes VAI..UE 

100000 
99 21212 01CleliC66 lNC la,(~p) "I..AG " 000014 
100 1216 "21 b21 Pl.Us31H CMP '::SI01, j;j40lHJ~ ,CHECK Iiii' <Cl. 

~40~~H' 
101 l2~2 UJ 4 31 1.'1,,0 L,E U;)9 'JUMP IF ~" .. 
10a 1224 003003 sriT GTUJ9 "'1. 10,) 12116 11HHS766 TST 2 tSP~. , 'CHe:CK I"OW ORDER 

ItHHlilJ02 
/.r-- - 1-'4 12;$2 ~H6142:) Se;Q I,.t:;U~9 ;'1. 
\, 105 12~4 ~121t56 GHUgl MOV "140i)U,4CSP' ,.P X/2 

140JU 
1;)00004 

106 1242 Uct/6fJ MOV .007733,6tSP) ,ATANtk)'PI/2.ATANCI/X) 
0147134 
1C~0fjj0b 

107 121>0 iI~5')66 ue;c: 2,2. C$P) ~~OJUST SIGN 
0001:114 

108 Ub4 01t.1()4<1 Mav 2(SP)., .. t~P) 'MOVE ARG IJOWN 
0~0fjJ02 

C 109 l2~0. fcl1 b046 HOV 2(SP),IIIC8P) 
000002 

110 UtJ4 IiH ~1 tH> MOV tl40200,4tSP) 'INSE~T 1 •. 
~40a0~ 
1i)V)0004 

111 1272 lC)i6fSiQc6 (;I..R 6CSPJ. 
0001/l1')6 

112 12115 lCli04461 JSF< R4,$POI,.SH 'COMPUTE 1. 1)( 

f00k1J4iil 
11;) 1302 o u,:;)ti' .1IjORO SOI/R,I.,Elj39 

C 
1304 02130(j1 

\ 114 ~306 ld16646 I..EU~~I MOV 2tSPJ., .. t SP) ,Move; ARG OOWN 
!/l00~1il2 

115 U12 ~lb046 MOV 2 ts.P)., III (~P) 
000002 

116 1316 005166" Cl..R 4 CSPJ. 
0001iH,4 

117 U22 lfJid5060 tl"r.I 6tSP~ 
r4 1d1d01t.106 

11 8 13iil6 021~27 CMP fSP, j;j0~7ti 11 llANOS) 
1/!~7bl1 

119 "3~2 103440 "1.0 L.lb$~9 ,,JUMP IF I.,t:S$ THAN TAN(1!5) 
120 13~4 10U1il4 eHI TNSSJp 'JUMP IF It 

.:: 
121 1336 0Cl6627 CMP 2 tsP) l~H',)0243 

~00K102 
~30f!43 

12~ 1344 H!I144~ ~L.OS 1..15539 
12J 134~ rtJ121c;(S TN&$~9i i'lOV .040006,4tSP) , INSERT Pll6 

( 
0401iHH' 
~00~04 

l24 13::14 IIH2160 MOV .liHd~222, b (SP' 



14TN03 MAC~O VR04 111 14 0?-Se;P·72 11 u.s P,WE 4h /yr 
(- i 

005222 
III 00 ° IZH' 

U5 Ulli2 0Uei0il1 MOV UP,W0 'ARC; TO REGS 
126 1364 016001 MOV ~CS,,),IH 

0~0002 
121 1310 012746 MOV *lH 7 27,"tSP) 'PUSH "ROOT 3 

., 
1\H121 

128 U74 U274~ MOV U 40;)35," CSP) 
140~35 

129 1400 0UU~ MOV IiU,.~$P' 
Uf4 141112 III UH'd MOV FH',,,,,~SP) ,piUSI'! ARG 
131 1404 ft:I00f44Ci CI"R -CSP). 'PUSH 1. 
U2 1406 "12746 MOV w402Ih'l, "" CSPl 

04020-' 
UJ 1412 012746 MOV ~H31127",qSP) II;lUSH ROOT3 

lU72? 
134 1416 k'12146 MOV 1f040335,"'tSP) ( 04f{l~~5 

U' 1422 M' U 146 MOV ~l, .. tsP) ,PUSH ARG 
US 1424 010048 MOV R0, .. ~SP' 
la? ldb 10044151 JSH 1(4,1"'01..$1'1 'Tfo(ANSFO~M A~G 

1C00212 
U8 , (WOoT3*X-l)/tROaT3 +Xl 
139 14~2 11111162' .wORD $ML.R,SS~~,UP$39,$S~R,$OVR,~15$39 

1444 ~02004' 
U.,)CS ~21~36' 
~440 1Cl02~041 

i442 \CIU2:!iS' ( 1444 021446' 
140 1446 '-1U ti 00 1..1:>$39t MOV .SP,f(0 'GET ARG 
141 14~0 !d16~01 MOV 2 tSPl., R 1 

1/100002 
142 14~4 010146 MOV R 1,. ~SP) 1Gt:T THRtE COPlES 
,4a 141)6 010046 MOV IH', .. ~SP) 
144 14tj0 " 10146 MOV fH, .. q;P) 
145 1462 U0~46 MOV Rd,.tsP) 
~46 1404 IClfd44b7 JSW R4,$I>'OI..SH 

\r100U4 
( 141 1470 1i:l17,,6ii' .• WORO $ML.R 'GET ARG**2 

148 1412 11:121 :f 5 liP .Wtl~D Pi". yS\$Q 'SET UP cotFFlCI~NTS 
i49 1474 017Uii' ,WORD $MI..R,$Av~,$ML.R,SAO~,$M~R'iAOR 

1476 !II1tl2010 ' 
1!00 017U2' 
15fd2 [d0201~1 

l!5\D4 k!171f;2' 
11!~e l:1~ak!lli3! )\. 

Hili! i.OU ~17U4P _wo~o $MI..R,$AU~,JMi..R,$AD~ 

11512 fIl020U' 
1~14 U7162' 
iUo 10 0 :2 10 111.11 

itS 1 ll)a~ 1d1il2~ U' ,WORD $AO~ 'P(X)+0 IF' X<11 , PC)()"Pl/2 IF' x>l 
152 U'i22 021004' .WO~D S(;NSJ9 'ADJUST SIGN 
15~ ua4 002UilJI .~ORO 'APR 'ADO A.TAN2 BlAS 
1I:J4 1526 U7CiU, ,WORD iPOP~3,t.Xl$39 ,POP HESU~T TO REGS 

!15\\0 021:>~2' 
155 1~~2 005726 ~X.t$J9' TaT tsP)· ,POP SIGN fi'I..AG ( ltstS 115..14 000205 RTS R~ ,RI:;TURN TO USER 



( 

c 

c 

157 
1158 i5~6 

1~9 1~42 

i60 1546 
161 
16a UbI!! 
lC!i3 1502 
U4 lti04 

165 1~b0 

16e '5ts4 
161 15oo 
168 UI70 
169 U$le 
170 15'4 
Pi 1516 
172 1600 
17;' 16~2 
174 
lI'b 1604 

176 leU 
177 1612 

178 Hi~6 
179 
180 
'U 
182 
183 
164 
185 
~8(j 
187 
188 
189 
190 
191 
192 
19J 
194 
195 
196 
191 
19a 
If.~g 

2fd0 
201 
202 
203 
204 
205 
2",8 
201 

~ 126tH.i 
k3f/l0012 
1i.112CHH:i 
ft)~0illlc 
000U4 

, 
Ups,!!J, MOV 

, 
MOV 

"'MP 

0l2~00 ~~Y$J9. MOV 
01260\ MOV 
012102 MOV 
ftl21Q44' 
wl2703 MeV 
0id000~ 
~00402 SR 
ftJ10' 46PV,U3!H MOV 
010~4~ Mev 
~1424~ PY~i~9' MOV 
0l4a46 MOV 
~~bJ03 OEC 
003~7a BGT 
~00'34 JMP 

fdl(l~7e6 
0000 \0. 
0~1402 
(OfS2116 
1~~000 
(e.!lll f{) '341 

, 
iGNn91 T$1 

6EQ 
AO() 

SGU391 JMP 
.ENOC 

•. H"OF 
~ETF 
MOV 
Mav 
MOV 
MOV 
SEQ 
ASL. 
t:l.,fof6 
hAta 
AS!.. . 
CL,:R6 
S~Ad 
Sus 
CMP 
fH.T 
\.01" 
I..OF 
epee 
bGt. 
NEGfl' 

_liilS3!i; \"Of' 
.CFCC 
~I,.T 
CL,RF 
PlYF 
6R 

CSPl·,~0.(SP) 

(51")·,10,(51'1) 

'CR4J. 

