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Model Structuring Technique by A Knowledge Representation Scheme:
A FMS Fractal Architecture Example
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 Abstract -

The model of a FMS (Flexible Manufacturing System) admits to a natural hierarchical
decomposition of highly decoupled units with similar structure and control. The FMS fractal
architecture model represents a hierarchical structure built from elements of a single basic design.
A SES (System Entity Structure) is a structural knowledge representation scheme that contains
knowledge of decomposition, taxonomy, and coupling relationships of a system necessary to direct
model synthesis. A substructure of a SES is extracted for use as the skeleton for a model. This
| substructure is called pruned SES and the extraction operation of a pruned SES from a SES is called
pruning (or pruning operation). This paper presents a pruning operation called recursive pruning. It is
applied to SES for generating a model structure whose sub-structure contains copies if itself as in
FMS fractal architecture. Another pruning operation called delay pruning is also presented. Combined
with recursive pruning the delay pruning is a useful tool for representing and constructing complex

systems.
1. Introduction tend to be very complex, and writing simulation programs
to exccute them can be an arduous task [1]. FMS is a
Computer simulation is one of the most widely used manufacturing system formed by ticing flexible manufacturing
techniques i1 manufacturing systems study, The value of cells, or workeells. A workeell is an independent unit which
simulation increases constantly due to improvements in consists of group of machine tools and associated material
computing power, However models of large-scale systems handling  equipment  that is managed by an intelligent
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supervisory computer, Typically, it consists of a hierarchy of
several workcells, each containing one or more transporters,
sub-cells, etc, The term flexibility in FMS implies the ability
of the system to process a wide variety of parts or assemblies
without outside intervention. Rapid modeling of such a system
can play a significant role in the selection of a manufacturing
strategv [2, 3, 4, 5.

Cast in a fractal architecture, the model of a FMS admits
to a natural hierarchical decomposition of highly decoupled
units with similar structure and control. As a consequence,
this model manages the structural complexity and coordination
of an FMS hierarchy by maximizing local functionality and
minimizing global control. The FMS fractal architecture model
represents a hierarchical structure built from clements of a
single basic design called basic fractal unit (BFU). The design
of BFU incorporates a set of pertinent attributes that can
fully represent any level in the hierarchy [4].

(Figure 1) gives a example of the essential structure of
the

representation of the fractal model. This so-called BFU is

basic unit used to construct a fractal architecture
specifically designed to embody the elements which fully
describe the structure of any level in the model hierarchy,
Included within in a BFU is a set of next laver BFUs whose
internal detail is essentially hidden. The routing controiler {or
transporter router) sees these units as stations to which the
transfer batches should be delivered. Tts upto transporter
routers within the next laver BFUs for controlling (or
routing) the batches delivered to them.

DEVS-Scheme

simulation

is a modular hierarchical discrete event

environment implemented in object  oriented
Scheme language which runs on unix and DOS compatible
computers, The environment realizes the DEVS formalism
[6,7,8,9]a theoretically well-grounded means of expressing
hierarchical, modular discrete event simulation models. DEVS-
Scheme is implemented as a shell that sits upon Scheme
‘language in such a way that all the underlving Lisp-based
and object oriented programming language features are
available to the users. The result is a powerful basis for
combining Al and simulation techniques.

DEVS-Scheme allows a modeller to keep models in an

organized libraty in a modular form, enabling hierarchical
assembly and disassembly as required in investigating design
alternatives, The environment is based on two formalisms:
discrete event-system specification (DEVS) and system entity
structure (SES) formalism [6, 7, 10]. The environment
allows the modeller to specify explicitly the structure of a
simulation model using SES formalism and its behavior using
DEVS formalism, Structural and behavioral specifications of
a model can be saved in a structural knowledge base called
entity structure base (ENBASE) and behavioral knowledge
base called model base (MBASE), respectively (refer to
Figure 2). DFEVS-Scheme can be used to develop DEVS
models and save them in a model base for later use. To
organize such models into a model base, a model base

management system 15 highly desirable. The SES (system

btu

next layer bfus

transporters

routling sequest

fouting info

routing request

division request

divislon info

— materiaj flow
» infomation flow

(Figure 1) Basic fractal unit architecture.

