Simulation of a CIM Workflow System Using Parallel Virtual Machine (PVYM) 13

Simulation of a CIM Workflow System
Using Parallel Virtual Machine (PVM)

Chang-Ouk Kim*, Young-Hoe Lee™*

1. Introduction
.

From the viewpoint of information processing, a CIM
enterprise can be viewed as a set of distributed and
heterogeneous information systems, providing necessary data
for manufacturing and production to the staffs. With the rapid
development of information network technology, advanced
CIM enterprises are evolving toward a more agile framework,
which can be adaptable to changing product specifications,
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Workflow is an ordered sequence of interdependent component data activities each of which can
be executed on an integrated information system by accessing a remote information system. In our
previous research [4], we proposed a distributed CIM workflow system which consists of a workflow
execution model called DAF-Net and an agent-based integration model of information systems called
AIMIS. Given a component data activity, there needs an interaction protocol among agents which
allocates the component data activity to a relevant information system. This protocol significantly
affects the completion rate of workflow if many information systems exist. The objective of this
research is to propose and test two protocols: ARR (Asynchronous Request and Response) protocol
and NCL (Negotiation with Case based Learning) protocol. To test the effectiveness of the protocols,
we applied the PVM (Parallel Virtual Machine) software to simulate the distributed CIM workflow
svstem. PVM provides a distributed computing environment in which users can run different
software processes in different computers while allowing communication among the processes.

manufacturing processes, and market conditions. This demand
is driving CIM enterprises to install an integrated information
system which is able to (1) automatically coordinate
interdependent CIM data activities according to a pre-
specified execution sequence for rapidly propagating changes
of interest, and (2) connect a variety of distributed and
heterogeneous information systems by demand. In this
research, the CIM data activity implies not only database
transaction but also file copy, file transfer, e-mail, and an
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execution of application software.

For the past fifteen years, the areas of information
processing have been extensively researched in the industrial
engineering and computer science communities [1][3}[5](6].
However, there are two limitations of the previous research.
One is that the research has focused on the (schema)
integration of databases or the relatively simple coordination
of CIM data activities using rule-base (active database)
systems. The other is that few models proposed by the
research has been simulated to test the execution logic of
the models or to decide some design features of the models.

To resolve the first limitation, Data Activity Flow Net
(DAF-Net) model and Agent-based Integration Model for
Information Systems (AIMIS) model have been developed in
out previous research [4]. DAF-Net is a CIM workflow which
is triggered in response to events of interest. It can be defined
as a set of component data activities with an execution
sequence among them. According to the execution sequence,
each component data activity in a given DAF-Net is delegated
to an information system for its execution. AIMIS is a multi-
agent based integration model which can integrate new
heterogeneous information systems by demand. It is also
designed to support the concurrent implementation of DAF-
Net.

The objective of this paper is to investigate the Parallel
Virtual Machine (PVM) software for the simulation of DAF-
Net and AIMIS. PVM is a distributed computing software
[2]. Tt provides a distributed computing environment in which
users can run different software processes in different
computers  while allowing communication among the
processes. There are three advantages of PVM compared to
traditional simulation tools such as SLAM: (1) PVM can
physically simulate (emulate) the interactions (message
passing) of agents in a distributed multi-agent system, (2)
PVM can also simulate a multi-tasking logic of AIMIS,
which will be discussed in the next section, and (3) the
execution logic of agents can be simulated using PVM
coupled with the C language. In this paper, using PVM, two
agent interaction protocols are compared in terms of the

number of messages passed.

This paper consists of five sections and is organized as
follows. In Section 2, DAF-Net and AIMIS are briefly
illustrated. In Section 3, PVM is introduced, and its
communication functions for the simulation of DAF-Net and
AIMIS are presented. In Section 4, a simulation model and
its result are presented. Finally, in Section 5, the conclusion

of this research and the future research work are discussed.
2. DAF-Net and AIMIS
2.1 DAF-Net

