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INTRODUCTION

The project which I have compZeted tnvolves the use of the PDP-15
computer in the dual capacity of sound synthestis productzon and
computer—aided compositional decision making in a real- time environment.
Compositions that. I have created in the 14 months of working on this
project (actually 7 months as a student and 7 months as a project

worker) include:

TAPEWALK I stereo tape 6" 50"
TAPEWALK IT stereo tape.. 61 40"
T'WHICH : stereo tape 151 20"

SAAMBA stereo. tape 9" 00"

Both aspects of this work— the sound synthestis level and compositional
level- are reflected in a.modular approach to programming - ( the use of
hierarchic subroutine structures ) consisting of sound synthesis routines
realized in MACRO-15 and higher level compositional routines realized

in the FORTRAN language. The application of the two languages for

these separate purposes seemed most practical since speed of computation
is neccessary for sound synthesis. ( making MACRO essential.) and FORTRAN
can be aptly utilized for such things as matrix manipulation, sorting,
input/output, ete.; all quuabZe‘fbr'cQMpositionaZ purposes.. ( Refer

to the following flowchart for a general outline of program structure

and their relationships. )
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ROUTINE (FORTRAN)
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TO CALL MACRO

COMPOSITIONAL
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SOUND SYNTHESIS
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PREVIOUS EXPERIENCE

My past experience ds a composer using the computer has been in two
areas: (1) a hybrid environment, and (2).a MUSIC V type environment.
The shortcomings inherent in the digital control of analog equipment.

( hybrid systems ) and the slow turn around time of large mainframe
systems ( MUSIC V ) have made my experiences here unique and have added
further dimensions to my work in the field.of computer music with the

possibilities of veal—time interactive digital systems.



GENERAL REMARKS

Before going into details, I feel it is important to point out that my

work has not been aimed at ‘the creation of any type of "system"’;

" either a sound . synthesis system, a compositional system, or any

combination:thereof. By system, I mean, software designed as user—::

oriented in a general sense. My programs have been written for my

- own personal use and many have been written for specific musical.

purposes rather. than for any general intention. I have tried to keep
the direction and scope:of this project. atmed at. my,. personal musical
goals; so that, as a group of programs the sum total ¢f my work is
completely open—ended; yet flexible and practical for my objectives.
Practical considerations of musical intent from my point of view

as a composer first and as a computer user second have governed '

my actions. Programs can serve only to give an idea of my approach
to the computer, its resourses, and uses, for my compositions.

Since programming ts a means to an end, the final objective and

object is a composition.



WORKING PROCEDURE

My working procedure has involved a great deal of heuristic activity.
The interaction between composer and computer in a real—time
environment an become very close. This does not seem unusual when
the musician's relationship with, for exampZe, the ptano ( another
machine ) is considered. The possibility of implementing a compositional
idea, listening to the result, and having the potential to alter the
result in a short amount of time enables one to form a relationship
with the computer of an almost symbiotic nature, especially when
the potential exits for altering the original idea and/or results.
Futhermore, particularly when using stochastic procedures, the
computer's interpretation of a mustical idea can, in turn, effect

‘and influence the composer's original idea so the man/machine

alliance can become an enriching experience for a composer.

Historically, this heuristic approach has been an i{mportant working
method for composers— espectally in times of stylistic or technological
flux— and allows for a great deal ofvexperimentation and development
that cannot take place in an environment of less immediacy in terms

of compositional work and sounding result. ( The example of Haydn

at Esterhazy is obvious. Would the classical orchestra-basically

still in use today— have developed as quickly from the Baroque ensemble

without this type of working environment?)

Since input/output procedures are quite straightforward in FORTRAN
I have usually employed a real-time score-like commentary of
running, sounding programs which give various information on such
things as: present variable values, locations within sections of
programs, choices made by the computer, etc. Also, composer input
while programs are sounding is possible. This allows for futher in
depth interaction and man/machine communication. ( Espectally of

value in a stochastic emviromment. ) (See.figure which follows.)

Note: A more detailed explanation of the heuristic working method I

have outlined here will be given in connection with the written

tllustration of a specific program.
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OBSERVATIONS

One provocative idea that has arisen. from my experiénces i8: Just what
are the limits and pgssibilitiés of machine. choices (1injtérm35¢fﬁ
stochastic procedures )? In my_experienée, the constant composer
interaction on all levels of composition.seems mot nmecessarily to
negate the idea ofjrandom pfocesses; but at Zeast'to alter what is
meant by a_random process tnvolving the computer. If I repeatedly use
the éame seed value for random viumber genefation:and constdntly shape
and sculpt the sound output via the refinement of;randbm'choices until
. I am satisfied with a:final, repeatable'result’thdt.expresseé my
musical intent, then is there anything random about this result?

. This ig meant as a rhetorical question, but it is thought provoking...



SOUND SYNTHESIS LEVEL

Cbncernmng sound syntheszs, 23 routznes are. used -to achieve a dzvers¢ty
of timbres, spatial relat@onshtps, and number of soundtng voices.

(See the following chart for a more detailed deseription of the
routines.) |

In conjunction with some of the output. reutines, wavesfbrms ean be
operated on by 18. routines which act to sort, reorder, replace, and
transform the individual samples of waveforms. while sounding to add
further diversity to the timbral possibilities. (See the second following

chart for details concerning each of these routines.)



-~ == TARLE AND DESCRIFTION OF RACRO-13 FROGRANS
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I.

1y owa22
21 OWu22
3y OF22
4)  OAZZ
3)  oL22
6y QY22
73 oLi0l

1.

gy  ROBL
2y NOBF
10) nOBA
113 mony

12) HOBT

il

14y OQIN3
14) OFA3
15y OAM3

- 163 OLAY3

17) OIN33
183 OLA4S

.

C19) QIN4

203 01N44
21) 0IN4S
22) OFM4
233 0AN4

24) OLAY4

TWO CHANNEL QUTFUT OF ONE VOICE WHICH TRANSFORMS
ONE SOUND WAVEFORM INTO ANOTHER ACROSS THE
DURATION OF A SOUND EVENT WHILE PANNING ACROSS
THWO SFEAKERS AT THE SAME RATE.

- UNBRODULATED OuTPUT

DISTORTION HODULATION
FREQUENCY MODULATION
ANPLYITUDE HODULATION
DELAY RODULATION
GLISSANDO

RANDOR BLISSANDO

IDENTECAL T0 €1.) WITH THE ADDED AVALLABILITY OF
WAVEFORM TRANSFORMATION VIA SORTING, REFLACING.
AND EXCHANGING ROUTINES ACROSS THE DURATION OF

A BOUND EVENT.

LUNRODULATED QUTFUT
FREQUENCY MODULATION
ANFLITUDE RMODULATION
GLISSANDO

DELAY HODULATION

FWO VOICE OUTFUT OF INDEFENDENT SOUND EVENTS

UNMODULATED QUTPUT
FREGUENCY RODULATION
ARPLITUDE ®ODULATION
GLIBEANDL

DISTORTION MODULATION
RANDON GLISSANDL

FOUR VOICE OUTPUT OF INDEFENDENT SOUND EVENTS

UNMODULATED OUTPUT
DISTORTION #ODULATION
INTERLEAVING RESONANCE
FREQUENCY MODULATION
ARFLITUDE MODULATION
GLISSANDL

D
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—~ ¥ THE FOLLOWING PROGRAN CONTAINS 18 SORTING, REFLACING, AND EXCHANGING
; ROUTINES WHICH MANIFULATE SOUND SAMFLES PER PERIOD. THE ROUTIRES

©ARE LISTED WITH & SHORT DESCRIPTION AND THE LINE NURBER AT WHICH
—  THEY ARE LOCATED IN THE FOLLOWING PROGRAN.

. © 1) BUBBLE SORT, SORTS SAMPLES IN ASCENDING VALUE -
2)  BURBLE BORT, SORTS SAMPLES IN DECENDING VALUE
/\
L4y ROTATION EXCHANGE, MOVES SAMPLES OF & LIST IN & CIRCULAK
FASHION, S0 THAT (N) BECORES (Nel) AND
— THE LAST SAMFLE BECOMES THE FIRST
4)  INVERSION EXCHANGE, GIVES VALUE OF 0 TO SAMFLES SELOW
— & THRESHOLD T
%) INVERSION EXCHANGE, USING MODULAR ARITHRETIC, SAMPLES
— ABOVE & THRESHOLD ARE REDUCED BY
‘ A FACTOR, AND VICE-VERSA -
— 6)  INVERSION EXCHANGE, AS ABOVE BUT WITH & RESCALING FACTOR
7) - INVERSION EXCHANGE, ® o
M B)  INVERGTON EXCHANGE. A% AROVE BUT WITH MULTIFLICATIVE FACTOR
— 93 INVERSION EXCHANGE, AS AROVE SUT WITH DIVISIVE FACTOR
10) RANDOM REPLACERENT, KEFILLS SAMFLE LOCATIONS WITH RANDOM
~ YALUES x
1) RANDOM EXCHANGE SORT, EXCHANGES SAMFLE VALUES FROM RANDOM
—~ LIST LOCATIONS
12} DOUBLE EXCHANGE SORT, EXCHANGES VALUES IN TWO PAIRS OF
—_ LOCATIONS o
13) COCKTAIL SHAKER SORY, EXCHANGES FIRST AND LAST SARMFLES AND
—~ THEN (18T+1) AND (LAST-1).ETC.
14} EXCHANGE SORT, (N}, (N+1), ETC. ARE EXCHANGED WITH
—~ SAMFLES FROM RANDOM LOCATIONS
15) SHELL SORT. EXCHANGES SAMPLES FROM FIRST HALF OF LIST WITH
— SARFLES FROM LAST HALF OF LIST
16) GUICK SORT, A DOUBLE BUPBLE SOKRT-ASCENDING
M 17) INSERTION, FILLS LEST LOCATIONS WITH 0 ORDINALLY
— 18) HERGE, MERGE THO SARFLE LISTS INTO ONE
M
M

- (300

(301)

(302

(X014}

(305)
(306)
(307)

(308)

(109

{3103

(315

(314}

S {315)

(317)

A3H)

(i)
{319

(3200
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F5 %% WITH WAV, QUL NOBL, AOBF, HOBA, ROBY, HORBT sxxx

GUBROUTINE F3CLIST . JAM
INTEGER A YL, Y2,Y3:Y4,8,1

C CORMOR A(SO0,173 - ft(HDQ‘ Y205000 ,Y3(500) . 7445007,
154500, 2C500)

JAR2=JAM/2
Jani=Jdan2/2
RELEESELIE XS

LISTX=LTI87~1

LIGTE=L18T/2
LIST4=L1587/4

LI5T5=L187/5

JTOT=L187

JouT=1aLEA(L: )

JWFE=TALEA(L, 1D}

JW=TALEAGS 1)
IFCJOUT.EL. 9. AND JWFF LT 2)JW=1ALEALL,17)
JEET=0

JOVE=]

TJOOG=TALEACL; 1)

S IFCLJ00LER, Y IOVE=TALEA(R, 4)

I5T1=L18T

DO 600 I=1,LIST

SLDI=ACT W)

60 T0 (1:1,1,1,1,11012,18,118),J0UT
NFER=TALEA(1,4)

APEK=NFER

BFLAT=TALEA(L, 20
IF(AFLAT.ERL. S RPER=TALEACT . 4)
L=TALEACL,LIST4)

LLsL '

JENV= (LIST+1)#NPER*JOVE /L

KENV= (LTS T+1) #RPER# JOVE/LL
NENV=1ALEA(S, 15)

JJJ=TALEA (L, 20)

IF(JJJ.EQ.9)B0 TO 888
IV=TALEAC LD, 200)

DO 99 I=1,LIST

YLD =ALT, NERV) /TV+1

GO TO 599

DO 955 I=1,LIST

Y1(1)=ACT,NENV)

JERT=IALEA(I, 18) -

GO TO (300,301,302,304,305,306,307,308,309,310,
1313, 314, 31&;316 317,318,319, 3200, JSRT
NPER=IALEACL,2

HFER=NFER

1V=1ALEAC100,200)

HFLAT=TALEALL, 20)

CIFCRFLATLER. 2)APER= IﬂLLé(i:Pi

IN=TALEALA,LIST4)
L=YALEACL,LIST4A)
IFCIOUTER.SIL=TALEA(L, 9D
Ll=L

CUENV=C(LIST+I ) 2NPERSJOVE/L

KENV=(LIST+ 1) sARERSJOVE/LL
NENV=TALEA(S,15)

PO 744 1=1,LI5T
Y1¢1)=ACT,NENVI 7TU+1
s)l'\l. iﬁl i ﬁil:iﬂ)

l\/’

‘.\‘/}



CCCCoCo0

C C

C

C C

C C

C C

~

N

il

REx N

301

1014

264

199

168

304

60 TO (304,30%,304,307,308,30%,314,315,317,318),J8K1
NPER=TALEA(L, 4)

APER=JALEA(L.4)

Iv=TALEACION. 200
IVi=1aLEACI00, 2000
L=1aLEA(L,LIGT4)

CLL=TALEACL LISTA)

JENV=(LISTISNPER/L

RENV=(LIBT)#MFER/LL

NENV=TALEA(S, 15}

MENVI=TALEA(S,15)

D0 %33 I=1.LI87

YR (D =AE NENVY/TV®Y
TRO0I=A(T.NENVII/TIVLL -
JERT=1ALEA(S,18)

GO Y0 (300,301,302,304+305,306,307,308,309,3%10,
1313,314,315, 314,317,318, 317, 3200, JORT
IF QL ER. S50 TO 1014

IFCILER.PIBC TO 1014

DO 185 Jd=1.0L157

DO 166 I=1,L181X

IF(S(1+1).GT.8(1))60 10 164
IBWARP=3(1+1

§(1+11=5(1)

S(1L)={5WAPF

CONTINUE

call OML(uyNPERrﬂPER,L,LL:LIST,JTOT;JﬁﬂvvﬁﬁvaYi1Y3,JBET,J0U1:INr
1JOVE :

: tONTlNUE

BO TO 333
IF(JW.EQ. 11360 T0 1013

IF (JW.ER.12)60 TO 1013

DO 255 J=1,LI8T

DO 246 I=1,LI5TX -

IF(SCI+1) . LT.8CI)I60 TO 266

TSWAP=S(T+1)

5(1+1=8(1}

§(1)=15HAF

CONTINUE

CALL OWL (S, NFER, MPER, Lo LL,LIST, JTOV, JENV, KENV, Y1, Y2, JSET, JOUT, IN,
1JOVE |

CONTINUE

GO 10 333

TF(JW.ER.1)60 1O 333

N0 188 J=1,L157

JETO=8¢1)

DO 199 T=1,L1STX

§(1)=8(1+1)

SLISTI=J5T0

CALL OWL (S, NFER,MPER, L LL,LIST,JTOT, JENV,KENV, Y1, Y2, JEETS JOUT, INs
1JOVE)

CONTINUE

60 TO 333

DO 16 J=1,LI8T

EALL OUL (8, NPER, FER, L, LL,LIST,JTOT, JENV, KENV, Y1, Y2, JSET, JOUT, IN,
1JOVE)

IF (5(J) . 5T. JANBIEO TO 218
IF(BLY L LELJARBIGO TO 219

S(JI=8(d)~JANS

BO TO 216

A



A

C C C C C

C

C

C

C O C

C

219
2ld

303

b
j
2

223

220

304

20%

307

214

213
2z

e

205

309

2‘3!‘5

313

300

314

S{h =800+ Jan]

CONTINUE

G0 10 333

DO 220 J=1,0187

CALL OWL (5, NPER.RPER, L LL LISY JTOT, JENV, KENV, Y1, Y2, JSET, JOUT, IN,
1JOVE?

TF(SCH L 6T.JaN2)60 10 222

CIF GBI LLELJAR2IGO TO 223

SO =500 - JANT ]

G0 10 220

SO =B )+ AR
CONTINUE
G0 TO 333
DO 209 J=1,LIST
CALL OWL (S, NPER, HFER, Lo LLsLIST, JTOT, JENV, KENV, Y1, Y2, JSET . JOUT, IN,
1J0VE) |
LISTI=L1§TI~1 \
IF(S(LISTLY.BY. JANZIS(LISTLY=8(LIST1)~JARD
IFOBLISTU L LELJARD SILISTLI=5(LISTL) +JANL
BO TO 333
DO 212 J=t,LIST
CALL QWL (8, NFER, HFER, Lo LL,LIST, JTOT, JENV,KENV, Y1, Y2, JSET, JOUT, IN,
1JOVE)
LISTI=L18T1~1
FUS(LISTLY.GT.JARDIGO TO 214
IF(B(LISTI) . LE. JANRIGO TO 215
BULIBTLY =B(LIBTL = JAN2
60 TO 212
SCLIGTLY =G(LISTL) +.JAN2
CONTINUE
B0 TO 333
DO 205 J=1,L187
CALL OUL(8:NFER,MFER, Lo LLsLIST, JT0T, JENV, KENY, Y1, Y2, JSET, JOUT, IN,
1JOVE)
LIST1=L18T1-1
IFCSLISTLY.GT. JARL/ L) S(LIST) = AR
BO T0 333
DO 207 J=1,LIST
CALL OWL(SsNFER, AFER:LsLL>LIST 1 JTOT, JENY,KENY: Y1, Y20 JSET, JOUT, TN,
1J0VE) ‘
TF (500 . LT, JAN3SJANT /)6 (=1
60 TO 333
DO 203 J=1,LIST
CALL OWL (S, NPER, MPER,L,LL LIST,JTOV, JENV,KENY, Y1, Y2, JSET . JOUT, 1N
1Jove)
A=TALEACL,LIST)
SN =TALEA{L, JARD)
G0 YO 333
DO 500 J=1,LI8T
K=1ALEACL,LIST)

LP=TALEALLLIST

I5WaP=5(K)

SUO=5{LF)

S(LPI=ISHAP

CaLL OML(ayNPFk AFER L LU LIST. JTOT JENY, thU Y1:Y237 JSET, JOUT, IN,
1J0VE

“ONTINUE

G0 7o 333

IFCHLGT. 1. AMD L WL LT, 4)?0 TO 343

TF(IW.ER.IDIGO TO 333

o

-._”’/'

C



C

C

C C

e

C CCCCcCc

C

C

C C C C

403

£l
e
n

a07

317

4019

318

412

IFCIW.EQL17)60 TO 333

1=L18T/241

11=]-1

DO 403 J=t,11

ISHAP=5(J)

5{)=5(1~4)

§(1-J)=ISHAF

ISWAP=8(LIST1~J}

SCLISTI-J)=8(114J)

5(11+J)=15WAF

CALL OWL (S, NPER, BPER, Lo LL LIST,JTOT, JENV, KENV, Y1, Y2, JSET . JOUT, IN,
1JOVE S

CONTINUE

GO TO 333 (
IFCINLGT.5.AND. JW.LT.9)B0 T0 333

TF (WL BT. A2, AND. JW.LT. 17060 TO 333
J2=L187/2 -

DO 405 J=1,.2

ISWAP=S ()

S =G(LISTL-0)

S(LIST-J) =TGWAF |
CALL OWL (S:NPER,MPER, Lo LL, LIS, JTOV, JENV, KENV, Y1, Y2, JSET, JOUT, IN,
1JOVE )

CONTINUE

60 TO 333

DO 407 J=1,L187

K=TALEACL,LIST)

ISWAF=5(.)

G(JI=6{K)

SCK)=ISWAP

CALL OWL(S,NPER,MPER LyLL LISY, JTOT, JENV, KENV, Y1, Y2, JSET, JOUT, IN,
1JOVE)

CONTINUE

BO TO 233

IFCIN.EQL 1160 TO 333

IF (ML BT 2. AND L JH. LT SIBO TO 333
L1882=L18T/2

LISP2(LI8T/2)~1

DO 409 1=1,L1682

LIGPR=LIGP2+Y

IGWar=5(1}
84D =B{LIEFD)
S(LIGF2y=15UAR

“CALL OML (S, NPERAFER L LL LIST JTOT JENV KENY, Y1, Y2, JSET, JOUT, IN,

1JOVE?

CONTINUE

Go 1o 333

IF CHWLERLGSIB0 TO 333
IFCIULGTOLAND JWLLT 4060 T0 333
IFCJW.ER.?.OR.JW.EQ. 17360 10 333
DO 411 J=t.LI6T

S LISTi=LI8TI-]

IF(BCIFLILBT.E00)60 TO 412
ISWAP=8(.)

