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i n troduc t ion

As part of a continuing search for the ideal architecture for

performing the computations required to realize a non-linear filter , we

have developed software for various machines over the past ten years. A

description of the latest software is given in [ii , while [2] , [3]

arid 
~~ 

are useful for background Information on the non-linear f lIter-

i r,g problem as well as coments about software efficiencies relevant to

various machi nes.

We started our studies over 10 years ago using the COC 6600 at the

Aerospace Corporation and Kirkland AFB , and continu i ng at Eg lin AFB , see

L ” J  . At the Institute for Advanced Computation , we gained access to

the I l l i ac I V and at ICASE , Nasa Lang l ey , the Star 100, see [2] . Access

to the Cray was obta i ned throj~gh Cray Research and later at NCAR . Exper-

iments on the AP12OB array processor were possible because of the acquisiti on

of one here at USC used in conjunction wi th a PDP 11-55.

The purpose of this report is to document the current software, for

all these mach i nes. In particular , we have found (2) , with the listings

of the 6600 and Star Codes, extreme l y useful in the past , although now

these listings are outdated . In particular , the assembly language cod i ng

for the AP-120B i nvol ved extens i ve effort over a long time period and

should be documented so that others interested in similar problems, can

avoid the pain of develop i ng the software from scratch
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I PHASE DEMODULATION

I - 1 CDC 6600 Code 
• -

The code shown in the following pages evol ved through a number of

changes . It was most effected by the cod i ng of the Star given in the next

section. The philosophy was; carry the two-d imensional dens i ty as a single

vector of array columns and break up the computation into a large number

of loops each small enough so tha t at least i nner loops fit into the stack .

Using the CDC FTN Compiler Opt = 2, level 410 oper~Iting system this code

achieves .63 megaf lops .

‘V.’
V

_ _ _ _ _ _ _ _ _  
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A. TWO-DIMENSIONAL CDC-6600 PROGRAM

C (B U CY > S r A F . ? U R ;  1 4— n Ov— 76 10:01:44 EDIT BY BU C !
PPOGR A~ CYCLIC (INPUT=129,3UTP0T= 129,TAPE5=INPUT,7ApE6=3UTPU )

C D~~S F I P T t o N  OF IuPur P A BA IIE T ER S
C
C T1 ?.ST, Y2~~ST - TIl E EXPECTED V A L O ~ OF Ir .ITTAI. P oSirio~;C A L P I 1 D  — STEADY STATE ERROR V A R I A N C E  ZN DE C IB EL S
C DSLF - ?NE R AT IO OF DEL~~& TO FI LTE R TI tl E CC H STANT
C ~22C — TUE CO !~TI NU3 US DR IV IUG V A R I A N C E
C NU~~1 , tI U~~2 — ARE USED IN CYCL IC A r I D  P R O B E  CWL Y A N D  cou~~’ T
C . 

. NU~~8ER OF PART IT ION POINTS x:i RE C TAN G tJ L A~ GR~U02 — TH E TOTA L N U M BER or ~oxu~ s (ES TII ATES) IN EACI ! SAM?

DE 5~ f~I PTIO~ C~’ DATA S~T
C -

C DA TA ?i flST D~ PUNCHED IN ~ HE FOLLOVING ORDER:a
C Y1:S~~,! E T ,ALP11O ,DELF ,Q2ZC,NtJ~l1,NC ’~2,N O2

ALL P E A L  P A 3 A ~iETER S (Y 1F.ST ~~nru Q2 2C) H A V E  A 10 SPACE FI~~• C ALL I !lTEG ~~F P A?A ~.E TERS (N’J~~1 TH RU N02) H A V E  A 5 SPACE lIE
• C A N D  . 1( 5 ?  BE R I G HT JUSTIFIED TN ? H I E R  R ES~~EC TI YE FI ELDS .

THF .  i~~IU FLOW THfl tV J~~H T!I E P~O~~F -~~ IS V~~?!I!) !Y rOU\T .
K~)fJ~~r COL 1~~~S T!I E POI~~T~ IN ~~~~~ P&T~~. A BLOCi~ IS A steri
0? i•

~!F C~GR ~~’t TI~AT U~ S NC) r?A: :3F ~~R 1~ ~~1 O~IT LY.CF.p7
- Tii~~~’~j c:i cor ~nor .

• 
. 

S e a .

• C . ~’)N :~D.Y~ ( 1 3) ,5) ,X H A T ( 2)
Cc”~”~~ ~~(2,) ,PE~A~ (2,2) ,P ;~ (2 , 2) ,Mi (2) ,~ (2 ,2) ,PDU t Y (2 , 2) ,

• !!%.Y2(2 ,2), r~ y(2 ,2)
LO~~IC A L L .)W , ;;? -

c~~~~ ON /?.‘/ N2~~ Z (3) ,  X U Z ( 2 )
• CC”.’l’ I / t~ l/  D Z Z Z 1 , J CA U SS, X Z Z Z (2 )

CU~I’ON /?R1~/ P12,PI ,&LP11O , DELp ,~�22c,y1E5r,Y2F.5T,I A 1 1 ,A 2 2 ,CO’.’T ,DE LT ,cTC,PIDU ,P11O ,R11 ,RX ,Q2,~~22
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ STARr BLOCI~ 1 ****$********a*.*****.

2 C0NTT !~JF.
JGrI5S= )

• y 2 t 5 T~~3. ~)

~~
. • ~; ç r 3 -. 1

3

~~

‘ 

~~~~~~ ~ ~~~~~~~~~~~~~~~~~~~ •
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PHAS E V A R I A B L E S
DO 210 T~~1,32
SIGEIA (Z)=PI* ((2.*t_1.)/32._1..)
COSY (1) C05 (SIGPE A (I) )
SIN ,  (T) STEI (SIGEIA (I))
5 1 ( T )  ~C O S Y ( I ) / R D E L

210 ! ; 2 ( r ) = c T N Y ( I ) / R D E L
L’I~

At ; I: RATE V A R IA B L S
D~) 2~ 0 I=1,12~

220 PST (T) PIDEL ((2. * I— 1.)/ 128 .—1. )
~ ETlIP TH~ T R A N S F E R  M A T R I X
DO ~4fl J 1 ,12R
J 1~~(J—1)’32J2 (j — 1 ) * 33
DC) 210 1=1,32
I 1 = j 1 . 1 S N D( — ( J — 1 ) / L s . I , 32)
I2~~12+T

230 j ns ( r2 )= r 1
240 J (J2*33) J!SS(J241)

SETUP T U E I~ T E?POL A T T O! VECTOP
IN (1) =0.37i
TN (2 )  =0. ~2S

T N ( ~ ) T ~.( 1)
I N ( I )  1!l (2)
IN(7) TM(3)

r 2 i S  ~~ 1,1

~4&!, D~~L.T(r)=T~~(r)

~~ ‘~~ T=S,125,4
~~ L.1 (Y )  -~~ELJ (1—4)

(Ic 1) =DELJ (1—3)
DEE ~1 ( t I 2 )  DE~.’ (1—2 )

?S~ 2~ LJ (Lc3) flcLJ (! 1)
LV U I t T~ COSVOLfl~~t’)~ ~~ F.1S A (I) - -

r” ~~i~’

?~~~~=roNsTtT~ Mp*Tr.~
p

• A(I )~~~.
• IF (— :‘? .~~r.— 4 7 )  A ( ’ ) = .XP(T Fr P)

~3 C~~N ’ t’~t J F
• ~~ 7 ’CT TIE A ?PIORI ~)EN5TTY

: = 1 .’)/( GPI*3~~~T (A11*A22))L - C L — ” .5/A22
L .

• ,. 3T=— .~i/A11

F ~~~‘ 2~~
) 1 = 1 , 12

• • c~~~~~~~~~(I) —T1r $ r

fl3 ~T = 1 , 12~
. 2 ~ 

t l.r
iz~~ 

?~ C~~~ (i) — y ? I S T
• 1’ 

~~~ : ~:‘ i ~~~ ( — ~.F,p*Tr:1?*C~. ,C~ ,) *(~~~~~~~~~~~
•‘

qr 31~~.f l ’3 2

~ ~~~~ • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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~1 1=N ~~I?.F.32
J 2=J 1
DO (‘0 I = 1 ,N TE IIM
J1=J 1c 32
J2 =~’ I 2 — 1 ’
Tr.~ P = A ( I )
r-r’ (‘0 1=1,40% 

-

K 1=J 1 i..t
K 2=3 2 ci

F
~
(’ JN(J)=JPl(J) c~~~ lp * ( J N A ( K 1 )  * J N A ( X 2 ) )

C CUM (~L&TF~ ROW SUM S
no q~ 1=1 , 32
h a l
TENP 2 J N ( T 1)
Dii 70 J = 1 , 127

• Iiat1 +32
70 ‘ EMP 2 = T EM P2+JN (I1)

• P0 TP OW ( T ) = T E M ? 2
• C , &CCUEIULATE ESrIMATES ANT) NORMALIZATION CONSTANT

CNCRM TR ~) W(1) *5N1 (1)
SHA T= 5T ) . Y ( 1)  *CE01 7!l
CBAT =CO SY ( 1) *CNC )~~

55 1=2,32
r ir.22= ”Rov (I) ~~~~~~~~~~ (1) -

5 !A T=SUAT’-S INY(I)  *TELI P2
CI~A ’=Cli~ TSCOS? (I) *rFiiP2a~ CWRfl=CNOR .1+TE’P2

-

• C T ? k N S F ~~’ XOR~1~ LI~~’~) T4~~I ’7
• ~~ C(~ T = 1 ,37

11= 1
:Z’

~
P2=S:11 (I) *rNu~~

~o ~c j = 1,12~
J ‘, (1 1) =T (1 1)

9~ 11=1 1.32
c

LF= $ )t,D(~~’) —T

C I:I :A LT7.E ~~~~Z~LL !~A T I  ~ Y T~~A N S F ?~~I~~ Jfl T~
) .Jn~

1’~~ I F  (~‘C.LE.~ ) C C TO 2~ 0
rc 110 I i .’~O%

1W J~~( I )  =. 1 f l ( I )

C Gi’)!’AT IE1TTA ~.t~~ T IONS FOR N O N L I~~?~~? ‘zL~ r:r
2’)O t~~~~~1O 

~~~
‘ 
/

i~~~=( Ii ~~~~~~~~~~~~ *Q72)/ PTDEI . i.D.  ~
•
~;

IF ( t 1  “ .G .U SI7.E )  ti”E 18= NSI ZE ~~
~.sTzF 32 =:~SIzF.~ 32
N T?~~’.l2=NTE!’M 32 ~i~’

sK 2=rSI z~~32 .l

Nj 2 = % s r :~~32. ”~7— ~7Trrl1?

!~~~~ 5

- 
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SU B P O U~~1UE N LF( I1 C ,S IUIP ,Zl ,Z2 ,SIIAT ,C I IA T ,TU L F )
IN T E G F .R MC,SAIIP

• 
• REAL Z1 .Z2, SIIAT ,CHAT ,T;IJ..F

INT EG ER I,t 1,JC,J1,J2,K 1 ,K2 ,KL ,KII, t J1 ,NJ2 ,~~N1 ,~~~2 ,~:rER~,1 N r E R t ~32 ,N SIZE ,N S I Z E 3 2
PEAL A l l, A22,CL.CN OP~1,CON5T,C~!, PI,PIDET. ,Q22 ,sr , , TT ,

1 YIFST.Y2EST ,TErIP,TE 1’1 ,TE M P2
PEA!. IN(S)
PEAL TROW (32)
REAL CO SY(32 )  ,SINY (32),SU1 (32) ,S1 (32) ,S2 (32) ,SLG~I.~ (32)
REAL P51 (128) ,A(10) ,DELJ (125)
INT E~ Fi JNS (4224)
REA L JN (t&096) ,JN1 (4096) ,J0(4095) ,JNA (4756)
COM1ON /PROB/ TUOPI,PI,ALP11O,DELF,Q22C ,T 1ES ,Y2 EST ,

1 A11 ,A2 2 , C0NS T,DEL ,FTC,PI DEL ,P110 ,R D E L .R~~,QQ,Q22
COMMON /NLFC/ NC,NT,NT M ,NT ERM33 ,S1,S2 ,SIG~~A ,2SI.A,COSY ,

1 DELJ,J0,JN~~,JNS,SI~IY
EQU IVA L ENCF (JH1(1),~HlA (32 1))
IF (S&tIP.LE.O ) GO TO 100
SET CLOC!C
T=SECOND(T)
EVALUATE SEN$~’)P T E I ~ I5
tO 10 1 1 ,32

10 SN 1 ( r ) = E X ? ( Z 1~~S 1 ( I ) + Z 2 *S 2 ( I ) )
Til E IN T E r P O L A T E D  .JN A N D  ~UT I? JN 1

J1=0
• J2=’)

‘DC 30 T~~1,128
TEl’. P DEL.J (1) •

DC) 2’~ J = l , 32
K 1~ .7 1 .~J• KL=J~~5(K l)
K 9 = J N S ( N  14 1 )
TF~~r l = J N ( r L )
K 2~J I

2~ J N 1  (I~2 ) T 1 P ~~ ’4 ( J~~(K!I )  —T ’ P l )
.11=31433!C

• • ~~~~~~ INTc9po:.AT F~
) “A r ~~rx  O N BOu t 5I~~ES• 

• J1=NJ 1
J2—~~.’2Irl=x ; 1

1C) 14 () r=l ,~~TE i?y32
J NA U 1) ~~~~~ ( J 2 )
JN . ~ (K 1) =.1~~A (K? )
.11= 3141

• J2~ 32c1
K 1~~~ 1~~1L • ~~~~~~~

F ~~~ COl lV O L~1 T T ) N
DO 50 T~ 1, U09 ’~
J 1  .;T ~~~32

• •
~~) J U ( T )  — J ’ I A (.1 )

,.
•

• I

6

~ 
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SUDPC ) 1I?IN E GJ tUSS(JS ,SD,XEI ,X)
DIII F . N SI O N  N S T ( 2 )
COMMON /RN/ N1, 112, (IC, Ti, T2
COMtIO N /1N/ TWOP I, 3, Xtl(2)
TF (3) 10, 10, 20

10 3=2
T%~OP[~~~. ~A T A N ( 1 . )
N S T ( l ) 1O2~~43

• N S T ( 7 ) 1S5417
XR (1) 1ANF(145T.1)
G0 0 )5

20 GO TI) (30 ,40) , 3
30 3=2

• XR(1) 11AN1(NST,0)
15 XR(2) =D&NP(NSr,0)

N 1=SQRT (ABS (—2. *ALOG (X R  ( 1) ) ) )
XR (2) =TW)PT*XR (2)
19(1) =X 1*SLN(XR (2))
XE (2) =XI *COS (X R (2) )

• X=XR (1)*SD4XZl
!~ ET ~ N

~~ .1=1
X = X P ( 2) ,’cD#X ~
r E T U R N

• FND

FI1~ C T ) ~ r(~ s,il(~r~.)
01 10i ~~~ ( 2 )  , ~4 C ( 2)
CO?$~~ON /i~N/ I l l , N 2 , ‘L b , Ti ,
DAT A “~1 •  12/ 2 4 4 ’3 4 , 1~~3Sr)1,

C 103E 0 ra C3~lTI~i!~~, OT~i?R ~~T5~ ?~~5TA?T t1 7!1
C INT~.G!~ ’. PII1~~’JE R ~5 ( J )  ~2~ ’ l3’~~S (:‘)

IF (flO!)E) 10 , 100 , 10 - -

10 N1 Nc( 1)
P~2=~~S c ’ )
T1=’.~~’(—1R)
T2 2.**(—3~ )

130 00 200 1:1.2
c0  ~ o ( 1 1 3 , 1 2 1)  ,r

110 K= ~~2’~l2
CI TC’ 19(1

1?(’ F= !1 1*N2 4 12~~~1~~~0
1~~ Krl= ’~/MP2(10 NC(T)=V—K fl~ ’P

N2 ’C (l)
~~‘i= ~ 1

EN !)
‘I,., ).

Iø
s~-f1Ii1—~

7 1?
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• H =N 0 2 - ) O
SUN P 5U11 P/H
SUEIC= SU!IC/H

X NSAMP NS!~I1P
X A A X P1’A ’ IPI l.O

- SU~lP1 (5q~’.p ,xN SA M p *S U 1 P l)  /X~~:.
Dsun p1=~~r..3~;10(SUN?l)*l0.
W~~T 1~~ (b , 1505)

1508 FC9fl .kP(*0*,5X ,*NONLIN!~A f l  CYCLIC E S T I M A O?~~)
W R I T F ( ~~,15l i )SU 1 l P 1 ,DStViP1

1511 FOP( 1)T (*O* ,*AV ERAGE STA TISTIC AL V A R I A N C ~ ~~~, 1?E13.6 , 1-3x ,
* •A V C P A G E  COMPUTED V A R I A N C E  *,1?E13.6//)

S U M P O.0
• SI MC=fl .0

DO 1601 T=3 1 ,N02
X D A ~ S (XDA T (r , 1 ) — N E A T  (1,4 ) )

1698 C O N T I N U E
IF (XD . r.T.PI) GO TO 1~~99

• GO T~) 1703
T699 XD.=XD—?12

Cl T~ 169z3
170 0 5J”~~z ( X D )  ~~*2cS!T~i’

cU~’C X D A ( I ,’ )  c5(I~iC
lEd CONTE ~~!J!

SU ~.~~~S’r~?/’.i
• • 5lI:l ..=S 1 ’C/ii

SUl1 P2= ( S ’J N P c X !~S Ai P c 5 r P t ? 2 )  / X A A
DS P2 L~Y 10 ( St ~~ P2)  ‘1(1.
W R I T E ( 6 , 1507)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ r— 3 ~ I L E ~~=)
w p r r E ( ~~, 1 S 1 1) 5 U r P 2 ,~~3 J ” ” 2
N S !iSA ~1P’ 1
T F ( T ~~~~~~. .l1-~ 3)~~~ ~~‘) 22~~0
Is~~Mr= I S’~1Pe1
CC TO 11
***.~~~~ ,$e,*,**.* *~~~~~ *4’c* ~~~ fl Loc: E

:2~fl ~~~~~r(~c ,2 2 O1)
• 231 FCP .’” (e D* , (

~’ .,~~1:.)r ~~? L CO~~P L L ! T C~i’)
510?
EN

~

• J
3
~~

Q.x ~~

- 

~~~

;•

~~

•

~

~~ 
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OR
CO TC~ 314

89 X 1FF=X 1FF ’P 12
GO tO 114

90 C O N T I N U E
IF (A flS(CIHA T) .CT. ILIM) LIMNL = L I M N L f  1
IF~~~~~(XiFF).GT.XLI(’.)LIrIKB LItlKR~~1

C ***~ ~~ *ø ~~~****** ~~~*~~~******** PR~ DICTO:. fi?DAT E **e*****e4*e**,ia.,*,*
X I !A T 1 - C i I A T ( 1)  • DELT*XHAT(2)

• XIIA’~~~X HAT (2)
XDAT (KOtJNT ,’4) XHAT (1)
XVA? (KOU NT,5) PNF(1,1)
X1TMODaX1

15 14 CONTIPHIE
I F ( X l t l OD .GT.PI)  GO TO 188

• tF(Y it100.LT.—PI) GO TO 1R9
GO TO 190

188 X 1NOD =X 1~lOD—PI 2
• GO IC) 1514

189 X 1t~DD X 1’OD1?I2
CO TC) 1514

1”l CcNTI’~~E
IK RSI .P 0
X 1 F 2 = A B S (‘lEA? ( 1 ) — X 1 )

• 33Q IF (N1F2.(’r.Pr) C)  TO 340
GO TO 341

3 & ~) coN T r u r f E
A

IK~~~ L P ~~1
• ~0 TO 339 -

3~~1 CO~1TTN ~IZ
• .• ~?RL ABS (X1FF X 1i i~~))• • ER!~N LU15 (CXHA —X1?’0D)

tF( EPPL~~.GT.PI) P!.F A~~f (E!’RLP —P12)
• xF(’~rPNL.~~T. Pt) ~~~ rL =~~3~ (F .~~~N L — P i 2 )

E~lR3F ADS ( :c1 ioD — Cx ’~A r )
I — r ( 6 ,2O 1) uNT ,x 0 A T ( K ;NT , i ) , X i M O 3 ,X T ( ~~C i h N T ,2 ) , Z1 ,:2 , (X DA T

•(K C ( INT ,I) ,I 3 ,~~ - -

23 1 10 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ /)
- : F ( E c ’P N T.~~Q. N O 2 )  CO TO SOS

- I 

~U iNT=K U U Mi’ ‘- 1
GO ‘C’ 490

SOS CONTI! IU ’
-

Sii(iC 0.~~
• DC) 1501 t=3 1 ,N02

X A B S ( X D A T ( I ,1) — ’ D A T ( I ,2 ) )
• 1I&1 3 CrPITINU!

• T P ( X !~.GT. PI) Ci TC 1499
CO ‘0n 1500 •

-• iuqq X D = X 0 — P 1 2
GO TO 1495

16 O’~ Sfl’i’-(T’))**2PS1”’.P
S U r C = X D A T  (1, 1) +SU~~C

1rv~ 1 C~~~ ’~~ ,!I t

9

h ~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~
. ~~~~~~~~~~~~~~~~~ ~~~
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DE V 3 S Q R T ( R l 1 )
CAL L CAU S S (J S E P D ,IJE V I , T 1F .ST, X 1 )
K OfI NT I
X D A T ( K O U NT , 1) X 1
C AT.L GAUSS ( J SEE D ,II E L’2 ,Y2 E ST , X2)
CAE . L CA U S S ( J S E L ~D ,Dl~V3 ,CO S ( X 1 ) , Z 1)
CA LL GA U S S ( J S F F . D,D F V 3 ,5 t P I ( X 1) , Z2)
PEV Q2~ SY~T ( Q 2 7 )
U= ! 11
IlK T T E  (6, 1909)

2flS F0~~~A T ( * O * ,R X ,*FOSIT. *, 5X ,*POSIT . ~tOD 2 ?I* ,2x ,*E ST. P3S1T.’,91,
**? 1 A N D ? 2* ,1°X ,*CYCLIC LOSS’ ,5X ,~ K — B  ES’Z A~~D P11*)

CC) 1’C) 14 70
C •***~~******C*e**~~~********** E N D  BLOCK 1 * *C ** * * * * * * * *3 * *~~~~~~p p ,

c ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ START flLoC~ 2 ~~~~~~~~~~~~~~~~~~~~~~~~~~~
1450 CONTINUE

X 1 11 4 X2~ DE LT
Tr) A -’ (r o ;INT . 1 ) = X 1
CALL G A U S S ( J S F . E D,D F V Q 2 , 12 ,X2 )
CALL GA USS (J SF E G ,DE V 3 ,COS ( X 1 ) , Z 1 )
CA I T. G A t E S S ( J S E D ,DZ v 3,SI P U X 1 )  ,Z2)
****~~~~~~~~~ ** *ce1’tC*~ I iICCATI E Q U A T I O N  ~~~~~~~

~ D!J ’Y (1 , 1)= ( P f r ( P .kI ( 1 , 1)f 2 .Oe P~q1.2)* D~ Lr)_?:. (1,2) **7v0 E Sc) *fl~~
* ‘ PN (2 ,2) *D E L SQ

P 1 ~Y ( 1 , ? ) = (1 , 2 ) * ( ! — P l 1,2)~~ D E L T ) *D~~~ •
Pflt r ( (2 ,2 ) = _ P t i ( 1 , 2 ) * 1~2 4 DE P i  • I”J(2,2) + Q ( 2 , 2)
?1(1,1)=P 9(I~~Y (1,1)
PU ( 1 , 2) (1 , 2)
PN (2 ,2 PD’~ fY ( 2 ,2)

DEN =1 . 0 f ( P~~( I , 1) • ~l)
• *e* .eeeec*~~*.c **4*4**~~~*4 * LEl E) 3LO~ T 2 **s***~~~a**s~~~***~~~***,,.,

** ***** ~~~+* * * * * * *~~~~~~~~~~~~ *4  STAPT )!.0C~ 3 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
(1 ”~ C’~NT T N ’I F

C AL I .. N E . p C 1 , 1 ,~~1,z2 , i:tT ,C 1tAT .T~!L F)

~~Err~ (f ,’i697) T~ LE
cc iv r~ r’AT(F1o 5)

A rt . !? ( 3 f l A T,C~IAT)
ml PLO3~~= 2 . 0 * L 1 .C~

_ S9 ( S ~iA ** 2 4 C U A T * * 2) )
Y D r ( ~~~~~ T ,2) CX HA T
‘CPA T (~~)U ~~~~, 1) = PLOS~
~~~ (1 , 1)~~?l :( i , 1) •F1’DE ’~
~ N F (1 , 2)~~~~~( 1 ,2 ) e 2 k P E N

~~i F ( 2 ,1) = P E F ( 1 , 2)
~~4F (2 ,2) =P~ (2 ,2) — P N ( 1 , 2) **2P ~) E(l
•**. e e c c s,4 *c *4 4 e $ e * * *5 * *S * *  F IL T C 1 J i A T E  ~~~~~~~~~~~~~~~~~~~~
S I ! I F 1 — ’t ~1 () : u r ~~1)
ro5r1._

_
~coc (xu A 1 )  •

- • XHAT (1) = X U A T  I +0F’~ (—PN (1 , 
~ 

*c T ~~p 1*7~1 +;‘‘I (1,1) ‘CCS_ ~ 1 *Z2)
x ~~ r ~

) xiu~r? ~~~~~ (—Pu (1 ,2) ~~~J~~?i*7.1 ~~ ci ,2)  ‘ : ~F i ~z2)
x1F r~~x H A T ( 1 )

3’* C(’::rI~:tJ F
T f ’ ( X 1 F . t~~~.N )  CC) TO ~~t

• t 
I~~~( Y 1~~~

- . .Lr . --~~ I )  •;O 1) ~14

I. 
(‘C T~

) 
~~~

TRISPAa& 1Z sESx QUAL1Tl j~~~ W~~ 4jI
VR~M COT! J~~~~I.l%? ç~4~~ ~~~ ~ Q 

~~~~~~~~~~~~~
.

10

~ 

~~~~~~ 

~ ~~~~~~~ I



5 CON TIN ~JE
W R I F E ( 6 ,631) Y1EST,Y2EST ,&LP i 1o,nFLr,Q22c .NU’v1.’T!nt2,’102

651 F ORN A T ( *  *~~* CYCLIC Ip spUr *,4x ,SPIO.5 ,315)
P i1O= 1O. **(ALP 11O/ 1O.)

(. 25)
• ~tX = (P 11O/ (5QRT (2 ..O) *QQ) ) **(4.0/3.0)

F?C 5QR? (2. .O)~~ R X * *( .2 5 )  / QQ
DEE.T (fl~T.F*FTC
Q22 072 C~~DEL T
P11 TIX/DELT
P22()aPl lo*s2sr(Q22c/ax)
tSMl Pa l
N SA M P O
SU f l P I s O . O
SUNP2 *O .0
CONTINU E

A11 10. **(( *LP11O+ 1.4)/ 1O. )
A2 2 P220
ICOUII T 1
D!LSQ DELT**2
PI 3.141592l~53(.

• PI? 2 .O’PI •

PIDLT PI/Dr.LT
CON5T — 2 . ’)~~PI~~~~~ ?TDLF/222
)INV 1.O/’) t
P 120LT 2.0*t’IDLT
U 1 N U M 1
Il2 E l t t 2
Xl .It . .7S*DI
L I M N L ~~
LI?~~3 ’)

-

2 ( 2 , 2) =222
A D E L L ’~~P1 NI*S~ IT ( 10. ()*Q22)

IY ?= ”2/ P I 2 P L T 3T( 53.O~~~22) • .5
CA L L N L F ( 0 ,C , 1 ,Z2 , S!IAT ,C RT ,TN L F )

11 (ALt  p 1 r . F ( 1,C ,~~ 1 ,Z2 ,Sff!~T , !IAT ,T !dLF )
x ;I Ar ( 1 ) = ! 1z c 7
:(HAT(2)=T2~ ST •

x~i~ ’r i=~ ii~sr
¶ :;a12=Y2!ST

(1, 1) A 1 l
• ! N (2 ,2) A22

~ N ( 1 , 2) 0.
P N ( 2 , 3) 0.

