


























































































































































































































































































































9-111

Timing

Accur. | Non- Storage
ROUTINE NAME Mnemonic| Calling Sequence Function Mode Errors Bits EAE EAE (Octal)| External Calls
INTRINSIC FUNCTIONS (Cont)
Maximum/Minimum Value: - ~
Integer Maximum/Minimum IMNMX JMS*  MAXO0,MINO, 106 |INTEGER, REAL
AMAXO, or AMINO|
JMP . +n+]
Integer to Integer Max. MAXO0 4 .DSA ADDR of ARGI Max. Value I=MAXO0(!1,...,In)| None N.A. [ Note 3
.DSA ADDR of ARG2
Integer to Integer Min. MINO . . Min. Value I=MINO(I1,...,In) | None N.A. | Note 3
Integer to Real Max. AMAX0 LD'SA ADDR of ARGn Max. Value R=AMAXO(11,...In) | None N.A. | Note 4
Integer to Real Min. AMINO = < Min. Value R=AMINO(I1,...In) | None N.A. | Note 4
Real Maximum/Minimum RMNMX| [JMS*  AMAX1,AMINT, 117 |INTEGER, REAL
MAX1, or MIN2
JMP . +nt+l
Real to Real Max AMAX]1 < .DSA ADDR of ARG1 > Max. Value R=AMAXI(R]1,..Rn)| None N.A Note 5
.DSA  ADDR of ARG2
Real to Real Min. AMINI : Min. Value R=AMINI1(R],..Rn) | None N.A. | Note 5
Real to Integer Max. MAX1 .DSA ADDR of ARGn Max. Value I=MAX1(R], ...Rn) None N.A. | Note 6
Real to Integer Min. MINI > < Min. Value I=MINI1(R]1,...Rn) None N.A. | Note 6
DP Maximum/Minimum DMNMX  |JMS* DMAXI or DMIN1 105 |DOUBLE
JMP  .4nt]
DP Maximum DMAX1 ﬁ .DSA  ADDR of ARGI Max. Value D=DMAX1(D1,...Dn) None N.A. | Note 7
. . 1
DP Minimum DMIN1 . : Min. Value D=DMIN1(D],...Dn) None N.A. | Note7
.DSA ADDR of ARGn
- J
EXTERNAL FUNCTIONS
Square Root: ~ ; ;
Real Square Root /N sart | [ x'/2 R=SQRT(R) #5,ARG<0 | 26 6.657ms | 3.584 ms 66 |.DA, .ER,REAL
DP Square Root /N DSQRT x'/2 D=DSQRT(D) #6,ARG<0 | 34 | 18.191 ms |T4.094 ms 66 |.DA,.ER,DOUBLE
Exponential:
Real Exponential /2\ EXP e R=EXP(R) 113, ARG <0| 26 | 115.489 ms| 4.672 ms 13 |.DA, .EF, .ER,REAL
DP Exponential  /2\ DEXP JMS*  SUBR R D=DEXP(D) #14, ARG <0| 3 117.664 ms| 7.223 ms 13 |.DA,DF, .ER,
DOUBLE
Natural Logarithm: JMP 42
Real Natural Logarithm /3\ ALOG | |.DSA ADDR of ARG Log, X R=ALOG(R) M3, ARG <0| 26 | T8.197 ms | T4.092 ms 20 |.DA,.EE,.ER,REAL
DP Natural Logarithm  /3\ DLOG 2 Log, X D=DLOG(D) M4, ARG <0| 32 | T15.489 ms|14.095 ms 21 |.DA,.DE,.R,
DOUBLE
Common Logarithm:
Real Common Logarithm /3\ | ALOGI( Log, y X R=ALOG10(R) #13, RG<0 | 26 | T8.197 ms |74.094 ms 20 |.DA,.EE,.ER,REAL
DP Common Logarithm  /3\ DLOGI( Log, X D=DLOG10(D) H4, ARG<0 | 2 |T11.7ms 21 |.DA,.DE,.R,
Sine: DOUBLE
Real Sine /N SIN Sin (X) R=SIN(R) None 26 110.368 ms| 14.094 ms 13 |.DA, .EB,REAL
DP Sine A DSIN Sin (X) D=SIN(D) None k7! 116.383 ms| 75.632 ms 13 |.DA,DB,DOUBLE
Cosine: T
Real Cosine /A cos Cos (X) R=COS(R) None 26 11.025 ms| 74,901 ms 20 |.DA,.EB,REAL
DP Cosine A\ pcos | _J | Cos (¥) D=COS(D) None 34 116,383 ms| T 6.145 ms 21 |.DA,.DB,DOUBLE
NOTES: 3. 57 pst 40 ps for each argument. 6. 233 ps + 624 ps for each argument .

