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SPEECH SYNTHESIS
USING

REFLECTION COEFFICIENTS

This study outlines a method for transmitting speech
using a relatively low bit rate. 1in comparison to traditional

metnods. The method 1s based on the theory of Linear

Prediction. In this approach speech 1s represented by
refiection coefficiénts, energy and pitch parameters. The
Refiection Coefficlents are calculated using GBueguen - Le

Ruex alagorithm. Resid&él ehéﬁgy 1s encoded as the energy
parameter . For piltch detection a modified form of SIFT
alaoritnm 1s used.

The physical foundations of Reflection Coefficient
approacn and 1ts theofy are explained. The theory aiven in
tnls study 15 based on inner product formulation.

The algoritms developed are applied to Turkish words.

sounds and sentences. The results and observations are

iliustrated.



YANSIMA KATSAYILARI
KULLANARAK
SES SENTEZI

Bu caligmada . eski1 tekﬁiklere oranla daha dﬂéuk
ik1l aktarimi gerektiren bir vontem sunulmaktadir. éunulan
ygntem DoGrusal Bnggﬁ& Kuramina davanmaktadir. Bu vaklasimda
sés, vansima katsavilari., enerii ve temel uyariv siklidi
dederieri 1le  tewsil edilmexktedir. Yansima :katsayilar1
Gueaguen-Le Ruex vontemi ile elde edilmektedir . 5nébrmedeéi
hata. enerii Katsayvisinl vermektedir. Temel uvarma siklig:

ise SIFT vontemine benzeyven bir vaklasimla hesaplanmaktadir.

Yansima katsavilarinin fiziksel anlaml ve

davanciklari Kuram. galismada virgulanmistir. Kuram
L ' . .

‘verilirken 1q garpim vaklagimindan vararlanilmistir.

[ \ ] : o
Geiistirilen vontemler ve izlenceler Tldrkce sdzcuk.

~

- ‘v . N N
tdmce ve seslere uvgulanmig ve elde edilen sonuglar

sunulinustur.
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CHAPTER 1

I. INTRODUCTION

The purpose of this thesis is to outline a method for
ocbtaining parametric representation of speech',' and apply
thew to some commonly used Turkish words.

In thne first chapter voice response systems are
‘introduced. Their application areas and limitations are
given. Une of the most seriou;‘limjtations is memory . where
speech 1is stored (or alternatively bit rate at which speech
can be transmitted) Thefafore a brief summary of voice
stoerage ‘méthods is given. Wageform coding . parametric and
hvbrid éo¢iﬁg techniques are introduced. They are compared
on the basis of cb&monl? 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 lossliess tube modél for the human vocal tract and the
related equations are quoted. The transition from the
lossless tube maodel to the aigitél lattice filter
presentation 1s emphasized. ,

In chapter three theory of linear prediction and its
éppl1cation to speech analysis are described. Reflection
‘cdéfficient approach to Least Squares Estimation is outlined,

based on the inner product formulation. Gueguen — Le Ruex

algorithnw and i1ts advantages are illustrated. Methods for



extractihg and encoding of other imp&rtant features {eneray
aﬁd piteih) aré also'explained._

The alaorithms developéd during this work are
int roduced in chapter four. Each of the hardware and software
modules used throughout the analysis are explained stage by
staae. \

In chapter five the observations and results are
listed. Ideas to improve the quality of the output speech are
introduced. Also computational vaspects.that might  improve
accuracy and speed up thé analysis are mentionéd.

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 for ancther
stage that establishes the rules for creatinag messaages and

provides necessary hardware for speech generation.



II. VOICE RESPONSE SYSTEMS

There are agenerally recoanized to be three malor
areas (modes of communication) within the general area of
. L1l
man—machine communication by voice. These areas include @
1. Voice Response Svstems

2. Speaker Recognition Systems

3. Speecih Recognition Systems

Voice Response Systéms are _ﬁesigned to réspond to a
request for 1ﬁformation ; ;sing spoken messages. Thus Voice
ﬁessponse Svstems communicate by volce in one direction only,
1.e. frowm the maéhlhe to mam . On the other hand . dareas 2

and 3 deal with systems in which communication is by voice

from man to wmachine. For Speaker Receagnition Systems the

task of the syvstem is to either verify a speakers identity .

“1.2. -a ves—no decision as to whether the speaker 1s who he
claims to be ., or tqnjdentiFyAthe speaker from some known
ensemblé. The basic tasks of a speech recoagnition system is
either td recognize the entire spoken utterance exactly (e.a.
a phoneticlspeech to text writer) or else to understand the
spoken utterance (i.e. to respond in the correct manner)
| The elements of a Qo1¢e respone system include 2
i« Provision Fér storage of a vocabulary for the
voice response system.
Z.  Rules for Forﬁingvmessages_from elewents of the

vocabulary

4



3. A program for cowmposing volce response messages

Voice Storage

Message Message Composition Output
S )

Program

Messages

Requests

Message Formaller
Rules

Figure 1.2.1 Block diaagram of a voice responéelsystem

The'input to the voice response system is in the form
of é messagé request ; which mav be initiated by another
information processing system or directly by a human 'seeking
informat;on from thel voice'response system . The  output
messages are in the form of speech utterances in response to
the message requests.

Tvpical application areas of computer Qo:ce response
: 21
syvstems are the following:®

1. A system for prpddcing vocal Jinstructioné for

wiring communications equioment.

2. A directory assistance system

3. Talking toys and computers

4. R data set testing information svstem



S. A flight information system
6. A speaker verification system

7. Aids to handicapped persons

There are two main approaéhes to the 1implementations
of a 'voice response system . One approach is the limited
vocabulary svstem in which the output méssagé is created byv
conbafehatlng isclated natural séeech elémenté in the
vocapulary storage.

The seéohq.approach isvtd atte&pt t& puild‘a machine
wifﬁ. powers o% speech compafable‘to ﬁumah . Sucﬁ' systems
{often referred to as speech synthesis by-rule systems)
utilize models to simulate human articulatory system. In this
Eaée thé vocabuléry Storage'is _essentially a pronouncing
'di:t1onaﬁy _and,the message‘formation rules must generate the
required control s1gnalsb(a.g. pitch intensity . and voceal
traéf respohse' parametefs)upo’cohtrol a speech synthesizer
~based  on the speech production model. Such systems are of

- : 1] . -
interest wihen an unlimited vocabulary is reguired.

o



I11. SPEECH STORAGE METHODS

The representation of speech signals in digital form
1s of fundamental concern . There are many possibilities for
discrete representations of speech signals . These can  be

classified into three broad aroups @

A. Waveform representations
B. Parametric representation

- €. Hybrid representation

A. Waveform Cading

In waveform coding the aim is to convert speech onto

a bit stream that determines and preserves the shape'of the
oflglnél signal. In this regard one is guided by the well-
known Sampling Theorem which states that a ‘band—limited
ézgnal can be represented by samoles taken periodically in
time pfov1ded that the samples are taken at a high enough
rate . .The most popular coding methods available under this
neading are ¢ |

PCm {(Pulse Code Modulation)

DPCm {(Differential PCM)

ﬁﬁ {Delta Modulation )

in PCm . an analog speech sianal . after band-
limiting 1n a low-pass filter . 1s converted by a sampling
'crrcuit into a series of samples s(n) . seperated on the time

axis bpv an interval T . (thevsampling rate ) The value of



eacn sample s{n) 1s then rouhded off to s(n) 1n a
'quantization eircu;t and converted into a code word of B bits
an encoder.

According to the method used in adiusting the steo-
si1ze of the quantizer . one distinguishes among linear PCM .
iog PCM and Adaotive PCM . In linear PCM steo-size is fixed .
in 1qg PCM a logarithmic compansion 1s applied to the speech.
The two log—quantization characteristics are ~law and A-law.
The 1dea i1in both methods 1s to quantize small signalsl more
précisely in comparison to'signals of large amplitude. Theyv
tfy to establish the maximum‘dynamic range . and at the same
time exceed a ailven Sianal-to-Noise Ratio (SNR). BSNR is

defined by
SR = 10loa( ES/Eq ) { 1.3.1 )

where Eg and Eq are signal and quantization error energies
respectively. For details about R—law companding refer to
Appendix D.

If the steo size is adiusted adaptively the coding
scneme 1s called PCM with adaptive quantization.

Speech signals can be represented more efficiently by
making use of the ciose correlation that exists between the
vaiue of successive éa&ples sin) . This is done in all
systems based on differentiél coding. DﬁCm guantizes the

" difference between current and previous samples .



Winen the..speech samples s(n) ére seperated by a
sufficiently ‘small interval T . the quantization circuit
ieed only have two levels . This is DM (Delta Modulation) By
Using a variable gain whose value is determined from the bit
stream representing the difference . one arrives at ADM
{Rdaotive DM) ADM requ1re§ a less bit rate than Dm.

Differential coders are actually predictors of ’the
first order. They necessitate the différence siénal to
‘generate the current éample. The idea of predictive coding is
generalized to predict;ve coders of orders greater than one.
One of the wmost efficients predictive methods is APC
(Qdant1vé Predictive Cod1ng)v. Due to the nonstationary
nature of speecn signals . a fixed predictor cannot'predxét
the signal’ values efficiently at. all times. Thus the
predictor must vary witﬁ time to cope with the chanaging
spéctral envelope of speech signal as well as with the

cihangaing per1od1cit1és in voiced speech.



B. Parametric Codinag

In the _parametfic coding ;pproach the aim 1s ¢to
gerive a limited number (ea 10 to 20) of relatively slowly
varvina characteristic parameters.of the speeci signal and to
represent these alone as a bit stream.

R widely used speéch production model utilizes two
s1anai sources P and N . The source P delivers a series of

ua51—,er10d1c ulses whose repetition fre uency 1/t
quasi-p P P 9

‘cdrﬁesponds to the fundamental frequency or pitch of the

speecn and the source N delivers a noise like signal. The
source P generates voiced sounds and N unvoiced sounds. ﬁne
or the other source 1s selected on the basis of a
voicea/unvoliced decision. -The magnitude of the source sianal
selected can be varied bv means of the gain 8 . and its
frecuency soectrum can be moqified’by the filter F. The model
descrited 1n figure 1.3.2 can also be fntrnreted as the

source of the sound and the resonant svstew that modifiess

{or moduiates) the sound.

~ F > Speech

Figure 1.3.1 Soeech aeneration model



In essence the filter performs aifunction comparable
witinn that of the human vocal tract (Pharvmnx olus nasal or
moutih cavities) |
The parameters representing this model are:

—the voiced/unvolced decisioh

—for voiced sbunds the fundamental frequency 1/1':,B
—the magnitude of the gain 6

—some form of description of filter F

Thnis model has Déen‘the starting point for the desiagn
of many tyvpes af speech éoding svstems (vocoders) . The
cldest type of vocoder 1s the channel vocoder . where the
vocai tract is represented by a bank (10 to 20) of band-bpass
filters . At the transmitting end the average ‘éignal
amniitude in eacn small frequency band is determined by means
of a réctzfier and a. low-pass filter. The resultant
information 1is transferred in coded form to the receiver .
where 1t 15 used to adiust the gain in the branches of an
1dent1ca1’bang aof filters. The bandwidths of the individual
filters in such a filter bank do not have to be equal: with a
limited numoer of Filters-the best results are ootained when
the filters for the lowest frequencies have the smallest
bandwidtns.

In DFT vocoders the filter bank function is performed
oy means of a Discrete Fourier Transform (DFT) module.

Another method of charécteriéing the vocal tract is
paséd on a description of theAenvelape of the speech épectrum

in terms of formants . resultinag in a formant vocoeder. The



vocal tract 1s now represented by four or five band-pass
f;ltgrs 1M wWnicn the bandwidths and the centre frequency vary
as a function of time. The required values can be derived
from speecn by means of Linear Predictive Coding (LﬂC). A
formant vocoder of this tvoe is a member of the much larger
fami1ily of LPC vocoders. The 1dea behind all these vocoders is
again the assumotion that any speech sample s{n) can be well
approximated by a werahted sum of preceeding speech samples:

4p | : ‘-

sin) = |z a?(s—iT _ ' { 3.3.2 )
i=1 :

ror detaiis refer to Chapter 3.

C. Hyvbrid Codinag

Hybrld coding techniques make use of the Waveform and
Parametric coding methods at the same time . Among the many
different apgroaches to be found . two techniques have beco@e
fairiy general : Noise Shaping and Residual Céding

in Noise Shaping . the aim is to make optimum use of
the nolse—maskina effect of human hearing (In human hearing
stroné sounds tend to wmask weaker sounds of the same
frequency) - An  application of this technique is Sub-band
caoding. wnere the speech signai is split inteo 4 to 16
freguency bands and the signals 1n each sub-band are
separately coded .

A ﬁethod Athat bears some resemblance to sub—-band
coding 1s Adaotive Transform Coding (ATC) in which the speech

signai 1s first subiected to a frequency transformation and



1%

the transformation results are then adaptively coded usinag
optimal bilt assignment.

Voice—excitation svstems - use . a ? broad—band’
excitation signal instead of the pitch and voiced/unvoiced
décision imformation.

Two. morevcomplex forms of hvybrid coding are based on
Residuai Coding .' In the feed-forward configuration . the
residual signal 1s encoded and trangmitted « In theAfeed—back
svstem the excitation si1gnal thnat minimizes error is

‘optained and transwmitted. This approach is often referred to

as “Analvsis by Synthesis".



IV. DECISION CRITERIA

in considering the choice oFﬁdigital coding schemwes
for Voice Response Qpplicatlon .1t is.helpful to consider
thiree factors:
i. The information rate (bit rate) required for
acéeptable speech auality
2. The complexity of the coding and decoding schemes
3. The fiexibility of the .representation . i.e. the
potentiai for modlfication AF the vocabulary elémeﬁts
i. Tne complexity 1S commonly given by the count of logic

. . » .
gates . Relative complexities of various techniques can be

approximated as in table 1.1 =

Reiative complexity Coder

ADM

ADPCM

Sub-band coding

ATC

VEV (Voice Excited Vocoder)
LpC

formant vocoder

Articulatory (Vocal Tract
synthesizer )

C U
Sdoocun
SEEC U -

Table 1.4.1 Relative complexities

2. Any assesment of signal guality implies a fidelity
measure . For most communiéat1on systews this measdre is
ai1fficult to specify quantitatively ﬁécéuse it involves nhuman
percepﬁion . Speech quality 1is tradftionally assessed by the
cﬁiﬁerlon ’tﬁat a listener understands ‘1) What is Deinq said

11) Who sald it



Obi1ective measures that accurately reflect these factors are
intensiveily souaht . but are difficult to establish with

generaiity.

. sQ |cal TaQ ¢ BQ
c by ]
| | |
b [
{00 {
PC i
T |
i - !
i 10 HC I
1‘ ] [ '
1 wC
1 ! o ]
l, o5 | 5 10 2 100 200 Kbits/sec
! 8
}

Figure 1.4.1 Complexity versus bit
rate witn quality as parameter.
Ffigure 1.4.1 indicates the quality of speech
reproduction that can presently be attained at a " prescribed

‘bit rate@ . The guality characterlzations are denoted as

commentary . toll . communlcations and synthetic.
Toll quality . icosely corresponds to the  following
properties:

frequency range 200 - 3200Hz
Bnir | » 30uB

narmonic distortion { 2-3%



Taples 1.4.2 to 1.4.4 illustrafe the performance of

several coders at aiven bit rates.

Coder o Bit rate (Kbits)
1oa PCm ’ o6
ADm 40
ADPCM 32
Sup—-band 24
ATC 16
VVolce—-excited vocoder 16

Table 1.4.2 Bit rate for some coders that
can acnive toll qua11tv

Coder Bit rate (Kbits)

iea PCM 36
ADm 24
ADPCM 16
Sun—-band 9.6
ATC 7.2
Volce-excited vocoder 7.2

Tavle 1.4.3 Bit rate for some coders that
can acnive communications quality

Coder Bit rate {(Kbits)
Cnamwnel vocoder 2. &
LoC _ 2.4
Formant vocoder 0.5

Table 1.&.4 Bit rate for some ' coders _that

can establisn svnthetic—auality transmission

Ubiective meaéure; such as SNR . not always coincide
‘Wwith sublective weasures . Table 1.4.5 compares SNR ratings
witn sublective preference . Although 6-bit PCM is expected
to produce better results than 4-bit ADPCM . listeners

preferred 4—pit ADPCHM.



Obiective

ratiﬂg {BNR)

Subiective rating (preference)

7—o1t
5—-o1t%
4—p1t
S5—-o1t
3—-pit
4-pait

PCm
PCM
ADPCM
PCmM
ADPCM
PCM

. 7—bit
4-pit
6-bit
3-bit
S—-bit
4-bit

Tandle 1.4.5 Objective versus sublective

PCM
ADPCM
PCM
ADPCm
PCMm
PCm

ratings

16



pressure

‘vocal folds .

CHAPTER 2

I. NATURAL SPEECH PRODUCTION

The acoustical speech waveform 1s an _acoustic

M o 3 e
wave which originates from voluntary physiological

movewents of the structure shown in figure Z.1.1:

VOCAL TRACT ‘

TONGUE

Lrs
VolaL FoLhs

Figure Z.1l.1 Human speech syvstem

. ) [] L[] L J
In the pulmonic air stream mechanisw . which 1is the

[ t L4 . . o
main  mechaniswm to produce Turkishn sounds . air is expelled

from the lungs into the trachea and then forced between the

Lt ’ . e
DLlY‘lﬂg t he gener‘atlon of voiced socunds such as

/1/ . /e/ the alr pushed towards the lips from the lunas

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

onn the ailr pressure in the trachea and the physiologlcal

adiustment of the vocal Tolds. This adiustwment 1includes

changes in the length . thickness and tension of the vocal



Fdlds . The areater the tension the higher the percéiveq
pitca  or acoustically measured fundamental frequency of the
voice . The opening between the vocal folds 1s defined as
the glottis . The subglottic pressure and the time variations
in alottal area determine the volume velocity of alottal air
.Flow (alottal volume velocity waveform) expelled into fhe
vacal tract . The rate at which the aglottis opens and closes
‘can pe approximatély measured acoustically as the inverse of
the time interval petween obServed periods of the acoustlc
pressure wave . It is the glottal volume velocity waveform
that defines the acoustic energy input or driving function to
the vocal tract.

Speech signals are composed of a sequence of sounds.
These sounds and the transitians between thew serve as a
symboiic representation of informatioﬁ. The arrangement éf
these sounds {(svmbols) 15 governed by the rules of lanauage.
The study of these rules and their implicatfon in  human
communicat;nn 15 the domain of linguistics an@ the study and
classificatioﬁ'of the sounds of speech is célled ohonetics.

The ‘phonological svstem of languages 1s described in
terms of a set of diStinct;ve sounds or phonemes. Phonemes
‘can be classified in the following manner:

Vowels

1) Simple Vowels are produced by exciting a fixed
vacal 'tracf with quasi—oeriodic pulses of air caused by
vioration of the vocal cords. Tne period of this excitation

1s called pitch period. The ranage of this frequency amounts

18
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from 33dz for a low pitch male to 1500Hz for a high-pitch
singer. (Usually sopranos should b? able to produce sounds
ekcited by a 1400Hz pltch, so they have to be able to
generate higher pitch freguencies up toz 1800H=z). For an
average male speaker this frequency lies in thevrange of 100-—
110Rz=.

As described in Section II the vocal tract is modeled
as a cencatemation of lossless tubes of various cross—éections.
This structure determines the reéohant freauencies of the
tract. These are called the Formants.

11) Dipnthongs are gliding mono—svllabic soeech items
that start at or near the articulatory position for one vowel
and wmoves to or towards the position for another. e.g.‘/ av /

Consonants

1) Stops are transient non—continuant sounds which
are produced. by Duild&ng uo oressure behind a total
constriction somewhere 1n the oral tract and suddenly
rele§51ng'thevpréssure. /p/. /f/,/k/ are volceless stops. IFf
during the sound production alse the vocal cords vibrate a
- volced stop 1S produced. Voiced stops are /b/. /d/ and /a/.

11) Fricatives are Prudﬁéed by exciting the vocal
tract by a steédyma1f flow which becomes turbulent in‘ the
region of a constriction in. the wvocal tract. Voicelesss
"fricatives are /f/. /s/ and /s/. If édditionally vocal
cords viborate during the air flow . the souﬁd>genehated is a
vdiéed fricative. /v/. /z/; /1/ are such sounds. )

111) foricétives are produced by first totally

[} . o . . |. L4
constrict1ng air passage and then releasing it with friction.
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/c? 15 a voiceless affbicative and /1/ 1s a veoliced one.

1v) Nasals are produced with glottal excitation and
the vocal tract totally constricted at some point along the
oral passage way. /m/. /n/ are nasal sounds.

v) Lateral is produced by Tlow of air”an both sides
of the tongue. /1/ is an example for laieral sounds.

Vi) » Sounds that are voicéd in initial and
intervocalic positions and voiceless in final positiﬁn are
retrofiex. /v/ 1S such a sound.

Semivowels are the grou5 ofAéounds tihat cannot easily
be distinguisned fTrom vﬁwels. /v/ is such a sound.

An allophone 1s defined as a speech sound which is
mocified by the enviroment in which it occurs. The results of
this Study’ may bpe used to investigate the features of
 a11ophonés, and speech %ynthesié rules.using alloéhonés can
be qevelooed.

VOWELS

CONSONANTS

stops _ P t K

b .a ... 9
fricatives f s bé’ Conm

v z 2
affricatives é
| I -

nasails Ol M
lateral 1
retroflex r
semnivowel . ; Y

Taople Z.1.1 Phonemes Constituting Turkish Sounds
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II. LOSSLESS TUBE MODEL

A widely used model for speech production is based

upon  the assumDtilon that the vocal tract can be represented
£il

as a concatenation of lossless acoustic tubes as shown in

Figure 2.2.1

|
|

l
r'

ettt .
—
LIPS

i
x
|
l
{
; . elormis
!
I

Figure 2.2.1 Lossless tube model

The propagation of waves in concatenated lossless

tubes 1s governed by the following equations :

P B) = (R/A) (U] (B-x/2) + U (g+x/e))  ( 2.2.1 )

+ -
ujx.t) = u; (t-x/c) — uy {(t—x/c) { 2.2.2 )

where x 1S5 distance measured from left end of the 1th tube
and u?(-) and u;(-) are’positfve going and negative going
traveilinag volume velocities in the ith tube . Aj gives cross—
section of the 1th tube and P} gives pressure in ith tube .
Solving tnese equations and USing boundary conditions. at

the 1unctions results ind



o

Ugg €8 = € 20, /(AL +A) duy (6=T) + 1 up,, () ( 2.2.% )
- * 5 -
U (E+T) = =1 uy (5=T) + (2R, /7 (B +Ak) ) Uiy, (1) ( Z.2.4 )

The quantity ri = (Al — A D)/ LA + A D) s
the amocunt of uﬁd (t) that is reflected at the 1unction .
Thﬁs the cuantity r; 1s called fhe reflection.coefficient for
the 1tn ianction . Since all-cross—section values are positive

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

+ 1+5 +
uimo—-—-)——- 4 >— > — Tin F— U,’;,(**T;«)
j V—r.- “rl
\ U}(t)’——*—— i M dfr; Ty [ U,-“ (f"l»'u)

Fiaure 2.2.2 Signal flow representation of
the Junction between two lossless tubes

One can easily opserve the 1somorthsm between the
sianal flow representation of the 1unction between two
lossiess tubes and fhe corresnonding digital filter: ‘r; aof
figure 2.2.2 corresoonds to k; of figure Z.2.3 . simflarly,

detavs of figure 2.2.2 represented by the z —term of figure

2.2.3.



4 4
+ z? 1+ki z? ¢+
u;()+ > > > ° Uinlz)
r-ki 4k
Y;lz)e It «— — — Uy (z)

Figure 2.2.3 Flow agraoh reoresenting
relationshio among z-transforms at a
Junction

Wwhen passing to the diaital filter representat{on of
tne vocal tract . one conslders a system composed of P

lqsieés tubes of length 1/p . In this modeling bp gives the

order of the filter . Lenath of various sections are selected

to be equal 1n order to orovide the same awount of delay
Y s

between  sections . T(his makes the usage of z as a common

delay operator possiblé.



CHAPTER 3

I. LINEAR PREDICTION MODEL

Altnougn linear least squeres estimation | (or
Predfction) cates from Gauss in 1795 . it appears that the
first speci1fic use of the term ’Linear #Prediction’ was in
Wiener’s 1949 book 1n chanter 2. ’The Linear Predictor for a
Single Time Series’.

The Ffirst applfcation of linear predfct;on to speech
fram a Maximum Likelihood formulation was in tne work of
Saito and iltakura in 1966. In 1367 and 13968 . Atal and
Scnroder pubiisned results on Predictive Codina of ' speech
signais. Since then . several other equivalent Linear
Qred;ction formuiations have been developed . The wmost
popuiar ones are the following:
| A. ieast Square

B. Maximum Likelinood
C. Prony’s Metnod
D. Correlation Maﬁchlng

£. Spectral Estimation

Actuaily all of the mentioned tecimiques corresoond
to cifferent perspectives of the model . but they all end up

1n the same or similar equations.



a. Least Squérésv

- Lal
Least Squares approacn is useful in the

icentification of the finite order Auto—-regressive {(AR) model
for scalar observations s{0). s(i)......s5(N-1) The linear
mocel 1s represented by 3

A

e, -
s(h) = - £ a;s(n-i) + Gu(n) ( 3.1.1)
=L . : .

Where a ;are the coefficients to be identified -

s({kx—:t) corresponds to previous observations and ul{k) is a

pounded variance . zero-mean and ergodic white noise seguence
with
cful(k)} = O for all k ( 3.1.2.a)
E{utiou(i)> = R for all k.1 ( 3.1.2.0)

for some finite R }» O
The errdﬁvbetween s{k) and its predicted value s({Kk) 1is given
by =
A _P
e{x) = s(k) - s(k) =7 a;s(k-1) ( 3.3 )
o i=0
where 3 = 1

ceast Squares method minimizes the sum of the squares

of tne prediction errorse
{ 3.1.4 )

~ BOGALICY (NVERSITESH KD1uey ANES]
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ine "normal equations’ are obtained by setting the

partiali derivatives of J with respect to each a eqgqual +to
zero:s

14 . .

‘zaic( -J) = _C(O._-J) ‘FOT‘ J = 1,‘2-----? ( 3.1-5 )

=1

‘where
eli.1) = I slk-i)s(k—1) { 3.1.6 )
K )

Tne Dinect Least Sauares (L5) methnod can be derived

from tne normail equations in matrix form as:

A=-(8'siss ( 3.1.7 )
where
S(o-1) S(0=2) « « o = « . s (0)
s{a)} ' « s & = & = s5(1)

- ( 3.1.8)

e
I

S(N—z) S(N—S) - - .« o = - S(N_D_l)
and

s5{n)
s(q+1)

ju

]
“
N\
g

S(Nfl)

L

Tne Covariance wmetinod for a givenm zero wmean data
secuence can be stated as 1n eauation 3.1.10 to 3.1.12. The

Sﬁg is called_ﬁ(O);

T_ . . ’
matrix aroduct § 5 1s 1ndicated as W and



A = -W R(O) ( 3.1.10 )
c(i 1) c(2.1) casmnnsnasaC{B.1)
(--_)-V-.-'-I..lI..-.....---..c(n—‘z:)

._VJ_—' - - ( 3-1-11 )

Cli.D)aconnwanssunancansanannn=n=Cl{O.0O)

and

i cto.1)
c(0.2) .
; . ( 3.1.12 )

c (0. p)

If tne signal s(k) is wide-sense stationary for large

number of observations N. R{i.1) 1s equivalent to the sample

autocorrelation R{i1—-11) of s(k) i.e.
RN N+ . .
Ri1—311) = T s{k)s(k—11-131) for i.1=1.2 ..0 ( 3.1.13 )

=0

The foilowing matrix equation represents the approachs

ay R(O)euunnnnannaR{D-1) R(1)

a, R{1) R{o-2) R{2)
a = . = . . . <0 301,14 )
ap R(p—l)I.IIIIOIYR(O) —R(P)

The fact that Autocorrelation matrix is Toeplitz (all
elements along each diagonal are equal) enables that various

approacnes nave been developed for solving these equations. -

27



B. Maximum Likelihood

YThis approach is based on the guestion what cholce of
parameter values makes the probability of occcurance of the
actuai odservations (the speecn samples) most likely . 1.e.
maximizes the probabllity density of parameters ?

Speecn samples are modeled as elements of a”Gaﬁssian-
stationary. random process'generatgd by passing uncorrelated

noise thnrough an all-pole filter of the form:

1/ Az =1 /3 a2 where a, = 1 ( 3.1.15)
i=0
rnowing that the sequence {s(n)} is Gaussian with
zero mean one can define the 1oint probabilty density aof tne

variasies s(0). s{1). s(2). ....s5({N-1) It is simply the

standard muitivariate orobability density @

oin) = f(a,.a,.83-c000s .1 ( 3.1.16 )
The - optimdm values for a are +to. be found by
'aifferentiating p(n) with respect to a . and setting them

equai to zero. But for M greater than 2 thé problem becomes
extremely non—linear. J -

Two . different approx?mations have ~ been
1mpiemented: itakura and Saito utilized approximations based
upon tne assumotion NXXM (the number of data pointsi areatly

exceeds tne filter order) to show that the 1oint probability



densitvy for the sequence s(0). s(1). .....s(N-1) can be

approximated by:

Ny -

piny = (2mdy . e 20* ( 3.1.17 )
where
) P o )
¢ = I {la;sin-1)] ( 3.1.18)
nz-m i=0 -

Alona 1s precisely the error energy 1in the Autocorrelation
approacn to L5 Linear Prediction.

Thnis approximation‘results'1n the same eQuation as
in tne ﬁutocorrélat1on m2t hod -‘ with the additional property
tnat a cain term dz=d/N 15 obtained for matching thé energay
of the model to thnat of the inout sianal.

The second approximation involves a conditional
Max I mum szellhood approach . where the conditional

s, 8 * .
probabiiity density o 1is given by

o~ (NM)/2 o f206%

p=('21T0') e , { 3.1.19 )
and
N- M 2
o =7 if.aﬁs(n—1)3 L { 3.1.20 )
n:=M' i=0

. > [4 -
and resuits 1n the eguations obtained 1n. the Covariance

metnod. witn the additional prooerty that

o’: = & /(N-M)
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c. Pronv’s Method

£43 .
This approacn models voiced speeach during a pitch

period as a sum of complex exponentials which add uo to a
real term. If speecn Is considered to be conslsting of M such
terms ¥ speecn samples are enough to correctly wodel the
svstem.

A ‘more aeneral model taking care.of transients from

previous pitch period and zeroges due to nasal tract can be
descrised as in equation ( 3.1.21 )

Mt M ‘
X(z) = 8z) / Alz) = Loz /T a;z" ( 3.1.21)
: =D =0

D. Correlation Matchina

Let #H(z) = 1/A(z) be fbg speech synthesizer model and
denbte its impulse response by the sequencelﬁﬁn)

Aty = £ a Atn-1) + G 8ln) ( 3.1.22)
124 ’

By multip1y1ng both sides with h(n—-k) and summing
over w. one obtains' tne »expreséion for autocorrelation
coefficients of impﬁlse response:
| A e A . 2 ‘

Ry (k) = Z &Ry (e=i) + s §(k) ( 3.1.23)

The energles of s(n) and h(n) have to be equal :

Rp (0) = Rp(0) ‘ ( 3.1.24 )



ana simiiariv for ather coefficients:
. » A . )
Rp(i) = R, (i) | (3.1.25)

These equalities follow from the similarity of
equations (3.1i.14 ) and ( 3.1.23 ) for k)O.

This way the oroblem is reduced to obtaining the
filter wnose first 1+p values of autocorrelation of 1its
impuise response are equal to the first o+l values of the
speech signai'autocofrelétioﬁ.

Simiiariy 1f the inout uin) to the ﬁodel of a
sequence of uncorrelated samples (white noise)-with Zero mean

and unit variance . the output s(n) of the filter is given

by?

A P . ’
s{n) = - L ais(néi) + Guln) { 3.1.26 )

i=1
Bv multiplying both sides with s(n-1) and takinag expected
vaiues. one obtalns autocorrelation of the output s(n) :
“m P
R(1) = — Za; RUi-k) + BE() ( 3.1.27 )
k=1
Last term exists due to the fact that u(n) and s(n—-i)
~are uncorreiated for 1Y0. It is the dualiswm between the
ceterministic impulse and statistical white noise . that

. . {
enan:es their usage 1in speech syntnesis models.



