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I. INTRODUCTION. 

The principle of syndrome decoding for R=~ convolutional codes 

will be explained using the binary code generated by the encoder 

of fig (1). 

"l(nl C20 C 22 

+ 
C12 

Z (,,) ~ C2(,,)n1(n) +C1fa )n2(") 

C22 

"2(<» 
C10 C12 

encoder channel syndrome former 

Fig. I. Encoding and syndrome forming for a R=! code 

The encoder has connection polynomials C
l 

(a) and c
2

(a). Hence, the 

encoder outputs are C
l 
(a)x(~ and c

2
(a)x(a). The syndrome z(a) only 

depends on n
l 

(a) and n2 (a), for 

z(a) c
2

(a) [C
l 

(a)x(a) + n
l 

(a)l + C
l 

(a) [c2 (a)x(a) + n2 (a)l = 

= c
2

(a)n
l 

(a) + Cl (a)n2 (a). 
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Having formed the syndrome z(~), a recursive algorithm described 

in [1]. determines the noise sequence pair [fi1 (~),fi2(~] of 

minimum Hamming weight that can be a possible cause of this syndrome. 

For a non catastrophic code C1 (~) and C2(~) are relatively prime. 

Hence, by Euclids algorithm there exist polynomials 01 (~) and 

02 (~) such that 

01 (~)C1 (~) + 02(a)C2(~) = 1. 

The estimate &(~) of the data sequence x(~ can be written as 

where 

and 

y. (~) = C. (~) x (~) + n. ( ~) ; 
1 1 1. 

i=1,2. 

The syndrome z(~) can be thought of as generated by the syndrome 

former of fig. 2. 

Fig. 2. The syndrome decoder. 
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If the binary content on time t is called the statf' of t"hc syndrom£-' 

former, then, after shift.ing in f\ hitp;,!t" lll! ,I\~) t I\n Ih''''' :it .• 1t(~ 

is determined by the content of the v stages on time t-, and the 

incoming bitpair (n1 ,n
2
). From [1] we have 2v classes of states, 

each containing 2
v 

equivalent states. Equivalent states are states 

which cause the same syndrome digits in response to a given input 

bitsequencepair. The state in which each of the < v stages of the 

topregister contain a 0, is taken as the representative for a class 

of equivalent states. 

If we shift in the bitpair (0,0) or (0,1), the new state will be 

(2 * (old state)) resp. (2 * (old state) + 1), whereas to the 

bitpair (1,0) or (1,1) we may always add a "O-equivalent" state 

bit by bit to the content of the registers, without affecting z(~), 

thus again filling the topregister with a binary zero content. 

The "O-equivalent" state for the syndrome former of fig. 2 is given 

in (1,1). 

So: 1, ° 1.1 

1 , 1 

The D polynomials are 

1 + ~ 1.2 

and the state table is given in table 1. 
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bitpair (n
1
,n

2
) n

1
,n

2 i\ ' fi2 
state 00 01 11 10 00 01 11 10 00 01 11 10 

new state syndrome z w 

0 0 1 2 3 0 1 0 1 0 0 1 1 
1 2 3 0 1 0 1 0 1 1 1 0 0 
2 0 1 2 3 1 0 1 0 0 0 1 1 
3 2 3 0 1 1 0 1 0 1 1 0 0 

Table 1. 

With each state we associate a metric M. (k), j=O,1,2,3; k=O,1,2, ... , 
J 

that equals the minimum Hamming weight of a path [fi
1 
(~),fi2(~)1 (0; 

leading from state j=O at time k=O to that particular state. 

The metric M. (k + 1) at time (k + 1) can be determined recursively, 
J 

for example, for the syndrome decoder of fig. 2: 

(1. 3) 

Given the value zk' i.e. zk=O or Zk=1, each (k+1)-state can be 

reached from two k-states, for each of these two k-states add to the 

metric the Hamming weight of the respective transitions, i.e. of 

[~1,fik21, to the particular (k+1)-state. 

The minimum of the two values is M. (k+l). In case of a tie we may 
J 

choose the survivor at random. 

For state 1 and 3 we obtain that: 

M1 (k+1) 

M3 (k+1) 

And consequently M1 (k+l) = M
3

(k+1). If there is no tie, the path 

registers for state 1 and state 3 are equal, except for the first stage 

of the two pathregisters, which are filled with 0 and 1 respectively. 

In case of a tie we can force equality of the pathregisters, without 

increasing error probability. 
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The decoding procedure is given in fJ.'l. 3. 

z 

path· 
registers 

selector 

transitions 

index' 1m 

new ROM addres 

Fig. 3. 

Knowledge of the successive survivors for each state, and the state 

index j (k) of the state with minimum metric value suffices to 
m 

determine the key sequence w(a). This information can be stored in 

a ROM, in which each address corresponds with a certain metric 

combination. 

For both z=O and z=1, the current ROM address contains information 

about the survivor, the index j , and the new ROM address, respectively. 
m 

The pathregisters are shuffled and a selector mechanism determines 

which bit has to be decoded, according to j • 
m 

The next section describes the differences between Viterbi and 

syndrome decoding as far as the pathregisters and metric calculations 

are concerned. It also justifies the selection of a particular k=5 

code. 
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II. Selection of a v=4 decoder. 

First some differences between Viterbi- and syndrome decoding, as 

far as pathregister organization and metric calculation are concerned, 

will be explained. 

The R=~ syndrome decoder, has a more complicated pathregister organization, 

as can be seen from fig. 4 and fig. 5. 

s 
multiplexer 

storage - .... 

Fig. 4. 

Viterbi pathregister organization. 

s 
z multiplexer 

s 
z 

storage 

multiplexer 

- - .... 

Fig. 5. 

- - ... 

Syndrome decoder pathregister organization. 
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In Viterbi decoding, there are two possible choices for the 

survivor for each state, whereas for the syndrome decoder there are 

four alternatives, i.e. two for z=O and two for z=1. This leads to 

more complicated pathregisters. However, in many cases the syndrome 

decoder requires fewer pathregisters than the Viterbi decoder(does, 

thus easily of setting the above complication. 

An additional advantage of syndrome decoding is a smaller number of 

metric combinations, and an easier metric calculation. 

In Viterbi decoding, we have two incoming states for each state 

with usually a complementary bitpair. 

state i 

state 

Fig. 6. 

After receiving two bits, the new metric for state 1 is 

M
l

(k+1) = min [Mi(k) + d{(r 1 ,rr(O,1)}.M
j

(k) + d{(r
1
,r

2
)-(1,O)}], 

(r
1
,r 2)being the received data pair. 

So we have to determine the distance between (r
1
,r

2
) and (0,1). 

In syndrome decoding, we have after receiving zk' 

M
l

(k+1) = zk min [H. (k)+.c. ,M.(k) + 2-c.] + 
1. 1.) 1. 

+ zk min [M (k) + c ,M (k) + 2-c ]. m m n m 

We then determine the minimum of two Metrics of set by some constant. 

When selecting a decoder one has to look for a code with a small 

number of distinct metric combinations, that can be realized using 

few pathregisters. In addition the code must have a good error 



Code 0 n 

1 

2 

3 
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correcting capability. Therefore a computer program has been 

developed to determine for the v=4 codes, 

1) the number of bit errors in the paths at d
min 

and 

d . + 1, according to [2], 
m~n 

2) the number of distinct metric combinations, 

3) the bit error probability for the decoders with PR-

length 16 and 11, 

4) the minimum possible number of pathregisters. 

Three v=4 codes with minimum distance 7 are listed in table 2. 

Connection Number of Minimum Distance I. Number 
- . ~",- - - ---- -- _ . 

