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Abstract: The intelligent web-based systems had been developed for various applications such as conceptual design, 

rapid prototyping manufacturing, and supply chain planning. On the other hand, hardward/software (HW/SW) codesign is 

commonly used methodology for digital-system design. Noteworthy, our previous work had carried out in order to de-

velop a web-based HW/SW codesign framework with implementation of a JPEG encoder [1]. Design of an 802.16 codec 

with the web-based HW/SW codesign automation is further performed in this work. The 802.16 codec designed by C pro-

gram language is compiled with MS Visual C++ 6 to verify its correctness at first. The ANSI C design of an 802.16 codec 

is further transferred into the developed web-based codesign framework, which utilize web servers, CGI programs (in C 

or PERL), GCC compiler, SPIM simulator, and Cadence EDA tools. In about seventy working minutes, the respective de-

sign of a MIPS-like processor (hardware) in TSMC 0.18 μm VLSI layout with machine code (software) is going to be 

automatically accomplished in the web-based codesign framework. The full detailed HW/SW design is capable to be 

automatically e-mailed return to remote user for further application. In the web-based codesign framework, the MIPS-like 

processor is designed by using alogrithmic state machine and Verilog hardware description language. In addition, the 

HW/SW design of an 802.16 codec is verified with using a Xilinx FPGA development board for this study. 

Keywords: 802.16, HW/SW codesign automation, MIPS, FPGA, EDA, VLSI. 

1. INTRODUCTION 

The intelligent web-based systems had been developed 

for conceptual design, rapid prototyping manufacturing and 

supply chain planning [2-4]. As inter-enterprise cooperation 

on the internet becomes more dynamic and changing, the 

concept of how internet-enabled designs may allow compa-

nies to create global design groups to complete complex sys-

tem-on-chip designs [5]. The HW/SW codesign methodol-

ogy is commonly used for digital-system design, especially it 

is aimed at the consumer market to execute a variety of high-

performance real-time tasks, such as audio, images, video, 

radio channel access, TCP/IP protocol stack management 

and so on. Noteworthy, the internet-based collaborative 

HW/SW codesign framework has been developed in our 

previous study with very preliminary verification with the 

implementation of an JPEG encoder [1]. To validate the per-

formance of developed framework, more advanced and 
complicated design is urgently required to be studied. 

WiMAX, meaning Worldwide Interoperability for Mi-
crowave Access, is based on the IEEE 802.16 standard [6] 
(also called Broadband Wireless Access). WiMAX has been 
tipped to bring a revolution in the way we use broadband 
services. In this study, design of the 802.16 channel codec  
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capable for the application of WiMAX is performed in asso-
ciation with the web-based HW/SW codesign automation. 
The web-based HW/SW codesign framework which utilizes 
web servers, CGI programs [7] (in C or PERL), GCC com-
piler, SPIM simulator, and various EDA tools such as Ca-
dence BuildGates and SOC Encounter has been implemented 
for running in Windows XP and TopologiLinux. As the 
processor core for HW/SW codesign, the MIPS-like proces-
sor is designed by using algorithmic state machine [8] and 
Verilog hardware description language. 

An 802.16 channel codec designed by C program lan-
guage is compiled with MS Visual C++ 6 to verify its cor-
rectness at first. Furthermore, a remote user can input the 
ANSI C design of the 802.16 channel codec to the web-
based HW/SW codesign framework. In about seventy min-
utes, the full detailed HW/SW designs including C original 
design, assembly code, machine code and a MIPS-like proc-
essor in TSMC 0.18 μm VLSI layout are going to be auto-
matically accomplished and e-mailed return to the remote 
user for further application. The HW/SW design of an 
802.16 channel codec is verified by using MS Visual C++ 6, 
PCSPIM, Modelsim and a Xilinx FPGA development board 
[9] in this work. 

