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Abstract

The Intercom Protocol project at the University of California at Berkeley is designing and
implementing a simple multinode wireless intercom system.  This system will support full-duplex
voice communication for multiple users.  Protocols designed for Intercom should support n-way
channels, as well as provide for robust operation in the event of failures.   This paper describes the
process undertaken in order to design and implement a control protocol that meets the require-
ments for this wireless system.  A detailed explanation for the purpose of this research is given, as
well as a review of the overall system.  All steps involved in the design of a control protocol from
its highest level of design flow to implementation are noted.  The feasibility of the chosen lan-
guage and tools are thoroughly investigated.  From this preliminary investigation, it is evident that
this particular method has much to be desired.  However, a control protocol has been produced
that shall be tested within the near future.
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1  Introduction

This paper describes the process used to create a control protocol.  It defines the methodol-

ogy chosen and establishes reasoning for the existence of such research.  A subpurpose of this

effort was  an investigation into the feasibility of a specific design flow.  The information con-

tained in this paper is relevant only to this project, and to the research that was conducted by the

author.

1.1  Group Background

The main focus of the System Design group at the University of California at Berkeley  is

to develop an architecture to aid in complex system design.  The design stage from conception to

completion is being evaluated and tracked in order to provide a smooth transfer of information

amongst various designers using various tools and design flows.  The design flow, for this

research,  includes methodologies, software tools, and  languages required to complete the design

stage.

At least initially, system design concepts will be applied to low power wireless design.

The Intercom project (a subgroup of System Design) is focusing on this research.  The ultimate

goal of Intercom is the development of a voice-based intercom system implemented on a single

chip.  The short-term goal is to develop communications protocols for the target system on a flex-

ible development platform, also built by Intercom using off-the-shelf components.

1.2  System Overview

The Intercom project is divided into two subgroups: Hardware and Protocols, with two

major overlapping areas (refer to Figure 1).  The immediate goal of the Intercom Protocol group is
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to design and implement a set of protocols for the Intercom system.  These protocols will be used

as a driver for development of  a concept to physical level design environment tailored toward

communication protocols for wireless systems in general.

There are several subdivisions within the Intercom Protocol group.  Each subdivision rep-

resents  an interrelated piece of a protocol stack: a series of dependent protocols from lowest level

of hardware up to the highest level of control.  Each protocol has its own functionalities, but

depends on other protocols to properly relay information (refer to Figure 2 on page 6).  Among

the set of protocols to be designed and implemented is the control protocol, which is the focus of

this paper.

Radios

Hardware
   Group             Protocol

              Group

User
Interface

Figure 1:  Intercom Project
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2  Control Protocol

The Control protocol is responsible for connection management between all objects (enti-

ties) of the system.  

2.1  Methodology

Specification and description language (SDL) is a formal object-oriented language for

communicating systems, originally designed for  protocol specification.   After in-depth review, it

was concluded that it would be plausible to proceed with the design process using SDL.  The

Telelogic Tau tools available for this project implement SDL-oriented Object Modeling Tech-

nique (SOMT), which is a combination of SDL and a formal high-level design methodology

Control

Media Access
(MAC)

Link

Physical

Figure 2: Protocol Stack

Application
(User Interface)
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called OMT [4].  Telelogic tools are used to design abstract representations of a system.  Telel-

ogic has several inner tools which analyze, simulate and validate SDL models.  A related investi-

gation into the feasibility of the design process using SDL and Telelogic is detailed towards the

end of this paper.

2.2  Research

There was an ample amount of time spent reading and reviewing all of the necessary

materials.  During this phase, detailed notes were compiled on the areas of concentration to serve

as a guideline.  Since the control protocol will ultimately be represented as ‘C’ code targete

an embedded processor, a preliminary investigation was conducted into the matter of the r

amount of detail necessary for the model to generate accurate and usable  code.  Rough 

were drawn to envision how abstract the SDL model of the control protocol could remain w

crossing over into the level of implementation.

The information gathered from the preliminary investigation was used to begin the m

ing phase.  Once it was determined that enough material had been collected, it was time 

on the control protocol itself.

