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REVISIONS 

This publication, SOS 90 00 20E, is a reprint of the SOS 920/930 Computer Programmed 
Operators Technical Manual, SOS 9000200. The programs and programming descriptions are 
unchanged. However, page numbers have been changed to section numbers to faci litate 
future modification and updating. 

See Contents pages iii and iv, and Index pages xv and xvi for section numbering. Logical 
fi Ie designations are listed on the Contents pages and explained on page xiv. 
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INTRODUCTION 

The SDS Programmed Operator enables a programmer to code a subroutine call with a single in­
struction, just as if the subroutine were an actual machine instruction. Other computers usually 
perform standard subroutine calls by executing a transfer to the starting location of the subroutine 
and, at the same time, preserving a return address. This procedure requires an operation code 
(indicating a transfer) and an operand address (indicating the starting address of the subroutine). 
If the subroutine should require an additional operand, as in a floating-point add subroutine, for 
example, the calling sequence must be longer to accommodate the specification of the operand. 

The SOS Programmed Operator (abbreviated POP) uses the operation code to indicate the transfer 
address. When the computer detects a "one" in bit position 2 of an instruction, bit positions 2 
through 8 are not interpreted as a normal instruction, but instead are treated as an address to 
which the computer transfers control. Thus, the operand address field is free to designate an ad­
dress for use by the subroutine. There are 64 (decimal) locations [(100)8 through (177)a]to which 
a transfer may occur~ These 64 locations constitute a I inkage table; they normally contain appro­
priate unconditional transfer instructions (BRU) to maintain the communication link between the 
POP code and the subroutine being called by it. 

At the time the computer detects the POP code in the main program, four things happen. The ad­
dress (contents of P register) at wh ich the POP code occurs in the main program is stored in loca­
tion O. The indirect address bit {bit 9)is set in location O. The contents of the overflow register 
are preserved in bit 0 of location O. Transfer is made to the location given by the POP code. 

For example, let location 01000 contain an instruction 010400200 and the overflow register be 
set (i .e., =1). As the program executes the instruction at 01000, location 0 wi II be set to 
040041000, consisting of the address 01000; a one at bit 9 (indirect address); and a one in bit 0 
(contents of the overflow register). Transfer will then be made to location 0104, which should 
contain an unconditional branch to the POP subroutine. If a normal BRR 0 is used to exit from 
the POP subroutine, return wi II be made to location 01001, and status of the overflow register 
will be re-established. 

By referencing location 0 directly, the address of ,the location from which the transfer was made 
may be picked up. By referencing 0 indirectly, the contents of the location from which transfer 
was made may be picked up. 

In the preceding illustration, for example, 

LOA 0 

would load the A register with the contents of 0 (i.e., 40041000). By masking, the condition of 
the overflow may be determined, or address may be extracted. 

On the other hand, 

LOA *0 
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would load the A register with the contents of 01000 (i.e., 010400200). By masking, address por­
tion may be extracted for use by the POP subroutine. 

By judic ious use of the programmed operator princ iple, a one-to-one correspondence may be 
maintained between SDS 920 instructions and SDS 910 instructions. For example, XMA is a 920 
machine instruction; its function may be simulated on the SDS 910 by a subroutine, and this sub­
routine may be called by means of a programmed operator. Thus, the main program requires the 
same number of instructions for either the SDS 910 or 920. 

The following operations take place when the computer detects a programmed operator: 

1. (P ) ... (0)10-23; save P register for return address 

2. 1 ...... (0)9 ; insert indirect address bit 

3. (Of) .... (O)s ; preserve status of overflow toggle 

4. (C)2_8 ..... (P); branch to location indicated on POP code 
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SDS 920/930 PROGRAMMED OPERATOR EXAMPLE 

Contents of 
Effective Effective 

Of Location Instruction Address Address Location 0 A Register 

MAIN PROGRAM - XMP is a POP Reference 

01342 14002163 XMP 02163 02163 00000012 Set 00000144 

TRANSFER LOCATION (0140) - Assigned by Loader 

00140 00104000 400401342 Reset 

POP SUBROUTINE - Relocated by Loader at 04000 

04000 
04001 
04002 
04003 
04004 
04005 

01343 

03604005 $XMP STB TEMPB 
06440000 MUL *0 02163 00000012 00000000 
06700027 LSH 27 00001750 
07504005 LDB TEMPB 04005 01234567 00001750 
05100000 BRR 0 Set 
00000000 TEMPB PZE 01234567 

Continue in main program 

Explanation: XMP is a programmed operator that produces the integer prod­
uct of the integer in the A register and the integer contained 
in the effective address. Overflow is set if the integer prod­
uct exceeds the capacity of a single register. The contents of 
the B and X registers are unaffected by th is II instruction ". In 
this example, Xf\.~P is assigned POP transfer address 0140 and 
a BRU 4000 is set in location 040 by the Loader. 

B Register 

01234567 

00003720 
00000000 
01234567 





S 1/ • -Is I SCIENTIFIC DATA SYSTEMS 

SDS 900 SERIES PROGRAM LIBRARY 

PROGRAM DESCRIPTION 

Catalog No. 202003D 

SDS 920/930 PROGRAMMED OPERATOR PACKAGE 

GENERAL 

This package contains a basic set of Programmed Operator routines for use with the SDS 920/ 
930 Computers. The package comes in two forms. The POP routines can be contained as a Pro­
grammed Operator Library on the MONARCH System tape, and loaded by the MONARCH Loader. 
Or, they can be on paper tape or cards in Standard SDS Format and loaded by the Universal Binary 
Loader. 

POPs may be used only in programs assembled in SYMBOL or META-SYMBOL.
t 

Note that the 
POPs in this package may not be used with FORTRAN II, ALGOL, or REAL- TIME FORTRAN. 
(FORTRAN has its own set of Run-Time POPs. See FORTRAN II Operations Manual, SDS 
900046D.) 

HOW TO PROGRAM POPs 

Each POP is represented by mnemonic which may be written exactly as a machine language instruc­
tion in coding a program. A typical sequence might be: 

MULT 

LDA 
LDB 
FLM 

MANTIS+1 
MANTIS 
FLOATN 

MANTISSA 
EXPONENT 
SINGLE PRECISION FLOATING MULTIPLY 

After the execution of the FLM POP at location MULT, the A register would contain the mantissa, 
the B register the exponent, of the Single Precision Floating Point Multiply. Note that the POP 
will access the operand portion FLOATN during its execution, in this case to get the multiplier. 
Each POP Description contains explicit directions as to the use of the symbol or quantity in the 
operand field of the POP. 

Warning: Use only the mnemonic forms of these standard POPs; do not attempt to generate an oc­
tal code wh ich wi II induce a POP transfer at execution ti me. For example, 

EX FORM 9, 15 

EX 0105,01000 

tFor use of POPs with SYMBOL 4 or SYMBOL 8 Assemblers, or with HELP, see Programmed Oper­
ators SDS 920 Manual, SDS 900020B. 
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-----"-"'------------------------------------------~ 

would certainly generate a line of code of the form 010501000 at assembly time, but would be 
illegal for purposes of the load function. The reasons will become clear after the reader under­
stands the sections explaining how the Assemblers and Loaders deal with POPs. If information in 
the A, B, and X registers is not to be used by the POP, it is saved and restored upon return to the 
main program. 

LOADING POPs 

A. MONARCH 

1. Use a 6LOAD instruction to load the main program, subroutines, and POP subroutines 
you have written yourself. If any program is relocatable, a bias must be given. The 
POPs wi II then be loaded following the last relocatable program. If, however, all the 
program are absolute, a bias location at which the POPs may be loaded must be given. 

2. The Loader will search the MONARCH POP Library for unsatisifed POP references. 

3. If a GO or STOP directive is given in the L:::.LOAD instruction, no symbol table will be 
typed before execution. 

If a TGO or TSTP directive is given in the L:::.LOAD instruction, the symbol table con­
taining all references (program and POP) is typed. Following each reference will be an 
octal quantity. If bit 0 of this number is set, the reference is satisfied; if bit 1 is set, 
the reference is unsatisfied, and no I inkages have been set up. 

4. Execute the program. 

B. UNIVERSAL BINARY LOADER 

1. Set a starting location in the A register for relocatable program to be loaded. The POPs 
wi II be loaded following the last relocatable program. If all programs to be loaded are 
absolute, set in the A register the address of a location where POPs may be loaded. 

2. Set breakpoints. Breakpoint settings described in Universal Binary Loader (Catalo~J Num­
ber 000020) are to be closely followed if loading is to be successful. Setting Breakpoints 
1, 2, and 3 wi II ensure that the loeder wi II ha I t after each program loaded. 

3. Load the Universal Binary Loader by standard fill. 

4. Load the main program and each subprogram. 

5. Mount the POP tape or deck. Clear the halt to load. 

6. If BPT 3 is set, the computer wi II ha I t with a BRU to the end transfer add ress in the C 
register. Halts may occur between (5) and (6). See Universal Binary Loader write-up 
for detai led explanation. 
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Errors: MISSING DEFS, together with a list of missing POP subroutines will be typed if all 
POP references in the programs are not satisfied. Note that the POP Library is the 
last tape/deck to be loaded. 

HOW THE ASSEMBLER TREATS POPs· 

As the SYMBOL and META-SYMBOL Assemblers encounter mnemonics not recognized as st<:mdard 
machine mnemonics, Assembler directives, PROC calls, etc., they arbitrarily assign each a 
unique sequence number between 0100 and 0177 (for example, F LM, not a standard machine 
mnemonic, might be assigned sequence number 0105). Each time the same mnemonic is encoun­
tered in one program during one assembl y, it is assigned the same sequence number (i .e., each 
time FLM is encountered it would be assigned 0105). The Assembler flags each of these with an 
"I" as an illegal instruction mnemonic. It merely means that it was unable to find that mnemonic 
in its table of standard mnemonics. 

The octal representation of the generated code will contain the sequence number in bits 2-8. 

e. g., F LM 0201 

If F LM is given sequence number 0105, the following I ine of code would be generated: 

I 10500201 F LM 0201 

Note that the sequence number is not the number of the location to which transfer wi II be made 
during execution. A further transformation and reassignment is made during loading. (See the 
next sec tion, "How the Loader Treats POPs".) 

When the object tape or deck is produced by the Assembler, each data block will contain informa­
tion as to which instructions are POPs. (See MONARCH Reference Manual (SDS 900566), Sec­
tion III, the MONARCH LOADER, for more expl icit information.) 

HOW THE LOADER TREATS POPs 

As each program or subprogram is loaded, the names of POP references are gathered, together with 
their sequence number, into a table used by the Loader. As POPs are loaded from the POP tape or 
MONARCH Library, the name of each POP definition in the POP Library is compared with the 
entries in the POP reference table created by the Loader to see if that POP subroutine should be 
loaded. If so, the sequence number in each POP instruction in the programs loaded is replaced by 
the actual POP transfer code in all locations where the POP occurs; i.e., FLM might have been 
given sequence number 0110 by the Assembler, but the loader might assign POP code 0124 to the 
FLM instruction. In this case, during execution, transfer would be made to location 0124 rather 
than to 0110. Location 0124 would contain finally a BRU to the FLM POP subroutine. If the 
Loader is successful in satisfying all POP references, no error message occurs. If any POP refer­
ences are sti II unsatisfi ed, an error message II MISSI NC; DEFS II together wi th the ir names wi II be 
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typed. After all loading is complete, the Loader initializes by setting up BRUs to POP subroutines 
in appropriate locations 0100 to 0177. 

OTHER USE OF THE PROGRAMMED OPERATOR FACI LITY 

Of the four directives (OPD, POPD, FORM and DATA) capable of generating octal code to cCiuse 
POP transfer at execution time, only POPD does so in a way that enables the Loaders (MONARCH 
and UB L) to set up appropriate I inkages at load time. Use of POPD is described in detai I in the 
next section. 

OPD, FORM and DATA may be used to generate octal code which will cause POP transfer at exe­
cution time with certain limitations. For instance, the following examples all generate the line 
of code 012300050 at assembly time. 

Example 1: 

INST FORM 9,15 

INST 0123,050 

Example 2: 

TRAP OPD 012300050 

TRAP 

Example 3: 

DATA 012300050 

The danger is that with these directives the Loader does not modify bits 2-8 during load time, ond 
a confl ict with existing POP references may occur. 

However, if care is exercised in selection of locations 0100-0177 that do not interfere with Loader 
assignments, the POP mechanism may serve as a "trapping" facility. 

For example, since the Loader assigns from 0100 up, "trap" assignments could be made, numbered 
from 0177 down. 

xii 



Catalog No. 2020103D 

TRP1 OPD 017700000 

TRP1 ALPHA 

If the current value of ALPHA were 02050, the resulting instruction would be: 

017702050 TRP1 ALPHA 

At load time, the address could be modified for relocatability, but the bits 2-8 would not be 
changed. 

At execution time, a POP transfer would be made to location 0177. 

Note that the programmer would have to store a BRU to the Iitrap" subroutine in location 0177. 

WRITING POP SUBROUTINES - THE POPD DIRECTIVE 

If the user desires, he can write new subroutines to service any of the present POP mnemonics. 
To write a new subroutine for F LM, code the subroutine in the following manner: 

$FLM POPD 
LOCl STX 

BRR 

TEMP 

o 

FIRST LINE OF SUBROUTINE 
SUBROUTINE CODE 

RETURN TO MAIN PROGRAM 

Note that it is not necessary to reserve the first location of the subroutine (i. e., LOC1) for the re­
turn address! since location 0 is used for this purpose. It will be unnecessary to change any cod­
ing in the main program, since FLM will cause a transfer to a POP location at execution time. 

The new POP subroutine may be assembled with or separately from the main program which calls it. 
If the new POP subroutine is loaded after the main program but before the POP Library, it satisfies 
the POP reference and the subroutine is not called from the POP Library. Note that the POP sub­
routine is really a service subroutine, and may be coded using all the capability of SYMBOL and 
META-SYMBOL. 

Of course, the user can define any new mnemonics or redefine standard machine mnemonics (ex­
cept Assembler directives such as LDA, MIN, SKG, etc.) since POPD directive overrides system 
mnemonics in both SYMBOL and META-SYMBOL. For instance, a user might desire to write a 
fast, 12-bit binary-to-decimal conversion. The mnemonic FBD could be used asa "POP" reference, 
and the subroutine coded $FBD POPD, etc. Or, if the user desired to cause TRTW to incorporate 
several tape tests, he could assign TRTW as $TRTW POPD and code a suitable subroutine incor­
porating all the tests. 
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Catalog No. 202003D 

MODIFYING OR UPDATING THE PROGRAMMED OPERATOR LIBRARY 

The POP Library is available in three forms: (1) paper tape, (2) binary cards, and (3) pClrt of 
MONARCH System tape. In all three cases, this library consists of a number of ilLogical Files", 
each a complete program with one or more external entry points. (See Contents, page iii, for 
Logical Fi Ie Number designations.) Each Logical Fi Ie has been assembl ed as a separate subrou­
tine, although it may contain more than one POP definition. For example, Logical File No. 21, 
SQR, is a separate subroutine with one entry point, SSQR; however, Logical File No. 16, CSD, 
SND, is a single subroutine with two entry points, SCSD and SSND. 

Note that program numbers do not necessari Iy correspond wi th Logical Fi Ie numbers. For exampl e, 
Cat. No. 203022-B consists of four separate subroutines: (1) DPN (Logical File No. 25); (2) DPD, 
DPM, DPS, DPA (Logical File No. 26); (3) LDP (Logical File No. 27); and (4) STD (Logical File 
No. 28). Also, a Section may contain writeups for more than one Logical File (e.g., Sections 
25, 26, and 27). 

All three forms (paper tape, card, MONARCH) of the POP Library follow the Logical Fille arrange­
ment outlined on the Contents page. Each Logical File starts with a Type 2 (External Definition) 
record giving the POP definition and ends with a Type 3 (END) record. Each Logical Fille in the 
POP Library on the MONARCH tape is a 62 record under the 61 LIBRARY label. 

The POP Library is generally modified for two reasons: (1) insertion and deletion of routines to 
create an augmented or abbreviated library; or (2) updating to replace current routines. The 
Logical Fi les have been numbered to fac i I itate these modifications on the paper tape version of 
the POP Library by means of Cat. No. 012014, SYMBOL Reproduce and Update. The cord deck 
version may be altered by physically rearranging or editing, and the MONARCH System TJpe 
must be modified by its own "UPDATE" Routine. 

XIV 
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INDEX OF 920/930 PROGRAMMED OPERATORS 

Catalog Section 910 Timet Space 
Mnemonic Number Number (mi II is~conds) Oct/Dec Description 

ATD 203032B 14 5.0-5.5 236/158 Arctan, Fixed, Double 
ATF 203026C 15 4.9-6.4 371/249 Arctan, Floating 
ATN 203007B 13 1.032 71/57 Arctan of A, Fixed, Single 

BDD 203037B 1 6.304-8.800 270/184 Binary-Dec i rna I, Fixed, Double 
BDF 203039B 3 12.9 + 065E 253/171 Binary-Dec imal, Floating, Double 

E =dec. expon. 
BFS 203014B 2 2.824 113/75 Binary-Decimal, Floating, Single 
BID 203012B 7 1. 904-2.240 141/97 Binary-Dec i rna I, Fixed, Single 

COS 203018B 18 0.464-0.504 40/32 Cosine of A 
CSD 203034B 16 3.59-3.86 224/148 Cosine, Fixed, Double 
CSF 203028C 17 4.25-5.45 331/217 Cosine, Floating-

DBD 203036B 4 6.096-6.448 262/178 Decima I-B inary, Fixed, Double 
DBF 203038B 6 3.8-8.5 251/169 Dec ima I-B inary, Floating, Double 
DFS 203015B 5 2.312 64/52 Dec ima I-B inary, Floating, Single 
DIB 203013B 8 2.400-2.784 123/83 Decimal-Binary, Fixed, Single 
DPA 203016B 25 0.160 114/76 Add, Fixed, Double 
DPD 203022B 25 1.016-1.400 114/76 Divide, Fixed, Double 
DPM 203040B 25 0.504 114/76 Multiply, Fixed, Double 
DPN 203022B 25 0.072-0.104 12/10 Negate, Fixed, Double 
DPS 203017B 25 0.160 114/76 Subtract, Fixed, Double 
DSQ 203035B 19 1. 112-1.320 122/82 Square Root, Fixed, Double 

EXF 203025C 12 2.24-7.93 237/159 Exponentia I (2, e, 10), F loati ng 
EXP 203008B 11 0.824 +scal ing 76/62 Exponential (2, e, 10) of A 

FFF 203011 C 22 0.280-0.632 122/82 Fixed-Floating Conversion 
FLA 203023C 24 0.656 320/208 Add, Floating, Double 
FLD 203023C 24 1.072 320/208 Divide, Floating, Double 
FLM 203023C 24 0.736 320/208 Multiply, Floating, Double 
FLN 203023C 24 0.152 320/208 Negate, Floating, Double 
FLS 203023C 24 0.784 320/208 Subtract, Floating, Divide 
FSA 203010B 23 0.352-0.480 174/124 Add, Floating, Single 
FSD 203010B 23 0.464-0.480 174/124 Divide, Floating, Single 
FSM 203010B 23 0.248-0.264 174/124 Multiply, Floating, Single 
FSN 203010B 23 0.064-0.072 174/124 Negate, Floating, Single 
FSQ 203029B 20 1.056-1.080 107/71 Square Root, Floating, Double 
FSS 203010B 23 0.368-0.480 174/124 Subtract, Floating, Single 

tTo extrapolate 930 times, multiply 920 times by a factor 1.75/8 = 0.219. 
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INDEX (cont.) 

Catalog Section 910 Time Space 
Mnemonic Number Number (m ill iseconds) Oct/Dec Description 

LDP 203022B 25 0.120 6/6 Load, Double Prec ision 
LGF 203024C 10 3.08-6.15 230/152 Log (2, e, 10), Floating 
LOG 203009B 9 904 ~sec 60/48 Log (2, e, 10) of A 

+normalize 
LGP 203021B 27 0.200 12/10 Load Guadruple Precision 
LTP 203020B 26 0.160 10/8 Load, Triple precision 

SIN 203006B 18 0.448-0.488 4J/32 Sine of A 
SND 203033B 16 3.55-3.81 224/148 Sine, Fixed, Double 
SNF 203027C 17 4.2-5.3 331/217 Sine, Floating 
SQR 209019B 21 0.384-0.576 124/84 Square Root of A 
STD 203022B 25 0.160 6/6 Store, Double Precision 
STP 203020B 26 0.216 11/9 Store, Triple Precision 
STQ 203021B 27 0.256 13/11 Store, Quadruple Precision 
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IDENTIFICA TION: 

AUTHOR: 

ACCEPTED: 

COMPUTER 
CONFIGURA TION: 

PURPOSE: 

PROGRAMMED 
OPERATORS: 

STORAGE: 

TIMING: 

SOURCE 
LANGUAGE: 

USE: 1. 

SDS 900 SERIES PROGRAM LIBRARY 

PROGRAM DESCRIPTION 
Catalog No. 203037-B 

Binary to Decimal Conversion, Double, Fixed - BDD 

Richard S. Re ~nick, SDS 

1 7 April 1963 

Any SDS 9Z0/930 Computer 

To convert a double precision fixed point binary number 
in A, B with the binary point location in the address 
field of BDD programmed operator, into thirteen 6-bit 
characters in A, B and extended register locations L 
and 3, with sign, decimal point, and spacer character. 

Sixteen characters (four words) are necessary to 
represent the final converted decimal number completely 
formated for output. 

DPN, DPA, DPS, DPM, LDP, STD 

Instructions and constants: 270 oct, 184 dec 

Uses temporary storage locations 16 through 
22. 

Uses extended register locations 2 through 11. 

6. 304 to 8. 8 00 m. s • 

SYMBOL 

FUNCTION 

To convert a fixed point binary number in A, B with the 
bina ry po in t I 0 c a ti on in the add res s fi e 1 d 0 f the B D D 
programmed operator into thirteen 6-bit BCD charactel'~ 
in A, B location 2 and location 3 with sign, decimal 
point, and spacer character. The final sixteen character 
decimal number with format symbols replaces the 
argument in A, B and locations 2 and 3 in the following 
manner: 
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USE: (cont.) 

Catalog No. 203031 B 

Table 1 
~ __ •. __ .. _ ~ _ ,, __ .. ~_ .... __ ._.~ ._ ... _._ ....... __ .. _ ... _·.N·.· ... _ .• __ ... ___ ..... _ •• _...-. ___ ' ..... 

Range of Location Location! 
Argument B A 2 3 

i • 13 0 ~ IAI < 1 

i • 1 2 1 ~ IAI < 1 

i = 11 10 "IAI< 10
2 

10 2 I 3 i = 1 0 .~ IA < 1 0 

I 
SF=*:. X X X X X X X X XI X X X X 

I 

SP±: X . ' X X X X I X X X XI XX X ~~ 

Sp± X X • X X xl X X X xi X X X xi 
SP± X X X X X X X X X X X X x; 

, 

i = 9 10
3 ~IAI < 10

4 
SP± X X X X • X X X X X X X X xi 

J 

i = 8 10
4 .!5.IAI < 10

5 
SP± X X X X X. X X X X X X X Xi 

i = 71105 ~IAI < 10° I Sp± X X X X X X . X X X X X X xl 

i = 6! 10
6 ~ IAI < 10

7 I SP ± X X X X .x.x X. X X X X X X 

i - 5! 10
7 ~ IA I < I O!l I" Sp -i. X X X X X X X X • X 1

1

'1' X X X X I I - i 
i= 4!10

8 ~IAI<109 isp±XX XXXX XXX. !XXXXi 

i = 31109 ~IAI< 10
10 

sp± X X X X XX X X XX • X X Xl 

i = 2 1 0 1 0 ~ ~ I < 111 1 SF ± X X X X X X X X X X X X X 

i = 1 10 11 ~ JA I < 10
1 

2 SP± X X X X X X X X X X X X. X 

i = 
o 101

2 

~IAI< _10 .. ~~ _:_~~_~.~.:.~ .. ~._~.~ .. ~ .. ~_.~_~ __ :J 
2. ARGUMENT 

The argument is a double precision number in A, B with the 
binary point location in the 9 least significant bits of the 
programmed operator address. The Q (binary point 
location) can range from +87 to - 87. If the Q exceeds this 
or if the absolute value of the argument is equal to or 
greater than 10 13 at Q = 44, overflow will be set and the 
program will exit. When overflow occurs the original 
argument is lost. 

3. ACCURACY 

The output is accurate to thirteen decimal digits. 
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METHOD: 

Catalog No. 203037 B 

The argument is normalized and made positive. If Q 
is less than or equal to zero, the argument is shifted 
right Q places and handled like an argument whose Q is 
zero. If Q is greater than zero, the argument is shifted 
right 44-Q place sand te sted for the interval in which it 
lies. The intervals are denoted by subscript i and are 
de scribed in Table 1. 

A is then multiplied by 10-(i-1). This results in a 
number greater than 1 and less than 10. This is the 
first decimal digit. By successively extracting off the 
newly formed digit, and multiplying by 10, all thirteen 
digits are formed. The placing of the decimal point is 
a function of i. 
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1 $F.DD Pt)PD 017000000 
oonco 0 37 00007 2 STX Tx 
OOOCI I,) 77 40000 3 EAX *0 PuT Q INTO X 

00002 0 35 00017 4 STA UK1 
00003 0 76 00000 5 LDA 0 
00004 0 35 00006 6 STA EXIT SAVE EXIT ADDR 
00005 0 76 00017 7 LDA WKI 
00(106 0 67 10054 8 Nt)D 44 
00007 lJ 72 00265 9 SKA =0 4 0000000 
00010 1 05 00000 10 DPN 
00011 0 72 00265 1 1 5KA =040000000 
00012 4 01 00014 12 8RU FIX.4 A~G EQU -100 
00013 4 01 00016 13 8RU eK.4 AriG 61< 

000t4 4 41 00015 14 FIX BRX $+1.4 I NCREI1ENT Q 

00015 06624001 15 DATA 06624001 
00016 1 01 00010 16 OK STD AL 
00017 4 76 00147 1 7 l.DA MINUS.4 
00020 o 53 00017 18 SKN WKI TEST ARG NEG 

I 00021 4 76 00146 19 l~A PLUS.4 
~ 00022 0 35 00016 20 STA WKO II'4IT FIRST UBRD 

00023 4 76 00173 21 l.DA 3lJ23.4 I NIl WORD COUNT 
00024 0 35 00022 22 Sf A CtlUNT wJRD COUNT EQU 4 
00025 4 76 00145 23 LDA XMA.4 INIT STORE ~ORD 

00026 4 35 00110 24 STA LtH}P+2.4 t1 ~ORDS TO BE' STORED 
00027 u 46 00200 25 CXA INSPECT Q 

00030 0 46 00500 26 RCH 0500 EXPON OF A INTO X 
00031 0 46 00200 27 CXA 
00032 4 73 00156 28 SKG 44Q23.4 Tt:ST Q GTR 44 

00033 U 73 00266 29 Sr<G =0 
00034 4 01 00055 30 BRU NEGQ.4 
00035 4 54 00156 31 SuB 44Q23.4 
00036 U 46 01000 32 CNA A EQU 44-Q 
00037 0 35 00005 33 STA EXP 
00040 U 46 00400 3t1 CAX 
00041 U 76 00011 35 LDA AH 
00042 t!. 66 00000 36 RSH 0.2 SCALE ARG AT 44 
00043 :, 06 00175 37 DPS 10f13,4 
00044 l; 72 00265 38 SKA =0 40000000 



00045 4 01 00047 39 8RU ARGBK.4 
00046 ." 51 00144 40 BRR 6~FL6.4 

00047 4 71 00153 41 ARGOK LDX M27(J23.4 
00050 7 03 00232 42 DPA 9EX.6 FIND RANGE BF ARG 
00051 4 41 00052 43 8RX $+1.4 
00052 0 72 00265 44 SKA =040000000 
00053 4 41 00050 45 8RX ARGBK+l.4 
00054 4 01 00067 46 8RU SCALE.4 
00055 0 46 01000 47 NEGQ CNA 
00056 4 73 00156 48 SKG 44Q23.4 TtST -Q GTR 44 
00057 I,) 73 00267 49 SKG =-1 
00060 4 51 00144 50 BRR 6~FLO.4 

00061 0 46 00400 51 CAX 
00062 1 00 00010 52 LDP AL 
00063 2 66 00000 53 RSH 0.2 SCALE AT 0 
00064 2 46 00000 54 RCH 0.2 CLEAR X 
00065 1 01 00010 55 STn AL 
00066 0 37 00005 56 STX EXP 
00067 0 46 00200 57 SCALE CXA A EQU -2E 

J, OOC170 0 66 00001 58 RSH 1 A EQU -E 
00071 U 46 01000 59 C~A A EQU E 
00072 0 35 00004 60 STA PBINT 
00073 0 46 00441 61 RCH 0441 CAX.CXB.CLA 
00074 6 54 00157 62 SUB RSH.6 FdRM RIGHT S"'IFT 
00075 0 63 00005 63 ADM EXP 
00076 U 46 00020 64 CBX 
00077 1 00 00010 65 LDP AL 
00100 7 04 00263 66 DPM 10 MX.6 
00101 0 66 40005 67 RSH *EXP 
00J02 4 71 00155 68 LDX M2Q23.4 INIT 2 C..,AR 
00103 4 01 00106 69 BRU LaftP.4 
00104 4 61 00110 70 WBF<D MIN LBOP+2,4 
00105 4 71 00154 71 LDX M4Q23.4 INIT 4 CHAR 
00106 0 36 00010 72 Let3P ST8 AL 
00107 0 46 00004 73 CAB 
00110 C 62 00016 74 XMA \.IKO 
00111 0 60 00004 75 SKR POINT Tr:::ST FErR DECIMAL 
00112 4 Ot 00121 76 Pi~U DIGIT.& FtJRM NEXT DIGIT 
00113 4 75 00152 77 LD8 DECMAL.4 FoRM "DEC I MAL PO I NT 



00114 a 67 20006 78 Ley 6 PACK DECIMAL peINT 
00115 4 23 00110 79 EXU Laep+2.4 
00116 0 36 00004 80 5T8 P(jiNT 
00117 0 75 00010 81 LDB AL 
00120 4 01 00134 82 BRU FLAGR .. 4 
00121 0 67 20006 83 DIGIT LCY 6 PACK NE\.I DIGIT 
00122 4 23 00110 84 EXU Lt3t!P+2 .. 4 
00123 0 75 00010 85 LI:B AL 
00124 4 14 00150 86 t:TR MASK.4 
00125 U 35 00011 87 STA At-! 
00126 0 67 00002 88 LSH 2 START DP ADD 
00127 0 46 00014 89 XAB 
00130 0 55 00010 90 ADD AL 
00131 0 46 00014 91 XAB 
00132 0 57 00011 92 ADC AH 

00133 C- 67 00001 93 LSH 1 Nt:\.. DIGIT 
00134 4 41 00106 94 FLAGR 8~X LdtlP.4 CriAR CBUNT 
00135 t.) 60 00022 95 St<R C~UNT \JdRD C~UNT 

00136 4 01 00t04 96 8RU WBRD .. 4 
I 00137 1 00 00020 97 L.DP WK2 

0- 00140 1 01 00002 98 STn 2 
00141 1 00 00016 99 LDP WKO 
00142 0 71 00007 100 LDX TX 
00143 U 51 00006 101 BRR ExIT 
00144 4 51 00141 102 eVFLI5 BRR $-3.4 
00145 o 62 00016 103 Xt"A XMA \,/KO 
00146 00001212 104 PLUS DATA 01212 
00147 00001240 105 MINUS DATA 01240 
00150 00777777 106 M~SK DATA 0777777 
00151 17777777 107 Xt'ASK DATA 017777777 
00152 33100000 108 DECMAL DATA 033100000 
00153 77777745 109 M27Q23 DATA -27 
00154 77777774 110 MAQ23 DATA -4 
00155 77777776 111 M2Q23 DATA -2 
00156 00000054 112 44Q23 DATA 44 
00157 77777777 113 RSH DATA -1 
COleO 00000050 114 DATA 40 
00161 00000044 115 DATA 36 
00162 UOOOO041 116 r.AT A 33 



00163 00000036 117 DATA 30 
00164 00000032 118 DATA 26 
00165 UOOOO027 119 DATA 23 
00166 00000024 120 DATA 20 
00167 00000020 121 DATA 16 
00170 00000015 122 DATA 13 
00171 00000012 123 DATA 10 
00172 00000006 124 DATA 6 
00173 00000003 125 3(;23 DATA 3 
00174 00000000 126 DATA 0 
00175 45200000 127 lC::13 DATA 045200000 
00176 22141163 128 DATA 022141163 
00177 33100000 129 DATA 033100000 
00200 20275716 130 DATA 020275716 
00201 34240000 131 DATA 03 4 240000 
00202 01506141 132 DATA 01506141 
00203 26020000 133 DATA 026020000 
00204 00123643 134 DATA 0123643 
00205 42150000 135 C,~ TA Q42150COO 

I 00206 u0010303 136 DATA 010303 'J 
00207 1}644000 137 DATA 011644000 
00210 00000655 138 DATA 0655 
00211 72452000 139 DATA 072452000 
00212 00000052 140 DATA 052 
00213 22521000 141 DATA 022521000. 
00214 00000004 142 DATA 04 
00215 J3356400 143 DATA OJ3356400 
00216 00000000 144 DATA C 
00217 02576200 145 DATA 02576200 
00220 00000000 146 DATA 0 
OO?21 00214500 147 DATA 0214500 
00222 00000000 148 DATA 0 
00223 00016040 149 DATA 016040 
00224 00000000 150 DATA 0 
00225 00001320 151 DATA 01320 
00226 00000000 152 DATA 0 
OO?27 00000110 153 DATA 0110 
00230 00000000 154 DATA n 
00231 01133660 155 DATA 011-33660 



00232 21457146 15f 9Ex DATA 021457J46 
00233 413626 40 157 CATA 041362640 
00'34 2~772777 1~8 DATA 02577?777 
00235 31657400 159 DATA 031657400 
00'36 33371577 160 DATA 033371577 
00237 50115540 161 DATA 050115540 
OO?40 21134057 162 DATA 021134057 
01)241 42141100 163 DATA 04214110lJ 
00242 25363073 164 DATA 025363073 
00243 J2571300 165 DATA 032571300 
00244 J2657712 166 DATA 032657712 
00245 40553674 167 DATA 040553674 
00246 20615736 168 DATA 020615736 
00'-47 10706660 169 DATA 010706660 
00250 24761326 170 DATA 02 4 761326 
00251 53070420 171 DATA 053070420 
00252 32155613 172 DATA 032155613 
00253 22743260 173 rATA 022743260 
002'54 20304467 174 DATA 020304467 
00255 075341 40 175 DATA 07534140 
00256 24365605 176 DATA 02 4365605 
00257 31463160 177 DATA 031463160 

I 00260 31463146 178 DATA 031463146 co 
002fl 00000000 179 DATA a 
00262 20000000 180 DATA 020000000 
00263 00000000 181 lCMX DATA a 
002f4 24000000 182 DATA 02 4 000000 

00000004 183 PBINT EUU 04 
00000005 184 E~P EQU 05 
00000006 185 EXIT EtJU 06 
uOOOOO07 186 TX EQU 07 
00000010 la7 AL E£JU 010 
UOOOO011 188 AH ElJU 01 1 
00000016 189 WKO EQU 016 
UOOOOO17 190 WKl EQU 017 
00000020 191 WK2 EQU 020 
uOOOO021 192 UK3 EQU 021 
00000022 193 CBUNT EQU 022 

00265 40000000 194 END 
00266 00000000 
00267 77777777 
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IDENTIFICA TION: 

AUTHOR: 

ACCEPTED: 

COMPUTER 
CONFIGURA TION: 

PURPOSE: 

PROGRAMMED 
OPERATORS: 

STORAGE: 

TIMING: 

SOURCE 
LANGUAGE: 

SDS 900 SERIES PROGRAM LIBRARY 

PROGRAM DESCRIPTION 
Catalog No.2030l4-B 

Binary to Decim.al Conversion, Single, Floating - BFS 

Richard S. Re snick, SDS 

15 January 1963 

Any SDS 920/930 Com.puter 

To convert a single precision floating point binary nutnber 
with the m.antissa in A and exponent in B to a form.atted 
scientific notation six digit decim.al nutnber with decim.al 
exponent into B, A and Location 2. The form.at sym.bols and 
digits are in BCD 6 bits per character form.. 

Twelve characters (3 words) are necessary to represent 
the final converted num.ber com.pletely form.atted for output. 

EXP 

Instructions plus constants: 113 oct, 75dec 

Uses tem.porary storage locations 17 thru 21 and 
location 2. 

2.824 m.illiseconds. 

SYMBOL 

USE: 1. FUNCTION 

The final twelve character converted decim.al nutnber with 
form.at sym.bols replace s the argum.ent in A, B in the following 
m.anner: 

±. X X XXXX ±XX 
~ ~ '--v--J 

B A Location 2 

The addre ss field is not used. 

2. ARGUMENT 

The argum.ent is a single precision floating point num.b.e r 
with Mantissa in A and exponent in B. On exit, the 6 bit 

2-1 
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USE: (Cont.) 

METHOD: 

Catalog No. 203014 B 

characters are in the designated registers in the following 
lTlanner: 

A = 3rd, 4th, 5th and 6th digits of the lTlantissa. 

B = Sign, decilTlal point, 1 st and 2nd digits of the 
lTlanti s sa. 

Location 2 = space, sign and 2 digits of the exponent. 

3. ERROR 

If the argulTlent exceeds 10
100 

in absolute value, overflow 
will be set and the result will be erroneous. 

The exponent of the argulTlent is converted to a decilTlal 
exponent by extracting the integer portion of the product 
Q log 1 0 2 = 1 ± F. The fractional portion repre sents the non~ 
binary portion of the nUlTlber that is converted by finding 10 
( e xp 0 e n ti al pro g r alTl) . 