(=504 1)

S(d+1)=18UAF
IFCSCLISTLYLGTLBLLIBTI-1))80 TO 413
I8Wab=5¢LI571)

SOLIBTL) =5{LT8TL- 12

G{LISTI-1)=150Al

»

C

-
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413
411

319

415

419

333

Call OWL{S,NPERHPER, L LLLIST,dV0T  JENV, KENV, Y1, Y2, JEET, JOUT, IN,
LJOVED ) «
CONTINUE ‘

60 YO 333

0O 4154 I=1,LI8T

Z0L)=801)

(1=l

DO 418 J=1,LTET

SCh=200

CALL OWL (S, NPER, APER, L LL LIBT, JTOT, JENV,KENV, Y1, Y2, JSET, JOUT, IN,

1JOVES

CONTINUE

Go 10 333

IF (UL ERLI0)G0 TO 333
BRO=TALEA(S,12)

DO 419 J=1,LI87
(FOAGHAND) LT S0 B =A LI AR
CALL OWL (S, NPERRPER L, LL,LIST, JTOV, JENV,KENV, Y1, Y2, JSET . JOUT - IN,
1JOVED

CONTINUE

G0 1O 333

CONTINUE

RETURN

END

J

~
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USE -OF STORED LISTS

There are 17 stored lists used for a variety of purposes: (1) waveforms,
(2) envelopes, (3) modulators on a tzmbral rhythmic, or pitch level
(i.e. in the defining of duration/rhythm; pztch/fundbmental frequency;

glissandi; distortion. modulation; delay modulations Location: moduZatzon,

frequency modulation; and amplitude modulation). The 17 lists can be

recaleulated rapidly in real— time .to allow for the use. of -different
list sizes and scale factorings. (Refer to the following figure of the

lists and the program which calculates them.)
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R N

C

C

~_

WAUZ #xzszess 17 WAVES
BUBROUTINE WAVELLIST . JAM)

CINTEBER &

COMMON AL500,17)
LIST2=L187/2
LIST4=(LI5T/4) %3
L1STE=(LIBT/B) %7
XLI5T=L15T

DU=6. 283165207 /%L157
Jnz=JANR/ 2

XJANZ=JANZ
JARL=JANR /2
JAN3=JARL%3

JAMT =AM

JAZ= JANE20

LOG=JAN3

LOS1=JAN

LB=LIST/3

L=0

R=LI5T/72+1

izt

LISTX=LIST~1

N1 ~
KTRI=JANT/L1ST
KT=~KTRI+1

KK=JAR/LIET

K=0)

TK= Jaf+KK

DO 11 I=1,LIST
1K=TK~KK

ACT, 11 =1K

L=l
ACT,10)=5IN(CC#0D ) € XJAN2+JARR+
FULLELISTZIALT, 17)=1
IF(1.BT.LISTZACL, 17)=JAN
K=K +KK »

LIS =K ~

ALT: ) =TALEALL, JAR)

AL 1= (A0, 3 7200+ DRl 50 7%

[FOALT, 36T JAKRLIGO T0 20
IFCACL, 32 LELJARLIGO YO 30
AT 2)=JaR

GG 10 40

AT =1

KT=KT+KTRI
TFCETOBTLJARETRI=-KTRT
AL, 71=K1

KT2=KT#2 ,

IFCKY.BE. JARIDKY =180
ALT,14)=H12 :

KT4=K1%4 ,

TFOHT . GE . JART KT 4= Jaf

AT, 15)=KT4

KYd=K1%1, 333

IF (KT LBE . JARDI KT 3=0AM

A1, 13)=KT3

KI33=KT#2.5

IFERT.GE., JARZIKTE3= a0

17 (KT33.67. JANKT33=K 133 JAR

R(1,16)= PT&& S

-

oy
e

.
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11

H4

=l

fi==fi+ ]

AL, B)=Nxh

N=f+

AT G r=LT8THEN- (Ne)+1

LAS=TALEALLOGLOBL)

IFANLBY. . L8)LOE=JAN2
IFINLGT.LB)LOE I =JARS
TFONLGT . LB«2)L08=0a1]1
IFOR.GT.LE=L051=JAN2
IF(NLGT. LB#3)L08=]
IF(RLGT.LEs3L06=0A01
TF(N.GT.LOB%4)L08= JaN2-2
IFINLBT.LB2L081=JAR2+2
all.4)=0La8

ACLIBT160=0AR0

KITH=1

AL, Pi=1

Do G54 1=1,LI87X
ALT+HL9)=A(T,F)+KITH
K1TH=KITH+1
LUKH=JAZ/A(1,8)
LUKD=JAZ/ACLIET26)
LUKS=JAL/A(LIET, %2

Bpo H1 I=1.L187

AL 3 ={AdT, 3)LUKNY /2041
AL 6I=CRET 63 8LUKD) 72048
AT 7 ={ACT, 72#LUKE) /201
Il=1

po 22 I=L1S8V.1.-1

AT A=A

II=11+1

RETURH

- END



COMPOSITIONAL LEVEL

Many of the ideas and processes. involved on the lower level of composition
(sound. synthesis) intersect and parallel compositional procedures of a
higher level. This is an important characteristia of my work which
involves the establishment of connections among higher and lower levels
of composition and music. My attitude of diversity in regard to timbre

is reflected in a variety of routines pertaining to the compositional
level. As an overview the following ideas are developed: (Detailed

descriptions of programs used for specific compositions are given later.)

(1) stochastic (probabalistic) choices, Markov chaining, random

wetghting (brownian, ete.);
(2) tendencies (both stochastic and composer detailed), masking
of variable ranges to produce directional tendencies (i.e. movement

from pitched sound to noise across various modulations of timbre

during an event sequence);

(3) algorithms (i.e. exponential functions, ete.) to control vartous

parameters and structures;
(4) sorting, reordering, and replacing routines to act on sound event
strings syntactically (i.e. sorting of a group of sound events

having random pitch ordering into a dirvectional pitch sequence);

(5) transformations of sequences of sound events with various tied

and/or untied relationships among parameters.



"TWALK" s a compositional program that elaborates on the simple
'random walk' which is a constrained stochastic procedure defined
as follows: given point (n) on a line, the only possible choices
which can succeed point (n) are the points (n-1) or (n+l). The

probability of either choice is (.5).

"TWALK" was used to create the composition "TAPEWALK I'" in which

100 sound events have been ordered in an array and can be accessed

via their address location in the computer. These sound events have

all parameters tied ( e.g. whenever a particular address is accessed
pitch,duration,amplitude,envéZope,etctare aZways the same). Two

locations are reserved. for rests and one loeation is an exception to

the rule of tied parameters. This exception allows for the transformation

of parameters of the event each time it is chosen.

Two opposing operations take place in the course of the program.
Probabilities are set at the initial values of (.3) and (.7). If

the array is imagined as a horozontial line with a pointer then

this initial probability setting will cause the pointer to generally
move in the divection of the (.7) weighting (to the right). When a
threshold is reached (the end of the array) then the probabilities
are rveversed to (.7) and (.3), which causes the pointer to be directed
towards the left in the opposite direction until a threshold is
again detected (the beginning of the array) at which point the
probabilities are switched.again. In this way the pointer traverses
the range of the array back and fbrthuwhiletthe probabilities
themselves (which arve variables) change gradually from the initial
values of (.3) and (.7) to the final and equally probable values

of (.5) and (.5). This change in the probability values produces

a tendency towards more and more repetition of individual events
and strings of events. Simultaneously, the possibility for location
choice is increased through the course of the program from the
initial possibilities of (n-1) and (n+1) to (n-12) and (n+12).

This is a tendency towards less repetition. These two processes,



one divected towards more repetition and the other away from repetition,
interact in a dynamic manner because of their opposite yet completely
interrelated purpose of controlling the amount of repetition of

single events and event strings.

The program ends when the probabilities become balanced at (.5) each.

Basically the heuristics employed in the creation of this program

(and composition) mainly involved the alteration of the variable
values mentioned above. I will attempt a reconstruction of the
interactive experiences which resulted in this program, while keeping
in mind the somewhat hypothetical nature of any attempt at reconstruc—

tion of past events and the detail required in such an undertaking.

The program originally allowed for the possibilities involved in the
basic definition of a 'random walk' mentioned in the first paragraph
above. It is easy to see that the small choice range and equal
probabilities for those choices gives a repetitious result— which
could prove interesting in particular application (i.e. the case of
a single parameter choice for sound events); but in fhe case of
sound event choice with all parameters tied was too repetitious.

My first impulse was to increase the size of the choice range, but
this gave the same repetitious situation— only over a longer time
duration.. I returned to the original choice rangeiand altered the
probabilities for choices to a more imbalanced state. This proved
interestiry when the probabilities were allowed to reverse themselves
upon a ‘threshold detection allowing for greater flexibility (other-
wise the pointer gets 'stuck' at one end of the event list). Yet
even. these results gave similar variations for each back—ané%fbrth
traversal of the array; so that a staticity resulted over time.
Increasing the choice range again gave a more dynamic result in
conjunction with reversing the imbalanced probability factors. Yet,
still, the repetition necessitated the use of tendency masks to
allow for variable alteration over time in order to control repetition
' more effectively. Experimentation took place to establish workable
minimum and maximum values for the two variable sets- choice range

and probability- separately. Then they were futher refined in relation



to each other. This required a great deal of time making just slight
modifications until the final result was arrived at. This is a
somewhat labourious task; but the convenience of altering values

via the switch register dnd/or read input statements while a program
is running can prove very effective. The one sound event not having
all parameters tied is a minor detail that resulted from and gives
eredence to this imteractive approach where flexibility in attaining

the final result is evident.

Hopefully, this detailed epoanatibn of my personal, intuitive working
method has not been too tedious. This example should. suffice to give
an idea of my heuristic approach to using the computer for the creation

of music.
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B0 TO 29

THALK

Yo CALL F2,F%,F4,FS :
INTEGER A-Y1.Y2:Y3:Y4,8.1
INTEGER SEEDC12Q)

CORMON ACS00,17),01(500),Y2(500),YI(H00),Y4(500),

16(5003, 2(300)
WRITEC4,784)

FORMAT(T BEED VALUER")
KEADC(4, ) JGEED

ALl RARDOM(OJSEED K1)
DO 135 1=1.10
WRITE(4:31

CONTINUE

DO 22 I=1.120
SEERDC(D)=TaLEACL, 10000}
JRIT=1

JONT=1

TCHT=1

Kagi=701

Ka82=300

K&88=Kag1]

10=40

LIsT=1aLEACLOU, Iuﬁ)
LIST=140 i
WRITE(4)LIRY

JAM=4000 ’

CALL WAVE{LIST,JaR)
CaLl RANDORM{BEED(I0}, 21}
IFCIONT.LT.200G0 Y0 999
IFCI0LNES7350 TO 343
IFER=4

JEHOO=4

G0 10 100
IFER=TALEA{L, 1)
JCHOO=TALEA(L 6}

GO TO (2,2:2:2:3:40, JLH00
Call FaelIst)

GO 7O 999

Call FE{LIBY.IPER?

GO 10 999

Call F4C{LIST,IFER)

G0 10 999

CaLl FROLIST,Jam)

G0 TO 7%%

JONT=IDNT+1
JENT=JENT#1 |
IFCJONTOLT. 10060 TO 1929
JERT=1
WRITE (4, ) JBITHADRS
JRIT=JBIT+L

CALL HANDOM{ICNT.Xi)
JHAF=TALEA(T 10007
IF(L0.BT. 100560 10 149
KAB2=KAB2+4

Ka88=Ka82

GO 10 19

IFCLO.LT. 11060 TO 49
KAB1=KABLl-4

KASs=KAR]

N

L



™

N

4% ' IF(JHQF.LT.HASS}GO Y0 29

19 0 T0=10¢+TALEA(L, JBIT)
60 10 3% [
9 10=10-TALEACL, JRIT)
39 IF(KABS.GT.429.AND.KABS. LY. 571360 10 9090

TF(I0.ER.IZ.ORLIO.EQ.BVIG0 TO 4846
BO TO H555
Hbhb JREGT=TALEA(S, 40}
00 1918 I=1,JREST
WRITEC(4.775)1
7724 - FORMAY("+7y14)
1943 CONTINUE
BO TO H5HES
5T0F
END



"MARK" is the only compositional program which does not produce a
sounding result. The output from "MARK" is used as input to another
program, "TMARK". "MARK" created two files on disc. One file contains
user input specifying in a matrix the probability weighting of a
Markovian chain of events. Then the program creates a trail or

sequence of events (the second disc file) dependent on the weighting
specifications and sequence possibilitieé dictated by the user

created matrix. The Markov chain is of order 11 and the 11 'events'

are actually compositional subroutines. The trail is used by "TMARK"

to call these subroutines, thereby giving overall formal characteristics
to the composition "SAAMBA". Certain subroutines cannot follow others;
specific routines generally (in a probabilistic sense) precede and follow
other routines depending on the matrix; so that, a particular matrix
can serve as a powerful formal tool in the ordering of event groups

(as defined in a subroutine called). |

A list of the subroutines called by "TMARK" with a brief explanation

of their specific characteristics follows:

(1) "C10" : four voices, calls the compositiondl subroutine "PCH"
to control the contour of pitches in an event sequence. Nine countours
are possible ranging from a simple ascending pitch tendency to other

more complex tendencies involving various thresholds and controls.

(2) "c20" : two voices, calls a subroutine "H52" which rescales
values from the 17 lists used, so that the lists can be utilized

for controlling pitch and duration.

(3) "C21" : ome voice with location modulation which also calls the

subroutine '"H52'" mentioned above.

(4) "C11" : two voices, similar to "C20" with the additional control

of articulation.



(5) "C30" : two voices, uses the subroutine "H52'" and also divides
the event sequence into sections over time introducing a directional
tendency controlling timbre. The tendency moves from pitched sound to

notse over six timbral areas.

(6) "C40" : merely the reverse of "C30"; moving from noise to pitch

across an event sequence.

(7) "C21IVL" : one voice with directional modulation, which takes a
short event sequence and transforms it six times. focusing on timbre

involving a tendency from pitch to noise.

(8) "C21FH" : similar to "C2IVL" except that the tendency is from

noitse to pitch.

(9) "C50" : two voices, calls one output routine which produces a

unique type of random modulation of pitches on a short event sequence.

(10) "CF45" : four voices, produces events of large duration in a
p f

pitch cluster.

(11) "SIL" : no voices, produces silence of a chosen duration within

a certain range.

The matrix used and the trail produced follow. (The matrix values are

in integer form, 50 =(.5).)



(CURRENT EVENT)

(NEXT EVENT)

Cip C20 C2t Ci11 C30 C40 C2iuL C21FHCS0  CF4F SIL

c10 6|1 44{4f{ 4]0 0300|1418 20

2 |61 a4l alalolo] o314 18120

c21 6| 44| 4|30 00| 0|14 {18 {20

c11 6| 4 (4|40 |30 }0(0114 |18 |20

c30 olojojoflojo0fO0]| 03333 |3

c40 ojojo0|o0o}j0ofl0}O0} 033 |33 |34

czi| 0} 0L O[O0 0 0] 0|33 |33 34

cairn| 0 | O 00070 0 (0 |33 |33 |34

cso 0 0 0 0 0 0 0 0 [33 133 |34

crar (20 |20 {20 {20 [0 |0 ] O O] 0| O |20

st |20 |20 [20 |20 [ O | O {0 | O O j20 (00

TRAIL = 9,11,10,3,5,10,2,11,3,5,10,2,10,11,1,11,3,10,1,7,9,11,
2,4,11,10,11,10,3,10,2,8,11,3,5,10,2,11,1,7,11,10,1,9,10, 2,8,

9,10,1,9,11,4,11,10,3,5,9,10,4,3,1,9,10,1,11,1,11,3,5,10,4,4,

9,11,4,6,10,2,11,10,11,1,1,9,11,2,8,10,4,3,11,10

(These mumbers refer to the sequence of subroutine calls made.)



Eight other programs were used in the first sectien of the composition

"SAAMBA". These include:

(1) "Fa4", "F444","SHORT" : four voices with an algorithm for exponential

control of duration which produces a clearly defined tendency.

(2) "FTOT22","FTAT22","NPCH" : two voices with a directional tendency
from noise to pitched. sounds simultaneously with a decrease in the

possible pitches chosen via masking.

(3) "FBUBB", "FBUBA" : two voices, a random sequence of sound events is
ordered via a bubble sort into ascending and decending strings according
to their pitches. A small percentage, or margin, for random alteration
of the strings as they are being ordered is allowed for by way of a

wetghting specification.
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BARKsss85%%

IAPLICET INTEGER (aA-W)

COMMON ACT1, 113, 80125 0081

HRIYE (4,785} ;

FORMAT(? SEED VALUEY.NUMBER OF NODEST™)
READ (4, 2 JBEED - BAX :
URITE (9 Y JSEED, AAX

LaLl RANDOM(JSEED. X1

IFCIWWER,. 1360 TO 747

sexsxINPUT SECTION=#sw«

WRITE(4,784)

FORBATO' INPUT MATRIX VALUES')
DO 2% I=1,8AX

READ (S0 (AT D) 2 J=1 BAXD

COWRITEC(4,787)

FORMAT(® HERE 15 THE TABLE..."?
0O 4% I=1.84X
WRITECR, 788 (AT dr s d=l. AXY -
FORRAT(I1(T4))

WRITE(4, 7392

FORMATC? all IS 0.K. 77

WRITE (4,790 B

FORMAT(Y YES=1,N0=07)

READ (4, 1ANS '
IF{ANS.LT. 1360 10 111

#xs22QALCULATE X wwesuy

DO 98 I=1,MAX

=0

DO BY J=1.,H8AX

DO BY I=1.MAX

DOdYy=40L, 34000

DO 109 1=1.8A%
DCIY=0C1)/70NAX

WRITE(®?, 792}

FORRATC’ THEORETICAL PERCENTAGES: ")
WRITEC? 7930 (1 D=1 RAXY
FORRAT(11(I4))

#uxg2F1GURE FATHus3s

WRITE(S. 797}

FORRATL? STARTING NODEs”
K=LlALEACL, HAX)

B{1}=R

WRITE(Y, IR

WRITECD, 7981 .
FORMAT(? NETWORK PATH:”}
Do 59 IK=2,1721
CH=TALEA(L, 100}

TOT=0

DO 6% C=1,M4K

IFOAGR, ) LER.DIGO TO &F
T0T=/(R, L)+T0T
{FOCHLLELTOTIG0 YO 1

- CONTINUE
BUIKY=C

A
~—

e

L



537

791

T3

149

139
794
795
799

C

-

%6

4321

k=C
CONTINLE
WRLTE(Y, 791) (BCT) s I=1,121)
FORMAT(11¢13))

wassx § OF EACH EVENT #wsss

DO 14% I=1.RAX

P{1i=0

DO 137 T=1,HAX

DO 139 J=1.1%1
IF(BCHLER.DIDCTI=0(1)+1
WRETE(T7794)

FORMAT( aCTUAL PERCENTAGES: ')
BRITE(S 7953 (DC0 s {=1, A0
FORMAT(11(14))

WRITE(S 7993

FORWATY (/777

#xendBRANCH TO-7 sxex%

WRITEC4,7%6)

CFORMATC? 1=NEW SEED’/7 I=NEW RATRIX'/

17 3=NEW SEED AND BATRIXT/' 4=8TO0F7)
READC4, Y JWW

TFGMLER.IBO TO 11

TF (MWL EB. 4360 TO 4321

60 T4 1234

Syor

END



£ THARK=ssxsxsasiITH HARK ALSO
‘ THTEGER A-¥1-Y2,Y3:74.8
INTEGER C(121)
COMMON AC350,17) Y1350, Y2(350), Y3 (3500, Y4C3503,8(100,13}
WRITE(4,7540
754 CFORMAT (7 LOAD TRAIL PAFERTAPE')
WRITE(4, 7347
786 FORNATCT SEED VALUEY™)

READ (4, ) JBEED
CALL KANDOM(JSEED,X1)
CALL HS2
IKETEIE LTI LS SEE LS 24
~ READ(S, 7092 (CAL » 121,121
709 FORNAT(14)
WRITEC4, 7110 (01, I=1,121)
711 FORRAT(11(153)
FAUSE 1
I EIEF T RIS L 2 1
LH=1
HL=7
AH=13
LIST=1ALEAC100,300)
JAR=4000
CALL WAVE(LIST, Jaf)
Do 99 I=1,1%1
WRITE (4,01

JEHOO=C (1)
GO 10 (1:2:3:4:5:6+97:8,9,30,11) 5, JCHOO
1 CALL C1OLIST:
GO 10 99
2 CALL C20ULHARL-AH-LIST
GO 1099 ’
3 CofaLh C2HLIED
G0 Y0 99
4 call Ciudilshy
G0 TG 99
3 ALl c30LIsTy
GO0 T0 99
B ALt CA0(JSEED.LIST)
G0 10 99
7 CALL C2IVLLIST
GO 10 99
8 CALL CRIFHALIST
. GO 10 %9
? CALL CSOCLISBT)
G0 Y0 %9
10 CALL CFaF(LIsT
- GO 10 %9
11 CALL 5TL-
GG 10 99
94 CONTINUE
© STOF

END
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SUBKROUTINE LI0CLIST)

£10

FAA4SR4 SRRV ES B A AR HREBEREH

WITH PLHx+x+s434

WITN OIN4,QINA4,0INAG ., OF N4, 0AN4, OLAYS

INTEGER FRIN,FAINL, FRINZ FRINDARIN AMINIG, ANINZ  ARIN3

INTEGER A-Y1,Y2,Y3, V4,0

COMRON A (350,170, V13500, Y2(350), YI(350) , Y4(350),£(100,13)

WRITE{4.784)

FORRATC? L107)
LIST=TALEACLOG, 30D
Jafi=4000

LalLL WAVE(LIST.JAM)
LIST2=L18Y/3-10
LISTA=L18T7/2
LISTO=L18Y/%

JUHI=LIST2
JARP=TALEA(2E, 45)
JAAP = JANRE

LWH1=0

L.=0

JeWI=0 -
JECH=TALEA(L 1)
LONG=1ALEACT, 100}
JETX=0
WRITE(4, }LIST, JRCH,LONG
CALL POHOLWHILISTA-LISTR, Ly JPCH, JWHT - JBW D)
TFCLONG.LT.50.AND. JSTX.ERQ.LIIGO TO 678
IV=TALEACLDG, 10D :
IVi=TaLEACI00,100)
IV2=TALEAC10D. 100
IV3=1ALEAC1I00,100)
JEuR=1ALEA (1, 20}
IF(JSHA.6T.1360 10 5955
Ju=TaLEA{L. 1)
JUi=TALEALL,17)
JuW2=1ALEACL 17
JW3=TALEACL17)