---~ - ,. 
polynomials metric combinations number of , of 

pathregisters I paths 

I 
I 

10011 1817 9 7 3 

10111 8 3 

11001 1784 12 7 2 

11011 8 4 

11001 13641 12 7 2 

10111 8 4 

Table 2. 

The state- and metric calculation tables for these three codes are 

given below. 

Total 

number of 

bit errors 

7 

10 

4 

12 

4 

12 



Code 1. 

The "D-equivalent" state is 

So = 1,0,0,0 

1,0,1,1 

The D-polynomials are 

2 
D2 = 1 + (l + (l 

State 

00 

a a 
1 2 
2 4 
3 6 
4 8 
5 10 
6 12 
7 14 
8 0 
9 2 

10 4 
11 6 
12 8 
13 10 
14 12 
15 14 

2 
(l + (l 

new state 

n
1

,n
2 

01 11 

1 12 
3 14 
5 8 
7 10 
9 4 

11 6 
13 a 
15 2 

1 12 
3 14 
5 8 
7 10 
9 4 

11 6 
13 a 
15 2 

10 

13 
15 

9 
11 

5 
7 
1 
3 

13 
15 

9 
11 

5 
7 
1 
3 
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z W 

n
1

,n2 li1 ,li
2 

00 01 11 10 00 01 11 10 

a 1 a 1 a 1 1 0 
0 1 0 1 1 a 0 1 
1 a 1 a 1 a 0 1 
1 a 1 0 a 1 1 a 
1 0 1 a 0 1 1 0 
1 0 1 a 1 0 a 1 
0 1 0 1 1 0 0 1 
a 1 0 1 a 1 1 0 
1 0 1 0 0 1 1 0 
1 0 1 0 1 0 0 1 
a 1 a 1 1 0 0 1 
a 1 0 1 a 1 1 a 
a 1 0 1 0 1 1 0 
a 1 0 1 1 a a 1 
1 a 1 a 1 a a 1 
1 0 1 a 0 1 1 0 

Table 3. 

According to state table 3 we can make the metric calculation table 

for this code. 
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Metric z =0 k 

M (k+1) min [M. (k) + c. ,M. (k) + 2-c.J min [M (k) 
p 1 1 ) 1 m 

Mo MO ,M6 + 2 Ma 

M1 Ma + 1,M
14

+ 1 MO + 

M2 M1 ,M7 + 2 Mg 

M3 Mg .+ 1 ,M
1S 

+ 1 M1 + 

M4 M
10 

,M
12 

+ 2 M2 

MS M2 + 1,M
4 

+ 1 M
10

+ 

M6 M11 ,M
13

+ 2 M3 

M7 M3 + 1,MS + 1 M
11

+ 

Ma M12 ,M
10 

+ 2 M4 

Mg M2 + 1,M
4 

+ 1 M
10

+ 

M
10 

M
13 

,M
11

+ 2 MS 

M11 M3 + 1,MS + 1 M
ll

+ 

M12 M6 ,MO + 2 M14 

M13 Ma + 1,M
14

+ 1 MO + 

M14 M7 ,M
1 

+ 2 M
1S 

M1S Mg + 1,M
1S

+ 1 M1 + 

Table 4. 

From table 3 and 4 it follows that except for the 

PR 1 - PR 13 

PR 3 - PR 15 

PR 5 - PR 9 

PR 7 - PR 11 

and except for the second bit, 

PR 7 - PR 15 

PR 3 _ PR 11 

PR 10 " PR 2 

PR 6 " PR 14 

so the first two bits excluded, 

PR 3 " PR 15 " PR 7 " PR 11. 

z =1 
k 

+ c ,M (k) 
m n + 2-c J m 

,M
14 

+ 2 

1,M
6 

+ 1 

,M
1S 

+ 2 

1,M
7 

+ 1 

,M4 
+ 2 

1 ,M
12 

+ 1 

,MS + 2 

1 ,M 1/ 1 

,M
2 

+ 2 

1 ,/\ 2 + 1 

,M3 + 2 

1 ,M
13 

+ 1 

,Ma + 2 

1,M
6 

+ 1 

,Mg + 2 

1,M
7 

+ 1 

first bit 
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From the above we can see that for this code, we need 9 different 

pathregisters. 

If we analyse the transitions to each state, we can deduce the first 

two bits for each pathregister, as listed in table 5. 

pathregisters first two bits 

0,6,11,13 00 

3,5,8 ,14 01 

1,7,10,12 10 

2,4,9 ,15 11 

Table 5. 

Candidates as survivor for state ° are the states 0,6,8 and 14. 

The first two bits of the corresponding pathregisters are given in 

table 5, hence, no storage elements are needed for these stages. 

The organization for pathregister 0 is then given in fig. 7. 

o 1 

s s 
z multiplexer multiplexer 

9300 9300 9300 

Fig. 7. 
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Instead of the one out of four multiplexers, we can use here 

quad-two multiplexers, because PR 6 = PR 14, and if state 0 is 

selected as a survivor, we can simply shift the contents of 

pathregister 0 one place to the right. Note that O
2 

is 0 or 1, 

respectively, according to whether z = 0 or 1. 

The same kind of organization is valid of PR 4 and PR 15. So 

there is no additional hardware needed for these pathregisters. 

For PR(1,2,5,6,8,12), we need one out of three multiplexers. 

The total amount of hardware, required for,the 9 pathregisters, 

is much less than with classical Viterbi decoding. 
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Code 2. 

The "O-equivalentll state is 

So = 1,0,0,0 

1,1,1,1 

The O-polynomials are 

°2 
3 

= a 

°1 1 + a + 2 3 
= a + a 

The state table is given in table 6. 

new state z W 

state n1 ,n2 
n1 ,n

2 ii1 ,ii2 

00 01 11 10 00 01 11 10 00 01 11 10 

0 0 1 14 15 0 1 0 1 0 0 1 1 
1 2 3 12 13 1 0 1 0 0 0 1 1 
2 4 5 10 11 0 1 0 1 0 0 1 1 
3 6 7 8 9 1 0 1 0 0 0 1 1 
4 8 9 6 7 1 0 1 0 1 1 0 0 
5 10 11 4 5 0 1 0 1 1 1 0 0 
6 12 13 2 3 1 0 1 0 1 1 0 0 
7 14 15 0 1 0 1 0 1 1 1 0 0 
8 0 1 14 15 1 0 1 0 0 0 1 1 
9 2 3 12 13 0 1 0 1 0 0 1 1 

10 4 5 10 11 1 0 1 0 0 0 1 1 
11 6 7 8 9 0 1 0 1 0 0 1 1 
12 8 9 6 7 0 1 0 1 1 1 0 0 
13 10 11 4 5 1 0 1 0 1 1 0 0 
14 12 13 2 3 0 1 0 1 1 1 0 0 
15 14 15 0 1 1 0 1 0 1 1 0 0 

Table 6. 

According to state table 6 we can make a metric calculation table. 
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Metric z = 0 z = 1 

M (k+ 1) min [M, (k) + c, ,M, (k) + 2-c ,J min [M (k) + c ,M (k) + 2-cmI p 1. 1. J 1. m" ... , m""n"" , 

MO MO ,M7 + 2 MS ,M
1S 

+ 2 

Ml MS ,'+ 1,M
1S 

+ 1 MO + 1,M7 
+ 1 

M2 M9 ,M
14 

+ 2 Ml ,M6 + 2 

M3 Ml + 1,M
6 

+ 1 M9 + 1,M
14 

+ 1 

M4 M2 ,MS + 2 M
10 

,M
13 

+ 2 

MS M
10 

+ 1,M
13 

+ 1 M2 + 1,MS + 1 

M6 Mll ,M12 
+ 2 M3 ,M

4 
+ 2 

M7 M3 + 1,M
4 

+ 1 Mll + 1,M
12 

+ 1 

MS M12 ,M
ll 

+ 2 M ,M3 + 2 
4 

M9 M4 + 1,M
3 + 1 Mll + 1,M

12 
+ 1 

M
10 MS ,M

2 
+ 2 M

13 
,M

10 
+ 2 

Ml1 M
10 

+ 1,M
13 

+ 1 M2 + 1,MS + 1 

M12 M14 ,M9 + 2 M6 ,M
1 

+ 2 

M
13 M6 + 1,M

1 
+ 1 M9 + 1,M

14 
+ 1 

M14 M7 ,MO + 2 MIS ,MS + 2 

M
1S MS + 1,M

1S 
+ 1 M7 + 1,MO + 1 

Table 7. 

