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Introduction 

THE BIT ERROR PROBABILITY AS A 

FUNCTION PATH REGISTER LENGTH IN 

THE VITERBI DECODER 

by G. Sampia 

Starting with Viterbi's idea, we shall perform a simulation of the 

decoding algorithm. OUr aim is not to deal with some theoretical aspect 

of this algorithm, but on the contrary, to give the performances obtained 

from a computer simulation. 

We want to evaluate PB the bit error probability, as a function of the 

length of the path register for several values of the channel error 

probability. 
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I DECODING ALGORITHM ------------------

We invite our readers to consider Vi terbi 's and Formey' s papers [1,2) 
as the theoretical background of our work. We shall only point out the 

main ideas we used to perform our simulation. 

1. Minimum distance decoder for Binary Symetric Channel (B.S.C.) 

o ..... A-p 
....... 

A-p 

If we assume that the input sequence are equally probable, the 

appropriate decoder which minimizes the event error probability is 

the one that examines the received sequence and chooses the data 

sequence which is closest to the received sequence in the sense 

of Hamming distance. 

2. Convolutional Encoder. 

It is time now to introduce the convolutional encoder that we 

consider. It is composed of K stage, shift register, and n modulo 

2 adders. 

Let us take Viterbi's exemple: 

We can see then, that for one data bit we obtain in this case 2 code 
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bits, Hence then transmission rate will be R = ~. 

As it was demonstrated in Viterbi's paper the structure of the algorithm 

becomes repetitive after two data intervals and we can obtain the following 

state diagram. 

b=OI c=IO 

1 1 

00 

To label the states we may use the last two data bits, while the present 

data bits determines the transition. 

3. Decoding Algorithm. 

We now review the several steps of the decoding algorithm: 

1. for each state preserve one surviving path and its distance from the 

received sequence if the distance or metrics of two imerging paths are 

equal we may simply flip a coin to choose one of them; 

2. at anyone time we have to memorize the survivor for each state plus 

the state Metrics ans thus one needs two registers for each state; 

3. the new survivors and state metrics can be obtained recursively using 
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the old state metrics and the previous survivors; 

4. we have also to introduce some useful modifications. It is necessery 

to truncate survivors to some manageable length. In other words the 

algorithm must come to a definite decision on nodes up to time k-l 

at time k. We shall call L the path register length. 

II DECODING PROGRAM 

To help the comprehension of our readers we have drawn a flow-chart 

which we think will be very usefull to follow the way of programming 

that we used. 

In this section we shall explain the programming of each of the blocks 

which compose our program running on a PDP 11-20. 

BLOCK I 

- Declaration of the 6 registers needed. 

- Loading of the stack pointer. 

- Reservation of the memory locations. 

- Declaration of some system adresses used for extended arithmetic unit. 

Theses adresses are AC, MQ, SC, SR. 

All symbols used haven the following meaning. 

PAD old path for the A state. 

PBO old path for the B state. 

PCO old path for the C state. 

PDO old path for the D state. 

PAN new path for the A state. 

PBN new path for the B state. 

PCN new path for the C state. 

MAO old metric for the A state. 

MBN old metric for the B state. 

MCN old metric for the C state. 

MDN old metric for the D state. 

PDN new path for the D state. 



MAN 

MBN 

MCN 

MON 

TEL 1 

TEL 2 

CO 1 

CO 2 

000 

0 11 

0 10 

L 

P 

LG 

PG 

BUF 

GETA 

TOUR 
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new metric for the A state. 

new metric for the B state. 

new metric for the C state. 

new metric for the 0 state. 

counter of one decoded. 

counter of one transmitted. 

first binary digit transmitted. 

second binary digit transmitted. 

Hamming distance between the transmitted digit and 00. 

Hamming distance between transmitted digits and 11. 

Hamming distance between transmitted digits and 10. 

path register length minus 1. 

shift counter of B in correspondance with p. 

error channel probability. 

dummy word to enter L. 

dummy word to enter P. 

double word containing XO in PRG 

double word containing Xo in FLIP 

word for output editing. 

COUNTR: counter of number of cycles. 

number of transmitted digits 2 x COUNTR. 

BLOCK 2 

Soubroutines PRG and FLIP 

These two soubroutines are both Pseudo - Random - Generator PRG, 

is used to generate. O's and l's, where l's appear with probability p. 

Indeed, if we consider a zero sequence in the input line, the channel 

will transform some of these o's into l's and the probability of a 1 at 

the channel output is p. 

FLIP is used to flip a coin when you need to decide between two paths of 

equal weight in the decoding algorithm. 

