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APPROXIMATION OF STEPWISE OBJECTIVE
FUNCTION IN OPTIMAL CARGO TRAIN
ROUTING PROBLEM

PETER BEDNAR

1. INTRODUCTION

The task to be solved in the optimal cargo train routingproblem is creation of
routesfor wag onstranspor tation. Theseroutesarethenrep re sented by trainsinthe
trainsched ule. Sothetrainrouting problemisnot con cerned with building of physi-
cal infrastructure, but with planning of net work of trains, which would provide
transport of wagons. The task is to determine between which marshalling yards
should the trains be dis patched and how should the flows be trans ported with this
trains. Theaimof opti mi zationof trainrouting problemistofind solutionthat mini-
mizes the transportation costs on the network. As al mathematical models, the
mathemat i cal model of the problem describesthereal world problem only ap prox -
mately. Inthepaper | wouldliketopresent oneof theinaccuraciesof themathemat i-
cal model and sug gest away of decreasingitsim pact onthesolution.

2. MATHEMATICAL MODEL OF CARGO TRAIN
ROUTING PROBLEM

Theopti mal cargotrainrouting problem can be stated asanet work design prob
lem. Itisatask of selecting asub set of edgesascon nections, whichwould servefor
handlingthetranspor tationdemandsonthenetwork.

For cargotrainrout ing prob lemwe need dataabout the possi bil i tiesof net work
creation, which can be given asagraph G = (V, H),where Visaset of mar shal ling
yardsbetweenwhichshouldthetranspor tationdemandsbesatisfiedandHis a set of
all edges, which can beused ascon nectionsand are potential candi datesfor select-
ing in the connections set. The aim of the train routingoptimisation is to create
atranspor tationnetwork G, = (V, R), where RI1 H isaset of connections, which
would serveto handlethetranspor tation demands.

Thetranspor tation demandsaredescribed asO-D matrixP = {p'®}, in which for
every pair of marshal lingyards(r, s) thevalue of p"®rep re sentsthe daily amount of

wag onsto betransported fromtheyardrto theyard s For eval uatingthequal ity of the
solutionwefur ther need fixed costsf;; representingthecostsassoci atedwithinclusion

of the connection(i, j) in the solutionindepend ent onthenum ber of wagons, which
wouldbetransported withthisconnection. Next weneed costsc;representing costsof
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transport ing onewagonwithconnection i, j). The planned net work can be then ex-
pressedby matrixY ={'y, };(i,i)T H, where y;isbi valentvari abletak ingvalueOif

theconnection(i, j) isnotincluded and value 1if connection (i, j) isin cluded in the
con nection set. Fur ther for ev ery flowp™ we need to model if the flow (r, 9 is trans-

portedwiththeconnection(i, j). Thiswemodel withthebi valent vari abl &xf ,taking

value of 1if flow (r, s)istransportedwithconnection(, j).

Thetask of thenet work design problemisto select such set of connectionsR and
suchflow routes, whichmini mizesthevalueof objectivefunction. Themathemat i-
cal model of the cargotrain rout ing prob lem can bewrit ten asfol lows

minimize § f; xy; + & a (qj xpfs) [ (1)
(i)TH (rs)T K@, j)i H
withconstraints
xt £y, for(i,))T H 2
axi- axg=-1 fork=r (3)
(i H k) H
axe- axg= forkirktls (4)
(KTH  (k)iH
axg- axg=1 fork=s (5)
(KIH  ()IH
y {03 (6)
xi 1 {0,]} (7)

Constraints(2) providearelation betweenvari ableyij and flow variables X}

Constraints(3) - (5) represent so-called flow preser vation constraints. Moredetails
about the model can be found in [2]

3. INPUT COSTS FOR CARGO TRAIN ROUTING PROBLEM

Let’ shave closer look on the ob jec tive func tion and on the costs, whichitiscre
ated of .
é_ f” Xy” + é_ é_ (CIJ xprS)XXirjs (8)
c,j)TH (r,sj K(i,j)TH
Theab jectivefunction con sist of two terms, where thefirst term ex pressesthe

costsdependentonly ontheinclusionof connection(i, j) inthesolutionand second
termex pressesthecostsof wagonstranspor tationwiththegiven set of connections.
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f ; — costsof connectionindependent of theamo unt of wagonstranspor tedwithit.
fij =W, +qj (9)
wherew; =12XM ; xncarewai ting costsandM;isthenormfor maxi mumal lowed
trainlengthfor mar shal lingyard j, ncare costsfor an hour of wai tingand d; are

the costs for transportationfrom yard ito yard j inde pen dent ontheamo unt of
trangported wagons.

C; - tota costsfortransportingonewagonfromyardi toyard j.

4. STEPWISE OBJECTIVE FUNCTION

Oneof theinaccuraciesof thismathemati cal model isthecost for transpor tation
from yarditoyard jindependent ontheamount of transportedwag ons. Theval ueof
dij representsin re al ity the cost for trans port ing atrain be tween yards (i,j) and as
suchisnotreally independent ontheamount of wag onstransported with connection
(i), but of ter sur passingthenormM; of the yardj growsby value d;. Thecostsfor

transportation between yards (,j)) are therefore dp; E%EM where
= é p™ xx; denotestheamount of wagonstransportedwithcojnnection(i,j).

Thet;ﬁigctivefunction isasfol lows
min é. gewj +gqiu><d.J Xy, + é. é Ci Xp" XXy (10)

(i,j)ng gM, G é, (r.s) K ()i H
Graphical representation of the fixed costsis shown in the fig ure 1.

Canem
Caom

ij ij

Waiting Waiting
costs costs

T T T T T T
M M M Wagons M M M Wagons

Only fixed costs Fixed and variable costs

Figurel
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Themath emat i cal model used up to now, writ tenin[2], does not takeinto ac-
count this stepwisein crease of fixed costs (seeFig ure 2).

Casm
Ga

d dy

Waiting Waiting
costs costs

T T T T T
M M M Wagons M M M Wagons

Only fixed costs Fixed and variable costs

Figure2

After sur passingthenormM, and af ter theneed to dispatch an other train the cost
doesnot in crease. Thispresentsaprob lem mainly by mar shal ling yardswherethe
normissmall. Thenormfor max i mumtrainlengthactually dependsontechnologi-
cal equip ment of themar shal ling yard and ex pressesthe abil ity of yard to pro cess
trains. Increasing the number of trains can lead to situationwhenthemar shal ling
would not be able to processallincomingtrains. To prevent ex cessivein creaseof
train amount trans ported over con nec tionsthat have small norm it would be ap pro-

pri atetoin cludeaway of increasingthecostswhenthenum ber of dispatchedtrains
increases.

5. APPROXIMATION OF STEPWISE OBJECTIVE FUNCTION

Wewould ap prox i matethestepwiseincreaseof theobjectivefunctionvalueaf-
ter sur passing thenorm M; with lin ear func tion asshown on thefig ure 3.
Thefixed costsare given by equation (11).

d;
fi =w; +di +M—Jj>‘C]ij (11)

whereq,; = ap® xx;". Theobjecti vefunctionisthenfol lowing
r,dK

o & 2 dj rs rso 2 2 rs _ rs
mn Q Sw+di+ ad —Expted Tyt A agxpixi (12)
(.3 Hg (rs) k M p (1.9 K(ii)i H
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dii dii
Waiting Waiting
costs costs
T T T I | |
M M M Wagons M M M Wagons
Only fixed costs Fixed and variable costs
Figure3

Howeverthisobjecti vefunctionisnolonger i near, but becau seof constraints(2)
from mathematicalmodel we can rearrange the objective function to following
form:

d;
min - 8 (wy +di)xy + & Ao xpTgT+ § —xptt (13)

(iiy H (9 KLl H g 3|K|\/|
andfur ther toform
. d 0
min a (V\/” +d )qu + a. a. C| xp XXU (14)
(. ])| (r s) K(I])|H§ M] ﬂ

Itispossi bletoesti matethemax i mal er ror wewould makeby thisap prox i ma
tion com pared to stepwiseobjectivefunction. Theer ror for ev ery connection ¢,j)
never ex ceedstheval ue dj. Sotheer ror caused by ap prox i mation would belessor
equa to a d;;-

G.iyH

Withsimpleadjustmentof approx i mationfunctionwecanobtainapproximation
withlower max i mal error. Thisadjust mentisshowninthefigure4.

Theobjectivefunctionisthen given by equation (15).

d'l % rSXXi;S_dI _ + é éqj xprs XXier (15)
2 p (.TK (i) H

Afterrearrangingweobtainthelinear objectivefunctioninform

o
min & vi. +d+ A
(.J)|Hg b .91k M;

mn a W.J 99 ><y.,+ a a Ql+i‘xp XK (16)
(i)l H Zg (s K Qi H l\/lJﬂ
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Coaa

dy dj;

Waiting Waiting
costs costs

T T T T T T

M M M Wagons M M M Wagons

Only fixed costs Fixed and variable costs
Figure4
. 9 diJ'
whichhaserrorlessorequalto g —
(iH

6. EXPERIMENTS

Toverify theasset of proposed ap prox i mations| haveper formedfol lowingex
per i ments. All ex per i mentswerecar ried out on thedataof rail way net work of Slo-
vak republic. Therewere5vari antsof in put dataandfor ev ery vari ant of in put data,
threedif fer ent vari antsof theobjectivefunctionwereused.
 original variantof objecti vefunctiongi venby eqg. (8)

e approxi mationvariant 1withobjecti vefunctiongi venby eg. (14)
« approxi mationvariant2withobjecti vefunctiongi venby eg. (16)

Tablel
Name of ex- . . Variantof objective
} variant of in put data )

periment function

ex10a : : o original variant

ex10b tlr(;u r:ar shdl ling yards, fi xed costsare 8% of to tal costs of variant1

ex10c variant2

ex10e . . original variant

10mar shal lingyards, fi xed costsare 30% of to tal costsof :

ex10f train variant1

ex10g variant2

ex42a : : 0 originalvariant

exd2b 42 mar shal ling yards, fi xed costs are 8% of to tal costs of variant1

ex42g train variant2
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Name of ex- . . Variantof objective
. variant of in put data :

periment function

ex42c . . o original variant

exd2d 42_mar shal lingyards, fi xed costsare 30% of total costsof variant 1

ex42i train variant2

exj;;e 42 mar shal ling yards, fi xed costsare 8% of total costs of 323;2?'1\/ ariant

& train, only domesticflowswereincluded .

ex42h variant2

Thesolutionsfor ex peri mentswith 10 mar shal lingyardsareopti mal solutions
obtainedwith XPRESS. Thesolutionsof ex per i mentswith42 mar shal lingyardsare
suboptimal so lu tions ob tained with heuristical pseudogradient method, which can
befoundin[Cenek].Theresultsof ex peri mentsareintable2.

Table2
Name Costs Real costs Error Num F’e' of nﬁrYwetr)ng gf nﬁ\r/nerbageof
relations trains wagons
exl0a | 34229.406 | 36506.421 2277.015 53 10.11 358.7978
ex10b 36655.564 | 36506.421 -149.143 53 10.11 358.7978
ex10c 36500.031 | 36511.600 11.569 54 9.926 351.209
ex10e 38610.965 | 47140.118 8529.154 63 8 273.2719
ex10f 47799.796 | 46963.397 -836.399 64 7.781 268.3024
ex10g 47004.870 | 46940.091 -64.779 68 7.265 248.8808
ex42a 45316.278 | 47766.268 2449.990 131 4.219 146.9504
ex42b | 48118.314 | 47885.288 -233.026 128 4.41 153.2465
ex429 47785.499 | 47802.987 17.488 134 4.151 143.8056
ex42c 38805.254 | 48593.814 9788.560 111 5.101 181.1439
ex42d 49139.956 | 48287.916 -852.040 120 4.639 164.974
ex42i 47692.451 | 47724.262 31.811 122 4.506 159.548
ex42e 13657.366 | 14126.278 468.912 101 1.883 50.0886
ex42f 14245.306 | 14033.106 -212.200 100 1912 52.2689
ex4zh 14024.392 | 14028.280 3.888 100 1.912 50.6955

From re sultsarises, that the er ror of the model com pared to step wiseob jective
function given by eq.(10) is lower in solutions obtained by pro posed ap proxi ma
tions, whereap prox i mationvari ant 2isbetter asvari ant 1.

Fromtheview point of real costsisinsomecasesorigi nal vari ant better thenpro.
posed ap prox i mation, but thedif fer ence isnot signif i cant. In caseswherethefixed
costsare30% of total costsareproposed ap prox i mationsbetter thanorigi nal model.
Whenwecom paretheav er agenum ber of trainsand av er agenum ber of transported
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wagons we can notice the effect of approximations on more even distri butionof
flows.

7. CONCLUSION

Performed ex per i mentsshowed that theval ue of objectivefunction obtained by
solvingthemathemat i cal model with pro posed ap proxi mationiscloser toreal step
wiseobjectivefunction. Ex peri mentsalsoverifiedtheinfluenceof ap proxi mations
on decreasing amount of trainsdispatched over con nectionswith lower norm.

Al thoughtheresultsobtainedwithorigi nal model whenthefixed costsare 8% of
total train costsarelower than those ob tainedin vari antswith ap prox i mations, the

dif ferenceinobjectivefunctionvaueisnot signif i cant. | wouldrecommendtheuse
of thepro posed approx i mation of stepwiseobjectivefunction.
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OPTIMIZATION OF PRODUCTION PROCESSES

IVAN BREZINA, ZUZANA CICKOVA, MARIAN REIFF

Productionlogistics supply production process from source to the sink, with
move ment of intra-firm sources, semi finished prod ucts, their ware housing and the
opti mal distri butiontoworkplacesand or gani zationof production. Itispossi bleto
reachef fi cientor gani zationof productionthroughsuit ablesequencingandschedul-
ing of productionop er ationsin chain. Sched ulingtheory aimsat solv ingtime prob
lem or space allocation of different operations through one or multiple service
objects. Schedulingmodels (in literatureoften called sequencing tasks) are con-
nected with determinationof the procedure how to run the different operations
through oneor mul ti pleser viceob jects. Thesemod elsaremainly usedto solvepro-
ductionlogisticsissues.

In the anal y sisof ef fectiveuseof ser viceobjectswithconnectiontotheiroper a
tions, vi sual tools, such as Gantt di agram, Gozinto graphs, Sched-U-diagrams, and
flux schemeof productionareused. In productionlo gisticsmeth odsbased ongraph
theory,integer programming, model sof enter prise(input-output), queueingmodel s
and dynamic programming are often used ([6], [7]). Except these classical -
proachesahugenum ber of heuristicswaswell devel oped, onwhichwewill focus.

Thecoreof sim plesched ul ingmod elsissequencing and sched ul ing of oper a
tionsononeworkingobject (machine). Among morecompli cated models(basedon
num ber of ser viceabjects) belongop er ationssequencingand sched ul ingonmore
than two service objects. Scheduling models of flux-organized systems are also
complicatedmodels. Their coreissched ul ing of fixed sequenceop er ationsto each
object (thereareelab orated sim pleheuristicsfor two, threeor moreobjects). Incase
sequencingand sched ul ing op er ationsac cordingtothetypeor kinshipisrequired,
wearetak ing about se quencing mod elsof phasesystems.

In case of mul ti ple ser viceob jects (weassume, they arein serial or der, and so
formaline), whentheor der of pro cessing of each op er ationisim por tant (equal or-
der of real ization of each op er ation), we aretalk ing about FLOW SHOP systems.
Whenserviceabjectsareinseria or der anditispossi bletoreal izeanar bitrary order
crossing of each op er ation (withincom plex tasksthat or derisusually equal), weare
talk ing about JOB SHOP systems. If thereisgivenanag gregateof op er ationswith
out cat egori zationtojoint tasks(theop er ationsdon’ t haveagiven or der inthetask)

and ag gregate of ser viceobjects, (each op er ationisassignedto one ser viceob ject
and the or der of rea izationof op er ationsisar bi trary) wearetalk ing about OPEN

SHOP systems ([8]).
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A special kind of deci sion-making mod el saremod el sof assembly linebal ance,
whicharechar acter isticfor massassembly lineproduction. Thesemod elsarevery
extensiveinpractical applications.

In each task of sched ul ingnoper ationstomser viceobjects(machines), itispos-
si bleto specify thesein put data(quanti ties):

* thesetof operationsnandtheirorder{o, o,, ...,0},

* thesetof servi ceobjects mandtheirorder{s, s,, ..., S},

* theduedaterequi redtocompleteoperationd;

* theprocessingtimeof j-thoperationoni-thservi ceobjectt;.

Foreval uationof schedul ingor sequencingareusedrel atively simpleopti mi za
tioncri teria. Onegroup of cri teriacon sistsof themax i mum of com pletiontimeof
each op er ation and the other con sistsof thesum of com pletiontimeof theseoper a
tions. Thegoal of these both groupsof cri teriaistheef fort to mini mizethe cost con
nected to the time of real izationof oper ations, sowiththetimeinter val spentinthe
production system,respectively the effort to minimize the fall behind schedule
(lateness) com paredtotherequired duedateof finishingoper ation, and thepenalty
fol lowingfromit, or ef fort to mini mizethe num ber of latetasks.

Accordingtothenum ber of ser viceobjectsitispossi bletodi videal gorithmsto
systemwith oneor mul ti pleser vice ob jects. Wearetalk ing about asingle ser vice
ob ject system, if we have one avail able ser viceob ject (machine) to servenoper a
tions. To solvethem we of ten use one of thesim ple heuristicsfor sin gle ser vice ob-
ject:

» Moore' sal gorithm,
» Smith’sal gorithm,
» Lawler’sa gorithm.

Moor e’ sal gorithm (Moore 1968) co mesout from therequire ment, that noop er-
ationisex ecutedlate. Incaseitisnot possi bleto ac com plishthisrequirement, the

next criterion can be the minimization of the total number of late operations.
Moore' sal gorithmal lowsto reachthisgoal, and soto gain such or der of op er ations
ontheserviceabject,inor dertomini mizethenumber of |ateop er ations(lateness).
Smith’ sal gorithmisbased on adif fer ent ap proach. Thegoal isto make such an
operations schedule, that no operation is overdue according to desired term (due
date) of completingoperationd.
Thereal izationof Lawler’ sal gorithm(Lawler 1973) securestomini mizetheto
tal sum of weighed late ness(over due). In sched ul ing of productionprocessoper a
tions, there are two conditions directly influencing sequencing of operationsof
productionprocess:
» precedenceconstrains, whichrestrict operations, thereali zationof whichiscon
strainttofol lowtheprocessing (technologi cal ortechni cal connection),
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- weighting factorsw;, which re pre sent theim por tan ce of each operation (job) -
thepreferen ceof each operationisgi venasfol lows: thelower theweight, the
higher thepreferenceof relevant operation.

For thesolution of FLOW SHOP systems(sched ul ing system of op er ationson
seriad ordered service objects with equal order of operations) ex cept other @ -
proaches (like Branch and bound method used to solveinte ger pro gram ming tasks)
dif fer ent heuristics are used and the best-known are:

« Johnson’sal gorithms,

e Pamer’sheuristic,

e Grupt’sheuristic,

o Campbell’s, Dudek’ sand Smith’ sheuristic.

The best-known Johnson' sal gorithm (John son 1954) isdesig nated for twofol-
lowingserviceobjectsM ; and M, . Thetar getistomini mizethemax i mumval uesof
pro cessingtimeof op er ations, or mini mizethemax i mumover all timetocomplete
all the op er ations, whichisknown asthe makespan of the sched ule. In casewehave
got three ser vice ob jects (machines) M, M, M3 and each op er ation must be pro-
cessed first on M1, then on M2, and fi nally on M3, we can use Johnson’ sal gorithm
for three-object FLOW SHOP.

Thesolutionof thegiven problemsseemsto beeasy. But weshouldreal ize, that
withthegrow ing num ber of ser viceob jectsal so thenum ber of solutionvari antsof
each task grows. These tasks belong to combi natorial opti mi zationtasks. Real iza
tion of noperationsgivesusn! possi blecombi nationsof schedul ingoper ationson
singleserviceobject. If weconsider mser viceobjects, thenumber of possi blecom-
bi nationsis(n!)™. Tofindanef fectivescheduleof real izationof oper ationsmeansto
opti mizetheef fectiveness(pur pose) function, inour casetomini mizetheover due
(downtime) of each ser viceaobject. For solving suchtasksthecompleteenumer ation
method or other heuristics are used.

With Palmer’s heuridtic it is possible to construct a permutation schedule,in
whichtheor derisequal for eachn oper ationsonallm ser viceobjects(thenum ber of
ser viceobjectsisnot limitedwiththreeobjectslikeintheprevi ousal gorithm). The
goal isagainto opti mizetheover due (downtime) of each ser viceabject, thusmini-
mizethemax i mumval uesof pro cessingtimeof op er ations, or mini mizethemax -
mumover all timetocompleteall theoper ations, consequently wehavegot selected
solutionfrom(n)™* possibilities.

With Grupt’sheuristic it is possible to makesuch a permutationschedule, the
tar get of whichisa sotomini mizetheover due(downtime) of each mserviceobject,
thusmini mizethemax i mumval uesof pro cessingtimeofn operations,ormini mize
themax i mumover all timetocompleteall theoper ations.

Campbell’s, Dudek’ sand Smith’ sheuristic (Camp bell 1970) hasgot m-1 stages,
and in each stagefromtheorigi nal mul ti ple-object prob lem atwo-object prob lem
results. For the two-object problem we can compute suboptimal permutationof
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tasks, with Johnson’ sal gorithmfortwofol lowingser viceobjects. Af term-1 stages
we get m1 per mutationschedulesand consecutively select onewiththemini mum
over due(downtime).

For solvingtheJOB SHOPsystems(systemsof schedul ingoper ationsonserial
or dered ob jectswith equal or der of op er ationsinonegiventask andreal ization of
eachtask isinarandomor der) for examplegraphmethod, integer programmingand
heuristics are used. The best-known heuristics are:

» Johnson’sal gorithmfor two non-following ser vi ceobjects,
* dgorithm generatingacti veschedules(Gif flerand Thompson),

* dgorithmforgeneratingnondelay schedules,
« Bottleneckheuristic.

In case, that mserviceobjectsareinparal lel or der andnoper ationsshouldbere
al ized onthem and each op er ation can bereal ized onany random ser viceob ject at
processingtimet;;, wecantalk about par al |el identi cal ser viceobjects(facil i ties).

Rel ativelywell-knownal gorithmsusedfor schedul ingoper ationsonpar al | el or
dered serviceobjectsareamongothers:

» McNaughton'’sal gorithm,
» Hu'sal gorithm,
* Muntz-Coffmanal gorithm (Muntz 1969).

McNaughton’ sal gorithm(Mc Naughton 1961) co mesfrom theas sumption, that
we have mpar al lel or dered ser vice objects and must real izenop er ationsonthem.
Theseop er ationscan beinter rupted and oneop er ation can’t be pro cessed on two
ser viceob jectsat the sametime.

Hu’ sal gorithm(Hu 1961) isdesig nated to make up work ing sched ulefor par a-
|lel objects. Inthiscaseprocessingtimeof oper ation gisnot considered(eachoper &
tion has a simple processing time t=1) and precedent redization on the set of
op er ationshasashapeof aproductiontree. Thismeanseach nodehasnot morethan
onefol lower. Therelationsbetweenthenodesaregivenby techni cal andtechnolog

i cal connections. Thetask isto match n operations to m serviceobjects.
In bigger production plantswe of ten seethat inthepro duction pro cessthe prod-

uct goes through several work ing placesandtheproductionprocessisreal izedin
regularintervals. Itistypi cal forassemblylineproductionandassemblylineinvai-
ousindustrial sectors, mostly inmechani cal engi neeringandhigh-techindustries.

In assembly lineproduction,itisnot possi bletointer rupttechnologi cal connec
tion of jobsanditiseconomi cal to pay at ten tion to task each work placeequally. In
literaturethisproblemisknownasassembly linebal ancing. Thecoreof theproblem
istoassignsingle op er ationsto workplaceswith no con straintsin tech ni cal and
technological or assembly connection to redized job operations and
well-proportioned distri bution of work toeachwork place. If theassembly lineisnot
bal anced, down timewill oc cur at workplaces.
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Typical problemsare:

* mi ni mi zing thenum ber of wor kplacesingi ventime, duringwhichtheproduct
staysoneachwor kplace(productiontact)

* mi ni mi zing thetime, du ringwhich pro duct stayson eachwor kplace, at agi ven
number of wor kplaces,

* mini mi zingtheunuti li zedtimeof wholeassembly line,if itispossibletochoose
thetime, du ring which the pro duct stayson eachwor kplaceat gi ven num ber of
workplaces,

Generallyit spossi bletodi videthemeth odsfor solvingthegivenproblemsinto:
« analytical (exact) methods, which give optimal solution, but for most difficult

computationthey arenotsui tablefor sol vingpracti cal,usual ly very complexand

extensi veissues.

» heuristics,arebasedonempi ri cal obser vation, whichmay notleadtoopti mal so-
lution, butguaranteearelati vely simpleandeconomi cal way tofindanef fecti ve
solution.

Best-knownanalyti cal approachesare:

« approachesofinteger programming(Bowman, White),

» methodsof dy namicprogramming (Held, Karp, Shareshian, Jackson)

» combi natorial met hods—met hodsbased onprecedent matrix or Branchandbo
undmethod(El hambry),

» methodsof network modeling - based onfindingtheshor test way (Gut jahr, Ne
mhauser,Mansoor),

» simulationmethods
One of the best known and most applied heurigtic is the weight technique

(Mansoor). Thismethod co mesout from con struc tion of ori en tated net work (prog-

ressdi agram), whichdescribestechnologi cal, techni cal or assembly connectionof

singleoperations.

The core of the ap proach of thismethodisinassigningthepar ticular quantity
(weight w; ) toeachsingleoper ation. Com putedweightsw; eval uatethemeaning of
eachoperation and according to them operations are categorized to workplaces.
The weightsw; arecom puted asasumof processingtimeof thegivenoper ationand
of theweightsof all fol lowingoper ations, whichdi rectly depend onthat op er ation.
Thismethod givestothoseoper ationspref er ential treat ment onwhichthefol lowing
operationsdepend.
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THE POSSIBILITIES OF FURTHER
DEVELOPMENT OF ALGORITHMS FOR
SOLVING THE UNCAPACITATED FACILITY
LOCATION PROBLEM

LUBOS BUZNA

1. INTRODUCTION

Theuncapacitatedfacil ity lo cation problemisabroadly ex ploitedintheareaof
opti mi zationof pri vateand publicser vices, whereispossi bletomodel whol eset of
locationproblemsusingthisproblemasasolving pattern (Janéacek, 2004). It ap pears
inlit er atureasauncapacitated facil ity lo cationproblem, or alsosimpleplantloca
tionproblem.

Thegoal istochose, socalled, facil i ties, what could bestores, su per mar kets, of-
fices, hospi tals, etc., fromfi niteset| (candi datesfor placingafacil ity) andtoassign
to them customersdefinedwithset J, what could be dwell ersof autonomyareas,
buy ers, or smaller shops, etc. Thereisarequirement to assign ev ery customer, just
toonefacil ity. Thecor responding problem can bewrit tenintheform:

Lo o] o o
Minimz a fixy+a a g xz (1)
i il
Subjectto '

az =1 for jT J (2)

i
z £y, foril | and jT J (3)
v x; 1{0,1} foril I and jT J (4)

wherey; arebi naryvariablesobtai ningavaluel, if thefaci li ty islocatedinacandi-

dateplacei and thevalueOot her wi se. Thevariablezjarea sobi nary variableswith
value linacaseof assigningthecustomer jtothefacili tyi and O otherwise.

To solve this problem was proposed big amount of al gorithms.According the
present liter ature(Crainic, 2002), aprocedureDualLoc (Erlenkotter, 1978) is till
ap pear ing one of themost ef fec tive. At theground work of thispro cedurewerecre
atedal gorithmsBBDual (Janacek,1998) and PDLoc (Korkel, 1989), which em ploy
abranch and bound method for seek ing out theopti mal solution. The paperisor ga
nized asfol lows. Wearebriefly introducingtheprinci pleof Dual Locprocedureand
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describingthedif fer encesbetweenPDLoc and BBDual in sections 2, 3 and 4. Sec-
tion5 com parestheef fi ciency of BBDual and PDLoc, to solve the same sized “ stan-
dard” locationproblemsandthemax i mumdistanceproblem. Toconcludethepaper
the section 6 sums up the possibilities for further development of agorithms
BBDual and PDLoc.

2. PROCEDURE DUALLOC

ProcedureDualLoc a lowstofindasolutionof problem (1) —(4) withef fi ciently
way. Theprocessof solvingisbased onfindingthefeasi blesolution, asgood aspos
si ble(thevalueof objectivefunctionisashighaspossi ble) of theproblem(5) - (6),
what isdual problemtotheLPrelax ation of problem (1) - (4).

Maximize  z, = é n; (5)
Subjectto 1
s:fi—é max (0,n; —¢; )3 0 for ji J (6)

Tofindthissolutionwé:lspro posed amethod, called dual ascent. Itisincreasing
inacy cletheval uesof vari ableszp, until al vari ablesare bl ocked by the con straints
(6). Thevalueof objectivefunction (5 is the lower bound for optimal solutionof
origi nal problem(1)-(4).Feasi blepri mal integer solutionisthenderivedfromdual
solution, with the intention, to satisfy thecom plementary condi tions(7) - (9), as
close as poss ble. Thevalueof objectivefunction z,, of thispri mal solution, isthe
upper bound of the ac tual branch.

[ —n +max (0n; —c;)] ;=0 forjT 3,il | 7)
sy =0 forill (8)
(yi—x; )max(on;—¢ )=0 forji J,il | (9)

If there is a gap between lower and up per bound, the ob tained dual solutionis
fur ther modi fiedwithapro cedurecalled dual adjust ment, whichal lowsmore, toirnr
creasethevalueof objectivefunction. Thedual adjust ment procedureisperforming
the dual alternations (is try ingincy cletoidentify avari ablez, whichdecreasing

about a posi tivevalue, al lowstoin crease morethen one oth ersvari ablesabout the
samevalue) andissub sequently updatingthepri mal solution.

Theopti mal solutionwecanfind using abranch and bound scheme. Thebranch
ing pro cessrunover thevari ablesy;. Asalower bound isused thevalue of objective
function of relevant dual subproblem. The up per bound isthe value of ob jective
function of pri mal problem gener ated from dual subproblem.
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3. ALGORITHM PDLOC

Theal gorithmPDLoc (K érkel, 1989) wasderived fromthepro ce dureDual Loc.
The optimal solution is traced with the branch and bound approach, using a best
bound strategy. The disadvantage of this strategy is the inauspi ciouscomputer
mem ory con sump tion caused by thenecessity, tostoreall bright dual solution, for

the occasion of their future using. Algorithm employs more effectively working
procedure dual ascent and also more sophisticated procedure dua adjustment,

whereisthenumber of it er ationdeter mined ac cordingthesizeof problem(number
of facilitiesand customers). Thedemerit placeof pro ceduredual ascent, isacase,
whenisabigdif fer encebetweencoef fi cientsf; and¢;; (f; >>c;). Thenisthedual as
cent very timeconsuming, becauseittakesalongtimeuntil itisfilled upthe“ capac
ity”, for vari ablesz, escalation, restricted by theconstraints(6). Thisdif fi culty of
al gorithmPDLoc, elimi natestheincor porating of multi dual ascent procedure. This
procedureat first setsthevari ablesz, at thehighest valueasclassi cal dua ascent, it
canalsobreak theconstraint( 6), af ter that thevari ablesz, aremodi fiedtoful fil con-

strains (6) and thenisused theclassi cal dual ascent pro cedure.
Theal gorithmPdLochasalsoimproved procedurefor finding pri mary solution.

Itimplementsachangesinaor der of openingfacil i tiesal ways, whenprocedureis
called. Thebest bound strat egy opensup thepossi bil ity for fix ating of vari ablesy,
toval ueslor Oduringsolvingprocess, what reducesthesizeof problem. Toverify,
if wecanfix somevari abletoval ues1or0, ornot,isconsider ably timeconsuming.
Inor der tosaveacom putationtime, wefix vari ablesonly, whenitispossi bletofix a
greatly vol umeof vari ablesy; concurrently.

Theal gorithmisstor ingin memory, only dual solutions, by reason of, we must
af tertak ingout thesolutionfrommemory, torecal culatethepri mary solution. We
needittodo, tofindavari ablefor branching. Toquickly recal culatethe pri mary so-
lution, was pro posed aspecia heuristics ap proach. This heuristics do not give such
good solution as previous one, but this so lution ismore proper for choosing the
branching vari able. Asthebranching vari ableisused avari able, which breaksthe
complementary constraints( 6) mostconsider ably.

Tokeep alength of paper inreason ablelim its, we have only sketched the main
attributesof al gorithmPDLoc, tohaveamoredetailed description of thisal gorithm,
we can sug gest to the reader the pa per (Korkel, 1989).

4. ALGORITHM BBDUAL
Thefoundationof formulational gorithmBBDual (Janacek, 1998), was also pro-

cedure DualLoc. To trace optimal solution, the branch and bound method with
depth first strat egy isem ployed. Thisstrat egy ismore mem ory sav ingsand it re-
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quireslessdatamovement op er ations. Thedisadvantageis, thatitisnot sosimpleto
reducesizeof problemdur ing thesolv ing pro cess.

Inthe(Buzna, 2003) aredescribedindetail bothal gorithmsandthereispresenta
comprehensiveanal y sisof ef fi ciency of mostimpor tant proceduresseparately and
also both algorithms in complex. For magjority of benchmark the agorithms
achieved relatively equivaent time consumption. The al gorithm BBDual was
slightly moreé€f fi cient, but at aspe cial group of benchmarks, wheref, >>c;, wasal -
gorithmPDLoc sig nif i cantly moreef fi cient, asyou can seeintabletab. 1.

Tab. 1

Sizeof problem PDL oc BBDual

(NP1 ts, [9] ts [S] ty[9] ty, [9]
100~ 2906 0.545 1.414 35.348 0.266
400" 2906 0.879 3.048 879.516 1.856
700" 2906 1.295 11.681 1936.640 11.309
1000~ 2906 1.756 15.285 3952.100 20.429

Overadl average times in seconds, a 10 benchmarks problems, for algorithms PDLoc
andBBDual,

ty - theti mesforgroupof benchmarkswhere fi >>gj(only onefacility isplacedinop-
timal solution),
t — theti mesfor benchmarks, whichhave|l |/2placedfacilitiesinopti mal solution.