Multiplying the result tilTles the lTlantissa cOlTlpletes the 
arithlTletic part of the conversion. 

Extra_cling the actual decilTlal digits is done by :multiplying 
by 10 and adding to frolTl the polynolTlial: 

5 
2: A. 10- i 

o 1 

The results are form.atted as previously lTlentioned. The 
lTl ax err 0 r is 1 0 - 6 . 
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1 $EFS PtlPD 017100000 
00000 0 37 00020 2 BFS STX TJ( SAVE X 
00001 0 35 00021 3 STA TM SAVE SIGN 6F MANT. 
oon02 0 76 00000 4 LDA 0 SAVE THE EXIT 
00003 4 35 00075 5 STA ExIT .. 4 
00004 2 46 00010 6 CSA .. 2 CdA + CLX 
00005 4 64 00077 7 MUL MC .. 4 FtlRM I + F 
00006 0 35 00002 8 STA T I SAVE I 
00007 0 46 10012 9 BAC 
00010 U 66 20001 10 RCY 1 SCALE F AT 0 
00011 1 01 00002 1 1 EXP 2 ENTER 10**F 
00012 0 46 00014 12 XAB 
00013 0 66 20006 13 Rey 6 SCALf 10**F AT 5 
00014 0 64 00021 14 MUL TM D = 8*10**F 
00015 0 72 00112 15 SKA =040000000 
00016 4 01 00021 16 8RU $+3.4 YES 
00017 4 75 00102 17 LDB 6C .. 4 NtJ 00 SP. INTB 8 
00020 4 01 00023 18 8~U $+3.4 

N 
00021 0 46 01000 19 CNA NEGATE A I w 
00022 4 75 00103 20 LDB 15C+l .. 4 00-. INTB B 
00023 4 55 00110 21 ADD RCM .. 4 RiJUND 
00024 4 72 00076 22 SKA EC.4 TEST 1ST \J6RD ZERO 
00025 4 01 00033 23 BRU $+6 .. 4 N~l ZERO 
00025 0 36 00021 24 STB TM SAVE 8 
00027 0 67 20005 25 LCY 5 SET UP NEXT CHAR 
00030 4 64 00100 26 MUL t1C + 1. 4 10 AT 5 
00031 0 75 00021 27 LDB TM RESTORE 8 
00032 4 01 00034 28 BRU $+2 .. 4 DONT INCREMENT I 
00033 0 61 00002 29 MIN T I INCREMENT I 
00034 0 67 20006 30 LCY 6 PuT 1ST CHAR INTO 8 
00035 4 43 00064 31 8RM caD.4 ENTER BIN TO DEC 
00036 0 36 00017 32 STB T8 B REGISTER RESULT 
00037 0 46 00002 33 CLB 
00040 4 71 00106 34 LDX XC.4 -4 AT 23 4 CHAR 
00041 4 43 00064 35 PRM CBD .. 4 ENTER BIN TO DEC 
00042 0 46 10012 36 BAC 
00043 0 62 00002 37 XMA T I A REGISTER RESULT 
00044 4 65 00101 38 DIV DC.4 100 AT 23 



OOO~5 0 72 00112 39 SKA =0 40000000 
00046 4 01 00051 40 8RU $+3,4 YeS 
OOOd7 4 75 00104 41 LDB r.}C+2.4 NtJ 00 SPSP INT6 B 
00050 4 01 00053 42 BRU $+3,4 
00051 0 46 01000 43 C~A Nt::GATE A 
00052 4 75 00105 44 LDB aC+3.4 00SP- If'.4T6 8 
00053 4 55 OOtll 45 ADD RCE,4 RtllJND EXP6NENT 
00054 0 67 20001 46 Ley 1 SCALE EXP6N AT -1 
00055 4 71 00107 47 LDX XC+l,4 -.d AT 23 2 CHAR 
00056 4 43 00064 48 B~M C8D,4 ENTER gIN T6 DEC 
00057 0 46 10012 49 BAC 
00060 U 62 00002 50 XMA T I ExTENDED REG. RESULT 
00061 0 75 00017 51 LDB T5 
00062 0 71 00020 52 Lex TX Rc.STBRE X 
00063 4 51 00075 53 8RR ExIT,4 
00064 0 00 00000 54 CPO PIE BIN TB DEC CONVERT 
00065 U 36 00021 55 STB TM SAVE 8 
00066 0 46 00002 56 CLB 
00067 0 f16 20001 57 Rev 1 SCALE RESULTS AT 0 
00070 4 64 00100 58 MUL MC+1,4 10 AT 4 DEC CHAR AT 5 
00071 0 75 00021 59 LOB TM Rr::ST6RE B 
00072 0 67 20006 60 LCY 6 NEXT CHAR INTO B 

00073 4 41 00065 61 BRX $-6,4 TEST FINISH 
I'V 00074 4 51 00064 62 BRR C8D,4 !. 00075 o 00 00000 63 EXIT PIE 

00076 77000000 64 EC DATA 077000000 
00077 11504047 65 Me DATA 011504047 
COtoo 12000000 66 CATA 012000000 
001Cl UQOOO144 67 DC DATA 01 4 4 
00102 00001233 68 ec DATA 01233 
00103 00004033 69 DATA 04033 
00104 0OOOO50~ 70 DATA 0505 
00105 00000520 71 DATA 0520 
00t06 77777774 72 XC DATA 077777774 
00107 77777776 73 DATA 077777776 
00110 OOOOOOOt 74 RCl1 DATA 01 
00111 00000010 75 RCE DATA 010 

00000002 76 T I EQU 02 ExT REG 
0000002 J. 77 Tf" E::QU 021 
00000020 78 TX EQU 020 
00000017 79 TE EUU U17 

80 r."J~ 
~ ,"u 

00t12 40000000 



SDS 900 SERIES PROGRAM LIBRARY 

PROGRAM DESCRIPTION 
Page 1 of Z Catalog No. 203039-B 

==~~----=-------====-========-====-------=---=------------=---------------
IDENTIFICA TION: 

AUTHOR: 

ACCEPTED: 

COMPUTER 
CONFIGURA TION: 

PURPOSE: 

PROGRAMMED 
OPERATORS: 

STORAGE: 

TIMING: 

SOURCE 
LANGUAGE: 

Binary to Decimal Conversion, Double-Precision 
Floating Point - BDF 

W. LaSor, F. Valadez, SDS 

25 April 1963 

Any SDS 920/930 Computer 

To convert a double-precision floating point binary 
number to an II-digit BCD number formatted in 
scientific notation. 

DPM, DPN 

253 oct, 171 dec 

Uses temporary storage 16, 20, 21. 

(12.9 + .65 E) m. s., where E = decimal exponent. 

SYMBOL 

USE: 1. .Tr-\PU T 

The argument for the BDF program is a double­
precision floating point number in the combined A. B 
registers as shown below: 

A B 

o 23 o 14 15 23 
'-______ ........ ____ ~.--.----.- .. ----)'----...,...-.---.J 

Fraction Exponent 
(38 bits plus sign) (8 bits plus sign) 

2. OUTPUT 

The subroutine exits with the BCD number in A, Band 
memory locations 00002 and 00003 arranged as shown 
below: 

NNNN NJ:EE 
C. ___ """-/ _ ... J "' __ . __ .... -./.~ 
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USE: (cont.) 

METHOD: 

Catalog No. 203039.B 

Where N represents the digits of the mantissa and E 
repre sents the digits of the exponent. 

Example: 

Upon exit from the subroutine, the number +. 12345678901 
with a decimal e~ponent of 15 would appear as follows; 

+. 12 
~ 

B 

3. ACCURACY 

The maximum 
where; 

>:c 

relative error (E ) 
r 

IN* - N 
E = 

r N 

N = computed value 

N = true value 

~ 
3 

observed is 10-
11

, 

The decilnal exponent is initially set to O. The binary 
exponent is extracted and its magnitude is tested. If 
the binary exponent is greater than 0, the fractional 
portion of the argument is divided by 10" the binary 
exponent adjusted, and the decilnal exponent increlTlented 
by one. If the binary exponent is less than -3, the 
fraction is multiplied by 10, the binary exponent is 
adjusted, and the decimal exponent decremented by one. 
This proce ss continue s until the binary exponent lie s 
within the range - 3 ~ BE ~ O. 

The resulting fraction is first rounded, then converted 
to decilTlal by successive lTlultiplications by 10 until 11 
digits have been generated. As each digit is generated, 
it is merged, along with the sign and decilTlal point. 
into the four-word output format. 
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1 $EDF POPD 017000000 
00000 4 37 00246 2 S[F STX TX.4 
00001 4 71 00242 3 LDX M4.4 
000C2 4 37 00212 4 STX X2.4 
00003 4 37 00213 5 STX X3.4 
00004 4 71 00237 6 LDX PTEN.4 
00005 () 37 00016 7 STX COUNT SET DIGIT COUNT 
00006 0 71 00000 8 lDX 0 
00007 4 37 00244 9 STX RET.4 SAVE RETURN 
00010 0 46 00122 10 STE EXTRACT EXPONENT 
00011 0 72 00252 1 1 SKA SIGN TEST SIGN 
00012 4 01 00113 12 8RU NEG.4 
00013 U 73 00247 13 SKG ZERO 
00014 0 71 00251 14 LDX ONE 
00015 4 62 00245 15 XMA BUT.4 
00016 4 76 00223 16 LDA SPACE.4 
00017 4 62 00245 17 XMA OUT.4 
00020 4 43 00167 18 8RM FORM.4 

w 
00021 4 37 00243 19 SET STX BE.4 SET BE I w 
00022 0 35 00022 20 STA ARG+l 
00023 0 46 00001 21 CLA 
00024 0 35 00020 22 STA DE ScT DE TO'ZERO 
00Q25 4 76 00224 23 LDA POINT.4 
00026 4 35 00245 24 STA ftUT.4 
00027 4 43 00167 25 BRM FBRM.4 
00030 4 76 00243 26 LDA BE.4 TtST FOR RANGE 
00031 0 73 00247 27 LO(jP SKG ZERO 
00032 4 73 00242 28 SKG M4.4 
00033 4 01 00126 29 Br(U REDUCE.4 OuT OF RANGE 
00034 0 46 01000 30 CNA I r .. RANGE 
00035 \) 46 00400 31 CAX 
00036 0 76 00022 32 LDA ARG+l 
00037 2 66 00000 33 RSH 0.2 SCALE AT 0 
00040 0 35 00022 34 STA ARG+l SAVE SCALED ARG 
00041 0 36 00021 35 STB ARG 
00042 5 01 00235 36 DPM TEN.4 
00043 4 72 00230 37 S~A MASI(?4 TEST FBR LEADING ZERO 
00044 4 01 00164 38 B~U LOAD,4 



00045 0 67 00005 39 LSH 5 
00046 0 60 00020 40 SKR DE Fix EXP~NENT 
00047 0 20 00000 41 N6P 
00050 0 46 00014 42 R~UND XA8 
00051 4 55 00225 43 ADD RNDF.4 
00052 0 46 00014 44 XAB 
00053 0 57 00247 45 ADC ZERe 
00054 0 40 20001 46 ~VT TI::5T R~UND OVFLO 
00055 4 01 00160 47 BRU FIX.4 
00056 5 01 00235 48 DPM TEN.4 
00057 4 35 00245 49 PR STA BUT.4 
OOOfO 4 43 00167 50 8KM FeRM.4 
00061 4 14 00227 51 ETR t-1ASK1.4 
00062 0 67 00005 52 LSH 5 
000f3 \) 60 00016 53 SKR CtjUNT SKIP IF D~NE 
00064 4 01 00056 54 8RU PR-l.4 
00065 0 76 00020 55 LDA DE PRBCESS EXPONENT 
00066 0 72 00252 56 SKA SIGN 
00067 4 01 00153 57 8RU MINUS.4 w 

L- 00070 4 75 00223 58 LDB SPACE .. 4 

00071 4 36 00245 59 STS ~UT.4 

00072 4 43 00167 60 SRM FjPM.4 
00073 0 46 00002 61 CBNl CLB 
00074 a 66 00('27 62 RSH 23 SCALE AT 46 
00075 4 65 00237 63 DIV PTEN .. 4 
00076 0 67 00022 1)4 LSH 1.:3 
00077 4 35 00245 65 STA OU1.4 
00100 4 43 00tA7 66 8RM F"RM.4 
00101 4 36 00245 67 ST8 OUT.4 
00102 4 43 00167 68 8RM FjRM.4 
00103 4 76 00222 69 LDA TAB+:3.~ SET QP W6RD 
00104 0 35 00003 70 STA :3 
00105 4 76 00221 71 LDA TA8+2.4 
00106 0 35 00002 72 STA 2 
00107 4 76 00220 73 LDA T.48+1.4 
00110 4 75 00217 74 LDB TAB.4 
00111 4 71 00246 75 Lex TX.4 Rt:ST6RE INDEX AND EXIf 
00112 4 51 00244 76 eRR RET.4 
00113 0 66 00001 77 NEG RSH J 



001t4 4 41 00115 78 8RX $+1,4 CoRRECT E.XPONENT 
00115 4 37 OO~43 79 STX BE,4 
00116 1 02 00000 80 DPN 
00117 4 71 OO?43 81 LDX BE,4 
00120 0 67 10002 82 NtJD 2 
00121 4 62 00245 83 xMA elJT.4 
00122 0 76 00252 84 LDA SIGN 
00123 4 62 00245 85 XMA ~UT,4 

OQ124 4 43 00167 8f BRM F;JRM,4 
00125 4 01 00021 87 9RU SET.4 
00126 0 72 00252 88 REDUCE SKA SIGN 
00127 4 01 COt41 89 8~U MLT,4 
00130 4 54 00232 90 5LB PJ .. 4 
00131 0 46 00400 91 CAX 
00132 C 76 00022 92 LDA A~G+l 

00133 5 01 00240 9~ DPM T E ~J T H, 4 
00134 U 67 10001 94 NtjD 1 
00135 U 35 00022 95 STA ARG+l 
00136 0 46 00200 96 CXA 

w 
00137 0 61 00020 97 MIN DE 6, 
00140 4 01 00031 98 BRU La~p,4 

00141 4 54 00242 99 MLT SUR M4,4 
00J42 0 60 00020 100 SKP DE 
00143 0 20 00000 101 Nt:1P 
00144 0 46 00400 102 CAX 
00145 0 76 00022 103 LDA AKG+l 
00146 :; 01 00233 104 DPM PI0 .. 4 
00147 U f:.7 10001 105 NeD 1 
001~O a 35 00022 106 Sf A A~G+l 

00151 0 46 oo~oc 107 CXA 
00152 4 OJ 00031 108 8RU L(j~P.4 

00153 0 75 00252 109 MINUS LDB SIGN 
00154 4 36 00245 110 STB ~ul.4 

00155 4 43 001n7 111 8RM FcrRM,.1 
00156 0 46 01000 112 CNA 
00157 4 01 00073 11 :3 SKU C~NT,4 

001~0 0 61 00020 114 FIX MIN DE AJJUST ExpeNENT 
0Ol~1 4 76 00231 1 15 LDA Pl .. 4 
00162 U 46 0(1002 116 CL~ 



00163 d 01 00057 11 7 8~U PR.4 
00164 0 76 00022 11" LeAD LCA A~G+l 

00165 U 75 00021 119 LDR A~G 

00166 4 01 00050 120 BRU RBUND.t1 Gtj RfhJND 
00167 0 00 00000 121 FBRM PLE 
00170 4 35 00214 122 STA Sl\VEA .. .1 SAVE REGI5TERS 
00171 4 36 00215 123 ST8 S4VEB.t1 
00172 4 37 00216 124 STX SAVEX .• 1. 

00t73 4 75 OO?A5 125 LDB BuT.1t 
00174 4- 71 C0213 126 lUX X3 .. 4 

00175 6 76 OO??3 127 LDA TA8+A.6 
00176 0 67 ODOOn 128 LSH 6 
00177 6 35 00223 129 STA TAb+d.f. 
00200 4 37 00213 J 30 STX X] • ..1 
00201 4 71 00212 131 LDX X2.4 
00202 4 41 00205 132 8RX $+3.4 
00203 4 61 00213 133 MIN X3·4 INCREMENT W13RD 

002C4 4 71 002A2 134 LDX M..1.4 
00205 4 37 00212 135 STX X2.4 

w 00206 4 76 00214 136 LDA SAVEA .. A RESTB~E REGISTERS 
~ 00207 4 75 00215 137 LDB SAVEB.t1 

00210 4 71 00216 138 LDX SAVEX.t1 
00211 4 51 OOt67 139 8RR F6RM.4 
00212 0 00 OOCOO 140 X2 PlE 
00213 U 00 00000 141 x:! PlE 
00214 0 00 00000 142 SAVEA PZE 
00215 0 00 00000 143 SAVES Plf 
00216 0 00 00000 144 SAVEX PZE. 
00217 145 TAB BSS 4 
00223 12000000 146 SPACE DATA 012000000 
00224 33000000 147 POINT DATA 033000000 
00225 00001300 148 Rf\DF DATA 01300 
00226 77763500 149 CBRR DAiA 077763500 
00227 00777777 150 MASKI DATA 0777777 
00230 77000000 151 M,A.SK2 DATA 07 7 000000 
00231 01000000 152 PI DATA 1*/(23-5) 
00232 00000003 153 P3 DATA 3 
00233 00000000 154 PtG DATA 0.024000000 
00234 24000000 



00235 00000000 155 TEN DATA 0.012000000 
00236 12000000 
00237 00000012 156 PTEN DATA 10 
00240 31463150 157 TENTH DED .1*/(47+3) 
00241 31463146 
00242 77777774 158 M4 DATA -4 
00243 o 00 00000 159 BE PlE 
00244 U 00 00000 160 RET PlE 
00245 o 00 00000 161 elT PlE 
00246 o 00 00000 162 TX PlE 

00000016 163 ceUNT EQL' 016 
00000020 164 DE EQU 020 
00000021 165 ARG EQU 021 

00247 00000000 166 ZEKB DATA 0 
00250 77777777 167 (Jf\ES DATA -1 
00251 00000001 168 Bt\E DATA 01 
00252 40000000 169 SIGN DATA 040000000 

170 END 

w 
~ 
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IDENTIFICA TION: 

AUTHOR: 

ACCEPTED: 

COMPUTER 
CONFIGURA TION: 

PURPOSE: 

PROGRAMMED 
OPERATORS: 

STORAGE: 

TIMING: 

SOURCE 
LANGUAGE: 

USE: 1. 

SDS 900 SERIES PROGRAM LIBRARY 

PROGRAM DESCRIPTION 
Catalog No. 203036-B 

Decimal to Binary Conversion, Double, Fixed - DBD 

Richard S. Re snick, SDS 

26 April 1963 

Any SDS 920/930 Computer 

To convert a thirteen digit decimal number with space, 
sign and decimal point from sixteen 6-bit BCD characters 
in A, B, Location 2 and Location 3 to a fixed point double 
precision binary number in A, B. 

DPN, DPM, DPA 

Instructions and constants: 262 oct, 178 dec 

Uses temporary storage locations 16 thru 22, and 
5 thru 11. 

6.096 to 6.448 milliseconds 

SYMBOL 

FUNCTION 

To convert a thirteen digit decimal number with space, 
sign and decimal point from sixteen 6-bit BCD characters 
in A, B, Location 2 and Location 3 to a fixed point double 
prtcision binary number in A, B at a Q (binary point 
location) de signated by the addre s s field of the DBD 
programmed operator. 

2. ARGUMENT 

The argument is sixteen 6-bit BCD characters in A, B, 
Location 2 and Location 3. Thirteen of these characters 
are numbers, one character a space, one character a 
sign and one character a decimal point. The space is 
the first character and is followed by a sign and foul"teen 
more characters of which one is a decimal point. The 
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USE: (cont. ) 

METHOD: 

Catalog No. 203036 B 

characters must be arranged in A, B, Location 2 and 
Location 3 in the following manner: 

Sp ± X X XXX X XXXX XXXX 

B A 2 3 

The fourteen X' s repre sent thirteen de cirnal digits and 
one de cimal point. 

The addre ss field of the DBD programmed operator 
determines the binary scaling of the resultant binary 
number. 

3. ACCURACY 

The re sultant binary number is accurate to 44 bits. 

4. ERROR 

Overflow is set when the converted argument is too 
large to fix at the de sired Q. 

The argument is converted to a double precision nu:r:nber 
by individually converting the contents of B, A, Location 
2 and Location 3 to fixed point single precision integers 
scaled at 23. .A flag is set when the decimal occur s in 
one of the four words, then the converted word in B is 
multiplied by 10 4 or 103 depending on whether the 
decitnal point was in A, and then added to A. Similarly, 
the converted word in Location 2 is multiplied and added 
to the word in Location 3. The result of the B, A 
calculation is then multiplied by 10 7 or 108 depending on 
the decimal in Location 2 or Location 3, and added to 
the Location 2, Location 3 calculation. The re suIt is 
a double precision integer which is multiplied by 10-i 
where i is the nutnber of digits to the left of the decitna.l 
point. The resultant number is then scaled to the 
de sired binary location by shifting. 
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1 $I:BD PtlPD 017100000 
oonoo 0 37 00005 2 STX TX 
00001 0 71 00000 3 LDX 0 
00002 0 37 00006 4 STX EXIT 
00003 0 35 00007 5 STA WKI 
00004 0 46 00021 6 RCH 021 C~X,CLA 

00005 U 35 00010 7 STA DECMAL 
00006 4 52 00t74 8 S~B lQ6,4 TEST NEG ARG 
00007 0 76 00261 9 LDA =040000000 
00010 0 35 00011 10 STA SIGN 
00011 4 43 00141 1 1 8RM C:jNVRT,4 CCtNVERT 1ST \JBRD 
00012 0 02 20001 12 EOM 020001 TURN BFF BVFlO 
00013 0 35 000t7 13 STA SUM+l 
00014 0 71 00007 14 LDX Wt<1 
00015 4 43 00141 15 8RM CtjNVRT,4 CoNVERT 2ND WORD 
00016 0 62 00017 16 XMA Su M+l 
00017 0 67 00016 17 lSH 14 
00020 0 40 20001 18 St<S 020001 TEST FOR DECIMAL 

~ 
00021 4 01 00024 19 8RU $+3,4 I w 
00022 4 64 00201 20 MUL 10 KQ14,4 10K*tJORDt 
00023 4 01 00025 21 BRU $+2,4 
00024 4 64 00200 22 MUL lKQ14,4 It<*W6RDl 
00025 0 63 00017 23 ADM SUM+l 10K*WORDI + WORD2 
00026 0 71 00002 24 l.DX 2 \.tjRD 3 
00027 4 43 00141 25 8RM CBNVRT,4 C(jNVtRT 3RD WORD 
00030 4 43 00170 26 8RM Q,4 BVFLO FLAG 
00031 0 35 00016 27 STA SUM 
00032 0 02 20001 28 EBM 020001 TuRN OFF BVFLB 
00033 0 71 00003 29 LDX 3 WdRD4 
00034 4 43 00141 30 8RM CONVRT,4 caNVERT 4TH WORD 
00035 4 75 00J70 31 lI:8 Q.4 
00036 4 43 00170 32 8RM Q,4 BVFLe FLAG 
00037 0 46 00014 33 XA8 
00040 4 16 00170 34 MRG Q.4 
00041 4 35 00170 35 STA Q,4 
00042 0 46 00014 36 XA8 
00043 0 62 00016 37 XMA SUM 
00044 0 40 20001 38 SKS 020001 Tt.ST FeR DfCIMAL 



00045 4 01 00050 39 BRU $+3 • .1 

00046 4 64 00203 40 MlJl lOKQ24,4 10K-W~RD3 

00047 4 01 000~1 41 BRU $+2.4 
00050 4 64 00202 42 ML'L lKG24,4 lK*\.IORD3 
00051 U 46 00014 43 XA8 
00052 0 55 00016 44 ACD SU~ 

00053 0 35 00016 45 STA SUM 
00054 0 46 00014 46 XA8 
00055 0 57 00262 47 ADC =0 
00056 U 62 00017 48 XMA SU M+l 
00057 0 46 00002 49 CLB 
00060 0 67 00003 50 lSH 3 
00061 4 53 00170 51 S;<N Q,A Tr::ST FeR DECIMAL 
00062 4 01 00065 52 8RU $+3.4 
00063 4 64 00204 53 MUl 10"'.4 10M-SUM+! 
00064 4 01 00066 54 8RU $+2.4 
00065 4 64 00205 55 NUL 100M.4 lOQM*SUM+l 
00066 1 01 00016 56 DPA SUM 100M*SUM+l + SUM 
00067 0 71 00020 57 LDX EXP 

~ 00070 6 71 00206 58 lDX SCAlE.6 Q BF 10**-1 + 47 !. 00071 0 67 10057 59 NBO 47 
00072 4 37 00170 60 STX Q,4 
00073 0 62 00020 61 XMA EXP 
00074 U 46 00022 62 RCH 022 CdX.CLB 
00075 0 67 00001 63 LSH 1 
00076 0 46 00.140 64 RCH 0440 CAX.CXB 
00077 0 76 00020 65 lDA EXP 
OOtoo 7 02 00225 66 DPM 10MI.6 
00101 0 46 00014 67 XAB 
00102 4 J 4 00172 68 ETR MASK.A 77777770 
00103 0 46 00014 69 XAB 
00104 0 5J 00011 70 SKN SIGN 
00105 4 01 00107 71 BRU $+2,4 
00106 1 OJ 00000 72 DPN NEGATE 
00107 0 71 00005 73 LOX TX 
00110 0 77 40006 74 EAX *ExIT 
00tl1 0 46 00160 75 xEE 
00112 0 46 00160 76 xEE 
OQii3 A 35 OOi4i 77 STA CoNvRT.4 .. 



00114 o 46 00200 78 CXA 
00115 4 54 00170 79 SUB Q,d 
00116 4..._Z_LJlQ 141 80 LDX Ct:lNYRT,4 

-"-~"'~-- ' ~ ,'00"117 0 72 00025 ____ ,..) 81 SKA 21 ~ t~i ,jil " ~~f ,"/ , TC:ST NEG SCALING 
<'·'·~7cr~4~OT"1fOTff 82 BRU LSH .. 4 

00121 4 73 00175 83 SKG 47G23.4 
00122 4 01 00124 84 BRU $+2.4 
00123 4 01 00133 85 8RU CLR.4 
00124 U 4t 00600 86 XXA 
00125 2 66 00000 87 RSH 0,2 
00126 4 01 00136 88 8RU Li:AVE,d 
00127 0 46 01000 89 LSH CNA 
00130 4 73 00175 90 SKG d7Q23,4 
00131 4 01 00134 91 BRU $+3.4 
00132 4 51 00140 92 8RR BVFLO,4 
00133 2 46 00003 93 CLR RCH 03,2 
00134 0 46 00600 94 XXA 
00135 2 67 00000 95 LSH 0,2 
00136 " 71 00005 96 LEAVE lDX TX 

~ 00137 0 51 00006 97 8RR EXIT J, 
00140 4 51 00135 98 eVFLB BRR $-3,4 
OOt41 0 00 00000 99 ce N'VRT PlE DEC TB BIN -CONVERSION 
00142 0 46 30003 100 CLR 
00143 4 76 00177 101 LDA 3Q23,4 

-00144 0 35 00021 102 STA FLAG 
00145 U 36 C0022 10~ STB \.JttRD 
00146 0 46 00041 104 L~HtP RCH 041 C)(B,CLA 
00147 0 67 00006 105 LSH 6 
00150 0 46 00020 106 C8X 
00151 4 73 00176 107 SKG 9G23,4 TEST A GTR 9 
00152 4 01 00157 108 8RU DIGIT,4 
00153 0 76 00010 109 LDA DECMAL 
00154 0 35 00020 110 STA EXP 
00155 4 51 00156 111 8RR SET,4 
00156 4 51 00!63 112 SE r 8RR CeUNT,4 
00157 0 61 00010 113 DIGIT MIN DECMAL 
00160 0 62 00022 114 XMA WORD 
00161 A 64 00173 115 MUl 10Q4,4 ... 
00J62 0 67 00004 116 LSH 4 



00163 0 63 00022 117 COUNT ADM WBRD 
00164 0 60 00021 118 SKR FLAG 
00165 4 01 00146 119 8RU L~OP,4 

00166 0 76 00022 120 LDA W~RD 

00167 4 51 00141 121 8RR Cef-.lVRT,4 
00170 0 00 00000 122 Q PIE SAVE BVFLB 
00171 4 51 00170 123 8RR Q,A RETURN 
00172 77777770 124 MASK DATA 077777770 
00173 24000000 125 lCQ4 DATA 024000000 
00174 00400000 126 IC6 DATA 0400000 
00175 00000057 127 47Q23 DATA 47 
00176 0000001t 128 9C;23 DATA 9 
00177 OOOOOOC3 129 3C;2~ DATA 3 
00200 01750000 130 lKQ14 DATA 1000*/(23-14) 
00201 23420000 131 lCKQ14 DATA 10000*/(23-14. 
00202 00000764 132 IKQ24 DATA 1000*/(23-24) 
00203 00011610 133 ICKQ24 DATA 10000*/(23-24) 
00204 02304550 134 10M DATA 02304550 
00205 27657020 135 I CO'" DATA 027657(l20 

~ 00206 00000004 136 SCALE DATA 4 &. 00207 UOOOOOI0 137 DATA 8 
00210 00000013 138 DATA 1 1 
00211 UOOOOO16 139 DATA 14 
00212 00000022 140 DATA 18 
00213 00000025 141 DATA 21 
00214 00000030 142 DATA 24 
00215 00000034 143 DATA 28 
00216 00000037 144 DATA 31 
00217 00000042 145 DATA 34 
00220 00000046 146 DATA 38 
00221 00000051 147 DATA 41 
00222 00000054 148 DATA 44 
00223 00000054 149 DATA 44 
00224 00000060 150 DATA 48 
00225 502227 4 0 151 IOMI DATA 050222740 
00226 34113411 152 DATA 03 4 113411 
00?27 01133660 153 DATA 01133660 
00230 21457146 154 DATA ('21457146 
00231 413626 40 155 DATA 0413626 4 0 



00232 25772777 156 DATA 025772777 
00233 31657400 157 DATA 031657400 
00234 33371577 158 DATA 033371577 
00235 50115540 159 DATA 050115540 
00236 21134057 160 DATA 021134057 
00237 42141100 161 DATA 042141100 
00240 25363073 162 DATA 025363073 
00241 32571300 163 DATA 032571300 
00242 32657712 164 DATA 032657712 
00243 40553674 165 DATA 040553674 
00244 20615736 166 DATA 020615736 
00245 10706660 167 DATA 010706660 
00246 24761326 168 DATA 02 4 761326 
00247 53070420 169 DATA 053070420 
00250 32155613 170 DATA 032155613 
00251 22743260 171 DATA 022743260 
00252 20304467 172 DATA 020304467 
002:-3 07534140 173 DATA 075341~0 
00254 24365605 174 DATA 024365605 

.,J:... 
00255 .31 4 63160 175 DATA 031463160 ~ 00256 31463146 176 DATA 031463146 
00257 00000000 177 DATA 0 
00260 20000000 178 DATA 020000000 

00000005 179 TX EQU 05 
UOOOOOO6 180 EXIT EQU 06 
00000007 181 WKI EQU 07 
00000010 182 DECMAL EQU 010 
00000011 IB3 SIGN EQU all 
00000016 184 SLM EQU 016 
00000020 185 EXP EQU 020 
00000021 186 FLAG EQU 021 
00000022 187 weRD EQU 022 

188 END 
00261 40000000 
00262 00000000 
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IDENTIFICA TION: 

AUTHOR: 

ACCEPTED: 

COMPUTER 
CONFIGURA TION: 

PURPOSE: 

PROGRAMMED 
OPERATORS: 

STORAGE: 

TIMING: 

SOURCE 
LANGUAGE: 

SDS 900 SERIES PROGRAM LIBRARY'. 

PROGRAM DESCRIPTION 
Catalog No. 2030l5-B 

Decimal to Binary Conversion, Single, Floating - DFS 

Richard S. Resnick, SDS 

16 January 1963 

Any SDS 920/930 Computer 

To convert a formatted scientific notation six digit decimal 
number with decimal exponent* into a single precision 
floating point number with a binary mantissa in A and a 
binary exponent in B. 

EXP 

Instructions plus constants: 64 oct, 52 dec 

Uses temporary storage locations 16 thru 21 and 
location 2. 

2.312 milliseconds 

SYMBOL 

USE: 1. FUNCTION 

The argument in A, B and Location 2 is replaced by a converted 
single precision floating point binary number with mantissa in 
A and Q or exponent in B. 

2. ARGUMENT 

The argument is a decim.al number using scientific notation 
of the forln ±. XXXXXX with exponent interpreted as lOx in the 
form ±XX where X ranges from +77 to -77. Each character 
(symbol or digit) is in BCD form 6 bits per character arranged 
on entry in the following manne r: 

,:~ 

c~ 
B A Location 2 

The symbols and digits are in BCD 6 bits per 
character (12 characters in all) in A and Band 
location 2. 
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USE: (Cont.) 

METHOD: 

B = Sign, decimal point, 1 st and 2nd decimal digits. 

A = 3 rd, 4th, 5th and 6th decimal digits. 

A and B refer to the decimal mantissa. 

Location 2 = Space, sign and 2 decimal digits. 

Location 2 refers to the decimal exponent. 

The mantissa of the argument (Md) is converted to a binary 
fraction by the equation: 

5 . i 
Md = ,; Di 10 

o 
, 106 

The exponent is converted in a similar manner and a binary 
exponent (Q) formed by the equation: 

Q + F = X 10g2 10 

where X = converted decimal exponent and F is the fractional 
portion of the converted binary exponent. The final binary 
mantissa (Mb) is formed by the equation: 

Mb = Md 2F 

The results are normalized and formed as previously 
mentioned. The tnax er ror is 2 - 20. 
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1 $CFS P~PD 01710000U 
00000 U 37 00021 2 DFS STX TX SAVE X 
00001 0 71 00000 3 LDX 0 SAVE EXIT 
00002 4 37 00053 4 STX EXIT.4 
OQOC3 0 46 00014 5 XAB 
00004 U 35 00016 6 STA TS SAVE SIGN 
00005 4 14 00054 7 ETR EC.4 EXTRACT OFF 2 CHAR 
00006 4 71 00057 8 LDX XC.4 -5 AT 23 
00007 4 01 00012 9 8RU $+3.4 
00010 0 75 00017 10 LD8 T8 Bt:GIN DEC T6 BIN 
00011 0 67 20006 1 1 Ley 6 
00012 0 35 00020 12 STA TA 
00013 0 36 00017 13 STB T8 
00014 4 14 00056 14 ETR EC+2.4 77777700 
00015 4 64 00060 15 MUL f'1C.4 -54/64 AT 0 
00016 0 55 00020 16 ADD TA 
00017 4 41 00010 17 B~X $-7.4 
00020 4 65 00062 18 DIV DC.4 10**6 AT 23 

OJ 00021 0 53 00016 lq SKN T5 TEST NEGA1JVE I w 00022 4 01 00024 20 BRU $+2.4 
00023 0 46 01000 21 CNA N~GATE A 
00024 0 62 00002 22 XNA Tl SrORE A. INT INTO /I.. 

00025 4 55 00063 23 ADD CON.4 EXTEND SIGN OF INT 
00026 0 35 00020 24 STA TA SAVE RESULTS 
00027 4 14 00055 25 ETR EC+l.4 7700 
00030 4 64 00060 26 MUL MC.4 -:54/64 AT 0 
00031 0 55 00020 27 ADD TA 
00032 4 14 00054 28 ETR EC.4 7777 
00033 0 46 00002 29 CLB 
00034 0 40 20001 30 SKS 020001 TEST NEG EXP6N 
00035 0 46 01000 31 CNA 
00036 0 67 20002 32 LCY 2 
00037 4 64 00061 33 NUL MC+l.4 Lt1G 10 AT 2 
00040 U 46 00412 34 RCH 0412 CAX + C8A + CLB 
00041 0 66 200Gl 35 RCV 1 
00042 1 01 00000 36 EXP 0 ENTER 2**X 
00043 O· 66 20002 37 RCY 2 
00044 0 46 10012 38 BAC 



00045 0 64 00002 39 MLL Tl 
00046 4 41 00047 40 BRX $+1.4 INCREMENT X 
00047 0 67 10016 41 NtlD 30 N(jRMALIZE RESULT 
00050 0 46 00040 42 CX8 RESTORE REGISTERS 
00051 0 71 00021 43 lDX TX RESTORE X 

00052 4 51 00053 44 8RR ExIT.4 
00053 o 00 00000 45 EXIT PlE 
00054 00007777 46 EC DATA 07777 
00055 00007700 47 DATA 07700 
00056 77777700 48 DATA 077777700 
00057 77777773 49 XC DATA 077777773 
00060 45000000 50 Me DATA 045000000 
00061 32446474 51 DATA 032446474 
OOOE2 03641100 52 DC DATA 03641100 
001')63 25400000 53 ceN DATA 025400000 

00000021 54 TX EQU 021 
00000020 55 T~ EQU 020 
lIOOOOOl7 56 Te EQU 017 
00000016 57 TS EQU 016 

t1l vOOOOOO2 58 TI EQU 02 
!.. 59 END 
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SDS 900 SERIES PROGRAM LIBRARY 

PROGRAM DESCRIPTION 
Catalog No. 203038-B 

=============================================================================== 
IDENTIFICA TION: 

AUTHOR: 

ACCEPTED: 

COMPUTER 
CONFIGURA TION: 

PURPOSE: 

PROGRAMMED 
OPERATORS: 

STORAGE: 

TIMING: 

SOURCE 
LANGUAGE: 

Decimal to Binary Conversion, Double Precision 
Floating Point - DBF 

w. LaSor, F. Valadez, SDS 

26 April 1963 

Any SDS 920/930 COITlputer 

To convert a decimal number expressed in scientific 
notation to a double precision floating point number. 