For both these soubroutines we use a pseudo random generator described in 3.4 

In fact we choose the multiplicative congruental method defined by 



Xi+l = Axi mod m 

with: XO relatively prime to m 

A = + 3 or + 5 mod 8 
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in respect with 

as mentioned in 

these value the maximum 

(5) we shall start with 

31-2 29 
period length would be 2 =2 

Xi: double word 

Xo: initial value of Xi = 070707 - 070707 

A : will be defined thus as to facilitate the compution Let us take A = 2
15

+3 

The product A by XO will be obtain such: 

first: Shift Xo 15 positions to the left 

second : Shift Xo 1 position to the left and add the result to first 

third : Add XO to second. 

In this way we get a random sequence of number Xi .1\.11 these numbers belong to 

the interval [1,2 31 _1J Hence, to obtain a binary sequence with Pr (1} = p. 

We compare the Xi's with the number a f where B satisfies ~1 p. 
23 -1 

For computing facilities we introduce a corresponding parameter P., 

which gives the number of left - shifts for a "1" in the right most position. 

The correspondence with p is given in TABLE 1. 

Now we can decide: 

If Xi> B we transmit a "0". 

If XiE:;" B we transmit a "1". 

BLOCK :3 

Input parameters Land P 

As mentioned previously, we want to check the influence of the path register 

length L on PB. 
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We shall choose L between 2 and 15 in octal 17 (8). 

For P let us give the conversion table for input. 

-8 -7 -6 2-5 -4 2-3 -2 -1 
p error channel 2 2 2 2 2 2 

probability 

P parameter in 23 24 25 26 27 28 29 30 
decimal 

P parameter in 27 30 31 32 33 34 35 36 
octal 

TABLE 1: a01'1'espondanae tab Ze p -n + p 

All datas which are entered with the teletype are in ASC I I code. 

The input sequence will then be: 

first type the left most digit 

second use a mask to transform this digit from ASC I I code to octal code 

third shift the input digit 3 positions to the left 

fourth type the second digit 

fifth use a mask as in second 

BLOCK 4 

Initialisation 

1.AII the registers, exc~pt R6, are set to 0 

2.All path registers are set to 0 

3. The metrics are initialized as follow: (see fig. 2). 

~"<~ __ o~o __ ~"~~o~o~-.. A 
"l'- ",'t~ 
t'~~ 

D.,', C. 

'. )) 
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4. Set TEL 1 and TEL 2 equal to o,counters of respectively the number 

of l's decoded and the number of l's transmitted. 

5. Initialize the counter that keep the track of the number of data bits 

transmitted. 

To upper bound this counter you have only to consider the simulation 
31 

time which can be very large; exemple: 2 hours for 2 cycles. 
16 20 

In fact we choose 2 and 2 • 

6. BUF and GETA represent Xo for PRG and FLIP. 

BLOCK 5 

The maximum length of the path register is 16, i.e. one word. The actual 

path register length L is obtain with a 1 in the L th position of the 

path register mask; R2. 

1 
9 o 

Here L = 10 

BLOCK 6 

To generate the received sequence, assuming the all zero code sequence being 

transmitted, we use PRG twice each data interval and put the two resulting 

received digits in CD 1 and CD 2 respectively. 

BLOCK 7 

Now we are able to compute the Hamming distance between received digits 

(CD 1, CD 2) and all possible pairs of binary digits of the treillis diagra,. 

Then we get o¢¢ D11, D¢l, Dl¢ 

BLOCK 8 

In each node, two paths are merging~ To choose one of them we have compute their 

associated metric. 
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old step new step 

metrics 
00 

MAO A A MAN lowest of ...... , 
,11 

MOO B B MBN lowest of 

MCO C C MCN lowest of 

D~O- , 
MOO - -'=>- D MON lowest of 

The continuous lines correspond to an information digit O. 

The dotted lines correspond to an information digit 1. 

For each node, then we follow this algorithm. 

MAO + D¢11l 
MCO +D11 

MAO + D11 
MCO + Dl1ll1l 

MBO + D111l 
MOO + D11l1 

MBO + D¢1 
MDO+ D111l 

first compute the two metrics associated to the merging path 

second 

third 

choose the lowest, or if they are equal call FLIP to determine the 

survivor 

shift the survivors one position to the left and add a 0 for the 

nodes Band D 

After this step you get four new paths, one for each node, and you can then 

considered this new path as the old one for the next step. 

B L 0 C K 9-10 

Majority dicision method 

Among the four survivors paths we have to choose one a simple method consist 
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~ . of counting the number of times we meet 0 or 1 in ~e L posit~on of the 

different survivors. To isolate ~is bit we can make a bit comparaison between 

R 2 and each survivor and add ~e results toge~er. 

- Magority decision on 0 

if ~e sum is 0,1,2 we decide that ~e data bit was a 0 

if ths sum is 3,4 we decide ~at the data bit was a 1 

- Magority decision on 1 

if the sum is 0,1 we decide that the data bit was a o. 

if the sum is 2, 3, 4 we decide that the data bit was a 1. 

The block 9 is not adbosutely needed, we let it to reinitialize the metrics. 

