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0 <k < .9375 le] x> .3 x 10

F(?) ~ (1+4m) (1.5707 9632 6797 .3926 9907 9994 m”

+

+ 2208 9341 8959 m* + .1533 9023 9689 m°
+ 1176 1434 5062 m° + .0930 2369 3712 m °

+ .0961 2977 1696 m'> - .0095 5988 8429 m"*

+ 2074 6574 6578 m° - .3634 8748 7106 m ©

+ .4029 5006 4706 m>°)

1 -41-k% 1kt

m = > =
1+ \Il-k 1+k 17

Note: for .9375 < k° < 1, use Landen's transformation until

b b
R < .9375 (af > .25), i.e., if k! =k = J1-p% = 22 ¢

! 2
o 0
%o

whére, a, = 1, compute a set of a,, b, as follows:
1) .5(a, + b,) = a,4y
2) a'*rb’r = br+1
b¢+1
5) kr+1 ar+1
b,
4) a) if 3 < .25, return to 1)
r+1
b b
. r+1 n 1 2 2
b) if v 5;’2..25, compute a, K(k,) = K(&7)

.25,



o
IA
xn
IA

. 992

txy
>
N
14
l_l
+

m

-(1=£%) n(1-£7?)

(1.5707

.0245
.0024
. 0040
.0346
.0653

.0122

. 9999
.0568
. 2499

.058%

9632
4382
6069
9930
1981
5943

8780

9999
0426
9999

9105

6799

7985

8217

3949

2874

3006

4214

9999

9148

9998

8349

. 3926

.0061

. 0005

.0128

.0589

. 0418

|| ~ .5 x 107*1

max —

9907 9948 m*®
3183 1023 m°
8632 6220 m*°
6769 3447 m"*
%286 2948 m*°

9920 0263 m°?

1 - Jl—kQ 1-k !

m = =
1+ 4182 14!

|l ~ .4 x 10707

max —

L4431 4718 2037 64 (1-k7)
.0220 1608 2786 41 (1-k7)°
.0937 5000 4306 64 (1-k°)

.043%2 6293 9453 12 (1-k7)°)



Fast Math Subr. Elem. Func



Function ::Proq. Theot | ®utput S*“’“"Iezs); Regqisters Used Arqumem'\' &fsm}ﬁ

Sinco [200 |76 | T | 57 | ToThBaM] Ay

Exptt) (203 | Te | TC | 30 | TéiMov. | [#/< 1760
Laeo a0t | Te | T6 | 33 | T6T%BSMu 2 >0
Tawley a0 | TG | Te | 35 | T¢ThiMev. | Any )
Ofo\};%?i 236 TG TG 38 —'—6) BS ‘. 1%0

N@‘f‘e; Maximom error Lor *00, 201, 2L03 | GNd 208 = 0000001
*20U =0.000008, AN
X236 =0000001.

I I Y

I A BER1

f}f?@v. reters te f??fwﬁgﬁﬁ avert ﬁéw \Zﬁfgéf»’h

G‘Ary g‘s“ﬁ’m,
Tone 8, 1964,
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axl24

 BACK- TRAN:LATIGN i
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PROGRAHM

° o =

PF

pPE

TH
T6

T2
/T5/

213
STO
RPA
CLA
57O
TSR
RPA
370
CLA
10401
TSR
10500
IFLZER) TRA
10600
1070¢C
5TO
570
10401

10700

13500
IF{NNZ) TRA
TRA

oCT

ocT

oCT

oCT

ocT

GCT
oCT
OCT

00026+CC
QU7 +CCA
06022+CC |
00024+CC |
CODOU+PF
Q001B+CC
000Z2E+CC
00620+CC
00016+CC
—F00000 <
~ 00016+CC
~00016+CC
00013+CC
- 50007
 DOOLL+CC
cooii+CC
00006+CC |
00007 {
00003+CC |
~00000 = BAT
LT T7634CC
770024365605075341
740004000000000000
GOo0000C00000
0000G00000000
0000OCC000000
~012170005000177774
012170007000177772

e L

010100000446177765:Tmid@C“

9t

sl

st
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T7




213 PRINT

| 79000100400103026
6 47216Pln0000100015

13 610500N7000190716
20  62000100400100011
25 107000N0400177763
32 0

13
20
25

32

4120000000213 PRINT

+3603327344194+16
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472160100072100007
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+8128122122342~00
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+1430012203223+92

3105 35 12734

12170000000100027
121700000001 00020

1610600000001 00013
251070000200000007
7400040CGO0000Q000

12170007000177772

35 12734

+143200000059¢+02
+142000000094+02
+141976267346p+33
+1037667054532+50
+11641532187P6e~10

+143001709]1035+02

129»0100400100024
1@ 0107000100016
1 1&70000000000007
11

0

01000004401777565

frnsin

Yl

+128C157471299+02
+6201733404400+0!
+71Q00000000M1+0!
+6900000005541+0!

+0

+8000137448290=00

Q@QOOOQDQAQQQQQH

14000000420000000

14900000400000000
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10555000400000000

0

=2559998703002+02
-2559998779296+02

+1280169678330+02
+45425|2207031+01
+0
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' EERE ;o TRA
Lgz TS|
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PROGRAM 214

. T6 STO 00066+CC 1
T7 STO 00066+CC 2
PF RPA 00013+CC 3
PF RPA 00024+CC 4
17 10600 | 00060+Cr 5
' 5TO | 000634CC 6

5T0 00063+CC 7

TSR 00UCO+PF 10

PF RPA 00052+CC : 11
T6 570 00061+CC 12

T7 STO | 60061+CC 13

CLA 00055+CC 14

10401 000524CL sU T6 15

CLA 06052+CC U T7 16

TSR 50000 17

Té 10500 DO0534+CC 20

sTO 00054+CC 21

.‘ T7 16560 5O0524CC 22

ST0 00053+CC 23

16 570 00047+CE 24

T7 570  0004T+CC 25

CLA 00044+CC 26

10401 00041+CC sU T7 27

cL4 00037+CC " W T6 30

TSR 00000 31

Té 10500 00041+CC U T4 32

T7 10509 00041+CC sU T5 33

10600 00041+CC 34

sTO 00042+CC 35

~T4 10600 0004G+CE 36

10401 00040+CC 37

IF{ZER) TRA 00040+C(" 40

17 10601 . 00004 41

~T6 10600 00005 42
' 10400 00004 o 43

10700 00035+4+CC 44




16
T7

/744

/7157

10601
10600
10600
10400
10700
10601
STC
sTO
CLA
CLA
10700
IF(NNZ)SKP
TRA
10700
10500
IF(NNZ) TRA
TRA
oCT
ocT
ocT
0cT
0CT
ocT
ocT
ocT
ocT
ocT
oeT
CLA
CLA
CLA
CLA
TRA