DP1vl 

251 oct, 169 dec 

3.8 - 8.5 ITlilliseconds 

SYMBOL 

USE: 1. INPUT 

The argument is a BCD number consisting of sign, 
decirnal point, 11 digits, and signed decimal exponent. 
The argUITlent occupies the A and B registers and 
ITlemory locations 00002 and 00003 as shown below: 

B A 2 3 

~._. _N_~ .. ___ ~._N_N_~ __ N_N_N_N ___ N)t:3 

Fraction Exponent 

Where N represents the digits of the mantissa and E 
repre sents t1e digits of the exponent. 

2. OUTPUT 

The subroutine exits with a double precision floating 
point number in the combined A, B registers as shown 
below: 
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USE: (cant. ) 

METHOD: 

Catalog No. 20303813 

A B 

'----1..1 ± I ___ ~I Lo--I __ .... I-'-± 1_--, 
o 23 0 14 15 23 

\...-_-... --.- ...... " .... -~--.-.. -.......r--------) ~ 
Fraction Exponent 

(38 bits plus sign) (8 bits plus sign) 

3. ACCURACY 

The ITlaxiITluITl relative error (E ) observed is 10-
11

, 
r 

where: 

I 
,'e 

E = N' - N 
r N 

~:< 

N = cOITlputed value 

N = true value 

4. ERROR 

77 
If the absolute arguITlent exceeds 10 , the overflow 
indicator will be turned on and the re suIt will be set to 
o. 

The deciITlal fraction is forITled as a double preCision 
integer, then ITlultiplied by 10- 11 to forITl a fraction. 

The deciITlal exponent is converted to binary and exaITlined 
bit-by-bit. For each bit that is a one, the ITlantissa is 
ITlultiplied by a power of 10 froITl a table of 102n. 

All operations are perforITled on double precision 
norITlalized nUITlbers with exponents ITlaintained in a 
third word. Upon cOITlpletion of processing, the final 
exponent is packed into the last 9 bits of the B register. 
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1 $I:8F POPD 017100000 
00000 4 37 00241 2 STX TX_4 SAVE RETURN 
00001 0 71 00000 3 LDX 0 
00002 4 37 00245 4 STX EXIT_4 
00003 0 46 00014 5 XAB 
00004 4 35 00246 6 STA SIGN.4 
00005 4 43 00123 7 8RM SEP.4 FctRM HIGH-BRDER 
00006 4 76 00246 8 LDA SIGN.4 
00007 0 66 00006 9 RSH 6 SIX DIGITS AT 46 
00010 4 14 00157 10 ETR fJ77.4 
00011 4 43 00132 1 1 8RM MUL.4 
00012 4 64 00153 12 ML!L lOOK.4 
00013 4 35 00243 13 STA SUM+].4 
00014 4 36 00242 14 STB SUM.4 
00015 0 76 00003 15 LOA 3 FdRM LBW-ttRDER 
00016 0 75 00002 16 LDB 2 FIVE DIGITS AT 46 
00017 0 67 20006 17 Ley 6 
00020 4 35 00244 18 STA SE_4 

0- 00021 4 43 00123 19 BRM SEP.4 
I 

(,.) 00022 0 46 30003 20 CLR 
00023 4 43 00132 21 8RM MUL.4 
00024 0 67 00001 22 LSH 1 
00025 4 55 00242 23 ADD SuM.4 FtlRM FINAL N 
00026 0 46 00014 24 XA8 
00027 4 57 00243 ;?5 ADC SUM+1_4 
00030 4 53 00246 26 SKN SIGN.4 If N NEGATIVE_ 
00031 4 01 00040 27 8RU $+7.4 F(jRM COMPLEMENT 
00032 4 35 00243 28 ST. SU~+l.A 

00033 4 36 00242 29 STB SU M_4 
00034 0 46 30003 30 CLR 
00035 4 5A 00242 31 SUB SUM.4 
00036 0 46 00014 32 X.AB 
00037 4 56 00243 33 SUC SU M+1_4 
00040 4 71 00151 34 LDX D46.4 N~RMALIZE N 
00041 0 67 10056 35 NfJD 46 
00042 5 01 00154 36 DPM 10 R.4 
00043 0 67 10001 37 t\jfJD 1 
00044 4 35 00243 38 STA SU M+l.4 



00045 4 36 00242 39 STS SU M.4 
00046 0 46 00200 40 CXA 
00047 4 55 00156 41 ADD REXP.4 
00050 4 35 00232 42 STA EXP.4 
00051 4 75 00244 43 LDS SE .. 4 CdNVERT EXPONENT 
00052 0 67 00014 44 lSH 12 
00053 4 14 00157 45 FTR e77 .. 4 

00054 4 64 00150 46 MUL 10824 .. 4 
00055 4 36 00234 47 SfS 8LK .. 4 

00056 0 76 00003 48 lDA 3 
00057 0 46 00002 49 CLB 
00060 4 14 00157 50 ETR 677.4 
00061 4 55 00234 51 ADD 8LK.4 
00062 4 71 00146 52 LDX DM21 .. 4 
00063 0 66 00001 53 EX RSH 1 TEST EXP BITS 
00064 0 52 00250 54 SKB MQ 
00065 4 01 00103 55 8RU TEST.4 
00066 2 77 00002 56 EAX 2.2 
00067 4 41 00063 57 8RX $-4.4 

0- 00070 4 76 00232 58 LDA E)(P.4 Tt:ST FOR RANGE L- 00071 0 02 20001 59 RBV 
00072 4 73 00152 60 SKG D255.4 
00073 4 73 00144 61 Sr<G DM257.4 
00074 4 01 00141 62 BRU ERR.4 
00075 4 76 00243 63 LDA SU M+!.4 GET RESULTS 
00076 4 75 00242 64 LDB SLJM.4 
00077 4 71 00232 65 LDX ExP.4 
00100 0 46 00140 66 LDE 
00101 4 71 00241 67 LDX TX.4 
00102 4 51 00245 68 BRR EXIT.4 
00103 4 37 00233 69 TEST STX SAVEX.4 
00'04 4 62 00243 70 XMA SLM+l.4 
00'05 4 75 002.d2 71 LDB SUf'1.4 
00tC6 4 53 00244 7?. SKN SE.4 
00107 2 77 00025 73 EAX 21·2 
00110 6 77 00160 74 EAX TAE"N.6 
00111 3 01 00025 75 DPM 21.2 
00112 2 71 000?7 76 LDX 23.2 G::T E)(PBNENT 
'" 1"'\ t t .., " 

,.., 4 ........ ,.,. ..,., ... Q, ..... 

'JV.ll.J .... VI J.UUUl I , (I' U lJ 



00114 4 62 00243 78 XMA SUM+l.4 
00115 0 46 00600 79 XXA 
00116 4 63 00232 80 ADM EXP .. 4 
00117 4 76 00233 81 LDA SAVEX .. 4 
00120 0 46 00600 82 XXA 
00121 4 36 -00242 83 518 SUM .. 4 
00122 4 01 00066 84 BRU EX+3 .. 4 
00123 0 00 00000 85 SEP PlE SEPARATE CHARACTERS 
00124 4 71 00145 86 LDX DM5 .. 4 
00125 4 14 00157 87 ETR B77.4 
00126 6 35 00241 88 STA 8LK+5.6 
00127 0 67 20006 89 LCY 6 
00130 4 41 00125 90 8RX $-3 .. 4 
00131 4 51 001.23 91 8RR SEP .. 4 
00132 0 00 00000 92 ~LL PZE FtJRM PRODUCT 
00133 4 71 00145 93 LDX DM5.4 
00134 4 64 00150 94 MUL 10824 .. 4 
00135 0 46 00014 95 XAB 
00136 6 55 00241 96 ADD 8LK+5 .. 6 

0- 00137 4 41 00134 97 8RX $-3 .. 4 I 
01 00140 4 51 00132 98 BRR MUL .. 4 

00141 4 51 00141 99 ERR 8RR $ .. 4 SET O.F. 
00142 0 46 30003 100 CLR 
00143 4 01 OOtOl 101 8RU TEST-2 .. 4 
00144 77777377 102 D~257 DATA -257 
00145 77777773 103 Dt"S DATA -5 
00146 77777753 104 n""21 DATA -21 
00147 00000027 105 D23 DATA 23 
00150 00000005 106 10824 DATA 10*/(23-24) 
00151 00000056 107 D46 DATA 46 
00152 00000377 108 D255 DATA 255 
00153 00303240 109 lOOK DATA 100000 
00154 41362634 110 leR DATA 041362634.025772777 
00155 25772777 
00156 77777734 111 REXP DATA 077777734 
00157 00000077 112 e77 DATA 077 
00160 31463146 113 TA8N DATA 031463146.03146J146.Q77777775 
00161 31463146 
00162 77777775 



00163 07534122 114 DATA 07534122.024365005.077777772 
00164 24365605 
00165 77777772 
00166 53070415 115 DATA 053070~15.03215S613.077777763 

00167 32155613 
00170 77777763 
00171 42141061 116 DATA 042141061.02536J073.077777746 
00172 25363073 
00173 77777746 
00174 27661050 117 DATA 027661050.03464~312.077777713 

00175 34645312 
00176 77777713 
00177 25521240 118 DATA 025521240.031754217.077777626 
00200 31754217 
00201 77777626 
00202 04751236 119 DATA 04751236.025037765.077777454 
00203 25037765 
00204 7777745~ 
00205 00000000 120 TASP DATA 0.024000000.04 

0- 00206 24000000 I 
0- 00207 00000004 

00210 00000000 121 DATA 0.031000000.07 
00211 31000000 
00212 00000007 
00213 00000000 122 DATA 0.023420000.016 
00214 23420000 
00215 00000016 
00216 00000000 123 DATA 0.027657020.033 
00217 27657020 
00220 00000033 
00221 67701000 124 DATA 067701000~021606744.066 
00222 216067~4 

00223 00000066 
00224 65014000 125 DATA 065014000.023561326.0153 
00225 23561326 
00226 00000153 
00227 51201000 126 DATA 05120100Q.030230017.0J25 
00230 30236017 
""'''~.., .. 
vu~vt 00000325 



00232 0 00 00000 127 EXP PIE 
00233 0 00 00000 128 SAVEX PZE 
00234 129 BlK SSS 5 
00241 0 00 00000 130 TX PZE 
00242 131 SUM SSS 2 
00244 0 00 00000 132 SE PZE 
00245 0 00 00000 133 EXIT PZE 
00246 o 00 OOOCO 134 SIGN PZE 
00247 00000001 135 Cl DATA 1 
00?5Q 40000000 136 MO DATA 040000000 

137 END 
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IDENTIFICA TION: 

AUTHOR: 

ACCEPTED: 

COMPUTER 
CONFIGURA TION: 

PURPOSE: 

PROGRAMMED 
OPERATORS: 

STORAGE: 

TIMING: 

SOURCE 
LANG1JAGE: 

USE: 1. 

SDS 900 SERIES PROGRAM LIBRARY 

PROGRAM DESCRIPTION 
Catalog No. 203012-B 

Binary to Decimal Conversion, Single, Fixed - BID 

Richard S. Re snick, SDS 

9 April 1963 

Any SDS 920/930 Computer 

To convert a single precision fixed point binary number 
in A, with the binary point location in the addre ss field 
of the BID programmed operator, into six 6-bit 
characters in A, B with sign and decimal point. 

Eight characters (two words) are necessary to represent 
the final converted decimal number completely formated 
for ~utput. 

None 
I 

Instructions and constants: 141 oct, 97 dec 

Uses temporary storage locations 12 through 15. 

1.904 to 2.240 milliseconds 

SYMBOL 

FUNCTION 

To convert a fixed point binary number in A with the 
binary point location in the addre s s field of the BID 
programmed operator into six 6-bit BCD characters 
in A, B with sign and de cimal point. The final eight 
character decimal nUrrlber with format symbols replaces 
the argument in A, B in the following manner: 

Range of Argument B A 

0 ~ IAr < 1 ± X X X X X X 

1 ~ IAI < 10 ± X X X X X X 

10 ~ lA' < 10
2 

± X X X X X X 

10
2 

~ IAt 3 
X X X X X X < 10 ± 

10
3 
~ IAI < 10

4 
± X X X X . X X 

10
4 

~ I A I < 10
5 

± X X X X X X 

10
5 

~ 'A I < 10
6 

± 
7-1 

X X X X X X . 
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USE: (cont.) 

METHOD: 

Catalog No. 203012H 

2. ARGUMENT 

The argument is a single precision number in A with the 
binary point location in the 9 least significant bits of the 
programmed operator address. The Q (binary point 
location) can range from +41 to -41. If the Q exceeds 
this or if the absol~te value of the argument is equal to 
or greater than 10 at Q = 23, overflow will be set and 
the program will exit. When overflow occurs the original 
argument is lost. 

3. ACCURACY 

The output is accurate to six decimal digits, i. e., the 
least significant digit is within + 1. Truncation rather 
than rounding is performed. 

The argument is made positive and 23 is subtracted frorn 
Q. If the difference is positive, A is shifted left Q-23 
place s. If the difference is negative, A is shifted right 
23 -Q places. This scales A at 23. A is then tested for 
the interval in which it lies. The intervals are denoted 
by subscript i and are: 

i = 6 10
5 
~ A < 10

6 

i = 5 10 
4 
~ A 

5 
< 10 

i = 4 
3 

A 
4 

10 ~ < 10 

i = 3 10 
2 
~ A 

3 
< 10 

i = 2 10 ~ A < 10
2 

i = 1 1 ~ A < 10 

1 = 0 0 ~ A < 1 

A is then Illultiplied by 10-{i.-l). This results in a nUIllber 
greater than 1 and less than 10. This is the first deciIllal 
digit. By succe ssively extracting the newly forIlled 
digit, and Illultiplying by 10, all six digits are forIlled. 
The placing of the de ciIllal point is a function of i. 

7-2 



1 $EID PBPD 017200000 
00000 0 37 00015 2 STX TX 
00001 0 77 40000 3 EAX *0 
00002 0 72 00140 4 SKA =040000000 
00003 4 01 00006 5 BRU $+3.4 
00004 4 75 00136 6 LOB PLUS.A PLUS SIGN 
00005 4 01 00010 7 BRU $+3.4 
00006 4 75 00137 8 LDB MINUS.4 MINUS SIGN 
00007 0 46 01000 9 CNA 
00010 0 36 00012 10 STB Wr<B INITIATE F6RMAT WBRD 
00011 0 46 00040 1 1 CXB 
00012 0 46 00122 12 STE INSPECT Q 

00013 0 46 00204 13 RCH 020 4 CAB.CXA 
00014 4 73 00121 14 SKG 86Q23.4 TEST Q GTE 87 
00015 4 73 00120 15 SKG N41Q23.4 TEST Q GTR -41 
00016 4 51 00057 16 8RR 6VFLB.4 
00017 4 54 00122 17 SUB 23(;)23.4 
00020 0 72 00140 IS SKA =040000000 

'J 00021 4 01 00025 19 8RU $+4.4 
I 

tAl 00022 0 46 00412 20 RCH 0412 CAX.BAC 
00023 2 67 00000 21 LSH 0.2 
00024 4 01 00030 22 8RU $+4.4 
00025 0 46 01000 23 CNA 
00026 o 46 00412 24 RCH 0412 CAX.8AC 
00027 26624000 25 DATA 026624000 
00030 o 72 00140 26 SKA =0 40000000 
00031 4 51 00057 27 8RR 6VFL6.4 
00032 4 73 00110 28 SKG TENPX.4 TEST A GTE 10**6 
00033 o 40 20001 29 SKS 020001 
00034 4 51 00057 30 8RR BVFLB.4 
00035 4 71 00117 31 LDX N7Q23.4 FIND RANGE 6F (;) 
00036 6 73 00120 32 SKG TENPX+8.6 TEST ARG GTE 10**X 
00037 4 41 00036 33 8RX $-1.4 
00040 6 23 00110 34 EXU LSH+7.6 LEFT SHIFT 
00041 6 64 00134 35 MUL TENMX+7.6 A*10**-X 
00042 0 46 00014 36 XA8 
"''''' ... A i4 00j35 37 ETR MASK.4 SAVE 18 BITS BF 8 \JVU"'" .. 
00044 0 63 00012 38 ADM \.IK8 SrORE BITS INTO WK8 



00045 0 46 00014 39 XAB 
00046 4 75 00124 40 LDB 2Q23.4 
00047 4 43 00060 41 BRM CONvRT.4 FljRM FIRST 4 DIGITS 
00050 0 36 00013 42 STB UKA 
00051 4 75 00123 43 LDB 3Q23.4 
00052 4 43 00060 44 8RM CONVRT,4 FoRM NEXT 4 DIGITS 
00053 0 76 00013 45 LOA UKA 
00054 0 46 00014 46 XAB 
00055 0 71 00015 47 lDX TX 
00056 0 51 00000 48 eRR 0 ExIT 
00057 4 51 00054 49 OVFLO 8RR $-3.4 E~ROR EXIT 
00060 0 00 00000 50 CeNVRT PZE CtlNVERT BINARY TO 
00061 0 36 00014 51 STB FLAG DECIMAL AND FORMAT 
00062 0 75 00012 52 LDB WKB 
00063 4 41 00071 53 Le~p 8RX DIGIT,4 TEST FOR DECIMAL 
00064 0 46 00400 54 CAX SAVE NEXT DIGIT 
00065 4 76 00134 55 LOA PUINT.4 Dt:CIMAL POINT 
00066 0 67 20006 56 LCY 6 
00067 0 46 00600 57 XXA RESTORE NEXT DIGIT 

'J 
00070 4 01 00076 58 SRU caUNT,4 I 

,J:... 
00071 0 67 20006 59 DIGIT LCY 6 
00072 o 36 00012 60 STB WKB 
00073 0662400' 61 DATA 06624001 
00074 4 64 00133 62 MUL 1005.4 F~RM NEXT DIGIT 
00075 o 75 00012 63 LDB Ur(8 
00076 o 60 00014 64 CBUNT SKR FLAG C~UNT 4 DIGITS 
00077 4 01 00063 65 RRU LOOP.4 
00100 4 51 00060 66 BRR CeNVRT,4 
00101 0 67 00002 67 L~H lSH 2 A GTE 10**5 
00102 0 67 00005 68 LSH 5 A GTE 10**4 
00103 0 67 0001 i 69 LSH 9 A GTE 10**3 
00104 0 67 00014 70 LSH 12 A GTE 10**2 
00105 0 67 00017 71 LSH 15 A GTE 10**1 
00t06 0 67 00023 72 LSH 19 A GTE 10**0 
00107 o 67 00027 73 LSH 23 A LESS THAN 
00110 03641077 74 TENPX DATA 999999 
001Jl 00303237 75 DATA 99999 
00112 00023417 76 DATA 000.') 

7~"';:I 

00113 00001747 77 DATA 999 



nOtt4 00000143 78 DATA 99 
00t15 00000011 79 DATA 9 
00116 00000000 80 DATA. 0 
C0117 77777771 81 N7Q23 DATA -7 
00120 77777727 82 N41Q23 DATA -41 
00121 00000126 83 8flJ23 DATA 86 
00122 00000027 84 23Q23 DATA 23 
00123 uCOOo.OO3 85 3Q23 DATA 3 
00124 UOOOOO02 86 2~23 DATA 2 
00125 24761327 87 TENMX DATA 02&761327 
00126 32155615 88 DATA 032155615 
00127 203Q4470 89 DATA 020304470 
00130 24365610 90 DATA 024365610 
00131 31463150 91 DATA 031463150 
00132 20000000 92 DATA 020000000 
00133 12000000 93 lCQ5 DATA 012000000 
00134 33000400 94 POINT DATA 033000400 
00135 77777700 95 MASK DATA 077777700 
00136 00000012 96 PLUS DATA 012 

'J 00137 00000040 97 MINUS DATA 040 
0, 00000012 98 WKb EGU 012 

00000013 99 WKA EQU 013 
00000014 100 FLAG EQU 014 
00000015 101 TX EQU 015 

102 END 
00140 40000000 
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IDENTIFICA TION: 

AUTHOR: 

ACCEPTED: 

COMPUTER 
CONFIGURA TION: 

PURPOSE: 

PROGRAMMED 
OPERATORS: 

STORAGE: 

TIMING: 

SOURCE 
LANGUAGE: 

USE: 1. 

SDS 900 SERIES PROGRAM LIBRARY 

PROGRAM DESCRIPTION 
Catalog No. 203013-B 

Decimal to Binary Conversion, Single, Fixed - DIB 

Richard S.- Re snick, SDS 

24 April 1963 

Any SDS 920/930 Computer 

To convert a six digit decimal number with sign and 
decimal point from eight 6-bit BCD characters in A, B 
to a fixed point single precisio~ binary number in A, B. 

None 

Instructions and constants: 123 oct, 83 dec 

Uses temporary storage locations 12 thru 21. 

2.400 to 2.784 milliseconds 

SYMBOL 

FUNCTION 

To convert a six digit decimal number with sign and 
decimal point from eight 6-bit BCD characters in A, B 
to a fixed point single precision binary number in A, B 
at a Q (binary point location) de signated by the addre s s 
field of the DIB programmed operator. 

2. ARGUMENT 

The argument is eight 6··bit BCD characters in A, B. 
Six of the se character s are number s, one character a 
sign and one character a decimal point. The sign is 
the first character followed by seven more characters 
of which one is a decimal point. The characters must 
be arranged in A, B in the following manner: 

±XXX XXXX 

B A 

The seven X I S repre sent 6 decimal digits and one 
de cimal point. 

8-1 
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USE: (cont.) 

METHOD: 

Catalog No. 203013B 

The addre s s field of the DIB prog rammed ope ra tor 
determines the binary scaling of the resultant binary 
number. 

3. ACCURACY 

The resultant 'binary number is accurate to 24 bits. 

4. ERROR 

Overflow is set when the converted argument is too 
large to fit at the de sired Q. 

The argument is converted to a single precision integer 
scaled at 23 by successively n~ultiplying by ten and . 
adding. The integer is normalized and multiplied by 10-

1 

where i is equal to the number of digits to the left of 
the decimal point. The resultant number is then scaled 
to the de sired binary location by shifting. 

8-2 



1 $1:18 PBPD 017300000 
00000 0 37 00012 2 STX TX 
OOOCI 0 35 00013 3 STA WKA 
00002 0 36 00014 4 STB UKB SAVE SIGN 
00003 0 46 00023 5 RCH 023 CdX.CLR 
00004 0 35 00015 6 STA caUNT INIT. CBUNT EQU 0 
00005 0 35 00016 7 STA SUM I I~ IT. SUM EQU a 
00006 4 43 00055 8 BRM C(jNVRT~A CoNVERT WK8 
00007 0 71 00013 9 lDX WKA 
00010 4 43 00055 10 8RM Ct}NVRT~4 C(jNVERT UKA 
00011 0 71 00017 1 1 LDX EXP 
00012 0 76 00016 12 lDA SUM 
00013 6 64 00112 13 MUl 10MX.6 SUM*10**-X 
00014 6 71 00103 14 lDX SCAlE~6 X EQU SCALE 
00015 0 67 10057 15 NBD 47 X EQU SCALE + NQ 
00016 0 37 00017 16 STX EXP EXP EQU SCALE + NQ 
00017 0 71 00012 17 LDX TX 
00020 0 77 40000 18 EAX *0 X EQU Q 

(X) 00021 0 46 00160 19 RCH 0160 I 
(,.) 00022 0 46 00160 20 RCH 0160 EXTEND SIGN OF Q 

00023 0 46 00204 21 RCH 0204 CAB.s CXA 
00024 0 54 00017 22 SUB EXP Q-SCALE-NQ 
00025 0 72 00122 23 SKA =0 40000000 
00026 4 01 00041 24 BRU NEGQ.4 
00027 4 73 00102 25 SI'(G 47Q23.4 
00030 4 01 00033 26 BRU $+3.4 
00031 0 46 30003 27 CLR 
00032 4 01 00052 28 BRU ExIT.4 
00033 0 46 00412 29 RCH 0412 CAX~ BAC 
000:34 0 53 00014 30 SKN \JKB 
00035 4 01 00037 31 BRU $+2.4 
00036 0 46 01000 32 CNA 
00037 2 66 00000 33 RSH 0 .• 2 
00040 4 01 00052 34 BRU ExIT,4 
00041 li 46 01000 35 NEGQ CNA 
00042 4 73 00102 36 SKG 47Q23.4 
00043 4 t'\t 00045 37 8RU $+2,4 V.l 

00044 4 51 00054 38 8RR ~vFLB.t1 



oon45 0 46 00412 39 RCH 0412 C~X. 9AC 
00046 0 53 00014 40 SKN WKB 
00047 4 01 00051 41 8RU $+2.4 
00050 0 46 01000 42 CN" 
00051 2 67 00000 43 LSH 0.2 
00052 0 71 00012 44 EXll LDX TX 
00053 " 51 00000 45 BRR 0 
oon54 4 51 00051 46 ftVFLO 8RR $-3.4 
00055 0 00 00000 47 CBNVRT PlE 
00056 4 76 00100 48 LDA 3~23.4 

00057 U 35 00020 49 STA FLAG 
00060 0 46 00041 50 Let1P RCH 041 C"<8.CLA 
00061 0 67 00006 51 LSH 6 
00062 C 46 00022 52 RCH 022 CciX,CLB 
00063 4 73 00101 53 SKG 9Q23.4 T:::5T A GTR 9 
00064 4 01 00070 54 8RU DIGIT.A 
00065 0 76 00015 55 LDA CoUNT 
00066 0 35 00017 56 STA. EXP 
00067 4 01 00075 57 SRU COUNTR.4 

ex> 00('170 0 61 00015 58 DIGIT MIN C~UNT I 
~ 00071 0 62 00016 59 Xf"I" SUM 

00072 4 64 00121 60 MUL 10Q4.4 
00073 0 67 00004 61 LSH 4 
00074 U 63 00016 62 ADM SUM 
00075 0 60 00020 63 CBi.JN1R SKR FLAG 
00076 4 01 00060 64 8RU LIjOP,4 
00077 4 51 00055 65 8RR C~NVRT.4 

00100 00000003 66 3~23 DATA 3 
00101 00000011 67 9~23 DATA 9 

00102 vOOOO057 68 47Q23 DATA 47 
00103 00000004 6Q SCALE DATA d 

00104 00000007 70 DATA 7 
00105 00000012 71 DATA 10 
00106 00000016 72 DATA 14 
00107 00000021 73 DATA 17 
00110 00000024 74 DATA 20 
00111 00000030 75 DATA 24 
00112 ~0615737 76 lCMX DATA 020615737 
00113 24761327 77 DATA 02 4 761327 



00114 32155615 78 DATA 032155615 
00115 20304470 79 DATA 020304470 
00116 24365610 80 DATA 02 4365610 
00117 31463147 81 DATA 031463147 
00120 20000000 82 DATA 020000000 
00121 24000000 83 10Q4 DATA 024000000 

00000012 84 TX EQU 012 
00000013 85 UKA EQU 013 
00000014 86 UK8 EQU 014 
00000015 87 COUNT EQU 015 
00000016 88 SLM EQU 016 
00000017 89 EXP EQU 017 
00000020 90 FLAG EQU 020 
00000021 91 A~ EQU 021 

92 END 
00122 40000000 
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IDENTIFICA TION: 

AUTHOR: 

ACCEPTED: 

COMPUTER 
CONFIGURA TION: 

PURPOSE: 

PROGRAMMED 
OPERATORS: 

STORAGE: 

TIMING: 

SOURCE 
LANGUAGE: 

SDS 900 SERIES PROGRAM LIBRARY 

PROGRAM DESCRIPTION 

LOG (2, e, 10) of A - LOG 

W. S. LaSor, SDS 

14 February 1963 

Any 920/930 Computer 

Catalog No. 203009-B 

To compute the logarithm (base 2, e, 10) of an argument :in the 
A register. 

None 

Instructions and constants: 60 oct, 48 dec 

Uses temporary storage locations 10 thru 13. 

904 microseconds plus normalize time (4 microseconds 
per bit) 

SYMBOL 

USE: 1. FUNCTION 

The logarithm (base 2, e, 10) of the contents of A replaces 
the contents of A, B. The addre ss field is used to define 
the base as follows: 

ADDRESS 

00000 
00001 
00002 

BASE 

2 
e 

10 

Indexing and indirect addressing are permitted. 

2. ARGUMENT 

The argument is in the A register and the scaling of the 
argument is in the B register scaled at Q = 23. On exit, the 
result is in the A register scaled at Q = 5. 

3. ERROR ALARMS 

If the argument is less than or equal to zero, overflow is 
set and the subroutine exits with the registers unchanged. If 

9-1 
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USE: (Cont.) 

METHOD: 

Catalog No. 203009 B 

the binary scaling, after normalization take s place, is 
greater than 31 in absolute value, no alarm is given but 
erroneous results occur. 

The argument is fir st te sted and if greater than zero, is 
then normalized. This reduces the argument to the form: 

where 1/2 s; X < 1 

and b = binary scaling 

The following approximation is used to com.pute log
2

X: 

log2X = [f C2k~ 1 U
2k

- j -1/2 

for 1/2 s X < 1 

where X - ./TTZ 
u = X +/1/2 

and C
1 = 2.8853913 

C
3 = .96147063 

C
5 = .59897865 

The result is scaled at Q = 5 and the binary scaling added in 
since: 

Finally, the answer is converted to the proper base by using 
the identity: 

logk u -- ~Og2 ~ • [Ogk ~ 
* -6 The absolute error (log X - log X) doe s not exceed 10 

in m agni tude. 
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1 $LBG PtlPD 012200000 
00000 0 73 00057 2 LeG SKG ZERO TEST FOR LEGAL ARG 
00001 4 51 00045 3 BRR ExIT .. 4 SET 6VFL6 
00002 0 37 00014 4 STX TX SAVE X REGISTER 
00003 0 46 00022 5 RCH 022 cax + CL8 
00004 0 67 10026 6 NBD 22 BRING INTO RANGE 
00005 0 46 00600 7 XXA 
00006 4 64 00047 8 MUL lQ6 .. 4 SCALE AT 5 IN B 
00007 0 36 00013 9 STB CHAR SAVE CHARACTERISTIC 
00010 0 46 00200 10 CXA 
00011 0 66 00001 1 1 RSH 1 
00012 0 46 00004 12 CAB 
00013 4 55 00046 13 ADD Kl .. 4 X+SQRT HALF 
00014 0 35 00012 14 STA TA 
00015 0 46 10012 15 BAC 
00016 4 54 00046 16 SUB Kl .. 4 X-SQRT HALF 
00017 0 65 00012 17 DIV TA GET TRAN5F. ARG AT 0 
00020 0 35 00012 18 STA ARG 

-0 00021 0 64 00012 19 MUL ARG I w 00022 0 35 00015 20 STA ARGSQ 
00023 4 64 00056 21 MUL CS .. 4 EVAL POLYNOMIAL 
00024 4 55 00055 22 ADD C3 .. 4 
00025 0 64 00015 23 MUL ARGSQ 
00026 0 66 00002 24 RSH 2 SCALE AT 2 
00027 4 55 00054 25 ADD Cl .. 4 
00030 0 64 00012 26 MUL ARG 
00031 4 55 00053 27 ADD CO .. 4 
00032 0 71 00014 28 LDX TX 
00033 0 77 40000 29 EAX *0 GET BASE ADDRESS 
00034 6 64 00050 30 MUL BASE .. 6 
00035 0 62 00013 31 XMA CHAR L~AD CHARACTERISTIC 
00036 6 64 00050 32 MUL BASE .. 6 
00037 0 62 00013 33 XMA CHAR 
00040 0 46 00002 34 CLB 
00041 0 66 00003 35 RSH 3 SCALE AT 5 
00042 0 54 00013 36 SUB CHAR 
00043 0 71 00014 37 LDX TX 
00044 0 51 00000 38 8RR 0 E)(IT 



00045 4 00 00043 39 EXIT HLT $-2,4 
00046 13240475 40 Kl DATA 013240475 
00047 U0400000 41 IG6 DATA 1*/(23-6) 
00050 40000000 42 BASE DATA 040000000 
00051 51643364 43 DATA 051643364 
00052 06273731 44 DATA 066273731 
00053 U4000000 45 CC DATA 04000000 
00('54 50725340 46 Cl DATA 050725340 
00055 41167210 47 C:3 DATA 041167210 
oon56 54652253 48 C~ DATA 05 4652253 

00000012 49 TA EQU 10 
00000013 50 Ct-AR EQU 11 
00000014 51 TX EQU 12 
00000012 52 ARG EQU T4 
00000015 53 ARGSQ ECU 1 J 

00057 00000000 54 ZER6 DATA 0 
55 END 

'0 
I 
~ 



SDS 900 SERIES PROGRAM LIBRARY 

PROGRAM DESCRIPTION 

Page 1 of 3 

IDENTIFICA TION: 

AUTHOR: 

ACCEPTED: 

COMPUTER 
CONFIGURA TION: 

PURPOSE: 

PROGRAMMED 
OPERATORS: 

STORAGE: 

TIMING: 

SOURCE 
LANGUAGE: 

USE: 

Catalog No. 203024-C 

Logarithm, Floating - LGF 

W. S. LaSor, SDS 

1 7 January 1964 

Any SDS 920/930 Computer 

To compute the double precision floating point 
logarithm of a double precision floating point 
argument in the A, B registers. 

DPM 

Instructions and constants: 230 oct, 152 dec 

Base 2: 3.08 - 5.6 milliseconds 

Base e, 10: 3.63 - 6. 15 milliseconds 

SYMBOL 

1. FUNCTION 

The floating point logarithm (base 2, e, 10) of the 
contents of the A, B registers replaces the contents 
of A, B. The address field is used to define the 
base as follows: 

ADDRESS BASE 

00000 2 

00001 e 

00002 10 

Indexing and indire ct addre s sing are pe rrni tte d. 
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USE: (Cont.) 

METHOD: 

Catalog No. 203024 C 

2. ARGUMENT 

Both the argument and the result are in standard double 
precision floating point format (see Fixed Point Arithmetic­
Double Precision description for explanation of format). 

3. ERROR ALARMS 

If the arguITlent is less than or equal to zero, overflow is 
set and the subroutine exits with the register s unchanged .. 

The arguITlent is first tested for ITlagnitude and, if less than 
or equal to zero, overflow is set and the subroutine exits. 
Otherwise the exponent is extracted, floated, and saved a.s 
the characteristic for later use. The fraction, X, whose 
range is between 1/2 and 1 J is then inspected to determine 
in which of 8 subintervals it falls and an appropriate 
multiplier is selected and the argulTIent lTIultiplied by this 
constant. At the salTIe tilTIe, the 10garithlTI, base 2, of 
this lTIultiplier is accum.ulated in a SUITl which will be 
subtracted later. The intervals, together with the cor­
responding lTIultipliers and 10garithITls are listed below: 

Interval Multiplier (A
k

) Log
2
A

lt 

· 5 - . 5625 1.8 .84799690655494 

· 5625 - . 625 1. 62 .69599381310989 

· 525 - . 6875 1. 47 .55581615506163 

• 6875 - .75 1. 35 .43295940727610 

.75 - . 81 25 1. 24 . 31034012061215 

· 8125 - .875 1. 15 .20163386116965 

.875 - . 9375 1. 08 .11103131238874 

• 9375 - .987 1.026 .03703073094497 

The constants have been chosen such that after three 
JTIultiplications at ~J the re suIting arguJTIent will lie 
in the range: 

. 987 :s; X s 1. 013 
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METHOD: (Cont.) 

Catalog No. 2030 24.C 

This logaritlun is then computed by the approximation: 

where: 

C
1 

= 1.4426950408889 

C 2 = -. 7 21 347 52044447 

C 3 = · 48089834696298 

C 4 = -. 36067376022224 

and whose maximum error is 3 x 10-
11

. The logarithm 
of the original argum.ent is computed by: 

where b is the floated exponent com.puted earlier. 

Finally, the answer is converted to the proper base by 
using the identity: 

For X not in the interval (0.99, 1. 01), the relative error 
is defined as: 

>:c 
log X - log X 

log X 

and has not been observed to exceed 5 x 10-11 in magnitude. 
For values of X that fall in the interval stated above, the 
absolute error (log>:c X - log X) does not exceed 5 x 10-11 in 
magnitude. 
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Catalog No. 203024C 

Flow Diagram 

LOGARITHM, FLOA TING - LGF 

f:,>C.1"RAC T "E>'?" \...IEWI' 
fLOAi e ~\JE 

(:: b) 

y-=.'. -X. 

COM'PU'Tc : 
, \..oc ... ~ .. x. 
:b-i4~06'2X. 

