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SOFTWARE SUPPORT CATEGORIES

Digital Equipment Corporation (DEC) makes available four categories of software. These
categories reflect the types of support a customer may expect from DEC for a specified software
product. DEC reserves the right to change the category of a software product at any time.

The four categories are as follows:

CATEGORY |
Software Products Supported at no Charge

This classification includes current versions of monitors, programming languages, and
support programs provided by DEC. DEC will provide installation (when applicable), advisory,
and remedial support at no charge. These services are limited to original purchasers of DEC
computer systems who have the requisite DEC equipment and software products.

At the option of DEC, a software product may be recategorized from Category | to
Category |l for a particular customer if the software product has been modified by the customer
or a third party.

CATEGORY 1

Software Products that Receive Support for a Fee

This category includes prior versions of Category | programs and all other programs avail-
able from DEC for which support is given. Programming assistance (additional support), as
available, will be provided on these DEC programs and non-DEC programs when used in con~-
junction with these DEC programs and equipment supplied by DEC .

CATEGORY Il
Pre-Release Software

DEC may elect to release certain software products to customers in order to facilitate
final testing and/or customer familiarization. In this event, DEC will limit the use of such
pre-release software to internal, non-competitive applications. Category Il software is only
supported by DEC where this support is consistent with evaluation of the software product.
While DEC will be grateful for the reporting of any criticism and suggestions pertaining to a
pre-release, there exists no commitment to respond to these reports.

CATEGORY 1V
Non-Supported Software

This category includes all programs for which no support is given

iii



PREFACE

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

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

iv
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CHAPTER 1
FPMP-11 OVERVIEW

1.1 INTRODUCTION

The Floating-Point Math Package, FPMP-1l, is designed to bring the 2/4
word floating point format of the FORTRAN environment to the paper
tape software system of the PDP-1ll. The numerical routines in FPMP-11
are the same as those of the DOS-11 Fortran Operating Time System
(oTs). TRAP and error handlers have been included to aid in
interfacing with the FORTRAN routines.

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

To conserve core space in a small system, FPMP-1l can be tailored to
include only those routines needed to run a particular user program.

1.2 HARDWARE REQUIREMENTS

The FPMP-11l package is designed for use on any PDP-1ll with at least 8K
of core, and can be easily reassembled to take advantage of the 11/20
EAE, 11/45 EIS, or 11/45 FPU (refer to section 3.5 for detailed
instructions).

1.3 SOFTWARE REQUIREMENTS

LINK-11lS (or the DOS LINK=-1ll linker) is used to link a wuser program
with an FPMP-11 object module to create a load module. PAL-11S (or
MACRO=-11 under DOS=-1l) is wused whenever the FPMP-11] package is
reassembled.

l.4 FLOATING-POINT NOTATION

A floating-point number may be written as a mantiésa, which consists
of the floating-point number with its decimal point shifted a given



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 1in 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

W12 x lO2

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 1072

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

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

1100
and in floating-point format as
.1100 x 24

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

A floating=point number may be represented in an infinite variety of
ways, since the decimal point may be shifted any number of places in
either direction. If the decimal point is shifted until it appears
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 significant digit. In



computing a mantissa from decimal input, FPMP-1l1l uses the convention
1/2 <|MANTISSA|<1

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

1.5 FLOATING-POINT NUMBER STORAGE

FPMP-11 floating-point numbers are stored as two 16-bit PDP-11 words
(single precision) or four 16-bit PDP-11 words (double precision).
The sign of the number is bit 15 of the first word. (0 indicates
positive, 1 indicates negative). The binary exponent is stored in
bits 14-7 of the first word. The exponent is stored in excess 128
(2008) code. The value of the exponent is obtained by subtracting

2008 from bits 14-7 of the first word.

NOTE

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

l.5.1 Single Precision

The mantissa and exponent are stored as follows:

WORD n
S exponent high=-order mantissaJ
15 14 7 6 0
WORD n+2
low=-order mantissa
15 0

The first word (lowest core address) contains the sign of the
mantissa, the exponent excess 1284 and the high-order mantissa
{(absolute value). The second word is the low-order mantissa (absolute
value continued). v



1.5.2 Double Precision

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

WORD n WORD n+2
S exponent mantissa ] mantissa ‘
15 14 76 0o 15 0
WORD n+4 WORD n+6

. mantissa lowest order mantissa I
15 0 15 0

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

Decimal Binary Internal Form
Value Floating Point Single Precision
(octal)

1 0.1 x 21 040200 000000

2 0.1 x 22 040400 000000

5 0.101 x 2° 040640 000000
10 0.101 x 24 041040 000000
v 0.10110101... x 2 040265 002363
- -0.1 x 2% 140200 000000
0.5 0.1 x 2° 040000 000000
0.25 0.1x 27" 037600 000000
0.75 0.11 x 2° 040100 000000
-0.25 0.1 x 2 137600 000000



CHAPTER 2

DESCRIPTION OF PACKAGE

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

2.1 SINGLE PRECISION PACKAGE

The single precision package is an object module tape
(DEC=11-NFPMA-A-PR1) which includes the FPMP~1ll TRAP and error
" handlers and the following OTS routines for two-word floating point
operation: '

SADR Add routine

$SBR Subtract routine

SMLR Multiply routine

$SDVR Divide routine

SCMR . Compare routine

SIN Sine routine

cos Cosine routine

AINT Truncation routine

ATAN Arctangent routine

ATAN2 Arctangent routine with two arguments
SQRT Square root routine

TANH Hyperbolic tangent routine
EXP Exponential routine

ALOG Natural logarithm routine

ALOG10 Base~10 logarithm routine

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.



2.2 DOUBLE PRECISION PACKAGE

The double precision package is an object module tape
(DEC=-11-NFPMA-A-PR2) which includes the TRAP and error handlers and
the following OTS routines for four-word floating point operations:

$SADD Add routine

S$SSBD Subtract routine

SMLD Multiply routine

$DVD Divide routine

$CMD Compare routine

DSIN Sine routine

DCOS Cosine routine

DATAN Arctangent routine

DATAN2 Arctangent routine with two arguments
DSQRT Square root routine

DEXP Exponential routine

DLOG Natural logarithm routine
DLOG10 Base-10 logarithm routine

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

Appendix D contains a more detailed description of the functions.

2.3 SOURCE TAPES

The source tapes (DEC-11-NFPMA-A-PAl-PAG) 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~11l to perform conversions to and from
ASCII strings are those used by FORTRAN to perform Input/Output. The
FPHMP-11 routines do not perform any actual I/0, but simply convert
strings of ASCII characters in memory +to the internal form of
floating=point numbers or integers used by other FPMP-11 subroutines
and convert numbers in internal form to ASCII strings.



In order to effectively use the ASCII conversion routines of FPMP-11,
the meaning of the various parameters which must be passed to these
routines and the various data formats involved must be understood.
Table 2-1 contains the various data formats processed by FPMP-11
conversion routines:

TABLE 2-1

DATA FORMATS

CODE INTERNAL EXTERNAL EXTERNAL OUTPUT
FORM INPUT FORM FORM

D |bouble Precision | Decimal number with Decimal number with a D
or without a decimal| exponent field and a

point or exponent decimal point.
field.

E |Single Precision | Decimal number Decimal number with an E
with or without a exponent field and a
decimal point or decimal point.

exponent field

F | Single Precision| Decimal number with Decimal number with a
or without a decimal| decimal point

point or exponent
field

G | Single Precision| Decimal number with Decimal number with a
or without a decimal| decimal point and with

point or exponent or without an E exponent|
field. field (see table 2-2)

I | Integer Decimal number with-|]| Decimal number without
out a decimal point a decimal point or
or exponent exponent

O | Integer Octal number Octal number

The following FPMP-1l routines perform the above conversions:

SDCI D conversion for input

$DCO D conversion for output

SRCI E,F, and G conversion for input

SECO E conversion for output

$FCO F conversion for output

$GCO G conversion for output
—bBs1cr I conversion for input



~ $ICO I conversion for output
— $0CI O conversion for input
—$0COo O conversion for output

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

w

The width of the ASCII field in characters. The field width
w of all output conversions should always be large enough to
include spaces for the decimal point, sign, and exponent.
In all such conversions, if w 1is 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 be d digits
from the right hand end of the ASCII field, if no
explicit decimal point is found.

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

point.
the scale factor:

a) for F type conversion,

(ASCII number)=(internal no.) *1p(scale factor)

b) for D and E type conversions, the scale factor multiplies

the fraction by a power of ten, but the exponent is
adjusted, leaving the number unchanged except in form.

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

there is an exponent in the external field.
NOTE
Input conversion routines handle all blanks as

zZeros. For example, 3.0E2w4 in a six character
field would be considered to be 3.0E20.



TABLE 2-2

G~-TYPE OUTPUT CONVERSIONS

Routine $GCO is called with parameters p=P, w=W, and d=D (where P, W,
D are integer constants): v
Magnitude of data Resulting Conversion
0.1<M<1 F-type with p=0,w=W=-4 and 4=D
1kM<10 F-type with p=0,w=W-4 and d=D-1l.
10072<mM<10P71 F-type with p=0,w=W-4 and d=1.
10D-1Zm<10P F-type with p=0,w=W-4 and d=0.
All others E-type with p=P,w=W, and 4=D.
Examples:
The following internal numbers are shown converted according to
various format parameters (b=blank):
(A) ONE-WORD INTEGERS:
INTERNAL I(w=5) I(w=7) 0(w=10)
(Decimal)
5 bbbb5 bbbbbb5 bbbbbbbbb5
10 bbbl0 bbbbbl0 bbbbbbbbl2
-23 bb-23 bbbb-23 bbbbbbb=27
0 bbbb0 bbbbbb0 bbbbbbbbb0
123,456 kkkhk b123456 bbbb361100
(B) TWO-WORD FLOATING POINT:
(P=0)
INTERNAL NO. E(w=10,d=2) F(w=10,d=2) G(w=10,d=2)
0 bb0.00E 00 bbbbbb0.00 bb0.00bbbb
1 bb0.10E 01 bbbbbbl.00 bbl.00bbbb
-1 b-0.10E 01 bbbbb-1.00 b-1.00bbbb
0.1 bb0.10E 00 bbbbbb0.10 bb0.10bbbb
555 bb0.55E 03 bbbb555.00 bb0.55E 03
0.001 bb0.10E-02 bbbbbb0,00 .bb0.10E-02
————— (P=l)—————
0 bb0.00E-01 bbbbbb0. 00 bb0.00bbbb
1 bbl.00E 00 bbbbb10.00 bbl.00bbbb
0.1 bbl.00E-01 bbbbbbl1,.00 bb0.10bbbb

(C)

D-type conversion is the only one available for 4-word

numbers. It is

FOUR-WORD FLOATING POINT:

similar

prints with a D instead of an E.

floating-point

to E format except that the exponent part






CHAPTER 3

USING FPMP-11

The user program can access the FPMP-1ll routines by TRAP instruction
and/or direct call of the routine. (For information on writing a user
program, refer to the Papertape Software Programming Handbook.) The
TRAP handler saves and restores the contents of the PDP-11 general
registers. The OTS routines normally do not. All FPMP-11 entry
points used by the program must be declared with a .GLOBL assembler
directive in the user program. (The entry points are 1listed in
Appendix D.) To 1include user floating point error routines,
initialize the global location S$ERVEC as described in section 1;1.

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-~ll package. If TRAP calls are being used, the
user program must initialize the TRAP vector at location 34g. The
TRAP vector can be initialized by putting the following code in the
user program.

+GLOBL TRAPH
MOV #TRAPH,G@#34 ;address of TRAP handler
"MOV #340,Q0#36 ;set priority of operation

The TRAP handler, TRAPH, uses software to simulate a floating=-point
accunmulator (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. SADR 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,



Because it contains the floating accumulator, the TRAP handler of
FPMP-11 is not re-entrant. For this reason, care must be exercised if
the TRAP handler is to be called both in a main program and in an
interrupt-driven subroutine. To call the TRAP handler to perform
floating point operations within an interrupt-driven subroutine, the
contents of the FLAC should be pushed onto the processor stack before
any other TRAP calls are executed. The FLAC can be pushed onto the
stack by executing the instruction "TRAP 73", After all TRAP calls
have been completed by the interrupt-driven subroutine, and before
returning from the interrupt, the FLAC must be restored from the stack
(it must be at the top of the stack) by executing the instruction
"TRAP 71". If the double precision routines are being used, the traps
-are TRAP 74 and TRAP 72 respectively.

Addressing Modes Available in TRAP Calls:
3.1.1 Stack Mode
The operand is considered to be on the top of the R6 stack. (R6 is

General Register 6) The operand is popped off for use. (exception:
STR and STD push the FLAC onto the stack.)

3.1.2 QRO Mode

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

3.1.3 Immediate Mode

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

3.1.4 Relative Mode

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

EXAMPLE :

1010 is internally coded as:

[o {10000100]0100000! [0000000000000000]
15 14 7 6 0 15 0




which is 041040 000000 (octal). To add 1010 to the FLAC in each of
the four modes (single precision):

Stack HMode:

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

; PUSH FLOATING
;10 ONTO THE STACK
;ADD TO FLAC

Symbols ADR (for single precision add) and STACKM (for stack mode) are
assigned values 12g and O8 respectively. (Refer to page 17.)

@RO Mode:

-

MOV #TEN,RO
TRAP ADR+ARM

TEN: ,WORD 041040,000000

.
.

; GET ADDRESS OF OPERAND IN RO
;ADD TO FLAC

; FLOATING POINT TEN

Symbols ADR and ARM (@RO mode) are assigned the values 125 and 1004

respectively.

Immediate Mode:

TRAP ADR+IMMEDM
.WORD 041040,000000

Symbols ADR and IMMEDM
respectively.

;ADD TO FLAC
;s FLOATING POINT TLN

(immediate mode) equal 124 and 2008



Relative Mode:

TRAP ADR+RELM sADD TO FLAC

«WORD TEN-. ;i RELATIVE ADDRESS OF OPERAND
TEN: .WORD 041040,000000 ;s FLOATING POINT TEN
Symbols ADR and RELM (relative mode) equal 128 and 3008
respectively.

To perform the above operations in double precision, use ADD=l4g
instead of ADR, and extend the floating point ten with two more words
of zeros (i.e. TEN: .WORD 041040,0,0,0; double precision
floating=-point ten).

The source form of a TRAP call is:
TRAP num + mode
where num is the number of the OTS routine to be called (refer to

Appendix D for the OTS routine numbers), and mode is one of the
following addressing modes:

Mode

0 Stack mode
100g @RO Mode

200g Immediate mode
300g Relative mode

The binary form of the TRAP instruction is:

WORD s
[10001001 mmrrrrrr |
15 0

Where

mm = addressing mode bits (00 = Stack mode, 01 = @RO mode, 10 =
Immediate mode, 1l = Relative mode)
rrrrrr = OTS routine number

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

STACKM=0 ;i STACK MODE
ARM=100 ; @RO MODE
IMMEDM=200 ; IMMEDIATE MODE
RELM=300 ; RELATIVE MODE

3-4



ADR=12 s SINGLE PRECISION ADD ROUTINE

SBR=13 s SINGLE PRECISION SUBTRACT
MLR=21 s SINGLE PRECISION MULTIPLY
DVR=25 ; SINGLE PRECISION DIVIDE

allow TRAP calls to be coded as follows:

TRAP ADR+RELM ;ADD IN RELATIVE MODE
TRAP MLR+ARM s MULTIPLY IN QRO MODE
TRAP SBR+IMMEDM ;s SUBTRACT IN IMMEDIATE MODE

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

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

Condition Codes

FLAC N z V¥V ¢
<0 1 0 0 0
=0 0 1 0 0
>0 0 0 0 0

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

FLAC<OPR 1 0 0 0
FLAC=OPR 0 1 0 0
FLAC>OPR 0 0 0 0

where OPR is the operand addressed by the TRAP compare instruction.
EXAMPLE :
To calculate

=B+SQRT (B*B=4%*A*C)

2*A

the following program might be written:



TRAP LDR+RELM ;LOAD A INTO FLAC

.WORD A-. ; RELATIVE ADDRESS OF A
TRAP MLR+IMM s MULTIPLY BY 2.0
FTWO: .WORD 040400,0 ; CONSTANT 2.0

TRAP STR+RELM ; STORE FLAC IN TEMP1l

.WORD TEMP1-. ;s RELATIVE ADDRESS OF TEMP1

TRAP MLR+RELM sMPY BY 2.0 TO GET 4*A

.WORD FTWO-.

TRAP MLR+RELM ;MPY BY C

<WORD C-.

TRAP STR+RELM :STORE FLAC IN TEMP2

.WORD TEMP2-.

MOV #B,R0O ;GET ADDRESS OF B INTO RO

TRAP LDR+ARM ;LOAD B INTO FLAC (@RO MODE)

TRAP MLR+ARM ;CALCULATE B*B

TRAP SBR+RELM ;s SUBTRACT 4*A*C (IN TEMP2)

+WORD TEMP2-,

TRAP SQRT | ; CALC SQUARE ROOT OF FLAC,
;NO ADDRESSING REQUIRED

TRAP SBR+ARM ;ADD MINUS B

TRAP DVR+RELM :DIVIDE BY 2.0*A IN TEMP1

.WORD TEMP1-.

TRAP STR+RELM ;STORE FLAC INTO X

.WORD X-.

A: .WORD 040400,0 ;VALUE OF A (2.0)

B: .WORD 040640,0 ;VALUE OF B (5.0)

C: .WORD 037600,0 ;VALUE OF C (0,25)

X: .=.+4 ; LOCATION FOR RESULT

TEMPl: .=.+4 : TEMPORARY

TEMP2: .=.+4 ;s TEMPORARY

The above example assumes that the TRAP vector (location 345 ) 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
precision, on the stack, and return one result, of the same
precision as the arguments, on the stack. Return must be via a

JMP @(R4)+

2. J5RR - The user routine should be expecting a call of the
following form:



JSR R5,subr s jump to subroutine

BR A

.WORD arg ;single argument's address
A: .

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

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

1. There is a one word entry correspondihg 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 O0O+mode", while the word at 1location
TBLS$42+10. 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 relative address

15 13 0

single precision routine
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.

bit 15 set to 0
1

Wnnu

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-11.



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

3.3.1 Poli lode

e ———
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 wused and
interpretation overhead.

The routines that are called with Polish mode are:

No. of Location of
Name Arguments Result
SADD 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
SDINT 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
SINTR 1 result on top of stack
$SMLD 2 result on top of stack
$MLI 2 result on top of stack
SHMLR 2 result on top of stack
$NGD 1 result on top of stack
SNGI 1 result on top of stack
SNGR 1 result on top of stack
$POPRS 4 result in registers RO-R3
SPOPR4 4 result in registers RO-R3
$SPOPR3 2 result in registers RO,R1
SPSHR1 1 result on top of stack
SPGSHR2 1 result on top of stack
SPSHR3 2 result on top of stack
SPSHR4 4

result on top of stack



No. of Location of

Name Arguments Result

$PSHRS 4 result on top of stack
"$RD 1 result on top of stack
$DI 1l result on top of stack
SRI 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 exponent) remains on top of the stack (@SP).

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

JSR R4, $POLSH
where $POLSH is a global subroutine in FPMP-1l.

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

«WORD S$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, $MLR

MOV C+2,=-(SP) ;PUSH C ONTO STACK.
MOV C,-(SP)
MOV B+2,-(SP) ;PUSH B ONTO STACK.
MOV A+2,-(SP) ;PUSH A ONTO STACK.
MOV A,-(SP) .
JSR R4, $POLSH ;ENTER POLISH MODE
«WORD S$ADR sADD A TO B AND LEAVE
; THE RESULT ON THE STACK
.WORD $MLR ;MULTIPLY PREVIOUS SUM BY
;C AND LEAVE RESULT ON STACK.
.WORD .+2 ; LEAVE POLISH MODE.



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-11, It is coded as follows:

«GLOBL SPOLSH

$POLSH: TST (SpP)+ ;DELETE OLD VALUE OF R4 FROM
;THE TOP OF THE STACK.
JMP @(R4)+ s ENTER POLISH MODE.

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

DUP: MoV 2(SP),-(SP) ;DUPLICATE STACK ITEM
MOV 2(sP) ,-(SP) s TWO WORD ITEM
JMP @(R4)+ ;s RETURN

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

3.3.2 J5RR Mode

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 dgeneralized standard sequence is:

«GLOBL SUBR
JSR R5,SUBR
BR XX

N e o o WY

XX

where A, B...2 are argument addresses. i



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 and Rl 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:

«GLOBL SQRT

JSR R5,SQRT ;CALL TO SQRT ROUTINE
BR A ; RETURN POINT
+«WORD X ;ADDRESS OF ARGUMENT
Az . ; CONTINUE  PROGRAM
X3 .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=-R1.

The functions which use J5RR mode calls are:

# of Register (s) for

Function Arguments Result
ALOG 1 RO,R1

. ALOG10 1 RO,R1
AINT 1 RO,R1
ATAN 1 RO, R1
ATANZ2 2 RO,R1
DBLE 1 RO-R3
DLOG 1 RO,R3
DLOG10 1 RO, R3
DCOS 1 RO, R3
DSIN 1 RO-R3
DSQRT 1 RO-R3
DATAN 1 RO-R3
DATANZ2 2 RO-R3
DEXP 1 RO-R3
EXP 1 RO,R1
FLOAT 1 RO, R1
IFIX 1 RO
IDINT 1 RO
INT 1 RO
SIN 1 RO-R1
CcOS 1 RO-R1
SNGL 1 RO,R1
TANH 1 RO,R1

3-11



3.3.3 JPC Mode

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

MOV R3,-(SP) ;push first argument onto stack
MOV #ARG,-(SP) ;push last argument onto stack
JSR PC,subr ;call subroutine

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

MOV #BUFFER,=- (SP) ;PUSH ADDRESS OF FILLD

MOV #10.,-(SP) ;s PUSH LENGTH OF FIELD
CLR = (SP) ;D=-SCALE IS ZERO

CLR - (SP) ;P=-SCALE IS ZERO

JSR PC, $RCI ;s 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/0O device, or
coded as constants: For exanple,

BUFFER: .ASCII /113.25bbbb/
or
BUFFER: ,ASCII /-3,627E+09/



TABLE 3-1

ROUTINES WHICH USE THE JPC MODE OF CALL

#
of Call Location
Name |Description Arg Format Of Result
$DCI|{ASCII to dbl. 4 |Push addr. of start of ASCII field 4 word
prec. Push length of ASCII field in bytes | result on
Push format scale D (from W,D) top of
position of assumed decimal stack
point
Push P format scale
JSR PC,S$DCI
$DCO|Dbl. prec. to
ASCII 4 |Push addr. of start of ASCII field ASCII
Push length of ASCII field in bytes | field
Push D part of W.D (position of specified
decimal point)
Push P scale
Push 4 word value to be converted
lowest order word first
JSR PC,$DCO
$ECO|Single prec. to 4 |Same calling sequence as $DCO ASCII
ASCII except that a 2 word value is to field
E format be converted. Specified
JSR PC,$ECO
$FCO|Single prec. 5 {Same calling ASCII
to ASCII sequence as field
F format $ECO, specified
JSR PC,$FCO
$GCO|Single prec. 5 |same calling ASCII
to ASCII as $ECO. field
G format JSR PC, $GCO specified.
$ICI|ASCII to integer| 2 |Push addr. of start of ASCII field Integer
Push length in bytes of ASCII field | result on
JSR PC,$ICI top of stack
$ICO|Integer to ASCII| 3 |Push addr. of ASCII field ASCII
Push length of ASCII field in bytes | field
Push integer value to be converted specified
JSR PC,S$ICO




TABLE 3-1 (Cont.)

ROUTINES WHICH USE THE JPC MODE OF CALL

JSR PC,$0CI

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

SRCI ASCII to single 4 |Same calling sequence as $DCI
prec. JSR PC,$RCI

# of Call Location
Name | Description Arg. Format Of Result
$SOCI|ASCII to octal 3 |Same calling sequence as $ICI Top of stack

ASCII field
specified

Two word
result on
top of stack

The ASCII input conversion subroutines - $RCI, $DCI, S$ICI,

and $0QCI

preserve the contents of the general registers and restore them to

their original values before returning. The ASCII output

conversion

subroutines $DCO, $ECO, §FCO, $GCO, SICO, and $Q99 destroy the
contents of general registers RO, Rl, R2, an R3, but preserve the

contents of R4 and RS5.

Errors detected by the ASCII input conversion subroutines $RCI,

$DCI,

$ICI, and $0CI cause the subroutine to return with a zero result and

with the C bit set in the condition codes.




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
$ERRA. These routines save the contents of RO, and 1load the error
code into RO. The routines then perform a JSR PC,@$ERVEC. S$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 wused, code is
inserted in the initialization of the program as explained in section
3.4.1.

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

RO:

error number error class

15 8 7 0

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 S$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.



TABLE 3-2

FPI1P-11 ERROR CODES

ERROR
CODE
| (CLASS,#)| ISSUED BY EXPLANATION
0,0 TRAPI Illegal TRAP instruction. Rl points to the
TRAP instr.
3,1 $ADD Expon. overflow in double prec. addition
3,2 SADR Exponent overflow in real addition
3,3 $DVD Double prec. div. by zero
3,4 $DVD Expon. overflow in double precision division
3,5 $DVI Integer division by 0
3,6 $DVR Expon. overflow in real division
3,8 $DVR Real division by zero
3,10 SMLD Expon, overflow in double prec. mult.,
3,11 SNEG Exponent overflow during negation
3,12 SMLR Expon. overflow in real multiplication
3,14 SMLI Product outside of range on integer mult.
3,22 SRI Real outside range on real to integer
conversion
3,23 $DR Exponent overflow on double to real
conversion
4,2 DEXP DEXP argument greater than 87
4,3 DLOG DLOG argument less than or equal to zero
4,4 DSQRT DSQRT argument less than zero
4,5 EXP EXP argument greater than 87
4,10 ALOG ALOG argument less than or equal to zero
4,11 SQRT SQRT argument less than zero
4,12 SNGL SNGL exponent overflow in round
5,1 $ADD Expon. underflow in double prec. addition
(warning)
5,2 SADR Exponent underflow in real addition (warning)
5,3 $DVR Expon. underflow in real div. (warning)
5,4 DEXP DEXP argument less than =-88.7 (warning)
5,5 EXP EXP argument less than -88.7 (warning)
5,6 $MLD Expon. underflow in double prec. mult,
(warning)
5,7 SMLR Expon. underflow in real multiplication
5,8 SDVD Expon. underflow in double prec. division
(warning)




3.5 CREATING SPECIAL PACKAGES

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

3.5.1 Assembly Switch Tape

To take advantage of the conditional assembly instructions in the
FPMP-11 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-11 package.

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=1

When the FPU switch is set, many FPMP-1l routines assemble differently
to take advantage of the FPU.

When using the PDP-11/45 FPU option, it is the user's responsibility
to set up the FPU TRAP vector (location 244g) 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-1ll instruction set. In no case should more than
one hardware option switch be set during an assembly.



TABLE 3-3

HARDWARE OPTION SWITCHES

Switch Name Hardware Option
FPU PDP-11/45 floating point unit
EAE PDP-11/20 EAE
MULDIV PDP-11/45 extended instruction set (EIS)
NOTE

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

Each section of code in the FPMP-1l package is assigned a number and

the switch to cause a particular section of code to be included is
called CND$n.

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

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

CNDS$14=1
<EOT



i

TABLE 3-4

CONDITIONAL FPMP-11 ASSEMBLY CODES

Section No.

Switch Wame

Subroutine Contained

CND$1
CHDS$2
CND$3
CND$ 4
CND$5
CND$6
CND$7
CNDS$8
CND$9
CND$10
CND$11
CND$12
CND$13
CND$14
CND$15
CND$16
CND$17
CND$18
CND$19
CND$20
CND$21
CND$22
CND$23
_CNDS$24
CND$25
CNDS26
CND$27
CNDS$28
CND$29
CHD$ 30
CNDS$31
CHND$32
CND$33
CND$ 34
CNDS$35
CND$36
CND$37
CND$38
CND$ 39

NS5 40 .
CNDS$ 41
CND$42
CNDS$43

L AT 5

I

—

SADD, $SBD
SADR, $SBR
ALOG,ALOG10
AINT,SINTR
$CMD

SCMR

DBLE
$DCI,S$RCI
$DCO, $ECO, SFCO, $GCO
DLOG,DLOG10
$SDINT

$DR
DSIN,DCOS
DSQRT
DATAN , DATAN2
$DVD

$DVI

$DVR

DEXP

EXP

SFCALL

IFIX

FLOAT

. $ICI,socCT
e $ICO,$0CO

INT,IDINT

$ID,$IR

$MLD

SMLT

SMLR

$NGI, SNGR, $1IGD

$PSHR5, $PSIIR4, $PSHR3, $SPSHR2, $PSHR1
$POPR5, SPOPR4, $POPR3

$RD

$RI,S$DI

SNGL

SIN,COS

TANH

ATAN,ATAN2

_$POLSH(switch is always set)
“SORT

TRAPH

~ SERR,S$SERRA (switch is always set)

7. .
Yo rRdes

R




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

There are two additional switches which work together with the others.
When these switches are set the standard single or double precision
TRAP handler 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 1is 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 nultiply), 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~1ll source tape:

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

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

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

4, Create a paper tape or source file (either off-line or using the

editor}) in the following format; (Refer to the Paper Tape
Software Programming Handbook for information on wusing the

editor).

switch~name-1 =1 sFIRST SWITCH TO BE SET
switch=nane-2 = 1

switch-name-n = 1 ; LAST SWITCII TO BE SET

.EOT

(Where "“switch-name-1" thru "switch-name-n" are the names of the
switches to be set.) If preparing the tape off line, be sure to



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=1 ;USE STANDARD 2-WORD PKG.
EAE=1 ;SPECIFY EAE '
<EOT

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

DOUBLE = 1 ;GET STD 4-WORD PKG.
CND$17 = 1 ; INTEGER DIVIDE
CND$29 = 1 ;s INTEGER MULTIPLY
+EOT

It is not necessary to worry about interdependency among FPMP-11

routines. For example, to create a package containing only the
single precision function TANH, the tape

CND$38 = 1 ; TANH
+EOT

is sufficient. The fact that the TANH function calls the
arithmetic routines and other internal functions is resolved by
the FPMP-1l1 source code. In particular, the above switch being
set causes the following routines +to be included; TANH, EXP,
$ADR, $SBR, $MLR, $DVR, S$FCALL, $POLSH, $PSHR3, $ERR, $IR, and
$RI.

Assemble the FPMP-11 package with PAL-11lS loading the FPMP-11

. source tapes (1 thru 6) last. Refer to Appendix B.

The object module produced by PAL-1llS 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-11lS, it is not
possible to include all FPMP-1ll routines in a
single assembly. The error message produced by
the assembler is "S" and the assembly is aborted.
It is possible however, to assemble as much as the
standard single and double precision packages
together. If the integer and conversion routines
not included in the standard packages are needed
along with both standard packages, they can be
assembled separately by PAL-11S, and the resulting
tape then linked with the standard packages using
the LINK-11S linker., If this procedure 1is wused,
the 1linker produces error messages because of the
multiple occurrence of the labels $POLSH, $V20A,
SERR, and S$ERRA. These are non=-fatal errors and
can be ignored.



3.6 LOADING INSTRUCTIONS

The FPMP-1ll 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 wuser program produced by PAL-11S (or DOS
MACRO-11), and the FPMP-1ll1l object tape are linked with LINK-~11lS (or
DOS LINK-11l) (refer to Appendix C for LINK~11lS instructions).
LINK-1lS requires two passes and produces a tape called a load module
which contains the user program and the FPMP-11 routines.

Use the Absolute Loader to load this module and execute the program,
(Refer to Appendix A for details on using the ABS Loader.)



CHAPTER 4
SAMPLE PROGRAM

The following sample program illustrates most of the FPMP-11 modes of
calls. Note that execution of this sample program requires the use of
the Input/Output Executive (IOX) program which must be loaded before
the sample program., This program inputs three F10.0 numbers, stores
them as A,B and _C and prints the numbers stored for verificatio

The roots of AX2+BX+C=¢ are calculated using the formula X=-BtJBz—4AC,

If A=@g the program halts. 2A
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(SP)+,R}L;
(RO)+, (RD)+}
#10,,R1;

¥MSGBLK, RS
PC,PRINTS
RO, %C;

l1L00P;
LOR+RELM]}
Aw,

END;
ADR+RELM;
Am,

"STR+RELM}

TEMP1'¢
MLR+IMM}
Van4p0, 00000058

MLR*RELM;
c-o
STR¢RELM]
TEMPZ=,
HE,RQP;

LUR+ARM;
MLR+ARM;
SBR+RELM?
ItMP?'t
KUOTY ]
IMAG}
SGRT:
STR+RELM?
SBR+ARM;
DVR+RELM}
TtMPl-I
¥MSG1,R5;

PC,PRINT

LDR+TMM;
0,0

SER+ARM}
SobR+RELMY
TEMP2=,
DVR+RELM;
TEMP L=,
¥M3G2,RY}

SAVE Rt

SAVE RQ X

PUSH ADDR OF ASCI1 STRING READ
PUSH LENGTH

D FORMAT SCALE
P SCALE
CONVERT ONE NUMBER (Fi0,Q)

LOAD FLAC FROM TOP OF STACK
STORE INTO VARIABLE A, B, OR C
RESTURE RQ

AND R1

INCR RO 8Y 4

INCR BUFFER POINTER TO NEXT VAR

CALL PRINT SUBROUTINE
LAST VAR?

LooP

LOAD A INTO FLAC
JRELATIVE ADDKESS OF A
EXIT IF A = @

A+ A TO GIVE 2#»a

STQRE 2«A INTOD TEMP)

MPY BY 2 TO GET 4%xA (IMMED MADE
CONST 2,0

MPY BY C

STORE 4wanC IN TEMPZ2
GET ADDRESS OF VARIABLE °’B°’
LOAD B INTO FLAC

MEY BY B TO GET HBxwp

SUBTRACT 4wax(C

BRANCH IF ONLY ONE ROOT

Baxg = 4wxAnl <« 2 277

TAKE SQRT OF FLAC

SAVE SORT(BawZ=d4waxC) IN TEMPR

ADD MINUS B
DIVIDE BY 2%xA (IN TEMP1)

ADDR QOF "ROOUT 1 = " MESSAGE
JCALL PRINT SUBROUTINE

ZERQ THE FLAC (IMMEDIATE MODE)
PFLOATING POINT ZERO

- B
=SOART(Bwwl=dunAax(C)

NPIVIDE BY 2xA

AUDK UF "RCCT 2 = "



vauese

buaese
vuvesba
vaoeee
goaves6a
buucee
Buete
Bupele

baveTo

wonidae
Queiod
voesae
vwanste
Quns1
wonste

Vo34
bvo3te
voeiew
vuep3ee
guazed
vovsee
Qeo33p
vaps3e
Vvwu33l4

Qov34p

Qvv344
WYes4s
Vo350
Peuise
Banisg

Qve3en

DuRied
Ven36s6

Pvuire
eea3ve

vuo4ace
Vup4Ry
Rup4e
vap4nr
vonate
vopale
wonaly
A¢nal1y
LR

vouTe?
vPun e
wauebh
104771 ROUOTIL:
177746
194513
104725
gaveve
w1etTus*
ueesse
poudT67
povLl1e
voveSd
VRLRA4 IMAGS
vevevar

nie

201
vorveha

]
V10946 PRINTS
vloadae
01u3406
viee4e
g1o146
gleo4e
104773
voeL4e
v1erv4d
voovoll
012703"*
voeT4
112523 MLOQP:
ves304
0e1375
vie34e
wieTde
vovned
vi1274e
vavelie
VoH0de
V16746
voewvilo
vie74e
woviee
we4vTer*
voeoLn
vapeo4
vorTes”
n1e
val
VARRE4 WAITO:
vwaeaLn’
nod
nul
V12640

JSR

AK
TRAP
e WOKD
TrRAF
TxAFP
o WOKD
MUV

JOR

21,
I0Ti
«WOKD
«BYTE

B

PRINT
MOV
MOV
MGV
MOV
MOV
MOV
TRAP
o WOKD
MOV

MoV
Move
DEC
BNE
MOV
MOV
MUV

CLR
MUV

MOV
JOR
IQT;
«WORD
WBYTE
IUT/
OWOKD
«DYTE

MoV

PC,PRINT

RESTARS
LDR*RELM?
ZERU'.
SBR+ARM}
DVR+RELM}
TEMPL=~,
#¥MSG3,R51

FC,PRINT
RESTAR

M8G4
WRITE, 1}

RESTAR

SUBROUTINE

R5,=(SP)
R4, = (SP)
RS.-(SP)
R2,=(SP)
R1,=(SP)
R@,=(S5P)

STR+RELM]

YEMPS-Q

¥MSGLEN, R4}
#0BUF+6,R3}

(R5)+, (R3)+;
R4

MLoor
R3,=(SP)1

#2@,,=(SP);

*#10,,~(SP)}

=(SP);

TEMP3I+2,=(SP)}

TEMP3, = (5P)

PC,8FCO;

OBUF 3
WRITE,1q

WATTO;
WATITR, 1}

(SP)+,R0;

BRANCH TO GO AGAIN
ZERQ THE FLAC

GET - B
DIv BY 2xA

"KOUT s L

WRITE IMAGINARY ROOTS MESSAGE
ADDRESS OF MESSAGE BUFFER
WRITE 7O SLOT 1@

SAVE REGS

STORE THE FLAC

CHAR COUNT FOR MESSAGE

ADDR OF OUTPUT FIELD

MOV THE CHAR MESSAGE

ADDR OF OUTPUT FIELD FOR CONV
LEN OFFIELD

DECIMAL PLACES

P SCALE
PUSH VALUE TO BE CONVERTED

CALL CONVERSION RQOUTINE IN FPMP

CALL THE I0X PACKAGE
WRITE THE QUTPUT BUFFER
TO SLOT 1 (K8)

CaLlL 10X
CREATE wAIT LOOP
WAIT FOR SLOT § (KB)

RESTORE REGS



Voodle
didnLee
bwoeded
dovueed
Qvn4 3y
bundide

Bod su
dud3e
Bovdde
doudadl
Yuapdde
bou444d
Banade
YY)
Bapn4usyg
vugdse
Quudssa
YvudsSe
Y .Y]
headee
2Up4ed
Qepues
AAe4TR
dupute
Bovadre
Bup4atTe
doeseo
povs5ae
Qgaesad
aupsee
WeesSiv
vaesSie
sl
Pevs14
daes1s
vupsSte
weent7
Quvseu
Bauset
vdphee
vopheld
nepsed
Boused
vdpses
epsel
PonsH3w
veps 3
wueS3e
vons33
Bupb sy
NBNSH35
8536
vaps37
Y Y

vicdbuel
wiebde
bu1eee¢3
vicbud
uiceus
vaeedT

¢eRenud
vdubd@
n1t
as
4R vd
wQudd2
ol
neo
deuen?
daphvee
PAwRLe
vaueve
pagpona
Vo pve
vRuoue
RuevR
BARALR
waceen
vavpee
vareLe
vovvoe
deuene
voeuee
vavnee
papree
¢15
nl1e2
124
145
123
124
pvaa
117
{46
b4@
126
122
1158
122
el
vel
015
z21e
122
117
117
124
a4

.

MUV (SFP)+,R1
MUV ($P)+,Re
MUV (SP)+,R3%
MUY (SP)+,Rd
MUV (S5P)+,RS
RTS PC3 RETURN
H ReAL SUBKOUTINE
READ IUT: CALL 10X FON READ
snORD bUFFR; ALUDK QF INPUT BUFFER
«.BYTE KEADOP, @i REAL SLOT @ (xB)
wWAITI: Iuls CaLL IO0xX
SWORD WaTTT; CrEATE wWAIT LOOP
«OYIE WATTR,Q; WAIT FOR SLOT ¥ (KB)
R1S FLs RETURN
ENDS HALTS FINISHED
Az < WIRD 2,0
B: 2WORD ¢,
[ ]
c: o #ORD 2,0
TEMPL: WD 2,7
TEMRPZ2: . WORD ¢,”
TEMP3: ,wOKD v,
TITLE: .wOkD 18,
JWOKRD "4
«WOKD 18,
OYTE 19,12
«ASLII /1EST OF FPMP1IY/
BYIE 15,12

MSG1 S «ASLII

/rkQ0T 1 3 /



buosy -

Wuvs4e
0YB543
00n544
Bo0545
Qop546
V0RL4T
Bens55¢
Qo551
Qups55e
QuBs553
buassy
QuB5SS
QbpssSe
0Bas57
Quesee
vopsel
beos6e
bopsS6s
0oes564
Qves565
gvasee
PoesSe7
QousTL
poes71
evesTe
Qaps73
ouesTd
00esTs
aeesTe
avesT?y

Qveero
ova60e
Boceas
Queend
vepene
vovea?
Queeid
Qone1}
budele
Quoetl
ueeld
Ruoels
bunele
povelr?
Q6L
goeeel
bueeee
vnpee3
dopead
Quneas
voneee
VoneeT
broe3w
¢ouvesy

261
040
vrs
a4
tee
117
117
124
v4o
wee
o440
urs
o4@
122
117
117
124
@ad4e
]
040
240
a40
P42
v4o
Q40
Q40
pae
v40
040
040
040
goo600
poenl3e
nae
o2e
gocose
@a1s
212
122
117
117
124

o4
10}
122
1e5
e40
111
115
1014
107
111
116
101
l1ee

MSG2$

MSG3?

MSGBLK?

MSG4?

WASLIL

«ASLII

«ASCI1

«WORD
«BYTE

«WOKD
«BYTE

«ASLII

/ROQOT 2 ® /

/ROOT &/

26,
@,

26,
15,12

/RO0TS ARE IMAGINARY*#w2/



vuuele 151

QUL 33 ase
VUL 3dy 252
Vo6 3s 0wse
V636 “1s «bYTE 19,172
Quueds wie .
vave4n ~EVEN
POueB4Y vaulew BUFFR:  .wOrD 80,
aepede ©wav JOYTE N,
woreds Hhau
Ve dd GRLRLY L, WOKD (%]
uaTe6 S at80,
220766 vANQ4Q2 QBUF: +WOKD 32,
wueITE noe ZCYIE 2,0
aeurT) )]
boarre voewr4n e WORD 2.
veerta Q40 dASLIL / /
Reu1TS B4
Q0V7T76 Q40
avarr7 249
Rateop 4
gvien Y
Qaiege ©v4Q
QB1003 740
Qo104 040
paiosl S, ¥20,
bo1v31 215 JBYIE 15,12,12

va103e eie
201033 o1e

0oApRYe JENUV BEGIN

A POV454R ADK = Ppovie ARM = 200100

B PUA460R BEGIN VoAoRAR BUFFR PRVEUOR
c POB464R LVR s Queues END PRAN452R
ILOOP PORDSER IMAG PEa3N4R I1MM s QaneRa
LUK 8 QpuerT! MLUOP PBA3U4R MLR s Agneal
MSGLGBLK PUAS6TR MSLLEN & Q0RP011} MSG1 NENSI4R
MSGLe Q@RS4SR MSL3 200556R MSG4 dR060RR
OBUF PRUT66R PC sieeoan7 PRINT PVB314R
REAL Q0V434R READUP = 2Q0O11 RELM = qan3ae
RESET = Qoupoone RESTAR PoOR34R ROCT1 220260R
R El0Q0000 R1 xxapnpny R2 =x0Qre0e
RS sxQo00@3 R4 23000004 RS 3X000005
SBK a2 QUNpL s SP =X00NLN6 SART £ Qooo4se
STK 2 Q00nuT3 TEMP1 BUR4dTEBR TEMPZ COBUTYR
TEMP3 20@50¢R TITLE QUOS24R TRAPH & wwwxwx
WAITI Qu@4der WALTU QuaatRRrR WAITR = DoaQa4
WRITE = 200012 Ex0 YoBe3eR $FCO S wkkRwk G
$RCI = wkkwkw G . 5 CP1034R



Do lte (AA 0.0 :1Teletype input in three
- Do AANAGHARAR ;10-character fields

Lo AROAAATAA L. .
;program verification

e BOBAARBAGBT jof input
ROOT = - 1. ABRABFAARH ;result
12.5 3.25 543

12. 53003007300
3. 2500030000

5 4299998233

RONDTS ARE IMAGINARY*k*

3« E-01 e ABEAG2 4AE=-001
Ne 3003ANG119

6« AABAGANAD
Lo ADAARARAEA

ROOT 1 ~7%e 6905062795

RINT 2 -19.30194921112

S 15 3
5« 30AAARABAD

15. A0A3GAARAB
3. 20030300000

ROOT 1

il

~Ae 2154767066

ROOT 2 -2 78452348171

@ den 3e 75
De BDBRABAAND

Lo NARAARABABD

3« 1500030330

PROGRAM OUTPUT






APPENDIX A

BOOTSTRAP AND ABSOLUTE LOADERS

A.1 THE BOOTSTRAP LOADER

A.l.1 Loading the Bootstrap Loader

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

xx7744 016701
xx7746 000026
xx7750 012702
xx7752 000352
xx7754 005211
xx7756 105711
xx7760 - 100376
xx7762 116162
xx7764 000002
xx7766 xx7400
xx7770 005267
xx7772 177756
xx7774 000765
xx7776 ' 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 Bank Memory Size
017744 0 4K
037744 1 8K
057744 2 12K
077744 3 16K
117744 4 20K
137744 5 24K
157744 6 28K

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

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



(InNITIALIZE )
y
(::)————a{ SET SR TO XX7744

PRESS LOAD ADDR

//////ESAD .
Load OR VERIFY Verify

STRUCTIO
Y ? i

L;SET SR TO 016701

PRESS EXAM

LIFT DEP
/
LIFT DEP
SET SR
TO CORRECT
‘ | INSTRUCTION
SET SR TO NEXT] A
*! INSTRUCTION ALL
INSTRUCTIONS
VERIFIED
|
LIFT DEP

FINISHED

Figure A-1 Loading and Verifying the Bootstrap Loader



A.l.2 Loading

Figure A-2,.

With Bootstrap

Loader in Core

Set ENABLE/HALT
To HALT

Place Bootstrap
Tape in
specified reader

Set SR to xx7744|

Press LOAD ADDR

Set ENABLE/HALT
to ENABLE

Press START

Tape Reads in
and stops
At end of Data

Data is in Core

A.2 THE ABSOLUTE LOADER

by — — — —

A.2.1 Loading the Absolute Loader

The Bootstrap Loader is used to load the Absolute
Absolute

(See

Figure

A~-2.) The

with the Bootstrap Loader

see fiqure E.1l

Code 351 must be

over reader sensors

Loader

Loading Bootstrap Tapes into Core

Loader
occupies

through xx7743, and its starting address is xx7500.

into

core.,

locations xx7474



A.2.2 Loading with the Absolute Loader

When using the Absolute Loader, there are three types of loads
available: normal, relocated to specific address, and continued
relocation.

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

Switch Register

Type of Load Bits 1-14 Bit 0
Normal (ignored) 0
Relocated - continue loading 0 1

where left off

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



<::)———————o{SET ENABLE/HALT TO HALT |a—

INITIALIZE

LOAD- ABS

LOADER F---- SEE FIG.A-2]

Y

HSR=177550| (This is
LSR=177560 | necessary

SET SR TO XX7776 TO

XX is HIGH|only if

'SPECIFY READER |:{|EST CORE using a

SET BIT 0 OF SR
SPECIFY ADDR IN
BITS 1-14

1

MEMORY reader
BANK different
A A from that

PLACE TAPE IN READER used by
the boot-

strap loader.)

SET SR TO XX7500.

PRESS LOAD ADDR

O,

Relocate to

Y
OF LOAD

Specific

ADDR

P Normal

CLEAR BIT 0 OF SR
Continuirnlg Relocation

SET BIT O OF SR CLEAR BITS 1-14

Figure A-3

| SET ENABLE/HALT TO ENABLE

1

PRESS START

!

RELOAD LOADER ____.(::)

PLACE NEXT TAPE
i IN READER

REMOVE TAP

E

A-5

Loading with the Absolute Loader






APPENDIX B

USING THE PAL-11S ASSEMBLER

Run the assembler according to the directions in Section B.l. If
another program is being assembled along with FPMP-11, it should be
read before the FPMP-1l package. This other program must be followed
by a JEOT instruction and must not define any FPMP-11 labels or
conditional switches. After any user program being assembled with
FPMP-11 has been read, the assembler prints EOF? and pauses. Place
the switch setting tape previously created (refer to section 3.5.1.1)
in the reader and type the RETURN key. At the end of this tape the
assembler again prints EOF? Place the first source tape of the FPMP-11
package in the reader and type the RETURN key. After this source tape
has been read and the assembler prints EOF?, place the next source
tape in sequence in the reader and type RETURN. Repeat this sequence
until all source tapes have been read. When the last tape has been
read, the assembler proceeds to Pass 2. All of the tapes must be read
again using the same procedure as above, The assembler produces the
FPMP-11 object module on the binary output device specified in the
initial assembler dialogue.

B.l ASSEMBLER OPERATING PROCEDURES

Loading: Use Absolute Loader. The start address of

the Loader must be in the console switches.
Storage Requirements: PAL-11S uses 8K memory.
Starting: Immediately upon loading, PAL-11S is in

control and initiates dialogue.

Initial Dialogue:

Prihtout Inquiry
*S What is the input device of the‘source symbolic tape?
*B . What is the output device of the binary object tape?
*L What is the output device of the assembly listing?
*7 What is the output device of the symbol table?

Each of these questions may be answered by any one of the following
characters:



Character

T
L
H
P

Each of these

Answer Indicated

Teleprinter keyboard
Low-speed reader or punch
High-speed reader or punch
Line Printer

answers may be followed by the other characters

indicating options:

Option Typed
/1

/2
/3

/E

Function to be performed

on pass 1

on pass 2
on pass 3

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

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

Dialogue During
Printout
EOF ?

END ?

EOM

-~

Restarting:

Assembly:
Response

Place next tape in reader and type RETURN. A JEND
statement may be forced by typing E followed by
RETURN.

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

If the end-of-medium is on the 1listing device, the
device may be readied and the assembly may be
continued by typing RETURN.

If the end-of-medium is on the binary device, the
assembler will discontinue the assembly and restart
itself.

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

For more detailed information on the PAL-11lS Assembler, refer to the

PDP-11 PAL-11S

(DEC-11-YRWB-D) .

Assembler and LINK-11lS Linker Programmer's Manual



B.2 ASSEMBLER ERROR CODES

Error Code

A

Meaning

e —re—r——
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.

Illeéal 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 1label. A label was
encountered which was equivalent (in the first six
characters) to a previously encountered label.

Number containing an 8 or 9 was not 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 of or
reference to a register has been made.

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

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






APPENDIX C

USING LINK-11S

C.l LOADING AND COMMAND STRING

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

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

Operation begins by the linker typing its name and version, This is
followed by the input option printed as *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-1ll 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 8K machine. It relocates the program such that it is
as high as possible in 8K but leaves room for the Absolute and Boot
Loaders. (These assumed values may be changed by altering parameters
HGHMEM (highest 1legal 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> Relocate so that program is up against the current
top of memory. If the top has not been changed,
then the top is the assembled-in top
(HGHMEM=-ALODSZ) . The standard assumption is
16384.-112.=16272 (374608).
n<CrR> n is an octal number (unsigned) which defines a
new top address. ’



If a new top is specified, the *B option is suppressed.
After the option *B<SPACE> is printed respond as follows:
<CR > Use current top of memory.

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

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

LINK-11l 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> Read a tape and request more input.

U<CR> List all undefined globals on the teleprinter and
request more input.

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

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

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

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

Leader and trailer are punched on the load module.

I1f 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.



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

is equivalent to H<CR>.
C.2 ERROR PROCEDURE AND MESSAGES

C.2.1 Restarting
CTRL/P is used for two purposes'by LINK1ll-S., If a CTRL/P is typed
while a load map is being printed, the load map is aborted and the

Linker continues. CTRL/P typed at any other time causes the Linker to
restart itself.

C.2.2 Non-Fatal Errors

Message Explanation

?MODULE NAME xxxxxx NOT UNIQUE
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.

?MAP- DEVICE EOM.
TYPE <CR> TO CONTINUE Load map device EOM - this error
‘ allows the wuser an option to fix
the device and continue or abort
the map 1listing, Any response,
terminated by <CR> or <LF> causes
the Linker to continue. A CTRL/P
causes the map be to aborted.



Message

?BYTE RELOC ERROR AT ABS ADDRESS

?LOAD xxxxxx NEXT

2XXXxxxx MULTIPLY DEFINED BY MODULE

C.2.3 Fatal Errors

Explanation

XXXXXX o

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

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

XXXXXX.
Multiply-defined globals were
discovered, during pass 1. The

second definition is
the Linker continues.

ignored and

The Linker restarts after any of the following:

Message

?SYMBOL TABLE OVERFLOW - MODULE XXXXXX,

?SYSTEM ERROR xx

Explanations

SYMBOL XXXXXX
Symbol Table overflow.

System Error. Where xx 1is an
identifying number as follows:
Number Meaning
01 Unrecognized symbol
table entry found.
02 A relocation

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



Number Meaning

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

04 Object module does
not start with a
GSD.

05 The first entry in

the GSD is not the
module -name.

06 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 A checksum error
occurred on the
object module.

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

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

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



C.2.4 Error ilalts
LINK-11 loads all of its unused TRAP vectors with the code:
+WORD .+2 ,HALT
so that if the TRAP occurs, the processor halts in the second word of

the vector. The address of the halt, displayed in the console lights,
therefore indicates the cause of the halt.

Address of HALT (octal) Meaning
12 Reserved instruction executed.
16 Trace TRAP occurred.
26 Power fail TRAP.
32 EMT executed.

A halt at address 40 indicates an IOXLPT detected error. RO
(displayed in the console lights) contains an identfying code:

Code in RO Meaning

0 Illegal memory rcference, SP
overflow or illegal
instruction.

1 Illegal IOX command.

2 Slot number out of range.

3 Device number illegal.

4 Referenced slot not INITed.

5 Illegal data mode.

IOXLPT also sets Rl as follows:

I1f the error code is 0, Rl contains the PC at the time of the
error.

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



APPENDIX D

SUMMARY OF
FPMP-11 ROUTINES

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

Examples of the calling conventions are:

POLISH MODE: .

JSR R4, S$POLSH senter Polish mode
$subrl s;call desired subroutines
$subr2
$subrn ;jcall last subroutine desired
«WORD = 42 ;i leave Polish mode.
J5RR: .
JSR R5,subr ;call desired subroutine
BR XX
+WORD argl ;subroutine argument address

«WORD arg2

+WORD argn ;last argument
XX . ;return point




JPC:

push args onto stack

JSR PC,subr

D.1 OTS ROUTINES

These are the routines taken from the FORTRAN operating time system,
The codes used in the following table are:

S

D

SD

Routine is included in the standard single precision (2-word)
package.
Routine is included in the standard double precision (4-word)
package.
Routine is included in both standard packages.

Octal codes shown in parentheses are not yet implemented.

OCTAL # OF

NAME CODE PKG ARGU MODE
$ADD 14 D 2 Polish
$ADR 12 S 2 Polish
AIRNT 26 S 1 J5RR
ALOG 53 S 1 J5RR
ALOG10 54 S 1 J5RR
ATAN 42 S 1 J5RR

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 $ADD except it uses 2 word
numbers.

Returns sign of argument * greatest
real integer = absolute value of
the argument in RO,R1,

Calculates natural logarithm of its
single argument and returns a two
word result in RO,R1.

Same as ALOG, except calculates
base=10 logarithm,

Returns the arctangent of its
argument in RO,R1.,



OCTAL
NAME CODE
ATAN2 (43)
SCMD 16
SCMR 17
COs 37
DATAN 44
DATAN 2 (45)
DBLE (34)
SDCI (57)
$DCO (61)

PKG

SD

SD

# OF
ARGU

2
2

H O e e

MODE

J5RR

Polish

Polish

J5RR
J5RR
J5RR

J5RR

JpC

DESCRIPTION
Returns ARCTAN (ARG1/ARG2) in RO,R1.

Compares top 4 word items on the
stack, flushes the two items, and
returns the following condition
codes:

4 (Sp) @spP N=1,2=0
4(SP) = @SP N=0,zZ=1
4 (SP) @SP N=0,2=0

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

Single precision version of DCOS.
Double precision version of ATAN,
Double precision version of ATAN2,

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

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

Returns 4 word result on top of
stack.

Double precision to ASCII
conversion. Calling sequence:
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
SDI (11) SD Polish
SDINT (76) D 1 Polish
DLOG 55 D 1 J5RR
DLOG10 56 D 1 J5RR
$DR (6) 1 Polish
DSIN 40 D 1 J5RR
DSQRT 47 D 1 J5RR
$DVD 23 D 2 Polish
{ SDVI (24) 2 Polish
SDVR 25 S 2 Polish

DESCRIPTION

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

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

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

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

Double precision (4 word) version
of ALOG.

Double precision (4 word) version
of ALOG10,

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

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

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

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

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

The single precision division
routine. Same as $DVD, but for 2
word floating point numbers.



OCTAL # OF
NAME CODE PKG ARGU MODE
. $ECO (62) SD 5 JPC
EXP 51 S 1 JSRR
$FCALL - S
SFCO (64)  sD 5 JPC
FLOAT (32) 1 J5RR
$GCO (63) .SD 5 JPC
(65) 2 Jec
\\(s;c\\) (67) 3 JpC
IDINT (31) 1 J5RR
$ID (5) SD 1 Polish
IFIX (35) 1 JSRR

DESCRIPTION

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

Single precision version of DEXP,
Returns result in RO,Rl.

Internal OTS routine.

Same as $ECO except uses F format
conversion. :

Returns in RO-Rl, the real
equivalent of its integer argument.

Same as $ECO except uses G format
conversion.

ASCII to integer conversion.
Calling sequence:

Push address of start of ASCII
field.

Push 1length in bytes of ASCII
field.

JSR PC,SICI

Returns with integer result on top
of stack.

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,S$ICO

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

Returns sign of arg * greatest
integer <= Jarg| in RO. Arg is
double precision.

Convert full word argument on the
top of the stack to double
precision and return result as top
4-words of stack.

Returns the truncated and fixed
real argument in RO,



OCTAL # OF

NAME CODE PKG ARGU MODE DESCRIPTION

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

SINTR (27) [ 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.

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

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

$SMLR 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.

SNGR (2) SD 1 Polish Negate the single precision number

on the top of the stack.

_,———(§Q§b (66) 2 Jpc ASCII to octal conversion. Same
call as S$ICI.

__—oco (70) 3 JeC Octal to ASCII conversion. Same
- call as SICO.

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

SPOPR3 - D - Polish Internal routine to pop 2-words
from the stack and place them into
RO,R1.

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



OCTAL # OF
NAME CODE PKG ARGU MODE
SPOPRS - D - Polish .
S$PSHR1 - SD Polish
$PSHR2 - SD - Polish
SPSHR3 - SD - Polish
SPSHR4 - SD - Polish
$PSHRS - SD - Polish
SRCI (60) SD 4 JPC
$RD (7) Polish
SRI (10) SD Polish
$SBD 15 D Polish
$SBR 13 S Polish
SIN 36 S 1 J5RR
SNGL (33) 1 JSRR
SQRT 46 S 1l J5RR
TANH 50 S 1 J5RR

DESCRIPTION

Internal routine to pop 4-words
from the stack and place them in
registers RO-R3.