entity structure) formalism is one such tool for model base
ESP-scheme the SES
formalism developed by Zeigler in a LISP-Based, object-

management, s a realization of
oriented programming environment, The ESP-Scheme sup-
portts specification of the structure of a model, pruning the

structure to the reduced one, and transforming the structure



XA EH 78S 0188 Y Txe| B T 3

_ﬁ KNOWLEDGE BASE |- S —

~{_Enbase | | Mbase |
|
i Pruned | S@ate ]
Entity Entity ! Definition | . Variable
Structure Structure i file } file
|

A A A A

save-entstr save-entstr retrieve save-state ;

load-entstr load-entstr save resume-state |

—— prune "ﬂ/ \J
] Y ' : Working Memory
Fntity i;i?id ‘-trangforngwg>, Atomic Model
Structure Stn ltyr Digraph Model
~ ruerure Kernel Model

make-entstr ; K :
ndd-i make-pair
add-item make-broadcast

-
i

:,_,74,______._,{““ ESP-SCHEME ‘] * : {DEVS-SCHEME F ____________________ e

SCHEME-SCOOPS

(Figure 2) DEVS-Scheme simulation environment

to a simulat.on model by synthesizing components models in the model base developed by using DEVS-Scheme (11, 12].
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A substructure of a SES is extracted for use as the skeleton
for a model. This substructure is called pruned SES and the
extraction operation of a pruned SES from a SES is called
pruning {or pruning operation).

In this paper, we present a new operation called recursive
pruning and its application to the FMS fractal architecture
model structuring. Recutsive pruning is a procedure applied
to SES for generating a model structure whose sub-structure
contains copies if itself as in FMS fractal architecture. For
the background knowledge SES formalism is presented first

in the following section.
2. SES Formalism

A SES is a structural knowledge representation scheme that
contains knowledge of decomposition, taxonomy, and cou-
pling relationships of a system necessary to direct model
svnthesis, There are three types of nodes in the SES - entity,
aspect, and specialization - which represent three types of

knowledge about the structure of systems. The entity node,

(Figure 3) represents one decomposition of an entity. Thus
the children of an aspect node are entities, distinct components
of the decomposition. The specialization node (within a
double vertical line in the labeled tree of (Figure 3) represents
way in which a general entity can be categorized into special
entities. A multiple entity represents the set of all members
of an entity class and it is a special entity that consists of a
collection of homogeneous components, Such components are
a multiple decomposition of the multiple entity, The aspect
of such a mulfiple entity is called a multiple aspect (triple
vertical lines in the labeled tree of Figure 3). A substructure
of a SES is extracted for use as the skeleton for a model.
This substructure is called pruned entity structure (PES) and
the extraction operation of a PES from the SES is called
pruning (or pruning operation). There are only aspect type
nodes and entity type nodes in a PES. All the multiple
decomposition nodes and specialization nodes in SES are
traversed and processed in pruning process. The process done
at the specialization node is to select a special entity (either

Al or A2) and the process done at the multiple aspect is to

AB
AB-dec <==——— aspect
i«éE} coupling scheme

~

A-spec =

specialization
[

Al A2

t‘<£g~44-w selection constraint

|
' multiple

BS = entity
"’<5?“““j |
B number of component and

type of a structure selection

(Figure 3) System entity structure (SES)

having several aspects and/or specializations, corresponds to
a model component that represents a real world object. The

aspect node (a single vertical line in the labeled tree of

decide the number of multiple decomposition (number of
components in BS) and type of kernel models (broadcast

models, controlled-models, etc.) that this multiple decompo-



sition forms. For more on DEVS formalism and SES

formalism refer to [6, 7, 13].

