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ertainly one of the least taught of the

management science techniques is dy-
namic programming. One reason is that it
is a difficult algorithm to program for gen-
eral problems. However, for certain struc-
tured problems, spreadsheets and the
ability to use lookup tables, make this an
easy setup. Rather than solve one n-dimen-
sional nonlinear problem, dynamic pro-
gramming solves n one-dimensional
nonlinear problems. A standard problem
that is used to illustrate the power of dy-
namic programming is a tabular nonlinear
investment problem. Figure 1 shows the
data for the problem.

The problem is to maximize the re-
turn on $5,000 invested in any or all of
three investments, where you are limited
to investing in the quantities from $0 to
$5,000 in steps of $1,000. You cannot invest
twice in the same investment. The return
on the investments is nonlinear, which is
shown by the fact that the increase in re-
turn per $1,000 is not uniform.

Mathematical Formulation

The mathematical formulation as a single
nonlinear problem is:

Maximize Retum = F1(X1) + F2(X2) + F3(X3)

Subject to: X1 + X2 + X3 < $5,000
X1, X2, X3 = 0, 1000, ...., 5000

In classic DP fashion, we solve the problem
“backwards.” First we solve the problem
as if we had only Investment #3, F3, to g0,
and given the amount of money we have
left, we would simply look up the return
for Investment #3 to finish the problem.
This is referred to as Stage 3. With two
investments to consider, for each possible
amount left over, all the possible combina-
tions of investing in F2 are considered, and
then with what amount is left over, we
know how to optimally invest it. This is
Stage 2. Backing up to Investment #1, we
can then look at each investment level for
#1 and then know optimally what to do
with the rest of the money for the other
investment, which is Stage 1. Thus for each

box shown in Figure 2,

we are solving a non- RETURNS FOR

linear problem with INVEST INVST #1 INVST #2 INVST #3 AVAILABLE
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only one variable. $1,000 $1,500 | $1,100 | $1,250
$2,000f $2,800 | $2,300 | $2,500
$3,000; $3,600 | $3,500 | $3,800
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Spreadsheet $5,000_$6,100 | 36,300 | $6.200

Model

Shownin Figure 3isthe Figure 1: Investment data.

table for Stage 2 in cells

Al13..G18 and the opti-

mal return and amount lnvest #%

to invest is summarized Invest #2

in columns H and I.

The table in rows Iavest #3
11-18 shows what the
result would be invest-

ing anywhere from $0
to $5,000. For instance,
if there is $1,000 left,
Cell B14 gives the result of putting nothing
in Investment 2, which leaves $1,000 for
Investment 3. This gives a return of $0 +
$1,250 = $1,250. Cell C14 gives the result
of putting $1,000 in Investment which
leaves $0 for Investment 3. The resulting
return $2,200 + $0 = $1,000. The values to
the right for investing $2,000 or more gives
$0, indicating that it is infeasible to invest
more than available. This is accomplished
by using an IF function to determine if the
investment is feasible and is shown below
in Excel format.

B13: =IF(3A13>=B$12, VLOOKUP(B$12,

RETURN1,3)
+VLOOKUP($A13-B$12,RETURN1,4),0)
and copied from B13..G18

The formula found in B13..G18 uses what
spreadsheets call a lookup table. The first
table is named RETURN1 and contains the
values for all the investments. The
VLOOKUP function (V stands for vertical)
contains three arguments: VLOOKUP
(Argl, Arg2, Arg3) with a fourth default
value not needed here. This function checks
the left column of the table named in Arg2
and finds the first number bigger than
Argl, then backs up a row, and returns the
value in that row and column Arg3. (If you
are using Quattro Pro or Lotus, the last

Figure 2: Recursive relationship of dynamic programming.

argument must decreased by 1.) It is im-
portant that the first column contains num-
bers in ascending order. The IF function in
B13..G18 checks first for enough money to
invest and if there is not enough, sets the
result in the new table to $0. If there is
enough money, then the VLOOKUP func-
tion is used to determine the investment
return from Investment #2 in the third col-
umn RETURNI. The second part of the
return is derived from the remaining
money ($A13-B$12) to be put into Invest-
ment #3 and is found in the same table but
in column 4.

A new table is calculated from this
information, with the summary in
H13..H18 and the amount to invest in
I13..118. The latter uses both the MATCH
and INDEX functions to determine what
amount to invest.

