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1.1 

1. INTRODUCTION  

A Residual Excited Linear Prediction (RELP) codec (coder/decoder) real-time 
hardware simulator has been developed recently with funding from the Communi-
cations Research Centre (CRC). It is believed to be the first of its kind 
built in Canada. The simulator permits real-time evaluation of RELP coded 
speech at various data rates, in particular, 4.8 and 9.6 KBPS. It also pro-
vides flexibility to fine tune the original INRS (Institut National de la 
Recherche Scientifique) developed RELP algorithm through simple firmware 
changes. Preliminary laboratory testing of RELP coded speech at 4.8 KBPS has 
revealed that speech quality is judged to be very intelligible and of good 
quality. In addition,  thea robustness of the RELP algorithm to background 
noise makes it particularly attractive for military and law enforcement appli-
cations. 

In the military environment, mechanical noise in the background is frequently 
encountered. The popular Linear Prediction Codecs (LPCs) performs poorly in 
the presence of periodic noise because it interfers with the pitch extraction 
process. This report attempts to measure the intelligibility of RELP coded 
speech and its robustness to periodic noise quantitatively through the help of 
Diagnostic Rhyme Test (DRT). Real-time simulation of alternate high frequency 
regeneration methods on the hardware simulator are also included in this study 
to realize a more economical implementation of the RELP codec. 
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2.1 

2. RELP REAL-TIME SIMULATIONS  

2.1 Residual Regeneration Through Sample Position Perturbation  

The primary source of error in the 9.6 KBPS RELP codec is the reconstruc-
tion of the fullband residual from the baseband residual. This can be 
demonstrated by using unquantized residual and predictor, which gives 
very little improvements in speech quality over 9.6 KBPS RELP. 

A paper presented by R. Viswanathan [1], claimed that a spectral folding 
high frequency regeneration technique produced higher speech quality than 
the rectification method used in the RELP. In its simplest form this 
method involves inserting four zeros after each baseband signal. This 
causes aliasing terms up to 4 kHz to be generated (see Figure 2.1-1). 
This simple technique generates objectionable tonal noises. 

A perturbation method was described in the paper which masked the tonal 
noises. This involved randomly perturbing the baseband residual sample 
to the left or right by one sample position. Small samples were pertur-
bed with a greater probability than large samples to reduce the chance of 
perturbing pitch pulses. The high pass filtered perturbed signal was 
added to the low pass unperturbed signal to regenerate the fullband 
residual (see Figure 2.1-2). The random perturbation was accomplished on 
the hardware simulator by comparing the absolute value of the sample to 
be perturbed with a random signed number between -1/8 and 1/8. The ran-
dom number is extracted from bits truncated in an arithmetic operations. 
If the sample was greater than the random number, no perturbation was 
performed, otherwise, the sample was perturbed to the left or right based 
on a random bit. This generates a conditional probability of perturba-
tion as a function of input sample amplitude given in Figure 2.1-3. The 
perceived quality of the processed speech was about the same as the rec-
tification method. A 30% reduction in processing resource may be ob-
tained in the synthesis processor using this method. If the perturbed 
residual was fed into the predictor directly without the low and high 
frequency paths suggested in the paper (Figure 2.1-4), a further 40g or a 
total of 70% of the processing resource may be saved in the synthesizer 
without affecting the subjective quality of the RELP coded speech. 

A small number of diagnostic rhyme tests were performed to see if this 
algorithm had the same intelligibility as RELP. The perturbation algo-
rithm in Figure 2.1-4 is referred to as "PERT" in the rest of this re-
port. 
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2.2 

2.2 5-Bit Adaptive Residual Quantizer for 9.6 KBPS Simulation  

The existing muldem simulator firmware implements a 2-bit adaptive resi-
dual quanitzer which generates 64 bits of residual data for each 20 msec 
speech frame. These residual data together with the quantized reflection 
coefficients (22 bits) and housekeeping overhead (10 bits) produce 96 
bits of information per speech frame at a rate of 4.8 KBPS. Through the 
use of a 5-bit adaptive residual quantizer, the information rate will be 
doubled to 9.6 KBPS. It is expected that the quality of RELP coded 
speech with 5-bit residual quantization will be perceptibly indistin-
guishable from that of RELP coded speech without residual quantization. 

An adaptive quantizer is one whose step size A
n is updated every time an 

input sample X n  is received. The step size is updated according to the 

following equation: 

An-1 • QMLT(i + 1);  ix  5. X n <(i + 1)A and An = 
0 i N - 2 

An-1 • QMLT(N); (N-1)A -5 X
n [2.1] 

where N is half the number of quantizer levels, n is the iteration number 
and QMLT(i) is a set of N postive multiplier constants which are selected 
to maximize the signal-to-quantization noise ratio based on the statisti-
cal property of the quantizer input samples. In addition, the step size 
is also bounded between A

min and 
Amax.  A mid-tread/mid-rise adaptive 

quantizer characteristic [2] is employed according to Figures 2.2-1 and 
2.2-2. The mid-tread quantizer performs like a squelch circuit which 
attempts to eliminate any residual noise in the absence of speech energy. 
A step size threshold determines which of two quantizer characters (mid-
tread or mid-rise) should be employed to quantize the current input 
sample. The values 1 through N-1 in units of step size are called the 
quantizer breakpoints, while the values 1/2 through (2N-1)/2 are the 
quantizer output levels in units of step size. 

In the actual implementation of the 5-bit adaptive quantizer, all signed 
numbers have to be scaled down to between -1 and +1 as a result of in-
teger arithmetic performed by the 8086 subsystem. The breakpoints and 
output levels are therefore normalized by N or 16 resulting in numbers 
between -1 and +1. This calls for the establishment of a new step size 
parameter FSV which is related to the former step size A as follows: 

FSV = 16 • A [2.2] 

The FSV value is updated in pretty much the same way as A defined in 
Equation 2.1. The FSVMN, FSVMX and FSVTH values are chosen to be 10, 
1000 and 15 respectively, identical to those used in the 2-bit quantizer. 
Other parameters of the 5-bit adaptive quantizer is given in Table 2.2-1. 
The set of multiplier constants QMLT was adopted from Jayant [3] and was 

00-3058-RO0  
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2.3 

TABLE 2.2-1 5-BIT ADAPTIVE RESIDUAL QUANTIZER PARAMETERS 

NORMALIZED NORMALIZED 
MULTIPLIERS BREAKPOINTS OUTPUT LEVELS  

QMLT(1) 0.85 XQ(1) 1/16 Y/Q(1) 1/32 

QMLT(2) 0.85 XQ(2) 2/16 Y/Q(2) 3/32 

QMLT(3) 0.85 XQ(3) 3/16 Y/Q(3) 5/32 

QMLT(4) 0.85 XQ(4) 4116 Y/Q(4) 7/32 

QMLT(5) 0.85 XQ(5) 5/16 Y/Q(5) 9/32 

QMLT(6) 0.85 XQ(6) 6/16 Y/Q(6) 11/32 

QMLT(7) 0.85 XQ(7) 7/16 Y/Q(7) 13/32 

QML7(8) 0.85 XQ(8) 8/16 Y/Q(8) 15/32 

QMLT(9) 1.2 XQ(9) 9/16 Y/Q(9) 17/32 

QMLT(10) 1.4 XQ(10) 10/16 Y/Q(10) 19/32 

QMLT(11) 1.6 XQ(11) 11/16 Y/Q(11) 21/32 

QMLT(12) 1.8 XQ(12) 12/16 Y/Q(12) 23/32 

QMLT(13) 2.0 XQ(13) 13/16 Y/Q(13) 25/32 

QMLT(14) 2.2 XQ(14) 14/16 Y/Q(14) 27/32 

QMLT(15) 2.4 XQ(15) 15/16 Y/Q(15) 29/32 

QMLT(16) 2.6 Y/Q(16) 31/32 

00-3058-R0O 



2.4 

optimized for PCM speech. No perceptible differences in the quality of 
RELP coded speech were observed between 5-bit residual quantization and 
no residual quantization. A listing of the muldem simulator firmware 
with a 5-bit quantizer is given in Appendix B2. 

In the process of modifying the muldem simulator firmware to accommodate 
the 5-bit adaptive residual quantizer, the software error handling rou-
tines were also altered. Up-to-date listings of the muldem simulator 
firmware with 2-bit residual quantization and no residual quantization 
are given in Appendix B. The muldem simulator firmware periodically 
checks software counter and buffer pointer values against their expected 
values and detects arithmetic overflow conditions to ensure proper firm-
ware operation. In the existing firmware, the residual buffer service 
counter is checked against a range of values every time the buffer re-
quires service, i.e., read a residual sample and store its quantized 
value back to the buffer. If the service counter value exceeds a maxi-
mum; i.e., too many residual samples in the buffer are not quantized, it 
is possible for the 8086 CPU to output a residual sample which has not 
been quantized. Such an error condition will cause the CPU to stop 
processing indefinitely and flash the double HEX digit LED display (al-
ternating between "00' and "FF"). In the new firmware, such an error 
condition will increment the most significant digit of the HEX display 
and reinitialize the CPU such that processing may continue. The existing 
I/O  buffer pointer errors cause the CPU to reset the pointer values and 
increment the HEX display. As the result of the modification, only the 
least significant HEX digit is incremented. Overflow error handling 
remains the same as before and will output "Fr to the HEX display. 
Under normal operation, the above error conditions will never occur. 
However, static discharge or edge connector contact problems can occasio-
nally cause a RAM error or noise on the interrupt lines which will in 
turn produce counter and/or pointer errors. 

00-3058-ROO 
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3.1 

3. DIAGNOSTIC RHYME TESTS  

3.1 Introduction  

The Diagnostic Rhyme Test (DRT) is a method for measuring speech intel-
ligibility. The DRT not only measures total intelligibility but also 
gives diagnostic scores which measure how well a system preserves six 
phonetic features. In this test, listeners have to recognize the correct 
word spoken out of a pair of words given on the answer sheet. These 
paired words differ only in the presence or absence of one of the six 
phonetic attributes in the initial consonent. 

Diagnostic rhyme tests were performed to measure the effects of RELP 
coding at 4.8 KBPS and 9.6 KBPS on speech intelligibility. These tests 
were performed with and without the presence of armoured personnel 
carrier or helicopter noise. 

3.2 Acoustic Signal to Noise Ratio Measurement 

Acoustic Signal to Noise Ratio (ASNR) is defined as the ratio of the 
average peak power of all the words recorded on the DRT tape (four tests) 
to the average power of the background noise in dB. Speech is first band 
passed (70-3500 Hz) and the peak power of a spoken word is measured using 
a fast responding true RMS (Root Mean Square) to DC converter circuit as 
shown in Figure 3.2-1 and 3.2-2. The measured peak RMS voltages of all 
words on the DRT tape are listed in Appendix C. The average peak power 
is obtained through summing the square of all peak RMS voltages and 
dividing by the total number of words. The type of background noises 
used are those of M113 armoured personnel carrier and the CH147 Chinook 
helicopter recorded on CRC supplied tape. The power of these continuous 
noises are also measured with the true RMS to DC converter. The power 
levels were observed to fluctuate slightly with time (about 2 dB peak-
to-peak). Therefore, five short-term power measurements were made at 
different intervals on each noise tape. The average noisepower was 
computed in a similar fashion as the average word power. 

00-3058-ROO 
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3.2 

3.3 Preparation of the DRT Tapes  

The noise tape and the ORT tape were played by two cassette recorders 
(Hitachi  0E95). The outputs of the recorders were fed to a summing 
amplifier (Realistic 32-1200) whose output was recorded on a third 
cassette recorder (Technics M240X). The average noise power bandlimited 
to 700-3500 Hz was adjusted to 10 dB below the average peak word power 
(166 mV RMS). Two recordings being DRT in the presence of helicopter 
noise and DRT in the presence of armoured personnel carrier noise were 
produced. These noisy DRT recordings and the original high quality DRT 
recording were played through the  RELPI codec real-time simulator whose 
output was again recorded. A total of 40 DRTs with different coding 
rates and background noise types were produced and the order of presenta-
tion was randomized according to Table 3.3-1. These DRTs were then 
broken down into five separate recordings, each consisting of eight 
different DRTs. One recording was to be presented to the test subjects 
each day to minimize the effects of fatigue, and possibly, adaptation. 

3.4 Test Procedure  

The five recordings were presented to four test subjects over a period of 
five days. The tests were performed in a quiet room, using a Hitachi 
DE95 tape deck and a Vector Research model VR-5000 receiver which drives 
a KEF speaker. Two male subjects and two female subjects with English as 
their first language were selected. None of them were familiar with RELP 
coded speech nor with diagnostic rhyme testing. 

00-3058-R00 



TABLE 3.3-1 SCHEDULE OF TESTS 

BACKGROUND 
DAY PART TEST CODING NOISE  

1 1 1 RELP 9.6 Helicopter 
1 2 2 RELP 4.8 Helicopter 
1 3 3 RELP 4.8 None 
1 4 4 RELP 4.8 Helicopter 
1 5 3 None Armoured Car 
1 6 2 RELP 4.8 Armoured Car 
1 7 1 RELP 9.6 None 
1 8 4 PERT 4.8 None 

2 1 3 RELP 4.8 Helicopter 
2 2 2 RELP 4.8 None 
2 3 1 None None 
2 4 4 None Armoured Car 
2 5 3 RELP 4.8 Armoured Car 
2 6 4 RELP 9.6 Armoured Car 
2 7 1 None Helicopter 
2 8 2 PERT 4.8 None 

3 1 2 None Helicopter 
3 2 1 RELP 4.8 Armoured Car 
3 3 4 RELP 4.8 Helicopter 
3 4 3 RELP 9.6 None 
3 5 2 None None 
3 6 1 RELP 4.8 None 
3 7 4 RELP 9.6 Helicopter 
3 8 3 RELP 9.6 Armoured Car 

4 1 4 None None 
4 2 3 RELP 4.8 None 
4 3 2 RELP 9.6 Helicopter 
4 4 1 None Armoured Car 
4 5 2 RELP 9.6 None 
4 6 3 PERT 9.6 None 
4 7 4 None Helicopter 
4 8 1 RELP 9.6 Armoured Car 

5 1 3 None None 
5 2 4 RELP 9.6 None 
5 3 1 PERT 9.6 None 
5 4 2 None Armoured Car 
5 5 3 RELP 9.6 Helicopter 
5 6 2 RELP 9.6 Armoured Car 
5 7 1 RELP 4.8 Helicopter 
5 8 4 RELP 4.8 None 

3.3 

00-3058-R00 



3.4 

3.5 Analysis of Test Results  

3.5.1 Introduction  

The answers given for all the DRTs were entered into a computer. 
The use of a computer allowed fast, reliable marking of the tests 
and permitted summaries of the scores based on the person taking the 
test, coding, background noise and attribute. All scores are given 
in unadjusted percent correct to allow comparison with INRS results. 

Pc = 100 * (Total - Wrong)/(Total) 

The adjusted percent correct score may be obtained from the unadjus-
ted score as follows: 

Pa = 2 * Pc - 100 

3.5.2 DRT Scores and Observations  

A summary of the results of the DRTs is given in Table 3.5.2-1. The 
DRT scores over the five days of testing showed no trend which would 
indicate that the subjects were learning the tests or becoming 
better at understanding RELP speech. 

Table 3.5.2-2 gives a summary of the DRT results for the various 
coding methods and background noises. RELP coding at 9.6 Kbps 
results in a 3 percent drop in DRT score over raw speech. Dropping 
the data rate to 4.8 Kbps decreases the DRT scores by a further 3 
percent. The perturbation algorithm does not perform as well as 
RELP. The RELP scores are about 2 to 3 percent higher than the PERT 
scores. The perturbation algorithm perturbs the low frequencies as 
well as the high frequencies in the residual. This may have caused 
the lower score in the graveness attribute which is mostly respons-
ible for the score differences. In the presence of armoured 
personnel carrier noise, 9.6 Kbps RELP coding is only marginally 
affected (-2%) while 4.8 Kbps RELP has a 5 percent reduction in 
score (Figure 3.5.2-2). Figure 3.5.2-3 shows that RELP coded speech 
at 4.8 Kbps is just about as intelligible as that at 9.6 Kbps in the 
presence of helicopter noise. This would suggest that 4.8 Kbps RELP 
coding may be adequate for noisy environment applications in spite 
of the fact that 9.6 Kbps RELP coding is judged to be more accep-
table. 

Of the six speech attributes of speech measured in the DRTs, susten-
tion and graveness have the lowest scores for the various coding and 
noise conditions. RELP coding has the greatest difficulty with the 
sustention attribute, often causing no sustention attribute to be 
heard in the coded speech when it was actually present in the orig- 

• 



3. 5 

mal speech. This causes words like "sheet" to be coded like 
"cheat". The bias added to speech is summarized in Table 3.5.2-3. 

Since the words in the DRTs varied by greater than 12 dB in ampli-
tude, an attempt was made to see if this affected the scores. 
Table 3.5.2-4 shows that there is less than one dB difference among 
the average powers of words in each attribute. This suggests that 
it is unlikely that the difference in scores among attributes is 
caused by different signal to noise ratios. There is no trend of 
decreasing score with increasing noise levels, Table 3.5.2-5. This 
is likely due to the fact that the difference in difficulty among 
the word groups has a greater effect on the score. 

Table 3.5.2-6 shows the standard errors of the DRT scores among the 
four test subjects. In all cases, the standard errors are less than 
about 3 percent. This may suggest that there is no great variation 
in test scores among subjects. 
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Ile 
TABLE 3.5.2-1 DRT SCORES BY PERSON AND TIME OF TEST 

PERCENT CORRECT DIAGNOSTIC RHYME SCORES 
Score as a function of person and time of test 

BACKGROUND 
DAY PART TEST CODING NOISE ALVA LYNNE PETER WOLF AVERAGE 

1 1 1 RELP 9.6 Helicopter 85 94 88 88 89 
1 2 2 RELP 4.8 Helicopter 83 81 83 92 85 
1 3 3 RELP 4.8 None 90 90 90 90 90 
1 4 4 RELP 4.8 Helicopter 77 85 81 92 84 
1 5 3 None Armoured Car 96 92 98 96 95 
1 6 2 RELP 4.8 Armoured Car 85 81 85 90 85 
1 7 1 RELP 9.6 None 96 96 98 98 97 
1 8 4 PERT 4.8 None 94 88 92 94 92 

2 1 3 RELP 4.8 Helicopter 88 79 81 90 84 
2 2 2 RELP 4.8 None 94 92 94 100 95 
2 3 1 None None 100 100 100 100 100 
2 4 4 None Armoured Car 98 98 98 96 97 
2 5 3 RELP 4.8 Armoured Car 85 90 83 94 88 
2 6 4 RELP 9.6 Armoured Car 96 96 90 96 94 
2 7 1 None Helicopter 100 98 98 100 99 
2 8 2 PERT 4.8 None 92 90 88 90 90 

3 1 2 None Helicopter 94 98 100 98 97 
3 2 1 RELP 4.8 Armoured Car 90 90 94 94 92 
3 3 4 RELP 4.8 Helicopter 90 85 90 81 86 
3 4 3 RELP 9.6 None 96 92 96 94 94 
3 5 2 None None 98 100 100 100 99 
3 6 1 RELP 4.8 None 94 92 94 94 93 
3 7 4 RELP 9.6 Helicopter 92 79 94 88 88 
3 8 3 RELP 9.6 Armoured Car 81 90 94 96 90 

4 1 4 None None 100 100 98 100 99 
4 2 3 RELP 4.8 None 85 88 92 94 90 
4 3 2 RELP 9.6 Helicopter 88 88 88 92 89 
4 4 1 None Armoured Car 100 96 100 98 98 
4 5 2 RELP 9.6 None 96 96 96 98 96 
4 6 3 PERT 9.6 None 90 90 94 96 92 
4 7 4 None Helicopter 100 100 96 94 97 
4 8 1 RELP 9.6 Armoured Car 100 98 100 96 98 

5 1 3 None None 100 96 100 98 98 
5 2 4 RELP 9.6 None 98 94 96 98 96 
5 3 1 PERT 9.6 None 94 90 96 98 94 
5 4 2 None Armoured Car 96 100 98 100 98 
5 5 3 RELP 9.6 Helicopter 88 83 88 90 87 
5 6 2 RELP 9.6 Armoured Car 92 96 92 92 93 
5 7 1 RELP 4.8 Helicopter 96 88 94 96 • 93 
5 8 4 RELP 4.8 None 94 100 96 94 96 

00-3058-R0O 
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TABLE 3.5.2-2 DRT SCORES BY ATTRIBUTE 

PERCENT CORRECT DIAGNOSTIC RHYME TEST SCORES 
Score as a function of attribute 

COM- 
BACKGROUND SUSTEN- SIBILA- GRAVE- PACT- 

CODING NOISE VOICING NASALITY TION TION NESS NESS TOTAL 

None None 99 100 99 100 98 100 99 
None Armoured Car 98 100 94 100 95 98 97 
None Helicopter 100 100 96 100 92 100 98 
RELP 4.8 None 95 100 83 93 86 99 93 

• RELP 4.8 Armoured Car 91 96 82 83 83 95 88 
RELP 4.8 Helicopter 93 95 68 • 90 81 93 87 
RELP 9.6 None 97 100 91 95 94 99 96 
RELP 9.6 Armoured Car 98 100 83 93 92 97 94 
RELP 9.6 Helicopter 95 97 71 86 84 95 88 
PERT 4.8 None 97 98 88 91 77 94 91 
PERT 9.6 None 98 100 86 91 84 100 93 
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TABLE 3.5.2-3 BIAS IN DRT SCORES 

BACKGROUND SUSTEN- SIBILA- GRAVE- COMPACT- 
CODING NOISE VOICING NASALITY TION TION NESS NESS  

None None 2 0 -2 0 -5 0 
None Armoured Car 5 0 -3 0 0 5 
None Helicopter 0 0 -1 0 0 0 

RELP 4.8 None 10 0 -18 -8 -6 2 
RELP 4.8 Armoured Car 18 -5 -17 -13 0 -3 
RELP 4.8 Helicopter 6 -7 -18 -8 5 0 

RELP 9.6 None 7 0 -16 -6 3 2 
RELP 9.6 Armoured Car 4 0 -28 -15 0 0 
RELP 9.6 Helicopter 3 -3 -5 -9 4 - 3 

PERT 4.8 None 4 6 -19 -10 -13 -4 

PERT 9.6 None -4 0 -21 -9 -6 0 

NOTE: The above scores are the difference between the percent correct with 
the attribute present and the percent correct with the attribute ab-
sent. A positive number indicates that the attribute is heard when 
it is not present. 
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TABLE 3.5.2-4 AVERAGE WORD POWER VERSUS ATTRIBUTE 

POWER 
AVERAGE DEVIATION 

ATTRIBUTE RMS VOLTAGE (dB)  

VOICING 163.94 -0.15 
NASALITY 161.29 -0.29 
SUSTENTION 167.22 0.03 
SIBILATION 168,92 0.11 
GRAVENESS 160.09 -0.35 
COMPACTNESS 178.19 0.58 
OVERALL AVERAGE 166.72 0.00 
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93 

93 

3.10 

TABLE 3.5.2-5 DRT SCORES AS A FUNCTION OF SIGNAL TO NOISE RATIO 

BACKGROUND 1 4 7 10 13 16 19 NO 
CODING NOISE dB dB dB dB dB dB dB  NOISE 

None None 99 
None Armoured Car 100 97 97 97 7100 
None Helicopter 100 94 99 98 ?100 

RELP 4.8 None 93 
RELP 4.8 Armoured Car 93 84 89 89 
RELP 4.8 Helicopter 92 78 90 88 ? 94 

RELP 9.6 None 96 
RELP 9.6 Armoured Car 98 91 96 94 ? 92 
RELP 9.6 Helicopter 89 85 90 87 ?100 

PERT 4.8 None 

PERT 9.6 None 

PERT 9.6 None 

NOTE: No entry in table if less than 10 sample points. A '?' pre- 
cedes scores with less than 48 samples. 

00-3058-R00 



TABLE 3.5.2-6 DRT SCORES AND STANDARD ERRORS 

AVERAGE STANDARD 
BACKGROUND SCORE ERROR 

CODING NOISE (%) (%)  

None None 99.35 0.23 
None Armoured Car 97.40 0.73 
None Helicopter 97.91 0.46 

RELP 4.8 None 92.60 1.08 
RELP 4.8 Armoured Car 88.38 2.31 
RELP 4.8 Helicopter 86.56 2.25 

RELP 9.6 None 95.96 1.00 
RELP 9.6 Armoured Car 93.50 1.71 
RELP 9.6 Helicopter 88.02 1.27 

PERT 4.8 None 90.63 1.65 

PERT 9.6 None 93.23 2.81 

3.11 

00-3058-R00 
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3.5.3 Comparison With The INRS Results  

Nakatsui et al [4] gives results of DRTs performed on an earlier 
version of the RELP Algorithm developed at INRS. The INRS RELP 
algorithm was simulated on a PDP-11 minicomputer. It has several 
differences from the current hardware implementation, such as the 
use of floating point instead of integer arithmetic; interpolation 
of the predictor coefficients between frames, to avoid abrupt ampli-
tude changes at the frame boundary; use of two residual gain para-
meters and several other small differences. It is not known if the 
same speaker was used for the INRS DRTs. Despite these differences, 
the DRT scores for the two implementations were remarkably similar 
with three exceptions. 

The hardware implementation has lower scores on the sustention 
attribute (Figure 3.5.3-1). This could be due to the changes in the 
algorithm such as the removal of predictor coefficient interpola-
tion, or the use of a different speaker on DRT recording. 

The overall scores in the presence of noise were higher for the 
hardware implementation than the INRS software simulation 
(Figure 3.5.3-2). One explanation for the difference is attributed 
to the fact that white noise was used by INRS instead of periodic 
noise used in this study. The high peak-to-average power ratio in 
white noise could have impaired normal hearing to a greater extent 
than the periodic noises of equal power levels. Such a phenomenon 
manifested itself in the score discrepancy between helicopter noise 
and armoured personnel carrier noise. The DRT scores in the pre-
sence of helicopter noise were generally lower as a result of a 
higher peak-to-average noise power ratio. Subjectively, noise with 
a higher peak-to-average power ratio sounds more abrupt and annoy-
ing. 

The scores for the uncoded speech were higher in this report than 
those described in INRS (Figures 3.5.3-3 and 3.5.3-4). The uncoded 
speech data base used by INRS was band-limited to 3.2 KHz but not in 
this study. Another reason for the inconsistency could be due to 
speaker dependence. 
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4.1 

4. CONCLUSIONS  

Diagnostic Rhyme Tests have been performed on the RELP coded speech using the 
RELP codec real-time hardware simulator. RELP coding at 4.8 Kbps and 9.6 Kbps 
together with an alternate full-band residual regeneration method have been 
simulated. The effects of helicopter noise and armoured personnel carrier 
noise on RELP coded speech are also measured. 

Intelligibility as measured by the Diagnostic Rhyme Tests is 96% for RELP 
coded speech at 9.6 Kbps and 93% for RELP coded speech at 4.8 Kbps. These 
represent, respectively, a three and six percent degradation over uncoded 
speech. Further, 9.6 Kbps RELP coding is only degraded marginally by two 
percent in the presence of armoured personnel carrier noise while 4.8 Kbps 
RELP coding is degraded by as much as five percent. RELP coding at 9.6 Kbps 
and 4.8 Kbps have almost equal intelligibility in the presence of helicopter 
noise. This may suggest that.4.8 Kbps RELP coding is adequate for applica-
tions in noisy environment. 

The new full-band residual regeneration method (PERT) scores two to three 
percent lower than the rectification method proposed by INRS although speech 
quality is judged to be slightly more acceptable. It is therefore possible to 
tradeoff minor performance degradation for a seventy percent reduction in the 
amount of synthesizer processing. 

In spite of the various simplifications in the hardware simulation, results 
are remarkably similar to the INRS software simulation. A 1.5 percent reduc-
tion in DRT score has been observed on the hardware RELP simulation at 

4.8 Kbps. 

00-3058-R00 
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APPENDIX A 

SYNTHESIS SIGNAL PROCESSOR FIRMWARE LISTINGS 

Al. RESIDUAL REGENERATION THROUGH INTERPOLATION OF LOW PASS COMPONENT BY ZERO 
AMPLITUDE INSERTION, AND SAMPLE POSITION PERTURBATION OF HIGH FREQUENCY 
COMPONENT 
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0:2W 
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WU 
•7 f.rOC 
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21 
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Initial folding ex.  hopeful 
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More precision maintained. 
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- MAY 23: Initial Progat entrg JM 

i: SE:i PROCESE0 ASSEMBLER SOURCE FILE ,  SEPT 10 PAGE 1 

TIlLE SYKTHESIE PROCESSOR ASSEMBLER SOURCE FILE. SEPT 10/1982 
2 ()i:ia LISI x 

• ;4 

;* 
;* 
;* 
;4 

:4 
;4. 

;4 

;4 

PROJECT: 472'  RELF CODEC 
BOAr;L: SMI-riEFIS PROCESSOR 
DEVICE: é MICROCODE PROMS, 3636 
LOCATIM; O34!Pl?R15/P297P43,P57 
FROG.DEVC 60-0690 - 60-0695 
ASSEMBLER: MEA, April 32 
FILE: STHESIS.A3M 
RE*ISI[W: SET  10y19S2 
UP14:17E TAPE: 

SE'ï 9: 

J'iLY 7; 
jai 2: 
AM7 

or 3628 

;4•11*«************e*************************** 

• 



' ADDR SYNT:4EZ:E PROCESSOR ASSEMDLER SOURCE FILE. SEPT 10 PAGE 2 

25 .:::: U. Tell. OF CONTP4TS * 
al' 2C (w.. , ;:',- * 

, UV •. 7 r.;J'.r,.s. ;i FE DEECRIFTION * 
* 

1 File Header and Update Table * 
2 Table of Contents * 

31 h.:', ;* 3 Filter size sPecifications t 

: 
32 (."-W.; ;* 4 Ri  ns Buffer eeurs It8P * 

33 0:0 ;* 5 kratch Fad mer te * 

•• 34 CZe.e:, ,  4 6 Coefficient Frorl ,  mots me t 
• , 35 00Y .  ;t 7 ImutlOutput definitions * 

3.;1 i'., ."•:, , ;*4 S PRDCEDURF etErt_uP; * 
! 37 •C, ..;; 9 PRITDURE rr;ain; * 
• 31 ri..: 

 
U. 14 PROCEDURE oPerations_done_EVERY_samPle * 

F, ;;OCFDURE C;uadrature_Mirror_Filter_High * 
. 4O t''W it 2 , PROCEDURE Duadrature_Mirror_Filter_Low * 

4; T.!...: ,:.• • : 7 PPZEDURE Low_Pms_Filter * • 
• 42 0;,.s.. ;, 2!.., PROCEDURE Double_Pifference_Filter * 

FROCFM;PF High_Pass_Filter * 
PE5CED .,2RE Predict * 

EDURE CeLPRED1ctor_Coefficients * . _. 
4.' ;.;.., -:-.• PROCEDURE DE-EMPhasize * 

• 4 -7 ,:, i.i. 71 t- -css Reference Table * 



; 

LINE 1!:1•F E, E5IS PROCESSOR ASSEMBLER SOURCE FILE. SEPT 10 PAGE 3 

5,) momile*******4**************tmenteetenneetemen** 
51 W...Y.! ;* FILTER SLE arcLIFICATIONS 
5:' W;I:j 

rJO ;e*4- deniimmut***0-***************t*******mtme 
J: EOL; 9 ; Predictor filter order. 

5: GMRSZ: EGU 36 Guadrature Mirror Filter Size 
5: G•OC. LPFSZ: EGU 31 ; Low PBSS filter size 
57 3 FREj;6Z EUkIi ; Predictor Filter Size 
5 DEMSZ EOU 2 Deemphasis Filter Size 

0a30 DLY: EOU 32 ; Belau so Predictors line UP with frame 
6O Tt  • folit,wis:É constants define filter sizes in the rectification 
61 i.EL  P The u are used here onlu to sPecifu the location 
62 l the coeffieie%t PR3M, which is the sate for both 
63 c.,il:Lt..V.atidn and reLtication imPlesentations. 

E. 3 

EG'..• 33 

11•11 

4.  



A7.;:;:-: SYie,513 PROCESSOR ASSEMBLER SOURCE FILE , SEFT 10 PAGE 4 

;$'4*******$x***1****1***********$**************************** 
;* RING BUFFER MEMORY MAP 

7: oiet*iïn**Mtii4:4***************tinottenusettomm 
GrIF; EGU ; Base of euadrature mirror filter 
DUES: EGJ IVGMFBM*GMFSZ+10):2 ComPensating delau for PERT 

74 LPFBS: EGU 10(DLYBS+Dt3:1 ; Low Pass filter base 
75 C, ,,Dù sus:  EGU 1(LPFESILLFFSZil4i):Z ; summing node for HPF and LPF path 
76 GO») PREDES: EGLi 10(SUMB3+DLY):1 ; Predictor base(101 IS MATCHING DE 
77 C4'..;)(/ PREDOUT n EGU 10;FFEBBEWREDSZ) ; End of predictor 
7E •:1') PEKI EQO 10(PREBB3+PREDSZ):% DeemPhasis base 
7ç CW.DO;) EGU 10(BEmB5):% ; Base of compensating delau buffer 

1UPEUH.:D13:1 i End of compensating delau 
GI OCr., EU 1EFLPFEZ):7. ; Output of High Free Regeneration 

L&J I0nEMI-;S+2):1 ; Sunthesized speech location 
10(Di 123):% ; Temp location used in double Prec 

; arithmetic 
Ej 1CD1122):1' ; As above 



I.  
Lin An; SYNTEEIE,  PRCCEESOF ASSEMBLER SOURCE FILE, SETT 10 PAGE 5 

ES FAI MEMORi.  MF  
Pi (A: 447.eutteMiteti1U***«0******41**teelttOMI***** 

EQJ ; base of predictor storage 
EG:j ; Base of telporars Predictor  store  

occ P: EGL EFTMPG+j):1 ; Last predictor coef. inPut 
FE: LOU ; FE(KeL)  store  

0,2n0 LTP EGU 8(FE.F1)1% ;  Lest  F used 
Cii) • j0 LSTFEL: EGU 8'L3TP+1):% ; LU-t, FEL input 

9è, LSTFEH: EGU S(LSTFEL4-1):1 ;  List  FEH input 
97 

 

:STE;  EGL: 6(L3TFEHi1)::4 Lest FE calculated 
9E 0.30:Z EGU EL3TFE+1):1 Tetupurar ,2 store  location 



- 

, L  : ADI•R EYNUSIS FREESSGR ASSEMBLER SOURCE FILE , SEPT 10 PAGE 6 
: 

;**1› .41elx************************************************ 
;* C5:11-11:1ENT ,:.éal,i mEmpF1 me * 

1 ,,j:: e):: 4M4*,040MM****.****W**)********0***ItOttInt 
11111: •. EGU S(0):Z 
11113F I:ji. ..,.Y....., :. C'04›..1: EL B(1)::: 

; constant zero 
; constant one 

CONni: LOU VDU ; constant tinus one  
EU 8:3::; ; Pre-emPhasis constant/2 

IF ;."..":... CLFF: EGU S(P.+ -1):% ; Base of low Pass filter coef 
IOE OrJOC CGM7 : EGU 8:CLPF.LFFEZ)U ; Base of ouadrature tirror filter 
1Cc; C,i':.:C:.) UDF: EGU 8(CGMF+GMFSZ):1 ; Base oF double difference filter 
IL: :;iR i-..F.F: EGL BECDDF+DPF22:7. ; Base of high PaSS filter 
1.0 e.w..G': FUn:FGU S:C.FF+HFFS2:% ; S a l e  factor for Predictor 
112 00W CO'l:RTR E:.;;„ 9(PREDSCL):1 ; Scale fecter is 1/4 
113(J..,:i• - ,çi:42: EP 3RED3CL.i1):7. 
n. W,.3:, Ci,: E. ECDN2i11::. 
1I5.  
11i, OC".. ilk;I7.8: E;., 8:nME;+1::1 

IIE CDM.. O: E e;..;:w-,J7-d):1 i Ellie!. gains follow 
11 (1M;) GNLU: ECd F3NGF.:.-1):% 

: 
121 :); :...: 7. 1.-- : En . E.Uni-7 4- 1 
112 : ,:i0s. -Ji1E: Fi7_ 3:rji4FF+1)::. 
123 IW..L7: ;;::.. _;NE-D-w:7; 
124 '/J:. Ti ,.bi2.: Uj E;CLFF+1:Z ; = 526, USED TO AVOID BURNING 

!' ". 
1 .... 0 ,..,K; ; PRO!', BEFORE FINDING OPTIMUM VALUE 



LTKE ;UDF UNTFIE,IS PROZESSOR ASSEMBLER SOURCE FILE, SEPT 10 PAGE 7 

Pe****4*********91************************************** 
12E IFR1UTFUT DEFINITICHS •  • 1:7 ;***Mfe***14Y4 ,i**et*****te.************************* 
1 3 C• TEST: E W test port address 
II: M..7: EL B4c j  Predictor input port 
Ir FEFPI:  EL it: ; FE input port 

FRT: E0b 141: , ; Sethesized  speech output Port 
1I4 .SEF4FL: EGU  4 Ç S enable test input address 

13± ; Test switch inPut definition$ 
TS7E:; E7 1j ,TEST;:,  

139 Tbuzh: EL JESTI 
17: iST;F: ,TEST2 
140 •ç) TETE: EQL TEET.7 
141. ,rEST4 
142 OnU.- • TEF 
143 TUFF.I.: EL .7n7z ,  
144 

; Test point select 0 = FEL 
; Test point select 1 = FEH 
; Test Point select 2 = FE 
; Test Point select 3 = E 
Te$t point select 4 = HPF 

; Test Point select 5 = SU  M HPF & E 
; Test point select 6 = SPE 
; Test point select 7 S 

t.  



I LINE AD> SYinn:S PRCCESSCR ASSEMBLER SOURCE FILE ,  SEPT 10 PAGE 8 

ldi eC,Oi: ileng**$11=**$$$$Utt*$***Untt$$$Mittletletttttttttt 
147 V.e..:• ;* nUZ,EDURE ...,i;et_uP; t 

e;.*cuted on POWer UP. It initi3liZea 
:n .-.: .-:, ;. *, sie:I F.T-:aessor and waits a sufficient time to * 
150 :::-0',:0 it allow the nit of the sgstem to start functioning before* 
151:...,:. 1t processing,  This prevents noise froe being output * 
152 Un.:i ;* duting the PO::',C uP seeuence. YI 
153 000: ;* * 
15. 00•0 ;* BEOIN # 
155 00000 ;* bad the Aet:umulater with zero * 

, 15i 00M::,  ;e. Zero sale output Port so no signal output during * 
:. 157 i., :4.sn 

1 . 

puwEr uF seeuenre. 
1=E 0000:. : 0 :',1 ED; j = "U 4075 DO 

'; U ,. ,  
. le 00(_0:. :':" 

sliri ei:Jt * :: in rinÉ buffer 

* 
* 

15 00 
Store kLmtulator it; ring buffer location zero t 

- lél '..::...; :' ,.-- ::77 * 
U.:: E.:_E!.i, normal rocessint looP at start_ofiraee entre 

16: :.: • a,7..,.. * 
• 1i4 t,i1:. ..; $ 

;..iïrs. '....i . 0:1:4* .il*t*U************$****************** 

• 167 0';.W FILTE. •EF:70:e!Ml ; Zero the Accueulator 
 00O0000 00000000 11100000 01000100 

-:....::L 
::, .::1 *j111:> 11111111 11100000 11000000 

16? TEU Zero the samle outut ort 
J. 
 .. • 0:.0:: --- ;*7;":7 ..-:F . F.:Pi î ; PP p 

j:'..:::.... '.::.1.--: 00000110 01000000 11000000 00100011 

t. 
170 :. 2 TETTEST ; Zero the analog test point 

.;.  :II ,... r.....,,, ,',.. :.:.'::-:: 00000110 00100000 11000000 00100011 
Ille FOR i := 0 TO 4095 DO 

.1: 111:01r: 11111111 11000000 00000000  
EL tttY.SHIFT i shift data in ring buffer 

“0  11111111 11001000 00000000 ; . 
EFL ; MOP, wait for shift to complete 

 illi.J11 11000000 00000000 
; 14 :,»,..: Siei ,;', ,OU ; store zero in ring buf 

11 - 0( 001 , • 11  11110000 00000000 11000000 00101010 
; 175 00•:jEi REFLF ; ENDFOR 

C,110111: 111Hi•. 1:111111 11000000 00000000 
: 17 00 14.F ,MFENT):1: ; JumP into main prodedure at 

. 00110W 00o‘: 101001n 11111111 11000000 000 •0000 
: 177 050!:i ; Start_of_Frame entrg point 



• 
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1 74 :;:j1:1 n************WMOMMI0********0******=0******** 
;4 RUED:LAE main; 

Procedure does the calls for all filtering
152 o-cle, in the sunthesis Processor, as well as all the* S ;* input. All irtPe end outPut oPerations are done after * 

• IL
y  

;* S enable goes lo t  but befere S clock goes high. Sample * 
0n0= ;* output takes place after S enable goes high and ail  

• ;* calculatiort :. fer the sample interval are complete 
lEY 0000  

; Start of sam..-le intervc1 0 
1S: 

 
S0ET J •SOF!SCFET::: ; kit for start of frame 
C.:n 10111 00••7)000 1010011 11111111 11000000 00000000 

• CALL 'EVERY:). ; De the stuff dane everu samPle 
;Kor...1o1 0 1100110  11111111 11000000 00000000 

1 7 : Star-, of se:pple i:Iterval 1 
000:: 

 
CAL  4UFF.'!:); 

011(..C.110 11111111 11000000 0 •000000 

IS: e.i.e00 :. Ste:.i. 0: sePle interval 2 , 

:0 -2. J1:1 rilEh%l e,' 11111111 11000000 00000000 

! ; :E f';ri.: 4 S:›r.t o' ser:le interval 3, get  FEL 
17: 000:.: :!.L ... .E.JEr,i;'.1 ; Do stutf due everv frame 

t 000 00101 01100110 11111111 11000000 00000000 
1 - 200 0:0.: CL  40MFLU ; Do Low GMF filter stuff 
t (.0010000 00001010 G111011 11111111 11000000 00000000 
1 .. 
I' 
L liiri2 ,........ Sti.rt c! sam ,le In ..erval 4, set No) 

2'...i 00:10 01:..1 .E2rRY:% ,. • 
,i11(110 11111111 11000•00 00•00000 

; input KM 

.." 
1110000'• 01000001 0000100 00010010 11000001 10000100 

n 2:: , 0.001: SThS PIMFe0yFiMP0 ; Store in PTMPO 
11100000 01000000  10010100 00001001 11000000 00101010 

: 

e 

t. 
e . 

1 . 
1 

. 22 0001t. ; Sert or samPle interval 61 et F(2) 
213 0001 CALL yEVER'r:l 

00010000 00000101 01100110 11111111 11000000 00000000 
214 000? LOAD PyP ; Input Pi2) 

11100000 01000001 00100100 00010010 11000001 10000100 
215 00018 SIMS (PIMF0+D12):1,(PIMP0tIst2):Z ; Store in Ptmp2 

11100000 01000000 10110100 00001011 11000000 00101010 

207 0001 3 i  Stert of sale interval 5:  Set Fi  
20E 0,013 CALL YEVEi.»:;% 

200 10000 0000.10 01100110 11111111 11000000 00000000 
209 0::014 L5A0 ; InPut Pil) 

1110A)0 01000001 00010010 11000001 10000100 
210 00015 S ( MS iFiMP0tD#1)Uy:PIMPOtlit1):1 ; Store in Ptmpl 

11100000 0100000C 10100100 00001010 11000000 00101010 



LIE ADD-: b'riTH5,S:S PRW.ESSOF: ASSEMEUR SOURCE FILE. SEPT 10 PAGE . 10 

217 0001; ; Etart ou seeqe Interval 7 
21 6 • i00:9 CALL ,E0EUll: 

0000 00000 , 01 0?100110 11111111 11000000 00000000 

• 279 LOAD FTM0,P7M1:'0 ; Get P(0) fou the test Port 
11100000 01000000 10010100 00001001 11000001 10000100 

2:: C001: SIMS *1.7E,LSTP ; Save it 
11100000 010 •000: 0100100 00010100 11000000 00101010 

• 222 CC iStrt  of sau(le ir:terval ai Get FEH 
223 00010 CALL .E0ERY:Z, 

00010000 00000101 01100110 11111111 11000000 00000000 • 
22 00010 CALL 'Wei: ; Do OMF for FEH input 

00010000 00000111 11100110 11111111 11000000 00000000 
225 0001E LOAD (FThF0+140):1- !(PTMFO+Dt0):1 ; Get P(0) for test point 

11100000 0 -1000000 1000100 00001001 11000001 10000100 
• 226 0001F 37S°:' 
• 111000( 0:00 (.;01 01000100 00010100 11000000 00101010 

iiieunte0a1 7, get P(3) 
22; 00020 • 0.  .EVEFU;% 

000:0•J0 • 0)0.  0 :00n0 11111111 11000000 00000000 
2300 input N3) 

"' 000001 00100100 00010010 11000001 10000100 
231 00000 (P7MFrbi3:1?:UnF0iD13):% ; Store in PturiP3 

1 i100000 01000000 .1000100 00001100 11000000 00101010 
232 00000: (i';MR)+141::%,(FiMP0+D41):% ; Get Ni) for test Point 

11100000 01000000 10100100 00001010 11000001 10000100 
233 00024 SiMi LETFT1STP 

11:0...000 01000001 01000100 00010100 11000000 00101010 

23500',000 ; Stet 0( s0p!Pie interval 10, set P(4) 
23,6 00025 

000:0000 :i•-000• 0 1 01100110 11111111 11000000 00000000 
20.7 00027 Fff. ; input F(4) 

L110000 01000001 00100100  00010010 11000001 10000100 
236 00027 lUMF0+D#4,:b(PIMP0i-Dt4):% ; Store in Ptep4 

1:.100000 01000000 11010100 00001101 11000000 00101010 
23":7 00023 LOA0 (Pie0+D12):%,(PIMPO+D#2):1 ; Get P(2) for the test Point 

1•:100000 01000000 10110100 00001011 11000001 10000100 
240 0002'i STME,  LSTP,LSTF 

11100000 01000001 01000100 00010100 11000000 00101010 

242 0002A Statt of samPle interval 11, get  P(5) 
243 000:A CL  ,EVERY:0: 

0001•000 00 • 0010i 01100110 11111111 11000000 00000000 
244 0002D LOAD Pe ; Input P(5) 

11100000 01000001 00100100 00010010 11000001 10000100 
245 0002 0 FMS (PiMP0+145):19(PIMP0i-Dt5):Z ; Store in PtaP1 

11100000 01000000 11100100 00001110 11000000 00101010 
246 00021 LOAD (FTMPie43):1!(PIMP0i143):Z ; Get P(3) for test Point 

11100000 01000000 11000100 00001100 11000001 10000100 
247 0002E STMS LSTP,LSTP 

11100000 01000001 01000100 00010100 11000000 00101010 



1 
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249 0002E ; Start 9f sawPie interval 12 
250 0002F CALL , EVERÏU 

00010000 00000101 01100'110 11111111 11000000 00000000 • 251 0007 0 LOAD (PIMPO4D14:%,(FIMF0+D#4):I ; Get P(4) for test Point 
11100000 01000000 11010100 00001101 11000001 10000100 % 

252 00031 STME LSTFILSTP 
11100000 01000001 01000100 00010100 11000000 00101010 

254 00032 ; Start of satPle interval 13, GET FEL 
255 (00031 CALL ,EVERY:% 

00010000 00000101 01100110 11111111 11000000 00000000 
256 00033 CALL l0MFL:7. ; Put the OMF filter 

00i00.:!0 00.:, 01010 01110110 11111111 11000000 00000000 
257 000 34 LOAD PIMFO+D15)::4,(PTMF0+D45):% ; Get P(5) for test Point 

11100000 01000000 11100100 00001110 11000001 10000100 
258 00035 SIMS LSIF/LST:,' 

11100000 01000001 01000100 00010100 11000000 00101010 

260 00036 Stert of  sale interval 14! set N6) 
261 00036 CALL lEVERY:% 

00010000 00000101 01100110 11111111 11000000 00000000 
262 00037 LOA10. P,P meut  P(6) 

11100000 010000 ( 1 00100100 00010010 11000001 10000100 
263. 00038 STMS :P7MP0+146):Z,FIMP0+146):7. 

11100000 01000000 11110100 00001111 11000000 00101010 
264 00039 SIMS LEIFYLSTP 

11100000 01000•1 01000100 00010100 11000000 00101010 

266 0003A ; Start of  sale interval 151 Get P(7 
267 0003A C ( LL tEVEFi:X 

00010000 00000101 01 100110 11111111 11000000 00000000 
266 0003I. L0 PtP ; Input P(7) 

1110000 01000001 00100100 00010010 11000001 10000100 
269 00036 STMS tUMPO+Lt7):% , (P7MPO+D17):7. ; Store in Ptemp7 

111000rj 01000001 00000100 00010000 11000000 00101010 
270 00030 SIMS LSTR,LSTE 

11100000 01000001 01000100 00010100 11000000 00101010 

272 0003E ; Start of sale  interval 16 
273 0003E CALL 'EVERY:1 

00010000 00000101 01100110 11111111 11000000 00000000 
274 0003F FILTER1 ,CC?40 , 10(0):% ; Load zero into Acc 

11100000 01010000 00000000 00000000 11100000 01000100 
275 00040 FILTERL 

11100000 01101111 11110110 11111111 11100000 11000000 
276 00041 STMS LSTP,LSTP ; Set test point predictor to zero 

11100000 01000001 01000100 00010100 11000000 00101010 
277 00042 CALL ,CPYPRED:7. ; COP? F'redictors frot temeorar buff 

00010000 00010110 00010110 11111111 11000000 00000000 
27E 00043 ; to the active area 

260 00043 ; Start of samPle interval 17 
2E1 00043 CALL ,EVEPY:Z 

00010000 00000101 01100110 11111111 11000000 00000000 
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283 0004 ; Start of sale  interval 18e get  FEN 
224 00044 CALL 'EVERY:I 

00010000 00000101 01100110 11111111 11000000 00000000 
2E5 00040 CALL 'PM7H:I ; Ouadrature mirror filter 

0001000C 00000:11 11100110 11111111 11000000 00000300 

287 00046 ; Start of samPle interval 19 
228 00046 CALL 'EVERÏ:I 

00010000 00000101 01100110 :1111111 11000000 00000000 

290 00047 ; FOR r, := 0 TO 13 110 
291 00047 PUSF 0113:% ; Define next instruction 

01000000 00000000 11010110 11111111 1100000C 00000000 
292 0004 6 ; as the start of lee 
293 00046 t-ecuts )DOF 14 times 
294 00042 ; Start of sarplé :ritervel 20 + 10n 
295 WAS CkL rEEP  

0X1000000000101 0 1100110 11111111 11000000 00000000 

297 00049 ; Start cf r1e interval 21 lOn 
2 7. 8 00040 CALL 'EVERY:Z 

00010007,  0••0•101 0110011-'2 11111111 11000000 00000000 

30 0004; ; Sta7t of samPle interval 22 + 10p 
301 00044 CALL eE0E;q:Z 

000000D 00000101 011001:0 11111111 11000000 00000000 

1110 303 0004B ; Start cf sa l e inter0s1 23 + 10n, input FEL 
304 0004 6 CALL 'EvERY:I 

. 00010000 00000101 01100110 11111111 11000000 00000000 
305 00040 0ALL eMFL:I ; Ouefrature mirror filter low 

00010000 000(1010 0:110110 11111111 11000000 00000000 

307 00041i ; Start of  sale interval 24 + lOn 
306 0004 0 CALL rEVERY:7. 

00010000 00000101 01100110 11111111 11000000 00000000 

310 0004E ; Start of  sarde  interval 25 + lOn 
311 0004E CALL 'EVERY:I 

00010000 00000101 01100110 11111111 11000000 00000000 

313 0004F ; Start of samPle interval 26 + lOn 
314 0004F CALL IEVERM 

00010000 00000101 01100110 11111111 1100000C 00000000 

316 00050 ; Start of samPle interval 27 lOn 
317 00050 CALL IEVERY:1 

00010000 00000101 01100110 11111111 11000000 00000000 

319 00051 ; Start  of sarde  interval 28 + 10n, InPut  EH  
320 00051 CALL 'EVERY:I 

00010000 00000101 01100110 11111111 11000000 00000000 
321 00052 CALL IUMFH:1 InPut and filter FEH 

00010000 00000111 11100110 11111111 11000000 00000000 
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• 323 00053 ; Start of sample interval 29 .1. lOn 
324 00053 CALL .EYF.Y:I 

00010000 00000101 01100110 11111111 11000000 00000000 
325 00054 REFLP ; ENDUP 

• 10000000 01101111 11110110 1111:111 ilocooK mom 
32C 00055 JMP rSOFEe:7. D:, evere,hing again for next frame 

00110000 00000000 10100110 11111111 11000000 00000000 
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328 00056  
329 00056 ;* PROCEDURE operetions_done_EVEU_sample_intervel 
330 0005c ;* C This prucedure performs all the oPerations which are * 
331 00056 ;* performed eeere sale  interval. Ali the input Porù, are 4 
332 00056 it reed immedidtlb dfter SCLCK goes low. The reouired input * 
333 00056 ;* data is trafisfered to workin  emor ir  the main Procedure$ 
334 00056 it 
335 00056 ;* Wait for rising edee of  S  enable comPlement. 
336 00056 ;* OutPut S; 
337 00056 ;* InPut FEIP; 
338 00056 ;t Read test Point swiW1  and  outPut appropriate data; * 
339 00056 it Move date to the delaL,  buffer; 
340 0056 ;4 Leu  Pass the reconstructed residual; 
341 00056 it Perturb and high  as the reconstructed residual; 
342 00056. ;* ..1t1 the nigh and lu  w residuals; 
343 0005 ;4. Pass date thraugh the Predictu 
344 00056 Freemiz the date; 
345 00056 ;4 Ehie'. the ring buffer; 
346 00056 Store ce!o ir the ring buffer hose; {reouired for intert 
347 00056 ;t polatinn. )* 
34E W..n ;IL END; 
349 00056 ;*444i**444444444.***44444tt**44jutto*******Ittt**tttt****Ut 
350 00056 E0EPY; .SENB.EVERY:Z ; Wait  or .9 Enable to Le low 

000:.:: 00000101 01100110 11111111 110000CC 00000000 
351 00057 WAI7..S; JHF .SUI, L;007...P1Z ;hit fcr .S Enable  th  hP high 

0011 0 :::: oewwl imiclic :1111111 11000000 mom 
352  0005 J ITLF1% 

00:10.000 M000101 01110110 11111111 11000000 00000000 
353 00059 ; W.04 OUtPUt S 

IV 354 0005 9  OUTL LFS ; Load S irtc the Acc 
11100000 01010:01 -.000)001 00111110 1100000: 10000100 

355 (005 SSSi!SFRT 00tPui S 
11 1 e 000° 01'001'0 000001:0 01000:.:) 11000000 00100011 

356 0005f ; Mow impA  "ro  m both inPut portE in case we need to reed thee 
357 0005E INPUT ONINPUieFEPRT,,MULT1 Or  FEL ot. FER 0depandin5 on same 

11100000 01010111 00000110 01100000 i1100000 010072100 
358 0005C FILTER,. ; Inc double it 

11100000 01101111 11110110 11111111 mow 11000000 4 

359 000E: STLS rFEFFE ; Store it  aw  for Possible later use 
11100000 01000001 00110100 00010011 11000000 00111001 

0 360 0005E INPUT ,FFRI! ; InPut a Predictor 
11100000 0101000 •  00000110 01000000 11000001 10000100 

361 0035F ETME PIF ; Store it awae for possible later use 
11100000 01000001 00100100 00010010 11000000 00101010 

: 362 00060 ; Tesi. the 'TES1 POINT SELECT' switch and outPut the data to test Port 
363 00060 JM TSTFEL,NOTFLU ; Test if FEL to be output 

00111000 00000110 00100110 11111111 11000000 00000003 
• . 364 00061 LOAD LSTFELILSTFEL i Yes -  Loa  d FEL into Acc 

11100000 01000001 01010100 00010101 11000001 10000100 
365 00062 NOTFEL: JMP TSTFEH,NOTFEH:l. ; Test if FEN to be outPut 

00111001 00000110 01000110 11111111 11000000 00000000 . . 
f . 366 00063 LOAD LSTFEhrLSTFEH ; Yes - Load FEH into Acc 

11100000 01000001 01100100 00010110 11000001 10000100 . . 
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367 '00064 NUFEH: iMF 1STFE,MOTFEa ; lest if FE to be output 
001:1010 00000110 01100110 11111111 11000000 00000000 

368 OC!U5 LOAD LSTFE.LSTFE ; Yes - Load FE into Acc 
1110000C 010000•1 01110100 eowill ifflool 

3:9 00 66 NOTFE: UMP TSTErtiCTEU ; Test if AEDD to be outPut 
00111011 0000(110 10000110 11111111 11000000 00000000 

370 00067 LDMR (LFFES+LPFSZiPti):I ',es  - toed AEDP into Arc 
11100000 01010000 0000000 1110•001 11000001 10000100 

371 00068 NOTE: JMP TSTHPF,NOTHPF:1 ; Test if HPF to be outPut 
00111100 00000110 10100110 11111111 11000000 0000ffl 

372 00067 LPMR (HPFDS+EPF824P111:1: ; Yes - output HPF 
11100000 01(10000 00000001 01100110 11000001 1000010C 

373 0006A NOTHPF:  J4 7878Uh:40T3UM: ; Test if regenerated residual to be outeu 
0011 01 00000110 11000110 11111111 11000000 00000000 

374 00065 LPMR (SUMP3+31):1 ; Yes - outPut  sum 
11100000 01010000 00000000 11100010 11000001 10000100 

375 000n 6TSM  J TSTSPE , NOTSPEU ; Test if SPE to be outPut 
0-11110 00000110 11100110 11111111 11000000 00000000 

376 Lie C5REPE9i+DiflU ; Yes - Load SiE into  Ac  
11100000 01(10000 00000001 00110i00 1100001 100001•0 

377 0006E ?iCTSFE: fft: 7 9770;079r;: ; Test of S to be output 
• 00111111 (. • 0 -.1:.1 0000 -110 01111111 :1000000 00000000 
• 378 0006F ; Yes - Load 8 into Arr 

11100000 00 9111110 11000001 10000100 
375 007 0  NOTE: 0'L ïEE; - ±TEST ; Send the van:,  to the é,nalog test port 

1110,0000 01'100010 00000110  1,0 O0( C3 11000000 00100011 
. 380 CkL riFF:% i.d:4 Pass the unpert:rbed sani.ies 

00010000 ;Y:ç..Mill MOY :110 1111:111 11000000 00000300 111, 331 00072 ,Fr:% ; Hie Pas  the perturbed satPles 
00010000 0=....! 110i010, 11111111 11000000 000000•0 

3E2 OCer3 .00 ,0 , (LPF884.LPFS2:I i ado  th  E HPF and LPF si gnai  
11100000 11100000 01000100 

3E1 
0:J(J1P7J 1101 1  1110001 (J 11000106 

384 . 00075 FTEFL  
1110 •000 0110:111   'iic 1:111111 1110000• 11000000 

385 00076 STLR 
11100000 0 01 ; 11 11 11110000 11100001 11000000 0011001 

386 00077 ; W., b, pass the oat? Uruugh the predictor 
3E7 00077 CALL ,FRE:=1: 

00010000 000 1 ()1 1Cd1: 0113  11111111 11000000 00000000 
326 0007E ; deemehesize the data and shift ring buffer data 
389 0007E CALL yDEEM;% 

00010000 00010111 00010110 1111:1:1 11000000 00000000 
370 00 ( 79  ; Hrw load zero into base of rins buffer 
351 00077 SFL 9,,,JEKIFT ; Shift ring buffer data 

11100000 01101111 11110110 11111111 11001000 00000000 
392 0007A FILTER1 ,CONC,10(0):% 

11100000 01010000 00000000 00000000 11100000 01000100 
393 00078 FILTERL 

11100000 01101111 11110110 11111111 11100000 11000000 
' 394 0007C STMR p(PERTBE-1)1% 

11100000 00111111 11110001 01000000 11000000 00101010 
39 5  00070 STMR CRTN,PMFES ; Store zero and return 

10100000 00111111 11110000 00000000 11000000 00101010 
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377 0007E 4)****M********************************************************* 
398 007E PRKEURE Ouadrature Mirror Filter High 

Amm,379 00072 ;e: This preced0rs perforts a euadrature mirror filte: oPeration* 
qmp«,c, e•.•07E ;* assuting that  FE K iE IL the FE input buffer. It place FEH at * 

4 1 0007E i> the start of th  s portiou of the ring buffer. 
402 00072 ;* 
403 0007E ;# su := FEHIn0 * MUM 
404 00072 ;* FOR i 1= 1 TO 17 r: 
405 0007E ;* sut :t sut FEH:  4  2*10  i  CGMFE2gi]i 
406  0007E ;* sut FEL[n] * GMF[0] - sut; 
407 00072 it UR i := TO  1702  
408 0007E i* sut := sut FELEn t COMF02$0; 
409 0007E LFF85:00 := sc.; 
410 0007E i> Eni 
411 0007E  
4:2 NUE FFiFE ; Fetch FEL fr. the FE input b 

OL:0A,  00010011 11000001 10000100 
413 0007; 0.JMFB8 ; Store at base of  •MF ring buf 

11.100 0.::1111 11110000 00000000 1:000000 00101010 
414 000E0 eLSTFEiilLSTFEP. Stcre fcr the test Fold 

11100 010010D 00)10110 11000000 001MOil 
4:5 0003 1 FnTES1 Y;COM.;:ieUri. , (OMIM4 +140::% th  P FEH term.  fit.  

