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SECTION 1

INTRODUCTION

The Codex Speech Digitizer advanced development models , supplied under Contract

DCA100-76-C-0026, code speech at rates of 16 and 9.6 kbps using three selectable

techniques: adaptive residual coding (ARC), digitally implemented continuously var-

iable slope modulation (CVSD), and adaptive delta modulation (ADM) .

The design is implemented on two circuit assemblies and is contained within a

standard attache case along with attendant power supply and handset. An optional

rack-mounting kit is provided .

Contents of. this Final Report are summarized :

Section 1 Introduction

Section 2 Theory of Operation
(Includes des ign algorithms)

Section 3 Hardware Design
(Includes circuit descriptions and programs)

Section 4 Operation
(For operator! installer)

Section 5 Accep tance Tes t Procedure
4

Section 6 Parts Listings

TABLE 1-1. INPUT/OUTPUT SPECIFICATIONS

Input Impedance 500 ohms

Maximum Inrut Level 3V, p-p

Output Impedance 600 ohms

Maximum Output Level 3V, p-p

Frequency Cut-off 3000 Hz, Transmit
and Receive

C
’
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SECTION 2

THEORY OF OPERATION

2.1 GENERAL

This section suinmariz~ s the theory of operation and describes the algorithms

implemented in the Codex speech digitizer. For a more detailed- description of the

theoretical background refer to section 2 of our first quarterly report1 on contract

no. DCA lO0-74-C-0053.

The Codex speech digitizer is capable of coding speech into a bit stream at

9.6 and 16 kb/s using one of the following three techniques: adaptive residual

coding (ARC) , continuous variable-slope delta modulation (CVSD) and adaptive delta

modulation (ADM) .

The adaptive residual coder uses the type of waveform coding generally known

as adaptive differential pulse code modulation 2~~f (ADPCM) . However, it combines

non-uniform multilevel adaptive quantization with a two-loop step-size adaptation

algorithm and variable-length coding to achieve a subjective quality better than
S

previous schemes at lower transmiss ion rates. All elements of the system are self

synchronizing and robust against high channel error rates.

CVSD and ADM are variants of delta modulation, using a two-level (binary)

quantizer and a sampling rate equal to the bit rate, with two different algorithms

for quantizer step size adaptation.

A functional description of the system and a simple block diagram illustrate

the basic operations performed in the speech digitizer.

Section 2.3 deals with the adaptive quantizer, which iS the most important

system element. The two-loop update procedure used in the ARC mode allows the step

size to expand rapidly on the onslaught of voiced sounds and pitch pulses, while

minimizing granular noise during stationary intervals.

- 2— 1
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Variable-length codes for efficient transmission of the quantized residual at

9.6 and 16 kb/s are given in Section 2.4, together with a buffer management scheme

to cope with the potential problems that arise in the use of variable-length codes.

The algorithms used for CVSD and ADM are presented in Section 2.5.

2.2 SYSTEM STRUCTURE

The block diagram of the speech ~~gitizer for adaptive residual coding is

shown in Figure 2-1. Input speech from a telephone handset or microphone passes

through a low-pass filter and is sampled at a rate twice the bandwidth of the fil-

ter. Linear predictions 
~k 

based on N previous reconstructed samples sj 1 ,

i=l,...,N are subtracted from the input speech samples Sk to give the residuals

ek. The quantizer outputs are the normalized levels Zk; representing quantiz~d

residuals e1 = T
k Lk, where T

k is the quantizer step size. This step size is up-

dated for each sample in the quantizer control circuitry on the basis of the pre-

vious quantizer output. The reconstructed speech samples are just the sum of the

quantized residuals and the predictions. Finally, quantizer outputs 
~k 

are encoded

in a variable-length coder and placed in a first-in first-out (FIFO) buffer, whence

they are clocked out onto the line at 9.6 or 16 kb/s. At the receiver, rece ived

bits are clocked into a FIFO buffer , whence they are removed and decoded into quan-

tizer levels 2’k
~ 

Reconstructed samples s~ are computed from the levels as in the

transmitter, and are passed through a D/A and low-pass filter to a telephone hand-

set or speaker .

Since the speech digitization method consists of coding adaptively quantized

residuals , it has been called the adaptive residual coder5’6 (ARC) .

Our earlier work on adaptive predictors 1’7 showed that while such a predictor

would substantially increase the complexity of the ARC, the gain in signal-to-quan-

tization noise ratio it provided was only 1 to 1.5 dB. Moreover, informal listen-

ing tests of simulated systems with adaptive and fixed predictqrs indicated little

difference in subjective speech quality.

2-2
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Therefore, the following simple third order fixed predictor was implemented in

th~ Codex speech digitizer . The prediction 
~k 

is given by

= B1s~~1 + B2s 2+B3s1~ 3.

The particular values of B1, B2 and B3 are based on the average correlation coeffi-

cients of speech at a sampling rate around 6000 samples/sec and have been rounded

off for ease of implementation, as explained in section 3.

Since the average correlation coefficients of speech are dominated by the

higher-level voiced sounds, the fixed predictor coefficients B1, B2 and B
3 

are far

from optimum for low-level unvoiced sounds , such as fricatives. In fact , for these

sounds the variance of the residual (or error signal ek) may be higher than the in-

put signal variance resulting in greater quantization noise. We have attempt ed to

overcome this drawback by effectively forcing B1, B2 and B3 and hence to zero

for low-level sounds and background noise indicated by a small quantizer step size.

2.3 ADAPTIVE QUANTIZER

Fig~re 2-2 illustrates~ typical parameters for 5- and 7- level quantizers used

for 9.6 and 16 kb/s ARC systems, respectively. The slicing levels or thresholds

are represented by short vertical lines whereas stars indicate the quantizer output

levels. Tk is the current quantizer scale factor, or step size.

The quantizers are nonuniform to take advantage of the amplitude distribution

of the residual. We chose a quantizer with an odd number of levels for both rates

to ensure that the zero level was included . The presence of the zero level tends to

eliminate the idle channel noise characteristic of two-level quantizers used in

delta-modulation systems. Another feature of the quantizers of Figure 2-2 is the

inclusion of two ‘extra’ outer levels which are relatively farther removed from the

other levels. This was originally proposed by Cohn and Melsa6, who have called the

technique PCQ (pitch compensated quantizer).

2-4 
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The occurrence of the PCQ levels is used as a cue to overload distortion and we

respond by rapidly expanding the quantizer step size Tk. At other times Tk is adap-

ted at a syllabic rate in response to changes in the average signal level, as ex-

plained below .

Syllabic adaptation can be achieved 1 ’7 by choice of expansion/contraction fac-

tors M C.) in the following update algorithm proposed by Jayant8:

= T
k 
M

For an ADPCM system Jayant selected the multipliers MC.) corresponding to a small

update time constant to allow the quantizer to respond rapidly to changes in the in-

put level. Thus, severe overload distortion is avoided , at the expense of substan-

tial granular noise. On the other hand, if multipliers close to unity are used to

achieve syllabic companding, there is a noticeable though somewhat less annoying de-

gradation due to overload distortion. We use a Jayant loop of the latter type, but

compensate for this distortion by increasing Tk through a second correction factor

which is rapidly increased on the occurrence of a PCQ level and decays to unity with

a small time constant . Thus , with this two-loop algorithm we permit the quantizer

to track short term increases in the input level while keep ing the granular noise

during stationary sounds to a minimum .

Another important aspect of any adaptive quantizer is the minimum • r bottom of

the step size. The bottom must be small enough to fa i thful ly  reproduce low-level

unvoiced sounds but large enough to block out noise during silence intervals. Thus

a compromise value must be selected.

We now present the quantizer adaptation algorithm . To avoid multiplications in

the algorithm we define a logarithmic step-size parameter

Gk = log2 Tk

and set C = G ÷ C + G .k k k mm .

2-5
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The constant Gmjn determines the quantizer bottom. The term is updated at

a syllab ic rate according to

= CGk + fi (ut k 1) ~~~

where f 1(.) are small as indicated by the typical values shown in Fi gure 2-2.  The

correction term Ck is updated according to

= YCk 
+ f

2

where f
2

(.) is zero for al l  but the outermost levels for which it is relatively

large . With y 3/4 (1 - 2 -m~ in the notation of section 3), C k decays to zero

with a time constant of 2 = 4 s a mp l e s .  -

To make the algorithm robust against channel errors ~ is selected as 127/ 12 8

Cl - 2 m1 in the notation of section 3), which ensures that the effect of an incor-

rect update at the receiver due to a channel error will decay exponentially with a

time constant of 1/ ( 1 - = 2~~ = 128 samples .

Further , a small constant T . is added to T to achieve more freedom in sel-nun k

ecting tI’e minimum value of the quantizer step size (see section 3. ).

2.4 VARIABLE-LENGTh CODES AND BUFFER MANAGEMENT

Having set up an adaptive quantizer , attention can now be focused on coding the

quantizer output levels for transmiss ion to the receiver .

Table 2-1 lists the typical probabilities obtained in the adaptive residual

coder for the 7- and 5- level quantizers omitting silence intervals. The source

entrop ies , H, for these quantizers are 2.42 and 1.53 bits per sample (see Table 2-1).

Thus , transmission rates of 16 kb/s and 9.6 kb/s can be achieved by properly de-

signed variable-length codes at sampling rates of 6400 and 6000 samples/s. res-

pectively.

Variable-length codes imply the use of a buffer, which necessitates a buffer

management scheme to handle initial synchronization , underflow and overflow. To

2—7
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this end we have chosen self-synchronizing codes; that is , the receiver is able to

properly partition the received bit sequence into code words, both initially and

after channel errors. Moreover, we provide a filler word in the codes to prevent

transmit buffer underflow..

At 16 kb/s , prefix Huffman codes turn out to be reasonably efficient . The one

given in Table 2-1 (average code word length I = 2.47) was selected for its good

synchronization properties . The code is complete , so the decoder can parse any bit

stream into code words . The synchronization sequence is 010; that is, the rece iver

can start parsing at any point and as soon as 010 occurs it will be in the same

state as the transmitter, namely at the end of the word . Since the code for the

‘0’ level is 10, the synch sequence appears frequently.

At 9.6 kb/s the PCQ levels P~ and P_ which have small probabilities of occur-

rence , make efficient encoding difficult. A normal prefix Huffinan code leads to an

average codeword length about 0.12 bits greater than the source entropy, making it

impossible to achieve a transmission rate of 9.6 kb/ s at 6000 samples/s. Conse-

quently ’the variable-input .variable-output code shown as the two codes 1 and 2 in

Table 2-1 has been devised . Code 1 is used at all times, except that after a ‘ - ‘

level has been sent in code 1, code 2 is used on the following time ; in other words

a 0 is inserted after every pair of s — ’ levels. Since 0 occur s only at the end of

code words , the receiver automatically synchronizes itself every time a 0 is re-

ce ived. The code is unique ly decipherable , and decoding is simply a matter of

counting the number of ones before the 0 that terminates every codeword except the

filler . Encoding is also straightforward .

The buffer management scheme is s imply the fol lowin~;. At the  transmitter the

filler word is inserted whenever the buffer is empty. If the buffer fills up, the

drastic step of transmitting the code word corresponding to the zero level at 9 .6

kb/s is taken . At 16 kb/ s the quantizer need only be restricted to the three inner-

most levels , since the l ength of the code words corresponding to these levels is

2-8
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less than the channel transmission rate of 2 1/2 or 2 2/3 bits per sample

At the receiver , initial synchronization is achieved by ensuring that the buf-

fer is ‘full’ when the filler word is received. If the buffer is not ‘full’ and a

filler is received, the regular decoding cycle (buffer unloading) is suppressed and

the zero quantizer level is substituted. This tends to fill the receiver buffer to

the proper depth at startup, and is the only synchronization method provided . Sub-

sequently, receive buffer overflows or underflows should not occur in the absence

of channel errors. If the receive buffer underfiows after channel errors the quan-

tizer level is forced to zero . In the event of receive buffer overflow, no special

action is taken and the affected samples are simply deleted or garbled .

Thus , with very l i t t l e  sacrifice in code efficiency (due to the addition of

the f i l ler  word) this simple buffer management procedure avoids any special initial

synchronization sequence or handshaking.

2.5 DELTA MODULATION

The., block diagram for delta modulation is similar to ‘the ARC system diagram

shown in Fig. 2-1. The main differences are that the samp l ing rate is now 9.6 or

16 kb/s depending on the selected bit rate, the quantizer is binary (two-level) and,

therefore , the encoder and decoder are no longer required . Moreover , a f irst-order

predictor (single integrator in analog implementations) is usual ly employed .

In the following sections we present the algorithms for CVSD and ADM .

2.5.1 Continuous Variable-Slope Delta Modulation (CVSD)

CVSD has evolved from the work of Greefkes and DeJager 9’ and others . The quan-

tizer step size in CVSD is adapted smoothly in time with a time constant of the or-

der of 5 ms resulting in robustness against channel errors.

Conventional analog implementations of CVSD suffer from the drawback of sen-

sitivity to component tolerances and DC offsets leading to the.selection of a

— 2=10 
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smaller than desirable value for the ratio of the maximum to minimum step ~ize.

The Codex speech digitizer provides a digital implementation of CVSD with an impro-

ved choice of parameters.

As in ARC, the predic~ ion 
~k’ 

