AN APPLICATION OF BUSINESS BUDGETING:
LINEAR PRCGRAMMING APPROACH

By
YCULISE RU
Bachelor of Science
Cheng Kung University
Tainan, Taiwan

1974

Submitted to the Graduate Faculty of

»
A

]

nistrztion
ersity

College of Business Admi
e Univ
1{illment of
or the

Cklahoma Stat
u

in partial f

L

Un

the requirenments for Degree of
MASTER OF BUSINESE AODMINISTRATICHN

May, 1981



Name:

Youlish Ru Date of Degree: May, 1981

Institution: Oklahoma State University Location: Stillwater, Oklahome

.Title of Etudy: AN APPLICATICN CF BUSINESS BUDGETING:

LIREAR PROGRAMIING APFROACIH

Pages in the Study: 63 Candidate for Degree of

Master of Business Administration

liajor Field: DBusiness Administration

Purpose of Study: GSome form of budgeting is an abuolutn necessity

for the ijna“C'"l nlanning of business firms. Traditionally
the budget is built along functional lines, HLStOTlC&lly this
planning nroco s took place in several stages which entailed
several loops. This made the finding of an 0ht=m 1 master
plan a very difficult task. These difficulties have led to
the realization that in order to deveclor an ontimal master
plan we must cevelop the functicnal budgets simultaneously
instead of develeping them in SUCCLSSIVO stens. It appears
thuL lincar pregromming conceots cen te applied to obtain
a simultaneous optimal solution to thu budreting problems.

Findings and Conclusions The technicue of linear programming
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CHAPTER I

INTROSUCTICH

Budgeting 1s a process of resource allocation, The
proccss may be applied within any revenue generating entity,
whether it is a proprietorship or a corroration, profit cor
nonprofit, manufacturing or service organization. Cvsrating
budgets allocate the current revenue stream generated by
the normal flow of goods =znd services, end capitsl budgets
redictribute the total resources of an entity in a manner

that maxinrizes total revenue over thes long term planning

horizon., Crne, thercfore, could concluce that the budgetary

ional management,
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Budgeting can vrovide valuable guides to both high
level executives and middle management versonnel (18).
Well formulated and effectively developed budgets make
subordinates aware that ton menagement has a realistic
understanding of the nature of operations in the businesg
firm. Such a2 budget can be an important cormmunciation link
betveen ton management and the divisional versonnel vhonm
théy guide. Business operations in todey's economic
environment are complex and are subject to heavy competitive
pressures. In such an environment, many kinds of changes
take place. The rate of growth of the cconomy as a whole
fluctuates and these fluctuations affect different
industries in a number of different veys. If a firm plans
ahead, the budget and control process can provide management
with a better basis for understanding the firm's overation
in relation to faster reacticns to developing events, thus

increasing the firms's ability to verform effectively.

b

Rzalvh L. Benke Jr ( 2) thinks the effective operating
budget process of today is thres dimensional (Figure 1),
The first dimension is the use of budgets as a planning
device; the second is the use of the budget as a feedback
device to insure that tne employees of the organization
are adhering to the rlan, and the third is behavioral
considerations. He thinke thet the effective cperating budget
is one that devises vlans in a manner that brings about

a commitment of the employees to the success of the plan

2
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If the bechavioral inmlicaticns dimension is ignored,
Palph L. Berke Jr (2 ) thinks that one or all of the
following problems may occur:

1. Budgets, as a olannine device, will not be as
2ffective as they could be.

2. Reports comnaring actucl performance to budgeted
performance will not accuratcly reflect the extent
to which plens are being accomplished by depart-
ments of crganization.

5. The budgets may rot be premared or utilized in a
menner that motivates employecss to téke actions
that are in the best interest of the corganization.

L, Tn ecxtreme irnstences, imrrerer preparation or

vitilization of budgets nmay cause severe internal
vrebilene, such zg depressed morale, that affects
the overall well-being of the crgenization,

This revort will not discuss the above three

dimensicnal cucecticne but will ermphasize how to employ
the lincar programming model to extend many of the elements
of the conventicnzl budgeting process into & sirnlic

B 3

Siraightfoward set of algebraic formulas,.
Treditionally the budget is built along functional
lines., A typical procedure is to develop sales, inventory,

procuction, purchasing, cash, and ceritel expenditure, as

<



well as recsearch and cevelcerrmert tudrets which are then
assembled into a master buaget together with the prcjected

financial statements (17).
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as a starting point and the other budgcocts must bhe acdjusted
to it. Figure 2 represents a corron budgeting procedure
where we start with the sales budget and 1rove to production,

purchasing, and cash budgets. The sales budget is first

bty

developed on the basis of demand dzta by the vse of a

o

sales forecscsting model. The sales budget and the beginning
balance of the finished products are then uscd to develcen
the production budget. The capacity recuired by the planned
production is compared to the available capacity. If the
available capacily exceeds the reguired capacity or is
equal to it, we can consider the production budget to be
final and can move to the next functional budget. If the
avallable capacity is less then the required capacity,

we must return to the sales budget and leave out enougn
products to brirg the required capacity to the level of

the available capacity. “hen the sales end prccduction
budgets are ad’usted to each other, we can prepere the
budgets for the service departments., Futhermore, we can
take the planned production and ewxpand it into parts

and raw material reguirements. The fabricating parts and

raw materials required for production and the beginning
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balance of fabricating parts and raw materials are then
used to develop the required purchases of fabricating parts
and raw materials. ¥When we add these purchases to the
supplies needed by the various production and service
departments, we can develop the purchasing budget;

