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ABSTRACT

A novel approach tog’Dual Tone Multi-frequenoy (DTMF) Receiver
re&lizatioé/ is presented. Linear.prediotionror Autoregressive
(AR) time series modelling 4is .used. Various modern speoctral
estimation teeg;iques are explored because of potential
properties that "~may overcome some of the disadvantages suffered
- by the existing DTMF receivers. Of the different methods in the
class o©f parametrio speotral-estimation techniques, the AR model
is chosen. Simulation studies regarding the proper choice of the
number of data samples, model order and the number of polnts at
vhich the ©power espectral density 1s estimated to match the
receiver performance to the Bell system speoifications 1s
presented. Simulation studies of the performance of the receiver
in a typical telephone environment prove that AR spectral
estimation 1s an attractive alternative to exlsting methods
employed in DTMF Receivers. The model is implemented in real-

time on the TMS 320 digital signal processor.
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CHAPTER 1
INTRODUCTION

Alm:

The aim 6f this +thesis is to present an attractive
alternative to existing methods employed in Dual - Tone
Multifrequenoy (DTMF) deteotion and to implement this

technique. The suggested method should be as universal as

possible.

Wwith this view in mind, varilous modern speotral estimation
techniques are explored beoaﬁse of potential properties that
may overoome some of the disadvantages suffered by the
existing DTMF receivers. One such estimation teochnique, the
Autoregressive  modelling approach, 1is ohosen and its
performance in & typioal telephone environment studied. The
model is then implemented on the TMS 320 digital signal

ProCessor.

Until now, these modern speotral estimation techniques were
of mostly an academic interest because of their ocomputation
intenslity. These complex algorithms requife a large number
of multiilioations and additlons. Realutime_implementation
of these +techniques was not yet a réality for all except a
few baslic and simple algorithms. But with the Texas

Instruments =~ high performance 16/32 bit TMS 320



microcomputer, it 1s now possible to lmplement numerically
intensive algorithms in real-time. This motivated us to

implement the AR spectral estimator in real-time.

DTMF Signalling:

Introduced about 20 years ago, DTMF signalling (1], [2]
(also known as Touch-Tone, Tel-Touch, Digitone eto.) has
been steadily gaining ground at the expense of dial-pulse

signalling. 1Its advantages are:

0 Convenienoe cof use
o Efficiency

0 Increased rellability

DTMF signalling is now no longer confined to telephony but
is also applicable to other areas as answering machines,

radio oommunibations. data transmlission and remote control.

In Touch-Tone slgnalling every digit is represented by a
composite audio signal made up of the superposition of two

tones, one from the low frequency group

697 770 852 941

aﬁd the other from the high frequemncy group

1209 1336 1477 16353



The digits and theilr corresponding frequencies are shown in

table 1.2.1.
Table 1.2.1. Frequency assignment of the digits

1208 13386 1477 16833

' 697 1 2 3 A
770 4 5 6 B
852 7 | 8 9 c
941 * 0 . D

Since the signalling'.frequenoies fall inside the 0-4 KHz
bandwidth used for transmitting speech speoial features had
to be 1incorporated into the enooding scheme as well as in
the deteotion orlteria so as to distinguish real DTMF tones
from the ones simulated by speech [3]. This lead to the
decisicn in the enooding scheme, to have the low group and’
the high ¢group, and to represen£ eack digit by 1two
frequencies, one from the low group and the othg¥ from the

high droup. The partioular frequenoles were then chosen in



suoh A manner. that nelther their harmonics nor the${

intermodulation products fall in one of the tone bands.

For the deteoction oriterig.l it was decided that a tone
skhould normally be present for 40 milliseconds since 1t is
highly wunlikely that speech simulated digits be present for
such & “"long" perliod of time,and it was felt that very few

persons would ¢generate speech pulses of less than 40 ms

duratiocn [3].

This lead to the following DTMF recelver speoifioatlons

Tone burst (min): 40 ms ON, 40 ms OFF
Repetition rate (max): 12 pps

Valld tone acoept: +1.5%

Invalid tone reject: +3.5%

Input dynamio range: -26 dBm to +6 dBm
Signal to noise ratio: 15 dB

Thew fourth golumn of push-buttons (1633 Hz tone) 1g usually
not present in todays telephone Esets. However 1t is
available for future ﬁse. A 4X4 matgii. of buttons is
presently used 1n some military telephoges and is suitable
for 1implementation 1n telephone sets intended for multiple
funotions suoh as finanoial transaotion termimals, credit

oheoklng machines and some PBX or CBX systems.



™
The dual tone signal 1is heard 1in the ear-plece and is

transmitted over the telephone lines to the private branch
exchange or direotly. to the lcoal exochange where it 1is
decoded into the digit that it represents. The decoder
cirouitry (Figure 1.2.1) entrusted with this task 1is oalled

the DTMFP reoceiver.

DTMF Receiver w 4 b

‘

N

i et a‘“\
T '\\ 1ond

4.\ A4 UG_]_U_Q.

Figure 1.2.1 DTMF Reocelver.

1.3 Multifrequenoy Signalling:
In this signalling scheme, every digit is represented by the
simultaneous presenoce of two frequencies out of a set of six

frequencles. The digits and their frequenoy assignments are

shown in Table 1.3.1
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Table 1.3.1. Frequency Assignment of the digits.

700 Hz + s . .
900 Hz . . : :
1100 Hz_ : s .

1300 Hz r xox
1500°Hz - B

1700 Hz

9

0O A B_P D S

This signalling soheme is used for inter-office éignailing

i.e. for signalling between two telephone exchanges.

It is olear that MF signalling scheme

uges different

frequencles from the DTMF case and the idea of low-group and

high ¢roup frequencies does not exist.

Currently Employed Approaches:

A good disoussion of these is given by S. Cohn-Sfetou and G.

Klowak [4]. A few of them are:

Classic analog implementation using separate filters for each

tone [3],[5]. But &sinoce this has been optimized for DTMF,

the same design does not work equally well for MF.



“u
Zero orossind’ -deteotion [6] using digital period counting
relying on a zero-orossing deteotor. This method is again
not sultable for MP since the two tones are not separable as
they are in the DTMF scheme.
Bandpass filtering (Reoursive and FIR bandpass filtering)
using aotive or passive fillters. These seem to be popular
and have been successfully implemented by Cohn Sfetpu'and
others [71,[(8].
Quadrature detection algorithm in which digital modulaticn is

employed [9].

FFT-basod receivers [(10] 4in whioh the popular FFT approach

for speotral estimation 1s used.

A new approach is sought for to provide the oost-advantage of
a single ohip implementation and the techniocal performance of

the linear prediction technique.

Designers Dilemma:

The encoding scheme and the deteotion oriteria evolved as a
result of trying to distinguish true DTIMF tones frcm the ones
simulated by speech. However, the designer 1is always faoed
by & dilemma; if the "aococept” oriteria are too relaxed, DTMF
tbne—pairs are quickly recognized as valid And B0 are speech

segments.' If the “"accept” oriterie are too striot, deteotion



time 1is inordinately stretched and the receiver is no longer
in compliance with  timing requirements. Hence the
implementation designs that have come up are a trade-off
between tﬁe "talk-off" performance (immunity to tones
glmulated Dby speech) and the ~toleramce to received-tone

imperfection and noise.

.6 Potential Applications:
DTMF receivers are used mainly in oentral cffice and PABX

equipment, as shown in Figure 1.6.1.

r

N

A. Digital Call Office or PABX

— ' .
— DTMF | §——{ CONTROL
——tr— ~
. RECEIVER PROCESSOR.,
+—

~

B. Step-by-Step Call 0Office or PABX

DTMF ——— PULSE
(\ —— | N ‘
RECEIVER > DIALER
__q‘___

+

Figure 1.6.1. Conventional DTMF Recelver Applications

/ .
Some of the potential applications [6] are:

8



Use of receivers at the subsoriber end of the installation,
transforming +the standard voioce channel into an eébnomioal
means of data transmission. The data may be entered through
any standard (DTMF) %elephone keypad eliminating the need for
modems, acoustic oouplers and other speoia;iéed interfacing
equipment. The disadvantageq‘would be

o] Data—tf&nsmission being one way only

‘0 Limited transmission speed

o Limited oharaoter set as compared to modem sclutions.

‘But there are a host of applications where these short-
oomings do not 1mpose a limitation e.g. applioations
requiring  only numerio data plus the "A", "B", "C", “D“? han
and "#" and where data entry speed is limited by speed of the

operator (human) input. ' e

Use of DTHF in remote control applications namely in the home
to .oontrol heating, appliances, pay TV eto. and in the
industry to oontrol remotely located installations such as
data loggers,‘.radio transmitters etc. The inorease in cost
would Dbe only at the oontrolled Ilooation needing a DTMF
recelver and .the appropriate interface oiroultry. The
controlling 1location would be the Touch-Tone telephone. But

the benefits would be:

0 Elimination of equipment at controlling loocation

¢ Lower maintenance costs

o User friendliness



I
6.¢. a salesmén on the road may enter his orders directly
into a central oomputer from any remote location without
speclalized portable equipment.
Remote control and data-entry are both applioations requiring

essentially ‘“"one-way" data transmission as shown 1in Figure

1.6.2.

S P T RO P N S

CONTROLLED
CONTROLLING LOCATION

EQUIPMENT
- MOTOR

' INTERFACE
- 1L
H

@ CIRCUITRY

DTMF

RECEIVER ALARM

.L CPU { LAMP

Figure 1.6.2. Remote control application with "one-way" data

transmission

Some appliocations may require “two-way" data transmission
where the ocalled looation is required to give some response.
(Figure 1.6.3) e.g. oredit card verification where a central
ocomputer must provide & confirmation number in response to a
. keyed in card number. Here voloe synthesis oould be used for
detailed fged—baok responses. This may also bring some of
the funotlons of today’'s "eleotronic baqk tellers" directly

into the home, agaln without added subsoriber equipment. °

10



DTMF

RECEIVER

AUTOCALL

if—1———— CPU
ANSWER

VOICE
SYNTHESIZER<:::

Figure 1.8.3: Remote oontrol applioation with
"two-way" data transmission

\
All these advantages stem from the faot that the calling
loocation 18 a simple Touoh-Tone telephone and the system oan
be accessed from any remote loocation.

’
The same approach can be used in industrial ocontrol systems.
The esystem does not necessarily have any interface to the
publioc telephone network as in Figure 1.8.4. Here the
designer does not have to deal with the "taik—off“ problem
and hence can adjust the signalling parameters such as tone

durations and ampl}tudes to sult his specifio application.

11




DTMF
‘ MICROPROCESSOR fued DRIVER —( ALARM )
RECEIVER
,l'l.
r Ny
RN 4 i
DTMF N
RECEIVER MICROPROCESSOR p=d DRIVER —C MOTOR )

Figure 1.6.4. Possible Industrial Application

DTHF signalling is also being extended into mobile-radio
telephone applioatigns Figure 1.6.5. The radio link can plug
in transparently +to the telephone network, éimplifying the
interface and the same DTMF signalling can be used to
transmit channel and other information to and from the mobile

installation.

12



CHANNEL DTMF
SELECT ®—1 RECEIVER
T /R
X X
VOICE
- - & CONTROL
KEYPAD — TONE
GENERATOR
MOBILE STATION

Figure 1.6.5:

[

1.7 ©Outline of thesis
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& CONTROL DO
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0
TONE
GENERATOR ‘ '

BASE STATION

Mokile Radio Telecommunication

model as a processing strategy is then given.

the DTMF Receiver task and the processing

Justification for +the choloe of the AR




Chapter 3 discusses 1n detail the AR prooess aQ¢ basis of AR

model quality.

Simulation studles regarding the proper ohoice of the number of
. d&ta samples, model order and the number of points at whioh the
power speotral density is estimated to match the receiver
performance to the Bell System specification is given in
chapter 4. Simulation studies of the performasnce of the
reoeivgr in a typical telephone environment prove that AR
spectral estimation 1§ an attractive alternative to existing
methods employed in DTHF Receivers.

;
Chapter 5 presents the 1mplementation of the model on tyé
THS320 digital signal prooéssor. The aaproaoh and a technique
for storage‘ and  switching of inpﬁt' data to overcome the
relatively small dats -memory -1s presented. This teohnique
proved to be very efficient in terms of additional hardware
requirements.
Concluslons are given in Chaﬁ;er 6. A novel approach to the
DTMF Receiver realisation has thus been presented and

implemented on the TMS320 digital signal prooessor. '

-

14
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CHAPTER 2

WH% LINEAR PREDICTICN?

DTMF Reoceiver Task:

The main tagk of a DTMF Recelver is to identify the presence
of a wvalid tone-pair entering the switching office. This
means it has to prooess the 1ncoming signal, examine the
energies at different frequencies and then decide whether a
digit has been transmitted or not. The task can thus be

partitioned into

0 signal processling and

0 high level decision ;

~

-

N
Processing the signal 1 necessary to “extraot the energy

information at the desired frequenoles and high level deoision
1s required to judge whether a digit has been transmitted or
not baséd on the Iinformation obtained by processing the

inocoming signal.

Processing Strategy

Processing the 1noomipg signal to obtain the tone energies at
different frequencies requires analysis in the <frequency
domain and any one of the wvarious spectral estimation

techniques oan be ohospﬁh The periodogram (FFT approach) is
7

15



one such teochnique. However, other approaches to spectral
estimation bhave been .proposed. These modern approaches are
often referred to in the literature as parametric speotral
estimation teohniques and  inolude  Autoregressive (AR)
modelling, Moving Average (MA) modelling and Autoregressive
Moviﬁg Average (ARMA) modelling [11). A study of these
indicated that some of their potential propertles may overcome
some of the disadvantages suffered by the present DTMF
receivers. However, these advantages are at the oost of
inoreased oomplexity of computation and pose a challenge for
the implemention in real-time. But with the advent of
mioroprocessors with instruotions and processing ocapabilities
more tuned to signal prooessing like the TMS 320 it is shown

here that this ochallenge can be met.

Of the various methods 1in the class of parametrio spectral
estimation +teohniques, the ‘AR model 1is chosen based on its
probablility of error pefformanoe in Gaussian noise and
impulsive noise [12]. T?e origin of AR models may be found in
economic time series forecasting [13], [14] and statistical
estimation [15), [16]. It was developed for geophysiocal data
prooessing, where 1t was termed the maximum entropy method
(MEM) [17]), [18])-[29), and has been used for applioations in
radar ~ [30), [31], sonar [32], [33], 4imaging ([34], radio
astronomy {35], ‘biomedioine [38], oceanography [37],
ecological systems [38], and direction finding [30), [40]. The

AR approach to speotrum analysis is oclosely related to linear

[t

16



prediotion (LPC) teckniquas used in speech proodgsing [(41],
[42]. The AR model is also relatively easier to implement when
oompared with the other models in the olass of parametric
spaotral estimatlion teohkniques. Linear prediotion or AR

modelling is thus a good strategy for progcessing the inooming

signal.
Advantages of the AR Model:

The AR PSD estimator fits an AR model to the data. Its main

advantages are:

™~
e} Good speotral resolutiecn
o} Significant reduotion of sidelobes
o] No restriotion on the number of points at which the Power

Speottal Density (PSD) is estimated

o Arbitrary spaoings between frequenoy polints allowed.

These advantages are obtained at the cost of increased
qomplexity of computations and pose a challenge for
implementation.

Figure 2.3.1. brings out the first two advantages. Comparison
is made with' an FFT based speotral estimator and the speotral
representation of two frequency components shown. The same

number of data points are used for both estimators, and

rectangular windowing is applied to both.

In Figure 2.3.2 the two other advantages viz. absence of a

oonstraint on the numbar of frequenoy

' .

17
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Normalized PSD

Normalized PSD

Al

.5
FFT BASED
SPECTRUM
~\\l 5 //’\\ L\ 10

N N S

| FREQUENCY (HZ).

AR
BASED
SPECTRUM

10

i
FREQUENCY (HZ)
Figure 2.-.1.PSD of two sinusocids (3 Hz & 4 Hz)
The AR model offers good resolution
and a significant reduction of side-lobes.
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estimated and also allows for arbltrary
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points and the arbitrary spacings allowed for between them,

This suggests that the model can be used as a general speotral

estimator. Depending on the partioular appiioation. the

points at whioh the Power Spectral Density is evaluated ocan be
ohosen arbitrarily and the AR model oan be set at its r;&uired

model order. Consequently a wide range of applications for

this model exist.

¥
It 1s to be noted that the DTMF receiver requires extracting
energy informatiocn at only the 8 disorete frequencies
belonging to the 1low group and the high group. These
frequenoles are not evenly spaced. The AR model thus seems to
be an excellent method to obtain the power at the eight

desired frequencies.

Many of the conventional approaches employ windowed data.
¥indowing assumes that the values outside the window are zero
or oyolio, an assumption that may or may not be true. This

results in a poor spectrum with the following effects:

0 Resolution i1s dependent on the number of frequenoy points

to be evaluated
o Weaker slgnals are drowned by the side lobes of the

adjacent stronger signals. This 1s because implicit

windowing of the data manifests i1tself as leakags in the

20
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spectral domain 1.e. energy in the mnain-lobe of a
spectral response leaks into the sidelobes, obscuring and
distorting other speotral responses that are present. To
avoid the distorting effeots of sidelobe "leakage",
special tapered windows have to be applied but always at

the expense of reduced resclution.

These limitations of conventional approaches to gpeotral
estimation are noticeable, espeoially in the analysis of
short data rTecords. But short data records are enoountered
often in many systems applioations. Most of the prooesses are
brief in duration or have slowly time varying spectra that may

be considered "constant® for brief periods of tine.

~
e

The AR model is suoh ocases is preferable. This is because it
effectively extends the autocorrelatiocn function samples
outside the interval rather than setting these to zero by
windowing. The degree of improvement depends to a larée
extent on +the ability to fit the all-pole model to the

measured data with a model order that is largde enough.

In ocnolusion, linear prediotion or AR modelling 18 an

attractive strategy for processing the ingoming signal.
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CHAPTER 3

THE AUTOREGRESSIVE MODEL

‘Modelling and Parameter Identifloatlon Approach.

Many of the conventional approachesg employ windowed data with
the implioit assumption that the values outside thé window are
zero or oyclio, whioh may or may not be true. Usually a poor
spectral estimate is a oconsequence of windowing.

Generally one has more insight into.the process that generated
the data samples. This permits a more reasonable assumption
to be made about the unobserved data. Thus "a priori”
information <c¢an be used to select an exaot or at least a good
approximation model for +the prooess that generated the data
gsamples. It 1s then wusually possible to obtain a better
spectral estimate based on this model by5determining the
paramaters of the model from +the obvservations. Thus
“parametrio spectral estimation” approach involves the

following three steps.

1. Select a time-serles model,
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2. Estimate parameters of this assumed model using either
the available data samples or autocorrelation lags
(either known or estimated from the data)

3. Obtain the theoretical PSD by substituting the model

parameters.

The AR Prooess

The AR process [11],[43]) was introduced by Yule (1927) and

is an all-pole model. It 1s represented by the relationship

X - a X + a X o +a X + ¢ (3.2.1)
n 1 n-1 2 n-2 p n-p n

where

X, X ....X  are the data values at time indiocated by
n n-1, n-p

their subsoript
a, &a,...a are the AR parameters, : is the prediotion
1 2 P n

error and p 1is the model order.

The model thus identifies X with a value predicted from
n

previous values of the process with a prediction error equal

to £ The AR ocoeffiolents a are the multiplier coeffiocients
1

of & p-point prediction filter. The output of a linear

filter, P (z), 1s related to the power spectrum of the
Y

input, P (z) as follows: (this 4is derived in "Digital
x .

Signal Processing” by Oppenheim and Sohaefer, pp 391-396)

2

P (z) | (3.2.2)
X

P (z2) =
Y

H{z)




Since we have assumed an all-pole filter,

1
1+ ii&i £' (3.2.3)

i=l

BH(z) =

If we denote the output of the AR model by P (z) and assume
AR

the 4input driving process to be a white nolse sequence of

zer¢o mean and varlanose o , the PSD of the noise is then
2
SOt
Jwit
¥ith z = @ , wa obtain
2
P (£f)=_ o 4t :,
AR B
i
p
1+ Y. a exp (- J2TTfKAL (3.2.4)
k=2 X

vhere At=- sampling interval.
PAR (f) is the PSD as suggested by the AR model at freguency f
From (3.2.4]) 1t 1is olear that to estimate the PSD, one need

2
only estimate f{a , a ,..... a,d }. To obtain these AR
1 2 P
parameters, their relationship with the autoocorrelation

funotion (known or estimated) of X is now presented. This
n ,

relationshlp i1s known as the Yule-Walker equation and is
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linear. The derivation follows(!2]The autocorrelation
funotion is defined aé:
] p

R (k) - E[X x 1 =~E[X(- ) a X + N )]
xx n+x n a =1 1 n-1+k n+k

P . '
- _Z: aR (x-1) +EBEL N X1 (3.2.5)
%1

1l xx n+k n

Since H(z) is assumed to be a stable, causal filter, we have

o) O
| 3 | S I2
E(N X ) - EIN ;;hH ]-E:hdg

n+k n n+k 1w 1l n-1 1=0 1 k+1

-0Ch ={ * 2 (3.2.6)

8 is the discrete delta funotion, i.e.E) =1 1f m=0 cr
o m

O01if m ¢y 0. But h = lim H(z)~1 and hence
0 I—+o0

p
- a R (k-1) , for k¥ » O

x 2
—i a R (-1) + 3., for k= 0 (3.2.7)/

L=

The expression for R ﬂé;) is oalled the Yule-¥Walker
XX

equations. To determineliggﬁAR parameters, one needs . .only

to ochoose p equations for k»0; solve for {(a , a ,....a },
1 2 P

and then find ¢ from (3.2.7) for k-0. The set of equagions
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which require the fewest lags of the autocorrelation

funotion 1s the selection k=1,2,..... P They ocan Dbe

expressed in the matrix form as

_ - .
R (0) R (-1)..... R (-p) 1 62
XX XX XX
R (1) R (O) ..... R (-P+1)| ‘a 0
xx xx xx ! 1:

o
L
R (P) R (P-1)...R (0) a l 0
i XX XX XX | Lp_| i _J
(3.2.8)

2
Thus to determine the AR parameters and o’. one must solve

(3.2.8) with the p+l estimated autooorrelation lags R
xx

E

(3)....R (p+1) and use R (-m)=R (m) where * denotes
X : XX XX

complex conjugdate.