based on the previous reconstructed speech

sample sj
~~~

, is subtracted from the input speech sample to find the error signal ek.

Thus,

ek 
= Sk 

-

• where 2k = B
1s~~1

with B
1 

a constant of the form ~~~~ close to 1. ~1~us , the time constant of inte-

gration is 2n sample intervals. A single bit ,bk=o or 1, base’s on the sign of the

residual ek 
is transmitted . The reconstructed speech sample s~ is simply the sum

of the quantized residual ej and the prediction 
~k’ that is

sk = e k
+p k

with ej = sgn (ek
) (9. T

k 
+ Tmjn)

where the constant 9. is the normalized quantizer output level and T
k 

is the quan-

tize? step size at time k and T . is a constant.nun

A run of three bits is used as a criterion for the detection of slope overload

leading to the following step size update strategy :

Tk+l 
= 
~
Tk + f(bk , bk i ,  bk 2 )

where ~ is again a constant of the form 1_2 mi and f (b k ,  bk i ,  bk 2 ) is nonzero

only when b
k 

= bk_ l  = bk_2 . Clearly, the time constant of adaptation is K

where
K , if bk = b

k i  
= bk 2

f(bk, bk_i, bk_2) =

0 , otherwise.

— 2-il
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2.5.2 Adaptive Delta Modulation (ADM)

The price paid for robustness against channel errors in the CVSD quantizer

adaptation algorithm is the significant amount of slope-overlpad distortion present

in the reconstructed speech,. This leads to a certain loss of “crispiness” as well

as considerable degradation in speech quality when two or more CVSD links are con-

nected in tandem.

In this section we present an improved algorithm for quantizer step size adap-

tation which results in better subjective speech quality without a significant in-

crease in sensitivity to channel errors.

A desirable approach in updating the quantizer step size is to attempt to set

the step size proportional to a moving estimate of the standard deviation of the

quantizer input. We have previously shown1’7 that Jayant ’s update algorithm

Tk+l = T
k 
M (I~k h

approximates an estimator of the above form. The algorithm is quite general in the

sense that the speed of adaptation and the steady-state fluctuation of Tk for sta-

tionary portions of the signal is determined by the function ~4f~).

In the case of a two-level quantizer it is.not possible to estimate the stan-

dard deviation of the input based on only one quantizer output. Thus, for delta

modulation the algorithm needs to be modified so that

Tk+i Tk 
M ( b k, bk l ,  ~~

i.e. M(.) becomes a function of two or more quantizer outputs. There is , of course,

some delay in adjusting Tk, e.g., severe overload is detected when there have been

three or more successive l’s or 0’s at the quantizer output. This is compensated

to some extent by the higher sampling rate of delta modulation systems.

2-12 
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Jayant has suggestedt’ a value of M = 1.5 when b
k 

= bk l  and M = 1/1.5 when

bk ~ 
bk_i . This rule leads to small overload distortion at the expense of greater

granular noise and increased sensitivity to channel errors.

We have implemented the following update al gorithm which is similar to the one

used for ARC:

T~~= log2
G~

C. = G~ + C
K k nun

where + f(bk, bki ,  bk 2 )

with the function f(.) of the following form:

bk e bk l , bk ® b k 2  f(bk, bk l , bk 2 )

0 0 3/16 (expand rap idly)
0 1 5/64 (expand)

1 0 -5/128 (contract)

1 1  0

Note that the quantizer step size is expanded on the first indication of overload

i.e., bk = bk_l . If overload persists, i.e., bk = bk_i = bk2, the step size is

expanded rapidly. To make the algorithm resistant to channel errors we have incor-

porated the factor ; = 1_2 m1 = 127/128 which ensures convergence of the quantizer

step size with a time constant of 2m1 = 128 sample intervals.

Informal listening tests indicate that ADM results in ‘crisper ’ reconstructed

speech with  less granular noise than CVSD. The main improvement in quality is due

to the fact that the step size update is multipl icat ive (addi tions in the logarith-

mic domain in ADM) rather than additive (RC filtering in CVSD) .

• To take advantage of the additional processing time available at 9.6 kb/s a

third-order predictor is used instead of a first-order predictor for adaptive delta

modulation (see microprogram given in Table 3-7). 2-13
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2.6 PARAMETER SELECTION

• 2.6.1 16 Kb/s CVSD Parameters

1. Time constant of integrator = 8 ins.

2. Time constant of step size filter = 2 ms.

3. Minimum step size = 20 mV.

4. Compression ratio = 166.

5. Effective magnitude of pulse applied to step size filter whenever

three successive transmission bits are identical = 280 mV .

Starting from the initial recommended parameter values , the following adjust-

ments were made. Informal listening tests indicated that integrator time constant

could be reduced from 16 to 8 ins w ithout any noticeable loss in speech quality.

This reduction, however , makes the system more robust in the presence of channel

errors . The time constant of the step size filter was chosen to be 2 ms to permit a

reasonab l~e value for the effective gain of this filter without an arithmetic over-

flow problem . This in combination with a compress ion ratio of 166 achieved by

keeping the minimum step size as small as 20 m V results in “livelier” reconstructed

speech with very small idle channel noise.
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SECTION 3

HARDWARE DESIGN

3.1 GENERAL

The CODEX Speech Digitizer is capable of coding speech at 16 and 9.6 kb/s

using any of the following three techniques: adaptive residual coding (ARC), digi-

tally implemented continuous variable-slope delta modulation (CVSD) and adaptive

delta modulation (ADM) . In addition, a different set of ARC parameters may be

stored for operation at another desired rate (such as 14.4 or 19.2 kb/s) using a

modem-supplied bit-rate clock .

• In this section we describe the essential features of the hardware desig:. of

various system components and include detailed schematics for the two circuit cards.

As shown in Table 3-1 the mode of operation is controlled by the signals MO, Ml

and M2 (see also Fig. 3-9). The first three rocker dip switches mounted in position

A6 on the digital card control MO, Ml and M2, respectively.

The-nominal bandwidth of the coder is 3000 Hz in all modes (2820 Hz 3 dB band-

width). The sampling rate is 6000 samples/s except for CVSD and ADM (Ml = 1) for

which the sampling rate is equal to the bit rate.

3.2 BLOCK DIAGRAM

In section 2.2 we presented a simple block diagram which shows the intercon-

nection of the maj or functional components of the system. Figure 3-1 illustrates

the system hardware architecture for a transmit-receive pair . A microprocessor-

like structure is apparent in the top half of Figure 3-i. This 12-bit arithmetic

processor , which is built most ly Out of series 7400 low-power Schottky TTL circuits ,

handles all the basic arithmetic operations required in adaptive residual coding,

CVSD and adaptive delta modulation (see Figure 2-1). These operations include the

formation of the second-order prediction 
~k’ the quantized residual e~ , the

3—1
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TABLE 3-1

MODES OF OPERATION

MO Ml M2

O 0 0 l6 kb/5 ARC

0 0 1 14.4 kb/5 ARC

O 1 0 16 kb/s CVSD

0 1 1 l6 kb/ s ADM

1 0 0 9.6 kb/5 ARC

1 0 1 Unspecified

1 1 0 9.6 kb/s CVSD

1 1 1 9.6 kb/s ADM
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reconstructed speech samples s~ and the update of the quantizer step size. The op-

eration and microprogramming of the processor are explained in Section 3.4.

The analog circuits shown in Figure 3-1 (the signal limiter , the transmitter

low-pass filter (LPF), the-sample-and-hold circuit , the comparator , the 0/A conver-

ter and the receiver LP) are discussed in Section 3.6.

As expla ined in the next section, the tim ing circuits are designed to divide

each sample interval into two halves : The transmit and receive cycles. This

arrangement permits time-sharing of the processor , the D/A converter and the quan-

tizer register Q or bit register B between the transmitter and the receiver.

In the ARC mode , during the transmit cycle , the prediction 
~k is computed and

loaded into the test register T whose output is D/A converted and compared with the

input speech sample. After a series of (successive-approximation) comparisons with

the quantizer level corresponding to the quantized residual ej~ appears in the Q
register. This quantizer level is encoded and loaded into the transmit first-in

first-out (FIFO) buffer, whose output is the transmit data. Receive data are

loaded into the receive FIFO and eventually decoded , with the decoded leve l being

placed in the Q register. The output of the Q register is also used to address the

read-only memory (ROM) where the quantizer parameters are stored . These parameters

are used by the processor to update the transmit and receive quantizer step sizes

during the corresponding cycles . The operation of the encoder, decoder and the

FIFO’ s is explained in Section 3.5.

When the speech coder is in the CVSD or ADM mode encoding and decoding are no

longer required . During the transmit cycle , the binary quantized residual (output

bit) which is available after a single comparison, is serially loaded into a B reg-

ister. The output bit is then fed into the transmit FIFO which in this case serves

only to decouple the speech coder timing from the modem clock. Similarly, the re- •

ceived data are loaded into the receive FIFO and eventually loaded into the B reg-

ister , which stores the present and previous two output and input bits in inter-
— 3-4
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leaved form. These three (output/input) bits are used to address the parameter ROM.

3.3 TIMING AND CLOCK RATES

The transmitter and receiver sections are both run from a common high-frequency

clock (YCL) derived from a 6.1440 M1-{z crystal-controlled oscillator to permit time

sharing the circuitry mentioned above. The first-in first-out (FIFO) buffers allow

decoupling of system timing from modem timing .

As shown in Fig. 3—9, the main divide-down chain consists of three synchronous

4-bit binary counters (3X74LS163) . The first of these counters (A3) simply divides

the V?~t clock into groups (words) of 16 pulses (bits) each and produces a carry

(WDTIME) during the last of these 16 V~t clock periods (see the timing diagram Fig.

3-2). The nomenclature ‘words ’ and ‘bits’ will become clear in the next sec tion.

The arithmetic processor completes one operation (instruction) in one word-time as

bits of information are processed and serially loaded into the A or T register at

each bit-time . The second counter (A2) produces a carry (GPTIME ) every 16th word

time in the ARC mode (Ml = 0) independent of the bit rate. However, in the CVSD or

ADM mode (Ml = 1) the counter acts as a divide by 6 at 16 kb/s (MO = 0) or as a

divide by 10 at 9.6 kb/s (Ml = 1). The third counter (Al) produces a SAMPLETIME

pulse for every fourth GPTIME pulse . We can summarize the breakdown of the sample

interval as follows:

1 sample interval = 4 group times

16 word times (ARC)

1 group time = 10 word times (CVSD/ADM at 9.6 kb/s)

6 word times (CVSD/ADM at 16 kb/ s)

1 word time = 16 bit times (6.144 MHz clock periods)

The timing signal W6 (a square wave at the sample rate) divides the sample in-

terval into the transmit (W6 = 0) and receive (W6 = 1) halves. The word times

during each of these halves is indexed by the 5-bit word WS, W4 ,..., Wi. In the
3-5
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ARC mode the count is simply 0 to 31, while in the CVSD/ADM mode the count proceeds

as follows :

CVSD/ADM at 16 kb/ s 10,..., 15, 26, ... , 31

CVSD/ADM at 9.6 kb/s - 6, . . . ,  15, 22 , ..., 31

As explained in the next section, W5,..., Wi are used as the program counter for

the microprogram .

The timing circuits also generate a clock BITCLKX2 at twice the 16 or 9.6 kb/s

bit rate. As shown in Figure 3-9 BITCLKX2 is Wi divided by 6 when MO = 0 and is W2

divided by 10 when MO = 1.

The 4-bit shift regi~t~r 74LS194 (A9) generates the 25% duty cycle clocks QTR1

to QTR4, which as the names imply, are high during the respective quarters of a word

time. Other timing signals shown in Figures 3-2 and 3-3 are ~ t (Vet with the first
3 clock pulses suppressed) , ~i~t (YCL with the first 4 clock pulses suppressed)

and WDCLK (YCL with only the last clock pulse enabled each word time), SPWE

(scratchpad write enable) and CVTLD (convert load).

As explained in Section 4.2, transmit output timing is selectable (via dip

• switch C21 on the digital card) from internal or external (modem supplied) bit rate

clock (DB in EIA notation). The former is either 9.6 or 16 kb/s , while the latter

may be arbitrary in the ARC node provided that the system parameters are chosen so

that the transmit buffer does not overflow at that output rate. Similarly the re-

ceive clock and data may be at an arbitrary rate. Thus in the ARC mode any bit rate

can be used by providing the appropriate external clock . Note that a tracker cir-

cuit for slaving the internal timing to an external bit rate clock (transmit or re-

ceive) is not required since the buffer management strategy is not sensitive to

timing slips. Thus, timing slips affec t the system performance in the same way as

channel errors .

3-7 
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ARITHMETIC PROCESSOR AND QIJANTIZER

The microprogrammed processor executes a set of 12, 20 , or 32 instructions

twice per sample interval to perform the transmit and receive arithmetic functions.

• To avoid fu l l  12-bit i~iu1tiplications in the processor, we use the quantizer

adaptation rule g iven in Section 2.3. In ARC and ADM modes , the step size Tk is

obtained through the following piecewise linear approximation of 2
Gk:

= L2
LGkJ (1 + G

k 
- L G~~i

where Li . l]means “integer part of”. This operation is performed by the CONVERT

• circuitry shown in Figure 3-1. Further, we constrain all multiplicative parameters

to be of the form ±2~~l ±2~~2. Then all”multiplications” can be performed by two

adders (see Figure 3-1).

The flow of information and the processor function is controlled by the con-

• tents of the microprogram ROM and the write-and read-address ROM’s.

A 256x8 bit programmable read-only memory (74S47l) controls most of the pro-

cessor functions . Two 256x4 bit programmable ROM’s (2x74S287) whose outputs are

tied together to form a tristate bus provide part of the address for the scratchpad

(see Figure 3-1) and perform the remaining control functions.~ The main storage ele-

ments of the processor are a 16xl2 bit scratchpad RAM (3x74C89), a 256x8 bit para-

meter ROM (745471), and three 12-bit registers: a RAM output (or read) register R

(3x74LS194), an accumulator register A (3x74LS194) , and a test register T (74LS164 +

74LS195). The basic arithmetic operation performed by the processor is of the form

A ± R ± 2~ ’2 R. The result of this operation can be serially loaded in A or I

~~ 
-n2 .or both . The ‘mult ipl ier  ± 2 ± 2 is supplied by the parameter ROM.

The contents of the accumulator A can be stored (written into) the scratchpad

RAN and later loaded into the R register, which performs a right shift with sign ex-

tension. Two one-of-eight multiplexers (2x74LSl5l) and a pair of true-complement

(exclusive or) gates (1/2x74LS86) provide the shifted and/or negated serial words

3-8
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± R and ± R. These words are serially added to A in a pair of hi gh-speed

one-bit full adders (74Hl83). The accumulator A can be cleared , serially loaded

from the adder output or its contents can be recirculated . During the CONVERT oper-

ation the A register is parallel loaded with the converted step size Tk.

At the appropriate instants the contents of the test register I are loaded in-

to the D/A buffer register (2x74LSl74 located on the analog card) for quantizer

comparisons during the transmit cycle and for reconstructed speech sample output

during the receive cycle.

During the transmit cycle in the ARC mode the quantizer output level ±1,

10 ,i,2,3 is determined by making three tests to locate the residual ek in one of

seven regions symmetrical about zero. During these tests the I register is loaded

with 
~k’ ~k 

± a2Tk and ± ajTk, 1=1 or 3, successively where a1 are the quantizer

thresholds and T
k is the quantizer scale factor (step size) at time k. After D/A

conversion these test values are compared to the input speech sample Sk and the

one-bit result of each comparison is loaded into the quantizer register Q (74LS163)

after some logic. The final quantizer level eventually appears in the Q register,
