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FOREWORD 

Robert Curtis,  Edward Bensley, and Ferrell Sandy all contributed 
important ideas during the planning and programming of the MUSE Program. 
James Valentine and Augustine Kish designed and built the digital-to-analog 
converter.    Professor K. N. Stevens of MIT provided very helpful criticism 
and the use of his sound spectrograph.    Drs.  F. S.  Cooper and A. M.  Liberman 
of Haskins Laboratory lent encouragement and valuable critiques.    The author 
is much in debt to these and many other individuals. 
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ABSTRACT 

The MUSE system, an IBM 7090 computer program and associated 
conversion equipment, has been designed for use as a sound synthesizer. 
Concise descriptions of complex sounds including human speech are converted 
by the MUSE system into sound pressure waveforms.   The inputs to the MUSE 
system are specifications of the changing resonance frequencies of multiple 
acoustic filter networks and of the changing frequencies and amplitudes of the 
sources of acoustic energy that excite those networks.   The output of the MUSE 
system is a sampled waveform calculated for each resonance by the solution of 
a second-order difference equation.   The results are summed over a single 
system of resonances and then the resonance systems are also added together. 
The resulting string of sampled waveform ordinates is written in digital form 
on magnetic tape.   Conversion to a voltage waveform is accomplished by use 
of the standard IBM 729 IV tape transport unit and a simple digital-to-analog 
converter.   Although the quality of the sound is somewhat degraded by tape 
wow and flutter, acceptable and highly intelligible speech has been synthesized. 

REVIEW AND APPROVAL 

Publication of this technical report does not constitute Air Force approval 
of the report's findings or conclusions.   It is published only for the exchange 
and stimulation of ideas. 

£i4»*t/i. 
EDWARD M. DOHERTY 
Chief,   Scientific and T^qfhnical 
Information Division 
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SECTION I 

INTRODUCTION 

A phonetician, wishing to test his model of speech production, often 

describes some speech utterance in terms dictated by his model and then uses 

this description to control a speech synthesizer.   Provided the speech 

synthesizer is a good one, the quality of the resulting speech is a good 

indication of the sufficiency of his model.   The model may be too complicated 

or may not be limited by physiological constraints, but if high quality speech 

can be synthesized according to the model, it commands attention as a possible 

means of gaining insight into that most complicated and refined biological 

system — the human vocal apparatus. 

The MUSE system is a computer simulation of a class of sound 

synthesizers that have been used with success in testing theories of speech 

production.    In spite of some loss of fidelity, the computer simulation can be 

used in place of this class of sound synthesizers.    MUSE, consisting of an 

IBM 7090 computer program and simple digital-to-analog conversion equipment, 

translates concise descriptions of a large class of complex sounds, including 

human speech, into the corresponding analog waveform.   This signal can be 

recorded for later playback or it can be used to drive a loudspeaker for 

immediate presentation of the sound. 

Sound synthesizers can also be used to present information in the form 

of spoken messages to the human operators of a computer-centered, real-time 

control system. In such an application, these messages would be stored in 

computer memory in concise digital form.   The main program for the control 

system would select some appropriate message and send it to a sound 

synthesizer that would then expand the concise form of the message into the 

corresponding wide-bandwidth speech signal and present it to the operator in 

real time.   The MUSE system, by simulating the output of various alternative 



synthesizers, could aid in designing the simplest adequate device for each 

application. 

The MUSE system is itself a weak theory of speech production.    MUSE 

is a weak theory because it leaves unspecified the manner in which the sounds 

are produced and because, subject to a limited bandwidth, it can reproduce the 

output of a large class of acoustical devices.   The limitations that make it a 

theory at all are mainly practical ones.    MUSE couldn't be used in practice to 

simulate a symphony orchestra because a single chord could require thousands 

of statements in the input language.   General statements about these limitations 

are impossible but they will be made explicit by the detailed description of the 

input language and the operation of MUSE both of which follow. 



SECTION II 

EQUIPMENT NECESSARY AND OVER-ALL SCHEME 

EQUIPMENT NECESSARY 

The equipment needed for running the MUSE program consists of a 

standard IBM 7090 EDPM with at least two data channels and at least one 729 IV 

tape transport unit, a special purpose digital-to-analog converter, a variable 

bandpass filter, and any electro-acoustic transduction system or, preferably, a 

good quality magnetic tape recorder. 

OVER-ALL SCHEME 

In general, the operation of the MUSE system consists of a translation 

or calculation phase and a subsequent digital-to-analog conversion phase.   In 

the first phase, the data cards containing the sound specifications are read in 

as needed and the ordinates of the specified waveform are calculated.   These 

numbers representing the instantaneous pressure of the specified waveform at 

successive small intervals of time are stored in blocks on magnetic tapes. 

When calculation is completed for the sound sample or utterance being 

synthesized, the waveform ordinates are read from the magnetic tape storage 

into the computer for normalization.    These data are then written onto a new 

tape in which the inter-record gaps between the blocks of numbers are 

eliminated. 

In the conversion phase the tape unit, an IBM 729 IV tape transport unit 

on which the final output has been written, is disconnected from the data 

channel and connected to the digital-to-analog conversion device.   This device 

then reads the six-bit (64 levels) waveform ordinates off the magnetic tape, 

sets them in a buffer register, and converts them to a voltage waveform 



smoothed by a low-pass filter.    The resulting signal can be transduced by a 

standard loudspeaker system or recorded on magnetic tape as shown in Figure 1. 

MUSE 
STATEMENTS 

0fe\    fS£\ 

w 

w 
BUFFER 

MUSE    PROGRAM MAGNETIC 
TAPE 

DIGITAL   TO 
ANALOG 

CONVERTER 

A. B. 

F v 

ANALOG    TAPE 
RECORDER 

1. MUSE Statements on IBM cards are read into the computer. 

2. The computed waveform ordinates (A) are written onto 

magnetic tape. 

3. The waveform ordinates are converted into a step function 

(B) representing voltage levels. 

4. A low-pass filter smooths the step-function into an analog 

waveform (C). 

5. The output of the digital-to-analog converter is a varying 

voltage which drives a loudspeaker or tape recorder. 

Figure 1.   Functional Diagram of the MUSE System 



SECTION in 

SOUND SPECIFICATION LANGUAGE AND FORMATS 

INTRODUCTION 

Since the common denominator of all sound synthesis systems is an 

output waveform, the important differences between these systems lies in the 

method of specifying the desired sound and in the faithfulness with which these 

specifications are embodied in the output waveform.   The level of sophistication 

or, in other terms, the degree of bandwidth compression of the system is 

more or less fixed by the specification language.   The MUSE system's specifi- 

cation language consists of statements describing the changing acoustic spectra 

of the desired sound.   Representing the instantaneous frequency response of 

independent resonating systems at given points in time, these statements 

contain the resonance frequencies and bandwidths of the several variable 

resonators that make up these systems. 

SOUND SPECIFICATIONS:   DATA CARDS 

In the description of sound for MUSE, resonators are grouped so that 

several of them can be excited by the same energy source.   These groups are 

called Spectra.   A specification of the states of the resonators in a Spectrum 

and the excitation function for those resonators at some point in time is called 

a Statement.   Whenever "Spectrum" and "Statement" are used below in this 

technical sense, they will be capitalized. 

Spectrum Specification 

The experimenter describes the instantaneous frequency response of a 

particular Spectrum by supplying the resonance frequency and bandwidth in 

cycles per second of each resonance contributing to that Spectrum.   More 

explicitly, the resonance frequency refers to the frequency of a pole in a 

5 



passive electrical network which is analogous to the acoustical system to be 

simulated.    The bandwidth of the resonance controls the real component or the 

attenuation of that particular pole.   The value of a resonance bandwidth is the 

difference between the two frequencies at which the attenuation of the resonant 

network is 3 db greater than at the pole frequency under the assumption that 

the network has only this single resonance. 

Excitation Source Specification 

Supplying the states of resonances, as described above, can specify an 

acoustic resonating system at a fixed point in time.    If enough points are picked, 

or if points of inflection are chosen and the program is designed to interpolate 

between them, a fairly complete description of the continuing response of say 

the human vocal tract, uttering speech can be made.    To excite the resonant 

system, however, some provision must be made for an excitation source. 