(SP)·,R0 
CSP)·,fH . 
;It; ON 18 ;U~ ... 4 , R 2 

,MUVE STACK IT~M UP 

,POP POI,.Y ARG 

,POINT TU COEFFICIENT TA8L.i 

,,~,R~ II,.OOP:5 

fO'yuJg 
Rl,.tsP) ,PUSH ARi 
R0,.tSPJ 
.CR2j,.,SP) -,PUSH CONSTANT 
.CR2J:,·(IjPl 
Rj 'COUNT 
pv:u.)g 
'CR4h 

8.'$~' ICHtCK SIGN F~AG 

SGUi,)9 
"U01D00, 'SP 

.. CR4l. + 

FPU , 
2CR'J,R3' 
4CR5J:,R4' 
'R3,R0' 
'~4,RU 
INFS;)SH 
R0' 
PH" 

·R01 
RU 

·Rl1 
'Rl' 
Rl,~Ii:l, 
.26"R0, 
INFU9' 
PI u~, Fi.H 
'H3,fi0' 

. A1P$~9' 
F;), 
'~4,"1I 

A~MI;;t9' 
FJ; 
F1,1"0" 
AT1$ J 9' 

SIn FPMOO~ FOR fJPU 
ADDRESS OF ARGl 
ADDRESS ·UF ARG2 
MltJH OF(Dt::R ARGl 
HIGH OROf;R M~G2 
JUMP IF DENOMINATOR 0 

EXPONENT OF ARG2 
GIT EXPONENT 01F'ER~NC~ 

CH~CI< MAGNITUDE 
, TRt:.UAS INFINlTE 

lN~TIAL.lZE eIAS-PI 
GET ARGl 

JUMP IF ARGpllI 
BIASISIGN(ARG1).PI 
GET AR.G2 

IF ARG2~0, 8%A810 
ARG1/ARG2,SET r~OAT cc 
JOIN MAIN ROUTINE 



'208 
209 
2\0 
21' U2 
au 
214 
211) 
216 
2P' 
218 
21111 
22~ 
221 
222 
22\$ 
224 
225 
226 
227 
228 
22~ 
2ae 
2;$1 
232 
23~ 
234 
235 
235 
231 
a;s, 
239 
240 
24& 
242 
243 
244 
24' 
246 
247 
248 
249 
2~0 
2CSl 
252 
~n,;J 

254 
255 
2!55 
2f)7 
258 
259 
260 
2U 
262 
2fj~ 

264 

, 
lN~$;$91 L.OF 

TST 
6Gf!. 
NEGfi 
6R , 

ATANI IiET' 
CI..RF 
I.OF 

.T1$3~' CI"R 
C,CC 
SfrO 
CL.RF 
6GE 
.aSF 
lNC 

PL,US3!.i1 I.D' 
CMPF 
CFCC . 
S,-ti; 

GTU;H'I O!C 
UHF 
L.DF 
L.DF , 

I.E 1$391 S TF 
CL.RF 
CMPF 
eFee 
iGE 
LoOf' 
I.OF 
MUt..F 
6USF 
ADDF 
PHF , 

1.1 :)1~9I 1,,0' 
MUL.P' 
Mav 
MOV 
1..0" 

.l(PUS3SJ I MUL.F 
DEC 
ADOI' 
sriT 
MUL.F 
AOLlF 
Sus, 
TST 
eEQ 
NEGF 

SG1S39 •• OD' , ' 
~X4$391 . ST'" 

MOV 

1"12$;)9,,.1, 
tU~a , 
EX U;)g, 

"1' E)(U~9' 

" 1'3, 
'2CR~),fVJ, 
R4, , 
F~,F/)' 
F;5, . 
PI.U,Jg, 
F0, . 
R4, 
#1,0,Fl1 F0,,.,, 
L.~U~lH 
H4, Fill,,.,, 
'l,FIlJ, 
P 12S;S9, F;U 

F~,F4, "J, 
H5$;"9,~f4, 

1..15539' 
Ple$;'9~FJ' 
F'0,Fl, 
RT3$iH~,fiVJ, .. 
#1.0,F'0, 
RT3!i39,,, if 
F~,F!d, 

FfIJ,FAt, 
Fra,Fk1, 

.• "COI;'9, fie." 
#4,R~' 
(R0)·,fl1 
F!t2,Ji~' 
RU 
(R0)·,F1J 
XPD$~9' I,.OOP F2,n, 
F~,Fi, 
F4,F1, 
R4, 
SGing, 
FU 
F~,F" 

Fl,·tSP)I 
(SP)+,RiH 

RE&U~T~SIGN(ARG1)*PI/2 
TE::~T "RGl 
+Pl/2 
.P1/2 

SET FP MPD~ FOR 'PU 
CL.t:AR ATAN~ BIAS 
GET ARGUMENT 
CL.~AR SIGN FL.." 
GET SIGN Of A~GUMENT. 
ffUUAN2 BLAS 
C~iAR QUAORANT alAS 
JUMP IF QUAORANT 1 OR 3 
ASSeX) 
FL,AG l1li 

1.0 
CMt.CK IF X< .. l.1lI 

X.~.0, ADJUST SIGN PI"AG 
1.0/X 
AfAN(X),PI/2I1!1ATAN(i/X) 

~UAORANT BIAS~PI/2 

F4-QUAORANT BIAS 
f'310.0 
COMPARE TAN (15) I )( 

X l1li III TANelSl 
'3'1"1/6 

)(",1(00T3,,1.1O 
X·+ROOT'3 
tX·ROUT~·1,0)/(X.ROOT3) 

X 
X*""2 
POINTER To POI"YNOMIAL CONSTANTS 
COUNT OF cUEFFICIENTS 
IN1TIALIlE ACCUMULATOR 

COLINT 
Fll .. Fl- .**2 • eel) 

F11D "1'*X 
PIllS OR 0,0 
P(X) "'~UA.O SlAS 
TlUT $IGN FI"AG 
NO AOJUSTMt:NT 
NEijA,TE RtSU~T FOR (.1,0)&(1,INF) 
ATAN2 BIAS 

MOVE RESU~T TO STA.CK 
ANO THEN TO REGISTERS 

( 
'. 