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

Same as $PSHRI1.

Push RO,Rl onto stack.

Push R0-R3 onto stack.

Same as $PSHRA4.

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

Converts the single precision
number on the top of the stack to

double precision format. Leaves
result on stack.

. Converts single precision number on

the top of the stack to integer.
Leaves result on stack.

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

Same as $SBD but for single
precision.

Single precision version of DSIN.
Rounds double precision argument to
single precision. Returns result
in RO, Rl.

Single precision version of DSQRT.
Single precision hyperbolic tangent

function. Returns (EXP(2*ARG)-1) /
(EXP(2*ARG)+1) in RO,R1l.



D.2 NON-OTS ROUTINES

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

OCTAL
NAME CODE PKG DESCRIPTION
w{§§§§> - SD Internal error handlef.
——GERRD - SD similar to $ERR.
$SLDR 71 S Load FLAC, single precision,
SLDD 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-1ll 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 cxample, a
TRAP call to the single precision square root routine can be coded as
follows: .

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 1is 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 3.1l.1l. The addressing mode is specified in bit 6-7 of the
- TRAP instruction.



("Operand" is the contents of the location addressed in the TRAP

call.)
OCTAL
CODE NAME
14 SADD
12 SADR
* 26 AINT
* 53 ALOG
* 54 ALOG10
* 42 ATAN
16 SCMD
17 $CMR
* 37 Ccos
* 44 DATAN
* 52 DEXP
* 55 DLOG
* 56 DLOG10
* 41 DCOS

DESCRIPTION

Double precision addition routine. Adds
operand  to the FLAC. Assumes 4 - word
operand.

Single precision addition routine. Adds
operand to the FLAC. Assumes 2-word
operand.

Replaces contents of the FLAC by its integer
part. SIGN(FLAC) * greatest integer <=
|[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-10 log.

Replaces contents of the FLAC by its
arctangent. Assumes 2-word argument in
FLAC,

Compares operand to the contents of the
FLAC, and returns the following condition
codes,
FLAC<operand, N=1
FLAC=operand, N=0
FLACs>operand, N=0
Assumes 4.-word operan

Cim = =
.

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 ALOG1l0, but for 4-word argument.
Replaces the contents of the FLAC by its

cosine, Assumes 4 -word argument in the
FLAC.



OCTAL

CODE NAME
40 DSIN
47 DSQRT
23 $DVD
25 $DVR
51 EXP
72 $LDD
71 SLDR
22 MLD
21 $MLR
15 $SBD
13 $SBR
36 SIN
46 SQRT
73 $STR
74 $STD
50 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 precision multiplication routine.
Multiplies the contents of the FLAC by the
operand and stores the result in the FLAC.
Assumes 4-word operands.

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

The double precision subtraction routine.
Subtracts the operand from the contents of
the FLAC., 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



APPENDIX E
FPMP-11 SOURCE LISTING

This source listing of FPMP-1l is included for documentation of the
logic only. The sources provided to wusers do not have comments
because of size restrictions.



FPMPll FLUATING POINT & MATH PA MACRO VRU4wid4 U7»SEPw72 11843 FAGE |

1 vwonuel SINGLE=®Y
2 vdpiopy bouBLEm}
3 poovel CNDS7m}
4 PBpuvl CNDsL2wy
5 vorvel CNDSL7my
6 veavyl CND322R}
7 wupbnl CNDS23my
8 oYLl ENDS24my
9 wepony CNDS258}
10 geeval CNDs26my
11 20ReR} CNDS29%]
12 pogRel CND§34nmy
1d pogoel ' CNDSJ6my
15



FPMPL1 FLUATING POINT & MATH PA MACRU VRUdmw{d U7wS5EP=72 11343 PAGE 3

1 1PROODUCT CODE VECwii»NFPMAmAmL A

2

3 JCUMPUTER PDPwl

4 .

5 JCUNPIGURATION PAPER TAPE CONFIGURATION IS MINIMUM
6 ] 8192 wORDS MEMORY

7

8 _ ISUFTWAKE REGUIREMENTS FPaLwliS (0K MACRUel1)

9 ] LINK=11S (UR LINKe}l{)

10

11 JPROGRAM NAME FPMPm=11{

12

13 JVERSION VERSION LEVEL 1

14 | PATCH LEVEL A

15

16 JDESCKRIPTION FLOATING POINT MATH PACKAGE

17 } PLUS TRAP HANDLER

18 ! (FLOATING PQOINT SUBROUTINES TAKEN FROM
19 ] VOS=11 FORTRAN IV UTS)

20

21 JANTHOR E, PETERS (THAP HANDLEX & PACKAGE
22 / INTEGRATION)

23

24 JDATE AyGuST, 1972

25

26 ! COPYRIGHT 1972, VIGITAL EUUIPMENT CORP.,

27 ! MAYNARD, MASSACHUSETTS 71754



FPMPLY FLUATING POINT & MATH PA MACRU YKUd4wmid Q7=5EP=72 11843 PAGE 4

VN ODL GNR»

Qopuea!

popoel
vegdul
vaounl
voaunl
evgunl
youvoel
oueuYel
pepval
vgouel
vépdel
vepval
voadel
ndovel

QooYel
Qdedgl
voeonl
vopval
vopdel
pénpdal
p2odol
vagael
kool
aopenl

T Qepoel

voedel
bveeel
eeadel
“opool

+ CSECT

CONDITIUNALS TO GENERATE THE STANDARD FACKAGES,

» IFDF

CND$2=}
CNDs$3EY
CNDS 4y
CND$6my
CNUS18my
CnDs22ay
CNDS30®)
CNDSI7my
CND3dBwY
CND$SJIORY
CNDS41my
CNDS44ny
CND34b=
«ENDC

2 IFDF

CNDS =
CNDSSs}
CNDSiOEy
CNDS138}
CNDS 14wy
CNDSi{S®y
CNDs1683}
CND3 98y
CNDs$28m}
CNDS4Sny
CNDS47my
+ENDC

o IFDF
CNDSB*]
CNDsSOw
CND3S3isy
CND342wy
+ENDC

SINGLE] SINGLE PRECISION PACKAGE?
JPADR, $8BR
PALOG,ALOGLO
FTAINT
JSCMR
1 SOVR
TEXR
FSMLR
JSIN,COS
JTANH
JATAN,ATANZ
1 8QRT

buuBkE) VUUBLE RPRECISION PACKAGE?
15ADD, 8880 :
F15CMD
J10LOG,DL0GLD
J1DSIN,DCOS
JDSQKRT
JOATAN,DATANR
180VD
IDEXP
F1SMLD
FsLDD
18870

SINGLE | DUUBLE
130C1,SRCI
1SECO,$FCO,86C0,%0C0
FSNGI, SNGR/,SNGD
1TRAPH



FPMPI1 FLUATING PULINT & MATH Pa

W BNORL GN -

VLTS
buundel
vepvRt
védnvel
vdovol
'CLI T

céevel
vadedul
parvRl

goednl

C bdevel

wauael
vdeoial
vendel

vvodet

puvval

wopunl
Ylndul

voavul
Guneey

ponevnl

voueal

wapuel

ageael

gdauel

voevel

o IFOF CNUSIB}
CND$2ey
CNDyLBe)
CNUs20my
CND321my
CNUssos)
Cnvsdes)

«ENDC

s IFNUF  FPU

MACRU VRU4a1d O7=5EPw72 11343 PAGE 5

TANH?

] $ADR, $SBR
I S0VR

JEXP
ISFUALL
FOMLR
FEPSHRY

« [FOF CNOSSICANUS2BICNDII7 [CND$I9

CNDS2ed
CNDsiBsy
CNUsJos

» IFDF CNDSS7 S
CNDs4n}

«ENDC

s ENOC

J$ADR, $SBR
T20VR
J$MLR
3IN,CU87?
FRINTR

o« IFOF CNOSIALICNDSIIICNDSIBICNDYYLY

CNDSisy P3ADD, 8580
CNDS Gy i30vV0

CNDs26sy F¥MLD

CNDSJSEY FSPUPR4

2 IFDF CNDsSLdF USIN,DCOS?
CNDS$S118%} FSOINT

«ENDC

«ENDC

o IFDF CNLSYjChUSLAY ALOG OR DLUG?
CNDs27s) I$IR,$1ID

«ENDC

« IFOF CNDRLIQ{CNDS2Y LXP OR DEXP?
Chveg7ey fsIR, 310
Cnb§3osy FSR]1,80]

BENDC

«1FOF CNUS14) USukT?

Lnusisd T$4DD

CnDELO3Y FLOvVD

«ENDC

e JFOF CHD84Y; BQRTT

CnDgesd I3 ALR

CND3jesmy isoye

«ENDC

«ENDC

« JFOF CND3E3) FLOAT?
CNpg27=1 i*IR, 310
CND3JSEY I 3PUPRS

«ENDC

« JFOF CNDSE2UNUS26)  1F1x, INT, OR IDINT?
CNUSISF] T$RI,%01

«ENJDC

« IFDF CNDBSY] ATAN QW ATANZT7
CND$JS=] TPOPRY

«ENOC



TRAPU2

essospass DB NP D LR

BLGLRN- 8

16
17
18
19
29

22
Q3
24
25

26
27
28
29

30
3

a2
33
34

3%
36

37
38
39
49
41
42
43
44

43

veedo

popus
adule
Queie
IR ]
prels
ndQdp
pep22
poudde

neade
p0pdd
wéeda

20044
20046
avede
eued2

popde
adpte

TTLT
Ponbé
20070

vow’74
wen’76

Qvi02
ae104
ae14dé
woile

udaila
RRY ]
wd1l6

20142

poaven
PdpLnl
vdavue
poRved
eépo4
veaonsd
vdavnd
peevar

0AR786 TRAPNHI
200017
evovaz
vesR4s
pioS46
vilpdat
Vipd4b
vipaas
viajde
biglab
16623
voeb2y
Q42703
pboouge
viedy7
177776
ay16o6uy
poeYyb
ginled
el14i04
elp4ed
w4704
177700
P69 4
pleand
eepdod!
1 RR-1-1
oipang
v42702
1dpepd
p6n702
Q32704 PTS4
Q4naY
Quid14
1061us
160122
143¢na

viebav
06252
BlpY68 UPLE421
powLLe
Wi272% §TRS42¢
pduada

MACRU VRUVA=14 D7=SEPw72 11149 PAWE 6

oTITLE THAPUQ

«1FDF CNDS42

aGLOBL THRAPH,SERRA
THE FPMPeiil TRAP HANDLER

RAwY0

Riwxy

R2wy2

R3NX)

Ra4n%4

11371

SPax6

PCeyx?

BIC #i7,2(8P)) CLEAR ALL USER COND CODES
CLR «(8P)1 SPACE FOR ADDR MODE

MOV RS,=(SP)? SAVE THE REGISTERS

Moy Ré,s(SP)

Mav R3,=(8P)

MOV R2,=(8P)

Mov Ry,=(8P)

MOV RU,=(8P)

MOV 20(8P),RY) GET USER'S STATUS WORD
BIC 20,83} CLEAR TeBIT FOR US

MoV R3,0¥177776) ESTABLISH A8 CURRENT STATUS
MOV 16 (8F),R1) GET USER'S PC

MoV R1,RY) COPY USER'!S PC

MOV w(Ry),Ral PICK UP TRAP INSTRUCTION
MOV R4,RS) CuPY

BIC #177700,R4) CALC TABLE INDEX

ASL R4} TIMES Twy

MOY THL84Q(R4),R4) GET TABLE ENTRY

BEW ERRS42) ERRORI NU ENTRY IN TABLE
MOV R4,R2) COPY TABLE ENTRY

BIC N140000,82) CLEAR MODE BITS

ADD PC,R2) RELOCATE RUUTINE ADDRESS
BIT WaQR00,R4) ADDRESSING REQUIRED

BEW NADSA2] BRANCH IF NONE REQUIRED
ROLB R3J TEST UPERAND ALDRESS MOODE
BPL PLMSA2) BRANCH IF BIT 6 EQUALS ©
BCC 3TK$427 BRANCH [F ®RO MODE
HELATIVE MODE

MOV RS,R0} COPY JUSER'S PC

ADD (K5)*,RE} CALC ACTUAL DPERAND ADDRESS
MOV R5,16(SF)} UPDATE USER'S PC

MOV wFACE42+6,R5} ADURESS OF FLAC



TRAPUZ

46
47
48
49
50
51
52
53
54
S8
56
57
58
59

6¢
61
62
63
64
65
66
67
68

69
70
71
72

78
74
7%
76
77
78

79
8o
81
82
83
84
85
86
87
8a
89
90

91
92
93
94
98
96

poL26
P ER] ]
Qv132
@134
I'BR ]
a4
y142
w0144
po146
2015
e0192
woibae
' FR-1]
uoite

ed1ts4
Qo066
peL7e
e0172

puL7 4

Qv2400
on202

eB214

Bagle
plel2
ge214
ed2le
pe220
oR24d2

p02es
e023p
weede
Qo234
20296
w8249
ou242
peR44
wegeas
neasea
pU2o2
weed4

1. V1-Vi
pa264a
T P11
uRe’72
gvarz
Q0274

ves7p4
022403
0e5015
¥05045
068725
211546
014546
014546
014546
pes704
20R402
022020
0on4nd
062700
¥oeB10
214046
©14046
814046
014046

e127p04
vdplea!
pweply2
pRRERAl

wi27e%
PBp4d2!
w2629
piatald
012625
w2628
vi17e2
01275
2Rp432"
pus725%
pwee4a1e
CE AR
P0587258
pRIRLl
pus72%
potlva’
pUS725
pA1LRY
ROV
p84pd
653766
177776
nAnB2N
LY L
vi126pe
vi126p1
v126p2
12603
212604

STds421

ST6842)

0725421

-

ADWE4ZI
!

RETS423

NEGS42E
CMFS421

PLS 428
Chlsagy

187
BLY
CLR
CLK
18T
MOV
MOV
MoV
MoV
18T
BLT
CMP
BR

ADD

MOV
MOV
MOV
MOV

MACRU VRO4m14 D7wSEPw72 11149 PAGE 6¢

R4} SINGLE OR DOUBLE?

§T4342) BRANCH IF DOUBLE

eRY) CLEAR LAST 2 WwORDS OF FLAC
- (RS)

(R5)Y*y INCR RS

eRS,=(8P)) PUST THE FLAC

= (R5),=(3P)
= (RS),w(SF)
G(RSJ,I(sP)

R4) SINGLE QR QOUBLE?
§T6842) BRANCH IF OOUBLE
(R@)*, (RE)+) INCR R@ BY 4
0T2842

¥8,,RD

w(RA),=(3P)} PUSH OPERAND

= (R@) , = (3P)
«(RQ), = (SP)
= (RQ), = (3P)

CALL RUUTINE IN POLISH MODE,
THIS 18 NOT A STANDARD POLISH CAbL
IN ORDER TO WEDUCE OVERHEAD,

MOV
JMP

«WORD

NOw
MOV

MOV
MOV
MOV
MOV
MoV
MOV

T87
BLT
BGT
T8T
BNE
TST
ENE
TST
BNE
CLH
NEG
818

TsT
MOV
MoV
Mav
mov
MOV

POP

#ADRY42,R4) ADDRESS UF RETURN ADDR
R2} CALL SUBRQUTINE

*21 RETURN ADDRKESS

RESULT TU FLAC

#FAC342,R8) ADDR UF FLAC

(SP)*,(RI)+
(3P)*, (RI)+
(3P)*, (KI)+
(SPY*, (RI)+
ePC, R0} MAKE ®R@ POSITIVE

HFACS42,H5) ADOR OF FLAC
(RSY*) TEST THE FLAC
NEGS4A2) BRANCH IF FLAC MINUS
PLSSA2) BRANCH IF PLUS
(RE)*

PLS842

(R5)*

PLSS42

(R5)*

PLSS42

RO} FLAG FLAC AS ZERD
R} FLAC I8 NEG

GR177776¢28(5P) FSET USER!S CONDS

ROJ SET COND CUDES
(SP)*,R0} RESTORE USER'S REGS
(SP)*,R}{

(SP)*,R2

(8P)*,R3

(3P)*,R4
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97 Q02’6 w12005 MOV (SP)*,RS

98 QUIVA vUS5726 78T (sP1*) ‘ TESY IF STACK MQDE

99 ¥a302 “B14413 BEQ RTISA2) NQs S0 RETURN

1p0 8344 100V06 BPL RT28421) ‘ BRANCH IF SINGLE PREC

101 0306 V12066 MOV (SFY*,6(9P)) POP USER' ARG,
vonLueE

102 4312 ¥12060 mov (SP)*,6(2F)
vanvoo

103 Q316 va262b CMP (SP)*, (5P)+

104 322 oReve2 RTI JRETURN TO USEK

105 V322 p12066 RTLE421 MQV (3P)*,2(SP)y  POF TwD WOWD ARG,
vaeuge '

106 V326 V120666 MOV (SP)+,2(SP)
LYY

107 0392 voeop2 RTI§423 RT]

148

149 J ' ROUTINE TU MAKE JS5RK CALLS

114 0394 BR4O12 NAUSA4A21 JSR RS, er2} CallL SUBKOUTINE

111 4336 Y1275 MOV (PCY*,R5J PICK UP ADUR OF FLAC

112 2349 wuedra! «WAORD FACS42) ARG ADDRESS (FLAC)

113 @342 vipuves MOV R, (K5)+} STURE RESULY INTO FLAC

114 0344 V1128 MOV Ry, (R5)+

115 ¢346 21pl2d MoV R2,(K5)*

116 vad) v1pd2Y Moy R3, (K5)+

117 9352 wewe72 BR RETS42} GO DO STANUARD RETURN

118

119 H MORE MODE CHECKING

120 03594 123418 PLMSAZE BCC §TMS42) BRANCH IF STACK MUDE

12t t IMMEDIATE MOUVE

122 @306 pipden MOV RS )RU} ADDR IS USER'S PC

123 030¢ wos/u4 TS8T R4j SINGLE QR LouBLe

124 0362 Q0203 BGE PL1342) BRANCH IF SINGLE

125 v3b4 0827053 ADD w8, ,K5} UPDATE USENR'S PC
vepuatae

126 08372 voeo6H2 BR UrC$42

127 8372 022925 PL1$421 LMP (RS)*, (KD)+} URDATE PC

128 0374 vaebsA BR UPCe42

149 [} STACK MUDE

130 v376 Q1udry STMS421 MOV SP,RY

131 d4ve vb2/uUvY ADD #22,701 CALC ADUKX UF ARG ON STACK
veaae

132 8444 VENE606 InC 14(s7)1 FLAG oTALK MQQE
goevta

138 V4l vas7p4 181 R4} SINGLE 0K UCUBLE?

134 valz Y2243 HGE STKE42) BRANUH IF QINGLE

146 Vd4la vwdsdes NEG 14(sF)y FLAG DOuBLE
vogat 4

130 44y voud4y BR STK$42

137

138 H ERRURE RUUTINE NUT AvaliLaBLE IN PaCkAGE

139 Ydad2 vdshYey ERHE42E CLR Rat SIUNAL TmaAFH ERKOR

140 0424 vYade? JSK RS, $cRRAJ HY POINTS T0 BAD TRAP INSTR
veidet

141 4%y vAp774 B ERKS427 HARD STOF

142

143 i FLUATING ACCUMULATOR

144 0492 vPnkRY FALS42T ,wURD 2,0,9,0
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¥4d4 vBNUR4
W4des vended
vadp ¢ouveRd

145 «1FDF CNUBD
146 JCOMPARESUN FUDGE
147 @442 12724 CMrs42t MOy HLARD42,R4y AQDR OF RETURN ADODR
pupasat
148 V446 vyrle7 JMP $CMR
BUZ6E6
149 2492 yenésdarlangdit ,wURD Y]
159 04d4 ub3’/68 BIS CR177776,24(5P) J3ET USER LOND
177776
wendza :
151 8462 ¢g2026 LMP (SPY*, (SF)+} POP STACK
152 ¢a64 gdne77 -] CM1 342
153 +ENDC
154
155 « JIFOF CNDS%D
156 8406 wi27p4 CMUSA2: MQV #CADP42,X4
©wepdazo
1587 @472 wveals? JMP $CML
vwu2d44
158 V476 vereS41CAUS428 (WORD CMF$42
149 «ENDC
168 v4papea PMODE=4AQRAD
161 1040092 UMODE=ivALR2

162 w802 VOYPYY TBLSAEE ,wWORD @,0,v,8,0,2,0,80 =7
U592 vdedey
@504 gRovRR
¥bd6 ARYURY
251n edpund
@512 odeowey
¥o14 vUpue9
Usie veyvae

163 6820 @vpLe? «WORD B, 1ib=l}

U522 VPVYRY
164 o [FDF CNDse
165 VU524 41712 + WORD SADRPTH42¢PMODE 112
1686 8526 v417eb awWORD SSBR=PTS42+PMOLE XL
167 +ENDC
168 + IFNDF CNDSZ
169 «WORD Q.0 12wl
170 +ENDC
171 « IFDF CNDS)
172 U532 14p6pb e WORD SADU=PTH42+PMODE*DMODE 14
173 532 149022 «WORD 3S500"PTHA2«FMODE+DMODE 19
174 «ENDC
179 «IFNDF CNDSI
176 «WURD B, i1d4=15
177 s ENOC
178 2 IFOF CND$9
179 ©534 140874 s WORD CMU342«pTS42«PMODE*OMODE 116
180 +ENDC
18¢ o IFNDF  CNQ$O
182 ¢ NURD (] jio
183 «ENQC

184 « [FOF CNDsO



TRAPUZ

185 Q636 P4p344

186
187
188
189
190
194
192
193
194
199
106
197
198
199
200
201
202
223
204
200
206
207
208
209
219
211
212
213
214
245
216
247
18
219
220
221
222

ead
24

229
226
Qa7
228
229
230
2314
R32
233
234

©eB4p
LY T)

2644

B546

2550
05%2

0554

Q596
CLLL
8562
0504
2566
@579
8572

2874
ub76

eede
0602

poedoe
057064

106650

152112

eoodon

ve3len

2Rd026

vopion
voooow
peeoveY
eopuer
vopdpe
vogoav
0000

17766
w7732

107654
187076

s WORD
+ENDC
2 IFNDF
2 WORD
+ENDC
o IFOF
2 WORD
+ENDC
o IENDF
2 WORD
»ENDC
« IFDF
«WORD
+ENDC
» IFNDF
+WORD
+ENDC
+ IFODF
s WORD
+ENDC
+ IFNDF
«WORD
+ENDC
+ WORD
o IFOF
«WORD
«ENDC
« IFNDF
«WORD
+ENDC
W IFOF
+WORD
2 ENDC
» JENDF
+WORD
+ENDC
+WORD

¢ IFOF
2 WORD

«ENDC
« IFNDF
s WURD
+ENDC
o IFDF
2 WORD
+ WURD
+ENDC
+ JFNDF
«WORD

MACRU VRUA=14 QB7»SEPm72 11149 PAGE 6

CMRS42FT542¢PMODE
CNDSO

2

0

CND§J®
SMLR=FTS$42+PMODE

CNDSd2
2

CNDS28

‘SMLD"PT542+PMODE«DMODE

CNDS@8
[

CNDSie

SDVD=PT342+PMODE«DMODE

CNDSIS
e

¢
CND3 18
SDVR=PTE42+PMODE

CNDSiB
2

CNDS4
AINT=PTS42

CNDS4
2

2,2,9,0,9,0,9

CNDSO?
SIN=FT342,C08aPTS42

CNDS 7
0,0

CNDS13
DSIN®PTS424DMODE
DCOS™PTS424DMODE

CNDS1D
8,0

F7

17
120

121
r2d
122
122
123

123
f24
es

125
I26

126
j27 =38

3537



THAPYZ

235
236
297
238
239
240
24}
242
243
244
245
246
247
248
248
259
251
252
253
254
255
236
257
258
259
260
261
262
263
264
265
266
67
268
269
279
271
272
273
274
273
276
277
278
279
e8¢
28}
282
283
284
285
286
287

288

289
290
291

ued4e

0696

26la

g612
6614

8616

864

w622

V624

0626
06dp

vede
wed4

vejes2

vouded

1141040

voneQo
bR15952

110956

pepdnb

014456

113612

002452
wog44b

106056
1069352

+ENDC
«IFOF
+ WORD
«ENOC
s IENDF
«WURD
+ENDC
+WURD
o IFQF
2+ wURD
2ENDC
o IFNDF
oWORD
+ENDC
+WURD
« IFOF
s WORD
«ENDC
o IFNDF
+WORD
»ENDC
« JIFDF
s WURD
+ENDC
» IFNOF
« WORD
+ENDC
« IPDF
« WORD
« ENDC
a IFNDF
«WURD
+ENOC
2 IFDF
«WORD
«ENQC
« IFNDF
«WQRD
+ENDC
« IFOF
+WORD
«ENOC
o IFNDF
o WORD
«ENDC
o IFDF
.“DRD
s WORD
+ENOC
a IFNDF
s WORD
«ENDC
« IFOF
2 WURD
«wORO
«ENDC
o IFNDF

MACRU VR#4=14 Y7«S5tPm72 11149 PAGE 64

CNDSI9
ATAN®PTS42

CNDS$Y9
0

]
CNDSIS
DATANPTS42+DMODE

CNDS1S
0

0
CND34Y
SURT»PTEA2

CNDS4y

]

CNDS 4
DSART=PTI42+0MODE

CNDS L4
@

CNDsds8
TANH®=PTS42

CNDS§JB
@

CNDs2o
EXPePTS542

CNDS2o
@

CNDS19
DEXP=PT§42+0MODE

CNDSLY
2

CNDSd
ALOG"PTS42
ALOGIR=FTS42

CNDS?
©,0

CNDSsle
DLOG=PTS42+0MODE

VLOGlowPTS424DMNDE

CNDSlO

j42

Fad

j144

1ad
145

146

L]

147

Va7

180

150

151

131

152

152

159
154

153254

155
156
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292 sWUORD 040 15556
293 +ENDC
294 2636 vo@RdRY +WORD  @49,9,0,9,0,0,0,02,0 157=72

06ég vonvae
v6e42 woyoed
U644 wdnvpy
¥646 ovndee
v6ba wvopdno
W6d2 vvoRew
wed4 véndQe
VesSs pondnd
2660 nendpd

295 2 IFDF CNDs44

296 4662 161746 +WORD SLOR"PYS42+FPMOVE 171
297 +ENDC

298 +IFNDF CNDS44

299 : aWORD "] 171
Jou +ENDC

301 » IFOF CND§4S

32 4664 161760 +WORD SLOD=PTSAR+PMODE+DMODE 172
303 «ENDC

Ja4 o IFNDF  CND3S4S

325 s WORD "] 172
3a6 +ENDC

3a7 + IFOF CNDS4s

3gd u6eb6 vbpUew s WORD SSTROPTS42+PMODE 179
a9 +ENDC

310 + IFNDF  (CNDS4S

311 o WORD ") 173
312 «ENOC

313 ‘ «IFOF CND34?

314 0672 162054 « WORD SSTD=PTS42+PMODE«DMODE 174
315 «ENDC

316 « IFNDF CND347

317 s WORD 0 174
318 +ENDC

319 @672 peoaeed + WORD 2,0,0 17577

0674 veo0RQ
0676 vooeee

320 +ENDC

321 «TITLE SADDOS

322 «IFDF  CNDSA

323 JGLOBL SADD/,SSBD,SERR

324 ) SADD wewn THE DOVBLE PRECISION ADD ROUTINE

325 ’ S$ADD VaRsA

326 ! COPYRIGHT $1971,1972 DIGITAL EGUIPMENT CORP,, MAYNARD, MA
327 ! ADD THE TOP STACK ITEM TO THWE SECOND ITEM

328 ) AND LEAVE THE SUM IN THEIR PLACE,

329 ] §SB) mem THE DOWBLE PRECISION SUBTRACT RQUTINE
330 i SUBTRACT THE TOP STACK ITEM FROM THE SECOND ITEM
334 ) AND LEAVE THE DIFFERENCE IN PLACE UF THEM

332 20pYR0 Rpw%Q

333 voevo! Rimxy

334 vRavee R2m%2

338 CYY YR R3®¥%d

336 porvegd Ramx4

337 vonves REmYS
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338 200606 SPux6
339 0ene? PCEY7
da0 CYTLL) A{mb
3414 ono1Y Bynsg,
Ja2 9Qp@y2 Cisty,
343 0Bl 4 vieL2,
Jas pepeLs a2my4,
340 ?0Pd29 B2%16,
346 pend2 Camy8,
LYY vepe24 D2s20,
348 vopoRd SIGNS®Y,
349 177364 MGR177304
3se 177812 NOR®{77312
351 177314 LSH®177314
352 177316 ASHE{77316
353 1YY Famxo
354 0700 v62716 Ss58D81  ADD %1200002,0SP INEGATE TOP STACK ITEM
10p0R
355 JIFDF  FPU
3ss $AVD!  LWORD  §7@@}t JJSETD
sy owURD {72426 1JLDD  (SP)*,F0 IGET OPERAND
358 W»WORD 172026 J1JADDD (SP)e+,Fg 1ADD
389 «WURD 174046 1)STD  F@,=(SP) JSUM TO STACK
360 JMP P(R4)e
364 +ENDC
382 +IFNDF FPY
363 0704 Y1446 SAVUDI MOV R4,=(5P)
384 0706 210046 MOV RS,=(8P)
365 071i0 05046 CLR °(8P) JCLEAR SIGNS
388 2712 2050p4 CLK R4 JCLEAR EXPUNENTS
367 4714 yuseRY CLR RS
368 4716 uesgag ASL DIC¢SP) ISHIFT QUY SIGN UF TOP ITEM
LT
389 @722 veslss ROL CL(8¥)
edevy2
378 0726 vosles ROL B1(SP)
CTLIEY)
371 @732 0veliss ROL AL(8P)  JSHIFT Al
veuepe
372 0736 156604 BI8B Ale1(5P) R4 IGET EN
TN
373 2742 vDi4el BEQ ALZS1  JJUMP IF ZERD
374 0744 106116 ROLB #SP JGET 8¢
375 Y746 RR6ISS ASL D2(3P) ISHIFT OUT SIGN OUF SECOND ITEM
¥op024
376 2752 vQ6166 ROL ca(sP)
LY EY]
377 @7%6 woei6s KoL B2(5¥)
PYT.LEY)
378 Y762 VO6lE6 ROL A2(SP) ISHIFT a2
yopoLs
379 6766 156605 8188 A2+1(SP) /RS IGET E2
popw17
389 0772 wp1d3v BNE AZNS1  JJUMP IF NOT
381 0774 106016 ROKB (X1 IRECONSTRUCT Ag
382 8776 VO6LES ROK AL (SP)

panvpe
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383
Jad
388

386

3e8d
3a9
39¢
391

3g2
393

394

390
396
397
398
399
490
421

402
483

494
425
aué

407

498

499

1842
10408
1012

lvls

1024

i0d2

1040

1946

10502

1004

l1vea

1006

1074
1076
1149
1104
iiip
1114
112n
1122
1144
1190
1134
114@

1144

1102

1160

BL60V6L
vapviv
1Y
vvwoy2
Bo6VLE
supv4d
ble666
Bbownb
AvRULs
RY1-1.1.]
vadpuid
vonovaw
Vi66606
vdpoye
vwueva2
"R Y-1-1-1.
popvLé
veynza
uas726
pople?
wopaze
106166
wopdnl
112766
vopvel
vwaQuL?
112786
wogvol
Qveun7
16040d
w3y
pisbya
HopoLo
wiedpl
wapuvzo
vwieone
vdpue
wieodnd
wopez4d
vweop4az?
wopdp4d
016000
woruved
witony
Vdpvio
pieoén2
vdnvie
viebpnd
7Y
Vi6066H
veav16
Bunves
VWieoso
vy
nwunvi Y
Ui6obhH
ddeauzd

Afislite

A2Nsg it

ExAsglt

ROR
RQR
RQOHK

MOV
MQVv
MoV
MOy
TST
JMP

KoL3

mavs

Move

suB
BGT
MOV
MOV
MOy
MOV
BR

800
MOV
MOV
MOV
MOV

mov
MOV

MOV

MACRU VRU4=14 27#SEP=72 {1149 PAbLE &+

B1(SP)
Ci(SP)
D1 (8P

AL(SF),A2(8P) JFIRST ARG TO TOP OF STACK

B1(8F),BE(3P)

CL1(8P),C2(SP)

D1 (8F),02(8F)

(SP)* FFLUSH 81GNS
QuUTs! fDONE

SIGNS#] (SP) JGET S2
H)l,Ale) (SP) JINSERT NORMAL BIT
#i,alel (SP) JINSERT NOKMAL BIT

R4,RD  IRSmERw=El, R4=E}
EXASL  JJUMP IF E2»El

A2 (8P), KV JRUSAZ
B2(SP) R IR1eB2
Ce(sP),re
D2(SF),RY

SCKS) 1G0 CHECK SIGNS
RS,R4 IRSuE2=E],NASE2,E27E ]

AL (SP), RO JROmAYL
B1(SP) k1 JRimBY
Ci1(sF), k2
DL(SP) R

A2 (5P),aLl(SP)

B2(SP),B1(SF)

C2(s¥),Cl(SP)
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apdye
412 1106 wi6066 MQv D2(SFY,UL(SF)
vwaQue4é
uonnya
411 1174 vogd16 SwAgd sS5P FEXCHANGE SIGNS
412 1176 v684u9 NEG RO feiwk2
413 12002 1260106 SCKR$L1: CmPR SIGNO+L (SP),65P JCUMPARE SIGNS
vdept
414 {204 w1412 BEW ECK$ FTHEY''RE THE SAME, CHECK EXPONENT
415 1206 pYd4pd NEG R3 INEGATE OPERAND
416 12lg ¢ubo¢2 ADC K2
417 1212 aedonl ADC R
418 1214 puddey ADC RY
419 1216 bwvbdu2 NEG m2
429 1222 vasopy ADC Ry
421 1222 ©¥Sd9w ADC RO
422 1224 u©@b54y NEG L3
423 1246 pesdpy ARC K
424 1232 wdH4py NE L LY
425 1232 wos7gS ECASL1t TS RS JCHECK EXPUNENTS
426 1294 onyas? BEQ S§FD3) JJUMP IF Els3EZ
427 1296 0e27y5 SFTs1l  (CHP #w57¢,R5 118 TrerE ANY POINT IN SHIFTING?
1777¢7
428 1242 pru3dyl BLE SFR$) 1YES
429 1244 uleopd MOV AL(SF),KHY INU, ANSWER IS UPERAND
cvpdns
430 1222 elebpt MoV BL(SF), K1 falTh THE LARGER EXPONENT
vopdLa
431 1% ov166p2 MOV CL(SFy, ke
poev12
432 1202 wiebed MOV D1(8M) R
YY1 4a
433 12604 yepona Br MJdusl
434 12006 ©v227uH SFER$LIE  CMP H=8,¢R5 JCHECK & OF BITS TO SHIFTY
177774
435 1272 vwa34e2 BLE Syl FJUMP IF NUT ™DRE THAN (/72 w(QKD
436 JIFNDF  MULDLV
437 1274 <udvdo CLK =-(5P) FSET WP ExTENSIOQN BITS
438 Y276 ¢u57ue T8Y R JACCURUING TO HILW OROER FRACTION
439 130y 10uun) BPL Sk1%l FIJUMP [F
440 134v2 veslis Com eoP
441 «ENDC
442 «IFDF MULDd v
443 187 RY
444 e WLIRD Aa674e 7 iSEX - (8P) JEXTENU SIGN
445 ERIC
446 1304 w2275 SFlsl:  LwmP Amibe, KD
177764 7
447 $sl¢ wwvzayl bLt S5lo0%] FJUMP LF NUT mMORE THAN A& WORD T SHIFT
448 13812 eluncpd migv R2,no PonlF T a4 wURD AT & TImME
449 1314 vlvlee nQv Rlyne
458 1316 ¢lrany MQVv Ry,KR1
451 1322 vlienmd mMQv €SP, R iUSE EXTENBION
452 1322 we2/vY 400 ale,r"S FaDJUST EXPONENT
woauze
453 1326 ¢uldeon BNk SFi1tl FTRY AGALIN

454 133y ¢vs726 st (Ske iV QP BEXTENSIN
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455 1392 p0e43R

456
'L
458
459
460
461
462
463
A64
465
466
467
468
489
470
a7y
472
473
47 4
475
476
477
478
479
482

484
482

483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
50¢
504
So2
503
504
5@5
506
5@7
5a8
5e9

1394

1340
1342

1346
1300
13%2
1394
1386
136p
1362
1364
1366
1370
1372
1374

222728
177778
eB34416
062725
pYRe20
BO6INI
pesiez
pesivt
U1 L3y 1)
pesLL6
gesdnsd
pa3I7Y
viedpd
vielne
ploepl
vi12600
pegde’

8yosi

S10811

s, 8813

810651

BR

« IFDF
CMP
BLE
MOV
mov
MOV
Mav
MoV
Moy
MQv
CLR
MOV
MOV
787
BIS
Moy
MOV
MOV
MOV
MQVv
MOV
BR

+ ENDC
2 IFNDF
CMP

BLE
ADD

ASL
ROL
ROL
ROL
ROL
DEC
BGT
Mav
MOV
MQVv
MOV
BR
+ENDC
+» IFDF
CMP
BLE
MOV
MOV
MOov
«WORD
MoV

« WURD
MQV
MOV
MOV

s WORD
MOV

5FDSi ISHIFT 18 ALL DONE

EAE

~'QQR5 .

88481 1JUMP IF NOT MORE THAN 3 TO SHIFT
R4,05P [JSAVE EXP

#MQ, N4 JPOINT TO MQ

R3,#R4 JLOW ORDER PARTS TU AC,MO

R2,=(R4)

RS, OWL SH JSHIFT THEM

(R4)+,R2 JSAVE PARTIAL R2

#R4,H3 JLOWEST ORDER 18 DUNE

R4

Ri,e(R4) JSET UP NEXT HIGHER WORD
RS, 0N 8H JAND SHIPT IT

(R4)* JPOINT TO M@

PRA, K2 JFINISH R2

Ry ,0R4

RO, =(R4) $00 HIGH ORDER NOW
RS, 08A8H

(R4)*, RO IHIGH ORDER DONE
LLETLE

(3P)*,R4

8FDs!

EAERMULDIY
#=8, /R3

88Asl FJUMP IF NOT MORE THAN {/2 WORD T0 GO
#16,1R8 JSHIFY LEFT 16=X

RS I1SHIFT LEFT

eSP

RS JCOUNT LOQF
SLAs)

RE,RY

R1,HE

RO, R}

(SP)*,R0

SFDS! FJSHIFY DONE

MULDIV

#e3, K5 JJUMP IF NOT MORE THAN 3 TO SHWIFT
§58A81

R4,08p JSAVE EXP AND SHIF1 CQUNT

RS,=(SP)

R1,R4 JSAVE Ry

a73e@s 1} ASHC RS,)RD JSHIFT HIGH ORDE
H2yRO JSAVE R2

73416 1} ASHC esP,R4 JIHIFTY IV

R2,R4

RS, R2 1R2 DONE

R3I,RY JSET UP LOw ORDER

073438 1) ASHC (sP)+,R4 100 LOw
RS, R3



$SADDO3 MACRO VRU4®14 @7=SEP=72 11149 PAUE B¢

510 MoV (8P)*,Ra JRESTORE EXPONENT YO R4

511 BR SFUSI

512 +ENDC

513 1376 285726 SeAgll 737 (Sp)* JPOP EXTENSION

514 1400 006200 SRBglt ASR R& FSHIFT RIGHMT

515 1402 oo60Q) ROK Ry

616 1404 vBB0R2 KOQR K2

517 1436 ©vR68R3 ROR R3

518 1410 ves2ad INC RS JCQUNT LoQP

519 1412 wve2772 BLY SKHes!

522 1414 pE66pY SFUSL: ADD DI(SF), kY JFURM THE SUM
popRl4

521 1420 wpesde? ADC RZ

522 1422 005901 ADC RY

523 (424 p0Sdp0 ADC RO

824 1426 p66622 AQL Ci(5P) ke
vdgeye

525 1482 pusdul ADC R1

528 14%4 005300 ADC RY

8§27 1446 vbebay ADD Bl(SP),R1
vepely

528 1442 vos%en ADC RY

529 1444 V66600 ADD AL (SP), ke
popues ‘

530 14%2 126616 CMPB SIGNI«L (3P), PSP JCHECK FUR UNEWUAL SIGNS
voeodal

531 1454 RO106Y BNE SuBsl iGN CLEAN UP SUBTRACT

532 14%6 v3pwz? BIT RO, #1000
vd1va

533 1462 p@14ed BEUW NODS) JJUMP 1F NO NORMAL BIT QVERFLOW

534 1404 n62p@ ASH RY

535 1466 pveuopl KR Rj

538 1479 pu6dp2 RQR R2

537 1472 pue6bvd KOR R3

538 1474 pas2nd InC Ra JINCREASE EXPONENT

539 1476 pvgdod NOUSLS SwAB R4 FMOVE EXPONENT LEFT

543 15¢0 vL123) BNE OVFS! fJUMP 1F OVERFLOW

541 15¥2 15pde4 NFLSIT BISS RQ, R4 FINSERT HIGM URDER FRACTION

542 150a u06426 KOR (sP)* FINSERT SIGN

543 1506 goeUed RQR R4

544 151p vo6dey NOK R1

549 1512 videveR HQORK R2

846 1516 ¢R6URS WKOR RS

547 1516 p05Y%ad ADC R3

548 152p vB5%02 ApC Re

549 1522 ouv5dp1 ADC Ry

55@ 1524 vasSdea ADC R4

551 {526 122417 BvS QVRS1 JJUMP IF QVERFLOW UN RUUND

592 19%9p 103416 BCS OVRS1

553 1542 0ipa66 Mov Ra,Acelm2(5P) }STORE EXPUNENT AND SIGN
vunidle

554 §1596 V1pi66 MoV R}, Beal=2 (SP) JINSERT LOW URUER FRACTION
napuyLs

555 1542 viedsd MoV RZ,C2+0m=2(SF)
vgaveeY

556 1546 Q1pd686 Moy R3I,D2eP=2(SP)

eopoee



SADDVY

557
558
559

Se4
b6y
562
563

564
565
566
567
568
569

57¢
5714
572
573
574
875
576
877
874
576
58¢
581
582
383
584
585
586
587
588
589
59
591
59
593
394
395
596
597
598
599
600
601
602
603
614
605
606
6a7
608
6oy
619

1552
1654
1596

1562

1564
15686

1572
1574
1875
1576
1602
1602

1606
1610
1611
1612
1614
1616
162@
1622
1624
1626

1649
1642
1694
1696
1640
1642
1644
16486
1609
1692
1654
1696
1660
1662
1604
1666

vieoasd
wizoes
p62706
weedlY
neeld4

uosn7e6
vuabe?
bendi e
vop787

e d

0ot
ae57p4é
¥o3S3s
Boade?
vepean
vopéel

webd

vet
U YT
posvnl
vasupe
pesopd
vesdLs
wesSdg4e
vep72d

pes7e0
Ve3v1s
poL42d
pes4ny
vusbo?
uesdel
'YL
Pesda
vesdal
pusSgQ
ve54014
nesled
0@9Ls
R
was4yl

ouTsin

!
OvFsis
OvKsil

Urssit

UNFSLE

UNDSLS

LERSYS

Suvsit

BTYS1}

MOV
Mov
ADD

JMP

187
J 8K

BR
W»BYTE
«BYTE
187
BoT
JSR

BR
«BYTE
«BYTE
CLr
CLR
CLR
CLK
CLR
CLR
BR

TS8T
BGY
BEG
NEG
ADC
ADC
ADC
NEG
ADC
40C
NEG
ADC
SwAg
NEG
BEQ

« IFOF
BI7
BNE
MoV
MoV
MOV
MoV
CLR
Moy
Sub
Moy
MoV
MoV
MOV

MACRU VROAw14 O7=SEPw72 11149 PAGE &

(SP)*,RS
(SP)*,Ra
#8,,5P JPOP SECOND ARGUMENT

#(R4)+ JUONE, RETURN

(3P)*  1POP SIGN
R5,$ERR JERROR 3,1

ouTsi
3

\

R4 JTCHECK FOR UNDERFLOW.
NODS]

RS,8ERR JERROR 5,1

UNDS1

3

{

RY

K1 FUNDERF|_ OW, THEAT AS @
R2

RJ

e03p TSET S8IGN PLUS

R4

NFLS1 JFINISH OUT NORMALLY

Ko JCHECK WIGH ORDER RESULT FRACTION
BT9S1 1IF POSITIVE SIGN 15 QN
278351 FCHECK FOR ZERD RESULT
R3 FGET ABSOLUTE VALUE

R

R

RO

R2

Ri

RO

Ry

R@

e3P JEXCHANGE SIGNS

RO

27881) CHECK FOR ZERQ RESULT

EAE

RO, #7740

HOAS] JJUMP 1F NOT MORE THAN 4 TO SHIFT
R4,=(8F) JSAVE EXP

#MQ, x4 JPOINT TO MQ

Ry, eRa pLOUW ORDEX FRACTION TO MQ
RO, =2 (R4) JHIGH ORUEX FRACTION TO AC
eunNONR INORMALIZE

CANOR, = (3F) 15AVE SCALE

#6,65P JCOMPENSATE FOR NORMAL BIT POSITION
Ri,ena JGET 2 HWIGH ORDEW PARTS

e8P, Pu5H ISHIFT THEM
(R4)*,R0 JRE DONE



$AUDED

611
612
613
614
615
616
617
618
619
62¢
621
622
623
624
625
626

627
628
629
6340
631
632
633
634

635
636
637

638
639
64y

644
642
043
644
645
648
647
648
649
6§50
654
652
653
654
6595
656
637
658
658
66¢
661
662

1666

1672
1674
1676
17¢8
1702
17¢4
1706
i71e

1714
1716
1720

1724
1746
1792

1734
1736
1742
1742
1744
1748
17%@a
179%2
17°4
1736
1760
1762
1764
1706
1770
1772
1774
1776
20V
2p82

23pe27
[IJ.ET'Y]
o194l
pasded
LRI R]
oesLIne
pasliet
wvsliaeg
voe767
162704
pépid
gus7el
0wa19024
16274
pepvza
gl1ednl
posvi2
16274
PduyveY
L EYAR
0R1731
15ndad
peedal
2psnd
19034
uesvend
024743
viledng
vosveRd
weadel
191104
1954@
pondel
1hedet
10Svad
vwoednd
15ndp2
105408
aon731

BoAsl?

iT5811

174811
AR 2R

MoV
Mov
CLw
MoV
Bl
MOV
MOV
MQVv
MOV
Moy
Sup
MOV
BGT
bR
«ENDC
BIT

BNE
VEC
ASL
ROL
kOL
ROL
BR

Sud

TST
BNE
sup

MOV
BNE
suB

TST
BEQ
BISAa
8wWAB
SwAB
8138
CLR
BR
MQV
CLR
SwAB
BI83
CLRr3
SwhAR
BT}
CLR3
Swad
BI3d
CLKA
BR
2ENDC
«ENDC

MACRU VRWd=14d U7=3cP=72 (1349 Pauve &+

eR4,®y I5AVE PARTIAL R}
R2,eHd4 JGET NEXT

e(R4)

#3F, 0L SH iSHIFT 17

(Ra)*+,RY JFINISH Ry

R3,eK4 JGET NEXT

RZ,-(RA)

eSP,Pful 5N ISAIFT 17

(R4)*+, K2 JFINISH R2

erd, K3 JRI DONE

(3P)*, 08P JCOUMPENSATE EXPONENT
(3P)*,R4 JRESTORE 1T TOU w4

NUDS) FJUMP IF NU UNDERFLOW
UNFS$]

R2,#4p0 FCHECK NORMAL BIT

UTssl iJUMP IF FUUND

R4 FOECREASE EXPUNENT
RS JLOUBLE FRACTION
R2

R1

R

BYAS)  JTRY AGAIN
#8,,M8 JREDUCE EXPONENT

1Tisl FJUMP IF ONLY RoxQ

R2,R1
21281 }JUMP 1F R2 NOT ©
#16,/R4

R3

ZENS1 JANSWER ]5 @

RI,RI JIMOVE BYTES TU RY,R{
R

RJ

R3,RW

RS JMAKE ALL UTHERS @
B8Y981 1GO NORMALIZE

RS, RE

RY

R IMOVE ALL BYTES LEFT
Ry ,RY

R1

R2

R2,R1

R2

R3

R, RE

R3

BT981  F60 NQORMALLZE WHAT'S LEFT



SADRB4 MACRU VRO4mi4 D7«SEPe72 11149 PAGE 7

1 +TITLE SADRUA4
2 s IFOF CND3E
3 +GLOBL SADR,S8BR,SERR
4 } SADR w~e=we THE REAL ADD ROVTINE
5 ) S$ADR Vep4a
6 ! COPYRIGHT 4973, DIGITAL EQUIPMENT CORP,, MAYNARD, MASS,
7 } REPLACE TWHE Tw0 ITEMS ON TOP OF THE STACK
8 ' WITH THEIR 8SUM,
9 ! $SBR wweew THE REA|L SUBTRACT ROUTINE
10 ! SUBTRACT THE TOP STACK ITEM FROM THE SECOND ITEM
11 ! REPLACE THEM BOTH WITH THE DIFFERENCE,
12 eepdeD Resxo '
13 popoe!l Riexyg
14 poove2 R2m%2
15 LY TR) RIEXS
16 000024 Renx4
17 gogons ‘ RSAYS
18 ©¥opURs §PeX6
i Qvoeea? PCuX?7
22 CY LT SIGNS=O
24 pdpued Ayng
22 popopé Bing
23 eveoia A2sg,
24 pepv12 Basio,
2% 177902 AC®1773022
26 1773¢g4 MQe1773024
27 177312 NOR®177382
28 177448 ABHRY77316
29 UYL Foasxo
32 v2094 062716 $8BRI ADD wiopepa,PsP JCHANGE THE SIGN OF TOP ITEM
© 10@eaD
3 +1FDF  FPU
32 SAURY «WORD 170001 JJSETF
3D «WORD 172426 ) )L DF (8P)+,Fp JGET OPERAND
34 « WORD 172228 J)ADDF (8P)#,F0 JADD
35 «WORD 174048 J)37F F,)=(8P) JSUM TO STACK
36 JMP O(Ra) e
37 «ENDC
38 s IFNDF  FPRY
39 02012 210446 SAUR? MoV Ré,e(SP)
49 2012 005V46 CLR w($P) JCLEAR S]IGNS
41 p2@14 005002 CLR R2 JCLEAR EXPUNENTS
42 92036 ©o59R) CLR R3
43 22020 008366 ASL B1(3P) ISHIFT BI
puoves
44 2024 DUGLES ROL AL(SP) JSHIFT Al
Y LY
45 220830 156603 BISB AL+e1 (8P) R} JGET EY
vopues
46 22034 ROiHY4 BEG outse JJUMP IF ZERO
A7 p2036 1026116 RGLB eSP IGET 8%
48 Q2040 VO6IES ASL B2(s8F) [ISHIFT B2
evpny2
49 2044 006166 ROL A2(&P) JSHIFT A2
T LYXY
50 02050 1060602 BI88 A2+1 (8P)R2 1GEY E2

11 I3 B}



SADRD?4 MACRU VRUMw14 U7=3EP=72 11149 PAGE 7¢

51 @202d4 201414 BNE A2NSE FJUMP IF NUT @

52 02056 106016 KOKB #5P IRECONSTRULT Al,B1

53 0200p VOERES KOR AL (SP)
ponded

54 22004 008VLS KOR B (SP)
“onveo

55 22¢7¢ vi6666 MOV AL (SPF),a2(SP) JFIRST ARG TO TOP OF STACK
Qapded
200010

56 92076 216060 MOV By (SP),82(5P)
eenRes
¢oooye

57 22104 V2pS54 BR ouTse JDNNE

58 P2106 126166 A2Ns2: ROLB SIGNSe ¢ (9P) 1GET 32
pogval

59 @2142 1127606 MOVB wl,A2e1(3P) FINSERT NOKMAL BIT
vopeg!
peevil

60 22120 112766 MOva #L,Alel (SP) JINSERT NORMAL BIT
Qoadel
pveons

61 2126 162402 Sy R3I,RE JR2wE2=ELl, RISE}]

62 0dL1da pwoYoed BG1 EXAS2 1JUMP 1F E2»sE]

65 @2192 vi66eY MOV A2(8P),RE JRO8A2
popLye

64 02136 016001} MOV B2 (SP),R} fRi%B2
poAuvy2

65 P2142 0dp4ayd BR SCKYE JCHECK SIGNS

66 V2144 260208 EXASZE ADD R2,RY In2uE2»Ey ,R3INER,E2%E])

67 02146 vi6opa MoV AL (SP) R JREwAY
vonded

68 82192 016801 MOV B1(SP), K} jJRimBY
vogueos

69 22196 16060 MOV AQ(SP),AL(SP)
pendyY
L YTEX]

78 02164 V16666 MoV Ra(SF),BLl(SP)
ponev12
LE LY

71 02172 ©¥pdLL SwAB #SP FJEXCHANGE SIGNS

72 42174 005402 NEG R2 TEL=E2

73 22176 1260316 SChg21 CMP3 SIGNS+y (9P), 08P JSEE IF SIGNS ARE THE SAME
goevel

74 222082 e@14923 BEQ ECKS< JYES, CHECK EXPONENTS

75 Y2204 BYdER) NEG R} INEGATE FRACTICN

76 02206 wid5ded ADC Ry

77 @ak2ia vd5dpd NED RA

78 @2212 @@5792 LCAs2t  TS8T We

79 32234 €U1452 BEQ SFDsé JJUMP 1F ElsER2

82 @2216 p22782 SF182% C(MP #e25,,R2 J15 THERE ANY POINT IN SHIFYING?
177747

81 02222 vulaed BLE SFR$2 JYES

82 02234 ©B160QV MOV AL (SP),wE IND, ANSWER IS OPERAND
voeuad

83 p223p w1661 MoV Bl(8F),ki JAlTH THE LARGER EXPONENT
vépved

84 2294 POD4YNE BR NODS2



SADRVA MACRU VRO4™14 @7«SEPw72 {18349 PAbe 7+

85 o IFDF EAE
as SKH§21 MOV Ry,08MQ PMOVE PRACTION TJ AC, MU
87 MQV RO, e#AC
L 1] MOV R2,0%A6N JSHIFT RIGHT TU EQUALIZE EXPONEN
8y MOV #¥MQsRY JRECOVER SHIFTED FRACTION
99 MoV eNAC RO _
91 «ENDC
92 W IFDF MULDIV
93 SFR$28 L, wORD P730¥2 JJASHC R2,R9
94 «ENDOC
95 «IFNDF EAE&MULDILY
96 22246 V2272 SFR$21 CMP #=8, R2 JCHECK & OF BITS TU SHIFT
177770 A
97 Y2242 0343} BLE §Fos8é JJUMP IP NOT MORE THAN 1/2 WORD
98 p2244 V0%0R4 CLR R4 JSEY UP EXTENSION BITS
99 22245 Vas57pd TSY RY JBASED ON MIGH ORDER FRACTION
120 220p jvpvel : BPL NGCPS§2 FJUMP IR «
101 2292 vedSied com R4 }Jo OTHERWISE
102 2254 v227g2 NCPs2L  CMP Ne 6, ,R2
177769
103 22060 vo240Y BLT SRLS¢ 1JUMP IF LESS THAN ONE WORD TO SHIFTY
104 2202 vipuel MOV R@,R} JSHIFT RIGMT A wWHOLE WORD
105 2204 ©ip4pe MOV R4,RY FUSE EXTENSION BITS
106 22668 062722 ADVD #16,7R2 FACCOUNT FOR SHIFT
vaav2e
107 2272 BO162} BEQG SFDS4
108 2274 V22702 SRLS21 CMP #e8 ,IR2
177779
109 2300 0V3I412 BLE $Fosd JJUMP IF NOT MORE THAN §/2 WORD
118 2302 962702 ADD #16,/R2 FSHIFT LEFT {6ex
- gope2Y
{11 2306 263Ny SFLS21 ASL Ry
112 2310 oQ6lpR ROL RO
113 2312 posiod ROL R4
114 2314 gosYe2 DEC R2 JCOUNT LOOP
115 2316 203373 8GY §FLs2
116 2320 PipoQl MoV R@,R} JPUT RESULT IN RO, R}
117 2322 wvlopdo? MOV R4,RQ
118 2324 0eQ404 BR SFDs2
119 2326 PP6202 3rFus21 ASR RO JSHIFY A MIN AND B MIN
120 2330 e062e! ROR R1
121 2392 wves5202 INC R2 JREDUCE EXPONENT DIFFERENCE
122 2334 p02774 BLY 8FQs2
123 +ENDC
124 2396 86602 SFUS2E AQD AL(SP),RU PAL+A2
"Y.PYTL
125 2342 066601 ADD B1(SP),RY 181e82
" FIT ]
126 2346 prsSYgY ADC RO
127 2352 1266416 tMPB SIGNY* Y (3P),0SP
poevel .
128 2354 wA1034 BNE suBse 160 CLEAN UP SUBTRACT
129 2356 pdpu27 BIT RO, #1020
poLoay
130 2302 01403 BEQ NODS2 PJUMP IF NG NORMAL BIT QOVERFLOW
131 2364 206200 ASR RO

132 2366 poevel ROR R1



SADRVM

133
184
135
136
137
138
139
140
144
142
144
144

148

146
147
148
149
159
151

152
153
154
159
156
157
1948
159
169
164
162
169
164
165
166
167
168
169
{70
1714
172
173
174
175
176
177
178

1/9
1882
18}
182
183
184
185

e3/o
2372
2374
Y76
244
2482
2404
24086
2419
e412
2444
2416

2422

24236
2499
24)2
2494

2496

2442
2444
2445

2446
2452
2452
2454
2408
24062
2402
2404

2404

2479
2472
247 4
2476
2592
ebd

goseed
veaspd
voyeae
19p003
206016
vesvpd
vesdpl
vesdet
yes2p3
102411
193412
plevss
voRviy
wiglet
@opuy2
ven726
vlabad
neaoas
voelyd

nu4ad87
p17344
van771y
ved
vee

©vav7ed
po3Pes
001413
veB4apy
vesdel
aes5oev
1L LR

vdpva?
Qopdae
va1uyd
"V ERTR]
aoedR1l
posled
vwae77)
ves7el

NOUS23

STns2t

Julset

QyRgas

!
Subsas

BTYsal

BoAs2!