• ;=~~ii
D~~V i  S~~R T (A 1 1 )
pEN 1 .O/ (? ~1(l ,l ) 4 R )  ~~ —

,

F f 1 , 1p~1 . O  ~~~~~
F (1 ,2) DELT
F(2 ,1) 0.
F(2 ,2) 1.O

,~ 
- ~~~~ SQ~’T (.%22)

-‘p.

11
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- 2 Star 100 Code

This code was developed by keeping i n  mind that Star is efficient

on long vectors and has a large memory bandwidth , consequently the density

was carried as a Tong vector with extra elements carried in the vector to

eliminate the need for modular arithmet ic. All operations were viewed as

colum n oriented and assembly li c ~ ing with loop t i m i n g  were used to iteratively

• improve the code. Star Fortran is standard Fortran with added vector in-

structions such as VGATHER , VSU M,etc. The COC Star Fortran manua l will

be helpful in understand i ng the resulting code . Writing this code and

tailoring it to the Star strengths provided much insi ght into our problem

and produced si gnificant improvements on code for the other machines . in

particular it is strange tha t cod i ng for the I l iiac had little fallout

for other machin e coding . The code achieved 16 megaflops .

12
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FORTRA N P1.2 CYCLE 115P2 0.8 SOURCE LISTING 13.39 HRS. 3 1MAY7
~00O1 PROGRAM NAIN(INPUT,OUTPUT,TAPE5.INPUT,TL?~~~.OUTPUT)

• C SAMPLt PATH V ARI ABLES
0000 2 REA L SX1 (130),SCHATU3O ),SSHAT (130),SA1HATNL (130),SERRNL (130),

1 T NLF C 1 3 0 ) ,S P L Q S S N L ( 13 0 ) ,SX 1p IA T P L( 13 O ) ,S~ ’~RPL ( 130 I ,SP 1LPL( 130 l
C CUMUL AT IVE SAMPLE PATH VA R IA BLE S

00003 REAL C E R R N L ( 13 0 ) ,C E S Q N L( 13 0 ) , C EV A R N L ( 13 0 1 ,C D6 N L ( 13 0 ) ,C C S N L ( 13 0 )
00004 REAL CERRPLC13O ),CESQPLU3Q ),CEVARPLI 130) ,CD BP L( 13 0 ) ,CCS PL( 130 )

C MONTE C ARLO SUMMARY STATISTICS
00005 RE AL XERRNL PXESQNL ,XEVARNL , XDBNL ,XCSNL ,

1 XE RRPL ,XESQPL,X EVARPL,XDBP L ,XCS PL
C SINGLE SAMPLE VA RIA BLES

00006 REAL CiIAT ,SHAT,X1HAT,P11,x1,z1,12
C CO NSTANTS

00007 REAL CS (130),DBEPS,EPS (130),TWOPI,ZE~~~( 133),OME (130),PI2C 130)
C ~GRKING VARIABLES

00008 INTEGER I,J,K,L
00009 REAL T,TEMP (130)
00010 L O G I C A L  PATH,CUMPATiI

• 00011 BIT BT (130)
C PRO B LEM SETUP V A R I A B L E S

00012 RE AL ALP11O,DELF,022C,Y1EST,Y2EST
00013 INTEGER NMC ,NSAMP,MD ,ND

C DERIVED PROBLEM CO MST4NTS
000 14 REAL All, A 2 2 ,CO t I ST ,OE L , FTC . P I , P I D E L  ,P1 10, ~DEL,R X,QQ .Q22

C P R O B L E M C O M M C N
000 15 CO M? 1Ot’ l /PRUB/ T~ OPI, PI ,AL P1) 0 ,DELF ,Q2 2C ,  Y I E S T ,Y 2 E S T ,  A 11,A22 ,

1 C DNST ,DEL,FTC ,PIDEL,P 110,RDEL,~’x ,QCI ,C 22 ,MD,ND
C
C

000 16 WRI I E(6 ,99 1)
0001? 991 FJRMAT (’ FILT2NN , VERSION 4—22’)

C SET PRI NTOUT CONTROL
• 000 18 PAT H- .TRUE.

00019 CU M PATH s .T RUE .
C RE AD INPUT PARAP ~ETEi~S

00020 10 READ (5,5000,END.500) Y1EST,Y2EST,AL?110,jELF,022C,MMC,NSAMP,MQ
00021 5000 FORMAT (5E10.4,3l~~

)
C COMPUTE THE CONSTANTS

00022 MD . (ML )12) *2
00023 IF IMO .LT .20 )  M~ .32

- 
C0024 IF (MD.GT.64) t-1Ds32
00025 NO.4*1W
03026 PI.4.O*ATAN(1.O)
1,0027 TwOPI.2.O*PI

- C0028 P1lO .L3.**(ALPL1OtI3.
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F D R T ~kA N P 1.2 C Y C L E  11~~P 2  O~~B S L U R CE L ISTI NG 13.39 HRS. 31MAY7
C00 29 Q Q . Q2 2 C * * ( , 2~~)
00030 RX ~~(P11 0I1SQRTt2.O) *Q.))) *’(4.0I3.O)
00031 FTC .S3R T (2. 0) *RX **C.2~~)IQ~00032 DE~~.DELF* FTC
00033 Q22 .02 2 C* DEL
00034 IPIDEL .PI#DEL
0003 5 fkDEL.~~x/ DEL
00036 A L1.1O.O**( (ALP L IO+L .4 1/ 10 .)
0003 7 A 2 2 a 2 .0 * P 11OIE FTC * FTC )
00038 CON ST ~ — 2 . O* P IDEL* P ID EL/Q 22
00039 CSII;L30).0.75*?1
00040 PI2 (1;130)~~1wOPI
00041 ZERO(1;130).0.
00042 EPSC1 ;130)—1.E— 50
00043 DBEPSaALOG1O (EPS (1))
00044 ONE (1;130)’l.

C IN IT IAL IZE CUMULATIVE SAMPLE PA T ~1 V A R IA B L E S
• 00045 CERRNL(1;130)aO.

00046 CkS3NLI1U3O) .O .
- • 00047 CCSNLC1;130).U .

00048 C ERIPL( 1; 130) .O.
00049 CESQPL (1;130).0.
00050 C C S P L 1 1 ; 13 C ) s ~~.

C PRINTUUT PRUBLEM PARAMETERS
00051 WRITE (b~ b000) NMC,NSAMP ,ALPIIO,DELF ,Q22C ,Y1EST,Y2EST,

1 P110,QQ ,Rx,FTC,DEL,022,PIDEL,RDEL ,A 11,422,CONST,CS (1)
00052 6000 FfJRMAT (1H1,31X ,18HPRO8LEM PARA MrIt RS /

1 lH 0,11X ,9HPARAME TER ,6X,5HVAL UE ,11X,9HPAR At1 ETE~~,
2 6X ,SHVALUE/1HQ,14X,3HNMC,9X ,14,14X ,51-i ’4SAMP,8X,14/
3 13X,bHALP110,3X ,E15.6,dX ,4HDELF,4X,E1~~.c3 /4 L4X,4 HQ2 2 C ,4 X , E l 5 .S ,8X ,5 H Y 1 E S T ,3 X , E 1~~.8I
S 14X ,5 HY 2 E5T ,3X , E 15 .B ,5X ,4HP 11O ,4X ,E15 .~i /
6 15X ,2H Q Q,5X ,F15 .8 .9 ) ~,2HRX ,5X , E15.8/
7 15X,3 HFTC,4x,EL5.d,9x,3HDEL,4x.,E1~~.8/
6 j5X,3HQ22,4X,E15,t~,fi,.,5HPIDEL,3X,Ei5.”/9 j 4 X ,4 H R D E L ,4 X ,j~1~~.~~,9X ,3HA 1 1,4X,E 1) .B/
A l5X~~3HA22,4X,E15.8,dX,5HCONST,3X,E15.~~/B

C BEGI N THE MONTE CARLO Pi~OCES S
C INITIALIZAT ION OF THE SU~ RGU1l NES

00353 CALL  S T A T E ( O , C J , X 1 , Z l , Z 2 )
•~- . 0O0~ 4 C ALL MLF (0,0,0.,0.,SHAT,C,IAT,T)

C NCNTt CA RL L ) LOOP
~T 00055 DO 200 K.1,NMC

• C lN IT IA L IZA TIti ~i CF SAMi ’ L~ PAT rI V A ~~LA B L E S
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FORTR AN R1.2 CYCLE 115P2 0— B SOURCE LISTING 13.39 H?S. 3IMAY7
00056 CALL STATE (K,0,x1,Z1,Z2)
00057 CALL MLF (K,0,Z1,z2,SH4T,CHAT,T)
00058 CALL PLL (Ic,0,Z1,Z2,X1r4AT,p11)

C SAMPLE PATH LOOP
00059 DO 100 J-1 ,NSAMP 

-

00060 CALL S T A T E( K ,J ,X 1 ,Z 1 ,Z 2 )
00061 CALL NLF (K,J,Z1,Z2,SHAT,CHAT,T)
00062 CALL PLLIK,J,Z1,Z2,X1I-IAT,P11) 

- •

C STORE T HE S AMPLE ~AR I A8LES
00063 SX1 (J)-X1
00064 SSHATCJ).SHAT 

-

00065 SCHAT (4)—CHAT
00066 TNLF (J).T
00067 SXIHA TPLC J )-X1 HAT
00068 100 SP1IPL (J )— P11

C VECTOR ACCUMULATE THE SAMP LE PATH AV ERA GE S
00069 SX1HATNL(1;130).VATAN2 (SSHAT (1;130),SCHAT (1;130);

1 SX1H ATNLC1;130)) --
00070 SERRNL (1;130).SXI (1;130)—SX1HATNLI1;l30)
00071 CALL MOD2PI (SERRNL )
00072 SPLUSSNL (1;13 0).SSl-IATC1;130)*SSHAI (l;130).SCHATI1;130)*

1 SCHAT (1;130)
• 00073 SPLOSSNL (1;130)s2.0* (1.G—VSQRT(SPLCSSNL(1;130);SPLOSSNL (1;130)))

00074 CERRNL (1;130).VAVG (CERRNL (1;130),SERRNL (1;130),K;CERRNLII;130))
• 00075 TEMPI1;130).SERRNL (1;130)*SE NL (1;130)

00076 CESQNL (1;130).VAVG (CESQNL (1;130),TEP~P (1;1 30),K;CES3ML (1;130l)• 00077 IF IK .LE.1 00 10 110
• 00078 C E V A R N L ( 1 ; L 3 0 ) . C ES ~~NL( 1 ;13 0 )— CER ~~NL( 1; 130)SCERR NL( 1; 130)

00079 BT ( 1 ; 1 3 0 )— ( C E V A R N L ( 1 ; 13 0 ) . L E . E P S ( 1 ; 13 0 ) )
00080 CEVARNL (1;130).Q8VMASK (EPS (1;130),CIVARNL (11130),BTI1;-130);

1 C EV A R N L( 1 ; 13 0 ) )
00081 CDBML (1;130).VALGGIO (CEVARNL (1;130);C&oNLII;130))

• 00082 CDBNL (1;130)-10.0*CDBNL (1;130)
00083 110 BTU;130).(SERRNL (1;130) .GT.CS (1;130U
00084 TEM ,~11;13 0).Q8VMASK (OME (1;L33),ZE (l;13O),~~T (1U30)

1 TEMP (1;130))
00085 CCSNL (1;130).VAVGICCSNL (1;130),TEM? (1;130),K;CCSNL (1U30))
00086 SERRPL (1;130)—SX1 (1;130)—SX 1HATPL (1;130)

• 00087 CALL I IO D2 PI(S ERRP L)
0008~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
00089 TEM,’11;130).SERRPL(1;130)*SERRPLU;130)
00090 CES 3PL (1;130).VAVG (CESQPL (1;L33),TtMP(1;133),$jCES~ PL (1;L3~

) ) )
00091 IF (K.LE.1) GO TO 120

• 00092 CEVAR PL (1fl30).CESQPL (1 130)~-C E~~~~L (1U30)*CE,(RPL (1~~~30)
00093 bT (1;130).(C~~VARPL (1;130).L c.tP~~(i;L30))

4 .  -
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FORT RAN R1.2 CYCLE 115P2 0 B  SOURCE L I S T I N G  13.39 IRS . 31M4Y7
00094 C EVA RPL( 1 ;130) .0~ V MA S K ( E P S ( 1 ; 13 O ) , C Ev A R P L ( I ; 13 O ) , 9T ( 1 ; 13 0 ) ;

1 CEV ARPL (1;130))
00095 CDBPL (1;130).VALOGIO (CEVARPL (1;130);CDBPL (1;130))
00096 COBPL (1;1301—10.0*CDBPL (l;130)
00097 120 BTU;130). SERRPL (1;130).GT.CSU;130))
00098 TEMP (1;130).Q8VMASIc (O~4E (1;130),lER0(1;133),3T (1;130);

1 TEMP (1;130))
00099 CCSPL (1;130).VAVG (CCSPL (1;130),TEMP (1;130,,K;ccSPL (1;13o))
00100 IF (PATH.A ND.(K.EQ.1 )) GO TO 130
00101 GO TO 200

C PRINT SAMPLE PATH V ARIABLES
00102 130 WRITE (6,6010)
00103 6010 FDRMAT (IH1,36X ,2LHSAMPLE PATH VARIABL E S !

1 3BX,191i (FIRST SAMPLE PATH)!)
00104 WRITE (6,6011)
00105 6011 FORMAT (!18*,9HSX1— ,6X,

1 36H PHASE VARIABLES I
2 20X,1HI,13X,11HSX1 (I) ,BX,13HSXI (I41) /)

00106 WRITE (6,6100)((I,SX1(I),SA1(I+1)),I.1,129,2)
• 00107 wRITE (6,6012)

00108 6012 FORMAT (Ilex,9HsSHAT— ,bX,
1 36’s SIN (SXL ) ESTIMATES I
2 20X,1H1,13X,11rI5SHAT (I) ,8X,13HSS~~AT (I+1 ) I)

00109 WRITE (6,6100) C (I,SSHAT (I),SSHAT (I.1) ),I—1,129,2)

~00110 WRITE (6,6013)
‘ 00111 6013 FO~ MAT (I1 8x,9HSCHAT— ,6X,

1 36H COS (SX1) ESTIMA TES /
2 20X.1HI,13X,11iSCHAT (I ) ,8X ,13HSCI4AT(I+1 ) I)

i 00”2 wRITE (6,6100)((I,SCHAT (I),SCHAT (I.1H,Ia1,129,2)
10 0113 WRITE (6,6014)
00114 6014 FQRMAT (/18X,9H5X11-4AINL— ,6X,

1 36K NONLINEAR ESTIMATES I
2 20X,1H1,13X,11~ 5X ] . HATNL ( I )  ,8X ,13 HS I1HATNI( I .1)  I)

00115 W R IT E (6 ,6 1O 0 ) ( ( I ,S X 1 HA T N L( I ) , 5 x 1 H A T N L ( I . 1) ) , I . 1 , 1 2 -~,2 )
~011b WRITE (6,6015)

• 00117 6015 F UR MA T ( I IBX ,9 HSERR NL—
• 1 36-I PIONLINtAR ERRORS /

2 20*,1HI,13X ,11HSERRNL (I) ,8X,13P4SE~~~NL (I+l) I)
00118 W R IT E ( 6 ,6 10 0 ) ( ( I ,S E R R N L ( I ) ,S~~RRl .L( I+1)) , I -1,1Z9,2 )
30119 WRITE (6,6016)
00120 6016 FO R MA T ( / 1 8 X , 9 H S P L O S S N L —  ,6X ,

1 36t1 NONLINEAR PLOSS F UNCTION I
2 20~ ,1Hl,1 3X,11HSPLJSSNL (I) ,8X,13-13.’LOSSP .L(I+j) / 1

00121 wRITE (b ,6100)((I,SPLOSSNL (I),SPLOSSNL(I+1)),I.1,12~~,2)
• - 30122 WRITE (6,6017)

~ -V: 16
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F0~ TRAN R1.2 CYCLE 115P2 0.8 
- 

SOURCE LISTI t4G 13.39 HRS. 31NAY7
00123 aOl? FORMAT (/1 8X,9HTNLF— ,bX,

1 36K NONLINEAR EXECUTION TIMES I
2 20X,1HI,13X,1LHTNLF (I) ,EX,13HTNLF (I +1) I)

00124 WRITE (6,6100)((I,TNLF(I),TNLF (I.1)),Is1,129,2) 
—

00125 WRITE (6,6018)
00126 6018 FORMAT (#18X,9HSX1HATPL—

1 36K PHASE LOCK LOOP ESTIMAT ES I
2 20X,1HI,13X,1IHSX1HATPL (I) ,6X,13-4SX1HATPL (I+1) /1

6012? WR ITEC 6,6100)1lI,SX1HATPL (I),SX1HAT?L(I+1)),I.3,12~ ,2)00128 WRITE  (6,6019)
00129 6019 FORMAT (I18X,9HSERRPL— ,6X,

1 3oK PHASE LOCK LOOP ERRORS /
2 ZOX,]HI,13X,11HSERRPL (I) ,8X,13HSE,~RPL (I+1) /)

00130 WRITE (6,6100)((I,SERRPL(I),SERRPL (I+1IJ,I—1 ,129,21
00131 wRITE (6,6020) 

• - — • -

00132 6020 FORMAT (/18X,9KSP1LPL— ,6X,
1 3614P11 FROM PHASE LOCK RICATTI EQUAT iON
2 20X,1HI,].3X,11HSP1LPL (I) ,8X,I3HS?1IPL (I+1) I)

• 00133 WRITE (b,6100)((I,SP11PL (I),SP11PL (I#1)),I—1,129,2)
00134 200 CONTI~1UE

C PRINT CUMULATIVE SAMPLE PATH VA PIA~ LES
00135 IF (CU MPATH .AhD .(MMC.GT .1)) GO TO 310
00136 60 TO 400
00137 310 WRITE (6,6030)
00138 6030 FORMATUH1,30X,32PICUMULATIVE SAMPLt. PATH VARIABLES /)
00139 WRITE (6,6031)
00140 6031 FORMAT (/18X,9HCERRNL— ,6X,

1 36K CUMULATIVE NONLINEAR ERRORS I
2 20X,1H1,13X,11HCERR$L (I) ,8X,13KCERRNL (I+1) I)

• 00141 WRITE (6,6100)((I,CERRNL (I),CERRNL (I+1))~~I—1,129,2)
00142 WRITE (6,6032)
00143 b032 FORMAT (/18X,9HCERRPL— ,6X,

1 36HCUMULATIVE PHASE LOCK ERRORS I
2 20X,1HI,13X ,IIHCERRPLCI ) 

• 
,8X,13hCcRPPL$l.l) I)

00144 WRITE (6,6100)((I,CER,U’L (I),CERRPL (I+1)),I 1,1Z9,2)
00145 WRITE (6,6033)
00146 6033 FORMAT (/18X,9HCESQNL— ,6X,

1 36KCUMuLAT IVE NONLINEAR SQUARED ERROi~S /
2 20X,1HI,13X,11HCES~ NL (I) ,8X,13HCES~INL (I+1) I)

0014? w R I T E  (6,blOOI ((I,CESQNL (I),CESQNL (I+1)),1 1,129,2)
• - 00148 

- 

WRITE (6,6034)
00149 6034 FQftMAT (/18X ,9HCES~gPL— ,6X,

• 

~~• . • •  1 36HCUMULAT IVE PHASE LOCK SQUAREC ERR C~..S I
• -

‘ 2 20X,1HI,13X,I1P4CESQPL (I) ,8X,13rCFSQPL (1+1) /)
00 150 W R I T E  (6 ,6 1 0 C ) I ( I ,C E SJ P L( I ) , C ES ~~PL( I,i) ) ,Is l,129,2)

• it-

I
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FORTRA N P1.2 CYCLE 115P2 0— B SCLJRCE LISTING 13.39 HRS. 31MAY
00151 WRITE (6,6035)
00152 6035 FORMAT (/18X,9HCEVARNL— ,bX,

1 36HCUMIJLATIVE NONLINEAR ERROR VARIANC E I
2 23X,LHI,13X,11HCEVARNL (I) ,8X,1 3HCEVARN L (I+1) I)

00153 WRIT E (6,blOO )((I,CEVARNL (I),CEVARNL(I+1) 1,1—1,129,2)
00154 WRITE (6,6036)
00155 6036 F O R M A T ( I 1 8 X , 9 H C E V A R P L —  ,6X ,

1 36l-ICUMULAT IVE PHASE LOCK tRROR V A R I A N C E  I
2 20X ,IHI,13X,1LHCEVARPL (I) ,8X,13HCEVAR PL (I+1) /)

00156 wRITE (b ,6100) ((I,CEVARPL (II,CEVARPL (I+1) 1,1.1,129,2)
00157 W RIIE (6,6037)
00156 6037 FORMAT( /18X,9HCDBNL— ,6X,

1 36HCUIIULATIVE NONLINEAR ERROR DECIBELS I
2 20X,IHI,13X,I1HCDBNL (I) ,BX,13HCDBNL (I+1) I)

00159 W R I T E  (6,6100) ((I,COl3~ L (I),CD 3NL (I+1) ),I.l,129,2)
00 160 W R I T E  (6 ,6038 )
00161 6038 FORMAT(/IBX ,9HCDBPL— ,6X,

1 3 bKC UMU LAT IVE PHAS E LOCK ERRCR DECIBELS I
2 20X,IHI,13X,11HCDBPL (I) ,SX,13HCD~ PL(I +1) I)

00162 WRITE (6,6100)((I,CDBPL (I),CDBPL (I+1)), 1-1,129,2)
• 00163 WRITE (6,6039)
00164 6039 FORMAT (/18X,9HCCSNL— ,bX ,

H 1 36HCUMULAT IVE NONLINEAR CYCLE SLIPS I
• 2 20X,1HI,13X,L1HCCSNL (I) ,8X,13HCCSNL (I+1) I I)

00165 W R I T E  (6 ,6 10 0 ) ( ( I ,C C S N L( I ) , C C S N L( I+ 1)  ), 1—1,129 ,2)
00166 WRITE (6,6040)
00167 6040 FOR MAT ( I18 X ,9 HCCSPL— ,6X ,

• 1 36HCUM ’JLAT IVE PHASE LOCK CYCLE SL IP S  /
2 20X,1HI,13X,1IHCCSPL (I) ,aX ,13HCCSPL (I+1) I)

00168 WRITE (6,6100)((I,CCSPL (I),CCSPL (I+1)),I—1,129,2)
C COM PUTE THE MONTE CARLO AV ER~~ES

00169 400 II (NSAMP.LE.30) GJ TO 10
• 00170 I-NSAM P—30
00171 Tel

• 00172 X E R R N L — w 8 5 5 U M ( C E R R N L ( 3 1 ; I )  ) / T
00173 XE S~ NL -O8SSUM (CESQNL (31; I)) /T
00174 XCSPIL .Q8SSUPI (CCSNL (31,I))/T
00175 XERRPL -Q8SSUM (CERRPL (31;I))/T

• 
• 

• 00176 X E S Q P L .Q 8 S S U M ( C E S~ P L(3 l ; I) )/ T
00 177 X C S P L — Q t s S S U M ( C C S P L ( 3 1 ; I ) ) / T

;~~~~ 00178 XEVARNL XE SONL X ERRN L *X ERR NL

~~ 00179 XDBN L-DBEPS
• • 00180 IF (XEVARNL.GT. EPS (l)) XDBNL— 1O.0*ALUG1 0 (~~EV ARN L )

0018 1 X E V A R P L . X I S Q P L — X E R R P L * X E R R P L
• 00182 XtJBP L~~DBEPS

4
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FORTRAN R1.2 CYCLE 115P2 0.8 SOURCE LISTI NG 13.39 KRS. 3IMAY7
00183 - IF (XEVARPL.GT .EPS (1)) XDBPL .10.*ALOG1O (XEVAR PL ) 

-

C PRINT THE MONTE CARLO AVERA GES
00184 WRITE (6,6050) NMC ,XERRNL ,XERRpL,XESQNL ,XES~~PL,XEV4RNL,

1 XEVARP L ,XDBNL,XD 8PL,XCSNL,XCSPL 
- -  • - -

0018S 6050 FORMAT (1H1,25X,3OHMONTE CARLO SUMMARY STATISTICS/I 
•

1 32X,1H (,14,14H SAMPLE PATHS)!! 
• -

2 36X,L6HNONLZNEAR FILTER,5X,15HPHASE L]CK LOOP/I 
-

3 14X,14H***VARIABLE*** ,7X,12H.**VALLES***,9X,
4 12K***VALUES***/I14X,1 3HAVERAGE ERROR ,?X ,
5 E15.8,6X,El5.8!
6 JO X ,2 1HA V E RA GE SQUARED ERROR,5x ,E15.8 ,6X ,E15.8/
7 14X,14HERPOR V ARIANCE,8X,E15.8,6X,E15.S 

• 
/ 

- -
B 14X,14HVARIA NCE IN DB,8X,E15.8,6X,E15.3!

• 9 L1X, I9HAVERA GE CYCLE SLIPS,bx,E15.8,bX,E15.8)
00186 6100 FORMA T (20X , I4 ,8X ,E15 .8 ,4x ,E15 ,8 )  

•

00197 GO TO 10 
-

00188 500 STOP 
-

• 00189 END --• NO ERRORS

19
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FORTRA N P1.2 CYCLE 115P2 0-B SOURCE LISTP~~ 13.39 HRS. 3].IIAY7
00001 SUBROUTINE VPRLIP(A ,I)
00002 REAL A (166401
00003 

• 

INT EGER I•
00004 INTEGER MD1,M02,M03,1104,MD5,MD6,11D7,

1 MD d,MD9,MDLO,M011,MDI2,MD13,MD14,MDIS, 11016
00005 COMMON /CPROI~/ MD1,MD2,MD3,MO4,P~D5,MD 6,fj37,

1 M08,11D9, MD1O,MD1I,11D12,M013,11D14,MD1S,MD1Ô
30006 IF (I.GT.0) ~O TO 10
00007 A (M02;MD1)—A (1;M01)
00008 A MD4;M03).A (1;MD3)
00009 10 A(MDb;MD5)-AU;MD5)
00010 A (MD8;M07)sA(1;1107)
00011 AUID1O;s1D9 -A(l ;1109)
30012 A (11012 ~MD11 

) — Al 1;11D11)
00013 A (M 014;ND13)sA (1;M013)
00014 A (MD16;MD15)-A (1;M015)
30015 RETURN
00016 END

NO E R R O R S

• 
-
~~~~

•
- -•1

:~• ~~~
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FOkTRAN R1.2 CYCLE 115P2 0— B SOURCE LISTING 13.39 HRS. 3 1MAY I
00001 SUBROUTINE PIOO2PI(A)
00002 REAL A (130),X (130),Y(130)
00903 --  BIT BT (1301 - • - •

00004 COMMON /PROB! TWOPI,PI
00005 X (1;130).PI
00006 10 BT (1;130)— A (1;130).GT.X(1;130))
00007 IF (Q8SCNT BTU;130)).EQ.0) GO TO 20
00008 Y (1;130)—A (1;130)—TWOP I
00009 A (1;130).Q8VMASK (Y (1;130),A (1;130),BT (1;130) A (1fl30))
00010 GO TO 10
00011 20 X(1;130).—PI
00012 30 BT (1;130)— (A (1;130).LT.X(1;130))
00013 IF (Q8SCNT(BT (1;130)).EQ.0) RETURN
03014 Y (1;130)-A (1;130)+TWOPI
00015 A (1;130)—Q8VMASK (Y (1;130),A (1;130),BT (t;L30);A(1;130))
00016 • 

GO TO 30
00017 END

• 
NO ERRORS

i:.:

H I
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FORTRA N R1.2 CYCLE 115P2 (i—B SOURCE LISTING 13.39 HRS. 3IMAY 1
00001 REAL FUNCTION VAVG (AV ,X ,I;*)
00002 DESCRIPTOR AV ,X,VAVG
00003 INTEGER I 

- - --00004 REAL XI 
-00005 XI.I 

-00006 VAVG - ((XI— 1. *AV +X)!XI
3 00007 RETUR N 

- 

-

00008 END 
-- - -NO ERRORS 

- - -

• — —
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• FORTRAN R1.2 CYCLE 115P2 0—B SOURCE LISTI NG 
-- 

13.39 HRS. 3111AY7
00001 RE AL FUNCTION RP1FUNIT )
00002 INTEGER INIT,K,KD,M1,M2 ,N1,N2,NT,MP
00003 REAL Tl,T2
00004 COMMO N /RNUM/ K,KD,M1,M2,N1,N2,hT,MP,T1,T2
00005 IF (INIT.EQ.0) GO TO 10

• 00006 N1 244734
00007 N2.159551
00009 Nl’102943
00009 N2-165b17
00010 111-244734
00011 M2-153551
00012 T 1-2. * * (— 18)
00013 T2 .a. * * (— 3 6 )
00014 MP.2**1B

• 00015 10 K.M2*N2
00016 KD-K/MP
00017 NT K—KD*MP

• 00018 K.ML*N2+112*N1+KD
00019 KD.K/MP
00020 Nl.K—KD*MP
00021 $2-NT
00022 RNFsPIL*T1+N2*T2
00023 RETURN
00024 END

NO ERRORS

23
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FORTR AN R1.2 CYCLE 115P2 0—B SOURCE LISTING 13.39 MRS. 3IMAY7
00001 REAL FUNCTION GAUSS (INIT,SO ,XM )
00002 INTEGER INIT,I,J
00003 REAL SD,Xi1,TWOPI,X,XRI ,XRZ
00004 COMMON /GNUM/ I,J,XR2
00005 COMMON IPROB/ TwOPI
00006 IF (INIT.EQ.C) GO TO 10
00007 I-I
00008 J.1
00009 10 IF (J.NE.11 GO TO 20
00010 J 2
00011 XR1-RNF (I)
00012 1-0

• 00013 XR2 -RN FIO )
00014 X — S Q R T ( A B S ( — 2 .* A L O G ( X R 1) ) )

• 00015 XR2STWOP I*XR2
00016 XRLaX *SIN (xR2 ) -
00017 Xk2 .X*COS (XR2 )
00018 GAUSS-XR 1*SD+XM

• 00019 RETURN
00020 20 J 1
00021 GAUSS .XR2 *SD+XM
00022 RETURN
00023 END

NO EMR URS

21.
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FORTRAN R1.Z CYCLE 115P2 0—8 SOURCE LISTING 13.39 HRS. 3IMAY
00001 SUBROUTINE STATE (MC,SAMP,X1,Z1,Z2)
00002 INTEGER MC ,SA M P, IN IT
00003 REAL *1,Z1,Z2,OEV1,DEV2,QEV3,0EV4,XZ 

-•

00004 COMMON !STAI DEV1 ,DEVZ ,DEV3,DEVI,,INIT
00005 COMMON /PROB/ TWOPI ,PI,ALPILO,DELF, 022C,Y1EST,Y2EST,A11,A22,

1 CONST,DEL,FTC,PIOEL,P110,RDEL,RX,00.Q22,MD,N0
00006 IF (MC.NE.0) GO TO 10
00007 DEVIuSQRT (Al1 )
00008 D E V 2 - S Q R T ( A 2 2 )
00009 DEV3 SQRT (RDEL)
00010 - DEV 4.SQRT (3221

• 00011 INIT— 1
00012 RETURN
00013 • 

10 IF (SAMP.GT .0) GO TO 20
00014 X 1—GAUSS (INIT,DEV I,Y1tST )

• COOlS - 
INIT O

00016 X2-GAUSS (0,DEVZ,Y2EST )
00017 RETURN
00018 20 IF (SAMP .LE.1) GO TO .0
00019 X1 XI +X2 *DE I.
00020 X2-GAUSS (O,DEV4,X2)
00021 30 Z1.GAUSS (0,DEV3,COS (X1))
00022 Z2 GAUSS (0,DEV3,SIN (X1))
00023 RETURN
00024 END

NO ERRORS

- •
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I

FO RTRAN R1.2 CYCLE 115P2 ( J 6  SUURCc LI S T I N G  13.39 lIRS . 31$AY7
00001 SUBROUTINE PLL (NC,SAMP,z1,Z2,XIbAT ,PF11I
00002 INTEGER MC,SA IiP
00003 REAL 11,Z2,XIHAT ,PF11,DEN,$INFI,CQSF1,

1 X2rIAT,PD11,PD1Z,PDZ2,PNL1,PN12,PN22
00004 COMMON /PLD ! DEN,X2HAT,PN11,PN12,PN22
00005 COMMON /PROB/ TW OP I ,P i ,ALP 11O, DELF ,~~2 2 C , Yj E 5 T ,Y 2 E S T ,A 1 1 , A2 2 ,

1 CUNST,DEL,FTC,PIDEL,P110,RDEL,RX,QQ,Q22
00006 IF (MC.LE.0) RETUKN
00007 IF (SAMP .LE.O ) GO TO 20
00008 IF (SAMP.LE.1) GO TO 10
00009 X1 HAT -X 1HA T+DEL $X2 HAT
00010 PD 1I— (RDEL* (P NI1+2.O * PN 12* DE L )—PN L2 * P N 12

1 •DEL*DEL)*DEN +PN22*DEL*OEL
00011 PD12 PP412* (RDEL—PNI2*DEL )*OEM+PN22*DEL

• 00012 PD22-— PN12*PN12*OIN+PN22+Q22
00013 PN1I-PDLI
00014 PN12-PD12
000 15 PN2Z- P022
00016 DENa1.O/(PNI14RDEL

• 00017 10 PF11— PN11 *RDEL *DEN
00018 SINF I-SIN (X 1HATJ
00019 COSFI .COS (XIHAT )
00020 X 1 HAT X IP- IA T+DE N* (—P N I1*SI NF 1*Z 1+PN11 *CO SFA * 12 )
00021 X2HAT .X2HAT+DEN* (— PN12*SINF1*Z1+PN12*COSFL*Z2)
00022 RETUR N
00023 20 X1HAT .YIEST
00024 X2HAT— Y2EST
00025 PNII-A 11
00026 PN22-A22
00027 PN12-0. - -

00028 DEN-1 .0/(PN11+RDEL )
00029 RETURN
00030 END

NO ERRORS

I~~•
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FORTRAN R1.2 CYCLE 11~~~2 DuB 
• SOURCE LISTING 13.39 HRS. 3IMAY7

00001 SUB ROUTINE N L F ( M C ,S4 M P ,Z 1 ,Z 2 ,S H A T ,C H A T ,T N L F )
C

- - • C —~~~ —~~~
C
C
C POINTMASS FILTER FOR TWO DI MENSIONAL PiIASE ESTIMATION
C PROGRAMMED BY KEN NETH 0. SENNE JUNE 24, 1976
C
C
C — 
C

00002 INTEGER MC,SAMP,M 9,ND,MND,MN~ 1 -

00003 INTEGER MD1,MD2,1103,1104,MD5,MQ6,1107,
1 M08,MD9,MDIO,M011,MD1Z,pj013,1j014,ptDl5,11D16 

-

00004 REAL Zi,Z2,SHAT,CHAT ,TNLF --
0000 5 INTEGER I,Il ,J ,J 1,J2,K,NC,I4T,NTERM,NTE,fl133
00006 REAL A 1 1,A22 ,CL,CNJ RM ,CO NST ,C R,P I,P IDEL ,  ~22 ,T ,

1 TT, Y1EST, Y2EST ,TEMP,TEMP1,TEMP 2
00007 REAL 51164),52(64), SIGMA (64),P$I(256),A( 2,6)
00008 REAL IN (8)
00009 BIT DOT, 81116640)

• 00010 INTEGER DJNM, DJNS
00011 INTEGER JNS (256),JNM ( 12)
00012 REAL CDSY (16384),DELJ (16640), J0(16384),J$(16384),JN1 (32768),

