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ABSTRACT 

The paper illustrates an application of 
knowledge based system design concepts to 
design of local area networks. A WLern entity 
structure representation of a local area net- 
work (LAfl) is developed. This representation 
unifies a variety of possibilities for LAN 
design architecture. In a design session, the 
LAN design domain is subsequently restricted 
by pruning the entity structure wi,th respect 
to network design objectives. A LAN model is 
then synthesized using a production rule 
scheme. The benefit of the knowledge-based 
LAN design is briefly discussed. 

1. INTRODUCTION 

A Local Area Network (LAN) (Tanenbaum, 
1981; Stallings, 1984) is a packet switchinq 
data communication network which is used to 
connect terminals, computers, printers and 
other auxiliary devices. Local Area Networks 
have proliferated considerably in the past few 
years due to the increasing needs for office 
automation (electronic mail, document process- 
ing and distribution), and for sharing expen- 
sive devices within a company. Information 
exchange and processing have become crucial 
issues for many corporations. Consequently, 
methods for LAN design and simulation are 
being developed to assist the users in making 
decisions about their communication needs. 

Two major approaches to LAN design and 

design activities and develop a methodology 
for systematic design model construction and 
evaluation. We consider the design process as 
a series of successive refinements comorisinq 
two types of activities (Fasang et. al.; 19835 
Gonauser and Sauer, 1983; Gonauser et. al., 
1983; Rozenbl it, 1986). The first type of 
"vertical" activity concerns the specification 
of design levels in a hierarchical manner. The 
design levels are successive refinements of 
the decomposition of the s.vstem under consid- 
eration. ihe first, and thus the most abstract 
level, is defined by the behavioral descrip- 
tion of the system,- Next levels are defined by 
decomposing the system into subsystems (mod- 
ules, components), and appl,ying decompositions 
to such subsystems until the resulting compon- 
ents are judqed not to require further decom- 
position.- A-t each level' we also allow for 
classifying of components into different vari- 
ants. ihis- qacilitates the representation of 
design alternatives. 

The second type of activities is con- 
cerned with "horizontal" actions associated 
with design levels. Such actions include: 
requirements specification, s,ystem functional 
description, development of design models, 
experimentation and evaluation via simulation, 
and choice of design solutions. 

Our methodology for supporting the de- 
sign process bases itself on codifying appro- 
priate decompositions, taxonomic, and coupling 
relationships. In other words, we seek to mod- 

we present a LAN design approach base'd 'on 

performance evaluation are: analytic modelling, 

previously developed concepts for knowledge- 

and discrete event simulation. 

based design 

In this oaper 

incorporating modelling and 
simulation (Rozenblit and Zeigler, 1985; 
Rozenblit 1986). A brief summary of our design 
methodology is given in the ensuing section. 

2. KNOWLEDGE-BASED SYSTEM DESIGN 

A methodology for integrated, knowledge- 

the possible variants that fit within these 

el the knowledge about the design domain by 

decompositions, and the constraints that re- 
strict the ways in which comoonents identified 

finding pertinent decompositions of the domain, 

in decompositions can be coupled together. 
This constitutes the declarative knowledqe 
base.. Beyond this, we provide the procedural 
knowledge base in the form of production rules 
which can be used to manipulate the elements 
in the desiqn domain (Rozenblit, 1986; Rozen- 
blit and Zeigler, 1985, 1986).. 

based system design is being developed (Rozen- 
blit, 1986). This methodology is intended to 
provide a theoretical basis for a uniform 
treatment of design process by providing con- 
cepts of structure and behavior, decomposition 
and hierarchy of specification. Appropriate 
schemes for representation of such concepts 
are being developed. These schemes constitute 
a basis for the construction of expert system 
design environments. 

Our research employs multifacetted mod- 
elling and simulation concepts to unify system 

A formal object that meets the require- 
ments stipulated above is the system entity 
structure (Zeigler, 1984). A system entity 
structure is a tree-like graph encomposing the 
system decompositions and boundaries. This 
structure is a basic means of specifying a 
familv of oossible desian con-fiaurations. The 
enti,ties r'epresent sys<em components. Alter- 
native design structures are :specified via as- 
pects and specializations. An aspect is a mode 
of decomposition for an entity; a specializa- 
tion is a mode of classification for it. 
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The system entity structure generates a 
set of substructures from which design models 
can be constructed. A process called 

--P is needed to select those substructures w lch 
match the design requirements and objectives. 

