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Introduction

“Cash management is being given a priority
throughout U.S. business today that it has never en-
joyed before, and company after company is being
swept along,” according to a recent Business Week ar-
ticle [4). Need for more efficient cash management
has concentrated attention on more sophisticated
computer-based methods for managing corporate
cash flows. During the last few years, more and more
corporations have begun using computer-based
management science approaches to cash manage-
ment.

One of the most important aspects of cash manage-
ment is development of an efficient receivables collec-
tion system that makes it possible to collect payments
quickly from a number of wide-spread customers. A
company that must collect payments from such
customers generally maintains “lock box™ accounts
with banks in several strategically-located cities. The
company wants to select a set of lock box banks to
minimize both the opportunity costs of uncollected
funds and lock box service charges. The increased
profits resulting from such a use of lock box collection
systems have been very significant to many companies
[10, 15].
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Researchers have dealt with the lock box problem.
Levy [13) developed a heuristic procedure for the
selection of a low cost combination of lock boxes from
a given set of possible locations. Kramer [[1]
evaluated various lock box plans by simulating their
mail- and clearing-time for a representative sample of
checks. Stancill [24] developed a procedure for deter-
mining the costs and benefits for a given lock box.
McAdams [14] provided a critique of Stancill’s work,
arguing for a more rigorous definition of the oppor-
tunity benefits accruing to the funds released through
the use of a lock box. Kraus, Janssen, and McAdams
[12] later designed an integer programming formula-
tion of the lock box problem, but did not show any
computational results. Shanker and Zoltners [23, 24]
extended the formulation proposed by Kraus. Janssen,
and McAdams, again with no actual computational
results. More recently, Maier and Vander Weide [15.
16] have specified a different approach to this
problem, also failing to present computational results.
Cornuejols, Fisher, and Nemhauser [6] have produced
an excellent theoretical treatisz and survey of the state
of the art in lock box location modeling. There are
very brief discussions of computational results in
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working papers by Ciochetto e al. [5] and by Bulfin
and Unger [2].

The basic objective of this article is to describe the
development and application of an efficient model for
solving large-scale lock box location problems. The
discussion deals with the practical aspects of imple-
menting this model, using sophisticated computer
programs that providc the user with modeling flex-
ibility. The model presented is an improvement over
existing models in terms of its ability to solve large
problems in a reasonable amount of computer time.

Formulation of the Lock Box Model

The lock box locaticn problem may be defined as
how to select a set of lock box banks and assign
customers to those banks so as to minimize the oppor-
tunity cost of uncollected funds and lock box service
charges. It is important to note that the opportunity
cost of uncollected funds ($-float) is commensurate
with lock box service charges whether the charges are
on a cash basis or on a compensating balance basis.
For example, suppose a firm could use a proposed
lock box configuration to decrease $-float by $100,000
per day over its existing lock box configuration. At a
6% marginal rate of return for investment of corporate
funds, the firm then could realize an additional return
of $6,000 per year. If the lock box charges (on a cash
basis) are $6,000 more than the charges for the ex-
isting configuration, however, the firm would ob-
viously reject the new proposal.

In order to formulate the model in a detailed
fashion, we define two sets of indices. Let J =
‘1,2, ..., nl be the index set of prospective lock box
banks. While it may be easier to think of each index as
representing a particular city, it is quite straight-
forward to let each index represent a particular bank.
Thus it is possible to have banks in the same city
represented in the model.

Let I = {1,..., ml be the index set of customer
zones in the model. In the extreme case, each cor-
porate customer could be represented by a customer
zone. Generally, though, m would be quite large. In
order to make the model more manageable, customers
are aggregated into customer zones. The criterion of
aggregation most often used is the zip codes from
which customer checks were mailed. For example, if
the first two zip code digits represent a mailing area,
then one hundred customer zones are formed, starting
with 00 and ending with 99.

In certain instances it may be inappropriate to
define zones based solely on zip codes. Consider a

hypothetical situation in which - checks are mailed
from two different customers in Seattle to a lock box
in Portland. One of these checks is drawn on a bank in
Seattle, the other on a bank located in Boston.
Presumably, the total collection time will be much
greater for the check drawn on the Boston bank than
for the check drawn on the Seattle bank. In such a
situation, it may be advantageous to have the Seattle
check drawn on the bank in Seattle sent to the lock
box in Portland, and to have the Seattle check drawn
on the bank in Boston sent instead to a lock box in
Chicago. This practice makes it possible to reduce the
sum of the total collection times (and hence float) for
the two checks.