D. Spectral Matchina

P

in tne frequency domaln formulation of LPC the error
e(n) opetween the actual and predicted sianal has a z-

transform of the form:

) s
Etz) = (1 +Fa,z 1 8(z) = Alz)S(z) ( 3.1.28 )
i=1 - :

The total error eneray 15 given by (Parseval’s theorem)

80 ] | T W .
£, = Le (nm =1/2 r e aw (. 3.1.29)
nz-o " .

wnere =(eJ*) 1s obtained by evaluating E{(z) on the unit

t - 1 - M .
circie z=e J¥ . equivalently:

1'{ - .
= =172 71 fetwaie™rawe)aw ( 3.1.30)
where P{w) = 18 (e¥)

The power spectrum P(w)‘of the all-opole model is given bvs
. . B . z
atw). = 1)1 = 8% /7 1rE™) ( 3.1.31 )

. : ' e 1} R 3 '
anc power spectrum‘?(w) of the oriainal siagnal is agiven by 2

. S~ 2 - jw, 2 -
2wy = 12y i /7 1aEe™™)i ( 3.1.32)
By comparing thnese two equations . = one can see that
1T 2{w) 15 bpeing modeled by P(w) . then the error power
sgectrum iE(er)i 1s beina modeled by a flat spectrum éQual

» . ..
to B . Thnls means that the actual error signal e{n) is being

approximated by anotner signal that nas a flat -spectrum -



. - ' .
sucmn as a unit imoulse. white noise or any other signal with
a fiat spectrum. Therefore filter A(z) is sometimes known as

¢
a 'wnitening filter’.
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II REFLECTION COEFFICIENT APPROACH TO LEAST SQUARES

As outlined 1in section I Least Squareé method tries
to minimize the sum of the sguares of prediction error.
if one assumes that the filter A(z) establishes this
[ 2 . [4]
minimum . tne followinag proaress iIs possible @
Definition @ Irner product of two filters F{z) and i3(2) is
defined as follows:
. "
{(Fi{z).B(=2)) = T uln) vin) { 3.2.1 )
nzh,
wnere ui{n) and v(n) are tne outputs of respective filters

wihen a common input x{(n) 1s applied to them.

| {om}

Flz) |

‘{xxn)}_"— X‘ R <Flz),6)

| w;n} | )

Figure 3.2.1 Inner product formulation

- P © e

If F(z) = ¢ f;27! -and  B(z) = & gsizl

1=0 i=0
then
. 0 o ng .
{(F(z).G(2)» = ¥ Lf; £ 2 x{n-1) x(n-131 a, ( 3.2.2 )
' i=) j=0 n=n, J



(]
()

and

I Cy e —
z .z’ = L x{n—-1) x{n—1) ( 3.2.3 )
hz=n, .

it 1s easy to show that the filters together with
. ¢ (8
tnis cefinition of 1nner product define a vector space.
With this definition of inner product. prediction

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

e{n) = {(A(=).A(z2)) : , ( 3.2.4 )

R
wnere A(z) = [ a;zq
. 1=0
if nvorm of A(z) 1s minimum . then norm of A(z) + ciﬂ

j=2_2-...p nas to be greater than A(z)

B(z+czd alzr+ezd ) (Alz),Alz))

€

Biz) A + 206A(z).2) + ¢ L)y (A . AGD

ZedAlz).z Y +c (3,29 3 ©
since © 1s nonzero and arbitrary one can select
c = <z, 20 7 &2

and tne following inequality follows =

i,y 7 =32 sy o ( 3.2.5 )

since (zd,ia) 1s always positive. the only condition 1s @

@izy.zh =0 " ( 3.6 )

1.e. fiiter A(z) 1s orthoagonal to 2 j=1,2,...p
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Yhis congition 1s actually identical to eguation .{ 3.1.14 )

The structure of the filter can be modeled as described by

figure 3.2.2.

Y &,
N
<

J
4
y

rigure 3.2.2. Lattice filter

As observed 1n the model there is anotner filter

. . . P .
utibtized 1n tne model B(z) = 3 o z 1. This filter tries to

- i=1

Predicf"Past sampies utilizing following ones . It can be
interpreted as a backward predictor. The purpose of the Least
Sguares approach is also to minimize the error due to this
gac«ward prediction.

Since in the forward predictor the coefficients
corresponding to the last sample (sample to be predicted ) 1s
one. tne nackward predictor has one aévthé coefficfent of 1its

(p+1)th term . (It tries to oredict s{n—-p—1) as a linear

comdination of sin-1)....s(n-p))

i



ihe same procedure can be applied to show that B(z)

1S artnogonal to all powers of 27 1=1, 2. ...0+1

A. Recursive Soclution

Tne advantage of this approach 1s that. one obtains
the optimum pfédfction filters of smaller orders until one
enas up in the final oth order prediction filter. There 1is
one more important peoint in thislprocedure :

B (z) anag B (z) are orthogonal to each other . unless 1=1.
(B;(z).B;(z)> =0 i#1 ( 3.2.7 )

This condition follows from the fact that B (z) does
not have a z term. Same condition does not apply to A (z) .
because A (z) nhas a zeroth power term.

One starts with

Aglz) = 1 and Bylz) = z 1 ( 3.2.8.a )
1Agiz)1 = R(O) and 1By(z2)1 = RO ( 3.2.8.0 )
(Rp(z).Bylz)) = R(D ( 3.2.8.c)

wnere r{(1) are the autocorrelation coefficients.

A, (z) nas to be orthogbnal to z * s0 1n the ageneral form:
A, (z) = Qo(z) + Ky BO(Z) , ( 3.2.9
oy taxing inmer product with zlone gets:

%, = —(@glz), 2 7 (Byplz).zH = —R(I/RO) . { 3.2.10 )



By (2) nas to be orthogonal to By(z)
Bylz) = 27wy Btz - ( 3.2.11)
taking i1nmer oroduct with B,(z) results in

¥y = ~{By(z).2H / (By(z).By (2)) ({ 3.2.12 )

The procecdure carries on until Ap(z) and Bplz) are reached .

Zacn tiwme the following equations are utilized

Ay (2) = A=) +.kiBi(z) ' ( 3.2.13.a )
Ctwy = olist) i _ | P
ccuation ( 3.2.13. D ) is actually the

implementation of Gram—Schnmidt orthogonalization prodess to
filters B;(z).‘

ine autocoffelation method has the prouérty that
R(1) = R{-1). This enables one to obtain By, (2) in a much

easier way:

Bhd (z) = Z'if“bt A; (z) + Bj (2)1 ( 3.2.14 )

Bj (2) is related to A; (2) in the following manner:

B, (z) = =04 p ( 3.2.15.a )

. 3 . :
or similarly

ajk = bii+i-k _ , ' { 3.2.15.8 )



The algoritiim can be sumwmarized as follows:

g, = 1 Bgg = 1 2y = R{O) { 3.2.16.a )
Ky = —R{1)/RW) ( 3.2.16.18 )
) ) o
Q49 = 1 bDjo = 1 ey =84 (1—-ky ) { 3.2.16.¢c )
atd = Ky bi,f = ki { 3.2.16.d )
Ky = [a oR(2) + a R(II /ey -~ = (3.2.16.e)
_ . o
2,0 =1  Bjg =1 e =ep,(1-ki ) ( 3.2.16.F)
g = a;-z,j + K; ai-z,i-j ( 3.2.16.a )
Dﬁj = ah;+yj _ ( 3.2.16.1 )
L 14 . o
Ki = - T ajui R(i-11 / e(i1-1) ( 3.2.16.1 )
Fo 4]
aj = Kj - ( 3.2.16.1 )

L)

4 13 \ - - ) [
Iin iiterature thnis algoritim 15 known as tne Levinson

Duroin aigoritim.



B. GBueguen — Le Ruex Algorithm
Equation ( 3.2.16 ) describes how reflection
coefficients can be evaluated recursively using the

-

autocorreiation coefficients. Levinson-Durbin algoritm also
produces and uses predictor coeffieients of lower order
precictors. But throughout the calculation a;’s have no other
usage except the evaluation of numerator term fo; the
expression of k in equation ( 3.2.16.e SNumebator term can be
interpreted as thne progection.of recently obtained predictor
an tne new added delay element: ( A; (z) . z‘U+0)

Gueguen — e Ruex alaorithm makes use of this tnner
. procuct as an intermediate varrable but bypassee the
caicuiation of lower order predictors and expression of this
inner product in terms of lower order Predictor coefficfents..

it can ne summarized as in equations ( 3.2.17 )

o = RUDD 1= 1....p ( 3.2.17.a )
Cot-i = R(1-1) i = lr;..p ( 3.2.17.0 )
g4 = —ey,/ g4 ' _ ( 3.2.17.c )
€40 = S0,0 * Ki €0 ' { 3.2.17.4)
eLp = Sop * i S0 o ( 3.2.17.e )
@i = egi * Ki€g,u | ( 3.2.18.F )

iQ

4,41 = €g,4-1 + Ky 895 _ ( 3.2.18.a )
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ageverally

'(J = _EJ-I,j /Ejilo o { 3.2. 18.4 )

50 T €340 * Kj ej.,_)j | N ( 3.2.18.1 )

‘ej,p =eiyp * Kj €31 ,1-p - L ( 3.2.18.1 )

ejv,}‘ : = »ej,i),' +: kj ej-,_ ,1.;  : » N '( 3.v:2‘>'.v1’8. k )

@ju-i = e, + Kjejq,r k | _ (;.2. 18.1 )
instead of predictor coeff&cients, the proiection of

inverse fiiter on various delay elements ( ( B;(z) . id > =

j=1,2-...m ) are calculated.

. Aiso the update described in eguation ( 3.2.16.1 ) 1s
1moiemented 1n anothner wav. Theoretically fqr ;nFinite‘number
accuracy tne results should be the same.

Update described 1in equation ( 3.2.18.f ) requires
two muitiplications and one division. Wnile Gueguen-Le Ruex
only requires one agilvision and one multiplication for the
corresponding update described by ( 3.2.18.1 ) Trner product

terms arvre denoted by:?

| ; -

¢aj 2T (3.2.19.8 )

ej,jui= ¢ Bj (=) . 2=ty

/]
ot

‘ v : ! » ,
The ow of aigorithm 1s described in figure 3.2.3.



42

m=m<+4
EP(m)=R (mai)
EN(m)= R(m)

No

h:h-ﬂ
K(hs)=-EP(h41) JEN])

Yes

¥

EP(p)= EP[p) + K(hit) x EN(p-b)

m=hi{

m=m+{
EX = EP(m)+K(h+t) XEN (m-h)
ENIm-h)= EN{m-p) +K(h4{) x EP(m)
EP[m) = Ex _

"igure

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 soﬁnds. The
repetition rate of these pulse 1s actually the fundamental
fréquency (or pitch frequency). Although pitch period is-
a pehsonal -éharaeterxstlcs, 1t may change throughout a
sentence or even a lohg sound. .

_ : £101

it ranges from SO to 300 Hz for regular soeech. For
an average‘ male voice 1t 1s abuut‘loo Hz. Thils wide  range
maxkes 1t difficult to establisn a general'algo}ithm far pitca
period estimation. But ageneral rules mav be stated as
foliows:

1) A frameiengath that includes at least one full
piten periﬁd snould be selected

11) In order to minimize interaction between p{tch
and lowest forﬁant‘ frequencies. preempnasis
snouid be agplied |

111)1Qn efficient measure of resoetitivity should * be
establisned

1v) TYnaresholds should be adiusted to distinauish

netween silence. voiced and unvolced sound.

. . Lt ¢ .
Four methods are reviewed 1n tnis section. Trne one used

in this study 1s modifed SIFT algoritim.
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A. Parallel Processina Approach

-’ . . . e . . R
this piten detection algorithm is based on purely time

gomain processing and 1s therefore popular for real time
£133. 0123 '
Y [ -
apiications. figure 3.3.1 describes 1ts operation.

PPEY |

PPE2

PEAK PPE3

—>
TioN | l p:p“ : OECISION PERIOD
my

of Pres

ms

PPE6 |

mg

Figure 3.3.1i Parallel Process Pitcn Estimation

Myuawsensinpuise of peak aﬁplitude at each peak

My esaessimpuisa of aifference amplitude between temporary
neax ahd preceed1ng valley at eacin pek

M3 =eesasimpuise of diffefence amplitude between temporary
neak and preceeding peak at each oak

my .....;Impulse of neagative amplitude at eacn valley

Mg ewenwnimpuise of negative amplitude of temporary valley
pius tne oreceeding peak valiue at each valiev

g {,....Zmpulse of negative amplitude of temporary valleyv.
plus tne preceeding amplitude oF‘valley at each vallev.

If any difference comes out as negative then the

result 1s accepted as zero.



- . * . . . ’
zacn 1mpulse train 1s P\"OC‘ESSEU bv a time varving

£i01
non:inear system. When an impulse of sufficlent amplitude is
v -
detected 1n tne 1nout. the output is reset to the value of
that 1mpuise and then held for a blanking interval . t{n)

during whlcn no pulse can be detected. Rt the end of t(n) .

the output begins to decay exponentially. When an 1mpulse

exceecs the level of the exponential decaying output. the

processs 1s repeated. Tnis prdcédure results in six estimates
of tne piten period (six cuasi-periodic éequenéés of pulses
ére oatained) Tnese six eétimaﬁes are compined with two of
the most recent estimates for eacn of the six piten
cetectors. These estimates are then compared and the most
freguentiy qccurring 15 declared as the pitcn périod at tnat
time. ror unvoiced speech there 1s a distinct lack of

]
consistency among estimates.

B. Shart Time Averaage Magﬁitude Difference Function

Thls approachn makes use of the fact that for
periodic signais d(n) = x(n) ~ x(n—k) approaches zero as K
' £13

approacnes the period t . AwmDF 1s defined as:

~4
AvMDF (k) = T ix(ntmdwlm) — x(n+m—k)wln-k) 1 ( 3.3.1 )
=0 ’ -
witn floating point arithmetic. where multiplies and
adcs take approximately the 'same time . about the same time
1s required for other metnods. However . for special purpose

narcware. or witn fixed point aritnmetic, AMDF appears to
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. . - 4 : . N

nave tae advantage. In this case multiplies usually are more
» . [

time consuming and furthermore eitner scaling or a double

. ' A "
precision accuwmulator 1s required to hold the sum aof lagged

P rocucts.

C. Autocorrelation Function

Tne short—time autocorrelation function is defined as

M=o .

R(k) = E X(m)w(n-m)x(m+k)wln-k-m) ¢ 3.3.2)

Tne autocorrelation of voiced speeach SNOWS
- ) ' . s
periocicities. One problem encountered 1s ¢ If N (number of
sampies  in a frame) 1s not chosen sufficiently large (less
trnan or equal to pitch period) Fitches cannot be detected.
The modified short-time autocorrelation functian *is

definec as @

N-1 ‘
R, (k) = 2 x(nsm) x(nimsk) ¢ 3.3.3)
M=0 |
Yo avoid the difficulty . due to the fact that

) L

autecorreiation function nas many peaks:. (because of damoed
oscliiations of the vocal tract response) “Spectrum
Fiatteners" are used. Their function is to process the speech

signa: suca that the periodicity 1s made wmore prominent by

distracting features of the signal.
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D. SIFT Algorithm

SIFrT (Simolified Inverse Filter Tracking) 1is an
impiementation of the autocarrelation approach. The block

1] . .
diagram i1n figure 3.3.2 decribes tnis model:s

-~ {-puzx! cALC.
tIMATION / WINDOW ai}
, AUTO. PITCH
Alz) | WINDOW CORRELATE DECISIONS —o AND
, _ VOICING
ESTIMATES

rigure 3.3.2 SIFT ngorithm

At the 1nput the speech sianal is decimated by takinag
one out>of four samples. This does not céuSE' any groblems
because frequencxes of iﬁﬁeresf lie within 0O—1kHz range.

| { 1—mz;1 ¥ 15 a. ore—-emonasizer module that
differentiates the input signal to accentuate the region of
the second formant.
| Spect rum flatfening is implemented by calculating the
vpredigtor coefficients and. passing the decimated speech
samp:es tﬁrougﬁ the wniteninag fiiter. The whitening filter is
a” fourta order predictor whose oﬁtput 1s a seguence of

preaiction errors 2{n). These sawmpies are passed tnrouan a

wincow. This 1s necessary to deembhasize peaks at botn ends
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of a glven frame. Peaks at the ends cccur. because at  the
Deginning ‘one tries to predicf nonzero sampies from zeroed
ones ana at tne end zeroged sawples from nonzeroc ones.

After the autocorrelation functions have been
caircuiatec . the peaks are selected and hormalized by r (0).
if this ratio exceeds a tnresnold.this value is declared as a
cangicate for the searched oltqh pér1od. Ffor low bDitchn
periods tnis tnresnold 1s large . for high pitch vaiues low.

After the first pitcn Dredictioﬁ:rough errors are
smootned and parabolic interpolation 1is applied'to the pftch

estimates.

§

The method used 1in this Work 1s essenfially a
mocifiecd form of SIFT algorithm. Instead of the
autocorreiation functlon a new function is calculated. This

- s ]
15 a cyeciic autocorrelation function and 1s defined as:

. ’ N'l‘tp N-L .
Relep) = ¥ x{mixintp) + 'L x(nmxin—tp,m) ( 3.3.4 )
=0 v NTp

] 35 resticted to be an fﬂteger agreater than 2 ang N
is tne numwber of-samples in a frame. Thnis definition is based
o the assunptilon tﬁat the signal repeats’itgelf with the
‘fuﬁcamental frequency llt#. In this case . one cannot
caicuiate autocorrelation coefficients'for N-p (nmn (N . But
with this definltion the same number of terms are added
'tﬁgetner for any value of the pitch  estimates. This also

. , . . ) :
eilminates the need of defin1ng different tnreshnolds for
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aifferent pitch estimates wnile SIFT algorithm requires this.

Fof a piten range of 2.5 msec to 12.5 wmsec . a Frame‘IEHch‘
of at ieast 37.5 msec is required. -At 8 Kz sampling rate
this correspongs to 300 sampies. A typical threshold for
voiced desicion is 0.4 (1.e. ratio of tne introduced pitcn
measure and total prediction error energydshould'exqeed 0.4

for voicec signal frames)



IV. GAIN MATCHING

)]

oiiowing the reasoning of seétioﬂs.I.B and I;D . one
can arrive at the conclusion thnat the excltation to the model
nas to oe proportioﬁal to the prediction error . Actually the
prgdiction error 1s proportional to the enerav of input
signai: (Tnis equality follows from the recursion described

by equation ( 3.2.16.f ) )

2 P 2 '
g, =R T 1-k; ( 3.4.1)
t " i :

=

The exclitation should be modeled by a function whilch
nas a fiat spectrum. Two candidates for the excitation signal
are unit. impuise (determ{n;stic input) and white nolse
(rangom signai) for voiced and unvoiced speech respectively.

If curing analysis ore-emphasis has been applied. at
the output of the prediction_’filter post emphasls 1s
necessary.’” Tnis integration together with mnon-zero-mean
excitation sequences can pauée a low frequency thumping sound
as tne fuﬂ&amental freguency increases (becéuse ' of
accumuiation of input at the intearator sectian) The soiution
to tais prooiem is an input of the form @

tt _ l’l=0,tp,'2tp,---

u(n) ( 3.4.2 )

_El/ (tp—l) else’

sucn tnat a Zero—mean excitation 1s obtained.



Another approacn that experimentally proved to Dbe

petter is “tne Cniro Function". It does not nave a flat
spectrum . Sut components at all freqﬂencieé. The one used by
TMS 5220 nas a Sknz tone at the beginning and them a arowing
770H;- togetner withn accompanying components . It continués

[N ’
about 4 wmillseconds.
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V. ENCODING ’
The basic parameters Pepreseﬁting speech are ensrgy .
pitcn ang reflection coefficients (or another set of

coefficients cerivable from them) . In vocoder (volice coder)
appiications the maln consideration is to reduce bit rate .
wnén transmitting speech.

It‘ is a common approach to encode energy and- piten
periocd on a logarithmlc basis. Typical approach is uéing 4—5
bits for each of them.

An experimentally obsefved property of k;’s Is thelr
s<ew gistrioution . 1.e. 1if non-ore—emohasized speech 1S
anaivzed . k4 iies very near to -1 and kzvery near to +1.
_riigher orcer coefficients lie within -0.7 and +0.7. This is
one of tﬁe reasoﬁs . WHy reflection coefficlents are not

encocea iineariv. Some of the proposed  methods are the

LK = inl (Foig) / (Fig ) ) ( 3.5.1.a )

sin? ) ( 3.5.1.0)

=
!




Anotner approach 1s to encode last few coefficients

witih few bits. The encoding scheme utilized by TMS S5100R is
tne foliowing:

21tche...S bits
energv...4 bits
Ki-&kZe...5 bDits
K3~k7....4 bits
k8-k10...3 bits

~ N - . - -
Bit  reduction 1s obtained by not usina last six
refiection coefficients for unvoiced sounds. (For unvoiced
souncs. :ast six refliection coefficient are usualliy near to

. ¥ . - -
zZerao - l. 2. tney do not decrease the prediction error as

neaviiv . as the first four coefficlents do.) A& furtner
D1t recuctlon wmeans 1s the repetity facter . whnich indicates
tnat oniy 9i1tcn and energy values can be changing . but

refiectlion coefficlents of the previous frame may be used.

HE

iience is coded witn energy = 0 (four bits).. and no
furtner information.

Tnis way D1t ‘rates of 1200 bpits/second can be

acnievec. For cetails refer to Apgendix E.



1.

SPEECH QNQLYS IS SYTEM DESCRIPTION

CHAPTER 4

The olock diagram in figure 3.1 describes the flow of

operations curing analysis of speech.

Figure

Anzly ;
— | Recorder »| Recorder » CODEC o Inter face
| Dats File
Parallel Diskette ANALPC ,’ N parameler
Data Printau sequence
— Listen o smoorn |,
ANADIF
packed and |
formafied EPROM Speech
paremeiersv
EpRom Specch
—1 FORMAT program SH';?;“"" —b

4.1.1 Analyzing System Description
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ror purposes of analysis . sentences consisting of
véf}ous .sounds are recorded to a cas%ette in a noiseless
enviroment. in léﬁorétory - éﬁalog output of -cassette
recorcer is fed into a CODEC circu1f'whose output is an 8-blt
seria: A-iaw companded D1t stream . representing the low-pass
fiiterec speech samples;

Tne system used for analvsinag purposes 1s an INTELLEC
800 ¥DS (Micro Development System) based on a 8080—
microprocessor. Since the serial bit streém is too fast for
lﬁDS to recelve. it 1s converted to parailel and sent to a
paraiiel port of_mDS. |

A software wmodule entitied LISTEN nroviges for
reception of paraiiel speecnh gata in syncnronism witn CODEC .
enters received cdata to RAM and after collecting enaugh data
(acrustadie in muitioles of i1 seconds uo to 5 seconds) writes
samolec cata to diskette.

ﬁnother software module entitled ANALPC orovides for
silence/speecn discrimination, pitcn analyvsis and reflection
coefficient estimationf This module reads samﬁled speech from
the cis<ette to RAM . analyses 1t frame by frame . uses 32—

+ L] [
71t aritmmetic for coefficient estimation and writes the

) - - L]
resuits to ciskette. Also an optional printout is possible.

w

Tne output of tnis module 1s a a data block consisting

of 2 parameters (energy,pifchglo reflection coefficients) 1in
encoded form. Residual eneray (i6o1ts) and R(O) (1n 24 bits)
for eacn frame. If printout ootion is selected ., a hardcooy .

, R » ) v 3 . ’
‘aiving reiative magnitudes of cvelie Pitcn measures



-

corresponcing to pitcn estimates is obtained. A similar
out puz 1s obtained - Wnen speecn sawmples are processed by
ANADIF. TYne oniy difference is. that, in the latter analysis
refiection coefficients are obtained from ere—emphasized
samp:es. wnen tne frame is estimated as voiced.

The outputs of tne mentioned modules are swoothned and
sca:ec ay Smi0TH moduie. a bytewise‘sequence of representing
parameters is obtalned.

rOR®%AT wodule orovides for nackiﬂg and formatting of
tne byvte sequeﬁce into a compact data block, ready for
transferring to =PROM.

After subniective 1ludaement of the speech aenerated,.
tne raw output of ANALPC or ANADIF modules is further

smootec and tne pPOCEdUPE repeated.

fay]



A. External Hardware

The circult developed for analoag to digital
conversion of natural speech and the interface to the
minicomputer system consists of four parts:

i. TViming circuitry

2. CODEC
3. serial to parallel converter
4. parallel to serial converter

Thne ciagram of tnis circuit is given in figure 4.1.2.

rigure 4.1i.3 suwmmarizes timing requirements of the circuit.

i. Yimina Circuitry

The oséillétor circult consistina of inverters
provices a square wave at e.iaa MHz. Ul establisnes a
Frequency.éivision py 3. The 2.048 MHz output 1s fed into U2
thch divides the frequéﬂcy by 16. 128 kHz generated tnis way
is civiced in U3 oy 16 and finally 8 kHé is obtalned. One of
the D-tyvpe flio-floos 1in 7&7&kis clocked by 128 «Hz and
generates an i67 snifted version of 8 kdz 1nout (T=1/2.048
microseconcs). The deiayed and nondelaved versions oF 8 knz
frequency are NORed to generate a pulse of 8T duration and 8
¥riz frequency. This- sigﬁal is‘inverted and applied to C&
. inpuz of CODz=C. The other timing input fp CODeC 1s 1ts Clk

input. 2.048 MHz generated by Ul.
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2. 8961 CODEC

Tne Codec circultry provides for low-pass filtering
OF sampied data {3.4 KKz bandwidtﬁ when clocked witﬁ 2.643
Mtz). and aiso a notcn fiiter for reiecting SOISO'Hz. A-law
compancing is applied to the filtered data. Starting with
tne sign Dit an 8-bit serial bit stream is generated at every
123 micrbseconds, representing the analog input sampled at 8
KHiz. ARAiso tne receive path includes a lowpass filter., and
acditionaiiv a sinx/x correctfon; At thne oufgﬁt there is a
auffer ampiifier capabple of. driving 5V peak to peak into a 10

k0O ioad.

3. BSeriai to Parallel Conversion Clrcuilt

This oyeratibn 1s accomplisned by 74184. Serial D1t
stream is fed into 74164 inputs (both A and B inputs are
fNDecd 1in thne cnis). At each rising edge of its clock 1input
received bit is snifted. After 8 clock oeriods 8-bit data is
rea&y at tne outputs FA-GH. Since 74164 cannot oprovide
current necessary for input port of MDS. a driver circult is
used. ULN2003 provides for this action. in order to
svichronize ¥D3 witn Codec operation a furtner siagnal is sent

to MD3: a deiaved version of U of CODEC.



4. Parallel to Serial Conversion Cilrcult

A 74165 provides for conversion of parallel data
received from autput port of MDS to a serial form suitable
for 8961 CODEC. Most significant bit.is cownected to H. The
first cioc« puise snifts the oits in a circular fasnion: H
gives #5B and A gives iLSB. This snift occurs pefore CODEC
starts reading serial data. The same connection (delayved

version of C&) orovides for synchronization of CODEC and

2.048 MHz clock _[1 T MULOUUUUUULNLL
cobee ¢ | |

CODEC DX 7]16151413]2]1]0]

coEe os RERIREER

wtep ek - TIANAIMUTOTL

70{65 L L

165 Ol e
ce [ L

Figure 4.1.3 Timing requirements

(=18}
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B. INTELLEC 800 MDS I/0 Ports

ﬂonitor_ module of MDS providés .‘several i/D
interfaces: Those used during the work are the followina®
—-Hign speed paper tape reader/punch interface:
Tiis port is utilized for receiption of parallel data
samp:es.
—¥ne iine printer interface
Cocec-DS svnenronization 1is estabiisned by wmeans of the

- interrupt pin of thls port. For detalls refer to Appendix B.

C. Software Modules

Tnlis is an interactive utility pfogram that~u
estanilsnes transfer of received dilgital data on t he
disxette under the file neading given by the user. A typical
session is as folliows:

YLISTEN
How many seconds ? 3
Numbers i-5 are legal inputs at this stage.
imweciately after pfessing S on the keyvboard orogram starts -
receiving and placing data to RAM. When data correspohding

. ]
to thne curation required has been stored. receigtion stops

and tne following prompt appears:



Enter name of output file!

if trne user wants to store received data on a diskette. the

foliowing 1s to be entered:
trXifilename

X gives the drive number of the diskette: fililename consists

of & main—cnaracters and 3 extension—-characters part (this 1is

a restriction of ISIS-II operating System) For éxamplé:
5P==CH. LPC

If no recorc¢ is required. one nas to enter :BB: in both cases
carriage - return shouid follow. After the diskette write

operation is finisned the following prompt appears:
‘Do You want to continue ?

’IF the user wants to continue Y should be pressed. Any other
xev exlts tne recording session.

Yhis module consists of object files of LISTEN,
SAMAR. and‘ USRITF files. Also PLMB0O. SJYSTEM and 3IZBITS
i1oraries swnouid be linked togéther.

2. %80.LIB  contains implicit functions of PLMBG
ianguage. BSYSVEM.LIB contains I/0 routines for the system in
use anc flie managament utilities. USRITF contains utili#les
thaf interface the user. LISTEN 1s the maln >Dart of the
mociuie:s éﬂd SAMPLR provides for the interrupt driven. speecn

data reception and placement to RAM area process.
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This 'module enabies the user to éee the waveform of
speecn recorded on the diskette. -D}Splay is availéble as 'a
i7x80 dot matrix. Since different monitors require different
contro: characters to move the cursor. The ‘user has to
indicate whicn svstem he or she‘is using . A typical sessioﬁ
is as foilows: |
Enter Filename to be displayed¥ -

Speecn. 001 -

i=e

S tnis new mDS ? VY
Tne graph is cispliaved starting from the beginning of data.
At ‘tne Deginming each norizontal dot corresponds to 125

microsecones. and each vertical dot to 16 vertical units

(vertical unit descriotive, but since data to be displayed is

iogaritamically companded one cannot talik about volts or

11

1

3

ivoits). The conversion table is availabie in Appendix D.
Acceptasie commands for this module are listed below:

.,;....'is used to change fime base

A ueenw.. is used to shift graph one time base to left
(defaglt/ value dF timebase is‘l miliseconds
ana for ampiitude base 20 uﬁitsi |

[ is ﬁéed to cnange the origin

{ tiaenes is used to shift araoh one time base to left

} eaassas 15 used to snift granh_one,tihe base to‘right

ceeee.. to ©Xx1t the dispiay sessian

I

e



Oolect fiies of SHOW, GUTILY, USRITF, SYSTEM.LIB and

AL¥80._:B constitute tnis module. SHOW is the main part and

GUTILY is the file containing display utilities.

3. ANALPC

This is the main wodule that is responsible for

1) Conversion of B8-bit A-law companded data to 1Z-bit
iinear data

11) Siience-speech discrimination

111)Voiced-unvoiced decision and bpitch period
calcuiation

1v} Caiculation of reflection coefficients

us

v) Scaling pitcn. energy and reflection cocefficients

-, - . M . ) .
The fiow of this module i1s summarized in figure 4.3.1.

. P . -
1) A-:aw expansiont Since all algoritims implemented require

ilnear cata companded. speecn is converted to linear data.

A-iaw compansion has precisely the following forms

r {(x)

san(x) { Rixi / (1+1n(AR) )
for o ¢ ixt ( 1/A
. ( 4.3.1 )
san(x) ( i+in(iAxit) ) / ( 1+1In{A) )

for i/8 ixt (1

in orcer to faciiiltate converslon. a table can be used. The

tanie for conversion between 8-bit to 1Z2-bit samples 1s given

in Appencix D.
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Maximum voltage used amounts to 2.5 Volts. An
acceptinie conversion table for voltage to 7-bit maanitude
representation 1is given in table 4.3.1i. During companding
cata 1s scaied sucn that 2.5V cofrespoﬁds to OFR=15 and 156

Y corresponcs to i. Although conversion to only 1Z2-bits 1s

required. the output of A-law expansion is a sequence of 32—

bit sampies .

oy A

S - 2.50V ciiiionnnnna 700-7FH
29— 1.29 V tcccennsense EOH-EFH
— BZ25 MV tiecerananes SOH-SFH
J12 MV cenecennsane= 4OR—4FH

— 196 MV cicnnrannens SOA-3IFH
MY cereaenceces ZOH-ZFH
3~ 39 MV cecnarnnness 10H-IFH
-19.5 MV cicesnnananns OH-OFH

ARSI 2 RN SN % B el S
1 W]
|
-
!

Cowli gl o 0 e
I
~J
m

Tabie 4.1 Volitage versus 8-bit
R-law combanded data

11) Siience Speecn discrimination:

This cecision is not made explicitely. For the
ongoing  anaivsis caléulationsof‘R(O) is required. This 1s
cone as foilows:

A ffame.consists of 200 samples and corresponds to 3
miiiseconcs. But for pitch analysis 400 samples (200 éamples
peiong to next frame) are utilized. One out of four samples
are taxen . for the pitch analysis (speech signal 1s
decimaied). fifter passsing decimated cata tnrough a Hamming
w1ﬁuow- sum of squares of samﬁles is caiculated (R(O)}. If
tnis valiue coes not exceed 0.43 . tnis fréme iSAiustified as

'silehce. 'Thié ratio has been founa empirically and is

cepencent on tne enviroment where speecih nas been recorded
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anc wnere 1t 1s plaved back.

111) Voicec-unvoiced decision and pitch period calculations
The ilnearized speecn sampies are cecimated by taking
one out of four sampies and preempnasized. ®Sreemphasis is
1mplemenfeﬁ by taxing difference of consecutive cata (s(n) =
s(n+l) — s(n}). Preempnasized data 1s passed throuah a window
anc first five autocorrelation coefficlents are caicuiated.
These coefficients are passed to the Gueguen — Le Ruex
aigoritnm and first  four reflection coefficients are
obtainec. The predictor coefffcients are calculated by the
STYZ3U9 procecure. The spectruﬁ flattener obtained this way 1is
actua:ziy a fourth order predictor and a sequence of
preciction errors comes out. This sequence is passed through
a Hamming wincow and cvelice ?itch measures correspondiné to
pitcn freguencies 1In the range of & miilseconds to 11.5
miliseéoncs are caiculated. For normalization purposes aiso

e (0) 18 caiculated and Re(tp)s are normalized. Negatlve

Al

vaiues are truncated to zero.  If more than 10 of 13 'measure
coefffcients are noniero; tne frame is declared as unvolced.
Simiiariv .1f the max i mum normalized R (tp) 1s below 0.375 -
tne frame 1s acceoted as unvoiced. { Also tnis value 1is
ootainec (=) triai and error .) Otherwise tp value

corresponding to max{r (tp)} determines the pitch period.
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1v) Caicuiation of reflection coefficients:

ror each frame first 11 autocorrelation coefficients
are caicuiatec using 200, windowed. linearized samples. These
coefficients are passed to Gueguen Le Ruex alagarithm . where
10 refiection coefficients calculated. Throughout the process
sum of preciction errors is comnute& recursivelv. At the end
aiso sum of squares of prediction error 1is implicitely
obtaiﬁeﬂ. if tnroughnout the anailvsis the recentlv calculated
refiection coefficient exceeds one in magnitude. no fﬁrther
vaiues are caicuiated and those from the prévious frame bare

usec. This situation 1S marked bv a ¥ in the priﬂtout.

v} £nercy Caiculation and Encoding
Residuai eneragy (sum of squares of prediction .error)
is wusec to caiculate energv. It 1s wormalized by 125 and

-

encoced according to the conversion table in Appendix E.