GO 10 866

CdW=TALEA(S 1))

JUi=TALEAGE, 17D
JU2=TALEA(S, 17}
JUI=TALEA(S,17)
NENV=TALEA(H,13)
NERVI=TALEA(S, 15
NENVe=TaLEA(S, 1)
NENVI=TALEA(S1D)

JAd=TALEA(L, 40)
IFOLALRE. 60 TO 111
Ty=i ;
Wwi=1y

Va=1v

vi=1y

0O 11 I=1,L1I87

LTI =ACTNENV) /71U Y
Y2(1i=ACTNENVII/IVIH]
YIUTI=ACTNENV2)/TV2+L
Y4(I)=AC(T1, NENVZ)/TVI+]
Lel+4

Li=L+1

U

s
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4321
B

bo fa i

1

inia

333

444

111

799

LLt=t-1

LLil=L+d

Lo=TALEACTS, 10

IGH=300071

IF (JAAP L T.28) L6H=10%L

IFCIGH.LT. 128 I6H=125

HPER=TALEALLG, 161
AFER=1ALEACLO, TGH)
JPER=TALEACLO, I6W)

KFER=TALEA(LG. IGH)

lkﬁU Mllﬁfi

KENV=MPER/LL

LENV=JRER/LLL

HENV=KPER/LLLL

IF OIS LT, 7 6ND L JSHOLNELLDIBO TO 4321
JEWO=1ALEALL 15}

IF(JSW0.6T,9)J500=1
IFOLLLLER.9).JGH0=10

GO Y0 (222,222,1111,1010,1010,444,444, 333,333,777}, J800

CALL OUTLIZ7CACL, JWY  NPERAMPER L LLALIST ACL, WL, JERVKENY,

171 Y2, 801, W2 JPERCKPERLLLLLLL, A(?:JUJ)r
ENV-RERV Y3, Y43
‘0 T0 999
CaLL QUTIBCACL, JW)  NPFERSRPER, L LLLISYACT, W1, JENV,KENV,
IV Y2, A0 W27 JPERSHPER-LLLLLLL A CL A JW3 D .
TLENV,RENY, T3, Y4)
GO 10 9%
CALL OUTI9CACT, JW) NPERMPER L, LLLIST 801, JW1), JENV,KENV,
191, Y2, 8080820 JPER-HPERLLL A LLLL ALY JUW3 D
TLENV,RENV, Y3, Y4)
GG 10 799
FRIN=1ALEACL,LIST4)
FHINL=IALEALLLIBT4A)
FRINZ=IALEA(L.LIBT4)
FRINI=IALEACLLIBTA)
CALL OUT20{ACL, JW)  NFERMPER Lo LL LIST AT JWT Y- JENV, KENY,
1YL, 72,000,002 s JPERKPERLLL A LLLL - ACT £ JW3S
TLENV,AENY, Y3, Y4, FAIN, FAINL FRINZ, FRIND
30 TO 29%
ARIN=TALEA(R,LIBT4)
ARINL=IALEA(RALIBTHY
ARINZ2=TALEA(B. LIBY4)
ARINI=TALEA(B LIETA)
CALL OUTZI{ACT W) NPER RFER Lo LL LIST A0S W1 Y. JENY, KENY,

AT Y2 AL JU2) JPERGHPERLLL LLLL ALL JWED -

JLENV,HENY, Y3, Y4, ARIN. ARINT » ARINZ , ANING)

50 T0 997

CalL OUTEQ(Q(ipJN)sNPFh APER L, LL LISY 601 JWL) - JENV, KENY,
1YL Y2800, 302, JPERHPERLLL LLLL AL JWD) .
TLENVHENV, Y3, Y4)

RETEENEE U

JETR=]

IF(JaAP.6Y. 0160 TO B55

JUPP=TALEALL. 10D)

IFCJUPPLLTL 20060 1O 531“

RETURH

END



SUBKOUTINE PCHOLWHI,LIST4,LIST2. L, JPCH, JWHT . JSWI)
JTOR=TALEALL: 3}
JTORFZ=JTOR+JTOF
BO 10 (1.2:3,4,58,6,7:8:9,1,2,8) . JPCH
i L=TALEA(LIBTA,LIST2)
LWHI=TALEACLS 30)
IFCLWHTLLT a0 l=TALEA(2, 1)
6o 70 999
JTOP=TALEA{4, )
LWHI=LWHI+]
IFCLURTLBE.JTORILWHI=0
IFCLWHTLER. D L=TALEA(Z, 1)
IFCLWHILGE . D L=TALEACLIS T4, LISTE)
C B0 Y0 999
3 LWHI=LUHI+JTOP
IFCLWHI.GT.LISTRILWHI=LISTZ
L=LUNI :
6o 10 999
4 JUHT=JWHI-JTOP
IFCIWHI L LT 6 JUHI=TALEACZ, )
L.=JWHl
60 T0 999
LUHI=LWHI+JTOP2
JUHI=JWHI~JTOF2
IFOLWHILGTLLISTAMLWHI=LIETA
IFCWHTLLT.LIST4) JUHI=LISTA
LeTALEA(LWHL, JUHD) e
G0 10 999
& JUHI=JWHI-JTOFZ
TFCHIHLLLTY . 63 JWHI=5
L=1ALEA(Z, JUHT
BG 10 999
7 LWHI=LWHI+JTOP
TF(LWHILGT LISTALWHI=L15T4~8
L=lalEALLWHI LIETA)
G0 10 999
f LUHI=LWHI+JTOF
JUHI=JWHI - JTOF
IFCLWHILGTLLISTALWHI=LIST4
TFCHHTLLTLLIST4) JWHI=LI0T4
RETRENETAE S
IFCISHILER.2)USHI=T
L.=JWHI
IFCISHILEQ. O L=LuHI
Go TO 299
? C TR (LWHILGY.LLIST2)J8WI=]
IFCLUHTLLELJTORY JSHI=0
IFCISHILER.O)LUHTI=LUWHT+JTOF2
IF(JISUHTLER. LDILWHI=LWHT-JTORZ
L=LHH]
GO TO 999
10 L=TaALEACL LIST4)
GO T0 999
PR CONTINUE
RETURN
END

ht)

in
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EURRGUTINE CROCLH AL AH, LIST)

G20 ,
FASHE XS SR BB AL B HHRRR%S

cee FYIY2nerzsR{TH BI2ssusses

WITH WAV2,0INY,OFA3, 0ANZ, OLAYE0INIY
INTEGER FMIN.FRIM-AMIN,ARIR

INTEGER HIGH

INTEGER A Y1, Y2:Y3: Y450

CORMON- AC350, 17}, Y1 (3500, Y2(350) - Y3 (350) . Y4 (350) . BC100-13)

CMRITE S, 78B4

" FORMAT (75C207)

LIST=1ALEACLIDN,300)
JaA=4000

CALL WAVE(LIST..Jam)
LISTR=LIST/2
L18T4=L1I87/4
LISTS=LI8T/5%
INC=1aLEA(L 13D
INCi=TALEA(LI. 13}
LI=1ALEA (ML BH)

- IFER=1ALEACT - 4)

IFERLI=IALEA(L, &)

60 YO(1+1+1,2)IPER
IBH=100

G0 10 5595

IGH=500

GO T0(313,13,13.23),TFERL
TGHL=100

6O Y0 L5534

16H1=500

WRITEC(4, 0LIST, ING, INCT, IJ
DG G533 12=1,400,14
JU=LALEA(S,17)
JUi=TALEA(S,17}
NENV=TALEA(S, 1)
NENVI=TALEA(S, 15)
IV=1ALEACI00,200)
Wi=IALEATIO0,2006) -
JJJJ=TaLEACL, 30
IFQIIHE. VGO TO 111 -
iv=1

IVi=l

DO 11 I=1.LIGY

YO =A(T RENUY 7TV

Y2¢I=ACT NENVL) /TV1+]

L=R(lZ.INC) 21
COLL=B(1Z, INCIY+E

HIGH=TALEA(L, 1D}

NFER=L#L

fPER=LLELL
IFOLOGTIDINPER=L® (L-LH)
TFOLLGT IO APER=LL= (LL-LH)
IF(LLT.11NPER=LE(L=LH)
IFOLLLLTOLDIRPER=LL={LLsLI)
IF(NPERLLTLLONPER=L 7
IFOAPER LT LLLMPER=LL - -+
JENV=NPER/L

KENV=RPER/LL
JEUI=TALEACL 1)

IFCIGUTLGT . 10D JBUT =1

\\//

"
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hih

464

TF OIS ER Y JBHI=12
IFCLLLER. 33 JBUI=11

BO TO (222,222,222,2320, 333, 33358383, 444,444, 4441666, 77 1) JEH]

CALL OUTIZ2(A01, JW) NPERAAPER L LL A LIST AL JHLD
LTJENYLKENV, YL, Y2)

G0 10 999

FHIN=021

FAT8=LL~1

- GALL OU]ii(éii JU S NPER, BRER Lo LL,LIST, ACT, JW1 Y,

TJENVKENV, F L Y2 FRIN-FRIN)

60 10 ??5

AMIN=L+1

aIf=L1L~-1

CALL OUTI4CACT JW)» NPER,APER, L. LL, EIai:ﬁ(inNl)a
LTJENY KENV- YL, Y2 ANIN, ARIND :
GO 10 999

CALL: OUTISCACL, JW ), NPER, BFER, L, LL, LIST, é(irJHI}:
LJENV KENV Y112

60 10 §9¢

CALL OUTI&CATT, JWI NPER, BPER, L LL, LIST 40T, Jwii;
TJENV, KENV, Y1723

G0 10 §99

CORTINUE

CONTINUE

LH=LH+5

AL=#L~1

fH=fi--1

IFALLLT. 2L =2

IFRHLLT AT =6

KETURN

END
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SUBROUTINE HE2

C
¢
INTEGER A-Y1.72,Y3:Y4,0
COMMON AC350,17),Y1(350)
321 LIST=100
Jaf=4000
Call WAVECLIST . JafM)
DO H3S J=1.13
DO S35 I=t.LI6T
BOY,Ji=al, dv4)/80+]
535 CONTINUE
RETURN
END

HEpeEzsxs SUB WITH FH AND FHL
FRURE WITH WAVZ =% OW22,0WW22.0F22,0422,00L22,0Y22

PT2CRH0Y, YI(R50), Y4(3E0),BC100,13)



SUBROUTINE 321(1151)
L2y
FXIXZ WITH WAV2 %% 0622, QHN?E'OT??;éﬁhhr L22,0v22
~ CISEEERPEPTEITT RIS ER T EE IR ST o
' j INTEGER A-FAIN,ARIN,Y1.Y2,Y3, Y440
o COMMON ACISQ,17), 713500, Y2(3000 , YICE501, Y4350 . 24106, 13}
o © WRITE(4,786)
‘> 78 FORBAT(T C217)
- 321 L1ST=TALEACLIA1,34%)
JAR=4000
CalL WAVELLIST,Jam}
- LIST4=L18T/4
INC=TALEA(L,13)
- Td=IALEA(2,60
HRITE(Q:)L]a!:{NC:IJ
9555 RO 535 1Z=1,100.1J
L=B{TZ,IN0)+2
IV=TALEALI0N, 200
23 LoW=%
JWaF=1aLEACL, 20}
IF (WA LER . 93L0W=1
JWi=TalEALOM, 17)
JU=TALEA(LOW,17)
NENV=1ALEA(S,15)
Li=L
NPER=TALEA(L,1)
RFLAT=TALEACL, 20
IF(HFLAT.EQ.2INFER=TALEA(L 3)
RPER=NFER
KDIFF=TALEA(T .10}
TF(RFLATLER. 2. ANDLRDLFF.LT 4 APER=TALEA(L, 3)
JTOT=L18T
JOUE=]
TJo0=1ALEA(L, 20D
IF(IJ00.£0. 3 JOVE=TALEA(Z4)
SJERV=(LIS T+ sNPEREJOVE/L
KENV=(LIST+I)#AFER®JOVE/LL
ARTN=TALEAL-LIST4D
LIN=ANHIN
FRIN=ANIN
JoUt=IaLEA(T 14} .
IFCIOUT..BT. 10 .30UT =]
Jdd=IALEA(L, 40)
IFCGLALER. 2 I0UT=11
IFCHIJONE. B0 TO 111
DO 43 I=1,L187

N4

\‘\, y

i\v\/‘

A N N N

4 YLCE)=ACLNENY)
BO TO 3333
. 111 DO 11 I=1,LIST
) 11 YLD =ALT,NENV) 719+
A 3333 CONTINUE .
o543 GO TO (222,222,222, 444, 444,555,555, 666,777,777, 333), JOUT
) 222 CALL OUTELACL, JW), NPERMPER, L LL LIST, JTOT/ AL, JW1) - JENY,
- TKENY, Y1, JOVE) |
- G0 TO 999
P 343 CALL OUT7CACL, W) s NFER, APER: L, LL,LIST, JTOT, ACL,JW1), JENV,
U LKENY, Y1, JOVE)
N 5O TO 999
_ } - hh4 L=IALEA(L, ) :
’ CALL OUTHTATLs M) NPER BPER Lo LL LIST . JTOT, ACTL,JUL) s JENY,

[

e
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177
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535,

LKENV, Y1, FRIN, JOVE)

60 TO 999

CALL OUTYCACL,JW) s NFERRFER L LL,LIST, JTOT,ACT, JW1) s JENV,
LKENV, Y1, ARIN, JOVE)

6O TO 999

CALL OUTI0CACT,JW ), NPER, AFER, Lo LLyLIST, JT0T, 401, JW1), JENV,
LKENY, Y1, JOVE)

5O VO 999

DALL OUTILCACL, W), NPER,HPER Lo LL LIST, JTOV,ACL, JU1) 4 JENV,
LKENY, 11, LIN, JOVE)

60 10 999

CONTINUE

CONTINUE

RETURN

END
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SUBROGUTINE CiidLIam

tit

T EIEI LTSI EL X ST
FUIVZsssssl{TH B50sssssss
WITH WAV2,0INZ,OFRY, 0AR3 . OLAYE, 0INIS
IHTEGER FRMIN-FRIB-AMIN:ARIR
INTEGER HIGH

IHTEGER A-YL.Y2,8

CONMON 80400, 37 Y1400, Y2400 ,6(100,13)
WRITE (4,784}

FORMAY(® Ci17)
LIST=TALEACLI00,30M
Jan=4000 .

CALL WAVE(LIST,JaM)
LIsTe=LigY/2

LIBT4=LIBT/4

LISTS=LI8T/5
INC=TALEA{L 1)
INCI=IALEACT 133
Ti=1aLEad7, 13}
IPER=TALEACT 4)
IPERL=1ALEA(L 4}

GO T0(1,3+3.2).IFER
1GH=10D0

GO TO G455

168=500

G0 Y0(13,13+v13,23),.IPER]
16H1=100

G0 TO 5553

16H1=5800

WRITECA,ILIGT INC,INCL,TJ
DO 535 1Z=1,100,1.1
J=TALEA(SE, 17D
JUi=1ALEAL{S.17)
NENV=TALEA(S, 15) :
NERVI=TALEA(S 1)
IV=TALEACLIOO, 200}
IVI=TALEALLIDG,200)
JJI=TALEA(TL 1)

IFCILIRE. 960 TC 111

iv=1

Wi=1

DO 11 I=1.LI87

TR =A( T, NENVY/IV+Y
Y2()=a (1. NENVI ) AIV1+1
=B, IRG+8
LL=B(TZ,INCL)+]
HiGH=IALEALL, 1

NPER={%{

fFER=LL=LL

IF(L.BY ELINFER=L=(L~-LH)
IFCLLLGT O APER=LL= (LL-LH)
IFCLATLLDNPER=Ls (LaLHY
IFOLLLTOALYMPER=LL = (LL#LH)
IF(NPER.LT.LINFPER=L
IFIAPERLT L MPER=LL
JENY=NFER/L

KENY=MPER/LL
JEWI=TaLEA(L.13)
IFCISHILGT. 10 5WI=1

S

O

0

o
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666

777

299
935

TFCIJLER. 9 ISHI=12
IFCSSSER. 30 J8WI=11

60 TO (282,222,222, 222,333, 333,333,444, 444, 444, 466,777 ), JEUHI

CALL OUT12(ACL JW) NPER BRER, L LL-LIST ACE, JHL)
1TJENV, KENV, YL, Y2}

GO TO 999

FHIN=L+1

FRIM=LL~1

CALL OUTI3ZCACL, W) NFER, AFER.L,LL, azsx AT JH1Y,
LJENV,KENV, Y1, Y2 FRIN, FRIN)

GO0 T0 999

ARIN=L+1

ARIN=LL~1

CALL QUTI4CACL JU) NFERRFER L LL LISY ACT, 0010,
L1JENV KENV, Y1 Y2, ARIN, ARIND

GO0 YO 999 ﬂ

CaLL OUTISCACT, JW)» NFER AFER, Lo LL, LISY,ACL, JWL) ,
1JENV KENY, YL, Y2)

GO T0 $9%

CALL OUTLI&CACL, JW)NFER,AFER, Lo LL,LIST,ACL, JW1),
LJENV KENV, T 120

60 10 999

CONTINUE

CONTINUE

LH=LH+5

G0 TO 421

RETURN

END
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SUBRGUTINE C30CLIST)

L3n 1
FARRESS RS K E AR LA LRSS
FVlvRsssxsW[TH BOI2ssssuss

WITH WAV2,0INZ-OFA3, 0ANI, OLAYS, 0INIS
INTEGER FRIN-FHIR.ANMIN.ARIR

INTEGER HIGH
INTEGER A7l 7293748

CORAON AC3B0,17),YLC350), Y2350, Y3500, Y4(350),8¢100,13)

WRITE(4,784: ‘
FORRAT(Y €307
LIST=TALEA{1DN, 304
JAaR=4000

Catl, WAVE(LIET, Jafl
LISY2=L187/2 ‘
LIsTa=1187/4
LISTHE=LI87/5
INC=1ALEA(L 1)
INCI=TALEA(L,13)
Li=TALEA{L/S)
IFER=1aLEA{L,4)
IPERI=TALEA{(L, 42

60 T0(1,3,3,2),IPER
IGH=100

GO -TO 555

16H=400 .
GO T0(13,13,13,23),IPERT
16HI=100

80 1O 5583

TBHI=400
HRITE(4, 3L IS8T INC,INCL, T
NERYZ=TALEA(L, 4)
NENVZ=TALEA(L,4)

DO 134 I=1,L18Y
Y3(11=ACL NENV2) 780041
YTR{1)=ACT-NERNVE) /1001
JCHOO=TALEACL, 100}
JFLGe=2 :
IF(JCHOO.LT. 51 JFLG=]
BOTO {15,259, LG
Jdd=1

JEWI=4

JB=5

JT=17

JTi=15

G0 10 3

Jdd=9

JEWI=4

b=l
JT=4
WITi=4

JENT=D
JSEC=100/1

JOU=JGEC/7

Jour=0

DO 535 I2=1,100,LJ
JOU7=J0U7+1

TF CJOU7 . LELJOIGO TO 47
Jouy=i

JENT=JCNT +1

o
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GO YO (17,273, JFLB
GO TO (87-85,84,83:81:62:82:85,862JONT
Jhi=?

