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Abstract Microelectronic manufacturing deals with the efficient
coordination of manufacturing processes and owning enterprises
along a value chain to provide microelectronic products to cus-
tomers. Microelectronic manufacturing is an important subject
of the supply chain management because of the vital role of the
microelectronics industry in the global economy. The systems
for microelectronic manufacturing processes are usually linear,
rigid, and produce solutions that are far from optimal. This pa-
per presents a commitment-oriented “sense and respond” system,
called COSAR, for microelectronic manufacturing. COSAR en-
ables the development of adaptive and configurable manufac-
turing systems. The concept of commitment is explained in
this paper. Furthermore, the concept of “chain of commitments”
has been extended to “network of commitments.” Functionality
of COSAR can have vertical, horizontal, or mesh decompos-
ition. The foundation, architecture and implementation status of
COSAR are discussed.

Keywords  Commitment - Microelectronic manufacturing -
Sense and respond

1 Introduction

Microelectronic manufacturing processes are comprised of so-
phisticated interactions among multiple systems and decision
makers, highly complex computation in order to optimize manu-
facturing plans, and non-trivial integration issues embodied in
business data and processes themselves. Traditional microelec-
tronic manufacturing processes are usually linear and rigid; and
once done, will be very hard to change. Modern microelec-
tronic manufacturing systems, however, attempt to replace in-
flexible supply chains with more adaptive supply networks that
will result in configurable and more effective management of
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cross-company manufacturing and logistics to achieve a com-
petitive advantage. The ultimate goal of many companies is to
build adaptive and “sense and respond” manufacturing systems
flexible enough to sense and respond to changes in their manu-
facturing environment [1].

This paper presents an architectural framework and im-
plementation, called COSAR, for commitment-oriented “sense
and respond” systems applied to the domain of microelectronic
manufacturing. We discovered that the issues of managing com-
plicated manufacturing processes can be addressed by the ideas
and the architecture embodied in COSAR. Since the totality of
all activities of microelectronic manufacturing can be viewed as
distributed problem solving process, COSAR was intentionally
built as an agent-based framework. We explore the conceptual
foundation for this framework and develop the COSAR architec-
ture based upon the foundation.

According to Merriam-Webster’s collegiate dictionary, com-
mitment is “an agreement or pledge to do something in the
future”. Commitments can be agreed between trading part-
ners (called external commitments), or between internal parties
within a business (called internal commitments). The defin-
ition of business commitments captures not only the current
stable states (“‘agreement”) but also the future actions (“to
do something”) and constraints (not to do something); there-
fore it is an appropriate concept to describe certain types of
business relationships and interactions that may require both
agreements and actions from participating parties. A set of
business commitments can also be used to establish the agree-
ment of a management platform to its customers regarding
how their artifacts are to be managed in this platform. In our
opinion, the concept of commitments nicely fits into the mi-
croelectronic manufacturing environment where the manage-
ment system likely manages multiple trading partners (cus-
tomers and suppliers) and multiple internal parties (internal
distribution centers, multiple factory shops). As will be elab-
orated in the following sections, the concept of commitment
is the corner stone of the COSAR systems and architectures.
In the microelectronic manufacturing scenario, commitments
can be used for describing management scenarios, constrain-
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ing agent behavior, measuring manufacturing metrics, enforcing
desired actions, rendering commitments to other agents and
SO on.

The rest of this paper is organized as follows. Sect. 2 provides
the background information for the domain and the COSAR ap-
proach. The conceptual foundation of COSAR is described in
Sect. 3. The notion of commitment is described in Sect. 4. The
COSAR architecture and implementations will be presented in
Sect. 5. Related work and conclusions will be given in Sects. 6
and 7, respectively.

2 Background

This section provides the background information of the domain
where COSAR is aimed. We will describe the problem domain
in general and a scenario in particular. The COSAR approach for
this domain will be briefly presented as well.

2.1 Problem domain

The problem domain we have been working on is supply chain
management (SCM) for microelectronic manufacturing [2]. The
core flow for microelectronic manufacturing contains sub-flows
such as:

e From wafers to devices: The wafer is a round thin piece of
silicon that looks similar to a CD. The wafers go through an
elaborate procedure that has cycle times (time to complete
the task) of one to three months, where millions of circuits
are carefully etched onto it. When the wafer is completed, it
is transmitted to a final test and then cut into small individual
rectangular shaped parts called devices. Typically cycle times
are a few days to two weeks.

e From devices to modules: The devices are then placed on
a substrate and packaged to create a module which takes be-
tween a few days to two weeks.

e From modules to cards: Modules are then combined together
on a card that is the topmost-level component.