In the MUSE language, energy is supplied to the resonant system in the 

form of a train of shaped pulses.    The pulses,  whose response characteristics 

are fixed at the beginning of the run, can excite the system at periodic or 

pseudo-random intervals.   The mode of excitation, buzz or noise, is specified 

in each Statement.    The fundamental frequency of the buzz source and its 

amplitude are also specified.    When the noise option is used, the repetition 

rate must also be supplied since the pulses are shaped in terms of decibels 

per octave above the fundamental frequency.    The fundamental frequency is 

given in cycles per second.   The amplitude multiplier is a two-digit number 

specifying the relative amplitude of the source pulse (it is not a logarithmic 

quantity). 

Timing Specification 

Having specified the Spectra and their excitations for single points in 

time, these points must be fixed at particular times by entering in each 

6 



Statement the time in hundredths of a second since the beginning of the sound 

sample. 

It has been mentioned above that sparse specification of the variation of 

a Spectrum through time would suffice if some kind of interpolation is assumed. 

The translation phase of the MUSE program assumes that all variables in a 

Statement (except specifications of time and mode of excitation) change linearly 

between Statements.   The values of each variable in successive Statements and 

the time interval between these Statements determines the rate of this change. 

If a variable has the same value in successive Statements, that particular 

variable remains constant throughout the interval between those two 

Statements. 

Sorting the Specification Cards 

In the process of running the program, each Statement is read in as 

needed.    Since interpolation between Statements is called for, it is necessary 

that as the calculations reach the "time" value of one Statement, the next 

Statement in each Spectrum must be read into the computer.   The Spectra are 

independent of each other so ordering the Statements when specifying multiple 

Spectra can be fairly involved. 

Although it is not necessary for running the system, it is recommended 

that a sorting field, not read by the computer, be included in the data cards. 

This sorting field contains in order a single-digit field that is zero ("0") for 

the first card in a Spectrum and a one ("1") for all other cards, the time value 

from the previous statement in the Spectrum, and the Spectrum number. 

Data Card Formats 

The format of the data cards whose fields have been described above 

are as given in Table I. 



TABLE I 

FORMAT OF A SOUND SPECIFICATION DATA CARD 

Field or Variable Name Column 

Mode of excitation and card type identification:    "0" = periodic 

excitation; "1" = noise excitation 1 

Number of Spectra ("1" through "9") 2 

Time (inthe form XXXX. XX sec) 3-8 

Amplitude Multiplier (XX arbitrary units) 9-10 

Fundamental Frequency (XXXXX cps) 11-15 

Resonance Specifications for Resonance Number i (i = 1, 2 ..., 8), where 

bandwidth = b. (XXX cps), frequency = f. (XXXX cps): 

b           16-18 

f           19-22 

b           23-25 

f            26-29 

b           30-32 

f            33-36 

b„          37-39 
4 

i,          40-43 
4 

b           44-46 

f.          47-50 
o 

b6         51-53 

f6          54"57 

b           58-60 

f            61-64 

b„          65-67 
8 

f            68-71 

Sorting Field 

"0" for first card in Spectrum, "1" for all others 

Time from Previous Card in this Spectrum 

Spectrum Number 

73 

74-78 

79 



Any resonances that are not used can be left blank. 

At this time, a MUSE Statement is presented in its entirety on a single 

card.   Possible future expansions of the input language to multiple cards justify 

the use of "Statement" as a special term. 

CONTROL CARDS 

There are three control cards that must be used in the operation of the 

MUSE program. These are not acoustic data but serve to set up parameters 

and options for the processing of the sound specifications. 

Parameter Control Card 

The first control card is identified by a "2" punched in Column 1.    This 

card specifies for the entire set of data which follows it, the number of spectra, 

the number of resonances in each of these spectra, the response characteristics 

of the source function, the sampling period of the output waveform and a field 

controlling program options. 

The number of spectra depends upon the number of independently excited 

resonant systems desired (for speech synthesis the question of number of 

Spectra is discussed under "Selection of Spectrum Parameters").    In the 

present version of the program, all spectra have the same number of 

resonances, hence, only one entry is necessary in the "2" control card.    The 

response characteristics of the source functions in all Spectra are the same 

and are specified in terms of the slope of their frequency response in db per 

octave above the fundamental.   The sampling period is usually fixed at 44 x 10 

seconds, the program option field at "00." 

The format of the first control card is as given in Table II. 



Table II 

Format of MUSE Control Card, Type "2" 

Field or Variable Name Column 

Identification Field (contains a "2") 1 

Number of Spectra ("1" to "9") 2 

Sampling Period (in sees x 10~  , usually "000044" 3-7 

Number of Resonances ("01 to "08") 8-9 

Source Characteristic (in db per octave x 10    ; for 

instance, "060" is 6db per octave) 10-12 

Program Option (usually "00") 13-14 

End Cards 

There are two kinds of control cards which signal the end of a set of 

data.    Any card with a "4" in Column 1 signals the program that there are no 

more Statements in this sound segment and that the run is over.    A "5" in 

Column 1 indicates the end of this sound segment and, in addition, sets up the 

program to accept the specifications for another sound segment preceded by 

its initial control card.   When either of these end cards is read, the program 

begins processing the computed samples for the conversion phase.   About one 

second of silence is automatically included on the end of each sound segment to 

erase a section of the output digital tape.    The silent interval prevents spurious 

bits immediately following the waveform samples on the output tape from 

ruining the synthesized sound segment during the conversion process. 

10 



SECTION IV 

SPEECH SYNTHESIS WITH THE MUSE SYSTEM:   AN EXAMPLE 

INTRODUCTION 

Although implicit in the description given in Section HI, the process of 

using MUSE for synthesizing sound is best clarified by presenting an example. 

A complex example, the speech utterance "All's well that ends well," has been 

chosen so that all features of MUSE can be demonstrated. 

This example represents approximately 2 seconds of speech.   It took 

approximately 200 seconds of computer time to synthesize this example. 

The first steps in the synthesis procedure are common to all so-called 
[234] 

"terminal analog" synthesizers.    ' First the utterance is recorded and 
[5] 

sound spectrograms are made. Amplitude sections, displays of the 

Spectrum of the speech during some selected short interval of time, can be 

made to clear up ambiguous areas on the time-frequency-amplitude graph.   An 

additional useful datum is an oscillograph of the utterance with the time scale 

such that the period of the fundamental and the over-all amplitude can be 

measured throughout the utterance.    These data for the sample "All's well that 

ends well, " from which an analysis of the utterance can be made, are presented 

in Figure 2. 

Selection of Spectrum Parameters 

The next step in the analysis procedure is to decide how many Spectra 

will be necessary to specify the sound sample to be synthesized.    Perhaps the 

most important factor in making this decision for synthesizing speech is a 

heuristic one; i. e., how many Spectra will best fit the experimenter's view of 

the speech process?   For the example presented here, three spectra are used. 

Each corresponds to a different mode of operation of the vocal apparatus.    The 

11 
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Figure 2a.    Sonogram of the Utterance 

Figure 2b.   Oscillogram of the Utterance 

Figure 2.    Spectrum of the Utterance,  "All's well that ends well," Spoken by a 
Native American. 
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first spectrum corresponds to the mouth and throat excited by periodic 

laryngeal pulses.   In other words, it is used for all voiced sounds.   The second 

spectrum corresponds to any excitation of the vocal apparatus by noisy sources. 

Fricatives, aspirates, and some stops call for the use of this spectrum.    The 

third Spectrum represents the contribution of the nasal cavities to nasalized 

vowels and consonants. 

A similar division of the speech process into three more or less inde- 

pendent spectra is implied in the synthesizers built by Fant and K. N. Stevens. 

A more concise description of speech utterances can be accomplished using 

only a single Spectrum with a corresponding degradation in the quality of the 

synthetic speech. 

The other important decision to be made at this point in the analysis 

involves the number of resonances in the Spectra.    Three resonances are a 

minimum number for intelligible speech.    Higher frequency resonances 

contribute to the realism of the speech and may be important in realizing a 

particular speaker's voice.    Since calculation of these extra resonances takes 

computer time,  some restraint is to be exercised.    In the present example, 

four resonances per Spectrum are specified.   The resulting speech is highly 

intelligible but the speakers are generally not identifiable. 

