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Abstract: Orthogonal Latin Square (OLS) codes that provide low latency decoding and a modular construction. For 

some applications, like multimedia or signal processing, the effect of errors on the memory bits can be very different 

depending on their position on the word. Therefore, in these cases, it is more effective to provide different degrees of 

error correction for the different bits. This is done with Unequal Error Protection (UEP) codes. In this paper, UEP codes 

are derived from Double Error Correction (DEC) Orthogonal Latin Square (OLS) codes. The derived codes are 

implemented for an FPGA platform to evaluate the decoder complexity and latency. The OLSC Project has two major 

Process Encoder and Decoder. In the Decoder Part we modified the Syndrome Computation unit as well as we designed a 
Complete Setup of transmitter and Receiver via Encoder and Decoder.  The results show that the new codes can be 

implemented with lower decoding delay than traditional SEC-DED codes and with a cost similar to that of both DEC 

OLS and SEC-DED codes. The Proposed encoder and decoder are done by Verilog HDL and Simulated by Modelsim 6.4 

c and synthesized by Xilinx tool. 
 

Index Terms: DEP, UEP, OLS, Majority logic decoding. 
  

I. INTRODUCTION 
 

Error Correction Codes (ECCs) are widely used to protect memories and other electronic circuits against errors. One key 

requirement for the ECCs that are used in memories and circuits is that the decoders have to operate at high speed to 

minimize the impact on the overall circuit speed. This has brought the attention of researchers to codes that can be 

decoded using Majority Logic (ML). There are also the double-error correcting triple-error-detecting (DEC-TED) codes, 

which come at the cost of much larger overhead in terms of both the check bits and more complex hardware to implement 

the error correction and detection the general drawbacks 3 with these methods are latency and speed. Most of these codes 

require several cycles to correct the first error unlike the SEC-DED codes. Moreover, the encoding and decoding are 

much more complex and require several table lookups for multiplication in higher order fields. However in spite of their 

low check bits overhead and single cycle decoding, SEC-DED codes are not able to provide requisite reliability under 
certain conditions. There are several sources of errors that affect modern electronic circuits, such as manufacturing 

defects, circuit ageing, electromagnetic disturbances or radiation induced soft errors. Many different techniques can be 

used to either prevent failures from occurring or to detect and correct them. Those include modifications to the 

manufacturing process, circuit level and logic level techniques. Techniques at different levels are commonly combined to 

achieve the desired reliability target. 
 

Orthogonal Latin Squares Decoders 
The key parameters of an OLS code are its data block size k and the number of errors that can be corrected t. The block 

size is of the form k=m2 bits and to correct t errors, k= 2tm parity check bits are needed. For example when m= 4, the data 

block size is 16 bits and if t = 2, the num of parity check bits is also 16. The parity check matrix of this code.The decoding 

of OLS codes is done using majority logic. In particular, the decoded bit can be obtained from the values of 2t recomputed 

parity check bits and the bit itself. k= 16 and t = 2, four parity check bits and the bit to be decoded are used. The majority 

vote can be implemented in two different ways. The first option is to re-compute the four parity check bits and take a 

majority vote among them. When there is a majority of ones, an error has occurred and the bit is corrected. 
 

II. RELATED WORKS 
 

The double error correcting (DEC) BCH codes have not found favorable application in SRAMs due to non-alignment of 

their block sizes to typical memory word widths and particularly due to the large multi-cycle latency of traditional 

iterative decoding algorithms. This work presents DEC code design that is aligned to typical memory word widths and a 

parallel decoding implementation approach that operates on complete memory words in a single cycle. The practicality of 
this approach is demonstrated through ASIC implementations, in which it incurs only 1.4ns and 2.2ns decoding latencies 

for 16- and 64-bit words, respectively, using 90nm ASIC technology. A comparative analysis between conventionally 

used ECC and DEC ECC for reliability gains and costs incurred has also been performed. C. L. Chen and M. Y. Hsiao 
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was proposed this paper presents a state-of-the-art review of error-correcting codes for computer semiconductor memory 

applications. The construction of four classes of error-correcting codes appropriate for semiconductor memory designs is 
described, and for each class of codes the number of check bits required for commonly used data lengths is provided. The 

implementation aspects of error correction and error detection are also discussed, and certain algorithms useful in 

extending the error-correcting capability for the correction of soft errors such as a-particle-induced errors are examined in 

some detail was done by R. Nasser and J. Draper.  

 

III. PROPOSED SYSTEM 

 

Two techniques to derive UEP codes from DEC OLS codes based are presented. The proposed codes ensure that 

important bits are corrected when there is a double error and that all single errors are corrected. Additionally, some double 

errors that affect the least significant bits can also be corrected. The codes can be decoded in parallel with low complexity 

and latency and do not require any additional parity bit compared to standard DEC OLS codes  

 
Encoder For The Proposed (48, 16, 16) DEC OLS Code 

 
Decoder For The Proposed (48,16,16) DEC OLS Code 

 

IV. RESULTS AND DESCRIPTION 

 

SEC DED Encoder 

 
SEC-DED Main 
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Proposed DEC OLS Code Encoder 

 
PROPOSED OLSC DECODER 

 
 

DEVICE UTILIZATION SUMMARY FOR ENCODER 

 
 

DEVICE UTILIZATION SUMMARY FOR DECODER 

 
 

RTL SCHEMATIC FOR PROPOSED DECODER 
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COMPARISON TABLE 

 
 

V. CONCLUSION 

 

In this paper, two techniques to derive Unequal Error Protection (UEP) codes from Double Error Correction (DEC) 

Orthogonal Latin Squares (OLS) codes have been presented. The derived UEP codes can protect part of the word with 

DEC and the other part with SEC-DED. The codes can be decoded in parallel with low latency. Finally they do not 

require any additional parity bits compared to a standard OLS code.  The implementation results for an FPGA platform 

have confirmed the low complexity and latency of both the encoder and the decoder.  Future work will consider the 

derivation of UEP codes from OLS codes that can correct more than two errors. For example a TEC OLS code can be 

extended to also provide DEC for additional bits. It would also be interesting to derive a formal and general proof of the 

UEP capabilities of the proposed codes that does not rely on a case by case analysis and exhaustive error pattern testing. 
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