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SPEECH SYNTHESIS 

USING 

REFLECTION COEFFICIENTS 

This stUdy outlines a Method for transMitting speeCh 

using a relatively low bit rate~ In cOMparison to traditional 

IYletnods. The Method is based on the theory of Linear 

Predict ion. In this approach speech IS represented by 

reflect 1 on coefficle·nts~ energy and pitCh paraMeters. 

ReflectIon Coefficients are calculated using Gueguen - Le 

RlteX algorith(f'. Residual energy IS encoded as the energy 

For pitCh detection a Modified forM of SIFT 

,. I 
algorIthM IS used. 

The 
\ , 

physIcal foundations of Reflection Coefficient 

approaCh and its theory are explained. The theory gIven in 

this study IS based on inner product forMulation. 

The algoritMs developed are applied to TurkiSh words~ 

sounds and sentences. The results and observations are 

ill ust l~ated. 
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YANSIMA KATSAYILARI 

KULLANARAK 

• SES SENTEZI 

eski tekniklere oranla daha 
.. .. 

dusuk 

iKil aktarlJl'li gerektiren bir yontelYI sunulmaktadir. Sunulan 
II •• ,I" If 

yontem Do~rusal Ongoru kuramlna dayanmaktadir. Bu yakla~imda 

yanslma katsayilari 7 enerJl ve temel uyari sikligi 

de~erlerl ile temsil edilmektedir. Yanslma katsayilarl 

Gueguen-Le Ruex yontemi ile elde edilmektedir • 
. . -. . 
Ongormedekl 

hata~ en~rJl katsaYlslnl vermektedir. Temel uyarma sikll~l 

'"' ... -T " - 1 - 1 1 lse ~~~ yontemlne benzeyen blr yak a,lm a hesao anmaktadlr. 

YanSllYla fiziksel anlaml ve 

dayandlKlarl kuram. vurgulanmist 1 r. Kuram 

• • . verIll rl<en yakla~lmindan yararlanilmistlr • 

Gelistir~len " I I,,, ., 
yontemler ve lzlenceler Turkce sOZCUk~ 

ve sesler~ uygulanml~ ve elde ed~len sonuC;lar 

. stlnulmust u r. 
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CHAPTER 1 

I. INTRODUCTION 

The purpose of this thesis is to outline a method for 

obtalning parametric representation of speech ~ and apply 

them to some commonly used Turkish words. ; 

In the first chapter voice response systems are 

1ntroduced. Their application areas and limitations are 

given. One of the most serious limitations is memory ~ where 

speech is stored (or alternatively bit rate at which speech 

can be transmitted) Therefore a brief summary of voice 

storage methods is given. Waveform coding ~ parametric and 

hybr1d coding techniques are introduced. They are compared 

on the baS1S of c~~monly used criteria. 

Second chapter is dedicated to natural speech 

production. Basic sounds and the way they are generated are 

described. Phonemes constituting Turkish sounds are listed. 

The lossless tube model for the human vocal tract and the 

related equatlons are quoted. The transition from the 

lossless tube Model to the digital lattice filter 

presentation 1S emphasized. 

In chapter three theory of linear prediction and its 

appl1cation to speech analysis are described. Reflection 

coefficient approach to Least Squares Estimation is outlined~ 

. 
based on the Inner product formulation. Gueguen - Le Ruex 

algorithm and its advantages are illustrated. Methods for 
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extracting and encoding of other important features (energy 

and ~itCh) are also explained. 

The algorIthms developed during this work are 

lntroduced In chapter four. Each of the hardware and software 

modules us@d th~oU~hcut tho ~"alysis are explai"ed stage by 

stage. 

In Chapter five the observations and results are 

listed. Ideas to improve the 9uality of the output ~peech are 

lntroduced. Al~o c6m~utational aspects that might' improve 

accuracy and speed up the analysis are mentioned. 

In Conclusion the results are summarized and some 

future applications of this study mentioned. The results and 

tools developed during this stUdy may be helpful fcir another 

stage that establishes the rules for creating messages and 

prOVIdes necessary hardware for speeCh generation. 
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II. VOICE RESPONSE SYSTEMS 

There are generally recognized to be 

areas (modes of communication) within the general area of 
(1) 

Man-mach1ne communication by voice. These areas inclUde : 

1. Voice Response Systems 

2. S~eaker Recognition Systems 

3. SpeeCh Recognition Systems 

V01ce Response Systems are designed to respond to a 

request for 1nformation ~ using spOken messages. Thus Voice 

Ressponse Systems communicate by voice in one direction only~ 

1. e. from the mach1ne to man • On the other hand : areas 2 

and 3 deal with systems in which communication is by voice 

from man to machine. For Speaker Recognition Systems the 

task of the system is to either verify a speakers identity 

1.e. ·a yes-no decision as to whether the speaker is who he 

cla1Ms td be ~ or t~ .. identify the speaker from some known 

The baS1C tasks of a speeCh recognition system is ensemble. 

either to recognize the entire spOken utterance exactly (e.g. 

a phonetic speech to text writer) or else to understand the 

spoken utterance (i.e. to respond in the correct manner) 

The elements of a v01ce respone system inclUde : 

1. ProviS10n for storage of a vocabulary for the 

v01ce response system. 

2. Rules for forming messages from elements of the 

vocabulary 

3 
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3. A program for composlng VOIce response messages 

Voice 5torOige. 

Mes5ttse Mes~ge Compositio1l 
------~ ~-----~, 

R eque 5ts Pr09ram 

Messf1se tormlJltter 

Rules 

Output 

Me5sa~e.; 

Figure 1.2.1 Block diagram of a voice response system 

The input to the voice response system is in the form 

of a message request which may be initiated by another 

Information proceSSIng system or directly by a human seeking 

informatlon from the voice response system The output 

messages are In the form of speech utterances in response to 

the message requests. 

TypIcal application areas of computer VOlce response 
(2) 

systems are the follo~ing: 

1. A system for prOducing vocal instructions for 

wlrIng communications equioment. 

2. A directory assistance system 

3. Talklng toys and computers· 

4. A data set testing information system 



5. A flight information system 

6. A speaker verification system 

7. Aids to handicapped persons 

There are· two main approaches to the implementations 

of a 'volce response system. One approach is the limited 

vocabulary system in which the output message is created by 

concatenatlng lsolated natural speech elements in the 

vocabulary storage. 

The secon~ approach is tti atte~pt to build a machine 

wlth powers of speech comparable to human Such systems 

(often referred to as speech synthesis by-rule systems) 

utilize models to slMulate hu~an articulatory system. In this 

case the vocabulary storage is essentially a pronounclng 

dictl0nary and. the message formation rules must gene~ate the 

required control slgnals (~.g. Ditch intensity ~ and vocal 

tract response parameters)~o control a speeCh synthesizer 

based on the speech production model. Such systems are of 

lnterest when an unlimited vocabulary is required. 

5 



III. SPEECH STORAGE METHODS 

The representation of speech signals in digital form 

15 of fundamental concern. There are many possibilities for 

discrete representatlons of speech signals. These can be 

classlfled into three broad grouos : 

A. Waveform representations 

B. Parametrlc representatIon 

c. Hybrld representatIon 

A. WaverorM ~oding 

In waveform coding the aim is to convert speech onto 

a bit stream that determlnes and preserves the shape of the 

orlglnal signal. In thls regard one is gUIded by the well­

known Sampllng Theorem which states that a band-limited 

slgnal can be represented by samoles taken periodically in 

time provlded th~t the samples are taken at a high enough 

rate. The most popUlar coding methods available under this 

headlng are : 

PCM (Pulse Code Modulation) 

DPCM (Differential PCM) 

DM (Delta Modulatlon ) 

In PCM an analogspeecn signal after band-

limltlng ~n a low-oass filter ~ is ,converted by a sampling 

~lrcult into a serles of samples s(n) ~ seperated on the time 

aXlS oy an interval T. (the sampling rate) The value of 



eacn salYiple s (n) IS then rounded off to s(n) In a 

quantization circuit and converted into a code word of B bits 

an encoder. 

According to the method used in adjusting the steo-

sIze of the quantlzer ~ one distinguishes among linear PCM : 

log PC~ and Adaotive PCM • In linear PCM steo-size is fixed: 

In log PCM a logarithmic compansI0n IS applIed to the speech. 

The two log-quantIzatIon characteristics are -law and A-law. 

The Idea In both methods is to quantize small signals more 

precisely in comparison to signals of large amplitUde. They 

• • try to establIsh the maX1mum dynamIC range: and at the same 

time exceed a given S1gnal-to-Nolse Ratio (SNR) • SNR is 

def1ned by 

SNR = 101og( Es/Eq) ( 1.3. 1 ) 

Where Es and Eq are SIgnal and quantization error energies 

respectIvely. For details about A-law companding refer to 

AppendIx D. 

, . 
If the steo SIze IS adjusted adaptively the coding 

scheme 1S called PCM with adaotive quantization. 

SpeeCh signals can be represented more efficiently by 

maK1ng use of the close correlation that exlsts between the 

value of 
. 

succeSSIve samples .~ (n) • Th~S is done in all 

systems based on differential coding. DPCM quantizes the 

difference between current and previous samples • 

7 



When the speech samples s(n) are seperated by a 

suff1cIently small Interval T _ the quant1zation circuit 

need only have two levels. This is DM (Delta ModulatIon) By 

uS1ng a varIable gaIn whose value is determIned from the bit 

stream reoresentlng the difference ~ one arrives at ADM 

(Adaotlve DM) ADM requ1res a less bit rate th~n DM. 

DifferentIal coders are actually predictors of the 

flrst order. They necessitate the difference signal to 

generate the current sample. The idea of predictive coding is 

• generalIzed to predlct1ve coders of orders greater than one. 
.. . . . 

One of the most efficients predictIve methods is APC 

(Adaotlve Pred1ctIve COdIng) • Due to the nonstationary 

nature of speech signals ~ a fixed predictor cannot predIct 

the sIgnal values efficiently at all times. Thus the 

predIctor must vary with tIme to cope with the changIng 

spectral envelope of speech signal as well as wIth the 

chang1ng perIod1citIes 1n voiced speech. 



B. Parametric Coding 

In the parametric coding approach the aim is to 

derIve a limIted number Ceg 10 to 20) of relatively slowly 

va~~lng characterlstlc parameters of the speech signal and to 

represent these alone as a bit stream. 

A wldely used speeCh production model utilizes two 

SIgnal sources P and N • The source P delivers a series of 

pulses whose repetition frequency l/t 

corfesponds to the fundamental frequency or oitch of the 

speec~ and the source N delivers a nOlse liKe signal. The 

source P generates voiced sounds and N unvoiced sounds. One 

or the other source is selected on the basis of a 

vOlcea/unvolced decision. The magnitude of the source signal 

selected can be varIed by means of the gain G and its 

freauency soectrum can be modified by the filter F. The model 

de~crlbed in figure· 1.3.2 can also be introreted as the 

source ~f the sound and the resonant system that modifiess 

(or MOdulates) the sound. 

G 

Speech 

I 

Figure 1.3.1 Soeech generation model 



In essence the filter performs a function comparable 

WIth that of the human vocal tract (Pharynx olus nasal or 

mouth cavIties) 

The parameters representing this model are: 

-the VOIced/unvoIced decIsIon 

-for vOIced sounds the fundamental frequency l/tp 

-the magnItude of the gain G 

-some form of descrIption of filter F 

ThlS model has been the starting point for the design 

of many types of speech coding systems (vocoders) The 

oldest type of vocoder IS the channel vocoder where the 

vocal tract IS represented by a bank (10 to 20) of band-oass 

filters At the transmitting end the average signal 

amQlitude in each small frequency band is determined by means 

of a rectlfier and a· low-pass filter. The resultant 

InformatIon IS transferred in coded form to ~he receiver 

where It lS used to adjUst the gaIn In the branches of an 

IdentIcal ·banK of filters. The bandwidths of the individu~l 

filters In such a filter bank do not have to be equal~ with a 

llmlted number of filters the best results are obtalned when 

the filters for the lowest frequencies have the smallest 

bandwldths. 

In DFT vocoders the filter bank function is performed 

by means of a Discrete FourIer Transform (DFT) module. 

Another method of characterizin~ the vocal tract is 

based on a descrIption of the envelope of the speech spectrum 

In terms of formants _ resulting in a formant vocoder. The 
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vocal tract 1S now represented by four or five band-~ass 

filters 1n W~lC~ the bandw1dths and the centre frequency vary 

as a function of time. The requ1r~d values can be derived 

from speec~ by means of Linear Predictive Ctiding (LPC) • A 

formant vocoder of this tyoe is a member of the much larger 

fam1ly of LPC vocoders. The 1dea behind all these vocoders is 

aga1n the assumot1on that any s~eech sample sen) can be well 

approx1mated by a we1ghted sum of preceeding speech samples: 

p 
sen) = 11; a· (s-i )" 

! I (3.3.2 ) 
i:::1 

ror details refer to Chapter 3 •. 

c. Hybrid Coding 

Hybr1d coding techn1ques make use of the Waveform and 

Parametr1c cod1ng metho~s at the same time. AIYlong t he many 

different approaches to be found ~ two techniques have become 

fairly general : NOise Shap1ng and Residual COding 

In Noise Shap1ng ~ the aim is to make optimum use of 

the noise-masking effect of human hearing (In human hearing 

strong sounds tend to mask weaker sounds of the same 

frequency) An appl1cation of th1S technique is Sub-band 

cOding., w~ere the speech signal 1S split into 4 to 16 

freq!uency bands and the signals 1n each sub-band are 

separately coded. 

A method that bears some resemblance to sub-band 

cOding 1S Adaotive Transform Coding (ATC) in which the speech 

signal is first sUbjected to a frequency transformation and 
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the transformat10n results are then adaptively coded using 

opt1mal bit assignment. 

Voice-excitation systems· use a , broad-band' 

. . 
exc1tat10n signal 1nstead of the pitCh and voiced/unvoiced 

deC1s10n 1nformat10n. 

Two. more cOMplex forMs of hybrid cOding are based on 

Res1dual Cod1ng. In the feed-forward configuration the 

residual s1gnal 1S encoded and transmitted. In the feed-back 

, . . ... 
system the exc1tat10n s1gnal that min1mizes error is 

obtained and transm1tted.This approach is often referred to 

as "Analys1s by SyntI-1esis". 



IV. DECISION CRITERIA 

In consIderIng the choice of digital coding scheMes 
. . 

for Vo~ce Response Applicat10n _ 1t is helpful to consIder 

three factors: 

1. The 1 nfo rlYlat 10n rate (bit rate) required for 

acceptable speech auality 

2. The complexity of the cOd~ng and decoding schemes 

3. The flexibility of the 
. 

re~resentation i. e. the 

potent1al for mOdificat~on of the vocabulary elements 

1. The complexity 1S commonly given by the count of logic 

gates Relative complexities of various techniques can be 

approx1mated as in table 1.1 : 

Relative compleXIty Coder 

IYleasl.l re 

1 
1 
5 

50 
50 

100 
500 

1000 

ADM 
ADPCM 
Sub-band coding 
ATC 
VEV (Voice Excited Vocoder) 
LPC 
Formant vocoder 
Articulatory (Vocal 
synthesizer) 

Tract 

Table 1.4.1 Relative complex1ties 

2. Any assesment of signal quality 1m~lies a fidelity 

For most communicat10n systems th1S measure is 

d1fficult to speCIfy quantItatively because it involves human 

...• 
percept"lOn • SpeeCh qual~ty IS tradit~onally assessed by t~e 

", . . 
crIterIon that a listener understands -i) What is be1ng said 

11) Who said it 

13 
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Ob]ectIve measures that accurately reflect thes~ factors are 

• • IntensIvely sought but are difficult to establish with 

general i ty. 

SQ I cal TO I SQ 
C I I f 

I I I 
I I I 

fOO 

I 
I 

PC 
I I • 

fO [3]. 
l we 

t ~ i ' : 
0.5' f !i 10 2d 100 zoo Xbib/MC 

8 

rIgure 1.4.1 Complexity versus bit 
rate with qualIty as parameter. 

FIgure 1."4.1 indicates the quality of speech 

reproduct10n that can presently be attained at a prescribed 

The quality characterizatlons are denoted as 

cotYlIYlentary _ toll _ cO'YlMunicatlons and synthetic. 

Toll quality loosely corresponds to the following 

pro pert ies: 

frequency range : 200 - 3200Hz 

SN~ } 30dB 

~armonlc dIstortIon < 2-3~ 



Tables 1.4.2 to 1.4~4 illustrate the performance of 

several coders at give~ bit rates. 

Coder Bit rate (Kbits) 

~og PCM 56 
ADM 40 
ADPCM 32 
Sub-ba~d 24 
ATC 16 
Voice-excited vocoder 16 

Table 1.4.2 Bit rate for some coders th~t 
ca~ achlve toll quality 

Coder 

log PCttI 
ADM 
ADPCttI 
Sub-ba~d 
ATC 

Bi t rate (Kbi ts) 

36 
24 
16 

Voice-excited vocoder 

9.6 
7.2 
7;.2 

Table 1.4.3 Bit rate for some coders that 
ca~ aChlve commu~icatio~s quality 

Coder 

Channel vocoder 
LiJC 
Formant vocoder 

Bi t rate (Kbi ts) 

2.4 
2.4 
0.5 

Table 1.4.4 Bit rate for some coders that 
can establIsh synthetic-auality transmission 
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ObjectIve measures such as SNR _ not always coinCide 

Wltrt SUbjectIve measures. Table 1.4.5 compares SNR ratings 

WIth SUbjectIve preference. Although6-bit PCM IS expected 

to prOduce better results tha~ "4-bit ADPCM 1 i s te~ers 

preferred 4-blt ADPCM. 



SUbjective rati~g (orefere~ce) 

7-oit PCM .7-bit PCM 
6-l:Jlt PCM 4-bit ADPCM 
4-01t ADPCM 6-bit PCM 
5-tnt PCM 3-bit ADPCM 
3-oit ADPCM 5-bit PCM 
4-blt PCM 4-bit PCM 

Table 1.4.5 ObJectlve versus sUbjective rati~gs 
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CHAPTER 2 

I. NATURAL SPEECH PRODUCTION 

The acoustical speech waveform is an acol..\st ic 

pressl..lre . . ' wave WhlCh orlginates from voluntary 
, . 

PhYSlological 

movements of the structure shown in figure 2.1.1: 

...,..+-- VO(1tL I'Ol.bS 

Fig~re 2.1.1 Human soeech system 

In 
. . , . 

the pulmonlc alr stream mechanism ~ 
.. . 

WhICh is the 

,. , 
Maln Mechanlsm to produce TurkIsh sounds air is expelled 

t the lungs Into the trachea and then forced between the 

vocal folds. Du~ing the generation of voiced sounds such as 

III leI the a~r pushed towards the lips from the lungs 

causes the vocal folds to open and close at a rate dependent 

I • alr pressure In the trachea and the 
t • 

phYSlologlcal 

adjUstment of the vocal folds. includes 

changes in the length thickness and tension of the vocal 



foldS The greater the tension the higher the perceived 

pitcn or acoustically measured fund~mental frequency of the 

voice The opening between the vocal foldS is defined as 

the glottis. The sUbglottic pressure and the time variations 

1n glottal area determine the volume velocfty of glottal air 

flow (glottal volume velocity waveform) expelled into the 

vocal tract • The rate at which the glottis opens and closes 

can be approximately measured acoustically as the inverse of 

1nterval between observed per10ds of the 
\ 

acoust1C 

pressure wave. It {s the glottal volume velocity waveform 

. ' . that def1nes the acoust1c energy input or dr1ving function to 

the vocal tract. 

SpeeCh signals are composed of a sequence of soundS. 

These sounds and the transitions between them serve as a 

symbo~lc representation of information. The arrangement of 

these sounds (symbols) 1S governed by the rules of language. 

The study of these rules and thei~ implication in human 

communication 1S the domain of linguistics and the stUdy and 

classification of the sounds of speeCh is called ohonetics. 

The phonological system of languages is described in 

. \.' terms of a set of d1st1nctive sounds or phonemes. PhOtlel"l"les 

can be classified in the following manner: 

Vowels 
, , 

1) Simole Vowels are prOduced by excit1ng a fixed 

vocal tract with 
, . 

quas1-oer1od1c pulses of air caused by 

v1brat1on of the vocal 'cords. The periOd of th1S excitation 

15 called pitCh periOd. The range of this frequency amounts 



------c----------------------

1'3 

from 33Hz for a low pitch male to 1500Hz for a high-pitCh 

singer. (usually sopranos should be able to produce sounds 

-exclted by a 1400Hz pitch~ so they have to be able to 

generate hlgher pitch frequencies uo to 1800Hz). For an 

average male speaker this frequency lies in the range of 100-

110i;z. 

As described in Section II the vocal tract is modeled 

, I 

as a concatenatlon of lossless tubes of varlOUS cross-sections. 

This structure determines the resonant freauencies of the 

tract. These are called the Formants. 

li) Diohthongs are gliding mono-syllabic soeech items 
. , . 

that start at or near the articulatory posltion for one vowel 

• • and moves to or towards the posltlon for another. e.g. I ay I 

Consonants 
. 

1) Stops are transient non-continuant sounds which 

are produced, by build~ng uo oressure behlnd a total 

constrlctlon somewhere ln the oral tract and sllddenly 

releaslng 'the pressure. Ipl ~ 
I 

It/~/kl are vOlceless stops. If 

durlng the sound production also the vocal cords vibrate a 

voiced stop 15 produced. Voiced stops are Ib/~ Idl ~nd Ig/. 

li) Fricatives are produced by exciting the vocal 

tract by a steady alr flow which becomes turbulent in the 

. 
reglon 

. , 
of a constriction ln the vocal tract. Voicelesss 

frlcatlves are If I" lsi and lsI. If additionally vo6al 

cords vlbrate during the air flow ~ the sound generated is a 

v~iced fricatlve. Iv/~ Iz/~ Ijl are such sounds. 

lii) Affricatlves are produced by first totally 

constr~ct~ng air passage and then releaslng it with fr~ction. 



20 

• I . f' 

Icl 1S a v01celess affr1cat1ve and IJI 1S a v01ced one. 

I. 

Nasals are produced wlth glottal excitation and 

the vocal tract totally constricted at some point along the 

oral passage way. Im/~ Inl are nasal sounds. 

v) Lateral is produced by flow of air an both sides 

of t~e tongue. III is an exaMple for lateral sounds. 

Sounds that 
, 

are vOlced in initial and 

intervocallc positions and voiceless in ·final position are 

retroflex. Irl 1S such a sound. 

Semivowels ~re the grouo of sounds that cannot easlly 

~~ d1stlngulshed from vowels. Iyl is such a sound. 

An allophone 1S deflned as a speech sound 
.. 

WhlCh is 

MOd~fied by the enviroment In Which it occurs. The results of 

this study May be used to 
. , 
lnvestigate the features of 

allophones~ 
t and speech synthesis rules uS1ng allophones can 

tie develooed. 

VOWELS 

. .. 
1 U 1 U .. 
e 0 a 0 

CONSONANTS 

stops p t k 
b d 9 

frlcatlves f .... " h s s 
v 

V Z z 
affrlcatlves " c ., 

J -
nasals .y, n 
lateral 1 
retroflex r 
se.Y1l vowel y 

Tabl.e 2. 1. 1 Phone.Y1es Const i tut lng Turkish Sounds 
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II. LOSSLESS TUBE MODEL 

A w1dely used model for speech production is based 

upon the assumotion that the vocal tract can be represented 
(1] 

as a concatenat10n of lossless acoustic tUbes as shown in 

Figure 2.2.1 

6LOTTIS l 

Figure 2 •. 2.1 Lossless tube model 

The propagation of waves 1n concatenated lossless 

tUbes 1S governed by the following equations: 

.,. 
( Uj (t-x/c) + Uj (t+x/c» ( 2.2. 1 ) 

Uj(x.t) 
of-

= Uj (t-x/c) Ui (t-x/c) ( 2.2.2 ) 

Where x 1S d1stance measured from left end of the ith tube 
~ ... :. 

and '.If (.) and Ul (.) are positive gOlng and negat1ve gOlng 

travell1ng volume velocit1es in the ith tube Ai 
. 

glves crnss-

• ~ection of the 1th tube and P; gives pressure in ith tUbe 

• Solv1ng these equat10ns and uS1ng boundary conditions at 

the Junctions results 1n: 

...... 
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( 2.2.3 ) 

( 2.2.4 ) 

The quantity r; = (Aj-f1 - Ai ) / ( Ai+! + A j ) is 

-the amount of u~l (t) that 1S reflected at the Junction 

Thus the Quantity ~ 1S called the reflection coefficient for 

• the 1tn Junct10n • Since all cross-section values are positive 

the value of r s are between -1 and +1. 

u~ tt) -""""'f----I 
lr---...I 

Figure 2.2.2 Signal flow representat10n of 
the Junct10n between two lossless tubes 

One can • easIly observe the isomoroh1sm between the 

s1gnal flow representat10n of the Junction between two 

lossless tubes and the corresoondln~ dtg~tal filter: r,O of 

f1gure 2.2.2 corresoonds to Hi of figure 2.2.3 
, . 

~ s1mi larly~ 

delays of flgure 2.2.2 represented by the z -term of figure 

2.2.3. 



-Uj{Z) .o----~f---'--_+_-"---__+_---___e 
• .!.. lJ~1 (z) 

zl. 

Figure 2.2.3 Flow graoh reoresenting 
relatlonshlo aMong z-transforMs at a 
]Ltnctlon 
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When passIng to the digital filter representation of 

the vocal tract one considers a systeM cOMposed of p 

losless tubes of length IIp. In thIs ,Y,Odeli"ng 0 gives the 

order of the filter. Length of varIous sections are selected 

to be ,equal In order to orovlde the saMe aMount of delay 

.. 
between sectIons This Makes the usage of z as a COMMon 

delay operator possible. 
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CHAPTER 3 

I. LINEAR PREDICTION MODEL 

Al though linear least squares estimation (0 I' 

prediction) date~ from Gauss In 1795 . It appears that the 

fIrst specIfIc use of the term 'Linear Prediction' was in 

WIener's 1949 book in chaoter 2. 'The Linear Predictor for a 

Single Time Series'. 

The 
. " , 

fIrst applIcation of linear prediction to speech 

MaXImum LikelIhoOd formulation was In the work of 

Saito and Ita~ura In 1966. In 1967 and 1968 Atal and 

Sc~roder puollshed results on PredIctive Coding of" speech 

signa:;.s. SInce then several Qther equivalent Linear 

Prediction formulations have been developed The most 

popular ones are the followIng: 

A. i..east Square 

"oB. Maximum Likelihood 

C. Prony's Method 

D. Correlation MatchIng 

E. Spectral estimation 

Actually all of the mentioned teChniques corresoond 
. , 

to dIfferent perspectIves of the model . but they all end up 

In the same or s"IIYlilar equations. 



Least 

A. Least Squares 

Squares 
cal 

approach 1S useful the 

ident~ficat1on of the finite order Auto-regressive (AR) model 
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for scalar observat10ns s(O)_ s(l)_ ••••• s(N-l) The linear 

moael 1S represented by . . 

p • 
I; a· s (n-I) + Gu In) 
i::! I 

( 3. 1. 1 ) 

Where a ~are the coeff{c~ents to be identified: 

s(~-l) corresponds to prev10us observations and u(k) is a 

• • bounded var1ance _ zerO-IYlean and ergodic wh1te noise sequence 

. 
w1th 

i::{u(i<)} = 0 for all k ( 3. 1.2. a ) 

for all k_l ( 3. 1.2. b ) 

for some f1n1te R ) 0 

The error between s(k) and its pred1cted value s(k) is given 

by : 

Jt, 
p 

s(k) =iL ais(k-i) 
i=O 

( 3.3 ) 

where ao = 1 

Least Squares method m1nimizes the sum of the squares 

t l 
of the pred~ct1on errors: 

( 3. 1.4 ) 



T~e 'normal equatlons' are obtained by setting the 

partlal derivatives of J with respect to each a 

zero: 

P • 
'taiC(l_J) = -c(O,.J) for J = 1~2_ •••• p 
;=1 

'where 

equal to 

( 3.1.5 ) 
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c(i_j) = it. S(k-i)s(k-j> 
k 

( 3. i. 6 > 

• 
i~e, Dlr-ect Least Sauares (LS) method can be derived 

from the normal equatlons in matrix form as: 

s = 

where 

5 (Q-1) 5 (0-2) • 

5(0) ••• 

5(0) 
5 (1) 

. . . . . . 
s(N-2) s(N-3) • 

5 = 

and 

5 (0) 

5(0+1) 

s(N-1) 

• 5 (N-0-1) 

( 3. 1.7 ) 

( 3. i. a ) 

( 3.2.9 ) 

The Covarlance method for a given zero mean data 

seauence can be stated as ln eauation 3.1.10 to 3.1.12. The 

matrlx arodl.lct STS is lndicated as Wand S"s is called B.(O). - -



w = 

.... .1. 
a = -w R (0) 

•••••••••••• C (0_ 1) 

c ( 1 .. 2) ..• ~ •.••..••••••.••.••• C (0_ 2) 

. 
c(l_o) ••••••••••••••••••••••• c(o_o) 

R(O) = 

and 

c (0. 1) 

c (0.2) 

c(O.p) 
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( 3.1.10 ) 

( 3. 1. 11 ) 

( 3. 1. i2 ) 

If the signal s(k) 1S wide-sense stationary far large 

nUIYlber of ooservat10ns N. fHi,. J) 1S equivalent to the saMple 

autocorrelat10n R(li-jl) of s(k) i.e. 

a = 

N·1 
='2: S(k)S(k-1 i-J I) 

k:o 

I 

for i,.J=I,.2,. •• 0 ( 3. 1. 13 ) 

The follow1ng matri~ equation represents the approach: 

R ( 0) ••••••••••• R ( 0-1 ) 
R(l) R(o-2) 

= 

R ( p-l ) .•..••••• R (0) 

-1 
R(I) 
R(2) 

( 3. 1. 14 ) 

The fact that Autocorrelation matrix 1S Toeplitz (all 

elements along each diagonal are equal) enables that various 

approaChes have beend~veloped for solving th~s~ ~quations. 
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B. MaxiMuM Likelihood 

ThlS approach lS based on the question what choice of 

parameter values makes the probabillty of occurance of the 

actua~ observatlons (the speech samples) most likely ~ 

maximizes t~e probability density of parameters? 

i. e. 

SpeeCh samples are modeled as element~ of a Gaussian_ 

stat lonary~ random process generated by passing uncorrelated 

• nOlse through an all-pole filter of the form: 

1 / A (z) = 1 / :l:o a'! 10 z-i 
i=O ' 

where a o = 1 (.3.1.15 ) 

~nowlng that the sequence (s(n)} is Gaussian with 

zero mean one can define the JOlnt probabilty density of the 

va rlaDies s (0)_ s (1 >- s (2)- •••• s(N-l) It is simply the 

standard multivarIate orobabliltydensity : 

~ n) ( 3.1.16 ) 

The optimum values for a are to be found by 

. ., 
dlfferentlatlng o(n) with respect to a and setting them 

equal to zero. But for M greater than 2 the prOblem becomes 

extremely non-linear. 

Two different approx i.nat ions been 

lmp~emented: Itakura and Salto utilized approximations based 

uQon the aS5umotlon N»M (the number of data points greatly 

exceeds t~e filter order) to show that the Joint probabi I i ty 



den~ity for the sequence s(O). 

approxi .. flated by: 

pen) 

where 

«J p • 
(j. = ;1: ~ i[ a is (Yl-i» 

n=-4Q i=O 

s(1).,. -•••• .,.S(N-1) can be 

. ~ 
-oc-% e 2. d ( 3.1.17 ) 

( 3.1.18 ) 
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A1Q~a IS prec1sely the error energy 1Yl the AutocorrelatioYl 

approacn to LS LIYlear PredlctioYl. 

Th1S • approximatIon results lYl the same equat10Yl as 

-lYl t~e Autocorrelat10Yl method. with the additional property 
. 

that a ga1Yl term 1S obta1ned for matching the eYlergy 

of t~e model to that of theiYlout sigYlal. 

The secoYld approximatioYl involves a COYlditional 

r 
Max 11'1'11..11'1'1 L1Ke11hood approach ., 

probability density 0 is giveYl by 

where 

~ -(N-M}/2. -cx/.2£12-
P = (21Td) e 

and 

ri-l M 2. 
0(_ X (2; a!is(n-1») 

n:M' i=O 

the cOYlditioYlal 

( 3.1.19 ) 

( 3.1.20 ) 

aYld results 1Yl the equation~ obtait1ed lYl the CovariaYlce 

met~od. witn tne addltioYlal prooerty that 
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(4J 
This approach mOdels voiced speech during a pitCh 

period as a sum of complex exponentials which add uo to a 

~eal term. If speech is considered to be conslsting of M such 

terms 2M speech samples are enough to correctly model the 

systelYl. 

A more general model taking care of transient~ from 

preVious pitCh period and zeroes due to nasal tract can be 
descriaed as in equation C. 3.1.21 ) 

x(z) = P(z) / ACz) 
f·f.1 ,. M ' 

= r 0, z -1 I t a ' Z-1 
"_'\ '1 '. '-J\ 1 141 ' 141 

C 3.1.21 ) 

D. Correlation Matching 

Let H(z) = l/A(z) be the speech synthesizer Model and 
~ 

denote its impulse response by the sequence hCn) 

p ~ 

= t a· h (n-i) + G o(n) 
j:1 1 

By MultiplYlng both sides with h(n-k) 

( 3.1.22 ) 

and • SUIYlIYll ng 

over tl. Obtains 
. 

the expression for aut oco l~relat ion 

coeffic~ents of impulse response: 

( 3.1.23 ) 

Th~ energles of sen) and h(ni have to be equal : 

R" (0) = R" (0) ( 3. 1.24 ) 
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. . 
and slm1larly for other coefficients: 

( 3.1.25 ) 

These equalities follow from the similarity of 

equations (3.1.14 ) and ( 3.1.23) for k>O. 

way the oroblem is reduced to Obtaining trle 

filter whose f1rst 1+p values of auto~orrelation of its 

. .. 
Impu~se response are equal to the first 0+1 values of' the 

. . ' 
speecn slgnal autocorrelat1on. 

Similarly if the inout u(n) to the model of a 

sequence of uncorrelated samples (wh1te noise) with zero mean 

. . 
'_tn1 t va r1al'lCe _ the output s(n) of the filter 1S • glven 

by: 

A P , 
s(n) = t a.s(n~i) + Gu(n) 

. 1 
I={ , 

( 3.1.26 ) 

By 
. \ , 

IYlU.L t 1ptY1ng both sides with s(n-1) and • taklng expected 

values_ one obta1ns autocorrelation of the output s (n) . . 
p 

= -t c3li R (i-k) + GoW 
k=1 

( 3.1.27 ) 

Last term exists due to the fact that u(n) and s(n-i) 

are uncorrelated for ~>O. It is the dualism between the 

I • • 

CleterlYlll'll st lC impulse and statistical White • nOlse that 
• I 

enaO~es their usage 1n speech synthes1s mOdels. 
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D. Spectral Matching 

In t~e frequency dOffiain forffiulation of LPC the error 

e(n) Detween the actual and predicted signal has a z-

transforffi of the forffi: 

E(z) 
P -i = (1 + t a,. z ] S (z) = A (z) S (z) 
; 1 1 
1= 

( 3.1.28 ) 

The total error energy IS given by (Parseval's theoreffi) 

I 1T • 

= 1/2 1r/IE(e-Jw) I dw 
i'7f 

(. 3. 1.29 ) 

woe re !:. (e -Jw ) IS obtained by evaluating E(z) on the unit 

Equ~valently: 
, , 

ClrC.1.e z=e JW • 

7f . • 
Co = 1/2 7f 'fP(w)A(eJ~HHe-Jw)dw 

-1T 
( 3. 1.30 ) 

• The power spectruM pew) of the all-oole Model is given by: 

( 3.1.31 ) 

ana power spectruffi ·P(w) of the origi~al slgnal is glven by : 

~(w) ( 3.1.32 ) 

By comparIng these two equations ~ one can see that 

IS beIng modeled by pew) ~ then the error power 
. 

SQectruM iE(e Jw ) i 1S beIng modeled by a flat spectruM ~qual 

to G • Ti11s IYleans that the actual error signal e(n) is be'ing 

approxiMated by another signal that has a flat spectruM 
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suc~ as a unIt lmoulse_ white nOIse or any other signal with 

a flat spectrum. Therefore filter A(z) is sometimes known as 

a 'wh~tenlng filter'. 
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II. REFLECTION COEFFICIENT APPROACH TO LEAST SQUARES 

As outlined ln section I Least Square~ method tries 

to minimize the sum of the squares of prediction error. 

if one assumes that the filter A(z) establishes this 
(4) .. . 

mlnlmum ~ the followlng progress is possible : 

Definitlon . . Inner product of two filters F(z) and G(z) 

defined as follows: 

is 

(F (zL G (z» = 
,,~ 

t u(n) yen) ( 3.2. 1 ) 
n:"o 

w~ere u(n) and yen) are the outputs of respectlve fllters 

when a common lnput x(n) 1S applied to them. 

< F(Z), Gb:» 

Flgure 3.2.1 Inner product formulatlon 

If r(z) = t ~. zH and 
i=O . 1 

then 

DO at n2 

G(z) = E 
i=O 

(!= ( z) ,. G ( z ) > = t ot L f i [ t x (n- i) x (n-J ):1 QJo 
i=O J=O n=no 

( 3.2.2 ) 



and 

nf, 

t x (n- i) x (n-j ) ( 3.2.3 ) 
fI::no 

It 1S easy to show that the filters together with 

, '.. , t~1S ~ef1nlt10n of Inner product def1ne a vector space. 

With this definltion of inner product~ predict10n 

error to be minimized is the norm squared of filter A(z) 

e(n) = <A (z) ~ A (z) > 

rv 
where A(z) = ta,' z-1 

i=O 

( 3.2.4 ) 
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If nor.YI of A(z)· IS .Yl1n1.YlUlYI. then norm of A(z) + cz-J 

J=1.2 .••• p ~as to be greater than A(z) 

. . 
(A (z) +cz·J ~ A (z) +cz"J > ><A (z) ,. A (z» 

. . 
<A(z).A(z» + 2c.{A(z),.·£J> + c <z·J.,.z·J) ) (A (z) .,. A (z) > 

> 0 

. . 
S1nce c IS nonzero and arbitrary one can select 

. .. 
c = - {A ( z ) .,. £3> / (£3 ~ z-J > 

and the follow1ng 1nequal1ty follows : 

> 0 ( 3.2.5 ) 

. . 
since <z-J~z-J> 1S always positive~ the only condition 1S : 

( 3.6 ) 

-J 1.e. f1lter A(z) 1S orthogonal to z J=1~2~ ••• p 



Th1S conaition 1S actually identical to -equati~n.( 3.1.14 ) 

The structur~ of the filter can be modeled as described by 

f1gure 3.2.2. 

E(z.) 5(2) 

-I -I Z z 

F1gu~e 3.2.2. Lattice filter 

As observed 1n the model there is another filter 

uti~ized 1n the model B(z) = Pi' E bi z- • This filter trIes to 
i=l 

predict past samples utilizing following ones. It can be 

Interpreted as a backward predictor. The purpose of the Least 

Squares approach is also to m~n~m~ze the error due to this 

bac~ward pred1ctlon. 

Since 1n the forward predictor the 
• l 

coeffIcients 

correspondIng to the last sample (sample to be ~redicted ) 1S 

one~ t~e bacHward predIctor has one as the coefficient of its 

(p+i) t i'l term • (It trIes to oredlct s(n-p-l) as a linear 
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The same procedure can be appl1ed to show that B(z) . 
t · 't 11 of z·J· -.1S or ~ogona~ 0 a powers J=1~2~ ••• o+1 

A. Recursive Solution 

The advantage of th1S approach 1S that_ 

the opt1mum p~~diction filters of smaller orders 

one obta1ns 

until one 
,. , . 

ends up 1n the f1nal oth order pred1ct1on filter. There 
. 
1S 

one more important point in this procedure : 

B (z) and B (z) are orthogonal to each other ~ unless l=J. 

( 3.2.7 ) 

Th1S cond~t~on follows from the fact that B (z) does 

not have a z term. Same condition does not apply to A (z) ~ 

because A (z) has a zeroth power term. 

One starts with 

AO(z) = 1 and BO (z) = -1· z ( 3.2.8.a 

[AO(z) I = rHO) and IBO (z) I = r"HO) ( 3.2.8.b 

<AO (z) - B o(z» = fHl> ( 3.2.B.c 

wnere R(l) are the autocorrelat1on coeffic1ents. 

-1 
Ai(z) ~as to be orthogonal to z so 1n the general form: 

) 

) 

) 

( 3.2.9 ) 

by ta~lng 1nner product with z~one gets: 

( 3.2. 10 ) 



Bt(z) has to be orthogonal to BO(z) 

-2-= z +"1" Bo (z) 
~o 

tawlng 1nner oroduct with Bo(z) results in 

( 3.2.11 ) 

( 3.2.12 ) 

The procedure carries on until Ap(z) and Bp(z) are reached 

I::ac!'l ti.Yte the following e9uations are utllized 

A i+1 (z) = A,· (z) +. k·B·(z) ( 3.2. 13. a ) 
1 1 1 

z ... (i+11 ; 
B'i+l (z) = + t ;"1" .. kBk (z) ( 3.2.13.b ) 

lc:O '1+1 
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cC!uat10n ( 3.2.13.b ) 1S actually the 

imp~ementation of Gram-Schm1dt orthogonalization process to 

f i 1 t e rs B i (z) • 

The autocorrelation method has the prooerty that 

~(i) = R(-l). This enables one to obtain B~1 (z) in a much 

. 
eaSler way: 

( 3.2.14 ) 

, 
Bi (z) 1S related to Ai (z) 1n the following manner: 

Z
- (i·u) A. (.,w1) 

Bi (z) = . 1 "" ( 3.2.15.a ) 

or si.Yti larly 

( 3.2. 15. b ) 



The algor1thm can be summar1zed as follows: 

a O,Q = 1 b qO = 1 eo 

ki = -fHl)/R(O) 

a 1,0 = 1 bt,o = 1 e1 

ai,o = 1 e" J 

a" I'] = aj-lJj + kj ai_j, J;-j 

OiJj = aiJ j+i~j 

i-l. 
ki = t aj-JJj fHi-]») 

3=0 

a"" '} = k" I 

= fHO) ( 3.2.16.a ) 

( 3.2.1b.b ) 

= eo 
2-

( 1-k! ) ( 3.2.1b.C ) 

( 3.2. lb. d ) 

( 3.2. lb. e ) 

( 3.2. lb. f ) 

( 3.2.1b.g ) 

( 3.2.1b.h ) 

I e(T-l> ( 3.2.1b.i ) 

( 3.2. lb. ] ) 
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In literature 
. 

this algorithm 1S known as the Levinsol1 

Dur~in algor1thm. 
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B. Bueguen - Le Ruex AlgorithM 

- , !:.quatlon ( 3.2.16 ) describes how reflection 

coefficients can be evaluated recursively 
, 

uSlng the 

autocorrelatlon coefficients. Levlnson-Durbin algoritM also 

prOduces and uses predictor coefficients of lower order 

p rec:; i ct 0 rs. But throughout the calculatlon ai's have no other 

usage except the evaluatlon of nUI'f1erator term for the 

expresslon of k in equation ( 3.2.16.e )NuMerator terM can be 

interpreted as the projection of recently obtalned predlctor 

an the new added delay eleMent: ( Ai (z) ~ z-(i+1) > 

Gueguen - Le Ruex algorithM Makes use of 
, . 

this lnner 

proc:;uct as an interMediate var{able but bypasses the 

caicuiation of lower order predictors and expression of this 

inner prOduct in terms of lower order predictor coefficients. . . 
it can oe summarlzed as 111 equatlons ( 3.2.17 ) 

. R (i) 
. 

( 3.2.17.a ) eoli = 1 = 1 ~ ••• p 

e oJ!-; = R(i-i.> i = 1~ ••• p ( 3.2.17.b ) 

!<i = -eO,! / eo,o ( 3.2.17.c ) 

ei,O = eo,o + kL e O,{ 
( 3.2.17.d ) 

el ,p = eo,p + k1, eOI!_p ( 3.2.17.e ) 

. 
et,; = eo,; + k1 eod-i ( 3.2.1B.f ) 

e 1. ,t-j = eo,I-; + 1<1 eo,i ( 3.2.18.g ) 
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generally 

i<j = -eN,j / ej-.1 10 ( 3.2. lB. i1 ) 

ej.O = ej-l,O + kj e j-1 J j ( 3.2.1B.i ) 

ej.p = ej_llP + kj ej-1 ) :1-p ( 3.2. 18. J ) 

ej,i = e j-i Ji + kj ej_.l I i-i ( 3.2~lB.k ) 

-, , , 

ejd-i = e j-LJ L-i + kj ej-L J i ( 3.2.1B.1 ) 

!nstead of predictor coefficients~ the projection of 

inverse filter on various delay elel'l'Ients ( ( Ai (z) :' z-J) • 

j=i~2_ ••• M ) are calculated. 