The slope of the power spectrum of the excitation source must be 
I 6l 

decided upon at this point also.   Certain theoretical considerations by Fant 

give 6 db per octave attenuation as a good empirical approximation to the 

over-all spectrum slope. 

These synthesizers are discussed in References [3]   and [4] 
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The values chosen for the number of Spectra,  the number of resonances 

per Spectrum, and the slope of the source spectrum are entered into the "2" 

type control card as specified under "Parameter Control Card," page 9. 

SEGMENTATION 

Since MUSE interpolates between parameter values on successive 

statements, it is necessary to select times for the Statements between which 

the Spectrum parameters change only linearly.    This is done by close exam- 

ination of the spectrograms and oscillograms of the speech utterance.    The 

segmentation is entirely acoustic and has little to do with phonetic divisions. 

An easy way to place the Statements and find parameter values is to plot the 

resonance frequencies for each Spectrum as a function of time.    Figure 3 

contains these plots for the example being considered here.   The resonance 

values can be left constant or can be changed linearly when the amplitude 

multiplier is zero.    (For example, see times 0.00 to 0.06,  1.98 to 0.20 in 

Figure 3.) 

It can be seen from Figure 3 that the Spectra are time-independent; 

that is, the time segments in difference Spectra do not necessarily coincide. 

The values of the various parameters can be read from these graphs at the 

points corresponding in time to the Statements.   The parameter values are 

then entered into a coding form and punched onto IBM cards in the format 

described under "Data Card Formats," page 7.    After sorting the cards on the 

sorting field, the specification data are only ready for calculation.    A printout 

data for these cards is given in Table III for the sample utterance. 
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Figure 3.   Tracings of the Sonograms (Figure 2a) from which the Input Data to MUSE 
are Copied.    (The Vocal Spectrum Number is "1," the Noise Spectrum 
is "2, " and the Nasal Spectrum is "3.") 
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EVALUATION 

The resulting synthetic speech is highly intelligible if somewhat 

artificial sounding.   Recordings have been rather widely demonstrated, with 

almost total comprehension of the utterances reported by the audience.    A 

spectrogram and oscillogram of the original and synthesized versions of the 

utterance "All's well that ends well" are given in Figure 4. 
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Figure 4a.    Sonograms of the Original (Top) and Synthesized (Bottom) Versions 
of the Utterance 

Figure 4b.   Oscillograms of the Original (Top) and Synthesized (Bottom) Versions 
of the Utterance 

Figure 4.    Comparison of Sonograms and Oscillations of Original and Synthesized 
Utterance,   "All's well that ends well. " 
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SECTION V 

FLOW OF THE PROGRAM 

INPUT PROCESSING 

In order to avoid a "hardware" limitation on the number of data cards or 

number of spectra, the data cards are read into the computer as needed by an 

input subroutine.   When a new card is read, spectrum parameters are set up 

and an interpolation increment for each Spectrum parameter is calculated. 

These increments are added after each period of the excitation pulse.   Although 

"continuous" interpolation (i. e., after each waveform ordinate) would more 

closely approximate the smooth changes in the vocal tract, substantial savings 

in computation time accrue if the interpolation is lumped in coordination with 

the source periods. 

CALCULATION PHASE 

The two (momentarily) constant coefficients of the following second-order 

difference equation are the recipients of the interpolation increments: 

where 

and where 

x     =   Ax + Bx + S   , 
t t-At t-2At 

-2TT b..At 
A     = I 2e 1]     cos(27rf..At)J 

f-47rb. .At 1 

b..   •  bandwidth of the i    resonance in the j     spectrum, 

f..   =  frequency of that resonance, 

At   =   sampling period, 
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x     =   amplitude at time, t, and 

S     =   relative amplitude of the source function. 

Evaluation of this difference equation for successive sampling periods 

results in a series of ordinates of the waveform of a single resonance excited 

by a pulse of amplitude, S, once per period of the source function.   At each 

sampling point, t, the ordinates of each resonance are summed, and these sums 

are added over all Spectra.   The resulting over-all ordinate is 

rSZ: 
K 

Y 
ijt     ' 

where 

j=l   i=l 

i =   resonance index, 

j =   spectra index, and 

I and K   =  upper limits of the indices (the number of 

spectra and resonances given in the "2" 

control card). 

As the calculation proceeds, the waveform ordinates are stored 

temporarily in blocks of 12, 000 on a magnetic tape. 

OUTPUT PROCESSING 

When one of the final control cards (with either a "4" or "5" in Column 1) 

is encountered, the final output routine is begun.   The blocks of waveform 

ordinates stored temporarily on tapes are read into the computer,  scaled, 

packed and converted to a steady stream of six-bit numbers written as a single 

record in low density on the output tape.   If the final control card is a "4," the 

program is finished and control is returned to the monitor system.   If the "5" 

22 



control card terminates the utterance, the program clears storage space and 

begins reading in the control and data cards for the next utterance. 
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SECTION VI 

RUNNING THE PROGRAM AND CONVERTING THE OUTPUT DATA 

INTRODUCTION 

This section describes the preparation of the input deck for computation, 

the running of the program itself, and the operation of the digital-to-analog 

converter. 

RUNNING THE PROGRAM 

The data cards, after sorting on the field described under "Sorting the 

Specification Cards" on page 7, are preceded by the "2" control card, followed 

by the "4" or "5" control card and inserted behind the "*DATA" card following 

the MUSE program binary deck. 

Tapes needed in running the program are B5 and B6 and A10.   The 

B-channel tapes provide temporary storage while the final output is written on an 

A10.    Under ordinary operation there are no stops in the program.    Any on-line 

printouts are used by an observer only to keep track of the program's operation. 

They do not require action from the computer operators. 

OUTPUT CONVERSION PROCESS 

While the program's operation is quite routine, the output conversion 

process definitely is not (see Figure 1 for an over-all schematic of the 

conversion system).    It is advisable to make the connections between the 

converter and the tape drive under the supervision of IBM customer engineers. 

Computer time is conserved if the tape drive containing the digital output tape 

is disconnected from the computer during a routine halt between two runs.   An 

extra "terminator" for the detached tape drive must be attached to the 

converter.   The bandpass filter on the output of the converter should be set at 

a nominal low-pass cutoff of about 10, 000 cps. 
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The tape recorder should be started before the tape drive.   A switch on 

the converter supplies the signals necessary for starting the digital tape drive. 

The conversion process then continues in real time.   When conversion is 

finished, the digital tape can be stored for later use and the tape drive can be 

re-attached to the computer. 

DIGITAL-TO-ANALOG CONVERSION EQUIPMENT 

The digital-to-analog converter that was used in the MUSE system is 

only one of several circuits that would serve as a conversion device. 

An IBM cable attachment plug is part of the converter used.   The input 

to the read amplifiers comes from this plug.   The equipment is most 

conveniently mounted on an ordinary rack with space provided for the bandpass 

filter used to smooth the output of the converter. 
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APPENDIX A  PROGRAM LISTING 

[7] 
Following is the FORTRAN program listing of the MUSE Program. 

