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ON THE SYNTHESIS OF TEST EQUIPMENT FOR MODULO CODES WITH 
SUMMATION

In this paper problems of test equipment for binary codes with summation of ones development 
are viewed. Particularly, an approach for modulo codes generators design is systematized and formula 
for its redundancy calculation is offered.
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y1, y2,.., yk and xm+1, xm+2,.., xn are the same. If 
they match, paraphase signals (0,1) or (1,0) are 
formed at the outputs z1 and z2. Otherwise one 
can see signals (0,0) or (1,1). Signals (0,1) or 
(1,0) show that there is a word of the code with 
summation at the tester inputs.

For all the codes with summation the com-
parator is designed on the base of the standard 
two-rail checker module [2]. The generator as a 
functional block is a counter of ones in the in-
formational vector. Designing such counters by 
different modulos is described in [3], [4].

1 Generators for Berger codes

In classical Berger code ones are counted by 
modulo M = m + 1. The methods of designing 

 ОБЩЕТЕХНИЧЕСКИЕ ЗАДАЧИ И ПУТИ ИХ РЕШЕНИЯ

Introduction

Code with summation (also known as Ber-
ger code) [1] is widely used in functional con-
trol systems of combinational circuits. Organi-
zation of functional control system is carried 
out by adding to a supervised circuit some spe-
cial equipment – a block of additional logic 
and a tester. The object of this paper is design-
ing testers for code with summation.

A tester is a device designed for checking 
whether the code vector belongs to the certain 
code. Since the codes with summation (S (n, m)-
codes, where m is the number of informational 
bits and n = m + k is the total number of bits, 
k is the number of check bits of code vectors) 
refer to the class of partition codes [2], their 
correctness might be verified by comparing 
the informational vector with the check vec-
tor. All the S (n, m)-codes have the same tester 
structure, which is shown in fi g. 1.

The structure of a tester is composed of two 
blocks: generator and comparator. Variables x1, 
x2,.., xm corresponding to the informational 
bits of the code vector are sent to the genera-
tor inputs. The generator converts the informa-
tional vector to the check vector of the word 
(which is formed on its outputs y1, y2,.., yk). Vari-
ables corresponding to check bits of code vector 
appear on the inputs xm+1, xm+2,.., xn of the com-
parator. Comparator checks whether the vectors 
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Fig. 1. Tester structure
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generators for S (n, m)-codes based on standard 
circuits of Full Adders FA (fi g. 2, a) and Half 
Adders HA (fi g. 2, b) have been developed and 
described in [5].

the generator is determined by the way adder 
Σ is being realized. The most effi cient ways of 
adder realization are offered in [6]. The genera-
tor for S (9,6)-code is shown in fi g. 4.

Modulo codes SM (n, m) [7] are built in the 
same way as Berger code, but the number of 
ones is counted by modulo M ≤ m, and M is 
equal to two in some power. Generator for such 
codes may be realized according to structure in 
fi g. 3, but in this case only ]log2M[ lower bits 
of vector y1, y2,.., yp will be used. For example, 
for S4 (n, m)-code, the module Σ will have two 
outputs.

For the concrete S4 (n, m)-code the generator 
is designed as follows: fi rst, the generator for S 
(n, m)-code is built and then its structure is sim-
plifi ed. For example, in circuit in fi g. 4 there is 
no need in variable y3, therefore the module 
FA is replaced by two elements M2 (each of 
them performing the function of nonequiva-
lence or parity); generator for S4 (8,6)-code is 
shown in fi g. 5.

Characteristics, that are very important for 
a generator, are complexity and high-speed 
performance [8]. Complexity depends on the 
way of realization of Σ, which also consists of 
modules FA and HA. It is offered to determine 
complexity L as the number of logic elements 
with two inputs excluding inversions on its pins. 
It is effi cient to use circuits of FA and HA of-
fered in [6], where L(FA) = 8, L(HA) = 3 and 
L(M2) = 3. High-speed performance is deter-
mined by the longest path of the circuit, i. e. by 
the number of elements that are to come into 
action for transmitting the signal from inputs to 
outputs.