where it controls the variable-length encoder.

During the receive half of the sample interval the Q reg ister is loaded with

the quantizer level directly from the decoder .

As explained earlier in Section 3.2, in ADM and CVSD modes a separate B regis-

ter (74LS164) stores the present and previous two bits in interleaved form. The

B reg i~ ter is serially loaded under program control once during the transmit cycle

(from the comparator) and once during the receive cycle (from the receive FIFO).

Two output bits of the Q or B register address the parameter ROM together w ith

mode control and timing information to select the appropriate “multiplier”

±2 ’~l ±2~~2. The sign bit Q5 or B5 determines whether the “product” ±2~~’1R ±2~~2R

is to be added to or subtracted from A.

3-9 - 
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For the 9.6 kb/s ARC system the number of quantizer levels is reduced to 5 by

simply setting a2=a3, £(2)=L(3), f1(2)=f1 (3) and f2(2)=f2(3) in the parameter ROM.

Having described the capabilities of the components of the processor, we are

now in a position to discuss the processor control through the microprogram and

give a detailed description of the circuits.

3.4.1 MICROPROGRAM

The microprogram may consist of up to 32 12-bit instructions (control words)

for each mode of operation . There are no branch instructions; the program counter

is simply the 5-bit word count W5 ,. . .,W1 , generated by the timing circuits. As men-

tioned in Section 3.3 the count W5 ,. . . ,Wl, takes only 12 of the 32 possible values

in the CVSD/ADM mode at 16 kb/s and 20 values at 9.6 kb/s. The microprogram is

identical for the transmit and receive cycles . However, the timing signal, W6, is

used to select sl ightly different behavior, e.g., to select one half of the scratch-

pad RAM for the transmit variables and the other half for the receive variables, and

to select different sources for loading the -Q or B registers.

From the preceding functional description we can identify three basic types of

instructions : ADD, WRITE and CONVERT . In the ADD instruct ion, the R, A and I reg-

ister are shifted right and a rounded 12-bit serial add is performed (through the

two adders) during the last 13 bit times of the particular word time. The sum is

always ser ia l ly  load ed into the I reg ister and it may also be loaded into the A

regis ter. If the A reg ister is not to be loaded from the adder output, its contents

are simply recirculated. Table 3-2 shows the specification of the ADD instruction

in terms of the microprogram word (control signals P1 throug~i P12).

In the WRITE instruction, the A and R registers are not serially shifted. The

contents of the A register are written into the scratchpad RAM during the first 4

bit times. Later, at the last bit time the A register may be cleared. Since the

3-10
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scratchpad writing is completed during the first half of the particular word time,

the contents of the same or another scratchpad location may be loaded into the R

register at the last bit time of the same word . Under program control the A regi-

ster contents may be cleared before writing into the scratchpad, if the most signi-

ficant bit (MSB) of the I register is 1. The specification of the WRITE instruction

appears in Table 3-3.

The CONVERT instruction is a special instruction that replaces the contents of

the A register by 2 1Aj +k 
(l+A-LAJ) to obtain approximate binary exponentiation as

explained earliei . The constant k corresponds to Gmin (see Section 2.3) which de-

termines the bottom (minimum value) of the quantizer step size. The CONVERT instruc-

tion is specified by P1=P2=1 in the microprogram word . P3 to P8 are the same as in

the WRITE instruction and the four bits P9 to P12 specify the constant k mentioned

above (see Table 3-4).

In the ADD instructions the R register is shifted right with sign extension

(arithmetic right shift) during the last 13 bit times of each word. However, at the

last bit time the right shift may be suppressed and instead the. register may be

parallel loaded from the scratchpad RAM. In the WRITE and CONVERT instructions

shifting of the R register is inhibited but parallel loading is permitted .

The quantizer register Q may be loaded during any instruction at the last bit

time. During the WRITE instruction the Q register input may be held to a zero under

program control depending on the state of the transmit FIFO (explained further in

Section 3.4. 6).

To refresh the value ‘1’ (=000100000000) in the scratchpad we may clear A and

then write its contents into the scratchpad with the 4th MSB inverted .

Note that with P1 through P12 all zero a null instruction (NOP) is executed

during which the contents of the A register are recirculated , the adder output is

loaded into the T register and the R register is shifted right..
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TABLE 3-2

ADD INSTRUCTION

P1 =0.

P2 : Selects input to A register from the adder output (P2=1) or from A regis-

ter output (P2=0) .

P3 : Addresses the parameter ROM: parameters are independent of the quantizer

level if P3=1.

P4 : Forms part of the address of the parameter ROM if P3=1.

PS : The parameters are multiplied by +1 or -l depending on the sign bit QS/BS

if P5=1.

P6 : The D/A buffer register is loaded at the last bit time if P6=1.

P7,P8 : Form part of the address of the parameter ROM.

P9 : The R register is~ loaded at the last bit time if P9= 1 (R register shifts

• right at other bit t imes) .

PlO-P12: Form part of the address for reading from the scratchpad RAM if P9=1.

Initiate encoding/decoding and strobe (D/A output into receive low-pass

filter) if P10=1 and P9=0.
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TABLE 3-3

WRITE INSTRUCTION

P1 : = l

P2 : = 0

P3 : Clear A register at the last bit time if P3= 1.

P4 : Enter new value into Q register or B register if P4=1.

• PS : Clear ft register during bit times 3 and 4 if the MSB of T register is 1

and P5= 1.

P6 : Hold the Q register inp a to 0 (low) if P6=1 and the transmit FIFO is full.

P7 ,P8 : Unused (don ’t care) .

P9 : During the first 8 bit times:

Invert the 4th MSB of A register before writing into scratchpad if

P9=1.

During the last 8 bit times:

Load R register at the last bit time if P9=1. (R register will be

stable at other bit times)

Pl0-P12: During the first 8 bit times :

Form part of the address for writing into the scratchpad RAM .

During the last 8 bit times:

Form part of the address for reading from the scra tchpad RAM.
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TABLE 3-4

• CONVERT INSTRUCTION

P1 : = 1

P2 : = 1  
•

P3-P8 : Same as in WRITE instruction (Table 3-3).

P9-P12: Specify the constant k which determines the minimum quantizer step size.

3-14 
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Table 3-S specifies the addresses of the state variables stored in the scratch-

pad in each mode of operation. Note that W6 is the most significant address bit

permitting a different set of variables to be stored for the transmitter and re-

ceiver.

Table 3-6 specifies the addresses for the quantizer and predictor parameters .

The first 6 bits of the 8-bit address of the parameter ROM are the three mode con-

trol bits and program bits P3, P7 and P8. The last two bits are given by the con-

tents of the Q or B register or by program bit P4 as explained in Section 3.4.2.

The listings of the microprogram for each mode of operation appear in Tables

3-7, 3—8 and 3-9. These listings specify the contents of the program, write- and

read-address ROM ’s, respectively, and explain the functions performed by each in-

struction. The source programs were written in a form suitable for the Motorola

M6800 assembler and stored on disk in the Codex Prime Time Shared Computer System .

Thus, binary paper tapes can be automatically generated for programming the pro-

grainmable read-only memories and changes to the microprogram can be conveniently

made.

The first two columns of each table give the ROM address and contents, respec-

tively , in hexadecimal notation. The fifth column specifies the program word in

binary format with bits P1 through P8 in Table- 3-7 and bits P9 through P12 in -Tables

3—8 and 3-9.

3—15
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TABLE 3-5

• SCRATCHPAD RAM ADDRESS TABLE

w6, P10, P11, P12 ARC CVSD ADM

x000 ‘1’ ‘1’ ‘1’

x0o1 5k— 1 5k-1 5k-l
XO10 Tk Tk Tk

XO11 5j 3 s1~_3

Xl0O G

XlOl 5k-2 5k-2
X110 Ck
Xlll spare spare spare
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TABLE 3-6

PARAMETER ROM ADDRESS TABLE

MO, Ml , M2, P3, P7 , P8, G, H ARC CVSD ADM

XXX 000 XX a .
(i)

001 XX L(i) L

010 XX f1(Q) f(B) f(S)

011 XX f2(Q)

100 00 B2 - 
B2

100 10 (12
_m
Z) (12

_m2
)

101 00 B1 B1

101 10 1 1 1

110 00 B3 B3
110 10 B

1

111 00 T.
• mm

111 10 (12 _ml) Tmin ( 1 2
_m l)
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TABLE 3-7. MICROPRQGRAjI

(0001) * I- 1tCRoP~ oGPc4l
(0602) * HIS LISTING SPECIFIES THE FIRST 8 BITS (P t—PB ) OF THE PROGRAM-

~~RD FOR THE CODEX SPEECH DIGITIZER
(0004) *
(8065, *
(@086) * LIST OF SY(~~OLS
(0007) ~(0008) * A CONTENTS OF THE 4 (ACCU?IJLPTOR) REGISTER
(0009 . R CONTE NTS OF THE ~ (R EAD, PEG ISTEP
(0010) ~ T CONTENTS OF THE T (TEST ) RE(~I~ TER
(0011) * 0 OUAHTJZER RE&IST P IJ5ED Ill THZ ARC MODE
(0012) B BIT REGISTE R USED IN TIlE C~~ D AND ADt1 MODES
(8013) * S (K) CURRENT PECO(ISTP’ :( TE D SPEECH SA~1~LE
(001 4) * P(K) CURRENT VALUE OF THE PREDICTIO N
(0015 * S~ (I(— l) PPEVIOU~ RECONST RUCT ED SPEECH SAt~~LE
(0016) * S (K—2) SECOND PPEVIOIJS PECO TF:ULTED SPEECH SA(~~LE
(0017i * S ( K—3 ) THIRD PREV IOU S FCCOI45T PUCTED SPEECH SAIPLE
(0018, 81.92.03 PREDICTOR COEI -FICIEIITS
(0019) * AC!) QIJAIITIZER THRESHOLDS IN THE ARC MODE
(0020) * L(I) QUAHTI:EP OUTPUT LEVELS IN THE ARC MODE
(002 1) * L DUAFIT IZE R OUTPUT LEVEL ~U CVS D AND ADN MODES
(0822) * - F 1 I  FIRST LOGARITHMIC E>~PrlNSION/COlITRACTION FACTOR FOR THE
(0023) * OUAIIT IZER STEP SIZE (COPPESPOIIDIHG TO QUAHTIZER OUTPUT LEVEL LU))
(0024) * F2( I) SECOND LOGARITHI1IC E~~ A NSI ON/C OHT RACT IOM FACTOR FOR THE
(0025) ° * QUANT IZER STEP SiZE (COPRESPOI1DING TO QUANTIZEP OUTPUT LEVEL LU))
(0026) * FB ) OUAIITIZEP EXPANSIOII/COHTPACTIDN FACTOR IN THE CVSD AND ASH MODES

- (0027) * G~ (K) CURRENT VALUE OF SLOI.LY VARYING PART OF LCGARITHMIC QUANTIZER
(0028) * STEP SIZE
(0029) * 6 (K+1) NEXT VALUE OF G ’ ( K )
(0030) * P1) 2~’*t1I Snr~ LES IS THE TItlE CONSTANT OF G (K)
(6631) * C (K) CURRENT VA LUE OF RA PIDLY VA RYING PART OF LOGARITHMIC OUAHT IZER
(0032) * STEP SIZE
(0833) * C (K+I) NEXT VALUE OF C ( K )
(0634 i * 2*-*712 SA~ ’LES IS THE TIME CONSTANT OF C (K) IN THE ARC F-lODE
(0035) * AND OF T ( K) IN THE CVS D 1-lOSE
(6036) * T (K) P1ECEWISE LINEAR APPROXIMATION OF 2**(G’(K)+C’(K)+C-S)
(0037) * C CONSTANT IJIICH DETERMINES THE TIINIIIJII QUANTIZER STEP SIZE
(0638) * ThIN’ CONSTANT ADDED TO T~ (K)
(0039) * • 

T (K) CURRENT VALUE OF OUAPITIZER STEP SIZE. T(K)-T’(lO+TMiN’ IN
(864(3) * THE ARC MODE
(0041) *
(0042
(0043) * 16 KBPS A RC PROGRAM

8006: 40 (0345) FCB ~ IO100O OO 00: WRITE : REFRESH ‘1’ . LOAD S’(K—3) IN R. CLEAR A
000 1 : 62 )0~J-~6)  FCR U31103010 01: ADD: LOAD A AND I W ITH 93 .S’CK—3L. LOAD S’(K—2) IN P
0002: 60 (0347i PCB ~3I1C00O0 02: ADD: LOAD A Al-ID T WITH 82.8’ (K—2 )+A . LOAD S (K—1 ) IN R
8003: 65 ~0O48) FCB ~O 1tO0I0I 03: ADD: LOAD A AND T 1.11TH B1.5’(K—I)+A.P(IO . LOAD I INTO 8/A
0004: 0~) 8C49 rCC ~C~~~C~)O 04: FlOP
~30O5 : 30 E,t,~~j FOB ; .: ~ U0~ 05: NOR

~ o ~c:’~~~’ Ft: o :~iUOLO00O 05: (JPITE: A INTO SPARE . LOAD 0. LOAD T(K) IN P
~F ’J F :  OC 0052 r-:o ~OOO- ~ l lO)  07: AlIt’: LOAD T (.11TH +—A(2).R*-A . RECIRCULATE A. LOAD T INTO D.’A
~o’:’-~: 00 ‘353, FOB ::0O~)DO0O0 08: MOP
•‘i)C?: 01) i ;)~~4 , P~~ ;~~~: j~~ j~j3i3 09: MOP
8004: 94 D~ F:a .~~CO 1CI0O 10: WRITE : A INTO SPARE . LOAD 0 (LOAD ZERO IF TXFIFO FULL). LOAD T(K) IN R

:8: OC •~~~5C FOG x0000llOO 11 : AlIt’: LI1AD T WITH +-A(I).R+A . RECIRCULATE A. LOAD T INTO D’A
•~C0C: 00 ~~~~~~ p

~ 3 38000 000 12: IIUP
O J Ot : 0c3 ~Q0S9 -08 E~iO’3OJO00 13: I-lOP
•~3~’E: 90 095:- POD ~:1*)’lO0O0 14: WRITE: A INTO SPARE’. LOAD 0. LOAD T(IC ) IN R
1)4.iP: 40 OOCO FCB :~0 10 O lIfl1 IS: A ID: LOAD A AND T WITH +—L (I).R +A-S’(K). LOAD S~ (K—1) iN R. LOAD T INTO 8-A
1)Q~3: 4(3 ~~~~ PCE ::IOlOuOfll) 16: WRITE: A INTO S’R—)). CLEAR A
0011: 71 ~ *~;? 108 ~O lI 10Oc I 17: ADD: LOAD A AMP T WITH 1.P. LOAD S~ ( V — 2 )  IN P
SC) lZ:  AO (“i~~~

) FOB ;:I0l0OC)00 18: WRITE: A INTO 5U .-2). CLEAR A
341 : TI 03~ - F 6  ;‘OIIIOOO I 19: 400: LOAD A HI.t I EJITFI 1.F. INITIATE ENCODING/DECODING AND STROBE
3(314: flO ~~~~~~ P~ S ~:l’ IC~~3O’J 20: WR ITE : A INTO ‘(I~— 3).  CLEAR A. LOAD G (V) IN P
0015: T3 ‘OC4~ FCE :;OIII COII 21: 41’!): LOAD A Al~D T .11TH (1—2~-~~—MW .R. LOAD ~l’ IN R
0016: 42 ~~~~~~~ FOB 1003310 22: 410: LOAD A ~~~~ T WITH FI ’I’ .R +A-G’ G~÷l)0017: 82 ‘33c3) FOB ;:3~O 1OflO 23: WRITE: A INTO 0 (F ’. CLEAR A BEFORE WRITING IF T IS NEGATIVE
0012: 40 ~00C9~ FOB ~I0I 00O’3O 24: WRITE: A INTO SPARE . CLEAR A. LOAD C’(K) IN P
~0l9: 70 (~ 47fU FOB ~0II 1UOOO 25: AlIt’: LOAD A 4111) T WITH (1—2*l.(—M2)).R. LOAD ‘I IN P
OOIA : 43 (0071) FEB ~;0tO0OOI1 26 : Al’!): LOAD A AND T (.11TH F2U).R+A.C’(K+I)
0018: 80 0072 FOB ~.l 0ODOC0fl 27: WRITE: A INTO C~ (K). LOAD .‘(K) IN P
COlE: 71 (O-J75~ FCB >.OIII8001 28: ADt~: LOAD A AND T 1.11TH R .1+A
COlD: CO *0 17 N FEB ~IIOOflOO O 29: CONVERT: LOAD T~~K) IN A. LOAD ‘1~ IN P
IICI E: 63 ~3O75 FCB XO II000II 30: ADD: LOAD A AND T WITH TIIIN’.R’-A-T (K)
IOIF : 40 (0hl7 ~~

) rco ~ IOI0uUDO 31: WRITE: A INTO TIK). CLEAR A
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TABLE 3-7. MICROPROGRAM (Cont)

(c1~~~~7) *

‘O 878~ * 14.4 I’BPS ARC PROGRAM
(0079) *

‘300 : AC 8.3’-3~ F b xI01017000 00: WRITE: PEFRESH ‘V. LOAD S’(K 3) IN P. CLEAR P
. j 0 2 1:  .77 1 11171 ~ PEG 7.0 1100010 01: 405 : LOAD A AND T W IT H B3.S~ (K— 3) . LOAD S’ ( K—2 ) IN R
0022: 60 ( 1)707 ) FCB ~0 1IO300O 62: A t !) :  LOAD A AND I WITH 92.5’  ( K—2 ) +4 .  LOAD 5~ (K- 1) IN P
0023: 65 (1)08!) Fr~ z0110.1) c l  03: ATiD : LOA D A AND T W ITH B l . S ’ ( K — l) + A . P( K) .  LOAD I INTO 8.-A
0304: 00 (0004 FOE x 000~ 0)’~ 0 04: MOP
0025: 00 ‘8-i 3~~ F 0  :09000330 05: 1-lOP
(l)1’A : 90 (0886) FOB ~ l00IR1)AO 06: WR ITE: A INTO SPAPE . LORD 0. LOAD T(K) IN R
002?: OC 001)7) FOB Z0000I)0.) 07: ADD : LOAD I WIT H *—A( 2) .R +A . RECIRCULATE A. LOAD I INTO D/R
0(320: 00 0300~ FEB :000’30000 88: MOP
0029: 08 ‘0079) FCB x00000000 09: FlOP
01*74 : 94 (3J- 0 FCB . l0. ) IOIOO tO :  WR ITE:  A INTO SPAPE . LOAD 0 (LOAD ZERO IF T7~~!FO FULL). LOAD 1(K) IN F?
0026 : BC ) B-0~~t~ FOB x00331100 11: ADD: LOAD I WI T H +— A ( I) .R. -4 . RCLIRCULATE A. LOAD I INTO D/A
002C: 03 (0C2~~ FCC U33.J30000 12: MOP
002!): 40 (0393 ) P79 X20000000 13: NOR
O@2E : 90 (0094 ; FOB x l U O t i 3 0 3  14: WR ITE : A INTO SPARE . LOA D II. LORD T(K ) IN P
062F: 48 (0095) FOE ZOIOOIIOI  IS: ADD : LOAD 4 All!) T W IN + L( I ) . P+4 S~ (X ) .  LOAD S~ ( K— 1) IN R. LORD I INTO D~ 4
0030: AC (0054; FOB x10l00000 16: WRITE: A INTO S’ ( K — ( ) .  CLEAR 4
6031: 71 (00 97) ~~~ Z O I ) I 0 ) 3 1  17: 450: LOAD A AND T WITH I.R. LOAD S~ (K— 2) IN P
6032: 48 ~390, r:& xIOl0000’) 18: WRITE : A INTO 0~ ( K— 2) . CLEA R A
0833: 71 (0399) FCC J31110801 19: ASS: LOAD A ANt’ I WITH 1. P. INITIATE ENCODING/DECODING AND STROBE
0034: 40 (318 (3) FCC 4I0100*) ’38 20: WRITE: 4 I11TO S~~(X- 3). CLEAR A. LOAD G’ (K) IN P
00 35: 75 (0101) FCC :01110011 21: A DD: LOAD A AND T WITH (1—24*(- 111)).R . LOAD ~l’ I M P
0036: 42 (0102 1 FCB z010(30010 22: 4DD~ LOAD A A IlD I WITH F1( I) .R+A ~G ’ ( - + 1 )
0037 : 88 ( 0 ) 0 3 )  FOB 410130 1000 23: WR ITE : A INTO (K) . CLEAR A BEFORE WRITING IF T IS NEGATIVE
@038: A 0 (610 4 *  P09 ~.1O1OO 0OO 24: WR ITE : A 1(110 SPAPE . Cl EAR A. LOAD C (K) IN R
0039: 70 0 105 )  FO B xOllI0000 25: ADD: LOAD A AN D T WITH ( 1—2 * ’ p (—M 2 )) . R.  LOAD ‘1’ IN R
O’i~~i: 43 (0 l06  FEB ;~0 IOO OOIt  26: A DD: LOAD A A IlS I EJITH F2( I) .P+A .C (K+1)
Rfl38: 80 (0N77 ’ FED xI0000000 27: WRITE : A INTO C~~(X ) . LOAD G ’ ( K )  III P
IJOO f:  71 0188i FOB 7.01 113001 28: 41*0: LOAD A AND T WITH P.1+4
01)3!): CO ((3 109) FOB ;:)I000000 29: CONVERT: LOAD I(K) IN 4. LOAD 1’ IN P
003E: 63 0112i POE ~01I00011 30: AD D: LOAD A 4N7 T WITH TMIN .R+A~T ( K)
003F: 40 (3 111 )  FOB X1OI00000 31: WR ITE: A INTO 1(K). CLEAR A

(0 112) *
(@ 113 * 15 KBPS CySt’ PROGRAM
(8114 ’ *

CO~l0: 00 (1) 1151 FOB $00 00
0041: 00 - 

( 0116 , Ff0 -12) 01
F104 : 00 ‘8 117. 708 -1)7 3 02
3043: 00 3 ) 18  FO B 1)70 03
0(344: 03 01I 9) FC3 $00 ~04
3047 : 83 *0100 ; FOB If)) 05
:Ifl i5 :  CO (0 12 1’ FOB 100 06
3047 : 0-3 ( 0 (22 )  FO B 100 07
33 :3: 33 (0)2 3 FOB 10*3 88
~O4q : (10 0124) FCB $))() 09

40 ‘012 5 FOb :10100000 10: WRITE : REFRESI : ~~~ LOAD S ’C K— I)  FM P. CLE.~R A
