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Abstract: In coding theory, a linear code is an error-correcting code for which any linear combination of codewords is also a codeword. 

Linear codes are traditionally divided into block codes and convolutional codes. Linear codes allow more efficient encoding and decoding 

algorithms than other codes using the syndrome decoding. Linear codes are applied in methods for transmitting symbols on a 

communication channel so that, if errors occur in the communications, some errors can be corrected or detected by the recipient of a 

message block. The codewords in a linear block code are blocks of symbols that are encoded using more symbols than the original value to 

be sent. A (6, 3) linear block code example and its decoder implementation using Logisim, an educational tool for designing and simulating 

digital logic circuits, are given in the paper. The processes of encoding and decoding when detecting and correcting errors using this (6, 3) 

linear block code are illustrated. The material presented in the paper is used in the educational process in the University of Ruse. 
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1. Introduction 

Channel coding refers to the class of signal transformations 

designed to improve communications performance by enabling the 

transmitted signals to better withstand the effects of various channel 

impairments, such as noise, interference, and fading. These signal-

processing techniques can be thought of as vehicles for 

accomplishing desirable system trade-offs (e.g., error-performance 

versus bandwidth, power versus bandwidth). The use of large-scale 

integrated circuits and high-speed digital signal processing 

techniques have made it possible to provide as much as 10 dB 

performance improvement through these methods, at much less cost 

than through the use of most other methods such as higher power 

transmitters or larger antennas [1, 2]. 

2. Linear block codes 

Linear block codes are a class of parity-check codes described 

by the  kn,  notation. The encoder transforms a block of k message 

digits (a message vector) into a longer block of n codeword digits (a 

code vector) constructed from a given alphabet of elements. When 

the alphabet consists of two elements (0 and 1), the code is a binary 

code comprising binary digits (bits) [1]. 

The k-bit messages form k2  distinct message sequences, 

referred to as k-tuples (sequences of k bits). The n-bit blocks form 
n2  distinct sequences, referred to as n-tuples. The encoding process 

assigns one of the n2  n-tuples to each of the k2  message k-tuples. 

A block code represents a one-to-one assignment, whereby the k2  

message k-tuples are uniquely mapped into a new set of k2  

codeword n-tuples; the mapping can be accomplished via a look-up 

table. For linear codes, the mapping transformation is linear [1]. 

The set of all binary n-tuples, nV , is called a vector space over 

the binary field of two elements (0 and 1). The binary field has two 

operations, addition and multiplication, such that the results of all 

operations are in the same set of two elements. The arithmetic 

operations of addition and multiplication are defined by the 

conventions of the algebraic field. For example, in a binary field, 

the rules of addition and multiplication are as follows: 1) 000  , 

10110  , 011  ; 2) 000  , 00110  , 011  . 

The addition operation, designated with the symbol  , is the 

modulo-2 operation. The summation of binary n-tuples always 

entails modulo-2 addition. 

A subset S of the vector space nV  is called a subspace if the 

following two conditions are met: 1) The all-zeros vector is in S. 

2) The sum of any two vectors in S is also in S (known as the 

closure property). These properties are fundamental for the 

algebraic characterization of linear block codes. Let iV  and jV  be 

two codewords (or code vectors) in an  kn,  binary block code. 

The code is said to be linear if, and only if ji VV   is also a code 

vector. A linear block code, then, is one in which vectors outside 

the subspace cannot be created by the addition of legitimate 

codewords (members of the subspace). For example, the vector 

space 4V  consists of the following 24 = sixteen 4-tuples: 0000, 

0001, 0010, 0011, 0100, 0101, 0110, 0111, 1000, 1001, 1010, 1011, 

1100, 1101, 1110, 1111. An example of a subset of 4V  that forms a 

subspace is: 0000, 0101, 1010, 1111. It seems that the addition of 

any two vectors in the subspace can only yield one of the other 

members of the subspace. A set of k2  n-tuples is called a linear 

block code if, and only if, it is a subspace of the vector space nV  of 

all n-tuples. Fig. 1 illustrates the structure of linear block codes [1]. 