( 

( 

.( 

( 



SATNIll3 MACRO VRk)4"'14 07 .. 51::1" .. 72 1 U4~ PAillE 44+ /S-/ 
c~ 

( 
'., 

265 MQV CSP)+,Rl1 
266 ~TS ~5, EXn 
267 I 
260 Plai3!1; .WOKO 040!511,~1i.177331 PI 

'''' 
269 PIC!$39; ,wORD 12140311,~147733, PII2 
270 11 :;'$39. ,WUR!) 0;)7611,~h~0243, TAN(lb) 
271 Fo11 b $391 ,WURD 04vHI)~6, 00 5222, PIIS 
272 RNs39 ; .wo~o 041O.}35,1 3 1727, /o(OOT3 
273 .E.NOC 
274 1620 03i'~05 fCU$39; ,wURO 037J~5,~J5302 1,1096303 476 61 

16~2 f!j353~H1 
275 1624 137 42\ .wo~o lJ74~1,0:)f:j514 ''',14195 74024 

1526 056ei14 
276 160>0 1tl')7::i14 ,WORD 037514,1 4 3333 1 ,19g91732~ 1 

1632 14333~ 
277 1t;iJ4 lJ7b~~ .wORD 1376:!>2,lil!:S244 , ... 3333331319 

( 1636 125244 
278 1Q40 04ra2fl)i1J CON$~91 ,!'lORD 04{1l21a0, 0~iiHH'0 1.9999999999 

ltS42 el00 f(HH,1 
27g 
280 .ENOC 

c 

( 



21($44 

21644 00e12fS 
211546 Ie"',,, U4 

• T 1 TL.E S~Ol.rd7 
,GL.OBI.. iPOl..l:H" 

$POL.iM • IS CALL.EO WH~NEY£R IT l~ D~SlREO TO ENTER POLISH 
MOD! rROM IN~LIN~ CODE. 
IT ~U&T a~ CAL.L.EU Y1A A JSR R4,SPOLSH 

iPOI"SH 

, , , , , , , 
, ~OPYRIGMT 1971, 1912, OIGITA~ EQUIPMENT CORPORATION, MAYNARD,M , 
R4'%4 
SFlIIXe , 
, TM! FOL.I..OWINij ENTRY pglNT IS A DIRTY TRICK TO DEFINE 
, TM~ OTS V~RSION NUM6~R IN THE OT~ "'INK MAPlO ALL.OW 
, THE MAlNTAIN'R TO TELL. WHAT VERSJON IS BEING USED 'OR 
, A PAHTICUL.AR I.IN~. , 
, THUS WHE~ A USER fORGETS TO TEI..L US WHAT VERS10N HE 
, IS USING, AL.~ 18 NOT LOST' , 

• GL.OtH. 
$V20AI , 
$POI..SH' UT 

-IMP , 
, TH~ FOl..l..tlvUNG 
, OPTIONS 

.1P'OF 
• en,os!". 
.e:NOC 
.If-OF 
,G1..081.. 

.fiNOC 
I VOF 
• (H.. OBI. 

,ENOC 
,IrO' 
• GL.oal.. 

.ENOe 

.11'01' 

.GLoOSI,. 

.e:NOC 

SV20A , THIS 15 Vt,RSlON 20A 

eSP)· 'Ot.I"ET'E JUl'IK FROM STACK 
'tR4)'" ,WEIRE. NOW IN POI..XSH MoDe; 

CONOITlONAI..XZEO ENTRY POINTS lOENTIFY THE ASSEMB 
U~ED IN THI$ VERiION OF THE OlS, 
EA! 
Ie:AE 

EUlMUl..lHV 
un 

FIolU 
SFPU 

ns . 
$foI'l$ 

RU 
'RS)( 

() 

( 

(I 



( 

l 
a 
;) , 

1 
I 

• Tl TL.E 
.IJiOF 

:;JQRT V003A 4 
o 
6 
7 
8 
9 

I ~OP'RIGHT 1971, Ol~ITA~ EQUIPMENT CORPORATION, ~AYNARD,MASS , 
10 
1l 
12 
13 
14 
l' 
16 
11 
18 
19 
20 
21 
22 
23 
24 
2!) 
26 
27 
21:1 
29 
;)0 

31 
32 

000.,,,0 
000001 
~1d0w04 
210000:1 
101001006 
0000L\Hl 
110011101 
1OIOI('J100a 

, , , , , 
lid , , 

33 216~0 ~1004~ $Q~T; 
34 216b2 VJ 16()0!5 

k!iIIH!lta02 
35 2161>6 0U::i01 
3f,) 

37 
38 
39 
40 

:2 UiC)~ UH1443 
216el2 001 446 

2HSQ4 1012146 
~)(t30"03 

42 21610 Vlll'tHhH 
4J 21672 ~e2701 

02vU00 
44 21676 0~5046 
40 U7k)Qj 0hJ146 
46 
47 21102 (1.10!H646 
48 21704 01"1546 
4!i1 21706 V3kl5046 
50 :i!1110 iDU146 
51 21712 ~~4467 ~UPS41' 

17772" 
52 217~e U13~~ol 

21720 ~02010' 

• GI. 0 iH" 
,1FNOF 
,GL.061,. 
.ENOC 
SQiH 
CAL..l,.lNG 
JSR 
tlR 
HARG 

SQRT,$E~~' 
FPU 
$AOR,$DV~,$POI..$H' 

TME WEAl., ~QUARE ROOT fUNCTION 
Sf;QU!;NCEI 
Re,SQRT 
A 

RETURNS TH~ SQUA~~ ROOT IN R0 AND R1. 

R01;U 
iCUU 
10<41%4 
k!5US 
$PIIIX6 
"0=%0 
FUU 
r2U2 
.lFOF 
MOV 
.e:NOC: 
.IliNOf 
Mav 
MOV 

MOV 
,ENOC 
~Ml 
IHHii 
c. IFNOP' 
~10V 

.ENOC 
ASR 
AOD 

CI..R 
MOV 
,If'NOr 
CI..R 
HOV 
CL.R 
MOV 
JSR 

,\'lORO 

FPU 
'~(R:», fH, 

FIi'U 
Rl), .. ~SP) 
2 ~R5j., IHi 

GET HIGH OHOER ARGUMENT 

'G~T ARGUMENT ADDRESS 

Ej.i(RS41 
ZER$41 
F'PU 

1GET HIGH ORDER ARGUMENT 

'ERROR If ARGUMENT NEGATIVE 
'FAST EXIT IF ZI~O 

• .,,-tap) ,~U$H lTi~ATI0N COUNT 

Rl JfO~M INITIAL EsTIMATE 
#iHl1 ia0, IU 

-cSP) 'USE ONI.,Y HIGH O~D~R PARTS FIRST 
Rl,.~SP) "CAUSE ADO AND DIVIDE ARl 
FPU 
.(SP) "ASTER THAT ~AY 
'f<5,';CSPl. 
-CSp) 
R1,·~sPJ 
R4,SPOLSM 'ENT~R PUl,.lSH MODE 



217a2 
53 217~4 

54 211;)0 

5:) U 7;)4 
5e U7iJ$ 

57 21742 
:58 21744 

5S1 U1~0 

60 a17~4 
61 211015 
62 n 1ct0 
63 23.7t:i2 
64 U 7($4 
6b 21766 
ee U110 

67 21774 
6d U176 
159 21177 
70 22000 
7" 22002 
72 2~01i14 
73 
74 
7~ 
76 
77 
78 
79 
80 
81 
sa 
83 
84 
85 
86 
81 
811 
89 
90 
!ill 
9a 
ga 
94 
915 
96 
97 
98 
99 
100 
101 

fdU7241 
102716 UPI..S411 
00.,200 
Vlkl5J66 
fclllJ0004 
ki~14h'J 
US546 
000002 
rD11b4~ 
k116b46 
0~0006 
~16ij4tj 
000W015 
001i'156 
11112600 QU1$411 
ItlU601 
kl"5126 
U2(:l0fJ ~TN$41' 
1d1il0it1;) 
~H14::i67 ERH$411 
fcl1ll0v:1U 
f6i6017~ 

~1ll4 
IilU 

f(Jkl!Hl00 UH$41. 
005001 
~kl016)' 

$U~ 

DEC 

SEQ 
MOV 

MOV 
MOV 

MOV 

IH~ 
Mav 
MOV 
TIT 
Mav 
~fS 
JSR 

6R 
"BYTE 
,BYTE 
CI..R 
Cl.fiC 
SR 
.f-NOe 
.x<"oP" 
Mav 
8ETF 
L.OF 
L.DF 

L.OF 
"'OF 
I.lIV' 
AODF 
DEC 
OIVIi' 
eGT 

STF 
MaV 
MOV 
RT8 

J$R 
RTS 
,BYTE 
.aYrE 
CI,.R 
CL.~ 
~n 
.ENOC 
.fNOC 

_~00,'SP "X/E+E)/2 

4(SPJ 'COUNT ~OOP 

OUTS41 
2 CR5J. ,!III C~P) 

if'1i(5,IIII(Sfil) 
6CSPl., .. eSp) 