From tables 6 and 7 it follows that except for the first bit 

PR(1) - PR(1S) 

PR(3) _ PR(13) 

PReS) - PR(11) 

PR(7) _ PR(9) 

So we need 12 different pathregisters. 

It is obvious that the organization for the pathregisters is more 

complicated than for the first code. The advantage of this code 

is that there are only 17S4 metric combinations. 
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Code 3. 

The IIO-equivalent" state is 

S = 0 1,0,0,0 

1,1,0,0 

The D-polynomials are: 

D2 = <> 

D1 1 + <> 

The state table is giverl in table 8. 

new state z W 

State n
1

,n
2 n1 ,n2 fi1 ,fi

2 

00 01 11 10 00 01 11 10 00 01 11 10 

0 0 1 2 3 0 1 0 1 0 0 1 1 
1 2 3 0 1 0 1 0 1 1 1 0 0 
2 4 5 6 7 1 0 1 0 0 0 1 1 
3 6 7 4 5 1 0 1 0 1 1 0 0 
4 8 9 10 11 1 0 1 0 0 0 1 1 
5 10 11 8 9 1 0 1 0 1 1 0 0 
6 12 13 14 15 0 1 0 1 0 0 1 1 
7 14 15 12 13 0 1 0 1 1 1 0 0 
8 0 1 2 3 1 0 1 0 0 0 1 1 
9 2 3 0 1 1 0 1 0 1 1 0 0 

10 4 5 6 7 0 1 0 1 0 0 1 1 
11 6 7 4 5 0 1 0 1 1 1 0 0 
12 8 9 10 11 0 1 0 1 0 0 1 1 
13 10 11 8 9 0 1 0 1 1 1 0 0 
14 12 13 14 15 1 0 1 0 0 0 1 1 
15 14 15 12 13 1 0 1 0 1 1 0 0 

Table 8. 

According to table 8 we can make the metric calculation table. 
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Metric z = 0 z = 1 

M (k+1 ) min [M, (k) + c"M,(k) + 2 c,] min [M (k) + c ,M (k) + 2-c ] 
P 1 1 J 1 rn rn n m 

Mo MO ,M 1 
+ 2 Me ,Mg + 2 

M1 Me + 1,Mg + 1 MO + 1,M1 
+ 1 

M2 M1 ,MO + 2 Mg ,Me + 2 

M3 Me + 1,Mg + 1 MO + 1,M1 
+ 1 

M4 M
10 

,M11 
+ 2 M2 ,M

3 
+ 2 

MS M2 + 1,M
3 

+ 1 M
10 

+ 1 ,M
ll 

+ 1 

M6 Mll ,M
10 

+ 2 M3 ,M2 
+ 2 

M7 M2 + 1,M
3 

+ 1 M
10 

+ 1 ,M
ll 

+ 1 

Me M12 ,M13 
+ 2 M4 ,Ms + 2 

Mg M4 + 1,M
S 

+ 1 M12 + 1,M
13 

+ 1 

M
10 M13 ,M

12 
+ 2 MS ,M

4 
+ 2 

Mll M4 + 1, I~S + 1 M12 + 1,M
13 

+ 1 

M12 M6 ,M7 
+ 2 M14 ,M

1S 
+ 2 

M13 M14 + 1,M
1S 

+ 1 M6 + 1,M
7 

+ 1 

M14 M7 ,M
6 

+ 2 M
1S 

,M
14 

+ 2 

M
1S M14 + 1,M

1S 
+ 1 M6 + 1,M

7 
+ 1 

Table 9. 

From tables e and 9 it follows that except for the first bit 

PR ( 1 ) - PR (3) 

PR (5) - PR (7 ) 

PR (g) - PR( 11) 

PR (13) - PR(1S) 

So we need 12 different pathregisters. 

As for code 1 we can now determine the first three bits for each PR, 

which is listed below. 
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PR first three bits. 

0,1 0 0 0 

8,9 0 0 1 

4 ,5 0 1 0 

: 12,13 0 1 1 

6,7 1 1 0 

14,15 1 1 1 

2,3 1 0 0 

10,11 1 0 1 

Table 10. 

Conclusions. 

The code which yields the syndrome decoder with the minimum amount 

of hardware is code 1, because the number of pathregisters is only 

9 and the metric table contains 1817 entries. 

This code has a good error correcting capability as can be seen from 

fig. 8 , and the amount of hardware of the syndrome decoder is 

significantly smaller than that of the classical Viterbi decoder. 
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Pb 1 

·2 
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2.0.:: I ;,! .5"T~ .. r 
T)f'~C 21 [-!:)", 

~)'f.\C :0TAL. 
DPt:-: n 

• T r. T • 

* f.>, .SlT~f?_0lJTL-JE rs C.';LL.SD T0 G!IJi.:~ T;r2. DES1,T;E.D S~-::J'1 !-"):~::;3A!3!i...Il-: 

* i~;'!~ T:!Z :'JiT··lBr:::Q 0~ ~! TEPPG~.s- T~'{{\T Et\S T(J 1?E .-it~DE P,] T:-[S DE.C:?DLJG 
-!c '""l? ·z;c SD~ r'" S 
;I< T!-IIS IS :t STA~~Tl;J'J' ?~0C~DT..J"':1_S Tt~l E:=\\.;E A DEC:1S'\.3L.Jt3 S:l?HJ:1 PPJ8ASILITY 
* ;!IT!~ STl\-:)-:[:'!'7 l,~!.'\~r:::· ?IST t~i-!:J S:~PS !:-T51'1' T:~TI: .. 7},:::: r·A~T}3 

* SIr::;:)"}' rs 



~~$~?1".~ ~ , ",*,,',,' :. "*:'*"~',t~~ *~~,;,J~;~*~;£~'~':~~**'~~:Z:1cr~~;**:;:****~:c*** .".. ", . .,. 
~ill' : ,~'E,-:- TE.S. Tr;.~~ss~:}f~J.~ TlJE' ·?ATH.~EG.I STER~lLl..I:\JG 
. ' .. ":.:~" 

.....•. , 

Dt\C 7Jj 1 TE 
Ct'.L!.. ~? 'j 1 
D!'lC i: 1 ! Tl:: 

OAC !,)TrOT;:. 
CALL ?T1~3 

')(\C "\'IT£ 
* 1J s01TE /\:7:::: THS ',)STY ~Z!"!i'·P.r.·13EQS ~:3? Z::::::) 
* I:-J ZilTE .f\:l.:~ T:·-rS QC"}i·lU:l!3E;115 FZ~ ;::=1 
* Id r.)tr~T~ IS ST(3P.~D :!~E ?ATH?,EGI57=:: !-"ILLIf·1G l"·J?e'1i"IATI :~r.J Fr·3 i Z=O 
* :E::: ;"':~ST FZUP: 'l!TS OF EAC~{ :-!3;),D L·jDICATE T~Ir: :'·.J8-,1 ::II:'J!:'''~Lj 

