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Executive Summary 

This report provides all the documentation about the DAVINCI decoder implementation and the 

necessary information for its integration into other platforms.  The different development tools (VHDL 

files and C files) are also presented. 

 

Section 1 explains how to run and validate the VHDL model of the decoder using ModelSim. 

 

Section 2 briefly describes the C model conformed to the VHDL model which we designed to help the 

debug and the validation of the VHDL model.  

 

Section 3 describes the VHDL specification of the decoder that has been delivered to IMEC. 

 

Section 4 describes the different steps for the generalization of the DAVINCI decoder to obtain a generic 

decoder able to decode different code length, code rate and message lengths (nm). 

 

The current version of the D6.2.2 decoder considers a BPSK modulation. In section 5, we give some 

insights to obtain a decoder adapted to 64-QAM symbols.  



DAVINCI   D3.2 v1.0  

 Page 3 (20) 

Authors 

Partner Name Phone / Fax / e-mail  
 

Université de Bretagne Sud (UBS) 
  

 Ali Al Ghouwayel  Phone: +33 297874569    

  Fax: +33 297874527 

  e-mail: ali.al-ghouwayel@univ-ubs.fr 

 

 E. Boutillon Phone: +33 297874566    

  Fax: +33 297874527 

  e-mail: emmanuel-boutillon@univ-ubs.fr 

 

 

 P. Bomel Phone: +33 297874526    

  Fax: +33 297874527 

  e-mail: pierre.bomel@univ-ubs.fr 

 

 L. Conde-Canencia Phone: +33 297874528    

  Fax: +33 297874527 

  e-mail: laura.conde-canencia@univ-ubs.fr 

 

 

 

mailto:ali.al-ghouwayel@univ-ubs.fr
mailto:emmanuel-boutillon@univ-ubs.fr
mailto:ali.al-ghouwayel@univ-ubs.fr
mailto:laura.conde-canencia@univ-ubs.fr


DAVINCI   D3.2 v1.0  

 Page 4 (20) 

 

EXECUTIVE SUMMARY .......................................................................................................... 2 

AUTHORS ................................................................................................................................... 3 

LIST OF ACRONYMS AND ABBREVIATIONS ................................................................... 5 

CONVENTIONS.......................................................................................................................... 5 

1. VALIDATION OF THE DAVINCI DECODER WITH MODELSIM ........................ 6 

2. MODEL C OF THE DECODER ..................................................................................... 8 

3. DESCRIPTION OF THE DAVINCI DECODER DELIVERED TO IMEC ................ 9 

оΦн 5ŜŎƻŘŜǊΩǎ ŦǳƴŎǘƛƻƴŀƭ ǇŀǊŀƳŜǘŜǊǎ ǿƛǘƘ ƛƳǇŀŎǘ ƻƴ ±I5[ ................................................................. 11 

3.3 On the integration of the DAVINCI decoder at IMEC ...................................................................... 12 

3.4 Simulation of the DAVINCI decoder interface................................................................................. 12 

4. GENERALIZATION OF THE DECODER ....................................................................... 14 

4.1 Generic state machine ................................................................................................................... 14 

4.2 Generic Variable Node ................................................................................................................... 15 

4.3 Generic Check Node ....................................................................................................................... 18 

4.4 Memory partition .......................................................................................................................... 18 

5. THE DAVINCI DECODER ADAPTED TO 64-QAM MODULATION ................ 18 

6. CONCLUSION AND FURTHER WORK ......................................................................... 19 

REFERENCES .......................................................................................................................... 20 
 



DAVINCI   D3.2 v1.0  

 Page 5 (20) 

List of Acronyms and Abbreviations    

 

BC Bubble Check 

CN Check Node 

CAM Content Addressable Memory 

ECN Elementary Check Node 

EMS Extended Min-Sum 

FER Frame Error Rate 

GF Galois Field 

GCU Global Control Unit 

LBC L-Bubble Check 

LDPC Low Density Parity Check Code 

LLR  Log Likelihood Ratio  

PCM Parity Check Matrix 

SNR  Signal-to-Noise Ratio 

VN Variable Node 

 

Conventions  

 

     This document uses the following conventions. An example illustrates each convention.  