3)740: 75 (0~ 26 PIE: : :f l ) 1LOI IO II: AD D: LORD 4 Al-ID I WITH B l .S~~ K—l — P ( K ) .  LOAD I INTO 8/P

f:4. ; 00 l:::; - ) ICE z00000000 12: MOP
3(348: 00 (0 (29 ;  FCD ::003*33030 13: MOP
8018 : 90 10) 33.  100 ; i0010004 14: WRITE : A INTO ~5PARE . LOAD B. LOAD T ) K )  IN P.
C-34 F: 49 (0 )3 3 738 001001001 15: ADD : LOAD P AND T WITH +—L.T(K)+A . LOAD ~1’ IN P.
00 5(3 : (N) ‘ 0 1 7 )  F;: B -3 )3 16
3051:  00 0132 ’ FOB 130 17
8352: 20 (0133) FCC 138 lB
0 :53:  00 3134) FCB 1(31* 19
(3054: 00 ( ( 31 35 )  FO B 1)7) 20

:55: 3)7 3175 103 1(30 21
0356 : 0(3 (0 (37 FOB $60 22
3) 5 7:  03 713:.  FOE 13(3 23
)‘)5~~: 00 ‘0133 FOE 100 24
0079: 00 .0140) FOB 100 25

TF 0141) FC B ~O 1I 11I1I 26: ADD: LOAD A AND T WITH +-P T(1IN+A.S~ ( K) ,  LOAD I INTO B/A
0058: ‘*0 ((3142 ) FEB x I0I00000 27: WRITE : A INTO S~ ( K— 1) .  CLEAR A. LORD T ( K)  IN R.
0050: 70 314 5 ; FEB z01I10000 28: ADD: LOAD A AND T WITH ( 1—2** ( - 1- Q) ) .R .  INITIATE STROBE
005D: 80 (0144) FCB xl8000000 29: WRITE : A INTO ~SPARE~ . LOA D 1 IN R.
DOSE: 42 ‘0I.1~

) FCB ZOI0000IO 30: ADD: LOAD A A lit I WITH F(B) .R+R.T (g+I) .
00SF : 48 (01-16) FOB lcIBItIl000 31: I~~ITE : A INTO 7(K) .  CLEAR A BEFORE 1.R1TZNG 11 1 IS NEGATIVE. CLEAR A
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TABLE 3-7. MICROPROGRAM (Cont)

( ( 3 1 4 7 )  ~
(0 1431 • lB KOPS P811 PROGRAM
~0 1411 *

0060: 00 .015.) FCC 18-3 — 00
0061: 00 3 l~ - :  I 7 0 1 -  -3 3 (3 01
0062 : (13 ‘3 ) 5 2  1-00 10*3 02
0063: 00 0153 FOB 100 03
0054: 00 (3(54. Ff9 106 84
0065: 00 (3 :5 5 FCB $60 @5
8066: 3)7 (0156, FCC 100 06
0067: 00 3157 FOB $013 0?
0068: 08 3153 FOB $00 08
0069: 0’) ‘0159’ 123 32*3 09
01)64: P0 310 - FCC x10180000 10: WRITE: REFRESH ~~~ LOAD 5 ’ ( K — I )  IM P. CLEAR A
0068: 05 (8161 :  FOB xO1I0010I  II: A!)!): LOAD A AND T W I N B1.S (K-l) .P(K) . LOAD I INTO ~‘AOOSC : 00 ‘0 ( 0 0  FOB ::33430000 12: 1-lOP
OOS D: 00 ( * 315 ) ;  FCC ~f23 (3343(3 13: MOP
OOS E: 90 ~2:54 73~E XIOOI0800 14: WR ITE : A INTO SPARE’ . LOAD B. LOAD 1(K) IN P.
00SF : OS (01~ 5) FOB ~3l(381101 15: ADD: LOAD A AND I WI TH +—L.T(K)+fl .S~ (K) .  LOAD I INTO D/R .
0076: 00 ‘)t6&) FCO WO 16
007 1: 00 0 o 7  rco IOU I? 

-

3072:  0.) (0 153) FEB 100 18
300 3: 33 (0163; FCC 100 19
0074: (10 (0I70 FOB 3(30 20
0875: 30 (8 ) 7 1 )  FOB 101) 21
0076: Ø~ (0:721 FCC 1*30 22
0077 :  00 (0 (2 3 ;  FOB 30-3 23
21*78: 00 ( 0174 1  FCB 10)7 24
30~ 9: 00 * 0 1 7 5 *  776 110 25
307 w:  1,0 ( 4 74)  F f B  ZIOI00368 26: WRI TE: A INTO 3~ ( K—I) .  CLEAR A. LOAD G’(K) IN P
0078: 73 ( 0 ) 7 7 ’  P79 ~0 1 l 10 0 I 1  27 : A D D: LOAD A 4140 1 W ITH ( l—2 * .* (—tl I )) .R. LOAD ~I’ IN R
9070: 42 18176) FCC XOI8030I O 28: 483: LOAD A AND T WIN F(B) .R+4-G~~K+D. INITIATE STROBE
007D: 88 ( 0 17 7 )  FEB 7.10001000 29: WRITE : A INTO 3 (K) .  CLEAR A BEFORE WRITIN G IF I IS NEGATIVE
007E: CO ) 0 :oo- . FO B ZI~ 000OO0 30: CONVERT: LORD A WITH 1(K)
007F: A0 ( 0 ) 9 ( 1  FCC 110109000 31: WRITE: A INTO T (K) .  CLEAR A

( @ 1 82) ~- (0183) ~ 9.5 KEPS A RC PROGRAM
(0184) *

0080: P8 (0(35)  FEB % l O i 0 326 00: WR ITE : REFRESH ~V .  LOAD S ( K—3 ) IN R. CLEAR A
8.381: 62 ~~ i :; .  FCC ‘331100010 •01: AD !): LOAD A AND I WITH G3.S~ (K—3). LOAD S’(K—2) IN R
0082: ~~ (0187) FOB 7.01 133(3313 02: 455 : LOAD A AIlS T WIN B2.S~~( K— 2 ) +A.  LO~.D S ’ ( K— l )  IN P
8083: 65 (0)88) FCC ~0Il0 *3I0j 03: ADD : LOAD A AND I WITH 81.5’ ( K—1 ) - ’ -A- P( K) .  LOAD I INTO D/R
0084; 88 (0183) FCC z600i)0800 04: MOP
00135; 00 (0193) FEB 100400030 05: MOP
.3036: 90 (815).’ FEB 1100)001*3 ~5; WR ITE: A INTO ‘SPAPE~ . LOAD 0. LOA D T ( K) IN R
0087: 0C (0192) FOB :;0000IIO 07: ADD: LOAD I WITH +—~ ( 2) R-+-P . RECIRCULATE A. LOAD T INTO D/P
001)8: 00 ( ( 1 9 7 -  FO B 7(3~ 33)33*3 (31 :  (lOP
0009: 00 (0 ( 94 1  Ff3 ;~733ci(3 (.~(3 0 0 :  (lOP
1*039: 90 ( 0 1 3 5)  FOB 7100)300 10 10: WR ITE :  A INTO ~SPAR E~~. LOAD 0. LOAD T ( K) IN R
0080 : OC 0196) FCC 1:0(300( 133 11: 4113 : LOA D I OlIN +-A( I ) .R+A . RECIRCULATE A. LOAD I INTO fl/A
8090 : 00 .3 ) ~;7) Ff1) 1:337201:30 12: (lOP
( 1, 3 3 5 :  30 (0 ( 3 3 - 7~~~ 337i )7 (3 )7i3 IS: (OP
0(378: 90 *0(9) FOB 1:100)3)7.73 14: (.:PITE: A INTO 0PAPE~ . LOPS 0. LOPE) IlK) IN P
0031: 45 )7203 ’ 730 x1 ) I ( 3 * 3 ) I O l  (5 :  ADD : LOAD A A l l? ’  I L (ITN t-L (I).P+A.S~ (K). LOAD S’ ( K - l) IN R. LOAD I INTO 0/A
13*3 13: 40 1*~ 3I1 ~ :e 1.010(3000 (4 :  WR ITE :  4 1(410 5 (Y - l I .  CLEAR A
0091: 71 ‘C ci2 ’  FOE X O I I I U O ~ I IT : ASt : LOAD A Alit’ I W ITH 1.P. LOAD 5~ ( K— 2 ) IN F
0092: 4.) *02371 FOB 1:10100900 18: WRITE:  4 1(410 5 ( K— 2 ) .  CLEAR A
8093 : 71 *320 - i  FOB ~~ I110f3I  (9: ADD : LOAD A 411) 1 W ITH l.R. INITIATE ENCODING/DECODING AND STROBE
0(3.14: A0 2275 FCC ::tul3003:) 20: LIP ITE : A INTO ) l- S J .  CLEAR A . LOAD C ’ ( K)  IN P
(3~j )5:  73 3705( FOB ) O 1 I)1 ) 3 l1  2 1:  433 LOAD A Ai lS I WITH 1—2 U(—M 1) ) . R .  LOAD ‘1’ IN P
72~ 3: 42 220 7) F2F . :;OlOC.OIllO 22: 41)5: LOAD A 91(1* 1 (-11TH F1( I ) .R 4 A = G ~ ( K#1 )
0(197: 89 *02-35 - FF8 7103 17(1”0 23: OIP ITE : A 1(110 ,3~~

( F ) . CLEAR A BEFORE WRITING IF I IS NEGATIVE
3298: wO ((12(39 71: 1) 1:l(3t~- 0 - ’ 30  24 : LIPIIE: A INTO ‘SP FE’ . CLEAR A . LOAD C ’ ( K )  IN R
‘JJ~ 5: 70 c::o ~ :B X O 1II9000 25: 4 3 t :  LOAD A A IlS I WITH ( l— 2 * + (— 112 ) ) .R .  LOAD ~I’ IN P
009A: 43 (t 12 i1 .  F’B ZO I0000I I  26: 7480 : LOAD A 41(1’ T IJITH F2( I) .R+A C ’ ( K+ l )
((4) 90:  80 ~~2 I2 FCC zl0900030 27: WR ITE : A iNTO 7~~(K) . LOAD G~~(K) IN P
009C: 71 (32 17. FOB ~0lII00’3 l 29: ADD: LOAD A AM!) I WITH R. 1+A
0891) : 00 3 ) 4 ~ FOB 31(00( 10(1(3 29: CON VERT: LOAD T (K) IN A. LOAD ~~ IN P
OO9E: 63 *09151 FCB 101101)011 3)): A DD : LOAD A AND I WITH ThINS .R+R•I(K)
009F: PC (0016 . FCB 110100060 31: WR ITE: A INTO 1(K). CLEAR A
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TABLE 3-7. MICROPROGRAM (Cont)

(02 1fl s
(02 10) * UNSPECIFIED
( 0 2 ) 9 ’  *

3CA~3: 00 (022(3, FOB 320 00
OOPl : 00 (022I) FCC 3)70 01
A092: 4)7 (0222) FOB TO .) -02
00A3 : (30 (02 23 FO B 130 83
01)44: 00 4) .~i - F 0  100 @4
ii. ,~C: 01) (0220) FEB 11)0 05
oUAC ; 00 iC2 3~ FCC 330 06
00A 7: 00 (3227 )  FOB 100 07

*3.) ‘ 3227’ FCC 301) 06
004 9: 00 ‘3?29~ 717 33-3 09
OOA A: 00 102501 FCC 1*30 10
(30(38: 03 10291; ~ :o ic-o II
3 3 4 2 :  80 3272 ; FOB 300 12
OCAD: 00 - 0 7 7 3 )  FOB 33*3 13

34) ~~~~ FCO 3)73 1 4
7-747: 00 i)7275; FCC 11)0 15
371)3. 00 12271) F 8  100 16
; ,‘ 5 - 1 :  0)7 : 7 ’ 3 7 ’  Ff1)  173 1?
0 9 2 2 :  00 3210) FEB 3)71) lB
0083: 60 0239* FOB 3)73 19
6084: 00 )4f ; 73 100
0085: 00 37:.!! P31 - I  3)))) 21
0085: 00 i*i?4’) FCC 1)71) 22
6067: 04) 13249 : FEB 1013 27
0068: 7) 1 ‘22-1.4 FO B 3301 24
00B9: 0~) ‘3745) FOB TOO 25
0084: 08 - 3 4 6  FO B 3-~ J 26
06CC: 00 (0247) FOB 33-7 27
OCBC : 0(3 10242) FCC 100 28
OOBD: 00 :3243 FOB 323 29
COBB : 6)) ‘3253 FOP 300 30
080F: 00 0251) FCC 3133 31

(0252) *
(0253) * 9.6 KBPS CVS D PROGRAM
(0254) 4’

OOCO: 00 17755:  1-29 3130 00
0001: (30 1)7253) FCC 101) 01
00C2; Lu 1)725 1 FOB 300 (32
0033: 00 10-250 ’ FEB 3*33 03
0004 : 00 1(125? FOB 13.3 (34
0005: (30 .1:3.) 1-CS 133 ((5
00(6: 130 u 0  U FEB •.(3*3733:37j3 (36 : (lOP
00C7: 00 uJ. 42 FOB 1:000,0300:3 07: (lOP
0 ( 3 0 3 :  017 (3203 ’  FOB ::‘)3.230)7.JO (38: 1(37
8009: 00 13244 ; FIR 7:0(3012(3(330 (39: MOP
(1424: AC ( * 3335 .  - 1-LB 710 :1)73,290 10: WRITE : REFRESH ~~~ LOAD S~ (K 1) IN P. CLEAR A
00:0 : 76 10203; FOCI 7 * 3 1 1 ) 0 1 1 0  11: 433: LOAD A 41411 11-11TH Bl.S~ ( K — l ) - P ( K) .  LOAD I INTO fl/A
80CC: 00 02371 FCC I~00O000O0 12: MOP
CCC!): 00 3 2 07 ’  ~ :s ;.U~ oo3-J3(3 13: MOP
OOCE: 90 (33-3; Ff3 2131) 10000 14: WRITE:  A INTO SPARE . LOAD B. LOAD 1(K) IN P.
720F: 49 .377*3; FOB 101901001 15: ADD: LOAD A AND I UI1H +—L.T (K)+A. LOAD ‘1’ IN R.
0050: 00 ~o:7I FO B 1-7’) 16
005 1: 00 (2 :72 )  FEB 13)7 17
0052; 013 * 3273. FEB 12.) 18
001)3: 08 (0274’ FCC . 1)79 19
001)4: 7’) 2’ FC1-’ 100 20
0057: 00 , , :7 3 ,  108 100 21
0OD8: .F  *3277 ’  7 7 :  201 1 1 1 1 1 1  22: A DS: LOAD A A MP T 1)11TH +-P .T ( I IN+A- S’ (K) .  LOAD I INTO D/A
00117 : 40 ( ‘3273 ’ FOB 7l01’?C’7’JO 23: IOPIIE: A INTO S~~( i ( — I ) .  CLEAR A
81*53: AC ‘02 79 ’ FCC 1:10)00 :0 24: W R I T E :  A INTO ‘SPAF E’ . CLEAR A. LOAD 1(K) IN P
,333~~: 76 ,) 7 7.3: FCC %01l10000 25; 333,: LOAD A 74(15 T 34 TH ( I—2 * 4 ’ (— 132 )) .P, INITIATE STROBE
‘701-4 : 5.) 023 1’  Ff1) 2100300(30 26: WRITE : A INTO ~SPAP E . LOAD ‘ V  IN P
4059: 42 . 4 2 : :: .  FCC ~3 10-~~0I 0 27: 450 : LOAD A AND I WITH F B ) . R+A.T (K+I)
((USC: 43 (32331 FCB .13101030 28: WRITE: A INTO 1(K). CLEAR A BEFORE WRiTING IF I IS NECATIVE. CLEAR A
COD!): QI) ‘029-i l FCC :1(103.30000 29: MOP
009E: 00 ‘*32.35’ FCC :1uOi3000(0(3 30: HOP
001W : 00 cO71~~ FCC z00000000 31: NOR

3.6 ESPS (18(1 PPOGRAII
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TABLE 3-7. MICROPROGRAM (Cont)

(0289) * .

8030: 00 02901 FCC 300 00 .
OPEl: 00 (0291) FOB 300 0!
00E2: 00 ‘12~~’ ; FCC 100 02 -

0033: 00 (0293) FCC 1130 (33
0034 : 00 ‘4 2 04 ’  FCC $00 04
60E5: 00 (0295 FEB 330 05
OOEG : A0 (0296) FCC 1101901*00 (36: WRITE : REFRESH ~~~ LOAD S’(K—3) IN P. CLEAR A
P037: 62 ( 13~~ 7i FC 9 701 10 ,7313 0?: A DD: LOAD A FIND I WITH B3 . S ’ ( V — 3 ) .  LOAD S~ ( K—2 ) IN R
00E3: 60 3293j  FO B 20 1100 131)0 0~~: A DD: L041’ A AND 1 ((111-1 82.5’  ( K—2 ) +A . LOAD S ’ ( K — l )  Ill P
@0E9: 65 ‘3399 ; FCC 701 1130101 03 : 41.0: LOAD A AND I WITH BI.S~ (K— 1)+A-P(K).LQ74D T 1(110 D’A
@034: 00 o 03 )3Oi FCC 700000000 10: MOP
00E8: 00 0301.1 FEB 700000000 Ii: MOP
QOEC: 90 (0302) FOB 2 13(3 02120 12: WRITE: A INTO SPARE~ . LOAD 9. LOAD 1(K) IN P
COE D: 43 “L3)73~ FO B 231 ’70 116I 13: A DD: LOAD A A l-ID I WITH +—L.T (K)+A S~ (K). LOAD I INTO S/A. LORD S’CK—I) Il-I P
O0EE: AC ( ( 33 ) 74 )  FEB 719100000 14: WRI TE : A INIO 5~ ( K— 1) .  CLEAR A
OOEF: 71 (0335 FOB 1.0( 1(0(301 15: ADD: LOAD A AND T WITH R.1. LOAD S~ (K—2) IN R
00F0; 00 (0305 FCB 3013 16
0011: @0 (0307) FEB 300 17
00F2: GO 4030 8) FCB 300 19 -

0013: 00 (3349) FEB 3.3-3 IS
@0F4: 08 ((33 10! FOB 300 20
0015: 00 13311 ;  FOB 330 21
0016: 46 1j312 FCB :111310201 )0 22: WRI TE : A INTO S ’ ( K — 2 ) .  CLEAR A
001-7: 71 ( 3 3 ( 3 ’  FCB 2 0111 ) 7 ( 3 ) 7 !  23: 433 :  LOAD A AND I 1)11Th P .1
OOFB: P0 (3 3 14 .  FOE :11313 )793 (3 24: WRITE : ~ INTO S~ ( K— 3 ) .  CLEAR Fl. LOAD G~ (K) IN R
80F9; 73 (0315 ’  F~ E ::3( I100II 25: 413 :  L_ A AN D I WITH ( 1—2 ** (— FI I ) ) .R .  LOAD ‘1’ IN P
OO FA: 42 ‘ 0 7 ( 3 1  ~c 8 %3)fl2’O2 (3 26 4 3 :  LOA D A 4113 1 WITH F B . l +A . G ~~ K +U. INITIATE STROBE
BOFB: 8)7 ‘ 0 7 1 7 ’  Ff2 118013:001) 2)’ : 4R I OE : 4 1(110 G~ ( K ) .  CLEAR 74 BEFORE WRITING IF I IS NEGATIVE
CCFC: C)) (0313 ; FOB 7 1:99)730 0 28. ) 7-7: .E3T : LOAD 1(K) IN A
GOlD: 43 (0319) FCB :119193333 29: ~1-1 TE :  A IMTO 1(K). CLEAR A
OCFE: 3.3 40~ 20) FCB :.33303000 30: 1I7~~
80FF : 00 (0321) FCC ;.30000000 31: r~OP

0100 (0322) END

- -
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TABLE 3-8. WRITE ADDRESS
‘9001) * WR ITE-ADDRESS
(@002) * THIS LISTItIG SPECIFIES THE LAST 4 BITS (P9—P12) OF THE
(0003) * PRoGRc~1I WORD DJJRIflC BIT TIMES 1 TO 8. BITS P10—P12 ARE
(O~304) * PART OF THE WRITE ADDRESS OF THE SCRATCHPAD(0~05) *(@006) * 16 KOPS ARC PROGRAII
(0007) *

0000: 08 (0008) FCB xl000 00: WR ITE: ‘1
0001: OD (0009) FCB ~11O 1 01: ADD
0002: 09 - (0010) - FCB x1001 02: ADD
0003: CO (0011) - FCB x0000 @3: ADD
0004: 00 - (0012) FCB /.8000 04: HOP
0005: 00 (0013) FC8 ft)000 05: HOP
0006: 07 (0014) FCB zOill 06: URITEI SPARE
000?: 00 (0015) FCB ~0O0O 0?: ADD
0008: 60 (0016) FCB ~.OOO0 08: MOP
000~1: 00 (OOIfl FCB x0000 09: MOP
000A: 07 - (0018) FCB ~0111 10: WRITE: SPARE
0006: 00 (0019) FCB ~0000 II: ADD
000C: 00 (0020) FCB ~0000 12: HOP
OCOD: 00 (0021) FCB ~00@0 j3: MOP
000E: 07 (0022) FCB x01 i1 14: W RITE I SPARE
000F: 09 (0023) FCG ~ 100 I IS: ADD
0010: 01 (0024) FCB z0001 16: WRITE: S’(K—l ) - —
0011: OD (0025) FCB ~ I101 17: ADD
0012: 05 (0026) FCB ‘.0101 18: WR ITE: S’(K—2)
0013: 04 (0027) FCB ~0100 19: ADD : INITIATE ENCODING

~DE ODIMG RIID STROBE
0014: 03 (0028) FCB ~@011 20: WRITE : S’(K—3)
0015: 08 (0029) FCB xl000 21: ADD
0016: 00 (0030) FCB y.0000 22: ADD
0017: @4 (0031) FCB ‘.OlOO 23: WRITE : G’(K)
0018: 07 

- 

(0032) FCB ~0111 
‘ 24: WRITE: SPARE

0019: 03 ‘~0033) FEB ~ 1OO0 25: ~DD
001A: 00 (0034) FEB y.0000 26: ADD
OCIB : 06 o0035) FCB ~.BI10 27: WRITE : C (K)
0@1C: 00 (0036) FEB x0000 28: ADD
OOID : 08 (0037) FEB ~.I000 29: CONVERT: C 8
OO1E: @0 (0038) FCB ~‘.00@@ 30: ADD
@@1F: 02 (@039) FCB x00i0 31: WRITE: T(K)

(0040) *
(0041) * 14.4 KBPS ARC PROGRAM
(C042 ) *

0020: 88 (0043) FEB ~ 1000 00: WRITE: .1
0021: 3D (0044) FEB Y.1101 01: ADD
0022: 09 (0045 ) FEB ~ 10D 1 02; ADD
0023: CO (0046) FEB ~‘.6000 @3: ADD
0024: CO (0047) FEB xOc300 04: HOP
0025: 00 (0048) FEB ~‘.0000 05: HO~
0026: 0? (Ci049 FCB xOIll 06: WR ITE: SPARE
0027: 00 (0050) FCB ‘.0000 07: ADD -

0028: 00 (0051) FCB x0000 08: MOP
0029: 00 (@052) FEB ;~0OOO 09: HOP
002A : 07 (0053) FCB ~0 111 10: WR ITE SPARE
002B: 00 (0054) FEB ~0000 111 ADD
002C: 00 (0055) FCB ~0000 12: HOP
002D: 00 (0056) FCB ~0000 13: HOP
002E: 07 (0357) FCB ~0111 14: WRITE: SPARE
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TABLE 3-8. WRITE ADDRESS (Cont)
002F: 09 (0058) FEB z1&il 15: ADD
0030: 01 (0059) FCB x0001 16: WRITE: S ’ ( K —l )
@031: CD (0060) - 

FCB x1101 17: ADD
0032: 05 (0061) FEB xOlol 18: WRITE: S (K—2)
C0~3: 04 (0062) FCB xOIOO 19: ADD: I.HIT IATE ENCODING

/DECODIH~ AND STROBE
@034: 03 (@063) FCB zOoll 20: WRITE: S~ (K—3)
0035: @8 (0064) FEB ~ 1OOO 21 ; ADD
@036: 00 0fl65) FCB /.0000 22: ADD
0037: 04 (0066) FEB ~‘.010O 23: WRITE: G’(K)
0038: 07 (006?) FEB Y.0111 24: WRITE: SPARE
0039: 08 (0068) FEB Y.1000 25: ADD

03 (0059) FCB x0000 26: ADD
0036: 06 (0070) FCB ~0110 27: WR ITE I C (K)

- 
- @03C: 00 (0071) FCB X0000 28: ADD

003D: 08 (0072) FEB ~ 1@O0 29: CONVERT; CaB
003E: 00 (0073) FCB Z0000 30: ADD
003F : 02 ~(0074) FEB X0010 31: WRITE: T(K)

(0075) *
(0076) * 16 KBPS CVSD PROGRAM
(0077) *

0040: @0 (0078) FCB $0 00
@041: 00 - (0079) FEB $0 @1
0042: 00 (0080) FEB $0 02
0043: 00 (0B81) FCB $0 03
0044: 00 (0082) FEB SO 04
0045: 80 (0083) FEB SO 05
@045: 00 (0084) FEB 50 06
0P-17: 03 (0085) FEB 50 07
0048: @0 (0086) FEB 50 @8
0049: CD (0087) FEB $0 @9
004A: O~ 

(
~ 088) FEB Y.1000 - 10: WR ITE : .1.

0046: 00 (0089) FEB ~0000 11: ADD
004E: 00 (0090) FCB ~000@ 12: HOP
004D: 00 (0091) FEB ~0000 13: HOP
004E: 07 (0092) FEB ~0111 14: WRITE: SPARE
004F: 03 (0093) - FEB %1000 15: ADD
0050: 00 (0094) FCB SO 16
0051: ~iO (3095) FCB $8 17
0052: 00 (0096) FEB $8 18
0353: 60 (0097) FEB 50 19
0054: 00 (0098) FCB 50 20
@055: 06 (0099) FEB 50 21
00%: CC (@100) FCB 50 22
0057: 00 (01 01) FEB 50 23
0058: 00 (0102) FEB $0 24
OC~9: 00 :0103) FEB $13 25
005A : 00 (0104) FEB ~0000 26: ADD
0058: 01 (0105) FEB ~OO0 1 27: WRITE : S~~(~’-1)
005C: 04 .0106) FEB X0100 28: ADD : INITIATE STRCIBE
0050: Oi (0107) FEB ~O 11I 29: WR ITE: SPARE
005E: 00 (0108) FEB Y.0000 30: ADD
005F: 02 ‘.0109) FEB X001@ 31: WR ITE: T(K)

(0110) *
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TABLE 3-8. WRITE ADDRESS (Cont)

(0111) * 16 KBPS ADM PROGRAM
0060: 00 (0132) FCB SO @0
0061: 08 ‘.0113) FCB 50 01
0P’2: 00 ~0114) FEB $0 02
0063: 00 (0115) FCB SO @3
0064: @0 (0116) FCB $0 @4
0065: 00 (0117) FEB $0 85 -

C~1~~~: 00 (0118) FEB $0 @6
005? : 00 (0119) FEB $0 0?
@068: 00 (8120) FEB 50 @8
@069: 00 (0121) FCB $0 09
006A: 08 (0122) FEB ~ 1~iO0 10: WRITE: j
0058: 00 (0123) FCB X0000 ji : ADD
@OGC : 00 (0124) FEB ~‘.00O@ 12: HOP
806D: 00 (0125) FEB ~O00@ 13: MOP
DOSE : 07 (0126) FEB 7.0111 14: WR ITE: SPARE
00SF: 00 (0127) FEB ;~0@@0 15: ADD
0070 - 03 ~

‘‘.0128) FCS 50 16
0071 : 00 (0129) FEB SO .17 -

0072: 00 (01313) FEB 50 18
0073: 00 (0131) FCB 50 19
0074: 60 (0132) FEB SO 20
0375: 00 (@133) FEB 50 21
@076: 00 (0134) FEB $0 22
0077: 00 (0135) FEB 50 23
0078: 00 (0136) FEB $0 24
0079: 00 ~C137) FCB 50 25
OOTA : 01 (0138) FEB 7.0001 26: WR ITE: S’(K—l )
0078: 08 (0139) 

- 
FC8 7.1000 2?: ADD

007C: 04 40140) FEB ~@1C0 29: ADD: INITIATE STROBE
00Th: 04 (0141) FEB 7.8180 29: WRITE : G’(K)
007E: C7 ‘0142) FEB xO111 30: CONVERT : C~7
8O?F: 02 (0143 ) FCB x@O1@ 31: WR ITE: T(K)

~S144) * .

(0145) * 9.6 KBPS ARC PROGRAM
(0146 ) * -

0080: 33 (0147 ) FEB 7.1001 00: WRITE : 1
0031: UD (0148) FEB x1101 01: ADD
0082: 09 (0149) FEB 7.1001 02: ADD
00C3 : ~3 (0150) FEB 7.0000 03: ADD
0084: 00 t01 51) FEB 7.0000 04: HOP
0035: 00 (0152) FEB 7.0000 05: HOP
0006: 07 (13 153) FCB 7.0 111 86: WRITE : SPARE
0007: 00 (0154) FOB 7.0000 07: ADD
OC:19: €19 0155) FEB 7.0000 08: HOP
0009: 00 (0155) FEB 7.0000 09: HOP
008A : 0? (0157) FOB 7.0111 10: WRITE SPARE
0038: 00 (0158) FEB 7.0000 11 : ADD
0080: 00 ~0159) rcc 7.0000 12: HOP
0001): ALl (1:160) FEB 7.0000 13: HOP
Of)SE: 0? (0161) FCB 7.0111 14: WRITE: SPARE
038F: (~ (0162) FEB ~.1OO 1 15: ADD
0090: 00 (0163) FCB 7.0000 16: WR ITE: S~~(K—1 )0O~ 1: 0D (0164) FEB 7.1101 1?’: ADD
@092: 05 (0165) FCB 7.0101 18: WRITE: S’(~ -2)
0093: 04 (0166) FCB xOlOO 19: ADD: INITIATE ENCODING

- .-‘DECODING AND STROBE