* TE=: SA.-!;:: ?2Jt:? Z= 1 If-.! ?Vl TE 

*** ** ** *' :!c** ** * * * ::<;;;::<:~*~:< * ** ****;~**;{~ * * ** :--1:* * 
~********************~:*********:~******* 
3ES 
* SrT A. C;rA:·j;·!·~:" :.J;~!S-:::: 8IT 

C.r:\Li.. "i';DS 

" 

D.".C ~: llJ:·j 

DA.C D I r::-.T 
Di''iC :l!.!.s~ 

Di\C C '~;IT 
Cll;C 'l 

* /\ ~,';··JD'3·'! S;::0.:}::·JCI:: ! S C:,\LLZD 
* T(~ t".;ITrr:: I; :--I!?ISY BIT ;~ITE ?~Q)D[\1?ILITY PIET 
* :J1S :5IT IS S;':]"<:!:.:D 1:'; :".][::115:::: 
* A CZ~'.f7~.9LE IS "lADE IF St):'-:GTHIr·~3 IS ',Tf'::1: .. !G T}ITE :-E;: GI::JE~!,:\T0~ 

~;: :!'::A:.s T.r:r,:" (1. FA:1L,\DL S C0I-JT I S t;S~D 

::<: ::::rD~l I S A Cn:.JST.'\]!T rI~EDE:9 Tt,j ?'3T'~,,~ T;::::: qA:-'JD0;:~ 5E('lTJI:·;CE 

***~:~*¥**~**~******************;~***:~**** 
~****~**~*:~**************************** 
* F'~~:': Tns CI:1'"?n 7':?T::::n I~'!T't!T 1111 

L0A t;l~ISS 

* THE L.AS;' rI':' ('1;;-- TT'7:~:",:1 :101 S:: 
* .S 0 I T ~ L,\ S T:rS F ~,;~:,~ 

.':\Ll... 5 
Qoocconc 0000 00 O~( 

* fJ~0ISE .s:rIFT~D 5 PL{,C:::S T0 T::rZ LE7T '3IVES 

* 
00 00 OOOOOOO;'~)GG(~( 

* l;n;·r l\n:: :·:rY~SD ~,J0ISS DIT T0 HAllE 
" OO:liJOJ'lOOO:::;:'::"'::·: 

:; JD Jl 

?"""?_/n:'\~~!LI T'': 

* SFIFT ,:~!!,rE: ?L!~r::= :,5 'TEE ~nIG:!T :':-.: E:;!lE, T:-IS Cj~:C.=C:- CZ~;T::[.JT 

* elf TEf: S:r··JD:O>~E -::St.1I'3T::::=' l·J:-fIC:--I r".3 

* 

'" 

A"CL 
ST." :11 

* :;- ;~r:: 1. p" 6D':ST .. :-J 1 C2 

or.: 0 Goe OC 00 07CCC:-C~( 



,A<C,!!U'lSL, llZrSS Dre 
. Ci-,\LL· IV·J D S' 
vAC ?'IDA' 
:JAC ?IET 
Dl~.C 'l'-:!l S~ 
DAC C'TH 
D.D..C c: 

***********:~*****:i<********'i<***~********* * FQF':i T:U:: I~··JPnT :·12 
LDA ;l!)IS£ 
l'\LL 5 
ADD f-·.J2 

* >J'J t ! r,:Y::"l T~rE ?p.~J~nCT IJ2Cl 
,'I"L 1 
STI'. :12 
:'\ !\J .~ C 1 " 

* F0?::~ THE ~XCLUSI\l::: g"{ 0F ~JIC2+l\J2Cl 

":"J\ :-11 C2 
S:A ~'··JIC2 

* L:;:'::::: 1',; TA3L E ":;~n I F THE S~:JDn0>i E Z= 1 :3F .). 
* !!.) T!\!?LE ?l\~T ':':1;::: ~i\?:I:Y 0F .= 3I:S A?E :!I~nS 

* 'ECA"S':: TEl SIS ~10T P0SSElLE l'!I T'-j T''lE C(3;1PCJTE": 1,1 

* 
:.. D:': :: 1 C2 
LJ!\ ?{\PT~ 1 
STA Z 

* .S·:":JD'7;?o>i:: ;:: IS FZ".:lE!J 
******:!:;~***;.:*;i<*******:~***********:~:~****:~ 
* :-·Jf:?·T ?~T""):l r:-.:rE ??{1Dt'CT :-;~D2 

L 0:-\ ',f) 
:,~ 

;~~jp.. J?: 
S -: {\ :'f:~ u~ 

~~ JTr ~0"71:i TES ?~Z-:."'tTC: >JIDI 
L D0. ',J 1 
,~:·Jt\ [:1 

* F9~:-1 TH~ ~:(CLttSIFE ,3 7J 0: >Jl!Jl+l·~2D'2 

E~.:; :'·12D'2 
STA "·J2D? 

* L!!::~( r:J :A:?·LE: !-l.~2T IF'" ~..r::O 0":1 1_;=1 
L..D): :·J2 Q2 
LJl\ PA~T" .. -l 

* SHIFT !.r Ie.,.} !fl T~T ltl\1..:;::·f\. DEc.0Dr··JG DELAY 
lAB 
:.. :.JPi T,! 1 
L'IC1 
LRL 1. 
IP1-B 
STA 'Tl 

***********~*:~*:~:~********************** * i·J 1 D 1 +~·-.J2::'2 IS FZ-t'iED 

** ***:~* *-***~~~** * *:!c *' **'** *** * ****:~~*;-j~ **..;.: * :;<-* " 



:-;..-. 

A4 

* * SST 'IE'·, \·lET'UC A:lD oAEIPEGISTEf' I:JF0T1:1ATI0iJ 

* LDA Z 
S.i'\S 16 
J\!? PO 

'" I:J F 01'1i·l A T I 0:J F 02, Z = I 
'" * 0LD ., ,n lJUt·iRE? IS STB'1ED HI BIIET 
* L '~AD :~ RES UI TH 3i· .. 1 ET 

" L DX iJt1ET 
* L0ZE 111 TABLE Z 11 'T"E 010J RB'..! BI-lET T0 HAIlE rJE": R0

"
'i·jUi·IBER 

L D.i'\ Z liT E, 1 
ST'" :1 "SI ET 

* I~'·J ;J"-iS':1ST IS :JZ"! THE NEU R01.,nJt!l/!!3E~ 

* L8:Z~~ !:l TA'lLF ?1.71 TE TZI HAVE THE C~n~ESP0:'JDI;,}G 

* PAT~~~G15T~~ INFZRMATl0N 
* ST3?E THIS I:J PADRU 

l...DA ?~,;l TE .. 1 
STA PADPI..' 
Ji·l 0 01 

PO L DX 8:·1 ET 
* SA!,:':: C 0:-,liEH AS F2", Z= 1 

* I:·'·J!,{~qi"!A'!'I m·; !-'ZR Z=O 

'" LDA ZG 1 TE:" 1 
STA ,.J 1.';'2-1 2T 
LDA °liOTE, I 
STA ?ADP.V 

PI LJA ~J T,J'EI'1 ET 
STA W1S'" 

* * 1:.1 ?:~ET IS r,J0~..r THE :'JE:.'I l10':r'JU"1PEO;:: F0P. THE I,JS;(T T?t~NSr1ISS10:J 

* 
**********************~*******~********* * ['·IE'-: ;101.r:JlJ[·lBERC1ETF.ICC0HBIrJATl'0'.JJAIJD PATH REG! .3TEF. FILLING II'·JF0R.:·!ATH 

* r 5 READ'!' 