_ Also the update described in equation ( 3.2.1S.i )is . ., 
1MOiemented ln another way. Theoretlcally for lnflnltenumber 

accuracy the results should be the same. 

Update descrlbed 1n equatlon ( 3.2.1B.f ) • requ1res 

two mUltiplications and one divts1on. While Gueguen-Le Ruex 

only requires one divislon and one Muitipli6ation for the 

• correSpOtld1ng • update described by ( 3.2.1B.1 ) Inner prOduct 

terms are-denoted by: 

. 
= < Aj(z) 

-i J • 
~ Z > =t ajm rH l-IYI) 

m=o 
( 3.2. 19. a ) 

, 

•• • < B' () .,. - I > = < A
J
' (.,.) e J JJ"'i-1 = J Z ~ - -

( 3.2. 19. b ) 

. '" , 
The flow of algor1thm 1S described in f1gure 3.2.3. 
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110 

m=m-+j 
EPfm}= R (tlHI) 

E.N(m)= R(m) 

h=hd 
I{ (h.f) =- EP(MJ} IEN(I) 

m=m+J 
EX = tP{m} +J«hH) I EN (m-h) 
EWlm-h):: !:Nlrn~h) +H(hil) x EP(tn) 
EP ((1)1 :: EX 

Figure 3.2.3 Flowchart of Gueguen-Ie Ruex Algorithm 
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III. FUNDAMENTAL FREQUENCY ESTIMATION 

The model of fIgure 1.3.1 Includes a periodic Impulse 

generator to simulate generatIon of voiced sounds. The 

repetItIon rate of these pulse IS actually the fundamental 

frequency (or pitCh frequency). Although pitCh t perIod 

a personal characterIstIcs, it may change through6ut a 

sentence or even a long sound. 
(10] 

it ranges from 50 to 500 Hz for regular soeech. For 

an average male VOlce lt lS about 100 Hz. This wide range 
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maKes it difficult to establish a general algorithm for pltc~ 

period estimatIon. But general rules may be stated as 

fol~ows: 

1) A framelength t~at includes at least one full 

pitc~ period should be selected 

11) In order to minimIze interactio~ betwee~ p{tCh 

a~d lowest forma~t. frequencies. preemphasis 

snould be a~plied 

111) An efficlent measure of reoetitivity should be 

established 

IV) Thresholds should be-adlu~ted to distlnguish 

between silence~ voiced and u~voiced sound. 

Four methods are reviewed in th~S sectio~. The o~e used 

i~ t~is study IS mOd~fed SIFT algorithm. 
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A. Parallel Processing Approach 

7~is pitch detection algorithM is based on purely tiMe 

processlng and IS therefore popular for real tiMe ,. .. _.. ... - .. -.-' 
l.. .!. .!. .I _ 1..1.<:..1 

.. " - 3 3 •• , ap.11Ca~lons. rlgure •• 1 descrIbes Its operatIon. 

~PE£CH PERI( 
EYTR4C. 

TIO" 

FIHAl 

OICI$ION 

PITCH 

PUIOO 

=lgure 3.3.1 Paraltel Process Pitch EstiMation 

Mi ••••••• impulse of peak aMplitude at each peak 

m2 •••••• Impulse of difference amplitude between temporary 

oea~ and preceedlng valley at each oek 

M3 •••••• IMpulse of difference aMpl1tude between temporary 

!:leaf< al'ld preceedlng peak at each oak 

•••••• :LIYlpulse of 
. 

1'1'1 'I negat1ve alYlpl i tude at each-valley 

•••••• IIYlpulse of I alYlpll tUde of telYlporary valley 1'1'15 negat1ve 

plus the oreceedlng oeak value at each valley 

m6 •••••• ~Mpulse of negative aMplitUde of temporary valley_ 

plus the preceeding aMplitUde of valley at each valley. 

If any d~fference COMes out as negative then the 

result 1S accepted as zero. 



Eaci'l 1lYlpulse 
(10) 

. 
train is processed by a 
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t ilYle varyIng 

non~lnear system. .When an impulse of sufficient amplitude 1S 

detected . ~ 1n ti'le HloUt~ the output is reset to the value of 

t i'lat 1mpulse and then held for a blanking interval 

during w~ici'l no pulse can be detected. At the end of t(n) ~ 

the output begins to decay exponentially. When an 1mpulse 

exceeas tne level of the exponential decaying output~ the 

processs 1S repeated. This procedure results in six estimates 

of tne pitci'l periOd (six auas1-oeriodic sequences of pulses 

are o;:)talned) These ~ix estimates are combined with two of 

the IYlOSt reCe1'1t est ilYlates for each of the 
, 

S1X pitCh 

detectors • Ti'lese estimates are then compared and the most 

. frequently occurring 1S declared as the pitCh periOd at that 

For unvoiced speech there is a distinct lack of 

I 

consistency alYlong estlIYla1;es. 

·B. Short Time Average Magnitude Difference Function 

periodic 

Ti'lis approaCh makes use of the fact that for 

signals d(n) = x(n) - x(n-K) approaChes zero as 
en 

approac~es ti'le periOd t • AMDF 1S defined as: 

N-1 
AMDF(~) =t lx(n+m)w(m) - x(n+m-k)w(m-k) I ( 3.3. 1 ) 

m=o 

witi'l floatIng point arithmetic~ where multiplies and 

addS ta~e approxlmately the ~ame time ~ about the same time 

is required for other methods. However ~ for special purpose 

i'la rdwa reo 
• I 

or with fIxed p01nt ar1thmetic~ AMDF' appears to 
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~ave t~e advantage. in this case ~ultiplies usually are More 

tllY'le • consulY'llng and furtherMore either scal{ng or a double 

prec1s10n 
, 

accuMulator 1S requlred to hold the SUM of lagged 

products. 

c. Autocorrelation Function 

7he short-tlMe autocorrelation function 1S defined as 

( 3.3.2 ) 

autocorrelatlon of voiced speeCh shows 

• 'I • perloolcl t les. One proble~ encountered is : If N (nulY'lber of 

sa~ples in a frame) is not chosen suffic{ently large (less 

I " ., 

t~an or equal to Pltch per1od) p1tches cannot be detected. 

The MOdifled short-tiMe autocorrelation function ·lS 

definea as : 

N~1 

Rn (k) I )c(nfrn) x(n+nHk) 
,..,=0 

( 3.3.3 ) 

To avoid the difficulty ~ due to the fact that 

au~ocorrelation function has many peakS; (because of daMoed 

osciLLatlons of the vocal tract response) "Spec t rUIn 

rJ.atteners" are used. Their function is to process the speech 

signal suc~ that the periOdicity 1S made More prominent by 

d1stract1ng features of the signal. 
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D. SIFT AlgorithM 

S.,.--.I.r I (Si~ollf1ed Inverse Filter Tracking) 1S an 

1mplementation of the autocorrelation approach. The block 
, 

dIagram In figure 3.3.2 decribes th1S model: 

/._-""T---t 
~IMATIOH 

F1gure 3.3.2 SIFT Algorith~ 

PITCH 
AND 

VOICIHS 

ESTIMAUS 

At the Input the speech si"gnal is decilYlated by takit,g 

one out of four sa~ples. Th1S does not cause any problems 

because frequenc1es of interest lie within O-lkHz range. 

IS a IYlodule that 

differentIates the Input signal to accentuate the region of 

the second formant. 

Spectru~ flattening is implemented by calculating the 

predictor coefficients and passing the deci~ated speech 

samp~es t~rough the whiten1ng filter. The whitenIng filter is 

a- fourti'l order predictor • whose output 1S a sequence of 

prediction errors e(n). These sa~ples are passed through a 

wlndow .. This IS necessary to dee~ohaslze peaks at both ends 
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of 
. 

a gIven fralYle. Peaks at the ends occur~ because at the 

oeginning one tries to predict nonzero samples from zeroed 

ones ana at t~e end zeroed samples from nonzero ones. 

After the autocorrelation functions have been 

cal.c1.tlatec:: . the peaks are selected and normalized by R (0). . . 
If thIS ratIO exceeds a thres~old~th1s value is declared as a 

. 
cand1cate for the searc~ed o1tC~ per1od. For low oitco 

perlods t~1S t~res~old 1S large ~ for high pitc~ values low. 

After the first pitc~ orediction rough errors are 

sMoot~ed and parabolic interpolatitin 1S applied to the 
.\ 

P1tch 

estimates. 

" 
T~e met~od used 

, . 
1n thlS work 1S essent1ally a 

l'fIOdl fled of SIFT algorlthf". instead of the 

autocorrelation functlon a new function 1S calculated. This 

• • IS a CYCL1C autocorrelatlon functl0n and 1S def1ned as: 

Rc (tp) = 
H+tp 
t )( (n) x (n+tp ) 

n::o 

tHo 
+ . t x (n) x (n-tp M) 

N-tp 
( 3.3.4 ) 

I' , 
~ IS rest1cted to be an Integer greater than 2 and N 

is tne number of samples 1n a frame. ThlS definition is based 

on the assumpt10n that the signal repeats itself 
.. W1th the 

f lmaal'nent a 1 freQuency l/tp. In th1S case one cannot 

calculate autocorrelat1on coefficients for N-p ( n < N. But 

w1th this definit10n the same nU~ber of terms are added 

togetner for any value of the pitCh estimates. Ti'lis also 

el~minates ti'le need I' • of deflnlng different thresholds for 
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different pitCh estimates While SIFT algorithm requires thlS. 

For a pi tcn range of 2.5 

of at :t.east 37.5 IYlsec lS 

this co rrespo'rlc!S to 300 

IYlsec to 12.5 IYlsec 
~ 

requi red. ·At a KHz 

salYlples. A typlcal 

a frame length' 

sa'Ylpling rate 

threShold for 

v01ced c!esicion is 0.4 (l.e. ratio of the introduced pitCh 

measure and total prediction error energy should exceed 0.4 

for voiced slgnal frames) 
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IV. GAIN MATCHING 

FollowIng the reasonIng of sections I.B and 1.0 ~ one 

can arrIve at the conclusion that the excitation to the model 

~as to be proportional to the prediction error. Actually the 

prediction error IS proportional to the energy of input 

signa~: ("!~is equal~ty follows frolYl the recursion descr-ibed 

by equatIon 

Trle 

~as a fJ.at 

• are !.tnl t 

( 3.2. 16. f ) ) 

j) 

= rHO) TT 
i~f 

excitation should be IYlodeled by 

spect rl..hYl. Two candidates for the 

• . . 
llY1p!..llse (deterlYll nlst lC Input) 

( 3.4. 1 ) 

a function whIch 

. - signal excitation 

• -and whIte nOIse 

(random signal) for voiced and unvoiced speech respectively. 

If Q!..lring analys·ls ore-elYlphaSlS has been applied~ at 

t~e output of the prediction filter post emphasis IS 

1'1eCeSSa ry." -.. 
1"IS integration togetl-ler with non-zero-IYlean 

excitation sequences can cause a low frequency thumpIng sound 

as trle f I.t l"10 alYlent a 1 frequency Increases (because of 

accumulation of Input at the integrator section) The solution 

to tnis proolem is an Input of the form : 

n=O: tp ~ 2tp : ••• 
( 3.4.2 ) 

else" 

- -suc~ t~at a zero-mean excItatIon IS obtaIned. 
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Rnother approach that experimentally proved to be 

better is lithe Chiro FUtlctlon". It does not have a flat 

spectrum _ cut components at all frequencies. The one used bY 

TMS 5220 has a 5Khz tone at the beginning and then a growIng 

together WIth accompanying components • It continues 

4 
' ... • . 

about ml~lseconds. 



v. ENCODING 

'ii-le basic parail'leters representltlg speech are energy -: 

pitc('l and reflection coefficients (or another set of 

coefficients derivable froM theM) • In vocoder (voice coder) 

applications the Main consideration is to reduce bit rate 

w~en transMitting speech. 

It 1S a COMMon approach to encode energy and- pitCh 

Typical approach is uSlng 4-6 

bits for each of them. 

An experiMentally observed property of k;'s is their 

s~ew aistribution. 1. e. 1f non-ore-emohaslzed speech -1S 

atla~yzed kI J. ies very tlea I' to -1 and kz very tlear ,to +1. 

_ H1g~er order coefficients lie within -0.7 and +0.7. This is 

one of t~e reasons -: why reflection coefficients are not 

encocea 11near~y. So lYle of the proposed' IYlethods are the 

Ki = 1n ( (r-ki) I <(=+k;) ) ( 3.5. 1. a ) 

Ki 
• -1 = S1 n (kl) ( 3.5.1.b ) 
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Another approach 1S to encode last few coefficients 

with few bits. The encoding scheMe utilized by TMS 5100A is 

the fo:;':;'owlng: 

!J1tch •••• 5 blts 
energy ••• 4 bits 
kl-k2 •••• 5 bits 
k3-i<7 •••• 4 b'lts 
1<8-klO ••• 3 bits 

B1t reduction 
. 

1S obta1ned by not 

ref~ect1on coefficients for unvoiced sounds. 

uS1ng last SlX 

(For unvoiced 

sounCs. last six reflect10n coefficient are usually near to 

zero 1. e. they do not "decrease the prediction error as 

f"leavi::'y as the first four coefficients do.) A further 

Di.t reauction IYleanS 1S the repetity factor ~ which indicates 

tf1at only !:I 1 tcn and energy values can be changing but 

ref::'ection coefficients of the previous fralYte l'I'Iay be used. 

Si~ence is coded with energy = 0 (four b1tS)~" and no 

further inforMatlon. 

T~is" way "oitratesof 1200 bits/second can be 

ac~ieved. For details refer to Ap~end1x E. 
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CHAPTER 4 

I. SPEECH ANALVSIS SVTEM DESCRIPTION 

T~e bloc~ diagraM 1n figure 3.1 descr1bes the flow of 

operations during analysis of speech. 

Spe ec:h 
RecordQr 

Parallel 
Data r----_ 

- ~ORmIlT 

C~sseHe 

p~cked i"J 
fo"'m~n~J 

/,u2melers 

Recorder 

fllVRDJF 

tpRom 
prosr~mmr. 

Rn&/og bj t 
Speech stre~m 

CooeC 

04)/~File 
t 

Prinlout 

smOOTH 

Spt~c.J, 

Sgn~M!.i~ 

kst 
.. 

Il"lter' /;}ce 

pardmeter 
s~quence 

Figure 4.1.1 Analyzing System Description 

H-
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For purposes of analys1s ~ sentences consisting of 

various . sounds are recorded to a cassette 1n a noiseless 

envi rOIYlent. in :1.aboratory analog output of cassette 

recorder is fed into a CODEC circu1t whose output 1S an 8-bit 

serla~ A-law companded bit stream ~ representing the low-pass 

filtered speeCh samples. 

Ti1e system used for analysit1g ptlrposes 1S an INTELLEC 

800 ;v;DS (~1cro Development System) based on a 8080-

lYIICrOprocesso r. Since the serial bit stream is too fast for 

~DS to receive_ it is converted to parallel and sent to 

para2lel port of MDS. 

a 

A software module entitled LISTEN orovides for 

reception of parallel speeci1 data in synci1ronis,Yl W1ti1 CODEC ~ 

enters received data to RAM and after collecting enough data 

(a~Justawie in multiDles of i seconds UD to 5 ?econds) writes 

salYl~~ed ~ata to diSKette. 

Anoti1er software module entitled ANAL PC orovides for 

, ". ".. 
sl~ence/speech d1scrlmlnatlon~ pitCh analysis and reflection 

coeffic~ent estimation. This module reads sampled speech from 

ti1e ~is~ette to RA~ ~ analyses it frame· by frame ~ uses 32-

bit arithmetlc for coefficient estimat10n and writes the 

resu~ts to dis~ette. Also an optional printout is possible. 

7i1e output of ti1is module is a a data block consist~ng 

of ~2 ~arameters (energy~pitci1.·lO reflection coefficients) In 

enco6ed form. Residual energy (16~1tS) and A(O) (In 24 bits) 

for eacn frame. If printout ootlon ls selected ~ a hardcooy ~ 

, . 
glvlng relative magn~tudes of cyclic pitci1 IYleasures 
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corresponding to pit~~ estimates is obtained. A sianilar 

output • b' lS 0 tal ned ~ when speec~ samples are processed by 

ANAD~F. The only difference is~ that~ in-the latter analysis 

ref~ection coefficients are obtained from ore-emphasized 

samp~es~ w~en the frame is estimated as voiced • 

• The outputs of the mentloned Modules are smoothed and 

sca~ed by S~OOTH mOdule. a bytewise sequence of representing 

parameters is obtained. 

FOR~A7 module orovides for oacking and formatting of 

the byte sequence into a compact data bloCk~ 

transferring to :PROM. 

ready for 

After sUbjective Judgement of the speec~ generated~ 

t~e raw output of ANALPC or ANADXF modules lS further 

smoot~ed and the procedure repeated. 
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A. External Hardware 

i'he ci rcu'i t developed for analog to digital 

conversion of natural speech and the interface to. the 

minicomputer system consists of four parts: 

1. "'- - -I 11Y11 t'lg circuit ry 

2. con£c 

3. serial to parallel converter 

4. parallel to serial converter 

the oiagram of this circuit is given in figure 4.1.2. 

Figure 4.1.3 SUffllYlar·izes tilYling requirelYlet'lts of the circu-it. 

i. riming Cir~uitry 

oscillator circuit consisting of inverters 

proviaes a square wave at 6.144 MHz. Ul establishes a 

frequency ~ivision by 3. The 2.048 MHz output is fed into U2 

whic~ divides the frequency by lb. 128 kHz generated this way 

is uiviQed in u3 by 16 and finally 8 kHz is obtained. One of 

the D-type fL10-floos 1n 7474 is clocked by 128 kHz and 

generates an 16i' shifted version of 8 kHz 1nout (T=1/2.048 

IYI'icroseconc:s) • The delayed and nondelayed versions of 8 kHZ 

freq.uency are NOrted to generate a pulse of 8T duration and 8 

i<i-iz f req uency. This signal is inverted and applied to CE 

i npul: of COnEC. The other timing input to COD£C is its Clk 

input~ 2.048 ~Hz generated by Ul. 
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2. 8961 COD£C 

the Codec circuitry provides for low-oass filtering 

of sa~pled data (3.4 kHz bandwidth when clocked with 2.048 

iYii-iz) _ and also a notch filter for rejecting 50/60 Hz. A-law 

co~pano1ng is applied to the filtered data. St a rt i ng wit h 

the sian bit an 8-bit serial bit streaM is aenerated at everv - --
125 IYlicrOSeconds~ representitlg the analog input salYipled at 8 

KHz. Also the receive path includes a lowpass filter: and 

additionally a sinx/x correction. At the out~ijt there' is a 

Ql..lffer alYiplifier capable of.driving 5V peaK to peaK into a 10 

3. Serial to Parallel Conversion Circuit 

This operation 1S accolYlololsi-led by 74164. Serial tiit 

strea~ is fed into 74164 inputs (both A and B inputs are 

At each rising edge of its clock input 

received bit 1S shifted. After 8 clocK oer10ds 8-bit data 1S 

ready at the ol.1till.1ts QA-QH. Since 74164 cannot orovide 

current necessary for input oort of MDS: a driver circuit 1s 

used. Ui..N2003 provides for this action. In order to 

synchronize iViDS with Codec operation a further signal is sent 

to ~DS: a oelayed version of C~ of CODEC. 



4. ~arallel to Serial Conversion Circuit 

A 74165 provides for conversIon of parallel data 

received from outpu~ oort of MDS to a serial form suitable 

for 8961 COD~C. Most significant bit_is connected to H. The 

first cloc~ pulse shifts the bits in a circular fashion: H 

gIves ~SB ana A gives LSB. This shift occurs before CODEC 

starts reading serial data. .. 
The same connectlon (delayed 

version of CE) orovides for synchronization of CODEC and 

iViDS. 

.z..O~8 14Hz clock. 

-COb~C ce 

Coo~c OR t t t til t t 

_nJ1JlJlllJlJln~_ 

CE 

Figure 4.1.3 Timing requirements 

bO 
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B. INTELLEC 800 MDS I/O ports 

;t!onitor IYlodule of MDS provides several I/O 

interfaces: Tnose '-\sed during the work are the fo llowi ng: 

-High s~eed .paper tape r'eader/pl.lnch interface: 

"ii'll s po rt is utilized for receipt ion of parallel data 

Codec-~DS syncnronization is established by means of the 

interrupt pin of tnis port. For details refer to Appe~dix B. 

c. Software Modules 

.... i-ISTf:N 

is an interactive utility program that 

estab~~s~es transfer of received d~gital data on the 

dis~ette under the file neading given by the user. A typical 

session is as follows: 

}i-ISTf:N 

How many seconds? 5 

~umbers 1-5 are legal inputs at this stage. 

Immediately after pressing 5 on the keyboard orogram starts 

receiving and placing data to RAM. When data corresponding 
• I 

to t~e duration required has been stored~ rece19tlon stops 

and toe following ~rompt ap~ears: 



Enter naffie of output file! 

Lf t~e user wants to store received data on a diskette~ the 

following is to be entered: 

: FX : f 11 e1'1affie 

X Q1ves the drive nUMber of the diskette; filenaffie consists 

of 6 ffiain-characters and 3 extension-characters part (this 1S 

a restriction of ISIS-II operating SysteIYl). For exaffiple: 

S;JEECi-i.LPC 
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If no record is required~ one has to enter :BB: 1n both cases 

-carr1age return should follow. After the diskette write 

operation is finished the following proffipt appears: 

D~ You want to continue? 

If the user wants to cont~nue Y should be pressed. Any other 

~ey exits the recording session. 

T~is Module consists of Object files of LISTEN~ 

and uSRITF files~ Also PLMSO~ SYSTE~ and 32BITS 

l~braries should be linked together. 

conta~ns iffiplicit functions of PLMSO 

ianguage~ SYSTEM. LIB contains IIO routines for the systeffi ;n 

use an~ file ffianageffient ut~lities. 

that interface the user. LISTEN is the Main oart of the 

ffioduie: and SAMPLR provides for the, lnterrupt dr1ven~ speech 

~ata reception and placeffient to RAM area process. 
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2. SHOW 

T~is module enables the user to see the waveform of 

speec~ recorded on the diskette. 'D1swlay is available as a 

l7x80 dot matrix. Since different monitors require dtfferent 

contro~ characters to move the cursor. The user has to 

1ndicate whic~ system he or she is uS1ng • A typical session 

'is as follows: 

Enter Filename to be displayed: 

Speech. 001 

is t~is new MDS? Y 

The graph is displayed starting from the beginning of data. 

At 
. . . 

ti1e ~eg1nn1ng eac~ hor1zontal dot corresponds to 125 

iYlicroseconas_ and each vertical dot to 16 vertical units 

(vertical un1t descriotlve~ but since data to be displayed is 

iogariti'hYlically cO'Ylpa-nded one cannot tali< about volts or 

IYl i ~ i vo J. t s) • Tne conversion table is available in Appendix D. 

Acceptaole cdmmands for this module are listed below: 

- . , 
, · ~ . . . . . is used to change tllYle base 

. shift "- base left A · ....... -is .used to graph one t 11'\'\e to 

(defaul t value of tilYlebase • 
I'\'\i 1 i second.s 1S 1 

and for a,Yl?l i tude base 20 un-1 ts) 

. -a · . . . . . . 1S used to change the orlg1n 

< · ...... is used to shift graon one time base to left 

} · . . . . . . 1S used to sin ft graon Ot1e t ilYle base to right 

.- to exit the display seSS10n - · ...... 



ObJec~ files of SHOW~ GUTrLY~ USRrTF~ SYST£~.LIB and 

~L~80.LiB constitute this module. SHOW is the main part and 

GUT!LY is the file containing display utilities. 

3. ANl~i..PC 

this IS the main module that IS responsible for 

1) Conversion of B-bit A-law companded data to 12-bit 

linear data 

Ii) Silence-speech discrimination 

111)Voiced-unvoiced decision and oitch 

calculation 

IV) Calculation of reflection coefficients 

period 
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V) Scaling pitch~ energy and reflection coefficients 

The fiow of thls module is summarIzed in figure 4.3.1. 

1) A-law expansion: Slnce all algorithms implemented requlre 

linear c:ata companded~ speech IS converted to linear data. 

A-i.aw cOI'l'lpat1S10n has precisely the following forl'l'l: 

sgn(x) ( Alxi I (l+ln(A) ) 

for 0 < I xl < l/A 
r (x) = ( 4.3. 1 ) 

sgn(x) ( l+ln(iAxl) ) I 1+1n(A) ) 

for i/A < Ix I < 1 

In 0 rc:er to faci 1'1 tate conversi on~ a table can be used. The 

ta~le for convers~on between 8-bit to 12-b~t.samples is given 

1 n Appendi x D. 



c () leu late 4 tJ, 

Ortler Predith" 

C ~lculefe 
Re (0\ 

C2/Gulek 
Rc (h) 

Unvoicetl 

Figure 4.1.4 Flowchart of ANALPC 
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to diS~eHe 
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~aximum voltage used amounts to 2.5 Volts. An 

acceptible convers1on 
~ 

table for voltage to 7-bit magnitude 

representation is given 1n table 4.3.1. During companding 

~ata is scaled sucn tnat 2.5V corresponds to OFH=15 and 156 

mV corresponds to 1. Although conversion to o~ly 12-bits is 

regui red., tne output of A-law expansion is a sequence of 32-

bit samples. 

1.25 - 2.50 V 
0.625- 1.25 V 
312 625 mV 
::.56 
78 
39 
19.5 
10 

,.. -') 
'-'J._ 

156 
78 
39 

-19.5 

IYIV 
I'fIV 
mV 
«IV 
mV 

· · · · .. .. . . . · ... -... · . . . 
· · · · . . . · ... · . · · ... · ... 
· · · · ... · . . . 

· · · · · . 

70H-7FH 
60H-6FH 
50H-5FH 
40i-l-4FH 
30i-i-3FH 
20i-l-2FH 
10H-1FH 

OH-OFH 

,able 4.1 Voltage versus 8-bit 
A-law comoanded data 

11) Silence Sp~ecn discrimination: 

This decision is not made ex~licitely. 

ongo1ng analysis calculationsof R(O) is reguired. 

aone as fo 1'1 ows: 

For the 

This 1S 

A frame consists of 200 samples and corresponds to 25 

IYI iii seco nC;s. But for pitch analysis 400 samples (200 samples 

belong to next frame) are utilized. One out of four samples 

ape tar<en for the pitcn atlalysis (speech signal 1S 

After passs1ng declmated data through a Hamming 

W1 nCiOW. sum of squares of samples is calculated (~(O». If 

t~is va~ue does not exceed 0.43 ., tnis frame is 3ust;fied as 

si letlce. T~lS ratio has been found emp~rically and 1S 

aepenc:ent on the enviroment where speecn nas been recorded 
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. 
an~ w~ere 1t 1S played back. 

111) Voicec-unvoiced decision and pitCh per10d calculation: 

The linearized speeCh samples are decimated by tawing 

one ou~ of four samples and preemphasized. Preemphas~s is 

1mp~emented by ta~ing difference of consecutive data (s(n) = 

s(n+1) - sen»~. Preemphasized data is passed through a window 

and first f1ve autocorrelat10n coefficients are calculated. 

coefficients are oassed to the Gueguen - Le Ruex 

algorithm and first four reflection coefficients are 

obtalneo. The pred1ctor coefficients are calculated by the 

STE~U~ procedure. The spectrum flattener obtained this way 1S 

actua~iy a fourth order pred1ctor and a sequence of 

pre~iction errors comes out. This sequence is passed through 

a HammIng w~ndow and cyclic pitCh measures correspondin~ to 

pitc~ frequencies 1n the range of 6 miliseconds to 11.5 

miiiseconds are calculated. For normalization purposes also 

is calculated and Rc(tp)s are normalized. Negative 

values are truncated to zero. If more than 10 of 13 measure 

coefficien~s are nonzero~ the frame is declared as unvoiced. 

Simiiarly ~~f the maximum normalized Rc(t~) is below 0.375 

the frame -1S acceoted as unvo1ced. ( Also this value 1S 

Obtained by tr1al and error .) Otherwise tp value 

correspond1ng to max{R (~)} determines the pitCh periOd. 
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lV) Ca~cu~atlon of reflection coefficients: 

For each fraMe first 11 autocorrelation coefficients 

are calculated using 200~ windowed~ linear~zed saMples. These 

coefficients are passed to Gueguen Le Ruex algorithM ~ where 

iO reflectIon coefficients calculated. Throughout the ~rocess 

sum of predIction errors is comouted recursivelv. At tile end 

also SUM of squares of predictIon error IS iMplicitely 

obtai ned. If throughout the analysis the recently calculated 

reflectIon coefficient exceeds one in Magnitude: no further 

values are calculated and those froM the previous fraMe are 

used. This situat10n 1S marked by a * ~n the printout. 

v) Energy Calculation and Encoding 

Residual energy (sum of squares of prediction .error) 

IS usee to calculate energy. It is norMalized by 125 and 

etlcoc:eci accordIng to the converS1on table In Ap'tlendlX """ t:.. 

81IYli:"ar:"y pitch atld reflection coefficient values are 

encoeed using the saMe conversion table. 

ANA~PC Module consists of ANALPC~ 

ENCODE. CONVAr<~ DCDTB~~ WINDOw and ALAw Object files. 

Adciitionally SYSTEM PLM80 and 32B1T8 libraries are linked 

togetr'ler. ANALPC 
. . 
IS the Ma1n module~ ANAPTC orovides for 

pitcn and ANALGR for Gueguen Le Ruex algorithM. ALAW file 

estaD:"ise~s A-law expans10n of recorded speech samples • 

DCDIB,- COtlta1ns • cOt1VerS1on tables for reflection 

coefficients~ ENCODE file uses this table and provides for 

encoCt 1 tlQ. 
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This IYl0dule differs from ANALPC o~ly the 

calcu~atio~ of reflectio~ coefficie~ts. If frame has bee~ 

JUdged as voiced duri~g the pit~h a~alysis~ speech samples 

are preempnasizea before calculati~g ~irst 11 autocorrelatio~ 

coefficie~ts. 

r~stead of object file of ANALPC ~ Object file of 

ANADi~ is li~~ea w1th those file mentioned for ANALPC. 

5. SOYiOOTr; 

This moaule 1S used to correct errors made In 

predicti~g the parameters.,. such as energy.,. pitCh or 

ref~ectio~ coefficients. Dur1-~g a s'Yloothing sessIon the user 

Ghange energy coefficient of frame xx to y 

Fxx;Jyy Change pitCh value of frame xx to yy 

rXx~<yZz_ Change ~ of frame xx to zz 

FxxRy -Change repeat bit of frame xx to y 

Dxx D1splay frame xx .The following i~formation IS 

energy 

pitCh 

reflection coefficients 

su~ of squared orediction e~rors (2 bytes) 

R (0) (3 bytes) 
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Sxxyy . . .. 
by.dlvldlng sum of squared" error 

et1t ry . '. by the glven number yy.xx (yy glves lnteger 

part and xx the fractional part) 

Rxxyy Remove frames xx to yy (yy included) 

Xxx insert a new sound • start~ng after fr~me XK. 

After having received this instruction name of 

. the . f~le containing sound to be I 

lnserted 
. 
1S 

reqti~sted by the ~ystem: 

File to be inserted: 

The user has to enter the file name and press 

ca rriage ret urn. 

c tre~t~ a fil~. containing tinly a sequence of 

(four reflection coefficients for 

unvo~ced frames. only energy parameter for silence 

ana only energy. repeat bit and pitCh for repeated 

frames) The system first asKs. whether a printout 

is requi red: 

Do You want to taKe printout? 

Y is pl~essed for pos"ltive answel~. If any o:ther key 

is pressed ~o printout is ~reated • but the frames 

are alsplayed on the screen. 

Then the system requests for for the output file 

File name of smoothed data: 

After the user has entered file name and pressed 

carriage return • the new file is created. For no 

file output :BB: should be entered as file name. 



Exit smooth1ng seSS1on~ without sav1ng recently 

made mOdifications 

Save last mOdificat1ons and eX1t to ISIS-II 

operating system. The system requests for the naMe 

of file where mOdified data block has to be 

wr1tten 1nto: 

File name of smoothed data: 

After -the name 1S entered and carr1age return 
. 
1S 

pressed~ save operat1on follows' and control 

returns to ISIS-II. 

6. ~OR~AT 

~he output of SMMOTH module is a sequence of bytes 

eac~ representing one of the parameters necessary. But TMS-

5100 speeCh synthes1ser chiD ~ that has been utilized for 

sUQJective JUQQement ~ requires this information 1n a packed 

form. e.g. 

Energy 4n = 0100B 
Repeat OH = OB 
·Pitch OH = OOOOOB 
K1 13H = 10011B 
K2 EH = 01110B 
K3 9H = 1001B 
K4 IH = 0111B 

Should be comb1ned to 

00000010 
01100100 
lOOlOlll 

1110 

I.e. the bits are interchanged such that MSB becomes LSB and 

vice versa and~hen ~acked~ such that first byte fills the 
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least significant bits. 

FORMAT mOdule also formats oacked"LPC data suitable 

for transferring to EPROM ~rogrammer. The resultant data 

oacket consists of lines each starting with the line 

indicator character II 
II number of bytes in the fraMe~ 

fraMe number in ~ult{ples of lOH ~ bytes to be transmitted in 

th~s fraMe and finally the checksum. A sample output is given 

in figure 4.1.5.Since OFH for energy means end of phrase 

~rograM searches until a OFH is encountered when reading 

energy. UD to end of phrase all data 1s oacked • 

:l00000000000006444215519A9D6EC9C32469D9EFF 
= lOOOlOOODI0467142739A309AE6C4E7266935CDE77 
:l0002000DA~AACAAB8A22DD901CAD50410A9770177 

:10003000BD6B25904BB40393723A3039A70i438BFC 
:l000400n 2B309904038D7000003CFFFFFFFFFFFF82 
: r)OOOOOO j. FF 

Figure 4.1.5 Hex file generated 
by the FORMAT program for the 
wo rd "Bi r". 

-
A typical seSS10n 1S as follows. Program requests for 

Filename for LPC data: 

BIR.LPC 

Then askS name of output file containing formatted data 

Filename for formatted data: 

BIR.HEX 



iMmediately after pressing carriage return ~ ~rograM starts 

to packing and formatting the data and returns to ISIS-II 

when finished. 

This module consists of object files of FORMAT~ PACK~ 
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uSRITF and SYSTEM. LIB. FORMAT is the main file and PACK an 

ASMBO file establiShing the required paCking operation. 
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CHAPTER 5 

I. RESULTS 

The tool~ developed during this study have been 

to Turkish sounds. Phonemes alone cannot be 

generated during regular speech ~ so syllables have to be 

chosen. The syllables chosen are the ones constituting the 

al phabet (i. e. A. BE~ CE ••••• ) and numbers from one to ten. 

Also a sentence has been analysed. The results of the 

analysis are available in Appendix G. 

Throughout this stUdy different algorithms have been 

tested. In the follOWing sections they are compared with each 

other and suggestions for further algorithms are developed. 

After each analysls I had the opportunity to JUdge 

sUbjectively the results (speech output) • These observations 

are summarized in part B. 

A. Comoutational Asoects 

Throughout the Whole analysis ~ll of the results are 

arithmatlc IS used. Durina 
L~~~~~~~------------------- - the analysis of a fralYle the 

following operations are performed: 

Four hundred samples are expanded to 32-bits 

according to A law~ 



76 

decimated by "taking one out of four samples and 

reduced to 100 samples~ 

windowed (100 multiplications) ~ 

preemphas1zed (100 multiplication and additions) ~ 

first five autocorrelation coefficients calculated 

(500 multiplication and 500 additions) r 

fourth order predictor7 s coefficients computed ~D" 

additions and 40 multiplications) ~ 

prediction error sequence computed (400 addition and 

multipllcatlons) 

Re (0) 100 

add it i ons) ~ 

cyclic pitCh measures for 13 different period 

estimates com~uted and compared (1300 multi~lication 

and 1300 additions)~ 

200 sam~les are expanded according to A 

oreelYlohasized (optional> (200 additions) ~ 

windowed (200 multiplications) ~ 

law 

first 11 autocorrelation coefficients com~uted (1100 

mUltipllcations and 1100addi~ions) ~ 

tenth order filter reflection coefficients computed 

(210 multiplications and ~oO additions) 

The operat10ns add uo to about 5000 multiplication 

and additions there are also other instructions such as 

c1e.clslons ~ sea rct, I ooos~ move operations that occur during 

the analys1s of a frame. The analysis. ofa sentence of about 

2.5 seconds takes about half an hour (~8 "seconds for a frame) 

Bu~ thlS 1S an average value because ~nalysis of silent 
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frames and unvoiced frames may take considerably less time. 

During this work no effort has been_spent ~ to speed 

uo the COIYlputat 1 on. But the following changes would reduce 

the requi red t i«,e by a considerable a«lol.,!nt: 

Applicatlon of efficient autocorrelation calculation 

~ethods that reduce the number of multiolications. 

Use of more memory such th~t re~ults once calculated~ 

and later to be used agaln can be saved and not calculated 

tWlce. 

Use of 32-bit operations only during com~utation of 

autocorrelatlon coefficients. For other computations suCh as 

winoowlng~ preemphasize and recursive solution 24-bit or less 

would suffice. 

A further reduction of operation count (or ~ 

lncrease 

ln accuracy ~ While the number of operations remaln t~e same) 

can be estab~ished by uSlng a sequential latt ice «let hod. 

Sequential methods do n6t requlre wlndowlng~ and they 

generate prediction error sequence at the same time. So 

produ~tion of this sequence as a byoroduct ~ el i«,i nates the 

necessity of extra calculatlon required for pitCh analysis. 

ThlS way the number of mUltiplications woUld be highly 

reduceo. USlng a digital signal processor with a very low 

cycle time (e.g. 200 nanoseconds for 32-bit multiplication) 

real time applications can be developed. Such a device can 

manipulate 125 000 multiplications during a 25 miliseconds 

f ra«le. 
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B. SubJective As~ects 

Before Gueguen-Le Ruex • Levinson-Durbin algorithm 

has been used to extract reflection co~fficients from input 

speeCh. Although the orecision of operations are the same, 

Lev~nson - Durb1n a 1 g 0 r it hlYl resulted in reflection 

coeffi"c1ents~ that are greater than one in magnitude. For 

vo~ced speech th1s occurred at predictors of order eight to 

ten for. unvoIced speech for orders four to five. But 

Gueguen - Le Ruex always ended up in stable outputs. 

even when the first It is interesting to note that 

reflectIon coefficient was calculated correctly persons, 

who knew. what the coming utterance should be • have been 

able to recognize it. This case clearly outlines the 

IMportance of the first reflection parameter. 

Excitation wIth a constant pitch value of 100Hz does 

not result in a monotone sound. Apparently it is the energy 

parameter~ that provIdes for the intonation in a sentence • 

pitch period variatIons add only naturalness to speeCh. 

PreelYIphaS1s that has been applied to speech 

samples is actually a form of differentiation. This enhances 

upper portion of spectrum. It 1S an accepted idea in 

1 iterature that upper part of spectrum contains the main 

i nt e l. 1 i g i b i lit y. 

During pitch analysls several thrsholds have been 

arranged by t rial and error. A set of thresholds that 

.. .-
can produce very good results 11"1 pitCh detection and vOlclng 
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. , 
declslon for one case can result in erroraneous 

voiceo/unvo1ced decisions for another. But since ·the 

autdcorrelation function used in SIFT~ 
. 

requ1res var10US 

thresholds for pitch candidates~ the pitCh. 

1 nt roduced 11'1 this work results in less erroraneous 

outputs •. If voiced frames are Judged as unvoiced and such 

frames alternate among voiced frames the sound is like a 

burbl1ng. 

Another problem that has been encountered during the 

-work 1S the energy parameter. First R(O) (sum of souares· of 

saeecn samples) 1S scaled and applied as energy. This does 

not prOduce intelligible voice. Then residual energy (sum of 

squares of prediction errors) 1S scaled and applied as energy 

parameter. < This resulted in a gOOd speeCh for a set of 

records. But for a second set of records the scaling factor 

has been too small. The result was: that a large number of 

frames had the maX1Mum allowable energy. The speech output in 

th1S case 1S a distorted one. 

The solution to the energy scaling prOblem is the 

1nteract1ve. SMOOTH mOdule. The user can process the raw 

output data block of ANHLPC and HNADIF mOdules.Th~outputs of 

these modules 1nclude the res1dual : that has been scaled by 

the default value. 

Both analysis modules HNHDIF and HNHLPC are 

essentially silYlilar. They only differ in the 
. 

preprocess1ng 

before reflection coefficient computation. ANADIF mOdule 

differentiates 1nput speeCh: 
.. , 

before w1ndow1ng. This also is 

based on the 1dea to enhance the 1nformation hidden ~n the 
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hlgh frequency part of speech. 

Without preeMphasls (differentiation) vowels such as 

IiI _ lo/~ 101 ~ luI ~ luI resulted in very distorted and 

unrecognlzable sounds when analyzed alone. Also lal sounded 

like an leI. But when accoMpanied by consonant ~ 

they resulted in recognizable sounds. But even if followed by 

consonants ~ lal at the beginnlng of an utterance sounds like 

an leI. 

ANADIF Module applies preemphasis to all samples in 

the fraMe _ lf the fraMe has been Judged as voiced by the 

Pltch estiMation prograM. T~e speech paraMeters generated by 

thlS module resulted in a higher quality speech. The results 

outllned ln Appendix F are the outputs evaluated by thlS 

Mocule. But they are not raw data : but SMoothed data. 

The output of thlS Module can be improved by first 

sMoothlng voicing declsions and then evaluating reflection 

coefficients. This requires~ that~ first a pitch detection 

algorlthM orocess all fraMes: then voicing decisions are 

SMoothed and later all fraMes are pfocessed again to extract 

reflection coefficients. 

An lMportant property of reflection coefficients 

observed during thlS work is the following: Although there 

May be large variatlons between two sets of reflection 

paraMeters the prediction coefficients corresponding to 

theM ciffer very little. This effect has been seen: by once 

generating synthetic speech: and then analyslng it using 

ANAL PC. 
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An experiment~lly observed ,ro~erty of reflection 

coefficients is their skew distribution for the first two 

coefficients. First one lies very near to minus one~ while 

the second one lies very near to one. Thisdistribution is 

true for non-oreemphasized speech. Preemphasis has the 

effect to remove them from one and minus one respectively. 

This result can be 1nterpreted in the following way: Without 

preemphasize the prediction error is decreas~d quickly by the 

f ' • first two coef 1c1ents~ but since In preemphasized signal 

hlgner frequencies are enhanced~ the orediction at the second 

stage ooes not decrease prediction error by the same amount. 

It has been expecte6 that differentiating the signal 

would result in different signal and error energies. But the 

~ut~~Me of both ANALPC and ANADIF modules have very similar 

et1ergy levels. 

An 1 nte rest i ng observation 1S that~ vowels alone 

cannot be 
, 

1~ecogn1zed by ever'yone when oroduced USll1g the 

But 
, 

analys1s. 1n results of a s1.l1g1e word they are 

Llstel1ers IYlOSt ly recogtli zed single word , 
recognl zed. 

utteral1ces. ihe same utterance in a sentence is only seldom 

recogl1i zed. 
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CHAPTER 6 

I. CONCLUSION 

This work establishes a gUIdeline for analysing 

connected or Isolated soeech. The algorithMs develooed can be 

by IMpleMenting one or More of the suggested 

tecnnloues In Chaoter 5. The listings of Modules are given 

AooendlX Fand the analysis results In Aooendix G • 

. 
WIth thIs study it has been shown that reflection 

coefficient reoresentation is an efficient way of 

representIng soeech. But throughout thIs study success has 

been liMIted to sIngle words. Connected soeech ~ generated 

uSIng thIs aooroach IS not always Intelligible. Further 

lMoroveMent ~f the algorIthMs such that Interactions 

between sounds are take into consideration~ can lead to 

better results. 

A. Future Applic~tions 

A straIghtforward aoolication of this study is to 

analyse Messages and store theM in MeMory for using theM In 

Ot1e of the oosslble iMoleMentations is to use 

IYlessages Instead of overflow tones In COMMon cOMMunication 

. 
equ 1 olYlent such as an EPABX (Electronic Private AutoMatic 

Brancn Exchange) It IS not .easy for every sUbscriber to 

understand Why his or her call did not terminate 

.... 
. , 
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successfully_ Just by l~stening to the tone sent. 

