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ABSTRACT 
System-on-Chip (SoC) designs are increasingly becoming more 
complex. Efficient on-chip communication architectures are critical 
for achieving desired performance in these systems. System 
designers typically use Bus Cycle Accurate (BCA) models written 
in high level languages such as C/C++ to explore the 
communication design space. These models capture all of the bus 
signals and strictly maintain cycle accuracy, which is useful for 
reliable performance exploration but results in slow simulation 
speeds for complex designs, even when they are modeled using 
high level languages. Recently there have been several efforts to use 
the Transaction Level Modeling (TLM) paradigm for improving 
simulation performance in BCA models. However these BCA 
models capture a lot of details that can be eliminated when 
exploring communication architectures.  
In this paper we extend the TLM approach and propose a new and 
faster transaction-based modeling abstraction level (CCATB) to 
explore the communication design space. Our abstraction level 
bridges the gap between the TLM and BCA levels, and yields an 
average performance speedup of 55% over BCA models. We 
demonstrate how fast and accurate exploration of tradeoffs is 
possible for high-performance shared bus architectures such as 
AMBA 2.0 and AMBA 3.0 (AXI) in industrial strength designs at 
the proposed abstraction level. 
 

Categories and Subject Descriptors: I.6.5 [Simulation 
and Modeling]: Model Development; I.6.7 [Simulation and 
Modeling]: Simulation Support Systems. 
General Terms: Performance, Design 
Keywords: Communication Architecture Exploration, 
Transaction Level Modeling, Bus Cycle Accurate Modeling, Shared 
Bus Architectures, AMBA 
 

1. INTRODUCTION 
System-on-chip (SoC) designers are dealing with ever increasing 
design complexity. SoC designs today have several IPs (CPUs, 
DSPs, memories, peripherals etc.) which share the processing load 
and frequently exchange data over system busses. Communication 
inevitably becomes a bottleneck and on-chip bus configurations and 
protocols significantly affect overall system performance. Shared 
bus architectures such as OCP [5], AMBA [8] and CoreConnect [9] 
are popular choices for on-chip communication in current designs 
and open up a large exploration space because they can be 
configured in so many different ways. System designers need to 

explore tradeoffs between different communication protocols and 
configurations quickly, reliably and early in the design flow to 
make the right choices and eliminate performance bottlenecks under 
time-to-market pressures. Traditionally, systems were captured at a 
cycle and pin-accurate level in RTL and then simulated for 
performance estimation before synthesis. However SoC designs 
today are large and very complex, so not only does it take a lot of 
time to capture them in RTL, but the resulting simulation speed is 
too slow for meaningful performance exploration. To overcome 
these limitations, system designers have raised the abstraction level 
of system models. High level models (usually written in C/C++) 
give an early estimate of the system characteristics before 
committing to RTL development. To explore on-chip 
communication performance, bus cycle-accurate (BCA) models 
[14] are frequently used. These models capture IPs at a less 
detailed, functional level for improved simulation performance 
while modeling all the bus signals and timing accurately.  
Transaction Level Modeling (TLM) [1-2][10] has been proposed as 
a higher modeling abstraction level, above the BCA abstraction 
level, for faster simulation performance. At the TLM level, 
architecture IPs are modeled at a functional level and the system 
bus is captured as an abstract ‘channel', independent of a particular 
bus architecture or protocol implementation. A TLM model can be 
used as a golden prototype of the system and for early functional 
system validation and embedded software development [2]. 
However, these models do not capture enough detail about the on-
chip bus to allow reliable exploration of the system. Recently there 
have been some efforts [11-13] to use concepts from the TLM level, 
which speed up simulation performance, and apply them at the 
BCA level. But these approaches do not fully exploit the potential 
for speedup when modeling systems for exploring on-chip 
communication tradeoffs and performance.  

 
Figure 1.  High-level System Modeling Flow 

With the widespread acceptance of platform-based modeling [20], 
system designers are using a high-level modeling flow similar to the 
one shown in Figure 1. In this flow, a system specification is 
mapped onto a TLM platform model with a generic bus, and this 
model is then transformed into a BCA model. Although a BCA 
model allows reliable exploration of the communication space, our 
studies show that it takes more than twice the simulation time taken 
by TLM models, which is a drawback. 
In this paper we introduce a new modeling abstraction level called 
Cycle Count Accurate at Transaction Boundaries (CCATB) for on-
chip communication space exploration. Our abstraction level 
bridges the gap between the TLM and BCA levels, preserving the 
accuracy of BCA models while improving on their simulation 
speed. We propose a system design methodology that integrates our 
abstraction level in a system flow and in which CCATB models are 
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derived from TLM models after refinement. We demonstrate the 
effectiveness of our approach by capturing an industrial SoC design 
at the proposed abstraction level and conducting several 
experiments that quickly and reliably explore the communication 
space. 
This paper is organized as follows. Section 2 looks at some related 
work. Section 3 gives an overview of the AMBA bus architecture. 
Section 4 introduces our modeling abstraction for exploring on-chip 
communication architectures. Section 5 describes our system 
modeling methodology. Section 6 presents results from experiments 
performed on our models. Finally Section 7 concludes the paper and 
gives directions for future work. 