DAF-Net is defined for each event e, (i=12,--,L)and
constructed to achieve a pre-defined goal which compensates
the event. Therefore, the relation between event and DAF-
Net is one-to-one mapping. Informally, DAF-Net D, (i=
1,2,---.L) is a graphical execution model of interdepen dent
component data activities whose execution should be
coordinated responding to event ¢; (i=12,---.L). Formally,
DAF-Net D, {i=12,--L) defined as a five-tuple D=
(Co TR.IN,OUT.MR). C; is a set of component data
| is the size of C,. Each
component data activity should be executed by delegating it

activities {c;.cpeye ) where .C,
to a relevant information system which stores data for the
component data activity. TR, 1s a set of transitions
“m’m"*’:‘r&!l where 1TR,» is the size of TR, IN, is an
input function that defines directed arcs from C, to TR, OUT,
is an output function that defines directed arcs from TR, to
C, and MR; is the marking of D (execution state of D,). TR,,
IN, and OUT; are used for explicitly representing the
concurrency and synchronization of component data activities.

Structuraily, DAF-Net follows the Petri net model.
However, unlike traditional applications of Petri net such as
performance evaluation and the control of manufacturing cell
(8][9], DAF-Net coordinates a set of interdependent CIM
data activities in response to an event in real-time mode. In
other words. in the traditional applications of Petri net, each
place denotes a certain state of a given system. But, in DAF-
Net, each place represents a component data activity which
should be delegated to an information system for its
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{Figure 1) Rescheduling DAF-Net : An example of CIM DAF-Nets.
execution. agents (GCAs) and local coordination agent (LCAs). (Figure

(Figure 1) shows a rescheduling DAF-Net to a machine
breakdown event. Each circle denotes a component data
activity and a rectangle means an event. Also, execution
sequence is represented by a solid line with an arrow, and
information flow generated by each component data activity
is represented by a dotted line with an arrow. The
rescheduling  DAF-Net consists of six component data
activities - retrieval transaction of resource status data in
shop-floor database, retrieval transaction of due-date of parts
from item-master database, generation of reschedule, notifi-
cation to CAP and CAM managers, and report generation
of the reschedule. By the collaboration of the six component
data activities, rescheduling to the machine breakdown (goal)
can be completed.

2.2 AIMIS

For realizing the “integration by demand” concept, AIMIS
follows a multi-agent architecture and a open system model.
It is composed of two types of agents: global coordination

2> depicts the architecture of AIMIS.

GCAs reside in a central computer. GCAs are classified
into three types of agents based on the function of each agent:
a DAF-Net triggering agent Gy, a set (}',g:[‘g’f:,gf","-lgf} of
DAF-Net execution agents where # is the number of DAF-
Nets being executed, and a DAF-Net coordination agent G-
Each type of the GCAs performs the following function :

a. DAF-Net triggering agent (G;)

Gy receives events from LCAs and fetches relevant DAF-
Nets (matching DAF-Net) from the DAF-Net library in
response to the events. It also spawn a DAF-Net execution
agent q,’ to execute a DAF-Net D,

b. DAF-Net execution agent (Gp)
g G =1,2, - n) controls the execution sequence of
component data activities of a DAF-Net to enforce their
execution sequence. According to the execution sequence, qf
sends component data activities to appropriate LCAs and

receives the execution results from the LCAs.
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(Figure 2) Architecture of AIMIS.

¢. DAF-Net coordination agent (G,)

G, controls the execution sequence of multiple DAF-Nets.
In other words, G, performs the concurrency control of DAF-
Net.

One particular feature of AIMIS is that the number of the
DAF-Net execution agents GEZ{,glE,gf,"-gf] is not fixed
but varies with the number of DAF-Nets being executed.
That is, the G; do not permanently reside in AIMIS; rather
each of them, say g,E, is created by the Gy to execute DAF-
Net D; and terminates after the each execution completion
of D, In this research, this type of agent is called an
ephemeral agent. The dynamic agent environment using the
concept of ephemeral agent can improve the performance of
AIMIS in terms of the completion rate of DAF-Net. To
implement the concept of the ephemeral agent, a multi-
tasking method is applied.

Each LCA is placed on an information systems and
connected to both the information system and GCAs. Thus,
each information system is augmented by an LCA which

provides a coordination interface.

