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ABSTRACT

Supply chain management is focusing increasingly on value for the end consumer, and is also oriented
towards consumer demand. This, in turn, requires flexibility and adaptability on the part of the components
of the supply chain itself; traits not always compatible with those of the required elements of supply chains,
efficiency and the balance between demand and efficiency. In this paper, authors have examined various
decision propositions for Supply Chain, Supply Chain Modeling Approaches, designing of supply chain, Emerging
Research Problems in manufacturing, logistics, and Supply Chain Management and varioys allied current

issues. Industrial needs and the opportunities are discussed in the e-business context.

Introduction

Concept and evolution of Supply Chain

Management

The supply chain of any business entity may
consist of geographically dispersed facilities where
raw materials, intermediate products, or finished
products are acquired, transformed, stored, or sold,
and also the transportation links connecting the
facilities along which products flow. There is a
distinction between plants, which are manufacturing
facilities where physical product transformations
take place and distribution centers, which are
facilities where products are received, sorted, put
away in inventory, picked from inventory and
dispatched, but not physically transformed. The
company’s goal is usually to add value to its products
as they pass through its supply chain and transport
them to geographically dispersed markets, in correct
quantities, with correct specifications, at correct
time, and at a competitive cost. Supply chain

management (SCM) is an emerging and evolving
area. It crystallizes those concepts of integrated
business planning that have been espoused for many
years by logistics experts, strategists and operations
research practitioners.

In the present scenario we have seen a wide
range of interest in field of Supply Chains (SCs),
under conditions of flexibility, dynamic control and
decision synchronization, utilizing the techniques
of Information Sharing (IS), Decision sharing and
Knowledge Management (KM). Supply chains are
a network which is composed of many firms (or
nodes) in ordef to supply products responding to
customer demands, where every individual node has
an option flexibility to select the subsequent nodes,
based on various alternatives. Supply chains are
composed of many flows, which are guided by
autonomous entities or nodes. Flexibility stands out
as the most discussed and applied domain in
manufacturing and supply chains. Flexibility
implications on the SCs performance need to be
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more closely studied, as most researchers have
interpreted it differently. Flexibility can be defined
“as the ability to deal with change by judiciously
providing and exploiting controllable options
dynamically” [Wadhwa and Rao (2000)]. We may
define supply chain flexibility as the robustness of
the buyer—suppliers relationship under varying
supply conditions. The paper attempts to utilize
the flexibility, from the standpoint of a dynamic
supply chain management, by using the routing
flexibility or node-based flexibility. Routing type
flexibility refers to the availability of alternative
resources of the same resource type. This type of
flexibility refers to situations where more than one
type of resource (i.e. nodes or supply chain members
or partners) of a given type exists. Recent trends
show that competition has vastly increased which
has resulted in reduced profit margins. This has led
to the development of dynamic control in supply
chains to reduce total cost, lead time, inventory,
backorders etc, by selecting the best suppliers (e.g.
for customer, it could be selection of best retailer,
for retailer it could be the selection of best wholesaler
etc.). This problem is relatively new, since many
§Cs are integrated together and complexity is created
to manage decisions at individual nodes.

As a recent trend, new supply chain
strategies, such as Vendor Managed Inventory
(VMI), Collaborative Planning, Forecasting and
Replenishment and Efficient Consumer Response
(ECR), have begun to exploit the new
communication channels, like Internet.

The supply chain strategies, most commonly
considered in the market now, can broadly be put
under the following six categories:

i Traditional strategy— in which there are four
“serially linked” echelons in the supply
chain.

/" e-Shopping strategy— where the distribution
network is by-passed
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fi.  “Direct Flow strategy— between the end
consumer and the product suppliers.
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. Reduced strategy—where an echelon in the
supply chain is removed.

v. Vendor Managed Inventory (VMI) strategy—
It is simulated by developing a protocol,
positioned berween two businesses in the
supply chain. It gives the necessary inventory
and sales information, authority and
responsibility to the supplier.

vi. Electronic Point of Sales (EPOS) strategy —
where information from the market places
is transmitted to all enterprises in the supply
chain.

Empirical studies

£

A number of authors have studied the
impact of IT on the supply chain [Holmstrém
(1998), Fransoo and Wouters (2000), Kaipia et al.
(2000)]. Unfortunately, it is not always possible to
compare the IT implementation strategies directly
due to the varying nature of the environments, where
they have been implemented in.