The objective of this work is to further validate our novel 
web-based HW/SW codesign framework [1] which can ef-
fectively integrate various EDA tools to complete an 802.16 
HW/SW codesign in less than two working hours. Using the 
proposed codesign automation is anticipated to save dozens 
or hundreds times of labor efforts than those using the EDA 
tools separately without design automation.  
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The paper is organized as follows: Section 2 introduces 
an 802.16 channel codec; The development of a MIPS-like 
processor using ASM and Verilog is discussed in Section 3; 
Our approach to realize the web-based HW/SW codesign 
framework and various possibilities is described in Section 
4; Finally, Section 5 presents the various verification results 
to show correctness of the design of an 802.16 channel codec 
with web-based HW/SW codesign automation. 

2. 802.16 CHANNEL CODEC 

Fig. (1) presents the flowchart of an 802.16 channel 
codec [6] and indicates that symbols, (A)-(P), are assigned to 
be referred to the following verification results. Randomizer 
is the first process after receiving the input signals. The For-
ward Error Correction (FEC) encoding is performed by pass-
ing the data in block format through the Reed-Solomon (RS) 
encoder and then passing it through a convolutional encoder. 
After interleaving, the signals are entered serially to modu-
late. The inverse fast Fourier transform (iFFT) is subse-
quently to convert the frequency domain signals into time 
domain. The time domain signals are transmitted through the 
channel. After channel transmission, the received signal is 
processed by using the fast Fourier transform (FFT) and de-
modulator. Furthermore, the signals are restored back into 
the original form by deinterleaver, FEC decoding and deran-
domizer. In general, the original data signal will be recov-
ered in the final output.  

In the 802.16 channel codec, the randomization of the 
data signal is performed to avoid long sequences of consecu-
tive ones and zeros. The randomizer is implemented with a 
Pseudo Random Binary Sequence generator using an XOR 
operation with a generator polynomial of 1514

XX1 ++ . 
Forward Error Correction (FEC) is performed on two phases 
through the Reed-Solomon (RS) outer code and the convolu-
tional inner code to correct burst error. The RS code corrects 
burst error at the byte level. The convolutional code corrects 
independent bit errors. 

In IEEE 802.16 standard, interleaving defined by a two-
step process is used against long sequences of consecutive 
errors. The first step ensures that adjacent coded bits are 
mapped onto non-adjacent subcarriers. The second step en-
sures that adjacent coded bits are mapped alternately onto 
less or more significant bits of the constellation, thus avoid-
ing long runs of unreliable bits. The specified modulation 
scheme can be BPSK, QPSK, 16-QAM and 64-QAM in the 
802.16 channel codec. The BPSK and QPSK modulations 
are used for communication over longer distances or in im-
paired conditions. On the other hand, the disadvantage of 
BPSK and QPSK lies in the low signal rate. In this work, the 
QPSK modulation is performed. 

3. MIPS-LIKE PROCESSOR 

As well known in open literatures, MIPS processor was 

originally invented as part of a Stanford research project and 

later brought to market by newly-started MIPS Corporation 

in 1985, releasing the MIPS R2000 [10] running at 8 MHz 

on 2.0 micron process. MIPS, a family of 32-bit and 64-bit 

computer processors, is currently primarily used in many 

embedded applications such as the Windows CE devices, 

network routers, and video game consoles like the Nintendo 

64, PlayStation 2, and PlayStation Portable handheld system. 

Until late 2006 they were also used in many of SGI's com-

puter products. In this work, the MIPS-like processor archi-

tecture, which can be generated automatically by web-based 

HW/SW codesign framework, includes thirty-two general-

purpose 32-bit registers, forty-seven instructions, and an 

external floating-point unit (FPU) for computation of real 

numbers. 

For the design of MIPS-like processor, Algorithmic State 
Machine (ASM) notation [8], which builds on the foundation 
of state transition diagrams by providing a mean to express 
the state trajectory as a conditional flow, is applied in this 
work. It is accomplished by incorporating conditions, deci-
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Fig. (1). The flowchart of an 802.16 channel codec. 
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sion points, and distinct output points within the ASM 
charts. ASM charts are composed of multiple ASM blocks, 
each block with exactly one state, at least one output, and 
exit conditions. In the ASM chart, each state takes an exact 
amount of time, as known as the clock period or clock cycle. 
ASM blocks have a single entry point, but can have multiple 
exit paths. Fig. (2) shows a simplified ASM chart for the 
designed MIPS-like processor. 