6 C$P~., .l~P) 

'USE ~ow O~DER PARTS 

,TOO FROM NOW ON 

~UP$41 ,GO FOR ANOT~~R IT~RATION 
CSP,+,R~ ,ijtT RESU~T l~Ta R0,Rl 
(SP)-+, R 1 
,8P)+ ,POP ITERATION CUUNTER 
($P)+,R5 
R~ 'RETURN TO CA~~E~ 
RO,$~RR ,eRROR 4,1' 

RTN$41 
4 
U. 
RI!! 
FU 
IHN$41 

FI"U 
~~,R0, , 
CSP)+,F01 
,a(1l(5),ra, 

F0,,~, 

F~,FfD, 

Fl,F~' 
r"l,Ff6, 
R0, 
_a.0,F0' 
I.UPS41' 

fi'0,.~SP" 
CSP)+,R01 
(SP)+,RP 
R:i, 

R5,IJt.RR, 
Ro, 
4 
11, 
R0J 
RlI 
R~' 

lTt;;RA Tl ON ~OUNT 
SINGI.~ P~ECISION FP 
GET INIT1.~ ESTIMAT! 
GET )( 

E~E.' 
)( 

X/E 
X/t:.+E. 
COUNT 
e:'·(X/E+il/2 

RE;SUL.T TO STACK 
AND THENCE TO R0,Rl 

EXU 

ERROR .:1,11 
E.X 1T 

1-. 

( 

( 

(I 



( 

C" 

" 2 
;) 

4 
b 
6 
7 
8 
9 
U 
11 
12 
1J 
14 
1!> 
16 
17 
ld 
1 III 
20 
21 
22 
23 
24 
25 
20 
27 
28 
2Y 22006 
30 22010 

31 22014 
32 220~O 
33 22020 

iHH'JVJ00 
Ir:1IiHHH;H) 
itH:I0~(iH$ 
000VJ01 

IU 0vl46 
016:100 
\1 100 it:! 02 
160~401 
010k'140 

, , , 
I , , , 
I , , 
J , , 
, 
, , 

• U fL.!:: 
• elL.06!.. 
10(0 Ii! X~ 
R5 , %5 
SP I; ~6 
~C II, X7 

$l:;RR~l 
S~k~'5ER~A,$ERVEC . 

THE EHROR MANOL~~ OF FPMP-l1 
THIS ROUTINE PAsses CONTRO~ TU THE USER'S ERROR 
ROUTINE, IF ANY. OEFAU~T ACTION 15 TO HALT. 
USi~ MUST MOVE AOORtSS OF HIS ER~OR ROUTINE 
TO GLOBAL L.OCATION 'iERVEC'. CoNTROL,. Is PASSED 
TO THE-AOURE5S IN SERVEC VIA A J~R pe.,SERViC. 
~EGISTER ~ERU WI"'!.. CONTAIN THE E~RUR COO!, 

MOV 
MOV 

a~ 

JSR 
SR 
.Syrt;. 
,ani;: 

MOV 
JSR 

Hb,SERR 
A 
~RROR CL,AS8 
t::.~ROR NUM6t:.R 

*'ERRNUM,R0 
Rf5,IERRA 

R0,.tSP), 
2CR5J,R01 

SAVE r<l0 
GET EHROR CL.ASS/NUMBER 

SEI'(~Aa MOV SAVE R0 

34 2211120 120027 
ER~$4JI .IFNDF 

CMP8 

ER65 4 3 
R0,.~SP)1 
CL,.I\S S51 
Rfa,#15, 

DE~INE TO ijET WA.RNINGS 
CL,..SS 5 (WARNING)1 

30 22024 
36 
37 22028 

36 220~2 
39 220~4 
40 ~20~6 
41 22040 
42 2~1iJ42 

01d01d015 
001402 

0'IJ4177 
~Hd~004 
k11200111 lGN!li4JI 
01iHH~05 
Vl22040'$t:.~Vt:c. 
000000 1'11..1$431 
~!d077() . 

t,H!f.iI 
.ENor; 
JSR 

MQV 
RTS 
.II/ORO 
HAL.H 
bR 

IGN$431 

PC, nERVier 

(SP,·,Rkll 
k!51 
HL.U43, 

I1L.U43' 

IGNORE If so 

CA.~L. USE~ ~RR ROUTINE 

RESTORE R0 
RETURN TO ERROR ROUTINE 
AODR OF USER ERR HOUTINf 
OE~AUI..TI H"I,.T 
HARD STOP 



, 
2 
;S 
4 
5 
6 ., 
8 

g 

UI 
U 

022044 

1i122000 

22004 

0fi)01i104 
1tIlt101r.i105 

012066 
0k1000i 
ltlUti60 
0~0002 
,,~U ;34 

$,,-IJRI 

• Tl n.E $I.,OR~ 1 
,IFOP CNO$44&CNO$4i 
R41!X4 
$P"'6 

~OAO f~AC • ~ING~E PRECISION 

MOV (&P)·,2(::6P), MOYE OPE~4NO 

MOV (SP)+,2(:.iP) 

..lMP 'CIUJ.+; POL. Ut; Rf. TURN 

.!NOC 

TO ~ESUL.T \..OC 
"I~ 

( 

(I 





, 
:2 
is 
4 
5 
6 
7 
8 
g 
10 

0000210 
\r:l~""~01 
00~002 
000~1lIi5 
0"'0004 
000005 
13001006 
000001 

.UfL.i $STR"l 

.IFOF CNOS4S&CNO$42" 
H01!1'U1 
Rl'U 
F<21!U 
~JUJ 
R4U4 
~lSU5 
apU6 
peU7 

11 
12 , StORE '~AC • SINGLE PRECISION 
U 
14 

15 

16 
P 

18 
19 
20 
21 

220 7e 
22102 

221f06 
22110 

22U4 
22ue 
22120 
22122 

01270:) UHU 
0~04321 
~\!l5'6e 
1a00fd314 
1iJ!,u 4 1' 
~HHS0e6 
1'Il000316 
i610~016 
0U61/l1 
k12U2 , 
0~2702 
0000U 

22 22126 ~~2120 ~Pi461 
23 221"0 0icHIi)02 
24 2U~2 \dljjii;;7e1 
21:> 
26 221.]4 012 b 21d 
27 221;)6 012~20 
28 22140 2100134 
29 22142 012e20 $TKS4~' 
30 2~U44 0l2:;S2~ 
31 22146 022620 
32 221:t~ rcHIU34 
~3 

MOV 

TST 

eEQ 
CI,.R 

MOV 
MOV 
CMP 
MOV 

,*1'" ACi"42, ~:H 

a~CS~)' 

ST~S46' 
31a(SPlI 

$P,RI4, 
$P,R~ 
(ROt, (FU)+, 
.15,~2' 

GET AOOR'SS OF '~1C 

TEST FOR STACK MODE 

BRANCH II' NOT 
CL~AR STACK MOD~ FLAG 

COPy STACK POINTER 

Rt , Rl • 4 
L.OOP COUNT 

MQV CH1)+,'R~).' MOVE UP ~TACK TO MAKE ROOM 
DEC Ra 
tH.j~ 1.,.f'S4«> 
k0 POINTS TO OPtWANO I.,.OCATION 
MOV (H5)+,(H0)., STORE TH~ ~LAC 
MOV (R5)+,CR~). 
JMP .tR4~+' POI.,.ISH R~TURN 
MOV tR~).,(R~).' STORE THt ~I.,.AC 
MOV (R5,.,(~~J. 
CMP tSP).,tsP~+, POP OPE~ANO OFF TH! STACK 
tlMP .tR4) .... 
.ENOC . 

c 

(I 

() 



SST!)01 MACRO VR04"'14 flI7-St:.fh12 11140) PAGE 52 .,IS( r-
1 • Tl 1'1 .. 1:: SSTDlIll 
2 .lP'DF CND$47&CNOS42 
3 000\100 10(01%0 
4 ltlid~ltl01 K.tll!U 