Against this backdrop, it is pertinent enough

to take stock of the following issues:

a) Various Decisions for Supply Chain

b) E-Business and Supply Chain Management
9] Designing the supply chain

d) Supply chain structural dynamics

e) Emerging Research Problems

f) Current Needs of the Industry

g India-centric Issues and Solutions

h) Opportunities for micro-level research in
Manufacturing, Logisticsand SCM

Decisions For Supply Chain Management

The decisions, relating to supply chain
management can be classified into two broad
categories: Viz. strategic decisions and operational
decisions. Strategic decisions are made typically over
a longer time horizon. These are closely linked to
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the corporate strategy and guide supply chain policies
from a design perspective. On the other hand,
operational decisions are short term, and focus on
activities over a day-to-day basis. The effort in these
types of decisions is to efﬁdcndymanagc the product
flow in the “strategically” planned supply chain.

There are four major decision areas in supply

chain management:
1) location- decisions,

2 production- decisions,

3) inventory- decisions, and

4) Transportation (distribution)- decisions,
Thereare, as‘disms.sec[ carlier, both strategic

and operational elements jn cach of these decision
areas. Let us have a critical look on each of the above
points.
Location Decisions

The geographic Placement of production
facilities, stocking points, and sourcing points is the
natural first step in creating a supply chain. The
location of facilities involves 2 commitment of
resources toa long-term plan. Once the size, number
and location of these are determined, so are the
possible paths by which the product flows through
to the final customer. These decisions are of great
significance to a firm since they represent the basic
strategy for accessing customer markets. It can have
a considerable Impact on revenue, cost, and level of
service. These decisions should be determined by
an optimization routine that considers production
COsts, taxes, duties, tariffs, local content, distribution
costs, production limitations, etc. (Arntzen et al.
1995). Although location decisions are primarily
strategic, they also have im plications on an

operational level.
Production Decisions

The strategic decisions include what
products to produce, and which plants to produce
them in, allocation of suppliers to plants, plants to
DCs, and DCs to customer markets. As before, these
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decisions have a big impact on the revenues, costs
and customer service levels of the firm, These
decisions assume the existence of the facilities, but
determine the exact path(s) through which a product
flows to and from these facilities. The capacity of
the manufacuning facilities depends largely on the
degree of vertical integration within the firm.
Operational decisions focus on detailed production
scheduling. These decisions include the construction
of the master production schedules, scheduling
production on machines, and equipment
maintenance. Other considerations include
workload balancing, and quality control measures
ata production facility.

#

Inventory Decisions

It refers to the means, by which inventories
are managed. Inventories exist at every stage of the
supply chain as either raw materia] or semi-finished
or finished goods. They can also be In-process
between locations. Their Primary purpose is to
buffer against any uncertainty that might exist in
the supply chain. Since holding of inventories can
cost anywhere between 20 to 40 per cent of their
value, their efficient fmanagement is critical in supply
chain operations. It is strategic in the sense that top
management sets goals. However, most researchers
haveapproached the management of inventory from
an operational perspective. These include
deployment strategies (push versus puli), control
policies —the determination of the optimal levels of
order quantities, reorder points and setting safety
stock levels at each stocking location. These Jevels
are critical, since they are primary determinants of
customer service levels.

Transportation Decisions

The mode of transport or the choice aspect
of these decisions is more of the strategic one. These
are closely linked to the inventory decisions. Because
the best choice of the mode is often found by
trading-off the cost of using the particular mode of
transport with the indirect cost of inventory
associated with that mode. While ajr shipments may
be fast, reliable and warrant lesser safety stocks, they
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ate expensive. Meanwhile shipping by sea or rail
may be much cheaper, but they necessitate holding
relatively large amounts of inventory to buffer
against the inherent uncertainty associated with
them. Therefore customer service levels and
geographic location play vital roles in such decisions.
Since transportation is more than 30 per cent of
the logistics costs, operating efficiently makes good
cconomic sense. Shipment sizes (consolidated bulk
shipments versus lot-for-lot), routing and scheduling
of equipment are key to the cffective management
of the firm’s transport strategy.