3. Recursive Pruning and Delay Pruning

Zeigler 6, 7] introduced the svstem endifv structure
(SES) which directs the synthesis of models from components
in a knowledge base, The SES is a knowledge representation
scheme that combines the decomposition, taxonomy, and
coupling relationships,  Recursive pruning is a procedure
applied to the SES for generating a model structure whose
sub-structute contains copies of itself,

<Figurc 45 shows a SES which specifies the recursive
structure of model AB. AB consists of A and B, where B
is specialized into C or AB, Here AB is the root model itself,

which represents the repetiion of same structure in the SES,

(Figure 4) System entity structure for recursive
pruning.

AB@no-recur

|

|

]

1 1
| |
1 |

i

A@no-recur (C@no-recur

(Figure 5) Pruned SES (PES) without recursive
pruning.

<Figure 5 represents the PES when C is selected at B-spec

node of the SES in pruning process, lts corresponding model
structure is shown in (Figure 6. In this case recursive

pruning 15 not invoked,

—— AB@no-recur

-~ A@nhore-recur. - C@no-recur

:

(Figure 6) Model AB pruned to be a non recursive
structure.

Whereas, if AB is selected at B-spec node during pruning
process recursive pruning is invoked, It is invoked as long
as AB is selected ar B-spee node. (Figure 7) represents the
PES with # lavers of recursion, The figure also shows the
extensions, level-one, level-two, ..., of model names, These
extensions are prompted each time B-spec node is encountered
during pruning process so that models in different levels can
be distinguished, The recursion of AB stops when type C is

selecred ar B-spec node during pruning process, <Figurc 3,

AB@level-one
| I
A@level-one AB@level-two

|

AB@level-three

A@level-two

AB@level-n
[ ]

A@level-n C@level-n

(Figure 7} Pruned SES (PES) with recursive pruning.
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shows the recursive model represented by the PES in (Figure

7.

—AB@level-one

A@level-one

| AB@ 1 eve 1 - tWO T
A@level-two

" "AB@level-three
.
® |
— AB@level-n !
A@level-n

C@level-n

atomic models

[ 1 coupled models
(Figure 8) Model AB pruned to have a recursive
structure.

When there are several recursions in pruning process the
process gets complicated. We can delay some of the pruning
decisions for a later pruning process and perform pruning
only on part of the SES. This tipe of pruning process s

called delav pruning. (Figure 9> shows delay pruning

pruning process. In the first pruning process only the number
of recursions of AB and type A at A-spec node of level-
one are decided. Rest of type selections at A-spec node other
than level-one are left undecided and delaved for later
pruning, The intermediate PES generated by delay pruning
15 shown at the right side of the figure, It is further pruned
to become the final PES (left lower side of the figure) where
every nodes are pruned and the PES is ready for
transformation, 1e. ready for constructing a model for
simulation, Delay pruning is also usetul in constructing several
similar model architecture where only small ditferences in
pruning arc needed, compared to the first pruning, For
example, construct an intermediate PES for a model by delay
ptuning (and recursive pruning) and perform  further
prunings on this PES for generating those similar model
architectures, Recursive pruning, combined with delav prun-
ing, is a useful tool for representing and pruning a complex

svstem such as the one described in next section.
4. FMS Fractal Architecture Structuring

An example FMS fractal architecture with three levels of
recursions is shown in (Figure 10> (detailed function of cach
model is described in {147). This architecture is one of many
possible structures that can be generated by recursive pruning
applied to the SES shown in (Figure 11). The top of the
hicrarchy is a factorv. The factory is composed of two shop
flours, The first shop floor (shopfloorl) in turn has two
workstations, workstation] and workstation2. Whereas, the
sceond shop floor has two machines without having any
workstation, Warkstation] has two machines and workstation?
has just one machine. \rchitecture of all BI'Us are same exeept
the number of transporters, if the next layer BFUs are Tooked
at as black boxes.