JEWI=4

GO 10 47

JEWI=4

GO YO &7

JEUWI=1

GO 10 &7

JEWI=2

60 10 &7

JB=d

JT=4

JTi=4

GO Y0 &7

JEUI=3

GO 10 47

G0 TO (52,511,583, 54,850,586, 56,56, 56,56) » JONT

JB=3
JT=17
JT1=15
6O Y0 &7
JEWI=4
G0 Y0 &7
JEWI=3
Ge YO &7

CJsuWI=2

60 10 H7

 JBWI=l

G0 10 &7

JEWI=3

Jdd=1

60 10 37

CONTINUE
Ju=TALEACJR.JT)
JUi=IalEACGIR,JT)
NENV=T1ALEACIR JTL)
NENVI=TALEACIR, JT1)
IV=1ALEAL100, 2000
IVi=IalEA(100,200)
TFORIILGNE. B 10 11
Iy=1

V=1

DO 11 I=1,LI87

YD =A{ L, NENVY /TV 2L
YT =ACTNENVL) /TV1+]
L=BOIZ, INCY+3
LL=BCIZ, TNCLY+3
HIGH=TALEA(L,10)
NFER=1ALEA(2S,JGH) -

RPER=TALEA(25, 16H1)

JEMV=NPER/L

KENV=MPER/LL

GO YO (222,333,444, 664,888,777),J5W]

CALL OUT12{A01, JU) - NPER-APERLALLLISY A0 WL,
TJENV,KENYV, Y1, YD)

GO TO 999

FRIN=TALEACL,LIGT4)

FRIM=TALEACL.LIBT4Y

CCALL QUTIZCACL, JW) NPER.RFER L. LL,LIST 401, JU1 ),

S



N

N

444

bbb

177

gge

G
339

LJENV KENV, Y1, Y2 FRIN, FAIN

6O 10 999
ARIN=TALEA (L, LIBT4)

AfIf=TALEACL,LIST4)

CALL QUTIACACT, JW) NPER,HFER L LL.LIST,ACL, JHL),
LIERVKENY. Y1, Y2 ARIN ARTND

60 10 999 ’

CALL OUTLISCACL, JW), NPER APER L, LL,LIST AL, WD),
1JENV, RENV-T1,Y2)

B0 70 %99

CALL OUTLACACT, JW ), NFER, AFER. L, LL, LISTACT, JWL),
TJENV,KENV. Y1, Y2

TBO YO 999

CALL OUTISICACL, W) NPERANFER, L LL,LIET 800 01D
TJENV KERV T, Y2:Y 3 Y4)

G0 1) 999

CONTINUE

CONTINUE

RETURN

END
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TSUBRCUTINE C40(JSEED.LIST)

C40
FISEREXRRRURUEFRBLBRRY

Fulyies:r CALLED BY FULVzsssg
WITH WAVZ,0IN3.0FM3, 04N, OLAYE, 0INI3, 0LALS

INTEGER FRIN-FRIN.ARIN.ARIA
INTEGER HIGH
INTEBER A-Y1.Y2,Y3: Y48

COMMON AC3S0,17), YL(350), Y2(350), YA(350), Y4(350), B (100,13)

JCHOO=TALEALR, 100)
TFOICHOO. LY. 51 JSH =7
TFOJCHOO.6T.502.080WI=0
WRITE(4.786)

FORBAT(T €407
L16T=1ALEACIDO, 349}
JAR=4000

CALL WAVECLISY..af}
JOEED=JEEED L
LISTR=LISY/2
JARP=TALEA (A, 1)
LIBT4=LIST/4
LISTS=LIST/S
IPER=1ALEA(L, D)
IPERL=TALEALL . 52

60 T0(1,1,3,2.3),IFER
THH=100. ’
GO YO 555

16H=400

GO V0 955

1G6H=800

GO T0(13,13,13,23,3%),IPERL
IGHL=100

G0 TO G553

TGH1=400

GO TO 8453

16H1=800
WRITE (4, 3L 18T, Janr
NENV2=TALEALL 4D
NENVA=TALEA(L:4)

DO 131 I=1,LIST
Y3(1)=A01, NENVE) /10041
Y4{1)=A(T NENVII/100+1L
IF(JCHOO.LT.51) JEWI=JSHI-1
IF(JCHOG.B6T.50) JEWTI=JsuI+1
IFCJSHILEY. 660 TO 3454
IFCISHILLT. GO TO 3454
HRIVE (4, ) JSHI

CALL RANDOMCJISEED, XL
DO 535 IZ=1,Jank
JU=TALEA(S,17)
JWi=TALEA(S17)
NENV=TALEA(S,15)
NENVI=TALEA(S, 15)
IV=1ALEALLON, 200
IYi=TaLEA{100,200)
IFOJBWILLT.AX60 TO 11t
Ty=1 :

wi=1

DO i1 I=1,LI8Y
YLCT3=AUT, NENVY /1U+L
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444

644

177

Ba8s

o9

54%

3456

Y2(11=ACT, NENVI)/TVI+]

L=T1ALEA(S,LISTE)

LL=1ALEACA.LIST)

HIGH=TALEA(L, 1)

NPER=1ALEAC2S, IGH)

APER=TALEAL2S, I6HL)

JENV=NPER/L

KENY=RPER/LL

FHIN=1ALEACG,LIBT4)

FMIN=T1ALEACS LISTH)

ARIN=FHIN

AMIM=FMIN

60 TO (222,433,444,646,888,7771,J8UI

CALL OUTIZ(ALL, JW) NPERBFERL-LLLIST . ACL, JWL) ,
TJENV, HENV, Y1, 12} :

60 TO 999 ,

CALL OUTI3CACT, JW) NFERHPER L LL LIST AL JW1)
TJENV, KENV, YL Y2 FRINFRIND

60 10 999

CALL OUTI4CACL,JUW) NFER,BFER L LL.LIST ACL, JUWLY,
LJENV KENY, Y1, Y2 ARIN-ARING

6O 1O 999

CALL OUTISCACL W) NPER HFER L LLLIST 401, JWL),
TJENV KENV, Y1, 72)

60 Y0 999

CalLl OUTIACACT, W) NPERAPER L .LL - LISY, (0, U1,
LIENV HERV. T1.12)

BO YO 999

CALL OUTISLICACL, JW)  NPERAPER Lo LL LIST AL, WL,
LJENV KERY, YL, Y2, 73, Y4)

GO 10 999

CONTINUE

CONTINUE

G0 YO 3212

CONTINUE

RETURN

END

J
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SUBKOUTINE CR2IVLILIST)
FXIX2 WITH WAVZ =% OWR2,0WW22,0F22,0A272,00L22,0¥22
INTEBER A FAIN,ARIN,Y1,Y2,Y%,Y4
COMMON ACISH, 177, Y1350, Y2¢3500, V303500 - 74(35M
JCHOO=TALEACT 100} o
(FCICHO0 LT S1.J0UT=0 "

IF (JCHOO . BT . 50) JOUT =8

WRITE (4,784}

FORMAT( C21UL")
LIST=T1ALEA(I00,333)

JAR=4000

CALL WAVE(LIST,Jam
JSEED=ISEED+1

JARP=TALEA(2, )
HRITE (4, )LIST, JARF

LIST4=L18T/4

NENVI=TALEACL.4)

DO 13t I=1.L157

Y201)=ACT, NENVL) 710041
TFCJCHOO . LT 510 JOUT=J0UT+1

IF (JCHOO. BT 50 JOUT=J0UT~1
TF(JOUT.GT.7060 TO 123
IFCIOUT. LT 160 TO 123
WRITE (4, ).JOUT

CALL RANDOM(JSEED,X1)

DO 535 [Z=1,JARP

IV=1ALEA (100, 200)
JWi=TALEA(S,17)

JU=18LEA(S:17)

NENV=TALEA(S, 1%)
L=laLEACZ.LIST4A)

LL=L

NFER=TALEACL, 1)
PFLAT=TALEACL, 20)

TECHFLAT.EQ. 9INPER=TALEACL, 3)
HPER=NPER '
KDIFF=TALEACL,10)
IFCMFLAT.EQ. 9. AND EDIFF . LT.4)MPER=TALEACL, )
JTOT=L15T

JOVE=1

1J00=TALEA(L, 2)

IF(1J00.E.3) JOVE=TALEA(Z, 4)
JENV=(LIST+1) sNFERSJOVE/L
KENV=(LIST+1)%HPERE JOVE/LL
ARIN=TALEA(L,LIBT4H)

LIN=ARIN

FAIN=AN N

TFCJOUT.NE.7)G0 TO 111

DO 43 I=1,LI37

Y1(1)=ALT,NENV)

GO TO 3333

DO 11 I=1,L187
TLCII=AL T NENVY/TV+1

CLONTINUE

GO TO (222,777.555,444,664,088,3383),JOUT

Call QUTSCACL  JWI - HPERAPER, L LL-LIST - JTOT A0 W1 ) - JENY,

IKENV, Y1, JOVE)
60 TO 999 | |
CALL OUT7CACL, JW) NFER, BPER, Lo LL, LIST, JTOT,ACL, JW1) . JENV,

TKENY Y1, J0VLS

S
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50 TO §99
CALL OUTECACLy JU)» NPER: AFERS Lo LL s LIST JTOT, ALy JWE) » JENV,
TKENV, Y1, FHIN, JOVE)

GO TO 99¢
CALL OUT®(AUL, M) NFERMPER, L, LL,LISY, JTOTACL, W1 Y 5 JENV,

LKENV Y1, ARIN, JOVEY
60 T0 999 ,

CALL QUTIOCACT, JW), NPER HPER L LL LIST, JTOT,ACL, JWL Y, JENV,
THENV, 11, J0VE) \

50 10 999

CALL OUTLIICACL W) NPERAPER, LabL LIST,JTOT 801, JW1) . JENV,
TKENV, 1, LIN, JOVED

GO TO 999

CALL OUTIDI(ACL, JWY MPERAPER L LL-LISY JTOTACT, JW1) . JENY,
LKENV, V1, JOVE, 12

CONTTNUE

CONTINUE

G0 TO 24212

CONTINUE

RETURN

END



» :

SUBROUTINE C2IFH(LIST)

> ) FAIAD WITH WAVZ 33 OW22,0WWR2,0F22,0A22,01.22,0Y22
- I8 HITH BO IS EE s RSN AR SR ARG AR H LR RS
i IHTEBER ALFMIN AMIN.YL1.Y2,Y3,Y4,8
7) COMMON AC3SU, 170, YL (350, Y20(350) ., Y3 (3500, Y4 (350),8(100,13)
’ WRITE(4,784) '
- 8 FORMAT(T (21FH")
) 321 LIsT=1ALEA(LIAL 3L
o Jan=4000
Call WAVECLIST, am)
LIST4=L157/74

INC=IALEA(L, 1D
TJ=TALEACZ, 4)
WRITE (4, 3LIST,ING, 1)
NENVI=TALEACT,4)
DO 131 I=1,LIST
131 Y2{1I=A0T, NENVL /7541
JCHOO=TALEA(L,100)
JFLG=2
IFCJCHOO.LT.S1) JFLG=]
GG TO (1,2).JFLB
1 Jout=7
Jll=9
JB=1
) JT=4
b JTi=4
/ GO TO 3
2 JOUT=1
Jdd=t
SE=G
Jr=17
JTi=15%
k JENT=0
JEEL=100/1d
> : JOU=J350/8

;\/) \ﬁ,) \\)

DR

—

Jou7=0 ,
5555 DO 535 1Z=1,100,(.
JOUT=JOUT7+1
» IF (JOU7 LELJOUIGO TO 47
Jouz=1
\) JENT=JENT +1
- BO YO (17,27).JFLE
, 17 GO TO (62,861,863, 84:6%:66,56,60,50,60,60),JCNT
“} 42 JB=5
- JT=17
) JTi=15
) 60 TO 47
» 63 JouT=5
] S GOTO 47
) b4 JOUT=4
A GO TO 47
‘ 45 JOUT=3
j GO TO &7
. 84 JoUT=2
6O TG 47
60 JOUT=1
GO TO &7
61 JOUT=4
» =1
60 TO 47

/
o

0
1

e

-
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67
27
52

43

111
i1
3333
543
222

333

444

£

o
r

60 10 37

6O TO (546,95,54,33,51,50.50,52,52,52) , JONT
Jf=1 )

JT=4

JTi=4

6o Y0 57

~JouT=3

B0 10 57
JOUT=4

GO YO 87

Jout=1

5O TO 57

Jour=2

50 TO 57

JOUT=7

Jd=9

60 T0 457

JOUT=4

6O TO 57

CONT INUE

L=B(1Z, INCY 42 - -
IV=1ALEACI00, 150)
JWL=TALEACIB, JT)
JH=TALEA (IR, JT)
NENV=TALEA(JB, JT 1)

Lisl

NPER=TALEA(1,1)
RELAT=TALEA(L, 20)

IF (HFLAT.EQ.FINFER=TALEACL,3)
MPER=NFER

KDIFF=1ALEACL, 10}
IFCAFLAT.EH.9.AND.KDIFF . LT, 4)APER=TALEACL,3)
JTOT=LIST

JOVE=1

TJOO=TALEACL, 207

IF (1J00.EQ. 33 JOVE=TALEACR, 4)
JENV=(LISTH+1 ) ENPERE JOVE/L

KENV=(LIST+1)%APER2JOVE/LL

AMIN=TALEACLLISTA)

LIN=AMIN

FRIN=ANTN

IF O NE . 936010 111

DO 43 I=1,L18T

Y1 (D =a(I,NENV}/10

GO 1o 3333

DO 11 I=1,0187

THD =ACT  NENV) /T

CONTINUE

GO TO (222,444,555, 777.6464,888,343), J0UT

CALL QUTS(ALL, JW) A NPERAPER L LL,LIST JTOT ACL - UL Y - JERY,
TRENV, Y1, JOVE)

GO 1O %99

CALL OUTZCACL, JuW)  NFERAPER. L, LL.LIST JTOT AL, JWI ), JENV,
IRENY, Y1, JOVE)Y

G0 10 999

CALL QUTB(ACTE, JW) NFER,APER, L, LL,LIST JTOV AL, JWL ) - JENV;
IRENV Y1, FRIN, JOVE) '

GO 10 999

CaLL ouToadt, Ju) NPERRPER L LL- LIS, JTOT 800 dW1 ) » JENV,
IRENV, Y1, ARIN, JOVE)

O

L



446

GG 10 999
CALL OUTIDCACT W) - NPER APER L LL LIST, JTOT, 401, JW1) - JENY,

TKENY, Y1, J0VE)

GO TO 999

CALL OUTLI1(ACL,Ju) MPER - BPER L, LLLIST JTOYACT, JWT Y - JENY,
TKERV, Y1 LIN. JOVED ‘

GO Y0 999

CALL OUTIOL(ACL, W) NPERBPER, L, LI, LIST . JT0T,ACT JW1), JENY,
LKERV Y1, J0VE,Y2)

CONTINUE

CONTINUE

RETURN

END



SUBRQUTINE CHSOCLIST)
Lah
[ EEE LTI EET IR
FYTV2szexsW [TH RE2xss5553
WITH WAV 0INZ OFN3., 0AR%, 0LAYE, 0INIS
INTEBER FRIN FRIM,ANIN.ARTR
INTEGER HIGH
INTEGER A-YL,Y2:-Y3:,Y4,B
COMMON ACIS0,17) YL(3B0Y, Y2{250),Y3(350),Y4(3504) (100,13}
WRITEC(S,7B4)
784 FORRAT(? CEDY
JanP=1aLEA(6,12)
LIST2=L187/2
LIGTa=L161/74
LISTE=LIST/S
5432 IFER=TALEA{L 42
IPERI=TALEA(L, 4)
GO TO(1-1,1.23,1PER

3 e O

i IGH=150
G0 10 355
2 I6H=700
bvix)s] GO TO(13:13.13,20), IPERL
13 IGHI=150
GO TO §8533
2% 16H1=700
3553 JU=TALEALS,17)
JUi=TALEA(S,17)

bh5d NENV=TALEA(S,13)
NENVI=TALEA(S, 1)
NENVZ=TALEALL, )
IF(NENV2.ER.SINENVR=14:
NENVI=TALEA(L,T)

TF (NENVZ.EB.OINENVI=16
=100

IVi=100

J3d=1

IFCIJIWNE. 760 T0 111
V=1 a

111 bo 11 I=1,L187
THD =ACTNENV) 7TV
13(1)=a(1, NENV2)/TVLI+]
Y4{13=A(1,NENVII/1VIH]

11 12(I3=AC1, NENVL) /TV+]
L=TALEA(?, LIST2)
LL=TALEA(?,LISTY)
HIGH=TALEACL,10)

473 NPER=TALEA(25, IGH)
RPER=1ALEAC2S, IGHL)
JENU=NPER/L

: KENV=RPER/LL

bbb Call OUTISLICACL, JW)  NFERAPER, L LL LIST ACL, JWL)
LJENV KENV, YL, Y2, Y3740
G0 10 999

799 JARF = JARP -1
IFCJARP.BT.0)B0 TO G432
RETURN
END
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Craf

FASS SR s N AR SRR NN A RERE

WITN OIN4-QINA4,QINAG, OF M4, 0AN4, OLAYS
SUBROUTINE CF4F(LIST)

INTEGER FAIN,FHRINL FAINZ FRINS, ARIN, ARINL ARINZ, ANING

INTEGER ArY1,72,Y3,Y4

COMMON A(350,17),Y1(350), Y2(350),Y3(350),Y4(3%0)

LIGT4=L13T/4
LISTa=L187/5
JARP=TALEA(Z, 1)

HRITE (4,786}

FORMAT( CFaF’™)
WRITE (4, ) JARE

DO 535 TZ=1,Jahp
LLO=TALEA(]. 3}
LLLO=TALEA(L, 3)
LLLLO=TaLEA(T, 3)
IFCLIST.LT 2000 IPER=S
IFCLIST. BT 199 aND.LIST.LY.300) IPER=4
IFCLIGT.OT. 299 IFER=3
60 10 (1.2.3:4,5),IPER
TGH=50

G0 10 555

163=200 -
B0 V0 H58

16H=1500

L0O=1400

GO0 Y0 395

IGH=1900 h
LO=1800

B0 TO 558

SBH=2500

Lo=2400
IV=TALEA(Z00, 600
IVi=IalEa(300.400)
IVA=TALEA D0, 500
TV3=1aLEAC300,600)
JeWG=TALEA(L, 10
IF(ISHRLGT.2)G0 TO 5UES
JW=TALEAL{L-17)
JWi=TALEA(L.17)
JUZ=TALEALL,17)
JWd=TalEall 17}

GO TO 866
JU=TALEA(S. 173
JUL=TALEA(S,17)
JU2=TALEALS,17)
JWI=TALEA(S,17)
NENV=TALEA(S, 15}
NENVL=TALEA(S, 1)
-NENV2=TALEA(S,15)
NENV3=TALEA(S, 15)
JAd=TALEACT 300
IFCJLLRE.LIG0 TO 11
V=]

Wi=1¥

va=Jy

vi=1v ‘

DO 11 I=1.LIS87
TH{DI=ACT NENV)/1V+]

O

o U

O
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338

1010

333

444

12(=RC1,NENVI) ZTVIE

YI{Dy=AC1, NENV2)/1V2+]

Y4(I)=a(], NENVI}/TV3+]

LISTI=LI8T4

JEWI=TALEACLB) v
IFCJSHILGY. 6. AND UL LT 2L TST =T8T I+1 18T ] -4
L=TALEACA, LIBTLD

LL=L+LL0

LLb=ULLsLLlD

LLLL=LLL+LLLLO

NFER=TALEA(LO, TGHI

AFER=1ALEACLO. IGH)

JPER=TALEACLG, I6H)

KPER=1ALEACLO, IGH)

JENV=NFER/L

KENV=APER/LL

LENV=JPFER/LLL

AENV=KPER/LLLL ‘

SIFCJALERL DY JSHT=10

IFCISTERL 2 JSWT=9

GO TO (222,222,1010,1010,444,444,333,333,1111,777),J5W]
CALL QUTLI7(ACL, JW) A NFERAFPER L LL LISTACL, JWL) » JERVKENY,
IV Y2, 800, JW)  JRERKPER LLL LLLL ACT, JWE)

LERV, HENV, Y3 Y4) ’

GO Tg 99¢

CaLL QUTIB(ACL, JU) - NPERWFER L LL LIST ACT, WL« JENV, KENV,
1LY 2,000 W) - JPERSKPER A LLL LLLL ACT - JUED ,
TLENV,RENV, Y3, Y4)

G0 1O 299

CALL OUTIZ(ACT, JU), MPER,APER L LL LIST ACT, JWE) S JENV, KENY,
VL Y2, A0, JW2) , JPER A KPER LU, LLLL AL, JWE D -
TLENV,RENV, Y3, Y4)

GO 1O 2%%

FAIN=1ALEACI LIST4)

FRINI=TALEA(L.LIGTA)

FRINZ=TALEACL,LIST4)

FRINS=IALEATL,LIETA)

CALL QUTZ0CACL, JW) NFER APER L LL LIST 401, JW1Y, JENV,KENV,
V172,800, JH2) . JRPERSKPER-LLLALLLL ACL - JWED

TLENV RENY, Y3, Y4, FAIN. FRINL FHINZ, FRIND)

GG 10 799 :

ARIN=TALEACR,LIST4)

ARINL=TALEA(B LIST4)

ARIN2=TALEA(S,LIST4)

AMINI=TALEA(B LIETH)

S CALL OUT2L (AL, Ju ) NPERyHFER, L LL,LIST ACL, JUL) 5 JENV . KENV,

1YL 72,01, W20, JPERHPER LLL-LLLL - ACL JWAD -
TLENV,BMENV. Y3, Y4, ARIN, ARINT - ANIND, ARING)

G0 10 999
CALL OUT22(AUI, W) NFER,APER L, LL LIST ACT JWL), JENV,RENV,

LY 1, Y2, AL, JU20, JPERLKPER LLLLLLL AL, JW3) »
FLENV,RENV,Y3.Y4)
CONTINUE

- CONTINUE

RETURN
END
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SUBROUTINE SIL
MAX=TALEA(I00,1100)
WRITE (4, JHAX

DO 11 I=1,MAX
WRITEC(4,784) ]
FORMATC +7, 15
CONTINUE

RETURN

END



1\\1/‘.

