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oME of the techniques for solv-
S ing the machine scheduling
problem (ranging from rules of
thumb to scientific procedures)
have applications in other sim-
ilar areas. This article concerns
batch work priority for the flow of
documents through different de-
partments. The technique used is a
branch-and-bound algorithm devel-
oped by Lomnicki' and extended

1 Lomnicki, Z. A., “A ‘Branch-and-Bound’
Algorithm for the Exact Solution of the
Three-Machine Scheduling Problem,” Op-
erational Research Quarterly, March,
1965.
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Many paper work routines as they flow through the
necessary steps of their processing are analogous to a
product flowing through a production line. Why not
apply machine scheduling techniques to such work?

AIDING THE FLOW OF
SALES ORDER DOCUMENTS
THROUGH MACHINE-SCHEDULING

by Lane K. Anderson

Brigham Young University

later by Brown and Lomnicki.?

The machine scheduling problem
is characterized by the ordering of
n jobs'(Jy, J» ..., Ju) on each of m
machines (M,, M,, . . ., M) to
minimize job completion time. The
model formulated to accomplish
this objective assumes: (1) a job
cannot proceed to machine M; be-
fore it is finished on machine M;.,;
(2) the time involved in transfer-

2 Brown, A, P. G., and Z. A. Lomnicki,
“Some Applications of the ‘Branch-and-
Bound’ Algorithm to the Machine Sched-
uling Problem,” Operational Research
Quarterly, June, 1966.

ring any job from one machine to
the next is negligible; (3) a ma-
chine cannot process more than one
job at a time.

The sales order problem

A specific case is where all jobs
are to be processed on the m ma-
chine in a common order. If job 2
is the first one started on machine
1, it will be the first job started on
all succeeding machines. The same
is true of the second job started on
machine 1, etc.

The sales order originates with
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.+ . the order department originally standardizes all incoming orders. . .

an order department set up to
standardize incoming orders. Ex-
hibit 1, below, shows the docu-
mentation flow between order and
billing. All orders are approved by
the credit function which, in turn,
authorizes stores to release the
goods from inventory. Once the re-
lease of merchandise is approved
by stores, the traflic function au-
thorizes and arranges for shipment.
Finally, the billing function invoices
the shipment and bills the customer.

Whether these basic functions
span several departments or are
concentrated in only a few depends
upon the firm’s size and complexity.
For control purposes, it is necessary
to move the orders through the
various departments in some pat-
tern.

This may involve placing the
orders in batches either arbitrarily
or in terms of a common denom-
inator, such as, salesman, geogra-
phical region, customer classifica-
tion, etc. There should be a rela-
tionship between the method and
the ease of processing batches us-
ing it.

Processing for seven regions

Consider the following example.
A manufacturer of interior decor-
ating products has seven sales re-
gions in the United States. The
home office is responsible for one
of these regions as well as for
maintaining the general offices and

the manufacturing facilities. A dis-
tribution center, supplied periodi-
cally by the manufacturing divi-
sion, is located in each of the seven
regions. Although regions maintain
their own stock of inventory, all
orders are processed through the
home office. The records for sales
and accounts receivable, and cred-
its and collections, are arranged
into regions. Each regional record
volume is further subdivided into
six customer classifications. Inven-
tory records are maintained for the
individual distribution centers.

Sequence in home office

The flow of customer and sales-
men orders after being received by
the home office is shown in Exhibit
2, on page 46. First, the orders are
separated into groups, depending
on whether they are for new or
continuing customers, New custom-
ers require special attention in the
sales and credit departments. Sec-
ond, the orders are sorted into
groups by region. Third, each of
the regional groups is further di-
vided into customer classification.
The result, at most, is 42 batches
of continuing customers and 42
batches of new customers. How-
ever, for any one day, the number
of batches is significantly lower.
Once the batches are determined,
the documentation for each order
is processed through the seven de-
partments.

The similarity of the sales order
problem and the machine schedul-
ing problem is beginning to take
form. There are n batches (B,, B,
. . . By) which must traverse m
departments (D,, D,, . . ., D) in
such a way that total processing
time is minimized. However, there
is one unique feature of the sales
order problem in practical situa-
tions which is not characteristic of
the machine scheduling problem.
This is, once an optimal processing
order has been found, that sequence
is followed day after day. Monday’s
orders will be processed in the op-
timal sequence, then Tuesday’s or-
ders, etc. Only if processing times
change will a new optimal sequence
be found.