This work can also be used to generate the alloohones 

of Turklsh language. The lnteractions between consecutive 

sounds can be deeoly exolored (soMe outouts outlining this 

lnteraction are glven 1n Aooendix F) -and a text-to-soeech 

algorlthM can be develooed. 

Text-to-soeech synthesis can also be lMpleMented 

uSlng syllables that constitute Turkish words~ by. first 

analyzlng and storlng theM on a disc. Soeech can be generated 

by elther concatenating syllables or alloohones. 
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APPENDIX A 

32-BIT ARITHMETIC 

SInce Intel BOBOR mIcroorocessor can only oerform 16-

bit addItIon and no multiolIcatlon and division these 

should be produced seoarately. Therefore a 32-bit fixed ooint 

arithmet1c lIbrary 1S created. 

32-bit data IS stored In memory in the follo~ing 

way: 

base address + 0 · BO · base address + 1 · B1 · base address + 2 · B2 · base address + 3 · . B3 · 
BO 1S the least sIgnificant byte and B3 is the Most 

SIgnIfIcant byte. Most sIgnificant bit of B3 determines SIgn 

(0 means oosit1ve). Negative numbers are stored in 2's 

comolement fo rm. BO and B1 corresoond to the fractional oart 

and B2 and B3 to 1nt~ger oart. For examole 352.4 IS 

reoresentec.t as: 

BO = 66H 
B1 = 66H 
B2 = 60H 
B3 = 01H 

SIMIlarly -352.4 IS reoresented as: 

BO = 9RH 
B1 = 99H 
B2 = 9FH 
B3 = FE:H 

The ooeratlons are oerformed by the following subroutInes: 

For addItIon FBRDD (C = R + B) 
For sUbt r'act Ion FBSUB (C = B A) 

For dIVISIon . FBDIV (C = A / B) . 
For lYIultlolIcation: FBMUL (C = A * B) 



They have the followlng general format of usage: 

CALL FBxxx(address of A~ address of ~~ address of C) 

The listings of these mOdules are glven in Appendix F • 
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APPENDIX B 

INTELLEC BOO MDS HARDWARE 

The INTELLEC MDS 1S a cOMole~e MicrocoMoute~ design 

center based on Intel's 8080 M1croorocessor. It has a 2-

Mlcroseconds 1nstruct1on cycle tiMe. The basic hardware 

conflguratlon lncludes 16K bytes of RandoM Access MeMory and 

SlX fully 1MoleMented lID interfaces to : 

a Teletyoe (lnclud1ng 1tS oaoer taoe reader)" 

a CRT terM1nal (or other cOMoatible devlce) 

a h1gh-soeed oaoer taoe reader 

a h1gh-soeed oaoer taoe ounch 

a line orinter ~and 

Intel's Un1versal PROM PrograMMer 

F1Qure B.l ~escr1bes the block diagraM of the basic 
conflguratlon used for this work. 

- B 1 Block diao_raM of INTELLEC 800 f lQure • 
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~onitor module provides for the communicat1on of 

intellec 800 MDS system with the external world. SpeeCh 

storage 1S established using the 1nterface circuits of this 

modules. Some of the 1nterfaces are the fo~lowing: 

The high-speed paper taoe re~der/punch interface 

prov1des an a-bit data 1nput path~ two cOlYlmand bit outputs 

ana a singl~ ready status 1nput for a 200 cps paper tape 

reaoer. and an a-bit data output path~ two command bit 

outputs and a single ready status 1nput for a 75 cos paper 

tape punch. 

The PROM programmer 1nterfaceprovides an a-bit path to 

PRO~ programmer per10heral for the transfer of data~ address~ 

cont roJ. and status 1nformat1on. It also presents the 

necessart commands to the PROM programm1ng 

specifyit1g the dil~ect1on and the tyoe of transfer. 

perioheral 

The line printer interface has been designed- ~o 

operate with pr1nters Which are capable of - -rece1v1ng 1nput. 

commanos as coded ASCII characters 1n the same manner as data 

The monitor interrupt logic provides a hardware 

scheme that can be utilized by a user-generated operating 

system or special1zed applicat10n routine to serV1ce I/O 

-aeVlces. 

Each t1me a deV1ce ~nd{cates that it 
I 

1S ready the 

appropriate service request signal 1S generated • The service 

. - f a 7-b1"t 'lnterl~uot status word Wh~ch can be request i1nes orm 

read oy CPU. 
• t • • 

In add1t1on 1f Mon1tor module Interrupts aer 

enabieCi. an active service request results in an 



request to CPU on level 3. 

Monitor. MOdule lnterrupts can be enabled or disabled, 

and aeV1ce service requests can be reset individually or as 

a group by executing a single output instruction. 

Addresses of 110 ports are OFOH - OFBH : 

PTP 
Pi 
PTR 
PT 

OAT 
eTL 
OAT 
STAT 

OFBH 
OF9H 
OFBH 
OF9H 

A low to hlgh transition on the LPT ACK pin causes 

an in~errupt of level 3. This corresponds to Line Printer 

Ac~nowledge information (used to establish synchronization 

between MOS and eOOEC during speech storage) 

88 

Some of the important addresses related to the 

Monitor module are the following: 

I 

.,. 
J. 

J.. 

J. 

J. 

I 
! 
I 

OF3H ••••••• Monitor Interrupt Mask 
1 corresponds to enabled 

I 

I 
I 
I 
y 

.I. 

I 
.... 
.J. 

I 

I 1 I I I I I 

I I I I 1 I ------
! I I I I ----------
I I I I --------------... ... I .I. .I. ------------------I 1 _____________________ _ 

1 ______ --------------------
------------------------------

Monitor interrupts 
Line prit1ter 
CRT input 
CRT output 
TTY output 
TTY input 
PTP out out 

.1. _________________________________ _ PTR infilut 

OFAH •••••••• lnterrupt Status Word 
entries correspond to ~erlpherals is 
explalned above. 1 in an entry means : 
respective lnterrupt has occurred. 



OFCH ....... Interruot Mask 
1 corresoonds to disabled 

I I I I I I I I I 
---------------------------------

I I I I I I I I Level 0 ------
I I I I I I I -. Level 1 ----------
I I I I I I Level 2 --------------.,. I I .L I I Level 3 ------------------
I I I I Level 4 ----------------------
I I I Level 5 --------------------------
I I Level 6 ------------------------------
I Level 7 ----------------------------------

I/O DeVIce DrIver/ReceIver Reaulrements 

Paper TaDe Reader : 7437 TTL drivers capable of sinking 48mH 
8097 TTL receIvers without oull-UD 

PaDer TaDe Punch : 8097 TTL drivers caoable of sinking 32mA 
8097 TTL receIvers with 470 Ohm Dull-UD 
resIstors 

PTR eoge connector PTP edge connector 

Data 1 Pin 1 Data 1 Pin 1 
.-, :2 2 2 
.L 

3 3 3 3 

4 4 4 4 

5 5 5 5 

6 6 6 6 

7 7 7 7 

8 8 8 8 
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Gnd il~12~13.24.25 Gnd 18 .. 23 .. 25 

ACt< 
Gnd 

LPT 

l6 
15~25 
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APPENDIX C 

ISIS-II DISKETTE OPERATING SYSTEM 

iSIS-II is an operating systeM for the Intellec 

deveioOMent systeMs: 

intellec Series II MicrocoMputer Development SysteMs 

Intellec ~icrocomputer DevelooMent System 

It supports all models of Intellec systems wth one or 

more slngle- or double density disk drives and at least 32K 

of RAiYi. 

An operating System -1S a group of programs that 

man9ges the resources cif a system and frees the user to 

concent rate on ot her tasks. It provides a simole cOMmand 

language that allows the user to state what he or she wants 

done and what device or file is expected to do it. 

The computer has to execute thousands of instructions 

to carry out each comMand~ but the user has not to worry 

about the details. 

A . brie f 1 ist of COIYIMands avai lable in 1SIS-1 I is 

-Q1ven below: 

rDrSK format a new disk to a baS1C system or non-system 

disi< 

DEBuG load a prograM and give control to monitor 

SUBMiT enter the file that contains comMands to be executed 

DIR output the naMes of and 1nformation about the files 

listed W1thin the disk directory 



DE:Li::iE remove referenees to a file fro«1 the di rectory and 

free disk storage space associated with that file 

RENA~E cnange the name of a disk file 

OBJHEX convert a program from Object module to hexadecimal 

format 

CREDIT create and edlt ISIS-II files 

COpy copy a file from one device to another 

LINK comblne program files and resolve external addressing 

LOCATE convert relocatable object to absolute addresses for 

. 
executl0n 

Several compilers and assemblers are also available: 

ASM80 
ASM86 
PLM80 
PLM86 

8080/85 Assembler 
8086/88 Assembler 
8080/85 PLM compiler 
8086/88 PLM. compiler 

CREOIT 

Figure C.I Command ~eneratl0n 
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User Generated Commands 

Actually commands of any operating system are linked 

and located codes that are suitable for the 

executIon of the maIn processor~ the system 1S based on. For 

Intellec 800 MDS_ object cOdes of ASMBO and PLMBO co~ollers 

are suitable for executIon. The Process can be summarized as 

In figure C.l. 

Some of ISIS-II utilities necessary for file 

management and interactive command execution are given below. 

They reside In SYST£M.LIB • During LINK operatIon only those~ 

that are used are linked together. 

• " a OPEN call InItialIzes ISIS tables and allocates 
buffers that are oreoared for lnout/outout 
orocessing of the speclfied file. 

AFTNPTR : ActIve File Table Number Pointer 
FILEPT~ Ada~ess of the ASCII strIng that sfecifies the 

nam~ of the file to be opened 
ACCESS :ind~cates how the file IS to be accessed when 

open. 
l ••• open for lnout(R£AD) Marker=O ~ Length not 

changed 
2 ... open for output (wRITE) Marker=O ~ Length=O 
3 ... open for update 

ECHOAFTN: contalns AFTN of the echo-file ~ if line editing 
is d~sired ~ otherwise contains zero 

STATUS : memory locatIon for the return of non-fatal error 
number 

ArTN · · 
BUFF~rt · · 
COU~, 

ACTUA~ · · STATUS · · 

The READ call transfers data from an ooen file to 
a soeclfled memory locatIon soecified by the 
call Ina oroaram. 
number-assi~ned to the file 
address of ;emory location to which data is to be 
transferred 
number of bytes to be transferred 
number of bytes actuallv transfeired 

·l·ocatl-on for the" return of·non-fatal error memory 
number 



WRliE(AFIN.BUFFER~COUNT~STATUS) 

AFTN · · 
BUFr~rt · · 
COUi\i1" · · STATUS · · 

Tt1e wRITE 
location 
f1le. 

call transfers data from -1n memory called a buffer 

nUIYlber asssigned to the file 

a 
to 

soecified 
an open 

address of memory location to which data is to be 
transferred 
number of bytes to be transferred 
memory location for the return of non-fatal error 
nUIYlber 

CLOSE (AFTN. STATUS) 

AFTi\i 
STA".-uS 

EXiT 

The CLOSE call remoces a file from the 
1nDut/outout tables and releases the 
allocated for 1t by OPEN. 
number assigned to the file 

systelYl 
buffers 

: memory locat10n for the return of non-fatal error 

The EXIT 
order to 
ISIS-II 

call can be used by user orograms 
term1nate their excution and return 

in 
to 

CO (ChARACT£R) 

Console Outpui Routine takes a single character 
and transmits it to the system console output 
oeV1ce 

CHARACTER: ASCII character to be di~played Qn the CRT 

LO (Ci;ARACTER) . 

List Output Routine takes a_single character and 
transmits it to the system 11St· deV1ce 

CHARACTER: ASCII character to be printed 

CI 
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The Console Input Routine reads a character entered 
at the Intellec Console 1nput device and returns ~t 
as a byte variable (in A-register) 
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Memory Allocation of ISIS-II 

Total RAM requ1rement of the system 1S 32 Kbytes. 

The first i2r(bytes (starting at location 0) are reserved for 

use by that port1on of ISIS-II ~ that must remain in memory 

cur1ng operation of disk-based functions of the system. An 

additional 318 bytes of higher order memory is reserved for 

Mo~itor wor~SDace. The reameining memory is shared by the 

program be1ng developed~ by programs called by ISIS-II 

functions from diskette~ and by the data used or generated 

auring user program development. 

~ocations 0-23 : ISIS-II Interrupts 0~1~2 

Locations 24-63 Use\"" 1nterrupts 

mODitor Work !/pace 

------------
User 

work space 

1-- - ---~..;...--
139$2 

ISIS -II 

----------- 6" 

lJ~e" Intcrru,.ts 
------------

15 15-11 in t ( r r up t s 
L-----------'O 

Figure C.2 Memory Mao for ISIS-II 



APPENDIX D 

A-LAW EXPANSION 

In order to provIde for a wIde dynamIC range by using 

few oits to represent the signal companding is applied. The 

approaCh advised by CeITT is A law companding. The equations 
, . 

oesr1oIng compansion and expansion of the signal are 

the folloWIng: 

sgn(x) Alxl I (l+ln(A) ) 

fo l~ 0 < Ix I < l/A 
r (x) = ( D. 1 ) 

sgn(x) ( l+ln(IAxl)· I ( l+ln(A) ) 

for 1/A ( Ix I ( 1 

sgn(y) ( Iyl (l+ln(A» ) I A 

for 0 ( Iyl < 1/(1+ln(A» 

r <y) = Iyl (l+ln(A» 1 ( D.2 ) 
sgn(y) ( e ) I A 

for 1/ (l+ln(A» ( Iyl < 1 

The segmented A law code is usually referred to as a 

i3 segments code owing tO,the existence of seven positive and 

seven negative segments with the two segments near the origin 

beIng coilnear. In the given tables the first segment 1S 

. . . 
into two parts to produce eIght POSItIve and eight 

negatIve segment. Thus a compressed code word consists of a 

SIgn bit P followed by 3 bits of a segment identifier Sand 4 

bits of quantIzer level Q. 
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----------------------------------------------------
L ilnear data I expanded data I 
--------------------I----------------------------~--. 
~ 0 0 0 w x v z I 0 0 0 0 0 0 0 w x v z 1 I 
---------~---~---~--I-----------------------~------~ 
; 0'0 1 w x Y z I 0 0 0 0 0 0 1 w x y z 1 I 
--------------------1-------------------------------
~ O' 0 0 W K Y Z I 0 0 0 0 0 1 w x y 2 1 0 I 
--------------------1-------------------------------
! 0 0 i w x Y z I 0 0 0 0 1 W x y z 100 I 
--------------------1-------------------------------
: 0 0 0 w ~y z I 000 1 W x y z 100 0 r 
--------------------1-------------------------------
i 0 0 1 w x Y z I 0 0 1 W x Y z 1 0 0 0 0 I 
=======~~====~==~===l~~~~~~-~-----------------------
• 0 0 0 w x y z I 0 1 W x Y z 1 0 0 000 r 
--------~-----------I-------------------------------
- 0 0 1 W x Y z I 1 W x Y z 100 0 000 I 
--------------------I----~---------------------~----

Table D.l A law expansion 
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APPENDIX E 

CONVERSION TABLE 

R;YiS PItch Kl K2 K3 K4 1<5 K6 K7 K8 K9 K10 Codl , 
----- ---~ 

0 0 -501 -328 -441 -328 -328 -256 -308 -256 -256 -205 0 
52 25 -498 -303 -387 -273 -282 -212 -260 -161 .-176 -132 1 I 

87 27 -497 -274 -333 -217 -235 -168 -212 -66 -96 -59 2. 
:1.23 28 -495 -244 -279 -161 -189 -123 -164 29 -15 14 3 
174 30 -493 -211 -225 -106 -142 -79 "';'117 124 65 87 4: 
246 31 -491 -175 -171 -50 -96 -35 -69 219 146 160 5 
348 32 -488 -138 -117 5 -50 10 -21 314 226 234 6 
491 34 -482 -99 -63 61 -3 .54 27 409 307 307 7: 
694 35 -478 -59 -9 116 43 98 75 s! 
9Bl 36 -474 -18 45 172 90 143 122 9. 

1385 37 -469 24 98 228 136 187 170 10 
i957 38 -464 64 152 283 182 ·232 218· 11 
2764 39 -459 105 206 339 229 276 266 12 
3904 40 -452 143 260 394 275 320 314 13 
5514 42 -445 180 314 450 322 365 361 14' 
7789 44 -437 215 368 506 368 408 409 15 

46 -412 248 16' 
48 -380 278 171 
50 -339 306 1S 
52 -288 331 1Q 
54 -227 354 2u 
56 -i58 374 21 
58 -81 392 22 
61 -1 408 23 
63 80 422 24 
66 157 435 25 
70 226 445 2~ 

75 287 455 27 
80 337 463 28 
B5 379 470 2g 

90 411 476 3(J 

95 436 506 31 

K10 • of cacr'l taole etlt ry of t(1 to IS expressed as a DutIent 

I denolYli nat 0 r value - I at 512. Integers witn t~le Tlxed 

pitc" period table entry IS the pitCh perIod for voiced 

excitatIon expressed as tlUlYlber of salYlples. For 8KHz salY,pl ing 

. 
of 100Hz pitch.period correspot1ds to BO rate and a pi tcn perIod 

sarYIpi.es 1. e coded value • 128. IS 



APPENDIX F 

PROGRAM LISTINGS 

The followIng files are Included: 

File name Page 

ANALPC.SRC •••••••••••••• 99 

ALAw .SRC •••••••••••••• I04 

ANALGR.SRC •••••••••••••• I07 

ENCODE.SRC .............. lll 

DCDTBL.SRC •••••••••••••• 114 

SAMPLR.SRC •••••••••••••• 118 

LISTEN.SRC •• ~ ••••••••••• 121 

FORMAT.SRC •••••••••••••• 123 

PACK .SRC •••••••••••••• 127 

GUTILy.SRC •••••••••••••• 131 

CONVAK.SRC •••••••••••••• 137 

USRITF.SRC •••••••••••••• 140 

ANAPTC.SRC •••••••••••••• 144 

ANADIF.SRC •••••••••••••• 149 

SMOOTH.SRC •••••••••••••• 153 

SHOW' .SRC •••••••••••••• 162 

WINDOW.SRC •••••••••••••• 166 

SPALUO.SRC •••••••••••••• 171 

SPALU1.SRC •••••••••••••• 173 

SPALU2.SRC •••••••••••••• 179 
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liYI-SO COMPILER 

[S-II PL/M-BO V3.0 COMPILATION OF MODULE MAIN 
TEeT /YIODULE PI_ACED '.f I\j : F 1 : ANAL PC. OBJ 
;;PILER H.'I)Or(ED B'..,': PLlY,80 :Fl:ANALPC.SRC WORt\FILES(:FO:. :FO:) 

1 

... , 

.:. 1 
3 2 
4 2 
e:- 1 ..J 

E, 2 
7 .,,":, .... 
B 1 

9 ~, 

..::. 

10 2 
li 1 
1'~' .L 

.~ . 
..::. 

13 .-, 
.L. 

14 t 
15 ~ . 

..::.. 

16 2 
17 1 
18 ~ . .. ::. 
19 1 
20 .-. ..::.. 

21 ~ . 
..::.. 

22 1 
"":''':!' .... ..., ~ . 

..:: 

24 
25 2 
2E.. 1 
27 2 
28 1 
29 ~ . ..::.. 
30 1 
31 ~ . 

.L. 

32 .-. 
",' ,...,. 

...,.;, i 
34 ~ . 

..::. 
":re:- 1 .... .., 

~ 

3(. ;.' 
37 ~ .. 

..::. 
38 1 

-t PAGEL-J I DTH (80) 

/ '*'*~~********************************-l!'*************+:-** 
** ** 
** 
*1" 

** 

SPEECH SYNTHESIS SYSTEM 
IYiA HJ t"lODULE 

-J(-1( r- I Li:: I'~A!YJE ANALPC.SRC DATE 
** MODULE DEF 
*~. AUTHOR 

Calls LPC Analysis -------­
Onder Bicioglu 22 OS 85 

~.* 

****************************************************1 
MAIN: DO; 

DISPLAY$MESSAGE: PROCEDURE(POINTER) EXTERNAL; 
DECLARE POINTER ADDRESS; 
END DISPLAY$MESSAGE; 

PRINT$MESSAGE: PROCEDURE(POINTER) EXTERNAL; 
DECLARE POINTER ADDRESS; 
END PRINTSMESSAGE; 

PRINT$NUMBER: PROCEDURE (NO) EXTERNAL; 
DECLARE NO BYTE; 
END PRINT$NUMBER; 

PRINTSBLOCK: PROCEDURE (POINTER. MCOUNT) EXTERNAL; 
DECLARE (POINTER. MCOUNT) ADDRESS: 
END PRINT$BLOD<; 

PRINT: PROCEDURE (POINTER) EXTERNAL; 
DECLARE POINTER· ADDRESS; 
EI\ID PRINT; 

GET$CHARACTERS: PROCEDURE EXTERNAL; 
END GET$CHARACTERS; 

FBDIV: PROCEDURE (OPI. OP2. OP3) EXTERNAL; 
DECLARE (OP1,OP2,OP3) ADDRESS; 
END FBDIV; 

ANALYSER: PROCEDURE EXTERNAL; 
END AI\/ALYSER; 

INVERT: PROCEDURE EXTERNAL; 
END INVERT; 

SIFT: PROCEDURE EXTERNAL; 
END SIFT; 

CI: PROCEDURE BYTE EXTERNAL; 
END CI! 

LO: PROC~DURE(MES) EXTERNAL; 
DECLARE MES BYTE; 
END LO! 

EXIT: PR6cEDURE EXTERNAL; 
END EXIT! 

IOSET: PRO~EDURE(MASK) EXTERNAL; 
DECLARE MASK BYTE; 
END IOSET; 

OPEN: 
PROCEDURE (AFT, FILE, ACCESS, MODE, STATUS) EXTERNAL; 
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~-80 COIYIPILER 

,-. 
J:.. 

:;.' 
1 

2 
2 
1 

2, 
; 2 

1 

~ 
,-. 
J:.. 

3 ... :. 
.L. 

1 
1 

2 1 
1 

1 

1 

; 1 
7 1 
3 1 

3 1 
J 1 

1 
2 1 
3 1 
4 1 

5 ~l 

:, 1 

7 ~1. 

n ~l ~ 

9 1 

0 l 

DECLARE CAFT,FILE,ACCESS,MODE,STATUS) ADDRESS; 
END OPEN; 
READ: 

PROCEDURE (AFT, BUF,CNT, ACT. STATUS) EXTERNAL: 
DECLARE(AFT,BUF,CNT,ACT,S~ATUS) ADDRESS: ' 

END READ; , 
t.IR I TE : 

ORD!:.EDURECAFT,B.UF,CNT,STATUS) EXTERNAL: 
DECLARE(AFT,BUF,CNT,STA~US) ADDRESS: 

END WRITE; , 
CLOSE: 

PROCEDURE (AFT, STATUS) EXTERNAL: 
, . DECLA RE (AFT, STATUS) ADD RESS: . 
~ND CLOSE; . 
DECLARE FILE(20) BYTE PUBLIC: 
DECLAR'E FPOINTER ADDRESS PUBLIC: 
DECLARE BUFFER(l) BYTE EXT~RNAL~ 
DECLARE R(I) STRUCTUREC 

RDIGIT(4) BYTE) EXTERNAL; 
DECLARE EN(l) STRUCTURE ( 

I\1DI8IT(4.) BYTE) EXTERNA.L;. 
DECLARE K(1) STRUCTUREC 

KDIGIT(4i BYTE) EXTERNAL; 

DECLARE NSAMPLE ADDRESS EXTERNAL: 
DECLARE SAMPLE(1) BYTE EXTERNAL; 
DECLARE (ORDER, PITCH, OVERSFLOWSFLAG, ENERGY) 

BYTE EXTERNAL; 

DECLARE' (I, J, U ADDRESS; 
DECLARE (lYl, N, STATUS, NFliA)liE, COUNT) ADDRESS; 
DECLARE (LPCSPOINTER,RAMSPOINTER) ADDRESS: 
DECLARE RAM BASED RAM$POINTER BYTE; 
DECLARE LPC BASED LPCSPOINTER BYTE; 
DECLARE C(2) ADDRESS; 

DECLARE F(*) BYTE DATA( 
0,0,200,0) ; 

DECLARE ASKSSPEECH$FILEC*) BYTE DATACOAH,ODH, 
'File name of speech data :',OAH,ODH,OO); 

DECLARE ERRORC*) BYTE'DATAC 
'Error',OAH,ODH,OO); 

DECLARE ASKSPRINTER(*) BYTE DATAe 
'Do You want to take orint-out?',OAH,ODH,OO); 

DECLARE ASKSLPCSFILE(*) BYTE DATA(OAH,ODH, 
'File name for LPC coefficients :',OAH,ODH,OO); 

DECLARE HEADING<*) BYTE DATACOAH,ODH, 
'Frame -------------Auto-corr', 
'elations--------------- • 
, RIYiS R P k i k2 k3 /-;4. k5. kG' , . 

k7 k8 k9 kl0 Error Energy',OAH,ODH,OO); 

1**************************************************** 
* PROCEDURE PLACE 
* FUNCTION : Places data to LPC data buffer 
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1 
2· 

~ . 
.<:. 
... :-...... 
2 

- -. 
~ .<:. 

7 i 
g 1 

9 1 
I) 1 
1 1 

.-, J. .I.-

3 1 
4- 1 
c:- 1 .,", 

:E. 1 
:7 1 
is 2 
~9 2 
!O 2 
il 1 
12 .-, 

.<:. 

J3 2 
)4 ~, 

.£.. 

35 1 
~5 1 

37 1 
38 1 

9'9 1 
0(1 1 
01 i 

02 i 
03 i 

(Ili. !. 
(15 2 
(IE. ..::, 

07 ~ ..::, 

CIS .-, 
.£.. 

09 1 

* PUfi CALL CALL PLACE(.POINTER) ; 
* INPUT POINTER = Add I'ess of 
.j(- OUTPUT : t 1'c::\t1S fe I' oDe I'at i on 
4;- GLOBALS LPCSPOINTER 
-i!- CALLS : t10ne 
.-'1: / 

PLACE: PROCEDURE (LPCSDATA) PUBLIC; 
DECLARE LPC$DATA BVTE; 

LPC = LPC$DATA; 
LPC$POINTER = LPC$POINTER + 1; 
COUNT = COUNT + i; 

f i I'St. ent I'Y 

END PLACE; 
/***********~*******************~*******************/ 

DECLARE BEGIN LABEL PUBLIC; 
BEGIN: 
NSAIYlPLE = 200; 
CALL DISPLAV$MESSAGE(.ASKSPRINTERCO»; 
IF (CI AND 7FH) = 'V' THEN 

CALL IOSET(B1H); 
ELSE 

CALL IOSET(41H); 

CALL DISPLAVSMESSAGE(.ASK$SPEECHSFILE(O»; 
CALL GETCHARACTERS; 
CALL OPEN(.M,.BUFFER(O), 1,a,.STATUS); 
IF STATUS (> a THEN 
DO; 

CALL DISPLAVSMESSAGE(.ERROR(O»; 
GO TO BEGIN; 

END; 
ELSE DO; 

CALL READ(M,5000H,5000H,.C(1),.STATUS); 
CALL CLOSE(M,.STATUS); 

END~ 
CAL~ FBDIV(.C(O),.FCO),.C(O»; 
NF RA{YiE = C ( 1 ) ; 

RAMSPOINTER=6000H; 
LPC$POINTER=6000H; 

CALL DISPLAY$MESSAGE(.ASKSLPCSFILECO»; 
CALL GETSCrlARACTERS: 
CALL OPEN <. Ir., • B-UFFER ((1),2,0, . STA"TUS) ; 

COUNT = 0; 
C(:i.) = (1; 

DO 1\1 = 1 TO 10: 
DO I = 0 TO 3; 

K(N).KDIGITCI) = 0; 
END; 

END; 

DO N=l TO NFRAME-2; 
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(I 2 
2 

2 3 
3 "< -' 
4 3 
5 2 
6 

~ 

..) 

7 
.~ 

..:.' 

8 "< ...., 

9 2 

:0 2 
:1 

~, 

..:. 

~2 2 

., 
~ '-" ' 

2 
:4 2 
.c· ''''':-
~..J ..:.. 

:6 2 
:7 .-, 

..:. 

:8 3 
:9 :::: 
~o 3 

\1 
~, 

..:. 
('''') 
u" 3 
13 -..) 
14 3 
'0::' 

..,. 
~oJ ..;, 

~6 2 
H ..) 

~8 3 
~9 ~ 

~o 2 
~l 2 
~2 3 
~3 '. 
il.4 3 
il.5 .-, 

..:. 

46 2 
47 ~, 

..:. 
48 2 
49 .-, 

..:. 
50 2 
52 '"7-' 

5< ~. 1 
54 1 

55 1 

55 1 

I~ C(l) = 0 THE~ 
DO: 

CALL LOCOCk); /*--Form Feed--*I 
CALL PRINT$MESSAGE(.HEADING(O»; 

END; 
DO 1=0 TO 399; 

SAIYi PLE ( I ) = RAIYJ ; 
RAM$POINTER = RAMSPOINTER+l; 

END; . 
RAM$POINTER = RAM$POINTER - 200; 

CALL LO ( , '); 
CALL PRINT$NUMBER(N); 
CALL LO (' '); 

CALL SIFT; 
CALL LO ( , '); 
IF ENERGY = 0 THEN 

FILE«l) = 0; 
ELSE DO; 

CALL ANALYSER; 
CALL INVERT: 

EI\lD; 

DO I = (I TO 12; 
CALL PRINT$NUMBER(FILECI»; 
CALL PLACE(FILE(I»; 
CALL LO (' '); 

END; 

DO I = (I TO 1; 
CALL PLACE(EN(l).NDIGIT(I»; 
CALL PRINT$NUMBER(EN(l).NDIGIT(I»; 

END; 
CALL LO ( , '); 
DO I = 0 TO 2; 

CALL PLACE(R(O).RDIGIT(I»; 
CALL PRINT$NUMBER(R(O).RDIGIT(I»; 

END·; 
iF OVER$FLOW$FLAG = (lFFH THEN 

CALL LO (' oj(.' ) ; 

Ct=ILL LO(oAH); 
CALL LO(ODH); 
CO) = C(1) + 1; 
IF C(l) = 50 THEN C(l) = 0; 

END; 
CALL WRITE(M,5000H;COUNT •. STATUS); 
CALL CLOSE(M,.STATUS); 

CALL EXIT; 

END IYiAIN; 

mULE INFORMATION: 
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CODE AREA SIZE 
VARIABLE AREA SIZE 
MAXIMUM STACK SIZE 
217 LiNES RE~m 
o PROGRA~ ERROR(S) 

= 03AFH 
= 002FH 
= 0OO8H 

OF Pl/~-SO COMPILATION 

943D 
47D 

SO 
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iYl-80 COlYiPILER 

5-I! P~/~-80 V3.0 COMPILATION OF MODULE ALAW 
'~C7 ~ODULE PLACED IN :Fl:ALAW.OBJ 
!PILER I~VOKED BY: P~MSO :Fl:ALAW.SRC WORKFILES(:FO=, :FO:) 

i 

3 
4 
5 
E, 

1 

). 

1 

1 
1 

$PAGE( .. dDTrl (SO) 

1**************************************************** 
~* . - -l(.*, 

**. 
*'* 
-l('* 

**. FILE NAt"iE 
*011- iYlODULE DEF 
** AUTHOR 
*011-

SPEECH SYNTHESIS SYSTEM 
A LAW CONVERSIO~ 

DATE ALAW.SRC 
Decode Tables 
Ondel' BicioQlu 22 OE. 85 

****************************************************1 
ALAl-J: DO; 

DECLARE SIGNAL(l) 
SBYTEl 
SADDRESS 
SBYTE2 

STRUCTURE( 
BYTE, 
ADDRESS, 
BVTE)' EXTERNAL; 

DECLARE SAMPLE(400) BYTE PUBLIC; 
DECLARE NSAMPLE ADDRESS EXTERNAL; 
DECLARE I ADDRESS; 
DECLARE J BYTE; 

1**************************************************** 
* PROCEDURE ASLAW$EXPANSION 
* FUNCTION : Establishes conversion of A-law 

* COIYIClanded data t·o lineal' data: 

* PLIYI CALL : CALL 'ALAW; 
*. INPUT SAIYlPLE = COI~'!Clanded data 

* OUTPUT . SIGNAL.SDIGIT = Expanded data . 
* GLOBALS SIGI\lAL, SAiYiPLE 

* CALLS none 

* ~---~---~------------------------------------------1 
I encoded data I decoded data I 

1-------------------1------------------------------1 
I 0 0 0 w x y z I (I (I (I (I (I 0 (I w x Y z 1 I 
1-------------------1------------------------------1 I (I (I 1 w x Y z 1 (I 0 (I (I (I (I 1 w x Y z 1 I 
1-------------------1------------------------------I 
~ (I 1 (I w x y z I (I (I (I (I (I 1 w x Y z 101 
i--------~----------I------------------------------I i (I i 1 w x Y z I (I 0 0 (I 1 w x Y z 1 (101 
1-------------------1------------------------------1 
i 1 (I (I w x Y z I 0 0 0 i w xy z i 0 0 0 I 
1-------------------1------------------------------1 
I 1 (I 1 w x Y z I (I (I 1 w ~ y z 1 (I 0 (101 

t--------------~----I------------------------------I 
ill Ow x y z I (I 1 w xy z 1 0 0 0 0 0 I 
I-------------------I-----------------~------------I 
I 1 1 1 w x Y z I i w x Y z 100 0 0 0 0 I 
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7 1 

B 2 

9 "7 ..., 
(I 3 
; "' . .1. ~ . 
,,: . 3 . 1-

"7 
.::"1 ..., 

u.. ..::,. 

<=" 
. ..J 3 
.E. 3 
.7 3 
.8 3 
~o ~. 

~1 4 

~2 4 
~3 3 

~4 2 

.~.t:' 
4..~ -
21;.. 2 
'27 .-. 

..:;. 

::8 .;, 

29 "' ..., 

I----------------~--I------------------------------I 
*1 

AtLAWtEXPANSION: PROCEDURE PUBLIC; 

DO 1=0 TO 399; 
J = SHRCSAMPLECI),4) AND 7; 
SIGNALCI).SBYTEl = o· , 
SIG~ALCI).S~YTE2 = 0; 
S I G1\!AL C I ) • EADD'RESS = SAM PL..E ( I) AND OFH; 
SIG~AL(I).SADDRESS - SHL(SIG~AL(I).~SADDRESS, 1) OR 1; 
IF .J (> 0 THEN 

SIGNALCI).SADDRESS = SIGNAL(I).SADDRESS OR 20H; 
IF J ) 1 THEr-~ 

SIGNAL(I).SADDRESS = 
IF (SAMPLE(I) AND BOH) 

SIGNAL(I).SADDRESS = 

SHL(SIGNALCI).SADDRESS,J-1); 
<) 0 THEN DO; 
NOT SIGNALCI).SADDRESS; 

SIGNALCI).SBYTE2 = OFFH; 
El\D; 

END; 

~~D A$LAW$EXPANSION; 

!*****~~******~**~*********************************** 
* P~OCEDURE A$LAW$COMPANSION 
-it. FUNCT:WN 

* 
* PLfYi CALL 
~. Ii\lPUT 
. *" OLrTPU" .... 
-jI. GL...OBALS 

* CA_LS 

Converts calculated 32-bit linear data 
to A-law companded form 
CALL A$LAWSCOMPANSION; 
SIGNAL.SDIGIT = 32 bit data 
SAMPLE = a bit COMPandea data 
SIG!\lAL, SAMPLE 
none 

I------~-------------------------------------------I 
:~ encooeo ca'c;a I ciecoded aata I 

I--~---------------~I------------------------------I 
_ 0 0 (I w x V z I 0 0 0 0 0 0 0 w x y z a I 
~-------------~-----I------------------------------I 
_ 0 0 1 w x Y z I 0 0 0 0 0 0 1 w x y z a • 

I-------------------I--------~---------------------I 
I 0 lOw x Y z I 0 0 0 0 0 1 w x Y z a b I 
:-------------------~---------------------------~--I 
101 1 w x y z 1 0 0 0 0 1 w x y z abc . I 
~-------------------:------------------------------1 
! 1 0 0 w x V z I 000 1 w x y z abc c I 
~-------------~-----!------------------------------I 
_. l 0 1 w x Y z l 001 w x Y z abc ~ e I 
~---~-----------~---I------------------------------I 
; 1 lOw x Y z I 0 1 w x Y z abc d e f I 
~-------------------!------------------------------I 
: 1::.1\i~}:yz ::: lWr:yzabcciefg I 
:-------------------1------------------------------1 
.':JS / 

P$~AW$CQ~~ANSION: PROCEDURE PUBLIC; 

D~CLARE (DU~MY,~ASK) ADDRESS; 
Dn • - r) T U- ~~~~pi E - 1-
';...J .l. -. .... I ,-.'1""11 '- ., __ 

DU~~Y = SIGNAL(I).SADDR~~S; 
I~ (SIGNALCI).SBYTE2 AND BOh) = 0 THEN 
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3 SAMPLECI) = 0; 

4 
ELSE DO ; 

SArv;PLE(I) = 80H; 
4 DU~MY = NOT DU~MY; 
4 E~\D; 

3 MASK = BOOH; 
3 DO J = 0 TO 6; 
b.. :.:: F (MASr\ PIND DUiflrt:y) <) (1 THEN GO TO Of\EY; 
4 MASK = SHRCMASK,l); 
4 EfVD; 
3 DUMMY = SHRCDUMMY,l); 
'3 Ot\EY: 

J = NOTCJ) AND 7; 
3 IF J () (1 THEN 
3 DUMMY = SHRCDUMMY,J) AND OFH; 
3 SAMP~E(I) = SAMPLE(I) OR SHL(J.4) OR LOW(DU~MY); 
3 END; 

2 END A$LAW$COMPANSION; 

CODE AREA SIZE 
VARiA?i E AREA SiZE 
~AX!MU~ STACK SIZE 
i :;0 L:~ :\'=::5 READ 
o PROGRA~ ER~OR(S) 

= 
= 
= 

OF P~/M-BO COMPILATION 

OiE2i-i 
0197:-; 
0004H 

4.82D 
407D 

4D 



~BO COMPILER 

~rI PL/~-BO V3.0 CO~PILATION'OF MODULE ANALYSIS 
LT MODULE PLACED IN :Fl:ANALGR.OBJ 
IlLER INVOKED BY: PLM80 :Fl:ANAL8R.SRC WORKFILES(:FO:, :FO:) 

2 

3 

4 

5 

7 

8 

9 
o 

5 
7 

.8 

.9 

?2 

27 
28 
29 

1 

1 

1 

1 

i 

1 
1 
1 
1 

1 
1 
1 

i 
1 

1 

1 

2 
2 
1 

2 

1 
2 
2 

$PAGEWIDTH(SO) 
!***************************************************~ 
** - *~ 
** 
** 
** 

SPEECH SYNTHESIS SYSTEM 
REFLECTION COEFFICIENT ANALYSIS 
USING GUEGUEN LE-RUEX ALGORITHM 

** ** FILE NAME 
** MODULE DEF 
** AUTHOR 

** 

ANALGR.SRC 
Analyses soeech 
Onder Bicioglu 

DATE 

22 OS 85 

** *.* 
** 
** 
** 
** 
** 
** 

****************************************************1 
ANALYSIS: DO; 

DECLARE EP(17) STRUCTURE ( 
PWORD(2) ADDRESS) PUBLIC; 

DECLARE R(25) STRUCTUREC' 
RWORD(2) ADDRESS) PUBLIC; 

DECLARE EN(17) STRUCTURE ( 
NWORD(2) ADDRESS) PUBLIC; 

DECLARE K(17) STRUCTUREC 
KDIGIT(4) BYTE) PUBLIC; 

DECLARE SIGNAL(400) STRUCTUREC 
SDI81T(4) BYTE) PUBLIC; 

DECLARE WCl) STRUCTUREC 
WDIGIT(4} BYTE) EXTERNAL; 

DECLARE SAMPLE(1) BYTE EXTERNAL; 

DECLARE (PITCH, ORDER) BYTE EXTERNAL; 
DECLARE NSAMPLE ADDRESS PUBLIC; 
D~CLARE E(4) BYTE PUBLIC; 
DECLARE EDUMMY(4) BYTE PUBLIC; 
DECLARE BDU~~Y(4) BYTE PUBLIC; 
DECLARE TEMP(2) ADDRESS PUBLIC; 
DECLARE OVER$FLOW$FLAG BYTE PUBLIC; 

DECLARE CM,N,I,J) ADDRESS; 
DECLARE ZERO(*) BYTE DATAeo,O,O,O); 

FBADD: PRcicEDURECOPl,OP2,OP3) EXTERNAL; 
DECLARE (OP1,OP2,OP3) ADDRESS; 
END FBADD; 

=PSUB: PROCEDURECOP1,OP2,OP3) EXTERNAL; 
DECLARE (OP1,OP2,OP3) ADDRESS; 
END FBSUB: 

FBDIV: PROC~DURE(OP1,OP2,OP3) EXTERNAL; 
DECLARE (OP1,OP2,OP3) ADDRESS; 
END FBDIV· 

FBMUL: PROC~DURE(OP1,OP2,OP3) EXTERNAL: 
DECLARE (OP1,OP2,OP3) ADDRESS; 
END FBMUL; 

107 



;,-80 COfYIPILER .108 

2 

:, 

4-
5 
£. 
7 
a 
:9 

:(J 

s2 

j4 
,<= 
kJ 

j5 

~7 

48 

4'3 

50 

.51 

52-

1 A$LAW$EXPANSrON: PROCEDURE EXTERNAL; 
2 END A$LAW$EXPANSION; 

1 

2 
3 
4 
4 
4 
3 
2 

2 

3 

L~ 

4 
4 

3 

3 

-:; 
'-' 

-:; ..., 

-:; 
'-' 

-:; 
w 

1**************************************************** 
* ~ROCEDURE GUEGUEN$LE$RUEX 
* FUNCTION Analysis using Gueguen Le-Ruex 
* algorith~ 
* -PLM CALL CALL GUEGUEN$LE$RUEX; 
* INPUT : PITCH =oitch period 

'* 
,*. OUTPUT 

SAMPLE = a-bit samoles 
K=reflecti~n coefficients 

oj!- GLOBALS 
* CALLS 

K,R,ORDER,NSAMPLE,SIGNAL 
FBMUL,FBDIV,FBADD,A$LAW$EXPANSION 

*1 
GUEGUEN$LE$RUEX: PROCEDURE PUBLIC; 

I*-----~------INITIALIZATION----------------------- *1 

DO M = 1 TO 10; 
DO J = 0 TO 1; 

EP(M).PWORD(J) = R(M).RWORDeJ); 
EN(M).NWORD(J) = R(M-l).RWORD(J); 

END; 
END; 
OVERFLOW$FLAG = 0; 

1*------- G U E G U E N L E - RUE X -------------*1 

DO I = 0 TO 9; 

/¥-- K(I) = - CEPCI+i) I EN(1»----------------- *1 

CALL FBDIV(.EP(Itl).PWORDCO) •. EN(l).NWORD(O), 
• EDUiY,t>W (0) ) ; . 

I*------------RANGE CHECK-----------------------------*/ 

IF (EDUMMY(2) > 0) AND (EDUMttiY (2) < OFFH) 
THEN DO; 

OVE R!t;FLO(...)$FLAG = OFFH; 
RETURI\l ; 

END; 
/~ ____________________________________________________ ----*1 

CALL FBSUBC.EDUMMY(O),.ZERO(O). 
.K(I+l).KDIGITCO»; 

CALL FB~UL{.K(I+l).KDIGITCO) •. EPCI+l).PWORD(O). 
.EDUMMY(O»; 

CALL FBADD{.EN(1).NWORD(O),.EDUMMY(0). 
.EN(l).NWORDCO»; 

CALL FBMU~C.EN(lO-I).NWORDCO) •• K(I+l).KDIGIT(O), 
• EDUi'1tTiY (0) ) ; 

CALL FBADD(.EP(lO).PWORD{O),.EDUMMY(O), 
.EP(10).PWORDW» ; 

IF I = 9 THEN 
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.::, 

3 
4 

4 

4 

4 

4 
iJ. 

3 

2 2 

3 1 

4 2 

'" ,oJ 2 
,E, 3 

.., 
>1 3 

;8 3 

;9 .-, 
.L 

1(1 3 
11 4 
I~' .:. iJ. 
73 3 
74 4 

'''' loJ 4 

7E, 4 
77 .... 