R

Ny

N

N

e T 0

F L4 R AR ERRERR AR AR R RS
WITH SHORTs+x+adss
WITN OIN4,QIN44,0IN4S,0FN4, 0AN4,OLAYS

ANTEGER FHIN,FRINLFAINZFAINZARIN, ARINL, ARINZ, ARING

INTEGER &4:Y1.Y2:,Y3:Y4. 8+

CORMON ACH00. 170 YL(SOM) , Y2450M YIS0, Y4500 ,
15 (5003, 2¢500)

WRITE(4,788)

~ 78é FORMAT{T SEED VALUEY™)

READ (4, 3 JBEED
CALL KANDORC(JSEED.X1)
DO 1987 IP=1,1000
WRLTE (4, ) IP

1987 CONTINUE

321 LIST=TALEAC1I00,500)
Jaf=1ALEA (4000, 4000)
Call WAVE(LIST+Ja#}
LIST4=LIBT/4
LISTS=L187/%

9355 IV=TaLEA 100, 2000

TVi=TALEACI00,200)
V2=TALEA{100,200)
TV3=TALEACI00, 2000
JEua=TALEALL 1D
IF(JSHA.BT.2)60 T0 5855
Ju=TaLEALL 1)}
JWi=IALEALT17)
JU2=TALEALL A7)
Ju3=IALEA(L,17)
GO TO 446

5559 J=1ALEACS,17)
JUL=TALEA(S,17)
JU2=TALEA(S,17)
JWI=TALEA(S.17)

644 NENV=1ALEA(S,15)
NENV1=TALEA(S,15) -
NENVZ2=TALEA(S, 15)
NENV3=TALEA(S, 1D}
JAhd=TalEa(T . 30)
TFCIIINE. PGB0 O 111
IY=1
IVi=1y
Va=1y
IV3=1y

i1 bo 11 I=1,LI87

YLD =A{ T, NENVY/1V+]
Y201 =01, NENV1}/TVI+]
FI(T=A(T,NENVZ2)/IV2+L
11 Y4CI)=A (T, NENVZ}/1V3+]
aen ' IIaTI LI5T4
ISHI=TALEACL, )
IP(JSWI GT.7.AND, JJJ NE.LISTI=LTSTL+LIST]-41
L=IALEACALISTL)
LL=TALEAC4,LISTL)
LLL=TALEACA LISTD
LLLL=TALEACA,LISTY)
CALL SHORTOJSET,LO,IGH, JWALT,THD
NPER=TALEACLG, IGH)
- APER=TALEACLO, IGH)
JPER=1ALEA(LO, IGH}




=

N

N

1010

444

1313

9%

975

G931

{PER=TALEALO, 1GH)

JENV=NPER/L

KENV=APER/LL

LENV=JPER/LLL

RENV=KPER/LLLL

TFCIJJLER. 9 ISWI=10

[FUIKLBT. 43060 TO 299

G0 T0 (222,222,1111,1010,1010,444,444,333,333,777),J54]
CALL QUTIZ7{(ACL, JW) HPERAPER L, UL LIST - ACL JULD - JERV, KENY,
IYI. Y2800, U2 JPERSKPER LLL A LLLL o ACT . 0W3)

TLERV, RENV,Y3.Y4)

GO 10 799

CALL QUTIBCACT, JW)  NFERAPER L, LL,LIST,ACL, JW1 Y, JENV,KENY,
V1 Y2, A0, JW2) » JFERKPER LLL - LLLL - ACL, JUWED

TLENV, RENV, Y3, Y4)

GO0 10 79%

CALL OUTIF(ACT, JWI, NPER APER, L LL,LIST ACL, JW1) » JENV, KENY,
IV Y2,A00, JUW2) , JPERKPER LLL LLLL ACL, JWED -
ILENV,AENV, Y3, Y4)

GO 10 9%

FAIN=1ALEACL,LIST4)

FRINI=IALEACL,LIBTA)

FRINZ=TALEACL,LIST4)

FRINI=TALEALL,LIETA)

CALL QUTRZOCACL, JU)  NFEKAPER. L, LL,LIST, A0, JW1) » JENV, KENV,
VLY. A0, W) JPERCKPER LLL  LLLL ALL - JWAD 5 '

TLENV O RENY, Y3, Y4, FARIN,FRINL  FHINZ, FRINS)

GO0 10 999

ARIN=TALEACH,LIET4)

ARIRLI=TALEA(B, LIET4)

AMIN2=TALEA(B,LIST4)

AMINI=TALEA(B, LIGTH)

CALL OUT21(ACL,JW) NPER HPER L LL LIST &0, JW1 ), JENV, KENV,
1V Y2, 800, 0W2) s JPERRPER-LLL - LLLL ACL, JWES »
TLENY,RENV,YE, Y4, ARIN, ARINT , ARIND, ARING)

60 TO 999

CALL OUT22¢aC1,JW), NFER AFER L LL,LIST A0, JWL)  JENV, KENYY
1YL Y2800, W) JFER-HPER LLL S LLLL AL, JH3D .

© TLENV HENY, Y3, Y4)

DO 275 Tl=1.JWALY

LOWi=0/2

CaLL LOOPR(LOWW)

CONTINUE

WRITEC4, 2 JWALT . IK
IFCIWATIT.GT. 10000360 T 531

-0 T0 333

Call Fa44

CONTINUE
STOP
END
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FA44E%S4EXEARLETELIINGHEHH

WITH SHORTE+stsexd

HITN OIN&,QINA4,O0INA%S,0FN4,0aMN4,0LAYS

GUBROUTINE Fas4(L.I573

INTEGER FMINSFAINL, FAINDFRINZ, ANIN,ARTNI,ARIN2, AMIND
INYFHFK QiftrY 3?3FY4’3:?

COMMON-aL{B00, 1?):Y1(400) Y2500 Y4500, Y4(500)
15(5003: 2300 -

CLISV4=L16774

LISTS=LI8T/S

JUAIT= 1DUﬂﬂU
IV=TALEALLIOO, 200}
IVi=IaLEACIO0,200)
V2=1ALEA{100,200)
IV3=TALEACLIO0,200)
JEWE=7
TF(ISWR.6T. 2360 TO G555
Ju=TALEA(L, 172
JWi=JTALEA(L1,17)
Juz=TALEA(L-17)
Jud=IalLEA(1,17}

GO TO 844
JH=TALEA(S,17)
JWi=TALEA(S, 173

~JW2=1ALEA(SH, 17)

JUI=TALEA(S, 17

NENV=TALEA (S, 15)

NENVI=TALEA(S15) =

NENVZ=TALEA(S, 15}

NENV3=TALEA(S,15)

JJJ=9

IFCJJJ.NE. 2360 TO 111

V=1

Vi=Iv

=1y

IVi=1y

DO 11 I=1,LI8T

Y1I(I)=a(I,NENV}/IV+]

Y2{D)=AC1 NENVL) /1141
Y3(1)=ACT, NENV2) /TVR4]

Y4{1)=A(T NENVII/TV 3+

L1GT1=L1674

JEWI=TALEA(L, D)

IFCISHY 6T . 7. ANDJJJ NE.FILIETI=LISTI+LIST]~41
L=1alEAC4, LISTD)

LL=IaLEAC4,LISTY)

LLL=TALEAC4, LISTL)

LLLL=JALEAC4,LIST])

NPER=TIALEACLS, 20)

AFER=TALEACLS,20)

JPER=TALEACLS, 20)

KPER=JALEA(LE, 20}

JENV=NFER/L

KENMV=APER/LL

LENV=JPER/LLL

BENV=KPER/LLLL

IFCLILER. 7Y IBHI=10

G0 VO (222,222,1111,1010,1810+444,444, 333,333,777}, 4801
CALL OUTI7(A(L,JW) A NPERAAPER LA LL A LIST ACL WL ), JENV KENY,
1YL, 72,808, JW2 Y JPERSHPER LEL S LLLL RCL JWED S



D)

DS

DD

D

)

177

1010

333

444

1111

KLl
975

«4

31

1LENV,BENV, Y3, Y4)
GO T0 999

chALL ouTIBCACL JW) NPERMFER L. LL,LIST, 401,001 ), JENV, KENV,

YL, 12, A0, 020, JPERKPER - LLLLLLL, ACL, JW3 S,

TLENV, RENV, Y3, 4]

GO 10 999

CALL OUTIZCACL, JW)NPERAPER L LL LISY ACE JWL) » JENV,KENY,
Y112 A00 0020 » JPERKPER LLL LLLL, AL, W3S,
TLENVLRENV,. Y3, Y4)

G0 TO 997

FAIN=TALEACL,LIST4)

FRINL=TALEACL.LISTA)

FMIN2=TALEACI,LIST4)

FRINI=IALEACLLISTH)

CALL OUT20(ACT, W) NPEKR,MPER, L LLALISTACL W1} - JENV, KENV,
YL Y2, A0 JU2)  JPERVKPER LLL LLLL AC L, JWED
TLENVAENV Y3, Y4, FATN FRINL FRINZ FAIND)

G0 10 997

AMIN=TALEA(B, LIGT4)

ARINL=TALEACSLISTH)

AMTNE=TALEACH.LIGT4)

ARINI=TALEACELIETA)

CALL OUTRICACL, JW) NFERBFER L LLLIST ACT, JW1) s JENVKENV,
YL Y2, A0 U2 - JPERSKPER  LLL - LLLL - A0 3D -

TLENV, RENV, Y2, Y4, ARTN, ARINT , ARING, ARING)

GO 10 999

CaLl OUT22CACL, JH)  NFER,APER L LL LISY &CT, JWTY s JENV, KENV,
VLY, A0 JU2) - IPERSKPERLLL LLLL ACL, JWSD
ILENV,RENV.YE,Y4)

DO 775 I=1,JUATIT

CONTLNUE

JUATT=JUATT-6000

IFCIWAIT.LT. D) JWATT=]

IFCIUATTER. 1Y IMANY = JNANTY +1

IFCJAANY .G 2.AND JMANY. LT 3060 TO 140

IFCIRANY LGT. 260 T 331

GO Y0 H95

CatL Frov22

CONTINUE

CalL FauBk

CONTINUE

RETURN

END
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123

234

456

SUBROUTINE SHORT (JSET. L0, IGH. JWALT.IK)
IFCISET.ER.1IGO TO 1
16H=3500

L0=3400

JUAIT=1

1K=70

JONT=0

NUM=1

JEET=1

IFOIKLLT 6O TO 123
I1=TK=#%1.,941

J=11/25

IK=IK-1

LO=i.0-J

IGH=]GH~J

GO T 4356
IFCJONTEQL 160 TO 234
LO=L0~3

- IGH=IGH-5

IFCIGHLLE. D) JENT =1
IFCLOLLT. 2000 0=25

GO 10 434

IFCLO.O6T.25) JWaTT=JWAIT+1000
T1iH=16H-NUR

LO=L0-NUH

~IFALOLLT 101

IFC1GH, LT, 10)NUA=~NUA
BO TO 456

CONTINUE

RETURN

END
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SUBROUTINE FTOVZZ
FIOT22 WITH WAV2 #x OW22,0WW22,0F22,0422,0L22,0Y22
INTEGER A-FRIN.AMIN,YL
INTEGER HIGH

COMMON A(S0G,223,Y1(50M
CALL RANDOM(123.,X1)
LIST=TALEACLOR.500)
JaR=4000

THUN=1 :

LISTe=L16Y/2
LIBTS=LIST /3
LISTF=L1S8TS

LAETA=LI5T/4

Lou=1

CALL NPCHCLO,LI,LOF,LIF,JSET, JJJd: THUN)
Ju=TALEA(LO, LT
JWi=IALEACLO.LT)
RENV=LALEACLOP,LIF)
IV=1ALEACI00,200)
HIGH=TALEACLOW, 10}
L=TALEACL.LISTS)

JARF=JARP4L
TFCJafE. 6T, 32000 I8T8=L18T5~1
IFCLISTS. LT A0 LOW="
TECLISTS.LT. 3L T87G=2
IFCIARPLGT. 400360 TO 70%0
IF(HIGH.ER. )L =TALEACAS, LISTF)
Li=L '
NFER=1ALEA(L, 1)
AFLAT=TALEA(L, LD
IF(AFLAT.EQ. 9INPER=TALEACL, )
RPER=NFER

KDIFF=TALEACI 1D
IF(AFLAT.EQ. 9. AND KDTFF LT 4)RFER=TALEA(L . D)
JIOT=LI6T

JOVE=1

JLOO=TALEA(L 10)
TFOILOO.ER.3YJOVE=TALEA(Z, 4)
JENV=(LIST+1 ) sNFER= JOVE/L
KENV=(LIST+1)sAPER=JOVE/LL
ARIN=TALEACL,LISTS

LIN=aHIN

FIN=ANIN

IF(JJI.NE.PIGO TO 111

DO 43 I=1,LI8T

YI€I)y=AC1, NENV)/THUN+]

60 TO 333

DO 11 I=1,L187

YU =A(T-RENVI/TVH]

JOUT=1ALEACT, 100

IFLTISTIA T 200 J0UT=1

GO TO (222,322,222,444, 444,585,505, 666,777,777, JOUT

CALL OUTS(ALL, W) NPER RPER LA LL-LIST,JT0T AL, JWL) - JERV,
TKENVY, Y1, JOVE)

GO To 79¢%

CALL OUT7(ACL W), NPERAPER L LLLLISY JTOV,A0T, W1 JENV,
THERV, Y1, J0VE) ‘

GO 10 999

L=TALEA(L )

Li=L

2

U



PN

Cabl QUTB(ACLJW) NPERAPER, L LLALIST JTOV A0, JW1 ) S JENV,
LKENV, Y1, FRIN, JOVE)
GO T 999

B h CALL QUTPCACL, JW) y NPER,RPER L LLLIST JTOV, ACE, JWY ) 5 JENV,
TKENV, Y1, ARIN, JOVE)
GO 10 799

666 CALL QUTIDCACT, JW) NPER,AFER L LL,LIST . JTOT, ACL, JW1 ), JENY,
TKERNV, Y1, J0VE)
G0 10 999

177 CalL OQUTLICACT, JW) »NFERSAFER Ly LL LTET JTOV, A0, W10 JENV,
IKENY, Y1, LIN, JOVE)
GO 10 999
999 60 10 35355
2090 CONTINUE
RETURN
END
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D
788
DI
) 1987
321
D
D
555
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2
DI
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5
555
D
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D
D
) 111
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D
)
9
673

s

FIBHS s34 SRR BEEY
FTIAT22ssx%xWITH NPCHzszsxys

WITH WAUR,0INZ,0FA3, 0AN3, OLAYS, OIN$3
INTEGER FRIN.FRIAARIN, ARIRN

INTEGER HIGH

INTEGER A-Y1.Y2,13.74,58.2

COMMON A(S00,17),YL(500), Y2(500),Y3(500),Y4(500),
180500024500}

HRITE(4,.784)

FORBAT(? SBEED VALUEY?)

READ (4, YJSEED

CALL RANDOR (JBEED. X1}

DO 1987 IP=1,2000

WRITE(4.21F

CONTINUE

LIST=1ALEACLO0, 4000

Jafi=4000

CaLlL WAVEQLIST . JAM)

LIsve=L18Y/2

LIBT4=LIBT/4

LISTS=LISY/S

LOok=1

CALL NPCHCLO,LILOP,LIF.JSET,Jdd: THUN)

CIPER=IALEA(L. 4}

60 10 (1.1,2,3+4,5), IPER .
I6H=100

GO TO 555

I6H=500

GO 10 555

16H=1000

GO 1O S99

1GH=1300

60 YO &US

1GH=2500

CONTINUE
JU=TALEA(LG, LD
Jui=IALEACLO.LT)
NENV=TALEACLOP,LIM)
NENVI=aLEAC(LOF.LIF)
IV=1ALEACLING, 200)

IWEi=TALEACIO0, 200)

IFOIJILNE.RIGO TO LU
Iv=1

Ivi=1

DO 11 I=1,LIST

YICDY=A(T NENVI/IV+]

Y2 =0T, NENVI)/IVI+]
RETLEERET HE

IF CJank. 67,4000 LIGTS=L1870~1
IFLISTS. LT I00L0Y=P
IFCLISTH.LT.S)LIEYS=4
IFCJARP.GT. 470060 T0 2070

S L=TALEACSLIBTE)

LL=TALEA(I, LIBTS)

HIGH=TALEACLOW,10)
IFCJARP.GT . 400, AND JHIGH NE.2)60 - T0 673
L=TaLEACLIST4,LISTY)
LL=TALEALIBTA,LIST)
NPER=TALEAC2G, IGH)

MPER=TALEA(RS, 16H)

i

s
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N

444

644

777

P99

0%0

JENV=NFER/L
KENV=RFER/LL
JEWI=TALEACL,10)
(IS ER. 71 J60I=11
IFLISTS.LT 20 J8u]=1

GO VO (222,222,222,333,: 333,333,444, 8444, 844, 6464777 ) 5 JSH]T

CALL QUTIZ(ACL, W) NPERARPER L LLLLIBT AL JWL S,
IJENV,KENV, Y1, Y2)

G0 10 9%

FAIN=TALEACL,LIGT4)

FRIN=TALEA(L,LIST4)

CALL QUTI3C(A(L, W), NPERRPER, L. LL,LISTACL, JWL ),
TJERVARENV, 11 Y2, FRIN-FRING

GG 10 999

ARIN=TALEACLLIST4)

ARIA=TALEACL,LISTA4)

CALL OUTIACACTL, W) NPER,APER. L LLLIST AT, JWL),
VJENV KENV Y172, ARIN. ARTH)

GO 10 999

CALL QUTIGCACL, JW)» NPERAFER L. LL LISTACL, 1) S
TJENVLKERV, Y1, Y2)

GO T0 999

CALL OUTIGCACT, Jl ) NFER, APER, L, LLLIST 401, JWL)
VJERVKENV, Y1, Y2) :

G0 1O 999

G0 7O 93355

CONTINUE

CALL FRUBA

CONTINUE

aToP

END



N

331

222

333

SUBROUTINE NPCH (LO.LI,LOF,LIF,JSEY,JdJd, THUNY

JTOT=JT0T+1
IF(JT0T.61.75)60 10 123
Jad=%
TFCJTOT. 6T 40 JUd=TALEALS . 1)
THUN=THUN+1

L=}

LI=17

Lop=1

LIP=17

G0 10 433
IFCISET.ER. LGB0 TO 32
JONT=0

LO=1

LI=1

JONT =1

LObF=1

LIP=]

JEET=1
IFGITOT.LLT..270060 T 222
Hld=1

LOo=3

LOF=5

G0 To 333

JUNT=JONT+1
IFCICNT.LT.SX60 TO 333
JIJ=TALEA(L, )

JENT=0

LI=LI+1
IFLTLGT 7L E=17
JUNTI=JONTI+1
IFCJCRTI.LT.2G0 To 333 -
JONT1=0

Lif=lIP+1
TFCLTPGBT . 18ILTP=13
CONTIRUE

RETURN

END
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~GUBROUTINE FBUBE _ ’
FRUBE WITH WAVZ w3 OWR2,0WW22,0F22,0422,0L22,0Y22
INTEGER A-FMIN,ARIN, YL
INTEGER INC(SE)

COMAON ALS00,173,71(500)
ACNT=0

CALL RANDOM(1234.X1)
LI15TA=22

LIsTX=01874~1

JBENZ=0

JoUR=3

DO 3% I=1,LI5TA
INCCL)=TaLEACL,30)
JUAL=23

LIST=3%0

JAn=4000

Call WAVE(LISY,Jaf)
JARP=LI8TA

LIBT4=L157 /74
LIGT2=L187T/2

DO 535 ¥=1,LI87TX
IFCINCOIH LLTLANC(E) )60 TO S35
ISWAP=INC(I+1)
INCCI+ ) =TIRCCT)
INC(I)=ISHWar

CONTINUE

Jual=Jual-1

DO 64 11=1,L15TA
IFCJDURCNE.2)60 T0 3332
JDUK=3

GO TO BH4%

CONTINUE

L=INCCIT)+JVAL
WV=1ALEAC100G,200)

LOW=3

JWAF=TALEACL,20)
IF(SWAF . ER.PILOW=]
JHI=TALEACLOW,17)
JU=IALEACLOW,17)
NENV=TALEA(S,15)

Li=L

NPER=1ALEACL, 1)
AFLAT=TALEA (L, 20}
TF(RFLAT.EQ.FINFER=TALEA(L, 3)

HEER=NPER

KRIFF=TALEACL 1)
TFCAFLAYLEQ. 9. AND KDIFF LT A)APER=TALEACL, 3)
JTOT=L18T

JOVE=]

1Jo0=1ALEACL 2D
IF(TJO0.ERL. 2y JOVE=TALEA(Z,4)
JENV=(LIBT+1) = NPER=IOVE/L
KENV=(LIBT+1 ) sAPER®JOVE/LL
AMIN=TALEACL,LISTA)

LIN=ARIN

FRIN=ANIN

JOUT=TALEA(L, 44)
IFCIOUT.GT. 1L J0UT =]
IFCGIOUT.NE. 11360 T0 111

DO 43 I=1,L1I47

)

»
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43

111
i1
3333
G943
220

LR

343

444

e
f o]
[}

46

EXXG
44

2

123
9999

geag

753

Y1{1)=all,NENV)

50 TO 3313

Do 11 I=1,L187

YD =A(T,NENV)/1V+E

CTRCISENZ JERLIIGO TO 9999

GO TO (222,222,222, 444, 444,555,555, 866,777,717, 333) , JOUT
CALL QUT&CACT,JW) NPER,BPER. L, LL,LIBY, JTOY, A(I:JHI):JPNU:
TRENV: Y1, JOVE)D

