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Abstract
In the recent years, many papers of System-on-Chip (SoC) had 
been investigated and issued. The study of those papera focused 
on using Electronic System Level (ESL) tool to build and to 
implement dual-core embedded processor platform, which those 
processors shared a signal port memory via a signal or multiple 
bus, includes many kinds of function modules (alsocalled IPs or 
blocks). In this paper, we though new noval idea that is embedded 
a dual-port memory among dual cores processor and access via 
local bus. The idealogic memory structure is constructed by 
the simulator of RealView SoC Designer that is combination 
of Standard ARM926 processor core and Enhanced ARM926 
processor core, cache, share memory controller, and share system 
bus network. The contribution of this paper, we attempt to exploit 
the Petri net model to illustrate the control flow model of dual-core 
processor to access the command and data for the issued novel 
dual-port shared memory.
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I. Introdution
In the recent years, SoC had developed and more complex. 
Hence to develop a complexity SoC chip unitl into tape out 
stage which always need a long time. So many methods were 
announced to accelerate the system design flow and to reduce 
the time to market of multi-core SoC [13], many researchers and 
industrial practitioners also have been exploring the fields of 
system architectures, hardware/software co-simulation, debugging 
methods and compiler issues for the multi-core processor 
systems. However employ the Electronic System Level (ESL) 
tool to build the SoC system simulation platform [5], is well. 
The method will be the principal trend in future, and exercise 
the performance using MediaBench suite [10, 18]. For it could 
reduce the development time for implementing the SoC. Besides, 
it has reconfigurable and accurate simulation feature. This paper 
proposes a simulation methodology with implementation of dua-
core systems with shared memory that are redelivrated from [6, 
15]. In order to distinct illustrate the control flow of the data access 
process, we use Petri net model [12], to describte, and then built 
the assumptiion structure by the famous Real View SoC Designer 
tool set [3], because it is popularily used by the academic researchs 
and supports various existing architectures, too. We employ 
SystemC [4, 7] to encapsulate different architecture simulators 
to provide uniform interfaces. In this way, we can integrate both 
homogeneous and heterogeneous single processor systems with 
only slight modifications as long as they are written in C/C++, 
and provide possibility for co-simulationwith those existing 
commercial product modules. We implement a shared memory 
controller module in SystemC to provide access the program 
of system and user data. We also implement a shared memory 
controller to provide inter-core communication mechanism. The 
dual-core simulator also supports bus arbitration and shared 
peripheral devices. The contribution of this paper, we attempt 
to exploit the Petri net model to illustrate the control flow model 
of dual-core processor to access the command and data for the 
issued novel dual-port shared memory.

The structure of this paper is organized as follows: Section II, 
introduces the Electronic System Level (ESL) tools which were 
used in this paper, such as the features of RealView SoC Designer 
and SystemC. Section III, explains the architecture and function 
of the proposed dual-core embedded processor. In Section IV, 
illustiates the detail control flow of dual-port shared memory is 
accessed by the dual-core architecture and analysed the simulation 
results. Finally, we remark the conclusions and point the future 
works in Section V.

II. Development Tools
In this section, we will brify discrbte the simulation tools. First, 
the feature of SystemC is introduced, then to describe the function 
of RealView SoC Designer.

A. SystemC
SystemC is an effective way for allowing designers to model and 
verify their designs at higher levels of abstraction at the early 
stages in the design process. It enables the refinement of designs 
by incorporating implementation details that eventually will lead 
to prototypes and the complete design of SoC [7], that separates 
computation from communication in order to provide a simple and 
modifiable solution to designers that seek more efficient modeling 
and simulation techniques that are done by organizing the language 
in a layered approach [13]. On top of the used C++ language 
provides various elements that are defined by the library, such 
as the core layer of the library has all the features that define the 
language structure, data types, predefined channels, and library 
utilities. The methodology and user libraries are defined in the 
core layer. The top layer is the end user application. A typical 
application consists of a hierarchy of modules, which are the 
main units for describing functionality and structure (hardware/
software) [8, 13]. An access module is composed of the following 
elements: variables (numerical variables, strictly speaking in terms 
of C++), processes to implement functionality and concurrence, 
signals to propagate information within sub-modules of a parent 
module, and sub-modules as elements of a parent module and ports 
as proxy objects which guarantee the access to a communication 
interface with the environment. The definition of an interface 
does not differ much from its C++ predecessor. And an interface 
defines the access modules in which a channel must implement, 
and which will be accessed by the module ports [4]. A channel 
of communication interface is defined by the library to help the 
partitioning process between communication and computation. 
The library had defined two types of channels: hierarchical and 
primitive. The hierarchical channel is a module that can use to 
configure the internal processes. The primitive channel does not 
contain structure, but it only provides communication by means 
of a set of inherited methods.