1 JNA (32768),SINY (163d4),5N1 (163b4)
00013 OESCR IPTOR DS1,0S2,OSNL,D5N2.DJN,DJNS, DJNA1,OJNA2,00ELJ,OJN1,

1 DJNAENT ,OJNABNT ,DJNANC,DJNA J1,DJ NAJ2,DSINY ,DCOSY,DSN1A
00014 0€ SCRIPT3R DJNM,DJN1D,0Jp4A 15,DJNIS,0JN425,DBT,DJNA,DJND,OJN1F

• O0O1~ COMM 3N /PP3B/ TWOPI,PI,ALPL1O,DFLF,022C, Y1EST,Y2EST,A 11,A22,
1 CQNST, CEL, FTC , PIDEL,P11O,RDEL,RX,QQ,~~22,MD,ND

00016 CUtIION /NLFC/ NC,NT,N1ERII,NTERM33,S1,S2,sIGMA ,PSI,A,COSY,DELJ,
• 1 JO,J N,JNS,SINY

00017 COMMON /CPROP/ MDD,MD2,M03,11D4,M05,MO6,Pl07,
1 MD8,11D9,MD1O,11D11,M0l2, 11D13.11D14,MDIS.3D16

00018 IF (SAMP.LE.O) 60 TO 100
C
C 

C
C SAMPLE PATH UPDATE TAKES PLACE HERE
C
C

C SIT CLOCK
C

• 03019 CALL J3CLOCKSIT ,TT)
C

_ _  

27

•:

~~

.; 
• • • 

~~~~~~~~~~~~~~~~~ 
~~~~~~ ‘*•,I• • •,-• •

• 

~~~~~~~~~~~~~~~~ 
- 

— 

, •
~~~~~

• ,~-j



FORTRAN P1.2 CYCLE 115P2 0.8 SOURCE LISTI;.G 13.39 iRS. 31MAY7
C EV ALUATE SENSOR TERM S
C

00020 DS~11-Z1*DS1
00021 DSN2.Z2*0S2
00022 DSNI-JSN1+DSN2
00023 DSNI—VEXP (DSN 1;DSNI )

C
C PRO PAGATE SENSOR TERMS
C

00024 SN1( 33;32)—SN1 ( 1; 32)
00025 SNI(b5;64).SN1 (1;64)
03026 SNI (12H 128) .SN1 (1; 128)
03027 SN1(2)7;256).SNI(1;25b)
00028 SN1(102 ;1024)—SN1 (1;1024)
00029 SN1 2049;2048).SN1l1;2046)

C
C SCRAMBLE THE JN TO ORDER FOR J(N+11
C

00030 CALL Q8VXTOV (X’02’,0,DJNM,0,OJND,0,DJN1F)
00031 CALL ~8VX TiiV (X ’O2 ‘,O,OJNS,O,OJ NlD,O,DJNALS )

C
C FORM TH E INTERPOLATED M A T R I X

H
00032 DJN1S .DJNA 2S— DJNA1S
00033 DJMI S .DDELJ*DJN1S
00034 DJNISa DJNA 1S+OJ N1S

C
C COMPRESS OUT THE LAST RU~ OF INTERPOLAT E D V E C T O R

• C
00035 DJN4-QBVCMPRS (0JN1S,D~lT;DJt4A ) 

- -

C
C COPY THE END COLUMNS
C

00036 OJNAENTuDJNABNT
C
C INIT IALIZE CONVOLUTION (A(0).1)
C

00037 DJN1.DJNANC
C

• C CONVOLUTION LOOP
C

• 00038 J1 NC
• ~~~ 00039 J2.NC

~~ 00040 DO [0 I-1,NTLRM
:
‘•  

60041 J1-J1+tiD

28
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I
FORTRA N P1.2 CYCLE 115P2 0-B SOURCE LISTING 13.39 HRS. 31MAYI
00042 J2-J2—MD
00043 ASSIG N DJNAJ 1,JNAIJ1;MND )
00044 ASSIGN DJNAJ2,JNA (J2;MND )
00045 DJN-DJNAJ 1+DJNAJ2
00046 DJN A (I)*DJN
00047 10 DJNI.0JN1+DJN

C
C MULTIPLY BY SENSOR TER MS
C

• 00048 DJN .LsDSN1A *DJNL
C
C GET NORMALIZ ATION CONSTANT
C

00049 CNORM-SUMLOG (JN1 )
00050 CNORM-1 .O/CNCRM

C
C TR ANSFER THE NORMALIZED DENSITY
C

k 00051 DJN-CNORM*DJN1
C
C C U M U L A TE E S T IM A T E S
C

• 00052 DJNA 1.OSINY*DJN
00053 SHAT sSUMLOG (JNA )
00054 OJNA1- OCOSY* DJN
00055 CHA T-SUMLDG (JNA )

C
C TIMEOUT 

-

C
00056 CALL Q3CLQCKS (TNLF ,TT )
00O~ 7 RETURN

C
• C 

C
C

• C 
C
C SAMPLE PATH INITIAL IZ ATION TAKES PLACE HERE
C

00058 100 IF ( MC.LE .O )  GO TO 200
C
C TR ANSFER THE INITIAL OU-~SZTY FOP NEh SAM ?LE PATH
C

00059 JP~~1;MND)-JO (1;MNO )
00060 RETuRN

• ~~~
•
.
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FORTR AN k1.2 CYCLE 115P2 0.6 SOURCE LISTIIIG 13.39 MRS. 31MAY
C
C 
C
C
C 
C
C GLOBAL INITI ALI ZATIONS OCCUR rIERt FOR THE ENTIRE RUN
C

• C
C DETERMINE THE NUMBER OF CONV)L UIIQN POIP4Tj
C

00061 200 NTERM— (ND !2.)*SQRT (50.*Q22)/PIDEL+ 0.5
00062 P101.110+1
00063 MDD-MD
00064 MD2-MOD+1
0006 5 M&3.ML)D*2
00066 1104-1193+1
00067 MD5-M03*2

• 00068 1106-1105+1
00069 MD7 MD5*2
00070 P108-1107+1
00071 1109.1107*2
00072 11010-1109+1
000 73 PiDll-11D9*2
00074 P1012-11011+1
00375 11D13-11D11*2
00076 11D14-11013+1

• 00077 11015.11013*2
00078 11016-11015+1
00079 MND.IID*ND - -

• 00080 M1NO-MD1*N. )
00081 PINDL MND+1
0008 2 NT ERM 33 .MD * NT ERM
00083 P4T 2*NTERM33
00084 NC .NTERM33+1
00085 MND2.2~ MND
00086 P402.N0*2

C
C SET UP THE VECTOR DESCRI PTORS FOR THE UPD A TE FUNCTIONS
C

00087 A S S I G N  DS1,Sl (1;PIDI
00088 ASSIGN DS2,S2CL;MD )

• 00089 ASSIGN DSNI,SN1 (1;MD)
• 00090 ASS IGN 0SN2,JNA (1;MO )

ASSIG.~ 0JN,JN (1~~iN0)

30
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FORTRAN P1.2 CYCLE 115P2 0.8 SGIJRCE LISTZ ’~G 13.3~ MRS. 31IiAY~• 00092 ASSIG N DJNM ,JNM (1;ND2)
00093 ASSIGN DJNO,JN(];MD)
00094 ASSIGN DJN1F,JN1(1;MNO2 )

• 00095 ASSI GN DJNS,JNS (1;ND)
00096 ASSIG N DJN1D,JN111 ;MD1)
00097 ASSIGN DJNA1S ,JNA I1;M1NO )
00098 ASSIGN DJN1S,JN1 (1;MIMD )
00099 ASSIGN DJNA2S ,JNA (2 ;M1 ND)  -•

00100 ASSIGN DDELJ ,DELJ( 1;M ND ) 
• • • • ;  - -00101 ASSIGN DBT,BT( 1;M IND)  

- -

00102 ASSIG N DJNA,JNA (1;MND )
00103 ASSIGN DJN1,JN1 (1;MND) 

- •

• 00104 ASSIGN DJNAENT,JNA(MNO1;NT) 
- -

00105 ASSIGN DJNABNT,JNA (l;HT)
00106 ASSIGN DJNANC ,JNA (NC;MND)
00107 ASSIGN DSN1A ,SN1 (1;MND) 

•

00108 ASSIGN DSINY,SINY (1;MND )
00109 ASSIGN DCOSY,COSY (1;IIND)
00110 ASSIGN DJNA1,J NA (1;MND ) 

- -

C
C PHASE VARIABL E S
C

00111 00 213 1-1.110
00112 SIGM A (I)—PI* ((2.*I—1.)/MD —1.)
00113 COSY (I).COS (SIGMA (I))
00114 SINY (I)— SINISICMA (I))
00115 S1 (I)—COSY (I)IRDEL

• 00116 210 S2 (I)—SI$YII)/RDEL
00117 CALL VPKOP (SINY,0) 

-•

00118 CALL VPROP (COSY,0)
C
C PHASE RATE VARIABLES
C

00119 03 220 Iu1,ND
00120 220 PSI (I)-PIDEL* ((2.*I—1.)/ND —1.)

C
C SET UP TilE BIT VECTOR
C

03121 11—1
00122 DO 235 I.1.ND
00123 DO 230 J.1,MD

• 03124 BTIII ) 8’l’
• - 00125 230 11-11+1

• 00126 BT (I1)—B ’C’
00127 235 I1 11+1

31
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FORTRA N R1.2 CYCLE 115P2 0-B SOURCE L IST ING 13.39 MRS. 3IMAY
C
C SETUP THE TRANSFER M ATRIX
C

00128 DO 240 J— 1,ND
00129 J1-MOD (ND—1—NTERM+J,ND)*MD*2
00130 I1-J1*MOD (MD+MD/2+33— ( 135—NTERM+J) /4,110)
00131 240 JNS (J)-I1

C
— - 

C SETUP INTERPOLATION MATRIX
C

00132 IN (1) 0.875
00133 IN(2)-0.625
00134 IN (3)-0.375
00135 IN(4).0.125
00136 IN (S)— INII)
00137 • 

IN(6)-IN(2)
00138 IN (7)—IN (3)
00139 IN (3) 1N (4)
00140 J.MOD (NTERM,4)
00141 DO 245 1-1,4
00142 I1- (I—1)*PID1+1
00143 J1— I+4— J
00144 T.IN (J1)

• 00145 245 DELJ (I1;M01)—T
C

• C SET UP THE EXPANSION VECTOR
• C

00146 11.1
00147 J1-4*.103
00148 DO 250 I-1,MD
00149 DO 250 Ja1,J1
C0150 J2-I1+J1

• 00151 DELJ (J2)-DELJ (I1)
00152 250 11— 11+1
00153 11— 3
00154 12.2*ND

• 00155 DO 265 1—2,12,2
• • 00156 JNM (I—1).I1

00157 JNM (I)-I1
00158 265 11-11+110

C
C E VALUATE CONVOLUTION TERMS AU )
C

• 00159 DO 280 1-1,NTERM
00160 T-I

32
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FO*TRAN Ri.? CYCLE 11SPZ 0.8 SOURCE LISTI~~ 13.39 i’RS. 31MAY7
00161 TT-ND
00162 Tt~MP-T lTT
00163 TENP.CDNST*TEMP*TENP - •

00164 A ( I ) - 0 .
00165 IF (TEMP.GT. —47) A (I).EXP(TEMP )
00166 280 CONTINUE

C
C CONSTRUCT THE A PRIOR I DENSITY -

C
00167 CNORM 1.0!(TWOPI*SQRT (A11*A22))
00168 CL-— 0.5/A22
00169 SI.—0.SIA11
00170 00 290 1.1,110
00171 Il-I •

00172 
• 

CR-SI 11A (I)—Y1CS T • -

00173 CR.C~~SCRøSI
00174 DO 290 J.1,ND
00175 TEMP— PSI(J)—Y2EST
00176 J0(11 ) . EX P ( TE M P * TE M P * CL + CR ) * C P I ORP% 

—

0017? 290 11.11+110
- C

C WRITE OUT PARAM S OF NLF
C

00178 WRITE (6,6000 ) MD,ND,MU1,t4 D
00179 6000 FQRMAT (IHO,26X,271-IPOINT MASS NONLINEAR FILTER/ jiM ,

1 28X,24HVERSION 2, CODED b/27/761/1H ,
2 18X,13,1HX,13.25H DENSITIES REPRESE’4TE .) ~Y ,13,1-$X,I3)

00180 wRITE (6.6001) NTERII,(A (I),I—1,NTERM)
00181 bOOl FDRIAT (LH ,33X,7HA (1)—A (,I2,2H) l (1X ,5E1~~.8))
00182 RETUR N

C
C 
C

00183 END
NO ERRORS

• • 1,

33
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FORTR AN Ri.2 CYCLE 115P2 U— B SOURCE LIST IPI1G 13.39 MRS. 3111AY7
00001 FUNCTION 5011106(43
00032 REAL A (8192), C (4096)

C
C 51.111106 — S U M (A ( L ) ,  . . ,A(2$*N?A) )
C DOMAIN - 8 •LE.  NPA .LE. 13

00003 NPA - 12
00004 NA - 2**NPA
0000 5 L C - NA/2

00006 C (1;LC) - A ( 1 ; L C ) +A ( L C . 1 ;  IC)
C LOOP

0000? 20 LC - LC/2
00008 IF( LC .LT. 4) GOT O 50
00009 C( 1 ;LC)  — C ( 1 ; L C 4 C ( LC +1 ;  IC)
000 10 GO T U 20

C END LOUP
00011 50 CONTINUE
00012 SUMLOG -CII) + C ( 2 )  + C (3)+C14)
00013 RETUR N
000 14 E ND 

- •

NO ER R O R S

34
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1 - 3  Cray Code

The Cray I from our point of v i ew had the mos t potenti al for our

problem . However the code development centered on tricks to make the

C ray ’s compiler use the full potential of the mach i ne ; in particular to

force chaining and efficient use of the available hardware potentialities .

It would seem tha t assemb l y language cod i ng of this machine should be

• undertaken in order to effectively use the potential of thIs machine .

We achieved 33 megaf lops with the following code. The reader should note

tha t the philosophy that is most useful here is to produce a small number

• of loops which perform a large numbe r of instructions in the inner loop.

I

• 
-!

~~~~ •
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C CRAY FORTRAN COPIPILER t’ERSIo~; I.05X ~‘2/:?1//9
C COMPILATION DATE AND TItlE 05/21/?9 — f l1: 1,f : Y)

SUBROUTINE NLF( II C ,SANP ,ZL ,Z2 ,SI!AT,CUAT ,TNLF)
INTE GER MC,SAN P
I(EAI. Z1,Z2,SIIAT ,CHAT,TNLF

COIIMOPI /LCHI/ T2OA , T25A , T3OA , T’ifl~,T6OA ,T/()A,T9O.~
INTEGER I,IL ,J,K,NC,NTF.RM,NSIZF.
INTEGER JNS(128)
REAL ALPILO,A 11 ,A22 ,cL,CNORII,coNsT,clt,r EI.,DELF ,r-rc,DT ,pJ[,cL,pllo ,

1 QQIQ22.Q22C ,RDEL,RX,SI ,T,TEMP,TT,T,OPT,YIEST,Y2EST
REAL cOSY(32),SINY(32),SN1 (3’),Sl (32),S2(32),SICMA (32),TROW (32)
REAL A(1O),DELJ(128),PSI(123),V1 (128),V2(12R)
REAL Jt1(33,129),J!11(33,I49),JO(33,12~)
COM*)N /PROB/ TWOPI,PI,ALP IL O ,DELF ,Q22C ,YLEST ,Y2EST,

1 A I I ,A22,COt~ST,DEL,FTC,PI!EL,P1Ifl,Rr EL,Rx ,I’o,Q22
COMMON /NLFC/ NC,NT,NTER M,S1 ,S2,SIG!~A ,PST,A ,COSY,

I DELJ,JO,JN ,SINY

C IF SA}IP NOT POSITIVE THEN REINITIALIZC

IF (SAI-IP.LE.O) CO TO 100

C THE FOLLOWING CONSTITUTES TIlE TIME SEGMENT

C SET CLOC K

• T— SECOND (I )

C EVALUATE SENSflR TERM S

DO 10 1—1 ,32
V 1( 1 )~ Z1*SI (I)+Z2*S2(t)

C ~~~ NEXT ONE OUT FOR CRAY ***C IF (VIU).LT.—1 I5.) V l ( I )— — 1t 5 .
• 10 S141(1)—F.XP(V1(I))

- 
• C TRANSFER JIl WITH COLUMN S CYCLICAI.LY HOTATED TO .T’~ 1

TI — SECOND (I)
DO 20 J—I , 128

CDIR$ IVD!P
lC—129—J
DO 15 1—1 ,32

15 .JN(I+32,K)—JN (I,r~)
DO 20 1—1 ,33
JNI (I, K+I O)—J N(I +JN S(lc ) , K)

• â-4 20 CcONTINUE
T20- SECO~ID(I) - TI

C INTERPOlATE IN iN! BETWEEN ADJACENT RO1~S

• 
‘ 

TI — SECO?1~) (1)
• 

• 00 2 5 1— 1 ,32
DO 25 .1—1 1,138

25 JNI (1,J)—JNI(I+I ,J)—JU l (T,.J))*DFLJ (.1—I )) ÷.i~:i (I ,.J )
T2’5— SF.COND (I) — TI

36
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C EXPArm ENI)S OF JNI BY CYCLICALLY COPYING CU LLflIN S

• T2—SEcOND(I)
DO 31) Jal ,NT~RM
DO 30 1— 1 ,32
JNI (I,—J+1 1)—JNI (I,—J+139)

30 JN1 (I ,J+138)—JNI (I,J+IO)
T30— SECON U(L) — Ti

C CONW)LUTION IN JNI TO JN

T1—SECOND(1)
DO 40 1— 1 ,32

• DO 40 J—1 ,128
JN(I ,J)—JN1(1,J+10) + A (1)*(JNI(I,J+9) + J H L ( I ,J+ 11))

1 + A(2)*(JN1(I,J+8) + JNI (I ,J+t2) )
2 + A(3)*(JN 1(1,J+7)  + Jtl1(1,J+13))
3 + A(4) *(Jtl 1(I ,J+6) + JN1(1,J+ 14))
4 + A(5)*(JN1(1,J+5) + JNI(I,J+15))

40 CONTINUE
T40— SECONfl(1) — TI

C ACCUM U LATE ROW SUMS BY COLUMN

DO 50 1—1 ,32
50 TROcZ(I)—JN (I,t )

• T 1—SE COND( 1)
DO 60 J—2,12$
DO 60 1—1 , 32

60 TR O W( I )— TROW( I) +JN( I ,J)
T60— SECO?m(I) — Ti

C CO~IPUTE ESTIMATES AND NORMALIZATION CONSTANT

• VI(L)_TROW (1)*SIII(I)
CNORM—V1 (1)

• TI— SECOND (1)
DO 70 1—2 ,32
Vi (I )_T R OW (I )*SNl (I)

70 ClIORH-CNOR)I+V 1(I)
T7~~ SECOND (i) — TI

SIIAT—DOT(V I , 1,SIII Y , 1,32)
CUAT—OO T(V l , t , COSY ,1,32)
CNORN—I . /CUORM
SIIAT.SHAT*CNORN
CHATaCIIAT*CNOR~t

C TRANSFER NORMAL IZEI) DF.U SITY

• - TI—SECOND(1)
1)0 90 1— 1 ,32 • -

TF~lP~SN I (I)*CNORH
1)0 90 J—1 ,12R

-. • JN(T ,J).TF.NP*JM(I,J)
• •.• 00 cO ITI~!JE

- • TOO— SI ~c~~!D ( 1 )  — TI
TNLF—SECONO (TT)—T

PKIUT I 234,T2O,T2S,T3O,T’.0,T~,O,T7fl,T0fl
1234 FOR!IAT(” 20, 25, 30, 40, 60, 70, 90 “,7FI2.~ )

• -
~~
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T2OA-T2OA+T20
T2SA-T25A+T2 5
T3OA—T 30A+T30
T4OA-T4OA+T40
T6OAaT6f)A+T6()
T7OAaT7OA+T70
TQOA—T9OA+T90

C T~IE VARIABLES ABOVE ARE INITIALIZED TO ZERO BY THE LOADER SINC E
C THEY ARK IE LABELLED COMMON (SOPPY BUT S1IOULI) BE OK).

C TIMEOUT

c THIS ENDS THE TIMED SFCMEN T

RETURN

C * * * * NOTHING BELOW THIS POINT REQUIRES VECTORIZATI0~ * * * *
C IF MC t~OT POSITIVE THEN GLOBAl. INITIAI.IZE

10!) IF (MC.LE.O) GO TO 200

C SAMPLE PATH INITIALIZATION

DO III) 1—1 ,32
1)0 110 J—l ,12~

LI’) JN (I,1)—J0(I,J)
RETUR~1

C GLOBAL INITIALIZATIOP1S FOR NONLINEAR FILTER

200 NSIZE—lO

• PITF.Rt4_64.O*SQRT(S0.*Q22)/PIIThL+O. S
IFQITERM.GT.NSIZE) NTERM—NSIZE

C PHASE VARIABLES

DO 210 1— 1 ,32
SI*MA(I)_PI*((2.*I_I.)/12._1.)
COSY(I)—C0S(SICMA(I))
SI’~1Y(I )— SIN (St ( P ’A( I ) )
St (I)—COSY(I)/RDEL

210 82(1)—SINY(I)/RDEL

C PHASE RATE VARIABLES

DO 770 1—1 ,128
220 PSI(I)_PfDEL*((2.*1_I.)/12~._I.)

- - 

C SEll!!’ THE TRAN SFF.R NATRIX

• • • DO 26fl 1— 1 ,12?
• • 2’.O JNS(.I)—MOD( ~ i— (J—l )/4 , 32)

• 38
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C SETI J~ TIl E I’~TFRP OIATION VECTOR

- I ) F L . T ( i ) O .~~1S
DELJ(2)—O .625
DEL.I (3)~ fl. 3 4 ’5
I)EI.J(4) 0. 125
1)0 25’) 1—5 ,125,6
DELJ (1 )—I)F.LJ (1—6)
DEIJ(I+ 1 )—DE!J(I—3)
DELJ( I+2 ) —DELJ ( I—2 )

- 25’) DF.LJ(I+3)—!)EI.J(I—l)

C EVALUATE CON~~ LUTION TERMS A(I )

DO 280 I—I ,NTERM
TEMP—I / 12!.
TENP~CONST*T EMP*T Fz.IP
A (I) —0.
IF (T~MF.CT.—47.) A (I)—EXP(T~ lP)

280 CONTINUE

CIINHTKIJCT TIlE A ,‘RIORI DEN SITY

CNORNaI.O/(TWOPI*SQRT(A11*A22))
CL——fl. 5/A22
SI——0. S/All
DO 2~9 1—1 ,32

• CR—SICPINA(I)—YLEST
CR~CP*CR*SI
IX) 290 J—1 , 128
TEHI’ —PSI (.i)—Y2’~ST
T EMP~TEMP~TEMP*Cl.~ CR

I • C **~ I~EYT TWO (HIT FOR CRAY ***
C JO(i ,J)— O .
C IF (TEMP.(T.—1 15.) •JO(I ,J)_EXP (TEMP)*CNO~M

I C *** N EX r  ONE IN FOR CRAY ***
J0(T , .1 )_ F .XP (T I~’1P ) *CNO RM

290 COMTII-.,;E
RETURN
El!!)

• >

• 
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II - 1 CDC 7600 Code for the 3-D Problem

The three dimensiona l phase demodulation program code was developed

simultaneous l y for the 7600 and the Star 100 in order to have a check on

• each. The 7600 was not effective on this program as with l eve l ~e33 the

optimizing compiler did not produce runable code , the extended memory

addr ess , calculations failed . When the Opt i compiler was used,time s of

20 to 30 times slower than the Star resulted , while on the 20 prob l em the

7600 was onl y 5 times slower than Star. The comp iler failure was sub-

mitted to Contro l Data as a problem and acknowledged but never sol ved .

The reader could view the 7600 code as the scalar vers i on of the 3D Star

Code which follows in II - 2. It is apparent tha t the 7600 is not as

effective as the Star and Cray on problems with large memory requirement ,

• i.e. around 350K.
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P~ CG~ A M  M A IN 7f ~,/ 7 li CPT=i r~~~~

i PcOI PA,~ MN IP1(INPLT,0UTPUT, PUN~ H, tA P F OUTrIlT ,T A P E5=IPl(),IT)
UIMZNSION XOATt139,j’),YtC3 5),~~211!5) ,

c XP331t6,1€sl,YA (35),

~~t (i6),EJ (96),~’((16),

~~XPONI35 l , EXOON( t7) ,Y3 ( 1 ?)

5 q’ AL ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~!V(~ (t6 )

INT’ZG~ R J~1S(t 536) ,JN~~(3 3?2 )
C ‘IT ~3(2~’l12)

t~
) LOG ICA L ~ 3( 2M12 I

LEV EL 2 ,J NA
L~~V?L. 2,flE LJ ,JNI,Y0
L~ VEL 2,’~OSY ,SIN Y ,SNt

• LCV ~ L 2,SN2,JI,IS
LEVEL 2.13
COTMM0N/GN/JG~USS,X?77 (2i
COl’ION IA /NA
V~OMMON /!/ ~~LJ ,JU1 , Y~
‘~OMMON IC/ COSY ,SINY ,SU1,SPI2,J’.S,~~3f l  HAM LT!T /IPISTP/Y ST ,O33C,A LF,r,A~

.,4.”1~~,Y1~~3T ,Y2EST,ALDj 1o,o~~Lr ,
• 022C,UUM1 ,t~U92,~1C!,~1)~

W~~ITE (6 ,666)
66€, C00?4AT (1HI,SMIND !JT I

AO (5,IP.~~T2)
25 W P.IT E ( 6 , T M S T ~~

)
J C~AUSS 0
P11~3 = 1~~.’ (4LPi1~~/~~~.)
00 ~22C’ (.’5)

• ~ TC Srr?T(2.o)~~~x..(.25)/r1fl
0~~LT = OVLF.FTC
022 = 022C LT
ku KX/0c L Tf °220 = PjjJ.SflOT (r)22C/RX)
R1IM1~~1./’1i

A L F ~ 0 ’LT
—

t 0 , ( (A 1 P 1t ( ) + G A M I / 1 C . ~
A 22  P2’O

~ •5~~fl31C/ALFA 3 3  2.~~’P33!
033 =

~EV1 = SOQT (4utl
S O RT (A !2 )

• - OEV I SflR’ (’itI
PZV4 = S0~ T (A3 3)

• .~~
••

-
• • IEVO2 5001(022)

• 
~~~~~~ = .~ fl~~T ( 0 3 1 I

‘(OU9T I
• ‘) ISAM P = I

~1SA ’4 P =

: 1  LJMPI =

SIIMP 2
1!P’P3

iS O~ LS~
• 

~~ -‘ ~ ,~~AT~ ’I(i.)
DI? 2, ~“T 41
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•
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P.c OC.,~4M MA IP~ 76/Ui C~~T=1. ri~~

PTOL T = D I/flCLT

DINV 1.0/PT
63 °I2OLT = 2.J~ P W LT

UI NUMI
II? NUM2
U3 NIJM3
IV? = u2/Pt?’DLT~~S0PT (c0..n22)..5
NTE~IP( TY2
NTEDIII NT~ QM + 1.
NIQM16 = NTZ°M’16
M G PJT P.M16 + I
PIT ?‘NT°M16

73 P111536 = NT + i~~’~
= .5/011

CL = — .51*22
• CM = — .5/A33

ST — .5/Alt
75 C ... *.~~~.......*... ‘PID Vt, Y2 ~Nfl VA

= PI/IJL
~0G2 = PTOLT/1J2
0’) leG I t,PIIJMI

X = T — l
X = V/UI
Y i ( I )  = —°T + X~~PT2 + ?or,t

‘.0 CO NTTF IU~00 5~ I 1,PIUM2
• X : I — l

= X/U2
Y 7 ( I )  —PTOL T • X D1!OLT + E tW,2

50 C0NTINU~
DO 51 I 1,1V2

X 1
X = X/ U2
Y 3 1 1) = V

61. ‘~ONTI’~’UE - -

00 55 I l,NIJM1
COSY (I) = COS (Vi (T)I

05 SII~V ( I I  = STN (Y~.(I))
56 CONTTN (F

• 00 38~ I =

• ~lIT I = COSV(’)/°ll
• S? I I)  = SINV(t)/’It

1~’0 3o3 COWTI?~1J~
CALL V P~tC P (SINY , StNY,Ic,,2’~676, 16)V~A L L  V~~~PP( CnSY ,’~OSY ,tc ,” .c76,j 6 I

• 71 XP= ,5 !’)~ T (A~~3)
YY3 = ( PHJ’V’ — I. )/ 2 . C  • 1.3

~~~~ 1”S T Y ~ = YV ~
00 Fiu I I , N ( J M~

= I — Yv -’
V~~(I) 

V 7~~~T 4

Yc (I -v3 :SI4~~~*xX
CUP~TIUU’

C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 9Y I~A Nt r~ ~ Y P !) ’ I”TTALS ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
• 

~~~~ ir ( 1V2 •~~‘), 3)  60 10 153
DO ISu j = t,I~~23QN r~ItLT’°I20L

42
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oRO(;~~aM M A I N  76/76 flDT j  FTPI le.6.l.’’A

EVDON ( I )  = ~X P (—0ON/fl2?~~IY3(T).’2))
153 I~’)NTINUZ00 152 I = t , t V 2

~
XPONCI ) = EXDOPJ(IY2+1—T)

EAP0’1 (1Y2+1+I) EVOONt’)
1.23 152 GO NT IP~U!

153 ~XP ON ( tY2+I)  = .5
IV Y 2 !Y2 + I
L T E R M 2  = 2

00 723 K = 1,1.6
L ?5 00 720 1 = 1,t~XNI!M = (K — rp~~xp • ALF(3~~(YA (TJ — 1.,

YNUM =
EX D33( r , K) = C.0
IF (XNUM .L’~. —27. )  GO TO 7’C
EXP33( I , I() = FX ° (X ’ I tJ~4)

720 CONT INIJ~LT~~ M 3
LT RM IF4
LTERP41 = LTE~~M + 1

I’5 LC = LT~~t’t€ , + 1
M S = NTl 5 ~6 LTE°M + PIG

• C NOT ON 0~~IGINAL LISTING, RUT ON ICAS~. ~!PO~ T LIST!UG
• 1 = 0

DO 339 K = t,tF-
• 

• 143 00 339 ~J = l,t6
00 ~~Q J = PI ’r~~P .M t , ! YV

1 = 1 + 1

• 0(1) =
3~ q coNTT ’~u~

ALOSS A 73

~LOSSO A L 055
X 3i ST Y 3~~ST
X ST O= Y 3 ST

C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ INIT!*L 0 M5!TY ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

150 00 155 1=1,16
• • XXX ST (Yt (T)—Yj~~~T)~~~?

TF X X X  •L T .  ~~~7)  c0 10 154
LIlT ) EX P (X%X)
GO TO 155

t~~5 15’. ~I1T) J.0
C0~,TTPIII~

00 1 7  J=1,~~F,
YY Y C L (V2 (J)—Y2~ ST) ’2
IF(YVV .11. —27) GO IC) 156
EJ (J) FX°(YVY)
6 0 1 0 157

157 cOpTrw,pr
“U 169 ‘(=1,16

165 Z 7 7 : C M i Y A ( V ) Y’ES1)~~~’1rU?~ .11. — ‘7) 60 TO 15~c K ( Y ) ~~~~X D ( 7 7 7 )
r,o To tcq

j5~
15’, C’)NTTM I’

T J ~~~= 3
43
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t

• l’eOG~ A.4 P’ATN 76/76 OPT I r~~ 4.~~’~e~~3*

00 t€,3 K = 1,16
00 16~ J = 1.96

DO 163 I 1,16
175 IlK T J’( + 1

JN (T.JK) =~ K (K)’ET (T) FJ JI
163 GOMT! Nt1

I. W R ITE(6,9998 ) JN
9990 FO*MaT (jP~~ j’.,c)

C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ INTEG R A,~.°ePlGM ~ P1T
00 225 I l,2’I12

~ 3 ( t )  = •T~ lt~~.22~ CONTI NU€

1~ 5 00 3~~’3 K = t,1F
00 333 J

I = Y + 17
nil!) = .F~~LSE.
COPITINUE

1’)) 00 32.) K = 1,3071,2
JNCIK ) = (K — jl~~32~ JWFIK+l ) ~lNF ( K)

t 0
it 0

195 00 332 K 1,16
00 332 J = 1,06

1 T .1
It  = it + MOfl (?3— (J—1 )/5,16 )
JNS (I) = TI

2~~3 .Jl = J1 + i’
332 CONTINUe

• 00 73~~? I = 1,17
0~ LJ (I) = 11./1.2,
DFLJ(I’17) =

• 205 Oc. LJ (T+ 3 1. ) = 7./12.