4. 242 ps+40ps for each argument.
5. 168 ps + 624 ps for each argument.

7. 163 ps + 607 ps for each argument.




£-111

Table III-1

PDP-9 Science Library (Cont)

Timing
Accur. [ Non- Storage
ROUTINE NAME Mnemonic | Calling Sequence Function Mode Errors (Bits) | EAE EAE (Octal)| External Calls
EXTERNAL FUNCTIONS (Cont)
Arctangent:
-1
Real Arctangent & ATAN JMS*  ATAN or DATAN tan  (a) R=ATAN(2) None 26 16.352ms | 5.632 ms 13 |.DA, .ED,REAL
IMP
DP Arctangent AN DATAN | |.DSA ADDR or ARG tan”! (o) D=DATAN(D) None 4 14.6 ms 13 |.DA,.DD, DOUBLE
Real Arctangent (x/y) /3\ ATANZ | [IMS* ATANZ or DATAND) [tan™(x/y) R=ATAN2(R,R) None 26 12.4 ms 17 |.DA, .ED,REAL
IMP 43
-1
DP Arctangent DATANZ2| ) .DSA ADDR of ARG] ta D=DATAN2(D,D) | N )
rctangent (x/y) /5\ -DSA ADDR of ARG] n o (x/y) (D, D) one 34 16.2 ms 17 |.DA,.DD, DOUBLE
Hyperbolic Tangent  /&\ TANH IMS*  TANH tanh (a) R=TANH(R) None 26 16.383ms | 7.233 ms 47 |.DA, .EF,REAL
IMP 42
.DSA ADDR OF ARG
SUB-FUNCTIONS 4 B
Sine Computation:
Real Sine /A .EB Sin (a) R=.EB(R) None 19 9.3 ms 100 |.EC, .REAL
DP Sine /A .DB Sin (o) D=. DB(D) None 28 10.8 ms 116 |.DC,.DOUBLE
Arctangent Computation:
-1
Real Arctangent  /5\ .ED tan”" () R=.ED(R) None 26 11.0 ms 65 |.EC,.REAL
DP Arctangent 5\ .DD IMS*  SUBR \ tan”! (@) D=.DD(D) None 34 14.5 ms 144 |.DC,.DOUBLE
Logarithm (Base 2) Computation: NOTE
Real Log A JEE Enter with argument in log,, @ R=.EER) M3, ARG < 0| 26 9.0 ms 71 |.ER, .REAL
DP Log floating accumulator. Iog2 a D=.DE(D) #14, ARG 20| 32 10.7 ms 101 .ER, .DOUBLE
Returns with result in
floating accumulator.
Exponential Computation:
. X
Real Exponential A .EF e R=.EF(R) None 26 12.2 ms 116  |REAL
X
DP Exponential 2 .DF > < e D=.DF(D) None 34 15.0 ms 137 [DOUBLE
Polynomial Evaluation: JMS*  ECor .DC B n
Real Polynomial Evaluation EC CA.L PL!ST x= iz R—.EC(RZ,R], None N.A. | Note 8 44  |REAL
c 2it1 Ry
2141 %
DP Polynomial Evaluation .DC PLIST -N  /-No. of R D=.DC(D,,D,, | None N.A. | Note 8 47 |DOUBLE
terms +1 x= 3 D)
< C_ /last term > i= ™
" 2i+1
Cn-l /next to last C2i+] Z
C1 /2nd term
C0 /1st term
§ J

NOTES: 8.