.::, 

RETURN; 

DO M == 1+2 TO 9; 
CALL FBMUL(.KCI+l).KDIGIT(O),.E~(M-I).NWORD(O), 

• EDUMIYiY CO) ) ; 
CALL FBADD(.EDUM~Y(O) •. EP(M).PWoRDCO), 

.ECO»; '. 
CALL FBMUL(.EPCM).PWoRDCO),.K(I+l).KDIGIT(O), 

· EDUil1tfIY CO) ) ; 
CALL FBADDC.EDUMMY(O),.ENCM-I).NWORD(O), . 

• EN C M- I ) • N("JO RD ( 0) ) ; 
CALL FBADDC.ECO) •• ZERo(O),.EPCM).PWORDCO»; 

END; 
END; 

·END GUEGUEN$LE$RUEX; 
I****************************~*********************** 
* PROCEDURE ANALYSER 
* FUNCTION 

* 
-l(. 

* 
oj( PL,...1 CALL 
* INPUT 

* * OUTPUT 
-'j{. 

* * GLOBALS 
* CALLS 
*1 

Analyses the signal and creates 
reflection coefficients using auto­
correlation method and 
GUEGUEN LE-RUEX algorithm 
CALL ANAL.YSER; 
ORDER = order of the prediction 
NSAMPLE = number of samoles to be used 
K{I).KDIGIT{J) = reflection coefficients 
OVERFLOW$FLAG = OFFH if any of the k's 

exceeds 1 in magnitude 
SIGNAL stl'uctl.ll'e 
FBMUL.FBDIV, FBADD.FBSUB, GUEGUEN$LE$RUEX 

ANALYSER: PROCEDURE PUBLIC; 

CALL A$LAW$EXPANSION; 

I*------------------W I N DOW I N G -----------------*1 

DO I = 0 TO SHR(NSAMPLE,l)-l; 
CALL FBMULC.SIGNAL(I).SDIGITCoi,.W(I).WDIGITCO). 

.SIGNALCI).SDIGITCO»; 
CALL FB~UL{.SIGNAL(NSAMPLE-l-I).SDIGITCO) •• WCI).WDIGIT(O), 

.SIGNALCNSAMPLE-l-I).SDIGIT(O» ; 
END; 

I*------C ALe U L A T ION 0 F R ( I )------------*1 

DO I = (I TO 10; 
DO J = 0 TO 1; 

R(I).RWORD(J) = 0; 
END; 
DO M = 

CALL 

CALL 

END; 
END; 

o TO NSAMPLE-l-I; 
FBMULC.SIGNALCM).SDIGITCO), 

.SIGNALCM+I).SDIGIT(O) •• TEMP(O» ; 
FBADD{.TEMP{O),.R(I).RWoRDCO), 

• R (I ) • RWORD «I) ) ; 
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2 CALL GUEGUEN$CE$RUEX; 

2 END ANALYSER; 

1 END ANALYSIS; 

ILEINFORMATION; 

CODE AREA SIZE = 0335H 
VARIABLE AREA SIZE = 078BH 
MAXIMUM STAC~ SIZE = OOOBH 
171 LINES READ 
o PROGRAM ERRORCS) 

OF PL/M-SO COMPILATION 

82iD 
i93iD 
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~II PL/~-80 V3.0 COMPILATION OF MODULE ENCODE 
Eer MODULE PLACED IN :Fi:ENCODE.OBJ 
PILER INVOK~D BY: PLMSO :Fl:ENCODE.SRC WORKFILES(:FO:, :FO:) 

2 

5 
£, 

7 
B 
9 
.0 
.1 

.2 
, ..... 

1<= • ...1 

l5 
l7 

i8 

19 

20 

1 

1 

1 
i 
1 
1 
1 
1 

1 

1 
1 

1 

1 

1 

1 

1 

1 

$PAGEWIDTH(BO) 
14*************************************************** 
** ** 
** SPEECH SYNTHESIS SYSTEM ** 
** ENCODII\lG MODULE ,*.-l(. 

*4 ** 
** FILE NAME ENCODE.SRC DATE ,*.* 

*41- JYIODULE DEF Encode Tables --------- ** 
*.* AUTHOR Onde \' Bicioglu 22 (l6 S5 *-l(' 

*41- ** 
***************************************************~/ 
ENCODE: DO; 

DECLARE P(*) BYTE DATA(O, 
25,27,28,30,31,32,34,35, 
36,37,38,40,42,44,46,48, 
50,52,54,56,58,61,63,66, 
70,75,80,85,90,95,100); 

DECLARE RMSC*) ADDRESS DATA(O,52,87,123, 
174,246,348,491,694,981,1385,1957, 
2 7 64,3904,5514,7789); 

D~CLARE 11(32) ADDRESS EXTERNAL 
DECLARE T2(32) ADDRESS EXTERNAL 
DECLARE T3(16) ADDRESS EXTERNAL 
DECLARE 14(16) ADDRESS EXTERNAL 
DECLARE T5(16) ADDRESS EXTERNAL 
DECLARE T6(16) ADDRESS EXTERNAL 
DECLARE T7(16) ADDRESS EXTERNAL 
DECLARE TS(S) ADDRESS EXTERNAL; 
DECLARE T9CS) ADDRESS EXTERNAL; 
DECLARE T10CS) ADDRESS EXTERNAL; 

DECLARE SIZE(*) BYTE DATACO,31,31, 15, 15, 
15,15, 15,7,7,7) ; 

DECLARE BEGINC*) ADDRESS DATACO,O,64, 12S, 160,192, 
224,256,2B8,304,320~336); 

DECLARE FACTORC*) ADDRESS DRTACO,512); 
DECLARE ENERGY$FACTOR(*) ADDRESS DATACO, 12S); 

DECLARE K(1) STRUCTURE ( 
KWORD(Z) ADDRESS) EXTERNAL; 

DECLARE R(l) STRUCTURE ( 
R1 BYTE, 
R23 ADDRESS, 
R4 BYTE) EXTERNAL; 

DECLARE EN(l) STRUCTURE ( 

1 i 1 
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3 

4 
5 

E. 

7 
a 
(l 

1 -, 
l.. 

.~ 

~4. 

~5 

~5 

~7 

IE! 

i9 
50 
01 J~ 

52 
53 

NWORD(2) ADDRESS) EXTERNAL; 

1 DECLARE eI,J) BYTE; 
i DECLARE ORDER BYTE EXTERNAL; 
i DECLARE PITCH BYTE EXTERNAL: 
i DECLARE FILE(1) BYTE EXTERN~L; 
1 DECLARE FPOINTER ADDRESS EXTERNAL~ 
1 DECLARE NORM(2) ADDRESS; 

1 FBDIV: PROCEDURE(01?02,03) EXTERNAL; 
2 DECLARE (01,02,03) ADDRESS; 
2 END FBD!V; 

1 FBMUL: PROCEDURE COl, 02, 03) EXTERNAL; 
2 DECLARE (01,02,03) ADDRESS; 
2 END FBMUL; 

1 

2 
2 

2 

.-, 
..::. 

3 
3 
2 
2 

2 

.-, 

..::. ..,. 
...;, 

"' '-' ..,. 
,.:., 

2 

.-, 

..::. 

3 

"' ~, 

3 
3 

I ******.*********-j';*******"*.****.**.*****"*.******-lo~**-lo~*****'* 
* PROCEDURE INVERT 

* 
-fI 

* 
* 
* 
* 
* 
'II' 

* 
¥/ 

FUNCTION 

PLiYj CALL 
II\lPUT 

OU-jPUT 
GLOBALS 
CALLS 

: Inverts 32-bit reflection coefficients 
to encoded format for TMS 
CALL I NVE'RT; 
K = 32-bit reflection coefficients 
PITCH = Ditch period 
U = Ene I'gy 
FILE = Inverted parameters 
E, r\, FILE, PITCH 
FBMUL,FBDIV 

INVERT: PROCEDURE PUBLIC; 

DECLARE POINTER ADDRESS; 
DECLARE TABLE BASED POINTER ADDRESS; 

CALL FBDIVC.EN(1).NWORD(0),.ENERGYSFACTOR(0), 
.Et\!Cl).N("JORDCO» ; 

DO I =. 0 TO 14; 
I F EN ( 1 ) • NWORD «(I) < RIYlS ( I) THEN GO TO RMS$FOUND; 

END; 
I = 14; 
RiY:S$FOUND: 
FILE(O) = I; 
FILE(i) = 0; 

DO I = 0 TO 31; 
IF PITCH ( PCI) THEN 

GO TO PITCH$FOUND; 

PITCH$FOUND: 
FILE (2) = I - 1; 

DO I = 1 TO 10: 
OOINTER = ~Ti(O) + BEGINCI); 
CALL FBMULC.K(I).KWORD(O)?FACTORCO),.NORM(O»; 
J = 0; 
DO !.--JHILE :i; 
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4 
5 

5 

5 
4 

5 

5 
5 

5 
5 
5 
4 
4 
4. 

2 4 
~ 

) 
~ .::. 

4- 3 

5 2 

5 1 

IF NORM(l) ) BOOOH THEN 
I*------k(i) is negative------*I 
DO; 

IF TABLE ( 8000H THEN GO TO FOUND; 
I*--------table is Dositive------*I 
IF NORM(1) < TABLE THEN Gb TO FOUND; 
I*--------table is negative -------------*1 
I*--------and greater than kCi)----------*1 

END; 
ELSE DO; 

I*---------k(i) is Dositive--------------*I 
IF TABLE < BOOOH THEN 
I*---------table is oositive-------------*I 
DO; 

IF TABLE} NORMCi) THEN 
I*-------table is greater than kCi)----*1 

GO TO FOUND; 
END; 

END; 
IF J = SIZE(I) THEN GO TO FOUND; 
j" = J +1; 
POINTER = POINTER + 2; 

END; 
FOUND: 

FILE<I+2) = J; 
END; 

END INVERT; 

EI'iD ENCODE; 

ULE INFOR~ATION: 

CODE AREA SIZE 
VA~IAB~E AREA SIZE 
~AXIMU~ STACK SIZE 
138 LINES READ 
a PRQGRA~ ERROR(S) 

= 
= 
= 

039DH 
(JOO8H 
0OO4H 

) OF PL/M-80 COMPILATION 

413D 
8D 
4D 

i 13 
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8080 l BOB5 ~ACRO ASSEMBLER, V3.0 DCDTBL 114 

JBJ 

OBFE 
(JEFI=" 
OFFE 
i1FE 

15FE 
18;:-;::: 
lEFE 
22FE 
26FE 
2BFC: 
30Fi::: 
-t:::.--
..!I_tr"'t:. 

~·CFE 
tiL3FE 
4BFE 
E.4FE 
fl4FE 
t:lDFE 
EOFE 
lDFF 
E.2Fi=" 
PFr:F 
FFFF 
5000 
9DOO 
E200 
lFOl 
5101. 
7801 
9801 
8401 

J 88FE 

LINE SOURCE STATEMENT 

1 $PAGEWIDTH(BO) 
2 ;**********************~***~***********~************* 

4 ;* 
5 ;* 
E, ; * 
7 ;* 
B ;* 
9 ;-l(. 

10 .* , 

FILE NAlYiE 
MODULE DEF 
AUTHOR 

SPEECH SYNTHESIS SYSTEM 
7MS CONVERSION TABLES 

DATE DCDTBL.SRC 
K-conversion table 
Ondep BicioQll.1 22 OE, 85 

'-l(.,... 

** 
-l(.¥ 

** 
-l'('¥-

** 

11 ;***************************************************1 
12 
13 
14 

1E, 
17 
1B 
19 
20 ; 
21 Tl: 

22 

23 

24 

·-,c 
"::'...J 

2E 
27 T2: 

NAME 

PUBLIC 
PUBLIC 
PUBLIC 

CSEG 

DW 

DL-J 

DW 

DW 

Di--J 

DCD7BL 

T~, 72, T3,T4 
T5,TE"T7,TB 
T9,710 

-501,-49B,-497,-495 

-493,-491,-4B8,-4B2,-47B,-474,-4E,9,-464 

-459,-452,-445,-437,-412,-380,-339,-288 

-227,-158,-B1,-l,80,157,226,287 

337,379,4:ii,43E, 

-328,-303,-274,-244 

I 
. I 
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}C OBJ LINE SOURCE STATEIYiENT 

)"2 D1FE 
)44 EEFE 
)"f, OCFF 
)48 2DF;:: 
)LJ.A 51FF 

28 DW -211,-175,-138,-99,-59,-18,24,54 

)"C 7f,Ft:' 
)4E 9DFF 
)50 C5FF 
)52 EEFF 
)54 1800 
)55 4(100 
)58 59(1) 
~)5A 8FOO 

29 DW 105,143,180,215,248,278,305,331 

)SC B400 
(l5E D700 
050 F800 
052 1501 
054 3201 
055 4B01 
058 6201 
05A 7501 

30 DW 354,374,392,408,422,435,445,455 

05C 8801 
05E 9801 
070 A50t 
{172 B301 
1074 BDOi 
1075 C701 
1078 CFO::' 31 DW 453,470,475,505 
107A DE.Ol 
107C DCOl 
107£ FAOl 

1080 47FE DW -441,-387,-333,-279 
)082 7Di=E 
)084 B3FE 
)(IS5 E9FE 
)OS8 iFF!=" 34 DW -225,-171,-117,-53,-9,45,98,152 
)OSA 55FF 
)OSC 8Bi='j;:" 
)OSE ClF;:: 
)090 F7FF 
)092 2DOO 
)094 5200 
)095 9800 
)09S CEOO D(..I 205,250,314,358 
:)(l9A 0401 
(109C 3AOi 
(l09E 7001 

35 
(lOAO BaFE 37 T4: DW -328,-273,-217,-151 
OOA2 EFFE 
OOA4 27FF 
(lOA5 C''''''-r-.Jrr-r 
OClAS 95i=j;:" 38 -105,-50,5,51,115,172,228,283. 
OOAA CEFF 
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[: OBJ LINE SOURCE STATEMENT 

AC 0500 
AE 3DOO 

1 

80 7400 ·1 

i82 ACOO 
184 E400 
IB5 1B01 
188 5301 39 DW 339,394,450,505 
IBA 8A01 
IBC C20 1 
IBE FA01 

40 . 
~ 

.lCO B8FE 41 T5: DW -328,-282,-235,-189 

.iC2 E5;=~ 

lC4 15FF 
)C6 431="1=" 
)C8 72F1=" 42 Dl-J -142,-95,-50,-3,43,90,135,182 
)CA AOFI= 
)CC C·----::.r:-

)CE FDFF 
)DO 2B(lI") 
:tD2 5AO(l 
)D4 881-ln 

OD5 B500 
ODB E500 43 DW 229,275,322,368 
ODA 1301 
ODC 420.1 
ODE 7001 

44 
(lEO OOFF 45 T5: DW -255,-212,-15B,-123 
{JE2 2Cr:-~ 

:()E4 58FF 
{lE5 85F~ 
lOEB 81FF 45 Dl-J -79, -35, 10,54,9B, 143, 187,232 
10EA DDFF 
IDEC OAOO 
IDEE 3500 
10FO 5201-1 

)OF2 BFOO 
)OF4 8BOO 
)OF5 E800 
)OFB 140 1 47 DW 275,320, 355,40B 
)OFA 4001 
)OFC 5D01 
j(IFE 9BOl 

48 
)100 CCFE 49 T7= Di.--.I -30B,-250,-212,-164 
0102 FCFE 
)1(;4 2CFF 
010E. 5eFF· 
0108 8BFF 50 DW -117,-59,-21,27,75, 122, 170,21B 
010A BBFF 
OICIC EBc,::,-
010E 1BOO 
(1110 4BOO 
(1112 7AOO 



-II 8080/8085 fYlACRO 

~ OBJ LINE J 

14 AAOO 
15 DAOO 
18 OAOl 51 
1A 3AOl 
iC E901 
lE 2800 

52 
20 OOFF t::""':" _'t.-J 
'-1'-' ~.L. 5FFF 
24 BEFF 
25 lDOO 
28 7COO 54 
2A DBOO 
2C 3AOl 
2E 99(11 

55 
30 OOI="F 56 
-:r.-:-.. u_ 50FF 
34 A(lFI=" 
35 F1FF 
38 4iOO 57 
3A 9200 
3C E20r , 
3E 3301 

58 
40 33FF 59 
42 7CFI=" 
44 C5Fi=" 
45 OEon 
4.8 5700 60 
'4A AOOI-' 
'4C C:AOO 
.4E 33()i 

61 
62 
63 
E.4 

_IC SYMBOLS 
C 0 1)00 TiO 
C OOAO ~c::-1_, 
C Ot20 T9 

::RNAL SY!Y,BOLS 

R SYiYiBOL.S 
C 1)(I0i) "flO 
C OOAO T5 
C 0 1.20 T9 

t:r",8L Y COIYiPL.ETE, I\iO 

ASSEMBLER, \.'3.0 DCDTBL 117 

SOURCE STATEil1ENT 

DW 2E.E.,314,3El,40 

. , 
T8: Dw -256,-161,-E.6,29 

Dl-J 124,219,314,409 

. , 
T9: DW -25E.,-176,-9E.,-i5 

DW E.5,14E.,226,307 

TI0: DW -205, -132, -59, 14 

DW 87, 1 E.!), 234., 307 

~**************************************************** , ~ 

END 

C 0140 T-' L.. 

C OOCO TE. 
C 0130 

C Oi40 T2 
C OOCO T6 
C 0130 

ERFWRS 

C OOL~O 
C OOEO 

C 0040 
C OOEO 

T3 
T7 

°T3 _ 
T7 

C 0080 
C 0100 

C 0080 
C 0100 
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)C OBJ 

)J.B 

JF3 
)FC 
)FD 
jFB 
QFA 

000 

001 
(103 

{1(J5 

{IO? 

'{IOg 
(lOB 

I(IOD 

Iho 

F3 

31:'"j '2 
D3FD 

3EF6 
D3~C 

3ECO 
D3F:. 

210000 

78 

E 

L I IIJE 

1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
.-.t:" . 
..::..~ 

26 
'-.""'7 ..:..( 

28 
2'3 
30 
31 
32 
33 
34 
~t:" 
~,~ 

36 
37 
38 
39 
40 
41 
42 
43 
44 
4 c ' ~, 

46 
47 
48 
4.9 
50 
51 
52 
53 
54 

SOURCE STATEMENT 

$PAGEi.-JIDTH (80) 

; **********************-*.***********.******.************ 
;* *~ 
;* 
;* 
;* 
;-l!' FILE IWWiE 
;* MODULE DEF 
;* AUTHOR 
;* 

SPEECH SYNTHESIS SYSTEM 
SAIYiPLER MODULE 

SAMPLER.SRC 
: Sample I' 

DATE 

Onoel' Bicioglu 22 06 85 

** 
-l('-l!' 

** 
.j(.-jI. 

** 
** 
** 

;***************************************************1 

I'JAME SAMPLR 

PUBLIC RECORD, SAMPLE 

EXTRN DATBUF 

CSEG 

;******************************************* 

INTSER EQU l8H 
INTRST EQU OF3H 
INTMSf, EQU OFCH 
LSTS"lT EQU OFDH 
PRTPTR EQU' OF81':l . 
STATUS EQU OFAH 

;**************************************************** 
PROCEDuRE : RECORD 
FUNCTION • Recol'ds samoled data to RAM 

. PLM CALL CALL RECORD(END); 
INPUT <BC) = end addl'ess 
OUTPUT samoles 
GLOBALS 
CALLS 
DESTfWYS 

RECORD: D1 

DATBUF 
none 
all 

MVI A,l2H ;Initialize intel'l'upt levels 
OUT LSTSTT 

iYIV I 
OUT 

LXI 

MOV 

A,OF6H 
INTMS~, 

A,OCOH 
INTRST 

H,DATBUF 

A,B 

;Enable level 0 and 3 
; i ntel'I'llots 

;Enable monitol' intel'l'uots 
;and I'eset' orintel' FF 

;Load stal't adol'ess 
; d.;:, tab u f f e I' 

;Load high pal't of end 
;aOdI'ES5 to A register 
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S OBJ 

1i FB 
12 Br 
13 FB 
14 C21100 

17 F3 

18 3E12 
'lA D3FD 

lie 3EFC 
11E D7:=C 

120 3:::CO 
122 D3F3 

)24 FE 

)25 C9 

027 DB;::-i=l 
029 ::::£'40 
02B CA2700 

02E 3£CO 
{i30 D3F3 

1032 DBFB 

1034 77 

)O~.E, 3E20 
1038 D3:=n 
l03R ;::'1 
)03B C9 

C 

C 

LINE SOURCE STATEMENT 

55 
5f, LOOP1: EI 
57 
5B 
59 
f,O 
51 
5:2 
63 
f,4 
55 
55 
f,7 
f,B 
f,9 

ClYiP 
E1 
JNZ 

D1 

iYiVI 
OUT 

MV1 
OUT 

H 

LOOP1 

A,i2H 
LSTSTT 

;Remain in lo~p·if 
;end of buffer is 
; not I'eached yet 

;initialize interruot 
;levele 

A,OFCH ;enable only level 
INTMSK ;0,1,2 and 3 

70 
jiWI 
OUT 

A,OCOH ;Enable monitor interrupts 
1NTRST 

. I 

73 ; 
71..1 

EI 

RET 
75 ; 
75 
77 

;**************************************************** 
PROCEDURE : SAMPLE 

7B FUNCTION 
79 PL!Yi CALL 
BO INPUT 
B1 OUTPUT 
82 GLOBALS 
83 CALLS 
84; DESTROYS . , 

SA~';PLE : 
87 
88 WAIT: 
89 
90 
'31 
92 
93 

95 
9f, 
97 
98 
99 

PUSH 

IN 
At'.) I 
JZ 

MVI 
OUT 

IN 

fYiOV 
INX 
tl'iV I 
OUT 
POP 
RET 

takes data via paper-taoe reader inout 
t10ne 

(!-IL) = current destination 
increments (HL) and places data to RAM 

: none 
t10ne 

HL 

PSt.J 

STATUS 
40H 
WAIT 

A,OCOH 
INTRST 

PRTPTR 

fYI, A 
H 
A,20H 
LSTSTT 
PSl") 

;Starting point of interruDt 
. service routine 
;if interrupt is not the 
;cesirec one (Line Printer) 
; then \l-Jai t 

;else reset printer 
;flio-floo 

; I'ead data fl'OIY) 
;paper taoe re~der 
;olace it to buffer 
;point to next location 
;restore last status 

100 
101 
102 
i03 
104 
105 
106 

;******************************************* , 

END 

I 
I 
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:CORD C 0000 

:TERNAL C::YiYiBOLS 
iTBUF E 0000 

:SR syrfiBO,-S 

iTBUF E 001"11) 

;OfJl C 0011 

~MPLE C nt)25 

I NTiYiSf( A OOFC 
LSTSTT A OOFD 
STATUS A OOFA 

3SElYiBLY COMPLETE, NO ERRORS 

INTRST 
PRTPTR 
t-JAIT 

SAMPLR i20 

A OOF3 INTSER A OOla 
A (lOF8 RECORD C 0000 
C 0027 



~-80 COMPILER 

~II PL/M-80 V3.0 COMPILATION OF MODULE LISTENER 
~T MODULE PLACED IN :Fl:LISTEN.OBJ 
PILER INVOKED BY: PLM80 :Fl=LISTEN.SRC WORKFILES(:FO:, :FO:) 

$PAGEi.oi I DTH (80) 

1**************************************************** 

1 
2 1 
3 i 
4 1 
5 1 
5 1 
7 1 
8 1 
9 1 

10 2 
1:1 1 

12 --, 
.L 

13 --. ..::. 

14 1 
·r 
!-' :2: 
16 2 
1""" .1 1 
1B 2 
19 .-' . 

.<.. 

20 j. 

11 2 
22 2 
i3 1 
Z4- .-, 

..::. 
-,t::' 
L~I 2 
if, 1 
'i:.7 2 
:::8 1 
29 .-, 

..::. 
30 1 
:;1 2 
32' 2 
33 1 

34 1 

~I::' 
')..J 1 

3f, 1 

SPEECH SYNTHESIS SYSTEM 
LISTENER MAIN MODULE 

** FILE NAME LISTEN.SRC 
*~ MODULE DEF : Listener 

DATE 

** AUTHOR Onder Bicioglu 22 06 85 

** 

*~. 

** 
-lHE· 

** 
** 
** 
*iI· 
** 

****************************************************1 
LISTENER: DO; 
DECLARE DATBUF(OBOOOH) BYTE PUBLIC; 
DECLARE BUFFER(1) BYTE EXTERNAL; 
DECLARE CFILE, STATUS, ENDSADDRESS) ADDRESS PUBLIC; 
DECLARE KEY BYTE; 
DECLARE SAMPLE ADDRESS EXTERNAL; 
DECLARE INT$POINTER ADDRESS; 
DECLARE INTSDATA BASED INTSPOINTER BYTE; 

GET$CHARACTERS: PROCEDURE EXTERNAL; 
END GETSCHARACTERS; 

DISPLAY$MESSAGE: PROCEDURE (POINTER) EXTERNAL; 
DECLARE POINTER ADDRESS; 
END DISPLAY$MESSAGE; 

RECORD: PROCEDURE (DATASEND) EXTERNAL; 
DECLARE DATASEND ADDRESS; 
END RECORD; 

OPEN: PROCEDURE(OP1,OP2,OP3,OP4.0PS) EXTERNAL; 
DECLARE (OP1,OP2,OP3,OP4,OP5) ADDRESS; 
END OPEN~ 

WRITE: PR06EDURE(OP1,OP2,OP3,OP4) EXTERNAL; 
DECLARE (OP1,OP2,OP3,OP4) ADDRESS; 
END l-JRITE; 

CLOSE: PROCEDURE (oP1, OP2) EXTERNAL; 
DECLARE (OP1,OP2) ADDRESS; 
END CLOSE: 

EXIT: PROCEDURE EXTERNAL; 
END EXIT; 

C:: PROCEDURE BYTE EXTERNAL; 
END CI; 

CO: PROCEDURE (MES) EXTERNAL; 
DECLARE ~ES BYTE; 
END CO; 
DECLARE ASKSSECONDS(*) BYTE DATA(OAH,ODH, 
'How many seconds?',OAH,ODH,OO); 
DECLARE ~SK$WHICH$WORD(*) BYTE PATA(OAH,ODH. 
'Enter name of outout file!',OAH,ODH,OO); 

DECLARE ASK$GOON(*) BYTE DATA(OAH,ODH, 
'Do You want to continue?',OAH,ODH,OO); 

DECLARE OFFSET(*) ADDRESS DATA(8000,BOOO,16000, 
~~r)l-)r) ~~000 40000 40000,40000); .L.i... "'"1 -,_...... ., ... ... , 

121 
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1 

2 
:2.1 

2 
2 
2 

2 
2 
2 
2 
.... , 
.£-

2 
2 
2 

2 
2 
2 
2 
2 

fYlA I i\I : 
DO (,-JHILE 1; 

CALL DISPLAY$MESSAGE(.ASK$SECONDS(O)1; 
KEY = CI AND 7FR; 
CALL CO (~<EY) ; 
END$ADDRESS = .DATBUF(O)+OFFSET«KEY AND 7»; 
INT$POINTER = lBH; 
INT$DATA = OC3H; 
INT$POINTER = INT$POINTER + 1; 
INT$DATA = LOW(.SAMPLE); 
INTSPOINTER = INT$POINTER + 1; 
INTsDATA = HIGH(.SAMPLE); 
CALL RECORD(~ND$ADDRESS); 
CALL DISPLAYSMESSAGE(.ASKSWHICH$WORDCO»; 
CALL GET$CHARACTERS; 
CALL OPENC.FILE,.BUFFER(O),2,0,.STATUS); 
CALL WRITE(FILE,.DAT$BUF(O),OFFSETCKEY AND 7), 

• STATUS) ; 
CALL CLOSEeFILE,.STATUS); 
CALL DISPLAYSMESSAGE(.ASKSGOONCO»; 
IF eCl AND 5FH) () 'Y' ·THEN 

CALL EXIT; 
E!'..iD; 
Ei'.!D LISTENER; 

LE I NFOR!yiAT I Oi\j: 

CODE AREA SIZE 
VARIABLE AREA SIZE 
~AXr~UM STACK SIZE 
75 LINES READ 
o ~ROGRA~ E~ROR(S) 

= 
= 
= 

0114H 
BOO9H 
OOOBH 

276D 
450E.5D 

. BD 

122 



-80 C01Y!PILER 

-II PL/M-80 V3.0 COMPILATION OF MODULE MAIN 
;7 MODULE PLACED IN :Fl:FoRMAT.OBJ 
LER INVOKED BY: PLM80 :Fi:FORMAT.SRC WORKFILES(:FO:, :FO:) 

!tPAGEWIDTH(80) 

I*******************************~******************** 
** 
** *-J(-

** 

SPEECH SYNTHESIS SYSTEM 
FORMATTER MODULE 

FOF~IYiAT. SRC DATE -l(--l( FILE !Wil'"1E 
** fYlODULE DEF 
~.-1( 

Fo I~mats LPC 
Coefficients 
Ondel' Bicioglll 

25 05 1985 
** AUTHOR 

** 
****************************************************1 
IYIAII\.': DO; 

1 DISPLAY$M~SSAGE: PROCEDURE (POINTER) EXTERNAL; 
2 DECLARE POINTER ADDRESS; 
:2 END DISPLAYSMESSAGE; 
1 ~RINT$MESSAGE: PROCEDURE(PoINTER) EXTERNAL; 
2 DECLARE POINTER ADDRESS; 
2 END PRINT$MESSAGE; 
1 GETSCHARACTERS: PROCEDURE EXTERNAL; 
:2 END GETSCHARACTERS; 
1 CI= PROCEDURE BYTE EXTERNAL; 
2 END Cl; 
1 LO: PROCEDURE(MES) EXTERNAL; 
2 DECLARE MES BYTE; 
:2 END LO; 
1 EXIT: PROCEDURE EXTERNAL; 
2 
.l 

2 

END EXIT; 
10SET: PROCEDURE(MASK) EXTERNAL; 

DECLARE MASK BYTE; 
END 10SET; 

:t OPEN: 
PROCEDURE (AFT, FILE, ACCESS, MODE, STATUS) EXTERNAL; 

2 DECLARE (AFT, FILE, ACCESS, MODE, STATUS) ADDRESS; 
:2 END OPEi\l; 
i READ: 

P~OCEDURE(AFT,BUF,CNT,ACT,STATUS) EXTERNAL; 
2 DECLARECRFT, BUF, CNT, ACT, STATUS) ADDRESS; 
2 Ef\JD READ; 
1 WRITE: 

PROCEDURE (AFT, BUF, CNT, STATUS) EXTERNAL; 
2 DECLARECAFT,BUF,CNT,STATUS) ADDRESS; 
2 END WRITE; 
1 CLOSE: 

PROCEOURECAFT,STATUS) EXTERNAL: 
2 - DECLARE (AFT, STATUS) ADDRESS; 
:2 . END CLOSE; 

i PACK: PROCEDURE(UNPACKSADDRESS,PACK$ADDRESS) 
ADDRESS EXTERNAL; 
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3 

~ 

~) 

1 

2 

3 
4-
t:: 
o.J 

£. 

.-, 

..::. 
'-'I ..::. 

1 

1 

1 

DECLARE CUNPACKSADDRESS,PACKSADDRESS) ADDRESS; 
~ND PACt,; 

D::::CUlRE 
DECLARE 
DECLARE 
DEC._~!R:::: 

DECLARE: 
DECLARE 

LPCSDATA(2000H) BYTE PUBLIC· , 
FORMATC6000H) BYTE PUBLIC· , 
BUFFER(l) BYTE EXTERNAL; 
(INDEX,READSCOUNT,COUNT) ADDRESS PUBLIC; 
(r, FIi....E, STATUS, FORIYiATPOINT-ER) ADDRESS; 
CHECf($SUr.., BYTE; 

1 DECLARE ASK$LPCSFILE(~) BYTE DATACOAH,ODH, 
'FIle name of LPC data :',OAH,ODH,OO); 

1 DECLARE ERRORC*) BYTE DATA( 
'Error',OAH,ODH,OO); 

1 DECLARE ASK$HEXSFILE<*) BYTE DATACOAH,ODH, 

, 
2 

:2' 
2 
2 

2 

1 

2 

2 

2 
2 
2 

2 

'File name for HEX file :',OAH,ODH,OO); 

1**************************************************** 
* PROCEDURE PLACE 
* FUNCTION Places data to LPC data buffer 

* 
* 
~. 

* 
* "tI;-1 

Pi .... M CALL 
INPUT 
OUTPUT 
GLOBALS 
CAL.-LS 

CALL PLACEC.POINTER); 
POINTER =- Address of first entry 
transfer ooeration 
FORMAT$POHJTER 
none 

PLACE: PROCEDURE C PACK$DATA) PUBLIC; 
DECLARE PACKSDATA BYTE; 

FORMAT (CDUNT) = PACKSDATA; 
=ORMAT$POINTER = FORMATSPOINTER + 1; 
COUNT = COUNT + 1; 

END Pi....ACE; 
1**************************************************** 
* PROCEDURE ENTER 

"tI;­

* 
* 
* 

F'UNCTIDN 
PU1 CALL 
INPUT 
OUTPUT 

*- GLOBALS 
* CALLS 
"1·1 

Enters aata to FoRMATDATA 
CALL ENTERCDATA); 
DATA = number to be entered 
ASCII code of corresponding 
is generated and placed to 
CHECr(SUM 
PLACE 

ENTER: PROCEDURE C PACKSDATA) 
DECLARE PACKS DATA ADDRESS; 

PUBLIC; 

to nUIYlbe l~ 
1\"'lel\"'lo l~y 

DECLARE CONVERTTABLEC*) BYTE DATA( 
- ,-, ,.-" ,-:;, '4' '1:" '6' '7' '8' '9' 'A' ., ti', J. ., ..::.. ., -'., ,. -'., , ., ., ., ! 

'B" , C' , D' , E' , F' ) = .., ., ., ., . 

CALL PLACECCONVERTSTABLE(SHRCPACKSDATA,4»); 
CALL PLACE(CONVERTSTABLECPACK$DATA AND OFH); 
CHECKSUM = CHECKSUM + PACK$DATA; 

Ei\lD ENTER; 
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':r;-BO CO;YlP I LER 

;7 1 

;9 i 

;9 1 
;0 .L 

;1 1 
-,-, 
'ik. 1 .-J~ .-, 

.L. 

;4 2 
.c::-
':1-' 

.-, 

..::. 

i5 1 
;7 .-, 

..::. 

;8 2 
;9 ~, 

.L-

70 3. 

71 i 
72 1 

73 1 

74 1 

75 ~L 

76 2 
77 2 
78 3 
79 3 
SO 3 
81 ..:. 
S2 -..:. 
83 -:1' 

..,:, 

84 "7 
~, 

B5 2 
BE, ~, 

..::. 

87 .:2 
BS 3 
B9 3 
90 -..:. 
91 3 
9·-' .r.. 2 

9 ... · ..;. 1 
94 i 
"c::-:I oJ. 

.-, 

..::. 

91:. 3 
97 -..:. 
98 .-, 

..::. 
99 2 
(10 2 
(;1 2 

/*~*************************************************/ 
D~CLAR~ BEGIN LABEL PUBLIC; 
B:::G I!\! : 
CALL DISPLAY$MESSAGE(.ASK$LPC$FILE(O»: 
CA~L GETChARACTERS; . . 
CALL OPEN(.FILE,.BUFFER(O) 1 0 .~rATUS). 
r= STATUS () 0 THEN 

, , , , 

DO; 
CALL DISPLAY$MESSAGE(.ERROR(O»; 
GO TO BEGIN; 

END; 
~LSi:: DO; 

CALL READ(FILE,.FORMAT(O),3000H,.READSCOUNT, 
• STATUS) ; 

CALL CLOSE(FILE,.STATUS); 
END; 

CALL DISPLAY$MESSAGE(.ASK$HEX$FILE(O»; 
CALL GET$CHARACTERS; 
CALL OPEN(.FILE,.BUFFER·(O),2,O,.STATUS); 

READSCOUNT = PACK(.FORMAT(O),.LPC$DATA(O» -
.LPCSDATA(O); 

COUNT = 0; 

DO INDEX = 0 TO READCOUNT; 

IF (INDEX AND OFH) = 0 THEN 
DO; 

CALL PLACE C' :'); 
CHECt(SUM = 0; 
CALL ENTER (iOh) ; 
CALL ENTERCHIGH(INDEX»; 
CALL ENTER(LOW(INDEX»; 
CALL ENTER (00) ; 

EI\:D; 

CALL ENTER(LPCDATA(INDEX»; 
IF (INDEX AND OFH) = OFH THEN 
DO; 

CALL ENTER(-CHECKSUM); 
CALL PLACE (ODI--I) ; 
CALL PLACE(OAHj; 

END; 
Ei\!D; 

IF (READCOUNT AND OFH) () OFH THEN 
DO: 

·DO I=READ$COUNT + 1 

TO CREAD$COUNT AND OFFFOH) +~FH; 

CALL ENTER(OFFH); 
EI\lD; 
CALL ENTER(-CHECKSUM); 
CALL PLACE(ODH); 
CALL PL~ICE (OAri) ; 

END; 
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lZ 
13 
i4 

15 
if, 

17 
18 
19 
(I 

2 

3 

1 CALL PLACE (' :' ) ; 
1 CALL ENTER «I) ; 
1 CALL ENTER «J) ; 
1 CALL ENTER (0) ; 

1 CALL ENTER(i); 
1 CALL ENTER (oFFH) ; 
1 CALL PLACE <ODI-:) ; 
i CALL PLACE <Of4H) ; 
i CALL WRITECFILE,.FORMATCO),COUNT,.STATUS); 
1 CALL CLOSECFILE •• STATUS); 

1 CALL EXIT; 

1 END IYiAIN; 

CODE QREA SIZE = 026BH 616D 
VARIABLE AREA SIZE = BOi2H 32786D 
MAXl~8M STACK SIZE = OOOBH ~D 
179 Lli'-lES READ 
o PROGRAM ERROR(S) 

I OF PL/M-SO COMPILATION 
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8080/8085 MACRO ASSE~BLER, V3.0 PAC~\ER 127 

DBJ 

OJ 
(11. 

01 

EB 

3:::C)1 
::2QOOO 
3£.00 

3.B 
13 
~A 

OE,04. 
07 
07 

D 

LINE 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
:i.6 
17 
18 
19 
20 
21 
22 
23 
24 
.-.1::" 
.L.....J 

26 
27 
28 
29 
30 
31 
32 
~-. 
~~ 

34 
35 
36 
37 
38 
39 
40 
41 
42 
4' -' 44. 
45 
4E 
47 
48 
49 
50 
51 
C".-, 
...J.L.. 

53 
54 

SOURCE STATEMENT 

SPAGEL-JIDTH (80) 

;*************************~******************;******* 

SPEECH SYNTHESIS SYSTEM 
COEFFICIENT PACKING 

*~. 

~.* 

** 
** 
** 
** 
*~. 

; * FILE j"-JAI~iE 
;* MODULE DEF 
; -j(. AUTHOR 
;* 

. PACl-(. SRC 
PACf(ER 
Ot1del~ Bicioglu 

DATE 

22 05 85 
** 

;***************************************************/ 
; 

NAME 

DSEG 

SETBIT: DB 
VOICED: DB 
SAVE: DB 

CSEG 

PACt<ER 

i 
1 
1 

PUBLI C PACt' 

;**************************************************** 
PROCEDURE : PACt( 
FUNCTION :. Packs byte values less than a-bits 

. , 
PLlYi CALL 
Ii\iPUT 

. , 
OUTPUT 
GLOBALS 
CALLS 
DESTROYS 

PACI·,: XCHG 

IYiOV 
rr"iOV 

1"1\'/1 
STA 
MVI 

DCX 
ENERGY: INX 

LD{:~X 

MVI 
RLC 
RLC 

: 

converts ~ sequence of 3,4,5,6 bit 
coefficients to full bytes 
CALL PACK(UNPACKEDSADDRESS,PACKSADDRESS); 
UNPACKEDSADDRESS = start address of 

unpacked coefficients 
PACK5ADDRESS = start address of oacked 

coefficients 
oacked coefficients 
VOICED,SETBIT 
PUT 
all 

D,B 
E,C 

A,OlH 

; (HL)=start address of 
;oacked coefficients 

; (DE)=start address of 
;unpackedcoefficients 

SETBIT ;start filling bits from LSB 
M,O 

D 
D 
D 
B,4. 
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jC OBJ LINE SOURCE STATEMENT 

)11 07 55 RLC 
)12 07 5E. RLC 
):i.3 CD9EOO C 57 LOOP1: CALL PUT 
)lE. 05 58 DCR B 
)17 C21300 C 59 JNZ LOOP! 
)lA fA E.O LDAX D 
n.B B7 E.l ORA A 
)1C CA0800 C E.~' ..::. JZ ENERGY 
)IF FEOF 63 CPI OFH 
)21 C8 64 RZ 

65 
)22 13 E.E. REPEAT: INX D 
)23 lA E.7 LDAX D 
J24 OF 68 RRC 
125 CD9EOO C 69 CALL PUT 

70 
128 13 -r, PITCH: INX D I J. 

'29 iA 7'-' L. LDAX D 
)21'4 07 -,~ 

( ~, RLC 
)28 07 74 RL[: 
)2C 07 75 RLC 
'2D 320100 D 7E. 8TA VOICED 
130 0605 77 MVI B,5 
)32 CD9EOO C 78 LOOP2: CALL PUT 
)35 05 79 DCR B 
13E. [:23200 C 80 JI\!Z LOOP2 

81 
)39 18 B2 DCX D 
13A j.A 83 LDAX D 
)38 l3 B4 INX D 
)3C B7 Be' ~I ORA A 
)3D C20800 C BE. J'NZ ENERGY 

B7 
1110 OE02 88 ~<H(2: !YiVI [: -::. ,-
)42 1'3 B9 LOOP3: INX D 
)43 lA 90 LDAX D 
)44 07 91 RLC 
)45 07 9'-' L. RLC 
i46 07 93 RLC 
)47 0605 94 !YJV I B,5 
)49 CD9EOO C 95 LOOP4: CALL PUT 

i 
)4[: 05 9E. DCR B ,I 

14D C24900 C q-'" 
- I 

JNZ LOOP4 
)50 OD 98 DCR C 
151 C24200 C 99 .JNZ LOOP3 

100 
)54 0:::02 101 r<3r"<4 : rfiVI C '-::. ,-
15E. 13 11)2 LOOP5: I !'.lX D 
157 lA 103 LDAX D 
158 07 104 RLC 
159 07 105 RLC 
i5A 07 106 RLC 
158 (;7 107 RLC 
'::.[: (1604 108 !YlV I B,4 
15E: CD9EOO C 109 LOOP6: CALL PUT 
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PAC~<ER 129 

OBJ L r j\jE SOURCE STATEMENT 

;1 05 110 DCR B .. -, [:25EOO C 111 JNZ LOOP£. ;.t-
.",' OD 112 DCR C );J 

;.6 [:25600 C 113 JNZ LOOP5 
114 

;9 3A0100 D 115 LDA VOICED 
;C B7 11£. ORA A 
;D CAOBOO C 117 JZ ENERGY 

118 " , 
7(1 OE03 119 ~<5~<6t<7 : IYiVI C ":!' , ~. 
7'-' 13 120 LOOP7: INX D 
13 lA 121 LDAX D 
74 07 122 RLC 
'5 07 1 .-,"':!" ..:....., RLC 
'6 07 124 RLC 
'7 07 125 RLC 
'8 0604 126 . MVI B,4 
'A CD9EOO C 127 LOOP8: CALL PUT 
'D 05 128 DCR B 
'E C27AOO C 129 JNZ LOOP8 
II OD 130 DCR C 
12 C27200 C 131 JNZ LOOP7 

132 
i5 OE03 133 t<8910= IYlVI C,3 
17 i3 134 LOOP9: INX D 
i8 lA 135 LDAX D 
19 07 136 RLC 
IA 07 137 RLC 
iB 07 138 RLC 
Ie 07 139 RLC 
m 07 140 RLC 
IE 0603 141 I'W 1 B ":!' , ...., 
30 CD9EOO C 142 LOOP10: CALL PUT 
33 05 1"43 DCR B 
34 C29000 C 144 JNZ LOOP10 
37 00 145 OCR C 
~8 C28700 C 146 JNZ LOOP9 

147 
38 C30BOO C 148 Jfl1P ENERGY 

149 . 
7 

150 "**************************************************** , . 