 

Convention Meaning or Use Example 

   

Square brackets A[0:n] Denotes a vector A of n 

components 

CTV[0 énm] denotes the Check 

To Variable message of size nm 

Composite type: A.B Denotes the component B of a 

vector A of a composite type 

component (VHDL record type)  

CTV[i].LLR: denotes the LLR 

component of the i
th
 composite 

component of the Check to 

Variable message  
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1. Validation of the DAVINCI decoder with ModelSim 

 

The VHDL model of the decoder consists of 31 VHDL files plus one test bench file for ModelSim 

simulation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The validation of the DAVINCI decoder using ModelSim consists in stimulating the decoder by input 

data representing the noisy encoded bits generated with a C model of the Non-binary LDPC encoder 

using a Gaussian Channel model and BPSK modulation. The decoder receives the BPSK symbols, 

performs the decoding iterations and generates the decoded symbols.  

 

In order to verify the functionality of the decoder, one should compare the output of the decoder to the 

encoded symbols obtained at the output of the encoder (before the modulation and addition of the 

AWGN). For this we have saved a set of frames generated using the C model of the encoder to be 

compared with the decoded symbols obtained with VHDL model of the decoder.  

Figure 1-1 depicts in a block diagram the validation method of the VHDL model. The LDPC code 

considered in this experiment is LDPC(2,6) N=192. This is the code considered in the D6.2.2.  

The database saved in the file ñdbGF_encoded3dB_Iter8ò contains the GF symbols of 2267 frames 

where each frame consists of N=192 symbols. These 192 symbols represent the information and the 

redundancy symbols. 

The database saved in the file ñdata_yi_3dB_Iter8ò contains the noised GF symbols, produced at 

SNR=3.0 dB, denoted by yi. This is the binary noised version of the encoded GF symbols saved in the file 

dbGF_encoded3dB_Iter8. It consists then of 2267 frames where each frame is represented by its binary 

format of (192*6) yi data.  

The data in these two files are saved in one single column and the read of each frame from the 

data_yi_3dB_Iter8 and dbGF_encoded3dB_Iter8 takes 192 and 192*6 clock cycles respectively.  

 

We note that a 2ôs complement representation on 6 bits is used to represent the noised yi data. These data 

are quantized according to the quantization technique described in the D6.1.3 with a quantization range 

yi_QR=18.  

  

ModelSim Folder: ModelSim_project 

Top Level VHDL entity: CVNB.vhd.  

Test bench file: sim_CVNB.vhd 

Main parameters to be set in the Davinci_pkg.vhd file are:  

 

NiterMax: number of maximum iterations executed during the decoding process (maximum value is 8) 

soper: constant representing the number of supplement operation to be done in the Elementary Check 

Node function. Number of total operation is: 16¢+sopernm   

nm: the message length going from the RAM to the CN (is set to 12) 

nmv: message length entering the Variable Node (is set to 16) 

bit_llr : number of bits representing the intrinsic LLR values (set to 6) 

S_lllr: number of bit representing the extrinsic LLR values (set to 6) 

sat_value: a constant value related to S_lllr. satvalue=2
S_llr

-2. For S_llr=6, sat_value=62.  

offset: a constant representing the offset compensation of the truncated message in the EMS algorithm.  

 

ISE Folder: ISE_project 
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Figure 1-1: Block Diagram of the validation method of the VHDL model of the DAVINCI Decoder  

 

We note here, that with the latest (Frame Error Rate) FER simulation of different quantization range 

yi_QR using the C decoder, we have obtained the best FER with yi_QR=9.35. This is the value which has 

been used to perform C FER simulation for different SNR illustrated in the D6.2.2.  

 

The C and VHDL decoders perform the decoding process using 8 iterations. The FER is computed by 

considering the comparison of the decoded symbols to the encoded ones stored in the 

ñdbGF_encoded3dB_Iter8ò file. After 8 decoding iterations, the FER obtained with the two models C 

and VHDL was respectively 10/2267 and 9/2267. For the VHDL decoder, the signals that show the 

results are: nbframes (number of simulated frames and error_frame (number of erroneous frames) as 

shown in Figure 1-2. 

 

 

Figure 1-2: Illustration of the simulation of two frames obtained with ModelSim 

 

Conclusion: A validation of the VHDL model stimulated by the data of ñdata_yi_3dB_Iter8ò 

database should give 9 erroneous frames among 2267 simulated frames when the VHDL decoder 

output is compared to the GF symbols stored in the dbGF_encoded3dB_Iter8 database.  
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The Hardware implementation of the DAVINCI decoder (ISE_project) showed that the decoder 

consumes 21809 slices and run at a maximum frequency of 54 MHz. A timing constraint of 17.5 ns was 

set to the Clock ñCLKò. Target device: Virtex 4 (XC4-vlx200-11ff1513. The result summary of the 

implementation can be seen in the html file: CVNB_summary located at ISE_project folder.    