11100)00 010:'.!0:0 00000000  11100000 01000100 
416 0002 F:LTEP x(COMF+142):LOME+1410):% 

1 -1 .10000 01010:!10 01010 (.'00 0000100 11100010 110(0/0) 
4:7 00083 FILTERS i(CGMF4144):LiCOMFH+DI2J):% 

1110000 7!10i0010 011100)0 00010100 11100010 11000100 
418 000E4 , ;OPMF4Dt6):MFBS-illt3U: 

11, 

7.: 
419 0083  11100000 .21:21r:.':0 Is)10)VJ 00011110 11100010 11000100 

“CahlFiD#B):7a(OMFES+D#40):l 
111 00000 00101000 11100010 11000100 

420 000S6 
11100 :1M 0 i;10 11010000 00110010 11100010 11000100 

421 0037 FILTERS i(CGMF41412):ZKOMFES4D#60):% 
110000 01010010 11110000 00111100 11100010 11000100 

422 0008E FILTERN i(0FtP414):11(OMFBStO#70:% 
11100000 01010011 000:0000 01000110 11100010 11000100 

423 00089 FILTERS i(C0KF41416):Z,(OMFB8e$20:% 
11100000 010 1 0011 00110000 01010000 11100010 1100010 0  

424 000,11.. FILTERS ICC0MF41418::%i(GMFR8+0t90•ri. 
1110%)00 )  0101L1 01010000 01011010 11100010 11000100 

. 425 0008E =ILTEK riCOMF+P#20MFES4.14100:Z 
11100000 01010011 01110000 01100100 11100010 11000100 

426 00080 F:L7D% Y(C0MF+2#22):%,(OMFBfflt110):% 
11100000 01010011 10010000 01101110 11100010 1100013) 

427 000SL FILTERS , (C0MF41424i:litOMFRS4D$120):% 
11100000 01010011 10110000 01111000 11100010 11000100 

428 0006E FILTE i(COMF41426i:%1OMFBSe$130):1 
11100000 01010011 11010000 10000010 11100010 11000100 

429  0002E FILTERS i(COMFet28):Ii(GMFB3414140):% 
11100000 01010011 11110000 10001100 11100010 11000100 

430 00090 FILTERN i(COMFil1$30):%/(OMFBS40$150):I 
• 11100000 01010100 00010000 10010110 11100010 11000100 

LINE 



LE e.01:'.STEI FROCESSOk ASSEMBLEF SOURCE FILE ,  SEPT 10 PAGE 17 

431 00,ei FILTERN piCOMF+1432)11,(OMFE+14160):1; 
111.»000 01010100 00110000 10100000 11100010 11000100 

432 000;2 FILTERN t(COMFE1134:Z.(OMFRS+14170):l 
01010100 01010003 10101010 11100010 11000100 

433 000;.i FILTP4 y(Eie+11100atOMFBE+11#5)1% ;sue:=FEL:0)1W[0]-su 
11100000 01010010 00110000 00000101 11100110 11000100 

434 00 0 4 FILTERN 9:COMFill#02):7a(GMFil+III15):% 
11100000 01010010 01010000 0001111 11100010 11000100 

435 0093 FILTERS InGMF+11#04,:GMFIE+D#25):% 
11100000 01010010 01110003 000 1 1001 11100010 11000100 

436 • 0U6 FILTERN ,C0M74110i)atiGMFBS+1435:l 
11100000  0101031G 10010000 03100011 11100010 11000100 

437 0007 FILTERN ,:C0MF-'0103)*(OMFBS+1445'!:1 
11100000 01010010 10110000 00101101 11100010 11000100 

000F'E FILTERN .:C0F+1.11UFBS+1455:: 
1100000 0101010 1000 00110111 11100010 11000100 

439 00099 F'ILTER , ;00MF+I412170:0MFB9+95):1 
1110.000 010000 111:0000 01000001 11100010 1100t'i00 

440 0009 FILTER 1:0OMF4.0114:GMFB54D175,1Z 
11100000 01010011 00010030 0 n 0.010i1 11100010 11000100 

441 0•09i ,(COMF+141E0:Fli 4 DU5 
:1100000 010_001 0 1:1i0000 0160101 11100010 11000 

442 00090 F:LTEi ,COMF+11118):1,((eFiisipt?5):% 
,i1v0J0 010100:: 01010000 010::111 11100010 1100010.i 

443 0001.• FILTER ,C)1F+124200:1,(OMFiS+D#105::Z 
11 1 00000 010i0011 01110000 01101001 11100010 11000100 

444 0009E FILTERM , (C0IMF+1422(0175S+14115)Z 
1 1 100000 01010011 10010000 0111001 1  11100010 1100100 

445 0009F FILTERii e(COMF+1424):1,(Geekt)2. 
1:..vv0•0 01'-)1 •..Y.:1 10110000 01111101 11100010 11 300130 

44 0330 FILTERS t:CreiFiiii26):%,(OMFBE4-14135i:I 
1110000 010:001i 110:0003 10W0111 11100010 11000100 

447 3 0;:1 FILTER 
01:0011 11:100)0 10010001 11100010 A 30e 130  

415 000A2 FILTESH I(COMFiD130:1y(GMFFS.114155)11 
11100000 0n10100 00010033 10011011 11 1 00010 11000100 

449 000;13 FILTERM KL'AFi-D432):1,COMFB5e#165)17. 
11100000 01010100 00110000 10100101 11100010 11000100 

450 00C2. FILTERN y(CGMF+1434,(MFBEiD1175):% 
11100030 01010100 01010000 10101111 11100010 11000100 

451 •00.15 FILTERL 
11100000 01101111 :1:!0110 11111111 11100000 11000000 

452 000Aé JMF i Perturb sample location 
00110000 0000 1101 03000110 11A1111 11000000 00000000 

453  300A7 ; and return 



LIRE erif. SIKTnEIS FRCIEE3D ASSEMBLER SDUROE FILE ,  SEPT 10 PAGE 18 

455 000AT  
46 000:17 ;* PROLEOLi-:E. Oueduature_lirror_Filter_Low 

C00A7 i* This Procedete doee the ouatraturs tiller filtering* 
000i17 ;* oPeraticn aseteiri: FEL is ir; the FE inPut buffer. lt 
000A7 ;* 

460 000A7 it sut := FEHEre] COMFE17. 
46: 000A7 ;*. FOR i := 1 TC 17 DO 
462  0007 ;* sut := sut COMF:2*i413; 
463 00017 1* FOR i := 0 TC 17 DO 
464 000A7 ;*. sut 1= sui  : FEKF ,42*.iI t umruti+1]; 
465 0007 it LPFBG := sut 
46:1 000A7 ;* 
467 CO0A7 it*****t*** 1..***Oette*****1**41************t***Mt**** 
46E 000A7 OMFL: LOU FEyFE 

11100000 01000001 00110100 00010011 11000001 10G0100 
469 000e.,i Lozd l'EL and sttre ir ,  Rin5 h 

''" 11 1  1111000 00000000 11 00)000  orwle 
470 W!;:' GT0F6 7LST7L5TFEL i Store for thé test. Foirl 

111000 M:0100 0010101  10000000:00011 
471 00W rILTr , U)K-7 +111):( 1,1MFIJS+1115):I& thti,  FET te•ts first 

0',0 1.01 111000U 
t:k 7 =143):!:GMFESI-Dt15:1 

0:000 m'in 1111  111010 110001 00 

474 
01 )1 C:10 lvIvvtim 001:i0011 11100010 110D010Q 

475 000AE ''ILTERf•; y(COKF4B19:1:%,(0MUS4Dt45:% 
:1000 00101101 11100010 11000100 

476 , i:!.',F+041'i:70(OMFIS4a55);;; 
11:= 1110000 00110111 11100010 1100010 

:', 100001 11100(10 11i10.:10:; 
475 FILTEFi T(Cét,i-+D#15;:1,“"eliS*175':% 

Ih• ..... 00:;!00 01001011 1110010 11000100 
47? 0001, 2 FIL7EFN 1(C:F4D417)111yOMFBE4PtE5',:% 

11100000 01010:it 011/2000  01 0101 i110010 11000100 
480 00012 FILTBN 1(COMF-a19)*(GMFBE4D1951:1 

1:10000 0110000 •:.1 011111 :1100010 1100010(! 
42i 00E14 y:i.PMF+1421:1y(OMPBS401105):I 

11100000 0.101011  10000000 01201001 11100010 11000100 
4E2 000PS FLTE.r O0MF41:123):IICOMFBG414115::: 

11100000 01010011 10100000 01110011 11100010 11000100 
483 0006 FILTFEN ,CCO1F4D1251*C0MFBG-FD#125)::: 

11100000 01010011 11000000 0111:101 11100010 11000100 
• 484 000:7 FILTERN y(COMF411#27)*AMFB8+14135/:1 

11100000 0110(11 11100000 10000111 11100010 11000100 
485 000E FILTERN y(COMF+1429):LC0MFBE4D#145):Z 

11100000 01010100 00000000 10010001 11100010 11000100 
486 00087 FILTERK liCOMFtD131):Zy(OMFB8+11#155):% 

11100000 01010100 00100000 10011011 11100010 1100010C 
467 (MBA FILTERN ,U:GMF-Ui4n):1,COMFB5+11#1e):Z 

11100000 01010100 01000000 10100101 11100010 11000100 

FILTEF; !:COMF+1):(GMFLE70#25::: 
11= :J01 o0000Q 000110c 11101 

;7 ILTERi,  ?(CPMF-*4.47):70:GMFEP135:% 



499 00ns 

500 000117 

501 000CE; 

502 0000F 

000ZA 

«tr, 

5U 

507 0002E 

0;:0C9 

510 000I0 

11100000 

11100000 

.11000e 

11 I0W0 

il'"' ^^ ..‘VVVVV 

11100000 

. LINE AI.LR EYNTHZEIE PROCESSOF ASSEHLER SOURCE FILE ,  SEPT 10 PAGE 19 

4E2 000H, 

 49,7: 000P: 

00U: 

4?1 003PE 

49: ;:)f.ï: 

WJL—J 

4 9 :,  

FILTERN 
11100000 01010100 

FILTERN 
111v:000 01010010 

FILTERN 
11100000 01010%0 

FILTERK 
11100000 01010010 

FILTERN 
11100000 01010010 

. FILTERN 
 3  01010010 

FILTERN 

t (0Peri-1435):71,0MFBFFI4175/11 
01100000 10101111 11100010 11000100 
F;COMF+r11,1%t;OMFEfflt101:1.  ; Mow do rEL  tells 
mecum 0033101 0  11100010 11003 1 00 
p(COMF+143):1/(OMM+1420)a 

01103000  0vvIt1:00 11100010 11030100 
,UMFille)01,(OMFES+11130M 

10003000 10011110 1110010 11000100 
p(COMr+Dr):ZI;GMFBS+1440::1 

1010000 3  00101000 11100010 11000100 
“C7MF+DP):70;OMFES1145011I 

11000000 00110010 11100010 11000100 
.hy(OhFi., 3trAW:% 

111= 01010010 1110000 001111•0 11100010 11000100 
49: •  000:: FILTERrs TU.7 VMF-.71.412 .:21(UMFBE+11170)1I 

111000 0:010011 :'0,0000e) 01000110 11100313 11000100 
000Z3 FILTERK 7:0+141:):1 , (ONFFS+O#80)::: 

11100 0 0:013011  çiù1;VJOCC 9:0:0 10  111: 0 :: 11000100 
497 

In= OIWOO M ,7211MC: ::C;D:OC 
49Ï p(CeND119:% ,(.MUSi'Aii);Z 

10 .1; :11CeM0  i10 311 
:.7:.= -7..4, 21):%!(GeEtS+1411C's41 

111:0 )1 l 0 1110 11100010  WOOMD 

1Ci000:  0111300 i113101.0 
 -,;!-, F+11.M:Zy(DMFPS+14:2 

110001C: 
t(20MF+11:17::7. , (0MFES+D4130 
iloaca 10000010 11100013 110..y.,100 

FILTEFt “C0MF+1427):%?(GMFB2+14140 .f:Z 
0101 3 11 11100030 10001130 11100010 11000100 
FILTERY 9:CW+D127)U9(0MFBEI'D1150:::: 

00000000 10010110 11100010 11000103 
=n7EFil ;;C 7J6:+143:):10d-W-PS414160):1 

001 00000  10100 300 1ivvv10 11000100 
=1LTEFK ,(C0+0133):%,(OMFilE1-14 - 170 ./1% 

0100000 10101010 11100310 11000100 
7:LTER. , (CGMF.1.1135MFES.1.14180 1 :% 

01010100 01100000 10110100 11100010 11000100 
FILTERL 

 11110. 110 11111111 
JM;; IFERT17. 

00'0C.1101 00000110 11111111 

rettrn 

11100000 11000000  
Perturb seele oration 
11M0000 000 1 0000 
arid return 



LIKE S .W1HEEIE FRQC:66L;-: ASSEMSLER SOURCE FILE ,  SEPT 10 PAGE 20 

512  OC :**a**************n***************************************** 
513 ;* c'OCEDURE PERTuate; 
514 000:::. 4 4 
515 0C1'-: PeterLete the loution of the FE }* 
516 000DC i* BEGIN 
517 0,031.:',. ;* FultiPlv anurâuletz;i. toe CON4: 4 
518 00ZC ;* Ceneretate  se d distributed in 5-thresh,threshG* 
Z19 000U ;t IF sleaPituù;FE: seed THEN st:r.e PERTES 
520 000110 ;$ ELSE IF Mn is me THEN b tore  at PERTES-1 * 
521 ;par.,. ;* ELSE stcfr PEFTEEll 
522 0001., :* EN5: 

▪ 523 0005:,  ;*• 
524 MG: ;4 Te Fe ;ard, le is pertii.e:' tMe %flowing prd:-...abilits* 
525 000i:0 4 fution. 
526 0001'; ;* 
527 ienn :$ ! 

*, 522 00:.,50 ;* 
+0.5 

530 WE: ;$ + I i 
521 0;e01.0 4 , ; 

• 532 
. 53 4  

523 .1, 
526 

• 577 :*  -TEE- 0 THRESP 
53E 0007-.1 Iit. t setf:e velue 
53F :. 

..fl , .;- ii•“».n ****** 1 11*******1*****t*************** 
1111k4. :EF7. 
• 54: .  b  C3N2 

Store lest sis Pros 
111111:1 11000W F111001 

; ot  sis Product 
, 111111:( 1:' , U0CC :'.C101010 

545 0005: b., CON: 
11111110 111CC00: 01:C.:15C 

; 546 C:.0:2 F:LTERL 
.110000.: :111C11: 1.111111 1:10000 •  110W.00 

547 2:0:; STLF 
111:050.: D011111 1111:.:11 '1 1 ' 1  '000000 C01110C1 

• 54E J 4  Shift left Ir 
00CCC".  ' '-  110)500: 10000100 

, 51 9 f2LE!tE- 4  cif CON4 tims. ,  lees' sis Product 
1110:00;'. 01C1C110 11000011 1111111 11(e01 0  01U ."1  

F1LTEPL 
11100000 01101111 1:110110 11111111 11100000 11000000 

• 551 02:IE PLR  
11100000 00111111  0011111: 1111C:11 1111111:  1100000e  00111001 

. 552 MI.': STMS LSTFDLSIFE ; Save fo!- th f test Point 
11100000 01000001 0111 0 100 000: 0 111 11000000 00 1 01 1 10 

' 553 000DA STMP 'MOST Store at besP oi LPF 
11100000 00111111 11110011 11111110 11C00000 00101010 



ADL!-, SYiESIS FRLA-zabe ASSEKBLER SOURCE FILE. SEFT 10 PACE 21 

55:! Ot.;05E STMR eDLYPS 
11103030 00111111 11110000 10111110 11000030 00131013 

alk:775 = tt absolute value 
JMF' NEO , TESATE:% ; Test last bus value was negative 

00110010 00001101 àliv0110 11111111 1100000C 00000000 
57 ,F5S7V:Z 

00113003 00001110 00310110 11111111 11003000 00000000 
57:1 003DE HEOATE: FILTER1 /COIMI,MOST:1 ; IF negative then negate it 

11100003 01010: e1 11111110 11100000 01000100 
5:7 :30DF FILTERL 

111300 01:01111 111:2:C. 1 1 ' 11 1 1 1 11100000 11000000 
560 0i7.0.1: SUP KE 

11111110 11000003 00111001 
• 561 

56: F:L7EF1 ; Scale :-1,1 rusinder 
:11:111; 1:10000: 0103010• 

563 000E • ; to E-HREEMJTHREPH) 
5c. 4  303E2 rLTER: ; To get ?antic* seed 

11100000 01 11.."" 11 :"111  11100000 11003030 
515 030:: STt TE-=' , TEM1.- ; IEE'le result ir LSk 

1110n: 0100::1 30%)::0 -».0 1100:Z0: 0M:1010 
561 CûE 5F • ; ::::.:-1:4256e.SCRATHEMF*):Zi 

U'.7;UJO 01033100 
1r,ai-  seed into accunulato:. 

563 033E: ab..:.o:;Jts value of signa: 
010103:t ,  0=11 11111110 11100310 110:30100 

569 0:07: FILTR. 
011011 11111;.".: 11:111i 11100000 11333303 

570 0:0E7 STLR ,MOST = Cr:  the but 
11 33 00 1:11i110 1105033 

571 0:0E: ; If mee:tude çignal > 12E  
OW::11   :100 300  000 0  
FILTEF-. y:07r2i. , LEAST intamblE bits in LEAST 

11: 
 

3i100 .1i1.11111 11100000 01000100 
7:LTERL 

111:0 ,-20r2 3:1:1:;: 111101;3 11.1.1ii illOOWO 1130003 
57.; 000a ST..  :, ?LEAST ; Sei . least sis w of s,:raabled 

11100'J 00  vv1....; .111v011 11111111 1100000 00111001 
575 00U: LDM7: LEAF i Put M* cf LEAST into  sir  bit 

11100000 D131;2:03  031 00 11 111:1111 11000001 A 0 .010 
576 00:11 , JrIP NEG,P77-.:TI 

0011010 00001111 00000111 11:11111 11000000 00000000 
577 000EE LOAD LSTFE,LEFI 

1110003 01003031  01 110100 00 010111 11000001 10000100 
57E 000EF 3Th ORTNy:FERT3S-Dilll% 

10100003  11;mn v1000000 1100000C 00101010 
579 000F0 PERTF: Lur LSTFEy:STFE 

11100030 01000001 0111 1 100 00010111 11000001 10000100 
5E0 003F1 STMR ORTNyiFERTES+D11):» 

10100000 00111111 11110001 01000310 11000000 00101010 
581 .  0007.2 NOURT: LOAD LSTFE,LSTFE 

11100000 01000001 01110100 00010111 11000001 10000100 
5E2 000F3 STMR CRTN,(FERTBSiO :1 

10100000 00111111 11110001 01000001 11000000 00101010 



i 

Life: SYNUESIS FR;UESS5P ASSEMBLER SOJRCE FILE. SEPT 13 PAGE 22 

524 0004 OU*****140tm*****************mememm**************4' 
5E: 033F4 ; PFE Low_FasL-Filteri 
536 00U4 P-ecedure iot ress filters the dztz in the IOW  a£S* 
527 000F4 it Filter b.Jfe. I* 

030F4 ;*  su  m := cLuu: uns:c3; 
529 003F4 ;* FOR i := 1 TO D3 * 
rhO 003E4 i* su  m := sue CLFFZi: LPFBEEi]; 
591 000E4 ;* LPFPS[31] sut; 
592 000774 ;* DLYBS[0: := 
5;:f 0GGF4 ;* END; 
594 • GF4 
593 Utfïdaitfflgunn***utut***W****ttt***MOUtnelttt* 
576 0eF4 LPF: FILTER: t(CLPF410)*(LFFES+140):% 

1110333 01010000 01M003 11000001 11130000 OW0100 
5F7 Fri:TERN l(CLFFt1111JUOLPW6+:41:1% 

01:10T;0 11DC001.:. 1110M0 11001100 
57E 300i FI_TERK tiCLPF+142,:ZILFFEE1142:1; 

1:13 11 :11000::' 11G0100 
5.'.;9 FiTE  

11=:: 113a10'. 11100310 11003100 
800 OM 

11*; 111000:0 11a0100 
60: 00K.F9-  

1100:10 111000:0 1100100 
60: 00Ff'; Y2>Fii3+146):7. 

 111000:C 1900100 
- 803 7•: -._ U-nA7);%7LFFE3iD171 

:1001000 11100010 11000100 
111, 604 0W: 

• •'• ::031031 11110 0 10 11000103 
605 ";:n" 

111Mi e: 11:)n1X; 

1113300 11001311 1113031:. 11003100 
,CCLFFiD111ly:LF,FBUDI11): 

... .11.0.000 11001100 11100010 11000100 
60S 0010: FILTER .ri s(CL9T+5112),(LFFBEIP412):% 

'lleA000 010.0 01 00000:J 11001101 11100010 11000100 
6G7i 00:01 FILTERN t(CLEFiD113,(LFFBS4413:l 

11 I 0000,0 010100C1 00010030 11001110 11100010 11003100 
610 e:a2 FILTEFA KLFF+1.414:1,:LPFB2i-D414)::: 

11100333 01013001 30130000 11001111 11100310 11000100 
611 3c13: FILTERN 9(CLPF4Dt15:Zy(LPFBS+LI15 .;:l 

11130300 01013001 00110003 110100'Zi 11100010 11000100 
612 00104 FILTEN yiOLFF+M16:XKLPFB2i-11116Wi. 

lilt:0m 01010031 01000300 11010001 11100313 11000100 
613 00105 FILTERN t(CLFF+1417):L(LPFESI.D#17):Z 

11100000 01010001 0101000 11010010 11100010 11000100 
614 00106 FILTERN l(CLPF+I416):ZI(LUBSilit18):2 

11100000 01010001 01100000 11010011 11100010 11000100 
615 00107 FILTERN liCLPF*119):1,(LPFES+1419)U 

11100000 01010001 01110000 11010100 11100010 1100 01 00 
616 0010E FILTERN p(CLPFet20):1,(LPFES+3#20):Z • 

11100000 01010001 10000000 11010101 11100010 11000100 



LI SE AM:. SYNTHEEIS FROCEESOR ASSEMBLER SOURCE FILE ,  SEPT 10 PAGE 23 

• 617 0010; FILTERN r(CLPFtli#21:7.,(LPFBS*121):1 
11100:0 01010(,01 10010000 11010110 11100010 11000100 

• 0010f,. FILTERP fiCLPFe122};70:LPFBStD#22):1 
0 l 1 0001 101 00000 11010111 i1leei(- 11000100 

615 0010B FILTERN ;(CLFF-U23:11)(LFFBSet2FAI 
11100000 01010001 10110000 11011000 11100010 11000100 

620 00103 FILTERéi KCLPFet24):%,(LFI-BS+1424):I 
11100000 01010001 11000000 11011001 11100010 11000100 

621 0010D FILTERN yiCLFF+Dt2S):11(LPFES+1425):X 
11100000 0101000 1  110100 11011010 11100010 11000100 

622 .1010E FILTERN ;;CLFF+Di26:7.KLPFBFI-D#26)11 
11100000 01010031 11100000 11011011 11100010 11000100 

623 0010F FILTERN ;;ELFFil#27):17:LPFBUDI27)1I 
11100000 01010001 11110000 11011100 11100010 11000100 

624 00110 EILTERN s(C:FFiD123):::,(LPFBSt1423):% 
11100000 01010010 00000000 11011101 1110 0010 11000100 

625 00111 FILTERN aLFF4D#29;:11(IFFBS40125)::: 
11100000 01010010 0F, 10000 11011110 11100010 11000100 

RI:JERK ;(0LRF30):1,(LFFES+D130):1 
11100003 vi,.00:0 001000(v 11011111 1110001 1  11000100 

6Z7 001:3 FLJER  
11100003 0i1. 1.110 11111.;;1 11:v..• .J0 •  11000000 

• 62B 00114 STIA 'LEAF ; Stc.re :east si  5 Prod 
11100000 00111111 11110011 11111111 110000 00111001 

é27 0011:-.J STMF. ;MOST ; stdri: ust  sis  produ:t 
1110000 00111111 ii110[11 11111110 11004000 00101010 

. 650 0:j116 FILTER': ,OALPF;KOS7 ; Multilt most  si g bt: GNLPF 
11100000 01010111 00 4 00011 11111110 11100000 01000100 

1  , 631 :0i:7 I FILTERL 
11000 -i!110 11.1à:1:1 1ir:0000 11000000 

i32 0 0 11 1 c ,. ,, ,1Lr ,M3ST 
• 11:000 ,2 00.111:1 .11vv11 1:1::„:10 110'0000 0011iO3; 

633 00115 ....4.- 1.1,, MOST ; Shift left 16 Places 
1110000.. 0101...00 0  00000041 11JIJI 0  1100001 10000100 

634 v0Ilm FILT; ef,FeLEAET ; Add GNLFF times least  si  g produc:. , 
. 11100000 01010111 00100011 11111111 11000010 01000100 

, 

63U 0011? FILTERL 
8 1110000 MIVIell 11110110 11111111 11100000 11000000 
... . 636 0011 0 STU CRIN.(LPFEE+LPFSIM ; Store it awa 

10100000 001.111: 1111)00C 11100000 i1000000 00101010 

;4 

626 00112 



LINE ADDF SYNTNESIS PROCESSO; AESENKEF SOURCE FILE.  SET  10 PAGE 24 

63E 00I1D  
0011I i* PRCCEFURE HigUass_Filter; 

640 mir nt This Pm:Kure hihPase filters the de.: in the  hi  Éh * 
641 00110 ;t pess Filteq buffer. 
64: 00110 4 sut ::, CLPF:0: L NFFESECI; 
643 0Iii i* FOR i := 1 TO I; ro 
644 0011I. ;* sue := sum CIFFDi] * 

OLID HUBSD313 := De:BS:AM-sum; 
646 00I1D ;* Eie; 
647 00110 it 
64E 00110 itttatettatttttOtttiet****tt***tttIMMUMMUUtta 
649  0011E HF  : FILTER: le.C2F+140*(NFFPSee):1 

1110000 01010000 01000001 . 01000100 11100000 0100 • 100 
650 0011E FILTE4 vinPF+011):%t(HFF115 411#1):7. 

11100000 01010000 01010001 01000101 11100010 11000100 
651 00IIF FILTERN “01.e'Ff042:NPFPF+012)1.: 

01  :ioc 0ii000v1 01000110 11100010 110100 
652 ,‘LPFi.D43):Z.(HPFH+DU;: 

11100•01110001 01 000 111  
673 2 ILTE  

110001:': . 
M.1:2 F:L 7 ER;'; KCLPFet5:%.(HPF?:44-7A5,:: 

11;0Y)0 

 

100 1 • 01 01001 001 111M0i;) 110301 00  
655 00123 FILTER 9;CLFF+111.6)*(SFF1:3+07: 

11100000!  0100  10100001 01001010 1110001 11000100 
606 0:24 tiCLPF+147):Z;(NPUSi1117"$::: 

' 1011000: 01001011 1110.00 10 11000100 
6:7 0012 0 •(CLFF.1.14RFFB54$8M% 

1.:10r,?0 ,00 11000001 01001100 11100010 11000100 
001:é 7(CLPF+DWUKHPFBS+14?):% 

110:W1 01001101 11100010 inCIOnC. 
10...FF+1.410):1“HPFEEPLO 

1110:,001. 0100111 100010 
0E FL...FERN y(0LPF+0111):WHFFE3411111):Z 

:.010000 111:0001 01001111 11100010 11000100 
661 00 12 FiLTE 1(CLFF+D112):Z;(HPFBE+1412):I 

111M,000 :.1. 3 1 0001 00000301 vIviv000 11100010 11000100 
662 0012A FILTERN siCLFF.11113):ZI(HPFB54.1413):I 

0 10100 01  00010001 01010001 1110001• 11000100 
663  0012P FILTERN KCLPFt1414):70(HPUS+Dt14)U 

iieuvvv 01 0.10001 0010001 01010010 11100010 11000100 
664 0012: FILTERi4 liCLU+D#15)IIKHPFBE+1 ,115):Z 

11 1000e 01010001 00110001 01010011 11100010 11000100 
665 00122 FILTERN e(CLFF+1416):Z , (NPFM+BI16)::: 

11100000 01010001 01000001 01010100 11100010 11000100 
666 0012E FILTERN i(CLFF+1417):Zy(HPF0S+5t17):1 

11100000 01010001 01010001 01010101 11100010 11000100 
667 0012F FILTERN I(CLPF1.141E):%,(HPF0S+11$18):Z 

11100000 01010001 01100001 01010110 11100010 11000103 
668 00130 FILTERN r(CLFF+11#19):Ze(HPFBS+8119):2 

11100000 01010001 01110001 01010111 11100010 11000100 
669 00131 FILTERN l(CLPF+1420):L(HPFB8e#20):x 

11100000 01010001 10000001 01011000 11100010 11000100 



p(CLPF41421):X;CHFFES4I421/U 
10011001 01011001 11100010 11000100 

y(C:PF+1422):1/(FPFES+114:2):7. 
10100 )01 01011010 11100010 11000130 

l(CLFFil423);Z;;HFFESeet23):% 
10110001 01011011 11100010 11000100 
r(CLPF+1424):%;tHPFBSet24)11: 
noum 09111 00  illomm 11000100 
,(u,F+:425):%,(Hmse#25):z 

01011101 11100010 11000100 
rtCLF+0426%:11HPF8S+11426)::: 

11100 001 01011110 11100010 11000103 
p;C:FF+0427):1,(HPFSS.11427 

11110001 01011111 11100010 11000100 
l(CLPF+1428)M(HPFES+0423)U 

00000001 01100000 11100010 1100100 
7“1PF+II29):% , (H;FRS+1429):1 

0001 0.e1 01100001 11103010 11000100 
etCLPF+11133:11(HPFSSe#31)1% 

001000010110001*  11100010 1100010 

111101E, 11011111 11100000 11003000 
'LEAST Stcre least  si  g Pred 

1111u0:!. 11111111 11000000 00111001 
'KS? ; stcre most  si  g product 

11110011 11111110  11000030001010:0  
rGNLPT,MCST stost  si g h GNLPF 

0010001: 111:1110 11100000 01000100 

1111M1 11111111 11100000 11000000 
,M01° 

11110.0..; 11111110 1.000000 00111001 
M0E7 ; Shift left 16 places 

0300011 11111110 11000001 10000100 
;ONLPF,LEAST ; Add ON:PF tiaes least  si  g product 

00110011 11111111 11000010 01000100 

11110110 11111111 11100000 11000000 
ItHPFOS-FLPFSZ):% ; Store it a4au 

11110001 01100011 11000000 00101010 
,CONII(HPFE5+LFF12)11 ; subtract 5tmiddle elebent 

00010001 01100011 11100000 01000100 
; to et copPlement HPF from LP 

LIttE ADM SYNTiEEIS FROCESSOF Wien-ER SOURCE FILE. SEPT 10 PAGE 25 

670 30132 

•671 00133 

672 00:34 

67Z 00135 

674 00136 

675 10137 

676 1013E 

677 - 00139 

678 0013;i 

67? 00'3S! 

690 03130 

6E1 00130 

682 0(13S 

69Z 

6Se 0e., 40 

615 3041 

616 0010 

697 U143 

6EE 00144 

689 00145 

690 00146 

691 00147 
6?: 00147 

693 00148 

674 00149  

FILTERN 
11:00000 01010001 

FILTERN 
1110000 01010001 

FILTERN 
11100000 01010001 

FILTERN 
11100000 01010001 

FILTERN 
11100000 01010001 

FILTERN 
11100010 01010001 

FILTERK 
PI00003 01010001 

FI;TER:4 

FILTERN 
11100000 0101010 

FILTEMi 
111000 )C  01011010 

FILTEF0_ 
11110030 0110:i11 

STLF .  
11100003 00'.. - .1 

ETMR 
1110K00 00111111 

FI:TER1 
11100000 110:0111 

FILTn. 
1110000 01101111 

STLF 
j.100300  

LDMF: 
131000•0 0101000 

FILTFAU 
11:0000 01010111 

FILTEF: 
1110000 01101111 

STMR 
1110000 00111111 

0::79_71 
1110003r. 0101030 

11100000 

FURY-. 
11100000 0101L..0 1 

FILTERN 
01010000 0 

FILTER: 
11100000 011•1111 1 

STU 
10100000 00111111 1 

,CON4,(HUBS11415)17. 
1010001 01010011 11100110 11000100 
,CON1r:HPFPS+11#15):I 
0010001 01010011 mom 11000100 

1110110 11111111 11100000 11000000 
695 0014A STU CRTN;(HPFBS+LPFEDU ; Store that awav 

1110001 01100011 11000000 00111001 



LIKE Ang SYFFEIE FRO2ESEP ASSEMBLER SOURCE FILE. SEFT 10 PAGE 26 

69E 001 4: FREDict; 
699 ul4i Thit prc,cedure Predictor filters datE in the 

-.0700 0014;3 ;4 filter buffer of rirg buffer. 
• 701 
. 702 0014i mtunatteummeleette*timutemommuttusto 

70: 0 •14: PRED: FILTER1 8CRAT;(F0et0):%;(FREDBM41):Z 
11100000 01000000 00000001 00110100 11100000 01000100 

704 00140, FILTEU SC4T;(POilit1M;CFREDBS+1112;:% 
11100000 01000000 00010001 00110101 11100010 11000100 

705 00142 FILTERK: S0RAT:(P0+DI2:11FREDES+1113):Z 
11100000 01000000 00100001 00110110 11100010  11000130  

706 0014E FILTEPF SCRi,T;FO.+1431!%;,E:I.S+11#4,17. 
11100000 01000000 00110001 00110111 11100010 11000100 

: 707 0014F FILTERN S(RAT;(F0+144)11;(FREDES+145)01 
1110000C. 0:000000 01000001 00111000 11100010 11000100 

706 00150 FTLTERS SCRAT;(F0+D*5:%;(FREDBS+Irté):% 
11100000 01000000 01010001 C0111001 11100010 11000100 

• 709 00151 FILTER 3RAT;(F0+146);70:qE1'ES+147):1 
1110L00C ..0.0:000 01100001 00111010 11100010 11000100 

•
7 10 0017J2 ECRCP0+1A7):Z;tFREDRSiDt2):% 

• 100 001:01'  01110001 00111011 11100010 11000100 
. 711 0)1:77 FILTRNh Z027I.72FECUPREDBE 

1110000: 0101:.::10 :010001 00110011 11100110 11000100 
7i2 C015:7 

11100000  01 '  111i0110 11111111 11130000 11000000 
713 0055  ; Do a dL..:bie Precir 8 
714 Uln STLR ; 1 FAST ; Store least Si5 Prod 

011111: 11110011 11111111 11000000 00111001 11171:: 0015c STMP ,MO2T stc allf: Sig PrOdUCt 
00111:11 111111 11111110 i.00)000 oolatole 

716 00177 :IL'EF,1 ;C3;r:3:7 Multip1t! most tis bb ! 
1.10f2.. 1111111C 11100000 0106010D 

717. F:LTU.L. 
11100000 01101111  11110110  11111111 1110000 0  11000000 

' 716 00 15'4 E1. 1 ;MOP 
1 -1100000 00111111 11M0011 11111110 11000000 00111001 

; 719 0015 LIMF. MOST 1 Shift left It Places 
11100000 01010000 0000011 11111110 11000001 10000100 

720 0051 FILTRAU ;CGMErLEAST I Add S times least  si  g Product 
11100000 01010110 11100011 11111111 loom ol000lo 

721 00150 F1LTERL 
11100000 01101111 11110110 11111111 11100000 11000000 

722 0015I Ele ;PREDES 
11100000  11110001 00110011 memo 00101010 

723 0015E FILTER: ;GMFRED;PREDES ; Scale so no overflow in deemphasis 
11100000 01010111 01010001 00110011 11100000 01000100 

•.:. 724 0015F FILTERL s 
11100000 01101111 11110110 11111111 11100000 11000000 - 

' • 725 00160 STMR CRTNŒMBE 
10100000 00111111 11110001 001111 00  11000000 00101010 



LI4E ALlic SYNTHESIS FR30ESSOP ASSEMBLER SOURCE FILE , SEPT 10 PAGE 27 

727 03161 nutatn*****timtelemummerunuttenteurttunt 
• 728 00161 ;* PROCEDURE CoPY_PREDictor_coefficients 

72900161 41. This Procedure cores the predictor coefficients frot 
00161 ;* the temPorar ,2 predictor buffer tc the active Predictor 

• 731 00161 ;* buffer. 
732 00161 ;* 
733 00161 ;************t***It**/*****14t*****t************************ 

' 734 00161 CPYPRED: LOAD (P7MPO):I;CPTHP0):1 
11100000 01003000 10010100 00001001 11000001 10000100 

735 0016: STORE KFC(P0):I 
11100000 01000030 00000100 000)0000 11000000 00100011 

- 736 00163 LOAD (PIMPH.D#1;*(PTMPO4D11):1 
11100000 01000000 10100100  00001010 11000001 10000100 

: 737 00164 STORE ;8(FO+DC):%;(P0+D11):Z 
• 11 ' 00000  01000000 00010100 00000001 11000)00 00100011 
• 738 00165 ;OAT: FiTMF0)+U2):Z.IFTMP0+010):% 

11100000 01000000 10110100 00001011 11000001 10000100 
• 73q 0316r STOSE ;SU- 04D1;(P0iDt2):1 

11100000 0100)) 30100100 00000010 11000000 0010 3311 
740 00167 -.::F.TMPO+D13):%,(P0.1-Dt3):z 

11.10.00 -,-.1 0 0000) 11000100 00000011 11000001 10000100 
741 33 169 , S(P0+Dt3):Z.::50013):% 

- 0100000 00110100 00000011 11000000 00100011 
742 30016 -;' J000 7 :0. riF0,-FD#4',:%;(FTMPO-1-Dt4j:: 

1110:0.0: 1 10100 00001101 11000001 10000100 
• 743 U::tie :0.:0+144:1“PO4D14:7. 

11100000 01000000 01000100 00000100 110000•0 00100011 
744 0016 Lm 8 PTMP0+0#5:Z;(PTMP64.D#5:% 

11100000 01000000 :.:10v100 00001110 11000001 10000100 
7 4 7J 00160 7:IRE 7.90:'041e7::1;(POiDt5):1 

11100000 01Y , 0 00.,  01010100 woloi lormo 
746 001iL L0;. 7_ L7._%F7M;-- 0.q.46):%;(PTMP0I-D1i)::: 

11 10° 0°0  010 1 -."° ' 11,0100  00001..11 11000001 1000010 
747 006E 800SE !8:=0Di-D16):I.(P0+016):7; 

11100000 01000000 0110 0100 00000110 11000000 00100011 
748 0016F LOAF 8iPTMFO4D17)*(FTMP0+Dt7)0. 

11100000 01000001 00000100 ceme nonal lowien 
. 747 00170 STORE CRTN;8(PO4147):%;:P0e#7):1 

101000 31  01000000 01110100 00000111 11000000 00100011 



T :INE A5T SYNTi:ESIE PROCESEOR ASSEMBLER SOURCE FILE, SEPT 10 PAGE 28 

751 00171 nm*****tommtummounemetamettetenuto 
752 001 7 1 PROCEDURE DEEMPhâsizei 
7F.: 00171 t  Thi 'reue deew-hmizet data in the deemphasis * 

111754 OC:r1 I> filter wEec-e. /t 
'1.'755 00171 i* 

756 03171 mutuntetuttomommementmmome~m* 
757 00171 DEEM: LIŒR DEMBE 

11100000 01010000 0030001 00111100 11000001 10000100 
75E 00172 FILTERA 49(DEMBE+141):I 

11100000 01010000 0011001 00111101 1110M10 01000100 
759 00173 FILTERN pAy(ItEMFEJ-UnU 

111000 01010000 0011001 00111101 11100010 11000100 
7e0  0174 FILTER1 

1110000 01101111 11110110 11111:11 11100300 11000000 
761 00175 Eile; ,DEMbF 

111 0 0 3  00111111 11110001 00111100 11003000 00101013 
762 0176 FILTER1 tanTrIfEhlEs ScalE output to prevent overflow 

111 00 A  01—."1  011 0003 : 00:11100 1110n0 010001 00  
7t? 'itA[rL 

111,00 01 1:11 11.110110 111:1111 1110 300 ) 1103e000 
764 001 7 S sTK: CRTN,‘DEMES+41,:l: 

10: 30 03  e11:111 111100 0  00111101 110)007)0 00101010 
765 00179 END 

. . 
TOTAL ASSEMBLY ERRORE ••- 

; 



2YNTHE2IS FROCESSOR ASSEMBLER SOURCE FILE, SEPT 10 PAGE 29 

CROSS REFERENCE TABLE 

TYPE UALUE REFERENCES 
00003 -106 107 758 759 

• ARE: A 00001 -65 
AC: A 00200 0 

• etu7OL 
ATt D 
CALL D 190 193 196 199 200 203 208 213 

218 223 224 229 236 243 250 255 
• 256 2e1 267 273 277 281 284 285 

238 295 2°8 301 304 305 308 311 
314 317 320 321 324 380 381 387 
339 

CDDF :. 0M47 -109 110 
UFF A 0004:: -110 11: 
CjF i• 00003 0 
LiFF :, 00002 0 

00001 0 
CL KF A 00C, 20 
CL' A 001,4C 0 
CLFF A 00004 - 107 10$ 124 572 596 597 558 599 

600 601 602 603 604 605 606 607 
602 609 610 611 612 613 614 615 
616 617 61F 619 62( 621 622 623 
624 625 628 e49 650 651 652 653 
654 655 656 657 656 659 660 661 
662 662 664 665 666 667 668 669 
670 67 1 672 673 674 675 676 677 
672 677 

COEF8 A 00005 167 56 i: 
COK; A °F.«) -102 167 274 292 
Mx: A 00001 -104 382 383 566 690 693 
CON128 A 00067 -114 117 
CDNIOUR A o,:*:;e -112 • 
CON2 A 0006C -112 114 545 549 
CO4.4 A 0006D -114 115 692 
C043 A 0008E -115 116 716 720 
CONfq A 00002 -105 558 568 
C9KT A 0000E 
CFYFPED A 00161, 277  -734 
COMF A 00023 -1e 109 415 416 417 418 419 420 

421 422 423 424 425 426 427 428 
427 420 431 432 433 434 435 436 
437 438 435 440 441 442 443 444 
445 446 447 448 449 450 471 472 
473 474 475 476 477 478 479 480 
481 482 483 484 485 486 487 488 
489 490 491 492 493 494 495 490 
497 498 499 500  51 502 503 504 
505 506 



C0$5E A 00008 
CRIN A 0300A 

F1!S 7 A. 00003 
A 00171 

DEM88 A 0013f; 

DEME:: A 00002 
PIF: A 00010 

A 00052 
PLYD3 A 000BE 
EV:92;Y A 00056 

FALSE A 00001 
FE A 00013 
FERRT P. 00003 
FILTE-;:1 D 

FILTE;;:1-1 7,  
FILTEPL 

t. FILTE!;,14. 

• FILTRk'. P 
• FILTRAI.; 

FILTFM 
GHBF A 00073 
614HPF P 00074 
8NINPUT A 00070 

. SNLPF A 00072 
7 GUST A 00076 
r- Genii A 00075 

395 578 580  532 636 695 725 749 
764 
- 64 110 
389 -757 
-7E 79 82 378 725 757 752 759 
761 762 764 
-5e 

-59 76 
-73 74 554 
190 193 196 199 203 208 213 218 
223 229 236 243 250 255 261 267 
273 281 284 28E 295 298 301 304 
308 311 314 317 320 324 -350 350 

0 
- 93 94 359 359 412 412 468 468 

-132 3,57 
167 274 382 392 415 471 545 558 
562 572 596 630 649 683 690 703 
716 723 762 
75E 
168 275 358 3E4 393 451 507 546 
550 559  564 569 573 627 631 635 
690 684 688 694 712 717 721 724 
760 763 
383 416 417 418 419 420 421 422 
423 424 425 426 427 428 429 430 
431 432 434 435 436 437 438 439 
440 141 442 443 444 45 44, • 447 
448 449 450 472 473 474 475 476 
477 47E 479 480 481 482 483 484  
4E5 486 4E7 488 489 490 491 492 
493 494 495 4 96 497 490 499 500 
501 502 503 504 505 506 56E 597 
59E 599 60 3  601 602 603 604 605 
606 607 60E 609 610 611 612 613 
614 615 616 617 618 619 62(: 621 
622 623 624 625 626 650 651 652 
657 654 655 656 657 658 659 660 
661 662 663 664 665 666 667 668 
669 670 671 672 673 674 675 676 
677 67E 679 693 704 705 706 707 
706 709 710 759 

0 
549 634 687 720 
433 692 711 

-120 121 
- 121 122 
- 117 118 357 
-119 120 630 634 683 687 
- 123 762 
- 122 123 723 



00071 -118 119 
HFROji A 00163 -81 
liFF A 0011D 381 -649 
FIFFiE f: 00144 -80 81 372 383 649 650 651 652 

Ir  653 654 655 656 657 658 659 660 
661 662 663 664 665 666 667 668 
669 670 671 672 673 674 675 676 
677 67i.' 679 689 690 692 693 695 

HFF97. A 00021 -66 111 372 
'PUT D 357 36". 
IC A 0000E 0 
IUT! A 03000 0 
..' A 00009 -54 91 92 
;ME t: 176 189 326 35 .-,1 351 352 363 365 

367 369 371 373 375 377 452 508 
556 557 571 576 

Ar. ! 00 -.• 7 0 
iSri; A 00.::05 0 
J: A 0 .  0.-:C 0 

. LET A 0: .:".. ,, t 
LDMR r 354 770 372 374 376 378 54 .  575 

63: 686 719 757 
1.E97 i-; 00Tz!: -83 '5:,3 549 551 562 572 574 575 

62E 634  681 687 714 720  
l...i-.:: 2 :04 209 214 219 225 230 232 237 

239 244 246 251 257 262 268 364 
366 368 412 468 577 579 581 734 
736 73£ 740 742 744 746 748 

L72:= r ê 
0 

I le:: F • ':: : (C.  : ':', .:01.;* :4 38 Ci -596 
1.P7-- 113 A 0:.0C1 -74 75 370 382 596 597 599 599 

600 60: 602 603 604 6:-.. 606 607 
608 609 61E 611 612 613 614 615 
616 617 616 619 620 62'1 622 623 
624 625 626 636 

.._'-':7.Fi. A 000: -56 75 81 108 370 382 383 63 6  
689 690 e5 

1.51TE A 00017 -97 98 368 368 552 552 577 577 
579 579 581 581 

LETFEH A fié -96 97 366 366 414 414 
LSTFEL ci 00M5 -95 96 364 364 470 470 
LSTF A 00014 -94 95 220 220 226 226 233 233 

240 240 247 247 252 252 258 258 
264 264 270 270 276 276 

MEMDi A 00304 0 
. MOST A 003FE -85 544 545 547 548 553 558 560 

568 570 629  630 632 633 682 683 
' 665 686 715 716 718 719 

ME8 e 00002 556 571 576 
. NEGATE A 00008 556 -558 

NEÏAUTC A 01000 . 0 . 
... NOME A 006FF 0 



t A 0002 571 -5E1 
NCAMAL A 0 . ,000 0 
NFV:. A (10063 369 -371 
NO7FF. A 00066 367 -3E9  

e. C0064 365 -367 
N07FEL A 00062 363 -365 
NOTifF A 00164 371 -373 
NI1 73 A 00070 377 -37; 
K7S9E A 00065 375 -377 
NOISUM A 0006C 373 -375 
MLF e 00059 351 -354 
OUTF UT P 167 170 355 379 

A 00012 -92 93 204 204 209 209 214 214 
230 230 237 237 244 244 262 262 
269 269 361 361 

PO 4 00 000 -90 91 703 704 705 706 707 708 
70? 710 735 735 737 737 739 739 
740 741 741 743 743 745 745 747 
747 749 749 

fi  
PERT A 00 ,)D;::. 452 50a. -541 
t7F.71-? 

 
02:41 -79 Er.. 394 576 58e 582 

F'EF:7F - A 576 -579 
557 -561 

• P; F A 00002 -131 360 
FE t 001.41 3K •  -703 
F'SEIP3 A 00133 -76 77 78 376 703 704 705 706 

• 707 70E 709 710 711 722 723 
. PREKUT Crç.13r. -77 

PFEIIrt. 0(.'.07 -111 112 113 711 
.Ip'REDSZ 000::; -57 77 78 

?SEL A 001 0 
•  

P7st•o - 9 1 92 205 205 210 210 215 215 
21; 219 225 225 231 231 232 232 
233 23E ni 239 245 245 246 246 
251 251 257 257 263 263 269 26Y 
734 734 736 736 738 738 • 740 742 
742 744 744 746 746 748 748 

I. 171 291 
MUS A 0000 -72 73 395 413 415 416 417 418 

419 422 421 422 423 424 425 426 
427 428 429 430 431 432 433 434 
435 436 437 438 439 440 44 1  442 
443 444 445 446 447 448 449 450 
4e 471 472 473 474 475 476 477 
472 479 480 481 482 4E3 434 4E5 
486 487 486 489 490 491 492 493 
494 495 496 497 478 499 500 501 
502 503 504 505 506 

OMFF: A 0007E 224 285 321 -412 
GM FL A 0007 200 256 305 -468 
OtiFEZ A 00024 -55 73 109 



REM D 
RET 
RFCT A 

Wr.7  A 
6 
:MAY et 

F:Tt7.-LK A 
sHrTLF71 D 
S.e4FTLFT2 D 
SCIFENT A 
SL 
SPRT A 
ST F 

STLE 1.   

STMR D 

00008 
00000 
00:09 
0013E  
00004 

008110 

0000A 

00002 

l• 3111 6 

1 1  

175 325 
0 
0 
0 
o 

-82 354 
566 703 704 705 706 707 708 709 
710 

0 
0 
0 

176 -189 1E9 326 
172 173 391 566 
-133 169 169 355 355 
385 547 547 551 560 570 574 628 
632 681 695 695 714 718 
35F 
174 394 395 413 469 544 553 554 
57E 580 582 629 636 682 689 715 
722 725 761 764 
205 210 215 220 226 231 233 238 

245 247 252 258 263 264 269 
27C, 276 36 1 552 565 
414 470 735 737 739 741 743 745 
747 749 

A 0C.4.-„C',  
SlitiFS A 000E1 -75 76 374 385 
TC A 02000 0 
'Fe A 0001i- -98 565 565 566 
EET A 00001 -130 170 170 379 379 

7ES.F.: A 00005 -124 562 
TRE A 00000 

- T3L A  
A 00002 

TSTE A 00009 -140 369 
stirt !=. 0000A -139 367 
TSTFEH A MOU -I3E 365 
TUFEL t 00003 -137 36:i 
TSTie (i 0000C -141 371 
IST8 A 0000F -144 377 
TSTEPE A 0000E -143 375 
TSTSUM A 00000 -145 373 
Ta A 0000F 
WAITLF A 00057 -331 355 
WRITE A 00020 0 
•LL A 001E4 0 
MARK A 01000 0 

i. •ULT1 A 02044 337 566 
. MIMA A 0224 4 0 

•MULTAM A 02644 0 
6MULTAU A 00244 0 
• ULTL A 02000 
AULIS A 022C4 0 



A 0 
,t4 A 'COy) 

A 00005 —134 350 351 
.SHirT A 0020'; :72 391 

n nu7 
•ST; A 00039 0 
.STK: A 0002A 0 
,STR A 00023 0 
•TEST A 0000E 137 
TEST1 A 000.09 13E 

.TEST2 A 0•00A 13; 
TEST3 A 000::2 140 

•TESTe. A 0 n;;OC 141 
TEST5 A 147: 

.1EF , A 000(1'. 14'3 

. TEST' A 0i)00F 1 44  



A2. RESIDUAL REGENERATION THROUGH INTERPOLATION OF LOW PASS COMPONENT 
BY ZERO AMPLITUDE INSERTION, AND SAMPLE POSITION PERTURBATION  

A.2 

00-3058-ROO 



LINE emi!.. SYNTHEEIS FRIOCESSOF ASSEMBLER SOURCE FILE. SEPT 13 PAGE 1 

1 00(Mt HILE  SYNTHESIS PROCESSOR ASSEMBLER SOURCE FILE. SEPT 13;1982 
2 C.0000 LIST X 
3 moo metimtimmtmle*****mmummuummenim*** 
4 ocec:,  ;& PROJECT: 472A; RELP CODE: 
5 0000° ;* BOARD: SYNTHESIS PROCESSOR 8 
6 KW: ;* DEVICE: 6 MICROCODE PROMS; If -U. or 362E 
7 000H ;* LOCATION: G34;PI,P15,P29,F43P57 
EOCCX it PROG.DEVI: 60-0690 - 6C-06,95 
9 00DM ;* ASSEMBLER: META; APril F2 8 

;* FILE: SYNTHEEIS.ASh 
11 00K0 ;* REVISION: SEPT 13;1982 
12 000K i* UPDATE TABLE: 
13 0000ç; ;* OCT 4: HPF and LPF removed. 
14 00N0 ;* SEPT 9: Initial folding exP. hopeful 
15 t":e i HiÉgIns eethed ispleeerited. 
16 0C200 ;* Ae 3: Allnirt5 high free reenerztior; 
17 000D0 ;4 JULY 7: Each filter  assied  gain in PROM * 
IE 0000:. ;* JJLY 2: More Precisior. mikintainez'. 
19 00e.,00 • . jUHE 2 5' : Filter Gains Adjusted. 

000( .: ;4 JURE 14: Mod: mzde tc uss subtrirt irst corr t 
21 We ; 1 Ann 23 - MAY 23: Iritial progah Kitt.? JM * 

22 OCr it 
23 000c,  ;n*tf4t*tmmeenneemuuttommtmatimialetr; 

t 
. 