B L 0 C K 9 bis (Instead of BZoaks 9 and 10) 

Decide according to survivor with lowest metric 

By comparing, it is easy to find the lowest metrics survivor. Then we obtain 

one survivor. 

After comparaison with R 2 we are able to decide if the Lth bit of this 

survivor will be a 0 or a 1. 

According to the result, we increment, or not, counter TEL 1. 

PB is given as the radio of TEL 1 and data bit counter. 

B L 0 C K 11 

Output of the results 

For each we have to output TEL 1 and TEL 2 then output sequence will be: 

first: with a mask isolate the 3 right most digits 

second: move these digits to R4 

third: add 1 in the 4th and 5th position of R4 Thus, we have now, an ASCI I 

character 
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print it on teletype fourth 

fifth shift TEL 1 three position to the right to transmit the next character 

and go to first 

However, we have to remark that TEL 1 and TEL 2 apprear on the teletype with 

upper character being the rightmost. 

Exemple: 

If you read on the teletype 4531 (8) 

make the conversion 1354 (8) 

B L 0 C K 12 

Incrementation 

This program can run itself and we have included a self incrementation for L 

and p till they reach their maximum values 15 for L; 

3D for P. 

III RESULTS 

We obtain two sets of results for a numer of information digit first 2
16 

and 

second 220. 

We can expect better results for 2
31

_1 data digits, but in this case the 

complete experience would spend 2 hours x 70 = 140 hours~ 

The first set of results are for the majority decision method. 

The latter results are for the method establishing the best survivor. 

These results are mentioned both in table and in plot diagram to show the 

influence of the path register length on Ps • 

P is then given as a parameter. 
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SET I 

-3 
PB 10 with magority decision on 1 

nota results for magority decision on 0 and on 1 are closed. 

16 
number of cycles 2 

absolute error of p = 2 x 10-5 

2 
-7 

2 
-6 

2 
-5 

27.4 55 69.5 

20.1 40.8 82.5 

8.9 18.9 42.8 

4.8 11.7 28.1 

0.68 3.04 11.5 

0.38 1.97 7.9 

0.2 1.16 5 

0.04 0.71 3.1 

0 0.42 1.8 

0 0.32 1.25 

0 0.29 0.66 

0 0.2 0.7 

0 0.12 0.53 

2-4 2-3 

204 369 

167 337 

106 281 

76.6 250 

48 222 

36.1 202 

26.7 183 

17.9 170 

14.9 159 

11. 6. 153 

9.55 145 

7.95 141 

6.7 138 
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SET II - a 

10-3 
Results: PB with Deciding according to survivor with lowest metric 

~ 
2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

46 Number of cycles 2 

Absolute error on p = 2 x 10-5 

2 
-7 2 -6 

0.308 2.29 

0.29 1.83 

0.244 1.57 

0.107 0.885 

0 0.504 

0.457 

0.32 

0.29 

0.214 

0.122 

0.122 

0.099 

0.066 

0.03 

2 -5 
2 
-4 2-3 

7.55 32.6 209 

6.7 28.5 194.5 

5.7 26.2 184 

3.17 17.85 166.5 

1. 74 13.6 155 

1.37 11.4 149.5 

0.73 9.12 144.5 

0.7 7.63 139 

0.518 6.8 135.5 

0.518 5.93 134 

0.518 5.22 131.5 

0.518 4.92 130.5 

0.518 4.53 130 

0.518 4.5 128.5 
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SET II-b 

Results P 10-
3 

with deciding according to survivor B 

~ 
2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

with lowest metric 
20 Number of cycle 2 

-5 absolute error on p 5.10 

2 -7 
2 -6 

2 -5 

0.248 1.98 6.85 

0.312 1.63 6.04 

0.22 1.32 5.3 

0.133 0.68 2.94 

0 0.3 1.7 

0 0.26 1.34 

0.01 0.20 0.82 

0.17 0.73 

0.11 0.56 

0.07 0.55 

0.07 0.55 

0.05 0.53 

0.03 0.52 

0.01 0.54 
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The people who wish to run themself these programs can make it very easily: 

first: choose one of the three paper punch tapes corresponding to each 

set. 

These programs are written in P.A.L. (Assembleur Language of the 

PDP 11) and must be run on PDP 11-20 with additional arithmetric 

element for working with double lenght word; 

second:start the program a first time with address 2000 and a second time 

with address 2420. The program is waiting for parameters Land P; 

third :type from teletype the choosen values of Land P. Thus the program would 

run; 

output:you will received 70 couples of datas, each corresponding to a 

complete cycle. The first value divided by the number if cycle will 

be PB' 

The second divided by 2 times the number of cycle will be P. 
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0000'}2 

002240 042761 BIC #1000A0.2(WI> 
1f1<Hl('l(;l 
00 fl '3" 2 
002246 305060 CLH 

0fl0il02 
002252 30~260 INC 

Oi~iJ(102 

002256 005010 CL~ 
002260 010367 MJV 

17S032 

2( R0> 

( R(~) 