Ope way %o solve the ocomputationally burdensome matrix is to
employ the Levinson-Durbin algorithm [43], [44]1, [45], [48].
This requires only 1in the order of p operations. It

prooeeds reocursively to compute the parameter sets
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2 2 2
{a , ﬁ Y, {a , a . @} ... {a ,a .....,a ., p }
11 21 22 2 pl P2 PP P

Note that an additional subscoript has been added to the AR

coeffiocients to denote the order. The recursive algorithm is

initialized by

a =-R (1)/R (0)

11 xx xx
(3.2.9)
2 2
o -(l—la | )R ()
1 11 xx
with the recursion for K«2,3,..... p given by
k-1 2
e - -{R (R)+ »a R (E-1)}/ o
kk XX kel k-1,1 =xx k-1
'.
a = a +a & (3.2.10)

2 2 2
g = (1- Ia | ) &
k kk k-1

The final set at order p 1s the desired solution.

From equations (3.2.10) it 4is olear that the model order
must be as small as ©Ppossible to rTeduce the number of

computatlons. At the same time the chosgqn model order must
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{a , g}, {a , a , d} ...... {a , & ....,a , » I
1 ! 21 22 2 pl  p2 PP P

Note +that an additional subsoript has been added to the AR

coeffloients to denote the order. The recursive algorithm is

initialized by

a =-R (1)/R (0)

11 > =
(3.2.9)
2 2
g - (l—la | >R (O
1 11 xx
with the reoursion for K=2,3,..... p given by
k-1 2
a = - (R (K) + Za R (R-1)}/ ¢
kk xx kel k-1,1 =xx k-1
.
a - a + a a (3.2.10)

2 2
g = (1- Ia l ). ¢
k k-1

The final set at order p is the desired solution.

From equations (3.2.10) it 15 olear that the model order
must Dbe as small as possikle to reduge the number of

computations. At the same time the ohosgqn model order must
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’
give the desired performande and also enable real-time
implementatlion. In effeot, too low a model order will
result in a highly smoothed speotral estimate. Too high an
order will introduce spuriﬁus details into the spectrum and
1ﬁorease the ocomputaticnal c¢omplexity as well. Thus an
approprilate cholce of the model order is warranted.
Intuitively, one ' can use ‘equatioﬁ (3.2.10) to generate

suoocessively higher order models until the modelling error

5
is reduoced to a desired value. The point at which ¢ does

o D
not change appreciably with inoreasing 'p’ gives a practloal

choice of the model- order. It can be shown that a £1, so

kk
2 2 ' 2
that ¢ (o [47] [48]. This means that J firegt reaches
k+l k
its minimum &t the correct model order.,
Basls of AR Model Quality -
—
AN
An alternative expression for eq on(3.2.4) is [49] -
’
. .
P (£) - o At
AR D
N
P |a
1 o+ Za. exp (-3)27Tfk At)
ki P
fos)
-~ At Zr (n) exp (- J27F n At) (3.5.1)
n:_ooxx
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where
R (n), for |n|¢ p

r- (n) =| xx
xx

P
,{E:a r (n-k), for In]» P
k:i Pk Irx

From (3.5.1) it 4is olear that the AR model effeotively
extends the autoocorrselation funotion samples outside the
interval rather than setting these to zero by windowing.
Thus the AR speotra do not exhibit sidelobes. Also it 1s
the implied ewrtrapolation given by (3.5.1) that is
responsible for the high resolution property of the AR

spectral estimator.
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CHAPTER 4

APPLICATIOﬁ OF LINEAR PREDICTION

TO THE DTMF RECEIVER

Simulation Study
S50 far we have seen fhat the AR Speotral Estimator has shown
enough potentlial properties to make it seem attraoctive.
However many issues have to be addressed to determine its
suitability for real-time implementation. The number of data
samples, the model order and the number of points at which
the PSD has to be evaluated all have a bearing on the real-
time implementation oconsiderations. Various trade-offs may
have to Dbe made among these parameters. To this end,
extensive simulation studies of the model 1n a typloal
telephone environment have been carried out [1]. Simulation
studies were made regarding the proper cholce of parameters
N,p and M, wvhers

N is the number of data-points

p is the model order and

M is the number of points at which the PSD 1is

estimated.

N, p and M hafe to be ochosen to allow for real-time
implementation and to meet the speclifications for tone
deteotion. The steps involved in the calculation of the PSD

are shown in Figure 4.1.1.
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COLLECT Number of
. INPUT DATA Multiplications

' CALCULATE

THE N X p

AUTOCORRELATION
FUNCTIONS

r

OBTAIN 2.
THE o (p")
AR

PARAMETERS

!

FVALUATE
THE Mxp
PSD

Figure 4.1.1 AR speotral estimator

It is to be potei that the model can be made to evaluate the
PSD at only the frequencles of interest. This 1is
partioularly | advantageous sinoe the model 'places no
constraints on the number or spacing of the spectral points.
It also offers a high resolution and significant reduction

of the silde-lobes.



This is in contrast to say an PPT based estimator where the
FFT grid would miss the frequency points of interest 1f the
FFT used was of too low an order. The FPFT spectral analysils
would also provide information on- frequencies which are
outside the range of the TIR (Touch -Tone Receiver) i.e. it
would ©provide spaoﬁrai information before 697 Hz and after

1633 Hz as well.

0.00

-P.OO

-96.00

(DB)

PSD
-24.00

jPZ-DO

o 40-00

.00 0.08 0.17 0.25 0.34 0.42  0.50
F/FS

Figure 4.2.1. Two tone speotrum, N=-64
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4.2 Choice of N
The first goal of the simulation studies was to determine an
appropriate value for N, the number of data samples. Figure
4.1.1 shows that N contributes significantly®to the number
of multiplications involved. In fact it is the largest
ocontributor since Nxp multiplications are required for
caloulating the autoocorrelation lags. Two tones embeddedvin_
white Gaussian noise were oconsidered. Reotangular windowing
waé agsumed and a signal to noise ratio of 15 4B taken. The
spectrum obtained was then examined for different values of

K from 32 upward. Attributes examined were tke resolution,

AEfOO

-P.OO

-}6-00

(DB)

PSD
-4.00

0

P20

|
4
o

0.00  0.08 0.17 0.25 0.34 0-42 .50

Figure 4.2.2. Two tone speotrum N=-128
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R

width of the peaks and the noise-floor. Sample speotra for
N=-64 and N=128 are shown below in Figdures 4.2.1 and 4.2.2?
Thé performance improved as N inoreased. This is expected
ginoe larger values of N oontain more information on the
signal. The autocorrelation estimates improve as N is
inoreased, as shown below, and as a result the pérfofﬂanoe
also improves.
For the solution of Yule-Walker equations, the
autooorre&gtion matrix 1is to Dbe known or given. But, in
praotice, the only available information is the finite data
sequence. Hence the autocorrelation matrix (3.2.53) has to be
replaced Dby a sultable estimate of the lags. Sinoce the
statistical autocorrelation function is not known, to make
matters slmple, it 1s assumed that the random prd?ess is
ergodic. This property permits the substitution/bf.}ime
averages 'for ensemble averages. For an ergodlc proosss,
then, th;\ tatlistical autocorrelation function may be
equated to ¥T
\\1

R & J) m 1/2T x(t+?)x (t)dat (4.2.1) a

T—roo :
-T -

An autocorrelation estimate is

] -

-m-1 * . .
(m)= 1/N-m 2 X X ‘ , (4.2.2)
X = n+m n . - ’
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for m=0,....,M where M <« N-1

where "~ denotes an estimate
The negative estimates are obtained from the positive lag

estimates as follows:
-~ ~ =

R (-m) =R (m) (4.2.3)
xx xx

in aocordanoe with the conjugate symmetrioc property of the

autooorrelation funotion of a stationary prooess. Instead

of (4.2.2), which gives an unbiased estimator, Jenkins-Watts

[(50] and Parzen [51]1,[15] show that the autocorrelation

estimate

- N-m-1 *

R (m) = 1/K ) ¢ ) ¢

xx nso nD+m 1n

me=0,1..... M (4.2.4)

ig better sinoe it tends to have less mean square error than
(4.2.2) for many finite data sets. (4.2.4) is known as a

I
biased estimator. .

From {(4.2.4) it is Olear that the autocorrelation estimates
improve a8 N inoreages.” The frequency peaks get narrower
and the noise floor ie pushed further down. This is olear
from Figures 4.2.1 and 4.2.2. Consequently larger values of
K are preferred. However, real-time and hardware
considerations 1limit y. The hardware limitations are that

1 3
the TMS320 has a 144 word data RAM and the 32 bit wide
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aocumulator allows two 12 bit numbers to be multiplied and

accumulated without overflow for N=128. Beyond N=128

overflows may ocour. Another hardware limitation is that

the THMS320 has no hardware divider and a s¢ftware subroutine
has to be written for divislon. As a result division
becomes a time consuming task and should be avoided as far
ag possible. It is preferred that N be a power of 2 ginoce
division then would mean shifting right appropriately. Thus
ags a trade-off between performance and hardware/real-time

oonsiderationg, #¥=128 is chosen.

s N=64 gives satisfaotofy results ' as seen in Figure 4.2.1.

But for the reasons stated above N=128 is chosen.

4.3 Choice of the model order:
The choice of p, the model crder, is oritical beoause the

system performance depernds oonsiderably on it. p affects

o} the spectrum evaluated

o] the number of caloulations required

0 the evaluation +time, which is defined as the time
required to ocaloulate the autooorrelation values,
the AR parameters and the final PSD estimation at

the appropriate frequenocies.

Too low a model order results in a highly smoothed speotrun.

¥hen the model order ohosen is too large relative to the

36
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number of data points, the AR speotral estimate exhibits
spurious peaks [52], [§3]. Ideally if the autoocorrelation
lags are estimated without errors, then the estimated AR

parameters for an AR(p) model would be:

a for 1i=1,2,...Dp
pi
a - (4.3.1)
pi
0 for i=-p+1l,...,n
where a are the AR(p) parameters. But sinoe estimation
pi

errors 1n equation (4.2.4) are inevitable,

a # 0 for i» .
pi

As & oonsequence, (n-p) “extra“ poles are introduced. When.
these “"extra" poles ooour near the unit cirole, they are
brought out as spurilous spectral peaks. Hence 1t 1s a good

rule of thumb to restriot p to be no greater than N/2.

The number of oaloulations inoreases wlth the model order.
The number of multiplioations, shown in Figure 4.1.1, 1g of

2
the order of p . The autooorrelation matrix (3.3.8) also

gets larger as p inoreases. Thus p should be as small as

possible.
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The evaluation time inoreases also with the number of the

calculatlons resulting from an inorease in model order.

In ocontrast, 1t is shown 1in (3.2.1) which is reproduced
here, that a large value of ’‘p’ 158 mnecessary if the

- prediction error is to be minimized.

X =ax +a X +....+4a X + prediotion erfor
t 1 t-1 2 t-2 P t-p

All these aspeots thus bring out the faoct that the choloe of
P should be adapted to each partiocular application.

B
Y
As disoussed in Chapter 3 the point at whioch Gb does not

decrease with inoreasing p is a good way to ohose the model

2
order.  Simulation ghows the relationship between dp and p.

Again N=-128 is ohosen with rectangular windowing and a
signal to noise ratio of 15 dB assumed. The results are

shown in Figure 4.3.1

2 .
db does =not ochange appreciably beyond p-10. This shows

that the 1norease in performance diminishes rapidly as p
inoreases beyond a threshold value (10 in this case). Henoe
P oan Dbe ohosen in the range of 10-15; p-14 has been used

here.



200

100 ¢

1 ' 5 10 15 P
Figure 4.5.1 Modelling error vs model order

4.4 Choilce of M:

In DTMF deteotion only the PSD at +the elght disorete
-

frequenclies 1is required. It 1s unnecessary to evaluate

the PSD at other fregquenoy points.
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The advantages of the AR modeling

N o

a. Good specotral resclution )

b. No restriotion on the number of frequencies at which the
PSD 1s estimated, and

©. No restriotion on the spacing between the frequenoy

polints -

-

are exploited to evaluate the PSD at the elght frequencies
of lnterest. Hence the number of frequenoy points is 8 i.e.

M=8, as shown in Figure 4.4.1

A signal-to-noise ratio of 15dB is assumed and the PSD is
obtained for all tome pairs with different levels according
to the specifications. Two sample readings are given below.
These readings show that the peaks”are brought out clearly

at the appropriate frequencies.

Tone 1 = 697 Hz Tone 2 = 1833 Hz
N - 128 P - 14

s
697 = 0 dB 1200 = - 33 4B
770 = - 18 dB 13368 = - 32 dB
852 - - 26 dB 1477 = - 27 dB
941 = - 30 dB 1633 = 0 dB

This example is shown in Figure 4.4.1.
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Tone 1 = 94l Hz Tone 2 = 1633 Hz

N - 128 _ p - 1a
697 = - 25 dB 1209 - - 27 dB
7990 - - 28 dB 1336 - - 28 dB
852 = - 17 dB 1477 = - 26 dB
- 0 dB

g4l - O dB 1833

In

M-8 provide satisfaoctory response and prove that AR

modelling 1s an attraotive alternative to existing methods

in
0

PSD.
(dB)

N

conclusion, simulation studies show that N-128, P-14 and

DTMF receivers.

A

egv 770 852 941 1208 1336 1477

Frequenoy in Hz

Figure 4.4.1: Points at whioch PSD is Evaluated
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~
CHAPTER 5'

IMPLEMENTATION ’

DTHF Reoceiver Task:
The main task of the DTMF ;Réoeiver is to identify the
presenaé of a valid tone pair Jé?ering the switching office.
Tc this end, the receiver eétimates the power‘at the 8
disorete frequenoles anddetermiﬁesmngt there 18 one valid
tone in‘the low group and one valid telie in the high group.
It then establishes the time duration of the tone pair. If
the timing oriteria 1s satisfied the recelver accepts the
tone pair é% a valid digit. The task of the receiver, then,
could be sub-divided into the following sub-tasks viz.,

1 Colleoct N data samples (feotangular window assumed)

« X -
o

2 Caloulate R(T), the autocorrelation funotion from X
‘ n

3 Obtain the AR paraneters

4 Estimate the PSD(f) at the low group and high group
frequencies ‘ . | f

5 Determine whether the digit is present or not.

6 Determine the time;ifperval the diglt is present.

7 Output the digit if and only if the digit is present
for 2 donseougivo blocks and absent for 2
conseocutive blooké. (1 bloock corresponds to 128 data
samples)

8 Continue to repeat steps 1 to 7
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It should be noted that steps 1 to 4 oongtitute the signal
processing task of the reocsiver and steps 5 to 7 .oorrespond

to the high leveldeolsion task of the reosiver.

Implementation Approach
It was deoided %O devalop & mioroprooessér based system

sinoe it offers ease of implementation and flexibility.

| N

N\

N

The number of multiplications involved is:

2
Nxp+O(p)+2 XM

At the 8 EHz sampling rate, whioh is the standard in the
telephonea 1industry. colleotion of 128 data samples will
raquire - 16  mEEO. Henoe for N-128, p-14 and M-8,
multiplications of the order of 2000 would have tO ba

performed in 16 mseoonds.

Until now since multiplication took more time to be done

than addition, a good measure of the complexity of algorithms
was the number of multiplications involved. However with

the advent of microprocessors like the TMS 32010 and 32020
which take the same time to execute addition or multiplication
this measure of the complexity of an algorithm is no longer
valid. )
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5.

2.

1 Choioe of a Hiorooomputer

The oomputational complexity of the model and the real-time
oqnstraints rﬁle out the use of genef&l purpose
mioroprooessors, more 80-because they usually do not have
hardwvare multipliers. Eence the ohoice was narrowed down to
programmable signal 'prooessors like the Texas Instruments
TMS 320, NBC 7720 and Intel 2020. A oompafative study
(Table 5.2.1 and Table 5.2.2) indiocated that the TMS 320 was

best suited for the job.

The TMS 320 has been tallcred, both 1in hardware and
software, to maeet gensral digital signal processing needs.
It's instruotion set. on-chip hardware multiplier (16 bit by
16 bit multipliocation giving a ;lean‘ﬁz bit produot), 200 ns
instruotion oyole, a 32 bit wide accumulator and 32 bit wide
1nterhal data path  meets our requirements. Texas

Instruments also supports an evaluation kit (development

kit) and good software tools to faoillitate development.
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Table 5.2.1 Comparison of Various DSPs
FPeature ' TI Ngzé/// INTEL
TMS3210 UPD7Y=0 2820

Data word

gize-(bite) 18 18 25

Coeffiolents size (bits) 18 ‘ 13 variable
Aocumulation width (Bits) 32 18 28
Saturation arithmetlo Hardware Software Hardware
Multiplier implementation Hardware Hardwvare Software
Multiplier preoision 16%16-32 16X16=32 12X25=
multiplication

Time (nanoseconds) 200 250 4800
(parallel I/O (bits) 18 8 4 in/8 ¢
Instruotion word (bits) 16 ‘ 23 24
Instruotion oyole (ns) 200 250 400
Subroutine levels »50 4 None
Iteration (loop oounmter YES NO NO
Conditional jumps YES | YES KO

Full speed external YES NO RO

Memory expansion

Instruotion POM (bits) 1536X18 B12X23 192224

Coefficient ROM Not required 812x13 -

Data PAM (bitg) “a4c18 128X16 40x25
-1

7  funotion ‘e YES YES NO

Look up tables YES YES NO
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Table 5.2.2. Benchmark Comparison

TI NEC

TMS32010 UPD?720
Biquad Filter Element 2.0 usecond  2.25 us
Sine or Cosine | 4.8 us 5.25 us
U/A law to
Linear oonversion 0.8 us 0.5 us
32 point complex FFT 0.254 ms 0.7 ms E\
64 point complex FFT 0.580 ms 1.8 ms

5.2.2: Programming Technique:

-

In programming two approaches viz.

a) Normal programming 7;6
.b) 1In-line coding

vere considered. .

Normal programming requires less memory butﬁtakeé a longer time
to exeoute. Inline oode takes 1less time to exscute but
requires more memory space. Hence it was deoclded to use the
normal programming teohhique and see if real—timé oriteria were
met. If not, then, \bnly those time-oritical blooks (blocks
that require more of processing time as compared to others)
could bé coded using inline oods.

F]

5.3 R(T), the Autocorrelation funotion



Fixed point arithmetio is assumed. The equations to be

implemented are:

Nem-1 *
R(m) = 2;3: X ., m=0,%,..... (p+1).(5.3.1)
N n=o n .n+m . )

It should be noted that this set of equations requires Nxp
multiplications -~ and contains the maximum number of

multiplication as oompared +to the other operations required.

' Consequently, 1t oontributes to a major portion of the total

execution time and care must be exerclsed to keep the executiocn

time t0 a minimum.

For input data of 12 bits and a maximum value of X equal to

2047, -
2 2 . 2
R(0) = 1/N ‘:x + X .+ ...+ X
‘0 17 n
2 2 2
- 1/128 X + X +..... + X
N 0 1 ">, 127
Then '
2 2 2 :
R(O) - 1/128 2047 + 2047 ..... + 2047 (5.3.2)
max

To evaluate the above expression, one has to add 24 bit words

: 2
and since 1n the worst case all X can be 2047, adding 2047

bs 1

128 ‘times gives an answer that is 29 bits long. Since the THS



N s

-

320 has a 32 bit accumulator, overflow problems do not arise in

oaloulating R(T). R(T) are scaled down by 2047 i.e.
R1(T) = R(T)/2047 (5.3.3)
Again to simplify divigion.

R'(T) = R(T)/2048 (56.3.4)

Iy
P

is .done sinoe +this means shifting R(T) obtained in the
acoumulator by 11 bits. This also shows that by scaling by
<048 the maximum word length of R(T) will be 11 bits and this
answer oan be stored in the 16 bit registers

'

2 2 2
1.e.})[ X + X +..... + X ] requires 28 bits
0 1 127 .

Dividing by 128 implies

2 2 2
R(T) = 1/128 [X + X + ..... + X ]
0 1 137

requires 28 - 7 = 22 bits

Soaling by 2048 implies

R'(T) -~ R(T)/2048 requires 22-11- 11 bits
‘s.‘

.
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The sampled data 1is read into the data memory and R(T)
ocaloulated. -'-Looping is used and both the auxiliary registers
are used as pointers. Now out of the 144 word data RAM, 128
words are oooupied by data; hence only 15 registers are left.
The maximum model order that can be implemented is thus 14,

since one register is used as a oounter. This way the data RAM
.has been used to its ocapaoity. An effloient way of caloulating
R(T) is to use the focllowing loop.
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LARP 1
ZAC
MPYK O
MT LT *,0 *
MPY * -,1 * Form product
APAC * Acgocumulate

BANZ MT

The data memory oocoupled 1s 128 words for digitized data

s
samples and 15 words for R(T)
The execution time 15 2.0184 milliseconds
AR Parameter Caloulation:

In this block the caloulated a and a
kk ki

' r
values are stored into data RAM lcocations 71, 72

and then oopied 1into loocations 21, 22,....21 + k Dbefore

prooeeding to ocaloulate the next set of AR parameters

The executicn time is 1.3084 milligeconds
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PSD(f) Calculation

The power spectral density is given by (3.2.4) and is repeated

here
* Y
2
PSD(f) - c At
ho]
P 2
1+ Z a e(—jz:rfk.}t) (5.5.1)
k=1 pk

For each frequenoy, the exponenﬁ has to be evaluated p times;
then p multiplications have to De performed followed by &
division. Thus the evaluation of the PSD for each frequency 1s

a time-consuming task.

By simulation, 1t was observed that the denominator of the
above expression took large values and required more than 16
bits to represent. Division, by itself, should be avoided
since the signal processors ¢o not yet have a "hardware”
. 2
divider. Close examination of (5.5.1) reveals that since(jb
and Ot are independent of the frequenoy at-which PSD (£) is
estimated, the fSD can be evaluated by calculating.only the
denominator. This is further indicated by the fact that since
we are _interested only in the maxima of the PSD, we could as
well lock for the minima of the denominators. This would
elimig§ate the division 1nvolved for estimation of the PSD at

each frequency and hence save a lot of processing time.

An effiocient way of calculasting the PSD at each frequenoy point

i1s accomplished by representing the denominator of (5.5.1) by

il
§—
&‘-



«

P -j2rfkat |2
1 + A @ (8.5.2)
ksl Pk

Now

A=1+« ia. _(oos 2xfkAt + J sin 2= fkat)
k=l PK _

-1+a ocos2r fat + & oos 2r £ 248t + ....+ a cos 2 £ pat.
pl P2 PP Y.

+j (a sin 2«f At + & 8in 2x £ 2 at +.... + a sin 27 £ pal .
pl P2 . PP 4

- PRSUM + J IRSUM

where ?