00024+CC
oC030+CC
00026+4CC
00005

00026+CC

- Q0020+CC

00020+CC
Q0020+CC
COG12+CL
00012+CC
~00006
G0006+CC
T7731+CC
~22007
00003+CC
00000
77725+CC

770024365605075341
T40004000000000000
0000000000000
0000000000000
0000000000600
0000000000000
00C0000000000
6U0000006000G0
00000G0R00000
0000000000000
0000000( OG0

TT767T+CC
T7767+CC
T7763+CC
T7T763+CC
* 777554CC

W T4
ol 75

U TS5

sU Té
o TT

U T4
U T5
s T6
U TT

100
101
102
103

104

105




214 PRINT 3142 10% 12734 -

1
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56
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!

‘ 6

‘ 13
20

25

32
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1105C000000100003
n
N
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4130000000214 PRINT
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+6800000000000+0
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+1037667054532+50

+1164153218269~-10
+0
+1430009766816+02
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Cé
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C3
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7/14/65 12037
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REM

IF (NNZ ) SKP
iLF

ILN

FAD+&N

ML
IF(ZER)TRA
sEU
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sTO

FS3

VD#F

FAD

VOF
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rMP
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VDF-

FAD

IDV+2n

CRR
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oML
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GcT
uCT
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END
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PRQYRAM £3A 7/14/65 |2, 67
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313 0 0 kg o} £20000000000000
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Lk

- L1Bé

L1B7.

L1€0
L1el

L163

N Fw

Bb

R

. te
T

T7

Nl

IF(NZE)TRA
10610
STO

TSR

‘e@co o

© ro&
TSR

10610
rOévo

”‘10710;('

CTRA

ocT
ocT

0CT

atT

.
HIOET e

0CT
0CT

ocT lfffﬂub

iQeCT
QaCT

- gcT

oCT

OCT & ot

0CcT
ocCT
QCT
QCT

gCT g
LE0CT

QCT
QCT
0CT

..QCT
ocT
0CT

ocT
ocT
ocT

QCT
QCT |
RPA

40000

ocT
END.
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a®z30
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L160
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'JOIOOQOOOOOOOOOQOOO

01001£000000000000

'~Ob0022662761771463
7’f70751‘711°415?kl75 ;
. 71C44TTTB4E604E564

7 37776834253665522

7304477023524 14453
TE7475643524754445
~ 750133013277527357
“”767743434?¢?445024
 770005252325252477
'77760000000000001 7
T771777777777777777
0373323372113251436
03C156470413354566
ri"*0?7755034749534606
 020001764436224007
027732010343673777
0111515544312463116
Q17725527064570514

7721167304773364 4
777424304523306604

,]17702773740:04RA60“,
. 7731420424635650662

0400061654762541:07

i036651540117627171
030 144733375366546
037765544433324 113
0202750757 13006557
- 027765000005620752. ..
01024344020 160x3473
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77070541:0400751066

. '7775303434C0350412
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. :000000000000000000
:0000000000C0000000
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010000640000000004




PROGRAM
PF
T6

NN
LAy

16

Té
T7

P

FsB
IFIPNZ) TRA
5B5
CLA
FMP
FAD
IFINZEYTRA
12710
T3R
Fip
FMP
FAD
CLA
TRA
FHpP
FiMP
FAD
FDV
TRA
oot
QcCT
oCcT
oCT
ocCT
oCT
ocCT
OoCT
oCT
ocCT
ocT
oCT

0o0Zl+CC

00043+CC

000444+CC

G042+ CC

20040+CC

000364CC

G0014+CC

17765

QOC17T+LC

00004

GO027T+B54CC
TT774+CC

00005

= 00404

300274CC

000234CC

00OGo4

Q0u24+CC

QoonG

g01324+CC

c0il32+CC

00GG6E

50004

TTTT0+CL
TO0HL31141462050330
TLoT42036440333315
730002247321771437
T2T0L7173370260G401
T40462T123T4642221
T5757260T7765106162
T600453437337T701250
TTTTT7T1745106417232
770157234565616172
TI7156363172741044
TI5350147622154344
T72427650155623442

i)

» i

s B85

sl

sU

sU

sl

2 U

el

o U

15

T4

+1

T4

T4

T4

T6

76
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116/

76

™

T6
PF
/167

Te
T7

T7

ocT
ocT
ocT
FSB
IF(PNZ) TRA
Fip
SE5
CLA
FMP
FAD
1F (NZE) TRA
FHP
TRA |
IF (NNZ) TRA
RPA
VUF
FMP

CLA

FiP

FAD
IF(NZE}TRA
STC

SBY

CLA

FHMP

FAD
IFLNZE) TRA
MP

sTU

TSR

20001

FAD

TSR

Fiip

F P

FAD

010040004000000000
00Q00000000000C00
00OGE000002000

C0043+CC
000104CC
00006

77766
00042+CC
00002
00051+B5+CC
77774+CC
00006
00000+PF
000T6+PF+CC
00027+CC

00G30+CC

00005
17765
Q0041+CL
Q0002
D00514+B5+CC
TTT74+CC
00063+CC
T7765
C0046+CC
06002
DOOS6+B5+CC
TT774+CC
QO00E
0QQ55+CC

« 50202
Q0044
ZG00104+CCY
* 00230
D0C4T+CC
00047+CC
00005

$U 7T
sU R
s 55+1

ol K

U T5

s T5
sU T7

+U R

sD5+1

sk R

PRI
2 E541

s &

2 U Té

U T3

64




FDV
TRA
oY
oCY
oct
oCT
ocT
ocCT
ocT
oCT
OCT
OCT
Oy
oCT
OCT
OCT
oCT
oCT
oCT
oCT
oCT
ocCT
oCt
GCT
ocCT
oCT
GCT
ocT
ocCT
oCT
QT
oCT
0CT
QCT
ocCT
OCT
oCT