Simi:ariy . pitch and reflection coefficient values are

encocec using trne same conversion tabie.

ANALPC  wodule consists ofk ANALPC, ANALGR. USRITF.
eNnCOD=. COoNVAK. DCDYBL. WInDOW anc ALAW obiect filies.
(:zcecitione;zzy SYGTEM PiMBO and IZBITS ilbraries are linked
tocetner. ANALPC 1s the main moduie, ANAPTC orovides for
Pitcn anc ANALGR faor Gueguen Le Ruex algorithm. ALAW file
estaniisens R-iaw expansion of recorded speeéh samples.
DCDVB_ contains conversion tabnies = for reflection
coefficients. ENCODE file uses this table and provides for

encocing,
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AnARDIF

inis module differs from QNéLpC only 1n the
caicu:ation of reflection coefficients. If framev has been
iucoec )as voiced during the pitch anélysis, sﬁeech samples
are preempnasized before calculatinag first 11 autocorrelation
coefficients.

instead of oblect file of ANALPC . obiect file of

ANADIF is linked witn those file wmentioned for ANGLEC.

9. SwO0TH

Tnls wmoduie 1Is used to correct errors made 1n
precicting the parameters. sucih  as eneray. pitch or
ref:ection coefficients. During a smoothing sesslion the user

-can co trne foiiowing @

FXXEV Change eneragy coefficient of frame xx to v

FRXIVY Cnanae pitcn value of frame xx‘tu vV

TRRAVEZ . Chnange k of frame xx to zz

FRXRY ' Cnange repeat pit of frame xx to v

Dxx. Dispiay frame XX .The following information is

cisplaved:

frame number

eneragy

pitecn

refiection coefficients

suwm of squared'oredictioﬁ errars (2 bytes)

R(0) (I bvtes)




Sxxvy

the  file containing sound to be Iinserted 1is
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Scaie 'gnergy . by dividing sum 0F1>squafed‘vefrdr
entry by the given number vv. xx (vv gives mteger
part and xx the fractional parf)

Remove frames xx to vv (vv included)

insert a new soung , starting after frame xX.

. . . L]
After having received this instruction . name of

requested by the svstems

File to be inserted:
Tne user has to enter the file nawe .and bress
carriage return.-
Create a file . containing éniv a seguence “of
parameters (four reflection coefficients for
unvolced frames., only eneragy parameter for siience
anc oniv energy. repeat bit and pitch for reéeated_
frames) The system first asks . whether a printout
is required:

Do You want to take pffntout?

Y 1s pressed for positive answer. If any other key

is pressed wo prfntouf is created . but the frames.

are cdisplaved on the screen.
fhen the svstewm requests for for the output file
name

Fiie name of smoothed datas
after the user has entered file name and pbesséd
cavriége return . the.néw file is éreated. Ffor no

fiie output :EB: should be entered as file name.



£8 EX1t smoothing session, without savinag recently

mace modifications
£X Save iast wodifications and exit to IS18-11
operating system. The system requests for the name

of fiie . where mocified data block has to be

written intal

rile name of smoothed data:t

After tne name is entered and carriage return 1s

pressed. save operation follows ' and centrol

returns to ISIS—II,
6. FORmMAT

Tne output of SMMOTH module is a sequence of byvtes
eacn representing one of the parameters necessary. But(TmS—
5106 .speech svnthesiser chin . that has been utiliized for
suslective jucoement . requires this information in a packed

form. e.g.

Enerayv 4n = 0O100B
Repeat OoR = OB
“diten Orn = 00000B
ni : i34 = 10011B
K2 tH = 01110B
K3 9+ = - 1001B
Ka 7A = 0111B

Snouid be combined to

LA e e
[ A o
S &
E=Z-
[ e ol o]
e e O

s O
RN N el

1.e. the bits are intercnanged sucih that MSB becomes LEB and -

vice versa anc ‘then packed. sucn that first byte fiils the




least sianificant bits.

FORMAT module also formats packed LPC data suitable
for transferring to EPROM programmer. The resultant data
packet consists of lines each staFting Qith the 1ine
indgicator character * ¢ " |  number of bvtes in the frame,
frame nuﬁber in multiples of 10H , byvtes to be transmitted in
thls fraﬁe and finally the checksum. A sample output is given
in figure 4.1.5.5ince OFH for energy meéns end of phrase
proaram searches until a OFH is encountered when reading

energy. Uo to end of phrase all data is Dackedl.

10000000000000E64442 1551 9A9DEECICIRLEIDIEFF i

210000000 LQ4ET7 L 42T ESRSQDAECCLAE7 2EEIERCDET7

A OCOROQODATARCAREEAZZDDID(CADSILI0ATSTZOLTT :
1 10GOICOOBDEASEIOLBRAGIVI7EIAIOIFATOLILZTEEBFT i
:10QQALDNZRIONGZDLOZEDTOOOQ0OICFFEFFFFFFEFFB2 E
P OOOOG00LFF

Figure 4.1.5 Hex file generated

b; the FORMAT program for the
word "Bir'.
& tvpical session is as follows. Program requests for
inout filename?
Filename for LPC datas
BIR.LPC
Then asks name of output file containing formatted data
Filename for formatted datas

BIR. HEX
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immediately after pressing carriage return . program starts\
to packing and formatting the data and returns to ISIS-II
when finished.

This module consists of obiect files of FORMAT, PACK.
. USRITF and SYSBTEM.LIE. FORMAT is the main file and PACK an

ABMBO file establishing the required packing operation.



CHAPTER S

I. RESULTS

The tools developed during this study have been
applied to Turkish sounds. Phonemes alone cannot be
generated during reagular speech . so svllables have to be
chosen. The svllables chosen are the ones constituting the
alphabet (i.e. A. BE. CE.....) and numbers from one to ten.
Also a sentence has been analvsed. The results of ,the
angiysis are available in Qppendix G.

Throughout this stud& different algorithms have been
tested. In the following sections thev are compared Qith each
other and suggestions for further algorithms are developed.

After each analvsis I had the opportunity to ﬁudge
sublectively the results (speech output) . These observations

are summarized in part B.
fi. Computational Aspects

Throughout the whole analysis all of the results are

twos com

kKept as T 7561t lémgnt binarv and fixed point

e

aritiwmatic i1s used. During the analysis of a frame the
[

following operations are performed:

- Four hundred samples are expanded to S2-bits

according toc A law.



76

— decimated by taking one out of four samples and

— reduced to 100 samples. |

— Windowed (100 multiplications) .

— preemphasized (100 multiplication and additions) ,.

— first five autocorrelation coefficients calculated
(500 multiplication and 500 additions) -

— fourth order prediétor’s coefficients computed(yo_
additions and 40 multiplications) .

- prediction error sequence computed (400 addition and
multiplicatlons) .

- Re (0) calculated (100 multiplication5~ and IOOA
additions). |

- cvelic piten measures\ for 13 different period
estimates computed and éompared (1300 multiplication
and 1300 additions).

- 200 samples are expanded according to A law ;

- nreémnhasized (optional) (200 additions) . |

- windowed (200 wmultiplications) .

- first 11 autocorrelation coefficients computed (1100
multiplications and 1100 additions) . |

- tenth order filter reflection coefficients computed
(210 multiplicati@ns and 400 additions)
The operations add up to about 5000 multiplication

and a&additions there are also other instructions such as

decisions ., cearch loops. wmove operations that occur during ;
the analvsis of a frame. The analysis of a sentence of about - i
2.5 ceconds takes about half an hour (18 seconds for a frame)’ |

But this 15 an average value because analysis of silent



frames aﬁd unvoiced ffames may take considerably less time.
During this work no effort hés beern spent . to speed
uo the computation. But the followfng chanoges would reduce
the required time by a considerable ampunt ®
ﬂpplicat1dn of efficient autocorrelation calculation

metihods that reduce the number of multiplications.

Use of more memory such that results ., once calculated.

and later to be used again . can be saved and not calculated

twice.

Use of 32-bit operations only during computation of
autgocorrelation coefficients.. For other compufations such as
winaowing, preemphasize and recursive solution 24-bit or less
would suffice.

A further reduction of operation count <{or increase
in accuracy . while the number of operations remalin the game)
can be established by using a sequential latfice method.
Sequentia1  methods do net require windowing, and they
generate predi;tion error  sequence at the same time. So
produétion of tﬁis sequence as a bvoroduct . eliminates the
necessity 6f extra calculation reguired for pitch analvsis .
This way the number of multiplications would be highly
reducea. Using & digital signal processor with a very low
cveie time {(e.a. 200 nancseconds for 32-bit multiplication)

real time applications can be developed. Such a device can

-

manipulate 25 000 multiplications during a 25 miliseconds

frame.

77
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B. Subjective Aspects

Before Guéguen—Le Ruex . Levinson-Durbin algorithm
has peen used to extract reflection coefficients from ihput
speechn. RAlthough vthe precision of operations are the same .
Levinson -~ Durbin algorithm resulted in reflection
coefficients, that are greater fhan one in maanitude. ’For
voiced speech this occurred at predictors éf order eight +to
ten . for. unveoiced speech for orders four to five. But
Gueguen - Le Ruex alwéys”ended up in stable outputs.

It is interesting to note that . evenkwhen the first
reflection coefficient was calculated correctly . persons,
wito knew . what the comina utterance should be . ﬁave been
able to recognize it. This case bclearly cutlines the
importance of the first reflection parameter. |

Excitation with a constant piteh value of 100Hz does
not result in a monotone sSound. Apparently it is the eneray
parameter. that provides for the intonation in a sentence'.
Pitch‘period variations add onlvy naturalness to speech.

ﬁreémpha51s . that has been applied to 5§eech
sampies is actually a form of differentiation. This enhances
upper portion of spectrum. It is an accepted idea in

literature . that upper part of spectrum contains the main

ntelligibilitv.

pde

Durina pitch analvsis several thrsholds have been
arravaed bv " ¢prial and error. A set of thresholds. . that

- . . ’ . 3 > b
caw  produce very agood results 1n Pltch detection and voicing




decision. for  ane case . . can result in erroraneous
voiqeu/unvo1ced decisions for another. But since ~thév
autdcorrelation"fdﬁctiun vuéed in SIFT. 'reqﬁires various
thresnolds for pitch candidates, the pitech measure;

introduced 1n this work . results in less erroraneocus

outputs. If voiced frames are iudaed as unveoiced and such
frames alternate among voiced frames the sound is like a
burbliina.

| Another problem that has been encountered during the
work 1s the enerayv parameter. First R(0) {(suw of souares of
soeecn samwpies ) 1s scaled and applied as energy. This does
not produce intellicible voice. Then fesiqual eneray {(sum of
sqﬁares of prediction errdrs) 1s séaled and appliied as eneray
parameter. . This resulted in a good speech for a set of
recaords. 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 maximum allqwable energy. The speech ocutput in
this case 15 a distorted one.

The solution to the energy.scaling problem 1is the
interactive. SMOOTH wodule. The user can process the faw
output data block of ANALPC and ANADIF mbdules.ThE'outputs of
these wmodules i1nclude the ;e51dua1 . that has been scaled by
the cefauit value.

Both analvsis - modules ANADIF and ANALPC are
essentlally similar. They only differ in the preprocessing
pefore reflection ceefficlient computation. ANADIF module
differentiates 1npﬁt speech. before windowing. This also is

basedad on the 11dea to enhance the information hiddew in the

W



high fréquency part of speech.

Without preemphasis (differentiation) vowels such as
/i/ . fo/. /tof . su/ . Ju/ resulted in very distorted and
anecdgn1zanle sounds when analvzed alone. ARlso /a/ souﬁded
like an /e/. But when accompanied by consonant . in a word.

they resuited in recognizable sounds. But even if followed by

consonants . /a/ at the beginnminag of an utterance sounds like.

an /e/.

ANARDIF wmodule applies preemphasis to all samples in
thg frame - 1f the frame has been judaed as voiced by the
pirtch estimation proaram. The speech~harametérs agenerated by
this module resulted in a higher quality speech. The results
outiined 1n Appendix F are the outputs evaluated by this
wmoaule. But thev are not raw data . but smoocthed data.

Tne output of this module can be iméroved DQ first

smootning veicing decisions and then evaluating reflection

coefficients. This requires, that, first a pitch detection

algorithm orocess -all frames . then veicing decisions are
SMOched and later all frames are pfbééssed again to extract
reflection.coefficients.

An  i1mportant property of reflection coefficients
opserved during this work 1is tﬁe followina: Althouah there
may be larage variatiqné between two sets of reflection
parameters . the prediction coefficients corresponding to

them ciffer very little. This effect has been seen, by once

generatina svnthetlc speech . and then analysing 1t using

ANALPC.




An experimentally observed property of reflectioﬁ
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. This distribution ‘is
true for non-oreemphasized speech."Preemphasis has the
effect to remove them frowm one and minus one respectivelyv.
Thnis resulit can be interpreted in the followina wav: Without
preemphasize the predictlon error is decreased quickly by the
first two coefficients, but since in preemphasized sigﬁal
higner fregquencles are enhanced, the orediction at the second
stage coes not decrease prediction error‘by the same amount.

it has been expected that differentiating.the signal
wouid result.in different signail énd error eneragies. But the
suseeme of both ANALPC and ANADIF modules have very similar
eneray ieveils.

An 1ntereéfing observation is that. vowels alone
cannof oe Pecognized Qy evervone when oroduced using the
resuits of analysis. But in a sinale word they are
recognized. Listeners mostly ‘recagﬂized single word
utterances. The same utterance 1n a sentence is onlv seldom

recognlzed.
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CHAPTER &

I. CONCLUSION

This work establishes a auideline for analvsing
connected or i1solated speech. The algofithms developed can be
iwproved by 1mplementing one or wmore of the suggested
tectiniaues 1n Chaoter 5. The listings of modules are xgiven
Qndendix r and the analvsis results i1n Appendix G.

With this study it has been shown that reflection
coefficient renresentation‘ is an efficient = way of
representing soeech. Eut throughout this study success has
peen iimited to single words. Connected speech . generated
using this aporocach 1s not always i1ntelligible. Further
imorovewent of the algorithms . such thét interactions
Defween sounds. are take into consideration, can lead to

better results.
A. Future Aoplications

A straightforward aobplication of this study 1s to
analvse wmessages and store them in mewmory for using them 1n
future. One of <the possible iwolementations is . to use

messaces 1nstead of overflow tones in  common comnuriication

equioment such . as an EPQBX'(Electrqnic Private Qutgmatic

Erancn Exchanae) it 15 not .easv for every subscriber to

uncderstand whv his or her call did not terminate

=




successfully- Jjust by Ilsténing to the tone sent.

This work can also be used to generate the allonhoneé‘
of Turkish language. . The interactions between consecutive
sounds can be deeply exolored {(some oufuuts outlining this
interaction are given in Rpoendix F) and a 'text—to—soeech
aldorithm can be develooed.

Text-to—speech synthesis can also be 1mplemented
using svilables that ‘constitute Turkish WOrds, bv. first
analvzing and storing them on a disc. Soééch can be génerated

bv either concatenating svilables or alloohones.
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APPENDIX A
32-BIT ARITHMETIC

Since Intel 8080A microorocessor can only oerform 16-
b1t addition and no multiolication and division . these
should be produced separatelv. Therefore a 32-bit fixed point

arithmetic librarv 1s created.

32-bit data 1s stored in memory in the following

wayv?
base address + O @ ERO
base address + 1 ¢ B1
base address + 2 ¢ B2
base address + 3 ¢

- B3
BO 1s the least significant bvte and B3 is the  most
siagnificant bvte. Most significant bit of B3 determines siagn

-

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

comsiement form. BO and Bl corresoond to the fractiomal part

ana EZ and B3 to 1integer part. For exampole 352.4 1s

reoresented as:

BO = &6H
Bi = 66H
B2 = G6OH
B3 = 01H

similarly —-352.4 1s represented asi

BO = 9AH
B1 = 994
B2 = SFH
B3 = FeH

The aoerations are performed by the following subroutiness

For addition : FEADD C=hn+8
For subtraction : FBSUR {C =8B - A)
For division ¢ FEDIV . (C=RA/ B
For multiplication: FEMUL {C=0a % R




Thev have the following aeneral format of usage:
CALL FBxxx(address of A. address of B. address of C)

The listings of these modules are given in Appendix F .
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APPENDIX B
INTELLEC 800 MDS HARDWARE

The INTELLEC mMDS 1s a complete microcombuter ‘deéign
center based on Intel’s 8080 microorocessor.i It has a 2-
microseconds 1instruction cyvcle time. The basic hardware
conf1guration includes 16K bvtes of Random Access Memory and

s1x fully i1molemented I1/0 interfaces to

— a Teletvoe (including 1ts paper tape reader)
-~ a CRT terminal (or other compatible device)
— a high—speed Danér tgne réader

~ a high-soeed paper tape ounch

~ a line orinter .and

— Intel’s Universal PROM Programmer

rigure B.i describes the block diagram of the basic
configuration used for this work.

Monitor Module RAM Module
CPU Module Diskelle Contreller
rront Penel

contrel module

Figure E.l Block diagram of INTELLEC 800
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ﬁonitor module provides for the communication of
interiec 800 mMDS system with the external world. Speech
‘storage 1s established using the interface circuits of this
moduies. Some of the interfaces are the fo}lowing:

The high—spéed paper taope readerlpunchv interface
provides an 8-bit data input path. two command bit outputs
anc a single ready status input for a 200 cps. paper tape
reaocer. and an 8-bit data output path, th command . bit
cutputs and a single ready status input for a 75 cos paper
tape puncn. |

The OROM prograwmer ;nterfacepruvides‘an 8-pbit path to
PROM programmer periohneral for the transfer of data. address.
cantroil and status ainformation. It also presénts the
necessart commands to the PROm programming perioheral
spe¢ifying tihe direction and tﬁe tvoe of transfer. ‘

The line printer Iinterface has been desiagned’ to

operate with printers which are capable of receiving input.

commancs as coded RASCII characters 11 the same manner as data

The wmonitor interrupt lagfc provides a hardware
scheme tﬁat can be utilized by a user—generated operating
svstem or specialized -application routine to sérvice 1/0
cevices.

Each time a device iﬂdicates that 1t is ready . the
appropriate service request signai 1s generated. The service
fequest iines form a 7-bit interfumt status word whilch can be
reac oy CPU. iIn add&tion 1f Monitaor mbdule interrupts aer

eﬁébled- an active service request results in an interrupt



request to CPU on level 3.

Monitor Module Interrupts can be enabled or disabled,
and device service requests can be reset individually or as
a group by executing a single ocutput instruction.

Addresses of I/0 ports are OFOH — OFBH @

?TP DAY OF 8n
PT CTo OF9n
TR DAT OF8nH
BT STAT OF 91

A liow to high transition on the LPT ACK pin causes
an interrupt of level 3} This corresponds to Line Printer
Acxknowiedge information (used to establish synchronizétion
between MDS and CODEC during speech staorage)

| Some of <the important addresses related to the
monitor module are the following:

OF3H. s« v =« Monitor Interrupt Mask
1 corresponds to enabled

i I Line printer
CRT input
CRT output
TTY oulput
TTY input
PTP outout
PTR input

I I I Monitor interrupts

4 b bt et
4

i td 4 4 4

e et el g g

Pt Fed 4 bed bl bk b4

=t 1 Pt ot e el

OFAH. . ... » Interrupt Status Word
entries correspond to peripherals is
explained above. 1 in an entry means *
respective interrupt has occurred.
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OFCri..v-asa Interrupt Mask ,
1 corresponds to disabled

I I | S Level
I r Level
I Level
Level
Level
t.evel
tevel
tevel

[ B e B o e ]

Lo B o B e o B

[ S e R
T e R

4 L R b
NN N G

'1/0 Device Driver/Receiver Reauirements

Paper Taoe Reader : 7437 TTL drivers capable of sinking 48mA
8097 TTL receivers wWithout puil—-up

Paoer Tase Punch @ 8097 TTL drivers capable of sinking 32mA
8097 TTL receivers with 470 Ohm oull-up
resistors :

PTR ecge cowviector PTP edge cownnector
Data 1 Pin 1 Data 1 Pin 1
z b z 2
3 3 3 3
4 4 4 a4
S S S 5
6 = 6 6
7 7 7 7
) 1) 8 8
Gna | 11,12, 13,24, 25 Gnd 18, 23,25 , l
' |
LoT I
fick 16

Gnd 15,25




APPENDIX C

ISIS—-11I DISKETTE OPERATING SYSTEM

iSi5-11 1s an operating system'for the Intellec
deyeloﬁment systems:

‘inteliec Series II Microcomputer Development Svstems
intellec Microcomputer Develooment Svstem

It supports all models of Intellec svstems wth one or
mare single- or double densitv disk drives and at least SEK
of RAM.

| An operating Syste@ is‘a aroup of proérams that
manages the resources of a system and frees the usef to
concentrate on other tasks. It provides a simple command
iancuage that allows the user to state what he or she wants
dgone and what-devicg or file 1s expected to do it.

Thne computer has to execute thousands of instructions
to ecarry out each command. but the user has not to worry
about tne cetalis.

A brief 1list of commands availabie in ISIS-II is
aiven belows
IDISK format a nrew disk to & basic system or non-svstem

disy
DeBUG ioad & program and give contral to monitor
QUBMIT enter the file that contains commands to be executed
DIr oufput the names of and information about the files

- iisted within the disk directory
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DELeT=

RENAME

OBJIncX

CrReDivV
coey
LINK

iLocave

remove references to a file from the directory and

free disk storage space associated with that file

cnanage the name of a disk file

convert a proaram from oblect module to nexadecimal

format

create and edit ISIS-II files

copy a file from one device to another

combine program files and resolve external gddressing

convert relocatable obiect to absclute addresses for

execution

Severai cowmpllers and assemwblers are also available:

asms0  8080/85 Assembler
ASmB86 8086/88 Assembler
PLMB8O 8080/85 PLM compiler
PLMB6 8086/88 PLM compiler

Y

v

CREDIT

PLM8O OR
ASME0

LINK

LOCATE

v

Fiaqure C.1 Comwmand generation
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User Generated Commands

Actually commands of any operating system are linked

and iocated obilect codes . that are suitable for the

~execution of the main processor, the system iIs based on. For
Inteiiec 800 mMDS. oblect codes of ASMBO and PLMBO compilers
are suitapie for execution. The Pruce;s can be summarized as
in figure C.i.
Some of ISIS-II wutilities nmnecessary for file
managewent and interactive command execution are given below.

Tnev resicde in SYSTEM.LIB . Durina LINK operation only those,

that are used are linked together.

UﬁEN(QFTNﬁTR,FILEQTR,QCCESS,QCHOQ#TN,STQTUS)

OPEN call initializes ISIS tables and allocates
buffers that are orepared for inout /ocutout

‘ orocessing of the specified file.

ArTNaTR ¢ Actaive File Table Number Pointer

FILEAPTR @ Adcress of the ASCII string that specifies the
name of the file to be opened

ACCEeSS findicates now the file i1is to be accessed when
open. ' -
i...open for inout (READ) Marker=0 . Lenoth not
chanaed

2...0pen for output(deTt) marker=0 . Length=0
3. ..open for upoate

ECHOAFTN: contains AFTN of the echo-file . if line editing
is desired . otherwise contalns zero

STATUS : wmemory location for the return of non-fatal error
number

READ (AFTN. BUFFER, COUNT. ACTURL . STATUS)

The REGD call transfers data frowm an ooen file to
a snecified -rmemory location specified by the
caliing orodram.
AFTN : nuwber assigned to the file :
: address of memory location to which data is tao be

BUFF=R
transferred
COun~ ¢ number of bvtes to be t ransferred
ACTURL : nuwber of bvtes actually transferred
s memorv location for the return of non—fatal erronr

STATUS
) nunber

wl
I



]

WRITE (AFTN. BUFFER. COUNT, STATUS)

e WRITE call transfers data from a specified

iocation 1inm memory called a buffer to an open
file.

arTN ! nuwber asssigned to the file

BUFF = ¢ address of memory location to which data is to  be
transferred

COuUNTY ¢ nuwber of bvtes to be transferred

STATUS & wmemory location for the return of non-fatal error

‘ nuwmber

CLOSe (AFTN. STATUS)
'The CLOSE call remoces a file from the svstem
inout/outout  tables and releases ‘the  buffers
aliocated for 1t by 0OPEN. ' '

arTN number assigned to the file

STATUS : mewory location for the return of non-fatal error
' nuwberr

EXIT

The EXIT call can be used by user - orograms in

order to terminate their excution and return to
ISIG-II )

CO (CHARRCTER)

Console Dutput Routine takes a single character
and transmits 1t to the system console output
Gevice '

CHARACTER: ASCII character to be displayved an the CRT

LO(CnQdﬁCT R)

i.1ist Uutput Routine takes a sinale character and
trancwits it to the system list device
CHARACTER: ASCII cnaracter to be prxnted

Tiie Console Input Routine reads a character entered
at the Intellec Console input device and returns it
o as a byte variable (in A-register)

i



Memory Allocation of ISIS-II

Total Rém requirement of the svstemwm 1S 32 Kbvtes.
Tne first iZkbvtes (starting at location 0) are reserved for
use by tnat portion of ISIS-II ., that must remain in MEmory
guring opération of disk-based functions of the system. An
adgitiona: 318 bvtes of higher order wemorv 1s reserved for
monitor worksoace. The reameining memory 1s shared by the
program -beina developed, bv programs called by ISIS-II
functions from diskette. and Ey the data used or generated
cgfing user program developmént.
Locations 0-23 ¢ ISIiS-II Interrupts 0.1.2

Locations Z4—-63 @ User 1ﬂterr~upts

Monilor Workspace
User
Work space
e e e {3952
"ISIS -1 |
Work space
____________ 64
User )nfcrrupis ‘
e e ——————— 24
1515~T1 interrupts o

Figure C.Z Memwory Mao for ISIG-I1




APPENDIX D
A-LAW EXPANSION

in order to provide for a wide dynamic range by using
few Dits to represent the signal companding is applied. The
approach advised by CCITT is A law companding.‘ The equations
cesribing compansion and expansion of the signal are

thne foiiowing:

san(x) ( Aixt / (1+In(AR) )
_ for 0 € 1xt { 1/A .
Fix) = 7 ' ( D.1 )
: sani{x) ( 1+In(1Ax1). ) / ( 1+1In{AR) )

for 1/8 ¢ ixi (1

sanl{y) ( tvi (1+In(R)) ) /7 A
for O ¢ tvt ( 1/(1+1In{Aa))

r (v) = Ivi{i+In{(R)) - 1 ’ ( D.2 )
sanf{y) ( e . Y / A

for 1/7(1+inR)) ( vt {1

The segmented A law code is uéually referred to as a
i3 secments code owing to/thebexistence of seven positive and
seven negative seaments with the two segments near the origin
peing coiinear. In the given tables the first seament is
givicdeac into two parts'to produce eight positive and eight
necative seagment. Jhus a compressed code word consists of a

sign bit 2 followed bv I bits of a seagment identifier § and 4

pits of duantlzer level G.



Z

rinear data

; expanded data
I 000wWXyz i O000000wWXYZ1
I 001 wxyz= ;_— 0000001 wxyzl
;— 000 wxyz=z % 000001 wxyz10
I 001iwxysz § 0 0 002 wxvz1l100
I 000 w¥X vz ; O001wxvzl1O0OOO
i 001 wxvezsz ; 00 1wxyvz1900O0O0
T oGownvr 1 0ilwxvzio0000
I 001 wXxyz= ? 1lwxyz1000000

I . .

Yable D.1

A law expansion
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APPENDIX E

CONVERSION TABLE

RMS Pitch K1 KZ K3 K& KS K6 K7 K8 K9 Ki0 Cod

8] 0 - -50i -328 -441 -328 -328 -256 -308 -256 -256 —-205
52 z5 -438 -303 -387 -273 -282 -212 -260 -161.-176 —-132
87 27 -497 -274 -333 -217 -235 -168 -212 -66 -96 -59
123 28 =433 -244 ~279 -161 —-189 ~-i23 -164 23 -15 14
174 30 =493 -211 -225 -106 —-142 =79 -117 124 65 87
246 3: -49i -175 -171 -50 -8 -35 -69 219 146 160
348 32 -488 -i138 -117 S -50 10 -21 314 226 Z34
43 34 -482 -99 -63 61 -3 .54 27 409 307 307
634 35 -478 -59 -9 116 43 58 75 '
981 36 -474 -18 45 172 890 143 122
1385 37 —-469 24 598 228 136 187 170
1957 38 —-464 64 152 283 182 23z 218
2764 39 -453 105 206 3I3I9 229 276 266
3504 40 -432 143 260 394 275 320 314
5514 a2 445 180 314 480 322 365 361
7789 as -437 215 368 S06 368 408 405

46 ~-412 248
48 =380 278
S0 -339 306

592 -288 331
S4a4 =227 354

56 ~-i58 374
58 -81 392
61 -1 408
63 80 422
66 157 435
70 226 445
75 287 4SS

80 . 337 463

83 379 470

S0 411 476

95 435 506
Zacn tanie entrv of Kl to K10 1s expressed as & autient of
integers with the denominator value fixed at Si2.
Pitcn period table entry 1s the pitch period for voiced

excitation expressed as number of samples. For 8KHz sampling

rate ana a pitcn periud of 100H=z pitch.periud corresponds to 80

] -,
Samples 1.e coced value 1S 128.

[y , .
I~ SR~ URWUNE G



APPENDIX F

PROGRAM LISTINGS
The following files are included:

File name Page
ANALPC. SRC. e v cvcecveeews 99
ALAW . SRC..veveveenneaa104
ANALBR. SRC. v v e e euvnnnena 107
ENCODE. SRC. v v e eeernenennlil
DEDTEL. SRCe e e s e vncennnns1lb
SAMPLR. SRC. e vevinnnnsra 118
LISTEN.SRC. v reeavacacasalZl
FORMAT.SRC. e vencnencenea 123
PACK .BRC.eecreacnensaa 127
BUTILY.S5RC. veceenncnnn-a131
CONVAK.SRC. v v vcnevennseal37
USRITF.8RC. . cvssencrann2140
ANAPTC-SRC. e v v euerenaes 144
ANADIF. SRC.ecveennears-a149
SMOOTH. SRCw v o e e s e n v uess 153
BHUWL “SRCeucrcnennenaaa 162
WINDOW.SRC. v earcnncsnsaa 166
SPALUO. BRC. v vvcvencenasa171
SPALUL.SRCe v vncevnnnnnasl?3

SanUZ.SRCII..I.....-.I-179
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g-11 PL/M=80 V3, 0 COMPILATION OF MODULE MAIN
[ECT MODULE PLACED IN :FI:ANALPC. ORJ
PILER INVOKED EY: PLMBO :F3:ANALPC. SRC WORKFILES (tFa:. tFO&)

fory

[Sale < NIy R LU S O o8

20

3&

= RE ORI b Y e B3 ORY 2e BY 0 R oBt KD w B3 BY B3 e RY e B3 RY s R RD b 1) BRI b BRI RX e B3 ORI

FPAGEWIDTH (80)

A R R R R R R O v T g VvV SV VSNSRI
¥

*x
i SPEECH SYNTHESIS SYSTEM ¥
*¥ C MAIM MODULE F
R ; *3
¥# FILE NAME  : ANALPC, SR DATE e
*%  MODULE DEF & Calls LPC Analvsis ———————— ‘ * %
#%  RAUTHOR ! Onder Ricioglu 22 0& 85 * ¥
% e 33

HEEFRERFFERERAEEFRREEEARERERE SRR EREERRRLERERAS RN FREKR )
mMaINe DQO-

DISPLAVSMESSAGRE: PROCEDURE (PRINTER) EXTERNAL:
DECLARE POINTER ADDRESS: '
EnD DISPLAYSMESSAGE :

PRINTEMESSBAGE: PROCEDURE(PDINTER) EXTERMNAL:
DECLARE POINTER ADDRESS:
END PRINTEMESSABE :

- BRINTSNUMEBERT PROCEDURE (NO) EXTERNAL:

DECLARE NO EBYTE:
END PRINTEHENUMBER: .
PRINTERLOCK: PROCEDURE(POINTER, MCOUNT) EXTERNAL:
DECLARE (POINTER, mCOUNT) ADDRESS:
END- PRINTSEBELOCK
DRINT: PROCEDURE(POINTER) EXTERNAL:
DECLARE POINTER. ADDRESS:
END PRINT
GET$CHARACTERS: PROCEDURE EXTERNAL:
N BETCHARACTERS:
FEDIV: PROCEDURE (ORI, OPZ,0P2) EXTERNAL:
DECLARE (0OP1,0PZ,0P3) ADDREES:
END FEDIV:
PANALYBER: PRDOCEDURE EXTERNAL:
END ANALYSER;
INVERT: PROCEDURE EXTERNAL:
END INVERT:
GIFT: PROCEDURE EXTERNAL ;
END SIFT:
CI: PROCEDURE EBYTE EXTERNAL:
END CI:
.0 PROCEDURE(MES) EXTERNAL:
DECLARE MEE BYTE:
END LO:
EXIT: PROCEDURE EXTERNAL:
END EXIT: ' ' .
IOSET: PROCEDURE (MASK) EXTERNAL:
DECLARE MASK BYTE:
END IOBET;
OpEn:
UROCEDURE (AFT, FILE, ACCESS, MODE, STATUS)Y EXTERNAL ;
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Berd RS
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Lre

Lo

SN
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COMPILER
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oy
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ey P A - et

[

at

P

DECLARE

END DPEN:

READ:

PROCEDURE (AFT, BUF CNT, ACT,

STARATUS)

(QFT;FILE,QCCESS,MDDE,STQTUS) ADDRESE;

DECLARE (RFT, BUF CNT QCT STATUS) ADDRESS ;
END READ:

WRITE:

PROCEDURE (AFT,

D:CLQR:(QF;

END WRITE:

CLOSE:

EUF, CNT, BTATUS)
PUF,CNT,STQTUS)

PROCEDURE (AFT, STQTUS)

-DECLARE . (QFT,STQTUF)

END CLOSE;

DECLARE

DECLARE
DECLARE
DECLARE
DECLARE

DECLARE
DECLARE

DECLARE
DECLARE

DECLARE’

DECLARE
DECLARE
DECLARE
DECLARE
DECL.ARE

DECLARE

,..,-_

DECLARE
*File
DECLARE
Ervro

v’

FILE(Z20)

NDIGIT (&

EXTERNAL &
ADDRESS:

EYTE PUERLIC:
FPOINTER ADDRESS PUBLIC:
BUFFER(1) RYTE EXTERNAL:
R(1)Y STRUCTURE(
RDIGIT(4) EYTE)
EN(1) STRUCTURE(

) BYTE)

K{1) STRUCTURE(
KDIBIT (&) EYTE)

EXTERNAL:

EXTERNAL 1
RDDREES

EXTERNAL : -

EXTERNAL :

NSAMPLE ADDRESS EXTERNAL :
SAMPLE (1) BYTE EXTERNAL;

(ORDER, PITCH, OVERSFLOWSFLAB, ENERGY)

RYTE EXTERNAL:

(1,3,L)

ADDRESS

(M, N, STATUS, NFRAME, COUNT)
(LPCEPOINTER, RAMEPOINTER) ADDRESS:
RAM EBASED RAMSPOINTER BYTE:
LPAC EASED LPCS$POINTER EBYTE:
C(2) ADDRESS:

Fi%) BYTE DRTA(
G, O, 200, 0)

ASKESPEECHSF ILE (%)
nawe of speech data

ERROR (%) BYTE DARTA(

. QAM, ODR, 00) 3
DECLARE ASKEPRINTER(*¥)
Do You want to take primt-out’

RYTE DATA(

D

ADDRESS:

BYTE DATA(OAH, ODH,
*QfH, ODH, G0) :

. ORH, QDH, UO)'

DECLARE QHH$_PL$k(LE(*) BRYTE DRTQ(UQH ﬂDH

File name for

DECLARE HEADINE(*)
Frame
*elations .