S2

Afterdetailedanal y sisof computationchar acteristicsbothal gorithmsandrecip
rocal ex changeof posi tiveimprovementsbetweenbothal gorithms, wesuggestedin
(Buzna, 2003) our ownmodi fi cations, what brought asav ingsincomputationtime
asyou can seeintabletab. 2.

Tab. 2
Sizeof problem PDL ocf BBDualh
N t; [9] to [S] te[9] to[9]
100" 2906 0.583 0.834 0.121 0.194
400" 2906 2.384 1.616 1514 1.109
700" 2906 7.152 7.810 5.556 5.585
1000~ 2906 14.036 6.650 11.466 7.764

Overall averageti mesinsecondsatl 0 benchmarksproblemsfor improvedver sionof al go-

rithms PDLocf and BBDualh,

t — theti mesfor groupof benchmarkswhere f; >>g;(only onefaci li ty isplacedinop-
timal solution),

t, — thetimesforbenchmarks whichhave|l|/2placedfacilitiesinoptimal solution.

S1
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Themost mark edly have contrib uted to thedecreasing of com putationtime, the
take over of multi dual ascent tothe BBDual and new way of or der ingcustomersin
dual accentprocedure.

5. THE MAXIMUM DISTANCE PROBLEM

Aswementionedinsection 1, theuncapacitatedfacil ity location problemisap
propriate to solve the whole set of o cation prob lems. Oneof thisprob lemsisthe
maxi mumdistanceproblem. Inthisproblemisthecustomersdemandconsideredas
asatisfied, whenthenear estfacil ity isplaced nearer thendistance D. The model of
max i mumdistanceproblem, canbewritteninfol lowingway:

Minimize § v, (1)

Subjectto "

aysi forjlJ (2)

i N;
wherey,;arethebi nary variables, setatvaluel, if thereisaplacedfacili tyincandi-
dateplacei andat value Ootherwise, N; ={iT I: dij £D}.Inour ex peri mentswe used
the benchmarks from testingal gorithmsBBDual and PDLoc, which were derived
from Slovak road network (Buz na, 2003) andweset D = 80km. To sol vethemaxi-
mumdistanceproblemwithal gorithmsBBDual and PDLoc wetransfor medtheunt
capaci tatedfacilitylocationproblembysettingf =2 foril |, andc; =1 forjl Jand
iT N,and g; =4 otherwise,

Tab. 3.
Sizeof problem P[E:nLiﬁ]d BBDualh[min]
100 2906 7,99 0,23
200" 2906 533,13 >24hourd
300" 2906 >24hours >24hours

Overall averageti mes,at 10benchmarks problemsinmi nutes, forimprovedver sionof algo-
rithmsPDL ocf and BBDu alh sol vingthemaxi mumdistanceproblem.

Asit is shown in tabletab. 3, bothexamineda gorithmsachievedsignifi cantly
worse com putational timesat thebench mark problemsof thesamesize, asintable
tab. 2, wherewerecoef fi cientsc; set propor tional tothedistancesbetweenobjectin

Intimeli mit 24 ho urswere sol ved only 7 from 10 ben chmarks.
Intimeli mit 24 ho urswas sol ved only one ben chmark problem, intime 780,42 mi nutes.
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road network. Thissettingsismorefavour ablefor a gorithms, becausedif fer ence
betweencoefficients G; andtheirdistri bution, predeter minedwithspatial spreading
of customers, enablesquick est elimi nation of gap between|ower and up per bound.
Thesimi lar deteri orationof computationpropertiesof ex actal gorithmsfor solving
uncapecitated facil ity locationproblemwas ob servedinproblemswithrandomly
generated coefficient Cjj and f,. To limit this adversephenomenon, we tried to use
thls settmgsofcoefﬂuents f=2foril I, and c; = 1forj T Jandil N, and

= 4+¢;; otherwise. The coeff|C|entst were taken over from origina location
prob I ems 5. Thisat tempt did not bring theremark ableachieve ment.

6. THE POSSIBILITIES OF FURTHER DEVELOPMENT
OF ALGORITHMS BBDUAL AND PDLOC

Aswassigni fiedinprevi ouspartsof arti cle, thereisstill themoti vationstoded
cate a effort, to improve the computational properties of both exactsal gorithm
BBDual and PDLoc. Thereasonsarein sizeof uncapacitatedfacil ity lo cation prob-
lems com ing from praxis and also in adverse behaviour of al gorithmsinspecial
cases, likethemax i mumdistanceproblem.

Theim por tant at trib ute of both al go rithmsisafind ing thetrade offs be tween,
how much time to spend to improve a dual solutioninproceduredual ascent and
dual ad just ment and how many branchesto searching, de pend ing at the size of the
problem. Hereisahugeareato ex per i ment with al go rithmsset tingsdur ing dual ad-
justment, where would be possible to inten sify more thor ough the num ber of per-
formed op er ationsdepending on sizeof problem. Therewould bealso possi ble, to
estimatethedif fi culty inac cor dancewithdistri butionof coef fi cientsinobjective
functionandto settheat trib utesof a gorithms.

Infront of thepro cessof branchinginal gorithm BBDual, ispossi blethefix ation
of vari ablesy, toincor porate, toreducethesizeof problem. Thereisconceiv abletry
todefinemoreef fectivecri teriafor selectionof vari ablefor branchingaswell. The
separatesectionof futureresearch, could beamentioned ad versebehaviour of al go
rithms BBDual and PDLoc, attheproblemswithunnat ural settingsof coef fi cientsin
objectivefunction.

7. CONCLUSIONS

Wehavebriefly intro ducetheprinci plesof proce dure Dual Loc and have con-
cisely describedthederived ex act al gorithmsBBDual and PDLoc. We have shown
their computational properties at practical uncapacitated location problems and
havecom paredthemwiththemaxi mumdistanceproblem. Themaxi mumdistance
problemand problems, withunnat ural settingsof coef fi cientsinobjectivefunction,
havehadvery ad versecom putational timeconsumption. Thisphenomenonandal so
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effort to increase a computational efficiency of exacts algorithms for solving
uncapacitatedfacil ity locationproblem, islegiti matefor praxisand coul d betopic of
afurtherresearch.
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MODEL FOR ANALYSIS AND PROGNOSIS OF
DAILY REVENUES OF THE STATE TREASURY
OF THE SLOVAK REPUBLIC

MICHAL FENDEK

Abstract Inthe paperisdescribed the mo del sur ro un dings for analy sis and prog no.
sisofdailyrevenuesofthe State Treasury of the Slo vak Re pub lic. This mo-
del surroundings is aimed at sup port of ef fi cient ope ra tion of the Sta te
Treasury System through qualified information about day-to-day
shortterm forecast of the tax revenues development in the view of the
single quar tersandres pective months of the cur rentyear.

Keywords:taxrevenues, personalincometaxes,corporateincometaxes,witholding
incometaxes,valuead dedtax, excisetaxes,statetreasury

1. INTRODUCTION

In paper we depictthemethodologi cal ap proach ap plied withtheanal y sisand
prognosis of the State Treasury day-to-day incomes stemming from personal in-
cometaxes, cor po ratein cometaxes, witholding in cometaxes, value added tax and
ex cisetaxes. Thepaper presentsresultsfor theanal y sisandforecasting of the State
Treasury incomesconsistingof
* Persona incometaxes, cor porateincometaxesandwithol dingincometaxes
* Valueaddedtax
» Excisetaxes

Theaimisto design aprog no sisof daily changes on the ac counts of the above
mentioned tax itemswhiletak inginto consider ationahistor i cal profileof their de
velopment, num ber of non-business days (hol i days) in thefore casted month with
apossi hil ity forex ogenousvari antdef i ni tionsof monthly prognosisof thebal ances
on the men tioned ac counts.

Thetopi cal know! edgeof econometricmodel lingandsoftwareproductsappli ca
ble for economic-mathematical modelling were used for solving of the problem.
How ever, thefi nal ob jectivewasto create suchamodel sur roundingsthat en ables
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the State Treasury em ploy eesto makean ef fi cient and au ton o mous use of the sys.
tem without requirements for specific expertise in econometrics and eco -
nomic-mathematical modelling.

2. DATABASE OF THE MODEL AND METHODOLOGY
OF ANALYSIS

Theini tial databasefor asolving of theproject arehistor i cal dataof State Trea
sury rev enuesinthestructurepro vided by Tax Di rector ateof the Slovak Republic
and Customs Directorate of the Slovak Republic. We dispose of complete
day-to-day timeseriesconcerningdaily devel opment of changesin Per sonal income

taxes, cor po ratein cometaxes, with holding in cometaxes, Value added tax and Ex-
cisetaxesfor theperiod from 01.01.2000 to 30.06.2003 in ac cor dancewith the Eco-

nomicclassi fi cationof incomes, grants, loansand other fi nancial advances[2] inthe
followingstructure:

111001 Tax on dependentactivity andemol umentsof of fi cers
111002 Tax on busi nessactivity andotherindependentgainful activity
112001 Corporateincometax  (residents)

112002 Corporateincometax  (non-residents)

113001 Withholdingincometax (frompri vateindi viduals)
113002 Withholdingincometax (fromlegal enti ties)

Value added tax real ised through Tax of fices of SR
131001 VAT
131002 Claimed over-deduction of VAT

Valueadded tax real ised through Customsauthor i tiesof SR
dph0705 VAT

Ex cisetax real ised through Tax of ficesof SR
132001 Tax on minera oils

132002 Tax rebateof paid tax on min eral oils
132003 Tax on acohol

132004 Tax rebateof paidtax onal cohol
132005 Tax on beer

132006 Tax rebate of paid tax on beer

132007 Tax on wine

132008 Tax rebate of paid tax onwine
132009 Tax on tobaccoandtobacco products
132007 Tax rebateonto baccoandtobacco products
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Ex cisetax real ised through Customsauthori tiesof SR
spd1791 Tax on mineral oils(inland)

spd2700 Tax on mineral oils(import)

spd2719 Tax on acohol

spd2727 Tax on wine

spd2735 Tax on beer

§pd2743 Tax on tobaccoandtobacco products

Themethodol ogy ap pliedfor afor mationof themodel al lowsthe State Treasury
analyststosolvethefol low ingtasks:

(a) tomakeac cessto histor i cal timeseriesof daily changeson theac countsof in di-
vidual tax itemsin atranspar ent form,

(b) to make ac cesstohistori cal timeseriesof accumulativedaily val uesof theac
counts of singletax itemsinatranspar ent form,

(c) basedonhistori cal datatogener atequal i fied predictionsof devel opment of ac
cumulativedaily va uesof bal ancesonthesin gletax item ac countswith an ap-
pli cationof econometricap proaches.

(d) totransformatetheprognosisof accumulativedaily val uesof bal ancesontheac
countsof singletax itemsinsuch away, that it takesinto consid er ation acal en-
dar of acur rent monthintermsof non-working days, i.e. hol i days, Sat ur daysand
Sundays,

(e) based onatransformedforecast of devel op ment of accumulativedaily val uesof
bal ancesontheac countsof singletax itemsto derivean ad e quate prog no sisof
daily changesof bal ancesontheac countssothat, it reflectsacal endar of acur-
rent month in re spect of non-working days,

(f) based onapredictionof profilesof daily changesof bal anceson theac countsof
Per sonal in cometaxes, cor po ratein cometaxesand witholdingin cometaxesto
gener ateshort-termforecastsof daily changesof bal ancesontheac countsunder
al ter natively defined ex pected bal ancesonthe ac countsat theend of pre dicted
months,

(g)togener ateanal ogoudy short-termforecastsof accumulativeval uesof daily bal-
ancesontheac countsun der al ter natively defined ex pected bal ancesontheac-
counts at the end of fore casted months.

Accumulative daily developmentof personal income taxes, corporateincome
taxesand with hold ing taxes, value added tax and ex cisetaxes ispredicted through
individual regress equations. Their parameters were estimated in the programme

systemSoritec for Win dows viaap pli cationof Cochrane-Orcutt tech niqueused for
elimi nation of stated auto-correlation.
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This methodol ogyisreal ised on the base of Excel mode in surroundings of
programme system Micosoft ® Ex cel 2000 and the out puts are gen er ously doc u-
mented andil lustrated inthe sur round ingsof alarge graphic sup port.

Theini tial display of thereal bal ancesonthesingleac countsof taxincomes, (ex
pected values) set by the user is in Figure 1. The graphicalinterpretations of the
prognosisof per sonal incometax (tax ondependent activ ity and emol umentsof of fi-
cers) —daily changes — 3 quar terisinFigure 2.

3. CONCLUSION

Inthepaper wepresented amodel sup portiveap paratusfor anal y sisand progno

sisof theState Treasury rev enuesstem ming from Per sonal incometaxes, cor porate
in come taxes, witholding in cometaxes, Vaue added tax and Ex cisetaxes. The his.

tori cal databaseof thesystem of mod el sisformedby daily timeserieschar acteriz
ingindi vidual tax incomesof thestated structureof publicfundsfor theperiodof the
years 2000 to 2003Q2.

The out come of reali sation of the model isadaily fore cast of rev e nues of the
State Treasury SRfor indi vid ual monthsof anob served year, whereby inthecourse
of theyear themodel en ablesto up dateinfor mationabout finished months. Thepre
sented model providesinfor mation about prog nosisintworegimesof work:

(1) asaresultof thepredictionfol lowingfromhistori cal databasesof modelson
thebasisof economet ricmod elscon cerningtax rev enuesdevel op ment of the State
Treasury of theSlovak Republic,

(2) as aresult of theforecast tak ing into ac count indi vid ual def i ni tionsof ex-
pected monthly rev enuesof singletax systemitems, respondingtotheantici pated
short-termcur rent devel op ment of thesystem

Mode solutionsof all vari antsof forecastsof devel opment of indi vidual tax sys
temitemsaresup ported by filesof il lustrat ing graphs.
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EVALUATION OF UNIVERSITY GRADUATES
TECHNICAL EFFICIENCY USING DATA
ENVELOPMENT ANALYSIS COMBINED

WITH MULTIPLE CORRESPONDENCE
ANALYSIS: THE CASE OF THE UNIVERSITY OF

FLORENCE

GUIDO FERRARI, TIZIANA LAURETI

Abstract: Theaim of thispaper isto useamo di fied two-stage tech ni quetoin sert
thestudents' characteristicsintoatechni cal ef fi ciency evaluationof the
Italianuni ver si ty systembasedonDataEnvelopment Analy sis(DEA).In
thefirst stage, Mul ti pleCorrespondenceAnaly sis(MCA) isappliedtoa
set of variables, whichdescri betheuni ver si ty edu cational process, toob
tainareducednumber of factorsthatindi catethestudents' characteristics
aswell asthefaculties' ones. Inthesecondstage, DEA isusedtoevaluate
graduates’ techni cal ef fi ciency based onthisreduced number of factors.
Evi dencefrom 1998 graduatesintheUni ver si ty of Florenceisprovi ded
toshow thepotentiali ty of thisproceduretoidenti fy theshareof ef fi cien
cy duetostudents' capaci ty and that dueto Faculties ef fi ciencyinreso
urcessupplying.

Keywords:Multi pleCorrespondenceAnalysis, DataEnvelopmentAnalysis, Fron
tier Techni cal Efficiency.

1. INTRODUCTION

A special interestisgrowingintheltal ianuni ver sity systemonissuesrelatedto
themeasurement of productiveef fi ciency of theuni ver si ties, and onthecon struc
tion of related performance indicators. Since a university can be thought of as a
multi-product firm (Johnes, 1993), per for manceindi catorsmight becon structedfor
dif ferentfeatures(e.g.inter nal perfor manceindi catorsrelatedtocompletionspells,
exam scores and fi nal de gree score, etc.).

By andlarge, uni ver sity ef fi ciency anal y sishasfol lowed threeap proaches:

(i) a univer sity level ap proach, wheretheunit of ob ser vationisthein sti tute of
higher ed u cationit self (Johnes, 1996; Breu and Raab, 1994; Sarrico et al.1997);
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(i) asubject level one, wheretheunit of ob ser vationisade part ment (Beasley,
1990, 1995; Johnes and Johnes, 1993); and

(iii) anindi vid ual level ap proach, wherethe unit of ob ser vationisthe stu dent
(Ferrari and Laureti, 2002).

Different meth ods have also been used, the main distinc tion be ing be tween a
paramet ric ap proach and anon-parametric one. Paramet rictech niquesthat usu ally
havebeenusedincluderegressionmeth odsandlimited dependent vari ablemodels
(see, as an example, Smith and Naylor, 2001). Non-parametric methods have
largely been based upon DataEnvel op ment Anal y sis(DEA) (Lovell and Schmidt,

1988).
Thepur poseof thispaperistoeval uatethefrontier ef fi ciency of thehumancapi-

tal for mationintheUni ver sity of Flor ence. Inparticular, wewill useDEA toobtain
measuresof theef fi ciency inthepro duction of thegrad u atesat the Uni ver sity of
Flor encein 1998.

Multiple CorrespondenceAnaysis (MCA) is used in this paper to insert stu-
dents’ char acteristicsintoaDEA-basedef fi ciency eval uation procedure. Thissug
gested two-stage procedure allows to directly evaluatethe impact of students’
characteristics on their performance, by avoiding the bias due to the use of the
two-sltageprocedurethattypi callyisutilizedtoincor porateenvironmental ef fectsin
DEA".

Fur ther more, theuse of MCA en ablesto reducethe num ber of in putswith mini-
mum loss of information. As the graduates are nested into degree course
programmes, our two-stage pro cedure- that usesthe M CA load ingsto measurethe
techni cal ef fi ciency of thegrad u ates—isin spired by the onesug gested by Charnes,
et al.(1981) and re cently devel oped by Portelaand Thanassoulis (2002).

Thepaperisorganisedasfol lows. Inthenext Section, thehuman capi tal for ma
tionprocessintheltal ianuni ver sityisregarded asa“ classic” productionprocess. In
Section 3, the MCA-DEA based two-step efficiency evaluationprocedure is dis-
cussed. In Section4, datafrom Flor ence Uni ver sity arediscussed and someempir i-
cd resultsfromtheef fi ciency esti mation arepre sented. Section 5 con cludeswith
somecommentson procedureand results.

2. THE UNIVERSITY PRODUCTION PROCESS OF
A GRADUATE

Thefor mation of agrad uateintheuni ver sity canbeviewed asaproductionpro
cess, eventhough char acter ized by specificfeaturesthat makeit peculiarintheclas
sic production process framework (Ferrari and Laureti, 2002). The university,

I n deed, thety pi cal two- stageapproachfol lowsafirst stageDEA exer ci sebased onin putsand out puts, and a

secondstageregressionanaly sisa mingat ex plai ningvariationsinfirst stageef ficien cy sco resintermsof a
vector of observableexogenousvariables(e.g. Pittand Lee, 1981).
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through thetraining, transformsacul tural “raw” material rep re sented by the stu-
dentscoming from high school, intoacul tural “refined” material (out put), through
the utilization of a num ber of material and non-material in puts, such asteach ers,
textbooks, class-rooms, computers, libraries, etc. In this con text, also the stu dent
whoissubmittedtotheed ucational processisviewedasaninput. Buthetakesmore
orlessactively partinthecar ry ing out of the pro cessand af fectstheresults. Indeed,
inthepro duction pro cess, the stu dent playsboth activeand passiveroles. Thus, we
look at thestu dent asthe productionunitwho, by using theabovein putssup plied by
thefaculty he/sheat tendsalongwith otherindi vidual inputs(e.g. hissherindi vidual

psychological, socia, and household characteristics) produces him/herself as a
graduate, i.e., asanout put possessing anumber of char acter istics(Figurel).

UNIVERSITY
Socio-economic context

Faculty

Material and non material factors:
Number of: Professors, Researchers, Seats in lecture halls, Textbooks, etc.

INPUT Productive unit ouTpuT | Graduate’s Characteristics
) Student within a faculty Average mark, Length of study,
Final score, etc.

Gender, Socio-economic status, etc.

Student “s characteristics:
Prior educational qualifications, Age,

Figurel: TheUniver sityProductionProcessofaGraduate

Hence, we model the pro duction pro cessas an in put-output space wherethe ob-
served pointsarerep re sented by stu dentswithin agiven fac ulty. Wewill per form
theana y sisof thiscom plex pro duction pro cesswithin atechni cal effi ciency frame-
work, suit ablefor publicfirmspro duction pro cesses, asthestu dentscarry out their
productionactivityinsideuni ver sity, aninsti tutionthatinltaly isby morethan 90%
gov ernment-owned. Inor der to ex pressasthein putsof thepro cessthechar acteris
ticsof thestudentsthat arerepresented by cat egori cal vari ables(suchascapabil i ties,
socio-economic status, gender, ed u cational ex peri encegained at high school) and
that can hardly af fect theresults, inthispaper wepro posetheuti li zation of MCA as
the first stage in effi ciency eval uation. Toderivethemeasureof efficiency, DEA
hasbeen cho sen asthegrad u ate pro duceshim/her self by uti lizingmul ti plein puts
dif fi culttomodel viaasuit ableproductionfunctionandasital lowstoproperly con
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siderthehi er ar chi cal structureof thedata(asinFigure 1) andtoobtainadecomposi-
tion of the ef fi ciency score (Thanassoulis and Portela, 2002).

3. EFFICIENCY EVALUATION PROCEDURE:
MCA AND DEA TWO-STAGE APPROACH

Oneof themost frequent problemsin DEA isthelack of dif fer enti ationbetween
the pro duction units, which can be caused by an ex cessivenum ber of in putswithre
spect tothetotal num ber of unitsintheanal y sis. Oneway of deal ing with thisprob-
lem,devel oped first by Golany and Adler (2001), is a combination of Principal
ComponentAnalysis (PCA), which describes a matrix of datathrough are duced

num ber of vari ablesor princi pal com po nents, and DEA.
Similarly to PCA for metric data, MCA (Greenacre, 1984) aims to reduce

dimensionality with the least possible loss of infor mation, whereastheinter preta
tionof theex tracteddi mensionsisbased onthecat egoriesof theanal ysedvari abl es.
By using M CA onaset of vari ablesdescribingtheed u cational productionprocess,
one can bothreducethenum ber of in putsand di rectly intro ducethestu dents’ char-
acteristicsalongwiththeother inputsintothesub sequent ef fi ciency eval uationby
meansof aquanti tativemeasure of them ex pressed by thefactor loadings.

SinceM CA can get someneg ativefiguresand asin puts(out puts) of aDEA need
to be strictly positive, an & fined transfor mation of the datacan be uti lized which
does not affect the re sults when us ing the Banker, Charnes and Coo per (BCC)
(1984) output oriented model. In deed, Pastor (1996) proved that the BCC out put
ori ented model isinput translationinvari antandviceversa. Consequently, all MCA
input datausedintheout put ori ented DEA havebeenincreased by thehighest nega
tivevalueinthevec tor plusone, thusen sur ing strictly posi tivedata. Let ndenote
thenumber of graduates, indexed overj such thatj = 1,...n; Xi denotestheithinput
used by thegrad u ateto pro duce him/her self, and y; de notesthe level of the out put
yielded by thegrad uate(for instance, thefi nal scores. Theproductionpossi bil ity set
of the BCC model isdefined as:

Pocc ={ (x,y)Ix3 XI, yEYl & =1, | 3 ¢ (1)
WhereX:(xj)T Rs" I T R and eisarow vector withall elementsequal to 1.
Thecondition d =§_I j =1toget her withl ;2a” j, imposesaconvexity condr

j=1
tiononal lowablewaysinwhichthen production unitsmay becombi ned. TheFar-
rell (1957) output-orientedtechni cal ef fi ciency measurefor graduatej, ex pressed by
g, canbedeter mi nedusingastandardli near programmingal gorithms. Thekth gra-
duate is ef fi cientifqx = Landinef fi cientif q,< 1.

Since the input data set has a twofold structure (Figure 1), we will adopt a
method whereef fi cien ciescan beesti mated at thesetwo dif fer ent groupslev els. In
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fact, each student’ sef fi ciency measureobtained from DEA will incor porateacom-
ponent which is the consequenceof the student’s own efforts and a component
which isthe con se quence of the ef fi ciency of thefac ulty at tended by him. There-
fore,inor dertoproperly assesstheef fi ciency of thegrad u ates, itisnecessary tode
composethestudents’ ef fi ciency measuresintothesetwocom ponents.

Tographi cally showthisdecomposition,let’ sconsider ahy potheti cal dataset of
studentsfromtwofacul ties, labelled Faculty 1and Faculty 2 (Figure2). Thefrontier
of Faculty 1 consistsof thelinesconnecting A, B; and C, andiscalled within fron-
tier or, ac cordingtotheter mi nol ogy of Thanassoulisand Portela(2002), thegrad u

ate-within-own-faculty efficiencyboundary . Similarly, Faculty 2’ swithinfrontier
consistsof theboldlinesconnecting D,, E, and F., Finally, theboundary A, B, F,

envel opsall grad uatesandistheover all frontier or thegraduate-within-all-faculties
effi ciencyboundary.

Consequently, intheout put-orientedframework, graduate G,, has an over all ef fi-
cency HG, /HG”. Thisef fi ciency can bede com posed in: a withineffi ciencyHG,
IHG', whichrepresentsthepropor tionof ef fi ciency obtained by student G, rel ative
to the best achieve ment ob tained by stu dentsfrom Fac ulty 2 only and isdueto the
student’s own efforts; a between efficiency HG'/HG”, given by the distance be-

tween thewithin and the over all fron tiers, which givesameasure of theim pact of
Faculty 2 onhis/her per for mance.

a

Faculty 2 frontier

Qutaut

1 D @ Graduate within Faculty 1

m Graduate within Faculty 2

H Input

Figure2: Decomposing Graduate' sEfficiency

4. DATA AND EMPIRICAL RESULTS

Theabovepro cedurewasap pliedtothe 1998 grad u atesfrom the Uni ver sity of
Flor ence. Thedataco mesfrom sev eral sourcescentringonanover al survey onjob
oppor tuni ties. Addi tional datawerecol |ected fromthead ministrativear chivesand

the Centra Li brary. Af ter consid er ing only the grad u ateswho did not movefrom
one course pro gramto an other dur ing their uni ver sity career and check ing for any
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possible outliers? we have selected the following inputs for each of the resulting
2,236 graduates:a) Humanresources 1. Av er agenumber of full andassoci atepro
fessors per graduate (ANFAP); 2. Average number of researchers per graduate
(ANR); b)Capitalresources: 3 Averagenum ber of seatsinlecturehallsper student
(ANS); 4. Av er agenum ber of lecturehallsper student (ANH); 5. Av er agenum ber
of booksintheli brary per student (ANB); 6.av er agenum ber of jour nalsandreviews
intheli brary per student (ANJ); 7. Av er agenumber of uni ver sity piecesof fur ni ture
per student (ANF); 8. Av er agenum ber of uni ver sity piecesof equip ment (ANE); €)
Individualinputs: 9.Gender; 10. Resi dence, thatismacro-region of resi dence(three

categories); 11. Type of secondary school attended (five categories); 12. Final
high-school mark (HSM); 13. Regular ity at schoal, that isif thestu dent hasre peated

ayear at school (twocat egories); 14. Working statuswhileat tendinguni ver sity (two
categoriesy.

Starting from aninter esting sug gestion by Checchi (2000), we have defined as
output of the productionprocessanindi cator of student’ sper for mance(PERF) ob
tained by tak ing theav er age grade at theex amsdi vided by therel ativelength of
study, i.e., theef fectivelength of study com paredtotheoblig atory Iength4. Tablel
reportstheav er ageval ueof thequanti tativevari ablesby fac ulty.

Tablel. AverageVariableValuesbyFacul ty

Faculty [ANFAR ANR | ANS | ANH | ANB | ANJ | ANF | ANE | HSM | PERF

Agricultural
Sciences
Architecture| 0.011 | 0.008 | 0.195 | 0.002 | 3.86 | 0.034 | 0.357 | 0.276 | 46.7 | 14.85
Economics | 0.013 | 0.008 | 0.241 | 0.003 | 31.87 | 0.129 [ 0484 | 0.084 | 49.5] 14.12

0.057 | 0.026 | 0.576 | 0.011 | 8359 | 022 | 1.963 | 1.222 | 46.5| 17.49

Pharmaca
logy 0.042 | 0.023 0.39| 0.005( 208 | 0.04 | 1.326 11| 483 16.91
Law 0.007 | 0.007 | 0.193| 0.002 | 38.39 | 0.141 | 0.244 | 0.037 | 48.8| 14.82

Engineering | 0.023 | 0.010 | 0.402 [ 0.005| 498 [0.091 | 0.641 | 0509 | 52.7| 17.39
Humanities | 0.023 | 0.019 | 0.275| 0.005 |160.23 | 0.336 | 0.375 | 0.119 | 49.2 | 14.83

Thereareseveral ap proachesin DEA modelsto sol vetheproblemof detectinginfluential ob ser vations(Pas
tor, Ruizand Sir vent,1999). However, inthiscontext, the natu reof thedatasug geststodi rec tly check for out-
lierswithrespecttolength of study (X) using theso-called three-sigmarule, that theprobab i li ty islessthan 5%
that X ismorethanthreestandard deviationsfromthemean of thepopulation. By apply ingthisrulewedeleted
41observations.

Itshouldbenotedthat thestudent’ scharacteristicscons deredhavebeenlar gely det erminedbytheavailability
of data

Indeed, accor dingtotheltalianuni ver si ty system, astudent obtainsadegreewhenhe/shehaspassed apred e
ter mi ned number of exams(withami ni mummark of 18 out of 30) and defended afi nal dissertation. Itisreaso
nabletoassumethat thestu dent who produ ceshimself/her self asagradu atewantstofinishuni versity studies
andgetthedegreewit hintheinsti tutional timeestablishedfor thecour seprogramhe/sheat tends. But, since
thereisami ni mumnum ber of yearsof enrol ment but not amaxi mum, theactual length of stu dy time of ten ex-
ceedstheinsti tutional tar get.



Evaluation of University Graduates Technical Efficiency Using Data Envelopment Analysis Combined 37

Faculty [ANFAR ANR | ANS | ANH [ ANB | ANJ | ANF | ANE | HSM | PERF
Medicine
andSurgery

Biology and
Mathema | 0.057 | 0.027 | 0.828 | 0.011 |116.68 | 0.471 | 1.492 | 1.192 | 48.9| 17.17

tics

0.136 | 0.050 | 1.708 | 0.02 | 88.05 | 0.154 | 2.461 | 1.863 | 50.5| 21.18

Po_litical 0.011 | 0.008 0.18 | 0.002 | 36.16 | 0.138 | 0.35 | 0.107 | 46.9| 14.91
Sciences

Sciences of

Education 0.013 | 0.011 | 0.256 | 0.004 | 40.26 | 0.106 | 0.583 | 0.093 | 46.6 | 16.63
Totals 0.023 ] 0.013 [ 0.354 | 0.005 | 48.76 | 0.158 | 0.648 [ 0.367 | 48.6 | 15.66

It can be noted that there are strong dif fer encesintheavail abil ity of resources
among fac ul tieswhichreflect clear dif fer encesintheway thegrad uateproduction
pro cessisim plemented withinfac ul ties. Con sequently, theim por tance of com par-
ing “like-to-like” becomesan over rid ing con sid er ation in our achieve ment of a
“fair’ evaluationscheme.

Afterclassifying continuousvari ablesinto classes, we have ap plied aMCA on
theabove 14 vari ablesusing the SPAD 3.01 soft ware. Thetotal vari anceex pressed
by thefirst two factorsis24.6%: agood result if wethink totheorigi nal di mension
of vector space, that is69-14=55, withtotal in er tiaequal to (69/14)-1=3.93 (L ebart,
Morineauand Warwick, 1984). Itispossi bletolo catethe cor re spon dence between
two or morevari ables, betweenvari ablesand grad u atesand to stateroughly arange
along the first factor of all thefac ulty re sources, both humanand capi tal, whilethe
secondfactor better describesthechar acteristicsof thegraduates®.

Asamat ter of fact, when theval uesof thefirst factor doin creasefromtheright
totheleft, one can seean in creasein num ber of pro fes sors, of lec ture halls, of text-
books, etc, whereas as the of the second factor do increase, onegrad u ally moves
from stu dent char ac ter ized by low high school marks, liv ing long way from Flor-
enceuni ver sity to studentswho did n’t work dur ingtheir academic career until one
reachesgrad u atesliv ing in Flor ence, who per formed well at high school, and who

worked dur ing their uni ver sity stud ies. It should be stressed that the MCA scores
(Table?2) show thesamefac ulty or der ing astheonein Table 1.

Themeasuresof out put-efficiency for each of the 2,236 grad u ates, have been ob
tained by usingthe DEAPver sion 2.1 (Coelli, 1996). Thein put dataisintheform of
MCA scores of Table2. Table 3 below showsthat 14 grad u ates, out of 2,236, are
identi fiedwith 1.0score 1.0, asbeingfully ef fi cient. Theav er ageover all ef fi ciency
scoreis0.575. Thismeansthat onav er age, in ef fi cient grad u atesshould be ableto
increase outputs by 42.5% with out hav ing to in creasein puts. In other words, the
graduatesbelowtheover all envelope, thatis, withef fi ciency scoreslessthan 1, can

5 TheMCAA resultsareavai lablefromtheatt horsuponrequest.
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achieveahigher per for mancewith the samelevel of in put. Thesum mary acrossall
studentsconcealssomepotentially inter estingvari ationsinef fi cienciesamong stu
dents from different facul ties(Table 3). Let’ sconsider for ex am plethe Fac ulty of
Phar macol ogy. Thegraduatesfromthisfaculty havearel atively poor between ef fi-
ciency score(0.793) com pared totheav er age of thepop ulation (0.876).

A closer look revealsthat thewithin ef fi ciency measureisvery high com pared
withtheover all ef fi ciency (seeFigure 3a).