~~ L J ( I + 5 1 )  = 5./12.
OrLJ (I,6,) =

fl~~LJlI+~ 5) 1./12.
7332 COPITINU~C C A L L  %P00Dt (O~~L J I  *$&~ *.~~**~~)) ))))fl)

CALL VP~1P( LJ,flELJ,t~ 2 ,?6~ t0 ,t~~2)
11 COPJTT NU~K0(JPIT = 1

CALL GAUSS (JSE .0,flCV1,Ytr~~T,X i)

~15 X’)8T(KOUNT,l) = VI
CALL 6AIJS5IJS !~ C,flEV2,Y2~~~’,X?1• “ALL C.AUSS (Js~~~0,0EV’.,Y3~ S’,X 3)
ACfiS=C~ Pl*3_j,l•CO5 (Y1 )• A ST N=ZxD (X1_1,)*5T~,(Y1)

- 
- !2~ CALL GAJ 1~ S (JS i~~,~~EV7 .JC Oe ,71

~AL L GAU (J ~~~~~~~~~~~~~~~~ -
GO TO le 7)

453 CflNTTN’J!
Vi ~1 • Y 2 ’ L T

;: ~S XO AY(Y O LJ ’ !T,t)
CALL GAIJj S( PS:~~fl ,0ev r~2 . x? . Y ? l

= XI ’0~~T • ~L~~)CA Ll. r.Aus!(Js o.’)rvn3,V~~,~~3)

14
T~~
’.

~~ 

~~~~ ~
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~

P~ 0f~ MM wA I~l 76/76 O~ T=1 ~ TN 4.~~’leflA

X 0AT (KOlJNT ,5)~~X3
233 ACOS:tXP (X3—t.)’COS (yt

ASIN=EXP (X 3—1 .)’SIN (xI)
CALL GA USS (,JS~~~O,0rV ~~,A COS, 7t )
CAL L GAU$S ( iS~ E0,fl!v’ ,AS T N ,72)
VP  = .5•SfV’I(ALOSS)

235 C XP= ,5 AM AX j (~~3Cj,sf)R~’(A~~~5s))
VPO= , 5~ S’)RT I *1.05 SO )C L T~~ M = 0
On 633 1 = i . M L J M I

XX = I — YY -3
21.3 YA (I) X~ ESTO+ Xi(~ XP0

VC (I) =xl~:ST+XX.X p
6~ J CONTT NIJ!

DO 73i K = 1,16
00 7~~C I = 1,16

245 XNUM ALC 0 (YA (1)_i.)4YC (’ ()_VA (T)
XPIUM = — .6/ f l~ 1~ X N iJ M~ •2
EYP31(I,K )  =

IF (XNUM .LT . — 27.) 60 TO 73:
~XP3 1(T ,K) = € X ~~(XN U~ I253 730 C0NTIN’J~

I :C
• 00 3’.G K 1,16

00 31.3 P1 = 1,16
T’~MP = ~XP31 (N, V)

• 255 00 11.0 1 = NTEPMI,IVv
1 T + 1

34~) 0(I) = EX~~ON(Jt~~TFM~
1+73 CONTINUE

• C + • ~~~~~~~~~~~~~~~~~~~~~~•* ~~~~~~ FIJNC~’I)N ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

263 CALL S~ C0PI’)(TIP~ETN)00 75u0 I 1,16
• 

~ 11TZi=71 PLtM1

~ j t T Z 2 = 7 2 R i i~4~ - -

SI ( I )  ~1tT71 CCS (Vt IT))
2~ 5 S~~t T ) R1tTZ ! S T P l (V 1 ( I ) )

• 7 5 , ’) Sil l) = Sil l)  + S 2 ( T )
.J = c

• 00 5.30 K 1,16
00 86C ‘(K = 1,16

273 S2(K’():S l ( K K ) . F X P ( Y A ( K ) — I .)
S!’12(K’( ) = ~X°(!2(K’(I)

~60 COP1TTNU~
C~~~
.•e•~ *~~~ CALL vP0OD(sN?,0) )fl))))))))))))fl)

CA L L V PRO P(S N2 ,S’$2 , I€ , ,1530 , 16)
2’S 00 37G KW = 1,1.536

‘7’ CONTIt-IU’~
~O !.!3 ‘(K = 1,~~6

-• 
5112( 1(X) =

CONTINUE
C ‘~~~‘•~~~~•‘~~~~ CALL V°R’)P(5’12,:) )) ) ) ) ) ) ) I) )f l ) 1

GALL V DQ 0 nt 5~l?, S,l2,iE.15L. ,tb)
11) R~,C K’(

2~ 5 
S P I i ( K X + J )  SN1(XK ~~J’ 5N2 ( KK )

~4

45
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__________________________ 
•

P~ OG~ 41 ti~ T N 76/ 76 0D1 1 r~ p~ 4,F~+43~~A

69i1 CO~ITTNU?
• J = J + 1536

5.33 CONT I’8J!
C *.*+. *~~~~~~~~~~1 P’AT’J LOOP STARTS ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

2 00 C ~~ CALL 05VXTC)V (~~~~2,3,KJMr ,Q,fl ,~~,P J ~.L~)
00 707 K’( 1,21.576
iN C KK) JIlt ‘(K) •!NI I K’)

70’ Gt~NTIP?UE
J = 1

295 00 991 ‘C =

DCI °92 I 1,16
JNA !J) =
J = J + 1

992 CO IITINUE
3).. 991 CONTTNlJ~

C ••~~~~‘ CALL 1*1 t W iNS OC 1)
J = t
DO 3a3 I( = 1,1536

• 00 991+ I 1,17
335 JNI (J) J N A ( J P S ( K ) +’)

‘ J = J + 1
901. CONTINUE
9’~3 CONTIHUC

JN1 (261t3) = 0.0
310 00 9,iC ‘(K 1,26112

J NA ( KV )  = JNI (KK+i5 — JP .Jj (K’ ( )
= !IELJ (KK)’JP1~~(V’()JN1(KI1’) = J IJj ( KK)  + J’IA(K’()

• 9C” GONTT PHJ E
3t~ CALL PP~VEC (1+P4JN1 , P41)

I ?  = 1
00 932 KK = 1,26112

• IF (. ‘IOT . ~~ (KK)) GO TO 032
JP1I~

( T 7 )  = JNt(’(W’)
• 320 J~Jt (T7) = J NA U 7 )

11 : 17 + j

CO NT IPs UC
• I’ WDIT? (6,9009) JNL
• J = )
• 325 1 C

DO 610 K =

N = I + “lT°Ml E
• 00 511 ~(‘( 1,1536

J’IA (K’C+NI = J1Jj(’(’(.J)
33.3 511 r0NTTNtJ~

00 51? ‘(K I .%I ’P ’~16
• • JN A (XKiT ) JNA (’(K4 !’t6~ 6)
• • ~12 C O N T I NUE

‘)C) ci~ K’( =
• 7- JN~~(~l,t5!5+KK1 = J~. . f’ ( K4 J )

51! GOUTINU !
$ J 4 t51~
I = I + UTi~~2 F’

51’ CON’T’ IU~
C~ LL P~ V~ Cf~.’4J’J a , DId )

14
Ti  =

• - • .
~~~~ ~~ •~~~ •~~~~~~~~~~ jrI ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



0.
~Or,h~A•1 ,.aAIN 76/76 OP T=j FIN 1.,6+1.1~~A

1
00 ‘00 I = 1.16

345 11=0
flO 701 XK 1,1536

JNI (N+KK) = 0.0
701 CONTTNUE

00 693 ‘( :1,1 6• 36)  JL = NS + II — 1
= NS + II — 1

• DO 683 J = j , P I T 0141.
• nO 703 (IC 1,1516

JPI (YI( ) = JMA (K’CeJII • JNA (KK+J2)
355 J1I(KK) = JI1(KIC)*D(JKI

JNt (PI+KKI = JPII(PI4ICIC ) + J’I (K’()
703 CONTINUE

JI( = J K  + I
ii = Ji + 16

36.) J2 = J? — 16
CONTT PJ1J~

~~~ It:I1,N11536
II = N 4 1536

70 0 CONTIMI!
365 CALL P~ VEC(1.HJt1jT , .fl4~,)C w~~ITE Ic,,9998) JP41

C P1O~ M = S’IMLOG (JNI,21.575)
IF (CNCD M .LI. 1....—20) CN0~~ 1.0
C N O~ M I./ CNOCM

1’Q 00 713 KK = 1,21.576
JP1 (K’) = CPJ0°~’ J N 1( KIC )
J NA ( KK)  : CO SY CK IC )

713 CONTTMJ E
C1441 = SIJWLOG (JNA ,21.676)

37 5 00 ‘11 ‘(IC 1,21.576
JNA (KK) : STNY (KK) • .J’1( ’CK)

711 C0N11W11
S’4AT = SUMLOG(JNA ,2le576 )
CX H*T = ATAN2 (SNAT ,ClI*I)
J = 0
00 313 K 1.1F

00 770 ‘CX 1,1536
V ~( ‘(‘(4 J) = ~ C(  IC)

770 CONTTPIIJ!
J = J + 1536

31.3 CONTINUE
00 771 ‘(IC = 1,21.576

JNA (K’() = YR (KPCI•JN (’CK)
Ut ~‘ONTINtJ

• 143 X 3~.STO :X3iS’
• X~~ ST = SIJp4LOG (JN6 ,2~ 57cI

‘)‘) 77~ WV = 1,21.576
.JPA( ’ (K) : ~Jp,A(vv)mvq (’CvI

77 ~ rOp~TTIslJC
A~ fl5sn=~~ O5!

AL flSS = SUMLOG IJIJA,21+676)
• 

‘
• 41055 ALOSS

4LnsS=*MAx1 (ALoSS,i.E~~1A)c •............ e..... o• ‘~‘.‘H LDOP !NOS

‘7

I—

4 -. i 
~4~~ij ~~~ _,. — _ J~111~~~~~~~~~

’$-
~~ ~~~ ~~~~~ 

- 

~ ~~~~~~~~ 
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fl _________ 

• 

~~~~~~~~~~~~~~~~~~~~~~~~~~

~~OG~ Ai NA IN 76/76 CPT=t r y14 ‘.~~~
1.13A

C A L L  S~ C0N0 (TIVOLTI
TNLF = TIMOUT — TIPIEIPI
W ’~!TE (6,2Ct) KOIJNr ,Xi,X!, 

V l ,SHAT,rI.IAT,CXN~~~, 5T,~~LOS5
201 ~OQMAT( I5,tX,1D3~ i1+.6,~.X,iD2Et1+.6,’.y.tD?E14 •6

wqjTE (6,eaSO) T N L ~
8500 rCR PA T I  i~~~t2.6 

)
IF ( KOUNT .EQ. NO! ) GO TO 536

XO AT (KOUNT,2) CXHAT
XO AT (ICOUMT,3):AIOSS
X C A T ( KOU P-4 T ,4) X 3 EST

1+1.0 ‘COUNT = KO’JlIT 4 1
GO TO 1+5,3

505 CON TINUE
SUMP = 3,~I

SUP’G = 3.0
1+15 X3ATCKCUNT .2) CXHA T

XDAT (VOUNT,3) = ALOS !
‘COAT (KOUNT ,1+l ‘ICIEST
DO ISCI ~ = 3t,N02

= A (*T)AT (I,11 — YDAT (I,2))
1+2J - 11.98 CONTINUE

IF (XO .61, PT) GO ‘0 t’.qq
GO TO 15)3

11.99 ‘CO X I I — P~~~
GO TO £‘.9~

1+25 t5~,0 SUP’P = ~UM~ • X f D ~~ Wf l

15.1 CONtIhU~

SI)i’P =

X 4 S A M P  = NSAMP
1.3~ XAA XPISAM P • 1.0

(S’J1~° + XN~ A ’~P’S!l’4Dt)/X4~OSUMOI = AL0Gt~~(SIJM Pi)’13,)
00 t~~Ct I 31,M02

Xn=ARC (x OAT (I,5)—xOAr (y,4))
1+35 16)3 CO’ITINU~

• I~ I X O .GT. D I )  C.’) T~ 1699
GO TO 177 0

= ‘i ’) —

• GO T0 1’,9~4 13 1?i.~ SU P’C = StJ ’I C 4 ~‘)X1
1631 COPIT !PU~

SUMC = SlING/N
SUMD2 (S’IMG 4 XNSAM~~ SUMP2)/YAAOSIJMP2 = A LO G Ic (SU P’ P2) 13, ’

• 41.5 w°ITEI6,1511) PPSAM*,!~$~~D1. ,ISUMDI ,S$ !~
a
~~2 ~~~~~~~~~~~~

N !AMP : NSAMP + 1
IF (ISAMP .~~C). U0~ I f~~~ Tv) 2201
ISAMP YSAMP • 1
60 T0 71

~~~~• 453 22 33 ~ONT !NUE
510°

~~~~~ 
C()~~7~$~~’fljP4 ,?l’Eth .7,/,14 ) I

567 1 ~ fl~ MA T ( 1W  , I?)
1.511 ~0?MAT ( ‘1~~.t°’.!1’.6,tN I

48
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~TI~~

S(i’~RO U1I N~ V P~ 0P 76/TA OPT= j  F TP) 4 .6+1+33*

I S UR~.0t$TINZ VPDOD (rROM,IO,Ir,O,t~~PI ,IN~~)
OIPI!NSION F~ OMCj),TO (1)LEVEL 2,F RO ’l,TO
00 10 I =

5 !‘0 20 J = 1,TNC
TO (T+i) = FPOM (.l)

23 CONTINUE
• C

11 CONTINUE
1.3 R!TII~ NC

• SVMROLTC F~~~ENC! M L I’ (~~=t)

‘4IQy POINTS ClEF LIP~i R~ F~~ .~NCES
I VPFOP 1. 13

SN TYP DELOGATTON
I! F°.OM O?AL ~R~ av F ,P, QEF~
36 I INT~

f,
~~ ~~~~~ 6 DEFINED

0 !!N0 INT~ G~~ F.D. 1. (‘?r~p4!)
‘~ 160 INT!G~~ F.P, 1 DEFINEr)
0 IPIC TNTEGE~ r

•~~~, 1. 5 O~~rIs1
3’ .1 TPlT!G~~ ~erç 2~~ D FINrO c

~ 10 Q A L  A 1~~4V F ,D , ~rF5

TAT . ‘IjNT L4~~L! “CF LIN~ REFEDE NCrS

~) 10 ‘4
0 2 3  7 5

~
E
~PS LA~~~L IPIOrA FROM—TO LENGTH C’~~ TI ~ S
20 13 • I ‘4 9 jSP ‘tOT IN’JE’
25 2~ J S 7 THST*~ K

DPO(~~AM L EPIGTN 63~ 43

- ~~~~~ ‘~~
‘
~
“ ‘

~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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________ ______________________________________________ -

• FUNCTIO N SUMLOG 76/’c 001:1 rtu 1., 6+1.33*

I FUNCTION SUML~ r.I*,N)I IP tr N S I O N  A l t )
LEVEL 2,4
SU MLOG =

S 10 10 I 1.N
SUt’LOr, = S’JTM LOG 4 ‘(1)

13 CONTIP.UE
C

~ ETU°P1
C

!YI3OL!C ~€r~.QENCF u~ p (~~=3)

ENT RY POINTS O~ F LI~IE REF:°=NCFS
1. SUMLOC, 1

• ~~ PI*~ LES SN TYPE ~!LOCATTO N
• 0 A °~ AL A~ RA.Y c ,p. D CFS

23 I TNT ZGE ~ R EFS 6 D FTNFr)
o N INTEr,E~ ~~,P• REFS 5 DrFI~,Er1.7 SU MLO G P E A L  R~~C S S OE~~IN!e

S TA T ~ MENT LAOELS ~~~~~ LTN~ PEFE~~~P1CFS
0 1 0  7 r

LOOPS LAqEL TNDFV rPop.~ To LENG TH P~ ODFRTTr- S
1.2 13 I 6 7 INSTACW

S’ATI~ T TCS
P O O C qAp ,  L~ NGTM 210 1’

50
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U- •—•---•--- — —• —5-- —5-, ~ —•-- —5-— -- -5— — — —-5— — — -----5. --5—-- —-5— —-—5 —-5——- ‘5-— — 
—5 -5-- -- __5 —

5-— --5 — — - - - • •  5-—- - • ••— • •

SUOPOUT I’4 r,’UJSS 76/76 OPT=1 ~TN 4.6.~~3’A

I SUB~ OUTIPI~ GAUS S (JS ,S3 ,X M ,Y )

DIM~’NS TO N ‘ IST (3)
CCM MON /~ N/ Nt,N2,N’~,MC ,Tt,T2,T”
COMMON /GN/ J, X~~(2)

5 IF (J) 13, tO , 20
j 3  = 2

T W ~~D! = 8. ATAPJ( 1.)
NST (1) = iMi
NST (2) = 2320

13 NST(3) = 1297
XR (t) DNNr (I1!T,1)
GO TO 35

2’) GO TO (3C,1.3), J

1.5 X°(t) ~NN CCP9ST,3)
35 XR (!) = ONN~~(NST,~~)

• X l  =

X~~(2) = TWv)PI~~X~~(!)
X P(1)  .CI SIN(XR (2))

‘0 ~C D ( 2 )  =

X = X°(iI~~S )  + X M
i~~ T(I~~N

• 43 ,J 1
X = XP (2)~~S~J+X M

25 RrTIJON
ENO

CA ~~1 H~ . SEV~~~ITY D ET A ILS UI4GPI OST S O~ P°)~ L!’~

13 1 AN IF STAT~ MEI1T M~~Y 9~ MO~~ ~‘FF ICI?NT TNAN A 2 O~ 3 1~ At

SY M9OL IC PcFE0~ N~~ M 4P (~~~
‘
~)

!N’~~V ~ O IP4TS OEF LINE: °~~~~PENrFS

~ G tIJSS I ??

VA’IA1...E.~ iN TYP~ 
V L’)CATTOPI

0 J INT~ r,ER GN orp~ç
3 JS INTEGER UNUSE1 F.°. n!FIPI~~
3 ‘-i’. INT!G~~ 

PP-I D—c . - -‘

• 77 ‘1ST INTEGE’~ A~’Q~ Y 1.1
• 

.
•~~-

. •  i s

• • I-~ 
-

‘) P11 TN T G~° ~N 3
• 

- I 12 TNTF’~~’ ~N
7 r~IT ic:~ ~~~

-
~~

- —  3
a SO Q

~ AL r. •P • ~~‘? 
~~~

76 TWODI C A L  R~ F~
1+ Ti ~CA L PP-I 3
s “FAL 3
6 T3 C A L  FN ‘-~~S

51
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~ I I N C T I O N  PN~4~ 76~ 76 OPT:I ~ TM 4 .6+1.338

I FUNCTION PP4NF(PIS ,MOD~ )
DIMENSIO N NC (3),PsS(3)
CO M’$OPs /PN/ Nt,P12, !13,MD ,T1, T 2 , T 3
OA TA P’1, 112 ,M3 / 2 ~’,1 .) j S , 2 Q 3 3 /

5 IF (uOD E) 10, 100, ic
10 NI = PISII)

‘-12 = NS (2)
143 = N S I 3 )

= 2.” (12)
t O 12 = 2.~~~(—24)13 =

NP = 2 ’12
lO u ( = N 3•M !

‘(0 = K / MD

15 PICI = K - KO •M P
N3’M2 4 N2 M3 ~. ‘Cl

KO I C / MD
1C 2 =  K - ’ C 0 • ’ 4 P

K N3~ M1 4 N7’M2 4 P~1 M 3  •

‘0 ‘(O k / M P
Nd I( — ‘(fl•MP
N I = NC 3
N2 NC2
N3 NC1

2 5 X NI N1
H ‘CN2 = N?

XN3 = N3
= xNt•T1 • YM2~~T’ • WN3’17

RETURN
33 ENO

SYMiOLIC QEFEPEPIC! MAP (P=3)

EP I’~~Y POIN’S DEF LINE FE~~~NC E S
4 0111W 1 29

°XA~ L S  SN TY PC’ ~E...OCATION
63 K INTEGZQ 1’.

‘)EFIIIrfl I~
64 ‘(I’) INT ~.GE~ ‘~~ S 15 16

0
~~~

I4
~~ 

1’. 1.7 2’ -
0 MoO! INT~ GE~ F,O.

• 3 9~ TNTEGE P OP -4 3 1’ 1’
• ‘)~-FT ’~”~ 12

56 ~t INTZGE~ 1.9
57 M? Y NT EG ED ~~~F c 5 -. I~~ t~C,~~ ~ 3 Y NT~ GE’. ‘~~~~~~

. t ~ t
~,‘ ‘1~ x . ir : r : ~ .,tp5Dr~65 ‘IC I INTEG~~ 

3:r -  FTN~~5c, P I C2 TN T ~
(
~E : ’  ~• t” !LVIN t

6’ NC3 INTFGE’ ~~~t• ‘‘ 0 T’1~~ 2
- l  1MT!GE~ A~~°AY F ,P , or rç  4

O ‘It IPITE GER ~-N 3

52
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- - -

I
S’J’~~OIJTIP1 PPVEC 76/76 OPT:1 r~ p 1..4•~~~~~~ 6

1. SU~ P.OtIT INE P~ V~ rftA P’? L,V ~ r)
C PRINT S ELCG T~ O V ECT O~ 

r ()~~°fl’4~~tI 1S
INT EGEP L* 1EL,DTMI2, ,~r,usJ T
‘EAL VEC (I)

S LEVEL 2,VFC
DAT A 01u12, r OUNT/ ,636 , 3/
COUNT = COUWT.1

C w~~IT~~(c,,qqP (OIJNT, Le~~ L.C • V~ C(0TM1’•7 + Il , VEC (ITMI2’T’’ O),
1) C ‘ V !CCOTM12’74111.$)

C 9~ FO~ 9 A T ( 1t 9  P~~. C P - 4)Py ,‘c ,qM A T  ~ ‘11. ,AI. ,
C • SZ I4 . 7)

RETUON
£ N ’~

SYM~ OL!C REFt~R~ NCE MA P (~~~1)

N7PY POINTS tiEr LIN~
~ PRV E’ 1 1’

IA PIA9LES ~ N T V ~ E: RELOCAT ION
• 10 ~‘)‘JNT INTCGER R~ FS 7

‘ 01112 T p~IT:r,:~ DEFIN!r’I
0 LA BEL INTEG~ ° ‘II’JUSEO F ,P, 3 fl~~ T N 0
0 VLC DEAL A R RAY F P • c-c 4 6 01FIPI

;‘ATTSTICS

I

• ~~ 53
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II — 2 CDC Star-100

The code for the 3-D phase demodulation problem was a natura l

extension of tha t for the 2-0 problem described earlier. The mode l for

the prob l em is described in (i~ . In particular the problem pushed the

capac i ty of Star to its limit as the density now was represented as a

25,000 word vector which because of the al gorithm structure required close

to the 65,000 word vector limit of the machine . This code was not used

for Monte Carlo production runs because of computer time limitati ons , but

as a check on the accuracy of the assembly code for the AP12OB code of

the next section .
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FORT MAiI R1.3 CYCLE I BUILT 09/27/78 20:40 SOURCE L ISTING
C00u1 P~ O R A M MA IN ( INPUT,OUTPUT,PU~ICH,UNITb .0UTPUT,UNIT5.IN?UT,

x U~ 1T1O~ SEE 0)
00002 U1M ~~NSLON XDAT (130,j3),XHAT (4),y1(35),y2 (135),

•EX P J N ( 3 5 ) , E X D O N ( ] 7 ) ,Y 3 ( 17 ) , P N F ( 3 , 3 )  ,Y4 1 3 5 ) , E X P 3 3( 1b , 16 3 ,
•u(3.3),PBAR (3,3),PM(3,3),A’1(3),F (3,3),PDJMMY (3,3),DDUMYZ (3,3)

00003 CUMMON/GN#JG*USS ,X ZZZ (2)
00004 REAL COSY (24576),SINY (24576),SN1(24576),SN2 (1536),JN (24576),

$JNI (26112),JNA (54272),DELJ (26312),S](1b),S2 (Lb),YB (24576),D (2000)
00305 RCAL YC (16)
00006 INTEGE I~ JPIS (1536),JNF (3072)
00007 INTEGE~ OPSEED,SDNORM,SDW~ T,SDRDWR, S0ST A~~,S)R’JN,SDSA~ E, SD~ EST
00008 BIT B3 (26112)
O’)309 

- 
D E S C R I ~~TDR DB,KJNF,DJMA, KJNS,DJNt ,DC

000 10 DATA SD NORM ,SDWRT ,  S0RDWR , SOSTAR , SORUM,303AVE,SD~ ES T
x /0,1.2, 1,2 ,3,4/

00011 NAMELIST !INSTR/ Y3EST,Q33C,ALF,GAM ,NUM3,
X YIEST,Y2EST,*LP11O,DELF,322C,NUM1,MUMZ,M02,N03,OPSEED,
X IPRIN

000 1? ASSIGN DB,JN( 1;lb) -

- I 00013 ASSIG N IcJN# ,JNF ( 1;3072)
00014 ASSIG N OJNA,JNA (1;491521
00015 ASSIG N KJNS,JNS (1;1536)
00016 ASSIGN DJN1,JN](1;26112)
00017 ASSIGN DC,JNA (]U7)
00018 CALL Q 3 C L O C K S C LO A T E , I T I M E )

• 00019 W R I T E ( 6 ,9 9 2 )  IO A T E , IT I M E
00020 992 F O R M A T ( ’  COMPILE V E R S I O N  5— Id—il,  N~ W FILT34’,

• X ‘. ()AT E ,T IM E • ‘,2A12)
00021 JGAUSSuO

• C SET SEED DEFAULT 
-- 

00022 OPSEEU • S D N O R M  
- -

00023 JSEED • SD.(UN
00024 IPRIN • 2

C63 F0R g1AT (4F1O .~~,I5)0O02~ kEAD (5,INSTR) 
--

00026 W,UTE (5,INSTR) 
-•

C64 FORMAT (5F1O .5,4I5)
C

00327 IF(JPSE~ D .EQ. SDR0~ R) GOT
) 31

00028 CALL GAUSS ISOSTAR , T M1,TEM2,TEM3 I
00029 GOT O 32
00330 31 CONTINUE
00031 CALL GAUSS (SORCST, TEML ,TEIq2,TEM3)

• 
Q9Q.32._ 3U ONTINUE

— -‘- 5-—.— —— C
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FORTRAN ~1.3 CYCLE I BUILT 09/21/78 20:40 SOU~~~E LISTING MAIN
00033 P 110.10.* * (A LP110/1O.)
00034 QQ Q22C~~* ( . 25)
00035 RX .(P110I (SQRT (2.O)*Q0))*$ (4.0/3.0)
00036 FT C~ SQRT (Z.0)*RX**( .25)/00000 37 - •  DELT.DELF TC .~~~

_ 
- - •

00038 Q22.Q2ZC*DELT .

00039 R11.RX/DELT - --  _ _ .

00040 R 1IM1 • 1./Ri! -  -

00041 P223.P11O*SQRT (Q22C/RX)
00042 

• 
ALFO .ALF*OELT . . .

00043 BET .1.0—ALFD
00044 A11.1O.**( (ALP1IO +GAM)/10.)
00045 • 

A22.P220 
- • -- -

00046 P330-•0.5*Q33C/ALF 
-

00347 A33 2.O*P330 
• •

00048 Q33•Q33C*DELT 
-

- • 00049 DEVIaSQRT(A11) 
• • - -  

--

00050 - 
DEV2 .SQRT(A22) - 

• 5-

00051 DEV3aSQRT(R11)
OO~)52 DEV 4.SQRT (A33) 

• • —- 
I 00053 DEVQ2-SQRT (Q22) 

- • •

H 00054 DEVO3 .SORT (033)
00055 KOUNT~~1
00056 LSAMP ’1
00057 NSAMP.0 

-

00058 SUMP1.O.O 
- -

00359 SUMP2-0.O 
- - - • • •

00060 SUMP3’0.0
00061 DELSQSDELT**2
00062 PI•4 . *A TAN ( 1.)
00063 P12•2.0*PI • --

00064 PIDLT .PI/DELT 
— -

00065 PINV .1.0/PI 
- • - -

000bb 
• 

PI2OLT.Z.0*PIDLT ’ - -

00067 U1.NUM1 
- - • - -

00068 U2.NUPIZ 
- - -- •

00069 U3.NUM3 
• -  —-

00070 1Y2-U2/PI2DLT*SQRT ( 50.0*022) +.5
00071 NTUM.IY2
00072 NTERMI..NTERM +1 

-

00073 NTUMI6~ P4TERM*16• 00374 NC .NTERMIb+1 
-

00075 NTa2*NTERMI 6
• 00016 NTAIS36 .14141536

00077 R55.0.5/R11

L~~~~ i

-~~~ 56

‘

~~ 

. 1 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

_____________________- ~~~~



~T I. 
• 

TTTJIII

FORTRAN RI.3 CYCLE I BUILT 09/21178 20:40 SOURCE LISTING MAIN
00078 CL-—0.5/A22 -

• 00379 CM.—O .5/A33
00080 SI•—O .5/A11 • - - -

- C ****f*********41*GRID Y1,Y2 AND YA *************************ase**.
00081 EDGIaPIIU !
00082 EDG2.°IDLT/U2
00083 DO 40 I.1,NUM1 • - -

00084 X-I— 1
00085 X .XIU1
00086 40 Yt (I)’—PI+X*PI2+EDG1 

-•

00087 00 50 I.1,NUM2 
-

00088 - X • I— 1  
-- - -

00089 • 
X sXIU Z 

-

00090 50 Y2 (  I ) .— PI DLT+X * P IZ DLT+EDG2
00091 DO 51 I.1,1Y2
00092 X.I 

- - •

00093 X•X1U2 
- -

- 
00094 - 51 Y3 (I)eX 

•

- 
00095 DO 55 I.J,NUM1
00096 COSY (I)•COS (Y1 (I))
00097 55 S I N Y( I ) .S I N(Y i ( I ) )
00098 S1(I;16).COSY (1;16)/R11
003 9 -

- 

S2 (1;16)eSINY (1;16)/R1i
• 00100 -~~~~ CALL VPRJP (SIMY,1)

03131 C A L L  VP~ DP (COSY,1)
C BEGIN NEW SAMPLE PATH

• 00102 - - 71 XP•O.5~ SQRT (A33)
• 00103 YY3•(NUM 3—1.O)/2.O+1.O

• • 00104 IY3~ YY3 
- -

• C
00105 1F (IPRIN .GE. 2) - •• X WR ITE (6,981)
00106 981 FORMAT (’l KOUNT,Xi,X2,X3, 21,22, ‘,

K I’ CXHA1,X3EST .ALOSSi TNLF’)
00107 DO 60 I-1,NUM3
00108 

- 
XX .I—YY 3

00109 YC (I).Y3EST+XP*XX
00110 60 YA (I).Y3EST+XP*XX

• 
- C *** $ *** ** ********** * DYNAMIC EXPONENTI A LS ******$***•**•*a••4•*$s

00111 IFUYZ.EQ.0)GO TO 153
00112 DO 150 Ia1,1Y2
00113 DON•PIDLT*PIZDLT
03114 150 EXDON (I).EXP (—DON !Q~2*(Y3(I)**2))
00115 DO 152 I.1,IYZ
00116 EX PONC I ) -E X DO N(  1Y2 +1— I)

— --5— _•:
. - •: - -r’ ”- ~~~‘~~~ r r5-~~~~~~~ ~~~~~~~~ ~~~~~~~ •: ~ ‘ ~~~~~~~~ ~~~~ 

