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Hierarchic Optimization of the Resources Allocation
among the Units of the Logistic Centre
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Abstract. In this paper the problem of resources distribution in
optimal way among the units of the L ogistic centre was observed.
This task could be solved by using the method of dynamic
programming. Using the programming language Mathcad 14
there was created the special program which allows to make the
corresponding calculations.

The solution of the real task for Logistic centre in Latvia is
observed in this paper as the numerical sample of limited
resour ce distribution between the units of the logistic centre in
order to get the maximum pr ofit.
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optimization.

l. PROBLEM SETTING

One Latvian company is the producer and traderoaies
products. The significant part of the goods thaabsut 40%
of total amount is imported from abroad. In the satime
60% of products has Latvian origin and is produocedthe
company’s own production and with subcontractonsoider
to minimize storage time and volume of produceddsoand
maximize speed and efficiency of goods deliver@<lients
the supply chain was created by logistic serviaevigier that
was presented by company own Logistic centre. Grideas
of Logistic chain is to design together the fagilind delivery

process to better reveal and support of customepoges.
Using the information technology and efficient floof
information between the members of the chain ad a®l
understanding the business and needs of clientistiogentre
provides just in time deliveries of raw materiatsdaready-
made goods. Activity of the company would not becassful
without a good work of Logistics centre, which htse
following hierarchic structure shown by the Fig.1.

The Logistic centre consists of two departmentsistoy
department and Production plant.

The logistic department of the company rents the
warehouse of 600 square metres. There are 7 engzlayerk
in logistics: 3 persons are in the office and 4 wogkers on
the warehouse. The operational costs of the lagisti
department is for about 15 000 LVL per month. Tagks of
the logistics department are to provide the dejivef raw
materials for production units, to manage the waush of the
ready made goods, to provide the delivery of ordigg@ods to
clients in time and to control the quantity of geaxh the store
without it overloading. Own transport vehicles assin
distribution of goods and quick connection with guotion
units.
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There are 70 employees are working in productiamtess. goods (model, colour, size, quantity) and delivienyns. After
Company owes 1000 square metres building and has ogetting the sales order from clients and sales rtimpat
processing equipment. The current costs for praoluctis warehouse employees collect, pack the goods and fbe
about 45 000 LVL. The specific of the productionustry is delivery order for the further transportation teots.
in it preliminarily planning. The production of ramaterials One of the tasks for logistic department is to méhe
has to be planned for about 11-12 months in advaefere constant monitoring of open (not delivered) salefers and
the delivery of ready-made goods to clients. Frowm other make analysis of goods production volume. Basedhen
side ready goods are so named sensitive produtedns that results of warehouse monitoring the production oréte
goods realisation time is quite limited, so thenléane of the needed goods quantity is created for the procesdang and
product should be especially as little as possiblée its subcontractors and estimation time of arrivalsbock for
production order is made using the new seasonatigiesales each product is calculated.
samples based on estimations of the clients ordgueadtities. In conditions of economic depression the volumelant
After receiving of production order the raw matkriand orders decreased, that causes the stock overloadliggods
accessories in necessary quantities have to behbamd and production volume decrease. Management ofdhmany
delivered to the goods processing plant for theth&rr has to decrease the increasing costs without gasydhe
preparation and constructing of the ready-madeywisd working process in the company. To find the righiugon of

The important task of the Logistics centre is tanbime the problem management decides to make the praditi@ss
together two processes, each with own specificderdands: analysis for various scenarios of company develapnie
the production process and the goods realisati@ateqs order to distribute available financial resourcewsen the
process. In our case the logistic department igotre of the departments of the Logistic centre on the mostieffit way.

both processes: raw materials supply for productiom Logistic centre consists of separate units. We idenghe
providing the delivery of goods to the final user $ales. task of optimal distribution of limited resourcetlveen these
There is following sequence of the goods delivery. units. The company has hierarchic structure, thia¢rowords

Using the controlling computer system Microsoft Bymics means that each unit (besides of terminals) hasother units
AX sales department creates the sales order witieabssary under his control, so in the end we get the treefitucture
information about the client (name, address, casfatype of presented in the Fig.2.
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Fig.The Treelike Structure

This structure is shown by the relation maffix
To make the matrix understandable for the Mathcdd 1
(1 35-1-17 9 -1-1-1 —1) program it has to be transposed into one shown dhleTl.

