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Problems

¢ Allocate buffer space in a production line.

e Primal: Minimize total buffer space required to
achieve target production rate.

* Demand is known and limited; floor space is
available but expensive.

e Dual: Maximize production rate subject to specified
fotal buffer space.

+ Demand is unlimited; floor space is limited.
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P vs. (Nl, Ng)

1 0.35|0.037
2 0.15]0.015
3 0.4 |0.02
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P vs. (Nl, Ng)
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Pis
e monotonically
increasing,

e roughly continuous,
and

e coOncave,

in N7 and N,, and P
approaches a finite limit
as N; and N; increase.



P vs. (N1, N3)
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200

e Lines of constant
P.

e Locus of optima.



Primal Problem

k—1
Minimize N TOAL — Z N,

i=1
subject to

P(N3,...,Nr_1) > P*; P? specified

N; >N"W i=1,...,k—1

Note: Constraint set is nonlinear.
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Primal Problem
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Dual Problem e The primal and dual

both have solutions at
- , , , the tangent of the
same curve to the
same line.

160

cem— | ® That is, every point that
| Constraint is a solution to some

g wer N 1 dual problemis also a
. | solution seme primal

1 L |  problem.

N e The dual problem is
AT .. A easier to solve than the
y s m 150 a  primal because the
constraint sst is linear.
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Dual Problem

Specify inital guess

Calculate gradient g,

Calculate search
direction .

Find A such that PAN+Ax)
is maximizad Define

A
N= N1 Ax

.

A A
ls N cloze to A7 »ND Set N= N

YIPS

N is the solution.
Teminate.
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Dual algorithm

e The search
direction lies in the
constraint plane. It
Is the projection of
the gradient.

e A IS a scalar:
One-dimensional
search .
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Dual Problem
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Dual algorithm
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Dual algorithm
Dual Problem

_ 8P P(NiyaNph 8N, Ny 1) = P(NayeeeyNypeeey Ny _1)
gi = 8iN; dN

m—g;——zys

Note that
e—1 k—1 —1
Y m=0s0 Y (Ni+Am;)=) N;=NT™
i=1 i=1 i=1

Consequently ¥ + Anw is always on the constraint plane, for all
scalar A.
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Dual Problem
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Solution

Primal
One-dimensional search on IV TOTAL
082 I I |
P T —— e el i
E D.ed i /—/) —
B ; P* Target
R 0ed : i
E !
£ o —c
% oez : -
i Solution to primal
na | i
AT b ! ﬁll) 1210 ulio ach

Totml buHer spaos
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One-Dimenslional Search Performance
Primal

e Algorithm produces a better optimum than traditional
integer algorithms (eg, branch-and-bound), even for
integer buffer sizes.

e Algorithm is also much faster.

e Algorithm works best with continuous-material
model.
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Optimization
and Variability

e Hypothesis: there is a relationship between the optimal
amount of space allocated to a buffer and the variability of the
amount of material in the buffer.

e We considered several measures of variability:

% variance of bufter level, s.d. of buffer level, absolute
difference between average bufter level and half the buffer
size, absolute difference between prob(starvation) and
prob(blocking), and line imbalance around the buffer.
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Optimization
and Variability
1.2
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10 machines, all the same.
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Optimization

and Variability
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7 machines, all different. Machine 3 is the bottleneck.
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Optimization Observatlons and Concluslons

and Variability

e There is a rough relationship, but not a simple proportionality
between optimal allocation and any measure of variability.

o We have been investigating using one of these measures
instead of the gradient to reduce computer time, but none of

them make a big difference. Some optimality is sacrificed.

e Variability has been used for real-time performance
improvement.
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