~~~~~~~~~~~~~~~~~~~



- 
~~~~~~~~

_ _ 5 - 5 -~~~~~~~~~~~ • • - - - ••• •- 

I

F O R T R A N ~1.3 CYCLE I BUILT O~~F27!78 20:40 SOURCE LISTING MAIN
00117 1~ 2 EXPQN (1Y2 +1+L ).EXOON (l)
00118 153 EXPON (1Y2+1)— 0.5
00119 IYY .2*1Y2+I 

• • -

00120 LTERM2- 3
00121 DO 720 K-1,16 

- •  • 

- -  - —

00122 
- 

DO 720 1-1,16 
- — —

00123 XN U M~~(K—I )*XP +ALFD* (YA (I)—l..)
00124 XNUM .—O.5/Q33*XNUM**2 

• • -

00125 EXP 33(I,K)-0.0 
• 

--

00126 IF (XNUN .LT.—27.)GO TO 720
03127 EXP33 (I,K)-EXP (XNUM )
00128 720 CONTINUE
00129 LTERM-0
00130 LTEIthI6-LTERM *16
00131 LTERMI- LTERM+1
00132 LC •LTERM1b+1
00133 NSsNTA15 3b*LTERM+NC 

• -

00134 1-0 
-

00135 DO 339 K•1,16
00136 DO 339 N-1,16 

- -

00137 DO 339 J NTERMI ,IYY
H 00136 1— 1+1

00139 339 D (I)-EXPON (J )*EXP33 (N .K )
00140 A L O S S ’A 3 3  

-

00141 ALOSSO ALUSS
00142 X3EST • Y3EST
00143 X 3ESTO • Y 3EST

• C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ INITIAL DENSITY **************s**$**’
00144 IJK-O 

-

00145 DO 160 K’1,16
00146 ZZZ CM* (YA (K)—Y3EST)**2
00147 DC 160 J•1,96
00148 YYYaZZZ+CL* (Y2 (J)—Y2EST)**2
00149 DO 160 1-1,16
0015(3 IJK’IJK+1 

•

001~~1 X X X a Y Y Y + S I * ( Y I U ) — Y 1 E S T ) * * 2
• 00152 I F ( X X X . L T . — 2 7 . J G O  TO 159
• 00153 JN (LJK ) EXP (XXX )

00154 GO TO 160
00155 159 JN (IJK )aO .O
00156 160 CONT INUE

C ~~~~~~~~~~~~~~~~~~~~~~ INTEGER A RRANGEME N T * * ** *S* * * * * * * * * * ** * * * **. * *

00151 00 2 25 I•liZbilZ
00158 225 B3 (I)~~b’1’00159 1-0

I..
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F O R T R A N  ~1.3 CYCLE 1 BUILT 09/27/78 20:40 SOURCE LISTING MAIN
00160 DO 300 ‘(-1,16• 00161 DO 300 Jul.96 -

00162 1-1 +17
00163 300 B3U).8’O’

• 00164 DO 32.Q ‘(-1,3071,2 --

00165 JNF (K).(K—1)*8
00166 320 JNF (’(+l)-JNF (K) 

-

00167 1.0
00168 J1-0
00169 DO 332 ‘(-1,16
00170 00 332 J-1,96
00171 1-1+1
00172 IISJI +MOQ(23— (J—1)/6,16)
00173 JNS (I)—I1 -- -• 00174 332 J1.J1+32 

• -00175 
• - 

DELJ (1;17)-1t ./1Z. 
•

00176 DELJ (18;17)— O.75 
-

00177 DELJ (35;]7).7./12.
00178 DELJ (52;17)—5./12.
00179 DELJ(69;17).0.25 

-

30180 DELJ (86;17)—1.112,
00181 CALL VPROP1(DELJ )-5
00182 11 CONTINUE 

• -

00183 ‘COUNT-i-• 

00184 CA LL GAU SSIJ S EED ,D EvX ,Y1EST ,xf l
00 185 X DA 1( KOU NT , 1) .X 1
00186 CALL GAUSS (JSEED,D~ V2,YZEST,X2)00187 • 

CALL GAUSS (JSEED,DEV4,Y3EST,X3 )
00188 

- 
ACOS-X 3~ COS (X1)

00189 ASINu*3*SIN (X1 ) 
• - -

00190 CALL G A U S S ( J S E E D , D EV 3 ,A C O S .Z t )
00191 CALL GAUSS (JSEED,DEV3 ,ASIN,12 )
00192 GO TO 470 

- • - •

00193 450 CONTINUE 
• •

00194 X1-XI+X2*DELT 
- - 

— -

-- 

00195 XDAT (KOUNT,1).X1
00196 CALL GAUSS (JSEED,DEVO2,X2,X2)
00197 X3-X3*BET+ALf D
00198 CALL GAUSS (JSEED,DEVQ3,X3,X3 ) - •

00199 XDAT (KJUNT,5)-X3 
• 

-- 

•

0023U ACOS.*3*CCJS (X1)
00201 AS I1l-K 3*SIN (X1)

• 
.

•
‘- “

• 00202 CALL GAUSS (JSEED,DE V3,ACOS,Zi )
00203 CALL GAUSS (JSEED,DEV3 ,ASIN.Z2 )

C XP.0.5*AMAX1 (.001,SQRT (ALOSS))

- 4 .
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FO RTRAN R1.3 C Y C L E  I BUILT 09/27/78 20:40 SOURCE LISTING MAIN
00234 XP ..5*SQRT (ALOSS )
00205 XPO— .5*SQRTIALOSSO)

C XPO- .5*AMAX1 (.OOl,SQRT (ALOSS)))
00206 DO 603 I.1,NUM3 — -

00207 XX-I— YY3
00208 YA (I).X3ESTO’-XX*XPO
00209 600 CONTINUE -

00210 DO 730 K 1,l6 - -
00211 DO 730 1-1,16
00212 XNUM .—YA (L)+X3EST+XP* (K—YY3 ).ALFD* (YA (L)—1. )
00213 XNUMa—0 .5I033~~XNUM**2
00214 EXP33 (I,K)-0.O 

-

00215 !F (XNUM.LT .—27 .)GO TO 730
00216 EXP33 (I,K)aEXPIXN (JM )
00217 730 CONTINUE
00218 1-0
00219 DO 340 ‘(-1.16 -

00220 00 343 N.1,16
00221 DO 340 J - N T E R M L , IY Y  

•

00222 1-1+1 - - 

-

00223 340 D(I) EXPON (J)*EXP33 (N,K)
00224 470 CONTINUE

C *********************** ~~ SEN 3 O~ FUNCTI ON
00225 CALL Q3CLOCKS (T,TT)
00226 R11TZ1 — Zl*R11M1
00227 R11TZZ • Z2*R11M1
00228 S1(1;16) • R11TZL*COSY (1;16)
00229 S2(1;16) - RIITZ2*SINY (1;16)

• 00230 S1 (1;1b)’S1(1;16).5211;1b)
00231 J-l 

•

00232 DO 503 K.1,16 
- - - -

00233 - S2~ 1;16).S1 (1;16)* (X3ESTs(K—YY3)*XP )
00234 

• 
SN2 (1;16).VEX P S2(1;16);SNZ (1;16))

• 00235 CALL VPROP (SN2,0)
00236 SN1 (J; 153b).SN2 (1;1536)
00237 S2I1;16).—R55* (X3EST+ (K—YY3 )*XP )* (X3EST+ (K—YY3)*XP )
00238 SNZI1;1b).VEXP(S2 (];16);SNZ (1;16))
00239 CALL VPROP (5N2,0)
00240 SN1 (J;1536).SN1(J;1536)*5N2 (1;1536)

• 00241 500 J•J$’1536
C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ MAIN L~~OPO S T A R T S  *************** ~~ $ * * * *, * * * * * *)

-
~~~~ 00242 JMU;24576)-JNC1;24576)*SN1 (1;2457b)

~~~~ 
00243 CALL Q3VXTOV (X’02’,O,IcJNF,3,39,O,DJNA)
00244 CALL Q8VXTOVI X~ O2’,O,KJNS,Q,JC,O,DJN1)
00245 JNA (1;26112).JN1 (2;26112)—Jhl (1;26112)

• ‘
~ 60
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- FORTRAN R1.3 CYCLE I BUILT 09/27/78 20:40 SOU RCE L ISTING MAIN

• 00246 JNA (t;26112)-DELJ (1;26112)*JNA (1;26112)
00247 JN1U;26112)-JNIU;26112)+JNAU;2olIfl
00248 CALL PRVEC (’JNl ’, JNI)

- 00249 - • JNA (1;24576)aG$VCMPRS (JN1 (L;261ifl,B3 (i;26132);Jp4~ (1;2451b))
00250 JN1 (1;24576)—JNAI1;24576)
00251 J 1

-• -- 00252 1.1 - - • • - -

• 00253 DO 510 K 1,16
00254 N .I’NTERMlb
00255 JNA (N;1536)uJNI (J;1536)
00256 JNA ( 1;NTER MI6) uJNA ( L+153b ;NT ERM16 )
00257 JNA (P4+1536;NTERM1b ).JN1 (J;NTERM16)
00258 • .  J-J +1536 -

00259 • 510 1 1+NTAIS36
00260 P4.1 

- - - -
00261 11-0
00262 JK.1
00263 CALL P R V E C ( ’ J N A ’, JNA)
00264 DL) 700 1-1,16
00265 11-0
00266 JNI (N 1536) 3,O
00267 DC 690 ‘(-1,16

• 00268 J1-NS+I].
00269 J2uNS+I1
00270 DO 680 J.1,NTERM1
00271 JN (1;1536)—JNA (J1;1536)+JNA (J2;1536)
00272 JN(1;1536)-J N( l ;1536)* D(J K)

• 00273 JN1 (N;1536)—JN1 (N;1536).JN (1;1536)
00274 JK.JK +l 

-

00275 J1uJ1+16
00276 680 J2 .J2— 16 

-

00277 690 Ila Il+NTA 1536
00278 N-N+1536
00279 700 CON T IN UE 

- - •

00280 CALL PRVEC (’JNlT’ ,JNl)
00281 CN0~ 11uSUMLOG (JNl)
00282 IF (CNtJRM. I T.1.OE—20 )CNORM.1.0
00283 CNORM•1 ./CNOK M
00284 JNI1;24576)-CNURM*JN](1;245?6)
00265 SHAT a 0.
00286 CHAT • 0.
00287 SUMSC • 0.

~~~~ C 3—2 — 77• 
ooe9e DO 751 1-1.16
00289 SUMSC - 0.

‘
5- -
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FOR T RAN R1.3 CYCLE I 
• 

BU ILT 0 9 / 2 7/ 7 8  20:40 SOURC E L ISTING MAIN
00290 00 729 J-1,96 •

00291 00 729 ‘(-1,16
00292 - - -
002 93 I T E M P  • L+16* (J— 1)+153 l~* ( K— 1)
00294 SUMSC • SUMSC+JN (ITEM?)
00295 729 CONTINUE
00296 CHAT • C H A T + S U I I S C * C O S Y ( I )
00297 SHAT • S HAT+ SUMSC *SI NYI I )
00298 75 1 CON TI NU E

C JNA ( 1;24 576) - COSY ( 1;24 576) *J N( 1;24 576 )
C CHAT - SUML O G ( J NA )
C J NA C 1;2 4 5 7 6 ) - S I N Y ( 1 ;2 4 5 ?6 ) *J M( 1 ; 2 4 5 7 6 )
C SHAT .SUMLOG (JNA ) 

•

00299 C X H A T • A T A N Z ( S H A T , C H A T )
00300 J.1
00301 DC 343 Kal,i6
00302 Y 1 3 ( J ; 1 5 3 6 ) a ( X 3 E S T + ( K — Y Y 3 ) * X P )
00303 343 J-J+1536
00304 JNA (1;245?6)-Yd (1;24576)*J’4C1.;24576)
00305 X 3 E S T O — X 3 E S T

k 00306 X3EST .SUMI.OG (JNAJ
00307 JNA (1;24576)aJNA (1;245?6)*Y8 (1;24576)
003Db A LOSSO •ALOSS

II 00309 ALOSS .SUMLOG (JNA )
00310 A LUS S .A MAX I A L O S S — X 3 E s T * X 3 E S T , l . E — 1 8

C ** * * * *$ * ** * **+ * ** * * * * ** * **  M A IN L O O P  E~4 DS * * * * ** * * * * * * * *$ ** ** * * * *
00311 CALL Q3CLOCKS (TNLF,TT )
00312 11- C IPR IN .GE. 2)

K WRITE (6,201)KOIJNT,X1,XZ,x3,Z1,Z2,CXHAT,X3EST,ALOSS
- 

00313 201 FORMAT ( 1H , I5,1X,1P3E14.6,4X,1P2E14.6,4x,1P3E1,.6
00314 IFIIPRIN .GE. 2)

K WR IT E(6 ,888 0 )T M LF
00315 8880 FO RMAIC 1Il ,1PE12.6)
003 16 I F( KOUM T.EQ .NO2 ) G O TO 505

• 00317 X DAT ( KQ U NT ,2 ) .CXH A T 
- 

- _
00318 XDAT (KOUNT,3)—ALOSS 

- • 

• _ -- -

003 19 X DA T ( ’ ( O U N T ,4 ) -X 3 E S T  
- - 

- •

00320 KOUNT-KOUNT+1 - 

•

00321 co TO 450
00322 505 CONTINUE
00323 SUNP.0.0
00324 SUMC.0.0 

- • - - -

00325 XDAT (KOUNT,2)-CXHAI 
-

00326 XDAT (’COUNT,3)-ALQSS 
-

00327 XDAT (’(OUNT,4).X3EST

a
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FORTRA N RL.3 CYCLE I BUILT 09/27/78 20:40 SOURCE LISTING MAIN
• 00328 DO 1501 I-31,NO2

• 00329 XD-ABS (XDAT (I,l)—XDAT (I,2))
00330 

- 
1498 CONTINUE 

-

00331 IF (X3.GT.PI )GO TO 1499
0033 2 GO TO 1500 • .  •

00333 1499 XDaXO—PI2 
- - • 

• -

00334 GO TO 1498 
00335 1500 SUMP-SUMP+XDS*2
00336 1501 CONTINUE - •

00337 H.N02—30 
- - -

00338 SUMP.SUMP/H
00339 XNSAMP-NSAMP -

00340 XAA .XNS AMP+L.0
00341 SUMPI. (SUMP +XNSAM P*SUMPL ) /XA4
00342 DSUMPI.•ALOGIO (SUMPI)*10.0
00343 DO 1601 I~~31,NO2
00344 XD .ABS (XOAT (1,5)—XDAT (I,4))
00345 1698 CONTINUE

• 00346 IF (X~1.GT.PI )GO TO 1699
00347 GO TO 1700 

- -

00348 1699 XD~ XD—P I2
00349 GO TO 1698
00350 1700 SUMC SUMC+XD**2
00351 1631 CONTINUE • -

00352 SUMC .SUMC/H -

00353 SUM P2- (SUMC+XNSAMP * SUMP2 ) /XAA
00354 DSUMP2 ALOGIO (SUMP2)*10.O

• 00355 WR ITE (6,1511)NSAMP,SUMP1,DSUMP1,SUMPZ ,DSUMP2
00356 1511 FORMAT(1 H ,I10,1P4E14.6)
00357 NSA MP .NSAM P+1 

- -

C 5 - -  • - -

C OPTION AL SAVE OF SEED
00358 IFI (OPSEED .EQ. SDWRT ) .OR. (OPSEED •E0. SDRDWR ))

K CALL. GAUSS (SDSAVES TEM1,TEM2,TEN3)
C

00359 IF (ISAMP •EQ. N03) GO TO 2230
00360 ISAMP - LSA MP+1
00361 GO TO 71
00362 2200 CONTINUE

• C
00363 STO P 5

00364 END 
- • -
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FORTRAN R1.3 CYCLE I BUILT 09/27/78 20:40 SOURCE LISTING
00001 FUNCTION SUMIOG (A)
00002 REAL A (26112),C (12288) -
00003 •~~~~~ C (1;12298)-A (1;122da)+A (1228~~;122 68)
03034 - 

C (1;6144)-C (1;6]44)+CCb145;6144) 
• 

- 

-

00005 C (1;3072)-C (1;30721 +C (30?3;3072 I
09006 

• - 

C (1;1536).C (i;1536)+CC1537;1,36 ) ~
00007 

- 
C (1,768)aC (1,?68)+C (7o9,768)

00008 C (1;384)-C (1;384)+C (3d5;384)
00009 - C (1;192)~~CU;192i +C (193;192)
00010 C(1~ 96)•CC1;96)+C (9i;96 )
00011 C(1;48).C(1;48)$-C(49;48)
00012 C (1;24).C (1;24)+C(25;Z4)
00013 C (1;12)~~C (1;12)+C (13;12)
00014 C (1;6)-C (1;6)+C c 7 ;6  • •

00015 C (1;3)—C (l;3)+C (4;3) 
- —  • - —  - -

00016 SUMLOG•C (1)+C (2)+C(3) - -
00017 RETURN
00018 END - - - - - --

- •. - 5 - - -  • -

S 
- - -  • • -  -

- 

-

I 

- - - 5 -  

• :. -:
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FORTRAN R1.3 CYCLE I BUILT 09/27/78 20:40 SOURCE LISTING
00001 SUBROUTINE VPROP (A ,L)
00002 REAL A(24576)
00003  IF (I.EQ .2fl0 10 10 - - -

00004   AC17;16)aA (];1b ) • -

- - 
00305 A (33;32).A (1;32) • - _ - -  -
03006 • • 

A (65;32).A(i;32) - •

00007 10 A (97;96).A (1;96) - • - -  - 

•

00008 AC193;192)~~A (1;192). - - -

00009 AC385;384)aA (1;384) - -

00010 A ( 7 6 9 ; 7 6 8 ) aA ( 1 768)
00311 IF( I .EQ .0) RET URN -

00012 A ( 1 53 7 ; 15 3 6 ) -A ( 1  1536)
00013 A (3073;3072)-A (1 3072)
00014 A (6145;6144)-AC1;6144)
00015 AC 12289;12288 )-A (1;12288)
00016 R E T U R N  -—

- - 
00017 E N D -

65
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FORTRAN R1 .3 CYCLE I BUILT 09 /27 /78  20:43 S(~URCE L ISTING
00301 SU8i~OUTINE VPR~JP1 (4) --
00032 REAL 4(26112)
G0033 A (103;102)-A (1;102) 

-• - -

00034 A (205;204)-A (i;204) • -

00005 A ( 4 3 9 ; 4 0 8 ) •A C 1 ;4 0 8 )  -

C0306 A (817;816)-A (];816) — -  - - - -00007 A ( 16 3 3 ; I6 3 2 ) -A C 1 ; 16 3 2 )  
-

00008 A (3265;3264)sA11;3264) - - - - • -

00009 A (652 9;652 8) -A (L ;652 6) 
-

00010 A (13057;13056).A (1;13056)
00011 RETURN
00012 END

• I — — • —

• 1 • — • — —

5,-
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FORTRAN R1.3 CYCLE I . BUILT 09/27/78 20:40 SOURCE LISTING
00001 FUNCTION RNMF (NS,MJDE)
00002 DIMENSION P45(2), NC (2)
00033 COMMON /RN/ Ni, N2, VIP, Ti, T2 

- -  -

- 00334 DATA Ml, P12/244 734, 158551/
C MOO E— O TO CONTINUE , OTHER 4ISE RESTA RT WITH

— -  - C - INTEGER NUM 8ER t4SCj~)*2*$18+NS (2)
00035 IF (MODE) 10, 100, 10
00036 10 N1.NS (1.) --

00007 N2-NS (2)
00008 T1.2.**(— 18) - -
00009 T2.2.~~*(—36)

• - 00010 MPa2**18- 

00011 RETURN 
• -

C
- 00012 300 00 200 1-1,2 

- - -

00013 GO TO C11O,120),I
000 14 110 K-M2* N2 • - - • -• 00015 GO TO 193
000 16 120 K MI*N2+M2* N1+KD
00017 190 KDuK/MP _ 

-

00018 200 NC (I)•K—KD*MP 
• -

000 19 N1.NC(2) 
- •

00020 N2-NC CL )
00021 XN1.NL 

-

00022 XN2-N2
• 

- 00023 RNNF .XNL*T1+XN2*12
00324 RETURN
00025 END
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FORTRAN Ri.3 CYCLE I BUILT 09/27/78 20:40 S]~ RCE LISTI NG
03001 SUBROUTINE GAUSS (JS,SD,XM ,X )
00002 DIMENSION N S T ( 2 )
00033 COMMON FRN/ Ni, P42, MC, Ti, 12
00004 COMMON /GN/ J,XR (2)

C S E L E C T  - 
RESTART,RUM ,SAVE ,RESTORE 

- •  - - -

C - • -  - - 5 - -- 
•

00305 GO TO (10, 20, 101, 201),JS
03006 10 J’l
0003? TWOPI.8.*ATAN (3.) 

- 

- -

000-JO NST (1).244734
00009 NST (2)a158551
00010 NST (i)~~1O2943
00011 NST(2).185b].7 

-

00012 XR (1)aRNNF (NST,1)
00313 RETURN 

-

C
C R U N  (GENERATE RANDOM NO.)

00014 20 GO TO (30.40), J
00015 30 J-2 

- -

00016 XR ( 1) a RN NF ( NST ,0)  -

00017 35 XK (2)-RNNF (NST,C)
H 00018 X1.SQRT (ABS (—2.*ALOG (XR (1))I)

00019 XR (21 .TWOPI*XR (2)
• 03020 XR (i).X1*SIN (XR 2~~
- t 00021 XR (2)•X1*COS (XR (2))

03022 X-XR (1)*SD+*hl
00023 RETURN
00324 40 J.1 

-

00025 X-KR (2)*SD+*M 
-

00026 RETURN
C 

-

C SAVE SEED
00327 101 REWIND 10
00028 wRITE (10,991) N1,N2,J,XR (2)

- 
00029 WRITE (b,991) N1,N2,J,KR(2)
00030 RETURN 

- 5-

C 
-— -

C R E S T O R E  S E E D
00031 201 CONTINUE
30332 REWIND 10
00033 READ (10,991) NST (1),NST (2),J,XR(2)
00334 WRITE (6,991) NST (1), NST(2), J,XR(’)
00035 TWOPI • 8.*ATAN (1.) —

00036 XR (1) - PNNF(NST,1 )
00037 RETURN

68
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- FORTRAN R1.3 CYCLE I BUILT 09/27/18 20:40 SOURCE LISTING GAUSS
C

00038 991 FORMAT (’ RANDOM SEEDS •,3I10,E28.18)
00039 END -
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FORT RAs~) R1.3 CYCLE I BUILT 09/27/78 20~ 40 SOURCE LISTING
00301 SUBROUTINE PRVEC (LAB EL ,VEC )

C PRINT SELECTED VECTOR COMPONENTS
00302 INTEGER LABEL,DIII12,COUNT 

-

00003 REAL VE CCI )
00004 DATA D1M12,C0UNT11536. 0/ 

- 

-

03035 IF(COUNT •GE. 0) RETU RN
00006 COUNT • COUNT41 - • 

• —

00037 WRITE (b,99) COUNT, LABEL ,
* VEC (31M12*7-s1), VEC (DIM1Z*71760), VEC (DIM12*7+1148)

00008 99 FQRMAT (’ PR. ENTRY •,15,’ At PNT . •,A4,
* 5E14.7)