Depending on the customer, a microelectronic manufacturer may
dispatch wafers, devices, modules, or cards. Within each major
manufacturing activity there is a series of operations and exten-
sive testing. Operations are grouped into higher level modules
such as sectors, work centers, and stages. The actual matching
models deployed by the manufacturing planning team work with
dynamically established stages as the core manufacturing ac-
tivity or decision point. The number of levels depends on the
specific model. The key decision points and corresponding de-
cision support systems in the SCM process can be categorized
by the supported supply chain component and its time frame or
decision tier.

The decisions in the semiconductor industry typically fall
into one of four decision tiers: strategic, tactical, operational,
and response (dispatch). The categories are based on the plan-
ning horizon, the apparent width of the opportunity window, and
the level of precision required in the supporting information. The
decision tier of strategic scheduling is driven by the time frame

required for the business plan, resource acquisition, and new
product introduction. The timeframes concerned here are from
three months to seven years into the future. The tier of ractical
scheduling deals with problems the enterprise encounters in the
next week to six months. Issues considered are made of yields,
cycle times, and binning percentages, delivery dates estimated
for firm orders, available “outs” by time buckets estimated for
bulk products, and daily going rates for schedule driven product
are set. The tier of operational scheduling deals with the exe-
cution and achievement of a weekly plan such as the shipments
made, serviceability levels to be measured, and recovery actions
to be taken.

The tier of the real-time response system addresses the prob-
lems of the next hour to a few weeks by responding to conditions
as they emerge in real-time and accommodate variances from
availability assumed by systems in the plan creation and commit-
ment phases. COSAR systems are built to realize the capabilities
of “sense and respond” in order to satisfy the requirements ad-
dressed in the above tiers by providing awareness among various
elements such as humans and business artifacts, etc. A COSAR
system dispatches scheduling decisions regarding either moni-
toring or controlling policies of actual manufacturing flows, and
instructs the operators about the next steps of achieving manu-
facturing commitments. COSAR dispatches scheduling decisions
that are concerned with monitoring and controlling of the actual
manufacturing flow or logistics, and instructs the operator the next
steps to achieve current manufacturing commitments. COSAR
can also make decisions concerning trade-offs between running
test lots for a change in an existing product or a new product and
running regular manufacturing lots, lot expiration, prioritizing
late lots, positioning preventive maintenance downtime, produc-
tion of similar product to reduce setup time, down stream needs,
and simultaneous requests on the same piece of equipment.

2.2 A use case for continuous demand-driven build plan
and inventory optimization

We provide an example of a typical use case in the domain of
microelectronic manufacturing.

2.2.1 Overview

End-of-quarter revenue targets (per module family) are re-
leased/updated after the meetings among business line managers
and executives. A business line manager (BLM) has a pre-
determined set of module families for which he/she has financial
responsibility and, therefore, whose actual revenue (accumulated
so far) and revenue outlook (for remaining weeks in the current
quarter) he/she is interested in tracking against the revenue tar-
get of the current quarter. Whether the progression of the accrued
revenue is on target or above target or below target is determined
by the system using a wineglass model [3]. The BLM has con-
cerns for the “below target” situations and may choose to set
up corresponding personal alerts for them. The above-mentioned
monitoring capability is provided through a business dashboard
for microelectronic manufacturing.



2.2.2 Main course
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On the ith day of the current week, a BLM selects a set of
saleable part numbers (they are built from the same common
wafer and they are under the BLM’s financial responsibility)
to view the future weekly actual sales and planned demand
quantities through COSAR monitoring portal.

Detection of situation and alert:

(i) COSAR issues an alert showing the current sales quan-
tities of some selected saleable part numbers in the nth
week are out of their bands. A band is defined as an
n-week-ahead statistically acceptable interval for the cur-
rent sales quantity.

(i) COSAR recommends adjusting the planned demand
quantities and safety stock requirements for the nth week.

Recommendation:

(i) COSAR invokes a demand planning module and inven-
tory planning module to provide recommended demand
quantities and safety stock requirements for the nth
week.

(i1) COSAR disaggregates the weekly demand quantities into
daily demand quantities.

(iii))COSAR recommends altering the daily build plan in
order to optimally match new daily demand statements,
and thus achieve high serviceability, and minimize manu-
facturing and inventory costs.

(iv)COSAR invokes MRP explosion and implosion module
to generate optimal daily build plan, including common
wafer start quantity and manufacturing release quantity
in each part number level within the BOM chart associ-
ated with the selected saleable part numbers. The optimal
build plan minimizes manufacturing requirements as well
as resulted inventory levels, hence minimizes the manu-
facturing cost and inventory cost.

