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(57) ABSTRACT 

AnNoC-based error correction apparatus capable of support 
ing a network interface that transmits a flit between Tx and RX 
IP-elements includes: an encoder configured to receive a k-bit 
flit from the TXIP-element and encodes the k-bit flit into n-bit 
data; and a decoder configured to receive the n-bit data, 
decode the n-bit data into the k-bit flit, and output the k-bit flit, 
the decoder having an error correction circuit for correcting 
an error in the n-bit data, wherein a t-bit adaptive error cor 
rection code having a variable error correction capability 
depending on the number of bits (n) of the received data is 
applied to the error correction circuit, the error correction 
capability is proportional to the number of bits (n) of the 
received data, and the t-bit error correction code has the 
number of bits proportional to the number of bits (n) of the 
received data. 
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NOC-BASED ADAPTIVE ERROR 
CORRECTION APPARATUS 

CROSS REFERENCES TO RELATED 
APPLICATIONS 

The present invention contains Subject matter related to 
Korean Patent Application No. 2012-0038034, filed in the 
Korean Patent Office on Apr. 12, 2012, the entire contents of 
which is incorporated herein by reference. 

FIELD 

The present invention relates to a network-on-chip (NoC)- 
based adaptive error correction apparatus. 

BACKGROUND 

With a tendency of convergence in various fields such as 
computers, communication, and broadcasting, demands on 
system-on-chip (SoC) devices increase rather than demands 
on an application specific integrated circuit (ASIC) or an 
application specific standard product (ASSP). In addition, 
development of the SoC industry is more promoted as infor 
mation technology (IT) devices are miniaturized in a light 
weight with high performance. 

The SoC is a highly-intensive semiconductor technology 
in which existing complicated systems having various func 
tions are integrated into a single chip. Various techniques have 
been researched and developed to implement the SoC. Par 
ticularly, a technique of interconnecting various intellectual 
property (IP) elements embedded in a chip has been focused 
as an important factor. 

In general, abus-based interconnection type is employed to 
interconnect the IP elements. However, as chips are highly 
integrated, and the amount of information transmitted 
between the IP elements sharply increases, it is thought that 
the bus-based SoC reaches its structural limitation. 

In order to overcome such a structural limitation of the 
bus-based SoC, a network-on-chip (NoC) technology has 
been proposed to interconnect the IP elements by applying a 
typical network Scheme to a chip structure. 

The NoC technology proposes a network type on-chip 
interconnect (OCI) scheme to overcome a structural limita 
tion of the existing bus-based scheme. In this NoC scheme, it 
is possible to implement a high-speed SOC with high perfor 
mance and a low power consumption. 

In the NoC scheme of the related art, an error correction 
code or an error correction circuit is employed for correcting 
an error that may be generated in data transmission/receiving. 
In this way, an error bit that may be generated in data trans 
mission/receiving is checked using the error correction code 
or circuit, and its result is output as a single bit for correction. 

In order to ensure reliability in the error check of large 
capacity data transmission using the NoC element of the 
related art, an error correction circuit having a high error 
correction capability using a plurality of error check bits is 
demanded. If Such an error correction circuit having a high 
error correction capability is provided, the entire SoC element 
becomes heavy, and its power consumption also increases. 
On the contrary, the power consumption may be reduced if 

the error correction circuit has a low error correction capabil 
ity. However, its reliability is not guaranteed relatively. 

SUMMARY 

The present invention provides an adaptive error correction 
apparatus capable of efficiently adjusting an error correction 
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2 
capability in consideration of both reliability and power con 
sumption in a NoC-based network interface. 

According to an aspect of the present invention, there is 
provided a network-on-chip (NoC)-based error correction 
apparatus capable of supporting a network interface (NI) that 
transmits a flit between a transmission side (Tx) intellectual 
property (IP) element and a receiving side (RX) IP element, 
the apparatus including: an encoder configured to receive a 
k-bit flit from the TX IP element and encodes the k-bit flit into 
n-bit data (where k and n denote any natural numbers); and a 
decoder configured to receive the n-bit data, decode the n-bit 
data into the k-bit flit, and output the k-bit flit, the decoder 
having an error correction circuit for correcting an error in the 
n-bit data, wherein a t-bit adaptive error correction code hav 
ing a variable error correction capability depending on the 
number of bits (n) of the received data is applied to the error 
correction circuit (where t denotes any natural number), the 
error correction capability is proportional to the number of 
bits (n) of the received data, and the t-bit error correction code 
has a number of bits proportional to the number of bits (n) of 
the received data. 

In the NoC-based error correction apparatus, an orthogonal 
Latin square code (OLSC) scheme may be used. 

In the NoC-based error correction apparatus, the encoder 
may be a first exclusive OR gate having an input terminal 
where the k-bit flit is input. 