***************************~************~ 



AS 

"",.-

-************************************** * f'EFILL PATH SEGIS:Ef'S 

**~************************************* 

" 

L!JA Z 
SAS 16 
J,P ZIS0 

* T}tE PATH ~EGISTE~S ~~UST 9E REFI~LED F0n Z = 1 
* TEE. PJF0RllATI 0'J IS ST::JSED EJ ?AD«\! 
* F"I? I ,.j STA'JC::: PADO I S FILL ED 'H Tll PA T1I (3 i3R PATl! III 
* THIS DE"'E;JDS 0:.)' THE FI::tST 3IT LJ PAD?1J 
* JlJii? + '" [;SElJS TEAT THE FIRST 3IT ZF PADG 
* IS 0 •. JI1:1 P +1 llEE;)S TE.'IT THIS :-'IT IS .'1 1 
"T,":: C:~'H2:JT 0F P.'1DO IS TS:·jP0PARELY ST0?ED I'J PlW;lO 
* DECAUSE T:fE l'1LD !:·']l'ZlFU,ll\TI ::Di··J ~F PADO IS :'JESDED lIJ 7HZ 
*" F0LLC T'rr:·JG PATE?EGISTE:1 FILLF·.JGS 

* 
* * THE S[u·~!: ~'3~S ;;'0°, TH~ 10THER P~~:-EqESI STEES 

* 
* 

* 

* 

P?V t:.FTE::1 SlCIP ,Z:J BIT 1 T7IE C:'Q>JTSrJT ; 
0;' f'A:JHO IS PADS g-q PP!.D14 AI··ID !lll!·lP +2 

?~U AF:~ SI(I? :.:r·J 31T 2 TEE' C0i·:TEi\iT ; 
~F f'AD:{l 1.S ?A;')O 0R PAD6 Af,IV ~rjl-1p +1 

SSP 
S'TA ~AD!-[ 13 

* PATE 1 IS sQtJr~-L T0 P;,\TH 13 E}~::E.PT F'0R T}!E FIF1S':' SIT r,n.r!CH IS A C 

* 
* 

* 

* 

?~~} AfTSR S!~I? 0:'J 8IT 3 TIlE C0UTS~.JT ; 
0F DADE? IS ?L~:JC) 2~ ?A:)15 /V-.!D j!J:.~p +1 

PRtI AFT'£,R S!(IP :~:·J·I3IT L! TE::: Cr~':·JTEt-JT;

ZF PADH3 IS ?ADI ;3:=\ PAD7 [\~J:C .Jt:11P +2 

SS'1 
STA ~;,.::)'r~l S" 

- -.~ --r :,'.; 



* 

* 
* 

* 

* 
* 

A6 

?~!~ AFT£? Si(I? 3:J 3IT 5 T:-n!: c~rrrE:J,!, ; 
0,. DAD:-l4 IS PAD2 3" P,O,D4 Ai~D JeJ[.'P +1 

?PU AFTSR S!(I? 0:-.' gr,T 6 TEE C3NTE."JT ; 
ZF P1',DE5 IS DADIO "I? PADI2 N.JD JlJr'lP +2 

S5:'1 
STA PAD1i9 

?0i} AF:~ SIC!? 3~'! 31T 7 TES CZ.',ITE~·JT ; 
C;? PADI!6 I S ryl~D3 011 ?AD5 A'JD .jTJlQ +2 

* ) 
* 

* 

* 
* 

* 
* 

* 
* 

* 
* 

* 
* 
* 

??Il ,"';'T~q S](I° "Ii,! 3IT 3 THE C'JCJTE'.JT ; 
ZF PADE7 IS ?,'1DII 0? PAD! 3 A'J!) ·jD;.iP + I 

PRV AFT~ S1~IP Z:J 8IT.9 TE'S C,2>JTE:-·JT ; 
,,: PADES IS DAJlj "I? PAD2 lIND JU;:P +2 

?rn,; AFTE:l1 s~~r~ ~J:.J }~IT 10 ~'IE C2i:'JTENT ; 
0" PADEIO IS ",'\D5 (')0 PAD3 A:JD JT,"'i'" +1 

"?'o' ,n.FT m S;(I? 0],) Fl1 T II TIE C0iHE.JT ; 
0F PADHI2 IS PADI4 "I? PADS A,m JU,·IP +1 

PRI} .'1FTER SEIa ,,1:1 EIT 12 Tl-lE C0i'JTElJT ; 
0F "'ADHIl! IS PADI5 0:1 °AD9 Ar-JD JUNP +2 

* TH!': PAnnF.3Isn:p "'ILLI:Jr, F0:' Z=I IS Dm·lE 

* 



* 
* 

A7 

: Z:· (1 . S I ~~, _~·\7:r:_~y:~ ~rE:~: <~~ ~~-B,:r'::~~· g. ,: 

Z r S 0' .':,}1' ~?<;~f·~·~- };:~"~:~'~=~~i.-.. .-; . "' -
*********************~****************** 

* 
* 

* 

* 
* 

* 
* 

?".'I AFT:::": $;([" m'T 31T r TIcE C0:·!TE:·.JT , 
0F PADBO r s PADO 21'1 PAD6 AI. D Jlc"P +2 

PO'} AFT;::1". SKIP 2Ii-) 8I T 2 nrE C0'JT::::JT ; 
0, '"'!lDH! IS PAD'! 0R PADI/! fUD JTMP +1 

ssn 
ST,". PADBI3 

pq~J AFT!::? S~(IP 0~J Bl T 3 rES C0!.JTE:\JT ; 
0F "/\L'H2 IS °ADI 21" PAD7 AND .JTT[.;p +1 

?~V AFTE:1 S!~-I? 0~.J 311' 4 TE~ C'21NTE'JT ; 
Z" "ADH3 IS PALl? 0R PADI5 .".'ID JIJNP +2 

* 1 

* 

* 
* 

* 

* 

* 
* 

* 

* 
* 

* 
* 

* 
* 

* 
* 

ss>! 
ST!\ °ADHIS 

P:~:J ~.?TE:l S:{l? %]i-; BIT 5 THE C:~:··JTE,JT ; 
0'" "'ADH4 IS P.ADIO 0'1 PADI2 A:')D .FJ:·Jo +1 

55:1 
S:.A DADH9 

?nt: t.rTEo, SEt? 011 BIT 7 'TEE G0!-,lTEN":' ; 
e? :"[>.I);16 IS "ADII 01". PADI3 A'JD JtJ'1" +2 

?:1F AFTE'1 S~(IP 3>J SIT (3 TEE C:?:!·,·fT:::~T ; 
0F °ADH7 IS "'AD3 elF'. PADS !\'W JT;"I? +1 

S5? 
STf.'. ?ADIfll 

pnu AFT£? S;CP=> er',t SlT 9 THE C0NT'!:'JT ; 
0: PADES IS PADl2 0": "'ADIO A:'!D JUl·l? +2 

?RF A;;-TE? SKIP Z~,J 3IT 1.0 TEE: C~1:JTEi\JT ; 
eF ?[ID:110 rs "'P,D13 02 PADII r,[L' Jm1? +1 

_PRV 
0F 

THE C0NTS,T ;; 
,,;~'H'JU' Aim JU·!P +t 

"" .. ' 
.t2:T:r:o C0ATENT ;: 

It te·JD J';:'!p" +2 
':i 

<;,,:".,:,,-;. 