Prediction and risk assessment:

(i) COSAR predicts the to-be manufacturing cost, inven-
tory cost, and service level associated with the selected
saleable part numbers based on new demand statements
and new build plan.

(i) COSAR predicts the as-is manufacturing cost, inven-
tory cost, and service level associated with the selected
saleable part numbers based on new demand statements
and old build plan.

(iii))COSAR concludes the financial and serviceability bene-
fits of applying newly recommended demand statements,
safe stock requirements, and build plan.

Decision making by BLM:

(i) The BLM summarizes the financial and service benefits
and reports to the strategic management team (BLEs and
executives) for their approvals.

(i1) Upon the approval, the BLM releases the new build plan
to sites for manufacturing execution. The BLM releases
the new demand statements to procurement team to alter
buy plan.
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2.3 The COSAR approach

The emergence of e-business has dramatically changed the con-
text in which decision-making takes place. While fundamental
human and organizational processes remain largely unaffected,
e-business places new constraints and demands on the decision
maker to provide better service to the customers:

e Due to the increased rate of possible change in e-business,
decisions must be made more quickly. Process participants
must have instant access to information that is relevant to the
current business context.

e Inter-organizational processes require visibility for each in-
volved party. Increased alliances and co-operative arrange-
ments mean that information is increasingly external.

e Result-oriented or outcome-oriented process metrics allow
the decision maker to focus on the information that is most
relevant for their business tasks. Due to the growth of in-
formation available on the Internet and modern IT systems,
decision makers are exposed to an increasing amount of data.

e Increased telecommuting reduces the opportunity for infor-
mal information exchange and decision-making. Often deci-
sions must be made in real-time to allow a straight-though
processing.

These factors imply that a limited focus on the provision of infor-
mation and analysis tools is insufficient. To be effective, decision
support must take a broader view of decision-making. Figure 1
shows the decision flow supported by COSAR. This decision
process is often referred to as sense-and-respond loop and was
popularized by Haeckel [20].

COSAR supports the sense-and-respond concept by pro-
viding modular software support for each of the four indi-
cated processes. Measurement/sensing is supported by man-
aged objects that interface with business process systems
and by managed agents which provide data extraction, trans-
formation, and loading capabilities. Interpretation is provided
by situation agents that identify situations requiring atten-
tion such as unexpected events and out-of-tolerance metrics.
Analysis is performed by analytics agents that support risk-
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Fig. 1. Decision cycle (sense & respond loop)
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based analysis of potential response actions. Such response
actions often take the form of optimizations that attempt
to achieve enterprise goals subject to current business con-
straints. Decisions are made by users who interact with dash-
board portals that display relevant information. Actions are
performed by management agents that interface with man-
aged objects to trigger exception processes in business process
systems.

3 Conceptual framework

In general, COSAR can be categorized as a system that is con-
tinually interacting with its managed substrate, and that is capa-
ble of autonomous actions in this substrate in order to meet its
management commitments. A platform for COSAR takes inputs
from the managed substrate, and produces actions that affect it.
As such, COSAR interacts directly or indirectly with the situated
entities in the managed substrates. Examples of situated entities
include business processes, business organizations, managed re-
sources, and business systems, where:

e Business processes are the first-class citizens that can be ob-
served, measured, analyzed, and managed. In the example
of PLM, managed business processes can be supply-chain
management, customer relationship management, enterprise
resource planning and so on.

e Business organizations refer to the participating parties of the
business processes and BPM systems which are managed by
COSAR. Business organizations can come from many roles:
enterprises, business analysts, BPM system administrators,
BPM integrators, and the business executives who are inter-
ested in knowing the status of business processes.

e Management policies refer to the management contracts es-
tablished between COSAR and virtual organizations. An ex-
ample is the maximum cycle time of some supply chain
management process shall not be greater than 48 hours. If the
agreement was violated, a certain penalty will be exerted.

e Business systems comprise manageable entities that are sit-
uated in the substrate. Resource manageability defines in-
formation that is useful for managing a resource and de-
tails the aspects of the resource including the instrumenta-
tion which allows COSAR to interact with it. There have
been many standards of defining manageability at various
levels, e.g., SNMP [4], CIM [5] and M12 [6]. Through in-
strumentation, a resource is turned into managed resource
because its state can be perceived, aggregated, analyzed, and
modified through the standard interfaces provided by the in-
strumentation layer that is located between COSAR and its
environment.