= ki ks k3 k4 KD

k10 Evror

* RMS
Y

k8 k32

% PROCEDURE : PLACE

¥ FUNCTION *: Places

LPC coefficients

Enevgy’

2% OAH, ODH, Q) 2

BYTE DATAR(OAH, ODH,
————————————— Auto—-corye?’,

ke,

'/**%*********************************************%***

dgata tuo LPC data buffer

EXFErNHL'

OQH ODH, UU)'

100
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COMPILER

fuy bt g [ 3] [ SIS ] [

RS

$-t

fwes

J i [E0N B

ISERNEES

oy

LPC = LPC$DATA:
LPCSPOINTER = LPCSPOINTER + 1:
COUNT = COUNT + i

END PLalte s

* Pl CALL 2 CALL PLACE(. POINTER) :

* O INPUT ¢ POIMTER = fAddress of first

*  QUTPUT ! transfer operation

*  ELORALS P LPCSPOINTER

* CALLS ! rove

*/

PLACE: PROCEDURE (LPC$DATR) PURLIC:
DECLARE LPCEDATA EBYTE: :

101

ent rv

2T L 23 -)E-*******************************************/

DECLARE BEGIN LAEREL PURLIC:
BEGIN:
NSAMPLE = 200:
CALL DISPLAYSMESSAGE (. ASKEPRINTER(Q))
IF (CI AND 7FH) = *Y® THEN
CALL I0SET(81H) =
ELGE
CALL IOSET (41H) =

CALL DISPLAYSMESEABE (. QSHESPEECHEFlLE(H))
CALL BETCHARACTERS:
CALL OPEN(.M,.BUFFER{Q),
IF QTATUS (O O THEN
DO:
CAatl DISPLAYSEMESERGE (L ERROR(O)) 5
GO TO BEGIN;
EnD
ELSC DG:

i,0,.8TATUS) ¢

CALL F‘EHD (M, BOO0OH, E"'”UH SO, BTATUR) §

CARLL CLGSE(M,.ETHTUS).
END;
cCaLt FEDIV(G.CMO),.F(Q
NEFRAME = C(1)

)y, Ol Y.
RAMEB0INTER=E000H
LPCSP0INTER=GO00OH

COLL DISPLAYSMESSAGE (. ASKELPCSFILE(Q) )
CaLL EET$CHHRQCTERS'

CALL OPEN(. M, . BUFFER(O), .-QTQTUQ)
COUNT = 03

Cliy = Qg

Do i TO 10:

Do I = 0 TO 33
WAINYLKDIBIT(I)Y = O3
END ¢

EnD 3

DO N=1 TO NFRAME-Z;



-8 COMPILER

102
0 = IF C(1) = O THEN

1 2 Do

03 CALL LOCOCHY: /¥—Forwm Feed——x/

= 3 CALL PRINTSMESSAGE (. HEADING () )
6 3 END: . )
5 = DO 1=0 TO 399:

£ 3 SAMPLE (1) =RAM:

7 3 RAMSPOINTER = RAMSPOINTER+1:

8 = END: - .

5 = RAM$POINTER = RAMEDPOINTER - 200
a2 CCALL LOC 7).

SR CALL PRINTSNUMEER (M) :

-3 CALL LOC 7). .
32 CALL SIFT:

Wz CALL LOC )

5 2 IF EMERBY = O THEN

6 2 FILE(Q) = Q¢

7= ELSE DO:

A CALL ANALYSER:

- I CALL INVERT:

0 3 END: P
iz DO I =0 TO 12

iz 3 CALL PRIMNTENUMEBER(FILE(I)):

303 CALL PLACE(FILE(I))

; 3 CALL L0 )

35 3 el s

e = DO I = 0 TO 1:

7 3 CALL PLACE(EN(1) .NDIGIT(I)) ¢
83 CALL PRINTENUMEBER(EN(1).NDIGIT(I))
3 = END . '

A CALL LOC )¢

oz DO I = 0 TO Z:

iz 3 CALL PLACE(R(Q).RDIGIT(I)):

3= CALL PRINTHNUMEBER (R(O) . RDIGIT(I)) «
v 3 END: :
s = IF OVERSFLOWSFLAG = OFFH THEN

ez CALL LO(? %7 )¢ ‘

17 2 cacl Lo(oar) «

8z CALL L.O(ODH) ;

9z C(1y = (1) + 1y

30z IF C(1) = 60 THEN C{1) = O

Nz ey END = ‘

531 CALL WRITE (M, EQ0O0H, COUNT, . STATUS) :

34 1 CALL CLOSE(W,.S5TATUS) ;

S CALL EXIT;

6 1 END MBIN:

ULE  INFORMATION:
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CODE ARER SIZE = OZAFH
VARIAERLE AREA BIZE = 0O0ZFH
MaXIMUY STACK SIZE = QOO&H

217 LTNES REARD
0 PROGRAM ERROR(E)

OF PL/M=-80 COMPTILATION

G433
470
&b

(&

£
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5-11 Pu/mM—80 V3.0 COMPILATION OF MODULE ALAW
IELIALAW. OB
PLMEGC

[
PILER
i

2 1
3 i
4 1
3 1
& 1

mODULE PLACED InN
INVOXED BY:

FPABEWIDTH(EM
R Rk S L T L L R RV VPV VN VN

*¥
* %
]
%

*¥%  FILE NAME -
*¥  MmMODULE DEF

*¥  AUTHOR

K

-

—

1tALAK. SRC WORKFILES(

:FC

SPEECH SYNTHESIS BYSTEM
R LAW CONVERSION

P ALAW. 8RC
: Decode Tables
t Onder Ricioglu

o

"
-

K

TE

0

)

5 ¥
¥ ¥
¥ ¥

¥ 3

*-i’r%**%%***-)i-%%****************************%******%***/

ALAW: DO

DECLARE SIBNAL(L) STRUCTURE(
SBYTEL BYTE,
SADDREGS  ADDRESS, _
SEYTEZ BYTE) EXTERNAL;
DECLARE SAMPLE(400) EBYTE PUBLIC:
DECLARE NEBAMPLE ADDRESS EXTERNAL:
DECLARE I ADDRESS:
DECLARE J BYTE:
R T L L L X X ETE O FTR T TR R IR T T R R S VTS
* PROCEDURE : A4LAWSEXPONSION
¥  FUNCTION @ Establishes conversion of A-law
* cowpanced data to lineayr data:
* PLM CALL = CALL ALAW: .
¥  INPUT : SAMPLE = Companded data
¥ QUTeUT i SIGNAL. BDIGIT = Expanded data
+ GLOBARLS : SIGNAL, SAMPLE
* CALLS I none
»*
e e e e e e e e e e e e e e e e I
I encoded data I decoded
[ e I
I 000w x Yy z I 00000
—————————— I
I 01 wsxyz I 0 a0 00Oz
[ e e I
I 01 0w xyz I OO0 001 w
[ e e e e I
I O 1 1 wxy =z I Q0 G0 1 w x
o e I
I 100w x y = I O Q01 w x.y
I e e e e e I
I 1 0 1 wxy z I O ¢ 1 wxy =z
L o e e e e e e e T ,
I 12 0w xy = I O 1 wxyz 1
O et oo e o e e o oo e e S e i e et S ST i e I
I 11 1 wx y = I Iiwxy =z 1 0Q

-
k




v-B0 PAMPILER

[oRTa .-

[

[

S mNDT W R

o
)
i

o

)

w
]

[y

DR IR S S B PO 72 O O 0 O O O O R O

b3

Bt

R 2 I OO 8

ALLAWSEXPANSION: PRGE
DQ I=0 70 3I99;
J = SHw(qmmeE(I) 3
SIGNAL(D)Y.SRYTEL =
EIBNAL(I).BEBYTED =
SIBNAL(T) . SADDRESS
SIGNAL(I) . SEDD
IF T O O THEN

"SIGNAL (1), SADDRESS =

IF 3 ) 1 THEWM

EIGNAL(I). SRDDRES

EDURE PUBLIC:

) BND 7:
=
né
SAMPLE(I) AND OFH:
SHL (SIGNAL(I).

o

i

SIGNAL (1) . SADDRESS OR Z0H;

g

e e e e e e T

= SRHL(SIENAL (I).5ADDRESS, J-1):
I (BAMPLE(I) AND BOH) & O THEN DO:
SIENAL (I).5ADODRESS = NOT SIGNAL(1).SRADDRESS:
SIGNALII).SRYTER = OFFH;
EiNDs
END ;
=D RSLAWEE XMQNSIGN

FR AR RN AR IR B IR D HE AN B HE A A I KB HE I 58 9 6 KN

¥  PROCEDURE @ AsLAWSCOMPANSION

*  FUNCTION @ Converts calculated 32-bit linear data
¥ to AR-law cowmpanded form o
®* 0 Pum CALL ¢ CALL ASLAKSCOMPANSION:

*  INDUT ¢ BIGNAL.BDIGIT = 32 bit data

*  QUTRUT PSAMPLE = B bit companced data

¥  GLORALS : SIGNAL, BAMPLE '

¥ CALLS D none '

o e e e e e e e e e e e e e e e e e e e et e e e et e I
- Encoocea cata I cecoded ocata i
T o e e e e e e e e o et e e e e e i
z O 0 0w xy = i Q0000600 wNXxyYy =z a I
T o it T e e e e e e e e e I
- 00 1 W x y = i Q0006001 wxyza I
I e e e e e e e I
i Q10 wxyz I 00001 wxy=ahb I
s e e e I e e e e e I
i 031 1 wxyz= 3 OO0 00 1iwxyzabe I
e e et s e e s v e e e e e e e o e o T e e e i e it 1t e it ottt e et S et i Gt S S o e e e l
i 100 w x y = i 001 wxyzabcooco I
- T 1
' 10 1w X vy = I 00 1 wxyzabeode I
P — D e e o e e e o e s e e e e e e e e T
z I 0w Xy = I 01l wxyzaboeodde f I
L e e e e T e e e e e e e e e e I
z I 1wy = Z LW xRy =z abeooge oo I
e e o e e e L e e e e e e e e i
s .

Od. AWSCOMPANGION:T PROCEDURE PUBLIC:

DECLARST (DuMmY, MAEK)
D0 I o= ﬁ T

D&J wwyY = SIBNAL(DILE
IF (EBIGNAEL(I).SBBYTE

NEAVPLE -

ADDRESE ;
i
~DDR=ES

2 AND BOR) = THEN

(]




B0 TAMPILEIR

SAMPLE(I)

= Q3
ELBE DO g
EAMPLE(I) = 80H:

DUMMY = NOT DUmMmMY =
END: . '
MASK = BOOH:
DO J = 0 TO €&
IF (MASK AND DUMMY) <> 0 THEN GO TO OKEY:
MASK = BHR(MASK, 17 : B
e’_—:s‘\iD;
~ DUmY = SHR(DUMMY, 1)+
OKEY s
J = NOT(J) BND 7:

SRR SIS S I N N N 2

;3 iF T O 0 THEN

.3 DUMMY = SHR(DUMMY, J) AND OFH:

i3 SAMPLE(D) = SAMPLE(I)Y OR SHL(J,4) OR LOW(DUMMY) &
) 3 END s ‘

7 y END ASLAWSCOMPANSION:

3} END AR

JLE ITAFEMRNMOT N

CODE Q8RER SIZE = QiEZH Las
VARIAR = AREA BIZE = 0197H &OTD
FAXIMUY STACK SIZE = 0004K 4D
130 LINES REIAD '

0 PROGRAM ERROR(SY

OF PL/™=-80 COMPILATION
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71 PL/M-B0 VI.0 COMPILATION OF MODULE ANALYSIS
7 WODULE PLACED IN :Fi:ANALGR. OBJ
TLER INVOKED EY: PLMBO :F1:ANALGR. SRC WORKFILES(:FQ:, (FO:)

HPAGEWIDTH (BO)
ARSI A NI KK I I I I A B0 I I I I 36 332 R

r , *¥
ek SPEECH SBYNTHESIS SYSTEM *
*H REFLECTION COEFFICIENT ANALYSIS k * ¥
¥ % USING GUEBUEN LE-RUEX OLEORITHM ¥
> * A
*%  FILE NAME 2 ANALGR. SRC : DATE * ¥
*# MODWE DEF @ Analvees soeech  —————m———m *¥
4 AUTHDOR ! Onder Ricioglu C22 06 8% *H#
. , *H

*-H--i’:')&%%-*-E—-)-’:»%‘:-)‘:%-)&-)-’:%***%%%%*%4’:****k'--)‘.-%-X--%‘:*-i(--?é-i‘:%%%*%-X—-‘r?%**%**%%/
1 ANALYSIS: DO:

r % DECLARE EP(17) STRUCTURE(
PWORD () ADDREESS) PUBLIC:
1 i DECLARE R(Z5) STRUCTURE(
RWORD (Z) ADDRESS) PUBLIC:
i1 DECLARE EN(17) STRUCTURE(
| NWORD () ADDRESE) PUBLIC:
5 3 DECLARE K(17) STRUCTURE(
KDIGIT(4) BYTE) PUBLIC;
51 DECLARE SIGNAL (400) STRUCTURE(
SDIGIT(4) RYTE) PUBLIC;
7 1 DECLARE W(1) STRUCTURE(
WDIGIT(4) RYTE) EXTERNAL:
51 DECLARE SAMPLE (1) BYTE EXTERNAL:
5 1 DECLARE (PITCH, ORDER) BYTE EXTERNAL;
o i DECLARE NSAMPLE ADDRESS PUBLIC
o DECLARE E(4) BYTE PUEBLIC:
o1 DECLARE EDUMMY (&) BYTE PUELIC:;
I DECLARE EDUMNMY (&) RYTE PUBLIC:
L1 DECLARE TEMP(Z) ADDRESS PUBLIC
51 DECLARE OVERSFLOWEFLAG EYTE PUERLIC;
& DECLARE (M, N, I,J) ADDRESS;
7 DECLARE ZERD(#) EBYTE DATA(Q,0,0,00;
8 1 FEADD: DROCEDURE (OPi,0PZ,0P3) EXTERNAL;
s 2 DECLARE (OP1,0P=,0P3) ADDREES;
0z END FEADD: '
R SESUE: PROCEDURE (0P1, ORZ, OF3) EXTERNAL;
: o DECLARE (0P, OPZ, 0P3) ADDRESS;
3 R END FESUR: :
Z FEDIV: PROCEDURE(OPL,OPZ,DR3) EXTERNAL;
S 2 DECLARE (QP1,0R2,0P3) ADDRESS;
e = END FEDIV;
71 FEMUL: PROCEDURE (0P, OFZ, OR3) EXTERNAL;
8z DECLARE (0P, 0Pz, 0P3) ADDRESS;
29 el '

END FRMUL
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Lol

~ o,

\a

1

ot

1

SEANSE AR S

k)

2

%

L} (%]

LA

]

(2]

L1086
ASLAWSEXPANSION: PROCEDURE EXTERNAL:
END ASCAWSEXPANSION:
SEFREREFRREEEFFFEERFFEREEFER LRI EEEFLEREREFE R RERFRF
*  OROCEDURE : BUEBUENSLESRUEX
*  FUNCTION  fAnalysis using Gueguen Le—Ruex
* ' algoerithm
¥ bl CALL @ CALL GUEGUEN$SLESRUEX:
* INPUT : PITCH =pitch period
* SAMPLE = 8-bit samnles
+  DUTPUT t K=reflection coefficients
*  GLORALS P K, R, ORDER, NEAMPLE, BIGNAL
* CALLSB @ FEMUL, FEDIV, FEADD, A4LAWSEXPANSION
¥/ :
GUEGBLENSLESRUEX: PROCEDURE PURLIC:
F R INITIALIZATION-————————— e — e — */
pOom =1 TO 10+
DO J = O TO 1
ERP{M . PHCRD (T = ROM). RWORD{(J) 3
En(M) . NWORD(T) = R{Mm-1).RWORD(J);
END 2
EnND g
OVERFLOWSFLAG = 03
/F—————— GUEGUEN LE-RUEX —-———————————— */
DD I = 0 TO 9;
J¥—— K{I) = — (EP(I+1) / EN{(1))——————————m—om— */
CALL FEDIVL.EP(I+1). PWRORD(Q), . EN(1) . NWORDL(O),
. EDUMMY (0) ) 5
B RANGE CHECN————————¥~————————w———~~-———+%/
IF (EDUMMY(Z) Y 0) AND (EDUMMY (2) { OFFH)
THEN DO: .
DVERSFLOWSFLAGE = OFFH;
RETURN:
END 3 , .
e e e e e */

CaLL FESUR(, EDUMMY (O), . ZERB(Q)
JEAAT+1) SKDIGIT(OY)

CALL FERMUL (. K(T+1). KDIGIT(C), . ERLI+1). PUORD(OY,

. EDUMMY (Q) ) s
CraiL FRADD (. EN’l).NWURD(”),.EUUMWY(UJ
JENLD) . NWORD(O)Y ) s

CALL FEMUL (EN(10-1) NWORD (@), - K (143D KDIBIT(Q),

L EDUMMY (Q) ) 5
CoLl. FRRDDC, EH(iU).PNDnD(O),.EUUMMY(O)
JEPRCIQ) . PWORDA(O))

IF I = © THEN
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P

(R

RETURN:

DO M = I+2 TQ 9:
CALL FRMUL (KW (I+1).KDIGIT (D), .. EN(M—1). NWORD(0),
' - EDUMMY (0} ) 5
CALL FERADD(. EDUhMY’U)..EP(M).DNGRD(U)
~ECO)) g
CALL FiRmUL (. Ep’m).HhGHD/U),.n(1+l).thGlT(U)
- EDUNIMY (0) ) 5
ChaLL FBQDD(.EDUMMY(O),.EN(M—I);NNORD(O),
- ENC(M-T) . NWORD (O) ) 4
CALL. FRADD (. E(Q),.ZERO(Q), . EP (M) . PWORD (01) ) g

* HRDCEDURE : QNQLYSER

*  FUNCTION @ fAnalyses the signal and creates

* reflection coefficients using auto-

> correlation mettod and

* BUEBUEN LE-RUEX alaorithm

*  PLM CRLL : CALL ANALYBERY

s INPUT : ORDER = order of the orediction

#* NEAMPLE = nuwber of samoles to be used
#*  DUTPUT : K(D).KDIGIT(I) = reflection coefficients
* OVERFLOWEFLAE = OFFH if any of the kK's
3 exceads 1 in magnitude
* BLORALS t SIGNAL structure

*  CALLDB : FEMUL, FEDIV, FERDD, FESUE, GUEBUENSLESRUEX
¥/ ’

ANALYSER: PROCEDURE puUBLIC:

CALL AsLAWSEXPANEION

2 WINDOWING G-~ - */

DO I = O TO SHR(NSAMPLE, 1)-1:
CALL FeMUL (. SIENQL(I).SDiCIT(O),.N(l) WDIGIT(U)
. SIGNALL{I).BDIGIT(O) ) :
CaLL FEMUL (. SIGNAL (NSAMPLE~-1-1). SDICIT(U),.N(l} NDTBTT(U)
. BIGNAL (NSAMPLE~-1— I).SDIGl*(U))'

L ER— CALCULATION OF R (I )mmm——m————e */

1 =0 TO 103
Do J = 0 T0 13
R(I). RWORD(J) = O

DO m = 0 TO NSAMPLE-1-1;
CoLL FEMUL (. SIGNAL (M) . 8DIBITIO),
RIGNQL(M+L).5DICIT(U)..lEMw(u))-
caLL FBQDD(.LEﬂP(U),.R(;) RWORD (0O},
LR(I). RWORD(Q)Y ) 5
ENDz
END
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o £nND ANALYSER:

-t

END ANALYSIS:

LE . INFORMATION:

CODE ‘AREA BIZE = O335H
YARIAELE AREM SIZE = O7BEH
MAXIMUM STACK SIZE = QOO8H

173 LINES READ
O PROGRAM ERROR(S)

OF PL/M-B0 COMPILATION

' - CALL GUEGUEN$LESRUEX:

8xzih
1931iD
ab




80 COMPILER

-11 Po/v—B0 V3. 0 COMPILATION QOF mMODULE ENCODE
-7 mODULE PLRACED In sF{:ENCODE. OBRJ
pILER

i

Uom~ ¢l FE

Loy

Gl by v

i

C

SRR WP SVANE SO SO A

R R

(RO

INVORED BY:  PLMBO :F1:ENCODE. SRC WORKFILES(:FQ:, iFG#)

SPAGEWIDTH(80) _
R e R B R L E S e S T A

+* 3 ) ¥y
¥ SPEECH SYNTHESIS SYSTEM ¥
* ¥ ENCODING MODULE ¥
* ¥ ¥
*¥¥ FILE NAME : ENCODE. 8RC DATE *¥
##  MDODULE DEF @* Encode Tables L : 93
*¥  AUTHOR ¢t Onder Bicioglu 23 0e 83 *¥
*¥ * %

******%****%*************************************-i‘.~*-)§-/
ENCODE: DO:

DECLARE P(%*) EYTE DATA(Q,
25, 27,28, 30, 31, 32, 34, 35,
IE, 37,38, 40, 42, 44, 46, 4B,
S0, 52, 54, 56, 58, 61, 63, &6,
70,75, 80, 85, 90, 95, 100) +

 DECLARE RMS(#*) ADDRESS DATA(O, 5%, 87, 13,
174, T4E, 348,491, €94, 981, 1365, 1957,
2764, 3904, 5514, 7789) ;

- DECLRARE

DECLARE
DECLARE
DECLARE
DECLARE
DECLARE

- DECLARE

DECLARS
DECLARE
DECLARE

DECLARE

DECLARE

224,256,

T2{32
TI(16)
T4 (16)
TS(16E)
TE(16)
T7(16)
TE(8)

TS(8)

T14(32) ADDREESS

ADDRESS
ADDRESS
ADDRESSE
ADDRESS
ADDRESS
ADDRESS

EXTERNAL
EXTERNAL
EXTERNAL
EXTERNAL
EXTERNAL
EXTERNAL

EXTERNAL.

ADDRESS EXTERNAL
ADDRESS EXTERNAL
T1018) ADDRESS EXTERNAL

IYE JRVE SRVE SRNT SRV E N I L]

an

SIZE(%) BYTE DATA(O, 31,31, 15,15,

15,15, 15,7,7,7) 3

EEGIN (%) ADDR
288, 304, 320, 33

E£G8E DRTH(D, O, 64,128, 160, 192,
S€) g

DECLARE FACTOR (%) ADDRESS DRTA(C,S512);
DECLARE ENERGBY$FACTOR (%) ADDRESS DRTA(O, 128);
DECLARE W (1) STRUCTURE(

KWORD (2) ADDRESS) EXTERMALG
DECLARE R(1) STRUCTURE( '

R1 BRYTE,

R23 ADDRESE,

R4 ERYTE)Y EXTERNAL:
DECLQRE EN(1) STRUCTURE(
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-

LI &

(2

w ~ L&

. —

b

o =

A

FdORY

ha

[ I 0 P

ka

S 7% I 28 B 70 O

U4 G L G B

NWORD(Z) ADDREES) EXTERNAL:

DECLRARE (I,X) BYTE;

DECLARE ORDER BYTE EXTERMAL:
DECLARE PITCH RYTE EXTERNAL:
DECLARE FILE(1) BYTE EXTERNAL:
DECLARE FPOINTER ADDRESS EXTERNAL:
DECLARE NORM(Z) ADDRESS: ,

FEDIV: PROCEDURE(Di,0Z,03) EXTERNAL:
DECLARE (01, 0%,03) ADDRESS:
END FEDIV:

FEMUL: PROCEDURE (01,02, 03) EXTERNAL:
DECLARE (D1, 0%,03) ADDRESS: '
END FEMUL:

/**%*%%%%*%**-)’:-)’.—*-V.—-¥:****%**%%******%%******-‘K—%*%*%’:******

¥ PrROCEDURE @ INVERT

#*  FUNMCTION @ Invertes 32~bit reflection coefficients
* to encoded format for THME

®  PLM CALL = CALL INVERT:

¥ INDUT PR = 3EZ-bit reflection coefficients
* PITCH = pitch period

* U = Erneray

*  QuTeuT ! FILE = Inverted parameters

* 31 0OBALS T E KW,FILE, PITCH

*  CALLS : FBMUL,FEDIV

'ﬁ' ll .

INVERT: FROCEDURE pUBLIC,

DECLARE POINTER ADDRESS;
DECLARE TRELE BASED POINTER ADDRESS:

CALL FEDIV(.EN(1).NWORD(Q),.ENERGYSFACTOR(O),

SENCGDY L NWERD Q) ) 5

DO I =070 14;

iF EN(1).NWORD(O)Y { RMS(I) THEN GO TO RMESFOUND;
END ¢ ’
I = i4:;
RivEsr QUND s
FILE{O) = I
FILE(L) = O3
DO 1 = 0 7O 3i:
IF PITCH ¢ P(I) THEN

GO TOQ PITCH$FOUNDS
END s
PITCHSFOUND:

FILE(Z) = 1 — 13

Do I =1 TO 103

DOINTER = . TiL(0Q) + BEGIN{(I) ] o
CQLL'FBMUL(.K(I).KNDRD(O),.FQDTDR(U),.NDHm(U));
J = 03

DO WHILE 13
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4 IF NORM(L) 3 BOOOH THEN
R k(i) is negative—————— */
4 Dae y
& IF TAERLE { 8000+ THEN GO TD FOUND;
£ Fom e tablie is oositive—--———-—- */
= IF NORM(1) { TRBLE THEN GQ TO FOUND:
/W e table is negative —=————————e——— */
S/ Heme e e e and greater than k(i)--————————x/
5 END: '
4 ELSE DO«
[ e k(i) is positive—————————————— */
5 IF TABRLE { &8QO0OR THEN
e table is positive-————————————— */
, 5 DG:
‘ = IF TRABLE » MNORM(1) THEN
/¥ table is areater than k{i)-————%/
; & BO TO FOUND:
, 6 END¢
7 = END
i 4 IF J = GQIZE(I) THEN GO TO FOUND;:
) & J“'—‘J"‘i; . ) '
1 4 POQINTER = POINTER + 2
2 4 END g
3 3 FOUND:

FILE(I+Z2) = J

-
]

L 3 END:
5z EMD INVERT:
S =ND ENCODE:

ULE INFORMATIONS

CODE AREA BIZE

= (319DH 4130
VARIAR_E AREA SIZE = 0008H 8D
FAXIMUM STACK SIZE = Q0044 4D

138 LINES READ
0 PROGRAM ERROR(S)

OF PL/mM—-80 COMPILATION

113




-1 :DCDTERL. 5RO

2080/8085 MACRO

OBFE
QEFFE

PE—

Ui
&
Aar
LT ey
i) el

15Fc
iGrc
icFe
Z2FF
..'.GF\:
ZBFZ
SOFE
35:E
JCFE

ﬁ-—rr-.- .

IFE
ARFE
ELFE
84FE
ADFE
TOFE
1DFF
2FF
PFFE
FFFF
elaly)
gDOG
EZ0Q
150y
- D10i
- TROL
9RO
R4

' RBFE

-
-t
=
m

[ A T
MEWRI= SCWONMmM R -

s

16

=88

ASSEMEBLER, V3.0 DCDTEL 114
SOURCE ETATEMENT

FPAGEWIDTH (8 . .
-%*%%***¥*¥%+¥**¥************+*i***++*+******a****+**
¥ : A
5 ¥ SPEECH SYNTHESIS SYSTEM » I
$¥ TME CONVERSION TARLES * ¥
s ¥ 33
% FILE NAME : DCDTHEL. SRC DATE wF
=%  MODULE DEF ¢ K-conversion table -———————— *¥
1% AUTHOR ¢ Onder Riciooglu O ER Q& &0 * ¥
Tk - * %
-******%***********%****%*%**********%**#***********/
3

NAME DCDTEBL
H

PURLIC Ti,7T&,T3,T4

pURLIC 79,76,77,78

PUBLIC 79,710
3

CEEDR
i Tit DU ~EQ1, ~458, ~457, —495

Dl ~493, -491, 488, ~48%, ~478, 474, 465, 464

Dl -459, aqh,—aas,—a37,—412,—380,—339,—

Dl -2y, —-158,-81,—-1,80, 157, 226, 287

Dl 337,379,411,436
i@_ Did _3387—303,—27a,434&
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Wz
144
146
148
146
WC
GLE
250
s
154
J56
258
J50
asC
noE
0eQ
nez
0e4
=y
&8
06l
0&C
GeE
Q70
Q72
074
a76
o778
078
o7C
O7€

080
08z
084
08&
088
08a
08C
08E
09¢
05z
094
09¢
098
2Ts]
03C
=1

sy
ORZ
0R4
ORE
Nfat:]
(Wlatal

ORJ

DIFE
EEFE
QCFF
2DFF
S1FF
TEFE
SDFF
Corr
EEFF
1800
4000

£900

BFQQ
B4OO
D704
FBOG
1601
3201
4RO
yola ki
7601
8801
9801
AB01
R301
EDOI
C701
CFOa
D&C1
DCOi
FAQY

47FE
7DFE
EIFE
E9FE
iFFE
SSFF
BEFE
CiFF
F7FF
2DOG
E200
9800
CEOO
GAG

IA01

701

EBFE

EFFE
27FF

e

b=l o
QEFF
CEFF

28

L4
Cl

ASSEMELER, V3.0

S YRS

DCDTEL 115

SOURCE STRTEMENT

DW

Dl

Did

Did

DW

DWW

Tl

DW

DW

-211,-175,~-138,-99, ~59, —-18, 24, &4

105, 143, 180, 215, 248, 278, 306, 331

354, 374, 392, 408, 422, 435, 445, 455

~441, -387, -333, ~279

-228,-171,-117, -€3, -9, 45, 98, 152

206, 260, 314, 368

-328,-273,-217,-161

-106,-50, 5, 61,116, 172, 228, 283 .
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ac
RE
w0

B
={=
=iz]
BR
1BC
BE

ICO
ICZ
iC4
e
18
€A
2
e
100
oz
D4
1DE
D8
1DA
0DC
(1DE

OEQ
pEZ
DE4
DER
OES
OEA
DET
JEE
JFO
Fz
IE 4
FE
IF 8
R R
IFC
IFE

100
L Q%
1G4
L Q6
18
U]A]
L O
| OF
L1Q
iz

OBJ

Q500
IDOQ
7400

> pCon

E400
1RO
5301

&R01

czat

FAGIL

EE&FE
EE&FF
15FF

L43FE

TZFEF
AOFF
cEFF
FDFF
ZRON
SRO0
[=¥=1alal
BEGQ
ESQ0
1301
4=01
7001

QOFF
=2CFF
S8FF
85FF
BIFF
DDFF
GROO
IE00
Ez0n
8FQG
BROO
£E800
1401

400731

EDO1
98011
CCFE
FCFE
ZCFF

SCFF -

B8RFF
BEFF
ERSF

1ROO

A4R0OO
TROO

LINE

i
0

4aQ
41

44

RESEMELER, V3.0

= EL)
[as]

4k

47

48
44

w
(o}

DCDTRL ii6e

SOURCE STATEMENT

DWW

D

Db

D

DU

D

DiW

Dl

0
%)

)
o

9, 394, 450, 5

~328, -ZBT, ~235, 169

—142,-96, =50, -3, 43, 90, 136, 182

229,275, 322, 368

~E56, ~Z13, ~168, —123

~79,-35, 10, 54,98, 143, 187, 232

276,320, 365, 408

~308, 260, ~F1E, 164

-117,-69,-21,27,75, 122,170,218
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> ORJ