We define an object called a 
experimental frame to express formally 

ye& 

objectlves. A generic frame consists of vari 
able types that express performance indices 
associated with a given design objective. The 
pruning algorithms developed in (Rozenblit, 
1986) select from the system entity structure 
entities whose attributes match the variable 
types given in a generic frame in which the 
pruning proceeds. The selected entities are 
used to construct design models. 

The pruning algorithms generate all de- 
sign model structures that correspond to the 
behavioral aspects of the design objectives. 
In order to deal with the structural con- 
straints imposed on the system being designed 
we augment the design model development pro- 
cess with a process termed synthesis rule 
specification (Rozenblit, 1986, Rozenblit and 
Zeigler, 1986). 

The constraints imposed by the design 
requirements are classified into two basic 
categories: convertible to active form, i.e., 
they can be converted into actions intended 
to satisfy them, and passive. The passive 
constraints do not guide or motivate any 
action, They do require satisfaction. 

We conceive of the synthesis problem as 
a search through the set of all pruned struc- 
tures. These are candidates for the solution 
to the problem. We can assume that for each 
active constraint we have a means of gener- 
ating such candidates to test against the 
constraint. The passive constraints have no 
corresponding operators, and thus, we can 
only test for their satisfaction. 

Based on these concepts, a canonical 
production rule scheme for a hierarchical 
design model synthesis has been developed 
(Rozenblit and Zeigler 1985, 1986). 

We now summarize the basic activities 
of our design framework: 

1.) A family of possible design configura- 
tions of the system being designed is 
organized by the system entity structure 

2.) The objectives and design requirements 
induce appropriate generic experimental 
frames. 

3.) The system entity structure is pruned 
with respect to generic frames. This 
results in a family of design model 
structures conforming to design objec- 
tives. 

4.) The pruned substructures serve as skele- 
tons for generating production rules for 
synthesis of design models. 

5.) Resulting design models are evaluated 
via simulation studies. 

We now proceed to describe in detail how 
the above presented framework can be applied 
to the LAN design problem. 

3. LAW SYSTEM ENTITY STRUCTURE 
REPRESENTATION 

There are four types of knowledge need- 
ed to construct a design model of a LAN 
architecture: 

1. Available physical resources: this type 
of knowledge must Include quantitative and 
qualitative information about the physical 
resources of the LAN architecture.' - 

2. Functions: functions are the routines 
that implement the communication tasks 
such as flow control, error control, etc. 

3. Mapping knowledge: in an actual device, 
there are a number of processors. Mapping 
knowledge describes how functions are 
mapped onto the processors that execute 
them. 

4. Coupling knowledge: in a LAN architecture 
data are processed bv several comoonents 
of the LAN and are sent from one component 
to another. In order to model this process 
in a modular way output ports of the LAN 
components must be appropriately coupled 
with corresponding input ports. Coupling 
knowledge describes the input-output port 
mapping for the component models of a LAN. 

To represent the above categories of 
knowledge we first generate a system entity 
structure for a class of local area networks. 
Due to the diversity of LAN architectures our 
system entity structure for a local area net- 
work design is not built around a specific 
network architecture. Rather than confining 
ourselves to a particular scheme, we generate 
a structure that outlines a family of possible 
network configurations. A detailed description 
of the LAN entity structure is presented in 
the following section. 

3.1 LAN Entity structure. 

As illustrated in Fiaure 1. a local Area 
Network (LAN) is decomposed into-two entities: 
COMMUNICATION SYSTEM and a multiple entitv 
USERS. The multiple entity USERS represents '7 
set of entities, each called USER. The term 
user denotes computers, terminals, mass stor- 
age devices, printers, plotters, monitoring 
equipment, etc.. The entity USER is further 
decomposed into its INTERNAL MODEL, QUEUES, 
TABLES, and PROTOCOLS. The entity structure 
for COMMUNICATION SYSTEM is described in de- 
tail in the following subsection. 