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TABLE 3-8. WRITE ADDRESS (Cont)

0094: 03 (@167) FCB 7.0011 20: WRITE: S’(K—3)
0095: 00 (01C0) FCB xI000 21: ADD
0096: 00 (0169) FEB 7.0008 22: ADD
0097: O’ (0170) FCB 7.0100 23: WR ITE: G (K)
O0~)8: 07 :0171) FCB x0111 24: WR ITE: SPARE
~C~9: 08 (0172) FEB 7.1000 25: ADD
0090: 00 (0173) FEB 7.0000 26: ADD
0098: 06 (0174) - 

FCB 7.0110 27: WRITE: C (K)
009E: @0 

- 
(0175) FEB 7.0000 28: ADD

0091): 09 (0176) FEB 7.1001 29: CONVERT: C-9
@09E: 00 (0177) FEB 7.0000 30: ADD
009F: 02 (0178) FCB 7.0010 31: WRITE: T(K)

(0179) *
- 

(@180) * UNSPECIFIED
(0181) *

0000: 00 (0182) FEB 50 00
0001: 00 (0183) FCB SB @1
@002: 08 (0184) FEB 50 02
0003: CO (3185) FCB $0 03
0004: 00 (0186) FCB SO .04
00~5: 00 (0187) FCB $0 05
0006: 00 (6188) FEB $0 @6
0007: 00 (0189) FEB 50 07
0003: 00 (0198) FCB 50 @8
00~S: 00 (0191) FCB 50 @9
0000: 00 (1i192) FEB $0 10

0008: 63 
- 

(3j93) FCB SO 11
0C~C: 00 (0194) FEB $0 12
@001): 00 (0195) FEB 50 13
000E: 00 (01%) FEE 50 14
000F: 00 (0197) FEB $0 15
OCBO : 00 (0198) FOB 50 16
0081: 00 (3199) FEB $0 17
0082: 00 (0200) FEB SO 18
0083: 00 (0201) FEB $0 19
0084: 00 (8202) FCB $0 20
0085: 03 (0203) FEB 50 21
0086: 00 (0204) FOB 50 22
0007: 00 (0205) FEB $0 23
00B8: 00 (0206) FEB $0 24
0089: 00 (020?) FEB $0 25
CUBA : ~~ (0208) FEB $0 26
COBB: 00 (0209) FEB $0 27
OOE:C: 00 (0210) FEB 50 28
OQED: @0 (0211) FOB $0 29
OUBE: 00 (0212) FCB SO 30
OOBF : 60 (0213) FEB $0 31

(0214) *
(0215) * 9.6 KSPS CVSD PROGRAM
(0216) *

0000: 00 (0217) FOB $0 00
0001: OIJ (02 18) FEB 50 01
00C2: 00 (0219) FEB $0 02
00C3: 00 (0220) FIB 50 03
@004: 00 (0221) FCB 50 @4
00C5: 00 (0222) FCB $0 05
00C6: 00 (0223) FEB 7.0000 06: HOP
0007: - 00 (0224) FCB 7.0000 07: HOP
OOCS: 00 (!1225) FCB 7.0000 08: HOP
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TABLE 3-8. WRITE ADDRESS (Cont)
00C9: 00 (0226) FCB xU000 09: MOP
COCA : 09 - (0227) FCB 7.1000 10: WRITE : ~
DOCS: 00 (0228) FCB x0000 11: ADD
00CC: 00 (0229) FCB z0000 12: MOP
CCCI): 00 (0230) FEB 7.0000 13: MOP
000E: 07 (0231) FEB 7.0111 14: WRITE : SPARE
000F: 08 (0232) FEB 7.1000 15: ADD
00110: 00 (0233) FCB SO 16
001)1: 00 (0234) FCB SO 17
0002: 60 (0235) - FEB $8 18
00D3: 00 (0236) FEB SO 19
001)4: 00 (023?) FCB $0 20
001)5: 00 (0238) FCB SO 21
001)6: 00 (0239) FCB 7.0008 22: ADD
8007: 01 (8240) FEB z000l 23: WRITE: S’~~~-1)
0008: 07 (0241) FCB 7.0111 24: WR ITE: SPARE
0009 : 04 

- 
(0242 ) FEB 7.0 100 25: ADD : INITIATE STROBE

CODA: 07 ‘.0243) FCB 7.8111 26: WRITE: SPARE
0018: 00 (0244) FEB 7.0008 27: ADD
CODE : 02 (0245) FEB x0010 28: WR ITE: T(K)
CON): 00 (~-?46) FEB 7.8000 29: HOP
DODE: 00 (0247) FEB z0000 30: HOP
OODF: 00 (0248) FCB 7.0000 31: MOP

- (0249 ) *
(0250) * S.6 KBPS ADF1 PROGRAM
(@251) w

CCE@: 00 (0252) FEB $0 @0
DOE!: CO (0253) FCB $0 01
00E2: 00 (0254) FEB SO 02
00E3: 00 (0255) FCG 50 03
00E4: 00 (0256) FEB 50 04
00E5: 03 (025?) - FEB $0 05
OOES: @3 (0258) FEB 7.1000 06: WRITE: ..1’
00E7: 01) (0259) FEB ~ 1101 07: ADD
00E8: 09 (0260) FEB 7.1001 08: ADD
00E9: 00 (0261) FEB 7.0000 09: ADD
OOEA : 00 (@262) FEB 7.0000 10: 1-lOP
OCEB: 00 (0263) FCB 7.0083 11 : MOP
OCEC: 0? (0264) FEB 7.0111 12: WRITE: SPARE
COED: 09 (0265) FEB 7.1001 13: ADD 

-

COEE : 01 (0266) FEB 7.0001 14: WRITE: S (K—1 )
DOEF : 08 (0267) FEB 7.1000 15: ADD
OOFO : 00 (0268) FCB $0 16
OUFI: 00 (0269) FEB 50 17
00F2: 00 (0270) FEB SO 18
00F3: 00 (0271) FCB 50 19
00F4: 00 (0272) FEB SO 20
OOFS: 00 (0273) FEB 50 21
00r6: 05 (0274) FCB 7.0101 22: WRITE : S’(K—2)
COF?: 00 (0275) FCB z0000 23: ADD -

OOFO : 03 - (0276) FEB 7.0011 24: WRITE : S’(K—3)
CCFS: 03 (0277) FCB 7.1000 25: ADD
OOFA : 04 (0278) FEB 7.0100 26: ADD: INITIATE STROBE
OOFB: Q4 (@279) FEB 7.0100 27: WR ITE: G’(K)
OOFC: 07 (0280) FCB 7.0111 28: CONVERT: C-?
OOFD: 02 (0281) FEB 7.00 10 29: WR ITE: T(K)
OOFE: 00 (0282) FEB 7.0000 38: HOP
00FF: 00 (0283) FEB 7.0000 31: HOP

(8284) END
eiea
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TABLE 3-9. READ ADDRESS
(0001) * READ—ADDRESS

- (@002) * THIS LISTING SPECIFIES THE LAST 4 BITS (P9—P12) OF THE PROGRAr1
(0003) * WORD DURING BIT TIMES 9 TO 16. BITS P10—P 12 ARE PART OF
(0004) * THE READ ADDRESS OF THE SCRATCHPAD
(0005) *
(0006 ) * 16 KBPS ARC PROGRAM
(0007) * -

0000: OB (0008) FCC 7.1011 00: WRITE : LOAD S’(K—3)
0001: CD 0009) FOB x1101 01: ADD: LOAD S (K—2)
0002: 09 (0010) FOB 7.1001 @2: ADD : LOAD S’(K—I)
0003: 00 (0011) FEB 7.0000 03: ADD
0004: 00 (@812 FEB 7.0008 04: MOP -

0005: 00 (6013) FEB x0000 05: HOP
0006: 00 (0014) FEB 7.1010 06: WRITE: LOAD 1(K)
@007: 00 (0015) FEB X0000 07: ADD
00P3: 00 (0016) FCC 7.0000 08: HOP
0009: 00 (0017) FEB x0000 @9: MOP
0000: 00 .(0018) FCC zIOlO 10: WRITE: LOAD T(K)
0008: 00 (0019) FOB x0000 11 : ADD
00CC: 00 (0020) FCC 7.0000 12: HOP
OOüD: 00 (0021) FEB 7.0000 13: MOP
600E: 00 (0022) FCC ziOlO 14: WR ITE : LOAD T(K)
OO -F: @9 (0023) FEB ;~I0O1 15: ADD : LOAD S (K—1 )
0010: 00 (0024) FEB 7.0000 16: WRITE
0011: 01) (@025) FCC 7.1101 17: ADD : LOAD S’(K—2)
0012: 00 (0026) FEB 7.0000 18: WRITE
0013: 04 (0027) FCB zOlCO 19: ADD : INITIATE ENCODING

‘DECODING AND STROBE
0014: 00 (0323) FCC 7.1100 20: WRITE: LOAD C (K)
0015: 08 (0029) FEB 7.1000 21: ADD : LOAD ‘1.
COIG: 00 (0033) FEB 7.0008 22: ADD
0017: 00 (0031) FCB 7.0000 23: WRITE
0018: OE (0032) FEB 7.1110 24: WRITE : LOAD C (K)
0019: 08 (0033) FEB 7.1000 25: ADD: LOAD 1
0010: 00 (0034) FEB 7.0003 26: ADD
@018: CC (0035) FCC x1100 27: WR ITE: LOAD 3 (K)
OO1C : 00 (0036) FCC z0000 20: ADD
0010: @8 *0037) FCC 7.1000 29: CONVERT: K-B. LOAD ‘l IN R
OO1E: 00 (0038) FEB 7.0000 30: ADD
CA lF: 00 (0039) FCC 7.0000 31: WRITE

(0040) *
(0041) * 14.4 KRPS ARC PROGRAM
(0042) *

0020: 08 (0043 ) FCC 7.1011 00: WRITE: LOAD S (K—3)
0321: 01) ~0U44) FCB 7.11 01 01: ADD: LOAD S (K—2)
0022: 09 (U0-~5) FEB 7.1001 02: ADD: LORD S~ (l<— 1)
0023: 00 (0046) FEB z0000 03: ADD
0024: ~O (0047) FEB 7.0000 04: NOR
0025: 00 (0343) FCC 7.3000 25: HOP

00 0@49) FCC 7.1010 06: WR ITE: LOAD T(K)
007: CO (0050) FOB 7.0000 07: ADD

CU (0051) FCB ;~3C0Q 08: MOP
0079: ~J 

(0052) FEB 7.0000 09: MOP
0020: 00 (0053) FCC 7.1010 10: WRITE: LOAD T ( K)
0026: 0 (0054) FCB 7.0000 11: ADD
002C: 00 (0055) FCB 7.0000 12: HOP
0020: 00 (0056) FCC 7.0000 13: HOP
032E: 00 (0057) FCC 7.1010 14: WRITE : LOAD T (K)
002F: 09 (0058) FCC 7.1001 15: ADD : LOAD S’ (K—l )
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TABLE 3-9. READ ADDRESS (Cont)
0030: 00 (0059) FCC 7.0000 16: WR ITE
0031: 01) (0060) FCC z1101 1?: ADD: LOAD 5 (K—2)
0032: 00 (0061) FCC 7.0000 18: WRITE
0033: 04 (0062) FCC 7.0100 19: ADD: INITIATE ENCODING

‘DECODING AND STROBE
0034: CE (0063) FCC 7.1100 20: WR 1TE: LOAD 0 (K)
0035: 08 (OAG4) FCC 7.1000 21: ADD: LOAD 1’

00 (0065) 
- FOB x0000 22: ADD

003?: 00 (0066) FCB 7.0000 23: WRITE
0038: OE (0067) FEB 7.1110 24: WRITE : LOAD C (K)
0039: 08 (0068) FCC zI000 25: ADD: LOAD ‘V
O~i3A : CC (0069) FCC X0OU0 26: ADD
0038: CC (0370) FEB 7.1100 , 27: WRITE: LOAD G’(K)
003C : 00 (0071) FCC ~OO00 28: ADD
0030: OS (0072) FEB x1080 29: COHVERT: K-8~ LOAD 

.1. IN R
003E: 03 (0073) FCC z0000 30: ADD
003F: 00 - (0074) FCB 7.0002 31: WRITE -

(0075) *
(@076) * 16 KBPS CVSD PROGRAM -

(0077)
0040: 00 (0078) FCC 50 00
0041: 00 (0079) FEB 50 01
@042: 00 (0080) FCC 50 02
0043: 00 (0081) FCC 50 03
0044: 00 (0082) FCB SO 04
@~45: CO (@083) FCB SO @5
0046: 00 - (0~84) FEB 50 @6
0047: 03 (0085) FCB SO C?
0048: 00 (0036) FCB 50 @8
00-13: CO (3037) FCC 50 09
00-10: 09 10033) FEB x100 t 10: WR iTE: LOAD S’(K—l)
0049: o:~ (3fl~9) FCC ~0000 II: ADD
Ofl-~~: O~ 

(0030) FEB ;.0008 12: MOP
OO-i~~: Co 3C31 FC~ z0008 13: MOP
O0-E: 0~-, O~i32) FEB z101Q 14: WRITE: LORD 1(K)
OC_ :F : 0~ -~93 FEB 7.1000 15: ADD: LOAD ‘1’
0053 : t . ~~~34)  FEB SO 16
035:: ~~ *3355) FCC 50 17
0052: c -:- c .:-~~~ FCC 50 18
0053: 00 IC- 3~ 7) FCC 50 19
0054: 00 (0093) FCC 50 20
0055: 00 0099) FEB SO 21
00% : 00 (0103) FEB 50 22
0057: CC- (0101) FEB 50 23
0058: 00 (0102) FEB $0 24
0059: 00 0103:~ FCC $0 25
0050: 00 (0104) FCC x0000 26: 000
0058: 00 (0105) FCC 7.1010 27: WRITE: LOAD T(K)
005C: 04 (0106) FEB xOlOO 28: ADD : INITIATE STROBE
COSI): 09 ‘.0107) FCC ~‘.1@00 29: WRITE: LOAD ‘1~
COSE : 00 (0108) FCB z0000 30: ADD
00SF: 00 (0109) FEB z0000 31: WR ITE

(0110) *
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TABLE 3-9. READ ADDRESS (Cont)

(0111 .’ * 16 KBPS RON PROGRAM
(0112) *

0060: 00 (0~~13) FCC 50 00
0061: DC (0:14) FEB 50 01
U~~ 2: 00 ( O i I S  FEB 50 02
0C 3: 00 (01lC ~ FEB 50 03
0064: CA (0117) FCC 50 04
0065: 03 (0118) FEB 53 @5
0066: 00 (01~ 3 FOB 50 @6
0067 : 03 (01 20) FCC 50 @7

(0121) FEB 50 @8
0069: 03 (0122) FCC SO @9
0050: @9 ‘:0123) FCC 7.1001 10: WRITE: LOAD S (K—1 )

00 (3124) FCC 7.0000 11 : ADD
006C : 00 (0125) FOB z0000 12: HOP
0060: 0-3 O12~- FCC z0000 13: MOP
0C’tT E: @0 (0127) FCC ~ 101@ 14: WRITE : LOAD T(K)
006F: 00 (0123) FCC ;~002O 15: ADD
0070: 00 (0123) FEB 50 16
0071: 00 (0130) FCC SO 17
0072: 00 (U131) FCC 50 18
@373: 00 (0i32~ FEB $0 19
0074: CO ‘.0133) FEB 50 20
0075: CC ~0134) FCC sO 21
0076: CC (0135) FCB SO 22
0077: 00 (0136) F C C  SO 23
0078: CC 0137) FCC 50 24
0079: CC (0138) FCC 50 25
@070: 00 (0139) FCC 7.1100 26: WRITE: LOAD G (K)
0078: 03 L0140 FEB ;~1O00 27: ADD . LOAD ‘I’
0070: 04 (0141) FEE 7.0100 28: ADD: INITIATE STROBE
OO7D: CU (~~142) FCC x0000 29: WR ITE
OC7E: 07 (0143) FOB 7.0111 30: CONVERT: I’~ 7

00 (0144) FEB ~0OC8 31: WRITE
(01 45) *
(01 46) * 9.6 KBPS ARC PROGRAM
(0147) *

0080: OB (0142) FEB 7.101 1 00: WRITE: LOAD S’(K—3)
0021: CD 0149 FEB 7.1101 01: ADD : LOAD S’(K—2)
0032: 03 (0150) FCC ;;1000 02: ADD : LOAD S’ (K—l)
002-3: 06 (0151) FCC 7.0000 - 03: ADD
0084: 00 ‘.0152) FCC 7.0000 @4: HOP
0085: 00 (0153) FC.B 7.0000 05: HOP
0086: 00 (01~ 4) FCC ~;1O10 06: WRITE: LOAD T(K)
0087: 00 (0155) FCC 7.0000 Ut : ADD
0088: 0*3 ‘:0156) FCC 7.0000 08: MOP
0089: 00 ‘.0 57) FOB 7.0000 09: MOP
0C0~,: CA (0158) FCC 7.1010 10: WR ITE : LORD T(K)
0038: 00 (0159) FCC z0000 11 : ADD
CORC: 00 (0160) FCC 7.0000 12: HOP -

O0~D: 00 ‘0i6t’~ FEB 7.0000 13; HOP 
-

008E: 00 r0162 1 FEB 7.1010 14: WRITE : LOAD 1(K)
uC3F: 02 ‘.0153) FOB :~1000 15: ADO : LOAD S (K—1 )
OOSO : 00 ‘.0164) FCB 7.0000 16: WR ITE
0031: Ut; (0165) FEB 7.1101 17: ADD: LOAD S’(K—2)
COC~2: CO (01 66 FEB 7.0000 18: WR ITE
0093: 04 (0167 ) FCB 7.0100 19: ADD: INITIATE ENCODING

‘DECODING AND STROBE
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TABLE 3-9. READ ADDRESS (Cont)
0894: CC (@168) FCC 7.1106 20: WRITE: LOAD G (K)
0095: 09 (8169, FC8 7.1001 21: ADD: LOAD ‘V
0096: 00 (0170) FCC 7.0000 22: ADD
0U97: 00 (0171) FCC 7.0000 23: WRITE
0098: CE (01 72) FCB 7.11 10 24: WR ITE:. LOAD C’(K)
0099: 09 (0173) FEB 7.1001 25: ADD: LOAD ‘1’
0090: @0 (0174) FCC 7.0000 26: ADD
0038: 00 (0175) FCC ~.11U0 2?: WRITE: LOAD G’(K)
@OSE: 00 (0176) FEB 7.0000 28: ADD
009D: 09 (@177) FCC 7.1001 29: COH~~RT: K-9. LOAD ‘l IN R
009E: 20 (0178) FEB 7.0000 30: ADD
@09F: 00 (0179) FCB 7.0000 31: WRITE

(0180) *
(@181) * UNSPECIFIED
(0182) w

0000: CC (0183) FCC SC @0
0001: 0’) (0184) FCC $0 @1
0002: 00 ~~fl185) FEB SO 02
60~3: 03 (0186) FCR $0 @3
@004: 00 (0187) FCC 50 @4
0305: 00 ~Qt88) FEB $2 05
8005: 00 (0189) - FCC $0 06
00A7: 00 (0190) FCB SO 0?
0-308: 00 (@191) FCC $0 08
@009: 00 (2192) FCC $0 @9
@000: 03 (@193) FEB $0 10
0008: @0 (0194) FEB ~O 11
OOAE : 00 (0195) FEB SO 12
CORD: 0.3 (0196) FEB 50 13
000E: 00 (0197) FCB SO 14
000F: 00 (0198) FCB 50 15
0060: 00 (@199) FCB 50 16
OCB1: 00 (02fl0) FEB $0 17
@082: 00 (0201) FCB SO 18
0083: @0 (0202) FEB SO 19
00B4: 00 (0203) FEB $0 22
0085: 00 ‘.0204) FEB 50 21
0086: CO (0205) FOB $0 22
0087: 00 (0206 ) FCB 50 23
0088: 00 (0207) FCB 50 24
0089: @0 (0208) FCC $0 - 25
0080: 00 (0209) 

- 
FOE $0 26

0088: CC (0210) FOB 50 27
00CC : 00 ~0211 ) FCC 50 28
0080: 00 (0212) FEB 50 29
OOEE: 00 (0213) FCC SO 30
0@BF: 00 (0214) FEB $0 31

(0215) *
(@216) * 9.6 KBPS CVSD PROGRAM
(0217) *

@OCO: 00 (0218) FCC $0 00
0001: 00 (0219) FCC 50 @1
00C2: 00 (0220) FCB $0 02
0003: 00 (0221) FEB SO 03
00C4: 00 (0222) FEB 50 04
00C5: 00 - (0223) FCB $0 @5
00C6: 00 (0224) FCB 7.0000 06: HOP
@DC?: 00 (0225) FCC x0000 07: MOP
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TABLE 3-9. READ ADDRESS (Cont)

00CC: 00 (0226) FEB 7.0000 08: HOP
00C9: 00 (022?) FEB 7.0000 @9: HOP
00CR: 09 (0228) FCR x1001 10: WRITE: LOAD S’(K—l)
OflCB: 08 (0229) FCC 7.000C 11 : ADD
03CC : 00 (0230) FCC 7.0000 12: MOP
000D: 00 (0231) FCC x0000 13: HOP
COCE: 00 (0232) . FCC 7.1018 14: WRITE: LOAD T(K)
OOCF: 08 (O~33) FCC 7.1060 15: ADD: LORD 1’
OODO: 00 (0234) FCC 50 16 -

0001: 00 . (0235 ) FEB 50 17
0002: 00 (0236) FCC 52 18
0003: 00 (0237) FCC SB 19
0004: 00 (@238) FCC $@ 20
0005: 00 (0239) FCC $8 21
00D6: 03 (0240 ) FCC 7.0000 22: ADD
00D7: 00 (0241) FCC x0000 23: WRITE
@008: 00 (0242) FEB 7.1010 24: WR iTE: LORD T(K)
0009: 04 (0243) FCC 7.0100 25: ADD: INITIATE STROBE j
0000: 08 (0244) FEB 7.1000 26: WRITE: LOAD ‘1’
@0DB: 00 (0245) FEB 7.0000 27: ADD
@0DC: 00 (0246) FCB 7.0000 28: WRITE
8000: 00 (0247) FEB 7.0000 29: HOP
000E: 03 (@24-3) FEB x0000 30: HOP
COIIF: 00 (0249) FEB 7.0000 31: MOP

(0250) *
(0251) * 9.6 KBPS ADII PROGRAM
(0252) *

@OEO: 00 (0253) FEB $0 @0
OOEI: 00 (0254) FEB $0 01
flflE2: @0 (0255) FCB 52 02
00E3: 06 (@256) FEB $0 @3
00E4: 80 (0257) FEB 50 04
00E~~: 00 (0258) FEB $0 05
OOE€ : OE (0259) FEB 7.1011 66: WRITE: EOAD S’(K—3)
@0E7: CD (0260) FCC 7.1101 87: 000: LOAD 5 (K-2)
00E8: @5 (0261) FCB 7.1001 08: ADD: LOAD S’(K—l)
00E9: 00 (0262) FCC 7.0000 09: ADD
OOEA: 00 (C2~3 FCC 7.0000 18: MOP
OOEB: 00 (E12~4~ FEB 7.0002 11 : HOP
OCEC: 00 (0265) FEB 7.1012 12: WR ITE:- LOAD T(K)

(
~~2~*3) FCC 7.1001 - 13: ADD: LOAD S’(K—l)

OOEE : CO (0267) FEB 7.0000 14: WRITE
C~)EF: or- ‘.0268) FEB ~‘.1101 15: ADD : LOAD S (K—2)
OOFO : 00 (@269) FCC $0 16
(IOFI: 00 (0270) FCB $0 17
00F2: 00 (0271) FEB $0 18
00F3: @0 (0272) FCC ~0 19
00F4: 00 (0273) FCB 50 20
OOFS: 00 (0274) FCC $0 21
OCFG : 00 (0275) FCC zO 000 22: WR ITE
00F7: 00 (0276) FEB 7.0000 23: ADD 

-

00F8: CC (@277) FCC 7.1100 24: WR ITE: LOAD G’(K)
OORS : 08 (8278) FEB 7.1000 25: ADD: LOAD ‘1’
OUFA : 04 ‘.0279) FCB 7.0100 26: ADD: INITIATE STROBE
OCF8: CO t 0220) FCC 7.0000 2?: WRITE
UOFC : Ct ‘.0281) FCC 7.0111 28: CONVERT: I(~ 7
CCFD : 00 (0282) FCC 7.0000 29: WRITE
COFE : CC (0283) FCC 7.0000 30: HOP
00FF: 00 (0234) FCC 7.0000 31: NOR

0100 (0285) END

3-32

- - -~~- -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- - 

_



3.4.2 PROGRAM AND PARAMETER ROM’ s

The schematic for the program and parameter ROM’s is given in Figure 3-10. As

mentioned above , the program ROM (74S471, Ji) and the write- (74S287, A13) and read-

address (74S287, A12)ROM ’s are all addressed by the mode-contro l signals MO, Ml, M2

and the program count W5 ,. ..Wl. The outputs of the two 256x4 address ROM ’s are tied

together to provide the scratchpad address bits PlO , P11 , P12 and a control bit P9.

The write-address ROM is enabled during the first half of each word time and the

read-address ROM is enabled for the last half of the word time. The mode control

signals MO, Mi, 142 and the control signals P3, P7 and P8 form the first 6 address

bits of the parameter ROM . The last two address bits (G, H) are given as follows :

Ml P3 G H

(0 0 Q1, Q2ARC
1 P4, 0

(i 0 BK1, BK2
CVSD/ADM

(1 1 P4, 0

Clearly, the parameters are independent of the quantizer level - (pres ent and two

previous quantizer levels in the case of CVSD/ADM) when P3=1. Table 3-6 shows the

address assignments for different parameters . -

The 8-bit output of the parameter ROM gives the ‘mul tiplier ’ ±2~~1 ±2~~2. This

‘multiplier ’ is used during the ADD instruction to perform the operation

A ± (±2~~1 ±2~ ’2) R. -

The sign of the ‘multiplier ’ is dependent on the sign of the quantizer level (QS/BS)

when the program control signal P5=1 in the ADD instruction.

The rules for coding the parameters are specified in Table 3-10, and a listing

of the set of parameters for each mode appears in Table 3-11.
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TABLE 3-10

CODING OF PARAMETER VALUES

1. 8 bits represent ±2 ”1 ±2~~2

2. First 4 bits give ±2~ ’l and the last 4 give ±2 n2

3. The sign bit is determined by the first bit of each hexadeci~nai digit: 0 is + ,

1 is —

4. n and n are coded as follows :

fi ~2

000 0

001 1 8

010 2 2

- 011 3 3

100 4 4

101 ~

110 6 6

ill 7

3-34

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ __ _ _



TABLE 3-11. PAR AMETERS

~~331) F- 1~E - M ETEcL
‘ :1,2 2 ’  ~ - T~~ 3 L IS T I HG S P EC IFIE S THE C0!ITEtITS OF THE PRR~~ ETEP POM

4 i2 ’ C ç~~ PcPOM ETEnE
& U i J5)  Ps- - -

31 (3 335) FEB ~3-J 00: U~ USEt~2 :31: ~~~ (1: 2 217) FCE- -.u.]U-lIO i )1 : 1/2 + 1~’32 = 17’32
(000:3 ) - Ff0 131 16 1 1 31: 0( 1)  — 1/8 -s- 1/52 = 5/52
( -~~ L~J ~1 1 ~ ‘54 65 ~~

3O~’4: 73 FOE: LU111CI- ) 1 04: L(0)  = 0 + 0 0
1325: 24 ( 2 - 3 1 1 )  Ff0 ~,33133j f t3 37’ : LU) 1/4 + 1/ IS

2-325 :  11 C T 3 1 2 i  FOB ~UO-3 1~~C 1C 05: L(2) = 1/2 + 1/4 =

2:37: 12 - :213~ FEB ~:0U2 :JL1 U 0 7;  L ( 3 .  1 + 1 - 4 =

27 03 143 FEB 7. 11001 1 11 3:3 : F1(0 )  —
~~~~ 16 + 1- 12 :3 = —7/ 125’