B. Real View SoC Designer
RealView SoC Designer [3], is focused on making SystemC 
platform capture and architecture analysis for platform-driven 
ESL design a reality for SoC architects and design teams. In this 
paper, we use this simulation tool to build the architecture of dual 
core system and use it to simulate the operation prodecure of the 
proposed system [6, 15].
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III. System Architecture
In this section, firstly we represent the block diagram of system 
architecture, and then we explain the architecture and function of 
each sub-IP for theis Dual Core Application Processor (DCAP).
Fig. 1, is the noval dual port shared memory architecture, which is 
rerived from [3], and an enhanced embedded processor based on 
dual-core [6, 12], consists of two distinct processors (ARM926 and 
Enhanced ARM926), shared memory controller, shared system 
bus network, and peripheral device subsystem. The dual-core 
embedded processor and external memory are just connected to the 
shared system bus network. ARM926 core is the central controller 
of the whole system, and the Enhanced ARM926 core provides an 
execution environment optimized for multi-media data processing, 
both of them share access to a common address space, which 
includes external main memory (SDRAM) and communicates 
through the MailBox.

System Bus
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Fig. 1: The Proposed Dual-core Processor is Derivated from 
[3]. 

A. ARM926 Core

The ARM926 core [1-2], is a standard 32-bit RISC core, which 
includes a private local store for efficient instruction and data 
accessing, and also has full access to the coherent shared external 
main memory and peripheral device subsystem. The operating 
system and application software can be booted from external 
local memory. When the core launches a shared space access, 
the data and control signals are transferred through a 64-bit on 
chip system bus network interface. The control signal is decoded 
from the address signal that is launched by the RISC processor, 
and decides which bus layer to be chosen. 

B. Shared Memory Controller
According to [6], we use a shared memory controller to access 
the executed instruction, while a bus request signal is sent by 
alternate core. Meanwhile, the shared memory controller access 
information, i.e., the instruction and address, and also sends it to 
this processor. The shared memory controller access module will 
buffer the informations of one instruction for each processing unit, 
consequence, delives to the shared memory bus. After arbitration 
process, the controller will grant one processing unit owning the 
right to access and execute its instruction in the buffer. The latency 
information for every unit will be updated at the same time.

C.  Communication Mechanism
For the communication mechanism between the ARM926 core and 
enhanced ARM926 core, we design a shared memory to transceiver 
message each other. The fig. 3, shows the block diagram of shared 
memoy. When the bitstream data need to process, the ARM926 
core could transmitter some message to the sending FIFO of shared 
memoy, then the enhanced ARM926 core via the receive FIFO to 
get the message of special task. Finally, the enhanced ARM926 
core completes the bitstream data of video and audio, and sends 
a completed message via the shared memoy to the ARM926 core 
via port 1.h and port 2h, respectively [1].

Shared_Mem.h

Arbiter()
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Bank1()

Bank2()

Bank3()
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Port 1.h

Port 2.h
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Fig. 2: MailBox Block Diagram

D. Shared System Bus Network
To gain better performance, we employ the AHB 2.0 bus to build 
the shared system bus network, which is designed as hierarchy bus 
architecture. Both sub-IPs access the external main memory, and 
boot ROM through the shared system bus network. Each sub-IP 
associates with them own bus layers and operates in parallel if 
there is no resource conflict. Each of cores is able to efficiently 
shared system, which is accomplished by SRAM.h module of 
SystemC, resources to the slave-side arbitration capabilities of 
the system bus fabric.

IV. Simulation Result
We follow the top-down design methodology in which after 
deciding upon the top-level specification. We refine the specification 
until we reach the implemental level. The main objective of the first 
design stage is to produce a labeled Petri nets that have transitions 
labeled only when actions of the corresponding modules. During 
the second stage, we transform this high-level labeled Petri 
net [12] into one that contains explicit transactions of control 
elements, and can therefore be translated into a circuit. In fig. 4, 
the dual core architecture is illustrated by Petri net model. We start 
with the control flow from the initialize transition, of Petri nets 
shown in fig. 3. This follows the most abstract specification of 
the pipeline processor’s operation: it alternates between user level 
and supervisor level context switch modes through the interrupt 
handler. Thus, the initial specification is simply a labeled Petri 
nets with transitions representing those modes.
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Fig. 3: Modeling the Dual-Core with Petri Net

We employ the MediaBench suite to verify the dual system, [18, 
10]. We compare the utilization and throughput to each unit in 
the different kinds of configures of L1 shared cache and different 
instruction size in the assume parameters. We also illustrated the 
utilization for the different kinds of shared memory configure: 
direct-mapped, fully-associative, and set-associative. They are 
embedded in the same dual core architecture. The operations are 
shown in fig. 4. 