LISE ADDR SYSTHESIS PRO:ESSOR ASSEMBLER SOURCE FILE. SEPT 13 PAGE 2 

25 MOO mextinetttsmomemmettimememmutemtiem 
26 WU ;* TABLE OF CUTENTS * 
27 00000 ;* t 

dlIk2S GO.',,D.: P; PAGE DESCRIFT1ON * 
11.'29 0'..i.,1; ;* t 

30 0.... ;* 1 File Heider ant UPdate Table * 
31 Ci.e....CC it 2 Table of Contents $ 
32 00r.', 00 it 3 Filter size s7-ecificitions * 
33 •00•; ;* 4 Ring BLffer memorv Lap * 
34 0000C ;* 5 Scratch Pad semor IMP * 
35 00C.M. ;* é Coefficient Prca meeort! MP * 
36 WO:': ;* 7 Input/Output definitions * 
37 000'.. i* 2 PROUBURE stert_u; * 
36 •0O00 ;* 9 PROCEDURE azin; * 

00W ;4 14 PROCEDURE oPeration::_done_EVERY_saeple * 
4C; *00000 :7 PRKEDURE Ouaeatur.:_Mirror_Fiiter_Hie * 
41 000...0 it 20 PROZEDJRE Ouadribre_Mirror_Filter_Low t 
42 000 01 23 PROCEDURE Low_Pass_Filter * 
43 •:0C! ;! 2 .':CEDURE Dzubie_Differe::Filter * 
42. esp it 26 PROCEDURE Hie_Piss_Filte;• , * 
45 0-.., is 2E RF.T,TE1JR1 Frezt * 
46 C.r., : it 2'; PROCÎfMRE Ce':_PREDiztn_Cot , ffieeas * 
47 00Y..: it 3:. PROCEDURE Bi-EM,,hisizt * 
4E 00:i ;* 31 Crest Referuize Tal-t n e * 

:..s. .....!* *;*****tiurett4M************ 



LiNe ADDF SYNTHESH FRO:ESSOR ASSEMBLEF SOURCE FILE, SEPT 13 PAGE 3 

51 00000 mmitettmmi4o*****mtoldittommta****tormte .  
52 Wq ;› FILTER SIZE SPECIFICATIONS 
53 O';e272 it 
54  00  mmn*******m********temtmuttemuttommutt** 
55 00000 J: EGU 9 ; Predictor filter order. 
56 000 0 GMFSZ: EGU 36 Guadratort Mirrcr Filter Size 
57 MOO LPFSZ: EGU 31 ; Low PaSS filter size 
58 00000 PREDSZ: EGU Ç Predictc7 Filter Size 
59 00000 DEMSZ: EGU 2 Deeephesis Filter Size 
60 0000 DLY: EU 100 ; Belau so predictors line UP with frame 
61 Of."e ; The followinÉ constants define filter sizes the rectification 
62 CtOW ; RELF Wlene -iteticr. The are use  d here wilv to sPecift,  the locetion 
63 00000  ; the filters in the zoeffizient PROM; which is the seee for both 
64 00000 ; the Perturbeuoi. api fectication iePleeentations. 
65 0000C DDFSZ: EL 3 

• ei 0CC U: EGL- 1 
67 00000 HPFSZ: Et; 37 



70 
F. 

74  
75 
/0 

1: 

78 
7î 

SI 

53 
3e 
57 
E: 

0000G 
00000 
00 000 

.O0OU 
OOCCO 

WOO 
WCeJ 
WOO 
00W 

OOOM 
0 n74,0 

EOU 
ILYBS: 
LFFH: EL 
SUMIS: EL 
REM: EOU 
PREDUT:EOU 
LEMSE: EL 
PERTH: EL 
ii=FES: [GI 
HFROT"; EL 

_=-- 

tVJ 

10(DDIESiDW:% 
1C(FERISE.U:):1 
1WeiRi.iLPFS2):1 
10(bErfeSi-2): 

LINE ALDR SYN 7 ESIS PRESSOR ASSEiinER SOURCE FILE , SET  13 PE 4 

PUlatt*******************************ttUttUttOtttnettt* 
;* RINC, BUFFER MUORY Mee 

ittotteettelmettentttt*********ttOttttt**ttietteltt* 
10(0:1 EasE of Guadlature tirror filter 
1000MFIS45tEMESZ+10):2 Coepensating dela2 for PERT 
1(DLYES+143:1 ; Low P8SS filter base 
10:LPFSS+LPFEZ+Di1):1 ; suiting node for HPF and LPF Path 
IOLPFES+ELY::% ; Predictor base(ILY IS MATCHINS DE 
10iPRE1443+FRED5D ; End of Predictor 
10(FREDESeRED57:: Deev.hasis base 

Base of cotpensating de1a2 buffer 
En( of coiPensating delae 
LtPut of High Freo Regeneration 
Wthesized speecr lccation 
Tem. locatian used in doublE prec 
arithmatic 
A. above 



LINE SMTHESIE PRO:ESSOR ASSEMLER SOURCE FILE. SEPT 13 PAGE 5 

BE WU.. ii;4«i.leteemyettlummimmattummontinemet 
89 WO& ;1. SCReCr; RAI MEM;' .1 MAF 

414jeïettr04###*tt*textet*******xwiltt********Mt******* 
9: O ,  PO; EPL, ; tiESE of pre;jictor storage 
92 WO PÏMFO: EG. F.fj ; Base of temrame predictor storage 
93 MW P: EU EiP7M(r+j:r: ; Lest ', red:C.07 roe; input 
94 WH FE: EE il(P+1):Z FE:H,L) sto r e  
95 O (' LSTF: EOU E+i j La Ft F used 
96 OKH LSTFEL: EQU ; Last FEL input 
97 (WA» LSTFES: EQL ULSTFEL-1):% ; Lest. FEH input 
98 0,»7) LSTFE; 9(L3TFE:i41 .:% ; Lest FE calculated 
59 CC TE, EQU ELST;F.+1;7: TerPtraPe storags location 



101 
102 
103 
104 
105 
106 
107 
109 
109 
110 

112 
113 
114 
115 
llé 
117 
118 
119 
120 
121 
122 
123 
124 
1 75 
128 

00000 
00000 
00:'?00 
00000 
00000 
0::000 
ODOM 
00000 
00000 
00000 
00000 
00000 
00000 
00000 
00000 
0000 
0000 
001A0 
000U 
00000 
W00 

0000C 

0000 

Bise of Quadrature tirror filter 
;  Bise oF double difference filter 
; Base of high PiSE. filte;- 
; Scale factor for predictor 
I  Sal e facter is 1/4 

; Filte- giinf. 

; 526? JSED TO AMP BUFNING 
RROr BEFORE FINDING OF1IMUM VALUE 

'INE ADF-, S1.1THESIE PRUESSCF e-aEmB.ER SOUPlE FILE, SEPT 13 PAGE 6 

Wg*W******41*** 14************************************* 
;* COEFFICIE RROM MEMGF:... MAP 
;* 34******M*M 14144Y0.**e»MIW****1******************** 
CON•: EL ; ccr:stent zero 
COW.: DU  El i  onstent one 
coemi: DU  8 (25:71 colstant minus one 
A: EL 8t3:' :z Pre-elPhasis constant/2 
CLPF: EU E:A+P.% BiSe of low FiES filter coef 
COMF: DU FCLFF+LPFSDU 
COIF: DU 13(CàMF+aMFS2):% 
CHFF: EOU S(CDDF+DDFSZ!:: 
PRED5Ci :EL 8CHPF+MPFED:7: 
UNIrIFTF:: EL S(PPIDSCLU 
CCi, 2: EL 8FF:ECSCL+1';:7. 
COKiL Ei 8i(ON3+1):I 
t20N: E0L; 
20ili2S: DU ii.':ON ,3+1):% 

8N0H": E0i.;  
EGU 6i8UMF+1):Z 
EU'L S:0i?LPF:21: 1. 

GN?i9 F: 7f;U 
EL 

S7. S(WREDM:I 
TH;.:EEE: EOU  



LINE Ate SYNTHESIS PRO:ESSOR ASSEMBLER SOURCE FILE. SEPT 13 PAGE 7 

12E (4,00:1 »******************************************************** 
1:i OW') ;* DeuT;OjTPUT DEFIWIT:GME 
13 00W ;*W******************************************************* 
131 TEST: Efili test Port address 
132 WOO FPRT: Ei 1410 ; Predictor input port 
133 00W, FEPRT: EOU Bill ; FE input port 
134 00000 SPRT: EOU B*10 Sunthesized speech output port 
135 We .SEMBL:  EL 4H15 5  enele test inPut address 

137 OGA ; Test switch inPut definitions 
133 ;')DP0 TEL EU  .TESTG ; Test Point select FEL 
139 00000 TSTRE: EGJ ,T EST: ; Test point select 1 = FEH 
140 OW00 TST 9E1 ,TEST2 ; Test nint select 2 FE 
141 00000  TSF. Etu .TEE-13 ; Test point select 3 = E 
142 :prJ00 «i'F-; EL JE614 ; Test paint select 4 = HPF 
142 000'J1' 71, 711: EV,2 .TE3T5 ; Test Point select 5 . SUK HPF E 
144 00:)::, iTiPF: EC;U •TES16 ; Test Point select 6 . SPE 
145 01W(: TS 7 i: - 7 EST7 ; Test Point select 7 S 



147 
14E 

150 
151 
152 
153 
154 
155 
156 
1r- .J: 

158 
15'; 
160 
161 
162 

164 
165 
166 
167 
16E 

MO O 
W0',) 

0P:0 00 
00000 
0930 
00000 
00000 
00000 
00000 
0•000 
00000 
00000 
00000 
00000 
00000 
00000 
00000 
00000 
00000 
00000 
00000 

00001 

170 00002 

171 00003 

172 00004 

173 

17A 

175 (,i(e7 

176.  OWE 

177 OOF:9 

17E 000C4l 

;* 

LINE AIM SYNTi7HIE =-R0CEESOR ASSEMBLER SOURCE FM ,  SET  13 PAGE 8 

;* FRKEftfiE trart_uP4 
This Prusedure is OXOPUte. OP POWEr UP. It initializes* 

;4 the sisnel Preceisor  3'.0  uarts a sufficient time to 
;$ allow the rest  cf the ss,stet tu. tart functionine before* 

Load the Accunulatcr with zero 
Zero sepPle outPut Port sc no signal uutput durirs; * 

power uP se9ueroe. 
FO F i := Té 4095 Dé 

shift date in rire buffet  
Store Aceutuletcr if rins buffer location zerc * 

EallFéF 
Start normal Processinsi loop at start_ofirate entre 

END; 

mutml*********extuunottommeommolmtnt 
OFG 0 
FILTEP1. COEFB,C0N0,0:% ; Zero the Accueulatcr 

01010000 (t0003000  00000000 11100000 01000100 
FIL7SRL 

11111i1 11113111 11100 003 11000000 
OUTPU7 SPEjeSFRT ; Zen th* snele eutPut Port 
0110100 30000110 01000000 11000000 03100011 

OUTPUT TESTITEST ; Zero the  anales test Reint 
01100010 00000110 00100000 11000000 00100011 

PUS (144095)1% ; FOR i 1= 0 TO 4095 03 
— 0 1 1  1111o:1r 1111:111 :mom whom 

i shift daté in rifle buffer 
011V1111 11110110 11111111 11001000 WWW 

SPL ; NOF, w3it for shift to comPlete 
:ellni31 11110110 11111111 11000003 00030000 

STBF '0:: ; store zero ir rn LIJf 
001111i1 11:10000 00000000 11000000 00101010 

REPLF 3 ENDFOR 
01101111 11110110 1:111111 11000000 00000000 

JMF p(SOPENT)U ; jUMF into Rain Prodedure at 
00000030 10100110 11111111 11000000 00000000 

Start_of_Fratie entN Point 

;* Processing. This Prevents noise fron hein e outPut 
;4 durins the PO4er UP setruenre. 
;* 
;* 
;* 
;* 
;* 
;* 
;* 
i* 
;* 
i* 
;* 

BEGIN 

11100000 

11100000 

11100000 

010000Y. 

::11C0U00 

1113000 

11100000 

10000000 

001100i3O 



199 0.Y:, 0F 
200 0:)00E 

er. 
ZVI 0000F 

Liq ADDS Sifj,104EEI -r PROLtp,m0r, ASSEMBLER SOURCE FILE ,  SEPT 13 PAGE 9 

lao oo;:oe, ;****.44****xmoui**********sumettoutememenomm 
181 0 • 00i. 4 PRGCED0RE main; 
:82 00000:_ ;*  C This procedure dees the calls for all filtering 
123 ouioA 4 operations if. the ssnthesis  roc or as well as ail  the* 
1 5 4 0000A ;* input. All ini.ut ana output oPerations are done after * 
135  0000:  ;* S enable goEs, low but before S clock goes high, Sa l e * 
1S6 00000 ;* output takes place after E enable goes hith and ail  
187 0000A ;* calculations fo- the sable  inter0e1 are comPlete 
1 8B 0000A ;****************4414W************************************* 
189 0000A ; Start of sa.-le inteal 
190 0000A SCFEKT: JMF .SO•.F.0rE:47:z ; Wait for start of frame 

001:0111 00000000 10100±10 11111111 11000000 00000000 
191 00005 CALL :EVERYU ; Do  th E. stuff don evers sample 

00010000 0000101 01100110 1111111 11000000 0030000C 

1;3 0000C ; Ste10. of sar, le interva: 
194 0000C 0ALL :EVEPY:0. 

00000000 00000101 011001.i 0  111:1111 11000000 00000000 

1;6 0000L ; Start & se%Ple intp1.0a1 2 
197 000 CALL :EVEi7. 

000 10( ,00  00101 01 .P0)110 1111111 11 0 0000 0000000Z 

; Sur', nf ir0..ervel 3: set FEL 
CiLL ; to  stuff done ever ,: frame 

00010000 00101 01100110 11111111 110000 ( 0 00000000 
CALL IGMFLU Dc Low GM: filter stuff 

000:0000 00001010 00010110 1.11111: 11000000 00000000 

203 00010 ; St.r't of sale  ntervE:1 4: set F(0) 
2 0A rEVERY. :1 

000000  U., :';010i 01100110 11111111 11000000 000e.e 0  • ..m .. • vv,41 LOAD ;.-- eP inmt P(0) 
1110000 :/1000001 00100100 00-'210010 11000001 10000100 

00012 STfiS F1'irP"Ffe0 ; Store in FIMP0 
1110000C 01•0000C 10010100 00001001 1100000C 0010010 

205 00,013 ; Start of samPle interval 5: set Ni)  
20; 00013 CALL :EVER!:: 

00010000 0000010 1  01100110 11111111  1 1000000 00000000 
210 00014 LOAD Fe ; Input Ni)  

1100000 0100 .2001 00100100 00010010 11000001 10000100 
211 000 1 5 STmS (PTMF0.U41):1:(PTMF0+141):1 ; Store in PtmPl 

11100000 01000000 10100100 00001010 11000000 00101010 

• 213 00016 ; Etart of samPle interval 6: get F(2) 
214 00016 CALL rEVERYU 

00010000 00000101 01100110 11111111 11000000 00000000 
215 00017 LOAD PrP ; Input P(2) 

11100000 01000001 00100100 00010010 11000001 10000100 
216 0 •018 STMS (PTMP0+Dt2):Z;;FTMF0+1112):Z ; Store in PttP2 

11100000 01000000 10110100 00001011 11000000 00101010 



LI 4E Dr Dn-KES:: FRCCESSOR ASSEMBLER SOURCE FILE. SEPT 13 PAGE 10 

21F 0001; ; Start of sam le  interval 7 
0001 

 
CL  L 'EVERY:l 

00010000 00000101 01100110 11111111 11000000 00000000 
0001A LOAD PTMF0'FIMF0 ; Get P(0) for the test Port 

11100000 0100000 ) 10010100 00001001 11400001 10000100 
:21 0001B STMS LS7'LSTF SEve it 

11100000 0100000 1  ()13)0100 00010100 11000000 00101010 

273 00010 ; Start of samPle interval SP Get FEn 
224 •001i, CALL 'EVERY* 

00010000 00030101 01100110 11111111 11000000 00000000 
225 00015 CALL 'GMFFe. ; Do OMF for FEH input 

03010000 ('0000111 10E0110 11111111 11005000 00000000 
226 003E L64D (PTMEO+Dt0):IKUMFO+Dt0):Y. ; Get P(0) for test point 

11100000 01000000 10010100 00001001 11000001 10000100 
 ST M3 L5P,L5TF 

11100000 001000001 01000100 00010100 11000000 00101010 

2: 00020 ; Stem. .:tf ear.:Ple interval 9! get. P(3) 
2( 

tj0 7..A00 iiC13 lillill 11000000 00000000 
231 33011 ; Input P(3) 

11100::0 01000001 001r.:0100 00010010 11000001 10000100 
23: 00022 SIMS Fi -OPO 4 D47):%,(UMP0+1,13)::: ; Store in Puip3 

1•1100000 0:00,) -..00 11000100 00001100  11)00001 00101010 
233 000:1 LGAD (P7MiO4111):%,(Fit1F0iBilf:% ; Get B(1) for test Point 

11100000 01000000 10100100 00001010 1100000 1 10000100 
234 00024 STMS LSTF,LSTF 

1100000 01000001 31000100 00010100 11000000 00101010 

23t, St;.rt of samF:e .ntervi: 10: set P(4'. 
°37 ChL. 

00,:i1000 00 0.0 1r. 01100;),) 11111111 1100000 0000000J 
235 000:6 LGAD FIF Iriput P(4) 

11100000 01(00001 03100100 00010010 11000001 10000100 
2 3 0:027 ST1.01(UmP0+:44,(FTMF;0+DVi):): ; Store in PtmP4 

11100000 01000000 11010100 00001101 11300000; 00101010 
240 0002 3 LOAD (FIMi0i.D42)*(PTMP3i3i2):0. ; Get F(2) for the test Point 

. 11100000 D100:..00 10110100 00001011 11000001 10000100 
21 033 STME tSTPILETF 

. 11100000 01002001 01000100 00010100 11000000 00101(10 

243 0002A ; Start of sample interval 11' get P(5) 
.0 244 000:A CALL 'EVERY::: 

00010000 00000101 01100110 11111111 11000000 00000000 • 
245 0002B LOA Fe ; Input F(5i 

11100000 01000001 00100100 00010010 11000001 10000100 40 . 
246 000:0 STMS (FTMFOtD15):%,(PTMP0-)Dt5):7. ; Store in PUP; 

11100000 01000000 11100100 00001110 11000000 00101010 
247 000:0 LOAD (PIMP0+143):1,(PTMP0+D#3):% ; Get P(3) for test Point 

11100000 01000000 11000100 00001100 11000001 10000100 
248 0002E STMS LSTF,...STP 

. 11100000 0100000 1 01000100 00010100 11000000 00101010 



LIfE ADDF SYfiTdESIS PROCESSOR ASSEMBLER SOURCE FILE. SEFT 13 PAGE 11 

250 0002F ; Start of satPle interval 12 
251 0002F CALL IEVERYU 

0001000 00•00101 01100110 11111111 11000000 00000000 
232 00030 LOAD (PTMP0i1t4TMF:+144):% ; Get P(4) for test point 

11100000 0100000J 1101010C We 1 ICI 11000001 10000100 
252 0002: STMS LSTP/LSTP 

11100000 01000001 01000100 00010100 11000000 00101010 

255 0032 ; Start of  sa le inter+al  13  GET FEL 
256 0u032 C4LL ,EVERM1 

001000 000010: 01160110 11111:11 11000000  00000000 
257 00:32 CAL  ,PEFLa ; Fut the OMF filter 

0A10000 000:1010  00010110 11111111 11000000 000000 00 
256  00034 LOAI. (PIMPOTB#5):Zr:PTMFÙiD#5)U ; Get P(5) for test Point 

1110vv-0 010)0A0ï 11100100 00 0 )111) 11000)01 1000 0 100 
259 00017 ETKi LSTF,LSTF 

11100v0;: 01000001 01000100 00010100 11000000 0 0101010 

261 0003c ' Start of sancie Iniervel 14, get  F(6' 
262 0003c CALL IEVER'1:% 

000:10v00 0) 003 :01 01:110 11111111 11000000 00000000 
263 00037 LOAD PIF ; Input Pe.6) 

ilIVAee 0100E001 0010100 00010010 11000 001 10000100 
264 00038 STMS (PTI1F0+516):ZI(FTMF0+146):% 

11100000  31000000 1111010 00 ( 01111 11000000 00l0l0, 
260  0003 STMr STP'LGTP 

11100000 010000:n 01vvv.v... 0001 0 100 11000000 00101010 

267 0003;t Sari  of samele interval 15 Get P(7) 
268 0003i:i .0ALL ,EVEFAU 

00010000 00000101 01100110 11111111 11000000 mow 
269 0003E L0Z ; input P(7) 

1:100000 01 •00‘:01 0010000 00010010 11000001 10300100 
270 00030 ums gThi0;1471a , (FihP•+:471:1 ; Store in Ftee7 

li100000 01000001 00000100 00010000 11000000 00101010 
271 0031' STME 'IMF/LEIF 

11100003 01000001 01000100 00010100 11000000 00101010 

:73 0003E Ptert of samele interval 16 
274 0003E Ci'LL 'EVERY:7. 

00010000 0000101 01100110 11111111 11000000 0000;,000 
275 00037 FILES: yCON0,10(01n ; Load zero intz  Ac  

11100000 01010000 00030000 00000000 11100000 0100010C 
276 i);5O4 0 FILTERL 

11100000 0110:111 11110110 11111111 11100000 11000000 
277 00041 STMS LETPILSIT ; Set test point Predictor to zero 

11100000 01000001 01000100 00010100 11000000 00101010 
27E. 0004: CALL /CF1PRED:l ; Con Predictors frot tetPoraru buff 

00010000 00010101 10100110 11111111 11000000 00000000 
279 00042 ; to the active area 

281 00042 ; Start of sarele interval 17 
282 00043 CALL 'EVERY:1 

00010000 00000101 01100;10 11111111 11000000 00000000 



284 vvv.tm 
z0..; 

Vteen.: 

298 
299 

26 + 10n 

11111111  11000000 00000000 

27 10n 

11111111 11000000 00000000 

23  + 10n, Input FEH 

11111111 11000000 00000000 
InPut and filter FEH 

11111111 11000000 00000000 

LINE ArTA SYNTHESIS PROCESSOR ASSEMBLER SOURCE FILE. SEFT 13 PAGE 12 

; Start of sergPle interval 18, get FEH 
CALL rEVEr;Y;1 

00010000  vvv:;:v. v1:vt..t0 11111141 11000000 0000000 0  
CALL IGKFF.:Z ; OJedret:re mirrtr filtet 

00010300 00000111 10000110 11111111 1100000 00000000 

00046 ; Start of saaFle intervz1 19 
00046 CALL ;EVERY:1 

00010000 00000101 01100110 11111111 11000000 00000000 

21 00047 ; F0Fn := 0 75 13 IC 
292 0047 PJSh  1 I:3U ; Define next instruction 

01W000 00000K 11010110 111:1111 11000000 00000003 
2;3 004 ,:. ; as the stert of 
294 00:-.E ; eqecute )0DP 14 tInes 
295 0004S ; StE7t of seKe intsrn,si 20 + 1 0n 
29 c WAS CAL: •;‘)ERY:Z 

000001.1 C1100i10 11111111 11000000 00000000 

Eitel't of s.::11 intet ,..1  21+  10n 
0004; CALL tEVER1:Z 

W10000   1111111! 11000ia WCOOM 

• Stet of !;-,te , v;) 22 + 10n 
CALL 

000.10000 00000 1) 1 011001 4 0 11111111 11000000 00000000 

304 00 4i. Stert af interval 23 -; 10n. ine.,A ;Et 
305 00048 CALL  

00010003 0300i 01:0M10 11111111 11000000 00000000 
30i:. 00PC C • LL Ouadratt:re :rim!' filter low 

000:00 00010110 1111:111 11000000 00000000 

Inn .o6 
259 

0004A 

308 (.10Z 
30; 00041  

; Stet cf sarilt Inter‘l 24 + 10a 
CALL ;EvERY:% 

00010000 00000101 01'100110 11111111 11000000 00000003 

311 0004E ; Start of su?le intervèl 
312 0004E CALL ,EVERïn; 

00010000  0000010: 01 -A11C 

25 lOn 

111 11000000 00000000 

314 0004F ; Stet 
315 0004F 

00010000 

of samPle intetvel 
CILL ;UEFtn: 

00030101 01100110 

317 00050 ;  Star t cf sale interval 
316 00050 CALL ,EVERY:Z 

00010000 00000101 011001 10  

320 00051 Start of sample interval 
321 00051 CALL ,EVERYU 

00010000 00000101 01100110 
322 00052 CALL AMFHU 

00010000 00000111 10000110 



UNE ALF,  SiNTESIS PROCESSOR ASSESELER SOURCE FILE,  SEPT 13 PACE 13 

324 00053 ; Start of sale  interval 29 + lOn 
325 00M3 CALL ,EVERTU 

00100 00000101 01100110 11111111 11000000 03000000 
326 ei;:,7,4 REPLF i ENDFOR 

10000000 01101111 11110110 11111111 11000000 00000000 
327 00055 JhF ,SOFENT:1 ; De everythine esair: for next frame 

00110000 000000:.0 10100110 11111111 11000000 00000000 



SYNTKESIS PROZESSM ASSEMLF SOURCE FILE. SEFT 13 PAGE 14 

329 00056 
33(- 0056 
371 00056 
33: 0:J0:6 
333 00056 
334 0005 ,.,  
335 00056 
336 ON56 
337 00056 
33E i,M5• 
33; 00:56 
34. 0(.056 
341 •K6 
34: )0 •  
343 . 00(;56 

00056 
345 00056 
34é ,M56 
347 00;;56 ik 
34E ;4 

347 00E6 
3:C F.;::56• 
351 0:i56 

3:: OF,57 

353 0%.J.-25E 

3:4 0;JC57 
355 00:57 

3:é 

357 WO:: 
35E 0.-i0n 

359 0005:1: 

360 0005 7.; 

361  005E  

362 '0005F 

363  00060  
364 00060 

365 00061 

364 00062 

367 00063 

nutemottumentutututstotimmanutten*****t 
PROCEDURE oPeretions_done_EVERY_samPle_interval 

This procedure performs ell the oPerations which are * 
performe everb sa-'le  interal.  Ali th  E inPut ports are * 

imme0iatle after SUCK gues low. The reouired input * 
is transfered te working memore in the main Procedure* 

Wait for risihs edge of F enable coulement. 
Output Si 
1nPut FE:Pi 
Read test pcir , t switch and outPJt aPPropriate  data * 
Move data te the deleg buffer; 
Low eass the te0oLstr0cLed residual; 
Ferturb and nigh pass the remnstructed residual; 
Fum the hig.h End low  as  resiOuals; 
Foss 

 
• :Eta th!.e0gh the predictv 

PreerAesi: the dat;:.; 
Sn:fl the rins, buffer; 

4 
;* 
;$ 
i* read 
4 data 
4 ) 
;* 
;* 
;$ 
;$ 
;$ 
4 

i$ 

-2er in thf: Vefer 

>$114if$$$$tel****;t* 
.3E?E‘rERI:% Wa.t 

0:1101',1 C000:01 (.10011 0  11111111 
i 

0011010: 000)01C.: 1W10110 1111111: 

001 l0 0111 0 1:: 
E 

Lltm'e 
1110W:' 01010:200 00000•1 

6127Fj: 5 - ,SF7 7 
 11100C OC:Z.1:, 

; Now innt UJI!! >.:4;th inpqt ir CEEP we need to read them 
INFUT ONINPOTyFEPRTy.MULT1 L;et FEL  o FE  P {depending o71 same 

11100000 01 0 ' 0 '" 00000110 01100000 11100000 01000100 
FILTER:« ; And double it 

11100000 01101111 i1110110 11111111 .1100000 11000000 
57LS ,FEAFE ; Store it zwal for Possible later use 

11100000 01000001 00110100 00010011 11000000 00111001 
1NPU7 9PPRis InPut a Predictor 

11100000 01010000 00000110 01000000 11000001 10000100 
STMS PiF ; Store it awast for possible later use 

1livuu0v teluvvv01 00100100 00010010 11000000 00101010 
; Test the 'TEST POINT SELECT' switch and outPut the data to test Port 

jMP TSTFEL,HDTFELU ; Test if FEL to be output 
00111000 00000110 00100110 11111111 1100000 0  00000000 

LOAD LSTFEL,LSTFEL ; '(es  - Load FEL into Ace 
11100000 01000001 01010100 00010101 11000001 10000100 
NOVEL: JMP TSVEhrNOTFEH:I ; Test if FEH to be outPut 
00111001 00000110 01000110 11111111 11000000 00000000 

LOAD LSTFEH,LSTFEH  j Yes - Load FEH into Acc 
11100000 01000001 01100100 00010110 11000001 10000100 

baie  ; fe7 inter* 
Poletion. )$ 

nantoett***Uttettnt 
fut. • S Enable to be low 
11000000 00003000 
ft:r • Enele  t le  high 
11000000 00000000 

1.1111.. 11000000 00000000 

; Lo?d  3  into t.he 
uu  1100000 1  10000100 

Outr-ut S 
010000• 110000 00100011 
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363 00064 hOTFEM: JMF TSTFE,N0IFE:I ; Test if FE to be outPut 
oeillolo evvvilo ii0011O  11111111  11000000 00000000 

3z9 00060 LOAD LEIFE;LSTFE ; Yes - Load FE into Arc 
11100000 01000001 01110:00 00010111 11000001 10000100 Ile 370 00066 NLiUE: ISTE/NUE:1 ; Test if AEDT to be outPut 
00111011 00000110 1000011j 11111111 11000000 00000003 

371 (me LDMR iLFFES4LPF6Z+DW:: ; Yes - Load AEDD into Ace 
11100000 01010000 00000000 11100001 11000001 10000100 

372 00068 NOTE: Je TSTHPF,NOTHPF:l ; lest if HPF to be outPut 
00111100 00000110 10100110 11111111 11000000 00000000 

373 0006F LDMR (MFFE3+HPFEZ+141):% ; Yes - outPut HPF 
11100000 01010000 00000031 01011000 11000001 10000100 

374 we NOW:  JiP TSISOM,N07SUMU ; Test if regenerated residual to be outPu 
00111101 00000110 11000110 11111111 11000000 00000000 

375 00066 LDMR (SdhiDt1):1 ; Yes - outPut sut 
11100000 0101.J000 00000000 11100010 11000001 10003100 

374 00060 NOTEUM: jMF TETSFE,N3TEFEa ; Test if SPE to be outPut 
001111.:0 00000110 11•0110 11111111 11030000 00000000 

377 00061. (FREp66Tetà!.". Yes - Load SPE into Ace 
11100000 01, • 100 0000001 00100110 11000001 10000100 

376 0006E erEFE: jMF TET6;NOTE:7. ; Test of S to be out*ut 
00111111 00000111 00000110 11111111 11000000 0000000 

379 0006F LDKin iDEMIS+D#211% ; Yes - Load S into Ace 
1110000 01010000 00000001 00:1000 •  11000001 10000100 

3E0 00U7 0 N0 T;": OCIPUT TES0,TEST ; Send the value to the analog test Port 
1110003: 01100010 00000110 00100000 11000000 00100011 

3E1 00001 ; CALL ,LPFU ; Low Pass the unperturbed seines 
3E2 00071 ; CALL ,HF:  1 ; Hie Pass the Perturbed  sales  
383 0007i ; FILTER1 ,C0h1e(LPFES+LPFSZMI ; add the HPF and LPF signals 
3 14 0007 ; FILTER?, eCOti1,(HPF8S 4.LFFSI):1 
385 00071 ; FILTERL 
3E6 0007 ET_R ;SUMBE 
3E7 00071 ; the dab throus'h the Predictor 
36E 3C .27i ;PRED:l 

000: 0 000 Orin'mA0 010;i0110 11111111 11000300 00000000 
3E9 00071 ;  No  0 devtphzsize the deta end shift rins buffer data 
390 00072 CALL ,DEEM:% 

00010000 00010110 10100110 11111111 11000000 00000000 
31 00073 ; Rea. load zer0 ido base of rins buffer 
392 00073 SPL Tyr,.E0NIFT ; Shift ring buffer data 

11100000 01101111 11110110 11111111 11001000 00000000 
393 00074 FILTER1 ,C0N0,10(0:1.  

11100000 01010000 00000000 00000000 11100000 01000100 
394 00075 FILTERL 

11100000 01101111 11110110 11111111 11100000 11000000 
395 00076 STMR +WERTH-11:Z 

11100000 00111111 11110001 00110010 11000000 00101010 
396 00077 STMR CRTNAMFBS ; Store zero and return 

10100000 00111111 11110000 00000000 11000000 00101010 
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. 392 0007S ;**tti*I**e****************dtt************************************ 
397, 10078 ;* PR50.ELURE Ouadrature Milfor Fi1t high 

• 400 0007E prouedure perforns a Quadrature tirror filter oPerationt 
40: 0--,.076 Esiu:à7,2 thst FEh  i  ir th t FE input buffer.  I.  Plan FE k at t 

notw Weé 4-  the sta;', of the «Lei--  portion of the ring buffer .  
W7è 

4 •4 0007.3 ;* sun := FEHEn: * CGKFE03 
7 405 0007S ;* FOP i := 1 TO 17 DO 

40C 00078 ;* sut := sun + FEHrn + 2ti3 * COMFE2*0; 
' 407 00078 ;* sun := FELin: * ONFC0: - sut; 
r. 40E (007E ;* FOR := D TC 17 DO 

403 t•,7a sur :. sut + FELrn + 21.0 * COMF22$0; 
• 410 000T2 ;* := =t; 

I 411 01,076 4 ESCi 
. • 412 jt~eteutgemnetrummeme********mitonoinum 

• 4G :7S FE , FE Fetch FEL frow th E FE inPut b 
11100000 :)1000001 00110100 0001011 11000001 10000100 

Store at  bas t of Off rim" buf 
• 0011i111 11110000 00000000 11000000 00101010 

I 41: 0007 , ! Store for the test Point 
000,0!1'.: 11000000 0010J011 

riLTE: ,00.r1F+D4,..!):Z , (1.4ePS+D#0):I ; Du thE  FE  hi terts first 
111v0',. n.0•1 010001th: 

' 4:7 cC 7ILTER!:. y (CPK:4141::::.(ae.u+D.:z 

.. 01f•.10000 10001010 11100L0 11)n; 0  
• 41E 0007D ::LTE;Y t:CW+144);%,(0".FEE+142::)::. 

••• :s '0 0...v0O0  000 1 0100 11100010 
F:L.TEtU 

' :; -..:.10010 100100•0 00011110 11100 110 11000100 
,U:DMF+DfiE):%,(OMFD.S4D#40):% 

1011000: 00, 101001 11100010 1100010:. 
421 • - • =:L 7.::• 

• 0'3110.010 11100010 11000100 
• . 

• vv: 
11:00020 010:-..-:10 11110000 00111100 11100010 11000100 

(. 4:3 000E2 FILTSFN ::OOMFiD114):%,(0MFES+Dt70):1 
• 1110U0 01010011 00010000 01000110 111000 10  looln 
- . 424 00033 FILTERS ,(COMF+D#16):70(0MFES+DtS0):11 

1110000 01010 1 11 00110000 01010000 11100010 11000100 
425 00034 FILTERN y(rOMF+1418):Zy(OMFFS+D#90):% 

1110000) 01010011 01010000 01011010 11100010 11000100 
42é 00035 FILTERS t(COMFDt20):Y.,(MFBS+14100):1 

11100000 01010011 01110000 01100100 11100110 11000100 
427 0002é FILTER4 liCOMF+D122):%,(0MFES+Dt110):1 

11100000 viv:0011 10010000 01101110 11100010 11000100 
428 01087 FILTERS f(COMF+Dt24):Z,(GMFBS+D#120):I 

11100000 01010011 10110000 01111000 11100010 11000100 
. 429 00083 FILTERS KCOMF+D#26):%9(OMFBS+Dt130)U 

11100000 01010011 11010000 10000010 11100010 1100 0100 
430 000E? FILTERS 7(COMFtD*28):Zy(OMFBS+MI40):Z 

11100000 01010011 11110000 10001100 11100010 11000100 
• 421 000SA FILTERS p(COMF+1430):nfOMFES+D$150):I 

11100000 01010100 00010000 10010110 11100010 11000100 
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432 0008i FILTERN p(COMF-11432):%,(GMFBStIl#160)il 
11100000 01010100 00110000 10100000 11100010 11000100 

• 43I 00080. FUTERM tamFill#34):1'fflMFBS+111170):1 
11100000 01010100 •1010000 10101010 11100010 11000100 

40,4 0007.2 FILTRNM p(CWiD#00):1,(GMFES;145)il ;sult:=FELE0IFOMFI07-sui 
11100000 01010010 00110000 00300101 11100110 11000100 

435 0000E FILTERN e(CàMFi-14.02):%1COMFES41415)il 
11100000 01010010 01010000 00001111 11100010 11000100 

436 0005F FILTERN 1;020F+1104)illiGMFBS411#25)il 
11100000 01010010 01110000 00011001 11100010 11000100 

43-: 00090 FILTERN e(COMF+1406)*(OMFE841435)il 
11100000 01010010 10010000 00100011 11100010 11000100 

438 0000;1 FILTERN p(Caif+0408(0MFES+1445):1 
11100000 01010010 10110000 00101101 11100010 11000100 

439 000;1 FILTERN I;UIMF+8410):MFBS+1455)::: 
1110000• 01010010 11010000 00110111 11100010 11000100 

440 000 3 FILTERN “2,OMF+0112017.,OMFBS+1465)il 
*1.1000('• 01010010 11110000 01000001 11100010 11000100 

441 03054 FILTERN piCOMF+1414)il'OMFB5+1475)il 
1:1000.'0 0..),0011 00010000 01001011 11100010 11000100 

442 00375 FILTER!" “COMF+D.116)il,OMF81.,414.65)il 
• 11100000 01010011 0010000 01010101 1110031r.: 11000100 
: 443 0009D FILTERN p(COMF4-1418):1,(2MFESi-1495)il 

111•00(0 010100'11 01010000 01011111 11100010 11000100 
44 4 r.)V.77 FILTERN ,(C0e+0120):1'(0M:er3+14I05)il 

0000 0101 ,:g.u.: 01110000 01101001 11100010 11000100 
445 00000E FILTERii KLOMFili#22):%,(GMFliE4D#115)1% 

1100000  01000j1  0•:0000 01110011 11100010 11000100 
to  446 00099 FILTERN ;;COMF+0124):L:PMFB5+11#125)il 

i110000... 01010011 10110000 01111101 11100010 11000100 
- 447 0009 A 0ILTERN ':00MF4.8t26):Z n GMFB84.D#135):1 

111000 ,0. 0'0:01 11010000 10000111 11100010 11000100 
448 • .(ue+1.428):1.(5MFBM4145)il 

• 11100.0 11110000 10010001 11100010 11000100 
449 OU'T. =n7EF,Ji l(COMFtD130)*(0MFB5iDt155)il 

11100000 01010 00010000 10011011 11100010 11000100 
450 OW:: FIL777.,N 1(Caellit32):17(2MFBS+Di165)il 

11100000 01010 00110000 10100101 11100010 11000100 
451 0005E FILTEF:N y(CP4F+1434):1,(0MUSUI175):% 

11100000 01010100  01010000 10101111 11100010 11000100 
452 0000 FILTERL 

11100000 01101111 111:0110 11111111 11100000 11000001 ,  
• 453 00 A0 JMF 'PERTil Perturb sample location 

00110000 00001100 10100110 11111111 1100000 0  00000000 
454 003f:1 ; and return 
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456 000A1 ;**********M******************************************* 
. 457 000A: ;* PROCEDURE Puadrature_Mirror_Filter_Low 
• 458  0031  ;* This procedure does the Quadrature tirror filtering* 
A114409 000A1 ;* cperatim assut:_ng FEL is ih the FE input buffer, )1 
nue 460  ooi ;1. 

461 00e1 ;* sut := FEHEn+O: * CGMFE11 
462 00041 ;* FOR i := 1 TO 17 DO 

: 463 000A1 ;*  s := sut + FEHEn+2*i: * COMF:2*i+1l; 
464  0001  ;* FOR i := 0 TO 17 DC 

• 465 0001  ;* sut := sut + FEHEn+21:0 * CO1F:2*i+1l; * 
466 0001  ;* LPFDS := set; 

; 467 000A1 
' 46E 000A1  
f Aii 000Ai OhFL: LOAB FE;FE 

1110000 01000001 00110100 000:0011 11000001 10000100 
470 00,:0:: SThF ;Cf:7 .82 ; Load FEL and stcrs ir Ring b 

'1 1 1 1 0000  00000000 11000000 00101010 
47: STORE ,LS7FEL,LSTFEL - ; Store PoT the test Point 

I,. • 472 0000 FILTER1 r(MMF+1111)17.:(OMFES+Dt5):% ; Dc the FEN ter u first 
100 01000001 0101100 00010101 1:000000 00100011 

' • 473 
11100": :5101C1 010:e0t: 11i 01000100 

FILTEFR ,(COMF+013:1;(0hEBSiDt15:1 
11100000 010.:0a 01100000 00001111 11i000 1 11000100 

474 0..J0k, F:LTERI4 FiCW.7:15Ze(GMEBSiLt:5):1 
1110vv'.. viutev.t , ! 190%«,vuv J(1 11001 11100010 11000100 

475 00047 FP-TERN :(UdiF+7147):,(CIMFi . 841435):Z - 
1110000... 01D:0910 1910»:;"; 00100011 11100010 11000100 

476 000AE F1LTEP ,(CGM,T+149;:ld:QMF8S-ED145jU 
. • 111Ce00 01010()10 11000000 00101101 ill0001c. 11000100 

47 : 00A FILTEN r(EaMF41411):%“2MF3;ii.455ia 
11109 01010010 111000 00110111 11100010 1100010 0  

478 FILTB ,iC171MR-1413):I!aff6E4DtE:5)::: : 111: 01017..;'. 1000001 11100(10 11300100 

t 4 , . . i.t.uMFWEILD 
1110000 0  '.11C10M1 0,..1 000)  01001011 11100010 11003100 

' 480 0 •0A: F:LTERN atEGMF-H41 7 )::.;(0MFES+1435):Z 
11100000 01010011 01000000 01010101 11100E10 11000100 

• 481 000AB FILTEFfj ;(COff+Dt19):%;(0MFEStDe5):Y. a 
11100000 01010011 01100000 01011111 11100310 11000 100 

4E2 000AZ FILTERN tiCOMF+11121):IY(0ME6S414105):I 
• 1110000A 01010011 10900000 011 0 10 01 11100010 11000100 

483 0•0AF FILTERN .(COMF+1423):11;OMFBS+It115):% 
11100000 01010011 10100000 01110011 11100010 11000100 .• 

484 00060 FILTERN ;d:Mer1425):%;(0MFRS-1it125):1 
11100000 01010011 11000000 01111101 11100010 11000100 

425 00061 FILTERN .(COlf+lit27):1;.OMFDS+14135): 7. 
11 1 00000 01010011 11100000 10000111 11100010 11000100 

•

4  

• 486 000E: FILTERM p(COMF+D#29):Z;(0MFBS+0#145):1 
11100000 01010100 00000000 10010001 11100010 11000100 

4E7 00 383 FILTERN I(COMF+DI31):11(OMFES+D#155:2 
11100000 01010100 00100000 10011011 11100010 11000100 

4 8 E 00:E4 FILTERN p(EOMF+D433):Z;(GMF8S40#165):Z 
11100000 01010100 01000000 10100101 11100010 11000100 
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489 000B5 FILTERN o(COMF+D135):11(0MFBS414175)1Z 
1 1100000 01010100 01100000 10101111 11100010 11000100 

450 0•0Së FILTERN p(COW4141):2;(0MFFSet1•!:1 ; Now do FE!.  terms 
11100000 01010 )10 01000000 00001010 11100010 11000100 

491 0001:7 FILTERK 9(CaFet3):Zy(OMFB54.1420):% 
11100000 01010010 01100000 00810100 11100010 11000100 

452 000B8 FILTERM p(COMFet5):11(9MFES4t3C):I 
11100000 01010010 10000000 00011110 11100010 11000100 

493 000B9 FILTERN ;(COMF+147)11/(GMFESe#40):% 
11100000 01010010 10100000 00101000 11100010 11000100 

454 300EA FILTERA 7:C0M:411#9)*(GMFB3+11#50)1X 
11100000 01010010 11000000 00110010 11100013 11000100 

495 000EB FILTEn •i00F+1411)11,(GMFBStD#60):7: 
11100000 01010010 11100000 00111100 11100010 11000100 

456 000S0 Fa -VERN ;(C3MFili#13)*(0MFBS+11#70i:7. 
111C: 00000000 01000110 11100010 11030100 

497 000SD FILTERN 1(COMFet1511,(GMFEffl4BC :z 
..:100000 01010n 00100000 01010000 11100010 11000100 

498  808E FILIERN ;;UMF+1417M%It0MFBS+1490)1I 
11100000 010001'.: 01000000 01011010 11100010 11000100 

49i 000ES FILTEF.N y0OMF70115:%1:OMFBE+14100):1 
11100000 01010011 01100000 01100100 11100010 11000100 

500 003L'8 FILTE t(CONF+11#21):11, (0NF38+D#11():Z 
11100000 010A1: 1000000C 0110i110 :1100010 11000100 

501 00001 F1LTE'r. ;(0W+1423):UMFBE+14120)11 
11100000 01010011 l01vuLv0 01111000 11108030 11080100 

502 00002 FILTERN ,(O0MF+11105):1,(0MFBS4I4130:Z 
11100000 01010011 11000000 10000010 11100010 11000100 

11, 503 00003 FILTERN ,(C0MF+0127):%,(DhfES+B#143)n 
11100000  81010011 11100000 10001100 11100)10 11003100 

504 00004 .FILTERN I(0OMF+Ii#29):WOMFES414150):Z 
il 100380 01010:00 00)00000 10010110 11100010 11000100 

505 00005 FILTERN ?(COMF+0431)::WOMFBS.FD4160):I 
:100000 01010100 00100000 10100000 11100010 11000100 

506 0000a FILTERM KC0MF+1433:1,(GMFBS+04170):% 
11100000 01•10100 01000000 10101010 11100010 11000100 

507 0907 Fit:7ERN ,(COMF+1435):Z(GMFBS+D#180):I 
11100000 01010100 01100000 10110100 11100010 11000100 

. 50E 00008 FILTERL 
11100000 01101111 11110110 11111111 11100000 11000000 

509 00005 JMF ,PERTU ; Perturb satPle location 
00110000 ODPil 1010011C 11111111 11000000 00000000 

510 000CA ; and return 
, 511 0000A ; return 



513 
51; 

51 - 
 E15 

5!Z 
520 
521 
522 
522 
2l4 
525 

veZA 

000;*Y-i 

0002;t 

000C. 
000CA 
0W.A 
0002A 
000C:t. 
000CA 
000CA 
000: der:site furiction. 

R'obsblIlte of bDins I 
Perturi.1E,  

+0.5 * 

+ 

+- 
THRESH 0 

547 00050 

545 000CE 

54:  CUCR 

550 000E0 

000111  

0002  

553 000D3 

554 00014  

rr n 
JJ: 

r.r.1 

Lie ADD:. SYNTHESIS FROPF;nR ASSEMBLER SOURCE FILE. SEPT 13 PAGE 20 

;***.********** 1*********************************************** 
;* FRKUURE FERTurbatei 
;* 
:e{ This procedure perterbates the location of the FE )* 
;* BEGIN 

Multiple aceumulatcr be CON4; 
Generatate seed uniformie distributed in C-thresh;thresh3* 
IF masnitudeiFS) > seed  TE N store at PERTES 

ELSE IF MSB of least is one THEN store at PERTBS-1 * 
ELSE store at PERTBS+1 

END; 

The Fe sample is Perturbed with the following probabilite* 

• t0JLA 
525 002A 
529 00 • A 
530 0:J0Ci: 
• v00;,!-. 
532 0002- 
533 0C0C- 
534 it 
535 0:2L- ;4 
53t 4 
537 000;4 ;; Y  

535 000:z 0 -IhFESr 
53z ....CK£A it InPut samile value 
5 40 0002 SNL; 
541 eX4 ite4 ]4,0 1 *# 0 10>4ffitk***MOMP*****Mtlieet=*****# 
542 000iz PERT: 
543 000;..4 r4c4 do e..:11 Precis:or noltiPle be CONS 
54; 000:7 ; Store leas? sis Prod 

11111: liArAu 

545 00025 SThF ;M[1.51 ; store most sis Product 
11100000 0011111: 1110011  11000000 00101010 

5 4 : 00CC  L FILTER:1 ,C5f4S , Î2ST FIltiFlb most sis h CONE 
11100000  01wi'0  1110011. 11111110 1110000D 01000100 

FILTERL 
11100000 011:1:11 

STLR 
11100000  0 11 : 1 1 1  

LONF 
11100000 01010000 

FILTRAL.I 
11100000 0101 0110 

FLTERL 
11100000 01101111 11110110 11111111 11100000 11000000 

STLR 'LEAST 
11100000 00111111 11110011 11111111 11000000 00111001 

STMS LSTFE,LSTFE ; Save for the test Point 
11100000 01000001 01110100 00010111 11000000 00101010 

STMR 'MOST ; Store at base of LPF 
11100000 00111111 11110011 11111110 11000000 00101010 

:* 

;* 
;* 
;* 
;* 

4* 
it 
;f 

;) 

11110110 11111111 11100000 11000000 
;MOST 
11110011 11111110 11000000 00111001 
MOST i  Sh.ift left 16 Places 
00300011 11111110 11000001 10000100 
ICONS;LEAST ; Add CONS times leet sis product 
11100011 11111111 11000010 01000100 
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555 000D5 j STMR ;DLYBS 
556 00000 ; Tee the absolute value 
557 JMF EG;NEGATC:1 ; Test last bus value was negative 

000/0010 00001101 01110110 11111111 11000000 00000000 
55E t' JPIF 7POS707. 

00110000 00001101 10100110 11111111 11000000 00000000 
50F 000L7 NEGATE: FILTER1 ICON1eM0ST:Z ; IF negative then negate it 

11100000 0101000 00100011 11111110 11100000 01000100 

000DE FILTERL 
11100000 01101111 11110110 11111111 11100000 11000000 

3 r:1 0000F STLR ;MOP 
1110000 0 001 "111 11110011 11:11110 11000000 00111001 

562 000IA P3ETV: 
563 000DA FILTER1 ;THRESK;LEAST ; Scale E-1;11 remelnder 

1110000C 01010111 0110001 1  1111111: 11100000 01000100 
564 0000E ; to :-THRESFAHREEM) 
565 0001 E FILTERL ; To get  candor seed 

11' 00°' 01 10111 '  1 1 110110 1 1  11100000 11000000 
5OO 00002 STME TEMP;TEe ; leave resu:t  in  LStj 

1110300( 0100000 1  10:;00100 00011000 11000000 00101010 
567 00001. EFL ;?(D1256*C3EFB+CO!41;:%.(D125:4SCRATTEMF,:70.MULTI 

11100000 0101000 00010100 000110D0 1110 • 00 01000100 
()MiE i ion seed into accutulator 

000DE FILrERK CE±e.17M0ST ; Subtract absolute value of signe: 
1:1(0'00 010:0:,0t 00100011 11111110 11100010 :1000100 

570 00UF FILTERL 
111000 00  Cli0111 :1110110 11111111 11100000 11000000 

571 000E0 STLR ;03ET ; Put 04 th E bus 
11100005 0011111: 11110011 1111:110 11000300 00 1 11001 

572 000E1 JNR NEO.N5FIRTri: I0 magnitude of Sietil > 12E .ori 
00110010 v0v0 10110110 11111111 11000000 00000000 

7:7=: 000E2 . F:LTER1 1(CLPF+D;15):ZeLEAST iscraele bits ir; LEAST 
11:00000 01010001 00110011 11111111 11100000 0100(100 

574 00•E .3. FILTFF. 
11100000 0.11C..b11 11110110 11111111 11100000 11000000 

570 000E4 STLR ;LEAST Sv  2 lest  si  5 word of scratblerf 1 
11100000 00111111 111:0011 11111111 11000000 00111001 

57o 000E5 LDMR LEAST 1 Put MSB of LEAST into sign bit 
11100000 01010000 000300 1 1 11111111 11000001 1000000 

577 000So JMP MES;PERTP:1 
00110010 00001110 10010110 11111111 11000000 00000000 

578 000E0 LOAD LSTFEILSTFE 
11100000 01000001 01110100 00010111 11000001 10000100 

579 WEE STMR CRTN(LPFBS-Dt1):I 
10100000 00111111 11110000 11000000 11000000 00101010 

580 000E9 PERU': LOAD LSTFE;LSTFE 
11100000 01000001 01110100 00010111 11000001 10000100 

581 000EA STMR CRTN(LPFBSiDt1):I 
10100000 00111111 11110000 11000010 11000000 00101010 

582 000E8 NOPERT: LOAD LSTFE;LSTRE 
11100000 01000001 01110100 00010111 11000001 10000100 

583 000EC STMR CRTH;(LPFES+MX 
10100000 00111111 11110000 11000001 11000000 00101010 



4D719; SYNMSIS PRECEESn ;:SEEM.F.LER SCURCE FILE , SEPT 13 PAGE 22 

5E5 000n 4************************************************************ 
5?,6 000Ef! ;* PRKEDURE Low_Pass_Filter; 
5F; 000B ;I: This Procedure low P2t£,  filters fie eAa in the low pass* 
5E9.. 000ED i* FIlter burfen, 1* 
5'29 000EL ;* := CLFF:0: • LFFBE:Ol' 
590 000ED FOR i := 1 TO 30 GO 
591 ;* sut := • CLPFLi: LPFiE[i]; 
592 000EI.- ;* LPFB3[313 := !Je; * 
592 000ED ;* DLYBSEM := ODUS[0:1; 
594 000ED ;* EN L; 

000Er,  a 
OGOED  

57 000EL LFF: FILTER' ,(CLFFeJt0):1!(LPFEI3P#10):Z 
1110000C 010100n 01000000 11000001 11100000 01000100 

000ZE FILTERN v(CLPF+141):%,(LFFEE4.14fln 
11106:e0 0101:)0.: 0101C000 1100001'.:. 11100010 11000100 

59'7' 00CEF FILTERS , (CLPF71:t2):1,(LPFS41!t2):7,: 
111 01010000 01100000 11::,000:.1 11100010 11000100 

600 00070 FILTEF, 
11100000 01010000 01110000 110 1..0100 111C0010 11000100 

601 000;1 EL.IEF ,(a.P17+1314% , U.PFP.S+1.44:% 
1110000.: 0101000 10000000 11000101 1110001C 1100010: 

602 00072 FILIERN 
1110:..n 010100 0C  10010000 11000110 11100010 11.•00100 

603 003 0LEF÷DtLPFBE+ 7,46:Z 
1110000 0101 • 000 10100000 11000111 11100010 11 ( 00100 

604 •00F4 FILTERN ,;CLFF+147),;LFFBEt147:% 
11100000 01010000 10110000 11001000 11100010 11000100 

605 0E:5 FILTERN siCLFF+DIE):Zy(LPFIS-FD18):1 
11000000 110010:1 11100010 11000 10 0 

606 00',:;:é FILTFr: y(CLFFilj19:7.“Le'FiEtlej:1 
111000 010100 11010000 1100101( 1110001 3 1100016C 

,'..077 0007 7 eCIfF-ni410):ZyeLPFESiDt10):7. 
11100000 01010000 111C0000 110 (1011 11100010 11000100 

6(E 000=i1 FiLTE s;CLFF+11111)!ftFFESibt11)::,: 
111 •vvv0 31L0000 11110000 11001100 11100010 11000100 

60 000F9 FILTERN r:CLPFfDel12:1r(LFFES+11112):% 
11100000 01010001 00000000 11001101 11100010 11000100 

610 000FA FILTERN t(CLFF+3#13):11(LPFDS+1413)U 
Il 1 nr1000 01010031  00010000 11001110 11100010 1100010'i 

611 000FE FILTER I(CLFF+1414):Z,(LPFBPD#14):7: 
11100000 01010001 00100000 11001111 11100010 11000100 

612 00 0FC FILTES y(CLPF+D#15):It(LPFGE4I415):Y. 
11100000 01010001 00110000 11010000 11100010 11000100 

613 000=0 FiLTERN y(CLPF-i1416):%,(LPFESet16):I 
11100000 01010001 01000000 11010001 11100010 11000100 

614 000FE FILTERN y(CLPF+1.417):7.9:LPFBS+D#17):Z 
11100000 01010001 01010000 11010010 11100010 1100010( 

. 615 000FF FILTERN y(CLPF+1418):%,(LPFBS+TA18):% 
11100000 01010001 01100000 11010011 11100010 11000100 

. 616 00100 FILTERN KOLPF+3#19):1,(LPFBSi-1419):7. 
11100000 01010001 01110000 11010100 11100010 11000100 

617 00101 FILTERN r(CLPF+1420)*(LPFBS+I420):x 
11100000 01010001 10000000 11010101 11100010 11000100 

LINE 



LINE AII;. S:1::HE3IE PRKEESOR ASSEMBLEF SOURCE FILE. SEPT 13 PAGE 23 

618 00102 FILTEBN e(OLPF+1421):It(LPFESiBt21):Z 
11100000 01010001 10010000 11vIvil0 11100010 11000100 

619 00103 FILTERN KELPFill#22i:I;(LPFBSel#22):X 
11100000 01010001 10100000 11010111 11100010 11000100 

620 00104 FILTERN r(CLPF+Dt23):WLPFBSill#23):X 
11100000 01010001 10110000 11011000 11100010 11000100 

61 1  00105 FILTERN KELPFe#24:1,(LPFBS+11#24):% 
11100000 01010001 11000000 11011001 11100010 11000100 

622 010é. FILTERN t(ELPFTD#25):n(LPFES+D#25)1% 
11100000 01010001 11010000 11011010 11100010 11000100 

623 00107 FILTEP4 ;;CLPF714.26):IKLPFBDFD#26):I 
1110.200r) 0110001 11100000 11011011 11100010 11000100 

0010E FILTERK ;;CLFF+D127;:Zr(LPFBM#27):% 
-:1i0001 11110000 11011100 11100010 11000100 

625 00109 EN  ;CCLPi4a28;1%;IPFB3+Dt2S):7. 
1110. 0000000':! 11011101 11100010 11000100 

62 0 y(n.F . F71429):1,(LPFE3+D#29)1I 
11011110 11100010 11000100 

627 F;LTE • 1 . ).--71:430:7.,(LPFÏS+Dt3MZ 
1000•0K•100000 11011111 11100010 11000100 

1 "1:...le' 11111111 11100000 11000 030 
;LEAF ; Store l est Si2 FrOd 

t.jM11111  11110011  11000000 00111001 
630 nIn- rSOF ; store most s15 Prddet 

111000 00  00111 11110011 11111110 11000000 00101010 
631 00107 FLURI ;OFLPFTMOST Muhiqb 1110Si si È b2 6N117 

:1100300 01 010111 00:000:: 11111110 11100000 01000100 
63: 001:0 FLTERL 

11100000 01101111 11110110 :1111111 11100)00 :1300000 
63: 0011': ULF: 1.10S 1  

11100000 0C:1::11 1:11001 111:11n 1 1 000000 00111001 
0013 feSi ; Shift left 16 !,.laces 

111000 :iirj10. 00() 00000C11  1111 1110  11000001 10000100 
635  FkT0 ;ONLPFtUASI ; Add ONLFF tisei lest Sig eloduct 

11100000  01 0:0111 001000:: 1111:111 11000010  010000  
636 00114 F1LTFL 

11100000 0111111 1111(11.) 11111111 11100000 11000000 
637 00115 SThR CIUM;;;.PFiSiLFF'6D1% .F.t-Jra it awas 

10100000 U.111:11 11110000 11100000 11000000 00101010 



LINE ADU, EYNT:e.EEIE PROCESSOR ASSEMKER SOURCE FILE. SEeT 13 PAGE 24 

I  

639 00116 iti4tt***ett***.*********t******04******t****t**************** 
640 00116 it FF:CCEDURE High_Fass_Filteri 
641 0016 iC This Fï.ocedee high P8s$ filters the dst.,  in the high * 
642 0011 6  it PZSS Filter btffer. I* 
643 CM 1e'. i* sut :. CLFF[0] NPFESEO]; 
644 00116 ;* FOR i := 1 TO 30 00 
645 00116 1* eut := sue + CLPFIO t HPFDSIO; 
646 00116 it HUB3I31.1 := 5*FFESI157-sett; 
647 00116 it END; 
640 00116 ;* 
64'; 00116 i***11*********MtUtelt***********************e.***********t 
650 00116 dPF: FILTER': t(CLPF+L40):17(HUBS+DWU 

1110000.; 0101000Z C100001 00110110 1110000 0100010C 
r' 651 0'• 117 FILTEU yUlF74111)*(HPFDE+Dt1:1 

11100000 0101 000 0 01010001 00110111 11100010 11000100 
• 652 WilE FLIF 
• 11100000 01010 0.' 0 3 11 0001 0Z111000 1100A0 11000100 

653 0011; FILTERN t(CLPF+D13):1,HPFE3+DL3:Z 
11100000 01010000 01110001 00111001 11100 ( 10 11003103 

654 0011A FILTERN ?:CLPFe14):1',(FPFBS4Dt4):I 
111 0 W ;101 0 000 c0001 00111010 111000:0 11000100 

655 00111 FILTERN r(CLPFt1115FES4D15):Z 
11100 30  01010000 1 00 10 30 1 D0111011 11100010 11000100 . . 