2. Model C of the decoder 

Related software projects and Files:  

 

C: ldpc_min_vraiVHDL 

VHDL : decoder2_debug 

Matlab: comp_C_VHDL  

 

During the development of the VHDL code of the decoder architecture, it was necessary to validate each 

designed component and manly the Variable Node (VN) and the Check Node (CN) by considering as 

reference the C model which has been validated by long FER simulations. For this, we have re-considered 

the development of the C model of each of the Variable and the Check Nodes as well as the decision 

making circuit described in the D6.2.2. So, we developed a C code conform to the VHDL model by 

considering the timing at the clock cycle level. This new C model has been validated by long FER 

simulation.  

 

Now, in order to validate the developed VHDL VN and CN we considered the stimulation of the C and 

VHDL model with the same input and a comparison of the corresponding output can judge on the VHDL 

model. That means, if the C and VHDL outputs are the coherent, we consider that the VHDL component 

is well operating. This validation method is illustrated in Figure 2-1-1. The stimuli is a file containing a 

set of data generated with the C model. The C and VHDL outputs of the CNs are saved in two files.  

 

 

 

Figure 2-1: Diagram block of the validation method of the VHDL Check Node 

  

The C model of the DAVINCI decoder which conforms to the VHDL one is developed in the kdevelop 

project located in the ldpc_min_vraiVHDL folder. This decoder can be executed using the execution 

command described in the script mcs_simu.sh file. The execution command used in this file is well 

explained by the comments at the begin of the file. This project can only simulate the LDPC(2,6) N=192 

code.  

 

The VHDL project dedicated to the debug is located in ñdecoder2_debugò. The test bench 

decoder2_debug /sim_CVNB.vhd file reads the stimuli file and executes the decoding operation. The 

VHDL process dedicated to the storing of the required data are developed in the top level entity file 

decoder2_debug/CVNB.vhd.  

 

Once the files constituting the C and VHDL databases are generated, their comparison is performed using 

some Matlab scripts developed in the File ñcomp_C_VHDL.mò. This file scans the C and VHDL 

databases and performs the comparison. If the result is zero, this means that the VHDL model is coherent 
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with the C model, otherwise the difference between the C and VHDL databases constituting the GF 

symbols is indicated. Let us consider, the code LDPC(2,6) N=192, M=64. The comparison consists in 

comparing the GF symbols obtained with the two models. We have 64 CN operations, at each operation 

the dc=6*nm GF symbols are compared column by column. The result of comparison is a 64*6 matrix. If 

the matrix is zero, it means that all the GF symbols obtained with the C model are found in the VHDL GF 

database. If not, each component of the row indicates the number of C-GF symbols that has not been 

found in the VHDL symbols.  

 

Another kdevelop project located in the ldpc_minCVHDL folder has been developed. This project was 

the first version of the C model which considers the same wiring technique of the Forward-Backward 

algorithm used in the VHDL and C models of the CNs. But the timing at the clock cycle and the order of 

the data is not conforming between the C model.  

The project ldpc_minCVHDL is generic and can simulate the set of the DAVINCI codes in fixed and 

floating point precision. The FER simulation using floating point precision illustrated in the D6.2.2 are 

obtained by means of this C project.   

 

3. Description of the DAVINCI decoder delivered to IMEC  

This delivery comes in a zip file, named DaVinci_2010_01_22.zip, which contains: 

¶ A set of VHDL files 

¶ A set of test files 

¶ A modelsim directory with a modelsim project for simulation and validation purpose 

¶ An ise directory with a valid ISE synthesis project for a Virtex4 

Decoder implementation VHDL files 

async_fifo.vhd 

COMP_INTERLEAVER26_N192.vhd 

ControlUnit2.vhd 

CVNB.vhd 

DaVinci_pkg.vhd 

fsl_v20.vhd 

gen_srlfifo.vhd 

gen_sync_bram.vhd 

gen_sync_dpram.vhd 

INTERLEAVER26_N192.vhd 

listsorter.vhd 

llr.vhd 

llr_stage.vhd 

Multiplier.vhd 

RAM.vhd 

RAM_SECN.vhd 

RAMBLOCK.vhd 

ROM_BANC32_26N192.vhd 

ROM_BANC64_26N192.vhd 

ROM_BANC64_26N192_Desinter.vhd 

ROM_CASE32_26N192.vhd 

ROM_CASE64_26N192.vhd 

ROM_DIV_26N192.vhd 

ROM_MULT_26N192.vhd 

ROM_MULT_26N192.vhd 

SCN.vhd 

SCNB.vhd 

SECN.vhd 

sim_CVNB.vhd 

sorter_stage.vhd 

sync_fifo.vhd 

Decoder interface  with IMEC environment, VHDL files  

DV_ctrl_interface.vhd 

DV_ctrl_interface_arch.vhd 

DV_decoder_interface.vhd 

DV_decoder_interface_arch.vhd 

DV_imec_ctrl.vhd 

DV_imec_ctrl_arch.vhd 

DV_imec_input.vhd 

DV_imec_input_arch.vhd 
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DV_imec_output.vhd 