W o 46 -1 -1810 -1 -1 -1 -1 Rows of the matrix mean company’s units, but themas —
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number of the subordinate units. Column under nuri@& formula the final solution can be generated withbeing
shows number of unit, which is the left son, buuom under required to alter the previously solved sub-proldeon re-
number “1” presents the right son. Meaning of valushows calculating some parts of the algorithm.
that there is no subordinate unit. So Table | gpoads to the  The dynamic programming supposes to make a decision
treelike structure from Fig. 2. step by step. In our case it means to take a decfsr each
TABLE | separate unit consequently. Let's take the monoéritme
THE RELATION MATRIX T when the decision should be made for itemif available
resource is equal to. This resource must be distributed
among the itenv (father)and all his offspringLet we havek
various solutions for unit.

Then the Bellman functioR(v,r) gives a maximal profit in
this case. The value &f(v,r) means a maximum profit which
could be got from unit and all his offspring for the resource
r.

0
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These calculations should be used starting from ethe
units and come to the tree root.
10 Every time Bellman functions are calculated for tivéts
which have sons (subordinate units) with alreadygutated
Bellman functionvalues. The end units have no sons (the
conditionT, o+ T,; = -2 takes placdor the item numbev),
and the whole resource is given to this unit. Tfogeeto apply
the j—th project for suchv item, it is necessary to satisfy
condition (1)
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There are eleven numbers of concerned nodesl 1

There are various variants of the development ftaimn; for Mg<r. Q)

eachi unit. Eachj (j = 1, 2,..., i) variant assigns the following ) _ ) )

parameters: 1) concerned thi¢h unit's profit Mio from Among projects for the-th item, the projecf* is chosen for

realization of the given variait It is significant, that profit Which

depends on not the resources of the present ulyit loat on

the resources given to the subordinate units, 2papsource

Mij, needed for the first subordinate unit (left sor))resource

Mij, for the present unit; 4) resourddi;; needed for the

second subordinate unit (right son). MY + MV, +Mvjz <t (3)
Data for each unit given by matrixMi in the same way as

it is shown for matrixM0 bellow in the Table Il. Matrix rows should be satisfied.

correspond to offered variants for present unichEew has

above mentioned parameters for present variant. Now among all projects for theth item, the projecf* is
chosen for which

jF=arg{j=1,...,ni max { Myo: Mv;.< r}}. (2)

For the rest units=1,2,...,10the condition

TABLE I
0-NODE INDICES j*=arg{j=1,...,n;: max { Myo+ F (vO, My;) +
0 000 +F(vL, Myg) : My + Myjo + Myjs< 1l (4)
6 19 3 48 where
MO := VvO=T,, - is the number of the left son of
259.10 37 v1=T, - is the right son o¥.
4326 2 36 As the results Bellman functions (v, r) will be calculated

for all units and amounts of given resources= 0, 1,..., R
The task is to distribute the resource betweerstinisuch Above mentioned procedure is namedimgerse algorithm

way that the total profit would be maximal. (bottom-up) of dynamic programming.
Direct algorithm(top-down)gives the optimal quantities of
1. METHOD OFDYNAMIC PROGRAMMING assignment resources for each wnilt is realised in opposite

. . . . . direction of the above mentioned — from the roothe end
This task [ b thod ) ) ) )
Is task is solving by method dynamic programming %mts, each time moving from farther to one of$oss.

created by Richard Bellman. The concept of dynami Optimal solution f t (unit with ber 0 d
programming means that the large problem is broikeém ptimal sofution for roo (unit wi number ) cesponds
to the projecf* that satisfies the equality

incremental sub-problems, where each sub-problem bz

solved and the solution is optimal. As a result, Using a F(O,R) = MG+ F(1,M0y.) + F(2,M0.5)
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MO 1+ MOj:, + MOy 3 < R, (5)

because for unit number 0 we have all resour¢@)=R
In addition we fix the resource assigned for thesso

M(To0) = MO, (To2) = MO, (6)

The next step is to go to one of the senknowing the
resources given to them. In case the urhiais resource and
he has the sov0 = T, (left son) and the sovil = T, ; (right
son), then the optimal solutiath for unit v will be found as
the projectj* that satisfies the equality

F(v,r) = My o+ F(VO,MV« 1) + F(v1,My:3),

MV 1+ MVj, + My < R. (7)
The resources assigned for the sons are following:

r (Tv,o) = Mg, 1 (Ty,2) = MV, (8)

Direct algorithm is finished when all the pointsnifs) are
calculated till that ones who have no sons.

1R COMPUTERREALIZATION

There are following information about the compu
programs using for realization of above mentionedirBan
algorithm.

Programming language we use is the wide knc
mathematical package Mathcad 14.

We create the united matrid for using it in Mathcad
programme:

M'=[MO"M1"... M1d]" (9)

Now we have the problem to find information condegn
the concrete unit. To solve it we create the spédathcad-
program Locman Then for an integeii Locman gives a
number of matrixM row, that is the first row with informatiol
about the matrii.