R3. ASH 

002264 ~21061 CMP (~0).2(RI) 

(1010002 
002270 0002~5 HIS R5 
002272 012501 FLIP:MJV (RS)+.Rl 

= 

---; 



~) ~ 2 3C-1 (.r) 

(100[102 
,,,rt23f14 

rj ~:H1 £H12 
;10231,1 

0,j0:117 
175:1l'10 

(1;:12316 
(1(1 ~(1 () ~~ 
I ??S?i> 
r,02324 

I 71574 
V~233(1 

i)f)l1002 
(Hl2334 

N;(!l(102 
(1 ,;,) 2 3 41·~ 

,)('li10 (1 I 

1747:'9) 
0023 4 6 

000(102 
177546 
002354 

177544 
,);)236(1 

177S4,1 
~~02364 

177'>32 
002370 

:10;:HH12 
01'J2374 

177')24 
i:H'('l[1(12 

11IIIMI 

016111'1 

;J12767 

" I 6(·' 67 

ill 1<)67 

(11 1 1 6[,1 

1-)]6110 

012767 

06MJ67 

(l05S67 

061 (J67 

0;'671 I 

1'10'>')61 

;%6761 

MdV 

M.J V 

M,J V 

~"I'J V 

"'1') Ii 

:<j·)v 

M)V 

,"!JV 

ADD 

ADG 

i\DD 

AllIJ 

AllC 

ADD 

(RIl.2(R('l) 

2(RI).(R7I) 

IIIS •• ASH 

2( Fil)). DU'1Y 

(R0).DUMY+2 

( R 1 ) .2 ( k'.l) 

2 ( HI) • ( Rfl) 

;1'1. 'ISH 

2< RI» • OU''1Y 

1JU''1Y+2 

< R(\) .llUMY+2 

llU·'1Y. < .~ I ) 

2( R I) 

UIY-1¥+2.2< RI) 

002402 042761 BIC '1('l0000.2(RI) 
10(1\~r1;;j 

(),\\1002 

002410 622761 c~p #40000.2(RI) 
04MltJ0 
00(1('02 

002416 00020'> liTS k5 
'7)(12420 00'>267 !.\jC TKS ~ s.r~"'V\~ ~ 

175134 
(j024:;>" 1(1'>767 KL.A~j:·IS18 r~s 

175130 
~0?43~ 1(j~37~ bPL ~LAH 

0~2432 016767 M0V 1~8.LG 
175124 
177434 
00244:1 (j42767 8IG #177760.L.G 

177761'1 
177426 
802446 016767 ~0V LG.L 

171422 
177414 



· tldC bUl 
0\124~~ 0;,J6367 ASL L 

17741(1 \ 
Il~\2461 0(16361 ASL L 

177404, 
0(\2464 006367 4SL L 

17 7 40[~ 
, 

00241(.1 0W>261 I,~ C T«: S 
11~064 

002414 H' ~16 7 «:LAI:TSTfl TKS 
1 15(1)',J 

Oil 2 :.,~ fJ I ~Jr1315 llPL '<LA1 
[1025(12 '116161 r~,J V "K 8, Lij 

17~I'J~4 

111364 
0,"25HI 042167 BIG #177160.LG 

1117 61'1 
1773:'6 
;j02~16 066167 4LiLi LG. I. 

1173':>2 
111344 

;'1112524 fle» ~26 7 DIC T-<: S 
175030 
0a253;1 1'1~'/61 LUS0: 1Slk 1-<:S 

175024 
~t~2534 1 i1\1375 BPI. LU,,(1 
1-,(,\2536 01611,7 1'lQV 1K8.P£ 

115020 
111332 

0(l2':> 44 "42767 BIC 1t177760,PO: 
11776[·' 
177324 

0;125:'2 (116767 ,'oj I) V PE,F' 
177320 
177312 
002560 ,lf16367 ASL P 

177306 
0112'>64 <);16367 ASL p 

177302 
002 ':> ?:J 006367 ASL P 

177276 
002574 005267 PIC TKS 

174760 
0912600 IO~767 LlJSI:TSIB 1-<:0, 

174754 
f1fJ26;,) 4 10037:' BPL LUSI 
(1026,)6 01671)7 W) Ii TKBd'E 

17475" 
177262 
0(12614 (..142161 BIC 1t117760.PE 

171160 
171254 
0a2622 :166167 ADD po..P 

1772:'0 
111242 

,,")263;) m):,0:;11 STAin: CLR 1'<1 
';)02632 005002 CUi Ri 



002634 005003 ClR 1<3 
fH12636 vH3S1104 CL" :<4 
002640 1'1135(1,lS ClR R5 
002642 OVl~067 ClR ?A) 

1171:36 
002646 00~067 Cl" '")I:-;l) 

117134 
002652 1],15(167 Cl f, PO) 

117132 
0(')2656 0!1 5116 7 CL.'< f'iJ) 

I 77 I 3.' 
(')(12662 (')115067 CU, PA:-J 

'~ 

177126 
002666 0r15:~67 CLI, P8,\! 