H13: =MAX(B13:G13) and copied to H13..H18
113: =INDEX($B$12:$G$12,MATCH(H13,B813:G13))
and copied to [13..118

Finally, with $5,000 to invest, we can con-
sider the combinations of investing in In-
vestment 1 and with the remaining amount
we know how to optimally invest the rest,
as shown in Figure 4.

Row 22 makes the calculations of how
much money is made by first investing in
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[ 6 ] W 1 1

$5,000 MAX Invest
50 L] ]
$0 $1,250 $0
$0 $2,500 $0
$0 $3,800 $0
$0 $5,000 | $4,000
300 300 | $5,000

Figure 4: Stage 3 calculations.

Investment #1 using the table RETURN1
and then using RETURN2 (A13..H18) as
another lookup table to determine the op-
timal use of the remaining money.

B22: =IF($A22>=C$12,VLOOKUP(C$12,RETURN1,2)
+VLOOKUP($A22-C$12,RETURNZ2,8),0)

and copied to B22..G22

H22: =MAX(B22..G22)

122: =INDEX(B21:G21, MATCH(H22,B22:G22))

The optimal solution is determined from
row 22. We know that the optimal return
is $6,600 from cell H22. Looking in
B22..G22, we see that the $6,600 occurs
when $2,000 is put into Investment 1. This

leaves $3,000 to put into the last two in-
vestments, and takes us back to the table
in A13..H18. With $3,000 to invest at this
point, the optimal use of the money yields
$3,800, found in H16. This is achieved by
not investing in Investment #2 (B16)
which leaves $3,000 for Investment #3.
Figure 5 summarizes the result.

INVESTMENT INVEST RETURN

Figure 5: Summary table.

Conclusion

This small problem illustrates both the
power of dynamic programming and the
use of lookup tables and match and index
functions. If the table is oriented by col-
umns instead of rows, use the HLOOKUP
(H is for Horizontal) function. It is also a
simple matter to add extra investments
or change the amount available to invest.
DP uses the summary table from the stage
before and solves one investment problem
at a time, because we know the optimal
allocation of investments with the rest of
the money. This template can give stu-
dents a brief exposure to the power of
dynamic programming. l
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Special Research Focus: Supply Chain Linkages: Challenges for Design
and Management in the 21st Century
Submission deadline: May 1, 1996

he Decision Sciences journal announces a

call for papers for a research focus con-
centrating on integrating issues of supply
chain design and management. Today, com-
panies compete globally and have developed
significant supply chain networks to support
their international market positions. Some
networks are shallow and decentralized,
while others are long and concentrated.
“What is the best design?”” and “How to man-
age?’ are important questions in a dynamic
business environment.

Managing the supply chain is the process
of planning, designing, implementing, and con-
trolling the efficient, cost-effective flow and stor-
age of raw materials, in-process inventory,
finished goods, and related information from
point of origin to point of consumption for the
purpose of conforming to customer requirements.
While past research has focused upon individual
activities along the supply chain, this research
focus concentrates on studies linking segments
of the supply chain in a coordinated manner.

We seek state-of-the-art “theoretical and
applied” research that provides better under-
standing of these complex systems and inte-
grates concepts such as strategic sourcing
(international and domestic), supplier partner-
ships, third party logistics, Just-In-Time, syn-
chronous manufacturing, cellular
manufacturing, distribution network configura-
tion, after sales service, and postponement
strategies. Manuscripts that “link” traditional
research topics such as make/buy models,
warehouse location, manufacturing resource
planning, finite scheduling, and inventory con-
trol systems are also of interest. These topics
have significant implications on the design of
supply chain networks, the flow of materials,
and a firm’s global competitiveness.

A wide diversity of research methods are
encouraged, including both quantitative and
qualitative procedures. No matter what meth-
odologies are employed, a systematic applica-
tion is expected to provide insight into the

challenges and benefits of better supply chain
management in the 21st century.

Vincent A. Mabert (Special Editor) and M.
A. Venkataramanan (Special Associate Editor)
of Indiana University will coordinate this re-
search focus. Authors submitting manuscripts
should follow standard guidelines for the Deci-
sion Sciences journal as stated in each issue of
the journal. Five copies of the manuscript
should be sent to the editor:

Submission deadline: May 1, 1996. B

Send five copies of your submission to:
Professor Lee Krajewski

The Editor, Decision Sciences

Research Focus: Emerging Information
Systems and Technologies

College of Business Administration
University of Notre Dame

Notre Dame, IN 46556
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