00039 RETURN 
-

00010 ENO - 

- - -

- -

-

~~~~~~~~~~~~~~ 70



- 3 The API2OB Fortran , Assembly Language , Vector Cha i ner

8y referring to figure 1 the structure of the code for the Monte

Carlo restartable code for the 3D phase demodulation becomes clear. The

code is made up of three different types, Fortran Code, Assemb l y Language

API2OB Code, call ed as a Fortran Subroutine Vector Cha i ned API2OB Code,

which is the concatenation of Assembly Language Codes . The restartable

features of the code, the current Monte Carlo averages are written to a

file after each sample path , were provided by M i lt Campbell. This program

was used to generate the statistica l data pr~~ided in - The time

critica l convolution loops are realized by the assembly codes RLNLF.FSO

and STHI RD.FS0 which convol ve over phase rate and amplitude resptctlvely.

The coding of these loops are time optima l for the AP1208.
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THIS FILE CONTAINS INFORMATION O?I )L0’J TO RUN EXCO.

M. CAMPBELL (SYSCON DESIGN)
OCTOBE R 9, 1978

SECTIONS ARE PREC EDED BY A LINE
I IN

WHERE N [S THE NUMBER. TIlES ALLOWS EASY ACC SS VIA ~HE EDITOR .

CONTENTS.
#91—RUNNING THE PROGR AM
##2 -LOOKING AT DATA FILES
913—RECOVERING FROlI ERRORS
#04-DATA FILE FOLMAT
#95—FORTRAN SOURCE FILES
#96-COMMAND FILES

ID! RUNNING THE PR OGRAM -

#91.1 THE PROGRAM IS ON FILE E~CO.TSK SO IT HAY 5i ~t1IN AS A NORMAL
RSX—1IM PROGRAM. ON STARTUP THE PROGRAM EXPECTS THE FILES
‘INITIAL .DAT’ AND •RESTA RT.DAT’ TO BE PRES EN T A~D TO CONTAIN
THEIR CORRECT VALUES (SEE DATA FILt STRUCTUi~E). 

‘INITIAL.DAT ’ ~ o
CONTAINS DATA CONSTAN T FOR A RUN AND ONCE F.DITTEL) TO YOUR
SATISFAC TION N EED NOT BE MODIFIED . ‘RESTART.DAT’ IS DYNAMICALLY 2
UPDATED B? THE PROGEA~! AND CONTAINS THE CL~~REN T REST.UtT
INFORMATION . FOR ThE INITIAL RUN OF THE ?~tOGRA.M ONLY !, I-’
FILE RESTART.INT’ SHOULD BE COPIED TO RF.STA~T.DAT TO F2 SURE
THAT A RUN OF THE PROGRAM %JILL INIT IALIZE PROPERLY .

#01.2 COMMAND FILE ‘NEWRUN.DAT ’ IS PRO’/I!)ED TO SET ~ P THE IVSTA FILES
- FOR INITIATINC AN EXCO RUN. IT RENAMES ANY OLD RESTART FILES

(WH ICh CONTAIN FINAL RESULTS OF I~UN S) TO HE ‘RF.STM~T.OLD ’,
5- DELETES ANY EXISTiNG BACKUP FILES, CREATES A~ INITIAL RESTART

BY COPYING ‘RESTART.INT’ TO RESTART.DAT A~~) E> ITS . THE FILES
ARE NOW READY FOR AN ‘RUN EXCO’ COMMAND.

#01.3 PROCR AZ f CTLXGO IS PR OVIDED TO ALLC~J ORDERLY S’~~T DOWN 0? EXCO
• EXTERNALLY. EXCO USES EVENT FLAG 54 FOR CONTROL. IF, AT

THE END OF TIlE MAI N LOOP, THE EVENT FLAG iS SET EXC.O s:iuIS
DOWN WITH THE DATA FILES SET UP FOR RESTART.

#92. GETTING DATA

#92.1 RUNNI NG VALUES. TilE FI LE ‘RESTART.DAT’ ALWAYS CONTAI’.S T~(E
RESULTS OF TUE LAST TIN E THROUGH THE OUTEi ~ LOOP OF EXCO.
IT IS THIS FILE THAT WILL SF. 1PS~ : IF  IXCO ~S INTEL ~RCr~~-:l) :.Nn
THEN RESTARTED. F.XAHINING ‘RESTART.DAT’ O~L3 PètOVI~)E
TCIC LATEST INFOR -!ATION ON THE STATUS (IF F:X~J.

THE FILE BACKUP.DAT’ CONTAINS TUE .SAN~ VALC~ S AS ES r AR T. DAT
HUT FROM TUE PREVIOUS L’ASS THROUGh TilE 0~JI~~-~ ~.OO’. ~~~~
IS TIlE SECONDA~(Y RECOVr.RY FILE IN CASE TiiEC~ IS SO~~ p

~osi.~::WIT H RCSTA RT.DAT ’.

092.2 START STATUS. A NEW VERSION OF LINSTAT .f).~T’ !S C~~ATt~
EACH TitlE EXCO IS STARTED AND ANYTIME TI!E PROGRAM FALLS

-— 
c~~~~~~~~~~_ _  
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#92 .3 EXAIIINflIG THE FILES. RESTART .DAT’ AND ‘BAC~ U? .DAT ’ SHOULD
BE EXA~4INED ONLY WITH EXGO NOT RUNNING, SINCE EXCO lu LL
QUIT (WITH AN ERROR ON ‘RUNSTAT.DAT’) IF It CAN NOT ACCESS
BOTH FILES.

‘RUNSTAT.DAT’ HAY SE EXAMIN ED AT AN? TL’IE AS A NEW VEZSION IS
CREATED AS NEEDED.

#03. RECOVERING FROM ERRORS.

#93.1 IF EXGO ATT~~IPTS TO EEEP THE RESULTS OF TNt~ LAST TL’IE ThROUGH
THE OUTER LOOP ON THE FILE ‘RESTART .DAT’ AND THE RESULTS
ON THE PR EVIOUS PASS ON ‘BACKUP .DAT’. ViE OLD DATA IS COPIED
FROM ‘RESTART-.DAT’ TO BACKUP.DAT’ BEFORE WRITING TILE
N~J DATA TO ‘RESTART.DAV.

IF E~~ O IS UNABLE ~O ACCESS ANYONE OF INITIAL.DAT’,
‘RESTART.DAT’ o:-~ MCKUP.DAT’ , OR IF THERE IS SOME ERROR
IN READING THEM (END—OF—FILE OR CONSISTENCY CHE CK BAD), It
WRITES AN ERROR MESSAG E ON ‘RUNSTAT.DAT’ AND STOPS.

903.1 IF RESTART.DAT ’ IS BAD BUT ‘BACKUP.DAT’ IS GOOD , RENAM E
BACKUP.DAT’ TO BC ‘RESTART.DAT’. THIS RESULTS IN THE LOSS

OP ONE PASS TI ~ OUGH THE OUTER LOOP.

#93.2 1? BOTH ‘RESTART.DAT’ AND BACEUP.DAT’ ARE EAD , THE
LATEST ‘RUNSTAT.DAT’ CAN BE USED BY RE NAMING IT TO
BE RESTART.DAT AND ED ITTING THE TIM E TAG (LINE 1)

-
• OUT. THIS RESULTS IN LOSS OF ALL DATA SINCE TUE LAST

SUCCESSFUL RESTART.

THIS SHOLILD BE A VERY RARE CASE SI~CE EXCO DOES t:or
HAVE MORE THAN ONE OF ANY OF ITS FILES OPEN AT ONCE.

#94. DATA FILE FORMAT.

#14.1 RESTAItT.DAT—THE MAIN RECOVERY DATA FILE. IT IS ACCESSED
EACH TIME EXGO IS STARTED FOR THE RUNNI N G VALUES TO BC USED.

FOR~ffiT : (NOT E, THE ACTUAL FILE HAS COM~t A S  AFTER SOME VALUES,
THESE ARE FOR EASE IN EDITING AND SHOULD BE RETAINED)

LINE USE

1 CURRENT VALUE FOR ISAMP
2 CURRENT VALUE FOR IISAM P
3 CURRENT VALUE FOR SU~tP1

- 

-. 
4 CURRE NT VALUE FOR SLDIP2 -

-
~ - S CURRENT VALUE FOR JCAUSS

6 CURRENT VALUE FOR DZZZI
-‘ 7 CURRENT VALUE FOR XZZZ ( 1)

8 CURRENT VALUE FOR XZZZ (2)
9 COMMENT LINE(NO DATA I’ ON T’IIS I.P :E)

.~ 10 6 INTERNAL VALUES FOR GAUSS (THE AR RAY X ST)
11 7 INTE RNAL VALUES FOP. ~~NF (N I IC) :;G AN!) ~1~)
12 3 I~ITF.RNAL VALUES FOP. };A~ F (11 IC) fl)

:. 13 3 INTERNAL VALUES FOR ~ANF (14 10
16 THE INTEGER VALUE ‘12345’ IS REQ~ iR~ D. EXCC1

-
- ~~- USES THIS AS A CIu:Ch: Tii ~AKE sw~ : ~~~ FI LE ~AS

• CORRECTLY WR I TTEN.

a-.

7’,
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994.2 INITZAL.DAT-CONTAINS CONSTANT DATA FOR A RU! , BUT THA T MAY
VARY BETWEEN RUNS. TILLS PILE HAY BE EDITED TO CHANGE RU~iCHARACTERISTICS.

FORMAT:
LINE USE

1 I?RNT—IV NON—ZERO THEN THE ‘CYCLIC I~PL1T’ DATA IS LISTED
2 JPRNT—INNER LOOP DATA (IN NDRV3D AND LEAF) IS LISTED

WH EN ~Z)D(KO(JNT,JPRNT ) IS ZERO. SET IT LARGER THAN
IF NO DATA IS DESIRED.

3 KIRNT-RUNNIN C RESU LTS ARE PRINTED IJH EN ~)D(ISAMP,KPRNT)
IS ZERO. SET TO PRiNT INTERVAL

4 ALPIIO
S DELI
6 Q22C
7 Q33C
8 N02
9
10 ALP

994.3 RUNSTAT.DAT-A NEW VERSION OF THIS FILE IS CREAT ED EACH TIME
IT IS NEEDED. IT EITHER CONTAINS THE TI~~ AND DATE OF
A SUCCESSFU L RESTART, 111TH THE RESTART DATA IN ‘RESTAP.T.DAT’
FORNAT OR AN ERROR MESSAGE.

#~ 4.4 RESTART .INT—THI S FILE CONTAINS THE INITIAL VALUES OF
‘RESTART .DAT’, SO A NEW RUN WILL INITIALIZE PROPERLY .
IT HAS THE SA~LE FORMAT AS ‘RESTART.DAT’.

IM.5 BACKUP.DAT—THIS FILE IS A COPY OP RESTART.DAT’ MAD E
BEFORE WRITING NEW VAL UE S TO THE RESART FILE. IT HAS THE
SAME FORMAT AS ‘RESART.DAT’.

#95. FORTRAN SOURCE FILES

$ 

#95.1 NDRV3D .FTN
THIS FILE CONTAINS THE SAME ROUTINES AS IT ORIGINALLY DID,
HOWEVER NDRV3C) ITSELF (TU E MAIN PROGRAM) HAS SEEN HEA VILY

-
. 

- 
. HODIFTED TO INSTALL THE RESTART CAPA~1LITY. MINOR RODS

TO CAUSS AND BAZIF TO INCLUD E THEIR RE~~ 4BERED VALUES IN
CONMON SO THEY CAN BE WR ITTEN TO FILES.

#95.2 LEAF.FTN
• THIS FILE CONTAINS THE SAME ROUTINES AS IT OP.ICINNAI.LY DID,

LEAF HAS BEEN SLIGHTLY MODIFIED TO MARE THE PRINTING 0? DATA
AT THE END OF EACH CALL OPTIONAL. -

195.3 KILLHE.FTN
SUBROUT INE KILLtI E IS CALLED AFTER SETTIr C UP THE RECOVEHY
FILES TO SEE IF EVENT FLAG 54 HAS BEEN SET . IT SO IT
EXECUTES A STOP.

015.4 F.RROR.FTN
S1JHROUT [NH ERROR IS CALLED W HE N E’~G~ f~ISCOV~~~S ,~~y F.~~~~
DURING A RESTART ATTF.sI’F OR WHEN TRYI~C TO SET U? THE
RF.~ TAI~T fILES. FRRO~ CR(~Af ES A VF.RS[~)N oF ‘~(C~;STAT.~ .\T ’
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¶

CONTAINING ANI) ERROR MESSAGE A~D STOPS.

#95.5 CTLXCO.FI N
PROGRAM CTLXGO IS AN INDE PEN DENT PROGRA~1 THAT SETS EVEr:T
FLAG 54 SO THAT EXCO WILL STOP ON ITS NEXT PASS TRRO~ GiITHE OUTER LOOP.

#96. COMMAND FILES

#96.1 TEST.cMD
CONTAINS TILE NECESSARY COMMANDS TO TKB EXGO.

#96.2 N EWRUN.CH!)
CONTAINS THE NECESSARY COMNANDS TO REINIAL T.ZL. THE
DATA FILES FOR A COMPLET E LY NEW RUN OF EXCO.

>

f 
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.ENABLE DATA

.OPEN BOXBLD.CMD
• EXCO/FP/CP,EXCO/CR/—WI—BOXBLD/MP

UNITS—lO
ASG—AP: 8,APR :9,AP2: 10
P1(1—10
I,
.CLOSE -

.OPEN BOXBLD.ODL -

.ROOT HAIN_* (XI LL,ERR GLOB PREST)
MAIN: .FCTR NDRV3D— (1,1JFPSLIB/L~ :APINIT—t1 ,13FPSLIB/L3—[1, LISHORT
ERR : .FcTR ERROR
KILL: .FCT~1 KILLME
GLOB: .FCTR (340,3403GL03AL— (1,1JFPSLIB/LB
REST: .FCTR RESTI-REST2—REST 3—REST4— ( 1, 1)FPSLIB/LB

LEAF—(340, 3401 LC—( 1, 1) FFSLIB/LB
REST2: .FCTR (340,3403M— (340,340)W— f1,LJ FPSLIB/f-.B
REST3: .FCTR (340,34OJZSUM-.(340,34OjXSUM— (1, IJFPSLI3/LS
REST4: .FCTR (340 3403 TTNOV—(1 , 1JFPSLIB/L3

.END
.CLOSE
PIP EXGO .TS(~;*/DE
TKB @BOXBLD
Pug EXCO.*,SOXBLD. *

>
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FORTRAN IV—PLUS V02—51D 11:10:03 05—APR—79 PAGE 1
NDRV3D.FTN /TR: BLOCKS/y R

C~~ NDRV 3D.FTN
C NDRV 3D : NEW 3D DR IVER LINE AR LOGGIC
C VERSION 5/28/78
C MODIFIED FOR AUTO RESTART 10/4/78 (M.CAMPBELL)
C

0001 REAL JO(1536) ,JOO(1536) ,XDAT( 130 ,IO) ,NORM MNEW ,MOLD
0002 INTEGER SNIZ,SINFZ COSFZ,DELZ ,AZ,S1Z ,S2Z I TIZ ,T2Z

¶ 
0003 INTEGER H
0004 INTEGER COSF SINF ,CEIL,ACOOLD,ANOLD,AGONEW,ANNEW
0005 INT EGER AAOLD , AANEW ,ASC1 ,ASC2 ASC3 ,AA2R , AXP1 ,AADLT
0006 INTEGER ASS
0007 INTEGER AXP2,AGA,ACLF AAMI,AAM2 ,AZJ ,AXJ,ANORM,ASJ

0008 BYTE MYDATE( 9) ,MYTTME (8)
C THIS COMMON BLOCK CONTAINS PRINT CONTRO L VARIABLE

0009 COMMON/PRINTC/IPRNT ,JPRNT ,KPRNT ,KOUNT
0010 COMMON M,N,KMAX,A11,A22 ,Q33C,PIDLT,ALF,DELT ,CONST,R11 1

1 MNEW,MOLD,GONEW,COOLD,PI TWOP I Y 1EST,Y2EST,Y3EST ,
2 CHAT,SHAT,XHAT NORM,JO,Z1,Z2,
3 COSY( 16), S1NY(16)A141

0011 COMMON /GN/ DZZZI , JCAUSS, XZZZ(2)
C THIS COMMON CONTAINS GAUSS INTERNAL VARIABLE FOR RESTART

0012 COMMON/GSEED/INTRNL(6)
C THIS COMMON CONTAINS BANF INTERNAL VARIABLES FOR RESTART

0013 COMMON/BFINT/ IBNF(7) TBNF(6)
0014 COMMON INFLAG,LCHAT ,LSHAT,SN1Z ,COSFZ,SINF Z,DELZ ,JNSZ I JZZ

I MEMS,AZ ,S1Z ,S2Z ,INSUFZ ,TIZ T2Z ,ITOPS ,ALDLT CA ,Q33,COSF,
— 2 SINF ,KBIAS ,CEIL ,A~ OOLD ,AMOLD ,AGONEW ,ANNEW ,AAOLD ,AAN EW ,ASC1,

3 ASC2,ASC3,AA2R AXP1 ,A.ADLT,AGA,AXP2,ACLF,AAM1,AAN2 ,AZJ ,AXJ ,
4 ANORM ,ASJ ,ASS 

-

C
C **~~**~~*~ * * * * * * * * * ~ START RUN INITIALIZATION *~~*~~~~~~~~ *~~~*

0015 NORM’l.O
C MYFLAC IS THE EVENT FLAG USED TO CONTROL EXCO

0016 MYFLAG—54
0017 CALL CLRZF(MYFLAG)
0018 CALL DATE( MYDATE)
0019 CALL TIME(MYTIHE)

C
0020 M-16
0021 N—96
0022 KMAX—16
0023 IDEV ’S

C BOX MEMORY ALLOCATIONS
0024 INFLAC—1 7
0025 LCHAT—18
0026 LSHAT I9

— 0027 SN1Z—20
0028 COSFZ—SN1Z+ M

- - 0029 SINFZ—COSFZ4I
0030 DELZ SINFZ+M
0031 JNSZ—DELZ+N
0032 JZZ—JNSZ+N
0033 MEKS~JZZ+M*N+M
0034 AZ—MEMS+ 1 1
0035 S1Z—AZ+ 1 1

78
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0036 S2Z—SIZ+M
0037 INBUFZ—S2Z+M
0038 TIZ—INBUFZ+2
0039 T2Z—TLZ+M
0040 ITOPS_AZ+21+4*M
0041 ALF—1.

C READ GENERAL PARAMETERS FROM FILE
0042 OPEN(UN I T I ,NAME— INITIAL.DAT ,T PE— 0LD ,ERR—5000)
0043 READ( 1 9999 ,END— 5000)IPRNT ,J PRNT ,KPRNT ,ALPIIO ,DELF QZ2C Q33C ,

X N02,N03,ALF
0044 9999 FORMAT(3(15, / ) , 4(E15.8, / ) 2(I5 ,/ ) ,E15.8)
0045 CLOSE(UNIT—1)
0046 IP(IPRNT.NE.0)WRITE (IDEV,651) YIEST ,Y2EST ,ALPLIO,DELF ,QZ2C,N02
0047 651 FORNAT( , CYCLIC INPUT /4X ,5F10.5,115)
0048 P110.10.**(ALP1IO/10.)
0049 QQ Q22C**(.25)
0050 RX (P11O/(SQRT (2.O)*QQ))**(4 .O/3.O)
0051 FTC.SQRT(2.O)* pJ(**(.25) /QQ
0052 DELT~DELF*FTC
0053 Q22.Q22C*DELT
0054 Q33_ (!33C*DELT

— 
0055 R1 1—RX/DELT
0056 P220_P1IO*SQRT(Q22C/RX )
0057 ALDLT~ALF*DELT
0058 GA—I .—ALDLT
0059 AII_IO.**((ALPLIO+1.4)/1O.)
0060 #22— P220
0061 P330— . 5*Q33C/ALF
0062 A33~2.0*P33O
0063 P 1—3.1415926536

• 0064 P 12_2*PI
0065 TWOPI.2.O*PI
0066 PIDLT—PI/DELT
0067 CONST__2.O*PIDLT*PIDLT/Q22
0068 DEVI— SQRT(A11)
0069 DEV2— SQRT(A22)
0070 DEV3— SQRT(R 11)
007 1 DEV4 SQRT(A33)

• 0072 DEVQ2—SQRT(Q22)
0073 DEVQ3—SQRT(Q33)
0074 YIEST 0.
0075 Y2EST—O.
0076 Y3EST—I.
0077 1Y2_96./2./PIDLT*SQRT(50. *Q22)+.5
0078 KOUNT—1
0079 C0SF—2O$~4
0080 SINF—COSF+M
0081 KBIAS~M*(N+1)

¶ 0082 CEIL_ITOPS4IU4AX*KBIAS
0083 AGOOLD CEIL+1
0084 ANOLD.ACOOLDf 1
0085 AGONEW—AIIOLD4 1
0086 ANNE W-ACONE W$-I
0087 AAOLD—AMNEW+I
0088 AANEW-AAOLD+KMAX
0089 ASC1 —AANEW+KIIAX
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0090 ASC2—ASC1+KNAX
0091 ASC3—ASC2+$O1AX
0092 AA2R—ASC3+KMAX
0093 AXP 1—AA2R HO(AX
0094 AADLT—AXP 1+1
0095 AGA-AADLT+l
0096 AXP2—AGA+ 1
0097 ACLF—AXP2+I
0098 AAML.ACLF+KMAX*KMAX
0099 AAN2—AAMI+1
0100 AZJ—AAN2+1
0101 AXJ—AZJ+IQ4AX
0102 ANORN—AXJ4M

• 0103 ASJ—ANORM+1
0104 ASS—ASJ+KNAX

C——— READ RESTART FILE
- C NOTE—FIKST RUN IS CONTROLLED BY RESTART FILE VADES ALSO

C
0105 OPEN (UNIT—1,NA — RESTART.DAT ,TYPE— 0LD ,ERR—5010)
0106 READ(1,9998,END—5015)ISAMP ,NSAMP ,SUMPI,SUMP2,JCAUSS DZZZI

X ,XZZZ ,INTRNL ,IBNF ,TBNF MYRSTR
C THIS FORMAT ALSO USED BY RECOVERY SETUP CODE AT END OF OUTER LOOP

0107 9998 FORMAT(2( 115 ,/ ) ,2(E15.8 ,/ ) ,115 ,/ , 3(E15.8 ,/ ) , / , 6110 ,/
X ,7IIO , / ,2 (3F15.5 ,/ ) , I15)

0108 CLOSE(UNIT—l)
0109 IF(MYRSTR.NE.12345)GO TO 5020

C RESTART SUCCESSFULL
0110 CO TO 6000

C UNSUC CESSFU L RESTART BRANCHES
C
C UNABL E TO OPEN OR ACCESS CONSTAN T FILE
C

0111 5000 CONTINU E
0112 CALL ERR OR(l ,I)

C UNABL E TO OPEN PRIMARY RESTART FILE
0113 5010 CONTINU E
0114 CALL ERROR( 1,2)

C END—OF—FILE ON PRIMARY RESTART FILE
0115 5015 CONTINUE
0116 CALL ERROR(1,3)

C CONSISTENCY VARIABE —MYRSTR— DOES NOT HAVE VALUE OF 12345
0117 5020 CONTINUE
0118 CALL ERROR( 1,4)

C
C SUCCESSFU L RESTART
C

0119 6000 CONTINUE
0120 OPEN(UN IT— 1 ,NANE~~ RUNSTAT .DAT ,TYPE— NEW )
0121 WRITE ( 1,999 1)MYTIME ,MYDAT E
0122 9991 FORZLAT( lX ,8A1 ,IX ,9A1 RESTART SUCCESSFUL )
0123 WRIT E( 1 ,9990)ISAMP ,NSAMP ,SUMP I ,SUMP 2 ,JGAIJ SS ,DZZZ 1 ,

X XZZZ,INTRNL,IBNF ,TBNF ¶

0124 CLOSE(UNIT I)
C THIS FORMAT ALSO USED BY RECOVER SET UP CODE AT END OF OUTER LOOP

0123 9990 FORMAT( 115 , ,ISAMP ,/
X I 15, ,N SAMP I/

80
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X E15.b,
X E15.8, ,SUMP 2 ,/
X 115 . ,JGAUSS ,/
X E15.8,
X E15.8, ,XZZZ(1y,/
X E15.8, ,XZZZ (2y,/
X - THE FOLLOWING ARE INT ERNAL TO GAUSS AND BANF , I
X ,6I10,/ ,
X 7110,!
X ,3E15.8,/
x ,3E15.8,/
X - 12345 , FILE CONSISTENCY CHECK VALUE )

C

~~~~~~~~~~~~~~~~~~~~~~ END RUN CONSTANTS ~~~~~~~~~~~~~~~~~~~~
C

0126 CALL GLOBAL
C
C ****~~*** **~~~*~~~** START PATH INITIALIZATION ***************
C

0127 100 CONTINUE
0128 CALL GAUSS(JSEED,DEV1,Y1EST,X1)
0129 KOUNT— 1
0130 XDAT(KOUNT,1)—X1
0131 CALL CAU SS(JSEED ,DEV2 ,Y2EST ,X2)
0132 CALL GAUSS(JSEED ,DEV4 Y3EST,X3)
0133 XDAT(KOUNT 5)—X3

H 0134 ACOS_EXP(X3_1.)*COS(X1)
0135 ASIN_EXP(X3_l.)*SIN(X1)
0136 DO 11 K—1 ,KMAX
0137 YY3~.5*(FLOAT(KMAX)+1.)
0138 G~ .5*(FLOAT(K)—YY3)
0139 C_G*G*.5
0140 AMF AK-O.
0141 IF (G.GT.27.) CO TO 12
0142 AMFAK— EXP(— C )

- - 0143 12 CONTINUE
0144 MN~M*N
0145 DO 10 I— 1M
0146 DO 10 J—1 N
0147 L1_I+M*(J_1)
0148 L2~M*(N+1)*(K—1)+ITOPS

• 0149 10 JO0(L1)~J0(L1)*AMFAK
0150 L4—776
0151 CALL AP PUT( J00 ,L2 ,MN 2)

• 0152 CALL APWD
0153 11 CONTINUE
0154 GOOLD— I .0+( _ .5—FLOAT(IO(AX)/2.)* .5*SQRT(A33)
0155 MOLD—SQRT(A33)/2.
0156 GONEW—GOOLD
0157 MNEW—MOLD
0158 CALL APPUT(GOOLD ,AGOOLD,1 ,2)
0159 CALL APPUT(MO LD,AMOLD,1,2)
0160 CALL APPUT (GON EW,AGONEW ,I I 2)
0161 CALL APP UT(HNEW ,AMNEW ,1,2)

• 0162 CALL APWD
-: 0163 205 FORMAT( 0 ,8X, POSIT. ,5X , POSIT. MOD 2 P1 ,2X , EST. POSIT. ,9X

81
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* /Z 1 AND Z2 ,19X , CYCLIC LOSS’ ,5X , K—B EST. AND P11 )
C
C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ END PATH INITIALIZATION ~ **~~~*******~
C
C ~~~~~~~~~~~~~~~~~~~~~~~~ START POINTS *********************************
C

0164 450 CONTINUE
0165 IF (KOUNT.LE.1) GO TO 5
0166 ACOS—EXP(X3—1 . )*COS(X 1)
0167 ASIN.EXP(X3_ 1.)*SIN(X 1)
0168 5 CALL CAUSS(JSEED ,DEV3 ACOS,ZL)
0169 CALL CAUSS(JSEED,DEV3 ASIN,Z2)
0170 X 1—X 1 + X2*DELT
0171 XDAT(KOUNT ,I)—Xl
0172 CALL GAUSS(JSEED DEVQ2,X2 X2 )
0173 X3~GA*X 3+ALDLT
0174 CALL CAUSS(JSEED,DEVQ3 X3 ,X3)
0175 XDAT(KOUNT, 5)-X3
0176 CALL LEAF
0177 XDAT(KOUNT,2)—XRAT
0178 XDAT(KOUNT,4)—AMI

0179 IF(MOD(KOUNT ,JPRNT).EQ.0)WRITE(IDEV,20 1)KOU NT,XDAT (KOUNT ,1),
X XDAT(KOUNT,2),Z1,Z2,
*(XDAT(KOUNT ,5)), AM1

0180 201 FORMAT( 0 ,13,IX ,1P2E14.6/4X 1P2E 14.6 ,4X ,1P2E 14.6 I)
0181 KOUNT-KOUNT + 1
0182 IF (KOUNT.LE.N02) CO TO 450

C
C ~~~~~~~~~~~~~~~~~~~~~~~ END POINTS *****************è**
C
C ~~~~~~~~~~~~~~~~~~~ START FIN ISH PATH ****~~*~~**~~*****
C

0183 SUMP—0.0
0184 SUMC—0.0
0185 DO 1501 I—3 1,N02

• 
- 0186 XD—ABS(XDAT( I ,I )—XDAT( I ,2))

0187 1498 CONTINUE
0188 IF(XD.GT.P I) GO TO 1499
0189 GO TO 1500
0190 1499 XD—XD—P12
0191 CO TO 1498
0192 1500 SUMP~(XD)**2+SUMP

— 0193 SUMC—SUMC+(XDAT(I , 5)—XDAT( I , 4))*~ 2
0194 1501 CONTINUE

0195 H—N02—30
t j

~
-
~ 

0196 SUMP—SUMP/li
0197 SUMC—SUMC/H
0198 XNSAMP—NSAMP
0199 XAA—XNSAMP+1.O
0200 SUMP I_ (SUM P+XNSAMP*SUMP1 )/XA A
0201 SUMP2~ (SUMC+XNSAMP *SUMP 2)/XAA

i.-- 0202 DSUMP 1~ AL0C10(SUMP 1)*1O.
0203 DSUMP2~ALOG1O (SLJMP2)*10.

- 

~-: 
0204 IF(MOD(NSAMP,KPRNT).EQ.O)WRITE(IDEV,1508)
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0205 1508 FORI4AT( 0 ,SX, NONLINEAR CYCLIC ESTIMATOR )
0206 IF(HOD(NSAMP KPRNT).EQ.O)WRITE(IDEV,1511)SUMP I ,DSUNPL SUMP 2 ,

*DSUMP2
0207 1511 F RMAT(2( 0 , AVERAGE STATISTICAL VARIANCE — LPEI3.6 , I1x ,

* AVE RAGE COMPUTED VARIANCE — IPEI3.6//))
0208 NSAMP—NSAMP+1

• 0209 ISAMP ISAMP+1
¶ C

C BU ILD RESTART FILES
C
C FIRST COPY THE CURRENT PRIMARY FILE TO THE BACKUP
C

0210 OPEN (UNIT—1 ,NAME— RESTART.DAT ,TYPE— OLD ,ERR—7000)
0211 READ( 1,9998 ,ERR—70 10)11 ,12 ,R1 ,R2 ,13 ,R3 ,R4 ,R5 ,

X 14,15,16,17,18,19,
X 110,I11,112,113,114,115,I16,
X R7 ,R8,R9 R10,R11,R12,
X MYRSTR

0212 CLOSE(UN IT— 1)
0213 IF(MYRSTR.NE. 12345)GO TO 7020

C WR ITE BACKUP FILE
0214 OPEN(UNIT—1 ,NAME— BACKUP.DAT ,TYPE— UNKNOWN ,ERR—7030)
0215 WRITE(1,9990)I1 ,I2 ,R1,R2 ,13,R3,R4,R5,

X 14,15,16,17,18,19,
X I10,111 ,I12 ,113,I14,115,I16,

R7 ,R8,R9,R10,R11,R12
0216 CLOSE(UNIT—1)

C WRITE CU R RENT DATA ON NEW PRIMARY FILE
0217 OPEN(UNIT —I ,NAME— RESTART.DAT ,TYPE— UNKNOWN ,ERR—7040)
0218 WRITE( 1,9990)ISAMP,NSAZ1P,SUMP I ,SUMP2 ,JGAUSS ,DZZZ I ,

X XZZZ ,INTRNL I B NF,TBNF
C

02 19 CLOSE(UNI T—1 )
C IF WE GET HERE WE SUCCESSFULLY SET UP RESTART—SKIP AROUND ERRORS

0220 GO TO 7050
C
C RESTART SETUP ERRORS
c
C UNABLE TO OPEN CURRENT RESTART FILE TO BUILD BACKUP
C

0221 7000 CONTINUE
• 0222 CALL ERROR(2 ,1)

C END OF FILE ON RESTART FILE
0223 7010 CONTINUE

• 0224 CALL ERROR(2 2)
C RESTART FILE CONSISTENCY VALU E BAD

- 
- 0225 7020 CONTINUE

0226 CALL ERROR(2 ,3)
C OPEN FAILURE ON BACKUP FILE

0227 7030 CONTINUE
0228 CALL ERROR( 2 4)

C OPEN FAILURE ON SECOND OPEN OF RESTART FILE
0229 7040 CONTINUE
0230 CALL ERROR(2,5)
0231 7050 CONTINU E

C
I
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C SEE IF WE QUIT DUE TO EVENT FLAG
C

I 0232 CALL KILLME(HYFLAC)
0233 IF (ZSAMP.LE.N03 ) GO TO 100

C
C ~~~~~~~~~~~~~~~~~~~~ END FINISH PATH ~~~~~~~~~~~~~~~~~~
C
C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ FINISH RUN ~~~~~~~~~~~~~~~~~~~~~~~~~~~~
C

0234 2200 WRITE(IDEV,2201)
0235 2201 FORMAT ( 0 ,IOX , NORMAL COMPLETION )
0236 STOP
0237 END

- 4

U- • -

8k

I ~~~~~~~-z , ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
! -

~~T~~1 
~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

—~~~~~ -- -— -—~~---~~ —---- — ---‘U

FORTRAN IV—PLUS V02—51D 11:10:03 05—APR—79 PACE 8
NDRV3D.FTN /TR: BLOCKS/yR

PROGRAM SECTIONS

NUMBER NAME SIZE ATTRIBUTES

1 SCODE1 006546 1715 RW ,I,CON,LCL
2 $PDATA 000114 38 R W D ,cON ,LCL
3 $IDATA 001546 435 R W D ,CON •LCL
4 $V A RS 026530 5804 RW ,D,CON LCL
5 $TEMPS 000010 4 RW ,D,CON ,LCL

• 6 PRINTC 000010 4 RW ,D,OVR CBL
7 .$$$$. 014510 3236 RW,D,OVR ,CBL
8 Cli 000016 7 R W D O V R ,CBL
9 GSEED 000014 6 RW ,D,OVR,CBL

10 BFINT 000046 19 RW ,D ,OVR GBL

VARIABLES

NAME . TYPE ADDRESS NAME TYPE ADDRESS NAME TYPE ADDRESS

AADLT 1*2 7—014462 AAN I 1*2 7—014472 AA142 1*2 7—014474
AANEW 1*2 7—014446 AAOLD 1*2 7—014444 AA2 R 1*2 7—014456
ACLF 1*2 7—014470 ACOS g*4 4—026322 ACA 1*2 7—014464
AGONEW 1*2 7—014440 AGOOLD 1*2 7—014434 ALDLT R*4 7—014410

7—000026 ALPIIO R*4 4—026150 AI1FAX R*4 4—026344
1*2 7—014442 AMOLD 1*2 7—014436 ANI R*4 7—014342
1*2 7—014502 ASCI 1*2 7—014450 ASC2 1*2 7—014452

ASC3 1*2 7—014454 ASIN R*4 4—026326 ASJ 1*2 7—014504
ASS 1*2 7—014506 AXJ 1*2 7—014500 AXP 1 1*2 7—014460
AXP2 1*2 7—014466 AZ 1*2 7—014372 AU 1*2 7—014476
All R*4 7—000006 A22 g*4 7—000012 A33 R*4 4—026224
CElL 1*2 7—014432 CHAT R*4 7—000112 CONST R*4 7—000036

1*2 7—014424 COSFZ 1*2 7—014356 DEL? R*4 4—026154
DELT R*4 7—000032 DELZ 1*2 7—014362 DEVQ2 R*4 4—026254
DEVQ3 R-*4 4—026260 DEV1 R*4 4—026234 DEV2 R*4 4—026240
DEV3 R*4 4—026244 DEV 4 R*4 4—026250 DSUMPI R*4 4—026410
DSUMP2 R*4 4—026414 DZZZ 1 R*4 8—000000 FTC g*4 4—026204
C R*4 4—026340 GA R~4 7—014414 GONEW R*4 7—000056
GOOl D R*4 7—000062 H 1*2 4—026120 I 1*2 4—026352
10EV 1*2 4—026146 ZNBUFZ 1*2 7—014400 INFLAG 1*2 7—014346
IPRNT -1*2 6—000000 ISAMP 1*2 4—026266 ITOPS 1*2 7—014406
1Y2 1*2 4—026264 Il 1*2 4—026420 110 1*2 4—026466
Ill 1*2 4—026470 112 1*2 4—026472 113 1*2 4—026474
114 1*2 4—026476 115 1*2 4—026500 116 1*2 4—026502
12 1*2 4—026422 13 1*2 4—026434 14 1*2 4—026452
15 1*2 4—026454 16 1*2 4—026456 17 1*2 4—026460
18 1*2 4—026462 19 1*2 4—026464 J 1*2 4—026354
JGAUSS 1*2 8—000004 JNSZ 1*2 7—014364 JPRJ1T 1*2 6—000002

• JSEED 1*2 4—026304 JZZ 1*2 7—014366 K 1*2 4—026332
KBIAS 1*2 7—014430 10-tAX 1*2 7—000004 KOUNT 1*2 6—000006
KPRNT 1*2 6—000004 LCHAT 1*2 7-014350 LSHAT 1*2 7—014352
LI 1*2 4—026356 L2 1*2 4—026360 14 1*2 4—026362
H 1*2 7—000000 HEMS 1*2 7—014370 MN 1*2 4—026350
MNEW R*4 7—000046 MOLD R*4 7-000052 MYFLAG 1*2 4—026144
HYRSTR 1*2 4—026302 N 1*2 7—000002 NORM 11*4 7—000126
N02 1*2 4—026164 N03 1*2 4—026 166 NSAMP 1*2 4—026270
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P1 R*4 7—000066 PIDLT R*4 7—000022 P12 R*4 4—026230
2110 11*4 4—026170 P220 R*4 4—026214 P330 g*4 4—026220
QQ 11*4 4—026174 Q22 R*4 4—026210 Q22C 11*4 4—026160
Q33 11*4 7—014420 Q33C R*4 7—000016 RE ft*4 4—026200
111 R*4 4—026424 RiO R*4 4—026520 Rh R*4 7—000042
1112 R*4 4—026524 112 R*4 4—026430 113 R*4 4—026436
R4 R*4 4—026442 115 11*4 4—026446 117 11*4 4—026504
118 11*4 4—026510 119 11*4 4—026514 SHAT g*4 7—000116
SIN? 1*2 7—014426 SINFZ 1*2 7—014360 SN1Z 1*2 7—014354
SUMC R*4 4—026370 SUMP 11*4 4—026364 SUMPI g*4 4—026272
SUMP2 R*4 4—026276 SIZ 1*2 7—014374 SU 1*2 7—014376
TWOPI R*4 7—000072 T1Z 1*2 7—014402 T2Z 1*2 7—014404
XAA R*4 4—026404 XD g*4 4—026374 XHAT 11*4 7—000122
XNSAMP 11*4 4—026400 Xl 11*4 4—026306 X2 11*4 4—0263 12
x3 11*4 4—026316 YY3 R*4 4—026334 YIEST R*4 7—000076

- Y2EST R*4 7—000102 Y3EST R*4 7—000106 Zi R*4 7—014132
z2 11*4 7—0 14136

ARRAYS

NAME TYPE ADDRESS SIZE DIMENSIONS

COST 11*4 7—014142 000100 32 (16)
IBNF 1*2 10—000000 000016 7 (7)
INTRNL 1*2 9—000000 000014 6 (6)
JO M4 7—000132 014000 3072 (1536)
J00 11*4 4—000000 014000 3072 (1536)
MYDATE L*1 4—026122 000011 4 (9)
HYTIME L*1 4—026133 000010 4 (8)
SINY R*4 7—014242 000100 32 (16)
TBNF 11*4 10—000016 000030 12 (6)
XDAT 11*4 4—014000 012120 2600 (130,10)
XZZZ 11*4 8—000006 000010 4 (2)

- 

- 

LABELS

LABEL ADDRESS LABEL ADDRESS 1J~BEL ADDRESS

5 1—004026 10 ** 11 **
12 1—003326 100 1—003014 201 3—000542
205 ** 450 1—003726 651 3—000032
1498 1—004476 1499 1—004524 1500 1—004552
1501 ** 1508 3—000600 1511 3—000642
2200 ** 22O1 3—000764 5000 1—002466
5010 1—002504 5015 1—002522 5020 1—002540
6000 1—002556 7000 1—006360 7010 1—006376
7020 1—006414 7030 1—006432 7040 1—006450
7050 1—006466 9990 3—000204 9991 3—000146
999E 3—000066 9999 3—000000