177124 
1102672 0(15067 ClR PCN 

177122 ~ 
002676 ;1';) 5.) 6 7 CUI PUN 

177120 
002702 ('112767 ,"'uV 112.MHJ nLx ~ 01'10002 

177116 
00271 i'l (1,12767 M:J V # 3 .. ", C) 

(100(103 
177112 
002716 012767 M]V 113.MIJJ 

11013003 
177106 

0112724 (1135067 ClR MilO 
177('H4 
1')"2730 0(15067 ClR TEll 

1771 Hl 
0(12734 Ilf15(1 6 7 Cli< TEl2 

177110 
0"2740 01J5(167 ClR C:) IPJ T F< 

177144 
002744 01?7f,7 MJV #077 6;H". C) IJ,\) 1 R+ 2 

'J77600 
177140 
002752 fjl2767 MJV 11177777. HUF 

177777 
I 77 I 2,) 

<10276(1 (;12767 ,"'0 V #177777.8IJF+2 
177777 
177114 

fH12766 ,112767 ,V,) V 1t177717.GEIA 
177777 
177110 
002774 012767 ,"'0 V #177777. fj~~ IA+2 

177777 
177H14 
003rl(~2 016703 M'JV L.R3 

177062 
(1::13006 005202 I'J C H2 
003~11 ;1 (1063"2 EO IJCl U ASL r<2 



003012 005367 DE.C L Pj.,<- 5 
177052 
003016 001374 BNic HJUCU; 
00302(1 YJ\(1367 ,'10 V R3.L 

177044 
03:1W>.4 ~3(14567 8EGIN: JSk R5.PF"C' 

177076 

003030 002100 • \-.>JiW aUfo' 
003032 002v172 • wORD P 
003034 100003 8Pl EEN 
003036 Ml5067 ClR COl 

1771112 
003042 ,;),)(1410 aF< TwEE 
003044 012767 EEN: MJV III. CUI 

000(101 
1770132 

01331'152 062767 AUt! il'I.lEl2 
o fl') W' 1 
17677'<1 'tioc G 
003060 005567 ADC TEL2+2 

176766 
003064 (1[14567 n,EE: JSR R,>.PRG 

177036 
003070 O,121 (10 • \\U RU aUF 
003072 {1~20 72 • "') RD P 
003074 10(,)003 8PL f)NE 
'1'13YJ76 YJ05067 Cle: CU2 

176754 
01)3102 0010410 8); Twa 
003104 ['12767 'JNf: MUV III.CD2 

001~001 

176744 
0031 12 062767 AUU III.TE.L2 

~j00001 

17673'1 
0(13120 005567 AUC TEL2+? 

176726 
0(~3124 016703 Twa: ",I;) V CUI.R3 

176724 

003130 066703 ADD ClJ2.R3 
176722 
003134 (>')('>367 M'l II R3. DIH' 

17672(1 
003140 v)12703 :-10 V 112. R3 

0000(12 
003144 I 667f13 SUH COI.R3 

176704 
fJ03150 166 7eJ 3 SUB CD2.R3 

1767(l2 
003154 IllW367 M'J V R3. I) 1 1 

176702 
00316\1 ,,'12703 :-1JV #1.E3 

~H10(1~i1 

0Vl3164 066703 AUU CDI.H3 
176664 



I >-"Iuc.. -.)I,jO 

1'11'13171'1 16"71'13 SUB C02.;{3 
176662 

01'13174 010367 ,"'0 V "~3. tJI·j I {bk, t 176664 
l~fl32(1(j 012703 M')V # I. R3 

1'11'101'1[1 I 
003204 I 66'H13 SUB CUI.R3 

176644 
1'11'13210 '166703 ADD C1.J2.R3 

176642 
003214 '110367 1'1') IJ R3.010 

176646 
"0322[1 'll 67.,3 \'"1:) V MAO. R3 

17661'10 
0"3224 1'166703 ADO [J0(i> R3 

I 76 63r~ 
01'13230 (1\6704 ,"';) V MC']' R4 

176574 
003234 (16671'14 ADD D I I. R4 

176622 
00324[1 02(13114 C"'IP 1'3. R4 
01'13242 Wll406 BEl) GELA 
fllil 3244 I 00C'! I I BPL A 
003246 o HJ367 ATU G: ';"'J V R3.MAN 