* ~IL:"'I:·]S 0F lJ}-:! 3IUAI... ?AT~F~EGI STE'~S 

* 3ECAUSE THE PAT:! REGISTERS ."'''.E ST0P.SD LJ HSL? "AT!!S 
:·;l~:(.E THE PATHPEGLS1;ERS 

I l7A ?ADI 
1:1A PADH2 
1 ··jA PAD2 
I !'.c, PADH3 
1:';A PAD3 
1 '-11'1 PAD!{4 
I t·1 (1- !' ADI, 
I I'~A ?.:.',.:JH5 
1'IA P[,D5 
I (.1.'; PADH6 
1 :IA PADS 
1 :,11'1 PADE? 
1 '·IA PAD? 
r:·fA PADHS 
I:"iA !'ADB 
I :IA PADT!9 
1>IA PAD9 
UIA !' ADI{J 0 
r:;A P."'DIO 
! ~·11~. ?ADHI I 
r;.;A PAOlI 
I !·11'. "AD,{I," 
I I·!Pt PADI2 
1:·1A !'ADHI3 
H'1.t; "1I.DI3 
r:-':A PADHI4 
It'lA. PAD14 
1;1A PAD,{15 
UA P~~.;) I 5 

***************:~****~******************* * oATHS A?S ES?!LLED 

**************************************** 
-************************************** 
* Le2H{ F2!P 31TE?R0R 

********************************;~******* * L0CATE 'lI:JHF.Tl·l, STfJPED HI PADm: HJ LAST 'l 81 TS 
LOA "i\DRlJ 
AI·I.'" t·lASK 
A0A 
STA HUI.P 
LDX !1tTLP 

* 

.'}o,., -

* HilL" PLACES B81LJD o/\D.o. THE PAT'" 1.r;'ICI: '{AS "'9 :J: "'HE fH'JUC·j 
* IS ST0"\ED 

* 
LDA PADA,·!". 

* GCl!OARE liITE 0fHGTJAL TTl F0P CT·JTR0LS 9N ~I TERP.O? 
ErlA '-!l' 
ANA L.TSTE 
SAS 1'1. 

'J!'1?" .- s+n 

., :~ 



·'>-:-~~f')·';~~r'< . 
":±y' 

-, '~~~(~-\; '-', -

* 0~'3i\:·JIZ.~Tr::,r-J ?APT F:;n ~··J'!:'·1BEP. 3F T~-tA:'lS:-llSSI;'j:.JS 

* Ai'JD P0S·SItJL'.' NET.'! Cli:AN('·.rSL ERRO'" P"'OBAT3I.LI"r!" 

**************************************** 
CAS T0TAL 

* * IF TE~ T'TfAL r·'.n!:·13EQ 0F 3ITER~0ES IS E~UAL T'2I TH:=': ~.JTJ>lD;::? 1:\1 '!'0T~i.. 

* ;.-rS HA\J=:: T9 STA:1T .r:... ;,-1£'.1 'JAL~.n:: F0R TEE CHAr·JNEL. E~n.~2p~Z3A3ILI Tf 
* ELSE GZ ~~r-! ~!ITH :H£ PQ£SEdT CHl~rT--JEL E:RR0R p::t~!::S.-!\:?IL.I T( 
* FZ? ,6,. ~JS'·i CEAN:··JEI... E?~0R ?R0BADILITY Jl'1? T~j :r~=SE 

* J: 1'" · .. JP~S!: 
Jl,1? ~Jl .. ·~S2 

J:'l~ '~ c;:> . 
:.) 0P 

GelD LDA G 0:JT 

* * A C0~·jT~~JLS IS :~f\DE: IF S0:·-~::THII·IG !S \,r"?{0~'·JG ~T:{ TEE ?Af.JDZ:': GZi,IZ~.~;O:1 

*IF S\-3 .. ~'I::: STI·\,:{7 t\ '-IS',! C'!L4.r.!r·JEL Eln0? pn0BA:=nLI TY 

* S.t;S 16 

J ?'" ." 
1"1 SAT LDA ~.T?S;i'1 

,'10A 
STA ATRS;" 
CAS TI=:1JD 
J:·1P H 0G3P 
J~~P H i]G0!"" 

* IF p.:,,: !'~:;:;T:::C 3F T:'''.:·JSr-1ISSIOi·]S IS S"EI'TE;1. TEA:J T!::::JD ··is LJC?E,r::nT TIS' 
D 

* I'] Tlf.:D IS '12" T:!E [mDE? 0? T"'A!JS-1ISS10NS n:-;;::s T! ['J.JD 
* THE ~EST 1 S Ii',j .t\7~.s:-: 

* 
J:·l?- 3EG 

HZG0? l~S Tlf·JD 
G'1A 
S'!'.4 A'!'?S:--1 
J:·i!"J SI:G 

rrrESE "J 0? 
CI\L L_ t,.r;.J I 
DAC PIET 
DAC TrJD 
DAG ATR5:·j 
:JAG A8ITF 
VAC 0 

*. A s.u3~etJTIJ'JE IS cr.LL:::1"") T'1 IT;':;- T;'!S 0~:TPUT 
*' TE"S 0UTP'JT I::; 1.)Tr::r:.:: CHA:r·JE:!.:.. Ef!B_:T? ?::ZBABl.LITf 
*: 2)1""2'=: T0T;~L" (JU'1PE~ i0F T0A:··JS .... 1!.SSZ:;S 

,:!', .1-)T;-!E: :-·-nL';!1SP- .,1F 3[T~?~0P.S T0 DE :-LJ.[:~~ 

,. 



* ERR Z? PR S:SABrLIT: 
* A C~:JT?0LE IS' i1ADE rF THE VALUE' li':'JTIL_ ~.,rHICE TE2 P~03A9I.LI.T( i{A3 "!'@ GQ 
* IS "::Z-EACH En 

* CALL l'P ~E~} 

'JAG PIZT 
DAC EHlD" 
DAC I~·1STlJ 

DAG ?'JD,1 
DAG HUL 
DAC e 2E·JT~ 
DAC 0 
GRA 

* ~S.';ET T:i~ HALUES "0T-" ,'\T'T1.s!·'l.1T!~rf).I,;'SITF" 

* * ilAEZ THE ccrnp.GLE F:J? THE LAST PR:JBABILITY 

* 
STA ATRS~·1 
STA TFlD 
STA. .~DITF 

LDA CC:·.JT~ 

CAS d ~~.:... 

J>j? LE0 
Jt'!? 3~G 
J:':? BEG 
[,10'P 
JIW LE3 

*********************************¥****** 
* DATA D=.FI;-·1!_TI0;'·JS .I 2i,1D 0? PT?0Gt;:.~t>1 

**************************************** 
G0'FlT DATA 0 
:·ll DATi\ 0 
:·J2 DATA 0 
C2 DP.TA '23 
'.J!G2 DATA 0 
~1I"J DATA 0 
Cl D.4TA '27 
Z DATA 0 
D2 DAT/\' 34 
DI D{\.TA 'L4 
'-)202 OAT!:\. C' 
"Tt- DATl\ C 
3!·lET DATA L 
HULP '=lATA 0 
T0T'IL DATA 0 
TI ~r.JI) 
TI:J:J 
EI:"JD T

•
r 

IN ST'.' 

Dl\TA 10000 
DAT.~·O 

DP.TA I.E'C-3 
ClATA L~EE-3 

!O'JL. DATA 1.·EE-3 
C0IJT:\ DATA C 

:mHEl,E:!' DA.TA. 0 



All 

* DP, ':'!\ . "1. 
::lAT.'" ,. 1 

OAT". ..... 
J 

DATA. ' 1 
DATA '0 
DATA '0 
DATA ' 1 
D.ATA ' 1 
D{\TA '0 
"ATA '0 
DATA "I 
DATA '0 " 
DATA , 1 
;)ATA , 

1 
;)A-:A '0 
DATA ' 1 
JP.1'A '0 
DAT.A '0 
DA. T 5\ ' 1 
DATA '0 
DATA 

, 1 
DA T ('~ , 

1 
DATA '0 
~ATII)." '0 
:JP.T.b,. , I 

D.';TA ' 1 
DATA '0 
::lA 7.A , 1 
DATA '0 
DA TA 'J 
DATA ' I 

PI\.DHO DATA 0 
PADHI DAT,'" 0 
?A DJ! 2 DATl~. 0 
'PADH3 DATA 0 
Pt\D:-lL! ::lATA 0 
?AD:I5 DATi~ fJ 
PADH6 D~.TA 0 
?A7JHT DATA 0 
?ADn3 DATA 0 
?1~.DH9 DATA I) 

PADEI.O DATA. 0 
PADH 1 I DATt, fJ 
PADl{\.2 DATA O. 
PADEl3 DATA. 0 
?ADlfl 4 JATA 0 
PADHl5 !JATA 0 
PADA DATA 0 

- PADO D.AT:\. 
PADL 
?AD2: 

·-~\~~~h\;-.( i 

.-; . 
. , 



* 
"'A D.3 
ryPtD!-! 