The programme Father(v) gives a vector with 2
components, one of which is -1. The second composesmn
integer one shows the number of unit, which isfatber for
unitv. The component location shows which son is thegire
unit: if it is on the top position then given uistthe left son,
but in case it is located bellow given unit is thght son.

Let us consider an example:

Father(9) = (_61]

Here the father of the unit number 9 is the uninbar 6
and the unit number 9 is the left son of the uninber 6.

Father(0) = (_61]

The father of the unit number 10 is the unit numbend
the unit number 10 is the right son of the unit bem6.

The inverse algorithnof dynamic programming is realised
by programF(v,r), which gives Bellman function value for
unit v, which has got the certain resourceAs the result we
get the value of maximum profit and the number loé t
optimal solution from matri.

The direct algorithms realized by progra@lobD. In other
words GlobD gives the matrix of optimal decisions for all
units with resource equ&. Matrix rows related to the units
and contain the optimal value for this unit. Hetés the given
for i unit, d; — optimal decision for unit.

V. NUMERICAL RESULTS

For our example we have the following numeric data
mentioned in Table Ill.

TABLE llI
NODES INDICES

0 1135 6 142 32
M1l:=|0.23.52 4 M2:=|2.36 031
1616 4 6 279 2 24
460 110 460 5 0
4 040 380 4 0
M3 := M4 =
730160 -5.70 0.570
40 0710 8 0 90 0
3 6305 7.2 3 18.21.8 12.
M5:=| -1 3.8 1 1.28d M6:=|3.319.32.5 9.6
1.94.315 3.6 0.817.60.56 6
210 6.250 0.870 7.250
M7:=| 0 0 3.80 M8:=| -1 0 1.280
1.90 4.270 0 0 3560
1.740 18.250 1.230 12.30
M9:=| 2320 19.30| M10:=|0.980 9.570
0.8 0 17.6 0 0 0560

The hierarchic structure was presented before inleTa
The information about nodes indices is presentedVilayrix
MO (see Table II) for 0-unit (root) and matrixEL-M10 for
other units from the Table III.

Let us put the global available resource Ris64. The
created program gives the following results:
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F(O,R) =15.9 Using the dynamic programming method the real

_ . . formulated task for distribution of necessary reseuof 64
One corresponds to the third solution for the i@iffor the  thousands lat among the units of the Logistic eeirtrLatvia

root). j* = 3. is solved and the solution for getting of optimabfg were
Gotten results for each unit are presented by m&ptD  found for each unit.

(see Table IV) The matrix columns correspond to the item.

The matrix has four rows. The zero row containsnbmber ACKNOWLEDGEMENT OFTHANKS
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program which helps to make the calculations waated.

Olga Girvica. Resursu sadalijuma star p logistikas centra struktiir vienibam hierarhiska optimizacija

Lai li[dz minimumam samazitu produktu glaBSanas laiku noliktaas, ka af tilpumu, ko tie aigem, un maksiili palielinatu pre&u piegides atrumu un
efektivitati, logistikas pakalpojumu snieds izstidaja piedides kedi, kuru prezergja paSas komgijas Lasistikas Centrs. Viens no lggstikas keédes
uzdevumiem ir vienlaikus izveidot gan &tas,gan piegdes procestat lai tie paldzetu lakek noteikt un apmieriat klientu vajadzas. lzmantojot inforacijas
tehnolgijas un efekivu informacijas piismu stargkédes locekem, ka ar izprotot klientu ugemgjdarbibu un vajadibas, Laistikas Centrs prézi laika piegida
izejmaterilus un gatass precesEkonomiskis kiizes ap$iklos pastijumu skaits no klientiem samaas) un tas izraisa &juma esoSo pr& parslogojumu,ka
af razoSanas apjomu sama&anos. Komfinijas vadbai jasamazina pieaugas izmaksas, neizcinot darba procesu kor@pija. Lai atrastu pareizo prashas
risinajumu, vadba nolemj veikt plas un zaugumu anaizi dazdiem kompnijas atistibas scefirijiem, lai visefekivakaja veida sadaitu pieejamos finansu

resursus starp lgistikas Centra nodam.