176562 

003252 006367 ASL PAN 
176536 
003256 "H'J04 1 3 Bk 

'" 0\l3260 004567 GELA: .J S,~ k5.rLIP 
177006 

003264 (102104 • y!] kU GI::TA 
003266 \(10367 BPL AT)G 
00327n 01(1467 A: 1"1') V ,'<4. MAN 

176540 

~L<l 00321 <i 016767 MOV PC).PAN 
1765 HJ 
176512 

Vlfl3302 ;\'cl 63 6 7 ASL PAN 
176506 
(H~ 3 30 6 (1167113 8:MO V ,~A,).f<3 

176:"12 
0(13312 :'166703 AUU UII.IO 

176':>44 
003316 0167~14 ."1J V ·",C.). R'" 

176':>06 
I~03322 066704 ADO D(1,1. i<'" 

176,,32 
003326 "20304 Cr~p H3,F{4 
003330 031413 8[(,i GF;U; 
0(13332 H10[J16 Bi'L C 
003334 v) 1(1367 Cli) G: :-1') V R3."I8'J 

176476 
003340 016767 MJ Ii' PA'). PRN 

17644,j 
176450 



'103346 'ilD 1';:.16 7 'I SL PH\! 
1764LJ4 

"',",33,)2 (1)'':>267 PJC P F~I\J 
1764LJ0 
0i1~j3':>6 :10041':> f; ."< U 
00336') ">-14') I'; 7 GELC: . J :., 1< RS.I'Llf' 

1767('6 
0W3364 r~C'12104 • 'In RU (;EIA 
00:1366 I fLJ]6? HPL t.; 1" ) (; 
(1 ('I 3:j "1!-1 i1l0467 c: ,"I') V !~ Lh :'01 f~\i ~ 

1764"2 
(3.1 ~l.3 7 4 016767 '''1) V PC').,...8'>1 

1764Hl 
176414 

0(134:12 [106367 'ISL P8N 
176410 

(l:-l34'~6 (10'>267 I\IC P8N 
1764(14 
0[13412 (H 6733 U: '1) V 'IH). RJ 
1764H~ 

;1Z13416 ';)667:13 'IUU lJI0.r<:3 
1'1644LJ 
['H'l~-42? (JI 1,70LJ '1.) \I ,'1 I)) d:':4 

176404 
01)3426 ()667:14 'lUll lJ0 I • ;('. 

176432 
';\03432 ." 2(1304 CMf' R3.!<LJ 

~~c 1: 0(1343LJ (':11 411 "EO G~~GE 
0(13436 I~H~01L! Hf~L E 
101~134~~1 L'Jl036'1 E 1 J G: ,'1) V t, 3.·'1 C.,. 

176374 
003444 ('16767 )'),) Ii PH,) .r'C,\l 

176336 
176346 

"03LJ':>2 :·)M,367 lISL Pl.;', 
17634:2 

:M134':>6 v~~Hi413 Hh r" 
~1(~ 346(1 fH)4'>67 Gf::GE.: ) S f< '<:'>.'"LI P 

1161,06 
%1»:1464 :,·1:12104 • 'it) Ru Gr~ I A 
":-)3466 1:1:1364 81-L i:..:"j j r; 
"'I13LJ7;) ;'11 '1)467 t:: ,'"'!J V t< 4 • 1'1 (;'\1 

176344 
~'~~13L47 4 (,,167':'1 .~,) v f'U).l'C"l 

176312 
176316 
(103~'12 [1,16367 4,sL PC,~ 

11631;;> 
;~03:',~" :~ I 67\13 .. : '~)V :<Jhl •. '13 

116314 
ll03:'12 ,.J I:i" 7(13 :1 iJLi on I •. 'n 

176346 
flO3~16 i'l I 6 -, ,1<. "") JV ,'"')0), i;;-4 

176310 
"M3~22 ~l"h7,:14 l\lJU Ul~-'.i\"4 

17634;.) 



rM\,,)1:.. VJ I '/J 

rU3~26 )J 20 3(~ 4 
03 3~3\" (101"13 
v1(13:,32 1'-1£";116 
W~3~]4 :11 :J367 G"J)G: 

176],)2 
003~4(1 :~16767 

176242 
1762",4 
('03~46 0("6:]67 

I 762~'!l 
:)03~':J2 :J(~5267 

17624" 
(·1:A3':>,)6 ;3"1-.)412 
P:,13560 ;1:14567 G>~L G: 

1765(16 
i'l13,)64 ',1\121»4 
,103'>66 IilfJ362 
0;13') 7~ 01vl467 G: 

176246 
tHl:35 7 4 d(,16J67 

176222 

0~L36v, .. " 01';',267 
176216 

O:1J60 " 01,,71\7 '1 : 

17(,2"'4 
176172 

:ih"3612 ill6767 
176200 
176166 
:10362'~ 1116767 

176174 
17(,1(,';' 

,303626 :116767 
176170 
11('1'>6 

,)f.1363.o '·"~6 7 1:>-' 
1 7(,1 7.0 
176174 

';).;j 36 4:':- "f) I "w' J 
0<1:364£1 I 1110"" ~. 
1;l(oJ646 :'10(11 (-,/ 

fHl111S4 
('1('1 36:,? ~·1 ';-~ ~J ~ 6 7 i3b[4. : 

I 7 6~..j 1 4 
fH136'>A (·~~')~~I 04 
0('1361'.(; I :1(1n~12 

(Jr'3662 '10'J 1 67 
;Fl'11 .ll';~ 

003666 0~67~7 ~ll: 

1761"" 
1761 4 .t4 

Ci";P f,3, R" 
8Eli G I:: 1_ (; 

"PL (~ 

('vi') V «3,110"1 

"},) V PH), pu.\! 