GO 10 999

Cal.l OUTZCACL, W) NPERAFER, L LLLIST . JT0T 401, JWI) s JENV,

LKERV, Y1, JOVED

GO TO 999

L=TALEA(L %) \

CALL OUTEB(ACL, JW) NFER,MPER, L, LL,LIST.JTOV ACT, WL Y, JENV,
TRERV, Y1, FRIN, JOVED -

GO 1O 999

CALL OUTS(ALL, W) NPERAPER L LL LIST JTOY 401, JWL Y, JENV,
LKERV, Y1, 801N, JOVE)

GO TO 999

CALL OUTIOCACT, JW)  NFER,APER, L LL LIST,JTOY ACL, JWE) 5 JENV,

- TRERV, Y1, J0V5)

80 T0 999

CaLL OUTIL(ACL, W), NFER, ﬂFPR:l LLoLISTY,JT0T 401, 1), JENY,
TKENV, Y1, LIN, JOVED

GO 10 999

CONTINUE

CONTINUE
JREST=TALEACI000G00,131000)
DG 72 I=1,JREST

CONTINUE

MENT=MONT 1

WRITE (45 JACNY

JARF = JARE- 1

JEENZ=JDUR

IFCIARP ONE DGO T 3855
6O T0 733

CONTINUL

JDUR=2

JEENZ=JDUR

CaLL aDC(O,JTEC)
IFGITEC.LTL 100360 TO BB3S
BO TO &44

- CONTINUE

RETURN
END
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~GUBROUTINE FBUBE _ ’
FRUBE WITH WAVZ w3 OWR2,0WW22,0F22,0422,0L22,0Y22
INTEGER A-FMIN,ARIN, YL
INTEGER INC(SE)

COMAON ALS00,173,71(500)
ACNT=0

CALL RANDOM(1234.X1)
LI15TA=22

LIsTX=01874~1

JBENZ=0

JoUR=3

DO 3% I=1,LI5TA
INCCL)=TaLEACL,30)
JUAL=23

LIST=3%0

JAn=4000

Call WAVE(LISY,Jaf)
JARP=LI8TA

LIBT4=L157 /74
LIGT2=L187T/2

DO 535 ¥=1,LI87TX
IFCINCOIH LLTLANC(E) )60 TO S35
ISWAP=INC(I+1)
INCCI+ ) =TIRCCT)
INC(I)=ISHWar

CONTINUE

Jual=Jual-1

DO 64 11=1,L15TA
IFCJDURCNE.2)60 T0 3332
JDUK=3

GO TO BH4%

CONTINUE

L=INCCIT)+JVAL
WV=1ALEAC100G,200)

LOW=3

JWAF=TALEACL,20)
IF(SWAF . ER.PILOW=]
JHI=TALEACLOW,17)
JU=IALEACLOW,17)
NENV=TALEA(S,15)

Li=L

NPER=1ALEACL, 1)
AFLAT=TALEA (L, 20}
TF(RFLAT.EQ.FINFER=TALEA(L, 3)

HEER=NPER

KRIFF=TALEACL 1)
TFCAFLAYLEQ. 9. AND KDIFF LT A)APER=TALEACL, 3)
JTOT=L18T

JOVE=]

1Jo0=1ALEACL 2D
IF(TJO0.ERL. 2y JOVE=TALEA(Z,4)
JENV=(LIBT+1) = NPER=IOVE/L
KENV=(LIBT+1 ) sAPER®JOVE/LL
AMIN=TALEACL,LISTA)

LIN=ARIN

FRIN=ANIN

JOUT=TALEA(L, 44)
IFCIOUT.GT. 1L J0UT =]
IFCGIOUT.NE. 11360 T0 111

DO 43 I=1,L1I47
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43
111
11
3433
943
222

333

b4

123
3999

8848

733

Y1{1)=a(],NENV)
GO0 To 3333
DG 11 I=1,LI87

YDy =ALT,NENVI/TV+1

IF(JSENZ.EQ. 160 TO 2999

GO TO (222,222,222, 444, 444,535,555, 848,777,777, 3331, J0UT
CALL QUTACACT, JW)  NPER AFER, L LL,LIST JTOT, A1, W1 s JENV,
IKERV 11, J0VE) :

GO 10 999

CALL OUYZ7CACT, JW)  NPER, BPER, L LL,LIST JTOT, ACL, JWT ) 4 JENV,
TKERV, 11, J0VE)

GO T0 ¥99

- L=IALEA(L. D)

CALL OUTSCACE, JW) s NPER AFER, L, LL,LIST JTOT ACL, JW1 Y, JENV,
TKENV, Y1, FRIN, JOVE)D

G0 10 999 .
CALL QUTYCACL, JW) NPERMPER. L LL - LISTJTOT AL, JWL) » JENV,
TKENV, Y1, ARIN, JOVE)

GO 10 999

CALL OQUTIDCACEH, JW) NFER,APER, L. LL,LIST JTOY,ACL, JWL)» JENV,
1KERV, Y1, J0VE)D

GO 10 999

CALL OUTLICACT, JW) NFER,BPER, L LL,LISTJTOT, A 01, JW1) 2 JENV,
TKENV, Y1 LN, JOVE)

60 T0 999

CONTINNE

CONTINUE

JRESGT=TALEAC100000,131000)

DO 72 I=1,JREST

CONTINUE

MCNT=RCNT+L

WRITE (45 YRONT

JAfF=JARP-1

JBENZ=JDUN

[FCJARPNE.IGO TO 51533

6o 10 753

CONTINUE

Jhu=2

JBENZ=JDUR

CaLl ADC(O,STED)

IFOITEC.LTL 10060 TO BeBe

BO TO 444

CONTINUE

RETURN

END



"IOP12" is a program which calls 3 compositional subroutines;
(1) "TpOZS™, (2) "TDOZ18", and (3) "TDOOZ". "TOPIoN also determines

the duration of a silence after each subroutine call.

The 3 subroutines are similar in nature, with slight variations.

In each routine a sound event series is chosen (with no repetitions).

The number of events chosen (n) determines the size of another
larger list of sound events of the size (n) squared: (n x n).

The original (n) events are then inserted into the larger string
accordtng to their location ordinally within the original (n)
string. in such a way that each set of (n) groups in the larger
string (n x n) contains the introduction of one of the (n) values
while events inserted in earlier groups are carried over into the

next group 'modulo' style.

Below is an illustration of the original event string and the

larger string in which the original events are inserted:

After this 'template' type comparison is made the remaining locations
of the event string are filled with randomly chosen events:

so that, the number of random events (NR) is determined by: ((n)=
original number of events)
NR=(n-1)+(n~-2)+(n~3)...+(n-n)



-

This final event list becomes the actﬁdlvsounding string. Within
two subroutines there'is the additional possibility of 'random
ornamentation' which can occur between events of the éounding
string after the threshold point (n x n)/2 <is reached. The
ornaments are of a shorter duration and different character than
the original events and the number of ornaments that can sound
between original events is determined within mask limits whose
size depends on the distance into the event siring.

Between events. (excluding the ornaments) a silence controlling

articulation and a rest value are chosen stocastically.

The tendency. of an event string is such that repetition increases
during the course of the list while the ornamentation serves to
oppose this unfolding repetition. These programs were used in the

production of "TAPEWALK II".
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TOPI 2SS E S E SRR E RN A
#x#eET0 CALL TDOZS.TDOZIS,TDOO0Zssnus

LR s T RS e E S P T EEESIE ISR E LT X

7171
784

INTEBER ASV1-Y2,Y3,Y4.5.2

COMMON (240,173, Y1 (2400, Y2(240),73(240),Y4(240)
15(R2403 - 2(2412

WRITE(4,788]

FORMAT (7 SEED VALUL,LLTTJSEEDL)
READ (4, Y JSEEDLLTT, JSEED]

CALL RANDOMCJSEED, X1)

CaLL TOEVALCJSEEDL,.371)

LO=400

IGH=500

JEET=0

R e eI
33 - OWRITEC4L0,16H

i
.

3

JCHOO=TALEACL 14}

GO 10 (1,2,2,3),JCHOC
CaALL TDOZSLLTTS

GO 1O 9%

Call TDhOZiS

GO 10 %9

CaLL TDOOZS(LLTIT)

GO 10 9%

C

REST #

T LI T ETEET I TS T AT LR LT

79
192

il
793

21

IREST=1ALEACLO, IGH)
WRITE(4,792)

FORRAT (7 ' SUBROUTINE PAUSExsssxzses’, /)
DO 11 TWATT=1, IRESY
WRITE (4,793 1WAIT
FORMAT( +7, 163
IFCISETEQL.OIGO TO 21
LO=10+20

IGH=TGH+20

GO TO 43

LO=1.0-20

{GH=16H--20
IFCLO.LT.13D)JSET=1
Go 10 33

STOF

END



{

i
N~

\\\//9 L \_/ :\\/}

L S
R

e

L R A N

4\/; N

-

A

y

QS

321 ' £1S1 Iﬁllé(ﬁﬂﬂ:?ﬂﬁ)

c - TDO/GH 4R VE S LB SR AT EBHS
SUBROUTINE TDOZGLLYT)
[ 10 CALL F2.F3,F4,F5

INTEBER A-¥1.Y2:Y3:Y4.5.2
INTEGER B(20,2),C(200)

COMAON A(240,17),Y1(240),Y2(240) Y3(!4U) ?4(“40):

16542400, 2{240)
7171 WRITE(4,786)

784 FORMAT(Y TDOIS™)
CHUSRFRRRUR IR AR C B AR AR EERH LR
C CREATE SERIES \ ¥

E§§%ﬁ§§¢§ﬁ*4§%*%ﬁfﬁ***f§§§§§§§§§§
9898  MAX=IALEA(3.5)
WRLITE (4, MAX
=1
BC1,1)=TALEACT, RAX)
7 K=TALEACL, MAX)
00 1 J=1,N
(FOKLER.B(I, 1260 TO 7
1  CONTINUE
S BN+ )=
N=p+1
IF(N.ER.AAX)GO T0 13
60 T0 7
13 CONTINUE
DO 11 I=1,MAX
11 B(I,2)=1ALEACE, 10000)
IETEEEEE IR EEFI LT EEE LR
c INIT ARRAY "
I R E I I E I T TR
LOC=1
- LOW=1
IGH=MAX
BXX=MAXEMAL
AAXI=MAX+]
MEA2=RAR L2
DO 22 I=1,MXX
7 £(1)=0
IR I I I T I ST 22
G TEMPLATE COMPARISON #

"-.1

IR RIS EI RS IS SRS

7090 DO 33 JEE=L0W, IGH
JEEF=JGE~LOW+]
IFCCCISE) JNELOIGO 10 31

IF(LOC.NE.BCJSEF - 12)60 TO %2

COIBE)=R(JSEF.2)
31 CCOISE+RAXY=COJBE)
: GO Y0 33
32 COJSE)=1ALEACT, 10000)
33 CONTINUE
LOC=L0C+1
TFCLOC.GY.RAXIGO 10 9191
LOW=LOoW+MAX
IGH=1GH+AAX
) GO To 70%0
2191 CONT1INUE
EEEEEEEET SR R L L T

C AIsc... %

{:-r-o--f.;- BURPERLEIFERE >=¢‘>n-$¢$«§#9-q‘--‘+5¢{é§§ ]

i

2

s
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WRITE (4501157
JAR=4000
CALL WAVE(LIST,JaM)
NIK=1
NIKI=1
JCNT=1
KKNT=1
| LONT=11
I T EEEE I X R R R RS R E L LR
c OUTFUT ARRAY %
IREE T I EEE IR TEI S ETELE R AR R 2
DO 66 T0=1,MAXX
JIN=C{10)
CRUBLEXNAX ML I B NE R ER B C BB RN RES
c INNER RANDOM ORNAMENTS
R T I R E T T2
DO 55 IK=1,NIKI
CALL RANDOMCJIN,X1)
543 IPER=IALEA(L, D)
JEHOO=TALEA(L, 1%)
100 6O TO (2,2,2:2:2:2:353:30424,4,5) . JCHOO
2 CALL F2(LIST)
60 TO 999
3 CALL FA(LIST,IFER)
6O TO 999
4 CALL F4(LIST:IFER)
' 6O TO 999
CALL F5CLIST,JAN)
6O TO 999
999 CONTINUE
LONT=LONT#LLTT
LLTT=LLTT+7
CALL RANDOA(LCNI.X1)
JIN=TALEA(L, 10000)
CERERERRRRERRRRRRR R
JFAUZ=ALEACT,10,0)
IFCJPALZ.GT.3)B0 TO 55
IFAUZ=ALEA(2,30,0)
DO 197 IPZ=1,IFAUZ
197 WR1TE (4, 701) IF2
701 FORRAT(? 47, [5)

R, ]

CReBRBREURREERERERRE
b WRITE(4, 7762 1K
RELETERTER LRI R NEL T T LT LT

776 FORMAT( 27 . 14)
JONT=JCNT+1
KEKNT=KKNT+1
IFCJCNT.LT.HAKT)IGO 10 63
JENT=1
IFCKENT BT AXX2INIK=NIK+]

43 NIKI=TALEACL HIK)

CHBSEL AR L AR RE NS VLR R L LR SR T

¢ REBT?? %
e e e I e e e eI L

JREST=IALEA(L1D)
IF(JIREST.NE.2)G0 TO 46
TREST=TALEALSD. 100D
WRITE(4,792)

%2 FORKAT (' PAUZEsxsdsxeasseaisgs’, /)
DG &7 TWALT=1,IREST :

R
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1

WRITE (4, 791 ) TWAILT

FORMAT (47 . 1%)

WRITE(4: )10
RETURN
END.

J
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786
7898

- 13

11

22
090

i1

32
33

7191
321

TDOZISX SRS SRR R PR ERBES
GURROUTINE THOZIE

TO CALL F2.F3.F4,FS
INTEBER A-Y1,Y2,Y3,Y4,5,2
INTEGER B8(20.2}),0(200)

COMMON A(240.171,Y1(240),Y2(240),Y3(240),Y4(240),

L5240, 2(240)
HR1TE (4, 786)

FORMAT(? TDOZ1S")
HAX=TALEACS,5)
WRITE (4. )MAX

N=1
BC1.1r=1ALEACL, HAX)
K=TALEACL - MAX)

D0 1 J=1.N
TF(K.E8.5(J, 10360 TO 7 -
CONTINUE

BAN#1, 1=K

N=N41

1F (N.EQ.RAXIGO TO 13
5O 10 7

CONTINUE

DO 11 1=1,MAX
B(1,2)=TaLEACT, 10000)
LOC=1

LOW=1

1GH=MAX

HXX=RAX%MAX

No 22 I=1,Mxx

Ce1)=0

DO 33 JSE=L.OW, LGH
JEEF = JSE-LOW+]
[E(COJISEY JNELOIGO TO 31
IF(LOC.NE.BCJSEF.1))60 TO 32
COISEI=B(JISEF, )
COJSE+RAX) =C (JISE)

GO TO 33 ,
C(JSE)=IALEACT, 10000)
CONTINUE

LOC=LOC+]
IF(LOC.BT.AAXIGO 10 $191
LOW=L.0W+MAY
IGH=IBH+AAX

60 10 9090

CONTINUE
LIST=TALEACLON, 200)
WRITE (45 )LI8T
JAN=4000

- CALL WAVECLISY.Jam)

NIK=1

NIKI=]

JONT=1

LCNT=0

DO &6 10=1,MXX
JIN=C(ID)

CALL RANDORCJIN,X1)
TPER=TALEACL, 2)
JCHOO=TALEA(L, 1)
60 10 (2,2,2:2:3: 3, %0454, 4,5}, JCHOO
CALL F2OLIST)

e
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D

D)

DD DD

)

GO 10 999

3 CalL F3(LIST,IMERD
GO 10 999

4 CALL FA(LIST, IFER)
GO 10 999

5 CALL FSOLIST,JAM)
GO Y0 799

G99 CONTINUE
CHEIHFHEFHFEPEF4EEHS
JPalZ=ALEAa{L 10,100
IFCPalz. . B7.3)G0 TO &4
IPAUZ=ALEA(Z, 30,
DO 197 1PZ=1,TFRAUZ
197 WRITE (4,701 1F2
701 FORBAY('+7,I5)
CHeE4348 3844845484848
46 WRITE(4: 310
RETURN
END
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£ TDOOZGRxXu¥SXERRXTRRLRS
SGURRQUTINE TDOOZSLLLYTTY

COMMON A(S00,37),Y1(500),Y2(500),Y3(500), ?4(%00)r

L T0 CALL F2:F3,F4.F5
INTEGER A-Y1,Y2:73,Y4,8,1
INTEGER B(20.2),00400) -
180500, 205003
WRITE (4, 786)

788 FORMAT(® TDOOZR')

[HHHEA BB R LA RA R BRI RRHEREBERL

» : CREATE BERIES #

I X I I T TSI T E-2
9898 MAX=IALEA(3,4)

WR1TE (4, JHAX

N=1

B(1,1)=IALEACT, RAX)
7 K=TALEACL . MAX)

D0 1 J=1LN

IF(H.ER.B(I,10)60 TO 7
i CONTINUE -

BN+, 1)K

NN+ T

IF (N.EQ.HAXIGO 10 13

60 TG 7
i3 CONTINUE

DO 11 I=1,MAX
i1 B(1,2)=1ALEACI, 10000)
Cﬁﬁﬁ%%ﬁiﬁ§§§§§§§§§§§E§§§§§§§§§§§§
£ - INIT ARRAY %
I Es PR LRI R R LT

LOC=1

LOW=1

I1GH=HAX

HXX=MAX%NAX

© HAXZ=HAXE2
HAX1=RAX+1
HXX2=HXX /2
| DO 72 I=1,MXX

22 C(1y=0
e e T T I T T 1]
> TEMPLATE COMPARIGON - &
(R F LA FEF L LN LTS LA AL R G S BV ERBERS
9090 DO 33 JSE=LOW,IGH

JSEF = JSE~L.0W+1

IF(CCJSE) JNE.DIGO TO 31

IFCLOC.NE.B(JISEF,1))G0 T0 32

COJSE)=R{JBEF. )
31 COJSE+RAX ) =C(JSE)
- G0 T4 33
32 COUSE)=TALEACT, 10000)
43 CONTINUE
LOC=L0OC+1
IFCLOC.GT.RAXIGO TO 2191
LOW=LOWMAX
IGH=TGH+HAX
G0 TO 7090
7191 CONTINUE

EFTY TP PET L2 LR RS TR 1]

£ RISC... E
(PSR B R RN NS ER SR AR N EE

L
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321 LIST=1ALEACI00,230)
WRITEC4, L1567
Ja#=4000
CALL WAVE(LIST..JaM)
NIK=1
NIKI=1
JUNT=1
KENT=1
LONT=11

eI EE R R SR ET IR T I LR T I

£ OUTPUT ARRAY #

IR EIEETEITESEEEELEEE ST L ST ET 4

DO &6 T0=1,8XX

JIN=C{10)

JTHO=2
IR E R T T T F ST T LT
C INNER RANDOM ORNAMENTS *

e e e R e s T T T
DO 55 IKk=1.NIKI
CALL RANDORM{JINsX1)

943 IFER=TALEA{L, JTHO?
JOHOO=TALEACT, 13}

100 GO TO (2,2,2:2:2:2,3: 3,3, 4:4,4,5) , JLHOO
2 CaLL F2(LIST)
G¢ 10 999 .
3 CalL F3C(LISY,IPER)
GO TO 999
4 Call Fa(LISY,IPER)
GO TG 999
3 CaLL FS(LIST.Jan)
G0 TO 999

799 CONTINUE
LONT=LENTHLLTY
LLTT=LLTT+7
CALL RANDOM(LCNT,X1)
JIN=IALEACL,10000)

JTRO=1
95 WRITE(4,776) 1K
776 FORMAT(7+7,14)
CREXXXRFEHARCRAF AR AR AERAR BB R AL RR D
JONT=JONT+1

KKNT=KKNT+1
LFCICRTLLT MAXLIBO TO 43
JONT=1

TF CEKNT BT AXXZINIK=NIK+]

IF(HIK.GT . 4)NTK=4

&5 NIKI=IALEACL,NIK)
CEERRBEREERBFERALBRBRFBERBLSREXRES
L REGT?Y %

e R E R R R R T
JREGT=1ALEACL, AXX)
IFOIRESTONELIGO TO 44
IREST=IALEA (SO, 100)
WRITE(4:792)

7% FORMATCT PAUZE€s%sexT,/)
DO 67 IWAIT=1,1REST

&7 WRITEC4, 7912 TWALT

7 FORMAT( +7, 15}

(11 WRITEC(400 10
’ WRITE(4,799)




D

DA

oD

)

799

‘ :
FORMAT (7 #u4ai 0 s SR s S p NS S AN AN RSN G A AN NN RS NN RN AR RERR )
RETURN

“END



"FTOOT1" is a program in which a simple divectional tendency is controlled
by a random mask which acts on the parameter pitch, causing the frequency
range to become higher and narrower over time. Four possible output
routines controlling timbre are called with a stochastic wetghting in
which one timbre can be chosen 50% of the time and the other three

each 17%. Duration is effected by the pitch tendency only after a
threshold is reached in the pitch range. This program is used in
conjunction with "TOP12" and its related subroutines for the cqmposition
"TAPEWALK II".
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L
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111

il

L ARIN=FBEN+6

YD =ACTSHENVY Z1VH

FTOOTI 343 43NS N R SRR RN AT RS
THIS 15 A TEND P TO 60 WITH DOZ..... - \{
$HPEPESEPEIEFEFFFEA S HA I H P ELFSELES :
FREEFEPSPEFE LR L ESE LR SELELES
SETEIEFELE I L ESEFEIE o o
SEEFEIELESEEE i
WITH WAU2 =2 W22, 0WW22,0F22,0822,0L22,0Y22
INVESER FMIN-ANMIN,HIGH ; -
INTEGER A:Y1,Y2:Y3,Y4,8,7 ‘ ot
COMMON A(SD0-173.Y1(500),Y2(5002.Y3(500),Y4(300);
15(500) . 2(500)

JAR=40D0 )
WRITE (4,784) \
. FORAAT(? SEED VALUET") , -

READ (4, ) JSEED

CALL RANDOM(JSEED.X1)
LIST=1ALEA(200,400) , ~
WRETE (45 ILIST D)
CALL WAVECLIST,JAR)
JEET=2 :
JONT=0

LO=2

LOX=1 : §
16H=4 > D
IGHX=1 :
LISTS=LIST/5 ,
LIST4=LISY/4 : 2
LIST2=LI8T/2 ;
LIST2R=LIST2-5
JU=1ALEALS,17)
JW1=TALEACS,17)
NENV=TALEA(S, 1)
IV=1ALEAC100, 200}
JOUT=TALEA(L,4)
HIGH=TALEACL, 10} ;
L=TALEALLO, LGH) | )
IFCJOUT ER.5)L=142

IF (JOUT.ER.6)L=L+3 . .
IF CJOUT . ElL 431501 '
LL=t,

IF (HIGH.GT.8)LL=LL+1
IF (HIGH.LT. 3 0LL=lL -1
NPER=1ALEA(2,2) '
LFCIBET.LT. 2)NPER=L
AFLAT=TALEACT,20) , \ )
IE CMELAT . EQ.TINFER=TALEACI, 4)

RFER=NFER

KDIFF=1ALEACL, 10)

IF CAFLAT . EQ.9.AND . KDIFF . LT.8)MPER=TALEACT, 4)
JTOT=L15T \ .
JOVE=TALEA(T, 2) , : J
1J00=IALEALL, 20

IF CIJ00.ER. 3) JOVE=TALEA(S 4)
JENV=(LIBT+1) sNFER®JOVE/L
KENU=(LIST+1 ) €MPERS JOVE/LL
FRINSTALEA(L.4)

:\_/’.