10-4 

LOCA\~ 

\(~ \NTERVAL 

:/.... A.'K = X 
:2 -'r LCG2 ~k= ~ 
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Flow DIagram 

LOGARITHM, FLOA TING - LGF 

Catalog No. 203024 C Page 2 of 2 

~o 
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1 SL~F PjPD 012200000 
oonoo (J :37 00'-24 2 LGF STX TX SAVE INDEX 
oorOl 0 71 000.00 3 Lrx 0 SAVE RETuRN 
00('02 0 37 00720 4 STX ExIT 
00C03 G 73 O(!??5 5 SKG ZERtt Tt.ST F6R LEGAL ARG 
00n04 4 ~, 1 00131 6 8KR ::~Rft~,~ 

00r"05 (i 46 00122 7 SfE E)l.1R~CT EXPtlNENT 
OO()O6 \,; ~5 00216 e S f A. .4,~r'+l SAVE ARG 
00007 C 36 00?15 9 STB ARG 

001')10 IJ 4f OC?02 1n RCH J202 C"<A + CLB 
'JiJOll .J 77 lJOO26 1 1 E4A :?2 FLeAT EXPbNENT 
00('12 l' 

~ '7 
"'), lCIQ2t5 12 ~J lj D '?2 

i..H)r·13 4 ~:' 00?17 13 STA ChAk,4 SAVE CHARACTE~ISTIC 

OJ()l.1 4 37 JO::??l 14 STX Sr-tIFT,4 S~\'E Si-4IFT ceUNT 
o or)} 5 U 46 30003 15 CLR Pr<ES[T C6RRECflVE SUM 
00('116 0 35 OU2?3 16 STA SUM+1 

00017 U 36 00222 17 STB SU,., 

00020 0 76 00216 1 6 l D,A ARG+l B:.GIN REDUCTIBN 
0 00021 " 7~ 00144 19 Le3P SKG LdWER,l1 Tt.ST Fe~ RANGE 
~ 00022 I) 72 OO??b 2C Sl~ A SIGN 

00(;23 4 01 00045 21 8RU Ev,AL,4 IN RANGE 
oon24 u 46 00002 22 CL8 ftwl ftF RANGE 
00025 i.I 67 20005 23 Ley 5 l(jCA1E SUbINTERVAL 
00026 ~. 46 00020 24 cax 
00027 6 71 00122 25 Lex LI511-R.6 GtT' A(K] ADDRESS 
00030 0 76 00222 26 LDA SUM ACCUM LeG A ( K ) 

OOO~l ~ 54 00002 '27 SUB 2,2 
00(')3'2 U 35 002?2 28 STA SU'" 
O]O3~ u 76 OO'-?3 29 LDA SU"1+! 
00034 .::. ~6 00003 30 SUC 3.2 
OCG35 LJ 15 00'23 31 STA Suf"1+1 

00036 U 76 OG'?16 32 LeA ,AQG+l 
0;)C37 u 75 00215 33 LD8 ARG 
oorAO ~ 01 00000 34 CPM 0,2 FoRM ARG*.AIK) v 

(Joe 4 1 U 67 20001 35 l.ey 1 SCALE AT 0 
000 4 2 u 35 00'16 .3f: STA ,ARG"'l 
oon 4 3 IJ ~6 oe· 21 :- 37 ST8 A.;~ G 
con44 4 01 OOO?l 38 3RU let-p,4 Rf:. T URI~ Te RANGE.-Tt:ST 



00045 0 17 00226 39 EVAL E(jR SIGN FtlRj\1 l-ARG AT 0 
00046 0 35 00216 40 STA ARG+l EVAL POLYNtlMIAL 
00047 0 75 00215 41 lDB ARG 
00050 5 01 00147 42 DPM C4,4 C4*ARG AT -1 
OOO~1 0 46 00014 43 XAB ADD C3 AT -1 
00052 4 55 00145 44 ADD C3,4 
00053 0 46 00014 45 XAB 
00054 4 57 001d6 46 ADC C3·1,4 
00055 1 01 00215 47 nf-lM ARG 
00056 0 66 00001 48 RSH 1 SCALE AT 0 
00057 U 46 00014 49 XAB 
00060 4 55 00147 50 ADD C2,4 ADD C2 AT 0 
00061 0 46 00014 51 XAB 
00062 4 57 00150 52 ADC C2+1,4 
00063 1 01 00215 53 DPM ARG 
00064 0 66 00001 54 RSH 1 SCALE AT 1 
00065 0 46 00014 55 XAB 
00066 4 54 00147 56 SuB Cl.4 ADD Cl AT 1 
00067 0 46 00014 57 XAB 
00070 4 56 00150 58 SUC Cl+1,4 
00071 1 01 00215 59 [PM A~G ldG BASE 2 AT 1 

0 00072 0 46 00014 60 XAB ADD CORRECTIVE SUM 
I 00073 U 55 00222 61 ADD SUM 'J 

00074 0 46 00014 62 XAB 
00075 U 57 00223 63 ADC SUM+1 
00076 4 71 001'21 64 LDX SHIFT,A 
00077 ~ 66 00000 65 RSH 0.2 SCALE RESULT 
00100 4 55 00217 66 ADD CHAR,4 ADD CHARACTERISTIC 
00101 0 40 20001 67 eVT TEST BVERFLO\.l 
00102 4 01 00121 68 BRU BvFLO,A G~ Cf1RRECT 
00103 U 67 10060 69 N6RM Nt}D 4~ 

00104 4 41 00105 70 2RX $+1.4 FORM NEW EXPONENT 
00105 0 37 00215 71 STX ARG SAVE NEW EXP6~~ENT 
00106 0 71 00224 72 LDX TX Rt::CAlL INDEX 
00107 0 77 40220 73 EAX *ExIT GET BASE ADDRESS 
00110 0 46 00600 74 XXA 
0-0111 0 14 00227 7'5 ~TR ADDR 
00112 0 50 00225 76 SKE ZE R5 Tc.ST FeR BASE 2 
00113 4 01 00125 77 8KU CNVRT~t. CHANGE BASE 



00114 0 46 OOf-OO 7f!o XXA 

00115 li 7 1 00;:>t5 79 LCX A~G LJAD 4,~D PACK ExP 
00116 0 46 00140 AQ LLE 
00117 u 71 00224 81 lDX TX REST8RE X 
00120 lJ 51 002?0 8::'. ~L T e~R E X I T 

001'21 U 66 00001 83 eVFLe RSH 1 Rt:SCALE 
00122 ... 1 7 00::>26 84 EGR SiGN ChANGE SIGf'.J 
00123 J 41 OGtO..3 ?~ BRX NllR'1,4 INCr<EMENT fXPBf\:ENT 
00'24 4 01 00103 86 8r<U Nj R r--i.4 

00125 U 46 00600 87 Ct\VRT XXA 
00126 7 OJ 40141 88 DPM *LIST2-1,6 C~ANGE Te E'ASE -< 
00t27 0 7 I 0021') 69 LDX AKG LOAD :::XPfH-4ENT 
001:30 0 67 10002 90 NjD 2 
00131 4 01 00116 91 ERr<ttR 8~U eu T-2,4 PACi"'\ E·( P f11\i, E X I 1 
00132 4 00 00151 Y2 LIST! I-ILT AII!,4 M..JLT}PLIER Ar,DRr=SSt.~ 

00133 4 00 00155 9~ ~LT Al::?I.4 
00t34 4 00 0016J 94 hLT AI3I,4 
00135 4 00 00t65 gS I-"LT A.lj~1I,4 

001:36 4 00 00171 96 ~LT AI5I.4 
0 00'37 4 00 00175 ~7 ~LT Alf!,4 
I 

00140 4 00 00'01 98 t-.LT A171,4 (X) 

00141 4 00 00205 9<; t-'LT .AI81,4 
')0142 4 00 00211 laC LIST2 f-'LT BASEE • .:1 8>\SE CHANGE AiJCRE::,StS 
0014-1 4 00 00213 1\)1 t-tLT BASEIO,4 
00144 37453004 102 LewER I:;ATA 037453C04 .~h7*/{23-(') 

001415 jt!]~4010 103 CJ DED .4e089P~46963·/\47+1 ) 
00146 j6flt047 
00147 J2651004 104 Cd DED -.3606731~O22~?·/(47+1) 

00150 ~072S342 

00151 14631464 105 A I 1 I DED 1.6*/(47-1 ) 
00152 34631463 
00153 64;:>27554 106 DcD .847q9Fqa55~*/(47-1 ) 
00154 15442624 
00155 J6560504 107 A 121 OED 1.62*/(47-1 ) 
00156 31727024 
00157 50 4606 4 0 108 DED .69599~B1311*/(~7-1 ) 
00160 13105451 
OOlel 70243654 109 A I .3 I riD 1. 47*/(47-1) 
OOi62 2i4i217? 



00163 73022372 110 DED .5558161550616*/(47-1) 
00164 10711175 
00165 31463144 111 A 141 OED 1.35*/(,47-1 ) 
00166 25463146 
00t67 27727703 112 DED .4329594072761*/(47-1) 
00170 06732633 
00171 75341216 113 AI5I DED 1.24*/(47-1) 
00172 23656050 
00173 63625231 114 DED .3103401206121*/(47-1) 
00174 04756234 
00175 46314630 115 A 161 DED 1.15*/(47-1) 
00176 22314631 
00177 55357:;25 116 DED .2016338611696*/(47-1) 
OO?OO 03163621 
00201 24365604 117 A I 7 I DED 1.0[3*/(47-1) 
OO?02 21217270 
00203 u4761246 118 DED .1110313123887*/(47-1) 
00204 01615443 
00205 71666210 119 A 181 DED 1.026 w /(47-1) 

0 00206 20324773 
I 

00207 11113304 120 DED .037030730945*/(47-1) "<> 
00210 00457266 
00211 76764340 121 BASEE Dc:n .69314718056*/(47-0) 
00212 26134413 
00213 50237360 122 BASE10 DED .301029995664*/(47-0) 
00214 11504046 
00215 123 ARG BSS 2 
00217 124 C~AR 8SS 1 
00220 125 EXIT BSS 1 
00221 126 SI-IFT BSS 1 
00::>22 127 SLM ass 2 
00224 128 TX BSS 1 
00225 00000000 129 lERe DATA 0 
00226 40000000 130 SIGN DATA 040000000 
00227 00037777 131 ACDR DATA 037777 

00000147 132 C1 EQU C4 
00000147 133 C2 EQU C4 

134 END 
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IDENTIFICA TION: 

AUTHOR: 

ACCEPTED: 

COMPUTER 
CONFIGURA TION: 

PURPOSE: 

PROGRAMMED 
OPERATOR: 

STORAGE: 

TIMING: 

SOURCE 
LANGUAGE: 

SDS 900 SERIES PROGRAM LIBRARY 

PROGRAM DESCRIPTION 

Exponential (2, e, 10) of A - EXP 

W. S. LaSor, SDS 

5 March 1963 

Any 920/930 COITlputer 

Catalog No. 20300B-B 

To cOInpute the exponential (base 2, e, or 10) of an 
argument in the A register. 

None 

Instructions and constants: 76 oct, 62 dec 

Uses temporary storage locations 10 through 12. 

824 microseconds plus scaling ttme 

SYMBOL 

USE: 1. FUNCTION 

The exponential (base 2, e, or 10) of the contents of A 
replace s the contents of A, B. The addre ss field is used to 
define the base as follows: 

ADDRESS 

00000 

00001 

00002 

BASE 

2 

e 

10 

Indexing and indirect addressing are permitted. 

2. ARGUMENT 

The argum.ent is in the A register and the scaling of the 
argum.ent is B scaled at Q = 23. On exit, the result is in the 
A, B registers scaled at Q = 23. 

3. ERROR ALARMS 

If the value of independent variable is such that its exponential 
exceeds the capacity of the A register, overflow is set and 
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USE: (Cont.) 

METHOD: 

Catalog No. 203008 B 

the A, B registers contain erroneous data. The approximate 
maximum values are listed below: 

Xmax BASE 

2 

e 

10 

23. 99999 

15.94238 

6. 923689 

The argument is first converted to its base 2 equivalent 
using the identity: 

k X 
== 2 x 10g2k ; k = e, 10. 

The re sult is then shifted to a scaling of 23 to obtain the for:m: 

i. f 2i 2. f 
2 == · 

whe re i and f are the integral and fractional parts of the 
argument. The following polynominal is used to cOITIpute 2· f: 

[~ CkXJ 2 

Co = 1.0000000 

C1 = .34657210 

C2 = .06006622 

C3 = .00691806 

C4 = .00061973 

C
5 = .000033177 

C6 = . 000004208 

i 
and i is used to scale the result since 2 ITIay be 
accoITIplished by a shift in a binary machine. 

For X ~ 0, the relative error is no greater than 10-
6 

in magnitude. For X < 0, the absolute error does not 
exceed 10- 6 . 

11-2 



1 $EXP P:5PD 012300000 
00000 0 37 00014 2 EX? STX TX SAVE X 
00001 4 74 00072 3 SKD P21.4 
00002 4 01 00053 4 BRU LEFT.4 Go SCALE LEFT 
00003 0 37 00012 5 STX TA SAVE DIFF 
OOOC4 0 71 00014 6 LCX TX 
00005 0 77 40000 7 EAX *0 LdAD 8ASE ADDRESS 
oonC6 6 64 00060 8 MUL BASE.6 Rc:nUCE T~ BASE 2 
00007 0 71 00012 9 LDX TA 
00010 2 66 00000 10 RSH 0.2 SCALE AT 23 
00011 0 35 00013 11 SAVE STA E:XPtlN SAVE INTEGER PART 
00012 0 46 10012 12 BAC 
00013 U 66 20001 13 Rey 1 AFFIX SIGN T~ F 
00014 () 35 00012 14 STA TA 
Don15 4 64 00071 15 MUL C6.4 EVAL PBLYN6M!AL 
00016 4 55 00070 16 ADD C5.4 
00017 0 64 00012 17 MUL TA 
00020 4 55 00067 18 ADD C4.4 

I 
00021 U 64 00012 19 MUL TA 

w 00022 4 55 00066 20 ADD C3.4 
00023 0 64 00012 21 MUL TA 
00024 4 55 00065 22 ACD C2.4 
00025 0 64 00012 23 MUL TA 
00026 4 55 00064 24 ADD Cl·4 
00027 iJ 64 00012 25 MUL T .A 

00030 0 66 00001 26 RSH 1 
00031 4 55 00063 27 ADD CO·4 
00032 0 35 00012 28 STA fA 
00033 0 64 00012 29 MUl TA 2**F AT 2 
00034 0 55 00074 30 ADD ~NE 

00035 4 64 00073 31 MUL Pl·4 SCALE AT 23 
00036 0 46 00400 32 CAX SAVE IN X 
00037 0 76 00013 33 LCA EXP(JN 
00040 0 72 00075 34 SKA SIGN 
00041 4 01 00046 35 8RU NcG.4 
00042 0 46 00600 36 XXA 
=>0043 2 67 00000 37 LSH 0.2 SCALE BY 2**1 
00044 U 71 00014 38 LeX TX 



00045 0 51 00000 39 BRR 0 
00046 0 46 01000 4C NEG; CNA 
00047 U 46 00600 41 XXA 
00050 2 66 onooo 42 RSI-1 0,2 SCALE 9Y 2**1 
00051 0 71 00014 43 LDX TX 
00052 0 51 00000 44 BRR C 
00tl53 2 67 00000 45 LEFT lSH 0,2 SCALE AT 21 
00054 0 71 00014 46 lDX TX 
'JOf"55 0 77 40000 47 EAX *0 Gc:T BASt ADDRESS 
00056 6 64 00060 48 MUL 8ASE.6 RiDUCE TO BASE 2 
00057 4 01 00011 49 BRU SAVE,4 Go tVAL PGLU~BMIAL 

OOOfO 10000000 50 BASE DATA 010000000 
00061 13425217 51 DATA 013425217 
00("62 32446474 52 DATA 0324464174 
00063 20000000 53 CC DATA 020000000 
OOOc4 13056171 54 Cl DATA 013056171 
00065 01730100 55 C2 DATA 017.30100 
00066 00161261 56 C3 DATA 0161261 
00067 00012117 57 C4 DATA 012117 
00070 00000426 5e C~ DATA 0426 

I 
00071 00000044 59 Cf DATA 044 ~ 

00072 00000025 60 P21 DATA 21 
00073 0000000& 61 PI DATA 1*/(23-21) 

00000012 62 TA EQU 10 
00000013 63 EXPON EQU 1 1 
00000014 64 TX EQU 12 

00074 00000001 65 O"-E DATA 01 
00075 40000000 66 SIGN DATA 040000000 

67 END 



SDS 900 SERIES PROGRAM LIBRARY 

PROGRAM DESCRIPTION 

Page 1 of 2 

IDENTIFICA TION: 

AUTHOR: 

ACCEPTED: 

COMPUTER 
CONFIGURA TION: 

PURPOSE: 

PROGRAMMED 
OPERATORS: 

STORAGE: 

TIMING: 

SOURCE 
LANGUAGE: 

USE: 

Catalog No. 203025-C 

Exponential (2, e, 10), Floating - EXF 

w. S. LaSor, SDS 

1 7 January 1964 

Any SDS 920/930 Computer 

To compute the floating point exponential (base 2, e, 10) 
of a floating point argument in the A, B registers. 

DPM 

Instructions and constants: 237 oct, 159 dec 

Base 2, 2.24 - 7. 36 millisec onds 

Base e, 10, 2. 81 - 7. 93 millis econds 

SYMBOL 

1. FUNCTION 

The floating point exponential (base 2, e, 10) of the 
contents of A, B replace s the contents of A lB. 
The contents of the X register are unchanged. The 
address field of the programmed operator is used 
as follows to define the base: 

ADDRESS 

00000 
00001 
00002 

BASE 

2 
e 

10 

Indexing and indire ct addre s sing are pe rmi tted. 

2. ARGUMENT 

Both the argument and the result are in standard double 
precision floating point format (see Fixed Point Arithme1 
Double Precision Description for explanation of format). 
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USE: (Cont.) 

METHOD: 

Catalog No. 203QZ5,C 

3. ERROR ALARMS 

If the result of exponentiation is greater than Z255 in 
magnitude, the result is set to +2255 and ove'rflow is 
set. If the result is less than 2- 256 in magnitude, the 
answer is set to zero but overflow is not set. 

The argument is first converted to its base 2 equivalent 
by multiplication by logk2, k = e, 10. The result is 
then unHoated and the integer saved as the new exponent 
since: 

which is standard binary floating point format. The 
tractional remainder is then made positive and its 
exponential initially set to 1. A t this point, the sub- -k 
routine begins subtracting off those factors of log2(1+2 ) 
which can be subtracted and still leave a positive result. 
For each factor that is found, the exponential is multiplied 
by (l+Z-k) and this result replaces the previous value. A 
total of 17 factors are tried and the result after all 
possible factors have been subtracted will always be less 
than 1. 1 x 10- 5 , This value is used to evaluate: 

x 
2 = 1 + C 1 X 

where: 

C
1 

= .693147180578 

which is then multiplied by the accumulated exponential 
to obtain the final result. The answer is then normalized 
and, barring exponent overflow or underflo'w, the 
exponent is packed and the subroutine exits. 

The n1aximum relative error: 

k = 2, e, lO 

doe 8 not exceed 5 x 1 0 -11 in magnitude. 
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Flow Diagram 

EXPONENTIAL (2, e, 10), FLOATING - EXF 

r\,)(. LEFT 

SAVE ~ 
~AVE ~ETUR~ 

Etr~TA\-JO 
SAVE 

E~PO~Et4T(=E) 

f~TeGer.z= 
~EW 

E~POt-lENT 

MAKE fRACTIO 
POS,,.,Vc (:1=) 

SET E"'P= , 
Sel K= \ 
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~~ LOC,2 (1+2-"') F': \. OG2 (\ +2-1c ) 

~ > lOG2, (, l'Z-k) 

F - L..O<02 (\ +Z-\c:):F 
E)(P (\+Z-k)=E'iP 

k<l7 

fexp) ( 2~) = E~P 
\~cRe~lr::NT New ex· 
POWe~T e. NORMAL\ZE 

t-256/255J 
..----~-..... 

LOAO 
E~PD~E'~T 

~5TOt<E X 
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1 $EXF ptjPD 012300000 
00000 0 37 00231 2 EXF SIX TX SAVE X 
00001 0 71 00000 3 LIJX 0 SAVE RETURN 
OOOC2 0 37 00225 4 STX EXIT 
00003 U 46 00122 S STE EXTRACT EXPONENT 
00004 4 37 00224 6 STX E.4 SAVE 
00005 0 71 00231 7 LDX TX 
00006 0 77 40000 8 EAX *0 GET BASE ADDRESS 
00007 0 46 00600 9 XXA 
00010 0 72 00236 10 SKA ADDR TEST FBR BASE 2 
00011 4 01 00117 1 1 8RU CNVRT .. 4 
00('12 4 76 00224 12 LDA E.A. RECALL EXPONENT 
00013 0 73 00235 13 ETEST SKG ONES 
00014 4 Ot 00125 14 BRU RIGHT .. 4 5rllFT RIGhT TO FIX 
00015 0 46 00600 15 XXA SHIFT LEFT T6 FIX 
00016 0 3S 00222 16 STA ARG+l SAVE ARG 
00017 U 36 00221 17 S'rB ARG 
00020 0 64 00233 18 MuL ONE 

r-..> 00021 2 67 00000 19 LSH 0.2 FoRM NEW EXPONENT 
I 00022 4 35 00230 20 STA 5 .. 4 U'l 

00023 0 76 00222 21 LDA ARG+l 
00024 U 7S 00221 22 LDB ARG 
00025 2 67 00000 23 LSH 0.2 GEl FRACTION 
00026 0 02 20001 24 ROV 
00027 4 14 00146 25 ErR MASK.4 MAKE ARG POSITIVE 
)0030 0 36 00221 26 S18 ARG 
)0031 0 35 00222 27 SET STA ARG+l 
)0032 4 76 00142 28 LDA Kl.4 SET ANSWER Ttl 1 
00033 0 46 00002 29 CL8 
00034 0 35 00227 30 STA R+l 
00035 0 36 00226 31 ST8 R 
00036 4 76 00145 32 LDA P16.4 SET COUNT T6 17 
00037 4 35 00223 33 STA CNTR.4 
00040 4 71 00143 34 LDX K2.4 
00041 0 76 0022'- 35 LDA ARG+l RECALL ARG 
00042 0 75 00221 36 LDB ARG 
00043 0 73 00156 37 leJP SKG TABLE-l.6 CCH1PARE KTH FACTBR 
00044 4 01 00066 38 8RU TEST.4 



00045 0 46 00014 39 XAB sueT t<T~ FACTOR 
00046 6 54 00177 40 SUB TAbLE+16,6 
00047 0 46 00014 41 XAB 
00050 6 56 00156 42 SUC TA8LE-l.6 
00051 G 35 00222 43 STA ARG+l 
00052 0 36 00221 44 STB ARG 
00053 0 76 00227 45 LDA R+l HuDIFY ANSWER 
00054 " 75 OO?26 46 LDB R 

00055 2 66 00000 47 RSH 0,2 
00056 0 46 00014 48 XAB 
00057 0 55 00226 49 ADD R 
00060 U 46 00014 50 XAB 
00061 0 57 00227 51 ACC R+l 
00062 0 35 002?7 52 STA R+l 
00063 0 36 00226 53 STB R 
00064 il 76 00222 54 LDA ARG+l 
00065 U 75 00221 55 LDB A~G 

'" 4 56 TEST SKR CNTR,4 TEST FBR 17T~ TIME I 00066 60 00223 
0-

OOCf7 4 41 00043 57 8RX L(j~P,4 

00070 5 CO 0Ol~7 58 DPM C1,4 CdMPUTE 2**F 
00071 4 55 00142 59 ADD CO·4 
00072 1 00 00?26 60 uP,., R 
00('173 4 62 OO?30 61 XMA 5.4 RtCALL NEW EXPON 
00074 4 55 00144 62 ADD P2.4 
00075 U 46 00400 63 CAX 
00076 4 76 00230 64 LDA S,4 
C0077 0 67 10002 65 N(jD 2 NjRMALIZE RESULT 
00100 0 46 00600 66 XXA 
00101 4 73 00151 67 st<G P255.4 TEST FeR EXPBN eVFLtl 
001C2 4 73 00152 68 SKG M257,4 
00103 4 01 00110 69 8RU OUT+l,4 6vFLf 
00104 0 46 00600 70 XXA 
00105 0 46 00140 7 1 LDE P~CK EXPBNENT 
00106 0 71 00231 72 LDX TX Rt::STeRE x 
00107 0 51 00225 73 eLl 8RR ExIT 
00110 0 72 00234 74 SKA SIGN SC::T 6VFLB IF GTR 255 
00111 4 01 00115 75 8RU $+4,4 UNCERFLew 
00112 4 76 00146 76 LDA MASK,4 Scl ~AXIMUt'1 VALUE 
00113 4 75 OOi52 77 LD8 ....... c:;:"'7 A 

nt!...Jf." 



00114 4 51 00141 78 BRR evFLB,4 
00115 0 46 30003 79 CLR SET RESULl Te ZERO 
00116 4 01 00106 80 BRU BUT-I,A 
C0117 0 46 00600 81 Cf\VRT XXA 
00120 7 00 40136 82 DPM *LIST-l,6 GEl B4SE EQUIVALENT 
00121 4 62 00224 83 XMA E .. A 
00122 4 55 00144 84 ADD P2,4 Aut 2 Tfj EXPBNENT 
00123 4 71 00224 85 LDX E,4 
00124 4 01 00013 86 BRU ETEST,4 
00125 0 46 01000 137 RIGHT C~A MAKE PftSlllVE 
00126 U 46 00600 88 XXA 
00127 2 66 00000 89 RSH 0,2 FIX ARGUMENT 
00130 0 36 002~1 90 STB Ar<G 
00131 0 46 00002 91 CL8 
00132 " 72 00234 92 SKA SIGN 
00133 0 75 00235 93 LDB fiNES 
00134 4 36 00230 94 STB S,4 Ft1RM NEW E.XPBNENT 
00135 4 14 00t46 95 ETR MAS~,4 MAKE ARG PBSITIVE 
00136 4 01 00031 96 BRU SET,4 caNTINUE 

'" 00137 4 00 001.53 97 LI~T HLT LtlGE,4 
I 
'J 00140 4 00 00155 9~ HLT LJGIO.4 

00141 4 00 00t05 99 BVFLB HLT (1UT-2,A T(1 SE T ltVFLO 
C0142 20000000 100 Kl DATA 1*/(23-1 ) 
00143 00040001 101 K2 DATA 040001 
00144 OQacooo? 102 P2 DATA :2 
001.115 00000020 103 P16 DATA 16 
00146 J7777777 104 MASK D~. T A 037777777 
00147 77374544 105 Cl DED .693147180578*/~47-1) 
00150 13056205 
00151 00000377 106 P255 DATA 255 
0OI~2 77777377 107 M257 DATA -257 
00153 62453400 108 LeGE DED 1 • .1142695040389*/(47-2) 
00154 13425216 
00155 11363170 109 L6GI0 DED 3.321928094887*/(47-2, 
00156 32446474 
00157 22560015 110 TABLE DATA 022560015 
00t60 12232360 1 11 DATA 012232360 
00161 U5340Q32 112 DA1A 05340032 
00t62 (;2630773 113 DATA 02630773 



00163 01327264 1 14 DATA 01327264 
00164 U0556362 115 DATA 0556362 
00165 00267745 116 DATA 0267745 
00166 uOl~4116 117 DATA 0134116 
001f7 UOO56076 118 DATA 056076 
00170 00027044 119 DATA 027044 
00171 UOO13423 120 DATA 013423 
00172 00005612 121 DATA 05612 
00173 00002705 122 DATA 02705 
00174 00001342 123 DATA 01342 
00175 00000561 124 DATA 0561 
00176 00(\00270 125 DATA 0270 
00177 00000134 126 DATA 0134 
00200 07176750 127 DATA 07176750 
002Cl 45715:)62 128 DATA 045715062 
002C2 16375721 129 DATA 016375721 
00203 37262205 130 DATA 037262205 
00204 67261667 131 DATA 067261667 
00;:>05 64134120 132 DATA 064134120 
00206 U2667347 133 DATA 02667347 
00207 10666317 134 DATA 010666317 

'" 00210 03776033 135 DATA 03776033 I 
(X) 

00211 62467170 136 DATA 062467170 
00212 65427550 137 DATA 065427550 
00213 21660521 138 DATA 021660521 
00214 16542177 139 DATA 016542177 
00215 S0623543 140 DATA 050623543 
00216 24602400 141 DATA 024602400 
00217 52357324 142 DATA 052357324 
00220 25203177 143 DATA 025203177 
00221 144 ARG BSS 2 
00223 145 Cf\TR 8SS 1 
00224 146 E 8SS 1 
00225 147 EXIT ass 1 
00226 148 R 8SS 2 
00230 149 S BSS 1 
00231 150 TX 8SS 1 
00232 00000000 151 ZERO DATA 0 
00233 00000001 152 Ot-..E DATA 01 
00234 40000000 153 SIGN DATA 040000000 
00235 77777777 154 6t\ES DATA -1 
00236 00037777 i55 ALDR DAiA 037777 

00000142 156 CC EQU Kl 
157 END 
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IDENTIFICATION: 

AUTHOR: 

ACCEPTED: 

COMPUTER 
CONFIGURATION: 

PURPOSE: 

PROGRAMMED 
OPERATORS: 

STORAGE: 

TIMING: 

SOURCE 
LANGUAGE: 

USE: 

SDS 900 SERIES PROGRAM LIBRARY 

PROGRAM DESCRIPTION 

1 • 

Catalog No. 203007-B 

ARC TAN of A - ATN 

W. S. LaSor, SDS 

14 February 1963 

Any 920/930 Computer. 

To compute arctan Y where y and x are numbers in the A and 
B registers respect1velY. 

None 

Instructions and constan ts: 7 1 oct, 57 dec 
U sed standard subroutine temporary locations 12 thru 17. 

1032 jJ.sec 

SYMBOL 

FUNCTION 

The arctangent of the variable determined by the contents of 
A divided by the contents of B replaces the contents of A. 
The addres s field of A TN is not used. 

2. ARGUMENTS 

The numberator in A and the denominator in B may be at any 
scaling as long as the scaling is identical. On exit, the result is 
in A in fractions of a circle scaled at Q = -1 (see program 
description for SIN for examples). The result is not restricted 
to principal values, but may take on any value between _180

0 

and 179.99998
0

• Thus, output from ATN is entirely compatible 
for input to SIN or COS. 

13-1 
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METHOD: 

Catalog No. 203007'-B 

The relative magnitudes of the two arguments are first 
determined. If the absolute value of the contents of A is 
less than the absolute value of the contents of B, then 

u -l~~ is found and the arctangent of u computed. If the 

relative magnitudes are not as stated above, then u = l!: i. 
found and the arccotangent of u is computed,. The answer 
at this point is in either the first or fourth quadrant. The 
sign of the denominator of the input variable is then inspected 
and, if negative, 180 degrees are added to the result to 
obtain the final ans we r • 

The following approximation is used: 

where: 

7 C. u~ 2k-l 
arctan u = ~ 

2k-l 
1 

c = 
1 

.15914533 C
9 = .. 01267292 

C = -.05302625 C
11 = - .. 00534860 

3 
C = .03152520 C

13 = 5 
C 7 = -. 021061 78 

-6 
Maximum absolute error is les s than 10 • 

13-2 
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1 $ATN PBPD 012500000 
00000 0 37 00014 2 ATN STX TX SAVE INDEX 
00001 0 35 00016 3 STA YS SAVE SIGN OF Y 
00002 0 72 00070 4 SKA SIGN GET A8SV(YJ 
00003 U 46 01000 5 C~A 

00004 0 35 00017 6 STA Y 
-J0005 0 46 00010 7 CSA 
00006 0 35 00015 8 STA XS SAVE SIGN eF X 
Ov007 0 17 00016 9 EOR YS Gil SIGN OF RESULT 
00010 C 35 00016 10 STA RS 
00011 II 46 10012 11 BAC 
00012 0 72 00070 12 SKA SIGN GET ABSV(X] 
00013 U 46 01000 13 CNA 
00014 0 73 00017 14 SKG Y FIND LARGER ELEMENT 
00015 4 01 00020 15 8RU $+3,4 
00016 4 51 00016 16 8RR $.4 SET FLAG 
00017 0 62 00017 17 XMA y EXCHANGE X AND Y 
00020 0 66 00001 18 RSH t 1 

w 00021 0 65 00017 19 DIV Y Fc)RM XIV OR Y/X AT 1 
I 

00022 0 35 00012 20 STA ARG w 
00023 0 64 00012 21 MUL ARG 
00024 0 67 00001 22 LSH 1 AIiG SQUARED AT 1 
00025 U 35 00013 23 STA ARGSQ 
00026 4 64 00067 24 MUl C13,4 EvAL P6LYN6MIAL 
00027 4 55 00066 25 ADD Cl1.4 
00030 U 64 00013 ?6 MUl ARGSQ 
00031 4 55 00065 27 ADD C9,4 
00032 0 64 00013 28 MUL ARGSQ 
00033 4 55 COO64 29 ADD C7,4 
00034 0 64 00013 30 MUl ARGSQ 
00035 4 55 00063 31 ADD C5,4 
00036 U 64 00013 32 MUL ARGSQ 
00037 4 55 00062 33 ADD C3.4 
oon40 0 64 00013 34 MUL ARGSQ 
00041 4 55 00061 35 ADD Cl·4 
00042 0 64 00012 36 MUL ARG A~CTAN(UJ AT 0 
00043 o 67 00001 37 LSH 1 SCALE AT -1 
00044 U 40 20001 38 eVT TEST FLAG 



00045 4 01 00050 39 8RU $+3.4 
00046 4 54 00060 40 SUB PC;O.4 Gt::l 90-ARCTAN 
00047 0 46 01000 41 CNA 
00050 0 53 00015 42 SKN XS TEST SIGN rtF X 
00051 4 01 00053 43 8RU $+2.4 
00052 0 17 00070 44 EOR SIGN PUl IN 3RD QUAD. 
00053 0 71 00014 45 LDX TX RESTtlRE INDEX 
00054 0 53 00016 46 SKN RS AFFIX SIGN TO RESULT 
00055 0 51 00000 47 BRR 0 
00056 0 46 01000 48 CNA 
00057 o 51 00000 49 BRR 0 
00060 20000000 50 p;O DATA 1*/(23-1) 
00061 12137126 51 Cl DATA 012137126 
00062 71154676 52 C3 DATA 071154676 
00063 10044045 53 C5 DATA 010044045 
00064 65156617 54 C7 DATA 065156617 
00065 14764206 55 C~ DATA 014764206 
00066 65027452 56 Cll DATA 065027452 
00067 04341626 ·57 C13 DATA 04341626 

c.u 00000012 58 ARb EQU 012 
I 
~ 00000013 59 ARGSQ EQU 013 

00000014 60 TX EQU 014 
00000015 61 XS EQU 015 
00000016 62 YS EQU 016 
00000017 63 Y EQU 017 

00070 ·40000000 64 SIGN DATA 040000000 
00000016 65 RS EQU YS 

66 END 
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IDENTIFICA TION: 

AUTHOR: 

ACCEPTED: 

COMPUTER 
CONFIGURA TION: 

PURPOSE: 

PROGRAMMED 
OPERATORS: 

STORAGE: 

TIMING: 

SOURCE 
LANGUAGE: 

SDS 900 SERIES PROGRAM LIBRARY 

PROGRAM DESCRIPTION 
Catalog No. 203032-B 

ARC TAN. Double Precision - ATD 

W. S. LaSor, SDS 

26 April 1963 

Any SDS 920/930 Computer 

To compute the double precision arctangent of the ratio 
of two double precision arguments; one in the A. B 
registers and the other in memory. 

DPN, DPD, DPM 

Instructions and constants: 236 oct, 158 dec 

Uses temporary storage locations 20 thru 22. 

5. 0 - 5. 5 milliseconds 

SYMBOL 

USE: 1. FUNCTION 

The double precision arctangent of the contents of A, B 
divided by the contents of M+l. M replaces the content-s 
of A, B. The contents of X a~e unchanged. 

2. ARGUMENT 

Both arguments must be in standard double precision 
format and identically scaled. The argument in memory 
is addressed by the ATD programmed operator. Thus: 

ATD M 

computes arctan G~~i~~J and puts the result in A.. B. 

The answer is in radians and lies in the range: 

-fF ~ arctan ~ " 

14-1 
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METHOD: 

Catalog No. Z0303Z B 

The sign of the result is first found by an exclusive OR . 
between the signs of both arguments. The arguments ar.~ 
then changed to absolute value and the magnitudes inspected 

If '(A, B), ~ ,(M+I, M)L U = ';:i Bl~) is formed and the 
. + , I( M + 1 , M) I 

Arctan U computed; 1f ~A, B)I > ~M+l I M)I, u = I(A, B)J . 
is found and the Arccot U = Arctan I/U is calculated. 

The Arctan U is computed from the series: 

tan - 1 U = U _ 1/3 U 
3 + 1/5 US - 1/7 U 7 

-1/16 ~ U ~ 1/16 

If U > 1/16 t the reduction formula: 

-1 -1 i -1 ~u-x~ tan U = tan 1 +UX
i 

+ tan Xi 

is used where X. is determined by the following table: 
1 . 

X. 
.. 1 

i Range tan x. 
1 1 

1 1/16 ~ U < 3/16 1/8 . 124, 354, 994, 547 

2 3/16 ~ U < 5/16 1/4 .244,978,663,127 

3 5/16 ~ U < 7/16 3/8 .358,770,670,271 

4 7/16 ~ U < 9/16 1/2 .463,647,609,001 

5 9/16 ~ U < 11/16 5/8 . 558, 599, 315, 344 

6 11/16 ~ U < 13/16 3/4 .643,501,108,793 

7 13/16 ~ U < 15/16 7/8 .718,829,999,622 

8 U > 15/16 1 .785,398,163,397 
-. 

The bign of the result is then affixed and the answer placed 
in the proper quadrant according to the sign of the operand 
in Inelnory. 

The nlaximuln absolute error does not exceed 10 -11. in 
Inagni tudt!. 