Table2. AverageVariableValuesbyFacul ty

Factor 1 Factor 2
Faculty - )
Mean Min Max M ean Min Max

Agricultural Sciences 3.16 3.09 3.22 2.18 2.10 2.26
Architecture 1.29 1.19 1.36 1.82 157 2.00
Economics 122 111 1.38 3.19 3.05 3.27
Pharmacology 251 2.34 2.60 217 2.08 231
Law 1.10 1.00 117 1.16 1.00 1.36
Engineering 2.04 1.94 2.16 274 2.63 2.94
Humanities 1.86 1.79 2.01 3.00 2.68 3.10
Medi ci neandSurgery 3.08 294 3.19 2.09 1.93 2.28
BiologyandMathematics 3.50 341 3.55 1.94 1.85 2.04
Political Sciences 1.25 117 134 2.20 2.05 2.32
Sciencesof Education 1.60 1.42 1.73 3.07 2.63 3.29

173 1.00 3.55 2.36 1.00 3.29

Thus, the grad u atesof Phar macol ogy are per forming well withinthefac ulty —
they areper formingon or closetothefac ulty’ sownef fi ciency frontier - but arepre
vented from better per formingduetofaculty’ srel ativeinef fi ciency, thatisthefac
ulty’s efficiency frontier is well inside the overal efficiency frontier. Let's now
considertheFaculty of Agri cul ture, whichhasarel atively highbetweenef fi ciency
score (0.866). Ascan be noted from Fig ure 3b, thewithinand the over all ef fi ciency
measuresarequitesimi lar. Hence, thegrad uatesof Agri cul turearenot per forming

par ticularly well withinthefac ulty andthemain con straint onachiev ing higher ef fi-
ciency istheir ownef forts, asthefac ulty’ sef fi ciency frontierisclosetotheover al

one.
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Table3. Summary of Effi ciency Measuresby Faculty
Overallefficiency Withinefficien Betweenefficiency
Effi- Effi Effi
N. of . ; . - . -
Faculty units Mean| Min | Max | cient | Mean [ Min | Max [ cient | Mean| Min | Max | dent
units units units
Agriculture 70] 0.592| 0.239| 0.963 0| 0700 | 0.254 | 1.000| 11| 0.866| 0.260| 0.965 0
Architecture 396 | 0.558( 0.262| 0.990 0] 0629 | 0.269 | 1.000 8] 0.903| 0.651| 0.990 0
Economics 388 | 0.533| 0.248| 1.000 1| 0659 | 0.291 | 1.000| 71 0.823| 0.472| 1.000 6
Pharmacology 53| 0.577] 0.300| 0.961 0] 0736 | 0.437 | 1.000 6] 0.793] 0.356( 0.961 0
Lav 275 | 0.683| 0.345| 1.000 8] 0685 | 0.345]| 1.000 81 0.999| 0.990( 1.000 188
Engineering 214 | 0.584| 0.216| 0.929 0| 0731 | 0282 | 1.000 11] 0.799| 0.271| 0.930 0
Humanities 230 | 0.499| 0.226( 1.000 1( 0641 | 0323 | 1.000| 81 0.783| 0.276 1.000 8
’gﬁ%m ne& 80| 0.722| 0.225| 1.000 1| 0731 | 0.225( 1.000 51 0.989( 0.789| 1.000 6
BNII(;II(:]gy& 170 | 0.590| 0.230( 1.000 1| 0671 | 0.238 | 1.000| 12| 0.890(| 0.250| 1.000 10
Political
X 164 | 0.556| 0.265| 0.897 0| 0713 | 0406 | 1.000 9] 0.782| 0.336( 0.897 0
Sciences
af; cesof 196 | 0.562| 0.244| 1.000 2| 0565 | 0.245| 1.000 51 0.995| 0.753| 1.000 R
2236 0.575| 0.216| 1.000 14| 0664 | 0.225| 1.000 90( 0.876| 0.250| 1.000 0

Theabovetwofac ul tiescanasoobtain helpful infor mationfromtheseindi vid
ual level resultsto gether with the stu dents’ char acter isticsemerging from Factor 2
scores. Indeed, thestudentsof bothfacul tiespresentsimi lar char acteristics(i.e.they

liveinFlor ence, didn’twork dur ingtheir uni ver sity studies, got high school marks).

EficRacy srak

Graduates

Figure 3a: Pharmacology

In ordertoincreaseef fi ciency, Phar macol ogy needstofindwaysof increasing
itsown ef fi ciency by mov ingitsown frontier out, with better man age ment of “ pro-
gram” inputs (e.g. teaching and other staff, student workload, etc). On the other
hand, Agri cul tureneedstofindwaysof stimulatingstudents' ef fortsinor dertoin
creasebothwithinandover al ef fi ciencies, gettingitsstudentsper formingcloser to
individual andoverall ef fi ciency frontiers.
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5. CONCLUSIONS

Theaim of thispaper wasto pro posetheuseof MCA inor der toin cludethestu
dent’ schar acteristicsandtoreducethenumber of inputsfor asubsequent DEA. We
runsev eral DEA mod elsinor der to check thesensi tivity of resultstothenum ber of
MCA factors, withquitesimilar results.

Thus, a reduction of the data describing the university production process
throughM CA canal low totakeac count of moreinfor mationthanwould oth er wise

bethecase. Fur ther more, theindi vid ual DEA ap proach used herehasdisentangled
theef fect of theindi vidual andtheef fect of thefaculty at tendedindeter miningtech
nica efficiency. The results obtained can identify for each faculty whether they
needtostimulatetheir students’ ef fortsby better management of indi vidual inputs
(e.g.improvethestudent co hesion) or whether they needtoin creaseef fortsto better
management of fac ulty in puts(e.g. teach ing and other staff). In deed, itispossi ble
that adif fer ent strat egy isrequired, depending onwhether or not theindi vidual isef-
ficient within his own faculty. Further investigation is needed on how faculties
might best achieve these aims.

REFERENCES

[1] ADLER,N.—GOLANY,B.: Evaluationof deregulatedair li nenetworksusing

data envelopmentanalysis combined with principal component analysis with
andappli cationtoWesternEurope, EuropeanJour nal of Operational Research

(2001) , 132, 260-273.

[2]Beasley,J.E.(1990) Com paring Univer sity De par tments, OMEGA, 2, 171-183.

[3] Beasley, J.E.(1995) Deter mi ning TeachingandResearchEf fi ciencies.Jour nal
of the Operational ResearchSociety, 46, 441-452.

[4] BANKER, R.D.—CHARNES, A.— COOPER, W.W.: SameModelsfor Esti ma-
ting Techni cal and Scalelnef fi cienciesinDataEnvelopment Analy sis, Manage
ment Scien ce 30 (1984), pp.1078-1092.

[5] BREU, T.M. - RAAB, R.L.: Effi cien cy and Per ceived Qu ali ty of the Nation’s ,, Top
25" Na tio nal Uni ver si ties and Na tio nal Li be ral Arts Col le ges: An Ap pli ca tion of
Data Envelopment Analysis to Higher Education. Socio-Economic Planning
Scien ces (1994), 28, 33-45.

[6] CHECCHI, D.: University education in Italy,InternationalJournal of Manpower
(2000), vol 21, n.2-4, 160-205.

[7] CHARNES, A.—COOPER, W.W.—RHODES, E.: EvaluatingProgramandMa
nageria Ef fi ciency: AnAppli cationof DEA to Program Fol low Through.Ma-
nagementScience (1981), 27, 668-697.

[8] COELLI, T.A: Data Envelopment Analysis(Computer)Program,CEPA Working
Pa per 96,/08, (1996).



Evaluation of University Graduates Technical Efficiency Using Data Envelopment Analysis Combined 41

[9] FARRELL,M.J.: TheMeasurementof Producti veEffi ciency. Jour nal of Royal
Satistical Society (1957), 233-237.

[10] FERRARI, G. — LAURETI, T.: Evaluating the Efficiency of Human Capital
For mationintheltalianUni ver si ty: Evi dencefrom FlorenceUni ver si ty, mi -
meo, Septem ber (2002).

[11] GREENACRE, M.J.: Theory and Application of Correspondence Analysis.
London, Academic Press(1984).

[12]JOHNES, J.: Per for manceassessmentinhigher educationinBri tain, European
Jour nal of Operational Research (1996), 89, 18-33.

[13] JOHNES, G.—JOHNES, J.: Measuringtheresearchper for manceof UK econc
mics departments:. An appli cationof DEA, Oxford EconomicPapers (1993)
45, 332-347.

[14] LEBART, L. MORINEAU, A. - WARWICK, K.M.: MultivariateDescriptive
Satistical Analysis, New York,Wi ley (1984).

[15] LOVELL,C.A.K.—SCHMIDT,P.: A Compari sonof Al ter nati veApproaches
totheMeasurement of Producti veEffi ciency,inAppli cationsof Modern Pro-
ductionTheory. Efficiency and Productivity, Dogramaci A., Fare R.. (Eds.),
Boston, Kluver AcademicPublishers(1988).

[16]PITT,M.M.-LEEM,F.: Themeasurement and sour cesof techni cal i nef fi cierr
cyinthelndonesianweavingindustry. Inter national EconomicReview (1981),
18, 435-444.

[17]SMITH,J.—NAY LOR, R.: Deter mi nantsof degreeper for mancein UK uni ver-
si ties: adtatisti cal analy sisof the 1993 stu dent co hort, Ox ford Bul letin of Eco-
nomicsand Satistics (2001), 63,29-58.

[18] SARRICO, C.S. —HOGAN, SH. —-DYSON, R. - ATHANASSOPOULOQOS,
G.A.D.: Data envelopment analysis and university sdection. Journal of the
Operational ResearchSociety (1997), 48, 1163-1177.

[19] THANASSOULIS, E. - PORTELA, M.A. S.: Scho ol Out co mes: Sha ring the res-
ponsibility between pupil and school. Education Economics (2002), 10,
183-207.

GUIDO FERRARI
Uni ver sitadi Fi renze, VialeMor gagni 59, 50134 F
e-mail: Ferrari@ds.unifi.it

TIZIANA LAURETI

Uni versitadel laTuscia(VT), Viadel Paradi so47,01100VT
e-mail: Laureti @unitus.it



M |G |¥ QUEUE BUSY CYCLE RENEWAL
FUNCTION FOR SOME PARTICULAR SERVICE
TIME DISTRIBUTIONS

MANUEL ALBERTO M. FERREIRA

Abstract In this pa per we pre sent for mu las to com pu te the busy cyc le re ne wal fun-

ction for the M|G | ¥ queue, considering service time distributions that
arisewhenwe study parametersrelatedtothebusyperiod. Thebusy cycle

renewal fun ctioninf gi ves the mean num ber of busy pe riods that be ginin

[0,]
Keywords: M| G| ¥, busy cycle, re ne wal fun ction.

1. INTRODUCTION

Inthe M |G |¥ queueing system,| isthecustomersPoissonprocessarrival rate,
each customer getsaser vicethat isaposi tiverea valuewith distri butionfunction

G(X) and mean a,beinga = ¥(‘{1- G (t)] dt; thereareinfi niteserv ersandtheser vice
0

timeof each customer isindepend ent of theoth ers. Thetraf ficintensityisr =1 a.

Inaqueueing systemweusually call busy period aperiodthat beginswhenacus
tomer ar rivesthere, and it isempty; it endswhen acustomer leavesthe system let-
ting it empty, and there is a ways at least one customer present. So, in a queueing
system, thereisa waysasequenceof idleperi odsand busy peri ods.

Let’sconsidertheM |G |[¥ systemwithtimeori ginatthebeginningof abusy pe
riod. Theinstanto, t, , t,, %, atwhichabusy periodbegins, arethear rival epochsof a

renewal pro cess(Takacs(1962)). Wesay that acy cleiscom pletewhen arenewal
occurs, thatis, abusy periodbegins. Thesecy clesarebusy cy cles; andtheir lengthis
area vauethat wewill call Z

So

Z=B+I (1.1

whereBisthebusy period lengthand | the idle period one.
Takacs (1962) proved that B and | arestochastically in de pend ent and, still, that
the Z Laplace-Stieltjestransform, Z (9), isgiven by

7(9 =1- ——r (1.2),

(s+1)Px(s)
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-1 dl G(n) ]dn
where Py () isthe Py, (t) =€ ° L aplace-Stieltjestransform, probabi lity
of thesystemempti nessatt havingbeeninitial lyempty.
That au thor showed also that
_€ (1.3)
E|Z]| =—
4=
and
y . Idle(n)]ch 9
E[z7]=2 ¢ e _e' Ldt+2 %€ (14).
08 =
a
Being| exponentially distributedwithparameter| its Laplace-Stieltjes trans-

()
and the ratio gives the

| +s ﬁ

( )u for the Laplace-Stieltjes transform of B (Stadje (1985)),
OO

whose invers on is a complex problem ex cept for someser vicedistri butions(see
Ferreira (1991), (1995), (1998)).

Our work in this pa per will fo cusonthe M |G ¥ queuebusy cy cle,inparticular
initsrenewal function study.

form is I(s)—i expression

B(s) -1+ 1 ?s—

2. THE M|G|¥ QUEUE BUSY CYCLE RENEWAL FUNCTION

The renewal function, R of a renewa process is given for
R=1+ F+F"2 +F"3 +%, whereF " isthe n-thinterrenewal timeconvolutionwith
itself distri butionfunction(see, for instance, Cinlar (1975)). It givesthemean num-
ber of renew alsi n[o, t] . Forinstance, intheap pli cation of thismodel tounem ploy-
ment situations, a busy period is a period of unemployment. And, in illness
situations, abusy periodisanepi demic period. See, about thiskind of ap pli cations
Ferreira (2003 and 20034).

Tocomputethe M |G |¥ queuebusy cy clerenewal functionwehave, usi ngthe

L aplace-Stieltjestransform, R(s)_,+ Z(s)+ (s)+1/4+ z'(9)= L Z()
s

-1

PP :(S+')SP°°(S)=Pm(s)+'ipm(s).
(P9
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0, () = B (1) 1 3po(1) A o

-1 al-G(n)]dn t -Ial-G(n)]dn
+1 oe 0

R(t)=e ° du (2.2).
0
Notethat:

. N ? -Ildl-G(n)]dn t r-IE[l—G(n)]dw U
iméR(t) - tY=limée ° He'gp du— LU=
©¥g g H ¥ c

é a
téar-l u61JG(n)]dn 9 ¥§|¥dl.e(n)]dn 9
=e' +le' limepe ° ~l.du=e" +l €’ ye: —1.du
o - 0 =
& o & o

S0, it is easy to see that:

é 0 VAR[Z]+E?[z
O e e “
asit hasto bewitharenewal function.
—Ase" £p (1) £1
po () +1e tER(L)E po (t) +1t (2.3)
and, still,
e (1+1t) ER(t) £1+1t 2.4),
weconcludethat
lim R(t) =1+t (2.5),

asit hasto bebecau se, when theser vi cetimeisnul, whenit ar ri veseach custo mer
beginsabusy period.

And the arrival ingtants, inthe M |G |¥ system, occur accordingtoaPoisson
pro cessat ratel .

- RO = Ra ({1 [1- ()T} #1 (1) =1 GE) P () * ©

So R(t)increaseswitht.
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3. R(t) VALUES FOR SOME PARTICULAR SERVICE TIME
DISTRIBUTIONS

A.TheM |G|¥ emptinessprobabil ity attimet, astimefunction, beingtheini tial
in stant theone of the begin ning of abusy period (at which acustomer ar rivesat the

system finding it empty) is determinated by the sign of &—I G(t),t20
1- G(t)

(Ferreira (1996)) where g() and G (} are, respectively the ser vicetime p.d.f. and

df..

Putting g(t) —IG(t) :b(t)(t(,)isanytimefunction)Weget

1- ¢(t)
28O -1 67(0)- [o() 1] o) (1) @
thatisaRi catti equationaboutG
Solvingit, af ter notingthat G(t) =1, t3 Oisasolution, weget
-It—l\ u)du
1 (1- e")e &
G(t) =1- = - - :
|¥ -Iw—dJ(Lodu t -|V\Fd](u)du
e dw—(l- e'r)(‘)e ° dw
0 0
B(v)
op(u)du
£30, -1 £° £ rI (3.2).
t e -1

Puttingdi rectly (3.2) in(2.1) weget thecor respondingval ueforR(t). If b(t ) =b
(constant)

(1— e'r)(l +b) |

6(t) =1~ L 130, -1 £bE——(Ferreira(1998)) (3.3).
Iér(e'(|+b)t—1)+| e-1

For thisser vicetimedistri butionscol lectionthebusy periodlengthisex ponen
tidly distributedwithanatomattheori gin.

_r r b -(+b)t -y |
After (2.1) weget R(t)=e (1+|t)+(1- e )me +(1- e )I s

-l <b<

: . VAR[Z+E?[Z]
. Itiseasy to show thatR(t) -le " -- =
¢ -1 wiraR() 2E?[Z]
For the col lec tion given by (3.2) we can show that

ots0
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e L0 t
@1ty +(1+e)Slre e = p(u)du
R 3 8 @ 3 0 I (34)
® , 130, -1 £ £
€ t € -1
B. The M |G| ¥ populational process, with time ori ginat abusy period begin-
ning instant, mean behaviour as time function determinated by the sign of

9 __, | 13 0 (Ferreira (2003 and 2003a)).
1- G(t)
Putting g(t) - =b(t) (b(X)isany time func tion) we get

1- ¢t)

-It —ép(u) du d)(u) du
= _ _ ) 3 0 3 _ (35)
G(t)={1-[1-c@J e 10— |

Putting di rectly (3.5) in (2.1) weget the cor responding valuefor R(t).
For b=0, (3.5) becomes

G(t)=1- [1- G(0)]e", t20 (3.6)
withl- G(0) =r.Inthissi tuationthe M |G |¥ populational process, withtimeori-
gin at a busy period beginning instant, mean is constantwithvaluerho (Ferreira
(2003 and 2003a)). As for R( t) we have

-r(1-¢' Ui el't
R() =) 415 € ey (37)
0
and also
e_r(l_e- )+Ie'rt£R(t)£ e_r(l_e- )+It (3.8)
CONCLUSIONS

Af ter ashort study aboutR(t ) anditsproper ties, wepresentthefor mulasforitin
thesituationof particulardistri butionfunctionsrelatedtoimportantbusy periodpa-
rametersbehaviour study astimefunctions.

We show also bounds that help, in this case, when the formulas are note so
friendly.
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MODELING OF CONTRACTS IN SUPPLY
CHAIN MANAGEMENT

PETR FIALA

Abstract Recentyearshaveseenagrowinginterestamongresearchersand practi-
tio ners in the field of sup ply cha in ma na ge ment. When one or more par-
ties of the supply chain try to optimize their own profits, system
per for man ce may be hurt. Sup ply chain con tractis a co or dina tion me cha

nism that pro vi des in cen ti ves to all of its mem bers so that the de cen tra li-
zed supply chainbehavesnearly orexactlythe sameastheintegratedone.

Keywords: supplychain, contracts,coordination

1.INTRODUCTION

Supply chainisdefined asasystemof suppli ers,manufacturers, distributors, re
tail ersand customerswherematerial, fi nancial andinfor mationflowsconnect par-
tici pantsinbothdi rections.

Sup ply chainmanagementisnow seenasagov erningel ementinstrat egy and as
anef fectiveway of creating valuefor customers. Anin creasing num ber of com pa
niesintheworld sub scribetotheideathat devel opinglong-term co or di nationand
cooperationcansignificantly im provetheef fective nessof sup ply chainsand pro-
videaway toensurecom peti tivead vantage. Theex pandingim por tanceof supply
chainintegrationpresentsachal lengetooper ationsresearchtofocusmoreattention
onsupply chainmode ing.

Dou ble marginalization (Spengler, 1950) isawell-known cause of sup ply chain
inefficiency.Double marginalization problemoc curswhen ever thesupply chain’s
prof itsaredi vided among two or morefirmsand at | east one of thefirmsin flu ences
demand. Each firmonly consid ersitsown profit mar gin and does not con sider the
supply chain’smar gin.

Developingstrat egiestodecreasetherisk faced by theretail erisbecoming more
and more critical in a supdy chain, especialy in the globa marketplace where
firm-to-firmcompeti tionisbeingreplaced by supply-chain-to-supply-chaincompe
ti tion. Amongthe so lutions, sup ply chain contracts, which have drawn much at ten
tionfromtheresearchersrecently, areusedto providesomein centivestoadjust the
relationshipof supply chain partners to coordinate the supply chain,i.e., thetotal
profit of thedecentral ized sup ply chainisequal tothat achieved under acentral ized
system. Thefor mat of sup ply chain contractsvar iesin and acrossindustries.
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When the de mand is sto chastic with the newsvendor model can beap plied. The
newsvendor model isnot complex, butitissuf fi ciently richto study threeim por tant
guestionsinsupply chaincoordi nation.

1. Whichcontractscoor di natethesup ply chain?A contractissaidtocoor di nate
thesupply chainif theset of sup ply chainopti mal actionsisaNashequi librium,i.e.,
nofirmhasaprof it ableuni lat eral devi ationfromtheset of sup ply chainopti mal ac
tions. Idedlly, the opti mal actionsshould a so beauniqueNash equi librium, other-
wisethefirmsmay “co or di nate” on asub-optimal set of actions. Inthe newsvendor
model theactiontocoor di nateistheretailer’ sor der quantity.

2.Whichcontractshavesuf fi cientflexi bil ity toal lowfor any di vi sionof thesup
ply chain’ sprofitamongthefirms?If acoor di natingcontract canal lo caterentsar bi-

trarily, thentherea waysex istsacontract that Pareto domi natesanon-coordinating
contract, i.e., each firm’sprofit isno worse off and at least onefirm isstrictly better
off withthecoor di natingcontract.

3.Whichcontractsareworthadopting?Al though coor di nationandflexi blerent
a locationaredesir ablefeatures, contractswiththoseprop er tiestendto becostly to
administer. Asaresult, thecontract designer may actually prefer toof ferasimple
contract evenif that contract doesnot op ti mizethe sup ply chain’ sper for mance. A
simplecontractisparticularly desir ableif thecontract’ sef fi ciency ishighandif the
contract designer capturesthesignifi cant shareof sup ply chain profit.

Theaim of thispaper isto an alyzeand to com paredif fer ent types of con tracts
andtoseek for ageneral framework that synthesizesexistingresultsfor avari ety of
sup ply chain contract forms.

2. BASIC MODEL

Weconsider asup ply chaininone-period settinginwhichasupplier sellstoare
tailerfacingstochasticdemandfromconsumers. Weassumethat sto chasticdemand
X has a continuousdistri butionF(x) thatisinvertible. Thedemand distri butionand
costinfor mationarecommonknowl edge. Wedefinethefol lowing quanti ties:

q retailer’ stotal orderquantity;
c supplier’ sproductioncost;

r retail price;

s salvagevalue.

Theset ting can be char acter ized asanewsvendor prob lem.

Centralizedsolution

Centralizedsolutionisabenchmark forthedecentral ized sup ply chain. Thecen
tralized chain is considered as an integratedfirmthat controlsmanufacturingand
salesto consumers. Theprofit of anintegrated firmfor stock ing levelqis

(- a9 )
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Theproblemisconcavein gandtheopti mal solutionisgiven by
0 :F-lw - C_Q
ér-sp

q

Themax i mumsystem profit z(q(ﬁ iscom pletely deter mined by thestock ing level
qo. Decentral izedsolutioncanbeimprovedby contracting. Thecontract coor di nates
thechainifitinducesthechoiceof thecentral ized system’ sopti mal stock inglevel q0 .

3. WHOLESALE PRICE CONTRACTS

With awhole sale price con tract the sup plier chargestheretailer w per unit pur-
chased. Theretailer facesaproblem anal o goustothat of theintegrated chainwith
thesamesal vageoppor tuni ties. Theprinci pal dif fer enceisthat theretailer must buy
stock at the whole sale pricew in stead of pro ducingit at costc.

Theretailer’ sprofitis

% (Q):(r—W)CI—(r—S)E)‘j:(x) dx.

Theretailer’ sproblemiscon cavein gandtheopti mal solutionisgiven by

1&' WO

q(w)=F" el

Thesupplier actsasaStackelbergleader and antici pateshow theretailer will or-
der for any whole sale price.
Thesupplierantici patesademand curveq(w) and the profit

z(w) = (w=c)a(w) = (w-c)F ¢ g

a
Thesup plier knowsex actly what retailer will or der at ev ery wholesalepriceand
bears no responsi bil ity for theproduct. All uncer tainty regarding sup ply prof itsis
foisted onto theretailer. Thewhole sale price con tract co or di natesthechain only if
the sup plier earns a non-positive profit. So the supplier clearly prefers a higher
wholesaleprice. Asaresult, thewholesalepricecontractisgenerally notconsidered

acoor di nating contract. Thericher contractsdif fer fromwholesalepricecontracts
by a low ingthesup plier toassumesomeof therisk arisingfrom sto chasticdemand.

Asanex ampleweintroducebuy back contracts.

4. BUY BACK CONTRACTS

With abuy back con tract (Pasternack, 1985) the sup plier chargestheretailer w
per unit pur chased, but paystheretailerbper unit remainingat theend of theseason.
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A retailer should not profit fromleft over inventory, soassumeb £w. Thereis as-
sumedthat areturnspol icy onthedecentral izedchainintroducesnoaddi tional cost
beyondthat incurred by thecentral ized system.

Theretailer’ sprofitis

q
%(0)=(r-w)a—(r-b)gF (x) dx
0
Theretailer still facesanewsvendor problem. Theopti mal solutionis

b FlaEl' WO
a(wb)=Fe — =

Noreturnsorfull returnsaresuboptimal. Aninter medi ary pol icy resultsinchain
coor di nation. Thesupplier of fersacontract (w(e), b(e)) for el (O,r- c) where

we)=r-e, b(e)—r—Q

For alel (O,r— o),
r >w(e) >b(e) 3 sand

r—vx(e) _r-c

r-b(e) r-s
Theretailer or derstheintegrated chainquantity

q(w(e), b(8) =¢°

andsystemprofitisequal totheintegrated chainprofitz@°).
Retailer’ sprofitisincreasingine

2 [W(e). bE)] == "),

Supplier’ sprofitisdecreasingine

z{ w(e), b(e)] :?- r-ecgz 0°).

5. OTHER TYPES OF CONTRACTS

Quantityflexibility contractsdefinetermsun der whichthequantity aretailer
ul ti mately or dersfromthemanufacturer may devi atefromaprevi ousplanningesti-
mate (Tsay, 1999 and Larievier,1999).Un like buy buck con tracts which fo cus on
flexibilityinadjustingprice, quantity flexi bil ity contractsfocusonflexibil ityin ad-
justingor deringquantity. Thebasicideaisthat whenaretailer placesanini tial or der
g, the sup plier agreesto pro vide up to (1 + u)q unitsto the system. At the sametime
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theretailer commitstoor der at least (1—-d)q units. Af ter observingthedemandfor a
short period, theretailer can decideto or der any quantity between (1—d)g and (1 +
u)q at thewholesale price w. Quantity flexi bil ity contractscanlead toamuch more
profit of thedecentral ized sup ply chain than that achieved with out the con tracts.
Backup agreements (Eppen and lyer, 1997) statethat if aretailer com mitstoa
num ber of unitsfor the season, the sup plier will hold back afraction of the commit-
ment and theretailer can or der up to this backup quan ity at theorigi nal pur chase
price after ob serv ing early demand. A backup agree ment statesthat if theretailer
com mitstoanum ber of unitsfor theseason, theman ufacturer hol dsback acon stant

fraction ? of thecom mit mentqanddeliv erstheremainingunits(1-?)qgat thebegin-
ning of thesell ing season. Af ter ob servingearly demand, theretailer canor der upto

this backup quan tity for the origi nal pur chase cost and re ceive quick deliv ery but
will pay apen alty cost p for any of the backup units it does not buy.

Optioncontracts (Barnes-Schuster e al., 2002) specify thatinad di tiontoafirm
order ataregular price, theretailer canalso pur chaseoptionsat anoption priceat the
beginning of the selling season. After observing early demand, the retailer can
choosetoex er cisethoseoptionsat anex er ciseprice. Theretailer makesafirmor der
g at thebeginning of the sell ing season at awhole sale pricew. In ad di tion, he pur-
chases noptionsat anoption pricew,,. Inthesecondperiod, theretailer may choose
toex er ciseoptionsat anex er cisepricew,. Optionsprovideflexibil ity toaretailerto
respond to mar ket changesin the sec ond period quickly.

Price protection (Lee et al. 2000) states that the sup plier paystheretailer a
creditapply ingtotheretailer’ sunsold goodswhenthewholesal epricedropsduring
thelifecy cle. Thebasicideaof themodel isthat theretailer or dersq productsfrom
thesup plier at thebeginning of thefirst period at awholesaleprice w; . At thebegin
ning of the sec ond period, the whole sale price of the same prod uct dropsto w, be-
cause of the introduction of new products. To share the risk of the retailer, the
man ufacturer will pay arebatecredit b totheretailer for all unsoldinventory at the
end of thefirst period. Itissimi lar to abuy back contract, but ook ing at thedy namic
opti mal priceprotectionpol icy whentheprod uctinthemar ketsfacedwithob soles
cence during multi pleperi ods.

6. CONCLUSION

Thereisavast liter atureonsup ply chaincontractsrecently. How ever, littlework
hasbeen doneontherelation shipsof thosesup ply chaincontract models. Theanal y-
sis of the simplecasesof contractsgivesrec om mendationsfor morecom plex rea
problem. Real prablemsinsup ply chainsare solved by joint problem solvingin sup
ply chain part ner ship. Thepart ner shiprelationsarebased on sup ply contracts.

Theresearchof ageneral framework that synthesizesexistingresultsfor avari-
ety of sup ply chain contract formswould bevery desir able.
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A QUANTITATIVE APPROACH TO MUTUAL
DEBT COMPENSATION PROBLEM

VLADIMIR GAZDA, STANISLAV PALUCH

Abstract Thearticledealswith the problem ofse condaryfinancial insolvency. The
prob lem of mu tu al debt mi ni mi sa tion is for mu la ted as a ma xi mum flow

problemin the debtdig raph. The ar ticle con siders a problem of con trolled
revitalization of the firms, too.

1. INTRODUCTION

Themutual debt com pensationproblem (M DC-P) wasdescribed by Fecenko[4]
forthefirsttime. Heproposed asolutionof theMDC-Pasacir culationmaxi mising.
Heal so pro posed amethod of mutual debt mini mi sationusing capi tal subsidiaries.
Gazda [5], [6] proposed an alternative method of this problem using subsidiaries
and investigated the aternatives of MDC-P with possibility of debt structure
changes.

2. DEBT DIGRAPH

LetV ={1,2...,n} betheset of firmsinvolvedinthemutual debt com pensation
process. Let Y be the debt which firmi owestowardsfirm j. Weassumethatp £ Y,

and at least one of equations y; =0, y; =0holds. Consider acredi tor-debtor rela
tion Ei vV~ Vdefmedasfollows

e={(.0)1y >4 @
Let yE® R' beapositiverea vauefunctionof thedebtlevel of eachcredi tor -
debtor pair (i,j)T E. That means

y(e) =y; foreveryel E, wheree= (i, j) (2)
Thedebt di graph isthe weighted di rected graph G = (V ,E, y). Assign
(it Gaytey, =Lt ()1 g (3)
Ii+ isthe set of cred i torsof thefirmi, | ; isthe set of debt ors of thefirmi.

The bal anceb(i) of each firmi is
o(i)=8 yi -8 - (4)

fre in
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Thefirstsum é Y in(4) representsreceiv ablesof thei-thfirmand the sec ond

(N
sum é_ y; in (4‘:) are payables (or debts) of the firmi.
ity
Letsdenote

b* (i) =max{0, b(i)}, b (i)=max {0 - b(i)} (5)

Sincey, =0for(i,j)i E,itholds a y; =0 and hence

8 o JlTV_Iio o
ayi=ay;tayi=avVi (6)
=L v fv-ir i
For the same rea son we can write
é.ylj :é i :é Yi (7)
j=1 v iy
Since
d . ,\_d& 0 8 ¢ 8 &
ab(|):a é.yji'é.yij::aayji'aayi;ZO (8)
=1 =@y iy g FljA i=1 j=1
we have
d
ab(i)=0 (9)
j=1
Thesum
d 8
Y=aa Vi (10)
i=1j=1

iscal led thetotal debtindebt digraphG =(V,E, ¥). Twomutual debt compensa
tion problemscanbefor mulated:

1. To mini mizethetotal debtY by mutual debt com pen sationwith out any sub-
sidiary.

2. Tomini mizethetotal debt Y with the given amount Cof subsidiary.

Let'shaveacy clec in

G=(V,E y)  c=v, (Vi % ) V2, ¥, Veor, (Vier, Vic ), i (11)
withcapacity

y(c) =mir{ y(¢) €T ¢ (12)

Presenceof acy cle(11) with capacity (12) indi graphG meanstheex istence of
mu tual debt cy cleinthecor re spond ing firm struc ture. In such asit u ation wecan



56 Vladimir Gazda, Stanislav Paltch

simplifythecredi tor - debtor relation by subtractingthecy clecapacityy(c) from the
weight y(e) for all edgesel c

y(e):=y(e) - y(c) foraledgesel c (13)

Theresult of thisop er ationisthereduction of theto tal debt inthedi graph. At
least oneedgein cy cle ¢ getsanew weight y(e) equal to zero. Then, thecredi tor —
debtor pair rep re sented by the edge with zero weight is re moved from the di graph
G= (\/ E, y). By repeatingthisoperationwecandiscardall cy clesindebtdi graph
—af tertheelimi nationof al cy cles thedi graph becomesacy clic.

@ 10 @ 10 @ 10 , @
10 10 10
®) 10 10 @ 10 G;
Figurel.

AsitisshowninFigurel itisobvi ousthat theor der of cy cledlimi nationindi-
graph G= (V ,E, y)isdeci sivefor maxi misingthetotal debt. If wetakethecy clel,
1,2),2,(2,0,7,(7,8),8,(8,1), Lwithcapacity 10, we canlower thetotal debtinthe
graph by 40 units. On contrary, if we choosethecy clel, (1,2), 2, (2,3), 3, (3,4), 4,
(4,5),5,(5,6),6,(6,7),7,(7,8), 8, (8,1), 1 with the same capac ity of 10 units, wecan
elimi nate80 debt units. Inboth casesthedebt elimi nationleadstothecy cleelimi na
tion —we get an acy clic di graph.

L etusdenotetheresidual debt af ter cy cleelimi nationasX; . The total resid ual
debt can be ex pressed as

8 &
f (X) =aa Xij (14)
i=1 j=1
Since x; representsresidual debtsaf ter thecy cleeliminationthefol lowingrela
tion must hold
0£x; £V (15)
Thecy cleglimi nation must not worsen nor makebetter thefi nancial situation of

eachsubjectpartici patinginmutual debtcompensation. Hencethebal anceb(i ) de-
finedin (4) of each firmil V mustnotbeinfluencedby mutual debt compensation,
henceforevery il V thefol lowingequationmust hold:

g-xii'g-)ﬁj:5 yji'g-yij:b(i) (16)
j=1 j=1 j=1

i=t
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The prob lem 1. of mu tual debt minimization can be ex pressed asfol lows: To
mini mizeobjectivefunction (14) subject to (15)) and (16).