Pt, D 5 
PP1D6 
~AD7 

pr.J.D'"~ 

P{\DlfJ 
":j/\ r; 1 {? 
~_4.D14 

PAD? 
"/\::J 1 1 
"AD 1 3 
Pi\D 1 5 
"IAS;( 
LTSTS 
:'1 
HL" 1 
:JUL 
C0:JT 
~'.J D:··r 
?IET 
T9T 
".' .' 
;;J ..... r;:!/\ 
-1/'l.S:(l 
!\1]! TV 
i~T7{S:i 

:'!ETT_:~ '-:l 

:CO 1 He 
Z!lTl~ 

0.'; T.~ :} 
DiHA 0 

;;(~T('\ 0 
:JA T,~ 0 
Drl.T!0,. 0 
D,'\ 'T /\ 0 

::lA T;\ fJ 

D:~\ T.'\ 0 
~'A::-! 0 

U;. 'T.l'1 (] 
)t\T.Ci I] 

D').Tl\ '17 
Dr'\':'A 'LID 
S'i\Tl\ n 
Di; T.C\ fJ 

D.~Tl~ 0 
::lAT.!\ 0 
Tli\TA 5.-::;':-1 
0[-\! AI. ZE- 3 
DATI'. n 
Dt; TAO. 8 
D.Ll. T;:~ 0 
D/\:r~ 0 

:Jfi T!-\ - Q 

[;,~T/\ 'J 
~=iSZ 1-~25 

T?S?',1:)25 
~~,TOTS: ~sz 13~5 

PVITC 'jS~~ 1:225· 
LS (0 C.4L L ~:.:~ I T 

E:.JD STADT 

A12 



" 
**":'*"'~-*';.~**********~~*-a'***************** 

MACRO VITL: MACIIT * 

., 

A13 

., ~ACiO ~AME : PRW (PAD REGISTKR VULLI~G) 
* 14ACRO CALL PHI AB'n;H SKIP ON Hl'£ H!:'£A THE CONTENT 
., OF PADHA IS PADX Od PADY AND JUMP GAMMA. 
'* PARAM:;;TERS 
'- Di]I·I!-1Y ',WRDS 

Bi:TA.. PADRA. PADX. PADY, GAM1H. 
AFtER. SKIP, ON~ THE. COnTE~f. AID. 

.;" A?l, IDj;tI~'ISR: Bl'l', \)~',. IS .. ')R,. JUMP.· 

" 
<> 

* 
PRY I,IAC (BITI=l. (OP)=5. (15)=2. (OR)=,'. ; 