 

2k
 n-tuples constitute

the subspace of codewords

2n n-tuples constitute
the entire space Vn

 
Fig. 1. Linear block-code structure [1] 

The vector space nV  consists of n2  n-tuples. Within this vector 

space there exists a subset of k2  n-tuples forming a subspace. 

These k2  vectors (points), shown “sprinkled” among the more 

numerous n2  points, represent the legitimate (allowable) code-

words. A message is encoded into one of the k2  allowable code 

vectors and then transmitted. Because of noise in the channel, a 

corrupted version of the codeword (one of the other n2  vectors in 

the n-tuple space) may be received. If the corrupted vector is not too 

distant from the valid codeword, the decoder can decode the 

message correctly. The basic goals in choosing a particular code can 

be stated in the context of Fig. 1 as follows: 1) for coding efficiency 

packing the nV  space with as many codewords as possible, to 

expend a small amount of redundancy (excess bandwidth); 2) the 

codewords must be as far apart from one another as possible, so 

that even if the vectors are corrupted during transmission, they may 

still be correctly decoded, with a high probability [1]. 
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3. A (6, 3) linear block code example 

The following coding assignment describing a (6, 3) code is 

examined. There are 822 3 k  message vectors, and therefore 

eight codewords. There are 6422 6 n  6-tuples in the 6V  vector 

space. It seems that the eight codewords in Table 1 form a subspace 

of 6V  (the all-zeros vector is present, and the sum of any two 

codewords yields another codeword member of the subspace). 

Therefore, these codewords represent a linear block code. A unique 

assignment for a particular  kn,  code does not exist; however, 

there is no complete freedom of choice. 

Table 1. Assignment of codewords to messages 

Message vector Codeword 

000 000000 

100 110100 

010 011010 

110 101110 

001 101001 

101 011101 

011 110011 

111 000111 
 

If k is large, a table look-up implementation of the encoder 

becomes prohibitive. For a (127, 92) code there are 292 or 

approximately 27105  code vectors. The size of the memory 

necessary to contain such a large number of codewords is large, but 

it is possible to reduce the complexity by generating the required 

codewords as needed, instead of storing them [1]. 

Since a set of codewords that forms a linear block code is a  

k-dimensional subspace of the n-dimensional binary vector space 

(k < n), it is always possible to find a set of n-tuples, fewer than k2 , 

that can generate all the k2  codewords of the subspace. Generating 

the set of vectors is said to span the subspace. The smallest linearly 

independent set that spans the subspace is called a basis of the 

subspace, and the number of vectors in this basis set is the 

dimension of the subspace. Any basis set of k linearly independent 

n-tuples kVVV ,,, 21   can be used to generate the required linear 

block code vectors, since each code vector is a linear combination 

of kVVV ,,, 21  . Each of the set of 
k2  codewords  U  can be 

described by kkmmm VVVU  2211 , where  1or0im  

are the message bits and ki ,,1 . In general, the generator matrix 

is defined by the following nk   array [1]: 
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Code vectors are usually designated as row vectors. Thus, the 

message m, a sequence of k message bits, is shown below as a row 

vector ( k1  matrix) kmmm ,,, 21 m . 

The generation of the codeword U is written in matrix notation 

as mGU  , where the matrix multiplication ABC   is performed 

in the usual way by using the rule 
n

k

kjikij bac , li ,,1 , 

mi ,,1 , where A is an nl  matrix, В is an mn  matrix, and 

the result С is an ml   matrix. For the example in Table 1, the 

generator matrix is: 

(2) 
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where 1V , 2V , and 3V  are three linearly independent vectors (a 

subset of the eight code vectors) that can generate all the code 

vectors. The sum of any two generating vectors does not yield any 

of the other generating vectors. Generating the codeword 4U  for 

the fourth message vector 110 in Table 1, using the generator matrix 

in Equation (2) is as follows: 

(3) 

 

   
   011101000000

010110001011

011011 321

3

2

1

4























 VVV

V

V

V

U

 

The code vector corresponding to a message vector is a linear 

combination of the rows of G. Since the code is totally defined by 

G, the encoder needs only store k rows of G instead of the total k2  

vectors of the code. For this example, the generator matrix of size 

63  in Equation (2) replaces the original codeword array of size 

68  in Table 1, representing a reduction in system complexity [1]. 