LiIN=ANIN
Do 11 I=1,LI8Y
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98

GO YO (222,222 :??::444;555:/2?):JOUT

CALL QUTS (ALY, JW) HPER MFER L UL LIST - JTOT - AL, W1 ) - JERV,
TKENV. Y1, JOVE}

GO TO 999

CALL QUTZ (AL, JW) A NFERUPER L LL LIST, JTOT, ALy W1 S JENY,
TKENV, 11, J0VE)

GG 10 9992

CALL OUtﬁ(ﬁ(ixdw) NFER,AFER.L,LL, ifclyJTOIsé(Isti),JLNU:
TRENV, Y1 FRIN, JOVE)

GO 10 999

CALL QUTCALL, W) NFER APER L LLALTST JTOY, A0, JWE) - JENV,
TKENV- 1. ARIN, JOVE)

GO 10 999

CALL QUTIOCACT, JW) »NFER, APER, L, LL,LIST, JTOV, AL, JW1 Y - JENV,
LKENV, Y1, JOVE)

GO TO 999

CALL QUTIICACT, W) NFERAPER, L LLALIST,JTOT,ACT, JWE Y, JENY,
TKENV 71 LIN, JOVE)

GO TO 999

JONT=JCNT+1

IFCJCNT.LY.3I60 T0 998

JONT=0

LO=L0+[0X

IGH=1GH+ 1GHX

IFCLLLTLLIST22I60 TO 5555

JBET=48ET -1

LO=L0~[I874

TGH=TGH-LIBT4

LoX=2

T6HX=2 :

IFCISET.EQ. 0G0 TO 321

GO TO 53555

8T0F

END



"TSOR3" is a program in which two event string groups are created
of 6 notes each and are manipulated as separate groups by a sub-
routine "SORT3!. "SORT3" contains 7 routines which perform operations

'of a transfomational nature on the event groups. These 7 routines

inelude:

(1) ‘Rotation of events in which (n) becomes (n+l), etc. and the
final group member (nMAX) becomes (n). '

(2) Two event locations are chosen rdndomly and their contents

are exchanged.
(8) Event (n#1) and (nMAX-1) are exchanged.
(4) A randomly chosen event is exchanged wyith its immediate neighboxr.

(5) A randomly chosen event is added to the event string in a

randomly chosen location.
(6) A randomly chosen event is deleted from the event string.

(7) And most importantly, a randomly chosen event is repeated

either once or twice im succession.

Additionally, within "TSOR3" choice is made for either. the prime
or retrograde version ofvthe string and an increment value through
the string which determines the number of events at each soundingb
of the group.

In "SORT3" _..a spectific sorting routine is chosen in-a weighted
random manner, while the actual possibility of calling "SORT3!
from "TSOR3" is decided via a random mask. Transposition of the

entire string is possible in terms of pitch and/or duration.



Two other subroutines may be called by "I'SOR3". These are '"COPY3!
and "COPY33". "COPY33" reproduces the original event strings without
transformations via sorting. This original information can be
accessed to allow for comparison between sorted versions of the
groupé and the original versions. "COPY3" allows for the sounding

of ‘each group in their entirety without incrementing or retrograde

possibilities.

Regarding the pitch transposition possibilities there are 6 possible
transpositions which can take place for an entire event string.

A weighting 18 used to.control the frequency of choice, with some
tr@nspbsitions having the potential to be chosen more often. These

6 transpositions are used in "TSOR3"; while in "COPY3" and "COPY33"

random transpositions within a certain range are possible instead.

Most important.compositionally. is an overall tendency which controls
general characteristics of the event strings. The-initial event
strings have no events which are repeated. After a certain number
of sort manipulations the sort which repeats a random event once
or twice successively becomes the most prevalent sort routine
(number 7). In this way repetition of small groups of events
within each string begins to take place. When a group (which
originally contained 6 elements) 'grows' to a total of 13 elements
via the repetition sort the tendency 'changeS'directién' and the
sort routine which deletes elements form the group becomes most
prominent (number 6). The program halts when only one event is

Zef% remaining in a string.

The two groups serve both the function of opposing each other by
way of containing contrasting material and yet they both develop.
in parallel fashion via the tendency. secifications. These programs

were used in the creation of "I''WHICH".
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INTEBER A-T1.Y2,Y3,Y4,58.7
INTEGER LST(&)

COMMON ACH00,17),Y1(500),Y2(500),Y3(500),Y4(500),

150300, 2(5000 , INC(LD0, 4)

9090 WRITE(4,784)
784 FORMAT (" SEED VALUEY aAND HAX? AND JSEEDI?")

READ (4, 3 JSEED  MAX JBEEDY
Cal.l KaNDOM(JUSEED.X1)
Catl TORVALGJSEERDL,.77%)
L8T(1}=100
LET(2)=125
LET(3)=191
LET(4)=212
LBT(S)=262
LaT(s8)=278
JSEET=20
LOAD=4D
NIRRT XS LI LTI TSR ET L ELETE £
¢ CREATE BROUPS REERHE
I E T I I T T E
LIGTA=TALEACS &) ‘
LIs8a=LISTA
LISA=LISTA+20
DO 22 JGRUF=1 84X
DO 22 I=1.LI8A
= INGCY, JGRUP ) =TALEACY, 10000}
INCOT, JORUP+2)Y=INC( T, JGRUP?
INC(T,2)=INC(1:2)+1
INCLL4)=INCCL.2)
JGRUP=1
JUNT=0
2113 CALL COPYZA{LISEA.LIST)
G0 TO 1929
213 CaLL COPY(LISTA,RAX,LIST)

b
3

G0 TO 1929
LT T T P e PP P T PP PP PP TP DT L
C NI FHEERE

T e r T e T T T T

321 LETI=TALEA(L D)
IF(LST1.BY.63L8T1=1
IFLSTILOT..BILETI=2

LI8Y=L8T(LE8TL)
JAR=4000
CALL WAVE(LIST,Jan)
123 JRETRO=1ALEACL, 100)
INK=TALEACT,2)
‘ WRITE(4, 714
4 FORRATC'  LISY JGRUE - JCHO
WRITECS, 20 0LIST, JORUP, JCHO » TRK JONT
711 FORRAT(IX.5(148))
IFOIRETROLBT.30060 TO 654
NI EE IR e s i IR T EI SRR IR AT LR T
L PRIAS CERREEEE

R e e e e e It I e e T
3555 WRITE(4,753)

753 FORMAT (" =xPRIAE®%7,/7)

DO 999 10=1,LIBTA,INK
/ CALL RANDOMCINC(IO, JORUF).X1)

10 CALL F2,F3,F4,Fixxasxss aND SORTI,CORYE, COPYAIany

o
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N

pN

IPER=TALEACL,2)
JUHOO=TALEACL. %)
60 TO (2:2:2:2:3,3:4,4:5),J0HO0

2 CALL F2(LISY)
- 6O 10 9RY
3 CALL F3C(LIST.IPER)
, GO TO 799
4 o GALL F4(LISY.IFER)
60 10 999
S - CALL FSCLIST.JaR)
Go 1O 999

999 CONTINUE
GO TO 1929

YL R P P PRE P I LSS T I T T T ]

£ RETRO FETTITL

KT T TP EE T IR L LI TR E X E ST E TS LT Y T
G0 1O 192%

54 HRITEC4,741)

741 FORMAT(® #3RETRO%%7,/}

bo 888 I0=L158VA.L,~INK
CALL RANDORCINC{IO,JGRUPI - XU)
IFER=IALEACL, )

JCHOG=TALEAL(L &)
GO T0 (12,12,12,13:74,15),JCHOO
12 CaLL F2ALI8T)
6O TO 858
13 CALL FI(LIST, IRFER)
G0 10 Bg8
14 CALL FACLIBT, IPER)
> G0 T¢ abg
i3 CALL FS(LIST.JaMm)
60 V0 888
G838 CONTINUE
CHMEBAR LR R AR AR AR E SRR A A RN RN AR RN LR
L CHOOGE SORT # AND Call=

(Bt RSN R RS R R H T LB SRR R YRR AL RRY

1929 TCHT=ALEA(L,10000.10)
JENT=JONT+1
CALL RANDOM{ICNT,X1)
JFCICNT LT 2360 10 213
JERUP=TALEA(L,MAX)
NBORT=IALEA(L.100)
LFCIBRET.ER.INDILOAD=B0
IF(NSORT.GT.LOADIGO TO 1939

CALL SORT(LISTA, JGRUF,JCHO» JBEET,JONT)

WRITE (4, 765) ,
765 FORMAT(? €% NEW BORYT #%7)
6O TO 1949 ‘
1937 WRITE(4,786)
746 FORMAT(? =%NO MEW SORT#%7)
1949 IFCINKLGT.LIG0 10 1951
RN BFER ST S G LR LN C L VUL SN S U SN B C R ERCE RS
L , S1L.#
E*%ﬁﬁ*ﬁﬁﬁﬁ%ﬁ%%**%&*ﬁ&ﬁ%%ﬁﬁ%%%%ﬁ%ﬁ*ﬁ*ﬁ%%
TREGT=IALEAL LD, 250)

WRITE (4,792}

793 FORMATL! PATZE#szxnagx’ /)
DG 47 IWAIT=1,IREST

67 WRITE(4, 771 IWALT

791 FORBAT(T+7,15)

)

Iy
S
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1741

NLIS=TALEACL, 10D
IF(NLIS.G6T.70080 TO 123
IF(NLIG.LT.I0)G6O TO 213
IFNLIS.LT.24360 T0 2113
Go T 321

BToF

END
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N

N

CESEEEREELHLRERY GORTYE S3C3ErERrLEsEnss
SUBROUTINE SORT(LIBTA, 1L, JUHO,JSEET, JUNT?
IMT;GER’&1Y1!Y21Y3!Y43552
COMMON ACSDHO-17) . Y100, Y2 (3000, Y30500) Y4 (500) »
18¢500), Z(5003 INCCI00,4)
JEHO=TALEALLAB)

IFCGICNT LT 12)JCHO=TALEACL . 9)
IFOLISTALGTLILYISEET=10
IFCJSEET.GY. 100060 10 188
IF(JCHOLGT 103 JERG=10
WRITE(4,877)

877 FORMATC NOTICECREPETITION BLOCKED#S 4% 354425 R R4 44 RuNEREHRT)

188 BO TO (1:152:2:5:5:8,609:8:727:747:7:757+7) 1. JCHO
R I E Iy TP T
L KRENEK ROTATTON
I I Y E P I T Y Y
1 JETO=INC(L, 1H)
LISTX=LISTA-1
DO 199 I=1,LIGTX
199 INGCL, TX)=INCCT+1, 1K)
INC(LISTA, IX)=J8T0
60 10 101
et I I Y
£ EXCHANGE RANDOM LOCS.
It I I L I I T Y
z K=TALEACL,LISTA)
L=TALEACL,LISTA)
ISWAP=INC (K, 1X)
INCOK, IX)=INCCL, TX)
ING(L, TX)=15WAP
60 T0 101
e P P Y Y F YL
C INVERT VAL. IN RANDOM LOC
CEESEE RN R LB RS LI U VA A S DR R AR LR ERERER
3 K=1ALEA(L,LISTA)
IFCINCCK, IXY . 6T, 5000060 T0 214
INC K, DX = ING K, [X) #5000
- 60 TO 215
214 ING (K, TX) = INC (K, 1X) 5000
215 CONTINUE |
60 TO 101
(A u R e NN SR YA B RS U NG LA N B LS H RN LB HHEER
£ REPLACE 2 LOCS. WITH RAN. VALS.

R e I E
4 DO 22 I=1.2

H=TaLEACL, 10000)
mL=IALEACL,LISTAY
a2 INGORL, IX)=H
G0 70 101
R Y T Y T
£ ‘ EACHANGE 28D § PENULTINATE LOCS.
R L T T Y X LY
5 J=1
ISWAF=INC(J+1, XD
INCCIL, DX =TRC(LISTA-L,1X)
INC(LISTA~1,IX)=15UaF
GO 1O 10t
T P LI T L]
£ EXCHANGE NEIGHBOR VALS.

INEFFTEE LT R E PR PP P X T T
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D)

D)

)

)

b LISTX=L13TA-1
L=JALEAC(L,LISTX)
ISWARP=INC(L,1X)
INCCL,TX)=INC(L+1,1XD
INCOL+1, IX) =TGUAF
111 CONT INUE
G0 T0 1
e L s E I T YT
£ REPETITION OF RAN, VAL. X#i#
K L T S 2
7 SLALEACL LIS TAY
JADD=TALEACL, 2)
LISTa=LISTA+JADD
Li=L+JabD
DO 31 I=LISTA-LL1,-1
31 INCCT, IXD=INC (I~ Jab0, IX)
PO 33 I=1.JADD
33 INCCL+T, IX)=INCCL, TX)

60 70 101
e T R I eI
£ DELETION OF RaN. Val.
B e e e e e P e LT
3 IFOLISTALLT.2)60 TO 9

L=TALEACL,LISTA)

o DO 44 T=L,LI5TA

44 INCCIIX)=INC (141, IX)

LISTA=LT5TA~1

60 70 101
e e R e e e L R T TR T TE:
K ADD ONE TO STRING RAN.
R e e I e R e e T e LT
? L=TALEACL LISTA?

L18Ta=LISTA+]

L=t

Do 98 I=LISTA.LI,-1
98 T ANCLILIX)=INCT-1, 150

INCCL+1, IXY=1ALEACT, 10000)

Ge To 1 '
SRR e e I T Ll
Des &% %% 6% ¥5 $3 £3% X% EE ¥R ¥E E¥ . ¥¥
101 WRITEC4.)LISTA

RETURN

- END
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177
321

3
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799

I RETTTTET RS E T
CALLED BY THEOR3Ixsxs#sx

T0 CALL F2,F3,Fa,Flhssssaus
SURROUTINE COPY(LISTA-MANLIGT)
INTEGER A,Y1i:Y2:Y3,Y4.5,7
COMMON ACEDR-17) 7105000 Y 2(500) Y3500, Y4(500) .,
18(500),Z2(500), INCCI00. 4}
WRITE(4.777)

FORMAT(® zssxz COPYE zxsss’)
LIGT=TALEACION, 200

WRITEC4 ILIBY

JAK=4000

CALL HaVE(LLSY,.Jam)

DO 999 JUH=1,HAX
HRITE (4, YOWH

DO 997 10=1,L1587A,1

Cal.l RANDOMCINCC(IO.JUH) X1}
IPER=IALEA(L, 2
JOHOO=TaLEA(T, )

GO TO (2,3,2,2:3,3,4,4,5), JLHOO
Call F2OLIST

GO 70 999 ~

Call FIWIST IPER)

GO 10 999

CALL Fa(LIST.IFER)

GO 10 999

CALL FHILIST,Jam)

30 10 999

CONTINUE

RETURR

STOF

™
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L B0 i o]

777

o321

3

n

§99

COPYII4 5544554854588

CALLED BY T5ORIssxss

T0 CALL F2.F3,F4,Fhesssses
SUBROUTINE COPYII(LIGGALIBT)
INTEGER AyY1.Y2,Y3,Y4:5:7

 COMMON A(S00,17),Y1(5007, Y2000 . Y3(500),Y4(5003,

15(500) . 2(5003, INC(100,4)
WREITE(4:7773

FORMAY (7 xxzux COPYIE xxsxx’)
LIST=TALEACING, 250

WRITE (4,)L187

JANR=4000

CALL WAVE(LIST,Jan)

DO 999 JWH=3,4

WRITE (44 ). WH

DO 999 10=1.L156A,1

CaLL RANDOMCINGC(IO, JWH) . X1)
[PER=TALEA(L, 2}
JOHOO=TALEA(L,9)

GO 10 (2:?;:,Eyﬁxs;&:6:b3:JLHOG
CalL F2(LIs

GO T 999 :

CALL F3C(LISY,IFER)

GO 10 999

Call Fa(LISYT,IPER)

G0 10 9%

CALL FOGOLISTY, Jam)

G¢ TO 99%

CONTINUE

RETURN

STOF

/"'*\’



"T00" is unique among these programs for two reasons: (1) the use of

the switch register in the final form of the pfogrdm and (2) the use

of additional hardware consisting of an analog—to-digital comvertor.

The function of these two items is to allow for' flexible “input
possibilities in real—-time.

The switch register is divided into four sections to allow for the input

of four variable values and the ADC is used for the imput of a fifth
variable value via a 0 to 10 volt power supply controlled by a
potentiometer. This program was the last to be developed in the course

of this project and the real-time 'performance’ possibilities were

added when it became evident that this flexibility was necessary

in order to articulate the musical potential and relationships of

this program. '

The main function of the program is the transformation of sndividual
parameters of sound events. The three parameters frequency, duration,

and timbre can be tied or untied in any combination in relation to

each other within a single sound event..This gives a combinatorial

maximum of six tied/untied possible relationships for a sound event

which are controlled by a stochastic process between clearly defined

limits which allows for event modifications ranging from very. slight

to very large without losing basic individualising characteristics

of the original sound event.

Two random number generators were employed and a set of 63 sound events
were used as a template from which to work. (Because of the transformational
possibilities 63 events was move than enough.) Via the switch register |
a beginning event, a. final event, and .an increment value for specifying |
events in the range could be entered. In this way I had control of
event sequences while leaving the details of parametric transformations
to the computer. Also, via the switches, specification could be given
for general parametric considerations involving pitech and duration
characteristics of entire strings of events. Futhermore,by way of the
ADC, event articulation and silence between events could be controlled.
Three FORTRAN subroutines were called by "T00": "ONE1'", "TWO1'", and

"THRE1". These routines made the actual transformations to specific




events with information sent from "T00", and they in turn called
MACRO sounding routines. ALl in all the ‘possibilities inherent in
the transformation of specific parameters was best articulated

with the potential for a more 'performance' oriented envirvonmment.