14-2 



1 $ATD POPD 012500000 
00000 0 37 00020 2 ATD STX TX SAVE I~DEX 

00001 0 71 00000 3 LDX 0 SAVE RETURN 
00002 0 37 00021 4 STX ExIT 
00003 4 35 00225 5 STA YS .. 4 SAVE SIGN e.F y 

00004 0 72 00234 6 SKA SIGN GC::T A8SV(YJ 
00005 1 03 00000 7 DPN 
00006 4 35 00233 8 STA Y+l .. 4 

000C7 4 36 00232 9 ST8 y,4 
00010 0 71 00020 10 LDX TX 
00011 0 77 40021 1 1 EAX *EXIT 
00012 2 76 00001 12 LDA 1.2 L~AD X 
00013 2 75 00000 13 Le8 0,2 
00014 4 35 00224 14 STA XS .. 4 SAVE SIGN 6F X 
00015 4 17 00225 15 E~R YS .. 4 FctRM SIGN OF ANSWER 
00016 4 35 00225 16 STA RS.4 
00017 2 76 00001 17 LDA 1 .. 2 Rr:.CALL MSt; OF X 
00020 0 72 00234 18 SKA SIGN GET ABSV(X) 
00021 1 03 00000 19 DPN 
00022 0 71 00235 20 LDX ONES 
00023 4 73 00233 21 SKG Y+l .. 4 FIND LARGER ELEMENT 

~ 00024 4 01 00031 22 8RU $+5 .. 4 
I 

eN 00025 4 62 00233 23 XMA Y+l,4 X GREATER THAN Y 
00026 U 46 00014 24 XA8 
00027 4 62 00232 25 XMA y .. 4 EXCHANGE X AND Y 
00030 2 46 00014 26 RCH 014,2 
00031 0 37 00022 27 STX FLAG Sc.T FLAG ACCBRDINGLY 
00032 0 66 00001 28 RSH 1 
00033 5 01 00232 29 DPD y .. 4 FdRM X/V OR V/X AT 1 
00034 4 35 00227 30 STA ARG+l.d RESULT=U 
00035 4 71 00155 31 LDX 189 .. 4 LoCATt: IN1ERVAL 
00036 4 54 00154 32 SUB 185 .. 4 
00037 0 72 00234 33 SKA SIGN 
00040 4 01 00151 34 BRU ATD1 .. 4 INTERVAL 0 
00041 4 41 00042 35 8~X $+1,4 
00042 4 54 00172 36 SUB 134 .. 4 
00043 0 72 00234 37 SKA SIGN 
00044 4 01 00046 38 8RU $+2.4 Jlir.,P ON I Th INTERV~.L 



00045 4 41 000.12 39 8RX $-3.4 
00046 4 76 00227 40 LDA AKG+l.d ReCALL U 
00047 4 36 00226 41 STB A~G.d 

00050 6 64 00171 42 MUL TABLE-t.6 CdMPUTE U-X( I) 
00051 4 35 00231 .13 Sf A ARGSQ+l.4 
00052 4 36 00230 44 ST8 ARGSQ.4 
00053 4 76 00226 45 LOA A~G.4 

00054 0 66 20001 46 Rey 1 MAKE PBSI1IVE 
00055 0 64 00171 47 MUL TABLE-l.6 
00056 U 67 20001 48 LCY 1 
00057 4 55 00230 49 ADD ARGSQ.4 
00060 0 46 20005 50 ABC 
00061 4 57 00231 51 ADC ARGSQ+l.4 
00062 4 55 00175 52 ADD 182.4 1+l;*XIIJ AT 2 
00063 4 62 Q0227 53 XMA ARG+l.4 Rt:CALL U 
00064 0 46 00014 54 XAB 

~ 00065 4 62 00226 55 XMA ARG.4 
I 00066 U 46 00014 56 XAB ~ 

00067 6 54 Oot71 57 SUB TABLE-I.e U-XIIl AT 1 
00070 5 01 00226 58 DPD ARG.4 (u-XfIJJ/[l+U*XIIJJ 
00071 0 66 00001 59 RSH 1 SCALE AT 0 
oon72 4 35 00227 60 EVAL STA ARG+l.4 
00073 4 36 00226 61 ST8 ARG.4 
00074 5 02 00226 62 DPr-l ARG.4 A~G SQUARED AT a 
00075 4 35 00231 63 STA ARGSQ+l.4 
00076 4 36 00230 64 ST8 ARGSQ.d 
00077 5 O~ 00170 65 DPt" C9.4 EvAL POLYNOMIAL 
00100 0 46 00014 66 X~8 

00101 It 55 00166 67 ADD C7.4 
00102 0 46 00014 68 XAB 
00t03 4 57 00167 69 ,lDC C7+1.4 
00104 5 02 00230 70 DPM ARGSQ.4 
00105 0 46 00014 71 XAB 
00106 4 55 00164 72 ADD C5.4 
00107 0 46 00014 73 XAB 
00110 4 57 00165 74 ADC C5+1.4 
00111 5 02 00230 75 DPM ARGSQ.d 
00112 v 46 00014 76 XAB 
00113 4 55 00162 77 ADD C3.4 



00114 0 46 00014 78 XAB 
00115 4 57 00163 79 ADC C3+1.4 
00116 5 02 00230 80 DPM ARGSQ.4 
00t17 0 66 00002 81 RSH 2 SCALE AT 2 
00120 4 55 00175 82 ADD 1132.4 

I 00121 5 02 00226 83 DPM ARG.4 A~CTAN(UJ AT 2 
00122 0 46 00014 84 XAB 
00123 6 55 00202 85 ADD ATN.6 ADD ATN(XIIJl 
00124 0 46 00014 86 XAB 
00125 0 57 00213 87 ADC ATN+9.6 
00126 0 53 00022 88 SKN FLAG TEST FLAG 
00127 4 01 00136 89 8RU $+7.4 
00130 0 46 00014 90 XAB GET ARCC6TANGENT 
00131 4 54 00156 91 SUB PI2.4 
00132 0 46 01000 92 CNA 
00133 0 46 00014 93 XA8 
00134 4 56 00156 94 sue PI2.4 
00135 0 17 00235 95 EBR ONEs 
00136 4 53 00224 - 96 SKN XS.4 TEST SIGN OF X 

~ 00t37 4 01 00144 97 8RU $+5.4 
I 

00140 0 00014 98 XAB PUT IN 3RD QUAD. OJ 46 
00141 4 54 00160 99 SUB PI.4 
00142 0 46 00014 100 XA8 
00143 4 56 00161 101 SlJe PI+l.4 
00144 0 71 00020 102 LDX TX RESTORE INDEX 
00145 4 53 00225 103 SKN RS.4 AFFIX SIGN Te RESULT 
00146 0 51 00021 104 8RR ExiT 
00147 1 03 00000 105 DPN 
00150 0 51 00021 106 8RR ExIT 
00151 4 76 00227 107 ATDI LDA ARG+l.4 
00152 0 67 00001 108 LSH 1 
00153 4 01 00072 109 8RU EVAL.4 
00154 01000000 110 185 DATA 1*/(23-5) 
00155 000 40000 111 lE9 DATA 1*'(23-9) 
00156 52104130 112 PI2 DED 1.570796326795*/(47-2) 
00157 14441766 
00160 24210220 113 PI DED 3.1415Q2653589*/(47-2) 
00161 31103755 
00162 25252610 114 C~ DED -.333J33333333*/(47-0) 



00163 65252525 
00164 46314632 115 C5 DED .2*/(47-0) 
00165 06314631 
00166 33333362 116 C7 DED -.142857142857*/(47-0) 
00167 73333333 
00170 43434322 117 C9 DED .111111111111*/\47-0) 
00171 03434343 
00172 02000000 118 TAt:3LE D.I\ TA 002000000 .125*/(23-1) 
00173 OAOOOOOO 119 DATA 00 4 000000 .25*/(23-1) 
00174 06000000 120 DATA 006000000 .375*/(23-1) 
00175 10000000 121 152 DATA CI0000000 .5*/(23-1) 
00176 12000000 122 DATA 012000000 .625*/(23-1) 
00177 14 000000 12~ tATA 01 4000000 .75-/(23-1) 
00200 16000000 124 DATA 016000000 .875*/(23-1 ) 
00201 20000000 125 DATA 1*/(23-1) 
00202 00000000 126 ATN DATA 0 
00203 24652664 127 DATA 02 4 652664 
00204 J7 4455 70 128 DATA 037445570 
00205 50171302 129 DATA 050171302 
00206 40530376 130 DATA 040530376 
00207 ~2757434 131 DATA 052757.434 
00210 t>0623236 132 DATA 050623236 

~ 00211 61274212 133 DATA 061274212 
I 

00212 25042074 134 DATA 025042074 0-

00213 00000000 135 DATA 0 
00214 00775267 136 DATA 0775267 
00215 01753335 137 DATA 01753335 
00216 0267541t. 138 DATA 02675414 
00217 03553063 139 DATA 03553063 
00220 04360013 140 DATA 04360013 
00221 05113617 141 DI\TA 05113617 
00222 05600247 142 DATA 056002.47 
00223 06220773 143 DATA 06220773 
00224 144 XS ess 1 
00225 145 YS BSS 1 
00226 146 ARG ess 2 
00230 147 ARGSQ SSS 2 
00232 148 Y SSS 2 

OQOOOO20 149 TX EQU 020 
00000021 150 EXIT EQU 021 
00000022 151 FLAG EQU 022 

00234 40000000 152 SIGN DATA 040000000 
00235 77777777 153 Bf\ES DATA -1 

00000172 154 lE4 EQU TABLE 
UOOO0225 1 .... " :l~ RS EQL YS 

156 END 
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IDENTIFICATION: 

AUTHOR: 

ACCEPTED: 

COMPUTER 
CONFIGURATION: 

PURPOSE: 

PROGRAMMED 
OPERATORS: 

STORAGE: 

TIMING: 

SOURCE 
LANGUAGE: 

USE: 1 • 

SDS 900 SERIES PROGRAM LIBRARY 

PROGRAM DESCRIPTION 

Catalog No. 203026-C 

ARC TAN, Floating Point - ATF 

W. S. LaSor, SDS 

1 7 January 1964 

Any SDS 920/930 Computer 

To compute the floating point a:rtangent of the ratio of two 
floating point arguments; one in the A, B registers and the 
other in memory. 

DPM, FLD, FLN 

Instructions and constants: 3 '"II oct, 249 dec 

4.9-6.4m.s. 

SYMBOL 

FUNCTION 

The floating point arctangent of the contents of A, B divided 
by the contents of M+l J M replaces the contents of A, B. 
The contents of X are unchanged. 

2. ARGUMENT 

Both arguments are in standard double precision floating 
point format. The argument in memory is addressed by 
the ATF programmed operator. Thus: 

ATF M 

computes arctan [ (A, B)] and puts the result in A, B. 
(M+l, M) 

The answe r is in radians and lies in the range: 

- TT :s arctan < TT 

15-1 
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METHOD: 

Catalog No. 203026 C 

The sign of the result is first found by an exclusive OR 
between the signs of both arguments. The arguments are 
then changed to absolu!e value and the magnitudes inspE~cted. 

If I(A, B)I " I(M+l, M)), U =1(~~i~~)1 is formed and the 
. t I I(M+l, ~[)I 

Arctan U computed; 1f (A, B)I > (M+1, M)I' U = I(A, B)I 

is found and the A rccot U = Arctan l/U is calculated. 

The Arctan U is computed from the serie s: 

tan - 1 U = U - 1/3 U
3 

+ 1/5 U 5 - 1/7 U 7 

-1/16 ~ U ~ 1/16 

If U > 1/16, the reduction formula: 

- 1 - IIU -Xi l -1 
tan U = tan e+UX~ + tan Xi 

is used where X. is determined by the following table: 
1 

Ran~e X. 
- 1 

i tan X. 
1 1 

1 1/16 ~ U < 3/16 1/8 · 124,354,994,547 

2 3/16 ~ U < 5/16 1/4 · 244,978,663, 127 

3 5/16 ~ U < 7/16 3/8 .358,770,670,271 

4 7/16 ~ lJ < 9/16 1/2 .463,647,609,001 

5 9/16 ~ U < 11/16 5/8 · 558, 599,315,344 

6 11/16 ~ U < 13/16 3/4 · h43: 501, 108,793 

7 13/16 ~ U < 15/16 7/8 .718,829,999,622 

8 U ~ 15/16 1 .785,398,163,397 

The sign of the result is then affixed and the answer placed 
in the proper quadrant according to the sign of the operand 
in memory. 

The maximum relative error does not exceed 5 x 10 -11 
in magnitude. 
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1 $ATF PBPO 012500000 
00000 0 37 00360 2 ATF STX TX SAVE INDEX 
00001 0 71 00000 3 LDX 0 SAVE RETURN 
00002 0 37 00357 4 STX EXIT 
00003 0 35 00364 5 SlA YS SAVE SIGN OF Y 
OOOC4 0 72 00367 6 St<A SIGN GET Ai3SV(YJ 
00005 1 03 00000 7 FLN 
00006 4 35 00317 8 STA RS.4 
00007 4 35 00363 9 STA Y+l.4 
00010 4 36 00362 10 STB Y.~ 

00011 0 71 00360 11 lOX TX 
00012 0 77 40357 12 EAX *ExIT 
00013 0 50 00365 13 SKE ZERB Tt:ST Y FOR 0 
00014 4 01 00022 14 8RU $+6.4 
00015 2 53 00001 15 SKN 1.2 TEST SIGN 6F X 
00016 4 01 00165 16 BRU LBAOE+t.4 
00017 4 76 00352 17 LOA PI+l.4 St:T ANS\.IER T6 -PI 
00020 4 75 00351 18 LDB PI.4 

01 00021 4 01 00162 19 BRU L6ADE-2.4 LOAD EXP6N AND EXIT I 
C".,) 00022 2 76 00001 20 LOA 1.2 LBAD X 

00023 2 75 00000 21 LDB 0.2 
00024 0 35 00361 22 STA XS SAVE SIGN 6F X 
00025 0 17 00364 23 EBR YS GET SIGN OF ANS\.IER 
00026 4 35 00317 24 STA RS.4 
00027 2 76 00001 25 lDA 1.2 RC:CALl MSH OF X 
00030 0 72 00367 26 SKA SIGN GC:T AoaSV(XJ 
00031 1 03 00000 27 FLN 
00032 0 50 00365 28 SKE ZERB TC:ST X FOR 0 
00033 4 01 00041 29 BRU $+6.4 
00034 4 76 00352 30 LDA PI+l.4 SET ANSUER T6 -P1/2 
00035 4 75 00351 31 LDB PI.~ 
00036 1 03 00000 32 FLN 
00037 0 77 00001 33 EAX 1 SET EXPONENT T6 1 
00040 4 01 00164 34 8RU LBAOE.4 LOAD EXP6N AND EXIT 
00041 4 74 00362 35 St<D Y.4 FIND LARGER ELEMENT 
00042 4 01 00265 36 8RU XC~NG.4 
00043 0 71 00370 37 LDX ONES Y GREATER 
00044 0 37 00364 38 SE T STX FLAG SET FLAG ACCORDINGLY 



00045 5 02 00362 3Q FLD Y.~ FtlRM XIV OR Y/X 
00046 0 46 00122 40 STE EXTRACT EXPONENT 
00047 4 35 00354 41 STA ARG+I.~ RC::SUlT = U 
00050 4 36 00353 42 STS ARG.4 
00051 4 37 00313 43 STX EXP.4 SAVE EXP6NENT 6F U 
00052 0 46 00600 44 XXA 
00053 0 73 00365 45 SKG ZER~ SCALE U AT 1 
00054 4 01 00057 46 8KU $+3.4 
00055 0 46 00600 47 XXA 
00056 4 01 00062 48 8RU $+4.4 
00057 0 46 01000 49 CNA ScT SHIFT C6UNT 
00060 0 46 00600 50 XXA 
00061 2 66 00001 51 RSH 1.2 
00062 4 35 00~56 52 STA ARGSQ+l.4 SAVE SCALED ARG 
00063 4 36 00355 53 STg '-\RGSQ.~ 

00064 4 71 00307 54 ' 1..-.; 1:39.~ loCATE INlERVAl 
00065 4 54 00305 55 51. la5.4 
00066 0 72 00367 56 SKA SIGN 
00067 4 01 00172 57 8RU ATF1.~ SMALL ARG CASE 

01 00070 4 54 00302 58 SUB le~.4 I 
~ 00071 0 72 00367 59 Sr< A SIGN 

00072 4 01 00075 60 8RU $+3.4 
00073 4 41 00074 61 8RX $+1.4 
00074 4 41 00070 62 8RX $-~.4 
00075 4 76 00356 63 LDA ARGSQ+l.4 RC:CALl SCALED ARG 
00076 4 37 00315 04 STX IN1RVL.4 SAVE INTERVAL 
00077 4 36 00353 65 STB ARG.4 SAVE LSH OF U 
00100 6 64 00302 66 M-.;L TA8LE+l.6 
00101 4 62 003~3 67 XMA ARG.4 RECALL LSh ~F ARG 
00102 4 36 00354 6B STB ARG+l.4 
00103 0 66 20001 09 RCY 1 MAKE P6SITIVE 
00104 6 b4 00302 70 MJL TABLE+I.6 
00105 0 67 20('01 71 LCY 1 
00106 4 55 00354 72 ACD ARG+l.l 
00107 0 46 20005 73 ABC 
OOtlO 4 57 00353 74 Ai:C A~G.A 
~O111 4 55 00310 75 ADD 132.4 1+L'*XIII 
00112 (l .,7 ,""""",,,,,,,, ,",If:. E"V 2 v , , 

VV\.'lJ~ f C ~" 

00113 0 67 10001 77 ~dD 1 FL6AT RESULT 



00114 0 46 00140 78 lDE 
00115 4 62 00356 79 XMA ARGSQ+t.4 
00116 0 46 00014 80 XAB 
00117 4 62 00355 81 XMA A~GSQ.4 

00120 4 71 00315 82 lDX INTRVL.4 
00121 0 46 00014 83 XAB 
00122 6 54 00302 84 SUB TA8LE+l.6 
00123 a 71 00366 85 LDX ONE 
00t24 " 67 10050 86 NBD 40 FLOAT U-X(IJ 
00125 0 46 00140 87 LDE 

I 00126 5 02 00355 88 FLD A~GSQ.4 lu-X(IJJ/[l+U*XIII) 
00127 0 46 00122 89 STE 
00130 0 46 00600 90 XXA 
00131 4 43 00214 91 8RM ATAN.4 ATAN(REDUCED ARGJ 
00132 0 46 00600 92 XXA 
00133 0 46 01000 93 CNA 
00134 0 46 00600 94 XXA 
00135 2 66 00001 95 RSH 1.2 SCALE AT 1 
00136 4 71 00315 96 LDX INTRVL.4 

01 00137 0 46 00014 97 XAB I 
01 00140 6 55 00321 98 ADD ATN.6 ADD ATN (XliII 

00141 0 46 00014 99 XAB 
00142 6 57 00322 100 ADC ATN+l.6 
00143 0 53 00364 101 TESTF SKN FLAG 
00144 4 01 00153 102 8~U $+7.4 
00145 0 46 00014 103 XA8 
00146 4 55 00351 104 ADD PI.4 GET A~CCOTANGENT 
00147 0 46 01000 105 CNA 
00150 0 46 00014 106 XA8 
00151 4 57 00352 107 ADC Pi+l.4 
00152 0 17 00370 108 EOR ONES 
00153 0 66 00001 109 RSH 1 SCALE AT 2 
00154 0 53 00361 110 TES T X.S SKN xs 
00155 4 01 00162 111 8RU $+5.4 
00156 0 46 00014 112 XA8 PUT IN 3RD QUAD. 
O .... ·c:;~ 

"11.",' 4 r:::a: 
oJ,J 00351 113 ADD PI.4 

00160 0 46 00014 114 XA8 
00161 4 57 00352 115 ADC PI+l.4 
00162 0 77 00002 116 EAX 2 



00163 0 67 10014 117 NtlD 12 
00164 0 46 00140 118 L6ADE LDE PACt<. EXPttNENT 
00165 0 71 00360 119 LDX TX RC:STBRE INDEX 
00166 4 53 00317 120 SKN RS .. 4 AFFIX SIG"" T6 RESULT 
00167 0 51 00357 121 8"R EXIT 
00170 1 03 00000 122 FLN PuT IN RIGHT QUAD. 
00171 0 51 00357 123 eRR ExiT 
00172 4 76 00313 124 ATFI LDA ExP .. 4 
00173 4 75 00353 125 LDB A~G.4 
00174 4 71 00354 126 LDX ARG+l.4 
00175 4 43 00214 127 eRM ATAN.4 GET ARCTAN 
00176 0 53 00364 128 St<.N FLAG 
00177 4 01 00205 129 BRU $+6.4 
00200 a 46 00600 130 XXA 
00201 0 46 01000 131 eNA 
00202 0 46 00600 132 XXA 
00203 2 66 00001 133 RSH 1.2 SCALE AT 1 
00204 4 01 00145 134 8RU TESTF+2.4 EXIT THRU MAIN LINK 
00205 0 53 00361 135 SKN xs TEST SIGN OF X 

lJl 00206 4 01 00164 136 8RU LtlADE.4 
I 

00207 0 46 00600 137 XXA 0-

00210 0 46 01000 138 CNA 
00211 0 46 00600 139 XXA 
00212 2 66 00002 140 RSH 2.2 SCALE AT 2 
00213 4 01 00156 141 8RU TESTXS+2.4 EXIT THRU MAIN LINK 
00214 0 00 00000 142 ATAI\I PlE A~CTAN SUBROUTINE 
00215 4 73 00311 143 SKG M20.4 
00216 4 01 00263 144 8RU RETURN.4 EXIT IF-ARG SMALL 
00217 0 46 00600 145 XXA 
00220 0 66 00001 146 RSH 1 
00221 4 41 00222 147 BRX $+1 .. 4 
00222 4 37 00313 148 STX EXP.4 
C0223 4 3~ 00354 149 STA ARG+l.4 
00224 4 36 00353 150 ST8 ARG.4 
00225 0 46 00200 151 eXA 
00226 4 55 00313 152 ADD EXP.4 
00227 0 46 01000 153 CNA 
002~0 0 46 00400 154 CAX 
00231 4 76 00354 155 LDA A~G+l .. il 



I . 00232 5 01 00353 156 DPM A~G .. 4 SQUARE ARGUMENT 
00233 4 35 00356 157 STA ARGSQ+l .. 4 
00234 4 36 00355 158 ST8 ARGSQ .. A 

00235 5 01 00347 159 DPM C7.4 EVAL P6LYN6MIAL 
00236 2 66 00000 160 RSH 0.2 
00237 0 46 00014 161 XAB 
00240 4 55 00345 162 ADD C5.4 
00241 0 46 00014 163 XAB 
00242 4 57 00346 164 ADC C5+1 .. 4 
00243 5 01 00355 165 DPM ARGSQ .. 4 
00244 2 66 00000 166 RSH 0.2 
00245 0 46 00014 167 XAB 
00246 4 55 00343 168 ADD C3.4 
00247 0 46 00014 169 XAB 
00250 4 57 00344 170 ADC C3+1 .. 4 
00251 5 01 00355 171 DPM ARGSQ.4 
00252 2 66 00000 172 RSH 0 .. 2 
00253 0 46 00014 173 XA8 
00254 4 55 00341 174 ADD Cl .. 4 - 00255 0 46 000t4 175 XAB 01 

I 00256 4 57 00342 176 ADC Cl+1 .. 4 ...... 
I 00257 5 01 00353 177 DPM ARG .. 4 

00260 4 71 00313 178 LDX EX P .. 4 
00261 0 67 10003 179 NBD 3 
00262 4 51 00214 180 BRR ATAN .. 4 
00263 0 46 00600 181 RETURN XXA 
00264 4 51 00214 182 BRR ATAN.4 
00265 0 46 00600 183 XCHNG XXA 
00266 4 72 00303 184 St{A OP377.4 
00267 4 01 00300 185 BRU ATF2.4 X LARGER 
00270 0 46 00600 186 XXA 
00271 4 73 00363 187 SKG Y+l.4 
00272 4 01 00043 188 8RU SET-I.4 Y STILL LARGER 
00273 4 62 00363 189 XMA V+l.4 EXCHANGE X AND Y 
00274 0 46 00014 190 XA8 
00275 4 62 00362 191 XMA Y .. A 
00216 ') 46 00014 192 RCH 014 .. 2 SET FLAG POSITIVE ~ 

00277 4 01 00044 193 BRU SET.4 
00300 0 46 00600 194 ATF2 XXA 



00301 4 01 00273 195 TAdLE BRU $-6,4 
OO~02 02000000 196 lE4 rATA 002000000 .125'*/(23-1) 
00303 00000377 197 6P377 DATA 0377 
00304 04000000 198 DAlA 004000000 .25*/(23-1) 
00305 01000000 199 lE5 DATA 1*/(23-5) 
00306 06000000 200 DATA 006000000 • .375*/(23-1) 
00307 00040000 2Ul lEy DAT~ 1·/(23-9) 
00310 10000000 202 lE2 DATA 010000000 .5*/(23-1) 
00311 77777754 203 H2O DATA -20 
00312 12000000 204 CATA 012000000 .625*/(23-1) 
00313 205 EXP BSS 1 
00314 lLOOOOOO 206 DA1A 01 4000000 .75*/(23-1) 
00315 207 It\TRvL BSS 1 
00316 16000000 208 DATA 016000000 .a75'*/(23-1) 
00317 209 RS 8SS 1 
00320 20000000 210 DATA 1*/(23-1) 
00321 51525434 211 ATN DED .124354994547*/(47-1) 
00322 Ut77255f. 
00323 77113111 212 DED .2 4 4978663127*/(47-1) 

Ot 00324 03726672 
I 00325 20362372 213 DED .358770670271*/\47-1) ex> 

00326 05573031 
00327 01260706 214 DED .463647609001*/(47-1) 
00330 07326147 
00331 25737024 215 DED .558599315344*/{47-1) 
00332 10740027 
00333 21446440 216 DED .6 d 3501108793*1\47-1) 
00334 12227437 
00335 425702 4 0 217 DED .718829999622*/(47-1) 
00336 13400517 
00337 52104070 218 DED .785398163397*/(47-1) 
00340 14441760 
00341 77777550 219 Cl DED .999999999999*/(47-0) 
00342 37777777 
00343 25252610 220 C3 DED -.333333333333*/(47-0) 
00344 6525252~ 
00345 46314632 221 C5 DED .2*/(47-0) 
00346 063i463t 
00347 33333362 222 C7 cED -.142857142857*/(47-0) 



00350 73333333 
00351 53567520 223 PI DED -3·14159265359*/(47-2) 
00332 46674022 
00353 224 ARG SSS 2 
00355 225 ARGSQ SSS 2 
00357 226 EXIT 8SS 1 
00360 227 TX SSS 1 
00361 228 xs ass 1 
00362 229 Y sss 2 
00364 230 YS sss 1 
00365 00000000 231 ZERB DATA 0 
00366 00000001 232 6t\E DATA 01 
00~67 40000000 233 SIGN DATA. 040000000 
00370 77777777 234 ONES DATA -1 

00000364 235 FLAG EQU YS 
236 END 
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IDENTIFICATION: 

AUTHOR: 

ACCEPTED: 

COMPUTER 
CONFIGURATION: 

PURPOSE: 

PROGRAMMED 
OPERATORS: 

STORAGE: 

TIMING: 

SOURCE 
LANGUAGE: 

USE: 1 • 

SDS 900 SERIES PROGRAM LIBRARY 

PROGRAM DESCRIPTION 
Catalog No. Z03034-B 

COSINE, Double Precision - CSD 

W. S. LaSor,. SDS 

26 April 1963 

Any SDS 92.0/930 Computer 

To compute the double precision cosine of a double precision 
argument in the A, B registers. 

SND (CSD, SND are contained in the same subroutine) 

Instructions and constants: 224 oct, 148 dec 

Uses temporary storage locations 13 thru 17. 

Argument in circles: 3. S9 - 3.74 m. s. 

Argument in radians or degrees: 3.6S - 3.86 m. s. 

SYMBOL 

FUNCTION 

The double precision fixed-point cosine of the contents 'Of 
A, B replaces the contents of A, B. The contents of X ilre 
unchanged. 

2.. ARGUMENT 

METHOD: 

See Program Description for SND. 

Use is made of the identity: 

cos X == s in (X + ~ ) 

by adding 1/4 to the argument. The subroutine the:n exits 
through SND. 
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IDENTIFICATION: 

AUTHOR: 

ACCEPTED: 

COMPUTER 
CONFIGURATION: 

PURPOSE: 

PROGRAMMED 
OPERATORS: 

STORAGE: 

TIMING: 

SOURCE 
LANGUAGE: 

USE: 1 • 

SDS 900 SERIES PROGRAM LIB~R Y 

PROGRAM DESCRIPTION 
Catalog No. 203033-B 

SINE, Double Precision - SND 

W. S. LaSor, SDS 

26 April 1963 

Any SDS 920/930 Computer 

To compute the double precision sine of a double precision 
argument in the A, B registers. 

DPM 

Instructions and constants: 224 oct, 148 dec 

Uses temporary storage locations 13 thru 17. 

Argument in circles: 3.55 - 3.7 m. s. 
Argument in radians or degrees: 3.6 - 3.81 m. s. 

SYMBOL 

FUNCTION 

The double precision fixed point sine of the contents of A, .B 
replaces the contents of A, B. The contents of X are unchanged. 

2. ARGUMENT 

The argument in the A, B registers is in standard double 
precision format and the units may be radians, degrees, aIr 
fractions of a circle. The address field of the programme:d 
operator is used to define the units of the input argument. The 
address used for each set of units together with the requir1ed 
scaling are listed below: 
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USE: (Cont.) 

METHOD: 

Catalog No. 203033-B 

Address Units 
Input 

Scaling 

00000 radians 2 
00001 circles -1 
00002 degrees 8 

The argument is first reduced to the interval ~'IT ::: X!S : 

and the result used to evaluate one of two approximations 
using the identities: 

Ran e Sine Identit 

X < 
-3'IT 

-Sin (X + 'IT ) -'IT :S 
4 

-30 
X 

'IT 
-Cos (X +~) :S <--

4 4 2 

-'IT 
X 

'IT 
Sin X :S < -

4 4 

'IT 3 'IT TT - :S X < Cos (X --) 
4 4 2 

3'IT 
X < -Sin (X - 'IT ) - :s Tr 

4 

The approximations listed belo\v are modified Taylor's series: 

• Tr X 
Sln-- = 

4 

'IT X 
cos -- = 

4 

C X + C X3 + C X5 + C X 7 + C X 9 
1 3 5 7 9 

C +c X2 +C X4+C X6 +C X8 +c X 10 
o 2 4 6 8 10 

for -1 :s X !S 1, where: 

Co = .999, 999, 999, 999,944 

C
1 

= • 785,398,163,378,792 

C
2 

= -.308,425,137,530,000 

C
3 

= -.080, 745, 511,814, 982 

C 4 ~ • 015, 354, 344, 196, 643 

C
5 

= .002,490,392,478,234 
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METHOD: (Cont.) C 6 = -.000, 325, 991,685,657 

C
7 

=-.000,036,571,416,916 

C
8 

= .000,003,590,472,284 

C 9 = • 000, 000, 308, 563, 132 

C 1 0= -.000, 000, 024,266, 335 

Catalog No. 203033-B 

The maximum absolute error does not exceed 10-
12 

in 
magnitude. 
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1 $CSD PttPD 012700000 
00000 0 37 00015 2 CSD STX TX SAVE X 
00001 4 43 00147 3 8RM CNVRT.4 CoNVERT TO CIRCLES 
00002 4 55 00165 4 ADD P90.4 ADD 90 DEGREES 
00003 0 02 20001 5 ROV 
00004 4 01 aO·Oo.7 6 BRU SND+2.4 EXIT THRU SND 

7 $SND POPD 012600000 
00005 0 37 00015 8 St\D STX TX SAVE X 
00006 4 43 00147 9 8RM CNVRT.4 CdNVERT TO CIRCLES 
00007 0 35 00017 10 STA ARG 
00010 0 46 00022 1 1 RCH 022 cax + CLB 
00011 0 67 20003 12 Ley 3 LdCATE SUBINTERVAL 
00012 0 46 00060 13 XXB 
00013 0 76 00017 14 LeA ARG 
00014 6 23 000t5 15 EXU TABLE.6 Gel TO PROPER SUBR. 
00015 4 01 00033 16 TABLE BRU IN T3.4 B~ANCH TABLE 
00016 4 01 00102 17 BRU INT4.4 
00017 4 01 00102 18 8RU INT4.4 

0- 00020 4 01 00025 19 BRU IN T1.4 I 
III 0002·1 4 01 00025 20 8RU IN 1 l.4 

00022 4 01 00070 21 8RU IN12.4 
00023 4 01 00070 22 RRU INT2.4 
00024 4 01 00033 23 8RU INT3.4 
00025 0 46 00014 24 I"TI XA8 SUBTRACT 180 DEG. 
00026 0 17 00223 25 EBR BNES NEGATE 
00027 0 S5 00222 26 ACD ONE 
00030 0 46 00014 27 XAB 
00031 4 17 00166 28 EtlR Kl.4 
00032 0 57 00221 29 ADC ZERo 
00033 0 67 00001 30 If\T3 lSH 1 SCALE ARG AT 1 
00034 0 35 00020 31 STA ARG+l 
00035 0 36 00Qt7 32 ST8 ARG 
00036 1 02 00017 33 DPM ARG S\alUARE ARGUMENT 
00037 0 35 00022 34 STA ARGSQ+l 
00040 0 36 00021 35 STB ARGSQ 
00041 5 02 00211 36 DPM C9.4 EVAL POLYNOMIAL 
00042 0 46 00014 37 XA8 
00043 4 55 00205 3A ADD C7.4 



00044 0 46 00014 39 XAB 
00045 4 57 00206 40 ADC C7+1,4 
00046 1 02 00021 4t DPM ARGSQ 
00047 0 46 00014 42 XAB 
00050 4 55 00201 43 ADD C5,4 
00051 0 46 000Id 44 XAB 
00052 4 57 00202 45 ACC C5+1,4 
00053 1 02 OOO?! 46 DPM ARGSQ 
00054 0 46 00014 47 XAB 
00055 4 55 00175 48 ADD C3,4 
00056 0 46 00014 49 XAB 
00057 4 57 00176 50 ADC C3+1.4 
00060 1 02 00021 51 DPM ARGSQ 
00061 0 46 00014 52 XAB 
00062 .:1 55 00171 53 ADD Cl.4 
00063 0 46 00014 54 XA8 
00064 4 57 00172 55 ~DC Cl+l,~ 

00065 1 02 00017 56 DPM ARG SINE AT 1 
00066 0 71 00015 57 LDX TX RESTBRE X 

0- 00067 0 51 00016 58 BRR ExIT I 
0- 00070 4 55 00165 59 I~T2 ADD P90,4 ADD 90 DEGREES 

00071 4 43 00106 60 8RM C05,4 EVALUATE COSINE 
00072 0 46 00014 61 XAB NEGATE 
00073 0 46 01000 62 CNA 
00074 0 46 00014 63 XA8 
00075 0 52 00223 64 SKB BNES 
00076 0 55 00222 65 ADD BNE" 
00077 C\ 46 01000 66 eNA 
00100 0 71 000t5 67 LDX TX RESTORE X 
00101 0 51 00016 68 8RR EX!l 
00102 4 54 00165 69 I~T4 SUB P90,4 SUBTRACT 90 DEGREES 
00tC3 4 43 00106 70 8RM COS,4 EVALUATE COSINE 
00104 (i 71 00015 71 LDX TX REST6RE X 
00105 0 51 00016 72 BRR EXiT 
00106 0 00 00000 73 C65 PZE CoSINE SU8R6UTINE 
00tC7 0 67 00001 74 LSH 1 SCALE ARG AT 1 
OOtiD 0 35 00020 75 STA AKG+l 
00111 0 36 00017 76 ST8 ARG 
00112 1 02 00017 77 D?M ARG 5wUAPE ARG 



00113 0 35 00022 78 STA ARGSQ+l 
00114 0 36 00021 79 STB ARGSQ 
00115 5 02 00213 80 DPM CIO.4 EVAL POLYN6MIAl 
00116 0 46 00014 81 XAB 
00117 4 55 00207 82 ADD C8.4 
00120 0 46 00014 83 XAB 
00121 4 57 00210 84 ADC C8+1.4 
00122 1 02 00021 8'5 DPM ARGSQ 
00123 0 46 00014 86 XAB 
00124 4 55 00203 87 ADD C6.4 
00125 0 46 00014 88 XAB 
00126 4 57 00204 89 ADC C6+1.4 
00127 1 02 00021 90 DPM ARGSQ 
00130 0 46 00014 91 XAB 
00131 4 55 00177 92 ADD C4.4 
00132 0 46 00014 93 XAB 
00133 4 57 00200 94 ADC C4+1.4 
00134 1 02 00021 95 DPM ARGSQ 
00135 0 46 00014 96 XAB 

~ 00136 4 55 00173 97 ADD C2.4 
I 00137 0 46 00014 98 XAB " 00140 4 57 00174 99 ADC C2+1.4 

00141 1 02 00021 100 DPM ARGSQ 
00142 0 46 00014 101 XAB 
00143 4 55 00167 102 ADD CO.4 
00144 0 46 00014 103 XAB 
00145 4 57 00170 104 ADC CQ+l.4 CtlSlNE AT 1 
00146 4 51 00J06 105 BRR COS.4 
00147 0 00 00000 106 C~VRT PlE UNITS CONVERSION SUBR. 
00150 a 71 00000 107 LDX 0 SAVE RETURN 
00151 0 37 00016 108 STX ExIT 
00152 0 71 00015 109 LDX TX 
00153 0 77 40000 til- EAX *0 GEl UNITS ADDRESS 
00t54 0 46 00600 111 XXA 
00155 0 72 00222 112 SKA ONE TEST F6R CIRCLES 
00156 4 01 00163 113 8RU $+~'.4 
00157 0 46 00600 114 XXA 
00160 7 02 00215 115 DPM FACTOR.6 
00161 0 67 20001 116 LCY 1 SCALE AT -1 



00162 4 51 00147 117 B~R CNVRT.4 
00163 0 46 00600 118 XXA 
00164 4 51 00147 119 8RR CNVRT.4 
00165 20000000 120 PC;o DATA 1*/(23-1 ) 
00166 37777777 121 Kl DATA OJ7777777 
00167 77776470 122 CC DED .~999999999Q*/(47-1) 
00170 17777777 
00171 24203210 123 Cl DED .7853g8163379*/l47-0) 
00172 3110J75~ 
00173 66205550 124 C2 DED -.308425137530*/(47+1) 
00174 54205414 
00175 15564550 125 C3 DED ·.080745511815*/(47+2) 
00176 65524205 
00177 U164441f. 126 C4 DED .015854344196*/'47+3. 
00'-(10 04030037 
002(11 64375113 127 C5 DED .002490392478*/(47+4) 
00202 01?14656 
00203 21370074 128 C6 OED -.0003259916857-/(47+5) 
00204 77525054 

0- 00205 67534165 129 C7 DED -.OQOO~6571417*/(47+6. 
I 

00206 77731515 co 
00207 17301301 130 ce DED .0000035904723*1(47+7) 
00210 00007417 
00211 50446636 131 C~ DED .000000308563*/447+8) 
00212 uOOO1226 
00213 61565706 132 CIJ DED -.OOOOOO0242663*/(47+~) 
00214 77777S27 
00215 5562~520 133 FACTBP DED .159154943092*/(47+2) 
OO~16 24276.301 
00217 26575270 134 DcD .0027777777777*/(47+8) 
OO~20 26602660 

00000015 135 TX Et::;U 13 
00000016 136 EXIT EQU 14 
00000017 137 ARG E~U 15 
00000021 138 ARGSQ EQU 17 

00221 uOOOOOOC 139 lEKtl DATA a 
OO~22 UOOOOOOI 140 Bf\E DAT.4 01 
n ,")., ., ""l 77777777 « A • Ol.,r-(' "t-\ .. ,. • 

-i "'\.I~ ~ Irtror" ."~",, 1 .. 1 \'/1\ I:. v l) IiII I 14. 