GO004

00000

010040000000000000
010010000000000000
010022662761771462
707515711241625175
71064T 775466046564
T57776534255665522
73044T702352416653
T4TATS64B524T 54445
750133013277527357
TETTLRILBL4243845004
770005252525252477
777600000000000012
TTLITITITTITTT977
037332372113251436
030156470613354566

<

3775
030001764636224007
32010343673777
1554431263116
7725527064570514
TTR1167304TT336414
TT7424504522306604
TT027T574020454605
7T3142042463650663
04O0061654T62564 107
02665154011T627173
030144733375366546
03TTO5544653324113
020275075713006557
027T65000005620752
010243440201605343
01776327 7254324657
770705410400751066
777530342400350412
77114461476332255)
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eCT
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COACOO0A001TTO5052
Q1RG00640000000004
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/éj
L

L7

L35
L36

o L??x,” -

L3l
L32
L33

’fn:'ﬁf

T6

_104lo
IRlNTTRAL

10710
10610
rOALO,‘

v:DCLA .

10410

IF(NZE)TRA

10610

& hyatoa
PETRA e
10610

10410
10e10

10610
e STE
TSR
VR hO i
TRA
,@CT
. oCT
QCT v
0CT
QCT
QCT
| OCT"”Q
0CT

oCT
ocT

aCT
- ocT
END

/00244 ORa |
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LE3aUT7
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U L37aUeTE
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Cteage N
"'Lgdﬂb*Té‘"
Lag
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axgzae
s LBealeTE
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. 771471173610565325
. 77.6427447575227757
771 141153342516712

77775432756576K773
7703046772748 146464
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77047211 1245677173
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77 1 4441766511575307
01001 4441766521042
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PROGRAM 244

| PF RPA 00022+CC 1
¢ z CLA 0C050+CC U T4 2
$TO | 00046+CC 3

T4 FAD 100006/ P T6 4

z TSR | * 00202 5

6 FAD 00026+CC 6

IF (NNZ)TRA 00015+CC 7

T6 FAD © 00042+CC sU T5 10

-T6 FAD 00041+CC 11

FOV 00005 sU T7 12

17 FMp o 00007 sU T5 13

T7 FAD | 000364CC sU TT7 14

z 585 77765 15

z CLA 000ZE+CC | sU T6 16

TS Foip 00006 sB541 17

FAD | 00020+85+CC »U T6 20

BS IF (NZE) TRA TTT74+€C 21

T6 FMP 00007 22

o FDV 00026+CC sU T6 23
TRA 00000 | 24

T6 FiP | O0024+CC sU T6 25

T6 ~ FAD 00023+CC | 26

Fiip 00006+CC sU T5 27

T6 Fip 000214CC WU T6 30

T5 STO . 0002G+CC 31

| TSR - 50202 v 32

T6 12710 00016+CC »U T6 33

TRA 77750+CC 34

ocT T7671T7TITTTITT777 35

ocT 772000000000000000 36

oCT 771471173610565325 37

oCT 176427447575227757 40

ocT TT1141153342516712 41

ocT TTTT54327565765773 42

ocT 7703046772T6146666 43

¢ ocT T70276406323217602 44




ocT
ocT
ocT
oCT
ocT
ocT
ocT

T70260677450545114
770472111245677173
TT0704307423217610
TT1444176651157507
0l0014441766521042
00000 0000000000

TI3717T7T7177977777

45
46
47
50
51
52
53
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PROGRAM
PF

@ -T6

-76

Te
-T6&

™~

MNP

245
RPA
FAD
FAD
IF(PNZ)TRA
TSR
FAD
FAD
10711
FMP
FAD
5B5
CLA
FMP
FAD
IF{NZE) TRA
12710
TRA
oCT
0cT
ocT
ocT
oCT
0CT
oCT
oCT
ocT
oCT
oCT
oCT
oCT
ocT
ocT
oCT
$B5
CLA
CLA

00017+CC

00035+€T

00016+CC

00035+CC

* 00202

00031+CL

00030+CC

Q0007

00007

00025+4CC

717763

0GG0e+CC

80005

0CQ20+55+CC
TTTT4+CC

Qo007

0D0Go
TTO020304467227T432
TT0G31124544517146
777652141302111050
TT0205641270771552
TIT60T234324076523
7701067154024035552
TTTT45513175535004
770010312335031333
77000114667€6157510
7T0005024165227405
T70014435541555254
770062210043240722
TTL444176651142741
0100144461766521043
TI3TTTT7777¢T77777
GoC0000L00c00 O
77774

00014+CC

GODLTHCC

Raa

sU T6

s T7

U T6

e T7

st TS

sB5+1

o TH

st Té

U T4
yU TH

w o b W N e

O W W owow W W W
P R C I S R Y =

&2
43
44




T6 FMP | 00004 yB5+1 45

| FAD 00014+85+CC sU Té 46
@ T6 FMP 00005 47
FAD 00016+B54CC sU T5 50

BS IF(NZE) TRA 777724CC ' 51

5 Fi4P UO006 52

STO T7764+CC | 53

z TSR " 0204 54

FMP TTT624C 55

FAD 00004 U T 56

TRA TTT40+CC ‘ 57

oCT 77005505542 2543336 60

OCT T70164253452T762Q753 61

oCT ' 7716136412377612506 62

ocT T7377T7TI77T7TI712 63

ocT 777647313412172703 64

olony TT7610002645042163 65

ocT T7767T7TTTT5540146 66

ocT | 777000000000000227 67
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T

Te

Ty
Te

“TE

T7

,10410;ﬁﬂ§ffjﬁg
QSTO[,\TvT
‘TSR
STO

gcCT

1e710
L 8TQ
CLA

10610
STO
CLA

s
‘10610' i

10610
10410

‘TSR
_ CLA

10410

- 10610

10410
10710

- 8TQ
10610
10711
8T,

10611
STO

- CLA

IF(POS)SKP .
10410

C1041L -

19410
10710

STO

10é10
10410

TSR
. DMR

10¢e1l1l
10810

IF(POG)TRA

STQ

- TRA
‘CLA

DMR
10611
10411

e

MM

6 s
\idLllév
4
ak. 120
L1332U=Tg
arl’

O L22sU~TE

,BACKWTRANvLATIUN
{u??ZSc s
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6%230
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ay=T4

alk.121
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!
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LAIU=TT
,LICS:UwTS
Liet o

7

boll=sTh

aL.117
L120

L1133
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5

al. |24
1
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a%z02 ';
az

Lizé

L1158

al1os

“akles
al72 :
L124sU+Tg
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lel
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ok

Lt11o

L114
L1153
L116
L7

Lteo
L2t

.22
L123
L1

Leest
. kLy2é

L1127
L1130
L1131
L1:2

Lﬂ:?'