656 0011D F.:LTEFN ,(CLUSDt6:74,(HPFEStDt6):1 
1110000 0.101.. 10100001 00111100 111'..0010 11000100 

• 657 FiLTEU y:CLPF+Dt7:%,(NPF8E+Dt7)1": 
1110000.,  :1 0 1ve. 1,110001 00111101 11100010 1100 0 100  

65S 0:J11E FiiTER .o 7 n CLU+DIE):70(ifFirl48):1: 
1"fiWs,  011 0330  Il 0000)1  001 11 10  11100010 1 1000100 

!(CLFF+D49):Iy(HPFBE+Dt9:Z 
• 1110  313r1 11010001 00111111 11100010 11000100 

.CLPFi3t10):7.,(riFFE3 2-Dt10):1 
111 3 001 01000(.00 11103110. 110e100 

:121 
1110• :11 -. 00 .:1 01030001 11100010 11000100 

? 662 0:L;22 FILTBN 
01c,11 whoul 01 003)10 alonlo 11000100 

663 00123 FILTERN taIFF.FP113):I9(HPFBS+Dt13):Z 
11100000 01010001 00010001 0100U011 11100010 11000100 

664 00124 FILTERK ,CLFF+1414):Ir(iffIlS+D114:7. 
1110000 01010001 00100001 01000100 111000 10  11000100 

665 00125 FILTERN e(CLPFi0t15)17.,(HFFBEtD115:Z 
11100000 01010031 00110001 01000101 11100010 11000100 

666 00126 FILTERN KCLPF+11116):Ir(NPFBSet16):% 
111000 •0 01010001 01000001 01000110 11100010 11000100 

667 00127 FILTERe p(CLPFe417):It(HUBS+0#17/U 
11100000 01010001 01010001 01000111 11100010 11000100 

660 00128 FILTERN t(CLPF+1418):%,(4PFES+Df1E)U 
11100000 01010001 01100001 01001000 11100010 11000100 

667 0012; FILTERN p(CLPF+0t19):7A(HPFESe#19):% 
11100000 01010001 01110001 01001001 11100010 11000100 

670 0012A FILTERN l(CLPF-14420):IptHPFES+1420):I 
11100000 01010001 10000001 01001010 11100010 11000100 



Di  1 0012B 

. . 
672 0012[ 

411/ ,.. ._, 
8/a 00121i s 

674 0012E 

675 0012F 

676 

677 00131 

67S :0132 

679 00133 

660  01134 

621 

622 0013c 

633 00137 

634 00133 

6F:: 00139 

626 0013A 

667 00133 

636 00130 

6S9 OC13D 

690 00136 

691 0013F 

692 00140 
693 00140 

694 00141 

695 00142 

696 00143 

LINE AD0F SYNTEEIS PROCESSOR ASSEMBLER SOURCE FILE. SEPT 13 PAGE 25 

F1LTERN /(CLPF+1421):ZI(HPFBS+1421)1Z 
11100000 01010001 10010001 01001011 11100010 11000100 

FILTERN /(CLPFi0t22):70(HUBS+D#22111 
111000'..0 01010 )01 10100001 01001100 11100010 11000100 

FILTERK p(CLRF+11123:%“HPFB3+11#23)r.,1 
11100000 01010001 10110001 0100101 11100010 11000100 

FILTERN I(CLPF+1424):Z/HPFBS+1424):Z 
11100000 01010001 11000001 01001110 11100010 11000100 

FILTERN l(CLPFiD125):%/(HPFES+Dt25):I 
11100000 01010001 11010001 01001111 11100010 11000100 

FILTERN /(CLPF+0426):1/(HPFB5+1426):z 
11100000 01010001 11100001 01010000 11100010 11000100 

FILTERN liCLPFiLt27):0:1(HPFBS.1.1427):1 
11100000 01010001 11113001 01010001 11100010 11000100 

EL.:ERN 1(CLPFT114-23):7.1(HFFB2+1426 U 
:1100000 01010010 00000001 01010010 11100010 11000100 

FILTER!: /(CLFF+142?):70(HPFBS+142?):I 
11100000 01010010 20010001 01010011 11100010 11000100 

FILTERN r(C-FF+330):Z/(NFFSS41430):Z 
11100000 01010010 00100001 01010100 11100010 11000100 

71LTERL 
11100000 v1101111 1111v...0 114,1;111 11100000 1100(030 

ULF ,LE S T i Store lent sis Prod 
111011000 00011111 11110011 11111111 11000000 00111001 

STU / 1031 ; store most sis; product 
11100:J00 00111111 11110311 11111110 11000000 00101010 

FILTER: /6NLFF/MCST i  MultiPlu most  si g bu GNLFF 
11100000 01010111 00100011 11111110 11100000 01000100 

FILTER._ 
111000 • 0 01101111 11110110 11111111 11100000 1100000 )  

STU. :KOH 
11100000 00111111 1111E11 11111110 11000000 0011001 

LDKF MOST ; Shift left 16 Places 
11103000 01010000 00000011 11111110 Ilvv001 10000100 

F1LTRAJ / 3KU/LEAST i Add GNLPF times least sig product 
11103300 01010111 00100011 11111111 11000010 01000100 

FILTERL 
11100000 01101111 11110110 11111111 11100000 11000000 

STMR r(HPF25+LPFS2):I ; Store it awas 
11100000 00111111 11110001 01310101 11000000 00101010 

FILTER1 /C3N1/0HPFBS+LPFS2):1 ; subtract 5*middle element 
11100000 01010000 00010001 01010101 11100000 01000100 

; to  set  comPlement HPF from LP 
IC0N4/(HPFFS+1415:Z 

11010001 01000101 11100110 11000100 
rC0N1/(HPFB3+I415):71 

00010001 01000101 11100010 11000100 

11110110 11111111 11100000 11000000 
CRTN/CHFFBS+LPFSZ):I ; Store that awau 
11110001 01010101 11000000  00111001 

FLUNK 
11100000 01010110 

FILTERN 
11100000 01010003 

FILTERL 
11100000 01101111 

STLR 
10100000 00111111 



LISE ADDR SYNTHESIS PROCESSOR ASSEMBLER SOURCE FILE ,  SEFT 13 PAGE 26 

. 698 00144 i*********************************************************** 
699 00144 it PROCEDURE PREDicti 
700 00144 i* { This Procedure Predictor filters data in the 

Ali 701 00144 i* filter buffe:' of th€. ling buffer. Y* 
- Mg 702 00144 i* 

-7 703 00144 Mitit**Mt*********MtittUttt*****.t1===== 
704 00:144 MED: FILTER1 SCRAT(P0+D10):Ir(FREDRUD11)11 

11100000 01000000 00000001 00100110 11100000 0100010 0  
705 00145 FILTERN S0RAT,(P0+0)1):%,(PREDBS+812):Z 

11100000 01000000 00010001 vvivtilll 1110001 0  1100e 10o 
706 00146 FILTERN SCRAT):P0-1I42a,(PREDDS+Dt3)::: 

11100000 01000000 00100001 00101000 11100010 11000100 
707 00147 FILTERN SORAT,(P0tD13):%,(PREOBS4Dt4):1 

11100000 01000000 00110001 00101001 11100010 1100 (1 100 
7 (i S 0014S FILTERN SORAT;(PO.U4):74,(PREDES+Dt5):1 

11100000 01000000 01000001 00101010 11100010 11000100 
7 (19 0 (1 147 FILTERN SCRAT,(PO4#5)*(PREDB3-1I46):Z 

11100000 01000000 01010301 00101011 11100010 11000100 
710 0014A FILTERN SCRATKP0-1D16)11,(FREDEUDi7)11 

11100000 01000000 01100001 0..101100 i1100010 11000100 
711 0014 1 F117E:RN SCRATtq'0+1.47):Zy(PREAS+148)17. 

11100000 01000000 01110001 00101101 11100010 11000100 
712 0014C FILTRNr U.EFB.PREDSCL,PREDPS 

11100000 310:0110 10110001 00100101 11100110 11000100 
713 00140 FILTERL 

11100000 01'10.111 11110110 11111111 11100000 11000000 
714 004E ; 00 e deu'01e .  pre0:on tultiplu Liu 8 
715 00'14E SiLR :LEAST i Store least sis Prod 

11100C.00 00.° 1 " 1  1:110(11111111111  11000000 00111001 
716 00:4:- ET store east Si!  product 

11100000 001:1111 11110011 11111110 11000000 oleolo 
717 001 00 =ILTEF1 pC04UM3SI MLitiPlu eost sig bu 8 

11100'200 01010110 '11100011 11111110 11100000 01000100 
71e 00151 FUEL • 

11100000 0110..11 11110110 11111111 11100000 11000000 
' 719 00152 STLF INGS0 

11100000 00..11111 111100:: 11111110 11000000 00111001 
' 720 00153 LDSR MéST ; Shift left 16 places s 

11100000 01010000 00000011 11111110 11000001 10000100 
721 00154 FILTRAU ,C0N8,LEAST Ae. 8 times least sig Product 

11100000 01010110 11100011 11111111 11000010 01000100 
722 0013 FILTERL 

11100000 01101111 11110110 11111111 11100000 11000000 
• 723 0015é ST e &RUH 
• 11100000 00111111 11110001 001001C1 11000000 00101010 
 724 00 157 FILTER1 .GNPRED,PREDES ;  Scie  so no overflow in deemPhasis 

11100000 01010111 01010001 00100101 11100000 01000100 
• 725 00158 F1LTERL 

11100000 01101111 11110110 11111111 11100000 11000000 
726 00155' STMR CRTNeDEMES 

• 10100000 00111111 11110001 00101110 11000000 00101010 



ADDT,, SYkinSIS PRKESSOF ASSEmBLEP SOURCE FILE. SEPT 13 PAGE 27 

726 0015A  
72i 00i3A ;* FROCEDURE CoFY_PREDictor_coefficients 
730 0C.54 ;*i This Procedt.7e co$, ies the Predictor copfficients from * 
73 1 0015i., 4 the temporin; predictor buffer to the vtive Predictor * 
732 001SA ;* buffer. I* 
733 0015A i* 
734 0015A u*****************e**************************************** 
733 OC15A CURED; LOAD (FTe0)11,(PTe0)12 

11100000 0100000 1010100 00001001 11000001 1000100 
736 01n STORE 

11100000 01003 1.!00 000W:00 000000 00 1100000 00100011 
737 0015C LOAD (FTMPt>i41',11,(FTMPO4Dt1):1 

“ 100000  01 0/00000 1•1e100 00001010 110050M 100001U 
73E 00151 awn yEr2O+ilii):1,:Fv+Dii):7. 

::)100 1.00 00010100 0000J 01 1100000 G'01000;k 
739 0,015F L0AD 3F.ThF0+1012)1II(Fie0e12):7. 

11100000 01000000 10110100 00001011 11000001 100001('0 
740 015F rAuKt FU-0:b42::7o:P0q#2)1% 

1110000;'2 0100000 00100100 000010 11000000 0100011 
741 00160 LOAD 3inF04-Dt3 , 1%?(F0+147,)1%. 

L100000 01000000 11000100 00000011 11000001 10000100 
742 001t.:.1 FE:E rSJffl43);Z,(F0+143):7. 

1ii00000 01000000 C0110100 00000011 11000000 00100011 
743 00162 LOA : 8(FTeW0i-Dt4)1%;(PTMPO4D14):1 

11100000 0100009 11010100 00001101 1100001 1000010 
744 00163 wr. '8(-'04.D44)11,(P0+DI4:1 

111000 010007.e 0100010C 00000100 11000000 00100011 
745 00 164 LijAD E(FTMF01-DIUKFTMF0+1 ,45):1 

111000 (s100000 11100100 00001110 11000001 10000100 
57:1RE ,•4145):(P0i-145)1% 

11100000 01000000 01010100 00000101 11000000 00100011 
747 0016è_. LCAD EFTSF .0 4.-DIP7MP0-:-146:Z 

11100000 01000000 11110100 00001111 11000001 10000100 
00:7 3 7 E tEiF0.1.11#6):11 ,/,F0fijklI 

11100000 010*.0000 01100100 00000110 11000000 00100011 
001&,i. LOA1' SOU1P0+147)1%,(PISKA.D17):% 

11100000 01000001 00000100 00010003 11000001 10000100 
750 0016 9 STORE CRTM18(P0+147)1ZI(P0+11#7:I 

10100000 01000000 01110100 00000111 11000000 00100011 



11100010 01000100 

11100010 11000100 

11100000 11000000 

11000000 0010101) 

LISE ALEF SNThESIS FRGCESSOR ASSEMILER SOURCE FILE. SEPT 13 PAGE 28 

rs: crclée ;0104*****trot*******0****tmumentsummt***** 
753 001 64 ;$ FROCEDURE DEEMPhasize; 
'54 0016 4  ;4 ( This procedure deepphasizer data in the deemPhasie 
755 0016A ;* filter temcrs. 11 
75n 0016A ;$ 
-57 0016A mu*********ttomemmuettounumummum 
75E 0016A DEEM: LDMR bEMPS 

11100000 01010000 00000001 00101110 11000001 10000100 
FILTER; 14 , ( DEMBE+DII) 

11100000 0101000 011C001 00101111 
FILTERS IA , ( DEMI&D#1):I 

11100000 010 1000 00110051 00101111 
FILTERL 

11100002 01101111 11110110 11111111 
STMF /DEmBS 
v0J.1111 111:uu01 00101110 
FILTER: ,MUI,DEMRS  i  Scale outPut to prv.,ent overflow 

11100000 i)1010111 01100051 •)01(111;) 11100000 01000100 
FILTERL 

11100000 01101111 11110110 11111111 111000 1100000C 
STMF. CRTM,DEmiqSfilto:% 

:010000 00111111  11110001 00101111 11000C 00101010 
EHL 

759 0016P 

760 0016C 

7à1 00I6 

0016E 

763 00I6F 

764 00170 

76.5 00171 

766 00172 

TOTAL ASEEMEn ERRFn = 0 



EYNT-IESIS PROCESSOF ASSEFILER SOURCE FILE, SEPT 13 PAGE 29 

CROSS REFERENCE TABLE 

LAPE:. TYPF VALUE REFERER[E8 
A A 00003 -107 108 759 760 
AEF: A 000C1 -6é 
ACC A 00200 
AUTO: 
AUTOL 8 0 
AU ON8 0 
CALL 8 171 194 197 200 201 204 209 214 

219 224 225 230 237 244 251 256 
257 262 268 274 278 282 285 286 
289 296 299 302 305 306 309 312 
315 318 321 322 325 386 390 

00047 -110 111 
C'e9 A 0004A -111 11 2  
c)6 A 00003 
[J9? A 00009 0 
CJE A 00001 
CL K9 A 0008C 
CLKXY A 00010 
CIFT A 005 0A -I0E 109 373 597 598 599 600 601 

602 603 60A, 605 606 607 608 609 
610 611 612 618 614 615 616 617 
616 61;' 620 621 622 623 624 625 
626 627 650 651 652 653 654 655 
656 657 658 659 660 66! 662 663 
664 665 6U, 667 668 669 670 671 
672 673 674 675  67 677 678 679 
690 

t,ut-e6 A 00005 169 567 712 
LW.: A 00000 -104 168 275 3?3 
CON1 A 00001 -105 567 ..f91 69 4  
C6i.i128 A Me.;.- -117 116 
CCW1ORIR A 0006B -113 
CON2 A 000 ± -114 11E 
CONA A 000•D -115 116 693 
CONS A 0006 -116 117 546 550 717 721 
CORK A 00002 -106 559 569 
CONT A 0000E 0 
CPYPRED A 0015A 278 -735 
COMF A 00023 -109 110 416 417 418 419 420 42i 

422 423 424 425 426 427 428 429 
430 43i 432 433 434 435 436 437 
439 439 440 441 442 44: 444 445 
4A6 447 448 449 450 451 472 473 
474 475 476 477 478 47? 480 481 
422 46:3 484 485 486 487 489 48 7'  
490 491 492 493 494 4 9 . 496 497 
496 499 500 501 502 503 504 505 
50à 507 

• CROSSER A 00008 0 



1 • 

• CRTS A 0000A 396 579 581 583 637 696 726 750 
765 

DI,FS3 A 00003 -65 111 
DEEM. A 0016A 390 -758 

IF DEMI* A 0012E -79 80 83 379 726 758 759 760 
762 763 765 

DEriEZ A 00002 -59 
• DIR A 00010 0 

A. 00064 -60 77 
• DLYBE A 0008E -74 75 
' EVER'i A 00056 191 194 197 200 204 209 214 219 

224 230 237 244 251 256 262 268 
274 282 285 289 296 299 302 305 
309 312 315 312 321 325 -351 351 

FALSE A 00001 
- FE A 00013 -94 95 360 360 413 413 469 469 
• ,7 39 . 9.7 00‘.;03 -133 35E 

FILTEF:1 D 16S 275 393 416 472 546 559 563 
573 597 631 650 684 691 704 717 

• 724 763 
FiLTEA 2 759 
FILTEiq. 169 276 339 3=4 452 508 547 551 

560 565 570 574 628 632 636 691 
685 689 695 713 718 722 725 761 
764 
417 418 419 420 421 422 423 424 
425 426 427 428 429 .430 431 432 
433 435 436 437 438 439 440 441 
442 443 444 . 445 446 447 448 449 
450 451 473 474 475 476 477 478 
479 480 421 482 483 484 485 484 
487 483 489 490 491 492 493 494 
493 4'76 497 492 499 500 501 502 
503 7..; 0 4 505 506 507 569 598 599 
600 601 602 603 604 602 (306 607 
608 609 610 611 612 613 614 615 
616 617 618 619 620 621 622 623 
624 625 626 627 651 652 653 654 
655 656 657 658 659 660 661 662 
663 664 665 666 667 668 669 670 
671 672 673 674 675 676 677 678 
679 680 694 705 706 707 ns 709 
710 711 760 

FILTRAH  0 0 
FILTP.Ali D 550 635 688 721 
FILTRN?' Ii 434 693 712 
GNIIIIF A 00073 -121 122 
6N;FF A 0007-1 -122 123 
GNINPUT A 00070 -118 119 358 
6NLPF A 00072 -120 121 631 635 684 688 
GNOUT A 00076 -124 125 763 
GNil..F.D A 00075 -123 124 724 
sou A 00071 -119 120 

-*. •r": r - 



riFF 
HF:H' 

0 ,3:55 —82 
—650 

A 00136 —81 82 373 650 651 652 653 654 
655 656 657 658 659 660 661 662 
663 6..4 665 666 667 668 669 670 
671 672 673 674 675 676 677 E 78 
tr 680 490 691 693 694 696 

• ifFS2 A 00021 —67 112 373 
• INFnUT Ii 359 361 

IC A 0000C . 0 
, I0F . Ii A 00000 0 

A 00009 —55 92 93 
JME 2 177 190 327 351 352 353 364 366 

• 368 370 372 374 376 378 453 509 
557 559 572 577 

JRF A 0 ,-J0;:,7 o  
JSRF 0 
JZ A 000M 
LICT A 00000 

9 355 371 373 375 377 379 549 576 
• 634 697 720 758 
• LEAST Ç, 003FF —84 544 550 552 563 573 575 576 

629 635 682 698 715 721 
LOAD 2 205 210 215 220 226 231 233 238 

• 240 245 247 252 258 263 269 365 
767 369 413 469 578 580 592 735 
737 73'? 741 742 745 747 749 

LCCJP 
LF A 00002 0 
LF A 0 ,-)0ED —597 

A 00 C1 —75 76 77 371 579 581 563 597 F 8  
598 597 600 601 602 603 604 605 
806 607 606 609 610 611 612 613 
61 4 615 616 617 615 619 620 621 
622 623 624 625 626 627 637 

1.9FSZ — 57 76 82 109 371 637 690 691 
696 

LSTFE A 00 017 —78 99 369 369 553 553 578 578 
580 580 582 582 

LETF:i-i A 00018 — 77 98 367 367 415 415 
LSTFEL A 00015 — 96 97 365 365 471 471 
LSTF A 00014 —95 96 221 221 227 227 234 234 

241 241 245 242 253 253 259 259 
265 265 271 271 277 277 

MEMEN A 00004 
KSI A 003FE —86 545 546 548 549 554 559 561 

569 571 630 631 633 634 683 681 
686 657 716 717 719 720 

NEE A 00002 557 572 577 
NEGATE A 00097 557 —559 
NEWAUTC A 01000 0 
NOMEM A 006FF 0 
NOPERT A 000EB 572 —582 

- 



Nntik. A C0000 0 
NOTE A 00066 370 -372 
N37PE A 00066 :68 -370 

A 00064 366 -368 
NOTFEL A 00062 364 -366 
N;= 7.1, A 00.)6A 372 -374 
NOTE A 00070 378 -380 . 
t07.57E A 0006E 376 -376 
NOTSUM A 0006C 374 -376 
OUT:.F . A 00059 352 -355 
OUTF .,17 D 170 171 356 380 
F A 0001  2 -93 94 205 205 210 210 215 215 . 

231 231 238 238 245 245 263 263 
269 269 352 362 

P0 A 00000 -91 92 704 705 706 707 708 709 
710 711 736 736 738 738 740 740 

. 741 742 742 744 744 746 746 748 
746 750 750 

- FA:. A 00003 0 
PEU A 000 2 A 453 509 - 542 
F'E79 A 00133 -80 81 395 - 
PF.F.TF A 000E? 577 -580 

: P087 1: A 000f 556 -562 
' PPRT A 00002 -132 361 

A 0014:: 368 -704 
RUDE; A 00125 -77 78 79 377 704 705 706 707 

7 05 70ei 710 711 712 723 724 
... Fi.,ED01j7 A 0012E -78 

FREDSCL A 0006i. -112 11: 114 712 
— PREI, Si A 00009 -56 76 79 
'al PREL A 00100 i*,' 
n 1:6'r A 00004 0 

-;2 73 206 206 211 211 216 216 
220 220 226 226 232 232 233 233 

• 239 239 240 240 246 246 247 247 , 
252 252 258 259 264 264 270 270 

r 735 735 737 737 739 739 741 743 
. 743 745 745 747 747 749 749 
' Mi-. 1. 172 292 a 

GMFE+8 A 00 000 -73 74 396 414 416 417 413 419 
420 421 422 423 424 425 426 427 
428 429 430 431 432 433 434 435 
436 437 438 439 440 441 442 443 
444 445 446 447 446 449 450 451 
470 472 473 474 475 476 477 476 
479 480 481 482 463 484 465 486 
487 488 439 490 491 492 493 494 
495 496 497 498 499 500 501 502 
503 504 505 506 507 

OMfli A 00078 225 286 322 -413 
: >FI A 000M 201 257 306 -469 
. OMFSZ A 00024 -56 74 110 

REFLP 3 176 326 



RET O  
RECT A 00008 0 
EIN:-5 A 00000 0 
RPCT A 00009 0 

A 00130 -83 355 
SCRA7 A 00004 567 704 705 706 707 708 709 710 

711 
SHFTCL'e. A 00800 0 
SKFTLFT1 D 0 
SHETLF72  I 0 

• SOFENT A 0000A 177 -190 190 327 
SPL 173 174 392 567 

• SPRT A 00002 -134 170 170 356 356 
7 STLP D 544 548 552 561 571 575 629 633 

6E2 686 696 715 719 
' SUS D 360 

STMR D 175 395 39e 414 470 545 554 579  
•. • 581 583 630 637 683 690 716 723 

726 762 765 
7 STMS D 206 211 216 221 227 232 234 239 

241 246 248  253 259 264 265 270 
271 277 362 553 566 

STORE D 415 471 736 738 740 742 744 746 
745  750 

1 SUI, A 00 4 0 0 
SUMSS à 00Ei -76 375 

' TC A 02000 
TEMP A 00018 -99 566 566 567 

• TEST A 00001 -131 171 171 380 380 
iilliTHRES'H A 00076 -125 563 
111111, TRUE A 00000 0 

TSL A 00001 0 
• TSK A 00'002 ti) 

• TFTE A 00003 -141 370 
TE7FE A 0000 -140 362.  
TSTFEH A 00009 -139 366 
TSTFEL A 00005 -13E 364 
TS7HPF A 0000C -142 372 

• TSTS A 0000F -145 378 g 
TSTSPE A 0000E -144 376 

•: TSTSUM A 0000 5 -147 374 
TWE A 0000F 0 
kAI7L9 A 0005:, -352 353 

• • WRITE A 00020 0 
.LD A 00184 

• MARK A 01000 0 
• UL71 A 02044 358 567 

• MIMA A 02244 
• •MULTAK A 02644 0 
• iLTAU A 00244 0 

• •MULTL A 02000 0 
• •ULTM A 02204 0 
..: • 

 
• ULTHM A 026C4 



,è13° A 00000 
•SE0E- A 00005 -135 351 352 
.SHI 77 A O:300 173 392 
•SOF A 00007 190 

alk,EIL A 00039 
IMOF,STM A 0002F 0 

,STR A 00023 
.TESTv A 00006 13E 
. 7E371 A 00009 139  
JET: e 00004 140 
•TEST3 A 0000B 141 
•1-ES - A 0000C 142 
•TE513 A OMO 143 
.TE E - b 000ef 144 
•TES-7 4 0000F 145 



• 

O  

• 



APPENDIX B  
MULDEM SIMULATOR FIRMWARE LISTINGS 



APPENDIX B  
MULDEM SIMULATOR FIRMWARE LISTINGS 

B.1 

Bi. 2-BIT ADAPTIVE RESIDUAL QUANTIZER 



LINE SOURCE 

1 

LOC OBJ 

086/6D87, 6088 MAU: ASSEMBLER M2LDEm 11:47:02 10/07/82 PAGE 1 

Ve,X/VSE 60E6/8087/808E MACRO ASSEMBLER V1.00, ASSEMBLY OF MODULE M2LDEM 
ilijS, F.CT MODULE PLACE. IN M2LDEM.CBJ 

111,72 IN:)C,CATICi,: LINE UNTROLS 

3 NAME M2LDEM 
4 
5 
6 
7 ;ttet**********ttUtttUtteettlentteentttittttterttteette= 

;4 
;* PROJECT: 472A REIS CODEC 

10 ;4 BOARD: MULDEM SIMULATOR 
it DEVICE: 2 FIRMWARE EPROMS (2732A-2) 

12 it BOARD LOCATION: E15, E29 t 
13 it PROGRAMMABLE 
14 it DEVICE NUMBER: 60-0670; 60-0671 
15 ;* 
16 ;t*******Wit,****#******00***ttIttettiettUttett*Itt********* 
17 

*1 SEJECT 



6086/8037/808F MAt7F. ASSEMBLER M2LDEM 11:47:02 10/07/82 PAGE 2 

LOC LINE SOURCE 

19 
20 

22 
23 ;***************************************************** 
24 ;* 
25 ;* THIS FIRMWARE SIMULATES THE MULtiPlexor/DEMulti- * 
2i ;* Plexor IN THE RELP CODEC SYSTEM ,  REFER TO MDA 
27 ;* DOCUMENT 00 - 3035 - ROI FOR DETAIL. 
29 ;* 
29 ;************************************************Mtt 

31 

35 ;* SYSTEM CONSTANTS t 
Mdt***************M 

37 

40 LEN_FLILFFER LOU 32 ;ACCOMODATE 16 PAIRS OF FEX 
41 
42 LEK_P_BUFFER_FRAME EOU 8 ;EACH FRAME ACCOMODATES 8 PREDICTOR COEFFICIE 

NTS 
43 

OD 44 1._27_P_BUFFER_FRAME LOU 32 THE  BASE OFFSET ADDRESS OF LAST P FRAME 
45 ;FROM THE BEGINNINE OF F BUFFER. THIS VALUE 
4c ;MUST PE IN MULTIPLE OF LEN_P_BUFFELFRAME t 

TE  F_BUFFER 
47 ;THE FRAME DELAY IS EQUAL TO 1 + 
48 KLAST_P_BUFFER_FRAME / 16) 

5c2 
51 FE_HIGH EGU 1 ;THIS REPRESENTS THE FEH'S TYPE 

OOK 52 FE_LOi: LOU 0 THIS  REPRESENTS THE FEL'S TYPE 
r- 

0(02 54 NLEV LOU 2 ;NUMBER OF GUANTIZER REGIONS 
55 

OnA 56 FSVMN EGU 10 ;FSVMN - MINIMUM SCALING FACTOR 
57 

03EE 58 FSVMX EGU 1000 ;FSVMX - MAXIMUM SCALING FACTOR 
59 

000F 60 FSVTH EOU 15 ;FSVTH - THRESHOLD VALUE , IF THE 
61 ;SCALE FACTOR IS LESS THAN FSVTH, A 
62 ;MID-TREAD GUANTIZER IS USED INSTEAD 
63 ;OF A MID-RISE GUANTIZER. THE MID-TREAD • 
64 ;GUANTIZER USES ZERO AS AN OUTPUT LEVEL 
65 ;INSTEAD OF YO(1). 
66 

0000 67 POSITIVE EGU 0 ;POSITIVE SIGN 
68 

0001 69 NEGATIVE EGU 1 ;NEGATIVE SIGN 
70 
71 



00r0 

D013 
0008 
0003 

00FE 

0066 

008 PIC_PORTA 
PIC_POR7_1 

ICW1 
ICW2 
ICW4 

ENABLE_SOF_MASK 

ENABLE_NORMAL_MASK 

C_DATA_BUS 

C_CONTROL_BUS 

CODER_BUS_SPVR 

D-CONTROL_BUS 

DECODER_BUS_SPVR 

ERROR_LED 

ERROR_FUS_SPe. 

SOU/SOP/90PP MACF;»1  ASSEMBLER M21 DEM 11:47:02 10/07/82 PAGE 3 

LINE SOURCE 

72 
73 
74 
75 
76 
77 
78 
79 
SO 
81 
82 
8Z 
84 
85 
86 
87 
8? 
89  
90 
91 
92 
9Z 
94 
95 
96 
Ç7 
9S 
99. 

lOi  

104 
105 
106 
107 
108 
109 
I1C 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 

i HARDWARE DEPENDENT CONSTANTS 

EGU 42H THIS  IS THE PORT(B) ADDRESS ON THE 8255'S 
;FOR THE 16 BIT CODER DATA BUS 

EGU 44H ;THIS IS THE PORT(C) ADDRESS ON THE 8255'S 
FOR  THE 16 BIT CODER CONTROL DUS 

EGU 46H ;THIS IS THE SUPERVISOR PORT(CONTROL PORT) 
FOR THE CODER BUS(THE CONTROL BUS AND 

;THE DATA BUS) 

EGU 4AH ;THIS IS THE PORT(B) ADDRESS ON THE 8255'S 
;FOR THE 16  BIT  DECODE.. DATA BUS 

EGU 48H THIS  IS THE PORT(C) ADDRESS ON THE 8255'S 
FOR THE 16  BIT  DECODER CONTROL DUS 

EDU 4EH ;THIS IS THE SUPERVISOR PORT:CONTROL PORT) 
FOR THE DECODER BUS(THE CONTROL BUS AND 
THE  DATA BUS) 

EGU 64H ; 

EGU 66H ; 

EGU 79H f8259A PROGRAMMABLE INTERRUPT CONTROLLER 
EGU 7AH ;CONTROL PORTS. 

EGU 13H ;SINGLE PIC, ICW4 NEEDED 
EGU 08H ;STARTING INTERRUPT VECTOR = 8 
EOU 03H ;SFNM = Or AEOI = 11 NON-BUFFERED MODE 

;SP/EN WILL HAVE INPUT = 1 =MASTER 
;UPM = 1 =>8086/8S SYSTEM. 

EGU OFEH ;MASK OUT ALL EXCEPT 
;SOF INTERRUPT(RO) 

EGU OEOH ;MASK OUT UNUSED 
fINTERRUPT(R7A6,R5) 

8259A PIC DEPENDENT CONSTANTS 

8255A PPI DEPENTENT CONTSTANTS 



LOC Ofj LINE SOURCE 

91;;B 

999'9 

^AZ^ v..- 

007I' 

0010 

0800 
0020 

; . 

F . 
F. 

• 

K.S6'6E7/80Ec MAUL ASSEMBLER M2LDEM 11:47:02 10/07/82 PAGE 4 

127 
9171i 126 C_DATA_BUE_IN EGU 9B9BH ;PROGRAM THE CODER DATA BUS TO BE INPUT, ALL 

129 ;OTHER PORTS Oh CODEF PUS ARE INPUT. 
130 ;MSB AND LSB OF THIS WORD EACH ADDRESSES TO 

NE PPI 
131  
132 C_DATA_BUS_OUT EGU 9999H ;PROGRAM THE CODER DATA BUS TO BE OUTPUTUE. 
133 ;TAKE CONTROL OF THE DATA BUS), ALL OTHER 
134 ;PORTS ON THE CODER BUS ARE INPUT. MSB 
135 AND  LSE OF THIE WORD EACh ADDRESSES ONE PPI, 
136 
137 L_DATA_BUS_IN EGU 9B9BH ;PROGRAM THE DECODER DATA BUS TO BE INPUT, AL 

13E ;OTHER PORTS ON DECODER BUS ARE INPUT, 
13 PiSï AND LSB OF THIS WORD EACH ADDRESSES TO 0 

NE FP' 
14(  

D_UTA_BUS_OUT EGU 9999H ;PROGRAM THE DECODER DATA BUS TO BE OUTPUT(IE 

142 ;TAKE CONTROL OF THE DATA BUS), ALL OTHER 
147 ;PORTS ON THE DECODER BUS ARE INPUT. MSB 

;AND LSB OF ThIS WORD EACH ADDRESSES ONE PPI, 
14r.: 

ERFCIR_LED_ON EGU 0092H ;PROGRAM THE ERROR BUS TO PE: 
147 ; PORT A — INPUT I NOT USED HERE 
14S ; PORT B — iNFUl I NOT USED HERE 
14 9 ; PORT C — OUTPUT ) TO ERROLLED 
15 .J 
I5I ERF3R_LED_OFF EGU 009BH ;PROGRAM THE ERROR PUS TO  BE  
152 ; PORI A — INPUT NOT USED HERE 

; PORT B — INPUT ) NOT USED HERE 
154 ; PORT C — INPUT ) T0 ERROR_LED 
155 THE  LED DISPLAY IN THIS STATE W1LI 
156 ;BE 'FF' 
157 
15S 
15 ;CONTROL BUS DEPENDENT CONSTANTS 

161 ;DECODER BUS 
16: 
162 
164 SPEN EGU 0004H ;MASK FOR SPEN SIGNAL(LOW TRUE) 
165 SFEEH ECU 0010H ;MASK FOR SFEEN SIGNAL(LOW TRUE) 
166 
167 
16E ;CODER BUS 
169 
170 
171 CFELK ECU 0800H ;MASK FOR CFECLK SIGNAL(HIGH TRUE) 
172 CPCLK ECU 0020H ;MASK FOR CPCLK SIGNAL(HIGh TRUE) 
173 
174 
175 
176 ;MDA IN HOUSE MONITOR ENTRY POINT 
177 



e6r , 6v57/303E MACÇO ;,SSEMILER MUDEM • 11147:02 10 107/82 PAGE 5 

LOC 68.1 LINE SOURCE 

411, 
FE9F 

178 MONTALIP 
179 MONT_86_CS 
160 
181 +1 SEJECT 

EOU 001011 ;OFFSET ADDRESS 
EOU OFE5TH ;SEGMENT ADDRESS 

„ 

L,  



80E6'80E7/ME ASEEmBLER M2-DEm 11:47:02 10/07/82 PAGE 6 

LOC ClEj LINE SOURCE 

182 
163 
184 INTERUPT_VECTOR SEGMENT WORD AT OH 
185 
186 
187 
1F8 IMUMMOIKUUM******/* 
189 INTERRUPT VECTOR TABLE 
190 ; Mt*******MOtt******t**** 
191 
192 ;INTEL RESERVES INT 5 TO 32 FOR INTERNAL USES. CURRENT IMPLEMENTATION 
193 ; VIDLATES THIS RESTRICTION. 
194 
195 

;80E6 PREOIFIKEL INTERRUPTS: iINI 0 TO 4) 
197 

0000 198 DIVIDE_INT_IP DW 1 DUN?) 

:1 19; DIVIDE_INT_CS OW 1 DUN?) 

00/i :1 200 SIKOLE_STELIF OW 1 OUP(?) 

SINGLE_ETEF_CS DW 1 DUN?) llevvo :1 
'ftF7 

'. ,...F., ;,1 IO2 NMI_IP OW 1 DUP(?) 

. 
) 

000i-. il 203 NMI_CS DW 1 DUN?) 

000C il 204 BREAKPOINT_IP DU 1 DUN?) 
???? 

00DE :1 205 BREAKPOINT_CS DU 1 DUP(?) 
???T 

0010 (I 20é, OVERFLOW_IP DW 1 DUN?) 
???'! 

0012 :1 207 OVERFLOW_CS DW 1 DUP(?) 
???? 

208 
20Ç 
210 ;MULDEM  APPLICATION  INTERRUPTS: (INT 8 TO 15) 
211 

0020 212 ORG 20H 

lieu (1 213 INT_8_IP DU 1 DUN?) 
7777  

0022 il 214 NUM DW 1 DUN?) 



808/8067/808i MACRO ASSEGLER ?QUID 11:47:02 10/07/82 PAGE 7 

Lac oiL; LINE MACE 

215 INT_9_IF DW 1 DUP(?) 

216 1NT_9_C5 DW 1 DUN?) 

217 INT_10_IP DW 1 RIP(?) 

2iS INT_10_CE LW 1 DUN?) 

219 INT_11_11, W 1 DUN?) 

220 INT_11_CS DW 1 UF(?) 

221 IN7_12_IP DW 1 DUN?) 

) 
002 (1 222 IN7_12_CS LW 1 DUF(?) 

) 
034 (1 223 INT_13_IF Dk 1 lei?: 

ri 

) 

0036 (1 224 INT_13_CS Ilk 1 le(?) 
Î?U. 
) 

0038 (1 225 INT_14_IF DW 1 DUF(?) 
1"Ul. 

003A (1 226 INT_14_CS DL  1 DUF(?) 
7??? 
) 

003C (1 227 INT_15_IF DW 1 DUN?) 
1'7 7. 7  

003E (1 228 INT_15_CS Dig: 1 DUN?) 

) 
229 
23Q 
231 INTERRUPT_VECTOR ENDS 
232 
233 
234 
235 +1 $EJECT 

"77  

0024  (1 

) 

0026 (1 

) 
0028 (1 

r?? 
) 

002A tl 
77'17 

002C (1 

002E (1 
77 ? 7  

0030 tl 



8086/2027/80 5S Me:171 ASSEMBLER M2LDEM 11:47:02 10/07/82 PAGE 8 

000('  (24 

LIRE SOURCE 

236 
237 
23E DATA SEGMENT 
239 
240 UNIS  SEGMENT WILL RESIDE IN RAM 
241 
242 PREDICTOR_DUFFER DW (MAST_P_BUFFER_FRAME/16)+1) t LELP_DUFFER_FRAME) D 

UP(?) 

003fJ 243 FE_DUFFER DW (LEN_FE_BUFFER)  DUN?)  

244 
0070 (i 45 LED_DISFLAY_VALUE DW 1 DUP(?) 

-77?i 

246 
247 ABS_XIN DW 1 DUP(?) 

242 XOUT DW 1 DUP(?) 

_ 
0076 (1 FSV DW 1 DUP(?) 

???? 

FSVL OW 1  DUN?)  

007A (1 FSV'M DW 1 DUP(?) 
???? 

253 
007C (1 254 I DW 1  DUN?)  

?TT? 

007E (1 255 IL DW 1 Del?) 
???? 

0080 Cl 256 L2 DW 1 DUP(?) 
???? 

257 
0082 (I 252 FE_SERVICE_COUNTER Dh 1  DUN?)  

???? 

259 
0084 (1 260 FE_SERVICE_PIR DW 1 DUP(?) 

???? 

261 
0086 (I 262 FE_TYPE DW 1 De ( ?) 

???? 

«72 (1 

0074 tl 
???? 

0072 (1 
???1' 



K36'8 (i67/808E MACR0 ASSEMBLER M2LDEM 11:47:02 10/07/82 PAGE 9 

L 0 LINE SOURCE 

263 
OOSS :1 264 LIGN_FLAG DW 1 DUN?) 

117 

265 
266 
267 DATA ENDS 
268 
269 
270 
271 
27 7- 

273 

2T STÇiO E.EGMENT 

• 0000 (60 

- 

' . 11,078 

eh, 

2 7  

ZCZ 

284 TCS 
285 
286 STACK 

26:6 iEjECT 

n*****001*******MUMMUMettle****0 
i* THE STA;-.:K IS SOLELY USED BY THE 8086 TO * 

STORE RETURi; ADDRESS IN INTERRUFT ROU1INES* 
;***************************0********** 

DW 6 0  DUP (?) 

LABEL WORD 

ENDS 



8C,66/K.Pi5jCE MACRO ASSEMBLER M2LDEM 11:47:02 10/07/82 PAGE 10 

3. 
31:e 
311 
312 
313 
31.1 
31 ,5 

LOC OBj LINE SOURCE 

269 

291 
252 ;SYSTEM MACROS: 
293 ;  
294 
295 

;THE MACF-3;  ARE POT LISTED IN THE ASSEMBLER GENERATED LISTING, REFER 
257 ;TO THE SOURCE FILE  FO  F MACK CONTENTS. 
296 
297  

»2 



B(W5DS7i8OES MACU, ASSEMBLER M2LDEM 

LG LINE SOURCE 

11:47:02 10/07/82 PAGE 11 

315 
317 
318 
319 ;***************************************************** 
32C it 
321 it REGISTER USAGE IN M2LDEM SIMULATOR SYSTEM : * 
322 ;* 

anttnt****** ,===*************ttittnt***** 
324 
325 
325 ;DEDICATED USAGE FOR ALL PARTS OF THE SYSTEM AT ALL TIME: 
327 
3n; ;SI - FE_BUFFER INPUT POINTER 
329. ;BX - FE_BUFFER OUTPUT POINTER [THIS REGISTER IS ALSO USED UNDER 
33C. ; NON-INTERRUPT DRIVEN OUANTIZATION PROCESS, HOWEVER, THE 
331 ORIGINAL RESISTER IS PRESERVED] 
33D ;BF - PREDICTOR_BUFFn FRAME POINTER 

;D: - PRELICTOR_BUFFEF OFFSET POINTER 
334 
335 

;CS - CGDE SEGMENT 
337 ;DE - DATe. SEGMENT 
335 ;ES - DATA SEGMEN1 OR INTERRUPT_VECTOR SEGMENT 
33 ;SSISF - STACK OPERATION 
34 rà 
34; 
311 ;UNASSIGNED PEGISTERS: 
343 
344 ;IHEI ;FG:STERS DO NOT CARRÏ DEDICATED FUNCTIONS IN TE  MUDEM 
345 ;sIMULATOR: 
34f- 
397 ;AX, EX, DX 
34S 
349 +1 *EJECT 



00CA OW, 
00C1C-  OL60 
000E 337-3 

37'5 
31i 

OLT 

S0L/S027/80SB MACRO ASSEMBLER M2LDEM 11:47:02 10/07/82 PAGE 12 

LOC Ofj LINE SOURCE 

351 
352 PUBLIC START_ADDR 
353 
354 
35:., CODE SEGMENT 
35c 
357 ASSUME CS:CODE, DS:DATA, SS:STACK, ES:INTERRUPT_VECTOR 
35S 
35 
360 
3:1 4********MMUMUMMUMIK 

Pk STATIC VARIABLES 
3e7 n********mmtrumemement 

;YC7 — ARRAY OF NLEV NORMALIZED GUANTIZER OUTPUT VALUES 
(IN INCREASINE ODER) 

3:Z ; VALUE SCALED BY Vi IN t* REFRESEWTATION 
DW 07 81927 24576 

000: ;302: 
00C- ...3r0 

i'",• 
• 371 iXG — ARRAY OF NLEV-1 NORMALIZED GUANTIZER BREAK POINTS 

(IN INCREASINE ORDER) 
• 3 -'7 ; VALUE SCALED BY *1 IN #t REPRESENTATION 

• 000é 0040 
DW Of 16384 

• 
7CMLT — ARRIC OF NLEV, OUANTIZER MULTIPLIERS 

VALUE SCALED BY U. IN 14 REPRESENTATION 
DW 0, 278537 62259 

379 

381 +1 EiSCT 



80E6;8087/SC3S MA:R1: ASSEMBLER M2LDEM 11:47:02 10/07/82 PAGE 13 

Là GIJ LINE SOURCE 

382 
383 ; Utt***********OtIttt=t*tattttttUtttUttt*MtUttteentett 
384 ; * MAIN PROGRAM 
385 ; Utt**tettettMettlattilttteettttOtt*Mttatattitttittttnt 
386 
3E7 
3E8  
385 ; 

• 390 a REGISTER VALUES ARE NOT PRESERVED 
-6,c. . / IN ALL PROCEDURES. THEY SHOULD PE • 
352 t SAVED BEFORE ENTERING. 
393 i 
35i ; Ott***tenttleenttOttOttttneatteltitttOt*Ilttt 
395 
356 • 

• 00I 0 35: START_ADDR: CLI ;DISABLE EXTERNAL INTERRUPT 
00 11 68---- F 398 MOV AX, DATA ;CANNOT  NOVE  IMMED, VALUE TC 
0014 EEn 355 M3V DS, AX ;SEGMENT REGISTER. 

•
40C. 

001,i 8En NOV ES, AX ;ES AND OS  ARE REFERING TO SAME 
40: ;BEMENT 
407, 

;RESET THE LED_DISPLAY_VALUE 
001E C70670;..0000 0 405 MErv LED_DISPLAY_VALUE, 0 

' * 001E 1489200 4 07 NOV AX, ERROR_LED_DN 
021 Etié 408 OUT ERROR_BUS_SPVR/ AL 

407 
;OUTPUT ERROR DISPLAY VALUE 

41: 
412 NOV AX, 0 
413 OUT ERROR_LED, AL 
414 
415 ; ********************************************** 
416 ; * INITIALIZE THE INTERRUPT VECTOR TABLE * 
417 ; k 
41E ; * THIS SUBSYSTEM USES FOLLOWING SIGNALS FROM * 
415 ; t THE SYSTEM BUS: 
420 ; 
421 t START OF FRAME (SOF_) 
422 ; * - FE ENABLE (SFEEN_) 
423 ; - P ENABLE (SPEN_) 
424 ; * - FE CLOCK (CFECLK) 
425 ; t - P CLOCK (CPCLK) 

• 420 ; ******IMIUMMUMMUMet***00#1= 
427 
428 
429 

: • • 430 
0028 B60000 431 ERROR_ENTRY: NOV AX, INTERRUPT_VECTOR 
002i SECO 432 MOV ES, AX USE EXTRA SEGMENT TO ADDRESS 

110 434 
433 ;THE INTERRUPT VECTOR TABLE 

" 002D 26C70608001000 435 NOV MONT_86_IP 
0034 26C7060A009FFE 436 NOV NMI_CS, MONT_86_CS 

0023 BB0000 
026 E6c:4 
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IOC  LINE SOURCE 

" • 

MOV 
MOV 
MOV 
MOG 
MOV 
MOV 

NOV 
MOV 

40V 
MOV 

MOV 
MOV 

MOV 
MOV 

MOV 

437 
CC'E PEC?1 43E 

439 
0C42 26A3C 44C, 
0046 26HIEC200 441 
U.,4E 2e3100 442 
004F 26E91E1200 442 

444 
44: 

0054 2~ 7O Ot  
005E R 447 

44E 
006: 26C77 :1::: 44'9 

.. r  

OF7 R 42 
4 54 

Jlift 45: 
O035 F 

457 
USC 26ï.7C63W.14 
003 2CC70e.320C----  

• 46C +1 Sr:3E7  

AX, OFFSET EXCEPTION_INT 
BX, SEG EXCEPTION_INT 
DIVIDE_INT_IP, AX 
DIVIDE_INT_CS, BX 
OVERFLOW_IF, AX 
OVERFLOW_CS, EX 

INT_LIP, OFFSET SOF_INTERRUPT 
INT_B_CS, SEG SOF_INIERRUPT 

INT_9_IP, OFFSET PREDICTOR_OUTPUT_IFTERRUU 
INT_i_CS! SEC PREDICTOLOUTPUT_INTERRUFT 

INI_10_IP, OFFSET FE_OUTPUT_INTERROPT 
INTALCS, SEG FE_OUTPUT_INTERRUFT 

INTALIP, OFFSET PREDICTOR_INPUT_INTERRUPT 
INIJI_CS, SEC PREDICTOR_INFUTANTERRLPT 

INI_12_IP, OFFSET FE_INPOT_INTERRUFT 
INT_12_CE ,  SEG FE_INPUTANTERRUPT 

• 
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LCC LINE SOURCE 

461 
462 
467 ASSUME ES:DATA 
464 
465 
46o 
467 ;INITIALIZE 8086 PROCESSOR ENVIRONMENT 
46E  

0r..5A P3---- R 465 MOV AX, DATA ;CANNOT MOVE IMMED, VALUE TO 
0v9I EED:. 470 MOV DSr AX ;SEGMENT REGISTER. 

471 
0 9F EEL 472 NOV ES, AX ;ES AND DS ARE REFERING TO SAME 

473 ;SEGMENT • 
0:JA: DC R 474 MOU AX, STACK 
C;;;=,  EE_C 475 I'M SS, AX 
00A6 47o MOV SF, OFFSET T05 

47: 
4 7 é 

;INITIALIZE ALL SYSTEM HARDWARE 

48: 
******************* 
* FIC $ 

485 ******************* 
4EO 
4E7 

;CAjTION: AUTDmATIC EDI IS USED HERE. REFER TO INTEL APPLICATION 
NOTE AF-59 'USING THE 6259A PROGRAMMADLE INTERRUPT 
CONTRCLLER', UNDER HEADING 'AUT0hA7I EOI MODE' 

45'2 
000 BOO 493 MOV AL, ICW1 
OCAI E676 494 OUT PIC_PORT_O, AL 

495 
00AL EA7A00 496 MOV DX: PIC_PORT_1 
OODC 1+006 497 MOV AL  I ICW2 
0062 EE 496 OUT DX, AL 

50C. ;ICW 3 IS HOT NEEDED FOR CURRENT HARDWARE CONFIGURATION 
501 
502 MOV AL, ICW4 
50 OUT DX: AL 
504 
505 MOV AL, ENABLE-SOF_MASK 
506 OUT DX+ AL 
507 
506 
509  
510 i * P P I * 
511 i ******************* 
512 
513 
514 ;INITIALLY ALL PORT ARE PROGRAMMED TO BE INPUT PORTS IN MODE 0 
515 ;EXCEPT THE ERROR LED PORT, MHICH WILL BE OUTPUT ALL THE TIME 

6003 
0065 EE 

00Bé BOFE 
00B5 EE 
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• 
L 0;2 CiRj LINE SOURCE 

51 
00R7,; 517 MD AX, C_DATA_BULIN 
0ORC 512 OUT CODELBUS_SPYR, AX 

51; 
520 

GOBE  RPM? 521 MOV AX, ILDATA_BUS_IN 
0E1 E74E 522 OUT DECODER_RUS_SPer AX 

523 +1 tEJECT 

f 



è 
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Gej LINE SOURCE 

524 
525  
526 it INITIALIZE APPLICATION PROGRAM ENVIRONMENT * 
527 ;*********************************************** 
526 
529 
530 
531 
532 
5?-3 FILL BUFFER AREAS WITH ZEROS 
534 
535 MOV AX, 0 ;FILL VALUE 

00:6 B716.:C 534. MOV CX, LENGTH PREDICTOR_BUFFER ;ITERATION COUNT 
00C; BF000 537 NOV DI. OFFSET PREDICTOR_BUFFER 

538 
53 ;ES SETS TO THE SEGMENT BASE OF DATA SEGMENT 

0C F3 541 REP STE PREDICTOR_BUFFER 
a 

r • 54 -- 
I : 541 
i U2ZE B422c... 50.4 NOV CX, LENGTH FE_BUFFER ;ITERATION COUNT 
e • 031 EFZ::: 545 NOV Bi. OFFSET FE_BUFFER 

- 
540 

i 0004 F3 547 REF FOS FE_BUFFER 
› ' 

 
0025  AS 

i le 
546 
54 7' 

;RESET SERVICE COUNTER 
(Z6 C7(6=n: 5=: NOV FE_SERVICE_COUNTER, 0 

552 
553 ;INITIALIZE FE TYPE TO LOW 

. 00IE E.706.30W 554 NOV FE_TYPE, FE_LOW 
555 

; 556 
;INITIALIZE BUFFER POINTERS TO APPROPRIATE VALUES 

C.  
JJ, ;FREDIUOR BUFFER . BP IS THE FRAME POINTER. 
50 ;Di IS THE OFFSET POINTER WITHIN A FRAME. 
561 

• 00E2 BL20 562 NOV BP, LAST_P_BUFFER_FRAME ON  FIRST SOF INTERRUPT AFTER 
563 ;POWER UPI SOF_INTERRUFT ROUT 

INE 
564 
565 

00E5 BFlOM 566 
567 
566 
569 

00E6 BE100 570 
00EB BB0000 571 

572 
573 
574 

00EE C70684001000 575 

WILL  SET BP = OF DI = 0 

MOV DI, LEN_P_BUFFER_FRAME  t (TYPE PREBICTOR_BUFFER) 

;FE BUFFER INITIALIZATION 

;POINTS TO FEL(4) 

;QUANTIZATION SERVICE 

NOV FE_SERVICE_PTR, 16 

NOV SI, 16 
NOV EX,  0 
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LOC OB./ LINE SOURCE 

111, C7D67800A00 576 MOV FSVL; FSVMN 
00FA C7067A000ADO 577 MOV FSVh, FSVMN 

• 578 
579 

•
58C 

0100 FB 581 ST1 ;ENABLE EXTERNAL INTERRUPT 
582 

010: F4 583 HLT ;WAIT UNTIL THE FIRST 
584 ;START OF FRAME INTERRUPT 
5S5 

+1 EJECT • 
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.r- rit LOU LINE SOURCE 

567 
568 
569  

• 591 ;* START OF APPLICATION PROGRAM g 
• 592 ;* 

593 ;$ AFTER POWER UPI THE FOLLOWING APPLICATION $ 
594 ;* PROGRAt, WILL NOT START EXECUTION UNTIL THE * • 
595 ;* FIRST SOF_INTERRUPT HAS BEEN SERVICED. * 
596 PrOttle********IIMMUMMUMMeattln 
597 

• 
0102 597 LABEL_WAIT_FOR_NEW_FE: 

• 600 
6rci ;LOOP AROUND UNTIL THERE IS A NEW FE TO SERVICE 
602 

0102 39362400 603 CMP FE-SERVICE_PIR, SI 
0106 747 A 604 JE LABEL-WA1T_FOR_NEW_FE 

• 605 
;TWO POINTERS ARE NOT EOUAL, POSSIBLE NEW FE'S - , 

607 

;CHECK SERVICE COUNTER 
0108 61t, CMP FE_SERVICE_COUNTER, 0 
0101: 747: 611 • JE LABELJTR_ERR3R THE  SERVICE PIR AND 

612 ;INPUT POINTER(SI) ARE NOT 
613 ;EQUAL, SERVICE COUNIER = 0 
614 ;SYNC ERROR 
615 
616 

;SERVICE COUNTER •=1 e NORMAL CONDITION 
616 

01017  633ES2000E 619 CMP FE_SERVICE_COUNTERe 8 
0114 7:75 620 JAE LABELPTR_ERROR ;THERE ARE MORE THAN 4 PAIRS 

621 ;OF FEX TO BE SERVICED. CPU 
622 ;IS RUNNIN3 TOC SLOW 
623 
62 4 ;1 =< SERVICE COUNTER < 8, NORMAL CONDITION. 
625 ; BEGIN SERVICE THE FE'S 
62.  
627 
62? 
629 +1 $EJECT 
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L02 Oij LINE SOURCE  

630 
C116 631 LABEL_SERVICE_FE: 

632 ;MOVE THE NEW FEX INTO AX AND CORRESPONDING FSV TO CX 
633 
634 ;NEED TO USE THE BX REGISTER TO ACCESS THE FE-BUFFER 

0116  80E840 0 635 NOV CX, FE_SERVICE-PTR 
636 

011 eh 637 CLI 
011B S7CID 633 XCHG CXy BX 
01:: Eit472ï 63? NOV AXr FE_BUFFEREBX] 
0120 13721: 640 XCHG CXI BX 
012-  F1 641 STI 

.42 
0127 337:60E0 643 CMF FE_TYPE, FE-LOW 
012E 752E 644 JNE LAPEL_FE-HIGH 

z42 
64c 
647 
646 
64 9 ;IT IS FEL TO BE PROCESSED 

012, BEJE .720, 0,1t, 
,r- NOV CX, FSVL 

012E EEtDCv 651 ;ALL APCM.1 
65.2 
.57 ;RESULT FSV IN DX, XOUT IN CX 
654 

0131 89 1c7 SC: é55 MOV FSVL, DX ;SAVE THE NEW FENL 
656 ;STORE THE NU XOUI INTO THE FE-BUFFER 

0135 AI 84:: ,J. MOV AX, FE_SERVICE_PTR 
(11C 656 CLI 
013; 93 659 XCHO AX ,  BX 

013A 394 9 3(, 66 1 MOV FE_BUFFEREBX], CX 
013i FF0EZ2D.. 6c2 DEC FE-SERVICE_COUNTER 

6z7 
0141 93 664 XCHG AX, BX 
0142 Fb 665 STI 

etC0 

6.7 ;UPDATE THE FE TYPE TO BE SERVICED NEXT 
0142 C7062600010 668 MOV FE_TYPE, FE_HIGH 

66? 
670 
671 ;INCREMENT THE SERVICE POINTER, AX CONTAINS FE_SERVICE_PTR 
é72 ADD AXI TYPE FE_BUFFER 
673 CMP AX, LEN-FE-BUFFER * TYPE FE-BUFFER ;END OF BUFFER? 
674 JAE LABEL-WRAP-AROUND 
675 MOV FE-SERVICE_PTRI AX 
676 JMP LABEL-WAIT-FOR_NEW_FE 
677 
678 +1 *EJECT 

0149 050200 
014C 3D400 
014F 7331 

• 0151  436400 
0154 EBAC 
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LCE  Ois.. LINE SOLIRCE 

67? 