AR T

INC
SwhB
BNE
8158
RQOR
RQR
ROk
ADC
ADC
BvVS
BCS
MQyV

MQV

187
MOV
CHP
JMP

JSR

Br
«BYTE
BYTE

TsY
BGT
BEG
NEG
NEG
SBC
SwWAB

W IFODF
BIT
BNE
mMav
MOV
CLR
Sup
MOV
ADD
BLE
MOV
MOV
BR
+ENDC
Bl

bNE
DEC
ASL
"0k
BRr
187
o [FDF

MACRU VRVA"14 Q7=5cPe72 (1149 PAGE 7%

o JINCREASE EXPONENT
RS IMOVE EXPONENT LEFT
OVRSZ  FJUMP IF OVEKFLOW
RU,RY

03P JINSERT SIGN

R3

R

W1 JKQUND SUM

R3

UVRS2 FJUMP 1F QVERFLOW UN RUUND
OVR#&

R3, A2 (SP) PSTURE EXPUMENT aAND SIGN
Ry,HBR(SP] JINSERT LOW ORUVER FRACTION
(SP)* JPOP SIGNS

($P)*,Ra

(SP)*, (5P)« 1PUP FIRST ARGUMENT

¢(Rka)e JDONE, RETURN
Ro,3LRR JERROR 3,2

QuTse
3
é

R FCHECK ~IGH ORDER RESJULT FRACTION
BT9%¢ JIF POSITIVE SIGN IS QK

1782 JCHECK FOR ZERO RESULT

K¢ JGET ABSOLMVTE VALUE

Ry

RY

eSP JEXCHANGE SIGNS

EAE

RJ(.’@Q

B9Ase JJUMP IF NOT MORE THAN 2 TO SHIFT
R1,08MQ JRESULT FRACTION TO AC,MQ

R&,enAC

e uNON INORMALYZE

O8NQR,RY FADJUST EXPONENT

#wb,PmASH JSRIFT T0 CORRECT POSITION
a6 ,RY JCOMPENSATE EXPUONENT

UNF 8¢ FJUMP IF UNDERFLOw

O®AC)RO

PuMQ )R] JGEYT FRACTION BACK
NUDS2

RA,wd00

UTSse FJUMP IF NOURMAL BIT FOUND
R3 JOECREASE EXPUNENT

R JUOUBLE FRACTION

RY

B9a%d JTRY AGAIN

R JCHECK LOW ORQER PAKT
EAE
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186
187
188
189
19¢
191
192
193
194

195
196
197
198
199

200
Q01
2v2
209
204
205
@8
207

2544
€506
2519
2542
2514

2529

2522
2524
2526

25482
2834
2535

2696

2549
2342

w14y
voodel
150100
195¢ed
162723
voQel1ae
V761

Pe5723 UTSs21
003d22
0e4adE7 UNFs21
wizese
pogéol

éed

vpa
pUsoRl UNUS2H
PUsved IENSZ!
wee725

BNE

BR
+ENDC
o IFNDF
BEG
SJAB
B133
CLRB
suB

BR
+ENDC
TSY
BGT
JSR

BR
+BYTE
+BYTE
CLR
CLR
BR
+ENDC
+ENDC

BT9Ss2
lERSE

EAE
IERSE
R1
Rt'RU
R1
#8,,R3

BTose

R3S
NODS2
RS, SERR

UNDSZ
3

e

R1

R3
STR$Z

MACRU VRY4w14 A7wSEPw72 {1143 PAGE 7+

}SAVE NORMALIZE SOME
JMOVE BITS LEFY

FTELL EXPONENY ABQUY

JCHECK FOR UNDERFLUW

FJUMP [F NONE
JERROR 5,2

FUNDERFOW, TREAT AS§
JCLEAR EXPONENT

TIME

17



SALGUY

©X NG U D GGN -

45

ae
47

LY.

nesad
va2sae
veson

5 4ebdd

wesde
22582

02506
wes’e

ae574
22576
2e6va
42602

nébly

neble

weody

624

pavded
peedel
vErde
vaLYRId
werded
boRded
poepeeo
pendarz
woeded
siadpt
govdee
el

¢11746
Eeedpd
Vekedah
vléaéd
poevae
¢12746
v71ds¢
wiz/ae
137061
w2dbet
PR
116446
CG3034
vendys
{16060
el
RN
112760
Cduitégy
cedael
tosdL6
vig7an
Ce2dnd
yle/an

- ws e we we

- e We Ve W W we .

ALt
Liwgdt

«TITLE
o IFDF

ALUG

bLUBL
o« [FNDF
o6LObL
+ENDC

MACKRO VKkU4=14 U7=SEP=72 11143 Pavk 8

$4LGY]
CND8¢

vdga3a

CUPYRIGAT 1971, DIulTAlL EQUIPMENT CURPURATION

ALUGrALUGLY, SERRY
FPu
$POLOH, LADR, SSBR,SMLR,SUYR DIRY

THE FORTRAN ALOG AND &LOGLU FUNCTIUNS

CALLING
J3R

HR
«WORD

RETURNS

R3s%e
LER b3
H2E%2
R3sXd
K4EY4
KEmYY
$PrY6
FCey7
Fazyd
Fyziq
F2wy2
Flsid
e 1P WL F
PO

2

Cuw

MoV

%
MOy

CMP
MgV
Qv
sLE
ASsi
FOVH

“0v3
AL
MOV

MOV

SEQUENCE?

RS, aL06 (OR ALUGLS)
A

ARGUMENT ADDRESS

LN(anG) (OR LDGIR(ARG)) IN RO ,w

FPy

4PC, =Sk Tt T Suadxk &8
Ldu s

= (§F) PHLAG &(LCG

e(~8) ,x¢ FOobt Y AKG EODRE 3
sdltelg,=(8F) JRLEm = /2% N(Z

a137861,=(5F)

=(SFP),=(5F) JUET «(RR oPACE
2(R&) ,=(3P) FGET1 ARG
§m4, " (SF)

ALEY] PJUMP LF wLT FOSETIVE
[ 314
(L3P 1E(8F) FGET ERFUNENT

a4l (87) JTRANIFGRM ARG

s5F
#4423963,=(SF) FRUSKH (/Qen(QT2

HPAFORS, = (5F)

i.

s
b

)

Ty

MAYNARQ ,MASS

FLAG

(1/72:+1)



SALGUY

49
50
51
52
53
54

85
56

57

58

59
60

61

682
63

64
65
66
67

68
69
792
71
72
73
74
75

76

wR6dP
LPLEY
A264Q
YILY
wedog

V2654
w2696
PPLL-T)
»naoete

wa664
Y111}
was7e
22872
aze74
22676
p2709
warzez
pe7ué
neyve
aRzio
ueria
"YIaY!
yR718
B27eQ

aR722
A2724
w2726
a273¢
werde
a27d4

e2yzde
u274p

yazez
P2744
nerdes

wazhe
ad754
ey ve
ve7%a
pe76
22764

a2766

per7a

PaY0ES
ny6H46
vuQues
V16646
pepdpé
012746
PRI
p12746
papvey
"rryYly
0wig772
pazvpa!
pe27681
PR
p13256°

wo3vL4!
podaL
wizieav
va2742
we27%541
wee7%4)
Ve275%4:
vwiziee!
vogvi0!
piziea!
puebia!
gizie!
nnaR1Y!
pi7162!
0aguLve

00Jbeuw!
visvsa
pu3nges!
wiziee!
vogR1e!
pR3nau!

eirie6a!
BO3IV4N!

vizdew
viatdel
p127p2
"RIPLY
vepap2
R R L
eledds
014d46
plagas
puRlld

012666
edpBL2
02666
o0ndL2

!
RELSI)

S§TR$I!

STCsd1

Up$3s

MoV
MQay
MOV
MOV
JSR
W WORD

«WORD
«WORD

« WORD

«WORD

«WORD

o WORD

MQyv
Moy
mQy

BR

MOV
MoV
MoV
MQV
JMP

Moy

mMov

MACRYU VRY4wid4 O7=SEPe72 11149 PAGLE 8¢

6(SP), = (SP)

GCSP),-(SP)

JPUSH X

HQQR2963," (SP) JRUSH §/2+RQ0T2

W04RLES, m (3P)

R4, SPOL SN JENTER PULISH MODE

3SBR/UPEI, SADR, SDVN 1GET (X«R0OOT2)/
}(%+ROOT2)

DURYS,DUPS] JGET THREE COPIES

$MLRIREGII,STKIJ,STKSI,STKI3 I1SET UP POLYNOMI

SMLR/)SADR, SMLR,SADR,SMLR) SADR, SMLR,SADR

JTEXPAND POLYNOMIAL
SCLSY,$IR,PLR233,8MLR JGEY LNCEXP)

SADRIEX]ISD

SMLRIEXTSS

(SP)*, Ry
(3P)*, Ry
#CONSJe 4, R2

STCH
Ri,=(8P)
R@.-CSPJ
w(R2),=(3P)
-(Rz),u(ﬁP)
e(Ra)e

(SPY*, 104 (5F)

(SP)*, 10+ (S8P)

JCOMBINE AITH FRACTION

1AND CHECK IF DONE
IMULTIPLY BY LOGLA(E) AND RETURN

JPOP Y
JPOINT TU COEFFICIENTS

JRUSH Y

jPLUSH COEFFICIENT

IMOVE ITEM TO WQRK SPACE



SAL

77
78
78
8@

B

82
83
84

ab

88
a7
88

89

92
91
92

93
94

95

88
97
98
99
100
104

102

103
124
1e8d
106
1a7
{08
129
110
111
112
113
114
115
116
117
118

G0y

02776

odeep
adug

adpes
wsevl2
Adpld4
vwiegdo
A3ude
vap2e
yagda
23pd6
Blvep

pdedse
23046

23pd2

23096
pdade
pspc2
KT Y]
3068
3970

Jp’74
d1¢0

J1v2
3103

119

120
121
122

venr134

und4s
156619
papdps
162710
vondpd
von134

wi6dao
vpandpe
vwieo4s
e
vepllae

vwia’z 46
w71439
wiaraé
Y13
waelle

1usd00
vepRes
wo24nd
012746
0857314
612740
037736
eopida
piaepe
plaoe!l
vay’26
v0pead
eo27p6
veeo16
woade7
ei6’7w6
eopaed

vo4

12

!
ScLsd;

¥
DUPgSt

!
PLesd?

Exlisdi

LGTS3:

ERMsIS

ALUGlos

ALUGS
LOous Sl

JMP

CLR
BISB

Sup
JMP
MoV
MOV
JMP
MoV
mav
JMP
VECSH

BLT
mov

mMav

JMP
MQV
MOV
TST
RTS
ADD

JSK

KTS
«BYTE
«BYTE
«ENDC
« IFDF
MoV
BR
CLR
SETF
SETI
MOV
LOF
CFCC
BLE
oTExXP
LOCIF
MULF
LDEXP
LOF
SubF

MAaGRO VRUA™14 V7=ScP=72 {1149 PALE B¢

e(Ra)e

.(SP)
6(SP), e8P

#2021 08F

O (R4

2(8F) ,w(SPF)
2(8P) , = (5P)
$(R4) e
®#0710308,"(SF)
8040961 ,=(5P)

f(R4)+

FGET EXPUNENT

JREMOVE ExCESS 128

FOUPLICATE STACK ITEM

PPUSH LN(2)

5(SP) JCHECK FOR ALOG1Y

LGTsd IND,
#055/31,"(SP)

8037736, (8P)
e(Ra)e

(SPY*,Ru
(SP)*,RY

DUNE

JPUSH LOL1Y(E)

JPOP RESULT

(SP)+* JTFLUSH FLADG

RS
#14,¢5P

RY, SERR FERROR 4,1¥

RO
4
19,

FPU
OPC.HA;
LOGSYg
R4y

!

H
BFCODY,RY
€2(RD) ,F2}

ERNSI}
F2,%1)
Ri,FIy
(RU)*,F3}
MA.F&}
F2,F1}
(RY)F2)

GET @0@4Xx AS ALOG1@ FLAG

GET @ AS ALOG FLAG

SINGLE PRECISIUN FP

SHURT INTEGERS

JPUOINTER TU CONSTANTS FOR ROUTIN
GET ARGUMENT

JUMP IF NOQT PUSITIVE

GET EXPONENT OF ARG

CONVERKT T U FP FORM

SCALE FACTURSEXPONENT®LN(2)
TRANSFUORM ARG T0 (1/2.1)

Xwl/2%8QRT(2)
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123
144
12%
1268
127
128
129
130
131
132
133
134
135
136
187
138
139
142
144
142
143
144
148
146
147
148
149
i5e
154
152
159
154
155
156
157
158
159

160
164

162
163

164
165

166
167
168
169
170
171
172

3104
3108

Ji1le
dgie

3114
3116

3120
3122

p37632
014528

237714
120038

p4poda
125532

pap4ee
pdovpe

Xpusdi

)
LGTSIY

ERRSIY

cusdt

- Y] . e -

)
CONSsII

- ADDF

DIVF
LOF
MULF

MOV
LOF
MULF
PEC
ADOF
86T

MULF
ADDF
ADDF
TSTY
BEQ
MULF

STF
MQVv
MOV
RTS8
J&R
RTS
+BYTE
oBYTE

(REI*, FY)
Fi.rdy
F2,Fl)
Fi.,Fl)

#3,R1y
(R2Y*,FO)
Fi,FO)
RLJ
(RR)*,FO)
XPD3d)

F2,rey
(R@I*,FD)
F3,FOy
R4)
LGTSY
(RQ)*,FO/

FO,=(8P))
(SP)*,RD)
(aP)*,R1I
RS}

RS, 3ERR)
RS}

4

19,

Xei/2#=8QRT(2)
We(X»RO0OT2)/(X*RO0OT2)

Yo Wew@

COUNT OF CONSTS POR POLYNOMIAL
INITIALIZE ACCUMULATOR FOR POLYN

COUNT

Fals YeF@ * C(1)
LOOP

FOlnm WeFd = 1/2wLN(2)

ADD SCALE FACTOR FOR EXPONENT
TEST ALOGLY FLAG

ALUGLRI® ALOGeLOGIO(E)

MOVE RESULT TO STACK

AND THENCE TO Rae,R1

ERROR 4,10
EXITwNO STACK CLEANUP NECESSARY

URDERwDEPENDENT CONSTANTS FOR ROVUTINE
R POINTS AT CURRENT CONSTANT IN FPU VERSION

+ WORD

+WORD
«ENDC

R40Rby,071030)
24061, p02363)

LN ()
1/2%8GQRT(Q)

CONSTANTE FOR POLYNOMIAL EXPANSION

+ WORD

2 WORD

s WORD

+WARD
« IFDF

P37632,014528

837714,120236

DavOBR2, 125332

04p4vQ, 000000

FFPU

} 900974506

1.,%90689100

1.686669471

1199999999

MORE ORDENwDEPENUENT CONSTANTS

+WORD

+WORD
+ENDC
+ENDC

137601,8710329

/2% N(E)

B37796,0557341 LOGLO(E)



SANTU3 MACRO VRU4Awm14 p7=SEPw72 11149 PAGLE §

1 «TITLE SANTUY

2 « IFDF CNDSA4

3 «GLOBL AINT/SINTR

4 ) AINT VERlA

) ] COPYRIGHT 1971, DIGITAL EQUIFMENT CORP,, MAYARD, MASS,

6 } AINT FORTRAN AINT FUNCTION, CALLING SEQUENCE

7 ! JSR RS, AINT

8 ! BR A

9 ' »WORD ADURESS UF ARGUMENT

1@ XY

1" ! RETURNS SIGN OF ARG * GREATEST REAL INTEGER « ®

12 I ABS(ARG) IN K2 AND R,

13 !

14 [ SINTR SAME FUNCTION AS AINT, BUT CALLED IN THE

15 ] POLISH MODE WITH THE ARGUMENT AND RETURN ON THME STACK,

16 g0aen R29%0 :

17 edpeol Rimx1

18 véndne R2®%x2

19 voaeed R3NX3

20 vlaved Ramxd

24 plR2WS REsYS

22 0U0p6 SPuxs

23 vooee7 PCex?

24 177304 MRw177304

2% 177314 LSHw177314

26 pREdad Fasxo

27 poneRl Fimx1

28 « IFDF FrU

29 AINTS » WORD 170091 1 JSETF

32 «WORD 172475%5,2 PILDF #2(R5),FOQ IGET ARG

31 » WORD 1714067,84 JIMODF UNE,F@ JGET INTEGER PAR

32 +WORD 174146 J}STF Flrm(SP)

33 ngv (SP)*,R0 JPOP TD VSER REGS

34 MOV (5P)*, R}

35 RYS RY JRETURN

36 ]

37 SINTRE LWORD 170001 JISETF

38 «WORD 172426 1 }LDF (SP)*,Fa JGET ARG

39 » WORD 1714067,4 JIMODF  ONE,F? JGET INTEGER PAR

40 o WURD 174146 J1STF Flow(3P)

41 JMP #(R4)% JHETURN

42 ONES4L L WORD 240200,0 JFLOATING 1,

43 +ENDC

44 «IFNDF  FPU

45 Q3124 V16504 AINTS MoV 2(R5),R4 JGET ARGUMENT ADDRESS
0000pe

46 p313p olrdpw MoV #R4,K@ JGET MIGH CRDER ARGUMENT

47 83132 pis4nt MOV 2(R4),RY FLUW ORDER
poRRA2

48 P3L36 eln’el MoV PC,RZ FMAKE K2 NON 0@

49 A314p 0p4nd BR Alys4

50 23142 vo50na SINTHE CLR R2 JMAKE R2 @

51 @3444 vi12600 Moy (SP)*,RR J1GET WIGH URUDER ARGUMENT

52 03146 0312601 MOY (SP)*+,Ry PLOW URDER

53 g3150 21e0pd AII$4F MOV R, RS

54 23152 wgosied RoL R3 JDUYMP SIGN

55 @3154 105003 CLRB R3



SANTUJ3

58
57

58
59

w106
03100

ad1b4
wagee

ady’2
28174
48178
nIzea
n3202

) 49204

29206
9821
voele
ud2id4
p9216
pI22p
ni2e2
pI224

29246
03239
232392
23234
wagde
w3249

LRI R
162703
VLY AT
w0028
vaz7ed
177750
“R2403
PLY-TP)
wesvel
vouaL2
Dledab

peBUEY
ev6dal
LAY TR
voz774
vieded
pe6dyl
voeled
vesdud
pea774

vos7e
peLdpl
2Razed
viel1a6
elevdd
vyl 34

LLLE LR

RORS43

ASL34L

ONESAl

Dnisds

MACKRU VRU4w14 07=SEPm72 {1143 PAGE 9

SwAB R3 JGET EXPONENT

syB #232:R3 JREMOVE EXCESS 20@ AND CHECK KANGE
BGE DNES4 JJUMP IF IT 13 ALREADY AN INTEGER
CMP we3f,RY

BLT SHFS4 JJUMP IF THERE 19 WORK TU DO
CLR K& JARG IS < §, SO RETURN 2

CLk RY

BR DNES4

MOV RI,=(8P) JPUSH =8HIFT COyYNT
«IFNDF  EAERMULDAYV ‘

ROR RO ISHIFT FRACTION

RQR Ry

INC R3 JCOUNT LOQOP

BLT RORS4 1G0O AGAIN

MOV (§P)*,R] JGET COUNT BACK

ASL Ry JSHIFT FRACTION BACK wWITH 0'8
ROL RQ

INC R3 JCOUNT LGOP AGAIN

BLY A8 S84

+ENDC

EAt CODE

s IFDF EAE

MoV #MQ,R3  JIPOINT TO MQ

Mayv R1,OR3 JINSERT ARG

MOV R¥,=(RI)

MQYV O5P, Pu 8N JSHIFT RAGHT

NEG o8P JSET FOR LEFT

MOV (SP)*,PnL3H JOHIFT LEFT

MQY (R3)*,RE JRESULT TO REGS

May PRI, Ry

+ENDC

MULOIV CODE
« IFDF MULDdv
s+ WORD 873016 J1ASHC @SP,R® ISHIFT QUT FRACTION

NEG esP J13ET FOR LEFT SHIFT
+ WORD 273026 J)ASHC (8P)+,R2 JSHIFT INTEGER P
+ENDC

T387 R2 JCHECK ENTRY FLAG
BEQ ON1s4 JJUmP IF SINTR

RTS RS JRETURN IF SAINT

MQV Ry,=(8P) JRUSH RESULT
MOV RO,=(8P)

JMP 6(R4)e JPOLISH RETURN

+ENDC

+ENDC



sCMuB2

CENOU LGN

46
47

48
49
S5a
51

adz242
03244

P32%¢
w3292
23254
23ed6
ad26p
232062
a3gba
BI206
waz’o
03272

av2a’e

I ER T

»33be
nd31e

29316

pdsaan
vdaez
23324

4eBued
péndel
Pdpeng
woedpd
ganuvné
gouear
eoneae

wi17ee
"RY-1.1"
vape1Y
woeadn4d
ve6900
p126a2
202403
pegda2
oi120602
002424
veplea
vo1914
peobio
R0
vd1e1l
V26666
veeuvid
yopvad
poiuns
0260666
Roeuid
nonved
ed1ony
wdsvpd
woevrd
123401

- e e We S WA m Ws We e s ws W

SChDs

Scmod

FPISDL

SMegd!

Ouisods

s TITLE
o IFOF
«GLOBL
$CMD

$CHMD

CQRYRIGHY 1974,

MACRU VHQA4®14 Q7=5EPw/72 11849 PAUE {0

$CMpY2
CNDSD
$CMU

THE VNUBLE COMPARE ROUTINE,

VYazA

CALLED IN Tre POLISH MUDE wITH THE TwQ
COMPARANDS ON THE STACKY

PIKST IS AT O(SF),

SECUND 1S e8P

FLUSH THE TwlU COMPARANDS AND RETURN
THE FOLLOWING CONDITION CODESS

FIRST « SECOND Nsi, 2
FIRST & SECOND Ns@, Z
FIRST > SECOND N=@, Z

R2=X%0
Risyq
N2E%Q
R4s%d
SPe¥6
FCayx7
Fasxo
o [FDF
+wWORD
+WORD
« WORD
+WORD
JMP
+ENDC
« IFNQF
MOy
MOV

BGE
ASL
mMov
BLT
BR

MOV
BLY
GMP
BNE
CHP

BENE
CmMp

BNE
LMP

Bae
CLR
RQK
BCS

FPU .
{7901y FISETD
172446 11L0D
173446 FICMPD
170299 JICFLC
O(R4)»

FPU

30
)
l”

(SP)+,F0 JGET SECONR
(8F)e,F0 JCOMPARE
fGET CONDITION CODES

PRC,R@  JGEYT QBXXXXX  XXxXai IN R@

8,(S8P) K1

FPS$D 1 JUMP
RA FiFLAG
(sP)*,R2

SMESD 1 JUMP
NEGSD PJUmP
(5P)*,R2

PLSSO FJUmMP
Ry,R2 JCOMPaA
QuUTSED® ) JUMP
Be(§F), 9P

outTsd
19, (dOP),2(SP)

0dTSEd
12, (3P),4(5P)

IF

JIGET HWIGH URDER FIRST ARG
FIRST ARG +

FIRST ARG =

IF
1f

IF
RE
1

IGET HIGH SECQOND ARG
BOTH SIGNS =
FIRST = AND SECOND +

FIRST « AND SECOND =
MAGNITUUES
DIFFERENY

OUTHD
K JFLAG a
R JSAVE C BIT AND TEST SECOND ARG =

PLSSD FJUMP IF SECOND ARG «+

QIGITAL EQUIPMENT CORP,, MAYNARD, MASS,

ARG



SCMDP2 MACRU VRO4"14 @7=3EPe72 {1149 PAGE 10+

52 03328 po54pd NEUSSY NEG RO JREVERSE C BIT
83 23332 06276 PLISS:  ADD wid,18P IPOP ARGS
pepo16
54 23334 008700 TST RQ IJSET Z AND N BITS CORRECTLY
55 Q3336 voRll4 JMP #(R4)+ JRETURN TO CALLER
58 «ENDC

87 : «ENDC



SCMRUB2

OENOAD N -

P334p
23342

n3z4e
"EREL)
233082
23354
23356
ad36e@
3362
e38064
CRRLT
3337

3374
23376
pdavp
ud4ve
A3404
0A4¥s

pdala

LYY

gépvev
vemenl
bvpon2
vapved
vopdeb
ponep7
peavpe

vi17¢@
016601
gépvnd
veeend4
©vo6390
viadp2
002403
vugdLe
P12602
vnadyl
venlo2
voLvod
2260616
vondu4d
bl
evs5620Q
VY6204
103401
@05409
ue27u8
veouao
wes7ow
voply4

— wn W W WS WE Wy Ws Ve " We W we

SCHMRE

SCMR1

FPSs61

SMESO

QuTsot

NELSO?
PLOS6E

«TITLE
o« IFDF
+GLOBL
SCMR

SCHMR

MACRDU VR24%14 B7=SEP=72 11149 PAbE {1

$CMRG2

CNDSO

SCMR

THE REAL COMPARE RUUTINE,

yopaa

COPYRIGHT 1973, DIGITAL EGUIPMENT CORP., MAYARD, MASS,
CALLED IN THE POLISH MODE WwWITH THE TWO

COMPARANDS ON THE STACKg

FIRST IS AT 4(SF), SECOND 18 #SP

FLUSH THE TwWW COMPARANUS AND RETURN

THE FULLOWING CONDITION CODES?

FIRST « SECOND Nmi, Z=@

FIRST ®» SECOND Nm@, Zw®y

FIRST » SECOND Nug, Zsp

Rasxpo
Risxy
R2eXx2
R4ewm%4
SPsx6
PCaX7
Fosx0
» IFOF
«WORD
«WORD
s WORD
2« WORD
JMP

+ENDC
o IFNDF
MOV

MOV

BGE
ASL
MOV
BLT
BR

MOV
8LT
CMP
BNE
CMP

BNE
CLR
HOR
BCS
NEG
ADD

187
JMP
+ENDC
«ENDC

FPU

170001 JJSETF

17246 1 )LDF (SP)e*,F@ JGET SECOND ARG
173426 FICMPF  (SP)+,Fp JCOMPARE

{720¢¥p  JJCFCC SGET CONDITION CODES

#(RA)

FPU

ePC,Hp  JGET Q@XXXXX xXxXxe{ IN RO
4(8PJ,R} JGET HIGH URUDER FIRST ARG
FP8se FJUMP IF FIRST ARG ¢

R@ 1FLAG FIRST ARG =

(5P)*,R2 JGET ANIGH SECOND ARG

SMESO 1JUMP IF BOTH SIGNS =

NEGS® JJUMP IF FLIRST = AND SECOND +
(SP)*,R2

PLSSO JJUMP IF FIRST ¢ AND SECOND =
Ri,RE JCOMPARE MAGNITULES

QuUTst 1JUMP 1F DIFFERENT

4(8P), 08P JCOMPARE LUW ORDER

ouTse FJUMP IF DIFFERENT

R@ IFLAG =

RO 1SAVE C BIT AND TEDT SECOND ARG =
PLSSG JJYMP IF SECOND ARG +

Re JREVERSE C BIT

#6,8VF JFOP ARGS

R@ FSET Z AND N BITS CORRECTLY
e(Ra)» JRETURN TO CALLER



SUBL02 MACRU VR24w1d4 Q7=SEPw72 11149 PAGE 12

1 2TITLE SOBLB2

2 o IFOF CNDS7

3 }

4 ! UBLE Viad2a

L] ]

6 } COPYRIGHT 1971, DIWITAL EGUIPMENT CORPURATION, MAYNARD,MASS

? !

8

] +GLOBL DBLE

10 ! THE FORTRAN UBLE FUNCTION

11 ! CALLING SEQUENCE!

12 ! JSR RS,DBLE

13 ' BR A

14 ! +WORD ARGUMENT ADDRESS

15 JAl

18 ] RETURNS THE DOUBLE PRESICION EQUIVALENT

17 } OF THE REAL ARGUMENT IN RO = R3,

18 '

19 LY RawxQ

20 vveLpl Rimx1

21 vopupP2 Raex2

22 20aLpd R3INX3

23 ©vap0ES R3nXS

24 23416 016%5p2 DBLED MOV 2(R5),R2 JGET ARG ADDRESS
CY T}y

2% 23422 vi22p0 MOV (R2)*,RD JGET HIGH URDER

26 Q3424 w120} Mov #R2,Ry JGEY LOW ORDER

27 p3426 p0%0@R2 CLR R2 JCLEAR LOWEST ORDEW

28 ¢3430 poBdes CLR R3

29 23432 00p2eY RTS RS TRETURN TOD CALLER

30 ' «ENDC



SDCIOY

WO NS AN

o pa
- &

- s oe
L S/

03434
23436
03440
23442
93444
23446
¥d4d@
23452
P3454
03496
#3402
pa4d2

¥3464

23466

23472

gopepo
gvovel
pReved
fop6RY
poavod
L]
pogoes
poovez
oopopR
pepvee
papuo4
Bd04d2c
LTI F¥]
pepd12
Vool 4
vdaByo
PuPY40
"' TI'EY]
o042
voevde
voQ@L3s
Venvad
vonvaa
pasvab
pYS216
Vo4l
PUB04E
Vigvad
0lnlaed
viadad
viedae
Dipdab
010940
CFETY Y
0@dYab
Qa%v4s
0312746
weelel
Bi2746
venv2e

MACRU VRUAw1d U7=SEPw72 11549 PAGE 43

oTITLE $0C10Y
+ IFOF CNDS®

}
I $0C1I VARiLA
!
} COPYRIGHT 1971, DIGITAL EQUIPMENT CURPURATION, MAYNARD,MASS
!
«GLOBL SUCILeSRCI
! $0C] e«=e ASCII TOU DOUBLE CUNVERSION,
! SRCI === ASCII TU REAL CONVERSION,
! CALLING SEQUENCED
} PUSH ALORESS OF START OF FILELD
! PUSH LENGTH UF FILELD
] PUSH FURMAT SCALE O FRUM Wabd
! PUSM P FORMAT SCALE
' JSR PC,s0CI (OR SRCI)
Roam%e
fiexy
R2e%2
LALRY
R4x%4
RS5®%S
Senxé
PCux7
NUMENUE=Q
POINTL=2
DILITSm4
GEXPEb
ESLIGN=B,
SI6GNRLQ,
EEXP312,
PQQW.
Dlé?.
ERP w25,
LENGTH®34,
TEMPSLENGTH
RESULT®P
STARTm36,
ENWsSTART
Spllt CLR =(5P) JCLEAR ERROUR FLAG
INC oSP 1SET REAL UONVERSION FLAG
BR CNVSSE
spLy1: CLR = (SP) JICLEAR ERROR FLAG AND SET FOR DOUBLE
CNYSBE MOV Ré,=(8P)
MOV Ri,=(8P)
nov R2,=(SP)
MOV RS, »(SP)
MOV R4, w{5P)
MOV RS,=(S5P)
CLR = (5P) JCLEAR EXP
CLR (8P} JCLEAR 8IGN
CLR = (5P) JCLEAR ESIGN
MoV #65,10(5P) JINITIALLIZE BEXP

MOV #18,rw(5P)

FINITIALIZE MAX DIGITS
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56 03476 005046 CLR w(S5P) JCLEAR POINTL
57 23500 025046 CLR w(SP) JCLEAR NUMEND
58 pINLZ 2166 MoV START(SP),RS JGEY FIELD START ADDRESS
voeRad ’
59 p3IBA6 w66660 ADD LENGTH(SP) ,END(SP) JPUINT TO END #f
aopvaa
ddavad
60 23bD14 vodLPO CLR RO JCLEAR NUMERIC wORK SPACE
61 o516 vosPR! CLR Rl
62 99529 vesenR Cuk R2
63 pIBR2 20baRY CLR RY A
64 p3524 112504 SCNEBE  MOvVE (RH)*, R4 JGET NEXT INPUT CHARACTER
65 pIB26 pap7nd 81C #177000,Ra4 .
177602 _
66 p3IBI2 12p4g7 CMPB R, w! FTEST FOR BLANK
P0RVv40
67 w3536 adyved ‘ BNE SGSS§S PIF NOT BLANK LOOK FOR ¢ OR =
68 23540 Q2pY66 CMP R5)START(SP) JCHECK END OF FIELD
vepdad
69 P3IS44 Qv2/67 BLT SCNS8 JIF NOT DONE GO GET NEXT
70 238545 popley JMP ZERYS JENTIRE FIELD IS BLANK
BoRY26
71 2355 12¢427 36§81 CMFB R4,#'e JCHECK FOR + SIGN
pepesy
72 3556 Qpui4bd BEQ FLDS® JIF FQUND IGNORE IV
79 235602 12p427 CMPB R4, #'e JCHECK FOR e SIGN
veaess :
74 03564 001013 BNE NCKS#® JIF NUT FOUND CHECK NUMERICS
7% 03366 V@866 INC SIGN(SP) 1SET » SIGN FLAG
gupu12 , .
76 83572 oepéa7 BR FLDs8
77 3574 1312504 NXTS$BS: MOVA (RS)*,R4e JGET NEXT INPUT CHARACTER
78 Q3576 042704 BIC #177600,R4
177600
79 a3602 120427 CMPS Ra,#! JCHECK FOR BLANKS
pe@d4v
80 23606 VAL BNE NCKS8
81 Q9619 ©i12704 MOV #'0,K4 JTREAT BLANK AS 0
pogosd
82 ©ud614 120427 NCKRgB1I CMPB Ra,#'2 JCHECK FOR LEGAL CHARACTER
woeUed
83 Y620 YdzYi4 BLT PCKS® JCHEGCK FQR DECIMAL POINT
84 03622 Q01040 BNE NNZ3H 1JUMP 1IF NOT @
85 Y324 wed7eu TST RQ JCHECK TQ SEE IF ANY NON-ZERO DIGITS FOU
86 23626 VALVR6 BNE NNZS$8
87 03632 pa¥70} TST RY
88 23632 vo1@Q4 BNE NNZS$©
89 »3odd ves702¢ 18T R2
90 p3636 viidne BNE NNZS$8
91 3649 vus5703 TsT RS
92 23642 vU1423 HEQ FLDs8
93 ©v364d 120427 NNLSBY CMmPB Ra,w'g
wape7 |l .
94 03653 w32l BGT EXCs® FCHECK FOR EXPONENT
95 pIES2 POsIce DEC DIGITS(SP®) JCOUUNT AS A SIGNIFICANTY DIGIT
papoed

96 93606 wi2desd BGE AlsH JJUMP IF Wk CAN USE THIS DIGIT
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97 Q36byY VR5266 INC EEXPLSP) JCOMPENSATE FOR SKIPPED DIGIT
vopaLe
98 »366as 4L BR FLDS®
99 3606 162724 Aplset  SuUB #62,84 FCONVERT ASCII TO INTEGER
vdevsa
100 3672 ¢aarey JSK PC,MLOSE FMULTIPLY BY 5
po1e44
191 38676 w4767 JSR PC,LFTSS8 JOOUBLE RESULT FUR 1@
poLied
122 3702 pbpdps ADD R4, R JADD IN CURRENT QIGITY
103 3704 ©é5%p2 ADC R2
104 3706 peddny ADC R1
189 4712 0eddge ADC RE JEND OF CONVERY FOR THWIS DIGIT
106 3712 020566 FLUSEBT CMP RS,END(SP) JCHECK FOR END OF FIELD
pdpuad
147 3716 pe2720 BLT NXTSH
108 37dg viedih MoV RS,03P JPOINTER TU LAST NUMERIC TO NUMEND
189 8722 0057904 ScL$8I TST R
118 37é4 vulidpo BNE SCLyy TJUMP IF NUMBER NDT @
111 3726 yes7¢el TSY Ri
112 9730 wo12904 BNE §Cisv
118 3732 pes’0% 78T R2
114 3734 o102 BNE SClsd
115 3736 wud728 187 RS .
116 3749 pei4s7 BEQ ZERSY FINPUT NUMBER IS @
117 3742 2165 SCls8s  (MP #SP,®5 JCHECK NUMEND
118 3744 vO10R3 BNE NOPSB JJUMP IF THEKE wAS AN EXPONENT FIELD
119 3746 166666 sys P(SP) ,EEXP(SP) JUSE THE FURMAT P SCALE
YR Y
goo214
120 3754 pd5760 NOPSBL TST POINTL(SP)
plede2
12y d76@ poesvp2 BNE PNTSB JJUMP IF THERE wWAS A DECIMAL POINT
122 3762 pi6L18 mov D(SPJ), e8P JUSE THE D SCALE
d0pea0
123 3¥766 166016 PNTSBL  SuB PUOINTL(SP), e8P
eoodeR
124 3772 161666 SyB eSP,EEXF(SP) JFORM COMPLETE OECIMAL EXPONENT
vopo14
125 3776 30 867 MUL 38 JMULTIPLY BY 1QwwgEXP
126 4p0p 002549 BLT plvse PJUMP IF DECIMAL EXPONENT I8 NEG
§27 4002 vools? JMP FLTSS® FJUMP IF EXP IS8 2
Y44t
{28 4p@6 Y2pY27 MULSBE CMP RO, w1462
¥31462
129 4912 101041 BHI MDVS§B PJUMP IF FRACT TO0 BIG TO MULT BY &
130 4014 0R4787 JSR PC,MLESSE IFRACTESYFRACT
LET YY)
131 40dp vO5266 INC BEXP(SP) JTIMES 2
pepuas
132 4024 05366 0188l DEC EEXP(SP) JOVER 1@
eQe0t4
133 4¢32 wo3a6sL BGT MUl 88 1JUMP IF MORE DECIMAL EXPONENT
134 4p32 vRBLI67 JMP FLTSO JOECIMAL EXPONENT BONE
yope16
135 4936 24767 MDVEBL JSR BPC,M9488 IMULTIPLY BY 5/4

eeedlIR



30C10y

136

137
138

139
140

144
142

143
144

145
146
147
148
149

159

151
132

183
134
158
156

187
158

159
16¢
161
162

163
164

168
166

1687
168
169
172
174

172
173

4242

4259
48952

408
4060

4p04
4p0e

4072
4974

4100
4102
31 1]
4106
4110

4114

4180
4132

4126
41d0
413¢
4134

4149
4142

4146
415g
4102
4108

4162
4164

4179
4172

4176
4202
4294
4208
4212

4216
4220

124 1]
edevad
popbes
a0@a765
120427
2208486
201000
easgre66
efedel
81003
gi1ed68
peponld
voe’o?
1851686
20033
1111
padeel
wepeor
pesegd
eeels?
wepdse
120427
poalnd
231422
120427
#epled
01982
eiobys
pasd18
CFURLL
20042
e05093
131111
22pRad
pe2dda
112504
va2704
177600
j20427
P2pesd
pdLepd
120427
peeess

PCARs8I

PYFsey

ERRs8!
IENS8S

Extsel

ExTs8)

veL04R

Pe5268
vepdLY
e22066
peogd4a
022934
112004
04R704
1776¢0
120427
goauv4R

EFlsét

EF2sBl

EnMsB1

TIUI T

913794
TTIIL)

ADD

BR
CMPB

BNE
TST

BNE
MoV

BR
Coms

CLR
CLR
CLR
CLR
JMP

CuPB

BEQ
CMPB

BNE
Mayv
PEC
MOV

CLR
1,14

BGE
MOVvSe
BIC
CMPB

HEQ
CMPB

BNE
INC

CMP
BGE
MOVB
B1IC
CMPB

BNE
MOV

MACRO VRQ4m14 O07=3EPe72 {1143 PAGE 13+

#3,BEXP(9P) JTIMES @
Diase 160 DIVIDE BY 0
Ra,n',

ERRSY JJUMP IF NOT A DECIMAL POJINT
POINTL(8P)

ERRSS  JJUMP IF A , ALREADY ENCOUNTERED

RY,PUINTL(SP) 1SAVE A POINTER TO THE , #}

FLDsH 1GO FOR NEXT CHARACTER

ERFel (8F) IFLAG ERROR
RO JREBULY I8 @

R{

RQ

R3

$TRe 160 PUSW RESULT AND RETURN
Ra,n'E

EXTs® JJUMP IF E
R4, #'D

ERRSSE 1IF NOT E OR D THEN ERROR
RS,edp JSAVE POINTER TO END OF NUM o1
e3P JDECREMENT NUMEND

R3, TEMP (SP)

R3
RS, END(BP)

ERRSE JJUMP 1F NO ROQOM FOR EXP
(R5)*,R4

N177600,R4

Ra,#'s JCHECK FOR ¢EXP

EFL88
Ra,#'=s JCHECK FOR «EXP

ENMSE 1GO0 CHECK FOR NUMERIC

ESIGN(SP) JFLAG BXPONENT NEGATIVE
RS,END(8P)

ERRSH

(RS)*,R4 JGET NEXT CHAR
#177600,R4

Ré,w! JCHECK FOR BLANK

ENisE
#'0,84 JTREAT BLANK AS 2
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174 4224 120427 ENLSBT (MPB Ra,n'p

voause
175 4239 gove272y BLT ERRS$E
176 4292 128427 CMPB Ra,m'D
neeery
177 4236 LRI BGT ERRSS INQY A VALID CHAK
178 4240 162704 syB #60,R4 JCONVERT ASCII TU INTEGER
CY LY LY
179 4244 pO6I23 asiL H3 PX340eXsD
180 4246 60304 ADD R, R4
164 4203 206393 ASL R3
182 4252 po63RY ASL R
183 4204 000403 ADD R4,RI FEND OF ABOVE COMMENT
184 4206 ©20%66 CMP RS,END(SP)
RUR044
183 4282 2’750 BLT EF2s® JJUMP IF MORE FIELD TD 6O
186 4264 205766 TST ESIGN(SP) JCHECK EXPONENT S8IGN
edeule
187 4270 p014p} BEG EngsB JJUMP IF IT IS »
188 4272 Pe540Y NEG R JMAKE USER EXPONENT =
{89 4274 ©vBI6S ENZSBI  ADD R3, EEXP (8P) JGET COMPLETE DECIMAL EXPONENT
veesLd
190 4302 0160609 MoV TEMPLSP) 4R3I
poR042 _
191 4304 020167 JMP scLs8 JGO SCALE THE NUMERIC PART
177442
192 4312 @o37¢0 DIVEBE TST RO
193 4312 ©R24es BLT Dvise JJUMP IF FRACT LEFT JUSTIFIED
194 4314 PO5Y66 pvessl  DEC BEXP(SP) JLEFT JUSTIFY NUMERIC BITS
vepUns
195 4320 eR4767 JSK FC,LFTSB
VY464
196 4324 10373 BPL pvass
197 43426 ¢427¢4 Dvissy MOV #16,7R4 ISET FUR SIXTEEN ITERATIONS
¢opR22
198 4332 0247687 JSH PCsRITSB
CE LY
199 4336 2108348 MOV Ry, m(5P)
200 4349 Plp246 MOV R2,=(5P)
RUY 4342 plRles MQV Rise(SP) JINITIALIZE WUGTIENT
202 4344 V10048 mov RO, =(SP) v
203 4)as gB4767 DvosBY  JSR PC,RiTSE
R LY LY
204 4302 eopedl CLG
205 4334 @vd47e7 oK PCIRITSE
vdudd
296 436y 012705 MOV H2,RD
YY)
207 4364 giLve4l cLc
208 4360 pR4a’767 Dvassds JSK PC,RATSSE
200430
209 4372 066023 ADD 6(5P),R3
wAPoRs
210 4376 0d5d22 ADC R2
211 440p voddet ADC Ry
212 4482 posSe0 ADC RO

213 A404 vob6R2 ADU 4(SP),R2



svCc1ey

214
215
216

217
218
219
229
221
222
2248

224

225

226
227

228

229
230

23}
232

233
234
235
236
37
Q38
239
240
24}
242
243
244

245
246

247

248
249
2%
251
252
253
254

4419
4412
a4l4

4429
4422
4424
4426
4430
4432
LYY

4449

4446

4402
4454

4402

4404
4468

447 4
4476

4504
4506
aBiog
ablg
4514
4516
4529
A%22
4524
4526
4539
LY-LF]

4536
4549

4544

45%9¢g
45922
4524
4556
4500
4502
abb4

vdedo4
vodoag
wasde0
o680}
wopeed
wehoed
wb{bpu
205303
"I RELY
VeSS4
¥e3ISad
06276
gegdio
162766
popeed
voeued
pOs266
yonuiLd
Po2716
2es366
poovos
poars?
PeRd24
103373
ve2766
peEend
eogoRe
" EYYA ]
w26627
peegRod
vwaudz??
"T'EY' 2 &Y
105008
15029
CL TR
10502
14102
gvedea
1odoay
15000
pepdnl
195008
15609
peo206
Qevdped
vosveEsd
vonvLe
ev47e7?
pvease
Bo5%0d
vo5902
wendSet
wesdp0
102443

103442 -

1v5/766
wopreae

FLT381

STRg§8}

ADC
ADC
ADD

ADC
ADD
VEC
BuT
DEC
BGT
ADO

SUB

INC

BLT
PEC

J8R

Bcc
ADL

BLE
CMP

BGT

CLRB
BISH
SWA3
CLRB
BI88
SWAB
CLkB
8183
SWAB
CLRB
6188

SwAB
ROK

JEK

ADC
ApcC
ADC
ADC
Bvs
68Cs
TSTH

MACRU VRO4m14 Q7mSEPe72 {1149 PAGE 3§03+

Rl
RY
2(5P) ,R}

RO

e8P, Rp

RS JCOUNT TWICE
bvass

R4

Dvasé

w8,,9P JPOP DIVIDEND

#3,BEXP(3P)

EEXP(SP) $BUMP DECIMAL EXPONENT

Divses 1JUMP [F MORE YO DU
BEXP(&P) JPOST NORMALIZE THE RESULT

PC,LFTSS

FLTS8 _
#200/BEXF(SP)  JSET EXCESS 128

UNDS®  INUMBER TOO SMALL TO REPRESENT
BEXP(SP) ) w377

OVRsH FJUMP IF NUMBER T0O BIG

RE,R1 IMOVE QUTY LOWEST ORDER 8178

BEXP(SP) /RO PINSERT THE BINARY EXPONENT
RQ TPUT IN THE RIGHT ORDER
SIGN(SP) JTEST THE ARITHMETIC SIGN

PC,RITSE JINSERT IN RESULT

R3

R2

R1 JFINAL ROUND

R

OVRs8 PJUMP IF QVERFLOQW
QvRsB

ERF(3P) JTEST REAL/DOUBLE FLAG



sLCTBY

2595
250
287
238
289
2¢e
2614
262
269

264
265
2060
267

268
269
24
271
272
273
274
275
276

277

278
279
280
28}
282

a8
284

285
286
287

288

289
292
291
292
293
294

298

296

297
298

457¢
4573
457 4
4570
4699
4602
4604
4606
4610

4614
4622
4624
4632

4634
4696
4649
4642
4644
4646
4650
4602
4804

466p

4664
4608

467
A6/

4674

4700
4702
4704

4710

4714
4716
4720
4722
4724
4720

4732
4734

4740
4742

Q61447
boslpd
Pa53p4
vesdeu
192433
103432
glovne
vilolod
vipuée DOPR§8I
LKL
vigles
vopvay
012266
vopLag
212366
oBavad
62700
60pult
pl26éagsd
vizbpd
viz2ved
vwiabe2
pi12oey
CRYLTT]
105716
gL1404
012668
goevez
vi2066
vopved
PA6126 RRNSH1Y
vooie?7
!
ovrg8l
P2als7? UNUSE!
177¢08
]
020827 M5438)
146314
183600
pogeal
po476?7
"1’ R RV
w5268
BYov1Y
Plovds Mabssl
viplacs
vin246
piosad
wuplae
weda’ze7
pepvr Y
vogdal
vweaz767
popuse
Képa1e
Vlouds ML D881

BEU
ROL
ADC
ADC
Bvy
BCS
MoV
MoV
MOV

mMav
MQv
MQV
ADD

MOV
mav
MoV
MOV
Moy
Moy
17878
BEG
Mav

MOV

ROL
RTS

JMP

CHP

BLO
CLC
J3R

INC

MOV
MOV
MoV
mMQv
cLe
JSK

CLC
JSK
BR

MOV

MACRU VROA4=14 O7w3EtPe72 {1149 PAGE Ld»

DPRS§S JJUmMP 1F DUUBLE

R2 JROUND TO REAL PRECISION

R1

RO

UVRSY

OVRSH JJUMP IF OVERFLOW ON ROUND
RD,RE JMOVE HIGHM ORDER RESULT upP
RY,RY

RO, RESULT(SP) )STORE RESULT ON STACK

Ry)RESULT*2(SP)

R2,RESULT+4(SP)

RS, RESULT*S(SP)

#14,15P JULEAR STACK OF JUNK
(SP)*,R5

(3P)*,Rd

(SP)*, Ry

(3P)*,R2

(3P) %, R}

(SP)*,Re

3P ITEST REAL/DOUBLE FLAG
RRNSY JJUMP 1F DOUBLE
(SP)*,2(SP) JIPUSH FLAG UP
(SP)*,2(3PF) IPUSH RETURN yYP
($P)* JFLUSH FLAG AND SET C BIT IF ERROR
PC

ERRSSE

RO,#146314
M55%8 JJUMP IF RUOM FQR 85/6 » FRACT

PC,RITSB IDIVIDE By 2
BEXP*Q+2(8P) IMULTIPLY By 2
RE,=(SP)

Ri,=(8P)

R2,=(5P)

R&;'(SPJ

PC,RITSS JHALF

FPC)RLTSSH JOUARTER

MOASH 1GO GET F+F/4
RO, = (SP) JMULT BY &



$pClre

299
$00
k1'}
Joe

33

304
305
306
3e7
308
Ing
330
3411
312
3148
314
315
316
317
318
319
320
324
322
323
324
325

4744
a74p
475¢
4752

4756

4702
4764
4766
4779
4772
4774
4776
2000
5002
504
5006
5010
s0i2
5014
5016
CPYT)
522
5024
dbeas
Sed0
5pd2

vinl46
vigaab
Aled4b
wR4az767
vopn32
"TYYA Y
0op@2s
082608
pesbp2
"TEE'H
vadbed
62602
ves5e1
"PLETY)
"LFLTR
uesSe0
u62694
vooce’
pa6303
vaslo2
ve6int
ve6ied
'TTYIY
pos200
pos2al
CLLTTY )
BO6YQY
pep2e7

MBAS81

LFTs81

RIT88)

MOV
MOV
MOV
J§K

JSR

ADD
ADC
ADC
ADC
ADD
ADC
ADC
ADD
ADC
ADD
RTS
ASL
ROL
ROL
ROL
RTS
ROR
ROR
ROR
ROR
RTS
+ENDC

Ry,»(S8P)
R2,«(5P)
R3,=(8P)
PC,LFTSS

PC,LFTS8

(SP)*,RY
R2
R
RO
(SP)*,R2
R
Re
(8P)*, R}
R@

(SP)*,Re
PC
R3

MACRU VRUA®14 U7«SEPw72 11149 PAGE 13«

100UBLE
JQUADRUPLE

JCODES MAY BE TESTED UN RETURN



S0CUW4 MALKU VRY4™14 WU7«S5EP»72 11143 PALE 14

! »TITLE $0DCOV4

2 2 LFDF CnDSY

3 ;

4 H »0C0 VAG4A

5 H

6 ;] COPYRIGHWT 1971,197¢ DILITAL EQUIPMENT CORPORATION, MAYNAN(,MAS
7 !

8

9 oGLOBL SECDISFCU,S$6CO,850C0

{n } $ECO THE E CONVERSION QUTPUT ROUTINE FOR REALS
11 i SFCO THE F CUNVERSION OUTPUT RQUTINE FOR REALS
12 I 5GCO THE U CUNVERSION OUTPUT ROUTINE FOR REALS
13 } $0CQ THE U CUNVERSIOUN ROUTINE FUR DOUBLES

14 i CALLING SEJUENCE?

15 ' PUSH FIELD START

16 } PudH FIELD LENGTH

17 ! PUSK D PART UF weD SPECIFICATION

18 ! PUSH P SCALE

19 ; YYSH vajue TO Bt OUTPUT

2@ ¢ JSR PC,3ECO (OR $FCU) (uk $G6CO) (uR $DCO)
21 H ka, Ri, R2, K3 aRrE QESTROYED

22 Gunkpd RazX0Q

23 voguRl rRiEY]

24 Lr LY LY R2E42

2y veaved K3ax3

26 d0Rve4 R4sx4

27 wuAved Ko®XS

28 Q0aded SPE%6E

29 gogen’ FCax7

32 popoee POINTER

31 VRPVL4 BEXPE4

32 weRYRe EEXPEE

33 vopui4 TyPERL2,

34 Qbovze Pal6,

385 vapvee Oeld,

36 RAVUW24 L2,

37 pdvuad Sed2,

38 pdpd4 vi27v0 S$GLO! MoV #42403,RY JFLAG G FORMAT
p424¢

39 vde4@ UdYedze Br XCosy

4g %042 nudved $FLOS CLR RY FFLAG F FORMAT

41 a5p44 vvpdy1d HR XCOsY

42 05p46 wizabpy SCCOY MOV (3P)*,R@ 1POP RETURN

43 25090 pladpl) MOV (SP)*,R} JGET HMIGHEST QRDER ARG

44 o992 vlevgz MQVv (sP)*,R2 JGET NEXT

4% abphd n110@3 MOy 03P ,R3 FTHIRD ARG WOKD

46 2bp56 pnig?16 MOV #4242 ,65PF JFLAG D FOKMAT
nd420p2

47 05@02 V1l44s Moy R4, w(SP) JSAVE R4

48 05@04 16024 MOV 4(5P) ,He JLET LOWEST QRDER ARG
popnpd

49 257y Rlules Moy RE,4(8P) 1SAVE RETURN
plylpa

50 05074 p0p4te BR XC18Y

51 vd¢76 vi272¢ S0 MQV #424¥2,K0 JFLAG E FONMAT
w4242

¥514d2 212003 XCU$9L MOV (SP)*,R4 1SAVE RETURN

o
nN



$0C024

53
54
53
56
57
58
59
69
61
62
63
64

65
60
67

68
69
70
74
72

73
74
75
76
77
78
79
-1
81
a2
83
84
(1
a6
87
a8
89

1.7
91
92
R
94
1]
96
97
e

99

251404
891086
gd1le
whila
ubila
abiie
plide
a%12¢
pS5124
ab186
adide
25132

ebldp
CLER Y
ad18p

85154
CLER1]
ebi16p
pbibe
5164

p5179
8172
28174

ad176
gbavp
pY202
pbgdae
abave
pbgie
25212
ob21a
abgie
ed2dp
abaa2
2224
25226

av2da
@536
oS24g
25242
eb24a
29246
"EYET
25202
CY-F1.Y]

CEFLT

100 Se62

P16y
piadpe
elpo4b
21p046
afsRed
P1p448
PS04
plebas
VUS048
poSvas
224648
©86668
0egR26
poQuv24
016620
P0R026
112724
000040
p2poes
CI'ETRL
103773
veeled
pOSLL8
"1 RT-}
1101668
poeRp4
01002
pesego
voedel

eCoasy
posvel
105001
vPpdod
15088
108¢p2
eeadpd
18pd02
106209
e0ed04
150400
100004
162766
poedee
voplpd
002424
poLae’
peszel
pu241?
pu6sR4
pv6led
ov6lae
va6élel
985366
evodaé
003387
00435

Xcis9s

CLEsPs

!
NNES91

MULSOS

mMQv
MOV
MOV
mMav
CLR
mMov
CLR
mQyVv
CLR
CLR
CMP
ADD

MOV
mMova
CMP

BLO
ROL
ROL
8wAB
mMOva

BNE
CLR
BR

SEC

ROR

CLRB
SWAB
Braa
CLRB
SWAB
6188
CLRB
SWAB
B188
CLRB
sué

oLy
BEQ
T8TY
BLTY
ASL
ROL
ROL
KoL
DEC

86T
BR

MACRU VRV4®14 07wSEPe72 11149 PAVE {49

(SP)*,R} JGET HIGH URDER ARG

(sP)*,R2 JIGET LOW URDER ARG

RI,w(8P) JPUSH RETURN

R¥,= (SP) JPUSH TYPE

R3 JCLEAR LOW ORDER REGISTERS

R4, = (SP) JSAVE R4

R4

RS« (SP) }SAVE RS AND CONTINUE ALL TYPES

=(SP) JCLEAR EXP
»(SP) JCLEAR BEXP

«(SP),=(3P) JROOM FOR POINT AND SIGN
8§(8P1,L(SP) JPUINT | BEYOND END OF FIELD

$(SP),Re
#' ,(RE)*® JBLANK QUT FIELD

RO, L(SP)

CLES®

R IGET ARG SIGN

03P JSAVE IT

R1 »
Ri,BEXP(SP) JGET BINARY EXPONENT

NNZ$9  JJUMP 1F ARG NOT @

RO) CLEAR OVERFLOW ACCUMULATOR
NDDS$9} GO PRINT THE @ IN FORMAT
JINSERT NORMAL BIT

R1 JTLEFT JUSTIFY FRACTION

#2020/ BEXP (SP) JREMOVE EXCESS 128 FROM BINARY E

DIvs® 1JUMP IF BINARY EXPONENT NEG
NOMS® JJUMP IF NO SCALING TQ DO

R1 FBINARY EXPONENT 1S POSITIVE

MLis® JJUMP 1F FRACTION OVERFLOw IMPENDING
R4 JOOUBLE FRACYION

RS

R2

R

BEXP(SP) JCOMPENSATE EXPONENT

MUL§9 TJUMP IF MORE BINARY SCALING TO 0O
NOMS®



SDCOU4A MACKU VROAw14 Q7eSEP=72 11149 PAGE 14+

101 5204 Q24767 ML1881 JSKH PC,M45SE JGET 4/5 FRACTIUN
YY)
102 5270 w5466 INC EEXPLSP) JMULTIPLY BY ¥
vorLes
193 5274 162760 Sus #3,BEXP(OP) JAND DIVIDE By 8
QuvaLRd
vopdge
184 D302 vv3Isse BGT MULSY JJUMP IF BINARY EXPONENT STILL POS,.
105 5304 vu1424 BEG NOMSY JJUMP IF EXPONENT GONE NOw
{00 5386 02p127 DIVE9L CMP R1,#146314 JBINARY EXPONENT IS NEGATIVE
146344 ‘
§187 5312 103014 BHIS pVisY J1JUMP IF NQ ROOM FOR 5/4 FRACTION
108 5314 vg6627 CMP BEXP(SP) y#=3
popoed
177775
109 5322 LWo3ViR BGT Dvisy 1JuMP IF NUT ENQUGH BINARY EXP LEFT
110 5324 Q04767 JSR PCoyMD4SP JMULTIPLY FRACTION BY 5/4
popbad
114 D3IIQ vLsSIE6 DEC EcXPLSP) JOIVIVE By 10
vABwpRe
112 9334 w6760 ADD H2,BEXP(SP) PMULTIRLY BY 4
pegve
po2e24
113 5342 wvodee B8R ovasy
114 D344 V4767 DV1SSI  JSK PC,RITSY IDIVIDE BY 2
V01264
115 539p w5266 Dvas9s INC BEXP(SP) JMULTIPLY By 2
a0pv04
116 53%¢ 21354 BNE DIVSY JHIT IT AGAIN IF BINLEXP, NOT GONE
117 } AT THIS POINT THE BINARY EXPONENT 185 @
118 ] AND THE FRACTION 18 IN Ri, R2, R3 AND R4,
$£190 53%6 visoay NOME9E CLK RO JCLEAR OVEKRFLOW ACCUMULATOR
120 538@ 004767 NOLISYL JSR PC,MDasY IMULTIRLY FRACTION BY S5/4 .
pva464
§21 5364 vva7e7 JSR PC)MLBSS JAND NOW BY 8
Vo656
122 937@ ©e57pv 18T RO
123 5372 wevived BNE NUDS§Y JJUMP IF AN INTEGER PART RESULTS
124 5374 0253866 DEC EEXPLSP) JDECREMENT EXPONENT
evpdps
125 D4da@ wwa’6? BR NOLSP GO AGAIN 10 GET AN INTEGER PART
126 i AT THIS POINT THE MOST SIGNIFICANT NON ZERQ DIGIT IS IN
127 5402 105766 NOoWS9L TST3 TYPE(SP) JTEST CONVERSON TYPE
Vo0l
128 5406 w1424 BEW FFTSY JJUMP IF F FORMAT
129 S4lp 106068 RORBA TYPE(SP)
napvLé
132 5414 123114 BCC EFTSY JJUMP IF E FORMAT UR 1) FORMATY
131 b4l6 wvis76b 18T EEXP(SP) 1G FURMAT
poadas
132 5422 voas1y BLT EFTSY JJUMP IF RESULT <,1
133 %424 0126666 CMP EEXPLSF) s (SP)
vvaves
ovec22
134 5492 vv31ad BGT EFTSY JJUMP IF RESULT »1Ulwwp
135 5434 105068 CLR8 TYPELSP) JMAKE TYPE F INSTEAD OF G

ovevid



sD0COoe4

136 bdadp 162766

137

138
139
140
141
142
143
144
140
146
147
148
149
150
151

182
183

154
153
156
187

158
159

16¢
164

162

163
1684

165

Sads

d404
5409
5464
LY YA
474
d8ue
6544
5519
4514
5516
o524
5526
8582
9536

5342
5544

LLEY ]
5554
5560
5504

3570
5872

5576
S6vp

S6v4

2640
8612

9616

voeue4d
vdguae
166066
20006
vlauze
VeBYes
vogvayv
216695
adpues
086605
PPpvze
0oE025
veev29
veaze7
oUncd4d
ni6bud
vegez4
1666258
¥opv2e
105766
vepuida
001049
1YY -T.]]
voplRo
deav2e
003407
166005
ooeu2a
162705
Plpve2
vea’e7
Vw744
T YN
162705
Qveved
vBazs?
gon732
112725
oQQueD
11272%
CL L]
"PLELY]
pbev24
10309
112728
pooeER
vep’?7e
pi60ps
yopeva4d
1666058
vepu22
pasdps
Plodes
vevvo
w8766
LT

FFT§o
FFES91

FFO§91

FFagos

FFos9s

SuB

Syb

CLR
MOV
ADD
ADD
JSR
MoV
sys
1878
BNE
ADD
BLE
SuB
&up
JSR

BR
Sug

JSR
Move
move
Cup

BMLS
MOVB

BR
MOV

Sus

DEC
MOV

TST

MACRU VRUM=14 B7=SEPw72 11349 PAUE {de

W4, (8P) JLEAVE ROOM FOR BLANKS ON RIGMT

EEXP(SP) r0(SP) JDECREASE D BY # OF OIGITS LEFT

P(SP)  JSUSPEND P SCALE

EEXP(8P) /RS IF FORMAT

D(SP),RS

P(SPJ),RS

PC,RUDSH JROUND BY ADDING 5+¢1@vewP=lsE
L(SP),RS

D(SP),RY

TYPE(§P)

FFSs® FJUMP IF NOT ¢ CONYERSION
EEXP(SP)s)P(SP) JCOMBINE P AND EXP

FFEss JJUMP IF THERE 18 NO INTEGER PART IN RES
P(SP),R®

N2, RO JSIGN SLOT IS S+LmUwEnPe?