T 5 0130VJ02 R2U2 
6 000(QIOJ f(3U3 
7 ~1il0\t1~4 R411!\4 
e ~001i111l:) f(oll!~b 

'<' 9 ~liHH1l06 S~1!IX6 

UJ filfll01d01 PCU7 
U 
12 2il~2 fll1270!!1 $SrOI MQV #fiACi42,R5 

~Hi'l0432 , 
1~ 2:al~6 1il~5166 fST 34CS~)' TEn fOR STACK MC)()E 

~00034 

C 
14 221()2 lihi 142VJ 6E:Q S f1U 41, SRANCH 1 ~' NOT 
HS 2i164 1tl0~,SlD66 CI..R 34(SP) 

1tl~~~;;4 
16 22170 U0001ll MOV SP,RIll 
17 2i112 ro10~01 MOV SIi', FU 
18 22114 062701 AOD #lra,Rl 

I/HI0010 
19 22200 012702 MOV #1!5,1'l2 

kl01il\D13 
2~ 2221d4 ic::I12120 L.P~47J MOV tHO., CFHJ) + 
21 222",6 It'.IW5~02 DEC R2 

( 22 222U 001375 ~Ne: I.,Jili47 
23 22212 ~12:>2itl MOV (R5P',(I-<Ia)+, STORe: THt:: fi'\,.AC 
24 2r.i!214 012~20 MOV (1'<5) +, (RidJ ... 
2~ 2221.6 ~12b20 MOV t~5)"', (1-<0) ... 
26 22220 012:120 MOV CR:5)"', tf{lcl) + 
27 22222 iHHH34 JMP cqR4J+ , RETURN 
2e 22224 012;)20 STI<.$47' MOV (RS)+, (R!(J) + 
29 22ea(S 012~20 MOV CRS) +, (RID) ... 
~0 222J0 U20~H~ MOV tR5) +, tR0). 
U 22232 0121)20 MOV (10<:')) +, CR0) ... 

/- 32 22234 062706 AOO #10,Sp, FOP OF1ERANO 

C 000010 
33 222 40 011hH34 JMP "CR4J+ 
34 .ENOC 
35 .TIfI..i Fr'MP~1 fl..OAUNG POiNT & MATH PACKAGE 
36 
37 00 il!!il01, .E;NO 

L 

( 
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sYM601.. TMH .. t:: C-
A , ~~id~)10 Aep$19 U 44.)2R 4t l17302 I 

AOJSr9 ii'I14344R AOR$4~ ~ft)0~il2~ AINT il03124RG 
AIU" 0fd31:)0R AL,OG 0025:)0Rt,; AL,.OCa 0 002544RG 
ARNU9 ~143l)41( ASH ;I 177316 A51.$11 001514R 
ASL,S4 f00;)216R ASRU~ 014a::>4R ASl $11 007552R 
ATAN 021 lfHHH, AUN2 0207()eRG ATEI1S fdlU72R 
ATfSi)g "2~la4R ATlU!) 0112~4R ATlS39 IU204R 
AUPU9 IU44UR A1 !!I 0000~4 AiZSi 001046R 
A2 III 0kl~01PJ A21U 0036Q6R A2NU 00U54R 1~ 
A2N$2 0!tJ2106R 8 , 000014 BACS25 01!:;634R 
SEXP ;; 0~00i04 !;H9'1 001606R BT9S2 002464R 
61 " 0101/l01/lfi 62 I 12100U2 e2N$28 01 0404f~ 
82N$30 ~172t)4R d2U28 0164~0R 62U3ft1 fI111300R 
B4NIII28 i!l16346R e4U2S 0163ti2R 661$28 01C5332R 
a9AU 011' Hibt!lR BgAS2 0024b4R CAD$42 00041f.H~ 

CAR$42 1il1tl04b2R CfVR:520 0147::t2R CHi'U7 1i:11 3246M 
CL.Ei9 0k1~144R Cl..Ri29 12I170f:)0R CMDJ42 00040tJR ( CMFS42 ~0Vl2b4R CMtU42 0004 4 2R CM1I42 00il264R 
CNO$l '" riHHHlliill CNOUU 0000141 CNDS11, 0rcHl001 
CNOU2; 001i'J0211 CNIJU311l 0000 0 1 CNDS141 0010001 
CNOU5111 ii:'lk)0001 CNDU tU 0rl!0001 CNOU11i1 000001 
CNDU8 1l1 010001111 CNOU9, 00021 0 1 CN03l2 II 0tiHHD01 
CNOS20' fD000VJl CNOS211!1 00001(J1 CNO$22111 00it1001 
CNO$231!1 ""liHa!(J 1 CNO$24' 0000101 CNDS2lh 000001 
CNr.a26;; k)0001il1 CND$271 0000ltil CNO$2S; 00000J. 
CNOs29!11 0!iHhlli:l , eNDS;) III 0000fd1 CN05312l!ll 000001 
CNOU~' 100001111 CNOS3U 000001 CNOS:53, 000001 

( CNOU4' 1Il0id00i CNQ5351 00ill0~1 eNouesl 000001 
CNDI37' ftl0it200 1 CNO$3U 00001/11 CNL/';)91 000001 
eNOs4 II! 000001 CNO$41' 000001 CNOS421 00001121 
CND544 1 !ll000~1 eND$4!)I!I 0000~1 CNDS46!1 00itl00l 
eNOS47' ra00~IU eNO,if) III 000!!l!('J1 CNOS6 " fDtelfr!l001 
CNOS7 I 0rcHHH'I1 CNDU !I 01d00idl eNOSS, 00(6001 
CNVS8 (60\H44~ CONU0 01l)74 40R CONU3 flIl1i:1444R 
CONU :s 01~2\/10R CON:53 0k'1J H~0R CONS37 020400R 
CON$3§) leU 640R CO$ 0200J0fUi COYS"0 011506R 
CYC$~g 1Q110~2R C, , 001:)012 C2 " liHU022 
C2:Ul1 007!:U 4~ 0 !III 000010 DA'T AN 011136RG C DATAN2 ~10666RG DBL.f 00~4HIRI.i oeHU t) 01a50tSW I 

OCHU8 01.J44:a~ Deos 0016'4RG OCRI2~ ~1:)666R 

DECS2!5 W!l1~172R (.)e;C;S~5 0l77~M~ Ogxp ~H~7URG 
OGS$9 "(ij65~2R DGJ,S9 0tH.i570R OG2S9 00Q602R 
I)GJs9 0066UR 01'11$15 0l2e1b4R 0,",1$18 01~514R 
01 GIl $I!II 0000'" OlG$!iI fD0CHI"2H OlYU5 fi!J11010R 
01\1$17 1(J13176R DlVS39 0210l:S6R OIV$8 k1043UR 
OIl/59 iI'~531d6R DI.OG 01(J66b4.Rij OI"QG10 It:li/lfj650RC; 
Ol..ws16 0125:)2R OI..W$18 01351d6R OMODE !II U0000 
ONEUl 007604R QNEU4 0154:JSR DN~$2!5 iH t:i724R 
DNIU35 U77;)0R ONES4 0032a6R ON~$9 ki00(l!22R 
ONU4 1tI~\HlJ4R OOUSI..t:1f 0000iC11 PPRse r.H~4610R .)j 

OR1U2 007640R OR2U2 0016~5R DSlN 007752RG 
. OSQRT Ii:! 104t54Rr,; OSYU9 0144f1l2R OUPSU 007246R 

OUPU3 1c'110104R OUPU9 0144:)4f~ OUPS20 014720R 
DUP$3 "H:13014~ DUP!37 0202~2R . OVU10 01~172R 

OV1U8 ill 13fhHH~ Dvua 004326R OVU9 IiI0 :)344~ 
OV2U !IIk\4U 4R OV2S9 0053t>0R DV\)S& k104346R ( ) 
OV4S~ 01ti4366R 01 !II 1300014 010S8 i2l04024R 
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SYMBI,lt.. TAt6I"e; 