Te

-1 Tel
1T6|

10611
10610

,104ll‘; S

SR
f“JCLA &
S TSR £

IF‘POQ)°KD

10410

,,10411
N,ZMCLA

lQélG

TRA

ocT

octr

o sjenn

ocT

QCT
ecr
RSt

0CT

lo[en)
. J0CT
0CT
0CT &
;0CT

. END

L1130

L11é
LIJE
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=l 120
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PROGRAM 260 | .
® oz CLA $77732

1
RPA 00066+CC 2
PF RPA | 00110+CC 3
T6 TSR * 00230 4
‘ 76 57O 00110+CC sCCHl 5
S ocT 010010000000000000 6
T7 5T0 00107+CC 7
z $TO 00122+CC 10
T4 sTC 001104CC 11
T4 FMP 00004 WU T5 12
DM& 00001 13
STO 00106+CC 14
~T5 FAD 77767+CC U T6 15
T7 FMP DOOTTH+CC 16
STO §0100+CC | 17
TSR " 00202 20
5TO 00103+CC yCCHL 21
v | oCT 010014441766521041 22
' T6 VDF 77761+CC 23
8TG 00101+CC 24
z CLA 000T0+CC 25
Fmp 00001 sU T4 26
57O 000T7L+CC 27
Z CLA 00074+CC 30
FMP 00001 31
FMP 00004 sU T6 32
z CLA 000634+CC 33
FMP 00001 36
FAD 00006 sl T6 35
TSR | * 00202 36
z CLA TT7454CC WU T7 37
' FAD 00064+CC ol T5 40
FMP 00057+CC 41
-U FAD 00007 42 1
FDV 00006 sU T4 43

. 570 00052+CC 44

o - e T



15

T6

N

T4
T6
Té
T7

-y

T6

~/T6/

/167

FMP
10711

STO

10611

576
CLA
IF{POS)EKP
FAD
10411
FAD
FDV
570
FMP
FAD
TER
DMR
i¢ell
F&8
IF(POS)TRA
STO
TRA
CLA
DMR
10611
10411
TSR
DMR
10611
FHFP
10411
TRA
CLA
TSR
IFIPOSISKE
FAD
10411
CLA

2005Z2+4CC
00006
00046+CC
00004
G0046+CC
00060+CC
$0CO00
TTT444+CC
00055+CC

/00046+CC/

00005
00043+CC
60001
00007
00202
00002
06040+CC
00026+CC
00014+ C
00034+CC
00000+CC
00031+CC
00001
00032+CC
00033+CC
f00202
0C001
00027+CC
00014+CC
00027+CC
777204CC
000114+CC
. 00231

/700011+CC/

7771i+CC
00022+4CC
00014+CC

wU T6

pid TH

Y T6

sl Té

o4 T6

U TE

U T6

100
101
102
103
104
105
106
i07
110
111

o B . N e s




T6

* 00202

00017+CC sU T6
00000
YI3TTTTIT7T77777576
0000000000000
0800000000000
0000000000000
0200000000000
0060000000C6000
0000000000 G000
0QGBO0R00000000
0000000000000
05000000003000
00006060C00000
0000000000000
G00C000C00000
00QG0G0000000
0000006000000
000000000000000

112
113
114
115
116
117
1290
121
122
123

124

125
izé6
127
130
131
132
133
134
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0
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=

ST6 . ali47

. sTQ al.15¢
e R A ‘ STO al- 151

]
e o . 5
g TR TR e BT R I e
o UTSRE e e adliERe s s e e
el clA : el e
10610 List 15
U 10410 L2é , 16
. 10e1r0 ) 6aUSTS ‘ 7
A e L1142 i e Sl oer Lag s e
e s e T TR
. ~ G DENO e BaURTR e e ee
L20 ‘TRA az 23
oCT 002170000400077732 2k
) _ QCT . . 01¢160100000100056 - - e5
LAz o PF RPA - |34 ﬁ;,_; Loin S egE o
At O Té 'W'TSR S H},’,, 'Q{C3O - / SEoT IE?:;‘M
S Té& o sTO S e ,aL136rcC+l i ; 30
L3€é oCT ‘ 010010000300000000 131
L37 T7 ST . al. 137 32
z s -al183 , 4 : 32
T4 STO o a sl e E R al e 134
T 0610 T e kalUSTS ‘ .35
, CODMR i al c T S ; 36
STO .al. ] 43 37
-T5 10410 L.26s,U=T6 40
T7 10610 , L13e , 41
el B B Top o 4P
‘TSR . awxgee , , - 4=
5 Sy STO - Al 14B.CCxL 44
Clwz . ocT 0100144417665P1041 45
L43 T.é 16710 L2é 44
_ ; STQ al. 146 o 47
Lu5 GZ T CLA e L US6 | 4 o 50
C Lo L1081 0 e e W) b*Tﬂ e 51
R TGTO e e ] . e , 52
z CLA . L145 | 53
10610 ] : S
10610 , L4aUSTA , . 55
vz cka - L1337 B S 56
‘ 10610 N : o } 57
10410, . enUsTE . , o 60
: TSR axzaz 61
Z CLA LR6slu=T7 62
- 10410 - L145sU-T5 - 63
. 10610 . ' ;L141 : : N 64
=L 10410 ST ' % -
: o 10710 '«éHU*T4‘ . i Bh
sT0 al.137- 67
T8 10610 - L140 70
10711 6 71
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Lk

L1130

Ly3s

L1358

L 136
Ly37
L140

Lial

L4z
L143
Lr4s
L145
L146

L147
CL1s0
LB

L1152
L1153

. Té

- IT6!