A systematic  kn,  linear block code is a mapping from a  

k-dimensional message vector to an n-dimensional codeword in 

such a way that a part of the sequence generated coincides with the 

k message bits. The remaining  kn   bits are the parity bits. A 

systematic linear block code has a generator matrix of the form [1]: 

(4)  

 

 

  



























100

010

001

,21

,22221

,11211









knkkk

kn

kn

k

ppp

ppp

ppp

IPG , 

where P is the parity array portion of the generator matrix, 

 1or0ijp , and kI  is the kk   identity matrix. With this 

systematic generator, the encoding complexity is further reduced 

since it is not necessary to store the identity matrix portion of the 

array. Each codeword is expressed as [1]: 

(5) 
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where kikiii pmpmpmu  2211  for  kni  ,,1  and 

knii mu   for   nkni ,,1  . 

Given the message k-tuple kmmm ,,, 21 m  and the general 

code vector n-tuple nuuu ,,, 21 U , the systematic code vector 

can be expressed as 



  



bits message

21

bitsparity

21 ,,,,,,, kkn mmmppp U , where: 

12121111 kk pmpmpmp   , 

(6) 22221212 kk pmpmpmp   , …,  

     knkkknknkn pmpmpmp   ,,22,11  . 

Sometimes systematic codewords are written in such a way that 

the message bits occupy the left-hand part of the codeword and the 

parity bits occupy the right-hand part. This reordering has no effect 

on the error detection or error correction properties of the code, and 

will not be considered further. 

For the (6, 3) code example (Table 1), the codewords are 

described as follows: 
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(7)  
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,, 321 mmmU , 

(8) 
  

654321

321322131 ,,,,,

uuuuuu

mmmmmmmmm

U . 

Equation (8) provides some insight into the structure of linear 

block codes. The redundant digits are produced in a variety of ways. 

The first parity bit is the sum of the first and third message bits; the 

second parity bit is the sum of the first and second message bits; 

and the third parity bit is the sum of the second and third message 

bits. Such structure, compared with single-parity checks or simple 

digit-repeat procedures, may provide greater ability to detect and 

correct errors. 

A matrix H, called the parity-check matrix, enables to decode 

the received vectors. For each  nk   generator matrix G, there 

exists an   kkn   matrix H, such that the rows of G are 

orthogonal to the rows of H, i.e. 0GH T , where T
H  is the 

transpose of H, and 0 is а  knk   all-zeros matrix. To fulfill the 

orthogonality requirements for a systematic code, the components 

of the H matrix and the T
H  matrix are written as [1]: 

(9)  T
PIH kn , 

(10) 
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It seems that the product T
UH  of each codeword U, generated 

by G and the matrix, yields 

(11)   0UH   knkn pppppp ,,, 2211
T  , 

where knppp ,,, 21   are the parity bits. Once the parity-check 

matrix H is constructed to fulfill the orthogonality requirements, it 

can be used to test whether a received vector is a valid member of 

the codeword set. U is a codeword generated by matrix G if, and 

only if 0UH T . 

Let nrrr ,,, 21 r  be a received vector (one of n2  n-tuples) 

resulting from the transmission of nuuu ,,, 21 U  (one of k2  

n-tuples). Therefore r can be describe as eUr  , where 

neee ,,, 21 e  is an error vector or error pattern introduced by the 

channel. There are a total of 12 n  potential non-zero error patterns 

in the space of n2  n-tuples. The syndrome of r is defined as 

(12) TrHS  . 