Verilog is a hardware description language (HDL) util-
ized to model electronic systems in VLSI design industry. 
Based upon the designed ASM chart, the MIPS-like proces-
sor can be behaviorally modeled with Verilog very effi-
ciently. The behavioral Verilog model of MIPS-like proces-
sor could be simulated and synthesized for further verifica-
tion. In addition, EDA tools such as Cadence BuildGates and 
SOC Encounter are applied to accomplish VLSI layout of 
MIPS-like processor. 

4. WEB-BASED HW/SW CODESIGN 

Fig. (3a) presents the realized architecture for the web-
based codesign framework. In the developed web-based 
HW/SW codesign framework, Windows XP and Topologil-
inux operating systems are installed in one computer (CPU 
2.0 GHz, RAM 752 MB, HD 30 GB) in association with 
Abyss web server, CGI programs, GCC compiler, SPIM 
simulator, and Cadence BuildGates and SOC Encounter. 

 

In this work, web server provides access of the user to 
the codesign framework, as well as processes all design re-
quests received from users who use their web browsers for 
communication with the server. Another function of the web 
server is to provide information about the current design 
status and results of the framework (i.e. the status and results 
of actions requested by the user). As the matter of fact, the 
web server is a connecting link between the hardware of the 
internet network and the user's browser. The CGI programs 
designed by using C or Perl language are utilized to make 
dynamic template pages (written in HTML language), to 
grant or deny user access by checking user’s IP address, and 
to drive GCC compiler, SPIM simulator, Cadence Build-
Gates, and SOC Encounter doing their jobs, respectively. 
Another function implemented in CGI programs is the orga-
nization of the files with result of simulation task and with 
VLSI layout of the designed MIPS-like processor. The proc-
essed design results including C original design, assembly 
code, machine code, and VLSI layout with timing report, 
area report, and power report may be sent to client via e-mail 
when the full design task is accomplished. Fig. (3b) illus-
trates a basic demonstration for the web-based HW/SW 
codesign. 

A website developed for internal use and organized as 
aforementioned discussing offers the following possibilities: 

I. Users can develop their designs in various fields  
such as wireless communication, digital signal processing, and 
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Fig. (2). A simplified ASM chart for MIPS-like processor. 
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(a) (b)   
Fig. (3). (a) Block diagram of the web-based design framework. (b) Demonstrator operation, and layout example. 

(a)

(d)

(b)

(c)
 

Fig. (4). (a) Main page of web-based design framework. (b) The example of user permission and C/C++ design input. (c) The example of 
assembly code generated by GCC compiler. (d) The example of simulation completed by SPIM simulator. 
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Fig. (5). Performance of the 802.16 codec in AWGN channel. 
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Fig. (6). (a) Every subsection of the outputs from each process with respect to Fig. (1). (b) Partial results extracted from MS VC++6. 
 

information technology by using popular C/C++ languages. 
The custom C/C++ codes can be further compiled, assem-
bled, and embedded into whole HW/SW codesign via the 
window of browser just in hours. 

II. Users can use the email client program to receive 

whole design including C/C++ original design, assembly 

code, machine code, and VLSI layout with timing report, 

area report, and power report. Fig. (4) illustrates some possi-

bilities of the studied framework for HW/SW codesign via 

internet. 

5. VERIFICATION 

The performance simulation of the studied 802.16 chan-
nel codec is shown in Fig. (5) with comparison to that of 
previous study by Shafik et al. [11]. It is found that perform-

ance trends of this work and previous study are similar, but a 
little difference in BER performance is due to Shafik et al. 
using convolutional code only without RS code in their 
simulation. 

The input signals of an 802.16 channel codec are given 
by {0, 1, 0, 0, 0, 1, 0, 0, ...} to verify the correctness of 
whole design. For the design verification, (A)-(P), are ap-
plied to illustrate the outputs from each component of an 
802.16 channel codec as shown in Fig. (6a) with respect to 
Fig. (1). 