I'Té|
z

Te

STO
106106

10410
- 7‘T9R

10510
IF(POS)TRA

STO
- TRA
WCLA

DMﬂavmw
10611
10411

‘TSR
CDMR
‘v106ll

10610 ¢

10411

TRA

Cl.A

TSR
,_IE(PGﬂ)qKQ
10410

10411

CLA
TSR
Jnloelo
TRA

Tuger

oCT
OCT.
oCTt

- ocT
SOET
98T
ocT
acT

QcT

AGCT' i
0CT
QCT
0CT

QCT

acCT

END

al. | 44

1
7MU'T6

~y;,axeoa

e
7*L146
1L 135

al. 124
al- 145

Toalbre
;j,_L144auoT6«
Al v
L147
L1351
axzo2

a)

B0
kBB

L1562

al.45

L3 6'U*Té

‘”7;am231
-wplqo,.' :
LA IU-TE

L153
Ll4ésl=Te
a®z02

aQLL53rU~T6m7
~77<77777777777;5/6_
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000000000200 0000200
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~:00000000000000G000
:000000000001000000 -
00000000008N00GA00

:0000000000G0000N00
000000000000000000
00000000000000CH00

NFVDOD—D

103
104

-0 OO
RPN

3

181

i li""ﬂ

-l

123

1e4
125
126
127

130
13
132

133
134
1,35

134
137
140

141
142
143

lan
l45
146

147
150
151

152

153
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155
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157

160
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PROGRAM
PF

N4

-y

PF
TG
T6
17

T4
T4

76

0001l6+CC
001G66+CL
00Q22+CL
00142+CC
00142+4CC
o0142+CC
001l424+CC
QCQLZ24+CC
QG131+CC
0013%6+CC
000L2+CC
00006
00124+CC
001334+CC
Q005
Q0QQU
$T77722
0006E+CC
GC1i0+Ce
* 50230
00110+CC
0loG10000080000000
QCLOT+CC
gol22+CC
00110+CC
00004
00001
00106+CC
T7767+CL
QCOTT+CC
QC100+CC
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z CLA 000T0+CC : 45

FMP 06001 sU Té 46
® STO 00071+CC 47
z CLA o 000744CC 50
FMP 00001 51

Fip 00004 | yU T6 52

z CLA D0063+CC 5%
Fiup | 00001 54
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TSR % 00202 56

z CLA 77745+CC sU T7 57
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FiiP 000BT+CC 61

.y FAD 60007 62
FDV 20006 LU T4 &3
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Z CLA 30060+CC W TO 72
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- FAD 00007 sU T 102
TSR « 00202 | 103

DMR 00002 104
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T6 Fsd 00026+CC 106
IF{POS) TRA 00014+CC | 107

T6 STO 00034+CC 110

[ TRA 00000+CL 111
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213 Fourier Waveform
Synthesis



FWS  (%213)

Fourier Waveform Syntheses

Purpose, To synthesize a given function from its Fourier series
coefficients, ‘

Qutput. Upon exit, vector %251 will contain the desired function.
The following senselight options may also be used,.

SLN 1 - Vector %251 will be punched hexad with checksum as a
Bl-modified vector,

SLN 2 - Vector *%251 will be plotted on the printer using
FLOVP (% 222).

Calling Sequence. The input parameters include the time interval
between points, the total time length of the desired waveform, and
for each coefficient, frequency (cps), amplitude, and phase shift
(seconds), The program may be entered manually (SLF3) or under
program control (SLN3). All numbers must be floating point.

Manually (SLF3): 1Input is from papér tape with the following

formats:
(CR)
Time interval between points in seconds. (CR)
Time at last point in seconds, (CR)
(TAB) Frequency (TAB) Ampiditude (TAB) Phase Shift (CR)
(TAB) Frequency (TAB) Amplitude (TAB) Phase Shift (CR)
etc.

Programmed (SLN3): Parameters are stored on the B6-list as
follows (for b coefficients):

Time Interval B6-3b=-4
Total Time B6-%3b-3%
Null Word B6-3b-2
Null Word B6-3b~1
Frequency (1) B6-3b
Amplitude (1) B6=-3b+1
Phase (1) B6=-3b+2
Frequency (b) B6=-3%
Amplitude (B) B6=-2
Phase (b) B6-1

Inzaddition, Bl must contain b,

Registers Used, B1,2,3%,4,5,6,PF,T4,5,6,7,X,TT, and FT,

Supporting Routines,

XCWD with STEX activated (%*126).

STEX (*135)

MRDDC (*153) if parameters are read from tape.
FLOVP (*222) if plotting is done,

SINCOS (*230)

In addition, matrix %260 is setwp, used, and inactivated,.

Length. 137 octal

Pat Groves
10 August 1963
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REM FAURIER WAVEFO=M QYNTHLuls 2

REM b T GROVES ; , i

; : . 24

REML. LeES SINCAS (*p3g) s

REM UsES FLOVR (#222) (SL d) 7

' ; REM S TS UP» USES, AND INACTIVATESIO
A MATRIY ¥p4C 1
REM CuTPUT Ig vECTOR 28] e

REM ASSUMES THAT STEX IS ACTIVATED]?

. e

REM g1 = PUNGCH OUT VECTOR %25 K

REM Sz o= PLOT AUT AN PRINTER 14

Uz ING FLOVFE (¥222) 17

REM Sp3 o= INpUT :1~?ED NN ENTRY :20

O+ RS LIST WITH NP TN Bl el

, er

REM Baw1 T e
REM Ba=2 NP 2h
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A
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’ IR
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26 suB R:U=33 572

TRA FoRM o4

HR

TAKELT BayU Frey=-B3 D4
B 5UB a3 37

NV ansU=R1 60

61

FORM 81 ST B2 67
LuL d1s | 67

21300 MATSETsU=T7 | on

SN onuQoz 65

81 TSR ¥ 262 U85 et
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, RPA RITAA 71
BAU Bas22U=B2 77
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REM

REM

END
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1301 TAKEQT
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1303 MATEET
1304 RPAS
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QUTPUT 18 VECTG? +25]

ASSUMES THAT STHX
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Least Squares






LEAST SQUARES SUBROUTINE PACKAGE

FUNCTION PFIT(XDATA,YDATA,WGHTS,COEFS,YCALC,RESID,SQSUM, STGMA)