These programs were used in the creation of "T'WHICH".
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CeexsuxzsexT00 WITH ADCeszxesss
C TAM L 1ssxxex2T0 CALL:Y ONEL,TWOL, THREL

INTEBGER a,Y1.Y2 :TS:Y%:S,E
INTEGER €10

COMMON a(500,17), YI(SUU) Y2(500) . Y3(500), Y4 (500D,

1548000, 20500
2898 WRITE(4,788)
786 FORMATC? SEED VALUET RAXT,JSEEDL™)
READ (4, Y JSEED . MAX . JSEED]
Call RANDOR({JSEED, X1
Call TOEVALC(JSEEDL .. 799)
CEEXTEREREERBELLLATHEHXFRUELRL S P EE BB ES
£ INMT. LIBY & ETC.®
CHESSEREFERELEF R LTRSS FERETE RGN L EHHERY
LisT=1aLEACIQO,200)

LIsT=177 ,
Ja=4000
JEET=0
GO T0 490
Ff%**%%4*¢*%4*%*%***4*3*4*%+4f£%*§§§§%%
£ INIT.
R e PR L T eI eI T
321 LIST=1ALEACSN,250)

g0 WRITE(4,0LI8Y

LIBT4=LI8T/4

LISTG=LIST /5

JEET=38ET+1
o IFCJSET.BY. 1060 YO 212
CHEENREENENNRRRRRA AR BN AR AU ARAERERRR RS

£ ’ "BET LR ARRAY
Cosraiununennus R uunRaRURRRRNRRRRRRRUS
DO 1 J=1,MAX
1 Cad=1ALEALL 100007
SRR I ER LTI EEEL LTI EELIEEELE LT
C READ SWITCHES
T EEE LRI T e I e e R S P LR Ea L T
22 CALL WAVECLIGT,.JAM)
21 CALL SNSACS(NON)
MON=NONL12:17]
AONI=NONC&+11]
MON2=NONLO: 2]

ACL1G=NONCE: 5]

WRITEC4, INON, RONL, RONZ, ROLIE
R R e e e e e L R R E e T
H START LOOPss#ss SR nsn R A RRRRRER
TR et e T T i T el T

DO && T0=MON,MONL,MON2Z

RSEA=TALEA(I.100)

IF(ABER.GT.90)GO TO 9

60 10 91
R P PP PR P PP LI T LT E L LT S LT L
G CHANGE ONE PARAMETER #
C#ﬁ#4¥¢*%§¥£§444¥$%¥¥%¥%%¥44%&%**%##%4
7 ICo0=IALEALL, /)

GO 10 (10,10.10,20,20,20,30).1C00
10 JTIR=1ALEACL,5)

JNEG=TALEACT,100)
IFCIHEG BT S0 JTIR=-JTIA
GO T0 454

20 IPCH=TALEAL 1D

o
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JNEGI=IALEACI, 1000
1F (JNEG1.6T.50) IPCH=~TPCH
60 Y0 654

30 ADUR=TALEA (100,500)
MDUR1=TALEACL,3)
INEGZ=TALEACL, 100)
IF CINEG2.GT.50) RDUR=~ADUR
IFUJNEG?.GT.50) RDURL=~BDURY
B0 TO 654 ‘

(REX LTI Sy e PR E LT LT

C CHANGE ALL PARANETERS %
CHEEENRA AR BN AR BRI A AR AAA AR RAT U RN RA RS
kAl JTIA=1ALEA(L, D)

JNEG=TALEACL, 100)

IF CINEG.GT.S0)JTIM=-JTIR

IPCH=TALEA(L, 13}

JNEGI=TALEACL 10D

TFCJNEGL,BY.50) IFCH=-TFCH

NUl=TALEACL, 1000

IF(NURLBT.26)60 TO 454

MDUR=TALEA(1Q0O,500)

AOURL=TALEAC(T,3)

JNEG2=1ALEA(L,10D)

IF (JNEGR2.6T. 50 R0UR=-ADUR

IFCINEGZ.GT. S0 MDURL=-ADURL
I Lt e I R R I LT
L CALL QUTPUT ROUTINES®ss#
CHEAFRGENRL LB RGBSR AR AL N AL AR EREH
654 WRITE(4: 310

IFCIOLER.OXG60 T0 O

CALL RANDOM(C{IO).X1)

5434 IPER=18LEA(I,3)
JOHOO=TALEA{L -8} :
100 GO TO (2+2:2+4:3:4,4,5), JCHOO
2 Call FROLIST-LIST4,LISTS  JTIA, IPCH, BDURL  TCO0- NUM - HBERY
: G0 10 999
3 CaLL FACLISY,LISTA-LISTS, IPER,JTIA, TPCH RDUR, ICO0, NUR, RSER) - -
G0 10 999 |
4 call Fé(LIQTsLiﬁT§1LIST5:lPER:JTlﬂ:IPﬂHrﬂUUR:ICGO:NUﬂ)HSEH)
60 10 799
S LENT=aLEACL, 100006.0)

.oLm

CALL RANDOB(LONT X1
call FOCLIST,dam)

GO0 TO 299
999 CONTINUE
1oy LENT=ALEACL, 100005

CaLL RANDORCLONT.X1)
CHEASRSR AR NEREEREBERRERERE

IREGT=0

DHEBS RS SRR RRERIRRRFRARREEE

£ - CALL ADC(O,IREST)
IFCIREST.LLTL GO TO &6
WRLTE(4,7%2)

792 FORMATC? PANZEe=8%", /)
DO &7 1WAIT=1,IREST

&7 WRITEC4, 791 (HALT

791 FORMAT( +7, 15}

bé - CONTINUE

R e L e e it

N : REDISRIRET EE T EEE RS ER IS TS SRS 3

S



R e L P e R T PR Y e
IFCAQLIGB.G6T.MIGO 1O 321
60 Y0 21 '
5TOF
END-
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N WITH HAVZ s QW22 0WW22,0F22,0422,0L32,0Y22

SUBROUTINE F2(LIST,JTIM, IPCH,ADURL, TCOO - NUR-ASEM)
INTEGER FAIN,AHIN, HIGH '
INTEGER A-YL,Y2,Y3.Y4,8,1

CORAON ACS00,17),Y1(500),Y2(500),.Y3(500),Y4(500),
1505007, 2500

LISTS=LI8T/3

LIBT4=LIET/4

5355 - JU=TALEA(S.17)

JWI=TALEA(S,17)

NENV=TALEA(S, 15}

IV=TALEACL00, 200
- HIGH=TALEACLI, 10D

L=IALEA(S-LIETI)
- IF(HIGH.EQ.9)L=TALEA(B,LIST4)

NFER=1

HFLAT=IALEACL,5D)
IF(RFLAT.EQ.RINPER=TALEA(2, 40

JOVE=1

TJOO=TALEA{L,50)
IF(IJOO.ER.3YJOVE=TALEA(E, 4)
JouT=1ALEALL, 43

6O 10 ¢

CHERFLELF R R L LA RSP RS AT F AR IR R H LR R R %Y

IF(NURM.GT.47)60 10 %

IF(NUR.BT. 4450 TO 91

IF(ASEM.GT.BIGO TO 9

IF(HSEA.BT.5)60 10 91

6O TO 4
T2 It I P R e e T I T
9 6O TO (1,2,3),1000
i JOUT=JOUT+JTIN

IFCIOUT LT 13.10UT=00UT+4
IF CJOUT.BT.4) JOUT=J0UT-4
: GO TO 4
2 L={+IFCH
IFCLLT b =Ll 18T 4
TFCLLBT.LISTAML=L-LIST4

GO TO 4
3 NPER=NFER+0DUR]

IF (HPERLTCLINPER=NFER+4
IF(NPER.GT.4)NFPER=NFER~4
JOVE=JOVE-ADURL

CIFCJOVE LT 1) JOVE=JOVE+S
IFCIOVELBT .4 JOVE=JOVE-4

60 10 4 :
C
ELET LI EI TR EETESTER LI T L L
71 JOUT=JOUT+ITIM

IFCHOUT.LT. 1Y JOUT=d0UT+4
IF(JOUTLGT  4).J0UT=00UT~4
L=UL+IFCH
IFLLT D L=L+LI8T4
IFCL.GT.LIST4 L =L~L 1874
IDUR=TALEACL 10D
TFCIDURLBT.L3IGO TO 4
NPER=NFER+ADURL
IF(NPER.LT.1INPER=NPER+4

—t
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IF(NPER.GT JAINPER=NPER -4
JOVE=JOVE~NDURY

AFCIOVELLTL 1) JOVE=JOVE+4

TFCIOVE BT 4) JOVE=JOVE-4

et E LY L P e L P T TS 2

£

CHE AR R F LA LA RSB H A NG R IR

4

433

hhé

664

17

V& ks

LL=1

APER=NPER

KDIFF=TALEALL, 1D}
TFCAFLAT.EQ. S AND KDIFF.LT.4YAFER=TALEACL 1 4)

JTOT=LIGT

JENU=(LIST+1)eNPER=JOVE/L

KENV=(LIST+1) #RPER®JOVE/LL

AMIN=TALEACL,LIST4)

FRIN=ARIN

LIN=aMIN

JIJ=TALEACL, 25)

IFCISILNE. 260 TO 111

Iv=1

Do 11 I=1,LI8T

YLD =A(T NENV)/TV+)

IFCGIIJLER. 3 J0UT =S

IFOJJJER. Y I0UT=4

GO TO (223,444,555, 777,666,333),J0U7

CALL QUT&H(ATL, W) NPER, BPER LA LLALIST JT0T A0 JWL T 5 JENV,
TKENV, Y1, .J0VE)

GO 10 999

CALL OUTZ (AT, JU) NFER,RFPER, L, lL LIST.J10Y,AC1,JW1 ), JENY,
LKENV, Y1, JOVE)

60 10 999

L=IALEA{1.®)

Li=tL

CalL QUTEB(ACL JU) - NFERAPER L, LL LIST, dTOT A (L, JWL ) JENY,
TRENV, YL, FRIN, JOVE)

60 10 999

CaLL OUTYC(ACT, JW) NPER BPER, L, LL.LIST.JTOT, A(IrJHI):JFNU,
IKENY, Y1, ARIN, JOVED

BO 10 299

CALL OUTI0CACT, JW)  NPERAPER L, LL LISV JTOV AL, JUWL Xy JENV,
IKENV, 11, JOVE?

GO ¢ 999

CalLL QUTLICACL, W) NPER, APER, L LL,LISTJTOT ACT, WY, JENY,
LKERV, Y1, LIN, JOVED

G0 10 999

CONTINUE

RETURN

END
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A N T e PR R I T e R R I LTI T RT3
SRETTETEEEERTIT R EE SR

W1TH WAV2,0IN3,0FM3,0AN3,0LAY3, 0INI3
SURBROUTINE FI(LIST,IFER,JTIR,IPCH,ADUR, IGO0, NUA, ﬁofﬁ?
INTEGER FRIN,FRIN,ARIN,ARIN

INTEGER A, YL,Y2:Y3,Y4.5.7

COMAON A(S500,173,Y1(500),Y2(5 Dﬂ) Y3¢500),Y4(500),
1505003, 2{500)

LIST4=(LISV/4)-2

LISTS=LIGT/3

60 10 (1,2,3,4,8),JFER

IGH=100 : o
NON=25

G0 TO 555

IGH=500

NON=20

GO 710 b5

1GH=1000

HON=15

GO 1O 535

IGH=1500

NON=10

GO TO 555

16H=2500

MON=?

CONTINUE

JEWA=TALEACL, 1D)

IFCJISHR.BT.LIBE TO 5454
Ju=1aLEA(1,17)

Jui=IalEa(L,17)

80 TO 4666

JW=TALEA(S,17)

JU1=IALEACS,17)

NENV=TALEA(S, 15)

NENVI=TALEACS.15)

V=1ALEACLION, 200}

IVi=IALEACIO0, 200) .
JAI=TALEA(L . 25)

IFCIJANE. 2260 10 111

1v=1

Ivi=1

PG 1t I=1,0L1I87

Y1{1r=a(T, NENVI/TY+]
TADI=ACTNENVLI /1012 -0
L=TALEA(4,LI8T4)

LL=1ALEA(4, LISTS)

JBUI=TaALEA(T, 4}

Go 10 7%

CH SRR RN SR RN H SN SRR E RN RE

IF(HUR.GT.4206G0 TO 9
TF(NUA.GT.44)60 TO 91
IF(MBEM.GT.BIGO TO &
TF(HSEM.GT.5160 Y10 91

G0 T0 40
T e P P e T e R L T e S L L
R ETI RIS EI RIS SRR LT R R R
¢
? GO Y0 (10,20,30).1000
10 JEWT=JsWI+JTIN

IP(JSUI LTI JSHT=JEWT+4
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IFCJSHILBT.4) JWI=JSWI-4
GO TO 40

L=l +IPCH

TF(L.LT.2)L=L4LIST4

IF (L. BT LIBTAIL=L-LI8T4
LL=LL-IFCH
IFCLLL LT 2 LL=LL L5 T4
IF(LL.GT. LIST4)LL=LL-LIST4

6O TO 40 "

1GH=1GH+MDUR

1GH1=1GH-MDUR

IF (IGH.L.T. 100) I16H=16H+700

1 CI6H.GT. 10007 [6H=16H-700

IF (IGH1.LT.100) IGH1=16HI+900
IF CIGHL.6T.1000) TGHL=I6HL-500 .
60 10 40

(AL UB LR LR R S AR E YR G R AR RS

¢
?1

e

I I A E I R RS EEE LTI ET 1

JEHI=JSHI+JTIN
IFCISHILLT D JSHI=J50I +4
IF(JSWI.BY.4)JSWI=JBWI~4

- L=L+IPEH

IFCLLLT 2L =L+L 1874
IFLLGT LAIBTAYL=L-LI8T4
LL=LL-TFCH

FOLLLT. 20 =L+l 1874
IF(LL.GY.LISTALL=LL-LIST4
I6H=1GH+ADUR

IGH1=]GH-ADUR -~
IFCIGH.LT 100 I6H=1GH+700
IFCIGH.BY. 10001 IGH=16H~200
IFCTGHLLLT 100 TEHL={GH+700
IF(16H1.67.1000) IGHI=IGH1-900

Cﬁiﬁ*%ﬁ*ﬁﬁﬁ%ﬁ&*ﬁ%ﬁﬁﬁ%§§§%%%§§*§§§

41

222

333

 hh4

646

G0 10 999

NPER=TALEA (25, 16GH)
APER=1ALEA(25, IGHL)
JENU=NPER/L
KENV=APER/LL
FRIN=TALEACL,LIST4)
FAIR=TALEACI.LIST4)
AMIN=FAIN

AMIA=FRIN
IF(JJILER. 3 J5HT=5

IR CAULER. 9 Y JEWI=4

G0 TO (222,222,333, 444:665:777) 0341

CALL OUTI2(ACL,J W) NPER,RPER L, LL.LIST,ACL,JWL),
LJENVKENV, Y112

GO 10 999

CaLl QUTIZ(ACL, JW),NPERRPER, L LL,LIST,ACLy JW1),
LJENVKERV- YL, Y2 FRIN,FRIN)

GO TQ 999

CALL OQUTIACACL,JW) NFER,AFER. L LL,LIST, ﬂ(f JUi,
TIENV KENV, Y1 Y2, ARIN.ARIN?

60 10 999

CALL QUTIG(ACL, JW) . NPER, ﬂPFh LoLLLIST.ACL, JWL),
LJENV, KENV, 11, YD)
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D))

)

24

&S99

CaALL QUTI6(ACT, JW)  NPER,APER, L LL,LIST, 401, JWL),
LIENV,KENV, Y1.Y2)

G0 T0 799

CONTINUE

RETURN

END
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FATRMS S 4 SR RN 4R AU RA AR EFER MU FRR AR ERURRAE,
FLESEHHSREXERFSSERRERRNES

W1TN OIN4,OIN44,0INAG,OFN4, 0AN4, OLAY4

BUBROUTINE FA(LIST, IPER, JTIA, TFCH,ADUR, 1000, NHUN, ABEN)
INTEGER FRIN,FAINL FRAIN2,FAINS, ARIN, ANINL ARIND, ARINS
INTEGER A, Y1,Y2:¥3.Y4,5.17

COMMON A(S00,17),Y1(500),Y2(500), YA(500),Y4(500),
18(500), 2(500) \

LIST4=(LIBY/4)~4

LISTS=L187/5

60 10 (1,2,%,4,8),IPER

Lar T i e

1 16H=100

© B0 TO 5SS
2 TGH=150
GO YO &Y%
3 IGH=700
GO 10 &45
4 I6H=1000
GO 10 55
16H=1500
95 IV=14LEA(100,200)
IVi=TALEA (100,200}
IVa=IalEACI00,200)
IV3=TALEACL100, 200
JEWA=IALER(L. 10}
IF(JSWR.BT.2)60 T0 54555
JU=TALEACL .17}
JUi=TALEA{L 17}
JW2=TALEACL 17D
JU3=TALEA(L,17)
G0 70 444
Wil JU=TALEA(S,17)
JHI=TALEACS,17)
JU2=TALEA(S,17)
JUI=TALEACS17)
bHé NENV=TALEA(G,15)
NENVI=TALEA(G,15)
NENV2=TALEA(S, 15}
NENVI=TALEA(G, 15)
JJJ=TALEA(L 253
IF(HIJNE.2?3G0 T0 111
Iy=4
vi=Iy
1v2=1Vv
TV3=1y
it DO 1L I=1.L087
Y1(1i=a(l . NENV)/TV+L
Y20 =ACT, NENVL/TVLHY
: T3(Lr=a(l, NENV2)/TV2+]
i1 Y4(I1=A(T, HENVE/TVESY
8e8 LIST1=11574
JEWI=IALEA(L,S)
CTFCJEHILGT.7.8ND. JJJNE. ?)ll s T1=LI8TI+L1871-41
L=IALEAC4.LISTT)
LL=TALEAC4,LISTY)
LLL=TALEALA, LIST D)
LLLL=TALEACA,LISTY)
GO T0®
CHEXRERRR AR P A BRI H DA A SRR R AR ERA B AR EY
TF(NUM.GBT 47360 TO %

&n i
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IF (NUM.GY. 44160 T0 91
IF(MSEM.GT.8)60 TO
IF (HSER.BT.5180 10 91
60 TO 40
I i s I It I T I I E L
C§§§§§*§§§§§%ﬁﬁﬁ§§§§§§§§§§§§§§§§§§§%§§ﬁ
E .
9 80 TO (10,20,30),1C00
10 JSHI=JSWI+JTIN
TECISHILLT. 1) JSHI=JSWI+S
IF(JSWILBT.5) JSWI=JSHT~5
GO TO 40
20 L=L+IPCH
TF(L.LT.4)L=L+LIST]
IF(LLBT.LISTDL=L-LISTI
LL=LL~IFCH
IF(LLL LT A LL=LL+L ST
CIF(LL.GT.LISTIILL=LL~LI8TY
60 T0 40
30 IGH=1GH+HDUR
1G6H1=1GH-ADUR
IF (1GH.LT.100) IGH=1GH+400
IFCIGH.GT.700) T6H=TGH-600
IF(IGHL.L1.100) IGHL=TGH1+600
IF CIGHL.6T.700) IGH1=16H1~600
80 TO 40
r
e E L e T I T ]
ﬂ§§ﬁﬁﬁﬁﬁ%*ﬁﬁﬁ%ﬁﬁ§§§§§§§§§§§§§§§§§§§§§§%
¢
91 JSWI=JSWI+JTIA
TF(JSWILLT 1) JSWI=JBWT+5
IF (JSHILBT.5) JSWI=JSHI-5
L=L+1PCH
IF(L.LT.4)L=L+LISTY
[F(LLBTLISTD L=t-LISTT
LL=LL~IFCH
I L LT A LLALL LIS TT
TF(LL.GT.LISTI ML L=LL~LISTL
16H=1GH+ADUR '
1GH1=IGH-ADUR
(FCIGH.LT. 1000 I5H=16H+600
IF C16H.BT.700) I6H=16H-600
IFCIGHLLLT.100) 16H1 = [5H+600
IF C1GH1.6T.700) IGHT=16H1~600
£
CHERREL SR ML RS SIS LB N L UTNERRBEES
I IR IS EI R R R R ELEEEE R 200
40 NEER=TALEA(25, IGH)

, MPER=TALEA(25, I6H1)
JPER=TALEA(ZS, IGH)
KPER=TALEA(25, 1GH1)
JENV=NPER/L
KENV=RPER/LL
LENV=JFER/LLL
RENV=KPER/LLLL
FRIN=TALEACA, LIST4)
FRINI=TALEA(4.LIST4)
FRIN2=TALEACA,LIST4)
FMINI=IALEALA,LISTAY -

J

O

S
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'1010

333

444

1111

999

IF (LI ER. S ISHT=7

IF(JJJLER. 3 ISHI=6

GO TO (222,222,1010,444,333,1411,777),J8W]

CALL OUTAZ(ACL,JW)  NFER,MPER, L LL LIST, AL, JULD, JENY, KENY,
1YL Y2 A(L, JW2) . JPERSKPERLLLLLLL, ACT, W),
LLENVARENV, Y3, Y4)

60 T0 999

CALL OUTIBCACL, JW) NPER,BFER L LL.LIST,ACL, JW1) . JENV, KENY,
1YL, 12, A8, JW2) - JPER KPER-LLL - LLLL,ACL, JW3)

TLENV, RENV, Y3, Y4)

GO 10 999

CALL QUTIZ(ACT, W) NFER MPER, L LU, LIST AT, WL, JENY, KENY,
1YL, Y2, ACLy IURFFIRER  KPER LLL, LLLL , ALY, JNE) '
LLENV, HENV, Y3, Y4) o

60 10 799

CALL OUTZO(ACL, JW)  NPERAPER L LL-LIST ACL, INTY,JENV, KENV,
Y1 Y2:A0L, JW2) , JPERKPER, LLL LLLL,ACL, JWE) :
TLENV,BENV, Y3, Y4, FHIN, FRINL, FHINZ, FRING)

60 TO 999

CALL OUTRLCACL, JW)  NFER MPER, Lo LL,LIST,ACL, JWL), JENV,KENY,
YU Y2, A1, JW2) , JPER,KPER, LLL - LLLLACL, JW3)

LLENV, HENY, Y3, Y4, FAIN, FAINT  FRINZ, FHIND)

60 1O 999 :

CALL OUTZ2(ACL,JW) NFER.RFER, L LL LIST ACL, JWL), JENV,KENY,
1YL Y2, 001, W20, JPER KPER, LLL LLLL-ACL, JW3)

ILENV, BENV, Y3, Y4)

CONTINUE

RETURN

END