Communication System Subentities 

COMMUNICATION SYSTEM is decomposed into 
TRANSMISSION SYSTEM and a multiple entity IN- 
TERFACE DEVICES. As shown in Figure 1 a irans- 
mission system can have the following special 
types of topoloaies: BUS. TREE. and RING. 
Trinsmission 'techniques are specialized into 
BASEBAND (with a specialization SIGNALLING 
TECHNIQUES), and BROADBAND (with a specializa- 
tion MODULATION TECHNIQUE). The logical 

859 



J. W. Rozenblit, S. Sevinc, and B. P. Zeigler 

decomposition of the entity TRANSMISSION 
SYSTEM yields ELECTRONIC COMPONENTS such as 
filters, amplifiers, and the communication 
media on which the signals are transmitted. 
Regardless of whether the physical communica- 
tion media are fiber, coax, or twist.ed pair, 
they loaicallv klave a number of CHANNELS. 
Channels-may b"e BIDIRECTIONAL OR UNIDIREC- 
TIONAL, depending on the organization of the 
channels' electronic components. Channels can 
also be specialized into POINT-TO-POINT or 
BROADCAST types. Electronic components on the 
channels can be modelled as delay elements 
with appropriate error characteristics. 

Interface Device Entity Structure 

The multiple entity INTERFACE DEVICES 
represents the interface-media between USERS 
and CHANNELS as well as interfaces between 
two or more channels. The devices coupling 
USERS and CHANNELS are called INTERFACE 
UNITS. The interfaces between channels are 
termed BRIDGES (Hawe et. al., 1985). Both 
BRIDGES and INTERFACE UNITS contain the same 
type of entities. Regardless of its type each 
interface unit physically contains a number 
of PROCESSORS and MEMORIES. Within an inter- 
face unit there are multiole 
QUEUES, TABLES, and PROTOCO'LS. 

entities: 
Entities 

QUEUES and TABLES denote data structures. 
They are used for storage purposes. 

PROTOCOLS are the actions that make 
use of the physical resources of the network 
to provide communication between the users of 
the network. They have ports that connect 
them externally to one another and the users. 
These ports may have speed limitations and 
are intended to represent physical device 
interfaces such as the standard RS-232 inter- 
face. 

Due to space restrictions we have lim- 
ited the LAN entity structure to that of 
Figure 1. The reader is referred to (Sevinc, 
1986) for a complete example of the LAN rep- 
resentation. 

3.2 Pruning the LAN Entity Structure for 
Network Model Construction 

The LAN entity structure of Figure 1 
specifies a family of possible network desiqn 
cbnfigurations. The entities represent net-- 
work components while aspects and specializa- 
tions allow us to synthesize various alterna- 
tive architectures. At this point we should 
apply the pruning algorithms in order to 
restrict the design domain to structures that 
conform to network design objectives. Recall 
from Section 1 that objectives are expressed 
in terms of generic experimental frames. 

In outline, the pruning algorithm is 
based on the depth first tree traversal. 
Every entity in each aspect is searched for 
occurrences of input/output variable types 
that are present in the generic frame in 
which the pruning proceeds. The entities 
whose variable types correspond to those 
present in the generic frame are used to con- 
struct the model composition tree (Zeigler, 
1984) as the search progresses. The coupling 
constraints associated with aspects selected 

by pruning are mapped onto the composition 
tree. The algorithm calls -itself recursively 
for each entity being se(lrched. 

We now proceed to illustrate the pruning 
process by using the LAN design entity struc- 
ture of Figure 1. For the sake of brevity let 
us focus on design of a subsystem of a LAN, 
namely the transmission system.. Our objective 
is to design the transmission subsystem that 
attains a certain data transfer rate. Thus, 
the first step in our framework is to specify 
a set of generic variable types that express 
this perfortrance measure. These variables 
define a generic frame called "Transmission 
Rate". 