Sterting from the initial balances reported in the
firm's financiel statements and taking into account the
effects of sales, production, service department, and
purchasing budgets as well as from capital expenditure
and research and development budgets, we can figure out the
financing needs for the veriod. The finencing requirements
are then compared to the available financing. If the availeble
financing does not cover the needs, we must return toc the
sales budget and revice it by exclucding products which
tie up a considerable amount of funds in relation to their
centribution. Then we must revise the remaining functidnal
budgets to bring them in line with the revised sales budget.
Figure 2 assumres that the capital budget as well as the
research and development budget have been developed
independently of the other functional budgets. A possible
way tc reduce the recuired financirng is to decrease the
rlanned investmerts in cepital ascets, or tc meake cuts in the
R&D budget. Another possibility is to decrease the planned
ending balances of finished products, parts, and raw materials.

When the functional plans have been adjusted to the



avalilable financing, we can finally compute the projected
income statement and projected balance sheet. If the

plenned profit is not satisfactory in relation to the
capital employed in overations, we muct return to some
functionel budget, revise it to improve the profit position,
and then go through a chain of revisions in other functional
budgets., This makés the finding of an optimal master plan
very difficult. However, as shown in Figure 3%, the technique
of linear programming makes 1t possible to optimize the
firm's profit objective under constraints on sales,
production capacity, purchaeses, firnancing, utilization of
personnel, physical facilities, corporate goals, etc.,

and derive a budget very quickly. Further, it is interesting
to note that there is no starting point specified in

Figure 3 since all inputs are consicdered simulteaneously.

In this paper, the linear programming concept is applied
to solve the firm's budgeting problems, and therefore
produces a cash budget, production budget, purchase budget,
projected income statement, and a projected balance sheet
simultaneously rather than developing them in successive

steps.
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CHAPTER II

RESEARCH METHCDOLOGY

Linear Programming Fodel

The basic problem of linear programming, determining
the optimal value of a linear function subject to linear
constraints, has been successfully applied to several areas
of economic activity. Cil refinery operations is the largest
single field of application. It is of great interest to top
management, not only because of its precise results, but
also becauge of its applicability to many problems of
varying complexity.

The calculations needed in linear programming are very
simple but for mcre realistic problems they have to be
performed so meany times that it is very tedious to do them
by hand or desk cslculator, However, all calculations can
be performed on a computer which can handle problems of
a size which could not be solved otherwise,

Fssentielly, linear programming provides a means of
selecting from a set of variables, according to cost,
contribution or the like, in order to most effectively
achieve a certain goal or cbjective. In applying linear

programming to a problem, it is necessary to state the
10



relationshivn between the associzted variable in a cet of
linesr ecuatiors, Therefore, the general linear propram-
ing formulation model can be shown as follows:

n
Max, 2= 2 C.X

n
Subject to > el K. £ b, fori = 1,2.400em

-
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-

With X. 320

Additionally, it should be emvhacsized that the linear

programming rmodel vresented sbove can have other forms.

Usually, it is assumed that the b 2 0, but in some instances

it may be desirable to allow b, £ 0, fo
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the vroblem nresented above was formulated as a vrofit
maxirization, it creates no new complications to minimize
the objective function 4. Furthermore, the constraints

need not be of the form,

but insteas csan be of the form,

(2), or they czn be strict '
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Problem Identification

Ysinan-Paints Incorporated, manufactures paints for
both industrial uses and home painting in Taiwan..There are
a large npumber of different shades of color and quality.
There are two product groups, industrial vaints and house
paints. Cne unit of both paints is composed of ten gallons
which is the minimum order size. The best sales season is
spring and early summer., It is uow the middle of April and
the planning of operations for lMay is in process. The
marketing management estimates that the firm can sell
during the month of May, at most 3,600 units of industrial
paints and 2,000 units of house paints. The sales price, f.o.b.
at the factory, is % 450 per unit for industrial paints.
The normal terms of vayment call for a 50 per cent payment
on delivery and the remainder during the following month,
The sales price of house paints is somewhat higher, % 600
per unit, but on other hand, the financing requirements for
this product are much heavier for it is sold on one month
credit,

Cn the basis of the operations in April, the product-
ion manager estimates that the ending inventory for the
month will be 600 units for industrial paints (INVENI),

The peak sales season is in May and the stocks mey be

12



reduced during the month. The ending inventory for May is,
therefore, only 360 units. The ending inventory for house
peints (INVENH) for the month of April is 200 units. Since
the season for house paints is June, the management
requires the May ending balance to be at least 40O units.
¥iork in process is assumed to remain at a constant level
during the planning period.