W. SLAfcSCN   MUSE2, A SOUKC SYNTHESI/FR 4/10/63 

c    ••« « •  
c 

COfCN  FRrk.,FANC,SREQ,SANC,CCOA,CCOt\,VAL, TOT , S TTRC , Pt.'T I N, FMI S ,   MU2C0300 
XSMlS,rMI5,FCCA,FCCH,FORCE,PERIOC   ,IIN MU200400 
X, ISW2, J,   SMALL, ISPFC, LCOUNT, TIME.IRESON, L, I MS2 , NAR, 
XCRFAT, SAMPER 
X  , STOR 
X.fLTL 
X.PLLSE.PP'Jl SF.TP 
X.PERTY 
X, CPTICN 

CIMFNSICN FREC(       8,    10),    FANCI       8,    10),    SREGI       8,    10),    SAND(       8.MU200500 
X    IC),   CCflAI       8,    10),    DCOBI      8,    10),    \/AL(    2,      8,    10),    T0T(    10), MU200600 
X   STCRFI    ICO),    P'JTIM    21)    ,      FMISI   4,    10)    ,   SMISI   <.,    10   ), MU2C0700 
XCMSI2.10),    FCCAlfl.10),    FCCH(P,10),      FORCE(P.IO) , 
X   PERICIC   (    IC    ) ,       IINI2) MU200900 
X,STOR(12000) 
X,CLTL(20CO) 
X,PILSF(8,1C),CPULSE(8,1C) 
X.PFRTYI10) 

ECUIVALE\CE ( SrCRE, STnR ) 
c 
c    • • • » 
C     HCUSEKEEP ANT REAC CONTROL CARC. MU20U00 

ICO  REAC INPUT TAPF 5,10,IIN<1), ISPFC, SAMPER, IRESrN, DB,  nPTICN 
10 FCRMAT  (2I1.F5.0, 12.F3.1 , F2.0        ) 

IF ( CPTICN - 2. ) 25,15,15 
15    PRINT  11 
11 FCRMAT ( 1F1  ) 

PRINT 12. IIM 1), ISPEC,SAMPER,IRESON, OH, OPTION 
1?    FCRMAT    (IF 12,  13, E15.7, I3.2E15.7) 
25    WRITE OUTPLT TAPE 6, 11 

v.PlTE OUTPLT TAPE 6, 12, IIN(l), ISPEC, SAMPER, IRESCN, 06,OPTION 
SAMPER  *   S«MPER  •  10. »»<-6        ) 
LCCUNT » 0 MU201300 
SMALL  = 0. MU201500 
HREAT»0. 
REwlNC 8 

L      = I MU201600 
ISW2   = 2 MU20I700 

NAR = J2CCC 
IF ( CPTICN - 5. ) 45, 60,    6C 

'.5    IF t OPTION - 4. i   60,57,60 
50    NAR * r,<39 

GCTO 60 
57 NAR.ICO 
60    CC  110  J«l,ISPEC 

PC 112  IM.IRFSCN MU202000 
VALl 1, I ,J)   =0. MU202100 

11?  VALl?,I..I)   * 0. MU202200 
PERTY(J) '      0. 

110  TCT(J)       = 0. MU202300 
CC 55 1*1,NAR 
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w. SLAWSCPV  MUSE2, a SOUNC SYNTHESIZER «/iO; 

55    STCRI I > * C. 
TIME = 0. MU202400 

C 
C      •  
C END OF HOUSEKEEPING. SET 
C UP INITIAL CONDITIONS. 
C      •  
c 
115    DC 130 J«l, I SPEC 

J-J 
CALL SUB2I IKS2 ) 

1JT    C»LL Sl?3 
PC 147 J«l, ISPEC 
J = J 

CALL SUH2I IMS2 ) 
CALL S L P ^ 

147    CALL SUPS 
IF (TPTICN I  150, 150, 149 

149 PRINT  AC20 
WRITF CLTPLT TAPt 6, 4020 

4020   FCRMAT  (   12F HEFCRE 150. 
CALL  wLUKP 

C 
C      * •  
(.      PEC1N MAIN FLCW MU202600 
r     •  
r. 
150 ..'    =    1 MU205300 
155  TTTIJI          O.C 
6C0  Oil  620  1 = 1,1 R6SCN MU219800 

TFMP   =    (FCCA(I.J)   •   VALIl.I.JI)  -   FCCBU.J) MU219900 
X« VALI2, I , J)  •  FCRCFI I,J ) 
FCRCF( I,J ) = C.C 
VAL(2,I,J)     =    VAL(l,I,J) *U220200 
VAL(1,I,J)     =   TEMP MU220300 

620  TCT(J)    =     TCT(J)      +    TEMP 
155-)  IFISKISIl.J) - TIME) 163,163,1552 
155,?    IF (PERIY(J) - TIME ) 160, 160, 157 
157 I"  ( ISPEC - J )  159  , 159, 15H 
158 J       =  J*l MU206100 

GC TC  155 MU206200 
C 
159 TFMP  -     CO 

DC R20  J=l, ISPEC MU223900 
820  TEMP    •TCT(JI«   TEMP MU224000 

STCR(L)  =  TFMP 
TIMF     =-  TIMF r    1. MIJ220500 
L = L*l 
IF   (  NAR  -  L  )     1591, 150 , 150 

C 
1591 CALL  SUP? 
1595 L=l MU206800 

Gf TC  150 MU206900 
C 
C      '••« •  
C PERIOD OF THE FUNDAMENTAL 
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U. SLAtaSCN   KUSE2, A SOUNC SYNTHESIZER ^./in/65 

|f>0 

920 

1H 

Ic.   OVER. 
ERS   AND 

INCREMENT °ARA*FT- 
START A NEV PERICD. 

DC  920 
PuLSEl I ,Jl 
FCCAJI.J) 
FCCBII,J) 
MISI?.J; 
F«MS!3,J) 
CALL SUB5 
GC TO 157 

1*1, IRFSCN 
- PULSE!I,J) 

FCCAII.J) 
FCCHII.J) 
FMISI2.J) 
FMSD.JI 

DPLLSE!I,J) 
CCCA! I,J ) 
DCOR! I,J ) 
DMIS! 1,J) 
CMIS12,J) 

PERIOD!J) 
•PERIOD!Jl 
•PERIOD!J) 
•PERIODIJ) 
•PERIOD!Jl 

MU226400 
MU226500 
MU226600 
MU226700 
MU207200 
MU207300 

PROCESS A NEW CART 

161 

167 

165 
1653 

175 
1751 

1752 

1H0 
5002 
1B5 

DO 
1651 

4016 

165? 
191 
19? 

c 
c 
r. 
c 
c 

OLL SU81 
CUL SUB2! IfS? 
IF ( IPS? - 1 I 
CALL SUB* 
GC TC 1^52 

167, 166, 165 

"11207500 
MU207600 
"U207700 
"U208^00 

END CARD HAS BEEN REACHEC. 
START FINAL PROCESSING. 

CC1651   IX = L.NAR 
STCR (IX)  = O.C 
CALL SLP7 
IF (CPTICN -4. I 175,1651,1651 
TC 1751   IX = l.NAR 
STCR! IX)     = C.C 
LCCUNT = LCCUNT  •    6 
CC  175?  IX=1,6 
CALL RITF(STCR) 
REhlKC P 
HEWIKC IC 
DC IR5 IX = I,LCCUNT 
CALL REEC(STCR) 

FORMAT  ( IE E19.7, 5E20.7 ) 
CALL SUR1C (SHALL,GREAT,NAR,SfOR.OUTL ) 

EKDFILC IC 
CALL SUBU 
PRINT 4016 
WRITE CUiPUT TAPE 6, 4C16 
FCRMAT (12H END OF JOB.    ) 
CALL WCUMP 
IFIIMS2-?) 1<=2,192,191 
GCTO 100 
CALL EXIT 

IOUT210 

19M9?T0 

ERRCR RCLT INES 

29 



166 

4017 

X. SIAWSCN KUSE; ', A SOUNC SYNTHESIZER 

PRINT  4017 
WRITE CUTPLT TAPE 6, 4017 
FCR^AT ( 41F CATA CARC OUT 3F ORCFR. STOP FXECUTION. 
C4LL V<CUKP 
CALL EXIT 
TKC( I,1,0,0,C,0,C, 0,0,0,0,0 .0 iC.O) 
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SLH2, REAP DATA CARD INTO  S(J) REGIONS. 4/10/63 

SLPROUTINt SUH2URRS2   ) MU208800 
COMMON  FREQ,FANC,SRFC,SAND,DCCA,CCOH,VAL , TOT , STOR E , P UT I N, FM [ S ,   MU20 8900 
XSMIS,rM[S,FCCA,FCCB,FORCE,PERIOD   , I IN MU209000 
X, ISW2, J, SMALL, ISPFC, LCOUNT, TIME.IRFSON, L, IMS2, NAR, 
XGRFAT, SAMPFR 
X  , STOR 
X,"lTL 
X.PLLSE.CPULSE.CB 
X.PERTY 
X, CPTICN 