Find average batch size

This feature is justified by the
fact that finding a new optimal se-
quence for orders received each
day costs more than the benefits
derived. An efficient solution is to
find the average batch size for each
classification per day and the aver-
age time of processing such batches.
This way only one sequence deter-
mination need be made unless the
average processing time changes.

For the illustration given in Ex-
hibit 2, there is a restriction on the
comparability of machine schedul-
ing and the sales order flow. The
sequencing of batches has an effect
on processing time only in the first

July-August, 1973

EXHIBIT |
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Order
Order Credit Stores ] [Traffic Billing
Function Function Function Function Function
Salesman
Order

45



Once an order is received the processing cycle covers four general areas . . .

four departments. In the last three
departments, batching is of little
value for ease in processing orders.

The Moveslow Corporation is a
manufacturer of doodads of all
shapes and sizes. The company
maintains only 12 per cent of the
doodad market but is the fourth
largest manufacturer in the field.
The home office and production
facilities are located in a small town
near Pittsburgh, Warehousing and
distribution centers exist at the
home office and in Los Angeles.
These two centers are located to
facilitate selling and distribution to
the eastern and western halves of
the United States. Occasionally, the
home office will supply customers
in both areas, especially when the
Los Angeles center is unable to fill
the order. Customers are grouped
into three classifications: (1) retail
and discount houses, (2) distrib-
utors, and (3) custom jobbers.

For planning and control pur-
poses all records regarding the
sales, shipping, and credit and col-
lection functions are grouped by
region. Within each region the rec-
ords are further broken down by
customer classification. For exam-
ple, if one were looking to see if
custom jobber customer X in Seat-
tle had exceeded a credit limit, the
accounts receivable file for the Los
Angeles region would be selected
and the record under custom job-
bers reviewed.

Regions
1yaeey?

Continuin,
Customer:
S
Incoming | 0
Orders —|°0F R
T
New
Customers
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Once an order is received, the
processing cycle covers four gen-
eral areas: (1) sales or sales order-
ing, (2) locating inventory, (3)
shipping document preparation, and
(4) order distribution. The depart-
ments in Moveslow are based on
these general functions.

The sales department is the re-
ceiving point of all orders whether
from new or continuing customers.
A multicopy sales order is prepared
for each customer order. The au-
thorized prices are entered on the
sales order or at least are com-
pared with the prices the customer
has indicated. If special price ar-
rangements have been made, they
must be verified. Appropriate quan-
tity, trade and cash discounts are
entered on the order, depending
upon the customer classification.
Better discounts are available to
retail and discount houses and dis-
tributors because costs are less when
servicing these volume buyers. For
continuing customers, the credit
check involves a review of a bi-
weekly accounts receivable listing.
This listing is in two volumes, one
for each region. The credit depart-
ment completes a credit investiga-
tion for new customers. After the
credit check, copies of the sales
order go to inventory control.

The inventory control department
determines the shipping point ac-
cording to which center has suffi-
cient inventory to cover the order.

The shipping documents are then
prepared by a shipping expediter
department and sent to the appro-
priate distribution center.

These documents are hand deliv-
ered when distribution is from
the home office or mailed to the
Los Angeles center. The distribu-
tion center is then responsible for
timely delivery.

The problem

Customer complaints about time
delays between order placement
and delivery lead to an investiga-
tion of the “sales order to distribu-
tion” cycle. This reveals inefficient
processing between order receipt
and delivery to a distribution
center.

The basic problem is not a lack
of manpower, but a lack of a struc-
tured procedure for working on
each order. The mailroom delivers
orders to the sales department
where they are processed by the
clerical help in the order received.
This usually means a loss of time
in at least two areas: (1) in credit
checking, and (2) in locating in-
ventory. The time loss is obvious
when one remembers that the ac-
counts receivable and inventory lo-
cation records are maintained sep-
arately for each region. Under the
present system a clerk may con-
tinually be skipping from one set
of books to another only to return

EXHIBIT 2
Order Credit Sales Inventory Distribution Billing
Dept., Dept, Dept, Control Center Traffic Dept.
Customer
Classification
S
0
R
it
_____ be——d F—— F——44 F-———4 F—— -4

_HIow

T 1T
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. . . sales, locating inventory, shipping document preparation, order distribution.

to the set which had been used
earlier. In addition to this, the
credit checking phase involves cus-
tomer classifications within regions.
It is possible, therefore, to be skip-
ping back and forth among the
various classifications within a re-
gion,

The solution

Each day the customer orders re-
ceived are to be segregated: first,
as to whether they are new or con-
tinuing customers; second, as to re-
gion; and third, as to customer clas-
sification. Since new customers
(making up approximately 10 per
cent of all orders processed) re-
quire special treatment and longer
processing time, for ease in hand-
ling they are not included in the
following suggested solution.