·\SL PU" 

INC PO·\I 

H'~ >1 

.1!:' i~ i(:J,jOLI P 

• '~v') KU GEJ"A 
bPL 81 ) (, l)Loc. 'l 

;>1)V ,,4, ',1l)' 

ASL Pu.\I 

I'<C Pt)'\,j 

!"lJ V pA\I,f'A) 

,~,)V PI:;~,PoJ 

,"i) V PCN,PCl 

,'I.} V PlJi" , i>U) 

C:'~'IP MAN. r'tjS~ 

t~~ t-) GHA 
bVJI ilLi 
JiV; P VtlH 

151< ><'u FU P 

• 1/.'.) ;~U r.;",',A 
HPL ALI 

.r"'~ lIilA 



PAG!:.")II 

,Hl 36 7 '" I ',i(" '" I ':1 
,)(j37:1(·) :-1:·"1167 

0Wl262 
003104 ;104~67 GCA: 
17~362 

0,1371;; W12104 
0[13712 1,·"1[1'12 
fJ:13714 'Hm161 

\1')(" ? '" 6 
003720 026767 ALP: 

17lillrl 
176114 

0(13726 (101403 
~-1(137]~~ 1~.~~1.{~1~·1 

003732 fl00167 JMP 
000336 

<lin 7 36 
17633:;1 

~'H'i 3142 
'Hi 3 7 44 
003746 

~1~~(~ 322 

ilC13752 
176()56 
176"',5 
;';1376r~ 

I 7605';1 
176[152 

0'J3 7 66 
I 76 1142 
176(146 
'~yt317~ 

176(;34 
0'140:1 ;, 

176:11:; 
;,:-'l .IJ·~1 ;,' ~ 
C~~1~nO;' 
·~h14D I ,,~ 

" ,H1 "i1 1 
176026 

(lfl4<l11i 
171i(124 

C1~" L!ril~?2 

(j0:il316 
:1»4,1P 6 

1760,,4 
17611';4 

f1v14567 

(-1('~? \ ';14 
IMI002 
;1 WI I 67 

166767 

1667b7 

166767 

~'!:1 S~~ 6 p, 

'1167.n 

(-13 ?12-:.1 ~3 

0i'lI5~6 

062767 

,;):).,., (, 7 

',1;1 '" I (, 7 

:,267(,7 

PI;~ 40 34 0~~ 1 .(.jl.~ 3 
'~:'1tH1Jfi 1 [·':-"141l1 

~A(~L.I~14') ~'~';"l f,1 
IJ;·h' t 22 

Gl)4 : 

Al3: 

AUll 

AUG 

V'IH: 

8£U GCA 

t<'~1 Al:? 
,JV,P VAC 

• Io\~) ~u Gt:l;l. 
Bl'l Al2 
J"lP VAC 

BE'! (;UA 
H;~l Al3 

VAD 

·J~R 1'15. FLJ P 

• W ) KIJ (;ElA 
foWL 4L3 
JMP VAl) 

SUB '~A,\I • ·VI fj.~ 

.sUb ,~-'\,\J • 'oj C.\i 

~Ufl L"i'\N.'vjL'-'J 

elM: '" A.\1 

;~ 'J V .. o.N.R:1 

HIl :.;..:~ • (\:3 
BE.!) ~LM\" 

#1.1F_LI 

11'.'_l+~ 

.Jv,e -<L.AAR 

eMP -Y)M\I,;VJC'", 

Ht.li GCH 
I-; Vi I )LJ > l)[...\. 
· ) :Yl1) v 'v; 

0(·14044 (1ij4~67 GCB:JS,"( "5.~·Ll;> 

176222 



.~.- '.' I L.. 