I I^ENSICN FRFCI 8, 10), FANDI 8, 1.0), SRECI 8, 10), SANCI 8.MU209100 
X 10). rCCAt P, 1C), CCOBI 8, 10), VAL( 2, 8, 10), TOT( 10), MU209200 
X STCREt ICC), PUTIN! 21) ,  FMISI 4, 10) , SMISI '. , 10 ), MU209300 
xr.M[SI2, 10) , FCOA(8,10), FCOB(fl.lO),  FORCE(P.IO)      , 
X   PtKICC    (    IC    ) ,       IIN(2) MIJ209500 
X.STCRI120CC) 
X.CLTL120C0) 
X,PLLSF(8,10>,r.PL,LSF<8,in) 
X.PERTYI10) 

FCUIVALFNCE ( STCRE, STOR ) 
200 READ INPUT TAPE 5, 2CCC,   IIN(l), I I N ( 2 ) , ( PUT I N ( M ) , M=1,19 ) 

Ir- [ CPTICN- ?. ) 260, 250, 250 
210   PRINT 2001, [[Ml), IINI2), (PUTIN(M), M=l,19) 
2001 FCRMAT  (1»-C2I2. F7., F4., F8., 8IF5..F6.)) 
260 WRITF   OUTPUT   TAPE   6,    2C01,    IIN(l).    I I N I 2 > ,    (    PUTIN(M),    M=l,19) 
201 IF    (       HMD    -    2    )       210,    202,    205 MU209700 
202 P°INT   21,02 

WRITF 01 TPLT TAPE 6,2002 
2002 FCRMAT (241- MISPLACED CONTROL CAR9.        ) 

CALL WDl'MP 
CALL EXIT 

205 IF (  IIM1) -3  )  206, 207, 245 
206 CALL WCUMP 

(ALL EXIT 
207 PRINT 2003 

WRITT CUTPLT TAPE 6, 2003 
2003 FCRMAT (501- CHANGE IN NtlMRER OF RESONANCES. TO BE PROGRAMMED.  ) 

CALL WCU"P 
CALL EXIT 

245   IFUIMU-4) 208,208,240 
208 iRRS2 * ? MU21040D 
209 RETURN 

C     ENC CARC. "U210600 
210 IF (  IIM2)  - J ) 215, 220, 215 MU210700 
215   IRRS2 = 1 MU210800 

PRINT 4003 
WRITE CUTPLT TAPE 6, 4C03 

4003 FCRMAT I 481- CATA CARTS FRCM WRONG SPECTRUM. STOP EXECUTION.) 
CALL WCUMP 
CALL CUMP 

220   SMISI2.J)  =  PUTINI2) 
225   S*IS(3,  J)  =  1.  /  (  PUTINI3)  •  SAMPER  ) 

SMISd.J)  «  PUTIN(l)  / (ICC.  •  SAMPER) 
cMIS(4,Jt x IIN(l) MU2U400 
f' = 4 MU2U500 
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SUH2. x'AT TATA CfiRn INTC  S ( J ) REGIONS. 4/10/63 

Ss:5 MU211600 
TkCPI  =  ?.   •   3.1415)26* 
Cf 23C  [ = 1, IRESCN PU2U700 
SRECM.J)     =  PLTlNI N    ) •  ThUPI                             MU211900 
SANCtltJl    =  PLTIM *    ) »TwnPI                             MU2UR00 
N = N*2 MU212000 

210     r = M2 MU212100 
IRRS/      =   0 MU212200 
GCTO   20-/ 

C               KLR^AL    •IHXRN. MU212400 
240         [PRS2=   3 

nrrc ?C4 
2000   FCRKAT      {      ?      11         ,    F5.0   ,   F2.0    ,    F6.0,       8(    F3.0.F4.0   )       ) MU212500 

I. \T(J,1,0,0,CO,0,0,0,0,0,0,0,0,0) 

Suei,    h-CVF   S(J)    TC   F(J)   REGIONS. 4/10/63 

S'.PRCt'TINF      SIR3 MU212900 
CC^VCN      tRFCFANCiSRFCSANCCCOA.PCnBtVAL.TnT.STnRe.PUTIN.FMlS, PU213000 

XSHS,CMS.FCCA,FCCB,FnRCE,PERIOC      ,IIN MU213100 
X,    ISW2,    J,    SfALL,    ISPEC,    LCOUNT,    TI ME,IRE SON,   I,    IMS2,   NAR, 
Xf.REAT,   SAfPER 
X       ,    STCR 
X.CITI 
X.PLLSF ,CWilLSE,CH. 
X.PFRTY 
X, CPIICN 
CI^ENSICn FRFCt 8, 10), FANCI 8, 10), SREC< 8, 10), SAND! 8.MU213200 

X 10), CCGftl fi, 1C), rCOfll R, lO), VAL( 2, H, 10), TOT! 10), MU213300 
X STCRK ICO),    PUTIM 21) ,  FMISI 4, 10) , SMISI 4, 10 ), MU213400 
XrMS(2,10), FCOA(H.IO), Ff.OHlP.lO),  FORCE(CIO)      , 
X PFRITC ( IC )    ,  IINI2) MU200900 
X,STnR<12')00> 
X.0LTLI20CC) 
X.PULSE(8,K<),CPULSE(H,10) 
X.PfcRTYl101 

ECUIVAl^NCF 1 STCRH, STOR ) 
300  i SW =1 PU213700 

CC 310 ••• = 1»A 
310  relSI M,J J  =   SKIS! M, J ) MU213900 

CC 320  1=1, IRESCN MU214000 
TANCt I,J )  =   SANCI I, J ) MU214100 

320  FRECI l,J )  =   SRFC1 I, J ) MU214200 
RETtRN MU214300 
CNC(1,1,0,0,0,0,0,0,0,0,0,0,0,0,0) 
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SLe 4    COMPUTE COEFFICIENT INCREMENTS 

SUBROUTINE SUe4 
:     MY ENC IS MY BEGINNING.  FIDDLE WITH THF MIDDLE COEFFICIENTS.     MU214700 

CDMMON FREC,FAND,SRFQ,SANC,CC0A,DCOH,VAL,T0T,STORE,PUTIN,FMlS, MU2 14900 
XS"IS,CMIS,FCCA,FCOB,FORCE,PERIOD ,IIN MU215000 
X, ISW2, J, SMALL, ISPEC, LCOUNT, TIMF.IRESON, L, IMS2, NAR, 
XGREAT, SAMPER 
X  , STOR 
X.OLTL 
X,PULSE,CPULSE.DB 
X.^ERTY 
X, CPTICN 
CIMENSION FRECI 8, 10), FANCI 8, 10), SREQt 8, 10), SAND! B.MU215100 

X 10), rC0A( 8, 1C), CCDRI 8, 10), VALI 2, 8, 10), TCTI 10), MU215200 
X STCREI 100), PUTIN! 21) ,  FMIS! 4, 10) , SMISI 4, 10 ). MU215300 
X0VIS(2,I0), FCOA(8,10), FC0B(8,10),  FORCE(B,10t      , 
X PERICC ( 1C )    ,  11NI2) 
X,STCR(12CC0) 
X.CLTLI2000) 
X,PLLSE(8,10),CPULSE(8,10) 
X.PFRTY(IO) 

FCUIVALENCE ( STCRE, STOR ) 
400  DTIME    -   SMIS(l.J)   -  FMIS(l.J) MU215600 

C =  2.71B2ei8 
CO 410   IM.IRFSCN MIJ215700 
PULSE1I.J) » FMISI2.J) •  SINF<  FREO(I.J) • SAMPER ) 

X • (( FREOII.J) • ( FMISO.J) • SAMPER ) /  6.2831053)) •• (-DB • 
X   .166006  ) 
CPLLSFI I,J ) = (    ( SMISI2.J) •  SINFI  SRFQU.J) • SAMPER ) 

X •(( SREOII.J) • ( SMIS(3,J) • SAMPER ) /  6.2831853)1 •• (-08 • 
X   .166096 ) )  - PULSE(I.J) ) / CTIME 
rCCA(I,J) = (2.0 * E •• (-FANOd.J) • SAMPER)) »COSF ( FREO MU215800 