The syndrome is the result of a parity check performed on r to 

determine whether r is a valid member of the codeword set. If r is a 

member, the syndrome S has a value 0. If r contains detectable 

errors, the syndrome has some nonzero value. If r contains 

correctable errors, the syndrome has some nonzero value that can 

earmark the particular error pattern. The syndrome of r will be: 

(13)   TTT
eHUHHeUS  . 

However, 0UH T  for all members of the codeword set. 

Therefore,  

(14) TeHS  . 

It is evident that the syndrome test, whether performed on either 

a corrupted code vector or on the error pattern that caused it, yields 

the same syndrome. An important property of linear block codes, 

fundamental to the decoding process, is that the mapping between 

correctable error patterns and syndromes is one to one. 

It is interesting to note the following two required properties of 

the parity-check matrix: 1) No column of H can be all zeros, or else 

an error in the corresponding code-word position would not affect 

on the syndrome and would be undetectable. 2) All columns of H 

must be unique. If two columns of H were identical, errors in these 

two corresponding codeword positions would be indistinguishable. 

Suppose that codeword 101110U  is transmitted and the 

vector 001110r  is received, i.e. the leftmost bit is received in 

error. The syndrome vector value TrHS   is found below and it is 

verified that it is equal to TeH . The syndrome of the corrupted 

code vector and the syndrome of the error pattern will be [1]: 

(15)    001

101

110

011

100

010

001

011100T 



























 rHS  

(16)    001000001 TT  HeHS  

A single error is detected and it is shown that the syndrome test 

performed on either the corrupted codeword, or on the error pattern 

that caused it, yields the same syndrome. It means that the error not 

only can be detected, but since there is a one-to-one correspondence 

between correctable error patterns and syndromes, such error 

patterns can be corrected. Let arrange the 
n2  n-tuples that represent 

possible received vectors in an array, called the standard array, 

such that the first row contains all the codewords, starting with the 

all-zeros codeword, and the first column contains all the correctable 

error patterns. From the basic properties of linear codes it is known 

that the all-zeros vector must be a member of the codeword set. 

Each row, called a coset, consists of an error pattern in the first 

column, called the coset leader, followed by the codewords 

corrupted by that error pattern. The standard array format for an 

 kn,  code is as follows: 

(17) 

knkknknkn
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The all-zeros codeword 1U  plays two roles. It is one of the 

codewords and it can also be thought of as the error pattern 1e  – the 

pattern that represents no error, such that Ur  . The array contains 

all n2  n-tuples in the space nV . Each n-tuple appears in only one 

location – none is missing, and none is replicated. Each coset 

consists of k2  n-tuples. Therefore, there are   knkn  222  cosets 

[1]. 
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The decoding algorithm calls for replacing a corrupted vector 

(any n-tuple excluding those in the first row) with a valid codeword 

from the top of the column containing the corrupted vector. 

Suppose that a codeword iU  (
ki 2,,1 ) is transmitted over a 

noisy channel, resulting in a received corrupted vector ji eU  . If 

the error pattern je  caused by the channel is a coset leader, where 

the index 
knj  2,,1 , the received vector will be decoded 

correctly into the transmitted codeword iU . If the error pattern is 

not a coset leader, then the decoding will be erroneous. If je  is the 

coset leader or error pattern of the jth coset, then ji eU   is an  

n-tuple in this coset. The syndrome of this n-tuple can be written 

  TTT
HeHUHeUS jiji  . Since iU  is a code vector and 

0HU T
i , then   TT

HeHeUS jji  . The name coset is short 

for “a set of numbers having a common feature.” Each member of a 

coset has the same syndrome. The syndrome for each coset is 

different from that of any other coset in the code; it is the syndrome 

used to estimate the error pattern [1]. 

The procedure for error correction decoding proceeds as 

follows: 1) Calculating the syndrome of r using TrHS  . 

2) Locating the coset leader (error pattern) je , whose syndrome is 

equal to T
rH . This error pattern is assumed to be the corruption 

caused by the channel. The corrected received vector, or codeword, 

is identified as jerU  . The valid codeword is retrieved by 

subtracting out the identified error; in modulo-2 arithmetic, the 

operation of subtraction is identical to that of addition. 