0156 681 LABEL_FE_HIGH: ;THE FEH IS TO BE PROCESSED ,  
0156 8E0E7A00 682 MOV CX, FSVH 
015A E84100 683 CALL APCM0 

684 
685 ;RESULT FSV IN DX, XOUT IN CX 
6So 

0151,  £5167A00 687 NOV FSVH, DX ;SAVE THE NEW FSVH 
688 
689 ;STORE THE NEW XOUT INTO THE FE_BUFFER 

0161 e 1i4w 690 M0'.; AX, FE_SERVICE_PTR 
651 

• 0164 Fà 692 CLI 
01:15 93 693 XCHG AX, BX 

• 694 
016O 8 94F3 69:.; MOV FE-BUFFERCBX], CX 

• 0165 FE61. 696. DEC FE_SERVICE_CUUNTER 
697 

. 016D .c: XCHG AX, BX 
0163 o?i Sil 

7:1 ;UPDATE THE FE TYPE TO BE SERVICED NEXT 
. 016F C7068400 70: MOV FLTYPE, FE_LOW 

703 
704 
70:3 ;INCREMENT THE SERVICE POINTER 

• ..-r 
VI/J 70 At. AX, TYPE FE-BUFFER 

• 0178  3i0 # AX, LEN_FE_BUFFER * TYPE FE_BUFFEF: ;END OF BUFFER? 
017E 730: 70S • JE LABEL_WRAF_APOUNL 

.; 017D A3 540, , MOV FE_SERVICE_PTR, AX 

0190 Ef.8 1 711 JMP LABEL_WAIT_FOR_NEW_FE 
712 
713 

0182 714 LABEL_WRA9_AROUND: 
715 ;SERVICE POINTER WAS POINTING TO THE LAST ELEMENT IN FE 
716 ;ARRAY,  NOVE  TO THE FIRST ELEMENT ,  
717 

0182 C70684000000 718 MOV FE_SERVICE_PIR, 0 
01E6 E9779i 715 JMP LABEL_WAII-FOR-NEW_FE 

720 
721 +1 iEJECT 
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LGE CIEJ LINE SOURCE 

722 
0.1Ei 723 LAEL_PTR_ERROR: 

724 
725  
726 THIS PART OF CODE HANDLES THE SYNCHRONIZATION ERROR 
727 ;* BETWEEN THE QUANTIZATION PROCESS AND THE VARIOUS 
728 ;* INTERRUPT DRIVEN I/O PROCESSES. $ 
729 ;* 
730 ;* AN ERROR CONDITION MAY BE ONE OR MORE OF THE FOLLOWINGS: * 
731 ;* 
732 ;1: (1) BOTH INPUT(REGISTER SI - DEDICATED) AND SERVICE POINTER 4 
733 i* ARE POINTING TO DIFFERENT ELEMENT IN THE FE_BUFFER 
,7' ;le AND THE SERVICE COUNTER HA S A VALUE OF ZERO. 
735 ;* (2) THE SERVICE COUNTER HAS A VALUE HIGHER THAN 9. THIS t 
73f 4 MEAn THAT FOUR PAIRS OF FEX OF MORE ARE. NOT GUAVIZED 
737 ;* YET. 
738 ;*. THE MULDEM SIMULATOR PROCESS WILL CONTINUE ONCE THE 1 
739 ;* ABOVE ERROR:S) OCCURS. THE FOLLOWING ROUTINE i)ILL CAUSE THE * 
74 0 ;*  NOS  T SIGNIFICANT ERROR_LED IC INCREMENT BY 1. 
741  
742 
743 

OlEi FA 744 CLI ;DISABLE EXTERNAL INTERRUPT 
C:E: Al7W 745 NOV AXyLELDISPLAY_VALUE 
0:8F 60 -.41 746 AD1i AH.10H 

72U 747 JC LABEL_PTR_EXT 
0i94 A37000 748 MOV LED_DISFLAY_VALUEFAX 
0197 0A 4 749 OR AL,AH 
M99 Ef 750 OUT ERRGR_LED.AL 

U.6m7L 75: LABELPTR_EXT: JMP ERROR_ENTRY 
752 
753 ;1**************************1****** 
734 ;* END OF MAIN PROGRAM * . . 

- /55  
756  

757 
756 
75ï 41 $EjECI 
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760 
761 

019E 762 APCMQ PROC NEAR 
763 
764 
765 moe****************************************************************** 
766 i* PURFOSE: 
767 i* THIS ROUTINE  QUANTIZES A SAMPLE USING AN ADAPIVE GUANTIZER, 8 
76E ;e 
769 ;* 
7'0 i* DESCRIPTION: 
771 ;* THE INPUT SAMPLE IS QUANTIZED) USING THE GIVEN SCALING FACTOR g 
772 i* FOR THE QUANTIZER. THE SCALING  FACTOR  IS UPDATED OS RETURN. * 
773 i* 
774 it 
775 ;* PARAMETERS: 
770 i4 INPUT : 
777 ;* XIN - INPUT SAMPLE(PASSED IN AX REGISTER) 
77E ;* FSV - SCALING FACTOR FOR THE GUANTIZER. THIS VALUE IS * 
779 ;* UPDATED ON OUTPUT.(INPUTED IN CX REGISTER) 
780 ; )  
721 ;* OUTPUT: 
782 it XOUT - OUTPUT QUANTIZED SAMPLE (PASSED IN CX REGISTER) * 
783 ;* FSV - NEW SCALING FACTOR FOR THE QUANTIZER (OUTPUT 
78 4 4. IN DA REGISTER) 
785 i* 
786 Pi PRE-SPECIFIED: 
7E7 NLEV - NUMBER OF POSITIVE QUANTIZER LEVELS. THE QUANTIZER $ 
7Ec ;* IS ASSUMED TO BE SYMMETRIC ABOUT ZERC. THE TOTAL * 

;* NUMBEF OF QUANTIZER LEVELS IS UNLEV. 
77( ;) 
791 ;$ ROUTINES REQUIRED: 
772 IQUANTZ - QUANTIZE A POINT 
793 imet**********e****eme**************************************te****** 
774 
795  +1 $EJECT 
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017E 8E760 

LOC Oïj LINE SOURCE 

796 
797 
796 NOV FSV, CX ;FSV IS PASSED TO THIS PROCEDURE FROM 
797 ;REGISTER CX. SAVE FOR FUTURE REFEREN 

CE 
800 ;THIS VALUE IS ALSO USED IN PROCEDURE 

IGUANTZ 
801 
802 ;XIN IS PASSED TO THIS PROCEDURE IN REGISTER AX. 
803 

01A2 C70686000000 604 NOV SIGN_FLAG, POSITIVE ;INITIALIZE THE SIGN FLAG 
803 

01A2 AiFFFF 506 TEST AXt OFFFFH ;GET SIGN 
OIAR 7506 807 iNS LABEL-1 ;IT IS A POSITIVE NUMBER 

EOS 
E9 ;XIN IS A NEGATIVE NUMBER, GET ABSOLUTE VALUE 
810 

01All F705 Sil MEG AX 
01AF C70668C-0010• 812 NOV SIGN-FLAGt NEGATIVE ;STORE STATE OF SIGN 

813 
01R5 A3720 0 814 LAREL_1: NOV ARS_XIN, AX ;SAVE THE ABSOLUTE XIN FOR 

Si: ;USE IN IGUANTZ PROCEDURE 
616 
817 
618 ;REGISTER AX, CX AND DX ARE NOT PRESERVED IN THIS CALL. 

)111, O156  E6630. 819 CALL IOUANTZ 

621 ;RESULT 'L2' RETURNED IN CX, THIS VALUE IS DOUBLED THE 
E22 ;ACTUk VALUE TO FACILITATE INLE> ADDRESSING. 
823 

OUR 890E300 824 MOV L2, CX :SAVE FOR FUTURE REFENRECE 
825 
626 +1 $E3ECT 
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LOG  05j LINE SOURCE 

827  
826 ;* GENERATE QUANTIZED VALUE FOR THE CODED BITS * 
829 ;*********************************************** 
830 
631 MOV AX, FSV 
832 
833 CMP AX, FSVTH 
834 
835 JAE LABEL_MID_RISE 
836 
837 ;FSV < FSVTH 
838 

01C7 83F902 840 CMP CX, 2 ;L2 = 1? 
841 

01CA 7509 842 jNE LABEL_MID-RISE 
843 
6 4 n4 iL2 = 1 Y USE MID_TREAD QUANTIZER AND SET XOUT = 0 
845 

01CC C706740002 S46 MOV XOUTY 0 
C1D2 ED1B90 847 JM INC_STEP 

843 
849 

0155 850 LABEL_MID_RISE: 
851 
652 ;NEED TO USE PX AT THIS POINTI DISABLE INTERRUPT BEFORE USE 
853 ;EX IS USED BY INTERRUPT I/C ROUTINES AS A DEDICATED REGISTER 
854 

0125 FA 855 CLI 
ME: 87F En XCHO BX, CX iCX CONTAINS 1.2' 

857 
0156  952 MUL CS:YGEBU ;AX CONTAINS FSV 

859 
OIDE 67D? 860 XCHG BX, CX 

861 
OIDD F. 662 STI 

663 
• 01DE D1C0 664 ROL AXI 1 ;SCALE BY 2**15 
OIEC  2I2 2 865 RCL DX, I 

866 
867 ;INCORPORATE SIGN BIT 

01E2 833E860000 868 CMP SION-FLAGt 0 
01E7 74 02 869 JZ LABEL_2 

870 
871 ;XIN WAS A NEGATIVE NUMBER 
872 

01E9 F7DA 873 NE6 DX 
874 

01EP 89167400 875 LABEL-2: MOV XOUT, DX 
876 
877 +1 *EJECT 

015F A17600 

01C2 310F00 

0105 73CE 
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LOC OL LINE SOURCE 

878 
879 ;****************************** 
880 INCREMENT STEP SIZE OF FSV * 

823 
01EF 8E0E8000 884 INC_STEF: NOV CXY L2 

8E5 
83 ;NEED TO USE BX AGIANt REFER TO PREVIOUS USAGE FOR DOCUMENTATION 
8C7 

• 01F2 FA EE CLI 
• 01F4 uce 8E? XCHG CXt BX 
▪ 01Ft 2E6E470i. 8 9 ( MOV AXr CS:OMLTEEX3 
▪ OIFA 87CP 851 XCHG CX, BX 
• OIFE FE STI 
• 01FD F7267. : 573 MUL FSV 

0201 DI 100 ROL AX, 1 ;SCALE RESULT BY 2015 
' 0203 LID: Ft RCL DX, 1 

897 
tr. :Irricovz 85E. Cif DX, FSVMX 
0205 760t 85 JBE LABEL_3 
0201,  BAE803 50r. MOV DX, FSVMX 

. 020E EiC5i.: 9 JMF APCMLENE 
0211 23FA0A 902 LABEL_Z: CMF DX, FSVMN 

111, 2-
76

1. 1700 904 
90: JAE APCMLEND 

re DX1 FSVMN 
• 905 
• ç'VL, ;NLW FSV IN DX 

90:7 
.1 0219  6E0E74Q0 AFCMLEND: MOV CX, XOUT 

02IL C3 90i RET 
• 910 
• 911 AFCM(n ENDF 
; 912 
• 913 

91 
• 515 +1 *EJECT 
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GSJ LINE SOURCE 

916 
021E 917 IOLiANTZ PROC NEAR 

918 
915 ;**********t***********/*************************************** 
920 ;* INPUT : ABS_XIN 1 FSV PASSED FROM MEMORY t 
921 ;* * 
922 it OUTPUT: L IN REGISTER CX. THIS VALUE IS t 
923 it DOUBLE THAT OF ACTUAL VALUE TO * 
924 i* FACILITATE INDEX ADDRESSING * 
925 it REGISTER USAGE: * 
926 it BX TEMPORARILY? VALUE SAVED AND * 
927 it. RESTORED BY THIS PROCEDURE. * 
928 ;* INTERRUPT DISABLED WHILE USING THIS* 
929 it REGISTER. t 
530 4. DX * 
931 ;* t 
932 it REGISTER ASSIGNMENT IN THIS PROCEDURE: t 
933 ;* * 
934 ;t CX CONTAINS IU t 
935 ;* REFER TO FORTRAN LISTING FOR DESCRIPTION OF THESE t 
93è- i* VARIABLES. * 
937 4************************************************************* 
938 
93i 
94 +1 $EjECT 



i• 

P 

990 
991 
992 
993 
994 

iE  

• _ 1 
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LOC  06J LINE SOURCE 

941 
021E C767E0000a 942 NOV IL: 0 ;IL 0 
0224 F('‘C 943 MOV CX+ NLEVt TYPE XO ;IU = NLEV Et 2 FACTOR ADDED] 

944 
945 ;I = (IL + IU) /2 
946 

0:27 BP167E00 947 LABEL_100: MOV DX+ IL 
02: 6  03I 1 948 ADD DX+ CX 
022 1'  LEA 945 SHR IX,  1 ;DIVIDE BY 2 
022F E1E2FE 7 ; 95C ANP DX+ OFFFEH ;MAKE SURE IT IS AN EVEN NUMB 

ER 
0:33 6917Cc3 951 MOV It DX ;SAVE I FOR FUTURE USE 

95: ;IF (X •GT. X0(I)*FSV) GOTO 220 
957 

;NEED TO USE REGISTER PX AT THIS POINT, DISABLE INTERRUFT BEFORE 
555 ;UEING 
956 
957 

0237 Fc, 
or,  CLI 

023E 87::3 95; XCHG BX 
023A 2EFE47v: 960 MOV AX+ CS:XOEBX] ;MOV XO TO AX REGISTER 
023E 87P3 56: XCHG DX+ BY 
024 FE 56: STI 

763 
964 MUL FSV ;XO IS SCALED BY 2tt15 
9:5 ROL AY., 1 
9r: RCL DX, 1 
965 CMP ABS_XIN, DX 
962 jA LABEL_200 

;IU I 
0247  6KE7C0: 97 1 MOV CX, I 
0253 EB0970 972 JI1F LABEL_300 

973 
0256 974 LABEL_20C: ;IL I 
0256 8167C( 975 M3V DX, I 
025A 89167E00 976 MOV IL, PX 

977  
978 

025E 8E167E0D 979 LABEL_300: MOV DX+ IL 
0262 83C2c 98 ADD DXT 2 ;IL+ 1 
0265 3KA 981 CMP CXt DX 
0267 778E 982 JA LABEL_100 

963 
984 ;RESULT IU IN CX REGISTER 
985 
986 

0269 C3 987 RET 
988 
989 IOUANTZ ENDP 

• 

0241 F7267601. 
All'0245 D1 2 

 'IMIF0247 LIP: 
! 0249 3516720 

024D 77C7 
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LOC Gi.J LINE SOURCE 

995 
990 
997 
998 CODE ENDS 
999 

1000 
1001 
100: +1 EjECT 
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LOC OBj LINE SOURCE 

10C3 
1004 
1005 
1000 

 1E7 INTERRUBT_CODE SEGMENT . 
1008 
1009 ASSUME CSUNTERRUPT_CODE, DS:DATA, ES:NOTHING, SS:STACK 
1010 
1011 SOF_INTERRUPT PROC FAR 
1012 
1013 4************************************************************************** 
1014 ;* THIS INTERRUPT ROUTINE IS ACTIVATED Bi THE SOF_(START_OF_FRAME) SINGNAL t 
1015 it OR THE CODER BUS(TRE SOF_ ON THE DECODER BUS IS SYNCHURIZED AND OCCURS * 
101e ;* AI THE SAME TIME AS THE DECODER BUS SOF_). t 
1::17 it THIS  ROUTINE  IS RESPONSIBLE FOR CHECKING THE MULDEM OVERALL FIRMWARE $ 
1016 ;* STATE! INCLUDING FOLLOWING: 
1019 Pi - FE INPUT AND OUTPUT POINTER VALUES 
1020 ;* - PREDICTOR COEFFICIENTS BUFFER FRAME AND OFFSET POINTER * 
1021 i* VALUES 
1022 i* 
1022. ;* IF ANY OF THESE VALUES IS ABNORMAL, THIS ROUTINE WILL ATTEMP TO CORRECT * 
1024 il  TC THE BEST OF ITS KNOWLEDGE. AT THE SAKE TIME, IT WILL INCREMENT THE * 
102;3 ;* ERROR LOG VALUE AND OUTPUT TO THE LEAST SIGNIFICANT LED. 
102 i* TH:5 ROUTINE IS ALSO RESPONSIBLE FOR SETTING UP THE PRIDICTION COEFF 
1027 ;* BUFFER POINTERS FOR THE CURRENT FRAME. 
102E ;* 
102? i* REGISTER USAGES: 
1030 * AX, BX, BPr Sly DI 

i* 
1032 i*****************t********************************1************************ 
1013 

 1034 
1035  11 tEjECT 

0000 
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LOC 08j LINE SOURCE 

1036 
1037 ;NOTE THAT INTERRUPT FLAG (IF) IS DISABLED IN MOST PART 
1038 OF THIS ROUTINE. 
1039 
1040 PUSH AX MAY  USE AX REGISTER TO 
1041 ;OUTPUT ERROR_LED IN THIS 
1042 ;ROUTINE 
1043 ;*****************$$$$$$$$$$$$$$$$M 
1044 ;* FE_BUFFER CHECK 
1045 Meet011=0**0*****M***1=0* 
104c 
1047 
104P 
10:;re ;CHECK FE INPUT POINTER 
1050 

0001 83FEi0 105: CMR SI, 16 ;THIS IS THE NORMAL OFFSET 
102 ;VALUE POINTING TO FEL(4) 

0004 7413 1053 JE LABEL_NORMALA 
1054 
1055 +1 
105c, +1 
1057  +1 
105: il 

0006 A17000 1059 +: MOV AX,LED_DISPLAY_VALUE 
000S FECO 1060 +1 INC AL 

11,001,  240F 1061 +1 
1062 

AND AL,OFH 

0000 7407 1Ci3 JZ LED_ERROR_EXT1 
10z..4 
1065 +1 

000F A371000 1066 +1 MOV LED_DISPLAY_VALUE ,  AX 
0012 0k4 1067 +1 OR ALAN 
0014 E6 64 1062 +1 OUT ERROR_LED, AL 

1069  
0016 8E1000 1070 LED_ERROR_EXT1: MOV SI, 16 ;CORRECT POINTER VALUE 

1071 
0019 1072 LABEL_NORMALl: ;CHECK FE OUTPUT POINTER 

1073 
0019 837E00 1074 CMP BX, 0 ;THIS IS THE NORMAL VALUE 

1075 ;POINTING TO FEL(0) 
001C 7413 1076 JE LABEL_NORMAL_2 

1077 
1078 +1 
1079 +1 
1080 +1 
1081 +1 

001E A17000 1082 +1 MOV AX,LED-DISPLAY_VALUE 
0021 FECO 1083 +1 INC AL 
0023 24CF 1084 +1 AND AL,OFH 

1085 
0025 7407 1086 JZ LED_ERROR_EXT2 

tie 
1087 
1082 +1 

- 0027 A37000 1089 +1 MOV LED_DISPLAY_VALUE, AX 
002; OAC4 1090  41 OR ALAN 

010 e,h) 50 
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LOC CBj LINE SOURCE 

0020 E4 109 1 +1 OUT ERROR_LED ,  AL 
1092 

0026 SI,0000 1093 LED_ERRCR_EXT2: MOV BX, 0 ;CORRECT POINTER VALUE 
1094 
1095  
1096 ;* PREDICTOR BUFFER CHECK 
1097 mitittmummeittimmelom 
1096 

0031 1099 LAEEL_NORMAL_2: ;CHECK PREDICTOR INPUT POINTER 
1100 

0031 23FFIO 1101 CMF DI, LEN_P_BUFFER_FRAME * (TYPE PREDICTOR_BUFFER) 
1102 THIS  IS THE NORMAL VALUE 
1103 ;POINT1N3 TO ELEMENT FTER 
1104 ;THE  LET  ELEMENT OF A FRAME 
1101;  

0034 7;IC 1106 JE LABEL_NORMAL3 
1107 
1102 ;THE POINTER CONTAINS ILLEGAL VALUE 
1109 
1110 
Ill_ +1 
1112 +1 
111:, 

i; 
0036 A17000 1115 +1 M0 AXILED_DISPLAY_VALUE 

Am' 0039 FEU. 1116 +1 INC AL 
IV 0031  :40F 111" +1 ANI AL,OFH 

1112 
0035 7407 119 JZ LABEL_NORMA-3 

11:C 
1121 +1 

003F A2'000 112: +1 MOV LED_DISPLAY_VALUE, AX 
0042  0A04 1123 +1 OR AL,Ah 
0044 E664 112 +1 OUT ERROR_LED: AL 

1125 
0C, 46 1126 LABEL_N3RMIIL_3: ;SET THE PREDICTOR POINTERS FOR NEXT FRAME OUTPUT 

11: -  
0046 PF0000 1126 MOV DI, 0 
0049 8E510 1129 ADD BF, LEN_P_BUFFER_FRAME  *(TYPE  PREDICTOR_BUFFER) 

1130 ;INCREMENT TO NEXT FRAME 
1131 

004 0  83F020 1132 CMP BP, LAST_P_BUFFER_FRAME ;DETERMINE IF BP POINTS TO 
1133 ;LAST FRAME IN BUFFER 
1134 

004F 7603 1135 JBE LABEL_SOF_END 
1136  
1137 ;BF WAS POINTING TO LAST FRAME IN BUFFER BEFORE INCREMENT 
1132 

0051  6110000 1139 MOV BP, 0 ;MOVE TO THE FIRST FRAME IN P 
UFFEF 

1140 
0054 1141 +1 LABEL_SOF_END: 

1142 +1 
1143 +1 
1144 +1 



, 
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LOC OBJ LINE SOURCE 

0054 FA 1145 +1 CLI 
0055 88E000 1146 +1 NOV AX! ENABLEAORMAL_MASK 
0058 E676 1147 +1 OUT PIC—PORTA, AL 
005A Fe 1148 +1 STI 
005B 56 1145 POP AX 
005E. CF 1150 IRET 

1151 
1152 
1153 SOF_INTE'RUPT ETU 
115.1 
117J5 
1156 
J;,' .Ti  
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LOC OBJ LINE SOURCE 

0053 
. 1158 
1157 PREDICTOR_OUTPUT_INTERRUPT PROC FAR 
1160 
1161 
1162 momutt*****tutm***********tumummumumennummun 
1163 it THIS PROCEDURE IS ACTIVATED BY THE SPEN_ SIGNAL ON THE DECODER BUS , 8 
1164 ;* THIS ROUTINE IS RESPONSIBLE FOR OUTPUT THE PREDICTOR COEFFICIENTS FROM * 
1165 it THE PREDICTOR COEFF BUFFER. 
Ilt.6 it 
11é7 it REGISTER USAGES: 
116 ;* AX. DI 
1169 ;* 

;404M*M4natttrn****tint1====************MUM***0 
117: 

PUSH AX ;AX IS USED DURING THIS ROUTI 
47, 

.1, • 
.. • 

1176 
11 

i1 MO  V AX.ENABLE_SOF_MASK 
il OUT PIC_PORT_1, AL 

Fis +1 ST: 
1E1 
11E: 
ij.;• ;CONFIGURE THE DECODER DATA BUS TO BE OUTPUT 
11E- 

E64 MOV AX, D_DATA_BUS_OUT 
F7tiE 113 OUT DECODER_BUS_SPVR, AX 

1137 
;OUTPUT DATà 

0069 3FSi.3 190 MOV AX, DS:PREDICTOR_BUFFERIBPHDI3 
1191 

006C E74; 11;': OUT D_DATA_BUS. AX 
1173 
1194 ;INCREMENT BUFFER POINTER 
1195 

306E  6C 11 ADD DI, TYPE PREDICTOR_BUFFER 
0071 63Fel0 1197 CMP DI. LEN_P_BUFFER_FRAME t TYPE PREDICTOR_BUFFER 
0074 7203 1195 JB LABEL_P_EN 

1199 
1200 ;DI POINTS BEYOND END OF CURRENT FRAME. END OF OUTPUT 
1201 ;OF A FRAME(THE N — 2ND FRAME) PREDICTOR COEFFICIENTS. 
1202 ;SET UP THE POINTER FOR INPUT NEW PREDICTOR 
1203 ;COEFFICIENTS AT END OF CURRENT FRAME(FRAME N). 

• 1204 ;THE INPUT DATA WILL BE DEPOSITEI INTO THE SAME FRAME 
120: ;BUFFER. THEREFORE BP REGISTER NEEDS  NO  BE CHANGED. 
1206 

.k  0076 BF0000 1207 MOV DI ,  0 
1208 
1209 

0079 1210 LABEL_P_EN: ;CHECK FOR END OF OUTPUT CYCLE 
0079 E54C 1211 IN AX. D_CONTROL_BUS 
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LOr OB,; LME SOURCE 

0 i12 AL AX, FEN 
C;rt'E 74r9 J7_ LABEL_F_EN 

1214 
;NjW SPEN IS FALSE(I.E, SIGNAL IS HIGH) ,  TAKE DATA OFF THE RU 

,S 
121é. 
1217 MOV AX! D_DATA_RUS_IN 

- 121F• OUT DECODER_BUS_SPVR, AX 

4: 

12:2 

CLI 
MOV AX! ENADLE_NORMALMASK _ OUT PIC_PORT_I! AL 

T: :227 i: ST! 
122E 
1225 POP AX 

ri IRET 
173: 

PMDICTOR_OUTPUT_INTERRUPT HIP 
1234 
1'235 
123r; 
1231 il i-E,2ECT 
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LINE SOURCE 

1235 
123? 
1240 FE_DUTFUT_INTERRUPT PROC FAR 
1241 
1242 
1:43 u****mx***temmunemtentimeuttommimummtnimmut 
1244 ;* THIS INTERRUPT HANDLER IS ACTIVATED BY FE ENABLE_ SIGNAL OK THE DECODER t 
1:45 ;* BUS. IT 13 RESPONSIBLE FOR OUTPUTING FEH AND FEL TO THE DECODER BUS * 
124e ON ENTRY TO THE HANDLER, AX IS PUSHET ONTO STACK, DATA BUS PORT IS * 
12 4 7 ;* i..OK:ER-EP FROM INPUT STATE TO OUTPUT STATE, THE APPROPRIATE FEX IS * 
124E ;* CUTPUTET ,  TO THE BUS, POINTER TE  BUFFEF IE INCREMENTED TC NEXT FEX TO BE * 
124; ;1 COTPUT. THIS ROUTINE WILL LOOP AROUND UNTIL FE ENDABLE_ IS HIGH, THEN * 
120 it 17 WILL FULL DATA OFF FRCh THE DATii BUS, CONVERT PORI TO INPUT STATE * 

;* AND EXIT 
;4 
;* REaISTEH USAGE: 1 

12!.4 ïl Bi 
1, ;****do*W***t******************************11*************************** 

• 

PUSH AX 

126_ +1 

+ -1 
+1 MOV AX,ENABLE_SOF_MASK 

••• 12e +I OUT PIC_PORTA, AL 
1.7. +1 STI 
1267 
1269  
1269 ;CONFIGURE DATA PUS PORT TO BE OUTPUT 

. 12 7 1 MOV AX, D_DATA_BUS_OUT 
00;*8 E748 1272 OUT DECODER_BUS_SPVR, AX 

1273 
009A 884730 1274 MOV AX, FE_BUFFEREBX] 

1275 
1276 ;BX IS THE POINTER TO THE NEXT WORD TO BE OUTPUT IN FE BUFFER 

• • 1277 
009 1  E74A 1278 OUT D_DATA_BUE, AX 

1279 
• 12F, ;INCREMENT THE OUTPUT POINTER 

1281 
009F 8303:2 1222 ADD BX, TYPE FE_BUFFER 
00A2 83F340 1283 CMP BX, LEN_FE_BUFFER  t  TYPE FE_BUFFER 

; 00A5 7:03 1284 JB LABEL_FE_ENABLE 
• 0047 1 5 0 00', 1285 NOV BX, 0 

1286 
• 1287 

1288 
E54C 1289 LABEL_FE_ENABLE: IN AX, D_CONTROL_BUS 

• 0040  251000 1290 AND AX, SFEEK 
00AF 74F? 1291 JZ LABEL_FE_ENABLE 

1292 

W94 F'6 
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LO: 0i2 LINE SOURCE 

1293 ;NOki SFEEN_ IS FALSECSIONAL IS HIGH), TAKE DATA OFF BUS 
BE7.FC 1294 MOV AX, D_DATA_BUS_IN 
E7-1I 129S OUT DECODER_BUS_SPVR/ AX 

1296 
1297 +1 
1296 +1 
1299 +1 
130;) +1 

00ID FA 131 +I CLI 
Orse 1.-=C 1 3 2 +1 MOV AXf ENADLE_NORMAL_MASK 
0i!SA EFA 1303 +1 OUT PIC_PORT_It AL 

13CA +1 
1305 

00E  E POP AX 
1n7 

006E 136 IRET 
:307 

FE_MPUT_INTERRUPT ENDP 

132 
131:- 
1714 11 tEj", 
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L:NE SOURCE 

1315 
1316 FE_INPUT_INTERRUPT PROC FAR 
1317 
1318 4************************************************************************** 
1319 ;* THIS INTERRUPT ROUTINE IS ACTIVATED BY THE FE ENABLE_ SIGNAL ON THE t 
1320 ;* CODER BUS ,  IT IS RESPONSIBLE FOR TAKING THE FEX(FEH AND FEL) DATA FROM t 
1321 THE CODER DATA BUS AND STORE THEM INTO THE FE BUFFER. 
132: ;Ï: FTER ENTERINCi, THE ROUTINE PUSHES AX REGISTER ONTO STACK! AND CHECK * 
13:3 ;1. FO: FE CLOD.. ONCE FE CLOU. IS VALID ,  THE FEX DATA IS TAKEN FROM THE $ 
1324 ;* AND STOFEL IN THE FE_BeFER. THE ROUTINE THEN INCREMENTS THE BUFFER 
137. ;* F2INTEL ANI EXIT. 

# 
,•._. RE3ISTE• USAGES: : 4  

AXYSI 

• 

THIS  ROUTINE IS ACTIVATED BY FE_ENABLE SIGNAL ON THE 
;CODER CONTROL BUS 

•5 ' 77:  PUSH AX 

:S +1 

41 
:37,3 4: MOV AX,ENALE_SOF_MASK 
1344 41 OUT PIC_PORT_11 AL 

0005 1345 +1 STI 
1346 
:347 LASEL_FE_OLK: ;CHECK FOR FE CLOCK VALIDITY 
174S 

0006 E54: 134c IN AX, C_CONTROL_BUS 
00:£ 135C AND AX, CFECLK 
00CE 74Fi 1351 JZ LABEL_FE_CLK 

1352 iFE CLOCK IS TRUE(I.E. SIGNAL IS HIGH) ,  READ IN FEX FROM DATA 
BUS 

1353 
. 00CD E542 1354 IN AX, C_DATA_BUS 

1355 
1356 

ow 894430 1357 MOV FE_BUFFERUDI AX 
1358 
1359 ;SI IS THE OFFSET POINTER FOR DEPOSITION 
1360 
1361 ;INCREMENT POINTERS 
1362 
1363 

00D2 83C602 1364 ADD SI , TYPE FE_BUFFER 
0005 FF 068200 1365 INC FE_SERVICE_COUNTER ;INCREMENT THE SERVICE 

1366 ;COUNTER TO ENABLE NON-INTERR 
UPT 

1367 ;DRIVEN QUANTIZATION PROCESS 
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LIHE SOUF:CE 

136E 
00D9 62=E4 1369 CMP SI, LEN_FE_BUFFER  t TYPE FEAUFFER ;END OF BUFFE 

RÎ 
0014: 7203 1370 J8 LABEL_FE_INPUT_END 
ODE Iit7 • 1371 MOV SI, 0 ;RESET POINTER TO BEGINNING 

1372 OF  CIRCULAR BUFFER, 
1373 

0E1 1374 +1 LALEL_FE_INPUT_END: 
1375 +1 
1376 il 
1377 +; 

00E1.Fr; 137B +1 CLI 
00E: B2 ,- 1379 +1 MOV AX/ ENABLE_NORMAL_MASK 
°OE E67A 1360 +: OUT PIC_PORT_ly AL 

1361 +1 STI 
OOEE r 1382 POP AX 

1363 
KF,• 5 1364 IRET 

1365 
1366 FE_IFULINTERRUPT ENDP 
1387 

138 i1 iEJECT 
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Lac.  DJ LINE SOURCE 

137C 
1391 
1392 
135 3 PREDICTOR:INPUT—INTERRUPT PROC FAR 
1394 

139é 
1357 i*****4444*-4***************************************************************$ 
139 6 i* THIS PROCEDURE IS ACTIVATED BY THE PEN_ SIGNAL ON THE CODER BUS. 
1357 i* IT 'NUTS THE PREDICTOR COEFFICIENTS FROM THE CODER BUS AND STORES THE * 
140 ( ;4 DAT  I THE PREDICTOR:COEFF BUFFER. 

140: REGISTER USASES: 
14(.3 st AX, DI 
1404 * 

SMtOttet*****4441****1*************************************************** 
PUSH AX 

14( -  

- 
111: -- MOV AX,ENABLE_SOF_MASK 

•:66 Et -A 1113 il OUT PIC:PORT-1v AL 
FI 1414 71 

141: 
141, ;TEST FOR P CLOCK VALID 
1417 
1.11b 

IN AXr C—CONTROL—BUS 
142: 
1.321 AND AX, CPCLK 

Nr:c 74:: 142: JZ LABEL_P_CLK 
.:3 

1424 
iP CLOCK IS VALID, READ IN PREDICTOR COEFFICIENTS FROM 

142si ;DATA BUS 

14E  
E5 2 2 i47= IN A/4 C_DATA—BUS 

143 
1431 ;BP SPECIFIES THE FRAME STARTING OFFSET(Ot list 32 OR 48) 
1432 ;ii  SPECIFIES THE OFFSET WITHIN EACH FRAME (0, 2y 4.4,14) 

00FA 3ES9:3 1433 MOV DS:PREDICTOR_DUFFERIPPHDIL AX 
1434 

00FD 83C702 14715 ADD DI, TYPE PREDICTOR_BUFFER ;INCREMENT OFFSET 
1436 ;VALUE WITHIN ONE FRA 

ME 

EEA 

1437 
1433 
1439 +1 
1440 +1 
1441 +1 
1442 +1 
1443  41 CLI 01K FA 



î e• 

4 

, 

:. • 

;.-•.. 80E6S8087/508S MACR2 ASSIALER M2LDEM 

- 
i i 

1 : 
L.UL ie ,2 LINE SOURCE 

. 4 0iO4 
 4 
E67A 

• 0:06 Fi:. 
• 

. 

11 1441 +1 FRE:IcTu_INEuT_I0ERRu: 
PIC_PORT_14 AL 
AX, ENABLE_NORMAL_MASK 

45 il 
1446 +1 
1447 
144S 
144; 
1450 

OUT 
STI 

POP AX 
IRE 

ENDP 

152 • 4 

:':: 

1457 

VLE-il.  

11:47:02 10/07/82 PAGE 41 
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LOC. LINE SLRCE 

1456 
145.7 EXCEPTIOK_INT FROC FAR 
1458 
1459 ;******************************************************** 
14 2 ;t THIS IS THE EXCEPTION HANDLER FOR THE 8086 CPU, t 
145: ;* UNDER NORMAL OPERATION  ENVIRONNENT, THIS CODE SHOULD t 
1462 NEVER BE EXECUTED, 
146:" ;* IN THE UNLIKELY EVENT THAT THIS HANDLER IS ACTIVATED,* 
144 ;1 IT SETS THE LEILDIS9LAY_VALUE TO OFFH AND OUTPUT * 
15 ;* TO THE ERRB_LED. 
146é ;t REGISTER  USAGES: 
17 ;* AX, 
146E ;* 
116E 4******************************************************* 

;471 
;EOSRNAL INTERRUPTS ARE DISABLED DURING EXECUTION OF THIS HANDLER 

:.4 7 2 
Ik7i 
it.72; PUSH AX 
i47é 

 
MO) AX, OFFFFH 
MCY LED_DIBPLAY_VALUE ,  AX 

t.T C-7 147E OUI ERROR_LED, AL 
0112 1479 POP AX 

145C STI 
C:14 -2." 14E1 IRST 

14E2 

EP2EFTI0N_INT UDR 

142,6 
14S7 
14BS INTERRUFT_CODE ENDS 
148'; END 

- ASSEMBL COH'LETE; NO  ERRORS Fee 



B2. 5-BIT ADAPTIVE RESIDUAL QUANTIZER 

B.2 



LINE SOURCE 

11:51:55 10107/82 PAGE 1 026120S713UiE MACR nil'.SEMI;LER M5LBEM 

D3,216.S7i8OEE MACK ASSEMBLER VI.OVX ASSEMBLY OF MODULE M5LDEM 
ObjECT MODLE PLAEii IN MULDEM.OPj 

iN.:1-20N. Lin CNTROLS 

3 
4 
5 
6 

NAME M5LDEM 

7 i******4-****MUMMent****M*4=Va***MteetlitiMit** 8 ;* * 
? ;* PROJECT: 498A RELP CODEC * 

i> BOARD: MULDEh SIMULATOR * 
L ;* DEVICE: 2 FIRMWARE EPROMS (2732A-2) * 
12 ;* BEAU LOCATION: E151 E29 * 
13 ;* PROPRAreDLE t 
ii; ;4. DEVICE NUMBER: 6 •-0670, 60-0671 * 

* 
1: ;************************************************************** 
..; 
..;,, +1 *EJECT 
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LE DE:. LINE SOURCE 

1; 

21 
2: 
11  
24 ;* 
25 ;* THIS FIRMWARE SIMULATES THE MULtiplexor/DEMulti- $ 
26. ;* PleAol- IN THE RELP CODEC SYSTEM. REFER TO MDA * 
27 ;* DOCUMENT 00 - 2035 - RO1 FOR DETAIL. 
28 ;* 

30 
31 
32 
33 
4 n*Otlenn/**00M** 
35 ;1 SYSTEM C011EIANTS * 

;14.14**).**It**ttt****** 

3'7 
euo LEr...eLiFFER EL 32 ;ACCOMODATE 16 PAIRS OF FEX 

41 
42 LEN_P_BUFFER_FRAME EQU 8 ;EACH FRAME ACCOMODATES 8 PREDICTOR COEFFICIE 

NIS 
'Adak' 43 

44 LAST_P_PUFFER_FRAME EQU 32 ;THE BASE OFFSET ADDRESS OF LAST P FRAME 
;FROM THE BEGINNING OF P BUFFER ,  THIS VALUE 
;MUST BE IN MULTIPLE OF LEN_P_BUFFER_FRAME * 

UFE P_BUFFER 
• 47 ;THE  FRIME DELAY IS EQUAL TO 1 4. 

48 ;(LAST_P_BUFFER_FRAME / 16) 
4; 

• 5O 
; 0001 51 FE_HIGH EOU 1 THIS  REPRESENTS THE FEH'S TYPE 
• CCOC 52 FE_LOk Ht. 0 THIS  REPRESENTS THE FEL'S TYPE 

53 
001C, 54 NLE*) Eh 16 ;NUMBER OF OUANTIZER REGIONS 

55 
• 0050 56 FSVMN EOU 80 ;FSVMN - MINIMUM SCALING FACTOR 

57 
140 5U FSVMX EOU 8000 ;FSVMX - MAXIMUM SCALING FACTOR 

59 
0072 60 FSVTH EQU 120 ;FSVTH - THRESHOLD VALUE , IF THE 

61 ;SCALE FACTOR IS LESS THAN FSVTHI A 
62 ;MID-TREAD OUANTIZER IS USED INSTEAD 
63 ;OF A MID-RISE OUANTIZER. THE MIE -TREAD 
64 ;OUANTIZER USES ZERO AS AN OUTPUT LEVEL 
65 ;INSTEAD OF Y0(1). 

• 66. . 
0000 67 POSITIVE EOU 0 ;POSITIVE SIGN 

68 
• 0001 69 NEGATIVE EOU 1 ;NEGATIVE SIGN 

70 
71 



LO 

0042 

0(44 

004t 

; HARDWARE DEPENDENT CONSTANTS 

LOU 42H ;THIS IS THE PORT(B) ADDRESS ON THE 8255'S 
;FOR THE 16 BIT CODER DATA BUS 

EGU 44H THIS  IS THE PORT(C) ADDRESS ON THE 8255'S 
FOR THE 16 BIT CODER CONTROL BUS 

EOU 46H ;THIS IS THE SUPERVISOR PORT(CONTROL PORT) 
FOR THE CODER BUS(THE CONTROL BUS AND 

;THE DATA BUS) 

C_DATA_BUS 

C_CONTROL_BUS 

CODER_BUS_SPVR 

EOU 64H ; 

EMI 66H ; 

LOU 78H ;8259A PROGRAMMABLE INTERRUPT CONTROLLER 
EGU 7AH ;CONTROL PORTS. 

LOU 13H ;SINGLE PIC, ICW4 NEEDED 
EOU 08H ;STARTING INTERRUPT VECTOR = 8 
EGU 03H ;SFNM = Op AEOI = 1, NON-BUFFERED MODE 

iSP/EN WILL HAVE INPUT = 1 =>MASTER 
n.IPM = 1 =>8086/88 SYSTEM. 

EOU OFEH ;MASK OUT ALL EXCEPT 
;SOF INTERRUPT(RO) 

EOU OEOH ;MASK OUT UNUSED 
;INTERRUPT(R7,R6,R5) 

6C86 2:.P'ECH '1A5r%5 ASLE>ILEF 5LDE 115155 10/07/82 PAGE 3 

0:4E 

LIPE SOURCE 

72 
73 
74 
75 
76 
77 
76 
79 
80 
81 
82 
83 

Et 
8i 
87 

3 

1 
95 
96 
97 
93 

P_LATA_BUS 

0 1'_1i7ROL_LUS 

IFICUELFUS_SPU 

LOU 4AH ;THIS IS THE PORT(B) ADDRESS ON THE 8255'S 
FOR THE 16 BIT DECODER DATA BUS 

EN 4CH ;THIS IS THE PORT(C) ADDRESS ON THE 8255'S 
FOR THE 16 BIT DECODER CONTROL BUS 

EOU 4EH THIS  IS THE SUPERVISOR PORT(CONTROL PORT) 
;FOR THE DECODER BUSITHE CONTROL BUS AND 
THE DATA BUS) 

c,061 

0066 

0072 
007 11. 

0(1 13 
000S 
0003 

00FE 

00E0 

13 ERROLLED 
104 
:05 ERROR_BUS_SPe 
106 
IC7 
106 ;8259A PIC DEPENDENT CONSTANTS 

110 FIC_PORT_O 
111 PIC_PORTJ 
112 
113 ICW1 
114 ICW2 
115 ICW4 
116 
117 
116 ENALLE_SOF_MASK 
119 
120 
121 ENABLE_NORMAL_MASK 
122 
123 
124 
125 
126 ;8255A PPI DEPENTENT CONTSTANTS 



LU Or:2 LIKE SOURCE 

- 

1Z 

B0Eé;SS .70E.  MACR'J ASSEMBLER M5LDEM 11:51:55 10/07/02 PAGE 4 

127 
122 O_DATA_BUS_IN EGO 9B9BH ;PROGRAM THE CODER DATA BUS TO BE INPUT, ALL 
' 1 ' ;OTHER PORTS ON CODER BUS ARE INPUT. 
130 1MSD AND LSB OF THIS WORD EACH ADDRESSES TO 0 

NE PPI 
131 
132 C_DATA_BUS_OUT EQU 9999H ;PROGRAM THE CODER DATA BUS TO BE OUTPUTUE. 
137 ;TAKE CONTROL OF THE DATA BUS), ALL OTHER 
134 ;PORTS ON THE CODER BUS ARE INPUT. MSB 
135 ;AND LSP OF THIS WORD EACH ADDRESSES ONE PPI. 
13.S 

D_DATA_BULIN EQU 9149BH ;PROGRAM THE DECODER DATA BUS TO BE INPUT, AL 

;OTHER PORTS ON DECODER BUS ARE INPUT. 
1MSE ANE LSi OF THIS WORD EACH ADDRESSES TO 0 

NE FF: 
140 
141 D_IATZBUE_OUT EQU 9999H ;PROGRAM THE DECODER DATA PUS TO BE OUTPUT(IE 

142 ;TAKE CONTROL OF THE DATA BUS), ALL OTHER 
1.1 7 ;PORTS  ON  THE DECODER BUS ARE INPUT ,  MSF 
144 ;AND LSB 3F THIS WORD EACH ADDRESSES ONE PPI. 
145 
14 ERROLLED_ON LOU 0092H ;PROGRAM THE ERROR PUS TO BE: 
147 ; PORT A - INPUT } NOT USED HERE 
I4S ; PORT B - INPUT 1 HOT USED HERE 
14 ; PORT C - OUTPUT } TO ERROR_LED 
15(' 
151 ER;;OR_LED_OFF EDU O9FH ;PROGRAM THE ERROR BUS TO BE: 
152 ; PORT A - INPUT } NOT USED HERE 
153 ; PORT B - INPUT } NOT USED HERE 
154 ; PORT C - INPUT } TO ERROR_LED 
155 ;THE LED DISPLAY IN THIS STATE WILL 
156 ;BE 'FF' 
15 7 

 15E 
15 0  ;CONTROL BUS DEPENDENT CONSTANTS 

161 ;DECODER. BUS 
;  

1 , 3 
Or. , 04 164 OPEN LOU 0004H ;MASK FOR SPEN SIGNAL(LOW TRUE) 
0:iC 165 SFEEN LOU 0010H ;MASK FOR SFEEN SIGNAL(LOW TRUE) 

16D 
167 
168 ;CODER BUS 
169 
17() 
171 CFECLK EQU OBOOH ;MASK FOR CFECLK SIGNAL(HIGH TRUE) 

0020 172 CPCLK HU 0020H ;MASK FOR CPCLK SIGNAL(HIGH TRUE) 
173 
174 
175 
176 ;MDA IN HOUSE MONITOR ENTRY POINT 
177 



806 , ECF , 8CE8 Mi,CFC  ASSEMBLER KILDEM 11:51:55 10/07/82 PAGE 5 

Cï;,j LIRE SOURCE 

411, NO 173 MONTALIP EDU 0010H ;OFFSET ADDRESS 
FE I- 179 MONI_SLCS EOU OFE9FH ;SEGMENT ADDRESS 

180 
181 1-1 SEJECT 



OL. 

0000 (1 

0002 1 

) 

On4 (1 

009i, (1 
?ri 
) 

000C (1 
7177 

) 
OM ;1 

reri. 

• • 0010 (1 

0012  ii 
Veri 

) 

6C26;8287/6028 MAZFO ASSEKLEF M5LDEm 11:51:55 10/07/82 PAGE 6 

LINE SOURCE 

182 
183 
164 INTERRUPT_VECTOR SEGMENT WORD AT OH 
185 
18r 
187 
185 ; ***************************** 
185 ; * INTERRUPT VECTOR TABLE * 
190 ; *****emmummuuntut 
1 9 1 
192 ;INTEL RESERVES INT 5 TO 32 FOR INTERNAL USES, CURRENT IMPLEMENTATION 
19$ ; VIOLATES THIS RESTRICTION. 
194 
195 
i. ;FJEc FFEDIFINED 1NTERROPTS: (INT 0 TO 4) 
1'4; 

1iIV:DEJ 4T_IP DW 1 DUP(?) 

,-; DIVIDE_INT_CS DW 1 DUP(?) 

SINOLE_STEF_IP DW 1 DUN?) 

1)1 SINGLE_STEF_CS DW 1  DUN?)  

2t,2 NMI_IF DW 1  DUN?) 

NMI_CS DW 1  DUN?)  

204 BREAKPOINT_IP DW 1 DUP(?) 

205 BREAKPOINT_CS DU 1  DUN?)  

OVERFLOW_IP DW 1  DUN?)  

207 OVERFLOW_CS DW 1 DUP(?) 

208 
209 
210 ;MULDEM APPLICATION INTERRUPTS: (INT 8 TO 15) 
211 

0020 212 ORG 20H 
11'0020 (1 213 INT_8_IP DW 1  DUN?) 
Imor ???? 

) 
• 0022 (1 214 INTJUS DW 1 DUP(?) 



11:51:55 10/07/82 PAGE 7 S3S6/8087/EQ8B NACU ASSEMBLER M5LDEM 

LOC  0k LINE SOURZE 

) 

0024 (1 215 INT_9_IP DW 1 DUP(?) 
M? 
) 

0026 (1 216 INT_9_CS DW 1 DUP(?) 
77 ?? 
) 

C O23 i 217 INT_10_IP DW 1 DUP(?) 
777 7. 
) 

: 002A :1 218 INT_10_CS DW 1 DUF(?) 

) 
. 002C (1 21; INT_11_IP DW 1 DUP(?) 

?777 
) 

002E (1 22. INT_Il_CS DW 1  l'UN?)  
7777 
) 

0030 (1 221 INT_12_IP DW 1  DUN?)  
11'7-7 

0032 (1 222 INT_12_CS DW 1 DUP(?) 
III  

111,03:4 (1 INT_13_IP DW 1 DUP(?) 
7 7 7 
) 

0036 1 224 INT_13_CS DW 1 DUP(?) 

0038 (1 225 IN7_14_IP DW 1 DUP(?) 
?? 7 ? 
) 

003A (1 226 INT_14_CS DW 1 DUP(?) 
7 7 i: 
) 

0030 Cl 227 INT_15_IP DW 1 DUP(?) 
777-,  
) 

. 003E (1 226 INT_15_CS DW 1 DUP(?) 
?771 
) 

229 
230 
231 INTERRUPT_VECTOR ENDS 
232 
233 
234 
235 +1 SEJECT 
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UNE SOURCE 

236 
237 
238 DATA SEGMENT 
239 
240 ;THIS SEGMENT WILL RESIDE IN RAM 
241 

0000 (24 242 PREDICTGR_BUFFER DW (((LAST_P_BUFFER_FRAME/16)+1) t LEN_P_BUFFER_FRAME) D 
UP(?) 

??1-i 
) 

0030 (32 242 FE_BUFFER DW (LEN_FE-BUFFER) DUP(?) 
???Ï 
) 

244 
070 (1 245 LED_DISPLAY_VALUE DW 1 DUP(?) 

) 
246 

• 072 (1 247 APS_XIN DU 1 DUP(?) 
???.! 
) 

0074 :1 248 XCUI DW 1 DUP(?) 

)• 
24; ' 

FSÇ DW 1 DUP(?) 
Illp r,:i 

1 

: 078 .1 25: FStl. DW 1 DUF(?) 
? 7 ?? 

. ) 
007A (1 252 F8VH DW 1 DUP(?) 

Irl 

007i: (1 254 I DW 1  DUN?)  

) 
007E (1 255 IL DW 1 DUP(?) 

???? 
) 

0060 (1 256 L2 DW 1  DUN?)  
???? 
) 

257 
: 0082 (1 258 FE_SERVICE_COUNTER DW 1 DUP(?) 

???? 
) 

259 
0084 (1 260 FE_SERVICE_PTR DU 1 DUN?) 

???? 
) 

261 
0086 (1 262 FE_TYPE DW 1 DUP(?) 

???? 



OBJ 

LABEL WORD 

ENDS 

- 
! 8086/8:18718ü88 MACRO ASSEMBLER M5LDEM 

**. 11:51:55 10/07/82 PAGE 9 

0U (1 
??7? 

LINE SOURCE 

263 
264 SIGN_FLAG LW 1 DUN?) 

265 
266 

DATA ENDS 

«fa. 

268 
Ql' ‘0, 

270 
271 

---- î 
OW; (6: 

??7 i 

, 
'111›378  ) 

-do 
276 
277 S711..K SEGMENT 
27E 
4 7 e ne********mitstomummtemmt****** 
280 ;4 THE STACK IS SOLELY USED BY THE 8086 TO 
231 ;* STORE RETURN ADDRESS IN INTERRUPT ROUTINES* 
262 4****400***Me******1****00************ 
283 DW 60 DUE (?) 

284 TOE 
2E5 
ZBc STACK 
2E7 
2E,Ï. +1 $EJECT 



• 

• 

8086/8:87/8C,38 etàUO ASEEMILER M5LDEm 11:51:55 10/07/82 PAGE 10 

. LOC U6j UNE SOURCE 

285 
290 
251 
292 ;SYSTEM MACROS: 
293 ;  
254 
295 
256 ;THE MACROS ARE NOT LISTED IN THE ASSEMBLER GENERATED LISTING, REFER 
297 irCi THE SOURCE FILE FOR MACRO CONTENTS ,  
298 
299 
3(10 
301 

C,07 

30? 
31 ,) 
311 

313 
314 
L5 +1 $EJECT 



11:51:55 10/07 182 PAGE 11 8Q86/8S7i60CE1 MACR0 ASSEMBLER MUDEM 

LOC GE.J LINE SOURCE 

316 
317 
31S 
319  
320 ;* 
321 ;* REGISTER USAGE IN M5LDEM SIMULATOR SYSTEM : * 
322 ;* 
327  
324 
325 
326 ;DEDICATED USAGE FOR ALL PARTS OF THE SYSTEM AT ALL TIME: - 
327 
3:? ;Si - FE_BUFFER INPUT POINTER 
32; ;EX - FE_BUFFER OUTPUT POINTER  UNIS  REGISTER IS ALSO USED UNDER 

NON-INTERRUPT DRIVEN QUANTIZATION PROCESS, HOWEVER; THE 
ORIGINAL REGISTER IS PRESERVED] 

37 ;1:P - PREDICTOR_BUFFER FRAME POINTER 
373 ;D: - PREDICTOR_EUFFER OFFSET POINTER 
334 
37t 

;CS - CODE SEGMENT 
37;7 ;DS - DATA SEGmENT 

;ES - DMA SEGMENT OR INTERRUPT_VECTOR SEGMENT 
;SPSP - STAU OPERATION 

341 
;UNASSISPED REGISTERS: 

3.43 
344 ;ThE3E REGISTERS DO NOT CARRY DEDICATED FUNCTIONS IN THE M5LDEM 

;SIMULATOR: 
SAt, 

iey CX, DX 
34 
:$49 $EJECT 
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LOC LINE SOURCE 

350 
351 
352 PUBLIC START_ADDR 
353 
354 
355 CODE SEGMENT 
356 
357 ASSUME CS:CODEr DS:DATAy SS:STACK, ES:INTERRUPT_VECTOR 
358 
35 
360 

uniumummummuntiout ;* STATIC VARIABLES 
363 i****************lemummom 
364 
.j.65 
346 — ARRAY OF NLEV NORMALIZED OUANTIZER OUTPUT VALUES 
367 (IN INCREASINC ORDER) 
368 VALUE SCALED BY ** IN ** REPRESENTATION 

000 • 00v0 36' YO DW Oy 1024? 3072! 5120, 7166r 9216, 11264 
000: 007..A 
0004 
(Y!06 

000A 024 

0001.  002 
uttf --» DW 13312y 15360e  17406, 19456, 21504r 23552 
0010  01C 
0012 
00".A 
0016 0054 
001E 005;:. 
001A 00 371 DW 25600, 27648e 29696, 31744 
001C 006[ 
001E 0074 
0020  0070 

372 
373 ;XO — ARRAY OF NLEV-1 NORMALIZED OUANTIZER BREAK POINTS 
374 (IN INCREASINC ORDER) 
375 ; VALUE SCALED BY ** IN ** REPRESENTATION 

0022 0000 374 X0 DW Or 2048, 4096, 6144, 8192, 10240, 12288 
0024 0006 
0024  0010 
0028 0018 
0021:. 0020 
0020 0026 
002E 0030 
0030 0 7:38 377 DW 14336, 16384,  18432, 20480, 22528, 24576 
0032 0040 
0034 0046 
0034 0050 

dimg038 0058 
1111,03A 0060 

003C 0068 376 DW 26624, 28672t 30720 
003E 0070 
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LOC OSJ 

11,40 0:76 

LINE SOURCE 

37° 
•
1 

380 MILT - ARRAY OF NLEVr OUANTIZER MULTIPLIERS 
381 j VALUE SCALED DY 8* IN 114 REPRESENTATION 

•

• 

0042 ee 38: ONLT DW Or 13926,  139261 13926, 13926/ 139261 13926 
• 0044 663e 
▪ 4(46 ,é2é 

049 663t 
0C4A  636 

› Of..e. 6636 
: 004E 6636 

3e2 DW 13926,  13926,  19661,  22938,  26214 29491 
0052 6e3t 

• )54 CD42 
. 0C5c, 9A,5 

OGIZ écéz 
005,:. 3372 

• Ov5C 00Eiv 22z Did 32768,  36045,  39322, 42598 
• 005E  CDEC 
. 0(5J '4 4  

otk. 

3Se 
'387 +I SEJECT 
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LINE SOURCE 

11:51:55 10/07/82 PAGE 14 

3ES 
; **************************************************************** 

390 ; t MAIN PROGRAM 
391 ; **************************************************************** 
392 
393 
394  
3? ; 4 
396 ; REGISTER VALUES ARE NOT PRESERVED 

IN ALL PROCEDURES. THEY SHOULD BE 
3E SAVED BEFORE ENTERING. 
39? ; 
4C0 tmtlmommt******matemttomtmlittem 
4(.1 

Er: START_ADDR: CLI ;DISABLE EXTERNAL INTERRUPT 
006!: F MC, AX; DATA ;CANNOT MOVE IMMED, VALUE TU  
OU,3 tiEDS, .):;5 MU DS! AX ;SEGMENT REGISTER. 

406 
• 407 MOV ES! AX ;ES AND DS ARE REFERING TO SAME 

408 ;SEGMENT 
409 
410 ;RESET THE LED_DISPLAY_VALUE 

. Ù0C C7'267X00(0 411 MOU LED_DISPLAY_VALUE; 0 
412 

pvw. 

• 
4:3 
44 

MOMO'.'AX! ERROR_LED_ON 
e:  OUT ERROR_BUS_SPVR! AL 

415 
• ;OUTPUT ERRCR DISPLAY VALUE 

0077 880000 411; MOV AX; 0 
007A E664 419 OUT ERROR_LED, AL 

420 
421 ; ********************************************** 
422 ; Y INITIALIZE THE INTERRUPT VECTOR TABLE * 
423 ; 
424 * THIS SUBSYSTEM USES FOLLOWING SIGNALS FROM * 
425 ; * THE SYSTEM BUS: 
426 ; 
427 ; t START OF FRAME (SOF_) 
42E ; * - FE ENABLE (SFEEN_) 

• 42; ; * - P ENABLE (SPEN_) 
43 * - FE CLOCK (CFECLN) 
421 ; * - P CLOCK (CPCLK) 
432 ; ********************************************** 
432 
434 
435 
436 

• 007C BE0000 437 ERROR_ENTRY: MOV AX, INTERRUPT_VECTOR 
Ash007F 8EC0 43E MOV ES! AX USE EXTRA SEGMENT TO ADDRESS 

439 THE  INTERRUPT VECTOR TABLE 
• 440 

00E1 26270608001000 441 MOV MONT_86_IP 
COSE 26C7060A0C9FFE 442 MOV NMI_CS; MONT_86_CS 
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NOV 
NOV 
NOV 
NOV 
NOV 
NOV 

NOV 
NOV 

NOV 
NOV 

MOV 
NOV 

NOV 
NOV 

MOV 
NOV 

LOC OIJ 

002F B ,J0901 
009: 
0096 26A30000 
00A 26591E020 
009F 26A3i0 
001t. 261E1200 

00A8 26C70620000000 
00AF 26C706=---- 

00I6 26C70é.L45D::. 
OCil 

04 
26C7 ,2---- 

00D2 
00I; 

00Eu 
COE7 

LINE SOURCE 

44 -J 
444 
445 
446 
447 
446 
449 

451 
45: 
453 
454 
455 
456 
457 
458 

k1 .2 

tt7 

464 
465 
4iY• 41 

AX, OFFSET EXCEPTION_INT 
BX,  SEC EXCEPTION_INT 
DIVIDE_INT_IP, AX 
DIVIDE_INT_CS, BX 
OVERFLOW_IP, AX 
OVERFLOW_CS, BX 

INTILIP, OFFSET SOF_INTERRUPT 
INT_8_CS, SEC SOF_INTERRUPT 

INTAIP, OFFSET PREDICTOR_OUTPUT_INTERRUPT 
INT_S_CS,  SEC PREDICTOR_OUTPUT_INTERRUPT 

INIJO_IP, OFFSET FE_OUTPUT_INTERRUPT 
INTAO_CS,  SEC FE_OUTPUT_INTERRUPT 

INT_ILIP, OFFSET PREDICTOR_INPUT_INTERRUPT 
INTALCS, SEC PREDICTOR_INPUT_INTERRUPT 

IR7_12_IP, OFFSET FE_INPUT_INTERRUPT 
IN1_12_CS,  SEC FE_INPUT_INTERRUPT 

tEJ7U 

• 
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LO: 01-; LINE SOURCE 
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468 
469 ASSUME ES:DATA 
470 
471 
472 
473 ;INITIALIZE 8086 PROCESSOR ENVIRONMENT 
474 
175 

00EE  3 R 476 NOV AXt DATA ;CANNOT MOVE DINED. VALUE TO 
01  8E 477 NOV DS, AX ;SEGMENT REGISTER. 