15i PROCEDURE PUT 
152 FUNCTION sets Clll'I'ent bit of oacked coefficient 
i53 byte, 01' s.k ips it , acco I'd i ng to IYISB 
154 of content of (A) " If fllll byte is 
01 COl::' 
J. -',-' filled ne><t byte is accessed 
15£. PLlYl CALL none 
157 INPUT IYISB (A) = 1 a I' 0 

158 OUTPUT st1i fts content of SETBIT by 1 to rig t1t 

:1.59 and sets 01' s~; ips eu I' l'e\"1t bit of Clack 
160 byte 
l61 GLOBALS SETBIT 
1£.2 CALLS none 
163 DESTROYS (A) , 

lE,4 
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PAC~\ER PAGE 130 

OC OBJ 

(l9E :l7 
(t9i= 32 (i:;:: ()<) 

Ot:l:-;-~ D:2AAOO 

OA~i 3AOOOO 
fiA8 BE, 
(Jt:l9 77 

(JAA :::AOOOO 
(~HD 17 
(lAE B7 
MiF C2B700 
OE-:2 3,;::Oi. 
OB4 23 
OB5 3E,00 

CiB7 320000 
(lBA ,3P.0200 
CtBD C9 

U C SYIy;BOLS 
K C 0000 

:~: S~'i;;Y\b'C,·_S 

RGY C OOOB 
~O C 0085 
P3 C OO.!t.2 
P7 C 0072 
- C (lOAP, 
=:AT C ()(i22 

LIN:;:: 

155 
D 155 
C 157 

168 
D 15S 

170 
171 
172 

D 173 
174 
175 

C 176 

D 
D 

177 
178 
17'9 
180 
181 
182 
183 
184 

SOURCE 

PUT: RAL 
STA 
.JNC 

LDA 
ORA 
r·mv 

NOSET: LDA 
RAL 
ORA 
JNZ 
1'1\/1 
INX 
["IVI 

NOFIN: STA 
LDA 
RET 

STATEMENT 

SAVE 
NOSET 

SETBIT 
1'1 
frl, A 

SETBIT 

A 
NOFI/\I 
A,OlH 
H 
fYl, 0 

SETBlT 
SAVE 

185 ;*************************************************** 
186 
i.87 

,.<:i.r(2 
LOOPi 
LOOP4 
LOOP8 
PAD, 
SAVE 

C 0040 
C 0013 
C 0049 
C (107A 
C 0000 
D 0002 

NO ERRORS 

END 

t<3t\4 
LOOPiO 
LOOP5 
LOOP9 
PITCH 
SETBIT 

C 0054 t(5t(5t,7 C 0070 
C 0090· LOOP2 C ()()32 

C 0056 LOOPS C (105E 
C 0087 NOFIN C OOB7 
C 0028 PUT C OOSE 
D 0000 VOICED D 0001 
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5-Il PL/M-BO V3.0 
EeT MODULE PLACED 
PILER li~Y'O~(eD BY; 

COMPILATION OF MODULE GRAPHUTILITIES 
IN :Fl:GUTILY.OBJ 

PUV,80 :i="l:GUTILY.SRC WORt(FILES(:FO:, :FO:) 

i 

,-, 
i. 1 

.) 1 
4, ", 

5 1 
5 3. 

7 1 
8 " ... 

9 1 
(I 1 

1 1 

2 1 
":!" -
~. ~ 

4- 2 
:::-
~, 1 
E, 2 
7 , 
8 2 
9 :;~ 

o 1 

:2 

$PAGEWIDTH(80) 

1**************************************************** 
*'-l(' *'*, 
-1('* 

** 
** 

SPEECH SYNTHESIS SYSTEM 
DISPLAY UTILITIES 

** FILE NAlvi::;: GUTILY.SRC DATE 
** {YiODULE DEF 
**. AUTHOR 

Disolay utilitIes ---------
Omiel' Bicioglu 22 (IE, 85 

** 
****************************************************1 
G~APt-i!pu·1I L IT 1 ES: 
DO: 

DECLARE CTIMEBASE,AMPLITUDEBASE,START) 
hDDRESS PUBLIC; 

DECLAQE GRAPHDATA(80) ~YTE PUBLIC; 
DECLARE (LEFT, RIGHT, UP, DOWN, 

HOME,CLEAR,LI) BYTE EXTERNAL; 
DeCLARE MDS BYTE EXTERNAL; 
DECLARE CI,J) ADDRESS; 
DECLARE DATABUFC4000H) BYTE PUBLIC; 
DECLARE CR LITERALLY'13'. 

HORIZONTALUNITS LITERALLY '8', 
VERTICALUNITS LITERALLY '8'; 

DECLARE KEY BYTE EXTERNAL; 
DECLARE TEMP B~TE; 
DECLARE CONVERT(*) BYTE DATAC'O','1','2','3', 
, 41., ., 5', .., E,', "17'., ., 8", , 9', ., A', ., B'., ., C'., ., D", ., E', ., F' ) ; 

CO: PROCEDURE (CHARACTER) EXTERNAL; 
DECLARE ChARACTER BYTE; 
END CO; 

CI: PROCEDuRE BYTE EXTERNAL; 
END CI = 

DISPLAY$~ESSAGE: PROCEDURECMESPOINTER) EXTERNAL; 
DECLARE ~ESPOINTER ADDRESS; 
END DISPLAYSMESSAGE; 

J**************************************************** 
* PROCEDURE MOVE$CURSOR 
* FUNCTION Moves cursor in the given direction 
* in the oiven aMount of characters 
* PLM ~ALL CALL ~00E$CURSOR(DIRECTION,COUNT); 
-iI!. INPUT 

* OU-iPUT 
* GLOBALS 
* CALLS 
-fi..J 

DIRECTION = direction 
COUNT = count 
CUI'SO I' 1'I'loveli'lent 
none 
CO 

~OVECuRSOR: PROCEDURECDIRECTION.COUNT) PUBLIC; 
DECLARE (P,DIRECTION,COUNT) BYTE; 

'131 



) 

2 
3 

2 
3 

3 
3 

DO P=l TO COUNT-
l~ (DIRECTION~UP) OR (DIRECTIoN=DOWN) OR 
(MDS=l) THEN 

CALL Co(LI): 
CALL CO (DIRE~TIo~); 

END; 

2 ~NDMoVECURSoR; 

1**************************************************** 
* P~oCEDURE GETHEXDIGIT 
* 
* 
* 
* 
* 
* 
* 

FUNCTION 

°L~ CALL 
INPUT 
OUTPUT 
GLOBALS 
CALLS 

Receives a l-digit hex number from 
keyboard 
J = GETHEXDIGIT 
key from console 
returns hex digit 
none 
CI,CO 

1 GETHEXDIG!T: PROCEDURE BYTE; 

2 DO WHILE 1; 
~ KEY=Cl AND 7FH; 
3 DO J=O TO 15; 
~ ~F ~EY=CONVERT(J) THEN 
4 DO; 
5 CALL COCKEY); 
5 RETURN J; 
5 END; 
4 END; 
3 END; 
2 END GEThEXDIGIT; 

1 

2 
2 
2 

1**************************************************** 
* PROCEDURE GETFULL$NUMBER 

* Fu~CTION 

* 
* PL~ CALL 

* INPUT' 

* OUTPUT 

* GLoBALS 

* CALLS 
*1 

Receives 2-cigit hex oigit from 
keyboard 
CALL GET$FULL$NUMBER; 
none 
TEMP = 2-digit hex number 
TEMP 
GET$HEX$DIGIT 

GETFULLNUMBER: PROCEDURE PUBLIC; 
TEMP=GETHEXDIGIT; 
TEMP=SHL(TE~P.A) OR GETHEXDIGIT; 

END GETFULLNUMBER; 

J**************************************************** 
* PROCEDURE DISPLAY$START 

* ~U~CTION 

* PLM CALL 
* INPUT 

* 
* OUTPUT 

* G~OBHLS 

Displays time counterpart of orIgin 
CALL DISPLAY$START 
START = address of memory where 
display ooeartion h~s to start 
~isplays origin 
START 

132 



4.4- ... 
4-~~ 

. '~, 

..:. 

4.& 2 
4-7 

.. -;, 

...... 

4-2- 2 
4-9 ',":. 

..:.. 

5(1 2 
~l :2 
~,-, 

,J.t.. 2 
cor .-:. 
.J~' ...... 

54- 2 
,"C' 
.,)Ioool 2 
5f, 2 
57 2 

5B 2 

59 1 

&0 2 
&1 .-, 

.L.. 

&:;:: ::;:~ 

&3 .-. 
.L.. 

&4- ·2 
£.5 2 
f.E.. 2 
&7 .-. 

.L.. 

£.8 <' ..... 
&9 3 
7(1 4 
71 4 
72. 4 

73 4 
74- 4 
75 4 
n 3 
77 3 
7e. 3 
79 3 
ao 4 

-lo(. CP.:""LS 
*1 

: CO,MOV'ECURSOR 

DISPLAYSTART: PROC~DURE PUBLiC: 
D ~r' n~= V-'l··'"\' ~I·-~~C.'S . ·_....,.'-H,~~ \"";1 ~ t-I 'LIK.::.~ ; 

CALL MOV'ECURSORCDOWN.2*V'ERTICALUNITS+5): 
CALL MOVECURSOR(RIGHT 6~). . 
DU~Y=S7ART-.DATABUFCoi;- , 
DU~Y=SHR(DUMY,3) : 
TEMP = HIGHCDUMyj: 
CALL COCCONVERTCS~R(TEMP 4»). 
CALL COCCONV'ERTCTEMP AND'OFH)i; 
TE~P = LOW(DU~Y): 
CALL CO(CONV'ERTCSHRCTEMP,4»); 
CALL CO(CONV'E~T(TEMP AND OFH»; 
CALL COCLI); 
CALL COCHOfYlE); 

END DISPLAYSTART; 

1**************************************************** 
* PROCEDURE DRAWSGRAPH 

* FUi"CTXOi'-J 

* PU>'i C'A't:L 

* INPUT 
-lo(. 

* 

* OUTPUT 

* GLOBALS 

* CALLS 
*1 

Draws the reauired graoh 
CALL DRAWSGRAPH; 
START = begin address of disolay buffer 
TIMESBASE = time base 
AMPLITUDESBASE = amolitude base 
g l'aO~1 
START,TIMEBASE,AMPLITUDEBASE 
MOV'ESCURSOR,CO 

DRAWGRAPH: PROCEDURE PUBLIC; 

DECLARE POINTER ADDRESS; 
DECLARE DATABUFFER BASED POINTER BYTE; 
DECLARE (DIRECTION,FACTOR) BYTE; 
DECLARE (SUM,TEMPWORD) ADDRESS; 

POINTER=START; 
CALL MOV'E$CURSOR(DOWN,2); 
CALL MOV'E$CURSORCRIGHT,3); 
DO 1=1 TO HORIZONTALUNITS*8; 

SUM = 0; 
DO J=l TO TIMEBASE; 

TEMPWORD = DATABUFFER; 
IF CDATABUFFER AND BOH)=O THEN 

SUM = SUM + TEMPWORD; 
ELSE' 

SUM = SUM - CTEMPSWORD AND 7FH); 
POINTER=POINTER+1; 

END: 
TEM~WORD = SUM I TIME$BASE; 
FACTOR = LOW(TEMP$WORD); 
IF (FACTOR AND 80H)=O THEN 

DO~EMP = V'ERTICALUNITS-IFACTOR/AMPLITUDEBASE): 
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31 4 

3:2 
..,. 
~ 

33 4 
34 4 
35 4 
36 3 
lS 3 
39 4 
lO 4 
11 4 
1~' .t.. 3 
13 4 
14 4 
15 5 
16 5 
17 6 
is 6 
19 6 
10 5 
11 6 
12 6 
13 7 
14 7 
15 7 
16 6 
17 5 

is 4 
19 4 
0 4 
1 5 
2 5 
3 5 
4 4 
5 3 
6 ~ 

~ 

7 2 
S 2 

9 .-, 
""-

(I 1 

2 

2 2 
3 2 

END; 
ELSE DO; 

TEMP=OFFH-FACTOR+1° . 
TEMP=(TEMP/AMPLITU~EBASE)+VERTICALUNITS-

END; , 
IF (I AND 1)=1 THEN DIRECTION=DOWN; 
ELSE DO; 

DIRECTION=UP­
TEMP=C2*VERTiCAL$UNITS)-TEMP: 

END; . 
DO J=(I TO VERTICALUNITS*2-, 

IF J <> <VERTICALUNITS) THEN 
DO; 

IF TEMP=J THEN 
DO; 

CALL CO('*'); 
CALL MOVE$CURSORCLEFT 1)-

END- . , , , 
ELSE DO; 

IF GRAPHDATA(I)=J THEN 
DO; 

CALL CO ( , '); 
CALL MOVE$CURSORCLEFi, 1); 

END; 
END; 

END; 

IF J=VERTICALUNITS*2 THEN 
CALL MOVESCURSORCRIGHT,l); 

ELSE DO; 
CALL COeLI); 
CALL CO(DIRECTION); 

END; 
Ei\D; 
GRAPHDA7ACI)=TEMP; 

E1\lD; 

CALL COeLI); 
CALL CO e HOiYJ:::) ; 

END DRAWGRAPH; 

1**************************************************** 
* PROCEDURE CHANGESORIGIN 

* FUNC-il0N 

* PUY/ CALL 

* INPuT 
*. OUTPUT 
*. GL.OBALS 

* CALLS 
*./ 

Ct1anges ol'igin 
CALL CHANGESORIGIN; 
new start address from the keyboard 
START = new begin address 
START 
CO,DRAW$GRAPH 

CHANGESORIGIN: PROCEDURE PUBLIC; 

DECLARE DUMY ADDRESS; 

CALL MOVESCURSOR(DOWN,2*VERTICALUNITS+5); 
CALL MOVESCURSOR(RIGHT,65); 

134 
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~ 2 
5 

~ 

k 

£ 2 
1 

~ 

k 

~ 
0 
~ 

9 2 
0 2 

2 

~ 2 k 

3 1 

~ 
~ 
k 

5 2 
~ 

~ 
k 

7 ~ 
k 

8 2 
9 ~ 

k 

0 -
k 

1 ~ 
k 

2 1 

, 
j 2 
~ ~ 

k 

5 2 
~ 2 
7 2 
~ ~ 

k 

3 ~ 
k 

~ 
k 

DU~Y - GET$HEX$DIGIT' 
DUMY = SHL(DUMY,4} O~ GETSHEXSDIGIT; 
DUMY = SHL(DUMY,4} OR GETHEXSDIGIT; 
DUMY - SHL(DUMY,4} OR GETSHEXSDIGIT' 
START = .DATA$BUF(O) + SHl(DUMY 3}" 
CALL CO(lI}; , , 
CALL COCHOME); 
CALL DRAW$GRAPH; 

~ND CHANGE$ORIGIN; 

1**************************************************** * PROCEDURE CHANGE$TIME$BASE 
* ~UNCTION Changes time base 
* PLM CALL CALL CHANGE$TI~ESBASE; 
* .INPuT New time base fr~m keyboard 
* OUTPUT TIMESBASE = new time base 
* GLOBALS 
* CALLS 

TIMESBASE,TEMP 
GETSFUlL$NUMBER,CO,MOVESCURSOR, 
DRAW$GRAPH 

C~ANGETIMEBASE: PROCEDURE PUBLIC; 

CALL ~OVECURSOR(DOWN,2*VERTICALUNITS+5); 
CALL MOVECURSOR(RIGHT,17); 
CALL GETFULLNUMBER; 
TIMEBASE=TEMP; 
CALL COCLI); 
CALL CO(HOME); 
CALL DRAWGRAPH; 

END CHANGETIMEBASE; 

I**********************~***************************** * PROCEDURE CHANGE'AMPLITUDE$BASE 
* =UNCT!O~ C~anges amplitude base 
* PLM CALL CALL CHANGE$AMPLITUDE$BASE; 
* :NPU7 new amolitude base fram keyboard 
* . OUTPUT 
* GLOBALS 
* CALLS 

AMPLITUDE$BASE = new base 
AMPLITUDE$BASE ,TEMP 
MOVE$CURSOR,CO,DRAW!GRAPH, 
GEfSFULL$NUMBER * 

~./ 

CHANGEAMPLITUDEBASE: PROCEDURE PUBLIC; 

CALL MOVECURS6R(DOWN,2*VERTICALU~ITS+5); 
CALL MOVECURSOR(RiG~T,44); 
CALL GETFULLNU~BER; 
AMPLITuDEBASE=TEMP; 
CALL CO(ll); 
CALL CO(HOME); 
CALL DRAWGRAPH; 

END CHANGEAMPLITUDEBASE; 
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I***********~*********************************~****** 
* PROCEDURE SHIFTSRIGHT . 
* ~UNCTION Silifts graoh one tim~ unit to ~ight 
* o~~ CA~L 

* INPUT 
* OUTPUT 
*GLOBALS 

* 
*1 

CALLS 

CALL SHIFT$R:GHT; 
START = begin of oisplay buffer .' 
START is uodated 
STAR7 
DISPLAYSTART,DRAWG~APH 

1 SHIFTRIGHT: PROCEDURE PUBLIC; 

2 !F START )= (.DATA$BUF~O) + SH~(T:MEBASE,3») 
THEN DO; 

3 START=START-B*TIMEBASE; 
3 CALL DISPLAYSTART; 
3 CALL DRAWGRAPH; 
~ END; 

2 ~ND SHIFTRIGHT; 

1**************************************************** 
* PROCEDuRE SHIFT$LEFTT 
* ~UNCTION Shifts graph one time unit to leftt 
* PLM CALL CALL SHIFT$RIGHT; 
* INPUT START = begin of display buffer 
* OUTPUT 
* GLOBALS 
* CALLS 
*1 

START is uocated 
START 
DISPLAYSTART,DRAWGRAPH 

1 S~IFTLEFT: PROCEDURE PUBLIC; 

2 START=START+B*TIMEBASE; 
2 CALL DISPLAYSTART; 
2 CALL DRAWGRAPH; 

2 E~D 'SHIFTLEFT; 

I******************************~**************I 

1 ~~D GRAPHUTILITIES; 

CODE AREA SIZE 
VARiABLE AREA SIZE 
~AXr~U~ S~AC~ SIZE 
321 LINES READ 
o PROGRA~ E~ROR(S) 

-
= 
= 

JF PL/~-aO CO~PILATION 

0414H 
406AH 
OOOBH 

1044D 
16490D 

BD 

i35 



~II PL/~-80 V3.0 
:Ci ;ViOnl "_E PLACED 
JILER Il\:Vm(ED BY: 

CO~PILATION OF MODULE CONVERTATOK 
IN :Fl:CONVAK.OBJ 

PLMBO :Fl:CONVAK.SRC WORKF~LES(:FO:, :FO:) 

2 

3 

!!. 

:3 

S 
7 

8 
9 
(1 

1 
2 
3 
4 
'" ~, 

E, 

7 
8 

9 
'0 

1 

i 

i 

1 

1 
1 

1 

2 
2 
1 
2 
2 
1 
:2 
.-. 
..::. 

1 

1 

.1 
:2 

!f. DAGEW I DTf-l (80) 

I*****************************;********************~* 
** ** 
** 
** 
'1H(' 

.:,1.* F r LE NAIYiE 
**. ,YlODULE DEF 
iI·* AUTHOR 

** 

SPEECH ANALYSIS SYSTEM 
CONVERSION OF Ks TO As 

CONVAK.SRC DATE 
Conversion K to A ---------
Onder Bicioglu 22 06 85 

** **. 
** *.* 
*.*. 
oj(.~. 

** ****************************************************1 
CONVERT$A$TO$K: DO; 

D~tLARE A(l) STRUCTURE ( 
ADIGIT(4) BYTE) EXTERNAL; 

DECLARE K(l) STRUCTURE ( 
KDIGIT(4) BYTE) EXTERNAL; 

DECLARE MIGNAL(150) STRUCTURE( 
MDIGIT(4) BYTE) PUBLIC; 

DEC~ARE £(4) BYTE EXTERNAL; 
DECLARE BDUMMY(4) BYTE EXTERNAL; 
DECLARE (M,I,J,L) BYTE; 

~BMUL: PROCEDURE(Oj,02,03) EXTERNAL; 
D~CLARE (01,02,03) ADDRESS; 
END FBlYIUL; 

FBSUB: PRbCEDURE(01,02,03) EXTERNAL; 
DECLARE (01,02,03) ADDRESS; 
EI\;D FBSUB! 

FBADD: PROC~DURE(Oi,02,03) EXTERNAL; 
DECLARE (01,02,03) ADDR~SS; 

c;i\iD FBADD; 

DEC~ARE ZERO(*) ADDRESS DATACO,O); 
DECLARE ACCESS$TABLE(*) BYTE DATA( 

0, 1,3,6, 10, 1~:;, 21, 28, 
36,45,55,66,78,91,105,120, 
136) ; 

1**************************************************** 
* PROCEDURE GET 

* =UNCTION 
~. 

* :> '- \1'1 CA~L 

* II\1PUT 

* [:LfTPLrr 
-1" GLOBALS 

Accesses to the matrix element and 
returns it in BDUMMY 
CALL GET(Pi,P2); 
Ilide>< valuE'!s 
BtUMMY = elemen~ required 
SIGNAL,IVi 

* CALLS none 
-'IiI 
GET: PROCEDURE(Pl,P2) PUBLIC; 

DECLARE (Pl,P2) BYTE; 
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2 

3 

4. 
5 
f, 

7 
8 

'3 
(l 

·2 
·3 
.4-

·5 
.? 
B 
.9 
;0 
)1 
;2 
--,. 
),,!. 

2 ~ = ACCESS$TABLE(Pl) + P2' 
2 DO J=O TO 3; • 
3 BDU!Y;\YY(3) -. tY.IGNAL(iY;).IY,DIGIT(J"L; 
.::.. END; 
2 END 8::::T; 

i 
2 
.-: . 
..:.. 

2 
--I" ..., 
..::. 
2 

1 

2 
2 
3 
3 
2 

2 
3 
4 
4 
3 
3 

3 
4. 
c::-
~, 

c:: 
..J 

c::-
..J 

"'-..;, 
I:! 
..J 
c::. 
..J 

I******·*-j(·***·*************************************** -j(_-j(_ 

* PROCEDURE PUT 
41· 

-1\. 

'*" 
-Ii. 

* 
* 
*1 

cUr\ICT:i: 01\1 
PUll CALL.. 
INPUT 
OUTPUT 
GLOBALS 
CA""LS 

Puts content of E to the cesired entry 
CALL PUT<PJ..P2); 
incie)-;es 
t10 tiE 

SIGi\IAL, M 

none 

PUT: PROCEDURE(Pl.P2) PUBLIC: 
DECLARE (Pi,P2) BYTE; 
~ = ACCESS$TABLE(Pl) + P2; 
DO J=(l TO 3; 

MIGNAL(M).MDIGIT(J)=E(J"); 
END; 

END PUT; 

I*~************************************************** 
* PROCEDURE STEPUP 
* FUNCTION 
~-

Converts K coefficients to A 
coefficiet1t 

* DLjY: CALL 
* If\lPUT 

CALL STEPUP(ORDER); 
K(I).KDIGIT=K coefficients 
ORDER = order of filter 
ACl).ADlGIT = A cOEfficients * -r OUTPUT 

* GLOBALS 
-II. CALLS 

A, ~\, E. BDUMiYiY 
GEj, PUT.FBMUL,FBADD, PRINTSMESSAGE 

*1 
STEPUP: PROCEDURE (ORD) PUBLIC; 

DECLARE ORD BYTE; 
DO 3=0 TO 3; 

KCO).KDIGIT(J)=O; 
EII..lD; 
~\ «I). ~(DIGIT (2) =i; 

DO L=O TO ORD; 
DO ~T = 0 TO 3; 

E (3) =0; 
END; 
E(2)=i; 
CALL PUT(L,O); 

IF L () 0 THEN DO; 
DO 1=1 TO L-l; 

CALL GET(L-l.L-I); 
CALL FBMUL(.BDUMMYCO),.KCL).KDIGITCO),.ECO»; 
CALL GET(L-l, I); 
CALL FBADD(.E(O),.BDU~MY(O),.ECO»; 
CALL PUT(L.I); 

Ei'-ID; 

i 
-~8' .l":' 
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~ 4 

5 ~ 

~ 4 
7 4 
g 3 
3 3 

~ 2 
i < 

~ 

2 , 
~ 

3 3 

4 2 

5 1 

END; 

DO J=O TO 3; 
~CJ) = K(L).KDIGIT(J); 

END; 
CALL PUT(L,L); 

END; 

DO L = 1 TO ORD; 
CALL GETCORD,L); 
CALL FBSUBC.BDUMMY(O),.ZERO(O),.A(L).ADIGIT(O»; 

END; 

END STEPUP; 

END CONVERTSA570SK; 

ULE INFORMATION: 

COD~ qREA SIZE = 01FDH 509D 
VARIABLE AREA SIZE = 0261H 609D 
MAXIMUM STACK SIZE = 0006H 6D 
124 LINES READ 
o PROPqAM ERROR(S) 

OF PL/~-aO COMPILATION 

139 
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-II PL/iYI-80 V3. (I COMPILATION OF MODULE USERINTERFACE 
~ MODULE PLACED IN :Fl:USRITF.OBJ 
:LER INVOKED BY: PLM80 :Fl:USRITF.SRC WDRKFILES(:FO:. :FO:) 

j 

3 

$PAGEWIDTH(80) 

1**************************************************** 
** ** 
** SPEECH SYNTHESIS SYSTEM ** 
oj(.* 
** 
-)1.* FILE NAIYlE 
** MODULE DEF 
** AUTHOIi 
** 

USER INTERFACE 

USRITF.SRC 
Use I' intel'face 
Ondel' Bicioglu 

DATE 

22 OE. 85 

****************************************************1 
USERSINTERSFACE: DO; 

1 LO: PROCEDURE (MES) EXTERNAL; 
2 DECLARE MES BYTE; 
2 END LO; 

1 CO: PROCEDURE (MES) EXTERNAL; 
2 DECLARE MES BYTE; 
2 END CO; 
1 C1: PROCEDURE BYTE EXTERNAL; 
2 Ef\.ID Cl; 

1 DECLARE BUFFER(40) BYTE PUBLIC; 
1 

1 
.-, 
..::.. 

2 

2 
2 
2 .-, 
..::.. 
.-, 
..::.. 

DECLARE EOM LITERALLY , (I' , 

, 8' , BAC~< L I T~ RALL Y 
BLANt< LITE RALL Y 
RUBOUT LITERALLY 
CR LITERALLY 
LF LITERALLY 

, 20H' , 
, 7FH' , 
, ODH' , 
, OAf-!' ; 

1**************************************************** 
* PROCEDURE PRINT$NUMBER 
* FUNCTION Pl'ints out the given numbel' 
* PLM CALL CALL PRINTSNUMBER(NO); 

* INPUT NO ~ numbel' to be pl'inted 

* OUTPUT !:lI'i nt out 

* GLOBALS none 

* CALLS LO 

*1 
PRINT$NUMBER: PROCEDURE (NO) PUBLIC; 

DECLARE NO BYTE; 
DECLARE L BYTE; 
DECLARE ASCIISTABLE(*> BYTE DATA ( 

, ,t:"' ,~, '7' '8' '9' 'A' 
"J (J'1 .. ., i ' ., ., 2" , ., 3'1 , ., 4 ., ..J ., t:,.., ., ., ., ., 

, B' . , L~1 , D'I , E' , F' ) • ., ., ., ., ., 

CALL LO ( 1 '); 

L = SHR(NO,4); 
CALL LO(ASCII$TABLE(L»; 
L = NO AND OFH; 
CALL LO(ASCII$TABLE(L»; 
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2 
::; 
i 
j 

:;, 

7 
~ 

3 
) 

-, 
t.. 

3 

4 
<= 
.J 

b 
7 
9 
(I 

2 

2 END PRINTSNUMBER; 

:i. 

2 
.-, 
.4-
.-, 
.4-

2 
'" ~, 

3 
.;:., 
.-, 
ok. 

2 

2 

1 

2 
:2 

2 
<' ..., 
-:; 
~, 

-:; ...., 

~, 

2 

j***************************************~************ * PROCEDURE PRINT 
* FUNCTION Prints out the 4 byte entries 
* PLM CALL CALL PRINT(.BASEADDRESS): 
* INPUT : BASEADDRESS= Doints to first of the 4 
* byte structure 
* OUTPUT printout 
* GLOBALS none 
* CALLS : LO 
¥/ 

PRINT: PROCEDURE (BASE$ADDRESS) PUBLIC-, 
DECLARE BASE$ADDRESS ADDRESS: 
DECLARE BUF BASED BASE$ADDRESS BYTE-, 
DECLARE N BYTE; 
DO N=O TO 3; 

CALL PRINTSNUMBER(BUF): 
BASE$ADDRESS = BASE$ADriRESS + 1; 

E/\D; 
CALL LO ( , '); 
CALL LO (' '); 

END PRINT; 

1**************************************************** 
* PROCEDURE PRINT$MESSAGE 
* cUNCTION : Prints indicated message 
-l(. PLfYi CALL 

* INPUT 
-1\. OUTPUT 

* GLOBALS 

* CAL.LS 
*1 

CALL PRINT$MESSAGEC.MESSAGE); 
address of message 
orintout of message 
none 
LO 

PRINTSMESSAGE: PROCEDURE (POINTER) PUBLIC; 

DECLARE POINTER ADDRESS; 
DECLARE. OUTBUFFER BASED POINTER BYTE; 

DO \.-JHILE i; 
IF OUTBUFFER = EOM THEN RETURN; 
CALL LOCOUTBUFFER); 
POINTER = POINTER+l; 

END; 

E~D PRINTSMESSAGE; 
/**********************~***************************** 
* PROCEDURE PRINTSBLOCK 
* FUNCTION Prints indicated ambunt of numbers 
-l(. 

* PLiYl CALL 
"". INPUT 

* 
* OUTPUT 

* GLOBALS 
-l(. CALLS 

from the aiven address on 
CALL PRINi$BLOCK(.START,COUNT); 
START = start address 
COUNT = number of numbers to.be orinted 
orintout of message 
none 
LO 

141 
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1 

2 

2 

4 
4 
4 

~'I 

PRINT$BLOCK: PROCEDURE(START$ADDRESS COUNT) PUBLIC; 
DECLARE CN,START$ADDR~SS,COUNT) ADbRESS; 

DO N = 0 TO COUNT-i; 
IF (N AND 3) = 0 THEN 
DO; 

CALL LO(OAH); 
CALL LO(ODH); 

END; 
CALL PRINT (START$ADDRESS) ; 
START$ADDRESS=START$ADDRESS + 4; 

END; 
2 CALL LO(OAH); 
2 CALL LO(ODH); 

2 END PRINT$BLOCK; 
1**************************************************** 
* PROCEDURE DISPLAY$MESSAGE 

1 

* =UNCTION Disolays indicated message 

* PLM CALL 

* I~PUT 

* OUTPUT 

* GLOBALS 

* CALLS 
*1 

: 
CALL DISPLAY$MESSAGEC.MESSAGE); 
address of message 
display of message 
none 
CO 

DISPLAY$MESSAGE: PROCEDURE(POINTER) PUBLIC; 

2 DECLARE POINTER ADDRESS; 
2 DECLARE OUTBUFFER BASED POINTER BYTE; 

2 DO WHILE 1; 
3 IF OUTBUFFER = EOM THEN RETURN; 
3 CALL CO(OUTBUFFER); 
~ POINTER = POINTER+l; 
3 END; 

2 END D1SPLAY$MESSAGE; 

1 

2 
2 
3 

1**************************************************** 
* PROCEDURE GETCHARACTERS 
* FUNCTION 
* PLM CALL 

* 
IN~UT 

OUTPUT 

* GLOBALS 
* CALLS 
*1 

Receives characters from terminal 
CALL GETFILENAME; 
none 
returns 
BUFFER 
BUFFER 
C1,CO 

received character string in 

GET$CHARACTERS: PROCEDURE PUBLIC; 

DECLARE (KEY,J) BYTE; 

J~; 
DO WHILE i; 

KEY = (CI AND 7FH); 
IF KEY = RUBOUT THEN DO; 

142 
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IF J () 0 THEN DO: 
5 
5 
5 

CALL CO (BAC~<)· . , 
. CALL CO (BLA1'Jr() . , 
CALL CO ( BACf,) • , 

5 
5 
4. 

J=J-1; 
END; 

END; 
ELSE DO; 

BUFFER ( J) =~<EY ; 
CALL CO (f,EY) ; 

4 
4 
4 
5 
5 

IF KEY=CR THEN DO; 
CALL CO(LF); 
RETURI\i ; 

END; 5 
4 
4 

J= 3+1; 
END; 

.3 END; 

2 END GETSCHARACTERS; 

1 END USERSINTERFACE; 

_E INFORMATION: 

CODE AREA SIZE 
VARIABI ~ AREA SIZE 
MAXIMU~ S7AC~ SIZE 
:i. 87 I. T i\1~S Rt::t::lD 
o PROGRAM ERROR(S) 

= 
= 
= 

OF PL/~-80 COMPILATION 

(J180H 
0039H 
(lOO5H 

384D 
57D 

5D 

143 
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S 
7 
B 
9 

(I 

2 
;:; 
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-II PLJ~-BO V3.0 COMPILATION OF MODULE PITCHANALYSIS 
:7 ~ODULE PLACED IN :Fl:ANAPTC.OBJ 
ILER INVOKED BY: PLM80 :F1:ANAPTC.SRC WORKFILES(:FO:, :FO:) 

1 

1, 

1 

1 

1 

1 
1 

1 

1 
1 
i 
1 

1 

1 

1 

i 
1 
1 

1 

1 
1 

1 

1 

$PAGEWIDTH(BO) 

J¥**************************************************~ 
** oj(.i(. 

*.* SPEECH SYNTHESIS SYSTEM ** oj(.* PITCH ANALYSIS ** ** ** ** FILE NAME ANAPTC.SRC DATE oj(.* oj(.* iYiODULE D~~ ~lt1alyses soeech ** 
c.r --------

** AUTHOR Ot1de \' Biciogltl .-,.-, OE. 85 *oj(' ':"'.L 

** ** 
****************************************************1 
PITCHSANALYSIS: DO; 

DECLARE R(20) STRUCTUREC 
RWORD(2) ADDRESS) EXTERNAL; 

DECLAR~ K(1) STRUCTUR~C 

KDIGIT(4) BYTE) EXTERNAL; 
DECLARE SIGNAL(1) STRUCTURE ( 

SDIGIT(4) BYTE) EXTERNAL; 
DECLARE W(l) STRUCTURE ( 

WDIGIT(4) BYTE) EXTERNAL; 
DECLARE SAMPLE(l) BYTE EXTERNAL; 

DECLARE (ORDER, PITCH) BYTE PUBLIC; 
DECLARE A(5) STRUCTUREC 

ADIGIT(4) BYTE) PUBLIC; 

DECLARE OVERSFLOWiFLAG BYTE EXTERNAL; 
DECLARE E(l) BYTE EXTERNAL; 
DECLARE EDUMMY(l) BYTE EXTERNAL; 
DECLARE SDUMMY(!) BYTE EXTERNAL; 
DECLARE TEMPel) ADDRESS EXTERNAL; 

'DECLARE ENERGY BYTE PUBLIC; 

DECLARE RATIO STRUCTURE( 

DECLARE 
DECLARE 
DECLARE 
DECLARE 

D:;':CLARE 
DECLARE 
DC-CLARE 
DECLARE 

Ri BYTE, 
R23 ADDRESS, 
R4 BYTE); 

NONSZERoSCOUNT BYTE~ 
MAXIMUMSRATIO ADDRESS; 
( ~I N I J) ADDRESS; I., , , 
L BYTE; 

VOICED$EI'iERGY 
VOICHJGSRATIO 
LOWE8T$PITCH 
PLoSIVESLIMIT 

LITERALLY '2'; 
LITERALLY 'E.OOOH'; 

LITERALLY '48'; 
LITERALLY' 11' ; 

FBADD: PROCEDURE(OPl,OP2,OP3) EXTERNAL; 

i44 
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2 

1 
2 
2 
1 
2 
2 
1 

2 
1 
2 
2 
1 

2 
1 
2 
1 

2 
2. 
1 

2 
2 

DECLARE (OP1,OP2,OP3) ADDRESS! 
END FBADD; . 

FBSUB: PROCEDURE(OP1,OP2,OP3) EXTERNAL; 
DECLARE (OP1,OP2,OP3) ADDRESS; . 
END FBSUB; 

FBDIV: PROCEDURE(OPl OP2 OP3) EXTERNAL' , , , 
DECLARE COP1,OP2,OP3) ADDRESS~ 

END FBDIV; 
FB~UL: PROCEDURECOP1,OP2 OP3) EXTERNAL' , , 

DECLARE (OPi,OP2,OP3) ADDRESS; 
END FBIYiUL; 

STEPUP: PROCEDURE (oRD) EXTERNAL; 
DECLARE ORD BYTE; 
END STEPUP; 

GU~GUEN$LE$RUEX: PROCEDURE EXTERNAL; 
END GUEGUENSLESRUEX; 

ASLAWSEXPANSION: PROCEDURE EXTERNAL; 
END ASLAWSEXPANSION; 

PRINT: PROCEDURECPOINTER) EXTERNAL; 
DECLARE POINTER ADDRESS; 
END PRINT; . 

PRINTNUMBER: PROCEDURE (NUMBER) EXTERNAL; 
D~CLARE NUMBER BYTE; 
END PRI NTNUIViBER; 

/4*************************************************** 
* PROCEDURE SIFT 
* FUNCTION. Pitch arialysis 
* PLM CALL : CALL SIFT 
* INPUT SIGNAL.SDIGIT = 32-bit soeech ~amples 
* OUTPUT ENERGY = R(O) 
* GLOBALS R,PITCH;ENERGY 
* CALLS FBMJL,FBADD 
*1 

1 SIFT: PROCEDURE PUBLIC; 

2 CALL A$LAW$EXPANSION; 

/* ______ ~-----------PRE-E~PhASIS------~---------~-----*1 

2 

145 

DO IVi = 1 TO 99; 
I = SHL(M,2); 
CALL FBSUB(.SIGNAL(I-4).SDIGIT(O),.SIGNAL(I).SDIGIT(O), 

2 
3 

3 

3 

.SIGNALCI~4).SDIGITCO»; 

END! 

I L! I rdDOLJ.I.- NG-------------------------*/ I*------------------v. ~ v 
DO {Yj = (I TO 49; 

N = SHL (!Vi, 1) ; 

I = SHL (IV:, 2) ; 
CALL FBMUL(.SIGNAL(I).SDIGIT(O),.W(N).WDIGIT(O), 

.SIGNAL(I).SDIGITC(I»; 
CALL FBMUL(.SIGNAL(399-I).SDIGIT(O),.W(N).WDIGIT(O), 

.SIGNAL(399-I).SDIGIT(O»; 

END; 
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2 
3 
4 
4 

4 
4 

4 
4 
3 

2 
2 
2 
3 
3 
4 
4 
4 
3 
2 

2 
2 
2 

2 
3 
3 
4 
4 

4 
4 

4 

4 
3 

2 
3 

4 
4. 

4 
4 

4 

1*----------------------------------__________________ -----*1 
DO I = (I TO 4; 

DO j' =: (I TO 1-
R(I).RWORD(~) = 0; 

am; 
J =: SHLr.I,2) ; 
DO M =: (I TO 99-1' , 

N = SHLCfI'l,2); 
CALL FBMULC.SIGNALCN).SDIGIT(O), 

.SIGNAL(J+N).SDIGITCO),.E(O»; 
CALL FBADD(.ECO),.R(I).RWDRD(O),.RCI).RWORD(O»; 

END; 
END; 

ORDER = 4; 
I~ RCO).RWORDCl) = 0 THEN 
DO; 

IF RCO).RWORDCO) < 7000H THEN 
DO; 

ENERGY = 0; 
RETURN; 

END; 
END; 
ENERGY = OFFH; 

CALL GUEGuEN$LE$RUEX; 
CALL STEPUP(4); 
CALL A$LAW$EXPANSION; 

I*-----------------~CALCULATION OF e(n)-----------*I 

DO I = 1 TO 3; 
~T =: SHL ( I , 2) ; 

DO L = 0 TO 3; 
S!GNALCJ+l).SDIGITCL) 

END; 
'00 IV! = 1 TO I; 

SIG~ALCJ).SDIGIT(L); 

N =SHL(M~2); ~ 
CALL FBMULC.ACM).ADIGITCO),.SIGNALCJ-N).SDIGITCO), 

. TD1PCO»; 
CALL FBSUB(.TEMP(O),.SIGNAL(J+l)~SDIGIT(O), 

• SIGNAL (J+l). SDIGIT «I) ) ; 

END; 
END; 

DO I=:4 TO 9'3; 
J = Si-iL <I, 2) ; 

DO L = 0 TO 3; 
SIGNAL(J+l).SDIGITCL) = SIGNALCJ).SDIGIT(L); 

EI\:D; 
DOM = i TO 4; 

N =: SHLCfYi,2); 
CALL FBMULC.ACM).ADIGIT(O),.SIGNALCJ-N).SDIGIT(O), 

• TEII1PCO»; . 
CALL FBSUB(.TEMP(O),~SIGNALCJ+i).SDIGIT(O), 

.SIGNALCJ+l).SDIGIT(O»; 
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4 
3 

2 

3 

2 
~, 

.;:.. 

2 
'7 ,.:, 

3 

... .::. -,,) 
~, 

..:. 

--, .;:.. 

~, 

..:. -,,) 
~ 4 
5 4 
:;, 3 
7 ,,) 

~ 4 
3 4 

) L~ 

4. 
2 .::. 
~ 

... 
,,) 

!!. 4 
:5 4 

- 4 :. 

7 4 
B 3 
9 :::: 
(I 4 
1 4 
2 4 

3 3 
4 3 
t:' .,.. 
... 1 ,.:, 

E, .-, 
.;:.. 

END; 
END; 

141------_________ WINDOW ~ -------- -------------------*1 
DO M = 0 TO 49· , 

N = SHL(M,l); 
I = SHL(M,2); 
CALL FBMUL(.SIGNAL(I+l).SDIGIT(O),.W(N).WDIGIT(O), 

.SIGNAL(I).SDIGITCO»; 
CALL FBMUL(.SIGNAL(397-I).SDIGIT(0) .W(N).WDIGIT(Oi , , 

.SIGNALC396-I).SDIGIT(O»; 
END; 

I*--------------------CALCULATION OF R(N)---------------*I 

TEIYiPCO) = 0; 
TEMP(l) = 0; 
DO M = 0 TO 99; 

N = SHL (rr1, 2) ; 
CALL FBMUL(.SIGNALCN).SDIGITCO),.SIGNAL(N).SDIGIT(O), 

.E«l»"; 
CALL FBADD(.TEMP(O),.EeO),.TEMP(O»; 

END; 
CALL PRINT$NUMBER(LOW(TEMP(l»); 

NON$ZEROSCOUNT = 0; 

DO I = 0 TO 13; 
DO ... T = 0 TO 1; 

R(I).RWORDeJ) = 0; 
END; 
J = SHLCI,2) + LOWEST$PITCH; 
DO M = 0 TO 87-1; 

N = SHL(IYi,2); 
CALL FBMUL(.SIGNAL(N).SDIGIT(O), 

• SIGNAL (3+1'1). SDIGIl" «I), • E (0) ) ; 

CALL FBADD(.E(O),.R(I).RWORD(O),.R(I).RWORDCO»; 
END; 
.J = SHL(J, 1); 
DO M = (S8-I) XO 99; 

1'4 = SHL (i''i, 2) ; 
CALL FBMUL(.SIGNAL(N).SDIGIT(O), 

.SIGNAL(N-J).SDIGITCO),.E(O}) ; 
CALL FBADD C. E (0), • R (I )'. RWORD ((I), • R (I). RWORD (0) ) ; 

END~ 
IF ~R(I).RWORD(l) AND 8000H) = 0 THEN 
DO; 

NONSZERO$COUNT = NON$ZERO$COUNT + 1; 
CALL FBDIVC.RCI).RWORD(O),.TEMP(O),.R(I).RWDRD(O); 

END; 
. ELSE . 