14 AAKO
16 DAOGO
18 0RO
1A 3R0L
iC 6901
i 2800

20 QOFF
22 BFFF
24 BEFF
26 1DOO
8 7CO0
A DROO

30 QOFF
32 SOFF
34 AOFF
36 FifFF
38 4100
38 9200
IC EZON

40 ZIFF
4z JCFF
44 CBFF
46 OEON
48 5700
4R AOON
4 SRO0
4E ZZ0

IC SYMEBOLS
QOO0
QA0
Q120

oo

RNAL SYMEOLS

 SYMROLS

0000
QORG
Q120

El

oo

MELY COMPLETE

LINE

Ti0
e

f o

Ty

v

==
puLT)

oS4

o8
=13

=1

59

&0

&1

-

&3
&4

NG

117

SOURCE STATEMENT
DW 266, 314, 361, 4O
;
Ta: Dl ~256, —161, —66, 29
DUl 124,219,314, 409
. .
T9: DW ~Z56,~176, —96, - 15
DW €S, 146, 226, 307
Ti0: DU -Z205, 132, -59, 14
DW 87, 160, 234, 307
;**************%*%***********************************
' END
o140 T2 C 0040 TS C 0GBO
C 00Co TE C QOEQ T? € ai0a
C 0130 ’
C 0140 Tz C 0040 TS . . C o0so
C anco TE C QOEG T7 C 0100 -
C 0130
ERRORS
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11 BOBN/BOBS MACROD

iC

13

3
e
=D
F8
FB

400

0

GGl

e
007

009
GOR

Oob

410

oBJg

LINE

-t
W N R LR

[
S SO

L

w
IS

ey
o

s b
U~ m

21

39
40
41
4%
43
&é
45
4E
47
48
49
50
5i
5
53
54

ABSEMELER, V3.0

S0URCE

SPAGEWIDTR (B0)

¥
L
T¥
5 ¥

r% FILE NAME
:% MODULE DEF

1% AUTHOR
1 ¥

MNAME

S5AMPLR 118

STATEMENT

§HHEE R R HH R KR E IR RN K KR HH KA R AT I AR

*F
SPEECH BYNTHESIS SYSTEM * ¥

S5AMPLER MODULE *H
¥

! SAMPLER.SRC DATE *¥
¢ Sampler 000 ————em——e— e
t Onder Ricioglu 22 Q& 85 ¥
* ¥

SAMPLR

PUBLIC RECGRD,SQMPLE

EXTRM

aw

CSEG

PR E T

INTSER EQU
INTRST EGU

CINTMEK ERU

LETSYTT ERU

PRTPTR E&UW

STATUS EQU

-
2
"

1]

PROCEDURE
FUNCTION
PLM CALL
INPUT
ouTRUT
GLOBALS
CALLS
DESTROYS

) ae v e uv g ax BT TR

JECORD: DI

g

MVl
auT

us

mvI
ouT

an

MV I
ouT

rE )

LxI

mMov

DATRUF

B T T R T Y R L 2 2 T L R R U R

18H
QF SH
OFCH
OFDH
OF8H .
OFAH

R P e H R P e Fe W I F e I R R Fo B I AW o FE W P WY HE H e e e I H 3 MWW WP AR N

RECORD ,
Recordes sampled data to RAM
CALL RECORD (END) ¢

(BC) = end address

camples

DATERUF

nore

all

A, 1zH ;Initialize interrupt levels
LETSTT

A, 0FeH  :Enable level O and &
INTMSK . sinterrupts

A, OCOH ;Enable monitor interrupts
INTRET ;and reset oprinter FF

H, DRATBUF sLoad start address
rdata buffer

ALE :Load high part of end
: raddress to A register

ekt S L2 T T IELTLEL I LSRRI ZIT 222 2 L8 £ X T8 94 ‘
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"

il
12

-

19

i1C
=y

1%
g =)

120

124

124

-
YA
T
135

136
138
03A
135

LIC

80BL/B0BS

oRJ

FE
B
FE
C2izo0  C

DEFA
=640
CRZ700 C

DIF3
DEFE

77
23
IEZOD

_—
TEN

SYMEOLS

MACRO

LINE

s
56
57
o8

=
-

=18]
&1
=9
63
64
63
&6
&7
&8

7O
71
72

7

74
73
76
77
=)
79
80

&1

8z
83
g4

£3

BE&
87
. &8

ASSEMELER, V3.0

»
L

de

oy

an

Y

o

gs

Ulose wx, ae 4 ux U3 ae iy e ay dw

83 -

90
91
93
D4
95
=1
97
98
99
100
103
102
103
104
105

106

e

X}

SERY ]

aw

BOURCE STATEMENT

OoOp1: EI
Cmip
EI
JNZ

DI
MV I
ouT

My I
puT

o topem

RE

LooRP1

A, 1=H
LETSTT

A, OFCH
INTMSK

A, OCOH
INTRST

SAMPLR 119

:Remaivn in loop if
rend of buffer is
:not reached vyet

sinitialize interruot -
rlevels

semable aonly level

-

0,1, and 3

sEnable wmonitor interrupts

***-i’:*******************%**************************** |

PROCEDURE
FUNCTION
Pl CALL
INPUT
GUTRUT
CLOEALS
CALLSE

MV I
ouT
InN
mav
INX
LA
guT
ROP
RET

END

s w9 s @2 gx yn g2 o4

SAMPLE

takes data via paper—-tape

none
(RHLy =

none
Noneg
HL

PSW
STATUS

40
WAIT

A, OCOH
INTRET

PRTETR

M, A

H

A, 20H
LBTSTT

~ PEW

|
. 1
reader input

current destination
increments

(HL) and places cata to RAM

Etarting point of interruot
service routine

if interrupt is net

rceciredc one

sthen wait

the
(Livie Priviter)

* UM ae uz

-
2
-
k

elee reset printer
flip—floo

svread data from

:paper taoe reader
solace it to pbuffer
spoint to wext location
srestore last status




16—-11 8080/8085 MACRD ASSEMELER, V3.0 SAMPLR -
fORD C QQOO - SAYALE T 0026

TERNAL SYMEBOLS

TEUF E Q000

=f SYMEOLE | |

TEUF E Q0N0D CINTMSK A OOFC INTRST A QOF3 INTSER A 0018

gra € 001l LETETT A& OQOFD PRTPATR R QOF8 RECORD C 0QOQ°

WpLE C NNZE  STATUS A OOFA  WAIT  C 0027

SEMELY COMPLETE, NO ERRORS
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-11 PL/M-80 V3. 0 COMPILATION OF MODULE LISTENER
;T MODULE PLACED IN :F1:LISTEN.ORJ

pILER INVOKED EBY: PLMBO :F1:LISTEN. BRC WORKFILES(:FG:, sFQ:)

=a bt =t s D SR ed
(o 3Tl s« BENTN LRSI S 2 B VR I o

S Ty B W

i3

p)

EI I O SIS S I VIV IS SO O L R ISR O IR T SN i el ol oty

$PAGEWIDTH(8M
T R o R R R S T 2T = T X0

¥ ¥
RS
k2
EOTS
*
px
¥
3 ¥

SPEECH SYNTHESIS SYSTEM
LISTENER MAIN mODULE

FILE NAME : LISTEN.BRC DATE
MODULE DEF @ Listener =~ 00 e——cceeeeee
AUTHOR ! Onder Ricioglu 22 06 835

¥
* ¥
* ¥
*¥
* 5
¥
*¥
¥* ¥

*************************************************-K-**/
LISTEMER: DO:

DECLARE DATEUF (OEOOOH) BYTE PURLIC:

DECLARE BUFFER(1) BYTE EXTERNAL:

DECLARE (FILE, STATUS, END$ADDRESS) ADDRESS PURLIC:
DECLARE KEY BYTE: '

DECLARE SAMPLE ADDRESS EXTERNAL:

DECLARE INT$PDINTER RDDRESS:

DECLARE INT$DATA BASED INT$PQINTER BYTE:

DI

GET$CHARACTERS: PROCEDURE EXTERNAL 5

END GET®CHRARACTERS;

SPLAYSMESSAGE: PROCEDURE(POINTER) EXTERNAL;
DECLARE POINTER ADDREGE;

EnND DISPLAYSMESSRRE:

RECORD: PROCEDURE (DRTA$END) EXTERNAL:

DECLARE DATAZEND ADDRESS:
END RECORD; o

OPEN: PROCEDURE(DP1, OPZ, OFS, OP4, DPS) EXTERNAL:

WR

DECLARE (0OP1, 0Pz, 0PI, 0P4,0PS) ADDRESS;
EnD OPEN;

ITE: PROCEDURE (OP1, OPZ, OP3, OR4) EXTERNAL:
DECLARE (DP1,0p2,0FP3, 0P4) ADDRESS;

END WRITE; '

CLOSE: PROCEDURE (DP1,DPZ) EXTERNAL;

DECLARE (OPi,0PZ) ADDRESS:
EnD CLOBE:

EXIT: PROCEDURE EXTERNAL;

[ Y

END EXIT:
: PROCEDURE BYTE EXTERNAL;
END CI: :

CO: PROCEDURE (MES) EXTERNAL;

DECLARE MES BYTE;

END COg

DECLARE ASK$SECONDS () EBYTE DATA{0AH, ODH,
THow many seconds??, OAH, ODH, GG 5

DECLARE ASKHWHICHEWORD (%) EYTE DATA{OAH, ODH,
TEnter name of outout file!?, 0AR, ODH,00);

DECLARE ASKsEOONM{(*) BYTE DATA (OAH, ODH,

"Da You want to continue?’, 0AH, 0DH, O0) ;

DECLARE OFFSET (#) ADDREES DATAR{BOOO, 8OO, 1E€000,

24000, 32000, 40000, 4QQ00, 40000) ;

izi
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mMmAEIN:

1
DO WHILE 1
= CALL DISPLAYSMESSAGE (. ASKESECONDS (C) ) 5

KEY = CI AND 7FH:
' CALL CO(KEY)

ENDSADDRESES = . DATRUF (0)+OFFSET( (KEY AND 7)) g
INTSPOINTER = 18H: ' -

INTEDATA = OC3IHg .

INTSPOINTER = INT$POINTER + i

INTSDATAR = LOW (. SAMPLE) ;

INTSROINTER = INT$POINTER + i:
INTEDATA = HIGH (. SAMPLE) ¢
CALL RECORD (END$ADDRESS) :
CAaLL DISDLQY$MESSQGE(.QSK$NHICH$NDRD(O));
CALL GETECHARACTERS:
CALL OREN(.FILE,.RBUFFER((),Z2,0,.S8TATUS) ;
CALL WRITE(FILE,.DAT$RUF(0), OFFSET(KEY AND 7},
. STATUS) ;
Cali CLOBE(FILE,.STATUS) :
CALL DISPLAYYMESSAGE (. ASKSEDON(0) ) 3
IF (CI AND SFHY () *Y? .THEN
CALL EXIT:
END ;
EnD LISTENER;:

3R RT ORI BRI ORY BRI RIERY BRI ORI RS BRI K

EESH OSORE OO % I o I O

LE INFORNMATION:

CODE AREA SIZE .= O1li4H 76D
VARIABLE AREA SIZE = EBOOSH 4S0ESD
wEXIMLM BTACK SIZE = 0008H - ap

75 LINES REARD
0 PROSREM EXIROR(S)

05 H_/wm~B0 COMDILATION

¥




80 COMPILER

1I AL/ iv- 8“ V3.0 COMPILATION OF MGDULE MAIN

7 MODULE

LER INVOKED EBY: PLNEO :F1:FORMAT. SRC WORKFILES(:FQ:, :F(

RY = B3 v B3RS R BRI O

b PP e PO s B3 ORD R

= b bt

L S8

= bR

A

PLACED IN :Fi:FORMAT. DEJT

SPAGEWIDTH(8O)

Pa)

£ R KR IR IE MR I N KA I FE B I IR I I D H K26 K
®¥ : ¥
HH SPEECH SYNTHERIS SYSTENM ¥
* ¥ ‘ FORMATTER MODULE ¥
3% *%
*¥  FILE NAME t FORMAT. 8RC DATE ¥
*%  MODULE DEF : Formats LPC - e e e ¥
¥ Coefficiente 25 03 1985 *¥
*¥  AUTHOR g i Onder Bicioglu ¥
¥* 3 ¥

H B 3L e e W Ko e e KX ***********%*%*************************/

mAIN: DO

DiSPLAYSNMISSAGBE: PROCEDURE (PO INTERY EXTERNAL:
DECLARE POINTER ADDREGS:’ ‘
enD DIBPLAYSMESSABGE
PRINTEMESSAGE T PROCEDURE (POINTER) EXTERNAL:
DECLARE POINTER ADDRESS:
END PRINTSMESSAGE :
CETSCHARACTERS: PROCEDURE E' FMAL
=ND GET®CHARACTERS;
CI: PROCEDURE BYTE EXTERNAL:
END CIy
il PROCEDURE (MES) EXTERNAL;
DECLARE MES BYTE:
EnND L0y
EXIT: PROCEDURE EYTE%NQL'
END EXIT:

igsET: U%GC:DUQ”fﬁQaH) EXTERNAL 5
DECLARE mMASK BYTE:

END IGS_A-

OPEn - )
HnDDEDURE(QFT,FILE,QCDESS,MDDE,STQTUS) EXTERNAL
DECLRRE (AFT,FILE,RCCESS, MODE, 8BTATUS) ARDDRESS:

EnD OPENS
READ:
PROCEDURE(AFT, BUF, CNT, BCT, ETRATUS)Y EXTERNAL:
DECLARE (AFT, BUr CNT QCT bTﬁfUS) ADDRESS ¢
END READ

WRLTEH

PROCEDURE (AFT, BUF, ONT, BTATUS) EXTERNAL ;-
DECLARZ (AFT, E\Ui‘ Cl\ﬂ STQTUS) QDDRESS'
END WRITE:

CLogz: .
DROCEDURE (AFT, BTATUS) EXTERNAL;
DECLARE (AFT, STATUS) ADDRESS;

- END CLOBE

oACK: PROCEDURE (UNPACK$ADDRESS, PACKSADDRESS)
| ADDRESS EXTERNAL:

Ll




80 COMDILER

= DECLARE (UNPACK$ADDRESS, PACKEADDRESS) ADDRESS
s IND PACK:

L 1 DECLARE LPCEDATA(ZOO0K) RYTE PURLIC:

| 3 DECLARE FORMAT (E0OOH) EYTE PURLIC:

| 1 DECLARE BUFFER(1) EYTE EXTERNAL:

| 1 DECLARE (INDEX, READ$COUNT, COUNT) ADDRESS PUBLIC:

j 1 DECLARE (I, FILE, BTATUS, FORMATRPOINTER) ADDRESS:

: i DECLARE CHECKSSUM BYTE;

1 DECLARE ASKELPCSFILE (%) RYTE DATA(GRH, ODH,

"File name of LPC data 7, 0RH, ODH, QO) 3

: 1 De=CLARZ ERROR{(*) ERYTE DATA(

TEvror?, 0RH, 0DH, 00) ¢

; 1 DEZCL.ARE ASKSHEX$FILE (%) BYTE DATA(ORH, 0DH,

TFile name Tor HEX file 7, 0AH,0DH, 00) ;
SFFEEERREEEAEEREFFERFRERFRERXEERLERFF R E R R F R XK R
¥ PROCEDURE @ PLACE
#  FUNCTION : FPlaces data to LPC data bpuffer
*  ouM CALL @ CALL PLACE(. PRINTER) 3
¥ INPUT ! POINTER = Address of first entry
*  puTPuT : transfer oceration
¥ GLORALS : FORMATSPOINTER
#*  CALLS ! none ’
¥/

i PLACE:s PROCEDURE (PRCKEDATARY PUBRLIC

] =2 DECLARE PRACKEDATA EBYTE:

5 e FORMAT (COUNT) = PACKSDATA:

/ = TORMATEPOINTER = FORMATEPRPOINTER + 1

;= COUNT = COUNT + 13

3 & ZND PLACE;

7R e 3 R 3 3 6 S 3 K I A KR F KK W R HH IR IR ERH KRR RN R AR
¥ PROCEDURE @ ENTER

‘a FUNCTION @ Enters data to. FORMATDRTA

¥ PLM CALL @ CALL ENTER(DRTR) ;

*  INPUT : DATA = nuwber to be entered :

*  QUTPUT : ABCII code of corresponding to nuwmber
* is generated and placed to wmewmory

* BLORALE t CHECKEUM

* CHALLS ¢ PLACE

*/ ;

J 1 ENMTER: PROCEDURE (PACKSDATA) PUERLICS

1 = DECLARE PACKSDATA. ADDRESE;

PR DECLARE CONVERTTRELE (%) EBYTE DATAL
74:}-,7-,17’721,737"}1&'[?757,767,777,787’19”’Q7=
151.’7{:177D7’7E7’7F1); -

3 z ChALL PLACE (CONVERTSTAELE (SHR (PRCKEDATA, 41 ) ) ¢

4 ) - CALL PLACE (CONVERT$TABLE (PACKSDATA AND OFH)) 3

3 el CHECKEUM = CHECKSUM + PRCREDATA;

£ = EnD ENTERS

iz4
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i

50

13

4.

35

46
A7
38
49
30

SERRZEERP RS NSRS

[SOAE W]

PR BRIORI ORI R b et e

P

(70 I % I PO I 72 B 8 O 5 I S £

| I

E3 b ORI RS LA (4

END:

/*¥*****%********%*************%********************/

DECLARS BEGSIN LQBtL PUBLIC,
BZGIN:

CALL DISPLAYS$MESSABE (. ASKSLPCSFILE (0)) ¢
CALL GETCHARACTERS: .
CALL DPEM(. FILE, . BUFFER(D), 1,0,.8TATUS)
IS 8TATUS O O THEN
bo;
CALL DISPLAYSMESSAGE (. ERROR(0)) -
60 7O EEGING
EnD g
Z(SE DO;
CALL READ(FILE,.FORMAT(0), 3000H, . READSCOLNT,
. BTATUS) :
CALL CLOSE (FILE, . STATUS) 5

CALL DISPLAYSMESSAGE (. ASKSHEXSFILE (0))
CALL GET$CHARACTERS: ,
CALL OPEN(.FILE,.ERUFFER(®) , 2, 0, . STATUS)

READECOUNT = PACK (. FORMAT (0), . LPC$DATA(M) ) -
. LPCSDATA(QO) :

COUNT = Qg

DO INDEX = O TO READCOUNT:

{INDEY AND OFH) = O THEN

[ RS
ol

CatL PLACE (* 27 )
CHECKSUM = QO

CALL ENTER(IORY):

CALL ENTER(HIGH{INDEX)):
CALL ENTER(LOW(INDEX)) :
CRLL ENTER(0O)

=D

CALL ENTER(LPCDATA{INDEX)) :
CIF (INDEX AND OFH) = OFH THEN
nos
CALL ENTER(-CHECKSUM) ;
CALL PLACE (ODH) ¢
CALL PLACE (0OAH) :
END 2 .
END 5

iF (READCOUNT AND OFH) ) OFH THEN
DO: .
DO I=READSCOUNT + 1
TO (RERDSCOUNT AND OFFFOH) +QFH;
CALL ENTER{OFFH) 3
END s
CALL ENTER (-CHECKSUM) 3
CAiLl PLACE(ODH) 3
- CALL PLACE(OARH) 3
ND

m

[

w
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2

-

>

il

)
E
7
L2}

9

-

L)

T4

ey

CaLiL ﬁLQDE(’:’);
CALL ENTER(O)
CALL ENTER(Q) :
CALL ENTER(D) 5
ChLiL ENTER(i);
CAacl ENTER(OFFH);
Chi.L QLQCE(ODH);
CALL PLACE (OfAH) &

R S SV U PO A WP SN

[y

CALL EXIT:

1 END mMAIN:

ULE INFORMATION:

CODE QREA SIZE

= QZ&8H
VARIARBLE AREAR SIZE = 801iZH
mAX vy STACK SIZE = QO0O8H

179 LINEE REARD
0 PROGRAM ERRDOR(S)

OF PL/M~-80Q COMPILATION

CaLL NRITE(FILE,.FDRMQT(O) CGUNT,.STQTUS)'
CALL CLOSE(FILE,.STATUS) ;

616D

IZ278ED
8D



Fi:PACK. BRC

pOEO/BGBET MACRD ASSEMELER, V3.0

PACKER 127

oBJ LINE SCOURCE STATEMENT
1 $PAGEWIDTH(BM) ,
R il B R R T RS g
S g R
4w SPEECH SYNTHESIS SYSTEM * ¥
ook COEFFICIENT PRCKING * %
& 5% ’ Y
7 1% FILE NAME ! PACK. SRC DATE ¥
8 ¥ MODULE DEF : PACKER = e ey
3 ;% AUTHOR : Onder Ricicolu - 22 Q6 B85S *
10 g% * %
11 JHEXHARREEREERERRRRREFRRRRERERERRRREHERREHERRERERRRER S
2 3 :
13 MAME PACKER
i4
i DSEG
i6 ; )
{3 17 BETRIT: DE 1
0t 18 VOICED: DR 1
(1 19 5AvVE: DE 1
' 20 s
21 CSEG
23 PURBLIC  PACK
24
Z5 s FEREREERRREREREERRRE R R ERE AR RRREER LR RN R KRR KRR R RN
26  PROCEDURE : PACK
27 ¢ FUNCTION @ Packs byte values less than 8-bits
=8 3 converts a seaquence of 3,4,5,6 bit
29 1 ceefficients to Tull bytes |
IO 7 PLM CALL @ CALL PARCK (UNPACKED$ADDRESS, PACK$ADDRESS) &
21 5 INPUT ! UNPRACKEDSADDRESE = gtart address of ‘
32 s unpacked coefficients
33 2 PACKSADDRESS = start address of packed
34 é . coefficients
35 - QUTPUT ! packed coefficients
I 5 GLOBALS : VOICED, SETEIT
37 3 CARLLS T PUT
38 : DESTROYE @ all
39 3 :
ER 40 &QCN: ACHB . ;(HL)=start address of
4 - ‘spacked ceefficients
S0 4z mov D, E
55 43 gty g,C s {DEY=start address of
L junpacked coefficients
TIOY : A5 iV T A, G1H
I200G0 D L6 ETA SETERIT sstart fillivg bits frow LSE
S600 - a7 MV I M, O
: 48
iR ‘ 49 DCX D
13 50 ENERGY: INX D
) ‘ 51 LDAX D
QEQ4 52 MV I B, 4
Q7 : CgT RLC

07 ‘ ' 54 RLC
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iC

111
112
115
116
117
1A
1B
110
11F
122
22
1235
=4

125

28
29
2R
=R
2C
=D
130
ISZ
135
136

129
13A
=R
150

13D

4.0
Wy
1IN
G
)
G,
W7
14U9
ac
14D
IS0
151
hatd
]

157
38
159
iSA
ISR
50
15§

OEJ

a7

a7

CD3EOQ C
as

C2i300 C
iR

B7

CRORQQ C
FEOF

Ca

[y Ko =
09 ND
i)
m
[o]
]

13

iA

o7

a7

07

SZ2Q100 D
0&03S
CDBEQQ c
035

Ce3z00 c

1R

iR

13

B7 :
CZaRaQ c

Q=QZ

i3

iA

Q7

07

Q7

Q05
CD9EO0 C
03
C2a900
;D
C2az00 [

1

QZOz

i3

1A

Q7

Q7

a7y

o7

QEQ4L
CDYeQ0 C

90
91
ax
293
94
95
=12,
7
98
99
100
101
102
105
104
105
106
107
108
109

I

REPEAT :

PITCH:

R

-

(12

-

KIKG

SOURCE STRTEMENT

RLC
RLC
LOOPY :

LDAX
ORA
JZ
CPI
RZ

INX
LDAX
RRC
CALL

InX
LDAX
RILC
RLC
RLC
57AR
MV I
LGDPZ:

DeX
LDAX
INX
ORrA
JNZ

mVI
LODRE:

MV I
LobpsS:

PACKER
CALw PUT
DCR E
JNZ LO0ORP1
D .
A
ENERGY
OFH
D
D
puT
D
D
VOICED
E. S
CAaLL PUT
DCR E
JNZ Loope
D
3]
D
A
ENERBY
c,z
INX D
LDAX D
Ri.C
RLL.C
RLE
MV I B,.5
L.O0OP4L CALL
DCR
JNZ
DCR C
JNZ LDORs -
c,z
INY D
LDAX D
RLC
RLC
RLC
RLC
mvI R, 4
LDOPE: CALt.

puT

LOOPAL

PUT

et

k2
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53
Ve

Pl

=]

L
3D

0
Iz
'3
4
'S
{=
7
'8
'A
D
E
31

12

35

¥
18
39
18
1=
3C
3D
&
30
15
14
37
18

1S

OEBJ

S
L2300 (™

= O

CZ5e00 c

SAO1QQO D
B7
CAORQO

i

QEQS

13

1R

Q7

Q7

Q7

07

Q04 -
CD3EQO (-
0SS :
C27R00 C
0D

C27200 C

QEQS

i3

16

a7

Q7

a7

a7

a7

Q603 .
L0900 C
a5

C22000 c
oD

Cz8700 C

CEoBOO c

LINE

110
ii1
11z
113
114
118
116
117
1318
119
120
121
12z
123
iz

125
126
127
128
129
130
131
13z
133

134

gr

SOURCE STATEMENT

LDA
brA
JZ

KEKEKT: MUT
LOOP7:

135 .

136
137
138
139
140
141
142
143

144

i45
146
147
148
1459
150
151
152
133
154

4 e
J gt

156
157
158
159
160
161
162
163
164

o

IR TR IR I 4T 2B AR AR A% A IR MM AR 2 IR uw

JMP

36 e KB R B M I KA H R I I N F IR R R AR

PROCEDURE
FUNCT 10N

PLM CAaLL
INPUT
QuUTRUT

GLOEBALE
cAaLLs
DESTROYE

s3 €3 my

PACKER o 129
DCR E
JNZ LOOPE
DCR o
JnNZ Loops’
VOICED
A
ENERGY
c,=
INX D
LDAX D
RLE
RLC
RLD
RLE '
- MV E, 4
LOCP8: CaLL puUT
DCR E
JNZ LOOPS
DCR C
JINZ Loop7
C,3
INX D
LDAY D
RLD
RLC
RLC
RLEC
RLC ,
MY R, 3
LDOP1O: CALL pUT
DCR R |
. JNZ LOORP1O
DCR C
JINZ LoOp9
ENERGY

PUT

sets current bit of packed ceoefficient
byte, or skips it , according to MR

of content of (A). If full byte is
filied next byte is accessed

none

MEE (R) = 1 or O

shifts content of SETEIT by 1 to rioht
and sets or skips curvent hit of oackac
byte

SETEIT

none

(Al
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PRCKER  PAGE 130
oC ORJ Ling SOURCE STHTEMENT
(% 1 165 puT: ROL
(05 I20200 D 166 5TA SAVE
onz DZAADD C 187 JINC NOSET
168 »
pAS ZAO0O0O0 D 169 DA BETERIT
(A8 RE 17G ORA v
0z 7T 171 mov M A
172 s »
GRR ZAO000 D 173 NDSET:  LDA BETRIT
xRD 17 174 ' RAL.
GRAE BT 175 oRrA A :
ORF CzR7040 C 176 JNZ NOF IN
R 3zZ01 i77 my'a A, 01H
kB4 23 i78 INX ]
GRS BE00 179 MV .M, 0
180 - _
GET7 Z20000 D 181 NOFINT  STA © BETERIT
OB SROZ00 D i8z LDA 8AVE
0RD 9 183 RET
i84 :
185 & FEE R BB J e I J A KB e I PGB e H K e B FEF eI I e I I K KRR
186
187 END
_IC SYMBOLE
e C 0000
=RNAL SYMEOLS
AOBYWMBL_G
REY © QOO KikZ T 0040 K3IKa 0054 KEKERT © 0070
10 C 0085 LOGr1 C 0013 LOOPIG T G090 LGOPZ C Q032
PS C 004z LOOP4 T 0049 LOOPS  © 00SE LDOPE C QOSE
P7 T QO7Z LOOP8 C© 0078 LOOPS  C Q087 NOFIN © OGR7
=T T OORR PACK T QOO0 PITCH © 0028 PUT C O0SE
AT © ann SoVE D Qoo SETERIT D QQQQ VOICED D Q001
“mRLY COMPLETE, nNO ERRORS
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5-11 PL/M—-80 VI, 0 COMPILATION OF MDDULE‘GRREHUTILITIES
=CT MODULE PLACED Iwn PFIIBUTILY. ORT
niLER INVOKED BYs  PLMBG FE1iBUTILY. BRC WORKFILES(:tFG: . fFQR)

$DQBEWIDTﬂ(Bﬁ)

¥ ¥

* ¥
*H SPEECH SYNTHESIS SYSTEM o
¥ DISBLAY UTILITIES *
*H ¥
*¥#*  FILE NANE : BUTILY.SRC DATIZ ¥ 3¢
*%  MODULE DEF & Display utilities —m——————— * ¥
#¥ QUTHOR ! Onder Ricioglu 2206 85 #¥
X ' 3¢

FEXEREEHEHREERERRLREHER AL AR ERLRK AR FREREE RN EERRKER )
i BRAPHSUTILITIES:

DOy
Z 1 DECLAR

ITI

(TIMEBASE, AMPLITUDERASE  STRRT)
ADDRESE BUERLIC:

3 it DECLARE GRAPEDATAH(ED) FYTE PURLIC:

i i DECLARE (LEFT, RIGHT, UH DOWN,
hDMt,CLEQn_LI) EYT: E)TEPNQL'

u] 1 DECLARE MDS BYTE EXTERNAL:

3 1 DeCLARZ (I.,J) ADDRESS:

7 3 DZCLARE DATABUF (4000H) EBYTE PUBRLIC,

:] 1 DECLARE CR LITERALLY 13

HORIZONTALUNITS LITERALLY *8&°
A VERTICALUNITS LITERALLY * &7
D=CLARE KEY BYTE EXTERNAL:
DECLARE TEMR EYTE:
DECLARE CONVERT (%) BYTE DRTA(T 0,7
?a’ 7&7 167117717;_‘7:‘19, 1Q7 751 C

YIRS

AR
-t g

(1

?

k and
-t

i
3

fm o~

k4
v
'.'D ’1

CO: PROCEDURE (CRARACTER) EXTERNAL:
DECLAre CHARACTER BYTE:
=D COq
i PROCEDURE BYTE EXTERMAL:
EnD CTy
DISPLAYSMESSAGBE: P
DEZCLARE NcSPGLIT
EnND DISRLAYSMERSD

DR R A A AR

~4 Lt

ROCEDURE (MESPOINTER) EXTERNAL:
ER ADDRESS:
ke .