478 
00F.-: SECO 479 NOV ES! AX ;ES AND  OS ARE REFERING TO SAME 

42C ;SEGMENT 
On EC F. 4E: NOV AY,' STACK 

• 0076 EEK 482 MOV SS, AX 
00FA BC7S0'.. 4S7 NOV SP, OFFSET  TUS 

484 

;INITIALIZE ALL SYSTEM HARDWARE 
467 
4E.2 
48i 
490 ******************* 
491 * PIC * 
497  
4: 

;CAUTIM: AUTOMATIC EOI IS  USE  D HERE ,  REFER TO INTEL APPLICATION 
49é. NOTE AP-59 'USING THE 8259A PROGRAMMABLE INTERRUPT 
q9' CONTROLLER', UNDER HEADING 'AUTOMATIC  LOI  MODE' 
492 
49? 

OU 1013 500 NOV AL, ICkl 
4 GOFF E67i: 501 OUT PIC_PORT_Ot AL 

5C2 
0101 53 NOV DX, PIC-PORT-1 
0104 Ka': 504 NOV AL, ICW2 
0106 LE 5e5 OUI DX, AL 

5,:J6 
527 ;ICW  315  NOT NEEDED FOR CURRENT HARDWARE CONFIGURATION 
508 

0107 W3 5Ç NOV AL, ICW4 
Ole FE 5:0 OUT DX, AL 

511 
010A SOU 512 MOV AL, ENABLE-SOF-MASK 

•010C FE 513 OUT BXe AL 
514 
515 
51é ttItttttitttttttttt 
517 ; t PPI 
51 8 5 tekettittirttUttttt 
519 
520 
521 ;INITIALLY ALL PORT ARE PROGRAMMED TO BE INPUT PORTS IN MODE 0 



11:51:55 10/07/82 PAGE 17 8OE6/80S7/KU MACRE ASSEMILER M5LDEM 

LOC 0Ij 

010I 
C,11 E746 

C.112 .322If-I 
011!.; E74E 

LIME SOURCE 

522 ;EXCEPT THE ERROR LED PORT, WHICH WILL BE OUTPUT ALL THE TIME 
523 
524 MOV AX, C_DATA_BUS_IN 
525 OUT CODER_BUS_SPVR, AX 
526 
527 
528 MOV AX, ILDATA_BUS_IN 
529 OUT DECODER_BUS_SPVR, AX 
53(  1.1 fEjECT 



54Ç 
550 

0122 E 9 200 551 MOV CX, LENGTH FE_BUFFER ;ITERATION COUNT 
0125 iF30 rsm: 552 MOv DI, OFFSET FE_BUFFER 

553 
0125 F3 554 REP STOS FE_BUFFER 
•p2Q AD 

555 
556 
557 ;RESET SERVICE COUNTER 

012A C7•6820O00 558 MOV FE_SERVICE_COUNTER, 0 

;INIlIALIZE FE TYPE TO LOW 
0130 C70686A0000 561 MO) FE_TYPE, FE_LOW 

562 
563 
564 ;INITIALIZE BUFFER POINTERS TO APPROPRIATE VALUES 
565 

;PREDICTOR BUFFER OP  IS THE FRAME POINTER, 
567 ;III IS THE OFFSET POINTER WITHIN A FRAME. 
562 

0136 BD200:e 569 MOV BP, LAST_P_BUFFER_FRAME ;ON FIRST SOF INTERRUPT AFTER 
570 ;POWER UP, SOF_INTERRUPT ROUT 

INE 
571 ;WILL SET BP = 0, DI - 0 
cl ,  

0177 BF1000 577 NOV DI, LEN_P_BUFFER_FRAME * (TYPE PREDICTOR_BUFFER) 
574 
575 ;FE BUFFER INITIALIZATION 
576 
577 NOV SI! 16 ;POINTS TO FEL(4) 
578 MOV BX, 0 
579 
5;;;0 ;QUANTIZATION SERVICE 
581 
582 NOV FE_SERVICEJTR, 16 

0130  BE100 
013F 000000 

0142 C70684001000 

8086;307/809P MACRO ASSEMBLER M5LDEM 115155 10/07/82 PAGE 18 

LUC  ODJ LINE SOURCE 

531 
532  
533 ;* INITIALIZE APPLICATION PROGRAM ENVIRONMENT * 
534 ;*********************************************** 
535 

537 
53E' 
53Q 
t.40 ; FILL BUFFER AREAS WITH ZEROS 
541 

0117 B80300 512 MOV FIX, 0 ;FILL VALUE 
011A U18(:(- rel MOV CX, LENGTH PREDICTOR_BUFFER ;ITERATION COUNT 
011 0  BF90 541 MOV DI, OFFSET PREDICTOR_BUFFER 

545 
;ES SETS TO THE SEGMENT BASE OF DATA SEGMENT 

547 
0120 F7 549 REP SIOS PREDICTOR_BUFFER 
0:11 AD 



LOC 0EJ 
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LINE SOURCE 

11:51:55 10/07/82 PAGE 19 

r.146 JcJ MOV FSVLI FSVMN 
014E L.7. •.)z7Fe'AW 584 MOV FSVH, FSVMN 

585 
58é 
587 

0154 FB 588 STI ;ENABLE EXTERNAL INTERRUPT 
589 

0155 F4 59 • HLT ;WAIT UNTIL THE FIRST 
591 iSTART OF FRAME INTERRUPT 
592 
593 +1 EJECT 



LINE SOURCE 
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594 
595 
596 nmettuniummuntountutunutem 
597 
59S pe START OF APPLICATION PROGRAM * 
599 ;* 
er ;* AFTER POWER UPr THE FOLLOWING APPLICATION * 
601 ;› PROGRAM WILL NOT START EXECUTION UNTIL THE * 
602 :X FIRST SOF_INTERRUPT HAS BEEN SERVICED. * 
607 ;$1444MX,MittXt*********,****************** 
604 
605 

0156 Lqa..iell.Fe_t4ELFE: 

• 6'2 ;LOOP AROUND UNTIL THERE IS A NEW FE TO SERVICE 
6.".; 

0156 CMP FE_SERVICE_PTRt SI 
01 -J. t11 JE LAFEL_WAIT_FOR_NEW_FE 

61: 
612 ;TWO  POINTERS ARE NOT EQUAL: POSSIBLE NEW FE'S 

615 
c13 ;CHECK SERVICE COUNTER 
61' CMP FE_SERVICE_COUNTER, 0 
61E JE LABEL_PTR_ERROR THE  SERVICE PTR AND 

;INPUT POINTER(SI) ARE NOT 
;EQUAL, SERVICE COUNTER = 0 

621 ;SYNC ERROR 
62. 

624 ;SERVICE COUNTER >=1 NORMAL CONDITION 
625 

; 0162 626 EMP FE_SERVICE_COUNTER, 8 
016E 73'5 627 JAE LABEL_PTR-ERROR ;THERE ARE MORE THAN 4 PAIRS 

626 ;OF FEX TO BE SERVICED. CPU 
629 US  RUNNING TOO SLOW 
630 

L. : SERVICE COUNTER < 8, NORMAL CONDITION. 
63: ; BEGIN SERVICE THE FE'S 
633 
634 
62.5 
t36  +1 $EjECT 

0i5. S5'0 
0161 747:: 
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L 32 08j LIRE SOURCE 

637 
016i; 638 LABEL_SERVICE_FE: 

63; ;MOVE THE NEW FEX INTO AX AND CORRESPONDING FSV TO CX 
64C 
641 ;NEED TO USE THE DX REGISTER TO ACCESS THE FE_BUFFER 

01i.A 5KE84 642 MOV CX, FE_SERVICE_PTR 
643 

C16E !T;. 644 CLI 
01 6  872S 645 XCHG CX; BX 
0171 Si4775 ,) 646 MOV AX; FEAUFFEREM 
0174 87;:f 647 XCHG CX, BX 
017: FB 641i 

0177 63E&:...: FE_TYPEt . F.E_LOW 
0172 751 • 51 JNE LABEL_FE_HIGH 

6t2 
653 

c:55 
;IT IS FEL TO BE PROCESSED 

657 MÜV CXy FSVL 
65 CALL APcma 
659 

;RESULT FSV IN DX; XOUT IN CX 
661 

0185 87167S0 662 MOV FSVL; DX ;SAVE THE NEW FSVL 
662. ;STORE THE NEW XOUT INTO THE FE_BUFFER 

0189 A184()0 écA MOV AX, FE_SERVICE_PTR 
U1B: 665 CLI 
018D 3 666 XCHG AX, DX 

667 
018E 89e;FZ0 668 MOV FE_BUFFEREBX), CX 
0191 F'0E62UJ ot9 DEC FE_SERVICE_COUNTER 

670 
0195 93 671 XCHG AX; BX 
0196 Fe. STI 

673 
674 ;UPDATE THE FE TYPE TO BE SERVICED NEXT 

0197 C7C680'.. 675 MOV FE_TYPE; FE_HIGH 
676 
'" ot, 
675 ;INCREMENT THE SERVICE POINTER, AX CONTAINS FE_SERVICE—PIR 
679 ADD AX, TYPE FE_BUFFER 
680 CMP AX; LEN_FE—BUFFER * TYPE FE—BUFFER ;END OF BUFFER? 
681 JAE LABEL_WRAP_AROUND 
682 MOV FE_SERVICE_PTRI AX 
683 JMP LABEL—WAIT—FOR—NEW—FE 
684 
685 +1 *EJECT 

017E SI,U. 7  
0182 E66. 

019i. 
01W,; 3b40(7;) 
013  7331 
01A5 A3840 
01A8 ELk. 
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0„ 

687 
OlitA 688 LABEL_FE_HIGH: ;THE FEN IS TO BE PROCESSED ,  
01AA ET•iE7A0 689 NOV CX, FSVH 
OIAE E100 690 CALL APCMO 

691 
692 ;RESULT FSV IN DX, XOUT IN CX 
693 

001 89167A00 694 NOV FSViir DX ;SAVE THE NEW FSVH 
695 

;STORE THE NEW XOUT INTO THE FE_BUFFER • 
01Et. AIE4 677 NOV AXr FE_SERVICE_PTR 

698 
01EE FA 699 CLI 

• 01E9 73 I0J XCH8 AX, DX 
70i 

trait 894F20 702 NOV FE_BUFFER[DX3r CX 
702 DEC FE_SERVICE-COUNTER 
704 

01CI 93 705 XCHG AX, DX 
01C2 FE 706 SU  

707 
706 ;UPDATE THE FE TYPE TO BE SERVICED NEXT 

01C3 C7068E00000C 709 NOV FE_TYPEr FE_LOW 
70 
711 
712 ;INCREMENT THE SERVICE POINTER 
713 ADL AX, TYPE FEAUFFER • 
214 CMP AX, LEN_FE_BUFFER t TYPE FE-BUFFER ;END OF BUFFER? 
715 JAE LABEL_WRAF_AROUND 
;16 NOV FE_SERVICE_PTRr AX 
71; 

01D4 FED 718 JMP LABEL_WAIT_FOR_NEW_FE 
719 

8 720 
006 721 LABEL_WRAF_AROUND: 

722 ;SERVICE POINTER WAS POINTING TO THE LAST ELEMENT IN FE 
723 ;ARRAY, MOVE TO THE FIRST ELEMENT. 
724 

006 C706840::Ce0 725 NOV FE_SERVICE-PTR, 0 
C0C E9 -:7F7 72 JMF LABEL_WAIT-FOR_NEW_FE • 

727 
728 +1 $EjECT 

e.. 
• cric eJ5-2 
• OICC 3:2 

VI -J1 A.:6:.â 
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UrJ 

U 11.7 

UNE SOURCE 

72S 
73(J LABELPTR_ERROR: 
731 
732  
733 ;* THIS PART OF CODE HANDLES THE SYNCHRONIZATION ERROR 
734 ;* BETWEEN THE OUANTIZATION PROCESS AND THE VARIOUS 

;* INTERRUPT DRIVD,  I/O PROCESSES. 
72C. 
737 i* AN ERROR CONDITION MAY BE ONE OR MORE OF THE FOLLOWINGS: * 
73e 1 
71:J (1) BOTH INPuT(REGISTER Si - DEDICATED) AND SERVICE POINTER * 

;* ARE POINTING TO DIFFERENT ELEMENT IN THE FE_BUFFER * 
;* AN'.! THE SERVICE COUNTER HAS A VALUE OF ZERO. 
;4 - THE SERVICE COUNTER HAS A VALUE HIGHER THAN 8. THIS * 

72 4 ;4 MEANS THeT FOUR FAIRS OF FEX OR MORE ARE NOT GUANTIZEL 
ÏET. 

;* THE MULDEM SIMULATOR PROCESS WILL CONTINUE ONCE THE 
7h6 AEM ERROR(S) OCCURS. THE FOLLOWING ROUTINE WILL CAUSE THE * 
;, 47 1. MOST SIGNIFICANT ERROR_LED TO INCREMENT BY 1. • ;y4444***4444444,4**L****************************************** 

:UR èA CLI ;DISABLE EXTERNAL INTERRUPT 
01i2": MOU AX,LEILDISPLAY_VALUE 
(sib Ah, 10H 
.1Et 72.:7 JC LABEL_PTR_EXT 

:JJ Me LED_DISPLAY_VALUDAX 
1E cç 75e OR AL!Ali 

D OUT ERROR_LED,AL 
CIF U:A7i LAn:_RTR_EXT: JMP ERROR_ENTRY 

;* END OF MAIN PROGRAM * 
7e2  
7à3 

7e5 
+I SEJECT 
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LINE SOURCE 

767 
 70E 

769 AFCMQ PROC NEAR 
770  
771 
772 i***44**4**4********4*************************************************** 
773 it PURPOSE: 
774 i* THIS ROUTINE OUANTIZES A SAMPLE USING AN ADAPIVE OUANTIZER. * 
775 i* 

;4 
777 ;$ DESCRIPTION: 
778 :4 THE INPUT SAMPLE IS QUANTIZED, USING THE GIVEN SCALING FACTOR * 
"= ; FOR THE MANTIZER, THE SCALING FACTOR IS UPDATEL ON RETURN. * 
7F. it 
781 ie 
-d62 ;* PAR,f.#%ETERS: 

;4 INFUT 
:Y XIN - INPUT SAMPLE(PASSED IN AX REGISTER) 
ie FSV - SCALING  FACTOR FOR THE QUANTIZER, THIS VALUE IS * 

7. UPLATED ON OUTPUT.(INPUTED IN CX REGISTER) * 
73 ;J 
- F-E. :4 OUTFUI : 

XOUI - OUTPUT QUANTIZED SAMFLE (PASSED IN CX REGISTER) t 
79: ;1) FSU - NEV SCALING FACTOR FOR THE QUANTIZER (OUTPUT 
79 1 ;* IN D› REGISTER) 
7 ';2 ;4 

793 i4 PRE-SPECrIED: 
7 5 1 ;4 NLEV - NUMBER OF POSITIVE QUANTIZER LEVELS, THE OUANTIZER 

IG RESUMED TG BE SYMMETRIC ABOUT ZERO. THE TOTAL * 
NUnEER OF QUANTIZER LEVELS IS UNLEV. 

757 ;* 
7 9 6 it RUT:NEE RENIRED: 
- 9- i* IQUANTZ - QUANTIZE A POINT 
8:: 4444444**144***4***********4t****************************************** 
801 
902  +1 iEJECT 



NOV FSV. CX  01F2 29OE760 ,:. 

803 
804 
805 
806 

803 
804 
805 
806 

807 807 

LINE SOURCE 

CE 

IOUANTZ 

;FSV IS PASSED TO THIS PROCEDURE FROM 
;REGISTER CX. SAVE FOR FUTURE REFEREN 

;THIS VALUE IS ALSO USED IN PROCEDURE 

iXIN IS PASSED TO THIS PROCEDURE IN REGISTER AX. 

NOV SIGN_FLAG, POSITIVE 

TEST AX. OFFFFH 
JNS LABEL_1 

;INITIALIZE THE SIGN FLAG 

;GET SIGN 
;IT IS A POSITIVE NUMBER 

;XIN IS A NEGATIVE NUMBER ,  GET ABSOLUTE VALUE 

NEG AX 
NOV SIGN_FLAG, NEGATIVE ;STORE STATE OF SIGN 

12. CX ;SAVE FOR FUTURE REFENRECE 
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01F6 C7'68)00'0 

01FC A9FFFF 
01FF 790E 

0201 F72 
0203 C7USSOOlej: 

On. 

020F F2spi!'O 

SOE 
SO? 
81• 
Sil 
812 

8:4 
S15 
816 
S17 
81S 
819 
820 
221 LAHL_1: 
822 
823 
824 

827 
82S 
S2; 

831 

U3 41 iEJECT 

NOV ABS_XIN. AY 

• ;REGISTER  AX, CX AND DX ARE 
CALL IOUANTZ 

;RESULT 'L2' RETURNED IN CY.. 
;ACTUAL VALLE TO FACILITATE 

;SAVE THE ABSOLUTE XIN FOR 
;USE IN IDUANT2 PROCEDURE 

NOT PRESERVED IN THIS CALL. 

THIS VALUE IS DOUBLED THE 
INDEX ADDRESSING. 
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LINE SCURCE 
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022* 4 
022A F7i9 

022C 2r;7 7 ; 

022F 6;D-

0231 FE 

334 Me*********=$***MteenttUttintUt= 
835 ;* GENERATE QUANTIZED VALUE FOR THE CODED BITS * 

837 
638 NOV AX, FSV 
839 
840 CMP AX, FSVTH 
841 
842 JAE LABEL_MID_RISE 
643 
844 ;FSV FSVTH 
845 

021E.  EZF*02 8? CMF CX, 2 ;L2 = 1? 

021E  7509 84-; JNE LABEL_MID_RISE 
850 
E1 ;L2 = 1 9 USE MID_TREAD QUANTIZER AND SET XOUT = 0 
852 

0220 C70674ri...20 E53 NOV XOUT9 0 
022t EL1B90 654 JMP INC_STEF 

855 

022; 857 LABEL_MID_RISE: 
858  
859 NEED TO USE BX AT THIS POINT: DISABLE INTERRUPT BEFORE USE 
840 ; EX  IS USED BY INTERRUPT I/O  ROUTINES AS A DEDICATED REGISTER 
851 

CLI 
XCHG 8X  CX ;CX CONTAINS 'L2' 

NUL CS:YDEBX] ;AX CONTAINS FSV 
866 
867 XCHG BX, CX 
868  
869 STI 
670 

0232 D1C0 871 ROL 09 1 ;SCALE BY 2**15 
0234 D1D2 672 RCL DX9 1 

873 
674 ;INCORPORATE SIGN BIT 

023C 633E6S0000 875 CM  F SIGN_FLAG, 0 
0238 7402 876 JZ LABEL_2 

677 
878 ;XIN WAS A NEGATIVE NUMBER 
879 

023 1'  F7DA 880 MEG DX 
881 
882 LABEL_2: NOV XOUT, DX 
883 
884 +1 *EJECT 

' 0213 A1760:: 

• 0216 3 1 7800 

0219 730E 

* 023F 89167400 
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L5C OEJ LINE SOURCE 

885 
886 ;****************************** 
887 ;* INCREMENT STEP SIZE OF FSV * 
88E  
889 
890 

0243 8:0E8000 891 INC_STET: MOV CX,  12 
892 
893 ;NEED TO USE EX AGIAN; REFER TO PREVIOUS USAGE FOR DOCUMENTATION 
894 

: 0247 FA 895 CLI 
: 0248 82CP XCHG CX; EX 

024:=E8B474L, 897 MOV AY.; CS:OMLTEEX] 
024E 87E? 898 XCHO EX; EX 
025 F5 STI 
0251 F7267600 900 MUL FSV 

90i 
0255 11C0 902 ROL AX; 1 ;DIVIDE RESULT BY 2**14 
025:' D152 903 REL DX; 1 
025.; ROL AX, 1 
025E,  DIU: _ 905 RCL DX; 1 

906 
025D 2.1FA4if 907 CMP DX; FSVMX 
0261 7606 JEE LABEL3 
0263 Ef-.401E MOV DX; FSVMX 
0.ct  E0 91 JMC AFTMLEND 

Input?  • 3EA50 911 LABL_31 EMP DX; FSVMN 
026C 730 912 JAE APEMO_END 
026E EA500-:. 9:3 MOV DX; FSVMN 

9:4 
• 915 ;NEW FSV IN DX 

9:6 
; 0271 8EiE7400 917 APCKŒND: NOV CX; XOUT 
• 0: 25 53 918 RET 

919 
920 APCMO ENDP 
921 
922 
923 
924 +1 SEJECT 
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Crrj LINE SOURCE 

925 
.D276 926 IGUANTZ PROC NEAR 

927 
92 6 4************************************************************* 
929 ;* INPUT : ABS_XIN Y FSV PASSED FROM MEMORY . * 
930 ;* * 
931 ;* OUTPUT: L IN REGISTER CX, THIS VALUE IS t 

DOUBLE THAT OF ACTUAL VALUE TO t 
933 ;* FACILITATE INDEX ADDRESSING * 

;* REEIETER USAGE: . * 
935 ;* BX TEMPORARILY, VALUE SAVED AND * 
0"1. .J.: i* RESTORED BY THIS PROCEDURE. t 
37 i* INTERRUPT DISABLED WHILE USING THIS* 

'313 ;* REGISTER. * 
939 ;* DX * 

* 
RE5ISTEF ASSIGNMENT IN THIS PROCEDURE: * 

942 ;* * 
CX CONTAINS IU * 

94 ;* REFER TO FORTRAN LISTING FOR DESCRIPTION OF THESE t 
945 ;* VARIABLES. 8 
916 mmmee******************************0************m**** 
947 
,i4E 
94 . +1 EJECT 
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LOC LINE SOURCE 

. 022' FR 
: 0290 8703 

029. : 2E684722 
0296 27D3 

. 0299 F726'6,; 

Alle291,  

02e, : 3916%2; 
02A5 77%::7 

02A7 6E0E7U: 
•2AB EB0990 

02A: 
02AE 68167C0 
0282 69:67E0:,  

02E6 88167E0i. 
32e 6202 

- 026E 3ECA 
028F 77BE 

02C1 C3 

027F 6ii167E0 
0263 03D' 
0265 
0267 81E29E 9 7. 

0268 29167C 

027( 

950 
0_76 47 :D E:J():à0 951 MOV IL, 0 ;IL = 0 

952 MOV CX, NLEV* TYPE X0 ;IU = NLEV [ * 2 FACTOR ADDED] 
953 
954 ;I = (IL + IU) /2 
955 
956 LABEL_100: MOV DX, IL 
957 ADD DX, CX 
95E SHR DX, 1 ;DIVIDE BY 2 

AND DX. OFFFEH ;MAKE SURE IT IS AN EVEN NUMB 
ER 

960 MOV II DX ;SAVE I FOR FUTURE USE 
961 IF  (X .GT. X0(I)*FSV) GOTO 220 
962 

;NEED TO USE REGISTER DX AT THIS POINT, DISABLE INTERRUPT BEFORE 
964 ;USINi-J 
965 
966 
96' CLI 
968 XCH6 DX, EX 
9 69 MOV AX, CS:X0I100 ;MOV XII TO AX REGISTER 

XCH6 DX' BX 
971 STI 
9:2 

• NUL FSV ;XO IS SCALED BY 2**15 
974 ROL AXI 1 
975 RCL DX, 1 
976 CMP APE_XIN, DX 
977 JA LABEL_200 
9'6 
979 iIUi  
980 NOV CX, I 
961 JMP LABEL_300 
962 
983 LABEL_200: ;IL = I 
984 MOV DX, I 
9e5 NOV IL; DX 
986 
967 
986 LABEL300: MOV DX! IL 
9E9 ADD DXt 2 ;IL+ 1 
990 CMP CX, DX 
991 JA LAFEL_100 
992 
993 ;RESULT  IV IN CX REGISTER 
994 
995 
996 RET 
997 
998 IGUANTZ ENDP 
999 

1000 
1001 
1002 
1003 
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LK Pïj LINE SOURCE 

104 
1005 
1005 • 

-,. ---- 1007 CODE 
1008 

ENDS 

1009 r , 1010 
1(J11 +1 SEJECT 

.: 

.. 

k .1 

.- 

i • 

- - 
; '• • , 
i • 
.!- 

• 
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1012 
1013 
101A 
1015 
1016 INTERRUFT_CODE SEGMENT 
1017 
1 018 ASSUME CS:IMTERRUFT_CODE, DS:DATAt ES:NOTHING, SS:STACK 
1019 
1020 SOF_INTERRUFT PROC FAR 
1021 
1022  
1023 ;4 THIS INTERRUFT ROUTINE IS ACTIVATED  ST THE SOFJSTART_OF_FRAME) SINONAL * 
102 4 ;$ 0i. 1HE CODER BUSTHE SOF_ ON THE DECODER BUS IS SYNCHRONIZED AND OCCURS * 
1025 :4 AT THE SE  TIME AS THE DECODER BUS SOFJ. 
102r ;* irii8 ROUTINE IS RESP3NSIPLE FOR CHECKING THE MULDEM OVERALL FIRMWARE * 

P. STATE, INCLUDING FOLLOWING: 
;* - FE INPUT AND OUTPUT POINTER VALUES 
;* - FRELICTOR COEFFICIENTS BUFFER FRAME AND OFFSET POINTER * 
;* VALUES 

103 -1 ;* 
;* ANY 3F THESE VALUES IS ABNORMAL, THIS ROUTINE WILL ATTEMP TO CORRECT * 
;* 10 THE PEST OF ITS KNOWLEDGE. AT THE SAME TIME, IT WILL INCREMENT THE * 

ERROR LUG VALUE AND OUTPUT TU THE LEAST SIGNIFICANT LED. 
103 THIS ROUTINE IS ALSO RESPONSIBLE FOR. SETTING UF THE PRIDICTION COEFF * 

;* PUFFER FOINiERS FOR THE CURPENT FRAME, 
13T 

REGISTER USAGES: 
AX, BX. BR , SI, DI 

1v4i: 

isi4 4  +1 SE-ACT 



1045 
1046 ;NOTE THAT INTERRUPT FLAG (IF) IS DISABLED IN MOST PART 
1047 ;OF THIS ROUTINE. 
1048 

000C 50 1047 PUSH AX MAY  USE AX REGISTER TO 
1050 ;OUTPUT ERROR_LED IN THIS 
1051 ;ROUTINE 
1052  
1053 ;$ FE_BUFFER CHECK 

• 105; itt****t***010$$$$$=$$$$$#$$$$$$ 
1055 
1056 

• 1051  
1058 ;CHECK FE INPUT POINTER 
1059 

0001 87FE.: 1060 Ce SI, 16 ;THIS IS THE NORMAL OFFSET 
1061 ;VALUE POINTING TO FEL(4) 

000  7:117 10. JE LABEL_NORMAL1 
1067 

1065 +1 
1U +1 
Vs'6 •  +1 

+1 NOV AXYLED_DISPLAY_VALUE 
106 9  +1 INC AL 
1070 +1 AND AL,OFK 
1071 

0:2:.:1 7407 1072 JZ LED_ERROR_EXT1 
1073 
1074 +1 

000F A37000 10.?5 +1 NL LED_DISPLAY_VALUE, AX 
0012 0AC‘. 107z +1 OR AL,AH 

' 0014 E664 1077 +1 OUT ERROR_LED, AL 
1072 

; 0016 8E1E0 1079 LED_EPROR_EXT1: MOV SI, 16 ;CORRECT POINTER VALUE 
1080 

0019 101 LABEL_NORhALA: ;CHECK FE OUTPUT POINTER 
1082 

0019 83F?0 1023 CMP BX, 0 ;THIS IS THE NORMAL VALUE 
• 1084 ;POINTING TO FEL(0) 

001C 7417 1065 JE LABEL_NORMAL2 
1086 
1087 +1 
1086 +1 
1089 +1 S.  
109 +1 

001E A17000 1091 +1 MOV AX,LED_DISPLAY_VALUE 
- 0021 FEU 1092 +1 INC AL 
e- 0023 240F 1093 +1 AND AL!OFH 

1094 
• 0025 7407 1095 JZ LED_ERROR_EXT2 

1096 
1097 +1 

0027 A37000 1096 +1 MOV LED_DISPLAY_VALUE, AX 
002A 0A0 4 1099 +1 OR Abel 

0006 A17000 
000:; FE)  
0006  240F 
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LOC. Cis) LINE SOURCE 



CMP DI, LEN_P_BUFFER_FRAME * (TYPE PREDICTOR_BUFFER) 
;THIS IS THE NORMAL VALUE 
;POINTING TO ELEMENT AFTER 
;THE LAST ELEMENT OF A FRAME 

NOV 
ADD 

CMF' 
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, LOC OBj 

•020 E664 

002E B:0000 

0031 

0031 UFF10 

741:; 

0036 
039 FE£ 
k3B 240F 

: 03i! 

003F A3700 ,..! 
0042  OAL4 
0044 E664 

0046 

0046 BF0•0 
049 83E51 0  

004C 63FD2 

004F 7603 

0051  81 0000 

LINE SOURCE 

1100 il 
1101 
110: LED_ERROR_EXT2: 
1103 
1104 
1105 
1106 
1107 
1101 LABEL_NWAL_2: 
1109 
:110 
1111 
1112 
1116 
1114 
1115 
1116 

1118 

1120 +1 

111:il 
+1 

1124  $1  
112,5 +1 
112t +1 
1127 
1121 
1129 
1130 +I 
1131 t1 
1132 t1 
1133  ri  
1134 
1135 LABEL_NORMAL_3: 
113é 
1137 
1131 
1139 
1140 
1141 
1142 
1143 
1144 
1145 
1146 
1147 
1148 

OUT ERROR_LEDr AL 

;CORRECT POINTER VALUE 

;* PREDICTOR BUFFER CHECK 

;CHECK PREDICTOR INPUT POINTER 

JE LABEL_NORMAL3 

THE POINTER CONTAINS ILLEGAL VALUE 

NOV AX,LED_DISPLAY_VALUE 
INC AL 
AND AL,OFH 

JZ LABEL_NORMAL_3 

LED_DISPLAY_VALUE, AX 
AL,AH 
ERROR_LED, AL 

;SET THE PREDICTOR POINTERS FOR NEXT FRAME OUTPUT 

DI, 0 
BP, LEN_P_BUFFER_FRAME *(TYPE PREDICTOR_BUFFER) 

;INCREMENT TO NEXT FRAME 

BP, LAST_P_BUFFER_FRAME ;DETERMINE IF BP POINTS TO 
;LAST FRAME IN BUFFER 

JBE LABEL_SOF_END 

;BP WAS POINTING TO LAST FRAME IN BUFFER BEFORE INCREMENT 

;MOVE TO THE FIRST FRAME IN B 

MOV BX, 0 

NOV 
OR 
OUT 

NOV BP, 0 
UFFER 

1149 
054 1150 +1 LABEL_SOF_END: 

1151 +1 
1152 +1 
1153 +1 
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LE OiJ LINE SOURCE 

1111r :;1 1154 t1 CLI 
CvES raEv:JL 1155 +1 NOV AXy ENABLE_NORNALNASK 
055 Ee7A 1156 +1 OUT PIC_PORT_1, AL 
005A FE 1157 +1 STI 
0055 SE 1158 POP AX 
005E CF 1159 IRET 

1160 
1161 
1162 SOF_INTERRUFT ENLP 
1163 
1164 
11(5 

+1 $EjECT 
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0.Y5 -it 30 

0059 9,i_:700 
0061 E671:. 
0063 FB 

0064 :cc7 , i;; 
0067 E74E 

LOC  3E LINE SOURCE 

0030 
11 é7 
116S PRcgiluic:_OUTPUT_INTERRUPT PROC FAR 
1169 
1170 
1171 nemonm**************ammummiummtummuleummum 
1172 ;* THIS PROCEDURE IS ACTIVATED  Bi THE FEN_ SIGNAL 0; THE DECODER BUS. * 
1173 iX THIS ROUTINE IS RESPONSIBLE FOR OUTPUT THE PREDICTOR COEFFICIENTS FROM * 
1174 TX THE PREDICTOR COEFF BUFFER. 
1175 ;* 
1176 ;* REGISTER USAGES: 
1177 ;$. AX, DI 
117E: it 
1179 4******************************************XXXX**************************** 
1160 
iiSi 
-182 PUSH AX ;AX IS USED DURING THIS ROUTI 

NE, 
118 +1 
1184 +1 
1185 +1 
118f +1 
1167 +1 MO. AX'ENABLE_SOF_MASK 
118E +i OUT PIC_PORi_lr AL 
11E9 +1 STI 
1170 
1191 
1192 ;CONFIGURE THE DECODER DATA FUS TO BE OUTPUT 
1193 
1194 M0',1 AX, D_DATA_BUS_Odi 
1191. OUT DECODER_BUE_SPVR, AX 
1196 
119 .) ;OUTPUT DATA 
119E 

• 0069 3E503 1199 NOV AX, DS:PREDICTOR_BUFFERUPHDI] 
120C 

. 006C E74,11 1201 OUT D_DATA_BUS, AX 
1202 
1203 ;INCREMENT BUFFER POINTER 
1204 

006E 230702 1205 ADD DI, TYPE PREDICTOR_BUFFER 
• 0071 B3FF10 1206 CMP DI,  LEN_P_BUFFER_FRAME * TYPE PREDICTOR_BUFFER 
• . 0074 7203 1207 JB LABEL_P_EN 

1208 
1209 ;DI POINTS BEYOND END OF CURRENT FRAME, END OF OUTPUT 

• 1210 OF A FRAME(THE N - 2N 1'  FRAME) PREDICTOR COEFFICIENTS, 
1211 ;SET UP THE POINTER FOR INPUT NEW PREDICTOR 
1212 ;COEFFICIENTS AT END OF CURRENT FRAME(FRAME N). 
1213 ;THE INPUT DATA WILL BE DEPOSITED INTO THE SAME FRAME 

'• 1214 ;BUFFER, THEREFORE  HP  REGISTER NEEDS NOT BE CHANGED, 
1215 

0076 BF0000 1216 NOV DI, 0 

1110 
1217 
1218 

• 0079 1219 LABEL_P_EM: ;CHECK FOR END OF OUTPUT CYCLE 
0079 E54C 1220 IN AX! D_CONTROL_BUS 
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OFj LINE SOURCE 

illip -.,7? 2504K 1221 AND AX, SPEN 
'1111'0CE 74;4 1222 JZ LABELLEN 

1223 
1224 ;NOW SPEN IS FALSE(I.E, SISNAL IS HIGH), TAKE DATA OFF THE OU 

• 1225 
' 0080 FE;Fq. 1226 MOV AX, D_DATA_BUS_IN 

00E3 E74E 1227 OUT DECODER_BUS_SPVRt AX 
1228 • 
1229 +1 
1230 +1 
123i +1 • 
1232 +1 

0065 FA 1233 +1 CLI 
• 0086 PEF000 1234 +1 NOV AX, ENABLE_NORMAL_MASK 
• 002î E67A 123f +1 OUT PIC_PORT_ly AL 

008:i FF 1236 +1 STI 
123 -' 

• 00SC 58 1238 POP AX 
: 008E CF 123'i IRET 

1240 
1241 
1242 PREDICTOR_OUTPUT_INTERRUPT ENDP 
1243 
1244 
1245 
1246 +1 SEJECT 
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L0 C LINE SOURCE 
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1207 
1248 
1249 FE_OUTPUT_INTERRUPT PROC FAR 
125 ,, 

•
1:51 
1252 ;*************Mt********************************************************** 
1253 ;* THIE INTERRUPT HANDLEF IS ACTIVATEI BY FE DALE_ SIGNAL ON THE DECODER * 
125e ;* KS.  IT  IS RESPONSIBLE FOR OUTPUTING FEH AND FEL TO THE DECODER BUS * 
1255 ;*  O  ENTP.s,  TC. THE HANDLER, AX IS PUSHEL ONT STACK ,  DATA PUS PORT IS * 

• 1:56 ;* CONYER'Eb FR:m INPUT STATE TO OUTPUT STATE, THE APPROPRIATE FEX IS * 
125" ;* MPUTED TO  THE  BUS. POINTER TO BUFFER IS INCREMENTEL TO NEX FEX TO BE 

;t 12UPLJI. [HIE;  POUTINL WILL -OOP AROUND UNTIL FE ENDABLE_ IS HIGH: THEN * 
IT :JILL PULL D?Th OF: FROt TE DATA BUS. CONVERT PORT TO INPUT STATE * 

12 1 ' ;* AND EvIT 

it qGISTEF USA3E: 
• 1: . O. EX 

1.
'tr  

ieneertiMMInkt‘leee**11******Mtitt*Mt*******11$00,Men**Ilt***** 
In!. 5 

1.t7 PUSH AX 

t . 1: . t- 4 1 
ln 4 1 

1111,0Sr ;1 MOV AXeENABLE_SOF_MASK 
E: - ; 1: -4 +1 OUT PIC_PORT_le AL 

s - I 

1278 ;CONFIGURE DATA BUS PORT TO BE OUTPUT 
1279 

095 1::: MOV AX. D_DATA_FUS_OUT 
; 00;E E74:-. OUT DECODER_BUS_SPVRI AX 

1:82 
00911. 12E3 MU! AX, FE_BUFFERIBU 

• 1284 
1285 ;BY IS THE POINTER TO THE NEXT WORD TO BE OUTPUT IN FE BUFFER 
1286  

s 009 1  F4A 128" OUT D_DATA_HUSe AX 
12e2 
126 9 ;INCREMENT THE OUTPUT POINTER 
1290 

. OP; 87C3C,2 1291 ADD BXe TYPE FE_BUFFER 
00A: 63 ,9 E4:: 129: CF BX, LEN_FE_BUFFER * TYPE FE_BUFFEP 
00A5 7203 1253 JB LABEL_FE_ENAFLE 
00A7 1294 MOV BX, 0 

1295 
129E 

• .10-; 
Alle0AA  850 5 129E LABEL_FE_ENABLE: IN AX, D_CONTROL_BUS 
IMOOOPIE  251000 1299 AND AXe SFEEN 

00AF 74N 1300 JZ LABEL_FE_ENABLE 
• 13C1 



808GFECE' SuSS MACRC ASSEMPLER M5LDEM 11:51:55 10/07/82 PACE 38 

ODJ LINE SOURCE 

1302 ;NOW SFEEN_ IS FALSE(SIGNAL IS NISH), TAKE DATA OFF BUS 
r • E1 1303 MOV AX, D_DATA_BUS_IN 
OeJF4 E74E 1304 OUT DECODEF_BUS_SPVR, AX 

1305 
1306 +1 
1307 +1 
130E il 
1307 il 

00E6 FA 1210 il CLI 
OOF HUM 1211 il MOV AX, ENABLE_NORMAL_MASK 

E117A 1212 +1 OUT FIC_FORTA, AL 
OC1C  F 1313 il STI 

131; 
00iD 55 1315 POP AX 

1316 
0012 CF 1217 IRET 

13rz.. 
131ç: FE_OUTFUT_INTERRUFT ENDF 
1220 
1321 
1322 
1722 +1 $EJECT 



2)3, 1Li7Ev3E MA7?J AFGEMBLEn MMEM 11:51:55 10/07/82 PAGE 40 

LCC LINE SOURCE 

1377 
EZFE40 1378 CMP SI, LEN_FE_BUFFER TYPE FE_BUFFER ;END OF BUFFE 

R? 
OC 72i)3 1379 JB LABEL_FE_INPUT_ENB 
OODE BE0000 138 OV SI,  0 ;RESET POINTER TO BEGINNING 

13e1 OF  CIRCULAR BUFFER ,  
1322 

OU.; 13E il LAPILFE_INPUT_END: 
1384 +1 
1:M •1 
1",:iU 

OtiEl F•1 17,S7 +1 CLI 
',. CC:: W..;:n 1 3EE 41 MO  V AX, ENABLE_NORMAL_MASK 

03E5 H7A 13E9 +1 OUT PIC_PORT_1. AL 
• K17 F. 139  +1 STI 

KIS 1391 POP AX 
1392 

0F.9 CF 1393 MET 
1394 

FE_INPUT_INTERPUPT ENDP 
136 
13Y' 

+1 5LECI 

111O,  

I • 



CLI 

144  
1447 
144E  +1 
1449 +1 
1451 +1 
1451 +1 
1452 +1 0102 FA 

308é:207/S034 MA2R0 ASSEMBLE 5LDE 11:51:55 10/07/82 PAGE 41 

LOL OFJ LINE SOURCE 

1399 
1400 
1411 

00EA 1402 PREDICTOR_INPUT_INTERRUPT FROC FAR 
1423  
1401 
1405 
140,4 mmtolinamitiatemitummoutmememmtwat**************** 
1407 ;t THIS PROCEDURE IS ACTIVATED Pi THE PEN_ SIGNAL ON THE CODER BUS. 
1408 ;* IT :NUS THE PREDICTOR COEFFICIENTS FROM THE CODER BUS AND STORES THE $ 
14e ;t DATA IN THE PREDICTOR_COEFF BUFFER. * 
141'J ;t 
1411 ;t REGISTER USAGES: 
1412 ;t AX• DI 
1413 
1414 ;***411(*t********ttit******************************************************* 
1415 PUSH AX 

1417 +1 
419 +1 
111 +1 

+: 
KEE: 

 

1 21 +1 AX,ENABLE_SOF_MASK 
1422 +1 OUT P1C_PORT_1, AL 

Fi 1423 +1 ST1 
1424 
1425 ;TEST FOR P CLOCK VALID 
:42 
1417 

0071 E544 LABEL_P_CLK: IN AX, C_CONTROL_BUS 
V:  

00F3 1410 AND AX, CPCLK 
00F6 74 9 143: „17: LABEL_P_CLK 

1432 
1433 
1134 ;P CLOCK IS VALID, READ IN PREDICTOR COEFFICIENTS FROM 
1135 ;DATA BUS 
143b 
1437 

00F3 5542 1438 IN AX, C_DATA_BUS 
1439 

• 1440 ;BP SPECIFIES THE FRAME STARTING OFFSET(0, 161 32 OR 48) 
1441 ;DI SPECIFIES THE OFFSET WITHIN EACH FRAME (0, 2, 4...14) 

00FA 3E3903 1442 NOV DS:PREDICTOR_BUFFEREPPMDU, AX 
1443 

00FD 83C7D2 1444 ADD DI, TYPE PREDICTOR_BUFFER ;INCREMENT OFFSET 
1445 ;VALUE WITHIN ONE FRA 

ME 



20E6/87/2 MACU A9SEMLER M5LDEM 11:51:55 10/07/82 PAGE 42 

.•.0C ins; LINE SOURCE 

glliP101 ESE:M 1453 il NOV AX, ENABLE_NORMAL_MASK 
"'"C104 E6 -A 1454 +1 OUT FIC_PORTA, AL 
• 0106 FB 1455 +1 ST? 

1456 
C107 5E 1457 POP AX 

• 010E CF 145E IRET 
1459 
1460 PREDICTOR_INPUT_INTERRUFT ENDF 

• 1461 
146 
1463 • 

• Pa +1 EJECT 

s. 



S08fPF7R0H MOF2::7,SEMBLER M5LDEM 11:51:55 10/07/82 PAGE 43 

OP, LINE SOURCE 

1465 
019 1466 EXCPTION_INT PROC FAR 

1467 
1462  
1469 ;* THIS IS THE EXCEPTION HANDLER FOR THE 8086 CPU. * 
1470 ;* UNDER NORMAL OPERATION ENVIRONMENT, THIS CODE SHOULD 
1471 it NEVER BE EXECUTED. 
1472 ;* IN THE UNLIKELY EVENT THAT THIS HANDLER IS ACTIVATED,* 
1477 ;* IT SETS THE LED_DISPLAY_VALUE TO OFFH AND OUTPUT t 

;* TO THE ERRCR_LED. 
1e75 ;* REGISTER USAGES: 

;* 
147 i* 

14E1 ;EXTERNAL INTERRUPTS ARE DISABLED DURING EXECUTION OF THIS HANDLER 
14F. 

0109 5(. 142 PUSH AX 
010i Ei2F:71- . 14S5 NOV AXr OFFFFH 
010D A37., 2 14E: NOV LED_DISPLAY_VALUE, AX 
0ii Eé. 14E -= OUT ERROR_LED, AL 
0112 57 1473 POP AX 
011: FE 14E5 STI 
0114 :7 149 0 IRET 

1491 
1492 
14E3 EXCEPTION_INT ENDP 
1494 

149è 
1497 INTERRUPT_CODE ENDS 
149E END 

ASEEME. COMPLETE, K! ERRORS FOUND 



B3. NO RESIDUAL QUANTIZER 

B.3 



OS: 3 E12 MY:U ASSEMELER MOLDEM 11:41:10 10/07/82 PAGE 1 

R,JStfP87/808E MACRS ASSEMBLER VI.OVX ASSEMBLY OF MODULE MOLDEM 
MEET M7nLE FLA:EP IN POLPEM.08J 

• RO 1::A10:: LINE CONTROLS 

LOC OF.L_ LIME SOURCE 

1 
2 
3 
4 NAME MOLDEM 
5 
6 
7 
8 
9 ;* 

FRCJECT: 4724 RELP CODEC 
;* BOARD: MULDEM SIMULATOR 
;* DEVICE: 2 FIRMWARE EPROMS (2732A-2) 

1: it BOARD WATION: E15! E29 
;* FFD6RAMAPLE 

DEUCE NUMFER: 60-0670, 60-0671 * • 

;EJECT 

• 



20 
21 
22 
23 
24 
25 
26 

28 
29 
3O 
71 
32 
33 
34 
35 
36 
37  

m*******tt********t**************tmumt**************** 
;* THIS FIRMWARE IF IDENTICAL TO THE MGLDEM VERSION EXCEPT * 
;e IN THE FOLLOWING AREAS: 
;* 
;14 - THE FEX COEFFICIENTS ARE NOT QUANTIZED. 
;* - NOISE SUPPRESSION IS IMPLEMENTED IN SUCH A WAY * 
;* THAT WHEN INPUT FEX IS BELOW THE THRESHOLD t 

VALUE FUTH? THE FEX VALUE WILL BE SUPPRESSED * 
TU ZERO. 

;ACCOMODATE 16 PAIRS OF FEX 

EACH  FRAME ACCOMODATES 8 PREDICTOR COEFFICIE 

THE BASE OFFSET ADDRESS OF LAST P FRAME 
;FROM THE BEGINNINO OF F BUFFER. THIS VALUE 
;MUST BE IN MULTIPLE OF LEN_P_BUFFER_FRAME 

;THE FRAME DELAY IS EQUAL TO 1 + 
HLAST_P_BUFFER_FRAME / 16) 

LF - ._FE_BUFFER EQU 32 

LEN_P_BUFFER_FRAME EGU 8 
NIE  

LAST_P_BUFFER_FRAME EOU 32 

TYPE P_BUFFER 

000i 
0000 

0002 

000A 

42 

44 
45 
4( . 

4 ,  
5; 
5: 
Cr.  
53 
54 
Cr  
56 
57 

5E 
59 
60 
61 

62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 

S026/U87iS0E:  MACRE  ASSEMBLER MOLDEM 11:41:10 10/07/82 PAGE 2 

L0: LINE SOURCE 

* I . 

0020 

0008 

O020 

;4 TFIS FIRMWARE SIMULATES THE MULtiplexor/DEMulti- * 
;Y.> Fleor IF THE RELP CODSC SYSTEM ,  REFER TO MDA * 
;4 DOCUMENT 00 - 3035 - ROI FOR DETAIL. 

mem*********ttem****************************** 

;* SYSiq CONSIANTS * 
414.***ttlloattiol**** 

FE_HIGH 
FE_LOk 

NLEV 

FS1MN 

LOU 1 ;THIS REPRESENTS THE FEH'S TYPE 
LOU 0 THIS  REPRESENTS THE FEL'S TYPE 

EQU 2 ;NUMBER OF QUANTIZER REGIONS 

EQU 10 ;FSVMN - MINIMUM SCALING FACTOR 



73 EFVMX 
74 
75 FUTH 
76 
77 
78 
79 
80 
8 
F2 POEITIVE 
87. 
34 qUATIVE 
F5 

EGU 1000 1FSVMX - MAXIMUM SCALING FACTOR 

EGU 15 ;FSVTH - THRESHOLD VALUE. IF THE 
;SCALE FACTOR IS LESS THAN FSVTH, A 
;MID-TREAD GUANTIZER IS USED INSTEAD 
OF A MID-RISE GUANTIZER, THE NID-TREAD 

;GUANTIZER USES ZERO AS AN OUTPUT LEVEL 
;INSTEAD OF YG(1), 

EGU 0 ;POSITIVE SIGN 

EOU 1 ;NEGATIVE SIGN 

HARDWARE DEPENDENT CONSTANTS 

20-r.  EGU 42H ;THIS IS THE PORT(?) ADDRESS ON THE 8255'S 
FOR THE lé BIT CODER DATA BUS 

EGU 44H THIS  IS THE PORT(C) ADDRESS ON THE 8255'S 
;FOR THE 16 BIT CODER CONTROL BUS 

EGO 46H ;THIS IS THE SUPERVISOR PORT(CONTROL PORT) 
;FOR THE CODER BUS(THE CONTROL BUS ANL 
;THE DATA BUS) 

EOU 4AH THIS  IS THE PORT(B) ADDRESS ON THE 8255'S 
;FOR THE 16 BIT DECODER DATA BUS 

EGO 4CH ;THIS IS THE PORT(C) ADDRESS ON THE 8255'S 
FOR THE 16 BIT DECODER CONTROL DUS 

EGU 4EH ;THIS IS THE SUPERVISOR PORT(CONTROL PORT) 
;FOR THE DECODER BUS(THE CONTROL BUS AND 
;THE DATA BUS) 

EGU 64H ; 

EGU 66H ; 

EGU 78H ;8259A PROGRAMMABLE INTERRUPT CONTROLLER 
EGU 7AH ;CONTROL PORTS. 

4: 

92 
93 

g5 
9,f 

4. 7 

9S 

10- 
11..D7A_EL;S 

103' 
104 
105 D_CONTREL_FUS 
10 
107 
101 
109 DECJIIER_BULSPVR 
110 
1.1 
112 
113 
114 

11i 
117 
118 ERROR_LED 
119 
120 ERROR_BUS_SPVR 
121 
122 
123 ;8259A PIC DEPENDENT CONSTANTS 
124 
125 PIC_PORT_O 
126 PIC_PORT_1 
127 

C_CONTROL_BUE 

COPER_EUS_SFVR 

802,61805718088 MAEU ASSEHDLER MULDEM 

LINE SOURCE 

11:41:10 10/07/82 PAGE 3 

• 

Lu. • 
000F 

0000 

0001 

0042 

M44 

004E 

0064 

0066 

0078 
007A 

r, • 

k 



,:lz 

17.5 

141 

144 
I 4U 

9. 599 

0072 

. 80E6(F)27180ES MACRD ASSEMBLER MOLDEM 11:41:10 10/07/82 PAGE 4 

LOC OBJ LINE SOURCE 

0013 LE iLi EOU 13H ;SINGLE PIC, ICW4 NEEDED 
0005 125 ICW2 LOU 08h ;STARTING INTERRUPT VECTOR = 8 
0003 130 ICW4 EOU 03h ;SFNM = 0, AEOI = 1, NON-BUFFERED MODE 

131 ;SF/EN WILL HAVE INPUT = 1 =>MASTER 
132 ;UFM = 1 =>8086/88 SYSTEM. 

00FE 137 ENAE.E_SOF_MAE EOLi OFEH wsr OUT ALL EXCEPT 
134 ;SOF INTERRUPT(RO) 
135 
17 ENAELE_NORML_MAS EU OEOH ;MASK OUT UNUSED 
•_r ;INTERRUPT(R7,R6,R5) 

8255A PPI DEPENTENT CONTSTANTS 

LOU 9B9EH ;PROGRAM THE CODER DATA BUS TO BE INPUT, ALL 
;OTHER PORTE ON CODER BUS ARE INPUT. 
;MSE AND LSE OF THIS WORD EACH ADDRESSES TO 0 

NE FPI 

L_DAILBUS_IN 

1 ' 
;9:z 1=7 C_DATA_BUS_OUT 

I4E 

250 
151 

9E.E 152 D_DATA_BUS_IN 

153 
1E4 

!i FFI 

LOU 9999H ;PROGRAM THE CODER DATA BUS TO BE OUTPUT(IE. 
;TAKE CONTROL OF THE DATA  BUE),  ALL OTHER 
;PORTS  ON  THE CODER BUS ARE INPUT. MBE 
;AND LSE OF THIS WORD EACH ADDRESSEE ONE PPI. 

LOU 7E9EH ;PROGRAm THE DECODER DATA BUS TO BE INPUT, AL 

;OTHER PORTS ON DECODER BUS ARE INPUT. 
;MSE AND LSE OF THIS WORD EACH ADDRESSES TO 0 

155 
156 D_DATA_BUS_OUT EQU 9999H ;PROGRAM THE DECODER DATA BUS TO BE OUTPUT(IE 

'e"  JJ: ;TAKE CONTROL  OF THE DATA BUS), ALL OTHER 
15E ;PORTS ON THE DECODER BUS ARE INPUT. MSE 
159 ;AND LES OF THIS WORD EACH ADDRESSES ONE PPI. 
160 
léi ERROR_LED_ON EOU 0092H ;PROGRAM THE ERROR BUS TO BE: 
162 ; PORT A - INPUT I NOT USED HERE 
163 ; PORT B - INPUT ) NOT USED HERE 
164 ; PORT C - OUTPUT > TO ERROR_LED 
lé5 
166 ERROR_LED_OFF LOU 009BH ;PROGRAM THE ERROR BUS TO BE: 
167 ; PORT A - INPUT I NOT USED HERE 
icE ; PORT B - INPUT I NOT USED HERE 
165 ; PORT C - INPUT ) TO ERROR_LED 
170 ;THE LED DISPLAY IN THIS STATE WILL 
171 ;BE 'FF' 
172 
173 
174 ;CONTROL BUS DEPENDENT CONSTANTS 
175 
176 ;DECODER BUS 
177 
178 



%.47.0 PeSEMLLER MOLDEM 11;41:10 10/07/82 PAGE 5 

F 

LINE SOURCE 

Dû4 179 FEN EGU 0004H ;MASK FOR SPEN SIGNAL(LOW TRUE) 
18:1 SFEEk EGU 0010H ;MASK FOR SFEEN SIGNAL(LOW TRUE) 
181 
162 
183 ;CODER EUS 
184 
185 

0:*0 186 CFECLF. EDU 0800H ;MASK FOR CFECLK SIGNAL(HIGH TRUE) 
167 CPCLK EGU 0020E ;MASK FOR CPCLK SIGNAL(HIGE TRUE) 
1S2 
189 

191 Pill: i  MOUSE MéNITOR ENTRY POINT 
192 

rL.iP ECU 0010H ;OFFSET ADDRESS 
IE lç4 hie_h_CS EQL OFE9FH ;SEGMENT ADDRESS 

+1 SLEET 

• 
• 



LGC EIE.; 

0000 

0002 ;1 

(f004 

) 
000é il 

) 
0008 (1 

00a () 

OODC il 

) 
000E il 

) 
0010 il 

???i 

0012 (1 

) 

6U:to0G7iE0DS MA2RD ASSEmELER MOLOEM 11:41:10 10/07/82 PAGE 6 

LINE SOURCE 

197 
19G 
199 INTERRUPT_VECTOR SEGMENT WORD AT OH 
200 
201 
202 
203 ; ***************************** 
204 ; * INTERRUPT VECTOR TABLE * 
205 ; ***************************** 
206  
207 ;INTEL SESERVES IN: 5 TO 32 FOR INTERNAL USES. CURRENT IMPLEMENTATION 
.208 i VIOLATES THIS RESTRICTION. 

2i1 8085 FREDIFINED INTERRUPTS: (INT 0 TO 4) 
212 
21 3 OIVIDE_INT_IP OW 1 DUP(?) 

'21di DIVIOE_INT_ES OW 1 OU F' (?) 

SINGLE_STEP_IP OW 1 OUP(?) 

216 SINGLE_STEF_CS DW 1 OUP(?) 

217 NMI_IP OW 1 De(?) 

218 NMI_CS DW 1 DUP(?) 

219 BREAKPOINT_IP OW 1 DUP(?) 

220 BREAKPOINT_CS DW 1 DUP(?) 

221 OVERFLOW_IP OW 1  DUN?)  

OVERFLOW_CS DM 1 DUP(?) 

223 
224 
225 iMULDEM APPLICATION INTERRUPTS: (INT 8 TO 15) 
226 

.d0110020 227 ORO 20H 
'4110,0020 (1 228 DW 1 DUP(?) 

rere 
) 

0022 (1 229 INTILCS DM 1  DUN?)  



L 

• 
L. 

• 
,à • 

• I r  

epaé•K,F ,Eiosl' men ASSEn_EF KiLLEN 11:41:10 10/07/82 PAGE 7 

LOC i:R.; LINE SOURCE 

) 

0024 (1 2 INT_9_IP DW 1 DUP(?) 
??1 1  
) 

0026 (1 1—  .31 INT_9_CS DW 1 DUF(?) 
1?i' 
) 

0028 Cl 232 rdiJ 1 DUN?) 

) 
002A Cl 23. IN7_10._CS LW 1 DUF(?) 

002L :1 DW 1 DUPC?) 
???1 

002E CI INT_li_CS DW 1 DUP(?) 

000 :1 22zé INT_12_IP LW 1 DUPi?) 

y 
2a7 I1_12_CS DW 1 DUN?) 

?1•71 
y 

0034 (1 23S INi_13_IP LW 1 ['UPC?) 

) 

Oeat (I iNT_13_CS DW 1 DUPC?) 
If fi  

003E (1 24 INT_14_IF DW 1 DUP(?) 