3.1 Horizontal decomposition

The functionality of COSAR can be decomposed either hori-
zontally or vertically. Figure 2 shows that COSAR is decom-
posed horizontally into three pillars: perception, evaluation, and
actuation.

. —

[
Perception —~ Evaluation = Actuation
| -

internal states

COSAR Substrates

Business Context <

<

substrate ..
Management Policies management

states directives
Managed Resources

Fig. 2. Horizontal decomposition

e Perception pillar receives the data and events from the
COSAR substrate.

e Evaluation pillar processes the perceived information.

e Actuation pillar renders management directives to the man-
aged entities within the substrate.

Conceptually, the evaluation pillar can be further decom-
posed into three sub-functions: measure, transition, and adapt;
and four local data stores: percepts, metric stores, control states,
and commitment store. The percepts store contains the per-
ceived values from the COSAR substrate. The function measure
computes the metrics according to the values of percepts and
stores them into the metrics store. The control states represent
the current situation of COSAR as a whole. Control states are
different from the states perceived from the substrate. In gen-
eral, control states capture the status of COSAR as a whole,
and the environment states capture the status of the managed
entities within the COSAR substrate. The function transition
changes the control state of COSAR according to the current
control state, the local commitments, and the resultant met-
rics. The function adapt changes the local management com-
mitments according to the existing control state and the busi-
ness policies. The commitments store contains the local man-
agement commitments that the COSAR enforces on the man-
aged entities of the substrates, business organizations, business
systems.

3.2 Vertical decomposition

COSAR can also be decomposed vertically into three layers:
Reactive management, deliberate management and reflective
management. Figure 3 illustrates the vertical decomposition,
where solid lines represent the flows of management direc-
tives, and the dotted lines represent the flows of management
events.

e The reactive management layer responds to the management
events quickly and directly through scripted business process
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Fig. 3. Vertical decomposition of COSAR
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models. A notable example of the reactive management is de-
terministic workflow management where workflow models
are defined at the build time and executed at the run time.
Another example is the alarm system that will notify the
system administrator if some managed resource is suffering
from severe performance problems, and demanding immedi-
ate attention.

e The deliberate management layer performs managerial tasks
that require more reasoning and more complicated compu-
tation. It is not uncommon that COSAR needs to provide
decision support capability so more intelligent management
directives can be derived toward managed resources. An ex-
ample of such managerial tasks are the business processes
with the sense-and-respond capabilities [1,7]. Another ex-
ample of deliberate management is mapping QoS metrics
from IT-level into business process level and vice versa. An
event such as “disk failure” may mean little out of business
context. However, it may imply a loss of gigantic capital for
a business organization if it has a causal relationship with
critical business process performance such as financial trad-
ing. The mapping rules in the layer of deliberate management
should capture this relationship to prevent business loss.

e Reflective management layer enables COSAR to maintain
information about itself and use this information to remain
extensible and adaptable [8]. Reflexive management layer
performs meta-management directives unto the lower man-
agement layers and managed entities. A meta-management

directive is a higher sphere of control such as adapting the
management commitments, modifying measurement and an-
alysis algorithms in the deliberative management layer, or
changing the alarm rules in the reactive management layers.
As such, COSAR can have detailed knowledge of the man-
aged resources, current status of managed business processes
and business systems, the ultimate capacity in the inven-
tory, performance expectation, and all connections to other
systems to manage itself. Therefore, through reflective man-
agement mechanism, COSAR achieves the goals of both 2nd
order management and autonomic computing [9].

3.3 Mesh decomposition

Horizontal and vertical decompositions can be combined to form
mesh decomposition as shown in Fig. 4. The mesh model is
used as a formal modeling tool for cognitive architecture [10].
We found that the mesh model is very suitable to illustrate dif-
ferent architectural aspects of management spaces for COSAR.
Figure 4 defines nine regions, (S;; 1 <i, j <3), called man-
agement spaces (or m-spaces) and their potential interactions.
Only legitimate flows, both management directives and manage-
ment events, are allowed to be transmitted between m-spaces.
The entities in the COSAR substrates emit management events
and receive management directives. Evaluation is completely an
internal processing inside COSAR without interaction with its
substrate. The meta-management directives are rendered only

Fig. 4. Mesh decomposition of COSAR
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through the actuation pillar. Within COSAR, management events
can be generated or transformed between layers upwardly and
management directives can be rendered downwardly.