Federal Reserve districts can be used to decide
whether or not a customer should be placed into a zip
code customer zone. Assign each two-digit zip code to
the Federal Reserve district where the zip code area is
located. If a customer’s check mailed from a certain
zip code is drawn on a bank in the same Federal
Reserve district, then the customer belongs in the nor-
mal customer zip code zone. If the check is drawn on a
bank not in that Federal Reserve district, it is possible
to create a separate customer zone for that customer.

A customer who has two or more checking accounts
in different cities, and who writes checks on these ac-
counts in a random fashion, cannot be easily (or cor-
rectly) assigned to a particular customer zone. (In
fact, such a customer may use different checking ac-
counts to maximize the clearing time for checks.
Assignment to a particular lock box would probably
cause him to use the checking account that would
result in the longest clearing time for that particular
lock box.)

Given index sets I and J for customer zones and
lock boxes respectively, we can define the following
terms. Let d; be the annual fixed cost associated with
maintaining a lock box account at bank j. Let s, be the
per check processing charge at lock box bank j. Let h;
be the expected number of checks received from
customer zone i. The value for h; can be estimated
from the number of customers in customer zone i, or it
can be obtained (using a factor obtained from annual
figures) from the sample of customer checks being
used in the lock box study. Let K be the maximum
number of lock boxes that can be maintained. If there
is no artificial limit on the number of lock boxes, then
K may be set to n. Next, let ¢,y be the opportunity cost
of $-float if customer zone i checks are sent to lock
box j. (Detailed prescriptions for calculating ¢, are
presented in the Data Calculations section.)

Finally, we define the following variables: Let y,
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equal l if lock box j is opened, and 0 if it is not. Let x,,
equal 1 if checks from customer zone i are to be sent to
lock box j, and O if not.

We can then formulate the lock box model as an in-
teger program as follows:

Minimize
=32 2 o+ 2 dy;+ 2 2 hsx 1

el ja S F g T G g hem ()

subjectto: 2 x; = 1, ie! )
Jjed
2y, <K 3)
jeJ
yy e [0, 11, jeJ 0]
xyy € 10, 1), iel, jeJ (5)
2Z Xy < my;, jeJ. (6)
iel

The objective function (1) that is being minimized is
the sum of the opportunity cost of dollar-float of
deposits made at all lock boxes, plus the fixed and
variable costs associated with operating these lock
boxes. Constraint (2) states that each customer zone i
must be assigned to exactly one lock box j. Constraint
(3) simply requires K or fewer lock boxes to be open,
and constraint (6) requires that a lock box be open in
order for a customer zone location to be assigned to
that lock box. It should also be noted that the x,
variables may be treated as continuous variables, since
there always exists an optimal solution which has all
Xy either 0 or 1 whether or not the x,; 0, 1} con-
straints are imposed.

Data Calculations
Opportunity Cost of $-float

Calculation of the opportunity cost of $-float (the
¢;; term) may be done as follows, First, we define three
components that make up total collection time or total
float:

1. myy: Mail float — the period of time between the
mailing of a check from customer zone i and its
receipt by lock box bank j. (These data may be
obtained from Phoenix-Hecht, Inc., a private
firm that collects such data.)

2. p;: Processing float — the period of time
between receipt of a check by lock box bank j
and its deposit.

3. ry: Clearing float — the period of time between
deposit of a remittance in lock box bank j and
when it clears, where / denotes the bank upon
which the check is drawn. Further, r; may depend

on the size of the check, a,. Some banks expedite

clearing of checks over a particular dollar

amount.
To calculate the clearing float, we require the hourly
mail delivery schedule, lock box (post office) pickup
schedule, percentage of weekly mail received each
day, and the check availability schedule for lock box j.
Finally, let a be the current annual marginal interest
rate for investment of corporate funds.