The 802.16 channel codec designed by C program lan-
guage is compiled with MS Visual C++ 6 to verify its cor-
rectness. Partial result data is extracted for further verifica-
tion as shown in Fig. (6b). The two red frames of Fig. (6b) 
show that the original input data, subsection (A), is the same 
as the restored output data, subsection (P).  
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The C design of the 802.16 channel codec is further 

compiled by using GCC compiler toolchain and assembled 

by using SPIM to generate the MIPS-architecture assembly 

program and to complete MIPS-machine simulation, respec-

tively, within the web-based HW/SW codesign framework. 

Partial coding data extracted from PCSPIM is shown in  

Fig. (7). It is found that data contents from using MS VC++6 

are the same as those from using PCSPIM. For instance, the 

first data of subsection (C) in Fig. (6b) is decimal 213 and is 

the same as hexadecimal 0x000000d5 corresponding to ad-

dress 0x10010848 in Fig. (7). The first data 0x3ecf876f cor-

responding to address 0x10014048 in subsection (H) of  

Fig. (7) can be converted to 0.40533015 with IEEE 754 

standard and is almost the same as the first data 0.405330 of 
subsection (H) in Fig. (6b). 

The full detailed design resulted from web-based 
HW/SW codesign framework includes the Verilog behav-
ioral models of a MIPS-like processor and an 802.16 channel 
codec. The Verilog model of a MIPS-like processor embed-
ded with an 802.16 channel codec can be simulated by using 
the EDA tool, Modelsim. The simulated results from Model-
sim are the same as those from MS VC++6 and PCSPIM.  
 

Partial memory contents extracted from Modelsim as shown 
in Fig. (8) are the same as those in Fig. (6b) and (7). For 
example, the data 0x3ecf876f corresponding to address 
0x10014048 in subsection (H) of Fig. (7) is the same as re-
verse ordered data 6f 87 cf 3e corresponding to address 4048 
in subsection (H) of Fig. (8). 

The Virtex-II PRO(V2-Pro) FPGA development system 
interfacing with flash memory is applied to verify the afore-
mentioned Verilog model again. The behavioral Verilog 
model is synthesized and programmed into the FGPA board 
by using ISE design suite. The original data and the 802.16 
channel codec program are programmed into flash memory, 
and the synthesized Verilog model of the MIPS-like proces-
sor is programmed into FPGA chip, respectively. 

When the 802.16 channel coding and decoding are ac-
complished, the coded and decoded data of an 802.16 chan-
nel codec will be appeared in flash memory finally. The par-
tial coding and decoding results in flash memory are the 
same as those by using MS VC++6 (Fig. 6), PCSPIM  
(Fig. 7), and Modelsim (Fig. 8). The whole 802.16 channel 
codec data is extracted from flash memory and is found to be 
correct in this work. 
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Fig. (7). Partial results extracted from PCSPIM. 
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In addition, the Verilog structural model of a MIPS-like 

processor can be automatically generated by using Cadence 

BuildGates in web-based HW/SW codesign framework. The 

synthesized netlist from BuildGates is further imported to 

Cadence SOC Encounter for VLSI layout with using TSMC 

0.18 μm standard cell library as shown in Fig. (9). The VLSI 

layout could be passed for Design Rules Check (DRC) to 
complete all verification tasks. 

CONCLUSION 

Verification results reveal that the design of an 802.16 
channel codec by using the web-based HW/SW codesign 
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Fig. (8). Partial results extracted from Modelsim. 

 

Fig. (9). VLSI layout of the MIPS-like processor. 
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automation is correct. The main contribution of this work is 
to design an 802.16 channel codec to successfully verify a 
web-based HW/SW framework [1] which can design a 
MIPS-like processor core and integrate various EDA tools to 
achieve web-based compilation, assembly, simulation, syn-
thesis, and VLSI layout. In general, a HW/SW codesign for 
the 802.16 channel codec is able to be accomplished by us-
ing the developed framework in less than two working hours. 
In addition, users can develop their design in C/C++ to make 
their research very efficiently. Noteworthy, more compli-
cated algorithms need to be studied for the robustness of 
proposed web-based HW/SW codesign framework. 
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