Figure 4 shows two typical management scenarios based
upon the decomposed m-spaces:

e Flow A is a common management scenario: management
events are perceived by the reactive management layer, the
evaluation is performed by the deliberate management layer,
and the actuation is activated through the reactive manage-
ment layer. This management scenario is called £2 model
of management flow, which is the most common scenario
among all.

e Flow B is a meta-management scenario where management
events are delivered all the way to the reflective layer, evalu-
ated, eventually some meta-management directives are deliv-
ered through the actuation pillar in the reflective management
layer. An example of such scenario is data mining of the
business data residing in the substrate. The reactive manage-
ment layer extracts the data, the deliberate management layer
transforms and loads the data, and the reflective management
layer analyzes the data and makes/suggests business deci-
sions accordingly.

4 Commitment-based manufacturing process

In the domain of microelectronic manufacturing, many business
processes are required to ensure the functioning of the system.
Hence, COSAR interacts with multiple participating parties such
as business line managers who make decisions, building super-
intendent who conducts the day-to-day scheduling, production
planning team who determines intermediate target outs, manu-
facturing team who makes the final determination of what is built
and when. Moreover, COSAR needs to interact with multiple
systems such as:

1. The central planning engine (CPE) that helps decision mak-
ers determine how to best meet prioritized demand without
violating temporal, asset, or capacity constraints.

2. The optimal manufacturing resource planning (OMRP) tool
that assists decision makers define detailed instructions about
what manufacturing activities must be accomplished and
when they must be completed.

3. The available to promise (ATP) tool that enables an orga-
nization to dynamically reallocate projected supply in re-
sponse to incremental changes in the demand statement (new
orders arriving, orders being filled, and order changes or can-
cellations) according to business policy guidelines, identify
projected shortfalls with respect to committed orders, and
provide real-time order commits and status.

4. The demand management (DM) tool that helps decision
makers coordinate demand estimates from different sources
such as orders, sales rep forecasts, customer forecasts, inter-
nal demand, and marketing forecasts in logical step by step

Therefore, the functioning of a manufacturing system such as
COSAR depends on the coordination and management of many

autonomous business processes and systems. If a decision maker
makes an arbitrary decision without regard of any considera-
tion of the other parts of the whole manufacturing process, the
whole system will not work properly. Thus, there is a need for
a set of management policies that work as “contract” among
business processes and systems governing their behavior so as
to guarantee the interests of all the stakeholders. These man-
agement policies can be viewed as exogenous commitments that
a decision maker makes with respect to the stakeholders; or as
endogenous commitments that are exploited to enable and en-
force the behaviors of managed business processes and systems,
named as COSAR substrates in the previous section. Hence,
a commitment-based management is the natural choice of imple-
menting COSAR [11].

The management commitments involved in COSAR can be
of many types, for example, the pre-defined demand boundaries,
the inventory level thresholds, system performance, and so on.
Abstractly, management commitments define the constraints that
would follow certain courses of actions, or to hold certain agreed
and trusted situations manifested by the entities in the COSAR
substrates, also called expectations. A commitment concerns ei-
ther acting in a certain way, or it can be a commitment to hold
a certain expectation. Commitments can be about the past or the
future, where the former are called retrospective commitments
and the latter are called prospective commitments. COSAR can
be a standalone application or be composed of many manage-
ment agents. In the latter case, each agent may hold its own
commitment. A commitment consists of the following entities:

e Actions that it performs and resources (data) required.

e Resources that are governed by the commitment.

e FExpectations that the commitment hold to and each expecta-
tion is composed of situations.

e Reponses that bind actions with expectations.

e Triggers that initializes the evaluation of expectations.

To execute an action is to perform the action; to execute an
expectation is to assert it. A response will be formed in a com-
mitment via bindings of expectations and actions. Notably, a re-
sponse can be executed when the bound expectations are either
met or violated depending which way has been defined in the
expectation. Trigger elements in a commitment define when an
expectation to be evaluated and consequently what actions to
be executed. Examples of triggers include the arrival of events,
timer events, substrate state changes, data conditions etc. Some
meta-actions can be defined to perform actions on commitments
themselves. One type of meta-actions is to commit a commitment
to an agent. This is usually a future commitment, but it can be
used for the establishment of a past expectation. Another type of
meta-action is to put an expectation relationship between agents.
For instance, an ATP agent expects an inventory agent to have
an inventory level less than a certain quantified value. If the ex-
pectation is violated, some actions will be taken based upon the
corresponding bound response that is defined in the ATP agent.
A commitment can be applied to several agents, i.e., those agents
share the same commitment. We can thus define the locus of con-
trol for the commitment C by defining a set containing the agents



committing to C and the resources governed by C. In COSAR,
it is assumed that an agent will always communicate its commit-
ments truthfully with the other agents in response to queries and
actions. Figure 5 presents the meta-model of management com-
mitment. A commitment consists of triggers, resources, actions,
expectations, and responses.