Returning to the example in Table 1, the 26 = sixty-four  

6-tuples are arranged in a standard array as shown in Fig. 2. The 

valid codewords are the eight vectors in the first row, and the 

correctable error patterns are the seven nonzero coset leaders in 

the first column. All 1-bit error patterns are correctable. After 

exhausting all 1-bit error patterns, there remains some error-

correcting capability since all sixty-four 6-tuples have not yet been 

accounted. There is one unassigned coset leader; therefore, there 

remains the capability of correcting one additional error pattern. 

There is the flexibility of choosing this error pattern to be any of the 

n-tuples in the remaining coset. In Fig. 2 this final correctable error 

pattern is chosen, somewhat arbitrarily, to be the 2-bit error pattern 

010001. Decoding will be correct if, and only if, the error pattern 

caused by the channel is one of the coset leaders. 

 

000000 110100 011010 101110 101001 011101 110011 000111

000001 110101 011011 101111 101000 011100 110010 000110

000010 110110 011000 101100 101011 011111 110001 000101

000100 110000 011110 101010 101101 011001 110111 000011

001000 111100 010010 100110 100001 010101 111011 001111

010000 100100 001010 111110 111001 001101 100011 010111

100000 010100 111010 001110 001001 111101 010011 100111

010001 100101 001011 111111 111000 001100 100010 010110  

Fig. 2. Example of a standard array for a (6, 3) code 

The syndrome corresponding to each of the correctable error 

sequences is determined by computing T
He j  for each coset leader, 

as follows: 

(18) 
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110

011

100

010

001

jeS . 

The results are listed in Table 2. Since each syndrome in the 

table is unique, the decoder can identify the error pattern е to which 

it corresponds. 

 

Table 2. Syndrome Look-Up Table 

Error pattern Syndrome 

000000 000 

000001 101 

000010 011 

000100 110 

001000 001 

010000 010 

100000 100 

010001 111 
 

The vector r is received and its syndrome is calculated using 

T
rHS  . Then the syndrome look-up table (Table 2) is used to find 

the corresponding error pattern. This error pattern is an estimate of 

the error, and it is denoted as ê . The decoder then adds ê  to r to 

obtain an estimate of the transmitted codeword Û : 

(19)    eeUeeUerU ˆˆˆˆ  . 

If the estimated error pattern is the same as the actual error 

pattern, i.e. ee ˆ , then the estimate Û  is equal to the transmitted 

codeword U . If the error estimate is incorrect, the decoder will 

estimate a codeword that was not transmitted, and there is an 

undetectable decoding error. 

Assume that codeword 101110U  is transmitted, and the 

vector 001110r  is received. Show how a decoder, using the 

Table 2 syndrome look-up table, can correct the error. The 

syndrome of r is computed: 

(20)    001011100 T  HS . 

Using Table 2, the error pattern corresponding to the syndrome 

above is estimated to be 100000ˆ e . The corrected vector is then 

estimated by 

(21) 101110100000001110ˆˆ  erU . 

Since the estimated error pattern is the actual error pattern in 

this example, the error correction procedure yields UU ˆ . 

When the code is short as in the case of the (6, 3) code 

described here, the decoder can be implemented with simple 

circuitry. The steps that the decoder must take: (1) calculate the 

syndrome, (2) locate the error pattern, and (3) perform modulo-2 

addition of the error pattern and the received vector (which removes 

the error). The circuit shown in Fig. 3 is made up of exclusive-OR 

(XOR) gates and AND gates that can accomplish the same result for 

any single-error pattern in the (6, 3) code. Based on Table 2, an 

expression for each of the syndrome bits can be written in terms of 

the received codeword bits as 

(22)  





























101

110

011

100

010

001

654321
T rrrrrrrHS  and 

(23) 653354226411 ,, rrrsrrrsrrrs  . 

