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OPTIMIZATION OF BUSINESS PROCESSES BY MIXED INTEGER
PROGRAMMING :

Ivmi MESKO*

The business pmcess can tuswadjly be wdecompqsed inlto ~pufrchaise Pro-
duction and sales activiities so' that ‘tthe consumed and the obtained
quamfities- of * the elements whiich are connected with the examined-
activity are independent from iother kotivities. In such a ocase it is
possible o represent the business process by 2 model maximizing the
fumction
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and for some k amid h we can have

1

dl."k = Sir = dik ) _ (3)
bl =ty = by, . C))
where '
'z .~ — the met income,
DS — _the quanitity iof the i-th element lscﬂd ito ithe k-th user,
tin — the quantity 'of the ith element purchased in the h-th
.source,
X — the quandity of 1the j+th produotlcm *a.ommty,
fic (550 — the revenue relating ito ‘the sale of s; umnits of the ii-th
element to the k4th mser,
g (tin)  ~ ithe purchase cost of the ¢ units of the dih element
in whe hith source,
Cj {x;) — the production cost of the j<th production uacmrvlty
exdluding the costs ‘of elements considered im ithe
maodel,
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€ — the unallocated quantity of the i+th element,
Ty (%7) — the quantity 'of tthe fith element obtained by the j-th
production aativity,
gy () — the copsumed quantiity of the fi-th element with the
" jith produbtion aotivity,
d'ix — the lower limit for the sale quamntity of the j4th ele-
ment to lthe k+th user,
d;x — the mpper limit for ithe sale quamm:y of tthe dith ele-
4 ment to ithe k-th user,
T.obYy, o - -the lower! limit for"the purchase quantity of the isth
element fin-the: hith sourtce,
by — the upper limfit for the purchase quantity of the i-th

element in the hith source,
S — ithe findex set of elements with users,
T ‘— the index set of elements with sources, i
Q. — the iindexset of the production activities consummg
ithe +th alemernt
R — the 'index set of production activities producung 'thc
iith element. .

© We assume that the function ¢ (x J) referred to (1) cam :.be for
0 = x; = d,, approximated by the pIECC\\'lSG linear function, defined by

0 ' . i x":0

¢ (x) = Z:z by 4+ : v (d— dy_g) + vy (x5, — d;_y) dig<x;=d;
&)
fordi=1,...,m, where

b, — the fixed costs caused by the activization of the j-th produc-
ition acthivity,

by — the fixed codts caused by the jith production motivity when
surplusing -dy_, units, k > 1,

v, — the unit waniable cost of the j«th production activity subject
to i <Xy =d, caused by the consumption of elements
which are mot considered in the model.

As tthe function c;{xj) c'mncnt be used jn the form (3) in can be
\\mLLten tin ithe Eorm

m m
cplxg) = L bpug + 2 vy ®
k=i k=]
subjeat to
(dy—dyg) th— 3y Z 0 k=12...,m (M

tp—(dp—dp )iy Z0 k=12...,m—1 (8)
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ye =0 k=12,...,m - v {9)
u, =0 orl k=12...,m : ooy
=Y+ Yt B RS

‘. The constraints (7)—(10) assure :that, when X; @S mnoreasmg firom
0 to dy,y; lincreases, and, when X; is inoreasing from d, to id,, V)
increases, and,so lon. At ithe same ltmle ithe summand by lis included in
the sum (6) e\actﬂy when Vi beg:ms Ito increase.

In the model (1)~(4) dt. s possible ito consider . the ﬁuncmbn (5)
so that we put (6) into (1), #o the constraints (2)—(4) we add ithe
constraints (7)-—(10) and (11) substitute in (2). We get a special case
if we make b, =0 (k==1,...,m) [2]. When v, <vi k=2,...,m)
and b, =0 (k=1,...,m) ithe constraints (7) -and (8) ware mot meeded
and there is nmo meed for integer varfables in the model [4]. If m =1
we get a case already known where there is mo meed #o substitute
(ll) Irnstead of (6) we. get in this case -

¢ (\:) = bjul+v,
subject to
VD du—x 20 iy =0 or I

where b, means fix costs caused by the activization of ithe j+h pro-
duoction motivity, v, fis unit vaniable cost of the jth activity megleqting
the cosps.'of ithe elements considered in the model and d, means the
maximum possible quanhnty of the jith prcduqtton ractwny

In the same way it ds possible Ito represent the'fumnction gy, ().
Lat us.itake an example where at the’ begummg of the purchase of the
isth element tin ithe hith source the costs by anise. If we purchase less
than d; units, the related priice wiill be v, and the price deoreases fto “vi
if we purchase «, dutits or jmore (see fiig. 1).

A

Gin

0 d, ) txh
Figure 1
Using (6)—{11} e get
Ein (tin) = Dty — byty -+ vy, + vi3, (12)

ditt;—y, =0 T (13)
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y—dp 20 . ‘ , (14)

dytty— 3y, =0 SRS ' . (15)
Vi = k=172 (16)
=0 or 1 k=]2 . - N 6 V)
tin =1+ Y2, ' ’ o (18)

where id, is a suitable constant mnd b, ‘denotes a chscomnt ramising when
the purchased quantity exceeds d, mand, owing to the lre-duoﬁlbn of the
price fior the whole purchased qua.nmty we have

by = (v;—v,) d;

" Because of -'(13) and (17) we get

y > 0 = u =1 =
That means that at y, > 0, in (12) we get the summand b, and in ithis
way the initial fixed costs mare considered. Because of (14)—(17) it fol-
lows:

:)r‘,<d1ﬂll.2=0=>y = . (19)
and because of (18) it follows:
Y < di= by =i

The «discount b;_ s conmdetred in (12) 4f u, = L. Th].S can be beca.use
of (19) only when y;. =d;. |,

It is possible to put the funation (12) dinto (1), to add ithe constra-
ints (13)—(17) and to consider (18). Therefore the funation presented
by fig. 1iis comnreatly considered in ithe imodel.

Similarly, it is possible ito linearize ithe constraints (2) if the func-
tions uy (x;) and g (x;) can be replaced by piecewise linear functiions,

Suppose tthat ithe rnorrman’we of the i-th element swith ithe j+th pro-
duction activity if x; =.d, is equal wy, if x; > d; ds equal v, (see fig. 2).

quii

vid, T
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Figure 2
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The o(msumpmon of the Gsth element with the J-ith rctivtity can e
writtten in the fiorm:

g5 (%3} = vy + L3 (2_0)
subjeot to .
y—dp, =0 . . . (21)
dotty— ¥y, = (22)
yE0 j=12 (23)
u; =10 or I O
=Y+ Y N ' (25)

where d, iis = siitable constant. Beoause of (21)—(24) it follows:

y1<d1=>u1——0=>y2‘—'0

So in 25) ¥y lncreases first in spite of the greater normative w,. But
y, can fincrease only after y, =d,;. It is possible o put the function
(20) dnito (2), ito add the constraints (21)—(24) and mp!llace %; by means
of (25).

All cases canhot be desoribed. Some 'of them can be found in [5].
It dés commonly possible ito replace ithe- model, representing the bus-
iness, process by = liear mixed tmtegar model if the funotilons considered
in the miodel are separable. This is useful because lof ithe waplid develop-
ment of dnteger programming [3] and due 1t=0 ithe possibility.of com-
puter pnocess}mg of lange nmo!deﬂjs [1].
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