PRSUM =~ 1 +{a cog2rf At + a 0o 27 f 24t +...+ a coszrpfot}
pl P2 PP

and IRSUM - {a 6in2mfsat + a  6in2X £ 24t +...+ a sin2lipfat}
pl p2 PP

2 2
DENOM (f) = PRSUM + IRSUM (5.5.3)
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The large number oOf caloulations and house keeping required for
each frequency shovs the need to keep the number of frequencies

to a ninimum.

A way ta reduce the execution time is to precompute the ocosine
and sine values for the 8 frequenoies. This requires that 112
cosine and 112 sine values be stored in a table. This is/shown

in Tables 6.5.1 and 5.5.2

»
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TABLE 5.5.1: Storage of Cosine Co-effeocients and

computation of PRSUM for one frequency

point.
Fl : Cl : 2C) : 3C1l : 4C) : B5Cl : :_14C1
F2 : C2 @ 2C2 : 3C2 : 4C2 : 5C2 : 1 _14Cg
F3 : C3 : 203 _: 3C3 : 4C3 : 5C3 : A :_14C3
F8 L CB : 208 : 3C8 : 4C8 : 5C8 : i :_14C8

COSINE COEFFICIENTS TABLE

*Fl, F2, F3, F4, ..... F8 are the eight frequenocies of interest.
cl, C2, ..... 14C8 are the pre-computed cosine values. (Total 112
values)

—~

PRSUM COMPUTATION FOR ONE FREQUENCY POINT.

Al : A2 : A3 : A4 : A5 . : Al&
1 + + + + + + +
C__:+ 2C : 3C : 4C : B5C : :_14cC
PRSUM
PRSUM = 1 + Al=*C +.A2'2C + AG*3C +. . . +A14*14C
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TABLE 5.5.2: Storagse of sine oceffecients and

computation of IRSUM for one frequency

point.
Fl S1 : 281 351 : 4981 : 581 ¢ : 14851
F2 S2 : RS2 : 382 : 482 : 582 : 1482
F3
.:
4
F§ . ;. 58 : 208 : 958 : 4598 : 9838 : & 1408 ¢
L '
SINE COEFFICIENTS TABLE
Fl, F2, F3, F4, ..... F8 are the elght frequenocles of interest.
51, S22, ..... 1488 are the pre-computed sine values. (Total 112
values) -
IRSUM COMPUTATION FOR ONE FREQUENCY POINT.
Al ; A2 : AD : A4 : AS : . Ald
+ + + + + +
S E 25 35 : 45 : B5S : 11458
IRSUM
z
IRSUM = Al*S + A2*285 + A3*35 +. ... ... .. i, +A14°148
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Since the oosine and sine values are pﬁéoompute aﬁd stored,

""—k
one need only multiply the AR parameters wgth the oorr ng__
ocsine/sins values and aoouﬁﬂ&ate the Sums . Thus EEe»

-~
execution time is signifioangxy reduosd.

.

The exeoutlon time 1is 0.6752 milliseconds
i

Storage and Switching of Input Data

The modei requires that -all N data samplgs be available
simultaneoush& before caloulations can begin. Sihoe input data
is entering continuously, some sort of stgrage has to be

provided for in 6rder to oapture the next set of samples whils

e
prooessing the ourrent set of N samples. }2

The TMS 320 has a data memory of 144 words. ’Sinoce N~128 and

p-14 the data RAM has been used to its capaoity.

One possible approach can be t0 inorease the datgggAH from 144
words to 288 words or more. Oge part of 1t oééld be used to
colleot the data entering during ﬂrooessing of the ourrent set
of samples. Subsequently the part of the RAM that had
collected the second set of data ocould be switohed in and the
first part of the data RAM ocould be mhde to collect the next
samples. But this requires an inorease both in hardware and in -

design -complexity. ' ‘ -
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There 18 a wafy around this problem. The TMS320 has a Harvard
arohiteoturel ¥hig means that the program memory 1s separate
from the‘ data memory. There are 1536 words of program RAM
prqyided on o©ohip. Progranm memoryfexpansion is implemented by
an external pin defined as MC/Mp. Table 65.6.1 1illustrates the

program memory oapability of the TMS320 family.

—
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Table 5.6.1

PROGRAN KICROCOMPUTER MICROPROCESSOR
FEHORY MODE HOD%/
HODEL QPTIONS MEMORY MEMORY
TMS 5320M10 MICROCOMPUTER 1538 WORDS 4096 WORDS
' AND MICROPROCESSOR ON CHEIP MEMORY OF EXTERNAL
MODES . AND 2580 WORDS MEMORY
TMS 32010 HICRO?ESE&EBQB NONE 40968 WORDS
MODE ONLY OF EXTERNAL
MENORY

The miorooomputer mode is defined by a one level on the
MC/Mp pin. In this mode, 1524 words of on-chip memory are
avallable. The device arohiteoture allows for an additional

2560 words of external program memory.

The mioroprocessor mode 1s defined by a zero level on the
MC/Mp pin.. All memory (4088 words) 1s external in this

mode. The memory map of the TMS 320 is shown in Figure
5.8.1.
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Figure 5.6.1.

1536

4095

TMS 320 Memory Map
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" This large program memory of 4k words suggests that the

unused program memory sSpace can be treated as a RAM
extension of the data memory. This technique 18 very
efficlent in terms of additional hardware requirements sinoe
it would Just mean adding another RAM chip to the TMS 320.

The only resulting complexity would be in the software.

This conoept has been utilized in the rgoeiver
implementation to overcome the disadvantage of the small-
data memory. When the ourre;t set of samples (which is in
the data-RAM) 1s being prooessed, the next set of samples is
collected by the interrupt mode and stored in the program
RAM. A variable ocalled the data pointer 1s used to point to
the neéf memory location and another variable 1is used to
indicate the number of data esanmples oolleoted.’_ After
executlon of the main program, data from the prog;;; RAM is
transferred to the data RAM and the remaining data sampies

collected.

Qur idea that the remainiﬁéiéiaoe in the program Rﬁéioould
be treated as an extension OF Lhb data RAM was tested. It
takes 21,802 oloock-oycles 1.e. 4.3804 ms to exeoute the main
program. Sampling at 8KHz ﬁould mean 35 data should be
oollected during this time. It vwas verified that 35 data
samples were in fact colleoted. Overhead inourred by the

interrupt routine = 120/825 =~ 19.2%
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We have experienced that the notion that the TMS 320 has &
relatively small data memory 18 inocorreot. For most
.telephony and speech processing appliocations, the sampling
frequency is 8KHz. .This implies that there is 125 usecond
interval between two samples. This provides ample time to
transfer .data from program RAM to data RAM as and whén
needed. If the appliocation program is restrio%ed to oooupy
less than 3500 lines (whigp is true for most Applioations)
the remaining spaoce in the program memory can be treated as

a'm:ttension of the 144 word data memory.

High Level Deoislon: .

The signal-processing task of the recelver estimates the PSD
at the appropriate frequencies. It is now the
respongibility of the high-level decision funotion of the
receiver to détermine whether a digit has been transmitted

or not. To this end, the reoeiver scans the eight PSD

values and a digit hypothesis is generated whenever
S

1. A valley point LGMIN (looal miég;hifnfqﬁé?low—group

frequenocies) and a valley point HGMIN (looal minimum in

the high-group frequenoies) have been oonfirmed.

2. The +threshold oriteria are met. (These are disoussed

3

in detail in the next seotion)
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A digit will then be declared to have been recognized under
two conditions being satisfled viz., .
\

1. Thejfame tone-palr is oontinuously presgnt for at least
two‘oonseoutive sets of data.

a. The above tone-pair is then (i.e. after it is present
for two conseoutive sete of data) followed by a silence
(i.e. no tone-pair) for at least two oonsecutive sets
of data.

'
The oomplete flowohart dis given 1in Filgure 5.7.1 and the
flow-chart <for _the +timing deoisions is shown in Figure
5.7.1.(b) & (0).VDPR (valid digit present) is a variable
that’'s 1ncremented by 1 every time a valid tome pair has
been deteocted. The f;rst time 1i.e. when VDPR=-1], the
generated digit hypothesis 1s stored in CD1 (ourrent digit
.for the first pass). If the tone-pair is present in the
suocoeeding set of data as well, VDFR becomes 2, the
generated digit hypothesis CD2 (ourrent digit for second
pass) is now ocompared with CDl. If CD1 - CD2, then it is
decided that the digit is present for two oonssoutive sets
of data by settlng PRESENT = 2, and the digit hypothesis is
stored 1n CD3; else if CDl / CD2 then the digit hypothesis
in CD1 is discarded, and FRESENT 18 set to O i1.e. PRESENT =
0. The recelver now walts to observe a silence before

oonfirming the hypothesis.
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Thus when the tone-pair is absent for the suoceedling set of
data, VDPR along with CD1 and CD2 is Teset. Now VDAB, valid
digit absent, 18 inoremented. The receiver then tests the
variable PRESENT; 4if PRESENT = 2 it implles that a digit
hypothesis was generated in the preceeding sets of data. If
PRESENT = 2, ADl, absent digit, is set to zero. When the
digit 1is absent even in the next succeeding set of data,
AD2, absent digit for sg?gnd pass, is set to zero. Now ADl
is oompared with ADZ2. If AD1 - AD2, the generated digit
hypothesis 18 ooﬁfirmeﬁ’ﬁﬁa the receiver outputs the valid
digit: else the generdted digit hypothesis 1s discarded,
PRESENT, VDAB, AD1 and AD2 are all reset.

It 18 to be noted that the structured software enables
different oombinations of intervals of the digit being
present and absent, to be incorporated if needed. Thus it
is quite easy to make the loglc acoept a digit when the
tohenpair is present _for two comsecutive sets of data and

absent for one set of data or any suitable oombilnation.

The software for the timing deoisions ocoupies a relatively
large memoTy Space. Thisg 18 beocause a certain amount of
book-keeping has to be done. But as multiplications and
loops are not present it does not take togﬁ}arge a portion
of the total proocessing time. This also brings out the faot
that the present signal processors are good number orunohing

miorocomputers; however they are mnot so easy to program
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Figure 5.7.1(a)Detailed Flow-Chart
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Figure 5.7.1(b) continued
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2

logic 4involving a lot of deolsions to be made e.g. if a

numbar of

IP (oonditions) THEN -
ELSE

stateczents are to be implerxented.

5.8 Threshold Setting Study

The Touch-Tone reoeiver ocomputes the PSD at the elght
degired frequenocies. It then obtains the minlimum in the
low-group, LGMIN, and the minimum in the high—group; HCHIN.
It has to now deoide vhether there is a valid fbne~pair or
not. It does this by comparing LGMIN against Kﬂ. the low-
group threshold _and HGHIN against EH, +the high-group

threshold. A valid tone-palr is one in Wwhioh

‘a) LGMIN <« KL

and / ¢

b) HGMIN ¢ KK

¥

The threshold values are determined empirically.The

experimental setup used in this study is shown in Fig. 5.9.1.

It is to be noted that ecach frequency is derived from a
different source.The tones are added and then fed to the

A/D converter.Each fregquency combination is generated

and the 8 PSD's computed by the AR model displayed and noted
down.The experiment is repecated 10 times for each frequency
combination. Since there are 16 diffeygent combinations

of the frequencies , in effect 160 trials were performed.
From this study it was decided that KL= 55 and KH=80.
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while observing the PSD's for each trial, G 1 and O 14
the modelling errors at order 1 and order 14 were also
noted.These are shown in Tables 5.8.1 and 5.8.2

EFach row of the table shows the maximum and minimum values
taken by the modelling error for each trial.

;o
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Table 5.8.1:

4

Maximum and Minimum Values

taken by 81. the modelling error
at model order 1. Each row shows
the Maximum and Minimum values

taken out of 10 trials.

¥inimum
1440
1353
1399
1377
1384
1380
1361
1409
1402
. 1408
| 1369
1503
1402
1408

1458

1385
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Table 5.8.2. Maximum and Minimum Values taken
by*534, the Modelling Error at order
14. BRach row shows the Maximum and
. Minimum values taken out of ten tfials.

Thus 18X10 = 160 Trials were performed.

Maximum : . Minimum

1090 927
1388 924
1032 823
1097 ) 937
1075 ‘ 944
1038 | 917
990 785 ~
1497 851
951 723
908 , 847
088 793
0962 " 789
~/ o711 . 756
086 | . . 809
1141 o . 929 (/‘
948 ' 828 \\
- | \%J//"‘\\
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Maximum

Maximum

Maximum

' H&x_;_Lmum

L
Ve

of 61 Maxima

= 1802
of G1 Maxima = 1442
of 0)1 Minima = 1503
of 65)1 Minima = 1353 !

Henoce KS1, the threshold for 1 is 1100 i.e.

EKS1 = 1100

Maximum

Maximum

Maximum

Maximum

0f O14 Maxima - 1407

of 614 Maxima = 908

of 14 Minima - 944

of 514 Minima = 723

Hence KS14, the threshold for 14 oan bé fixed as 500 1l.e.

ES1l4 =500

e
Ve

The logio for introducing the thresholds KS1 and KSl4

instead

of Just KL and KE ig that more number of thresholds

may mean greater immunity of the receiver against false

deteotion. _ N

5,

\ ' . L]
“Table 5.8.3 1list the values taken byf‘_i and 514 \when no

tone-palr 1s 1nput 1.e. when there is only noise..
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Table 5.8.3 1 ang 14 Values When No Toae Pair Ig Input.
1 14
110 \ 37
. - L
124 57
112 34 X
110 40
110 7

p
and only 1f/’ -

‘ N : '
| | | IR

Thus a tone-pair would be accepted as a valild tdne-pair if . (
L
}

&1 > ES1 = 1100
and

&2 > KS14 = 500

Table 5.83 shows that when no tone-pair is present and o 1
and oﬂ& computed, condition
G’1 > ES1 would not be satisfled; similarly condition

4 .
cflé » ES14 would also not be satisfied,}

DTKF Receiver Test

The experiﬁéntal set-up used is shown 1in Figur '5.9.1.-The
Mitel DTHF Reoceiver test cassette has been‘lseé? Two tones
are generated and thén dgorrupted by white Gaussian-noise?g
The résultiqg signal 1is then passed through a band/pass

filter ‘whera the higher out-off frequenoy 13\2\E§£. The -
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filter output is fed to an A/D converter and the TMS320

colleots the data samples via the interrupt mode. Power of

.each tone is measured after removing the other tone and the

noise signal. It is measured at the A/D input. The set-up
enables the tones to be varied independently, both in
frequenoy and in signal level. In Figure 5.9.2 a digit
waveform in +the time domain without noise is shovn. The
gseveral tests conducted are then shown, with their results,

in the following seotions.

Deoode Cheok

All tone-pairs assooiated with éfandayd 4x4 keypad digits
are generated and the receiver tested. It is observed that
the réoeiver responded to all tone-pairs it is degigned to
receive. Figure 5.9.2 shows a digit waveforn as & function

of time.

A sample reading is given below.

N ~

Tone 1 - 6087 Hz at 0.2 V ‘

rmg
Tone 2 - 1338 Hz at 0.2 V
S/N = 20 _ A R |
Fre@teqpy deviation - 0/ ' \

' s
# of data samples - I?B . - ~,

N
/\ 75 - )
N
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AR

.
.
-
.
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.
-
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.
-
.
*
-
-

a) Tone 1 at 697 Hz b) Tone 2 at 1200 Hz

Scale: Vertioal = 1 volt/div. Soale: Vertical lvolt/div.

Q) Sum of Tones 1 & 2

Scalea: Vertiocal = 1 v/div.

Horizontal = 0.5 m/div

. " ' L ,
Figure 5.9.2 Digit Waveform in Time-Domain
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S/N

697
770
852

941

15 dB

48
398
1218

1845

78

.t

T N N
% e
/\ 1209 ~ 78
. 13368 = 708
-1477 = 3228 \

1633 = 3845



L

S/HN =10 dB

>
6897 = 208 1209 = 18;11'
770 = 782 ) . 1338 = 948
8562 = 1482 1477 = 3242
841 = 1645 . 1633 = 3824

We observe that at S/N = 10 dB, eventhough the valleys are
obtained at the appropriate frequenocles, they exceed the

thresholds for the low group (KL=58) and high group (KE=80).

(

Talk-Off Tests ' .

The test conmsists of recordings of oonversations on
telephone trunke made over a long periocd of time and
condensed 1nto a 30 minute period. Reoeiver immunity to
talk-off 18 determined by the number of responses ocourring
during this test. Acoording to Mitel (DTMF Receiver Test
Cassette CM7291) [r] the receivers response to this test may
vary from 20 to 100. In the experiment perfo;mea the
receivers response was 41 indicating a-satisfactory talk-off

performance.

Dynamioc Range -
This test utilizes the tone-pair 687,1208. The amplitude of
gaoh 1 gradually attenuated to -38 aBY The reoceiver

performed well in the amplitude range O to -18 dBmO.
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A few sanple readings are given below.

Tona 1 - BG7 at 0.7 V

Tone 2 - 1208 at 0.7 V

897 = 42
770 = 408
852 = 756
941 =~ 565
Tong 1 =
697
770
852
941

Porforzmanoe deteriorated helow 0.01 V.

697 &t 0.1 V

68
298
245

1243

1209

1336

1477

1633

Tona 2 =

1209
1336
1477

18633

- 54

-+B45

1209 at 0.1V
- 74

- 652

2348

2802

In order to meet the dynamic range of 26 dB as specified,
the threshold values will have to be modified.

~of the threshold values to meet this specification resulttd in
an increase in the number of false alarms to speech.

80
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CHAPTER 6
CONCLUSION .

A mnovel approach to the Dual Tone Multifrequenoy Receiver
has been presented. ~Linear prediction or autoregressi&e time
gseries modelling is used. The approach offers the advantages of
‘improved spectral geleotivity and greater resolutlion. The model

. . ST, —
has been implemented on the TMS320 digital signal pTooessoT.

The objeotives of suggesting an attraotive alternative to
existing methods in DTMF reoelver realization and implementing if
have thus been met. It has also been shown that highly numeric
intensive algorithms which had so far been of purely an aocademlo
interést,_oan now be implemented in real-time, thanks 1o the high

performance TMS320 digital signal prooaessor.

r

.‘\_JV
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0001
0002
0003
0004
0005
0006
0007
0008
0009
0010
0011
0012
0013
0014
0015
0016
0017
0018
0019
0020
0021
Qo022
0023
0024
0025
0026
0027
0028
0029
0030
0031
0032
0033
0034
0035
0036
0037
0038
0039
0040
0041
0042
0043
0044
0045
0046
0047
0048
0049
9050
0051
0052
0053
0054
0055
0056
0057

0000
0001
0002
005A
0058
005C
005D
005E
005F
0060
0061
0062
0063
0064
0065
0066
0067
0068
0069
006A
006B
006C
006D
006E
0670
0071
0072
007D
0074
0075
0076
007E
Q07F
0079
007A
007B
007C
0073
0077
0042
0043
0045
0046
0047
0048
004s
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x

CNTRL
CLCK
MASK
RS
ASTART
SIGPTR
K
K1
T
NUMERA
DENOM
QUOT
T1
T2
FIFTY
TWONE
REG
KE
KL,
KR
KK
ACOUNT
Pl
P2
TBLPT
FREQ
CCOUNT
ONE
PRSUM
IRSUM
SINST
TEMP1
TEMP2
DENOM1
A2048
TEMSGN
T3
COUNT
ATEMP
LGMIN
HGMIN
LGADD
HGADD
NTHRL
NTHRH

SEPRH
*

IDT 'DTMFRLP’

AORG O
AORG 1
AORG 2

AORG 90

AORG
AQORG
ACRG
ACRG
AORG
AQRG
A0RG
AORG
AQRG
AORG
AQORG
AQORG
AORG
ACRG
ACRG
AORG
AQRG
AQORG
AORG
ACRG
ACRG
AQRG
AORG
AORG
AORG
ACRG
AQORG
AQORG
AORG
AQRG
AORG
ACRG
AORG
AORG
AORG

91

92

93

94

35

96

97

98

99

100
101
102
103
104
105
106
107
108
109
110
112
113
114
125
116
117
118
126
127
121
122
123
124
115
119

AORG 66
ACRG 67
AORG 69
AORG 70

AQRG
AQORG
AQORG

71
72
73

* % % *

ALL VARIABLES USED DECLARED

* ACCUNT
* I.8. IT

CONTAINS
CONTAINS
POINTS TO
POINTS TO
* CONTAINS
* CONTAINS
* CONTAINS
THE HIGH

L]

—_

CONTAINS THE MCDEL CRDER-1
CONTAINS (P-1)

THE MINIMUM IN THE LOW GROUP

THE MINIMUM IN THE HIGH GROUP
THE ADDRESS OF THE LGMIN

THE ADDRESS CF THE HGMIN
NOISE THRESHOLD FOR“LOW GROU
NOISE THRESHOLD FOR HIGH GRO
SEPERATICON THRESHOLD FOR
GROUP POINTS

~
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0058
0059
0060
006l
0062
0063
0064
0065
0066
0067
0oes8
0069
Q070
0071
0072
0073
0074
0075
0076
0077
0078
0078
0080
081
0082
0083
0084
3085
0086
0087
0088
0089
0090
0091
0092
0093
0094
0085
0096
0097
0098
0099
0100
0101
0102
0103
0104
0105
0106
0107
108
0169
0110
0111
0112
0113
0114

004A
0048
004cC

0051 .
0052°

0053
0054
0055
0056
0057
0058
0033
0040
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0065
0066
0067
0068

0069

006A
0068
006C
006E

007E
007F
007D
0045
0046
0063
004cC
0051
0052
0053
0054
0055
0056
0057
0058
0042
0043
0047
0048
0045
004A
007A

DIGPT
DIGAB
DIGTB
Ll

L2

L3

L4

H1l

H2

H3

H4

sl
S1l4

*x

VDPR
CDl
CcD2
Cbh3

*
PREST
* L}
VDAB
AD1

AD?
DIGIT
x

TEMPL -

TEMP2
ONE
LGADD
HGADD
Tl
DIGTB
L1

L2

L3

L4

H1l

H2

H3

H4
LGMIN
HGMIN
KLM
KH
KS1
KS14
A2048
*

AORG 74
AORG 75
AQRG 76

AORG
AQRG
AQRG
AORG
AORG
AORG
AORG
AQRG
ACRG
AQRG

EQU
EQU
EQU

" EQU

EQU 105

EQU
EQU
EQU
EQU

EQU

EQU

EQU
EQU

. EQU

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

81
82
83
84
85
86
87
88
51
64

101
102
103
104

106
107
108
110

126
127
125
69
70
39
76

8l

82
83
84
85
86
87
88
66
67
71
72
73
74
122

PAGE 0002

* REGISTER USED TO DETERMINE TIME THE
* PRESENT(DIGPT)/ ABSENT(DIGAB)
* POINTS TO START OF TABLE CONTAINING

VALID DIGIT PRESENT COUNTER
CURRENT DIGIT FCR 1ST TIME
CURRENT DIGIT FOR 2ND TIME
HOLDS THE VALID DIGIT ( ACTUALLY
THE NO. OF PULSES TO BE OUTPUT ).
* CONTAINS 2 WHEN DIGIT IS CONTINUOUSLY
PRESENT FOR 2 BLOCKS.
*DIGIT ABSENT COUNTER _
* CURRENT DIGIT ABSENT FOR 1ST BLOCK
* CURRENT DIGIT ABSENT FOR 2ND BLOCK