2.0 ms + 1.3 ms for each coefficient.
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Timing f
Accur.{ Non- Storage
ROUTINE NAME Mnemonic Calling Sequence Function Mode Errors Bits EAE EAE (Octal) | External Calls
SUB-FUNCTIONS (Cont)
-~ N
Routine that calls
General Get Argument DA Calling Routine Calling Routine N.A. N.A. None | N.A. | Note 9 46 None
JMS*  SUBR SUBR CAL 0
JMP Antl JMS* DA
< -DSA ARGl JMP  .4nt] ?
.DSA  ARG2 (address of ARG1)
. . (address of ARG2)
DSA ARGn :
(address of ARGn)
“ J
ARITHMETIC PACKAGE N
Integer Arithmetic: INTEGE A-ﬁzGis]ter ARG2 Note 11
Multiplication .AD Multiplicand ~ Multiplier I*J) I=1*1 None T28] ps T48 s
Division .AE Dividend Divisor > 1/J =1/l None T352 ps t55 s
Reverse Division .AF Divisor Dividend JMS*  SUBR J/1 I=1/1 None
Subtraction LAY Minuend Subtrahend| LAC  ARG2 1-J I=1-1 None
Reverse Subtraction AZ Subtrahend MinuendJ : J-1 I=1-1 None
Double Precision Arithmetic: DOUBLE ARGI1 ~
FL.ACC. ARG2 142 REAL
Load .AO Address N.A. D=.AO(D)| None | N.A. |T70 s
Store AP Value Address N.A. D=.AP(D) | None |N.A. [[72 s
Add .AQ Augend Addend A+B D=D-D | None 1255 s
Subtract AR Minuend Subtrahend > JMS*  SUBR A-B D=D-D None 324 ps
.DSA ARG2
Reverse Subtract AU Subtrahend Minuend B-A D=D-D None
Multiply .AS Multiplicand  Multiplier A*B D=D*D | None 12,047 ms | T 272 s
Divide AT Dividend Divisor A/B D=D/D None 11.537 ms | 1352 s
Reverse Divide LAV Divisor Dividend ) B/A D=D/D None
ARG1 ~
Real Arithmetic (Includes REAL FL.AcC. ARGZ Note 12
Floating):
Load .AG Address N.A. R=.AG(R) | None |N.A. |T67 s
Store .AH Value Address N.A. R=.AHR) | None |N.A. | 770 s
Add LAl Augend Addend L A+B R=R+R None 1280 ps
Subtract LAJ Minuend Subtrahend (" JMS*  SUBR A-B R=R-R None T35 ps
.DSA  ARG2
Reverse Subtract AM Subtrahend Minuend B-A R=R-R None
Multiply .AK Multiplicand ~ Multiplier A*B R=R*R None Tl .937 ms T264 s
Divide AL Dividend Divisor A/B R=R AR None T] 327 ms | T324 ps
Reverse Divide AN Divisor Dividendj B/A R=R R None

NOTES: 9. 37 ps + 15 ps for each argument,
10, The sign of the result (the exclusive OR of the sign bits of .AB and CE02) is stored in .CE. The sign of .AB is saved in CEO5.
11. ]308 for EAE, 1648 for non EAE.
12. 7648 for EAE, 733 for non EAE.
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Timing
Accur.| Non- Storage
Mnemonic Calling Sequence Function Mode Errors |  Bits EAE EAE (Octal) External Calls
ARITHMETIC PACKAGE (Cont)
Floating Arithmetic A-Register FL.ACC.
Float AW Integer F.P. No. A<l =.AW(l) |[None | N.A 185 ps
Fix AX F.P. No. ( JMS* SUBR 1 <A =.AX(R) |[None | N.A 65 ps
Negate .BA A<-A =.BA(R) |None| N.A 10 ps
FL.ACC. HELD ACC))
Multiply .CA Multiplicand  Multiplier A*B R=R*R None 774 us
(avg)
Divide .Cl Divisor Dividend A/B R=R/R None 1124 s
(real)
1444 ys
> (DP)
Add .CC Augend Addend JMS*  SUBR A+B R=R+R None 300 ps
(avg)
Normalize .CD Value N.A. R=.CD(R) |None | N.A.| 160 ps
(avg)
Hold .CF Value N.A. R=.CF(R) [None | N.A. 16 ps
Round & Sign .CH Value N.A. R=.CHR) |None| N.A. 30 ps
Sign Control .CG Value Valve D, Note 10 R=.CG(R) [None| N.A. 30 ps
Short Get Argument .CB CAL 0 N.A. R=.CBR) |None | N.A.| 28ps
JMS* .CB
CAL 0
.DSA 0




PDP-9 SCIENCE LIBRARY ALGORITHM DESCRIPTIONS

1. SQUARE ROOT (SQRT, DSQRT)
A first-guess approximation of the square root of the argument is obtained as follows.

If the exponent (EXP) of the argument is odd:

EXP-1, EXP-1
S )
PO =.5 + ARG

If the exponent (EXP) of the argument is even:
EXP EXP
&5 (

Po=.5 + ARG

2. EXPONENTIAL (EXP, DEXP, .EF, .DF)

The function e” is calculated as 2 |og2e, where x |ogze

will have an integral portion (I) and a fractional portion (F). Then

&= 2} @

2

F n h

where 2 =< z Ci F> and n =6 for EXPand .EF,
i=0 or n =8 for DEXP and .DF.

The values of C are:

Cy = 1.0
| = 0.34657359
C, = 0.06005663
C, = 0.00693801
C, = 0.00060113
C, = 0.00004167
Cg = 0.00000241
C7 = 0.00000119

Cg = 0.000000518
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3.

NATURAL AND COMMON LOGARITHMS (ALOG, ALOGI10, DLOG, DLOGI10)

The exponent of the argument is saved as one greater than the integral portion of the
result. The fractional portion of the argument is considered to be a number between

1 and 2. Z is computed as follows.