R(I).RWORD((I) = 0; 
CALL PRINT$NUMBER(HIGH(RCI).RWDRDeO»); 

END; 

I 
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2 IF NON$ZERO$COUNT ) PLOSIVESLIMIT THEN 

:2 :F (TEM~(l) (VOrC~D$ENERGY) THEN RETUR~; 

2 MAXIMUM$RATIO = VDICINGSRATIO; 
2 DO I = 0 TO 13; 
3 IF R(I).RWORD(O) ) MAXIMUM$RATIO THEN 
3 DO; 
b. ~',AX I IYiUriisiRAT I 0 == R (I ) • Rl-JOR'b ((J) ; 

4 PITCH == SHL(I,2) + LOWEST$PITCH; 
4 END; 
~ END; 

:2 END SIFT; 

i ~ND PITCHSANALYSIS; 

iLE II\I~IJR:vtATION: 

CODE AREA SIZE 
VA~IABLE AREA SIZE 
MAXI~UM STACK SIZE 
237 LINES READ 
o PROGRA~ ERROR(S) 

= 05FCH 
= 0027H 
== 0005H 

OF P~/~-SO COMPILATION 

1532D 
39D 

5D 



(M-80 COil'iPILER 

[5-I1 PL/M-BO V3.0 COMPILATION OF ~ODULE ANALYSIS 
1EC7 ~OD~~E ~LACED IN ~Fl:A~ADIF.OBJ 
(,J:::_=::::~ r:\l/O",:::D BV: ::)~!Y.80 :::-:~(.:~!\HDIF.E:;~C WO~I.\;=:U::S(~FO:,~F"O:) 

1 

2 1 

3 i 

4 1 

5 i 

f, 1 

7 1 

8 1 

9 1 
(; 1 
1 " 

:2 1 -, 
.U :L 
4 1 
~ 
.~l :L 

f, 3. 
7 , ... 

13 1 
9 2 
:0 2 
:3. ~, 

:2 :"2 
'< 2 .u 

:4. 1 
:5 2 
f, :2 
? 1 
8 2 

$OAGEWIDTH(SOi 

1**************************************************** 
-*.-10<. *oj(. 
** SPEECH SYNTHESIS SYSTEM ** 
** REFLECTION COEFFICIENT ANALYSIS ** 
** USING GUEGUEN LE-RUEX ALGORITHM ** 

(WITH PRE-EMPHASIZE) 

ANADIF.SRC DATE ** FILE NAIYiE 
** iYiODULE DEF 
** AUTHOR 

: Analyses soeech 
: Ondel' Bicioglll 22 05 85 

~.* 

****************************************************1 
ANALYSIS: DO; 

DECLARE EP(i7) STRUCTURE ( 
PWORD(2) ADDRESS) PUBLIC; 

DECLARE R(25) STRUCTURE ( 
RWORD(2) ADDRESS) PUBLIC; 

DECLARE EN(17) STRUCTURE ( 
NWORD(2) ADDRESS) PUBLIC; 

DECLARE K(17). STRUCTURE( 
KDIGIT(4) BYTE) PUBLIC; 

DECLARE SIGNAL(400) STRUCTURE ( 
SDIGIT(4) BYTE) PUBLIC; 

DECLARE WCl) STRU~TURE( 

WDIGIT(4) BYTE) EXTERNAL; 
DECLARE SAMPLE(l) BYTE EXTERNAL; 

DECLRRE (PITCH, ORDER) BYTE EXTERNAL; 
DEC~ARE NSAMPLE ADDRESS PUBLiC; 
DECLARE E(4) BYTE PUBLIC; 
DECLARE EDUMMY(4) BYTE PUBLIC; 
DECLARE BDuMMY(4) BYTE PUBLIC; 
DECLARE TEMP(2) ADDRESS PUBLIC; 
DECLARE OVERSFLOWSFLAG BYTE PUBLIC; 

DECLARE (M,N, I,J) ADDRESS; 
DECLARE ZERO(*) BYTE DATACO,O,O,O); 

~BADD: PROCEDURE(OPl,OP2,OP3) EXTERNAL; 
DECLARE (OP1,OP2,OP3) ADDRESS; 
END I=-Br:mD; 

~BSuB: ~ROCEDURE(OP1,OP2,OP3) EXTERNAL; 
DECLARE (OP1,OP2,OP3) ADDRESS; 
END FBSUB~ 

~BDIV: PROC~DURE(OPl,OP2,OP3) EXTERNAL; 
D~CLARE (OP1,OP2,OP3) ADDRESS; 
END FBDIV; 

~BMUL: PROCEDURE(OP1.0P2,OP3) EXTERNAL; 
DECLARE (OP1,OP:2,OP3) ADDRESS; 

I 

'1 



:9 
;0 
~l 

~3 

~4 

~5 

3E, 
57 
38 
::;9 

42 

44 
45 
45 

47 

48 

49 

50 

51. 

.-, 
..::. 

.. 
. -, 
..:: 

1 

.-, 
..::. 

.::, 

4 
LL 

4 
3 
.-, 
..:: 

.-, 

..::. 

4 
4. 
4 

3 

3 

3 

3 

3 

END FBlviUL; 
q$LAWs~XPANSION: PROCEDURE EXTERNAL: 

~~D A$LAW~EX~ANSrO~; . 

1**************************************************** * PROCEDURE GUEGUENSLE$RUEX 
* ~UNCTION Analysis usina Gueauen Le-Ruex - - .'. -
~ 

* *. 

* 
* 
* *. 

PU'i CALL 
INPUT 

OLJTPUT 
GLOBALS 
CALLS 

a 1 Q 0 I~ i t hl'l'l 

CALL GUEGUEN$LESRUEX; 
PITCH =pitch period 
SAMPLE = B-bit samoles 
K=reflection coefficients 
K,R,ORDER,NSAMPLE,SIGNAL 
FBMUL,FBDIV, FBADD, ASLAWSEXPANSION 

GUEGUENSLE$RUEX: PROCEDURE PUBLIC; 

i*------------INITIALIZATION----------------------- *1 

DO rr; == 1 TO 10; 
DO .J = 0 TO 1; 

EP (M). PWORD (J), == ReM). RWORD U)'; 
EN(M).NWORDCJ) = R(M~l).RWORD(J); 

EI\!D; 
END; 
OVERFLOWSFLAG == 0; 

1*------- G U E G U E N L E - RUE X --------------*1 

DO I == 0 TO 9; 

1*-- KCI) = - (EPCI+l) 1 EN(l»----------------- *1 

CALL FBDIV(.EPCI+l).PWORD(O),.EN(l).NWORD(O), 
· EDUriWiY (0) ) ; 

/*------------RANGE CHECK-~-------------~-------------*I 

IF (EDUr,';rrlY (2) ) 0) AND (EDUMf;,Y (2) < OFFH) 
i-HEN' DO; 

OVERSFLOW$FLAG == OFFH; 
RETURN; 

END: 

/~--::::-~::::~~:::::~~:~~~~:::~:~~-----------------------*1 
.K(I+l).KDIGIT(O»; 

CALL FBMUL(.K(I+l).KDIGIT(O),.EPCI+l).PWORD(O), 
· EDUp'iMY (0) ) : 

CALL FBADD(.ENC1).NWORri(0),.EDUMMY(0), 
• EN ( 1 ) • Ni-JORD «I).) ; 

CALL FBMUL(.ENC10-I).NWORD(0),.KCI+l).KDIGITCO), 
.EDUMMY(O»: . 

CALL FBADD(.EP(lO).PWO~D(O),~EDUMMY(O), 
• EP (10). P('JORD «I) ) ; 



~ 

~ 3 
is ~ 

~ 3 
i5 4 

is 4 

i7 4 

is 4 

i9 4 
~ 4 
;1 3 

.~ 2 "' 

"~ ~w i 

54 2 

b5 2 
55 0 

~ 

57 3 
£8 4 

£9 4 
70 3 

71 2 
~~ 
IL .~. 

~~ 
I~ ~ 

74 ~ 
~-

2 
3 

IF ! = 9 THEN 
RETUR~; 

DO M = 
CALL 

CALL 

CALL 

CALL 

CALL 
END; 

END; 

1+2 TO 9; 
FBMUL(.K(I+l).KDIGIT(O) .EN(M-I).NWORD(O) , , 

.EDUMMV(O»; 
FBADDC.EDUMMY(O),.EP(M).PWORDCO), 

.E(O»; 
FBMUL(.EP(M).PWORD(O),.KCI+l).KDIGIT(O), 

.EDUMMVCO»: 
FBADD(.EDUMMV(O),:EN(M-I).NWORDCO), 

.EN(M-I).NWORD(O»: 
FBADDC.E(O),.ZEROCO),.EP~M).PWORD(O»; 

END GUEGUENSLESRUEX; 
1**************************************************** 
* PROCEDURE ANALYSER 
* FUNCTION 

* 
* 
* * ~LM CALL 
* INPUT·' 

* *. OUTPUT 

* 
* * GLOBALS 
* CALLS 

Analyses the signal and creates 
reflection coefficients using auto­
correlation method and 
GUEGUEN LE-RUEX algorit~~ 
CALL ANALYSER; 

: ORDER = order of the orediction 
NSAMPLE = number of samoles ·to be used 
K(I).KDIGITeJ) = reflection coefficients 
OVERFLOWSFLAG = OFFH if any of t~e k's 

exceeds 1 in magnitude 
SIGNAL structure 
FBMU~,FBDIV,FBADD,FBSUB,GUEGUEN$LE$RUEX 

ANALYSER: PROCEDURE PUBLIC; 

CALL ASLAWSEXPANSION; 

I~ ~ITCH (> 0 THEN 
·DO; 

I 
151 

I 

DO != 1 TO NSAMPLE: 
CALL FBSUBC.SIGNA~(I-l).SDIGIT(O),.SIGNAL(I).SDIGIT(O)! 

END; 
~SIGNALCI-i).SDIGITCO»; 1 

END; 

I*------------------W I N DOW I N G -----------------*/ 
DO I = 

CALL 

CALL 

o TO SHR(N~AMPLE,l)-l; 
FBMUL(.SIGNAL(I).SDIGIT(O),.W(I).WOIGIT(O), 

.SIGNAL(I).SDIGIT(O»; I 
FBMUL(.SIGNALCNSAMPLE-I-I).SD!GITCO),.W{I).WDIGITCd 

.SIGNALCNSAMPLE-I-I).SDIGIT(O»; I 

I*------C A L C U L A T ION 0 F R C I )---~--------*I 

DO I = 0 TO 10; 
DO J = 0 TO 1; 



77 
7e, 
79 
80 

81 

82 
83 

84 

85 

85 

4 
i.e. 
-:' ..;, 

<-•. 

4 

4 
3 

2 

2 

1 

R ( I ) . RWORD (J) == 0 = 
~~D; . 
DO ~ == 0 TO NSAMPLE-l-I; 

CA_~ FB~~~(.S!G~~~(~).SD!GI~(O). 
.SIGNAL(M+I).SDIGIT(O),.TEMP(O»; 

CALL FBADD(.TEMP(O),.R(I).RWORD(O), 

END; 
END; 

• R <I) • RWORD (O) ) ; 

CALL GUEGUEN$LE$RUEX; 

eND ANALYSER; 

END AI\lAL YS IS; 

COD=: AREA SIZE 
VAfEABi.E HREA SIZE 
MAXIMU~ STACK SIZE 
180 L'r I\"E5 Rt::AD 

== _. 
== 

037AH 
078B:-i 
0OO8H 

890D 
1931D 

8D 

o PROGRA~ ERRORCS) 

D OF P~/~-80 COMPILATION 
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',,,,-80 CClIYi PILE R 

:5-:: o~/~-eo V3.0 CO~~!~ATION OF MODULE MAIN 
;;::c:- ~',ODi n::: Dd:·)C=:D J: r'l :;=::.: SiYIOOTh. OB.J :,:;: :-= ~ :;\ ~/IJ :·C::D E:,'~' p _iYle\~) ~ F j, ~ S?jCiO~Tt-;. S RC~ 

i 

:2 
3 
4 
5 
6 
7 
B 
9 

iO 
1 1 

13 
14 
,0:::-
0\. \000' 

20 
~,. 

"::'J. 
.-..... , 
.L..L.. 

23 

25 
25 

27 
28 
29 

30 

32 

34 

1 

2 
2 
1 
2 
2 
, ... --, ..::. 
.-, 
..::. 

1 

2 
1 
--, ..::. 
1 
.-, 
..::. 

2 
.L 

2 

2 
:2 
1 

2 

1 

.-, 

..::. 

.-', 
..::. 
, 
j. 

2 
',1. 

.-, 

..::. 

2 

$ PAGE~iI DTH (80) 

/******************************************~********* 
** ** ** 

*1(. FILE NAME 
** MODULE DEF 
*~, 

*.* AUTHOR 
** 

SPEECH SYNTHESIS SYSTEM 
SfYlOOTHER MODULE 

DATE SIYlOOTH. SRC 
Enables LISe\- to 
SIYloot h \-esul ts 
Ondel' BicioglLI 

16 06 1985 

** 
** 
** 
*.ji. 

** 
** 
** 
** ****************************************************1 

/YiA I I\J: DO; 

DISPLAY$~ESSAGE: PROCEDURE(POINTER) EXTERNAL; 
DECLARE POINTER ADDRESS; 
END DISPLAY$MESSAGE; 

PRINT$/YiESSAGE: PROCEDURE (POINTER) EXTERNAL; 
DECLARE POINTER ADDRESS; 
END PRINT$MESSAGE; 

PRINT$NUMBER: PROCEDURE (NO) EXTERNAL; 
DECLARE NO BYTE;' 

. END PRINT$NlJlfIBER; 
G~T$CHARACTERS: PROCEDURE EXTERNAL; 

END G~T$C~ARACTERS; 
eI: PROCEDURE BYTE EXTERNAL; 

El\.:D CI; 
~O: PROCEDURE (MES) EXTERNAL; 

DECLARE ~ES BYTE; 
El'vD LO; 

EXIT: PROCEDURE EXTERNAL; 
, EI\D EXIT; 

10SET: PROCEDURE (MASK) EXTERNAL; 
,DECLAR~ MASK BYTE; 
END rOSET; 

OiJt;:j\;: 
PROCEDURECAFT, FILE, ACCESS, MODE, STATUS) EXTERNAL; 
DECLAR~ (AFT, FILE, ACCESS, MODE, STATUS) ADDRESS; 

~!\]D OP-=:!\!; 
!i::::AD: 

PROCEDuRECAFT,BUF, CNT, ACT, STATUS) EXTERNAL; 
DECLARE (AFT, BUF, CNT, ACT, STATUS) ADDRESS; 

END READ; 
WR1:-rE: 

~ROCEDURE(AFT,BUF,CNT,STATUS) EXTERNAL; 
D-C' AR~(AF-I BUF C~T STATUS)· ADDRESS; C 1..- i"L::." - , . .,' , . 

S!\,iD v-.!~~ITE; 

CLOSE: 
PROCEDURE (AFT, STATUS) EXTERNAL; 
DECLARE (AFT, STATUS) ADDRESS; 

END CLOSe:; 



'jI';-80 CilIY10ILER 

,"'" o· h-' 

;6 
.-

;7 '-.1 

;8 :L 
;9 1 

~O :~ 

I~ .. 
12 :L 
~3 1 

1iJ. ]. 

~5 1 

~G j, 

~7 1 

~B 1 

~g 1 

50 1 
51 1 

52 

"'< .J .... 2 
54 :2 

55 ,-. 
..::. 

55 .,.. 
..;, 

58 3 

59 2 

DECLARE BUFFER(1) BYTE EXTERNAL: 
D~CLARE CZ,J,L,M,N) ADDRESS; , 
DEC~ARE (FILE, STATUS,NFRAME, CQUNT) ADDRESS= 
DECLAR~ (LPC$POINTER,RA~$POINTER) ADDRESS; 
DECLARE END$OF$BUF~ER ADDRESS: 
DECLAR~ RAM BASED RAM$POINTER'BYTE~ 
DECLARE LPC BASED LPC$POINTER (20) 'BYTE; 

DECLARE ASK$SMOOTHSFILEC*) BYTE DATACOAH,ODH, 
'FIle nan'le of SIYloott1ed data :',OAH,ODH,OO); 

DEC~ARE ERRORC*) BYTE DATA( 
'Error',OAH,ODH,OO); 

DECLARE ASKSPRINTER<*) BYTE DATAC 
'Do Vou want tO,take crint-out?',OAH,ODH,OO); 

DECLARE ASK$LPCSFILEC*) BYTE DATA(OAH,ODH, 
'File name for LPC coefficients :',(0); 

DECLARE ASKSINSERTSFILEe*) BYTE DATAe 
, Fi le to be insel"b:!d : ',00); 

DECLARE PROMPT(*) BYTE DATA(OAH,ODH,'}',OO); 
DECLARE HEADING(*) BYTE DATA(OAH,ODH, 

'Frame RMS R P kl k2 k3 k4 k5 k6', 
k7 k8 kg klO ',OAH,ODH,OO); 

1**************************************************** 
* PROCEDURE CONVERT 
* FUNCTION converts ASCII string to number 
'* PL.P, CALL I = CONVERT (ASCI I) ; 

ASCII = ASCII character 
I"et L11"nS nLIIYlbe I" 

*' INPUT 
'* OUTPUT 
* GLOBALS 
* CALLS 

none 
none 

"P'I 
CO~VERT: PRDCEDURE(ASCII) BYTE PUBLIC; 

DECLARE ASCII BYTE; 
DECLAR~ CONVERT$TABLE(*) BYTE DATA( 
, ,0), ", , ,-:;., , 7', ' 4,' , 5' , 6' , 7' ..... ,J.,_,t-I, , ., , ., 
, 8' '9' 'A' , B' 'c' , D' , E' 'F')' ., 1 ., ,. ., ., , ., 

DO I = (I TO OFH; 
IF ASCII = CONVERT$TABLECI) 
THEt\! RETURN I; 

END; 

;:::l\ID CONVERT; 