FUNCTION PFIT(XDATA,YDATA,COEFS,YCALC,RESID,SQSUM,SIGMA)
FUNCTION GFIT(XDATA,YDATA,WGHTS,COEFS,YCALC,RESID,SQSUM,SIGMA )
FUNCTION GFIT(XDATA,YDATA,COEFS,YCALC,RESID,SQSUM,SIGNA)

This set of four programs determines the "best" coeffilcients

for a functlonal approximation to a hFlven set of data according to
the principle of least squares, For %he PFIT programs, the approx-
imating function is a polyaomial which is constructed by the program;
for the GFIT programs, any linear combination of functions of any
number of varlables whose terms can be evaluated &4 at sach of the

n data polnts may be chosen, The programs are deslgned for use as
fuactlons, with STEX actilvated, within a Genie language program;
they are independent of each other and differ primarily on the basils
of The input data required,

PFIT: Two programs exist, one for use with weighting factors applied
o the data points and one for use without such fachors. BEach pro-
gram compubes the best least squares coefficients for a polynomlal of
given order approximating the data specified. The parameters of the
programs are ag followss
XDATA: A one- or two-rowed matrix of n columns, where n is the
number of data ooints, If the constant Herm of thn polynomial

lp $o D2 za2ro,; then XDATA has one row ‘Jﬁal,,l,) 22 the floeiting
50inh abscissas of the n data points. the nonskent bema naso
not pa moero, thon DOV has two rows: each element of the first

row is a floating point one, and the second row contains the n
“absclssas as before, XDATA is unaltered by PFIT,

YDATA: A vector of n elements glving the floating point ordinates
of the n data points; unaltered by PFIT,

WGHTS: 4 vector of n elements giving the welghting factors to be
applied to each of the n data points in determining the coeffi-
clents of the polynomial, and to the squares of the residuals in
forming their sum, If no welghts are desired, thils vector may
be omitted, but the correct version of PFIT must be used in each
case, WGHTS is unaltered by PFIT,

COEFS: A vector of zeros whose 1ength, m, determines the degree
of The polynomial to be found, If the curve 1s to hawe a zero
constant term, the polynomial will be of order mj if not, the
polynomial will be of order m-l, . On output, COEFS contains the
coefficients of the polynomial beginning with the coefficient of
the lowest power of the independent variable,ocAMa<xm§Aan%\«xﬂqc



Any of the following four names nay or may not refer to an exist-
ing array on input. If so, such an array will be inactivated by STEX
before the outopub data described below is assigned to that name.

YCALG: A vector of n elements found by evaluating the resulbting

Dolynomial at each of the n peints given by XDATA,

R.JSED A vector of n elements giving the differences between the

‘ziven ordinates of ¥YDATA and the calcu" ated ordinates of YCAILG.

SQSUli: A floating point constant giving the sum of the squares

oT The elements of RESTD; each squafed element is nultiplied by

its corresponding weighting factor, if weights are given, before
the sum is formed.

SIGAs A maetrix of m rows and m columns which is the covariance

matrix of the least squares coefficients.

GF1IT: Two progra:s exist, one with weights and one without as for PFIT.
Each program computes the best least squares coefficients for a linear
combination of funcbions whose terms are chosen and evaluated by the
user. Cutpub from the GFIT programs is identical with that i‘ron PFIT;
input differs as described below. (See examples on next page.)
XDATA: A matrix of m rows and n columns, where m is the number
of coefficients required by the epproximating function and n is
the number of data points. Zach successive row of XDATA is Iformed
by evaluating enother term of the approximating fung tion at each
of the n data po:mts specified. The array is unalteréd bj GEIT.
YDATA: A vector of ng elements giving the "right-hand-side" of
Hl’é"‘ippro cimating equabion; this includes all terms of the approx-
imabing function for which coefficients are not required. YDATA
is uvnaltered by GFIT.
JETS: An n-element vector identical with thalt for PFIT; unaliered
by GFIT. :
COEFS: A name which on input mey or may not reger to an exidbing
'Jffé:—y:, If it does, the array will be inactivated by STZX. On
outnut, COEFS is a vector of m elements giving the coefficients
of the approximabting function begimning with the one corresponding
to the first row of XDATA and continuing in that order.

YCALC, RESID, S03Uil, SIGA: Identical with that from PFIT; any
existing arrays w:.ll be inactivated by STEX before output data
is assigned.
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/11766 1506 PAGE |
MATRIX XDATA, SIGMA . . B
VECTOR'YDATAi“t@ﬁPSi YCﬁﬁC1_§ESTD”5:7“7*fif:fhf*L“”;“ &
PFIT(XDATAs YDATA, COEFS» YCALC, RESID. SQSUM, SIGMA), =SEQ
INTEGER ~  wNas R TIENT SN A S
’WN: aLENGTH(YDATA)t R S RE ST

. aM = LENGTH{CQEFS)- e wey ‘/1,/3._10 o
: MJ M- WH . 12
EXPND €C = « WORK ,If »J =0 ’ 13
z  BAU 14
LRS- 15
LRS 12 ' 17
CLA ' ~nJs U=B2 20
!—;RS T = ST e RO , 21
TSR 2 22
';§pp££,” _ND e 23
CLA Bls U»34 24
| SRl |55 R+33 .. . ... @5
““Bp ADD T EgeE e e e
B3. BNA 27
SR gRL~ S o '30
LRL 31
CLA 37
'&RS P 33
R CRR 34
Té TSR X+ |262»T7 36
SPF xEND+ | 37
s . rRg - IF¢ NzE )‘TRA,}:U _'LODP'B3+I e a 40
i FOR  nJ = 12 12 N e e 41
FOR -] -

) -

S Loy M,ﬂ,v,, e L T

A - xXDA
XDAT:.IL.J XDATA-I"lt-J AT WHa +

REPEAT . el o a ba

REPEAT o T 45

WORY COEFS = XDATA x YDATA 46
SIGMA = XDATA x TRAN(XDATA) - 47
SIGMA = INV(SIGMA) 50
COEFS = SIGMA x COEFS = - 51
YCALC = TRAN({XDATA) x COEFS ' 52
RESID = YDATA ~ YCALC 53
SQSUM = RESID x RESID - ' 54
SIGMA = SIGMA x (SASUM / ( N=,M)) 55
f 56

DEFINE ' | 57
61

Moo




PFIT
«BGIN

EXPND

LOOP -

+«FOR|.