Remark: From(15) it fol lows thatyij =0impliesx = =0 Hence thetotal debt mi ni-
mi zationdoesnot createanewcredi tor —debtor pair. Thisfact canbecons deredas
agood pro per tyoftheproposedmodel.

5. MUTUAL DEBT COMPENSATION
AS A MAX-FLOW-MIN-COST PROBLEM
Let G=(V ,E,y) beadebt di graph, let' sdenote
v ={ilitv,p(i)>@, v°={iliTv,b(i) =, v ={iliTv.p(i)<¢ (17)

ThesetsV *,V°,V ™ pairwisedisjunctiveandV " EV° EV "~ =V. Let z, ube
two elements, ZI V, ul V. We define anew weighted di graph @z(\T,E, y)as

follows:

V=VE{z4, E=EE{(zi)|iTv-}E{(i,z)mv*} (18)

iy(e) if el E
y(e) - b*(i) if e=(zi), whereilV’ (19)
}b(l) it e=(i,u), where iV’

Wecanex tend thematrix {yij } - tothematrix{ yij} . 1~ @ccordingto(19):

i,jl

_ ife) ife=(ii)lE
Vi =i . R (20)
§0 it e=(i,j)I E
By def i ni tions(19) and (20)isY , = ¥, =V, = Yuu =0, ¥, =b~ (i) foril V-
anbd ¥, =b" (i) foril V. Foril Vand jTV isy, =y, .Thentheequation (4)
can berewritten using (7) and just mentioned factsasfol lows

o(i)=b"(1)- b (I)=w-w=8y-ay=ay-ay
]

v v v
from what we get
o _ o _ - - o _ o __ o _ o _
O=ayi-dyi-Yutya= Adyi- dy=ayi-ay
fiv fiv i VE[3 Ve v fiv
andhence

ay=ay, (21)
jlv jlIv
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Conditions(21), (22) together with inequality O£ y. mean that the function
¥:E® RrepresentsaflowinthenetworkG = (V Y, )Wlth the sourcezand the

sink u. Themagni tudeof flow y is equal to any sumin (22).
Letpositivenumbersxij fori=1,2...,n, j=12,..,nberesidual debtsaf ter cy-

clic elimination. Then, similarly to (20), we can extend definition or the matrix
x”} for z uand fori=12,...,n

Xz =Xa =Xg =Xu =0, % =b7 (i) xiu =b"(i) (23)
Condition (16) (the requirement that the balance of each firm remains un-
changed) can bewrit ten intheform:
é_Xij :éin for i=12...,n (24)
v iiv
Therelation (9) canbewrittenasfol lows:

8 d
ax =a % (25)
i=1 i=1
Finaly we add the above ex plained con straint
O£ x; £ y; foreveryil V andforevery jTV. (26)

Conditions (24), (25), (26) concludethat X ={ xij} - isaflowinthenet work
1]
G= (\7, E, 7) where V:E ® Ristheedgecapacity definedonE . Moreover theflow

mag ni tudeof X isequal to (22). Itiseasy seenthat (22) isalsothemag ni tude of the
maximum flow in network G = (V E, V). So the problem of the totd debt

minimization can be formulated as the following graph the ory problem Tofind

amaX|mumfIOWX—{ IJ} _W|thm|n|mumcostf(X) aaX in the net-

i=1 j=1

ij

work G = (V .E, y).

4. REVITALISATION

Cy clic debt elimi nation does not change bal ance of any firm. If wewant toinr
proveour a gorithmtolower thetotal debt (14) wemust addfi nancial subsidiary to
the system. Thisissometimescalled therevitalisation of the firm by pay ment of its
payables.

Let us choose firm il Vv with the negative bal anceb( i). Then b* (i) =0and

b~ (l) =- b(i). We assumethat mu tual debt com pen sation or ganiser providesan
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amout of b™ (i) to thei-thfirm. Thisen ablespay ingitsdebts. Then, thetotal amount

of mutual debtsgiven by (14) can be de creased by the se quence of pay ments corn-
trolled by mutual debt or ganiser.

Atfirst, letusinvesti gatetheproblemof thetotal debt mini mi sationby payingall
debts of thei-thfirm. Let usconstruct thedi graph G, = (\7 ,E, yi) where

B Py(e if el E, e? (i,u
y(g=] ) el s er(in) @7
§0 if e:(l, u)
Tomini mizethetotal debt by pay ing all debtsof thefirmi meansto find amax i-

mum flow X ={x”}i o withmini mum costinthenetwork G, =(\7,E,y). As-

sign r(i) the difference between origina total debt and to tal debt af ter the just

describedrevitalisation pro cedure. Wearelook ingfor afirmrevitalisation of which
resultsinmini mumtotal debt—i.e. fori withmaximum r ( i). Other objectivescan

(i
be used, too, for examplemaximi zationof ratio b‘( (I))
[

Another ap proach isthefol low ing. We can put C money units into the system
withobjectivestomini mizethetotal debt. Thisproblemscanbesolvedindi graph
G =(\7, E, §) where
_ _ 1¥(e) if el E
V=V E{Z}, ESEE{(Z,2)}, ady(e)=} g3 _ :

{23 {(z.2} andy(e) As@)c ren(zd
i=1

Theproblemto mini mizethetotal debt by putting C money unitsinto system
can be re duced to max—flow—min—cost prob lemindi graph G :(\7 E, 3:/).
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LOCAL LABOUR MARKETS CLASSIFICATION IN
THE MORAVIA-SILESIAN REGION

JANA HANCLOVA, JIRI HORAK, MILAN SIMEK

Abstract The empirical analysis is devoted to the local labour markets in the
Moravia-Silesian re gion du ring pe riod 1995-2002. The pre sen ted re sults
document the possibilities how to use vice-dimensional clas si fi ca tion met-
hods for thelo callabo ur mar ket evalu a tion using dy na mic and spa tial GIS
statistics. The evaluation and classification of the local labour markets
proceed via factor and cluster analyses. The stability of the
vice-dimensional evaluationinacertaintime periodisinvestigated aswell.
The paper uses information providedby the departments of sta tis tics of
job cen tres in the Czech Re pub lic.

1. INTRODUCTION

Traditional evaluation of the situation and development of the labour
mar ket just on the basis of the un em ploy ment rate does not show well enough the

dif ferentsituationindif ferentregions. Thesituationatthelabour mar ket shouldbe
described more com prehensively withregardtoanum ber of factorsaf fectingthis

sit u ation both from the per spective of thelabour sup ply and demand and fromthe
perspective of the environment (among others aso the geographical influences).
Thetar get of thepaper istheeval uation of 302 selected o cal labour mar ketsin mu-
nicipalitiesof the Moravia-Silesian regionin the period from 1995 to 2002 on the
basisof 5selectedindi catorsfromso called Gl Sstatisticsof job centresby meansof
ex tractedfactors. Theeval uationwasdoneby meansof hi er ar chi cal for mationof 7
agglomerates.

The structure of the paper is adapted to the mentioned target. The first

partinformsthereader about thechar acteristicsof theselectedlocal labour mar kets
by meansof themoni toredindi catorsfrom Gl Sstatisticsincluding thetimedevel-

opment. Another part deal swiththeappli cationof thefactor anal y sisfor extraction
of latentfactorswhichfol lowimpor tant featuresof theorigi nal set of indi cators.
Themostimpor tantisthethird partwhich classi fiesthementionedlocal labour mar-
ketsinto7 agglomer atesonthebasisof (un)similarity. Theclassi fi cationisdy namic

1 The paper is the outcome of the research grant n. 402/02/0855 "Labour maket modelling using of

geo-informationtechnologies’ funded by Grant Agen cy of the Czech Republic.
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andspatial. Thefi nal eval uationsummarisesposi tiveaswell asnegativeresultsre
latedtotheproposedmethod of local labour mar ketsclassi fi cationand possi bil i ties
of further concentrationof researchorempiri cal activities.

The use of multivariational methods for spatiad analyses consists
aboveal in (Bailey, Gatrell 1995):

1) Thereductionof quantity of dataandresearchof mul ti di mensional attributive
spacewith theaimtoindetify the small num ber of in ter est ing subdimensions
(orthecombi nation of at trib utes) which canthenbeex aminedfromthespatial
point of view (the use of classic multivariational meth odsfol lowed by the visur
ali sationof resultsandtheirinter pretation).

2) Theresearchof spatial tex tures(pat terns) and relations.

3) Thespatial classi fi cationanddiscrimi nation.

The method of minimum spanning tree belongs to hierarchical
agglomerative meth ods as well. The span ning tree con sists of the system of lines
(edges, accordingto the theory of graphs) among all observations which connect
each ab ser vation (junc tion) with any other one and, at the sametime, with out any
loopsinthenetwork (connectedand acy clicgraphsaretherequirement of thetheory
of graphson the struc ture of atreetype). Thelength of aline ex pressesunsimilarity

of both connected observations. The minimum spanning tree is the tree of men-
tioned condi tionswiththemini mum length. Bailey, Gatrell (1995) de scribethespa

tial ap pli cation of thismethod when they pre sumethat the set of ex amined ob jects
hasgot thespatial lo cal isationandthey recom mendtorep resent thecreated graph
(themini mum span ning tree) on the map to be ableto provethe hy poth e sisthat the
ob ser vationswhicharecloseintheat tributivespaceareal so closeinthegeo graph
ical spaceandtoindi catetherespectivedevi ations. How ever, the stated methodis
also used to de fine a part of the graph (for ex am ple, the street net work) whichis
available within the defined limit (time, distance). Practical applications for this
pur pose have been de scribed, for ex am ple, by Y ou-Hong (1996).

2. THE CHARACTERISTICSOFTHEANALYSEDTERRITORY
AND DESCRIPTORS

The investigated area is the area of Moravia-Silesan region.
Moravia-Silesianregionin cludesthedistrictsof Bruntal, Frydek-Mistek, Karvina,
Novy Jicin, Opavaand Ostrava-city. See Figurel.Thisterritoria unitisdi ver si fied
by its nature and in the corethereis Ostrava-Karvinaag glomer ation. Itisatradi-
tional industrial area with a high share of so called "heavy" industry, particularly
coal and metallurgy industry, heavy engineeringand chemistry. The engineering
and pharmaceutical industries, €electrotechnic, paper-mill, textile and
food-processingindustriesaretheother im por tant branchesof industryintheregion.
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Agri cul tureisdevel opedinthewholeareaand thefor estry can befoundinthefoot
of Beskydy and Jeseniky moun tains.

Since 1990 great restructuralisation has been running in the region to-
gether with makingredundant thou sands of em ploy ees. Theregionisone of the
most af fectedintherepublic. Thetypi cal featureisafiercein hi bi tion of theheavy
industry andper manentincreasingunempl oy ment. Therate of un em ploy ment was
17.6%until January 31, 2004.
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Figurel: Locationof theMoravia- Slesianregioninthe Czech Republic

For theanal y sisthefivechar acter istics have been cho sen based on an ex-

Ipert esti mationthatinfluencethesituationatlocal labour mar ket. Theindi catorsfol -
ows:

e rateof unemploy ment-indicator MN,

e share of unemployed between 15 - 24 years old on a total num ber of unem-
doyed-indicator PC15-24 U,
share of unem ployed older than 50 yearson ato tal num ber of unem ployed-in-
d cator PC50-99 U,
shareof unemployedwith pri mary edu cationlevel onatotal number of unem-
doyed-indi cator PCVABC U,
share of long-term unemployed (more than 1 year) on total number of unem-
doyed-indi cator PCE_12U.
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Rateof unemploy ment is one of the key indicators for the eval uation of the
labour market troubles at macroeconomic, regiona and locd levels.
Moravia-Silesian region belongsto theter ri to rieswith thevery high val uesof the
indicator in the long-run. In the analysed period the indicator increased signifi-
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Figure2: Unemploymentratein%inmunici pal i tiesof theMoravia-Slesianregionfrom
1995 to 2002

The share of job applicants 15-24 years old on total number of job
applicantsin% . Thisindi cator ex pressesthe share of theyoung pro por tion of the
economicactivepopulationontotal amount of theregisteredjobappli cants. A typi-
cal featureisahighdif fer enti ation of theseval uesin munici pal i tiesinthelong-run.

The share of job applicants older than 50 years on total number of
jobap pli cantsin % wasvery stabileinthebegin ning of theanalysed period. More
signifi cantincreasefor thisgroup of jobap pli cantshashap pened dur ing 2000-2002.
Thereareimpor tant dif fer enceswithintheregion. For example, inKarvinadistrict
rel atively favour abledevel opment couldbeinfluencedby areal social pol icy of the
bigfirmsaimed at dis missed peo pleand by the ac com panied so cial programmes.
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Figure 3: Theshareofjobap pli cants15-24 yearsold ontotal number of jobap pli cantsin
%inmunici pal i tiesof theMoravia-Slesianregion from 1995 to 2002
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Figure 4: Theshareofjobap pli cantsolder than 50 yearsonto tal number of jobap pli cants
in%inmunici pal i tiesof theMoravia-Slesianregionfrom 1995 to 2002

The share of job applicants who reached primary level education on
total number of job ap pli cantsin % ex pressestherepresentationof non-qualified
labour force in the terri tory. Job ap pli cantswho reached pri mary level education
only rep re sentsthe share of 30% on to tal amount of job ap pli cantsinthelong-run.
Thisindi cator declined slightly intheanalysed period.
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Figure 5: Theshareof jobappli cantswhoreached pri marylevel ed ucationontotal number
of jobappli cantsin%inmunici pal i tiesof the Moravia-Slesian region from 1995 to 2002.

The share of job applicants registered more than 12 months on total
num ber of job ap pli cantsin % reachesthevalue about 40%in 2002. Thevery sig-

nif i cantincreaseof theseval uesisap par ent par ticularly during period 1999-2000.
Thehighvaueindi catesseri ouslong-runtrou blesat labour mar ket inthearea.
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Figure6: Theshareofjobappli cantsregistered morethan 12 monthsontotal number of job
appli cantsin%inmunici pal i tiesof theMoravia-Slesianregionfrom1995to0 2002.

3. FACTORANALYSISOFTHE SELECTEDINDICATORS

Fivebasicindi catorsof thelo cal labour mar kets have been de scribed in
theprevi ouspart of the paper. They havebeencal culated asan av er ageof monthly
val ues for each year of theanalysed period. Thischap terisdevoted totheex plora
tionindi cator anal y sis. Basedonitsmutual cor relationweput thesedeter mi nantsto
gether to so called latent factors, that can be interpreted objectively and they
ex presssubstantial featuresof thelocal labour mar kets. Theseex tractedfactorswill
classify thelocal labour mar ketsinthefol low ing part.

Thefactor anal y sishadfol low ing phases:
theesti mationof correlationmatrix,
theesti mationof factorload coef fi cientsusingthemethod of basiccomponents
therotationof thefactorsfor betterinter pretationusing method VARIMAX,
theesti mation and using of thefac tor scoresfor set ting up the profileof thelo-
cal labour mar ketsof municipalities.

Beforestarting thefactor anal y sistheselectedin di catorsweresorted ac
cordingtothecol umnsand per eachyear andindi vidual munici pal i tiesweresorted
accordingtothelines. Input datamatrix of indi catorsincluded stand ardised dataac
cordingtotheindi vidual indi cators.

The result of the factor analysis for the whole observed period from

1995t0 2002 wastheex trac tion of thetwo fac tors (see Table 1), which could bein
ter preted, and the pro por tion of the spread of indi catorsex plained by thesefactors
wasat thesat isfac tory level 68%.

The factor F1 shows the problems of the general global labour supply
anddemand (i.e. theun em ploy ment rate and the prob lemswith along-term un em-
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ployment). The factor F2 in cludes the prob lems on the side of the labour supply
structure (high per cent ageof theyoung or el derly unemployed).

Component
1 2
Zscore(MN) ,829
Zscore(PCVABC) ,790
Zscore(PCE12) 127
Zscore(PC50-99) 911
Zscore(PC15-24) —670

Tablel: Rotated componentmatrix

4.LOCALLABOURMARKETS CLASSIFICATIONIN 1995-2002

Loca labour markets classification in the Moravia-Silesian region was
based on the concept of homogeneity,i.e. searchingforlocal labour mar ketswith
thehighdegreeof mutual uni for mity ac cordingtotwo ex tracted latent factors.

Again, the classification comes out from standardized values by means
of theZ-scoreandthePearson”scor relationcoef fi cientwaschosenasthesimilarity
rate. Themethod of thehi er ar chi cal agglomer ationusingnat ural agglomer atescen
troidstosearchfor agglomer ateswaschosenfor thecross-sectional classi fi cationof
local labour mar ketsand dur ingaggregationav er agedistancesof groupsof couples
of pointsamong aggregatesareeval uated. Themaindisadvantageof thisclassi fi ca
tion methodismarginalisation of spacerelationsin cludingthear rangement of hi er-
archi cal centres.

The following Figure 7 presents the development of seven clustersin
1995-2002. Itisob vi ous, thefig ureand above men tioned pro cessare based on the
esti mationsof latent factorsthat could beinter preted objectively duringthewhole
period. Thegener ated clustersare formedintheindi vid ual yearsand they need not
tobecomparablefor thelo cal labour mar ket ac cordingtothecluster valueintime
period.



68 Jana Hanélovd, Jifi Hordk, Milan Simek

1995 1996 1997
o J
-~ -
o J
o w J W
1998 1999 2000
o J
s .
-
- J
. J
2001 2002
o
Average linkage
g Between Group s
w
1
- “1 W2
= W3
W
o W
6
e w7

Figure7: Thedevel op ment of seven clustersin 1995-2002.

The following figure shows the results of the classification into 7 clus-
tersforall munici pal i tiesin 1995.
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Figure8: Classi fi cationoflocal labour mar ketsin1995
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From the point of view of the a locationof thelocal labour mar ketstothe
clusters the received results for 1995 indicate several problem ar eas. Theseare,
aboveall, periph era ar easof theregionwiththelimited num ber of em ploy ersand
bad accessi bil ity fromthepoint of view of thelabour mobil ity, withtheex ceptionof
thedistrict of Karvinawhich suf fered fromthesig nif i cant declineof miningindus

try.

5.CONCLUSION

Theaim of thispaper wastheeval uation of 302 selected |o cal labour mar-
ketsof theMoravia-Silesianregionin 1995-2002 usingtheindi catorsof job of fices
statistics.

The factor analysisresulted in 2 extracted factors expressing sgnifi
cantfeaturesof theorigi nal indi cators. Thefactor Flincludedglobal labour sup ply
and demand prob lems. Thefactor F2 ex pressed prob lemson the side of thelabour
supply structure.

For the cross-sectional classification in individual years 1995-2002 the
method of thehi er ar chi cal agglomer ationinto7lev elswasused. Theresultsshowed
that theclassi fi cationof thelocal |labour mar ketsisstrongly sensi tivetothelocation
aswell aschangesof theex tracted factors. Thestabil ity of theassigned classi fi ca
tionlevel of amunici pal ity inaneight-year examined periodwaseval uatedaswell.

Further results of this empirical study referred to significant problems of
local labour mar ketsat thelevel of munici pal i ties with the small number of eco-
nomicactiveinhabitantswheretherearesignif i cant changesof theanalysedindi ca
tors. Marginalisation of fur ther spatial relationsamonglo cal labour mar ketsaf fects
theobtainedresultsaswell.

A number of spatial applications may require the created clusters to be
spatialy connected, i.e. clusters from geographically close objects were created.
Tradi tional multivariational meth odsdo not take note of thisrequirement. Theeasi-
estway istoclassify thecoor di natesof objectsinto aset of ob ser vationsasan other
two new vari ables, how ever, itisob vi ousthat the optimalisation of the distance
along both coor di nateaxeswill toacer tain ex tent go onindepend ently (thismay be
solved by anintro duction of an spatial in dex ation) and onthewhole, of course, the
coor di natesare placed at the samelevel with other at trib utesand thereforeitisnot
ensuredthat geo graphi cally ho mo geneousclusterswill beformed. Moreadvanta
geouspossi bil ity isthemodi fi cationof theal gorithmof theagglomer atesformation
withrespecttospatial relations. For alot of cases- e.g.administrativedi visionof the
area- wecanrequirethear easjoined into onecluster to neigh bour. An of fer tousea
neigh bour hood matrix isap par ent. It containsinfor mation con cerning neigh bour-
hoodamongtheindi vid ual pairsof ar eas. When using theag glomer ate method for
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the cre ation of clusters we can join only those ar easto the cluster that are neigh-
bour ingwithan other areaal ready beinginvolvedinthecluster.

Further investigation will focusontheindi catorsincludinglabour mobil-
ity. Labour mar ketswill not beinvesti gatedinisolation.

We can sum up that the empirical study underlined the eligibility of the
pro cessfor labour mar ket classi fi cationand settingtheir rateof criti cisminperiod
1995-2002. Theacquiredresultsandim per fectionswill berespectedinfutureinves
tigations.
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WASSERSTEIN METRICS AND EMPIRICAL
DISTRIBUTIONS IN STABILITY OF
STOCHASTIC PROGRAMS

MICHAL HOUDA

Abstract Practical economic problems of ten ask for op ti mi za tion pro ce dures, not

unfrequentlywithrandomin putsleading thusto stochastic programming
models. Therandomnessismodelled throughtheunderlying probability

distribution, which is as su med to be com ple te ly known. But the “true”
probabilitydistributionisrarelyfullyknown;instead,approximationores-
timatesare used. Some kind of sta bility of op timal valu es and op ti mal so-
lution sets with res pect to chan gesin the pro ba bili ty dis tri bu tion is then
required. This paperillustrateshowaparticulardistance—Wasserstein
metrics,measuring a distancebetween two probability distribution — af-
fects the stability of stochastic optimization problems. Numerical exam-
plesforachoiceofdistributionsandtheirem pirical estimatesare given.

1.INTRODUCTION

Stochasticprogramming special izesinproblemswheretheun cer tainty of input
param etershastobe taken into ac count. Usually, therandom nessisintroducedto
themodel viaprobabhil ity distri bution of therandomvari able. Insuchmodels, afull
knowl edgeof thedistri butionisrequired. Butin practice, itsesti matesand ap prox i-
mationshavetobeappliedinstead, duetomodel lingandnumeri cal dif fi cul ties; for
example,if thedistri butionfor someinputrandomparameter canbeonly esti mated
fromahistori cal dataseries.

In a stochastic programming model, when replacing the origina distribution
withitsap proxi mationor esti mate, onehavetobecautiousabout resulting changes
inopti mal valueand/orinopti mal solutiontotheproblem. Wespeaksabout thesta-
bility analysis of stochastic programswith re spect to changesin theunderlying
probabilitymeasure. Apart from other things, the stability anaysis introducean
other non-trivial task —to chooseasuit abledistance onthe spaceof prob abil ity mea
sures. A great attention has already been paid to this area in the literature, £e
e. 0.[1],[2],[4],[5],[12], [13], etc. It turns out again that the prob lem isclosely re-
latedtotheproper tiesof theorigi nal model and cannot betreated separately fromit.

1 Thisresearch was supported by the Grant Agency of the Czech Republic under Grant 402/01/0539.
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Referingtorecent resultsinthestabil ity of sto chastic programs(seee. g.[10]),
we con sider the Wasserstein met ricsinthere main der of thepaper — itisaconve
nient distancein many cases (seealso Section 3). Let R(Q? bethe space of all Borel
prob abil ity measuresonsomeBorel setQ1 R anddenote

N

R(Q=11 Q) g

the set of probability measures havingfi ni tefirstmoment. Letm ul R (Q). The
1-Wasser steinmetricsisthendefi ned by

V\{(m u)::hié?L,u)Q§X - XH h(dx dx),
whereD(mu )isthesetof all probabi lity measures(ofR(Q * Q)), for which mand

U are mar gi nal distri butions. Thepracti cal di mensionof themet ricsappearswhen
dealingwithone-di mensional randomvari ables; thentheWassersteinmet ricsreads
(see[19])

 u(dx)< +¥g

W (mu) = oF (1) - G(t)at (2)

whereF and Garedistri butionfunctionscor respondingtotheprobability measures
mand u.Inthelatter case, themetricscoinci deswiththeFortet-Mourier metrics, clo-
selyrelatedtoamoregeneral con cept of distan ceshaving z -structure. For details,

werefer tothepapers[1],[10], andthebook [9]. Themaindi sabi li ty of theWasser-
steindistanceisrecogni zedwhi ledealingwithdistri butionshavingheavytails(ee

6]).

[ ])Attheend of thepaper, weconsider theempiri cal distri butionastheselected ap.
proximationmethod. The one-dimensional empirical distributionfunction, based
onthesampleofi.i.d. randomvari ablesx, ,X, ,%a with commondistri butionfunc-
tion F,isdefined by

8 -
Fo(z)=Fa(zw) :%a l¥:g (x, (W)) zZI R (2)
i=1
where | , denotestheindi cator function of theset A It is well known that the se-

guence of empirical distribution functions converges almost surely to the
distribution function Funderrat her general conditions.

2. PROBLEM FORMULATION

For m R( Q) (representing unknown originaldistribution) considera general
decisionproblem

inf 0o () m(dx) SUbjGCt'EOrr{xT Q:xI X (x)} 3 (3)
Q

R"
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where only general conditions on g and X are assumed:
G:R" " R*® R X:R°P R"arebothmeasurables,and p, | [0, J]isaprescri bed

probability level. Recourse problems and problems with probabilistic onstraints
arespecial casesof (3). Denote] (m)theopti mal valueandY(m) theopti mal solu
tion set to the prob lem (3).

In (3), we consider someesti mateu R( Q)(e. g.anempiri cal distri butionde
fined by (2)) in stead of mThenext section recallssome Lipschitzand Holder stabil -
ity properties of j () and y (¥ with respect to the Wasserstein met rics. It deals
particularly withthefixedconstraintsetX | R',i. e withtherecoursemode of the
form

&P (x x) m(dx) subject to x1 X (4)
Q

Thestabil ity resultsof Section 3will next beap plied whenU denotesanempir i-
cal distri bution.

3. STABILITY RESULTS

Theorem1 Consider (4) wherem ul R ('Q), X iscom pact, g isuni formly con-
tinuousonR" © R® andLipschitzcontinuousink for all x| X, withaconstantL in-

dependenton x. Then
i (m) - (u) £LWi(mu)

Ifinaddi tionXis acon vex set andg (x )isstrongly convex functionon X with
parameters >(Q then

b () -y ()] "€ 2 Lwi (mu)

Proof See[3]; for adefi nitionof strongly convex functionsee[11].

Thestrong convex ity condi tionof g al lowsusto considery ( u) as a (unique)
point of R" (how ever itisinfactasingleton).

Theorem lisabasictool toesti mate up per bound of dif fer enceinopti mal value
andopti mal solution. First, up per boundsof Theorem 1 de pend onthemodel struc
ture by means of the Lipschitz constant L. Especially, theunderlyingstructurecan
be com plex so far aswe can guar an teethe Lipschitz conti nuity of ginitsran dom
component.

The other com po nent of the up per bound givenby Theorem 1 measuresthedis
tance be tweenmand n by the Wasserstein met rics. Wefix our at ten tionto thispoint
now. If the function g(x, x) had a separable structure in random element, i. e.
g(x ,x) =a g, (X; X, ) whereev ery X, isone-dimensional random vari able, thenwe
could directly apply Theorem 1oneachof functionsg, . Herewetakead vantageof
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thefact that Wassersteinmet ricsiseasily com put ablefor one-dimensional distri bu-
tions(see(1)). Con sequently, up per boundsfor changesin op ti mal valueand op ti-
mal solutioncanbeobtained.

4. STABILITY RESULTS

L et m, denoteanempiri cal measurewithdistri butionfunction F  definedby (2).
In [14],limitingdistri butionfor \Fn\Nl(m, mn) iscal culated, wheremistheuni form

distributionon(0, 1). Usingtheinversetransfor mationtheorem, onecouldinducea
limitingdistri butionof thisstatisticsfor ar bi trary distri bution; however,ouraim is

different. The inversetransformation theoremisnot al waysap pli cable. The prob
lemisthat inversedistributionfunctionF * could not al waysbegiveninitsex plicit
form, and other approxi mationmethodstake place.

In the lat ter section, wegiveashortil lustration onhow somedistri butionsdeals
withthe Wasserstein met ricsap plied onthem selvesand theirsem pir i cal ver sions.

Thegoal isnottogiveanex plicit for mulafor limitingdistri bution (thisrequiresa
more so phisti cated the ory ground work, see again the book [14]), but to show how

largeerrorsonecanlook forwhenusingdif ferentempiri cal distri butionsinpracti cal
optimization problems.

5. SIMULATIONS

WeusetheR programminglanguagefor cal culationsneededtothissection. This
freestatisti cal tool isvery flexi bleinimplementinguser-definedprocedures. Nev er-
the less, we have cho sen to use built-in but powerfull rou tinesfor in te gration and
randomnumbergener ation:

« (one-dimensional) integral esti mateisbased on QUADPACK numeri cal routi-
nes, see[8];

» pseudo-random num ber generator isof thetypeMersenne-Twister: atwistedge
nerali zed feedback shift register generator, see[ 7]. Nor mal distri butionisesti-
mated using the inversion procedure and Wichura's algorithm AS 241 for
guanti lefunction, see[16].

Theex actprocedurefor estimatingW, (m m ) readsasfol lows: for agiven distri-
bution and alengthn,arandomsampleisgener ated. Thentheempiri cal distri bution
issetupanditsabsolutedif fer encetotheorigi nal distri butionfunctionisintegrated
giving an esti matefor the Wasserstein distance. Thispro cedureisre peated 100
timesfor eachpair (distri bution, n)inor der toget basicstatisti cal proper tiesof esti-
mates.

Thefirst set of fol low ing histo gramsil lustratesafact that the Wasserstein dis-
tancebetweenadistri butionanditsempiri cal esti mateconvergestozeroasfol lows
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fromwell-knowntheoreti cal resultsaboutempiri cal distri butions. Thesecond set of
histogramsprovidesdistri butionsof \/ﬁW1 (mmn ) (i.e.rateof theconver gence). If

one knowsthe Lipschitz con stant of The o rem 1 (derived from the struc ture of the
origi nal model (4)), onecandi rectly ap ply thetheoremtoobtainanesti matetothe
errorarisingwhentheorigi nal unknowndistri butionisreplacedbyitsempiri cal es
timate.
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ECONOMIC GROWTH MODEL AND POSSIBLE
PROBLEMS OF THE SLOVAK ECONOMY

JAROSLAV HUSAR

Motto
Jedine hlboka a dokonala znalost makroekonémie

poucuje o spdsobe, ako funguje ekonomicky systém,
ako v nom tecl toky prijmov a vydavkov, o tom, ci je
hospodarstvo zdravé, aci je jeho chod vratky. Len ona
vysvetluje, z ktorého subsystému (casti) pochéadza
choroba (neduh), pre aké priciny a ako sa rozméha.
Ona ukazuje cestu indtrumentom (liekom). Skratka
povedané, len zato, Zeju vieme (ovl&dame) sastévaj i
Zjavnymi ostatné jednotlivosti, takze ak nepozna
niekto tito hlavni cast ekondémie, nie je prospesné
poznat ostatné.

INTRODUCTION

Re cently our econ omy vent through massad just ments. Thepol icy mak erswere
per suaded that to re store macroenomic stabil ity by bringing the bud get closeto bal-

anceand pur suingtightmonetary andcredit pol i ciesistheprimeeconomicinter est.
Our new econ omy started by pri vat izing gov ern ment-owned firmsby sell ing them.
Thenext stepwastoliber al izepricesby remov ing pricecontrolsandal lowing mar-
ketstobeginoperating. Wehavelibera izedforeigntrade. Littlecarewasdevotedto
eco nomic growth asthemain source of eco nomicwel fare. Inthispaper we con cen

trate on ana y sisof some as pects of eco nomic growth that are ahead of the Slo vak
economy.

1. ECONOMIC PERFORMANCE OF THE SLOVAK ECONOMY

To understand growth and differences in income levels among countries, we
needtounder standwhat deter minesthegrowth of factor of productionandtechni cal
knowl edge. Theper for manceof theecon omy must beseenthrough many economic
indicators. Despite prog ress made in re duc ing spend ing as ashare of GDP since
1998 andincuttingtax ratesfromhighlev els, thelargedef i cit—esti mated at 6,5% of
GDP(onESA 95basis) in2001—andthesignif i cant risein publicdebt raiseseri ous
concerns. The Slovak economy is emerging slowly from a period of sluggish
growth, that is the prerequisitefor the wel fare, which isex pected by peo ple. The
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Maastricht’ cri teriarequiretomeetfixedval uesof choseneconomicindi cators. But
toeval uatetheper for mance, wehavetolook intothestruc tureof GDP com po nents
(table 1). In or der to have adeep un der stand ing the eco nomic prob lems of the Slo-
vak economy, we picked up dataonthe GDPstruc turefor Slovakia, USA and GB.
Thefundamental chal lenge fac ing Slovakia, aswe can see from the data, isthe
increaseinthecon sumption ex pendi tureshare. Thereareno small dif fer encesbut
high one. We could put the question for whom the eco nomic system of Slovakiais
pro duc ing. Share of the Cinthe GDPisonly cca. 0,50. In USA and GB this share
reache the value of morethan 0,65. The next sur prising ratio isthe share of in vest-

ment in GDP. For the period of ex istenceof Slovak Republicthisshareisfloat ing
roundthevalueof 0,35. A highrate of capi tal for mationisnot reflected inthe stan-

dardof livingorinthelabour productivity.
Table1: Theshareofthe GDP compo nentsin SR, USA and GB

R USA GB
GDPcomponents bil. Sk V% bil.USD V% bil. GBP v %
Consumptionexpenditures,C 3223 493 4390.0 68.9 3827 64.2
Investmentexpenditures,| 252,7 38,6 875,2 13,7 92,9 15,6
Inventories, | -20,6 -0,03 16,8 0,002 -1,9 -0,003
GovernmentexpendituresG 146,2 223 11571 18,1 132,4 22,2
exports, X 368,38 56,4 660,1 10,4 139,8 23,4
imports,M 4155 635 725,8 114 149,1 25,0
GDP 653,9 100 63740 100 596,1 100

Sotheeffi ciency of invest ment aswell asef fi cient capi tal al locationareessential
toraisingstandardof livingandlabour productivity. Af ter theneedtoraiseproduc
tivity growth, next major problem is the sluggish short-term performance of the
economy (growth) andtheinad equatejobcreation.

