Professor Stephen Disney
Dr Xun Wang

business.cardiff.ac.uk




The Research
Briefing Series

Welcome to the Cardiff Business School
Research Briefing series. It was created

to help us to deliver the findings of our
research to the business and policy-making
communities which can make best use

of them.

Briefings are published throughout

the course of the year, with subjects
spanning the School’s key areas of
research activity; accounting and finance,
economics, management, employment
and organisation, marketing and strategy,
and logistics and operations management.

| hope that you find the briefings to be
interesting, stimulating and relevant.

Professor Martin Kitchener
Dean, Cardiff Business School

Research Briefing Series: Supply Chain Chaos

Supply Chain
Chaos: Introduction

Supply chains are
complex dynamic
systems that contain
many forms of
nonlinearities and
physical constraints.

This briefing shows,
for the first time,
that the nonnegative
constraint on orders
In supply chains

can cause chaos.

Chaos costs, but
chaos can be eliminated
by careful design of
replenishment rules.
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What is an What is an
inventory system? ordering policy?

Fig. 1 Replenishment decision
Control mechanism
in inventory systems

Open orders

Inventory on hand
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Shipment Arrival Consumption
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Why do we need to
design an ordering
policy?

The physical aspects of supply chains are
usually considered to be predetermined.

The design of the ordering policy is vital as it
influences how an inventory system behaves
and performs. Therefore it must be designed
carefully. Many supply managers still do not
have a clear procedure to follow when making
such decisions due to the variety of situations
they have to deal with.

In many cases it is also necessary to build an
automated inventory system, where inventory
levels are monitored, replenishment orders
quantities are decided, and orders are issued
automatically. One such case is supermarkets,
where thousands of different products need

to be managed to avoid excess inventory

and stock-out. Here an ordering policy is not
suggested, but required.
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How is an
ordering policy
designed?

Answer: math.

The real world is almost always too complex
to analyse. In this regard, it's important to find
a compromise between simplicity and reality,
so that the problem is both significant and
solvable. This process is called modelling.

Establishing the model is the first step before
specifying which kind of performance is
desirable. That is to say, aims and objectives
must be set up.

For example, either reducing inventory related
cost or reducing ordering fluctuations can be
objectives. Sadly they tend to contradict each
other and they need to be carefully balanced.

There are several techniques that can be
applied when designing replenishment
policies.

» Observe - when there is a need to know
whether a certain policy meets some basic
criteria.

» Compare - when there are a few alternative
policies on hand.

* Tune - to find the best parameter values
in a given system.

» Optimise — to identify the best policy among
all possible policies that could exist.
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What new
discoveries have
been made?

Finding the right balance between There is, (see Fig. 2):
tractability and relevance is not easy.
In previous studies, nonnegative constraints » Convergence, meaning that if demand
on the variable of orders have been discarded. becomes constant, then orders will eventually
But this assumption is unrealistic. Negative be constant.
orders means goods are returned to, and
accepted by, suppliers who are often reluctant < Divergence, where orders will diverge
to do so. To this end, nonnegative constraint drastically from the desired level.
was added to the orders.

* Periodical and quasi-periodical fluctuations,
To analyse this model a new weapon is where the orders go up and down with the
necessary — the theory of nonlinear dynamic same pattern and the same pace, creating
systems. New dynamical behaviours are the phenomenon known as rogue seasonality
exposed with this new technique, which and economic cycles.
could never be discovered with old theory.

» Chaos, where the system would behave so
randomly and so sensitively, that even the
slightest change causes an unpredictable
future.

Fig. 2

observed in nonlinear (@)
inventory system model
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N ew d iS cove ri es Fig. 3 Layout of dynamic behaviours
. w.r.t. decision variables
continued

|

Key Fig. 3to 5
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Fig. 4 Experimental result on the layout Fig. 5 The very delicate “sausage”
of dynamic behaviours Structure

The sausage
structure
is found here

Fig. 6 Upper bound curves enveloping Fig. 7 Upper bound curves stratifying
order fluctuations different density of order fluctuations

Conclusions
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