142 END 
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IDENTIFICATION: 

AUTHOR: 

ACCEPTED: 

COMPUTER 
CONFIGURA TION: 

PURPOSE: 

PROGRAMMED 
OPERATORS: 

STORAGE: 

TIMING: 

SOURCE 
LANGUAGE: 

USE: 1 • 

SDS 900 SERIES PROGRAM LIBRARY 

PROGRAM DESCRIPTION 

Catalog No. 2030Z8-C 

COSINE, Floating - CSF 

W. S. LaSor, SDS 

17 January 1964 

Any SDS 920/930 Computer 

To compute the floating point cosine of the contents of the 
A, B registers. 

SNF (SNF and CSF are contained in the same subroutine) 

Instructions and constants: 331 oct, 217 dec 

Argument in circles: 4.35 - 4.65 m. s. 
Argument in radians or degres s: 5. 15 - 5.45 m. s. 

SYMBOL 

FUNCTION 

The double precision floating point cosine of the contents of 
A, B replaces the contents of A, B. The contents of X are 
unchanged. 

2. ARGUMENT 

METHOD: 

See Program Description for SNF. 

Use is made of the identity: 

Cos X == Sin (X + ;) 

by adding the appropriate constant to the argument. The 
subroutine then exits through SNF. The error statement 
for SNF applies to CSF as well. 
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IDENTIFICATION: 

AUTHOR: 

ACCEPTED: 

COMPUTER 
CONFIGURATION: 

PURPOSE: 

PROGRAMMED 
OPERATORS: 

STORAGE: 

TIMING: 

SOURCE 
LANGUAGE: 

USE: 

SDS 900 SERIES PROGRAM LIBRARY 

PROGRAM DESCRIPTION 

1 • 

Catalog No. 203027-C 

SINE, Floating Point - SNF 

W. S. LaSor, SDS 

1 7 January 1964 

Any SDS 920/930 Computer 

To compute the floating point sine of the contents of the 
A, B registers. 

DPM, FLM 

Instructions and constants: 331 oct, 217 dec 

Argument in Circles: 4.2 - 4.5 m. s. 
Argument in Radians or Degrees: 5.0 - 5.3 m.s. 

SYMBOL 

FUNCTION 

The floating point sine of the contents of the A, B registers 
replaces the contents of A, B. The contents of X are unc:hanged. 

2. ARGUMENT 

The argument in the A, B registers is in standard double 
precision floating point format. The units may be radians, 
de grees, or fractions of a circle. The addres s field of the 
programmed operator is used to define the units as follo\~s: 

ADDRESS UNITS 

00000 radians 
00001 fractions of a circle 
00002 degrees 
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METHOD: 

,I'W ' 

Catalog No. 20J()Z'C, 
, .1" . 

The argument is fir st reduced to the range ~'1 ~ X < , 
(one period). The re sult is then further reduced to : the 
interval ::!.. ~ X ~::!!.. and used to evaluate one of two. 

4 4 
approximations as determined by the following ident~'le.: ' 

Range 

-31T 
-1T ~ X < 4 

-31T -11 
--~ X < 4 4 

-1T X <!!.. 
4 ~ 4 

1T 
~ X < 31T 

4 4· 

31T 
~X < rr 

4 

Identity 

-Sin (X + fT) 

'IT 
-Cos (X +-) 

2 

Sin X 

1T 
Cos (X - 2:) 

-Sin (X -rr) 

The approximations for sine and cosine are: 

4 
S · 1TX = "C X 2k!tl 

ln 4 '" 2k 1 o + 

5 
Cos 'lTX = I:C X 2k 

4 0 2k 

where: 

Co = .999,999,999,999,944 

C
l = .785,398,163,378,792 

C 2 = -.308,425,137,530,000 

C3 = -.080,745,511,814,982 

C
4 = .015,854,344, 196,643 

C
5 = .002,490,392,478,234 

C
6 = -.000,325,991,685,657 

C
7 = -.000,036,571,416,916 

C
8 = .000,003,590,472,284 

C
9 = .000,000,308,563,132 

C IO = -.000,000,024,266,335 
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METHOD: (cont. ) 

Catalog No. 203027 C 

The maximum relative computational error, E
R

, 
satisfies: 

* sin X - sin X 
sin X 

*. where sin X denotes the computed value of sin X. In 
addition, however, error arises from loss of significa.nce 
in the argument as X increases and as X approaches 
zeros of sin X (cos X). This error is due to the periodic 
nature of the sine (cosine) function and not to the 39 
computational method. For arguments exceeding 2 in 
absolute value, all significance vanishe s and the value 
zero will be returned. 
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1 $CSF POPD 012700000 
00000 0 37 00324 2 CSF STX TX SAVE X 
00001 a 71 00000 3 LDX 0 SAVE RETURN 
00002 0 37 00322 4 STX ExIT 
00003 4 43 00243 5 8~M CNVRT .. 4 CdNVERT TO CIRCLES 
00004 0 74 00330 6 SKD ONES 
00005 4 01 00011 7 BRU $+4,4 
00006 0 46 00102 8 RCH 0102 CLEAR EXPONENT 
00007 2 66 00000 9 RSH 0.2 SCALE RIGHT 
00010 4 01 00013 10 8RU $+3.4 
00011 0 46 00102 1 1 RCH 0102 
00012 2 67 00000 12 LSH 0.2 SCALE LEFT 
00013 4 55 00261 13 ADD P90,4 ADD 90 DEGREES 
00014 0 71 00330 14 LDX ONES St::T EXPONENT 
00015 0 46 00140 15 LDE 
00016 4 01 00024 16 8RU SNF+5 .. 4 EXIT THRU SNF 

17 $SNF POPD 012600000 
00017 0 37 00324 18 Sf\F STX TX SAVE X 

........ 00020 0 71 00000 19 LDX 0 SAVE RETURN I 
lJl 00021 0 37 00322 20 STX ExIT 

00022 4 43 00243 21 8RM CNVRT,4 C~NVERT TO CIRCLES 
00023 0 46 00120 22 RCH 0120 EXTRACT EXPONENT 
00024 4 37 00323 23 STX EXP.4 
00025 0 74 00330 24 SKD ONES UNFLBAT ARG 
00026 4 01 "'0044 25 BRU LEFT.4 Gij SCALE LEFT 
00027 0 46 ",10102 26 RCH 0102 CLEAR EXPONENT 
00030 4 62 00323 27 XMA EXP.4 
00031 4 55 00260 28 ADD P3.4 
00032 4 62 00323 29 XMA ExP.4 
00033 0 35 003t7 30 STA ARG+l 
00034 0 36 00316 31 STS ARG 
00035 2 66 00000 32 RSH 0.2 SCALE RIGHT 
00036 0 35 00320 33 SAVE ST1- TA 
00037 0 46 00022 34 RCH 022 CdX + CL8 
00040 0 67 20003 35 ley 3 LoCATE SUBINTERVAL 
00041 0 46 00060 36 XX8 
00042 0 76 00320 37 LDA TA 
00043 6 23 00Q53 38 EXU TA8LE.6 Gij T~ PRBPER SU8R. 



00044 0 46 00102 39 LEFT RCH 0102 CLEAR EXPONENT 
00045 2 67 00000 40 LSf-I 0.2 SCALE LEFT 
00046 0 35 00317 41 STA ARG+l 
00047 0 36 00316 42 S18 ARG 
00050 4 71 00257 43 LDX P2·4 SET EXPONENT T6 2 
00051 4 37 00323 44 STX EXP.4 
00052 4 01 00036 45 8RU SAVE.4 
00053 4 01 00107 46 TABLE 8RU IN13.4 8~ANCH TABLE 
00054 4 01 00122 147 BRU INT4.4 
00055 4 01 00122 48 8RU INT4.4 
00056 4 01 00063 49 8RU INTI.4 
00057 4 01 00063 50 8RU INTI.4 
00060 4 01 00072 51 8RU INT2.4 
00061 4 01 00072 52 BRU INT2.4 
00062 4 01 00107 53 BRU INT3.4 
00063 0 46 00014 54 If\Tl XAB SU8TRACT 180 DEG. 
00064 0 17 00330 55 EOR ONES NEGATE 
00065 0 55 00326 56 ADD ONE 
00066 0 46 00014 57 XA8 

'J 00067 4 17 00256 58 EOR Kl.4 I 
0- 00070 0 57 00325 59 ADC ZERO 

00071 4 01 00111 60 8RU INT3+2.4 EXIT THRU SINE LINK 
00072 4 55 00261 61 If\T2 ADD P90.4 ADD 90 DEGREES 
00073 4 43 00177 62 aRM COS.4 EV~LUATE COSINE 
00074 0 46 00014 63 XA8 NEGATE 
00075 0 46 01000 64 CNA 
00076 0 46 00014 65 XA8 
00077 0 52 00330 66 SKB ONES 
00100 U 55 00326 67 ADD ONE 
00101 0 46 01000 68 CNA 
00102 U 71 00326 69 LOX ONE 
00103 0 67 10002 70 NOD 2 NoRMALIZE RESULT 
00104 0 46 00140 71 LOE 
00105 0 71 00324 72 LDX TX R~STeRE x 
00106 0 51 00322 73 BRR ExIT 
00107 0 76 00317 74 INT3 LDA ARG+l Rt::CAlL ARGUMENT 
00110 0 75 00316 75 LOB ARG 
A,,.... ••• .. 7i 00323 76 LOX EXP.4 VUIll at 

00112 0 67 10030 77 NBD 24 N~RMALIZE 



00113 0 46 DOf.OO 78 XXA 
00114 0 73 00325 79 SKG ZERlj TEST EXP GTR a 
00t15 4 01 00125 80 8RU SINE,4 Gd CrlMPUTE SINE 
00116 4 76 00263 81 LDA ANS+l,4 SET TO SQRT HALF 
00117 4 75 00262 82 LDB ANS,4 
00120 0 71 00324 83 LDX TX RcST6RE X 
00121 0 51 00322 84 8RR ExIT 
00122 4 54 00261 85 If\T4 SUB P90,4 SuBTRACT 90 DEGREES 
00123 4 43 00177 86 8RM COS,4 EVALUATE ceSINE 
00124 4 01 00102 87 8RU INT2+8,4 FLOAT A.ND EXIT 
00125 0 46 00600 88 SINE XXA 
00126 0 35 00317 89 STA ARG+I SAVE ARGUMENT 
00127 0 36 00316 90 STS ARG 
00130 4 37 00323 91 STX EXP,4 
00131 0 46 00200 92 CXA 
00132 4 5S 00323 93 ADD EXP,4 EXPONENT OF ARGSQ 
00133 0 46 01000 94 CNA 

'J 00134 0 46 00400 9~ CAX SCALE Te x 
I 00135 0 76 00317 96 LDA ARG+l 'J 

00136 0 02 20001 97 RBV 
00137 1 02 00316 ge DPM ARG FORM ARGSQ 
00140 0 40 20001 99 eVT TEST FOR -1 AT 0 
00141 4 01 00240 100 8RU LOAD.4 
00142 0 35 00321 101 RET STA ARGSQ+l 
00143 0 36 00320 102 STS ARGSQ 

I 00144 5 02 00312 103 DPM C9.4 EVAL POLYNOMIAL 
00t45 2 6f noooo 104 RS~ 0,2 
00146 0 46 00014 105 XAB 
00147 4 55 OO~O6 106 ADD C7.4 
00150 0 46 00014 107 XA8 
00151 4 57 00307 108 ADC C7+1,4 
00152 1 02 00320 10Q DPM ARGSQ 
00153 2 66 00000 110 RSH 0.2 
00154 0 46 00014 111 XA8 
00155 4 55 00302 112 ADD C5.4 
00156 0 46 00014 113 '(AS 
00157 4 57 00303 114 ADC C5+t,4 
00160 1 02 00320 115 DPM ARGSQ 
00161 2 66 00000 116 RSH 0,2 



00162 0 46 00014 11 7 XAB 
00163 4 55 00276 118 ADD C3.4 
00164 0 46 00014 119 XAB 
00165 4 57 00277 120 ADC C3+1.4 
00166 1 02 00320 121 DPM ARGSQ 
00167 2 66 00000 122 RSH 0.2 
00170 0 46 000t4 123 XA8 
00171 4 55 00272 124 ADD Cl.4 
00172 0 46 00014 125 XAB 
00173 4 57 00273 126 ADC Cl+l.4 
00174 1 02 00316 1~7 DPM ARG 
00175 4 71 00323 128 LDX EXP.4 
00176 4 01 00t03 129 BRU INT2+9.4 FL6AT AND EXIT 
00177 0 00 00000 130 CBS PlE Ct1SINE SU3R6UTINE 
00200 0 67 00001 131 LSH 1 
00201 0 35 00317 132 STA ARG+l 
00202 (; 36 00316 133 STR ARG 
OO~(l3 1 02 00316 134 DPM ARG SQUARE ARGUMENT 
00204 0 35 00321 135 STA ARGSQ+l 

'J 00205 U 36 00320 136 ST8 ARGSQ I 
ex> 00206 5 02 00314 137 DPM CIO.4 EvAL P6LYN6MIAL 

00207 0 46 00014 138 XAB 
00210 4 55 00310 139 ADD C8.4 
00211 0 46 00014 140 XA8 
00212 4 57 OC311 141 ADC C8+1,4 
00?13 1 02 00320 142 DPM ARGSQ 
00214 0 46 00014 143 XA8 
002J5 4 55 00304 144 ADD C6.4 
00216 U 46 00014 145 XAB 
OO~17 4 57 00305 146 ADC C6+1,4 
00220 1 02 00320 147 DPM ARGSQ 
00221 G 46 00014 148 XAB 
00222 4 55 00300 149 ADD C4.4 
00223 0 46 00014 150 XAB 
00224 4 57 00301 151 ADC C4+1,4 
Oi)?25 1 02 00320 152 DPM ARGSQ 
OO~26 0 46 00014 153 XAB 
0022i A 55 OO:;i4 154 an .... C2,4 ... f4.J.i ~I 

OO?30 0 46 00014 155 X.AB 



00231 4 57 00275 156 ADC C2+1.4 
00232 1 ('2 00320 157 DPM ARGSQ 
00233 U 46 00014 15~ XAB 
00234 4 55 00270 159 ADD CO.4 
00235 0 46. 000t4 160 X A.S 
00236 4 57 00271 161 .ADC CO+l,4 cr;SINE AT 1 
00237 4 51 00J77 162 8RR COS,4 
OO?40 4 76 00256 163 LeAD LDA Kl,4 NEGATE 
00241 U 75 00330 164 LDB ONES 
00242 4 01 00142 165 SRU RET,4 
OO?43 U 00 00000 166 C~VRT PlE UNITS CONVERSION SU8R 
00244 0 71 00324 167 LDX TX 
00245 0 77 40000 16P EAX *0 GET UNITS ADDRESS 
00246 0 46 00600 169 XXA 
00247 0 72 OO~26 170 Sr<A tlNE TEST FOR CIRCLES 
00250 4 01 00254 1 7 t BRU $+..1,4 
OO?51 U 46 00600 172 XXA RADIANS OR DEGREES 
00252 7 03 OO?64 173 FLM FACTOR,6 CdNVERT 
OO?53 4 51 00243 174 BRR CNVRT,4 

'J 00254 0 46 00600 175 XXA I 
-.0 OO?55 4 51 0024~ 176 BRR CNVRT,4 

00256 J7777777 177 1(1 DATA 037777777 
00257 00000002 178 P2 DATA 2 
00260 00000003 179 P3 DATA 3 
00261 20000000 180 P90 DATA 1*/(23-1) 
OO?~2 46376000 181 .A~S DED .707106781187 
00263 265011.71 
00264 55622' /76 182 FACTOR DED .159154943092 
00265 24276301 
00266 26604770 183 DED .0027777777778 
00267 26602660 
00270 77777664 184 CC DED .999999999999*/(47-1) 
00271 17777777 
00272 24203210 185 Cl DED .785398163379*1\47-0) 
00273 31103755 
00274 66205540 186 C2 DED -.30842513753*/147+1) 
00275 54205414 



187 PAGE 
OO~76 43335132 188 C3 DED -.080745511815*/(47-0) 
00277 7532504\ 
00300 01644416 189 C4 DED .015854344196*/'47+3) 
00101 04036037 
00302 73217644 190 C~ DED .002490392478*/(47-0) 
00303 00050632 
00304 21~70074 191 C6 DED -.0003259916857-'(47+5) 
00305 77525054 
00306 1567534:? 192 C7 DED -.000036571417*/(47-0) 
003C7 77777315 
00310 17301301 193 ce DED .0000035904723*/(47+7) 
00311 00007417 
00312 45521115 194 C9 DED .000000308563*'(47-0) 
00313 00000002 
00314 61565706 195 Ctc DED -.0000000242663-'(47+9) 
00315 77777627 
00316 196 ARG SSS 2 

" 00320 lQ7 ARGSQ SSS 2 I 

0 00322 198 EXIT SSS 1 
00323 199 EXP ass 1 
00324 200 T)( SSS 1 

00000320 201 TA EQU A~GSQ 
00325 00000000 202 ZEri6 DATA 0 
00326 00000001 203 ONE DATA 01 
00327 40000000 204 SIGN DATA 040;)00000 
00330 77777777 205 Ot\ES DATA -1 

206 END 



Page 1 of 1 

IDENTIFICATION: 

AUTHOR: 

ACCEPTED: 

COMPUTER 
CONFIGURATION: 

PURPOSE: 

PROGRAMMED 
OPERATORS: 

STORAGE: 

TIMING: 

SOURCE 
LANGUAGE: 

USE: 1 • 

SDS 900 SERIES PROGRAM LIBRARY 

PROGRAM DESCRIPTION 

COS of A - COS 

W. S. LaSor, SDS 

19 February 1.963 

Any 920/930 Computer 

Catalog No. 20301B-B 

To compute the cosine of an argument in the A register. 

SIN (COS and SIN are contained in the same subroutine) 

Instructions and constants: 40 oct, 32 dec 

Uses temporary storage locations 10 thru 12. 

464 - 504 jJ-sec 

SYMBOL 

FUNCTION 

The cosine of the contents of A replaces the contents of A. 
The address field is not used. 

2. ARGUMENT 

METHOD: 

See program description for SIN of A. 

Use is made of the identity: 

cos X = sin (X + 90) 

by adding 90 degrees to the argument. The subroutine then 
exits through SIN. 
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IDENTIFICATION: 

AUTHOR: 

ACCEPTED: 

COMPUTER 
CONFIGURATION: 

PURPOSE: 

PROGRAMMED 
OPERATORS: 

STORAGE: 

TIMING: 

SOURCE 
LANGUAGE: 

USE: 1 • 

SDS 900 SERIES PROGRAM LIBRARY 

PROGRAM DESCRIPTION 
Catalog No. 203006-B 

SIN of A - SIN 

W. S. LaSor, SDS 

19 February 1963 

Any 920/930 Computer 

To compute the sine of an argument in the A register. 

None 

Instructions and constants: 40 oct, 32 dec 

Uses temporary storage locations 10 thru 12. 

448 - 488 ~sec 

SYMBOL 

FUNCTION 

The sine of the contents of A replaces the contents of A. 
The address field is not used. 

2. ARGUMENT 

The argument is in fractions of a circle scaled at Q = -1. 
Thus: 

40000000 = _180
0 

60000000 = - 90
0 

00000000 = 0
0 

20000000 = 90
0 

377 77 777 = 1 7 9. 99998 0
, etc. 
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USE: (Cont.) 

METHOD: 

Catalog No. 203006-B 

On exit, the sine is in A scaled at Q = 1. The Band 
X registers are unchanged. 

The argument is first reduced to either the first of 
fourth quadrants and the result used to evaluate: 

5 
:E C X2k- l 

2k-l 
1 

where: 

C 1 = 1. 5707963 

C = -.64596371 
3 

C = • 07968968 
5 

C
7 

= -.00467377 

C
9

= .00015148 

Maximum absolute error is les s than 10 -6. 
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1 $CtlS prjPD 012700000 
00000 4 55 00030 2 COS ADD P<;0.4 ADD 90 DEGREES 

3 $Slf'.4 P(1PD 012600000 
00001 0 36 00013 4 SIN ST8 T8 SAVE 3 REGISTER 
00002 4 73 00030 5 SKG P90.4 LoCAlE QUArRANT 
00003 4 73 00031 6 SKG M90.4 
oon04 4 01 00024 7 BRU REDuCE.4 2ND 6~ 3RD 
00005 0 35 00012 8 EVAL STA TA I~T e~ 4TH 
00006 0 64 00012 9 MUL TA 
00007 0 35 00014 10 STA ARGSQ 
00010 4 64 00036 1 1 MUL C;.4 EVAL POL¥N6MIAL 
00011 4 55 00035 12 ADD C7.4 
00012 0 64 00014 1~ MUL ARG5Q 
00(113 4 55 00034 14 ADD C5.4 
000J4 0 64 00014 15 MUL ARGSQ 
cont5 4 55 00033 16 ADD C3.4 
00016 0 64 00014 17 MUL ARGSQ 
00017 4 55 00032 18 ADD Cl.4 

ex> 00020 0 64 00012 lq t-!LlL TA I .r:... 00021 0 67 OOOO? 20 LSH 2 SCALE AT 1 
00022 \) 75 00013 21 LOB T3 RESTORE 8 
00023 0 51 00000 22 eRR 0 
00024 0 02 20001 23 REDUCE E(1M 020001 RESET OVFLe 
00025 0 46 01000 24 eNA Rt::DUCE QUDRANT 
00026 0 17 00037 25 FtjR SIGN 
00027 4 01 00005 215 8RU EVAL.4 
00030 20000000 27 P90 DATA 020000000 
00031 57777777 2e MC;O DATA 057777777 
00032 14441767 29 Cl DATA 014441767 
00033 53250420 30 C~ D.4 TA 053250420 
00034 12146426 31 C~ DATA 012146426 
00035 7546663:? 32 C7 DATA 075466632 
00036 C023666C 33 C~ DATA 0236660 

00000012 34 TA EQU 10 
OOOOOOl~ 35 T~ EQU 1 1 
00000014 36 ARGSQ EQU J 2 

00037 40000000 37 SIGN DATA 040000000 
38 END 
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IDENTIFICATION: 

AUTHOR: 

ACCEPTED: 

COMPUTER 
CONFIGURATION: 

PURPOSE: 

PROGRAMMED 
. OPERATORS: 

STORAGE: 

TIMING: 

SOURCE 
LANGUAGE: 

USE: 

METHOD.: 

SDS 900 SERIES PROGRAM LIBRARY 

PROGRAM DESCRIP TION 
Catalog No. Z03035-B 

Square Root, Fixed, Double - DSQ 

Richard S. Resnick, SDS 

22 March 1963 

Any SDS 920/930 Corn.puter 

To extract the square root of the double precision argurn.ent 
in the A. B registers .. 

None 

Instructions and constants: 122 oct, 82 dec 
Uses tern.porary storage locations 12 thru 15. 

1. 112 to 1. 320 rn.illise conds 

SYMBOL 

The root of the arguIllent replaces the arguIllent in A, B. The 
arguIllent is a double precision fixed point nUIllber in A, B. 
The sign and 23 IllOst significant bits are in A (AO thru A

23
) 

and the 24 least significant bits are in (B 0 thru B
23

). The 
X register is unchanged. 

The arguIllent is inspected for the interval in which it lies. 
The intervals are designated by subscipt i and are: 

i = 0 5/16 > A 2: 1/4 

i = 1 3/8 >A 2: 5/16 

i = 2 7/16 > A ::! 3/8 

i = 3 1/2 >A 2: 7/16 

i = 4 5/8 >A 2: 1/2 

i = 5 3/4 >A 2: 5/8 

i = 6 7/8 >A 2: 3/4 

i = 7 1 >A ~ 7/8 
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METHOD: (cont.) The root is then approximated on the i th interval by the 
polynomial: 

3 
CjiA

j 
r = t (i = 0 thru 7) 

0 
J=O 

where: 

i = 0 COO = · 1651632200 
CI0 = · 8864482594 
C20 = -.5275337877 
C30 = · 1879749603 

COl = .1828018288 
Cl1 = .8010519649 
C21 = -.3894905093 
C31 = .1134708047 

CO2 = . 1988250306 
e12 = .7365302516 
C22 = -.3027946859 
C32 = .0745999492 

C03 = . 2136922437 
C13 = .6853650700 
Cl3 = -.2440563169 
C33 = .0521059196 

C04 = .23357606 
C14 = 1. 25362715 
C24 = -.74604543 
C34 = . 26583673 

C05 = .25852082 
C15 = 1. 13285855 
C25 = -.55082276 
C35 = .16047195 

C06 = . 28118105 
C16 = 1. 04061107 
C26 = -.42821635 
C36 = . 10550026 

C07 = .30220646 
C17 = .96925257 
C27 = -.34514775 
C37 = .07368889 
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METHOD: (cont. ') 

Catalog No. 203035 B 

ro is accurate to at least 20 bits and represents a very 
good first approximation of the root. One Newton-Raphson 
interation is performed: 

[r: + r~ 
who ... ,: 

• is the first approximation accurate to at least 
o 20 bits. 

A is the argument in A. B. 

r 1 is the final root, accurate to at least 40 bits. 

The polynomial r,enders the firl:it approxinlation scaled 
at Q = o. The argument is shifted right 1 bit fur scaling 
purpose s before the He ration is pe rforlned. A doubl{~ 

precision divide il:i performed to form the quotit~nt of: 

A 
r 

o 

If the argument is negative. overflow is set and tht= 
program exits. If the argument is zero the prugralTI 
exits immediately. The original ~rgument can be iuuIJd 
in locations 12 and 13. 
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1 $rSQ P6PD 013500000 
00000 0 37 00012 2 DSQ STX TX 
00001 4 71 00056 3 LDX RSH.4 SET RESCALE SHIFT 
00002 0 67 10056 4 NBD 46 NljRMALIZE N PLACES 
00003 0 73 00117 5 SKG =0 
00004 4 01 00045 6 BRU DSQ1.4 AriG LEQ 0 
00005 0 35 00014 7 STA AH 
00006 0 36 00013 8 STB AL 
00007 0 46 00604 9 RCH 0604 X)(A.CAB 
00010 0 46 01000 10 CNA Nf:GATE A 
00011 0 46 00104 1 1 RCH 0104 CABE 
00012 0 66 20001 12 RCV 1 FoRM N/2 
00013 4 35 000 4 2 13 STA SCALE.4 STORE RSH N/2 
00014 0 46 00001 14 CLA 
00015 0 67 00005 15 LSH 5 
00016 0 46 00600 16 XXA 
QOO17 6 64 00067 17 HUL C3-4 .. 6 FIND RT 
00020 6 55 00063 18 ADD C2-4.6 

-0 00021 0 64 00014 19 MUL AH !. 00022 6 55 00057 20 ADD Cl-4.6 
00023 0 64 00014 21 HUL AH 
00024 6 55 00053 22 ADD CO-4.6 
00025 0 62 00014 23 XMA AH EXCHANGE AH AND RT 
00026 0 75 00013 24 LD8 AL 
00027 0 66 00001 25 RSH 1 
00030 a 65 00014 26 DIV AH AH.AL/RT 
00031 0 35 00015 27 STA Q Q EQU AH.AL/RT 
00032 0 46 10012 28 I3.A C 
00033 C 65 00014 29 DIV AH Rt:MAINDER/RT 
00034 0 64 00120 30 MUL =1 
00035 0 55 00015 31 ADD Q CdMPLETE DP DIVIDE 
00036 4 53 00042 32 SKN SCA.LE,d TtST N EVEN BR 5DD 
00037 0 67 00001 33 LSH 1 N IS EVEN 
00040 0 55 00014 34 ADD AH C\jMPLETE N-R ITER 
00041 0 02 20001 35 E(jM 020001 RC:SET OVFL6 
00042 0 66 00000 36 SCALE RSH Rc.SCALE RT 
00043 0 71 00012 37 lDX TX 
00044 0 51 00000 38 8RR 0 ExIT 



00045 0 35 00014 39 D~ Gl1 STA At-I 
('0046 0 ,4~ OO?O.O 40 CXA 
00047 0 .46 01000 41 CNA 
00050 4 55 00056 42 ADD RSH .. 4 
00051 U 62 00014 43 XMA A.H 
00052 0 66 40014 44 RSH *A"" 
oon53 0 72 00t21 ,45 S~ A. =0400000UO 
00054 4 51 00054 46 3~R $.~ SET eVFLe 
00055 4 01 00043 47 9RU SCALE+l.4 L;JAD X AND EXIT 
00056 6232777() 48 RSH DATA 062-327776 
00057 07362716 49 CC DATA 07362716 
00060 10213464 50 DATA 010213464 
00061 1077667~ 51 D.4 T A 010776~75 
oon62 1152726"3 52 DATA 011~27?6J 
00063 50073333 53 Cl DATA 050;)73~33 
00064 44200602 54 DATA 04 4 200602 
00065 41251601 '55 DATA 041251603 
00066 37010170 56 DATA 0]7010170 
00067 5010062'5 57 C2 DATA 050100625 

-.0 00070 5627724~ 58 DATA 056277244 
~ 00071 62230065 59 DATA 062230('65 

00072 6,4751063 60 DATA 05,4751063 
00073 10403360 61 C~ DATA 010403360 
00074 0510513(! 62 DATA 05105130 
00075 0330041C 6~ DATA 03300410 
00~76 02?67243 64 DATA 02267243 
00077 05222017 65 D4TA. 05222017 
00100 05663014 66 DATA 05663014 
00101 06271431 67 DATA 06271431 
00102 0665510n 68 D.~ T A 06655106 
00t03 3427344~ 69 DATA 03 4 2734,43 
00104 31504337 70 DATA 031504:!37 
00105 27443240 71 DATA 027443240 
00106 25735013 72 DATA 025735(113 
OOtC7 57074706 73 DATA 057074706 
00 t 10 63422455 74 DATA 063422455 
00111 66237006 75 DATA 066237006 
00112 70141303 76 DATA 070141303 
00t13 06007620 77 DATA 060076?O 



00114 03503066 78 DATA 03503066 
00115 02306176 79 DATA 02306176 
00116 01525550 80 DJ\TA 01525550 

00000012 81 TX EQU 012 
00000013 82 AL EQU 013 
00000014 83 A~ EQU 014 
00000015 84 Q EQU 015 

85 END 
00117 00000000 
00t20 00000001 
00121 40000000 
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IDENTIFICATION: 

AUTHOR: 

ACCEPTED: 

COMPUTER 
CONFIGURATION: 

PURPOSE: 

PROGRAMMED 
OPERATORS: 

STORAGE: 

TIMING: 

SOURCE 
LANGUAGE: 

USE: 

METHOD: 

SDS 900 SERIES PROGRAM LIBRARY 

PROGRAM DESCRIPTION 
Catalog No. 203029-B 

Square Root, Floating, Double - FSQ 

Richard S. Resnick, SDS 

2Z Ma:uch 1963, 

Any SDS 920/930 Computer 

To extract the square root of the double precision argument 
in the A, B re gisters. 

None 

Instructions and constants: 107 oct, 7 1 dec 
Uses temporary storage locations 12 thru 15. 

1. 056 to 1. 080 milliseconds 

SYMBOL 

The root of the argument replaces the argument in A, B. 
The argument is a double precision floating point nurnber in 
A, B with a 39 bit mantissa and 9 bit exponent field. The sign 
and 23 most significant bits of the mantissa are in A 
(AO thru A

23
) and the 15 least significant bits of the mantissa 

are in B (BO thru B 14). The exponent field is also in B 
(B

15 
thru B

23
). The X register is unchanged. 

The argument is inspected for the interval in which it lies. 
The intervals are designated by subscript i and are: 

i = 0 5/16 > A::: 1/4 i = 4 5/8 >A ~ 1/2 

i = 1 3/8 > A ::: 5/16 i = 5 3/4 > A ~ 5/8 

i = 2 7/16>A:::3/8 i = 6 7/8 > A ~ 3/4 

i = 3 1/2 >A?-7/16 i = 7 1 > A ~ 7/8 

20-1 
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METHOD: (cont.) 

Catalog No. 203029 B 

The root is then approximated on the i th interval by the 
polynomial: 

where: 

3 
r = 1: CjiA

j 
(i = 0 thru 7) 

o J=O 

i = 0 COO = . 1651 63 2200 
CIO = .8864482594 
C20 = -. 5275337877 
C30 = .1879749,603 

COl = • 1828018288 
ell = .8010519649 
e21 = -.3894905093 
e3l = .1134708047 

CO 2 = • 1988250306 
C12 = .7365302516 
C22 = -.3027946859 
C32 = .0745999492 

C03 = .2136922437 
el3 = .6853650700 
C23 = -.2440563169 
C33 = .0521059196 

C04 = .23357606 
C14 = 1. 25362715 
C24 = -.74604543 
C34 = . 26583673 

C05 = .25852082 
e 1 5 = 1. 13285855 
C25 = -.55082276 
C35 = .16047195 

C06 = . 28118105 
C 16 = 1. 04061107 
C 26 = -. 428 21 63 5 
C36 = . 10550026 

C07 = .30220646 
C17 = • 96925257 
C27 = -.34514775 
e37 = .07368889 
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METHOD: (Cant.) 

Catalog No. 203029·B 

ro is accurate to at least 20 bits and represents a very 
good fir st approximation of the root. One Newton-Raphson 
iteration is performed: 

where: 

r :: 1/2 
1 + r~ 

r is the fil'st approximation accurate to at least 
o 20 bits .. 

A is the argument (mantissa) in A. B. 

r 1 is the final root. accurate to at least 40 bits. 

The exponent of the root is foemed by the algorithm: 

RE = 1 / 2 (A E + 1) 

The polynomial renders the first approxhnation scaled 
at Q = 1. The argument is shifted right 2 bits for scaling 
purpose s before the iteration is performed. A double 
precision divide is pe rformed to form the quotient of: 

A 
r 

o 

If the argument is negative, overflow is set and the prograrn 
exits. If the argum.ent is zero the program exits i.mmediatel~ 
The original argument can be found in locations 12 and 13. 
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1 $FSQ PBPD 014500000 
00000 0 73 00107 2 FSQ SKG =0 
00001 4 01 00043 3 8RU FSQl.4 'SPEC I Al CASE 
00002 0 37 00014 4 STX TX 
00003 0 35 00013 5 STA AH 
00004 0 36 00012 6 STB Al 
00005 0 46 00414 7 RCH 041 4 CAX.XAR 
00006 0 67 20004 8 lCY 4 
00007 4 14 00046 Q ETR MC.4 
00010 0 46 00600 10 XXA 
00011 6 64 00(,63 1 1 MUL C3.6 PERFBRM CUBIC FIT 
00012 6 55 00057 12 ADD C2.6 
00013 0 64 00013 13 MUl AH 
00014 6 55 00053 14 ADD Cl.6 
00015 0 64 00013 15 MUL At-! 
00016 6 55 00047 16 ADD CO.6 
00017 0 62 00012 17 XMA AL 

......, 00020 0 46 00500 18 RCH 0500 
0 00021 4 41 00022 lQ BRX $+1.4 Ai:. + 1 I 
.s::.. 00022 0 46 00600 20 XXA 

00023 0 66 00001 21 RSH 1 RE EbU (AE + 1 ) 12 
00024 0 75 00013 22 LOB At-; 
00025 0 46 00450 23 RCH 0450 CAX.CXB.Ct3A 
00026 0 52 00 t 10 24 SK8 =1 
00027 0 66 00001 25 RSH 1 Af.. BDD 
00030 0 66 00002 26 RSH 2 
00031 0 65 00012 27 DIV AL 
00032 0 35 00015 28 STA Q 
00033 0 46 10012 29 BAC 
OOO~4 0 6S 00012 30 DIV AL 
00035 0 64 00110 31 MUl =1 
00036 0 S5 00015 32 ADD Q 
00037 0 5S 00012 3~ ADD Al 
00040 0 46 00140 34 lDE 
00041 0 71 00014 35 LDX TX 
00042 0 51 00000 36 BRR 0 
00043 0 50 00107 37 FSQl SKE =0 
00044 4 51 00044 38 BRR $.4 NEG ARG - SET 6VFLO 



Don45 o 51 00000 39 8RR 0 EXIT 
00046 00000023 40 Me DATA 023 
00047 03571347 41 CO DATA 03571347 
00050 04105632 42 DATA 04105632 
00051 04377337 43 DATA 04377337 
00('152 0465353? 44 DATA 046535~2 

00053 24035556 45 Cl nATA 02 4035556 
00054 22100301 46 DATA 022100301 
00055 2052470? 47 DATA 020524702 
00O~6 17404074 48 DATA 017404074 
00057 64040313 49 C2 DATA 06 4040313 
00060 67137522 50 DATA 067137522 
OOOcl 71114033 51 DATA 071114033 
OO()c2 72364432 52 DATA 072364432 
00063 04201570 53 C~ DATA 04201570 
00064 02442454 54 DATA 02442454 
00065 OJ540204 55 DATA 01540204 
00066 01133522 56 DATA 01133522 
00067 02511007 57 DATA 02511007 

'" 00070 02731406 5R DATA 02731406 0 
I 00071 0313461L1 59 DATA 03134614 01 

00072 03326443 60 DATA 03326443 
00073 16135622 6, DATA 016135622 
00('74 14642160 62 DATA 01 4 642160 
00075 13621520 63 DATA 013621520 
00076 12756406 64 DATA 012756406 
00077 67436343 65 DATA 067436343 
00100 71611227 66 DATA 071611227 
00101 7311740~ 67 DATA 073117403 
00102 74060542 68 DATA 07 4 060542 
OQle3 03003710 69 DATA 03003710 
00104 01641433 70 DATA 01641433 
00'05 01143077 71 DATA 01143077 
00106 00652664 72 DATA 065266d 

00000012 73 AL E~U 012 
00000013 74 A~ EQU 013 
00000014 75 TX EQU 014 
0OOOOOI~ 76 Q EQU 015 

00'07 00000000 77 END 
00110 OOOCOOOI 
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IDENTIFICATION: 

AUTHOR: 

ACCEPTED: 

COMPUTER 
CONFIGURATION: 

PURPOSE: 

PROGRAMMED 
OPERATORS: 

STORAGE: 

TIMING: 

SOURCE 
LANGUAGE: 

USE: 

METHOD: 

SDS 900 SERIES PROGRAM LIBRARY 

PROGRAM DESCRIPTION 
Catalog No. 203019-B 

Square Root of A - SQR 

Richard S. Resnick, SDS 

26 December 1962 

Any SDS 920/930 Computer 

To extract the square root from the 24 most significant bits 
of an argument in the A, B registers. 