~10q~:'IJ) \li~2 I '~4 • ,1) fW (;EIA 
~1(') 4::1 ':>2 I :"''''J02 b?L ')L I 
0(14:~~4 '1,.j';.) I 67 ,IMP VAC 

,1(~[" I :16 
M:·) 40 6[1 Vi26767 .J L 1 : C·'1P ."1 8 \I • v,t}\J 

17"'7~2 
17':>754 
;l(~4066 ;1 ; . ., 1 -4(.) 3 [3"-'1 GUts 
2),;) 4 VI 7fl 1 r.H-14 I 0 8'1! lL2 
0214[172 '1:10167 .J'Y"P VAD 

(:HHll 7 (, 
~~ :·l.{~l-; 7 (, ::";1_i\4~67 GIJ8 : ·JSR R5. FLJ P 

17617f1 
3041'12 [1,;)21'14 · \,'Jr(o (;t;.lA 
'·1(!141 '::~.4 I,HHW? bPL 112 
(,1041,16 6:10167 IV: P Vr,U 

:.\~'J 162 
(1~ i41 I;:> 166767 ')l2: ~UB r~ t<:\j • M A'~ 
17~720 

175714 

0(1412,\ 106767 SllH MB,'l."lCN 
17:>712 

~" ~ ~;., 17')712 
W14126 166767 ."u b .~ H''/ • M U\I 

17')7':14 
1757<16 
004134 (lW)',~ 67 eli-; M8\j 

17')676 
'..)[1414:1 ;Jl 6 ];~:) !v, J V PH.'II. ,,3 

17:'6':>2 
~~(~4144 (J3020:, " 11 R2.R3 
t~C14}46 ;1(11476 lit: u -<l AA,,,< 
'1~' -4) ::":1 ;162767 clOU i/1.1I::L1 

~~~1:1(:1(" 1 

17"'666 
,·n412>6 ,H1':>"''''7 AUC H_LI +2 

17'>664 
i;j(J416? ':.1~1lj 16'1 1'~ P '<LA4f<, 

,;W:11 ':>6 
[J:1416f:. '1",6767 VAC: eM .... ,~c~.·v,tJ\i 

I 17':>64f:. 
175646 

(ll14174 (·1(:1 1 4'?IJ hEu GuC 
(104176 1;1(1Lll(;~ "M f t.ll 
k1 (1 42 ~.~ ~1 i100167 li'I' ,oJ ". ), vAll 

~10.!1(1"1)1 

C3l1 ~2;':1 Lj fj .;,) '" '> 6 -, GllC: JSf< :.<~. r '- I P 
171,',162 
;J0421'~ ;)02 H! 4 • \-, ) i<u iiE'I4 
O'~4212 l:h';L12 b~':'L ELI 
,:,-(14214 0(1';" 67 LJl r.J 'JAU 

;1r~0'7J~4 

I~~'" Li2~(1 16h7h7 U.1 : ~- (jf, ~C\J.r·ln\J 

17561 L, 

17">"'16 



:n42:?6 166767 SUB :~CN ,MH'I 
I 7~6i16 
I 7~Ml2 
[1('4234 166767 SUM r'1 C \I .. rv: IJ.~ 

1 7~6\1(1 
I 7~6(1,' 
004:?42 C1 ~~ :,(" 61 CLI< MCN 

175572 
004246 0161<)3 :<IJV PCN.H3 
17~~46 

1M" 42:>2 031:1203 BIT J.<2.R3 
0114254 0"1438 b"iJ KLAAk 
fl04256 06'<!161 AUt) #I,JELI 

0(10001 
17~560 

0(14264 '105567 ilDC H.L 1+2 
17~556 

\10427 ;j :·h1!1167 j,,,!P -<LilAH 
(Y~W150 

004274 166767 V"ID: SUB !." U'J .. :~,.V~ 
175':>42 
175532 
004302 1667f>7 ~U'" ...... / iJi'~ ... '1 H\J 

175534 
1750,26 
;J:1431\~ 166767 SUB IV'jUN .. ·....,C: ..... 
175~26 

175522 
004316 ';",5(.167 eLR f'1IJ~ 

175520 
~"14322 :1\ 6703 :Vi,) V pU'I.;:n 

175474 
004326 ~1302'13 fl I r .',2 ... 3 
0,}43311 0;',1 I 4';)~ 8EO -<LAAF< 
nc·~ 433~~ [162767 4UU *1.rELI 

O~'~~f1!{)l 

1755;.14 
0(1434(1 :1" :>56 7 AUC T"LI+2 

175502 
(·H'43L!4 1l11,7£,7 -<LAI,r<: "IJV "iI","!iI) 

175464 
1754':>2 
0;,~ 43~~ :J\6767 "I)V ,V,h,'IJ,"lH) 

17546:; 
I "/ ~446 

,111436;;) VJi6767 I'I,)V ,"1 C.\!. ,"lC) 
17':>4':>4 
175442 

,104366 1:116767 VI;) V ,"1U'\/,"iU) 
17545'1 
175436 

3\14:374 :162767 AUu II I, C)Ij,,/'1 R 
v.\ilfHH11 
175'>:16 

~0 44"'~~ :JC15'>-S7 ilUC C) U\l1 R+ 2 
17'l'l114 



fJ'14406 1(12402 HVS JUT 
[l(~ 441 vl M101 67 .J:~p BEG!\I 

176"1(1 
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