Generic Frame: Transmission Rate: -- 

Input Variables: 
- packet arrival 

Output Variables 
- packet.departure 
- operation speed 
- delay 

Parameters: 
- length 
- bandwidth 
- propagation speed 

We proceed to prune the LAN entity 
structure of Figure 1, with respect to this 
generic frame. While pruning we select unique 
entities from every specialization of the en- 
tity TRANSMISSION SYSTEM. The choice of a 
specialized entity is made based on the de- 
signers's expertise, the design requirements 
and constraints that they impose, For in- 
stance, the choice between broadband and base- 
band depends on the distance, estimated data 
transfer rates, number of devices to be inter- 
connected and cost. Topology type is affected 
by environment in which the network will oper- 
ate. distribution of the devices. and access 
methods. To illustrate how conitraints may 
affect the selection of specialized entities 
let LIS consider the LAN substructure depicted 
in Figure 2. 

Constraints: 

Coupling: 

Cl. For a pair of sending and receiving 
channels, 
sending-channel-bandwidth <= receiving- 
channel-bandwidth. 

c2. If base frequencies of receiving and 
sending channels that are to be connected 
are different then a frequency converter 
must be used. 

c3. A receiving channel cannot be connected 
to another receiving channel. 

c4. A sending channel cannot be connected to 
another sending channel. 

c5. A frequency converter cannot connect to 
two channels of the same type (i.e., re- 
ceiving or sending). 
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Fi$ure 2. Transmission system substructure with Coupling and Selection Constraints 

Selection: There are two types of constraints 
associated with aspects and specializations of 

C6. A tree topology cannot hire Point-to- Figure 2. The first type is termed cou- 
Point type channels. pling constraints (Zeigler, 1984), -coupling 

constraint :;pecifies a manner in which com- 

c7. A sending and a receiving channel must ponents identified in an entity's decomposi- 

be selected as a pair. tion can be coupled together. The second type 



is called selection constraints. .Selection 
constraints are associated with a soecializa- 
tion of an entity. They restrict the way in 
which its subentities can replace it in the 
pruning process. 

For example, the selection constraint 
6 will force us to select Broadcast type 
chinnels if we decide to use a bus topology. 
It should be noted here that both coupling 
and selection constraints may be imposed by 
technical requirements, standards, resource 
availability, or cost considerations. 

Both coupling and selection constraints 
have to be associated with the system entity 
structure in a manner consistent with their 
meaning. We assert that a coupling (selec- 
tion) constraint must be attached to an as- 
pect. (specialization) which is the least 
upper bound over the set of entities involved 
in that constraint. 

Althouoh specialization is a distinct 
concept from that' of aspect, there is a way 
of mappinq a specialization hierarchy into an 
equiveient decomposition aspect. The-transfor- 
mation, described in detail in Zeigler (1984), 
involves the multiole decomoosition conceot. 
To illustrate the principle 'of such a mapping 
let us transform the UNOIRECTIONAL specializa- 
tion of the entity CHANNEL of Figure 2, into a 
corresponding aspect UNDIRECTIONAL DECOMPOSI- 
TION. According to the transformation rules, 
UNDIRECTIONAL aspect must belonq to the multi- 
ple entity CHANNELS. The transformed subentity 
structure is given in Figure 2a. 

CHANNELS 

j tCl,c3.C4,cjl , 

UNIDIRECTIONAL DECOMPOSITION 

, 

SENbING 
I 

RECEIVING 

CHANNELS 

III 
RECEIVING 

CHANNEL 
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svstem depicted in Fiqure 3, contains channels 
and frequency converters. The channels may be 
allocated for sending or receiving operations. 
The number of channels and frequency'conver- 
ters will be determined during the network 
model synthesis process. 

The entity structure of Figure 3 is 
converted to the transmission system composi- 
tion tree of Figure 4. At this point we pro- 
ceed to construct the model of the transmis- 
sion system by generating rules for model 
synthesis. 

4. LAN DESIGN MODEL SYNTHESIS 

We now formulate structural constraints 
and convert them into a production rule scheme 
to synthesize a transmission system model for 
the pruned entity structure of Fiqure 3. To do 
this‘within the limited space of this paper we 
must make some simplificationsand assumptions 
about the system being synthesized. 