¥ % % *

* SHIFT RIGHT 11 MACRO

*

SR11

SMACRO

SACL
SACH
ZAC

LAC P1,5

Pl
P2

*}
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0115
0116
0117
0118
0119
0120
0121
0122
0123
0124
0125
0126
0127
0128
0129
0130
0131
0132
0133
0134
0135
0136
gl137
0138
0139
0140
0141
0142
0143
0144
0145
0l4e6
0147
0148
0149
0150
0151
0152
0153
0154
0155
0156
0157
0158
0159
0le0
0161
0162
0163
0164
0165
0166
0167
0168
0169
01790
0171

0000

oC80
0C80

0c8l”

gcsaz2
0C83
0cs4
QCBs
0C86
0cse?
0cas
CC89
0C8A
0C8B
0csc
0CB8D
OC8E
0C8F
0Cs0
0C9l
0C92
0C33
0C94
0C95
0C86
0Cc97
0C98
0C99
0CSA
QCSB

-
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06D4
03AA
FF6E
FBSC
FBAG
F815
F9D5
FD63
01iB3
0585
07BA
Q7AC
056l
0182
0694
02D3
FE13
FAQO
F80F
FBEF
FC50
0100
0556
07C7
0776
047F
FFFO
FB67

*
*
*

PAGE 0003

SACH Pl *ISHIFT Pl LEFT 11 BITS
LACK 31 %
AND Pl e
SACL Pl

ZAC - T )
LAC P2,5

OR Pl

SEND

MACRO TCO COMPARE ‘A TO B

CMB.  SMACRO A,B

* % % * % X A X * A

SuB
SEND '

LAC :A:,Q
B:,0

PSEG
OPTION XREF

*

. THE FOLLOWING DATA ARE COSINE COEFFECEINTS AND ARE STORED

IN THE PRAM STARTING FROM ADDRESS 3200.
AQORG 3200
DATA >06D4
DATA >03AA
DATA >FF6E
DATA >FBSC
DATA >FBA6
DATA >F815
DATA >F9D5
DATA >FD63
DATA >01B3
DATA >0585 -
DATA >07BA
DATA >07AC
DATA >0561
DATA >0182
DATA >0694
DATA >02D3
DATA >FE13
DATA >FAQQ
DATA >F80F
DATA >FBEF
DATA >FCS0
DATA >0100
DATA >0556
DATA >07C7
DATA >Q0776
DATA >047F
DATA >FFF0
DATA >FB6&67
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"'PAGE 0004
0172 0C9C 0646 DATA >0Q646 : L ' :

0173 0C9D 01D7 DATA >81D7 : :

0174 OCSE FCSE DATA >FCSE -

0175 0C9F FBDA ’,’_Qégifiigpk,//*f‘a-77~5\ l BN
0176 BCAQ F82B , DATA: 28 . :
0177 OCAl FADD A - DATA >FADD . i .

0178 QCA2 FFC7 DATA >FFC7

0179 OCA3 04C8 DATA >04C8B
0180 0Ca4 07BA _*  DATA >07BA

- 0181 OCAS 0757 DATA >0757
0182 OCA6 03C9 - DATA >03C9
0183 QCA7 FESA + DATA >FE9A
0184 OCAB FAO0S DATA >FAQ5
0185 QCAS-F804 DATA >FB04 T
0186 QCAA (05ES DATA >05ES . A
0187 OCAB-00BD ' DATA >00BD /\

0188 OCAC FB2F : DATA >FB2F . foy
0189 0CAD FB24 DATA >FB24 . [
0190 QCAE F933 - DATA >F933 ‘
0191 OCAF FDCE =~ | DATA >FDCE

(3192 0CBO 038F DATA >038F
0193 OCBl 0774 DATA >0774 ,

01394 -0CB2 0776 DATA >0776
0195 Q0CB3 0393 DATA >0393
0156 0CB4 FDD3 . DATA >FDD3

0197 0CBS F935 DATA >F935 .
0198 QCB& F823 DATA >F823
0199 0OCB7 FB2B DATA >FB2B .

0200 0CB8 04A8 DATA >04A8 .
0201 0CBS FD&C DATA >FD6C . '

0202 OCBA F858 - DATA >F858 «°
0203 OCBB F9AA DATA >F9AA Y
0204 .0CBC 0048 DATA >0048
02085 0CBD 06AA DATA >06AA
0206 OCBE 077A DATA >077A
0207 QCBF 0209 DATA >0209
0208 0CCO FAE®6 DATA >FAE®6
0209 0CCl F806 . DATA >FB06
0210 0CC2 F8Dl1 _ DATAS >FBD1
0211 0CC3 031B DATA >031B
0212 0CC4 07CD DATA >07CD
0213 QCCS 05FS DATA >05F9
0214 0CC6 03FC DATA >03FC
0215 0CC7 FBF9 ' DATA >FBF9
0216 0CC8 F801 ° DATA >F801 .
0217 0CE9 FCOF DATA >FCOF
0218 OCCA 0412 DATA >0412
0219 0CCB D7FF DATA >07FF
0220 0CCC 03ES5 - DATA >Q3ES .

0221 0CCD FBE3 DATA >FBE3

0222 OCCE F8C1 ) DATA >FB801

0223 QCCF FC26 DATA >FC26 :
3224 0CDO 0428 . DATA >0428" : .
0225 0CDl Q7FF DATA >07FF
0226 0CD2 03CF DATA >03CF
0227 0CD3 FBCD DATA >FBCD.

0228 0CD4 0331 DATA >0331 . ‘
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PAGE 0005
-0229 0CDS FAS8E DATA >FA8E

0230 0CD6 FB875 - DATA >F875 N

0231 0CD?7 FF6D DATA >FF6D . : ) f
0232 0CD8 0715 DATA >0715 )

0233 0CDY 063C DATA >063C-

0234 OCDA FDE6 . - "DATA >FDEG6

0235 0CDB F816 DATA >F816

0236 0CDC FBCS DATA >FBCY

0237 0CDD 048C - © - DATA >048C o

0238 OCDE 07D9 DATA >07DS . (
0239 OCDF 01B8 DAtTA >01B8 . R
0240 OCEO F987 DATA >F987 : .
0241 OCEl F91C " DATA >F91C

0242 -0CE2 0246 . DATA >0246

0243 OCE3 F94B DATA >F94B

0244 OCE4 F9EA - - DATA >F9EA

0245 0CES 033F " DATA >033F

0246 OCE6 07EE . DATA >07€E

0247 OCE7 0143 DATA. >0143 «

0248 OCE8 FB8CA DATA >F8CA .

0249 OCES FAA3 _ DATA >FAA3 ‘ /

0250 QCEA 0429 "DATA >0429

0251 OCEB 07BB DaTA >07BB ,

0252 OCEC 0038 DATA >003B

0253 QOCED FB867 DATA >FB867

0254 QCEE FB73 DATA >FB73

0255 OCEF 0502 DATA >0502

0256 x

0257 * . L0 '

0258 * WRITE THE 112 SINE COEFFECIENTS INTO PROM STARTING FROM 34
0259 *

0260 *

0260D48 : AORG 3400

0262 0D48 0429 DATA >0429

0263 0D4a9 071C DATA >071C

0264 0D4A 0O7FA : DATA >07FA

0265 0D4B 0684 DATA >0684 4

0266 0D4C 0325 DATA >0325 »

0267 0D4D FEDD DATA >FEDD 7

0268 OD4E FAES DAT® >FAES

0269 0D4F FB871 DATA >F871

0270 0DSO F82F DATA >FB2F _

0271 0OD51 FA37. DATA >FA37 ' P y
0272 0D52 FDEE DATA >FDEF :

0273 0D53 0241 DATA >0241 ' -
0274 0D54 0SEB DATA >0SEB :

0275 0D55 07DB DATA >07DB

0276 0DS6 048C DATA >048C . .

0277 O0D57 0778 DATA >0778 V

0278 0DS8 07C3 DATA >07C3

0279 0D59 054A- DATA >054A

0280 OD5A 0O0FOQ : >00F0

0281 0ODSB FC42 >FC42

0282 0D5C F8E7 >FBE7

0283 0DSD F811 >F811 )

0284 ODSE FAOB DATAV>FAQOB - T

0285 ODSF FE22 . DATA \>FE22
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0286 0D60
0287 OD6L
0288 0D62
0289 6D63
029Q 0D64
0291 0D65
0292+ 0D66
0293 0D67
0294 0D68
0295 0D63
0296 OD6A
0297 OD6B
0298 OD6C
0299 0D6D
0300 OD6E
0301 OD6F
0302 0D70
0303 0D71
0304 0D72
0305 0D73
0306 0D74
6307 0D75

0308 0D76

0309 0OD77
0310 0D78
0311 0D79
0312 OD7A
0313 0D7B
0314 0OD7C
0315 0D7D
0316 OD7E
0317 QD7F
0318 0D80
0319 0Dp81
0320 0D82
0321 0D83
0322 0D84
0323 0D85

0324 0DB6.

0325 0D87
0326 0D88
0327 0D89
0328 OD8A
0329 0D8B
0330 ODBC
0331 0DBD
0332 OD8E

0333 ODBF:

0334 0DI0
0335 0D91
0336 0D92
0337 0D93
0338 0D94
0339 0D95
0340 0D96

- 0341 QD97

0342 0D9B
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02E2
069D
Q7FF
0688
04F6
07C8
073F

3396

FE61
F9DF
F801
F397
FDF1
032D
0708

07E0 -

054F
0073
0563

07F7 -

0662
0179
FBCC
FB84F
F8D6
FD1B
02E1
0728
07B2
0439
FEBC
FIAL
0edl
0792

024F-

FB1lE
FB802
FB94

0208

07BC
0628
FF70
F92F
F8AL
FE3D
0551
06EF
06E9
FFFY
F90A
FILE
0019
06FC
06DC
FFDA
FBFE
F92B

DATA
DATA.
DATA
DATA
DATA
DATA
DATA
DATA’
DATA
DATA
DATA

DATA
DATA v
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
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>02E2 "
>069D
>Q7FF
>068B
>04F6.
>07C8
>Q073F
>0396 -
>FEB]
>F9DF
>F801"

"DATA >F997,

>FDF1l
>032D
>0708
>07EQ
>(054F
>0073
»>0563 -
>Q07F7,
>0662 1\
>0179 .
>FBCC
>FB4F
>F8D6
>FD1B
>02E1
>0728
>()7B2
>0439
>FE8C
>F9Al-
>0681
>0792%
>{(24F
>FBlE
>FB02 .
>FB94
>02D8
>078C
>0628
>FF70
>F92F
>FBAL
>FE3D
>0551 -
>06EF
>06E9
>FFF4
>FI0A
>FS1E
>0019
>06FC
>06DC
>FFDA
>F8FE
>F92B
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0343
0344
0345
0346
0347
0348
0343
Q380

0351

0352
0353
0354
0355
0356
0357
0358
035%
0360
0361
0362
0363
0364
0365
0366
Q367
0368
0368
0370
0371
0372
0373
0374
Q375
0376
Q377
0378
0378
0380
0381
Q382
0383
0381
0385
0386
0387
0388
038¢S
0390
03391
0352
Q393
03394
0385
03386
0397
0398
0339

0D9s
0D9A
0DSB
0D3C
0DSD
0DSE
QDSF
0DAD
0DAl
0DA2
aDa3
0Da4d
ODAD
0DAbG
0DA7
0DAS
0DAS
0DAA
0DAB
0DAC
0DAD
0DAE
0DAF
0DBO
0pEl
0DB2
0DB3
0DB4
0DB5
0DB6
QDB7

loleoleolelale e
LR EURG RN
R R S S S S
(Voo b e U RN R e )}
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0033
0708
06CE
0755
05DB
FD58
F806
FC49
0502
0787
0126
F934
F96C
018A
07D0
0482
FBF1l
07AB
043¢
FADO
F851
0108
Q07868
0375
FALL
F92C
020C
Q7FF
027F
FSED
FOC4

Ce4l

ogca

goao
0001

0002

DATA
DATA
DATA
DATA
. DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

-

ASSEMBLER 2.1 83.076

—

>0033
>0708
>06CE .
>0755
>05DB
>FD58
>FB06
>FCas

>0502

>07B87
>0126
>F934
>FSEC
>018A
>07D0
>04B82
>FBF1
>07AB
>045C
>FADQ
>FEBl
>0108
>07EE
>0375
>Fall
>F92C
>020C
>Q7FF
>027F
>F86D
>FSC4

21:16:14

3/18/85
PAGE 0007

'k***********************************************************

*
x
*

INITIALIZATION

**********‘k****‘k***************x**t*************************

ACRG
DATA

AORG
DATA
INITIALIZE
THIS TABLE

CORRESPOND

* Ok X % b A O F

AORG
DATA
AQORG
DATA
A0RG
DATA
A0RG

1600

>641 - *x INITIALIZE

NEXT SET OF

ING TO

i359

20080

1351
>0001
1352
>0002
1353

DATA
DATA

RCM.

TABLE

PULSE

POINTER AT ROM LOC.160
IS STORED FROM ROM

LOC +2000= S1 = +10

DOINTER = 13

A
=

)
=

S TO BE OUTPUT

LoC

ke Mrter g
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DTMFRLP
400 0549 000A
0401 054E
0402 054E 0003
0403 0550
<0404 0550 0004
0405 0552
0406 0552 0005
0407 0554
0408 0554 00O0B
0409 0560
0410 0560 0006
0411 0564
0412 0564 0007
0413 0568
0414 0568 0008
0415 056C
0416 056C 000C
0417 0588
0418 0588 0OQOE
0419 0530
0420 0590 0009
0421 0598
0422 0598 COQOF
0423 05A0
0424 05A0 000D
0425
0426
0427
0428
0429
0430 0002
0431 0002 FS00
0003 048E
0432 0004 FS00
0005 0008
0433
0434
0435
0436
0437 0008
04238 0088 7r82
0439. 0009 7F83
0440
0441
0422
0443
0214
0445 000A 6E0L
0446 0003 700A
0427 C0OGC 3000
0448 -
V448 000D 7014
0450 0QO0= 3001
0451 000F 6A01
0252 0010 8015
0453 0011 7F89
0454 0012 7F8F

PAGE_0008

DATA >000A
AORG 1358
DATA >0003
AORG 1360
DATA >0004°
ADRG 1362
DATA >0005
AORG 13¢&4
DATA >000B
AORG 1376
DATA >0006 P
AORG 1380
DATA >0007
ACRG 1384
DATA >0008
ACRG 1388
DATA >000C
AORG 1416 '
DATA >000E
ACRG 1424
DATA >00089
AORG 1432
DATA >000F
AORG 1440
DATA >000D

*************t*********************************************'*
*

* : DROGRAM
E

R T T L AR R TR T R L RS St bbbl b i
ACRG 2
3 INTPC * BRANCH VECTOR FOR INTERRUPT

B ¥B20

\

READ IN TEE 128 DATA SAMPLES FROM PORT3 AND STORE
TEEM IN RAM LOCATIONS 0 TO 127

* 4 * %

AORG 8
¥B20  EINT : ,
BEGIN SOVM * SET TMS 320 IN THEE OVERFLOW MODE
* ' i.e. TEE ACC IS SET TO THE EIGHEST/LCWEST
VALUE WHENEVER TEERE IS AN OVERFLOW/UNDERFL

*

INITIALIZATION

* F * F

LDPX 1
L2RK 0,10
SAR 0,CNTRL *

-LARK 0,20
sarR 0,CLCK
LT CLCK
MPYHK 21 :
ZAC ‘/
APAC



DTMFRLP

0455
0456
0457
0458
0459
0460
0461
0462
0463
0464
0465
0466
0467
0468
0469

0470
0471
0472
0473
0474
0475

0476

Q477
0478

0479

0480
0481
0482
0483
0484
0485
0486
0487
0488
0489
0490
0451
0492
0493
.0494
0495
0496
0497
0498
0499
0500
0501
0502
0503
0504
0505
0506
0507
Q508

0013

0014

0015
0016
0017
0018
0019

001A
001lB
go1icC
001D

Q0lE
C0l1F
0020
0021
0022

0023
0024
0025
0026
0027

6028
0029
002A
002B
gozcC
002D
002E

Q02F
0030
0031
0032
0033
0034
0035
0036
0037
0038

0039

320 FAMILY MACRO ASSEMBLER 2.1 83.076 21:16:14 3/18/85

5001

6EQ00

717F
7000
6EOL
4501
4800

7F82
7F89
FF00
001C

6881

F400
001A
F900
0028

7F81
6880
42A8
7E0B
7F8D

7F82
7EFA
507E
237E
706F
307E
7D7E

6EQ0O
700A
307E
7014
307F
6ATF
8015
7789
TF8F
507F

497F

*

LOOP

HERE

* * H X

GET

¥YyYll-

* O* A+ x X

BRANCH TO LOOP WHERE Y

PAGE 0009

«

SACL CLCK,O *

LDPK O

* NOW START GETTING THE DATA SAMPLES

LARK 1,127

LARK 0,0

LDPK 1

OUT CLCK,PAl * SAMPLING FREQ.= 8 KHZ.

OUT CNTRL,PA0 *A/D IS SET TO CONTINUOUS MODE

EINT * WAIT FOR AN INPUT WORD
ZAC _
BZ HERE * HERE YOU TEST WHETHER THE ACC = 0.IF YO

HAVE JUST RETURNED FROM SERVICING THE INTERRUPT ACC=11l. SO
OU ENABLE THE INTERRUPT;OTHERWISE RE
JUST TO 'HERE' WOULD NOT ENABLE THE INTBRRUPT WHICE HAD BE
DISABLED IN THE 'GET' SERVICE ROUTINE.

LARP 1 -
BANZ LOOP * TO COLLECT 127 DATA SAMPLES

B YY1l

DINT
LARP O
IN *+,2
LACK 11
RET

EINT

LACK 250
SACL TEMP1
LAC TEMP1,3
LARK 0,111
SAR 0,TEMP1
TBLW TEMP1

ENABLE INTERRUPT AFTER COLLECTING
128 DATA SAMPLES.

SET UP ACC = ADDRESS 2000

* * * X ¥ X *

SET ROM LOC. 2000 = 111

SET UP A/D AFTER TBLW

LDPK O

LARK 0,10

SAR 0,TEMP1
LARK 0,20

SAR 0, TEMP2

LT TEMP2

MPYK 21

ZAC

APAC -

SACL TEMP2 *

QUT TEMP2,PAl * SET SAMPLING FREQ. = 8 KHZ.



DTMFRLP

0509
0510
0511
0512
0513
0514
0515
0516
0517
0518
0519
0520
0521
0522
0523
0524
0525
0526
0527
0528
0529
0530

0531
0532
0533
0534
0535
0536
0537
0538
0539
0540
0541
0542

0543
0544
0545
0546
0547
0548
0549
0550
0551
0552
0553
0554
0555
0556
0557
0558
0555
0560
0s6l
0562
0563

003A
003B

003B
003C
003D
0Q3E
003F
0040
0041l
0042

0043
0044
0045
0046
0047
0048
0049
004A
004B
004C

004D
004E
004F
0050
0051
0052
0053
0054

0055
0056
0057

0058
0059
Q05A
005B

320

487E

6EQO
701E
3002
6A02
7F88
8888
7F8F
5002

7100
6881
6EQL
6602
7888
50A8
6880
F400
0044

6E0Q

717F
7000
6880
2C88
58A8
6881
F400
004F

6EQL
7180
310F

380F
7180
200F
310F

FAMILY MACRO ASSEMBLER 2.1 g3.076  2l:16:14

QUT TEMP1l,PAQ * SET A/D IN CINTINOUS MODE

LDPK 0
LARK 0,30
SAR 0,MASK
LT MASK
ZAC

MPYK 2184
APAC

* LARK 0,127
LARK 1,0
INVERT LARP 1 *
LDPK 1 *
ZALS MASK *
XOR *
SACL *+
LARP O
BANZ INVERT

LDPK 0O

THE DATA SAMPLES ARE NOW IN THE DATA RAM FROM
ADDRESS 0 TO 127.-

* O % %

LARK 1,127
LARK 0,0
CST .LARP 0 )
LAC *,12 *}SHIFT RIGHT BY 4 BITS
SACH *+,0 *
LARP 1
BANZ (ST

*
*

3/18/85

PAGE 0010

SACL MASK, O * MASK = >FFF0 USED TO INVERT

*********i******************************t*****************

*

* THE FOLLOWING BLOCK CALCULATES R{0),R{1),....R(14) AND *

*

************************************k*********************

*

*

* INITIALIZE T=128,AR0=127,AR1=127-(T-128)

*

* . -
LDPK 1 x} T(RAM LOCATION 143)
LARK 1,128 *} 1S SET TO 128
SAR 1,15 *} ‘

RT LAR 0,15 *STORE T
LARK 1,128 *
'LAC 15,0 *}

SAR 1,15 *} T-128



DTMFRLP

0564
0565
0566
0567
0568
0569
0570
0571
0572
0573
0574
0575
0576
0577
0578
0579
0580
0581
0582

0583
0584
0585
0586
0587
0588
0589
0590
0591
0592
0593
0594
0595
€596
0597
0598

0599
0600
0601
0602
0603
0604
0605
€606
0607
0608
609
0610
0611
0612
0el3
0614
0el5
gels
0el?
0618

005C
005D
00SE
005F
0060
0061
0062
QPGB

0064
0065
0066
0067
0068
0069
006A
006B

006C
006D
006E
006F
0070
0071
0072
0073
0074
0075
0076
0077
0078

0079

007A
007B
go7cC
007D
007E
Q07F
0080
0081
0082
0083

320

100F
500F
7E7F
100F
500F
390F
300F

707F

6881
7F89
8000
6A80
6091
7F8F
F400
0067

6880
6EQL
380F
5888
2E88
5888
68A8
300F
7F89
TEBF
100F
FDOO
0058

6EQO

7080
307A
247A
507A
7001
305A
7015
305B
7033
305C

FAMILY MACRO ASSEMBLER 2.1 83.076 21:16:14 3/18/85
) PAGE 0011
SUB 15,0 xp
SACL 15,0 *x T-128 GOES INTC 143
LACK 127 *}
sUB 15,0 *} 127-(T-128)
SACL 15,0 * ] o
LAR 1,15 *] AR1=127-(T-128)
SAR 0,15 *RESTORE T
LARK 0,127 * ARQ0=127 ‘ N
* e
* N,
* LOOP BEGINS _ '
* 7ERO THE ACC AND THE P REGISTERS BEFORE ENTERING THE LOOP

MT

* 4 % %

*
*

LARP 1

ZAC

MPYK & * PREG=0
LT *,0

MPY *-,1

APAC

BANZ MT

SCALE R(T) AND STORE

LARP 0 -
LDPK 1 v
LAR 0,15

SACH *,0

LAC *,14 .