Saf rakst ir aplikota probtma, kas saigt ar resursu optiato sadafjumu starp Igistikas centra posmiem. istikas centram ir kokveida strika. Katrai
centra viefbai ir iesggjami vairaki atfisibas varianti, kas dtfas viens no otra gan ar nepiecieSamo resursuagagistamo piu. Logistikas centra vablas
uzdevums bija sadalfinanSu resursus starp s komgnijas apakSvieiam tada veida, lai butu maksinala pdna. Uzdevums tiek risits, izmantojot Riarda
Belmana izstidato dinamisko programaéSanu. Optiralai straggijai pienit tada ipasba, ka, lai arkads hitu sikotrgjais stvoklis un @kotngjais lemums,
turpmekajiem Emumiem fiveido optingla stratgija par sivokli, kads radies &otngja [emuma rezulita. Izmantojot programmatas paketi Mathcad 14, darba
gaita tika izveidota spedla programma, ar kuras padibu veikti apekini. Prezenttais skaitliskais piedrs, ka ierobeZots resurss tiek satkalstarp Igistikas
centra apaksviebam, lai iegita pdpa hitu maksinali liela, ilustre reala uzdevuma ris&jumu vienam Igistikas centram Latvij

Ouabra 'mpeuna. Mepapxndeckasi ONTHUMU3ALNS PacnipeieieHHsI PecypcoB MeKay MoApasieIeHHsIMH JIOTHCTHYECKOT0 eHTPa

B ycnoBusx kpusuca 00bEMbI 3aKa30B OT KIMEHTOB CHU3MIINCH, YTO MOBJIEKIIO 3a COOOM MepenonHeHne CKiaia i CHIKeHHe 00beMa rpou3BojcTea. [TosBunach
HEOOXOAMMOCTh CHM)KAaTh PAcXOZbl, TPU 3TOM HE Hapymias pabodyero MexaHH3Ma B KOMIAHMH. J{JIsi NPHHATHSA NPaBMIIBHOTO pELICHHS PYKOBOJACTBO
JlornctTudeckoro LEHTpa PEIIiiIo NPOAHAIM3UPOBATh PACXO/IBI CBS3aHHbIE C COAEP)KaHUEM COOCTBEHHOTO NIPOU3BOACTBA U JOTUCTHKH, @ TAKXKE IOIydaeMble OT
HHMX JOXOABI, Ul TOrO 4YTOOBI Hambonee 3(pHEKTHBHO U ¢ MAaKCHMAIbHOH MPHUOBLIBIO PACIPECIUTh UMEIONIMIICS pecypc MexXITy BCEMH IMOAPa3IAeCHUIMH
KOMITaHHH.

B nmaHHO# cTaThe pacCMOTpEeHa MpoOiIeMa ONTHMAIBHOTO PACTIPEACICHUS. PECYPCOB MEXKIY 3BEHBSIMH JIOTHCTHYECKOTO LEHTPA. JIOTHCTHYECKUH LCHTP MMeeT
JIPCBOBHUAHYIO CTPYKTYpY. s Kamoil eOUHUIBI LCHTPAa BO3MOXXHBI HECKOJIBKO BAPUAHTOB PA3BUTHS, OTIMYAOLIMECS APYr OT Apyra Kak HEOOXOMMMBIM
pecypcoM, Tak H MmoiydaeMoil npuOsuibio. IlocTaBieHHast 3agada PyKOBOACTBA JIOTHCTHYECKOrO ILEHTPA 3aKIIOYACTCs B TOM, YTOOBI PACHPEACIHTH
OrpaHNUYCHHBIA (QHHAHCOBBIN PECYPC MEXK/IY BCEMH ITOAPA3/ICICHISIMI KOMIIAHUH TaKUM 00pa3oM, 4T00BI IPHOBLIb ObLIa MAKCHMAIIBHOM.

3aja4a peraercs ¢ MOMOIIBI0 ANHAMHYECKOTO MPOrpaMUpoBaHus, paspaboransoro Puaapnom Bemmanom. OnTuManbHas cTpaternst 00/1a1aeT TeM CBOMCTBOM,
YTO KaKOBBI ObI HM OBUIM HAYaIbHOE COCTOSHUE U Ha4allbHOC PEIICHHE, MOCIEAYIONINE PEICHUS JODKHBI COCTABIATh ONTHMANIBHYIO CTPATErHI0 OTHOCHTEIIBHO
COCTOSIHHS, MOJy4EHHOTO B pe3ylbTaTe HadalbHOro peuienus. Mcnons3sys mporpamusiii maker Mathcad 148 npouecce paGorsl Gblia co3aana crelraibHas
HporpaMMa, C IOMOIIBI0 KOTOPOW INpPOBOAMINCH BbIYUCICHHs. IIpencTaBieHHBI YMCICHHBIN NpPUMEP pacHpeieeHHs OrPaHHYCHHOTO pecypca MEeXIy
HOJPa3Ie/ICHUSIMU JIOTHCTHYECKOTO LIEHTPa TaKUM 00pa3oM, YTOOBI MOJTy4eHHas MPUObLIb Obllla MAKCHMAJIbHON, HILTIOCTPUPYET PELIeHHE peabHON 3a1aun Ul
OJIHOTO JIOTUCTHYECKOrO LIEHTpa B JlaTBuH.
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