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Abstract—Productivity gap on SoC design is a challenge to
address in design method research area. Main research topics in
this area address this problem using many schemes and methods.
Software for automation in a system design and implementation
is one solution to address design time efficiency. The second one
is parallelism concept in hardware/software co-design. This
approach addresses both design time efficiency and flexibility.
This paper proposes an automated SoC design software with
respect  to parallelism and automation concept.
Hardware/software co-design is an implementation of parallelism
concept. In the traditional design, the main concept is hardware
design and then software design. In this paper we did both design
in parallel mode. The result showed that the proposed method
can reduce much more time than before

Keywords—productivity gap, SoC design, hardware/software,
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I. Introduction

There are three important aspects that affect SoC design
and implementation, i.e. Integrated Circuit(IC) technology,
processor and design technology [12]. Moore law shows the
accurate prediction with respect to the capacity of IC
technology. Its capacity is doubling every 18 months [8]. The
fact shows the capacity of processor chip doubled in few
years. The growth of IC technology was irreversible. It
constantly increases inline to the market necessity. On the
other side, productivity of hardware designers was not as fast
as IC technology growth.
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Figure 1. Productivity Gap[12]
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There is a wide gap between technology and productivity.
It means that there is an opportunity lost on IC technology
usability. It is quite understandable because of the irreversible
nature of I1C technology. It will continue to evolve and never
return. However, the designers are still dominated by those
who have a productive age limit. Designers who have
advanced skill will eventually disappear along with the course
of time. Transfer of skills is done by knowledge transfer and
research collaboration.

On the other hand, the right thing to do is to reform the
technological design. The idea is to construct SoC design
framework that accelerates designing process. That will
maximize the productivity.

SoC framework consists of two parts, i.e. hardware and
software. Traditional approach was conducted by designing
hardware and software separately. That approach takes longer
time because of the serial process. The improvement of that
approach was carried out by designing both hardware and
software together in parallel, which is by hardware/software
co-design concept. The second approach to do is developing
tool for time efficiency. Mapping processes between source
code and object can be simplified by using automatic
generator.

I1. Hardware /Software CoDesign
Method

Efforts to improve the performance of design technology
have been carried out. The fundamental concept used to
improve design technology is by enhancing abstraction level,
such as Architectural model[4], High Level Synthesis[2],
System level Synthesis[3], Transaction Level Modeling[6],
System Level Design[7] and System Level Modeling[10]. The
second one is parallelism concept such as Hardware/software
co-design model[9].

Designers concern to improve the design performance for
addressing the productivity of gap problem. In this paper,
hardware / software co-design, as a basic concept is used to
increase performance of the SoC design process. The used
approach in the model of hardware/software codesign is
parallelism concept.
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There are two major sub-systems in SoC implementation :
hardware and software. Many functions and processes
implemented as part of hardware, as well as software. The
different feature between hardware and software lies in the
way of operating. Basically all the process can be
implemented as both hardware and software. Depend on the
user requirement. Each has advantages and disadvantages.
Hardware has a good speed while software has a low-cost.
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Figure 2. Hardware/Software CoDesign Process

In hardware/software codesign, the designing process is
conducted in parallel. In the beginning, there is a hardware/
software partitioning which is aim to divide the software and
hardware parts. RTL code is designed in hardware parts, while
the function is designed in software parts. Thus, in the end of
the process, the combination of both is conducted.

Starting model of design requires many characteristics.
The model should be simple as easy as possible to be
understood. So, many kind people with various background
can discussed it. It is important to transform user/project
owner requirement to the model accurately.

Complex model will rise the difficulty in the first step and
often leads to inconsistence respect to user requirement. The
second is that the model has to fit the syntax and format for
automated generation of the framework. Lack of preciseness
may lead to ambiguities. The third is that the model has to
support modularity. Each part of the system can be designed
independently. Engineers can design many function/module in
the same time.
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II1.Software of SoC Automated

Generator

The second approach in improving the performance of the
design is the automation of the design process. Software
development is conducted to replace the manual process. This
approach is commonly done to speed up the process.
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Figure 3. Automation Framework

Action

There are library templates that are designed as an enabler
for the framework generator. The library is called when
executing the design. The main process performed by the
automation software is read in a state chart design to be
transformed into C framework files. These results are used for
SoC implementation which consists of hardware and software
parts.

The basic process in the development of software for
design automation starts with handling events coming from the
external system. These data queue for dispatching to suitable
handler. Handler send action signal to output system. There
are many output systems depend on definition of the system.
Calculator application, for example, shows the result of
calculation on the screen or seven segments. Temperature
control system send action signal to control air conditioner
turn on/off.