None 

Instructions plus constants: 124 oct, 84 dec 
Uses temporary storage locations 12 and 13. 

384 to 576 fJ.sec 

SYMBOL 

T he root of the argument replaces the first 24 significant 
bits of the argument in A, B. The argument is fixed point 
number of even Q in A, B. On exit the root is in A, B at 
Q/2. The X register is unchanged. 

The argument is normalized and inspected for the interval in 
which it lies. The intervals are designated by subscript i and 
are: 

i = 0 5/8>A?:1/2 

i = 1 3/4 > A 2: 5/8 

i = 2 7/8 >A?: 3/4 

i = 3 1 >A ?:7/8 

T he root is then approximated on the i th interval by the 
polynomial: 

3 
C jiA

j 
(i = 0, I, 2, 3) r=Z 

j = 0 
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METHOD: (Cont.) 

Catalog No. 203019 B 

where: 

i = 0 coo = .23357606 
C10 = 1. 25362715 
C20 = .74604543 

C30 = · 26583673 

i = 1 COl = • 25852082 
C11 = 1. 13285855 
C21 = .55082276 
C31 = .16047195 

i = 2 C02 = .28118105 
C12 = 1. 04161107 
C22 = .42821635 
C33 = · 10550026 

i = 3 C03 = · 30220646 
C13 = .96925257 
C23 = .34514775 
C33 = · 07368889 

The root is then scaled at 0/2. Maximum absolute error 
for: 

i = 0 is 1. 09.10- 6 

i = 1 is 6. 38. 10- 7 

i=2is3.58·10- 7 

i = 3 is 5.73 0 10-
7 

If the argument is negative, the results will be negative. 
The original argument can be found in location 12. 
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1 $SQR POPD 014700000 
00000 0 37 00013 2 S~R STX TX SAVE X 
00001 4 71 00021 3 lDX MlT.4 PRESET SCALE ADDRESS 
00002 0 67 10060 4 NOD 48 
00003 0 35 00012 5 STA TA 
000C4 4 37 00016 6 STX XEC.4 Tll EXECUTE 
00005 0 46 00402 7 RCH 0402 CAX + ClB 
00006 0 67 20004 8 ley 4 
00007 0 46 00220 9 RCH 0220 CXA + CBX 
00010 6 64 00032 10 MUl C3-4 .. 6 EVAL P6lYN~MIAl 
00011 6 55 00026 11 ADD C2-4 .. 6 
00012 0 64 00012 12 NUL TA 
00013 6 55 00022 13 ADD CI-4.6 
00014 0 64 00012 14 f-1Ul TA 
00015 6 57 00016 15 ADC CO-4.6 
00016 0 64 00000 16 XEC NUL 0 SCALE RESULT 
00017 0 71 00013 17 lDX TX RESTORE X 

I'V 00020 0 51 00000 18 BRR 0 
I 00021 4 64 00123 19 MlT MUl SC+48.4 RESCALE ARG 

w 00022 07362716 20 CC DATA 07362716 
00023 10213464 21 DATA 0102131164 
00024 10776675 22 DATA 010776675 
00025 11527262 23 DATA 011527262 
00026 50073333 24 Cl DATA 050073333 
00027 44200602 25 DATA 04 4200602 
00030 41251603 26 DATA 041251603 
00031 37010170 27 DATA 037010170 
00032 50100625 28 C2 DATA 050100625 
00033 56277244 29 DATA 056277244 
00034 6223006~ 30 DATA 062230065 
oon35 6475106~ 31 DATA 064751063 
00036 10403360 32 C~ DATA 010403360 
00037 05105130 33 DATA 05105130 
00()40 03300410 34 DATA 03300410 
00041 0226724~ 35 DATA 02267243 
00()42 40000000 36 DATA 040000000 
00043 00000000 37 SC DATA 0 
00044 00000001 38 DATA 01 



00045 00000001 39 n.TA 01 
00046 00000002 40 DATA 02 
00047 00000002 41 DATA 02 
00050 00000003 42 DATA 03 
00051 00000004 43 DATA 04 
00052 00000006 44 DATA 06 
00053 00000010 45 DATA 010 
00054 00000014 46 DATA 014 
00055 00000020 47 DATA 020 
00056 00000027 48 DATA 027 
00057 00000040 49 DATA 040 
00060 00000056 50 DATA 056 
00061 00000100 51 DATA 0100 
00062 00000133 52 DATA 0133 
oon63 00000200 53 DATA 0200 
00064 00000266 54 DATA 0266 
00065 OCOO0400 55 DATA 0400 
00066 00000553 56 DATA 0553 

t-V 00067 00001000 57 DATA OIGOO 
I 00070 00001325 58 DATA 01325 
~ 00071 00002000 59 DATA 02000 

00072 00002651 60 DATA 02651 
00073 OC004000 61 DATA 04000 
00074 00005521 62 DATA 05521 
00075 00010000 63 DATA 010000 
00076 00013241 64 DATA 013241 
00('77 00020000 65 DATA 020000 
00100 00026502 66 DATA 026502 
OOtOl 00040000 67 DATA 040000 
00102 00055203 68 DATA 055203 
00103 00100000 69 DATA 0100000 
00104 00132405 70 DATA 013::?405 
00105 00200000 71 DATA 0200000 
00106 00265012 72 DATA 0265012 
001C7 004000'30 73 DATA 0400000 
00110 00552024 74 DATA 0552024 
00111 01000000 75 rATA 01COOOOO 
00112 0132 4050 76 DATA 01324050 
00113 o~oooooo 77 CATA 020000CO 



00114 02650117 78 DATA 02650117 
00115 O~OOOOOO 79 DATA 04000000 
00116 05520236 80 DATA 05520236 
00117 lCOOOOOO 81 DATA 010000000 
00t20 13240474 82 DATA 013240474 
00121 17777777 83 OAT ~. 017777777 
00122 26501171 84 DATA 026501171 
00123 37777777 85 DATA 037777777 

00000012 86 TA EQU 012 
00000013 87 TX EQU 013 

88 END 
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IDENTIFICATION: 

AUTHOR: 

ACCEPTED: 

COMPUTER 
CONFIGURATION: 

PURPOSE: 

PROGRAMMED 
OPERATORS: 

STORAGE: 

TIMING: 

SOURCE 
LANGUAGE: 

USE: 1. 

SDS 900 SERIES PR.OGRAM LIBRARY 

PROGRAM DESCRlP"fION Catalog No. 203011-C 

Fixed-Floating Format Conver.ion Programmed Operator - FFF 

F"ebruary 11, 1964 

Any SDS 920/930 Computer 

Perform .. conversion between fixed point single precision, 
fixed point double precision, floating point single precision, 
and floating point double precision forIllats. 

None used. 

Instructions and constants: 122 oct, 82 dec 

280 to 632 microseconds, including prograIllIlled operator 
entry and exit. 

SYMBOL 

INSTRUCTION CODING 

The effective address of an JflfF instructiC'tI. spec.ifies format 
conversion performed and scaling of fixed nUIllber (if any) 
as follows: 

Octal Digit 

OOOXOOOO 
OOOOXOOO 
OOOOOXXX 

22-1 

Binary Bits 

10 - 11 
13 - 14 
15 - 23 

Significance 

ForIllat converted from 
ForIllat converted to 
Scaling of fixed point 
nUIllber in two's compleIllel 
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USE: (Cont.) 

Catalog No. 203011 C 

Formats are numbered as follows: 

o - Fixed point. single precision 
1 - Floating point. single precision 
2 - Fixed point. double precision 
3 - Floating point. double precision 

A scaling of 000 indicate s that the binary point of the fixed 
point number is immediately right of the sign bit - i. e .• tha.t 
the number is a fraction less than or equal to one. A positive 
scaling other than zero specifies the number of binary places 
between the sign bit and the binary point to the right. A 
negative scaling specifie s that the binary point is to the left 
of the Sign. (However, the most significant bit of the numbE~r 
will still contain the sign.) Positive scaling may range from 
000 through 377 octal, negative scaling from 777 through 400. 

Scaling can alternately be conceived of as follows: The intended 
value of a fixed point number equals the value of the number as 
a fraction, time s two raised to the S power, S being specified 
by scaling. 

Example: .A single register integral number would 
have scaling of 027 octal (23 decimal). 

If both formats (conversion from and conversion to) are 
floating point, scaling has no significance. 

z. FORMATS 

1 - Fixed point single precision 

.A 24-bit number is contained in the A register in two's 
complement form. 

2 - Floating point single precision 

p. 24-bit fraction is contained in the A register as a 
normalized, fractional two's complement number . 

.A 24-bit exponent is contained in the B register as 
an integral two's complement number. 

3 - Fixed point double pre ci sion 

The most significant 24 bits of the num.ber is contained 
in the A register, the least significant 24 bits in the B 
register. The number is in two's complem.ent form. 
Bit zero position of the B register contains a m.agnitude 
bit (not sign). 
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Catalog No. 2030l1C 

4 - Floating point double precision 

A 39-bit fraction is contained in the A register and 
bit positions 0 through 14 of the B register, as a 
normalized, fractional two's complement number. 

A 9 bit exponent is contained in bit positions 15 
through 23 of the B register as an integral two's 
complement number. 

3. FUNCTION£ 

FFF 00 - No Operation 

FFF 01 - Fixed point single precision to 
Floating point single precision 

Zero becomes zero fraction and _Z8 exponent. 

FFF OZ - Fixed point single precision to 
Fixed point double precision 

B registe.r is cleared. The contents of .A 
register are not changed. 

FFF 03 - Fixed point single preclsion to 
Floating point double precision. 

8 
Zero becomes zero fraction and - Z exponent. 

FFF 10 - Floating point single precision to 
Fixed point single preciSion 

Performs same operation as FFF lZ. Thp 
re suIt is double registe r. 

FFF 11 - No Operation 

FFF 1Z - Floating point single precision 
to Fixed point double precision 

If scaling specified is less than exponent 
overflow is set. 

If difference between exponent and scaling 
exceeds 47, the result is set to zero. 

FFF 13 - Floating point single pre ci sion to 
Floating point double precision 

If exponent exceeds (Z8 -1), overflow is set. 

If exponent is less than _z8, fraction is 
8 set to ze ro and exponent to - 2 

Bit positions 0 through 14 of B register 
are set to zero. 
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USE: (Cont.) 

METHOD: 

FFF 20 - No Operation 

FFF 21 - Fixed point double precision to 
Floating point single precision 

Catalog No. 20301lC 

. 8 
Zero (double register) becomes zero fractlon and. -2 
exponent. 

FFF 22 - No Operation 

FFF 23 - Fixed point double precision to 
Floating point double precision 

Zero (double register) becomes zero fraction and _2
8 

exponent. 

FFF 30 - Floating point double precision to 
Fixed point single precision 

Performs same operation as FFF 32. The result 
is double register. 

FFF 31 - Floatingpoint double precision to 
Floating point single precision 

The sign of the exponent is extended left to bit zero 
of the B register. 

FFF 32 - Floating point double precision to 
Fixed point double preci sion 

If scaling specified is less than exponent, overflo~N' 

is set. 

If difference between exponent and scaling exceedu 47, 
the result is set to zero. 

FFF 33 - No Operation 

Upon entry the effective addres s is obtained. The effective 
address is right shifted 9 bits and extracted with 00000033 to 
obtain format conversion specification. The format conver~Jion 
specification becomes the table address of an indexed execute. 
The executed table operation performs a branch to subroutine, 
an operation, or a NOP J as a function of the format conversion 
specification. 
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If a branch is not executed, the routine reloads original 
contents of register s and exits. 

If fixed to floating conversion is specified, overflow is set 
as a flag if conversion is to floating single precision. If 
the fixed number is single precision, the B register is 
cleared. The number is always converted to floating 
double precision, then this in turn is changed to floating 
single precision if required. 

A common subroutine performs the actual fixed to floating 
conversion. The scaling is extracted from the effective 
addre SSe If the number is zero, the exponent is set to 400, 
otherwise the num.ber is norm.alized and scaling is 
correspondingly decrem.ented. The norm.alized numLer is 
truncated to 39 bits and become s the fraction. The 
decremented scaling becom.e s the exponent. The subroutine 
then branches as a function of the flag; exiting if floating 
double precision is to be the final form.at. 

If conversion to floating single precision is specified, the 
sign of the exponent (bit 15) is extended left throughout 
the B register. 

If floating to fixed conversion is specified, the fraction is 
subtracted from. the specified scaling. If this difference is 
negative, overflow is set. If the difference is greater than 
57 (octal), the result is set to zero. Otherwise, the difference 
is placed in the X register and conditions an indexed right 
shift of the fraction. The result is the fixed point number. 

If floating single to floating double conversion is specified, 
the CQ{po.nent is tested. If the exponent is greater 
than 377 (octal) the overflow is turned on. If the exponent 
is less than 77777400 (octal), the fraction: is set to zero and 
the exponent is set to 400. Otherwise the exponent is 
truncated to 9 bits and the low 15 bits of the fraction are 
set to zero. 
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0000001? 1 A~ EQU 012 
0OOOOOI~ 2 TEMP ELJU 013 
0000001,1 3 XREG EQU 01 4 
00000024 4 O~E EQU 024 
00000025 5 SIGN EQU 025 
00000026 6 B~ES EQU 026 

7 $FFF PtlP:J 015100000 
oooeD 0 35 00012 e FFF STA. .~H 

00001 0 37 00014 9 STX X~EG 
00002 0 77 40000 10 EAX *0 
00003 0 37 00013 1 1 STX TEMp 
00004 a 46 00222 12 RCH 0222 
00005 0 66 20011 13 RCY 9 
00006 0 14 00033 14 ETR F]3 020000033 
oon07 0 46 OO.d40 15 RCH 04 4 0 
00010 2 23 00('11 16 EXU Fl1 .. 2 
00011 0 01 00044 17 F 11 8i-<U F44 END 
00012 0 01 00047 18 F12 8RU F47 FIX TO FLOAT N 
00013 0 46 00002 19 eLB N 

I 
00014 0 51 00022 20 8RR F22 SET OVERFLOW. FIX Ttl FLOAT 0.. 

00015 0 76 00012 21 F15 LDA AH FLOATING 
00016 0 52 00025 22 SKB SIGN DctUBLE 
00017 0 5S 00024 23 ADD ONE Til 
00020 

'" 
01 00064 24 8RU F64 SINGLE 

00021 a 01 00025 25 8RU F25 LINKAGE TARLE 
00022 0 20 00046 26 F22 NBP F46 
00023 0 01 00025 27 8~U F25 
00024 0 01 00103 28 8RU FI03 
00025 0 46 00120 29 F25 RCh 0120 
00026 0 46 00002 30 CLB 
OOOt'7 o 01 00070 31 8RU F70 FLOAT TO FIX+l 
00030 00000400 32 F30 DATA 0400 
00031 I) :;>0 00000 33 NOP LiNr<AGE TABLE 
00032 0 01 00050 34 8RU F50 FIX T6 FLOAT+l 
OOO~3 0 20 OO!133 35 F3J NOP 27 
00034 0 51 00('12 36 BRR F12 FIX T13 FL6AT+l. SET OvERFLOIJ 
00035 '"\ 46 00502 37 F"- RCH 05C2 FLOATING TO FIXED \.. .... ':> 
00036 0 76 00012 3~ LDA A 1-1 



00037 2 66 00000 39 RSH 0,2 SCALE 
00040 0 01 00045 40 8RU F45 END+t 
00041 0 01 00067 41 8~U F67 
00042 0 01 00015 42 BRU F15 
00043 0 01 00067 43 BRU F67 
00044 0 76 00012 44 F44 LDA AH 
00045 0 71 00014 45 F45 LDX XREG 
00046 0 51 00000 46 F46 BRR 0 RtTURN 
0()0-47- 0 ~6 0000-2 47 F-47 CLB 
00050 0 71 00013 48 F50 LDX TEMP SCALING 
00051 0 76 00012 49 LDA AH 
00052 0 72 00026 50 SKA ONES 
00053 0 01 00060 51 BRU F60 Ah NOT = 0 
00054 0 70 00026 52 SKM ONES 
00055 0 01 00060 53 BRU F60 AL NOT = 0 
00056 0 75 00030 54 LDB F30 
00057 0 01 00062 55 BRU F62 ZERO EXIT 
00060 0 67 10060 56 F60 NOD 48 
00061 0 46 00140 57 RCH 01 40 

"-> 
00062 0 40 20001 58 Ff-2 SKS 020001 O'VERFLO\J "-> 

I 
00063 0 01 00045 59 8RU F45 E~D+l. fLOATING DOUBLE 'J 

00064 0 46 00t20 60 FE4 RCH 0120 
00065 0 46 00040 61 CXB 
00066 0 01 00045 62 8RU F45 
00067 0 46 00122 63 FE7 RCH 0122 
00070 0 46 00200 64 F70 CXA 
00071 0 62 00013 65 XMA TEMp EXCHANGE SCALING AND AE 
00072 0 46 00500 66 RCH 0500 
00073 0 46 00200 67 CXA 
00074 0 54 00013 68 SUB TEMp 
00075 0 72 00025 69 SKA SIGN 
00076 0 01 00110 70 BRU F 11 0 6'VERFLOU 
00077 0 73 00121 71 SKG F121 ooooe057 
00100 0 01 00035 72 8RU F35 R = 0 
00101 0 46 30003 73 CLR R NOT = 0 
00102 0 01 00045 74 8RU F45 END+l 
00103 0 46 10012 75 FI03 BAC 
00104 0 73 00t17 76 SKG Flt7 
00105 0 01 00114 77 8RU Flt4 UNDERFLO\J 



00106 0 73 00120 78 SKG F120 
00t07 0 01 00112 79 8RU Fl12 No OVERFLfHJ 
OOtlO 0 75 00120 .90 FIIO LDB F120 
00111 0 51 00113 81 BRR F113 SET 6VERFL6~ TO END+1 
00112 0 46 00104 82 F112 RCH 0104 
00113 0 01 00044 83 Flt3 BRU F44 Tei END 
00114 0 46 30003 54 F114 CLR 
00115 0 75 00030 85 LDB FJO 
00116 o 01 00045 A6 8RU F45 Ttl END+1 
00117 77777400 87 Fl17 DATA 077777400 
00120 00000377 88 F120 DATA 00000377 
00121 00000057 89 F121 DATA 00000057 

90 E~D 
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IDENTIFICA TION: 

AUTHOR: 

ACCEPTED: 

COMPUTER 
CONFIGURA TION: 

PURPOSE: 

PROGRAMMED 
OPERATORS: 

STORAGE: 

TIMING: 

SOURCE 
LANGUAGE: 

SDS 900 SERIES PROGRAM LIBRARY 

PROGRAM DESCRIPTION 
Catalog No. Z03010-B 

i""loating Point, Single Precision Arithmetic Programmed 
Operator Package 

Richard S. Resnick, SDS 

5 February 1963 

Any SDS 920/930 Computer 

To provide the following single precision floating point 
~rithmetic functions: 

Mnemonic 
--i 

Programmed Operator 

FSA Floating Add, Single Precision 

FSS Floa ting Subtract, Single Precision 

FSM Floating Multiply, Single Precision 

FSD Floating Divide, Single Precision 

FSN Floating Negate, Single Precision 

None 

Instructions and constants: 174 oct, 124 dec 

Uses standard subroutine temporary storage locations 12 
through 14, and location 1. 

(:mic ros8conds) 

]~SA 

FSS 
FSM 

352-480 
368-480 
248-264 

SYMBOL 

FSD 
FSN 

23-1 

464-480 
64- 72 
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USE: 

Catalog No. 203010 .. B 

1. FORMAT 

Each floating, single precision number occupies two words. 
The fraction is contained in one word in two' 8 complement 
form. Its value may be: 

1 /2 ~ fraction < 1 

-1 :s fraction < -1/2 

fraction = 0 

The exponent is contained in the other word as a.n integer in 
twots complement form scaled at 23. Its value may lie in 
the range: 

-8 8 
2 :s exponent < 2 

Both A and B registers together constitute a "double 
accumulator" for floating single precision programmed 
operators. The fraction is contained in A register and 
the exponent in B register. 

The contents of the two memory locations designated by the 
effective address of a programmed operator, and by the 
effective address plus one, constitute a "double operand". 
The exponent is contained in the location designated by the 
effective addres s; the fraction is contained in the following 
location. 

2. FUNCTIONS 

Except as noted, indexing and indirect addres sing are pos sible 
on all instructions. 

FLOATING ADD, SINGLE PRECISION FSA 

The "floating operand" is added to the "floating accumulator", 
and the normalized sum appears in the "floating accumulator. " 

Registers Affected: A, B Ti:ming: 44 - 60 cycles 

FLOATING SUBTRACT, SINGLE PRECISION FSS 

The "floating operand" is subtracted from the "floating 
accumulator" and the normalized difference appears in the 
"floating accumulator. " 

Registers Affected: A, B Tilning: 46 - 60 cycles 

23-2 
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USE (Cont.) 

METHOD: 

Catalol No. 203010-B 

lrLOATING MULTIPLY, SINGLE PRECISION FSM 

The "floating operand" i. multiplied by the contents of the 
"floating accumulator" • The normalized product appears 
j,n the "floating accumulator." 

Registers Alfected: A, B Timing: 31 - 33 cycle. 

FLOATING DIVIDE, SINGLE PRECISION FSD 

r;rhe contents of the "floating accumulator" are divided by 
the "floating operand". The norm.alized quotient appear. 
i.n the "floating accumulator. " 

Xf the divisor ia zero, overflow will be turned on. , 

Registers Affected: A, B Timing: 58 - 60 cycles 

FLOATING NEGATE, SINGLE PRECISION FSN 

The contents of the "floating accumulator" are negateds 
The address portion of the instruction i. not used. 

Indirect addressing and indexing are not used. 
I 

Registers Affected: AI B Timing: 8 - 9 cycles 

3. ACCURACY .. ------
Precision of results is 23 bits plus sign. Results are not 
:rounded. 

Xf an exponent becomes larger than 255 or smaller than 2.56, 
1the result will remain arithmetically correct. However, if 
Iluch a result is converted to floating double precision, it 
will cause overflow Of underflow. Probability of an 
exponent exceeding 2 3 is negligibly small, therefore this 
condition is not detected. 

1. NOMENCLATURE . 
. Ah = Fractional portion of operand initially in accumulator 

(A register) 

,Ae = Exponent of operand initially in accumulator (B register) 

Mh = Fractional portion of operand in memory (location M+l) 

Me = Exponent of ope rand in memory (location M) 

23-3 
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METHOD: (Cont. )Rh = Fractional portion of result (A register) 

Re = Exponent of result (B register) 

All fractions are normalized. All exponents are integers 
scaled at 23. 

2 •. FLOATING ADD, SINGLE PRECISlON 

The exponents are compared. If their difference is greater 
than 32, the operand having the larger exponent is loaded 
into the accumulator and the subroutine exits. Otherwise, 
the fraction having the smaller exponent is shifted right a 
number of places equal to the difference, and added to the 
other fraction. The larger exponent becomes Re. 

If the addition overflows, Rh is'· shifted right one position, 
the sign changed, and Re is incremented. Otherwise, the 
result is normalized. 

3. FLOATING SUBTRACT, SINGLE PRECISION 

The exponents are compared. If their difference is greater 
than 32, the operand having the large exponent is loaded 
into Ah and its exponent into Ae and the subroutine exits. 
Otherwise, if Ah is greater than Mh, Mh is negated and 
shifted right a number of places equal to the difference and 
added to Ah. If Mh is greater than Ah, Ah is shifted right 
a number of places equal to the difference and Mh is 
subtracted from Ah. The larger exponent becomes Re. 

If overflow occurs, Rh is shifted right one bit position, 
the sign changed, and Re is incremented. Otherwise,the 
result is normalized. 

4. FLOATING MULTIPLY, SINGLE PRECISION 

The fractional parts are multiplied together and the result 
is normalized. If overflow is on, indicating multiplication 
of 40000000 times 40000000 occurred, Rh is set to 
37777777. The exponents are added. 

5. FLOATING DIVIDE, SINGLE PRECISION 

The exponents are differenced and the result is incremented 
by one to compensate for a subsequent right shift of Ah. If 
Mh is zero, overflow is turned on, and subroutine exits. 
Otherwise,Ah is right shifted one position and normal division 
takes place and the result normalized. 

6. FLOATING NEGATE, SINGLE PRECISION 

If Ah is zero, the subroutine exits. Otherwise,the 
J ones complement of Ah replaces Ah. 

23-4 



1 $FSN P6PD 014400000 
00000 0 50 00173 2 FSN SKE =0 
00001 a 17 00172 3 EOR NIQ23 6NES COMPLIMENT 
00002 0 51 00000 4 BRR 0 

5 $FSD POPD 01 4 300000 
00003 0 37 00014 6 FSD STX TX SAVE X 
00004 0 77 40000 7 EAX *0 
00005 a 46 00M4 .a ¥A-B 
00006 2 54 00000 9 SUB ME.2 FtiRM RE = AE - HE 
00007 0 35 00012 10 STA RE 
00010 0 46 10012 1 1 8AC 
00011 0 66 00001 12 RSH 1 SUPPRESS 6VFLO 
00012 2 65 OOOCI 13 DIV MH.2 FORM RH = AH/MH 
00013 0 71 00012 14 LOX AE 
00014 0 40 20001 15 SKS 020001 TEST OVFLO 
00015 4 51 00167 16 8RR OVFLO.4 SET OVFLO AND EXIT 
00016 4 41 00017 17 8RX $+1.4 INCREMENT RE 

"-> 
00017 0 67 10002 18 NOD 2 

w 00020 U 46 00040 19 CXB 
6t 00021 0 71 00014 20 LDX TX RESTORE X 

00022 0 51 00000 21 8RR 0 
22 $FSM POPD 01 4 200000 

00023 0 37 00014 23 FSM STX TX SAVE X 
00024 0 77 40000 24 EAX *0 
00025 0 36 00012 25 5T8 AE 
00026 2 64 00001 26 MUL MH.2 FGRM RH=MH*Afi 
00027 2 71 00000 27 LOX ME.2 
00030 0 40 20001 28 SKS 020001 Tt:ST OVFLO 
00031 0 17 00172 29 EOR NIQ23 MAKE POS 1 AT 0 
00032 0 67 10001 30 NOD 1 
00033 0 46 00204 31 RCH 0204 CXA.CAB 
00034 0 55 00012 32 ADD AE F~RM RE = AE + ME 
00035 0 46 00014 33 XA8 
00036 0 71 00014 34 LDX TX RESTORE X 
00037 0 51 00000 35 8RR 0 

36 $FSS POPD 014100000 
00040 0 37 00014 37 FSS STX TX SAVE )( 
00041 0 35 00013 38 STA AH SAVE AH 



00042 0 36 00012 39 STB AE SA~E AE 
00043 0 77 40000 40 E,4X *0 
oon44 0 46 OO?OO 41 eXA 
00045 2 74 00000 42 SKD ME.2 F~RM ~E = AE-ME 
00046 4 01 00066 43 8~U FSS2,4 AH GTE MH 
00047 0 46 00441 44 RCH 0441 CAX,CXB.CLA 
00050 2 50 00001 45 SKE M~,2 TEST MH=O 
00051 4 52 00,70 46 SKB Nl(,)17,4 Tt::ST ~E GTE 32 
con52 4 01 00107 47 BRU FSS4,4 MH GTR At"1 SPEC CASE 
00053 U 46 00014 48 XAB 
00054 0 62 00013 49 XMA AH EXCHANGE AH AND RE 
00055 0 66 40013 50 RSt-4 *AI-i SCALE AH 
00056 2 54 00001 51 FSSI SUB Mt"h2 
00057 2 71 00000 52 LDX ME,2 
001)60 0 40 20001 53 SKS 020001 TEST OVFLB 
00061 4 01 00163 54 8RU FIX,4 FIX OVFL6 
00062 0 67 10030 55 NBD 24 
00063 () 46 00040 56 CXB 

to.) 00064 0 71 00014 57 lDX Tx RC:STORE X 
CAl 00065 0 51 00000 58 BRR 0 EXIT I 
0- 00066 0 46 00441 59 FSS2 RCH 0441 CAX,CXB.CLA 

00067 0 50 00013 60 SKE AH TEST AH=O 
00070 4 52 00170 61 SKB Nt Q17,4 TEST RE GTE 32 
00071 4 01 00112 62 BRU FSS5,4 AH GTE MH SPEC CASE 
00072 2 54 00001 63 SUB MH,2 
00073 0 40 20001 64 SKS 020001 TEST OVFL6 
00074 0 1 7 00t72 ~c; 

0-, EOR NIQ23 ONES CftMPLIMENT 
00075 0 46 00022 66 RCH 022 Ct3X.CLB 
00076 2 66 00000 67 RSH 0.2 SCALE -MH 
00077 0 55 00013 68 FSS3 ADD Ai-! 
OOtOO 0 71 00012 69 lDX AE 
00101 U 40 20001 70 SKS 020001 TEST 6VFL6 
00102 4 01 00163 71 8RU FIX,4 FIX eVFLB 
00103 0 67 10030 72 N~D 24 
00104 0 46 00040 73 CXB 
00t05 0 71 00014 74 LDX TX RESTORE X 
00106 0 51 00000 75 eRR 0 E'(IT 
00107 4 52 00170 76 FS~4 S~B NI Q 17,4 
00110 4 01 00056 77 BRU FS S t.4 RE GTE 32 



00111 4 01 00077 78 BRU FSS3.4 M=O 
00112 4 52 00170 79 FSS5 SKB NIQI7.4 
00113 4 01 00077 80 BRU FSS3.4 RE GTE 32 
00114 4 01 00056 81 BRU FSSl.4 AaO 

82 SFSA P(3PD 014000000 
00t15 0 37 00014 83 FSA STX TX SAVE X 
00116 0 35 00013 84 STA AH SAVE AH 
00117 0 36 00012 85 STS AE SAVE AE 
00120 0 77 40000 86 fAX *0 
00121 0 46 00200 87 CXA 
00t22 2 74 00000 88 S~D ME.2 F~RM RE=AE-ME 
00123 4 01 00136 89 BRU FS.A2.4 AH GTE MH 
00124 0 46 00441 90 RCH 0441 CAX.CXB.CLA 
00125 2 50.00001 91 SKE MH.2 TEST MH=O 
00126 4 52 00170 92 SKB NIQ17.4 TEST RH GTE 32 
00127 4 01 00155 93 BRU FSA6.4 MH GTR AH SPEC CASE 
00130 0 46 00014 94 XAB 
00131 0 62 00013 95 XMA AH EXCHANGE RE AND AH 

"> 00132 0 66 40013 96 RSH *AH SCALE AH 
w 00133 2 55 00001 97 FSAI ADD MH.2 I ....., 00134 2 71 00000 98 LDX ME.2 

00135 4 01 00147 99 BRU FSA4.4 TEST OVFLO 
00136 0 46 00441 100 FSA2 RCH 0441 CAX.CX8.CLA 
00137 0 50 00013 101 SKE AH TEST AH=O 
00140 4 52 00170 102 St<8 NIQI7.4 TEST RH GTE 32 
00141 4 01 00160 103 8RU FSA7.4 AH GTE MH SPEC CASE 
00142 2 76 00001 104 LOA HH.2 
00143 0 46 00022 105 RCH 022 C8X.CL8 
00144 2 66 00000 106 RSH 0 .. 2 SCALE MH 
00145 0 55 00013 107 FSA3 ADD AH 
00146 0 71 00012 108 LDX AE 
00147 Q 40 20001 109 FSA4 SKS 020001 TEST 6VFL6 
00150 4 01 00163 110 8RU FIX.4 FIX OVFL6 
00151 0 67 10030 111 NOD 24 
00t52 0 46 00040 112 FSA5 CX8 
00153 0 71 0.0014 113 LDX TX RESTORE X 
00t54 0 51 00000 114 8RR 0 EXIT 
00155 4 52 00170 lIS FSA6 51<8 NI Q17 .. 4 
00t56 4 01 00133 116 8RU FSAt.4 RE GTE 

,; 
32 



00157 4 01 0014::5 117 8RU FSA3.4 M==O 
OOl~O 4 52 OOt70 118 FSA7 SKB NIQ17.4 
00161 4 01 00145 119 SRU FS.A3.4 RE GTE 32 
00162 4 01 00133 120 8RU FSAl • .4 A==O 
00163 0 66 00001 121 FIX RSH 1 
00164 0 17 00171 122 EtlR NI QO 
00165 4 41 00152 123 8~X FSAS.4 INCREMENT I~DEX 
00166 4 01 00152 124 8RU FSA5.4 
00t67 4 00 00164 125 eVFL~ PIE $-3.4 OvFL6 EXll 
00170 77777740 126 NIQ17 DATA 077777740 

00000000 127 ME EQU 0 
00000001 128 M~ EQU 01 
UOOOOO12 129 RE ElJU 012 
00000012 130 AE EQU 012 
00000013 131 A~ EQU 013 
00000014 132 TX EQU 014 

00171 40000000 133 NJUO DATA 040000000 
00172 77777777 134 NU~23 DATA -1 

135 END 
IIV 

00173 00000000 c.u 
I 

Q) 
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IDENTIFICATION: 

AUTHOR: 

ACCEPTED: 

COMPUTER 
CONFIGURA TION: 

PURPOSE: 

PROGRAMMED 
OPERATORS: 

STORAGE: 

TIMING: 

SOURCE 
LANGUAGE: 

SDS 900 SERIES PROGRAM LIBRARY 

PROGRAM DESCRIPTION 

Catalog No. Z03023-C 

Double Precision Floating Point ·Programmed Operator 
Package 

Francis F. Welsh, Jr •• SDS 

Any SDS 920 or 930 computer. 

To simulate the operation of floating point instructions 
on the SDS 920 or 930*. 

None 

Instructions and constants: 320 oct, .208 dec 

FLN 
FLM 
FLD 
FLS 
FLA 

SYMBOL 

19 cycles average 
92 cycles average 

134 cycles average 
98 cycles average 
82 cycles average 

*This package supersedes Catalog N. 203023. While somewhat slower than 203023, 
this package detects the rare cases which 203023 ignores. Overflow/underflow 
correction is also somewhat different. 

24-1 
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USE: 

METHOD: 

FLA(FLS) 

FLM 

LDP: 
STD: 
FLA: 
FLS: 
FLM: 
FLD: 
FLN: 

(M+l,M)'" (A,B) 
(A,B)'" (M+l,M) 

Catalog No. 203023C 

(A, B) + (M+l, M) ... (A, B) 
(A, B) - (M+l, M) ... (A, B) 
(A, B) * (M + 1, M) ... (A, B) 
(A, B) / (M+l, M) ... (A, B) 
-(A, B) ... (A, B) 

The floating point format is consistent with the description 
in the SDS 920/930 reference manual. 

Upon completing floating point operations, the package 
checks for exponent overflow./underflow. In the case 
of overflow, the overflow trigger is set and the result 
is set to 

3777 7777 7777 7377, result positive 
4000 0000 0000 0377, result negative 

When a division overflow occurs, the correct sign is 
intermediate. Underflows are set to zero and the 
ove rflow tri gge r iss et. 