[-Business and Supply Chain Management

E-business largely refers to Internet-based
and ICT-supported business models. It has now
become a part of the modern management practice,
especially for data mining, reporting,
communication, storage and retrieval of
information. The full scope and contribution ofe-
business models to the field of decision-making, is
still being assessed. Across firms, e-business
technologies are being applied more and more, in
the e-commerce mode in a variety of ways. Models
of e-business have substantial potential to improve
decision-making.

The term Supply Chain Management, on
the other hand, has already become too large a
concept for comprehensive analysis. Some of the
main modeling implications are that we are moving
from single actor to multiple actor models, and that
we need to be careful on customer satisfaction.
While keeping costs under control, we also need to
look for its effectiveness and responsiveness. An
important part of Supply Chain analysis is the
identification of a supply chain driver, which would
provide an unambiguous perspective on sequential
decision-making in the supply chain.

Some conundrums are inherent in the
terminology and application of the principles of supply
chain management. We list a few of them below:

. ““The term “chain” implies that there are
different entities, but the term “manage”
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refers to a single entity, as far as span of
control is concerned.

. There is debate about whether a supply chain

is really a value chain, ora demand chain.

o Most industries begin with economies of
scale upstream and end with economies of
scope down-stream.

Designing Of Supply Chain

The supply chains are not just as happened,
but as designed, as the operational component of
the value chain. They must be organized using
techniques and methods similar to those of business
process re-engineering (BPR). Extending the
concept further, the processes which were accepted
till now as re-engineered, are now ‘re-told / rectified’
as re-invented by subject experts [Dixit (2006);
Ramanarayan & Nilakant (2006)]. Processes and
activities go hand in hand. Functional activities are
the tasks necessary to mobilize resources and bring
products and services to the customer. What makes
the supply chain unique is that these activitics are
coordinated through processes to become an integral
operating unit. Activities, which can be best
illustrated by the following figure [Figure 1], are
the building blocks for product flow, linked by

processes across organizations.

Figure-1: Structure of Activity-Flow in a Supply
Chain
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This discussion begins with activities. We
then move to the implications of process and finally
the influence of final demand on supply chain
structure. Structure involves a now-familiar term,
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“outsourcing”, whereby in-house activities are
performed by external organisations. Demand
makes itself felt through real-time order fulfillment,
mass customization and postponement. Real-time
fulfillment connects demand directly with
production. Mass customization adapts the supply
chain to individual customer product and service
requirements. Postponement enables both by
delaying final stages of supply until the last possible
moment.

Activities

Activities, here, are sets of operations that add value
or reduce costs. Those can be a set of operations
performed by a corporate partner, or a single step
in a production/ distribution process. The
important element worth considering here is their
contribution to the value of the final product.
Activities as building blocks can be moved :imong
organisations to be performed where they are most
efficient. I'T companies such as Dell, or the shoe
manufacturer Nike, around the world rely on
contract manufacturers, rather than to produce their
own products.

Companies may even outsource the entire
supply chain process. Bajaj Electricals Ltd. can be a
good example, in this regard, which outsources all
its products.

Processes

Processes, on the other hand, connect activities.

Internal processes cut across functional boundaries;

supply chain processes cross-organizational
boundaries. Although both create management
problems, they have one aim: to create value for
the final customer. Re-engineering or re-invention
occurs whenever activities are shifted berween
functional areas or organizations.

Here we may keep in mind the two
dimensions, which determine the location of
activities: cost and value. Cost savings arise from
, three factors: economies of scale from combining
‘. with other supply chains, specialization and physical
location. Value added is the revenue from that
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activity less the value from the preceding stage.
Revenue can be estimated by the price of alternatives
to provide the intermediate output. Net value added
subtracts the costs of performing the activity. Low
net values would indicate competitive markets
where activities can be efficiently performed by
outside organizations. High values indicate unique
competitive advantage and usually the original basis
for the organizing company. Activity assignments
are not necessarily static. The information
technology industries, called the “fruic flies’ of
industry” have evolved rapidly; individual suppliers
have been acquired or separated in response to rapidly
changing industry conditions. Structure evolves to
fit the changing dynamics of the sapply chain and
its environment. In some cases, the supply chain
can be created with short tenure for a single project,
connected electronically as a virtual supply chain.