SACH *,0

MAR *+

SAR 0,15 .

oaC )
LACK 143

SuB 15

BGEZ RT

*********t*********‘k***************t*********‘k**************

*

* THE FOLLOWING BLOCK CALCULATES THE A PARAMETERS *

*

***************************************************‘k********

*

LDPK O

* INITIALIZING THE VARIOUS POINTERS

LARK 0,128

SAR 0,A2048
LAC A2048,4 *
SACL A2048  *
LARK 0,1 *
SAR 0,RS *
LARK 0,21

SAR 0,ASTART
LARK 0,51

SAR 0,SIGPTR

A2048=2048
S=1

ASTART=21

% H % e
o)

!
}
J
] SIGPTR=51



DTMFRLP

0619
0620
T 0621
0622
0623
0624
0625
0626
0627
0628
0629
0630
0631
0632
0633
0634
0635
0636
0637
0638

0639
Ced0
0641
0642
¢e43
0644
0645
0646
0ed47
0648
064¢
0650
¢esl
0652
0653
- 0654
0001
gcoz2
Q003
Qoc4
0005
0006
0Cco7
0008
co0s
0010
0011
0655
0656
0657
0658
0659
0680
68l
ges2
0663

0084
0085
0086
0087
0088
0089
008a
008B

goscC
008D
Q008E
008F
Q0380
0091
0052
0083
goss4
0085
0096
00S7

ocos
00S9
00sA

00SB
gesc
008D
00%E

00SF
00A0
00AL
00a2
00A3
00A4
00AS
00A6
0047
COAS
0049
00AA
00AB
00AC
QOAD
00AE

QOAF
00B0

320 FAMILY MACRO ASSEMBLER 2.1 83.076

7032
3065
7014
3066
700D
306C
7001
307D

6EOL
3900
3801
6EQOQ

3161

30690
7F81

F800 -

04FS
7¥82
2C62
5862

7FE89
1062
5015

2B7A
6A158
6D15S
7730

506D
5862
7F8S
256D
586D
7ELF
796D
506D
778¢S
256E
7AED
5033
7589
6233
6=01
6000

a4
() o
o m
O '

*

LARK 0,50°
SAR 0,FIFTY
LARK 0,20
SAR 0, TWONE
LARK 0,13
SAR 0,ACOUNT
LARK 0,1

SAR 0,ONE

*CALCULATION OF All AND SIGMAL BEGINS ‘

x
*

* A A A*

LDPK 1

LAR 1,0

LAR C,1

LDPK 0

SAR 1,DENCM

SAR 0,NUMERA
DINT

CALL DIVIDE

EINT
LAC QUOT, 12
SACH QUOT,0

All IN 2048 SCALE
ZAC
SUB QUOT
SACL 21
SIGMAl CALCULATION
LAC A2048,11
LT 21
MPY 21
SPAC
SRil |
SACL Pl
SACH P2
ZAC :
LAC 21,5 *}
SACE Pl *}SHIFT
LACK 31
AND P1
SACL Pl
ZAC
LAC P2,5
OrR P71
SACL 51,0
zaC
LT 51
LDPK 1
MPY 0
ADAC
LDPK C
SR11

21:16:14 3/18/85
PAGE 0012
* FIFTY=50
*TWONE=20 B
* ONE = 1
*FETCH R{(0)
*FETCH R(1)
*A11=R(1)/R(0)
* ]
;*] SHIFT QUOT RIGET 3Y & TO PUT
*}

*] NEGATE QUCT
*STORE All IN RAMLOC 21  °

*x1 - -
*}(2048*2048 - (Al1**2))
* .

3

*STORE AT RAMLOC 51

z}

x} ((2048%%2 — 211%**2)/2048)*R(0)=SIGM



.

o

DTMFRLP

0001
0002
0003
0004
0005
0006
0007
0008

;0009

0010

0011

0664

0665

0666

0667

0668

0669

0670

0671

0672

0673

0674

0675

0676

0677

0678

0679

0680

0681

0682

0683

0684

0685

0686

0687

0688

0689

0690

0691

0692

0693

0694

0695

0696

0697

0698

0699

0700

0701

0702

0703

0704

0705

0706

0707

0708

0709

goBl
00B2
00B3
00B4
00BS
00B6
00B7
00B8
00BS
00BA
00BB
00BC

00BD

00BE

00BF
00CO
00Cl
00cC2
00C3
00C4
00C5S
00C6
00C7
gocs
00C9
00CA
00CB
gocCC
00CD
Q0CE
00CF
00DO
00Dl
00D2
00D3
00D4
00D5
00D6
00D7
00D8
00DS
00DA
00DB
00DC

0oDD
00DE
00DF
00EQ
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506D
S86E
7F89
256D
586D
7EL1F
796D
506D
TF8S
256E
7A6D
5033

700D
6880
6E01
200E
5098
200D
5098
200C
5098
2008
5098
260A
5098
2009
5098
2008
5098
2007
5098
2006
5098
2005
5098
2004
5098
2003
5098
2002
5098
2001
5098
6E00

395A
6881
2B98
3858

PAGE 0013
SACL Pl
SACH P2
ZAC .
LAC P1,5 *} i :
SACH Pl *}SHIFT 21 LEFT 11 BITS
LACK 31
AND P1 -
SACL Pl '
ZAC
LAC P2,5
OR P1
sacL 51,0 : *STORE SIGMA1l AT RAMLOC 51
-* 4
. ,
"k
* . . ;
LARK 0,13
LARP 0
LDPK 1
LAC 14,0
SACL *-,0
LAC 13,0
SACL *-,0
LAC 12,0
SACL *-,0
LAC 11,0
SACL *-,0
LAC 10,0
SACL *-,0
LAC 9,0
SACL *-,0
LAC 8,0
SACL *-,0
LAC 7,0
SACL *-,0
LAC 6,0
SACL -*-,0
LAC 5,0
SACL *-,0
LAC 4,0
SACL *-,0
LAC 3,0
SACL *-,0
LAC 2,0
SACL *~,0
LAC 1,0
SACL *-,0
LDPK 0
*
*
* . " -
* CALCULATION OF AKK COMMENCES
*
AKK LAR 1,RS
LARP 1 . :
LAC *-,11 *[.OAD ACC WITH R{K}*2048

LAR 0,ASTART * ARO POINTS TO RAMLOC 21



DTMFRLP

0710
0711
0712
0713
0714
0715

0716
@717
0001
Q002
0003
0004
0005
0006
0007
0008
0009
0010
0011
0718
0719
0720
0721
0722
0723
0724
0725
0726

0727
0728
0729
0730
0731
0732
0733
0734
0739
0736
0737
0738
0739
0740
0741
0742
0743
0744
0745
0746
0747
0748
0749
0750
0751
0752
0753

0O0El
00E2
00QE3
00E4
00ES
0QE®6
00E7

00E8
00ES
00EA
00EB
00EC
00ED
OQEE
00EF
00F0
Q0

00
00F3
Q0F4
00F5
GOF6

QoF7
00F8
Q00F9
0OFA
00FB
QOFC
Q0FD
00FE
O0FF
0100

0101

0102
0103
0104
0105

0106
0107
0108
0109
010A

010B
010C
010D
010E
QlOF
0110
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ch PAGE 0014
8000 MPYK 0 * PREG =0
6880 GT LARP 0 .
6AAL - LT *+,1
6D88. MPY * *WHEN LOOP EXITED,AR0 POINTS TO AKK
TF8F APAC
F400 BANZ GT * R(K)+{A(K-1,L)*R(K-L} FORMED
00E2 ~
* AFTER EXITING THE LOQP
SR11
506D SACL Pl
586E SACH P2
7F89 ZAC
256D LAC P1,5 x] .
S86D SACH Pl *}SHIFT Pl LEFT 11 BITS
7ELF LACK 31
796D AND Pl -
506D SACL Pl
7FB89 ZAC -
256E LAC P2,5
7A6D- OR Pl ) AN
5060 SACL NUMERA,Q
395C LAR 1,SIGPTR *FETCH ADDRESS OF SIGMA(K-1)
6881 LARP 1
20A8 LAC *+ *,OAD ACC WITH SIGMA(K-1)
* AND INC SIGMAPOINTER
5061 SACL DENOM, 0
305F SAR 0,T
7F81 DINT
F800 CALL DIVIDE
04F9
7F82 EINT
2C62 LAC QUOT,12 * SHIFT QUOT 4 RIGHT
5862 SACH QuUOT,O .
7F89 ZAC
1062 SUB QUOT
5062 SACL QUOT
385F LAR O,T
2062 LAC QUOT *}
6880 LARP 0 *} STORE AKK
5088 SACL * * }
*
3063 SAR 0,T1 *T]1 NOW CONTAINS K
6800 MAR - *DEC Tl
3064 SAR 0,T2 *STORE IN T2
3858 LAR 0,ASTART *}K1=21
305E SAR 0,Kl1 *}
o*
*
*CALCULATION OF A(K,I) BEGINS
*
*
385F LAR 0,T
306B SAR 0,KK
6898 MAR *-
3069 SaR 0,KL
2069 LAC KL,Q
0065 ADD FIFTY



DTMFRLP

0754
0755
0756
0757
0758
0759
0760
0761
0762
0763
0764
0765
0766
0767
0768
0769
0770
0771
0772
0773
0774
Q775
0001
0002
0003
0004
0005
0006
Q007
0008
0009
0010
~0011
0776
0777
0778
0778
0780
0781
0782
0783
0784
0785
0786

0787
0788
0789
0730
0791
0792
0793
0794
0795
0796
0797
0798

0111
0112
0113

0114
0115
0116
0117
0118
0119
01la
0118
011C
011D
011lE
011F
0120
0121
0122
0123

0124
0125
0126
0127
0128
0129
012A
012B
012C
012D
012E
012F
0130
0131

0132

0133

0134
0135

0136
0137
0138
0139
013A
013B
013C
013D
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' \ PAGE 0015
5068 SACL KE
385B LAR 0,ASTART
306A SAR 0,KR
*
*
6880 LARP 0
3868 EXTEND LAR 0,KK
6£A88 LT * * AKK LOADED IN T REG
386A LAR 0,KR
7F89 ZAC . '
6DAS8 MPY *+ * |AKK*AKI. INC ARO
7F8F APAC
SQ7E SACL TEMP1 * SAVE ACCL
587F SACH TEMP2 * SAVE ACCH
306A SAR 0,KR
7F89 ZAC
3869 LAR 0,KL *
2898 LAC *-,11 *}AK1,I *2048 LOADED IN ACC
3069 SAR 0,KL * RESTORE UPDATED KL
607F ADDH TEMP2 *AK1,I1*2048 +AKK*AKL, K2
617E ADDS TEMP1
SR11
506D  SACL Pl
S86E  SACH P2
7F89  ZAC
256D LAC P1,5 *}
586D  SACH Pl *}SHIFT Pl LEFT 11 BITS
7E1F  LACK 31
796D  AND Pl
506D SACL Pl
7F89  ZAC
256E LAC P2,5
7A6D OR Pl
3868 LAR 0,KE
5098 SACL *- .
3068 SAR 0,KE
*x
*
*HAVE WE REACHED END OF CALCULATING AK,I
*
*
2069 LAC KL
1066 SUB TWONE
FEOQOQ BNZ EXTEND
0115
*
*TO0 SWAP THE ATEMP TABLE INTO ASTART TABLE
*
6880 LARP 0
3868 LAR 0,KK
£898 MAR *- ’
3067 SAR 0,REG
2067 LAC REG,O0 * ARO POINTS TO ASTART
p065 ADD FIFTY '
5067 SACL REG
3967 LAR 1,REG  *ARl POINTS TO ATEMP
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0739
0800
0801
0802
0803
0804
0805

0806
0807
0808
0809
0810
0811
0812
0813
0814
0815
0816
0001
0002
0003
0004
0005
0006
0007
0008
0009
0010
0011
0817
0818
0819
0820
0821
0822
0823
0824
0001
0002
0003
0004
r 0005
0006
0007
0008
0009
0010
0011
0825
0826
0827
06828
0829
0830
0831
0832

013E
013F
0140
0lal
0142
0143
0144
0145

0146
0147
01438
0149
014A
014B

014C
014D
014E
014F
0150
0151
0152
0153
0154
0155
0156
0157
0158
0159
GlSA
0158
015C
015D

015E
0l5F
0160
0161l
0162
0163
0164
0165
0l66
0167
0168
169
0l6A
016B

016C
016D
016E

320 FAMILY MACRO ASSEMBLER 2.1 83.076
6881 LARP 1
2050 CON LAC *-,0,0
5091 SACL *-,0,1
3067 SAR 0,REG
2067 LAC REG,0
1066 SUB TWONE
FEOO BNZ COCN
013F .
b
*
* CALCULATION OF SIGMA K BEGINS
*
2B7A LAC A2048,11
6880 LARP 0
386B LAR 0,KK
6A88 LT *
6D88 MPY *
7F390 SPAC
SR11
506D SACL Pl
S86E SACH P2
7F89 ZAC
256D LAC P1,5 *}
586D SACH Pl *}SHIFT Pl LEFT 11 BITS
TJE1F LACK 31
796D AND Pl
506D SACL Pl
7F89 ZAC
256E LAC P2,5
7A6D OR P1
5067 SACL REG
6A67 LT REG
385C LAR 0,SIGPTR
7F89 ZAC
6DASB MPY *+ * INC SIGPTR
7F8F APAC
305C SAR 0,SIGPTR
SR11
506D SACL Pl
S86E SACH P2
7F89 ZAC ,
256D LAC P1,5 *} '
586D SACH Pl *}SHIFT Pl LEFT 11 BITS
7E1F LACK 31 :
796D AND P1
506D SACL P1
7F89 ZAC ‘
256E LAC P2,5
7AED OR Pl
3185C LAR 0,SIGPTR
6880 LARP O
5088 SACL * *
*
*
3B5A LAR 0,RS *
6880 LARP 0
6B8A8 MAR *+

21:16:14

-

.

3/18/85
PAGE 0016

*SET RS TO POINT TO NEXT SET OF
* A PARAMETERS
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PAGE 0017
0833 016F 305A SAR 0,RS  *
0834 * oo ,
0835 * , .
083% 0170 206C LAC ACOUNT
0837 0171 107D SUB ONE
0838 0172 506C : SACL ACOUNT
0839 0173 FEQOQ BNZ AKK * BRANCH IF CALCULATION OF THE 14TH SET
0174 00DD .
0840 * | OF A PARAMETERS IS NOT OVER TO CALCULATE
0841 * _ THE NEXT SET - ‘“\
0842 * _
0843 "****t********t****t**************}k**** Yo dr Jr ke de o Aok % dr gk ook dr ok ok ok ok X
0844 * -
0845 ' x  THE FOLLOWING BLOCK CALCULATES AZHE PSD FOR 8 FREQ PTS.
' *« N
832'6] ******************ttt***********t*t* Rk dd ook dkkodokodokokdkkohhkkk
0848 * '
0849 *
0850 * .
0851 * .
0852 * ' .
0853 * INITIALIZATION -
0854 * oo .
0855 *
0856 * b
0857 0175 7EFF LACK 255
0858 0176 507E- SACL TEMP1 . '
0859 0177 277E LAC TEMP1,7
0860 0178 7A7E OR TEMP1
0861 0179 5064 SACL%\iI * T2 = >7FFF = 32,767 = SATURATING VALUE
0862 S ‘ . ,
0863 X
0864 .017A 7001 LARK 0,1
0865 017B 307D SAR 0,ONE
0866 017C 6ATD LT ONE
0867 017D 8064 MPYK 100
0868 01l7E 7FBE PAC .
0869 017F 5070 SACL TBLPT,0  *TBLPT=(SO THAT 100*2**5 = 3200)
0870 0180 7000 LARK 0,0
0871 o * LARK 0,150
0872 * SAR 0,TEMP1
0873 * LT TEMP1
0874 * ZAC
0875 * - MPYK 8
0876 * APAC
0877 *  SACL SINST,O
0878 0181 6A7D LT ONE
0879 0182 8352 : MPYK 850
0880 0183 7FBE PAC
0881 0184 5076 SACL SINST,O0
0882 01B5 2276 LAC, SINST,?2
0883 0186 5076 SACL SINST,O * SINST = 3400 .= ADDRESS OF WINE TABLE -
0884 0187 7001 LARK 0,1 /
0885 0188 307D SAR 0,ONE
0886 0189 7020 LARK 0,32 *}
0887 018A 307E A SAR 0,TEMPl *}

0888 018B 6ATE ’ ‘LT TEMP1 *
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0889
0830
0891
0892
0893
0894
0895
08Ss6
0897

08398

0899
0900
* 03901
0902
0903
0904
0905

0906
0gqa7?
0308
0909
0sla0
0911
0912
0913
0914
0915
0916
0317
0ols8
0919
03920
0921
0922
0923
0924
0325
0926
0927
0928
0929
0930
0931
0932
0933
0934
- 0935
0936
0937
0938
0939
0940

0941
0942
0943

018C
018D
018E
01l8r
0190
0191

0192
0193
0194
0195
0196
0197
0198
0199
019A
01398
01scC
019D
019E
01SF

01AQC
0lal

01a2

01A2

01A3
01lAa4
01A5
01Aa6

01a7
01A8
01AS
0lAA
01AB
01AC
01AD

320 FAMILY MACRO ASSEMBLEg—2.1 83.076  _ 21:16:14  3/18/85
‘ , ;Erﬂ - PAGE 0018 ,///f—'
‘.3—/ . -
7F89 ZAC ‘
8040 MPYK 64 *}SET A2048=2048
7F8F APAC R . :
507A SACL A2048,0 *
7000 LARK 0,0 ,
3072 SAR 0,CCOUNT * SET CCOUNT=0
*
* INITIALIZE Pl,P2(DOUBLE WORD) TO 2048**2 +{{2048**2)*14}
* . .
700D LARK 0,13 , .
6880 LARP 0 &
7F89 ZaC :
8000 MPYK 0
6A7A PQl LT A2048 . .
6D7A MPY A2048
7F8F APAC
Fa00 BANZ PQl
0196
GATA LT A2048
6D7A MPY A2048
7F8F APAC :
586D SACH P1 ~ * Pl= 03C0
506E SACL P2 °~ * P2= 0000
* .
7007 LARK 0,7 : : . _
3071 SAR 0,FREQ * SET FREQ=7 BECAUSE WE HAVE TO CALCULATE
* * THE PSD AT 8 POINTS .
*
* . .
*ACTUAL CALCULATION BEGINS had
* /
*
* -~ ~f
* READ IN THE COSINE COEFFECIENTS ,//’/7
*
3071 .PSD SAR 0,FREQ * SAVE THE(%&EQPéINTER .THIS IS NEEDED AF
* * JUMPING?gﬁcx TO PSD LABEL.THIS WAY
* S * THE BANZ USING ARO0 WILL WORK PROPER
2570 LAC TBLPT,S * LOAD ACC WITH STARTING ADDRESS OF COSIN
6A72 LT CCOUNT .
800E MPYR 14 Lox
JF8F APAC *
*
*
*
* . .
700D LARK 0,13 *AR0 IS SET UP AS A COUNTER TO READ IN
7100 LARK 1,0 * 1IN "THE 14 COSINE COEFFECIENTS
§881 COOK  LARP 1 :
67A0 TBLR *+,0 . '
007D ADD ONE * INC ADDRESS IN ACC
F400 BANZ COOK
01a9

*
*

* START FORMING THE PRSUM
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0944
0945
0546
0947
0548
05489
0950
0951
0952

0353
0954
0955
0956
03957
0958
0959
0960
0961
0962
0963

0964
0965
0966
0567
0968
0969
0970
0971
¢972
0973
0974
0975
0876

o377

0978
0979
0980
0981

0982
0983
0984
03885
0986
0987
0988
0989
09590
0991
0992
0993
0994
0995

0996

0lAE
01AF
0180
0iBl
01B2
01B3
0lB4
01BS
01B6

0187
01B8
01B9

01lBA
01BB
01BC
018D
01BE
01BF

01CO0
01Cl

01C2
01C3
01Ge
01¢5

01C6b
01C7
01C8
01C9
01CA
0lCB
0l1ccC

01CD
01CE
01CF
01D0
01D1
01D2
01p3
Q1D4
01D5

320

7022

710D
7F89
6881
6AB0
6D31
7F8F
F400
01B2

6ATA
6D7A
7FBF

7r88
5C74
626D
636E
FAQO
01C2

246D
5074

2076
6A72
BO0E
7F8F

700D

7100

6881
67A0
007D
F400
01c8

7022
F10D
7F89
6881
6A80
6D91
7FBF
F400
01D1

\_J
FAMILY MACRQO ASSEMBLER 2.1 83.076 2l:16:14 3/18/85
/ PAGE 0018

* .
LARK 0,34 . ) b
LARK 1,13
ZAC
LARP 1
PLOOP LT *,0 ' >
. MPY *-,1
APAC
BANZ PLOOP

x ) .

LT A2048 * T REG = 204g? —

: MPY A2048 , :
APAC

ABS

SACH PRSUM, 1

SUBH P1 : .
SUBS P2 * PRSUM(32 BITS) - (Pl,P2) --> ACC.
BLZ SQP2 * IS PRSUM > PRSUM_MAX ?