XII,J)  •      SAMPER ) MU215900 
DCCAIUJ) *((2.0 • E ••(-SANC (I,J) • SAMPER) • COSF (SREC MU216000 

XII,J) •       SAMPER)) -  FCOA(I.J)) /  DTIME MU216100 
FCfBII.J)    =    E •• (-2.0 • FAND (I,J)   • SAMPER) MU216200 

410  CCCB(I,J)    =  ( t •• (-2.0 • SAND(I.J) • SAMPER) - FCOB(I.J))   MU216300 
X  / DTIMi: MU216400 
TC 420  1=1,2 MU216500 

420  liMIS(I.J)     '       (SMIS(Ul.J) - FMIS (1*1 , J) ) / DTIME MU216600 
RETURN MU216700 
ENCI 1,1,0,0,CO,CO,0,0,0,0,0,0,0) 
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SLB5, SFT PERIOO AND FORCING FUNCTION 4/10/63 

SUBROUTINE SLB5 
CC*MCN FRFCtFANCtSREO.SAND.DCOA.CCnh , VAL , TOT , STORE , PUT I N, FM I S , MU2 17200 
XSMIS.CMIb.FCCA.FCCR,FORCE,PERIOD ,IIN MU217300 
X, ISW2, J, SMALL, ISPECt LCOUNT, TIME.IRESON, L, IMS2. NAR, 
XGREAT, SAMPER 
X  , STCR 
X.CLTL 
X,PLLSCCPULSE.Ce 
X.PERTY 
X, CPTICN 
CIMENSICN FRECI 8, 10), FANCI 8, 10), SRFQI 6, 10), SANOI B,MU217*O0 

X 10), rCOAl 8, 1C), CCOBI 8, 10), VALI 2, 8, 10), TCTt 10), MU217500 
X STCRE! ICO), PUTIN! ?l) ,  FMISI <r, 10) , SMISI <., 10 ), MU217600 
XC>IS(?,10) , FC0A(8,10), FCOBie.10),  FflRCE<8,10)      , 
X PERICC ( 1C )    ,  IINI2) 
X.STCRI1200C) 
X,CLTL(20C0) 
X,PULSE I 8, 10),CPULSE18,10) 
X,°ERTY(10) 

ECUIVALFNCE I STORE, STOR ) 
IF t FMISC.J) - I.)  500, SIC 500 MU217r>00 

500   "ERICC(J)  *  FMSOtJl 
GC TO  520 MU218100 

510   CFhRAN * RfUMCUMMY) 
CEWRAN=  (CEWRAN»(1./(1C00.»SAMPFR) ) 1+I1./I 5uOU."SAMPER) ) 

517   PERICCU) * CEbRAN 
5?0    PERTY(J)  *  PERTYIJ) • PtRICC(J) 

i:C 510 1 = 1, IRtSCN 
530  FCRCE(I.J) - »ULSHl,J> 

RETURN MU218500 
ENC (1,1,0,0, CO, C,0, 0,0,0,0,0, CO) 
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SUeROUTINF 7, WRITE BUFFER AREA 4/10/63 

SUBROUTINE sue7 
COMMON      FRECFANCSRECSANO.CCOA.DCOB.VAL,TOT,STORE,PUT IN,FMlS, MU221100 

XSMIS.PMIS.FCCA.FCnR,FORCE,PERIOD   ,I IN MU221200 
X,    ISW2,   J,    SMALL,    ISPEC,   LCOUNT,    TIMF.IRFSON,   L,    IMS2,   NAR, 
XCREAT,   SAMPER 
X      ,   STCR 
X.CLTL 
X,PULSE,CPULSE.CB 
X.PERTY 
X, CPTICN 
CIMENSICN FREQI R, 10), FANCt b, 10), SREOI 8, 10), SANDI B.MU221300 

X 10), HCOA( S, 10), CCOBI 8, 10), VAL1 2, 8, 10), TOT( 10), MU221400 
X STCREI IOC), PUTIN! 21) ,  FMISI 4. 101 , SMISI 4, 10 ), MU221500 
X0MISI2.10), FC0AI8.10), FCOB(P.IC),  FORCE(fl.lO)     , 
X PERIOD ( 1C )    ,  IINI2) 
X,STOR( 120CC) 
X, ISTORI 12CCC) 
X,CUTL(2000) 
X,PULSE(B,10),CPULSE(R,10) 
X..PERTYI 101 

ECUIVALENCE ( STCRF, STOR ) 
X, ISTOR, ISTCR) 

700  LCCUNT   =  LCCUNT • I MU221800 
IF (  OPTICN  - 4. ) 705, 707, 707 

705   CALL RITE(STCR) 
GCTO 725 

707   IF ( CPTICN - 6. ) 7?0, 710, 720 
710  PRINT  5001 

PRINT  5002,  STCRE 
720  WRITE  OUTPUT  TAPE 6,   5C01 
5001 FCRMAT ( 36H NAREA CONSECUTIVE WORDS OF OUTPUT.   ) 

WRITE OUTPUT TAPE 6,  5002 ,  STORE 
5002 FCPMAT  (  1H E19.7,   5E20.7    ) 
725  UC  730   L"li   NAR 

IF (  GREAT -STCR(L)  )  740,  750,  750 
740   GREAT  -  STCR(L) 

CT TO  730 fU222300 
750   IF(  SMALL  -  STORIL)  )  730,  730,  760 
760   SMLL  »  STCR(L) 
730  CCNTINUE MU222600 
770  IFISENSE SWITCH 5 ) 775,790 
775  CIFF * GREAT - SMALL 

CC 780  L=1,NAR 
7B0  ISTCR(L) » <(<  STUR(L) - SMALL ) / DIFF ) • 512.) «• 256. 

PRINT 7001 
7C<H «-CRMAT(120H  THERE IS A REPEATING DISPLAY ON THE CRT. TO STOP IT, 

XPUT SWITCH 5 UP. AFTER HALT, SW5 UP TO STOP TV, DOWN TO SEE MCRE.) 
790  RETURN 

ENC (1,1, 0,0, CO, C,0, 0,0, 0,0, 0,0,0) 
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SLeRCUTINE WCLMP 4/10/63 

3001 
: 

3002 

3021 
! 

3022 

3025 

3026 

3013 

3004 

3003 

3005 

3006 

3007 

3014 

3015 

SUBROL 
COMMON 
s^is.o 
, ISW2 
GREAT, 

. ST 
,CLTL 
.PULSE 
.PFRTY 
, CPT1 
CIMENS 
10), 
STCRE 

t MS<2 
PCRIC 
,ST0R< 
,CLTL< 
, PULSE 
,PERTY 
ECUIV 

WR ITE 
FORMAT 
CPU 

WRITE 
FORMAT 
WRITE 
FCRMAT 

TIME 
WRITE 
FCRMAT 
WRITE 
FCRMAT 
WR ITE 
FCRMAT 
WRITE 
FCRMAT 
WRITE 
FCRMAT 
WRITE 
FCRMAT 
WRITE 
WRITE 
FCRMAT 
WRITE 
W R I T E 
FCRMAT 
WRITF 
WRITE 
FCRMAT 
WRITE 
WRITE 
FCRMAT 
WRITE 
WRITE 
FCRMAT 
WRITE 

TIME W 
FREC 

MJS.FC 
t J, S 
SAMPE 

CR 

CUMP 
,FANC,SREO,SANC,CCOA,DCOB,VAL,TOT,STORE.PUT IN,FMIS, 
CA.FCCB,FORCE,PERIOC * I IN 
MALL, ISPFC, LCOUNT, TIME.IRFSCN, I, IMS2, NAR, 
R 

.CPLLSl.TB 

CN 
ICN 
rccAi 
( 100) 
,10), 
0 ( 1C 
120CC) 
200C ) 
(8,10) 
( 10) 
ALEMCE 
CUTPLT 

( U9F 
CN 
CUTPLT 
1 1H II 
CUTPUT 
U19F 

CUTPLT 
(IH I 

CUTPLT 
( UF 

OUTPUT 
( IH 

CUTPUT 
( 1II- 

CUTPUT 
( 1 

CUTPUT 
( UF 

CUTPLT 
CUTPUT 

( UF 
OUTPLT 
CUTPLT 

( IIK 
CUTPLT 
CUTPLT 

lllh 
CUTPUT 
CUTPUT 
(UF 

CUTPUT 
CUTPUT 
(UF 

CUTPUT 

FRECt  8, 10), FANCI  8, 10), SRECI  8, 
e, io), rcoBi a, io), VALI 2, 8, io> 

, PUTIN! 21) ,  FMIS( 4, 10) , SMISI 4, 
FC0AI8.10), FCOBIP.IO),  FORCE(B.IO) 