In the NoC-based error correction apparatus, the decoder 
may include at least one second exclusive OR gate configured 
to receive a part of bits of the k-bit flit and a check bit for error 
correction and a majority voter configured to receive a signal 
output from the second exclusive OR gate and output a high 
level value when a majority exceeding a half of bits of the 
received signal has a high level or outputs a low-level value 
when a majority exceeding a half of bits of the received signal 
has a low level. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and additional features and characteristics 
of this disclosure will become more apparent from the fol 
lowing detailed description considered with reference to the 
accompanying drawings, wherein: 

FIG. 1 is a block diagram illustrating a concept of the 
NoC-based error correction apparatus according to an 
embodiment of the invention; 

FIG. 2 is a block diagram illustrating an encoder in a case 
where an error correction capability is set to a single bit (1 bit) 
in an OLSC scheme according to an embodiment of the 
invention; 

FIG. 3 is a block diagram illustrating a decoder in a case 
where an error correction capability is set to a single bit (1 bit) 
in an OLSC scheme according to an embodiment of the 
invention; and 

FIG. 4 is a block diagram illustrating a decoder in a case 
where an error correction capability is a variably set to 1 to 4 
using 64 bits offlit data in an OLSC scheme according to an 
embodiment of the invention. 

DETAILED DESCRIPTION 

Hereinafter, embodiments of the invention will be 
described in detail with reference to the accompanying draw 
ings. It is noted that like reference numerals denote like ele 
ments throughout overall drawings. In addition, descriptions 
of well-known apparatus and methods may be omitted so as to 
not obscure the description of the representative embodi 
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ments, and Such methods and apparatus are clearly within the 
Scope and spirit of the present disclosure. 
The terminology used herein is only for the purpose of 

describing particular embodiments and is not intended to 
limit the invention. As used herein, the singular forms “a”, 
“an and “the may be intended to include the plural forms as 
well, unless the context clearly indicates otherwise. It is fur 
ther to be noted that, as used herein, the terms “comprises'. 
“comprising”, “include’, and “including indicate the pres 
ence of stated features, integers, steps, operations, units, and/ 
or components, but do not preclude the presence or addition 
of one or more other features, integers, steps, operations, 
units, and/or components, and/or combination thereof. 

The present invention has been made by contemplating a 
network-on-chip (NoC)-based network interface (NI). That 
is, the present invention relates to an adaptive error correction 
apparatus capable of Supporting a network interface (NI) for 
transmitting a flit between a transmission side (Tx) IP ele 
ment and a receiving side (RX) IP element. 

FIG. 1 is a block diagram illustrating a concept of the 
NoC-based adaptive error correction apparatus according to 
an embodiment of the invention. 

Referring to FIG. 1, the adaptive error correction apparatus 
according to an embodiment of the invention includes an 
encoder 100 and a decoder 200. 
The encoder 100 receives a k-bit flit from the TX IP element 

and encodes the k-bit flit into n-bit data (where k and n denote 
any natural numbers). 
The decoder 200 receives n-bit data from the encoder 100, 

decodes the n-bit data into the k-bit flit, and outputs the k-bit 
flit. The decoder 200 includes an error correction circuit for 
correcting an error in the n-bit data. 
The k-bit flit output from the decoder 200 is transmitted to 

the RX IP element. 
In the error correction circuit according to an embodiment 

of the invention, a t-bit adaptive error correction code (where 
t denotes any natural number) has a variable error correction 
capability depending on the number of the received data bits 
(n). 
The error correction circuit according to an embodiment of 

the invention may have an error correction capability propor 
tional to the number of the received data (n) and apply a t-bit 
error correction bit having the number of bits proportional to 
the number of bits (n) of the received data. 

The error correction apparatus according to an embodi 
ment of the invention may be implemented using various 
types of error correction codes. 

According to the present invention, out of various types of 
error correction codes, an orthogonal Latin square code 
(OLSC)-based scheme is proposed. 

FIG. 2 is a block diagram illustrating an encoder in a case 
where an errorcorrection capability is set to a single bit (1 bit) 
as an example for the 16-bit flit in the OLSC scheme accord 
ing to an embodiment of the invention. 

Referring to FIG. 2, the encoder 100 has an exclusive OR 
gate 110 configured to receive 4-bit data and generate a check 
bit C0. That is, the exclusive OR gate 110 receives data of 4 
bits D0, D1, D2, and D3 and generates a check bit C0. In 
addition, other check bits C1, C2, and the like may be gener 
ated in a similar manner. 

FIG. 3 is a block diagram illustrating a decoder in a case 
where the error correction capability is set to a single bit (1 
bit) in the OLSC scheme according to an embodiment of the 
invention. 