Besides the functions of the agents, an agent interaction
protocol between GCAs and LCAs is required for processing
DAF-Nets. Given a component data activity, the function of
the agent interaction protocol is to search an appropriate
information system in terms of data availability and
processing efficiency for the execution of the component data
activity. In this research, such an interaction protocol is called
the allocation protocol of component data activiry. Two
protocols are proposed: ARR (Asynchronous Request and
Reply) and NCL (Negotiation with Cased based Learning)
protocols. Since the coordination of interdependent CIM data
activities on distributed information systems requires a lot of
interactions among the agents, the performance of AIMIS is
significantly affected by the allocation protocol of component
data activity. The effectiveness of the two protocols is tested
by PVM. The ARR protocol and the NCL protocol are

procedurally explained as follows:
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Asynchronous request and response (ARR) protocol

The ARR protocol is the most efficient communication
protocol in a client-server model because of the small number
of messages passed between g,lf and LCAs for completing
DAF-Net D, It can be specified in the lollowing way.

Step 1. Using the address of the receiver (LCA) field of
component data activity specification, qf sends
the request to the LCA and wails for a response
(acknowledgment) from the LCA.

Step 2. If the LCA scans ity request queue and finds the
arrival of the request, then it sends an acknowledg-
ment signal to the qf

The main advantage of the ARR protocol is that only one
round-trip message is required to find the location of the
LCA. The major drawbacks of the protocol are that (1) the
address of receiver must be specified for every component
data activity and (2) there is a chance of infinite waiting of
Qf to receive acknowledgment from the LCA which is
currently broken down.

Negotiation with case-based learning {NCL) protocol

The NCL protocol relaxes the assumption of a priori
knowledge about the addresses of the LCAs. Instead. this
protocol adopts a negotiation mechanism between ‘qf-’- and the
LCAs 1o find the most appropriate LCAs which can execute
the component data activities efficiently.

One remarkable advantage of the NCL protocol is its
learning ability. After each negotiation, q," accumulates the
processing capability of each LCA in the LCA capability
table. That is, each negotiation makes the ¢ learn which
LCA stores which type of data. The LCA capability table is
a triple (LCA identifier, LCA address, list of data objects)
where the LCA identifier is a unique identifier of LCA. LCA
address is the physical address of the LCA on the computer
network, and list of data objects is the list of data objects
that are accessible by the LCA.

As the interaction between gf; and the LLCAs evolves, gf
gains accurate knowledge of the LCAs" capability and can
send limited broadcasting messages, which will reduce the
communication traffic between g and LCAs. The main

disadvantage of the NCL protocol is that it generates too
many communication messages when data stored in each
information system dynamically change. The protocol can be
explained procedurally as follows:
Step 1. gf searches the LCA capability table to find
LCAs which are able 1o execute a given
component data activity. The selected LCAs are
called candidate LCAs, If only one candidate
LCA exists, go to Step 5. If no candidate LCA
exists, then go to Step 2-b.
Step 2-a. gf" broadcasts a component data activity to all
candidate LCAs and waits for their responses.
Go to Step 3.

Step 2-b. gf broadcasts a component data activity to all
LCAs and waits for their responses.

Step 3. Each LCA makes a bid. It consists of (1} the
possibility of the execution of the component data
activity based on the availability of data required
for the execution and (2) the number of
component data activities waiting in its request
queue.

Step 4. LCAs send their bids to ¢& .

Step 5. g,"“ selects a winning LCA which not only can
execute the component data activity but also has
the smallest size of the request queue. In addition.
g,’”ﬂ updates the processing capability of the
winning LCA.

Step 6. After the negotiation procedure, g,": sends an
awarding message 1o the winning LCA.

3. Parallel Virtual Machine {PVM)

In this section, PVM software is reviewed. The overall
objective of the PVM software is to enable a collection of
heterogeneous computers to be used cooperatively for
concurrent or parallel computation. The PVM software
provides a unified framework within which parallel programs
can be developed in an efficient and straightforward manner
using existing hardware. PVM enables a collection of
heterogeneous computer systems to be viewed as a single
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(Table 1) Communication routines of the PVYM used in the experiments.

Communication routine

Description of the routine

pvin_spawn (}

Creates a computational module on computer

pvm_exit ()

Tells that the process is leaving PVM

pvm_initsend ()

Clears default send buffer and specifies message encoding

pvm_send () Sends the data in the active message buffer

pvi_pk () Packs the active message buffer with arrays of prescribed data type

pvm_upk () Unpacks an array of the given data type from the active receive buffer

pvm_recv () Receives a message and blocks the process until a message with label msgtag }—1as arrived

pvm_nrecv ()

Checks for mon-blocking message with label msgtag

parallel virtual machine, and transparently handles all
message routing, data conversion, and task scheduling across
a network of incompatible computer architecture.