Each management agent may have one or more commit-
ments. Management agents commit to one another through the
response bindings. Resources model the entities in COSAR sub-
strates. The diagram shows some examples of resources such as
sales status, balanced scorecard, order status, demand status, and
inventory. In fact, a resource can represent an even higher level
concept such as manufacturing processes/activities or participat-
ing parties. Triggers initiate the process of evaluating whether
expectation holds or not. A trigger consists of one or more sit-
uations which are nothing but logical expressions that can be
evaluated by the inference engine of COSAR.

Since management agents can commit to one another, the
“commit-to” relationships form a commitment network with
agents as nodes and commitment as the edges connecting nodes.
For example, the sales agent is committed to send an alert to
the demand agent when the current sales quantities of some se-
lected saleable part numbers in the nth week are out of their
bands. The demand agent is committed to the portal agent to
provide a list of recommendations on adjusting the planned de-
mand quantities and safety stock requirements for the nth week.
However, the demand agent cannot work by itself. The demand
planning agent and the inventory planning agent commit them-
selves to the demand agent such that they can provide the de-
mand agent recommended demand quantities and safety stock
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requirements for the nth week. The network of commitments
(NoC) is a generalized notion of chains of commitment [12].
The NoC is used to define the triggering points, the control and
data flows, the monitoring policies, the situation detection poli-
cies, and the actuation policies. Since an agent can commit and
un-commit commitments dynamically, the applications built on
COSAR become extremely configurable and can be adaptive to
the enterprise needs, e.g., balanced scorecard, by simply mod-
ifying the definitions of NoC through the configuration tools.
From the point of view of any stakeholder of the microelec-
tronic manufacturing process, commitments themselves provide
a means to define the quality of services from the system it-
self because the whole system is more visible, controllable, and
configurable.

Figure 6 depicts a NoC in COSAR for the use case scenario
described in Sect. 2.

The sales agent detects the “out-of-band” situation and no-
tifies the committed agent, i.e., the demand agent that will con-
sequently notify the recommendation agent and risk assessment
agent in sequence to obtain recommended build plan(s) and
necessary assessments such as inventory cost, manufacturing
cost, and SLA measurement. Note that commitment relation-
ships may imply either event/situation flows or data flows be-
tween commitment-related agents, and the actions to be taken
really depend on the definition of the involved commitments, i.e.,
on the expectations, actions and responses that are delineated in
the committed agents. The aforementioned commitments are all
endogenous commitments. However, the portal agent has an ex-
ogenous commitment to the decision maker that represents the
ultimate user of COSAR.

Fig.5. The meta-model for
management commitment
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Fig.6. An example of network of commitments
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5 The COSAR architecture and implementation status

COSAR is aimed for providing an adaptive platform for micro-
electronic manufacturing. It is dynamic in the sense that manu-
facturing applications can be built to recognize the addition and
removal of management components and resources without ex-
plicit system administrator’s intervention. COSAR infrastruc-
ture can be logically categorized into several tiers as shown
in Fig. 7: COSAR substrates, management probes, management
beans, management commitments, management agents, manage-
ment adaptors, and finally management client.

5.1 Managed resources & management probes

In COSAR, managed resources within the substrates can be any
artifacts to be monitored, measured, configured, and controlled.
Managed resources are often managed through control points,
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N
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Fig.7. Layered structure for COSAR

a set of management APIs that acquire or change the behavior of
the managed resources. The states of managed resources can be
captured either by polling by management beans or events emit-
ted by managed resources. In many cases of the microelectronic
manufacturing domain, management probes are required to pro-
vide connectivity from COSAR to managed resources. A man-
agement probe is specific to an underlying managed resource.
A connection can be either transactional or non-transactional.
Examples include a database connection and a SAP R/3 con-
nection. A management probe realizes the connection between
a managing module and its targeted managed resources. The
management probes and COSAR itself collaborate to provide the
underlying mechanisms — transactions, security, and connection
pooling. In most scenarios, management probes are used within
the same address space as their situated substrates.