DV_imec_output_arch.vhd 

DV_imec_output_arch.vhd 

DV_input_interface_arch.vhd 

DV_lib.vhd 

DV_output_interface.vhd 

DV_output_interface.vhd 

 

Top level, testbench VHDL file 

testbench.vhd 

 

Data files for test and functional validation 

data_yi_3dB_Iter8.txt 

dbGF_encoded_3dB_Iter8.txt 

entree_3.0dB_18.0_6.txt 

sortie_3.0dB_18.0_6.txt 
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3.2 Decoderôs functional parameters with impact on VHDL 

The delivered decoder considers a: 

¶ BPSK modulation, 6 words per symbol 

¶ Non-Binary LDPC(2,6), with N=192 symbols, one frame = 1152 words 

¶ Word width is 6 bits 

 

 

 

Figure 3-1 ï DV_lib.vhd file parameters 

 

¶ FRAME_SIZE_BITS (12) is the number of bits required to store a frame size (in words). 

Because max frame size is 1152 (192x6=Nx6), we need 11+1 bits (11 bits of magnitude, 1 sign 

bit). 

¶ WORD_BITS (6) is the number of bits per word output by the decoder. At this time 

PAYLOAD_BITS and WORD_BITS are the same. This can be adapted if required. 

 

 

Figure 3-2 ï Testbench.vhd file parameters 

 

To configure the testbench and replay it: 

¶ Set modulation to BPSK.  

¶ Specify frame size (in symbols) with the TEST_FRAME_SIZE  parameter = 192 
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3.3 On the integration of the DAVINCI decoder at IMEC  

1/ The decoder has been designed and validated by simulation at UBS. Decoder simulation needs the 

unisim library from Xilinx for the targeted device. 

2/ Synthesis with ISE 11.1 for a Virtex4 (xc4vlx200-11ff1513 device) gives an estimation of 57 MHz 

max frequency and consumes less then 25% of the deviceôs area. 

3/ Integration of core decoder into decoderôs interface with IMEC has been done and verified by 

simulation with files entree_3.0dB_18.0_6.txt and sortie_3.0dB_18.0_6.txt. When data from file 

entree_3.0dB_18.0_6.txt are input directly to decoder or to decoder_interface they provide the same 

results: sortie_3.0dB_18.0_6.txt. 

4/ For functional, system-level, with BER rate, validation at IMEC: 

dbGF_encode_3dB_Iter8.txt is a file containing the data generated with the model C of the Non-Binary 

LDPC(2,6) N=192 Encoder. This File contains 2267 frames. Each frame consists of 192 GF symbols.  

 

data_yi_3dB_Iter8.txt is a file containing the noisy version of the first file generated using a Gaussian 

Channel modelisation. This file will constitute the input of the Non-Binary LDPC decoder. The data have 

been generated on 6 bits using 2's complement binary representation. This File contains 2267 frames. 

Each frame consists of 192*6 data. 

In order to validate the decoder, two steps to be done: 

1- Stimulation of the decoder with the file data_yi_3dB_Iter8.txt 

2- Comparison between the decoder ouput and the symbols constituting the file 

dbGF_encode_3dB_Iter8.txt 
 

The comparison result should give 184 erroneous symbols among (2267*192) compared symbols. 

 

3.4 Simulation of the DAVINCI decoder interface 

A picture of the ñtop levelò synchronization scheme is: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1rst input  frame 

2
nd

 input frame 

1rst output  frame 
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A picture of the start of the first frame 

 

 

Input data on signal input_payload are the data found in the entree_3.0dB_18.0_6.txt file. 

 

A picture of the start of the first output frame 
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4. Generalization of the decoder 

The decoder described in the D6.2.2 and discussed in the previous sections is dedicated to treat one NB-

LDPC code of rate R=2/3, N=192 and nm=12. In this section we describe the generalization of the decoder 

at different steps. Firstly we describe the design of a generic state machine able to handle different NB-

LDPC codes with different rates and code lengths. Secondly we discuss the design of generic VN and CN 

and then we discuss the memory partition for different NB-LDPC codes.  