L

L O RN S R AU B S I

i

JEEFFREARERREREEEEREEEREERFARERRRFEHE AR IR RFFRRREREEE R R
PROCEZDURE MOVEECUREBOR

FUNCTION moves cursor in the given direction

in the given amount of characters

CALL MOVESCURSOR(DIRECTION, COUNTY :
DIRECTION = girection

CaumT = count

cUrsor movement

none

co

i LHLL

-

IM?'(

ouTPUT
GLOBALE
CALLs

ok ok ok ok oA ook

[T Y

*

*/
yiVeCu

0 = PROCEDURE (DIRECTION, COUNTY PURLIC:
z DECLA

R
(P, DIRECTION, COUNT) EYTE;

Py

50
RE

Ll




~80 TO

T AT

-

A L e R L o

LSl

Lo AL AR e

(RN

(R 2 I

%]

P B O S B L b

[ S SR I O B

% ok % ok ok ok ok S

DO P=: TO COUNT:
1= (DIRECTION=UD) OR (DIRECTION=DOWN) OR
(MD8=1) THEN '
CALL COMLI): ' )
CALL CO (DIRECTION):
EnD: ‘

=ND . MOVECURSOR:

R R T SR A A R g Vv vV
*  PROCEDURE @ GETHEXDIGIT

¥ FUNCTION @ Receives a l-digit hex nuwber from
¥ keypboard

# 9um CALL ¢ F = BETHEXDIGIT

¥ INPUT t key from console

*  QUTRUT P oreturns hex digit

¥  GLORALS I nane

*  [CALLS : CI1,C0

%/ '

GETHEXDIGIT: PROCEDURE BYTE:

DO WHILE 1
KEY=CI AND 7FH:
DO J=0 TO 15;
iF REY=CONVERT (1) THEWN

DO .
CALL COKEY) ¢
RETURN J:

EnD s

EnDs
EniD g B
IND BETHEXDIGBIT:

A TR R R R AT R S R R Y S Y Y
*  PROCEDURE * GETFULL$NUMBER

¥+ FUNCTION ¢ Receives Z-oigit hex gigit from
¥ keyboard ‘

¥* - PLM CALL ¢ CALL GETSFULLSNUMEBER:

¥ INPUTS : none -

*  QUTPUT : TEMP = Z-digit hex number

¥ GLOBALS T TEME

*  CALLS : BETHHEXFDIGIT

*/

GETFLLLNUMBER: OROCEDURE PUBLIC:

TEMP=BETHEXDIGIT;
TEMP=GSHL {TEMP, &) 0OR GETHEXDIGIT:
END GETFULLNUMEBER; ' '

’**&*%*%%#%&%%%**********%%****%%*****%%%****%%%%*%%*
OROCEDURE & DISPLAYSBTART ,
SUNCTION ¢ Disolays tiwme counteroart of origin
pLM CALL @ CALL DIBPLARYESTART
INPUT : GTART = address of mevory where

gisplay opeartion has to start

puTeRUT t gisplays origin :
GLOBALE : START

—_r ey

1S



!NPBU CRMPICER

SR
DR

L Lo L oLn L on e B o B 5
B I o AL S I R~ G T R

n
o

39

&0
3
62
63

64
5
L&
67
£8
69
0
11
13
74
73
76
77
78
79

80,

B fs B 0 B B3 EY BRI RD

b

F3oba b3 ORTBRI R YR ET ORI PRI BRI

b

et

b B3R BRY O

PR

ChiLy + CO, MOVECURSOR
/
ZStLQ’ETQTT: PROCEDURE PUBLIC,
DECL_ARE DumY ADDRISS -

CALL MOVECURSOR (DOWN, 2%VERT ICALUNI TE+S) =
CALL MOVECURSOR (RIGHT, 65) « '
DUMY=ETART-. DATABUF (() 3
Du'\—qﬁQkDHPY 3)

TEMP = hlGH(DUlYY) -

CALL CO(CONVERT (SHR(TEMP, 4) ) »

CALL CG(CDNV:Rt(ItMP AND QFH) ) &

TEMP = LOW(DUmY) »

CALL CO(CONVERT (SHR(TEMB, 4)) ) :

CALL CO(COMVERT(TEMP AND OFH) ) =

CALL CO(LI):

CALL CO(HOME) :

END DIEPLAYSTART:

I .2 3 T T T TR P R FOR ) LRk R T R L L R L Ry L g2

*********

FROCEDURE : DRAWSGRAMH

rUmCF}DN ¢ Draws the reouired araoh

PLM CALL ¢ CALL DRAWSGRAPH:

INpUT ¢ BTART = begin address of disnlay buffer
TIME$EBASE = time base
AMPLITUDESRASE = awplitude bpase

ouTPUT : graph

- GL.OBALS : BTART, TIMERASE, AMPLITUDEERASE
CALLS 2 MOVE$CURSOR, CO

/

RAWERAPH: PROCEDURE PUBLIC:

DECLARE POINTER ADDRESS:

DECLARE DATABUFFER BAEED POINTER RYTE:
DECLARE (DIRECTION, FACTOR) EBYTE:
DECLARE {&UmM, TEMPWORD) ADDRESS;

POINTER=START :
CALL MOVE£CURBOR (DOWN, Z2) 5
CALL mOVESCURSOR(RIGHT, 3) ;
DO I=1 TO HORIZONTALUNITS*8;
sSuUm = 03
DO J=1 TO TIMEEBEARSE;
TEMPWORD = DATAREUFFER;S
IF (DATARUFFER AND 80H)=0 THEN
SuM = SuUmM + TEMDNDRD-
ELBE*
S5uUM = sum - (TEMP$WORD AND 7FH)-
POINTER=POINTER+13
END ¢
TEMPWORD = SUM / TIMESEASE;
FACTOR = LOW(TEMP$WORD) 3
IF (FRACTOR AND 8CH)=0 THEN
DD%EMD = VERTICALUNITS—(FACTOR/AMPLITUDERASE) =
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END
ELSE DO:

TEMP=CFFH-FACTOR+1;

TEMD—(TEMD/QMPLITUDEBQSE)+VERTICQLUNITS'

END s
IF (I AND 1)=1 THEN DIRECTION= DOWN
EL.BE DO;

DIRtCTIDN=UD;
TEMD=(2*VERTICQL$UNITS)—TEMD;
EnD g
00 J=0 TO VERTICALUNITS*Z
IF JO (VERTICALUNITS) THEN
bQ:
IF TEMP=J THEN
DO
CALL Co( %)
CALL MOVE$CURSOR(LEFT, 1)
END ¢
ELSE DO:
IF GRAPHDATA(I)=J THEN
DO; ‘
CaLL Co¢ ")« '
catL MDVE$CURSDR(LEFT irs
END 3
ENDy
END:

IF J=VERTICALUNITS*Z THEN
CALL MOVESCURSOR(RIGHT, 1)
ELSE DO
CALL COLI) ¢
CALlL. CO(DIRECTION) ;
EnD s
END: ’
BRADHDATR(I)=TEMP;
END s

CALL CO(LIY:

CalL CORGmz)

END DRAWGRAPH:

/*%**%**********%***%;E******************%***%********

CrONCESORIBING PRDCEbURE PURLIC:

DECLARE DUMY ADDRESE;

CALL MOVESCUREDRR (DOWN, 2¥VERTICALUNITS+S )'

CALL MDVESCURSOR(RIGHT, 65)

heyboard

% PROCEDURE @ CHANGESORIGIN

% FUNCTION * Changes origin

# PLM CALL : CRALL CHANGE$ORIGING

#*  INPUT ! new start address from the
¥  QUTPUT : 5TART = new begin addrecss
* GLOBALS 2 START _

#+ CALLS : CO, DRAWSERAPH

%/

134




w50 CD{Y» LER

135
T Dumy = GET%HEX$DIGIT;
g = DQMY = BHL(DUMY, 4) OF G:T%HtX%DiEIT;
g = DUMY = 8HL(DUMY,4) @R GETHEXEDIGIT:
7 Dumy = BHL(DUMY, 4) OR GFT$4EX$DIGI%
8 o START = .DATARSERUF(O) + SHL (DUMY, 3) ¢
sz CALL CO(LI); ’
0 2 Caiu CD(HDMEJ;
; ] CALL DRAWEGBRAPH:
= = END CHANGESORIGIN;
/**+**¥****%+w***%%**+%***%*%****i*%*****************
¥  PROCEDURE : CHANGE$TIMESRASE
¥  SUNCTION @ Changes tiwe base
¥ LM CALL @ CALL CHQNGE%TTYL%BFHb,
®  INPUT P New time base frowm keyboard
¥ OUTRUT t TIME$BASE = new time base
¥ BLOPALS t TIMESBRSE, TENMP
#* CALLS : GE!EFULL$NUMDEH CO, mOVE$CURSOR,
¥ DRAWSERAPH
¥/
! i C=lnNBET M:BQS_: PROCEDURE PUBLIC,
4 Z CALL MOVECURESUR(DOWN, Z*¥VERTICALUNITE+S) ;
5 z CARLL MOVECURBOR(RIGHT, 17) @
5 = ChiL GETFULLNUNMBER:
7 2 ST IMEBASS=TEMP;
3 = ChLL COdiyr:
3 2 CALL CO(HOME) ¢
4 = Clle DRAWGRAPH;
1 2 ‘ =D ﬂm ETIMERASE;
RIS R RE KR W F N FHH R R KR EFEREHR R T HRRER IR KW R
¥  PROCEDURE ¢ CHRANGESAMPLITUDESRBRASZ
% TUNCTION @ Changes amplitude base
¥ DLM CRLL @t CALL CHANGESAMPLITUDESBASE:
*  INPUT. @ new amolituce base from keydeoard
¥ o odreuTr H ﬁﬁu ITUDESEASE = new base »
¥ GLOBRALS : AMPLITUDESBASE | TEMP
*  CALLE : MOVESCURSOR, CO, DRAWSERAPH,
* GET®FULL$NUMBER '
2 1 CHANGEAMPLI TUDEBRSE: PROCEDURE PUBLIC:
P2 CALL MOVECURSOR (DOWN, L%VE?TICQLUNITS+5 :
rz CALL MOVECURSOR(RIBHT, 44
iz COLL GETFULLNUMERER;
> 2 FAY¥iPLITUDEBRBEE=TEMR;
/ = ChLe COWLIid:
3 2 CaLL CO(HDOME) 1
T2 CALL DRAWGRAPH;

END CHQNBEQMPLITUDEBQSE;

7
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/*¥%¥r%%%*¥ii&+*r¥*¥*+¥¥*¥%%¥1*%*%%*¥*%**¥%****i¥¥***
* ROCEDURE @ SHIFT$RIGHT
g ?UNLILUK P Bhifts graoh one tiME‘Uﬂit to riaht
¥ QUM CALL @ CALL SHIFTSRIGHT:
L lNHUi ¥ BYART = bpegin of cisolay buffer
* . oUTBUT ! START is undated
¥ . G 0OEBALS t 5TART
% CALLS : DISPLQYSTQRT,DRQ'BRQQ
*/
i SHIFTRIGHT: PROCEDURE PUEBLIC:
b IF ETART )= (.DATRERUF (O) = EHLITINMERRSBE, 33
THEN DOy
&) STRRT=START-ExTIMERASE
3 CALL DISPLAYSTART:
3 CRLL DRAWGRAPH:
3 END 5
= SND BHIFTRIGHT:
S EFERBEEFEHREFRERHRRFIEIRH R H X RFKFE R TR RR A KR KRR RREHEEHRHN
#  PROCEDURE ¢ SHIFTSLEFTT
¥ FUNCTION @ Shifts graph one time unit to leftt
* Bl CALL : CALL SHIFTSRIGHT:
* O INPUT : 857TART = beain of display buffer
*  DUTPUT : BTART is ungated :
#  BLOERALS : START
*  CALLS : DISPLAYSTART, DRAWGRAPH
*/
1 S=IFTLEFTS PROCEDURE PUBRLIC:
=2 START=8TART+8xTIMEBASE ¢
bl CRLL DISPLARYSETART:
= ChALl DRAWERAPH:
2 END SHIFTLEFT
/%***%*****%**********%%**%%**********%*******/
i IND GREPHUTILITIES:

CODE RREA BSIZE o= Q414H 10440
VARIGELE GRER BIZE = &40EAH  16430D
FAY IwUY §TACK BIZE = QOO08H 8D

EE1 LINES RERD
O DROGRAY ERROR(E)

F PL/vi-80 COmMPILATION
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IRVORED BY: Pl

TION OF MODULE CONVERTATOK
COnVAK. ORJ
F1

L
PLACED In 171
8o FCONVAK. SRE WORKMFILEB(:FQOL, tFGe)

.....

* 9 X%
363 SPEECH ANDLYSIS SYSTEM ¥R
-3 CONVERSION OF Ke TO As * ¥
33 : 3%
¥*¥  FILE NAME t CONVAK. SRC DATE *¥
*#%  MODULE DEF ¢ Conversion X t0 4 ~————e———n \ * ¥
*»¥  AUTHOR * Onder Bicioglu 22 Q& 85 HF
T %

CHEEEERERNR -X%-X-K FREEKEEFEKEEFERRRREEFRERRREREEHEEREEEXRN S

COMVERTSATTOSK: DO;

DZCLARE (1) STRUCTURE(

ADIBIT(4) BYTE) EXTERNAL:
DECLARE K (1) STRUCTURE(

KDIBIT(4) EBYTE) EXTERNAL:
DECLARE MIGNAL (150) STRUCTURE(

MDIBIT(4) EBYTE) PUBLIC:
DECLARE Z(4) EYTE EXTERNAL:
DECLARE EDUMMY (4) BYTE EXTERNAL:
DECLARE (M, I,J,L) BYTE:

FEmUL : PROCEDURE(D1,02,03) EXTERNAL;
DECLARE (01, 02, O3 ) ADDRESS
EnD FEmUL;

FEBUE: PROCEDURE(DL,0Z2,03) EXTERNAL:
DECLARE (0:1,0z,03) ADDRESS;
ZND FRESUER:

FEBERDD: HnDCEDUn:(Dl 0z,03) EXTERMNAL:
DECLARE (O: , 02, 031 ADDREES:
EnD FRADD

DECLARE ZERG (%) ADDRESS DATA(O, U) 3
DECLARE ACCESSSTABLE (*) BYTE DATAL
a,:,3,6,10,15, 21, 28,
36, 45, 55, 66, 78, 91, 105, 120,

136)

PEE S FREEEEE T EE ST LT LRk R e K T B I I P I K P WK FH KK

# PROCEDURE : BET
%  SUNDCTION @ Accesses to the matrix elewent and
¥ returne it in BDUMMNY
x  o_w CALL ¢ COLl BET(RIL, P2 ;
¥ InNDLT : index values ‘
¥ OUTRUT : BDUMMY = elewment reguired
¥ GLOBARLE 1 SIBNAL,M
# CALLS @ orone
¥/
BZT: PROCEDURE (P1,P2) PUBLIC
DECLARE (Pi, PZ) BYTE:
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% = ACCESS$TAELE(R1) + Pz
DO J=0 TO s '
EDUMKY (J) = MIGNAL (). MDIGIT (J).c
END: '
=MD GET

FEZ X 2 T 5 & 2R +**-)‘-**************%******-}*************** *

¥ PROCEDUREZ + pUT

*  FUNCTION @ Puts content of E to the cesired entry
¥ PuM CRLL ¢ CALL PUT (P, P2 :

* NPdT ! indexes

¥+ OUTRUY ! none

* ELDbQLS P BIBNAL, ™

*  CALLS I onone

*/

PUT s PROCEDURE (P1, P2) PLEBLIC:
DECLARE (P1, P2) BYTE;
% = ACCoBBsTARBLE(RL) + Pz
DG J=a 7O 34 N
MIGNAL (V). MDIGIT(I)=E(J):
=nDy
SND PUT

3

/************ PR LS L S L L L ELEEE LT L LT L L LD L L L L EE L L L L8R LS AL

¥ PROCEDURE @ STEPUPR

#  FUNDCTION @ Converts K coefficients to A

¥ coefficient

* DLM CALL ¢ CALL STERPURP(ORDER)

¥  INPUTY : W(D).KDIGIT=K coefficiente

* ORDER = order of filter

¥ OUTRUT t A{I).ARDIGIT = A coefficients

*  BLORALS : A, K, E, BDUMMY

¥ CALLE : GET,pUT,FEmUL,FBQDD,DRINT@MESSQGE
*/

STzAuP: DRDCEDURE(GRD) PUBLIC:
DECLARE ORD EYTE
pa J=0 TO I

K0, KDIBIT(J) =03
EnND . '
K0 . KDIBIT(Z2)=173

R

DO =0 TO ORD;
Do J = 0 TD 3
E(J)=03
END s
E(Z2)=1:
CaLL PUT, 03

IF L ¢ ¢ THEN DO;

Do =1 TO L-1ig
CALL BET(L—-31,L-I2; . ] -
ALl Femut (. EDUMNMY (0) , » KAL) LRDIBITO), . E(0)) 3
CcoLL GET(L-1,1);
ChiL FERDD(. :nU),.EDUNMY(U),.z(U))-
calLL PUT(L, I);

END

fy
-
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A 4 END
] 3

] 4 £(J
N 3 EnD
3 3 CAai.L
33 EnD

) = DO L =
i &

! & CALL
5 3 END g

4 = =ND STEPU
5 1 enD CONVE

fLE INFORMATION:

CODE QREA SIZE
VEBRIABLE AREZH §IzE
MAXIMUM STRCK SI1zZ&
124 LINES READ
0 PROFRAM ERROR(S)

DO J=0 7D I

)= KLY .KDIBIT(I) :

PUT (L, L) :

1 70 ORD:

CALL GET(ORD, L)

FBSUB(.EDUMMY(O),.ZERG(O),.Q(L).QDIGIT(O));

H

Frp—

RTSASTOSK ;

QiFDH 509D

= OZEIH 609D
= QOQDEH &D

OF & /m—-80 COMPILATION
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11 PL/M—80 V3.0 COMPILATION OF MODULE USERINTERFAC
-+ mODULE. PLACED IN sF1:USRITF. OBJ TERFACE

LER INVORED BY: PLMBO F1:iUSRITF. BRC WORKFILES (:FQ:, :FO2)

FPAGEWIDTH(BO) .
RN A AN KRNI P KT R NN
#¥
*¥
* % SPEECH SYNTHESIS SYSTEM *3
¥ USER INTERFACE *#
* 5 * ¥
¥ ¥ FILE.NQME * UBRITF. SRC DATE * ¥
*% MODULE DEF : User interface =  ——-—--—- ¥k
% AUTHOR : Onder Ricioglu 22 0kt 85 *X
kx : 3

FREREEFEEEEREREREEREFFERFEFEREREE R T RERFERNEX R LR RHEX]

USERSINTERSFACE: DOy

1 LO: PROCEDURE (MES) EXTERNAL:

<3 DECLRRE MES BYTE; '

2 END LO;

1 Ch: PROCEDURE(MES) EXTERNAL:

2 DECLARE MES EYTE;

2 END CDs

1 CI: PROCEDURE EVTE EXTERNAL:

2 END CI1g

1 DECLARE RBUFFER(40) EBYTE PUBLIC;
1 DECLARE £0m LITERALLY TQT,

BACK LITERALLY 8,

BLANK  LITERALLY bOH

RUBOUT LITERALLY ’7FF’

CrR LITERALLY TQDHT,

LF LITERALLY QAT
/***%%%%******%*******w%%%+*¥***+**i*%*%++%r¥*+**%*%*
¥ PROCEDURE @ PRINTSNUMEER
% FUNCTION @ Printe out the given number
¥ pLM CALL ¢ CALL PRINTSNUMEER(NO)

*  IMPUT : NO = number to be printed
*  QUTRUT : orintout

* BLOBALS I none

* [CALLE o L0

2/ ‘

PRINTSNUMBERS DRGCEDURE(ND).PUBLIC;

DECLARE wnO BYTE;

DECLARE L BYTE:

DECLARE ASCIIFTRELE(#) BYTE DRTA(

7,.:;7~11‘1 :"777—"7 1&7’1:7’7"7 777 78’,79’,’Q7’

’:E\'v’v-"l ‘IDI 1"7 TF‘?);

| S S O B

cALL LOC ")

L = SHR(ND,&4);

CALL LO(ASCIISTARLE (L))
L = NO AND OFHj:

CALL LO(ASCIISTAELE (L))}

[ SRS 5 A
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END PRINTENUMEER;

/***'3%*%**'**%%*%**%***

k ok ok ok % & %

b 3
~

PRINT: PROCEDURE (RASE$ADDRESS) PUELIC

PROCEDURE
FUNCT ION

PLM CALL

INPUT

GuTRUT
G ORALS
catLs

s s #r

R S T R L L L ¥ T E TRy
PRINT

Printe out the & byte entries

CaLL PRINT (. BASEADDRESS) : '

EABEADDRESS= points to first of the 4

byte structure

orintout

Mone

Lo

v

DECLARE BASE$ADDRESS ADDRESE:

DECLARE EUF BASED EASE$ADDRESS EYTE;

DECLARE N EYTE:

DO N=Q TO 3
CALL PRINTSNUNMBER (EUF)

7
)

ww an

EASE$ADDRESS = EBASESADDRESS -+ 1

/*%**%*%*-)".--)S-)E-%*******%**%*******-)E**%%******%*****-&:***%

END;

Cact Lo

Cace Lo¢
EnND PRINT
* PROCEDURE
*  SUNCTION
*  PLM CALL
*  INPUT
*  BUTRPUT
*  BLOBALS
+ CALLS
*/

PRINTEMESSAGE «

PRINTEMESSAGE

Prints indicated messaage
CALL PRINTSMESBARGE (. MESSAGE) ¢
address of message

grintout of message

nong

Lo

PROCEDURE (PRINTER) PURLIC:

DECLARE POINTER ADDRESS;
DECLARE OUTEUFFER EASED POINTER EYTE:

DO WHILE 1

IF QUTBUFFER = EOM THEN RETURN;
CALL LO{(OUTRUFFER) 3
POINTER+1;

POINTER
END 1

END PRINTSMESERGE:
TR S S R 2 T S S B TS A R R R

. ¥

% ok ok ok ok & % ok

PROCEDURE
FUNCTION

piim CALL
INPUT

ouTPuT
GLORALS
CAaLLs

[T T I T

PRINTEELOCK

Prints indicated awmount of numbers

from the given address on

CALL PRINTSBLOCK(. START, COUNT) 3

START = estart address

COUNT = nuwber of numbers to. be printed
orintout of message

none

Lo
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pRiET?BLDCH: PROCEDURE (START$ADDRESS, COUNT) PUEBLICY
DECLARE (N, START$ADDRESS, COUNT) ADDRESE;

DO N = 0 TO COUNT—i:
IF (N AND 3) = O THEN
Do;
CaLL LOc0RK) |
CALL LO(ODH) &
EiD .
CALL PRINT(START$ADDRESS) :
STARTSADDRESS=8TART$ADDRESS <+ 4;
END
CALL LO0(0AH)
CALL. LD{ODH) =

EnND PRINTERLOCK: -
SRR R R R RS R N R H R E R R FHF KRR REHRHFRH AR R REF R

* DPROCEDURE t DISPLAYSMESSAGE

*  =FUNCTION @ Dispolays indicated wmessage

*  Bim CALL ¢ CALL DISPLAYSMESSAGE (. MEBSAGE) ¢

*  INPUT : address of message

¥ QUTPUT : display of messzage

* GLOBALS I none

¥ CALLS : CO

*/

DISPLAYEMESSARE:: PROCEDURE (RPOINTER) PUBLICK e

DECLARE POINTER ADDREES;
DECLARE QUTBUFFER DBRSED PDINTER BYTE:
DO WHILE 13
IF OUTBUFFER = EOM THEN RETURN;
CALL CO(OUTRUFFER) 3
POINTER = PRINTER+1;
ZnND ¢

EnD DISPLAYSMEGSEAGE;

/***%**-)‘-*'*%%*%*******%****%*%*%****%*%*******-‘}‘:*******

% OROCEDURE @ GETCHARRALTERS

¥ FUNCTION ¢ Receives characters from terminal

» DLy OALL @ CALL BETFILENAMES

¥ INPUT tonone .

*  QUTPUT : returns received character string in
¥ BUFFER

# GLOBEARLS : BUFFER

* CALLS : CI1,C0

+/ ’

Gz

T$CHARABCTERS: PROCEDURE PURLIC:

DECLARE (KEY, ) BYTEs

J=0¢
DO WHILE 13 _
KEY = (CI AND 7FH);
TF KEY = RURDUT THEN DOj .
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ENDs
ELBE

N

as |}

E

J
END
END:

e ARRPUROILIUIOIL B

5]

1 IND USERSINTERFACE:

£ INFORMATION:Z
COD= AREAR BIZIE
VERIAR F AREAR SIZE
mAXImuY VALK SIIZc
187 | TNES RZAD

O PROGRAM ERRORI(S)

DF DL/M—-80 COMPILATION

DOs .
RUFFER (J) =KEY s
CALL CO(KEY):
IF KEY=CR THEN DQO:
CALL COLF)
RETURN :

unn

2
J+1

END BET$CHARMRCTERS:

G180H
Q039+
QOOeH

IF J ¢ 0 THEN DO;
CALL CO(BACK) :
CALL CO(BLANK) &
CALL CO(BACK) «
J=J-1:

END ¢

384D
57D
&D

i4
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-II PL/M—-80 V3L 0 CGNpLLQTION OF MDDULE PITCHANALYSIS

o

ILER

f

[ A R

O R

-

et et

o7 MODULE PLACED
INVORED BY:

IN TFi:pANAPTC. ORJ
PLIMBO

SPABEWIDTH (80)
/¥***********%**%******%*****************************

* %
HoHE

L WK

¥

*¥¥ . FILE NAME

SPEECH SYNTHESIS SYSTEM
PITCH ANALYSIS

fF1: QNQDTC.SRC'NDRNFILES(=FO=,

FQ

. ! ANAPTC. SRC DATE
*¥  MODULE DEF @ Analyses soeech o —e——eeee
! Onder Ricioglu 22 06 85

*%  AUTHOR

¥

2

HK
*¥
* K
¥ N
¥ ¥
*
*¥
* ¥

***********%******************%*****%*x*************/
PITCH$ANALYSIS: DO:

DECLARE
DECLARE
DECLARE
DECLARE
DECLARE
DECLARE

DECLARE

DZCLARE
DECLARE
DECLARE
DECLARE
DECLARE

DECLARE

DECLARES

DECLARE
DECLARE
D=ECLARE
DECLARE

DZCLARE
DECLARE
DECLARE
DECLARE

FRADD:

R{ZQ) STRUCTURE (

RWORD(Z) ADDRESS) EXTERNRL;
K1) STRUCTURE ¢

KRDIGIT(4) BYTE) EXTERNAL:
SIGNAL (1) STRUCTURE (
SDIGIT(4) BYTE) EXTERNAL:
W(1) BTRUCTURE (

WDIGIT(4) BYTE) EXTERNAL:
SAMPLE (1) BYTE EXTERNAL

(ORDER, PITCH) BYTE PUBLIC:
A(3) STRUCTURE (
ADIGIT(4) BYTE) PURLIC

OVERSFLOWSFLAG EYTE EXTERNAL:
E(1) EYTE EXTERNAL:

EDUMMY (1) RYTE EXTERNAL:
EDUMMY (1) BYTE EXTERNAL:

TEMP (1) ADDRESS EXTERNAL:

ENERBY RBYTE PUBLIC;

RATIO STRUCTURE(

Ri EBYTE,

2% RDDRESS,

R& BYTE) 2
NONSZEROSCOUNT BYTE:
mMAXY IMUMSRATIO ADDRESS;

(m, N, I,J) ADDREEG;
L EY[E:

VOICEDSENERGY LITERALLY 727

VOICINE$RATIO LITERALLY 7E0QQOH? 4

LOWEETEPITOH LITERALLY *487
PLOSIVESLIMIT LITERALLY 71174

PROCEDURE (OP1, OPZ, OPI) EXTERNAL;

i44
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DECLARE (0OP1,0PZ, 0P3) ADDRESS:

END FEADD: -

FESUE: PROCEDURE(DP1,0P2, 0P3) EXTERNAL:
DECLARE (OP1,0PZ,0P3) ADDRESS:

" END FESUE:

FEDIV: PROCEDURE(OR1,0PZ, OPI) EXTERNAL:
DECLARE (0OP1,0F2, OP3) ADDRESS:
END FEDIV;

FEMUL: PROCEDURE(OPL, OPZ, OPI) EXTERNAL:
DECLARE (0Pi, 0Pz, 0P3) ADDRESS:
END FEMUL:

- BTEPUP: PROCEDURE (QRD) EXTERNQL;

DECLARE ORD EYTE:
END STEPUP;

GUZGUENSLESRUEX : PROCEDURE EXTERNAL:
END GUEGUENSLESRUEX:

| RELAWSEXPRANGION: PROCEDURE EXTERNAL;

END ASLAWSEXPANSION; _
PRINT: RROCEDURE (POINTER) EXTERNAL;
DECLARE POINTER ADDRESS;
END PRINT: 4 :
PRINTNUMEER: PROCEDURE (NUMBER) EXTERNAL
DECLARE NUMEER EBYTE: ‘
END PRINTNUMEBER;

-
k3

/45--.\!'-**************************************************

¥ PROCEDURE ¢ SIFT
* FUNCTION .: Pitch analysis
¥ PLm CALL ¢ CALL BIFT
*  INPUT : SIGNAL.SDIGIT = 32-bit speech samples
* - QUTPUT : EMNERBY = R{D)
% BLOBALS  : R, PITCH; ENERGY
¥ CALLS t FEmMUL, FRADD
i/ .
SIFT: PROCEDURE PUBLICH
CALL ASLAWSEXPANBION;
/*;———“-T ——————————— ﬁRE—EMDHQSIS——————*————————————4—~%/
po M = i TO 933
i = GHL (M, 20 ] ] ) :
CALL FBBUE(.SIENQL(I—&).BDIGIT(O),.SlBNHL(l).SDIGlT(O)
LEIGNAL(I-4) . 8BDIGITIO))
END ,
/e e e LT ND O I NG e e e m */

po m = 0 7O 433
No= BHLIM, 1)
o= BEHL (M, 2D . o
CaLL FBMUL(.SIBNQL(I).SDIGIT(O),.w(N).wDIbLT(U),
‘ LSIGNAL (1) . SDIGIT(M ) g
cAcl FBMUL(.BIGNQL(399—I).SDIGIT(O),.N(N).NDIEIT(O),
LSIGNAL (299-1).8DIGIT(O))
EnDe

145

7
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B0 J = 0 TQ 1i:
R{I).RWORD(JT) = O

J = SHL{I, )
DO M = O TG 99-1:
N = SHL (M, 3);
CALL FEMUL (. SBIGNAL (N).SDIGIT(O),
. BIGNAL (J+N) . SDIBIT(0), . E(O) ) ;

CALL FEBADD(.E(Q),.R{I). RWORD(Q), . R(I).RWORD(Q) ) ;
£ND 3
END

DRDER = 43
IF R(M.RWORD(1) = O THEN
DO
IF R{O). RWORD(OY ¢ 70004 THEN
DOo:
ENERBY = Oy
RETURN;
END s
END«
ENERBY = OFFH:

CALL BUEGUENSLESRUEX;
CALL STEDUPR(4) ;
caLL Q$Lﬁw$EXpQNSIDN;

[ #mm CALCULATION OF e(n)————————=—-v */
D0 I = 1 TO 3
J o= BHLII,Z):
DO L = 0 TO 33 |
CIENAL (J+1). BDIGITIL) = SIGNAL (J). SDIGITIL);
iD:

mo= 1 TO It
N o= -SHL m,b)-

CALL FEMUL (A4 . ADIGIT(C) , . SIBNAL (J-N). SDIBIT (),

. TEMP(0)) 3
CALL FBSUB(.TEMQ(O),.EIGNQL(J+1);SDiGIT(O),
L SIBNAL (J+1).8DIBITLO))
EnND g
END 5

Do I = 4 TO 93;
J o= BHL{I,Z);
po L = 0 70 3
SIBNAL (J+1).8DIGITLY = SIGNAL(T) . BDIGIT(L) 5
EnD:
pa M o= 1 70 43
o= BHLAIM, 2

cALL FEMUL (. Q(M).QDiCIF(U),.SiGNﬂL( N).SDIGIT(D),

. TEMP(O)) 5
CALL FBSUE(.TEMP(”),.S;BVQL(«+1) SDIGIT(O),
LEIGNAL (J+1).SDIBIT Q) )

146
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!
END: |
END: |
]‘
s WINDOW————mmm e e m e e */ %
' |
DO M = 0 TO 49; '
No= SHL(M, 1)
I = SHL(M,2):
CALL FEMUL (. SIBNAL(I+1).SDIGIT(O),.W{N). WDIGIT(O),
.SIGNAL(I).SDIBIT(O)) ; o ‘
CALL FEMUL (. SIGNAL(397-1).SDIGIT(O), . WIN) . WDIBIT (),
. SIGNAL (396-1).SDIGIT(O)) ;3
END:
st CALCULATION OF R{N) ———————— */
TEMP(Q) = O
TEMP(1) = Qf

DO M = Q0 TO 99;
N = GHL(M, 2) 3 ' \
CALL FEMUL (. SIGNAL(N).SDIGIT(0),.SIGNAL(N) . SDIGIT(Q),
SECOY Y
CALL FBRADD(. TEMP(0), . .E(Q), . TEMRP(Q)) s
END 3
CALL PRINTSNUMBER(LOW(TEMP (1))

NONSZERQSCOQUNT = O3

DO I = Q TO 13
DO J =070 1
S ROIMORWORD () = QO
END;
J = GHL(I,Z) + LOWESTEPITCH;

DO M = O TO 87-13

N = SHL (M, 2)

CALL FEMUL (. SIGNAL (N). SDIGIT(O),

. SIGNAL (J+N) . BDIBIT (M), LE(D) )

CALL FEADD(.E(0),.R{I). RWORD(0),. R(I).RWORD(0)) ;
END g :
J o= BHLT, 1) :
DO M = (88-1) TO 99;

o= BHL (M, 2)

CALL FEMUL (. SIGNAL (N).SDIGIT(0),

. SIBNAL (N=J) . SDIGITL(O), . E(0))

CALL FEADD(.E(Q),.R{I). RWORD(O),.R(I).RWORD(())
END 3 '
IF (R(I).RWORD{(1) AND BOOCH) = O THEN
Do; : .
NONGZERDSCOUNT = NON$ZERDSCOUNT + i

CALL FEDIV(.R(I).RWORD(0), . TEMP(Q), . R(I). RWORD(M )3
END; | |
CELSE .

R(I).AWORD(D) = O3
COALL PRINTSNUMEER(HIGH(R(I).RHWORD(0)));
EnND .

By}

PITCH = 03
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IF NONSZERQECOUNT ) PLOSIVESLIMIT THEN
RETURN;

IFLTEMP (1) { VOICEDSENTREY)
MAX IMUMERATIO = VOICINGSRATIO!
DO I = O TO i3:
IF R{I).RWORD(O) ) MAXIMUMSRATIO THEN
DO:
MAXIMUMERATIO = R{I).RWORD/(0) 3
PITCK = GSHL(I,2) + LOWEST$PITCH:
=D g

e

THEZN RETURN:

GL B B B L1 UL R B R RY R

END:

fu]

EnD BIiFT;

i TD PITCH$ANALYSIG:

LE INFORMATION:

CODE ARER BIIC = Q5FCH 1332
VARIAERLE RARREA SBIZE = 00Z7H - 39D
mEYimly 8TACK SIZE = Q006H &D -

237 LINES READ
O DROGRAY ERROR(S) .

OF P_/wm—80 COMPILATION
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80 U, 0 COMPILATION DF MODULE ANALYSTS
SURCED I SELIANADIF, ORT
InVORZD EBEY: LT =

JO S LIANADIF, RO WOSKFILES(eFQ:, Q)

FOAGEWIDTH(BO)

/+**w*%***k¥k*%*%*****%%*%*****%****%************%*%*
HH

. H%
* % SPEECH SYNTHESIS SYSTEM R
*H REFLECTION COEFFICIENT ANALYSIS *
* ¥ UBING GUEBUEN LE-RUEX ALGORITHM *H#
*H (WITH PRE-EMPRASIZE) \ *¥
*% _ ¢
#%  FILE NGME t ANADIF. BRC DATE FE
*%  MODULE DEF @ Analyses speech =  ————————— %
* QUTHDR : Onder Ricioglu 22 06 85 . 3%
S * R

ANALYEIS: DOD:

DECLARE EP(17) STRUCTURE ¢

PWORD (Z) ADDRESS) PURLIC:
DECLARE R(Z5) STRUCTURE(

RWORD (Z) ADDRESS) PURLIC:
DECLARE ENC(i7) STRUCTURE

MWORD(Z) ADDRESS) PUBLIC:
DECLARE K{i7). STRUCTURE(

KRDIGIT(4)Y BYTE) PUBLIC:
DECLARE SIBNAL (400) STRUCTURE (

EDIBIT(4) BYTE) PUBLIC,
DECLARE W{i) SBTRUCTURE(

WDIGIT(4) BYTE) EXTERNAL g
DECLARE SAMPLE(1) EYTE EXTERNAL:

DECLARE {(PITCH, ORDER) EBYTE EXT
DECLARE NEAMPLE ADDRESS PUBLIC
DECLARE E{(4) BYTE PUBLIC:
DECiLARE EDUMMY (4) BYTE PUBLIC:
DECLARE BDUMMY (4) BYTE PURLIC:
DECLARE TEMP(Z) RDDRESSE PURLIC:
DCLARE OVERsFLOWsFLAG BYTE PUBLIC:

DECLARE (M, N,I,J) ADDRESS:
DECLARE ZERQ{*) EBYTE DATA(D,0,0,0):

FBADD: PROCEDURE(OR1, OP2,0P3) EXTERNAL:
DECLARE (OP1,0P2,0P3) ARDDRESS:
END FEADD;

FRAUR: PROCEDURE(ORPL, DPZ, OP3) EYTtRNQL-
DECLARE (OF:1 DDL,DDH) ﬂuDH:SS:
EnD. FRSUR: :

FEDIV: PRUOCEDURE(OP:1, UDL,Dp:) EXTERNAL ¢
DECLARE (OR:, OP2,0P3) ADDRESS;
END FEDiV:

FmmuUL: PROCEDURE (QP1, 0PZ, OP3) EXTERNAL :

DECLARE (OP1, 0P, 0PT) RADDREES:
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END FEMUL »
DELAWSS X DANS IO

NEOPROCEDURE EXTERMAL:

=ZND Q%LQW%EX?QR:;UA.