PCy)ISNSS JINSERT SIGN AND CHECK WIDTH

FF3s¥ JJUMP TO INSERY IOUGITS
#3,RY JSIGN SLOT 15 SeLelewd

PC,)ISNS® JGU INSERT SIGN AND CHECK wIOTH
#'0,(R3)* JINSERT LEADING @

W'e, (RO)* JINSERT .

R5,L(8P) JCHECK FLELD END

FF339 TJUMP IF FIELDL FULL

#12,(RO) " JPUT IN ANOTHER LEADING ZERQ
FFasy

L(SP) ,RY

D(SP),RS

RS iLOCATION FOR ,

RS,PUINT(SP) JREMEMBER ITS LOCATION
P(SP)



$0C0¥4

166
167
168
169
i7@
171

172
173

174
1758

176
177

178
179
180
18}

182
183

184

185
186

187

188

189
190
191
192
193
194

195
196

197

198

6622
d6d4
%626
692
D6v6
5642

9644
9646

5654
t1.1-1.)

b6v2
5664

s672
5674
7900
5794

5710
5712

9718

o722
5724

5731
734

D742
746
S7%2
8756
d76@
9762

8706
d772

5774

oQve

vedded
[TEY TR
166005
ovRe2Y
vu4rer?
woa’z14
105766
wleo14
w1467
CoRae3d
162768
vveved
poev24
wosdad
pes766
vopb2o
T EYA Y]
0i166ps
vopoe2
VE602S
g4
©d4767
edrded
eiedps
wopvz4
166065
10 F¥]
¢adsved
A% 2-1.]]
pyueva
1660295
voeQL2y
vuSdp%
e0azey
Bourds56
204767
2oeo16
166060
vouee
24udubd
vl16029
vagvza
116623
wauvyLd
wledn4
wdedrb
e
Ad54p4
112728
poReuss
pdedne
112728
veRv4R
112718
DUevsR
102704
e2evy2

FFos$9:

EF189¢

EFES91

ExFs$Ys
EX189¢

Ex989¢

BGT
INC
SuB
JSR
1578
BEQ

BR
Sys

CLR
TsT

BLE
MOV

ADD
JSR
MOV
Sug

DEC
MOV

Sue

DEC
JSR

JSK
SuB

mov
MOVEB
MQv
BGE
NEG
MQova

Br
nQve

Movs

SyB

MACRD VRU4w14 Q7=3SEP=72 11549 PAGE {4

FFos9

RS FPOINT TO 8LUT FUR FIRST NON=ZERQ OIGITY
P(SP),RS

PC,y0L3S9 160 INSERT ALL OIGITS

TYPELSP)

ONESY FALL THROUGH JF F FORMAT
EFESY iGO FINISH E FORMAT

w4, (5P) JMAKE RUOM FOR E FIELD

RS

P(SH)

FFESY  IPROCESS AS F FMT & RETURN TO EFMTE
D(SPJ),RD IGET ROUNDING FaCTOR
P(SP),ROT ALLOW FOR P SCALE

PC,RUDSS 16U USE IT

L(5P),R5 JPUINT TO SIGN SLOT
D(SP),R5

RS I POINT SLUT & L=0=1
R5,PUINT(SP)J)  SAVE LOCATION FOR ,
P(SP),R5}

CEY) SIGN SLQT 3 LealaPa2

PC, I5NS9 JGU CHECK WIDTH AND INSERY SIGN
PC)DUSSY JGU PROCESS ALL DIGITS

P(SP),ELXP(SP) JCURRECT EXPONENT FOR P

L{SP),R3
TYPE+L (5F), (R3)* IMOVE OuT E QR O
EEXP(SP) R4

ExPSE9 TJUMP IF EXPONENT POSJITIVE

R4 FGET ABSULUTE VALUE

#tn, (R3)* PINSERY =

EX1$9

#! ,(RI)* JINSERT BLANK FDR

#'0,PR3 JCLEAR TENS DIGIT

#13,)R4 ITEST FOR TENS



30C0u4

199
20¢
1}
222

2438
2u4

205
2086
207

208

209
210
211
212
21$
214
213
216
2y7
218
219

220

22}
222
223
224
22d
226
227
228
229
230
231
232
233
234
233
236
237
238
239
240
241
242

243
244

245
246

by
eade
balo
belz

bols
ez

0226
6pda
Spda

6ps6

T L]
6nd4
6046

bpoy
opde2
byv4
1731}
600@

6p64

6o/
6p72
6p/ 4
6076
614
6102
6104
6198
LERY"
6112
6114
610
6120
6122
bid4
0148
61392

6102

51394

6146
b1d2
6146

6190
6102

noe2422
105y
guaryd
péa/ind
pvap4are
112469
peeupl
we2/¢e
popetw
BTN
ulédbed
viavée
PBPYRe
012066
peaden
'Y¥1-¥1.)
AE6LRQ0
vweaen’

niptas
wlpndan
Yigdao
Pivdeo
©weaze7
pugasy
wda’ze’
uhnoda
oo 4
PUsdRd
vo5%u2
©vasde)
pogoy4
wasdud
pOddR2
wusdal
vwesdaa
AP
T LEYY]
L1 B
[ EELY)
vogbdbue
Ve5S 1
vasde
bo20601
vesdpe
vegea’

vle7ed
epvee
0are
vopasd
Plok4a6
019946
vinzan

Ex2s91%

ONEE9S

I
H
MEA4SY L

H
!
Mad891

BT
INCH
BR
ADU

Movd
ADD
MOV
Mav
MOV
MOV
CMpP

ROL
HTS

MACRU VRU4~14 O7=StPe72 {1140 PAGLE 4w

Ex2s¥

ORJ FACCUMULATE TENS
Ex3sy

#72,%4 JGET POUSITIVE UNIT®

R4, 1(R3) JMUVE UNITS QuT
#8,,5p
(SP)*,R5

(8P)*,R4

(SP)*,6(9F) TMUVE FLAG AND RETURN UP

(6P1*,6(5F)
(8P) ¥, (5P)+ JFLUSH JUNK

(SP)+ FSET € BIT IF ERROR
PG FRETURN YO CALLER

MULTIPLY CUNIENTS QF RY .8 R4 BY 0/4,
ANY COVERFLOW GUE® INTO RO,

MOy
MOV
MoV
MOV
JSR

JSR

ADC
ADC
ADL
ADC
ADU
ADC
ADC
ADC
ADC
ADD
ADC
ADC
ADC
ADD
ADC
AQL
ADD
ADC
RTS

MOV
JSK
MOV

moy
MOV

Ri,w(8P) 15/4xsxeX/4
ka'-tspj

K3,w(SP)

Ha,m(i8P)

PC,RITSO FX/2

PC,RITSY 1x/4

R4 JROUND
R3

R2

R

(SP)*, R4

RS

R¢

w1

1]
(5P)*, RS
R2

R}

R@
(SP)*+,R2
R

RY
(SPY*,RY
Ry

PG IRETURN TOQ CALLER

#16,0RS TMULTIPLY Ri,.,R4 BY 4/5
PC,RITSO
R4,=(5P)

R3,=(SP)
R2,=(5P)



$OCQo04

247
248

249
250
291
2%2

293
204
ri-L
286

287
2538
259

26@
264
262
r{-F)
264
263
26¢

267
268
268
270
271
272

273
274
278
276
277
278
279
280
] 3
282
283

284
285

288
287

6154
6156

b1o2
6166
6172
6178

6202
6204
baveé
6210

6214
6216
6242

6244
6246
0239
62d2
b2d4
6236
6249

644

6246
b2da

6294
02596
626¢
6262
6264
6206
6270
6272
6274
6276
6380

03v4
b3l0

6314
6316

6322
6326

vlglée
uRae767
ulrade
04767
VIPnd46
via/ew
vvddnd
pRaze7
YRR43b
66004
"I 17-1]
ves5bed
vesdea
U LEL D
LLLLT R
copvo4
"I'LEI-Y
LT}
vb6ba2
poouee
wasdul
g61001
wesdpe
wd33y7
CPLEYE
ve3d4?
v62706
20@e10Q
woece’

010546
gig’7ed
0000e2d
LRI
gesiod
posie
veslol
0e6100
vosded
ve3dY
vigoed
pogre7
ves726
V16603
edpues
"3¥.1-1"Y ]
woeee4e
195760
Gegoy 4
vo14pe
062704
vouvee
112729
veeusa
ve0304

M31s91

MB2SE9

1
/
/
MLBSO)

MBL1EOI

ERRS9¢

AR YY)

MACRO VRE4m1d @7mSEPw72 11143 PAGE (4w

MOV R1,=(3P)
JSR PC)RITSD
JSk PC,RITSS
MOV we RO
JSK PC)RITSP
ADD 8(3P),R4
ADC RS

ADC RR

ADC Ry

AQD 4(SP),RJ
ADC R2

ADC R1

ADD 2(8R) ,R2
ADC R1

ADD e8P, Ny
DEC RO

86T Md289
DEC RS

BGT LERE 1
ADD #8,,3P JFLUSH MULTIPLIER
RTS PC

MULTIPLY THE CONTENTS OF R? ,,., R4 BY 8,
NO OVERFLOW IS ANTICIPATED

MOV RS, w(8P)

MQV #3,R®

ASL R4

ROL R3

ROL R2

ROk R

ROL Ro

REC RS

BGT T MBLSY

MOy (SP)*,RS

RTS8 PC

187 (SP)* JPOP RETURN

MOV S(8PJ,R3 JPOINT TO FIELD BEGIN
MQV L(8P),R4 JGET FIEWLD END o}

878 TYRELSP) JICHECK IF END MQDIFIED

BEQ STS8¥ INO, THIS 18 F FORMAY
ADD Ne,R4E JPUT BACK EXPONENT SPACE
Move w19, (R3)* IFILL FIELD WITH «

CMP R3I,R4



$DC004

290
2901

292
294
294
293
296
297
298

209
300

3ol
322
323
304
305
o6
307
328

309
310
314
512

313
314

318
316
317

348
318
32¢@
321
da2
323
324
328
326
327
328
329
338
331
332

333
334

335

6330
8332

636

8340

6344
6346

§352
6354
6356
636
6302
6364
6308
5370

6374
63’s
6400
6402

6406
64i0

6414
Gadp
6424

65439
6432
6434
0446
badp
baap
0444
8448
6409
-71-F]
6484
6400
babp
6402
644

647¢
0472

0476

103774
eesiees
woou14
1T LR B

erRode7
YL LFY
FIRY LY
elade6
BYpees
pe14%2
poR4%D
Plgvas
vlniag
P10246
Vipddd
0iQdad
uia7e1
100000
pasvee
veseed
vesSupd
vas3d6e RDRS9I
voen29
vayaLl
voare?
177922
Vo4767
YopdLd
vo4767
pYpeLd
w4767
naeZed
poR764
peseed RpPOsYE
pezep4
pesded
wdbdea
298%p1
u626p3
Pas502
puBdel
062692
ves5haL
w26}
vR5%02
w2602
w2270 RUZSYE
gopo12
Y RY T H
©wes266
vded1v
200207 RULSP}

uvsEst

BLO
CoM

MACRU VRRAm§4 Q7=SEPe72 11140 PAGE {4

87839 FJUMP 1IF MORE 7O 6V
TYPELSP) JFLAG ERRQR

DNESP

ROUND THE CONTENTS OF R@ ,e¢, R4 TO THE PRECISION
SPECIFIED BY RS,

THIS ROUTINE 18 SHORTER THAN THE TABLE THAT
UTHERWISE WOWLD BE NEEDED,

CMP

BGT
mMay

BEQ
BLY
MoV
Moy
Mav
MoV
MOV
Moy

CLR
CLR
CLR
DEC

BEG
J8R

JER
J8R
JSR

BR

CLR
ADD
ADC
ADC
ADC
ADD
ADC
ADC
ADD
ADC
ADD
ADC
ADD
CMP

BGT
INC

RTS

Ra.ﬂaﬂ.

RULSY TJUMP JF NOT WORTH ROUNDING
RO ,BEXP+¥+2(5P) JSAVE ROUNDING PRECISION IN TEMP

RU3S® JJUMP IF ROUND I8 TU LEADING DIGIT
RULSYP 1JUMP IF NU ROUNDING TO DO
RQ;'SSP’

Ri,=(8SP)

RZ.-(SP)

RG.-&&PJ

Rl,-SSP)

#iepdeo, Nl T INSERT o5

BEXP*p+2*18, (SP) JCOUNT PRECISION

RDOSY 1 JUMP IF DONE

PCyM45SH JMULTIPLY BY 4/5
PC,RITSS

PC/RITSS

PC,RITYS JDIVIDE BY 8

ROF39 FGO CHECK IF DUNE WITH FACTOR

Ro

(8P)*,R4 JADD FRACTION TO RND FACTOR
R3

R2

R
(SP)*,R3
R2

R
(SP)¢,R2
R1
(SP)*,R1
Ry
(5P)*,R0
#IW.ORU

RUi$9 JJuMP IF NO QVERFLOW
EEXP*2(SP) JBUMP DECIMAL EXPONENT

PC JRETURN TQ CALLER



$0C004

336

337
338
339
340
341

342
343

344
349

346
347
348

349
350
35%

382
383
354
*11-]
356
387
358

359
360

361
362

363
364

369

366
367

368
369
370

3714

372
373
374
375
376
377

6540

6504

110

6542
6514

6529
6322

6526
6od0
6532
65056
LY
0542

6546
6550

65352

6556
6562

6564
6870

6574
6570

6602
6606
6610
6614
b6l
6620
0624
6632
6632

6634
6636

a6270¢
oeedel
eap’7s7

CFTELL)
LT RT
103407
voseee
poavel
123002
11745
peREss
wesged
el@pdn?
"L
bépdod
103657
posEad
02pb60
202230
103683
peeRo?

vaazee
vope12
eu3de4
112729
popvel
162700
vveuL?
pa6bed
goode4s
0e1002
1ie72s
vopese
p26bes
vapvaes
101441
p62700
voepRew
110029
boduead
(LYY Y
$177224
vo4re67
177416
pRe?s?
vea2a7

voeedl
eo6EP0o!

C = e -

RUSSPE

IsRg91
3P89

G339}

DG1s9)

0G2s9t

DGISPL

DIG391I
!
!
RITs91

MACRU VRO4=14 Q7=SEPe7R2 110143 PAGE 14

ADD e, RY FROUND MOST SIGNIFICANT DIGIT
B8R RU2SW

INSERT A o IF NECESSARY AND CHECK THAT THE FIELD
I8 WIDE ENQUWH TO CONTAIN THE REIULT,

CMP R3,8"@+2(8P) JCOMPARE SIGN SLOT WITH FIELD BE
BL0 SPCSY  FJUMP IF IT MAY NOT FIT

ROR @+2(¢8P) JTEST SBIGN

BCC ISRSP  PJUMP IF «

MOVE #'a,PRS JINSERT =

INC RY JPOINT TO LEADING DIGIT 8LOT

RTS PC FRETURN

ROR R¢2(SP) JTEST SIGN

BCS ERRS®  JJUMP IF 1118 w 'CAUSE THERE ISN'T ROOM
INC RS JPOINT TO LEAQING DIGIT SLOT

CHMp RB,8%2(8P)

BLO ERRS®  JJUMP IF NO ROOM FOR 1T EITHER

RTS PC

EXTRACT LEADING DIGITS FROM RO ,s, R4 AND FILL IN
THE AREA STARTING AT THWE ADORESS IN R3 AND
BOUNDED BY THE MUDIFIED FIELD END,

CMP Wi, RO JCHECK IF OVERFLOW IN RD

#GT . DGS9 TJUMP IF ONLY ONE DIGITS WORTH
MOVB #'1,(RB)* JOUTPUY OVERFLOW

suB #10,2)R@ JCORRECT R® FOR NEXT DIGIT

CMP POINT#2(8P),RS JCHMECK FUOR , SLOT

BNE pGR3P

MOVB #1,,(R5)¢ JINSERT Tme ,

cMP L*2(8P) , RS JCHECK END OF FIELD
BLOS DIGSP  JJUMP IF DONE

ADD ¥6D,%@ JCONVERT TU ASCII

MOVA RO, (RB)* JPUT IT IN FIELD

CLR R

J8R PC,M5489 JMULTIPLY FRACTION BY 5/4
JSR PC,MLBSO JAND BY 8

BR DG1SP  1GO CONVERT TO ASCII

RTS " PC JRETURN TO CALLER

SHIFY THE CONTENTS OF Ri{ .o R4 RIGHT 1,

cLC

ROR R



S0C0C4 MACRO VRU4®=14 Q7w3EPw72 11149 PAGE {4«

378 b64p pusep2 ROR R2
379 6642 wA6URS ROR R3
J82 6044 wubVR4 ROK R4
384 6646 gpvp2a7 RTS PC

382 +EnNDC
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44
41
42
43

44
4%
46
47
48
48
Se

ae6dy
yoeda
nbbd4a
poede
ubhop

6604
Joe/@
ube? 4
2670
Yb7v4
ne7le
db714
aez7le
A6720
wb722
o744

ae726
hwe7dp

edplay
gopuel
vdipdue
vdveed
woeenéd
woegved
ddpee
wepva?
Qdaee v
pepupl
vdavezd
pdavied

¢11746
vagagl
L ET Y
wiabat
elede4
obpeyd
w62/l ad
vibpolid
6lglde
14757%¢
pig746
1737214
eig/ 4o
e71¢e?
ela74v
18706
1627006
gogvys
vidddao
€l4ddn
B144a6
w4446
voddal
ve6d16
116666

- WA W we wa

—e Wm ew we e W e

oLduivd

DLuGs
Lobslat

«TITLE
IFOF

DLOG

GLOBL
« IFNDF
+ GLOBL
+ENDC

MALRU VRUA4Am1d O7e3EPw72 11840 Pauk 195

S0LGU3
CNOsie

VaR3A

COPYRIGHT 1971, DIWwITabk EQUIPMENT CORPURATION, MAYNARD,MASS

DLUGIDLOLLR, SERRY
PPy
SPOLSH,$ADD,SSED, sMLD,3DYD/SIDsSPOPRAY

THe FURTRAN DLOG AND DLOGY@ FUNCTIUNS

CALLING
JSR

Br

2 WORD

WETURNS

Hpe%2
Rimx|
LPEY Y]
K3zx3
LYY
L1 F ]
SPEXE
PCax7
Fouxe
Fiexy
Fexe
P3uxd
«JFNDF
MOV
BR
CLK
Qv
[N

ADD
MOV
OV
MOV
MOV
Syb
nov
MOV
MOV
MOV
sLE

ASL
MOvB

SEQUENCED

R5,0L0G (OR DLUG1A)
A

ARGUMENT ADDRESS

LN(ARG) (GR LOG1Y4(ARG)) IN Ré = RS,

FPU

ePC," (SF) PGET ve2d4xX A§ & FLAG
LOGS Y

~(5F) FFLAG DLOG

RS,«(5P) JSAVE RETURN POINTER
2(RS)  Ka JGET &4RG AJDRESS

#8,,M4 JTPOINT TU LLASTYT SIGNIFICANT PART
H147972,=(5F)

8173721 ,7(SF)

#871427 ,=(SP) JPUSH wi/2%LN(2)
Hi37061,=(5F)

WB,,9P iGET wURK DPACE
=(KR4),=(3P) 1GET ARG
'(Rd"'(aPJ

'tRAJ_o-(hP)

w(kd4),~(3P)

(LR FJUMP IF NOT POSITIVE
#SP

1(8F),264(SP) JGET EXPONENT



SDLGUY

51
52
39
54
53
56
57
58
59
69
61
62
63
64
65

66

67
638
69
7@
71
72

73

74

ve736

0wo744
P87 40

87392
87956
p6702
6766
e6772
Q6776
a7ev2
27046
e’el2
a7el6
7922
0726

a7@92
a7ed4
27036
27040

w742
atpdq
YL Ll
27¢%p
e7a%2
37254
A7ubs
s7een
vw/eoe
27304
n7pos
a7e7
alv’2
7074
47876
w/19@
YAYF]
a731d4
w7198

eoedel
Vo3
112766
P YL
vevdel
o616
viz’a4s
157145
via740
2381771
2127 46
w963
012746
v4oesd
V16046
geepdL6
0166406
o6
616646
peeRLs
216640
wopeRy6
vle746
157145
wia’ao
vey7714
pi1aza6
0Be2963
012746
p4Q@es
QUade?
vwi2642
voaZ7eR!
Ru7dya
uB7 4
vigdiv!

BUTéat
087246
wiGlaot
Bi7o76!
ge7iad
viel4erpPUgled
beuv7p el
vleleet
pee’edn
e16lan?
eeg/7ral
piblde!
voa7edt
v161461
gueZgal
ei6i4n
LRe7egat
viblag
B 94!

Move
KOR
MoV
MoV
MoV
MQv
MOV
MOV
Mdv
mMov
mov
MOV
MOV
MoV
JSR
s WORD

«WORD

WURD
WORD
s WURD
e WORD

e WURD

MACRD VRW4w14 07eSEPw72 11149 PAGE 15+

#2021 (SP) JTRANSFORM ARG TO (1/2,1)

esP
157145,7(3P)
#231771,=(5P)
#0QR2363,"(8F) JPUSH 1/2+R00T2
#040U65,~ (SP)
14, (5P),~(SP) JPUSH X
14,(3P),~(8P)
14, (SP),=(3P)
14, (2P) )= (SF)
#157145,2(8F)

#231771,"(8P)

HOP29KI,=(8P) JPUSH 1/2wRO0OT2
8040065, (5F)
R4, sFaLsn JENTER PULLSH MQDE

$SBD/UPE1R, $AD0,8DV0 FGET (X=R0OT2)/

P (X+RQOT2)

DUPElU, LURPSLD JGET THREE COPIES
$MLD FSET UP PULYNUMIAL

SPUPKY JPUP ¥

REGEIQ

SMLD ALV SMLDySADD, $ML D SADD, SMLD, 3ADD

SMLOr S AUL ) SMLG, SADD, SMLD» $A0D

JEXPAND POLYNUMIAL



SULGRAI MACKU YRUO4m14 U7=SEPe72 11143 PAGE 15+

7% 2711¢ 0u7232! «WURD SCLS1C,SMD,PL2%10,8MLD  PGET LN(EXP)
7112 pLeY46!
a’7iid vezaza
47116 vlelaebt

76 ¢71de ¢Ry/ed? W WORD SADDJEXISLD JCUMBINE WITH FRACTION
w7122 pvarsi2!
77 FAND CHECK IF DONE
78 27124 ¢vl6i48! oWORD SMLDIEX]91M JMULTIPLY BY LUGLIOCE) AND. RETURN
o7 4e86 79121

79 37180 wb27p6 ERKSIOI ADD #24,98P JFLUSH JUNK
©0oRY3L

8n a7184 2245967 JSR RY, SERR
V12049

81 #714Q vdeduv4 BR EROSLQ

82 n7142 1] «BYTE 4

B3 27143 ved +BYTE 3

84 ]

85 7144 V12704 RELSIVE MOV WCONS{De8, ,R4 tPOINT YO COQEFFICIENTS
w7488 '

86 27129 wiz7ed MgV W7 ,RO I SEVEN CONSTANTS
vepee?

87 Q/71%6 ¢dpdpé BR $7Csip

88 27196 210346 STRylat MOV R3,=(8P)

89 27161 Vipees MoV R2)=(5P)

93 47162 vlelab MOV R1,=(8P) JPUSH ¥

91 07164 2L1RY46 MOV Rg,=(SP)

92 w7160 wlddan STLSL12I MOV w(K4),=(3P) JPUSH COEFFICIENT

98 #7470 014446 MOV «(R4),=(3P)

94 07172 ulaedas MOV e (R4), = (SP)

95 &7174 V1444t MOY o (R4),=(5P)

96 47176 vasapy VEC RS FCOUNT CONSTANTS

97 27202 QUISED BGT STKS1p

98 wu72¢2 ¢la’n4 Moy HXPUIIE, N4 JSET UP RETURN TO LIST
waresat

99 272¢6 VdLLl34 JMP #(RA}e

100 !

131 7210 2120666 UPH1@1 MOy (SP)*,22.(8P) tMOVE ITEM TO wORK SPACE
voEW26

142 7214 012666 MOV (3P)*,224(5P)
nopB2s

103 7228 ¢vi2668 MOV (SPY¥,224(8P)
0aRY26

184 7224 vl266¢6 MOV (SP)*,224(5P)
vegL2s

185 7239 vdaldd JMP P(R4)»

1do }

1847 7292 0Q5U4s 3CcLdilol CLR = (SP]

198 72384 156816 BIlss 12,(8P), 5P JGET EXPUNENT
woaR14

{09 724p 1627316 syH H20Ar05P JREMOVE EXCESS (28
28n2ad

118 7244 ¢upldd JMP 0(R4)~

111 !

112 7245 016646 DUPSi0l MOV 6(SP),=(3P)
veRRas

113 7292 v16640 MOV 6(SP),~(5P) IOVPLICATE STACK ITEM

voauasL



$D0LGV3

114
1185

116
147
118

149
120
ie}

122
jas
124

128
126

127
128
1a2d

13¢
13¢
132
133
134
135
136
187
138
139
140
144
142
143
144
145
146
147
148
149
152
181
152
1563
154
155
156
157
158
159

72%¢6
7262
7266
727@
7274
73¢2
7304
7380
7312

7316
7320

7324
7332
7344

7340
7342
7344
7346
73%¢
7392
7354
7366

v16646
uoedes
wi166406
poevRsd
TR R

vi2746
147572
Cl2746
173721
piavzas
w74027
©l2746
T .11 ¥}
voolad

105366
vepoLd
pegattl
p12748
24162
via748
124467
0$2748
©v9s5730
012746
vayr7as
oeeLd4
gizb6pe0
vigbol
vigbead
p1262y
viz26e8
pe5726
pop2es

'
PLES1Q}

'
Exisiot

LGTsiel
ErUsiR!

}
vLoGies

DPLOGS
LOwsiat

MOV
MOV
JMP
MOV
MoV
MoV
MOV
JMP
DFCB

BLT
MoV

MoV
MOy
MOV

JMP
MOV
MOV
MOV
MOV
Mav
8T
RTS
«ENDC

« IFDF
Mov
BR
CLR
SETD
SETI
MOV
LDD
CFCC
bLE
STEXP
LDCID
MyLD
LOEXP

Low
SyBD
ADDD
RIvo
«00

MACRO VRU4=14 07»SEPe72 11149 PAGE 15

6(5P) = (3P)
5(8?1;'(3P)

e(R4)»

#147572,=(S5P)
®173721,~(SP)
#871027,=(SP)

#040061,"(SP)

(R4

JPUSH LN(2)

$1.(8P) JCHECK FOQR ALOGi1U

LGTSia

#124467,"(8P)
#B55730,=(8P)
#O3I7736,=(3P)

P(Ra)w
(3P)*,R0
($P)*, R}
($P)*,R2
(SP)*,R3
{3P)¥,RD
(3p)

RS

FPU
#PC, R4}
Lousiey
R4y

!

)

HFCO¥10,Hay

02 (RY),F2)

ERRSLQ}
F2,R1;
RL1,Fdy
(ROY*,F3/F
Wd,Fd}

Fa,Fl)
(@) sF2}
(R2)*,FY)
F1,F2)
F2.F13

IND,
#024362,*(SP)

DUNE

FPUSH LOGLB(E)

JPOP RESULT

JRESTORE RETURN

TFLUSBH FLADG

GET 2204XXx AS DLOGI® FLAG

GET © AS DLOG FLAG

bouslLE PRECISIUN FP

SHORT INTEGERS

POINTER TO CONSTANTS
GET ARG

JUMP IF NOT POSITIVE

GET EXPONENT OF ARGUMENT
CONVERT TQ FP FORM

SCALE FACTURSEXPONENTwLN(2)
TRANSFORM ARG T0Q(3/2,1)

Xwl/2¢8QRT(2)
Xel/2«8SgRT(2)
We (X=rOQT2) /(X*ROOT2)



$DLGO3

168
1614
162
163
164
165
166
167
168
169
17¢
171
172
173
174
179
176
177
178
179
189
181
182
183
184
180
186
187
188
189
199
191
192
199
194
198
196
197

198

199
204

201

292
209

204

205
2006

2u7
208

7352
7362
73604
7366

7372
7372
7374
7376

T4v0
7402
7444
7406

7a4lv
7412
7414
7416

03745
146274
197168
174770

©v37471
872731
1387746
117145

ve7943
111154
vbulol
135465

wd7o0ge
044430
we7op6
e63pe2

XPUsSiOl

!
LGT812}

!
ERRsiA1

!
'
!
!
FcUsia@s
!

MULD

Mov
LOD
mhuLD
PEC
ADDD
86T
MJLO
ApLD
ADDD
T8T7
BEG
MULD

STL
MOV
MOV
MOV
MOV
RTS

JSR

RTS8 -
«BYTE
+BYTE

MACRU VRPA={d4 Q7=5EP=72 111439 PAGE 15+

F1,Fy

86,R1)
(RO)*,FR)}
Fl,rig
R1}
(RR)*,FE)
XPDsSie)
'2,'”'
(ra)*, b2/
F3,Fo;
R4}
LGTsiar
(RO)FO)

Fo,=(8P)]
(5P)*,R0Q)
(SP)*,RYS
(3P)*,R2}
(SP)*,R3}
RS1

RY, SERR}
R3}

4

3

Yu www2

COUNT CONSTANTS FOR POLYNOMIAL
INITIALIZE ACCUMULATOR

COUNT

Foia YeF2 * C(I)

LOUP

Falm weFV = 1/2«{N(2)

ADD SCALE FACTOR FOR EXPONENT
TEST DLOGLY FLAG

DLOGi® = DLOG»LOGIB(E)

MOVE RESULT TO STACK
AND TENCE T0 RO,,.R3

EXIT

ERKOR 4,9

EXIT « ND STACK CLEANUP REQUIRED

ORDER«DEPENOENT LONSTANTS FOR ROQUTINE
R@ POINTS AT CURRENT CONSTANT IN FPU VERSION

» WORD
«WORD

«WORD
+ WORD
«ENDC
+WORD

2 WORD

« WORD

«+WORD

+ WORD
«WURD

2« WORD

«WORD

240001 ,0710277
173721,147372y

0409b65,002363)
B31774,137145)
B37455,106270

157168,174770

R37471,072734
137716,147115

V373543,131153
06B101,145465

037622,044436

o7396,263062

LN(2)

1/2+SQRT(2)

f.16948212488

F.1811130207967

1.22223823832791

1,2857149915924689



$DLGRY

2909
210

211
212

213

214
219

216

ey?
214
219
2z@
a2}
222
223
224
225
226

7440
7432
7424
7446

7430
7492
7434
7436

Ta4p
7442
7444
7446

us7714
1463414
103459
165773

vapeszg
125252
1252467
LT R

vapdpe
4uudad
wapvRY
vopes7

l
CoNslit

MACRU VAU4mi4 Q7«SEPw72 §1114% PAGE 15+

) 400000200 1206045365

1.,0666660606633668894

J2.02%0200¢00002020261

w1/2%LN(2)

LOGiR(E)

s WORD @37714,146314
«WORD 153400,1068773
s WORD pavpo2,14525¢2
aWORU 125247 ,004640
«WORD Dé4vd4de,ndrnue
e WORD negede,ponas?
« IFDF FPUY

MOKE URDEW®DEPENUVENT CONSTANTS
+ WORD 137661,071027)
+ NORD 174721,147572;
« WORD P377486,0093730)
«WORD 124407 ,024162)
~ENDC

+ENDC
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SDINTI

SOINTS

Caasilt

SHF311

«TITLE
o LFDF

SOINT

WGLUBL

MACRYU VRO4®{4 P7»SEP=72 11143 PAUE 16

SUNTE2
CNODSLY

Vau2A

SDINT

COPYRIGHT 1971, VIGITAL EWUIPMENT CORP,, MAYNARD, MASS,
0TS INTERNAL FUNGTION TD FIND THE INTEGER

PART OF A DOUBLE PRECISION NUMBER,

CALLED IN THE PULISH MODE,

Rasxi

Kioxy

R2a%2

KSox3

Ramya

RS=%S

R 37

MEm177304

ASHE{77346

FanxQ

Fimxy

+IFDF FPU

«WORD 1701y 1ISETD

«WARD 172426 11,00 (SP)*,FD JLOAD ARG
« WORD 171487 ,4 J1MOD0  ONE,F@ JGET INTEGER PAR
+WORD 174446 1870 Fl,)=(8P) JPUSH INTEGER
JMP O(Ra)s JRETURN TO CALLER

+WORD eé4g2Ve,0/,0,0 JFLOATING 1,

+ENDC

+IFNDF  FPRU

MOV (8R)*,R0 1POP DOUBLE ARG

MOV (3P)*,RY

MOV (8P)*,R2

MOV (8P)*,R3

MQv R4, «(8P)

mMov RS,=(8P)

MOV KA, R4 JGET EXPONENT

RO R4

CLKB R4

8waB Re

Sub #2700 /R4 JCONVERT TO wSHIFT COUNT

BGE ONES1y JTJUMP 1IF ARG MUST BE INTEGER ALREADY
CMP #n7Q3/R4

BLT SHFSl1 PJUMP TO GET INTEGER PART

CLR R JANSWER IS @

CLR R}

CLK R2

CLR R3

BR DNESIL

o IFNDF  EAEGMULDIYV

MQv R4, ,RD }SAVE A COPY OF SHIFT COUNT

CMP #$u324,R4 JCHECK LOw OR HIGH TRUNCATION
BLT RURSLY



SON

535
56

87
58
39
60
61
62
63
64
6b
66
67
68
69
7@
71
72
73
74
73
76
77
78
79
80
81
82
83
84
8%
86
87
88
89
990
Pl
82
83
94
83
96
97
88
99
109
io1
102
103
104
125
196
197
148
109
110

T2

"Y4-LY)
37534

B7549
a7542
B7544
g7548
27589
975%2
07554
a75%6
a7862
p7562
27564
07566
07870
@7572
R7874
27876
YA F
07602

pey177¢
vee724
poukaeQ
wioded
206vRY
L1 LY TR
" LY LX)
02774
po6301
veslen
"LYT R
002774
ovR754
pusvee
vR6uRd
pos<rd
BR2774
026303
epreloa
vasded
002774

RRIs111

ASisitt

RORS1LE

ASLSILE

Ro1silt

R238118

R2984113

BEQ
ADD

MOV
ROR
ROK
InC
BLY
ASL
ROL
INC
BLT
BR
ROR
ROR
INC
BLT
ASL,
ROG
INC
BLT
+ENDC
W IFOF
MoV
+ENDC
W IFOF
CMP
BLT
BEQ
ADD

+ IFDF
«WARD
NEG
«WORD
+ENDC
o IFOF
MoV
Mov
MOV
NEG
Moy
Mav
MOy

+ ENOC
BR

« IFDF
«WORD
NEG
«WORD
+ENOC
o IFOF
mMQV
MoV

T MOV

NEG
mMav
mayv

MACRU VRD4w{4 U7eSEP»72 {1140 PAGE 16+

C23sly4 160 CLEAR LOW QRUER HALF
#32,1R4 1DO HIGH ORDER

R4,R®
RO FSHIFT OUT FRACTION BITS

Rl ISHIFT IN BVS

CR3s$ly 1GO CLEAR LOW OROER
R2 JMOVE QUT FRACTION BITS

R4 JCOUNT LOOP

RS JCOUNT LOOP
ASLSIY

EAE
#MG, RS JPOINT TO MQ

MULDIVIEAE

#=d2.,R4 JCHECK FUR HWIGH OR LOW QROER TRUY
R23sl1y1 JLOW

€233)1 JCLEAR LOW ORODER

#32,1R4 JHIGH ORDER PARTS

MULDILY

73204 JPASHC R4,RO J8MIFY OUT FRACTION
R4 JSET TO SHWIFT LEFT

B73004 J)ASHC R4,RB JBRING IN THE Q'8
EAE

Ri,eK5 JHIGH ORDER TO aC,MQ

R2,=(RS5)

Ré)ONASH JSHIFT RIGHT

R4

R4,08A8h JSNIFT LEFT

(RS)*,Ry fRESULT TO REGS
PRY,KY

2381y JGO CLEAR LOw ORDER

MULDLY

873204 J;ASHC R4)R2

R4

R73204 JIASHC R4,R2 JSHIFT IN Q'S
EAE

R3,8K5 JLOW ORDER TO AC/ MG

R2,=(RY)

RA,08A8HK JOUMF BITS

R4

R4, 8HASH IBRING IN 018
(RS)*+,R2 JRESULT TO REGS



SONTQ2 MACRO VROdmid4 B7«SEPw72 (1149 PAUE {6+

111 MOV ORS, N3
112 «ENDC

113 «ENDC

114 7604 012628 DNES1L1S MOV (8P)*,RS

115 7606 212604 MOV (SP)*,R4

116 7640 01pd48 MoV Kdom (SF) JPUSH RESULT
117 7612 019246 MOV R2,%(8P)

118 7614 0inl4b MOV Ry, ,u(8P)

119 7616 pviovas MOV RY,=(8P)

120 7629 woplsd JMP #{R4)+ JRETURN

121 «ENDC

122 «ENDC



$URaZ MACKU VAd4m1d 27w8EPm2 11348 Pautb 17

1 «TITLE SDREZ
2 o« IFOF CNDEL2
3 +GLUBL MUK, 3ERR
4 ? SUNK THE UOUPLE PRECISION TQ MEAL CUNVERTER
5 !
(-] H $uK Yaugh
7 i
8 [ COPYRLIGHT $9/1, QIGITAL EQUIPMENT CORP., MAYNARD, MASS,
9 ! ROUND THE TOF STACK ITEM TU REAL FURMAT,
ie ddpup4 Kax (4
it geReas KEXYS
12 ueddeb Spsys
13 gopeen Fosxo
14 2 IFOF  FPU
15 L LY « WORD {7028y JPSETF
16 « WORD {77426 FILDCDF (SF)+,FQ JCONVERT ARG
17 «WORD 1790¢p FICFCC JGET CONDITION CODES
{8 Bv.S QVi$la FJUMP IF QVERFLOW UN ROUND
19 e WURD 174046 1ISTF Faye(5F)
29 JMP o(R4) il
21 +ENDC
22 «IFNDF  FPU
23 27622 Ue6168 SDRI KOL 4(SP) iROUND LOW QRDER PART
goadud
24 276846 pLhbES ADC 2(5P)
gopE2
25 87632 ©a5516 ApC oSP
26 Q7634 103406 BCo OVRS12 JJUMP IF QVERFLOW
27 07636 102425 BvVS OVRS$12
28 97642 012666 ORislal MOV (SP)*,2(3P) JMOVE HIUMEST URDER PART
vopepe
29 27644 PI2066 Mav (5P)*,2(8P) JMUVE LOW URDER REAL
Y YIx
30 07659 ovealid4 JMP #(R4)+ JRETURN
31 07652 22626 DvKslz2t CMP (SP)*, (SP)+ IFLUSH ARG
32 u7604 DP220628 CHMP (SP)*, (SP)»
33 «ENOC
34 27696 V04SET Ovislias JSR R5,5ERR JERRUR 3,29
0i2124
35 87662 ¢vg4dnl BR DRrRe2sl2
36 Q76604 ved «BYTE 3
37 87665 027 «BYTE 23,
38 7668 005445 DRési2l CLR w(SP) JRETURN @,
39 27670 ©UO5Q46 CLR (5P}
40 87672 woplaé JMP P(R4)e
41 +ENDC
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1 +TITLE SDSND4
e « 1FOF CNDS 1Y
3 !
4 I DSINCS VE04A
) |
) } COPYRIGHT 1971, OILITAL EQGUIPMENT CORPURATION, MAYNARD,MASS
7 }
8
y +GLOBL DSIN,DCOSy
i@ «lFNDF  FPU
11 WGLIBL S$ADDrSSBU,SMLD,SOVD,SDINT,8POLSH, 3POPR4Y
i2 +ENDC
13 ) DSIN pcos THE DOUBLE PRECISIUN SIN AND COS
14 ) FUNCTIONS,
15 ! CALLING SEUUENCED
16 ! JSR RS,D3IN (OR DCOS)
17 ) BR A
18 I W WORD ARG ADORESS
19 1Al
20 } RETURNS SIN WP CUS OF ARG IN Rp » K3,
21 vagued Rosx@
22 videvel Himyl
23 vaavee R2®X2
24 gReved WRLRE
25 evpégd R4nyd
26 ooepas R3sXS
27 pUeves SPuY6
28 elegda? PCux?
29 VaPveY Fasxy
3¢ poevol Fiexy
31 vododpe rFaey2
hY] BYPYBY Famxy
33 « IFNDF  FPUY
34 07674 V10946 DCOSI Mov RS,w(8P) 1 SAVE RETURN POINTER
385 27676 216804 mMav Q(RB),R4 JGETY ARGUMENT ADORESS
vepooa
36 07702 QUBV4E CLR e (SP) IMAKE ROOM FOR QUADRANT FLAG
37 p7784 016446 MoV B(R4),=(3R)
povedes
38 p77408 216448 mMov 4(R4) ,w(SP)
doeued X
39 87714 Y1644C MOV 2(R4) ,=(3P) JPUSH ARGUMENT
gvedeR
40 7780 ©l1448 MQV o4, "(5P)
41 7722 012746 MOV #o64522,%(8P)
64302
42 37746 12746 Mav #121041,*(3P)
12104}
43 277382 ©v12746 MOV #0@7732,~(8P) JPUSKH PI/2
w7732
44 7736 ©12748 MQV #040911,=(8P)
CYTEER
45 7742 V4467 JSR R4, $PDLSH JTENTER PULISH MOODE
wiiers
46 Q7746 v0R704! +WORD SADD)SNCELI JEUS(X)aSIN(X+PTI/2)

ar77dy vlplae!
47 877%2 u10B46 UBING MOV RS,m(8P) tSAVE RETURN
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48

49
L]

81
52

53
54
5%

-1.]
24

58
59
60
61

82
63
84
65
86
67
68
1)
7@
74
7e
79
74
78
76
77

78

79
8p

e77%4

err6e
ar7e2

277068
e7772

7778
fdove
10002

10eds
1eglo

1eelq4
10020
18924
{00392

1epd4
10@36
1004
10042
10044
10046
{eedp
10eb2
10054
10ple6
10080
10@62
10064
18006
14070
{ep72
16274
10076
18140
10302
181064
19106
IR RY]
19112
10114
10116
1u1ée
1@122
1u124
10126
10199
10102
10194

016004
pepked
vasv4s
V16446
vepued
016448
vepgved

216448

gopone
R14446
BB6016 SNLYLIS
no60668
gdeRie
T I TEY )
21R746
pe4adp2
012748
121044
012746
0er732
012746
gdp74!
YYL-H
pLy610
01230
pigisa
"TYAL-T L
pRa7e0!
olplr6!
eilaiban
earasa!
212161
Qoe’7e2!
wip24"
PLoiB4'GSES138
piois4!
B161a8!
gL7o76!
oiasgar
PLI6L461XPRELIS
o774
vle146
pReZoa
e16iat
poaredar
0161461
2097841
216146
gop7e4et
2161461
saaToar
v161a6!
LT YEY L
pi16146
voalea!
vil6lab!?
Vi1706761PRASLD)

MoV

CLR
mov

mMov
MOV

MoV
ASL
ROR

ROR
mMov

MoV
MoV
mov
J3R

2 WURD
o WORD
2 WORD
s WORD
+WORD
+WQRD
.WQRD
P WORD
s WORD
s WORD
W WORD
+WORD
o WORD
«WORD
s WORD
2WORD

o WORD

s WORD
+WORD

2(R3),R4 JGET ARGUMENT ADDRESS

»(8R) I1MAKE ROQM FOR QUADRANT FLAG
6‘“410'(59)

'4CR4)"(SP)

2(Ra),=(5P)

fR4, " (SP) JPUSH ARGUMENT
eSP ICLEAR SIGN AND SAVE IT
8,(3P) JIN QUADRANT FLAG

esp

#064S02,°(3P)

wi21041,(3P)

NQO7732,°(SP)  JPUSH 24P
N242714,"(SP)
Ra4,SPOLSH JENTER POLISH MQOE

S0VD I1x/72P1

DUPS1d 12 COPIES

SDINT JINT{X/2P1)

588D IFRACT(X/2P1)

X4313  JAwFRACT(X/2P1)

DUPSL3 12 COPIES

SOINT  JINTC4*FRACT(X/2PI))
QUDSII ISAVE INT(eaevas)

$880 JYaFRACT(4vPRACT(X/2P1))
RSTSAIY JREDUCE Y TO (=1s1)
DUPSIY 12 COPIES

DUPSLS I3 COPIES

SMLD FYwy

SPOPR4  JSAVE YwY

PLYSI3 JPUSH COEFFICIENTS
SMLD:SADD, SMLD»SADD,SMLD»SADD,SMLD,3ADD

SMLD/SADV,SMLD,SADD,SMLDySADD, SMLD,SADD

SMLD  TY#PLY*Y) )
$PUPK4 JPOP HIGH URDER RESULT



308

81
a2
83
84

85
86
87
48

89
9
91

92
93
94
95
96

97
98

99
jeo
jel

102
109
1¢4

f0b
106

ia7
{e8
189
119

11!

N4

101986
{014
10142
1u144

10130
te192

10194
1a16e
18164
1U170
10174
10176
10200
10202

10206
1UFRY

10214
pale
0222
vedd

“FLY
ved2

w296
B2ea
vgdz
244
AT
U294
"PEL
v2oy
2204
va’e
vazz
B2’¢6

Bave

gipled!

PR5728 RTNS13)
vo2ueee
62700
10pved
vizeeld
pepeey

RTISL38

!
016646 QUPsiSt
vopues
Vwi664s
poeves
016646
Pepves
©16646
vepvos
veelye

[}
PUS7 46 X45131
PRL142d
108266
vopopl
200134
ei12704 ZEHS131
elelaa
0op134
!
UN1666 QUUSESE
vopU20
veely4
]
105766 QsTsiat
eopuLR
pU1445
062716
1@peey
Yuduvdo
V28146
e05L46
@12746
04pden
Vo448
P11972
vealo4r
viecsn!
wi2704 QSKs133
glogen!
106266 Q19§18
oYLl
!
1063002
weR716
{@ode
gdeldd QUTSLIL

!
0l27m4 PLYS131
vigésd?

.NORD
781
BGE
ADD

MOV
RTS8

MoV
Mov
MoV
MoV
JMP
TST
BEQ
INCB

JMP
Moy

JMP
Brs
JMP
TST8

BEQ
ADD

CLR
CLk
CLK
MQv
JSR
MOV
ASRB
BccC
ADD
JMP

MOV

MACRU VRO4w14 Q7=SER=72 §1843 PAUE 18+

RTNS3Y

(SP)*

RTL313 JJUMP
#1000p0,RQ
(SP)*,RY

R JBACK

6(8P) ,w(35P)
6(8P) , = (3P)
6(8P),=(3P)
6(8P) , =~ (5P)
O(R4)e

#SF

JPOP QUADRANTY FLAG

IF ARGUMENT WwaAS »
18IN(mX)®BaSIN(K)

TO CALLER
JDUPLICATE STACK ITEM

JCHECK FOR B FRACTION

ZERSLYJ GUIT NOwW

1(8P)

e(R4)»
#PR4ML3, R4y

8(Ra)#)
#8F,16,(9P)

P(R4)+

8,(8P) ITEST
Q13s13 JJUmP
#ioe0po, 08P
w(SP)

«(§P)

= (5P) 1PUSH
wWAaR26D,=(SP)

R4,sFOLSH

SADD,QSKIL]

NQSEd13, N4
9.(SP) ITEST
QUTSI3  BJUMP

4102002, 85P
®(R4)s

WCONS|3+8,,k4

JUUADRUPLE STACK ITEM

RETURN ZERO RESyYLT
USE POLISH
JSAVE QUADRANT NUMBER

QUADKANT

IF FIRST QR THIRD GUAD
INEGATE STACK ITEM

A FLUATING 1.

JENTER POLISH

PXWL, X

JPOINT BACK INTU LIST
WUADKANT

IF FIRST OR SECOND
JNEGATE STACK ITEM

JPUINT TO LIST OF COEFFICIENTS



508NU4

121

122
123
124
125
126
127
128
129
130
131
132
133

134
135
136
137
134
138
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
158
156
157
158
159
160
164
162
163
164
165
166
167
168
169
170
171
172
173
174
175

vyd4

é3i0
0312
0344
83le
v3dp
CRY Y]
6324
2326
233
R3d2
©334
0IIs

0342

3 L]

pRrevll -

Yepdnd
©10348
B1p246
vinlab
Bleovds
B14446
014446
C1444a8
214446
2e53pY
023366
via7o4
plovza:r
002134

Pyesiys

Pylsidl

ocusy

0siIN

SNUSL3s

POSS131)

Q195131

!
Q1es13¢

XPUS13t

mMov

BR

MOV
MOV
hov
MoV
MOV
MOy
MOV
Moy
DEC
BGT
MoV

JMF
+ENDC

s IFOF
SETD
LDD
ADDQ
BR
8ETD
LDD
SETI
MOV
CLR
Crce
BGE
INC
ABSO
DIvo
HODD
CFCC
BEQ
mMoDo
$TCDI
ROR
ecc
NEGLD
ADDO
RQOK
eCC
NEGD

LDO0
RULD
Moy
Loo
AULD
DEC
ADDD
BGT

MULD
T871

MACKU VRR4w14 B7eSEPe72 11§49 PAGE 18+

#9 4, K5

PYL{813

R3,)= (8P}
RE2,=(5P)
Ri,=(5F)
RB,=(5P)
'(R4lu'(sP)
»(R4),=(3P)
w(R4),w(3P)
o (R4} ,«(SP)

RS JCOUNT COEFFICIENTS

PY231)

#APDE1 3, R4

e (R4)

FPU

} DOUBLE PRECISION FP
02(RD),FV) GET ARGUMENT

PI28id,FY} CoS(Xx)mSIN(X+PI/2)
SNCS1Y)

] DOUBLE PRECISION FP
#2(R5),FU) GET ARGUMENT

} SHORT INTEGERS )
#FCO8L3,H2) POINTER TO CONSTANTS

R4} SIGN FLAGE + ARG

] GET SIGN QF ARG

PUSSLY)

R4) SIGN FLAGI » ARG

Fo; REMQVE ARGUMENT SIGN
(RR)*,F0al X/2PL

#L,2,F0} For FRACT(X/2P1)

RTNSLYY EXIT ON @ FRACTION
§4,01F0) For FRACT(4+FRACT(X/2P1)
FloRiy @QUAD® INT(4#FRACT(X/2PI))
R1)

Wi3slyy JUMP IF FIRST OR THIR QUAD
Fo)

Wi,0:F0Q} Ysi, @=X

R}

Gi2%1y) JUMP 1F FIHST UR 2ND QUAD
Fap Y & =Y

Fa,Fé}

F2,F2) IzYwep

LY LY COUNT OF CONSTANTS FOR POLYNOMIA
(RA)*,F Y1 INITIALIZE ACCUMULATOR
Fa,Fl}

Ry COUNT

(Ra)*,FL1} Fiis Ztrd * C(I1)

XPD$13; LOCP

F1,Fuy Faim YeF]

R&Y TEST SIGN FLAG

ININE CONSTANTS

JPUSH YeY
JPUSH CONSTANT
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176 BEG RTNS3I)

177 NEGD Fay SIN(wX) ® =»SIN(X)

178 RYNSL13¢ 8TD Fo,~(8P)) MOVE RESULT TO STACK

179 MOV (sP)+,Rel ANU THENCE TO R@,,«R3

180 MoV (SP)*,RY)

181 Mov (ap)+*,R2}

1823 mov (8P)%,RI}

183 KTS RS} EXIT

184 ! ,

185 PIZ28138 ,WORD 240311,00773R2) Pl/2

186 2»WORD 121041,054302)

187 ! .

188 ' ORDER=DEPENDENT CONSTANTS

189 !

199 FCUSi3t ,WORD 240711,007732) 2eP]

191 ¢ WORD 121041,064302)

182 «ENDC

193 D344 2268716 «WORD 0R6716,196723 1.5987061098171Eny
0346 106723

194 2350 048877 o« WORD 045277,146362
0382 146362

196 ) ’

196 2354 130467 +WORD 130467,136273 1=.,66843217206396E«9
2356 136873

197 2360 103054 +WORD 103054,123483
0362 12318

198 !

109 Od04 BI2164 +WORD 2321064,074687 1.,9602134872719323E~7
0346 74687

200 8370 0472854 o WORD PA7254,194742
0372 154742

201 !

202 ¥374 3133564 «WORD 133561,101646 Je 3859088430037 208693EnS
Q376 101646

200 vaevp 1672416 2 WORD 167216,1340245
G402 134048

204 }

205 0404 235050 «WORD Qu%edg,0%6032 1.1604411847060221Fe3
P4a0Ss 236832

206 04l Q41214 « WORD Ratala, 19313}
0412 103134

207 [}

208 2414 138231 _ «WORD 156231,004546 1».4681754133302643Em2
04al6 064DeE

209 V422 V71423 « WORD 271423,1285024
0422 125024

210 ]

211 dadd BI7340 « WORD @37243,0232743 1.7969262624616544Ew}
2426 032743

212 2439 038655 +WORD 035695,051557
0432 151557

213 )

214 D434 140045 o NURD 140045,056747 = 8459840975062462
0436 v56747

218 D44g 230455 s+ WORD 030455,471222

a2 $71222
216 !