5.2 Management beans

COSAR uses the industrial standard of manageability to instru-
ment managed resources and manufacturing processes. Manage-
ment standards provide homogeneous interfaces of touch points
to managed resources, esp. legacy business systems. Manage-
ment beans expose the managed properties of underlying man-
aged resources to privileged managing agents. At the run time,
the managed resources will be connected to the management
bean so that management data and functions can be delegated
between management agents and managed resources. The com-
posite of management beans and resource connector form a man-
agement facade that serves as a software driver to connect to
the managed resources at the agent level. In most situations, the
management bean is situated in the address space as the agent,
and the managed resource connector is associated with managed
resources. Note that the management fagade is a logical entity
and can be used to define the contracts of connectivity between
management agents and those managed resources that are es-
sential to fulfill the management commitments of management
applications.

5.3 Management agents

The tier of management agents consists of agents and utili-
ties that can be assembled, composed and committed to pro-
vide management functions. Each agent addresses specific



needs and problems. Management agents obtain (by pulling
or pushing) data from the tier of management beans and act
on that data based upon management commitments. The com-
position of services and components into a purposeful set of
functions contained in management agents are enabled by the
configuration agent. A management agent is an active ob-
ject that is situated in the environment of COSAR substrates,
and is capable of autonomous actions in this environment
to meet management commitments. Developers of manage-
ment solutions can use COSAR libraries to build a certain
amount of intelligence directly into their management agents
in order to perform management tasks directly, without human
intervention.

5.4 Management capability adaptors

Management capability adaptors expose the management ser-
vices of management agents to external clients. In COSAR,
management connectors adhere to industrial standards such as
J2EE/JMX [13] and web services [14]. The design of manage-
ment beans, management agents, and managed resources does
not depend in any way on the protocol an agent uses for commu-
nicating with external applications. The provided management
capability adaptors rely on the standard APIs and do not ex-
pose any communication details. Web services provide a means
for different parties to connect their management agents with
one another to conduct dynamic management services across
a network, no matter what their application, design, or run-time
environment. Web services are an incremental addition to a busi-
ness’s existing management platforms. Businesses can rapidly
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develop and deploy web services for integration of manage-
ment functions with little or no change in their existing man-
agement infrastructure. The web services model is a simple
interface for communicating with management agents. More-
over, web services enable management infrastructure to provide
the necessary structure to develop an integrated management
solution.

5.5 Management commitments

As mentioned in the previous section, COSAR embraces the
style of commitment-based management in that COSAR exploits
management commitments as the vehicle to drive management
scenarios on managed resources and manufacturing processes.
An XML-based language has been developed, called manage-
ment commitment language (MCL), for describing management
commitments. MCL formally describes the concept of busi-
ness commitments [15]. The XML schema of MCL is shown
in Fig. 8.

5.6 An implementation for manufacturing process

We have worked with a chip maker and applied COSAR to fulfill
the requirements raised in the electronic manufacturing domain
described in this paper. Specifically, we have developed a refer-
ence implementation. This system senses events generated in the
manufacturing systems, detects manufacturing-related business
situations, conducts analysis on the data embedded in the situa-
tions and enterprise database, and finally provides recommended
actions to decision makers.

o SubstrateEnti
~ EH =
Resource Ty
ActionResource P SubstrateEntity
B -3
ResourceType e
R EI LogicalExpression

ExpectationSituation

[ SituationType

Response

Situation

_E_E_ LogicalExpression
SttuationType —’

© 1.0




1008

Between the dashboard and the back-end management
agents, there is a dashboard fagade with the following compo-
nents: (1) COSAR widgets that are customized for presenting
data for specific users. (2) Service agents that are data contain-
ers and functional components specialized for the manufacturing
domain. Examples of service agents include charting controller,
personal alert controller, event controllers, and tag libraries. (3)
User agents that serve as the proxies for COSAR users. User
agents are connected to the management agents and used to serve
the requests from dashboard users (through user agents). This
layer consists of adaptors that connect to COSAR artifacts and
convert all requests to XML.

Management clients can be in many forms: management con-
sole, manufacturing portal, planning system client, OLAP client,
and business activity dashboard. The COSAR management con-
sole in Fig. 9 presents the unified view for the COSAR users
to monitor all the manufacturing processes and activities, manu-
facturing exceptions, links to perform OLAP analysis, presents
recommended actions to manufacturing exceptions and so on.
The right-hand side of this console present four monitoring por-
tals and the real monitoring of manufacturing events are shown
in the portal on the left-hand side. Figure 10 shows the rev-
enue performance of a manufacturing process. The portal on the
left-hand side shows the revenue statistics including both ac-
tual and predictive performance data. On the right-hand side,
a graphical representation of the performance data is shown in
a portal where the upper and lower bounds indicate the per-
formance targets. A business situation will be raised whenever
the revenue performance data is out of the boundaries. There-
after, a decision making process will be triggered to resolve such
situation. As mentioned, all of these interactions are handled

Fig.9. COSAR monitoring

by designated web services based upon predefined management
commitments.