The standard use of raw material is 2 units for each
unit of industrial paint and 3 units for a unit of house
paint. The beginning balance of raw material is 400 units,
The raw material inventory is at an abnormally low level.,
For this reason, the management wants to increase it by
the end of May. The required ending balance is 750 units.
The standard price of raw material is % 140 per unit.

The terms of payment are 75 per cent down and the rest one
month later.

Pregduction is carried out in the mixing and packing
departments. Both products go through both departments,
The mixing of raw materials requires 2.5 standard labor hours
for industrial psints and 3 standard labor hours for house
paint per unit of product. The packing operetion standard
time is C.2 hours per unit of product for both product groups.
The total mixing capacity is 12,000 hours (PRODCAM) and

the total packing capacity (PRODCAP) is 1,200 hours in May.

13



TABLE 1
CLASCIFICATION OF FIYID COST 2ubim:

Administrative Expenses:

Insurence 20,000

Miscellanecus gencral expenses 60,000

Total aamln-otrotlve expcnees - 80,000
Sales Lxpencses:

Deprecicticn-siore equinwert

Deprecicticn-delivery ceuirnent

Deprecizticn~building

Léverticing 180 ¢

Stere suprylics 60,0

Miscellaneous 20, G0

Total sales expenses v 207,500
Production Zxpecnses:

Denrec1ct70L—equﬂnment 25,000

Depreciation-factory building 5,000

Povierhousc evpence 70,0C0

Rerairs and reintensnce 50,CC0

Insurance 10,CC0

Miscellanecus expenses 20,600

Total producticr expenses — % 190,000
Total fixed overhecd $ 537,500

Direct wores and ascocizted variacble overhead costs are

e

¢ . , N . . 5 . . N
% 12 per stancard labor hour in the mixing depertment znc & 8

per stenderd latcor hour in the packing department. The firm

uses a varizble standard cost systemr where conly the

14



variable costs are considered to be pnroduct coéts. The
controller has nrenared a variable overhead cost budget
for May . Fixed costs are subdivided into depreciation
and other fixed costs. About £0 per cent of other fixed
cost must be paid in cash during the vlenning period. The
rermainder is paid in the follewing month., The classifi-
cation of fixed cost is shovn in Table 1.

The beginning balance as cof the first of lMay is given
below, The accounts receivable balance is the result of

sales in April and it can all be collected during May.

Beginning Balance Shect

Cash f 280,000 Accounts Payable
Accounts Receivable 1,875,000 Raw Material % 1,020,000
Finished Product Yages 18,650
Industrial Paints 186,960 Fiyed Zxmenscs 86,000
House Paints 91,520 Income Tax 150,000
York in Process 117,100 Bark Loans 1,000,000
Bavw laterial 56,000 Share Canital 1,200,000
Fixed fcset 1,260,000 Undistributed Profit 381,920
$ 3,866,380 3,866,580

15



Raw materials heve been purchesed in April in accordance

Py

with normal vayront teorms. No changes are expected in the

vork force. This implies that the balence of accrucd wages

rerzing at a constant level over the neriod. Accrued fixed

expencee and income taxes shown in the beginning balance
must be peaid in May.
Existing bank lcans must te amcrtized to the total
3

of % 400,000 during Moy, If the firm needs additional
financing in Meay, it ney take a new loan. The loan can be
any amount up to the limit of § 600,000, Zxisting loans
and the new loan carry an interest of 12 per cent annually.
lew funds can Le ooteined from 30 day notes with interest
paysble in advance., Ir the prcjected inccrme ststement, we
will cbeerve only the interest for the first mornth. There
are no dividend vayments during May. The same is truc for
new capital cxpenditures. The cash belarce at the end of
April is higher than ucual, The treasurer estimates that

& closing lance of ® 150,CC0 covers the mininmum safety

ba
requirements at the end cf Hay.

16



Data Collection

There are two product groups, industrial paints and
house vaints. The marketing managgment has analyzed the
demand conditions and has come to the ccenclusion that
the uprer limits of the sales of the two products are gas
shovn in Table 2. The table shows also the estimated sales

orice. The two products are not substitutes,

TABLE

no

DFMAKD OF THE PRCDUCTS

Product Selling Price, % Anit Selling Possibilities
Units
I § LSO 2600
H 8 600 2,000

Table 3 delineates the required plant capacity for

cach product and also cshows available capacitye.

17



TABLE 3

REQUIRED PRCDUCTS CAPACITY ALD
TCTAL AVAILABLI CAFACITY

Required Canacity hainit Avzileble Canacity

Department Froduct I Product H Hours
Viving 2.5 3.0 13,000
Packing 0.2 0.2 1,200

TABLE 1
EEDING IRVEHTORY AND BEGINIING INVENTORY
Degired Ending Bepinning

A . i : ..
Product Production Inventory Units Inventory Units

I PI 360 600
H PH LOO 200

18



Table 4 presents the inventory budget of finished
products. The required ending inventory must be based on
the subjective estimates of management.,

Table 5 shows the beginning balances and desired ending
balances of raw materials and the standard costs of raw
materials, These costs will be employed to develop the
purchasing and cash budgets as well as the projected income
statement, It is clear that the existence of a standard cost
system 1s a factor which greatly simplifies the data

collection work of budget models.