/3R KNI KB I H S K I 3T 2365 220

* PROCEDURE : GUEGUEN$LE$RUEY :
* :UNCTIDN ! Analysis using Gueguen Le-Ruex
* aluorltnm
®*  9uM CALL @ CAL BUEGUENSLESRUEX +
*  INPUT ' DITCH =pitch period
* SANMPLE = B-bit samples
*  QUTRUT ! H=reflection coefficientes
*  GBLOBALS 2R, R, ORDER, NSAMPLE, SIGBNAL
%/ CA_LE : FBMUL, FEDIV, FEADD, ASLAWSEY PANSION
\{.
GUEBUENSLESRUEY : PROCEDURE PUBLIC;,
F INITIALIZATIOM——— e e
DO w = 1 TO 10;
DD J =0 7O 1: _
_ ERA(M) . PWORD(J)Y = R({M).RWORD(J):
CENIM) L MWORD (J) = RIW- 1) . RWORD (J) 5
END:
EnD =
OVERFLOWSFLAG = Qg
A e BGUEGBGUEN LE-RUEJX ———————eev

fe—— K{D) = —

CALL FBDIV

(ER(I+1) / EN(1))—————mmm e

(EP(I+1). PWORD(Q), . EN(1). NWORD (@),

. EDUMMY (0D ) 3

RANGE CHECK————— e e

(2) > O) AND (EDUmMY (Z2) ( OFFH)

DVtP%kLDWEFLQG = OFFH:

e
IFr (EDUMMY
THEN DO:

RETURN
enD s

CALL FESUER (. EDUMMY (Q), . ZERO(Q),

caLL rEmdL(.ﬂ(1+1).thGIl(U),.EP(1+1)

LRI+ KDIGIT (O )

. EDUMMY (0)) 1

CALL FERADD(.EN(1). NWDRD(U),.CDUMWY(U)

CALL  FEMUL

ChalLL FBRDD

SEN(D) L NWORD (Q))

(.Eh(lO*l).NNDRD(O),.N(I+1).KDIGIT(O),

L EDUMMY (0) ) 3
(LEPC(L10) . PWORD(Q), s EDUMMY (Q)
SEP(10) . PHWORDCO) ) 5

PWORD (Q)
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|
DO M = I+2 TO 9: ' |
CALL FEMUL (LK (I+1). KDIBIT(0), . EN(M~I) . NWORD (), |
- EDUMMY (0) ) » 1
CALL FEADD (..EDUMMY (Q), . EP (M) . PWORD (O),
_ SE(Q) ) : 1
CALL FEMUL L EP(M) . PWORD (D) , . K(I+1) . KDIGIT(O),
» EDUMMY (Q) ) ¢ 1
CALL FEADD(, EDUmMMY {0), . EN(M—T1) . NWORD (0)
LEN(M-T). NWORD(Q)) 3 l
ChALL FEADD(. £(0), . ZER0DL0), . EP(®) . PUDORD (D) ) ; |
END ;
£nd g l

ZnD BUEBUENSLESRUEX:
R L R = SRR Rt R R

*+ PROCEDURE @ ANALYSER

¥ FUNCTIOM @ fAnalvses the signal and creates

* : reflection coefficients using auto-—

* corretlation methnod and

* GUEGUEN LE-RUEX algorithm

% pu CALL  f CALL ANALYEBER:

*  INPUT- - : ORDER = order of the orediction

* NSAMPLE = number of samoles to be used
*. DUTRUT ! K(I).KDIGIT(J) = refiection coefficients
* OVERFLOWSFLAG = OFFH if any of the ks
¥* exceeds 1 in maonitude
* BLOBALS : SIGNAL structure

#* [CALLS : FeMUo, FEDIV, FBADD, FESUR, GUEGUENSLESRUEX
.74

OnNALYSER: PROCEDURE PUBLICS

CALL ASLAWSEXPANEION ‘ !

IF PITCH O O THEN - o l

Do ) 1

DO I.= 1 TO NSAMPLE: |

CALL FESUR{.SIBNAL(I-1).SDIBITI(M),.5IBNAL(IY.SDIBIT(O)

L SIBNAL (I1-1).SDIBIT(M ) ; , 1

=ND g |
=D

T WINDOWIRNGB e me ny ]

Do |

I = 0 TO SHR(NSAMPLE, 1)-17
CoLL FEMUL (. SIBNAL{I).SDIBITIO), . WD) . WDIGIT(O),
.SIGNAL(I).SDIGIT(U)); |
COLL FEMUL (. SIBNAL (NSAMPLE-1-1) . SDIGIT(O), . W{I) . WDIBIT (4
. SIGNAL (NSAMPLE—1-1). SDIBIT(M ) ;

/e CALCLULATION OF R (I )-——sm——m————x/

DO I = 0 TO 10; |
po J = O TO 13 ‘ |
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17 4 R, nthD11) = 0;

76 & Zal )

i) 3 DO ™M = 0 7O NSAMPLE-1~1:

) £ O PEUL G SISNAL () L BDIGIT (O,
- SIGNAL (M+1). SDIBIT(OY,

51 4 CALL FEADD (. TEMP((),.R{I).RWORDI U/,
. ROI)Y.RWORD(O) ) =

I 4. END 3 -

53 & EnD s

34 2 CARLL GUEBUEN$LE$RUEX;

15 = =D ANALYSER:

6 1 END ANRLYSIS:

DULE  NEDRY AT 10N

CODE AREAR SIZE = QI7AH
VERIAR .S ARER BIZE = G78EH
mOYXIwuy, STACK 8IZE = Q008K

180 LTniES ReRD
0 PROGRAM ERROR(S)

D OF Pu/¥=—80 COMPILATION
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DL/N—80 VLG COMPILATION OF mMODULE MO

J

S

.DESWLQ¥$MESBQGE=;QRQCEDURE(PDINTER) EXTERNAL

DLACED In x5 1:BmMO0TH. ORI

TEYOTAN b - i BT e b [Ty e g ey -
o BY HOMBO rr e SrGOCTH. SR

ERAGEWIDTHED) S :
it T L R R R S SRRV AVEVIVEVIVEVIV VNIV

¥ : ¥
* 3% SPEECH SYNTHESIS SYSTEM ¥
¥ ¥ SMOOTHRER MODULE *®¥
% E
¥ FILE NAME t SMDOTH. SRC DATE *¥
*¥%  MODULE DEF @ Enables user to - * ¥
* ¥ ] smooth resulte 16 O& 1985 K
*¥¥% . AUTHOR : Under Ricioglu *%
¥ * %

-&-*%*********************************************l****/
mAIN: DQ-

DECLARE POINTER ADDRESS: ’
END DIBPLAYSMESSABE«

PRINTSMESSAGE: PROCEDURE (POINTER)Y EXTERNAL:
DECLARE POINTER ADDRESS:
END PRINTSMESSAGE

ARINTsNUMBER: PROCEDURE (ND)Y EXTERNAL:
DECLARE NO RYTE: '
EnND PRINTSNUMBER:

GETHCHARACTERS: PROCEDURE EXTERNAL:

END BET$CARRACTERS;
PROCEDURE EYTE EXTERNAL;
nD CIg
PROCEDURE (MES) EXTERNAL;
ECLARE MES BYTE;

1
[ ]

m
>
DD D e 1] e

-0

ND L0
(1T PROCEDURE EXTERNAL;
CEND EXIT:
I08ET: PROCEDURE (MASK) EXTERNAL

DECLARE MASK RYTE:
EnD I0BET; ’

DN e
OROCEDURE (AFT, FILE, ACCESS, MODE, STATUS) EXTERNALj
DECLAR=S (AFT,FILE, ACCESS, MODE, STATUS) ADDRESS;

D DPEnNg

READ:

OROCEDURE (RFT, BUF, CNT, ACT, STATUS) EXTERNAL 5
DECLGRE (AFT, BUF, CNT, ACT, STATUS) RDDR=ES;

END READ: \

WRITE?®R
DROCEDURE (AFT, BUF, CNT, BT
DECLARE (AFT, BUF, CNT, BTAT

END WRITE;:

CrLose: _
OROCEDURE (AFT, STATUS) EXTERNAL;
DECLARE (AFT, 8TATUS) ADDREES;

END CLGSE; :

ATUSY EXT=ZRNAL;
{5). ADDRESS;
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=BDIV: PROCEDURZ (OPL, 0Pz, OP3) EXTIRNAL:
DECLARE (OPL,TP2, 0PX) ADDRESS:

TR FERDIU.

DECLARE BUFFER(1) BYTE EXTERNAL: .

DECLARE (I,J,L,M,N) ADDRESS:

DECLARE (FILE, BTATUS, NFRAME, COUNT) ADDRESS:
DECCRRE (LPCEPOINTER, RAMSPOINTER) ADDRESS:
DECLARE ENDSOFSEUFFER ADDRESS:

DECLARE RAM BASED RANEPOINTER BYTEd
DECLARE LPC BASED LPCEPDINTER (20) RYTE:

DECLARE ASKEEMUOTHSFILE (%) BYTE DARTA (OAH, 0DH,
TFile name of swmoothed data @7, 0AH, 0DH, 00) 4

DECLARZ ERROR(x%) RBYTE DARTA(

TErvror’, 0AH, 0DR, 00)
DECLARZ ASKEPRINTER(%) BYTE DARTA(
Do You want to take print-—out??, ORH, ODH, 0O) ;
D=ZCLARE ASKSLPCSFILE (%) BYTE DARTA{OAH, ODH,
*File nawme Tor LPC coefficients :7,00);
DECLARE ASKEGINSZRTEFILE(*) BYTE DRTA(
File to be inserted @ *,00);
DECLARE PRONMPT(x) EYTE DATAR{GAH, ODH, )7 ,00);
DECLARE HEADING (=) BYTE DATA{(0AH, GDH,
"Frame RMS R P ki K2 k3 k& kD k&7,
K7 k8 w9 K10 7, 0ARH,O0DH, 00)

/*-}’:*l?(-%-)(-*******************************%-’t*************

%  PROCEDUREZ & CONVERT

% FUNCTION : converts ASCII string to number

% olm ALl ¢ I = CONVERT(ABCII) ;

¥ INPUT : ASCII = ASCII character

*  QuUTRUT : réturns number

* BLOBALS I onone |
* [CALLS Y none |
+/

SONVERT: PROCIDURELASCIIN BYTE  PUBLICS

DECLARE ABCII BYTE; . )
DECLARE CONVERTSTABLE (¥) EBYTE DA Al
cr ’i’,12’,,3",’4’,’5’,’5’,’7’

E) ?

?
b k] k] k] k= |
18”?91”Q”1H1?’D’7’D7 E} }_ );

DO I = O TO OFH;3
iF RBCII = CONVERTSTAEBLE(I)
THEN RETURN I3

&END 2

IND CONVERTS

/%***&*******%*********%***%*%***********%*******%%**
4 PROCEDURE ¢ CHANGES$F RAME
changes pointed entry of celected
framé to the givern value
oum CALL @ LAl CHANBGESFRAME 3
INPUT BUFFER = RBCDEFG

[ o= TFT

T

FUNCTION

* &k ok ¥ k
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AR R ST S I N
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[

0k ok ok ok ok &

*

*%/

it

numbe »

Viambe p

':pvv-.vE’:"Rv DY’,’H’
Ny oe y»

number

= Muwbey

chanoced frame
LPD$EDINTER,LQC,BUFFER
none

i

I un

mmmo o

OuTPUT
ELOBALS
CALLS

re 93 e

CHANBESFRAME: PROCEDURE PUERLIC:

N
Y

i

CONVERT (BUFFER(1)) «
SRL(N, 4) OR CONVERT (BUFFER(Z) ) 5

DO I =0 70 N-1:
LPCSPOINTER = LPC$POINTER + 18:
EnDy
LPCEPOINTER = LPCSPOINTER -~ i8;
IF BUFFER(3E) = 7"P7 THEN
Lo: :
LRE(Z) = CDNVERT(BUFFER(&));

LPC(2) = SHL(LPC(Z),4) OR CONVERT (BUFFER(S)):
RETURN

END:

IF BUFFER(3Z) = "£' THEN

po:
LPCIO) = CONVERT(BUFFER(4));
RETURN;

END

IF BUFFER(3) = "R® THEN

alu

) = CONVERT(BUFFER(4) )

{F BUFFER(Z) = 'K’ THEN

N o= 2 + CONVERT(BUFFER(4)):
LPC(N) = CONVERT (BUFFER(S)):
LPC(N) = SHLI(LPC(N), &) OR CONMVERT (RUFFER(E)) ;
RETURN;
END »

CALL DISPLAYEMESSAGE (. ERROR(C) ) ;

EnD CHANBESFRAME;

N = e e T SR 2 e L S S e S R 2R RS T L

® ok &

L

DUTPUT

PROCEDURE @ CREATESFILE : . ‘
FUNCTION @ Creates a file containing swoothed LPC
data .

CALL CREATESFILE;
EQOOR-7FFFH .....LPC data
A new file

aom TRLL
INPUT

-t
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ISESEIESEARSEN

IR B S I P P I PR P Y I R O S

I e L

K.

i

Ll &

*  BLOBALS P OLPCYPOINTER,.
*DRLLG OOPEN, WRITE, CL
oy

CREATESFILE: PROCEDURE PURLIC,

CALL DISPLAY$MESSAGE (. ASKEPRINTER(0) ) 3
IF (CI AND 7FH) = 7vy7 THEN

CALL IOSET(81H)
ELEE

CALL IOSET(&1H) g

CALL DISPLAYSMESSAGE (. ASKSSMOOTHSFILE(O)Y ) 5
CALL BETSCHARACTERS:

CALL DDch(.m,.BUFFEP(O),h,O,.STQTUS)-
«QWQHDLNTER = EUUUH'

J 1s

[ G

DO WHILE LPC$POINTER ( ENDSDFSRUFFER:

o

IF L = O THEN
DOy
CALL La(aCHy
CaLL PRINT$MESSQEE( HEADING(Q)) ¢
END:
CALL LOo( )
CRLL PRINTENUMBER(J):
ChALL b 7).

J =3+ 1
IF LPCW) =@ THEN
"N = Qg

ELSE DD
IF LPC(1) = 1 THEW
N o= 2
ELSE DO
IF LPEC(Z) = 0 THEN
N o= 6y :
ELSE
Moo= 12
END 3
END3 )
oo I = 0 70O Ny
RAM = LPC(I);
CALL PRINTSNUMBER (RAM) 5
CALL LO¢ )
RAMSPDINTER = RAM$EPOINTER + 13
END:
LPC%PRINTER = LPUEPRINTER + 183
CALL Laoaar) s
CALL LDBODH) 5
iF L o= &0 THEN L = U3
END

2@r = O.CH;

COUNT = RAMSPOINTER —7FFFH; )
COALL WRITE (M, 8000+, COUNT, . 8TRATUS) 3
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CALL CLGSE(m,._TpTUS)-
CAcL I0SET(41H) 5

END CRERTE$FILE:
/********************%*******************************

#*  PROCEDURE @ SAVE
% ~UNCTION ! Creates a file contalnlna smoothed row
* LPC data
#* Pl CALL -t CALL SAVE;
*  INPUT t BO00OR-T7FFFH . ....LPC data
¥ QUTRUT P A vnew Tile
* - GLORALS : LPCSPOINTER, RAMSPOINTER
+*+  CALLS ¢ OPEN, WRITE, CLOSE
#*/
SAVE: PROCEDURE PUEBLIC:
i BUFFER(1) = X' THEN
DOs

CALL BETSCHARACTERS:
CALL OPENC. FIL:,.BUFFER(O),_,-,.SFQTUS)-
COUNT = ENDSOFSRUFFER — &00Q0H:
CALL WRITE(FILE, 6000H, COUNT, . STATUS) ¢
CALL CLOSE(FILE,.STATUS) ;

EnD g

CRLL EXIT:

|

CALL DISPLAYSMESSABE (. ASKSSMODTHSFILE(O) ) ¢ ]
|

i

|

END SAVE:

/-K-*-X-*'%.%-i&%***%********-K—************%*********%********

* PROCEDURE : DISPLAY$FRAME
#  FUNCTION @ Displays frame data
#*  #ALM CALL = CALL DISPLAYSFRAME
*INPUT : BUFFER = RAEC
£ Q o= 7D7
* B = number
* ‘ ‘ C = number
*  QUTRUT ! Disolays frame data
* GLORALS : LPC$POINTER
* [CALLS : DISPLAYS$MESEAGE, PRINTSNUMEBER
*/ :
DISPLAYSFRAME: PROCEDURE PURLIC;S
N o= COMVERT(BRUFFER(1))
No= SHL (N, 4) OR CONVERT(BUFFER(Z)) g

i
DO I = O 7O N-13 : 1
CLPCSPOINTER = LPC%PDINTER + 18; i
END: . |
LPCSPOINTER = LPCSPUINTER — 187 1
CALL PRINTSMESSAGE (. HEADING(Q) ) ;
CAaLL Lo ") , |
CALL DRlNIbNUMHuR(R)* o , . | |
cact Lo s . . }
DO I = Q TO 17; i
COALL PRINTENUMBER(LPC(IN) 3 1
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CALL LOC )y

EnD s

=D DISPLAYSFRAME:
£ RIFHR KRR HH KR IEIEH KKK I 6903636 3696 56323 H R

*
*
£
¥*
*
*
*
¥

/

PROCEDURE : CHANGE$ENERGY

FUNCTION & Chanages eneragy levels

PLM CALL ¢ CRALL CHANGE$ENERGY: .

InpUT ? LPC$PRINTER points to data block
ouThuT : Changed eneray levels

GLOBALS : LPCSPOINTER, BUFFER

CRLLS : CONVERT

CHANGE$ENERGY: PROCEDURE PURLIC:

DECLARE

0, 52,

£94, 9
DECLRARE
DECLARE
DECLARE

E{1)

RMS (#) ADDRESS DATA(
87,123, 174, 246, 348, 491,

81,1385, 1957, 2764, 3904, 5514, 7789) ¢
E(4) EYTE:

DUMMY ADDRESS:

TENMP(2) ADDRESS:

CONVERT(BUFFER{1))

E¢i) = SHL(E(1),4) OR CONVERT (RUFFER(Z));
E(2) = CONVERT(BUFFER(3));
E(2) = BHL(E(Z),4) OR CONVERT (BUFFER(4)):
E(Z) = 03
DO WHILE LPC$POINTER ¢ END$OF$RUFFER;
DUMMY = LPC(14);
TEMP () = LPC(13);
TEMP(O) = TEMP(O) OR SHL (DUMMY, 8) 3
TEMP (1) = O
CALL FEDIV(. TEMP(O), . EXQ), . TEMP(0))
DO I = O TO 14
IF TEWMP(0) { RMS(I) THEN B0 TO RMS$FOUND;:
END;
I =715;
RMSSFOUND:
IF (LPC(O) = ) AND (I = 15) THEN;
ELSE LPC(M) = I-1;
. LPC®POINTER = LPC$POINTER + 183
END 5

END CHANGEFENERGY

FE T EEE R DL Lt **-X-*-****%%************%**%****%*****

L I

DROCEDURE @ REMOVE

SUNCTION & Rewmoves indicated frames From biock
oM CALL @ CALL REMOVE; » .

INPUT - : LPCEPOINTER points to cdata blook

ouTRUT

RUFFER (1), BUFFER(Z) = Starting frame
BUFFER(3),BUFFER(4) = Enda frame
New block does not contain removed
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LY Tt o= 0 11 LAY TN BN U =T LYY

NP U

i

L 58 B AR

S A B VT U

“
o’

-

pors

(RS O B S o

X (P20 72 00 S S R O 0 R

fw]

LRI

)

B GBS A L

ok %k ok ok ok ok & X

PILA LD PP R R

¥ frames

* E%DBQLS POLPCePIINTER, BUFFER, RQMDUINTER
¥ CALLE :CONVERT

*/

REMOVE: PROCEDURE PURLIC,

W = EDNMERT(BUFFER(I))- :

No= BHL(N,4) OR CDNVERT(BUFF:R(L))'
I = CDNVtHT(EUFFCR(u))'

1 =

SHL(I,4) OR CDNVERT(BUFFER(&));

DO J =1 7O N:

LPCEPOINTER = LPC$POINTER + 18:
EnD s :
RAMSPOINTER = LPCEPOINTER:

DO J = n+1 TO I

RAMEPOINTER = RAMSPOINTER + 18:

enD s

DO WHILE RAMSDOINTER ¢( END$OF$RUFFER:
DO J = O TO 17: ' '
LPC(J) = RAM:
RAMEPOINTER = RAMSPOINTER + 1

END

LPCHPOINTER = LPCHPOINTER + 18;
END3:
ENDEOFEBUFFER = LPC$POINTER;

END REMOVE:

gL XIS E L RS ITL LIS AL L I L LI L L L LTSS L LT L L L L E 2T

PROCEDURE & INBERT
FUNCTION = Inserts selected file after the
indicated frame
PLm CALL & CALL INSERT:
INBUT : LPC$POINTER points to data block
BUFFER (1), BUFFER{(Z) = Btartinag frame
SoUTRUT ! New block contains inserted framwes
BLOEALS . ¢ LPC$POINTER, BUFFER, RAMPOINTER
CRLLS * CONVERT
/ B
INGERT: PROCEDURE PUELICH
N o= CONVERTI(BUFFER(1)) ;
HUE EHL(N,&)'DR CONVERT (RUFFER(Z2)) ¢

RAMSPOINTER = 8000H;
DO J = 1 TO Ng '
DO I = O TO 17
RArM = LPC(I):
RQ“%PDINFER = nQMEPDINTER + 13
END
LPC%DDINTER = LPC$PDINT:R + 18;
END

AEK$AEATING: ) .
CAaLL DISPLQY%McSSQGE( AEREINSERTHFILE(Q) ) ¢

CRLL BETLCHARACTERSY
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(%1}

LR TR SR Y f— ALV M

wee

L N R

LI O~ LRI L B S R K el

-

Letd IR0

-l

W T s NS N AT

e MLWWON VYW

L

LA LA T O b B bl B2 R GG G B BB

(O S R /Y B i S S L 5 B

(DR IR R S S RN

I3

[t per

o S e N O

| SURES % B SN 5 B % B SLR Y

‘.riLE,.BUFFER(O),i,D,.STQTUS):
iF STaTus 9 o THEN :
DO

CALL DISPLAY$SMESSABE (. ERROR(O) ) :
B0 TO ASKEAGRIN: '
END 3 '
LALL READ(FILE, RAMSPOINTER, 2000H, . COUNT, . STATUS) =
CALL CLOSE(FILE,.STATUS) ; '
ENDSOFSEUFFER = END$OFSBUFFER + COUNT:
IF ENDSOFSEUFFER ) 7FFFH THEN '
Do ’ :
CALL DISPLAYMESSAGE (. ERROR(C) ) ;
ENDSOFSEUFFER = END$OFSEUFFER — COUNT:
RETURN
CEnD: -

RAMSPOINTER = RAMSPOINTER -+ COUNT:
DO WHILE LPCHPOINTER ( (END$OFSBUFFER-COUNT) :
DG J = G TO 17;
RAM = LPC(J);

‘o

RAMSPOINTER = RAMSPOINTER + i
END; )
LPC$POINTER = LPC$POINTER + 18;

EnDs
RAMSDOINTER = 8000M:

LPCSPOINTER = &000H:

DO WHILE LPCSPOINTER { END$OF$EUFFER:
DO J = 0 7O 17;
~LPC(J) = RAM:
RAMEPOINTER = RAMSPOINTER + 13
END » .
LPCEPOINTER = LPCEPOINTER + 18:
=iND 2

ZnD INBERT .

o § s

i %-;)é**-&--)&*-X-****%***-)1.-*******************%***%**********/

DECLARE BEGIN LABEL PURLIC:

BEGIn: ’

CALL IOBET (41H):

CALL DISPLAYSMESSABE (. ABKSLPCSFILE(D) ) 5
CALL BETCHARACTERS: ‘

CALL OPEN(.FILE,.BUFFER(M , 1,0, .5TATUS) ;
I BTATUS O O THEN '

DOy
CALL DISPLAYSMESBAGE (. ERROR(0) ) 3
B0 TO BEGIN:

END g

Z.8= DOy

CoLL READ(FILE, &000H, 20004, . COUNT, . STATUS) 5 -
ENDEOFSEUFFER = 6000H + COUNT: -
CALL CLDSE(FILE, . STATUB) ¢

END:

DD WHILE 13
LoGp:

16C
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CaLL DZSPLQY%MESSQBT(.ﬁRDMDT(O)):
CRcu GET%CHQRHCTERE;

CLHCEIOINTER = 000

ISR

i BUSFFERID) = v g
DO,
CAcL CHANGE$ENERGY ¢

GO 70 Loop;
EnD s ' ‘
IF BUFFER(Q) = *F’ THEN
L
CALL CHANGE$FRAME:
GO 70 Lo,
END 3
IF BUFFER(0) = "D THEN
DOy
CALL DISPLAYS$FRAME;
GO TO LOGP:
EnND
IF BUFFER(O)
Doy
CAaLL SRVE:
GO TO LODP:
END
IF BUFFERWO
Bo:

CALL CREATES$FILE:

THEN

TE? THEN

n
Q
~
T
i
z

o
GO 7O LOOR
EnD
I= BUFFER(O} = "R* TREN
DOg
Cali REMOVE;
GO 70 Looey
ERD: o
IF BUFFER(O) = 717 THEN
Do:
COlL INSERT:
GO TQ LOOP
END 5
EnDs

BDGL 0 G B3 BY G L Gl B BD G G L RIRY G4 U G B3 R G G G RD R G G G B2 R LD L] B B b

oy

END MAIN:

1

INFORMRARTION:

1
*

CODE AREA SIZE O91EH  Z3IZED
VARIARLE AREA SIZE = O0Z3H S50
mOY ivUw GTACK BIZE = O00AH 10D
431 LINES RERD

0 PROGRAM ERROR(S)

ti

F DL /M-80 COMPILATION



v LE
LER

-t

ot

fte fot

[N )

p]

par t B

Prsv-80 VEL GO
AURCED

IAVORED BY:

VL JRanM
=, HOW.

B0 sy

SORREWIDTH(BD)
R R X B T B R E T 2

¥ K
¥ %
¥ K
»> ¥
*H
LX)
33t
¥

-3

GrF
orJ

MODULE

SRAMH!

mODULE

Wik, 5RC WORKFILES(tF G

L, im0

EPEECH SYNTHESIS SYSTEM
GRAPH DISPLAY

FIlE NAME H
MODULE DEF &
AUTHOR :

Under

50W. ERE
Main Disnlay
Ricioglu

MODULE

5K
¥ ¥
* %
* ¥
*¥
* ¥

*H

* e

AFEREEEFEFERLEEEEREREEREARRRERFREREERRRARFRHFEHARENSAA* S
GRAPHFMODULE:

jalag

DECLARE
DECLARE

DECLARE
DECLARE

DECLARE

DZCLARE
DECLARE
DECLARE

DECLARE

DECLARE
- DECLARE

DECLARD
DECLARE

VCDOWN, VELT, VCDOWN, CR,° ’,
DECLARE

VOLEFT,

1 BYTE;

(FILE, COUNT,STATUS) ADDRESS:

KEY EYTE
(LEFT,

RIGHT
{0ME, CLEAR, L1)

PUERLIC:
, UP, DOWN,

BYTE PUBLIC:

(TINMESEASE, AMPLITUDESRBABSE, BTART)
ADDRESS EXTERNAL ;

DATAEUF (1) EYTE EXT

BUFFER (1) BYTE EXTERNAL:

mD8 BYTE

CrR

VCLEFT
VCRIGBHT
Veus
VEDOWN
VCHOME
VCCLEAR
VoL

INTELLEFT

§ oo o

INT E.L..R].E‘HT

INTELUP

INTELDOWN
INTELHOME
INTELCLERR

INTELLY

(DESATR, qr(CPtR) QDDRES
DES BASED DESPTR EYTE:
SRC RASED SRCPTR EYTE'
Q”in

UPRRER ()

\QX'Q(*)
71'7,

HORIZONTALUNITS
VERTICALUNITE

PUBLIC:

LITE

ERNALY

LITERALLY
LITERALLY

RALLY
LITERALLY
LITERALLY
LITERALLY
LITERALLY
LITERALLY
LITERALLY
LITERALLY

LITERALLY
LITERALLY

LITERALLY

LITERALLY

LITERALLY

LITERALLY

BYTE

BYTE DRTAR{

2

-
—dy

k]

VCLI,VCDDNN,VCLErT

' -

-

,0) s

VCCLEAR, VOLI

2 13'!
787 ?
k] 87 :
78’

?
Tiod?
> GCH?
T OEH",
’.1. ‘7.

1CH,
T 1EHT,
T 44H?
TA3HT,
9 ale s
7&-:-H'J
- 7
T48H7,

LITERALLY *4THT,

» 1BH §

* UCLI, VCDOWN,
, @0, Q0,

QQ) 3




=80 TREECER

& i DECLARE XAXIS(#) BYTE DATA(? ——m e I, 00);
7 DECLARS BASEDATA (%) BYTE DATAL  Timebase
TGl meee Amolitucenase '

- enase ¢ 20 Unite !
Urigin @ 0000 msec’ | 00) - )

-

8 i DECFQRE ASKEBYBTEmM (%) BYTE DATA (OAH, ODAX,
"Is this new MDS 7 T, 0AR, ODH, 00) 5

=] i DECLARE REK$BHOWEFILE (#) EYTE DATA(0AH, 0D,
_’Entﬁv File viame to pe gisolayed”, OAH, ODH, 0Q) 3
30 i DECLARE ERROR(x) RYTE DATA (QAH, ODH,
' ’ERRDR’,QQH,ODH,OO); .
1 1 D=ZCLARE VC414DATA(*) BYTE DATA
UDLEFT,VCRIGHT,VCUD,VDDDWN,VCHUME,
VCCLEAR, VCLI) & '
s ki DECLARE INTELSDATA(%) EYTE DATA!

INTELLEFT, INTELRIGHT, INTELUP, INTELDOWN,
INTELHOME, INTELCLEAR, INTELLI) - :
= , DECLARE INTELTRBELE (%) RYTE DATA(
INTELLT, INTELCLEAR, INTELLI, INTELDOWN,
INTELLI, INTELDOWN, CR,? 7,7 °.Q,
T=7, INTELLI, INTELDOWN, INTELLT, INTELLEFT, " 17
INTELLI, INTELDOWN, INTELLI, INTELLEFT, OQ) 3

?

/-V--)S-*************%***********************************/

CO: PROCEDURE (CHARACTER) EXTERNAL:

1
sz DECLARE CHARACTER EBYTE:

26 = END CO:

27 Ci: PROCEDURE BYTE EXTERWAL:

28z END CI; _

29 i MQVECURBOR: PROCEDURE (DIRECTION, COUNT) EXTERNAL;
0 = DECLARE (DIRECTION, COUNT) BYTE;

31 o= END mMOVECURBDR:

321 CHANGETIMERASE: PROCEDURE EXTERNAL:

3% 2 END CrANBETIMEBABE

34 1 CHANGEANMPLITUDERASE: PROCEDURE EXTERNAL:
8 & SAD CHANBEAMPLITUDEBRASE; :

36 3 S~=IFTLEFT: PROCEDURE EXTERNAL;

37 = TEND SHIFTLEFT:

S8 SHIFTRIBHT: PROCEDURE EXTERNAL:

19 = END SHIFTRIBHT:

Lo CHANGESORIGING PROCEDURE EXTERNAL:

41 2 END CHANGEFORIGING

Lz DRAWGBRAPH: PROCEDURE EXTERNAL:

A~ EnD DRAWGRAPH!: ‘

S/ DISPLAYSMESSAGE: PROCEDURE (POINTER) EXTERNALG
L5z DECLARE POINTER ADDRESS:

& = END DISPLAY$MESSAGE:

47 EXIT: PROCEDURE EXTERNAL S

L& = END EXIT ,

LS 1 OPSn: PROCEDURE (P1, P2, PE, P4, P5) EXTERNAL:
50 = DECLARE (Pi, P2, PS, P4, PE) ADDRESS;

3L 2 END DPENG _
523 READ: PROCEDURE(P1, P2, P3, P4, PS) EXTERNAL;
=3 3 DECLARE (P1, P2, 73, P4, P5) ADDRESS;
sz EnD READ;

33 i CLOSE: PRODEDURE (P, PZ) eXTERNAL;
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L

T’

o S U L & LA T T

L]

b3 O

W 4 ™ U = RS

WMo R bR e

SRS

3o

3

-t

[RCR I O I W N RO L SN

P b b3 bRaoe

ot e

-

- CaLL QRENT, lLE,.BUFFEh(O)

oo bR R v B3R R L L G B R R e

(OIS AL S S ) R ]

ool moVECL
CHL

DECLARE (Pi, P2) ADDRESS:
END CLOSE,

GZVORARRCTERS T PROCESDURE EXTERNAL
EnD CEI%CHQRQIFEQS'

JEZ T T e S HEKREEEREREREERERERKFEEEXFEREXRERNER/

BEGIN:
COLL DISPLAYSMESSAGE (. ASKSSHOWSFILE (Q)) &
CALL GET$CHARACTERS:

I= STATUS () O THEN
DO

CALL DISPLAYSMESSAGE (. ERROR{(0)) 4

B0 TO BEGING
=NDg
CAcL READ(FILE, .DATARUF (O, 4000+, . COUNT, .
CALL CLOSZ(FILE,.STATUS)

CALL DISPLAY$MEESAGE (. ASKEBYSTEM(0)) 5
IF (CI AND 7FH) = *¥* ThEN
[nju ]

SRCPTR = . INTEL$TRELE(O)»

DESPTR = [ UPPEZR(0)

DO I=1 TO 2i:

DES = SRC:
DESPTR = DEBPTR + 1:
SRCPTR = SRCPTR + 13

END s

mDE = 1
SRCPTR = . INTELSDATAR(O) 3
D '
ELGE DO:

mDg = 0= .