SUSNDO4 MACRU VRUA®14 U73EPwY2 {1140 PAGLE {8«

217 8444 papatl CoNsLat L wURD VaR3ly, vo7732 FLa5707906326794897
24486 Q07732

218 ¢4dp 121v4el s WORD 1210244,004302
0452 ©b4dp2

219 }

229 +ENDC



$0SQ0Y

CEENOCUL GR

10454
10408

1eab2
1v464a

) LU406

10470
1047 4

105ue
1¥dde
10504

1uB81a
1epile
10614
186i0
1529
10522
105é4

10539
105382
19594
10696

ddavpy
dbvdul
voudoe
voeved
vopRRd
okaved
goeoed
vunanl
avevel
Qepvaé

Bladed
pleded
popdre
¢11%01
120487
wei472
plésed
vopde2
012746
voevo4
vo6éel
pwosuee
w271
v201p0
2e5V40
VOB048
V10246
¢lala0
Po8Uv4as6
wosSe46
VWi6v4s
ndeLp2
011548
PO5V40
v a6
vingad

- s Sa W =

~a Wme we we wn We s we

DSURT

«TITLE
« IFDF

USGRY

«oLOBL
o LIENUF
2l OBL
«ENDC
SDSQRT
CALLING
JSR

BR

#ARG

RETURNS

hyu%0@
Riwyl
R2WX2
R3®¥3
R4mX4
RSuxS
Fosxe
Fimx}
Famxa
SPeXS
s IFNOF
MOV
MOV

MoV
BMI
BEQ
MOV

MOVY

ASR
ROR
A0D

CLR
CLR
MOV
MOV
CLR
CLR
MOV

Mgy
CLR
CLK
MoV

MACRU VROAw14 Q7eSEP=72 11849 PAGE 19

30803
CNDS14

vap3aA

COPYRIOGHT §971, DIGITAWL EGUIPMENT CURPORATION, MAYNARD,MASS

DSGRT,SERR}
FPU
SADD, SDVD, SPOLSH)

THE UQUBLE PRECISIUN SQUARE ROOUT FUNCTION
SEQUENCED

R5,3USQRT

A

DSQRI IN R4 = R3,

FPU
RS, =(5P)
2(RS),RY JIGET ARGUMENT ADDRESS

#RS,R1 JGET WIGM ORDER ARGUMENT
ERRSL4 JERROR IF ARGUMENT NEGATIVE
ZERSL4 JFAST EXIT IF ZERD

R(RS),R2

wd,=(5P) JPUSH ITERATION COUNT

R1 JFORM INITIAL ESTIMATE
R2
#20102,K1}

w(8P)

=(8P) JUSE ONLY HIGHW OKDER PARTS FIRST
R2,=(3P)

Ri,=(8P) J'CAUSE ADU AND OIVIDE ARE
w(8P) JFPASTER THAT wWAY

= (8P)

2(R3) ,»(5P)

PRS,=(3F)
w(§P)
w(SP)
R2,=(5P)
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53 1u%4p vilalad mov Ri,e(SP)

54 10542 vl4dd? LUPSLIAS JSR R4,3P0L5H .~ JENTER POLISH MODE
11476

5% 10846 pla2ia! «WORD SOVDs8ADV,UPLS1 4 F(X/EsE)

10550 ovop7p4t
10552 wipbtsaet

56 10554 162716 UPL3Lel SUB #2001 0S¥ J(X/E*E)/2
povene
57 10560 BYSIES DEC B,(3F) JCOUNT LOOP
pRROLQ
58 18564 poydpe BEG ouTsle
59 10566 p16040 MOV 6(RS5) ,»(5P)
Yeeodos
60 12872 v163940 MOV 4(R5),=(5P)
CEELEY
61 18576 0160468 Mov 2(R5),=(SP) JUSE LOW ONDER PARTS
popepe
62 {b6R2 V11546 MOV #R5, " (SP) JTUQ FROM NOW ON
63 10604 216646 MOV 14, (SP),»(SP)
poauLs
64 10610 016648 Mov 14, (9P) = (SPF)
T Y]
65 10614 V16646 mMov 14, (9P )" (S8P)
PopV18
66 10622 016646 MoV 14,4 (9P) )~ (SP)
o018
67 10624 ¢op744 BR LUPSl4 1GO FOR ANDTHER ITERATION
68 10626 012602 OUTS14 MQV (SPY*,RD JGET RESULT INTQO ROwR3
69 1063p uiadel MOV (SP)*,R1
72 10632 @i12002 MoV (SP)*,R2
71 10634 012003 MoV (5P)*,RS
72 16636 v@B7326 78T (SP)* IPOP ITERATION CUUNTER
73 10642 12009 RTNSL4L MOV (3R)Y*,RE
74 10642 pRR20S RTS RO JRETURN TO CALLER
75 {8644 C0PADE7 ERRSLAT JSR RS,8ERR JERROR 4,4
011136
76 1068 ouR773 BR RTNSL4
77 j@6d "T.Y] «BYTE 4
78 10653 vee WBYTE 4
79 10654 025000 ZENSL4t CLR RO
80 10606 208001} CLR Ry
81 1966y vobdw2 CLR R2
82 10662 oudvad LLR R)
83 10664 20R76Y BR RTINSI4"
84 !
a5 +ENDC
86 )
87 o IFDF FPU ,
88 DSURTI MOV 2(RS) R4 GET ARGUMENT ADDRESS
89 MoV TYTLEY) GET MIGH ORDER ARGUMENY
99 BMI ERR$14 JERROR IF ARGUMENY NEGATIVE
91 BEQ ZERSLI4 JFAST EXIT IF ZERQ
92 MOV 2(R4),R2J
93 ASR G JFORM INITIAL ESTVIMATE
94 KOR R2
95 ADD #22190,R}

96 CLR e (SPF)
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97 CLR ={SP)  JUSE QNLY MIGH ORDER PARTS FIRST
98 MOV R2,= (SP)

99 MOV Riy=(SP) J'CAUSE ADD AND DIVIDE ARE
1ee MOV N4, RY) ITERATION COUNT

101 SETD ’ DOUBLE PRECISIUN FP
102 LoD (5P)+,FO/ GET INITIAL ESTIMATE
103 LoD #R4,F2) GET X

104 '

105 LUPSiat LOD Fa,Fl) Enk!

106 LoD F2,Fd) X

187 DIVD Fi,F0) X/E

108 ADUD Fi,r0) X/EeE

129 DEC R@J COUNT

110 DIVD #2,0/F0) E's(X/E«E)/2

111 BGT LUPSidl LOOP

112 1}

113 stV Fé,=(SP) I MOVE RESULT TO STACK
114 MOV (3P)*,RE} :

115 mov (8P)*,R1)

116 MOV (SP)*,R2} AND THENCE TO R@,,.R3
117 MOV (SP)*,R3}

118 RTS RS}

119 !

120 ERRal41 JSR RS, SRR ERKOR 4,4

124 RTS RS}

122 WBYTE 4

123 BYTE 4

124 ZERS141 CLR RQ)

125 CLR R1)

126 _ CLR R2)

127 CLR RY)

128 RTS RS)

129 +ENDC

130 2 ENDC



S$DTNG3

OENEPUODEN»

G P b G e i s P e gn
CRBNAGLEN—~B

N PR
E N+ &

GOUEGRNDRONNNDODO N
GRN= VO BNRR S

Gt Gl O
[ R« I 3

RBABLAR»S UK NDPOODEGRK» G O

LE R e
~

10606
18679
1ue7g2
18674
jee/e
16702
16702
14704
10726
18714
1074¢

edplead
popvel
vegvad
ool
BR0YR4
gQevpd
pepvued
vepvea
vopvel
eRapvpe
vupeed
vanvaé
veneps

Vlpdal
vehvao
PUsE4a6
gescat
AKHoad
pesédes
Qb 48
dudidats
Ces¢4b
vichuvad
aledpd

fTITLE  SUTHNES
«JEQF CNUELS
I
H el kN YaWsa
f
i WOPYRIUHAT §975, DIwlTAL EGUIPHMENT
!
WGLOBL DATAN,DATANZI
«IFNDF  FPU
e GLOBL
+ENDC

e WE NS WS RS RS WR WM NP WS WS Wy W Ve WP W WD W e W

DaATANZS

MACKU VREA®14 G7=SEPm?2 {1148 PAUE 2¢

CukPURATION, MAYNARD,MASS

SAQD»$SBU,) SMLD»SDVD,SPOLSH/SPOPRAE)

THE FURTRAN DATAN AND DATANZ FUNCTIONS
CALLING SEQUENCE FOR DATANE

JSR
BR
« WURD

RETURNS

CALLING
J8KR

BR
+WORD
+WORD

RS9, DATAN

A

ARGUMENT ADURESS

ARCTAN(ANG) IN R@ AND Ri.

SEWUENCE FOR DATANZS
RS, DATANZ

A

ARGUMENT | ADDRESS
ARGUMENT 2 ADORESS

RETURNS ACRTAN(ARG1/ARG2) IN R AND Ri,
IF ABS(ARGY{/ARG2) > 2ww24, THE RESULT IS

SIGN(ARGL)»PLl/2,

IF ARG2 <@ THE RESULT IS ARCTANCARGL/ARG2) +
SIGNCARGL)»P],

Rosxo

Risyy

R23X2

LRLE )

Ram%a

Kouxb

sPmY6

PaAsX0

Fieyy

Fazx2

Fymxd

Famx4

Foaxd

« JFNOF  FPRU

MQV RS, =L5P)

CLR m(5K) FCLEAR SIGN FLAG

CLk - (5P} JCLEAR DATANZ BIAS
G = (SF)

CLk w(SPFy

(N -{(5F)

CLw w(3F) JCLEAR JQUAURANT DTAS
LLKR =(SP)

CLk (8¢}

Cuw w(OF}

~Y cimn) , R4 IGET FIRST 8RG ADUJRESS
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58
59
64
614
62
6s
6a
65
66
67
69
70
71
72
73
74
75
76
77

78
79

8o
81
82
83
84
85

886

87
84
ag

oe
91

11094
11042
11090
S EL
j1veg

jletd

1172
1lo/4

Wepdee
V16446
poevae
16440
papend
p16440
vopuega
P141446
piitoa
wi6504
pegveé
016449
yoe0Qs
R16448
eopled
v164486
p2ov02
V11446
n11601
Vo1443
yesdey
108022
URTT]
peeda!
105001
pagdel
16pi0@
gRa’zee
popey2
002433
Y PYY.Y4
"RY-1-R Y
pladLe!
plivze:!
208778
oepdoA
poe2e
012766
p4pd11
"UVY PY]
p12766
ver7y2
Popeze
via’ee
121041
vanz4
212760
LY T
vepR26
widn?77y
nopee2
vezepnd
wee/ 66
jepdge
popeae
228716
w2pdad

PIVS1SS

UrPLsist

ATEsist

Moy
nov
mov
mMov
MoV
MQV
MOV
Mov
Moy
MoV
MoV
BEQ
ASL
CLRB
SwWaAB
ASL
CLRB
SwAB
sus
CMP

BLT
J3R

«WORD
78T
BGE
Mav
MOV
MOV
MOy

187
BGt
ADU

Ts1
B

MACRU VRY4m14 d7wSEPe72 11148 PAGE 200

6(R4), = (3P)
4‘R" '“(3')

2(R4), = (5P) IGET FIRST ARG
OR4, = (5F)

#8P,R2  TARGY TO R¥ '

4(RS), R4 JGET SECUND ARG ADDRESS

G(R4) = (¥P)

4(R4),=(3R)

2(R4),=(3P) IGET SECOND ARG
OR4,*(SP)

05P,RY JARG2 TO R1
INFS1S 1JUMP IF DENOMINATOR I8 @

Rv IGET ABS VAL ARG}
R& IGET EXPONENT

R@

R

R1 JGET EXPONENT AROR
R1

Ry RO JGET EXPONENT DIFFERENCE
#38,,RQ JCHECK MAGNITUDE

INFS1I5 JTREAT AS INFINITY
R4, 8POLSH

SOVDIUPLS1S JGET ARGI/ARG2

P4(RO) 1IF ARG2 »¢, BIAS ®e

ATESLS JIF ARG2<@, BIASSSIGN(ARGY)*PI
#0402511,16,(5P) JP}

¥007732,18,(SP)

#121041,22,(SP)

was4d90y, 42, (5P)

#2{RD) ITEST AWGY
ATESLS
W1PWLRQ, 16, (5P) jeP]

e3p 18E1 CuDtes
AT1815 JJOIN MAIN RGUTINE



SOTNUI MACRO VRUAw14 @7=SEPw/Z 11349 PAGE 20«

92 {1076 ©62726 INFSIOY ADD #36,95P IFLUSH STACK
popLad
93 (1102 vl27e¥ mMov #04p911,72 JANS ® 51GN(ARGL)#»PI/2
vapdiyl
94 11166 012701 MOV #OR7732,R14
ver732
95 t1112 vl27pe MOV #121941,R2
121041 .
96 11116 wiz7pd MoV 8064901 ,R3
¥o4adRl
97 11422 2¢5775% 187 #2(RY) JTEST ARG}
voave2
98 131126 vd2Y02 bGE INRSLS JJUMP IF +Fl/2
99 11192 ©62700 ADD #100VP0Q,Ra j1=P1/2
160800
100 1134 ¢v22@5 INRSLIDE RTS ) JRETURN TO USER
181 .
102 1396 W1gd46 DATANI MOV RO, =(SP)
103 114w YYBuad CLK - (5K) JCLEAR SIGN FLAG
104 1142 pUSV46 CLR - (SPJ JCLEAR ATAN2 HIAS
105 1144 P@5048 CLR = (SP)
106 1146 ¢@%50ab CLK »(SP)
187 1152 bedvaes CuLR w(S5P)
108 1192 va5046 CLK =(5P) FCLEAR QUADRANT BIAS
109 1154 vo5046 CLR -(8P)
110 1196 padvad CLR w(5P)
1114 110p Qubdvae CLw «(SP)
112 1462 ©i6%p4 MOV 2(R5),R4 JGET ARG ADDRESS
vvevea
113 1166 ¢16446 MoV 6(R4),»(SP)
Yeudas
114 1172 6164406 MoV 4(R4),a(5P)
popopd
115 1176 vleddao MOV 2(R4),=(5P) JGET LOW ORDER ARG
popep
116 1202 v11446 MoV OR4,"(SP) JGET HIGH URDER
117 1204 V0206R4 AT18131 BGE PLUSLS J1JUMP IF QUADRANT § OR 3§
118 1206 062716 ADD #120000,05P JGET ABS VALUE
100000
119 1212 0ve5266 INC 24, (SP) IFLAG =
pepdy0e
120 1216 ¢21627 PLUSLDI CMP 85P, #4020 JCHECK 1F i,
vap2eQ
121 1922 1903459 BLO LELSIS 1JUMP IF <},
122 1244 0303 BGT GT1818 I»¢,
123 1226 ¢u5766 T8T 2(8P) JCHECK LOW ORDER
vapkpe
124 1292 vioteed BNE GTINLS
125 1294 VosS766 187 4(sP)
"y ryrrY
126 1242 vé1ded BNE GT151S
127 1242 vius766 18T 6(5PJ
wenKes
128 1246 001443 BEQ LEL1SLS sy,
129 125@ ¢12766 GTIS15L MOV #140941,8,(5FP) jaF1/s2
148811

avaeld



SDTNE3

130

134

132

133
134
135
136
$137
138

139
140
141
142
143
144
145
146
147
148
149
150
154
152
153

154
159

156
187

1256

1204

1272

1300
1304
1310
1314
1320
1324

1342
1396
1342
1346
1302
1304
1306
1362
1366
1372
1376
1402
1406
1412
1416
1422

1424
1426

1434
1496

BL2768
pR7732
popo1
eiazee
12104}
PReYL4
P127066
v6ad0y
vopRo16
vesdse
papyYl
016046
pepees
016646
p2pdpe
P16646
poRLes
216640
eepee6
p12766
v4p00
poodio
BU5A66
pepdie
ees5066
LI EY ]
pose6s
oepoL s
"T'TET-Y4
pip2r2
pi2eie!
01135861
P165406 LELSLDI
voePpeé
Vichas
pepke6
216846
oeeoed
216646
pRp0p0
Y1171}
eopdse
pe50606
péowL2
eO3066
vooeid
pO5066
popPeLs
©wa1027
UEYA-TR
1030207
101016
pR6627
wlpdae
03242
101042
10381

Moy

mMav

Moy

DEC
MOV
mMov
MOV
Mov
MOV

CLR
CLR
CLR
JSR
«WORD
MOV
MOV
MoV
Mov
ELR
CLR
CLR

CLR

CHMP

BLO
BHI
CMP

BHl
BLO

MACRU VRO4=id ©7eSEPm72 11140 PAGE 28+«

#2R7732,10, (3R] JATANIX)®PL/2=ATAN(1/X)
w¥121041,12,(8P)
Wo64d01,14,(8P)

24,(8P) JADJUST SIGN

6(8P), = (5P) IMOVE ARG UOWN
6(8P),=(3P)

6(8P) ,=(8P)

6(SP),=(5P)

w4200, 80 (3P)  JINSERY §,

19,4 (SP)

12,(5m)

14,(8p)

R4, 8POLSH JCOMPUTE 14/X
SOVD/LE134S

6(AP) ,e(bP) JMOVE ARG DOWN
8(8P),=(SP)

6(8P) ,=(3P)

6(8P),w(9F)

8.(3P) JINSERT A 0,

1€, (8P)

12, (9P)

14,(9p)

03P, Mp37611  JTANCIS)
L15S45 JJUMP IF LESS THAN TAN(1S)

TNSSLIS JJUMP IF »
2(8P) , 0302242

TNGS1G
L1331



SOTNOS

8-1.

159
160
161

162
163

164
165
169
167
168
169
170
171
172
173
174
175
176
177
178
179
189
181
182
183
184
185
186
187
188

189
199

1449

1446
1420
1402

1409
1462

1470
1476
1504
1542
1514
152¢
1524
1590
1534
1549
1544
1550
1592
1594
1556
1509
1562
1504
1566
1672
1576
1602
1646
1612
1614

1616
1640

0a6b27?
sopved
172960
10100
123474
i1y
wapueos
wobéel
101472
wig’66
vapdng
gogdid
vlz766
oesezy
avauid
©via76s
140058
pupa14
wle’soe
115454
wenidle
vll16ew
pi6dny
uQvae
616622
voeoo4a
B16bad
vapdpo
vwiz748
062024
012748
paysp2
0Lz746
131727
viz748
1443835
uigwae
vlipndao
vinlab
B1a046
pU5d46
Va50ab
wad50ad
vi2746
aapdRe
wi2/aé
82524
612740
pay9ne
wi2749
131727
012746
Y TINKY-]
vindab
Binead
wialao
R

TNSg15:

CupP

Bl
BLO
CHup

BLOS
MOV

MQV
MOV
MOV
MQv
MoV
MOV
MOV
MOy
MOV
MOV
MOV
Moy
MQV
mov
MOV
CLR
CLK
CLR
MOV
MOV
nQv
MOV
MoV
MQV
MoV

MoV
MoV

MACRO VWHO4=14 O7wSEPw72 11143 PAGE 24«

4(SP), 4172366

TNSSAS
Li5s1S
O(SP),#p05264

L1Y815

®0424006,8,(5P)

wp05221,10,(SP)

#1400953,12, (8P)

#115454,14,(SP)

JINSERT P1/6

85P,Ra  JARG TO REOGS

2(5F) ,R1
4(8P),Re
6(SR), RS
#062024,"(8P)
#0413p2,%(SP)
#131727,"(SP)
#140935,"(5P)
Kd,=(S5P)
R2,=(8F)
Ri,m(SF)
Rﬂ,!SSPJ

= (SP)

w(SP)

= (8P}  IRUSH
H4Q0200@,=(8P)
#062524,=(SP)
#041902,*(S5P)
#131727,=(8P)
HOARI3I5, " (SP)
RI,m(SP)
H2'-L5PJ

RIQ'LSP)
RO, =(SP)

1.

JPUSH

JPUSH

JPUSH

JPUSH

«R0OQT 3

ARG

RUUTS

ARG



SUTNUDY

191

19¢
193

194
198

196
197

194
198
2049
291
202
244
2v4
280
206

24?7
208

209

1@

211

212
213
214
215
216
217
218
219
229
221

1622

1626
16399
1692
1694
1696
104y
loeg
1644

1622
1694

1660
1602
1e04
1606
167y
1672
1674
1670
17¢a

17v4
1748
171u
1712
1714
1716
172¢n
1742
1724
1726
1742
1792
1794
1736
1748¢
1742
{1744
1740
1790
1732
17254
1796
170¢
1762
1704
1706
1772
1772
1774

1776

weddn7
alpdle
!
vwibl4a06!
voeZoa
wir/77at
Qoyleat
uladiv!
0116421
vi16e L1D81DY
wi6bul
pepun
wlsbpe
wepved
w1668
vénvab
Clpdde
Cigdes
wialesd
vigoab
pilydao
windao
Vielab
vipdao
vdaan’
way74e
v161461
0179761
plavea!
Plol1401XPUSISTE
¢oaZpat
Bléldon
poe’ear
viblag!
Y Bl
ni6l401
veaZedan
vi6l4o
nop7upat
016140
vva’Zeal
dlelap!
woa7u4)
vlb6laar
dup/pal
“lelao!
pae/ e
yeaZaan
Bigusar
gda/pan
nir o7 6!
6117729
PUS725 EXxlsidt
wleoed
viaend

1
012666 UP$1D3

J8R

«WORD

mQv
HQv

mov
MgV

Mov
mMav
MoV
mav
mov
MoV
MOV
May
JSR

+wORD
« WORD

A WORD

«WORD

o WURD

«WORD
s WUKD
+WORD
s WORD
«WNORD
18T
MOV
RTS

mMov

MACRU VROA=14 U7=SERe72 11143 PALE 20¢

R4,&P0LS5H JTRANSFORM ARG

(RODT3ex=1)/(RUQTI +X)
SMLD,§SBD,UPSLD,888D,8DVD,L 15318

63P,N@ JGET ARG
2(5P), Ry

4(5F),R2
6{SP),R3

Ré[.LSPJ

R2,w(8P)

Ri,»(8F) JGET THREE COPLES
RH;'(SPJ

RIy=(SP)

R2,=(SF)

Rﬁ,'(spl

RO,=\8P)

R4, 8POLSH

SMLD IGET ARGweg
SPOPR4,PLYSLD JSET UP COLFFICIENTS

SMLDySADQ,SMLDsSADD,SMLD, $ADD

SMLOr3ADD, SMLD 94DV, $ML ) SADD

$MLD»$ADU, SMLD ) SADD, $MLD, $ADD

$ADD JIP(X)#¢ 1F xamy, P(Xx)wFI/2 IF x>}
SGNS1S JADJUST SIGN
$ADD JAOD aTan2 BIAS

$POPN4 JPOP RESULT TQ REGS
ExIsls

(SP)*  JPDP SIGN FPLAG

(SP)*,RD

RS FRETURN TO USER

(SPY*,224(SP) 1MOVE STACK ITeM uP



SDYNU3 MACRU VR24"14 Q7=SEPe72 11149 PAGE 20

poeuas
222 2002 wnj2066 MoV (SP)*,22.:(8P)
20RV28
223 2006 ©v120686 MOV (SP)*,22,(8P)
2UPB26
224 2012 012666 MoV (SP)*,224(8P)
pevvzé
225 2016 poeldd JMP P(RA)+
226 )
227 2020 vi3704 PLYSIDE MOV N#CUNS158,,R4 JPOINT TU CQEFFICIENT TABLE
viz2ese!
228 2024 pi270% MoV #9,,K85 JGET # OF CONSTANTS
popLLY
229 2032 pop4p4 BR PYLS1S
230 2092 0ievad PYRS1DE MOV RS,=(SP)
234 2034 pigR48 mMov R2,m=(5P)
232 2036 pigl46 MoV Ri,=»(SP) 1PUSH ARG
233 2040 01004 MOV Ré,=(SF)
234 2042 L1d4dab Pyisibds MOV »(R4),=(5P) FPUSH CONSTANT
235 2044 V14446 MOV w(R4),=(5P)
2386 2046 V14446 MOV w(R4),=(SP)
237 200p V14446 Moy w(R4),=(5P)
238 2052 ¢0539% DEC RS FCOUNT
239 2004 VO3IIEH BGT PY2815
242 20%6 012704 MOV #XPDI15,R4
eiy712
241 2p062 ¢dR134e JMP e(R4)w
242 I
243 2064 pUS766 SGNsIdE TST 16, (SP) JCHECK SIGN FLAG
goouv2d
244 2079 001402 BEQ 861815
245 2072 062716 ADD #100900,08P INEGATE RESULT FOR (=1,3) & (4,1
10eved
246 2076 VOPL34 SGISLdE JMP O(Ra)e
247 «ENDC
248 !
249 «IFDF FPU
251 DATANZ2Y SETD ) SET 0P mUDE FOR FPU
251} MoV 2(R5),R3) ADURESS OF ARG!
252 MoV 4CR5) ,Ral ADURESS UF ARG2
253 MOV PRI, KD} MIGH QRDER ARG1
254 MOV . @R4,RY) WIGH ORDER ARG2
255 BEQ INFS15) JUMP 1F DENOMINATOR 2
256 ASL RO} :
257 CLR3 R@)
258 Y X EXPONENT OF ARGHY
259 ASL R1}
260 LLR3 Ry
261 SwAB R1) : EXPONENT OF ARG2
262 sub R1,RU} GET EXPONENT DIFFERENCE
263 CMP #58,/RD) CHECK MAGNITUDE
264 BLT INFSL5} TREAT AS INFINITE
265 LoD PIS1D,F3 INITIALIZE BIASaPI
266 LoD oR3I,FD} GET ARGQ
267 CFCC
268 B8GE ALPS1S) JUMP IF ARGi»Q

269 NEGO F3 BLASSSIGN(ARGY) +PI



SOTNDY

279
271
a7e
273
274
275
276
277
278
279
280
281
282
288
284
285
286
287
288
289
299
291
292
293
294
296
296
297
298
299
3dou
301
Id2
303
304
395
306
307
J08
309
310
311
312
313
314
3198
316
317
318
319
320
ya1
a2
323
324
325
326

ALPSLOE

A2MS 151

!
INFS15]

!
DATANG

AT1S151

PLUSLIODI

GTisibe

!
LELSLS)

!
L19%151

XPLsSiSy

.00
grccC
BLT
CLRD
OIvVD
BR

LoD
T871
BGE
NEGD
BR

SETD
CLRD
L0D
CLR
Crcc
§710
CLRD
BGE
ABSD
INC
LDD
CMPD
crCc
BLE
PEC
oIvD
L0D
Lopb

87D
CLRD
CMPD
CFCC
BGE
LoD
LDD
MULO
SUBO
AD0D
o1vD

00
MULD
MoV
MoV
Lo0
MUuLD
DEC
ADDD
BGT
MULD
ADDD
SyBD
TS8T

MACRU VRB4w1d D7«8SEPe72 11149 PALE 20+

eR4,F Y}

A2MS15)
F39
Fi,Fo)
ATLS18)

PI25i3,FL1
(LAY
EXIS1S)
Fi)
EXIsiS)

!

F$)

P2(RY) ,F@)
R4y

]

F3,FOy
F3y
PLLUSLS)
Fo)

R4y
Ny,00F)}
Fo,rly

LE{SLS)
R4y

Fa2.,Fl)
Fi,FO)
PLASIS,Fd)

FQ,F"
F3})
T153885,F90)

L15315)
PI&ILS,FS)
Fo,rly
RT3$1S5,F0)
'1.“"”
RTISLIS,FL)
Fi,rFr0)

FD'FZ'
FD.FG]
#FC0315,Rep
w8, , Ry}
(RO)*,F1)
FO,Fls

Ry
(RR)*,F1}

XPOS15) LOOP

F2,FlYy
F3,Fly
F4,F 1y
R4)

GET ARG2

IF ARG2»9, BIASs=p
ARG1/ARGZ, SET FLOAT CC
JOIN MAIN RQUTINE

KESULT®SIGNC(ARGY)*PI/2

TEST ARG
*Pl/2
wpPly/2

$ET OP MODE FOR FPU
CLEAR ATANZ2 HIAS

GET ARGUMENT

CLEAR SIGN FLAG

GET SIGN OF ARGUMENT
FSRATANR BIAS

CLEAR QUADRANT BIAS
JUMP IF GUADRANT { OR 3
ABS (X)

FLAG =

1,9

CHECK ]F x<mi, @

X»1,0, ADJUST SIGN FLAG

1.0/X

ATAN(X)uP1/2«ATANCYS/X)
GUADRANY BIASSPI/Q

FAasQUADRANT BIAS
Fing,o
COMPARE TAN(1S8) 1 X

Xa® TAN(LS)
F3spl/6

XvRO0T3=l, ¥
X+ROOT3
(X*ROOT3w1,8)/(X+ROOTI)

X
Xew2

POINTER TO POLYNOMIAL CONSTANTS

COUNT OF COEFFICIENTS
INITIALIZE ACCUMULATOR

COUNT
File Fiw xve2 + C(I)

Fits FieX

P1/6 UR @,0
P(X)»QUAQ BIAS
TEST SIGN FLAG



SOTNUY MACRO VRA4=14 Q7eSEP=72 {1149 PAGE 20+

327 BEQ 561s815) NO ALDJUSTMENT

328 NEGD Fig NEGATE RESULT FOR (»1,0)R(C1,INF)
329 SGIF15 ADDD F5,F83 ATAN2 BIAS

330 '

331 Exisins STD Fi,~(SP)! MOVE RESULT TO STACK
332 MOV (SPY*,Ru} ANU TREN TU REGISTERS
333 Moy (SP)*,RY)

334 Moy (SPY*,R2}

335 MoV (3PR)*,RY)

336 RTS RS} EXIT

337 [

338 J

339 PIsyss L wWORD 042511,007732) PI

342 « WORD 121041,084301

341 }

342 P125151 LWORD 240311,047732) PI/2

34 : s WORD 121041,0084321)

344 } ’

345 T{5819% LWCRD @376811,030242) TAN(15)

346 «WORD 172366,085261)

347 ’

348 PIO$158 LWORD P4Q0V6,00522)) PIl/6

349 « WORD 140593,115454)

350 !

38y RTYISLST WORD P40395,131727

352 « WORD p4L302,082524¢

353 +ENDC

384 2100 B3I7OEY FCUSLINI (WORD  @370065,190707  1,0443895157187
2192 15@7@7

355 2104 182300 « WORD 162300,1632330
21906 163¥3¢

356 !

IS7 2110 187204 +WORD 137204,143233 1=,06483193510303
2112 143433

358 2114 vodose +WORD @040l ,000443
2116 uvopd1d

Ing )

362 2128 03r2¥S +WORD Q387295,0430u2 1.,0767936896060
2122 pd3vw2

361 2124 0E7154 «WORD B27194,142446
2126 142446

362 !

363 2139 137272 e WORD 187272,0456871 Jm 390503711419 1074
2132 024671

364 2104 116412 s WURD 116412,005830
2196 pos%63¢

365 !

Job 2140 V37344 s WORD @37343,107847 1.,111114978982051048
2142 107047

367 2144 pY23bes 2 WOURD g23625,0d541
2146 p254p1

368 }

369 2159 137422 sWURD 137422,044444 o, 14285714102825%45
2192 v44444

378 2194 v71330 s WORD B71395,1106151

2196 116154
3714 !



SO0TNnO3

372
373

374
3795

376

377
378

374

KLY
Sl

2100
21062
2104
2166

é174
2172
2174
217¢

€edy
d2dg
2204
2206

va79514
146914
146424
165650

137052
125252
12%¢%¢2
1136p2

¢apees
gouees
pogéee
eadglpe

I
CoNgide

.NORD

«WAORD

«WORD

+wORD

«WORU

«WURD

«ENDC

MACRU VRO4%14 U7eSEP=72 11140 PAGLE 20+

6d7514,146314
146224,165650

147602,125252

1252%2,113602

p4p2¢e, vdpare

Gubedp,copvne

1.19999999P998729448

J»e33333438338329932

1,999999999999999



SOVDUS5 MACRU VRUO4=14 07eSEPe72 {1140 PALE 21

) «TITLE SOVDVS

2 « IFOF CNUSLE

3 «GLOBL SDVD,SERNA

4 ! $OVD =we THE DOUBLE DIVIDE ROUTINE

5 !

6 ! sDVO VAR2SA

7 H

8 ) COPYRIGHY 1974,1972 DIGITAL EWUIFMENT CORP., MAYNARD, MA

9 } CaLLED IN TWE POLISH MOUDE

io ! THE NUMERATON IS THE SECOND ITEM ON THE STACK

i1 ’ AND THE DENOMINATOR 18 ON TOP,

12 [} TAKES THE QUUTIENT AND PUTS IT ON TQP

13 ] OF THE STACK IN THEIR PLACE

14 pereae Ras%Q

15 popoRl KiB%y

16 Yol R2=X2

17 Vonead kK3E%3

18 eopdn4d Rawx4

19 vdpved RSEX5

29 2dpvee 5PEX6

24 vepep? PCex?

22 peeeae FawyQ

23 puovel Fimxy

24 voav1d Dwd,

2% eoeeey Nei6,

26 guge2e Usis,

27 « 1FOF FRY

23 spypt s WORD 172211 1ISETD

29 W WORD 172526 1100 (8P)%,F} JIGET OIVISUR

AT +WORD 172426 1),00 (SP)*,FQ JGET DIVIDEND

31 ¢ WORD 174401 1 )DIVD Fi1,F0 1GET QUOTIENT

32 « WORD 174246 J§)8T0 FRra(3P) JTO0 STACK

33 JMP P(R4) e

34 «ENOC

3s «IFNDF FPU

38 12212 ©v1p4d46 $DVDIE MoV R4,=(8P)

37 12212 010946 MoV R3,»(8P)

3B 12214 vesdpeQ CLR RO

39 13216 vEdep) CLR R}

40 12220 ¢od¥R2 CLR R2

41 12222 vebwes CLK R3

42 12224 G0BV4E GLR =(§P)

43 12226 0LEIES ASL NeDe2 (SP) JSHIFT NUMERATOR
0opa16

44 12232 vu61Ld ROL eSP JGET NUMERATOR SIGN

48 3122394 05046 CLR . (8P)

46 12296 Yos7eb TsY V(iSP)) CHECK FOR 9,0 DENOMINATOR
Q00010

47 12242 ¢01921 vEQ DCHSL16) JUMP TO ERRQOR EXIT

48 12244 1560616 BIS3 Ney (SP),PSP JGET NUMERATOR EXPONENT
poed2l

49 12259 yuv1926 BEG IERSL6 FJUMP IF NUMERATUR IS ZERD

54 12252 1566pQ BISa N(SP),R@
wegved

54 12256 pdpdee SWAB RO JLEFT JUSTIFY NUMERATOR FRACTION

52 12262 wvplel SEC JINSERT NORMAL BIT

53 12262 wvsYREY ROR RO



$pvpes

54
58

56
57

58

5¢
6@

61

62
63

64

65
66

67
68

69
7@

71

72

73

74

75

76

77
78
79
89
81
82

12264
12270

12274
12276

12802

12306
12310

12314

12329
12322

12326

12392
12334

14349
12342

12346
12390

12354

12362

1230

125876

12404

12412

1242¢
12424
12432
12494
12440

12444

15606¢02
Voo
1%-1.1-1-}
vone2d
wonda!
156001
vidRR2s
196822
0eeL24
poedoe
1560602
weeva7
156003
oepL26
voadnd
vwasdse
pogeLy
pesR6é
Qpve2
VeSu24d
156604
veouLy
162416
oépd66
edodo
"I TY-H
L1
veevld
1160666
P0eb1d
PYavlD
116666
poevse
2oQL1d
118068
vogRLsy
vopvie
116668
e8P0 4
vdRoLs
1160666
vepdL7
¢4
116066
22QR16
vuovy?
145066
bopuie
vbOBe6s
pepe29
ve5066
popL22
Y5066
vopugé
peaved
péoRLe
161042

8188
BISB

SKAB
BISH

B188

SwWAB
B138

Blsae

SwAB
ASL

ADLC

CLR
B188

sSus
EwhB

SEC
KOR

MOVB

MOov8s

Move

MQOVB

Move

Move

CLRB
CLR
CLK
CL~
CmP

bHI

N&J(SP),
N®2(SP),

R1

N*S(9P),

N*+4 (5P),

Re

N¢7 (5P),

N+6(SP),

R3
D(8P)

2(8P)
R4

Dy (SP),

R4, 5P
0(SP)

D(SP)

D*3 (5P),

D*2(5P),

DeS(OP),

Ded (9P),

D*7 (5P),

De6 (5P)

De6 (5P)
Qa(spP)

R*2(5P)
Qe 4 (5P)

RO,0(SP)

DLw3l6

MACRU VRUd®=14 Q27«8EP=?72 11149 PAGE 21¢

®a
N1
Ry
N2
W2

R3

JSHIFT DENOMINATAR
JGET RESULT -SIGN

R4 FGET DIVISOR EXPONENT

JSUBTRACT EXPONENTS

JLEFT JUSTIFY DENOMINATOR
JINSERT NOKMAL BIY

0(SP)

Ve3 (SP)

Ve2(5P)

VeS(5P)

Vedq (SP)

D7 (SP)

iCLEAR GUOTIENT

JCUMPARE RIGH Num,

JJUMP 1F DENOMINATUR LuUw

AND DEN,



SOVOWS MACRU VRU4aw1d u7=SEP=72 1181495 PAUE 21+

83 12448 123440 BLO DHISLE FJUMP IF LDENDMINATUR HIGH
84 12450 wﬂw;&G CMP Ri,0*2(5P) JCUMPARE LUW ORDER PARTS
vapete
85 12454 101436 Bl DLAB1S
86 124206 1pséag o0 DHls®l6
87 124069 v2u2069 CMP R2,0*4(S5P)
©dgv14
88 12404 30103& BNl DLwsle
89 12406 {03e36 8,0 Drlsle6
92 12479 w2p3EHd CMpP RI,D*6(SF)
ovgvis
91 12474 1014206 gnl DLnslb
92 12476 001032 BNE orMlsle
93 1¢5dp vwasdyoe INC (11, JEUMP EXPUNENT
94 12582 wus5Bpd CLR R4
95 12504 piag4sd BR FLTS16
96 125¢6 vl27¢w DCHMsiot MOV w1429,Re JERROR 3,3
001429 ’
97 12812 2upépd bR ECisl6
98 12514 Q12720 UNUSL1GE MOV %4499, RQ JEXRGR %8
BnA4vRd
99 12%22 vuh/746 ECLsiIbL TS81T -(SP) FFAKE SIGN
102 2522 ¥W4O67 EClsie: JSKR RS, SERRA
@e727¢
101 2526 22626 lENKslol CMP (SP)*, (SP)+ JFLUSH AP AND SIGN
142 253y wveNvEe CLR Q+ded (SP)
voguié
103 2534 yoduLS CLR G*294(5P)
papov1d
{04 2542 Q05066 CLK Qed4wd (SP)
dvpadge
105 2544 Y5066 CLR Gebed (5P)
papo22
106 25%9 vdvay? BR RTN$L6 A
187 2532 vV¥6YEd UL"sles ROR R¢ JHALVE DENDMINATUR (C®9)
198 25904 ¢dbdnl ROk R1 JT0 ENSURE THAT Neu
129 2556 puveupe Row K2
110 250@ vwo6UYRd ROR R
111 25062 p¥s5die InC e3P JCOMPENSATE EXPONENT
112 2564 232709 DniSiel MQV #9,,85 j6J D0 FIWRST 9 QUOTIENT BITS
Gty
118 2570 voa/e67 J 3R PC,OVESLO
vael76 .
114 2576 Jiaded MQvs R4,3(SP) JSAVE ALL HILH QORDER 4 FRACTIUN
peacad
119 JEXCEPT NOWMaAL BIT
{110 2682 vU57¢Y TSt RS iSEE IF DONE
117 2642 @@d1uv2Y BNE FLi$l6 JYES, REST OF NJUMERATOK IS 2
118 2644 12705 MOV #16,/R5 60 DO 16 MQORE 317®
Py
119 2610 vvae/’e7 JSK PC,0OVIB10
eVRlbdo
120 2614 ©laded Mmov Rd,d*2(sP)
vgez2
121 2620 wd570% 18T RS
122 2642 wB1d4 BNE FLiwnls

123 2624 vlg/¢d mov #16, kS



SOVDYS MACRU VKO4w14 Q7eSEPe72 11340 PALE 21+

peadae
124 2639 wda’67 JSK PC,0YL816
vanp136
120 2634 ulygdbd MOV R4,Q+4(SP)
vaYu24
126 26047 vdd7pd TsT RS
127 2642 ¢2idpd BNE FLiS16
128 «<od4 pgle/ed Mav #16,¢R5
venngy
129 2699 004767 JSR FC,DV1816
voolte
130 20694 ¢éndpl BR FLTS1E
131 26096 205004 FL 18168 CLk R4 JCLEAR LOWEST ORUER QUOTIENT
132 260 Vi20pd FLTSIGE MOV (3P)*,Kd JPUSH UP EXPONENT
133 2662 62729 ADD #200,RS JAQD IN EXCESS 290
voQeupY
134 2606 ¥va714d BLE UNDSIE JUNDERFLOW
{95 2670 w2z27ed CMP ®#377)R5
wens?7
136 2674 PO243Y BLT OVRSLl6 JTOVERFLOW
137 2676 11ipd66 MQOvVa RS,Q*1=2(S8P) JINSERT EXPONENT IN RESLT
aeevL7
138 2782 ¢UbLY20 SGNSLG WOK (SP)* JINSERT QUUTYIENTY SIGN
139 2704 QQEU6D KOR Q*QPed (SF)
oLl 4
140 2710 v06db0 kQk Qe2w4 (SP)
b EY)
141 2714 wvbvEd KOR U*dmd (SP)
¥eRed
142 272p ¢0bu0R4 Rgr R4
143 2742 00504 ADC R4 FROUND
144 2724 V05560 ADC Qedmd (S5P)
a0uE2d
145 2739 @vS9n6 ApC Qv2w4 (5P)
vdpotio
146 27384 vé53b8 ADC Qeemd (SP)
povniadi4d
147 4744 ¢lydse MOV R4,0+*8=4(SP) JINSERT LUw OKDER FRACTION
Qonvee
148 2744 103420 BCS gvisle
149 2746 102405 BvS ovisis
12¢ €792 wi2bpo NTN§SIEN MOV (8P)*,RS
191 2792 vi1adpd M3V (8P)+,R4
192 2754 v62708b ADD #8,,5P JFLUSH FIRST ARGUMENT
ool s
153 2762 voa)ad JHP e(Ral+
154 2702 Yud740 uvliglet Ts7T «(5P) TFarnt EXP
159 2704 12722 OVKRSL1OS MOV H2009,R¢ JERRUN $,4
: peauvey
156 277@ 60abb3 bR ECLSls
197 e772 wv6opd Uv1SLi6t ASL ~d ISHIFT GUOTIENT
15968 2774 206983 ASL RS FSHIFT NUMERATOR
159 &776 vwd6lae kOL R2
164 Soda wovblpl KOL R
161 dpuve veblad ROL RO
162 dadd 10342y BCS Gusie JGUARANTEED TO GU

163 duYs veedpn LMp D*p+2(SFP) R JCUMPARE HIGH DIVISOR AND VIVIDE



$0VDOS MACRU VR24»14 Q7#3EFw7Q §1049 PAGUE 24s

p0o012
164 3012 101034 BNI NGOS1S JJUMP IF DIVISOR BIGGER
165 3014 103414 BLO GOS0 JJUMP IF DIVISOR SMALLER
166 3pi6 246601 CMP De2+2(SP),RY JCHECK THE LOw ORDERS
pUoYl e
167 IpR22 1V1VIY BHI NGOS1E
168 Jp34 J03e40 BLO G0s10
169 Jdple v26602 CHMP D4+l (SP),R2
pUPLLE
170 dpd2 101924 BHI NGOS L6
171 3034 103424 BLU GOs10
172 J93s Q260623 CHP De6el (S5P) R
00020
173 Jp42 101020 BHl NeOSLlE
174 3044 Q01422 BEG NGDS1® JJUMP IF NUMERATOR wDENOMINATOR
175 Jp46 16663) GOIIGI §UB De6+2(SP),RY JNSN=D
w29
176 3p%2 205602 S8C R2
177 3p%4 o564 L]:14 Ry
178 356 pos6pd 1.1+ R@
179 JpBg 1660692 5uB D*de2(5P) ,R2
‘ 1YY
180 dp6a 025421 §8C RY
18] 32068 PudbPN 8acC RE
182 dp70 1866p $uB De2¢2 (SP) R
PepuLé
183 374 V05000 $aC R®
184 dp76 16668202 sus De@+2(SP),RO
pooeiz
185 D102 pes204 INC R4 JINSERY QUOTIENT BIT
186 3124 p25IRS NGUSiesr OEC RS JCOUNT LOOP
187 3196 203331 867 Dvisls
188 3140 eeodo’ KTS PC
189 3112 205224 NQUILGE INC R4 JINSERT LAST 4 BIT IN QUOTIENT
199 9114 veodpy BR (A% 1Y)
194 D146 POBIAM4 Ep2yist ASL R4 PFINISH OUT QUOTIENT wilTH Q'S8
192 3120 205925 Eqlslet DEC RS
193 3422 pUISTS BGT Eu2sle
194 d124 006225 INC RS JFLAG NO MORE NUMERATOR
155 3126 POV207 RTISi6) RTS PG JRETURN TO CALLER
196 «ENDC

197 +ENDC



$0v]e3

OERNGEUD N

[ >
- S

[ SR o Y
BUOUVENIANTLEN

NR RN
[N Vo

NN
[« W& Q¥ N

27

{319
13192
13134
13136
1314
13142
19§44
13146
191%9
18192
13154
13198
19160

13104
135168
13170
13472
13174
13476
19¢¢d¢
19202
13204
19206
1321p
19212
19214
19216
joeee
13242
13224
19226
18289
13282
132384
138236
{13240

voneay
2delol
voeve?
vApLRd
vopde4
gvgded
pdeoab
177304

QU500
gi2021
e300
va144d
VYT
w341
vitopd
Po3003
021434
0820
PEs40d
Vina4d
gia7e4
voBYLo
vosdee
I RTGR
g01402
go6oL4
a003p3
ve6403
veesle2
voj4ed
pesnd
16102
103902
eépiue
s3Iy
"IERTT
vd 3860
eiz26e4
pos4Rd
poscpd
103422
ve%4p3
192414
vigdyé
veelas

- we We W wa s W W

sovie

P13371

P17

OIvsi’Zs

LUF§L71

P33L71

MACRU VRQ4m14 Q7=8EPw72 11349 PAGE 22

+TITLE 3DVIO3

o IFDF CNUSl?

2GLOBL SDVI»SERR

SDVI w=e=weaTHE INTEGEN DIVIDE ROUUTINE

S0vVI VUQ3A

COPYRIGHT 31971, WIGITAL EQUIPMENT CORP, MAYNARD, MASS,
CALLED IN THE POLISKH MODE WITH THE NUMERATOR AT 2(8P)
AND THE DENOMINATOR #8P,

RETURNS THME INTEGER GQUOTIENT 08P,

Kawxo

Rim¥xy

R2ex2

RINXS

RdenX 4

RSEXS

3Pax6

MQ=L77304

s IFNDF  EAERMULDIY

CLR RO JCLEAR RESULT SIGN

MOV (SP)*,R1{ JGET DENUMINATOR
BGT PL817 JJUMP IF DENOMINATUOR PLUS
BER CHKS1? JCAN'T DIVIDE BY ZERO

INC R@ INOTE =

NEG Ry

MoV #8P,R3 JGET NUMERATOR

BGT pessy7 1JMP IF NUMERATOR PLUS

BEQ ZERSLY JJUMPR IF IT 18 ZERO

INC RE J18ET RESULT SIGN

NEG RY

MOV Ré,w(SP)

Moy #B,,N4 JSET FOR 8 ITERATIONS

CLR Rg JCLEAR HIGH ORDER OIVIDEND
SWAB R3 1TEST HIGN ORDER NUMERATOR
BEQ DIVSL17? JJUMP IF HWIGH ORODER QUOTIENT IS @
ASL R4 JWE NEED ALL 16 ITERATIONS
SWAB R3 JUNDOU THE ABOVE SwAB

ASL R3 JDOUBLE DIVIDEND

ROL R2

BEG LUPSL? JJUMP IF NDQ CHANCE THIS TIME
INC RS FASSUME IT WILL GO. INSERY QUOTIENT BIT
Suk R1,RE ITRIAL STEF

BHIS LUPSLY 10K

ADD Kj,R& IDIVIDEND NOT BIG ENOUGH YET
DEC R3 JTAKE UUT GUOTIENT BIT

DEC K4

BG1 DIvVsi? JGO AGAIN

MQV (8P)*,R4

NEG K3 JTEST FOR NEGMAX

ASK R3 FGET RESULY SIGN

BCS P3SL7 FIJUMP IF =

NEG K3 JANSWER 18 POSITIVE

Bvs CHKSL?  FJIUMP IF ANSWER IS «NEGMAX
MQy R3,08P JOUTPUT RESULT

JHP ¢(Ra)+ JRETURN



SDVIV3 MACRO VRO4wi4 A7=StPw72 §it4d PAGE 22¢

57 13242 POBUL6 ZERSI7TE CLR
58 13244 020134

59
60
61
62
63
64
65
66
87
L] ]
69
78
71
74
73
74
73
76
77
78
79
8@
81

82
83
84
8d

13246

13252
13254
18255

R Y E-1.14
uaed34
weelyé
ved
0es

L DARE

SpviIt

CHRg47

esp IRESULT 18 2
JMP o(RA)»
+ENDC
$DVI FOR THE EAE
« IFOF EAE
mMov #MQ,RQ  FPOINT TO MQ
mav (SP)*, R} JGET DIVISUR
BEU CHKS17 FJUMP JF DIVISION BY @
MOV (SP)*,e#RY JDIVIDEND TO M@
T87 n(RQJ ISKIP AC
MOV Ri,»(RO) JOIVISOR TO D1V
Cup (RA)*, (KY)+ JPOINT TO MQ
mov ORD,» (8P) JGET GUOTIENT
JMP e(R4}¢ JRETURN TO USER
o ENDC
S$0V]I FOR MUL/DIV
2+ 1IFDF MULDIV
MOV 2(5P) ,RY JGET LOw ORDER DIVIDEND
+WORD Qu67vg 1)1 38EX RO JEXTEND SIGN
oWORD @743uds 1101V (3P)+,R0 JDIVIDE
mMov RO, #85P JPUSH QUOYIENT
BCS CHKS17 1JUMP IF ERROR
JMP G(Ra)e
+ENOC
JBR RY,8ERR JERROR 3,5
JMP #{RA)
+BYTE 3
+BYTE 5
+ENDC



SOVRU8

CVCENDWD D GN -

13296
13200
13202
13264
13206
13270

19274
13276
133¥0

133064
18346

§13312
13314

oQpgwee
poevel
voeved
LR
pooded
pogved
oo
poede?
177%04
177802
177314
1773816
voplee
veedel
poedye
c2pe14
oRoR14

010446
CRY-1Y L
veseee
LT3
005048
0es3ss
oopeie
¢o6116
eesR4l
ves766
oapdL0
081456
166046
vepoLs
Vag4asy
156602

- WUE MO WD WA R R W WS WS e s

SOVRI

SDVRI

MACRO VRO4=14 37=3EPe?2 11149 PALE 23

«TITLE SOVRUOS

«IFDF CNDs 18

+GLOBL SDVR/,SERWA

SDVR »we THE REAL DIVIDE ROUTINE

SOVR ViadaaA
COPYRIGHY 1971,1972 DIGITAL EQUIPMENT CORP,, MAYNARD, MA

CALLED IN THME POLISH MODE

THE NUMERATOR 18 THE SECOND ITEM ON THE STACK
AND THE DENQOMINATOR I8 ON TOP,

TAKES THE QUUYTJIENT AND PUTS IT ON TOP

OF THE STACK IN THEIR PLACE

RAax@

Ryimxy

kamxg

RIex3

Reuxd

R3mXS

P8 )6

PCcax?y

MAE177304

NORe§{77382

LSHeL7731¢

ASHu{77316

Foamxe

Fisxy

Osd,

Nsia,

Wel2,

« IFDF FPU

+WORD 1700y J)SETF

«WOROD 1725268 1)LOF (SP)+,Ft JGEY DIVISOUR
«WORD 172426 1)LOF (SPY+,Fp JGET DIVIDEND
+ WORD {7440} JIDIVF Fi,F@ joivipe

s WORD 174248 1)8TF F3,a(3P) JQUOTIENT TO STC

JMP O(R4)»

«ENOC

«IFNDF FPRUY

MOV RS,=(8P)

CLK RO

CLR R

CLR - (5P)

ASL NeRde2(SP) $SHIFT NUMERATOR

ROL espP JGET NUMERATOR S1GN

CLK o {SP)

187 visPl)} CHECK FOR ©,0 DENOMINATOR
BEG DCHS 18}

6188 Nel (3P),08P JGET NUMERATOR EXPONENT
BEQG ZERS1B FJUMP IF NUMERATUR IS 1ERO

BISB NC(SP),Re
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YRV
58 13320 200900 SwaAB RO JLEFT JUSTIFY NUMERATOR FRACTION
56 13322 Qvpesd $EC FINSERT NORMA{ BIT
57 13324 00608022 ROR RO
58 13320 1966p4 BlSy N*3(OP) R
eveuL?
59 13332 1560601 8158 N®2(5P) R}
wegKyLs
62 13336 vdodet SwWAB R
61 1334p yposve2 CLK R?
62 13342 025203 CLk RS
63 13344 YU6I6E ASL D(SP) 1SHIFT DENOUMINATOR
wopdia
64 10350 pBd5bEE ADC 2(5P) I1GET RESULT SIGN
cepve2
63 13354 1956602 -3¢:1] Dey(Sp),R2 JGET DIVISUR EXPONENT
geeell
66 13360 160216 sub R2,65p ISUBTRACT EXPONENTS
67 13362 pos5002 CLR R2
68 13364 156602 B188 D(8P),R2 JGET HMIGH URDER FRACTION
200012
69 13472 weovpe S4AB R2
70 13372 vveesy SEC . JINSERT NORMAL BIT
71 13374 pO60RR2 ROR R2
72 13376 156682 B1se De3(SP) N2
e8pe1Ld
73 13402 156603 BI%B De2(5P),RY
voe012
74 13486 202303 SwAB R3
75 + 1IFDF EAEMULDILY
76 cLC JENSURE NUM, AND DENOM, »
77 ROR =~ RO}
78 RQR R4 FLOwW ORDER R1 AND R3I ARE @’
79 ROR R2
82 ROk RS
81 <ENDC
82 13410 02pv02 CHP R@,n2 JCOMPARE HIGH NUMERATOR AND DENOMINATOR
83 13412 103442 B8L0 DHISLIA  FJUMP IF DENOMINATOR HIGH
84 «IFNDF  EAEsSMULDLY
85 13414 101034 BHY DLWS18 JJUMP IF DENOMINATUR LOw
86 134168 p20109 CMP Ry, RY JCOMPARE |LOW QORDER PARTS
87 {3420 101032 BHI OLwsl8
83 13422 01034 BNE DHISLA
89 {3424 VL5066 CLK agseP) JQUOTIENT FRACTION 1§ 1
P0eR14
90 13432 pv0b216 INC esP JBUMP EXPONENT
91 13432 v@dYRS CLK RY
92 13434 ©VDAAY BR FLTS!1a
93 «ENDC
o4 « IFOF EAEJMULDLY
95 BHIS DLWS18 JJUMP IF DENDMINATUR LUW OR SAME
96 sENDC
97 13436 22026 LEKSIEL CMP (SP)*, (SP)+ JFLUSH EXP AND SIGN
98 13449 ©BOPeLS B8R EC1518
99 13442 05726 DcHeLBE 187 (SPY+ iFLUSH EXP
100 3444 0127002 MOV #4209 ,R¢ JEKRROR 38

poaded



SOVRYSE

191
193d
103

104
165

1]
1a7

{8
1089

110
11!
112
149
114
115

116
117

118
119
120
121
122
129

124

125
126
127
128
129
130
134
132
133
134
14%
136
187
148
139
140
141
142
143
144
149
146
147

9403
9432
34904

3489
3462

$406
d47@

4474
3540
3544
9500
3519
9512
3514
d52¢
9544
95490
3532
3534
3536
3549

3544

pooa4dps
00n748
vlazed
CERY TR
vopend
via7ead
va14es
vd5726
uoade7
006322
peS5Y66
090010
CYEY 1L
voev1e
VOP44s
eoéope
©vesep!l
'I'EPEL

vi27e4
LT RE
TYYA-Y
poalo4
1105606
VopLL4

vas’e4d
rR14p2
vos50ed
Pop44
pi2/vae
vepwzd
vda’767
pogueae

Ovisiel
Qvrsiat

UNDs1o1d

&CLS18)

EClsi81

oLwsiel

DHislel

NTESiB}

DHisSiel

BR
TsT
MOV

BR
MoV

T8Y
JSR

CLR
CLR

BR
KOR
ROR
INC
« IFNDF
MOV

JSR

MOV

18T
BEQ
CLR
BR

MOV

JSR

+ENDC
IFOF
CuC
KOR
RQR
ROR
sENDC
s IFDF
MOV
MOV
MOV
mMay
187
MOV
MOV
MOV
TST
ASR
Syb
DEC
MoV
CMP
NEG

MACRO YRU4=14 07=StPe72 11149 PAGE 23e

ECLS!B

-(8P) JFAKE SIGN

#3009,R0Q JERROR 3,6

ECLS$1B

81409,Re JERROR 5,3

(SR)*+ JFLUSH SIGN

RS, SERRA

GePud (5P) IRETURN ©

Qe2wd (§P)

RTNS!B

RO IHALYE NUMERATOR (Cm=2)

R JTO ENSURE THAT Ne«D

(X 14 JCOMPENSATE EXPONENT

EAEAMULDIY

#9,,Ka GO DO FIRST 9 QUODTIENT BITS

PCsDVL818

RS,Q(sP) JSAVE ALk MWIGH ORDER G FRACTION
JEXCEPT NORMAL BIT

R4 JSEE IF DONE

NTOS18 INQ, NUMERATOR NUT o

RS JALL THE RESY OF TME QUOTIENTY I8 ZEROQ

FLTSl8

#16,9R4 1G0 DO 16 MORE BITS

PC,DVi8148

EAE|MULDIY

R3 JENSURE LOW HALF DENOM, #

R9 JSCALE NUMERATOR FUOR FIXED PT, OIVIDE

R

EAE

M@, K5  JPOINT TO MQ
R1,PR5 INUMERATOR TO AC/,)MJ

RQ,» (R5)

R2,e (R5) J(AeSeB)/C
(R5)%  JPOINT TO AC

(R5)*,RY JKEEP REMAINDER
(RS) %, R4 JKEEP QUOTIENT

R3,8N5 IGET QwD
»(R5) IPOINT TO M@

R ISCALE R

Rl,=(R5) 1Q*¥DmR
PNASH

R2,w(RH) J(UeDeR)/C
(RS)*, (RI)» MG

eRS
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148
149
150
154
152
153
154
15%
§186
157
158
159
j60
161
162
169
164
169
166
167
168
{69
179
171
172
§73
174
178
176
177
178

179
189

1814
182

183
184

183
186
187

188

189
190
194
192
193
194
195
196
197
198

3800
3502

36ds
3589

3604
3566

3572
3574

3600
11 ¥
d6i4

3610

3614
3616
3620
3622
d624
3626

3630
3632
J6d4

el12604
062’04
pep2eQ
'Y RYX T
22704
o0037r7
Pa2738
112466
000013
0e6026
vosUss
0veEBYY
va6ves
pos8ps
PR5566
poepR1Q
wioa6e
Y I.T XY ]
103718
102749
0120yY
p1p604
veadae
woR134

vo638Y
w0631
ve6led

NBTS 81

NBlsist

FLTS181

SGNs181

RTNSL181Y

bvisiel

MOV
ADD
CLR
Sys
MoV
MOV
MOV
+ENDC
« IFOF
MOV
MOV
+WURD
MOV
MOV
+WORD
ASR
Sye

s WORD
+ WORD
NEG
+WORD
ADD
«WORD
BMI
DEC
BR

o WORD
Mov
+ENDC
MoV
ADD

BLE
CMP

BLTY
Movs

ROR
ROR

KOR
ADC
ADC

MoV

BCS
BYS
MOV
Moy
CmP
JMP
« IFNOF
ASL
ASL
ROL

MACRU VRU4™14 27=SEP=72 {1143 PAGE 23+

H2,0%A8H JMULT BY 4

R4,=(R3) JQ* (GeDeR)¥S/C

@RNOK INORMALIZE

PANOR, #5H JAPPLY TO EXPONENT

Ned, P 3R JROSITION NORMAL BIT
(R5)*,Q(SP) JSTORE QUOTIENT

ORS5, RS

MULDIV

RO, R4 INUMERATUR TO DIVIDEND

Ri,RSE

071402 1} DIV R2,R4 1 (A+SeB)/C
R3,R! 1S5AVE REMAINDER

R4,RV 1SAVE GWUOTIENT

@70483 1) MUbL K3;R4 1GET Q@eD

R1 1SCALE R

Ri,R4 1GeDeR

273427 ,n} 1 X ASHC #=y,R4 JSCALE
p74402 1) DIV R2,R4 IGET (Q+D=R)/C
R4 1 (ReQeD)/C

273427,=14, 1R} ASHC Wi4,,R4 JUNSCALE
RU,R4 10+ (ReQwD)v38/C

073427, " ASHC #{,R4 FSHIFT
NBIS18 JCHECK FOR NORMAL 81T

(X1 JCOMPENSATE EXPONENT

NBTSie JGO AGAIN

Q734237 ,=7 JIASHC ®u8,R4 JALIGN FRACTION
R4,QLS8P) JSTORE HIGM QORDER

(SP)*,R4 JPUSH UP EXPONENT

#200/R4 JADD IN EXCESS 200

UNDSIB  JUNDERFLOW

#377:R4

QVRSIB JOVERFLOW

R4,Q*1.2(3P) PINSERY EXPONENT IN RESULT
(SP)* JINSERT GQURTIENT SIGN

G+dmd (SP)

]

RO JROUND

GeQmd (SP)

R5,Q*2=4(5P) JINSERT LOW ORUER FRACTION
ovisie

ovyisls

(3P)*,RS

(SP)*,Rd4

(SP)*, (sP)+ JFLUSH FIRST ARGUMENT

P(RA)+

EAE&AMULDIY

RS 18HIFT QUOTIENT

Ry JSHIFT NUMERATOR

RO



SQvVROB

199
200
el
202
203
204
290
206
2¢7
208
209
210
a1
2182
213
214
21
216
217
218
219
Q20
224
222

3696
3649
3642
3644
3646
3602
3692
3634
3606
J6b0
3662
3664
3666
36879
3672
4674
3676
d700
3702
3704
S7¢8

103406
peze0
101019
103403
p2edp}
10422
ol 407
100301
pusépe
1602048
pos5ded
oS04
20346848
ooele?
pos2ed
eop4p|
ed6d0b
©vesIod
003378
25204
pee2e7

Gos181¢

NGUS18}
NovS18i
Egdsisl
Eclsisl

RTSsi88

BCS
CHFP
Bl
B0
CmP
BRI
BEG
SyUB
SaC
SyUB
INC
DEC
BGY
RTS
INC
BR
ASL
DEC
86T
INC
RTS
«ENDC
+ENOC
+ENDC

60818
R2,RO
NGOS18
Gos1Y
R3,R1
TR R Y.
NUDS B
R3,RY

EQisle
RS

R4
£EQasie
R4

BC-

MAGRO VRO4wid 07w8EPeT2 11143 PAUE 239

IGUARANTEED TO GO

JCOMPARE HIGH DIVISOR AND DIVIDEND
1JUMP IF DIV]ISOR BIGGER

JJUMP IF DIVISOR SMALLER

JCHECK THE LOW QRDERS

JJUMP IF NUMERATUR sDENOMINATOR
INsN®)

FINSERT GUUTIENT BIY
1COUNT LOCQF

JINSERT LAST 1 BIT IN GUQGTIENT
TFINISH QUT QUOTIENT wiTH @'8

JFLAG NO MURE NUMERATOR
JRETURN TO CALLER



SOXPRS MACROD VR24=14 @7=3EPw72 11149 PAGE 24

segope e pognsnes PVOM MR O G e

onpo
WVWENALEGRN»-E

popgReR
poeeel
oveeed
voeead
veodo4
voepeesd
edpeps
o0gbee
eeeeal
poedeld
geeve’d

GHERDORBORDODONRND
D OVOBVNDPRELLGN»-8

ol A
ol N

2100486
ei6%04
20p202
013400

R TRY
1371

19716

1378
13732

13786
13730
13732
13736
13742
13742
13746
13750
13784

13789

Errs
AW

223004
220027
141662
101062
220423
220027
041660
1o1083
208300
020027
243000
103444

162706
eeevase
v62704
voonie
014446

L X L &
RPN

o h
Lo RO o=

Y ¥
L' ¥ 3

o b
O®~N

o
[ -~

-~ e W en e

ap T AR WS RS W e W

RDEXPI

PEXPI

Po4s191¢

SMTS101

o TITLE

o IFOF
DEXP

SDXPUS
CNDSLp

Voesa

+GLOBL DEXP)SERKA)

2 IFNDF

FPUY

COPYRIGHT 1971,1972 DIWITAL EQUIPMENT CORPORATION, MAYNARD,MAS

«GLOBL  SADD,38BD,SMLO,3DVD,810,3D1,SPOL8H,3POPR4)

2 ENDC

THE FORTRAN UEXP FUNCTION
CALLING SEQUENCES

JSR
BR
o WORD

RETURNS

ROwXQ
Riexy
R2wx2
R3nx3
Ranxd
($131]
spuxé
Fasxo
Fimx}
Faex3
Flex3
2 IFDF
MOV
+ENDC
« IFNDF

Moy

MOV

MOV
1ENDC
BGT
CMpP

BH1
B8R
CHP

BHl
ASL
CMP
8L0
o IFNDF
sys
ADD

mgy

RS,DEXP

A
ARGUMENT ADDRESS
E*vARG IN R® = R3J,

FPY
#2(RD) ,RD)

FPUY
RS, (3P)
2(R5) ,R4

eR4,ND

POSSIP JJUMP
Rﬂ,nlllﬁﬂa

TERSLD 1JUNMP
SMTS19 D JUMP
R2,#41664

QVRE19 1JUMP
RD JDUMP
RO, 443000
ONESLD TJUMP
FRY

GET HIGH ORDER ARG

JSAVE RETURN
IGET ARG POINTER

I1GET WMIGH URDER ARG

IF +
JARG I8 =

IF ARG «88,7
TO TEST SMALL MAGNITUDE ARG

IF ARG »87
SIGN

1F ARG MAGNITUDE «2wen60

#20,08P 1GET WORK SPACE

B, ,Re
= (R4),=(3P)

FTPOINT TO LOW ORDER ARG

JPUSH ARG



SOXPUS MACRO VR24mid 27=8EPa72 11149 PAGE 24¢

52
53
54
33

1]
87
58
39

6o
61
62
63
64
(1]
66
67
s
69
70
71

72

73
74
78
76

77
78

79
8

81

82
83
84
8s
a6
87

88
89
90
91

82
93

13782
§13764
13708
13770

13774
14000
14204
14010

14014
14016
14020
140422
14034
14246
14030
14092
14034
14236
14p49
14042
14044
14046
14250
14022
14004
14236
149602

14004
14060

14072
14074

14400
14184
1410¢
14410
14342
14314
14418
14132
14126
14132

14406
14140

Ri444a6
014446
014446
212748
pi3761
012746
224034
2ia’46
125073
013740
vepadre
0o4ae7
208630
pl8146)
2144541
8176401
Bid4da4
016046
e0a7a0!
214d062!
014454
21706401
2144021
RisR46?
gop7eQ!
viad70!
Rl4a4a84!
pléasa:
016148
17376
p14iL &
elz27e0@
040200
T RN ]
gig7e0
pa1do4
poodge
pLa’ew
AL
004b67
ees712
pes0ed
eoseel
pesee
oasved
poadil
pL12746
"R AR TR
012746
2153948
012746
192408
Bi2746
vap746

010346
010246

ONESiRl
OVRS {91

LERS19I
ECL315)

nun

UPLS191¢

MOV
MoV
MOV
Moy

MOV
Mav
MOV
JOR

+WORD
o WORD
2 WORD
+NORD
o WORD
o WORD
s WORD
2 WORD
o WORD
e WORD
o MORD
+WORD

+WORD

o WORD
«+WORD
2 WORD
Mov

BR
MoV

BR
MOV

JER
CLR
CLR
CLR
CLR
bR

MoV
MOV
MoV
MOV

Moy
MoV

.(Rllp.(")
o (Rd4),=(3P)
'tR‘l.'(aP’

#013784,"(8P)

#224534,°(8P)
#125073,°(3P)
N40270,(3P)
R4,sFOLSH.