The first phase of the implementation has been finished. The
implemented system has been demonstrated to IBM managers
and executives in the IBM research division and deployed to
the IBM microelectronics division. The implementation platform
is based on IBM’s software packages: IBM WebSphere Appli-
cation Server, IBM DB2 Universal Database, IBM WebSphere
Portal Server, and other open sources. The execution platforms
are both Linux and Windows 2000. The first phase of the im-
plementation took about six months and three research groups in
four countries took part in the projects.

The feedback we got from customers and executives has
been positive. They thought that COSAR took the right step to
realize the sense-and-respond enterprise. Customers were par-
ticularly enthusiastic about visual portlets that are provided by
the systems. Different widgets for on time delivery (OTD) and
serviceability gave the executives exactly what they wanted to
monitor about their business. Another important feature that cus-
tomers appreciated most is the ability of the COSAR system to
dynamically modify the relationship among business entities by
simply changing the management commitments. Commitments
have been regarded as a very useful tool of capturing the contrac-
tual relationships that are existing among enterprises or among
departments within an enterprise.

At the time of writing, the second phase of the implementa-
tion is underway. We would like to focus on providing the OLAP
capability through both in-house and third-party software pack-
ages. We are also implementing a control system based on the
existing COSAR foundation to enable the rendering of manage-
ment actions on the managed resources. Such a control system
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is based on the principles of system dynamics [16]. The en-
ablement of action rendering though system dynamics completes
the feedback control loop that is used in the traditional control
system. Consequently, the sense-and-respond cycle depicted in
Fig. 1 will be fulfilled.

6 Related work and discussion

The supply chain operation reference (SCOR) model provided
by the supply chain council defines inter-organizational business
processes and their workflows [17]. The SCOR model contains
the metrics for operational control and the best practices of the
supply chain design. SCOR identifies key performance indica-
tors (KPIs) in five process areas: plan, source, make, deliver, and
return. However, it does not have standards for regulating actions
when some KPI-based thresholds are exceeded. COSAR, how-
ever, addresses this issue by defining management commitments
for both manufacturing metrics and management actions.

Chains of commitments architecture was proposed by Ervin
et al. [12]. The domain of microelectronic manufacturing that
COSAR is aimed for also belongs to the arena of supply chain
management. Nevertheless, COSAR is focused on providing
mechanism and concrete architecture enabling the representa-
tion, evaluation, and enforcement of management commitments.
COSAR is an agent-based framework where agents can commit
themselves to one another to form a network of commitments
that can be used to drive management scenarios.

Similarly, Verdicchio and Colombetti also incorporated com-
mitments into the supply chain domain [18]. They are concerned
with the issue of information sharing among agents and proposed
a data structure for commitments that can be used for the com-
munication of agent-based framework for the management of

a supply chain. However, COSAR is concerned with the holistic
infrastructure that can be used for commitment-based manage-
ment in the domain of microelectronic manufacturing.

Minsky and Ungureanu [19] described a mechanism called
law-governed interaction (LGI), which is designed to satisty
three principles: (1) coordination policy needs to be coordinated,
(2) the enforcement needs to be decentralized, and (3) coor-
dination policies need to be formulated. COSAR satisfies all
of the LGI principles. LGI uses decentralized controllers co-
located with agents. LGI does not address the issues such as
commitments-driven management processes. There are several
future research directions. Since the formation of the “network
of commitment” would be a costly and time-consuming task, it
is worthwhile to conduct the NoC simulation. It is important to
consider many factors during the simulation such as the “level
of commitment”, “penalty of failing to make the commitment”,
and commitment escalation. Sect. 3 describes two typical man-
agement scenarios, it should be an interesting research issue if
all 27 (3 x 3 x 3) possible combinations are contrasted and com-
pared. Third, it is not clear to us whether COSAR can be used in
layers other than the first one: real-time response systems.

7 Conclusions

In this paper, we have presented the concepts of commitment
and COSAR that enables commitment-based management for
microelectronic manufacturing processes. Instead of using tra-
ditional integration approaches, COSAR takes commitment as
the driving factor of managing manufacturing processes, sys-
tems, and data. The consequence is that we have obtained an
adaptive framework and architecture for microelectronic manu-
facturing. With COSAR, the business line manager has better
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control over the microelectronic manufacturing system since it is
highly configurable and easier to work on commitments instead
of disintegrated policies. This work can definitely be applied to
domains beyond microelectronic manufacturing.
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