(Ji]HP);:::4, AF'1'8R,. ~!(IP,. ON,- TH~;, ; 
CON·rE:~T,· AND 

~iLSI4 

LDA PADRV 
SAS <1> 
,I~P 'cAA 
.LDA <2> 

.J r·1P &AB 

&.AA LDA <3_> 

&AB LRL 1 
JI,P *<4> 
55,; 
STA <5> 

~~~ JJi.I. 



Appendix B: Generation of syndrome metric table 

Block scheme for the generation of the syndrome table. 

+ 
I START I 
~2=Tl=11 

Ifill first place in the table I 

make new metric for z=O 
and line Tl 

combination in table ? 1 yes 

no 

I expand table 
T2=T2+1 

make new metric for z=l 
and line Tl 

combination in table ? 1 Hoe 

no 

expand table 
T2=T2+1 

Tl=Tl+l 
I 

no I is Tl 'GTR'T2 , 
v 

yes 

[table ready 

~ 



__ Jl2 

~U~~UUJh~ ~b100 ~EATht C[j~~ll_~~. vc~SI0~ ~.D.OOO, 

~ I F C ~ I S Y ~ J H J ~ ETA B L E 
- = = = _. = - = = = = ~ = = = = = = = 

• e Eo':' I \J I • ;:' I L t I I 'II { 1\ 1 \j ) .::! (~ A J: ~) • () 'J T : 
'Ir~TEGE~' pA,b~,l,J,V,T,K,~.L~ 

'INEGE'C' T2. T i' 
'=<r_(\L' P,rJ?; 
lINr~GF~1 G,H.J.M,Fi 
1 I~,1T~:,E~' I; 
'"EAL"A'<'<AY' 
'INTEGE~"A~NAY'~[u:IIJ.)[O:lIJ 
'!i\jr~r,EPI'ARKAyl 

I I!\'TEGEQ ISS; 
'I~TEGE'<' ';:>ROC:=-D0R~' '~ET-<ICO (S.U.f,>l): 

, IN T E GE -< ' , A K R" Y , S l U J • D ( '1 J • A ,l[ n J : 
'BEGIN" I"'TEGt-i' "A.d-l.C.CC.J.V,'-F: 

'INTU)te-<"p-q)CEOJ'E'.'~(AA.-lH.FF) ; 
'VAL0E'AA.6-l:'I~T~~~~'AA.dB,F~: 
, 'l E (, l',j' , I ,N T E Gte ~ , p; 
;:::=AA: 
'IF'~R<P'TH~N'~:=d~; 
. ...., : =? : 
I Ei-J0 I ; 

FF:=l: 
S[OJ:=~()ID),UIIJ+~.FF); 

S[ 1 J :='1 ()[b)+l.u(l J+l ,FF) ; 
S [2 J : =M () [ I) • U I U ) +c. FF) ; 
S[3J:=~()[8).D[?]+c.FF); 

~[4):=M()[1 J+l.D[~J+l.FF) 

5[S):=M()[7J.DldJ+c. FF); 
SIb ):='1(D[9) .O[IU)+2.FF); 
S[7 ):=~(D[3 )+I.Ui4J+l.FF); 
SIb ):=~(O[lO) .DI~)+2.FF); 

5[9 J:=M(D[S J .ul~)+2.FF); 

5 [ 10 J : =M ([) [ 10) + 1.0 (11)+1. FF) ; 
S[IIJ:='1(D[4) .Ul~ J+2.FF); 

• 

·"~'jtv:l:J]; 

Alu:lll.3A[O:IS): 

C : = 5 [ 0 ) : ' FOR' U : = I ' ~ T Ep , I'll NT I L ' I 1 ' lJ ~' , "t G I·j , 
'IF'S[U)'LSS' :'TH:',~' C;:=SIUJ: 
'ENDI: 
'FOR' V: =0' STE"')' J'oJT lL' II' DO':,[ V) :=-.;[ V )-:; 
I ENt) I ; 

'INTEGE~"PKOC::lJu;E''',ET~[C) (S.D • .-1A); 
'INTEGE~"ARRAY'SIOI.D[O).~A[U); 

'':lEGIN'' INTEGE"<'AA.tlrl.C,J.V,FF.CC: 
'INTEGE~"jJ"<:)CEOu'(E'''(AA.'lf:l.FF) ; 

'~AL0F'AA.t38;'INTE~~R'AA.t3B.FF; 

'2E"I:~' 'INTEGE-<' P; 
P:=AA; 
'IF''l~<jJ'T~EN'~:=di; 
.~: =p; 
I E til') I ; 

F F:==l; 
s[a ):=M(')[6 .D[? )+2.FF); 
S[I ):='1(0[0 J+).UI) )+).FF); 



·T>ll j+<,.FF): 
S['+ J:="i{[)(7 j-I"l.llll-i )+I.""r); 
5[S J:=I-1(o[1 ) .Ul!:' J+c.r"r-); 
S[6 J:=~IDIJ I .Ul~ J+2.FF): 
S I 7 ): = 'I ill [" 1. 1 • 0) [ j II ) of- 1 • F F) ; 
SIB j:=M(LJ£,.) .UlJ J+c'.'"f"l; 
5[,) ] :=r.1IUI 11 J .UlI0)+2.FF); 
S(10):=r.110['> )+1.0[:) J+l.FF); 
~111J:=M(0110] .U[lIJ.!:'.FF); 
C : = S I 0 J ; , FOR' U : = 1 ' S ff p , 1 ' U'J T 1 L ' 1 1 ' 00' , -; ted " ' 
'IF'5[U]'LSS' ~'TH~ . .J' C:=5[U]; 
, END' ; 
'FO~' v:=O'STE-"l'J~HIL'II'DO'S[VJ:=S(V)-:; 
'~'\JD'; 

'REAL ";:>;WC:'LJu><:' OPZOEr<E.i~IO.T.?); 
'VALUE'T.D; 
''lEAL ' 'AKRiIY' ul 1 J;' I"T~Gt:K' T 
'REAL'P; 
'BEGIN"lNTEGE.~' A~A.d8~,CCC; 
qB8:=T; 
'FOR'AAA:=I'ST~?'l'UNTIL' ~~b'DO' 
''3EGl''!' 'IF'OIAAAJ='" rrlE.\I' '3EGIN'3H8:=0;CC:::=I'tNC/' 
'ELSE'CC:;:=2; 
I END I: 
OPZOEKEhi: =CCC; 
'END' ; 
'REAL' '?'<OCEDU"d:.'u~r«A,P); 

• 

'VALUE'P; 'REAL''"';' U~lEGER' 'ARRAY'~I~l; 
'''EGIN'' HJTEGE.~' 1 • .1: 

, F~) ~ , I : = 1 ' 5 T:: P , 1 ' U \I T I L ' 12 
'DO' Al 1-1) :=P.( 4*1-1:'+ 1; 

'E''J 1)I ; 

'REAL' 'PROCEDU--<t' Ar<PIP?A); 
'IIHEGER' 'ARKAr'A(O); 
'REAL' ""; 
'8EGIN' 'INTEGE.R' T;?P: =0; 

'FO'<'T:=I'~lE"'1'UNTIL'12'DD' 
PP:=?P&A[T-l)['+*T-l:'+); 

I E~D I; 

'FOR'Tl: =0' STE'" l' J,\iTIL' 11' DO' REM) (IN". At ll); 
ARPIU[I].4); 
Tl :=T2: =1; 
w':(ITE(J:JT,</I/. 
"OL f) -'IE T" I cr OM j ----i.JE \~-Cu'1'l-F 0';-7 =lJ----"JE Ii-CO'~!:,-'" O'l-Z= 1 "» ; 
'~OR'Tl:=1'STE~'j'J~TIL'T2'JO' 
'BEGIN' 
P:=O[Tl j; 
(,AR (A.P); 
oIRITE(:)UT,</."-"» ; 
'FOR '1<:=0' STEP' l' u~r IL' 11' DO' w'IITE (O:.JT.<1 1>,,,<[,, J); 
\II;:;>ITE (OJT.< "--------,,»; 

'1ETRICO (S,A.Ab); 
'FOR'K:=O'STE.P'l'U\iTIL' 11'lO' vJRITEIO-JT.<ll>.S[,,]); 
wi'lITE(OUT.< "--------,,»; 
ARP (PP,S); 
'IF'OPZO~KFNIO.T2.~?)=1 

'T'iE,,' 
'FLSE' 'HEGI"J'Tc:=T2+!;0[T2]:=PtJ: 'HJt)'; 



"1 t. I ~ 1 L 1 ( ':) • A • :"14) ; 

'FO'-'K:=O'STtP'l'U,TIL' 11"JO' vl"!TF:(Our,<ll>,S[~J); 
MIP (OP,S); 

'IF'OPZO~KE~(O,T2.~~1=1 

'THr:\I' 
, E L Sf ' , OJ:: G I'J ' Te!: = T ,,+ I ; i.J ( T 2 J : =PP; , E "IU' ; 
'IF'T2>1) 7'T~t.N'f2:=O; 
f Er\l"j I ; 

'E,-"u' • 

first lines of table for code 3 

.. -
J~0-~~1~ICCO~b----Nt~-Ci.J~~-FOH-i=O----Nl4-CJ~~-Fn~-1=1 
-0 ~ "434'+44443-------- [I ,>" I, '>41,44 .'d- ______ -3 0 J 14 j 3/.2 <' 33 
-3031'+3342c33--------2~0214223~44--------3142301}3343 
-240 C' 1 '+ C 23344--------12.12012 1-' c4n -------- i' j c' 0 32 ?I+! 424 
-31423U1jjj4J--------3213233J4~42--------0122J0iJ22U3 
-1~320121J2'+u--------12?3312j4110--------221322230012 
-232032241424--------122022301122--------234223032432 
-321323334U42--------3424?303c332--------222U31201123 
-01223UI32203--------021223230012--------113231213210 
-122331214110--------011220030002--------221222323021 
-221322230012--------232u22031c22--------122001201120 
-122022301122--------112130112232--------220212022232 
-234223032432--------102132322221--------032433242233 
-342423032332--------203122222~21--------042234442233 
-222031201123--------212130112133--------230212022322 
-021223230012--------032022031322--------102001101120 
-113231213210--------01021012uu02--------221321223021 
-011220030002--------011022030012--------012111212210 
-221222323021--------232322U32222--------221021101021 
-232022031222--------102U22101121--------032223032232 
-122001201120--------11213QI12110--------2202120?OOI2 
-11213uIJ2232--------121221223032--------010110022102 
-220212022232--------101101112120--------032032231223 
-102132322221--------130212222223--------312230133132 
-032433242233--------032234243j43--------10JI22322232 
-203122222221--------230212222c22--------212230132132 
-042234~42233--------052234233~43--------303123122232 
-212130112133--------221221123042--------010110012202 
-230212022322--------102101211120--------032032231222 
-032022u31322--------0121333122J2--------012223032232 
-102001101120--------110110112110--------110210020012 
-010210120002--------021012020UI1--------112011211210 
-221321223021--------232322032122--------121021201011 
-011022030012--------011022011222--------012111012231 
-0]2111212210--------021221221111--------211221121021 
-232322032222--------102122121121--------032233132232 
-221021101021--------212120012122--------130112012122 
-102022101121--------110110112~22--------11021U0221J2 
-032223032232--------012233233J32--------0122332322J3 
-112130112110--------121221121J12--------121221123011 
-220212020012--------21c'UI2021~21--------032012211221 
-121221223032--------132322U32132--------111021101112 
-0101Iu0221U2--------011212120Ull--------012031111210 
-101101112120--------120211112110--------111120120012 
-032032231223--------0]2133212~33--------21J223032332 
-130212222223--------022101111120--------222032231322 
-312230133132--------321323]33032--------012130112102 
_032234243343--------U32334334~43--------10313213?233 
-103122322232--------130212223232--------3122301]2233 
-230212222222--------122101111120--------232032231222 
-212230132132--------221223133032--------012120112102 
-052234233443--------032333434443--------102133142233 
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