)    ,  IINI2) 

,CPULSE(8,10) 

10), SAN01 
TOTI 10), 

10 ) , 

8, 

( STORE, STOR 
TAPE 6, 3C01 

ISPEC 
TAPE 6, 3002, 

9, I2C, F19.7, 
TAPE 6,3021 

J L 
LCOUNT IRESON) 

J,L,OPTION, ISPtC,LCOUNT,IRESCN ) 
3120  ) 

IMS2 
SMALL 

TAPE 6,3022, (IMS2, NAR, 
19, I20.4F20.7 ) 

TAPE 6, 3025 
IINIX.J) ) 
TAPE 6, 3026,  UN 

119, 120  ) 
TAPE 6, 3013 
PUTIN(X)    ) 
TAPE 6, 3C04,   PUTIN 

F F19.7.5E20.7  ) 
TAPE 6, 3003 
FREC(l.J)   ) 
TAPE 6, 3C04, FREC 
TAPE 6, 3005 
FANC(I.J)   ) 
TAPE 6, 3004, FANC 
TAPE 6, 3C06 
SRECU.J)   ) 
TAPE 6, 3004, SREO 
TAPE 6, 3007 
SANC(I.J)   ) 
TAPE 6, 3004,  SANC 
TAPE 6, 3014 
FMIS(IiJ)   ) 
TAPE 6, 3C04,  FMIS 
TAPE 6, 3015 
SMISII.J)   ) 
TAPE 6, 3004,   SMIS 

NAR 
GREAT OB 

TIME, SMALL, GREAT,OB 
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SUBROUTINE WCUMP A/10/63 

WRITF CUTPLT TAPE 6, 3016 
3016 FCRMAT  ( 111- CMISI l,J) 

WRITE CUTPLT TAPE 6, 3C04, DM IS 
WRITE CUTPUT TAPE 6, 3017 

3017 FCRMAT  1111- FCCAI I,Jl 
WRITE CUTPUT TAPE 6, 3004, FCOA 
WRITE CUTPUT TAPE 6, 301R 

3018 FCRMAT  IllH FCCBI l,J) 
WRITE OUTPUT TAPE 6, 300<t, FCOB 
WRITE CUTPUT TAPE 6, 3008 

3008 FCRMAT  ( 111- CCCAt I,J) 
WRITE CUTPUT TAPE 6, 3004 OCOA 
WRITE CUTPUT TAPE 6, 3009 

3009 FCRMAT  (UF CCCBI I,J) 
WRITE CUTPUT TAPE 6, 3C04 OCOB 
WRITE CUTPUT TAPE 6, 3010 

3010 FCRMAT  (11F VALIX.I,J) 
WRITE OUTPUT TAPE 6, 3004 VAL 
WRITE CUTPUT TAPE 6, 3011 

3011 FCRMAT  (11F TPT<J) 
WRITE CUTPLT TAPE 6, 3004 TOT 
WRITE CUTPLT TAPE 6, 3012 

3012 FCRMAT  (11F STCRE(L) 
WRITE CUTPUT TAPE 6, 3004 STORE 
WRITE OUTPUT TAPE 6, 3019 

3019 FCRMAT  (11H FORCEUf J) ) 
WRITE CUTPUT TAPE 6, 3C04 FORCE 
WRITE CUTPUT TAPE 6, 3020 

3020 FORMAT  C 11»- PERICDIJ) 
WRITE OUTPUT TAPE 6, 3004 ,  PERIOD 
WRITE CUTPUT TAPE 6, 3023 

3023 FORMAT 115F CPULSEIIfJ) 
WRITE CUTPUT TAPE 6, 3004 OPULSE 
WRITE CUTPLT TAPE 6, 3024 

3024 FCRMAT (15H PULSE! ItJ) 
WRITE CUTPUT TAPE 6, 3004 ,   PULSE 

WRITE OUTPUT TAPE 6, 31 327 
3027 FCRMAT  ( 15F  PFRTY(J) 

WRiTE CUTPUT TAPE 6, 3 304, PERTY 
KETURN 
ENCd,0,0,0,CO,0,0,0,0,0 CO,CO ) 
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TM-03913/OOOO/OO/O/OO 

SLRRPLTINE    1C SCALING   AND   PACKING   ROUTINE 

CCCO? ENTRY 
SCALING ANIJ PACKING SUBROUTINE 

SUB10 

LINKAGF CIRECTOR 
OCCOO  CCCOOCCOCCCC 
OOOOl  62642201CC6C 

0000? 0634 CO t, CCC6C  SUH10  SXA XSAVEt4 
CC003 0634 CO 2 CCC61 SXA XSAVE+1.2 
C0004 0634 CO 1 CCC62 SXA XSAVE+2, I 
C0005 0500 6 0 4 CCC03 CLA* 3,4 
0CC06 C601 CO 0 CCC77 STO NAR 
CCC07 0500 60 4 CCC02 CLA. 2,4 
00010 0601 CO 0 0CC66 STO GREAT 
00011 0500 60 4 CCC01 CLA« 1,4 
00012 0601 00 0 CCC65 STO SMALL 
C0O13 0500 CO 4 CCC04 CLA 4,4 
00014 0734 CO 1 CCCOC PAX ,1 
00015 1 00001 1 CCC16 TXl ••1,1,1 
00016 0634 CO 1 CCC37 SXA L21.1 
CU017 J500 00 4 CCCC5 CLA 5,4 
C0020 0734 CO I CCCOO PAX ,1 
00021 1 00001 L CCC22 TXI •+1,1,1 
00022 0634 CO 1 CCC47 SXA L23.1 
OC023 0634 ro 1 CCC27 SXA L24, 1 
00024 1 74C60 1 CCC25 TXI ••1, 1,-2000 
0CO25 0634 00 I CCC64 SXA 101,1 
00026 0774 CO 2 C3720 AXT 2000,2 
00027 0600 00 2 5C121  L24    STZ 0UTL.2 
00030 2 OOOOl 2 CC027 TIX •-1,2,1 
00031 0500 00 c CCC66 CLA GREAT 
00032 0302 00 0 CCC65 FSB SMALL 
0C033 0601 CO c CCC67 STO DIFF 

00034 0774 CO 1 CCC01 AXT 1,1 
00035 0774 00 ? C3720 AXT 2000,2 
C0036 0774 00 4 CCC06  L22    AXT 6,4 
00037 0500 CO 1 77462  L21    CIA NARFAU.l 
00040 0302 00 0 CCC65 FSB SMALL 
00041 0241 00 c CCC67 FCP CIFF 
00042 0260 CO 0 CCC7? FMP SEVSIX 
00043 -0300 00 0 CCC75 UFA MAGIC 
C0044 0760 CO c CCCll FRN 
00045 -0320 00 c CC074 ANA MASK I 
C0046 U767 00 u CCC44 ALS 36,4 
00047 -0602 CO 2 50121  L23    ORS 0UTL.2 
00050 1 OOOOl 1 CCC51 TXI ••1,1,1 
00051 1 00006 4 CCC52 TXI ••1,4,6 
00052 -3 00044 4 CCC37 TXL L21.4.36 
00053 2 OOCOl ? CC036 TIX L22.2.1 
00054 •0776C0002225 OCT 07760C002225 
00055 0766 CO 0 C2225 WTBB OUTTAP 
00056 -0540 CO c CCC64 RCHB 101 
00057 "061 CO 0 00057 TCOB * 

