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Abstract

TOPIC 1 : A Distributed Approach for the Production Flow Control of
Interconnected Flezible Manufacturing Systems

A dynamic production control policy was developed for interconnected flexible man-
ufacturing systems with stochastic capacity. The objective is to track a desired pro-
duction rate target in a Just-In-Time manner by minimizing the average production
surplus and backlog. The production rate target or demand was assumed to be piece-
wise constant with respect to time. A ‘Manufacturing Flow Control’ model was used
to allocate dynamically available capacity to the production of various part types.
The approach used was distributed, as the production rate at each work cell was
scheduled on the basis of local information containing the current inventory level
of the adjacent buffers and the present state of the work cell (number of up/down
machines).

TOPIC 2 : Single Run Optimization in Discrete Event Simulations of
Manufacturing Systems

A new technique was devised to optimize the controllable parameters (eg. buffer size,
batch size, routing proportions, production rate etc.) of stochastic manufacturing
systems in a single simulation run. Pertubation Analysis methods were used to esti-
mate the derivatives in a single simulation run of the system model. In addition, a
Sequential Hypothesis Testing approach was used to update the parameters on line, as
the simulation was running. This algorithm is not only computationally inexpensive
but also has the inherent property of escaping from poor local optima.
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TOPIC 1

A Distributed Approach for the Production
Flow Control of Interconnected Flexible

Manufacturing Systems



Abstract

A dynamic production control policy was developed for interconnected flexible man-
ufacturing systems with stochastic capacity. The objective is to track a desired pro-
duction rate target in a Just-In-Time manner by minimizing the average production
surplus and backlog. The production rate target or demand was assumed to be piece-
wise constant with respect to time. A ‘Manufacturing Flow Control’ model was used
to allocate dynamically available capacity to the production of various part types.
The approach used was distributed, as the production rate at each work cell was
scheduled on the basis of local information containing the current inventory level of
the adjacent buffers and the present state of the work cell (number of up/down ma-
chines). The scheduling policy was designed by modeling the depletion rate of the
output buffer with its expected value (certainty equivalent) and starvations/blokages
as additional capacity states. Transitions into and out of these states as well as work
cell machine failures and repairs were modeled as a continuous time Markov chain.
The starvation /blockage state transition rates were estimated by simulating the over-
all system and iteratively adjusting the distributed controller design. Although this
approach yields a sub-optimal policy, the results are computationally tractable and
applicable for real-time control as it is easier to monitor each work cell individu-
ally than to track the state of the entire manufacturing system. An iterative off-line
simulation and optimization approach was employed, to design simple distributed

real-time control policies.



1.1 Introduction

Modern manufacturing systems consist of a number of interconnected flexible man-
ufacturing cells and buffers arranged in a network. Each of these work cells in turn
consists of a number of flexible machines capable of performing different operations on
a variety of parts. The system is subject to capacity constraints as the machines can
produce a limited number of parts in a unit time and the buffers can hold only a finite
number of in-process parts. Scheduling of such systems is complex beca;use the pro-
duction capacities change dynamically due to the unpredictable failures and repairs
of the machines and stochastic starvations and blockages of the work cells. Other
events which lead to disruption of production capacities include set-ups, scheduled

maintenance and worker absenteism.

Most conventional scheduling policies are inappropriate because they adopt a
static view of production disruptions and do not take into account the need to coor-

dinate interconnected flexible manufacturing cells.

In recent years a number of researchers have investigated a promising model of
production planning called the ‘Manufacturing Flow Control’ model. In this model,
available capacity is allocated to the production of a mix of part types according
to a dynamic state feedback policy. The state consists of available capacity and
the current in-process inventory. The objective of this policy is to track demand or

the production rate target dynamically in a fashion that minimizes the production



backlog and surplus. An important point to note is that the concept of Just-In-Time

manufacturing is inherent in the objective and the methodology of this algorithm.

Based on some early work by Rishel [1.10], Kimemia and Gershwin [1.8] formu-
lated the flow control problem as a stochastic dynamic program and showed that the
optimal controller follows a ‘hedging point’ policy. By this we mean that the controller
is so designed that in periods of excess capacity the system maintains some positive
inventory to hedge against future disruptions of production capacity. Akella and Ku-
mar [1.1] studied the one part type/one machine problem and derived the optimal
value function of the controller analytically. Bielecki and Kumar [1.3] used a sample
path analysis approach to obtain the probability distribution of the surplus/backlog
under a hedging point controller. Sharifnia [1.11] extended this approach and found
the optimal hedging points for the one part type/ many machine case. Caramanis
and Sharifnia [1.5] devised a sub-optimal but computationally tractable controller
for the many part type/many machine case. Caramanis and Liberopoulos [1.4] used

simulation and Pertubation Analysis techniques to find the optimal controller for the

same case.

Considerable work has been done to devise flow controllers for production systems.
However all the above mentioned work, considers a stand alone flexible manufacturing
cell with parallel machines and no precedence constraints. This thesis is an attempt
to extend the manufacturing flow control methodology to more realistic manufactur-

ing systems characterized by network interconnected cells and sequential operation



requirements.

Recently some researchers have studied the problem of designing flow controllers
for cascaded systems. Van Ryzin [1.12] modeled a two machine, one part type system
by considering the effects of delays in the production flow due to the presence of
internal buffers. Sheldon Lou, Van Ryzin and Gershwin [1.9] also proposed a flow
control policy for a transfer line. However this method is complicated and inefficient
for large systems. A more promising approach has recently been suggested by Xiewei
Bai [1.2]. In this he solves a non-linear program to come up with optimal buffer sizes.
He then solves a modified flow controller, with added constraints for starvation and
blockages, to come up with optimal flow control policies. His approach can be used
to schedule transfer lines with multiple part types and re-entrant flows. However he
considers a transfer line of machines and not a network of work cells; the difference
lies in the added complexity due to the routing and the presence of more than one
machine at each work cell. Also Bai uses a centralized controller design approach
whereas our approach is characterized by a distributed design approach which lends

our approach to easy adaptability and implementation.

In this thesis the issue of coordinating interconnected manufacturing cells (hori-
zontal integration) is addressed. Two algorithms for the distributed production flow
control of interconnected flexible manufacturing cells are developed. The specific de-
tails of these algorithms are covered in Section 1.3. As our solution approach involves

solving the flow control problem for each work cell in the network, we discuss the flow



control problem for a single work cell in some detail in Section 1.2. In Section 1.4
we discuss a simple computational example. Finally in Section 1.5 we present our

conclusions.



1.2 Optimal Flow Controller for a Stand Alone Flexible

Manufacturing Cell

A stand alone flexible manufacturing cell consists of a number of flexible machines in
parallel i.e. it has no internal buffers, inprocess inventories or sequential routing of
parts between the various machines. The design of an optimal flow controller consists
of finding a policy that yields the optimal production rate vector at every instant of

time which minimizes the average measure of surplus/backlog cost.

The flow control problem is defined as follows :

min J = lim E[ —;,—/()Tg(a:)dt]

u(t) T—o0

subject to

de(t) ...
5 = z(t) = u(t)—d

u(t) e Qo

where

Nl

average surplus/backlog cost per period.
x(t) : the vector of production surplus/backlog for part types p = 1,2,..n.

g(x) : the cost of maintaining a surplus x for one unit of time.















































































































































































