TABLE 5

USAGE AND RAVW MATERIAL INVENTORIES

RAVI USAGE, UNIT/ TOTAL DESIRED BEGINNING FPRICE
ATERIAL  UNIT OF PRCUUCT  AMOUNT USED ERDING BALANCE BALALCE § ANIT

2 2FP1I 200 375 $ 140
3 3PH 200 375 $ 140

19



THE VARIABLE COSTS CF PRCDUCTS

Cost Item Product I  Product H

Direct laterials

2 units of material R a%140 280.,0

Z units of material R a%1L0 420,0
Direct Vages and Variatle Costs

2.5 hours in mixing a%l2 30.0.

0.2 hours in packing a¥8 1.6

3,0 hours in mixing a$12 %€.0

0.2 hours in packing a®8 1.6
TOTLL VARIAELE CCSTS, §, UNIT 211.6 457.6

Tabkle 6 precents the cost structure of the two products.
This firm uses a variable stendard cost system where only
the variable cocsts are consideres to be product costs. The
Costs for direct materizl must be consistent with tne raw

material usare. The variable costs and direct wages of the firm

20



are also shown in Table 6.

From the beginning balance sheet, we know that the
beginning balance of cash and accounts receivable are
adequate for the financing of operations. The dollar
figures for inventory balances must again be consistent
wlth the physical quantities presented in earlier tables.
The beginning balances of raw materials in Table 5 have
been multiplied by the standard prices of raw materials.
Similarly, the beginning balances of finished products in
Table 4 have been multiplied by the standard costs of
Table 6. We know that work in vrocess remains at the level
of the beginning balance during the period of the problem
and therefore, we show only a dollar figure. This allows
us to simplify the model, in that we can establish the
relationship between the final products and the raw
materials directly without having to set up another
set of relationships between work in process and the final
products.

The first item on the liabilities side of the balance
sheet, the accounts payable btalance resulting from raw
material purchases, must be paid during the period., Accrued
wages in the amount of $ 18,650 must also be paid. However,
the work force is kept on an even level and accrued salaries
and wages will therefore, also remain constant from period

to period. For this reason the beginning balance of

21



¥ 18,650 also represents the ending balance. Accrued income
tax must all be paid in the planning period. The existing
bank loan will require two payments during the period,
interest in the amount of § 10,000, and the amortization of
$ 400,000. These payments must be made regardless of other
plans. The shareholders' capital remsins unchanged during
the period. There are no dividend payments during May. 'The
same is true for new capital expenditures.

The fixed cost shown in Table 7 are subdivided into
depreciation and other fixed costs. This table is derived

from Table 1.

TABLE 7
FIXED COST BUDGETS

Fixed Selling Z“xpense

Depreciation

Other 80,000

. L . ‘ — § 80,000
Fixed Administration Expense

Depreciaticn 1,500

Cther 260,0C0

. — §£267,50C
Fixed Manufacturing Expense

Depreciation 30,GCC0

Other 160,000

— $190,000

22



Table 7 alsc shows the fixed selling, administration
and manufacturing expenses. About 80 per cent of the other
fixed cost must be paid in cash during the planning period.
The remainder is paid in the following month.

Apart from the data presented in the previous‘tables,
we nced additional information for the development of the
model. The beginning balance of accounts receivable will
be collected during the period. According to the prevailing
terms of payment, 50 per cent of sales of products are
collected during the planning period and the remainder
during the following month., The beginning balance of
accounts payable for raw material is paid in full during
the period. The purchase of raw materials, ZR, involves a
payment of 75 per cent during the same period and the rest
one month later. The minimum safety requirement is estimated
to be § 150,000 by the treasurer. New loans can be taken
in any desired amount which must not exceed the limit of
$ 600,000. The note is secured by the firm's accounts
receivable. The loan interest rate is 12 per cent annually
and 1s payable in advance., Finally it is assumed that no

capital expenditures are made during the planning period,

25



Data Analysis and Model Formulation

The first step in the procedure is formulation
of a budget model on the basis of the preceding data.
Since this company uses a variable standard cost syétem, fixed
overhead is excluded from the cost of products and is
regarded as an expense immediately. The firm's objective
is to maximize the difference between the sales revenue
and various costs. In this problem, we must consider
variable selling, manufacturing and financing costs. The

objective function can be presented as follows:

Objective Function

(1) Max., 2 =
(450 - 311.6)YI + (600 - 457.6) - R

The objective, Z, now stands for the difference
between the sales revenue and all variable costs, i.e.,
the variable, YI, represents the sales of industrial
paints, YH, the sales of house paints, and, R, the interest
expense for the period. The sales price of the industrial
product is & 450 per unit, The manufacturing costs are

$ 211.60.

