


3. Introduction to the AMBA Bus

ARM de�ned with the Advanced Microprocessor Bus
Architecture (AMBA) [2], a widely used on-chip bus sys-
tem standard. It contains a group of busses, which are used
hierarchically as shown in Figure 1. This paper focuses on
the Advanced High-performance Bus (AHB), a system bus
designed for connecting high-speed components including
ARM processors.

Figure 1. AMBA bus architecture (Source [2]).

The AHB is a multi-master bus that operates on a single
clock edge. High performance is achieved by a pipelined
operation that overlaps arbitration, address, and data phases,
and by the usage of burst transfers. Split and retry transfers
allow the slave to free the bus if the requested data is tem-
porary unavailable. The AHB also employs a multiplexed
interconnection scheme to avoid tri-state drivers.

4. Modeling

A layered architecture was chosen in order to cope with
the communication complexity. Following the ISO OSI ref-
erence model [8], the AHB speci�cation falls within the
second layer, the data link layer. For modeling of the AHB,
the media access control (MAC) and the protocol sublayer
are considered, as well as the physical layer.

The OSI layer de�nition is based on functional concerns.
An alternative view, suitable for describing the models, fo-
cuses on the granularity in which user data is handled. The
media access layer provides a transmission service for a
contiguous block of bytes, called a user transaction. This
layer divides the arbitrary sized user transaction into smaller
bus transactions observing the bus addressing rules and
transfers these byte blocks using the protocol layer. The
protocol layer transfers data as bus transactions, which are
bus primitives (e.g. bytes, words, or 4 word burst). It uses
the physical layer services, which provide a bus cycle ac-
cess to sample and drive individual bus wires.

Figure 2 shows how the above de�ned data granularity
levels can be analyzed with respect to time. A user trans-
action is successively split into the smaller elements: bus
transactions and �nally bus cycles.
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Figure 2. User Transaction Decomposition.

Using a system level modeling approach, we have mod-
eled each layer of the AHB as a separate channel using
a system level design language (SLDL). Overall, we have
considered 9 different models. For space reasons, we limit
the set of models in this paper to �ve, namely two TLMs,
two ATLMs and one BFM. Note that we have introduced an
intermediate level, the Arbitrated Transaction Level Model
(ATLM), between the known TLM and BFM levels.

4.1 Transaction Level Model (TLM)

The TLM is the most abstract model; it only implements
the media access layer. The user data, handled at the user
transaction granularity, is transferred regardless of its size
in one chunk using a single memcpy. Timing is simulated
by a single waitfor statement, covering the whole user trans-
action. Arbitration is not modeled. Instead, concurrent ac-
cess is resolved using a semaphore once per user transac-
tion. Due to using a semaphore, the contention resolution
depends on the simulation environment.

Two variances of the TLM where de�ned for evaluation
purposes. The variance TLM (a) implements the above de-
scribed contention resolution. The TLM (b) does not im-
plement any contention resolution. It unrealistically allows
many masters to simultaneously access the same bus.

4.2 Arbitrated Transaction Level Model (ATLM)

The ATLM simulates the bus access with a bus transac-
tion granularity (AHB bus primitives), at the protocol layer
level. It uses the MAC layer implementation of the later de-
scribed BFM to split user transactions into bus transactions.

The ATLM accurately models priority based arbitration
for each bus transaction. We implemented the arbitration
without an own �ow of execution to maximize simulation
performance. However, this model is not pin accurate and
not cycle accurate in all cases.

We have implemented two variances of the ATLM that
differ in the time frame to collect arbitration requests. On
an idle bus, the ATLM (a) collects requests for one clock
cycle before making a decision. The ATLM (b), on the other
hand, makes the decision immediately after receiving the
�rst request. Both variances behave identical when the bus
is busy: requests are collected while a bus transaction is
active and the highest priority master continues after that.
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