1**************************************************** 
-1': PROCEDURE CHAi\i.GE$FRAIYlE 
* FUNCTION chances oointed entry of selected 
* fram; to the given valLIe 
* ~~~ CA~L CALL CHANGE$FRAME; 
* INPUT BUFFER = ABCDEFG 

* 
A == ' F' 



:,0 i 

;1 .",,:. 
..:. 

-.-, 
j,L 2 

53 :2' 
;4 -~ 
-c 
;,-.1 3 
;5 2 
--, 
;,/ :;:' 
;8 :"2 
;9 -:r 

~. 

iO 3 
7J. 3 
72 3 

73 ,-. 
..::. 

74 2 
75 3 
i6 3 
77 -:!" 

~. 

is 2 
79 2 
5(1 3 
81 3 
B'-' .L.. 3 

8-' .... ' ,-. 
..::. 

B4 2 
85 3 
Bf, -:r ..... 
87 3 
B8 3 
89 3 

90 2 

9i .-. ..::. 

-jI, 

-!I' 

oY,. 

* 
'* 
* 

B = 
C = 
D -
E = 
F = 
G = 

tll1l\'! be l' 
\'1'_\ Ii'I t! e \' 
., pi , , E' , , R' 0\'. ' 1,(' 
I1l.lmbe\' 
tH.\I~ibe \" 
nllli'l be l' 

* OUTPUT CfiatlQed fl'ali'le . 
LPCSPOINTER,LPC.BUFFER 
none 

• j(- (3LOBALS 
* CALLS 
"*'/ 
CHANGE$FRAME: PROCEDURE PUBLIC; 

N = CONVERT(BUFFER(l». 
N = SHL(N,4) OR CONVER+(BUFFER(2»; 

DO I = 0 TO N-l" , 
LPC$POINTER = LPC$POINTER + 18; 

END; 
LPC$POINTER = LPC$POINTER - 18; 
1F BUFFER(3) = 'P' THEN 
DO; 

LPC(2) = CONVER1(BUFFER(4»; 
LPC(2) = SHL(LPC(2),4) OR CONVERT(BUFFER(5»; 
RETURN; 

END; 

IF BUFFER(3) = 'E' THEN 
DO; 

LPC(O) = CONVERT(BUFFER(4»; 
RETURN; 

END; 

IF BUFFER(3) ='~R' THEN 
DO; 

LPC(l) = CONVERT(BUFFER(4»; 
RETURN; 

END; 

IF BUFFER(3) = 'K' THEN 
DO; , 

N = 2 + CONVERT(BUFFERC4»; 
LPC(N) = CONVERT(BUFFER(5»; 
LPC(N) = SHL(LPCCN),4) OR CoNVERT(BUFFER(6»; 
RETURN; 

END; 

CALL DISPLAYS~ESSAGE(.ERRoR(O»; 

END CHANGESFRAME; 

1**************************************************** 
* PROCEDURE CREATESFILE 
* FUNCTION 
-l(. 

.j;. ;JUT'; CALL 
-l(. Ii\lPUT 
* OUTPUT 

Creates a file containing smoothed LPC 
data 
CA~L CREATESFILE; 
5000H-7FFFH .•••• LPC data 
A nel--J file 

15 

. '. 



12 1 

~3 2 
!4 :2: 
15 2 

If, 2 

17 2 
i8 :2' 
19 2 
10 

.-, 
L 

11 
.-, 
L 

)2 .-, 
.L 

13 2 

14 3 
)5 '3 
)f, 4 
)7 lL 

)8 4 
)9 3 
,0 3 
,1 ~ 

.2 3 
:3 3 
:4 <" ..., 
.5 3 
~f, 4 
~7 £" 

~8 4 
~9 ::: 
Xl I::" 

~. 

~1 5 
22 t":" 

-' 
23 4 
24 <" -, 
25 4 
25 4 
27 4 
28 lL 
29 4 
3(1 3 
31 3 
32 3 
33 3 
34 ":!" 

>oJ 

35 3 

37 :?: 

38 ~, 

L 

39 .':-.... 

: LPCtPOINTER,RAMSPOINTER 
: OPEN,WRITE,CLOSE 

CREATESFILE: PROCEDURE PUBLIC; 

CALL DISPLAYSMEBBAGEC.ABKSPRINTERCO». , 
IF (Cl AND 7FH) = 'Y'THE!\l . 

CALL IOBET <81H) ; 
ELSE 

CALL IOBET(4iH); 

CALL DIBPLAY$MEBSAGE(.ASKSSMOOTH$FILE(O»; 
CALL GETSCHARACTERB; 
CALL OPEN(.M,.BUFFER(0),2,0,.STATUS); 
RAMSPOINTER = BOOOH; 
J = 1; 
L = 0; 
DO WHILE LPCSPOINTER < ENDSOFSBUFFER; 

IF L = 0 THEN 
'DO; 

CALL LO(OCH); 
CALL PRINT$MESSAGE(.HEADING(O»; 

EixJD; 
CALL LO ( , '); 
CALL PRINTSNUiYiBER (3) ; 

CALL LOC' '); 
J = J + 1; 
IF LPCCO) = 0 THEN 

I\! = 0; 
ELSE'DO; 

IF LPC(1) - 1 THEN 
N - -"'";-­- ... , 

ELSE DO; 
IF LPC(2) = 0 THEN 

l\i = £.; 
ELSE 

N = 12; 
END; 

END; 
DO I = 0 TO N; 

RAM = LPC(!); 
CALL PRINT$NUMBER(RAM); 
CALL LO ( , '); 
RAM$POINTER = RAMSPOINTER + 1; 

END; 
LPC$POINTER = LPCSPOINTER + 18; 
CALL LO(OAH); 
CALL LO ((IDH) ; 
L = L + 1; 
IF L = £.0 THEN L = 0; 

EI'iD; 

RAM = OFH; 

COUNT = RAM$POINTER -7FFFH; 
CALL WRITE(M,8000H.COUNT,.STATUS); 

15 



5 

;, 

"1 

3 
3 
) 

c:: 

S 
~ 
:; 
::. 

7 

2 CALL CLOSECM •. STATUS)' . , 
.-', 
..::" CA~L iOSET(41H); 

2 ~ND CREATESFILE' , . 
1**************************************************** * PROCEDURE SAVE 
.IE- :=-Ui\lC-, I ON 

* 
Creates a file containing smoothed row 
LPC data 

* OLM CALL : CALL SAVE; 
* INPUT GOOOH-7FFFH ••••. LPC data 
* OUTPUT A new file 
* "GLOBALS LPC$POINTER,RAM$POINTER 
* CALLS OPEN,WRITE,CLOSE 
*1 

• SAVE: PROCEDURE PUBLIC; 

2 l~ BUFFER(1) = 'X' THEN 
2 DO; 
3 CALL DISPLAY$MESSAGE(.ASK$SMOOTH$FILE(O»; 
~ CALL GET$CHARACTERS; 
~ CALL OPEN(.FILE,.BUFFER(O),2,O,.STATUS); 
3 COUNT = END$OF$BUFFER ~ GOOOH; 
3 CALL WRITE(FILE,GOOOH,COUNT,.STATUS); 
3 CALL CLOSE(FILE,.STATUS); 
3 END; 
2 CALL EXIT; 

2 END SAVE; 

1 

.-. ..::. 

2 

2· 
~ 

3 
.-. ..::. 

2 
.-. ..::. 
~ . 
..::. 

2 
2 
3 

I***~************************************************ 
* PROCEDURE DISPLAY$FRAME 

* "*. 
* 
* 
* 
* 
* 
* 
* 
.'fl:1 

FUNCTION 
PLM CALL 
INPUT 

OUTPL/T 
GLOBALS 
CALLS 

Disolays frame data 
CALL DISPLAY$FRAME 
BUFFER = ABC 
A = 'D' 
B = nUIYlbe \" 
C = nlllYIOe \" 
Disolays frame data 
LPC$POII\lTER 

: DISPLAY$MESSAGE,PRINT$NUMBER 

DI SPLAY$FRAfYIE: PROCEDURE PUBLIC; 

N = CONVERT(BUFFER(l»; 
N = SHL(N,4) OR CONVERT(BUFFER(2»; 

DO I = 0 TO N-l; 
LPCSPOINTER = LPCSPOINTER + 18; 

END; " 
LPCSPOINTER ="LPCSPOINTER - 18; 
CALL PRINTSMESSAGE{.HEADING(O»; 
CALL LO ( , '); 
CALL PRINT$NUMBER(N); 
CALL LG ( , '); 
DO I = (I TO 17; 

CALL PRINT$NUMBER(LPC(I»; 

157 



3 3 
~ 

2 

1 

2 2 

"' 2 oJ 

tJ. 2 
C" 2 ,.} 

b ~. 

L.. 

7 2 
S 2 
9 .-. ..::. 
(I --:. .... 

l 2 

~ . ..,. 
.t.. ...,;.-

~ 3 
i+ 3 
5 3 

E. .;, 

7 3 
B 4 
(1 4 
1 3 
2 3 

4- 3 
5 3 

IE.. 3 

? 2 

CALL LO ( , '); 
END; 

~~D DISPLAY$FRAM~: 

I****************~*********************************** * PROCEDURE CHANGESENERGY 
.lE- FUNCTION Changes energy ~evels 

CALL CHANGE$ENERGY; 
LPC$POINTER ooints to 
Changed energy levels 
LPCSPOINTER,BUFFER 
Cm'>iVERT 

~. PLM CALL 
* INPUT data block 
* OUTPUT 
* GLOBALS 
* CALLS 
*1 
CHANGESENERGY: PROCEDURE PUBLIC; 

DECLARE RMS(*) ADDRESS DATA( 
0,52,87,123,174,246,348,491, 
694,981,1385,1957,2764,3904,5514,7789); 

DECLARE £(4) BYTE; 
DECLARE DUMMY ADDRESS; 
DECLARE TEMP(2) ADDRESS; 

E(l) = CONVERT(BUFFER(l»; 
E(l) = SHL(E(1),4) OR CONVERT(BUFFER(2»; 
E(2) = CONVERT(BUFFER(3»; 
E(2) - SHL(E(2),4) OR CONVERT(BUFFER(4»; 
E(3) = 0; 

DO WHILE LPCSPOINTER < ENDSOF$BUFFER; 

DUMMY = LPC<l4); 
TEMP(O) = LPC(13); 
TEMP(O) = TEMP(O) OR SHL(DUMMY,S); 
TEMP(l) = 0; 

CALL FBDIV(.TEMP(O),.E(O),.TEMP(O»; 
DO I = 0 TO 14; 

IF TEiYiP (0) < Ri"iS <I) THEN GO TO RMS$FOUND; 
EI"D; 
I = '15; 

RIYiS$FOUI\lD: 
IF (LPC(O) = 0) AND (I = 15) THEN; 
ELSE LPC(O) = 1-1; 
LPC$POINTER = LPC$P01NTER + 18; 

END; 

END CHHNGE$ENERGY; 

1**************************************************** 
* PROCEDURE REMOVE 

* 
.j!. 

* 
-j(. 

* 
~. 

;:;UNCT1ON 
PLM CALL 
INPUT 

OUTPUT 

Removes indicat~d frames from block. 
CALL REIl'lOVE; 
LPC$POINTER ooints to data block 
BUFFER(1),BUFFER(2) = Starting frame 
BUFFER(3),BUFFER(4) = End fr~me 
New block does not contain removed 

I 

.1 

·1 



1 

2 
2 
--:' .... 

~ 2 

:, 2 
~ 3 
5 3 
J 2 
7 :;:' 
~ 3 
3 3 

) .-, 
4 

1 3 
(.: 4 
:, b 

~. 4 
5 ~ 
~ 3 ::. 

7 ~, 

..::. 

g 2 

9 1 

(I .-, 
..::. 

1 2 

2 -, ..::. 

3 2 
4 3 
5 4 
b l.J. 

7 4 
8 ~ 

9 3· 
(I 2 

1 -2 

-jI. 

* GLOBALS 
-¥. CHLLE 

f I'al'hes 
LPCSPOINTER.BUFFER,RAMPOINTER 
CONVERT' . 

REMOVE: PROCEDURE PUBLIC-, 

N = CONVERT(BUFFER(l»-
N = SHLCN,4) OR CONVER~(BUFFER(2»-
I C ' = .ONVERTCBUFFER(3»-
I = SHLCI,4) OR CONVERfcBUFFER(4»; 

DO J = 1 TO N; 
LPC!tPOII\nER = 

END; 
LPCSPOINTER + 18; 

RAM$POINTER = LPCSPOINTER; 
DO J = N+l TO I; 

RA~SPOINTER = RA~$POINTE~ + 18; 
END; 

DO WHILE RA~$POINTER < END$OF$BUFFER; 
DO :J = 0 TO 17; 

LPCCJ) = RA~; 
RAM$POINTER = RAMSPOINTER + 1; 

END; 
LPC$POINTER = LPC$POINTER + 18; 

END; 
END$OFSBUFFER = LPC$POINTER; 

END REIYlOVE; 

1**************************************************** 
* PROCEDURE INSERT 
* FUNCTION : Inserts selected file after the 

* * PLM CALL 
i nd icated fl'alYle 
CALL INSERT; 

* INPUT LPC$POINTER Doints to data block 
BUFFER(1),BUFFER(2) = Starting fraMe 
New block contains inserted -frames 
LPCSPOINTER.BUFFER,RAMPOINTER 
CONVERT 

* * . OUTPUT 
GLOBALS 
CALLE * 

* 
*1 
I~SERT: PROC~DURE PUBLIC; 

N = CONVERTCBUFFER(l»; 
~ = SHL(N,4) OR CONVERTCBUFFER(2»; 

RAMSPOINTER = 8000H; 
DO J = 1 TO N; 

DO I = (I TO 17; 
RA!Yi = LPC <I ) ; 
RAMSPOINTER = RAM$POINTER + 1; 

END; 
LPCSPOINTER = LPC$POINTER + 18; 

END; 
ASf(SAGA IN: 

CALL DISPLAY$MESSAGE(.ASK$INSERTSFILE(O»; 
CALL GETSCHARACTERS; 
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,-80 rf)iYiP:C LER 

2 
:;~ 

2 
3 
~ .::, 

3 
,"":, ..... 
2 
2 
~, 

"'-
2 
-:r ...... 
.,:;., 

3 
.::, 

L' , .-;, .... 
3 "< ..... 
) a 

4. 

2 4 
< ~ 

oJ ~, 

~ ,:, 

5 2 
S 2 

7 2 
g 3 
9 4 
(I 4 
, 4 

.-, 3 ,/.. 

3 3 

4- .-, 
..::. 

I:" 
.... ' ... 
& 1 

7 1 
B 1 
r-. 
::J ,\. 

(; 1 

1 
,:. :2 .L.. 

<- 2 ..... 
4- .-, 

..::. 
t=" 1 oJ 

E.. 2 
7 2 
8 2' 
9 2 
(> ~L 

1 2 

C0LL OOENC.FILE,.BUFFER(O) 1,0 . STATUS) : 
·fC S--·~\-- . Co' I' .. -- - " • 
." I I-- I U.., \ J U • HEr-.\ . 

CALL DISPLAY$MESSAGE(.ERROR(O»: 
GO TO ASt<SAGAIN; 

END; 
CALL READ(FILE,RAMSPOINTER,2000H,.COUNT,.STATUS): .. 
CALL CLOSE(FILE .STATUS)' . , , 
ENDSOFSBUFFER = END$OFSBUFFER + COUNT; 
IF ENDSOFSBUFFER ) 7FFFH THEN 
DO; 

CALL DISPLAYMESSAGE(.ERROR(O»: 
END$OFSBUFFER = ENDSOFSBUFFER ~ COUNT; 
RETURN; 

.END; -' • 

qAM$POINTER = RAMSPOINTER + COUNT: 
DO WHILE LPC$POINTER < (END$OFSBU~FER-COUNT)' 

DO J = 0 TO 17; , 
RAiYl = LPC (J) ; 

RA~$POINTER - RA~$POINTER + 1; 
END; 
LPCSPOINTER= LPCSPOINTER + 1B; 

END; 
RA~SPOINTER = BOOOH; 
LPCSPOINTER 6000H; 

DO WHILE LPCSPOINTER < END$OF$BUFFER; 
DO J = 0 TO 17; 

LPC(J) = RAM; 
RAM$POINTER = RAM$POINTER + 1; 

END; 
LPC$POINTER = LPC$POINTER + 18; 

END; 

/*~*************************************************/ 

D~CLARE BEGIN LABEL PUBLIC; 
BEGIN: 
CAL~ IOSET(41H); 
CALL DISPLAYSMESSAGE(.ASK$LPC$FILE(O»; 
CALL GETCHARACTERS; 
CALL OPEN(.FILE,.BUFFER(O).l,O •. STATUS); 
r= STATUS () 0 THEN 
DO: 

~ALL DISPLAYSMESSAGE(.ERROR(O»; 
GO TO BEGIN; 

= S= DO· 
-~C~LL ~EAD(FILE~6000H,2000H,.COUNT,.STATUS); 

E~D$OF$BUFFER = 6000H + COUNT; 
CA~L CLOSECFILE,.STATUS); 

END; 
.DO WHILE 1; 
LOOP: 

I 
160 



-80 CO~PI~ER 

2 
2 

2 

3 
3 
2 
2 
3 
3 
3 
2 
2 

3 

2 
2 

3 
2 
2 
3 

2 
3 

3 

2 
3 

CALL DISPLAY$~ESSAGE(.PROMPT(O»: 
CALL G~T$CrlARRCTERS; . 
~OC$DOINTER = GOOOH: 
~~ BU~F~R(O) = '5' ~hEN 
DO; 

CALL CHANGESENERGY: 
GO TO LOOP; . 

END; 
I~ BUFFER(O) = 'F' THEN 
DO; 

CALL CHANGE$FRAME; 
GO TO LOOP; 

END; 
IF BUFFER(O) = 'D' THEN 
DO; 

CALL DISPLAYSFRAME; 
GO TO LOOP; 

E~D; 

IF BUFFER(O) = 'E' THEN 
DO; 

CALL SAVE; 
GO TO LOOP; 

END; 
IF BUFFER(O) = 'C' THEN 
DO; 

CALL CREATE$FILE; 
GO TO LOOP; 

END; 
I~ BUFFEReO) = 'R' THEN 
DO; 

CALL REMOVE; 
GO TO LOOP; 

END; 
IF BuFFEReO) = 'I' THEN 
DO; 

CALL INSERT; 
GO TO LOOP; 

END; 
2 END; 

1 END MAIN; 

_E rNFO~~ATION: 

CODE AREA SIZE 
VARIABLE AqEA SIZE 
~AXI~u~ STAtK SIZE 
~Sl LiNES READ 
o PROGRAM ERROR(S) 

-
= 
= 

J~ PL/M-80 COMPILATION 

0916H 2326D 
0023H 35D 
OOOAH 100 
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-80 COMPILER 

-II ~L/~-80 V3.0 CO~PILATrON OF MODULE GRA~HfYlDDULE 
:-,- !Y'iJDtLE ,:J,_riC:::D I \i : c:., : S;-';Dlt!. DEU 

,;...E ~ ::: i\ V;:}'<ED BY: jJLf'(,BO ~ F 1 : S!--;0 i,; • 5 Re WO ~i'<F I LES ( : FO :, : i=(I : ) 

1 
.s. 

1 

i 

1 

1 
1 

1 

$PAGEWIDTH(80) 
I¥*************************************************** 
** ** 
** 

*-1(' FILE NAlYiE 
** lYiC(DULE DEF 
*-!l!' AUi-HOR 
*¥ 

SPEECH SYNTHESIS SYSTEM 
GRAPH DISPLAY MODULE 

SHOI,.). SRC 
tr/ain Disolay 
Onde)' Bicioglu 

** 

DATE 

22 (IE, 85 

"I,*~-,*,*-jI(,***"*,.f('*f:',*'*****,*'**,*'*****~'********"*',*'**-l>'-li'*****,*',*'~'*/ 
GRAPH$fYlDDULE: 
DO; 

DECLAF:EI BYTE; 
DECLARE (FILE,COUNT;STATUS) ADDRESS; 

DECLARE KEY BYTE PUBLIC; 
DECLARE CLEFT, RIGHT, UP, DOWN, 

HOME.CLEAR,LI) BYTE PUBLIC; 
DECLARE (TIME$BASE, AMPLITUDESBASE, START) 

ADDRESS EXTERNAL; 
D~CLARE DATABUF(l) BYTE EXTERNAL; 
DECLARE BUFFER(l) BYTE EXTERNAL; 
DECLARE MDS BYTE PUBLIC; 

DECLARE c ... \ r. LITERALLY 
HORIZONTALUNITS LITERALLY 
VERTICALUNITS LITERALLY 
VCLEFT LITERALLY 
VCR:lGhT LITER{4LLY 
VCUP LITERALLY 
VCDQV.JN LITERALLY 
VChOiYii::: LITERALLY 
VCCLEAR LITERALLY 
VCLI LITERALLY 
INTELLEFT LITERALLY 
I I\~-EL RIGHT LITERALLY 
li\iTELUP LITERALLY 
If\JTELDOWN LITERALLY 
INTELHOME LITERALLY 
I r-':TELCLEAR LITERALLY 
I!\!TELLI LITERALLY 

DECLA~E (DES~TR,SRCPTR) ADDRE~S; 
DECLARE DES BASED DESPTR BYTE; 

~L,~r BASED .SRCP-Io BYTE!. 

, 13' , 
, 8' , 
, 8' , 
, 8' , 
., 1 ()H" , 
, OC!-i' , 
, (lBH' , 
., 12H' , 
, 1 CH' , 
'1 1 Brr' ., 
, 44H' , 
, 43H' , 
, 41 H' , 
, 42H' , 
, 48H' , 
, 45H' , 
, lBH' • 

D::::C:....ARE :::-"''-' 1\ 

E Y-~- '"' "-'-A • tIl"" .,. \ 'L-'I~I :-1'" r:J tlr, T D'-C' r~Rc L'Pi:);::-R'*' -\ it:. in-II ',v\.JJ....J.., ,,' .,-,_-:"i-~.\, v\--I- .... ., 

~ v,C;CJWI'.! 'VCLI:VCDOl>.'f\J, CR,' ',' ',0); . 
DECLARE ~AXIS(*) BYTE DATAC'-'.VCLI,VCDDWN, 

Vr, ~::;-I ' I' VCL T VCDOWN VCLEFT, 00, 00, (0) ; 
\-'1-t:. 1 ., , -., ., • 



',~·,-80 rn;Y.;J:~LE.R 

1 
"7 ., 

,8 1 

iCi 1 , ... 

20 i 

~. ~ 1 ~-'-

.,....-:. 1 :,. .... 

.,",":" .; ::..,:, ... 

24 1 
'-)C" 

.<-'"' 2 
26 2 
27 1 
28 2 
29 1 
30 2 
i-: ,"":, 
oJ .. -<-

32 1 
33 .-:. 

-"-

34 1 
~t:" 

.J..J 
.... , 
..:: 

35 , 
-'-

7"7 .-. 
':'1 .::. 

38 :. 
39 2 
HI 1 
~1 .-, 

.::. 

4-2 1 
4.3 2 
4-4 1 
4-5 2 
4·b 2 
4-7 -'-
4-8 .-, 

..:: 
4-9 i 
50 2 
51 .-, ..::. -
52 1 
~~. _tw .-, 

~. 

54 2 
55 J. 

~~C~AR~ XAXIS(*) BYTE DATAC'-------I'.OO): 
D~CLARE BASEDATA<*> BYTE DATA(' ~im~bas~:' 
• 01 msec Am~litudeDase 20 Units 
'01"';.0111 : OO()O msec' nr)J'" - - , .... -- ., 

DECLARE ASK$SYSTEM(*} BYTE DATA(OAH ODH 
, or _. " . ., , 
~= ~nlS new ~DS ? ',OArl.ODH.OO); 

DECLARE ASK$SHOWtFILE(*) B~fE riATA(OAk,ODH, 
'Enter file name to be Oisolayed' OAH ODH 00)-

DEC:..AR'::: ERROR (i(.) BYTE DATA (OAH, 001-:, , , , , 
'ERROR',OAH,ODH,OO); . 

D~CLARE VC414DATAC*) BYTE DATA( 
VCLEFT,VCRIGHT,VCUP VCDOWN VCHOME , , , 
VCCLEAR,VCLI); 

DECLARE INTELsDATAC*) BYTE DATA( 
INTELLEFT,INTELRIGHT;INTELUP,INTELDOWN, 
INTELHOME,INTELCLEAR,INTELLI); 

D~CLARE INTELTABLE(*) BYTE DATA( 
INTELLI, INTELCLEAR, INTELLI,INTELDOWN, 
Ii\iTELLI, II\TELDOWr-.l, CR,' ',' ',0, 
'-',INTELLI,INTELDOWN,INTELLI,INTELLEFT,'I', 

INTELLI,INTELDOWN,INTELLI,INTELLEFT,OO); 

I¥**************************************************I 

CO: P~OCEDURE(CHARACTER) EXTERNAL; 
DeCLARE CHARACTER BYTE; 
END CO; 

CI: PROC':::DURE BYTE ~XTERNAL; 
END CI; 

MOVECURSOR= PROCEDURECDIRECTION,COUNTJ EXTERNAL; 
DECLARE (DIRECTION,COUNT) BYTE; 
END iYiOIJECURSDR;· 

C~ANGETIMEBASE: PROCEDURE EXTERNAL; 
END ChANGETIMEBASE; 

C~ANGEAMPLITUDEBASE: PROCEDURE EXTERNAL; 
E~D CrlANGEA~PLITUDEBASE; 

S~IFTLEFT: PROCEDURE EXTERNAL; 
E;\lD SH I FTLEFT ; 

SHIFTRIGHT: PROCEDURE EXTERNAL; 
END SHIFTRIGHT= 

Ci-:Al\;GE$ORIGH-.l: PRDCEDURE EXTERI\iAL; 
END CHANGE$ORIGIN; 

D~AWGRAPH: PROCEDURE EXTERNAL; 
€ND DRAv.JGRAPH; 

DIS~LAY$~ESS~GE.: PROCEDURE(POINTER) EXTERNAL; 
DEC~ARE POINTER ADDRESS; 
E~D DISPLAY$MESSAGE; 

EX~T: PROCEDURE EXTERNAL; 
END EXIT; 

~,~C~I" nQnrc -J,Jllpc fPl P2 P3.P4,P5) EXTERNAL; w .... _~'-!. r"'1._\....- .. __ ,~, ., , • 

DECLARE (Pl,P2,P3,P4,P5) ADDRESS~ 

END OPEN" 
~EAD: PROC~DURE(Pl,P2,P3,P4,P5) EXTERNAL; 

D-C' cl~~ \'01 .... ~? P3 P4,P5) ADDRESS; l::. i.....r· i""\_ r . ., -, ., 

END READ; 
) '::X-I-E~;NAL .", CLOSE: PROCEDURE(Pl,P2 - " 

I 



:~ 

:2: 
~ 

.-, 

..::. 

) 1 

1 

2 .:. 

S 1 

~ 1 

5 ',",:. 
ok 

::. 2 
7 2 
:I 1 

'3 i 

) 1 , 1 ... 
.'~, 

.:.. 1 

3 2 
4- .-, 

..::. 

5 .-, 
..::. 

Eo 3 
7 3 
8 3 
9 ~ 

~ 

(I .-, 
..::. 

i .-, 
..::. 

'-:1 .-, .... ..::. 
~ 

~ 1 
4- 2 
5 ~, 

..::. 

·5 2 
.7 i 
8 3. 
0 
.~ :2 
10 2 
11 2 
12 .-, 

..::. 

;3 1 
14 1 
i5 1 

IE., 1 

i7 1 
18 .-, 

..::. 

i9 2 
)0 :t 
)1 1 
)2 :L 
)3 2 
)4 .-,' .,::. 

)5 :t 
)6 1 

~ 

DECLARE (Pl,P2) ADDRESS: 
:~;\.iL·-) rl ile:;:::-· . __ • ;....0 __ '"-'_., 

G~7C~ARACTERS: PROCEDUR~ EXTERNAL: 
END GETSCHARACTERS: . 

I*******************~************************/ 
BEGIN: 
CqLL DISPLAY$MESSAGEC.ASK$SHOW$FILE(O»; 
CALL GET$CHARACTERS;. ' 
CALL OPEN(.FILE,.BUFFER(O),l,O,.STATUS); 
Ie STATUS (> 0 THEN ' 
DO; 

CALL DISPLAYSMESSAGE(.ERROR(O»; 
,GO TO BEGIN; 

~ND; 

CALL READ(FILE,.DATABUF(O),4000H,.CDUNT,.STATUS); 
CALL CLOSE(FILE,.STATUS); 

CALL DISPLAY$~ESSAGE(.ASK$SYSTEM(O»; 
IF (Cl AND 7FH) = 'Y' THEN 
DO; 

SRCPTR = .INTELSTABLE(O); 
DESPTR = .UPPERCO); 
DO 1=1 TO 21; 

DES = SRC; 
DESPTR = DESPTR + 1; 
SRCPTR = SRCPTR + 1; 

END; 
[I'iDS ;::; 1; 
SRCPTR = .INTEL$DATA(O); 

Ej\'D; 
ELSE DO; 

r'';DS = 0; 
SRCPTR = .VC414DATA(O); 

El\lD ~ 
DESPTR = .LEFT; 
DO I = 1 TO 7; 

DES;::; SRC; 
DESPTR - DESPTR + 1; 
SRCPTR = SRCPTR + 1; 

END; 

START=.DATABUF(O); 
T I lYiEBASE= 1 ; 
AMPLITUDEBASE=32; 

CALL DISPLAY$MESSAGEC.UPPER(OO»; 
DO 1=1 TO VERTICALUNITS; 

CALL DIBPLAY$MESSAGE(.YAXIS(O»; 
ci\iD; 
C~ILL CO C' -' ) ; UI'--C::) 
CALL MOVECURSOR(UP,VERTICAL ~l!~ ; 

DO 1=1 TO HORIZONTALUNITS; , 
CALL DISPLAY$MESSAGEC.XAXIS(O»; 

::;\ID; 

U- \ ,,·-C' ·1 Oc:'U-IQ (i ~r-~-r ,i:\i(+;DR I Z 01\ITAL..l!N I TS) = CAL L !Yi .. :::. ,-,!,.., "" - - , - . 
CALL ~OVECURSOR(DOWN,VERTICALUNITS+3); 
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~BO CO~PILER 

j 

CAL~ D~SPLAY$~ESSAGE(.BASEDATA(O»: 
CA~~ cd(~~); . 
CA~~ CD(~OX~); 

CA~L DRAWGRAPh; 

1 DO W~ILE i; 
2 KEY=CI AND 7FH; 
2 
2 
2 
2 
2 

iF KEY='E' 
I~ KEY='T' 
iF KEY='A' 
IF KEY=RIG~T 
IF KEY=LEFT 
IF KEY='O' 

END; 

THEN CALL EXIT; 
THEN CALL tHANGESTIME$BASE; 
THEN CALL ChANGE$AMPLITUDE$BASE; 
THEN CA~L SHIFTRIGHT; 
THEN CALL SHIFTLEFT; 
T~EN CALL CHANGE$ORIGIN; 

1 . ~ND GRAPHMODULE; 

COD~ o~~A SIZE = 0291H 
VARIAB~E AREA SIZE = 0014H 
~AXIMUM STACK SIZE = 0008H 
lB1 LI~ES READ 
o PROGRA~ ERRORCS) 

OF PL/M-BO COMPILATION 

b57D 
20D 

aD 
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) : i= 1 : ~JI NDOW. SRC 

-iI 8080/S085 ~ACRO ASSE~B~ER, V3.0 

OBJ 

00 7B14 
02 0000 
04 8A:.4 
06 0000 
08 B7ll!. 
OA 0000 
OC (ll :i.5 
(IE 0000 
10 6915 
:2 0000 
14 EElS 
J. £, 0000 
:.8 9116 
lA 0000 
lC 5117 
lE 0000 
20 2::::18 
22 0(100 
24 2819 
2 E.. 0(;(;0 
28 ~.-- A 

~!::..l 

2A 0000 
2C 71 iB 
2E: 0000 
30 C01C 
'32 0000 
34- 2A~d=: 

'35 0000 
138 B01F 
13A 0000 
13C 5121 
t"7" +=" '-'- 0000 
I~O (lC23 
142 0000 
144 E:i24 
145 0000 

LINE SOURCE STATEMENT 

1 $PAGEWIDTH (8(1). . . ~ 
2 ;***********************************~**************. 
~ "* . 
4 ~.~.. SPEECH SYNTHESIS SYSTEM ~ 
5 -~ HA~~ING WINDOW 1 
6 ; * -+; 

7;* FILE NAME WINDOW.SRC DATE 
8;* ~ODULE DEF Hamming Window ---------
9 ;-l\. AUTHOR Ol1del' Bicioglu 22 0(; 85 

10 ;* 
11 ;************************************************** 
12 

16 
17 
18 ; 
19 W: 

20 

21 

22 

23 

WINDm,i 

PUBLIC l-! 

CSEG 

Dl-J 5243,0,5258,0,5303,0,5377,0 

DW 5481,0,5614,0,5777,0,5969,0 

Dl.-J 6190,0,6440,0,6718,0,7025,0 

DW 7360,0,7722,0,8112,0,8529,0 

DW 8972,0,9441,0,9936,0,10455,0 



5:5-:= 8080/8085 ~ACRO ASSE~BL~R, V3.0 
157 

LOC DBJ LINE SOURCE STATE1YiEI\!T 

0048 D026 
004P. 0000 
004C DB28 
004.E 0000 
0(150 FB2A 
0052 0000 

24 [l!..J 11000,0,11568,0,12161,0,12776,0 

0054 302D 
0055 0000 
005B 812F 
OOSA 0000 
005C EB3l 
005E 0000 
0060 6534 
0062 0000 

DW 13413,0,14073,0,14753~0,15453,0 

0064 F936 
0066 0000 
006B A139 
006A 0000 
OOGC 5D3C 
OOE.E 0000 
0070 2D3F 26 DW 16173,0,16912,0,16670,0,18444,0 
(1072 0000 
0074 1042 
0076 0000 
007B 1E41 
007A 0000 
007C OCc!t.B 
007::: 0000 
0080 2c!t.4B 27 W8: 19236,0,20043,0,20892,0,21703,0 
00B2 0000 
0084 c!t.B4=: 
0086 0000 
0088 9C5:i. 
OOBA 0000 
008C C754 
008:::: 0000 
0090 lA58 28 DW 22554,0,23417,0,24291,0,25178,0 
0092 0000 
00'34 795B 
0096 0000 
0098 E35=: 
009A 0000 
OOSC 5A52 
009E 0000 
,OO~'!O DQ;::·r=. 29 DW 26073~0,26979,0,27B92,0,2BB13,O 

(lOA2 0000 
(l0{44 6359 
(lOA6 0000 
00148 Fc!t.6C 
OOI~A 0000 
OOAC 8[170 
OO{:;;=: 0000· 
OOBO 21'7/, 30 DW 29740,0,30673,0,31611,0,32552,0 

00B2 0000 
00B4 Di77 



;ys-:r en BO/BOB5 ~ACRO ASSE~P:I::.-~.~_. V- l-) 
~.- ". ~. WI~DOW 168 

LOC aBS LINE SOURCE STATEMENT 

00B6 onoo 
00B8 787B 
OOEA 0000 
OOBC 287F 
008E 0000 
OOCO D8B2 31 DW 33496,0,34442,0,35389,0,36336,0 
00C2 0000 
00C4 BA86 
OOCS 0000 
00C8 3D8A 
OOCA 0000 
OOCC FQBD 
OOCE 0000 
OODO A?q1 32 DW 37282,0, 38226,0,39168,O,40l05, 0 
OOD2 0000 
OOD4 5295 
OOD6 0000 
OOD8 0099 
DODA 0000 
OODe A99C 
OODE 0000 
OOEO 4Epn 33 DW 41038,0,41965,0,42887,0,43800,0 
OOE2 0000 
00E4 EDA3 
OOE6 0000 
00E8 87A7 
OOER 0000 
OOEC 18AB 
OOEE (ICI(I() 
OOFO AiA~ 34 DW 44705,0,45601,0,46487,0,47362,0 
00F2 0000 
00F4 21B2 
OOFS (ICI(IC) 
00F8 97B5 
OOFA 0000 
OOFC 02B9 
OOFE (I CICI (I 
0100 6i~r 35 W16: DW 48225,0,49076,0,49912,0,50735,0 
0102 0000 
0104 B4BF 
0106 0000 
0108 FBC2 
OlOA 0000 
Oloe 2FC6 
OlOE uOOO 
0110 5~rq 36 DW 51542,0,52334,0,53109,0,53866,0 
0112 pOOO 
0114 6ECC 
0116· 0000 
0118 75CF 
01lA 0000 
01lC 6AD2 
011E (1(1(1(~ 

54605,0,55325,0,56026,0,56706,0 0120 4nn~ 37 DW 
~ 

0122 0000 



IS-iI snBO/B085 MACRO ASSEMB~ER, V3.0 WINDOW 169 

LOC OBJ LINE SOURCE STATEMENT 

0124 1DD8 
0126 0000 
0128 DADP 
012A 0000 
O12C S2DD 
012E 0000 
0130 15EO 
0132 (I (I Cl (I 

38 DW 57365,0,58003,0,58617,0,59210,0 

0134 ~3E2 
0136 0000 
0138 F9E4 
O13A 0000 
013C 4AE7 
013E 0000 
0140 8~~q 
0142 0000 

39 DW 59779,0,60323,0,60842,0,61338,0 

0144 A3EB 
0146 (1(1(1(1 
0148 AAED 
014A (1(ICI(i 

Ol4C 9AEF 
014E (1(1(1(1 
0150-6~~i 40 DW 61807, 0, 62191, 0, 6266§, 0, 63057, 0 
0152 0000 
0154 EFF2 
0156 0000 
0158 CDF4 
Ol5A 0000 
015C 51F6 
015E 0000 
0160 88F7 4i DW 63419,0,63753,0,64061,0,64339,0 
0162 0000 
0164 09F9 
0166 0000 
0168 3DFA 
OlGA 0000 
016C 53~~ 
O16E 0000 
0170 4DFC 42 DW 64589,0,64810,0,65001,0,65165,0 
0172 0000 
0174 2AFD 
0176 0000 
0178 E9FD 
017A 0000 
017C BDFE 
017E 0000 
OlBO 12FF 43 DW 65298,0,65402,0,65476,0,65521,0 
0182 0000 
0184'7AFF 
0186 0000 
0188 C4F= 
OIBA 0000 
018C F1FF 
OIBE 0000 

44 



;:S-II BOAO/BOB5 MACRO ASSEMBLER, V3.0 

LOC OBJ 

~LIC SYMBOLS 
C 0000 

ITERNAL SY~BOLS 

~R SYMBOLS 
C 0000 

LINE 

45 END 

W16 C 0100 

EE~BLY COM~LET~,' NO ERRORS 

SOURCE STATEME~7 

WB C OOBO 

WINDOW 170 
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JC OBJ 

. '. ... 

1000 
1003 
1004 
1007 
1008 
100B 
100C 
100F 
1010 
lOll 
)0::.2 
)013 
)0:..4 
10:.5 
)0::6 0::.00 
)028 
)O~~ 9 

~LIC SYiy,BOLS 
JU;\lT D 003.2 

D' 0015 

2 D 0004 
~ D oooe 

'iERNHL SYiViBOLS 

LINE SOURCE 8TATH'IENT 

1 $PAGE("JIDTH (80) 
2 ;*******************j****************************** 
3 ; +; . 

4 ;* 
5 ;* 
(; ;* 
7 ;~ 

8 ;* 
FILE NAME 
MODULE DEF 

SPEECH SYNTHESIS SYSTEM 
32-BI: LIBRARY DATA 

ALU001.SRC 
: Data definitions 

DATE 

9;* AUTHOR Onder Bicioglu 22 06 85 
10 ;i(' 
11 ;*************************************************4 
12 
13 
::.4 
:i5 
16 
17 
18 
19 
20 
21 

NAME 

PUBLIC 
PUBLIC 
PUBLIC 
PUBLIC 
PUBLIC 

DSEG 

FBDATA 

OP1,OP1END,OP2,OP2END 
OP3,OP3END,OP4,OP4END 
SIGN,INDt:X,I,J 
ACOUNT,BCOUNT,LINDEX 
RESULT 

22 ;************************************************* 
23 
24 
25 
26 
27 
28 
29 
30 
31 
..,...-. 
":".L. 

34 

36 
37 
38 
39 
40 

OP1= DS 
OP1END: DS 
OP2= DS 
OP2END: ,DS 
OP3: DS 
OP3END: DS 
OPL!, : DS 
OPL!END: DS 
SIGN: DS 
INDEX: DS 
ACOLlNT: DS 
BCOUI\!T: DS 

/ 

I: DS 
~. 
~I • DS 
RESULT: DW 
Lli\1DEX: DS 
SIG~,iAL: DS 

3 
1 
3 
i 
~ 

~ 

i 
~ 

~ 

1 
1 
1 
i 
i 
1 
1 
1 
1 
:I. 

41 ; 
.************************************************* 4 ,-, 

.,k. , . 

43 
44 END 

D 0(114 INDEX D 0011 BCOUNT D 0013 I 
0003 LINDEX D '0018 OPi D 0000 OP1ENQ D 

OP2END D 0007 OP3 D 0008 OP3END D OOOB 
RESULT D (1016 SIGN D 0010 O;:J4END D 000t=" 
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'-. SYMBOLS r\ 

;UN! D OOJ.2 BCOUNT D 00:1.3 I D 0014 INDEX D 0011 
D 0(115 L:NDEX D 00.:.8 OP1 D 0000 OP1END D 0003 
D 0004 OP2END D 0007 OP3 D 0008 OP3END D OOOB 
D OOOC OP4END D OOOF RESULT D 0016 SIGN D 0010 

ii\iAL D 00;;.9 

;Elr,BLY COirii=iLETC:. NO ERRORS 
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OB'] 

'0 c.:1 
11 ~-~~ 

i2 OA 
)3 86 
i4 :2 

is 23 
JE.. ""~ 

.~ ...::,. 

J7 03 
)8 OA 

LINE SOURCE STATEIYjENT 

1 $PAGEWIDTH(80) 

2 ;*********************************"****************** 
3 ;* *' 
4 ;* 
5 ;* 
E. ; * 
7 ;* 
8 ;"* 
'3 ;* 

SPEECH SYNTHESIS SYSTEM 
ADDITION, SUBTRACTION, MULTIPLICATION 

FILE NAME 
MODULE DEF 
AUTHOR 

ALU002 .SRC 
Foul' by tea I'i I; ~1. 
Otldel' Bicioglu 

DATE 

22 (IE, 85 

*" 
*" 
* 
* 
* 10 ;"* *" 

11 ;*************************************************** 
12 
13 
14 
15 
lE-
17 
18 
19 
20 
'-,oj 
"'::'.1. 

22 
23 
24 
25 
:25 
27 
28 
29 
30 
31 

33 
34 
35 
~,... 

~o 

37 
38 
3'3 
40 
41 
42 
43 
tJ .. !J,. 

45 
46 
47 
48 
49 
SO 
51 

53 
S4 

. , 

NAi'1E 

:::XT,~;\l 

EXTRN 
EXTRN 
EXTRN 

EXTRN 

FBARIT 

OP1,OP1END,OP2,OP2::::~D 

OP3,OP3END,OP4,OP4END 
SIGN,INDEX,I,J 
LINDEX,RESULT 

BY2, TIlYjES2 

PUBLIC FBADD,FBSU8,FB~UL 

CSEG 

;*************************************************** 
PROCEDURE FBADD 

. , 

FUNCTION 

PLM CAI_L 
INPUT 

OUTPUT 
GLOBALS 
CALLS 
D:::STROYS 

:=8ADD: 
XTHL 

LDAX 
RDD 
S-i-AX 

INX 

Ii\:X 
'_DAX 

Adds t~o four byte ooerands pointed b 
the first two parameters and "placed t 
result to the memory oointea by the 1 
ooel'and 
CALL FBADD(OPERAND1,OPERAND2,RESULT 
OPERAND1 •••• address of the first byte 
of FiJ'sC OOel'drlC 

OPERA~D2 •••• address of the first byte 
of the second ooerand 
RESULT •••••• address of the first byte 
of memory to store the result 
RESUL T= \'esl.\ 1 t 
tl0ne 
t"IO tle 
all 

H 

B 
:fl 

D 

H 

D 
B 
B 
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OBj 

B,:: 
1.:2.-

3 23 
~ 13 J 

) 03 

- 01=1 
= B'-c:. 
)0 12 

23 
2 1 

...,. ...., 
) 03 
~ O:=i 
5 as 
; 1 .-, ... ..:... 

7 C9 

8 El 
'3 E:3 

A OA 
8 95 
C 12 

D 23 
t=" 13 '-

F 03 
.0 OA 
1 9::: 
,.-. 
. ..::. 12 

:3 23 
:4 13 
:5 03 

55 
5E. 
57 
58 
59 
E.O 
E.1 
E.2 
63 
E.4 

SOURCE STAT~MENT 

ADC IY\ 
8TAX D 

HJX H 
INX D 
INX B 
LDAX B 
ADC 10, 

STAX D 

Ii'!X H 
I 1\1 X D 
1 !\lX B 
LDAX B 
ADC iY\ 
STAX D 

RET 

E.E. 
67 
58 
E,9 

70 
71 
72 
73 
74 
75 
75 

;*******************************~******************~. 

77 
78 ; 
79 
80 

.81 
82 
83 
84 
85 
85 
87 
88 
89 
90 
91 
92 , 

PROCEDURE FBSUS 
FUNCTION Subtracts the four byte ooerand ooint 

PLM CALL 
INPUT 

OUTPUT 
GLoBALS 
CALLS 
DESTROYS 

by the first parameter from the secon 
four byte oarameter end oUts the resu 
to the memory location pointed by thil 
oa \' :\IYlet e \' 
CALL FBSUBCOPERAND1,oPERAND2,RESULT 
OPERANDl •••. address of the first byte 
of fi \'st operand 
OPERAND2 .... address of the first byte 
of the second operand 
RESULT .•...• address of the first byte 
of memory to stor~ the result 
RESUL T=I'eslll t 
tl0tle 

none 
all 

93 FBSUB: POP 
XTHL 

H 
94 
95 
95 
97 
98 
99 

100 
101 
102 
103 
1()4 

105 
10E. 
107 
108 
109 

:LDAX 
SUB 
STAX 

INX 
INX 
INX 
LDAX 
SBB 
STAX 

INX 
lNX 
INX 

B 
j\1 

D 

H· 
D 
B 
B 
iY1 
D 

H 
D 
B 



I snS0/BOB5 MACRO ASSEMBLER, V3.0 FBARIT 175 

OBJ 

OA 
9E 
12 r 

23 
13 
03 
CIA 
9E 
12' . 

C9. 

) 210000 
:s CIA 
~ 77 
:5 23 

7 OA 
8 77 
9 23 
A 03 
B CIA 
C 77 
D 23 
E 03 
F OA 
(I 77 

1 El 
2 E3 
3 010000 
.6 7E 
.7 02 
.8 23 
.9 03 
~A 7E 
~B 02 
>C 23 
f.D r)3 

E 

L I 1\lE; 

110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
.; ............ 
.L~~ 

134 
135 
135 

SOURCE STATEMEI\lT 

LDAX 
SBB 
STAX 

INX 
INX 
INX 
LDAX 
SBB 
STAX 

RET 

B 
M 
D 

H 
D 
B 
B 
M 
D 

, 
;**************************************************** 

PROCEDURE : FBMUL 
FUNCTION : Multiplies two four byte operands and 

places the result to the memory 
location pointed by the third paramete 

; PLM CALL : CALL SBMUL(OPERAND1,OPERAND2,RESULT); 
INPUT: OPERAND1 ••••••• First multiplier 

OPERAND2 ••••••• Second multiplier 
RESULT ••••••••• points to the memory to 

OUTPUT 
GLOBALS 
CALLS 
DESTROYS 

store the result 
RESUL T= I'esu 1 t 

: OP1,OP2,OP1END,OP2END,INDEX,SIGN 
: FBADD,BY2 
: all 

137 7 

138 FBMUL: 
139 
14.0 
141 
142 
143 
144 . 
145 
146 
147 
148 
149 
150 
i5i 
J.52 
153 
15t~ 

155 
15f, 
157 
158 
159 
150 
161 
152 
163 
164 

LXI 
LDAX 
MOV 
INX 
II\lX 
LDAX 
IYiOV 
INX 
INX 
LDAX 
MOV 
INX 
INX 
LDAX 
MOV 

POP 
XTHL 
LXI 
MOV 
STAX 
INX 
INX 
il'10V 
STAX 
INX 
INX 

H,OP1 
B 
M,A 
H 
B 
B 
M,A 
H 
B 
B 
fYi, A 
H 
B 
B 
M,A 

H 

B OP2 '. 
A,M 
B 
H 
B 
A,M 
B 
H 
B 

;OPl loaded 
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C OBJ' Lli\~E SOURCE STATEfYiENT 

l!.E 7E 165 iliOV A,M 
l!.F 02 1G5 STAX B 
50 ,-.-:to 

..::...:" i67 INX H t="., 1_' ... 03 168 INX B 
i52 7c. 159 fl10V A,iYi 
,53 02 17(; STAX B 

17i ;OP2 loaded 
154 EEl 172 XCHG 
i55 220noo· E i73 SHLD RESULT 
~5B AF 17q XRA A 
159 77 175 fYlOV (l'i, A 
15A 23 176 INX H 
15B 77 177 fYI0V iYl,A 
J5C 23 178 INX H 
J5D 77 179 MOV M,A 
)5;:: 23 180 II\!X r; 
)SF 77 181 MOV iYi,A 

182 ; RESULT ze I'oed 
)50 320nno E 183 STA SIGN 

184 ;SIGN = + 
)53 3EiJ= 185 Il'iV I A,31 
~. ~ c=- 320000 i85 STA LINDEX JO..J -

187 ;LINDEX = 3i 
)58 3E:Ll 188 IYiVI A, i7 
)6A 320000 E 189 STA INDEX 

1'30 ;INDEX = 17 
)5D 2:1.0000 ~ 19i LXI H,OPiEND t:. 

)70 CDEBOO C 1'32 ,CALL SGNCHr< 
193 ; conve I'si on if t1ecessa I'Y 

073 3AOOOO - 19q. GOON: LDA OPl 
076 EGO::.. ... oC" 

':'~..J ANI i 
078 C28COO C 195 JNZ GOON1 

i97 ; 
07B 210000 E 1.98 LXI H,OP1END 
07E CDOO'"IO E 199 CALL BY2 

200 ;OPi = OPi / 2 
OBj, 21001"10 t:. 201 LXI H,LINDEX 
084 35 202 DCR fYi 
085 2100(1) 

."" 203 LXI H, INDEX -
088 35 204 DCR M 
{l89 C273n O C 205 JNZ GOON 

20G . , 
{J8C 21001"10 E 207 GOONi: LXI H,OP2END 
,08F CDEBOO C 208 CALL SGNCHi'\ 

209 ;convel'sion if t1ecessa I'Y 

210 ; 
1092 3Aoono E 2il DOiYIULT: LDA INDEX 
1095 B7 212 ORA A 
1095 CAA9t"lO C 2:13 :'iZ SIFT02 
1()99 3D 21q· DCR A 
lO9A 320000 E 2i5 STP. INDEX 

216 ; r f II\.'DEX {) 0 then 

2~7 ; dec l'el'lh'?t11:; INDEX 
i09D 2P.OOOO t:. 2i8 LHLD RESULT 

:2:.9 INX ' , 
)OAO ;::3 r1 



OC OB • ..T . 

OA:l 23 
OP.2 23 
,OA3 CDCJI)t"l(i 

:OAE.. C 3r.n= 1"10 

tOA9 21(1)01) 

lORe CDOOOO 

lOAF 210000 
IOB2 CDOOr"l() 

IOB5 D2C3(1I) 
IOB8 2AOOOO 
IOBB E5 
lOBe EB 
IOBD 010000 
lOCO CDOOOO 

I(lC3 210000 
IOCE.. 35 
loe7 C29200 

IOCA 3AOOOO 
IOCD B7 
)(lCE C8 

)ClCF 2AOOO(l 
)OD2 AF 
)OD3 7E 
)ODt~ DE..(ll 
)OD5 21= 
)OD7 77 
)OD8 ':"'"":[ .... .., 
)OD9 7£ 
)ODA DEOO 
)ODe 2F 
)ODD 77 
)/)DE .-~-r" 

...::.~ 

)ODF 7E 
)0£0 DEOO 
)(iE2 2F 
)(JE3 77 
)OE4 -"":,-?, ........ 
:tOE5 7E 
)0;:::5 DE(iO 
:to;::8 2? 
)0=:9 77 
:tOEA G9 

~IOcB 7E 
)OEC B7· 
~)OED FO 

E 

C 

E 

E 

C 

E 
C 

E 

C 

LII\E 

220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 

232 
233 
234 
235 
23E.. 
237 
238 
239 
240 
24.i 
242 

E 243 
244 

·245 
24E. 

E 247 
248 
249 
25() 
251 
252 
253 
254 
255 
255 
257 
258 

260 
261 
262 
263 
254 
255 
265 
267 
258 
259 
270 
271 
272 
273 
274 

SIFT02: 

S:.:FTOi: 

NOADD: 

\./3. () i77 

SOURCE STATEIYiENT 

INX 
INX 
CALL 

JMP 

LXI 
CALL 

LXI 
CALL 

j"NC 
LHLD 
PUSH 
XCHG 
LXI 
CALL 

LXI 
DCR 
JNZ 

LDA 
ORA 
RZ 

. LHLD 
XRA 
IYiOV 
SUI 
CMA 
MOV 
INX 
iYiOV 
SBl 
CiliA 
MOV 
INX 
iYlOV 
SBl 
CMA 
MOV 
INX 

H 
h 
BY2 

SIFTOl 

H,OP2 
TI:v:ES2 

;REsULT = REsUL~ /.2 

;OP2 = 2 "* OP2 
H,O::>lEND 
BY2 

NOADD 
RESULT 
H 

B,OP2 
. FBADD 

;OPl = OPi / :2 

;RESULT = RESULT + OP2 
H,LINDEX 
M 

DOiYiULT 

SIGN 
A 

RESULT 
A 
A,M 
1 

M,A 
H 
A, 1'1 
o 

M, A 
H 
A,M 
(I 

1"i, A 
H 

;If LINDEX (> 0 then 1000 

iYiOV A, iYi I 
sBI 0 
CMA I 

IYiOV I"i, A I 
EXIT: RET 

~"*****"*******************************************j , . 

~GNCHK: ~OV A,M 
ORA A I 

I 
RP I 



FBAR!T i78 

_DC OBJ LINE SOURCE STATEfrlEI\lT-

275 
)OEE 28 275 
:)OEF 2B 277 

DCX H 
DCX H 

~tOFO 2B 278 DCX H 
279 

(tOF}. T-.... 280 
OOF2 2t= 281 

fYlDV A, fYl 
CMA 

OOF3 C50:;, 282 ADI 1 
OOF5 77 283 MOV M,A 

284 
OOF6 23 285 

. , 
INX H 

(lOF7 7E 285 
OOF8 2F 287 

IYl0V A,M 
CMA 

(iOF9 C:::OO 288 ACT 0 
OOFB 77 289 MOV M,A 

290 
(lOFC 23 291 INX H 
(lOFD 7E 292 IYlOV A, {Yj 
(lOFt:: 2F 293 ClYiA 
(I0FF CEOC! 294. ACI 0 
(nOl 77 295 iYlOV lVi, A 

295 
0102 23 297 INX H 
0103 7E 298 IYiOV A,fYl 
0104 '-1'-

~r 299 CfYlA 
0105 CEOO 300 ACI (; 

0107 77 301 MOil t"i, A 
3(12 

Oi08 3AOOI-li) E 303 LDA SIGN 
010B 2F 304 CIYiA 
010C 32001"10 E 305 STA SIGN 
010F C9 305 RET 

307 
308 ;************************************************ 
309 
310 END 

mL...IC SY!Y1BD:"'S 
3P.DD C 0(100 FB(YiUL C 0030 FBSUB C 00i8 

i.TERNAL SYiYIBOLS 
of2 E 0000 I E 0000 INDEX E 0000 J E 0000 
INDEX E 0000 OP1. E 0000 DP1END E 0000 OP2 E 0000 
P2Er'-!D E 0000 OP3 E 0000 OP3END E 0000 OP4 E 0000 
;:i4.END E 0000 RESULT E 0000 SIG1''': E OOCiO TllYiES2 ... 0000 

SER SYiYiBOL.S 
Y2 E 0000 DOiYiULT C 0092 EXIT C (lOEA FBADD C 0000 
BMUL C 0030 FBSUB C 0018 GOOI\l C 0073 GDONl C 006C 

E 0000 INDEX ~ 0000 J E 0000 LINDEX E 0000 ... 
DADD C OOC3 OPl E 0000 OPiEND E 0000 [tP2 E 0000 

P2EI\lD E 0000 OP3 E 0000 OP3E"lD E 0000 OP4 E 0000 

iJ4 E{\.!D E (l()OO RESULT E 0000 SGI\lCHt< C (lOEB SIFTOi C (lOAF 

IFTG2 C ;)OA9 SIGN E 0000 T I IY:ES2 E 0000 
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JBJ 

C::B 
22(;000 E 

A:--
320000 E 
320000 .-
320(100 E 
32()()(j() E 