‘Demand

Demand plays an important role in
designing the chain by shaping both products and
service. Delivery time is important to customer
preference and may force inventories to be located
close to the market for rapid response. Orders may
enter a production schedule as they are generated,
reducing inventory and distribution. Mass
customization responds to individual customer
requests by adapting the supply chain through
modular product design or even changes in
organisation and activities. Postponement may delay
final product assembly until orders arrive. There is
an important link between mass customization and
the supply chain information system.

Ultimately, the order penetration point, the
point of balance between individual and standard
products determines the structure. Adaptation
requires carrying order information into the supply
chain, perhaps even to suppliers, while orders for

- standard products may stop with distribution.

Structure and process are fundamental to
supply chain strategy. Efficiency requires careful
placement and co-ordination of functional activities,
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while advantage comes from the ability to meet
changing demands.

Structural Dynamics of Supply Chain

The structure of the computer industry was
vertical in the 1970s and the early 1980s. Such
insights from the computer industry help us to
understand the patterns of evolution in supply chain
structures.

For example, the three largest computer
hardware companies, viz., IBM, Digital Equipment
Corporation (DEC), and Hewlett Packard (HP)
were highly integrated. These companies tended to
provide most of the key elements of their own
computer systems, from the operating system and
applications software to the peripherals and
electronic hardware, rather than sourcing bundles
of subsystem modules acquired from third parties.
In this era, products and systems typically exhibited
closed, integral architectures.

By holding to its closed product architecture,
these companies kept the existing customers hostage.
Any competing machine they bought would be
incompatible with their IBMs. At the same time,
Big Blue emphasized the value of its overall systems
and service package, determined to stave off
competitors who might offer better performance on
one or another piece of the package. Then in the late
1970s, IBM faced a challenge from Apple Computer.
IBM quickly moved from a vertical to a horizontal
structure, as the competitive response and the result
was the PC, which catalyzed a dramatic change
throughout the industry.

The dominant product was no longer the
IBM computer, but the IBM compatible computer.
The modular architecture encouraged companies
large and small to enter the fray and supply
subsystems for the industry: semiconductors, circuit
hoards, applications software, peripherals, network
services, PC design and assembly. The modular (mix
and m:i_tch) architecture created significant
competition within each segment of the horizontally
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structured industry. Within each of the categories,
new businesses emerged, making it easier for a
computer maker to shop around for just the right
combination of subsystems. Some observers have
speculated that this model of horizontal/modular

which

telecommunications during the 1990s, might be

competition, also evolved in
the new (and permanent) industrial structure for

many industries.

The computer industry of the 1980s and
1990s therefore illustrates an entire cycle of supply
chain structure evolution. We should consider here
the dynamic forces at work which first disintegrates
the industry structure for a vertical integration (of
the product architecture), then push towards a
horizontal and modular configuration.

These forces may include:
@ entry of niche competitors;

& challenges of keeping ahead of the
competition, across the many dimensions
of technology and markets;

& bureaucratic and organizational rigidities,
that often settle upon large, established
companies.

These forces typically weaken the vertical giant
and create pressure toward disintegration to a more
horizontal, modular structure. It is equally
interesting to note that, when an industry supply
chain has a horizontal/modular structure, another
set of forces push toward more vertical integration
and integral product architectures. We can relate this
to an interesting post Mittal-Arcellor merger
scenario.

Such parallel forces may include:

* Technical advances in one subsystem can
make that the scarce commodity in the
chain, giving market power to its owner.

¢ Market power in one subsystem encourages
bundling with other subsystems to increase
control and add more value.
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¢ Market power in one subsystem encourages
engineering integration with other
subsystems to develop proprietary integral
solutions.

Emerging Research Issues

The researchers in SCM tend to focus more on the
operational issues for modeling and optimization.
In the process, they undermine the critical issues of
linking financial performance of the supply chain
stakeholders with the operational metrics, building
integrated models, studying the informational

component of SCM and risk management, applied
to SCM.

Now, in e-business markets, design of
procurement auctions, design of algorithms for
improving efficiency of e-business processes, use of
machine learning in e-CRM and dynamic pricing,
etc. are a few such emerging, critical issues. Tools
such as algorithmic game theory, combinatorial
optimization, stochastic approximations,
reinforcement learning, and duality theory are in
the process of being applied in e-business modeling
and optimization.