:1 24: INi_14_CS DW 1 DUN?) 
???1 

003C (1 242 INT_15_IF DW 1 PUP(?) 
???1 
) 

003E (1 243 INT_15_CS DW 1 DUPC?) 
vve'i 

1 
244 
2457 
24E INTERRUPT_VECTDR ENDS 
247 
248 
24P 
25 i.: +1 $EJECT 



Ir d.JO 
257  0000 i24 

25 
W;Ï: 

60E0/8:27 8036 Mr:riO ASSEMBLER MOLPEM 11:41:10 10/07/82 PAGE 8 

Ln 01, .1 LINE SOURCE 

251 
252 
253 DATA SEGMENT 
254 
255 THIS  SEGMENT WILL RESIDE IN RAM 

PREDICTOR_BUFFER DW (((LAST_P_BUFFER_FRAME/16)+1) * LEN_P_BUFFER_FRAME) D 
UF(7) 

. 

11 7 i 
) 

OOK :32 25S FE_BUFFER DW (LEN_FE_BUFFER) DUP(?) 

LED_DISPLAY_VALUE DW 1 MF'( ?) 

,., . .:t.: 
0072 il 2 .,.' APS_XIN DW 1 DU ( ?) 

0074 il .83 XOUT DW 1 DUF(?) 
1,  ri î 

2à4 
2c:j FSV DW 1 DUP(?) 

1-71'n 

) 
: 0078 26à FSVL DW 1 DUP(?) 

??1 

007A tl 287 FSVH DW 1 De(?) 

) 

0070  :1 2i? I DW 1 DUP(?) 

007E ;1 270 IL ilk 1 DUN?) 

) 
00E0 il 271 L2 DW 1 DUP(?) 

) 

0082 il 273 FE_SERVICE_COUNTER DW 1 DUP(?) 
ri ri 

) 
274 

0064 (1 275 FE_SERVICE_PTR DW 1 DUP(?) 
, 
I ; • 

276 
0086 (1 277 FE_TYPE DW 1 DUP(?) 

'Mr? 



Oa? 1 

11".r3 TS 

FIACh 

.3.)3 iEJECi 

LABEL WORD 

ENDS 

8086/KS7/838 MACRO ASSEMBLER MGLDEM 11:41:10 10/07/82 PAGE 9 

LO  03J LINE SOURCE • 
273 
279 SIGN_FLAG DW 1 DUN?) 

280 
281 
282 DATA ENDS 
283 
28h 
235 
28c 
2E7 
286 
2UY 

292 STACK SEGMENT 
293 

295 4 THE PAC!. IS SOLELY USED Bi THE 8083 TO * 
** ET3FE RETURN ADDRESS IN INTERRUPT ROUTINES* 

2" it44404.4***IleitteeMetelett******MUM 
0000 (U; DW 60 OUF (?) 

• 



8C86JE0S7/6 MA:RC ASEMBLER HOLDEN 11:41:10 10/07/82 PAGE 10 

LE LINE SOUFCE 

304 
-e' 
306 
307 ;SYSTEM MACROS: 
306 ;  
30i 
310 
311 THE  MACROS ARE NOT LISTED IN THE ASSEMBLER GENERATED LISTING: REFER 
312 TO  THE SOURCE FILE FOR MACRO CONTENTS. 
313 
314 
31E 
31,-J 

320 

.)23 

Q .  

SEJECT 



11:41:10 10/07/82 PAGE 11 BiJE6IKS7i8;2 .6 maLDEm 

t LINE SOURCE 

33: 
333 
334 
335  
336 ;* 
337 ;* REGISTER USAGE IN MOLDEM SIMULATOR SYSTEM : * 
33E 

Mt*****.****************************0==***** 
34re 

342 ;DEDICATED USAGE FOR ALL PARTS OF THE SYSTEM AT ALL TIME: 
34 2 
344 ;SI - FE_BUFFER INPUT POINTER 
34 5 ;BX - FE_BUFFER OUTPUT POINTER [THIS REGISTER IS ALSO USED UNDER 
346, NCN-INTERRUFT DRIVEN QUANTIZATION PROCESS, HOWEVER, THE 
347 ORIGINAL REGISTER IS PRESERVED] 
346, ;BP - FREDICTOR_BUFFER FRAME POINTER 
34 ;DI - PREDICTOR_BUFFEF OFFSET POINTER 

;CS - CODE SEGMENT 
;DS - SEGMENI 

25; ;ES - DAIA SEGMENT DR INTERRUPT_VECTOR SEGMENT 
355 ;SSiSF - STACK OPERATION 
35 

;;Jr,iA:sEED RESISTERS: 

r.SESE RESISTERS DO NOT CARRÏ DEDICATED FUNCTIONS IN THE MOLDEM 
;SIMUATOR: 

ÏAX, CX, DX 

ti 'EJECT 
• 



;OMLT 

OLT 

U6IK87:ESE MADRE: ASSEMBLER KIDD 11:41:10 10/07/82 PAGE 12 

• L3: Di,' LINE SOURCE 

gl, 
367 

• 368 PUBLIC START_ADDR 
369 
370 

• 371 CODE SEGMENT 
372 
373 ASSUME CS:CODE, DS:DATA, SS:STACk, ES:INTERRUPT_VECTOR 
374 
375  
37t 
37 7 WrtaaaltattattatitattateMeMt= 
376 ;* STATIC VARIABLES 
379 4******eatatteltaUM***MOIM* 

-3E1 
;Yre - ARRAY OF NLEV NORMALIZED OUANTIZER OUTPUT VALUES 

•
• 733 (IN INCREASINe ORDER) 
• VALUE SCALED BY a* IN at REPRESENTATION 

OÏJ.. YO DW 0 ,  6192; 24576 

•  (Cm Kot: 
38t 

• 3E7 ;XD - ARRAY OF 4LEV-1 NORMALIZED OUANTIZER  BREAK POINTS 
366 ; (IN INCREASINe ORDER) 

VALUE SCALED BY it IN *# REPRESENTATION 
• 00i.n : (s.•:21 3Sû X0 Dii OF 16384 

37: 

ûeA 
000C 
00...1 333 

395 
39: 
37 $EjECT  

- ARRAY OF NLEVY OUANTIZER MULTIPLIERS 
VALUE SCALED  Fi  t* IN a* REPRESENTATION 

DV Of 27853! 62259 



, 

 80£6120S7:S085 MACRO AUEMBLER MOLDEM 11:41:10 10/07/82 PAGE 13 

Li GEj LIRE SOURCE 

3=C 
; **************************************************************** 

400 ;  4 MAIN PROGRAM 
401 ; **************************************************************** • 
402 

• 403 
404 ; ******************************4*********************** 
405 ; • 

; REGISTER VALUES ARE NOT PRESERVED 
407 ; Ili ALL PROCEDURES. THEY SHOULI; BE 
433 ; SAVEr BEFORE ENTERING. 4 

• ; 

• 

11 -7,  
• 0010 FA CLI ;DISABLE EXTERNAL INTERRUPT 

e.14 

********************************************** • 
417 ; * INITIALIZE THE INTERRUPT VECTOR TABLE 4 
41 

; › TFIS SUBSYSTEM USES FOLLOWING SIGNALS FROM * 
; * THE SYSTEM BUS: 

42_ ; 
42: ; * - START OF FRAME (SOF_) 

4 - FE ENABLE (FEEL) 
47 n:: * - P ENABLE (SPENJ 4 
AT.? i * - FE CLOCK, (CFECLK) 

; 4 - P CLOCK (CPCLK) 
**********444444****************************** 

• 42? 

0(211 Be---- R 41 MOV AX, DATA ;CANNOT MOVE IMMED, VALUE TO 
; 0014 8E: 432 NOV DS, AX ;SEGMENT REGISTER. 

437 
• 0016 8E 0 424 MOV ES, AX ;ES AND DS ARE REFERINS TO SAME 

435 ;SEGMENT 
e3.1: 
437 ;RESET THE LED-DISPLAY_VALUE 

0018 C7067Un000 43E MOV LED_DISPLAY_VALUE, 0 
439 

001E BP200 440 MOV AX, ERROR_LED_ON 
• 002: E666 441 OUT ERRORJUS-SPVR, AL 

442 
443 ;OUTPUT ERROR DISPLAY VALUE 
444 

▪ 0023 B80000 445 MOV AY,' 0 
0026 E64 446 OUT ERROR_LED! AL 

447 
0026 B80000 448 ERROR_ENTRY: !WV AX7 INTERRUPT_VECTOR 
02E GEC: 449 MOV ES, AX ;USE EXTRA SEGMENT TO ADDRESS 

450 ;THE INTERRUPT VECTOR TABLE 
451 

0020 26C70608001000 452 NOV NMI_IP, MONT_86_IP 
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LINE SOURCE 

454 
455 
45é 
457 
45E 
459 
4c0 
461 

eté 
4 67 
4L6 
46 7  
468 

4 - i 
472 
473 
474 

 47t 
476 
477 +1 $EJEC1 

MOV 

MOV 
MOV 
MOV 
MOV 
MOV 
MOV 

MOV 
MOV 

MOV 
MOV 

MOV 
MOV 

MOV 

MOV 
MOV 

I .  
• 

LOC OBJ 

1•014 26:706e009FFE 

00.7i HZ:CI 
o3a P: 90 
0042 26A7000 D 
0016. 26291E0200 
04E;  2A310) 
004F 26e1E120 

0054 21:7062000300 
• 005Ï 

0062 2C1:724 0O 777 
0369 

or, 

007E  
00K- i 

008[ 
 00?: 

NMI_CS, MONT_86_CS 

AX, OFFSET EXCEPTION_INT 
BXI SEG EXCEPTION_INT 
DIVIDE_INT_IPr AX 
DIVIDE_INT_CS, BX 
OVERFLOW_IP, AX 
OVERFLOW_CS, BX 

INT_LIP, OFFSET SOF_INTERRUPT 
INT_LCS, SEG SOF_INTERRUPT 

INT_Q_IP, OFFSET PREDICTOR_OUTFUT_INTERRUPT 
INT_Q_CS, SEG PREDICTOR_OUTPUT_INTERRUPT 

INT_IO_IP, OFFSET FE_OUTPUT_INTERRUPT 
INT_10_CS! SEG FE_OUTPUT_INTERRUPT 

INTALIP, OFFSET PREDICTOR_INPUT_INTERRUPT 
INT_II_CS, SEG PREDICTOR_INPUTANTERRUPT 

INT_12_IP, OFFSET FE_INPUT_INTERRUPT 
INT_12_CS, SEG FE_INPUT_INTERRUPT 

' 

• 

, • 
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1111 

4 

LGC 01.j LINE SOURCE 

472 
47% 
4E0 ASSUME ES:DATA 
481 
482 
4E: 
4E4 ;INITIALIZE 8086 PROCESSOR ENVIRONMENT 
485 

R 487 MOV AX, DATA ;CANNOT MOVE IMMED, VALUE TO 
00:D 8Eii 432 MOV DS: AX ;SEGMENT REGISTER. 

009F 8.E20 490 MOV ES, AX ;ES AND DS ARE REFERING TO SAME 
491 ;SEGMENT 

01  FE---- z?2 MOV AY., STACK 
EA4 8E110 47-2 . MOV SS! AX 
00A6 BI 7:r0 MOV SP, OFFSET TOS 

4'7:7 ;INITIALIZE ALL SYSTEM HARDWARE 
49::  

***MUUMUU*** 
502 ; * P I C * 
507 mem******tont 
504 
5n 

;CAUTION: AUTOMATIC E01 IS USED HERE ,  REFER TO INTEL APPLICATION 
NOTE AP-59 'USING THE 8259A PROGRAMMABLE INTERRUPT 

502 CONTROLLER', UNDER HEADING 'AUTOMATIC EDI MODE' 

510 
0D 8013 511 MOV AL  y ICW1 

E672 512 OUT PIC_PORTA, AL 
513 

MAD Ei:7A00 514 MOV DX, PIC_PORT_1 
0080  B0ij2 515 NOV AL, ICW2 
0082 EE 516 OUT DX, AL 

517 
518 ;ICW 3 IS NOT NEEDED FOR CURRENT HARDWARE CONFIGURATION 
519 

022 8007 520 MOV AL, ICW4 
(,035 EE 521 OUT DX, AL 

522 
0086 BOFE 523 MOV AL, ENABLE_SOF_MASK 
00BE EE 524 OUT DX, AL 

525 
526 
527 i ******************* 
528 ; *PPI* 
529 ; =MUUMUU 
530 
531 
532 ;INITIALLY ALL PORT ARE PROGRAMMED TO BE INPUT PORTS IN MODE 0 



LOC OBJ 
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LIR SOURCE 

11:41:10 10/07/82 PAGE 16 

573 ;EXCEPT THE ERROR  LEI;  PORT, WHICH WILL BE OUTPUT ALL THE TIME 
534 
535 MOV AX, C_DATA_BULIN 
536 OUT CODER_BUS_SPVR, AX 
537 
538 

OUE FUS9S 539 MOV AX, ILDATA_BUS_IN 
MC1 E74E 543 OUT DECODER_PUS_SPVR, AX 

541 +1 iljECT 

00F 88; 9: 
0:::C :74e 



;ES SETS TO THE SEGMENT BASE OF DATA SEGMENT 

51 35 PREPICTOLBUFFER 

rr 

55E  

Zr; ft"' 
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LCC LINE SOURCE 

542 
543  
544 ;* INITIALIZE APPLICATION PROGRAM ENVIRONMENT * 
545 mttmilimmtmentommtumtiment 
546 
547 
54E 
549 
550 
551 ; FILL BUFFER AREAS WITH ZEROS 
55: 

0007 BE00 553 AX, 0 ;FILL VALUE 
OC :6 rr. MCV CX, LENGTH PREDICTOR_BUFFER ;ITERATION COUNT 
On:.  SEW: 55 MCV DIr OFFSET PREDICTOR_BUFFER 

002C F3 
mu Al, 

• 

00D4 F7 

06:I S2  

L 

561 
:J62 MiTV CX, LENGTH FE_BUFFER ;ITERATION COUNT 
56 .3 NOV Dir OFFSET FE_BUFFER 
564 

REF STOS FE_BUFFER 

366 
567 

;RESET SERV:CE COUNTER 
NOV FE_SERVICE_COUNTER, 0 

5 - 1 ;INITIALIZE FE TYPE TO LOW 
572 MOV FE_TYPE, FE_LOW 
577 
574 
Y .75 ;INITIALIZE BUFFER POINTERS TO APPROPRIATE VALUES 
576 
577 ;PREDICTOR BUFFER BR IS THE FRAME POINTER, 
57S ;DI IS THE OFFSET POINTER WITHIN A FRAME. 
57 9 

MOU BP, LAST_P_BUFFER_FRAME ;ON FIRST SOF INTERRUPT AFTER 
J6.1 ;POWER UR, SOF_INTERRUPT ROUT 

INE 
582 
533 

00E5 BF1000 584 
585 
586 
587 

00ES BE1000 56E 
00EB BP0000 589 

590 
591 
592 

00EE C70684001000 593 

;WILL SET BP = 0, DI = 0 

MOU DI, LEN_P_BUFFER_FRAME * (TYPE PREDICTOR_BUFFER) 

;FE BUFFER INITIALIZATION 

;POINTS TO FEL(4) 

;QUANTIZATION SERVICE 

MOV FE_SERVICE_PTR, 16 

MOV SI, 16 
NOV BX, 0 



, LOC LINE zuunLt 

t 
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C701;7800;.M 594 MOV FSVL? FSVMN 
• 0:WA C1;00 5 MOV FSVHt FSVMN 

596 
597 
59S 

0100 FB 5,9 STI ;ENABLE EXTERNAL INTERRUPT 
600 

0101 F4 601 HLT ;WAIT UNTIL THE FIRST 
602 ;START OF FRAME INTERRUPT 
603 
604 +1 SEJECT 

" 
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C: ,)2 

01=. 
74iC 

605 
606 

• 607 4********************************************* 
608 ;$. 
609 ;t START OF APPLICATION PROGRAM * 

611 ;* AFTER POWER UP, THE FOLLOWING APPLICATION * 
612 it PROGRAM WILL NOT START EXECUTION UNTIL THE * 
i13 it FIRST SOF_INTERRUPT HAS BEEN SERVICED. * 
61:  
615 
61C 
617 LABEL_W;Il_PORAEW_FE: 
61 ,'3 

;LOOP AROUND UNTIL THERE IS A NEW FE TO SERVICE 
62(: 
421 CMP FE_SERVICE_FIR, SI 
622 JE LABEL_WAIT_FOR_NEW_FE 
:23 
624 ;TWO POINTERS ARE NOT DUAL, POSSIBLE NEW FE'S 
625 

677 ;CHECK SERVICE COUNTER 
62E. CMP FE_SERVICE_COUNTER 0 

JE LABELPTR_ERROR ;THE SERVICE FTR AND 
630 ;INPUT POINTER(SI) ARE NOT 
631 ;EGUAL! SERVICE COUNTER = 0 
0J: ;SYNC ERROR 
63I 
é, 34 

;SERVICE COUNTER >=1 NORMAL CONDITION 
636 

10 c0 CIF FE_SERVICE_COUNTER, G 
011 4  774:. 63E JAE LABELFTR_ERROR ;THERE ARE MORE THAN 4 PAIRS 

639 ;OF FEX TO BE SERVICED. CPU 
640 ;IS RUNNING TOG SLOW 

;1 =< SERVICE COUNTER 8, NORMAL CONDITION. 
e43 ; BEGIN SERVICE THE FE'S 
644 
645 
64é 
647 +1 iEjECT 
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LINE SOURCE 

648 
649 

0116 65e LABEL_SEFVICE_FE: 
651 ;MOVE THE NEW FEX INTO AX AND CORRESPONDING FSV TO CX 
652 
6.33 ;NEED TO USE THE DX REGISTER TO ACCESS THE FE_BUFFER 

0116 8E400 654 NOV CX, FE—SERVICE_PTR 

Or t: F 656 CLI 
› 01 1 872F 657 XCHG CX: BX 

olir 653 MOV AX, FE_BUFFERDBX3 
: 012C 27CI, ' 65' XCHO CX, BX 

022 FE tet STI 
661 

CMP FE_TYPE: FE_LOW 
7 1.12E  75 667 JNE LABEL_FE_HIGH 

665 

;IT IS FEL TO BE PROCESSED 
012, MOV CX: FSVL 
012E EF, 7: 670 CALL APCMO 

671 
C72 ;RESULT FSV IN DX, XOUT IN CX 
673 
674 MOV FSVL: DX ;SAVE THE WEW FSVL 
675 

é77 
67é ;IF XOUT IS ZERO THEN: STORE THE NEW XOUT INTO THE FE_BUFFER 
479 ;BACKGROUND NOISE LEVEL IS SUPPRESSED THR3UGH THIS MACHANISM 
680 ;IF XOUT IS NON-ZERO r THE ORIGINAL VALUE IS PRESERVED. NO 
621 ;QUANTIZATION IS DONE TO THE FEL ITSELF ,  
6E2 

0138 23F"0 682 CMF CX, 0 ;CX CONTAINS THE XOUT VALUE 
O13 77 JKE LABEL_NO_FEL_UPDATE 

. or 
0o.! 

6E6 ;UFDATE THE EEL: XOUT 0 IN CX 
OIL FA 687 CLI 
013E 3 XCHG AX: BX 
013F 894F7( 639 NOV FE_BUFFEREDX], CX 
042  93 60 XCHG AX, BX 
0143 FR 691 STI 

692 
01« 693 LADEL_NLFEL_UPDATE: 
0144 FFO?820L 654 DEC FE_SERVICE_COUNTER 

695 
696 ;UPDATE THE FE TYPE TO BE SERVICED NEXT 

0148 C706S6000100 697 NOV FE_TYPE, FE_HIGH 
698  
699 
700 ;INCREMENT THE SERVICE POINTER, AX CONTAINS FE—SERVICE_PTR 

014E 05020C 701 ADD AX, TYPE FE_BUFFER 
0151 3D4000 702 CMP AX, LEN_FE_BUFFER * TYPE FE_BUFFER ;END OF DUFFER? 

M2V AX: FE_SERVICE_FIR ;FE_SERVICE_PTR WILL BE USED LATER 
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017, 4 73::'è 703 JAE LABELARAF_AROUND 
0'156 AEiC:% 70A NOV FE_SERVICE_PTRI AX 
0159« E.:4A - 705 JhP LABELWAIT_FOR_NEWJE 

706 
707 
708 +I iEJECT 
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LGE L1E LINE SOURCE 

709 
71O 
711 ;***************************************************************t************** 
712 
713 ;THIS LABEL_PTR_ERROR HANDLER IS POSITIONED HERE SO THAT IT IS WITHIN 
714 ;127 BYTES FROM THE ORINGIN OF JUMP(OR RELATED) INSTRUCTIONS 
715 

015:7_ 716 LADEL_PTR_EPROR: 
717 
71R ;********************************************t****************** 
79 THIS PART OF CODE HANDLES THE SYNCHRONIZATION ERROR 
72i) ;* BETWEEN THE OU4KTIZATION PROCESS AND THE VARIOUS 
721 ;1-  INTERRUPT DRIVEN I/O  PROCESSES. 
72: i* 

i* AN ERRO:; CONDITION MAY BE ONE OR MORE OF THE FOLLOWINGS: a 
;* 
;1 (1 BOTH INFUT(REGISTER SI - DEDICATED) AND  SERVICE POINTER * 
;*, ARE POINTING TO DIFFERENT ELEMENT IN THE FE_BUFFER 

72 7 ;* AND THE SERVICE COUNTER HAS A VALUE OF ZERO. 
72 ;* (2) THE SFRV:GE COUNTER HAS A VALUE HIGHER THAN 6. THIS * 

I* MEANS THAI FOUR PAIRE OF FEX OR MORE ARE NOT QUANTIZED t 
;4 YET. 
;* THE MULDEM SIMULATOR PROCESS WILL CONTINUE AFTER THE 

AleeE ERROR(S) OCCURS. THE FOLLOWING ROUTINE WILL CAUSE THE * 
732 ;* MOST SIGNIFICANT ERROR_LED TO INCREMENT. 

735 

CLI ;DISABLE EXTERNAL INTERRUPT 
7'3G 

MDV AX, LED_DISPLAY_VALUE 
74 ADD AH 7 10H 
741 MOV LED_DISPLAY_VALUE, AX 

;:)A5:4 742 OR AL, AH 
Oi67 E661 743 OUT ERROR_LED, AL 

E9F:FE 744 JMP ERROR_ENTRY 
745 
74$ 
747 
749  
749 
750 +1 EJECT 



; 
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LO[ LINE SOURCE 

lrl 

016C 752 LAFEL_FE_HIGH: THE FEH IS TO BE PROCESSED ,  
0161 EFE7A0 753 MOV CX, FSVH 
0170 E 834.,0 754 CALL APCMO 

752 
755 ;RESULT FSV IN DX, XOUT IN CX 
757 

0173 el6700 MOV FSVH. DX ;SAVE THE NEW FSVH 
759 

0177 A1S400 760 MOV AXt FE_SERVICE_PTR WE_SERVICE-PTR WILL BE USED LATER 

7c2 
;IF XOUT IS ZERO THEM, STORE THE NEW XOUT INTO THE FE_BUFFER 
;BACKGROUND NOISE LEVEL IS SUPPRESSED THROUGH THIS MACHANISM 
;IF XOUT IS NON-ZERO r THE ORIGINAL VALUE IS PRESERVED. NO 

76t, ;GUANT1ZATION IS DONE TO THE FEH ITSELF. 
-- 
,D• 

017A 7à:; CMP EX ,  0 ;CX CONTAINS XOUT 
01 -1 75 JM:. LAHEL_NO_FEK_UPDATE 

771 ;UPDATE THE FEH t XOUT 0 IN EX 
; CLI 
_ 01F,  9 77;i: XEP:0 Or EX 

0181 774 MOV FE_PUFFEREBUt CX 
0184 97 XEHE AY., BX liee • F STI 

' 018 778 LAPEL_NO_FEH_UPDATE: 
018 r7UcEt. 77? DEE FE_SERYIEE_EOUNTER 

778.; 
78: ;UPDATE THE FE TYPE TO BE SERVICED NEXT 

0181.  C706800 NOV FE_TYPE, FE_LOW 
783 
78e 
785 ;INCREMENT THE SERVICE POINTER 

0190 05(j2.)0 78i ADD AX, TYPE FE_BUFFER 
0193 3D4'. •00 ?87 CMP AX, LEN_FE_BUFFER 1  TYPE FE_BUFFER ;END OF BUFFER? 
01c 73: 78b JAE LABELARALAROUND 
0192 A384 •:,; MOV FE_SERVICE_PTRr AX 
019B E96 4 F> 790 JMF LABEL_WAIT_FOR_NEW_FE 

791 
792 +1 SEJEU 
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LUC  LINE SOURCE 

743 
794 
793 
74c 

019E 74 - LABEL_WRAR_AROUND: 
798 ;SERVICE POINTER WAS POINTING TO THE LAST ELEMENT IN FE 
799 ;ARRAY,  NOVE  TO THE FIRST ELEMENT ,  
800  

015E :7Oé.34 0 ..000 801 MOV FE_SERVICE_PTR, 0 
v1A-1  E45ir ec2 JMP LABEL_WAIT_FOR_NEW_FE 

8C2 
804 

Kt' ;********************************** 
8u n END OF MAIN PROGRAM * 
8C? , t4mintemattmottepenoto 

bfl  
iEJEU 
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01A7 

LINE SOURCE 

813 
814 
815 AP[MO PROC NEAR 
816 
817 
81E ;****$$$**************************************************************** 
81ç Ft PURFOSE: 
82e.. ;* THIS ROUTINE QUANTIZES A SAMPLE USING AN ADAPIVE QUANTIZER. 
521 it 

;$ 
823 ;$ DESCRIPTION: 
221 ;$ THE INPUT SAMPLE IS QUANTIZED, USING THE GIVEN SCALING FACTOR * 
825 ;* FE*, THE QUANTIZEF. THE SCALING FACTOR IS UPDATED ON RETURN. * 
616 ;4 

;* FARAIETERS: 
IN;UT 

;$X1N - INPUT SAMPLE(PASSED IN AX REGISTER) 
82 ;4 FSV - SCALING FACTOR FOR THE QUANTIZER. THIS VALUE IS t 

;* UPDATED ON OUTPUT.(INPUTED IN CX REGISTER) 
2:) -3 i) 

OJTFUT: 
835 ;4 XIII - OJTPUT QUANTIZED SAMPLE (PASSED IN CX REGISTER) * 

;e FSV - NEW SCALING FACTOR FOR THE QUANTIZER (OUTPUT  
IN Di REGISTER) 

• 

83; ;$ FRE-bFECIFIED: 
84 ,-, :1 1LEV  - NUMBER OF POSITIVE QUANTIZER LEVELS. THE QUANTIZER * 

i4 IE ASSUmED TO BE SYMMETRIC ABOUT ZERO , THE TOTAL t 
UMBER 3F QUANTIZER LEVELS IS UNLEV. 

842 ix 
;$ ecTIFES REQUIREU: 

84: 0 IQUANTZ - QUANTIZE A POINT 

847  
il V.:JCL"( 
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0le:7 Si:•,E76.-.; 

LINE SOURCE 

849 
850 
851 NOV FSV, CX ;FSV IS PASSED TO THIS PROCEDURE FROM 
852 ;REGISTER CX. SAVE FOR FUTURE REFEREN 

CE 
85Z THIS  VALUE IS ALSO USED IN PROCEDURE 

IGUANTZ 
854 
SC5 ;XIN IS PASSED TO THIS PROCEDURE IN REGISTER AX. 
856 

OIAS 857 NOV SIGN_FLAGt POSITIVE ;INITIALIZE THE SIGN FLAG 
858 

01B1 eFFFF TEST AX, OFFFFH ;GET SIGN 
- (e1 .6. 77v6 JNS LABELA UT  IS A POSITIVE NUMBER 

dol 
S6C IS A NEGATIVE NUMBER: GET ABSOLUTE VALUE 
862 

012é NEG AX 
ClDS 86:„: NOV SIGN_FLAG, NEGATIVE ;STORE STATE OF SIGN 

VIEE T E;t7 NOV ABSAINI AX ;SAVE THE ABSOLUTE XIN FOR 
66,,  1 ;USE  I IGUMTZ PROCEDURE 
E9  
E.7i1 • 
01 ;REEISTER AX, OX AND DX ARE NOT PRESERVED IN THIS CALL. 

. Aimmi1:: Eéy CALL IOUANTZ 
2 - 3 
E '4 iRESULT 'L2' RETURNE1 IN :X. THIS VALUE IS DOUBLED THE 

• ;ACTUAL VALUE TO FACILITATE INDEx ALDRESSING, 

DICq E j.:::u MOV L2t CX ;SAVE FOR FUTURE REFENRECE 
U.:*8 
87; il $E.JEC: 
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LOC OE LINE SOURCE 

mmtemmuttmentituummututtom 
821 ;* GENERATE QUANTIZED VALUE FOR THE COML. BITS * 
88: ;*********************************************** 
88: 

OICE 864 MDV AX1 FSV 
8E5 

0:C 3:JF00 86 - CMP AX: FSVTH 
PE' 

73ZE DC: JAE LABEL_MID_RISE 
EE' 
F. ;FSV FSVTH 

• ,r 
C7, 

nri E:2 IMP CXY 2 ;L2 = 1? 

'C;; c-t JNE LADEL_MID_RISE 
E 5 c 

;L2 = 1 USE MID_TREAD QUANTIZER  AND SET XOUT = 0 

: 01:5 e - ç NOV XOUT, 0 
011IL EL1 5 7y JMF INC_STEP 

9v: 
9:: 

• CIDE 5e: LALE—MID_RISE: 

;NEU TO USE BX AT THIS POINT ,  DISABLE INTERRUPT BEFORE USE 
;EX IS USEL BY INTERRUPT I/O  ROUTINES AS A DEDICATEI REGISTER 

re_IF 90E CLI 
On= XCMC BX, CX ;CX CONTAINS 'L2' 

'1v 
0.1E- 2E=72 7 '11 NUL CS:10IEXI ;AX CONTAINS FSV 

5.: 
01E4 F. D.? 91i XCHG BX CX 

91 4  
OIE  FL 915 STI 

9Ic 
01E7 iiC ROL AX, 1 ;SCALE BY 2**15 
01lirlt2 5 1E REL DX, 1 

0' ,1, 
9:0 ;INCORPORATE SIGN BIT 

01E1 873E6e300 5:1 CMF SIGN_FLAGt 0 
G1F0 7402 922 JZ LABEL2 

923 
924 ;XIN WAS A NEGATIVE NUMBER 
925 
920 NEG DX 
927 

01F4 85167400 928 LABEL_2: NOV XOUTy DX 
929 
930 +1 *EJECT 

•01F2 F7DA 
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931 
932 4***************************** 
933 ;* INCREMENT STEP SIZE OF FSV * 

935 
93é 

01FE 937 INLSTEP: MOV CX, L2 
938 

;NEED TO USE BX AGIAN, REFER TO PREVIOUS USAGE FOR DOCUMENTATION 
"40 

CLI 
OIFF 542 XCHG • CX? PX 
:21:7 :EI145y: 543 MOV AX? CS:GMLTEBX] 
0203 ?- ;.,'3; 744 XCHG CX, BX 
K;.'2 Sli 
0206 F7.5.776..... 547 MUL FSV 

947 
020A DIU./ 516 ROL AX7 1 ;SCALE RESULT BY 2015 
020: DA , . 545 REL. DX , 1 

020E K:L CMP DX, FSVMX 
JBE LABEL_3 

0214 MOV DX , FSVMX 
Ki7 954 JMP APCMG_END 
021 LeLL_3: CMP DX , FSVMN 
KA. 956 JAE APCMG-END 
021f MOV DX7 FSVMN 

95 
;NEW FSV IN DX 

561 An C'';à_ENL: MOV CX, XOUT 
0326 1.3 RET 

963 
564 AFCMG ENDP 
965 
966 
967 
56E tl SEjECT 

022: 
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LU, raj LINE SOURCE 

11IF 9,9 
970 'GUAM PROC NEAR , .,,,  
971 
972 ;************************************************************** . 973 ;4: INPUT : ABS_XIN / FSV PASSED FROM MEMORY * 

. 97A ;* t 
' 975 ;* OUTPUT: L IN REGISTER CX, THIS VALUE IS t 

97 ;* DOUBLE THAT OF ACTUAL VALUE TO * 
. 977 1* FACILITATE INDEX ADDRESSING * 

REGISTER USAGE: t 
, 979 ;* BX TEMPORARILY/ VALUE SAVED AND * 

;t RESTORED BY THIS PROCEDURE. * 
11: INTERRUPT DISABLED WHILE USING THIS* 

- (.q22 ;* • REGISTER. * 
• 9E3 ;*: DX * 
• 9 .4 ;* t 

925 ;* REGISTER ASSIGNMENT IN TKIS PROCEDURE: t 
* 

• 9."? .: 1* CX CONTAINS IU * 
 IL REFER TO FORTRAN LISTING FOR DESCRIPTION OF THESE * . 9sc ;* VARIABLES. * 

• 7 .ii iEjET 
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991 
995 MOV IL; 0 ;IL = 0 
996 MOV CX; NLEV* TYPE X0 iIU= NLEV 1* 2 FACTOR ADDED] 
997 
99E ;I = (IL + IU) /2 
999 

0230 E?Li.,7*E00 1000 LABEL_100: MO  V DX; IL 
023.:' 031 , 1 1001 ADD DX, CX 
023 6  LI.U, 1002 SHR DX; 1 ;DIVIDE BY 2 
023E E1E2FEF 1003 ANL DX, OFFFEN ;MAKE SURE IT IS AN EVEN NUMB 

ER 
: 023E 891rC00 1034 MOV I; DX ;SAVE I FOR FUTURE USE 

1005 ;IF (X •GT. XO(DIFSV) GOTC 220 
1(.0é 

• 1t7 NEED TO dSE REGISTER EX AT THIS POINT. DISABLE INTERRUPT BEFORE 
101:. ;USING 

•
101C 

02 4 : 101: CLI 
: 0211 ET:: 1C.12 XCHG DX, EX 
• 0:-A3 MOV AX, CS:XOUX] ;MOV XG TO AX REGISTER 

0 47 é7:_ 1011 XCHC DX, EX 
• 0249 Ft 1015 STI 

101é 
024A F7I:6y 1017 MOL FSV ;XO IS SCALED BY 2015 

:d11024E ROL AX, 1 
* nule0:J 1019 

101E.  
RCL DX, 1 

0252 25:77:- 1E2( CMP ABS_XIN, DX 
025:+ 77./7 1 02 1 JA LABEL-200 

123
1022  

;IU = I 
0258 S:70E00 1024 MOV CX, I 
0250 1025 JHF LABEL_300 

1026 
025F 1027 LABEL_200: ;IL = I 
025; SEIf.D7C ,J 1028 MOÇ DX, I 
0263 2917B0 1025 MOV IL; DX 

1030 
1 1.21 

02é7  8B16 -tE00 1032 LABEL_300: NOV DX; IL 
02E  ‘93E2: 1033. Alti DX, 2 ;IL+ 1 
026E 3BCA 1034 CMP CX, DX 
0270 77Ei: .1035 JA LABEL_100 

1036 
1037 ;RESULT IU IN CX REGISTER 
103E 
1035.  

0272 C3 1040 RET 
1041 
1042 I:LANTZ ENDP 
1043 
1044 
1045 
1046 
1047 

r 
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LINE SUCE  

1049 
105%) 
1051 CODE ENDS 
1052 
IOU 
105A 
1055 +1 iEjEU 

4, . 
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LG 7_ 'GE! 

 

WOO 

LIN: SOURCE 

105é 
1057 
1052 
105 
10°D INTERROFT_CODE SEGMENT 
106: 
106: ASSUME CS:INTERRUPT-CODE ,  DS:DATA ,  ES:NOTHING? SS:STACK 
10é3 
1Gt4 SOF_INTERReT PROC FAR 
rr  

1 (' t.r i*Wttt#Mitt$eetttte***************************************************** 
I'JL" UIS INTERRUPT ROUTINE IS ACTIVATED BY THE SOL(START_OF_FRAME) SINGNAL * 

2K THE :ODER SUE:ThE SOF_ ON THE DECODER BUS IS SYHCHRONIZED AND OCCURS t 
;) Al  THE SAME TIME AS THE DECODER BUE SOF-). 

i. -130TINE IS REEPC,NEIBLE FOR CHECKING THE MULDEM OVERALL FIRMWARE t 
0 STATE ,  INCLUDING FOLLUING: 
;4 - FE INPUT  AND  OUTPUT POINTER VALUES 
f.1 - PREDICTOR COEFFICIENTS BUFFER FRAME ANL OFFSET POINTER * 

i. ;= VALUES 
; 
fl F  4N n OF THESE VALUES IS ABNORMAL ,  THIS ROUTINE WILL ATTEMP TO CORRECT * 

TE THE BESI OF ITE KNOWLEDGE. A' THE SAME TIME ,  IT WILL INCREMENT THE t 

:0 Eke -G8 VALUE  AND OUTPUT  TO THE LED ,  
TrIE ROUTINE IE ALSC RESPONSIBLE  FOR  SETTING UP THE PRIDICTION COEFF * 

;* FUFER FLIN'ERS FOR THE CURFENT FRAME. 
1JE ;4 

u. RESISTER USAGES: 
10E,1 ;= Ott EX ,  BP: SI, DI 

10;z: n>tx4MU*101,1**********#****1****1************************************** 
10Ec 
10E7 
1058  T1 SEjECT 
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F.,?6:E0S7ISC:E3 eCP.C.• AESEmItLER MOLIDEM 

LINE SOURCE 

11:41:10 10/07/82 PAGE 33 

0000 50 

0C.Q1 

iK.Ù4  74:11 

7F2 
00i :42F 

00J 

er,14 

0017 
8 

0017 E3U00 

001A 7411 

001C A17000 
001F 
0021 24.:q: 

0023 7405 

0025 (13700C 
002E E664 

110002A BB0000 

1090 ;NOTE THAT INTERRUPT FLAG (IF) IS DISABLED IN MOST PART 
1091 ;OF THIS ROUTINE. 
1052 
1093 PUSH AX ;MAY USE AX REGISTER TO 
1094 ;OUTPUT ERROR-LED IN THIS 
1095 ;ROUTINE 
1096 4*********************************** 
1097 ;* FE_BUFFER CHECK 

1( •9ç:' 
1100 

107. ;CHECK FE INPUT POINTER 
110: 

CMP SI. 16 ;THIS IS THE NORMAL OFFSET 
il5 ;VALUE POINTING TO FEL(4) 

JE LABEL_NORMAL1 
11U 

4 1 
11(.. +1 
'L110 +1 NOV AX, LED_DISPLAY_VALUE 
1111 +I INC AL 
1112 +1 AND AL. OFH 
1113 
111 JZ LED_ERROR_EXT1 
111:. 

MOV LED_DISPLAY_VALUE, AX 
11:c T1 OUT ERROR_LED, AL 

i120 LE1_ERULEXT1: NOV SI, 16 ;CORRECT POINTER VALUE 
1121 
1122 LAREL_NORMALA: ;CHECK FE OUTPUT POINTER 
1123 
1124 CMP BX. 0 ;THIS IS THE NORMAL VALUE 
1125 ;POINTING TO FEL(0) 
1126 JE LABEL_NORMAL2 
1127 
112E +1 
112? +1 
1130 t1 MOV AX. LED_DISPLAY-VALUE 
1131 +1 INC AL 
1132 +1 AND AL ,  OFH 
1133 
1134 JZ LED_ERROR-EXT2 
1135 
1136 +1 
1137 il NOV LED_DISPLAY_VALUE, AX 
113E  +1 OUT ERROR-LED ,  AL 
1139 
1140 LED-ERROR_EXT2: NOV BX. 0 ;CORRECT POINTER VALUE 
1141 
1142 ;$ttttteett=etntletneettttttttler 
1143 it PREDICTOR BUFFER CHECK 



8086/80373 ;EMELEF MPLDEM 

LCC  Li LINE SG•RCE 
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• 
002D 

0•2 23FF10 

003 71,0E 

Or; 

• 003B 
003E E6:4 

• 

0C40 8F0:20 
0043 83 ,.51 

0046 83F. 20 

0049 76.-J3 

00:IL Bi 

114: ;************************************ 
1145 
1146 LAEEL_N6RMAL-2: ;CHECK PREDICTOR INPUT POINTER 
1147 
1143 CMP DI, LEN_P_BUFFER_FRAME * (TYPE PREDICTOR_BUFFER) 
11* THIS  IS THE NORMAL VALUE 
1150 ;POINTING TO ELEMENT AFTER 
1151 ;THE LAST ELEMENT OF A FRAME 
1152 
113 JE LABEL_NORMAL3 
1154 
1155 ;THE POINTER CONTAINS ILLEGAL VALUE 
1156 
1157 
115E +1 
1:5; il 
116 +1 NOV AX, LED_DISPLAY_VALUE 

+: INC AL 
AND AL ,  OFF, 

JZ LABEL_NORMAL3 
114:r; 
1i74 il 
1147 -1 NOV LED_DISPLAY_VALUE, AX 
11 • 3 +1 OUT ERROR_LED? AL 
1169 

LASEL_ORAL_3: ;SET THE PREDICTOR POINTERS FOR NEXT FRAME OUTPUT 
:171 

NOV DI, 0 
1173 ADD BP, LEN_P_PUFFER_FRAME *TYPE PREDICTOR_BUFFER) 
1174 ;INCREMENT TO NEXT FRAME 
1175 
1176 CMP BP, LAST_P_BUFFER_FRAME ;DETERMINE IF BP POINTS TO 
1177 ;LAST FRAME IN BUFFER 
11 -,>8 
117? JBE LABEL_SOF_END 

11b1 ;BP WAS POINTING TO LAST FRAME IN BUFFER BEFORE INCREMENT 

1181 NOV BP, 0 ;MOVE TO THE FIRST FRAME IN B 
UFFER 

0032 
• 0035 
- 0037 24..,F 
• 11 ,i3 

1184 
ONE 1125 il LABELSOF-END: 

1186 +1 
1187 +1 
1188 +I 

004E FA 1189 +1 CLI 
004F BSE000 1190 +1 NOV AX, ENABLE_NORMAL_MASK 

- 0052 E67A 1191 +1 OUT PIC_PORTA, AL 
•0054  F 1192 +1 STI 

-Am,0055 58 1193 POP AX 
W0056 CF 1194 IRET 
• 1195 
• 1196 

1197 SOF_INTERRUPT ENDP 



t 
!• 11:41:10 10/07/62 PAGE 35 60EèiK87/80K A3SEM:-LER MPLDEM 

LCC OBJ LINE SOURCE 

••• 

II9a 
1199 
1200 
1201 +1 $EjEU 



L.  OrJ  

0057 

• 007 50 

LINE 

1202 
1203 
1204 
1205 
1206 
1207 
1208 
1209 
1210 
1211 
1212 
1213 
1214 
1215 
1216 
1.:1! 

0058 
005P 
0050 7P 

005E 
0061 E74E 

0067 3E..K3 

0066 E74A 

e0S6.1,9087S0ES MA;::RO ASSEMBLER MGLDEM 1141:10 10/07/82 PAGE 36 

006S 83C702 
S3FFn 

006E 7203 

0070 BF0000 

0073 
- 0073 E54 2  

SOURCE 

PREDICTOR_OUTPUT_INTERRUPT FROC FAR 

mmem******tmt***********t****10**teet********mitteumm****** 
THIS PROCEDURE IS ACTIVATED Bï THE SPEN_ SIGNAL ON THE DECODER BUS. It 

;t THIS ROUTINE IS RESPONSIBLE FOR OUTPUT THE PREDICTOR COEFFICIENTS FROM * 
0 THE PREDICTOR COEFF BUFFER. 
;* 
;* REGISTER USAGES: 
it AX; DI 

immeommt1***********01111****UMMuittmittmom********* 

PUSH AX ;AX IS USED DURING THIS ROUTI 
NE. 

121S +1 

+1 
i 

7. NOV AX;ENABLE_SOF_MASK 
122 +1 OUT PIC_PORIA, AL 
1224 +1 STI 
122 
11'26 
i2C ;CONFIGURE THE DECODER DATA BUS TO BE OUTPUT 

1229 NOV AX; D_DATA_BUS_OUT 
123'. OUT DECODER_BUS_SPVR, AX 
1231 
1232 ;OUTPUT DATA 
1272 

MOV AX; DS:PREDICTOR_BUFFEREBF3EDU 
1235 

OUT D_DATA_BUS, AX 
1237 
1236 ;INCREMENT BUFFER POINTER 
1239 
124k ADD DI; TYPE PREDICTOR_BUFFER 
1241 CMP DI, LEN_P_BUFFER_FRAME * TYPE PREDICTOR_BUFFER 
1242 JB LABEL_P_EN 
1243 
1244 ;DI POINTS BEYOND END OF CURRENT FRAME, END OF OUTPUT 
1245 ;OF A FRAME(THE N - 2N 11  FRAME) PREDICTOR COEFFICIENTS. 
1246 ;SET UP THE POINTER FOR INPUT NEW PREDICTOR 
1247 ;COEFFICIENTS AT END OF CURRENT FRAME(FRAME N). 
124S ;THE INPUT DATA WILL BE DEPOSITED INTO THE SAME FRAME 
1249 ;BUFFER; THEREFORE BP REGISTER NEEDS NOT BE CHANGED ,  
1250 
1251 NOV DI; 0 
1252 
1253 
1254 LABEL_P_EN: ;CHECK FOR END OF OUTPUT CYCLE 
1255 IN AX, D_CONTROL_BUS 
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L:C Dij LINE SOURCE 

•T IRV: 25:240:: 1256 
glie n) .7-, 74F9 1257 i 

125E  
• 125  

AND AX, SPEN 
JZ LADEL_P_EN 

iNOW SPEN IS FALSE(I.E. SIGNAL IS HIGH), TAKE DATA OFF THE BU  

• 1260 
007A 1261 NOV AX, D_DATA_BUS_IN 
007L E74E 1262 OUT DECODER_BUS_SPVR, AX 

1263 
1244 +1 
1265 +1 
1266 +1 
12e +1 

007F FA 124E  +1 CLI 
0020 18E00O 1.24"i +1 NOV AX, ENABLE_NORMAL_MASK 

• h7e 127c, +: OUT PIE_PORT_ly AL 
00E5 F? 1271 +1 STI 

1272 
- 00SC 58 "127 POP AX 

OCE7 :F 1274 IRET 
1275 
127: 
1277 PEELICTCS_OUTPUT_INIERRUFT ENDP 
1:7E 

1ZCA: 

1 .2b: +1 SEJET 



LINE SOURCE 
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1232 
1283 
1284 FE_OUTFUT_INTERRUPT PROC FAR 
1285 
12E6 
1287  
128E ;4 THIS INTERRUPT HANDLER IS ACTIVATED BY FE ENABLE_ SIGNAL ON THE DECODER * 
1289 ;* BUS. IT IS RESPONSIBLE FOR OUTPUTING FEN AND FEL TO THE DECODER BUS * 
129( .. ; ON ENTRi TO THE HANDLER? AX IS PUSHED ONTO STACK, DATA PUS PORT IS * • 

;* CONVERTED FROM.INPUT STATE TO OUTPUT STATE, THE APPROPRIATE FEX IS * 
1292 ;* OUTPUTELI TO THE BUS! POINTER TO BUFFER IS INCREMENTED TO NEXT FEX TO BE * 
11. P3 i* OUTPUT, ÏNIS ;WINE WILL LOOP AROUND UNTIL FE ENDABLE_ IS HIGH, THEN t 
1.94 WILL PULL DATA OFF FRR THE DATA BUS: CONVERT PORT TO INPUT STATE * 
1:5 ;4 AND Exli 

• 12; 
• • "if•.' n REGISTER USAEE: 

1 3Yb ;# AX! BX * • 

7 V.,63 PUSH AX 
1303 
1304 il 

• 13 +1 
+1 

17 +1 
1308 +1 NOV AX,ENAELE_SOF_MASK 

' 02C. E67;: 1 309 +1 OUT PIC_PORT_1y AL 
- 006E Fi *1.1;,. +1 STI 

:311 
13:2 
•131 ;CONFIGURE DATA PUS PORT TO BE OUTPUT 
:31i 

008F 129949 i 3 15 NOV AXy D_DATA_BUS_OUT 
4- 0092 6745 1316 OUT DECODER_BUS_SPVRy AX 

1317 
0074 EV73e 1318 NOV AX, FE_BUFFEREBXJ 

1319 , 
120 ;BX IS THE POINTER TO THE NEXT WORD TO BE OUTPUT IN FE DUFFER 
1321 

• 0097 E74A 1322 OUT D_DATA_BUS, AX 
1323 

- 1324 ;INCREMENT THE OUTPUT POINTER 
1325 

• 0099 83C3•2 1326 ADD BX, TYPE FE_BUFFER s 
00K 83i,40 1327 CMP EX, LEN_FE_BUFFER * TYPE FE_BUFFER 

•' 009F 720 , 1328 JB LABEL_FE_ENABLE 
00A1 EiB0000 1329 NOV BX 0 

1330 
1331 
1332 

A11

• 

1044 E54 0 1333 LABEL_FE_ENABLE: IN AX, D_CONTROL_BUS 
' 1,11160A6 251000 1334 AND AX, SFEEN 
• 00A9 74F9 1335 JZ LABEL_FE_ENABLE 

1336 
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LOC C.J LINE SOURCE 

1325 FE_INPUT_INTERRURT PROC FAR 
1326 
1327 ;**********************Mtt******ttrnttttttittttifitUtUttttttnteettUtt 
1328 ;* THIS INTERRUPT ROUTINE IS ACTIVATED BY THE FE ENABLE_ SIGNAL ON THE t 
1329 it CODER SUS. IT IS RESPONSIBLE FOR TAKING THE FEX(FEH AND FEL) DATA FROM t 
133C. it THE CODER DATA BUS AND STORE THEM INTO THE FE BUFFER. 

;* AFTER EHTERING THE ROUTINE PUSHES AX REGISTER ONTO STACK: AND CHECK t 
:332 ;› FOR FE CLOCK ,  ONCE FE CLOCK IS VALID, THE FEX DATA IS TAKEN FROM THE t 
132 ;t AO STORED IN THE FE_BUFFER. THE ROUTINE THEN INCREMENTS THE BUFFER t 
1334 ;)- POINTER. AND EXIT. t 
135 

• 1336 ;* REGISTER USAGES: 
;* AX,SI 
;* 

1739 mtetttextetmt******tottotteutottottmottottomottuttatut 

;THIS ROUTINE IS ACTIVATED BY FE_ENABLE SIGNAL ON THE 
13i: ;CODEF CONTROL EUS 
n14 
1345 
n46 

OCBF 1347 PUSH AX 
134S 
1349 +1 
175: 1.: 
17 1:1 il 

0;JC0 ?UFO:. MO 1. AX!ENABLE_SOF_MASK 
00:3 1353 +1 OUT PIC_RORT_lt AL 
0005 Fb 134  1 STI 

135, 
0006 135 ;ADELFE_OLK: ;CHECK FOR FE CLOCK VALIDITY 

1357 
0006 E54 41 1358 IN AX' C_CONTROL_BUS 
OOZE  25:.. Amr Ax, CFECLK 
00CE 74FçJ 1362 JZ LABEL_FE_CLK 

1361 ;FE CLOCK IS TRUE(I.E. SIGNAL IS HIGH), READ IN FEX FROM DATA 
EUS 

1362 
OùCD £542 1363 IN AX, C_DATA_BUS 

1364 
1365 

000F 84430 1366 MOV FEAUFFER[SI] AX 
1367 
1366 ;SI IS THE OFFSET POINTER FOR DEPOSITION 
1369 
1370 ;INCREMENT POINTERS 
1371 
1372 

00D2 83C602 1373 ADD SI, TYPE FE_BUFFER 
00115 FF06620e 1374 INC FE_SERVICE_COUNTER ;INCREMENT THE SERVICE 

1375 ;COUNTER TO ENABLE NON-INTERR 
UPT 

1376 ;DRIŒN QUANTIZATION PROCESS 
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LŒ : 06j LINE SOURCE 

111k3 
1337 ;NOW SFEEN_ IS FALSE(SISNAL IS HIGH), TAKE DATA OFF DUS 

0A 6393..q 1336 NOV AX, D_DATA_BUS_IN 
 

ME £743 1339 OUT DECODER_BUS_SPVR, AX 
1340 
1341 +1 
1342 +1 
1343 +1 
1344 +1 

003J FA 1345 +1 CLI 
005: 134:', 1.1 MOV AX, ENABLE_NORMAL_NASK 
0064 EA 1347 +1 OUT PIC_PORT_1, AL 
ûriic  FF 1345 +1 STI 

134? 
58 1350 POP AX 

1351 
W5E 13n IRET 

1353 
354 FE_0ij7.M_INTERRe7 ENLF  
1355 
13h 
1357 
335i, +1 ÏLECT 
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LCC DL LINE SOURCE 

,1110:6 
1359 
1360 FE_INFUT_INTERRUPT PROC FAR 
1361 
1362 ;*************************************************************************** 
1363 14 ThIE INTERRUPT ROUTINE IS ACTIVATED BY THE FE ENABLE_ SIGNAL ON THE 8 

1 1". 