00060 0774 00 4 CCCOC  XSAVE  AXT ••,<• 
00061 0774 CO ? CCCOO AXT ••,2 

LOCATION OF STOR 

LOCATION OF OUTL 

COMPUTE DIFF 

FND OF HOUSEKEEPING 

SCALE AND PACK THIS RECORD 

SDH  OLTTAP 
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SUBRCUTINE 10   SCALING AND PACKING ROUTINE 

00062 0774 00 1 CCCOC AXT ••il 

00061 0020 00 4 CCC06 TRA 6,4 
00064 -1 01720 0 44202 101 IOCT OUTL-1999,,2000 
01)065 0 00000 0 ccooo SMALL PZE 
00066 0 00000 0 cccco GREAT PZE 
00067 0 00000 0 cccco CIFF PZE 
00070 +0C00CC0CCCC6 SIX OEC 6 
00071 0 00000 0 00000 LDSIX PZE 
00072 +2067700CCCCC SEVSIX CEC 63.0 
00073 •1764CCCCCCC0 PFIVE OCT 1764000C0C00 
00074 •C000CC000077 MASK 1 OCT 77 
00075 •233O0O0O0000 MAGIC OCT 233000000000 
00076 •OOOOOIOOOCCC ONFCEC OCT 1000000 
00077 0 OOCOO 0 cccco NAR PZE 

CCC05 OUTTAP EQU 5 
77461 NAREA EQU 32561 
5C121 OUTL EQU 

ENO 
20561 
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SLBRCUT1NF 11   WRITfc A LONG  RECURD 

C3722 FNTRY   SURU 
SUBROUTINE TO WRITE A LCNG RECORD 

LINKAGE ClKbCTCR 
00000 OCOOOCOCCCCC 
00001 02642201C16C 

CCC05 OUTTAP EOU 5 
CCC05 FTAPE EGU 5 

C0002 ARCA BSS 2000 
C3720 L FQU 2C00 

03722 T634 00 I C3751 SUB 11 SXA EXIT,2 
03723 0772 CO 0 C2205 REwe OOTTAP 
03724 •0776CC002225 GCT 077600002225   SDHB  OUTTAP 
03725 -C030 CO 0 C3726 TEFB • + 1 
03726 0762 CO 0 C2225 RTBB OUTTAP 
03727 -0540 00 0 C3757 RCHB 109 
03730 C061 00 c C3730 TCOB * 
03731 -0022 CO c C3732 TRCB ••1 
03732 +O776CC0OI; >35 OCT 077600001205   SOLA  FTAPE 
03733 0766 00 c C1225 WTflA FTAPE 
03734 0540 CO c C3757 RCHA 109 
037->5 0640 00 r C3756 CELAY SCHA T 
03736 0534 CO 2 C37^6 LXA T,2 
03737 -3 02736 2 C3735 TXL •-2,2,ARCA*L-N 
03740 0762 00 c C2225 RTBB OUTTAP 
03741 -0540 CO c C3757 RCHB 109 
03742 -0061 CO c C3750 TCNB END 
03743 -0640 00 0 C3755 SCHB S 
03744 0534 CO 2 C3755 LXA S,2 
03745 -3 00004 ? C3742 TXL »-3t2,AREA+2 
03746 0544 00 r, 03757 LCHA 109 
03747 0C20 00 c C3735 TRA DELAY 
0375C C060 00 0 C3750 FNC TCOA • 
03751 0774 00 ? CCCCO EXIT AXT ••.2 
03752 -0030 CO 0 C3753 TEFB • + 1 
03753 0020 00 4 CCC01 TRA lt4 
03754 0000 00 c CCC01 FRROR HTR 1 
03755 0 OOOOO c CCCCO S PZE 
03756 0 cocco 0 CCOOC T PZE 

CC764 N EQU 500 
03757 -1 03720 0 CCC02 109 IOCT 

ENC 
ARCA..L 
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CCUNT   25 

CCC02 ENTRY REED 

LINKAGE CIRECTCR 
COOOO  CCOOOOOCCCCC 
OOOOl  5125?«i2<.6C6C 

OC002  0634 00 2 CCC12 REEC   SXA EXIT,2 
C0OC3  0500 00 4 CCC01 CLA 1,4 
0C004  0734 CO 2 CCCOO PAX ,2 
CC005  I 50441 2 CCC06 TXI » + l,2,- I 1999 
00006 0634 00 2 CC014 SXA 10,2 
00007 0762 00 0 C2221 RTBB 1 
00010 -0540 00 C CCC14 RCHB 10 
OCOll  C061 CO C CCCU TCOB • 
0C012  0774 00 2 CCCCO EXIT   AXT «»,2 
00013 0020 00 4 CCC02 TRA 2,4 
00014 -I 27340 0 CCCCO 10     IOCT ••,,12000 

END 

SUBROUTINE FCR WRITING A5  RITE(STOH) 

•      COUNT   25 
CCC02 ENTRY   RITE 

LINKAGE CIRECTCR 
00000 CCOCOCOCCCCC 
00001 513163256C6C 

CC002 0634 CO 2 CCC12 
00003 0500 00 4 CCC01 
0C004 0734 00 2 CCCOO 
00005 I 50441 2 CCC06 
OC006 0634 CO 2 CCC14 
00007 0766 00 C C2221 
00010 -0540 CO 0 CCC14 
00011 CC61 CO c CCC11 
00012 0774 CO 2 CCCOO 
00013 0C2O 00 4 CCC02 
000*14 -I 27340 0 CCCOC 

RITE 

EXIT 

10 

SXA EXIT,2 
CLA 1.4 
PAX ,2 
TXI ••1,2,-11 
SXA 10,2 
MTBR 1 
RCHB 10 
TCOB • 
AXT ••.2 
TRA 2.4 
ICCT ••,,12000 
ENO 
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CCC21 
CCC02 

ENTRY 
ENTRY 

RDNN 
ROUN 

LINKAGE CIRECTCR 
OOCOO  CCOOCCCCCCO 
OOOOl  51244545606C 

OOCC2 0560 00 r CCC16 RCIN LCQ ROON+12,0 
C0003 0200 00 0 CC017 MPY RDON+13,0 
00004 0763 00 0 CC004 LLS 4,0 
00005 0767 00 c CCC04 AlS 4,0 
00006 0765 00 0 CCC04 LRS 4,0 
00007 -0600 CO n CC016 STC RCUN+12,0 
00010 0400 00 0 0CC16 ACO RCUN«-12,0 
OOOll 0601 00 0 CCC16 STO RDUN+12,0 
00012 0771 00 0 CCC04 ARS 4,C 
CD013 -0501 CO 0 CCC20 CRA RDUN+14,0 
00014 0300 CO 0 CC020 FAD RDLN+14,0 
00015 0020 CO 4 CCC02 TRA 2,4 
00016 •0023124^1637 OCT 2 31242163 7,I 737,2000OC000CO0 
C0017 +0000C0OO1737 
00020 t2000000000C0 
00021 -0634 00 I CCC51 RCNN SXC IR1, 1 
00022 -0634 0 0 4 CCC52 sxc IR4.4 
00023 0534 CO 1 CC04'( LXA L20.1 
00024 0500 CO 0 CCC2C CLA RCUN+14,0 
00025 0601 00 c CCC53 STO CO 
00026 0074 CO 4 CCC02 TSX RCUN.4 
00027 0761 00 0 CCOOO NOP 
00030 0300 CO 0 C0053 FAD CO 
00031 0601 CO 0 CCC53 STO CO 
00032 2 0000 1 1 CCC26 TIX RDNN+5,1,I 
00033 0241 00 c CC045 FDP L20+I.C 
00034 0500 00 0 CCC50 CLA L2C+4,0 
00035 0763 00 0 CCC43 LLS 35,0 
00036 0302 00 c CCC46 FSB L20*2,0 
00037 0765 00 0 C0043 LRS 35,0 
00040 0260 00 0 00047 FMP L20+3.C 
00041 -0534 00 1 CCC51 LXD IR1.1 
00042 -0534 00 4 CCC52 LXC IR4.4 
00043 0020 00 H CC002 TRA ?,4 
00044 0000 00 0 CC024 L20 HTR 20,0 
00045 +2055C000CCC0 CEC 20., .5,15.49193340,0 
00046 +20040C0CCCCC 
0004/ •204757573654 
00050 •ocooooococco 
00051 ocoo 00 c CCCOO IR1 HTR CO 
00052 ocoo CO 0 CCCCO IR4 HTR 0,0 
00053 ocoo 00 0 COOOO C HTR 

6NC 
0,0 
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