The following notation is used below: 

E E A E -24 
(A, B) = fA' 2 A = f . 2 + f . 2 A 

a b 

EM E E -24 
(M+l,M)=f

M
.2 =f .2

M
+f .2

M 

EA-E M 
2 , 

24-2 

m+l m 

I(A, B)I ~ I(M+ l, M)l 

I(A, B)I < I(M+ l, M)I 
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METHOD: (Cont) 

FLD 

f + f • 2-24 
I a b 

(A, B), (M+l, M) = -24 
fm+l +fm · 2 

fa + fb • 2-24 
= --~-------r. 

f ~ + fm • 2-2~ 
m+l ~ fm+l I 

_ (fa + fb · 2-24) 

fm+l 

24-3 

Catalog No. Z03023C 
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-24\ 
• 2 I 

-2~ 
• 2 / 
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OOOOOO{)? 1 X2 fQU 2 
fJOt')OC oJ 00 00000 2 AREG PlE 0 
OOCCt U 00 00000 :3 XF\-t::G PlE 0 
OOf"C2 0 00 UOOOO 4 TEi"lPE PtE a 
00('03 IJ 00 00000 5 TEMP PiE 0 
00004 0 00 ooeoe 6 Fl~G PiE 0 

7 $FL~ P(}PD 014400000 
(,oncs 8 J= l ;~ B~S 0 
oooe5 0 46 O('lf) 1 4 9 ~AB TwOS COMPLEMENT FRACTION 
00006 U 17 uO?77 10 EtJR =077777000 
00007 0 55 00300 1 1 ADD =otooo 
00010 U 46 00(,]4 12 XAB 
0001t 0 1 7 O(l~Ol 1 3 EaR =-1 TwB RESULTS ARE UNNOR~ALIZED 
oon12 0 ~: 7 00102 14 ADC =0 
00013 0 50 OO~O~ 1~ SKE =060000000 6r<IGINAL FRACTION = 1/2 
00014 0 40 20()01 1 6 BVT FINAL FRACTION =-1 
00015 U 01 00017 1 7 8RU $+2 
00016 0 51 00000 18 B~R 0 

I\.) 
00017 0 66 20011 19 Rey 9 FdLLO"'ING METHOD SETS 6VERFL6U IF ~ 

I 00020 U 72 oo~n4 20 SKA =OOOO2COOO EXPONENT UNDERFLOwS OR BVERFL6US ~ 

00021 0 01 00024 21 8RU $+3 
00022 0 5S 00305 22 ADD =00060000 FINAL F=-l. RIGHT NftRMALIZE 
00023 0 01 00025 23 SRU $+2 
00024 0 54 00306 24 ~U8 =00120000 ORIGINAL F=-l. LEFT NORMALIZE 
00025 0 67 20011 25 LCV 9 
00026 0 40 20001 26 OVT 
00027 0 01 00264 27 8RU ouFL~U OV~R/UNDERFL6LJ 
00030 0 51 00000 28 8~R 0 EXIT 

29 $FLM PfjPD 01 4 200000 
00031 0 37 00001 30 STX XREG 
00032 0 77 40000 31 EAX *0 
00033 0 35 00000 32 srA AREG 
00034 0 46 00200 33 CXA 
00035 0 46 00122 34 STE 
00036 U 37 00002 35 STX TEMPE SIGN-EXTENDED EXPONENT OF 'A.B) 
00037 0 46 004JO 36 RCH 0410 CAX. CSA 
00040 0 66 20002 37 Rev 2 F(j~CE + 
00041 2 64 OOOOt Je MuL I. X2 



00042 0 35 00003 39 STA TEMp 
00043 2 75 00000 40 LDB O.X2 
00044 0 46 00200 41 CXA 
00045 0 46 00122 42 STE 
00046 0 46 00600 43 XXA SiGN-EXTENDED EXP6NENT OF (M.H+!. 
00047 0 63 00002 44 ADM TEMPE EXP6NENT OF RESULT 
00050 0 46 00010 45 C8A 
00051 0 66 20002 46 Rey 2 FdRCE + 
00052 0 64 00000 47 MLJL AREG 
00053 0 55 00003 48 ADD TEMP C~6SS PRODUCT SUM 
00054 0 64 00307 49 MUL =2 ExTEND TO D6UBLE PRECISION 
00055 0 36 00003 50 STB TEMP 
00056 0 62 00000 51 XMA AREG 
00057 2 64 00001 52 MJL 1,X2 MuLTIPLY MeRE SIGNIFICANT f-JALVES 
00060 0 46 0001"4 53 XAB 
00061 0 55 00003 54 ADD TEMP ADD CRess PR6DUCT SUM 
00062 0 46 00014 55 XAB 
00063 0 57 00000 56 ADC ARrG 

~ 00064 0 02 20001 57 RBV Rt:SET ftVERFLftW 
~ 00065 0 71 00002 58 LDX TEMPE I 
VI 00066 0 73 00310 59 SKG =0 4 0000000 CHECK F6R (-1)*(-1) 

00067 0 01 00072 60 8RU FLM8 PctSSIBLE 
00070 0 67 10001 61 NeD 1 NdRMALIZE RESULT 
00071 0 01 00135 62 8RU FLDe 
00072 0 52 00301 63 FlM8 SKB =-1 If 8=0. RESULT MUST BE RIG~T-NeRMALIZ 
00073 " 01 00135 64 8RU FlD8 
00074 0 66 20001 65 Rev 1 YES 
00075 0 41 00135 66 8RX FLD8 
00076 0 01 00135 67 8RU FLDS 

68 $FLD pePD 01 4 300000 
00077 0 37 00001 69 STX Xi1EG 
00100 0 46 00122 70 STE BE TO X. a TB BE 
00101 0 37 00002 71 STX TEMPE SIGN-EXTEND EXPONENT (A.B) 
00102 0 71 00001 72 LDX XREG 
00103 0 77 40000 73 EAX *0 PI'(OCURE ARGUME~T ADDRESS 
00104 0 66 00002 74 RSH 2 
00105 2 65 00001 75 DIV t. X2 
00106 0 40 20001 76 (TVT 
00107 0 01 00270 77 8RU DaFLO 



00110 C 35 OOC03 78 S or A TEMp MORE siG. HALF lJF QUOtIENT 
Oatil 0 46 00010 79 C8A 
001 J 2 0 66 00001 80 RSH 1 SIGN-EXTEND REMAINDER 
00113 0 35 00000 81 STA AREG 
00114 2 75 00000 82 LD8 0.)(2 
00115 o 46 00200 83 CXA 
00116 U 46 00122 84 STE BE T6 XE. 0 T6 BE 
00t17 0 46 00600 85 XXA 
00120 U 46 01000 86 CNA C6MPUTE EXP6NENT OF RESULT 
00121 U 55 00307 87 ADD =2 COMPENSATE F6R SHIFT 
00122 0 63 00002 88 ADM TEMPE 
00123 0 46 00010 89 C8A 
00124 0 66 20002 90 RCV 2 
00125 0 46 01000 91 CNA 
00126 0 64 00003 92 MuL TEMP 
00127 0 55 00000 93 ADD AREG 
00130 2 65 00001 94 DIV 1.)(2 Lt:SS SIG. HALF OF QUOJIENT 
00131 () 64 00307 95 MUL =2 EXTE~D TO DOU8LE PRECISI6N 

~ 00132 0 55 00003 96 ADD TEMp 
~ 00133 0 71 00002 97 LDX TEMPE I 
0- 00134 0 67 10004 98 ~BD .4 NoRMALIZE RESULT 

00135 0 46 00600 9<; FLD8 XXA 
00136 0 73 00311 100 SKG =0377 
00137 0 73 00312 101 SKG =077777377 UNDERFLtHJ 
00140 4 51 00140 102 8RR $.4 
00141 0 46 00600 103 XXA No 
00142 0 50 00302 104 SKE =0 CHECK FOR ZERO 
00143 0 46 00140 105 FLAX LDE Net. PACK RESULT 
00144 0 71 00001 106 LDX XREG VeS. LET EXP6NENT BE iERfj 
00145 0 40 20001 107 O\lT 
00146 0 01 00264 108 8RU OUFLOLJ 
00147 0 51 00000 109 BRR 0 EXIT 

110 $FLS Pt:}PD 01 4 100000 
00150 0 35 00004 111 STA FLAG SEl FLAG NEGATIVE 
00151 0 72 00310 112 SKA =0 40000000 
00152 0 01 00t55 113 8RU FLAPOP 
00153 0 17 00301 114 EtlR =-1 
00154 0 62 00004 115 XMA FLAG Nt::GATE IF POSITIVE 

116 ~FLA PtlPD 01 4000000 



00155 0 37 00001 117 FLAP6P STX X~EG 
00156 0 35 00000 118 STA AREG 
00157 a 36 00003 119 SIB TEMP 
00160 0 46 00122 120 STE BE T6 X. 0 Te B 
00161 0 37 00002 121 STX TEMPE SIGN-EXTEND EXPONENT (A.B) 
00162 0 71 00001 122 LDX XREG 
00163 0 77 40000 123 EAX *0 PKOCURE ARGUMENT ADDRESS 
00164 0 46 30003 124 CLR 
00165 2 50 00001 125 SKE I.X2 CHECK FOR M.M+l=Q 
00166 0 01 00170 126 BRU $+2 Ncr 
00167 0 01 00254 127 BRU "FLAZ YES 
00170 0 50 00000 128 SKE AREG CHECK FOR A.B=Q 
00171 0 01 00173 129 BRU $+2 Nt:t 
00t72 0 01 00210 130 BRU FLAC YES 
00173 0 46 00200 131 CXA CCJNTINUE 
00174 2 75 00000 132 LDB 0.X2 
00175 0 46 00122 133 STE BE TO X. 0 T6 BE 
00176 0 46 00600 134 XXA SIGN-EXTEND EXPONENT (M.H+l ) 

"-> 00177 0 54 00002 135 SUB TEMPE CdMPARE EXPONENTS 
~ 00200 0 73 00301 136 SKG =-1 I 
........ 00201 0 01 00233 137 BRU FLAGM IA/>/HI 

00202 0 72 00313 138 SK A =077777700 IA/</M/. CHECK FOR DIFFERENCE LARGE 
00203 0 76 00314 139 lDA =39 y~s. SET MAXIMUM SHIFT TO 39 
00204 0 62 00000 140 XMA AREG 
00205 0 75 00003 141 LDB TEMp PKOCURE SMALLER ARGUMENT 
00206 0 66 40000 142 R5H *AREG ALIGN ~ITH LARGER 
00207 0 46 00014 143 XA8 
00210 0 53 00004 144 FlAC Sr(N FLAG Tt::ST \JHETHER FlA OR FLS 
00211 0 01 00220 145 BRU FLAE FLA 
00212 0 16 00315 146 MRG =0777 FLS 
00213 2 54 00000 147 SUB 0.X2 ptRFeRM DPS 
00214 0 17 00315 148 E6R =0777 
00215 0 46 00014 149 XAB 
00216 2 56 00001 150 SUC I. X2 
00217 0 01 00224 151 8RU FLAF 
00220 0 46 00101 152 FlAE RCH 0101 0 TO AE 
00221 2 55 00000 153 ADD r.X2 PERFORM DP~ 
00222 0 46 00014 154 ~AB 
00223 2 57 00001 155 Ane t. X2 



OO?24 2 46 00000 156 FLAF RCH 0.2 
00225 0 37 00004 157 STX FLAG 
OO?26 U 46 00122 158 STE 
00227 0 40 20001 159 OVT CHECK FOR OVERFLOw 
00~30 0 01 00260 160 8RU OFSET YES 
00231 0 67 10046 161 NttU 38 No. NORMALIZE RESUL r 
OO~32 0 01 00135 162 8RU FLDS 
00233 0 46 01000 163 FLAGM CNA IA/>/MI 
00234 0 72 00313 164 SKA =077777700 SET EXPftNENT DIFFERENCE + 
00235 0 76 00314 165 LDA =39 LCA WITH MAX(E)(P DIFF. 39) 
00?36 2 71 00001 166 LDX I. X2 
00237 0 46 00600 167 XXA 
00240 2 66 00000 168 RSH 0.X2 ALIGN SMALLER wITH LArtGE~ 
00241 0 46 00102 169 RCH 0102 0 TO BE 
00242 0 53 00C04 170 FLAIJ Sr<N FLAt; TC:ST UHETHER FLA/FLS 
00243 0 01 00253 171 8RU FLAH FLA 
00244 0 62 00000 172 XMA AREG FLS 
00245 0 46 00014 173 XA8 

I'\.) 00246 0 62 00003 174 XMA TEMP EXCHANGE wITH MEM6RV AND 
~ 00247 G 54 00003 175 Su8 TEMP PERFeRM DPS I 
00 00250 0 .16 00014 176 XA8 

00251 0 56 00000 177 SUC AREG 
00252 0 01 00224 178 BRU FLAF 
00253 0 46 00014 179 FLAt-; XAB PERFORM rPA 
002~4 0 55 00003 180 FLAZ ALD TEMP 
00255 0 46 00014 181 XA8 
00256 U 57 00000 182 ADC A~E:.G 
00257 0 01 00224 183 BRU FLAF 
00260 0 66 00001 184 ~FSET RSH 1 B~ERFLftW SET. RIGHT N6PMALJZE RESULT 
00261 0 1 7 00310 185 E6R =0 40000000 
00262 0 41 00143 186 BRX FLAX 
00263 0 OJ 00135 187 8RU FLD:; 
00264 (; 52 OO~t6 188 BLFL~\".I SK8 =0 4 00 
00265 0 01 00271 189 BRU ~FLB 
00266 0 46 30003 190 CLR UI'~DERFLOW 
00267 " 51 onooo 191 BRR 0 
00::>70 0 71 00001 192 neFLB LDX X~EG 
00271 0 16 00317 193 ~FLB M~G =037740000 
00272 (I 1 7 00303 194 EeR =0 6 0000000 



00273 0 66 00046 
00274 0 17 00~10 
00275 4 51 OO?75 
00276 0 51 00000 

00277 77777000 
00300 00001000 
09~Ol 77777777 
00302 uooooooo 
00303 60000000 
00304 u0020000 
00305 00060000 
00306 00120000 
003C7 00000002 
00'10 40000000 
00311 00000377 
00312 77777377 
00313 77777700 
00314 00000047 

"-> 1)0315 00000777 ~ 
I 00316 00000400 -0 

00317 37740000 

195 RSH 
196 EOR 
197 8RR 
198 8RR 
199 END 

3d 
=0 40000000 
$,4 
0 

NEGATIVE, SET TO 4000COOO.00000377 
PoSITIVE. SET TB 37777777,77777377 





Pale 1 of 7 

IJl)ENTIFICA TION: 

AUTHOR: 

ACCEPTED: 

COMPUTER 
CONFIGURA TION: 

PURPOSE: 

PROGRAMMED 
OPERATORS: 

STORAGE: 

TIMING: 

SOURCE 
LANGUAGE: 

SDS 900 SERIES PROGRAM LIBRAR Y 

PROGRAM DESCRIPTION 
Catalog No. Z030ZZ-B 

Double Precision Arithmetic Programmed Operator Package 

Richard S. Re snick, SDS 

1 5 February 1 963 

Any SDS 9Z0/930 Computer 

Provides double precision fixed point programmed operators 
assembled as four separate subroutines. 

Mnemonic 

1. DPN 
2. DPD 

DPM 
DPS 
DPA 

3. LDP 
4. STD 

Programmed Operators 

Double precision negate 
Double precision divide 
Double precision multiply 
Double precision subtract 
Double precision add 
Load double precision 
Store double precision 

Note: LDP, STD operate on single and double floating point 
numbers also. 

None 

Instructions and constants: 

DPN; 12 oct, 10 dec 
DPD, DPM, DPS, DPA: 114 oct, 76 dec 
LDP: 6 oct, 6 dec 
STD: 6 oct, 6 dec 

(mic ros econds) 

DPN 
DPD 
DPM 
DPS 
DPA 
LDP 
STD 

72 - 104 
1016 - 1400 

504 
160 
160 
120 
160 

All tilTles include progralTllTled operator entry and exit. 

SYMBOL 

25-1 
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USE: 

Catalog No. 203022 B 

1. FORMAT 

Each double precision number is in two's complement form. 
The sign bit and most significant 23 magnitude bits occupy 
the most significant word; the least significant 24 magnitude 
bits occupy the least significant word. 

When mUltiplications are performed, the binary point can be 
consistently considered to be located at one of two places: 

Immediately to the right of the sign bit. The double 
precision number is then interpreted as a fraction. 

Immediately to the left of the least significant bit. 
The double precision number is then interpreted as 
a 46 bit plus sign integer. (The least significant 
bit is not used in double precision mUltiply and 
divide operations.) 

For all arithmetic operations except multiplication, the 
binary point can be consistently considered to be located 
at any position. 

Both A and B registers together constitute a "double 
accumulator" for double precision programmed operators. 
The most significant word is contained in the A register 
and the least significant word in the B register. 

The contents of two memory locations, designated by the 
effective address of a programmed operator and by the 
effective address plus one, constitute a "double operand". 

The least significant word is contained in the location 
designated by the effective addres s (M), the most significant 
word in the following location (M+l). 

2. FUNCTIONS 

LOAD, DOUBLE PRECISION LDP 

The "double operand" is loaded into the "double accumulator", 
contents of Minto B and contents of M+l into A. 

Registers Affected: A, B Timing: 1 5 cycles 

STORE, DOUBLE PRECISION STD 

The contents of the "double accumulator" are stored in the 
"double operand, " contents of B into M and contents of A 
into M+l. 

Registers Affected: M, M+l 

25-2 
Timing: 20 cycles 
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USE: (Cant.) 

Catalog No. 203022 B 

DOUBLE PRECISION ADD DPA 

The "double operand" is added to the "double accumulator" 
and the double precision sum appears in the "double 
accumulator. " 

Overflow occurs and the overflow indicator is turned on, 
if both numbe rs are of the same sign and the sign of the 
result is different. 

Registers Affected: A, B Timing: 20 cycles 

DOUBLE PRECISION SUBTRACT DPS 

The "double operand" is subtracted from the "double 
accumulator" and the double precision difference appears 
in the "double accumulator". 

Overflow occurs and the overflow indicator is turned on, 
if both numbers are of opposite sign, and the sign of the 
result does not agree with the original sign of the 
accumulator. 

Registers Affected: A, B Timing: 20 cycles 

DOUBLE PRECISION MULTIPLY DPM 

The "double operand" is multiplied by the contents of the 
"double accumulator". The double precision product 
appears in the "double accumulator." 

If the product equals minus one (40000000 00000000 octal) 
the overflow indicator is turned on. This result occurs 
if both numbers were minus one. 

Registers Affected: A, B Timing: 63 cycle s 

DOUBLE PRECISION DIVIDE DPD 

The contents of the "double accumulator" are divided by the 
"double operand". The double precision quotient appears in the 
"double accumulator". 

Overflow will occur and the overflow indicator is turned on if: 

Double Accumulator 
1 <: <-1 

Double Operand 

In this case the results are not correct. 

Registers Affected: A, B 

2-'-3 

Timing: 12-7 - 175 cycles 
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USE: (Cont.) 

Catalog No. 203022, B 

DOUBLE PRECISION NEGATE DPN 

The two's complement of the contents of the "double 
accumulator" are placed in the "double accu:mulator" • 

The address portion of the instruction is not used. 

Registers Affected: A, B Timing: 9 - 13 cycle s 

3. ACCURACY 

Precision of DPA, DPS, and DPN is 47 bits plus sign. 
Precision of DPM and DPD is 45 - 47 bits plus sign. 
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METHOD: 

Catalog No. 203022 B 

1. NOMENCLA TURE 

Ah = Most significant word initially in accumulator 
(A register). 

Al = Least significant word initially in accumulator 
(B register). 

Mh = Most significant word of operand in memory 
(location M+l) 

MI = Least significant word of operand in memory 
(location M). 

Rh = Most significant word of re suIt 
(A register). 

RI = Least significant word of re suIt 
(B register). 

2. DOUBLE PRECISION ADD 

3. 

The least significant words are first added and the carry 
is stored in bit 0 of the index register. The most significant 
words are then added. The carry is simultaneously added 
to the sum. 

Bit Zero Bit Zero Bit Zero Carry 
Al MI Rl 

0 0 0 0 
0 1 0 1 
1 0 0 1 
1 1 0 I 
0 0 1 0 
0 1 1 0 
1 0 1 0 
1 1 1 1 

DOUBLE PRECISION SUBTRACT 

The least significant words are subtracted and the borrow 
is stored in bit 0 of the index register. The tnost signifi­
cant words are then subtracted. The borrow is 

simultaneously subtracted from the sum. 
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METHOD: (Cont. ) 
Bit Zero Bit Zero Bit Zero Borrow 

Al MI RI 

0 0 0 0 
I 0 0 0 
0 I 0 I 
I I 0 0 
0 0 I I 
I 0 1 0 
0 1 1 I 
I I 1. I 

4. DOUBLE PRECISION MULTIPLY 

The algorithm. used is: 

Rh, RI = (Ah + AI) (Mh + MI) 

= (Ah Mh + Ah MI + Mh aI) 

The term. MI Al is dropped because its significance is 
Ie s s than 2 - 46. 

Al is shifted right two positions with zero shifted into bits 
zero and one, and it is m.ultiplied by Mh. Sim.i1arly MI is 
shifted right two positions and m.ultiplied by Ah. The 
cross products are added and shifted left two positions with 
sign extended left 23 positions. This result is added, 
doubl~ precision, to the product of Ah tim.es Mh. If the 
final re suIt is A=40000000, B=OOOOOOOO; overflow is set. 

5. DOUBLE PRECISION DIVIDE 

The algorithm. used is: 

Rh, Rl = Ah_!.~ = Ah + AI_ = 
Mh+MI ~M~l 

~VLuL +Mhj 

The approximation of ~ + ~~-l by 

Ah + Al 
Mh 

~ -~~J makes use 

of the taylor series ~ + ~ -1 = a raU2 i-a! 3 
I-b +.b -Ib' + .... 

L.: ,-.J 
The series can be truncated after the first terIl1 because 

Ml . -23 GMll. -46 Mh IS less than 2 and MhJ IS then less than 2 . 
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METHOD: (Cont.) 

Catalog No. 203022 B 

The algorithm can be further reduced to: 

Ah A l Ah + Al MI 
Rh, RI = + - Mh 

Mh 

Consider that: 

then: 

Ah +AI 
Mh = Q + R 

'- _ QMll 

Rh, Rl = Q + LR Mhj 
Mh 

Mh and MI are first normalized. Ah and Al are shifted 
left an equal number of places, then right one place and 
divided by Mh. The quotient and remainder are saved with 
the remainder shifted right one place. MI is shifted right 
two places, with zeros shifted into bits zero and one, negated 
and multiplied by the quotient. The product is added to the 
shifted remainder, divided by Mh, and shifted right 22 places 
with the sign extended. The quotient is then added to the 
"double accumulator" which is then shifted left one place. 

Overflow occurs and the OVERFLOW FLIP FLOP is set 
if Ah, Al is greater in absolute :magnitude than Mh, MI, 
or if Mh, MI equal s ze roo 

6. DOUBLE PRECISION NEGA TE 

If the least significant word is zero the most significant 
word is two's cOIl1ple:mented. Otherwise the least 
significant word is two's co:mplemented and the :most 
significant word is one's comple:mented. 
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~ 
I 

(X) 

00000 
00001 
OOOC2 
00003 
00004 
00005 
00006 
00007 
00010 

00011 

1 
0 52 00011 2 
4 01 00004 3 
U 46 01000 4 
0 51 00000 5 
0 17 00011 6 
u 46 00014 7 
0 46 010no 8 
() 46 00014 9 
0 51 00000 10 

1 1 
77777777 

$I:PN P~PD 0134000.00 
SKB =-1 Tr:ST B EQU 0 
8RU $+3.4 
CNA 25 CflMPLEME"NT 
eRR a EXIT 
E~R =-1 1~ ceMPLEMENT 
XAB 
CI'4A 25 Cf'MPLEMENT 
XAB 
Bi-(R 0 EXIT 
END 



1 $[?D P(:1PD 013300000 
oonoo (: 37 00014 2 DF 0 srx TX 
OOOCI 0 77 40000 3 EAX *0 
OOOC2 U 35 00013 4 STA AH 
000C3 0 36 00012 5 STB AL 
00004 tt. 76 00001 6 LLA 1.2 Mn 
00005 2 75 00000 7 LC8 0.2 ML. 
OOCoC6 2 46 00000 8 RCH 0.2 Ct..X 
000C7 U 67 10060 9 ~:JD 48 
00010 U 46 00600 10 XXA 
COOll u 46 01000 11 CNA 
00(:12 U 46 00450 12 RCH 0450 CAX.CXB.CBA 
oon13 (; 62 00012 13 XMA AL 
00014 0 46 00014 14 XAB 
oont5 0 62 00013 15 XMA Ah 
00016 2 67 00000 16 LSH 0.2 S~ALE AH.AL EQU MH.ML 
00017 0 66 00001 17 RSH 1 AV61D eVFLe ERRBR 

'" 
00020 0 65 000 1 ~1 18 DIV AM AH.AL/MH 

OJ 00021 v 35 00016 19 STA Q SAVE QUBTIENT I 
'0 00022 u 46 10012 20 SAC 

00023 0 66 00001 21 RSH 1 SCALE REMAINDER 
00024 0 62 00012 22 XMA AL EXCHANGE Q AND ML 
00025 0 66 20002 23 RCY 2 SCALE ML RIGHT 2 BITS 
00026 G 46 01000 24 CNA 
00027 U 64 00016 25 MUL Q -rlL*Q 
00030 0 55 00012 26 ADD AL R - ML*Q 
00031 .) 65 00013 27 DIV AH R - ML*Q/MH 
00032 4 64 00071 28 MLL lQ22.4 SHIFT 22 PLACES 
00033 0 55 00016 29 ADD Q ADD QUOTIENT 
00034 0 67 00001 30 lSH 1 SCALE RESULTS 
00035 U 71 00014 31 LDX TX 
00036 0 ~, 1 00000 32 8RR a EXIT 

33 $rPM PBPD 013200000 
00037 0 37 00014 34 DPM srx TX 
00040 () 77 40000 35 EAX *0 
00041 u 35 00013 36 STA AH 
00042 0 46 10012 37 BAC AL INT6 A 
00043 0 66 20002 38 RCV 2 



00044 2 64 00001 39 MUL 1 .. 2 AL*MH 
00045 o 35 00015 40 STIt R R EQU AL*Mt-I 
00046 2 76 00000 41 LDA 0.2 ML 
00047 06624002 42 DATA 06624002 
00050 o 64 00013 43 MuL AH ML*AH 
ooe51 o 55 00015 44 ADD R ML*AH + ItL*MH 
00052 4 64 00071 45 MUL lQ22.4 SHIFT 22 FLACES 
00053 o 36 00015 46 S18 R RL 
00054 o 62 00013 47 XMA AH E'<CHANGE Qt-I AND AH 
00055 2 64 00001 48 MuL 1.2 AH*MH EQU PH .. PL 
00056 (; 46 00014 49 XAB 
00057 0 55 00015 50 ADD R RL + PL 
00060 0 46 00014 51 XAB 
00061 0 57 00013 52 ACC AH t<H + PH 
00062 0 02 20001 53 E~M 020001 
00063 0 71 00014 54 LDX TX 
00064 U 73 00112 55 SKG =040000000 
00065 Q 52 00113 56 SK8 =-1 

'" 00066 U 51 00000 57 8RR a EXIT 
01 00067 4 51 00070 58 8RR BvFLB .. 4 BVFL6 EXIT I 

0 00070 4 00 00065 59 eVFLB PtE $-3 .. 4 StT eVFLO AND EXIT 
00071 00000002 60 1~22 DATA 02 

61 $I:PS P(}PD 013100000 
00072 0 37 00Ct4 62 DP5 SIX TX 
00073 U 77 40000 63 EAX *0 
00074 0 46 00014 64 XAB 
00075 2 54 00000 6., SuB 0.2 AL - ML 
00076 (I 46 00014 66 XAB 
00077 2 56 00001 67 SuC 1.2 An - MH - CARRY 
OOICO 0 71 00014 68 LDX TX 
00101 " 51 OOOOC 69 8RR 0 EXIT 

70 $[?A ptjPD 013000000 
00102 0 37 00014 71 DFtI, STX TX 
00103 0 77 40000 72 EAX *0 
00104 0 46 00014 73 XA8 
00t05 2 55 00000 74 ADD 0.2 AL + ML 
OOtC6 u 46 00014 75 '(AS 

001C7 2 57 00001 76 ACe 1 .. 2 AM + MH + CARRY 
00110 0 71 00014 77 l.DX Tx 



00111 o 51 00000 78 8RR 0 EXIT 
00000012 79 AL EQU 012 
00000013 80 A~ EQU 013 
00000014 81 TX EQU 014 
UOOOOO15 82 R EQU 015 
uOOOOO16 83 Q EQU 016 
00004002 84 84002 E.QU 04002 ltlGICAL RIGHT SHIFT 2 

85 END 
00 112 40000000 
00113 77777777 

1 $L uP POPD 013600COO 
oanoo 0 46 00040 2 CxB 
00001 0 77 40000 3 fAX *0 

I'.) 00002 2 76 UOOOI 4 LDA 1.2 
01 oon03 2 7t 00000 5 LDX 0.2 I 

00004 0 46 00060 6 ){XB 
00005 (; 51 00000 7 BKR 0 

P- END 

1 $STD PBPD 013700000 
OOOCO 0 37 00014 2 STX Tx 
00001 0 77 40000 3 EAX *0 
00002 ~ 35 00001 4 STA 1.2 
00003 2 36 00000 5 STS 0.2 
oonc4 U 71 00014 6 LDX TX 
00005 II 51 00000 7 oRR a 

(,0000014 8 TX EQU 12 
9 END 
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IDENTIFICATION: 

AUTHOR: 

ACCEPTED: 

COMPUTER 
CONFIGURATION: 

PURPOSE: 

PROGRAMMED 
OPERATORS: 

STORAGE: 

TIMING: 

SOURCE 
LANGUAGE: 

METHOD: 

SDS 900 SERIES PROGRAM LIBRARY 

PROGRAM DESCRIPTION 
Catalog No. 203040· .. B 

Double Precision Multiply Programmed Operator - DPM 

Richard S. Re·snick, SDS 

29 April 1963 

Any SDS 920/930 Computer 

Provides Double Precision Multiply (DPM) as a progra:mmed 
operator. 

None 

Instructions and constants: 114 oct, 76 dec 

504 microseconds including programmed operator entry 
and exit. 

SYMBOL 

See Catalog No. 203022-B for description of USE and of' 
METHOD. 
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IDENTIFICATION: 

AUTHOR: 

ACCEPTED: 

COMPUTER 
CONFIGURATION: 

PURPOSE: 

PROGRAMMED 
OPERATORS: 

STORAGE: 

TIMING: 

SOURCE 
LANGUAGE: 

METHOD: 

SDS 900 SERIES PROGRAM LIBRARY 

PROGRAM DESCRlp·TION 
Catalog No. 203017-B 

Double Precision Subtract, Programmed Operator - DPS 

Richard S. Resnick, SDS 

5 March 1963 

Any SDS 920/930 Computer 

Provides Double Precision Subtract (DPS) as a programrned 
operator. 

None 

Instructions and constants: 114 oct, 76 dec 

160 microseconds including programmed operator entry 
and exit. 

SYMBOL 

See Catalog No. 203022-B for description of USE and 
of METHOD. 
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SDS 900 SERIES PROGRAM LIBRARY 

PROGRAM DESCRIPTION 
Catalog No. Z03016-B 

=-------=-====-=========~-========------------------------------=---= 
IDENTIFICATION: 

AUTHOR: 

ACCEPTED: 

COMPUTER 
CONFIGURATION: 

PURPOSE: 

PROGRAMMED 
OPERATORS: 

STORAGE: 

TIMING: 

SOURCE 
LANGUAGE: 

METHOD: 

Double Precision Add, Programmed Operator - DPA 

Richard S. Resnick 

6 March 1963 

Any SDS 920/930 Computer 

Provides Double Precision Add (DPA) as a programrned 
operator. 

None 

Instructions and constants: 114 oct, 76 dec 

160 microseconds including programmed operator entry 
and exit. 

SYMBOL 

See Catalog No. 203022-B for description of METHOD. 
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IDENTIFICATION: 

AUTHOR: 

ACCEPTED: 

COMPUTER 
CONFIGURATION: 

PURPOSE: 

PROGRAMMED 
OPERATORS: 

STORAGE: 

TIMING: 

SOURCE 
LANGUAGE: 

USE: 1 • 

SDS 900 SERIES PROGRAM LIBRARY 

PROGRAM DESCRIPTION 
Catalog No. 203020B 

Load and Store Triple Precision Prograrruned Operator 
Package - LTP t STP 

Richard S. Resnick, SDS 

6 March 1963 

Any SDS 920/930 Computer 

Provides Load Triple Precision and Store Triple Precis ion 
Programmed Operators. 

None 

As sembled as separate subroutine s. LTP: 10 oct, 8 dec 
STP: 11 oct, 9 dec 

LTP - 160 ~sec STP - 216 tJ.sec 

SYMBOL 

FORMAT 

The triple precision operand is stored in three consecutive 
memory locations in the following manner: 

The least significant word in M 

The next least significant word in M + 1 

The most significant word in M + 2 

The triple precision accumulator occupies the A register, the 
B register and location 2. The least significant word is in B, 
the next least is in At and the most significant word is in 
location 2. 

2. FUNCTION 

Indexing and indirect addressing are possible in both instructions 
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USE: (Cont.) 

METHOD: 

Catalog No. 2030 2t) B 

LOAD, TRIPLE PRECISION LTP 

The triple precision operand is loaded into the triple 
precision accumulator. The contents of M into the B 
register, the contents of M+l into the A register, and 
the contents of M+2 into location 2. 

Registers Affected: A, B, Location 2 Timing: 20 

STORE, TRIPLE PRECISION STP 

The contents of the triple precision accumulator are 
stored in the triple precision operand. The contents 
of B into M~ A into M+l, and location 2 into M+2. 
A, B and location 2 are unchanged. 

Registers Affected: M, M+l, M+2 Timing: 27 

Not applicable. 
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1 $lTP PBPD 016600000 
00000 0 46 00200 2 L1P CXA 
00001 0 77 40000 :3 EAX *0 
Oun02 2 75 00002 4 LI:8 2.2 
00003 0 36 00002 5 ST8 2 
00004 2 75 00000 6 LDB 0.2 
oane5 2 71 00001 7 LDX 1.2 
00006 0 46 OOf>OO 8 XXA 
COOC7 0 51 00000 9 8RR 0 

10 EI'4D 

I'.) 
0-. 
I 

(,.) 1 $SlP ptjPD 016700000 
00000 0 37 00012 2 SlP STX 1 X 
00001 0 77 40000 3 EAX *0 
00002 2- 35 00001 4 STA 1.2 
00003 ~ 36 00000 5 STB 0.2 
00004 (, 76 00002 6 lDA 2 
00005 2 35 00002 7 STA 2.2 
00006 2 76 00001 8 l.DA 1.2 
')0007 0 71 00012 9 LDX TX 
00010 (j 51 00000 10 8~R 0 

00000012 1 1 TX EQU 012 
12 END 
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IDENTIFICATION: 

AUTHOR: 

ACCEPTED: 

COMPUTER 
CONFIGURATION: 

PURPOSE: 

PROGRAMMED 
OPERATORS: 

STORAGE: 

TIMING: 

SOURCE 
LANGUAGE: 

USE: 1. 

SDS 900 SERIES .PROGRAM LIBRARY 

PROGRAM DESCRIPTION 
Catalog No. 203021}3 

Load and Store Quadruple Precision Programmed Operator 
Package - LQP, STQ' 

Richard S. Re snick, SDS 

'7 March 196J 

Any SDS 920/930 Computer 

Provides Load Quadruple Precision and Store Quadruple 
Precision Programmed Ope»ators. 

None 

Assembled as two separate subroutines. LQP: 12 oct, 10 dec 
STQ: 13 oct, 11 dec 

LQP - 200 j.lsec SQP - 256 j.lsec 

SYMBOL 

FORMAT 

The quadruple precision operand is stored in four consecutive 
memory locations in the following manner: 

The least significant word in M. 

The next least significant word in M+l. 

The next least significant .word in M +2. 

The most significant word in M+3. 

The quadruple precision accumulator occupies the A register, 
the B register, location 2 and location 3. The least significant 
word is in B, the next least is in A, the next in location 2, and 
the most significant word is in location 3. 
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USE: (Cont.) 

METHOD: 

Catalog No. 203021 B 

2. FUNCTION 

Indexing and indirect addressing are possible in both 
instructions • 

LOAD, QUADRUPLE PRECISION LQP 

The quadruple precision operand is loaded in to the quadruple 
precision accumulator. The contents of M into the B r4~gister, 
the contents of M+l into the A register, the contents of M+2 
into location 2, and the contents of M+3 into location 3. 

Registers Affected: A, B, location 2, location 3 
Timing: 25 

STORE, QUADRUPLE PRECISION STQ 

The contents of the quadruple precision accumulator are 
stored in the quadruple precision operand. The contents 
of B into M, A into M+l, location 2 into M+2, and location 3 
:nto .M+3. A, B, location 2 and location 3 are unchange:d. 

Registers Affected: M, M+l, M+2, M+3 Timing~ 32 

Not applicable 
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1 $LQP P~PD 016600000 
00000 0 46 00040 2 LG~ CXH 
00001 U 77 40000 3 EAX *0 
00002 2 76 00003 4 LI:A 3.2 
00003 0 35 llOO03 5 STA 3 
oonC4 2 76 00002 6 LDA 2.2 
OOCG3 0 35 00002 7 STA 2 
aDOC6 2 76 00001 8 LDA 1.2 
00007 2 71 00000 <; LDX o.? 
DOf')ta U 46 00060 10 XX8 
OOOtl U 51 (JOOOO 1 1 8RR 0 

12 END 

'" '-I 
$~rG P(jPD 016700000 I 1 W 

OOf"'lCO 0 37 00012 2 STQ STX TX 
00001 (; 77 40000 3 fAX *0 
00002 ~ 35 00001 4 STA 1.2 
OOOC3 2- 36 00000 5 5T8 0.2 
ooaC4 Ij 76 00002 6 LDA 2 
00005 ~ 35 00002 7 STA 2,2 
ooe06 (! 76 00003 8 LDA 3 
00007 2 ~5 00003 9 STA 3.2 
oonl0 ~ 76 OUOOI 1e L D A. 1.2 
000' 1 (; 71 00012 1 1 LDX Tx 
00012 0 51 00000 12 B;'(R 0 

uOCOOO12 13 TX f~U 012 
1 4 END 
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