The structure of S(n,m)-code generator is 
designated as g(m→k) and is shown in [6]. It 
consists of up to two generators of lower degree 
(which, in their turn, consist of elementary gen-
erators) and block Σ. For example, FA is an ele-
mentary generator g(3→2). Structures of S(n,m)-
code generators with minimum complexity were 
developed in [6] and some of them are present-
ed in tab. 1. For example, “generator 11→4 with 
formula 7+3+1” means, that it consists of one 
generator with 7 inputs, one generator with 3 in-
puts and one single input connected directly to Σ 
(fi g. 6). In its turn, generator 7→3 has formula 

x1

x2

x3

FA HA

x1

x2

C

S

C

S

a) b)

Fig. 2. Full Adder (a); Half Adder (b)
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Fig. 3. Basic structure of generator
for code with summation

Full Adder FA has three inputs and two 
outputs. The binary value corresponding to 
the number of ones among the informational 
bits (inputs) is formed at the outputs. S is sum 
output 1 2 3( )S x x x   , C is carry output 

1 2 1 3 2 3( )C x x x x x x   . Half Adder HA per-
forms the same functions 1 2( ;S x x   C = 
= x1x2) but has two inputs.

The basic structure of the generator present-
ed in [5] is shown in fi g. 3. Input variables x1, 
x2,.., xm are divided into groups of two or three 
elements, every group appears at one FA or HA 
module. Adder Σ summarizes all the binary val-
ues at the FA and HA outputs. Complexity of 
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Fig. 4. Generator for S(9,6)-code
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TABLE 1. Formulas for generators g (m→k)

Generator type Formula Generator type Formula

4→3 3+1 11→4 7+3+1

5→3 3+1+1 12→4 6+5+1

6→3 3+3 13→4 7+5+1

7→3 3+3+1 14→4 7+7

8→4 7+1 15→4 7+7+1

9→4 7+1+1 16→5 15+1

10→4 7+3 17→5 15+1+1
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3+3+1. The more “sub-generators” are used, the 
more “levels” the circuit has and will perform 
with the lower speed.

2 Generators for modulo codes

As to S4(n, m)-codes, the similar approach 
may be used. All the possible structures have 
been considered and those with less complex-
ity are presented in tab. 2. In some cases there 
are more than one formula with the least com-
plexity. For example, g(6→2) may have the 
form of four different modifi cations. Generator 
structure [3+3] coincides with the one shown in 
fi g. 5, where HA and two M2 modules form 
adder Σ by modulo 4, which sums two two-
bit binary values, and every FA is a generator 
g(3→2).

Generator g(6→2) [4+1+1] is shown in fi g. 7. 
Two adders Σ(M4) included in its structure sum 
one two-bit and two one-bit binary values. Gen-
erator g(4→2) is based on formula [2+1+1]. 
Therefore, the structure of this generator may 
be presented as [2+1+1]+1+1, or as a diagram 
given below:

4 1 1 

2 1 1


 


One important property follows from tab. 2: 
for every m there is a structure with formula 
[(m–2)+1+1], which has the least complex-
ity. Due to this fact it is possible to offer the 
standard structure of generator g(m→2). Such 
structure for even m is shown in fi g. 8. To mod-
ify it for odd m HA with inputs x1, x2 should be 
replaced by FA with inputs x1, x2, x3.

Complexity of such structures may be coun-
ted as:

2( ) ( ( 4))
2

mL L HA L M
    – for even m,

or
3( ) ( ( 4))

2
mL L FA L M

    – for odd m.

Conclusion

Design of generators for codes with sum-
mation is of widely applied importance. Al-
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TABLE 2. Formulas and complexities of generators g(m→2)

Generator type Formula L Generator type Formula L

4→2 3+1
2+1+1 14 11→2

5+5+1
7+3+1
9+1+1

52

5→2 3+1+1 19 12→2

6+5+1
9+2+1
11+1

10+1+1

58

6→2

3+3
3+2+1

5+1
4+1+1

25 13→2 7+5+1
11+1+1 63

7→2 3+3+1
5+1+1 30 14→2

7+7
13+1

12+1+1
69

8→2

4+3+1
5+2+1

7+1
6+1+1

36 15→2 7+7+1
13+1+1 74

9→2 7+1+1 41 16→2
8+7+1
15+1

14+1+1
80

10→2

5+5
7+3

7+2+1
9+1

8+1+1

47 17→2 15+1+1 85
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Fig. 7. Generator g(6→2) [4+1+1]
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gorithmization of their development process 
reduces the probability of errors in it and saves 
time of the designer.
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