~«FQOR2

PFIT

«RPT2
+RPT|
WORK
END

START?NEW PROGRAM.:‘

”PROGRAM

PROGRAM
PROGRAM
PROGRAM

SE@qu;E.
SEQUENCE,
SEQUENCEy.... . .

1/11/66 15,05

CLOOP 51 4z

SEQUENCF, -
PROUGRAM

PROGRAM
PROGQAM
PROGRAM

S:QUENCFy

+BGIN

40007 00
00

21700 07

!OiUO 00
20001 00

EXPND ,_?1740 00

20000 40
20100 41
85015 00

1 45015 00
21700 42
45015 17
40000 00
L0007 00

10000 43
00166 02
45065 00
45002 00
21709 00
45013 00

Wk 01

thé RRE R
b7 01
SRBO 0P
21601 62

ko00n 07
LAAOT AN

52 0é

G ™ "t

20001 00

21700 00

21700 44
L5065 53

45055 .06

4401 00227
4001

4001
0200 00000

0001 00220
4001 00220
0001 00217

0- 4000 00000
) 4001 ,
4001 00060

00002

0000 00000
0200 00000
4000 00033
400001150
4000 00014
0001
%000 00017
4400 00126
4401 00176
10002 00000
4000 00017
4030 00001
0020 00001
4000 00017
4000 00014
4000 00120
4000 00014
4000 00017
0000 00006

4400 00126
LLUAnYl AOTLAD

00230,_.

00225

001-00220.

00206 .

T0200 00004 -
50000 00 4401 77771

YDATA

LENGT

END
N

COEFS

LENGT

END

M
XDATA
LENGT

WORK

XDATA

SNR
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2 01050 23 400! 77773  LOOP

54
o : «FOR1 BB , ;?QQOI_OO 4001 00165 S
57 r2110 00 000! 00163 S
60 N1000 00 400! 00026 «RPT] + 2
«FOR2 61 Y. 1000000 0001 .00160 WH
: 62 20001 00 4001 00161 W1
43 0121700 00 0001 00155 M
Y 0211000::0001 00157 .~ »1 ,
65 01000 00 400! 00017 “RPT2 + ?
66 21700 06 000! 00154 S
67 14102 26 0001 00154 VI
70 20000 42 0000 00000
71 ?1740 41 0100 77776 , ,
72 [ 740° 660600 00000 = XDATA
73 04 0000 00000
74 42 0000 00000
75 t0 41 0001 0014h aH
76 1740 00 0600 00000 XDATA
77 520 02.-0000 00004 T4
“1oo A-4%2 000000000
101 41 000! 00142 W1
102 00 4600 00000 XDATA
*BPTE, K - . '|I
: «FQR2 + ?
«RPT] - - WJ
T 0 7746 +FOR| + |
WORK 41 0200 00000 XDATA

N 42 0200 0000! YDATA

) 00 4401 77664 MMPY

401 00123 END + |
20000002 ~ COEFS
40000135 : ‘
00 4401 00120 END  + |
52 0000 00010
.00_4002 00000

°00-.00000 - XDATA
440177652  TRAN R
00 4401 00112 END  + 1
41 0200 00000  XDATA
125 0040000 42 4401 77650 MMPY _
126 01 40007 00 4401 00107 END  + !
. laz,,;,01321709 41 0200 00006 S1GMA
131 01 n0007 oo 4401 00104» END + 1
137 00 50401 52 0000 00010
- 133 07 20001 00 4002 00000
: 134 41 21641 00 0004 00000
135 01 21700 07 0200 00006 SIGMA
13& 01 40009 00 4401 77635 Ny
137 01 40007 00 4401 00076 END ]
YN 01 21700 4] 0200 00006 SIGMA
141 . 00 40000. 42 4400 00135 . ‘
lgp 0! 40007 00 4401 00073 END  + !
142 00 50401 52 0000 00010
l&4 Q7 20001 00 4002 00000
145 k1 P1641 00 0004 00000
146 01 21709 41 0200 00006 SIGMA
147 0! 21700 42 0200 00002 COEFS
150 0! 40000 00 4401 77625 MMPY
181 01 40007 00 4401 00064 END  + ]
182 01 21709 41 0200 00002 = COEFS
152 00 40000 42 4400 00135
154 0! L0007 00 440! 0006! END  + 1
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02 20001 00 4002 00000
41 21641 00 0004 00000
0121700 07 0200 00000

0! #0000 00 440! 77613
01 40007 00 4401 00053

_01.21700 42 0200 00002
—»¢jSuoouo 41,4401

| 40000 42 400 00135
L0007 00 4401 -

20000001

‘21700 42 0200 ‘00003
L0000 00 4401 77574
4401

END

REFERENCE WORDS»s»s

SMMPY
MCOPY
- MSUB
INV
TRAN
MMPY
LENGT
INTERNAL STORAGE, .,

77771

77772
77772

77774

7777%
777756
77777

240

24

. 24?:;7_ .

242
2uy

Dy

20001 00 40072 OOOOO
? ) |

50007 00 4401 00024
20001 00 4600 00005

16707 00 0E0O0 0HOOOS
20001 26 4100 00000

> 40000 00 4401 77543
L0007 00 4401 00007
2170041 0200 00006
N 40000 42 4400 00135

_1'J€ao0u7 00. 4401 00004
..00-%0401.52 0000.00010

02 20001 00 4002 00000

41 21641 00 0004 00000
01 01000 00 4400 00137

01 40005 00 4000 00000
07 01000 00 4200 00000

675454577040000000
544256577040000000

546264412540000000

505565252540000000

-63261-40552540000000

545457702540000000
534455446340000000

OO0 000

rE~YaYaYaltYaYaYoloTalaYaYataléYa)

77611
00050
=00003

00036

01 77565

001 00026

21700_42 QZ00 00006

~XDATA

TRAN
END

~ COEFS..
"4MPY,f
CEND -+
YCALC

END

CYDATA

YCALC
MsSuB

END  +
RESID

: = :;:ngDV
) 50401 52 0000 00010

. RESID
i :"f “VRES I D
MMPY

END
SQsSUM
N

‘ - n_M -

eTW47

SOSUM

SIGMA

- MCopy
- END

SMMPY
END

- SIGMA
END
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155

156

157
160
161
162

163

-1
183
166
167
170
171
172
173

i

PARAMETERS AT
XDATA
YDATA
COEFS
YCALC
RESID
SASUM

 siomA

FIT  syMBOL

SQsUM

el

. . *BGIN

o )

EORL e

cUlF WL —O

GENIE, 4
GENIEs o
GENIFy e
'GENIE.fuvvaj
GENIF) o

GENIE'-H

GENIE, v

SMMPY.