The next important insight in economicperformance is the struc ture of con-
sumptionex pendi tures. Theconsumptionex pendi tureisnot thehomogeniusitem. It

is usua to divide it to three components:ex penditures on durable goods (C1), on

non-durablegoods (C2) and ex pen di tureson the ser vices(C3). Thismoredetailed

view of theUS econ omy isseeninthe Table 2. It isans ad vanced econ omy so we

canhaveanideaabout thepossi blepath of economicsystemandpossi bleobjectives
of economy intransition.

Table2: Thestructureof selectedindi catorsfor USeconomy

Year G'ff;gi I c | C/HDP 1/GDP cuc caic cac

1905 74005 | 49690 11438 0671 0,154 012 0 0,58
1996 78132 | 52375 12427 0,670 0,159 0,12 0 0,58
1997 53008 | 55204 13837 0,665 0,167 012 029 0,59
1008 87509 | 58486 15312 0,667 0175 012 02 059
1909 92484 | 62549 16256 0676 0,176 012 029 0,59
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Thereader can seetheim por tanceof theex pendi turesonser vicesin USA asthe
component of overdl expenditures of households. This comparison suggest the
ground for eco nomic pol icy inthe Slo vak econ omy.

To speak about re quired changesin our econ omy asksfor in creasing thegrowth
rate. Invest ment spendingisacentral topicinmacroeconomicpol icy for two (more)
reasons. First, fluctuationsininvest ment ac count for much of themovement of GDP
inthebusi nesscy cle. Second, invest ment spending deter minestherateat whichthe
econ omy addsto its stock of physi cal capi tal, and thus hel ps deter minetheecon-
omy’ slong-rungrowthand productivity per for mance Thiswasthereasonfor con-

struc tion the model and on hisbaseto an alyzethe Slo vak econ omy pros pects. We
wanttorely ongrossand netinvest ment. To havetheideaof numeri cal relationship,

look at the grossand net in vest ment asaper cent age of GDPin USA:
Table3: Grossand netinvestment (per cent of GDP)

1960-80 1980-90
Grossinvestment 18,1 17,6
Netinvestment 606 55

Source: OECD, Histori cal Statistics, 1992

Aswe can see, hetinvestmentdeclinedin the sec ond periodmore than grossin-
vestment. We can only make ahy poth e siswhat wasthereason. But now wehavean
ideaabout thereal relationshipinthefield of invest mentinan ad vanced econ omy.
Asitisknowntheratesof depreci ationdependsonthetypeof capital. Forexample,
theuseful lifeof structuresisdecadeswhereasthat of of ficeequip mentisonly afew
years.

Now look at somenumer i cal val uesinthe Slovak economy. We had someprob
lems to get the same data. But in any case we succeeded to get data that are in
Table 4

Table4: Grossfi xed capi tal for mationanditscon sumption:

Indicator 1996 1998
GDP 100 100
Grossfi xed cap. for mation 0,37 0,36
Consumptionof capi tal 0,17 0,19

As we see the gross investment as the component of GDP in Slovakia is very
high. Perhaps it should sug gest the other capi tal a lo cation to get ahigher growth
rate.
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2. AGGREGATED GROWTH MODEL OF SLOVAK ECONOMY
WITH POSSIBLE ECONOMIC PROBLEMS

To study and an alyzethe growth prob lemsof Slo vak econ omy wewant through
growthmodels. Thesim plest growth mod el sstemfromtheanal y sisof capi tal accu
mulationintheabsenceof capi tal accumulation. Thebasicmodel, gener ally known

by the label Harrod — Domar, is con structed in aform that is both the sim plest and
mostinflexiblel. Thevari ablesin the Harrod-Domar model in con tin uesterms are

out put (income) Yand labor force L, both asflows per unit of time, to gether with the
capital stock Kat any timeanditsderiv ativefKastheflow of in vest ment. All vari-
ables are taken as continuousanddif fer entiablefunctionsof time. Hencethebasic
model hasthreevari ables: Y, K, andL ; and their paths are de ter mined by three equi-
libriumconditions:

Full capacity K =vY
Investment=saving K =sY D
Full em ploy ment L =uy =Le"

In this modd it is re quired thata the growth rate of L must be the rate of growth
(g) of Y. But thegivenrateof Lisn, nat ural rate. It can be shown that g =S_nif
v

thisessential condi tionissat isfied, then steady-state growth pathsof thethreevari-
ables are:

Y =Yoe?, K=K and L=Loe”.

To speak about theeco nomic growth of Slovak economy usingonly ver bal tech-
niqueswill not helptofindthesolution. Criti cal problem, aswehaveseenintables,
is the ratio of investment and GDP. From this stems our interest to formulate a
model that is focusingonmacroeconomicvariablesl, K and Y. On the base of the
model (1) we con structed amodel that con sists of these equations:

I, =3 -U, (2)
Ki = VY, (3
J =Y, (4)
It =K1 — Kt (5)
where
I, — netinvestment
J, — grossinvestment
K, — stockofcapital
U, - depreciation
Y, — GDP

1 PoziE.Do mar, Essaysinthe Theory of Economic Growth, New Y ork, 1957.
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Asweseetherearethreecrucia parameters:v, sand mTheeconomicmeaning
at tachedtov isthat desired capi tal stock isacon stant mul ti ple /) of out put. Our
equation (3) isthe core equation, start ing point for themodel devel op ment. If this
equationisvalid, then thisstate ment isvalid also:

Ker =W (6)
For thenext devel op ment of themodel wehavesaid that thedepreci ationiscon
stant ratio of thecapi tal, thatisthat U ism ratioof thecapi tal stock; i.e.:
U, =K, =mxv XY, (7
Now manipulatingwittheex pressionsfrom(2) to(7) wecandeducetheanalyti
cal formof therelationshipY; asafunction of time, t. First of all from (5) we seethat:
Ku =K, =3, -U,.

In this ex pression all the vari ables can be changedto Y, (sub sti tuted) that re-
quiresthesethreerelations (3), (4) a(7). Thesolutionis
VX(Yey =Y )= XY, —mxv 3y, ),
Rearranging this equation (expression) dter several steps we fi nally get this
model:

Yer =8+ 2-m¥, (8)

e Vv [7]
The next stepsin thismodel are clear enough in gen eral terms. Let the vari able
t=0,1,2...,n, wewill get:

le(?ﬁﬁé—ngQ
e V o

v, =8+ 2 _m%,
e V g
Ya

Yn=§-+§_m%nl
e V o

Af ter therequired sub sti tu tions (they can be done by reader) wefi nally cometo
thisresult:

n

Yn:$+§—m9Yo (9)
e Vv 4]

Tobemorefamil iar thisequation, wecansay thatr = ?9 - m Weman aged to
Vg
get new formof (9) that canbewritteninthisform(solutionof dif fer enceequation):

Yo =(1+r )Y (10)
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Thisparticularformulationsaysthattheparameterr may beregardedtobearate
of growth. Fromtheequation (9) thereader can sethat all theparam etersof theorig
i nal equationss, v, and mareim por tantinthegrowthratefor mation. They havetheir
own eco nomic meaning. But asitisseen weneed to know theini tial valuethatisre
lated to all parameters and a vari ableY, . Param etersmay be esti mated. We now
haveagood model (in stru ment) that can servefor mak ingeconomicanal y sis. This

was the main pur poseof thismodel for mulation.
Now wecanturnto theeco nomicanal y sisand prob lemsthat can beex pectedin

Slovak economy from the point of view of real relationships in macroeconomic
vari ables. From equation (3) weseethat desired cap i tal stock isafixed mul ti pleof
thelevel of income. Thefixed mul ti ple(v) istheratioof thedesired capi tal toout put
(v=KI/Y), caled capi tal-output ratio. It mainly de pendson thefixed capi tal of the
firms. Inthebusi nesssec tor, weareassuming that firms have no choice—they must
have cap i tal on hand in an amount equal to (v) times the level of output. But the
growth rate heavily de pendson thisvalue. From the equation (4) we can seetheim-
por tanceof theparameters. It can be read off from the GDP components. If it is
high, asin Slovakia, it means that we need not only fi nancial resourcesforinvest-
ment but we need other re sourcestoo: plants, equip ment, labour force, new tech nol-
ogies, new professions, etc. Thiscreatesenor mousproblemstoev ery economy. But
the high level of | in the GDP in the same time means that the C had to go down. No
lessimportantistheparameterm

In our paper wewant to present somecal culationscon cerningthe Slovak econ
omy. First of all, we made achoice of thevalue of the param etersthat way asto get
for each three val uesthe growth rate to be 7%. Just to show you someresults, in Tar
ble4youcan seetheparticular val ues.

In vari ant A wefixedthedepreci ationonthelevel that wasob servedinthe Slo-
vak econ omy and we also fixed the value of 5 theratio of grossinvest mentin DGP
onthelevel that isalit tle bit more than real (0,39).

Table4: Theparametersofthemodel

alternative s v m r
A 0,40 2 0,13 0,07
B 0,60 3 0,13 0,07
C 0,28 2 0,07 0,07

Growthrateinthiscaseis 7%. Inthevari ant B wefixed againtherate of depreci-
ationandweac ceptedthecapi tal —out put ratio that can befined in mod ern (devel-
oped) economies(3). Thisrequiresthe sto be equal to 0,6 (very high) if we want to
haveagrowth rateequal to 7%. It meansthat con sumptionex pendi turesin Slovakia
(and other ex pen di tures) must suf fer, house hold sec tor may be un sat isfied. Eco-
nomic devel op ment takes place when the eco nomic wel fare of acountry’ speople
increasesover along period. Inthethird al ter native wemade acou rageousassump-
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tionthat thedepreci ationwill beonvery low level —7%andthat capi tal out putratio
reachesthevalue 2. Sofor all thethreeal ter nativesthe growth rateis 7%. All these
al ter nativessay that theini tial stagesof reformbeforeenteringtheEU arevery dif fi-
cult. Table4 showsesti matesof GDP/capitaincoming 24 yearsbased onthemodel
(20) for Slovakiain com par i son with the same datafor Austria. But it must be said
that wetook asanini tial valuefor the GDP/capitato be 8560 USD. Thisnumberis
theresult of ac cept ing the so called PPPrecal culations. Next that must be said, we
made an assumption that the growth rate of the Austrianeconomy will fol low the
rate of 2,2 per cent, ex peri encedinlast years.

Table5: The GDP growth for SRand Austria

Year GDP GDP/cap.,USD Austria
0 997,00 8560,00 26643,50
1 1066,79 9159,20 27229,66
2 1141.,47 9800,34 27828,71
3 1221,37 10486,37 28440,94
4 1306,86 11220,41 29066,64
5 1398,34 12005,84 29706,11
6 1496,23 12846,25 30359,64
7 1600,96 13745,49 31027,55
8 1713,03 14707,67 31710,16
9 1832,94 15737,21 32407,78

10 1961,25 16838,82 33120,76
11 2098,54 18017,53 33849,41
12 2245,44 19278,76 34594,10
13 2402,62 20628,27 35355,17
14 2570,80 22072,25 36132,98
15 2750,75 23617,31 36927,91
16 2943,31 25270,52 37740,32
17 3149,34 27039,46 38570,61
18 3369,79 28932,22 39419,16
19 3605,68 30957,48 40286,38
20 3858,08 33124,50 41172,69
21 4128,14 35443,21 42078,48
22 4417,11 37924,24 43004,21
23 4726,31 40578,94 43950,30
24 5057,15 43419,46 44917,21

The Table 5 showsthat while the level of per capitain comein Austriaisvery
high, our level of per capitaincomeisrel atively low (seealsothe OECD Eco nomic
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Survey). If Slovak real income continues to grow at 7% and Austrian at 2,2%,

Slovakia will catch up to the Austria (using dollars) in 24 — 25 years. This may

sound im possi ble, but it iscloseto what Japan achieved: between 1950 and 1990,

Japan’ sincome(measuredby | CPmethod—inter national compari sonsproject) rose
rel ativetothat of USA from 18to 78 per cent of USper capitaGDP. Before Slovakia
stands a method to fig ure out how to reach agrowth rate of 7 per cent, we haveto
con centrateonreal sourcesof Slovak econ omy.Themodel showswhat deter mines
thegrowth rate of out put over along peri ods, at least wethink that the picked up pa
ram etersareof abigim por tance.

CONCLUSION

In this paper wehaveshownthepossi bleanal y sisof theeco nomicgrowthusing
model asamethod to cometo numer i cal results. First we con structed amodel that
relies upon econOomic relationship between principal macroeconomicvariables:
grossinvest ment, netinvest ment, capi tal and out put. It wasshown that all threein
vestigated strategies are very troublesome. Out idea was to concentrate on the
Tpercent growthrate, that isvery highinthegivenand per spective condi tionsof our
economy. [t seemsthat Solow’ ssur prising con clusionthat saysthat over 80 per cent
of thegrowthin out put per labour hour over the studied period wasdueto tech ni cal

prog resswill also bevalidinthe next 20— 30 years. In discussing some prob lems of
the Slovak economy, wedraw ontheanalyticandempiri cal insightsof growthrate
that could bean ob jec tivefor Slovakia.
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EXCHANGE RATE VOLATILITY
AND MONEY MARKET

IVANICOVA ZLATICA, RUBLIKOVA EVA

Af ter changingthefixed ex changeregimetotheflexi ble one, theex changerate
of the Slovak crownhasaten dency to degrease. The Slovak central bank, becauseof
theneg ative cur rent ac count, en deavor toretainthelevel of ex changerate. Theau
thor i tiesof themon etary pol icy regular practicetheex changerateinter ventionfo
cused on the weak ness of the Slo vak crown.

Wefocused our anal y sisontheex changeratemovements. Ingeneral itispossi-

bleto men tioned two ap proachesgo ing from the same pro posals. Both ap proaches
usethesimplerelation

e=1(1,ye) (1)
where eislog of thereali zed rate of changeintheex changerate,| isthelog of the
weightedaverageof pri ceof thedomesticgood,yisthelog of the out put level ande
islog of theex chan gerate. If theout put level yisassumedtobeexogenous, wecan
speak abo ut Dornbuschmodel, if apri celeve isri gid, we have Mundell-Fleming
model.

1. FORMULATION OF THE MODEL

Money de mand can bespeci fiedinloglinear form
My =lc +ay—br (2)
wherem) isthelog of thedemand of themo ney stock, | _ isthelog of the con sum-
ptionpri ceindexand r islogof thedomesticinterestrate. Theconsumptionpri cein
dex | . cabedefi ned asaweig hted averageof thepri celevel of thedo mesticgood
(1) andthepri celevel of theforeigngoodex pressedindomesticcurrency (e +1 ),
lc =sl +(1- s Xe+1¢) (3)
Inthefreely flexi bleex changeratesystem consid ered here, thesup ply of money
(mg canbecontrolledby thedomesticmonetary authorities.Money mar ketequi lib
riumthenim pliesthat
m, =l +ay—br (4)
Assumingopeninter estrateparity yields

r=re +p (5)
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wherewedefi nep astheex pectedrateof depreciationof thedomesticcurrency, and
r. astheforeigninterestrate.

In the framework of adeter ministicmodel, ratio nal ex pectationsimply per fect
foresight. Put dif fer ently, inthismodel thereisno un cer tainty about theparameters
nor about the futureex ogenousvari ables. Onecan, therefore, writethat

p=é (6)
(technicallyéisthederi vati veof thelog of theex changeratewithrespect totime),
i.e. theex pected rate of chan geintheex changerate must equ al thereali zed rate of
change.
Combiningtheprevi ousequations(3) and (6) into oneequationwhich describe
thefi nancial equi librium(money mar ket equi libriumandinter est parity)
r=re+e
ms=sl +(1- s )(e+1:)+ay-b(r. +¢)
be=sl + (1- s)e+(1- s )IF +ay—bfy —mg

andrearrange:
e=S|+&8-59,1, (7)
b gb g b
where
z:ay+(1-s)IF—brF—n},
or
o=@y -5 G 1y )
b gb g b
where

zt=al +(1— S)IF —bre —my
Theeguation(7)isafirstorder dif fer ential equation, whichdescribesthemotion

of the ex changeratein aper fect fore sight en vi ron ment — Dornbusch ap proach to
anal y sisof vari abil ity of ex changerate.

Theequation(8) isafirstor der dif fer ential equationdescribesthemotion of the
ex changerateinaper fect foresight envi ron ment (thedy namicsin themoney mar-
ket) —Mundell-Fleming ap proach to anal y sisof vari abil ity of ex changerate.

Equi libriumisobtainedwhené = Qi.e. fromequation (7) theac quired equation
is
1-s 1 (9

s s

fromequation (8) theacquiredequationis
1-s o 1 (10)
s a

y=-
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Relation (10) isnothingasalLM curve. Thus, along the LM curvethe ex change
rate is at rest becausethemoney mar ketisinequilibrium.

In this presentationwewill analyzeequi tation (7) based onthesimpli fied ver-
sion of the Dornbusch model. In par tic ular it does not make adistinc tion be tween

traded and non-traded

2. ANALYSIS OF THE CHANGE OF THE EXCHANGE
RATE SKK/CZK

In the papers[5],[6],[7] and [8] ex changerate SKK/CZK was an alyzed on the
basisof pur chasing power par ity andinter est ratepar ity and devel op ment of theirr

flationrate. Somerelationispossi blesur vey alsobetween eval uation of moneyin
for eign cur rency (ex changerate) and money stock. Thisrelationisde picted onthe

picturel.
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Picturel: Develop ment theexchangerate SKK/CZK and Mo ney stock M2

In 1998 Slovak Republicadopted float ing mode of ex changerate, what car ried
unstablenessof exhcangerate and ex changeratewasover esti mated con cerningon
slow growth of money stock. During the pe riod of years 2000 and 2001 till the
March 2002 thereisthe growth of money stock and at the sametime also the growth
of exhangerate, sodepreci ation of Slovak crownwasgrad ual tothe Czechone. On
July 2002 thisdevel op ment haschanged. Al though money stock (M2) in Slovakiais
increasing, sothereareex pectation of in creasing theex changerateandthedepreci-
ation of thecur rency, thereispossi bleto seethat the Slovak crown ap preci ate. Itis
thecon sequenceof therever sal devel op ment of thecrossex changerateof USD and
EUR. Becauseof EUR ap preci ateandthevalueof USD isdecreasing, Slovak crown
alsoappreci ateto gether withtheap preci ation of EUR not only tothe USD but also
totheCzech crownaswell. Slovak crown hasstabledevel opmenttothe EUR, even
itisupto standard of Masstricht cri teriacon cerning of stabil ity of cur rency.
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That inforamtion carried us to the idea to test validity of simple Dornsbuch
modd for development of exchange rate. The analysis was done on the bags of
monthly datafrom Jan u ary 1998 till No vem ber 2003 for ex changerate SKK/CZK,
inflationrateand money stock M 2. Thefor mula(7) wasmodi fied. For esti mationof
param eterstheinflationratewasusedin stead of con sumer priceindex and money
stock M2 in stead of thevari ablez aswell.

Theresultsarefol lowing:

dlog KK _CZK, =-0262—0014log INF, — 0187log SKK_ CZK,, +0042log M 2
(017) (000) (0,06) (0,03)
D-w=176

BecauseM2isnot statisticaly signif i cant at 10 per cent level of signif i cance, it
was ex cluded from the model and the new esti mation wasdoneas:

d log KK _CZK, =- 0008 —0013log INF, —0114log SKK_CZK, ,
(0,11) (0,00) (003)

D-W=183

Onthebasisof gaining resultswecan statethat be causeof float ing ex changerate

and strongly open Slo vak econ omy the change of money stock isweakly rebutingin
the movement of exchange rate. Essential effect on the development of the ex-

changerate hasthe pricelevel, whichisstrongly de pending ontheval uesof thefor-
eign ex change rates, namely USD and EUR.

Devel op ment of themoney stock M2 and theex changerate SKK/CZK inthepe-
riod from Jan u ary 1998till No vem ber 2003 was esti mated by means of Box—Jen+
kinsmethodol ogy withthefol lowingmodels:

Model for M2:
(1-1182)(1- B)M2 =K +a
or
(1- 055282)(1- B)M2, =1668+a,

(011
Model for SKK_CZK:

(1-f B ,B*~f ;B° 1 ,B")(1- B)SKK_CZK, =a,
or
(1- 01658 -0216B° ~0,0698° +03258)(1- B)SKK_CZK, =a
012 (012 (012  (012)

Forecastsfor money stock M2 and ex changerates SKK/CZK for period Decem-
ber 2003 —No vem ber 2004 arelisted inthetable 1.
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Tablel
Mo ney stock M2 Exchangerate SKK/CZK?
Period Forecast I9_50 \608/; gg %%;0 Forecast ;50 \6‘;: S;JSPCF));
Limit Limit

Dec. 2003 742,456 | 726,287 758,626 1,234 1,188 1,281
Jan. 2004 740,038 717.17 726,906 1,227 1,155 1,298
Febr. 2004 747,835 | 719,828 775,842 1,225 1,128 1,322
March 2004 747459 | 715,119 779,799 1,232 1,111 1,353
April 2004 748,74 | 712,583 784,897 1,236 1,100 1,371
May 2004 753,445 | 713,837 793,053 1,240 1,092 1,388
Jun 2004 747,051 | 704,269 789,832 1,243 1,086 1,400
July 2004 759,928 | 714,192 805,663 1,242 1,078 1,407
Aug. 2004 766,841 718,331 815,351 1,242 1,070 1,414
Sept. 2004 764,312 | 713,178 815,446 1,240 1,061 1,419
Oct. 2004 769,293 | 715,663 822,922 1,239 1,053 1,423
Nov. 2004 774,605 718,59 830,619 1,239 1,045 1,432

Source:owncal culation
1/forecastisdonefrom Decem ber 2003 to No vem ber 2004 becau seof shor ter timeseries

2/ forecastisdonefrom February 2004 to January 2005

Development of the M2 and Forecasts

ARIMA(0,1,0)x(1.0,0)12 with constant

840 F
o / - actua
E ) — forecast
0 o W e 9%.0% limits
o S
640 5 -
50 M’W
[
1.98 1.0 1.2 1.4 16 1.8
Picture2

Onthepicture2isdepicted thedevel op ment of theMoney stock (M2) inthe pe
riodfromJanuary 1998to November 2003 andtheforecast from December 2003to
November 2004. It is possi bleto ob serve, that the value of the money stock will
slowly growth. The exchange rate SKK/CZK has a tendency to be rigid, see pic-
ture 3.
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Development of the SKK_CZK and Forecasts

. ARIMA(4,1,0)
169
- actual

159 . — forecast
1.49 P 95.0% limits

1 L
1.39 I -
129 aﬁﬂﬂmffﬂ- %%;, 3
119 J_Jﬁ‘gy"k-ﬂmq_
109 BRI

e+
0.99 B
1.98 1.99 1.0 11 12 1.3 14 15
Picture3

Anal y sisof inflation waspublishedin[8]. Theforecast of M2, ex changerate
andinflationispreparedfor fur theranal y siswithintheframeof theVEGA Project
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APPLICATION OF ALTERNATIVE METHODS
IN RECALCULATION OF THE HUMAN
DEVELOPMENT INDEX'

JOSEF JABLONSKY

Abstract The Human De ve lop mentIndex (HDI)isan ag gre ga tein dicator thatme a
sures the average achievements in different countries in three basic di-
men sions of human de velop ment-life ex pectan cy, educationand standard
of living me a sured by GDP per ca pi ta. Its cal cula tion is mul ti ple cri te ria

decision-making (MCDM) prob lem and cur ren tly the ba sic utili ty fun ction
ap pro ach with the iden ti cal we ights for all the in di ca tors is used. The pa-

per com pares publis hed re sults with re sults gi ven by se ve ral ot her MCDM
techniques.Moreover,the HDIcanbeestimated by dataenvelopmentana
ly sis (DEA) mo dels. Two ba sic DEA mo dels for HDI cal cu la tion are for mu-
la ted and the re sults gi ven by them are pre sen ted.

1. HUMAN DEVELOPMENT INDEX

The Human Development Index (HDI) is an indicator that is published
for al the UN member countries every year by United Nations Development
Programmewithinthe Human Devel op ment Re port. Thecom pletever sion of this
re port can be found and down loaded from the www page hdr.undp.org. The HDI
measuresand com paresthequal ity of hu manlifeindif fer ent world countries. The

cal culationof theHDI isbased onthefol low ingfour cri teria:
o lifeex pectancy at birthinyears(LE),

o adultliter acy ratein % (LR),

0 combined pri mary, second ary andter tiary grossenrol mentratioin%- (the
num ber of chil drenenrolledin eachlevel of school ing di vided by the num-
ber of chil drenintheagegroup cor respondingto that level (GER),

0 GDP per capitain USS$.

Thefol lowingthreeindi cesarecal culatedformthesecriteria:
1. Lifeexpectancyindex(LEl)iscal culatedaccor dingtothefol lowingformula:

life experiency in thegiven country — 25

85- 25 '

Thepaper issup por ted by the Grant Agen cy of Czech Republic- grant no. 402/03/1360 and corespondstothe
researchprogramof theFacul ty of Infor maticsand Statisticsno. CEZ:J18/98:311401001.
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TheLIEisfrom0to 1. Thehig hest valuewasreached by Japan (0,94) with thelife
ex pectancy 81,3yearsin2002. Inthecontrary, thelowest valueis0,14for Zambia.
TheLIEfortheCzechRepublicis0,83(lifeex pectancy 75,1years).

2. Educationindex (El) con sistsof two cri teria- adult lit er acy rateand grossenrol-
ment ratio. Itiscal culated astheweighted av er agewithweight 2for liter acy rate
andweight 1 for grossenrol ment ratio. Thehigh est val uesare greater than 0,99
(highly devel oped countriesasNor way, Sweden, Great Britain, etc.). Thelow est
valueis0,17 for Niger. The El for the Czech Re publicis0,91.

3. GDPindex iscal culatedasfol lows:

log(GDP) - log(100)
log(40000) - log(100)

Thehigh est GDP has L uxemburg (53780 US$ per capita). Thus, the value of the
GDPindex com puted by theabovefor mulaisgreater than 1. For theHDI cal cula
tion pur posesisthisvaluelow eredto 1,00. Thelow est GDPindex hasSi erraLe
one0,26 (GDPisonly 470 US$ per capita). The Czech Repub lichasGDP 14720
US$ and reaches the GDPin dex 0,83.
The HDI is calculated as the average of the three mentioned indices. The
summary statisticsand resultsfor selected countriesaregivenin Table2.

2. MULTICRITERIA ANAL Y SIS OF THE HDI

The cal culationof theHDI isageneral mul ti plecri teriadeci sonmaking
problemwiththeaimtoreceivecom pleteranking of all theal ter natives(countries)
by four criteria that have to be max i mized. Thisprob lem can be solved by one or
sev eral avail ableMCDM methods.

I . Indifference| Preference
Criterion Weght | hreshold | threshold
life expectancy 13 1 5
literacy rate 2/9 1 5
gross enrolment ratio 19 4 20
GDP U3 2 10

Tablel: Parametersusedin PROMETHEE classmeth ods

The method cur rently used for cal cu lation of the HDI isthe sim plest util-
ity functionap proach. Theweightsusedfor our fur ther anal y sisaregiveninTable 1
- they correspond to the weights used in the stan dard ap proach. Theval uesof the

HDI were recalculated by two frequently used MCDM methods - TOPSIS and
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PROMETHEE. TOPSIS is based on minimisation of the distance of aternatives
formboththeideal and basal al ter natives. Ex cept weightsof thecri teriathismethod
doesnot need any fur ther param eters. PROM ETHEE classmeth odsneed speci fi ca
tion of thetype of so called gener al ised function that isused in com par i son of pairs
of a ter nativesandcal culationof intensity of pref er encebetweenthem. Inour ex-
peri mentsweusedlinear gener al isedfunctionwithindif fer entarea. Parametersof
thisfunctionfor thecriteriaarepresentedin Table1.

Country LE LR | GER| GDP | HDI [Rank| PRIl |Rank]|TOPSIS|Rank
Norway 78,7 99,0 98 29,62 0,944 1 0,812 1 0,753 5
Iceland 796 99,0 91 29,99 0,942 2 0,808 2 0,761 4
Sweden 799 990 100 24,18 0,941 3 0,801 3 0,629 18
Audrdia 790 990 100 2537 0,939 4 0,796 4 0,656 12
Netherlands | 782 99,0 99 27,19 0,938 5 0,794 6 0,697 8
Belgium 785 990 100 2552 0,938 6 0,791 7 0,659 11
USA 76,9 99,0 94 34,32 0,937 7 0,790 8 0,862 2
Canada 79,2 99,0 94 2713 0,937 8 0,796 5 0,695 9
Japan 81,3 990 83 2513 0,932 9 0,783 9 0,650 14

Switzerland 79,0 99,0 88 2810 0,931 10 0,782 10 0,717 7

Denmark 76,4 99,0 98 29,00 0,930 11 0,761 16 0,737 6
Ireland 76,7 99,0 91 3241 0,930 12 0,769 14 0817 3
UK 779 990 100 24,16 0,930 13 0,774 12 0,628 19
Finland 778 990 100 24,43 0,930 14 0,773 13 0,634 17

Luxemburg 78,1 99,0 73 53,78 0,929 15 0,760 17 0,961 1

Czech Rep. 751 990 76 14,72 0,861 32 0,532 31 0420 38

Slovak Rep. 733 990 73 11,9 0,836 39 0,403 35 0,364 43

Burundi 40,4 49,2 31 0,69 0337 171 | -0,709 170 0080 166
Mali 484 264 29 0,81 0337 172 | -0,693 168 0069 172

BurkinFaso | 458 24,8 22 112 0330 173 | -0,717 173 0059 174
Niger 456 16,5 17 0,89 0292 174 | -0,728 174 0053 175

SierraLeone | 345 36,0 51 0,47 0275 175 -0,744 175 0062 173

Table2: HDI recal culationby MCDM meth ods.
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The results of the multicriteria analysis were given by our original
add-in appli cationin M SEXx cel envi ronment for solving MCDM problemscalled
Sanna. Thecom par i son of country rank ingsgiven by the PROMETHEE Il method
with therank ing ac cord ing to the pub lished HDI val uesshow they very closerela
tion. Inthe contrary, the rank ing given by the TOPSI S method is not so cor related
withtheHDI rank ings. Insev eral casestherank ing dif fersvery signif i cantly - e.g.
GuineaEquatoria hastheHDI equal to 0,664 (rank 116), thesimi lar resultisgiven
by the PROMETHEE |1 method (110) but the TOPSIS method assignsrank 39 (it
can beex plained by very highvalue of GDPinthiscountry). Theresultsfor thefirst

15countries, Czechand Slovak Republicandthelast 5 countriesshow Table2. The
firstfour col umnsof thistablecontaintheraw data, i.e. cri terionval uesaccordingto

our four cri teria. The next three pairs of col umns con tain the HDI value, net flow
given by the PROMETHEE method and utility value computed by the TOPSIS
method al wayswith therank ingsof the countriesby theseindi cators.

3 RECALCULATIONOFTHE HDI BY DEAMOD ELS

Dataenvel opment ana y sis(DEA) isatool for measur ingtherd ativeef-
fi ciency and com par i son of gen eral deci sionmak ingunits(DMU). TheDMUsare
usu aly char acterised by sev eral in putsthat are spent for pro duction of sev eral out-
puts. TheDEA modelstry to measuretheef fi ciency of transfor mation of in putsinto
out putsand assigntothe DM Ustheef fi ciency scorethat can be used for rank ing of
inef fi cient units(ef fi cient oneshavetheef fi cient scoreequal to 1). Thebasic DEA
mod elscanbeusedfor recal culationtheHDI. Wepro posethefol low ingtwo DEA
model:

1. Themodel that consid ersfour out puts(LE, LR, GER and GDP) and onein put that
has identi cal unit values for al the countries (DMUSs). We suppose the out-
put-oriented model with con stant returnto scalewith oneun controlledin put (the
in put val uescan not be changed). The model pro ducesthe ef fi ciency scorethat
can be taken as the estimation of the HDI computed in the standard way. The
mathemat i cal for mulationof thismodelscanbewrittenasfol lows:

. 5 .,
maximize z=f -eq s
i=1

8
subjectto @ X;|; =X, i=1,2..,m )

j=1

8 . .

ayljlj - % :fyiq’ I_ll 21 "'lrl
j=1

;208205 %0



Application of alternative methods in recalculation of the human development index 96

where zistheef fi ciency score of theunit DMU , misthenum ber of inputs, r is
the num ber of out puts, nisthenum ber of DMUS, %;,i=1,2,...mj=12, ...,n,is

thevalueof theinputi fortheDMU,y;;,i =1,2,...,1,) =1, 2, ...,n isthevalue of

the output i for the DMU,,s%, i =1, 2, ..., rareslack vari ablescor respondingto
out putsandl; and f are deci sionvari ablesof themodel. Thisfor mulation of the
model doesnot makeit possi bleto re strict theweights of thein putsand out puts.
The weights restriction can be useful in order to includeall thecri teriainthe
model by agiven mini mum way. That iswhy it can be use ful to work with dual
modd!:

m
e . _ 0
minimize Z=Q V. X,

subjectto 5 VX, - ér_ Uy 3Q =12, ..,n, @
i=1 i=1
a ui qu =

where y andv; are the weights of the i-thin put and i-th out put re spectively and
deci sion vari ables of the model at the sametime, and d; is the lower bound for
weight of thei-thout put. Theunitswithef fi ciency scorez = 1 areef fi cient, the ef-
fi ciency scorez > 1 indi catesinef fi ciency (for pur posesof compari sonwiththe
HDI wewill work withthereciprocal val uesof ef fi ciency scores1/ 2.