Referring to FIG. 3, the decoder 200 includes at least one 
exclusive OR gate 210 configured to receive a part of bits of 
the k-bit flit and a check bit for error correction and a majority 
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4 
voter 220 configured to receive a signal output from the 
exclusive OR gate 210 in a receiving terminal and output a 
high-level value H when a majority (exceeding a half) of the 
input bits have a high level H or outputs a low-level value L 
when a majority (exceeding a half) of the input bits have a low 
level L. 

In FIG. 3, a pair of exclusive OR gates 210 are provided 
according to an embodiment of the invention. The bits C0. 
D1, D2, and D3 are input to the first exclusive OR gate, and 
the bits C4, D4, D8, and D12 are input to the second exclusive 
OR gate 210. 
The majority voter 220 includes three input terminals a, b, 

and c and an output terminal F. In the majority Voter 220, the 
bit D0 is input to the input terminala, the output signal of the 
first exclusive OR gate 210 is input to the input terminal b, and 
the output signal of the second exclusive OR gate 210 is input 
to the terminal c. 
A function Fab+bc--ca is applied to the majority voter 

220. Depending on the result of the function, a bit D0* as a 
result of the error correction is output from the output termi 
nal F. 

For example, in techniques of the related art for imple 
menting a majority Voter circuit, there are known an arith 
metic-based design, in which overall binary input values are 
Summed using an adder, and then, a high-level value H is 
output if the sum exceeds a half of the number of input bits, 
and a decomposition-based design, in which a part of the 
inputs are used as a control input of a multiplexer (MUX), and 
remaining input values are computed to obtain an output 
value based on decomposition. 

FIG. 4 is a block diagram illustrating a decoder in a case 
where the error correction capability is a variably set to 1 to 4 
bits when the flit data is set to 64 bits in the OLSC scheme 
according to an embodiment of the invention. 

FIG. 4 illustrates an extension of the example of FIGS. 2 
and 3, in which the error correction capability in the OLSC 
scheme is a variably set to 1 to 4 bits. 

Referring to FIG. 4, the decoder 200 includes a plurality of 
exclusive OR circuits 410, a MUX 420, and a majority voter 
430, whose fundamental operational principles are similar to 
those of FIG. 3. 

In the embodiment of FIG. 4, the error correction capabil 
ity of the error correction apparatus may be controlled using 
three selection signals sel. Specifically, the error correction 
capability may be controlled in a real-timely manner depend 
ing on reliability of the system. The MUX 420 is controlled 
using three selection signals sell so that a desired error correc 
tion capability can be implemented using the received data 
and the received check bit. Finally, it is possible to implement 
an error correction apparatus having a variable error correc 
tion capability of 1 to 4 bits. 

This enables optimization of the power consumptions in 
the encoder, the decoder, and the network by controlling the 
error correction capability depending on reliability required 
in the NOC. 

According to the present invention, in the error correction 
circuit of the network interface in the NoC, a size of the 
variable error correction codes is adaptively determined 
depending on the number of bits of the signal received by the 
decoder. Therefore, it is possible to reduce a power consump 
tion in the error correction apparatus and obtain reliability. 

Although exemplary embodiments of the present invention 
have been shown and described, it will be apparent to those 
having ordinary skill in the art that a number of changes, 
modifications, or alterations to the invention as described 
herein may be made, none of which depart from the spirit of 
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the present invention. All Such changes, modifications and 
alterations should therefore be seen as within the scope of the 
present invention. 
What is claimed is: 
1. An network-on-chip (NoC)-based error correction appa 

ratus capable of Supporting a network interface (NI) that 
transmits a flit between a transmission side (Tx) intellectual 
property (IP) element and a receiving side (RX) IP element, 
the apparatus comprising: 

an encoder configured to receive a k-bit flit from the TX IP 
element and encodes the k-bit flit into n-bit data (where 
k and n denote any natural numbers); and 

a decoder configured to receive the n-bit data, decode the 
n-bit data into the k-bit flit, and output the k-bit flit, the 
decoder having an error correction circuit for correcting 
an error in the n-bit data, 

wherein a t-bit adaptive error correction code having a 
variable error correction capability depending on the 
number of bits (n) of the received data is applied to the 
error correction circuit (where t denotes any natural 
number), 
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wherein an orthogonal Latin square code (OLSC) scheme 

is used, 
wherein the encoder is a first exclusive OR gate having an 

input terminal where the k-bit flit is input, 
wherein the decoder includes 
at least one second exclusive OR gate configured to receive 

a part of bits of the k-bit flit and a check bit for error 
correction, and 

a majority Voter configured to receive a signal output from 
the second exclusive OR gate and output a high-level 
value when a majority (exceeding a half) of bits of the 
received signal has a high level or output a low-level 
value when a majority (exceeding a half) of bits of the 
received signal has a low level. 

2. The NoC-based error correction apparatus according to 
claim 1, wherein the error correction capability is propor 
tional to the number of bits (n) of the received data, and the 
t-bit error correction code has the number of bits proportional 
to the number of bits (n) of the received data. 

k k k k k 