IPUSH LQG2(E)

JENTER POLISH MoODE

SMLD 1YsX#,0G2(k)

ouPsSis

801 JINT(X*LOGR(E))

ADJS19

810 JZAINT(X#LOB2(E)),YP00) TwZey,Yed

3880

M16S1H JD®16e(X*L0GR(E)=FLOAT(2))
DuPsio 12 COPIES :

301

DEVSL9 JSAVE INTEGER PART OF 2eey
810 JE®Q=INT (D)

$38D/D16%19
DUPS19,DUPSLP
$MLD JEE
SPOPR4

UPLSie
#40200,RV

11849
#1004,RD

ECLSIO
#2000,R0

R%,SERRA

JE/168
1GET 3 COPJES

JPOP EvE TO REGS
JRESULT I8 ¢,

JERROR 4,2

JERROR 8,4

R@ JRESULT 18 @

Ry

Re

RY

ouTsio
#033343,=(8P)

#215345,%(9F)
#152605,=(SP)
#840746,7(SP)

RY,=(8P)
R2,=(8P)

IPUSH P2R7,2135034100844819083



$0X

94
95
96
97

98

929

ja0
19

102
103
104
109
108
1¢7
108

1e9

126
127

128
129

130
131

1]

14142
14144

14146
14132
14156

4162

4166
4179
4372
4174

4178
4202
4206
4212

4216

4222
4234
4226
4239
4232
4294
4296
4249
4242
4244
4246
42959

4234

4260
4202
4204
4206
4279
4272

427¢
4300
43902
4304

4310
4312

“inlad
wipves

812746
133703
vig’7an
153011
032746
113960
v12746
37154

vigdad
vipaas
0ielaed
Qivdaé

v12746
171042
012746
874433
012746
124232
vlaras
041246

004467
005422
vee7 o4
Cladya
016146
gop7o4
R161461
031447061
@oe’ae4!
V1443321
veaZaat
plaay0
v1adse
012728 sScLsiol
145541
CU6266 ASRSIVI
goeo12
103032
w14546
014546
014546
014%46
gr4es7
005346
161461
V14254
001409 NMLSL9E
162709
T RN
woa761
gira2e@d SCisivl

MOV
MQYV

MQv
MOV
MOV
Mav
mQv
Moy
MOV
Moy
MoV
MoV
MOV
Moy

43R

o WORD
o WORD
s WURD
«WORD
+WORD

s WORD
MQV

ASR

BCcC
MOV
Mmov
MoV
Mav
J8R

' WURD

BEW
sye

BR
MoV

MACRO VRO4mi4 Q7eSEP=72 {1340 PAGE 24+

Rl,-(SP)
RU,‘&SP)

#153723,"(5P) JPUSH P1®,057761135831801928

H33014,(SP)

#3113960,=(SP)

#037154,=(SF)

RI,mw(SP)

Ra.-(S?J

Ra,=(SP)

#171042,%(3P) JRUSH Qom20,B8137711965232362973
#074433,%(3P)

#1,04232,~(8P)

#041246,"(8P)

R4,sPOLSH

SADD,AUPSYLY JARE«E+Q@ TO WORK SPACE
$MLD/SADU,SMLD JBREw (EvEwP1ePY)

TWCs19 JOUPLICATE A AND B

SADD,ABPN19 JA+B TO WORD SPACE
358D, 30V J(A+B)/ (Amb)

SCL319 7APPLY SCALE FACTORS
#RT281948,,R5  JPOINT TU ROWERS aF 2

8,(8F) ISHIFT D

NMLS$19 PJuMP IF BIT 18 UFF

= (RS),m(3P) JPUSH 2wv ((2%*N)+D/16)
w(RS),=(5P)

.‘R5) ,‘(SP)

w(R5),»(5P)

Rd,sPOLSH

SMLDIASRIL9 PMULTIPLY BY ABOVE FACTOR AND TE
SCislo

#8,,%% JPOINT TO NEXT PUwER QF 2

ASR319

(SP)*,Re JPOP RESULT



$OXPUS

132
133
134
135
136
137
138
139
149
141
142
143
144
145

146
147
148

149
1%0
154

152
183
154

155
156
157
158
159
180
161
162
163
164
165
166
167
168
169
17@
171
172
173
174

4314
4316
432¢
4322
4324
4326
4300
4332
4394
A336
434p
43472
4344
4380
4352
43%4
4360
4362
4306
437¢
4374
4376
4400
4402
4496
4410
444
4429
4434
4439
4492
4496
4442
4446
4452

4454

piavel
viaopa
212603
vYb5726
pl2ted
Qepdod
105004
PRA6204
vopepe
100653
p12005

QuTsiot

poeces .

eos7?y
oopuYa?
b0l
vo5IL0
vijo66
veevlI4
poola4

062716
'R LY
Vo4

168716
0o1ve?
10090}
PeB016
eopid4

811666
veapuda
0ealde

012668
0opYes
Q12666
voRR46
12666
VBov4E

612066

voguaesd
veolds

12666
P0pU2e
vizbee
vweooLee
w126066
vonL2b
eiabse
vwoneges
000134

0166486
voplo6

!
ADJS191

MACRO VRO4®=14 07=SEPm72

MOV
MOV
MQV
TsT
Mov
SwAB
CLR3
ASR
ADD
BMI
MOV
RT3

TSY

. BGE

ARNS 1D}

!
M103181

!
Piosiet

D6R§L91

!
Qsvsini

1
AUFSLPL

!
ABFSIP1

!
QuPFsLol

DEC
moy

JMP
ADD
JMP
8y8
BPL
CLR
JMP
MoV
JMP
MoV
MOV
mov
MoV
JMP
MOV
MoV

MOV

MOV
JMP
MoV

11043 PAGE 24¢

(3P)*,R}
(8P)*,R2
(SP)*,R3

(&P)* JFLUSH D
(8P)*,R4

R4

IGET ¢

R4 JMAKE INTO EXPONENT MODIFIER

R4

Rd)RU TAPPLY TO RESULT

OVRS19 JJUMP IF
(SP)*,RS

OVERFLONW
JPOP RETURN

RS JRETURN TO USER

#2(RS) ITEST X

ARNSL19 TJUMP TF
3P 12aZey
03P, 28, (SP)

-

JSAVE 7 AS AN INTEGER

P{R4)+

¥1000,05P 116« 5TACK ITEM
P(R4le

#1000, 058P J1/169STACK ITEM
DBRSL® FJUMP IF NO UNDERFLOW
11 JUNDERFLOWSQ

P(R4)+

e3P, 26, (5P)

o (R4}
(3P)*, 38, (5P)
(SP)*,38.(8P)
(3P)*,38,(3P)
(8P)*, 384 (SP)
e (R4) e
(9R)*,224 (SP)
(3P)*,224 (SF)
(SP)*,224(SP)
(SP)*,22. (8F)
e(R4A) =

E(SP),» (SP)

JSAVE D AS AN INTEGER

JA TO WORK SPACE

JHOVE A+B T0 WORD SPACE

JOUPLICATE STACK ITEM



SDXPud

175 4400 0160646

176
177

178
179
{18¢@

184

182
183
184
189
186
187

188

189

190

191
192
193
194
193
196
197
198
199
200
204
ev2
203
204
205
206
Q7
2pe
209
10

214

212
213
14

4464
4470
4474
4476
4502

4506
4510
4512

4514
4516
4820
as22
4524
4326
4539
4532
4534
4536
4549
4542
4544
4546
4530
4892

voeoes
2316646
vépdas
016806046
eooRed
0Veol1d4

oig7e0
voed1v
v166406
coeuys
ogsdeu
V37 4
veBLd4

04p268
002963
T IRRA1
197448
040230
033762
"L RE]
1342814
vaep213d
112704
161752
198727
0apaps
125323
063714
©0aaL7

!
TWES198
Twisivit

RTZs1¥0

I
M108193

MOy
Moy
MOV
JMP
kov
MoV
REC

BGT
JMP

s WORD

«WORD

W WORD

o WARD

+ENDC

o IFDF
SETO
8ETI
MOV
LDD
MODD
$TCOI
T8T0
CFCC
BGE
ADDD
VEC

MooD
$1C01I
DIvVD
LDD
“uLo

LOD
ADDD
MyLD

MACRU VRO4=14 Q27eSEPw72 {1849 PAGE 24«

6(SP),=(SP)
6(SP),=(5P)
6(SP1,=(5P)

P(R4)

#8,,R0 JEIGHT ITEMS

14. (SPJ "(SF’

JOURLICATE 2 DUUBLES

RQ

TWiSlO

#(RA)s

P40265,002363,031771,1571840 j2eei/2
04026ap043760,ﬂ50615,134251 JRewi/é4
04p213,14270),1861752,1058727 J2wei/8
D4B205,125303,0637314,044473 J2eei /16
FrPU

) DoUBLE PRECISION FP

! SHOURY INTEGERS
SFCNS19,K0) POINTER TO CONSTANTS

P2 (RD) ,FEy GET ARGUMENT

(RU)*,F2) F2eFRACT (XY, 0G2(E))
F3,R4) ToINT(X*LOG2(E))

Fai

A .

ML6319) TEST F2

#i,0/F2} MAKE F2 POSITIVE

R4y AND ADJUST 2wz}
#16,0,F27 F23FRACT(16e (X*LOG2(E)=FLOUAT(Z))
FS'R", DeINT (1°‘tl.l
#16,0,F2) ExF2/16

FZ.F&;

F3,Fd} Eevt

F3,Fly

(RO)Y*,FL) AskteE+QQ

(RaY*,F3)



SOXPUS

21%
2416
27
218
219
220
221
222
223
224
228
220
227
28
229
23
23}
232
233
234
238
236
ay
238
R3S
240
24}
242
243
244
245
246
247
248
249
25@
251
ed2
253
254
255
256
as7
48
259
268
264
62
260
264
265
266
267

!
SCL3191

NMLB191

!
3Ci3i98

!
ONEs o

OVRSi9}

ZERS19t
ECL319¢

113191

cusiey

- % v w s us

A0DD
MULO
LoD

AQDD
SuBD
QIva

A3R
8cc
MuLD
BR
BEQ
ADD
BR

§T0
MoV
MOV
MoV
MOY
SwAB
CLRS
ASR
ADD
BM]
RTS

MOV
BR
mMav
BR
MOV
JSR
CLR
CLR
CLR
CLR
LAK )

MACRO VRO4w14 Q7=SEPw72 11843 PAGE 24«

(R2)*,FYI

F2,Fd Ba(EvEwp] ¢ P2)eE
FL,r9)

F3,Fé) Aeb

F3,Fi} AmbB

Fi,F8) (A¥B)/ (A®8)

RS} SHIFT D

NMLS19) :
(R2)*,¥0) MULTIPLY BY RQOT OF 2
SCL8197

SCisipy

nd,,RDy POINT TO NEXT ROOT OF 2
ScLsipy

FR,=(8P)) MOVE RESULT TO STACK
(3P)+*,RQ) AND THENCE TO R@,..,R3
(3P)*,RY)

(3P)*,R2J

(ar)*,RY/

R4y CONVERTY ¢ YO EXPONENT MODIFIER
R4}

Ra}

R4, RE) APPLY TO RESULT
OVRSi0) JUMP IF OVERFLOW

R3) EXiY

#4020, RO JRESULT 18 §,

T1819

#i004,R0 JERROR 4,2

ECL8le

#2005,Re JERROR 5,4

RS, SERRA

R2 JREBULT 18 @

Ri

R2

R3

RS EXIT

ORDEReDEPENDENT GONBTANTS
R@ POINTS AT NEXT CONSTANT IN FPU VERSION

2WORD

+WURD
«WORD
2 WORD
2 WORD

-aWORD

+ WORD
«WORD
2ENDC
«ENDC

40270,42%073,024534,013761)

LOG2(E)

0412406,101232,074433,171242) Qe
B37104,413360,153011,153729) P
P4P746,1592405,015345,233349) Pa

P40208,125303,063714,044473)
e40213,112701,161752,105727)
240290,033760,0230615,13425})
240205,0802383,0831771,15714%)

2evy/ 18
2wwy/8
2%e4i/4
2¢vy/2



SEXPD4

W NMOR D UR

14554

1456
14562
145064

14872
145872
14574

14649
14602
14604
14610
14612
14644
14616
14622

14626
14632

MACRU VROA4A®14 Q7e8EPe7? 11149 PAGE 25

oTITLE SEXPU4
» IFDF CNDSZR

!
! EXP VBB4A
!
] COPYRIGHT 1971,1972 DIGITAL EQUIPMENT CORPORATION, MAYNARD,MAS
; _
+GLOBL EXP,3ERRA}
« IFNDF  FPU
+GLOBL SADR,SSBR,SMLR)SDVR,SIR,SRI,SPOLSH?
+ENDGC
] EX@ THE REAL EXPONENTIATION RQUTINE
] CALLING SEQUENCED
) J&R RS,EXP
] BR A
] + WORD ARG ADDRESS
1Al
H RETURNS EXPONENTIAL IN RO AND Ry
'
pepeen Ro®X%0
vigep!l RimXy
goooed R2m%x2
.aopLRd R3m%d
200004 Ranxd
pépved R5E%S
200vp6 1123 1.
eeava? PCax?
poaeed Fosxo
poevel Fiaxy
gap0p2 Famx2
edaeed - Fasx3
vitded EXP1 Mov 2(R8),R4 JGET ARGUMENT PQINTER
pdpopz
el114p9 MOV PR4, R0  JGET HIGHM ORDER ARG
pod0R4 BGT PUSS2Q JJUMP IF ARG «
gepe27 GMP RO, 141662
141662
101146 BHl ZERSZ2P JJUMP IF EXPONENT <« »88,7
vdpdpl BRrR SMTS2p
R2R0V27 POIS2LI CMP RO, #41664¢
041062
1031137 BWI QVR32g 1 JUMP IF EXPONENT » 87
PUSS2D SmMTs2028 ASL RO FDUMP S1GN
papoa7 CMp RO, #6300
26308
103927 BLO ONES<2@ JJUMP IF EXPONENT MAGNITUDE « 2wwegs
+IFNDF FPU
was74b6 TST = (SR) 1SAYE SPACE FOR SCALE
eaB2 46 CLR »(SF) JPUSH A 1§,
PL2746 mov 44200, = (SP)
vagied
v16446 MoV 2(R4),=(3PR) JGET LOW ORDER ARGUMENT
popdo2
011446 MOV eR4,"(SP) JHIGH QRVER
016446 MoV 2(R4) ,»(5P) JNEED TwO CORIES OF IT

vepunod



SEXPu4 MACRO VRUd=14 ©U7=SEPe72 11143 PAGE 23+

51 14634 0114486 MOV #R4,"(SP)

52 14646 Q04467 JSR Re,sPOLON JTENTER PULISH MQOE
ed%vnd

53 14642 014732 +WORD PLES2®  JPUSKH LOGR2(E)

Y4 14644 pl7162° «wORD SMLR

59 14646 Q176521 P WURD $RI JFIX LUGE(R)wx

36 14652 014744 «w0RD ESve2p JSAVE HaPONENT SCALE

37 14692 vi6ub2! +WORD $IR JFLOAT 17

58 14694 @gla732t «wORD PLESZA JPUSH LUGRIE)

55 14656 13256 e WURD SDVR

6y 14602 pBgdnd? +WORD $3BR

61 14602 ©¥ia78621 «WORD LFR84E  JTPUSK CONTINUED PRACTIUN CONSTANTS

62 14604 9171621 +WORD $MLR FYey

63 14606 0020131 + NORD SADR 1BLeYeyY

64 14672 V132501 e WORD SOVR TAL/(BleYeY)

65 14672 pe030! - «WORD $ADR IYehL/(BleYwy)

66 14674 yRRO1A! +WORD $ADR FARSYwAy/(BLeYwyY)

67 14676 013456 «WURD SDVR TY/ (AQeYeAL/(BleYeY))

68 147¢@ via7{2? +WORD INCS2Q JTw2eY/(AQSY®AL/(Hi®YeY))

69 147v2 duVLYY «WORD SADR F1m2%Y/ sanvannne

70 14704 014720 +«WORD DuPsém JOUPLICATE 17

71 147906 0i7i62! o WORD SMLR F(4=2¢Y/oqnqelnvd

72 {4712 DLISVE6! «WORD SCLS2Q JEXIT POLISH MODQE AND SCALE RESULT

78 14712 062716 INLS201 ADD H100200,08PF JMULTIFLY BY =2,0
100200

74 164716 wvald4 JMP O(RA)+ 1GO BAUK TU LIST

75 !

7o 14720 016646 OUPS283 MOV 2(SP),»(3P) FOUPLICATE STACK ITEM
poeve2

77 14724 016648 MOV 2(SP),w(3P)
uopuve2

78 14732 odgidd JMP ¢{R4)»

79 )

By 14732 pia746 PLESBL MQV #125073,9(3P) TPUSKH LOGRCE)
12597)

81 147306 012746 MoV w4027, (3P)
040270

82 14742 V62134 JMP O(Ral»

a3 ]

B4 14744 P11668 EsvVe2nt MQV 08P, 10, () JSAVE EXPONENT SCALE
popdia

BY 14703 420134 JMP P(R4)»

86 !

87 14792 V06116 CFRg201 KQL o3P JSHIFT MODIFIED ARG

88 14704 pUsigR kOL RQ@ JSAVE SIGN

€9 14756 162716 SuB #4QQr 03P IDIVIOE BY 2,
pamdgn

$4 14702 101430 BLOS IFRSZ:  FJUNDERFLOW. MAKE ARG @

91 147064 VV6UQDQ : KOR RG JGET SIGN BACK

92 14706 DUBLU16 ROR (113

93 14772 wvitopa MOV #SP,RQ JGET MUDIFIED ARGUMENT

94 14772 oi6bel Moy 2(8P) ,R1 JIN REGISTERS
vepved

98 14776 ¢wl2746 MOV #436622,=(SP) PPUSH »12,01501875 rwrweawervwe
pdebpe

96 15p¥2 wla?46 MoV W14110@,%(SP)

141100



SEXPO4 MACRD VROB4wid 07=SEPa7R 11140 PAGE 25+

97 10006
98 (0oie

99
100

1o}
102

103
j04
105
jes
107
{08

i g
- 5
S O

S ph P S GBS ba
B, P B e B S po PO
W~ oS I

[k ol o X R
NN A R D
RGN~ BD

126
127
128
129
132
131
132
133
134
135
136
137
138
139
140
144
142
143
144
145
146
147
148
149

10042

Spie
5p22
Seke

Bed2
Spde
Bpds
bade
boag

Sgdq

bdgd6
Sobe

o552

Bed4
s8%6
Seb¢
8p62

“inl146
vipvas
012748
B74571
012740
042426
012748
056133
012748
Y ER-1.)
010146
210048
210148
vioR4as
20134

scisapt
!

22626 IFRs201
!

012609 ScLs2ul
2{26p}
niated
vdpded
1035004

vasdpe
vbp4pyY

MOV,
mov
Mav

Mov
MoV
MOV

MOV
Moy
mMayv
MoV
JMP
+ENDC

o IFDF
SETO
SETI
MoV
LOCFD
®QDD
STCDI
LDD
BIvVD
SETF
LOCOP
CFCC
BEQ
LOF
MULF
ADDF
LOF
pivF
AQDF
ADDF
DIVF
MULF
SubrF
MULF
8TF
+ENDC

2 JFNDF
CMP

«ENDC
MOV
MQv
« IFNDF
mov
+ENDC
SwAB
CLRB
ASR
ADD

Ri,=(SP)
R, =(5P)
#3710974,%(SP)

042426, (SP)
056133, (SP)
WD41563,"(8P)

Ri,»(8P)
RB,-LS?J
Ri,w(SP)
Ré,»(8P)
P(R4)+

FPy
!

!
#FCO¥20,RA)
eR4,F2)
(RR)*,F21
F3,R4
W1,2/F0)
(RQY*,F21

[}
F2,Fd)

!

8Ci820)
F2,Fd)
F3,Fd)
(RO)*,F3)
(R)*,F1)
F3,Fly
F2,Fly
(RR)*,F4I
Fi,rFey
“Z.Gle'
Fa,F0)
Fo,F0)
Fu,-lSPJl

FPY
(SP)*, (8F)

JPUSH 601 ,80426687 wevwenvovnoney

JPUSH 60,0801907 wevwewwwwewy

DOUBLE PRECISION ARGUMENY REDUCT
SHORT INTEGERS

POINTER TO CONSTANTS

GET ARGUMENT

F2RFRACT(X* 0G2(E))

RA®INT (X*0GR(E))

Fowy,0@

YeF2/(2%L0G2(E))

REST IN SINGLE PRECISION
TEST FOR UNDERPLOW
APPROXIMATION RESULTY IS {,0

YeY
Bieyey

AL/ (Bleywy)

ABeYeAL/(BLleYeY)
Y/(ARB+YwAL/ (Bileywy))

1-2‘Y,. " e

(i=2vY/, , o J¥w2
MOVE APPROXIMATION TO STACK

JFLUSH CFRACT ARG

RESULT IS i,

(sF)*,RUI
(SP)+,R1}
FPy

(8P)*, R4}

R4
R4s
R4y
R4,RY)

GET APPROUXIMATION RESULT

GET INT(X*LOG2(E))
MAKE INTO EXPONENT MODIFIEW

ADD IN EXPUNENT MODIFIER



SEXPU4

150
151
182
154
154

E-1]
156

-
§108

159

160
161
162
163
164
163
166
167
168
169
170
174
172
173
174
4735
176
177
178
179

5064
566

5e702
dep/2
5076
bide

5104
8116

bi12
S116

S1de
8142

100428
poB20d

pabwel
242708
o40200
oveges
eia’ee
202404
I'TLY Y]
ei27¢e0
0eR4pd
004b67
pRarpe
voséee
pesde!
oep2es

!
ONES2U18

QvRg2ol

1EXS20I
ECLs211

BMl
RTS8

CLR
Mov

RTS
MOV

BR
mov

JSR
CLR

- CLR

!

1

!
Fcusaes
!

RTS
«IFOF

MACRO VR@4eid4 Q07eSEPea72 11149 PAGE 234

OvVRsSZ))
REy

R1 .
w4P2VQ,RY

RY
#2404 ,RQ

ECL340
#2409,Rp

RS, 8ERRA
Re
R
RS

FPY

TEST OVERFLOW

JEXP(TINY) » 1,

T1ERROR 495

JERRQOR §¢8

IRETURN 2

ORDER=DEPENDENT GCONSTANTSE

s WORD
o WORD

+WORD
«WORD

+NORD
+WORD
+wORD

«ENDC
+ENDC

P4va7p, 145273y
024934,013744)

240472,123073)
224334,013761)

P43560,006133)
P42426,071571
145100,236602)

LOG2(E) OOUBLE PRECISION

R*LOG2(E) OQUBLE PRECISION

B1s60,0901907
AL{"EQ3,8042687
AQ%e12,21801675



SFCLUR2 MACRO VRO4=3d 07«SEPe72 11143 PAGE 26

H STITLE 8FCLU2
g' «IFOF  CNDSZY
'
4 ) SFCALL V0282A
5 )
; } COPYRIGHT $9874, DIUITAL EQUIPMENT CORPORATION, MAYNARD,MASS
)
[] +GLOBL SFCALL -
] ) SFCALL wwe ROUTINE FOR CALLING SINGLE ARG FORTRAN
40 ] FUNCTIONS PROM WITHIN OTHER FORTRAN FUNCTIONS,
11 ! CALLING SEQUENCED
12 ) MOV ARG PODINTER,RS
13 ! MoV #PUNCTION NAME, R4
14 ' JSR PC,8FCALL
18 ! FLUSH ARGUMENT
16 popeee RauxQ
17 PoR004 R4n%4
18 "TTTTIL) RSuxS
19 200006 SPex6
20 15124 n:z:a: SFCALLS MOV #RETS21,~(8P) JPUSH SFCALL RETURN
015146
21 10130 012748 MOV #1371 (3P) IRLL (1]
TRV
22 15134 210846 MoV RE,w(8P) 1WORD ARG
23 10136 2127486 MOV W404 1w (8P) 1BR Y
ITI T
24 10142 2ol Mov 8P ,RH 1 JSR RS, FUNCTY
25 10344 204014 JSR RO, #R¢
26 1B14e gg:;?g RETS21t ADO #0,,9p IFLUSH CALL
27 19192 evelds - JMP #(8P)¢ IRETURN TO USER WITH ARG ON STACK
28 ) AND FUNCTCARG) IN REGS,
29 +ENDC



SFIxed

OCE® N OLE GN

-
=

24
2%

26
27

28
29

15154
19469

19164
15166

15172
15474
10476
10240

- wn " W we

S we We We We W W wm as
»
-

paplev

vopuo4

vodpled

vapepé

ei6dad IFixl
wéovel

016446

vopRo2

011446

004467 RNDS221
vo4452

viz6e5@!
pisl76!

viztoe UPLsazl
PR

o TITLE
+» IFDF

IFIX

2 GLOBL

JSR
ER
2+ WORD

SFIX03
CNDs22

VOD3IA

MalLRU VRO4w14 U7=SEPm72 11149 PAGE 27

COPYRIGHT 1971,197¢ DIGITAL EQUIPMENT LORPORATION,

IFIXsSRI,SPOLSH
THE FORTRAN LFIX FUNCTION
CALLING SEQUENCED

RS, IFIX
A
ARGUMENT

ADDRESS

RETURNS THME TRUNGATED AND PIXED REAL
ARGUMENT A8 AN INTEGER IN Ro,

Ran%o
Kauya
R5sX5
SPay6
MQV

MOV

mayv
JSR

+»WORD
MOV

RTS8
«ENDC

2(R3J),R4 JGET ARG AUDRESS
2(R4) ,=(9P) JPUSH ARG

PR4,=(8P)

Rd,sPOLSH JENTER POLISH MQDE
SRI,uPL822 JTRUNCATE AND FIX
(9P)*,RD JPOP INTEGER RESULT
RS JRETURN TO CALLER

MAYNARD, MAS



SPLTU2 MACKU VRI4m14 07eSEP=72 11149 PAUE 28

1 oTITLE SFLTVY2

2 W IFDF CNDSER

3 ]

4 [} FLOAT V2Q2A

5 1}

6 t COPYRIGHT 1971, DILITAL EGUIPMENT CURPUORATION, MAYNARD,MASS

7 ]

8 oGLOBL FLOAT,SIR,SPOLSH,SFOPRY

9 ! FLOAT THE FORTRAN FLUOAT FUNCTION

ie ! CaLlLING SEQUENCE!

1 ) J 3R RY,FLOATY

12 ! B8R A

19 i «WORD ADDRESS UF INTEGER

14 Iai

15 ! RETURNS REAL EQUIVALENT IN RO AND Ry,

16 ) VSES S§IR,

17 !

18 pepvee R2s%Q

19 gapee | Nimxy

20 penage kanx4

21 aopdes R5=%Y

a2 gdoden SPex6

23 15202 V17946 FLUATE MOV #2(RI),»(8P) JGET ARGUMENT UN STACK
vogde2

24 15206 24467 J SR R4,SPOLSH JENTER POULISH MODE

. v4432

2% 10212 visue! e WORD SIR JCALL SJR TO CONVERT TO REAL

26 15214 017640 2 WORD SPOPR3I JPOP RESULT TO REGS

27 15216 wvis5222! «WORD urLs2Yy

28 15220 @225 UPLS23L KWTS RS JRETURN TO CALLER

29 +ENDC



$I1CIe2

C NG DGR

34

35
de

37
11
39

40
41
42
43

44

1h2e2

19226
1028

19244
18238

15242

13222

159238

15202
10204
15266
15270
15272

19276

154802
19364

1ddle
19312
10414

193¢0
19322
19324
19326

10832

popgead
eepdnl
dendae
vouvugb
poeee?
niz274s
eoQes7
vopegl
w2746
vip4arz |
Bial4d
pi66pt
wogdya
-1 111
0opdRneé
Rl
016666
paeded
vdevasb
viladee
g2plp4
AT L]
0054l
uosepu
11212
ga2702
1776@d
120eg7
Vépded
¢uivp 4
veglée
Qae@Ld
ve2767
bugana
105766
poglar
ueivad
LY SN
wupd2d
12022/
Yoegedd
poe144y

-— e W we =

- R we e e W we

solit

s1CI
wosa4

STTs241

$G¥s241

Snisdag

oTITLE
o IFDF

$ICI

WGLOBL
$0C!
2I1CI
CALLING
PUSH
PUSH
JSR
RETURNS
Rom=%2
riaxt
f2wxe
aPmL6
PCuy7
MOV

BR
MOv

MQV
Mov

ADD
Mav

MOV

MOV
CLR
CLR
mavs
BIC

CmPB

BNE
CMP

6LT
BR
Ts18
BNE
INC

B8R
CMFB

BEW

MACRD VR44®w14 U75EPwY2 11149 PAGE 29

$ICI02
CNDaZ4

voozA

$IC1,80C}

COPYRIGHT 1971,1972 DIGITAL EQUIPMENT CORPURATION,

ASCI1 TO OCTAL CONVERSION
ASCII TO INTEGER COUNVERSION

SEQUENCEI

CHARACTER FIELD STARY
CHARACTER FIKLD LENGTH

PC,8ICI

OR s0OCI

WITH INTEGER RESULT ON TOP OF STACK,

u67," (5P}

GOs24
#471,«(8F)

Ri,=(5P)
B, (8P)Y,R]

6(5P), 8, (SP)

4(SP),6(3P)

RY, 4L8P)

RQ"‘SP)
=(SP)

R
(Ri)*, K2
81776p0,K2

R2, 4! |

SG8s24 JJUMP
R!!lzn(SPJ

yJumP
FDONE

STT3$44
SuNSd4
7L8P)}

SNisSe4a)
0S5k}

NCKS24)
R2,8' 417

FLDS24 JJUMP

iF

IF

IF

JSET UCTAL FLAGS

FSET DECIMAL FLAGS

J18AVE R{
JGET STRING START

JGET ENDey

MAYNARD , MAS

JFIODLE RETURN POINTER

I15AVE R@

FSAVE R2

1CLEAR SIGN
JCLEAR WORK SPACE

JGET NEXT CHAR,

NOT BLANK

MORE TO SCAN
IF OCTAL CUNVERSION

DO NUT PERMIT SIGNS

OCTAL = FAKE THE SIGN BIT

GO PROCESS THE OIGIT



SICIV2 MACRU VROAw14 07+SEPw72 {1149 PAGE 20+

45 15334 1320227 CMFB R2,#'s
eepesd

46 1534p voiv12 BNE NCKS$24 JJUMP IF NOT =

47 10342 pesRys INC (114 1SET SIGN =

48 105344 000434 BR FLD%d4

49 10346 112102 NXT$241 MOVB (R1)*,R2 JGET NEXT CHAR,

80 (83502 w4702 BIC #17706p0,R2
{77600

51 15394 120427 CMPB R2,8' }
PdpodR

52 1536a evien? BNE NCKS24 TJUMP IF NQT HBLANK

853 15362 1127¢2 MQVB #80,R2 JBLANK sZERQ
pepe6o

54 408366 120227 NCKS24) CMPB R2,#'Q
aepVeE2

85 (15372 ¢02440 BLT ERR324 FJUMP Ir TOO SMALL

56 (0374 120266 o 1] R2,8(8P)

: popans

87 15400 023035 BGY ERRS24 JTJUMP IF TOO BIG

58 {5402 162702 8UB W62,82 JMAKE NUMERIC
eR@0e0

59 10488 105766 7878 7(8P) JOCTAL QR BINARY
péoee?

60 15412 0G143Y REQ 0CL324

65 $04l4 0OGIQ0Q A§L Re JRASBASEVYROSR2

62 {15416 102426 Bvs ERRSB4

63 5430 160002 suB RO,R&

64 (5482 vU630D ASL RO

65 18434 02423 BvS ERRSZ4

66 10436 206900 ASL RO

67 164dp 102424 Bvs ERRSZ4

68 19432 16p200 SuB R2,RQ

69 {5404 102417 Bve ERRSZ4

72 10436 ¢R01648 FLUE241 CMP Ry, 12, (SP)
vooo14

71 15442 p0274} BLT NXT324 JJUMP 1F MORE FIELD TO SCAN

72 185444 D2O60Q6 SGNS241 ROR (SP)+ JTEST SIGN

73 15446 $1034023 BCS DNESZ24 1JUMP IF »

74 10409 p05400 NEG R JMAKE =+

75 18452 102441 BVS NGMSZ4 FJUMP IF «NEGMAX

76 (0454 000241 CLC JEET SUCCESS FLAG

77 15406 212602 DNES243 MOV (SP)*,R2 JRESTORE RR2

78 15469 812601 MOV (SP)*,RY JRESTORE R}

79 15462 po6126 ROL (SP)Y* JFLUSH FLAG AND SET C BIT IF ERROR

80 15464 Q1066 MOV RU.4S§P] JRETURN RESULT
vapRed ‘

8y 18470 0126Q0 MOov (SR)*,R0

82 10a472 wdec07 RTS8 PC

83 19474 V0OB726 ERNIR4Y T8T (SP)+ JFLUSH SIGN

84 15476 pOBOP0 NGM3245 CLR R@

85 15500 v@s5166 com 4(5P) JSET ERROR FLAG
vdove4

:6 105804 000764 BR DNES<4

7 ]
88 153506 ve6led OchLs24l ROL Ray SHIFT 3 BITS LEFT,
89 16510 10377} Bce ERRS24) CHECKING AS YQU GO

9 163512 wvuslew ROL Ray



SICiea

91
92
93
94
95
96

18314
19516
19530
18522
15524

103767
¢a6led
103768
g6pdow

oon7 44

~ BCS

ROL
BCS
ADD
BR
+ ENDC

MACRU VRB4aw14 U7=3EPmYQ 11149 PAGE 29+

ERRSZ4)

R2Y

ENRSZ4}

R2,RYy ADD IN THE DIGIT
FLD$241 0D NEXT



$IC0R2 MACRO VRZ4el14 07=3EPw72 11143 PAGE 30

1 oTITLE SICOW2

2 2 IFDF CND32S

3 ’

4 ! $1C0 Vau2aA

-] ] .

6 7 COPYRIGHT 1971, DIUITAWL EGUIPMENT CORPURATION, MAYNARU,MASS

7 !

8. ‘

] «GLOBL SICO,80CU

Y ! $0C0 OCTAL TO ASCII CONVERSION

11 ' $1C0 INTEVER TO ASCII CUNVERSION

12 ! CALLING SEQUENCE?S

13 1 PyUSH FIELVY START LOCATION

14 } PUSH FIELD LENGTH

15 ) PUSH VALUE

16 ! 7 8K PC,84C0 (OR $0CO)

17 ) ERROR WILL RETURN WITW € BIY SET ON

18 ] R3, Rl, R2, K3 ARE DESTROYED

19 poneod Ra®XQ

20 goevel Risxl

21 vopdez H2m¥x2

22 wYoded R3®%3

23 BaavR4 N4m%4

24 ¢do0etb Y1 31)

a3 gonee’ PCex7

26 15526 vil27¢0 sol0t Moy WOLTH25eRELSR25,RD JPUINT TO OCTAL TABLE
Ywourles

27 15532 Qupéea BR Gos§2d

28 10334 w2702 SICOF MOV WDECI25mMEL 828,R2 JPUINT TO DECIMAL TABLE
QUaL84

29 10542 Q1p446 GOS25 MOV R4,=(8P)

33 15542 16003 MOV 8, (5P) )Ry JGET FIELD START
CL RN

31 310546 pi6be2 MOV 64 (SF),R2 JGET FIELD LENGTH
Yoo

32 15552 gozeed BGE LPS328 JJUMP IF LENGTH NOT NEG

33 18554 posvQ2 CLK R2

34 §5556 vEs066 CLK 6(SP)
wonvpe

38 §15562 16504 LPSS231 MOV 4,(8P),R4 JGET VALVE TO BE CONVERTED
eenRo4

36 15506 212746 MoV N1 ,m(8F) JCLEAR SIGN
200042

37 15572 920227 CMP RO, #UCTS2BwRELS2S JCHECK IF DOING QCTAL
voRL6s

38 18576 vv14pd BEG PUSSES JYES) GIVE MAGNITUVE RESULT

39 (56 viB704 T8T R4

42 15602 go2003 BGE POSSES TJUMP IF «

41 (9604 pP54Q04 NEG Ra JGET ABSOLUTE Valuk

42 {5606 V12716 Mov #'w,¥SP ISAVE =
VLT

43 15612 0U50406 POSS25S CLK w(5P) JSET FENCE

44 156814 ¢6070¢ ADD PC,RY

4% 15616 RELSESY

46 15616 w@b719 TSTs258 78T eRY

A7 15622 vUL416 BEU MUVELS FJUMP 1F ALL POWERS OONE

48 15622 vusval CuLr LB



$1CQue

49
59

28
89

90
91

92

15644
19646
1963¢
196382
15644
15696
19649
19642
12644
15646

18602
15654
19696
{566¢

156064
10608
15672
18672
15674
19676
15702
19702
15704

{d71¢
10712
19714
15716

15722
15724
10745

197392
19734
10746
19740
15742
10744
158746

157082
15796

19762
15704

1977
19772
10774
15776
16pda
je0¢2
16004

1610¢4
1934¢2
gusael
geu’774
wb2de4
ves7ot
100 e
hYnN716
vei’764
vea7¢
eUeueL
dieleb
©vap764
vopded
262704
LY
110443
pesspe
pe341@
1120449
wo1d74
112643
vesde
01440
112743
woRYay
o773
205726
eO10YL
vee’26
wepdad
011l
vladu4d
vigbeo
vapoe4d
Qus87248
goslze
veple?
w5720
BB137¢
wes720
piecbed
200010
112723
vapvdbd
voB966
oopdpo
VY37
veslee
vdpupb
¥dp75%
va3d2¢
VYL75¢
vaulaa
vooLya
vy
192909

sybsadt

salsads

NZES2O)

Muvsast

DCKRse5E

FIL5251¢

Fuks2ds

DNE3221

ERNS231

STSs281

DECS2Y)

ocTsedd

MACRO VRU4w1d4 U7wSEPe72 {1143 PAGE 3JVe

§uB #RO,Ma JSEE IF CURRENT POWER WILL GO AGAJN

BLU BACSZS

INC R{ JBUMP D1I6IT

BR sussas

ADD (RA)*,R4 JT00 MUCH, BACK UP

TST R

BNE NZESZS JJuMP JIF DIGIT NUT @

TsT (114

BEQ TET528 JJUMP IF NU NONeZERD DIGITS YEY
ADD W6Q,K1 JCONVERT TO ASCII

MOV Ri,=LSP)

BR TETSES

ADD R, RY JPOINT TO FIELD ENU

ADD #62,R4 JCONVERT LEAST SIGNIFICANY DIGIT
MOVB R4,wl(R3)

DEC LY

BLE FULSZS JTJUMP IF CUUNT EXHAUSTED

MOVB (SP)*,=(N3) IMOVE DlGIT

BNE DCR$28 JJUMP IF NOT THE FENCE

MQV8 (SP)*,erd JMOVE QUT THE SIGN

QEC R2

BEQ DNESZ2S JJUMP IF FIELD FILLED

Move #! ,®(R3) JMOVE IN LEADING BLANKS
BR FIL3Z5

TSY (3p)+

BNE ERRSZS FINUMBER TOU 816 FOKR FIELD

CMP #' ,(8P)+

BNE §T85820=4, JJUMP IF NQ ROOM FOR =
MOV (SP)*,R4

MoV (8P)*,4(8P) JMOVE RETUHWN UP

T8T (sp)* JFLUSH VALVE

ROL (SP)*» IFLUSH FLAGL AND SET C BIT ON IF ERROR
RTS PC

TSt (SP)*

BNE ERRSZS

TSY (3P)» JFLUSH SIGN

Moy 8,(5F),RY

Mova #'e, (RI)* FJFILL FIELD WITH »

DEC 6(3P)

BGT §T382% J1JUMP 1IF MURE TO DU

Cam 6(3P) JFLAG ERROR

BR DNESZS

« WURD 10009, ,1000,,190,,10440

e WURD {voaua,10082,1042,100,10.0



SICO0B2 MACRO VYRO4w14 D7=SEP=72 J1149 PAGE 3I02#

16p¢6 0iodeV
f1eolo vo1deR
16012 edalod
16014 020010
16216 ovQvae
93 + ENDC



SINTUO2

VENCOOD GK»-

e e R e ol
CENOLLRN»S

DR
-0

N
Ol

N
2

n N
>

NN
® N

Lol ]
S O

16o2e
16020

16024

16940
16042

16036
16p4p
10042
1644

- s we we ws

- WS WI W WS ws wWs w® we

vopuee
Q00004
odpved
nlavYe
INTY
Wi65p4 IDINTH
poRvee
016446
pdeved
vita4e
QY44s?7
Ba36pe
"RRA-1T A
gL6842)
0312000 UPLY2SY
voe2es

MACRU VRU4=14 D7«SEP=72 11149 PAGE 3§

+»TITLE  SINTOR
« IFOF CNO3Z26

INT vooaA

COPYRIGHT 1974, DIGITAL EQUIPMENT CORPURATION, MAYNARD,MASS

WGLOBL INT,iDINT,SRI,SPOLSH

THE FORTRAN INT AND IDINT FUNCTIUNS,
CALLING SEQUENCE?

J8R R5,)INT (DR IDINT)

BR A

+WORD  ARGUMENT ADDRESS

RETURNS INTEGER EGUIVALENT IN Rd,

USES SK],

ROmX2

R4mx4

REmYS

SPRY6S

Mov 2(R5},Re IGET ARGUMENT ADDRESS
MQV 2(R4],=(8p) JPUSH LOW ORDER REAL PART
MOV eR4,»(8P) JHIGH QRUER

J SR R4,8P0LBNH JCALL SRI1 TO CONVERT YO
+ WORD SRI,UPLERZE JINTEGER

MOV (8P)*,RQ JPOP INTEGER RESULT

RTS RS

«ENDC



$IRQ4 MACKU VRUOA4=14 u7=SEPm72 11549 PALE 32

1 oTITLE SIRQA4

2 JIFDF  CNDsZ7

3 »GLOBL SIR,3ID

4 ! INTEGEK TO REAL GONVERSION.

5 '

6 ! SIR VaB4A

7 )

a ! COPYRIGNT 1971,1972 DIGITAL EWUIPMENT CORP,, MAYNARD, MA

9 ) ARGUMENT 18 A FULL WORD ON THE TUP OF THE STACK

10 ' CONVERT IT TU REAL FORMAT AND RETUKN LT AS THE TOP

i1 ' TWwO WORDS ON THE STACK,

12 poavea Rawx@

13 20000 Risxy

14 PTLLLY] R2WX2

15 pepeey RImX3

16 vdavee RanX4

17 200008 Y1171

18 1773804 MQEL77324

19 177312 NOR3177312

29 gvadgd Fasxe

21 +1FDF  FPU

22 SIuUg BETD}

23 BR 10182y

24 SIR} SETF []

25 Inisa7zy BETY ] SHORT INTEGERS

26 LDCIF (5P)*,Fal CONVERTY

Q7 8TF FO,=(SP)} RESULT TU STACK

a8 JMP 0 (Ra)e

29 +ENDC

30 +IFNOF FRY

31 16046 011646 3104 mov e5P,=(SF) JPUSH ARGUMENT DOWN

32 16000 VL1646 MOV e3P, (SP)

33 1603%2 pos0LES CLR 2(5P) JCLEAR |LOWEST ORDER DOUBLE
poednl )

34 16256 pus0ES CLR 4(SP)
"PITLY

35 16062 pOS248 ST CLR «(S5P) IMAKE ROQM FOR RESWLT

36 16p64 m;eozé MOY 2(SPJ),RY JGET INTEGER ARGUMENT
peRve

37 16p7p ouv3vp2 867 POSSEY

38 16072 U424 BEQ LERSZY

39 16074 vesSeny NEG R IGET ABSOLUTE vakuk

40 16076 006148 POYS271 ROL w(SP) PSAVE SIGN

41 +IFNDF EAE

42 16100 vi27e2 MOV W2201R2 JGET MAX, FPOSSISLE EXPUNENT #*1
poeege

43 +ENDC

44 ! EAE CODE

45 W1FOF  EAE

46 MOV #217+1R2 IGET MAX, POSSIBLE EXPONENT

a7 2+ENDC

48 16106 105066 CLRB 4(SP) JULEAR LOWEST ORDER FRACTION
popYe4

49 ‘101l NOMS27Y

5@ «1FNDF  EAE

51 16110 ¢a6lQ} ROL R JLODK FOR NORMAL BIT

%2 16112 123402 8cs NQDSR7 JJUMP IF FOUND



$1RO4

53 16114 005902
54 10116 ove774

55
56
857
58
59
60
61
62
63
64
65
66
67

68
69
7@
71
72
73

74
75
76
77

16120

16124
16126
16190
16192
§16104
16136

16342
16144

116166 NOUS271
vopURd
105001l
1%peel
popdel
206026
vasoel
186066
vepded
vinits
veeid4e ZERSZYS

DEC
BR
+ENDC
EAE CODE
« IFDF
MOV
CLR
MOV
MOV
CLR
sys
Mov
MOV
+ENDC
MOova

- kRSB

Br8s
SwAB
ROR
ROR
ROR8

MoV
JMP

+ENDC
«ENDC

R2
NOMSZ7

EAE

WME, R

[ LR
R{,=(R3)
#NQR RO
(1]

(K@) *,R2
#2,0K0
PR3, Ny

Ri,5(8P)

R1
R2,R1
RY -
(BP)*
R
J(SP)

Ry, 0%p
¢(R4)e

MACRO VROA®14 Q7°SEPeT2 1{149 PAGE 32+

JOECREASE EXPONENT
ITRY AGAIN

FPOINT TO Mg

JMOVE ARG
IPOINT TO NQR IN EAE
INORMALIZE FRACTION

ITELL EXPONENT
ISHIFT OUT NOKRMAL BIT By L3H
JRESULT TO RY -

JSAVE LOW URDER FRACTION
JCOMBINE EXPONENT AND HIGH ORDER FRACTIO
JGET SIGN
JINSERT SIGN IN RESULT

J1OUTPUT RESULT



SMLDBS MACRU VRU4=14 UTeSEPm72 {1349 PALE 33

1 oTITLE SMLDUS
2 o IFOF CNDS4B
3 2+GLOBL  SMLD/SERRA
4 ) $MLD THE DOUBLE MULTIRPLY ROUTINE
-] )
6 ! SMLD VORSA
7 ' .
[ ] i COPYRIGHT 1971, DIGITAL EQUIPMENT CORP., MAYNARD, MASS,
9 ) CALLED IN POLISH MODE,
10 ’ REPLACES THE TOF TWO DO0UBLES UN THk STACK
11 ] WITH THEIR PRODUCTY,
12 g0 Rosx0
13 edavel RimXxi
14 Peg0e? R2mx2
15 gueved R3=x3
16 R ITY ] Ranx4
17 vaadpd RSaxS
18 pdodes Spexé
19 gdoea?’ PCex?
9 177304 MQe177324
3 202012 Am8,
22 odovae Bals,
a3 Qepey s KESTwl2,
24 eQa0g2 SIGNE2
25 geaopa Fomsxo
26 s IFOF FPY
27 L LINR s WORD 170031 J)ISETD
28 2 WARD 172426 13LDD (SP)*,Fa JGET QPERAND
a9 s WORD 171026 1pMULD  (SP)e,FQ JPRODUCT
32 «WORD 174046 19870 Fa,=(SP) JPRODUCT YO S8STAC
3 JMP P(RA)e
32 +ENDC
33 +IFNDF  FPU
34 16146 50446 SMLDY MOV R4,=(8P)
33 16150 2100486 MoV RD,)=(SF)
36 16102 vE6IE6 ASL AvDwd (§P) JSHIFT MULTIPLICAND
YT Y
37 16106 v@6las ROL =(3P) IKEEP SIGN
38 16160 0UB046 CLR w(8P) JCLEAR EXPQONENT
39 16162 116646 MOovBe A+i(Op),08p IKEEP MULTIPLICAND EXPONENT
vopuyl
48 101066 01436 BEQ ZERS28  JJUMP IF ANSWER IS ZERO
A1 16170 1160666 MOove A(SP),A¢l (SP) JSHIFY FRACTION LEFT
QUYL
vogeLl
42 18176 popds) SEC ‘ JINSERT NURMAL BIT
43 16200 VUY6A6S ROR A(SP)
vepvia
44 1D204 116066 Movae A+3JI(SP),A(SP)
voRULd
vonoLd
45 16212 wdYd66 SwAB A+2(5P)
pepu12 :
46 16216 116066 MQVAB A*B(BP),A®2(5P)
BageLd
pagoy2

47 16224 V0PIB6 SWAB A*4(5P)



SMLDBS MACRO VRO4w14 B7«SEP=72 11143 PAUE 3Je¢

48

66
67

68
69

792
71

72
73

74
75
76

77
78

79
8a

81
82

102392

16256
16242
16246
16252
§$6236

16262
162064

5 16266

16272
16274

{6278
16300
16302
16304
16310
16314

16340
16322

16326
16342

163d¢
1634n

10344
16346

16392
16336
16362

16306
16979
16374
16376

16402
16494

vepady 4
1166660
pow0y7
vocidy 4
0ond8e
voRYL6
103086
popay6
Bo6366
gopoze
05566
povever
105766
vopoel
va10ed
022626
oople7
Hopd34
vd%epY
posvel

ZENS281
Telsasy

NNL3281

o562
0085023
vosves
pe6R68
poevae
w12746
pYovzY
Pi66oa
voyedY
vv14p4
woaz767
20410
eir716
vane2e
vi66p4 Bsi3R81
vogu2s
CEEY TR
vas5766
oYl
001406
PUa767 BANE2EL
pépdcw
'Y YYA-Y4
oora62
elazte
8epY2Y
16024 Bals28)
Po0Y24
vojvos
voS766
22Qugs
voided
ves766
p2Q03Y
T FET-¥]
Q04767 B2NS28H

Move

§wAB
CLRB
ASL
ADC
78718
BNE
CMP
JMP
CLR
CLR
» IFNDF
CLR
CLK
CLR
ROR
nov
MOV

BEG
JSR

MOV
MOy

BNE
TST

BEQ
JSR

JSR
MOV
MOV

BNE
TsT

BNE
TsY

BEQ
J8K

AT (5P) ) A®4(SP)

A*B(5P)

A*8(3P) JMAKE ROQOM FOR EXTRA BITS

BCSP)  ISHIFT HIGH MULTIPLIER
SIGN(S8P) JGET PROQUCT SIGN

Bei (SP)

NNZ328 JJUMP IF NDT ZERO

(8’)‘,(9P10 1FLUSH SIGN AND EXPONENT
1E2828

R® - JCLEAR PRODUCT

R1

EAELMULDIV

R2

PR

RS JGLEAR C BIT OVERFLOW CATCHER
B(SP)  JSIGN 18 NOw @

#16,rw(8PF) JPUSH ITERATION COUNT

Be6+2(5P) R4

Bezsds
PC,MToS28

'10."3?
Bed4e (SP) R4

BANSES
BeSe (SF)

B42328
PC,MT2828

PCoMLTS24
#18,008F
B+2¢2(SF) R4

Bansea
Beded (SP)

B2NS28
BeBed (SF)

B27%¢8
FC,oMLTS28

JIGET LOwWEST ORDER MULTIPLER

JJUMP IF NO BITS HERE

IRESTORE COUNT
JGET NEXT LOWEST FRACTION

1JUMP 1IF WORK TO DO

JJUMR IF NO PRODUCT YET

JONE BIT FULL PRECISION

JGET NEXT TO MIGHEST ORDER FRACT



SMLOBS MACRU VRA4w14 ¢7»3EPe72 11149 PAWE J}Ie

e0@23y

83 16410 016604 B243281 MOV B+2e2(SP),R4 JGET HIGH ORDEk BITS
vdgua2 ‘

84 108414 127146 MoV #7,08P JTHERE ARE ONLY SEVEN UF THEM
woeoe?