2. Thesec ond model takesinto ac count onein put (GDP) and threeout puts(LE, LR
and GER). Thismod elstriesto measuretheef fi ciency of transfor mation of the
country wealth (measured by GDP) into out putsin flu encingintheposi tiveway
the human lifein the coun try. We sup pose the out put-oriented model with vari-
ablereturnto scalewith weightsrestrictions. Here, the model (2) changesin the
fol lowingway:

L g .
minimize z=qQ VvV.X. 1

subjectto  Q VX, - é uy, +j 30 =12, ..,n, ®
i=1 i=1
5 _
auy, =4

where e is the lower bound for weight of the i-thinput.
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canry | 10110500 | SEA k| S5 e | A
Norway 1 1,000 1 1,000 1 0,990 40 0,970 41
Iceland 2 1,000 1 0,984 10 0,985 53 0,954 65
Sweden 3 1,000 1 0,995 5 1,000 1 0,997 15
Austrdia 4 1,000 1 0,996 3 0,998 23 0,989 23
Netherlands 5 0,999 8 0,995 4 0,992 35 0,977 36
Belgium 6 1,000 1 0,995 6 0,997 26 0,987 27
USA 7 1,000 1 1,000 1 0,979 65 0,940 82
Canada 8 0,995 13 0,983 12 0,990 41 0,968 43
Japan 9 0,998 9 0,956 19 0,996 27 0,954 64
Switzerland 10 0,989 17 0,968 16 0,982 58 0,948 73
Denmark 11 0,997 12 0,991 7 0,988 46 0,964 51
Ireland 12 0,994 14 0,984 n 0,978 69 0,936 85
UK 13 0,998 11 0,989 9 0,998 22 0,989 22
Finland 14 0,998 10 0,990 8 0,998 25 0,988 24
Luxemburg 15 1,000 1 0,977 13 0,955 88 0,877 | 117
Czech Rep. 32 0,991 15 0972 15 1,000 1 1,000 1
Slovak Rep. 39 0,954 36 0,874 42 0,981 62 0,945 77
Burundi 171 0,486 | 172 0,461 171 0,763 156 0,759 | 148
Mali 172 0,558 | 164 0,490 167 0,786 152 0,741 | 155
Burkin Faso 173 0,527 | 168 0,462 170 0,642 171 0,574 | 172
Niger 174 0,518 | 169 0446 | 17 0,701 | 164 0,636 | 167
Sierra Leone 175 0,494 | 171 0,464 169 0,993 33 0,955 63

Table3: HDI recal culationby DEAmodels.

The results of the model (2) can be directly com pared withthe published
HDI val ues. Table3 containsrank ingsof thecountriesaccordingtotheoriginal HDI
values in the first col umn. Inthe next two col umnsthere arethe ef fi ciency scores
com puted by the model (2) with all the weights for the out puts greater than 0,001.
Under thesecondi tionsseven of thecountriesareidenti fied asef fi cient. Inor der to
classify these countriesitispossi bletoin crease the weights of the out putsand to

com pute the ef fi ciency scores again. In creasing the weights|eadsto the lower (or
equal) f fi ciency scoresof theDMUs. Inthiscase someof the DM Usef fi cientinthe
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model with lower bounds becomein ef fi cientin the model with higher bounds. In
thisway itispossi bletoclassify theDMUSs. Theresultsfor lower boundsfor the out-
puts0,003 are presented in the next two col umnsof Table3. Herewe can seethat the
most f fi cient countriesac cording tothemodel (2) areNor way and USA.

The results of the second DEA approach, i.e. model (3), are different
com par ingtotheprevi ousones. If wecon sider thelower boundsfor theout putsand
the input 0,001 there are ef fi cient 17 countries, anong them sev eral devel oping
countriesas Tan zania, Guy ana, Geor gia, etc. Many of the highly devel oped coun
triesarenot ef fi cient ac cording to thismodel but itisnec essary to re mark that they

arevery closetotheef fi cient frontier and their ef fi ciency scoresare closeto 100%.
Thelessef fi cientamong all thecountriesare Angolaand Mo zambiquewiththeef fi-

ciency score dightly greater than 50%. Thelast four col umnsof Table3 containthe
ef fi ciency scoresandrank ing of selected countrieswithlower boundsfor weightsof
the out putsand thein put 0,001 and 0,003 re spectively.
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SERVICE SYSTEM DESIGN IN THE PUBLIC AND
PRIVATE SECTORS

JAROSLAV JANACEK

1. INTRODUCTION

Needsandrequirementsof humansoci ety or particular social groupsformvar i
ousdemands, whichareusually spread over ageographical area. Anef fectivesatis
faction of the demands is possible only if the corresponding service provider
con cen tratesits sources at sev eral places of the served areaand if he pro videsthe

service in these places only or if he serves the demands at their po si tions by trips
starting and ter mi nat ing at these places. To de note source of aser vice, weshall use

theterm*“facil ity”, whichismendtoincludeabroad set of enti tiessuch asfactories,
warehouses, transpor tationter mi nals, schools, hospi tals, day-carecentres, public
administrationof fices,emergencywarning si rensand oth ers. An ad dressee of the
ser vicewill bedenoted by theterm* customer”, evenif he hashardly any thing com-
mon with thisterm in the mar ket sensein many cases.

Within frame of thispaper werestrict our selveson such prob lems, inwhich afi-
nitenumber of customersandfi nitenumber of possi blefacil ity locationsareconsid
ered, what could be pretty good ap prox i mation of most of real cases. Thegreat deal
of aser vicesystemdesignwill bedone, when questiononanum ber of facil i tiesand
their lo cationsare an swered. We shall distin guish two classes of ser vice systems,
whichdif ferinobjectives. Thefirst consid ered classisformed by so-called public
systemsandthesecondoneisreferred aspri vate systems. When asystemfromthe
first classisdesigned, theobjectiveisstated asminimization of aso cial cost subject
toserviceeach customer or,inaddi tion, somecustomer’ seq uity inac cesstotheser-
vicemay bedemanded. Onthecontrary toapublicsystemsdesign, apri vatesystem
designer ac centsprofit maxi mi zation or captureof larger mar ket share. Inthiscase,
ser viceof somedisadvantageousdemandscan beomitted.

Inthefol lowingsectionswefor mulatesev eral typi cal model sof bothpri vateand
public system designs and we shall discuss means of corresponding solving -
proaches. Thenweshow away, how torear rangeall reported mod elstogen eral one,
problemin stancesof whicharesolv ableby ex act al gorithmsfor consider ablelarge
size.
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2. PUBLIC SERVICE SYSTEMS

Asprelimi nariesfor model construction, weintroducethefol lowingnotation of
par tic u lar terms, which will be used through out the whole paper. Let J de note afi-
nite set of custom ersandif aquantity of customer’sde mand can be ex pressed by a
real num ber, then demand of customerj 1 J be de noted byb i Letl denoteafi niteset

of possi blefacil ity locationsandletd;; denotethedistancebetweenlocationl | and
thelocationof customerji J. Thedeci siononfacil ity locationat placeil | is mod-

elled by zero-onevari able y;T {0,1}, which takes value 1if afacil ity should belo-
cated at i and it takes value Ootherwise.

2.1 Maximum DistanceModel

Inthisproblemacustomer’ sdemandiscov eredif itsdistancefromsomelo cated
facility is less or equal than given constant D. Thiscase cor respondsto problems
likeemer gency warningsi renslocationsor heathcentrelocation. Theobjectiveis
tocover all thecustomer demandswithmini mumnumber of locatedfacil i ties. The
classical approach [Current, 2002], [Marianov, 2002] introduces set Nj:{iT I
d; £D} of possible locations, from which demand of customer j can be satisfied.

Thenthemodel of thecor responding set cov ering problem canbeestablishedinthe
form:

Minimize & v; (1)
it

Subjectto
ays1 forjia (2)

N
]

2.2 p-Centre Problem

Thisproblemconsistsinmini mizing themax i mum distancebetween customer
andthenear estlocatedfacil ity, when pre-determined number of pfacil i tiesisgiven.
Thisproblem arises, whenlimited num ber of fire-stationsor first-aid stations should
be lo cated so that time, in which the worst situated cus tomer can be served, be as
small gspossi ple. Toformamodel of thisproblem, auxil iary vari abI%ij {0,1} for
eachil 1 andj | Jareintroducedtoassigncustomer jtopossi blelocationi. Fur ther-
more, we add an another vari ablew3 Q which is used as upper bound of the dis-

tances between customerj and assignedlocation i. The p-center problem can be
formulatedasfol lows:

Minimi zew (3)
Subjectto

az-=1 for j1 J (4)
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z £, forif 1 and j1 J (5
av=p (6)
il

édiijEW for j1 J. (7)

2.3 p-Median Prob lem

A problem of thistypearises, whenthenum ber of facil i tiesisfixed and av er age
distanceor av er ageweighted distance between customer and thenear est |o cated fa
cil ity shouldbemini mized. Inthepublic sector, onemight wanttolo cate, for ex am-
ple, publicad ministration bureausin suchaway astomini mizethetotal distance
that citi zensmust traversetoreachtheir closest bureau. IfJ denotesset of dwell ing
placesinthearea, bnumber ofin habitantsatji Jandif weusetheprevi ouslyintro-
ducedvari ables, an asso ci ated model to thisprob lem can be estab lished thisway:

Minimized § b,d, z (8)
Subjectto  (4), (5), (6). e

3. PRIVATE SERVICE SYSTEMS

Making use of above introducednotation, we try to formulatemodels of two
broadly spread problemsinthe pri vate sector.

3.1Maximum CoveringLo cation Problem

Similarly totheprevi ousmodéd s, thenumber of facil i tiesisfixed at valuep, but,
on the contrary to pub lic the systems, not each cus tomer must be served. We con
sider that ser viceof customerj bringsprofit, whichispro por tional toitsdemandh .
Thecustomerisconsideredtobeservedif thereislocated at least onefacil ity within
distanceD from the customer. Maki ng use of sets N introduced insub-section2.1
andintroducingauxiliary vari ablesx||l {0,1} takingvaue 1, if customerjis served,
wecan establishedthefol lowing model:

Maximizegd b;x; (9)

iha

Subjectto
aysx  forjly (10)
N

ayi:p. (11)
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3.2 Fixed Char ge Lo cation Problem

Weconsider a smpler version of the problem stated in [Current, 2002] or
[Kubanova, 1997]. Thenum ber of facil i tiesin not fixed here, but eachfacil ity loca
tion atil 1iscon nected with fixed chargef,, which doesn’t de pend on de mand quar
tity satisfiedfromthislocation. Further more, costsc; areintroducedto ex presscost
connectedwithser vicingcustomer j fromafacil ity located ati. Theobjectiveisto

satisfy all customer demandsandtomini mizethetotal costsin cluding bothfixed
chargesand ser vicecosts. Thisproblem of ten emerges, when adistri bution system

isdesigned. Making useof previ ously introducedvari ablesy and z; , the model can
be stated asfol lows:

i

Minimize § fiy +8 & G z (12)
i ity

Subjectto (), (5).

4. SOLVING METHODS

There are vari ousex act meth odsfor solvingtheparticular problemsmentioned
above [Buzna, 2003], [Cur rent, 2002], [Erlenkotter, 1978] [Marianov, 2002],. Be-
sides, havingfor mulatedlinear mathemat i cal programmingmodel, someof genera
solvers based on branch and bound approach can be used [Jablonsky, 2002]. As

shown in [Chochol & ek, 1998] for par ticular problem, special ap proacheswinfrom
the time consumption point of view, if special and generd solver approachesare

com pared. Neverless, if thestudied problemismodi fied e.g. by ad di tion of anew
constraint or by dlight change in the objective function, then these specia -
proachesareuseless.

That iswhy wefo cusonthepossi bil ity, how to rear range the broad spec trum of
prob lemsto gen eral one, for which asmart solv ing tool has been devel oped. The
gen eral prob lem hasform of the abovefixed chargelo cation problemwithlimited
num ber of usedfacil i ties. Themodel hasthefol low ingform:

Minimize & f.y +a & g z (13)
Subjectto i it
é z, =1 for jT J (14)
il
z £y foril I and jT J (15)
a YEDP (16)

iml
The associated problem can be solved by the approach reported in [Janacek,
2000], where Lagrangean multiplier fisintroducedfor constraint (16), which isto

be relaxed. Then the prob lem (14)-(16) can berefor mulated thisway: Find f3 0, so
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that val uesof vari ablesy; , i1 | of theopti mal solutionof problem (17), (14), (15)
meet con straint (16) asequal ity. Theconsideredobjectivefunctionis
a(f+f)yn+aacx (17)
i it jta
If f isfixed, then problem (17), (14), (15) forms an uncapacitated lo cation prob-
lem. To solvethe problem for nonnegative val uesof fand {g;}, procedureBBDual
[Janacek, 1997] wasdevised andim plemented. Beingtested dur ing com putational
ex per i mentswithlargenet works, theprocedureprovedtobeabletosolvelargesize
prob lemsquickly enoughto be used repeat edly inmore com pli cated al gorithms.
To find demanded value f, an algorithm was completed [Janécek, 2000], in
whichfunctionQ(f, ¢) givesnumber of vari ablesy, which valueisequal to oneinthe
opti mal solutionof problem (17), (14), (15) for givenf, c.
— o} N _(fmax_fmin)
0. Setf =0f —9me{ G, il I),f =S,

In

1. While(Q;(fc) pand(f,, — f, 2 e€) repeat
11Q(f,c)> pthen st f _

In

= f,otherwiseset f_, =1f.

fo =T
Set f :( max mln).

It is necessary to remark thattheopti mal solution{y, z of problem (17), (14),
(15) for resulting f need not nec essar ily meet constraint (16) asequal ity [ Janacek,
2000].

5. PROBLEM REARRANGEMENTS

In this section, there will be shown that it is possible to rearrange each of the
abovemod el stotheform of madel (13)-(16). Therefor mulationisnotnecessary for
thefixed chargelo cation problem (3.2). Inthat case, itissuf fi cient to omit the con
straint, which bounds the number of used facilities. Furthermore, the p-median
problem (2.3) with nonnegativeco ef fi cientscan be con sid ered asaform of thegen
eraizedproblemfor f, =0

Therear rangement of models2.1, 2.2and 3.1 canbedoneby thefol lowingway:

Maximum Distance Modéd (2.1) can be reformulated to model (13)-(16)
defining f, =1foril land c; =Oforji Jand il N; and g =Z2otherwise.

p-Centre Problem (2.2) can not betransformed di rectly to model (13)-(16), but
suchamodel canbederivedthat itsso lution providesap prox i matesolution of the
p-centreproblemand by repeat ingthesolving process, theresultingsolutioncanbe
madear bi trary precise. Toreachthisgoal, lower and up per boundsonopti mal value
of w must be deter mined. Let usdenotethecur rentboundsw . andw__ .
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The interval [Wmm, max] is divided into r equidistant parts by values
W, < W,<¥i<w, =w .. Thenthesurrogatecostsc;; forji Jandil | areestablished

inaccor dancetotherule: ¢, =oford, <w, i g =(|J]- p)k forw, £d, <w,,, for
k=1..r-1 c”.:(J - p)r for w, £ d, . With this costs p-median problem canbe

solved and itslarg est valuec;, forwhichopti mal Z; =1determines kandassoci ated
W s Wi form new lower and up per boundsontheorigi nal prob lem.

MaximumCoveringL ocationProblem (3.1)
Torear rangethefor mer model, weintroduceassignment vari abl &s;jT {0, 1} tak-

ing valuel if and only if customer jisassignedto placeil |. Thenwecanrewritethe
for mer model as:

Maxi mi ze a a b, z; (18)
IJIIN
Subjectto |
aazétl for j1 J (19)
iTN;
z, £, for jT Jandil N, (20)
av=p (21)

i
Further we add one “fictive” place igto each neigh bour hood N, obtaining new
neighbourhoodsN ; =N E{i;}. Now we introduce slack vari abl%;o for each
constrai nt (19) anddeflnlngg =b; for eachjl Jandil N jandg;; —Ofor eachjl J

weob tain model, inwhich constrans (19) takeform of equal ity.
Afterthisar rangement, constant
¢JoC =¢cIexmad ci:jl J,1T N} = cxa a z
ima |IN
canbesubtracted fromthe (18) withoutlossof generality. Thisway,anew objecti ve
function with non-positive coefficient{ c; —C )isobtai nedandwhenmaxi mi za

tionisreplacedwith mi ni mi zationof theobjecti vefunctionwithnonnegati vecoef-
fi cientsQ =C- ¢y than the only difference betweenthegenera model andthe
obtai ned onecon sistsinsum mation over setsN ;. Thiscanbeadjusted by introdu-
cingsomeprohi bi ti veconstantC >C and coeffl cientsc; =Cfor j TJandil N,
togetherwiththeassociatedvariablesz; .

6. CONCLUSIONS

We have shownthat abroad spectrum of lo cation problemsorigi natinginboth
pri vateand pub lic sec torscan berear ranged to theform of uncapacitated |o cation
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problem with simple constraint on number of located fecilities. Further more, an
approximative approach based on uncapacitated location technique was referred,
whichvery of tenreachesan op ti mal solution. Anad van tage of the sug gested solv-
ingprocessconsistsinspeed, withwhichitispossi bletoobtainanexactsolutionof
avery largeproblemincom pari sonwithgeneral integer programmingsolv ers. Re
sultsreportedinthiscontri butionac centsimpor tanceof fur ther devel opment of ex
act solving techniques for uncapacitated location problem on various types of
underlyingnetworks. Unfortunately, our prelimi nary ex peri enceindi catesthat if ca
pacitated constraints are considered in a location problem, its intractability in-

creasesand disablesex act solv ing of largein stances. Over coming of thisob stacle
may rep re sent atopic of afur ther research.
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MULTIOBJECTIVE PROGRAMS AND
MARKOWITZ MODEL

VLASTA KANKOVA

Abstract.|thappensrat her of tenthat mul ti cri teriaopti mi zationprogramswithob-
jectivefunctionsdependingonaprobabi li ty measurecor respondvery of-
ten to economic situations. A “classical problem” of optima portfolio
selection belongstothisclassof opti mi zation problems; theoperator of
mat hemati cal ex pectationap pearsthereinobjecti vefunctions. Employ
ing the approach for general type of one and multiobjective stochastic
programming problems we analyse the stability (considered w.r.t. the
probabi li ty measuresspace) and behaviour of empi ri cal esti matesinthe
abovementionedproblem.

Keywords: Portfolio selection, Markowitz approach, multiobjective stochastic
programming problems, efficient solution, strongly efficient solution,
stability,empiri cal esti mates.

1. INTRODUCTION

A very simple“underlying portfolioproblem” (consideredw.r.t.oneperiod) is
known as the fol low ing one. To choose, un der theassump tions of notransactions

costs, no taxisand un der the assump tion that short salesare not per mit ted, among n
dif ferentinfi nitely di visi blefi nancial assets(seee.q.[1],[2]). Evi dently (underthe

abovementioned assumptions) weaobtainthefol lowingsimpleopti mi zationprob
lem. Find

Py
max A XX
k=1

subjectto

Ax£L %20 K=L%,n (1)
k=1
wherex, denotesthefractionof theunitwealthinvestedintheassetk, x, denotes
thereturn of theasset k=1,2,%, n at theend of thecon si dered period.
Ifx, ,k=1,%,n are known constants, (1) issimplelinear programming prob-
lem. How ever,inrealifesituationsx, , k =1% ,n arerandomvari ables. If wede
note
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m =E-X,, G;=Ec(x,—m)(x; -m).x,, k=1%,n,
thenitisreasonable(under awell-knownphi losophy) tosettotheportfolioselec
tiontwo—objecti veopti mi zationproblem.

Find

J . d &
max g mX., MmMn g a X.CyX
k=1 k=1j=1

subjectto

gka, X, 20, k=1%,n (2)
k=1

E. denotestheoper ator of mathemati cal ex pectationcor respondingtothedis
tri butionfunction F of theran domvectorx = (x1 Ya X,

Evidently,thereexistsonly rarely a possibility tofindanopti mal solutionsi mul-
taneously with re spect to theboth cri teria. Markowitz sug gested (seee.g. [2]) tore
placetheproblem (2) by one—cri terionopti mi zation problem of theform.

Find

max aeémkxk—mggl {flxqujxj Ssubjectto § x £1, %20, k=1%,n
ke 1 1= ] k=1

(3

wherem? Oisaconstant. Obviously forevery m3 Othereexists| 1 (O,l such that
theproblem (3) isequi valenttothefol lowing one.
Find
i 98 3 8 (
max |l amx,—(1-1)aa >q<ck,jle'J
T k=1 k=1j=1 g

subjectto
8
Ax £l %30 k=1%,n (4)
k=1

Theproblems(2), (3) and (4) depend onthedistri butionfunction F Since mostly
Fisnotexactly known, astabil ity investi gation(consideredwithrespecttoaprober

bil ity measuresspace) aswell asaninvesti gation of statisti cal esti matesarevery se
rious problems connected with the original problem. Of course, it means to

investi gatethestahil ity andstatisti cal esti matesof the(properly) ef fi cient points set
in the case of the problem (2) (seee.g.[9],[12]). Thestabil ity investi gation of the
multiobjectivesto chastic opti mi zation problemshasbeen startedin[4].
Inthiscontri butionweshall deal withthestabil ity andempiri cal esti matesinthe
case of the prob lem (4) or equiv alently inthe prob lem (3). To thisend we em ploy
theresultsknownfromone—cri teriasto chastic programming problems(see[7],[8],
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[11]). Fur ther morewe shall mod ify there sultsachieved for multiobjective sto chas
ticprogramming problems[9],[12] toapply themtotwo—objectiveproblem(2). To
thisend weassume.

A.1 Thereexistfinite

m =EeXy, G =Ee (Xk_rn()(xj _mj)v K,j=1%,n (5)

2. SOME DEFINITIONS AND AUXILIARY ASSERTIONS

Toinvesti gatethestabil ity andempiri cal esti matesconcerningtheproblems(2)
and (4) (con sequently (3)) werecall somedef i ni tionsand provesomeaux il iary as
sertions.

1.0ne-ObjectiveApproach

Definition1. ~
L et hbeareal—val uedfunctiondefinedonaconvexset KI R" .h isastrongly
concavefunctionwithaparameterr >0 if

ﬁ(l xt+(1- 1 )x2)3 Iﬁ(xl) +(1-1 )ﬁ(xz) +(1-1 )r_"xl—x2 ’

foreveryx', x’T K 11 (0,3 (|[§denotestheEuclideannormin R").

Propositionl. [6]

LetKI R" beanonempty, com pact, convex set. Let, moreover,h beastrongly
concavewithaparameter T >0, continuous, real—val uedfunctiondefinedon K. If
x°=arg max ﬁ(x) , then

0

|x—x g2 H(x)—ﬁ(x0)| for every x K.
r
Lemma 1.
Let Ki R" beanonempty set. Let, more over, h,i=1%,r be Lipschitz func-
tionson K with the Lipschitz constants L. Then h_ , T:(rl,%,rr),ri 3 Q

i=1% r, & T, =1defined by
i=1

hr () =

isaLip schitzfunctionon K with a Lipschitz constant not greater then é L-
i=1

I_ih (X), x1 K

7 Qo~

1
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Tointroducethenextauxil iary assertionwedefinethefunctiong, on R' * R",
the set Xand thematrix C by

gi (% z):g_ 2%, G (X z):-ggxk(zk—m)(q -m)x;, z=(2,%,2,)
i=1 ke 1j=1
- ! "
X :ixl R, x:(xl,1/4,xn):§_lxk£l % 30, k:ll/4,n§

g (% 2)=1gi(x 2)+(2-1)oz(x2), I (O,l},x:(xl,%, Xn ),
C=(c,), where m,q;, i, j =1 %, naredefi nedby therelation(5). ~ (6)
Lemma 2.
Letg] (0,1 J17/01- €. Ifthematrix Cc withel ementse i, j =L%,n ispos.

itivedefinite, thenthereexists(independentlyonl T (0,1- €}) aconstantr >Osuch
that E_g, (x, x) isa gtrongly concave, withtheparameter r, functionon X.

Proof.
Firstitfol lowsfrom [14] that un der theassumptionsof LemmaZ2 thereexistsa
constantr >0such that E. g, (x,x) is a strongly concave, with a parameterr”

function on X.Consequently,according to the Definition1l we can see that g, ,
1T (0,1- e isastrongly concave, withtheparameter” =€r” (notdependingon| )
functiononX.

It isknown that the K olmogorov metricd, (F.G):=d, (P ,F, )intheprobar
bil ity measures spaceisdefined by

di(Pe. Po )=d (F.G)=sup |F (2) ~G(2)| (7)

Todefinethe Wassersteinmet ricq, (F,G):=d, (P: ,R ) let P(R“) denote
theset of all (Borel) prob abil ity measuresonR"
i

M, (R") :1nT P(R”):R(:j K

If D(n, m) de notes the set of those measuresin P(R” g R”) whose marginal

zn(dz) < ¥

measuresare Nand M then

d,\,l(n,m):inf}: dz-7«k(dz" dz):ki D(nm)g n, mi Ml(R”).

TR“’R"

(P- denotestheprobability measurecorespondingtothefistri butionfunction F.)
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2. MULTIOBJECTIVE DETERMINISTIC
OPTIMIZATION PROBLEMS

Toinvesti gatestabil ity andempiri cal esti matesinthemultiobjectivecase(2) we
recall a relationship between one-ojective and multiobjective deterministicprob-
lems, generally.

Let f,,i=1%,r pe read-valued functions defined on R" , KI R pe a
nonempty set. Wecanintroduceadeter ministic multiobjectiveopti mi zation prob
lem in the form. Find

max f; (x), i =1%, rsubjecttoxl K (8)
Definition2.

Thevectorx isanef fi cientsolutionof theproblem(8) if andonly if thereexists
nox 1 K suchthat f; (x)* fi(x*)fori=l1/4,randwchthatforatleastoneioone

hesf, (x)>f, (x).

Definition3.

Thevectorx isaproperly ef fi cientsolutionof themulti objectiveopti mi zation
problem (8)if andonly if itisef fi cientandif thereex istsascalarM >Osuchthat for
eachiandeachx Ksatisfyingf, (x)>f, (X ) thereexistsat least onej such that

fj(x*)> f;(x)and
fi(x)— fi(x*) _

*—E M.
f,-(x ) - £(x)
Proposition2.[3]
Let KI R" beacon vex set and let f.,i=1...,r be concavefunctionsonK.
Then x%isaproperly ef fi cient solution of theproblem(8) if andonly ifx ° isopti mal
in

d — — _ s —
maxalf (x) forsome I ,,..,1,>0 &l =1 (9)
i=1 i=1
Remark 1. - B
Letr3 2 Let, moreover, x| =(I1,...,Ir)beasolutionoftheproblem(g).It

fol lowsfromthe proof of Theorem 1 of [3] thatM cor respondingtoX:=X- ful fils

. |
therelationM =(r - J)max =-.
P

]

Definition4.
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If K¢ K& R" aretwononempty sets, then the Hausdorff distance of these sets
D[K¢, Kq = Dn[K¢, KGﬂis defined by

D,[K& K@ = maqd (K¢ K@), d, (K&K,
d, (K¢ Kaet) =sup |nfl|x¢—xt¢.

X% Kexe

3. STABILITY AND EMPIRICAL ESTIMATES

Tointroducenew asser tionswedenote

X = argmax E..g, (X, X) everyw herewhenx.. iswell —defi ned,
)?F :{xT X :x isaproperly efficient point of the problem (2)},
X & ={xT X :x isaproperly efficient point of the problem (2) (10)
corresponding| T (0,1- ), el (0,1)}

(For moredetail ex planation about thedef i ni tionof X ¢ see Remark 1.)

Theorem 1

Let d>0,el (01 If z_ be abounded set, | 1 /01 e/ then there exist two
functionsF, , F ¢ definedon R” and acon stantL, such that for ev ery n-dimensional
distri butionfunction G( z)

G(2)1 (Fa(2), F(2)), 21 R
thefol lowingassertionisvalid
|sup EcQ (x,x)—supEGq| (x,xj£ Ldforevery| 1 (0,1) (11)
X X
If, moreover, the matrix C is positive definite, then there exists a constant
L,&= L,o(e) such that also
| | 2 a \ e e 2 (12)
x x| £Ladforeveryl T(01-¢)[D(x¢, GE)] £ L

(Z. denotesthesup port of theprob abil ity measureP .)

Sketch of the Proof.

Em ploying the ap proach of The o rem 2 of [8] and Lemma 1 we can see that the
assertion(11) isvalid.. Fur ther more, first asser tion of (12) fol lowsfrom theas ser-
tion(11), Lemma2andProposi tion 1. Toobtainthesecond asser tionof (12) weem-
ploy theasser tionof Prop o si tion2and Remark 1.
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Remark 2.

Evidently, if the probability measure P_ is absolutely continuous w.r.t. the
Lebesgue measure in R', thenemploy ingtheasser tionof Theorem 1, thestabil ity
resultsw.r.t. Kolmogorov met ric can be ob tained; for more detailsof thisap proach

see eg. [8]. The supportZ. must be bounded for it. In [13] an approach is intro-
duced un der that thisre striction can be omit ted.

Theorem 2

Letgl (0,1).Isz isabounded set,| | <0,1- e), distri butionfunctionG ful fils
theassumptionA.1, thenthereex istsacon stant L ,suchthat thefol low ingasser tion
isvalid.

‘supEFgI (xx)-supEsg, (x,x) £ L,dy, (R, R )foreveryl 1 (0,1, (13)
X X

If, moreover, the matrix Cis positive definite, then there exists a constant L, ¢
such that also

||x'F > L,od, (P, P;) foreveryl 1(01- e)

[o(x¢. Q;e)]zﬁ L,¢d,, (P, Ps) (14)

Sketch of the Proof.

Theideaof theProof of Theorem2isvery simi lar tothemainideaof the proof of
Theorem 1. How ever instead of theresultsof thework [8] weem ploy inthiscasethe
resultsof thepaper [11].

Theorem 1 and Theorem 2 deal with the case when the theoretical probability

measureisreplaced by adeter ministicone. How ever very of tenthetheoreti cal probr
abil ity measuremust bereplaced by anem pir i cal one. Employingthelargedevi a
tionstech niqueweaobtainthenext asser tion.

Theorem 3

Let t>0,el (0,1),| i 0,1 e). Let, moreover, 7. be abounded set. If Fy, ,
N =1, ... isan empirica distributionfunction deter minedby anindependent ran-

domsampl e{ xi} _N_l corresponding to the distri butionfunctionF, then there ex ist
con stantsk1 K> Osuch that

>t

P‘%‘ s)J(pEFNg.(X,x) - UpErg (xx)
for at least onel 1 (0,1)} £ klexp{— Kthz}, N=1... (15)

If moreover thematrix Cisposi tivedef i nite, thenthereexist constantsk, ,K , 3 0
such that also
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P% XLy _X|F||2>tfor at leagtonel 1 (0,1- e)gg kzexp{- Kthz},
P;i[D[XSN, X.f]]2>tg£ ke exp{- KN}, N=1.. (16)

Sketch of the Proof.

To prove Theorem 3 we employ, first, the assertion of Lemma 1 to see that
g, (x, z) is a Lipschitz function on X with aLipschitz con stant not de pending on z

and | 1(0,1- €).Moreover, accordingtothespecial formof thefunction g, (X, 2) it
is easy to see that we can apply theassertionof Theorem2of [5] togettherelation
(15). Therelation (16) canbeobtainedvery similarly.

4. CONCLUSION

Wehaveintroducedresultsonthestabil ity andempiri cal esti matesconcerning
portfolioopti mal selectionproblem. Tothisendweomit usual assumptionaboutthe
nor mal distri bution. Consequently tothis, wehaveassumed abounded prob abil ity
mea sure sup port. Surely it would bevery useful to deal with the stabil ity (consid-
eredw.r.t.parameter | ) of theproblem (4) aswell asto deal withthe caseof general
support. How ever theboththeseinvesti gationsareover thepossi bil i tiesof thiscon
tri bution.
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DYNAMICAL MACROECONOMIC MODELS FROM
THE KEYNESIAN, WALRASIAN AND CLASSICAL
POINT OF VIEW

JAN KODERA, KAREL SLADKY, MILOSLAV VOSVRDA

Abstract: Inthisarticle we com pare pro per ties of Ke y ne sian, Wal ra sian and Clas si-
cal macroeconomic mo dels. We start with an ex ten ded dy na mi cal IS-LM

neoclassicalmodelgeneratingbehaviour of the real pro duct, real in te re st
rate, ex pectedin fla tion and the pri ce le vel over time. Limi ting be ha vio ur,
stability, existen ce of limit cycles and ot her spe cificfe atures of thismo del
will be com pa red with tho se of Wal ra sian and Clas si cal mo dels. !

Keywords:Macroeconomicmodels, Keynesian, Walrasianand Clas sicalmo del, non
lineardifferentialequations,linearization, asymptoticalstability.

1. INTRODUCTION AND NOTATIONS

Theneed of dy namic macroeconomicswasal ready rec og nized somefifty years
ago, when the first mod elsof busi nesscy cleswerestudied (e.g. Frisch[3], Hicks
[5],[6], Kalecki [8], [9], Samuelson [11]). Inthose con tri bu tionsit was shown that
thedy namicinter actionof themul ti pli ersandtheaccel er atorinKeynesianmacro
economicmodelscangener atefluctuationsinout put andem ploy ment. Thosetheo
riesfo cused mainly onthedy namicsof prod uct mar kets.

In this article, we de scribecom mod ity mar ket, money mar ket and theequi lib-
rium of pro duction sector from Keynesian, Walrasian and Classi cal point of view.
Wewill prefer thecontinuous-timedescrip tion of thecon sid ered macro economic
systems, i.e. monetary and pricedy namicsisthen described by systemsof dif fer en
tial equations.

Tobeginwith, wepresent thebasic descriptionof dy namicmacroeconomicsys
tem employing the IS-LM approach. This approach enables to enclose also the
money mar ket and moreover, introducingaPhil lipscurveen ablesto ex tend thedy-
namic models also to labour market (e.g. Fischer [1], Sargent [12], [13], Tobin
[19]).