Let us define the problem and factors 
that impose constraints on design of a trans- 
mission system for a local area network. We 
assume that there are "n" devices, each with 
an expected data rate, that must be intercon- 
nected by using "m" channels. Every channel 
has a maximum number of devices that it can 
accommodate. Channels must be interconnected 
by "k" devices called bridges. At any time 
all the devices in the network must be fully 
interconnected. 

For the sake of simplicity we disregard 
some details concerning channels. For example, 
we do not take into account the location of 
amplifiers, environmental constraints such as 
tunnel structures, and high temperature points 
which cannot be passed by a cable. Other 
factors such as distribution of devices, con- 
currency of sessions, protocol influence on 
the system capacity, and cost of maintenance 
and extensions are not considered either. 

We assume, however, that some measure 
of interconnectivity is available. This mea- 
sure guides the assignment of devices to 
channels. Within its limited scope the trans- 
mission system being designed must satisfy 
the following rules: 

1. If there is no unconnected device 
there is no pair of channels that 
is unconnected 

Figure 2a. Mapping Specialization into 
Decomposition Aspect 

number-of-bridges-used <= max- 
number-of-bridges 
number-of-channels-used <= max- 
numbers-of-channels 

c7. The number of selected receiving 
channels must be the number of selected 
sending channels. (implied by con- 
straints 3 and 4). 

then 
Print "Transmission System is 
Completed" 

It is important to notice that the 
above transformation maps any selection con- 
straint into a corresponding coupling con- 
straint. Thus, the selection constraint C7 
of Figure 2, becomes the coupling constraint 
C7' in Figure 2a. 

2. If state is null 
a channel is available 

then 

The substructure resulting from pruning 
is illustrated in Figure 3. The transmission 

add this channel to the transmission 
system 
update number-of-channels-available 
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3. If there is an unconnected device 
there are channels with room for it 

then 

connect this device to the channel 
C(i) which maximizes the intercon- 
nectivity measure 
update number-of-devices-intercon- 
nected 
update available-capacity-of- 
channel-C(i) 

4. If there is a pair of channels 
there is no channel with room for it 
a channel is available 

then 

add this channel to the transmission 
system 
update number-of-channels-available 

5. If there is a pair of channels 
that are not interconnected 
a bridge is available 
(the channels are completely filled 
or 
(no more devices are left to be 
interconnected) 

then 

add a bridge between this pair of 
channels 
update number-of-bridges-available 

The above rules are intended to gen- 
erate all model structures that satisfy the 
design constraints. The model construction 
process will then proceed in a hierarchical 
manner as defined by Zeigler (1984). 

Before a final design is selected, the 
model should be evaluated with the help of 
simulation studies. In previous work (Rozen- 
blit, 1986) we have developed an experimental 
frame-based framework for performance evalua- 
tion of design models. To obtain meaningful 
performance data for our LAN design example, 
the transmission system should be embedded in 
a larger model, namely, the model of a LAN 
communication system. Such a model can be 
constructed using our pruning and synthesis 
framework. 

Simulation would then proceded in an ex- 
perimental frame constructed from the generic 
frame "Transmission Rate". The experimental 
frame would define inout seqments of rackets 
arriving with a certain interarrival distribu- 
tion. It would collect and summarize data con- 

cerning the speed of data transmission. The 
frame would also control the execution of sim- 
ulation experiments (see Zeigler, 1984 for 
details c-oncerning the frame 
concepts). 

experimental 
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5. SUMMARY 

We have presented an application of the 
knowledge-based design framework to local area 
network design. The entity structure developed 
for LANs is used to organize the knowledge 
about the networks in a hierarchical manner. 
The pruning procedures and production rules 
restrict the design domain to network models 
related to the design objective and con- 
straints. 

Other approaches to LAN design are based 
on queuing models (Sauer and MacNair, 1983), 
or programming language-like descriptions of 
the network architecture (Chlamtac, et. al., 
1984). The advantages of our approach are: a) 
its objectives driven nature, b) a knowledge 
representation scheme that enables US to 

s 
en- 

erate a variety of design alternatives, c the 
framework is easily amenable to computeriza- 
tion, thus provides a formal basis for the 
construction of an expert environment for LAN 
design support. 
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