DUll; ~14~70R 02 !II 0000~4 061(U 9 1d14400f( 
ECKU 0ii U;UR eCK,2 002212R EC\..$16 fIJ 12520R 
ECI.U 8 ~1~4ISeR i!::CL.!l&1 01411i10R . ECI..S2ii;'1 01~112R 
ECI.$i6 0H!620R e.CI.$30 U14 46R fCUU U2522R 

f..; ECUU U~474R ae)(p ;; 00001116 EFES9 00~734R 

EFU~ 0~:)ej64eR toPl sa 004116R Ef'l2U "04204~ 
END. II 1IJk10044 ·ENM!58 004212R PiNUS 004224R 
EN2s6 004274R t.QUU· 0Ul~~H~ fIB $18 flJl.)700~ 

tC i EIil2$U U~H16R EQ2U8 013e16R ERb$4~ 1d22020R 
ERF , iil000~2 ~RO$10 0073:)2R EIHcU0 1iJ0 7 131(lpc 
ERRS 1t4 010644R c;fHHi2 .. 01 fj4~ 4R ERf($2~ fI'10141!lH 
ERRU fd01l070~ iRf($41 0U7~0R ~R;;iU2 000422~ 
ERRU flJ04074R c.jitR$9 011J152~eR f.SlGtII , 00!1l010 
ESVS20 1IH4144R EXAU 0011 22R EXAS2 ~02144R 

EXCS8 004U4R El(UU 0!IJ73~2R e:X1U~ VlU770R 

( 
f;)(U~ W!1/l;'04raR ~XIUg 021!5~2R UP fl)145~4RG 

EXPSY I6fll~770R e:XU8 0041~0R EXU9 1/l(/J:;)774~ 

E)(~HJ9 006012R t::XiU9 0060~0R rAC$42 0004~2R 

FCOU es 012100R P'CO$39 021fHl0R n'U9 00l:i464R 
FFU9 !iHl~4tHH~ FF3$9 0fd561t)0R F·F4$S1 00~564R 
FF5$9 01ObfS44R FF6$9 005!5~6R FIL.I2b 1D1~700R 

FL.(')524 1UC)4~6R FI"O$8 0it13712R FI"OAT wll~202RG 

'1. TU6 ~H26~0M ~I..TU8 U3~00R Flo. TU i/li/l4454~ 

FL,UU 1/l12e~SR '10'$15 0'''J202R FPS$6 0033f:S0R 
FUI.S25 U~1UR F'0 1%IIH:l001/l0 '1 .~00~001 

'2 1%011:10002 fOol n00~003 ,. .U00004 

C Fei UliH"00~O GOS1S U .}(/l4eR GOue 1D1~654R 

GO$24 0i~2')4R GOi25 U554raR GTU15 011250R 
GTli3g 1d2 U~4R HL.,TS4:S 0220 40R tOINT w'16020~G 

!FIX k1,51l)4RG I GNS4~ \!Hi~ 2 " ... :iH~ INCS20 "'147 UR 
INFU5 011016R lNf$39 0211 ~0R lNRU' Ii' 111J4~ 
lNRUSI 0~' l~HH~ INT 0160irafUi ISNSg 00ti50(SR 
URi9 "'21652(:)1" L. II 0id00~4 I.ENGTHIII k:li(liHI42 
L.UU~ 01 u~eR L.ung 02,306R LoFTiS 00b0UR 
I.GT$1 0 001342R I..GT$3 0030 00R l;,OGS10 1iJ006!56k 
L.OGS~· 00201:i2R L.PSt&25 01 ~H.5f)2R I,.PI46 022126R 

C 
LoPS4? 0222iUR I..SH iii 171314 L.lJP$14 0U542R 
L.UPU 1 Ii.IU216R I,.UPS41 021112R L.l()$1f) ~U642R 
I..Ui39 WJ~144eR 1'101/$8 0040..t6R ~I.. T:i28 0166413R 
ML,TS;50 U74UR 1'11.1$9 005204R ML,OS8 ftl04742R 
MI,,8S9 ~h.1($24eR MOVJ25 0156f)(H~ MQ II 1113"'4 
Muue 016736R MT0$30 fU7!514R MU 526 01 6644R 
MT1S~0 U7464R MT2528 U67!.)2R MUI.S2Si 017052k 
MUl..S8 00.0~H5R MUL,,$9 0ld:)2 40R M16$19 fa14362R 

1, M45$9 ~0"1~6~ M5A$8 0041b2R M5Ug ia01H!55R 
M5i,!i ~H{jIH'~R M54$8 1d1D4674R M54i9 kl0tj0tS0R 
M55$S rtl04114R M8U9 0062::)4R N !II iIl00014 
NAOS42 0f003~4~ NCKS24 Uf:i3beR NCKU 00.J614R 
NCPS2 0022~4R NEGU2 0!1.102~2R NEGS!) ~";)326R 
NfG$6 1lI0~404R NFI..U 001!)02R NGM$24 0U416R 
NGM$29 (d171\~2R NGMi3!5 un00R NGO$10 k:llH04R 
NGQU8 V) I 3664fi( NMI,.U9 014Jld2R NNl$21:l 010272R 
NNZ'O 00J644R NN'U9 1d051'tH( NOOU iiJU476R 
NOOi2 fO~2372R NOOS27 U61ie0R NQU'9 ~0C402R 

NOM5i7 i!10U0R NOMS28 01640011( NOMU0 017336R 
NOMS9 00~3~eR NOPU 003104R NOH II 177312 
NOUSI 1t10f)J60R NQO$16 I!Il;$02R NQ0511:l 01..t612R 
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SYMBOL. TA61..E 

NHU18 
NlCT$1.iI 
OCh25 
ON~U8 
OUT$14 
OUU26 
OUrs3!5 
ounl) 
ov~u 
OVRUS 
OVlii(S20 
OVR$30 
OVRS~6 
OVU16 
OV1"'0 
PCKS8 
PL.S$42 
PL,UU 15 
PI,.Y$15 
P1..1$42 
PMODf!; II; 

POINTI"I 
POS525 
PTFS8 
~YU16 
PV2U3 
PY2s;J9 
P1(5$')6 
P3$17 
Q , 

1D1i,)f)40R 
1(l~;Sb74R 

0160ft:l4R 
~2ft:l6(:i6R 
01062eH~ 
\01 C5P2R 
~17144R 
~~..s322R 
00156tiR 
fd134~4R 
1!l15HHiR 
1U74J0R 
\lI20~20~ 
f6127ei2R 
lot 74i)2R 
1fJ1tl4002~ 
~(dfi)2ti2R 

U 1216R 
f6120iH'R 
((J011)J12R 
~t40\d1l)k1 

000002 
015612R 
~040()0R 
rtlla042R 
010312R 
~~15Q6R 
14'20722R 
f61~2\}6R 
~0~0~4 
01~2ti0R 
1lI21(J2:i4R 
U0216R 
It'l20310R 
Wk17144R 
0\1l~010 
1I002&:h~R 
0UHt:l6R 
~!ll4664R 
0U140R 
~13620R 
1!!1i)12bR 
02!tl220R 
ilJltICI;)40R 
iIl~65iil0R 

QSR$l3 
QSTS37 
Q\JTU 3 
Q 13S~7 
Rf::GiH1 
RESl..f , 
REU42 
RNO$22 
RRN$8 
RTNiU 
RTNU6 
RTSU6 
RTU37 
RUO$9 
RU3s~ 
R2 '%1i:l0ii:lfdIC12 

'Ukl~01i:l5 
ib02116R 
!tll~046fo( 
IDIil"::S24R 
~'11414R 
iOU266R 
~itl2216R 
012l13id4R 
!illJ512R 
lo21b04R 
~1207eH 