LAC Pl,4 * YES ! '

SACL PRSUM,0 * 'SET PRSUM = 3C0O0

* AREAD IN THE SINE COEFFECIENTS

SQp2  LAC SINST,O * ACC= STARTING ADDRESS OF SINE TABLE
LT CCOUNT

MPYK 14 C

APAC | | y:

" LARK 0,13 - * ARQ AS COUNQER TO READ 12 SINE COEFFS
LARK 1,0
SOCK LARP 1
TBLR *+,0
ADD ONE
BANZ SOOK

_ START .FORMING THE IRSUM

* A A N * K

-

LARK 0,34
LARK 1,13 :
ZAC ' - .
_ LARP 1 . )
ISPOP LT *,0 ] . -
: MPY *-,1 '
APAC -
"BANZ ISPOP
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0997
0998

0999

1000
1001

1002

1003
1004
1005
1006
1007
1008
1009
1010
1011
1012
1013
1014
1015
. 1016
1017
1018
1019
1020
0001
0002
1021

1022
1023
1024
1025
1026
1027
f1028
1029
1030
1031
1032
1033
1034
1035
1036
1037
1038
1039
1040
1041
1042
1043
1044
1045
1046
1047
1048

01D6

01D7
01D8
01D9
01DA
01DB

01DC
01DD

0l1DE
01DF
01E0
0lEl
0lE2
01E3
O1lE4

01ES
0lE6

01E7
0lES8

01ES
OlEA
O0lEB
01EC

01lED
0lEE

01EF
01F0
01rl

01F2
01F3
0l1F4
01F5S
01F6

01F7
01F8
01F9
0lFA

0lFB
01FC
0lFD
glFE

320 FAMILY MACRO ASSEMBLER 2.1 83.076

7F88

5C75
626D
636E
Fa00
0l1DE

246D

5075

7F89
6AT74
6D74

"7F8F
6AT7S .

6D75

7F8F--

7F88
5C7E

207E
597F

207F

107D
FAQOQ
01EF

2064
S07E

7F89.

7ES1
0072

507F
387F
2078
6880
5088

6880
3872
68A8
3072

3871

6880

F400
01A2

* % % *

*

DP3R

NOW TEST WH

ABS _ . )

SACH IRSUM, 4
SUBH Pl )
SUBS P2

BLZ DP3R ™

LAC Pl,4 C.
SACL IRSUM,O
e

ZAC

LT PRSUM

MPY PRSUM

APAC

LT IRSUM

MPY IRSUM .
APAC

ABS
SACH TEMPL, 4%

LAC TEMP1,0
dACH TEMP2,1

21:16:14 * 3/18/85
" PAGE 0020

CMP TEMP2,ONE * IS SIGN BIT IN DENCM 1t
LAC TEMPZ,0
SUB ONE,O

BLZ TOK1l

LAC T2,0
SACL TEMP1,0 - * SATURATE DENOM

ZAC ‘
LACK 81 *
ADD CCOUNT *

SACL TEMP2

LAR 0,TEMP2

LAC TEMP1

LARP 0

SACL * * STORE DENOM(F)

LARP O Cox}

LAR 0,CCOUNT x} INC CCOUNT
MAR *+ *}

SAR 0,CCOUNT *}

LAR 0,FREQ

LARP 0 —
BANZ PSD -~ -

/

e

-,-4)

ETHER ALL FREQ PTS HAVE BEEN CALCULATED.
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1049 OLFF
1050
1051
1052
1053
1054
1055
1056
1057 0200
1058 0201
1059 0202
1060
1061 0203
1062 0204
1063 0205
1064
» 1065 0206
1066 0207
1067 0208
1068
1069 0209
1070 020A
1071 020B
1072
1073 020C
1074 020D
1075 020E
1076
1077 020F
1078 0210
11079 0211
1080
1081 0212
1082 0213
1083 0214
1084
1085 0215
1086 0216
1087 0217
1088
1089 -~
1090
1091 0218
1092
1093
1094
1095
1096
1097
1098
1099
1100
1101
1102
1103
1104 0219
1105 021A

320 "FAMILY MACRO ASSEMBLER 2.1 83.076

7F80

2051
7F88
5051

2052
7F88
5052

2053
7r88
5053

2054
7r88
5054

2055
7F88
5055

2056
7F88
5056

2057
7F88
5057

2058

7r88
5058

7FB8C

7001
307D

%*ﬂ-?ﬁ********

* % * * % X *

-

NOP

LAC L1,0
ABS
SACL L1,0
LAC L2,0
ABS
SACL L2,0
LAC L3,0
ABS
SACL L3,0
LAC L4,0
ABS
SACL L4,0
LAC H1,0
ABS
SACL H1,0
LAC H2,0
ABS
SACL H2,0
LAC H3,0
ABS
SACL H3,0
LAC H4,0
ABS
SACL H4,0
NOP

LARK 0,1
SAR 0,CNE

NOW MAKE SURE THAT ALL THE

NOW FIND THE MINIMUM I
AND THE MINIMUM IN THE HIGH GRO
CORRESSPONDING ADDRESSES.

21:16:14

N THE LCW GROUP

3/18/85
PAGE 0021

PSD'S ARE POSITIVE.

UP AND THEIR
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1106
1107
1108
1109
1110
1111
1112
0001
0002
1113

1114
1115
1116
1117
1118
1119
1120
0001
0002
1121

1122
1123
1124
1125
1126
1127
1128
0001
0002
1129

1130
1131
1132
1133
1134
1135
1136
1137
1138
1139
1140
1141
1142
1143
1144
0001
0002
1145

1146
1147
1148
1149
1150

021B
021C
021D
021E

021F
0220
0221

0222

0223
0224
0225
0226

0227
0228
0229
022a

022B
022C
022D
022E

Q22F
0230
0231
0232

0233
0234
0235
0236

0237
0238
0239
023A

023B
¢23C
023D
023E

023F
0240
0241
0242

320

3851
3042
7001
3045

2042
1052
FAQO
0227

2052
5042
7E02
5045

2042
1053
FAQOQ
022F

2053
5042
7E03
5045

2042
1054
FAOQ
0237

2054

5042
7E04
5045

2055
5043
7E05
5046

2043
1056
FAQO
0243

2056
5043
7806
5046

FAMILY

LAC
SUB

N1
LAC
SUB

N2
LAC
SUB

LAC -
SUB

MACRC ASSEMBLER
LAR 0,81
SAR 0,LGMIN *
LARK 0,1

SAR 0,LGADD *

CMP LGMIN,L2 *

LGMIN, 0
L2,0

BLZ N1 *
LAC L2,0 *

SACL LGMIN,O *
LACK 2
SACL LGADD,Q *

CMP LGMIN,L3 *

LGMIN, O

L3,0

BLZ N2 *
LAC L3,0 *

SACL LGMIN,Q *
LACK 3
SACL LGADD,O

CMP LGMIN, L4
LGMIN, O
L4,0

BLZ N3 *

LAC L4,0
SACL LGMIN,O0 *
LACK 4

SACL LGADD,0 *

LAC H1,0 *
'SACL HGMIN,O *
LACK S

' SACL HGADD,0 *

CMP HGMIN, H2

2.1 83.076 21:16:14 3/18/85
PAGE 0022
LGMIN = L1
LGADD = 1

L1 - L2 = ACC

iS§ L1 < L2 ?

NO! SO MAKE L2
AS CURRENT LGMIN

CURRENT LGADD = 2

LGMIN - L3 = ACC
IS CURRENT LGMIN < L3 ?

NO! SG MAKE L3 AS
CURRENT LGMIN

IS CURRENT LGMIN < L& 7

* NO! SO LGMIN = L4

LGADD = ¢

SET CURRENT HGMIN

H1

SET CURRENT HGADD

]
an

HGMIN, O
H2,0
BLZ N4 * 1S HGMIN < H2Z ?
Ny
LAC H2,0 ~% NO! SO SET

SACL HGMIN,0 *
LACK 6
SACL HGADD,O *

CURRENT HGMIN = H2

HGADD = 6
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11351 * ,

1152 N4 CMP EGMIN, H3
0001 0243 2043 LAC HGMIN,O

0002 0244 1057 SUB H3,0

1153 0245 FAQ0OQ BLZ N5 * 1S HGMIN < H3 ?
0246 024B ’

1154 * S

1155.0247 2057 LAC H3,0 * NO! SO SET

1156 0248 5043 . SACL HGMIN,0 * CURRENT HGMIN = H3

1157 0249 7E07 LACK 7

1158 024A 5046 SACL HGADD,Q *

1159 *

"1160 N5 CMP HEGMIN, H4

0001 024B 2043 LAC HGMIN,Q
0002 024C 1058 SUB H4,0

1161 024D FAQOQ. BLZ N6 * 1S HGMIN < H4
024E 0253 . ’
1162 *
1163 024F 2058 _ LAC H4,0 * NO! SO SET
1164 0250 5043 SACL HGMIN,O0 * HGMIN = H4&
1165 0251 7EOQ8 LACK 8
1166 0252 5046 SACL HGADD,0 * HGADD = 8
1167 *
1168 0253 7F80 N6 NOP
1169 *
1170 * .
1171 * NOW THE LOW GROUP MINIMUM IS IN LGMIN AND ITS ADDRESS
1172 * IN LGADD. THE HIGH GROUP MINIMUM IS IN HGMIN AND ITS ADDRE
1173 * IN HGADD. : '
1174 *
1175 0254 7EFF LACK 255
1176 0255 S507E SACL TEMP1,0
1177 0256 287E . LAC TEMP1,8
1178 0257 7A7E OR TEMP1 -
1179 0258 5063 SACL T1,0 % INITIALIZE Tl = FFFF
1180 ©259 7001 LARK 0,1
1181 025A 307D SAR Q,ONE H* SET ONE = 1
1182 - *
1183 * _
1184 * NOW DETERMINE WHETHER THE DIGIT IS PRESENT OR NOT.
1185 *
1186 * TO DO THIS THE FOLLOWING TESTS ARE DONE
1187 * .
1188 * 1) IS LGMIN < KL.
1189 *
1190 * 2) IS HGMIN < KH.
1191 *
1192 * 3) IS S1 > KS1
1193 * :
1194 * 4) IS Sl4 > KSl1l4
1195 *
1196 * THE DIGIT IS PRESENT IF AND ONLY IF LGMIN < KL .AND. HGMIN
1197 * ! . ‘ ’
1198 * _AND S1 > KS1 .AND. Sl4 > KS1l4
1199 ' * o '
1200 025B 7E32 LACK 50

1201 02%C 5048 SACL KH,O * INITIALIZE KH = 50
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1202
1203
1204
1205
1206
1207
1208
1209
1210
1211
"1212
1213
1214
1215
1216
1217
1218
1219
1220

1221
1222

1223
1224
1225
1226

1227
1228

1229
1230
1231
1232

1233
1234

1235
1236
1237
1238

1239
1240

1241
12472
1243
1244
1245
1246
1247
1248
1249
1250

025D
Q25E

02s5F
0260
0261
0262
0263
0264

0265
0266
0267
6268

0269
026A
026B
026C

026D
026E

026F
0270
0271
0272

0273
0274

0275
0276
0277
0278

0279
027A

0278
027C
027D
027E

027F
0280

0281
0282
0283
0284
0285

0286

.320 FAMILY MACRO ASSEMBLER

7E64

5069-

7E01L
507D
6A7D
844C
TF8E
5049

6ATD
81F4
7F8E
S04A

2043
1048
FAQQ
026F

F900
Q38F

2042
1069
FAQ0
0275

F900
038F

2033
1049
FCOO
027B

F300
038F

2040
104A
FCOO0
0281

FS00
C038F

TEFF
507E
237E
507F
6765

2065

CIP

LACK 100
SACL KL,0 *

LACK 1 =~
SACL ONE, O
LT ONE
MPYK 1100
PAC

SACL Ksl

LT ONE
MPYK 500
BAC .
SACL KS14,0

LAC HGMIN,O

SUB KH

BLZ CIP *
-~

B IVDIG *

LAC LGMIN,O
SUB KL
BLZ GCP *

B IVDIG *

LAC S1i,0
SUB KS1

. BGZ BASU *

BASU

* THIS

PARU

B IVDIG

LAC S14,0
SUB K514
BGZ PARU

B IVDIG

2.1 83.076 21:16:14

INITIALIZE KL = 100

* INITIALIZE KS1l= 1100

* INITIALIZE KS14 = 500
1S HGMIN < KH ?

NO! SO BRANCH TO IVDIG.

IS LGMIN < KL 7?

NO! SO BRANCH TO IVDIG.

3/18/85
PAGE 0024

PROGRAM IS TO BE EXECUTED WHEN THE DIGIT IS PRESENT

LACK 255 *} SO HGMIN < KH .AND. LGMIN <KL
SACL TEMP1,0 *} SET UP ADDRESS IN ACC.

LAC TEMP1,3 *}

SACL TEMP2,0

TBLR VDPR * FETCH VDPR

LAC VDPR,O
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1251
1252
1253
1254
1255
1256
1257
1258
1259
1260
1261
1262
1263
1264
1265
1266
1267
1268
1269
1270
1271
1272
1273
1274
1275
1276
1277
1278
1279

1280
1281
1282
1283
1284

1285
1286
1287
1288

1289
1290
1291
1292
1293
1294
1295
1296
1297
1298
1299
" 1300
0001
0002
1301

0287
0288
0289
028A
028B

028C
028D
028E
028F
0290
0231
0292
0293
0294
0295

0296
0397

0298

0299
023A
0298
029cC

029D
029E
023F
0240
02A1

02A2
02A3
02A4
02A5

02A6
02A7
02A8
02A9
0ZAA
02AB
02AC

02AD
02AE

02AF
G2BG
02B1
0282

320 FAMILY MACRO ASSEMBLER

007D
5065
207F
7F81

7D65

6E00
700A
307E
7014
307F
6ATF
8015
7F89
7F8F
S507F

497F
487E

TFB82

2065
107D
FFO0O
02A6

2065
107D
107D
FFOQ
031F

7EQ2
5069
F900
0453

TEAS8
507E
237E
504C
2045
0046
507E

7E01
507F

2045

107F
FFOO
02D7

* % % % %

LAC
SUB

ADD ONE
SACL VDPR, 0
LAC TEMP2,0
DINT

TBLW VDPR

LDPK O

LARK 0,10
SAR 0,TEMP1
LARK 0,20
SAR 0, TEMPZ
LT TEMP2
MPYK 21

ZAC

APAC

SACL TEMP2

OUT TEMPZ,PAl
OUT TEMP1,PAD

2.1 83,076

* VDPR = VDPR

* RESTORE VDPR

SET UP A/D AFTER TBLW.

EINT
LAC VDPR, 0

SUB ONE * VDPR - 1 = A
BZ SANJ * 1S VDPR = 1
LAC VDPR, 0 * NO!

SUB ONE *} YDPR - 2 =
SUB ONE *}

BZ RAJAM * IS VDPR = 2
LACK 2 * NO!

SACL PREST,Q * SET PRESENT =
B’ DACOL

LACK 168 * YES! YDPR =
SACL TEMP1,C :

LAC TEMPL,3 - .

SACL DIGTB * SET DIGTB =
LAC LGADD,O0

ADD HGADD, 0

SACL TEMPI * TEMPl = LGAD
LACK 1

SACL TEMP2,0
CMP LGADD, TEMP?2
LGADD, 0
TEMP2, 0

BZ Y16

* LGADD - TEMP2 --> ACC,

* IS LGADD =

21:16:14

+ 1

CcC
?

ACC

1344

D + HGADD

17

3/18/85
PAGE 0025
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1302
1303
1304
1305
0001
0002
1306

1307
1308
1309
1310
0001
0002
1311

1312
1313
1314
1315
1316
1317
1318
1319
1320
1321
1322
1323
1324
1325
1326

1327
1328
1329
1330
1331
1332
1333
1334
1335
1336
1337
1338
1339
1340
1341
1342
1343

1344
1345
- 1346
1347
1348
1349
- 1350
1351

0283
02B4

02B5
02B6
0287
02B8

0289
02BA

02BB
02BC
028D
02BE

02BF
02C0
g2cCl

02C2
02C3
02C4
02C5
02Ce6
02C7

02C8

-02C9

02CA
02CB
02CC
02CD
02CE
02CF
02D0
02D1

02D2
02D3

02D4
02D5
02D6

02D7
02D8
02D9

02DA
02DB
02DC

320 FAMILY

TEDZ
S507F

2045
107F
FFOO0
Q02EF

7EQ3
507F

2045
107F
FFOO0
0307

237E
004cC
6766

JEFF
507E
237E
007D
7F81
7D66

6EQ0D
700A
307E
7014
307F
6ATF
8015
7783
7FBF
S07F

497F
487E

7r82
FS00
0453

207E
004C
6766

TEFF
507E
237E

LACK 2

SACL TEMPZ,0
CMP LGADD, TEMP2
LGADD, 0 '
TEMP2,0

BZ Y17

LAC
SUB

LACK 3
SACL TEMP2,0
CMP LGADD, TEMP2
LGADD, 0
TEMP2,0
BZ Y18

LAC
SUB

LAC TEMP1,3
ADD DIGTB
TBLR CD1

LACK 255
SACL TEMPL, 0
LAC TEMP1,3
ADD ONE

DINT

TBLW CD1

SET UP A/D AFTER TBLW.

* *+ * * *

LDPK 0

LARK 0,10

SAR 0,TEMP1
LARK 0,20

SAR 0,TEMPZ2

LT TEMP2

MPYK 21

ZAC

APAC

SACL TEMPZ *

QUT TEMP2,PAl
OUT TEMP1,PAD

EINT
B DACOL

, .
Yls///\kgg/bampl,o
IGTB
TBLR CD1
LACK 255

SACL TEMP1,0
LAC TEMP1, 3

MACRO ASSEMBLER 2.1 83.076

21:16:14 3/18/85

PAGE 0026

* LGADD - TEMP2 --> ACC.

* IS LGADD = 2 7
* IS LGADD = 3 ?
L]
* SO LGADD = 4 !! .
* SET CDl = PARTICULAR DIGIT

* RESTCRE CD1 AT RCM +2041

* SO LGADD = 1 !

* SET CD1 = PARTICULAR DIGIT

:



DTMFRLP

1352
1353
1354
1355
1356
1357
1358
1359
1360
1361
1362
1363
1364
1365
1366
1367
1368
1369
1370
1371
1372
1373
1374
1375

1376
1377
1378
1378
1380
1381
1382
1383
1384
1385
1386
1387
1388
1389
13390
1391
1392
1393
1394
1395
1396
1297

1398~

1399
1400
1401
1402
1403
1404
1405
1406

02DD
02ZDE
02DF

02EQ
02E1
022
02E3
02E4
02ES
02E6
02E7
02E8
02ES

02EA
02EB

02EC
02ED
02EE

02EF
02F0
02F1
02F2
02F3
02ré4
02F5
02F6
C2F7

02F8
02F9
02FA
02FB
02fFC
Q2FD

2FE

2FF
¢300
0301

0302
0303

0304
0305
0306

320 FAMILY MACRO ASSEMBLER 2.1 B3.076 21:16:14 °3/18/85

007D
7F81
7D66

6EQO
700A
307E
7014
307F
EATF
8015
7F89
TFBF
507F

497F
487E

7FB2
F300
0453

217E
004C
6766
TEFF
507E
237E
007D
7F81
7D66

6EQO
700A
3J07E
7014
307F
6ATF
8015
7F89
TF8F
507F

497F
487E

7r82

F900

0453

* % o+ ¥ ¥

Y17

* ¥ 4 X *

PAGE (0027

ADD ONE
DINT
TBLW CD1 * RESTORE CDl AT ROM +2041

SET UP A/D AFTER TBLW.

LDPK 0 -
LARK 0,10 N

SAR 0, TEMP1 S

LARK 0,20

SAR 0,TEMP2

LT TEMP2

MPYK 21

ZAC

APAC

SACL TEMP2  *

QUT MP2,PAl *
ouT MP1,PAQ0 *

EINT
B DACOL

LAC TEMPL,1 * SO LGADD = 2 ?

ADD DIGTB

TBLR CDL

LACK 255 /
SACL TEMP1,0

LAC TEMPI, 3

ADD ONE

DINT

TBLW CD1 * RESTORE CD1 AT ROM +2041

SET UP A/D AFTER TBLW.

LDPK 0

LARK 0,10

SAR 0,TEMP1
LARK 0,20

SAR 0,TEMP2

LT TEMP2

MPYK 21

ZAC

APAC

SACL TEMP2 *

OUT TEMP2,PAl
OUT TEMPl,PAQ *

EINT
B DACOL



DTMFRLP

1407
1408
1409
‘1410
1411
1412
1413
1414
1415
1416
1417
1418
1419
1420
1421
1422
1423
1424
1425
1426
1427
1428
1429
1430
1331
1432
1413
1434
1435
1436
1437

1438
1339
13410
1441
1442
1443
1444
1445
1446
1347
1448
1449
0001
go02
1450

1451
1452
1453
1454
goo01
Q002
1455

1456

0307
0308
0308
030a
030B
030C
g30D
030E
030F

0310
0311
0312
0313
0314
0315
0316
0317
0318
0319

031A
0318

031C
031D
031lE

031F
0320
0321
0322
0323
0324
0325

0326
0327

0328
0329
032A
032B

032C
032D

032E
032F
0330
0331
0332

320

227E
004C
6766
7EFF
507E
237E
007D
7F81
7D66

6E00
700A
307E
7014
307F
BATF
8015
7F89
7FBF
507F

497F
487E

7F82
F900
0453

TEAH
507E
237E
504C
2045
0046
5C7E

7EO01
507F

2045
107F
FFOO
033F

7E02
507F

2045
107F
FFOO0
0344
FFO0

FAMILY MACRO ASSEMBLER

* % * * X

RAJAM

LAC
SUB

LAC
«5UB

LAC TEMP1,2
ADD DIGTB
TBLR CDl
LACK 255
SACL TEMP1,0

'LAC TEMP1,3

ADD ONE
DINT
TBLW CD1

"LDPK 0

LARK 0,10
SAR 0,TEMPl
LARK 0,20
SAR 0,TEMP2
LT TEMP2
MPYK 21

ZAC

APAC

SACL TEMP2

OUT TEMPZ,PAl
QUT TEMP1,PAOQ

EINT
B DACOL

LACK 168
SACL TEMP1,0
LAC TEMP1,3
SACL DIGTB
LAC LGADD, 0
ADD HGADD, 0
SACL TEMP1

LACK 1
SACL TEMPZ2,0

CMP LGADD, TEMP2
LGADD, D
TEMPZ2,0

BZ Y16Z

LACK 2
SACL TEMPZ2,0

CMP LGADD, TEMPZ
LGADD, {
TEMP2,0

BZ Y172

BZ Y172

2.1-83.076 21:16:14 3/18/85

PAGE (0028

* S0 LGADD = 3 ?

* SET CD1l = PARTICULAR DIGIT

* RESTORE CDl1 AT ROM +2041

SET UP A/D AFTER TBLW.

* SET SAMPLING FREQ. = 8 KHZ.
* SET A/D IN CINTINOUS MODE

* YES ! VDPR = 2

* SET DIGTB = 1344

* TEMPl = LGADD + HGADD

* LGADD - TEMP2 --> ACC.

* IS LGADD = 1 7

* LGADD - TEMP2 --> ACC.

* IS LGADD = 2 ?