3325: (3-11 5) FEB ~.2 1 1 I 1 U 1 1 1  O S :  F lU)  = 0 + 1/128 = 1/ 123
~3-31E ) FCB >.21132;I 1-3 10: Fl 2~ = 1/ 16 + 1-54 = 5/54

3-133 - : 23 ( 3 2 : 1 7)  FEB ;~i~~:-~001-J 11: ~ I (5 )  = 1/4 + ~ 1/4
02-1:: 7-3 (0318) FOB 7.0 111233 0 12. : F2(C: 1 = 0 + 0 0 

-
(3:19) FOB ;~C 1 I 132-1- 0 13: F2 ( 1) = 0 0 = C

73 - (3320) FOB ~‘ 0 1 1 I 3 - D 3 3  14: F2 (2 ;  = C + 0 = C

- :0321) 720 230311 011 17’ : ~2 (3)  = 1 — I ’S = 7/8
2: - Il: 93 LthJ22) FOB ~; 1C - O1 1133 16: 5:2 = —1/2 — 1/15 = —s/:5
30!!: 3-2 (0023 ) FOB ~30 17: IJIi IJSED
3-1:1: 1? (2324 ) FOB 200 0103 10 15: ( 1 — 2+~ (—M2 ) )

- 1/2 + 1/4 3/4
-7215 : 23 (232 5 : FE B 19: 2 i)UEED
22 i — ,: 2-3 ~C 3 5  FEB : -ooo!:1~j 3I 1 23- : 3 1 = I + 1/5’ = 9/3
3-:’ !s: 12: FEB ~3- 3: 2 1 :  L !- USEE;
-: :‘:s : -T- -‘ 22 3 FOE: ~33u33333 22 : I- : E  1 + 0 = I

33 ‘222.9) 
- 725 2-3-3 

‘

- FCB : -30 110100 24 : 3~ = 1/S + 1/ 15 = 3. :5
-:3::: 23 ~C17 1) F-T O 25: J2USE:-

-H 5-UU 3~~:
FOB 52:3

3-:-::: 53 ~3-- 14 F:E: , 3 : O 1 0 3 0 0  12; T71:1r = 1/22 -
~
- 0 =

33:2: 33 FOE :7-33 25’: L:ii;j5E -
23:5: -~~~ 

(-3335 : - FOE 2303211 11 30: ( 1 — 24./—1:) ) = : —

- = 27,-’123
23: ~3-17) FEB 532: 31: -

i4. —~- ~‘E~’3 ~PC P r ~~1~ 3F:3 -

FOB 31:
FEE: :.:3 :- 12 13 1 1 : - ( 3 )  ‘- 1 - 2  -~ : - -~~~ = 17’ 32

IS ~1I---:?’ .- : : 10112’ !O: - 3 :  4 ( 1 )  = 1 .5  + : - 3  = :- 21

- 
:-7_ 4: 775 %32i-~~ : 12: 33: 4(5: = : + : - 14 = 57’

FEE : - :31121 - 27-0 0-1: ~~3: = 3 + 3~- = 3
732 ..101.1- :3 1~~7 23 - ; 

~JI) 1- 4 ~
- ‘15

773 : 207 - 132 171  25 :  L ( 2 )  = 1 - 2  ~ 1 - 4
720 ~0DL-120 3 ~- T’ : L ( 5) . = 1 ± : 4 = 4

-: ,11: 27 - ,. -: —. - FE: ~ 1 , _,:I: 3 1 1 2-_ - : ~ I ( 3 )  = — 1 — -:s 1 . - 125 —

3 : 2 5 :  76 ‘ 3 - ~~C F EE- .111  1101 :2 2 ’ l :  F 1 ( 1~ = 11 ÷ 1 I
‘.~ E :  ( l l i l l , O  ‘ l( = 1

0720: . .— C :753,  F’_ P 7.1’2’100I~ 0 11 : FlU 1 - 4 i- 1 ~52-33-: : 70 ‘.o’:23: F i0  % 3 1 1 1 3 1 1 11 17: ~2 ( 0 .j = Li + 0 0
70 (C:2~ —1 F- 0 - 3 1 1 1 2 - 3 -7 0 17 : 7 2 ( 1)  = U + 0 = 1:
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TABLE 3-11. PARAMETERS (Cont)

33’S: 771 (0055 : FEB ~o1 11rjono 14: F2(2 )  = 0 + B = B —

33~~~: ut F~ D ,.u0:3,31l00 ~~~: F2 (5 )  I — 1/16
0033: 90 ‘ 0357~ FEB 7.10011100 16: B2 --1/2 i/iS —9/16
0331: 00 ~U07’5 FEB $00 17: UNUSED

FLE: ‘3132331 0 10: ‘ 1 — 3-~- 4 — 1 2)  =

1/2 + 1/4 ~ t4

2353 :  71 (306 0) - FCB $00 19: Ul-IIJSEL
3-33_i : 33 ~U- :-5l ) FEE x000uOOll 76’ : 51 = 1 + 1/8 9/8
~~~5: 32: ‘7252: FEE : $00 21 :  UNUSED -

3235: 33 - (3 3 5 3.: - FOB 7.00003000 ~~ : DUE = I + C = 1
00~ 7: 00 (0064) FOB $00 23 : IJNUSED
22-7-5 :- 54 ‘-0 055,’ FOB 7.00110100 34: E 1  = 1/8 + 1/16 = 3~~l6

FE B 503 25: UHUS-SI ’
3-3 -2 : C-I ~0257) FOB 133 :2 : L:HU-1-~~ -

3350: 2-3 (0065) FOE $130 27: UNUSED
3-353 : 53 ‘3059) FEB 1301OI0C~I3 25: Ti1[I1’ = 1/32 + 3 = 1/52
CO ST :: 3-3 ‘0370) FCC $00 29: UNIJSED
003 E: OF - :0071 FOB 7.00001111 30: ( 1 — 2-+-+ (—M1)

- 1 — 1/128 = 127/128
00SF: CO ~OC72) FOB $00 SI:  UNUSED -

((13 ,73J *-

( 7 4 + 15 ~BPS C’-ISD F47 ’UMETERS
:2:175) -j:

00.43: ~3 ( 0 3 7 6 )  FED 1013 f::3 : UNUSED
6:1_il : 00 ~3377) 128 530 01: UNUSED -

.3: 33- 0075’ FOB sOQ 02: UNUSED
:2--is : 03 ‘-2275. ’ F OB 533 37: UNUSE D

—
_ 

I :/‘ ,5 11~~ 24 L = 1 4 ÷ ~,925 1710: 2: 1 ’  - FOE: 20rJ11o,ri I 37’: L = i~ 4 + 1,:5 = S’S
/13152 FOE: 1-0010-2311 515: L i - - - -4 + 1 - ’5 =

7- 347 : 0773 FfE: 00117 3.3 11 0-7 :  L = U-4 + 1 - ‘:3 3 - 5
3045 : It :321 -2 _ i ’  FO E: 7.00 101101 21:2 : ~ (3) 1/4 — 1-’32 = 7/32

— I — 
~~~ F:: L ~

( 
~ = +~~

73 - 3 7  - ‘ FOE : : 3 1 1 12 0 0 0  7:: F( 7 )  
~)  + 0 = 2

735: - H!0:333 1!: FU~ = 5 ÷ 3 = 1:
13 FEB 530
63 t 3 2 : ~~~~ F2 B 523 13: _:2L: 3 t’

— - . .  , ‘_ - - -~~~
- _ , ‘ P-_S . ~~~~- - -  ~ _ .:

2-1--F : OT- ~~1-51 ; 733 11-3 j~~: U2L1~~
r .7 1-:: 

7- 73 ’ F E :  3 13  17:  L.. l i : - ~~~
.,J1 fl~J 11 - :- 1 1 - _ : C 1 — 2~~:- —:1J ) 3 =
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TABLE 3-11. PARAMETERS (Cont)

(3I09~ 4- 16 KDPS 3t M PORAFIETERS
U_Il 13) 4 :

2313: 03 (0111 : FEE - ~3:J Qfl : UNUSED
UOSj : 03 (3113 ) FOB 1130 01: UF-IUSED

12 :  o-: -7: :: 7,:E: 33 : 32: 11110253
33 (3~ 14) FOB -1~’O 03: UNUSED

3-354: Il -.3 115) FOE: :i::0,3I0c,i1] U-I : L = 1- 2 -+ 1/4 3/4
3’755: 12 :21 1 153 FOE: 203313 :10 i35: L 1/2 + 1/4 = 3/4
0012.: 12 (ClI1T ~ Ff0 :371-310013 05: L 1/2 4 1/4  = 3/4

3 3 5 7 :  13 ~0 113 .’ FEB 230015-310 ~ ;: L 1/2 + 1/4 = 3/4
00.55: 3-1 

- 
(01 19) FOB %OLI I 10100 f;5: F(S)  1/2 + 1—’16 = 3/16

0219: 41 . (0120 FOB ~U i00OI10 09: F ( t )  = t ’ l6 + 1/64 = 5/64
33- T ,: ~F 

(0121 FCB ;11 l01111i 1’3 : F(2) = — 1/ 32 — 1/128 = —5/ 123
33-52 : 7-1 U:122 FOB 7.01110330 11: F(S)  = 0 -‘- 0 = 3
0-11:: 03 ~0:2:) FOB 100 12: UN L ISE E ’
2 0 1 2 .:  ~3 (0124) FEB 503 13: UHIJSELJ
0355: 00 (0125) FOB 500 14: UNUSED
2 3SF : 30 

- 
(01 -2) FOB 100 15: UNUSED

3573: 0-3 (0127) FOB $3i3 16 UNUSED
3371 : 33 (0123: FOB 103 17: UNUSED

2-3 ‘3125- ) FEB s:o 18: UNUSED
11573: 7.7 (0130:  FEE: 103 19: UNUSED
0.074: %P 0 131) FOB 230 00 1111 20: El = 1 — 1/123 = 127/128
3377: 33 ‘~3132) FOB 500 21:  UNUSED

01 (315~~ Ff3’ 05000003 22 : ONE = 1 + El =
0377: E:.’ (0154) FEE1 1-3- u 23:  UNu SED

705 503 24: UIIUSEI
2-7 ‘ 0:5-5 ’ FOB 53:3 25: Li tj S53

‘0 137)  ~-:s 1-10 26: UU:J0,ED
37 

~0 :15 623 27’ : U:- ! :_I5ELi
-33 L34:_-~: FOE: 533 35: -2550
13 FEE: 133 25:
2-7 ( 0 - 1 4 : -  753 .03221~~~l SC: C 1 — 2 : - : ( — . -

~~~ =

1. — ./ 125 = ~ I7 “.23
23:7 : -.3’ 1 -lI) 702. 23:

(3 143) ~~ 

. -

- — ~0144~ ~- 9.6 - E-7S 3430 747’3L1ETERS
(01_is)

0250 : 2:: 5:1~ 6, 33 :
01.21: :0147 : ~55: , 3$.~~5 _ i 1  - : 1 :  = . I ~

- 1- - S
L — — — — H (l ’  = 1 — -I- — —

3:373: :73 ~fl~ —:~~ ~35: -737.3 3: J 1 ’  :7/: ~(3) = 7)3’ = 2:

- 7 - 57’-:: - F- E: - -7 1:15 - - ”.’) 4 L~ :3 = C , -I- -:

-:1::: 13 - - 2-151. TSE- ..0 :21 -I-%1: 117 : 2 (1 = 1- 2 - .—

- 
- _  I I

73:: 72: : -: : : ;
1-3 - :  :~7 ‘715—1 ’ 735: 4I 1- : T ’ ”. 11 i::.7 : 7 1 - 3  = :.c — 1 ::s ~7 :23

- 2-157 ’) 713 ‘5 :3 111 1 W ‘-~‘: 71  1) i’S. — 1 ‘5-4 — 7 -14
FEB :3313 1 lift Il: 71(2) 1-4 — I - .E 15- - S_ i

23 .~ “ .T7~ 73 8 - (2: j21 1 113 1 ii: 7 1 - 3 ’ - = Fl U’ 1’ :- 54
:3137. ’ F:: E. 7” .1112 :3.20 3: - = 3: 7, =

-/1.77: 73 ‘ 5 - 1 5 9 ’ : FCE ;CL1Df f , iJ  13: P2 (l) = 5 + 7: 5:
0 17 :7 . 7 10 -- _ :ICfl l C: 14: ( = 1 3 + 1 4 — 3 - - — ;

.3 (31 5 l)  FEE 3020107110 15: 7 2 C 3 )  = F2’~~ 3- 4
2 1 3 3:  5 -i (‘3162) FIB ,-1 i -7110153 : 16: B2 = — 1 - 2 + I ‘16 —7- - i S
o::-.1 : c: ‘6 1115) FEB -123 17:  UNUSEt’

U 01 54) FCC %O’ 1fl10U10 15: ( I — :-~ -4- ~~— r2 ) ) — 1/2 + 1/4
3,4

0-1 3-3: f- -c- (0 127 ’’ FOB 103 15: UkLl’~-ED¶1
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TABLE 3-11. PARAMETERS (Cont)

FED . . U 3u-s -J~s0~3 2:3 : 0.1 1 ~
- 0 = I

:3:-F: 03 (3 167) FOB 100 2 1: UNUSED
3-1:55 : 53 ( 0 1 5 2 )  FOB 7.000331303 22: EYE = I + 0
3’~ 97: 37 1U!~~~

) 
~C8 flU 2S: IJNFJSED

2:3- 2 : -.3 :CIU~’ 7:3 .0:333101 24: ~U 1- - I S  + /32 = 3’3-2
31 (5171 705 100 23: IjNIjLEt:

3334: 00 ~‘U7 ) - FEB 533  26: ‘jYU23D
5-5 -.‘Ji73 FOB 130 23: LuNUSED

‘1155 : 63 31743 FEB ;~0h100033 23: Ti112 = 1. ’S + 13 ./64
0.051: 33 ‘3175, FOB 52l~) 29: UNUSED

17 ‘2- 176) FOB 7.0330] 11 1 231: ( I — 2 , 4 1 _ M i )  ) =

— 1/123 - 127/ 120
33SF: 03 (3177~ FEB -1013 31 : UNUSED

(017:3 ) :1

(0479 ~- UNSPECIFIED
(01 20; :4:

C3~~O: i73 (3181) FOB 503 00
‘30 - (0 132 ) FEE 100 01

03341: 0’) (0163) FOB -flU 02
03:5: 33 L~:1E-1 ) FOE : $00 03
313-4: 75: - .0 157’ ) FOE: $33 :34

FOB 50-0 135
00.46: :713 ( 0 1 3 7)  703 ’ 500 05
72 7:  00 (015. 3 ) FEB 533 07
53#~~: 03 (f:13:;~ ~C B 10- 3
0043 : ;L0 (:3123) 725 5130 33
5313: 35- (0:91) 732. 55)0 :3
13335: 33 ‘3’i~’2~ FO B 503 11

7-242 : 33 (0153 F, 5: flU 12
3111- : 03 ‘319-; ’ FEE: -103 13
3-33,5: 33 (3’,;7’; - F23: 53-0 14
13137: 7:3: ‘131231 FEE 15
3/4): 513 &:l1 ~~7: 732. 52:0-.
34-24: 3.? -- 3 21-23 FEB 5313 17
C - E : 0-) 

~- l95 ”  FEE: $5:.’) 113:
5)773: 30 3337:: FOB 5:3 19
~,, l- 1: L: ‘u 23:1.’ r - _ b  $ 5 1

F:E: 5510 2 1
2.-I-SI : c3233 ’ FOE: 52:0 32

33 (0.3-14: FOB 1:7:0- 23
5: 1.~ (-:77-3.- 753’ 13’) 2--I

3:-:-:: 03 . 231:T: FEE: 5:7 2 27’
:2 -- : 13- ‘ 77B

5.35 5- : 7:3 1 1 / 7 7: ) 7CE~ 51-0
33 ‘ F03 5371 .35:
02: ‘2 3, ‘- 53 25-

3:75: 00 -3- 7 : 1 -  777. -5-5,3 7’:)
3437: 03 1 3 3 ( 31  FOE: 500 31

: -; ‘ - , 9 . 5  4073 fy50 P4F :%:7 7 -3 -

- :: : . -:- ñ~- )1 F08 31:31 51-3 : uj F-111573
• : ~~ ,_- :‘_- i l  ‘ Ff1 -~2-21 7 :1:

0:::: 5:3 (f13j5:) FOB 100 712 : sti u :-Ei
30 . ( 17-; FOB $00 315 : UNUSED

C - 7 _ i :  3 u3230) F08 200103011 :74: L = l - ’ 1 4- 1 3  = 5 0
03-13: S 344131) FEB 7.30100011 :37’: L = 1/4 I ’S S- - S
0:76 : 23 

- 

‘-:2323 FOE: 7- 001 1731 1 0~~: L 1- -4 + I - . :  =
2277: 7-3 (1.323’ FCC ~;001030lI 37 :  L — 1 /—) + 1/3 = 3 - S
3,355:: It- - 023-4 : FCC 7.0010110 1 L1~~: F(3~ 1/4 — 1/32 7/32
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TABLE 3-11. PARAMETERS (Cont)

34 34235k FEB. :01110013 03: F( 1)  = 13 + 13 13
0 1 73 :  70 (‘:12:6’ FCC %ul 117330 10: F(2 ) — 0 + 0 — B

73 f’137) FOE: :01340000 11: F’3)  = 13 + 0 0
(72 (73431 702. 5013 12: U’flJS ED

13: U1;3:-Et
1-7-23 : 03 ~341S0) FOB 1-03 14 U N U S E D
3323: o-:’ (32 3 1)  - FOB $013 15: UNUSED

23 (32323 FI:E: $113 16: UNUSED
03~ 23 ~73 ~~~~~~ 17 :

:1.. ( -3454~ FOB 205 )301101 15: : ( 1 — 2+-*.(—M2) ) =

1 - 1/32 - 31/32
FOB 1.1:3 19: UNUSED

4: 31 ‘32353 FEB 5130 2-7: UYU EE:
5= -52323 FOB -15)0 2.1: U’:USED

5-345 : 34 ~3421--34 FUC UCu:ICUO ,~~~~: Ct1~ + 0 = I
33:7: 35) (5=39~ FOB 103 23: UNUSED

00 ‘2245)) FCC 1130 24: UNUS D
347-5- : -33 - 5-34 1) FCC 500 25: UNUSED
03:4: (‘13-121 FEC 200301111 25: 81 = 1 — 1- 12 3  127/123 -
35=5:: 03 - 3-343, FOB 5130 27: !JYU-S E L’
337-f: 13 ‘5=44~ FEB 100 23: UNUSED
05::,: 33 7/77’) 773 533 1.5: UNUSED
7-3:-I: 23: 34345,, FOB %1iO 13030 30: TMIII = —1/3 2 + ~3 = — 1/3 2
55=7: 33 5=347) FOB 31: IJNUSED

- 2,249 .! ~ 9.6 KGF’S ~Dr1 P F7HETEFSS
.2:5-::) -

~~

3051: 71 .3 5 1. FEB 5130 30:: UNUSED
:751: 23 5=2321 - FEE: ‘1710 01: UNUSED
23: - 7:5= 55)3 02: UNU Et’

53 ‘54134’ FEB 7.3: UNUSE3
12 -.3237’ P15=: 2 3 0 3 1 3 3 7 3 1  3:.i: L = 1/2 + j~ 4 -

12 . 223.5) 7-5=- 23:1,71/710 35: L = 1- 2  ± 1 - 4  =
:2 -:o:o~

-- 7-5= :3131/ 11- ‘;1: L 1 - 2  r j - -? 3
— 

— 7 1 1 L - l  1 _~~~=

1 -1.34- : 723. . :0-Oi,17 : ..1: 05:: 7.3’) i - -I + h I S  = 5/:-;
7:::: s: 34:2-53, 7/7 ,2-01h5 T-13 05: 7(71 = 1 - 2  + 3 123:

I F E  i ’~~~: 1 1 F L_ i  1 +~~~~~~~= —  ~
:-:::: 73 7-5= - 5)111035)0 I i : 7(23 = 0 + 3
-7:5:: 30 34-~ 5S- FOE 34-3- 12:  :_:,~:5=.EL,

5= (- ~~~13 713’ 17.: 123
5 .  