FUNCTIONS AND SUBROUTINES REFERENCED

APPUT APWD CLOS$ CLREF DATE ERROR GAUSS GLOBAL KI LLME LEAF

86
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OPEN $ TIME $ALGIO $COS $EXP $SIN $SQRT

TOTAL SPACE ALLOCATED — 054010 11268

1.~
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0001 SUBROUTINE GAUSS(JS,SD ,~ -1,X)
0002 COMMON/ GSEED/ NST(6)
0003 COMMON /CN/ TWOPI , J , XR(2)
0004 IF Ci) 10, 10 20
0005 10 .1—2
0006 TWOPI~ 8.*(ATAN (I . ) )
0007 NST (1)—2 5
0008 NST(2) — 8
0009 NST(3)—31
0010 NST(4) —45
0011 

- 
NST(5)—20 ‘

0012 NST(6) .17
0013 ~~(l)—BANP (NST , 1)
0014 CO TO 35
0015 20 CO TO (30,40) ,  J
0016 30 .1—2
0017 XR( 1)—BANF(NST O)
0018 35 XR(2)—BANF(NST ,0)
0019 X1.SQRT(ABS(_2.*ALOC(XR( 1))))
0020 ~~ (2)aTWOPI*~~~(2)
0021 U(1).X1*SIN(~~ (2))
0022 ~~(2)—X 1~ C0S(~~ ( 2))
0023 X_XR(1) *SD+.XN
0024 RETURN
0025 40 J—1
0026 X~XR(2)*SD+XM
0027 RETURN
0028 END

4-
88
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PROGRAM SECTIONS

NUMBER NAME SIZE ATTRIBUTE S

I $CODEL 000454 150 RW ,1,CON ,LCL
2 $PDATA 000016 7 RW ,D CON I LCL
3 SIDATA 000014 6 RW,D,CON LCL
4 $VARS 000004 2 R W D ,CON ,LCL
6 GSEED 000014 6 RW,D,OVR ,CBL
7 Cli 000016 7 RW,D,OVR GBL

ENTRY POINTS

NAME TYPE ADDRESS NAME TYPE ADDRESS NA.’fE TYPE ADDRESS

GAu SS 1—000000

VARIABLES

NAME TYPE ADDRESS NAME TYPE ADDRESS NAME TYPE ADDRESS

1*2 7—000004 JS 1*2 F_000002* SD R*4 F_000004*
TWOPI g*4 7—000000 X R~4 F_00001O* XN R*4 F_000006*
Xl g*4 4—000000

ARRAYS

N AME TYPE ADDRESS SIZE DIMENSIONS

NST 1*2 6—000000 000014 6 (6)
KR R*4 7—000006 000010 4 (2)

LABELS

LABEL ADDRESS LABEL ADDRESS LABEL ADDRESS

• 10 ** 20 1—000152 30 1—000174
35 1—000234 40 1—000414

FUNCTIONS AND SUBROUTINES REFERENCED

$SQRT

TOTAL SPACE ALLOCATED — 000544 178

89
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0001 FU NCTION BANF(NS ,MODE)
0002 DIMENSION NS(6) ,  NC(6)

C COMMON FOR HOLDING RESTART VALUES
0003 COMMON/BFINT/IBNF(7),TBNF(6)
0004 EQUIVALENCE(N 1 ,IBNF( 1)) (N 2 ,IBNF( 2 ) ) , (N3 , IBNF(3))
0005 EQUIVALENCE(N4,IBNF(4)),(N5,IBNF(5)),(N6 II IBNF(6))
0006 EQUIVALENCE(HP I IBN F(7))
0007 EQUIVALENCE(T 1 ,TBNF( t ) ) , ( T 2 ,TBNF(2)) ,(T3 ,TBNF(3))
0008 EQUIVALENCE(T4 ,TBNF( 4)) ,(T5 ,TBN F(5)) I (T6 ,TBNF(6))
0009 DATA Ml ,M2 ,M3,M4 ,M5 ,M6/59 ,47 ,62 ,38,45 23/

C W)DE O TO CONTINU E , OTHERWISE RESTART WITH
C INTEGER NUMBER NS(1)*2**18+NS(2)

0010 IF (MODE) 10, 100 , 10
0011 10 N1—NS(1)
0012 N2—NS( 2)
0013 N3—NS(3)
0014 N4—NS(4)
0015 N5—NS( 5)
0016 N6—NS(6)
0017 T1~2.**(_ 6)
0018 T2~2.**(_l2)
0019 T3 2.**(— 18)
0020 T4_2 .**(_ 24)
0021 T5~2.**(_ 30)

• 0022 T6-2.**(_ 36)
0023 MP~2**6
0024 100 DO 200 1—1 ,6
0025 CO TO (1l0 ,120,13O ,14O ,150,160), I
0026 110 K_N6*M6
0027 GO TO 190
0028 120 K~N6*M5+N5*M6+KD
0029 GO TO 190
0030 130 K_N6*M4+N5*M5+N4*M6+K D
0031 GO TO I9O
0032 140 K_N6*M3+N5*M4+N4*M5+N3*M6+K D
0033 CO TO 190
0034 150 K.N6*M2+N5*M3+N4*M4+N3*M5+N2*M6+KD
0035 GO TO 190
0036 160 IC_N6 *Mi+N5*M2+N4*M3+N3*M4+N2*M5+N 1*N6+KD
0037 190 KD—K/MP
0038 200 NC(I)~K_KD*MP
0039 N1 NC(6)
0040 N2—NC( 5)
0041 N3—NC(4)
0042 N4—NC(3)
0043 N5—NC (2)
0044 N6—NC( 1)
0045 XN I— N l
0046 XN 2—N2
0047 XN3—N3
0048 XN4—N4
0049 XN5 N5
0050 XN6-N6
0051 8ANF~ XN i *TI+~CJJ2*T2+XN3*T3+XN4*T4+,Ql3*T5+X~~*T6
0052 RETURN

-
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0053 END

V .
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PROGRAM SECTIONS

NUMBER NAME SIZE ATTRIB UT ES

1 $CODEI 001344 370 RW ,I,CON ,LCL
2 $PDATA 000016 7 RW,D,CON ,LCL
3 $IDATh 000016 7 RW ,D CON ,LCL
4 $VARS 000066 27 RW ,D,CON LCL
6 BFINT 000046 19 RW,D OVR,GBL

ENTRY POINTS

NAME TYPE ADDRESS NAME TYP E ADDRESS NAME TYPE ADDRESS

BAN? R*4 1—000000

VARIABLES

N AME TYPE ADDRESS NAME TYPE ADDRESS NAME TYPE ADDRESS

I 1*2 4—000330 K 1*2 4—000032 KD 1*2 4—000034
MODE 1*2 F_000004* MP 1*2 6—000014 Ml 1*2 4—000014
M2 1*2 4—000016 M3 1*2 4—000020 M4 1*2 4—000022
MS 1*2 4—000024 M6 1*2 4—000026 NI 1*2 6—000000 

—

N2 1*2 6—000002 N3 1*2 6—000004 N4 1*2 6—000006
N5 1*2 6—000010 Nb 1*2 6—000012 TI 11*4 6—000016
T2 R*4 6—000022 T3 R*4 6—000026 T4 R*4 6—000032
T5 R*4 6—000036 T6 R*4 6—000042 XNI R*4 4—000036
XN2 R*4 4—000062 XN3 R*4 4—000046 XN4 11*4 4—000052
XN5 R*4 4—000056 XN6 g*4 4—000062

ARRAYS

NAME TYPE ADDRESS SIZE DIMENSIONS

IBNF 1*2 6—000000 000016 7 (7)
NC 1*2 4—000000 000014 6 (6)
NS 1*2 F-000002* 000014 6 (6)
TBNF R*4 6—000016 000030 12 (6)

• - 
LABELS

LABEL ADDRESS LABEL ADDRESS LABEL ADDRESS

10 ** 100 1—000334 110 1—000372
120 1—000420 130 1—000462 140 1—000536
150 1—000624 160 1—000724 190 1—001034
200 **

TOTAL SPACE ALLOCATED — 001534 430

92  
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0001 SUBROUTINE GLOBAL
C VERSION 5/5/1978

- • 
0002 REAL A(20) ,ABOX(ZO) ,J0(1536) ,SIGMA( 16), NORZI,MOLD,MNEW ,

1 S1(16), S2(16), PSI(96) , DELJ(96)
0003 INTEGER SNIZ ,COSFZ ,SINFZ ,DELZ ,AZ ,S1Z ,S2Z , T1Z ,T2Z ,JNS(96)

• 0004 INTEGER COSF ,SINF ,CEIL ,AGOOLD,AMOLD ,AGONEW ,AMNE W
0005 INTEGER AAOLD,AANEW,ASC1 ,ASC2 ,ASC3 ,AA2R,AXPI AADLT
0006 INTEGER ASS
0007 INTEGER AXP2 ,AGA,ACLF ,AAN1 ,AA142 ,ALJ ,AXJ ,ANORM ,ASJ

0008 COMMON M N ,KMAX ,A11,A22 ,Q33C ,PIDLT,ALF ,DELT,CONST,R11,
1 MNEW ,HOLD,GONEW ,GOOLD,PI ,TWOPI ,Y1EST,Y2EST ,Y3EST .
2 CUAT SHAT ,XHAT,NORN,J0,Z1,Z2 ,
3 COSY(16) ,SINY( 16), A}i1

0009 COMMON INPLAG ,LCHAT,LSHAT,SNLZ ,COSFZ,SINFZ ,DELZ ,JNSZ ,JZZ ,
1 MEMS,AZ ,S1Z,S2Z ,INBUFZ ,TIZ ,T2Z ITOPS,ALDLT ,GA ,Q33 ,COSF,

• 2 SINF,KBIAS,CEIL ,AGOOLD,AMOLD,AGONEW ,AMN EW AAOLD ,AANEW ,ASC1,
3 ASC2 ,ASC3,AA2R ,AXP 1,AADLT ,AGA,AXP 2 ACLF ,AANI ,AAN2 ,AW AXJ ,
4 ANORN ,ASJ ,ASS

C GLOBAL INITIALIZATIONS FOR NONLINEAR FILTER
0010 200 CALL APINIT( 1,1,III)

C CLEAR MD(0)—MD (8 19 1)
0011 DO 202 1—1,1024
0012 202 J0(I)—0.0
0013 ISTART—0
0014 DO 204 1—1 ,64
0015 CALL APPUT(J0 ,1START ,1024 ,2)
0016 ISTART—ISTART+1024
0017 204 CONTINU E
0018 A5——1./R11/2.
0019 CALL APPUT(A5,AXPI ,1,2)
0020 CALL AP WD
0021 X5~DELT*ALF
0022 X5——X 5

- • 0023 CALL APPUT(X5 ,AADLT ,1,2)
0024 CALL APWD
0025 AS—-CA
0026 CALL APPUT(A5,AGA,1 I 2)
0027 CALL APWD
0028 A5——l./2 ./Q33C/DELT
0029 CALL APPUT(A5 ,AXP2 ,1,2)
0030 CALL APWD
0031 A5 1.
0032 CALl. APPUT(A5 ,ANORM ,1,2)
0033 CALL APWD

C
0034 NORM-I .0

- - • C
~~

-
~

- 
- 

C PHASE VARIA BLES
0035 DO 2 10 I 1 ,M
0036 SIGIIA(l).PI*((2.*I_ 1.)/FLOAT(M)—1.)
0037 COSY(I)—COS(S1c~4A(I))
0038 SIN Y(I)— SIN(SI GMA( I ) )
0039 S1(I)—COSY(I)/R11
0040 210 52( I )—S INY (I) /R 1 1
0041 CALL APPUT(COSY,COSFZ M ,2)

- -1-
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0042 CALL APPUT(SINY SINFZ,M,2)
0043 CALL APPUT(S1 S1Z,M,2)
0044 CALL APPUT(S2 S2Z 14,2)
0045 CALL APWD

C
C PHASE RATE VARIABLES

0046 DO 220 I—1 ,N
0047 220 PSI(1)~PIDLT*((2.*I_1.)/FLOAT(N)_1.)

C
C INTERPOLATION ADDRESS AND FACTORS

0048 AM—H
0049 AN—N
0050 DO 230 J.1,N
0051 AJ—J
0052 PRQ-(AM/AN+A14) /2. _A14/AN*M+AM
0053 IRQ ’PRQ
0054 DELJ(J)—PRQ—IRQ
0055 230 JNS(J)-MOD(IRQ,M)+1
0056 CALL APPUT(DELJ,DELZN2 )
0057 CALL APPUT(JNS JNSZ,N1)
0058 CALL APWD

C
C EVALUATE CONVOLUTION TERMS A(I )

0059 DO 280 1 1 ,NTERM
0060 TEMP—I/FLOAT(N)
006 1 TEMP~C0NST*TE MP*TEMP

C A(I)—O.
C280 IF (TEMP.GT.—20) A(Z)—EXP(TEMP)

0062 280 A(I)—EXP(TEMP)
0063 DO 282 1—1 ,5
0064 282 ABOX(I)—A(6—I)
0065 ABOX(6)—l.
0066 DO 284 1—1 ,5
0067 284 ABOX(I+6)—A(1)
0068 AB0X(1)—0.0
0069 ABOX(11)—O.0
0070 CALL APPUT(ASOX AZ,11 ,2)
0071 CALL APWD

C DUMPED ABOX HERE
C CONSTRUCT THE A PRIORI DENSITY
C CNORM’l .0/(TWOPI*SQRT(A11*A22))

0072 CNORN—1.
0073 CL——0.5/A22
0074 SI——0.5/A11
0075 DO 290 1 1 ,M
0076 CR-SIGMA(I)—Y1EST
0077 CR_CR*CR*SI
0078 J1—0
0079 DO 290 J 1 ,N
0080 J2—J1+I

“
~~ 

0081 TEMP—PSI(J)—Y2EST
0082 JO(J2)—0.

• 0083 TEMP1.TEMP*TEHP*CL+CR
0084 IF (TEMPI.LE.—27) GOTO 290
0085 JO(J2)~EXP(TEHP1)*CN0RZ4
0086 290 J1—J 1+M

‘ •
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0087 RETURN
0088 END
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PROGRAM SECTIONS

NUM BER NAME SIZE ATTRIB UTES

1 $CODE1 002120 552 RW ,t ,CON ,LCL
2 $PDATA 000020 8 RW,D,CON,LCL
3 $IDATA 000214 70 RW D C ON,LCL
4 $VARS 002540 688 RW,D CON ,LCL
5 $TEMPS 000014 6 RW,D,CON,LCL
6 .$$$$ . 014510 3236 RW,D,OVR,GBL

ENTRY POINT S

NAME TYPE ADDRESS NAME TYPE ADDRESS NAME TY PE ADDRESS

GLOBAL 1—000000

VARIABLES

N AME TYPE ADDRESS NAME TYPE ADDRESS NAME TYPE ADDRESS

AADLT 1*2 6—014462 AAN1 1*2 6—014472 AAM2 1*2 6—014474
AANEW 1*2 6—014646 AAOLD 1*2 6—014444 AA2 R 1*2 6—014456

• ACLF 1*2 6—014470 ACA 1*2 6—014464 ACONEW 1*2 6—014440
AGOOLD 1*2 6—014434 AJ R*4 4—002470 ALDLT R*4 6—014410
ALP R*4 6—000026 AM R*4 4—002456 AMNEW 1*2 6—014442
MOLD 1*2 6—014436 Mi R*4 6—014342 AN R*4 4—002662

• ANORII 1*2 6—014502 ASCI 1*2 6—014450 ASC2 1*2 6—014452
ASC3 1*2 6—014454 ASJ 1*2 6—014504 ASS 1*2 6—014506
AXJ 1*2 6—014500 AXP1 1*2 6—014460 AXP2 1*2 6—014466
AZ 1*2 6—014372 AZ.J 1*2 6—014476 All R*4 6—000006
A22 R*4 6—000012 A.5 R*4 4—002446 CElL 1*2 6—014432
CHAT R*4 6—000112 CL R*4 4—002514 CNORM R*4 4—002510
CONST R*4 6—000036 COSF 1*2 6—014424 COSFZ 1*2 6—014356
CR ft*4 4—002524 DELT R*4 6—000032 DELZ 1*2 6—014362
GA R*4 6—014414 GONEW R*4 6—000056 GOOLD g*4 6-000062
1 1*2 4—002442 UI I~2 4—002440 INBUFZ 1*2 6—014400
INFLAG 1*2 6—014346 IRQ 1*2 4—002500 I START 1*2 4—002444
ITOPS 1*2 6—014406 3 1*2 4—002466 JNSZ 1*2 6—014364
JZZ 1*2 6—014366 Jl 1*2 4—002530 32 1*2 4—002532
KBIAS 1*2 6—014430 ICIAX 1*2 6—000004 LCHAT 1*2 6—014350
LSHAT 1*2 6—014352 H 1*2 6—000000 HEMS 1*2 6—014370
MNEW R*4 6—000046 HOLD R*4 6—000052 N 1*2 6—000002
NORM R*4 6—000126 NTERN 1*2 4—002502 Pt R*4 6—000066
PIDLT R*4 6—000022 PRQ R*4 4—002474 Q33 R*4 6—014420

‘I Q33C 11*4 6—000016 Rh 11*4 6—000042 SHAT 11*4 6—000116
SI R*4 4—002520 SINF 1*2 6—014426 SINFZ 1*2 6—014360
SNIZ . 1*2 6 014354 SIZ 1*2 6—014374 S2Z 1*2 6—014376
TEMP 11*4 4—002504 TEMP I R*4 4—002534 NOPI R*4 6—000072
TLZ 1*2 6—014402 T2Z 1*2 6—014404 XHAT R*4 6—000122
X5 R*4 4—002452 YIEST 11*4 6 000076 Y2EST 11*4 6 000102
Y3EST R*4 6—000106 ZI R*4 6—014132 7.2 11*4 6—014136

• 96

• ~. ‘

~~ ~~~~~~
- 

~~~.



r —w—-_-a—-—.fl.—-— -- - --.--—• .
~~~

—_,---•. — .~~~- ---~~~~~~~
- . . - — — ~- ..-~~- — • • — .

FORT RAN IV—PLUS V02—51D 12:25:14 05—APR—7 9 PAGE 5
GLOBAL, FTN /TR : BLOCKS/WR

• 
- 

ARRAYS

NAME TYPE ADDRESS SIZE DIMEN SIONS

• A R*4 4—000000 000120 40 (20)
ABOX R*4 4—000120 000120 40 (20)
COSY R*4 6—014142 000100 32 (16)
DELI 11*4 4—001340 000600 192 (96)
JNS 1*2 4—002140 000300 96 (96)
JO R*4 6—000132 014000 3072 (1536)
PSI 11*4 4—000540 000600 192 (96)
SIGMA 11*4 4—000240 000100 32 (16)
SINY R*4 6—014242 000100 32 (16)
Sl R*4 4—000340 000100 32 (16)
S2 ~*4 4—000440 000100 32 (16)

LABELS

LABEL ADDRESS LABEL ADDRESS LABEL ADDRESS

200 ** 202 ** 204 **
• 210 ** 220 ** 230 **

• 280 ** 282 ** 284 **
290 1—002052

FUNCTIONS AND SUBROUTINES REFE RENCED

APINIT APPUT APWD $COS $EXP $SI N

TOTAL SPACE ALLOCATED — 021640 4560

,GLOBAL-GLOBAL

>
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0001 SUBROUTINE LEAF
0002 REAL HNEW ,HOLD NORM,AOLD(16),AKRNL(16,16),B(2),XJ(16),ZJ(16),

1 JNEWIC (16),JO(1536),ANEW(16),M0LDK(16),AKRN(256)
0003 INTEGER SNIZ,SINFZ,COSFZ,DELZ,AZ ,SIZ,S2Z ,TLZ,T2Z
0004 INTEGER MEM (6)KADR(16)
0005 INTEGER COSF,SINF,CEIL,ACOOLD,AMOLD,AGONEW,ANNEW
0006 INTEGER AAOLD,AANEW,ASC1,ASC2,ASC3,AA2R,AXP1 I AADLT
0007 INTEGER ASS
0008 INTEGER AXP2,AGA,ACLF,AAM1 AAM2,AZJ,AXJ,ANORII,ASJ
0009 REAL A(2)FMEM(6)

C THIS COMMON CONTAINS THE PRINT FLAGS—SPECIFICALLY JPRNT AND KOUNT
C DATA ‘TYPE D AT BOTTOM OF THIS ROUTINE IF MOD(KOUNT JPRNT) IS ZERO

0010 COMHDN/PRINTC/IPRNT, JPRNT, KPRNT KOUNT
0011 COMMON M,N,KMAX A11,A22 ,Q33C PIDLT,ALF,DELT,CONST,RI1,

1 HNEW,MOLD,CONEW,GOOLD,PI,NOPI,YIEST,Y2EST,Y3EST,
2 CHAT,SHAT ,XHAT ,NORM,JO,Z1,Z2 ,
3 COSY(16),SINY(16),AMI

0012 COMMON INFLAG,LCHAT ,LSHAT,SN1Z,COSFZ,SINFZ DELZ JNSZ,JZZ,
1 MEMS ,AZ ,S1Z S2Z ,INBUFZ ,T1Z ,T2Z ITOPS ,ALDLT ,GA ,Q33,COSF ,
2 SINF ,KBIAS ,CEI1.,AGOOLD ,ANOLD~ ACONEW ,AMNEW ,AAOLD ,AANEW ,A5C1,
3 ASC2,ASC3,AA2R,AXP1,AADLT ,AGA,AXP2,ACLF,AAMI ,AAM2,AZJ,AXJ,
4 AZ4ORM ASJ,ASS

C ************ ****** START LEAF MODULE ******************************
0013 XI SECNDS(O.0)
0014 IDF.V—5
0015 Tl—SECNDS(X1)
0016 CALL VRAMP (AGOOLD,AZ4OLD,ASCI.,1,KMAX)
0017 CALL APWR
0018 CALL VSADD(ASCL,I,AMOLD,AAOLD,1 KMAX)
0019 CALL APW R
0020 CALL VRAMP(AGONEW,.$JINEW,ASC2 ,1,KMAX )
0021 CALL APWR
0022 CALL VSADD(ASC2,1,AMNEW,AANEW,l,16)
0023 CALL APWR
0024 1I11.ASS+2*M
0025 IV—IIII+1
0026 Ui——i.
0027 CALL APPUT(XX1,IIII,1,2)
0028 CALL APWD
0029 CALL VSADD(AAOLD,lIIII ASC2,i,16)
0030 CALL APWR
0031 CALL VEXP(ASC 2 l ,IV ,l,16)
0032 CALL APWR
0033 CALL VSQ(IV,l,ASC1,1,KMAX)
0034 CALL APWR
0035 CALL VSMUL(ASCI 1,AXP1 ,ASC2 ,1,XMAX )
0036 CALL APWR
0037 CALL VEXP(ASC2 1 ,AA2 R,1,KMAX)
0038 CALL APWR
0039 T2—SECNDS(X1)
0040 JZ—ITOPS
0041 MEM( 1)~ JZ4$~*N_h
0042 MEM (2)—MEM(l )
0043 MEN(3).JZ-sM*N
0044 MEM (4)—JZ

98
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0045 P~~M(S) .JZ4~ *N_4*M_l
0046 M EM(6) —JZ —1
0047 3(1)—fl
0048 b (2)—Z2
0049 CALL APPUT(3 18,2,2)
0050 AAA—FLOAT (IC BIA$)
0051 II—A$S+3
0052 CALL APPUT(AAA ,II ,12 )
0053 FMEM(1)—FLOAT(MEM( 1))
0054 FMEM(2)—FLOAT(MEM(2))
0055 FMEM(3)—FLOAT(MEZ4(3))
0056 FMEM(4)—FLOAT(MEM(4))
0057 FMEM(5)—FLOAT(HEM(5))
0058 FMEM(6)—FLOAT(MEM (6))
0059 III ASS+4
0060 CALL APPUT (FMEM III ,6,2)
0061 CALL APWD
0062 CALL LC(III II,KBIAS IV INBIJFZ ,AA2R,ASCL)
0063 CALL APWR

• 0064 T3—SECNDS (X1)
0065 AB—NORM
0066 TNORZ4—1./AB
0067 CALL APPUT(TNORM,ANORM,1,2)
0068 CALL APWD
0069 CALL ME(AANEW,AAOLD,ASCI,AADLT,ASC2,ASC3,AGA ,AXP2 ,ACLF ,ANORN)
0070 CALL APW R
0071 T4—SEC NDS(X 1)
0072 CALL TTM OV(ACLF ,4608 , 256)

• 0073 CALL APWR
0074 T5—SECNDS(Xi)

C ******~~~ ************ END LEAF NODULE ********************************
0075 DO 600 K—l 16
0076 630 XJ(K).O.O
0077 DO 609 K—I ,16
0078 609 CALL APPUT(X ,ITOPS+M*N+(K_ 1) *fl*(N4i ) , 16 ,2)
0079 CALL APWD

C **~~~~~~~~~~~~~~~~~~~~ ** START ACON MODULE ~*******~~*********************
C DOES AMPLITUDE CUNVOLUTION FOR EACH 1 ,J

0080 T6—SECNDS(X1)
0081 CALL W
0082 CALL APWR
0083 T7—SE CNDS(X 1)
0084 CALL X$UM(ITOPS,M AXJ ,K$IAS)
0085 CALL APWR
0086 CALL ZSUM (IT OP S H ,AZJ ,K$IA S)
0087 CALL APWR
0088 T8—SECNDS(X 1)
0089 CALL DOT PR(AXJ , 1,COSFZ , 1 ,ASS H)
0090 CALL DOTPR (AXJ , 1 SINFZ , 1 ,ASS+1 M )
0091 CALL DOTPR(AZJ,1,MNEW ,l,AANI ,KMAX)
0092 CALL VSQ(AANEW , 1 ,ASCI , 1 ,KHAX )
0093 CALL DOTPR(A SCl , 1 , AZJ , 1 ,AAM2 , )CL~X)
0094 CALL SVE(AZJ , 1 , ANORN ,KMAX )
009!, CALL APWR
0096 CALL APGET(A ,ASS , 2 , 2)
0097 CALL APCE T(Y ,AAM I , 1 , 2)

• :2 99
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FORTRAN IV—PLUS V02—S1D 12:10:47 05—APR—79 PAGE 3
LEAF • PTN /TR : BLOCKS! WR

0098 CALL APGET(YYAAM2,1,2)
0099 CALL APGET(ABL,ANORN ,1,2)
0100 CALL APWD
0101 TO—SECNDS(X1)—T8
0102 ~ 1AT—ATAN2(A(2) , A(1))
0103 NORM—ABL
0104 AM1—Y/ABL
0105 AM2—YY/ABL
0106 CALL VMOV(AGONEW ,1,AGOOLD,12)
0107 CALL APWR
0108 S1~ANAX1(AM2_AN1**2 , I .E—18)
0109 Si—SQRT(Si)
0110 GONEW—(— .5—PLOAT(ICIAX)/2. )*(1 ~/2. )*S1+ANI0111 MNEW..5*S1
0112 CALL APPUT(CONEW ,AGONEW I 1,2)
0113 CALL APPUT(MMEW,ANN EW 1,2)
0114 CALL APWD

C ****************** END ACON MODUL E ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
0115 T9—SECNDS(Xl)
0116 IF(HOD(KOUNT,JPRNT) .EQ.0)TYPE * ,T1 ,T2—TI ,T3—T2 ,T4—T3,T5—T4 ,T6—T5

X ,T7—T6 T8—T7,T9—T8,T9
0117 IF( HOD(KOUNT ,JPRNT).EQ.0)TYPE *,T0
0118 RETURN
0119 END

1
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FORTRAN IV—PLU S VO2—5 1.D 12:10:47 05—APR—79 PACE 4
LEAF.FTN /TR: BLOCKS/WR

PROGRAM SECTiONS

NUM BER NAME SIZE ATTRIBUTES

1 $CODEI 002462 665 RW , I CON,LCL
2 $PDATA 000044 18 RW,D CON ,LCL
3 SIDATA 000636 207 RW,D CON,LCL
4 $VARS 005062 1305 RW ,D I, CON ,LCL
6 PRINTC 000010 4 RW ,D OVR ,CBL
7 $$$$. 014510 3236 RW J D OVR,CBL

ENTRY POINTS

NAME TYPE ADDRESS NAME TYPE ADDRESS NAME TYPE ADDRESS

LEAF 1—000000

VARIABLES

NAME TYPE ADDRESS NAME TYPE ADDRESS NAME TYPE ADDRESS

AAA 11*4 4—004754 AADLT 1*2 7—014462 AAMI 1*2 7—014472
AAM2 1*2 7—014474 AANEW 1*2 7—014446 AAOLD 1*2 7—014444
AA2R 1*2 7—014456 AS R*4 4—0047 70 ABL R*4 4—005036
AC!.? 1*2 7—01 4470 AGA 1*2 7—014464 AGONEW 1*2 7—014440
ACOOLD 1*2 7—014434 ALDLT R*4 7—014410 ALP 11*4 7-000026
ANNEW 1*2 7—0 14442 ANOLD 1*2 7—014436 AMI R*4 7—014 342
AM2 R*4 4—005046 MORN 1*2 7—014502 ASCI 1*2 7—014450
ASC2 I*2 7—014652 ASC3 1*2 7—014454 ASJ 1*2 7—0 14504
ASS 1*2 7—014506 AXJ 1*2 7—014500 AXP I 1*2 7—014460
AXP2 1*2 7—014466 AZ 1*2 7—014372 AZJ 1*2 7—014476
All 11*4 7-000006 A22 R*4 7—000012 CElL 1*2 7—014432

• CHAT R*4 7—000112 CONST 11*4 7—000036 COSF 1*2 7—014424
COSFZ 1*2 7—014356 DELT R*4 7—000032 DELZ 1*2 7—014362
CA g*4 7—014414 CONEW R*4 7—000056 COOLD 11*4 7—000062
IDEV 1*2 4—004730 II 1*2 4—004760 III 1*2 4—004762
1111 1*2 4—004736 INHUFZ 1*2 7—014400 INFLAC 1*2 7—014346
I PRNT 1*2 6—000000 ITOPS 1*2 7—014406 IV 1*2 4—004740
JNSZ 1*2 7—014364 JPRNT 1*2 6—000002 JZ 1*2 4—004752
JZZ 1*2 7—014366 K 1*2 4—005010 KBIAS 1*2 7—014430
KMAX 1*2 7-000004 KOUNT 1*2 6—000006 KPRNT 1*2 6—000004
LCHAT 1*2 7—014350 LSHAT 1*2 7—014352 M 1*2 7—000000
HEMS 1*2 7—014370 MNEW ft*4 7—000046 MOLD 11*4 7—000052

1 ;  N 1*2 7—000002 NORM 11*4 7—000126 P1 R*4 7—000066
~ ~~~~ - 

• 
PIDLT R*4 7—000022 Q33 R*4 7—014420 Q33C R*4 7-000016
1111 11*4 7—000042 SHAT 11*4 7—0001 16 SINF 1*2 7—014426
SINFZ 1*2 7—014360 SNIZ 1*2 7-014354 Si 11*4 4—005052
SIZ 1*2 7—014374 S2Z 1*2 7—014376 TNOR .M ft*4 4—004774
TWOPI R*4 7—000072 TO 11*4 4—005042 TI 11*4 4—004732
TIZ 1*2 7—014402 T2 ~*4 4—004746 T2Z 1*2 7—014404

- , • T3 11*4 4—004764 T4 11*4 4—005000 T5 11*4 4—005004
;~

• -- ?~ T6 R*4 4—005012 T7 11*4 4—005016 T8 R*4 4—005022
T9 R*4 4—005056 XHAT 11*4 7—000 122 XXI R*4 4—004742
Xl 11*4 4—004724 Y R~4 4—005026 YY R*4 4—005032

101
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FORTRAN IV—PWS V02—5lD 12:10:47 05—APR—79 PACE 5
LEAF.FTN /TR: BLOCKS/yR

YIEST R*4 7—000076 Y2EST 11*4 7—000102 Y3EST R*4 7—000106
ZI R*4 7—014132 Z2 R*4 7—014136

ARRAYS

NAME TYPE ADDRESS SIZE DIMENSIONS

A 11*4 4—004664 000010 4 (2)
AJOLDK R*4 4—002510 000100 32 (16)
AKRN ~*4 4—002610 002000 512 (256)
AXRNL ft*4 4—000100 002000 512 (16 16)
ANEW 11*4 4—002410 000100 32 (16)
AOLD R*4 4—000000 000100 32 (16)
B R*4 4—002100 000010 4 (2)
COSY R*4 7—014142 000100 32 (16)
ThEM 11*4 4—004674 000030 12 (6)
JNEWK g*4 4—002310 000100 32 (16)
JO R*4 7—000132 014000 3072 (1536)
KADR 1*2 4—004624 000040 16 (16)
HEM 1*2 4—004610 000014 6 (6)
SINY R*4 7—014242 000100 32 (16)
XJ 11*4 4—002110 000100 32 (16)
23 R*4 4—002210 000100 32 (16)

LABELS

- I LABEL ADDRESS LABEL ADDRESS LABEL ADDRESS

600 ** 609 **

FUNCTIONS AND SUBROUTINES REFERENCED

APGET APPUT APWD APWR DOTPR LC ME SECNDS SVE TfllOV
VEXP VMOV VRAM? VSADD VSMU L VSQ V XSUM ZSUM $ANAX1

- 
- $ATAN2 $SQRT

TOTAL SPACE ALLOCATED — 025166 5435

,LEAF—LEAF

>

• ?02

j  •

~~
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DEFINE LC(!LI ,II ,KBIAS,AAN EW ,INBUFZ .AA 2R,ASC I)
LOCAL K ,A,B
K—O
CALl. VFIX(I1I ,I ,1,1,6)
LOOP:A-AANEW4-K
B—AA2R+K
CALL VS?IUL(18,1,A,INBUFZ 1,2)
CALL VMOV(B ,t ,7,1,l)
CALL VSADD(ItI , 1,II ,ASCI , 1,6)
CALL V~1OV(ASC 1,I,ttI,1,6)
CALL RLNLF(O)
CALL VFIX(ASCI,1,1,1,6)
K—K+1
IF K<16 COTO LOOP
END

>

1 ~~~~ 
-
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“RLNLPE. FSO
“DIC . FSO FAST 2—LOOP BOX

“DOES FILTER (FRANK) , THEN
“CO IVO LYE (JACK)

“INITSW—O FIRST CALL—ONLY DOES CONVOLVE .
“INITSW —O FIRST FI LTER CALL

“— 1 REST OF FILTER CALLS
“— 2 CONVOLVE CALL

“INL TSW—l FOR EACH EST !MATE.
“REMOVE HALT BE TW EEN FILTER ,CONVOLVE
‘VERS ION

“3—8—78 HALT IM MIDDLE
“RLNLEHI 6 TO RLNLFE3D

“3—8—78
“CALLS EXPDO

• “NEXThD —ADDRESSING ENTRY FOR EXPDO
“LD NORM PR OM MD IN FRANK

• ‘H ALT AFrER FRAN K

$TITLE RLNLF
$ENTRY RLNLF , 1 “CAL L. NLF (INI TSW—C H ECK)
SEN TRY NEXTMD “SP( O):—N EXT FREE MD ADDR .
$EXT EXPDO “DO EXP IN BOX

“SIZING
MV $EQU 16.