* IS LGADD = 1 ?
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1457
1458
1458
1460
0001
0002
1461

1462
1463
1464
1465
1466

1467
1468
1469
1470
1471
1472

1473
1474
1475
1476
1477

1478
1479
1480
1481
1482
1483
1484
1485
1486
1487
1488
1489
0001
0002
1450

1491
1492
1493
1494
1495
1496
1497
1498
1499
1500
1501
1502
1503

0333

0334
0335

0336
0337
0338
0339

033Aa
033B
033cC
033D
033E

033F
0340
0341

0342
0343

0344
0345
0346
0347
0348

0349
034A
0348

034C
034D
034E
034F
0350

0351
0352
0353
0354

0355
0356
0357
0358
0359

035A
035B
035C
035D
035E
Q35F

320

0344

7E03
507F

2045
107F
FFOO
0349

237E
004C
6767
F300
034cC

207E
004cC
6767

F900
034C

217E
0o4cC
6767
FS00
034C

227E
004cC

6767

TEFF
507E
237E
007D
6766

2066
1067
FFO0O
0374

7F89
5069
2063
5066
5067

TEFF
507E
237E
Q07D
7F81
D66

FAMILY MACRO ASSEMBLER

LACK 3

SACL TEMPZ2,0
CMP LGADD, TEMP2
LGADD, 0
TEMP2,0

BZ Y182

LAC
SUB

LAC TEMP1, 3
ADD DIGTB
TBLR CD2

B MANJU

Y162 LAC TEMP1,0
ADD DIGTB

TBLR CDZ

B MANJU

Y172 LAC TEMPL,1
APD DIGTB
TBLR CD2

B MANJU

Y182 LAC TEMPL,?2
ADD DIGTB
TBLR (CD2
MANJU LACK 255
SACL TEMFL1,0
LAC TEMPI1, 3
ADD ONE

TBLR CD1

CMP CD1,CD2
LAC CD1,0
SUB CD2,0
BZ GPM *

ZAC *
SACL PREST *
LAC T1,0 *
SACL €D1,0 *
SACL CD2,0 *

LACK 255

SACL TEMP1,0 *
LAC TEMP1, 3
ADD ONE *
DINT

TBLW CD1 -~ *

*

2.1 83.076

*

21:16:14 3/18/85

PAGE 0029

* IS LGADD = 3 7

SO LGADD = 4 !!

SET CD2 = PARTICULAR DIGIT

SO LGADD = 1 1!

SET CD2 = PARTICULAR DIGIT

SC LGADD

)
o

SO LGADD = 3 !

SET CDZ2 = PARTICULAR DIGIT

FETCH CD1

IS CD1 = CD2 ?

NO'

SET PRESENT = 0

SET CD1
SET CD2

FFFF
FFFF

RESTQRE CD!1,(CD2,PRESENT
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1504 0360 007D ADD ONE
1505 0361 7067 TBLW CD2
1506 0362 007D . ADD ONE
1507 0363 007D ABDD ONE
1508 0364 7069 TBLW PREST
1509 *
1510 * )
1511 * SET UP A/D AFTER TBLW.
1512 * ™~
1513 *
1514 0365 GEQOQ LDPK 0
1515 0366 700A LARK 0,10 X
1516 0367 307E SAR 0,TEMP1
1517 0368 7014 LARK 0,20
1518 0369 307F SAR 0, TEMP2
1519 036A 6A7F LT TEMP2
1520 036B 8015 MPYK 21
1521 036C 7F89 ZAC
1522 036D 7F8F APAC
1523 036E SO7F SACL TEMP2 *
1524 * -
1525 036F 497F QUT TEMPZ,PAl *
1526 0370 487E QUT TEMP1,PAQD *
1527 *
1528 0371 7F82 EINT
1529 0372 F900 B DACQL

0373 0453
1530 ' *
1531 0374 7E02 GPM LACK 2 * YES ! CDl = CD2
1532 0375 5069 —— SACL PREST,O0 * SET PRESENT = 2
1533 0376 7EQ3 LACK 3 ‘
1534 0377 507F SACL TEMP2,0 -
1535 0378 7EFF LACK 255
1536 0379 507E SACL TEMP1,0
1537 037Aa 237E LAC TEMPL, 3
1538 037B Q07F ADD TEMP?2
1539 (037C 7F81 DINT
"1540 037D 7D67 TBLW CD2 * STORE CD2 AT ROM LOC. +2043 = CD3
1541 Q037 007D ADD ONE
1542 037F 7D69 TBLW PREST * RESTORE PRESENT 2 +2044¢
1543 * -
1544 * '
1545 * SET UP A/D AFTER TBLW.
1546 *
1547 *
1548 0380 6EQOQ LDPK 0
1549 0381 700A LARK 0,10
1550 0382 307E SAR 0, TEMP1
1551 0383 7014 LARK 0,20
1552 0384 307F SAR 0, TEMP2
1553 (0385 6A7TF LT TEMP?2
1554 0386 8C15 MPYK 21
1555 Q387 7r89 ZAC
1556 0388 7F8F APAC
1557 0389 507F SACL TEMP2
1558 *

1559 038a 497F OUT TEMP2,PAl



DTMFRLP

1560
1561
1562
1563

1564
1565
1566
1567
1568
1569
1570
1571
1572
1573
1574
1575
1576
1577
1578
1579
1580
1581
1582
1583
1584

1585~

1586
1587
1588
1589
1590
15391
1592
1593
1594
1595
1596
1557
1598
© 1569
1600
1601
1602
1603
1604
1605
1606
1607
1608
16009
1610
1611
1612
1613
1614
1615

038B

038C
038D
C38E

038F
0390
0391
0392
0393
0334
0395
0396
0397
0398
0399
039A
0398
039C

039D
0398
Q039F
03A0
03al
03A2
03A3
03a4
03A5
03a6

03A7
03A8

03a8

03AA
03AB
03AaC
03AD
03JAE
03AF
03BO

03Bl
03B2
03B3

320 FAMILY MACRC ASSEMBLER 2.1 83.076

487E

7782
F900
0453

7r89
5065
2063
5066
5067
7EFF
507E
237E
7F81
7D65
007D
7D66
007D
7D67

6ECD
7004
307E
7014
307F
EATF
8015
7F89
TF8F
507F

497F
487E

7F82 .

7EQ05
507F
JEFF
507E
237E
007F
507F

676A
206A
Q07D

* X * % o %

IVDIG 2ZAC

* * % % %

QUT TEMPL,PAD *

EINT
B DACOL

121:16:14

THIS PROGRAM IS EXECUTED WHEN THE DIGIT

IS NOT PRESENT.J/

* SET VDPR
SACL VDPR,O * CD1
LAC T1,0 * CD2
SACL CD1,0

SACL CD2,0

LACK 255

SACL TEMP1,0

LAC TEMP1,3

DINT

TBLW VDPR

ADD ONE

TBLW CDl1 '

ADD ONE

TBLW CD2

"SET UP A/D AFTER TBLW.

LDPK 0

LARK 0,10
SAR 0,TEMP1
LARK 0,20
SAR 0,TEMP2
‘LT TEMP2
MPYK 21

ZAC

APAC

SACL TEMP2

OUT TEMPZ2,PAl
CUT TEMPL,PAQO

EINT

LACK S

SACL TEMP2,0
LACK 255
SACL TEMPL,0
LAC TEMP1,3
ADD TEMP2
SACL TEMP2,0

TBLR VDAB * FETCH VDAB FROM ROM +2045

LAC VDAB,0
ADD ONE

FFFF
FFFE -

3/18/85
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1616
1617
1618
1619
1620
1621
1622
1623
1624
1625
1626
1627
1628
1629
1630
1631
1632
1633
1634
1635
1636
1637
1638
1639
1640
1641
1642
1643

1644

1645
1646
1647
1648
16489
1650
1651

1652
1653
1654
1655
1656
1657
1658
1659
16690
1661
1662
1663
1664
1665
1666
1667
1668
1663
1670
1671

03B4
03B5
03B6
03B7

03B8
03B9
03B8A
03BB
03BC
038D
03BE
03BF
03Co
‘03C1

03C2
03C3

03C4

03¢5
03C6
03C7
038
03cs
03CA
03CB

03cCC
03CD
03CE
03Cr

03D0
03Dl
03D2
03D3
03D4
03D5
03D6

03D7
03D8
C3D9
03DA
03DB
03DC
03DD
0Q3DE
03DF
03EQ
03ElL

320 FAMILY MACRO ASSEMBLER 2.1 83.076

506A
207F
7F81
7D6A

6EQ0
700A
307E
7014
307F
6A7F
8015

.7FB9

7F8F
507F

497F
487E

7F82

TEQ4
507F
7EFF
507E
237E
009F
6769

7202
1068

FFOO -

03F6

7F89
5069
S06A
2063
5068
506C
5068

7EQ3
507F
TEFF
507E
237E
0o7F
7r81
7D68
C07D
7D69
007D

% ¥ * W

JEQS

SACL VDAB,0 - * VDAB = VDAB + 1

LAC TEMP2,0, _
DINT

TBLW VDAB * RESTORE- VDAB

SET UP A/D AFTER TBLW.

LDPK 0
LARK 0,10 -
SAR 0,TEMP1

-LARK 0,20

SAR 0, TEMP2

LT TEMP2

MPYK 21

ZAC

APAC

SACL TEMP2 *

OUT TEMP2,PAl  *
OUT TEMP1,PAQ *

EINT

LACK ¢

SACL TEMP2,0
LACK 255
SACL TEMP1,0
LAC TEMP1,3
ADD TEMP2

'21:16:14

3/18/85
PAGE 0032

TBLR PREST * FETCH PRESENT FROM ROM +2044

LACK 2
SUB PREST
BZ PBM * IS PRESENT = 2

ZAC . * NO!

SACL PREST,0 * SET PRESENT =
SACL VDAB,O * VvDAB
LAC T1,0 AD1
SACL AD1 AD2
SACL AD2 CD3
SACL CD3

* * %

LACK 3 _

SACL TEMP2,0

LACK 255

SACL TEMP1,0 o
LAC TEMP1,3

ADD TEMP?2 .
DINT v
TBLW CD3 :
ADD ONE

TBLW PREST

‘ADD ONE

nnmn wno

-

?

FFFF
FFFF
FFFF
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1672
1673
1674
1675
1676
1677
1678
1679
1680
1681
1682
1683
1684
1685
1686
1687
1688
1689

1690

16391
1692
1693
1694
16385
1696
1697

1698
1639
1700
1701

1702
1703
1704
1705

1706
« 1707

, 1708
1709
1710
1711
1712

1713,

1714
1715

1716

1717

1718

1719

1720
1721

722
1723
f 724

03E2
03E3
03E4
03ES
03E6

03E7
03E8
03E9
03EA
O3EB
03EC
03ED
03EE
03EF
03F0

03F1
d3r2

03F3
03F4
03F5

03F6
03F7
03F8
03F9

‘03FA

Q3FB
03FC
0-3FD

03FE
03FF

0400
0401
0402
0403
0404
0405
0406
0407
0408
0409

040a

L)

320 FAMILY MACRO ASSEMBLER 2.1 B3.076

7D6A
007D
7D6B
007D
7D6C

6E0Q
700A
307E
7014
307F
6ATF
8015
7F89
7F8F
S07F

497F

487E

7F82
F300
0453

7E0]
106A
FFOOQ
0400

7E02
106A
FF0O
0419

F900

03D0.

.7FB9.
5068

7EQ06
507¢
7EFF
507E
237E
007F
7781
7D6B

6EQO

* % X * %

TBLW VDAB
ADD ONE
TBLW AD1
ADD ONE
TBLW AD2

SET UP A/D AFTER TBLW.

LDPK O °
LARK 0,10
SAR 0,TEMPL
LARK 0,20
SAR 0,TEMP2
LT TEMPZ2
MPYK 21

ZAC

APAC

SACL TEMP?2 *

‘OUT TEMP2,PAl  *
'OUT TEMP1,PAQ *

EINT
. B DACOL
*
PBM LACK 1
SUB VDAB .
BZ JMTP * [S VDAB = 1 ?
*x
LACK 2 * NO!
SUB VDAB
BZ JMSQ * IS VDAB = 2 ?
*
B JEQS * NO! GO TO RESET
*
JMTP  ZAC * YES ! VDAB = 1
SACL ADl,0 *
LACK 6 * SET ADL = O

* % % ¥ X

SACL TEMPZ,0
LACK 255
SACL TEMP1,D
LAC TEMP1,3
ADD TEMP?2
DINT

21:16:14

TBLW AD1 * .RESTORE ADl AT ROM +2046

SET UP A/D AFTER TBLW.

.

LDPK O

3/18/85
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1725
1726
1727
1728
1729
1730
1731
1732
1733
1734
1735
1736
1737
1738
1739

1749
1741
1742
1743
1744
1745
1746
1747
17438
1749
1750
1751
1752

1753
1754

1755
1756
1757
1758
1759
1760
1761
1762
1763
1764
1765
1766
1767
17¢8
1769
1770
1771
1772
1773
1774
1775
1778
1777
1778

040B
04ccC
040D
040E
040F
0410
0411
0412
0413

0414
0415

0416
0417
0418

0419
041A
041B
041C
041D
041E
041F
0420
0421
0422
0423
0424
0425

0426
0427

0428
0429
042A
042B
042C
042D
042E

042F
0430
0431
0432
0433
0434
0435
0436

-

—

2.1-83.076 21:16:14 3/18/85

320 FAMILY MACRQ ASSEMBLER
PAGE 0034
700A LARK 0,10
307E SAR 0,TEMP1
7014 LARK 0,20
307F SAR 0,TEMP2
EATF LT TEMP?
8015 MPYK 21
7F89 ZAC .
7F8F APAC
507F SACL TEMP2 * CLCK = +420 SO THAT FS=8KHZ.
*
497F OUT TEMP2,PAl
487E : OUT TEMP1,PAQ0 *
* f
7F82 EINT
F900 B DACOL
0453
. * )
7F89 JMSQ ZAC
506C SACL AD2,0
1E06 LACK 6
507F SACL TEMP2,0
7EFF LACK 255
507E SACL TEMP1,0
237 LAC TEMP1,3
0Q7F ADD TEMP2
676B TBLR AD1 * FETCH AD1l @ ROM +2046
2068 LAC AD1,O o -
106C SUB AD2 .
FF0O BZ JQPS * IS AD2 = AD1 ?
0428 .
* y
F900 B JEQS * NO! SO GO TO RESET
03D0 :
* PRESENT = 0 , VDAB = 0
* ADl = FFFF , AD2 = FFFF
* CD3 = FFFF
*
7E03 JQPS LACK 3 )
SQ7F SACL TEMP2,0 —/
TEFF LACK 255 T ,
507E SACL TEMP1,0 -~ ' -
237E LAC TEMP1, 3
007F ADD TEMP2 ’
677F TBLR TEMP?2 * FETCH CD3 @ ROM +2043
*
*x
* QUTPUT THE DIGIT
*
kK .
7002 LARK 0,2
307E SAR 0,TEMP1
487E CUT TEMP1,PAD
397F LAR 1,TEMP2 * ,
7080 LARK 0,128
3074 SAR 0,A2048 ~. ,
247A LAC A2048,4 . ’ -
507A SACL A2048,0 * INITIALIZE A2048 = +2048



DTMFRLP

1779
1780
1781
1782
1783
1784
1785
1786
1787

1788
1789
17390
17351
1792
1793

1794

1795
1796
1797
1798
1799
1800
1801

1802
1803
1804

1805
1806

1807
1808
1809
1819
1811
1812
1813
1814
1815
1816
1817
1818
1819
1820

821
1822
1823
1824
1825
1826
1827
1828
1829
1830
1831

0437
0438
0439
043a
0438
043C
043D
043E

.043F

0440

0441
0442
0443
0444
0445

0446
0447
0448
0449
044A
044B
044C
044D

044E
044F
0450

0451
0452

0453
0454
0455
0456
0457
0458
0459

045A
045B
045C
045D
G45E
045F

320

7E96
S07E
217E
507E
387E
6880
4ATA
7F80
F400
043D

7E96
507E

217E.

507E
3B7E

7F83
107A
507F
6880
4ATF
7F80
F400
044A

6881
Fa00
0437

F300
03D0

7F81
TEFA
507E
237E
700A
307E
7D7E

7E01
507D
7ECS8
507E
237E
507E

FAMILY MACRO ASSEMBLER

r

Y6l

Y62

Y63

NCW

* % * % % X X * X N

DACOL

TRANSFER DATA FROM

I'4

DINT

LACK 250
SACL TEMP1
LAC TEMP1,3
LARK 0,10
SAR 0, TEMPI
TBLW TEMP1

LACK 1

SACL ONE
LACK 200
SACL TEMP1
LAC TEMP1,3
SACL TEMP1

2.1 83.076

21:16:14  3/18/85
PAGE 0035
LACK {150
SACL *rempl, 0
LAC TEMP1,1
SACL TEMP1,0
LAR 0,TEMP1 * AR0 = ONTIME = 300
LARP 0 _
. QUT A2048,PA2 * +5 -->
NOP :
BANZ Y62
LACK 150
SACL TEMP1,0
LAC TEMP1,1
SACL TEMP1,0’
LAR 0,TEMP1 * ARQ = OFFTIME = 300
ZAC
SUB A2048
SACL TEMP2 * TEMP2 = -2048
LARP 0
OUT TEMP2,PA2  *
NOP
BANZ Y63
/\
LARP 1
BANZ Y61
B JEQS * NOW THAT YOQU HAVE OUTPUT -
THE “DIGIT GO TO RESET
PRESENT = 0
VDAB = 0, ADl = FFFF , AD2 = FFFF
CD3 = FFFF. -
o -
N :

PROGRAM_ RAM TO DATA RAM
N

(.

*}. SET ROM LQC. 2000 TO +10
*} \\

* INITIALIZE ONE= 1

*}
*} SET UP ADDRWSS 1600 IN ACC.
*}  TEMP1l = 1600

\



DTMFRLP 320 FAMILY MACRO ASSEMBLER - 2.1 B3.076 21:16:14 3/18/85
: - PAGE 0036
1832 *
1833 * ) -
1834 0460 677F TBLR TEMP2 * GET DATA POQINTER @ 1600
1835 * NOV. 20.
1836 0461 007D ADD ONE *}
1837 0462 507k SACL TEMP1 *}
1838 0463 107D SUB ONE *] NOW SET ROM.LOC.+1600 TO +1601
1839 0464 7D7E TBLW TEMP1 *} SO THAT THE NEXT SET OF DATA
1840 0465 507= SACL TEMP] *} WILL BE STORED FROM +1601 ONWARDS
1841 - * NOV. 20
1842 *
1843 * SET UP A/D AFTER THE TBLW.
1844 *
1845 0466 6E01 LDPK 1
1846 0467 700A LARK 0,10
1847 0468 3000 SAR 0,CNTRL *
1848 *
1849 0469 7014 LARK 0,20
1850 046A 3001 SAR 0,CLCK
1851 0468 6A01 LT CLCK
1852 045C 8015 MPYX 21
1853 046D 7789 ZAC
1854 0468 7F8F APAC
1855 046F 5001 SACL CLCK, 0
1856 *
1857 0470 4901 CUT CLCK,PAlL *
1858 0471 4800 OUT CNTRL,PAQ =
1859 0472 6EQO LDPK 0
1860 *
1861 *
1862 *
1863 0473 207F LAC TEMPZ2,0 *
1864 0472 107E SUB TEMP1 * 1600+N-1600 = N DATA SAMPLES HAVE BEEN
1865 * COLLECTED.
1866 0475 107D SUB ONE
1867 0476 107D SUB ONE
1868 0477 50783 SACL TEMPI
1869 0478 397% LAR 1,TEMP1 * SET UP AR]1 AS COUNTER
1870 0479 387% LaR 0,TEMPI *AR0=ADDRESS € RAM FROM WHICE DAT&
1871 * HAS TO LCADED AND ARO MUST BE DECREMENTED.
1872 047a 207F LAC TEMPZ,0 o
1873 0478 107D SUB ONE -
1874 047C 6880 v50 'LARP 0
1875 047D 6798 TBLR *- * TRANSFER DATA FROM PRAM
1876 0478 107D SUB ONE * TO DRAM.
1877 047F 6881 LARP 1
1878 0480 F400 BANZ VY50
0481 047C
1876 *
1880 *
1881 * ,
1882 * PROGRAM TO COLLECT REMAINING DATA.
1883 *
1884 *
1885 0482 207% LAC TEMP1,0
1886 0483 007D ADD ONE
1837 0484 507= SACL TEMP1




DTMFRLP

1888
1889
1890
1891
1892
1893
1894
18595
1896
1897
1898

18398
13900
1801
19¢C2
1903
1904
1805
1306
1807
1508
1908
110
1511
13912
1813
1814
1815

1516
1817
1918
181§
1820
1521
1822
1823
1924
1525

1526
1527
1528
1329
1930
1531
1832
1533
1934
1535
1836
1537
1938
18385

ISl aall ol

S
9
9

N O

LS St

0485
0486
0487
0488
0485
048a

0488
0485
048C
048D

048E
048F

04390

0481
0492
0483
0494
0485
04%6

0457
0458
0189
04cA
0458
048C
045D
04SE

2 b 2 T & HEEVs]

OCOOOO000
o UL e L B O

Y N A Y N S T ]

I3

\

320 FAMILY MACRO ASSEMBLER 2.1 83.076 o 21:16:14 3/18/85

387E
7E80

107E -

107D
5072
397E

7F80
F900
001A

7COE
S8E00Q
SC07E
6EOL
580F
6E0Q
779D
507C
7FSC

7EQL
507D
7EBC
507F
237F
307%
7D7F
Q07D

% H R b % F OF b *

* % X % 4 X X

—
3
o
M

* K 4 %

ROUTINE
OCCURED

LAR 0,TEMP]
LACK 128

y

-SUB TEMP1 °

SUB ONE
SACL TEMP1
LAR 1,TEMP1

NOP
B LOOP

SST 14
LDPK O
SACL T
LDPK 1
SACH 1
LDPK 0
POP
SACL T3
PUSE

NOW TEST SWITCH Sl

LACK 230
SACL TEMP2
LAC TEMP2,3
TBLR TEMP2
LACK 10

SUB T=EMPZ
BZ GET

PAGE 0037

1

* AR1 NOW CONTAINS THE NO. OF REMAINING
DATA SAMPLES TO BE COLLECTED.