~~~~~—— L 
— 

— 5
‘1347- 777 3431:j3j33 17: ES. = 1 / 2  + 1’5= = — 7/ I S

13- 3”? , 73 E: -5:30, 17: 3,5.2/4’.
I T  : 5 -7: (3 : _ 1 7 -  ~-5= 5:3:7 13: 343.23-

• / 7 :  11
, 7-:73 7:5 50:: 7?: :22323’
23 --23 :  5=2: .7 13-1-1131 : - 2 3 = -r 345 = 23,-- 15

2235: 31 2-233) FOB 13-1 2 1 :  135,23’
0235: C-I -.32723 FOB 35:17323’ 32: ‘230 1 + 3 =

Sc- ..137—~) FOB 530 23: 31 :-ED
23”: ‘4)275) FOB :~0i1J0013I 24: 2-3 = 1/16 + 1/32 5-32

75= SOIl 23: 31(3:373-
34- 237) FO2. 15)7- 26 : U2/11, :

:134: 23 :74123- FOB $00 27:
5/ ? : 2-5 (04175) FOB 100 28: UNUSED
o-23:~ 2-3 34-1.3”) FOB 100 29: UNUSED

(32:3 1) FCC 7.0000 1111 33: ( I — 2’~~(— rI13 )
1 — 1/128 127/120

33SF:  CI. (335:3) 1130 ~ 1: UNU’~ED
01013 10223) 

- 
END
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3.4.3 ‘A ’ REGISTER AND CONVERT CIRCUITRY

The ‘A’ register consists of three 4-bit universal shift registers (3x74LSl94

A17, A16 and A21) which are clocked by rI~r during the last 12 bit times of a word
(see Figure 3-11). During the ADD instruction CVTLD=0 (see Figure 3-13), P1=0 and

CARRY=l giving S1=0 and S0=l which causes the A register to shift right serially

with AIN=AOUT if P2=0 and AIN=EOUT if P2=1 (see Figure 3-13. During the WRITE in-

struction CVTLD=0, P1=1 and CARRY 1 givingSl=0 and S0=0 which means that the A reg-

ister is normally stable. However, the A register may be cleared during bit times

3 and 4 if P5=T1=:l or during the last bit time if P3=1. Thus,

ACLEAR = P1.PS.T1.BITS 3-4. P 1.P3.WDCLK

The parallel output of the A register A1-A12 is fed to the RAM scratchpad

(Figure 3-12) with the 4th MSB inverted if P9=1 during the write time (first half,

see timing diagram Figure 3-2.

The four MSB’s of A are also fed to the CONVERT circuit where they are parallel

added to P9-Pl2 during the CONVERT instruction (P1=1 , P2=1). The output of the

adder (74LS83,A22) is loaded into a 4-bit counter (74LS163 ,A23) on the 5th bit time

of the CONVERT instruction (see timing diagram Figure 3-2. The carry (C4) out

of the adder is stored in a flip-flop (1/2 74LS74, A19) to indicate overflow during

the addition of A1-A4 (4-bit integer part of G1 + C~) and P9-P12 (the constant C

which determines the minimum quantizer step size). As the adder output is parallel

loaded into the counter (at bit time 5) the A register is parallel loaded (S0=l ,

S1=1) with 01, A5,.. .,A 12 , 00, where A5,...,Al2 represents the fractional part of

+ C .  Thus, at bit time 5 of the CONVERT instruction the contents of the A reg-

ister represent the integer

210 (1 + G + - LG + C~J).
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The A register is then shifted right n times where

n = i s - L G ÷ c 1 + c )

resulting in

L~~+ c J + c - s  - - -T
k 

= 2 (1 + Gk 
+ Ck 

- LGk + CkJ )

which is a piece-wise linear approximation of

Note that if LG~ + ckJ + C is greater than 15, the OVRFLO flipf lop is set which pre-

vents the A register from shifting right .

When G + C = 0, T~ = 2C••~5 To permit more freedom in selecting, the minimum

step size we further add T
~jn 

to Tk to get the quantizer step size Tk (see instruc-

tions 29, 30 and 31 of the ARC microprogram given in Table 3-7).

3.4.4 SCRATCHPAD, R REGISTER and MUXES

The l6x12 bit scratchpad RAM consists of 3 CMOS 16x4 random-access memories

(3X74C89, locations A28, A_ 9 and A30) with tristate output (see Figure 3-6). The

RAM ’s are addressed by W6, P10, P11 and P1 2 (see Table 3-5). During the WRITE in-

struction (P1=1 , P2— 0) the scratchpad write enable signal (SPWE ) goes low during bit

times 1 through 8 causing A1-A12 to be written into the desired location . If P9=1

bit A4 is inverted before it is written in the scratchpad .

The R register (locations 828, B29 and B30) is clock ed by RCL during the las t

13 bit tines of each word . In the ADD instruction P1=0, therefore S0=l and Sl=0

except at the last bit time (WDTIME ) when Sl=1 if P9=1. Thus, the contents of the

R register are shifted right arithmetically (i.e., with sign extension) except at

the last bit time when it may be parallel loaded from the scratchpad (if P9=1).

During the WRITE and CONVERT instructions the R register is stable except if P9=1

which causes it to be parallel loaded from the scratchpad at the last bit time .
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The shifted and/or negated outputs of the R register RN1 and RN2 are obtained

through two 8 to I multiplexers (74LS151 , locations B24 and B25) and two exclusive-

or gates (1/2 74LS86, A18 and B23). The multiplexers have complemented outputs which

compensates for the complemented outputs of the scratchpad . The coding rules for

the parameters iNS, 1N1, 1N2, 1N3 and 2NS, 2N1, 2N2 , 2N3 are given in Table 3-10.

Note that during the ADD instruction the R register is shifted at the last 13

bit times instead of 12 to permit rounding during the addition of A , RN1 and RN2.

The extra (13th bit) is stored in one of the bits of a 6-bit latch (74L5174, Bl9)

shown in Figure .3-13.

To prevent overflow during formation of Tk (instruction 30 of the ARC in

Table 3-7) the R register is cleared at bit times 3- and 4 if TSAT is high, i.e., if

+ C J + C > 15. Moreover, circuitry is provided to clear the R register at bit

times 3 and 4 during the formation of the prediction 
~k 

in the ARC mode (instruc-

tions 1, 2 and 3), subject to the value of the quantizer step size. Thus, if

+ CjJ ~ 1, TSMALL = Al.  A2. A3. Ml is high in the ARC mode causing TSMALLD to be

high during the following transmit/receive cycle (see Figures 3-11 and 3-13). This

causes RCLEAR to go low at the instruction times noted above resulting in zero pre-

diction for low-level unvoiced sounds or background noise.

3.4.5 ADDER and T REGISTER

The serial addition A + RN1 + RN2 is performed in a dual one-bit full adder

(74H183, BlS). To perform rounding we force the bit before the LSB of A to a 1

(bit time 4). The initial carries for the two adders and the parameter sign bits

iNS and 2NS are stored in part of a 6-bit latch (74LS174 , B19). Subsequent Cm ’S

are simply the previous C
0~~ ,5 

of the two adders. Further , the first Rl3 (at bit

time 4) is 1 and subsequent R13’s are the previous Rl2’s (LSB of the R register).

- The adder output is serially loaded into the 12-bit T register (74LS164 +

74LS195, B3 and B2) at all times by the clock 11~~t. At the last bit time of an ADD
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instruction ZOUT and Tl-Tll may be parallel loaded into the D/A buffer register (on

the analog card) if P6 = 1.

3.4.6 Q REGISTER

The quantizer (Q) register and the associated logic shown in Figure 3-14 is used

to generate a 3-bit number which represents the intermediate quantizer thresholds

and the final quantizer level for the ARC algorithm . During the transmit cycle the

source is the comparator ou~put COMP which takes the values b1, b2 
and b3 during the

three successive tests. Then the Q register outputs Q5, Q1, Q2 take the following

values at the last bit time of the following word times

Word time Q1 Q2

4 b~ 0 1

8 1
~1 

1 b2Øb 1

12 b 1 b2eb1 b3 Øb 1

If the quantizer has the following thresholds and levels

I x  x l  x l  x l  X l

—L (3) —a3 -R.(2) —a2 — 2..(l) -a1 2 (0) a1 2~(l ) a2 i(2) a3 9.(3)

then they correspond to the following values of 
~~~~~~ 

Q1, Q2
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0 0 1

- 

-a2 1 0 1 
—

a3 0 1 1

—a3 1 1 1

1(0) 0 0 0

-1(0) i. 0 0

1(1) 0 0 1

—1(1) 1 0 1

1(2) 0 1 0

-1(2) 1 1 0

1(3) 
- 

0 1 1

-1(3) 1 1 1’

The quantizer clear circuitry is so arranged that upon transmit- FIFO overflow

(XFLAG=l) the Q register is cleared (forced to the zero level 1(0)) only at 9.6kb/s.

At 16 kb/s the input to the Q register (normally b2Øb 1) is inhibited (forced to

zero) during word-time 8 by using the program control bit P6=1. This restricts the

quantizer to the inner three levels permitting the transmit FIFO to empty out.

Seven level quantization resumes as soon as XFLAG goes low .

During the receive cycle the Q register is loaded directly with Dl , D2, D3

from the decoder ROM . However, at 9.6 kb/s if a two-level codeword (11 110 corres-

ponding to two -1(l)’s in a row) is decoded unloading of the receive FIFO is inhibi-

ted at the next sample interval and Q is loaded with D4, DS, D6. The ‘second-word ’

indication is provided by the signal SECONDWD . 

-~~~~~~~~ - ~~~
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If the TEST input is grounded, the Q register will retain the transmitted quan-

tizer level during the receive cycle. This permits the ARC as well as the CVSD/ADM

modes to be tested in an internal loopback mode bypassing the encoder, TX FIFO, RX

FIFO and the decoder.

3.5 ENCODER, DECODER, B REGISTER AND FIFO ’s

The encoder and decoder, used only in the ARC modes , implement the two codes

given in Table 2-1 which are selected by rate control MO. In this section we de—

scribe the encoder , decoder , B register and transmit and receive FIFO circuits.

3.5.1 ENCODER

Note that every code word consists of a string of ones, which may or may not

be preceded by a zero or trailed by a zero. The encoder is therefore built around

a 32x8 bit ROM (82Sl23, B7) (see Figure 3-15). Regular code words are generated and

loaded into the transmit FIFO during the transmit cycle. If the transmit FIFO emp-

ties out it is loaded with the filler code word during the receive cycle.

In the transmit cycle the ROM is addressed by MO , MINUS, QS, Ql and Q2. The

signal MINUS is always zero at 16 kb/s. At 9.6 kb/s MINU S = 1 if the previous quan-

tizer level was ‘-1(1)’; MINUS = 0 otherwise. A list of encoder ROM addresses ap-

pears in Table 3-12. -

The first four bits El-E4 of the encoder ROM output specify the codeword length

as follows :

El-E4 = 16-1
c

where I is the length of the code word in bits. Two other RUM output bits E5 and

E6 indicate whether the first bit of the code word is zero and whether the last bit

is zero, respectively. In addition, the occurrence of level ‘-1(1)’ at 9.6 kb/s

causes a seventh ROM output, E7 , to be 1, which sets a flipflop (1/2 74LS107,B4)

— 
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whose output is the MINUS signal.

Encoding is initiated in the transmit cycle by the microprogram when P9=0 and

P10=1 during an ADD instruction (see also Figures 3-13 and 3-14). An extra encoding

cycle to generate the fi1l~r codeword is initiated during the receive cycle if the

transmit FIFO EMPTY signal is high. The stable state for the codeword length

counter (74LS163,B12) is ECARRY=1. Thus when INITENCODE=1 during QTR3 the ENCODE

flip-flop is set (see the encoder timing diagram Figure 3-10) on the negative going 
-

edge of QTR3. At the same instant the 4-bit ROM output E1-E4 is loaded into the

codeword length counter (74LS163) resulting in ECARRY=O unless El-E4 = 15 (codeword

length=1). The ENCODE flipf lop is reset when INITENCODE=O and ECARRY=1. The

FIRSTBIT ftipflop is set by INITENCODE and remains set for exactly one word time as

shown in Figure 3-3. The last bit of the encoding cycle is indicated by CARRY=1.

Thus,

ENCODEDATA = E
5
FIRSTBIT + E6 CARRY.

and

ENCODECLK = ENCODE QTR2.

Table 3-13 is a listing of the encoder ROM contents. The first column shows

the ROM address and the second column the corresponding contents in hexadecimal

notation.
TABLE 3-12

ENCODER ROM ADDRESS TABLE

A B C  D E ________________________

0 0 
~~ 

Q1 Q2 8 codewords for 16 kb/ s code

~ 0 Q
5 

Q
1 

9.6 kb/s code 1 (previous code word not -1(1))

1 1 ~~ Q1 ~2 
9.6 kb/ s code 2 (previous code word was -1(1))

0 1 0 X X 16 kb/s filler code word

0 1 1 X X 9.6 kb/s filler code word
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TABLE 3-13. ENCODER

0001) * ENCODER .
TH1~ L I S T I N G  SPECIFIES  THE CONTENTS OF THE ENCODER

(0003) * ROIl
(0004) *

- (~~~~i 5)  * 16 KBPS CODE
(0006 ) * 

-

3300: E4 ~~~~-7 ) FOB z i l i C O i Q O  00: CODEWORD FOP L ( U ~ - 10
0001: E (000:3 ) FCB ~ 11 10 1100 01 : COD EW OR D FOR L ( 1 )  — CU
0002: CC ~00U ~~j FOB ~ 1 1O r J 1 1 O O  02: CODE W ORD FOR L ( 2 )  - 0110
~3U3 : E C ~0010) FCG x10111100  03: CODEWO R D FOP L ( 3 )  0 1110

FOB ~~flUQ1OO 04: CODEWORD FUR — L ( 0 )  = 10
0005 : EU (0312) FOB z i l i 0 0 0 0 0  05: CODE W ORD FOR — L ( 1 )  - 11
3305: t O  (33 13) FOB >~1 1 O I 1 1 0 0  05: CODEWORD FOP - L ( 2 )  = 010
0007: AC 03-14) FCB z I O l O l I O C  07: CODEWORD FOR -L(3)  - 011 1 10

u201 5) :3~

~30i-5) 
-
~ 16 ~BPS F I L L E R  CODE WORD

(03 17) *
3002: A:; 3;j1 ) FCB y.101O1000 @3: FILLER = 0 1 1 1 1 1
0-009 : ~~ ~3 - .219 j  FOB ~ 10101O00 09: F I L L E R  • 011 :1 1

(33-20) FOB ~.1O1O10OO 10: FILLER = 0 1 1 1 11
3O0~~: AS 3321) FCB ~;10101CU0 11: FILLE R = 0 1 1 1 1 1

(0322) *

* 9.6 KE ’P S F I L L E R  CODE UiJ~D
(0-224) *

0300: 70 3-32 5) FOB ~U 1 1 1 O O O 3  12: F I L L E R  = i i i i i i i i :
000:’: 7-2 &,~~2R) FOB ;~O 1 I  10330 13: F I L L E R  = 1 1 1 1 1 1 1 1 1
03.2E: 70 00 7) FCB ~-01110330 14: FILLER 1 1 1 1 1 1 1 1 1

r 030F : 70 ~~~2~~) FOB ~0 i 1 1 O O O 0  15: F I L L E R  = 1 1 1 1 1 1 1 1 1
(0C2~;) 4 -

-+- 9.6 VE P CO~~ I (FFE- -- - i ~~J5 _ E - . - EL NOT —L ( 1))
(333 1) 1<

3010: FO ~5- - T T - )  FO B : 1 1 1 1 1 0 c  1G: C0DE 1- .~-:- F- t’ FOP L ( O i  — S
- :2 : 1 :  E—4 ( -I- -:::) FOB :~ i 11:3103 17 : CODE ~. T P O FOP L( =
3012: ~4 ‘ -:--:- T~~ FOB z 1 0 1 0 0 1 2 0  1E: : C O D E W O R D  F OR L ( 2 )  = 1 1 1 1 1 0

FOE : :100I33 13: :3tE. ::~-3 FOP L(3) = 1 1 1 1 1 0
:3:4: F-: ~-:-2;~~ FCE - ‘i: :: :o u  20:  c:’t~Eu:~ -r FÜR —~~~0 =
3:15: E ~-~-237 ) FOB ~ 1i i C 3 0 1 3  2 1 :  C ’J tE ~~~I1F j j  F OP  —L (:i = 11
-:2:5: ~~ -. F O E  icJ 1~J I 3) ~~: CODEWORD FOR —L (2) • 1 1 11110

FOE: >::~~~~Q l 0 O  3: CODE W ORD Fi1~- —L (3) — 1 1 1 1 1 10

~ .; ~EF-E C0: F :-FF - E - -- 1ICu~ LE - -- -EL WA S —L (1)~

F:; ~ :‘~~~1:33 ~~~: C3tELJOPr~ R - ~
- L O  = 31

R O E : ~1110C 1;i J: 25 :  CODEW O R D FO P L ” i ) — 10
FOE- .10130103 ~~~~ COt ’EWCOL i FOR L (2J 111 110
FOB :.:nlUQlOO 2 ’ : COD E W O RD FOP L ( )  - 1 1 1 1 1 0

-:-:::: 
~~ -_ ~~ _ -.~~~ ) F O B ;; j J I l I l O O  2~~: COD EWO R D FOR —.L 0) = 0

F O B ;~i 1 3 : 1 O i O O  29 CODEUCR D FOR — L ( 1 )  = 110
- .0 FCB ;~1OO1O100 33: COD EWORD FOR — L ( 2 )  - 1 1 11110

-2o !~~: 2-~ .~:J0 FOB ~ 10O101U.J 3j: CODEWORD FOR —L (3) — 1 1 1 1 1 1 0OO~U ‘03-5:) END
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3.5.2 B REGISTER AND TRANSMIT FIFO

The input to the B register (74LS164 ,Cl5) is COMP during the transmit cycle and

RFIFOOUT during the receive cycle (see Figures 3-14 and 3-16, i.e.

BIN = COMP. W~ + RFIFOUT. W6

The B register may be serially loaded during the WR ITE or CONVERT instructions

(P1=1) if P4=1 at the last bit time of that word. When the speech coder is in the

CVSD or ADM mode B is serially loaded once during the transmit cycle and once during

the receive cycle. Thus , the previous transmit and receive bits are stored in B

in interleaved form and we can get

BK1 = bk® bk l  
-

and BK2 = bk® bk 2

with bk, bkl ,  bk 2  being all either transmit or receive bits at the proper time .

BK1 and BK2 are used to address the parameter ROM in the CVSD/ADM mode.

The transmit FIFO consists of two 64x4 bit FIFO buffers (2XAM2841-,locations

C24 and C23) and 4-bit serial-to-parallel (74LS95,C19) and parallel-to-serial

(74L$l95,Cl8) converters. The serial-to-parallel clock (XS/PCLK) is ENCODECLK in

the ARC mode (Ml= 0) and FIRSTBIT in the CVSD/ADM mode (Ml=l) . 
- Similarly, the data

is

XS/PDATA = ENCODEDATA. M1

+BS.M1

where 85 is the most recent bit in the B register .

This data is serially loaded into a 4-bit register (74LS95 ,Cl9) at the negative

transitions of XS/PCLK. Figure 3-4 (a) shows the XS/PCLK and the FIFO input clock

SI. The FIFO accepts the 4 data bits at the positive transitions of SI. When the

FIFO is full the input ready signal does not go high after the SI clock goes low .

Thus, XFLAG= 1 when the FIFO is full.
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(A) INPUT (SERIAL/PARALLEL) TIMING 
- -

B I TCL K X Z 11.. .1 1...F 1. 1 1. .1 1_ 1 1__f I ._E i__f 1__=[ 1__.11_J
BITCLKOUT

S/L

_ _I L  _

DATAOUT I

B~~~~~~~~~~~~~~~~~~~~~~~~ j  
-

~~~~~~~ _

DA 

~~ i L I I  I _ _  _ _

(B) OUTPUT (PARALLEL/SERIAL) TIMING

Figure 3=4. Transmit FIFO timing
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The FIFO output is unloaded by the SO signal shown in Figure 3-4 (b). When

the FIFO is empty the output ready signal OR does not go high after the SO signal

goes low. This indication is sampled by BITCLKOUT and stored in a flipf lop

(1/2 74LS74,A19) shown in Figure 3-16.

The transmit FIFO has a maximum buffering capacity of 512 bits. -

3.5.3 RECEIVE FIFO

The receive FIFO consists of three 64x4 bit PIFO ’s (3XAM2841, locations C17,

C22 and C27) connected in tandem and 4-bit serial-to-parallel (74LS195 ,C13) and

parallel-to-serial (74LS195,C26) converters (See Figure 3-17).

As explained in Section 2, initial synchronization of buffer depths is achieved

by ei~suring that the receive FIFO is ‘full’ when the filler word is received. If

the buffer is not ‘full’ and a filler is received, the regular decoding cycle

(buffer unloading) is suppressed and the zero quantizer level is substituted . In

the above context ‘full’ implies buffering of as many bits as the maximum capacity

of the transmit FIFO, i.e., 512 bits. Clearly, some additional buffering must be

provided at the receiver to allow time to react to the receiver FIFO ‘full’ signal,

RFLAG . The additional AM2841 serves this purpose. -

The input data DATAIN is normally BBTTL except in the LOOPBACK configuration

when it is DATAOUT. The accompanying clock BITCLKIN is similarly either DDTTL or

BITCLKOUT. As shown in the timing diagram of Figure 3-5 (a) DATAIN is sampled and

serially loaded into the 74LS195 when it is stable. When 4 bits have been collected

they are parallel loaded into the AN2841 by SI. The data trickles down to the last

empty slot in one of the remaining two FIFO ’s. When both the second and third

FIFO ’s are full the input ready (IR) signal on the second FIFO does not go high

after the SI clock goes low. Thus, RFLAG is simply TW (see Figure 3-17).

The timing diagram for the output (parallel-to-serial) side of the receive FIFO

is given in Figure 3-5 (b). RP/SCLK is the DECODECLK in the ARC mode (M1=0) and

FIRSTBIT in the CVSD or ADM modes (Ml=l) as shown in Figure 3-16. 3-51 
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~~~ ~~~~~~~~~~~~~~~~~~~~~~~
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I 1 L
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1 1

S/L

(B) OUTPUT (Pis) TIMING

Figure 3-5. Receive FIFO Timing
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3.5.4 DECODER

Two different decoding strategies are used for the 9.6 kb/s code and the 16

kb/s code.

At 9.6 kb/s , the bits are counted out until a zero is obtained ; the number of

ones counted plus 1 addresses a 32x8 bit decoder ROM (82S123 ,B21) whose output gives

the quantizer level (see Figure 3-18).