2L



Maximum Sales Constraints

The objective is to be achieved subject to various
constraints. First of all, we must observe the estimated

maximum demand for both products which was presented in

Table 2:

(2) VI < 3600

YH < 2000

The constraints reouire that sales of both products
must be less than or equal to the estimated maximum demand

of the respective vroduct.

Finished Goods Inventory Constraints

The sales and pnroducticn of each product must be
related via constraints which take the beginning and ending
balances of finiched vrocucts into account., We let the
variables, Pl and PH renresent the vroduction of the two
products. Ctserving the data presented in Table 5, we can

formulate the constreints:
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(3) 600 + PI £ YI + 360

200 + PH & YH & 40O

The first constraint states that the beginning balance
of industriel paints, 690 units, plus its production, PI,
must be greater than or equal to the sales, YI, and

required ending balance, 260 units. The second constraint

is interpreted in an analogous manner,

Maximum Canacity Constraints

The constraint relating the capacity required in
the production to available canacity is formulated on

the besis of Table 3:

(4) 2.5 PI + % PH

IN

12000
0.2 PI 0.2 PH

N

1200

Raw Materials Inventory Constrezints

The beginning balance of raw material, R, plus the
amount purchased during the period , must be greater than or
equal to the amount used in production and the required

ending balance:
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(5) 400 ¢ ZR> 2 PI + %3 PH 4+ 750

The constraint is interpreted that the beginning

balance of raw material, 400 units, plus the purchase

for the period, 2R, is greater than or equal to 2 PI, plus

5 PH, plus the required ending balance of 750 units,

Cash Constraints

TABLE 8
CASH WORKSHEET

Available funds
Beginning cash balance
Accounts receiveble balance
Less fixed cash expenditures
Raw materials
Fixed expense
Accrued income tax

Existing loans

Amortization & 402,000
Interest 10,000
Fixed costs -
Sales $ 64,000
Administration 208,000
Manufacturing 128,000

$ 280,000
l L] 875 )OOO

$ 1,020,000

96,000
150,000

410,000

400,000

Excess of receipts over expenditures

Minimum ending cash balance

Net cash expenditure

2"

% 2,155,000

2,076,000
$ 79,000
150,000

$§ 71,000



The cash constraints require that the beginning cash
balance plus cash receipts from various sources must be
greater than or equal to various cash expenditures plus
the required minimum ending balance. The sum of the beginning
cash balance and the accounts receivable balance is
available for the.financing of operations. From this, we
must deduct the payment for accounts payable, accrued income
taxes, amortization of existing bank loans, as well as
interest on the outstanding balance, and the fixed expenses
payable in cash, as shown in Table 8.

From the Cash VWorksheet, (Table 8), we know that the
excess of receipts over expenditures is i) 79,000. The amount
of new loans taken is given by the variable, V. The policy
of this company is to maintain the desired cash amount of
$ 150,000, thus at end of May, we will éee cash balances are
$ 150,000. In this application, there are two sources of
variable cash receipts, i.e., sales and the proceeds from
new loans. The variable cash expenditures are caused by
raw material purchases and direct wages -and variable

overhead of manufacturing. Ve get the following constraint:
(6) (0.5) (450)YI 4+ 79,000 + V> 150,00 + 0.75 (140)2R

+ 31.6 PI 4 37,6 PH
+ (0.01)V
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Fifty per cent of the YI sales revenue is collécted in
the same period in which the sales take place. The variable,
YI, represents the number of units sold and the sales price
is § 450. Therefore, the sales revenue of industrial paints
is 450 YI, and the cash collections are (0.5) 450 YI, No
cash collections are taken on house paints, since it is
sold on one period credit. The variable, ZR, represents
the unit of raw material, R, purchased. 75 per cent of
these purchases must be paid during the same period. It
follows that (0.75) 140 ZR represents the cgsh expenditures
resulting from the purchases of raw material, ZR. The direct
wages and variable manufacturing costs of the products are
$§ 31.60 and § 37.60, respectively. The total amount of
Cash payments resulting from the production is therefore,
31.6 PI - 37,6 PH. The interest expense on new loans is
0,01 V, since the loan will only be outstanding for one
month and interest is payable in advance,

The firm can improve its cash position by taking new
loans if this is desirable., However, the creditors have
stipulated a limit of % 600,000. This is taken into account

by the following constraint:

(7) Vv < 600,000

29



Interest Expenses Constraint

Finally, we need a constraint to compute the interest
expenses which were deducted from the contribution in the

objective function:
(8) R = 0,01 V4 10,000

This equation implies that new loans and existing loans
require the payment of interest of 1 per cent per period.
We have formulated the constraint so that the variable, R,
representes the sum of the interest of new and existing
loans ($ 10,000 = $ 1,000,000 x 0.01).