To illustrate, suppose two checks for $5,000 each
are sent from Atlanta to St. Louis each day of the
year. One of the checks is drawn on an Atlanta bank,
the other on a bank in Plains. For simplicity, suppose
that the same amount of mail received by the St. Louis
lock box is received each hour of the day and that mail
pickups at the lock box are made at 6 a.m., 2 p.m.,
and 4 p.m. The average mail time from Atlanta to St.
Louis is two days, lock box processing time is two
hours, and the lock box operation collects mail Mon-
day through Friday (25% on Monday, 15% on Tues-
day, 19% on Wednesday, 20% on Thursday, and 21%
on Friday). An assumed check availability schedule
for the St. Louis lock box is presented in Exhibit 1 (for
Atlanta checks) and Exhibit 2 (for Plains checks). At
the bottom of Exhibits 1 and 2, we present the com-
putation of the expected total float for the assumed
availability schedules. Yearly opportunity cost of
dollar-float for Atlanta to St. Louis (for « = .06) is
.06 (5,000) (3.900) + .06 (5,000) (5.185) = $2,725.50.

For a more general mail delivery schedule, a
cumulative probability distribution, M(t) would be
used, where M(t) = Pr (a piece of mail is delivered
before t hundred hours). Thus, M(0) = 0, and M(24)
= 1. In our example, we have M(0) = 0, M(1) = 1/24,
M(2) = 2/24, ..., M(24) = 1. Note also that process-
ing float may or may not be included in ihe calcula-
tion, depending on whether or not a bank’s avail-
ability schedule states that a check must be received
by the cutoff time or if it must be received, say, V
hours before the cutoff time. In addition, if a
probability distribution for mail float is available
(rather than just average mail float), as well as a dis-
tribution for when during the week letters are mailed,
a more detailed and realistic opportunity cost of
dollar-float figure could be calculated.

The opportunity cost of $-float for one check of
amount a, drawn on bank / and mailed from customer
zone i to lock box j is

Opck = % (mu + pj + rj[)ak. (7)

Now suppose that in one year T checks of size a,,
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k=1,..., T were sent from customer zone i to lock
box j. The opportunity cost of $-float for customer
zone i to lock box j is

T
Z

T g

opck. (8)
To express ¢;; in annual terms (assuming no seasonal
effects), multiply a month’s sample by 12.

Lock Box Charges

Charges for lock box services vary from bank to
bank. Most charges are based on two components: a
fixed charge that is independent of lock box activity
and a variable charge that depends on the number of
checks processed. Fixed charges are assessed on a
periodic basis (daily, weekly, monthly, etc.) regardless
of the number of checks processed. Examples of fixed

Exhibit 1. Atlanta Availability Schedule

charges include monthly account maintenance, daily
deposit fees, depository transfer checks, and/or daily
wire transfer charges.

One important point should be made concerning
daily wire transfer charges. A single wire transfer is
assessed an outgoing charge by the originating bank as
well as an incoming charge by the receiving (concen-
tration) bank. To calculate an annual figure for wire
transfers for a non-concentration bank, both the
originating wire transfer charge and the receiving
charge by the concentration bank should be included
in the non-concentration bank’s annual figure. The
reasoning for this is quite simple. If all customer
checks were mailed directly to the concentration
bank’s lock box, no wire transfer charges would be in-
curred. Wire transfer charges are incurred only if a
non-concentration bank’s lock box is selected. and

Available Mon. Tues. Wed. Thurs. Fri. Sat. Sun. Mon

Received

Monday 0 1 2 3 4 5 6 7 number of days
(.25) 0 16/24 8/24 0 0 0 0 0 probability
Tuesday 0 | 2 3 4 5 6 number of days
(.15) 0 16/24 8/24 0 0 0 0 probability
Wednesday 0 1 2 3 4 5 number of days
(.19) 0 16/24 /24 0 0 0  probability
Thursday 0 1 2 3 4 number of days
(.20) 0 6/24 0 0 8/24 probability
Friday 0 1 2 3 number of days
(93))] 0 0 0 24/24 probability

Expected Total Float = 2+ 2/24 + (.25+.15+.19+.2) (16/24) (1) + (:25+.15+.19) (8/24) (2) + (.20) (8/24) (4) + (:21) (3) (24/24) =

_ 3.900 days
Exhibit 2. Plains Availability Schedule

Available Mon. Tues. Wed. Thurs. Fri. Sat. Sun. Mon. Tues.