The decoding process is normally initiated during a receive cycle when P9=0

and P10=1 in and ADD instruction. However, if the previous code word was a ‘two-

level’ codeword, e.g., two ‘-2(1)’ levels in a row, then the SECOND WD signal is high

which inhibits the decoding cycle. Further , an extra decoding cycle is init iated

when the code word just decoded is a filler (RFILLER=l) and the receive FIFO is full

(RFLAG=1) . Thus,

INITDECODE = ENDECODE . SECONDWD + RFILLER. RFLAG ,

where ENDECODE = W6. P9. PlO . P1 The INITDECODE pulse clears the decode counter

(74LS163,B22) and sets the- ZEROBIT flipflop (ZEROBIT=0) (1/2 74LS107,B26). The de—

code ROM is addressed by MO and the four counter outputs Q
~ 

through 
~~ 

When the

counter is cleared the eighth ROM output, which is RFILLER , is zero. As shown in

the decoder timing diagram (Figure 3-6) CONTINUE goes up enabling the DECODECLK ,

and permitting the counter to count up since at 9.6 kb/s (MO=l) COUNT=CONTINUE . As

soon as a zerobit is unloaded (RFIFOUT=1) the ZEROBIT flipflop is reset (ZEROBIT=l)

stopping the DECODECLK and inhibiting the counter. The counter output is then one

greater than the length of the code word and the decoder ROM output Dl-D3 corres-

ponds to the quantizer level. If the ‘two-level’ code word has been received ROM

outputs D4-D6 correspond to the second quantizer level and D7=l. The latter signal

on the negative going edge of STROBE and stored in the SECONDWD flipflop (1/2 74LS

107,B26) for exactly one sample interval.
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____________________
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Figure 3-6. Decoder Timing for 9.6 Kb/s Code
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At 16 kb/s, we use tree decoding (see Figure 3-7 for the code tree). ROM

output bits Dl-D3 and RFIFOIJT are loaded into the counter which is used as a reg-

ister (COUNT=O). The counter output forms the next base address for interior nodes

(indicated at the ROM output by D7=l). Further, CONTINUE=D7. Thus, the decoder

progresses through the tree as each bit is unloaded from the FIFO. The decode cycle

stops at a terminal node (D7=O) at which time the ROM output bits Dl-D3 correspond

to the quantizer level , which can then be loaded into the Q register. SECONDWD is

always zero for 16 kb/s operation (M0=O).

The end of a filler word is considered to be an interior node (D7=O, RFILLER=l)

and the decoding process is reinitiated, provided that the receive FIFO ‘full’ sig-

nal RFLAG is high.

The contents of the decoder ROM are given in Table 3-14. The first column

specifies the contents in hexadecimal notation.

3.6 ANALOG CiRCUITS 
-

The analog circuitry consists of a signal limiter, transmit and receive low-

pass filters, sample-and-hold circuit, D/A converter and a comparator.

3.6.1 Low-Pass Filters . 
-

Each low-pass filter is a 7th-order elliptic filter consisting of three biquad

sections and one single-pole section. The transfer function is of the form

k 3

TT
~ + a i=l ~2 + 2 a. s + (~ ? + 02 )0 i i ~1

with the following normalized values of the poles and zeros for a filter with a 0 dB

bandwidth of unity:
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a0 = 0.52508,

0
zl = 2.2039,

a1 = 0.04038, Opl = 1.0243,

- 0
Z2 = 1.3817,

a2 = 0.15999, 0p2 = 0.93061, -

0
z3 

= 1.2085,

- a3 = 0.37238, Op3 = 0.63184.

The minimum out-of-band attenuatim of this filter is about 50 dB and it has a

transition width of about 20%. The active-filter circuit configuration used for

each biquad section is apparent from the schematics of the transmit and receive low-

pass filters shown in Figures 3-19 and 3-20, respectively. Note that for dynamic

range considerations the single pole section is the first filter section and the

biquad sections are connected in increasing order of Q.

Figure 3-8 shows measured amplitude and delay characteristics of the 7th-

order elliptic filter.

The transmit elliptic filter is preceded by a signal limiter (see Figure 3-19)

which blocks out dc and symmetrically clips large level signals which would cause

saturation in the analog circuitry or overflow in the digital arithmetic circuits.

A switch is provided on the panel which permits selection of the vàice input

from the attached handset or an external source through an RCA type phono jack. The

input impedance at the phono jack is approximately 600 0.

The receive elliptic filter is followed by a two-pole Chebyshev filter (Figure

3-20) with 0.5 dB passband ripple and a 3 dB cutoff frequency of 3700 Hz. This fil-

ter section which has an output impedance of 600 0, not only serves a~ a buffer but

also provides additional rejection of out—of-band signal components, e.g., the 6000

Hz sampling frequency.
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3.6.2 Sample-and-Hold, D/A and Comparator

The output of the transmit low-pass filter is connected to the sample-and-hold

circuit as shown in Figure 3-21 . The low on-resistance analog switch (DG200, rJlO) H

is turned on by the STROBE ~signa1 from the digital card during the last half of

each receive cycle, causing capacitor C21 to charge up to the new signal voltage.

The analog switch is turned off at the start of the transmit cycle and the signal

sample is held on the capacitor by buffering it from the comparator through a high

imput-impedance voltage follower(U43l0, U9).

The output of the adder and eleven T register outputs (Figure 3-7 ) are fed to

the analog card through connector J1 where they are clocked into the D/A buffer

register (2X74LS174,U6 and US) at the positive transitions of D/ABFRCLK. During the

first half of the transmit cycle the D/A buffer register is loaded with successive

test values (predictions 
~k 

± quantizer thresholds). These 12-bit numbers are con-

verted to analog voltages through a 12-bit D/A converter (DACHY12BC ,Ul) and compared

to the input analog sample. The comparator (LM311 ,U3) output COMP which is a TTL

compatible signal is fed back to the digital card to be stored in the Q or B reg-

ister.

During the last half of the receive cycle the reconstructed speech sample is

— loaded into the D/A buffer register and converted to an analog voltage . After the

D/A output has settled (about S ~is) this voltage is pulsed into the receive low-pass

filter through an analog gate (DG200,U4) which is turned on by STROBE. When STROBE

is high the complementary signal STROBE grounds RLPFIN1 through a second analog

switch. -

When the speech digitizer is in the normal configuration a controlled amount of

coupling is provided between the transmitter and the receiver through an analog switch

(UlO) controlled by the signal LOOPBACK from the digital card. This coupling , corn-

— 
monly called ‘sidetone’, is deemed essential by the telephone company. Too much

sidetone causes the talker to lower his voice, thereby reducing the volume which the
3-60
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listener receives; too little sidetone makes telephone conversation seem unnatural

and tends to cause people to talk too loudly. The sidetone is totally suppressed

in the loopback configuration to permit the speech digitizer to be tested and used

for processing recorded speech.

3.7 INTERFACE CIRCUITS -

The TTL output signals for data and clock are passed to the analog board where

they are converted to nominal MIL-188 levels by high speed operational amplifier

drivers. Rise and fall times are controlled by integrating capacitors which have

been chosen to be a compromise for the data rates anticipated . Continuous signals

CA and CD are provided by integrated MIL-188 drivers.

Receivers provided for clock and data are integrated MIL-188 interfaces which

convert to TTL signal levels which are then fed back to the digital card. Proper

operation of all these devices is guaranteed over a range of speeds and cable

lengths. See Figure 3-22.
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SECTION 4

OPERATION

4.1 GENERAL -

This section contains a functional description of the input/output signals,

and controls instructions for operating the Codex speech digitizer .

4.2 I/O SIGNALS, CONTROLS AND INDICATORS

Table 4--I. lists the input-output signals carried via connectors located on

the panel. The relevant pin numbers and a brief description of the signals is

also given in Table 4-1. All signals on the 25-pin connector are of the EtA

type for direct connection to the proper modem EIA connector. The EtA outputs

are also suitable for directly driving the corresponding inputs on anoti- r ARC

via a crossover cable as shown in Figure 4-1.

The input and output impedances of the audio circuits are approximately

6000. When using an audio source other than the supplied telephone handset ,

tape recorder IN switch should be turned ON and the input signal level should

be adjusted to be less than 2.2 volts peak-to-peak. The audio output may be

swi tched independent ly between the handset and a tape recorder.

Table 4-2 lists all the control switches available on the Codex speech

digitizer with a brief description of the function of each switch. As shown in

Figure 4-2 the LOOPBACK switch connects the local ARC transmttter and receiver

back-to-back thus permitting the unit to be functionally tested in an isolated

environment. If both tape recorder switches are OFF (handset connected) then in

the LOOPBACK configuration one can listen to one’s own voice after it has been

digitized and reconstructed .

4—1
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TABLE 4-1 INPUT-OUTPUT SIGNALS

SIGNAL NAME TYPE LOCATION DESCRIPTION

Protective MIL 188 J7-1 Chassis ground. Isolated from Signal Ground
Ground (AA) 

- CAB) in the ARC .

Signal MIL 188 J7-7 Common signal and dc power supply ground.
Ground CAB) - Isolated from protective ground (AA) in

the ARC .

Transmit MIL 188 J7-2 Serial binary data with transitions on the
Output positive-going transitions of the internal
Data (BA) transmit clock (DA) or a modem supplied clock

(DB) (selectable by toggle switch on A4 card).

Receive MIL 188 J7-3 Serial binary data from a modem or directly
Input Data - from an ARC transmitter . Data transitions
(BB) must occur on the positive-going transitions

of the accompanying clock(DD).

Request to MIL 188 J7-4 Constantly held at a positive level to m di-
Send (CA) cate that data transmission is desired.
(output) -

Data Terminal MIL 188 J7-20 Constantly held at a positive level.
Ready (CD)
(output)

Transmit MIL 188 J7-24 A serial data rate clock with positive trans-
Signal itions corresponding to data (BA) transitions.
Element
Timing (DA)
(output)

Externa l MIL 188 J7-15 A data rate clock from a modem. When selec-
Transmit ted by the toggle switch on A4 card the data
Serial Clock (BA) tra isitions will occur on positive-going
(DB) transitions of this clock (DB).
(input)

Receive MIL 188 J7-17 Data rate clock accompanying the receive data
Signal (BB).
Element
Timing (DD)
(input)

~
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TABLE 4-1 (continued)

Voice in Audio RCA phono Audio input (to be digitized) from
Jack (IN) tape recorder

Voice Out Audio RCA phono Audio output reconstructed by the ARC
Jack (OUT)

4-3
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C

~ 2 (BA) (BB) 3 ~I.) W

- 3 (BB) (BA) 2

~ 7 (AB) (As) 7

17 (DD) (DA) 2~i 
Z

~ 2~ (DA) (DD) 17

10 J7 10 J7
ARC I 

- 
ARC 2

- - 
FIGURE 4-1

CROSSOVER CABLE FOR DIRECTLY CONNECTING TWO ARC ’s.
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TABLE 4-2 CONTROL SWITCHES

CONTROL 
— 

LOCATION FUNCTION

POWER ON/OFF Panel Controls the application of 115/230 volts ac
switch 

- 
power to the dc power supply and cooling fan

- 
- motors.

— 
MODE Control Location A6 Switch 1. Controls bit rate: ON - 16K bps ,
switches switches 1-3 OFF - 9.6K bps.

on digi tal card
Switches

2 3

ARC ON ON
MODE ADM OFF ON

CVSD OFF OFF

LOOPBACK Location A6 When ON it internally connects the transmitter
switch switch 4 on output to the local receiver input. If the ex-

digital card. ternal clock (DB) is available on the MIL 188
connector (J7) it may be used for transmit and
receive timing via the slide switch on the
digital card . The effect of the loopback
switch at the EIA interface is to 1oop BB to
BA and DD to DA (see Figure 4-2).

Output CLOCK Location C2l When this slide switch is in the FORWARD posi-
o” digital tion the internal clock (DA) is used for trans- - -

card mit output timing. The externally supplied
clock (DB) is used when the switch is in the
AFT position.

- Tape Recorder Panel These switches connect either the tape recorder
IN and OUT jacks (ON) or the handset (OFF) to the digitizer .
switches

FIFO Location A6 Used to reset FIFO buffers after power is
Reset switch Switch 2 applied .

of sma ller
switch dip

4-6 
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The dip switches mounted on the digital card allow selection between dif-

ferent modes of operation, i.e., ARC , CVSD, ADM and internal/external transmit

clock. A FIFO reset switch is also provided.

4.3 OPERATING PROCEDURE -

Operating the experimental models of the speech digitizer is very simple

since an initial handshaking or synchronization procedure is not required . The

following steps may be followed :

1. Connect the Speech Digitizer to a modem via a straight through MIL 188

cable to J7 or another ARC through the crossover cable shown in Figure 4-1.-

2. Switch the telephone handset on (Tape Recorder off) or connect a tape-

recorder output to the RCA phono jack marked IN (Tape Recorder ON).

3. Select the proper transmission rate (9.6/16 kb/s) and mode by pressing

the RATE rocker dip switches on the digital card to the appropriate position (see

Table 4-2).

4. Depress the FIFO reset switches momentarily.

5. Talk normally into handset. -

4-7
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SECTION 5

ACCEPTANCE TEST PROCEDURE

51 GENERAL

All 12 sets of equipment as described in section 2.1.1 of Statement of Work

Contract DCA lOO-76-c-0026 shall meet the criteria of section 3.1 of the Statement

of Work in that all units shall be superior or equal in performance to the “Explora-

tory Development” modules developed under DCA Contract DCA lOO-74-C-0053.

Prior to shipment by the contractor to DCA all units will be evaluated utili-

aing a tape-recorded segment of spoken English by each of a number of different

speakers, male and female. Additionally full electrical and mechanical inspection

shall be performed to ensure correct functioning of all modes in all units.

At DCA this tape will be used to verify that all units are superior or equal

to the exploratory development module. This test will be witnessed by DCA for the

purpose of determining the acceptability of these units per the Statement of Work

mentioned above. In addition, the correct functioning of the additional operating

modes will be demonstrated.

5.2 PROCEDURE 
-

1. Power on both exploratory development module and unit to be evaluated :

2. Set both units to ARC Mode at 16 KB and place units in loopback (see oper-

ation section)

3. Run tape segment through exploratory development module and monitor audio

signal quality.

4. Run same tape segment through unit to be evaluated and compare quality.

5. Set both units to ARC mode at 9.6 KB.

6. Run tape segments again and compare quality.

5-1
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7. In addition, run unit to be evaluated in CVSD and ADM modes at 9.6 KB and

16 KB and monitor quality.

8. Test handset on unit to be evaluated by turning off tape recorder input

and output switches and speaking into handset normally.

9. To verify MIL 188 interface function on units to be evaluated, use cross-

over cable as described in operation section . With units out of loopback pass data

from one unit to the other and monitor quality.

1’
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SECTION 6

PARTS LI ST

6.1 GENERAL

This section provides a list of replaceable parts for the Codex speech digitizer.

61
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ARC CARRYING CASE

Part No. Description

-~ SK4066 Carrying Case 1

65000C2 - 
Han d s e t, Black 1

TR202-1 Power Supply - 1

SK4O67 - Chassis 1

SR-11-2 Strain, Relief 1

SR-4N-4 Strain, Relief 2

SK4068 Plate, Component 1

SK4069 Mtg. Strap 2

45-000-S-H Circuit, Breaker 1

9223—SS-140-0 Spacer (.19 Lg.) 2

6 x 3/4 Type B Pan Hd. Screw 2

8 x 3/4 Type B Flat Hd. Screw 4

SK4070 Barrier, Plate 1

22-01-2251 P.C. Connector 2

08-56-0110 Contact, Crimp 2

1-87175-7 Housing 2

1-87175-9 Housing 1

1-87175-5 Housing 1

7201-P3-P-D-2-O Switch (DPDT) 2

33-804 Phone Jack 2

17-304-01 Connector, 25 Pin 1

17-763-02 Contact - 8

2252 Grommet 1

8094-N-0440 Standoff 4

106821-603 Microphone 1

87165-1 Contact, Crimp 22

324597 Term. Slotted 4

- 

.
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ARC ANALOG

Part No. Description

35867-01 Circuit Card 1

NASSD383OF - 383-Ohm-1/8W 1% 2

NA55D3241F 3.24K 1/8W 1% 2

NAS5D13O2F 13.0K 1/8W 1% 2 —

NAS5D9S31F 9.53K 1/8W 1% 2

NASSD49R9F 49.9-Ohm 1/8W 1% 2

RCO7GF1O2J 1K 1/4W 5% 3

RCO7GF3O1J - 300-Ohm 1/4W 5% 1

NAS5D1002F 10K 1/8W 1% 5

NA55D2372F 23.7K 1/8W 1% 2

NA55D1692F 16.9K 1/8W 1% 2

NA55D1332F 13.3K 1/8W 1% 4

NA55D2052F 20.5K 1/8W 1% 2

NA55D3322F 33.2K 1/8W 1% 2

NA55D2672F - 26.7K 1/8W 1% 2

NA55D1242F 12.4K 1/8W 1% 2

NA55D2742F 27.4K 1/8W 1% 2

NA55D3922F 39.2K 1/8W 1% 2

NASSD2002F 20K 1/8W 1% 4

NA55D8661F 8.66K 1/8W 1% 2

NASSD1872F 18.7K 1/8W 1% 2

NA55D2612F 26.1K 1/8W 1% 2

NASSD 13O3F 130K 1/8W 1% 2

NASSD6491F 6.49K 1/8W 1% 2

NA55D6342F 63.4K 1/8W 1% 2

NA55D4532F 45 .3K 1/8W 1% 1

~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~
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ARC ANALOG (Cont)

Part No. Description

NA55D6492F 64.9K 1/8W 1% - 2

NAS5D4 122F 41.2K 1/8W 1% 2

— NAS5DD25S2F 25.5K 1/8W 1% 2

NA55DD8252F 82.5K 1/8W 1% 2

NA5SDD1132F 11.3K 1/8W 1% 1

NA65D Select Valve at Test 1

NA65D Select Valve at Test 1

NA6SD 
- 

Select Valve at Test 1

NA6SD Select Valve at Test 1

NA6SD Select Valve at Test 1

NA65D Select Valve at Test 1

RCO7GF166J 16M 1/4W 5% 1

RCO7GF395J - 3.9M 1/4W 5% 1

RCO7GF681J 680-Ohm 1/4W 5% 2

NA55D6341F 6.34K 1/8W 1% 1

NA55D931OF 931-Ohm 1/8W 1% 1

NASSDI821F 1.82K 1/8W 1% 1

RCO7GF821J 820-Ohm 1/4W 5% 4

2DDU6OD1O3M .01 MF, 20V 1

T362B106M025AS - 10 MF, 25V 
- 

18

2DDU6OM5O3M .05 MF, 25V 38

PP-ll- .0l-100-l .01 MF, b O y  4

2DDU6OD1O4M .1 MF, 20V 2 -

PP-il- .0047-100-1 .0047 MF, 100V 9

_ _ _ _  - —A--- -- -
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ARC ANALOG (Cont)

Part No. Description

PP-ll- .001-bOO-l .001 MF, b O y  3

2SA- .00047-100-1 - .00047 MF, b O y  2

PP-l1-0027-100-1 .0027 MF, lOOV - 1

8131-050-651-474M 
- 

.47 MF, SOy 2

IN5233B Diode, Zener 1

1N914 Diode, Zener 4

DAC—HY12DC Integrated, Circuit 1

1F356H 
- 

Integrated, Circuit 2

LM311D Integrated, Circuit 1

DG200BA Integrated, Circuit 2

SN74L5174 Integrated, Circuit 2

LM116O Integrated, Circuit 2

LM3 1OD Integrated, Circuit 1

MC1458CP1 Integrated, Circuit 12

LM115O - 
Integrated, Circuit 1

1M320H12 Voltage Regulator 12V 1

324-AG2D Socket, 24 Contact 1

22-01-2231 Conn. Wafer 2. sir. . 1

87232-8 Header Assy, 8 Pos. 2

87232-2 Header Assy, 2 Pos. 1

87232-4 Header Assy, 4 Pos. 1

3643-2-05 Terminal, Turret - 21

JO.250 x O.125T22 Wire , Jumper (Fancourt) 8
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- ARC DIGITAL BOARD

Part No. Description

8136-PG13-90 Augat, Panel 1

SN74LSOO Integrated, Circuit 4

SN74LSO2 Integrated, Circuit 2

SN74LSO4 Integrated, Circuit 5

SN74LSO8 Integrated, Circuit 2

SN74LS1O Integrated, Circuit 2

SN74LSS1 Integrated, Circuit 2

SN74LS74 
- Integrated, Circuit 1

SN74LS83 
- 

Integrated, Circuit 1

SN74LS86 Integrated, Circuit 2

SN74LS93 Integrated., Circuit 3

SN741S95A Integrated, Circuit 1

SN74LS107 Integrated, Circuit 3

SN74LS1S1 Integrated, Circuit 2

SN74LS1S3 - Integrated, Circuit 3

SN74LS157 Integrated, Circuit 7

SN74LS163 Integrated, Circuit 10

SN74LS164 Integrated, Circuit 2

SN74LS194 Integrated, Circuit 7

SN74LS19S Integrated, Circuit 4

SN74S287 Integrated, Circuit 2

SN74C89 Integrated , Circuit 3

SN74H183 Integrated , Circuit 1

SN74S471 Integrated , Circuit 2

A1v1284l Integrated, Circuit S

825123 Integrated , Circuit 2

- 

i - I



ARC DIGITAL BOARD (Cont)

Part No. Description 9
898-1-R3.3K Resistor, Network 1

CO-238B - Oscillator 1

435166-1 Dip Switch, Toggle 1

8531-B SPST Pushbutton 1

.O1MF , l6V Capacitor 23

1OMF, 25V Capacitor 6

SN7425 Integrated, Circuit 1

2345-3 - Term. Solder - 2

435626-8 
- 

Dip Switch 1

435673-2 Dip Switch 1

L 
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