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A bstract| In this paper, w edescribe the modeling and

veri�cation of the register transfer level (RTL) design of

an ATM ring (ATMR) media access control (MAC) proto-

col using a hardware v eri�cation model chec king tool, VIS.

We succeeded verifying a sync hronousas well as an asyn-

chronous design alternative of this MAC. Throughout the

veri�cation, we report the performance of hardware proto-

col veri�cation in model chec king, and discuss some model-

ing techniques we adopted in the veri�cation.

I. Introduction

The VLSI design of �nite-state concurrent hardware sys-

tems is toda ypresent in many �elds, in particular in the

design of digital and communication systems. Late detec-

tion of design errors in the design phase are very costly in

any system development. These errors can delay the prod-

uct deployment and even cause the failure of the product.

The traditionally used simulation techniques cannot cover

all design errors when the state space of the system is big.

During the past years, model checking techniques [7] have

established themselves as signi�cant means for early de-

tection of hardware design errors due to their abilit y of

validation and conformance checking.

Generally, when a protocol is implemented in VLSI, it is

diÆcult to be handled by a soft w are (protocol) veri�cation

tool. The latter ones are based on an in terlea ving model

and cannot re
ect the synchronous concurrency aspects of

a hardware implementation.

The aim of this paper is to describe the modeling and for-

mal veri�cation in VIS (Veri�cation Interacting with Syn-

thesis) [1] of the RTL hardware implementation of a single

A TMring (ATMR) MAC protocol [3]. A number of re-

lated work can be found in the open literature. These can

be classi�ed in three major categories: (1) formal veri�ca-

tion of high layer softw are protocols [5]; (2) formal veri�ca-

tion of synchronous hardware protocol [8]; and (3) formal

veri�cation of A TMhardware devices [6]. Our w orkdis-

tinguishes itself from these related publications by the fact

that we verify the V erilog RTL hardware implementation

of an asynchronous MAC. We present some techniques on

how to simulate the asynchronous ATMR MAC design in a

sync hronous environment and also propose some abstrac-

tion and reduction approaches for the aimed veri�cation.

F urthermore, we analyze the performance of the source of

the complexity in the veri�cation with repsect to the CPU

time, memory usage and state space.

The rest of the paper is structured as follows. The next

section introduces the ATMR MAC to be veri�ed. Section

3 discusses the modeling techniques we used for the asyn-

chronous MAC. Section 4 describes the veri�cation of the

asynchronous and synchronous MAC hardware implemen-

tation against a set of CTL consistency properties. Section

5 �nally concludes the paper.

II. A TMR Media Access Control Protocol

The ATMR MAC [3] is a new ISO standard based on

a high speed shared medium bus connecting a number of

access nodes by channels in a ring form. Figure 1 gives

an example ring with �ve nodes connected via a channel

transferring cells betw een the nodes.For controlling access
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Fig. 1. A TMR structure with 5 nodes

to this t ypeof shared medium, the ring is �rst initialized

with a �xed number of A TMcells continuously circulat-

ing around the channel from one node to another. Within

eac h access node there is an access unit which performs

both the ph ysicallayer convergence function and the ac-

cess control function. Access to the ring is requested by

the clien t and controlled by a combination of a window

mechanism and a reset procedure. The client can issue a

sending request to the access unit and receive a data cell.

The window mechanism limits the number of cells a node

can transmit at a time, called the \credits" of this node.

The reset procedure reinitializes the window in all access

units to a prede�ne credit value. The format of an ATMR

cell is sho wn in Figure 2. It con tainsan access control
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Fig. 2. Format of an ATMR cell
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