Received

Monday 0 1 2 3 4 5 6 7 8  number of days
(.25) 0 0 14/24 10/24 0 0 0 0 0  probability
Tuesday 0 1 2 3 4 5 6 7  number of days
(.15) 0 0 14/24 10/24 0 0 0 0  probability
Wednesday 0 1 2 3 4 5 6 number of days
(.19) 0 0 14/24 0 0 10/24 0  probability
Thursday 0 1 2 3 4 5  number of days
(.20) 0 0 0 0 24/24 0  probability
Friday 0 1 2 3 4  number of days
(.2h 0 0 0 14/24 10/24 probability

Expected Total Float = 2+ 2/24 + (.25+.15+.19) (14/24) (2) + (:25+.15) (10/24) (3) + (.19) (10/24) (5) + (.20) (4) + (.21) (14/24)(3) +

(.21) (10/24) (4) = 5.185 days
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hence the incoming wire transfer charge assessed by
the concentration bank must rightly be attributed to
the non-concentration bank in the calculation of fixed
charges.

Generally, payment for lock box charges may be on
a cash basis or a compensating balance basis, or some
combination of the two. The method of payment
affects the cost to the corporation (in opportunity
dollars) of maintaining a lock box at a particular
bank, since this cost includes not only cash payments
made to the bank, but also the cost of keeping com-
pensating balances at the bank when in fact these
balances could be invested elsewhere to earn ad-
ditional funds.

We shall give two examples of the calculation of
lock box charges. First, consider a lock box bank j*
that has a per check charge of $.20 and a fixed charge
of $1,000 per year. If 1,000 checks are processed per
year, the cost is 1,000 + .2(1,000) = $1,200. If 2,000
checks are processed, the cost is $1,400. Such a
scheme may be easily incorporated into our model’s
objective function:

Minimize
IR R I R
where d% = 1,000 and s¥ = .2, and where h, is the ex-
pected number of checks received from customer zone
i at lock box j*.

A second example can be constructed using the
charging scheme above, but with the requirement that
compensating balances must be used to offset the
charges. Suppose the bank allows a 7% earnings credit
rate which is to be applied against 85% of collected
balances. We also suppose that the corporation has an
a = .08, and 1,000 checks are processed per year. For
the fixed charge of $1,000 and a per check charge of
$.20 we have the following calculations:

Equivalent Fixed Charge =

1,000 _
B0 (.08) = $1,344 (10)
Equivalent Variable Charge for 1 check =
(.20) _
@EHWD (.08) = $.265. (1)
Thus, in our objective function d% = $1,344, and s¥
= $.269. (12)

Undertaking a Lock Box Study

A number of points must/be considered before

undertaking a lock box study. Probably the most im-
portant is the determination of sample checks to be
used in the study. Since the opportunity costs of
$-float (the c;; terms) are directly calculated from the
sample checks, it is important to design the sampling
process carefully. The problem of stratification by
geographic area should be considered. In fact, the
analyst should use a stratified approach in selecting a
sample, if such geographic information is available.
The cost of data collection generally demands that
sample remittances from one month or less be used,
but care should be taken to consider seasonality of
corporate receipts. Finally, the size of the sample can
be estimated for a given confidence interval and con-
fidence level. Such sizing estimates are quite straight-
forward; they are outlined in detail in various statistics
textbooks.

After a sample size has been decided upon and
sampling undertaken, estimates for fixed and variable
lock box costs must be made. Such estimates vary
from corporation to corporation due to the specific
lock box services required.

The Solution Algorithm

We have developed an efficient branch and bound
algorithm to solve the lock box problem. (See [1] and
[8] for a basic discussion of the branch and bound
method.) The implicit exhaustive enumeration
procedure inherent in the branch and bound process
guarantees that an optimal solution is always found.
This, of course, differs from earlier solution methods
that generated *“‘good,” but not necessarily best,
solutions. Also, we should say that the algorithm’s
computational efficiency depends on the number of
potential lock boxes and not (generally) on the
number of customer zones. This is due to the fact that
the branch and bound process is applied to the lock
box selection and not directly to customer zone selec-
tion.

The theoretical and computational underpinnings of
the algorithm require a knowledge of discrete op-
timization theory as given in Geoffrion and Marsten
[8]. An earlier working paper of ours [19] gives a
detailed treatment of the development of the solution
algorithm. The interested reader may refer to these
sources for further details.