These syndrome expressions are used for wiring up the circuit 

in Fig. 3. The exclusive-OR gate is the same operation as modulo-2 

arithmetic and hence uses the same symbol. A small circle at the 

termination of any line entering the AND gate indicates the logic 

COMPLEMENT of the signal [1]. 
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 Received
vector r

Syndrome S Exclusive-OR
gates

r1 r2 r3 r5 r6r4

+ + +S1 S2 S3

Error 
pattern e

++++++

AND gates

Received
vector r

Corrected
Output U

e1 e2 e3 e4 e5 e6

u1 u2 u3 u4 u5 u6

r1 r2 r3 r4 r5 r6

 
Fig. 3. Implementation of the (6, 3) decoder [1] 

The corrupted signal enters the decoder at two places 

simultaneously. At the upper part of the circuit, the syndrome is 

computed, and at the lower part, that syndrome is transformed to its 

corresponding error pattern. The error is removed by adding it back 

to the received vector yielding the corrected codeword. Fig. 3 is 

drawn to emphasize the algebraic decoding steps – calculation of 

syndrome, error pattern, and corrected output. In the real world, an 

 kn,  code is usually configured in systematic form. The decoder 

would not need to deliver the entire codeword. Its output would 

consist of the data bits only. Fig. 3 circuitry becomes simplified by 

eliminating the gates shown with shading. For longer codes, such an 

implementation is very complex, and the preferred decoding 

techniques conserve circuitry by using a sequential approach instead 

of this parallel method. It is also important to emphasize that Fig. 3 

has been configured to only detect and correct single-error patterns 

for the (6, 3) code. Error control for a double-error pattern would 

require additional circuitry. 

 

4. Logisim – an educational tool for designing and 

simulating digital logic circuits 

Logisim is an educational tool for designing and simulating 

digital logic circuits with simple toolbar interface. With the capacity 

to build larger circuits from smaller subcircuits, and to draw 

bundles of wires with a single mouse drag, Logisim can be used to 

design and simulate entire CPUs for educational purposes. Logisim 

is used by students at colleges and universities around the world in 

many types of classes. The main features of the product are: 1) It is 

free. 2) It runs on any machine supporting Java 5 or later; special 

versions are released for MacOS X and Windows. 3) The drawing 

interface is based on an intuitive toolbar. Color-coded wires aid in 

simulating and debugging a circuit. 4) The wiring tool draws 

horizontal and vertical wires, automatically connecting to 

components and to other wires. 5) Completed circuits can be saved 

into a file, exported to a GIF file, or printed. 6) Circuit layouts can 

be used as “subcircuits” of other circuits, allowing for hierarchical 

circuit design. 7) Included circuit components include inputs and 

outputs, gates, multiplexers, arithmetic circuits, flip-flops, and 

RAM memory. 8) The included “combinational analysis” module 

allows for conversion between circuits, truth tables, and Boolean 

expressions [3]. 

Features of the components used to build the encoder 

The NOT gate emits the complement of the input it receives. 

The truth table for a NOT gate is the following [4]: 

x  out  

0  1  

1  0  
 

The AND, OR, NAND, and NOR gates compute the respective 

function of the inputs, and emit the result on the output. 

By default, any unconnected inputs are ignored. In this way, a 

5-input gate can be inserted but only two inputs are used, and it will 

work as a 2-input gate; this relieves the user from having to worry 

about configuring the number of inputs every time a gate is created. 

The two-input truth table for the gates is the following [4]: 

x y AND OR NAND NOR 

0 0 0 0 1 1 

0 1 0 1 1 0 

1 0 0 1 1 0 

1 1 1 1 0 0 
 

The XOR, XNOR, Even Parity, and Odd Parity gates compute 

the respective function of the inputs, and emit the result on the 

output. By default, any inputs left unconnected are ignored. The 

two-input truth table for the gates is the following [4]: 