2.3  Background/Specifications

The functionalities for this particular system required that the control protocol 

dynamic capabilities.  It was also apparent that the control protocol needed to incorporate 

somewhat different from similar protocols.  All information exchanged in the system take

form of messages which are contained in a packet. 
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3  Design

The design phase of the control protocol was fairly simple once all components had been

defined.  It was sensible to start at the highest, or most abstract, level of the control protocol and

incorporate detail as the work progressed.

3.1  Purpose

The first area of focus for the control protocol was its purpose.  Once it was established

that the Intercom would support point-to-point and conference conversations for business pur-

poses, it was easier to determine the control protocol’s functionalities.  The essential functi

was the message structure and meaning.  Once the messages were defined, the signal 

connection points could be established.  It is very important that the messages are det

ensure all system functionality, yet flexible enough to allow for easy  modification.  At this s

an abstract model of the control protocol is evident.

3.2  Modeling

The first step of the modeling phase was to take the information from the prelim

investigation and describe the general behavior.  The goal was to start with an abstract mo

gradually add necessary information until an accurate system was formed.  However, 

imperative to ensure, in this phase, that the system was not limited to a specific final form

must be a bridge established for continued refinement, but the bridge must have missing lin

will be added when the system is actually built.  The abstract model consisted solely of 

paths and connection points (entities).  Refer to Figure 3.
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SIGNAL

query_req, add_req(Charstring), remove_req(Charstring),

disconnect_req(Charstring), blink_add, blink_remove,query_db,  
connect_remote, add_remote(Charstring),remove_remote(Charstring),
act_disconnect(Charstring),new_frame, ACK, NACK, db_display(Charstring),
send(Charstring);

SIGNALLIST UPLINK = connect_remote, query_db, add_remote,  

remove_remote, act_disconnect, new_frame; 

SIGNALLIST USER = query_req, add_req, remove_req, disconnect_req;

SIGNALLIST  MONITOR =  blink_add, blink_remove,db_display;

SIGNALLIST DOWNLINK = ACK, NACK, db_display, send; 

System ControlProtocol

Channel_C1

[(MONITOR)]                 [(USER)] Remote_Block

Channel_C2

[(DOWNLINK)]

 [(UPLINK)]

BaseStation_Block

Figure 3:  Abstract system model
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From this model, the next logical step was to take one entity and further dissect its func-

tionalities.  For the purpose of clarity, the entity was evolved based on input and output signals.

All steps required to describe the actions for all input signals were taken into account, and an

abstraction was modeled.  Then, each step was further broken down until enough functionality

was evident to complete the desired action, but not  so much that implementation flexibility is

limited.  This procedure was then repeated for all output signals.  Once all actions had been mod-

eled for the first entity, the same procedure was executed for the other entity.  Once all actions for

all entities were complete, the next step was to ensure that the proper links between entities had

been established.  At this stage, the modeling phase is considered to be complete.  Now, the sys-

tem model should incorporate all required signals, entities and actions (refer to Figure 4 on page

11).
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System ControlProtocol

Channel_C1

[(MONITOR)] [(USER)]

  BaseStation_Block

[(UPLINK)]

[(DOWNLINK)]

Remote_Block

start

signal
output

task

state

 signal
input

(stop)

Figure 4:  The system model showing remote block internal structure 

Channel_C2
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4  Implementation

The implementation phase consisted of analyzing the model and correcting all errors.

After that was complete, Telelogic would be able to generate the C code, which was expected to

be raw and in need of refinement.

4.1  Analyzing

The debugging phase was the most tedious part of this design and implementation process.

Since this model was written using the Telelogic Tau tool, the next step was to run the SDL ana-

lyzer provided by Telelogic.  The analyzer  first syntactically checks every statement in the

model.  If any syntax errors are found, they are corrected before proceeding.  After the syntactical

analysis was complete, the model was checked for semantic errors.  The correction of semantic

errors was rather involved.  It often occurred that after correcting one semantic error, several syn-

tax errors would appear.  Throughout this process, it was evident that some of the errors, being

syntactic or semantic, were present due to lack of knowledge about the correct format.  This made

it apparent that throughout this project, there was a need for continuous learning.  Finally, the sys-

tem model passed all syntactic and semantic errors.  Once this was achieved, the last phase of the

design and implementation process was entered.