INTERﬁUPT SERVICE ROUTINE

* SAVE STATUS @ DRAM >142

*
3

*] SAVE AC&UMULATOR

* SAVE STACK. Q0 & T3
* RESTORE STACK 0 AS IT IS
NEEDED IF YOU ARE GETTING DATA{'GET'ROU

S

ICED IF INTERRUPT
N PROGRAM

* INITIALIZE ONE

1}
—

* SET UP ADDRESS >150

=
[
2z
o7
)
M

* SAV

{33

ARQ & PROM >1504

~

T e . |
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1943
1944
1945
1946
1547
1948
1949
© 1950
1951
1952
1953
1954
1955
1956
1957
1958
19595
1960
1961
1862
1963
1964
1965
1566
1967
1968
1969
1370
-1971

04&A7
04A8
04AS9
04AA
04AB
04AC
04AD
04AE
04AF
04B0
04B1
04B2
04B3
0484
04B5
04B6
04B7
04B8
04BS
04BA
04BB
04BC

04BD
04BE

1972-04BF

1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1599

04CO

04Cl
04ac2
04C3

04C4

04C5
04C6
04C7
04cC8
04cCS
04CA

=

0&4CB
g4cC
04CD
04CE
04CF
04D0
04D1
04D2

‘\

320 FAMILY MACRO ASSEMBLER 2.1 83.076 21:16:14 3/18/85%
- PAGE 0038
317F SAR 1,TEMP2 .
7D7F TBLW TEMB2 * SAVE AR 2 PROM >1505
007D ADD ONE .
7DTE TBLW TEMPL * SAVE ACCL @ PROM >1506
708F LARK 0,143
6880 LARP 0
007D ADD ONE
7D88 TBLW * * SAVE,ACCH @ PROM >1507
507F SACL TEMP2 //A
8001 MPYK 1
7F8E PAC
6801 LDPK 1
500F SACL 15 * SAVE T REG. @ DRAM >143
6E00 LDPK 0
207F- LAC TEMP2,0
0a7D ADD ONE
708F LARK 0,143
6880 LARP 0 ‘
7D98 TBLW *- * SAVE T REG. @ PROM >1508
007D ADD ONE
7D88 TBLW * * SAVE STATUS @ PROM >1509
6EQD LDPK 0
* "
* -
* SERVICE
*
*
70C8 LARK 0,
307E SAR 0 FEMPL
237E L TEMPL, 3 * SET UP ADDRESS OF DATA POINTER
677E TBLR TEMP1 * TEMPl1 = DATA POINTER . ~
*
427F IN TEMP2,?2
207E LAC TEMPI .
TD7F TBLW TEMP2 * STORE DATA SAMPLE @ ADDRESS
* * GIVEN BY DATA POINTER
*
207E LAC TEMP1 Y
Q07D ADD ONE * INC DATA POINTER
507E SACL TEMP1
70CB - LARK 0,200 ,
307F SAR 0, TEMP2 g
237F LAC TEMP2,3 .
7D7E TBLW TEMPl * * RESTORE DATA POINTER
* . .
*
* SET UP A/D BEFORE GOING OUT OF SERVICE ROUTINE
*
*
6EQ0 LDPK 0
700A LARK G,10
307E SAR 0,TEMP1
7014 LARK 0,20
107F SAR 0, TEMP2
6ATF LT TEMP2
8015 MPYK 21
7F89 ZAC
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2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040
2041
2042
2043
2044
2045
2046
2047
2048
2049
2050
2051
2052
2053
2054
2055
2056

04D3
04D4

04D5
04D6

04D7
04D8
04D9
04DA
04DB
04DC
04DD
04DE
04DF
04EQ

04El
04E2
04E3
04E4
04ES
04E6
04E7
04E8

04ES
04EA
04EB
04EC
04ED
04EE
O4EF
04F0

04F1

04F2
04F3
04F4
04F5
04F6
04F7
04F8

04F9
04FA
Q4FB
04FC
04FD
Q4FE

320 FAMILY MACRO ASSEMBLER 2.1

7F8F
507F

497F
4878

7EBC
507F
237F
007D
007D
708E
6880
67A8
007D
£788

7EBC
507F
237F
677F
387F
007D
677F
i97F

007D
007D
007D
677F
6ATF
Q07D
677F
207C
7F9C
6E0L
650F
610E
6E0Q
7B7F
7F82
7F8D

6880
6A60
6D61
TF8E
5878

2061

* % AN *

0O % % * % *

APAC
SACL TEMPZ

CUT TEMPZ,PAl
OUT TEMPI,PAQ

RESTORE CONTEXT

LACK 188
SACL TEMP2
LAC TEMP2,3
ADD ONE
ADD ONE
LARK 0,142

" LARP 0
TBLR *+ *
ADD ONE
TBLR *J *

LACK 188
SACL TEMP2
_LAC TEMP2;3
" TBLR TEMP2
LAR 0, TEMP2
ADD ONBE
TBLR TEMP?2
LAR 1,TEMP2

ADD ONE
ADD ONE
ADD ONE
TBLR TEMP2
/,LT TEMP2
"  ADD ONE
TBLR TEMPZ
LAC T3,0
PUSH
»LDPK 1
ZALH 15
ADDS 14
LDPK O
LST TEMP?2
EINT
RET

L 4

E./

IVIDE LARP O
LT NUMERA
MPY DENOM
PAC
SACH TEMSGN
LAC DENOM

*

21:16:14 3/18/85

B3.076
v ' -~ PAGE 0039

*
*

* ACC = +1504 .

DRAM >142= ACCL

DRAM >143=ACCH

* ACC = 150%

* RESTORE ARQ )

_* RESTCORE ARl

-

RESTORE T REG.

TEMP2 = STATUS
RESTORE STACK 0

RESTORE
RESTCORE

ACCH
ACCL

RESTORE STATUS
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2057
2058
2059
2060
2061
2062
2063

2064
2065
2066

2067

2068.

2069
2070
2071
2072
2073
2074
2075
2076
2077
2078
2079
2080

04FF
0500
0501
0502
0503
0504
0505
0506
0507
0508
0509
0S0A
050B
050C
050D
050E

320

7F88
5061
6560
7FB8
700E
6461
F400
0504
5062
207B
FDOO
050E
7F89
1062
5062
7F8D

FAMILY MACRO ASSEMBLER 2.1 83.076 21:16:14  3/18/85
PAGE 0040

ABS
SACL DENOM
ZALH NUMERA
_ABS
LARX 0,14
KPDVNG SUBC DENCM
' .BANZ KPDVNG

SACL QUOT ' .
LAC TEMSGN
BGEZ DONE

ZAC

SuUB QUOT

SACL QUOT
DONE RET '

*xkk

»*

ok A A % %
1

END . - : :

NO ERRCRS, NO WARNINGS -
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LABEL

A2048

ACOUNT
AD1
AD2
ARK
ASTART
ATEMP
BASU
BEGIN
CCOUNT
CDl

CD2

CD3
Cip
CLCK
CNTRL
CON
COOK
COUNT
CST
DACOL
DENOM
DENOM1
DIGAB
DIGIT
DIGPT
DIGTB
£

DIVIDE
DONE
DP3R
EXTEND
FIFTY
FREQ
GCP
GET
GPM

GT

Hl

H2

H3

HERE
HGADD
HGMIN

INTRC
INVERT
[RSUM
ISPOP
IVDIG
JEQS
JMSQ
JMTP

320 FAMILY
VALUE DEFN
007A 0045
006C 0032
0068 0081
006C 0082
00DD 0706
005B 0015
0077 0049
0278 1236
0009 0439
0072 0037
0066 0074
0067 0075
0068 0076
026F 1224
0001 0012
0000 0011
O13F 0800
01A9 0937
0073 0048
004F 0538
0453 1817
0061 0021
0079 0044
0048 0060
006E 0083
004A 0059
00%4C 0061
04F9 2051
050E 2070
01DE 1007
0115 0760
0065 0025
0071 0036
0275 1230
0023 0478
0374 1531
00E2 0711
0055 0066
0056 0067
0057 0068
0058 0069
001C 0469
0046 0053
0043 0051
048E 1906
0044 0524
0075 0040
01D1 0992
038F 1570
03D0 1653
0419 1741
0400 1709

MACRQ ASSEMBLER

REFERENCES
0610 0611
0307 0955
0624 0836
1657 1674
1658 1676
0839
0616 0709
1232
0854 0928
1315 1322
0000 0001
1465 1470
1574 1583
1659 1668

N 1220
0450 0451
0447 0465
0805
0940
0542
1288 1343
0635 0723
1293 1314
1480
0638 0726

" 2066

1002

86
oe20 0753
0913 0924
1226
1925
1490
0715
1073 1075
1077 1079
1081 1083
1085 1087
0463 =~
1142 1150
1140 0000
1164 1218
0431
0530
0959 1005
0395
1222 1228
1707 1754
1705
1701

2.1 83.076
0612 0650 C081¢C
0956 1776 1777
0838
1710 1718 1749
1742 1751
0741 0755
0972 1029 1038
1347 1354 1379
1495 1503 1573
1476 1481 0000
0455 0464 1850
1847 1858
1375 1406 1437
2053 2056 2058
1346 1378 1409
0795
1046
1139 .

0000 0002 1147
0000 0002 1155
0000 0002 1163
1158 1166 1295
0001 1148 0000

L4
1011 1012
1234 1240 ,
1806

21:16:14  3/18/85
PAGE 0041
0892 0902 0903 0906
1778 1785 1796
1750
1040 . -
1385 1410 1416 1487
1581
0002 1496 1505 1540
1851 1855 1857
1529 1563 1697 1739
2062
1442 1464 1469 1475
H
1444
0001 1156 0000 0001
'
L]



DTMFRLP
LABEL

JQPS
K

K1

XE

KH

KK

KL
KLM
KPDVNG
KR
KS1
KS14
Ll

L2

L3

L4
LGADD

LGMIN

LOOP
MANJU
MASK
MT

N1

N2

N3

N¢

NS

N6
NTHRH
NTHRL
NUMERA
ONE

Pl

P2

PARU
PBM
PLCOP
PQL
PREST
PRSUM
PSD
QUOT

RAJAM

320 FAMILY -MACRO ASSEMBLER
DEFN

VALUE

0428
005D
005E
o068
0048
006B
0069
0047
0504
006A
0049
004A
0051
0052
0053
0054
0045

0042

001A
034C
0002
0067
0227

© Q22F

0237
0243
024B
0253
0048
0047
0060
007D

006D

006E

0281
03F6
01B2
0196
0069
0074
01A2
0062

031F

1759
0017
0018
0028
0103
0031
0029
0102
2062
0030
0104
0105
0062
0063
0064
0065
0052

0050

0467
1483
0013
0579
1120
1128
1139
1152
1160
1168
0055
0054
0020
00?8

0033

0034

1244
1699
0949
0902
0078
3039
0924
0022

1439

REFERENCES
1752
0742
0754 0776
1201 1218
0745 0760
0751 0752
2063
0756 0762
1211 1231
1216 1237
1057 10589
1061 1063
1065 1067
1069 1071
1109 1118
0000 0001
1107 0000
1132 1224
0475 1898
1466 1472
0515 0516
0582
1113
1121
1129
1145
1153
1161
0636 0718
0626 0837
0002 1105
1283 1320
1507 1541
1827 1836
1936 1942
2018 2026
0001 0004
0007 0008
0001 0004
0007 0008
0909 096l
0002 0010
0010 0002
1238
1651
0952
0905
1287 1493
096C 0966
1048
0640 0641
2068 2068
1284

2.1 83.076
0778
0791 0812
0770 0772 0784
0768
0000 0002 1115
0000 0002 1123~
0000 0002 1131
1126 1134 1294
1443 0000 0001
0001 1116 0000
1477
0520 0526
2052 2059
0B6S 0866 0878
1181 1207 1208
1352 1383 1414
1580 1582 1615
1838 1866 1867
1945 1949 1958
2030 2031 2032
0005 0007 0008
0011 Q001 0004
0005 0007 0008
00}yl 0001 0004
0965 1000 1004
0002 0010 0002
0010 0910 0962
1508 16532 1542
1008 1009
'
0644 0728 0729

21:16:114
1204 1225
0000 0001
0000 0001
0001 1124
0885 0939
1213 1251
1486 1501
1669 1671
1873 1876
1962 1981
2035
0011 0001
0005 0007
0011 0001
0005 0007
0010 0002
1001
1647 1650
0731 0732

3/18/85

PAGE 0042
0000 0001
0000 0001
0000 0001
0980 0000
1278 1282
1504 1506
1673 1675
1866 1891
2013 2014
0004 0005
0008 0011
0004 0005
0008 0011
0010 0002
1654 1670
0734 2064



DTMFRLP
LABEL"

REG
RS

RT

s1

S14
SANJ
SEPRH
SIGPTR
SINST
SOOK
SQP2

T

T1

T2

T3
TBLPT
TEMP1

TEMP2

TEMSGN
TOK1
TWONE
VDAB
VDPR
Y16
Y162
Y17
Y172
¥la
Y182

o

320 FAMILY MACRO ASSEMBLER 2.1 83.076 21:16:14 3/18/85
VALUE DEFN-. REFERENCES : PAGE 0043

0067 0027 0793 €794 0796 0797 0802 0803 0817 0818

005A 0014 0614 0706 0830 0833

0058 0560 0598

0033 0070 1230

0040 0071 1236

02A6 1290 1279

0049 0056

005C 0016 0618 0719 0819 0823 0825

0076 0041 0881 0882 0883 0971

01C8 0978 0981

0lc2 0971 0963

00SF 0019 0724 0733 0748

0063 0023 0738 1179 1494 1572 1656

V064 0024 0740 0861 1023

007C 0047 1913 2037

0070 0035 0869 0927 _

007E 0042 0486 0487 0489 0490 0499 0509 0766 0774 0858

: 085 0860 0887 0888 1016 1018 1024 1033 1176

117721178 1245 1246 1263 1273 1291 1292 1296
1313 1318 1319 1330 1340 1345 1350 1351 1362
1372 1377 1381 1382 1393 1403 1408 1412 1413
1424 1434 1440 1441 1445 1463 1468 1474 1479
1484 1485 1499 1500 1516 1526 1536 1537 1550
1560 1576 1577 1591 1601 1608 1609 1627 1637
1644 1645 1664 1665 1684 1694 1714 1715 1726
1736 1746 1747 1762 1763 1772 1773 1780 1781
1782 1783 1790 1791 1792 1793 1819 1820 1822
1823 1829 1830 1831 1837 1839 1840 1864 1868
1869 1870 1885 1887 1888 1890 1892 1893 1908
1946 1971 1972 1973 1976 1980 1982 1986 1994
2004 -

007F 0043 0508 0767 0773 1019 0000 0001 1031 1032 1247
1253 1265 1266 1270 1272 1295 0000 0002 1304
0000 0002 1309 0000 0002 1332 1333 1337 1339
1364 1365 1369 1371 1395 1396 1400 1402 1426
1427 1431 1433 1448 00C0 0002 1453 00C0 0002
1459 0000 0002 1518 1519 1523 1525 1534 1538
1552 1553 1557 1559 1593 1594 1598 1600 1606
1610 1611 1617 1629 1630 1634 1636 1642 1646
1662 1666 1686 1687 1691 1693 1712 1716 1728
1729 1733 1735 1744 1748 1760 1764 . 1765 1774
1797 1799 1834 1863 1872 1920 1921 1922 1924
1938 1939 1940 1941 1943 1944 1951 1957 1975
1977 1984 1985 1996 1997 2001 2003 2011 2012
2022 2023 2024 2025 2027 2028 2033 2034 2036
2043

007B 0046 2055 2065

01EF 1027 1021

0066 0026 0622 0785 0804 : ‘

006A 0080 1613 1614 1616 1619 1655 1672 1700 1704.

0065 0073 1248 1250 1252 1255 1277 1281 1571 1579

02D7 1345 1301

033F 1468 1450

02EF 1377 1306

0344 1474 1455 1456

0307 1408 1311

0349 ™79 1461
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LABEL VALUE DEFN REFERENCES PAGE 0034
Y50 047C 1874 1878 -

Y6l 0437 1779 1804

Y62 043D 1785 1787

Y63 024A 1799 1801

YB20 0008 0438 0432

YY1l 0028 0484 0476
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4.5 INSTRUCTION CODE SIMMARY

INSTRUCTION REGISTER ,
INST 1151413121110 9 8 76 5 4 3 2 1 olCY|wD DESCRIPTION
"ADD (0000 C ]I S 1| 1| ADD TO ACC WITH SHIFT
SUB [8001 C I S 1! 1| SUBTRACT FROM ACC W/ SHIFT
AC [0 0TrQ0 C I [ 1]l | LOAD ACC WITH SHIFT
SAR 00110 R |I S 1| L | STORE AUXILIARY REGISTER
IAR {00111 R I S . 1|71 | LOAD AUXILIARY REGISTER
INYy |01 000 PA I S 2| 1| INPUT DATA FROM PORT
QUT |01 001 PA I 3 2|-1| OUTPUT DATA TO PORT
SACL|01010. X |I [ 1| 1| STORE ACC LOW
SACH| 1011 X |1 S 1| 1} STORE ACC HIGH WITH SHIFT
ADDH| 0 11000 0 OQlI S 1] 1| ADD TO ACC HIH
ADDS [0 11000 0 11 S 1| 1| ADD TO ACC WITH SIGN-
: : — EXTENSION SUPPRESSED
SUBH| 01100686 1G0(I S 1| 1| SUBTRACT FROM AQC HIH
SUBS| 0 Y100Q1 1fI S 1| 1| SUBTRACT FROM ACC WITH
- SIGN-EXTENSION SUPPRESSED
SUBCY0 11001100[I S 1| 1| CONDITIONAL SUBTRACT FOR
T et DIVIDE
ZALH|0 110010 1|1 S 1] 1] ZERO ACC & LOAD HIGH ,
ZAIS|0 11001101 S. 1] 1] ZERO ACC & LOAD LOW WITH
SIGN-EXTENSION SUPPRESSED
TBLR ([0 Y 1001 11T S 31 1] TABLE READ
MAR [01101000/I S 1| 1| MODIFY AUXILIARY
REGISTER 2ND DOINTER -
MOV 0110100 1T S 1| 1| DATA SHIFT IN MEMORY
LT 01101010QiT S ‘1] 1] LCAD T-REGISTER
LTD [0 110G 101 LI S 1| 1| LOAD T-REG., ACC P-REG.
& SHIFT DATA MEMORY
LTA |01 1011001 S . 1| 1] LOAD T-REG. & ACCUMULATE
MPY [0 1 0L101I S 1| 1| MULTIPLY WITH DATA WORD
IDPK [0 1 101110 K 1| 1| LOAD DATA MEMORY PAGE
' 00 0 0 0 0 0 D IMMEDIATE
LDP [01 10 111 1j1] S 1] 1| LOAD DATA MEMORY PAGE
IARK[01 110 R K 1, 11 LOAD AUXILIARY REGISTER
IMVEDIATE
XR [0 T YL1O0O0O01I S 1| 1| EXCLUSIVE OR
AND |01 1110011 S 1| 1! LOGICAL AND
OR 0111101Q41I S 1] 11 LOGICAL OR
"LST [01 1110111 [ 1] 1] LOAD STATUS
SST (01111100 [ 1| 1| STORE STATUS
TBIW|] 0O 1 T 1 1 L 0 LI S 3| 1] TABLE WRITE
IACKI0OI 111110 LK, 1] 1] LOAD ACC IMMEDIATE
NOP |01 111131110 0 0 0 0 0 0 1| I]nNO OPERATION
DINT [0 111111110 0 0 C 0 0 1} I{ 1] DISABLE INTERRUPT .,
EINT| 01 1YL 1L11G 0 0 0 0 I 0Of I| L] ENABLE INTERRUPT
ABS [0 111111110 ¢ 0 I 0 O O L| I[ABSOLUTE VALUE
ZAC 01 111111Y0 & 0 I 0 0 1 I LT ZErD ACC
ROWM|[0L1 11111110 0 0 I 0 1 0f L| 1] RESET OVERFLOW MODE
sowmMi0111111Y10 0 0 1 0 1 1 I 1| SET OVERFLOW MODE
CALA{0111111110 0 0 1L 1 0 0] 2| | CALL SUBROUTINE
' INDIRECT
RET |01 11111110 0 O L 1 0 1] 2| I rerum -
4-6
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4.5 INSTRUCTION CODE SUMMARY (CONTINUED)

INSTRUCTION REGISTER
INST 1514131211109 8 7 6 5 4 3 2 1 oiCY|WD DESCRIPTION .
TARP |01 1010020 K llI.DADAUXILIARYREXS POINTER
00 0 0 0 0 0 Y IMMEDIATE

PAC 0L X I1111110 0 6,1 1 L 0] 1i 1][|LOAD ACC WITH P-REGISTER
APAC 0111111110 0 0 1 1 1 1 1| 1| ADD P-REGISTER TO ACC 3
SPAC 0L 11111110 0 L 0 0 0 0] 1j 1] SUBTRACT P-REG. FROM ACC
MPYK |L O O M 1] 1 | MULTIPLY IMMEDIATE
BANZ |L 1 11010000 G 0 O 0 Q Of 2] 2| BRANCH ON AUX. REG. NCT

_ ZERD :
BV 17111010100 0 0 0 0 0 0Of 2| 2] BRANCH ON OVERFLOW
BIOZ 1111011000 0 0 0 0 0 O] 2] 21 BRANCH ON I/0 ZERD
CAIL |1 111100000 0 0 0 0 0 Of 2f 2| CALL SUBROUTINE DIRECT
B T111100100 0 0 0 0 0 0] 2] 2| BRANCH UNCONDITIONALLY
BLz 1 111101000 0 0 0 0 0 Of 2 2[BRANCHIF <@
BLEZ (1 1121101100 .0 0 0 0 0 0] 2] 2[BRANCHIF <O
BGZ 1111110000 00 0 0 0 G 2[ 2] BRANCH IF > 0
BGEZ |[L111110L00 0 O 0 0 0 0] 2] 2| BRANCH IF > 0
BNZ [L111111000 0 0 0 0 0 Of 2] 2/ BRANCH IF # 0
87 T 111111100 0 0 0 0 0 o 2] 2/ BRANCH IF =0
PUSH [0 L 11111110 0 I 1 1 0 0] 2t 1] PUSH FROM ACC TO STACK
POP 0111111110 0 L L 1 0 I 2] 1]POP TO ACC FROM STACK +

L

4.6 NOMENCLATURE

Instruction set nomenclature is defined in the following way:

() The contents of the location pointed to, e.g., (A) means

the contents of data memory location at address “A”.

Replacement

N

I

Concatenation ) ’

Refe;ence to contents of the pregram counter (PC) is made only when relevant,
i.e., in multiword branch or call instructions, table-look-up, CALA or return
1nstfuct10ns when the stack registers are used.

- The increment of the program counter, PC + 1, due to the prefetch, is implied
for every instruction.
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