Computational Results — A Typical Lock
Box Location Problem

Let us now consider the solution to a typical lock
box location problem, where there are 46 potential
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lock box sites and 99 customer zones (in this case zip
codes from which customer checks are received.) The
first solution in Exhibit 3 is the optimal solution for
the unconstrained lock box location problem (with no
upper limit on the number of lock boxes allowed to be
open in a solution). The optimal solution calls for
seven lock box locations, with a resultant opportunity
cost of dollar-float plus bank cash charges equal to
$100,805. The solution indicates customer zones to be
served by each of these seven banks, and it sum-
marizes the various costs associated with each of the
banks. Marginal cost associated with closing each of
the seven lock boxes is also indicated. Following the
optimal solution are three “‘next best” solutions based
on a one-for-one swap of lock boxes that were open in
the optimal solution. For example, in the first one-for-
one swap solution, lock box #36 has been replaced by
lock box #40, with an increase in the minimum objec-
tive function value to $100,810. Other one-for-one
solutions have a similar interpretation.

Following the optimal solution, the lock box model
determines a sequence of solutions in which the
number of lock boxes open is successively reduced by
one. For example, consider the solution shown in Ex-
hibit 4 for a constrained problem where six lock boxes
(one less than the unconstrained optimal solution) are
allowed to be open. The minimum objective function
value increases to $100,999. All the additional cost in-
formation is again provided, and the three next best
solutions, based on a one-for-one swap of lock boxes
that were open in the optimal six lock box solution,
are indicated.

The process of reducing the number of lock boxes is
then continued, until we are down to a one lock box
solution, As can be seen in the summary in Exhibit 5,
as the number of lock boxes allowed open is reduced,
the (minimum) value of the objective function in-
creases. Such an analysis allows the manager to deter-
mine the marginal cost associated with a fixed number
of lock boxes.

Exhibit 6 presents a summary of our computational
experience for a number of problems that have been
solved to date. It depicts quite clearly the speed and ef-
ficiency of this model in determining solutions to
problems that are quite large. These results are quite
encouraging, because until recently it was thought that
finding optimal solutions to such problems required
an inordinate amount of central processing unit
(CPU) time and was thus very costly. Our results
suggest that even larger problems can be solved using
a modest amount of CPU time.

Summary and Extensions

Several large banks and corporations are now using
the lock box location model utilizing the branch and
bound algorithm and the corresponding computer
programs. We feel that this model offers an improved
means of solving the lock box location problem in the
context of more efficient cash management. Among
the improvements are the following: 1) Improved
calculation of expected total float; 2) Increased user
flexibility: input options that allow the determination
of solutions for several differing bank charging
arrangements; 3) Improved output capability: output
that provides the user with valuable sensitivity and in-
cremental analysis information; 4) Greater com-
putational efficiency: the ability to solve large
problems (more than 45 potential lock boxes) using
only a small amount of computer time (less than 40
seconds CPU time); and 5) Greater computational ac-
curacy: the ability to always determine an optimal
solution to the lock box location problem, with no
restriction on the number of lock boxes allowed in
solution.

We have also developed and implemented a similar
model for remote disbursing account location analysis
(see [3, 5, 8, 19, and 21] for details). The remote dis-
bursing account location problem is essentially the
converse of the lock box location problem. The objec-
tive of a remote disbursement system is to maximize
the $-float associated with payments made to
suppliers minus associated bank charges. We have
solved several large-scale disbursement account loca-
tion problems that are not presented here.

We are now working with several banks.and cor-
porations to implement the model using the latest
bank availability schedules, bank charging schemes,
and expected mail times. These programs, associated
documentation, and illustrative examples are
available from the authors.
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Exhibit 5. Summary Table-Lock Box Solutions

Solution Value of Lock Boxes
# Description Objective Function In Solution
1 Unconstrained®-7 Lock Boxes $100,805 1, 10, 33, 36, 37,41, 43
2 6 Lock Boxes $100,999 1,10, 33,37,41,43
3 5 Lock Boxes $101,398 1, 10, 33,41,43
4 4 Lock Boxes $102,735 1,33,41,43
5 3 Lock Boxes $104,116 1,33,41
6 2 Lock Boxes $107,126 1,41
7 1 Lock Box $123,257 10

*QOptimal solution to original unconstrained problem.
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