1 Thisre search was sup por ted by the Grant Agen cy of the Acade my of Scien cesof the Czech Republicunder

Grant A7075202 and by the Grant Agen cy of the Czech Re pub lic un der Grant 402/02/1015.
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Let(incontinuoustimet 3 Q) Y( t) s(») and | (>o) de notethereal prod uct, sav-
ings and real invest mentsof theconsid ered economy respectively. Recall that for
thenomi nal interestR(t) it holdsR(t) =r (t) +p°t) wherer (t)isthereal rateof inter-
est and p°(t) theex pectedinflation, incontasttothereal inflation p(t). Thedy namic
ISmodel (i.e. Invest ment-Saving Mode!) isthengivenby thefol lowingdif fer ential
equation (seeeg. [18]) Y :a{ I[Y (). r ()] -S[Y(). r(t)} orontak inglog a-

rithms by
=a{i[y(t).r(1)] - ¥(). (O]} (0

wherey(t) =InY(t) and (>} = ' (9 59 = (%lstheso-calledpropensityto

MCIR(C)

invest, to save respectively. Observe that for an equilibrium pointY (t)° Y,

y(t)ey .r(t)°r wehavel (Y* ,r*) = S(Y* , r*)or i(y* ,r*) =s(y* r)
Denoting by p(t) the price level at time t, the dy namicsof themoney mar ket
(LM model) isdescribed by thefol Iowingdifferential eguation

dr(t) b| ([ Y(t). R()] =1n p( )y (12)

—b{ (). r@) +e° ()] - (m - (1))}
Whereﬁ[y(t),R(t)] =In[L(Y(t),R(t))], nt =IinM*, p(t) =In ft); L(>?) and

M s isreser vedfor demandfor money andmoney supply respecti vely.In(1.1),(1.2)
al pha, betaareposi ti veconstantssig ni fy ingthespeed of ad justment of therespecti-
vemar ket.

To ob tain acom plete dy namic model of the econ omy we need to in clude equa
tionsfor ex pectedinflationp °(t) and the price level p(t).

ay(t)
dt

Accordingto Tobin[20], forp® (t) thefol lowing adaptiveequationisvalid

SADEP FORS0) a3

where gisthecoef fi cient of adaptationandp® (t) isthereal inflation.

Recalling thatp(t) =ﬂ = d I—D(t),from (1.3) weimmedi ately get

p(t) dt
d e(t) (t)
j - P ()

(1.4)

GD)(D>

a
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. To this end shall assumethat the

d p(t)
dt

development of the price level p(t) over timeisin accor dancewith changesof the
so-called cost functionC (y( t)) Inparticular, thewell-known condi tion of profit

For what fol lowswe need to ex press

dC
maximization g t) — dy(/y) isthebasefor thefol low ing ad just ment for mulafor

p(t)(deltaisacon stant):
dp(t > dC y
ﬂ:dg_ e'mﬂﬁ (15)
t 8 dy g

d
Infact, theabovefor mulaisinac cor dancewiththetradi tional theory of per fectly
competitivefirms(seee.q.[10] and assuchisinter pretedinmany treatisessonmone

tary and pricedy namics(cf. e.g. [2]).

2. DYNAMIC MACROECONOMIC MODELS: GENERAL VIEW
d p(t)
d
is replacedby C¢(y).

Inwhat fol lowsweshall useshort hand notationsonly, i.e. wereplace

dc(y)

dy
Moreover, weshall of tenomit thear gumentt. Hence, (cf. (1.1), (1.2), (1.4), (1.5))
using such amodel the system de scribing an econ omy fromthe Keynesian point of
view hasthefol low ingform:

y=a[i(yr) -s(%1)]

r':b[f(y,r+pe)—(ms—f))] (2.1)
p°=9(p-p°)

'f>=<{1- e'pCG(y)]

where i(y, r) ,s(y,r), é(y,r +pe) ,andC(y) arerea ivestment, real savings,

by

psimilarly for thetimederivativesy, r , p*®, and

real money demandandcostfunctionsrespecti vely, dependingonproductiony, real
rateof interestr, (ex pected)inflation p® and thepri celevel p.

The Walrasian model has different price and commodity dynamics from the
Keynesian model. Com paring the Walrasian and Keynesian model ob servethat in
the Keynesian model the price dynamicsis controlled by costs as it is usua in
Keynesianeconomicsand commodity dy namicsdependsonthedisequilibriumon
commodity markets.
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The Walrasian model consistsof four dif fer entia equationsthat for mal izethe
(commodity) price level, interestrate, productionandex pectedinflationdy namics

inthefol lowingmanner:
p=afi(vr) -s(v1)]
r':b[ﬁ(y,r+pe)—(ms—f))] (2.2)
pe=g(‘b—pe)
y=({1- ePcy y)]

Classi cal modelsthat describe(commodity) pricelevelinter estrate, production
and ex pectedinflationdy namicshavesimi lar structureof right hand sidesof dif fer-
entia equations, but left hand sides are per muted asit is shown be low:

r=afi(yr) —s(yr)]
e (1) (5 )] =
0" =a(p-p°)

X/:c{l— ePCy y)]

Justintroducedmodel sarethebasefor establishment of macroeconomicmodels
of priceandmonetary dy namics.

Comparingabovesystems of differentia equationsfor Keynesian, Walrasian
and Clas s cal mod els, we can con clude that for the study of mac ro eco nomic sys
tems, thegenera object of our inter estisasystemdescribed (inthecontinuous-time
setting) by thesystemof nonlinear first-order (autonomous) dif fer ential equations

writ tenin acon densed form as
dx (t
2t e(9) v @4

where the state of the system x(t)T R* and f(3 is a continuously differentiable

vector functionfromR* to je R* defi ned onanopensubsetje R*.Observethat
[.]T denotesthetranspose)

£ (1)) =[ (1)), £ (x (1)), 5 (x(1)), f(x(®))]
x(1)=] y(t), () p°(t). p(t)] " for the Keynesian model
=[ p(t). r(t) p°(t), ()] for the Walrasian mode
=[r(t), p(t) p°(t), (t)]  for the Classical mode
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Recalthatx T R" istheequi lib rium point of theabove system, iff f(x*) =0

andx" issaidtobe(asymptotically) locally stableif ev ery solutionx(t) of the con-
sideredsystem, startingsuf fi cientlycloseto x* convergestox ast ® ¥.Similarly,
X" issaidto be (asymptoticaly) globally stableifx(t) ® x* regardlessthestarting
point x°. It is well known (cf. e.g. [4]or [18]) that an equi lib rium point (and also
astablepoint) of thesystemneed not ex ist, hencethesystemisunstable. Recall that
hav ingfound equi librium points, the system need not con ver genceto someaor any of
the equilibrium points (in the latter case the system is unstable). Furthermore, if

f(x )isnonlinear,theconsidered unstablesystemcanal soex hibitlimitcy cles(i.e.
its trajectory remains in a bounded region). In words, in contrast to unstability or
limitcy cles, stabil ity isequiv alenttomonotoneor oscil lating conver gencetoward
theequi librium point.
Inspecting (2.1), (2.2), (2.3) itisclear that intheequi libriumP © =0 and the equi-
librium point
X = [y*, r',0,p ]T for the Keynesian model
= [T)* r,0y ]T for the Walrasian model
=[50 y] for theClassica mode

must bethesamefor all consi dered model sand canbeontai ned by sol vingthefol lo-
wing set of equations:
i(y.r)=Hvr)

E(y,r+pe):ms—|3 (2.5)

e"=Cq(y)

3. APPROXIMATION AND LINEARIZATION OF THE MODELS

Tofindananalyti cal formof theout puty(t) = InY (t), real inter estrater (t),
expectedinflationpe(t) and the price level P(t) we need to as sume that the func-
tions |(>o) , s(>,<),c(>)areof aspecificanalyti cal form.

Asusual, thefunctions s(zﬂ)aswell as demand for money f(y ,R) can be well

ap prox i mated by linear functions, whereasitisnec essary toap prox i mate |(><><) ad
sometimesalsoC (>) by suitablenonlinearfunctions.

In what follows, we assumethat savings S(Y(t),r(t)) can be well approxi

mated by thefol lowingex pression
s(Y(0).r))=Y(t){s +s x(t) +s,=(t)] with g <0 and 5, 5,>0 (3.2)
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Hence the pro pen sity to save s(y(t )r(t)) :S(Y(t), r (t)) /Y (t)can bewrit ten
as
LY(t)r(1))=s +soo(t) +s 0 (t) (32)
Simi larly, thedemand for money isde scribed by thetradi tional Keynesian de
mand-for-money functionbeinginthefol lowingform

E(y(t), R(t)):% +€1Y(t) - sz(t)—fspe(t):
=0+ L y(t) - £L@(t)+p (1)~ ¢sp°(t)

wheretheparameters/, >0, i =0,1,2,3aregi ven.
On the orther hand, it is convenient to assume that the propensity to invest

. . 1 . .
|(y(t) ,r(t)) isaprod uct of r(t) " 1and theso-calledlogisticfunction. Hencethe
propensitytoinvestisassumedtobegivenanalyticaly as

GO =131 e (34

(3.3)

wheretheparametersk, a>0and bisanar bitrary real number.
Simi larly, we shall assumethat thecostfunctionC(X)isalsoalogisticfunction

given analyticalyas

h
C(y(t))=—— (3.5)
( ( )) 1+ de cy(t)
wheretheparametersh, c>0and d isanar bitrary real number. Hence
dC
(M_  n a
dy (l+ g6 % t)) (36)

and wecan assu methat the,, central” part of C(y(t)) canbewell ap proxi mated by

alinearfunction
C(y(t)) =d, +dyy(t) 3.7
Since p® =0 to ca culatetheval uesy”™ ,r , p*, oninserting(3.2), (3.3), (3.4)
and (3.7) into (2.5) we have

A K g gyt (3.8)
r +1 1+be?
60+£1y -le' :ms—ﬁ (39)

def

P =-Ind =-d, (3.10)
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In virtueof (3.10) from(3.8), (3.9) theequi libriumval ues y* ,r” can befound as
asolutionto

m (So +sy +Sr )(1+r ) (3.11)

r :Elz(fo—(mS +al)+£1y*) Oy :Ell((mS +Jl)—€0+£2r*)(3-12)

From (3.11), (3.12) we get

éso"'sa m +d, 9 & +Sz y x
—_ -3 U
(é l, 7] g gzﬂ g
><§1L+f°_L CIGRVER e (3.13)
L, l, PR 1+be®

Hencefindingthesolutionto(3.13) andinsertingthisvalueinto(3.12) weimme
di ately get thepair of equi libriumpointsy™ , r . We can ob serve that:

1)) (TheRHSof (3.13) istheso-calledlogisticfunction (anincreasing function hav-
inganinflection point at y:1 In bthaIisconvexintheintervalg%, 1 Inb2and
a a g
& inpyd
a [4]
2) (TheLHSof (3.13) isaquadratic function (infact, for rea-lifemod elsthisfunc-
tion dif fersonly dlightly from a straight line).

concavein

Hencethereex ist at most three, in real mod elsusu ally only one, pair(s) of equi-
libriumpointsy ,r” fay3 Q.

Moreinsightintheprop er tiesof theequi librium poinst, especially with re spect
tothe stabil ity, can be ob tained by linearization around the neigh bour hood of the
equi librium poi nt(y* I pe, 5*) with p® =0,

Linearizingweconcludethat (2.1), (2.2), (2.3) canbewrittenfol lowingcommon
form
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ed(xl(t) xl)u e‘ﬂf (x) f.(x) 9f(x) 9f, (x)u
e—
a e %, X, X3 X, g & (t) X u
ed(xZ(t) x2)u e‘ITf (x)  TE(x) TF(x) TF, (x)u K1
a fx ix ix ix @(2()
e d  _u-e ™ 2 3 4 u(s 14)

?d(xe(t)—x’;)g_éﬂfs(X) ORIORHON FOR:

e
& ﬂXl ﬂxz ﬂX3 ﬂx4 ¢ X
ed(x4(t) X4)u e‘ITf () 1 (x) (%) 9.( ) d<4() 4g
e—ﬂ g X, X5 x5 X, H
where

[xu(t) (1) x5(t) % ()] = [y(t) r(t), p°(t), f)(t)] for the Keynesian model
= [E)(t) r(t), p°(t). y(t)] for the Walrasan model
=[r(t). p(t). P°(t). y(t)] for theClassical model

Theequilibrium point(x*1 X 4 Xy x4) isstableif and only if the system (3.14)

isstable,i.e.if all eigenvaluesof thematrix of thesystemhavenegativereal parts.
Inparticular,onemploying(3.8),(3.9), (3.10) for theKeynesianmodel wehave:

& y(t) y )U

é
() -r') (t)_r)u a(d,-s) a®,-s) o  ou-VY
é u_g b/, -be, b(€2+€3) bué(t) roa
e u— i { e U
(0 (1)) (t)) i 0 0 0 wEE ()
ed(p(t) p)u
e—
(3.15)
where
1 T k T 1| k
=— X , Dr=— t
SRR ﬂyl+béay() y=y' ﬂl‘l+l’|r=r 1+be_ay()|y=y*
So we have
_ 1 kabe¥ oo, 1 k

r

* N\ 2’ - “\ 2 ay”
o (l+be'ay) (1+r) 1+be™
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wherefrom(3.13)
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STOCHASTIC COSTS IN THE TRAVELING
SALESMAN PROBLEM

PETR KUCERA, MARTINA BERANKOVA, MILAN
HOUSKA, JAROSLAV SVASTA

Abstract Solving the tra ve ling sa les man prob lem we of ten need to use the time as

the ob jec ti ve fun ction. But the time spent by a sing le rea li za tion of trans-
portonagivenro ute may dif fer de pen ding on the actu al traf fic situ a tion.
Soithas a sto chas tic cha rac ter. Using this po int of view, the eva lu a tion of
apar ti cular ro u te con sists of two com po nents: the pro per time (me a ning
e.g.itsex pected value) of the trans por ta tion and the re lia bili ty (pro ba bi li-
ty) that a given time will not be exceeded. So we have two criteria, i.e.
amultiplecriteriataskisobtained.
Ho we ver, the methods for sol ving the tra ve ling sales man prob lem can not
usuallybe asso ciated with the stochasticap proachesandthe multiplecri-
teriamet hods. This con tri bu tion shows, that the ite ra tion met hods for the
traveling salesman problem are suitable to be modified for this purpose
and one ver sionis ap plied here on se ve ral test in stan ces.

Keywords: travelling salesman problem (TSP), stochastic models, multiplecriteria
prog ramming, ite ra tion met hods for the TSP.

1.INTRODUCTION

Theorigi nal trav el ling salesman problem (TSP) isthetask on how to makeacir-
cuit of given points(cit ies, placesetc.) with themini mum cost (or distance, assum-
ingthat thecost dependspro portionally ondistance). Inpractice, therequirement to
real izetranspor tation by agiven dead lineor intheshort est possi bleterm of ten ap-
pears, e.g.inactivitiesof thedeliv ery firmsorinthecaseof agri cul tural or grocery
prod uctswhich quickly go bad etc. Thetranspor tationtimeissubjecttorandomin
fluences, e.g.traf ficjamsandacci dents, weather condi tionsincludingel emental ca
lami ties, waitingfor thecheck out at thestatebor der etc. Thusthenecessary timefor

passing agiven route may be seen asasto chastic quantity anditiswell-founded to
interest in the TSP with the criteria of the stochastic character. Thiscontri bution

containsapro posal of an ap proach for solv ing such prob lemsand atrial totest it.
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2. HANDLING THE STOCHASTICITY OF COSTS

Thedistri butionof probabil i tiesfor thetimeof transpor tationbetweenaparticu
lar pair of points(cities) ishardtodeter mine. Thusweap ply ananal o gousap proach
likeinthe PERT method. L et us sup pose that for each of these pairsthetrans por ta:
tion time is a random value with beta-distribution and the most probable (i.e. mo-

dus), opti misticandpessi mistictimeareknown. LetCm,Ca,deenotethematri ces
of thesemost probable, opti misticand pessi misticesti mations, respectively.LetC

denotesthematrix of ex pected val uesof thesetimesand Sthematrix of their dis per-
sions. Soif therandomvaluerepresent ingthetimespent by transpor tationfromthe

point i to the point j is i thentheel ementsof matri cesC and S means c, :E[tij]

ands; =s 2 [tij ] andusingthestandardnotationfor ex pectedvalueanddisper sion.

Wecancom putematri cesC and Sfrom C", C* and Cbap plyingwell knownre
lationsamong thechar acter izationsof beta-distribution:
_ G *ac+g

ST 6

LI

! 36

Now letusconsider aparticular feas blesolutiontoour problem,i.e. somecir cur
lar routegoing through all given required points. We can look onto at tour likeapro-
ject solv ableby the PERT method. Activ itiesaresin glelegsbetween two pointsin
succession. Thenetwork representingthissituationlooksvery simple: itisapath.
Assumingthat costisanindepend ent quantity, theex pected valueor thedisper sion
of theobjectivefunctionfor agiven solutionisequal tothesum of theex pected val-
uesor of thedisper sions, respectively,i.e.

Elt)] = & g,
(I, ])I S

S [to] = é S
(.)is

where Sisthe set of all such (or dered) pairsof points(cit ies) that thelat ter point
immedi atel yfol lows the for mer one on the sub jected route.

If wewant to catch to go through thewholeroute until agiventimed, wecan use
therelationfor thestandardizedvari ationuof ran dom value tywith the nor mal dis-
tribution

=d-Eﬁd

Js®[td]
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andfindtheprobabi li ty of keepingthisterminthetableof thedistri butionfunction
of thestandar di zednor mal distri bution.

3. MULTIPLECRITERIA NATURE OF THE STOCHASTIC TSP

Any feasi blesolution of thesto chastic TSPmay beeval uated ac cordingtotwo
cri teria: the proper time (e.g. itsex pected value, the most prob ablevalue etc.) and
the reli abil ity (theprob abil ity that agiven required timefor passing theroutewill
not be exceeded). The situation is even more com pli cated than in the case of the
classi cal multiplecriteriaprogram ming. Theval uesof thecri teriadependrecipro
cally tooneof another. Oneof them may becho senandtheremaining onecom puted

for any such choice. Of course, thisprop erty doesnot im ply any ob struction for the
appli cation of thereplacement of oneof thesecri teriaby thecon straint.

This method of replacement of the objective function (criterion) by the con-
straint transformsthetask with two cri teriato onewith only onecri terion by thefol-
lowingway: LetF, bethecri terionwhichisto bereplaced by aconstraint. Letitbea
maximizedcriterion, f,,, itsopti mal valueandf;,itsmini mal value. Then some
vaue 1 ( o e ) ischo sen (asthe com pro misevaluewhichtheuser isready

to ac cept) and the cri terion F is replaced by the constraint F, 3 f* added to the

coinstrant systemof themodel. Thelat ter cri terion, say F ., remainsto beop i mized.
Thismethod isdescribed morepreciously in[1].

Applyingthismethodfor thesto chastic TSP, wereplacethecri terion of reli abil-
ity by the constraint. The required reliability * having been chosen, the time of
passingany feasi blesolutionisuniquely deter mined. Intheorigi nal ver sionof the
methodthenew added constraintisaninequal ity. Nev er thel ess, becausefor any par-
ticular tour, decreasing the required time for going through it, the reliability de-
creases, too, an equation may be used in stead thein equal ity. Thusthe use of this
method iscor rect.

4. ITERATION METHODS FOR SOLVING THE TSP

For solvingthestochastic TSPit er ationmeth odsfor the TSP, e.g 2-opt, 3-opt, Or
method (Or-opt), Lin-K erninghan method, may bemodi fied. Intheorigi nal ver sion
each of these meth odsdefinesaneigh bour hood, it meansaset of the neigh bour fea:
siblesolutions, foreveryfeas blesolution. Thissetisei ther agivenconstant (inthe
most of these meth ods) or the method createsitin eachit er ation ac cord ing to the
proper tiesof thesolutionswhichhasal ready beenin cludedintotheneigh bour hood
(inLin-Kerninghanmethod). Thesemeth odscom paretheini tial solutionfor agiven
iteration with all solutionsinitsneigh bour hood and if there are some better ones
(with the lower value of the objective func tion) among them, then one of them is
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chosenastheini tial forthenextiter ation, if not, thenthecom putationisfinishedand
thissolutionisconsideredthefi nal one. A largeover view of methodsfor solvingthe
TSPindetails(includingtheseit er ationmeth ods) isgivenin[2].

Hav ing giventhesto chastic TSPand using theap proach describedinchapter 2,
wecan ap preci atethequal ity of so lutionsinthe neigbourhood of onecur rently be
inginitial intheusedit er ationmethod. Wecandoitevenac cordingboththecri teria
men tioned in chapter 3inthesametime. Thisistheway, to mod ify theseit er ation
meth odsfor thesto chastic TSP.

Weuseamaodi fi cation of the 2-opt for test ing thisap proachinthe next chapter.

Now we can describeitsver sionfor theclassi cal TSPwiththesym metric cost ma
trix. Let theini tial cy clictourisgivenand t (i )denot%thepoint immedi ately fol-

lowi ng af ter the point i. Find a pair of different points i, j so that the expression
C ()t 0 )acqui res the maximum possble vaue. If it is
nonnegailvethen itisimpossi bleto maketheroutebetter by changingtwolegsonit.

Inthiscasetheal gorithmister mi nated andthetourisdeclaredtobearesultingsolu
tion. Intheop po sitecasetherouteisrepaired asfol lows: Usingnotation

t@i)=1,j=1,t()=1,, for t=1...,u-1
assign
t(i):=jt(l)=t().td)=L , for t=2...,u

Then ap ply the pro ce dure above with thisnew tour (and repeat it until thevalue
of theaboveintroduced ex pressionisnonnegative).

5. TEST COMPUTATIONS AND THEIR RESULTS

Test instances of the stochastic TSP were randomly generated the following
way: Inacir clewiththeradius100kmlyinginaEuclidianplane E, twelve points
wererandomly chosenwiththeuni form probabil ity distri bution. Thentheac cessi-
bility (e.g. d ti tude, thequal ity and” straight ness” of roadsinitssur roundingsetc.)
wasdeter mined for each point, again uni formly randomly andfromaninter val with
the lower bound equal to zero and the up per bound di rectly pro por tional to thedis
tance of the point from the cen tre of the cir cle. This value was taken asthethird co-
or di nate of the point ina3-dimensional Eu clidian spaceE; and the (road) distance
betweenany two pointswasdefined astheir Eu clidian distanceinthisspace E; For
each pointtheusableav er agespeed of transportinitssur roundingswasgen er ated
uniformly randomly from the interval from 40 to 110 km per hour. The average
speed on theroad between two poi ntswas com puted asthehhar monic av er ageof the
speedsintheir sur round ings. Thetime spent by using thisspeedwascon sid ered to
bethe most prob ableand sothematrix C"(cf. chapter 2) wasobtained. Thematrix
of theopti misticesti matesof timewassetC* = 0.9C™. El ementsof C° were gener-
ated uni formly ran domly from thein ter vals which lower bound for each route be-
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tweentwo pointswasthecor responding el ement of C™and the up per bound wasthe
timenec essary for passing the short est detour through somethird point.

Fiveinstancesweregen er ated by thisway. They weresolvedasclassi cal TSP's
by Christofidesmethod using the cost matrix C. Thisal gorithmwascho senbecause
it hasthebest knownmathemati cally provenratio z,,,,/z,; among all meth ods for
solving TSP, wherez ., andz,; denotethecom putedandthe(mathemati cally) op
tima value, respectively.

Thentherequiredreli abil ity was set to 95 p.c. Thisfrom thismo ment times

d=€ft] +u/s[t]

(using notationin chapter 2) werecon s deredto becosts(i.e.u » 1,69 for thegi ven
reliabi li ty andthe2-opt al gorithmwasapplied.

Fromthesefivecasesinall of themaroutewasfound, whichwasac cessi blewith
95 p.c. prob abil ity in ashorter timethan the ini tial one found by the Christofides
method using the cost matrix C.
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SINGLE-PERIOD INVENTORY ANALYSIS -
DIFFERENCES BETWEEN MATHEMATICAL
MODELS AND SIMULATION MODELS

MARTINA KUNCOVA

1. INTRODUCTION

Inventory optimisation and inventory control belong to the most im por-
tant fieldsin busi nesscom panies. In casenoap propri atesoft wareisavail able, man
agers must estimate the order quantity and or der time them selves, mostly on the
basisof theirindi vidual knowl edgeof customers behaviour. Now adays, whenitis
necessary tobevery quick and per fectinreactiontothecustomer'sdemand, thisap
proach seemsto bein suf fi cient. Of course the best way isto use some special soft-
ware, but corresponding cost of it may be quite significant and additionally, the
instal lation of such systemsmay requireradi cal changesincom pany'sstructure. It
also cantakeayear or moretoinstall. Even big firmsshould con sider buy ingtheex-
pensivesoftwarespecial izedjust onthepar tial problemsincom pany'soper ations.
How ever, asit will be shown later, using stan dard spread sheets (e.g. MSEx cel) is
suit ableac cessto solvethecom pany'sproblems. Therearetwo possi bil i tieshow to
managetheinventory - analyti cally, usingmathemat i cal model ortouseasimula
tion. Thecom par i son of thesetwo ap proachesisdiscussedinthispaper on case of
thesingle-perioddeci sioninventory model.

2. THE NEWSBOY PROBLEM - DEFINITION

The single-period deci sioninventory model isusu ally called "The News-
boy Problem" or "The Christ mas Tree Problem™ and it belongstothesto chasticin
ventory models. Themodel referstothesit uationsinwhichonly oneor derisplaced
fortheconsideredtimeperiod. At theend of theperiodtheinventory might beout of
stock or there might beasur plusof unitsand for these casesthereisapen alty asso ci-
ated with over stock or stockout. Thisisthe case of sell ing seasonal goods such as
Christ mastrees, Christ mascards, bread, fruits, flow ers, newspapers, etc In case of
the newsboy who sells newspapers on the street, the demandisun cer tain, and he
must de cide how many papersto buy fromhissup plier. If hebuystoo many papers,
the un sold ones have no value at the end of the day or week (or nearly no value) and
it means alossfor him. If he buys less pa pers than there will be de manded, he has
lost theop por tunity of mak ing higher profit.
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3. MATHEMATICAL MODELS
FOR THE "NEWSBOY PROBLEM"

3.1 Model I

3.1.1Definition
Consider theproblemwith
> asinglecommodity

» asingleopportunity toreplenishtheinventory
» a demand which is random with known discrete probability distribu-

tion.

Further notations:
D =demandinunits(each quantity hasassoci ated non-zero prob abil i ties)
Q=or der quantity
Sp=sdlingprice
Cp = pur chase cost (Cp < Sp)
Sv = sd vagevalue (Sv < Cp) = sell ing pricefor any inventory remaining af ter
demandhasoccurred
Cu = unit cost of un der-ordering (short age cost) Cu=Sp-Cp
Co = unit cost of over-ordering (over age cost) Co=Cp—Sv
p, = probabilitydistri butionof demand
p, °P(D=x), F(x)°P(D£x)
TC=total cost
TC(Q)=CoxQ-D);D£Q,
=CuxD-Q);D3 Q
Total costisarandom vari ablewith ex pected value:
TO(Q)=E(TC(Q)) =min
Theinfer enceof theopti mal or der (inventory level):

T¢(Q)=E(To(Q))-

-4 Q- x)xp, + a cuxx - Q)>p, =min;Q=0,12,...
x=0 x=Q

TC(Q +1) =8 Co{Q+1- x)p, + 8 Cux(x- Q- 1)xp,
x=0

x=Q+1
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Thedif fer encebetweentheprevi ousformulasis:

Tc(Q+1) - T(Q) = Coxa b, - Cux & p, =

_CO>F(Q) Cu>(XlQ+::(Q)) 30
TC(Q)- T_C(Q— 1) =Co(Q- 1) - Cux{1- F(Q-1))£0

Qu .
F -1) £ EF(Q =grvice level
(Q ) Co+Cu ( ) Co+Cu
Sotheopti mal or der quantity Q* canbecal culated asfol lows:
x QJ 0
=F & 9
Q '18C0 +Cu g

3.1.2Exampleand cal culationac cording to the in ven tory model I

Consider a retailer who sells Christmas trees. Before Christmas time he
pur chases spruces, each at acost of 65 CZK per one meter of thetree. The sdll ing
priceis100 CZK per one spruce one meter high. If the stockout oc curs, theretailer
cannotreor der. Incaseof over stock, hecan sell each sprucefor 20 CZK per meter to
afactory (for other processing- asacombusti blewood). Basedonhistor i cal datathe
probability distri bution of demandisknown (Tablel). Theretailer would liketo
know how many spruces should be pur chased.

Tablel

Demand 0 5 10 15 20 25 30 35

Probability | 0,01 0,05 0,12 0,2 0,35 0,15 0,11 0,01

F(x) 0,01 0,06 0,18 0,38 0,43 0,88 0,99 1
Cu=Sp- Cp=100- 65=35CZK
Co=Cp- S =65- 20=45 CZK

Cu _ 3H _ _ _
= =0,4375 P(x £ 15) =0,38< 0,4375< 0,73 = P(x £ 20)
Co+Cu 45+35

TC(15) =234,75CZK TC(20) =211,75CZK

Expected value of the total cost in case the retailer orders 20 spruces is
lower incom par i sonwiththe case of theor der of 15 spruces, sofor mini mal costitis
better to pur chase 20trees. Cal culatingtheex pected profit, thesit uationisthesame
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(the ex pected profit for 15 sprucesis 425 CZK, for 20 treesit is 448 CZK whichis
better).

3.1.3 Simulation of thein ven torymodelI

Let's now try to solve the same example but using simulation methods.
Simulationistheimi tation of theop er ationsof areal-world pro cessesor systems

andismostly usedfor thedescriptionand anal y sisof thebehav iour of asystem. The
baseel ements of the simulation are independent randomnumbersthat aredistril>
utedcontinuously and uniformly between 0 and 1. In MS Excel we obtain these
num bersusingthefunction RANDOM ()1. These num bers can be con verted to the
desiredstatisti cal distri butionusing var i ousmeth ods.

As it has been mentioned above, de mand var iesfrom O to 35 with given
probabilities. To com ply with it, let's cre ate ata ble with 100 val ueswhereQisin-
volved once, num ber 5istherefivetimesetc. (accordingtotheprobabil i ties). Then
the demand isgen er ated from thistable by the func tion INDEX, which picks out
given row and col umn from thetable (or ar ray). For the de scrip tion of the row the

function RANDOM () isused asfol lows:
=RANDOM() * 100 +1 2

That means that we want to find (ran domly) any row between 1 and 100.
Now thedemandisgener ated.

The second step is to calculate profit or cost. Let's calculate the profit.
We can use Cu and Co asbeforebut now in Ex cel inthefunction IF. Sothefor mula
is.

=IF(Q<D;Q* Cu;D* Cu+(D-Q)* Co)

(Evi dently instead of thenamesof thevari ablesand con straintstheref er encestothe
cor responding sellsmust beapplied.)

Finally it is possible to generate the demand again and again (using the
F9 key) and watch the changes of the profit. But the more el e gant way isusing Data
Tables where the first row is constructed of var i ouspossi bleor ders, first col umn
containsat tempt num bersand intheup per left cor ner theref er encetotheprofit for-
mulaisentered. Via"Tools' and"Datatable" thistableisquickly filled by recal cu-
lated prof itsfor thegivenor der using gener ated demand. Theresultsarein Table2.
As you can see, the best aternative according to the averageprofit is aso 20
spruces. Butitisnotall. Thetableshowsvar i ouspossi bil i tiesthat may hap pen, soit
ispossi bletoreview thesit uation, and maybetakeadif fer entdeci sion.

In the Czech version of MS Excel this function is called NAH CISLO()
In this case of row selection it is not necessary to generate integer values
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Table2

profit / orders 700 0 5 10 15 20 25 30 35
1 0 175 350 525 700 | -325 650 25

2 0 175 350 525 | 700 875 | -550 | -375

numberof test | ...... | oo | e | | e | e | |
499 0 175 350 525 700 75 250 | -775

500 0 175 350 525 | -900 475 650 25

Average profit 0 | 168.6 | 3204 | 428.2 | 4488 |277.4 |1356 | -75.8
Min. profit 0| -225 | -450 | -675 | -900 |-1125 (-1350 |-1575
Max. profit 0 175 350 525 700 875 | 1050 | 1225

3.2 Model II

Consider theproblemwith

» a singlecommaodity

> a singleopportunity toreplenishtheinventory
» a demand whichisnor mally distrib uted withknown mend s

3.2.1Definition

All theassumptionsand notation arethesameashbefore. Only for deter mi nation of
thesmall est or der quantity that pro videsgiven ser vicelevel, wehaveto usethefol-
lowingrelationship:
whereZ isthestandardnor mal probabil ity distri butionval uethat canbeobtainedin
MSEx cel usingNORMSINV functionwiththeparameter equal totheservicelevel.

Q*=mts Z

3.2.2 Exam ple and cal cula tions of the in ven tory model IT

The florist purchases roses for 25 CZK per unit and sells them for 45
CZK per unit. If therosesare not sold dur ing aday, the price hasto bere duced to 20
CZK per unit for the next day. If thereisno spe cial oc casion, theusual demand is

200 roseswith stan dard devi ation of 50 ones. How many roses should be or dered?

Cu=Sp- Cp=45- 25=20 CZK

Co=Cp- Sv=25- 20=5CZK

= =0
Co+Cu 5+20

NORMSINV(08) =0841621

Q* =m+s Z =200 + 50*0,841621 = 242,08
Theopti mal or der ac cordingtothegivendatais242 roses.
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3.2.3. Sim u la tions of the in ven tory model IT

Now it is necessary to generate a demand that follows norma distri bu-
tion with given mean and standard deviation. It is done by the function
NORMINV (probabil ity;mean,;std.dev), wherethefunctionRANDOM () isused as
theprobabil ity, sothefor mulainMSEx cel is:

=NORMINV (RANDOM();200;50)

Againitisbetter and quicker to use Data Table. The only prob lem is how
tosettheor ders. Af ter few simulationsit wasclear that theinter val between 230and
270 units is sufficient (and the dif fer ence of 5 unitsbetweentwo or dersisir rel e
vant). But now thesimulationdoesnot fully confirmtheresultsof themathemat i cal
model. The average profit ranges between 3100 CZK and 4100 CZK but it is not
possi bletodeter minetheopti mal or der. InChart 1theav er ageprof itsfor tendif fer-
entsimulationsandfor thegivenor dersaredisplayed. Theor der of 240 or 245 roses
wasthe best only in 3 cases. Eveninonesimulation it seemed that it would be the
worst choice be cause of the profit of only 50 CZK. Soinsit u ationslikethisthede
scriptionof thedemanddistri butionshouldbemoreaccuratetoobtainmorereli able
results.