All variables must be non-negative:
(9) YI, YH, PI, PH, ZR, V, RX O
Linear Program Presentation Model
This problem has ten constraints in addition to the

non-negativity constraint to maximize (1) subject to

the constraints (2) to (9). Rearranging the constraints,
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we get the following model:

Maximize 2 Z 138.4 YI - 12,4 YH - R
Subject to
Y1 - 3,600
YK £ 2,000
Yr - PI & 240
-YH + PH N 200
2.5P1+ 3,0PH £ 13,000
0.2PI+ 0.2FH L 1,200
- 2,0PI- 2,0Py 2R > 350
225Y1  ~71,6PI-37,6FH-1052R +0,99V = 71,000

V4 600,000

11

10,00

and

YI, YH, PI, FH, 2R, V, R = 0O

Where
YT = sales of industrial veints

YH =

n

:ale

n

r

cf house vaints
PI = vproduction of industrial paints

PH

production of house paints
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I'OR

= purchases of raw material
= amount of new loans

= interest of new loans and existing loans

TABLE 9

KEYPUNCHING OF THE INPUT CARDS

VI YH PI PH ZR Vv R EHS

CONTRIB 1384 142.4 -1

SALRSI 1 3,600
SALESH ] 2,000
IRVENT 1 -1 240
PRCOCAN, 2.5 7 13,000
PRODCAP 0.2 0.2 1,200
LCAR 1 600,000
INVESH -1 1 200
RAY -2 -3 1 350
CASH 225 -31.6 =2%27.6 -105 0.99 71,000

IRTEREST

-0.01 1 10,

000
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We can solve this problem using the simplex algorithm
by hand or computer. We also can use the IBM computerized
package (VPSX) to obtain a solution. The first step is to
convert the constreint set to a set of strict equalities.
When the constraint is ' less than or egual to ' inequality,
it is necessary to add a slack variable, (Sj)’ and rewrite
it as an equality. Yhen the constraint is an equality, it
is not possible to add a slack variable. However, it is
handled by use of an artifical variable (Aj)' Unlike a
slack or surplus variable, an artifical variable has no
physical meaning. It is basically a dummy variable that
is employed to allow the simple and rapid generation of
an initial basic solution. When the constraint is ' greater
than or equal to ' inequality, it is handled by using a
surplus variable, (Sj)’ and again we introduce an artifical
variable, (Aj), to rewrite it as the equalty.

Now we can construct an initial simplex, as shown in

Table 10.
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CHAPTER III

PRCBLEM SOLUTION AND ANALYSIS

Analysis of Computer Solution

The optimal solution of this application is presented
ip Appendix 1, From the computer printouts, we can observe
that the program added a slack variable where approvnriate
and that the slack variables are now in the optimal solution.
The value of slack variables is the difference between the

following figures:

ACTIVITY FPPER LI¥IT
SALESH 1,174 2,000
PRODCAM 12,522 13,000
PRODCAP 947 1,200

Unutilized sales of house paints are the difference
between the upper limit on demand, 2,000 units, and actual
planned sales, 1,174 units, or 826 units. The upper limit
of total mixing caracity and total packing capacity do not

effectively bind the optimal solution. Consequently, the
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slack variable associated with these two constraints is

also at a positive level. By deducting the figure in the
ACTIVITY column on the PRODCAM and PRODCAP row from the

figure in the UPPER LIMIT column on the same row, we can
see that unutilized mixing capacity and packing linés

exist in the optimal solution. We can now list the optimal

program:
Sales Production
YI = 3,600 units PI = 3,360 units
YH = 1,174 units PH = 1,374 units
New Loans Raw Materials
v = $ 600,00 ZR = 11,192 units
Interest

R = ¢ 16,000

Sensitivity Analysis

From the MPSX printouts in Appendix 1, we obtain the

following list:
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LOWER LIMIT UPPER LIMIT

SALESI NONE 3,600
SALESH NCNE 2,000
INVENT NONE 240
PRODCAM NONE 13,000
PRODCAP NONE 1,200
LOAN NONE 600,000
INVENH 200 NONE
RAW 350 NONE
CASH 71,000 NONE
INTERLST 10,000 10,000

Algebraically, LOWER LIMIT means the lowest value
the activity can attain and still be feasible and UPPER
LIYIT means the highest value the activity can attain
and still be feasible. For example, the value of LOAN in the

EN

following figures:

LOWER LIMIT UFPER LIMIT

LOAN NONE 600,000

it indicates that the new loan can be taken between O and
600,000 and the solution will remain feasible. It is termed

a feasible solution for the linear programming model if any
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set of variables (ie, YI, YH, PI, ...) satisfies the
constraint set and the non-negativity restrictions. Cbviously,
there are infinite solutions within the feasible solution
Space,

In this problem, we are secking to allocate quantities of
resources to maximize profit. Observe in the optimal tableau
in Appendix 2, that the Cj - Zj values for C; - Z; = 0 and
C2 - Z2 T 0. These values are the marginal values, or
oﬁportunity costs, associated with the product PI and PH,

The fact that the opportunity costs are zero for both real

products, indicate that we are producing as much of each

one as is possible, given our resource constraints., Cbserve

in the optimal tableau in Appendix 2, that the Cj - Zj values

for Sl’ 55’ S6’ 57, S8’ 89 are 131.69, 97.59, 0.389, 142.4,

42, Oul4y respectively. These values are the marginal values,

or opportunity costs, of YI, INVENI ] LOAN, INVENH, RAYW and

CASH, respectively. For example, we can say that the value

of these marginal values indicate that the contribution value

will decrease by $ 131.69 if the availability of YI sales

i1s reduced by one unit from its present 3,600 units. The

marginal value of a resource can also be thought of as'

the change that occurs in the objective function as a

result of utilizing an incremental unit of that resource,
Since the main emphasis of this paper is the applica-

tion of linear programming to the budgeting process, we now
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turn to this topic.