Since PVM accommodates a wide variety of application
program structures, the user can write his application as a
collection of cooperating tasks. Tasks access PVM resources
(computers) through a library of standard interface routines.
These routines allow the initiation and termination of tasks
across the network. The PVM message passing primitives
are oriented towards heterogeneous operation, involving
strongly typed constructs for buffering and transmission.
Communication constructs include those for sending and
receiving data structures as well as high level primitives such
as broadcasting, barrier synchronization.

Due to the simple but complete programming interface,
PVM is employed in this research in order to (1} simulate
the interactions of agents in AIMIS to process DAF-Nets,
(2) simulate the multi-tasking logic of DAF-Net execution
agents (ephemeral agents), and (3) simulate the allocation
protocol of component data activity. Unlike to other research
where PVM assists to solve a single large scientific problem,
this research applies PVM to simulate interactive protocols
of AIMIS in terms of number of messages passed. This
unique fact extends the PVM application area and can be
possibly used to measure performance of the distributed agent
system. (Table 1) shows the interaction routines of PVM
used in this research

To simulate the ARR and NCL protocols on PVM

environment, it is necessary to support communication
function among agent. This communication is realized by
address keeping mechanism in PVM. That is, each processor
which simulates an agent(GCA or LCA) stores the logical
addresses of all other processes. This enables an agent fo
communicate with other agents for either the negotiation of
the NCL protocol or the asynchronous sending/receiving of
the ARR protocol. The physical communication is undertaken
by PVM. The following procedure illustrates an interaction
between any two agents in PVM. (Figure 3) graphically

illustrates the above interaction mechanism.

Task of message-sending-agent
1. Initializes its send buffer by a call to pvm_initsend()

routine.

!\J

Packs message into this buffer using pvm_pk() routine.
3. Sends the packed message to message-receiving-agent by

calling pvm_send() routine.

Task of message-receiving-agent
I. Receives the packed message by calling either pvm_recv
() (blocking receive routine) or pvm_nrecv() (non-blocking

receive routine).

[SS]

. Unpacks the message trom its receiver buffer using pvm_

pk() routine.

The following procedure shows the multi-tasking logic of
the DAF-Net execution agents.
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Task of DAF-Net triggering agent

1. When an event arrives, retrieve a matching DAF-Net from
DAF-Net library.

2. Create a DAF-Net execution agent using pvm_spawn()
routine.

3. Initializes its send buffer by a call to pvm_initsend()
routine.

4. Packs the matching DAF-Net into this buffer using pvm_
pk() routine,

S. Sends the packed matching DAF-Net to the newly created
DAF-Net execution agent by calling pvm_send() routine.

Task of newly created DAF-Net execution agent

1. Receives the packed matching DAF-Net by calling pvm_
recv().

2. Unpacks the matching DAF-Net from its receiver buffer
using pvm_pk() routine.

3. Process the matching DAF-Net using the agent interaction
mechanism in {(Figure 3).

4. After the processing completion of the matching DAF-
Net, terminate itself by calling pvm_exit() routine.

4. Simulation of AIMIS

Because of the distributed nature of AIMIS, Engineering
Computer Network (ECN) in Purdue University is used to
run PVM. A virtual MRPII scenario is selected as a typical
CIM environment. To implement a realistic MRPII system,
it is essential to coordinate and integrate several component
heterogeneous information systems from a CAD file to an
accounting database. This requirement led to the simulation
of an MRPII system as the scenario of the experiments.

The PVM software and the C language are employed as
tools for constructing the distributed simulation program.
Since PVM is developed for facilitating distributed computing
on a computer network, it would be an appropriate tool for
simulating DAF-Net and the interactive behavior of the
distributed agents.

The simulation scenario of MRPII consists of five
departments as shown in {Figure 4). Two heterogeneous

information systems and a manager are assumed to be
associated with each department, except the business
management department, where only one information system
is assumed. For interoperability of the information systems,
an integrated information system which follows the AIMIS
approach is constructed. All LCAs are connected to GCAs,
and each LCA is linked to each information system or
manager. For this simulation, eight event types are chosen
as follows:

. Inventory update;

. Change of CAD and BOM data;

. Change of cost and lot-size data;

o &

[=VaN o

. Change of part lead-time;

o

. Shop-floor order completion;

—

Machine breakdown;
. Due-date change of scheduled receipt;

= a2

. Daily production progress report to production manager.