4.2  Generating

The generation of C code from the SDL model was the next and final phase.  This proce-

dure was relatively simple.  Telelogic incorporates the ability to generate C code  by converting

all symbols and statements in the SDL language and model.  All of this information is stored into

a .c file of the same name as the system file.  A makefile is also generated which contains the nec-
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essary steps to effectively compile and link the newly generated C code.  This was the final goal

of the design and implementation of the control protocol for this particular research.  The end

result was over 50 pages of converted C code from SDL.  The code will be reviewed and refined,

and the radio will be built.  For the author, this C code represents the completion of her portion of

the project.  However, this work will be continued by others.

5  Design Flow Feasibility

The underlying research, as stated earlier, was to evaluate the design flow and determine

the feasibility of the chosen language and tools.

5.1  SDL

SDL appears to be a widely used language for various communications systems.  How-

ever, based solely on this author’s experience, SDL did not allow enough flexibility for the a

to incorporate basic structures.  For example, it was difficult to model the structure and us

two-dimensional arrays.  Given more time to learn SDL, the situation might have been diff

However, due to the time constraints and the nature of the research, SDL was not the mo

cient language.

5.2  Telelogic Tau

Telelogic appears to be an extremely useful tool.  However, while in the debugging p

Telelogic was sensitive to errors that were not well represented.  There are certain occasion

a programmer wishes to strangle the tool due to incorrect error representations, as was 

with this research.  Since this is the case with most compilers, Telelogic cannot be harshly 

Based on these facts, Telelogic was an efficient tool for this design flow.  
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6  Goals

At the start of this research, several goals were outlined.  There were goals in regards to

the technical aspects of the research.  In addition, there were personal goals for the author, which

were the main emphasis throughout this research.  The goals are defined and detailed below.

1) Being an independent thinker.

This goal  is the first and most important.  A researcher must have the ability to define a

problem on their own and continue with problem solving independently.  In the research environ-

ment, advisors try to be available for help but this is not always possible.  An independent thinker

does not need constant nurturing and assistance, and will speak up if there is a question or con-

cern.  Likewise, an independent thinker thrives on challenge and originality.

2) Understanding a real-world design methodology.

Methodologies are well defined ways to go about solving a problem.    The real-world

design methodology used in this project (SDL) is based on object-oriented technologies.  These

technologies allow the designer to create a system abstraction which closely resembles system

implementation.

3) Becoming familiar with the process of bringing an idea from conception to completion.

This process involves continuous evaluation and refinement.  It incorporates the need for

continuous knowledge and research.  Not one researcher can say they are an expert while

involved in this process.  The basis of this process is to constantly evaluate ideas and methods to

determine which direction should be taken toward the end result.
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4) Learning the difference between design and implementation.

Design incorporates modeling or creation.  The design process helps to define the behav-

ior  and high-level structure of eventual code or schematics.  The implementation is the actual

writing of the code or schematics.  The implementation stage should not be entered without a

clear solution in mind.

5) Finding out what it is like to be a part of a research/design project.

Being a member of a research team requires a very involved role.  There are no set hours

for work; one works all the hours required to complete the project,  There are few outside observ-

ers; all researchers have assignments which incorporate several sub-assignments.  All work is

valuable and essential to the overall project; the end results, for the most part, are tangible and

evident.

7  Conclusions

All information contained in this paper is based solely on this research and the auth

experience with the Intercom Protocol group at the University of California at Berkeley.  In

clusion, a control protocol was successfully created that will be an important part of  the Int

wireless system.  Additional refinement of this protocol will be necessary, but the majority 

work has been completed.  In addition, an investigation was conducted on the feasibility

chosen design flow.  It was determined that for this research, SDL was not the most efficie

guage and Telelogic was an efficient tool.

The design and implementation of any application involves several tedious steps

design flow plays the most important role in accomplishing the goal of creating a specific ta
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 newly
end result.  The investigation of this particular design flow will be used as part of the larger Sys-

tem Design research project.
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