85 16420 004707 JSR PCoMLTS28
oep214

86 16424 04767 JSR PCyMT1828 160 DU THE NORMAL BIT
poe2la

87 18432 025726 TST (5P)*  JFLUSH ITEWRATION COUNTY

88 16432 052604 AQD (SP)*,R4 1ADD EXPUNENTS

a9 +ENDC

9e o IFDF EAE{MULDLY

94 - CLR R4

92 g BIS8 Bei (SP) R4 JGET EXPUNENT

93 ADD RA4,83p JIGEY SUM OF EXPONENTS

94 Move N1,8%1(8P) JINSERY NORMAL BIT

9s ROR B(SP)

96 SwAB B(SP) JLEFT JUSTIFY FRACTION

97 Move Be3I(SP) ,B(8P)

08 SwAB Be2(5P)

99 Movs Be5(5P) ,042(8P)

sed SwAB Bea(8p)

18¢ Mova Be7 (5p) ,Bed(SP)

102 SwWAB B+6(5P)

189 CLRa B*6(5P)

104 +ENDC

188 «IFOF EAE

106 : Hov NMQ,K4 JPOINT TO MG

1097 MOV A(SP),=(3PR)

108 MoV B*6+2(SP) ,0R4 JGET AyebB4

189 JSR RS, EMuS28

110 MoV (SP)*,R2 JRESULT TO PRODUCT

114 MoV (SP)*,R3 .

112 mav A®2(5P),=(8P)

113 MOV Bede2(SP), R4 JGET A2¢B3

114 JSR RS, EMUS28

115 : ADD (8P)*,R2 1ADD TO PRODUCT

116 ‘ ApC R

117 ADD (SP)*,R3

118 ADC R2

119 ADC Ri

12¢ mov A*d(SP) ,=(8P)

121 mav Be2e2(8P),0R4 JGET AJeB2

122 JSR RS, EMUSQ8

123 ADD (3P)*,R2

124 ADC Ry

125 ADD (SP)*,R3

126 ADC R2

127 ADC §}

128 MoV A*6(5P), = (SP)

129 Moy Be042(8P) ,0R4 JGET A4eBy

130 JSR Ry, EMUS2E

131 ADD (SP)*,R2

132 ADC Ry

138 ADD (8P)*,R3

134 ADC R2



SMLDO5

145
136
137
138
139
140
144
142
143
144
148
146
147
148
149
159
154
152
163
154
158
156
187
158
159
160
164
162
163
164
165
166
167
168
189
170
174
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
194

ADC
MOV
MOV
CLR
MOV
MOV
JSR
ADD
ADC
AQD
ADC
ADC
MoV
MOV
JSR
ADD
ADC
AOD
ADC
AOC
MOV
MOV
J8R
ADD
ADC
ADD
ADC
ADC
MOV
MOV
JSR
ADD
ADC
ADD
ADC
ADC
MOV
MQV
JSR
ADO
ADC
ADD
A0C
ADC
MOV
MOV
JSR
ADD
ADD
ADC
MOV
«ENDOC
s IFDF
hov
MoV
JSR
MOV

MACRO VR@4m1d4 Q7e«SEPwT2 11349 PAGE 33e

Rl
R2,RS JOIVIDE BY 2wwis

Ry,R2

Ry
A(CSP),=(3P)
Bedo2(SP),0R4
R, EMUS2E
(SP)*+,R2

3}

(3P)*,R3

R

Rt
A®2(8F),=(8P)
Be2+2({5P), R4
RO, EMUSRY
(8P)*,RR

[ B

(8P)*,R3

R2

R}

A®4(5P) ,%(8P)
BeQe2(SP),0R4
RO, EMUSRY
(SP)«+,RQ

R1

(3P)¢,RY

R2

R}
A(BP),=(3P)
8+2¢2(3P), 8R4
R8,EMy3S28
(SP)*,R1

R®

(8§P)*,RR

R1

RB
A*2(SP),w(3P)
Be@+2(SP),0R4
RO, EMUS2Y
(8P)*, R}

Re

(SP)*,R2

R§

RQ
ACSP),=(5P)
Bee2(SP), R4
RY,EMUS28
($P)*,R0
(SP)*,R1

R

(SP)*, R4

MuLDilv
A(SP),=(5P)
Be642 (§P) R4
PC,EMUS2Y

JGET Ageny

JGET A2eB2

JGET AJeBi

JGEY Ajeb2

JGET A2eBy

JGET AleBy

IGET 8SUM OF EXPONENTS

IGET AjwDd

R4,RE JRESULT TO PRODUCY



SMLOUD MACRU VR24wid 27eSEPw72 11349 PAGE 33«

192 MOV RO, RO

193 MOV A%2 (9P),"(3P)

194 MOV Br4+2(8P),R4 JGET A2B3
198 JSR PL EMUS2E

196 ADD R4,RZ )ADD TO PRODUCT
197 ADC R1

198 ADD RS, RS

199 ADC R2

280 ADC Rl

201 Moy A*4(SP) " (SP)

202 MOV Be2+2 (8P),R4 JGET A3es2
203 JSR PC,EMUS2Y

204 ADD R4,RZ

205 ADC R1

2vb AQD RS, RY

207 ADC R2

208 ADC Rl

289 MOY A6 (OP) )" (SP)

210 MOV BeBee (SP),RA JGET Adwdy
211 JSR PCrEMYUS2Y

212 ADD Ré,RE

213 ADC R

214 ADD kY9 ,RS

219 ADC R2

216 ADC R

217 MOV R2)Rw IDIVIDE BY 2%wis
218 MoV Ri,RE

219 CLR R}

220 Mav A(SP),w(3P)

221 MOV Brée2 (SP) R4 JGET AQend)d
222 JSR PCeEMUS28

223 ADD Rd4,RE

224 ADC Rl

225 ADD RS, RI

226 ADC R2

227 ADC R&

228 MOV A®2(SP),"(SP)

249 MOV Be2¢2(8P) R4 IGET A2wB2
230 JSR PC,EMUS28

231 ADD R4,RE

232 ADC R

238 ADOD RS, R

234 ADG R2

238 ADC K1

236 MOV Av4(SP),~(SP)

237 mov Bede2 (SP),R4A JGET AJeBy
238 JSR PC,EMYS28

239 ADD R4,Re

240 ADC K1

24} ADD RS R

242 ADC R2

243 ADC R

244 mQv AC(SP),»(9P)

249 MOV Be2w2 (SF),R4 1GET ateB2
246 JSR PCJ.EMUSRS

247 ADD R4,R}

248 ADC R2



SMLOUS

248
2%¢
254
254
253
234
255
256
257
258
259
31’
261
262
263
264
260
2686
267
264
269
27
271
272
273
274
275
278
277
278

279
e82

281
282
283
234
28%
286
287
288
289
292
291
292
293
294
295
296
297
298
299
daQ
3y
342
Jud

04d4
64d6
G44p
6442
YLy
0446
64d¢
6452
v4d4
64396
6462

b4d4
6466

6a72
6474
6476
65082
63v2
6504
6506
6510
6512
6614
6516
6520
e322
6524
6526
6539
6592
6534
6636
63549
0342
6544
6546

LR
wielne
doblul
poslug
103409
rO63CY
posloe
goslel
CL.1LR Y1)
wes9e4
162704
vuareu
va3add
ve27¢4
pRad7?
002445
105209
150203
20@3p3d
15022
ibpled
eepdel
105004
150001
0oRdel
105000
150400
voedpw
pos028
posdoe
UL LT'1'})
posve
LR
vs550d
vo5sSeR
vo59e1
vd5%p0
103410

NOMS281)

ADD
ADC
ADC
MoV
MOV
J8R
ADD
ADC
ADD
ADG
ADC
MOV
MOV
JSR
ADD
ADD
ADC
MOV
+ENDC
ASL
ROL
KOk
KOk
BCS
ASL
ROL
ROL
L]
QEC
suB

BLE
CMP

LT
CLRB
8188
SWAB
CLRB
BIés
SwAB
CLRB
BI§8
8wAB
CLRB
818y
SuwABd
ROR
ROR
RQR
KQR
®OK
ADC
ADL
ADC
ADC
BCS

MACRO VRA4wid 07+SEPe72 11149 PALE 33

RY,R2

R

R®

A®2(SP),%(8P)

Bo@eZd (SFP) R4 IGET A2eBi
PC,EMUS28

R4,R}

BoQ«d (SP),R4 IGET Ajeby

PC,EMUS24Y

R4, RY

RS, R

RY

(3P)*,R4 1GET SUM OF EXPONENTS

R3 JSHIFT QUT NORMAL BIT
R2

R}

RO

NOM$28 JJUMP IF IT wWAS FOUND
R}

R3

Rl

R® JMUST HAVE GOT IT NOW
R4 JADJUST EXFONENT
#208)R4 JTARE QUT ONE OF THE EXCESS 1281'8

UND3Z8 JJUMP IF UNDERFLOwW
#377:R4

OVRS28 JJUMP IF OVERFLOW
R2,RY  JSHIFT FRACTION RIGHT

(ap)+ IGEY PRODUCT SIGN
RO FINSERY IT IN RESULT

RS JROUND RESULT

RO
Ovises JJUMP IF QVERFLOW UN ROUND



$MLDUS MACRO VRAde14 Q37e3tPe72 11849 PAGE 3J¢

324 6550 102413 BvS ovisda

325 6592 pilovee OUTSLet MOV RO, RESLT(SP) JPUT OUT ANSWER
vopdLae

3a6 6596 ploied MOV Ry ,RESLT*2(8P)
gdeRys

3a7 6562 p1e466 MOV R2,RESLT*4(SP)
pApd2Y

308 6566 10366 MOV RI,RESLT*6(SP)
vogoae

39 6572 pievesd MOV (SP)*,R5

319 6574 ¢i120p4 MoV (SP)*,ka

311 6576 p62/pb ADV WH,, 9P FFLUSH TOP ARGUMENT
Y-LLEY

312 68602 wdBly4 JMP P(R4)e TRETURN

313 6604 Q05746 QvVis2ey TST “(S5P) JFAKE SIGN

314 6606 pl27e¢ OvRS281 MOV ®3209,Re JERROR 3,14
pas5dpd

315 6612 vipdve BR ECLS<B

316 6614 @272 UNUSZ2BE MOV #3005,R0 JERROR 996
pa3vpd

317 6629 ¢¢5726 EZLseBt 187 (3P)* FFLUSH SIGN

318 6622 004ad67 v SR RO, 3CLRRA JCALL ERROR
we3is79

319 6626 205090 LEZ2s2dt (LR R? JCLEAR HIGM ONDER WESULT

3208 684y vddvel CLK Ry JICLEAR LOw QRDER

321 6632 Qudde2 CLR R2

322 6644 20BERY CLK RS

323 6636 00D743 BR puUTSs<e

324 «IFNUF  EAE&MULDIV

325 664Q QL6204 M| TS281 ASK Ra JTEST NEXT MULTIPLIER BIT

326 6642 jesvRe BcC Xds$a2b FJUMP 1F IT IS 2

327 6644 066623 MTis281 ADD AvBw 4 (SP),RI PARD IN MULTIPLICAND
vepvee

328 86530 vesdpe ADC R2

329 6652 pesddey ADC R1

332 66894 wdbd0e ADC R

331 6656 005505 ADC RS JSAVE OVERF_Ow

332 6662 v666¢2 ADD Av4+4 (5P),R2
Q0pd2¢

333 6664 g253501 ADC Rl

334 6606 Eb65p¢ ApcC RY

335 667 @d5%ed ADC RS

336 6672 066021} ADD Av2+4(SP),RY
Pvpdy6

337 6676 vu5200 ADC R2

338 67vp @¥sded ADC RS

339 6702 wvbbbdey ADD A*Ped (SF) R
pepay s

3403 0706 V25505 ADC Ro

341 6719 vobapd Xp¥28t  ASKH K3 JRECOVER OVERFLOW LF ANY

342 6742 vd6Ve ROR R INOW SHIFT PRODULT

343 6714 w60 ROR R1

344 6716 v2buag RQR R2

345 6720 066003 ROK R3

346 6722 ve%Sdeb DEC 2(SP) FCOUNT LOOP
eagvee

347 0726 ¢34 Gl MLTS28 JAGAIN PLEASE



SMLDUS MACRU VRO4w|4 Q7eSEPw?2 11149 PAGE 33+

348 6730 vdeee? kTS PC JRETURN TO CALLEKR

349 6732 V03360 MT28281 DEC 2(8P) 100 ONLY §5 BITS THIS PASS
gdpuved

352 6736 vu6204 MYUs281 ASR R4 JTEST NEXT MULTIPLIER BIT

354 0674p 1e3ve7 8CC Xpvsds8 JJUMP IF ¢

302 6742 abtebel ADD Av2¢4(5P) ,RY JUSE UNLY nIGH URDER MULTIPLICAN
Bo0Yyi6

383 6746 045%0¢ AoC RY

354 6759 0855ud ADC RS

IS5 0792 poedpd AQU AvQed (SP),RE
el é

3h6 6796 vusSoes AOC RS :

357 676@ vP6209 XpUs28l A8w RY JRECOVER ANY OVERFLOW

358 6762 veklee ROK R

359 6764 wvveodel ROR Ri

J6s 6766 pasve2 RO R2

361 677¢ Ad6uRd . ROK RS

362 8772 0253866 VEC 2(8P) JCOUNY LOOF
bweadel

363 6776 ©0IIS7 BGT MT1Q§48

364 7gde vvede7 TS PC FRETURN TQ CALLER

36d «ENDC

366 « 1FQF EAE

367 EMUs2Bl LW (X1 JCLEAR PRODUCT

o8 18T R4

369 bEUY MZ328 JJUMP IF MULTIPLIEN &

378 BGT MPL328

371 187 2(5P) JYEST MULTIPLICAND

372 BEQ MZ§28 JJUMP 1F 2

373 BGY MNGS28 JJUMP IF +ve

374 AQD (R4)*+,esP JCURRECT 2'S COMPLEMENT

3795 AQD 2(8P) ,88F .

376 BR EMLS$28

377 MPL§2ES TST 2(8P) JTESY MULTIPLICAND

378 BEQ MZs28 FJUMP IF 8

379 BGT MLUSZB JJUMP JF «

38¢ ADD (RAY*,05R

381 B8R EML$¢8

382 MNUg 28t ADD 2(SP), 05V

3s83 MLUS288 TST (R4)* IPOINT TO MUL

384 EMLy288 MQV 2(SP) , 8R4 IMULTIPLY

388 MOV w(R4),2(5F) JIGET PROOUCT

386 AQD w(R4),05P

387 187 (H4)* IPOINT TO M@

RY-1.] JMP #R5 JIRETURN

389 MZS28¢% CLk 2(8P) TKETURN @

390 JMP anS

391 +ENDC

dge o [FOF MULDILY

393 EMUSE8E CLR w(SP) iCLEAR MIGH PROpUCT

394 787 R4 JTEST MULTIPLICAND

3gd BEG ML328 TJUMP IF ¢

396 BG6T MPL§2B e

397 181 4(SP) FTEST MULTIPLIER

3o BEQ mMZ§2d TJUMP LF @

3gg BGT MNyS2B ¢

429 BR MNGSZ8



IMLDYD

401
402
483
404
a0
426
407
408
409
410
411
412
413
414
418
416
417

MPLB2BS

MNDE281T
MN1$281
MLU32¢88
MONS281

MZ¥288

TST
BEG
BGT
ADD
BR
ADU
ADQ
« WORD
ADD
MOy
RTS
CLR
CLK
BR
+ENDC
«ENDC
WENDC

HACRD VRD4=14 47nSEPw72 113149 PAUGE 33+

A(SP) FTEST MULTIPLIER

ML§20 FJUMP IF @

MLOS2B e

Rd, 5P

MLGs28

R4, 058P

4(5P) ,05P

@70406,4 P MUL 4(SP),R4 JGET PRO
(SP)+,R4 JADD IN AMIbH URDER PARTS
(SP)+,esP JFLUSH MULTIPLIER

PC JRETURN

R4 FRESULT IS5 @

RS

MUNSZB



SMLIYS MACRU VRU4A®14 U7wSEP=72 (1149 PAGE 34

1 oTITLE $MLIUS

2 o IFOF CnNDSEO

3 WGLOBL  SMLIrSERR

4 ! $MLI emas INTEGER MULTIPLY

5 [}

6 ) ML VOB5A

b4 )

8 / COPYRIGHY 197y, LDIGITAL EQUIPMET CURP,, MAYNARD, MASS,

9 ] CALLED IN THE POLISH MODE

10 ] REPLACE THE Twgy INTEGERS ON THE TOP OF THE STACK

11 ' WITH THEIR PRODUCT :

12 peoveu R2=x@

13 poaval Rio¥xy

14 vopved R2sx2

15 pYRved f3s%3

16 vogued k4m%4

17 vogved : R58%5

18 voaueb 5PuX6

19 17731} SRe29mL77334

20 177304 MEs177304

21 «IFNDF  EAERMULDIV

22 17002 003000 SrLI CLR R@ JCLEAR PROVUCT SIGN

23 {7004 p120601 MOV (SP)*,RY JGET MULTIPLICAND

24 {7006 0VOY0QPY BGY PL32P FJUMP IF «

25 17010 @01455 BEQ LERSRD JJUMP IF ANSHWER 18 ZERU

26 17012 ©vo5dae INC R INQTE =

27 17@a14 pus4pl NEG Ry

28 17016 wiibud P{%29F MOV PSP ,N3  JGET MULTIPLIER

29 17p22 ©003IVR3 BGT P2s2Y

3v 17022 yuvi4sd BEW LERSZO

31 17034 pus2pe INC Ko JFORM RESULT SIGN

32 17826 Gio54p3 NEG RS

33 17230 0144t P235293 MOV Ré,={8P) JSAVE R4

34 17032 0127024 MOV #8,,Kd JSET UP FOR LOWw EILWKT BITS
wenviv

36 17036 pegled CMP R1,RY

36 17040 Q02903 BGE CLRS29 JJUMP IF MULTIPLIER SMALLER

37 17042 0oialg? MOV R1,RE J1IF NOT MAKE IYT $0

38 17p44 vipdol MOV RI,RY

39 17046 010€ad Mav R2,R4

42 170%2 vwisd@z2 CLKs29t CLR R2 JCLEAR HIGH ORDER PRODUCT

41 17092 gosoe2 MUL$29% ROR R2 FSHIFTY PHRODUCY

42 1\70%4 BRGRRY KOR R3

43 17096 103401 8CC CYC$29 JJUMP IF MULTIPLIER BIT I8 @

44 17p0p pbping ADD R1,R¢ JADL IN MULTIPLICAND

45 17062 905304 CyLs291 DEC R4 JCOUNTY LOOQP

46 7064 PR3372 BGY MUL %29

47 17006 ©u12024 mov (3P)*,R4 JRESTURE R4

48 17070 105723 1878 RY JTEST HIGH MULTIPLIER

49 17072 ©oie2b BNE OYR$29  FJUMP IF MULTIPLIER NOT GONE

50 17074 159203 B183 R, k& JMOVE PRODUCTY RIGAT

51 17476 ©vpdpd LPTY] RS

52 171¢@ 1es0pe CLRB R2

53 17192 vvesne EPTY:) R2

54 17194 Qeb2R2 ASR Ke JONE LLAST SHIFTY

55 {71086 pu1029 BNE OVHS29 1JuUMP IF PRODUCT LACEEDS {5 BITS

§56 17112 oveo@d KOK R3



SMLIVS MACRU VRVUA™14 U7=3EPw72 11349 PAVE 34+

87 17112 wdb4nd NEG RS iMAKE =
58 {7114 100@1d BPL UVR$Z9 FJUMP IF TUQ BIG
59 17116 voseryY KOR RO TGET PRODUCLT SIGN
60 17120 1034¢g2 BCY OUTSR9 JJUMP LF =
61 17122 Q065403 NEG RS JMAKE +
62 17124 10241 8vs OVR$L9
63 17126 01nd16 QUTS291 MOV RI, 03P JTMOVE OUT RESULT
64 17130 oonl34 JMP #(R4)+ JRETURN
65 17132 wob403 NGMg29 NEG R3 FTEST FOR OCTAL lpuoe
66 17134 1020p5 BvC QVRs$2H 1JUMP IF NOT
67 17196 wosRRY ROK R FTEST FOR NEGATIVE RESULT
68 17142 103772 BCS QUTSEe FYES, WE CAN HANULE THIS
69 17142 p@ede BR OVR329 FOVERFLNW
708 17144 pu5016 ZERS291 CLKR e8P JCLEAR PROOUCT
71 17146 0enldd JMP 8(R4Je JRETURN
72 «ENDC
73 ! #ML1 CUDE FOR THE EAE
74 o LFOF EAE
7% $MLI3 MoV aMQ, K@  FGET MQ ADORESS
76 mov (SP)*, (RO)+ IMULTIPLIER TO M@
77 MOV (SP)+, 0K IMULTIPLICAND TO MUL
78 MOV w(RQ),m(9P) JPRODUCT TU STACK
79 BITH #2,5K$29
8a BEU UVR$29 TJUMP IF PRODWCT NUT SINGLE PRECISION
81 JMP 6({R4)+ FIRETURN TQ USER
82 «ENDC
83 ! $ML] FUR THE MULUILV
84 W IFOF MULDIV
8b ML MoV (3P)*, Ry PMUVE MULTIFLIER
86 «WORD 070vée 1 IMUL (SP)+,Rd4 IMULTIPLY
87 MoV R1,=(5P) JPUSH PRUDUCT
88 BCS Uveseyg FJUMP IF QVERFLOW
89 JMP e(Rd4)+
90 +ENDC
91 17152 605816 QyRE29E CLR (5P) FRETURN @
92 171892 w4367 JSK RS5,3ERR JERROR 3,14
wa263Y
93 1741%6 wvalad JMP 6(R4)»
94 17100 YR «BYTE 3
95 17161 016 2BYTE 14,

96 «ENDC



SMLRUS

OO OD -

POy
[

17102
17194

17106

17172
1717 4
17176
17268
17202
17204
172946
17210
17212
17214

17242
17222

17226

wegved
vepvgl
e2uvee
vaneed
"I Yyl
Yopvps
goukod
veavar
177304
177814
177914
peauvud
e
pépoy 4
wipui
wéunvpe

Blnadob
vwlipdaeé

visbp2
qoaved
webe e
dblab
vdbude
paesee
1lvétoe
o197
gapdel
pv6dee
10502
1560¢2
242013
AT IR]
196000
Pl
"TY LK)

-, ws W WR e wa W W e W,

Aub,
6-12.
RESL =8,
STONS2

dMLRE

$MLRI

«TITLE
o« JFOF
sl UBL
$MLR

$M4LR

CQPYRIGKHT 1971,

SMLRUYS
CNOsJ2

MACRU VRUW4=14 &7=5EPw72 11143 PAUE 3D

SMLR) SERRA
THE MEAL MULTIPLY WOUTIWNE

VEUSA

WIGITAL EGQUIFMENT CORP,, MAYNARD, ™ASS,

CALLED IN POLISH MQLE,
REPLACES THE TOP TWO REALS ON THE STACK
WITH THEIR PRODULCT,

11SLTF
FILUF (SP)+,F 4 IGEY MULTIPLICAN
JIMULF  (SP)+,F4 TMULTIPLY

FISTF Fay=(5F) JPRODUCT TU STAC

ISHIFT MULTIPLICAKWY
JXEEP SIGN
JCLEAR EXPUNENT

InEeP MULTIPLICAND EXPONENT
JJUMP 1F ANSWER 1S ZERU
JINSERT NONMAL BIT

Kamxe

Ri®X]

KR2mx2

H38X38

NasXd4

Kyaxd

SPuX6

PCeyx?

Mpe{773@4
SR®17731¢
LSHE177314

Fasxe

« IFOF FPU

«WORD {73401
+WORD 172425

s wORD 171048

« WORD 174046

JMP (R4}
«ENDC

s IFNDF FRY

MOV R4,=(5P)
v RY,=(8P)

¢« IFNDF EAERMULDIY
Mav A*gwd (SP) ,R2
ASL wg

KOL w(SP)

CLR w(3SP)

SwAn He

MOove RE, AP

vEW Zeisdp

SEC

KQR re

CLRB ne

BISd AvJI (OP) K2
CLR RS

B1ss A*2(2P) X3
SwAg kS



SMLRUS

58
56
57

58
59

6@
61
62

63
64

65
68
67
68
69
70

74
72
73
74
75
76
77
78
79
8¢
81
82
83
84
8s
86
87
88
89
94
91
92
93
94
95

96

9/
9&
9y

17292
17294
17240

17244
17246

172ad%2
17254
172%s

17282
17264

{7279
17274
17300
17304
17310
17314
17320

RE6I66
vouvid
Y5960
vepvee
105766
vapYLd
veyas7
(11111}
porYi4
udsvae
pasvel
1606024
vYpeLe
pog4pe
012709 BanN§3VE
poee1?
©earey
papez
veaze6?
T TRY-T)
vlebpd Bls3ul
vdpul4
012709
vopver
wvaze7
0arlad
w4767
poplae
voated

ASL
ADC
TS818

dEG
ROR
CLR
CLR
may

BEQ
MOV

J 3R
JSR
MoV
Mov
JSR
JSR
AQD
+ENOC

EAt CODE
s+ IFDF

MACRU VRO4m14 U7=3EPw’2 {1149 PAGE 35«

B(SP} JSHIFT HIGH MULTIPLIER

SIGNLSP) JGET PROOUCT SIGN

B+ (9P)

leysdp  FJUMP ¥ ZERO

B(SP) FSIGN 1s NOW LERWU

RQ ICLEAR PRODUCT

giZ(Sp),Hq JGET LOW ORDER MULTIPLIER
B22%99

w15,/ RY

PC,MTRS3¢

PC,MLTS3Y 100 LAST LUW BIT FULL PRECISION
B(SP),R4 JGET MlIGH ORDER dITS
#7,R9 ITHERE ARE ONLY SEVEN UF THEM
PCMLTS3O

PCymMi|839 160 DO THE NORMAL BIT
(sP)*,Rd JADD EXPUNENTS

EAE

(Al4A2v2wem D)W (D1¢B2winwm]b)

MOV
mMQv
MOV
MOV
BEQ
INC
RORB
ROL
MOV
CLRB
SWAB
MaV
MOV
818§
MOV
MOV
MQavV
BED
INC
KORA
ang
MoV
CLR3
SwhAg

#M@, "4  JPOINT TO MQ
#1009V00,K5 IGET LEADING BIT
B*2e4 (SP) , 8R4 JLOW URDER B TU M@

Bedmd (5P
LER3JQ
RSN
$RSR
-(SP)
(R4)*, =
#3Pp

eSP
87,08 SKH
eng,=(SF
Rba‘kﬂ4)
(R4) ¥, =(
Av2+4 (5P
A*wé (S
1e2%9Q2
eaL M
ORSK
0(sP)
OH4,N3
L)

RS

Joa(RA) IMIGR TQ AC
JJUMP IF @
JGEY SIGN

15AVE IT
p) JSAVE EXPONENT
JRIGHT JUSTIFY IT

IMUVE FRACTION LEFT
) J]SAVE B2

JINSERT NORMAL HIT
8Py }SAVE Bt

), ex4 JLUW URpDEKR A TU MQ
)e=(R4) JHIGH TO AL

FJumP 1F 2

1GET SIGN

TGWET RESULY SIGN
JGEY FXPONENT



SMLR@S

100
j0}
102
123
1v4
1e5
Y1
107
108

156

Agn3dpt

A2PS§IR)
ARLs30E

BeNsdel

BePsdol

B24sda}

MACRU VRO4=3§d 07eSEP=72 11849 PAGE 35+

ADD RI,4(SP) PGEY SUM DOF EXPONENTS
MoV ¥7 )08 SH TLEFT JUSTIFY FRACTION
MOV (R4)*,R2 _ JSAVE Al

BIS RS, R2 JINSERY NOKRMAL BIY

CLR RQ JCLEAR PROOUCT

CLR R

MOV (R4)*,R3 JSAVE A2

UNE A2NS 3D

TsT w(Rd4) FPOINT TO M@

BR AR7Z8%0 JSHORT CuT

mov 08P,PR4 JGET BiwA2 A

CMP w(R4),=(K4) JPOINT TU AC

ADD RI,8Ka 1A2, 2'8 COMP CORRECTION
TSTY R3

BPL ARPSIR

ADD #SP,PR4 1BY, CORRECTION

Mmov {(R4)*,RY JHIGH PRODUCT Tg R
mMov 2(8P), (R4)+ 182 Tu M@

BNE B2N330

18T n(Rkd4) IPOINT YO M@

BR p22s%@ JSHORT CUT

MoV R2,8K4 JGET B2wal

CMP u(Rd4),v(R4) JPOINT TO AC

ADD 2(SP) ,Pk4 }B2, CORRECTION

187 2(8P)

BPL B2P832 JJUMP IF RZ +

ADD R2,0R4 JAY, CORRECTION

ADD (R4)*,RY JHIGH PRODUCT TO Rt
ADC RO

mMav R2, (Ka)+ 1AL TO MG

ADV R2,RU

MOV #8P,PR4 IGET AL¥BY

ADD (SP)*,RY

ADD w(R4),RY

ADC WO

ADD w(R4),RVY JACeRY

TST (8P)+ JIPOP B2

Mov (8P)*,R4 JGET SUM OF EXPONENTS
+ENDC

MUL/0IV CUDE
s IFDF MULDIV
(AL +A2%2ewmib) e (B1eB2w2svmls)

MQV Be2wd (SP) RS JLOW ORDER B

mov B+Pmd (SF) R4 JHIGH ORDER

BEG LERS3R

«NORD 273427, 1 ASHC #{,R4
ROL = (SP) ISAVE IT

mov R4,=(5P) FSAVE EXPONENT

CLRB e5P

SWAB eSP JRIGHT JUSTIFY

«WORD B73427,7 (K] ASHC 87 ,R4
Moy RS,=(SP) JSAVE B2

BIS #i2a0pR,R4 _ JINSERT NOWMAL BIT
MOV Ra,=(SP) J18AVE B

MOV A+244(8F) R JLET A2

MOV A+Q+4 (8P),R2 FGET A

BEG ZEQ38a JJUMP IF RESULT To BE O

IGET SIG

TLEFT JU



SMLROS MACRU VRI4w14 O7»S5EPm72 11149 PAGE 35¢

157 o WORD n73227,1 1t ASHC #1,R2 JGET SIG

158 ADC 6(SP) IGET RESULT SIGN

159 MQV R2,)RY JGEY EXPONENT

164 CLRB 1"

161 SWAB RQ

{162 ADu RA,4(5P) IGET SUM OF EXPONENTS

163 CAURD  073227,7 N ASHC #7,R2 POET AQ

164 618 #lU0AY, K2 FINSERT NURMAL HIT

168 CLKk R JCLEAR ACCUMULATUR

166 CLR R1

167 191 TR FOCHECK A2

168 bEW A2Z%9y  FJUMP LF &

169 «WORD w74403 i} MUbL "3R4 JGET A2+81

{174 ADU H3, R4

171 T87T RS

172 BPL A2P$3E  FJUMP IF AL ¢

173 ADQ e5P, N4 el CORRECTIGN

174 Agryder mQy R4, Kl  JAQeBlegwemio

175 A24§dvt MQV 2(8P) , R4 1B TO MULTIPLIER

176 BEW B2l 49y PJUmMP 1r 9

177 s WORD w744v2 1y MUk "2 R4 JIGET AleB2

178 ADp 2(8PJ), R4

{179 181 L8R}

189 BPRL BEPSda  JJupP IF B¢ «

1814 aAQuw K2, Hné Pay CORRECTION

182 . B2rP$det ADD Kd,R1 JAL«BReRwemyb

183 AQC 8%

184 324836t MQV L iy TU MULTIPLIEK

183 AQL K2, ywi

160 e WORD d784i6 i} MuUL ¢SF,H4  FGET Alwdl

187 Y] (SP)Y¥, Ky

183 AQD ETLE! FLOW DROEK AleBY

189 ADC kv

194 ADD R4 ,wk JnIGH URDEK Afeg]

191 Ta7 (SP)+ 1PUP 1k

192 MOV (SP)*,R4 JGET SUM OF EXPONENTS

194 «ENDC

194 7322 pvobled RKOL Ry FSHIFT OUT NOkMal BIT

195 7324 vdb1R2 LIV LT}

196 73406 lvodaad BCS NUMsop  FJUMP I+ IT wa§ FOUND

197 733 vublat RUL R1

1968 7342 (2pled ROk Ke iMUST HMAVE GUT 1T NOW

199 73384 veboad VEC K& FaDJUST EXPONEMNT

200 7336 162724 nNOGMgdNAL Sub #2Aa¢rHa iTarkk UUT ONE OF THE EXCESS (28!S
VAR

¥l 7342 cudade ek UNRSSE  JUrP IF UNDEWFUw

2082 7348 ¢c2/¢4 CmP HO77 R4
vweuv’??

2038 7322 v¢eéesr7 BT UVH I FJUMP IF OVERPLUW

204 7322 lubdupl ALY Rl

2985 7324 (dvivdl nldd Rl

206 7320 veyeel Swad R1

247 73804 1oboes CLAB RY

208 7302 {ovéao BlSs nd, =Y

208 73068 vuvona SwAB L)

219 73086 wubiigd RON CLAR FGEY PRODUCT SIGN

211 737 dvboed ROK R TINSERT IT IN RESUWT



IMLR¥Y

212
2143
214
219
216
217

218

219
224
221
222
229
224
225
226
227
228
229

230
231

232
238

234
235
236
237
238
239
240
24y
242
244
244
248
249
247
248
249
2%¢
251
252
253
254
25%
256
297
258
259
LY
261
262

7872
7374
7376
/qdy
74872
4va

741a

7414
7ale
74dy
7422

7424
7426
74932
7432

74396
744p

7444
7446

7432
74%4
7450

7469
7462
7404
7408
747
7472
7474
7476
7589
7502
7504
7546
7540
7512
7514
7516
752@
7522
7524
7520
7589
7582

voevnl
gosdal
yahHopy
I ALER]
IUPLIR
iwvbo
wdpeiL
“wlalBo
A Ry
vigowd
uigond
nezeae
vl da

Veget
a4ty
web/ 286
gla7en
Vo600 d
ddviavd
wi2798
vo34qnd
U872
wa4ave7
VY2344
V5800
vwasvel
T YY)

Y64
103424
06034
pasdee
103406
o620
Va6
06031
vohded
0we3d66
vouen7
@eépdnY
vpael
aau77¢
weeded
103deed
o6eerd
pobynd
puengl
MR
V397 i
vvocp7

outsdas

leesdul
eisd0
OyHsdnt
Ovisdul
UNVSSU1
ECLB30

LENSd@t

MLTS3061

MTi83¥1

Xp$391

covsdel

MTUsdes

Xgopdot

®OK
A0C
ADC
oCa
evs
MOV

mov

MOV
MmOV
Cmp
JMP
« IFDF
Cup
+ENDC
Cmp
BR
TST
MOV

BR
MOy

TS8T
J3R

CLR
CLR
R

» IFNDF
ASR
BCC
ADD
ADQC
BCS
ADD
ROR
RQR
DEC
66T
kTS
ADD
SEC
BR
ASk
86CC
ADD
ROK
ROKR
VEC
26l
AR
+ENDC
WENDC
LENDC

MACRU VKO4=14 @7»3EPw72d 11049 PALE 3D¢

R1

Ri

ko

Ovisdn JJUmMP IF OVERFLOW UN RUUND
ovisde

RO,RESLTISP) TPUT QUT ANSWER

R1,RESLT*2(5P)

(SP)*,RB

(5P)*,R4

(SP)*, (8P)+ PFLUSA TUP ARGUMENT
#(Ra)+ FRETURN A
EAE I MULDLy

(5P)*, (5P)+ pPOP 81,82
(SP)*,(S5P)+ JRPOP SIGN AND EXPONENT
LER3 Y

(3P)* PFLUSH SIGN

#E209, R JERROK 3912
ECLSSQ

#3405,R¢ JERROR 5,7

(spy+ JFLUSH SIGN

RY, SERRA JCALL ERRQOR

Ro JCLEAR RESULT

R{

QuUTSYQ

EAELMULDIV

R4 JTESYT NEXT MULTIPLIER BIY
X033¥ FJUMP IF IT IS @

RI,RY

A@

COvsEdR

R2, R0

R2 INOw SHIFT PRODUCT

R1

RS JCOUNT LOOF

MLTSYR  JAGAIN PLEASE

PC JRETURN TO CALLEN

R2,RY JFIRST ADD OVERFLOWED Rp

JSHOW THIS DVERFLOWM TO SHIFT
X083
R4 FREDUCED PRECISIUON MULTIPLY
Xeesdg
R2,R¥ JUSE QNLY PRIGHM ORDER MULTIPLICAND



SNEGU2 MACRQ VRO4w=14 @7=3EP=72 {1149 PALE 36

i «TITLE SNEGU2

g W IFOF CND99

' ’

4 ? SNEG Vou2A

-] ]

6 ? COPYRIGHRT 1971,1972 DIGITAL EQUIPMENT CORPORATION, MAYNARD,MAS

7 []

8 2GLOBL SNGI¢SNGR,INGD,SERK .

9 3 INTEGER, REAW ANU DOUBLE PKECISION NEGATION,

10 ! CALLED IN THE POLISW MODE,

11 ) NEGATES THE ITEM ON TOP OF THE STACK,

12 voedp4d R4®X4

18 pogRRy R58%5

14 vapgves SPRX6

15 17534 woB416 WNbL]E NEG (¥ 14 INEGATE AN ITEGER

16 {78536 102406 BYVS OVRSI1 JJUMP 1F Jv00R0

17 (7542 poRl34 JMP ¢(R4)+s JRETURN

18 17542 SNORE

19 17542 vé5718 $NLDI TS8Y e5P

20 17544 vet4dp2 BEW ZERSSY JJUMP IF 2 TO AVOlQ =,

21 17546 662716 ADD #ipavog,esP JINVERY FLOUATING SIGN
190800

22 17592 ©00p134 LERS31E JMP $(R4)e

23 17504 V04567 OyR§SLt JSR RS,SERR JERRUR 3,11}
wuR226

24 {7580 vwugldd JmMp P(R4)«

2% 17562 ¥ed «BYTE 3

26 17563 0Ld +BYTE i1,

27 «ENDC



SPPRUA

CENOU S R ™

N o or 00 3o Db o 3o o P P
SLCOEUNOCUMEN~-G

NN
E N~

GERRNND NN
» B OEXNOL

32

[~ <]
f N~

17576
175876
17602
17602
176104
17606
17610
17612
17614

wacvae
vondel
vwoneee
ddnlrd
oy d
vaguveEd
VweeoRod
uggoe’

vizoRy¢
el204}
ai2dug
012623
Poridd
21260y
aiaeel
Pl 3d

- e we W =

/

Rpaynd
RY{2X1
ReaIY2
R3axd
Ha=%x4
RS3YD
Spexo
PCEX7

i
/
I
/
/
SPUPKDI
SPUPRAS

SPUPKSL

«TITLE
o JFOF

SPUPRS

COPYRIGHMT 1971,

MACKU VRU4m14 O7=5tPwm72 11149 PAGE 38

SPPRUA
CND$93

Vagaa

PIWITAL EWUIPHMENT CORPURATION, MAYNARU,MASS

THIS ROUTINE REMOVES TWO OR FOUR ITEMS FHROM THE STACK

AND PLACES THEM IN REGISTEXS K@wK3se IT 1S USED IN EXTER
FUNCTIUNS 10 RETYRN THE FUNCTION VALUE IN THE REGISTERS

«GLOBL

MOY
Mov
L JelY
MQv
JMP
Mov
MoV
JMP

«ENDC

SPURNKY, 5PUPR4,SPOPRY

(SP)Y*,Rp
(SP)* R}
(8P)*,R2
(5P)*,R3
#(Rd)+

(SP)*,Re
(SP)*,R1
G(RA)w

JPUP FOUR wORPS

JPOP TWOD WURDS



$ROu2

OCERENOWUDL G IR

R N
K-S

R = v 0t gt i po guo
SO TN LW

NN
N =

N N
E- N

25

26
27
28

17616
17622
17626
17692
17696

woave4
0wouapd
vogunld
veanel

216046
popue2
Ui6646
pdodee
vaSP66
nPuded
"F'ET1-1.1
wopeps
voold4

- WA We W we W

SRUL

SRUI

MACKU VRO4®14 O7=3EP=72 {1149 PALE 39

oTITLE SROAZ
« 1FDF CND3 Y4

«GLOBL SRY
SRU THE NEAL TO DOUBLE PRECISIUN CUNVERTER
U VUYRA

COPYRIGAHT 1974, WIGITAL EQUIPMENT CORP., MAYNARD, MASS,
APPEND ZEROB3 TO THE TOP STACK ITEM TO
MAKE 17 DUUBME PRECISION FORMAT

R4mX4

SPEX6

Fosx0

Fimxt

o IFOF FPY

+ WORD 17001y J3SETD

e WORD 177426 FILUCFD (SP)Y*,FQ JCONVERT ARG
s WURD 174046 1}8T0 FAs.=(8P)

JMP P(R4)

+ENDC

«IFNDF  FPU

MoV 2(8P),=(5P) JMUVE LOW ORDER PART
MoV 2(SP) ,=(5P) JIMUVE WIGH DROER PART
CLR 4(SP) PINSERT TRAILING ZEROS

CLR 6(SP)

JMP P(R4)w

«ENDC

+ENDC



3RJu4

CENT O BN

17649
17644

17690
17692
17654
17696
17602
1766
17664
17606
17670
17672

17676
17700
17742

17706
1771
177142
17714

17720

VWUYbRY
wendpl
VWevned
vepued
wodoL 4
vuAeed
wdPdvd
177304
1774814
LW n

vigose
VAo
"pWy-1-1.)
vaeoge
nésvee
LY 1¥
vizep!
poel16
vonliel
w6148
1lelnd
fobvel
wodyl
162701
nvnded
¢92433
voi1eld
waazet
wdndy 7
" rLyy-
vdpdod
1dbhond
156603
Jopoed

e e Me W s we e we e

$pit

$R13
RIUSID?

Spld

Skit

SFT835:

MACRU VvRdd=w14 U7=5EP=72

«TITLE
«IFDF

nGLDDL
KEAL TO

tm]l

11:49 PALE 4a¢

$niad
CND8YS

$n], 01, dERK
INTEWER CONVERSION,

VAU 4A

COPYRIOLMT $971,1972 DIGITAL EuWUIPMENT CORP,, MAYNAKD, MA
ARGUMENT [§ A DUUBLE WORD REAL NUMOER Un THE TOP

LF THE STACKa

TRUNCATE 17 AND CONVERT IT TU AN INTEGER ON THE

TQP OF THE STACK,

Kosyu

rRi®Xi

K2E%2

R3I=43

N4B%4

K34

SPEin

MQay773ud

LSH®177314

Fasiy

«JFOF FRy

SETD 1 pouvBLe PRECISION
BR RIURSS) '

SETF H SINGLE PRECISIUN
SETI } SHURY INTEGEKRS
LoV (3P)*,FPi GET ARGUMENT
STCol Fd,=(SP) I CONVERT TU STACK
JMP e(R4)+} RETURN

QENDC

s IFNDF FPU

MOy (3P)*,2(95F)} THUNCATE TU ReAL FORMAT
MOV (SP)*,2(9F)}

CLK L ¥ JCLEAR wORK SPACE

INC R2 JSET JP NOKMaL 8IT

MOV (oP)*, R} ;GET Real ARGUMENT
ROL $5F FLET SIGN

RuL R1 FAND

®OL -(5P) PSAVE IT

MOova Ry,w0O JGET HIGH URDER FRACTION
CLKB w1

SwAjd Rl JGET EXPGNENT

oun #2241 1R)

o1 ZER$OS  FJUMP IF 11 1% TUD $SMall,
BEG DNESSS

LmP 810,01}

BLT JYR®IH  FJUMP IF IT 18 TUQ Blw
SwAB "3 JFORM 16 BlTS (OF HIGH OURDER FRACTIUN
(AT R

BiSs 3(SPJ,RY



$Klud

1772¢
17722
17724
177&6

17788
17732
177484
177386
17744
17742
17744
17748
17792
17792
177%4
177068

17762
17704
177065
177b6
17779

vidolygd
vaelne
wosdel
ne3ez4

vdH4an2
{024p0
waedbun?
eoev2s
1034p]
¢es54¢2
vludlo
vaglyd
PuBU2e
103’774
oh746
vidade7
dgugd
caugdel

1K)

L]
YA ]
CARZ62

DECSESS:

UNESAN:

SGNSSDL

OuTedd:
NGM§ILL

LT

LERSIDT

MALRO VRAdA®14 Y7=5LPe72 113140 PAGE a4l+

o IFNDF  EAE&MULULIEV

oL RS JLET NEXT BIT

KQL R2

VEC R1 JOECREASE EXPONENT
BGT SFT395 J60Q AGAIN IF ~0OT DUNE
eENOC

EAE COUE

« JEOF EAE

MgV MG, RQ FPOINT TO M@

MOV RS, 8RKA JINSERT FRACTION

MOV R2,=(R0O) :
MOV Hl,@8RLS5nM FSMIFT LEFT
KOV eRQ,r2  INRESWULT TO Rbu

+ENUC

MuLiolv CUOVE
«IFOP MULDLV
WORY n732014 FIASHNC  R1l,R2

«ENDC

NEG RZ FMARE =

BvS NGMBYS  JJUMP LF PUSSIBLEL NEGMAX
BG1 OVR$S5 JJUMP 1F MORE THAN 15 BITS
KQR (sP)* IGEY SIGN

BCS QUT®SS  FJUMP JF =

NEG R2 f= RESULT

MOy R2,89F ISTORE INTEGER RESULY
JMP #(Hd)+ IRETURN TO CALLEN

ROK (SP)*

BCS QUTSSS  JUK IF RESULT Tu BE =
187 - (SP) JFAKE SIGN

JSk RY)SERR JERRUR 3,2¢

BR ILR$3S

8YTE 3

«8YTE 22,

Uik Re TANSWER 15 2

B SLNSSS

<ENDC

sENOL
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CENDPOL GN-

17772

17776
20nve
20002
20024
20uvd
cuplo
2¥ple
20pl4
20016
2vpea

20¢0da
20028
2vp27

pogdae
evadel
poaved
" E )
wiedo4
?@0202
012662
012401
211404
voslond
vesdel
gusSee
1434022
1224091
pupees
pRade7
081762
weoled

oe A

w14

-~ wa wa we w»

S WS WD WS We WMe B W ws

Snbit

NvRsaoLl

MACRU VRDP4m1d4 U7e=5EPw72 L1149 PALE 41

oTITLE $86LU2
o IFDF CND3Se

SNGL, VAR2A

CUPYRIGHT 1971, OIGITAL EQUIPMENT CORPORATION, MAYNARD,MASS

SGLOBL  SNGLySERN
[HE FORTRAN ONGL FUNCTION
CALLING SEQUENCE?

JSR RS, SNGL

BR A

JWORD  ARGUMENT ADDRESS

RETURNS THE ARGUMENTY ROUNDED TO SINGLE
PRECISON HEAW FOURMAT IN RU, R,

R3an¥Q

kisxy

YL

'1137%.)

MOV 2(RhH) , k4 $GET ADDRESS
MOV (R4)*,RE . JGET MIGH URDER
MOV (R4)*,R1 JIGET LOw OURDER
MOV #Kd4, K4 J1GET NEXT WORD

ROL R4 JGET ROUND BIT

ADC Ry FROUND REAL

ADC R

BCS OVR$36 FJUMP IF OVERFLOwW UN RUUND
BvS DVRSESE

KTS RS JRETURN TD CALLER

JSR RS9, $ELRK JERROR 4,12

RTS RS

«BYTE 4

BYTE 12,

«ENOC



SSINO4 MACRO VRQ4wi14 U7=SEPe72 (1148 PaAuE 42

1 WoTITLE $3INV4

2 « IFOF CNUSY?

3 )

4 ! SINCOS VaQ4A

S ]

6 ) GOPYRIGHT 1971,1972 DIvITAL EQUIPMENT CORPORATION, MAYNARD,MAS

7 [

8 «GLOBL  SIN,LDS}

(] «IFNDF  FRY

10 dGLOBL  SAURISMLN,SSBR,SDOVH,SINTR,$POLSH

11 +ENDC

12 [] SIN cas THE REAL SIN AND CUSINE FUNCTIONS

13 ! CALLING SEQUEBNCED .

14 H JSR R5,81I~n (OR CO8)

15 ] BR A

16 [} «+WORD ARG ADDRESS

17 1al

18 [} RETURNS SIN OrR CcUS OUF ARG IN Rp AND Ry

19 vonvey Reu%@

20 uvRvel R{mXY

21 poplne R2u%x2

22 noveed K3IEX3

23 popvad K4uy4

24 vudasd K58X$

25 poeUné SPuX6

26 wapue? PCwx7

27 LYY FoamxQ

28 aonenl Fieyy

29 poplpe F2ey2

3@ vorve F3INXS

31 ' «IFNDF FPU .

32 24uvd2 V16524 COS MOV 2(R5),R4 JGEYT ARGUMENT ADDRESS
vopdel

33 20094 ©vO5046 CLK w{SP) IMAKE ROOM FOR WUADRANT FLAG

34 20036 V16440 MOV 2{R4),=(SP) JFUSH ARGUMENT
vapve2

35 20@42 11446 MoV 04, (SF)

36 2044 12746 MOV wPER7733,"(8P) JPUSH PI/2
Y733

37 200598 wiavas MOV #24n311,%(S5P)
vapdti

38 20uV4 gLast? JSK Ré&,$¥0LSH JENTER POLLISH MQDE
001064

3y 2upba pugeiar e WORY SADRsSNCY37 JCUS(X)=IIN(XePI/2)

20p62 y2alen

40 2¢pba4 ¢16%24 SING MOV 2(R%),Ra JGET ARGUMENT ADDRESS
geproe

41 20079 GBS¢4eb CLR e (SPJ JMAKE ROOM FOW QUAURANT FLAG

42 2¢vn’2 vlbdad MoV 2(R4),=(5P)
euvolel

43 2vun’6 11445 MOV #R4,"(5F) JPUSH ARGUMENT

44 20100 0VVE316 SNLE3I7T ASL 5P JREMOVE ANU SAVE SIGN

45 20102 206Y66 ROR 4(5P) FIN GUADRANT FLAG
gvabed

46 20196 VO6LLG ROR aSP

47 20ila vi12746 mQov #007733,"(8P) JPUSH 2#P]

w7733



$SINU4 MALRU Vwddaw1é U7eSEP=72 11549 PALE d2¢

48 20114 12746 MoV #0407 11,~(8PF)
vap711

A9 20122 vwaas7 J Sk K4, $POLSN JENTER PULLSH MQuE
go152¢

Sp 20124 ¢l13ed6! e WURD $0VR Ix/2¢P1

51 28126 B2uz22! «WURD DUPSY7 12 CUPIES

52 20130 wa3l14ag «WOR0 SINTKR TINT(x/2P1)

53 20192 uvodzvp4? s WURD $38BR FFRACT(x/2F1)

54 28134 v2nddat o WURD X4337 Paw»FRACT(X/2P])

55 20136 wevpe22:¢ s wURD DURSY? 2 COPIES

56 20140 ¢uv3la e AURD SINTK FINT(4*FRALT(X/2FI))

57 26142 ©Y2p2406! «#0RD Quose7 1SAVE INT(.!IIII)

58 20144 pv20ea! s WURD $S8R FYysFrRACT (4*FRACT(x/2P1))

59 211466 w2ved4! 2 WORD @8T$97 JREDJUCE Y 10 (=1,1)

60 20192 w2p222'JSE8371 L wORD QUP%S? 12 COPIES

61 20182 Yepc22! « WURD VUPSS7 13 CUPLES

62 20154 017162! «#ORD MR Fywy

63 20196 02p324 + WURD PLY$O? FPUSH COEFFICIENTS

64 20100 vi7162! e WUND MR JadueYue2

65 20162 Vo214 «wURD $ADR TAGeYww2eAd

66 20104 wirlie2! « WURD BMLK

67 20166 B22314! e NURD SAUK

68 20172 vi17162" «WURD $MLR

69 20172 vvzvia! «WORD $ADR

7@ 20174 wi7ik2! o« wORD MLR

71 20176 edzviat «WURY $ADK

72 202Vp vl7i62! o HURD PMLR FOC(CAGuZ*AS) wZ+A3)wZeAR) el

74 T*AL)wlwpR) ] LzYwyY

74 20202 wanded! 2 WURD RINES7

75 20204 212822 RTN$I7E MOV (SP)*,RY tPOP MIGH URDER RESULT

76 24286 vl20ul MOV (oP)*, R}

77 20210 BuH726 51 (SP)* FPOF GUADKANT FLAG

78 20212 02402 bGE KT3$97 PJUMP IF ARGUMENT wWaS +

79 20214 w627¢e0 ADD miaaopa, o JSIN(aX)SwIIN(X)
10p0ed

80 2022h DVweed RTLI$I7L RTS RY JBACK TO CALLER

81 H

82 218222 2160406 DUFS37t MOV 2(8P) ,=(5P) JOUPLICATE STACK ITEM
vwapoaz2

83 20246 ©16046 MOV 2(SP), = (3F)
vweplde

84 202492 vvalad JMP e(RA)+

-} }

86 20234 VuUB716 Xad371 187 0SP JCHECK FOR @ FRACTION

87 20236 vLi7e2 BEW RINSS7  FuUlT NOW

88 20240 145266 INCA 1(5P) FQUADRUPLE STACK ITEM
pvedel

89 2uw244 ¢virLd4 JMP e(R4)*

9 H

91 20246 051066 WyvssZ7t B1S #5P,8,(5F) JSAVE QUADRANT NUMBER
Yozl a

92 20292 2vnidd JMP P(RA)*

99 '

94 20294 105766 WSTS37:% Tsis 4(aP) PTEST WUADRANT
vorve4d

95 20200 vu1él1d BEQ Q13597 FJUMP IF FIRST ur THIRUD QUAD

96 202062 w6276 ADD iQ20Q0, ®SP INEGATE STACK 1TEM



$SlNva

97 24266
98 2v27¢

99 20274

lvd
fel
te2

104
1v4
108

106
107
108
129
119

111

112
119
114
119
116
117
118
119
ig2¢d
121
122
129
124
125
126
127
j28
129
139
131
132
133
134
135
136
187
136
13y
144
141
142
143
144

wduo
yduz
vid4a

palu

934
vils

w322

v324
KYT
vaon

RRY]

2340
0342
LY ]
0346
€359
2352
0354
e300

1gded
vdbhodbd
wl27a8
papdnd
GLadae?
vwa1344
wugule!
vepdpd
vlelue
v2olbdar
1062606
2PARd

1o3eEd
62716
ldedprd
wdeldd

wiebdpy
wiz206et
nwiz/led
gdudp4!
wia?ed
vepdgd
vopeng
vivlaé
ulpvaé
v1adab
Lladab
esIRBd
na3d72
TR RY

PELE T YA
Jdids3971

H

Quisdzs
I
PLY$S78

FY25371

PY1sd71

Coss

SINI
Snigd71

POSES/

CLR
MoV

JSR
« WURD
MQY

ASRBA

#cc
AQU

JMP

Mmayv
MOV
MoV

MoV

BR
MoV
MOV
Ivk
MOV
DEC
66T
JuP
+ENDC

o« IFDF
SETD
LOCFD
ApQuD
bR
SETD
LDCFD
SETI
MoV
CLR
CFCC
BGE
INC
ARSO
DIvD
Moon
SETF
LOCOF
CFCC
BEW
MQOF
STCFI
KUK

MAChU VRY4"14 U/ =3LPe7¢ 11343 PAWE dd+

=(§P)
#4220 ,=(SP)

R4, sPoLsN
$ADR)QSRSD7

#USEDIT, R4

5(8P) JTEST GUADKANT
QUTSS?  JTJUMP 1F FLRST QR SECUND
%104000,08P INEGATE STACK 1TEM
e(R4)»

(SP)*+,Ru JSAVE ywY

(SP)*+,R}

NCONDIT#4,R2 JPUINT TU LIST UF COEFFICIENTS
n5, RS

PY1Sd7

R1,=(8P) JPUSH YwY

HG,ICSP)

u(RaJ,-(SP)

'(Ralp'(SP’

Rd JCOUNT COEFFICIENTS

PY2$SSY

e(R4)+

FPY

! DOUBLE PRECISION FP
P2(RD),FO} GET ARGUMENT
PI28Y7,FY) COS(X)w SIN(XePI/2)
S5NC$$77

!
02(RI),FO)
]
#ECQP37,R0)
R4}

!

POSYI7
R4}

Fayp
(RaY*,Ful
#2,22,Fai
J

FU,Fd}

I

RTINS ST}
&4, FUO}
Fl,R}?