2~. 0000 -
p-1:-

OA 
:::= 
CGOl 
77 

LINE 

1 .-. ..::. 
":!' ..., 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
", t:" 
J...J 

15 
17 
18 
19 
20 
2i 
22 
23 
24 
..... r:::­
L..J, 

SOURCE STATEMENT 

~;PAGEWIDTH (80) 
;*******************************************~******** 
;* ** 
;* SPEECH SYNTHESIS SYSTEM ** 
;* DIVISION ** 
;* 
;* FILE NAfYiE 
; * ,lYiODULE DEF 

AUTHOR .* , 

ALU003.SRC 
FOUl' byt e a I' i t h. 

: Ot1del' Bicioglu 

** 
DATE 

22 05 85 

;********~******************************************* 

NAME DIVIDE 

PUBLIC FBDIV.BY2,TIMES2 
PUBLIC LOOP1,LOOP,CHKSGN 

EXTRt\l 
EXTRI\l 
EXTRN 
EXTRN 
EXTRN 

CSEG 

ACOUNT,BCOUNT,INDEX,SIGN 
I,J,RESULT 
OPl,OP1END,OP2,OP2END 
OP3,OP3END,OP4,OP4END 
FBSUB 

25 ;**************************************************** 
.-,-.,. 
LI 

28 
29 
30 

34 
35' ; 
36 
37 
38 
39 . , 

;J ROCEDU R.i::: 
FUNCTION 

Pl..i"'! CALL 
XNPUT 

OUTPUT 
GLOB~ILS 

CALLS 

40 FBD1V: XCHG 
41 Si-lLD 
42 ; 
43 XRA 
44 STA 
45 STA 
45 STA 
47 STA 
.'.j.8 
ll.9 LXI 
50 XRA 
C·", 
..JJ. LOA X 
5'-' ..::. Cr.A 
t:"":!' 
..J_' ADI 
54 fl10V 

FBDIV 
Divides first operand by the second one 
places the result to the MeMory 
location oointed by the third oaraMeter 
CALL FBDIV(OPERAND1,OPERAND2,RESULT); 
OPERAND1 •••.••• dividend 
OPERAND2 ••••••• divisor 
RESU:....T •••••..•• I'esul t 
RESULT= I'esul t 
OP1,OP2,OP1END,OP2END,INDEX,SIGN 
FBADD 

RESULT 

A 
SIGN ;sigt1=+ 
BCOUNT ;BCOUNT=O 
I ;1=0 
ACOUNT . ; ACOUi\lT=O 

H,OP2 
A 
B 

1 
M,A 
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~oc OB] LINE SOURCE STRTEIYiEI\iT 

<=t.: . 
..J_' 

)(l2. P. ()3 56 INX B 
)O·:.B ~:3· . ::i7 INX H 
)OiC OA 58 LDRX B 
:'O:..D 2= 59 CMR 
)/)iE: C2(lO 60 RCI 0 
('(J20 77 51 

62 
MOV [ii, R 

(1021 03 53 INX B 
0022 23 51.1. INX H 
0023 OA 65 i....DRX B 
0024 2F 5E. C:Y,A 
0025 CEOI"! 57 ReI (I 

0027 77 68 ty~OV fr'i, A 
E.g 

I 0028 03 70 INX B 
0029 23 7i INX H 
002A OR 72 LDRX B 
002B B7 73 ORA A 
002C i=23B(iO C 74 JP PLUS 

-r",' 
I ..! 

002F 2F 75 CIY,R 
(1(l3() C=:Oi"1 -r-r 

I I ACI 0 
().(l32 77 78 MOV fYi, A 
(~C)33 3::::;=1=' 79 MVI R,OFFH 
0035 320000 E 80 STA SIGN 
(1038 C3c! .. Ai-I(l C 81 Jil'iP GOON 

8·-' ..::. 
(103[! 77 83 PLUS: MOV !Vi, A 

84 
(;03C 2B 85 DCX H 

(103D 08 86 DCX B 
(J03E .OR o-r 

'-, I LDAX B 
(103F 77 '88 i'<jOV iYi,R 

89 
OOl.;.O 2B '3() DCX H 

004:L OB 91 DCX B 
0042 OR 9·-' ..::.,' LDAX B 
0043 77 93 MOli fYi, A 

94 
0044 2B 95 DCX H 

0045 OB 95 DCX B 
O(lL,t:.. OA 97 LDAX B 

0047 77 98 lY,OV M,R 
99 ; 

O()48 -oj 
t:..l. :..00 GOOI\! : POP h 

(1(149 "E3 101 XTHL 
102 . ;get fi I'st oa I'a''flet e I' 

004r.~· 0:..0000 t::. :1.03 LXI B,OP1 
004D {:V::· 104 XRA R 

105 . , 
004E 7E 106 l"iOV A,M 
(J(l4F -,~ 

..::..~ 107 Cli'jR 

0(150 CE.t"1i 108 ADl 1 

()(,52 02 10'3 STAX B 



5-<[ :I 8(I.o:l O/80B=, [l'J-~CF:O ?=iSS:::iY;B~ER, \13.0 D:;:VIDE PAGE :f.\1 

DC DBJ l-l i\c S[lw;'-;;C;:;- S -r i:~ -1-E ,°'1 E J\' -( 

110 
(153 03 111 INX B 
(l5tJ. :;~3 112 INX H 
055 7E .. ~ -- IY(OV .i J.~, A, 1\1 
{155 2= 114 COilA 
!057 CEOC! U5 ACI 0 
1059 02 :llE.. STAX B 

117 
105f:.) 03 118 INX B 
105B 23 119 INX H 
I05e 7E. 120 rtlOV A, iYl 
I05D 2F 121 CIYiA 
.105£:: C:::II(I ~~22 RCI 0 
1050 ()2 123 STAX B 

124 
)0/:,1 03 125 INX B 
)062 23 12E. INX H 
)063 7E 127 MOV A, fYl 
)064 B7 128 ORA R 
)065 F27500 C 129 . JP PLUSI 

130 
)058 2F 131 CI\'iA 
~1059 C::::OO 132 ACI (I 

OOE.B 02 133 STAX B 
(106C 3A(II"li"l() E 134 LDA SIGN 
005F 2F 135 CIY,A 
0070 320000 E 136 STA SIGN 
0073 C38300 C 17-"7 ....,1 ~TMP DODIV 

138 
0075 ()2 139 PLUS1: STAX B 
0077 2B 140 DeX H 
0078 OB 141 DeX B 
0079 7£ 142 MOV A, M 
007f:.i 1,)2 143 STAX B . , 
007B 2B 144 DeX H 
007C OB 145 DeX B 
007D 7::: 146 iYiOV A,M 
007E 02 147 STAX B 
(107F 2B 148 DeX H 
0(;80 OB 149 DeX B 
0081 7::: 150 MOV A, r., 
0082 02 151 STAX B 

152 , 
0083 2AOOOO E 153 DODIV= LHLD RESULT 
008E.. AF 154 XRA A 
0087 77 155 MOV M,A 
0088 :;:"3 155 INX H 

(1089 77 157 IYiOV M A' , . 
0(l8A 23 158 INX H 

008B .77 159 MOV M,A 
008C 23 160 INX H 
008D 77 151 Iy\OV M,A 

162 ; RESULT is IY,ClOe zel'Q 

008E 3AOOOO ,-- 153 LDA OPiEND t::. 

0091 EG4r"1 164 ANI 40H 



5-11 8 n J:!O/808S MRCRO RSSEIYIBLER, V3.0 DIVIDE 182 

,-, ,..~ DB":;' LINt:: SOURCE ~''-' STRTEMEI\JT 

!)93 C2~tSCiC) C "~t::" 
.!.b.J ]NZ OPI0f( 
lE,£, 

·)';S 2 ~~ ()(-)j-l(; . ;--, 
LXI ri,OP1 '- .~ c' ( 

,..";~O CDA90:: C ::.E.B GiLL TIlYiES2 .' ..,I -' 

e}se: :::::L 0(\1-10 - :l E,9 LXI H, RCOUi-.:T 
'09;::- 34. ::.70 INR jYI 
,OAO 3~1C" 171 rfiVI R,31 
!Of:i2 B::: :...72 C/YiP /Yi 
!()~i3 c;:::, ':J 7 j"I:, C 173 JZ EXIT 

174 
10;:10 C:;8300 C " ""1t::" 

.i. I...J Jr"lP DODIV 
17E, 

)O~19 3AOOOO I::. 
. -r-'. 
.L I { DP10f,: LDA oP2END 

lORe E540 178 ANI 40H 
.IOAE C2B~nO C 179 JNZ oP2m, 

180 
)OBI 2100(10 E 181 LXI H,oP2 
)OB~. CDR901 C 182 CALL TIIv;ES2 
)OB7 210nno E 183 LXI H,BCOUNT 
)OBA 34 184 INR IV! 
)OBB C::A9n O C 185 j"MP OP10t' 

18E, ; 
)(IBE 210,"11"10 E 187 oP2o!-( : LXI H,BCoUNT 
)(lCl 3E10 188 !YiVI A, i5 
)()C3 85 l89 ADD to'! 
)OC4 21 (i(l(i() 

~ 190 LXI H , ACoUNT 
~IOC7 95 191 SUB jYj 

:,OC8 FEIF i92 CPI 31 
(l(lCP' DADC"(I(J C 193 JC LDIDX ;lOCld index 

194 
OClCD 2AO(I(IO E 195 LHLD RESULT 
(rODO 3('FF :.. 9 E.. IYiV I fYi, Oi-"FH 
(lOD2 23 197 li\1X H 
00D3 3E,FF 198 i'1V1 II'j,OFFH 
00D5 23 199 INX H 
OODE, 36FF 2(10 iY!VI M,OFFH 
(lOD8 :;~3 201 I !\iX H 
00D9 367F 2(12 MV1 M,07FH 
OODB C<:C!7i"l:i. C 2()3 J"iYIP EXIT 

204 . , 
(lODE 320tl ;-IO E 205 LDIDX: STA INDEX 

20t:· 
00E1 210000 E 207 LOOP: LXI H,OP2 
00 i::: ll. =:5 208 PUSH H 

00;::5 (> 1 rlrlrlO E 209 LXI B,OPl 
001:8 1 j.OOOO - 2J.() LXI D, OP~. 
OO;:::B cnncIIIO - 211 CALL FBSUB 

212 
OOEE 3AOOOO E 213 LDA OP4END 
001=-1 ES80 214 AI\lI 80H 
OOF3 C25BO:L C 215 JNZ ALTB 

21E, ;A Less TrlC1n B 
(to FE. 2AOOOO E 217 LHLD RESULT 

OOF9 7E 2i8 !YiOV A, Iii 

OOFA Ff· r1i 219 oRI 1 



31 S- I I en AO/8085 fYlACRO ~)SSE!YiBLER, V":! 0 DIVIDE o-J. 183 

LOC OBJ L-II\i~ SOURCE STATEMEI\lT 

OOFC 77 220 iY/OV fYi, A 
221 ;RESULT=RESULT+l 

OO'=D 210(\{'\O c: 222 LXI r-~ , O~!4 
(l J, 00 CDA90:, C L~:2.'3 CALL TliviES2 

22L~ ;OP4=(n-B)-li2 
(':!.(i3 2i(;(i('(i "-;,.-:.t=" t::. --..:..~ LXI h OPt., , 
0::.06 llOrvlO E 225 LXI D, OPl 
(lj09 7E 227 IYiOV A, !YI 
O:lOA Of 0") 228 S-rf-'IX D ~..:.. 

(l~, OB 13 22 13 II\lX D 
OlOC 23 230 INX h 
010D 7E 23i IYiOV A,fYi 
0:..0::: 12 2:::2 S-j'AX D 
OIOF .-,,,,":," 

~u 233 INX H 
0110 ~--:: 

., oJ 2:::.L. :£(\.lX· D 
01::..1 7E 2:S5 !YI 0 I,) A,fY! 
0112 ~L2 235 STAX D 
0113 _"7 

J.~\ 
.-,..,.-; 
.L..~·I INX D 

0114 23 238 INX H 
01 i5 7E 239 IYiOV A,M 
0:;':1.5 12 240 STAX D 

241 ;A=OP4 
242 

0117 3AOOOO :::. 243 LDA OP2END 
OllA E5Lp"', 244 RNI 40H 
011C C22801 C 245 JNZ RSLTX2 

245 
OllF 2::.0000 ~ 247 LXI H, OP2 
0:,22 CDA9n:~ C 248 CALL -iIrt iES2 

249 ; B=2~'B 
(ll25 C33ql-\:~ C 25() ]iYiP LOOPl 

251 
0128 21001-li) E 2=;2 RS~,:iX2 : LXI H, I 
O12B ::I=KlOOO' ~- 253 LDr:{ INDEX -
O:l2E BE :2:54 Cji'iP M 
()12F CA7501 C .-.t::"C" 

.L..,"",,_' JZ CHI'(SGN 
2=;5 ; if I=INDEX then exit 

(J132 34 257 Ij\JR tv! 
2::t8 ;1=1+1 

(~~33 2AOOOO c: 259 LHLD RESULT 
0J.35 CDAsrl·,. C 260 CALL TI/yIES2 

2E·1 ;RESULT=RE8ULT*2 
0139 3Aoono E 262 LOOPl: LDA OP1END 
013C E£.40 2E.3 ANI 40H 

Ol3E C2E:, "-'0 C ~::GL~ .JNZ LDOP 
2f.5 

OJ. L~l 2100no E 266 LXI H, I 

0::..44 3AOOOO E 267 LDA INDEX 
0:,47' BE 268 CMP M 

0::.48 CA750l C 2£.'3 JZ Chi'(SGN 
270 ; if I=INDEX then exit 

(llt.,B 34 271 INR, jYj 

'272 ;I=1+1 

O14C 210000 E 273 LXI H, OPl 
Oll,IF CDA9n:~ C 27b .. CALL Tlf\1ES2 



3IS-!! BOAO/8085 MACRO ASSEMBLER, V3.0 DIVIDE 184 

LDC DBJ" Lli·\!C: SOURCE STATElviENT 

275 ;A=2*A 1)1=,2 2AOOOO t:. 271; LhLD RESULT 
0:.55 CDA'30:, C .-."""'!'-,. 

CALL TH1ES2 ...:. I { 

278 ;RESULT=RESULT*2 0::.58 C::390·. C 279 JiYiP LOOP1 
280 
281 

015B 210000 E 282 ALTB: LXI H, I 
(l:l 5::: 31~OOI-IO E 283 LDA INDEX 
OjE,J. B- 284 CIYjP Iv; 
0:t1;2 CA7::iO:. C 285 JZ Ct-/f\SGr-.l 

28E.. ; if I=INDEX then exit (}], tS::.~ 34 2B7 INF: i'1 
288 ;I=I+1 

(I:t 66 2AOOO() E 289 LHLD RESULT 
0:,E~9 CDA901 C 29(; CALL TliYiES2 

291 ;RESULT=RESU~T*2 
016C 210000 E 292 LXI H,OP2EI\lD 
O16F CD9Sn l C :;:'93 CALL BY2 

294 ;B=B/2 
295 

0172 C3E1OO C 291; JlyiP LOOP 
297 . , 

0175 3AO(li)O E 298 Ci-If(SGN: LDA SIGN 
OJ.78 B7 299 ORA A 
0:;'79 CAS71)::. C 3')(1 JZ EXIT 

301 
017C AF 302 XRA A 
0:( 7D 2r:lonno E 3(l3 LHLD RESULT 
(118(i 7E 304 MOV A, IY, 

0:;.81 DI;01 ::~() ::; SuI 1 
(;2.£:':; 2t= ::0 E., Ci~IA 

0:.84 .. .,......, 
I I 3(17 iYiOV trl, A 

0185 -. ..,. 
..::.~ 308 INX r-; 

018E. 7= '- 3Ci9 mOV A , rl~i 

0187 DEOO 310 SBl (I 

0::.89 .-,~ 311 CrtiA ,Lr 

018A 77 3i2 lyiOV fYi, A 
018B .0":,-,; ... ~. 313 INX H 

O:L 8C 7E 3i4 iv;OV A,lvj 
0:,8D DEOO ::15 SBX <) 

O18F 2;:'- 311; CIY,A 
0:( 90 77 317 f'10V iYi, A 
(;j. 91 .-,"7' 

L~' 318 I I\! X I-i 

1.)::.92 ~l=- 3:l9 :"iOV n, jl! 

(;:'. ;'3 D::::OO 32<) EBI 0 
(1:..95 2;:- 3;:"~L Cf'"iA 
0: 9 E.. 77 322 tViOV M,A 
0197. C9 323 EXIT: RET 

324 
!********************************************~** 325 , 

32f.. 
0: .. 98 Ai=' 327 BY2: XRA A 
(lj.99 7E 328 IYJDV A, [1'1 

O19A 1F :;29 RAF: 



Loe OBj 

0:[ SB 77 
O:9C 2B 
(! :~ '::jI) T:::' 
0: 9.:: . ,-
(l ::. '3:=' 77 
O:.(KI 2B 
01 Al .. ..,,.. .. 

(I::. 

Ol P.2 j .... 

()~A3 77 
0::. r~q 28 
(i :l A;:S 7::::' 
01A5 iF 
(jj. f47 -·· .. 7 

{ ( 

OlA8 C9 

(iiA9 A':-
CilAA 7E 
OlAB 17 
(ilP.C 77 
OlAD 23 
OlAE 7E 
OlAF 17 
OlBO 77 
O:.B:. 23 
01B2 7E 
0:.B3 17 
0:, Bt~ 77 
()lB5 2=, 
0:. BE. 7E 
0::.B7 -r .- f 

02B8 77 
O:.B9 en .. ~ 

jtJ:f:~ I C SYI~',BOLS 

3Y2 C Oi98 
_OOP:i C 0139 

=: X -: ~ Rr\,AL 5YyBO,_S 
::jCDdl\:T I::. 0000 
: t..:Di::X - 0000 
JP2 E 0000 
JP4. E 0000 

:..tSER SY!YiBO'_S 
riCGu,,"T E 0000 
:H~<SGi\J C 0::75 
i="BSlJB c: OeF)!) 
'r ,.- ""1 t'"'ll'l 1"1 

DIVIDE 185 

:;:~() !ViOV :VI, A 
DCX h 

'. 33::. 
~r:Ct'vl f-:l, ff, 

F:r~; 

,i,OI/ lY , " A 
DCX r. 
MOV A, r'l 
RAR 

33E. 
337 
338 j">'iOV ~'i, A 
33'3 DCX H 
340 [",0 V A, iV' 

RAR 
342 [>'10\,1 [ii, H 
343 RET 
3l.\.a 
345 ;****************~****************************** 
34.E. 
347 
34.8 
349 
35<) 
353. 
-re·-, -,_'.L 

353 
354. 
..... ·r.,:·c ...:., ..... 1_' 
356 
35-' 
358 
::59 
3£.0 
3E.l 
352 
353 
3E.4. 

; 
TIIY:ES2 : XRt=1 A 

IYlOV P., /Vi 

RAL 
IYlOV 1"i,A 
INX H 
iYiOV A,1Yi 
RAL 
IYioV fYi, A 
INX H 
iYioV A, JYi 

RAL 
IYlOV rYi,P. 
:U-.!X H 
!Y!oV A, tYj 

R~ii-

IYiOV M,A 
RET 

3E.5 ;*********************************************** 
36E. 
367 END 

C;...j~\SGN C 0175 FBDIV C 0000 LOOP C OOEl 
TI/l'iES2 C 01AS 

BCOlJ".!·'- ~ 0000 FBSUB ~ 0000 :( c: 0000 
, . E 0000 OPl E 0000 OP1EI\;D E 0000 ..l 

OP2END E 0000 OP3 E 0000 OP3END !::. 0000 

OP4END E 0000 RESULT - 0000 SIGN !::. 0000 

ALTB C OJ,::;B BeOUNT E 0000 BY2 C 0198 

DOD:i:V C 0083 EXIT C 0197 FBDIV C 0000 

GOON C OOu.8 I E 0000 I r\lDEX E 0000 

I DTDX C OODE LOOP C OOEl LOOPl C 0139 



~S-II BnA0!BOB5 ~ACRO ASSE~8~ER. V3.0 

i- t::. 000(; 0"-':. :=:i\D - 0000 O;:Jl0t( [: 0(1(.:,9 OP2 - 0000 
:::::.\.1) E (i'() i) (i [!~J2D'\ C ()(}E~=: OP3 ,- 0000 OP3Ei\lD E 0000 
~ i::. 0000 o j:J4E:l\iD E 0000 PU..!S C 0038 PLUS:t C 0075 
3u;,... -.- oono RS~TX2 C 0:..28 S:t:GN .-. ()OOO i '- .... "f!iYIES2 C Olr.,g 



181 

APPENDIX G 

The results of the analysls carrled throughout the 

study are llsted. Only those that orodllced best results are 

gl ven. They are SIYIOOt 11ed versions of the Ol_lt outs of ANADIF' 

IYlodule. 

..:. 

PARAMETERS FOR SOUND II BE 'il 

=1'a!Y!e RiYiS .-, ::. ' , , ' . .;2 ~ .~ :":4 ; .1- kE.. :':7 ;-:8 ~...;9 ~; 1 () :"'I!. .. ~ .~ ;.I,...:J , .. , . ..oJ 

01 00 
1)2 00 
03 00 
04- 01 00 00 03 OD OE OA 
05 07 00 00 04 1D 09 OA 
OE, (IE 00 18 10 i -, .... ..:: OE.. 08 09 07 OA 05 05 03 
07 OE 00 lC 10 11 08 oe 09 08 08 05 05 04 
08 OE 00 le 10 11 08 08 07 OA 08 05 OE.. 04-
09 OD 00 1C 12 OD 05 oe 08 OA 05 05 04 04 
OA OE 00 IC 1'-:' , .... OD 04- OB OA OA 07 04 05 02 
08 OD 00 lC 10 OF OE.. OC 08 08 08 05 (1-5 (l3 

oe OE 00 lC 10 OE 07 oe 09 09 05 05 05 04 
OD OD 00 1B 12 OD 05 OB 08 OA 05 04 OE.. 03 
0'::: OC 00 00 OE.. 17 08 08 
OF 08 00 00 07 19 09 OB 
10 09 00 is 11 OB OE.. 014 OA OA 05 ()3 OE.. 03 
11 05. 00 :7 (Ie: OC 07 (IE (lC OA 04 02 O{.j. 04 
1':;' , ~ 02 00 00 01 1F OB 08 
13 01 00 00 0]. 1:= OD 09 
14 01 00 00 01 iF OE 07 
15 01 00 00 01 1'-,- OD <)8 
iE.. (ll 00 00 01 19 OF 08 
17 01 00 00 00 1A Ot= 09 
i8 01 00 00 00 18 OF (1'3 
19 01 00 00 00 19 OF 09 
1A 00 
1.8 00 

"-IC 00 
ID (/C) 



PARAMETERS FOR SOUND a A II 

::-I'al'fle ;~MS ~ 

01 on 00 
02 Of! 00 
03 on 00 
(14 OD 00 
05 OD 00 
05 OD '"10 
07 on 00 
08 OC rIO 
09 OB 00 
CIA 08 00 
OB 03 00 
OC 02 00 
OD 01 00 
OE 01 00 
OF 01 00 
10 00 
11 00 
12 00 
13 00 
14 00 
15 00 

1B 
iB 
lC 
lC 
lC 
1C 
lC 
IB 

12 
12 
11 
12 
12 
12 
12 
12 

19 11 
i8 11 
15 11 
00 01 
00 04 
00 01 
00 01 

k2 
14 
13 
11 
12 
10 
14 
12 
OF 

08 
07 
09 
(18 

OA 
07 
09 
OA 

k4 k5 -kE, 
07 04 OD 
07 05 OC 
07 03 OC 
08 05 OB 
(18 02 OD 
OE, 04 OD 
07 04 OD 
09 03 OE 

14 08 05 05 
14 07 .. 04 07 
OF OB 07 .03 
1A 08 05 

(lC 
OD 
OB 

1A OC 05 
19 OD. 08 
11 OF 08 

k7 
08 
07 
07 
05 
07 
07 
07 
07 
08 
09 
09 

~-\8 

04 
04 
04 
05 
03 
04 
04 
04 
03 
01 
02 

kg kl0 
02 02 
03 02 
04 01 
03 02 
(i5 ()2 

()3 ()3 

04 01 
04 02 
ot.:. 
04 
04 

02 
03 
()3 

PARAMETERS FOR SOUND II.E II 

F l'alYle RiYiS l~ 
(11 O(r 
02 08 00 
03 (IE 00 
04 (IE 00 
05 
05 
07 
08 
09 
CIA 
OB 
OC 
on 
os 

on 
OD 
OD 
OD 
OD 
OD 
OB 
09 
05 
01 

OF 00 
10 00 
11 00 

00 
00 
00 
00 
00 
00 
00 
00 
00 
00 

IB 
1B 
iC 
1C 
:i.C 
lC 
lC 
lC 
iC 
18 
19 
14 
00 

k2 K3 k4 ;..;5 k7 k'3 f.; 10 

11 OD 08 
OD 05 
OB 05 

(lC . OB 
08 (Ie 
OA OB 

OB 
oe 
OD 

06 
(17 

04 04 04 
12 
14 
iq. OA 
1 L~ 01=\ 
13 OB 
14 .OC 
14 oe 
:L4 OB 
OA 15 
i5 (1B 

13 09 
03 14 

05 OB 
05 OA 
OE, OA 
05 OB 
05 OA 
05 OA 
09 oe 
04 07 
O!~ 09 
oe OB 

05 
07 04 04 05 

OA OE 06 05 04 
OA OE 07 04 03 
OB OD 06 05 05 
OA 00 07 05 04 
OA orr 07 05 05 
OA OE ~6 04 04 
08 OE, 02 04 04 
OA OE 06 03 02 
OR OB 08 02 02 

05 
05 
(;3 

05 
05 
04 
Ol~ 

04 

18S' 



PARAMETERS FOR SOUND "'1 II 

:=I'a:'I'I'2 R:vJS 
01 00 
02 00 

R P 

1)3 ()(> 

04 00 
05 on 00 
06 oe 00 
07 OE 00 
08 02 (10 
09 OE: 00 
OA OE 00 
OB (Ie 00 
oe OD 00 
on (Ie 00 
OE OB 00 
OF 08 00 
10 05 00 
11 00 
12 00 
13 00 
14 00 

15 
17 
17 
17 
18 
18 
18 
19 
19 
18 
i8 
17 

10 
10 
10 
10 
10 
10 
OF 
12 
11 
02 
OB 
08 

k2 

oe 
OD 
10 
(IE 

OF 
OE 
(lE 

OE 
OB 
oe 
OE 
13 

08 
07 
07 
08 
08 
09 
08 
04 
07 
09 
OA 
OD 

:":4 

OA 
09 
0'3 
OA 
09 
OA 
OB 
(lB 

OA 
OE 
OA 
09 

07 07 
07 06 
07 07 
07 09 
07 09 
07 08 
06 '08 
07 08 
09 08 
09 07 
OA 07 
08 OA 

07 06 04 Ol~ 

06 05 05 05 
08 04 05 05 
08 0504 05 
08' 05 04 05 
08 05 Ot.j.(l5 

07 05 04 05 
08 04 Ol~ 03 
07 04 04 04 
07. 04 05 Ol.j. 
06 04 05 05 
09 (/4 05 04. 

•• PARAMETERS FOR SOUND II 0 II 

;= I'ame Ri'r1S R P k1 k2 k3 k4 k5 k6 k7 k8 kg kiO 
01 00 
02 00 
03 (H) 

04 on 00 
05 (Ie 00 
06 on 00 
07 on 00 
08 0:::: 00 
(1'3 OD 00 
OA on 00 
OB (lB 00 
oe OB 00 
(in OA 00 
OE OA rll) 

17 
17 
3:8 
19 
lA 
lA 
IB 

11 OE 07 09 07 09 
10 10 07 09 07 08 
11 OF 06 09 07 09 
11 10 06 09 08 OA 
13 OF 05 08 08 OA 
12 OE 07 08 09 OA 
11 OD 07 09 09 OB 

09 05 03 
08 05 05 
OA 05 04 
08 04 03 
(19 (15 (13 
08 05· 03 
08 04 04 

06 
06 
05 
05 
04 
04 
04 

IB 11 OE 07 09 08 08 08 04 04 04 
lB 10 OE 08 09 09 OR 08 05 02· 05 
1B OF 10 08 OA 08 09 09 05 04 05 
IB 10 OF 07 09 08 OA 08 05 03 05 

OF 08 00 19 OE 11 08 09 09 OB 09 05 02 04 
10 06 00 19 oe 12 OB 08 OR OA 09 05 02 04 
11 01 00 14 oe (IE oe 08 OA 09 07 04 02 02 
12 00 

189 



• 

190 

. PARAMETERS FOR SOUND .. U .. 
'a,'I)e RlYtS R P kl k2 k3 k4 k5 ~;E. k7 k8 k9 k10 
01 00 
02 00 
03 01 "n 00 00 14 OE 08 
04 01 00 00 05 18 on 04 
05 oe no 15 OA 1'-' .<:. OA 04 07 08 09 03 05 05 
OE. (Ie 00 17 OA 14 08 OE. OE. 08 OA 04 05 04 
07 CIA rIo 17 OA 15 08 05 08 08 CIA 04 03 03 
08 OB 00 17 OA 14 OA 05 1.)8 08 OA ot~ 05 o!~ 

09 OB 00 18 OA 1E. 08 05 09 07 09 04 04 04 
(IA 08 (10 1S OA 15 oe OE. 07 09 07 (14 05 04 
Of.{ oe no 18 OA 15 OB OE. 08 07 08 04 05 04 
(Ie OB 00 18 09 15 OB OE. 08 07 07 04 05 05 
on OB no 17 09 14 oe (IE. OE. 08 08 03 05 04 
(IE 08 00 17 07 15 OE 07 07 05 OE. 05 05 02 
OF 08 1'0 15 07 11 on 08 OE. 01 CIA 05 04 03 
10 (1'3 (10 14 07 10 OD OE. 08 07 09 04 OE. OE. 
11 OE. no 14 05 12 on OA 08 07 08 04 05 05 
12 02 00 12 OE. on OE OB OA 08 07 ()3 03 03 
13 03 110 00 01 iF on . 09 
14 01 00 00 01 1F OE 09 
15 01 ')0 00 01 1F OE 08 
1E. 01 00 00 00 iF OF 08 



191 

PARAMETERS FOR SOUND II 
.. 
U II 

I"' alYie RMS I~ p kl k2 ;.;3 ;·;4 ~. 0:::' ....... k5 j .·7 
i"'. { k8 k':;' ;..: l(l 

01 00 
·02 Ot f)O 00 00 1 i ()E 09 
03 07 00 15 11 OB 03 08 oe OD 07 05 03 01 
04 09 00 14 07 OE OD 09 OA 08 OE. 04 05 05 
05 OA 00 14 07 11 oe 08 OA 05 08 04 05 OE. 
OE. 08 00 Ut 07 oj -"":. OA 08 08 OS OS 04 05 05 .t. ok-

07 08 00 ~ I OA i .-:. OA 08 05 OE. 0'3 05 OE. 04 .:.4- . ..:.. 

08 (lC no ~ '= 
.,. "-' 09 ... -, 

.J.,";' OA OE- 07 07. 09 05 05 (}4 

0'3 oe 00 ~4 (;8 11 on 08 OA 07 03 (it.;. OIl. (is 

OA oe no 14 09 ~ . 09 ()8 OA 08 07 ()3 (i5 04 .)" ,i. 

0:;:( oe 00 ::'4 0('; of 7 
J.o..J on (}5 07 07 Oi=i 05 05 1)/+ 

oe (lC (10 14 0'3 ' .-;. 
.\ok 08 (/7 (/7 OE. OA 04 05 03 

()D oe 00 14 OA OF 09 09 0[1 08 OE. 04 04 OS 
OE OA (10 12 (IE OE OE. 09 oe OB 08 04 03 ()2 

OF 014 00 14 08 OE 09 08 OB OB 07 04 04 03 
10 07 /-10 12 OE. 12 OD 07 OB 08 08 (/3 05 05 
; , 01 00 00 Oi 1F OA 05 .l. ... 

12 01 /-11) 00 01 iF OD OE. 
.oj"7 
J.o..J Oi 00 O{) 00 iF OD 07 
14 (., , ., no 00 (!() :;.e OF 07 
i5 01 00 00 00 17 OE 09 
1E. 01 00 00 (l(l lB OF 07 
17 01 00 00 00 17 OE 08 
~d:3 01 00 00 (lei 12 ')'F 09 
19 (i ~ 00 ~)(i 00 J.8 Oi=- 07 
~A 00 
1B 00 
::c ~)(! 

iD 00 
li:: (1(1 
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PARAMETERS FOR SOUND II FE .. 
1'C\IYle RiYiS R P k1 k2 ' ~ K~ k4 k5 k5" k7 k8 k'3 k10 
01 00 
()2 {)3 00 00 14 OB 03 09 
03 01 00 00 .-,. 09 03 Of. J....J 

Oi.~ 03 00 00 i3 09 05 08 
05 02 00 ·00 15 OR 05 07 
Of. 06 00 00 14 OE 03 07 
07 09 00 Hi 12 (iE 04 09 OR OB OB 03 03 05 
08 OC 00 18 12 OE 05 OR OA 00 08 03 03 Of. 
0'3 0'::: 00 iB ~. 4 (};=: 04 OR 0'3 (iD 08 03 ,-.-

'.j ,:) (;5 

OA Oe: 00 IC l~ OD OE. 08 oe 00 08 04 04 05 
OB OD 00 IC 14 (lC 05 OB OR OD 09 04 03 05 
OC OE 00 lC OF 11 09 00 09 OA (13 02 03 04 
OD 00 00 le ot:: i 1 09 OD 08 OR 02 03 04 04 
OE oe 00 1C 14 oe 05 09 09 00 OA 04 ()2 05 
(IF OB 00 00 OD 1'-' .::. 09 oe 
10 05 00 00 05 13 08 OC 
11 04 00 00 07 13 08 OC 
12 01 00 00 05 15 OA OB 
13 00 
14 00 
15 00 



PARAMETERS FOR SOUND II VEil 

01 00 
02 00 

1-;1 

03 01 00 00 07 08 09 OR 
04 02 00 00 01 15 OR OA 
05 02 00 00 00 19 08 09 

•. e ,. • ..J 

06 03 00 18 12 09 06 07 OA 09 
07 04 00 18 12 09 05 07 07 08 
08 08 00 lB 15 OE 03 08 05 OA 
09 O~ 00 18 10 O~ 06 OS 09 OA 
OR OE 00 lC 10 OF 08 OD 09 08 
OB O~ ~o lC 10 O~ 09 08 09 OB 
OC OE 00 1D 10 OD OB OC OA OR 
OD 00 n0 lD 12 OC 06 OC OR OB 
OE OC 00 1C 10 OC 07 OC OA OB 
OF OC nn IC 10 OD 06 OC OC OR 
10 OC 00 lC 10 OD OB 08 OB OR 
11 OC no Ie 10 OD 07 OB OA OR 
12 oe 00 lB. 12 OC 05 OC OB 08 
13 OA O:L 18 
14 05 rll) 

15 02 00 
16 01 no 

00 
00 

OD 
01 
01 

OR 
1E 
iF 

08 OA 
oe OB 
OD OA 

17 01 00 00 01 1F OE 09 
18 01 00 00 01 IF OF 07 
19 0: 00 00 01 lF OS 08 
:U~ 

1B 

iD 
.. -.. -

Ot 
01 
(, .. 
0.: 
o :~ 
01 

20 00 
21 (l(i 

23 (i(i 

no ·00 
00 00 

00 00 
(ie) 

00 

00 
()i) 

00 
00 
00 

17 
--r 
.~ I 

16 
0.:: 
i6 

(i'=: 

OF 
09 
08 

OF 09 
0:= Oi::) 
(Ii=- 08 

OD 08 

k8 ~;9 . 1·.;10 

07 05· 05 02 
08 05 04 02 
(iB (itS (i3 (it!+ 

c)9 (:5 (Ji,J. (J4 
O'J OS OS 03 
07 04 05 03 
04 04 03 03 
04 03 04 (1"3 
04 04 04 03 
06 02 05 03 
05 Ol~ 04 04 
06 04 04 03 

05 04 04 



194 

PARAMETERS FOR SOUND II CE II 

~ame RMS ~ P kl ~2 k3 k4 k5 k6 k7 k8 k9 kl0 
01 00 
02 00 
03 00 
04 UO 
05 (11 00 00 (11 OC OE 09 
05 05 00 00 47 08 05 08 ~u 

07 OA 00 00 l' _w OB 08 09 
08 OB 00 00 1 , 

.~ OB 05 OC 
09 O~ 00 :A :2 OB 05 OS 06 08 05 05 04 06 
OA O~ 00 18 "~ OB 05 08 OS O~ 08 05 04 OS ~w 

OB OD 00 le 1 1 oe 07 OC 09 OB 07 04 04 06 
oe OE 00 iC i L OE 07 OC 09 OB OB 05 05 04 
00 00 00 10 i~ ~ OD 05 00 OB OB 07 03 04 05 
OE 00 00 10 13 00 04 OC OB OB 06 03 04 03 
OF OC 00 10 13 OD 04 DC OB OC 07 03 03 04 
10 OC 00 lC 11 OE 05 OC OC OB 05 03 04 04 
11 OB 01 iA 
12 OB 01 lA 
"~ ~~ 06 00 15 11 OD 06 OC OA OC 05 02 03 04 
14 04 00 15 i~ 

.~ OB 04· 09 OC OR 09 02 03 05 
15 02 00 00 01 19 OA· oe 
16 01 00 00 01 10 OB 09 
17 (11 DO 00 01 iC OE 08 
18 01 00 00 ell 1C OE 08 
19 (11 00 00 00 lA OF 08 
lA (11 00 00 00 15 OF 09 
1B 01 00 00 00 17 OF 08 
Ie (11 00 00 00 :5 OF 09 
iD 00 
1;~ 00 
iF 00 
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PARAMETERS FOR SOUND " CE II 

~rame RMS R P k1 k2 k3 k4 k5. k6 k7 1~8 kg kiO 
01 00 
02 00 
03 00 
(ll~ 00 
(1:5 06 00 00 18 OA 06 06 
06 OA 00 00 15 09 09 09 
07 08 00 00 i3 OA 07 oS 
08 OD 00 00 i4 OD 06 07 
09. 00 00 00 15 (>€ as 07 
OR OB 00 00 1: 07 05 OA 
OB OC 00 00 02 17 

~W OB OA 
OC OE 00 14 14 00 04 OA OR OR 07 03 03 04 
OD OD 00 i8 OE 10 06 OC 07 08 05 03 02 02 
OE OD 00 iA 10 10 06 00 07 08 06 04 02 03 
OF 00 00 IB 14 OE 04 OB 09 OD 08 05 05 05 
10 OE 00 iB 14 00 04 OR OB OC 07 04 04 05 
J ; 

~~ OB 00 IB OF 10 06 OD 08 08 03 04 04 03 
12 OR 00 iB 14 OE 04 OR OR OC 07 04 04 05 
13 OR 00 lR OC 1 i 07 OC 07 06 03 04 03 05 
14 08 00 18 15 OE 03. (17 on OC 09 03 02 04 
15 04 00 17 15 OD 03 08 OA OC 08 03 03 03 
16 (11 00 00 05 OE 08 OB 
17 00 
18 00 
19 00 
LA 00 
1B 00 
Ie 00 
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; PARAMETERS FOR SOUND .. 
~E II 

\ 

I~dme R;tiS I~ P k'j , ..l. k2 k3 k4 ;..;5 ;";5 k7 kB k'3 kit) 
01 00 
02 01 00 00 is oe 01 OS 
03 05 00 00 18 i"'7 

• I 03 05 
04 09 00 00 19 15 <)3 05 
05 08 00 00 17 I)E: 04 07 
05 oe 00 00 1S 08 05 09 
07 OD 00 00 15 OA 05 on 
08 Oti 1'1() 00 15 (Ie 06 OA 
1)9 oe 00 1)0 15 <)C (is (i'?J 

OA oe 00 00 15 0'3 05 OA 
08 09 00 i 'J lA 1 ,-, ..::. 07 08 02 OS OS (is o;~ (iE, 

oe (Ie 00 lA 10 OD 08 08 09 oe 07 04 04 05 
OD OD 01 lA 
(lE oe i.) i 1B 
(',-,i,- oe 00 00 f)C 1 i 08 OD 
10 oe rIO 1B i3 oe 05 'OA OB OD 07 04 04 05 .. 
J. J. OB 00 lB 1 t.j. OD 04 09 OB (JE 07 04 04 05 
1 ,";, 
• .<.. OB (10 1B 13 oe 06 OB OA OB OS 04 04 05 
13 OA 00 18 12 OD OS 08 (Ie oe 05 04 03 04 
14 07 no 1B 13 OE 04 OB oe oe OS 03 02 04 
15 04 00 00 07 19 OA 09 
16 01 00 00 06 18 09 OA 
17 00 
18 00 
19 00 
1A 00 
1B 00 



I, PARAMETERS FOR SOUND II BIR II 

l~aiT'le ;=<;i1S ,~ ~) ~l k2 ~3 ~4 k5 k6 k7 k8 k9 k10 
01 GO 
02 00 
03 00 
04 00 
05 00 
06 00 
07 02 00 18 :1 08 04 OR OA 09 08 04 05 02 
08 OD 00 19 17 07 02 09 08 oe 05 03 04 05 
09 O~ 00 18 ~5 08 03 09 08 OA 03 04 04 04 
OA O~ 00 18 16 08 03 OA 09 OB 03 04 04 04 
08 O~ 00 i9 i6 09 03 OR 07 08 05 05 04 05 
oe OE 00 in 15 OA 03 OA 08 OB 06 04 04 06 
00 O~ 00 00 OA OE OA oe 
OE 08 00 00 11 05 07 08 
OF OA 00 00 16 04 
10 09 00 00 12 04 
11 07 00 00 19 05 
12 07 00 00 19 07 
13 06 00 00 18 08 
14 05 00 00 19 06 
15 03 no 00 16 04 
16 Of) 
17 00 
18 00 
1 '3 0(1 

05 OA 
08 OB 
03 09 
03 09 
Ol~ 07 
04' 08 
03 08 
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; PARAM~igA8 FOR SOUND II IKI " 
; 

~ame RMS ~ 
~ P ~l k2 l.~ 

~~ x4 k5 kG k7 k8 ~9 ki0 
(11 00 
02 00 
03 OE 00 IB 18 08 OB 00 OA 09 04 06 04 03 
04 OE 00 1B 18 09 03 06 08 OB 03 04 03 05 
(l5 09 (ll IB 
06 04 01 1A 
07 00 
(18 00 
09 00 
OA OB 00 00 14 07 09 oA 
OB O~ 00 00 18 08 05 08 
OC OE PO 00 ~8 OB 03 09 
00 OE 00 1A 13 06 06 OC 07 OA 06 04 06 06 
OE O~ 00 19 14 09 04 OR 08 OA 06 05 OS 06 
O? O~ 00 18 17 09 03 09 08 OR 07 04 04 05 
10 O~ 00 15 17 09 03 09 09 OA 07 05 04 06 
11 OE 00 lh .- 15 07 04 OA OA OA 05 04 03 05 
12 OA 00 12 17 08 03 07 OA OE 07 02 02 05 
13 05 00 1~ 4 16 07 02 OA OB O~ 09 04 02 04 
14 02 00 00 05 11 00 OE 
15 02 00 00 06 14 00 OC 
16 00 
17 00 
18 00 
19 00 
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, 
I PARAMETERS FOR 
: SOUND u UC II 

'.= l~al~'le ~-~iY(S R P ! .. ~ 1. : .. ~:2 K3 :"':L;. ,·;5 ;..;S ~7 i-;,9 k9 ;"=1 1) 

01 00 
02 00 
03 00 
04 00 
05 01 (·1 i) 00 01 OF OF OA 
OE.. OB 00 18 OF (i':3 09 09 oe. 09 06 (14 04 04 
07 OE: 00 18 10 OA 08 CIA 07 07 05 04 04 (lS 

08 (Ie: 00 18 (}c oe 09 09 06 07 OE. OL~ 04 Ot./. 
0'3 (r.:;: 00 "i -.1 -. . -:. ()'J 07 .Of.:! 07 (}7 (J3 OS ()L,- (;4 . :. I ......... 
OA (Ie 00 15 13 08 04 (ii3 07 09 1)6 04 03 04 
OB ~),::: (j(, .' . 'I .-:. OA ()6 ()':; 08 0'3 07 ()4 (;3 '.Jt:o .L .::.~ .1...:-

oe (16 00 12 i5 OE. 03 05 08 OF 05 05 03 02 
OD 04 no 14 12 ()2 07 OD OA Oi= 09 05 04 02 
(IE 03 00 00 01 1A OF (Ie 
OF 04 (-lO 00 02 lS OA OD 
10 08 00 1<= 

.. ...J 18 13 04 07 05 06 04 04 05 06 
11 OD 00 00 i5 OA 02 0'3 
12 oe 00 1)0 if. OD 02 08 
r" .::, OC (-lI) 00 i6 (lD 04 07 
14- OB 00 00 17 OF 04 Of. 
15 08 rll) J.C 19 15 09 OA OA 09 04 03 02 05 
16 08 00 00 14 OD 05 06 
17 (l5 {"lO 00 li OA 06 07 
18 02 00 00 10 OF 04 05 
:. ':'J 0:2 ("·re) :LS OE. OD OD ()f=l 0';3 OS (}5 r·-'" ... 1';;" 04 ':)3 
If-! 02 00 00 00 iF OD 05 
1B (11 00 00 (10 18 OE 08 
:i.e 0::. 00 00 00 J.6 .O;=- 08 
1D 00 
, .= 
•• L.;. 00 
1 ~= 00 
2t) 00 
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\ PARAMETERS FOR SOUND .. DaRT II 
I 
I 

;: \'ame Rir1S ~ P k1 ~:2 k3 k4 ~;5 k5 :':7 k8 k9 kl0 
01 00 
02 00 
03 00 
04 00 
()5 00 
06 00 
07 00 
O~) 00 
09 on 00 iA i-r ._ I OA 05 07 05 09 OS 05 03 04 
(IA (,--' ,=. (10 1.3 i 1 .I. _ 0;::- 08 08 07 (iA 013 05 r)4 06 
(JB 0::: 1)(1 1B 12 10 07 08 08 OB OA 05 04 05 
oe 0:::: 00 1B .-,. 

J.~, OD 09 08 07 OA 09 05 04 06 
OD ·(1E: 00 1B 13 10 09 07 06 CIA 09 06 04 05 
(iC: oe: 00 18 13 10 09 08 07 OA 0'3 06 05 05 
i)F 0'::: ()(J 19 14 11 09 0'3 04 08 09 06 04 05 
10 O:=: 00 18 1'-:' .... 10 08 07 06 OB 07 05 05 06 
11 08 01 17 
12 05 01 1'; 

13 05 /)0 14 14 07 07 OC 07 OA 07 (l6 05 04 
14 02 (10 00 (Ie OE OB OB 
15 00 
15 00 
17 00 
18 04 ni") 00 13 08 O~~ OB 
19 01 (10 00 12 07 <)3 09 
iA 01 no 00 12 07 ()3 09 
"'-::" 
~ C' 01 00 00 '" .-, 

,i.J.:. 07 ()3 09 
lC 01 no 00 .; .-, 

.:....::. 07 1)3 09 
lD ()1 00 00 i2 07 03 09 



·PARAMETERS FOR SOUND II BES II 

F ralYli? ;~iYiS ;~ .:> 
01 00 
02 00 
03 00 
04 00 
05· 00 
06 00 
07 00 
08 00 
0'3 00 
OA 00 
OB OE 00 IB 
OC o:=: 00 IC 
OD OE 00 1D 
Of: 
OF 
10 
11 
12 
13 
14 
15 
1E. 
17 
18 
.1.9 
lA 

lC 
1D 
lE 
1-.• r 

0::: 
OE 
OE 
OE 
08 
(lB 

OD 
OD 
OB 
9B 
OA 
OA 
OA 
05 
06 
05 

00 :C 
00 1C 
00 00 
00 18 
00 15 
00 00 
00 1B 
00 00 
00 00 
00 00 
00 00 
00 00 
00' 00 
(J1) 00 
00 ()O 
00 00 

(is ()() 00 
00 06 00 

kl k2 k3 k4 k5 k6 k7 k8 k9 klO 

13 OC 06 OA 07 OA 09 04 04 06 
15 OB 05 OA 06 OC 09 04 05 06 
15 OB 05 oe 07 OB 07 04 05 06 
17 
15 
OB 
15 
16 
l4 
1A 
i8 
18 
19 
19 

19 
19 
1'3 
19 
1 '3 
19 

OB 
OA 
14 
09 
08 
08 
1B 
OE 
on 
13 
15 
12 
13 
11 
i 1 

il 
11 

04 
05 
OB 
04 
02 
03 
09 
03 
03 
04 
04 
04 
03 
02 
02 
02 

08 
OB 
OC 
09 
OB 
OB 
08 
06 
06 
05 
05 
06 
06 
1)5 

06 
OS 

(;2 (is 

02 OE. 

06 
07 

OA 
OC 

04 

oe 
OB 

OB 
on 

08 

07 
07 

07 
07 

06 

04 
04 

04 
04 

03 

05 
05 

03 
01 

04 

05 
05 

05 
04 

06 
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PARAMETERS FOR SOUND" ALTI .. 

~1 k2 k3 k4 k5 k6 k7 kS k9 k10 
01 00 
02 01 
03 <..IE 
04 OE: 
05 (IE 
06 OE 
07 ()E 
08 OE 
09 0'::: 
OA OB 
OB 04 
(lC 02 
OD 01 
(IE: 01 
OF 01 
10 09 
11 OB 
i::: <)E 
13 OE 
14 Ot:: 
15 Oe: 
16 OE 
17 (IE: 

00 00 06 
00 1B 12 
00 18 1'::-
00 1 B 1'-:;-

(10 1B 13. 
00 1B 13 
')0 1 B 13 
00 1B 12 
00 00· OB 
00 18 13 
00 00 07 
00 00 06 
00 00 05 
00 00 04 
rIO 00 10 
00 00 12 
00 1 B 12 
00 1B 13 
00 . 1B 12 
00 19 13 
00 00 OA 
00 14 1t~ 

18 08 00 1,2 
19 06. (lO 1 f.~ 
lA 0'7::' 00 00 
18 01 00 00 
lC 01 00 00 
1D 01 00 00 

i2 
02 
04 
01 
01 

iE (1() 

1F 00 
20 00 

OD 
15 
16 
13 
11 
(>E 
(Ie 

09 
OF' 
07 
14 
13 
14 
OF 
OF 
OE 
11 
(IE 
OF 
OD 
19 
oe 

oe 
OB 
08 
oe 
OD 
oe 
08 
OB 
OA 
08 
OD 
on 
OD 
oe 
07 
05 
06 
06 
06 
07 
OA 
06 

07 
09 
08 
OA 
OB 
OB 
09 
OA 
(~r8 

OD 
08 
06 
09 
OS 
09 
06 
OS 
09 
09 
OA 
OA 
06 

07 
05 
06 
06 
05 
05 
03 

04 

05 
06 
08 
06 

()2 

09 06 (1'3 05 
OB 07 0(=1 07 
15 OA OA 
18 OA 08 
14 00 09 
14 OD 07 

09 
09 
09 
09 
09 
09 
09 

07 

08 
on 
OC 
on 

OE 
(lC 
on 

05 
05 
05 
04 
06 
06 
OS 

08 

07 
OA 
OA 
09 

OA 

05 03 05 
05 03 06 
04 03 05 
04 . <)4 OE.. 
Ot-l- 04 OE.. 
05 04 05 
05 03 05 

OE. 05 05 

03 05 04 
04 (13 04 
05 04 04 
04 (14 04 

04 (14 04 
OB 0:2 03 03 
OB 03 03 02 
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i 
.PARAMETERS FOR SOUND II YEDI .. 

:: ,~,T:\.'jle RIYiS R ::> kl ~2 k3 k4 kS k6 k7 kS kg k10 
01 ·00 
(1:2 (lei 

:)3 (i(i 

(It.. 00 
05 00 
06 
07 
08 
09 
OA 
OB 
oe 
OD 
i)E 

OF' 
10 
11 

(10 
01 00 
01 00 
01 00 
01 00 
01 00 
04 00 
04 00 
04 00 
03 00 
04 00 
OB 00 

00 01 
00 00 
00 00 
00 00 
1D (lC 
ID· oe 
ID OA 
1D OB 
1D OD 
1e 10 
1. B 1·.3 

OD 
iE 
IE. 
iE 
08 
08 
OS 
07 
OLL 

05 

OD 08 
01= 05 
OF 09 
OE 08 
09 OB 
OA OA 
OA 08 
09· oe 
OA oe 
09 OB 
05 OS 

OD 
oe 
OD 
on 
OB 
oe 
OB 

09 
09 
08 
08 
08 
OC 
0:;:: 

04 . 03 
04 03 
04 03 
OLL 03 
05 (13 
05 04 
(lEo (!!.f. 

03 
04 
04 
03 
04 
03 
03 

03 
03 
03 
04 
02 
03 
05 

12 O~ 00 1B 16 OB 04. 07 08 OB 04 05 05 04 

1 t.j. 
.l5 
16 
,"7 
~ I 

1A 

0.;:: 00 
Oi;:: 00 
0,;:: 00 
OC 00 

06 00 

02 00 

18 

18 

18 
00 
10 

14 

15 
., "-; 
.I. I 

1E. 
18 

i 4. 

Of.~ 

oe 
(lD 

09 

07 
.t S 
07 

o..:~ OA 
04 on 
()3 (;8 

0:2. 08 
02 06 
04 OB 
Of; oe 
02 09 

Ol~ OB OS 04 
08 08 04 05 
06 00 04 04 
08 OE 08 04 
o E.. O~7 08 0.3 
08 oe 05 02 

(lC OC on 01 

()5 <)4 

05 05 
05 05 
()3 1)3 

01 03 
02 03 

(i3 (13 

~B 07 00 00 10 08 05 Oq 
1e o=: 00 18 
.1D 0::: 00 :~A 

11;:: (L;:: 00 19 
1,= 0:;:: 00 15 
20 OD 00 14 
21 
.-.,-. 
~...:.:. 

:23 

,-,i::" 
"'::'-' 
26 

ot:) 
07 
(ILL 

03 
01 
01 

27 00 
28 00 
29 00 

00 
00 
00 
00 
00 
00 

'J .-:. 
.i,,"':'" 

12 
00 
00 
(lO 

00 

15 on 03 08 07 oe 07 04 05 05 
16 OC 03 07 07 OC 04 05 06 05 
17 oe 02 07 07 on 04 05 06 05 
12 U8 06 oe 08 on (lEo 05 o.::~ 05 
13 08 04 0B 08 OB 05 03 05 05 
IE, 

15 
03 
07 
(l!.t. 

00 

0'3 
09 
.1 1 

OD 
0::: 
12 

02 on 0;1 
02 05 07 
on 00 
07 (x:: 
08 oe 
OD (lB 

1"'­... /~ 08 
(l3 

04 
()2 

(il. .. 
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PARAMETERS FOR SOUND II SEKIZ II 

;: \'al~)e KiYJS R P J..; 1 k2 k3 ·k4 k5 kE.. k7 ~(8 k'3 kl0 
01 00 
<)2 00 
03 00 
(14 01 00 00 OF OE.. 08 07 
05 04 00 00 14 08 (lE.. 07 
OE.. 08 00 00 14 (Ie 07 0'3 
07 0'3 00 00 i-=!" .. ~, OB 0'3 08 
08 0'3 1)0 00. :l3 08 (1'3 07 
0'3 OA 00 10 113 OE OA 0'3 07 OA OE, 04 <)3 (14 
CIA (lA 00 00 14 oe 07 08 
OB OE 00 1A 11 08 07 (lB 0'3 OA 08 04 OE.. 04 
oe OE 00 1B 1E, oe 03 0'3 0'3 oe 04 05 OE, 04 
on (}i=:: 00 00 0'3 OE 0'3 on 
(IE 07 0(1 (10 OA 0'3 07 OE 
OF 05 00 00 OF OA 07 01::: 
10 02 00 00 OB 08 07 (IE 

11 01 00 00 0'3 08 OA on 
12 01 00 oei OE.. OE oe OE 
13 01 00 00 OE.. on (Ie on 
14 (1'3 00 00 13 OE.. 0'3 0'3 
15 0;::: 00 1'3 17 05 03 0':3 0':3 0'3 05 05 (;5 05 
16 (IE 1)0 .LS 17 08 03 09 07 (Ie OE.. 03 05 05 
17 0;::: 00 17 14 09 04 OA 08 OB 05 05 04 05 
:L8 (IE 00 :i.5 14 08 03 0'3 08 08 07 04 03 OE. 
1'3 (IE 00. 15 OF OA 08 OB 07 0'3 05 04 04 05 
:LA 08 rIO :t 4 0::;: 07 08 OC 08 Of: 09 04 1)3 04 
18 0'3 00 14 14 07 05 07 07 OB 0'3 04 03 05 
1C 08 rIO 00 04 13 08 OB 
iD 09 00 00 07 10 O(~ O~3 
lE Of, no 00 OE.. 0;:: OC OB 
iF 03 00 00 03 12 0:::: OB 
:20 01 rIO 00 01 17 OE OB 
21 01 00 00 I)i 14 OD OA 
~22 01 no 00 00 ,7 (lE OS .l. I 

23 00 
2.!t. 00 
25 00 
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I. PARAMETERS FOR SOUND II DOKUZ II 

l~alYle f::iY;S f~ P '..; 1 ~~2 k3 k4 k5 kf.. k7 kB kg kiO 
01 00 
02 00 
03 01 00 00 01 (lC OE 09 
04 01 00 00 00 1e OD 05 
05 OE 00 19 14 05 Of.. OA Of.. OB Of.. ()5 04 05 
Of.. ()E 00 lB 10 11 07 08 07 OA OA 05 04 05 
07 (if: i)(; ..; ;-. .1 1 . ..,. ()-? ()A 06 07 07 04 05 06 ... .0 .I. ..:. • 

OB I')E. 00 00 09 1E 05 07. 
0'3 ()5 ;"'0 00 07 .1C 09 04 
OA 03 00 00 Of.. iF OB (14 
OB 02 00 00 07 . -

.I. .... OC 03 
(lC 01 00 00 03 1F (iB 04 
OD 01 no 00 05 ID oe 05 
OE 01 00 00 <)3 18 OF 05 
OF OS no 00 OB IF Of.. 05 
10 08 00 17 i .-, ..::. 11 OB 08 05 OE. 07 04 04 05 
11 OE 00 17 10 llJ. 05 09 OB OB 07 04 04 05 
12 OE 00 15 10 12 08 07 07 08 Of.. 04 04 04 
13 OE no 14 ();= i3 Of..' 07 OB 08 OB OL~ 04 04 
14 (IE 00 12 OF OF CIA OB 05 09 08 04 04 04 
15 OE (10 ID 12 09 07 OA 07 09 05 05 04 04 
15 OC 00 1D 13 OB 05 OC 07 OB 05 05 04 04 
i7 (JH {-I(l :L () .14- (17 (l~~ (lA 05 08 08 05 05 06 
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