x y XOR XNOR Odd Even 

0 0 0 1 0 1 

0 1 1 0 1 0 

1 0 1 0 1 0 

1 1 0 1 0 1 
 

It seems that the Odd Parity gate and the XOR gate behave 

identically with two inputs; similarly, the Even Parity gate and the 

XNOR gate behave identically. If there are more than two specified 

inputs, the XOR gate will emit 1 only when there is exactly one 1 

input, whereas the Odd Parity gate will emit 1 if there is an odd 

number of 1 inputs. The XNOR gate will emit 1 only when there is 

not exactly one 1 input, while the Even Parity gate will emit 1 if 

there is an even number of 1 inputs. The XOR and XNOR gates 

include an attribute titled Multiple-Input Behavior that allow them 

to be configured to use the Odd Parity and Even Parity behavior 

(Fig. 5). Many authorities contend that the shaped XOR gate’s 

behavior should correspond to the odd parity gate, but there is not 

agreement on this point. Logisim’s default behavior for XOR gates 

is based on the IEEE 91 standard. It is also consistent with the 

intuitive meaning underlying the term exclusive or [4]. 

5. Application in the Educational Process 

The material is used in the educational process in the courses 

“Coding in Telecommunication Systems”, “Digital Circuits” and 

“Pulse and Digital Devices” included in the curriculum of the 

specialties “Internet and Mobile Communications”, “Computer 

Systems and Technologies”, “Computer Management and 

Automation”, “Electronics” and “Information and Communication 

Technologies” for the students of the Bachelor degree in the 

University of Ruse. In order to better perception of the material 

active learning methods are applied. An individual assignment is 

given to each student and he/she has to solve the task during the 

practical exercise and present it at the end of the classes to the 

lecturer. The student should synthesize an encoder and a decoder of 

a linear block code with XOR, NOT and AND gates and to simulate 

their operation using Logisim. 

The circuits of the encoder and the decoder of a (6, 3) linear 

block code (Table 1, Fig. 3) are drawn and tested in Logisim, to 

verify their operation. The circuit is built by inserting in the editing 

area its components – 2-input or 3-input XOR gates ( ), NOT 

gates ( ) and AND ( ) gates first as a sort of skeleton 

and then connecting them with wires. To add inputs and outputs 

into the diagram, the Input tool ( ) and the Output tool ( ) are 

selected and the pins are placed down. The operation of the encoder 

and the decoder (Table 1, Fig. 3) is illustrated in Fig. 4 and Fig. 6. 

The results in Fig. 4 and Fig. 6 are identical to Table 1, Fig. 2 (the 

cells marked) and Fig. 3. 
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a) 

    
b) c) d) e) 

    
f) g) h) i) 

Fig. 4. a) Logisim and its simple toolbar interface + the circuit of the encoder 
(initial state – all-zeros) and encoding the message …; b) 000; c) 100; d) 010; 

e) 110; f) 001; g) 101; h) 011; i) 111 

 

Fig. 5. Using the attribute Multiple-Input Behavior allowing the XOR gate 
to be configured to use the Odd Parity behavior 

6. Conclusion 

In order to easily assimilation of the material studied by 

students, active learning methods are applied in the educational 

process. An individual assignment is given to each student. The 

assignment includes: 1) filling in the blanks for a given encoder of a 

(6, 3) linear block code (Table 1, Table 2), after writing down the 

generator matrix and the parity-check matrix of the code given, 

implementing the decoder of the code given (Fig. 3); 

2) synthesizing the encoder and the decoder of the (6, 3) linear 

block code with XOR, NOT and AND gates and simulating their 

operation using Logisim (Fig. 4 and Fig. 6). During the practical 

exercises, the student must solve his/her tasks of pre-prepared form 

published in the e-learning platform of the University of Ruse and 

submit to the teacher at the end of the classes. The opportunity for 

extra work is given to the curious students – for example, 

synthesizing the encoder and the decoder of a (8, 4) linear block 

code using XOR, NOT and AND gates and simulating their 

operation using Logisim. 

 
a) 

  
b) c) 

  
d) e) 

  
f) g) 

Fig. 6. a) Logisim and its simple toolbar interface + the circuit of the 
decoder (initial state – all-zeros); b) 110101; c) 011000; d) 101010; 

e) 100001; f) 001101; g) 010011 
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