Rit

1PUSH A FLOATING 1,

JENTER POLISH
JX¥] X

JPUINT BACK INTU LIST

DouBLE PRECISUN FP
GET ARGUMENT

SHOURTY INTEGERS
POINTER TO CONSTANTS
SIGN FLAUL ¢ ARG

GET SIGN UF ARGUMENT

SION FLAGS » ARG
REMOVE ANGUMENT SIGN
x/(P1s2)
FAsFRACT(X/2P1)
SINGLE PRECISION FP
CONVERT ARGUMENT

CHECK FOR @ FRACTION
FASFRACT(4*FRACT(Xx/2P1))
GUADEBINT(4*FRALT (X/2PI))



S§SINV4 MACRO VRU4w14 U7wSEPe72 11149 PALE 42+

145 BCcC Q1388977 JUMP IF FINST UR THIRD WUAD
146 NEGF F)
147 ADUF #1,21F2) Ys], Q=X
148 W193837¢ ROR Ry
149 Bcce Q128373 JumpP IF FIRST UR SECOND WQUAD
159 NEGF Fés Ye @Y
191 !
152 Widsd7t LOF Fa,Féj
198 MdLF Fe,Fé} IaYew2
154 MOV #4,R}) CUUNT OF CUNSTANTS FOR POLY
108 LOF (RD)*,FL) INITIALILE ACCUMULATOR
156 XPUSS7E MULF F2,F)
157 VEC Ryt COUN
158 ADULF (RA)*,Fy) Fiis Zwil + C(I)
159 867 XPOS3I7} LOUP
160 MULF FL1,F0; Fois YeFl
161 TST R4} TEST SIGN FLAG
162 BEQ RINSS7)
163 NEGF Far SIN(=X) 8 »S5IN(X)
164 RYNS378 STF Fo,mlsP)} MOVE RESULT TO STACK
165 MOV (SPY*,Rp) ANU THENCE TO R3,R!
166 MOV (5P)*,R1)
167 RTS "S5} ExXIT
168 }
169 Feusazi
{70 P12sd71 L,wORD 240314,0077323 PI/2 (DOYBLE PRECISION)
17 +wORD 121041,064302)
{72 ’
173 } ORDER=UEPENDENT CUNSTANTS
174 )
L1758 «ENDC
176 J
177 0362 35036 +WwORD P35ud6,103672) ,0Y¥2151484%9
2362 153072
178 l
179 0364 136234 « WORD 136291,0248143) =,00457376557
03066 ¥23143
180 ! .
81 2370 B3I7243 «WORD P37243,0921307 L,@796896793
2372 032132
182 '
183 0374 140045 «WURD 140045,056748) »,645963711
0376 05674}
184 ]

185 0490 p4pdyy CONSI7E L, WORD 242311,087733)  1,95707968318
Vav2 87733
186 +ENDC



STNHU2 MACRU Vwdawid y7=SEPw72 11849 PAGE 43

1 «TITLE S$TNRHU2
2 s IFOF CNOS98
3 oGLOBL TANHIEXP s SADR,SSBR,SMLN,9DVK,SFCALL
4 +GLOBL SPULYH,SPSHRY
5 ! THE FORTRAN TANH FUNGTION
6 ! TANK vag2aa
7 ! COPYRIGHY 1971, VIGITAL EQUIPMENT CUORP,, MAYNARD, MASS,
8 ] CALLING StQUNCES
9 1 JSR RS, TANH
le ] BR A
11 [ « WORD ARGUMENT ADDRESS
12 1Al
13 i RETURNS (EXP(2vwANRG) »1)/(EXP(2%ARG)+1) IN RQ,Ri,
14 ]
15 2veLRY RAEXD
16 YRR ri®xi
17 vepuR 4 ' R4wxd
18 pdeoed KS=%%
19 vdgvas SPa%6
20 popee7? PCuXx?
2y 20404 viadad TANNL MQV RY,«(8P) }JSAVE RETURN PUINTER
22 20406 visdpy MOV 2(R5) , RS JGET ARG AUDRESS
Iy d-Ys
23 20412 wvlidee MV OS5,k JGET MIGH URDER ARG
24 20414 V01954 BEQ ZERSS8  FJUMP IF ARGmY
29 20416 pabIpu ASL R
26 20420 12%9009 CLRB R@
27 20422 de@dee SwAd R IGET EXPONENT
28 20424 P22’ CMP RO, #ead
vdpens
29 20430 vd2442 8Ly STESYB TJUMP IF ABS(ARG) <16,
32 20492 vi27@2 MoV #4020V0,RY JANSWER 1S 1,#SIGN(ARG)
ceaded
31 20436 Q30021 CLR Ri
32 2044p YUS745 Ts7Y #R5 JTEST ARG SIGN
33 20442 282052 BGE ouUTSS8
34 20444 062700 ADD #iooeed, Ko IMAKE m»i,
18yd0d
35 24499 vvpda? BR ouTSI3
36 20452 v2p027 STEs3Bsl CMP Ro,®%177
vealr?
37 204956 weIve7 BGY TANSSB JJUMP IF »1/2
38 20469 p2p227 UMpP Re,ul54
véaléed
J9 20ae04 202049 BGE SML 838 JUSE CUNTINUED FRACTIUN FOR TnIS RANGE
42 204066 yiobol MQV 2(R5),RY
gowvRae
41 20472 oviidev MOV PR5,mQ  JIF ABS(X)s2w+vamy2, LET TANHEX
42 20474 Q20435 -E] QUT$IB
43 20476 VLI6S545 TANSIBL MOV 2(RS) , = (SP) FPUSH 2«aRL UN STACK
vépuee .
44 20592 vli1das MQV aRd,=(SP)
45 20504 062716 ADOD "2QB, B8P FOUUBLE ARU
(11 Y{-T
46 20512 wvlebed MOV SP,RO 1SET UP CALL TCO exP, ARG POINTER
47 20512 0127¢4 MOV NEXP)R4 FPOINT TO EXP

014954



STNHU2

48
49
§50
54
se
C X
54
535
56
87

58

39
60
81
62
83

64
69

€6

67
648
69

7@

74

72

73
T4
75

’e

20516

20522
2ubda
2u52d6
205492

20594
2ubd6
20840
20842

28546

20532
2u554
20530
24569
20502
26504
20566
29572
20972
20574

Qv6de
20692

20606
206140
296})2
200614
20616
2064y

20624
20639

20634
20696
20640
20642
2Vpad
20646
2069y
20092
20654
2063%8
28606
28662
20604

U646

20672

Weazs’?
17442
vlelas
wleoad
Q95vad
vi12746
vdpepd
d1ulan
vigaas
vasLdd
vig/ a0
2402pd
Y YY Y
o197
wogopd?
B207541
ge2d1d
14450
p2e564!
vlabud UPLSIES
glrzeet
B126gd QUTSSa
pep2ps
L1631 SMLs383
védpved
plivad
pod44s7
0a1036
L7070
eLr7ivz7a
17074
17162
vepbzge!
16646 XSwsdat
glupvee
Vw16646
edgoe2
cea4as?
woiLe1
vap734!
pagvia
22p660!
2175729
wen7z1e!
175791
PERYE IR
glgdievt
veguvia!
videhort
vigegar
2171821
veeded?
}
]
vieopd Oncsdol
pepurd
vieoel

MACRU yRéd=i{d4 47wSEPm7 g

J oK
Mav
mQv
CLK
MoV
MOV
MOV
CLR
MOV
JSR

o WUORD

MQYV
MOV
MOV
AR ]
mav

MoV
J5K

o WURD

MoV
MOV
JS8R
o WURD

W WURD

« WURD

113149 PALLE 43+«

PC,SFCALL

Ri,=(SP) PPUSH Ewv2AKD
RO,=(SP)

w(5r) IPUsSH 1,

#402¢0,»(5P)

Ri,=(SP) JPUSH Ew¥2AKG
RO,w(SP)

- (5P)

#40200,=(SP) IPUSH ¢,

R4, 5FOLSH JGET (Ew*2X mw{)/(Eww2x +1)

$58R/)UPSY8,$ADR, $0VR, UPL 38

($P)+, Ry JPOP RESULT
(SP)*,R1

(SP)*,RS JRESTORE RETURN
RS JRETURN T0 USER
2(R5),R} _ JGET ARG

eR5, R

R4, 3P0LSH

SPSHNI,SPSHRI,SPSHRI, SML R, X8G538

2(8P) ,=»(3P) JGET X SWUARE
2(SP) ,»(5P)
R4,$F0LSA
P3%838,5AUR,ONESIS

SPSHN3,P45838,5PSHR3,SDVYR,3A0R, SADR,SDVR

$SSORSMLR,JPLEIS

IGET X A

FSET JP NUMERATOR

TnE ABQUVE COMPUTES x(1=((Y*35,,,)/7(Y+d4d,,,+105,,/Y)))
WHERE YeXeX

Mav

Mayv

4(sP) R JGET XSJUARE AGAIN

6(SP),RY



$TNHAZ

77
78
79
84
81
82
83

84
8b

86
87
88
89
949
92
83
94

95
96

20676
2v74d2
2071@
24712
2u716
20722
24746

28732
20734

20749
2¥744
r{24&1
26799
207%2
20754
20763

20704

Wdabub
P EYN.1)
ounves
vwi2766
vapaged
bupdud
¢oaldé
212746
196237
vie/ab
041464
ei12740
165707
viz2’746
vay/22
0deldd
n12746
116457
vi2746
uay414
J¥p134
wd¥0pY
ouddel
waelen

b120686
adauie
nwizoeb
w12
©ovlide

Pad3dBt

TEITLL

P3dsdes

LERSIBY

i
UPe381

CLKk
mov
JMP
MOV
MgV
MOV
MOV

JMP
MoV

MOV
JMP
CLR
Cuk
-1

MOV
MQYV
JMp

+ENOC

MACRU VRJd4w14 Y7eSEP=72 11845 PALE 43+

6(5P)
#4p200,4(8P)
#(Ral)e
#136237,%(8F)
#41404,=(5P)
ni65707,=(5P)
841722,»(5P)

6(Rd)»
w116487,=(8P)

#41414,=(5P)
$(Rd)e

R@

K1

OuTs898
(SP)Y*,10.(SP)
(5P)*,10.(SP)

P(K4)e»

JINSERY A 1,

IPUSH

JPUSH

1PLUSH

JMOVE

45,1042

125,4629

3541935

BYACK ITEM UP



SATNUI

COoND D G D

207066
20772
24772
20774
20776
2142

21984

2101w
elele

0onuey
vdevnl
voudiee
goaded
cvhvea
0dRug
Yovduo
vopuved
dugdel
vonvpe
veavpd
v é
¢dYdad

0dbHV4b
Yobva6
wAbHv4ae
vebvad
Y5048
wiedpa
wdvuvne
visaad
vanbe2
11440
vitdao

-~ s W e =

e Ws WS We We Vs Ve WE WP WS W W Vs W= W Ve wWe wn WS W

ATANZT

fTITLE
o IFOF

ATAN

«GLOBL
« JFNDF
¢ 6L OBL
«ENDC

MACRU VRU4®(d4 Y7eSEP=72 11143 PaLE 4a4é

$ATNG S
CNDSSS

VAaa3A

CUPYRIGHT (971, DILITAL EGQUIPMENT CORPURATION, MAYNARD,MASS

ATAN) ATANZ)
Fru
SADR, SSEBH , SMLR, SOVH , SPOLOH) $POPRI}

Tt FORTRAN ATAN ANQ ATAN2 FUNCTIONS

CALLING
JSK

BR
«wORD

RETURNS

CALLING
J SR

BR
+WORD
«WURD

RETURNS

SEWGUENCE FOR ATANS
R5,aTAN

A

AKGUMENT ADDRESS

ARCTAN(ARG) IN RY AND Ri.

SEQUENCE FQR ATAN2E
RS, ATAN2

A

ARGUMENT § ADDRESS
ARGUMENT 2 ADOKESS

ACRTAN(ARGL/ARDL2) IN RP ANV Ry,

1F ABS(ARGLI/ARG2) > 2e%24, THE RESULT I8
SIGN(ARGY)wRl/2,

IF ARGZ

€9 THE RESULT IS ARCTAN(ARG1/ARG2) +

SIGN(ARGY) P,

RA®XY
Kisyy
R2m%2
K3myd
LEERY ]
LELET)
SPeY6
Pasxe
Fiexy
F2ax2
F3s%3
Fd4aya
Fom4s
¢ IFNUF
CLK

CLR

CLR

CLk

Ler

MOV

MQV

MOv
MQV

FPy
= (5P) JCLEAR SIOGN FlLaAL
-(5P) FCLEAR ATAN2 BIAS

-(SP)

- (5P) JCLEAR QUADRANT BIAS

=-(S5P)

2(r5J,R4 $GLT FIRST ARG ADDRESS
2(R4),»(5P) PIGET FIRST ARG
6R4,"(5F)

eSP,Nn  JARGY To Re



$ATAGY

56
57

58
59
62
61
62
63
04
65
60
6/
68

69
72

714
72
78
74

75

76

77

78 ¢

79
%]
81

84
CR)
84

83
Bt

&7
8u
[-F]
94
91
¢
94
94

21014
21vdd

21224
21426
21¢d@a
2led2
21034
21096
2lvag
21¢42
21344
élegde
214%¢

21824
2lads

2102
2104
21008
ela’e
cia’a
21182

Aliln

AT R
— -
—
——
[« B N

211ea
21146
211d¢

211384
el14e
21144

21192
¢l122

«lide

si102
21102
21104
¢iibe
21174
cli’/2

¥1i6édy 4
vduded
vitddo
vuedee
vwiidao
gl1opy
va14y7
LR Y]
10809
vegded
ve6del
1d5v¢l
vddel
togley
veazed
Rl
Ga24es
voads/
bued62
idese!
veiuent
veh770
vovnved
cdedié
GlaZeo
vaeoll
devidld
ele/to
w7733
Gdrdy e
céalla
vavELd
¢dced
-PIE1:]
ldvdrd
UddétLd
woedlio
uwdpdze
voeeg/res
Yepv2e
vlgzva
véadil
oleful
773
LY
CeRdise
V@i e
cbeg?eéd
1deed
dOVeEd D

rdsede
rAdhdvdo
Ldhvdo
vdépdéo
Lédvdao
vimdyd

JIvedos

UPLS$38S

ATegdyl

ST TR

IS S
!
ATANT

Mav
MOV

MOV
MOV
DEG
ASL
CLKrd
SwAB
ASL
CLRA
SwAB
Sub
CMP

oLt
J8n

ewWURD
181
BGE
MOv

MOV

1st
sGL
Agu

181
BR
AU

P‘UV

MACRU vRd4w1d4 V7=3EP=7¢ {1id40 PAut 44+

4(RS),RHd fPGET SECUND ARG ADDRESS
2(Rd4),=(9P) IGET SECUNUL ARD
8R4, " (SF)

eSP,Ny FARG2 T Ri
INF$39 JJUMP 1F NDENCMINATUR S @

Rd }GET ABS VAL ARG
RY TGEY EXPONENT

Ry

R1

Rl JGET EXPONENT ARG
R1

K1,R© JGET EXPONENT DIFFERENCE
w26,1RQ FCHECK MAGNITUDE

INF$3G JTREAT A4S INFINITY
Rd,sPFOLSH

SOVRUPLMSY JOET AKGL/ARG2

@4 (RYY) JIF ARGZ »¢, Blad =g

ATE$VY 1IF ARU2<¢) BLASISIGN(ARGY)WP]
504na1y,8,(SP) IPI

wAQT7 83,1, (5P)

m
ol
fal
o
g
>
a
[
—

6o (=)
ALY S
81240¢0B,0,(SP)  j=F]

e3P ISEY CUDES

AT1seg FJOIN MAIN RUUTINE

Q18,¢8P ifFLUSH STACK

LT LA BT FTANS = SIGN(ARULYPI/2
“¢d7’3&;”1

82 (nw2) JTTEST ARGY

Iawssg  JTUurP b wPL/2
81 dvenid, R j=¥1s2

R iRETURN TO JSER

=(oP) FCLELAS SIGN FLAD
-(5F) JCLLa® ATAN2 Bblad

- (9P

e (5P iluba JUALKANT BlAS

= (SPJ

2(~b],Ra JGET ARG AWLRESS



SAT

95
96
08
99
1a¢
141
192
13
104
105
106

107
{08
109
110

111
112
119
114
115
116
117
118
119

120
121

122

1298

124

NOY

21176
21292
21204
21206
2lale
1216
12¢2
1224
124¢
1242
1244
1242

1209
1254
12%0

1264

1272
1276
1302
1344
1326
1312
1316
1322
1326
1392

1334
1336

1344
1348

1354

BQuuupe
visaab
gpapope
611440
ueves
vwez27106
190809
"L EY1-1.]
wagvia
01027
veneny
103R3)
PR32y
wus766
wanvn2
w1423
6i2766
14091}
woaued
vie’60
©vwaz7733
vdepdes
v0H966
BYeY14
16649
Bdaup2
0160646
2000e2
012766
vé4peay
vopledé
Yos066
vdpveb
'Y YYI-Y4
dnoa
B13¢d0
vw2139p6!
ul60d46
QupYul
016646
papoe2
posSves
gdnved
vusv69
Gopunb
geiba?
ga7011
143445
10144
neso627
wogave
Qdread
1014402
vwiz/’oed
waguLae
wapna
wla/vo

AT135991

PLUSIY?

G11%491

LE1SJYSI

TNSSdYS

MOV
MoV
BGE
AQu
INC
CMP
BLU
BT
TsT
BEQ
MOV
MoV

LEC
Moy
Mov

MoV

CLR
JSK
2 WORD
Moy
MOV
CLR
CLK
CHMP
BLO

BHl
Cmp

8Ll
mQv

MOV

MACNKNU VRWA"14 U7=SEP=72 11349 PALE 449

2(Ka),=»(3P) POET LOW URNDER ARG
6xd,=(5F) IGET HMIGH URDER
PLUSSG  TJUMP IF QUADRANT )} OR 3
#lunopp,08P JGET ABS VALUJE

12, (2P) TFLAG =

$5P,R4424¢ ICRECK IF <4,

LE1899  FJumP IF <1,

G118d9 I»4,

2(8P) fCHECK LOW DRDER

LEL1$99 isl,

#140911,4(SP) JeP1/2

#207733,0(5F) FATAN(X)PPL/20ATAN(L/X)

12, (2P) $aDJUST SIGN
2(SP),=(5F) JMOVE ARG DOWN
2(5P) ,w(3P)

#49200,4(5P) FINSERT 4,

6 (8P}

R4,sP0LSH JCOMPUTE 1a4/X
SOVRILELI®39

2(SP),=(9P) JMUVE ARG UOWN

2(SP),w(SP)

4(SP)

6(SF)

e3P, #p37611 ITAN(1S)

L1D899 FJUMP IF LESS THAN TAN(15)

TNG$39  FJUMP IF »
2(S5R) ,#pdu243

Lib8d9
#2420p6,4(5P) JINSERT FI/6

#0¥5222,0(8F)



SATNRY

125
126

127
128

129
149
131
132

133
134

1395
146
1387

138
139

140
141

142
143
144
145
146

147
148
149

159

151
15¢
153

1302
1364

1870
1874

14dg
1492
14v4
1466

1412
1416

1422
1424
1428

1432
1494
1496
1440
1442
1444
1446
1459

1454
1406
1400
14062
1404

1479
1472
147 4
1476
1540
1502
1504
18d¢
Y2y
1512
1514
1916
154¢
1hede
1524
1526
1534
1992
1594

webe22
vdpdub
211609
glebpl
pUrdne
wla’746
1381727
ele2/746
14283%
vlulad
vwigdasd
vwo%v4ao
nlazas
vapgey
wiag/eb
191727
vi2746
24R33Y
viialab
Blydaesd
woaan?
ope1e

v17162
wd2904
w2536
vazgund
w]3ebe
021440
“1100d L198391
"RY.1-T'5]
peavoe
Wipla6
W1ipY46
vinl4o
vlyvas
Guaan?
YT REY]
017162
vaydse!
a1z7is2y
Vo214
171620
gvgetia!
wizisat
ygavia
wl7li6e!
géauiy!
G171621
PV
vwdgwié!
£216041
wuaeya!
gL761Q
p21982!
pe5720 EXLyoyt
LY YE]

mMov
MgV

MoV
MOy

hoy
MOV
CLK
MOV

mav
nOv

MOV
MOV
J SR

«wURD

MQV
Mav

MOV
Mgy
MoV
MoV
JSR

W WORD
«WORD
+WORD

2+ WORD

2 WORD
¢ WORD
«WORD
«A0RD

181
RTS

5P, Ry
2(8P),R}

8131727,

MACRO VRK#4=14 ¢7=SEPm/2 11549 PAuL 4ade

TARG TO RELS

=(3P) JRUSH =ROOT 3§

#142935,"(SF)

R1,«(SP)

K, = (SP) 1PUSH ArD
~(SP)  IPUSH 1,

842209 ,=(SP)

#131727,"(5P) 1PLUSKH RDUTY
#040335,=(SP)

Ri,=(SP) iPUSH ARD
RY, = (5P)

Ka,SPQLSH FTRANSFORM ARG
(ROOTIwxmy)/ (ROQTS +X)

SMLR)3SBR,UPS3IH,SSOR,SDVR,L15539

#5P, Ko
2(8P),R1

Rlre(SP)
RO, = (8P)
Ri,w(SP)
Rﬂ,-(sP?

FGET ARG

JGET THREE COPLES

Re,5P0LSH

MR
PLYSSY

JGET ARGwe2
ISET UP COEFFICIENTS

SMLRySAUR, SMLR)SADR, MR, SADR

SMLR) SAUM ) SMLR) SADK

$AQR
SGN§JY
$4UR

IP(x)+d 1IF x<m], P(x)aPI1/2 IF X»i
TADJUST SIGN
FADD ATAN2 BIAS

SPUPK3,EX]I$39 JPOP WESULT TU REGS

(SP)+
RS

1POP SIGN FLAW
JRETURN TO USER



SATNUS MACKO VROAm14 U7=SEPw72 {1149 PAVE 44+

157 !
158 1836 012666 UPS3IPL MOV (3P)*, 104 (SP) JMOVE STACK ITEM uP
_ rapay2

150 1842 g12666 Mov (SP)*,10,.(8P)
pogaLe

163 1546 pYalde JMP e (R4)»

1614 ! '

162 1552 wia2bpe PLY§SS¥I MOV (SP)*,Rp JPOP POLY ARG

163 1592 Bi260} MOV (SP)*,R4

164 1554 néziaz MoV HCONS3IDed,R2 JPOINT TU COEFFICIENT TABLE
pR1644!

168 1562 wiR7ed MOV #9, RS JLOQR 8
poRees

166 1564 00422 BR PYL$d9

167 1566 wigl46 PYZSIVI MOV Ry, =(SP) JPUSH ARG

168 1572 Q1gb4b MaV RE, = (SP)

169 1572 V14246 PYL3398 MOV w(R2),=(5P) JPUSH CONSTANT

170 1574 014240 Moy w(RR2),w(8§P)

174 15876 pob3ed DEC R3 FTCOUNT

172 1640 pe3s7e BGT PY2§39

173 1602 20pl34 JMP P(R4)#

174 }

175 1604 ©wON766 SGNSI9E TST 8,(8P) JCHECK SIGN FLAG
veevia .

176 1612 voi402 BEG $61%599

177 1612 062716 ADU #100lo0,#S5P FNEGATE RESULT POR (=1,0) & (1,I
jopone

178 1616 Qouide SG1S39L JMP e(R4)+

$79 «ENDC

180 H

184 « IFOF FPU

182 ATAN2S SETF ! SET FP MUDE FQR FPU

189 Moy 2(R%),R3I ADURESS UF ARG1

184 MOV 4A(RS) R4 ADDRESS OF ARGR?

185 MoV 8R3,RQ) H1GH ORDER ARGI

186 MOV aR4,Ry} HIGH ORDER ARGR

187 BEQ INFS839) JUMP [F DENOMINATOR @

138 ASL RO

189 CLRB R@)

190 SwAB RA S EXPONENT QOF ARG}

191 ASL R

192 CLRB Ry

193 Swhid Rt EXPONENT QOF ARG2

194 SuUB Ri,RY} GET EXPONENT DIFFERENCE

1958 CuMp #26,)R¥) CHECK MAGNITUDE

196 BLT INFS39) TREAT AS INFINITE

197 LOF PIS3V,F3) INITIALIZE BIASSP]

198 LOF eRI,FQ) GET ARG

199 CFCC

200 BGE ALPSY9) JUMP IF ARG

2089 NEGF Fdp BIASESIGN(ARGL)wPI

2u2 AYFE39% LODF erR4,FL} GET ARG2

203 CFCC

204 BT ARMS39)

205 CLRF Fy) IF ARG2»©, BIASsD

206 AQM33PS DIVF FL1,F0y ARGL/ARGR, SET FLOAT CC

207 BR AT1599) JOIN MAIN ROUTINE



SATNUI

208
209
219
211
212
213
214
2195
216
217
218
219
22¢
221
222
228
224
228
226
227
228
229
249
231
232
233
294
235
236
237
238
239
249
24
242
243
244
245
246
247
248
249
250
2%4
232
253
254
255
236
287
258
259
269
261
262
263
264

]
INF5391

'
ATANE

AT18391

PLUSIOE

GTisd98

!
LE18391

!
L15sd9l

Xpusdoi

SGladvt

!
Exls3pl

LDF
T87
BGE
NEGF
BR

SETF
CLRF
LOF
CLR
cFecc
STF
CLRF
BGE
ABSF
INC
LDF
CMPF
CreCC
BLE
DEC
oIVE
LDF
LDF

STF
CLRF
CMPF
CFCC
BGE
LDF
LOF
MULF
SUBF
ADDF
DIVF

LOF
MULF
mMov
Moy
LOF
MULF
DEC
ADDF
BGT
MULF
AQDF
syar
ST
BEG
NEGF
ADDF

STF
MoV

MACRU VRUV4®={d Q7w3EP=72 {4149 PAVE 44+

PI25490,F1)
eRII
EXISd9}
Fli
EXIsdg)

]

Fiyy
02(R3),FY)
R4Y

!

Fé,FD'
F3)
PLUSY9)
Fajy

R4}
®1,2:F4)
Fa,Fl}

LE13899)
R4)

Fa,F})
Fi1,FB)
P12339,Fd)

F&,Fda;
F3
T16%39,F0)

L198497}
PISS39,FI)
Fa,rly
RTY3S39,F0)
UI.EOFUI
RT3$99,01)
Fi,Foy

FH,FZ;
F2,F0y
#FCO339,RD)
H4,R1)
{(RA)*,F1/
F,Fl}

R1)
(RR)*,F1}

XPU$$9) LOOP

F2,Fl)
Fe$,Fly
F4,Fly
R4y
§G1%399)
Fi1
FS,Fl}

Fil,=(SP)}
(SP)*,Ru}

RESULT®SIGN(ARGL) «PT/2
TEST ARG!
*Rl/2
=P1/2

SET FP MUDE FOR FPU
CLEAR ATANZ BIAS

GET ARGUMENT

CLEAR SIGN FLAG

GET SIGN OF ARGUMENT.
FSSATAN2 BLAS

CLEAN QUADRANT BIAS
JUMP IF GUADRANT { OR 3
ABS (X)

FLAG =

1.0

CHECK IF xssi,@

X»l,0, AUDJUST SIGN FLAG

fo0/X

ATAN(X)SPI/2=ATAN(L/X)
WUADRANT BIAS®PI/2

FASQUADRANT BIAS
Fasa,o
COMPARE TAN(43) 1 X

Xa® TAN(1S)
Fasply/6

XwROOTIwl 0
X+RQOT3
(X*ROOQT3={,02)/(X+RDOTI)

X

Kew2

POINTER TO POLYNOMIAL CONSTANTS
COUNT OF CUEFFICIENTS
INITIALIZE ACCUMULATOR

COUNT
Fita Fiw X¥ve2 + C(I)

Filtae FiwX

PI/6 QR b,¢

P(X1wudUaD BIAS

TESTY SIGN FLAG

NO ADJUSTMENT

NEGATE RESULT FOR (=1,0)&(1,INF)
ATANZ BIAS

MOVE RESULT TO STACK
AND THEN TU REGISTERS



SATNUD

269
260
267
263
269
279
271
272
273
274

275
276
277
278

279
289

1622
1642
1644
1626
160y
1692
1684
163¢
1040
1642

287925
vdndpe
137421
vo6514
Ga7014
145333
13765%
125244
wapcyd
gouope

]
P14391
P1283918
11083918
F1osdos
KTI§391

FCUsd9s

CoNg3wl

i

MOV
RTS

.HORD
o WwORD
«WURD
s WURD
W WORY
2ENOC
«WURD
. wWURD
W WORD
o WORD

«NORD

»ENDC

MAGRU VRU4=14 27»3EPw72 11:40 PAGE 44+

(SP)*,R11
K3

240511,09773463
249314,0907733)
237611 ,090243)
Pagawe,nddbaz2y
B4g39H, 181727
0373u5,0953ne
1874¢21,296514
237514,143333
137602,125244

040200 ,0d¢ 00

EXLT

Pl

PI/2

TAN(1D)

PI/6

KQUT3
1,09630434749
I=e14195740624
F.1999778201
Fma33383381319

1.9999949¥9499



$30TAI MACROU VRQ4=14 d7eSERPe72 11149 PAUE 46

) oTITLE 88QTH3
g «IFOF CND84y
!
4 H SGRT VRR3A
] !
6 } LOPYRIGHT 1974, DIGITAL EQUIPMENT CORPURATIUN, MAYNARD,MASS
4 !
8
9 «GLOBL SWRT,SERR}
10 +IFNDF FPU
11 +GLOBL SADR,SOVR,SPOLSH)
12 «ENDC
13 ! SQRT THE REAL SQUARE ROUT FUNCTION
14 ’ CALLING SEQUENCE!?
15 ' JSR RS, SURT
16 ! BR A
17 ! BARG
18 JAl
39 1 RETURNS THE SQUARE ROOT IN RQ AND Ry,
] )
21 pdpva0 Resx0
22 veedel Risxl
23 vdauo4 R4w%é4
24 pooued R58%S
2D voauves Gpmx6
a6 eloLed Famxo
27 peouol Fisxi
28 vwoeae Famxe
29 + IFDF FPU
32 SORTH MOV P2(RD) R} GET HMIGH ORDER ARGUMENY
34 «ENDC
32 W IFNDF  FRY
33 21650 Wipdad SQNHTH MoV RS ,=(8P)
34 21652 w1693 MOV - 2(RSJ),RE JGET ARGUMENT ADDRESS
voevo2
gﬁ 21686 w1130 MOV 8RS ,NY JGET RIGW ORDER ARGUMENT
6 +ENDC
37 21662 100443 BMl ERR34Y JERROR IF ARGUMENT NEGATIVE
38 21662 pU1446 BEQ ZERS4y JFASY EXIT IF ZERQ
39 s IFNOF  FPY
40 21664 V12746 MQV #3,=(3P) JPUSH ITERATION COQUNT
veaved
4\ «ENDC
42 21679 vos2p!l ASR R} FFORM INITIAL ESTIMATE
43 21672 v6270} ADD #201Y2,R)
e2pigd -
44 21676 pu304b CLr «{S$P) JUSE ONLY HIGH ORDER PARTS FIRST
45 24700 vloi4é6 MOV Ry,=(SP) $'CAUSE ADD AND DIVIDE ARE
46 o IFNOF FPU
47 21702 vR5046 CLR e (SP) JFASTER THAT wWAY
48 21704 011546 MOV ORS,=(SF)
49 21706 ©vd0v46 CLR ®(SP)
50 21710 210146 MOV Ry, ,=(S8F)
51 21712 «i4467 LUFS4LY JSR R4, SPOLSA JENTER PULISH MODE
177728
52 21716 1132561 W WORD SOVRsSADR,UPLS4Y 1 (X/E»E)

2172p vo01!
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21742 vat7240

53 21724 162716 UPLs4l} 8UB 8208/,05P J(X/E*E)/2
nep20v
54 21730 w5366 DEC 4(5P) FCOUNT LOOP
pwopued
59 217384 61419 HEQ QUTS4y
56 21736 v16bD46 MOV 2(R5),=(3P) JUSE LOwW ORDER PARTS
vdnide2
57 21742 2131548 MOV eRH, = (SP) 3700 FROM NOW UN
58 21744 0lebasd mMov 6(5P),=(SP)
eoeeR6 _
59 21799 016640 Mov 6(SP) ,=(35P)
voepues :
68 21794 ©oa756 BR LUPS4y 1G0 FOR ANOTHER ITERATION
61 217%6 ©v12622 QuUIs4Ll Mov (SPY*, Ry JGET RESULT INTO RO,RHY
62 21762 pladet Mmov (SP)*,R|
63 21762 veos7aes : TST (SP)* JPOP ITERATION COUNTER
64 217084 012605 RTNS4LS MOV (SP)*,R5
65 21796 vép2yd RTS RY JRETURN TO CALLER
66 21779 00467 ERKs4ll JSR R5,$ERR JTERROR 4,11
wopuv12
67 21774 vdp?773 BR RTINS 4}
68 21776 Vo «BYTE 4
69 21777 013 +BYTE 11,
70 22000 VODUPD ZERS41 CLR RO
71 22002 9500} CLR Ry
72 22004 vodp’67 BR RTNSAY
73 «ENDC
74 «IFOF FPU _
75 MoV #3,R0) , ITERATION COUNT
76 : SETF ! SINGLE PRECISION FP
77 LDF (SP)*+,Fu) GET INITIAL ESTIMATE
78 LDF e2(K5),F2) GET X
79 '
89 LWuPS41s LOF Fo,Fl) Esk!
81 LDF F2,Fo) X
82 uive F1,F9) X/E
83 ADDF F1,F0) X/E*E
84 VEC RO} COUNT
85 DIVE N2,4:F0) E's(Xx/EeE)/2
86 86T LUPS41)
87 !
a3 STF Fa,=(3P)} RESULT TO STACK
89 MoV (SP)*, R} AND THENCE 70 R@,RY
99 MOV (SP)*,Ry}
91 RTS RS} ExIT
92 !
93 ERMS41E JSR RS, 8ERR} ERROR 4,11
94 RTS RS} EXIT
95 «BYTE 4
96 oeBYTE 1,
97 ZEXS433 CLR Ré
93 CLR R1}
99 RTS8 RS}
120 +ENDC

101 +ENDC
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Gi G G Gl BG4
~o o P 2N R o

LG
S Ccex

]
N v

22006
22010

22¢p14
220
22020
22020

22024
220286

22192
22034
22036
22049
22v42

QopuaR
woaBLsd
veRues
paeen’

- - we W wWe W wa W

-~ s ws wm we

plpdat SERRS
1652
vRRLoR
Y ¥
Vigua4d JERRAY
ERBSASE
12027

pepves

bor4ea

©vazr77
CLPI LY
viaoégw
ponand
V22043 YSERVECS
ponvea MLT$431
wan?76

1GNg4SS

TITL
+GLOB
n3 =
RS
SP
PC

13
=
L1
%5
%6
%7
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SERRVY

SERR)SERRA,SERVEC

THE ERKOR HANDLER OF FPMPely
THIS ROUTINE PASSES CONTROL TU THE USER!S ERROR

ROUTINE,

1F ANY,

DEFAULT ACTION I5 TO HALT,

USER MUST MOVE AUDRESS OF MIS ERNRQOR ROUTINE
T0 GLOBAL LOCATION

'SERVEC!,
TO THE ADURESS IN SERVEC via A

CONTROL IS PASSED
JSR PC,e%ERVEC,

REGISTER ZERU wWILlL CONTAIN THE ERRUR COULE,

CALLING SEQUENCES

At
OR3

MoV
Mav

BR
MoV
« IFNO
CMPB

BEG
+ENDC
J8R

MOV
RTS
«w0ORD
HALT?
BR

4

J8R RS, SERR

B8R A

JBYTE  EKROR CLASS

2BYTE ERROR NUMBER

MOV “EQRNUM.RZ

JSR RS, $ERRA

RU,e(SPY} SAVE HD

2(RS) Ry} GET ERROR CLASS/NUMBER

ERBS43

k2,=(SP)? SAVE RD

CLASSS) DEFINE TU GET WARNINGS

RO, 45 CLASS & (WARNING)?

IGNS43) IGNORE 1IF 80

PC,OSERVECJ CALL USER ERR RDUTINE

(8P)*,R¢1 RESTORE R@

RS} RETURN TU ERROK ROUTINE

HLTSA3) ADUR UF USER ERR ROUTINE
DEFAULTS HALT

HLT$43) HARD STOV
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i

2

3 wéeved

4 WeAvLb6

5

6

7

8 Y2244 012066
vdpvne

9 2205y viz660
Qvpee?

10 22054 vuplud
i

BLURS

WTITLE
o« IFOF
Ramyd
SPEX6

SLORDY
CNOS44aCNDS42

LOAD FPLAC = SINGLE PRECISION

MOV
Moy

JMP
«ENOC

(8P)*,2(3P)
(SP)*,2(S5P)

O (R4) )

MOVE OPERAND TU RESULT LOC

POLISH RETURN



L JWVIVD

WNO DS N

9 D22058
10 22069

11 22004
12 22066
13 22070
14 22072
15 22074

Qvpvoe
0vuoad
QoPeb

winbad
vo2702
popdLe
¢l
wlat2o
8l202¢d
126249
woplde

§L.VD1I

o TITLE
» IFOF
RO®XE
R4sY%4
SPEie

MACRU VRUA=14 B7»SEP=72 11149 PAGE 49

5L00VY
CND345&4UNDS42

LUAD FLAC = UOUBLE PRECISION

MQV
ADD

Moy
MOV
MOV
May
JMP
+ENOC

§P,RY)
#8,,82}

(SP)*, (RY)*}
(SP)*, (RY)»
(3P)*, (RO +
(SP)*,(RY)+
e(Ra) e}

COPY STalk POINTER
CALC ADDR UF RESULT

MOVE OPRANU TU RESULT LUC

POLISH RETURN



3STREY

OBV &N

22076
2d102

22106
2211»

22114
22116
221d0
22422

22126
221%2
22142

22144
22136
2214p
22142
22144
22148
22159

Alpdee
vaavdl
wdavee
R )
vayegé
0oQLRS
2egueb6
wduve?

012713 $S1RI
CPLLRYE
VY8766
Y. VIRY)
w14
P05266
peev3yY
vleoe
globdey
vazi2l
vi27e2
weD13

012120 LP¥46I

0832
veL37d

vi2d20
eladze
ooaid4

©v129520 3TKRS461

eladae
022626
voelad

«TITLE

« IFDF
Ras¥%a
Risx!
ka2ux2
kR3ox3
R4 X4
KS5X5
&PuUX6
PCaX?
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§5TRYY

CNOS4BRCNDSAR

STURE FLAC =» SINGLE PRECISION

Moy
T8T

BEQ
CLK

MOV
MoV
CMp
MoV

MOV
beC
BNE

#FACD42,Ro}
$Q(sPF)

3TK$46)
38(8P))

SP,RY)

§P,R1
(R1)*,(R1)+)
¥13,H29

(R1)*) (RO)+y
R2
LPS4b

GET ADDRESS OF FLAC
TEST FOR STACK MODE

BRANCH IF NQOT
CLEAR STACK MQUE FLAG

COPY 8TACK POINTER

Ry s Ry + 4
LOOP COUNT

MOVE UP STACK TD MAKE ROOM

K@ POINYS TO OPERAND LUCATION

MOV
MOV
JMP
MOy
Moy
CMP
JMP
+ENDC

(R8)*, (RU)+;
(RS)*, (RU)»
P(Rd) )

(RS)*, (R@) ¢y
(R8)*, (RU)»
(SP)*, (8P) )
e(R4)*

STORE THWE FLAC

POLISH RETURN
STORE THE FLAC

POF OPERAND OFF THE STACK
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1 oTITLE $3TDWY

] «IFOF CNDS478CNDI4R

3 vagvae HanxQ

4 vépoel fyimxi

5 pRpwol Ramx2

] - geaded . OR3INx3

? Haarede T N4nxA

] vee2ed {133

[ e0pves 5P8X%6

10 pogena’ (1413

1

12 22152 v127¢3 S80I MOV #FACS42,R5

v ©0p4A32!

13 22156 pud766 TSY J4(8F)) TEST FOR 8TACK MODE
CEET Y _

14 22162 001429 BEQ STKS4Y) BRANCH IF NOT

15 22164 005066 CLR JA(SP)
eI RY

16 22172 oviobo MOV SP, RO

17 22372 vieoey MOV §P,R1

18 22174 062704 ADD #10,Ry
LAY

19 222¢p2 viz7oR MOV #13,R2
vopLLd )

20 23204 V12120 LP3471I MOV (Ri)*, (RO}

21 22296 vedov2 VEC R2

22 22210 041373 BNE Lrse7

23 22212 wiz2dze mov (R5)*, (HY)+} STORE THE FLAC

24 22214 ©12520 MOV (RS)*, (RV)+

25 22216 12529 MOV (RS) ¥, (RO)+

26 22220 wi12520 mMov (R3)*, (RO)

27 22222 vnide JMP e(R4)») RETURN

28 22224 012520 STRS471 MOV (RE)*, (kD) »

29 22236 012529 MOV (R5)*, (RO)+

30 22230 2129520 MoV (R5)*, (rRO)»

31 22232 ¢i2%280 MOV (R3)*, (RO)»

32 22234 262706 ADD #10,5P) POP DPERAND
gapdie

33 22249 vopl34 JMP P(R4)*

34 +ENDC

35 +TITLE FPMPLY FLOATING POINT & MATH PACKAGE

36 '

37 popdetlt +END
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SYMBOL TABLE

A 5 vodelae ABPS19 P14492R AC . 177302
ADJS19 ©14344R ADR 342 QRQ202R AINT V03424KG
AILsd CYRYETY: ALOG PR25%90RG ALUGLlE ©R2844RG
ARNS19 ©014394R ASH ® 477316 ASLSLl ©@7574K
ASLSY¢ VBS216R ASRSL{Y ©142%4R AS1811 ©p75%52R
ATAN 021160RG ATAN2 @20766RG ATESLS vilo72R
ATESY9 W©21124R AT1$15 @11204R ATI839 021204R
AUPS19 014410R Ay % pouvodd ALZ81 0a1046R
A2 8 Jplsln A21s8 0R3606R A2NS! Y01B54R
A2NS2 CEPRLLYS 8 ®* 00RDL4 BALS25 ©15634R
BEXP ® vy0pv4 BT95} PUL6O6R BT9%2 002464R
81 ® Qudeds 82 " pooel2 BaN$28 Vi64U4R
B2NS3B ©017264R 621328 @164l0pR B2733g ©V17300R
BANSZ28 V16346R B423528 R16362R B67328 ©@168332R
BOAS) VP1666R BOAS2 202464R CADS42 0@QuY476R
CARS42 ©VVa4d2R CPFRS22 214792R CHRSL7 ©013246R
CLES® Pud 144K ' CLRS29 @217a%eR CMD342 ©@RU466R
CMF3$42 Q0V204R CMR342 @QU0A42R CM1842 Qpo264R
CNDs1 » puopol CNDSios gavady CNDS1lw OpoQ@y
CNDS127 ppogol CNUSLd®s Qu@poy CNDSi4e 0Og0ROY
CNDS 15w Ruepot CNDS16% QupRYY CNDSi7s Bpop0y
CND3i8™ pgoevt CNDs19® gu@eey CNDS2 » Qp@RaY
CnDs2o® gpowrdt CNDS21» poRRUYY CND$22s Ygunel
CNDsS23" ppduby CND$24% popRuvy CNDS258 Qpon@t
CNDS26% @pondy CNDS275 peRavt CNDS28s Qp0RQy
CNDS29® Quuiby CNDS3 » Q@9 CND332s 0p0RQ1
CNDsJ3i® guvpay CNDS32s poeavt CND3$33s 200001
CNDs$34% govepy CNDS3IS® puoevy CND336s Doveal
CNDS3?® @ponuy CNDS3I8s gudpoy © CNDS39s ©0000|
CNDs4 » ¢dgoudy CNDsS4y® popedy } CNDS42s Q2pog0¢
CNDS44s Quopvl CND$45® popavy CNDS46s 0pvp0)
CNDS47% Qpdedl CNDSS » puQRoy CNDS6 = Vpdeoy
CNDS? & Peue0dy CNDSS = pupQvYy CNDS9 = 200004
CNYS$E DUI444R CONS1® D27449R CONS13 0Dy04ddR
CONS1S ©1220pR CONS3 Pad120R CONS37 ©2040Q0R
CONS39 ¥R164pR cos P202Y9QRG COVSda Wy7506R
CYCS29 ©17062R (s3] » ool ca = 000p22
C23si1 0Ve7514R [} s Q0021p DATAN B1l1136RG
DATAN2 U10666RG 0BLE P23416RG DCHSLL ©12506K
DCH318 ©313442R ocos 09767 4RG OCR325 WV15666R
DECS28 ©1d5772R DECSIS 0Q17724R DEXP 013710RG
DGSsY VUEHO2R DG1s9 22657 0aR DG2s9 2pO602R
PG3sS 206610R OHISL6 @12304R DHISi8 Q13514R
DIGITSw Qo2pda DIGSY PR66I2R DIVSIS @1l1Q1@R
DIVSL7? @13476R DIVS3Y 221236R DIvVsS Yn4319R
DIVSH CEERT LT DLO06 QUEEY4RG DLOG1® Jduab65QRG
DLWSL6 ©12552R ULNS1B8 @A13506R OMODE = l@upRa
ONESL1 ©@76U4R ONE324 ©15458R ONES25 ©015724R
DNESSS ©1773@R ONES4 2032¢6R DNESS VELR22R
DNiS4 PUS234R QovaLEs Quoovl DPKkS8 PB4610R
DRisl2 Qu7684pR DR2$12 QI7606R DSIN W7 752RG
DSQRT C10404RG DSVE19 2144082R QUPS1Y VR7246R
DUPSI3 W101b4R QUPS1Y D14404R buPsS2¢ ©B14728R
DUPS§3 CoIL 4R DUPSI7 D20222R DVISib Qi1k772R
DVisiB ©v13630R Dvise PW4326R pViss YB5344R
ovass VU4314R Dvasy 2U53I%0R pvase VA4348K

Dvdse Go4366R Dy s popal4 viess 204024R
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SYMBUL TABLE

D163519 wV1437eR L2 s 3hQndd UER$19 Y144Qan
ECKsi Yoladenr tCKS2 Yu2alenr ECLSI6 12522k
ECLSL8 W13406R ECLS1Y 0Q1414pR ECLS22 0219112R
ECLI28 0©1eb2uR ECL33Q @17446R EC1%16 ©12522R
EC1318 0213474R EEXP B pAQBVYE EFE$S dad734r
EFTsY Bed646R EFiss Qv41/6R EF2sB Wp4204K
END B Yudpds ENMSB Vo4212R ENL1SS Bp4224R
EN2s8 vpnaz/4Rr EQ1s$16 D1314@R ER1S18 W1970@R
EQR2318 Q19116R ERRsiB8 ©13E76R ERBSAS U22022K
ERF LI 1"1" "R ] ERUSLE 207392R ERRSL1Y  0@a713ex
ERRS14 UQ1D644R ERR$24 P15474R ERKS2D @1074ak
ERRSY Wudw7eR ERRS4) Q2177pR ERKS42 QBula22R
ERRS8 Y04aR7 4R ERK$S 0A6276R ESIGN = QRdQ10
ESVS§ZD 0i4744R ExAS1 eRi1¢2R ExXase IYERY L
EXCs8 VoaylaRr Exisia 0@a7312R EXISLd ©11772R
ExIsd YuIa4gR EXIS39 @21592K EXP 014554RG
EXPS9 vud77@R EXT38 CR4L1 IR Exiso Vad77 4k
Exas® BubplaR EX3a9 BO6QAYAR FACS42 URA4IR
FCOs1d wi2ivenr FCU339 @216<4uR FFESS da3464R
FFTs9 vudaounr FF339 paSeveRr FFas9 V956 4K
FF5s9 BudBAdR FFE%9 PO5BEER FILS25 Wid72ak
FLDOS24 Q15436R FLC$8 Q43712R FLUAT Yi9282R6
FLTS16 ©126060R PLTS18 @1350@R FLT$8 EYPLYY
FLiS16 W12656R FPS3S BUI202R . FP9$6 ve3yb6aK
FULS2S UiS712R Fa sxp04an¢00 Fi sxdad001
F2 FX002002 Fa 40220903 Fa RX0A0004
FS L} 12171} GOs16 213048R GO%®18 Wide3aR
G0s24 B1B254R (1} ¥1.] Bi1554pR GTI315 0Q1125¢R
GT1$3p W2)234R HLTS4Y @22048R IDINT B1602akG
IFIX U151%94RG 1GN343 022092R INCS20 ©14712K
INFSLIS @11Q76R INF$39 0@231190R INRSIS 011134k
INRSJIP PR21196R INT B16022RG ISNS9 VR8506R
ISRS9 VBE526R 9 8 papred LENGTHE WuBd@42
LE1S1d ©11356R LELS39 0Q213U6R LFTs8 WeS010R
LGTSiIQ 0Q©7342R LGT3S gR3gear LOGS1A OVBO6SER
LOGSd Boesb2R LPS5325 Q15%02R LPS46 022126R
LPS47 822204R L.SH £ {77314 LUPS14 ©10542R
LUPSL? ©@1d216R LUPS4l  221712R L1DS1IS Y11642R
L15339 W21446R MOvSEs PA4RI6R MLTS28 @16642R
MLTSI® ©1746@R MLLSS PE5204R MLOsE ¥p4742R
ML B39 Vuo246R MOVE2DS PLI5606R MQ B 177304
MTO828 Q18736R MTUS30 0Q17514R MT1$528 D10644R
MTL1830 U©17464R MT2826 @16792R MULSRY @y7e52k
MUL S8 204Q06R MyLso Pudb24pR M16S19 @14362R
M4Ss9 Vub1d6R M5A%8 PR47O2R M5189 VR6156R
M523%9 Yub1/72R M54358 VY467 4R M5439 UaoPhaR
Mb&sB W47 }l4R MALE9 Wa6294R N = Y0014
NADS$42 QuB3dd4R NCKE24 Q215306R NCKS8 3614k
NCP32 Yue294R NEGE42 QUA202R NELGSS VadS26K
NEGS® Vo d4avaR NFL$L PULHYER NGMS24 V19476K
. NGM3I29 W17132R NGMPIS @17705@R NGUS16 @1d1@4aR
NGQSL8 J13604NK NML31D R©1438V2K NNLS28 010272R
NNZ§8 Q0364 4R NNZS$9 Yabl/ 6K NOUSY eAi476R
NODSE Vugl37ar NOCS27 l1oidnk NOL SO wdV4B2K
NOMY27? vibiigk NOME2B 16400 R NOMS3® ¥17336K
NOMSY CEREL LS NNP§8 YAI7 D4R NOR g 177312

NOLSS® vadsben NQL$L6 @13112R NQUS1B @1Jd672R
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§YMgOL

NTJS818
NXTS8
QCcTs26
ONESSB
ouTsl4
QuT$28
QUTS35
OuUTsd
OVRs1
OVRS 18
OVR3$Z0
OVR$3Q
OVRE4E
ovisile
ovisdo
PCKSS
PLSS42
PLUSLS
PLYSIS
PL1842
PMODE ®
POINTL®
PO3s2s
PTFs8
PY1S1S
PY2sid
PY2339
Pi5sd8
P3S17

Q ]
QSRS1LY
RSTS37
QUTSLS
Q13837
REGSLO
RESLT s
RETS42
RNDS22
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RTNSLD
RTNSLB
RTS8316
RT1837
RUDS®
RU3SS
R2 »
RS ]
SCKy2
scLs2a
SCNS8
SFDs!
SFRS1
SFTs2
SF18}
SGNSLB
SGNSJ39
S§G1815

TABLE

W13b4pR
YBIn7 4R
016p04aR
YEUB06R
VW10646R
W10552R
¥17744R
(IR RY$1.
"I RE.1.1.1.;
U1349¢4R
d151deR
W1743pR
Y20RaenN
¥12762R
¥17432R
vuapd2Rr
GYb262R
¥11216R
vi2duaer
VoBs72R
vaguoe

Po0Bo2

015612R
“o4pb6QR
812048R
210312R
U21566R
D2@a742R
U13236R
vevele

¥i0260R
PRO2V4R
210276R
v2edieRr
D7 144R
duvole

000230R
015166R
Ve4664R
P10140R
213622R
213126R
v202202R
QubI4R
Yu65deR
X000
xouvopod

VaR176R
V19046R
YodS524R
YolalaRr
Vul266R
T4 3Y.1
2013¢4R

UL3I572R -

w2led4ar
012276+

NYMENDS
NZES25
ONESL9
uT2%42
QuTS1®
QuTsas
QuTs38
UuTsé6
QVRSsi2
UVR$19
QvRs28
OVRS3}
Qvisd
OvistLs
P

PLES20@
PLSSS
PLUSI®
PLYS37
L2810
PNTS8
POSSL9
ROSS27
PTS42
PYL1837
PY2s1s
P1817
F2sy?
P35s38
WSES1
GSRS37
QuosL3
QUTSY?
RDDS9
REGSI
RESULTS
RITs8
RORS Y}
RRiS11
RTNS14
RTNS 37
RTH$18
RT2%19
RUise
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eeoeda

015846R
014e00R
2Y0170R
D14340R
@17126R
ga057aR
QUI4BQR
207692R
014p06R
Q16606R
@17394R
PY4670R
213432R
eovedn

014792R
9233 IQR
@e¢i216R
020324R
Qa727pR
@e3706R
813792R
p16@76R
puoe76R
Q20346R
B12@92R
013144R
@13196R
2207 34R
ioeoeR
0203Y4R
PiB2iéER
020342R
P264Y2R
goar4zr
poaeds

pe5a22R
PR7564R
VO784gR
210640R
220204R
2137V6R
014544R
PR6476R

R2 LT LLT
k3 $X0000203

s s
SCLsio
SCL3

SCiste
85FD3$2

SFR$2

SFT$35
BLNSLS
SGN$24
868524
561339

pepnde

pazas2Rr
YO3RUPR
214312R
PO23II6R
PU2296R
¥1772pR
0120@04R
B15444R
B15314R
v21616R

NXTS24
OCL324
ONES20
oUTst

ouTSZ2

ouTe3e
0UTSset
OVFs§

OVRS16
OVRS2

QVRS29
OVRS3S
Ovisie
ovisas

015346R
CRR-1171.1.]
Yide70R
dp1552R
Y02426R
017404R
221756R
Y01564R
012764R
Ya2438R
017 15K
017754R
97 656R
D16604R

PC wXdpopo7

PLM342
PLSSE
PLYS1d
PLYS3IO
PL233
POINT =
POSS20
PRASLS
PY1813
PYisds
PY2837
P1829
P2329
P4abs38
QSESy”
Q87813
QUDS37
R13818
RDF3P
RELS25
RETS2}
RITSS
RORS4
RTIS42
RTNS16
RTINS 4}
RT1843
RT2842
RUZSS

0RY3AS4K
V@ad4ae6eR
P1o302R
V21550QR
dQ3p26K
d040002
01457 4R
010134R
D10322R
421572R
022342R
Yi7046R
@1703aR
¥207412R

82@4{50R
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Absolute loader, 3-22, A-1, A-3, Fixed point notation, 1-2
A-4 FLAC see Floating point accumulator
Addressing modes in TRAP calls, 3-2 Floating point accumulator (FLAC),
ASCII conversion routines, 2-3, 3-1
3-12, 3-14 " restrictions, 3-1
errors, 3-14 Floating point compare, 3-5
Assembler PAL-11S, B-1 * Floating point notation, 1-1, 1-2
error codes, B-3 double precision, 1-3
Assembly instructions, conditional, normalized, 1-2
2-2 : single precision, 1-3
Assembly switch tape, 3-17, 3-20 storage, 1-3

FORTRAN library functions, 3-10
FORTRAN operating time system, D-2
Binary exponent, 1-3 Fractional representation, 1-2
Binary form of TRAP instruction, 3-4 F' type conversion, 2-3
Blanks in input conversion : scale factor, 2-4
routines, 2-4
Bootstrap loader, 3-22, A-1, A-2,
A-3 Global entry points of FPMP-11, D-1
.GLOBL assembler directive, 3-2
G type output conversions, 2-3, 2-5
Calling conventions, 3-6 scale factor, 2-4
CLASS5 switch, 3-20
Conditional assembly instructions,2-2
source codes, 3-17, 3-19 Hardware option switches, 3-17, 3-18
Condition codes set by TRAP Hardware requirements, 1-1
handler, 3-5
Conversion routines, 2-2 through 2-5
Immediate mode, 3-2
Input conversion routines, blanks

Data formats of conversion routines in, 2-4
2-3 Integer conversion, 2-5
Decimal position, 2-4 I type conversion, 2-3, 2-4

Division, 1-2
Double precision

package, 2-2 J5RR mode, 3-6, 3-10

storage, 1-3 storage of results, 3-11

switch, 3-2 JPC mode subroutine call, 3-12, 3-13
D type conversion, 2-3, 2-5 LINK 118 linker, 3-22, C-1

scale factor, 2-4 error halts, C-6

error procedure and messages, C-3
fatal errors, C-4

Entry points, 3-1 non-fatal errors, C-4
Errors restarting, C-3
ASCII conversion routine, 3-14 Loaders, 3-22, A-1
assembly, 3-21 Loading instructions, FPMP-11
CLASSS5, 3-20 package, 3-22

floating point operations, 3-15
FPMP-11 code, 3-16
PAL-11S assembler, B-3 Modes in TRAP calls, 3-2
user error handling routines, 3-15 Multiplication, 1-2
user floating point, 3-1
E type conversion, 2-3

scale factor, 2-4 Negative exponent, 1-2
Excess 128 code, 1-3 Normalized numbers, 1-2, 1-4
Exponent in floating point notation, Number storage, 1-3
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One-word integer conversion, 2-5
OTS routines, 3-1, D-2

called directly, 3-8

non-0TS routines, D=8
O type conversion, 2-3, 2-4

PAL-11S 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,
D-8

Sample program, 4-1
Scale factor, 2-4
Single precision
package, 2-1
switch, 3-20
word storage, 1-3
Software requirements, 1-1
Source listing, E-1
Source tapes, 2=-2
Special packages, creation of, 3-17
Stack mode, 3-2
Storage of floating-point numbers,
1-3
Switch tape assembly, 3-17
Switches
CLASSS5, 3-20
double precision, 3-20
single precision, 3-20
Summary FPMP-11 routines, D-1
Symbol table size limitations, 3-21

Transcendental functions, 3-20
TRAP calls

addressing modes, 3-2

binary form, 3-4

source form, 3-4
TRAP handler, 3-2

for OTS routines, 3-1

routines, D-8

user routines, 3-6, 3-7
Trigonometric functions, 3-20
Two-word integer conversion, 2-5

User error handling routines, 3-15



HOW TO OBTAIN SOFTWARE INFORMATION

Announcements for new and revised software, as well as programming notes,
software problems, and documentation corrections are published by Software
Information Service in the following newsletters.

Digital Software News for the PDP-8 & PDP-12
Digital Software News for the PDP-II
Digital Software News for the PDP-9/15 Family

These newsletters contain information applicable to software available from
Digital's Program Library, Articles in Digital Software News update the
cumulative Software Performance Summary which is contained in each basic
kit of system software for new computers. To assure that the monthly Digital
Software News is sent to the appropriate software contact at your installation,
please check with the Software Specialist or Sales Engineer at your nearest
Digital office.

Questions or problems concerning Digital's Software should be reported to
the Software Specialist. In cases where no Software Specialist is available,
please send a Software Performance Report form with details of the problem to:

Software Information Service
Digital Equipment Corporation
146 Main Street, Bldg. 3-5
Maynard, Massachusetts 01754

These forms which are provided in the software kit should be fully filled out
and accompanied by teletype output as well as listings or tapes of the user
program to facilitate a complete investigation. An answer will be sent to the
individual and appropriate topics of general interest will be printed in the
newsletter.

Orders for new and revised software and manuals, additional Software Per-
formance Report forms, and software price lists should be directed to the
nearest Digital Field office or representative. U.S.A. customers may order
directly from the Proaram Library in Maynard. When ordering, include the
code number and a brief description of the software requested.

Digital Equipment Computer Users Society (DECUS) maintains a user library
and publishes a catalog of programs as well as the DECUSCOPE magazine
for its members and non-members who request it. For further information
please write to:

DECUS

Digital Equipment Corporation
146 Main Street, Bldg. 3-5
Maynard, Massachusetts 01754
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READER'S COMMENTS

Digital Equipment Corporation maintains a continuous effort to improve the quality and usefulness
of its publications. To do this effectively we need user feedback -- your critical evaluation of
this manual.

Please comment on this manual's completeness, accuracy, organization, usability. and read-
ability.

Did you find errors in this manual? If so, specify by page.

How can this manual be improved?

Other comments?

Please state your position. Date:
Name: Orgonization:
Street: Department:

City: State: Zip or Country
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