1364 ;4 CODER BUS ,  IT IS RESPONSIBLE FOR TAKING THE FEX(FEH AND FEL) DATA FROM * 
1365 ;* THE CODER DATA BUS AND STORE THEM INTO THE FE BUFFER. $ 
1366 ;Y- AFTER ENTERING ,  THE ROUTINE PUSHES AX REGISTER ONTO STACK: AND CHECK * _ . . , - -E L -,ACK * 1 -. YA rar, r . ONCE FE CLOCK IS VALID ,  THE FEX DATA IS TAKEN FROM THE * 1.,. 
12i: ;* AND STORED IN THE FE_BUFF'R THE ROUTINE THEN INCREMENTS THE BUFFER * 

;*. '1:00TEP. Pe EXIT. * 
$ 

1— 
137q i* 

l2 ; 
1773 ;4 

RE2ISTEF USAGE * 
•

'S: 
AX,S1 i * * 

• * 
• 12,74 ;4reeM4************4****************************************************** 
• 1275 

:2 7 6 
•' i-,--:-., ;THIS ROUTINE IS ACTIVATED BY FE_ENABLE SIGNAL ON THE 

!-. • 137E ;CODER CONTROL BUS . : 
11:79 

f • - "a;; Ili. PUSH AX 
17,E1 
1722 .. Cn.„ . 
1322 +1 

111, 
1324 1 
1355 +1 
17.E6 +1 

- 005 -iEFE.:, :.. :7;'. 7  +1 NOV AX!ENABLE_SOF_MASK 
F5I E= 7 .1 13E +1 OUT PIC_PORT_1! AL . . 
005F •:B 13E5 +1 STI 

139 
f'• WCO 1 3 1 LABELJE_CLK: ;CHECK FOR FE CLOCK VALIDITY 

1 0 i OCO E54i 1797:. IN AX! C_CONTROL_BUS 
' - 00C2 252- 1394 AND AX, CFECLK 

0005 74P= 1395 JZ LABEL_FE_CLK . - 
[ : 1396 ;FE CLOCK IS TRUE(I.E. SIGNAL IS HIGH) ,  READ IN FEX FROM DATA 

BUS 
1397 

00E?  E542 1398 IN AX, C_DATA_BUS 
1399 
1400 

00C9 894430 1401 NOV FEAUFFERESIL AX 
1402 
1403 ;SI IS THE OFFSET POINTER FOR DEPOSITION 
1404 
1405 ;INCREMENT POINTERS 
1406 
1407 

00CC 830602 1408 ADD SI, TYPE FE_BUFFER •111p0u FF068200 1409 INC FE_SERVICE_COUNTER ;INCREMENT THE SERVICE 
1410 . ;COUNTER TO ENABLE NON-INTERR 

UPT 
1411 ;DRIVEN QUANTIZATION PROCESS 



LOC 

723 
C•01..8 LEU..H 

J.tr 

OODI,  FA 

E67A 
U:El. RE 
KE2 58 

OijE7 :F 

SC.86/H2712HE MACRQ ASSEMiLER MOLDEM 11:41:10 10/07/82 PAGE 41 

s • 

• 

LINE SOURCE 

1412 
1413 CMP SI, LEN_FE_BUFFER * TYPE FE_BUFFER ;END OF BUFFE 

R? 
1414 JP LABEL_FE_INPUT_END 
141;f NOV SI, 0 ;RESET POINTER TO BEGINNING 
1416 ;OF CIRCULAR BUFFER. 
1417 
1412 +1 LABEL_FE_INPUT_EMD: 
1419 +1 
142 +1 
1421 +1 
1122 +1 CLI 
1428 +1 MOV AX, ENABLE_MORMALMASK 
1424 41 OUT PIC_RORTA, AL 
1425 +1 STI 
142C POP AX 
1427 
422 IRET 

142R 
FE_IPUT_INTERRUFT EMU 

1431 
1432 

+i VL:jECT 

• 
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*)0E4 

M4 

M5 einf»'2 
OCE Ei.7A 
OCE n- ei 

ME,  E544 

00ED Z2.)00 
0070 74; 

..CC  OBJ LINE SOURCE 

..1. 
• 1435 

1436 
1437 PREDICTOR_INPUT_INTERRUFT  FROC FAR 
1438 
1439 
1440 
1441 :**tOttle****t.**************************0*******************************t 
1442 ;* TH:S PROCEDURE IS ACTIvATED BY THE PEN_ SIGNAL ON THE CODER BUS. 
143 ;t IT INFJTS THE PREDICTOR COEFFICIENTS FROM THE CODER BUS AND STORES THE * 
1444 ;4. DATA IN THE PREDICTOR_COEFF BUFFER. 
1145 ;t 
14v1 ;;;. REGISTER USAGES: 
1447 ;t AX! DI 

1449 4t4:t**11*******************tt******************M1'*******t**************** 
1450 PUSH AX 
11'31 
1452 +1 
1153 il 
1454 +1 
1455 
1456 +1 MO' AX.ENAPLE_SOF_MASK 
1457 +1 OUT PIC_PORT_1, AL 
145E: il STI 
145' 
i42 ;TEST FOR P CLOCK VALID 
1461 
1462 

L4i1L_7•_CLK: IN AX, C_CONTROL_BUS 
1464 
1465 AND AX, CPCLK 
1466 JZ LABEL_P_CLK 
1467 
1468 
146? ;P CLOCK IS VALID ,  READ IN PREDICTOR COEFFICIENTS FROM 
1470 ;DATA BUS 
1471 
1472 
1473 IN AY,' C_DATA_BUS 
1474 
1475 ;FF  SPECIFIES THE FRAME STARTING OFFSET(0, 16 ,  32 OR 48) 
1476 ;DI SPECIFIES THE OFFSET WITHIN EACH FRAME (0. 2! 4...14) 
1477 NOV DS:PREDICTOR_BUFFERUPHDU. AX 
1478 
1479 ADD DI, TYPE PREDICTOR_BUFFER ;INCREMENT OFFSET 
1480 ;VALUE WITHIN ONE FRA 

ME 
1481 
1482 
1483 +I 
1434 +1 
1485 +1 
1486 +1 
1487 +1 CLI 
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OFJ LINE SOURCE 

111,007F 9,3E000 1498  +1 MOV AX, ENABLE-NORMALMASK 
, oFE E67e. 1489 +1 OUT PIC_PORT-1, AL 
: 0100 FF 1490 +1 STI 

1491 
' 0101 5F 1492 POP AX 
- 0102 g2 - 1492 IRET 

1494 
1495 FFEDICTOR_INPUT_INTERRUFT ERDP 
1496 
147  
1498 
1499  +1 EJECT 



' 

• 

0103 50 
0104 PSFFFF 
0107 A37000 

• 010r; E64 
010C 58 
0101,  F76 

• - 010E CF • 

808U 87/802 3  MA2R5 ASSEMBLER HOLDEN 11:41:10 10/07/82 PAGE 44 

L02 Oîj LINE SOURCE 

1500 
1501 EXCEPTION_INT PROC FAR 
1502 
1503  
.1504 ;* THIS IS THE EXCEPTION HANDLER FOR THE 8086 CPU. t 
1505 ;* UNDER NORMAL OPERATION ENVIRONMENT, THIS CODE SHOULD * 
1506 ;11 NEVER BE EXECUTED. 
1507 ;* IN THE UNLIKELY EVENT THAT THIS HANDLER IS ACTIVATED,* 
150E it  Il SETS THE LED_DISPLAY_VALUE TO OFFH AND OUTPUT * 
15r ;* TO THE ERROR_LED. 
1510 1* REGISTER USAGES: 

;* AX, 
1512 1* 

1514 
1515 
1516 ;EXTERNAL INTERRUPTS ARE DISABLED DURING EXECUTION OF THIS HANDLER 
1517 
1512 

PUSH AX 
1520 NOV AX, OFFFFH 
1521 MOV LED_DISPLAY_VALUE, AX 
1522 OUT ERROR_LED, AL 
1523 POP AX 
1524 STI 
1525 IRET 
1526 
1527 
1522 EXCEPTION_INT ENDP 
1529 
15D 
1531 
1532 INTERRUPT_CODE ENDS 
1533 END 

ASSEmFL ,  COMFLETE NC  ERRORS FOUND 



• 

0 

• 



APPENDIX C  
DESCRIPTION OF THE ORIGINAL DRT TAPE SUPPLIED BY CRC 
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ANSWERS TO DIAGNOSTIC RHYME TESTS 28-Oct-1982 
PsSe 1 

WORD LEFT • RIGHT PEAK STRENGTH POWER 
TEST NUMBER WORD WORD ANSWER ATTRIBUTE (milivolts) (dB) 

1 01 BOB GOB 3 - 7 231 3 
1 02 DAUNT TAUNT 1 1 187 0 
1 03 MOOT BOOT 2 2 130 - 3 
1 04 SHEET CHEAT 2 3 091 - 6 
1 05 JAB GAB 2 4 176 0 
1 06 POT TOT 1 w 

J 231 3 
1 07 GHOST BOAST 1 6 185 0 
1 08 RILL MILL 3 ' 7 154 0 
1 09 ZED SAID 2 1 158 0 
1 10 GNAW DAW 1 . 2 205 3 
1 11 SHOES CHOOSE 1 3 111 - 3 
1 12 CHEEP KEEP -.) 4 083 - 6 
1 13 BANK DANK 1 r 

J 146 0 
1 14 GOT DOT 1 6 209 3 
1 15 ROSE NOSE 3 7 139 - 3 
1 16 DINT TINT 2 1 099 - 6 
1 17 NECK DECK 2 2 190 0 
1 18 THONG TONG 1 3 205 3 
1 19 CHEW COO 2 4 130 - 3 
1 20 WEED REED 1 5 068 - 9 
1 21 SHAG SAG 2 6 222 3 
1 22 KNOB ROB 3 7 - 195 0 
1 23 . VOLE FOAL 1 1 127 - 3 
1 24 NIP DIP 2 2 150 0 
1 25 FENCE PENCE 2 3 086 - 6 
1 26 SAW .1HAW 1 4 214 3 
1 27 POOL TOOL 2 J 110 - 3 
1 28. YIELD WIELD 1 6 104 - 3 
1 29 GNAT RAT 3 7 153 0 
1 30 COOT TOOT 3 7 116 - 3 
1 31 BOND POND ' 1 1 189 0 
1 32 MOAN BONE 1 2 159 0 
1 33 VILL BILL n d. 3 . 137 - 3 
1 34 JEST GUEST L  4 165 '0 
1 35 FOUGHT THOUGHT 1 5 246 3 
1 36 COOP POOP 1 6 098 - 6 
1 37 NEAP REAP 3 7 075 - 6 
1 38 VAST FAST 1  .. 1 178 0 
1 39 KNOCK DOCK 1 -> 

4 186 0 
1 40 THOSE DOZE 2 3 210 3 
1 41 SING THING 2 4 148 0 
1 42 MET NET 2 5 156 0 
1 43 CAUGHT TAUGHT 1 6 283 6 
1 44 NUDE RUDE 3 7 131 - 3 
1 45 BEAN - PEEN 1 1 125 - 3 
1 46 MAD BAD 1 2 165 0 
1 47 VOX BOX .2 3 303 6 
1 48 JOE GO 2 4 210 3 
1 49 BID DID 2 5 160 0 
1 50 YEN WREN 2 6 138 - 3 
1 51 ROT NOT 3 7 287 6 



ANSWERS TO DIAGNOSTIC RHYME TESTS 28-Oct-1982 
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WORD LEFT RIGHT PEAK STRENGTH POWER 
TEST NUMBER WORD WORD ANSWER ATTRIBUTE (milivolts) (dB) 

1 52 ZOO SUE ' 1 1 152 0 
1 53 NEED DEED 1 2 091 - 6 
1 54 THAN DAN 2 3 167 0 
1 55 CHOP COP 2 - 4 264 3 
1 56 FORE THOR 2 5 171 0 
1 G., HIT 0/ FIT 2 6 181 0 
1 58 NEST REST 3 7 199 3 

• 



ANSWERS  TO  DIAGNOSTIC RHYME TESTS 28-Oct-1982 
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WORD LEFT RIGHT PEAK STRENGTH POWER 
. TEST NUMBER WORD U;IRD ANSWER ATTRIBUTE (milivolts) (dB) 

2 01 - PEST • Tuf - 3 7 194 .0  
2 02 VAULT FAULT 2 1 268 3 . 
2 03 NEWS DUES 1 2 094 - 6 
d. -) 04 VEE BEE 1 3 123 - 3 
2 05 SANK THANK _ 1 4 155 0 
2 06 WAD ROD 2 5 230 3 
2 07 ' SHOW SO_ . -› 

4 6 175 0, 
2 08 ' RIP NIP 3 • 7 133 - 3 
2 09 DENSE TENSE 1 1 112 - 3 
2 ' 10 MOSS BOSS 2 2 233 . 3 
2 11 FOO POO 2 3' . 127 - 3 
2 12 ZEE THEE - 1 4 . 108 - 3 
2 13 FAD THAD 2 5 208 3 
2 14 HOP FOP - 2 6 262 3 
2 . 15 ROAD NODE 3 7 175 0 -  
1 16 GIN CHIN . 1 1 116 - 3 L 
2 17 MEND BEND - 1 2 117 - 3 
2 18 SHAW CHAW -) ,_ 3 214 . 3 
2 ' 19 JUICE GOOSE 1 4 - 094 . -  6  
2 ..20 . PEAK TEAK 2 5' 094 - 6 
2 . • 21 GAT , BAT 1 , 6 ' 175 0 
2 22 NOT . . . ROT . ' ' 3 '7 235 3 
2 ' 23 GOAT COAT - ,) 1 151 , 0 
n 24 MIT B 1 T 1 2 131 - 3 
2 . 25 ,  . T. HEN DEN 1 3 125 - 3 
,) .._ 26 JAWS . GAUZE 2 4 197 0 
2 27 _ MOON NOON 1 ' " 5 089 - 6' 
2 28 KEY TEA 2 - 6 080 - 6 
2 -. 29 RAP NAP ' - 3 7 ' 184 0 
2 30 FAN - PAN ' 3 7 180 0 
1 31 JOCK CHOCK _ 2 1 188 • 0 4 

2 32 NOTE , DOTE 2 2 162 0 
2 33 THICK TICK • 1 3 142 0 
2 34 CHAIR CARE 1 4 128 - 3 
2 35 BONG DONG _ 2 5 193 0 
2 36 YOU RUE . 2 . 6 122 - 3 
2 37 WREATH NEATH 3 7 096 - 6 
2 38 . GAFF CALF 1 1 163 . 0 
2 , 39 MOM BOMB 2 -) e.. 196 . 0 
2 40 THOUGH DOUGH 1 3 189 0 
- _41 , JILT - GILT 1 .. 4 166 :0 
2 42 PENT TENT ' 1 v J 120 - 3 
2 43 YAWL . WALL 2 6 223 3 
2 44 ROOSE NOOSE 3 7 166 0 
s. ,) 45 VEAL . FEEL 2 1 133 - 3 
2 46 NAB DAB 2 2 170 , 0 
2 47 VON BON 1 3 196 , . 0 
2 48 SOLE THOLE 1 4 147 0 

.2 49 FIN THIN 1 5 125 - 3 
2 50 KEG PEG 1 6 131 - 3 
,-) 51 GNAW RAW 3 7 199 3 ,_ 



ANSWERS TO  DIAGNOSTIC  RHYME TESTS 28-Oct-1982 
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WORD LEFT RIGHT PEAK STRENGTH 'POWER 
TEST NUMBER WORD WORD ANSWER ATTRIBUTE (milivolts) (dB) 

n 52 - DUNE TUNE 2 1 095 - 6. ,_ 
2 53 MEAT BEAT 2 2 096 - 6 
2 54 SHAD CHAD 1 3 151 0 
4 
,1 55 JOT GOT 1 4 199 - 3 
4 
-) 56 BOWL DOLE" 1 5 148 0 
2 57 GILL DILL . 1 6 121 - 3 
2 58 RED , NED 3 7 116 - 3 



ANSWERS TO DIAGNOSTIC RHYME TESTS 28-Oct-1982 
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• WORD LEFT RIGHT PEAK STRENGTH POWER 
TEST NUMBER WORD WORD ANSWER ATTRIBUTE (milivolts) (dB) 

3 01 - BOB GOB 3 7 253 3 
3 02 DAUNT TAUNT 2 1 199 3 
3 03 MOOT BOOT 1 2 113 - 3 
3 04 SHEET CHEAT 1 3 062 - 9 
3 05 JAB GAB 1 ' 4 125 - 3 
3 06 POT TOT 2 5 192 0 
3 07 GHOST BOAST 2 6 162 0 
3 08 RILL MILL 3 7 111 - 3 
3 09 ZED SAID 1 1 121 - 3 
3 10 GNAW DAW 2 2 217 3 
3 11 SHOES CHOOSE . 2 3 097 - 6 
3 12 CHEEP KEEP 1 4 077 - 6 
3 13 BANK DANK  e r 

J 118 - 3 
3 • 14 GOT DOT 2 6 182 0 
3 15 ROSE NOSE 3 7 147 0 
3 16 DINT TINT 1 1 103 - 3 
3 17 NECK DECK 1 2 133 - 3 
3 18 THONG TONG 2 3 183 0 
3 19 CHEW COO 1 4 095 - 6 
3 20 WEED REED 2 5 A96 - 6 
3 21 SHAG SAG 1 6 174 0 
3 22 KNOB ROB 3 7 217 3 
3 23 VOLE FOAL 2 1 139 - 3 
3 24 NIP 10P 1 2 128 - 3 
3 25 FENCE PENCE 1 3 , 115 - 3 
3 26 SAW THAW 2 4 222 3 
3 27 POOL TOOL 1 5 118 - 3 
3 .28 YIELD WIELD 2 6 124 - 3 
3 29 GNAT RAT 3 7 180 0 
3 30 COOT TO01 3 7 119 - 3 
3 31 BOND POND 2 1 203 3 
3 32 MOAN BONE ,) 

4 2 158 0 
3 33 VILL BILL 1 3 164 0 
3 34 JEST GUEST 1 4 158 0 
3. 35 FOUGHT THOUGHT 2 5 -pl.- td-J 3 
3 36 COOP POOP 2 6 181 0 
3 37 NEAP REAP 3 7 118 - 3 
3 38 VAST FAST 1 1 186 0 
3 - 39 KNOCK DOCK 2 2 198 . 0 
3 40 THOSE DOZE 1 3 175 0 
3 41 SING THING 1 4 111 - 3 
3 42 MET NET 1 5 110 - 3 
3 43 CAUGHT TAUGHT -) 

4 6 228 3 
3 44 NUDE RUDE 3 7 132 - 3 
3 45 BEAN PEEN 2 1 • 072 - 6 .  
3 46 MAD BAL' 2 2 170 0 ' 
3 47 VOX BOX 1 3 249 3 
3 48 JOE 60 1 4 179 0 
3 49 BID DID 1 5 117 - 3 
3 50 YEN WREN 1 6 098 - 6 
3 51 ROT NOT 3 7 209 3 



ANSWERS TO DIAGNOSTIC RHYME TESTS 28-Oct-1982 
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WORD 4EFT RIGHT PEAK STRENGTH POWER 
TEST NUMBER WORD WORD ANSWER ATTRIBUTE (milivolts) (dB) 

3 52 ZOO SUE 2 1 127 - 3 
3 53 NEED DEE P 2 2 084 - 6 .  
3 5 4 THAN DAN 1 3 138 - 3 
3 55 CHOP COP 1 4 201 3 
3 56 FORE . THOR 1 5 165 0 
3 57 HIT FIT 1 : - 6 137 - 3 
3 56 NEST REST 3 7 162 0 



ANSWERS - TO DIAGNOSTIC RHYMUTESTS 28-Ort-1982 
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wpRD LEFT RIGHT PEAK STRENGTH POWER 
• TEST .NUMBER , WORD WORD ANSWER ATTRIBUTE (milivolts) (dB) 

4 01 PEST TEST 3 7 216 3 
4 02 VAULT FAULT 1 1 243 3 
4 03 NEWS DUES 2 - 2 120 - 3 
A 04 VEE BEE 2 3 113 - 3 
4 05 SANK THANK . 4 146 0 
A 06 WAD ROD 1 5 131 7 3 
4 07 SHOW SO 1 6 156 . 0 
4 08 RIP • NIP . 3 - 7 156 0 
4 09 DENSE TENSE 2 1 104 - 3 
4 10 MOSS BOSS 1 2 236 3 
4 11 FOO POO ' 1 3 126 - 3 
4 12 ZEE THEE 2 4 135 - 3 
4 13 FAD . THAD 1 5 208 3 
A 14 HOP FOP 1 6 256 3 
4 15 ROAD NODE - 3 • '7 .- 126 - 3 
A 16. • GIN . CHIN 'r) . 1 . ' 092 - 6 
4 17 MEND . - BEND : ' • 2 . • • 2 - - 119 - 3 
A ' 18. SHAW ' CHAW . ' 1 ' • .3 243 3 
4 19 JUICE - GOOSE -) . 4 133 - 3 
4 20 PEAK TEAK 1 5 095 - 6 
4 21 GAT BAT ' 2 : ' 6 187 0 
4 22 NOT Fall 3 7 216 3 
4 23 GOAT ,COAT 1 . 1 182 0 
4 24 MIT BIT . 2 2 151 0 
4 25 THEN DEN 2 3 118 - 3 
4 26 JAWS . - • GAUZE - 1 4 240 3 
4 27 MOON NOON 2 5 091 - 6 
4 28 KEY IEA 1 .6 095 - 6 
4 29 RAP NAP ' 3 7 167 • 0 
4 30 FAN PAN 3 7 192 -, 0 
4 .31 JOCK CHOCK • . 1 1 294 6 
4 32 NOTE - DOTE' 1 . 2 189 0 
4 33 THICK TICK 2 3 197 0 
4 34 CHAIR CARE 2 ' 4 186 0 
4 35 BONG DONG 1' 5 232 3 
A • 36 YOU RUE 1 6 136 - 3 
4 37 .WREATH NEATH 3 7 _ 088 -.6 
4 38 GAFF CALF 2 1 201 3 
4 39 : MOM BOMB - 1 2 217 3 
4 40 THOUGH DOUGH 2 3 201 3 
4 41 JILT - GILT 2 4 • 179 0 
4 42 PENT TENT ' 2 . 5 141 0 
4 43 YAWL WALL - 1 6 239 • 3 
4 ,  44 ROOSE NOOSE - 3  r . 7 138 - 3 
4 45 VEAL - FEEL . • 1- . 1 127 - 3 
4 46 NAB . Da 1 2 177 0 
4 47 VON BON 2 3 218 - 3 
4 48 SOLE THOLE 2 - 4 179 ' 0 
4 49 FIN THIN 2 5 126 - 3 
4 50 NE6 PEG ,.› 

4 6 203 3 
4 51 GNAW RAW 3 7 - 257 - 3 
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WORD LEFT RIGHT PEAK STRENGTH POWER 
TEST NUMBER WORD WORD ANSWER ATTRIBUTE (milivolts) (dB) 

4 52 DUNE TUNE 1 1 152 O.. 
4 5.3 MEAT BEAT 1 2 087 - 6 
4 54 SHAD CHAD : 2 3 153 0 
4 55 . JOT GOT 2 4 241 .3 
4 56. BOWL DOLE 2 5 205 3 
4 57 GILL DILL 2 6 187 0 
4 58 RED NED 3 7 187 0 



0 

• 
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SUMMARY OF ERRORS FOR DIAGNOSTIC RHYME TESTS 28-Oct-1982 
Page 1 

BACKGROUND LEFT RIGHT 
CODING NOISE  • TERSON WORD WORD ATTRIBUTE REPLY 

None None ,LYNNE DAUNT TAUNT 1 Left 
None None LYNNE VOX BOX 3 Right 
None None ,- PETER FAD THAD 5 Right 
None None ' - ALVA FIN THIN r 

J Right 
None None WOLF FORE THOR 5 Right 

• 

• 



SUMMARY OF ERRORS FOR DIAGNOSTIC RHYME TESTS 28-Oet-1982 
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BACKGROUND LEFT RIGHT 
CODING NOISE PERSON WORD WORD ATTRIBUTE REPLY 

None Armoured Car WOLF BOND - POND 1 Left 
None . Armoured Car LYNNE DAUNT TAUNT 1 Left 
None Armoured Car PETER DAUNT TAUNT 1 Left 
None Armoured Car ALVA SHAD CHAD 3 Right 
None Armoured Car ALVA THOSE DOZE 3 Right 
None Armoured Car WOLF VEE BEE 3 Left 
None Armoured Car LYNNE VEE BEE 3 Left 
None Armoured Car ALVA VEE BEE 3 Right 
None Armoured Car PETER VEE BEE 3 Left 
None Armoured Car LYNNE VILL BILL 3 Right 
None Armoured Car ALVA VOX BOX 3 Right 
None Armofired Car PETER FIN THIN r 

J Right 
None Armoured Car WOLF FIN - THIN r 

J Left 
None Armoured Car WOLF FORE THOR 5 Right 
None Armoured Car LYNNE MET NET 5 Left 
None Armoured Car LYNNE MET NET 5 - Neither 
None Armoured Car - WOLF MET NET r 

J Left 
None Armoured Car LYNNE CAUGHT TAUGHT 6 Neither 
None Armoured Car ALVA KEG - PEG 6 Neither 
None Armoured Car LYNNE SHAG SAG 6 Left 



SUMMARY OF ERRORS FOR DIAGNOSTIC RHYME TESTS 28-Oct-1982 
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BACKGROUND LEFT RIGHT 
CODING NOISE PERSON WORD WORD ATTRIBUTE REPLY 

None HelicoPter ALVA SHAD CHAD 3 Right 
None Helicopter LYNNE SHGES CHOOSE 3 Right 
None HelicoPter WOLF VEE BEE 3 Left 
None Helicopter PETER VEE BEE 3 Left 
'None Helicopter WOLF FAD THAD 5 Right 
None Helicopter ALVA FAD THAD 5 Left 
None • Helicopter LYNNE FIN THIN 5 Right 

- None Helicopter WOLF FA THIN 5 Left 
None Helicopter WOLF FIN THIN u Right 
None Helicopter PETER FIN THIN 5 Left 
None Helicopter ALVA FIN THIN 5 Right 
None Helicopter PETER MET NET 5. Left 



SUMMARY OF ERRORS FOR DIAGNOSTIC RHYME TESTS 28-Oct-1982 • 
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BACKGROUND LEFT RIGHT 
CODING NOISE PERSON WORD- WORD ATTRIBUTE REPLY 

RELP 4.8 None LYNNE DAUNT TAUNT 1 Left 
RELP 4,8 None ALVA GIN CHIN 1 Left 
RELP 4.8 None LYNNE GOAT COAT ", 1 Left 
RELP 4,8 None LYNNE VOLE FOAL 1 Left 
RELP 4,8 None PETER VOLE FOAL 1 Left 
RELP 4,8 None WIEF VOLE FOAL 1 Left 
RELP 4.8 None PETER VOLE FOAL 1 Left 
RELP 4.8 None, PETER ZOO SUE 1 Left 
RELP 4.8 None LYNNE FENCE PENCE 3 Right 
RELP 4.8 None ALVA SHAD CHAD 3 Right 
RELP 4.8 None LYNNE SHAD CHAI' 3 Right 
RELP 4.8 None PETER SHAD CHAI' 3 Right 
RELP 4.8 None WOLF SHAW CHAW 3 Right 
RELP 4.8 None PETER SHAW CHAW 3 Right 
RELP 4.8 None ALVA . ' SHAW CHAW 3 Riaht 
RELP 4.8 None ALVA SHOES CHOOSE 3 Right 
RELP. 4.8 None • LYNNE SHOES CHOOSE 3 Right 
RELP 4.8 None WOLF SHOES CHOOSE 3 Right 
RELP 4,8 None ALVA TI-JAN DAN 3 Right 
RELP 4.8 None ALVA THAN ' DAN 3 Right 
RELP 4.8 None • WOLF THEN DEN 3 Left 
RELP 4,8 None ALVA THEN DEN 3 Left 
RELP 4,8 None LYNNE THONG TONG 3 Left 
RELP 4.8 None LYNNE THONG TONG 3 Left 
RELP 4.8 None • WOLF VEE BEE 3 Left 
RELP ..1.8 None ALVA VILL BILL 3 Right 
RELP 4.8 None - ALVA VILL • BILL 3 Right 
RELP 4,8 None LYNNE VOX BOX 3 Right 
RELP 4.8 None ALVA VOX BOX 3 Right 
RELP 4,8 None LYNNE VOX BOX 3 Right 
RELP 4,8 None PETER VOX BOX 3 Right 
RELP  4,8 None WOLF VOX BOX 3 Right 
RELP 4,8 None WOLF VOX BOX 3 Right 
RELP 4,8 None PETER VOX BOX 3 Right 
RELP 4,8 -None ALVA VOX BOX 3 Right 
RELP 4,8 None LYNNE JAB GAB 4 Left 
RELP 4.8 None WOLF JAB GAB 4 Left 
RELP 4.8 None . PETER JOE GO 4 Right 
RELP 4,8 None PETER JOE GO 4 Right 
RELP 4,8 ,None LYNNE SING THING 4 Right 
RELP 4.8 None LYNNE SING •THING 4 Right 
RELP 4.8 None PETER SING THING 4 Right 
RELP 4.8 None . WOLF • SING THING 4 Right 
RELP 4,8 None WOLF SING THING 4 Right 
RELP 4..8 None PETER SING THING 4 Right 
RELP 4.8 None ALVA . SING THING 4 Right 
RELP 4.8 •None PETER ZEE THEE 4 Right 
RELP 4 -.8 None ALVA BANK DANK 5 Left 
RELP 4.8 None . WOLF BANK DANK 5 Left 
RELP 4,8 None LYNNE BANK DANK 5 Left 
RELP 4.8 None ALVA BID • . DID 5 Left 



SUMMARY OF ERRORS FOR DIAGNOSTIC RHYME TESTS 28- Oc t-1982 
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BACKGROUND LEFT RIGHT 
CODING NOISE PERSON WORD WORD ATTRIBUTE REPLY 

RELP 4.8 None PETER BID DID 5 Left 
RELP 4.8 None LYNNE BID DID 5 Left 
RELP 4.8 None ALVA .FAD THAD 5 Left 
RELP 4.8 None PETER FAD THAD 5 Right 
RELP 4.8 None ALVA FIN THIN 5 Right 
RELP 4.8 None - PETER FIN THIN 5 Right 
RELP 4.8 None PETER FORE THOR 5 Left . 
RELP 4.8 None ALVA FORE THOR 5 Right 
RELP 4.8 None WOLF FORE THOR 5 Right 
RELP 4,8 ',None ALVA FOUGHT THOUGHT 5 Right 
RELP 4.8 None PETER FOUGHT THOUGHT 5 Right 
RELP 4.8 None LYNNE FOUGHT THOUGHT 5 Right 
RELP 4.8 None ALVA FOUGHT THOUGHT ., Left 
RELP 4.8 None WOLF FOUGHT THOUGHT 5 Right 
RELP 4.8 None LYNNE MET NET r 

J Right 
RELP 4.8 None MOLF MIT NET r J Right 
RELP 4.8 None ALVA MET NET 5 - Right 
RELP 4,8 None LYNNE MOON NOON r 

J Right 
RELP 4.8 None LYNNE PENT TENT 5 Right 
RELP 4.8 None AIVA YIELD WIELD - 6 Left 

• 



SUMMARY OF ERRORS FOR DIAGNOSTIC RHYME TESTS 28-Oct-1982 
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BACKGROUND LEFT RIGHT 
CODING - NOISE PERSON WORD WORD ATTRIBUTE REPLY 

RELP 4..8 Armoured Car ALVA DAUNT TAUNT 1 Left 
RELP 4,8 Armoured Car PETER DAUNT TAUNT 1 Left 
RELP 4.8 Armoured Car PETER VAST FAST 1 Left 
RELP 4.8 Armoured Car LYNNE VAST FAST 1 Left 
RELP 4.8 Armoured Car ALVA VAST FAST 1 Left 
RELP 4.8 Armoured Car WOLF VAULT FAULT 1 Left 
RELP 4.8 Armoured Car WOLF VOLE 'FOAL • 1 Left 
RELP 4.8 Armoured Car LYNNE VOLE FOAL 1 Left 
SELF  4.8 Armoured Car PETER VOLE FOAL 1 Left 
SELF  4.8 'Armoured Car ALVA MAD BAD -.> Neither 
SELF  4.8 Armoured Car PETER MEND BEND 2 Right 
RELP 4.8 Armoured Car PETER MOAN BONE 2 Right 
SELF  4.8 Armoured Car ALVA NIP DIP -, 

4 Neither 
RELP 4.8 Armoured Car LYNNE SHOES CHOOSE 3 Right 
SELF  4.8 Armoured Car ALVA SHOES CHOOSE 3 Right 
SELF  4.8 Armoured Car LYNNE THEN DEN 3 Right 
SELF'  4.8 Armoured Car WOLF THONG TONG 3 Left i  
RELP 4.8 ArmOured Car PETER . THONG TONG 3 Left 
RELP 4.8 Armoured Car ALVA THOSE DOZE 3 Right 
SELF  4,8 Armoured Car WOLF THOSE DOZE 3 Left 
SELF'  4.8 Armoured Car LYNNE THOUGH DOUGH 3 Right 
SELF  4 4 8 Armoured Car PETER VEE BEE 3 Right 
RELP 4,8 Armoured Car WOLF VEE BEE 3 Right 
SELF'  4,8 Armoured Car ALVA . VILL BILL 3 Right 
SELF'  4.8 Armoured Car LYNNE VILL BILL 3 Right 
SELF  4.8 Armoured Car LYNNE VON BON 3 Right , 
RELP 4.8 Armoured Car PETER VON BON 3 Right 
RELP 4.8 Armoured Car ALVA VOX BOX 3 Right 
SELF  4.8 Armoured Car LYNNE VOX BOX 3 Right 
SELF'  MI Armoured Car PETER VOX BOX 3 Right 
RELP 4.8 Armoured Car LYNNE CHEEP KEEP 4 Left 
RELP 4.8 Armoured Car LYNNE JAB GAB 4 Left 
RELP 4.8 Armoured Car ALVA JAB GAB 4 Right 
SELF'  4.8 Armoured Car WOLF JAB GAB 4 Left 
RELP 4.8 Armoured Car LYNNE JILT GILT 4 Right 
RELP 4.8 Armoured Car PETER JILT GILT 4 Right 
RELP 4.8 .Armoured Car LYNNE SANK THANK 4 Right 
RELP 4.8 Armoured Car WOLF SANK THANK 4 Right 
SELF'  4.8 Armoured Car ALVA SAW THAW 4 Neither 
RELP 4.8 Armoured Car ALVA SING THING 4 Right 
SELF  4.8 Armoured Car LYNNE SING THING 4 Right 
RELP 4.8 Armoured Car PETER SING THING 4 Right 
RELP 4.8 Armoured Car ALVA ZEE , THEE 4 Right 
SELF'  4.8 Armoured Car LYNNE ZEE THEE 4 Right 
SELF  4.8 Armoured Car PETER . ZEE THEE 4 Right 
RELP 4.8 Armoured Car WOLF ZEE THEE 4 Right 
RELP 4.8 Armoured Car LYNNE BANK DANK c 

J Left 
SELF'  4.8 Armoured Car PETER BANK DANK , 5 Left 
RELP 4.8 Armoured Car ALVA BOWL DOLE c 

J Right 
RELP -4.8 Armoured Car ALVA FAD THAD 5 Left 
RELP 4.8 Armoured Car LYNNE FIN THIN 5 Right 



SUMMARY OF ERRORS FOR DIAGNOSTIC RHYME TESTS ' 28-Oct-1982 
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BACKGROUND LEFT -RIGHT 
CODING NOISE PERSON WORD' WORD ATTRIBUTE REPLY 

RELP 4.8 Armoured Car PETER . FIN THIN 5 Right 
RELP 4.8 Armoured Car LYNNE FORE THOR 5 Left 
RELP 4.8 Armoured Car PETER FOUGHT THOUGHT r 

sJ Right 
RELP 4,8 Armoured Car ALVA FOUGHT THOUGHT 5 Left 
RELP 4.8 Armoured Car - WOLF FOUGHT THOUGHT c u Right 
RELP 4,8 Armoured Car PETER FOUGHT THOUGHT 5 Left 
RELP 4.8 Armoured Car ALVA MOON NOON 5 Right 
RELP 4,8 Armoured Car ALVA ' PEAK 'TEAK e ,, Left 
RELP 4,8 Armoured Car LYNNE PEAK TEAK 5 Left 
RELP 4,8 Armoured Car LYNNE PENT TENT 5 Right 
RELP 4 4 8 Armoured  Car PETER PENT TENT 5 Right 
RELP 4,8 Armoured Car ALVA MIL BILL 6 Right 
RELP 4.8 Armoured Car. WOLF HIT FIT 6 Right 
RELP 4,8 Armoured Car PETER HIT FIT 6 - Right 
RELP 4.8 Armoured Car ALVA KEY TEA 6 Left 
RELP 4,8 Armoured Car - WOLF KEY TEA 6 Left 



SUMMARY OF ERRORS - FOR DIAGNOSTIC RHYME TESTS 28-.0dt-1982 
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BACKGROUND ' LEFT RIGHT 
.CODING NOISE 'PERSON WORD WORD ATTRIBUTE REPLY 

RELP 4.8 'Helicopter LYNNE DAUNT TAUNT 1 Left 
RELP 4,8 Helicopter ALVA DUNE TUNE 1 Right 
RELP 4.8 HelicoPter PETER JOCK CHOCK 1 Left 
RELP 4.8 Helicopter -. WOLF VAST FAST 1 Right 
RELP 4.8 Helicopter LYNNE VAULT -FAULT 1 Left 
RELP 4,8 Helicopter WOLF VAULT r FAULT 1 Left 
RELP 4.8 Helicopter. LYNNE VEAL FEEL 1 Left 
RELP 4.8 Helicopter. PETER VEAL .FEEL 1 Left 
RELP 4.8 HelicoPter ALVA VEAL FEEL 1 Right 
RELP 4,8 Helicopter LYNNE VOLE FOAL 1 : Left 
REtP 4.8 Helicopter LYNNE ' ' :VOLE FOAL 1 Right 
RELP 4.8 Helicopter PETER VOLE . FOAL 1 Left 
RELP 4.8 Helicopter ALVA MOM BOMB L  Neither 
RELP 4.8 • HelicoPter PETER MOM BOMB 2 Right 
RELP 4,8 Helicopter WOLF MOOT BOOT 2 Right 
RELP 4,8 Helicopter PETER MOOT BOOT . 2 • Right 
RELP 4.8 Helicopter • LYNNE MOSS BOSS ,, .,1 Right 
RELP 4.8 . Helicopter PETER MOSS BOSS 2 Right 
RELP 4,8 Helicopter :ALVA MOSS BOSS 2 Right 
RELP 4.8 HelicoPter . WOLF NEWS DUES 2 Left 
RELP 4.8' Helicopter LYNNE FENCE PENCE 3 Right 
RELP 4.8 Helicopter PETER FENCE PENCE 3 Right 
RELP 4.8 Helicopter - WOLF FOU  - POO 3 Left 
RELP 4.8 Helicopter ALVA FOO - POO 3 Neither 
RELP 4.8 HelicoPter PETER FOU POO - 3 Right 
RELP,4.8 Helicopter WOLF FOO POO 3 Right 
RELP 4.8 Helicopter • ALVA FOO . POO 3 Right 
RELP 4.8 Helicopter ALVA SHAD CHAD 3 Right 
RELP 4,8 HelicoPter LYNNE SHAD CHAI' 3 Left 
RELP 4,8 Helicopter PETER SHAW - CHAW 3 Right 
RELP 4.8 Helicopter LYNNE SHEET CHEAT 3 Right 
RELP 4.8 Helicopter LYNNE SHOES . CHOOSE Z, Right 
RELP 4,8 Helicopter WOLF SHOES CHOOSE 3 Right 
RELP 4.8 HelicoPter ALVA SHOES CHOOSE 3 Right 
RELP 4.8 HelicoPter ALVA - THAN DAN 3 Right 
RELP 4.8 Helicopter PETER THAN DAN 3 Right 
RELP 4.8 Helicopter ALVA THEN DEN 3 Left 
RELP 4,8 Helicopter LYNNE THEN DEN 3 Left 
RELP 4.8 Helicopter - PETER THEN DEN 3 Left 
RELP 4,8 Helicopter WOLF THEN DEN / ., Left 
RELP 4.8 HelicoPter LYNNE THICK TICK 3 Left 
RELP 4.8' HelicoPter .LYNNE THONG TONG 3 Left 
RELP 4.8 HelicoPter LYNNE THOSE DOZE 3 Left 
RELP 4.8 HelicoPter PETER THOSE DOZE 3 Right 
RELP 4.8 HelicoPter ALVA THOUGH DOUGH 3 Neither 
RELP 4.8 Helicopter WOLF THOUGH DOUGH 3 Left 
RELP 4,8 HelicoPter - LYNNE VEE - BEE 3 Right 
RELP 4.8 .HelicoPter ' LYNNE • VEE ' BEE 3 Left 
RELP 4.8 HelicoPtér 'WOLF VEE . BEE 3 Right 
RELP 4,8 HelicoPter ALVA ' . .VEE BEE 3 Left 
RELP 4.8 HelicoPter LYNNE VEE BEE 3 Left 



SUMMARY OF ERRORS FOR DIAGNOSTIC RHYME TESTS 28-Oct-1982 
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BACKGROUND LEFT RIGHT 
CODING NOISE PERSON WORD WORD ATTRIBUTE REPLY 

RELP 4,8 Helicopter PETER VEE BEE 3 Left 
RELP 4,8 Helicopter PETER VEE BEE 3 Left 
RELP 4.8 Helicopter WOLF VEE BEE 3 Left 
RELP 4,8 Helicopter WOLF VEE BEE 3 Left 
RELP 4.8 Helicopter ALVA VEE BEE 3 Neither 
RELP 4.8 Helicopter LYNNE VILL BILL 3 Right 
RELP 4.8 HelicoPter ALVA VILL BILL 3 Right 
RELP 4.8 Helicopter WOLF VILL BILL 3 Right 
RELP 4.8 Helicopter PETER VILL BILL 3 Right 
RELP 4,8 HelicoPter ALVA - VON BON 7 ,, Right 
RELP 4.8 Helicopter LYNNE VON BON 3 Right 
RELP 4.8 HelicoPter PETER VOP BON 3 Right 
RELP 4.8 Helicopter WOLF VON BON 3 Right 
RELP 4,8 Helicopter WOLF VON BON 3 Left 
RELP 4.8 Helicopter WOLF VON BON 3 Left 
RELP 4,8 Helicopter LYNNE VOX BOX 3 Right 
RELP 4.8 Helicopter ALVA VOX BOX 3 Right 
RELP 4,8 Helicopter WOLF VOX BOX 3 Right 
RELP 4.8 Helicopter ALVA VOX BOX 3 Left 
RELP 4,8 Helicopter PETER VOX BOX 3 Right 
RELP 4.8 Helicopter LYNNE CHAIR CARE 4 Left 
RELP 4.6 Helicoptt'r LYNNE CHEEP KEEP 4 Left 
RELP 4.6 Helicopter PETER CHEEP KEEP 4 Left 
RELP 4,8 Helicopter PETER JAB GAB 4 Left 
RELP 4,8 HelicoPter PETER JILT GILT 4 Right 
RELP 4.8 Helicopter ALVA JILT GILT 4 Left 
RELP 4.8 ' Helicopter LYNNE JILT GILT 4 Left 
RELP 4.8 Helicopter PETER JOT GOT 4 Right 
RELP 4.8 Helicopter ALVA SANK ' THANK 4 Right 
RELP 4.8 Helicopter ALVA SANK THANK 4 Left 
RELP 4.8 Helicopter LYNNE SING THING 4 Right 
RELP 4.8 Helicopter ALVA SING THING 4 Right 
RELP 4.8 Helicopter WOLF SING THING 4 Right 
RELP 4.8 HelicoPter PETER SING THING 4 Rieht 
RELP 4.8 HelicoPter LYNNE ZEE THEE 4 Right 
RELP 4,8 HelicoPter PETER ZEE . THEE 4 Right 
RELP 4.8 Helicopter ALVA BANK DANK 5 Lett 
RELP 4.8 Helicopter LYNNE BANK DANK 5 Left 
RELP 4,8 HelicoPter PETER BANK DANK r 

0 Left 
RELP 4,8 HelicoPter ALVA FAD THAD 5 Left 
RELP 4.8 HelicoPter LYNNE FAD THAD 5 Left 
RELP 4,8 HelicoPter LYNNE ' FAD THAD c 

J Right 
RELP 4.8 HelicoPter ALVA FAD THAD 5 Neither 
RELP 44.8 HelicoPter LYNNE FAD THAD c 

J Right 
RELP 4.8 Helicopter PETER ' FAD THAD e 

J Right 
RELP 4.8 Helicopter PETER FAD THAD 5 Right 
RELP 4.8 Helicopter WOLF FAD THAD 5 Right 
RELP 4,8 HelicoPter ALVA FIN THIN 5 Right 
RELP 4.8 Helicopter LYNNE FIN THIN 5 .Right 
RELP 4,8 Helicopter- LYNNE FIN THIN 5 Left 
RELP 4.8 HelicoPter PETER FIN THIN 5 Right 
RELP 4.8 Helicopter LYNNE FIN THIN 5 Left 
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BACKGROUND LEFT RIGHT 
CODING NOISE PERSON WORD WORD ATTRIBUTE REPLY 

RELP 4.8 HelicoPter PETER FIN THIN r 0 Left 
RELP 4,8 Helicopter PETER . FIN THIN 5 Left 
RELP 4,8 Helicopter WOLF FIN THIN 5 Left 
RELP 4.8 Helicopter WOLF FIN THIN 5 Left 
RELP 4.8 Helicopter LYNNE FOUGHT THOUGHT 5 Right 
RELP 4,8 Helicopter Affl MET NET 5 Right 
RELP 4.8 Helicopter LYNNE MET NET y 

J Left 
RELP 4.8 Helicopter WOLF MET NET 5 Left 
RELP 4.8 Helicopter PETER MET NET y 

0 Left 
RELP 4,8 .Helicopter ALVA PEAK TEAK 5 Left 
RELP 4.8 Helicopter PETER PEAK TEAK 5 - Right 
RELP 4.8 Helicopter ALVA PENT TENT y 0 Left 
RELP 4,8 Helicopter WOLF PENT TENT y 

J Left 
RELP 4,8 Helicopter LYNNE POOL IOOL r 

J Right 
RELP 4.8 Helicopter LYNNE GILL DILL 6 Right 
RELP 4.8 Helicopter LYNNE GILL BILL 6 Left 
RELP 4.8 Helicopter PETER GILL DILL 6 Right 
RELP 4.ii HelicOPter PETER GILL DILL 6 Left 
RELP.4.8 Helicopter WOLF GILL DILL 6 Left 
RELP 4.8 Helicopter ALVA KEG. PEG 6 Neither 
RELP 4.8 Helicopter ALVA KEY TEA 6 Neither 
RELP 4.8 Helicopter ' LYNNE KEY TEA 6 Left 
RELP 4,8 Helicopter LYNNE KEY TEA 6 Right 
RELP 4,8 Helicopter ALVA KEY TEA 6 Right 
RELP 4.8 Helicopter PETER KEY TEA 6 Right 
RELP 4,8 Helicopter ALVA KEY TEA 6 Right 
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BACKGROUND LEFT RIGHT 
CODING NOISE PERSON WORD WORD ATTRIBUTE REPLY 

RELP 9.6 None LYNNE BOND POND 1 Left 
RELP 9.6 None LYNNE DAUNT TAUNT 1 Left 
RELP 9,6 None PETER VOLE FOAL 1 Left 
RELP 9.6 None WOLF VOLE FOAL 1 Left 
RELP 9.6 None PETER FOO POU 3 Right 
RELP 9,6 None . . LYNNE SHAD CHAD • 3 Rieht 
RELP 9.6 None WOLF SHAD CHAD 3 Right 
RELP 9,6 None ALVA SHAD CHAD 3 Right 
RELP 9.6 None WOLF SHAW CHAW 3 Right 
RELP 9,6 None ALVA SHAW' CHAW 3 Right 
RELP 9,6 None PETER SHAW CHAW 3 Right 
RELP 9,6 None WOLF SHOES CHOOSE 3 Right 
RELP 9.6 •, None - •.- ALVA VILL - .BILL 3 Right 
RELP 9.6 None 'PETER yox BOX 3 Left 
RELP 9.6 . None PETER VOX BOX 3 Right 
RELP 9,6 None LYNNE VOX BOX 3 Right 
RELP 9.6 None . ALVA JEST OUEST 4 Left 
RELP 9.6 None PETER JILT GILT 4 Right 
RELP 9.6 None LYNNE SANK THANK 4 Right 
RELP 9.6 None ALVA SING THING 4 Right 
RELP 9+6 None LYNNE SING THING 4 Right 
RELP 9,6 None WOLF SING THING 4 Right 
RELP 9.6 None ALVA BID DID 5 Left 
RELP 9,6 None LYNNE BID DID v 

J Left 
RELP 9,6 None LYNNE FAD THAD r 

J Right 
RELP 9.6 None ALVA FAD THAD r J Left 
RELP 9.6 None PETER FIN THIN 5 Right 
RELP 9,6 None WOLF FORE ' THOR 5 Right 
RELP 9..6 None LYNNE FORE . THOR 5 Left 
RELP 9.6 None LYNNE PENT TENT - 5 Left 
RELP 9.6 None LYNNE GILL DILL 6 Left 
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BACKGROUND LEFT . RIGHT " 
CODING NOISE PERSON WORD WORD ATTRIBUTE REPLY 

RELP 9,6 Armoured Car LYNNE VAST FAST " 1 Left 
RELP 9,6 Armoured Car ALVA VOLE FOAL 1' Left 
RELP 9.6 Armoured Car PETER FENCE PENCE 3 Right 
RELP 5.6 ArMoured Car LYNNE FENCE PENCE 3 Right 
RELP 9,6 Armoured Car WOLF FOU POU 3 Right 
RELP 5.6 Armoured Car PETER FOO POO 3 Right 
RELP 9,6 Armoured Car WOLF SHAD CHAD 3 Right 
RELP 9.6 Armoured Car ALVA SHAD CHAD 3 Right 
RELP 9,6 Armoured Car ALVA SHAW CHAW 3 Right 
RELP 9.6 Armoured Car LYNNE SHAW . CHAW 3 Right .  
RELP 9.6 Armoured Car PETER SHAW CHAW 3 Right 
RELP 9.6 Armoured Car, . ALVA SHEET " CHEAT 3 Right 
RELP 9.6 Armoured Car LYNNE SHEET CHEAT - 3 Right 
RELP 9,6 Armoured Car WOLF SHEET CHEAT 3 Right 
RELP 9.6 Armoured Car ALVA THAN _ DAN 3 Right 
RELP 9,6 Armoured Car: WOLF THAN DAN 3 Right 
RELP 9,6 Armoured Car LYNNE VEE - BEE , 3 Left 
RELP 9,6 Armoured Car f AIVA VILL BILL 3 Right 
RELP 9,6 Armoured Car LYNNE VILL BILL ' 3 Right 
RELP 9.6 Areoured Car WOLF . VON BON 3 Right 
RELP 9,6 Armoured Car ALVA VON , BON 3 Right 
RELP '9.6 Armoured Car ALVA VOX BOX 3 Right 
RELP 9.6 Armoured Car PETER VOX BOX 3 Right 
RELP 5.6 ArmoUred Car . WOLF VOX BOX - 3 Left 
RELP 5,6 Armoured Car . PETER JILT - GILT 4 Right 
RELP 9.6 Armoured Car LYNNE SANK - 1HANK 4 Right 
RELP 9.6 . Armoured Car, ALVA . SING THING 4 Right 
RELP 9,6 Armoured Car PETER SING THING 4 Right 
RELP 9.6 Areoured Car LYNNE SING THING 4 Right 
RELP 9,6 Armoured Car PETER ZEE THEE - 4 Right 
RELP 9.6' Armouréd Car LYNNE ZEE THEE 4 Right. 
RELP 9 .;6 Armoured Car WOLF ZEE THEE 4 Right 
RELP 9.6 Armoured Car ALVA ZEE THEE 4 Right , 
RELP-9.6 Armoured Car " PETER FAD THAD r 

J Left 
RELP 9.6 Armoured Car PETER _ FIN THIN c 

4 Right 
RELP 9.6 Armoùred Car WOLF FIN THIN r 

J Right.  
RELP 9.6 Armoured Car WOLf, FIN THIN Y J Left 
RELP 9.6 - Armoured Car PETER FIN THIN 5 Left ,  
RELP 9.6- Armoured Car ALVA FORE THOR 5 Right 
RELP 9.6 Armoured Car ALVA FOUGHT THOUGHT 5 Left 
RELP 9,6 Armoured Car" WOLF FOUGHT THOUGHT 5 Right 
RELP. 9.6 'Armoured Car LYNNE FOUGHT THOUGHT 5 left 
RELP 9.6 Armoured Car ALVA : MET ' NET 5 Right 
RELP 9.6 Armoured Car ALVA 'GILL DILL " 6 Left ' 
RELP 9.6 Ar"moured Car ' PETER HOP' FOP ' " 6 Right 
RELP 9.6 Armoured Car :ALVA KEY TEA 6 Left 
RELP 9.6 Armoured Car PETER KEY TEA 6 Right 
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BACKGROUND LEFT RIGHT 
CODING NOISE PERSON WORD WORD ATTRIBUTE REPLY 

RELP 9.6 Helicopter LYNNE VAST FAST 1 Left 
RELP 9.6 Helicopter WIER .VAST FAST 1 Let  
RELP 9.6 HelicoPter PETER VOLE FOAL 1 Left 
RELP 9,6 Helicopter ALVA VOLE FOAL 1 Left 
RELP 9,6 Helicopter ALVA VOLE FOAL 1 Right 
RELP 9,6 Helicopter WOLF VOLE FOAL 1 Right 
RELP 9.6 Helicopter PETER MOAN BONE L  Right 
RELP 9,6 Helicopter ALVA MOSS BOSS 2 Right 
RELP 9,6 Helicopter PETER MOSS BOSS 2 Right 
RELP 9.6 Helicopter LYNNE NEWS DUES ,,, 

4 Left 
RELP 9.6 Helicopter PETER FENCE PENCE 3 Right 
RELP 9,6 Helicopter LYNNE FENCE PENCE 3 Right 
RELP 9,6 Helicopter WOLF FENCE PENCE 3 Right 
RELP 9.6 Helicopter ALVA FENCE PENCE 3 Neither 
RELP 9.6 Helicopter LYNNE FOO POO 3 Right 
RELP 9.6 Helicopter WOLF FOO POO 3 Right 
RELP 9,6 Helicopter LYNNE SHAD " CHAD 3 Right 
RELP 9.6 Helicopter WOLF SHAD CHAD 3 Right 
RELP 9.6 Helicopter PETER SHAD CHAD 3 Right 

' RELP 9,6 Helicopter ALVA SHAD CHAD 3 Right 
RELP 9.6 Helicopter • WOLF SHEET CHEAT 3 Right 

41, RELP 9,6 HelicoPter LYNNE 
RELP 9.6 HelicoPter LYNNE 

SHEET CHEAT 3 
SHEET CHEAT 3 

Right 
Left 

RELP 9,6 Helicopter PETER SHEET , CHEAT 3 Left 
RELP 9.6 Helicopter WOLF SHEET CHEAT 3 Left 
RELP 9.6 Helicopter LYNNE THONG TONG 3 Left 
RELP 9,6 HelicoPter ALVA THOSE DOZE 3 Left 
RELP 9.6 Helicopter PETER THOSE DOZE 3 Left 
RELP 9.6 Helicopter WOLF THOSE DOZE 3 Left 
RELP 9,6 Helicopter LYNNE THOUGH DOUGH 3 Left 
RELP 9.6 HelicoPter - PETER THOUGH DOUGH 3 Right. 
RELP 9,6 HelicoPter WOLF THOUGH DOUGH 3 Left 
RELP 9.6 Helicopter . ALVA VEE BEE 3 Left 
RELP 9,6 HelicoPter PETER VEE BEE 3 Left 
RELP 9,6 HelicoPter LYNNE VEE BEE ' 3 Left 
RELP 9,6 HelicoPter WOLF VEE BEE 3 Left 
RELP 9,6 HelicoPter WOLF VILL • BILL 3 Right 
RELP 9,6 HelicoPter ALVA VILL . BILL 3 Right 
RELP 9e6 HelicoPter LYNNE VON BON 3 Right 
RELP 9,6 HelicoPter ALVA VON . BON 3 Left 
RELP 9.6 Helicopter PETER .VON BON 3 Left 
RELP  9.6 HelicoPter PETER VON BON 3 Right 
RELP 9.6 HelicoPter ALVA VON BON 3 Neither 
RELP 94.6 HelicciPter WOLF VON - BON 3 Left 
RELP 9.6 Helicopter PETER VOX BOX 3 Right 
RELP 9.6 HelicoPter LYNNE VOX BOX 3 Right 
RELP 9.6 HelicoPter ALVA VOX BOX 3 Right 
RELP 9,6 HelicoPter ,ALVA CHEEP KEEP 4 Left 
RELP 9.6 HelicoPter PETER CHEEP KEEP 4 Left 
RELP 9,6 Helicopter WOLF CHEEP KEEP • 4 Left 
RELP 9.6 Helicopter. ALVA CHEW COO 4 Neither 
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BACKGROUND LEFT RIGHT 
CODING NOISE PERSON - WORD . WORD ATTRIBUTE REPLY 

RELP 9.6 Helicopter ALVA JAB GAB 4 Left 
RELP .9.-6 Helicopter WOLF JAB GAB 4 Left 
RELP 9. -6 Helicopter LYNNE JILT GILT 4 Right 
RELP 9.6 Helicopter PETER JILT GILT 4 Riot 
RELP 9.6 HelicoPter 'LYNNE . SANK THANK 4 Right 
RELP 9.6 Helicopter ALVA SAW THAW 4 Right 
RELP 9.6 Helicopter PETER SING THING 4 Right 
RELP 9.6 HelicoPter LYNNE SING THING 4 Right 
RELP 9,6 Helicopter WOLF SING THING 4 ' Right 
RELP 9.6 HelicoPter ALVA : SING THING 4 Right 
RELP 9.6 Helicopter LYNNE ZEE THEE 4 Right 
RELP 9.6 Helicopter WOLF ZEE - THEE 4 Right 
RELP 9.6 HelicoPter PETER /EE THEE 4 Right 
RELP 9.6 Helicopter . ALVA ZEE THEE 4 Right 
RELP 9.6 Helicopter LYNNE . BANK DANK ' 5 Left 
RELP 9.6 Helicopter PETER BANK DANK 5 Left 
RELP 9.6 HelicoPter, LYNNE Bon DOLE r 

J Left 
RELP 9.6 Helicopter LYNNE rAD. , THAD 5 Left 
RELP 9.6 Hellcopter LYNNE FAD THAD 5 Right 
RELP 9.6 . HelicoPter WOLF FAD THAD r 

J Right 
RELP 9.6 Helicopter LYNNE FIN THIN 5 . Left 
RELP 9,6 Helicopter'. WOLF FIN - THIN r J Right 
RELP 9.6 HelicoPter PETER - FIN THIN r 

J Right 
RELP .9,6 HelicoFter WOLF FIN THIN - 5 Left 
RELP 946 Helicopter PETER FORE - THOR 5 - Right 
RELP 9,6 HelicoPter ' . LYNNE FORE THOR ... 

J Right 
RELP 9.6' HelicoPter' ::ALVA FORE THOR › .. 5 Right 
RELP 9.6 Helicopter LYNNE . FORE THOR r 

J Left 
RELP 9.6 HelicoPter: WOLF . FORE THOR m 

J Left 
RELP 9.6 Helicopter WOLF MET . NET - r 

J Right 
RELP 9.6 HeliCopter PETER MET NET v sJ Left 
RELP 9.6 . HelicoPter . WOLF MOON NOON 5 Right 
RELP 946 Helicopter 'LYNNE .  POT TOT r 

J Left 
RELP 9..6 Helicopter ALVA POT TOT 5 Left 
RELP 9.6 Helicopter ALVA . WAD .ROD r s, Left 
RELP 9.6 Heiicopter LYNNE GILL BILL  . 6 Left 
RELP 9.6 Helicopter '. ALVA GILL BILL 6 Right 
RELP 9.6 Helicopter : LYNNE HOP FOP 6 Right 
RELP 946 Heli-copter .. .ALVA -KEY TEA 6 Right 
RELP 9..6 HelicoPter . LYNNE KEY TEA 6 Right 
RELP 9.- 6 HelicoPter ALVA - KEY TEA 6 Left 
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BACKGROUND 
CODING NOISE 

. 'LEFT RIGHT 
pERSON . WORD WORD ATTRIBUTE REPLY 

PERT 4.8 None WOLF VAULT FAULT 1 Left 
PERT 48 None WOLF VAULT FAULT 1 Right 
'PERT 4:8 None WOLF -MEAT BEAT .1 

4 Left 
PERI 4,8 None . PETER : SHAD CHAD 3 Right 
PERT'4,8 None ' ALVA f -SHAD CHAD 3 Right' 
PERT 4,8 None LYNNE .SHAW CHAW - 3 Right 
PERT 4,8 None LYNNE THEN DEN -. 3 Left, 
PERT 4,8 None PETER • THEN : .DEN 3 Left- . 
PERT 4,8 •None WOLF , : THEN . - DEN 3 Left 
PERT 4.8 None ' :LYNNE VEE. BEE -.- 3 Left 
PERT 4.8 None PETER , VEE BEE ' ' 3 Left 
PERT 4,8 ,None .- - PETER JILT GILT 4 , Right 
PERT 4.8 . None -: ', MOLF SANK . 1HANK 4 Right 
PERT 4.8 None ' ' ALVA SANK THANK ' 4 Right 
PERT 4.8 None . LYNNE SANK . THANK ' 4 Right 
PERT 4.8 None ' PETER . SANK THANK - 4 Right 
PERT 4,8 one LYNNE ZEE THEE - 4 Right 
PERT 4.8 None ' ALVA BONG DONG 5 . Right 
PERT 4,8 None :LYNNE ' HFAD • THAD 5 Right 
PERT 4,8 None ' ALVA . FAD THAD 5 - Left 
PERT 4.8: None - .' LYNNE FAD THAD c 0 Left 
PERT 4.8 None ' PETER - - FIN THIN --- 5 , Right 
PERT 4.8 None ALVA FIN THIN . 5 Left • 
PERT 4.8 None LYNNE FIN THIN 5 . : Left 
PERT 4.8 None PETER FIN THIN 5 Left 
PERT 4,8 None MOLF FIN THIN 5 Left 
PERT 4,8 None ALVA . FIN THIN : c 0 Right 
PERT 4.8 None WOLF .. FIN THIN 5 Right 
PERT 4,8 None LYNNE FIN THIN 5 Right 
PERT 4,8 None LYNNE MOON. NOON - r J Right 
PERT 4.8 None PETER PENT TENT 5 Right 
PERT 4.8 None . WOLF ; PENT TENT 5 Right 
PERT 4,8 None PETER GILL BILL 6 Right 
PERT 4.8 None . ALVA 'KEY TEA 6 Right 
PERT 448 None , LYNNE - KEY TEA • 6 . Right 
PERT 4.8 None PETER KEY TEA ,. 6 Right 
PERT 9.6 None LYNNE DINT TINT 1 Right 
PERT 9.6 None LYNNE . SHEET . CHEAT . 3 Left 
PERT 9.6 None ALVA SHEET CHEAT 3 Right 
PERT 9.6 . None LYNNE SHEET CHEAT 3 Right 
PERT 9.6 None . LYNNE SHOES CHOOSE 3 ' Right 
PERT 9.6 None Al» SHOES CHOOSE ' 3 Right ' 
PERT 9.6 None ALVA VILL ' BILL 3 Right. 
PERT 9.6 None LYNNE VOX . - BOX '. : 3 Right- 
PERT 9.6 None • PETER , .VOX BOX • 3 Right 
PERT 9.6 None ALVA • VOX , BOX . . 3 Right 
PERT 9A6' None ALVA CHEEf .. KEEP ' ' 4 Right 
PERT 9.6 None  • fETER . JEST GUEST 4 - Right 
PERT 9.6 None LYNNE SING THING • 4 Right 
PERT 9.6 None WOLF SING THING 4 Rieht 
PERT 9.6 None • PETER SING THING A Right 
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BACKGROUND - LEFT RIGHT 
CODING NOISE PERSON WORD - WORD ATTRIBUTE REPLY 

PERT 9.6 None ALVA SING THING 4 Right. 

PERT 9.6 None LYNNE . BANK : DANK 5 Left ' 
PERT 9.6 None LYNNE . BID DID c ,.. Left 
PERT 9.6 More . • • PETER .BID BID 5. Left: 
PERT 9,6 None WOLF :- FORE 'THOR 5 Right : 

PERT 9.6 None LYNNE FORE. - THOR : 5 Left 
PERT 9,6 None AYNNE 'FOUGHT • - THOUGHT • 5 Right- 
PERT 9.6 None WOLF . FOUGHT THOUGHT 5 Right ., 

PERT 9.6 None ALVA FOUGHT THOUGHT 5 Right 

PERT 9.6 None PETER FOUGHT THOUGHT 5 : Right ' 
PERT 9.6 None ALVA POT • -TOT - 5 Right 