R5 
SCK$2 
SCL.S20 
SCNU 
SPOsl 
SFRU 
5FT$2 
8FUl 
SGNS18 
SGNSJ!jl 
8G1:II15 

NUME.NOIII 0000"0 
NZU25 01 5646R 
ONt.119 0140~0R 
Or2i42 0140110R 
OIJT51 9 01434011 
OUTi29 1Zl17126f< 
OuH38 020510R 
OUTU 00,,400R 
OVRU2 001t:i:>2R 
OVR$19 01401:'i6R 
OV~$28 U eH.i"6R 
Ov~nl 0170~4R 
OVR$8 004670R 
ov U 18 013402R 
p .. 000020 
PI..t:$20 0147.j2R 
FlI..S15 00Ja3~H~ 
PL.Ui~9 021216R 
PI,. Y$37 020324R 
Pl,,2U0 00727~H~ 
PNTU 00J1ts6R 
PQSU 9 (Ill 37~2R 
FiOSS27 0160 1 EiR 
PT$42 0fD0076R 
PY 1 $37 0i034fH~ 
PY2U:) U 20.)2R 
PliP 0131 4 4R 
P2517 U31 0SR 
P3!5i3S 0:it11l7.)4R 
IdISEU 3 21 Ul0 ti 0R 
QSR$37 02iZl3id4R 
QUOU3 0102~BR 
QUU31 02"3~2R 
RODI9 0064J2R 
Ii(e;Gu 0027421< 
Rf;SUI., U 000"-1Je 
R ITSS fc'l0~022R 
RORU 1 QH,7!564R 
RR U 11 "'1a7542R 
fHNU 4 0 Ul6 40R 
RTNi37 020204R 
!HSU8 01J7k:16R 
!oCT2$19 U4544R 
RLJ 1:119 006476R 
R0 U0k'!00~0 
R3 U0~001i)3 
S :; 0(1!~H!!~6 
SCL.U0 007232R 
SCL.H 0030w:10R 
SCl$19 014312R 
IjFOi2 002!SJ6R 
SFR'i2 01l12236R 
SFH30 U17~0R 
S(;N$15 0120b4R 
S~N$24 015444R 
SGSJ24 0153141< 
S"U39 021tSl6R 

NXT$24 idl0346R 
OC:L.S24 101::1505R 
ON~S20 01~0'0~ 
OUT51 00!552R 
OUT 52 \d0~426R 
OUUiS0 ~17404R 
OUU41 ~U7!!i6R 
OV~U fIIUB64R 
OVRUb 012164H 
OVIU2 1Cl0:i!43c5R 
OVRi2S! fIIl1150R 
OVR$3!5 ~11754f~ 
OV 1512 f1101656R 
OV1528 016604R 
PC IIU01d0k'11 
PI.,MU2 000354R 
PI..~$c5 rD0J406R 
PI.VU.$ 010300R 
PL. Y $39 W)U !S50R 
P1.,2S3 ~0J026k 
POINT .. 000002 
POS$20 014514R 
PR4513 0lfiJ134R 
PY1U3 010322R 
py U39 ~2 U72R 
PY2$~7 020342R 
PUiS ~1701I5R 
PU29 . II) 17fZl30R 
P4:)U8 ~214112R 
QSE$37 lila~150R 
QSf$13 0U224R 
QUIH37 1li2f11246R 
G113$13 01i!1264R 
ROfi·S9 1il064i1H~R 
REI.$2!5 01:>6 UIR 
RETS21 01b146Ji\ 
kITS9 1r;10~634R 
RORS4 iI:'l03204R 
RTU42 ~01(1332R 
RTN$16 1012750R 
~TN$41 ~21764R 
RTU13 01V:215fr)R 
RT2$t4a ~Hil0322R 
RU2,9 1Cl00464k 
Rt 1I,,00~001 
R4 .%1800004 
SCKS1 !/.IU200~ 
SC;L.:&1 9 1t114250R 
SCI..$8 00J722R 
seua 00~142R 
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$FTU 0U2~6R 
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SGNU6 dl2702R 
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SHFS4 IQVi~2"2R 
SIN kl200~4RG 
SMiU rili'J~20eH 
SMTU9 1H~740R 
SNC$~7 020100R 

_J_F! __ ~ IX ft) 0 iJ 0 0 6 
SR '17731 1 
SR8$1 0kl~400R 
STela 002700" 
STK$~ 00i1ei4R 
STI(S41 ~i2224R 
snus 004564R 
ST1$24 1tl10a70R 
luau v"H 6~~H~ 
Sl~U kl0U~4~ 
TANne kli0476R 
TNSSi 5 f(l114tiaR 
T5TS25 U56UR 
T,(PE I vhHI014 
UNCUe fdU402R 
UNOS;'", C417440R 
UNF$2 lihHUH!6R 
UPL.U5 U U20R 
UPL.$2~ ill 1 "2~hH~ 
UPL.S~; 021066R 
UP$1~ ill p7e~ 
UPS3$i1 ~2l!5~6~ 
XCOS9 005102R 
XPDUiS 1U0072R 
X01a' 0 U7 UR 
X130$30 fI)17522i1l 
Ze;RU 001622R 
ZEIU Hi 01 i526R 
ZiR$15l 014074R 
ZiRU7 0l6144R 
ZEIU30 017452R 
ZER$~8 0i014eR 
Ii uae It) 162CHSR 
ZFfU20 U :5044R 
lTU1 ~0i760R 
.ADD 0~07~4RG 
ICMR 00i$340RG 
$01 U7640RG 
SDVO Ui2URG 
Sf:CO 00507BRG 
SiR VEe ~220~6RG 
IGCO 0050a4RG 
uc 0U04f)fiG 
SL.OD ~220:;i6R 
SML.I 1d1701c12RG 
'NGI 0l1534RG 
lOCO IQ 1 tH526RG 
$PQPR4 01157CSRG 
SP$HR2 IdP!572RG 
'P$HR5 "1756.RG 
SRI 017650RG 
18TO jjli21:>2~ 

SIGN I 

SlNGl..f' 
SMe:;$6 
it'1T$20 
SNG!. 
iP~S9 
SRL.U 
START II 
neue 
STKS42 
STMU2 
STSS25 
$T4542 
iuen 
StAll 
TSI.$42 
TN$$;)9 
h4CS19 
UNOU 
UNO$2 
UNDU 
UPCU2 
Uil'L.U 9 
I.IPL.S2f) 
UP\.S41 
1.11"'5;) 
ursu 
XC1$9 
XPOU :) 
X0$30 
X4SU 
ZERU3 
l!~U1 
ZIHU2' 
~ER$28 
ZERS31 
UfiU41 
ZEU30 
ZTSU 
niSi 
$.lUR 
$DCI 
IOINT 
iDVI 
'ERR 
iFCAL.L. 
$leI 
UNTR 
SI..DR 
$ML.R 
iNGR 
$POI"SH 
~POPR5 
IPii'iR3 
$Ret 
SSBD 
$ST~ 
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00001c11 SL,8'l 001346R 
003304R SMI.S38 020~74R 
014602R SNCI13 ~'0000R 
0~7772Rij SN~$24 ~1~326R 
0~65~2~ SQHT 021~50RG 
00~2" 4R---~--~--~ SRi29 -.-17731 1 
000044 STCI10 007166~ 
0204 b2R SiKS10 007156R 
0001~2R STK$46 ~22142R 
000376R STRS2 0024l6R 
0i51~2R 51159 ~0~322R 
000140R $Tb$42 ~00160R 
002445R SUe$2~ ~lb624R 
001316R T.NH 02~404RG 
0005~0R TEMP ,00~042 
0213 46R T~APM ~00000RG 
01441SR TW~$19 ~14502R 
001~i2R UNOS16 012514R 
0020J5R UND$28 ~lo614R 
0046'0R UN"l 001602R 
0001isR UP~$14 01~5~4R 
0141~6R UP~S22 ~1~i7e~ 
~16042R UP~$38 ~20564R 
0217~4R UP$10 ~07210R 
0021b6R UP538 ~20754R 
00157eR UTSS2 ~02522~ 
0051a2R XPOS10 ~070'4H 
0117l2R XiQ'38 020620R 
0l7474R X00$26 010760R 
0l0116R X4$37 0202~4R 
0102~0R ZiRS14 01~654R 
0i~242R ZER$18 ~1~436R 
002540R Z~~$20 01~106~ 
0,62b4R ZER$29 ~17144R 
0175~2R ZERS~~ 017766R 
022000R ZEkS8 ~04100R 
017424R lE2S28 01~e26R 
0011~0R 1T8$2 W02502R 
00,7 04R Il$lg 014106R 
002010RG SCMO 00~242wG 
0~~442RG speo 00~046RG 
0074~0RG lOR ~01622RG 
0131~0RG SOVR ~1325eRG 
022006RG SERRA ~22016RG 
015124RG SFCC 00~042RG 
0152~0RG 51to ~1~534RG 
0031 42Rij SIR 016062RG 
0220 44R $M~O 016148RG 
017102RG SNGO ~11~42~G 
017542RG $OCl 01~222RG 
021644RG $POPR~ ~17610RG 
0l7S76RG SP~HR1 ~11572~G 
017510RG $PiHR4 ~175e4RQ 
00~4~4RG iRQ 017616RG 
000100RG $S6R ~02004~G 
022075R SVi0. 02~644RG 
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Absolute loader, 3-22, A-I, 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-lIS, 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-I, A-2i 