_X-N2
X+ A2

] n 2i+1
Then Iog2 X = 0 +<'Eo C2i . z >
|=

where n = 2 for ALOG, and n = 3 for DLOG. The values of C are as follows.

z

ALOG & ALOGI10 DLOG & DLOGI10

C, = 2.8853913 C, = 2.8853900

C; = 0.96147063 C, = 0.96180076

C, = 0.59897865 C, = 0.57658434

C, = 0.43425975

Finally,

log_ X = (log,, X) (log2), for ALOG & DLOG
and

Iog]0 X = (loQ2 X) (log]02), for ALOGI10 & DLOGI10.

SINE AND COSINE (SIN, COS, DSIN, DCOS, .EB, .DB)
The argument is converted to quarter circles by multiplying by 2/1%v. The low two bits
of the integral portion determine the quadrant of the argument and produce a modified

value of the fractional portion (Z) as follows.

Low 2 Bits Quadrant Modified Value (Z)
00 | F
01 " 1-F
10 I -F
11 \Y -(1-F)

Z is then applied to the following polynomial expression.

n
. _ 2i +1
sz—(i:zO C2i+l Z >

where n=4 for REAL routines and n=6 for DP routines. The values of C are as follows.
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REAL ROUTINES DP ROUTINES

C] = 1.570796318 C] = 1.5707932680

C3 =-0.645963711 C3 =-0.6459640975

C5 = 0.079689677928 C5 = 0.06969262601

C7 =-0.00467376557 C7 =-0.004681752998

C9 = 0.00015148419 C‘? = 0.00016043839964
C] 1= -0.000003595184353
C]3= 0.000000054465285

The argument for COS and DCOS routines is adjusted by adding /2. The sin sub-

function is then used to compute the cosine according to the following relationship:

cos X = sin (—"1 + x)

2

ARCTANGENT (ATAN, DATAN, ATAN2, DATAN2, .ED, .DD)
For X less than or equal to 1, Z =X, and:
n

arctangent X =(2 C,. Z2'+]
=0 2i+1

where n =7 for REAL routines and n = 3 for DP routines. For X greater than 1,

Z=1/X, and:

n
o 2i+1
arctangent X = 5 - C;EO C2i+l Z >

where n = 8 for REAL routines and n = 3 for DP routines. The values of C are as

follows.
REAL ROUTINES DP ROUTINES
C] = 0.9999993329 C] = 0.9992150
C3 = - 0.3332985605 C3 = -0.3211819
C5 = 0.1994653599 C5 = 0.1462766
C7 =-0.1390853351 C7 = -0.0389929
C9 = 0.0964200441
"C” = -0.0559098861
C]3 0.0218612288
o 5= - 0.0040540580
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HYPERBOLIC TANGENT (TANH)

tanh [x]=<- ]_;m_>

log 7€

X X
e, calculated as 2 , where x |ogze will have an integral portion (I) and a

fractional portion (F), then:

where

The values of C are as follows.

C] = 1.0

= 0.34657359
= 0.06005663
= 0.00693801
= 0.00060113
= 0.00004167
= 0.00000241

O O 0O 0 00
N0 o~ w N

LOGARITHM, BASE 2 (.EE,.DE)
The exponent of the argument is saved as one greater than the integer portion of the
result. The fractional portion of the argument is considered to be a number between

1 and 2. Z is computed as follows.

_X-N2
X+ 2

1 n 2i+1
log, X =3 +<i§0 Coin1 2 >

where n =2 for .EE and n = 3 for .DE. The values of C are as follows.

Then
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.EE .DE

;T 2.8853913 C] = 2.8853900
C3 = 0.96147063 C3 = 0.96180076
C5 = 0.59897865 C5 = 0.57658434

C7 = 0.43425975

POLYNOMIAL EVALUATOR (.EC, .DQ)

The polynomial is evaluated as follows.

2

_ 2 2
X=Z(Cy+Z°(Cy ... +Z°(C 2°+C 1))

[11-14



UTILITY PROGRAMS

ADVANCED SOFTWARE SYSTEM
PROGRAMMER'S REFERENCE MANUAL
DEC-9A-KFZA-D

READER’S COMMENTS

Digital Equipment Corporation maintains a continuous effort to improve the quality and usefulness of its publications.
To do this effectively, we need user feedback: your critical evaluation of this manual and the DEC products described.

Please comment on this publication. For example, in your judgment, is it complete, accurate, well-organized, well-

written, usable, etc?

Did you find this manual easy to use?

What is the most serious fault in this manual?

What single feature did you like best in this manual?

Did you find errors in this manual? Please describe

Please describe your position

Name Organization

Street State Zip
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