2. RELATED WORK 
Transaction Level Models [1-2][10] are bit-accurate models of a 
system with specifics of the bus protocol replaced by a generic bus 
(or channel), and where communication takes place when IPs call 
read() and write() methods provided by the channel interface. Since 
detailed timing and pin-accuracy is omitted, these models are fast to 
simulate and are useful for early functional validation of the system. 
Gajski et al. [1] also proposed a top-down system design 
methodology with four models at different abstraction levels. The 
architecture model in their methodology corresponds to the TLM 
level of abstraction while the next lower abstraction level (called the 
communication model) is a BCA model where the generic channel 
has been replaced by bit and timing accurate signals corresponding 
to a specific bus protocol.  
Early work with TLM established SystemC 2.0 [3] as the modeling 
language of choice for the approach. Pasricha [2] describes how 
TLM can be used for early system prototyping and embedded 
software development. Paulin et al. [4] define a system level 
exploration platform for network processors which need to handle 
high speed packet processing. The SOCP channel described in their 
approach is based on OCP [5] semantics and is essentially a simple 
TLM channel with a few added details such as support for split 
transactions [8]. Nicolescu et al. [15] propose a component based 
bottom-up system design methodology where IPs modeled at 
different abstractions are connected together with a generic channel 
like the one used in TLM, after encapsulating them with suitable 
wrappers.  
Commercial tools such as the Incisive Verification Platform [6], 
ConvergenSC System Designer [7] and Cocentric System Studio 
[16] have also started adding support for system modeling at the 
higher TLM abstraction, in addition to lower level RTL modeling. 
Recently, research efforts [11-14] have focused on adapting TLM 
concepts to speed up architecture exploration. Xinping et al. [11] 
use function calls instead of slower signal semantics to describe 
models of AMBA2 and CoreConnect bus architectures at a high 
abstraction level. However, the resulting models are not detailed 
enough for accurate communication exploration. Caldari et al. [12] 
similarly attempt to model AMBA2 using function calls for 
reads/writes on the bus, but also model certain bus signals and make 
extensive use of SystemC clocked threads which can slow down 
simulation. Ogawa et al. [13] also model data transfers in AMBA2 
using read/write transactions but use low level handshaking 
semantics in the models which need not be explicitly modeled to 
preserve cycle accuracy. Recently, ARM released the AHB Cycle-
Level Interface Specification [14] which provides the definition and 
compliance requirements for modeling AHB at a cycle-accurate 
level in SystemC. Function calls are used to replace all bus signals 
at the interface between IPs and the bus. Although using function 
calls speeds up simulation, there is a lot of opportunity for 
improvement by reducing the number of calls while maintaining 
cycle accuracy, as we show later in this paper. 
 

3. AMBA OVERVIEW 
To illustrate our approach, we model a widely used on-chip bus 
standard – AMBA. This section briefly describes this standard. 
AMBA is an on-chip bus specification that is widely used to 
interconnect IPs in System-on-chip (SoC) designs. A typical 
AMBA based design consists of a high-performance bus and a 
slower peripheral bus. The AMBA 2.0 standard is comprised of 
three bus specifications - AHB (Advanced High-performance Bus), 
APB (Advanced Peripheral Bus) and ASB (Advanced System Bus). 
The AHB bus is used for high bandwidth and low latency 
communication, primarily between CPU cores, high performance 
peripherals, DMA controllers, on-chip memories and interfaces 
such as bridges to the slower APB bus. The APB is used to connect 
slower peripherals such as timers, interrupt controllers etc. and uses 
a bridge to interface with the AHB. It is a simple bus that does not 
support the advanced features of the AHB bus. The ASB bus is an 
earlier version of the high-performance bus which has been 
superceded by AHB in current designs.  
Recently, ARM announced the release of AMBA 3.0 [18] with the 
next generation of high-performance bus protocol called the 
Advanced eXtensible Interface (AXI). In the following subsections 
we give a brief overview of the main features of the high 
performance bus protocols in AMBA. 
 

3.1 AMBA 2.0 AHB 
The Advanced High-Performance Bus (AHB) is a high-speed, high-
bandwidth bus that supports multiple masters. AHB supports a 
multi-layer bus architecture to optimize system bandwidth and 
improve performance. It supports pipelined operations for high 
speed memory and peripheral access without wasting precious bus 
cycles. Burst transfers allow optimal usage of memory interfaces by 
giving advance information of the nature of the transfers. AHB also 
allows split transactions which maximize the use of the system bus 
bandwidth by enabling high latency slaves to release the system bus 
during the dead time while the slave is completing its transaction. In 
addition, wide bus configurations from 32 up to 1024 bits wide are 
supported.  
 

3.2 AMBA 3.0 AXI 
The Advanced eXtensible Interface (AXI) has all the advanced 
features of the AHB bus such as pipelined and burst transfers, 
multi-master configuration and a wide data bus. In addition, it has 
support for multiple outstanding transactions and out of order 
transaction completion, separate read and write channels, unaligned 
data transfer using byte strobes and improved burst mode operation 
(only the start address of the burst is broadcast on the address bus). 
AXI also provides enhanced protection support (secure/non-secure 
transactions), enhanced system cache/buffer support (pins for 
specifying write-back/write through attributes and allocation 
strategies), a FIXED burst mode (for repeated access to the same 
location) and exclusive access support for semaphore type 
operations. 
 

4. CCATB MODEL OVERVIEW 
As the previous section indicated, bus architectures such as AMBA 
have several parameters which can be configured to improve 
performance. Bus topology, arbitration strategies, width and buffer 
sizes have significant impact on system performance. Our goal is to 
improve simulation performance for reliable exploration of on-chip 
communication architectures as early as possible in the design flow. 
The following subsections describe the requirements of this model 
and then elaborate on the model granularity and abstraction. 
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