SRCPTR = VO414DATARM) 5
EivD g : ’
GEGPTR = LLEFTS
oI o= 1 TO 7

START=. DATARUF (0) ;
TIMEEASE=1
amoL I TUDEBARSE=32;

caLl DlsplﬁfﬁmESSﬁGE( UPPER(OD) ) ;
DO I=1 TO VERTICALUNITS;
CoLL DISPLAYEMESSABE (LY XIS (0

CaLL COO =" N
CaLL MD‘ECURSDR(US,VERTLURLUNLzg)
Do I=1 TO HORIZONTALUNITE; :
CaLi DISPLAYSMEBSAGE (- XERXIS(G) )
‘.‘;:\D’ .

e

OR{LEFT, W*hDQ ZONTRALUMITSE) &
or

REOR
. OVECURSOR (DOWN, VERTICALUNITS+3) 1

,0, . STATUS) ;

TAa

1G4




-80 CrmiPILER

i CRLL DISRLAY
L TRLL DO(Li) e
- CRoe CO(mDwT
i CRALL DRAWGEAM

DO WHILE 1
KEY=CI AND
KEY="E"
KEY=" 7
HEY=" 8

REY=RIG

-1 bl
T

T T

NI S SO N I A Ny

1 =2 bt i~ B

=
; F REY="({1
i =Dy
; i eMD BERARENMDD

LE INFORMARTION:

CODF £REA SIZE

VARIARRBLE ARER BIlE =
mAX Imlim STACK QIZE =

181 LINES READ
O PROGERAY ERROR(D)

gF PL/M-80 COMPILATION

e ey e
HTOTHEN

KEY=LEFT THEN

THEM

[
N
]

OZILH
QG 14H
DO0BH

YENEESABE (. BA

CALL
i CALL

CALL
Chcu
CALL
CALL

[

e,

EDATAR (D)) 5

EXIT:

HANGESTIMZSEASE;
CHANGES$AMPL I TUDESEASE ;
SHIFTRIGHT ;

SHIFTLEFT;
CHANGESDRIBING

"£57D
=ah
8D
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IR

tF1zBINDOW. SRE

1 BOBOL/B0OES

oBJ

QOG0
GiiS
(a]ale]s)
€915
CHO0
]
[alelaly]
116
[slelale]
51417
QOO
»E=18
[sTatuln;
2819
2000
ZZiA
OO0
7ilRm
GOQG
cCozil
oo
2Ai=s
Q000
BOLF
o000
St
QOQ0
OCEE
Q000
E1Z24
QOoQ

HAS

LINE

Lo JNTa o BRI 3 BN ) I S 0 B O

[UC )

-t Pt b

[ SO SO T
W o~ Lk

20

k3
[

B
i

3]

Ay mag v o8 = & F . Y -
HES:I\A};\,_;“’ L0 F Ty

SDABEWIDTH (80) . )
-***++**%+¥***+***%**************%*********%*******
- .¥ .

§* SPZECH SYNTHESIS SYSTEM
g HAMMING WINDOW
s ¥
1% FILE NAME ¢ WINDOW.SRC DRTE
s*  MODULE DEF @ Hamming Window ———————
¥ AUTHOR : Ondger Bicioglu 22 06 85
L ¥
-*********a**************************************#*
3
NAME WINDOW
H
PUBLIC W
H
CSER ) -
3
We DU S343, 0, 5258, 0, S3I03, @, 5377, 0
D 5481,0, 5614, 0, 5777, 0, SI69, O
DW €190, 0, 6440, 0, E718, 0, 7025, O
D 73I60,0,7722,0, 6112, 0, 8529, 0
D 8972, 0, 9441, 0, SITE, O, 10456, 0

;

*
A
*
+
*®
A
9
A




5:6-11 BOBO/BOBE MACRD ASSINELIR, VI. G WIND O 67
- 1A v 4 f
LOC  OEJ LINE SOURCE STATEMENT

048 DOZ

QG4 QGOO

ooal DBZA

QO&E GGoOO

oS0 FB2A e Db
aOss aQQo

0S4 Z02D

QOBE QOOG

0058 Bizr

GORE 0000

QOSC £831

OO0E QaQ0

QOe0 653 25 Dil 13413,0, 14073, 0, 14753, 0, 15453,
OO6Z QQO0

aO&ds. F336-

OQeE QoG

QOEB R1ZE9

QQO6AR QQQO

o0&C BD3IC

QOes QOQO .

QO70 ZD3IF : 26 ) Dl 16173,0,16912, 0, 16670,0, 18444, 0
Qo722 QQo0 .

Q74 1Q4z

Q076 QQQQ

Q078 1E41

QU760 Qa0

QO7C OC48

QU7 GQQ0 .

OB Faabk 27 W8 DU 19236, 0, 20043, 0, 20892, 0, 21703, 0
QORZ QOO0 '
Q084 4R4LET

GOBE QOO0

o088 9Cs:

oGea QOO0

a8 C7S

QOBE QOO0 )

0090 1AS8 =28 D 22554, 0, 23417, 0, 24291, 0,25178,.0
CGOTE QOO0

Q054 7HSE

QOBE OOG0

Q0S8 EZSZ

QO30 OO0

Q09T SAER

QOIS QOO :

D0/0 DORs 9 DW  2EQ73,0,26979,0,27892, 0, 28813, 0
QORD QG0

QOR4 E3ZE%2

QORE QOO0

Q0ORg8 FAECT

GOBA QOO0

O0RC 8D70

OGRE GOOO-

GORO 2074 S0
QORZ QOO0

aupd DiT7

11000, 0, 11568, 0, 12161, 0, 12776, O

'’




QO EBE
GOES
QQEA
QOEC
QOBE
QDO
Qo2
004
once
ones
oOcA

QOCC

OQCE
QODO
aoDZ
QOD4
(a18)8]A
QoDs8
GODA
QOLL
QODE
OOEQ
Qo2
Qo
QOEG
o0EB
QGER
oonel
GGEE
QOFQ
QOFZz
QOGrF &4
QOFE
[R16T¥>)
GOFE
QOFC
QOFE
Q100
aroz
Q104
Gi06
0108
QiOf
0i00
QLOF
Q110
ai1iz2
Qixa

QLi6E

0118
011/
01iC
Q11
G120

0izz

orJg

Q000
TRB7E
Onoo
287+
OO0
08ez
Qoo
ER8E
QOO0
ZD8A
aQoQ
08D
QQOQ0
gran
5295
QOO0
o099
QOO0
RS5C
[alalalu]
ARy Alg
QGG
=DAZ
Q00
8767
alalule]
18AEk
alelslv]
AilRs
[alalels]
2i1BZ
lelulele]
ST7TRES
QOO0
Oz2mr9
Qoo
[R B =T
2000
R4ERF
QOO0
Face
QQaaQ
=FCE
OO0
SR

Nelelals)

EECC
[slnlula]
75CF

Qa0

&RDZ
QOGO
anns
QOO0

BO/BOBY mMACRD ASSTwR:

LINE

-l

L
L

Lol
o
b2
[y
i)

LA
o,

WINDO 168

SOURCE STATEMENT

D

D

Did

D

DW

DU

DW

33496, 0, 34442, 0, 35389, 0, 363II6, O

37282, 0, 38226, 0, 39168, G, 40105, G

41038, 0, 41965, 0, 42887, 0, 43600, 0

44705, 0,45601,0, 46487, 0, 47362, 0

48225, 0, 49076, G, 49912, 0, SA73S5, 0

51542, 0, 52334, 0, 53109, 0, S38EE, O

S4605, 0, 55325, 0, S6026, 0, SE706, G




[8-11 8NAR

Loc

Q124
G126
0128
012

Q1zC
QizZE
Q130
Q132
0134
0136
0138
Q13A
013C
(13
0140
0i14%
Q144
Q146
0148
Or4R
0140
QL4E
Q150
Q152
0i54
0156
0158
015/
0i5C
015k
Q160
ez
Qiga
GlLE6
0168
QLER
01&C
QLEE
Q170
Gi72
Q174
0176
0178
Qi74
Qi17C
017E
0180
Q182

Q184

G186
0188
0L8A
Qi8c
Q18E

OBJ

iDb8
QOO0
DADR
Talaluly
80D
QGO0

1520

0/808% mACRD

LINE

4
33

QOO0

WIEE
QQao
FosZ4a
Q0Q0
LAET
QOGa

gTEaQ

QQOo
RSEE
QOO0
ARED
aQQG
9REF
QQQO
&

QQOa
EFFz
QoG
ChFé
QQQQ
S1F6
QOO0
BRFT
Qo0

-

-t

41

099,

QOO0
ZDhFER
QOGO
S3IEFR
GO0
4DFC
QOO0
2RBFD
oQQo
ESFD
QoQQ
8DFE
QOO0
1L2FF
Q00
TaF~
QOO0

o~
LA

CaFs.

0000

F1FF-

QOO0

44

ASSEMBELER, VI, 0

'R

WINDQOW

SO0URCE STATEMENT

DW

Dl

Dl

DW

D

bW

63419, 0, 6375

169

S7365, 0, 58003, 0, 58617, 0, 59210, O

59779, 0, 60323, 0, 60842, 0, &

1338, 0

£1807,0, 62191, 0, 62669, 0, 63057, O

U
o)

,0, 64061, 0, 6

64589, 0, 64810, 0, 65001, 0, &

£5298, 0, 65402, 0, 65476, 0, €

4339, 0

5165, 0

5521, 0




T6-11 B80RO/BOES
LOC OBJg
BLIC SYMEOLS

T Nooo
TERNAL SBYrMEBOLS

ER SYMEROLS
C QQoo

CEMBLY COMPLETZ, - NO ERRORS.

MACRD ASSEMERLER, V3.0

LINE SOURCE

45 END

Wik C 0100 s}

SETATEMENT

C ©oso

WINDDW
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-

tF1:ALUQOL. BRE

5-11 BOBO/B0OBS MALRRD
JC ORJ LINE
1
&
=]
&
7
8
=]
10
11
1z
13
14
i5
i6
17
i8
19
20
=4
22
23
1000 oh
Q03 o5
W04 E
107 o7
Q08 -8
OOR =
000 30
IQOF I
1010 o
101 I3
iz ‘34
1013 35
1014 36
0L S =7
10:E 0100 =8
101 8 oi=
W9 4O
i
42
43
4
i 1 SYMEBOLS

UNT D Q03E BCOUNT
D QOi5 L INDEX
2 D QOda Op2END
a D ool OP4zND

TERNAL SYMBOLS

ASBZMBLER, VI.O0 171

SOURCE STATEMENT
SPAGEWIDTH (80) , C :
H *****%********%****-)Z'******************************
1 ' ‘ -

3¥ SPEECH SYNTHESIS SYSTEM

: , SZ2-RIT LIBRARY DRTA

- ¥

?

¥ FILE NAME : ALUCOL. SRC DATE

:%  MODULE DEF  t Data definitions - ————————-—
% AUTHOR ! Onder Bicioolu 22 & 8%
" *. .

?

xRkl A S L et e R T S XTI EIZ LT LTI LI ILL SIS LS LT L L L TS

Y]

FEDATA

NAME

PUELIC OPi,0P1END, 0PZ, CPZEND

PUELIC 0PI, OPIEND, OP4, OPAEND

PUBLIC SIGN, INDEX, I,J

PUELIC ACOUNT, ECOUNT, LINDEX

PUELIC RESULT

DSEG
; PR T R TR R P T T T S E A S TR LR L L L L L L L L L. X
0Pt DS 3 :
OPiEND: DS 1 |
apzs DS 3 |
OPZEND: - DS i o |
0opz: DS 3 |
OPIEND: DS 1 , -
P4z DS =
OP4END: DS i '
SIGN: DS 1
INDEX: DS i :
ACOUNT: DS i
ECOUNT: DS i
iz DS 1 . -
Jge ns 1 ‘
RESULT: DW i
LINDEX: DS i
SIGNAL: DS i

ks .
- *%%****************%%***********%****************

qe o

ENMD
D 0013 I D QG114 INDEX D 0011
D008 opi D QOO0  GPIEND D Q003 :
D 0007 ops. D 0008 OPZEND D QOOR -
D GOorF D QG16 8IGN D 0QliQ

RESULT



a1 8':18':)/‘8':18":'& PACRD ASEZXBLER. V3.0 SEDATA PAGE 172

R SYMEROLS
0014 INDEX D Q011

aNT D 00Lz BEOUNT D 0013 I D
D Q015 . LINDEX D 0G:i8 0Opi D Qo0 OPI1END D CQ03
D ooQ4 OPZEND D 0QOQ7 op3 D oot8 OPZEND D OQO0OE
D QoGC OP4END D QQOF RESULT D 0016 S5IGN D QOiQ

NP D Q019

SWELY COMPLETE, NO ERRORS



I3

5
S

7

'3

RS}

0
53]

PALUQOZ, SRE

8080/808% mACRO

[N}
r~
i
z
it

c-wmxxmmx:\wr.:n—?

O
(A1 = U SO o

fy
[0y]

[eraprrs
o~

-

+

=0
-

L1
'-.' .'-.,
[ S Y
——r
ol
<

=3

o~y =

=6

28
o
—
EAR)
—
=1
T
e e
rer
P
-r

534
—r

-t

il o)

37
8

=
2

40y

&~
Wiyt era e

LﬂUlLﬂUIlf__"IF*féL\L‘F\a'}

B oG by e

ASSEMELER

SOURCE STATEMENT

, V3.0

SPABZWIDTH(AM
;*********+*%**********************%***4****++4*****
%
1 *
HE SRAEECH SYNTHESIS SYSTEM *3
S » ADDITION, SURTRACTION, MULTIPLICATION *j
1% | < *
;% FILE NAME 2 ALUGOZ . SRC DATE N
i%  MODULE DEF 1 Four byte arith. — ————————o ¥
3% RAUTHOR ! Onder Bicioglu 22 06 &3 L
n % ¥* 4
KKK HTR K IH I FHHHHHHH M
3

MAME FEARIT
3

EXTARN 0P1,081ENMD, DP:,DP_-uD

EXTRN . OP3, 0PIEND, OP4, OP4AEND

EXTRN.  SIGN, INDEX, I,J

EXTRN LINDEX, RESULT
3

EXTRN BYZ, TIMESZ
' PUBLIC FEADD, FRSUE, FEAUL
3

C5EG

k] .
o Rl X W N I W T A A e A e e He 3 WA N AN N N A W R e 3R

. PROCEDURE

. FUNCTION

:

; .

;s PLm CALL

7 INPUT

;

:

:

. OUTRUT

. GLOBALS

: CALLS

. DESTROYS

fEADD:  POO
XTHL

| LDAX
ADD
BTAX

' INX
TnX
X
DAY

-
-

s% wx 3 e

REBULT......address of the first byte

all

FEBADD
Adds two. four byte ooarands ooxnted Dy
tha first two parameters and -placed ¢t
rasulit to the memory gointed by the L:
ooerand

CALL FEADD(O~ZRANDL, OPSRANDZR, REQY
OPERANDL. .« - address of the first
af First oo@ranc .
OPERANDZE....address of the first byte
of thne second ooerand '

-
i

byte

of memory to store the result
RESULT=result

none

rove

=

W)

MmO




.

b

LAy

i ot e

Piouit e

[Na s

OmDn

ba - O M g

u &

‘T BOSG/B0DBS MACAD ASSEVELSR

St VT RML A LD

oRJ LINE SOURCE STATEMENT
8= 33 ADC "
12 56 S5TAX i}
37 v
23 =1=) InNX -
15 59 TAIX D
s = INX E
on &1 LDAX B
= ' =3 ADC v
z £3 STAX D -
€4 ; | |
23 65 InX H |
13 =1 I D |
03 &7 inN% &
oA &8 LDAX B |
8z 59 ADC m |
1z 70 STAX D , - |
71 3 . ' . .
(8= T2 RET
73 ;3
T 3 333N B I 6 I I 06 I I 6 63636 I I 36
73 ; PROCEDURE @ FRSUER
76 3 FUNETIGON @ Buptracts the four byte ocorand ooint
77 ; by the first parameter frow the second
78 four byte oarameter end siuts the resul
75 3 to the memory location oointed by thiy
80 saramater
81 ;- PLM CALL : CALL FESUR(OPERAND1, OPERANDZ, RESULT
8z 3 INPUT i DPZRANDL....address of the first oyte
a3 of first ooerand
B4 g DPERANDE. .. . address of the first byte
83 of the second operand
8& : RESULT......address of the first byte
87 of memory to store the result
83  QuUTPUT : RESULT=result
83 : OGLORALS : none
90 :  CALLS ! none
91 : DESTROYS : all
9z
=1 93 FBESUR: POP H o
=3 24 XTHL ( :
93 =« 1
o0R 96 LDAX =
=13 g7 SUR i |
1z 28 5TAX D 1
, 93 5 1
23 . 100 INX H-
13 101 INX D ;
Q3 102 INX = |
an 103 ' LDAX R '
=T 104 SER M !
i : 105 3TAX D o
106 !
o3 107 INX H 4
13 108 X D i
a3 109 INX R !
' |



o a0 U S D U UL et S

-

I 8MBO/BOBS MACRD ASSEMBLER, V3.0 FEARIT

jen S G B SRR VATR CX RN BN E L £0 J SX g

175
OEBJ LINE SOURCE STATEMENT
oR 110 LDAX R
SE 111 SER ™
1z 112 STAX D
113 ‘
23 114 INX H
13 115 INX D
03 116 InX E
0A 117 LDAX E
1 9E 118 SER M
iz 119 STARX "D
120 ¢ )
T C9. - 121 RET
iz2z 3
12T 7 REHHREHIH KRR NI N T I3 W T I I RN R IR R R
124 ¢+ PROCEDURE @ FENMUL
123 3 FUNCTION : Myltiplies two four byte operands and
126 places the result to the memory
127 3 location pointed by the third paramwete
128 3 PLM CALL @ CALL SEmUL (DPERAND1, OPERANDZ, RESULT) 3
129 ¢ INPUT ¢ OPERAND1....... First multiplier
130 : OPERANDZ. + . .« . . .Becond multiplier |
i31 ¢ RESULT.........DoxntS to the wmemory to
i3z store the result
133 ¢ OUTPUT ! RESULT=result
i34 ¢ GLORALS : 0OPi,0PZ, OP1END, OPZEND, INDEX SIGN
135 ¢ CALLS : FBQDD BYZ
i36 :  DESTROYS : all
137
210000 E 138 FBEMUL: LXI H, OP1
af - 139 LDAX R i
77 - laa MoV M, A |
=3 4 141 INX H |
O3 iaz INX E '
0A S143 ' LDAX E 4
77 a4 L(ulY M, A !
23 145 INX H !
0% 146 INX R 1
[g]al 147 LDAX E !
77 148 mav M, A
s 149 INX H ]
a3 : 150 INX E
on 151 L.DAX E i
77 152 MoV M, A :0P1 loaded |
: ' 153 : 3
Ei iS4 poP H l
£ 155 XTHL 1
aiGoa0  E 156 LXI B, 0Pz :
7E 157 MoV A, M 1
az 158 8TAX b= |
=23, 189 INX H |
03 1E0 INX - B )
-z 1861 MmOV va
oz 162 8TAX B
— 163 INX H
;: C 164 INX B




-I1 8NBO/BOBY MACKRD ASSENMELER

OBJ

C

LE T7E

4E Q2

S0 23

S QF

5z 7c

535 Q%

T4 ER

155 220000
S8 AF

=9 77
158 23

3R 77

BT 23

=D TT

BE 23

5 77
160 IZONND
63 ZE1F
eSS 320000
68 3Eil
16/ B2Q000
6D 210000
70 COEROQQ
73 3EQQCO
' 7E EEO:
378 CZ8CQ0
TR 210000
372 CDOQNO
381 210000
184 IS

1ES 210000
B8 5

189 C273IN0
180 210000
38F CDERQG
H9E ITAQON0
V23 R7-

136 CARASNQ
1899 3D

SR 20000
35D ZRQGOY
R0 23

E

m

I m

1

i

T mayp

[

[

om

M

GRON:

GO0NT =

?

DOMULT:

SOURCE &

Mo
8TRAX
InX
INX
el
8TRX

XCHE

SHLD
XRA
MoV
INX
Moy
InX
MmOV,
INX
MoV

5TA

MV I
s5TA

MVI
5TA

LXT
CALL

LDA
AN
JNZ

LYI.
CALL

LXI
DCR
LXI
DCR
JINZ

LXT
CALL

LDRA
OrA
JZ

DCR
5TA

LHLD
InX

, Va0

mn
m
D
i)
Lt
-1
[H
~J
m

-y

TRATEMENT

;0P2 loaded

REQULT
A

M, A
M, A
H
m, A
H s

M,A :
‘ sREGULT zeroed
SIGN

m

:8IGN = +
A, 31
LINDEX

LINDEX

I
0
)

A,17
INDEX
$INDEX = 17
H, OP1END
SENCHIK
;conversion if necessary
0p1
i
GOON:

?
=, ORIEND
BYZ
;0P = 0OP1 / 2
H, LINDEX
i
+H, INDEX
M B
GOON
?
H, OPZEND
SENCHIK
sconversion if necessary

f INDEX (OO then

L
?
sdecrement INDEX

i
i
|
l
5
5
|
|
1
|



g1

oc

OR1
QRZ
ORS

.~

OEE

a3
iGRC

1O8F
ez

nes
0BG
WRR

WBC E

WED
1GLG

10CE
WNCE
WC7

a0
WD
1IGCE

1GCF
1D
10035
10D
QD6
D7
1GoE
HAde)=)
DA
WoC
WIiDD
WODE
W00
1000
T
WeEs
Wiz d
10eS
e 6
108

-

Je==

W0OEA

QR
1QEC
io=D

BORD /BOET

(R =N
23
23 _
CDanng by
C3nFno c
210000 c
(malulslulel =
210000 =
CDOons E
DZEION C
SRGCOD by
S

Q10000 E
CDoQQoQ cC
210004 y
35
CZ23200 C
JE0OQO0 E
B7
ca
SROGOO b=y

Ar
7E

DED:

-
e

77

e
.t

7€
DEGG
2F
77
23
=
DEQO
2F
77

papn’

7E
DECH0

(Joed
w T

77
C9

B7

Fo

R
RS TRESIN

LINE

PR
e
221
S
e ot L,
e
I Ao
224
.
220
BTt Fasl
R w]
v
w il f
228
e
S
-

230
231
252
B
[ry W L }
e

=354
il =
2D
L St

S

.

257
Bttt

=38
T
=0
240
2ai

242

24T
T
45
ZUE
z47
48
249
250
251
25z

<
e

254

2355

256
257
258

et

25
260
261

B} "
B <

ZES

=64

Z€5

e

266
267
&8
269
270
271

R o)
272
e
PORy gre ]

Y

274

FBARIT 177

SOURCE STATEMENT

INX H
INY e
CaLL
sREBULT = RESULT /. 2
JMP SIFTOL ‘
SIFTO2: LYI
catil

H, OPZ
TIvEST
:0P2 = 2
H, OP1END
EYZ

SIFTOL: LXI
ALl

JNC NOADD
LHLD RESULT
PUSH  H

XCHG
LXI
CALL

B, DPz
- FEADD )
:RESULT = RESULT +
LXI H, LINDEY
DCR m

JnZ DOMULT

NOADD =

$If LINDEX () O then leooo
LDA SIGN f
ORA A
RZ

"LHLD
XRA
may
sUI
CMA
MOV
INY
MoV

_SEI
CiA
MmOy
INX
MmOV
SEI
CMA
MoV
INX
MOV
SEI
el ,
Y M, A

DD
=

~ i}
ke i8]

C

l“

._l

oD I X
=

D =
D = D

DT =R
=3

EXIT:  RET
: ***********%**%*******************************4&*
? .

SENCHK: MOV f,

ORA A
RP



(S~11

-GC

IQEE
DOEF
DOFO

Oo0F s
DOFZ
GoOF3

QOFS

QCGF6&
QOF7
aOF8
GOF g
O0FE

QOFC
QOFD
QUFE
QOFF

0101

Q102
0:03
0104
Q1035
QiQ7

oL08
QiQR
giol
QrOF

2EMD
4= ND

ER BY

)

ML

ADD
ZEND
4END
FTos

8NB0O/B08% MACRO

OrJg

]
-
ST

sy o)
2R

7E
oF
CEO:
77

O

s waed
7E
ZF
CEO0
77

-
o

7E
oF
CEQQ
77

—-r
Y
-t

7E

pra
Ceo
77

ZROOND
oF
20000
CS

BYmEBOLE

T anQo

L SYWMROLS
E QQOQ0n
& OO
E Q0o
E QQQ0
MBQOLS

£ 0000
C aGzo
E Q0000
C Qo3
E QOO0
£ QU0
C DoRY

m

FrmMUL

4

=)
ops
RESULT

DomuLT
FREUR
INDEX
gpi
DPa
RESULT

BIBN

QSSENE_:Rv V3.0
SBOURCE STATEMENT

]

DCx =

DCX H

DCX H
N

eV A,

CrvnR

ADI i

MoV M, A
H

INX o

MoV A, M

Crin

(AT G

mav M, A

INX H

Moy . A, m

CHR

ACI Q

MoV M, A

INX H

Moy A, M

CrMA

ACT Ci

mov M, A

L.DA SIGN

ChwmA

STR SIGN

RET :
3
H
M .

=ND
C Q020 FRSUER C oois
E 0QQQ INDEX E 00600
E Q000 OFL1END E 0QGQ
E Q0QQ0 OPIEND E QQUGQ
£ QOO0 SIGN E QGO0
C o9z EXIT C 00sh
C o018 GoON C Q073
£ 0000 J E 00Q0
E QOQO ORIEND E QQQn0
E Qoo DRIEND £ DOOO
E Q00O SENCHK T QOER
£ 0000 TIMESZ E 0QQGQ

FH R KRR E R F AR R F KR HEH R R R R E IR R R H K, KW KA

FEARIT

o
Rz
0P4

TImESZ

FERDD
GO0ONI
LINDEX
apz
op4
5IFT01

munpminpm

ommmeo o

QOO0
aQQQ
OQ00
aqQQo

[alelale]
QQBC
0000
QOO0
(alalala]
aQAr




T ALUDOE,

LoRn/ a_‘_,l')a“.

pi=N}

nf—

u_dnuu
IToO0G0

20000
&~
OR

Ce0x
77

]

frmpym

Hi

SRC

MR RD

-
-1
z
I8

2RI SU S
by S o e by

.
bl .

26
27

28

-
=g
- -
=L
-

o
ra
T
RN
- -r
td o}

=/

wred

e

ot d
36
37
38
39

JLU

4z
43
4t
4!

47
48
49
SQ
ol
52

53

14

ARSERMRBLER

R, VI.0

DIVIDE , 179

BOURCE STATEMENT

FOAGERIDTH (80)
-x*+¥x*+¥»*%\¥****%x*%*****%**%w******%*********%**%*

RS
;-il'-
S
T #

¥ FILE NAME .

¥ MODLR.E DEF

«%  AUTHOR

;¥

. *.y.

SPEECH SYNTHESIE SYSTEM * %
DIVISION *%

* %

POARLUCOS. BRC DATE *
: Four byte arith.,  ————————— ¥
: Onder BRicioglu ’22 Q& 85 ¥
%K

3 ******"‘*'}r'ﬂ FEEFEFEEEREXX XX ERXAXXRAXEKR *******************

-
-

g

Y

¥ -h--k“

FrROCE
FUNCT

dr oaam

INPUT

ouTAU

CALLS
DESTH

T aw ve MU Gy R ME MET NE uv g W ou3 e

EDIVE

~

ar

NAME

PUBLIC
PURLIC,

EXTRN
EXTRN
EXTRN
EXTRN
EXTRN

CSEB
X FF R

DURE
10N

Pim CALL

T

BLORALS -

ays

XCHE
SHLD

¥ RA
5TA
8TA
STA
sTA -

LXI
¥RA
LDARX
cwil
ADI
piDw

3¢ ®=z $3 e

e 3t I P W S FH B KW H W W H I N N W W KRR R W H K

DIVIDE

FEDIV,BYZ, TiMESZ
LOOPL, LOBP, CHKBENM

ACOUNT, ECOUNT, INDEX, SIGN
I,J,RESULT

OP1, DP1END, 0P, DPZEND
0PI, OPSEND, OP4&, OP4END
FESUR

FRDIV
Divides first ocperand by the seconc one
places the result to the wmemory
iocation obointed by the third paraweter
CHLL FEDIV(OPERANDIL, OPERANDZ, RESULT);
OPERARNDL. v . » .« ciividend
OPERANDZ. s+ ... divisor
REBULTewaaweawaresult

RESULT=result

DP1, 0OPZ, OPiEND, DPZEND, INDEX, BIGN
FEBADD

altl
RESULT
A
SIGN reign=+
ECOUNT  ;RCOUNT=G
1 1 I=0

ACOUNT - ¢ ACOUNT=

H, 0Pz

ol D

M, A




K=T

.oc

1iE
WL E
310
20D
J0IE
2020

0021
oOZe
0023
GOZ4
0025
GoZ7

QGz8
Qo2
OGzA
QazE

Qo

GOzZF
QO350
QOT2
2OEE
S A
Q038

QOIS

GOEC
OCGZED
QO3E -
QGEF

GOLO
QD4ai
Qg
QL3

Qoas =

QU4s
nnag
Qo477

Qo48

QU049 E

a6y
GoLD

QOac
QOLF
Q050

GORZ

BAg/8085 »ACR0 AGSSvE:

OEJ

-
£

=3
af

dene.

CoQl
77

03
oA -

.
s o

CeOn

77

03

QQ‘
E7

e

=2 SEOG

ZF
czon

77

o
oy
[yl

IZQQO0
D RLAN

77

S OB N R
Domm ~NDmmo

77

-~
[l

7E
e

ol ol
Cen

oz

]

LINE

| =gk vy
jus e 4

=6
57

58
59
&0
&1

-
[

&4
&5
=1

30

100
101
10z
103
104
105
i06
107
108
109

d=iare DIVIDE 180

SOURCE STATEMENT

INY, B

InX H

LDAX B

CrMA

ACT O

MOV v, A

INX =

InNX ki -

LDAX B

CinA

Al O

MoV v, A

INX B

IMX . H

LDAX B

ORA A

JB PLUB

CimA

ACT 0

mav M, A

mVI A, DFFH

57TR 2IGN

Jmp GDON
pPLUS:  mOV M, A

DEX H

DCXx E

LDAX E

poV M, A

BCX H

DCX B

LDAX =

¥ M, A
' DCX H

DCX E

LbAax B

mav m, A
G00N: poeP H '

XTHL ,
- _ sget first parameter
' LXI E, OPi

XRA A
) MOV A, M

CinA

ADI 1

57AX - R




S5-I BNRO/E0GES
or (Ong

OS3 O3

OSda =3

Qo5 78

QS6 25

107 Ceon

1sg o2

WSE O3

QSR 23

Wst 7e

WD 2F

NSE CEnn

1060 Q2

WBL a3

WER 23

WES T

20EL BT

JOES FRTEQO C
2068 2

2069 C00

IGER OZ

QOEC IAONND €
GOEF . ZF

0070 IOO00
Q73 CIRION
Qa7e OX

Q77 2B

0078 OR

oa7e 7=

D076 O

DO7E 2B

aQ7C OR

NO7D 7=

Q07 E QZ

QOT7E 2B

QGE0 OF

D081 7=

JGEZ Q2

D83 ZR0000 £
D086 A

naa7 77

aOaE 23

Q089 77

O08nR 23

QCGEBR 7T

Q8L 23

a08D 77

QOBE IROQOO £

0091

EE4n

O 1

mACRD

I
*
2
F

[EVRE A

N T RN

[ AN
N OO R R e D

o et

118

“s

o

X

e

IngX
INX
Moy
CmA
ACI
STAX

INX
X
MoV
ORA

- JR

Ciwa
ACT
STAX
DA
CinA
STh
JMp

8§TRX

DCX
LCX
MoV
8TAX
DCX
DC¥
Moy
STRX
DCX
DCX
MoV
STAX

LHLD
XRA
MoV
InX

Moy

InNX
MoV
IMX
MoV

DA
ANT

EDWMIWMDWIMDMI W

o m

=

<

’UIJQIJ Irm
=

Q

516N

SIBN
popIv

=

=

OPiEND

a40H

DIVIDE

X )

g

- RESUL

T

PAEE 181

is made zero




5-11 BNAN/BOBS MACRD ASSEMELER. VI. C BIVIDE .
* - K= W

oo [T T o o e P
Q. Omd LINE BOURCE STRTEMENT -
09% CI2E200 C ‘

JNZ OpPi10K

—r gt

+

O5E 21000
029 CDAJOL
D0 ZL0nng
095 T4
DA SS1F
GRZ BE 17z Cwmp

a3 CRS7NG - 173 JZ EXIT

X H, 0P
TIMESZ
M, ACDUNT

ro~d Y LR

ol o
-
>Z
-

=t
Z.
Ai

per Bet s

m oy
- -
]\J\lmr__l?ljhmm
0
n
F
r

L
=
<
i
DX
-.v
2]
furs

,~
~J
o~

jDQB C2BE00 - 173 Jimnp LEDIv

Y

-

~4

=~}

r_j o
T

Pt

Cl

=

g

RS SRQQO0 10K LDA Gpzend
1W0AC EE4LQ i78& ANI 40K
WNAE CERIND C JNZ OpzoK .

C
o
~J
w

“w

WEL- 210000 181 LXI  H,DOpz
R4 CDATFGL iez CALL TINMESE |
WE7 210000 183 LXI - H, BCOUNT
IGER 34 184 INR ™
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