With 90 per cent of the orders
processed being continuing custom-
ers and following the same pro-
cessing path, a question arises as
to whether each day’s batches can
be sequenced in some way so that
the total processing time through
the three functions will be mini-
mized — the machine scheduling
problem.

In order to set up a scheduling
problem, it is necessary to find the
average time to process each batch
through the three functions. The
batching system is allowed to run
for several weeks before time stud-
ies are made. The following is a
time matrix in man-hours for this
example:

LANE K. ANDERSON is
assistant professor of
accounting at Brigham
Young University, Provo,
Utah.  Previously he
. taught at the University
of Wisconsin and was on
the audit staff of Arthur
Andersen & Co., Mil-
waukee. Dr. Anderson re-
ceived his B.S. and M.Acc. from Brigham
Young University and his M.B.A. and Ph.D.
from the University of Wisconsin. He is a mem-
ber of the American Accounting Association.
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Distributors
Custom

Jobbers

Retail and
Discount

Distributors
Custom

Jobbers

Since retail and discount houses
are expected to place large orders,
more time is required to process
them,

Custom jobbers require the least
amount of time for processing be-
cause their orders are generally
small.

The branch-and-bound technique
involves computing several lower
bounds for the total time to process
the six batches through the three

EXHIBIT 3

Biaiainjapn
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An optimal sequence of batches, 245136, can be processed in 35 man-hours

departments. In applying the al-
gorithm, five lower bounds are used
for each batch. Three of these
bounds are computed as suggested
by Lomnicki® and the other two as
suggested by Brown and Lomnicki.*
The result of the straightfor-
ward application of the algorithm
is shown as a scheduling tree in
Exhibit 3, on page 47. (The figures
inside the boxes represent job num-
bers while the figures outside rep-
resent the bounding value of the
processing time for that box.) An
optimal sequence of batches, 245-
136, can be processed in a minimum
of 35 man-hours. This solution is
not unique because other sequences
exist which can also result in the
same minimum processing time.
However, no sequence can be pro-
cessed in less than 35 man-hours.
Several vertices of the scheduling
tree have the same lowest bounding
value and branching from the left-
most lowest bounding value gives,
in this case, an optimal solution by
examining the minimum number

3 Lomnicki, op. cit.;_l;. 94.
4+ Brown and Lomnicki, op. cit., pp. 183-
184.

of vertices possible—20. That is, at
least 20 vertices must be examined
in any problem involving six batches
and three departments to arrive at
an optimal solution. There is noth-
ing magic about always branching
from the left-most lowest bounding
value, but this procedure is used
for the sake of consistency. For ex-
ample, if branching from the right-
most lowest bounding value is used,
an optimal sequence of 654213
with 35 man-hours of processing
time is found by examining only 20
vertices. If the figures in this exam-
ple had been different, either pro-
cedure may have resulted in exam-
ining more than, but at least, 20
vertices.

By plotting the optimal sequence
on a time scale for each depart-
ment (Exhibit 4, below), one
rapidly sees where idle time occurs
each day. Since a departmental
work load includes work other than
orders from continuing customers,
knowing when idle time occurs, if
it occurs, aids a departmental su-
pervisor in adequately planning the
personnel requirements and the
distribution of work among the
personnel.

Intuitively, there are other pro-
cedures for processing batches. Two
which immediately come to mind
are: (1) process batches in the or-
iginal sequence of 123456, and (2)
process by region regardless of. cus-
tomer classification. The minimum
processing time using the original
sequence is 37 man-hours—two more
than the optimal level. Processing
only by region requires at least 47
man-hours. As can be seen, con-
siderable time is saved by subdivid-
ing a large batch of orders into
smaller batches of some common
denominator. However, one must
remember that there is a trade-off
between time saved in processing
and time expended in segregating
orders into smaller batches.

Conclusion

This example shows that one of
the techniques for solving machine
scheduling problems can be used
in systematizing the flow of docu-
ments through several depart-
ments. There are probably many
other applications if one is observ-
ant enough to recognize opportune
situations.

EXHIBIT 4
Scheduled L/ Idle
Time /| Tine
Sales
- b 3 : 3 |8 Department
¢ - Inventory
/ 2 5 / 1 6 Control
v Shipping
/ / / : / 4 > - - Pl e
5 1 15 20 25 30 35
Man-hours
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