Generation of Budgets

Taking. the computer output, the model, and the under-

lying data, we can now formulate the budgets for the various

functions of the firm as well as the projected financial

statements. All of the firm's budgets will be compatible

since they are derived from the optimal sclution,

Szles, Production and Purchase Budpets

The sales budget can be developed by

of YI and YH in the optimal solution.

-3
=S
t
=
3
}—
}—

SALES BUDCET

taking the values

Industrial Faints

Price Units $

Home Paints

Price Units )

Sales $450,00 3,600 1,620,000

Cost of Sales $311.60 3,600 1,121,760

Contribution 498,240

$600.00 1,174 704,400
$4,57.60 1,174 537,222
167,178
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The production and inventory budgets can be derived by
taking the optimal values of the variables, YI, YH, PI, and
PH, We can also develon the budget for raw material purchases
on the basis of the production variables, FI and FH, and

variable for raw material purchases, ZR.

TABLE 12

PRODUCTION AND INVENTORY BUDGET IN ULITS

Industrial Paints  Home Paints

Desired Ending Inventory 360 inele}
Plus: Sales YI = 3,600 YH = 1,174
Totzl Requirements 3,960 1,574
Less: Beginning Inventory 600 200
Required Production PI = 3,360 FH = 1,374
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TABLE 13
BUDGETED RAW MATRRIAL PURCHASE IN UNITS

Raw Materials

Desired Tnding Inventory 750
-Plus: Production Requirements 2 PL = 6,720

3 PH = 4,122
Total Requirements 11,592
Less: Beginning Balance LOO
Required Purchase ZR = 11,192

Cash Budget

A cash budget can be constructed with the help of
terms that appear in constraint 6. We know that the
ending balance of cash is the required minimum amount of
$ 150,000, so new loans are included in the optimal solution.
Since the loan taken during the period involves interest
expenses, which reduce the value of the objective function,
the solution will include new loans only to the minimum
possible amount. Excessive cash would appear in the model

only in the case where no new loans are needed. We can set

L1



TABLE 14

CASH BUDGHET

Beginning Cash

Cash Receints
Fixed
Accounts receivable balance
Variables

Sales

I: (0.5)(450)Y1 = (0,.5)(150)(2,600)
H: (0)(£00)YH = (0)(600) (1,174)

Hew lcans

Funds Available

Cash “xpenditures
Fixed

Accounts nayable
Raw materials
Mixed evpense
Inceome tax

Exicting loans
fmortization
Interest

Fixed ewrence({from Table 7)

Variable

Production
I: (31.6)P = (3%1.6)(32,260)
He (27.6)Fd = (27.6)(1,37L)

Purchase
(0.75)(140)ZR

Ending Cash Balance

(0.75)(1L0) (11,192)

810,000
0

1,020,000
96,000

150,000

400,000
16,000

106,176
51,662

1,175,160 1,3%2,99

$280,000

1,875,000

810,000
£00,000 3,285,000

$3,565,0C0

1,266,000

116,000
400,000

8 3,014,998

$150,002



up a cash budget starting from the beginning cash balance,
adding to it the various cash receints and deducting from it

the various cesh exvenditures on Table 14.

Projected Income Statement

TABLE 15

PRCIJECTED INCCHE STATEMENT

Sales § 2,3%2L,L00
Less: Standard Cost of Sales 1,658,982
Contribution 665,418
Less: Interest Expense R= 16,000
The value of Obiective Function 6L9,418
Less: Fixed Costs(From Table 7)

Sales 80,000

Adrministration 267,500

Yanufacturing 190,000 537,200
Profit Before Tax 111,918
Less: Income Tax{50% 55,959
Net Cperating Profit ¢ 55,95
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The projected income statement can be drawn up by
beginning with the contribution of the sales budget and
deducting from it interest expenses and the fixed cost
budgets. The fixed costs are given in Table 7. The optimal
value of variable R gives the total interest expensés for
both the existing and new loans. |

The projected income statement is computed assuming
that the federal income tax is 50 per cent and that the
taxes accrued in this period are paid in the next period.
It follows that we must include the accrued income taxes in
the liabilities of the projected balance sheet. We know
that the firm may take a new loan. This loan carries an
interest of 12 per cent annually with interest payable in
advance, Assume that the new loan will be taken for only
one month. The optimal value of the objective function can
be read from computer outputs and is the difference
between the total contribution and the interest statement

in Table 15,

Projected Balance Sheet

The beginning balance sheet, optimal solution, and the
projected income statement are utilized to develop the
projected balance sheet which is given in Table 16, The

ending cash balance of the cash budget also gives the cash
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TABLE 16