Fig. 4: Relation Operation Between two Individual Cores

V. Conclusion
In this paper, we had introduced and implemented a dual-core 
processor with dual-port memory based on SoC Designer, and 
the SoC Designer can correctly simulate this hypothesis and 
provide extensibility for co-simulation with other modules written 
in SystemC, such as the share memory controller, switch fabric 
bus with multi-media accelerator. For the future, the dual-core 
processor also can include the advances of heterogeneous and 
homogeneous processor cores. In this paper, though we had 
examined only using the ESL tools to build and simulation this 
dual core processor, the results prove it is suitable to the case of 
multi-core processor design. Having much room in the future 

researchs aim to multi-core (over 3 cores) processor design. The 
contribution of this paper, is exploiting the Petri net model to 
illustrate the control flow model of dual-core processor to access 
the commands and data.

References
[1] ARM,“ARM Architecture Reference Manual, Rev.2.0”, 

1996-2005.
[2] ARM,“AMBA Specification, Rev.2.0”, 1999.
[3] ARM Ltd.,“RealView SoC Designer User’s Guide, Version 

6.1”, Oct. 2007.
[4] J. Bhasker,“A SystemC Primer”, Star Galaxy Publishing, 

2002.
[5] David Chih-Wei Chang, I-Tao Liao, Jenq-Kuen Lee, Wen-

Feng Chen, Shau-Yin Tseng, Chein-Wei Jen,“Applying ESL 
in A Dual-Core SoC Platform Designing, Computer Design”, 
Proceedings, International Conference, IEEE, 17-20, Sept,  
pp. 335 – 342, 2000.

[6] Yu-Liang Chou,“A Superscalar Dual Core Architecture for 
ARM9 ISA”, The Master Thesis of Department of Electrical 
Engineering, National Sun Yat-Sen University, Taiwan, July 
2005.

[7] F. Ghenassia,“Transaction-level modeling with SystemC”, 
2005.

[8] T. Grötker, S. Liao, G. Martin, S. Swan,“System Design with 
SystemC”, Kluwer Academic Publisher, 2002.

[9] Jin Ho Han, Mi Young Lee, Young hwan Bae, Hanjin 
Cho,“Application Specific Processor Design for H.264 
Decoder with a Configurable Embedded Processor”, ETRI 
Journal, Vol. 27, No. 5, October 2005, pp. 491-496.

[10] C Lee, M Potkonjak, WH Mangione-Smith,“Media Bench: a 
tool for evaluating and synthesizing multimedia and communi-
cations systems”, Micro-architecture, 1997. Proceedings. 
Thirtieth Annual IEEE/ACM International Symposium on 
Publication Date: 1-3, pp. 330-335.

[11] Chris Lennard, Davorin Mista(2005),“Taking Design to the 
System Level”, white paper, ARM Inc, [Online] Available:  
http://www.arm.com

[12] T. Murata,“Petri Nets: Properties, Analysis and Applications”, 
Proceedings of the IEEE, Vol. 77, No. 4, Aril 1989, pp. 541-
580.

[13] “Open SystemC Initiative”, SystemC User’s Guide - Version 
2.0 - Update for SystemC 2.0.1 Copyright, 1996-2002.

[14] M. Shalan, V. J. Mooney,“Hardware support for real-
time embedded multiprocessor system-on-a-chip memory 
management”, Proceedings of the Tenth International 
Symposium on Hardware/Software Codesign, CODES 2002, 
6-8 May 2002, pp. 79 –84.

[15] Chien-Chang Wang,“A Dual RISC Core SoC Platform”, 
The Master Thesis of Department of electrical engineering, 
National Cheng-Kung University, Taiwan, June 2004.

[16] Rongrong Zhong, Yongxin Zhu, Weiwei Chen, Mingliang 
Lin Shanghai Jiao Tong University,“An Inter-Core 
Communication Enabled Multi-Core Simulator Based 
on SimpleScalar”, IEEE 21st International Conference 
on Advanced Information Networking and Applications 
Workshops (AINAW'07), 2007.

[17] Xiaosong Zhou, Eric Q. Li, Yen-Kuang Chen,“Implemen-
tation of H.264 Decoder on General-Purpose Processors with 
Media Instructions”, Proc. SPIE Conf. on Image and Video 
Communications, Vol. 5022, 2003, pp. 224-235.



IJECT Vol. 3, IssuE 1, Jan. - MarCh 2012ISSN : 2230-7109 (Online)  |  ISSN : 2230-9543 (Print)

w w w . i j e c t . o r g  InternatIonal Journal of electronIcs & communIcatIon technology  79

[18] Bishop, TP Kelliher, MJ Irwin,“A detailed analysis of 
MediaBench”, Signal Processing Systems, 1999. SiPS 99. 
IEEE Workshop, 20-22, pp. 448-455, 1999.

Jih-Fu Tu received his B. S. degree and 
M. S. degree in Industrial Education from 
National Kaohsiung Normal University 
and National Taiwan Normal University, 
Taiwan in 1983 and 1990 respectively. 
In 2003, he received the Ph. D. degree 
in Computer Engineering from Proston 
University in USA. He is now an Associate 
Professor in Department of Electronic 
Engineering, St. John’s University from 
1990. It interests in the field of computer 

architectures, integrated circuit design, SoC, intelligential node, 
and discrete event system for Petri net.