Corresponding to each event type, a DAF-Net is
constructed. (Figure 5) shows one of the DAF-Nets.

To use the PVM software for the MRPII simulation, 33
processes are run simultaneously on six Unix-based worksta-
tions which are interconnected by Ethernet, all part of the
ECN. Each processor is an independent program. It emulates
the behavior of either an information system, user (manager),
or agent (GCA or LCA) of AIMIS. Some processes are
loaded and executed on the same workstation {shown as a
box} due to the limited number of workstations available.
{Table 2) depicts the configuration of the processes with
PVM.

In general, successful applications of a multi-agent model
depend on the number of messages passed among distributed
agents. A high completion rate of distributed tasks with a
limited or moderate amount of message passing would be
the main goal of the interaction protocol. This goal is also
applied to AIMIS models. The design feature of AIMIS that
significantly affects the number of messages passed is the
allocation protocol of component data activity. Therefore, it
is necessary to compare the ARR protocol and the NCL
protocol.

To compare the above two protocols in the MRPII
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(Figure 5) DAF-Net for the change of part lead-time.
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(Table 25 Configuration of the processes with PYM.

Simulation module " Process number Computer name 1
DAF-Net triggering agent (GCA) i 1 Orange
DAF-Net execution agents (GCAs) 2 Orange -
DAF-Net coordination agent (GCA) 3 Orangweﬂw ]
LCA for CAD DB 4 Silver
LCA for BOM file in CAD dept. 5 Silver :
LCA for CAD mana‘gé{r' o 6 Silver )
CAD DB 7 Silver
BOM file in CAD dept. 8 Silver
CAD rr;ain-ﬁg’eT“ - 9 Sitver
LCA for process plan DB 10 Teal o
LCA for BOM file in CAPP dept. N  Teal |
LCA for CAPP manager 12 Teal
Process plan DB 13 Teal
BOM file in CAPP dept. 14 Teal
CAPP manager 15 Teal
LCA for shop-floor DB 16 Sienna
LCA for BOM file in CAM dept. 7 " Sienna
LCA for CAM manager 18 Sienna
LCA for shop-floor monitoring 19 Sienna
Shop-floor DB 20 Sienna
BOM file in CAM dept. 21 Sienna
CAM manager 22 Sienna
o Shop-floor monitoring 23 Stenna
LCA for production DB T4 Olive
LCA for inventory DB 25 Olive
LCA for CAP manager 26 Olive
Production DB 7 Olive
Inventory DB o ® Olive
CAP manager 29 Olive
LCA for purchasing DB 30  Plum |
LCA for BM manager R Plum :
Purchasing DB - 32 Plum |
BM manager 3 Plum |

scenario, the number of messages passed is measured as the
number of events varies from 50, 100 through 150 to 200.
{Figure 6) shows the simulation result. From the result, it
is observed that the ARR protocol is better than the NCL
protocol in terms of the number of messages passed.

However, it is also observed that the ARR protocol is

superior to the NCL protocol until the number of events
reaches 100, but thereafter, there is no significant difference
between the protocols. This result can be explained by relying
on the nature of NCL protocol. Since the NCL protocol has
the ability to learn the location of necessary data, and this

capability is enhanced as the number of events increases,
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(Figure 6) Simulation result for the comparison between the ARR protocol and the NCL protocol.

the NCL protocol reaches a point in time at which the NCL
protocol has as much knowledge on the data location as the
ARR protocol. From the point in time. the learning capability
of the NCL protocol led the NCL protocol to reduce the
number of negotiation. Consequently, it can be inferred that
the intelligent protocol, capable of learning knowledge {rom
past experience, is valuable when the integrated system is
operated for a longer time.

5. Conclusion

Throughout this research, PYM has been investigated for
the simulation of distributed CIM workflow system. From
the simulation result, it is verified that PVM is a highly
effective simulation tool for distributed systems. For future
research, it is necessary to develop a PVM-based distributed
stmulator which can measure time-related performance
measures, such as the mean completion time of DAF-Nel.
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