PROJECTLELD
ASSTETS
Current Assets
Cash (From Tavle 14)
Account receivable
I: (0.5)(360ﬂ)( 1150)

He (600)(1174)
Inventory
Raw materials
Work in vrocsess
Finished P"ﬂducto
It (211.60% 260)
“H: (457 6) {L00)
Fixed Ascets
Bepinning balance
Depreciation

LIABILITIEEZ AND STCCKECL
Accounts Fayable
Raw material
\ -
(140) (0.25)(11192)
Accrued wages
. - /™
Accrued income tax{(From
Accrued fixes exmense
(500000 - LODD00)
Banlt Loans
Bepinning balance
Amortization

BALANCE

DERSt
il iaa

810,000

704, 1,00

112,176

163,040

Table 15)

1,000,000

10D , 000

AAAAA

150,002

1,514,400

TOUITY

Nevw Loans
Share Capital

Undistributed Profit
Eeginning bsliznce
Profit for tke pericd

L5

105,000
117,100
295,216 2,181,718
1,260,000
37,500 1,222,500
b 3,L04,218
291,720
18,650
55,959 _
100,000 566,229
600,000
600,700 1,200,000
—— 1,200,000
381,920
555959 437,889

$ 2,40L,213




balance of the balance sheet. The accounts receivable
balance has been developed by taking the value of the
variables YI and YH and multiplying these by the fraction
of the sales prices that remain uncollected at the end of
period.

The raw material ending balance is develoved by
multiplying the unit ending balances of Table 13 by their
rgspective standard costs. The ending balance of work in
process 1s the same as the beginning balance, since no
change was assumed during the period. The ending balance
of finished products is the physical inventory of Table 12
multiplied by the respective standard manufacturing costs.
Fixed assets are reduced by depreciation.

Accounts payable balances are developed by multiplying
the raw material purchases by that fraction of the purchase
price which is not psid during the period. Accrued salaries
and wages are assumed to remain at the level of the beginning
balance. Accrued interest is due to the new loans. 1t is
the value of the variable, R, in the optimal solution less
$ 100,000 which refers to the interest payments included
in the fixed cash expenditures., The accrued income tax was
Calculated in the projected income statement. The accrued
fixed expense is the remainder of other fixed costs which

will be paid in the following month. The end of period
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loan balance is computed by taking the beginning loan
balance and subtracting the loan amortization payment from
it and then adding the new loans taken during May. The
value of variable, V, is § 600,000 in the optimal solution,.
Equity is increased during May by the net operating profit,

$ 55,959.
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CHAPTER IV

SUMMARY AND CCxCLUSION

In rost cases, the master budget is the best practical

¥

approximation to a formal model of the total organization:
it's objectives, it's invuts, and it's output. If the rmacter
budget corven 2s 2 'total decision model' for top managenment,
then decisions about strategies for the forthcoming period
may be formulated and altered during the budgetary process.
Traditionzlly, this has been a step-by-sten process whereby
tentative plans are grzdually revised (9), This makes the
finding of an optimal macter plan very difficult, because

the time recguired to ascemople tne budget is so great

lowever it is now feasible to take many of the elements of

(')

the conventlional budgeting procross and convert tnem into

hrocugn the technicgue of linear

ct

a functicnal zlanning tool

)
2

programeing, Manzgement can react guickly to events and to

revisions in nreaictisns of various acsrmects of overastions
by linear mnrogramring. This avnlication mzkes it vrossible

to ovtimize the firm's profit objective under constraints
on sales, production capacity, vnurchases, finencing,

utilization of personnel and vpihysical facilities etc,
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In addition to the time saving, Murphy (19) thinks
that linear.programming also provides the following benefits:

1. Shortening the planning cycle time. By removing

the computational effort associated with budgeting,
it is frequently possible to delay the start of the
budgeting process until all the inputs are available.
As most budget analysts are well aware, it is
difficult enough to project sales for next month,
much less give a monthly sales estimate for fiscal
1982 during June of 1981. Shortening the planning
cycle time can, therefore, improve the quality of the
basic sales forecasts because of more reliable data.

2. Continuous forecasting. By removing much of the

tedium associated with the budgeting process, it
becomes feasible to continuously update the
forecast of operations on a month-by-month basis
throughout the fiscal year and, in some instances,
extend the planning horizon of budget preparation
to a second fiscal year.

In the future, much of the interaction and interdepen-
dence of decisions will be formalized in mathematical mbdels-
*total models' that are sometimes called financial planning
models (14). These models are mathematical statements of

relationships in the organization among all of the operating
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and financial activities,and of other major internal and
externsl factors that may affect decisions. Many models
are constructed and working. They are used for budgeting,
for revising budgets with little incremental effort, and
for comparing a variety of decision alternatives as'they
affect the entire firm. The models speed the budgetary
process beczuse the gensitivity of income and cash flows
to various decisions can be tested promptly via a
Simulation (9). Moreover, mathematical probabilities can

be incorporated in these models, so that uncertainty can

be dealt with ewvplicitly rather than informally.
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