Code generation process starts from the defined
description of state chart and templates in the source. Results
from the system are the C files which is used for system
configuration and the main file that is the implementation of
the FSM. The last but not least are header files.

Frameworks that produced by the system configuration
files are independent to the system. The others files are system
file itself. System file that created in this software are
hardware part and software part files. This manner of
implementation shows the hardware/software codesign
concept.

The first step in the system is read configuration file. There
are many definition in the configuration file for configuring
the system. Next step is initiation all of FSMs, states and
events. After all function initiated then declaration will
finished. Another process is creating ESM.c files. After all
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FSMs and states are executed then the result combine with
declaration files.
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Figure 4. Software Process Diagram

In the end of the process, there are three kinds files as the
result of the system such as FSM files, .c fileas and .h files.

IV. Experiment and Result

In the system, a program for calculator has been created.
The followings are the files resulted from using
hardware/software co-design approach. Calculator is the
model application to prove the efficacy of SoC automation
application. In calculator, there are some function unit and
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process. Function units, such as subtraction, adder, and
multiplier, are implemented as hardware. Supporting
functions, such as addButton, subButton, and mulButton are
implemented as software.

SOFTWARE PART
<<ggft== <esgft=> <<goft>=>
subButton mulButton backButton
2 2 2
<<ggft== <<gpft>> <<sgft> <<sgft>
zaroButton addButton nineButton savenButton
2 2 2 2
<<spft=> <<s0ft=> <<spft>> <<spft=>
clearButton equalButton commaButton eightButton
2 2 2 2
equal_to_main R pain to_equal
Sub to main W Main_to_add HARDWARE PART
<cfgma> = <ofgm» = <cfgme>
Fsm_subtractor = Fsm_main "1 Fsm_adder
2 - 2 - 2
Main_to_sub A add to_main
Main_to_mul mul_to_main
Y
<<fsm=>
Fsm_multiplier
2

Figure 5. Hardware and Software Implementation

The main processes developed in calculator are addition,
subtraction, and multiplication. These three processes require
higher processing rapidity than other processes’. At the stage
of hardware/software partitioning, those three are
implemented as hardware and the rest are as software. The
consideration of hardware and software separation needs to be
adjusted to user requirement.

System that needs higher processing rapidity requires more
hardware implementation than the saving system. Saving here
means needing low power consumption and low production
cost. Consequently, the rapidity will be lower than the
hardware-oriented system.

The analysis of system efficacy is focused on the
implementation of parallelism and automation concept in SoC
design to improve design technology performance. There are,
at least, two items addressed by using this approach.
Parallelism  concept that is  implemented  with
hardware/software co-design can improve design efficacy and
flexibility, which is in term of time efficiency and flexibility to
meet user requirement. System can be designed in full
hardware or hybrid between hardware and software part.
Second one is software for automated SoC framework
generator addressing the time consumption of design process.
There are many overhead processes, and even though some
cases create error bug, but they are still in the rational time
frame.
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Figure 6. System Architecture

Calculator application as a prototype is implemented on an
FPGA development board. Altera DE-2[11] and NIOS (soft)
processor is used in this experiment to execute the software.
So the platform consists of a VGA module, NIOS processor,
uC/OS[5], and some peripherals.

The framework code as an output of the system consists of
C files and VHDL files. The C files is implementation of the
software parts and VHDL is implementation of the hardware
part. There are 40 software files. These files consists of 19
software object files, 19 task state machines files, 1 initiation
file, 1 file define the events and other environment. Each of
these files has a header files.

The hardware part of the system code consists of 5 VHDL
files. One is the top level file and connections to the NIOS
processor. The rest files describe the hardware modules (the
FSM part only).

The generated framework is a simple one and not
completed yet. Some functions and blocks of hardware are
added to complete an application prototype such as the
graphic/picture, multiplication, hardware addition etc. These
codes is then added to the platform code which consists of
NIOS processor and library of uC/OS-11 (RTOS). All of the
codes are compiled and then the result is put on the Altera DE-
2 board.

V. Conclusion

The use of software with hardware/software co-design
concept in SoC design addresses at least two design problems,
time efficiency and flexibility. In hardware/software
partitioning, user can flexibly decide some hardware part and
software part as well as proportion of both in the system.
Software for automation addresses the design efficiency. For
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the same system, it will need less time for designing than
manual code generation. This paper shows that software for
designing SoC framework based on hardware/software co-
design approach can address the efficiency and flexibility of
SoC design.
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