The transporter router is a model with expert system
capability which controls routing of transporters in each BIFU,
It routes transporters amony next laver BEUs, outpul luiffer
and nput buffer. There are total of five expert system maodels
(one for each BEFU) inferencing based on their own set of

facts, i.c., based on different dynamic conditions of cach BEFU



XAl B8 7|M8 0|83 2Y Txo| EHI TA

A B :
AJ!pec B!Lpec
Il | il
Al A2 JB

~{PES }

AB@level-one

AlJ]evel-one AB@level-two

AB@level-three
.

AB@level-n

A2@level-two

Al@level-n  C@level-n

— Intermediate PES |

AB@level-one

Al@level-one AB@level-two

A@level-two AB@]evlel-three

[}

.

A-spec .

AB@level-n
Al A2
A@level-n (@level-n
A-spec
Al A2

(Figure 9) Delay pruning.

(Figure 10).
4.1 SES of Fractal Architecture

The SES for fractal architecture is shown in (Figure 117.
The top of SES is bef which represents the model being
composed of BFU {or bful bfu is the actual model name)
and ¢f {experimental frame). The experimental frame consists
of genr (generator model) and transd (transducer model).
Generator provides inputs to bfu, and transd coliects the
outputs from hfu for the caleulation of ourput statistics on
bfu. The bfu is specialized into two models, the nl (next

laver) and pu {processing unit), nl is decomposed into div

{transfer barch job divider), routerm (transporter router), 20
(inputjoutput buffer}, transps (transporters) and  bfus
(BFUs). Where fransps and hfus are broadeast models, which
implies that the number of these models can be selected during
pruning. The 7o is again decomposed into fi-10 (input bufter)
and out-10 {()urput buffer).

Notice that the left subtree of bef is the recursive SES,
This SES fully represents the desired model architecture
shown in <Figurc 10> once pruned in the proper way, using
recursive pruning. During recursive pruning, the recursion of
bfu stops when pu 15 sclected otherwise the  recursion
continues. (Figure 12) shows PES for the architecture in

(Figure 107, This architecture is just one of many possible
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- factory
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bfu
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trs

v re
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(Figure 10) Fractal architecture pruned to have five bfus.

architectures that can be generated from the SES for bef (hierarchical levels) of BFUs in constructing an architecture

(Figure 10). We can have anv number of recursions from the SES. This capability is shown as the PES having
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io-dec
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|
in[—buf out-buf

|
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transp bfu

1l

bef: bfu and exp. frame
bfu: basic fractal unit
nl: nexl layer

pu: processing unit
div: divider

routerm: router model

in-buf: input buffer
out-buf: output buffer
transp: transporter
ef: experimental frame
genr: generator
transd: transducer

(Figure 11> System entity structure for bef (basic
fractal unit with experimental frame) architecture.

three lavers of recursion for the left side of the tree and just
two lavers “or the right side. Also the number of BFUs ar
cach layer can be selected o be any number since bfie model,
except the one at the top of the SES for bef, is multple

decompositinn of multiple entitv Afurs.

5. Conclusion

The structural knowledge of a targer system (eg. FMS)
is expressed by SES knowledge representation scheme. The
pruned SES s extracted by applying the pruning operation
to SES to construct the desired architecture, The proposed
recursive pruming is a pruning operation for constructing the
recursive st-ucture of a model where sub-structure contains
copies of itself as in FMS fractal archirecrure,

The fractal architecture built by applving recursive pruning

ensures case in the reconfipuration of the overall structure

and the reusability of the architecrure when used as a sub
component of the more complex system, Alternate structures
(reconfigured structutes) of the 'MS model can be generated
rapidly through the recursive pruning process. The alternate
structures can have different hierarchical levels, different

)

number of sub-BFUs and rransporters within a BFU,
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