The other topic that was of interest was
investigating what the industry needs as on date,
with regard to SCM. Assuming that the stakeholders
of the supply chain have all implemented IT
solutions to handle business processes, it becomes
even more important to pursue integration of
information systems with decision-making. Benefits
of following SCM practices will not accrue unless
this integration is done. Thus software companies
should emphasize working in this area. Of
immediate interest in this connection is the security
of information systems. One could conduct a
comprehensive Risk Analysis to determine which
information can be shared with which stakeholders.
Also, there is a burning requirement to implement
standards ways of handling information exchange.
Standards need to be industry specific and hence
calls for collaboration among academia and relevant
companies in that industry.
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Tt was also observed that a crucial capability
that an SCM should have is the ability to build
personalized on-demand products which gets well
along with automotive and PC companies. This
calls for tight supply chain integration and the
possessing systems that monitor and trigger the
service activities.

With respect to core SCM decision-making
needs, it was felt that filtering out the right
information from a heap of dara is of utmost
importance. That led to the development of OLAP
and data mining engines, specific to SCM
requirements. i

If the modeling and optimization are to
succeed, it is then extremely important to educate
the industry on O.R. tools, mathematical
techniques, and their usefulness. This is one area
that academia can help industry which will
eventually help develop trust in modeling. Industry
participants hence felt the need to promote closer
relevance of academic research to industry.

Researchers in India are encouraged to focus
attention on India-centric problems to drive home
their research. This serves the dual purpose of
helping the Indian industry and also in providing
better visibility for India-oriented problems. We
discuss below some issues, in SCM, relating to India.

India Focused SCM Issues
Opportunities

Several Indian companies have nowa global
clientele in the area of auto components and other
industries like healthcare and tele-medicine. These
companies present an immense potential for India
to contribute in SCM issues.

There also exists phenomenal opportunities in
the area of optimizing distribution networks and
solutions especially for rural India. A case in point
is the milk unions and associated cooperative
societies. Though academic institutes in India have
the capability of transforming the theoretical models
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into solutions, most of the researchers do not focus
o such issues. This is a definite opportunity for

tlll'lll.

['here is an opportunity for Indian IT
rompanies as well. They could leverage on the large
Inedian market to test their solutions thoroughly
fitst, before going global. This has the dual
slvantage that they can improve the quality of
wlutions through local customer feedback in a low
ost way and also improve the state of Indian
sumpanies through deployment of IT solutions.

Prablems

Opportunities seldom occur without the
impending problems. Such problems are also found
It plenty in the Indian scenario. The market for
wilution providers is now getting overcrowded,
muking it a ‘million rupee problem of identifying
the right solution provider for manufacturing and
wivices enterprises. On the other hand, prices of
products are dropping dramatically making it far
mare challenging for the companies to cut costs
sl maintain profit levels. It may also be noted that
the productivity paradox is present in India’s case.
I hat is, an improvement in capabilities does not
trunslate into orders. This calls for investigating the
missing links. One observation would be that the
manufacturing support activities are not up to the
mark. Also, the infrastructure requirements for
seamless supply chain integration are not present.
J'or instance, an efficient road/rail network, or, 24x7
available high-speed networks for enabling online
{ransactions is yet to materialize. It is also important
it observe that India has alow manufacturing share
i her GDP. Similar problems, worth exploring,
also lie in the agricultural and service sectors of our

[ i N Illnlll)’.
{ onclusion

Research should focus on building
integeated models for supply chains and service
nr:w:{rks. From the IT perspective, it is
worthwhile studying the informational
component of SCM. One could look at
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quantifying the benefits and loss of using the web,
or build systems that will effectively utilize real-
time information for operational planning. One
might focus on mitigating risk through proper
demand management, where demand sensing and
planning are well connected. Academic researchers
need to pick their problems from the industry.

The Indian universities should do research
more now on Indian issues/problems. This will not
only provide a window for the global community
to appreciate India-specific issues, but also make the
rescarch more pragmatic and practical. Higher
education programs, too, need a fine-tuning and
customization, in the context of present day’s need
of e-business.

Supply chain design needs to be recognized
as a strategic activity that can determine the fates of
companies and industries.
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