MCOPY
Msus
CINVe

TRAN
MMPY

LENGT ;ié?;g;; jg:f; j[ 

END OF DEFINITION SET,

146
147
150
121
152
153
154

XDATA
SIGMA
YDATA

COEFS:

YCALC

'RESID

PFIT

140
140
120
120

120
120

1o

oooocooo

EXTERNAL SYMBOLS,

ooooooo

DO O0OO0DO0OO0D0 000000

ODO0OO0 D00

OO0 000000000000

COCOO0O0 O
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DEFINE
MATRIx XDATA, sIPM*_ B e
VECTOR YDATA, COEFS, YCALCs RESIDs WGHTS
<= PEIT(XDATA, YOATAs WEHTS; COEFS, YCALC, RESID, SGSUMs
CINTEGER P —— Ho o,
LN LENGTH(YDATA)
M= LENGTH(COEFS T
oH ROW (XDATA) 1
S M e gH 12
CC = -« WATE.. -IF wdez e o 12
7 BAU 4
S LRSI 15
CLA 16
LRS 17
cLa 20 -
LRS- 21
TSR a2
SE . =
CLA B1s U+B4 ' 24
~B2 ADD 26
E3  BNA_ 27
CRL 30
LRL : 12 31
CLA B o
. LRS
R CRR . Soma o o L
LooP P3 RPA Ths B2ml 3=
Té TSR ¥+126s UsT7 36
, SPF . XENDHL .. 37
B2 lF(VzF)TRA . «LDOPs B3+ i 40
FOR  »J = {s 1z N e o
FOR S ST e P " 4?2

- xX XD
XDATA o, 0 = XDATA 1, XVATA Ho o 43

REPEAT iEEemT T e e
REPEAT R 45
WATE EXECUTE ~ VSPACE(RESIDs .N) 46
SIGMA = TRAN(XDATA) 47
- FOR I = 12 1y oM - 50
= v PESID = WGHTS I,X’YDATA-I'i'TV R 51

W F W —

IGMA

il
o

~o

] h TR

33

i R - y
FOR “wd = 1y s WM oo 7% e | 52

S1GMA = SIGMA . x WGHTS _ 52
IGMA = STGMA X WGHTS | 5

REPEAT 54
: PEPEAT - 35
~ _WORK  CQEFS = XDATA x RESID | 56
' “eIGHA = XDATA x SIGMA 57
SIGMA = TWV(SIGHA) 60 &




'SUMM

END

LEAVE

1/11/766 15.0
~ COEFS
YCALC -
RESID
- s@sum
FOR

SESUM
PEPEAT

SIGMA = SIGMA X ‘S”S“M

DEF INE

3

ll 1] H 1"

u

SIGMA x COEFS

CTRAN( XDATA) x_ corst,T“

YDATA - YCALC
O' O JE T, :, _,“:, R =
Wl ‘= 12 14 N 7

SQSUM + WGHTS . + RE

PAGE

2

61
62
63
64
65

66

67
70

71
72
73
74



PFIT

«BGIN

LOGP
eF OR!

«FQR2

«RPT2
«RPT|

WATE

«FOR3
«FOR4
«RPT4

. «RPT3

_ WORK

. SUMM
«FORS

C*RPT5
END

START NEW PROGRAM,
‘PROGRAM

PROGRAM
PROGRAM

PROGRAM

PROGRAM

PROGRAM
PRUGRAM

PROGRAM
PROGRAM
PROGRAM
PROGRAM
PROGRAM

PROGRAM
- PROGRAM
'PRDGRAM‘

PROGRAN

«BGIN

~Zp4 3 423 D

SEQUENEE

SEQUENCE,
SEQUENCE,
SEQUIENCE, . NN
SEQUENCE, o
SEQUENCE, . .
SEQUENCF«— -
SEQUENCE,
SEQUENCE, .
SE@ULNCF. fomosen oo
SEQUENCF,
QEQUENCE'
SEQUENCF,
SEQUENCF,
SEQUENCE,
SEQUENCE,
. 10 61000 02_4400 00136
'8" 01 40007 00 4100 77755
3 21641 00 000! 00314
ol 0:207-0200-:00001
5 00 440! 77771
& 00 4401 00311
7 0 4001 00212
10 -0200 00003
i () b ( 0- 4401 77765
e 0 440100205 .
12 01 20001 00 4001 00207
14 0) 21700 07 0200 00000
L - 40000 .00 4401 77761
16 01 40007 00
17 _“01 20001 -00

pA. . 01 21745 00 0001 00302
21

01 10109 00 000! 00302

er Q1 20001 00 400! 00202
23 01 21740 00 0001 00301
24 - 010201000 4000 00000
25 01 ‘n100N 00 400! 00002
- ph - 01 P1700-00-4001 00060

20000 40 0000 00000
0200 00000

27 01
30 00 20100 41

31 01 45015 00 4000 00033
an 01 21700 00 4000 01150
23 0! 45015 00 4000 00014
24 01 21700 420001 00270
il 01 4%0}3 17 4000 00017
26 01 40009 00 4400 00126
37 01 40007_00_ 4401 00260
40 0! 2170Nn 44 0002 00000

41 01 45065 53 4000 00017
42 52.10000 43 4030 ‘00001
P& 02 0020 00001
45064 00 4000 00017
45002 00 4000 00014
44 01 21709 00 4000 00120
47 0l 45015 00 4000 00014
50 02 45053064000 00017
51 43 21601 62 0000 00006

82 Q& 40000 07 440C 00126
= At LanDC™T DN 44ny NnO>LbL

oA 01
Y53 01

1711766 |5 03

END

YDATA
LENGT
B:-ND
N

COEFS
' LENGT
END

L]

XDATA
LENGT

END

M

aH
KN

WJ

WATE

XDATA

vJ

END
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