• NV $EQU 96.
- MNV SEQU 14V*NV

SN 1ZV SEQU 20.
COSFZ SEQU SNLZV4IIV
SINFZ $EQU COSFZ-i4fY
DELZ $EQU SINFZi+~V
JNSZZ $EQU DELZ+N V
JZZ SI~QU JNSZZ+NV
HEN S $EQU JZZ++INV+M V
AZ $EQU MENS+ 11.
NXFREE $EQU AZ+iI.

‘STABLE MEMORY ADURES ES
JThA $EQU 10000
NORLV $EQU JTHA+NV+11.
“MNlV SEQU MN V+JZ—I
‘MN2V SEQU MMV+JZ
XINCV $EQU I
?flV $EQL7 MV-i
TWV $EQU 2
tINY SEQ U NV*M V
“MNNV $EQU H1IV+JZ— 1

• 
- CHATV SEQ U 18.

SHATV $EQU 19.
• CHECKV SEQU 0

a ,

- 
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“S PAD ADDRESSES
“GLOBAL CONSTANTS

H SEQU 1
N SEQU 2
MN SEQU 3

“FOR FILTER
ICNT SEQU 3
MNN $EQU 4
JCN T SEQU 4 “C+
MN ! SEQU 5
JFI SEQU 5
H2 $EQU 6
XINC $EQU 7
JRA SEQ U 7
JNSRA $EQU 8.
JWA SEQU 8.
Hi $EQU 9.
MN SEQU 10.
MN2 SEQU U.
TW SEQU 12.
JBI $EQU 12.
JN SZ $EQU 13.
COSFA $EQU 13.
NORL $~QU 14.
CHAT $EQU 14.

• SINPA $EQU 16.
INITSW SEQU 0 ~~~~
SN1Z $EQU 0

RLNLP:NOP
• JSR F.XPUO

JMP ENTERI

NEXThD: LDSPI O;DB—NXFREE “RETURN SP(O):—NEXT FREE MD ADDR.
RETURN

NOP
HOP

ENTER ! :LUMA ; “MAIN EN TRY FROM h OST
D3—2

NO?

LOMA ;
DB— 3

LDSPI MNN ;
DR—MD

LDSPI PIN!;
DR—MD

LDSPI 11N2;
DB—~iD

MOP

HOP

105
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LDSPI ~l;
DR—MV

LDUA ;
DR—S

LDSPI N;
D R— N V

LDSPI MN;
DB—MtIV

LDSPI JNSHA;
DB—JZZ

LDSPI XINC;
DB—XINCV

LDSPI M l ;
DR-H IV

LDSPI MM;
• DB-MMV

LDSPI TV;
DB—TWV

• I LDSPI JNSZ;
DB—JNSZZ

LOSPI NOEL.;
DB—NORLV

MDV IN ITSW,INITSW

REQ FIR ST

LOS?! 15;DB—2 “IF IN ITSW—2 COTO CONVOL
SUB 15,INITS~JRHE NXLA REL
JMP CONVOY.

NXLABFL : .JMP SECOND “ELSE GOTO NON—FIRST FILTER

FIRST:LDDPA;
DB 10.-

LDThA;DB—!ONE ‘~1M (SP(N0KL)):— 1.0
HOP

DPXCTh

NOV NORY. ,NOEL ;
SETTMA ;
OUT;
Da—DPX

U)TMA ;
DB-JTM A+10.

106
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LOMA ;
DR—DELZ

• “STO N DELJ IN TM
NOV N,JCNT

LPI :INCMA
INCThA;

OUT;
DR-MD

DEC JCNT

BGT LPI

LDSPI SNIZ;DB—SN1ZV

.01? ST1 “DO ONLY CO~IVOLVE FIRST TIME“Do FRANK

SECOND:LDOPA ; “BECIN FILTER
DR—i 0.

LDSPI O;DB —C HATV —1 “AD DR OF KORN
NOV O,O;SEThA

• NOP
NO?
NOV NORL ,NORL;
SETThA;
Otrr;

• DR -MD “NORM

STI :LDHA; “NoRr~*Exp (_A**2/2*R)...-.~. NORM
Dli—?

LDDPA;
DB—O

• LOTMA ;
DR—lONE

• “MDV NORL,NORL ;
‘SETTPIA

Lt~tIA ;DB—2

DPXcMD

HOP

FtIU L TM ,DPX

LDSPI NNN ;DR—tIl )

FMUL

FPIUL
—~ S

—

107
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DPX cFN

MDV NORL ,NORL ;
SETTMA ;
OUT;
DB—DPX

“STO H SN IN DPX 6 OPY

LPCYC : LDSPI SN IZ;
DB SN IZV

LP2:MOV SNIZ ,SNIZ;
SETMA

NOV NORL NORL;
SETThA

INC SNLZ

FMUL TM ,MD

FMUL

FPIUL ;
DEC .’I

DPX(O)FM,DPY(O)CFM

INCDPA

H RCT LP2

LOS?! Pt;
DR -MV

DEC TW

RCT LPCYC

LDSPI TV;
DR TW V

LDTMA;
DR—JTMA++IV+1 1.

LOS?! H;
- - DR—MV

LOOP:DEC JNSRA
PlOY JNSRA,JNSRA ;

‘• 

- 

SF.TMA

MOP

HOP

LU SPI •JNSZ ;
DR-WI

j 108 
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DECTMA

AUDI X INC ,JN SZ

REQ RIELP

SIN? BIOLP

RIELP:ADDI XINC,JNSZ;

k SETD PA

SUB 1,5

SUB 1,11.

ADDI MN 1 ,JNSZ;
SETMA “GET Ji

INC JNSZ

NOV11 1,6 “112—16.

AND M 1 , JNSZ ;
FZIIJL DPX(—2),PID “Jl*SNI___>il

ADDI MNL ,JNSZ ; “GET J2
SETMA ;
FMUL

- FYfiJ L

ADD# MN 2 ,JNSZ ; “GET J3
SETMA;
DPY(—2 ) CFM “STU SI! IN OPT 0

ADD TW,JN SZ;
FMU L UPY (— 1) , HI) “J2*SN2_ __>J2

FMUL;
I PICO PA

FMU L DPX (— 1) , HD “J3*5fl3_... ..,J3

FHUL;
DPX(— 2)CFM; “STO J2 IN DPX 1
INCOPA

AND t1l ,JtISZ;
FMUL

ADO# M1l,JNSZ; “GET J4
SETMA:
DPY (—2 ) <FM “STO J3 IN UP? 7

NO?

ADDg t;N2,JNSZ; “GET .15
SETMA

AIM) flJ,JNSZ;
F~IUL DPY (— I) , tID “J 4*S:14__...,J4

L FNUL 109
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PHD!.. DPX(O),MD “J5*5N5-...-.>J5

PSIJE DPX(—3),DPY(—4) “J2—J1

PMUL;
DPX(—i)CFM; “STO J4 IN DPX 3
FADD

IELP:AND M1,JNSZ ; “CHECK IF JUSZ Is 32
FMUL TH,FA; “DELJ*(JZ_Jl)
FSUB DPY(—2),DPX(—3) “J3—J2

ADDI MN1,JHSZ ; “GET J6
SETMA;
DPY(0)CPN; “STO J5 IN DPY 4
FI4UL;
FADD

FMUL Th ,FA “DELJ *(J3~J2)

ADDI HN2,JNSZ; “GET SI?
SEThA ;
FAD D FM ,DPY (—4 ) ; “DELJ*(J2_J 1)+J 1
FNUL

AD!) TW,JNSZ;
PMLJ L DPY(1),IID; “J6*SN6___,J6
FAD!)

FMDL;
-
: FADD FM,DP X (— 3) ; “DELJ*(J 3~.J 2)+J 2

INCDPA ;
INC t-INN;
SETMA ;
MI CFA

?MYJL DPX( 1), MD

FSU B PPX(—2) DPY(—3); “34— 513
V 

DEC M2

FMUL;
V DPX(O)CFM; “STO J6 IN DPX 5 

V

INCOPA ;
FAD!);
INC P1MM ;
SENA;
HI CFA;
BCT IF.!.?

SUB 1O.,4

.111? STEP

IJIOLP:ADDI XINC ,JNSZ;
• SETD PA

- 110 
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SUB 1,11.

ADD# MNL ,JNSZ;
SENA

INC JNSZ

HOVR 1 6

ADDI MN L ,JNSZ ;
SETMA ;
FMU L OPY (—2 ) , MD

AND II1 ,JNSZ

ADDI 11N2 ,JUSZ ;
SETMA ;
FIIU L

ADD TW JNS7.;
FMU L DP X (—1 ) , PID

FMUL;
UPX (—2)<FM;
I NCDPA

PHUL DPY (— 1) , Pa)

F1IUL;
DPY(—2)CFM;

• INCDPA

FLIUL

DPX (—2) CFN ;
ADDP PIN1,JNSZ ;
SETh.~

AND !11 JNSZ

ADDI MN2 ,JN SZ ;
V - SETMA

ADD TW,JNSZ;
FPIUL DPX(—1),t~g)

FNUL;
FSUB DPY (— 3), DPX (—4 )

V FMUL DPY (0), MD

V ~ V
’ VHDL ;

flP?( — l)<Ffl ;
FAD!)

IOLP:FMUL TM,FA;
?S!1B DPX(—2),DPY(—3)

111
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ADDS MN L ,JNSZ ;
SETMA;
DPX (O) CFM ;
FADD;
FMUL

AND tli,JNSZ;
F141TL Th ,FA

ADDS MN2,JNSZ;
SETMA;
FAD D FM,DPX (—4);
FMUL V

ADD TIJ,JNSZ;
FMUL DPX( 1) ,HD;
FADD

VHDL;
FAD!) FM ,DPY (—3 ) ;
INCDPA;
INC ItIN;
SENA;
HICFA

FMUL DPY( 1) , MD

V
t FSUR DPY(—2),DPX(—3);

- DEC M2

VHDL;
DPY(O ) CPM;
INCDPA ;
FAD 0;
INC MNN ;

V 
SETMA;
HICPA;
BCT IOLP

SUB 10.,4

STEP:DEC N
- - REQ ASTEP

JMP LOOP “END MA ! N FL 1.1 ER LOOP

ASTEP:NOP

CONVOL: HOP “BEGIN CONVOLVE
HOP

V LDSPI COSTA; DB—COSFZ44I V
• LDSPI SINFA ;DB—SINFZ4MV 

V

“NORM IS R EAD INTO tIA 10 EACh! TIME
V 

“START CONVOLUTION LOOP
LOS?! 1;DB-IIV

t LDSPI N;D3—N V
LDDPA ;

- DB—9 . V

112 
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DR—ZERO;
DPXCDB ;
DPY cDB

L!~1A;
• PB—S

DR—ZERO;
DPX( 1) cDR

PlOY M,ICNT

LDSPI SIB!;
DR-MD

LDDPA ;DR—5

LDDA;
DO— S

DR—AZ
NO?
INCP’.A
DPX(—2)~DB;

DR—MD
INCKA
DPY(—3)cDB;

DR-ND
DP~(—3)~DB;

DR—MD
INC MA
DPX (—3)~DR;
DB-HJ)
INC MA
DPY(—4)cDB;
DR-lID

HOP
• DPX(—4)WB ;

DB—MD

LIIPIA;
DB—6

NO?
HOP
LDSPI SIP!;
DR-ND

12LP :LDDPA;DB—5
DR—ZERO; “ZERO TROll

DPY(—2)CDR

IPC SIP!
• PlOY JFI,JIJA

INC Jill

LI)SPI SIGHT;
DO— S

SUIt N,JWA
LOTMA;

.4. 11
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DB—JTIA—1

“SAVE S FRONT END VALUES IN TN

NOV JFI I JRA “GET FIRST SI IN

ADD M,JRA;SETMA

NO?

ADD H ,JRA ;
SETMA “GET SECOND 51 IN

J2LP:INCTMA ;

OUT;
DR—MD;
DEC JCNT

ADD M ,JRA ;
SETMA;
BCT J2LP

LOS?! SIGHT;
DB—4

“R EAD 5 FROM RACK NO WRITE

NOV JBI JRA; “GET .1
SETMA

HOP -
•

HOp

FHU L DPX(—2),PiD “AS*J

FMUL DPY(— 3), MD “A4*J

VHDL
‘l

V PHD!.. UP X(— 3), HD; “A3*J
— FAD!) FM,DPY(3) “(A5*J)+S1O (—ii)

VHDL DPY(—4),HD; “A2*J
FADD FM,DPX(3) “(A4*J )+S9 (—Sb ) •

FAD!)

FMUL ;
V FAD!) FM,DPX(2);  “(A3*J)+S8 (‘S9)

DPY(3)CPA “STO Sb

VHDL DPX(—4) , HD; “Al*J
FAD!) FM,DPY(2) “(A2*J)+S7 (‘48)

VHDL OPY(—4),MD; “A2*J
FAD!) FM,DPX(1); “(AI*J)+S6 (‘47)
DPX (3)CPA “STO S9

J3LP:FHUL DPX (—3 ) , MD; “A3*J

~~~~ V~~~~;I::~V • t~~~4~~~~~~~~~~ • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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FAD !) DPY(1),MD ; “SS+J (‘-S6)
DPX( 2)CFA ; “STO S8
ADD M JRA; “GET NEXT SI
SETMA

F1IUL DPY (—3 ) , HD; “A4*J
FAD!) FM ,DPX(O) ; “(A 1*J)+S4 (‘45)
DPY ( 2)<FA “STO 57

VHDL DPI!. (—2) ,MD; “AS*J (—S I )
TAD!) FM ,DPY(0);  “(A 2*J )+S3 (—S4 )
DPX ( 1)<FA “STO S6

FHU L DPX( —2 ) , HD; “*5*31
FAD!) FM,DPY (— 1); “(A3*J )+52 (—53)
DPY ( 1)CFA “STO S6

VHDL DPY (—3 ) MD ; “A4*J 1
FADD FM ,DPX (— 1); “(A4*J )+S I (‘42)
DPX( O) CFA “STO S4

FMUL ;FADD ;
DPX(—1 ) FH; “STO Si
D?Y (O)CFA “STO S3

FMU L DPX (—3 ) , MD; “A3*J 1
FAD’) FM ,DPY (3) “(A5*J1)+S1O (—SI )

PHI!!. DPY (— 4) , HD; “A2*Jl
FAD!) FM ,DPX (3); “(A4*J )+S9 (—S lO)
DPY(—1)<FA “STO S2

VHDL DPX (—4) , MD;TADD “A l*Jl

VHDL ;
FADO FM ,DPX(2) ; “(A3*J i )+S8 (S9)

V 
DPY (3) <PA “STO Si 0

F!VIUL. DPX(— 4), 1D; “Al*J l
FAD!) FM ,DPY (2);  “(A2*Ji)+S7 (—38)

• DEC SIGHT

VHDL DPY(—4) ,PID; “A2*J1
PAD!) FM,DPX( 1); “ (Ai*J1)+S6 (‘47)
DPX(3)CFA; “STO S9
BCT J3LP

• “REAl) S P11014 FRONT, NO WRI TE

LDSPI JCNT ;
- - DB—5

- NOV JF!.JRA

-
~;• J41.P: F:1IJL T)PX(—3),tID;

FAD!) DPY( 1) , HD;
nP:~(2)cP A;

:, ADD M ,JRA ;
SENA

1. ~~•- 115•
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FIfJL DPY(— 3) , IW ;
FAD!) FK,DPX(0);
DPY(2)CPA

FPWL DPX(—2),MD;
FAD!) FN,DPY(0);
DPX (1) cPA

VHDL DPX(—2),HD;
FADD FM,DPY(—t);
DPY(1)PA

VMUL DPY (—3), HD;
FAD!) FM ,DP X ( — i ) ;
DPX(0)CPA

FPRJL;FADD; 
V

DPX(— 1) FH ;
DPY( O).CFA

P1IUL D?X (—3) , PID ;
FAD!) FM,DPY(3)

VHDL DPY (—4) , HD ;
FAD D FN ,DPX( 3);
DPY (— I ) CVA

VHD L DPX( — 4) , HD ;FADD

VHDL;
FAD D FH DPX(2);
DPT(3) CFA

VHD L DPX (—4) , HD;
F ADD FM ,DPY(2);
DEC JCNT

VHDL DPY(—4),HD;
• FAD!) Ffl ,DPX( 1) ;

DPX(3)CPA; 
V

V BCT J4LP

“READ N—S FROM MIDDLE, WITH WRITE
- LOS?! SIGHT;

DR—NV-S

J5LP:F~1UL DPX(—3),HD;
V FADD DPY(1),HD;

DPX(2)CPA;
ADD I1,JRA ;

- 
RENA

FMUL DPY(—3),llD;
FAD!) Ftf,DPX (0);
DPY(c)<PA

FHUL DPX( —2 ) , MD ; 
V

FAD!) FN ,DPY(D) ;
DPX (1 )CPA 116
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PHUL DPX (— 2) , t4D ;
FAD!) FM ,DPY (— i ) ;
DPY (1) <PA

FMUL DPY (— 3),ND ;
FAD!) FM,DPX (—b ) ;
DPK (0) <FA

V 
FMJJL;FADD;

DPX(— l) FM ;
DPY (0) <PA

FMUL DPX(—3),MD;
• FAD D FM,DPY (3)

VHDL DPY(— 4) , MD;
FAD D FM ,DPX (3);
DPY(—i ) CFA

ThI.JL DPX( —4 ) , MD
FADD DPY (— 2), FA;
ADD H ,JWA ;
SETMA ;
MICFA

FHIJL;
FAD!) FH,DPX(2);
DPY(3) CFA

FtIJL !)PX(—4),HD;
FAD!) FM,DPY (2) ;

DPY (— 2) CFA ;
DEC SIGHT

:
1 FrIUL DPY(—4 ) , MD;

FAD!) PM ,DPX( 1);
V DPX (3)<FA ;

BCT JSLP

“READ S FROM TM STORF,WRITE

LDTMA ;
DB—JTPlA—i

LDSPI JCNT;D3—S

J6T.P:FNUI. DPX(—3),-ID;
FADD DPY(1),MD ;

• DPX(2)CFA;
I NCTMA

V 
FMUL DPY(—3),HD;

• FAD!) FM,DPX(0) ;
- DPY(2)CFA

FMU L DPX( — 2) , ND ;
FADU FH ,DPY(O);

V •~~ DPX( 1) CFA

F ’JUL Dl,DPX(— 2) ;
FAD?) FM DPY (—1 ) ;
DPY(1 ) cFA

V 117
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FHUL Tl1,DPY(—3); - - • • • •

FAD!) FM,DPX(—i); -

DPX (0) <FA

FMJL ;FADD ;
DPX(—i)<P?1;
DPY (O)CFA

FHUL TM,DPX(—3);
FAD!) FM ,DPY(3)

FMUL Th ,DPY (—4);
FAD!) FM,DPX (3) ;  V

DPY (—i )CFA

PIflJL TM ,DPX (— 4);
TADD DPY (—2) , FA;
ADD H,JWA ;
SETMA ;
MI <VA

FMUL;
FAD!) FM DPX(2) ;
DPY(3) <FA

FMUL Th,DPX (—4);
FADD PM ,DPY(2);

DPY(—2) <PA;
DEC SIGHT

FHII L t1,DPY( — 4);  V

FADD FM ,DPX( i ) ;
DPX (3)<FA;
1ICT J6LP

V 
“FINISH ROW OPERATIONS V

SUBS ICNT,COSFA ;
SETM A “GET COS

LDDPA ;
DB— 7 V

SUB # ICNT,SINFA;
SETMA “GET SIN

FMUL OPY (— 4 ) , MD

FAD!) DPX( 3), DPY (— 4 ) ;
FMUL

FMU L DPY(—4), ND ;
FAD!) 

• V

FAD?) F1,DPY(2) ;  
V

DPX(3) FA; . 4
• FHUL

FAD!);
FNIJ L

FAD!) F 1 ,D P X ( 2 ) ;
DPY(2) <FA 118
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FAD!)

DP~{(2)<FA

DEC IG1IT

REQ STEP2

• JHP I2LP
STEP2: RETURN

SEND

)

I 119
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$TITLE EXPDO
V 

$ENTRY EXPDO
V 

$EXI NEXTMD “IN RLNLF — R ETURNS AD OR IN Ml)
“<SN1> :— EXP(Zb*<S1>i~2*<S2,)
‘VE RSION 1—25—78
“NEW SPAD—TM
“MV. V

“+SP4 :—1
“RI~tOVE SPFTMA

SEX? VSMUL,VADD,VEXP “LINK FROM APLIB.FRB
MV — 16.

SN1Z — 20.
“MD ADDRESSES (REI.ATIVE TO NEXTMD)
SbZ — O.
S2Z — SIZ4II V
INBUF — S2Z4IIV
Z1Z — INBUF
Z2Z — Z1Z+b

TIZ — Z2Z+1
T2Z — TIZ4NV

V 
“NEXT FREE — T2Z+M V V

STMADR — 10500K “START SAVE ADDR IN Dl FOR SPA!)

EXPDO : NO?
NOV 0,0; DPX<SPFN
LOS?! O;DB—O.
MDV O,O;SE TMA; MI CDPX “HD (O ) :—IIII TSW
NO?

JSR NEXTI~!D
— LDSP! 1;DB.l

LOS?! 2;DB — Z I Z
ADD 0,2 “GET ABSOLU TE ADDR
LOS?! 3; DB—T 1Z
ADD 0,3
LDSP! 4; DR—i
LDSPI 5; DR—MV
JSR VSNUL “<Ti> — <Si)*Z i

JSR NEXTMD
LOSPI 1 ;DB—1
LDSPI 2; DB—Z2Z V

ADD 0,2
LDSPI 3; DB—T2Z

V t  ADD 0,3 • -

LDSPI 4; DR—i V

LDSP! 5; DR—MV V

LOSPI 6 :DB ’42Z V

ADD 0,6
NOV 6,0 I )
51511 VSMUL “cr2> — cS2,*Z2
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JSR NEX TMD
LOSE! 1;DB— ~LDSPI 2; DB—T2Z
ADO 0,2
LDSPI 3; DB—i

• LDSPI 4; D3—SNIZ
LDSPI 5; DR—i
LOS?! 6; DB —H V
LDSPI 7;DB—TIZ
ADD 0 7
NOV 7 ,0
JSI( VADD “<Sf1,’ — <T1>+.cT2>

LDSPI 0; DB—S N IZ
LDSPI 1 ;DR— i
LDSPI 2; DB—SN 1Z

V LOS?! 3; DR —I
LDSPI 4; DR—MV
JSR VEX? “<SNi> — EXP( SNI>)

LDNA; DB—O . “RESTORE INZTSW FROM ?ID(0)
HOP
NO?
MOP
LOS?! O;D8—MI)
HOP
RETURN

-~~ SEND

4. •
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DEFINE ME (AAH EW ,AA OLD,ASC L ,AAD LT ,ASC2 ,A3C3 ,ACA ,AXP2 ,ACLF ,AH OR4 )
LOCAL K,KH,R,D
K—i 6
Dl—24 0
B—AAO LD+i 5
LOOP :CAL L VFILL(3,ASCI,1,16)
CALL VSMUL(ASC1,i,AGA,ASC2,b ,t6)
CALL V!ILL (AADLT,ASC3,i,16)
CALL VADD(ASC3, 1,ASC2 ,1,ASCI , 1,16)
CALL VADD (ASCI,L ,AAN EW,i,ASC2,i ,1’,)
CALL VSQ (ASC 2,i ,ASC1 1,b6 )
CAL L VSMUL (ASC 1, 1,AXP2 ,ASC2 , 1,16)V 

CALL VEXP(ASC2 ,1,ASC3,1,16)
D-ACLF+Kfl
CAL L VS}IIJL(ASC3, 1,ANORrI ,O , I , 16)
3—B—i
FJl—F21—i 6
K—K— i
IF PZ>O (X)TO LOOP
END

~
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$TIFLE TThOV

• $ENTRY TThOv,3
A $EQU 0
C SEQU 1
N $EQU 2

TTHOV:HOV A,A;SEThA
DEC C;SETTMA
INDIA
LDDA ;
DR—S

LOOP: 111CM;

L DPX*ID;
DEC N
OU T;DB .DPX;INCTMA ;
RHE LOOP
RETURN

SEND

>
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$TITLE Ii
$ENT~Y 11,0
$E)C? STHIRD

“S PAD ADDRESSES
B $EQU 0
I SEQU 8.
J $EQU 9.
NJ SEQU 10.

W:LDSPI 1;
DB”96.

LDSPI NJ ;
DB—1908.

LOOPI:LDSPI J ;DB’.16.
LOOPJ:MOV NJ ,B

JSK STiltED

It4C NJ

DEC J

BCT LOOPJ

DEC !

BC? LOOP!

RETUR N
SEND

—V
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“STELIRD.TSO
STITLE
SENTRY STHIRD ,i

“SIZING
NV SEQU 16.
NV $EQU 96.
MN IV SEQU HV*NV+HV

“TA3LE MEMORY ADDRESSES
• ISTAT SEQU 11000

“S PA!) ADDRESSES
ITOPS $EQU 0
N $EQU 1
Nfl $EQU 2
KBIAS $EQU 3
HKK $EQU 4
P1K $EQU S
THINC $EQ U 6

STHIRD:LDSPI KBIAS;
D3— O

LDSPI H;
L DR—MV

LDSPI MX ;
DR—N V

LDSPI MN1 ;

h DR—uNiV

LDSPI THINC ;
DB-ISTAT 

V

LDTMA;
DIt— IZERO

LDDPA ;
DB-O

D?X(O)CTM ;
DP((O) CTM ;
DEC MX

LPDPXY:DPX (O)cTh;
D?Y(O)CTM;

DEC MI!.;
INCDI’A;

- 

- 

BGT LPDPYY

LDSPI flIt;
Oil-MV

LOTHA;
DR—I STAT

l.OOP1~:A ) D !~ ITO!’S ,’(LIIA S;
SETMA

I.I)SP L MKK ;
- ‘

~. DK—NV—~ .
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DB-3 I.
INCThA

FMIJ L Th,MD;INCTMA

PHUL TM,)?!);
INCTMA

PHUL Th,ND;
INCTHA;
INCDPA

VHDL 1M,HD;
INCtMA;
INCDPA;
FADD FM,DPZ(O)

VHDL TM,HD;
INCTMA;
INCDPA ;
FAD!) FM,DPX(0)

V VHDL TM,MD;
INCTMA ;
INCDPA ;
TAD!) FN,DPX(O);
DPX (—2)(FA

FMU[. Th,HD;
INCTHA ;
INCDPA;
FAD!) Fti,DPX (0); -

DPX (—2 ) <PA ;
DEC MX!!.

V I LOOPXK:FNUL Th,MD;
INCTMA ;
INCDPA ;
FAD D FM DPX (O);
DPX( —2) <FA ;
DEC HKK;
BCT LOOPKIC

FNU L TM,MD;
INCDPA ;
FAD!) FH DPX(O ) ;
DPX (—2) <VA

VHDL ;
INCDPA ;

• V FADD FN ,DPX(O ) ;
DPX(_2)CFA

V 
FM!!!.;

- 
~~~

- V INCDPA ;
FAD!) F!I,OP~ (O);
DPX (— 2)<F.%

PlCl)P,~;
V FA )!) Fl-I, I)!’X (0) ;

DPX( — 2 ) CFA
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FADO;
DPX(— 2)CFA

INCDPA ;
DPX(—2 ) CFA ;
DEC P1K

AIM) NN1,KR!AS; • V • .

REQ STEP
JMP LOOPK

STEP:LDDPA ;
D80

LDSPI P1K;
D3 ’14V

SUB NNI ,ITOPS

LOOPR :INCDPA ;
DEC P1K

ADD NfI,ITOPS;
SEINA ;
HI CDPX(—1);
BGT L0OP~1

NO?
RETUi~N

$EN D

4 ) 4

1.

V . ’
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DEFINE XSUH(ITOPS ,H,AXJ,KBIAS)
LOCAL K,A,B
K—i 6
LOOP:K—K— 1
A—ITOPS+K
B.AXJ+K
CALL SVE (A,M,B,ICBIAS)
IF K)O COTO LOOP
END

>

V 

DEFINE ZSUN(ITOPS ,fl ,AZJ ,131A5)
LOCAL K.A,B,L J, C

I L-KBLAS-14 •

C~ i5*KBIAS
- I A—ITOPS+C

LOO?:K~’K—i
B-AZJ+K
CALL SVE (A ,1,E ,L)
A-A-KRIAS
IF K O  COTO tOO?
END

& -

L I
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these machines. In particular , we have found (2], with the listings of the
6600 and Star Codes, extremely useful in the past , dithough now these list-
ings are outdated . In particular , the assembly language coding for the
AP-120B i nvol ved extens i ve effort over a long time period and should be
documented so that others interested in similar problems, can avoid the pain
of develop ing the software from scratch.
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