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 
Conversion 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 
CLASS 5 , 3-20 
floating point operations, 3-15 
FPMP-ll code, 3-16 
PAL-lIS 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-I 

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-ll, 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 lIS linker, 3-22, C-l 

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-I 
Loading instructions, FPMP-ll 

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, 0-2 

called directly, 3-8 
non-OTS routines, 0-8 

o type conversion, 2~3, 2-4 

PAL-lIS Assembler, B-1 
error codes, B~3 

operating procedures, B-1 
Polish mode, 3-6 

calls, 3-8 through 3-10 

@RO mode, 3-2 
Relative mode, 3-2 
Routines accessed by TRAP handler, 

0-8 

Samp~e program, 4-1 
Scale factor, 2-4 
Single precision 

package, 2-1 
switch, 3-20 
word storage, 1-3 

Software requirements, 1-1 
Sourc.e listing, E-l 
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-ll routines, 0-1 
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, 0-8 
user routines, 3-6, 3-7 

Trigonometric functions, 3-20 
Two-word integer conversion, 2-5 

User error handling routines, 3-15 

(--j 

" 

() 

( 

() 



( 

c~ 

c 

HOW TO OBTAIN SOFTWARE INFORMATION 

SOFTWARE NEWSLETTERS , .MAILING LI.ST 

The Software Communications Group, located.at corporate headquarters in 
Maynard, publishes software newsletter·sior the various DIGITAL products. 
Newsletters are published monthly, and keep the user informed about cus
tomer software problems and solutions, new software products, documenta
tion corrections, as well as programming noteEl and techniques. 

There'are two similar levels of service: 

The Software Dispatch 
The Digital Soft~are News 

The Software Dispatch is part of the Software Maintenance Service. This 
service applies to the following software products: 

PDP-9/15 
RsX-llD 
DOS/BATCH 
RsTS-E 
DECsystem-10 

A Digital Software. News for .the PDP-ll and CI."Digital.Software News for 
the PDP-8/12 are available to any customer who has purchased PDP-ll or 
PDP-8/12 software •. 
A collection of existing problems and solutions for a given software 
system is published periodically. A customer receives this publication 
with his initial software kit with the'delivery of his system. This 
collection wouldbe either a Software Dispatch Review or Software Per
formance Summary depending on the system ordered. 

A mailing list of user.s ~ho receive software newslett.ers. is a.lso main
tained by Software Comrrtunications. Users must sign-up for the news
letter they desire. This cart be done by either completing the form sup
plied with the Review or Summary or by writirig to: 

SOFTWARE PROBLEMS 

Software Communications 
P.O. Box F 
Maynard, Massachusetts 01754 

Questions or problems relating to DIGITAL"s sqftware should be reported 
as follows: . . '. . 

North and South American Submitters: 

Upon completion of Software Performance Report (sPR) form remove last 
copy and send remainder to: 

Software communications 
P.O. Box F . 
Maynard, Massachusetts 01754 

The acknowledgement copy will be returned along with a blank SPR form 
upon receipt. The acknowledgement will contain a DIGITAL assigned SPR 
number. The SPR number or the preprinted number should be referenced in 
any future correspondence. Additional -Spa forms may be obtained from 
the above address. 

All International Submitters: 

Upon completion of the SPR form, reserve the last copy and send the re
mainder to the SPR Center in the nearest DIGITAL office. SPR forms are 
also available from our SPR Centers. 

PROGRAMS AND MANUALS 

Software and manuals should be ordered by title and order number. In the 
united States, send orders to the nearest distribution center. 



Digital Equipment Corporation 
Software Distribution Center 
14 6 Main Street 

Digital Equipment Corporation 
Software Distribution Center 
1400 Terra Bella . 

Maynard, Massachusetts 01754 Mountain View, California 94043 
Outside of the united States, 
Digital Field Sales Office or 

orders should be directed to.· the nearest 
representative. 

USERS SOCIETY 
DECUS, Digital Equipment Computers Users Society, maintains a user ex
change center for user-written programs and technical application infor
mation. The Library contains approximately 1;900 programs for all 
DIGITAL computer lines. Executive routines, editors, debuggers,special 
functions, games,maintenance and various other classes of programs are 
available. 
DECUS Program Library Catalogs are routinely updated and contain lists 
and abstracts of all programs according to computer line: 

PDP-8, FOCAL-8, BASIC-8, PDP-l~ 
PDP-7/9, 9, 15· 
PDP-II, RSTS-ll 
PDP-6/l0, 10 

Forms and information on acquiring and sUbmitting programs to theDECUS 
Library may be obtained from the DEeus office. 
In addition to the catalogs, DECUS also publishes the following: 
DECUSCOPE 

PROCEEDINGS OF· 
THE DIGITAL 
EQUIPMENT USERS 
SOCIETY 
MINUTES OF THE 
DECsystem-lO 
SESSIONS 
COPY-N-Mail 
LUG/SIG 

-The Society's technical newsletter, published bi-month1y, 
aimed at facilitating the interchange of technical in
formation among users of DIGITAL computers and at dis
seminating news items concerning the society. Circula-
tion reached 19,000 in May, 1974. . 

-Contains technical papers presented ·at DECP'S Symposia 
held twice a year in the united States, once a year 
in Europe, Australia, and Canada. 

-A report of the DECsystem-lO sessions held at the two 
united States DECUS Symposia. . 

-A monthly mailed communique among DECsystem-lO userS. 
-Mailing of Local User Group (LUG) and Special Interest 

Group (SIG) communique,aimed at providing closer 
communication among users of a specific product or 
application. _ 

Further information on the DECO'S Library, publications, and other DECO'S 
activities is available from the DECUSoffices listed belOW: 

DECUS 
Digital Equipment Corporation 
146 Main Street 
Maynard, Massachusetts 01754 

DECUS EVROPE 
Digital'Equipment Corp. International 
(Europe) 
P.O. Box 340 
1211 Geneva 26 
Switzerland 
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READER'S COMMENTS 

FPMP-ll USER'S MANUAL 
DEC-II-NFPMA-C-D 

NOTE: This form is for document comments only. Problems 
with software should be reported on a Software 
Problem Report (SPR) :eorm· (see the HOW TO OBTAIN 
SOFTWARE INFORMATION page). 

Did you find errors in this manpal? If so, specify by page. 

Did you find this manual understandable, usable, and well-organized? 
Please make suggestions for improvement • 

.Is there sufficient documentation on associated system programs 
required for use of the software described in this manual? If not, 
what material is missing and where should it be placed? 

Please indicate the type of user/reader that you most nearly represent. 

o Assembly language programmer 

[J Higher-level language programmer 

o Occasional programmer (experienced) 

(] User with little programming experience 

o Student programmer 

o Non-programmer interested in computer concepts and capabilities 

Name Date 

Organization 

Street 

City State Zip Code 
or 

.Country 

.If you do not require a written reply, please check here. 0 
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