4.1 Generic state machine 

The state machine described in the D6.2.2 and illustrated in Figure 3-1 is designed in a generic way.  

Let us begin with the state Load_yi. As shown in Figure 3, the timing of this state depends on the 

codelength and the type of modulation (BPSK or 64-QAM) denoted by YIQ. We remark that this state can 

handles any codelength and the two modulation types. In the Gen_LLR state, the decoder performs the 

LLR generation of the codelength variables. Having dc Variable Node implemented in parallel, then the 

total time of the LLR computation is equal to the time of computation of one variable update (nm+YIQ+1) 

clock cycles multiplied by (codelength/dc).  

As for the Update state, the timing depends on the codelength, dc, nm, YIQ, nc and soper. The parameter 

nc representing the number of candidates in the L-BC algorithm is fixed to 4. The timing of decoder is 

mainly based on the time of this state which in turn based on the time of the CN operation. All the other 

parameters except nm and soper can be adjusted according to the user need.  

 

Figure 3-1: Generic state machine 

The parameter dc with the fixed dv =2 defines the code rate 
c

v

d

d
R -=1  , we recall that dv denotes the 

degree of connectivity of the VN. Then, the timing of this state can execute any codelength, R, message 

length nm=12 and soper=1. By this way we have a state machine which can handle different codelengths 

and rates. The message length nm and the number of supplement operations soper should be adjusted 

according to the timing of the VN. This issue will be discussed in the next section. 
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4.2 Generic Variable Node 

As described in the D6.2.2, the architecture of the VN does not depend on the codelength neither on the 

code Rate. The VN receives a CTV (Check To Variable) message, internally generates the corresponding 

intrinsic LLR and performs the update operation. This generic aspect of the update process of the VN 

depends only on the message length and the used modulation type (BPSK or QAM64). For the moment, 

we consider the BPSK modulation and we discuss the generalization of the message length to be treated 

by the VN. 

As discussed in the D6.2.2, one of main components on the VN is the sorter and the structure of the sorter 

depends on the message length. The sorter is composed of nb_stages stages where nb_stages is fixed 

according to the size of the list nm to be sorted, with nb_stages=log2(n), where n is the first integer of the 

form m

stagesnb nn ²= _2 . The latency of the sorter depends on the number of stages and is expressed as  

 

stagesnbLsorter
stagesnb

i

i _*22
1_

0

+= ä
-

=

 

 

For nb_stages=4, Lsorter=15+8=23 clock cycles. We consider here that the message length entering the 

sorter of VN is inferior or equal to 16. This message length is fixed as the sum of nm and the supplement 

operations done in the ECN function of the CN: nm+soper=16. Based on the FER simulation, a message 

length > 16 does not give an important gain in performance. So, we consider that the maximum length of 

the message to be sorted in the VN is equal to 16. 

Now let us consider the VN input message coming from the CN. As discussed in the D6.2.2, each ECN in 

the CN generates nm+soper+nc-1 (LLR,GF) couples whose nc-1 couples are always non-valid as shown in 

Figure 4-34-3. This arises during the initialization phase of the ECN comparator. We note here that other 

non-valid symbols can arise during the ECN computation. Figure 4-4 illustrates the CN outputs going 

toward the VN. As we remark, the outputs CTV(0), CTV(1), CTV(4) and CTV(5) generate 3 non-valid 

symbols while CTV(2) and CTV(3) generate 4 non-valid symbols during the initialization phase. This is 

due to the wiring scheme of the Forward-Backward algorithm when an ECN of the layer 3 of the CN 

receives two inputs both treated with the same number of ECNs of the layer 1 and layer 2 (see D6.2.2).    

 

 

 

Figure 4-3: Timing diagram of the ECN computation 

 

 

 

The VN architecture described in the D6.2.2 considers the treatment of these non-valid symbols and the 

sorter considers the whole input list of size 16. In order to exploit these three clock cycles, we have 

inhibited the treatment of the first three non-valid (LLR, GF) couples generated just after the first symbol. 

By this way we can increase nm or soper such that nm+soper=16. We have slightly modified the VHDL 
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code of the VN and we have simulated and validated the decoder with nm=15 and soper=1. Thus, any 

combination of nm+soper=16 can be simulated.  
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Figure 4-4: Timing diagram of the CN obtained with ModelSim 