Order

—— 230
—s— 235
—a— 240
—»— 245
—+— 250
—s— 255
—o— 260
—+— 265
—s+— 270

Avqg prafit

3

I 1 I 1 I 1 I
Al A2 A3 A4 A5 A6 A7 A8 A9 Al0
atte mpts

Chart1 - Aver ageprofitsfor var i ousor dersin10simulations
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4.CONCLUSION

The two conceptions described above are both available for the situa
tionswhereonly oneor derinonetimeperiodispossi ble. Theanalyti cal approachis
more suit ablefor thecasewithknowndiscrete probabil ity distri bution of demand
(model I)) but still itisnec essary to know thedef i ni tion of themath emat i cal model

and theenumer ation. Ontheother hand, simulationisad visablefor morecompli-
catedsituations. Itisnecessary toobtainalot of infor mationandtodefinedemand

distri butionprecisely. Easier solutioninaspread sheet (having noknowl edgeof the
math emat i cal meth ods) can bethead vantage of thesim ulation aswell asno ad di-
tional investmentinthespecial software.
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DEBT OVERHANG AND ECONOMIC GROWTH:
AN ECONOMETRIC EXPLORATION

MENBERE WORKIE

Abstract This paper lo oks at whet her ex ter nal debt and ca pi tal flight co uld be po-
tential ex planationsfor growthrate differen cesacrossthedevelo ping wo-
rld. Althoughthereisawide-ranging oftheoreticalliteratureonthisissue,
the re are only few em pi ri cal stu dies that show that the reis anin ver se re la-
tionshipbetween growth andexternalimbalances. Thecriticalinnovation
of this pa per is the em pi ri cal ex plo ra tion on the im pacts of ex ter nal debt
on growth once total debtstockis de com po sedaccordingtosour ceand
maturitystructures.

1. INTRODUCTION

It is now apparent that least developing countries (LDCs) in genera and
Sub-Saharan Af ri can countries(SSA) in par tic ular have been marginalized and by-
passed by the process of globalization. The deterioration in income per capita

growth for SSA is remarkable. The growth in per capitafor SSA wasworsening
from de cadeto de cade, and be comingworst inthelast two decades. Thegrowthin

per capitain comethat wasaround 1.9% inthe 1960sdeclined to around 1.1%inthe
1970s, to 0.05% in the 1980s and to 0.04% in the 1990s.The fig uresturned even
worsewhen onetakesalon ger timehori zon. Thegrowth rate of per capitain come
during the peri ods (1970-2000) and (1980-2000) werein deed neg ative. Thisisin
con trast to a2.8% growth for thewhole world in the 1960s, 2.2% in the 1970s, to 1%
inthe 1980s, and to 1.3% inthe 1990s. More over, many em pir i cal stud iesshow the
phenomenon of di ver genceinreal per capitagrowth acrosstheworld econ omy at
large, hencethe poor get ting poorer whiletherich get tingricher, eventually increas

ingthedisper sion of incomeper capitaacrosscountriesand over time. Suchempir i-
cal studiesalso point out that the degreeof di ver genceinreal incomeper capitawas

worse in the 1980s and 1990s as op posed to the 1960s and partly the 1970s. This
very question hasinfact drawntheat ten tion of many econ o mistsacrosstheglobe.
The poor performance (misperformance) of Sub-Saharan Africa or “Africa's
growthtrag edy” asEast erly (2000) cor rectly putsit, hasbeen ex plained from var i-
ous fronts. The potential factors range from bad policies and external shocks
(Hadjimichael, et al, 1995; and Rodrik, 1999, among others), to ethnic
fractionilization (East erly, 2000, among oth ers), togender inequal ity ined ucation
(Klasen, 2002), and to geo graphic lo cation (Sachs, et al 1998), among oth ers.
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Therefore, inthispaper, | ar guethat thoughtheissuesof pol icy, education, geog
raphy andethnicity areim por tant deter mi nantsof long-termgrowth, they fail topro
vide full explanation of why growth rate differences across countries were so
dramaticinthe1980sand 1990sascom pared tothedecadesear lier. Inthiscontext,
thereisawide spread con sen susthat the 1980shave been con sid ered by many asthe
“lost decade” for Af ricaand Latin Amer icainterms of growth and de vel op ment.
Singer (1990, in: Healey, 1995), for ex am ple, ex presses Sub-Saharan Af ricaasthe
regionthatisconvergingtoacquirethechar acter of amarginalized‘ FourthWorld',
increasingly recognizedasrequiringspecial actionandcri teria. Inthesametoken,
the 1980s had been far from favour ablefor Latin Amer i can countries’ The prime
suspectsinthisregardareex ter nal imbal ancesthat infact becomecar di nal issuesin
the entiredevel opingworld notably thosein SSA. This issuebecomeseven more
aparent given thetruth that 33 of the 41 coun trieschar ac ter ized by the World Bank
and IMF asheavily in debted poor countries (HIPCs) arelo catedin Af rica. Thispa
per, therefore, will rather fo cusontheex tent towhich ex ter nal im bal anceshaveac
counted for growth-rate differences across the developing world in the past two
decades.

2. THE EXTERNAL IMBALANCES-GROWTH NEXUS: A REVIEW
OF THEORETICAL LITERATURE

In general, itisquiteclear that LDCshavestrongin centivestobor row over seas
inor der tofi nancetheir domesticinvest ment, whichisindispensabletoachieveeca
nomic growth.? Part of thereasonisthat since poor countriesarefar away fromtheir
steady states, any investment injection could lead them to have accelerated eco-
nomic growth. Though thisisgen er aly true, it turnsout that capi tal inflowsinthe
form of ex ter nal debt to L DCsen hance growth only to acer tainlimit. Oncedebt gets
bigger and becomes unmanageable (unsustainable), it rather becomes a major
destabilizing fac tor and aseri ous bot tle neck to long-run eco nomic growth. More-
over, aslong asscarcere sourcesarenot wisely invested in pro jectsthat havethe ex-
pected returnshigher than the cost of for eign debt, they may en dan ger thelongterm
growth prospect of the country under consideration and leads to low economic
growth, higher demandfor ex ter nal debt and moreex ter nal imbal ances.

The external debt-growth literature points out various mechanisms through
which debt istranslated into slug gish eco nomic growth. Oneof the chan nelsinthis

"Notlongago, Latin Ameri cancountriesseemedtobecondemnedtoalifeof despair. Duing the 1980s, &f ter
theonset of thedebt cri sis, growthrates, which during the 1970soscil lated aro und 6% collapsedtoanaverage
1.8%. From the per specti vesof the 1980s, even fu tu regrowth pro spectswere clo u ded by asherp drop in the
shareof capi tal for mationfromabout 20%inthe1970stoabo ut 16%intheyearsfol lowing 1982" (WEO, Oct.
1993, in: Kamin sky, et al. 1996, p. 1)

Asmany ar gue, the USA inthe 19 Century, TheMar shall Planfor awar-torn Ger many and East Asiancoun-
triesinrecent periodsareal | casesinpointwhereforeigncapi tal wastranslatedintolong-runeconomicgrowth.
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respect istheso-calledthedebt over hang hy pothesis. Thistheory sug geststhat once
it becomesapparent that there is a real threat that the futureto tal debt stock of a
country will be muchlarger thanthe country’ sre pay ment potential, the ex pected
debt ser vicewill beanin creasing function of thecountry’ sout put level (Pattillo, et
al. 2001, Claessens, 1996, among oth ers).

Astheresulttheex pectedrateof returnsfrom productiveinvest mentsinsuchan
economy will below asthesignif i cant por tion of any sub sequent economic progress
will be eaten up by credi tors, which fur ther reducesboth domesticandfor eignin
vestments and eventually downsizes economic growth (Krugman, 1988, Sachs,

1989a, among oth ers).
Thepremisethat debt toacer tainlimit, if wisely uti lized and prop erly man aged,

playsapiv otal roleinen hancing long run eco nomic growth but retardsitif itslevel
isincreasingover timeisgener ally linked totheso-called thedebt laffer curve.® The
debt over hang prob lemislinked to thetransfer of re sourcesfrom capi tal scarceto
capi tal sur pluscountries. Inthisrespect, Krugman (1988) defined debt over hangas
"thepresenceof anexistinginherited debt suf fi ciently largethat credi torsdonot ex-
pect with confi denceto befully repaid” (p.254).

Claessensand Diwan (1990) ar guethat ” debt over hangisasituationinwhichthe
illiquidity ef fect, thedisin centiveef fect, or both ef fectsare strong enoughto dis
courage growth in the absence of concessions by creditors’ (p. 31). Thisis also
knownasa” nar row” def i ni tion of the debt over hang wheretheim pact of ahighex-
ter nal debt that islinked to thetax disin centivesar gu ment, whereany successinin
debted country’ seco nomic per for manceistaxed away by credi torsand ul ti mately
littleisleft over for domesticinvest ment and sub sequent growth (Hjertholm, 2001).

2. 1. A FORMAL THEORETICAL MODEL OF THE DEBT
OVERHANG HYPOTHESIS

Mosttheoreti cal modelsof thedebt over hang hy pothesisstart fromthesameas
sumption (a two period model) where a coun try isas sumed to have car ried over
fromtheprevi ousperiod someamount of ex ter nal dent, D, whichmust bepaidinthe
final period.*

Repayment(R) is given by:

R=min(D,Y - C)

3 Thedebtlaf fer cur vear gument (whichwasap parently introduced by Jef frey Sachs) isderi ved fromthetax laf-

fercurvehy pothesisintroducedby Arthur Laf fer (1981), whoar guesthatif per sonal tax rateswererai sed, they
generateadreadful impactongover nmenttax revenue. Thereasonisthat hightax rateseither smply discoura
gesinvestment or leadstotax evasion.

Thispaperfol lowsthedebt over hanghy pothesismodel by Borensztein(1990) . Similarapproachesmaybe
fo und inAgenor andMontiel (1996), and Krug man (1988), among ot hers.
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where,

D - initia amountof debt,

Y — output,and

C - fixedamountof outputthatthedebtor country canal wayskeepfor consumption.

The model also as sumestwo states of nature: afavor able state (G) and an un fa
vor ableone(B), whereproductivity isex pectedtobehigherinthefor mer andlower

in the later states of nature, respectively. Assumingthat Y isafunction of invest-
ment car ried out inthefirst period, giventhestateof nature: Y =q° f (I ) where,s

standsei ther for Gor B al ter natively. Themodel al soassumesthat thereisaphysi cal
upper limit to investmenti, and that thereis no over lap of out put as the two states
aresodiif fer ent, whichim pliesthat o ® f (T) <q¢ f (0).

Then, acountry ex peri encesadebt overhangifD >Y® - Cbecausetherearenot
enough resourcesto be sur rendered for fully ser vicingthecontractual debt obli ga
tioninabad state(B). Thedebt over hang, therefore, createsadisincentiveef fecton
domesticinvestment. If wehavethesituationwherebyy® - C <D <Y¢ - C, then
debtisservicedinfull duringfavor abletime. Incontrast, duringunfavor abletime,
debt is ser viced only theamount that isleft over from the avail able out put af ter the
fixed consumptionistakenout.

Fol lowingthismodel, for thedebtor country, themar ginal returnthatitreceives
for every additional investmentis pdf f, wherep is the probability of the occur-

rence of favorable situation for higher productivity. In contrast, if debt over hang
was not at the stake, the ex pected mar ginal return out of ev ery unit of invest ment
would besub stan tially larger: P° f, +(1- p® f,.

Themode! also sug geststhatif D =~ Y¢ - C, thereturntoinvest mentwouldbe
zeroandtherefore, adebtor country doesnot haveany reasonwhat so ever tocommit
addi tional resourcesfor boostinginvest ment N

2. 2. THE EMPIRICAL MODEL AND DATA DESCRIPTION

In(y) - In(yo) = (1— !

eaeb

e+§1 9|n(31)+xq In(yo)+9t+|”('°0)

ooooo o

where, Tisthelength of timeunder consider ation.

Thisis consis tent with all the em pi ri cal and the o re ti cal li te ratu res on debt over hang (Des hpan de,
1997), Claessens, et, al.(1996), El badawi, et, al. (1997), among ot hers.
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3. REGRESSION RESULTS

Twokindsof strat egiesareemployedtoempiri cally investi gatetheissueof ex-
ternal debt’ sac count abil ity on growth. Thefirst oneisthefixed ef fects (FE) ver sus
theran dom ef fects (RE) ap proach. To distin guish which of thetwo mod elsismore
appropri ate, theHausmantestisused. Inall theregressions, ex cept thecapi tal flight,

and debt vari ables, other covariatesthat al ways ap pear in the aug mented Solow
growth framework are added.

Now, turningtotheresultsthem selves, they indi catethat past-accumul ated debt
isnegatively relatedtogrowth of real GDPper capita; suggestingtheexistenceof a
debt over hang phenomenonacrossdevel opingcountries, control lingfor other vari-
ables, though the significance disap pearsonce ex port growth isex cluded. In con
trast to other studies, this paper does not show a significant (though a positive)
relation between cur rent debt ratio and growth of real GDP per capita. Simi larly,
likeinother studies, | havenotfoundastatisti cally signifi cantnegativerelationshp
betweentotal debt ser viceratio and growth of real GDP per capita, though thisvari-

ableal waysbear theex pectedsign. |, therefore, al ter natively useinter est pay ments
asaproxy for theactual cost of for eign debt, though these nei ther have been statisti-

callysignificant.

Turningtothemainfocusof thispaper,i.e., theregressionresults, oncetotal ex-
ter nal debt stock isdecom posed, sug gest sev eral things. Fromtheregressionresults,
itimpliesthat whiletheini tial shorttermdebttoex portratio (STDXI) com po nent of
thetotal debt stock (TED) negatively im pactsongrowth, theini tial longterm debtto
exports ratio (LTDXI) componentof TED in duces eco nomic growth. Thisistrue
bothintheRE and FEmodels, despitetheinsignifi canceof LTDXI inthelater once
the export growth is included. Other results seem to indicate that debts that were
chan neledto the pri vate sec tor enduce eco nomic growth, whilethe part of theex ter-
nal debt used to inject the publicsector punisheseco nomicgrowth. Theresultsof
theregression oncetotal debt stock isde com posed ac cord ingto concessionality in
di catethat whilethenon-concessional com po nent of theex ter nal debt punisheseco
nomic growth (through a debt over hang and or li quid ity ef fects), the concessional
debt remainsin sig nif i cant, though have the ex pected signin the RE, but awrong
sign in the FE model. Other results indicate that borrowingfrom the International
Bank for Reconstructionand Devel opmenttoex portsratio(IBRDXI1),isincludedto
capture the impact of market based loans, loans from International Development
Associationto exports ratio (IDAXI) is used as proxy for foreign aid and partly
concessional lending and loans from IMF to ex portsratio (IMFXI) isin cluded to
captureloansinex changefor pol icy (which may also beanin di rect measureof the
impact of the structural adjustment program).The results indicate that while both
loansfrom the World Bank and IDA in duce growth (thelat ter being highly sig nif i-
cant inboth RE and FE mod els, thoughitisinsig nif i cant inthe FE model, when ex-
port growth is added), loans from the IMF retards growth probablyindi catingthe
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fail ureof thelMF adjust ment programinmost devel oping countries, notably those
of Sub-Saharan Af rica. Thelast but not |east at tempt wasto de com posetotal ex ter-
nal debtintobi lat eral and mul ti lat eral sourcestofigureout whether thekind of cred
itorsmatters for growth. The regression results siggests that while BLATX has
falled to contributeposi tively togrowth, havingei ther anegativeorinsignifi cant
signs, loans from multilateral sources have a positive and statistically significant
impact ongrowth, despiteitsinsignif i canceinthe FE model onceex portisremoved
from the equation. In con trast, MLATX should pro mote growth asit to alarge ex-
tentispol icy or pov erty drivenand of tenisac com panied by low inter est rates®
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Table (1): The impact of past and current total ex ter nal debt on growth of real
GDP per ca pita of (con trol ling for other vari ables) (1982-99)

Ran dom ef fectsmodel Fixed ef fects model
Variable 1 2 3 4 5 6 7 8
consT | 2987 | 6619 2645 8798 582 5023 6753 49.88
L0s) | (2.02) (0.72) 20 (1L78) | (4.83) (5.89) (4.73)
L epp 069 |-1023 | -0.811 |-1361 | -0923 | -7.127 | -08%0 | -6963
187 | (258 | (-1.68) | (266 | (23) | (533 | (687 | (-5.08)
CrLGDp | 0016 | -0.014 | -0.006 | -0003 | -0012 0013 | -0011 | -0011
(129 | (212) | 039 | (020 | (099 | (101 | (069 | (0.84)
LExpg | 7:309 7.086 699 4963 5.054
987 | (9.59) (9.42) (5.80) (5.85)
TEDX2 | 551807 " 5.12e07 | -9.95¢08 | 536008 | -5.18¢07 | -5.68e07 | -1.64e07 | -6.61e07 "
19 | 187 | (029 | (016) (19) | (101) (-044) (-2.00)
TEDX 0.001 001 0.0005 | 0.0009 0.001 0.002 0.002 0.001
(1.13) | (1.38) (0.51) (0:6) (1.46) (1.33) (1.26) (0.91)
TbSX -0.025 | -0.192 -0.034 | -0.023 -0065" | -0.004"
(140) | (-105) | (-1.45 | (-1.02) (191 | (244
INTX -0.036 -0.052
(-1.44) (-1.30)
cec 0021 | -0.019 | -0.005" | -0.087" | -0026 -0.091 0099 | -0.095
(065 | (-058) | (-226) | (211) | (:079) | (-150) | (-142) | (-1.74)
Lecr 21457 | 1.801"" | 3395 | 2016 | 1940"" | 2195™ | 3502"" | 2179
364 | 317 (4.57) (390) (3.31) (2.19) (3.11) (2.15)
- 0001 | -0.001 | -0.001 | -0001 | -0.001 -0.001 | -0001 | -0.0009
(145) | (-1.50) | (-2.07) | (114 |-154) [(119  [-0.83) (-0.94)
ToTG | 00267 | 00277 | 0006 o8 | 0027*** | o0208™ 0005 | 0.022"
283 | (292 (0.55) 07 (2.94) (2.07) (0.52) (2.19)
BOPG 1475 | -1328 | -1626 |-1.367 |-1.291 | -0.678 0128 -0.739
(317) | (-284) | (-272) | (230 | (278 | (-0.93) (016) | (-1.01)
LEG 12127 | 11427 | 16127 | 1465"7 | 11257 | 00461 0.060 0.480
(246) | (2.33) (2.57) (2:39) (2.31) (0.73) (0.08) (0.75)
SCHL 0.151 0.073 | -00005 | -0.135 0.064 1112 1121 0.664
(0.38) | (019) | (-0.00) | (-026) (0.17) (0.92) (0.81) (0.56)
vioL -0.2908 | -0.510 | -0.239 | -0579 0527 | -1446 | -1697" | -1432
062 | (-105) | (038 | (093 | (111 | (18) | (185 | (-1.78)
Po2 1025 | -1.003 | -0632 | -0624 | -1001 0372 | 0178 | -0217
(130) | (-1.28) | (063 | (064 | (140 | (039 | (016) | (-0.23)
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Variable 1 2 3 4 5 6 7 8
PD3 -3237"" | 2995 | -3.363"" | -2.945"" | -3.118"" | -0.591 0.655 -0.437
(-6.98) | (-6.35) | (-5.75) | (-4.99) (-6.42) (-0.67) (0.66) (-0.48)
HIPC -1.264 -2.152 -1.200
(-2.14) (-2.83) (-2.06)
N 175 175 175 175 175 1 175
R? 058 060 033 0.38 0.60 0.69 0.59 0.69
Cchi2 0.000 0.000 0.000 0000 0.000

Thenum bersin paran the sesaret-Statistics (two-tailed).
*. Signifi canceat 10%level.
** Significanceat5%level.
*** Significanceat 1%level.

Dependentvariableis: logof thegrowthrateof GDPper capi ta, andthisappli cable
forall tables.
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ANALYSIS OF STYLE INVESTING OF THE
MUTUAL FUNDS IN SLOVAKIA

ZDENKA MILANOVA

Abstract We trytostudy pricesofasset, be causesomeinvestorsclassifyriskyassets
into different styles and move funds betweenthese styles depending on
their relative per for man ce. We as su me that news abo ut one sty le can af-
fectthe prices of otherap parently unrelated style, thatas setsin the same
stylecommoveto muchwhileassetsindifferentstylescom movetoolittle
and high average returns on a sty le will be as so cia ted with com mon fac-
tors for re a son un re la ted to risk. In the last part we try to ap ply this con-
clusions on Slo vak fi nan cial mar ket.

Keywords:Mu tual funds, Sty le Inves ting, Style Analy sis

Classifi cationisthegroupingof objectsintocat egoriesbasedonsomesimilarity
amongthem[8]. Classi fi cationof largenum ber of objectsintocategoriesisalsoin

fi nancial mar kets. Theasset classesthat investorsuseinthispro cessaresometimes
calledinvestingstyles, andthepro cessof al locatingfundsamong stylesisknownas
styleinvesting.

There are several reasonswhy investorsuseinvestingstyles:

1. Categorization sim pli fiesprob lemsof choiceand al lowsusto pro cessvast
amountsof infor mationreasonably ef fi ciently.

2. Creationof asset cat egorieshelpsinvestorseval uatetheper for manceof pro
fessional money managers, becausestyleautomati cally createsagroupof managers
who pur suethat particular style.

3. Style investingsimpli fiestheprocessof di versifi cation.

Let'screateamodel of styleinvesting. Weconsider aneconomy with2h risky as
setsinfixed sup ply, and arisk freeas set, cash, in per fectly elastic sup ply and with
zero net return. Wemodel risky asseti asaclaimtoasingleliqui dating div i dend
D, ; tobepaid at somelater time T. Theeventual dividendequals

Dt =Diot+e& 1+..+6 1> (1)

where g becomesknown at timet[5]. Weassume

& = (€1 )~ N(0Co ).
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The price of ashare of risky assetl at thetime t is P, ;and thereturn onthe as set
betweentimet—1 and timet is

DPl,t = Pl,t - Pl,t-l' (2)

We build asim ple model of styleinvesting. Therearejust two styles, X and Y,
and eachrisky assetintheeconomy belongsto one, and only one, of thesetwo styles
Risky asset 1 trough narein style X, whilen+ 1 through 2n are in style Y. For now,
weas sumethat thecom po si tion of two stylesisthesamein ev ery time period.

Asameasureof thevalueof styleX intimet, weuseP,, ,definedastheaverage
price of ashare acrossall assetsin sterX'

X, t!

a P
nix " (3)
Thereturnonstyle X betweentimet—-1andtime tis
DR« =Pxi - Rpa 4)

There are two kinds of investorsinour model, "switchers' and"fundamental
traders'. Theinvest ment pol icy of switchershastwodistinctivechar acteristics:

1. switchersal locatefundsat thelevel of astyle

2. how muchthey al lo cateto each stylede pendson that style'spast per for mance

rel ativeto other style.
Eachperiod, switchersal lo catemorefundsto styleswith better thanav er age per-

for manceandfi nancetheseaddi tional invest mentsby tak ingfundsaway fromstyles
withbelow av er ageper for mance.
Switcher'sdemand [1] for sharesof anasseti instyle X attimet, is:

S TR
N =N 1€ eA +8.qk 1& Xtk Y""‘%J}preizl,z, o,
n a (5)

whereA>< and are con stants, withO< g< 1

The second investor type in our model is fundamental trader. They act as
arbitrageursand try to prevent the price of an asset fromdevi at ing too far fromits
expected fi nal divi dend. Sincethey have no con straintsontheir al |o cations, they

solve
mac ! (- el - oW + NER.- R))]) ©®)

where N, =( Npoe s Nop )¢isavector of thenum ber of sharesal lo catedto each

risky asset, ggo vernsthedegreeof risk aver sion, E” denotesfundamental traders

expectationsattimet and P, =(B,,, ,...,Py, )¢.Opti mal hol dings N" aregi ven:

N," :%(aF (Pui)- R),

(7)
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where
\/tF :vartF (Pt+l - R )’

withtheF super scriptinV," againdenotingaforecast madeby fundamental traders.

Anindividual stock-levelmomentumstrat egy ranks all stockson their return
in the previ ous period and buysthose stocksthat did better than av er ageand sells
those that did worse. It can by im ple mented through

1 .
N,,=—[DP,- DP,,] i=1 ..2n,
t 2n[ t MI] (8)

where

Anindividual stock-level valuestrat egy buys (sells) those stocks which are
trading below (above) fundamental value:

N, =2_1n[F>ift -R,] i=1..2n ©

A style-level momentum strategy buys into styles with good recent perfor-
mance and avoids styles that have done poorly:

5 -DR:U .~
Ny = e DR flig
2ng 2 a (10)
1 éDR, - DR (U .~
Njg="g R“uu Y.
Zné 2 ]

A style-level valuestrat egy buys into styles tradingbelowfundamental value
and shortstheremaining styles

Ni :i[R:v‘ - PX"]’ i X, (11)

Ny :%[PY*J - R(x]’ JT Y.

Essentially,inreturnbased styleanal ysisafactor model isusedtoex plainfund
returns. Return based analysis determines the mimicking portfolio of mutual
funds or other investmentopportuni tieswithpositiveportfolios weights, i.e., the

positively weighted style portfolio that is closest to the mutua fund in a least
sguares sense.

Thecasewhen no con straintsareim posed onthefactor loadingswill bereferred
toasweak styleana y sis. Thecasewhereonly theportfolio con straintsisim posed
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will bereferred to as semi—strong style anal y sisand the case where both port folio
andthepositivity constraintsareim posed will bereferredtoasstrong styleanal y sis
[4].

Sup posethat K factor (mimicking) portfolioswithreturnvectorR, drivethe as set
returns. In addition, there are N nutual funds with return vector r,, for which we
havethelin ear fac tor model

r,=a+BR, +e, (12)
where E[et ] = E[et Ri’t] =0fori=1,...,K.

In this caseB=C ,C anda =m - Bm,, whereGp isacovariance matrix be
tweenreturnsof mutual fundsandmimicking, Coisacovariance matrix of returns

of mimickingportfolioandmisan ex pected returnvector. Whenusing (12) asafac-
tor model, wedo not im pose any con straintsona and B. If therearenorestrictionon
B, werefertothisasweak styleanal y sis.

If wedefine g asthe ithel ement of aand h asthei th row of B, then a and b, are
thesolutionstotheproblem

. 2
min E[(ril -a-bR) ] (13)
Thevectorb reflectthefundmi mickingposi tionsor themi ni mumvariancehedge

positionforthemutual fund.

To seetheef fect of the port folio con straint & b, =1 letd and 5, betheso lu-
j

tionsof theproblem

2
e (r -2 - bR )] (14)
s.t.
bt =1,
where g is K-dimensional vec tor of ones. Thus, B. arethefactor ex posureswhich

areconstrai nedtosumtoone, i.e., they characteri zeaportfolio. Thecasewhereonly
theportfolioconstraintsisimposed, will bereferredtoassemi-strongstyleanalysis.
Using standard least squaresresults, itisstraig htfor ward to show that the co ef fi-

cients bi canbewrittenas

B = +(1- b )Cuie (#Ciie) (15)

In addi tiontotheportfolioconstraints, itiscommoninstyleanal y sistoimpose
positivity constraintsontheesti mated factor ex posures. Thestyleportfoliosb, and
theassoci atedinter ceptsa, arethenthesolutionstotheproblem
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mingl (v, -2 - b® )’} (16)
s.t.

b, =1
b3 0
Werefertothiscaseasstrong sty leanaly sis.

Thestrongstylecoef fi cientsasgivenin (16) reflect theposi tively weighted port.
folio of thebenchmarksthat mimicsthe mutual fund.

Because we have no detailed information about portfolio of mutual funds in
Slovakia, to seecon sequencesof prop osi tionsinthisarti cle, wearegoingtocreate
two fund of funds. The first one consistsof threeob li gation mu tual fundsand the
second oneconsistsof threestock mutual funds. Thefirstonewecall investingstyle
X andthesecondoneinvestingstyleY. Ininvesting style X arethesethree funds:
TAM - Korunovy dlihopisovy, VUBAM - Eurofond a VUBAM - Korunovy. In-
vesting style Y con sists of these funds: TAM - Americky akciovy, JTAM - Japan
akciovy a JTAM - Euro akciovy. We have weekly data from 1. 1. 2002 to
31. 1. 2003. Toget moreinfor mation see[10].

Tablel: Indivi dual stock-level momentumstrategyininvestingstyleX

Week TAM-Korunovy VUBAM -Eurofond | VUBAM -Korunovy
CPwm, t
t Return [\ Return N ¢ Return N3t
1 0,38% 0,03% 0,47% 0,04% 0,38% 0,03% 0,21%
2 0,34% 0,11% -0,58% -0,04% 0,35% 0,12% -0,34%
Table2: Indivi dual stock-level momentumstrategyofinvestingstyleY
Week TAM - Americky JTAM - Japan JTAM - Euro
CPu, ¢
t Return N, ¢ Return Nb, ¢ Return Ne.t
1 0,06% -0,03% 0,00% -0,04% 0,00% -0,04% 0,21%
2 -2,11% -0,30% 0,07% 0,07% -0,12% 0,04% -0,34%
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Table3: Indivi dual stock-level valuestrategy ofinvestingstyleX

Week TAM-Korunovy VUBAM -Eurofond VUBAM -Korunovy
t NAV Ny NAV N ¢ NAV Ns ¢
1 1,5713 1,21% 1,0444 -0,41% 1,0859 0,56%
2 1,5772 1,11% 1,0493 -0,49% 1,0900 0,50%
R. 1,6439 R 1,0197 R 1,1197
Table4: Individual stock-level valuestrategyofinvesting styleY
Week TAM - Americky JTAM - Japan JTAM - Euro
t NAV N, ¢ NAV Ns ¢ NAV Ns ¢
1 0,9734 -2,39%% 0,9996 -1,99% 0,9896 -2,45%
2 0,9740 -2,40% 0,9996 -1,99% 0,9896 -2,45%
Pat 0,8298 R 0,8802 R. 0,8424
Tableb: Style-level momentumstrategyofinvesting sty leXand'Y
Week Returnof sty leX Demand of X Returnof styleY Demand of Y
t DPx t N, ¢ DR « N ¢
1 0,40% 0,03% 0,02% -0,03%
2 0,08% 0,07% -0,71% -0,07%
Table6: Syle-level valuestrategyof investingstyleXandY
Week InvestingstyleX InvestingstyleY
t NAV of sty leX Nt NAV of sty leY Ni ¢
1 1,2339 0,45% 0,9875 -2,28%
2 1,2388 0,37% 0,9877 -2,28%
R 1,2611 R. 0,8508

Inthenext twotablesareresultsof week and strong styleanal y sis. Wetry tocre
ate mimicking portfolio, which is combination of fund of funds VB - Quartett
"Sicherheit" and in dex SAX. Thereasonis, that passively di rected mu tual funds
havelower coststhan actively di rected mutual funds.
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Table7: Week analysisofinvestingstyle

Mutual fund Intercept b, b,
Sporo-Korunovy penazny 0,0013 -0,0075 -0,0790
TAM -Korunovy penazny 0,0013 -0,0098 0,0114
VUBAM -Penazny korunovy 0,0010 -0,0079 -0,0817
Sporo-Korunovydlhopi sovy 0,0022 -0,0030 -0,0378
TAM -Doléarovydihopisovy -0,0013 0,0431 0,5664
TAM -Eurodlhopi sovy 0,0006 0,0457 -0,1074
TAM -Korunovydlhopi sovy 0,0024 -0,0106 0,0695
VUBAM -Dolarovy -0,0018 0,0856 0,7881
VUBAM - Eurofond 0,0004 0,0852 0,4641
VUBAM -Korunovy 0,0022 -0,0101 0,2622
TAM -Americky akciovy -0,0052 0,1017 1,2246
TAM -Eurépsky akciovy -0,0067 0,1003 0,9541
TAM -Eurodpskytechnologicky -0,0082 0,1822 1,7973
VUBAM - Svetovéak cie -0,0059 0,1486 1,6592
TAM - Korunovy akciovo-dlhopisovy 0,0017 0,1542 0,0667
TAM - Medzi narodny akciovo-dlhopisovy 0,0017 0,1542 0,0667
VUBAM -Vyvazenyrastovy -0,0027 0,0927 0,2002

Table8 Sronganalysisofinvesting style

Mutual fund Intercept a b o)
Sporo-Korunovy penazny 0,0017 0,0021 0,1556 0,8444
TAM -Korunovy penazny 0,0016 0,0020 0,1401 0,8599
VUBAM -Penaznykorunovy 0,0014 0,0018 0,1556 0,8444
Sporo-Korunovydlhopi sovy 0,0026 0,0030 0,1532 0,8468
TAM -Doléarovydlihopi sovy -0,0012 -0,0010 0,1017 0,8983
TAM - Eurodlhopi sovy 0,0010 0,0014 0,2050 0,7950
TAM -Korunovydlhopi sovy 0,0019 0,0031 0,1307 0,8693
VUBAM -Doléarovy -0,0018 | -0,0017 0,1045 0,8955
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Mutual fund Intercept a h b
VUBAM -Eurofond 0,0006 0,0008 0,1529 0,8471
VUBAM -Korunovy 0,0024 0,0027 0,1022 0,8978
TAM - Americkyakciovy -0,0053 -0,0054 0,0527 0,9473
TAM -Eurépsky akciovy -0,0068 -0,0068 0,0921 0,9079
TAM -Eurodpskytechnologicky -0,0085 -0,0089 0,0352 0,9648
VUBAM - Svetovéak cie -0,0062 -0,0065 0,0273 0,9727
TAM - Korunovy akciovo-dlhopisovy 0,0020 0,0022 0,2711 0,7289
TAM -Medzi narod ny akciovo-dlhopisovy 0,0008 -0,0001 0,1092 0,8908
VUBAM -Vyvazenyrastovy -0,0024 -0,0022 0,1989 0,8011
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OPENED MUTUAL FUNDS OUTRANKING FROM
A VIEW POINT OF AN SLOVAK INVESTOR

VLADIMIR MLYNAROVIC

Opened mu tual funds tend to be come the most cur rent form of in vest mentsin
Slovak Republicaswell. Thepresent sup ply of invest mentsop por tuni tiesfromthe
siteof theAssoci ation of Asset Management Com panies(ASS) cor respondstothe
fact. For example, ininfor mation pro vided by ASSon April 17, 2003 one can find
weekly dataabout 18 money mar ket funds, 34 bond mar ket funds, 54 eq ui tiesmar-
ket funds, 15 funds of funds and 17 mixed funds. The information is di videdinto
threegroups, namely thereareabasicinfor mation, aover view of per for manceanda
over view salesthere. Among the basicin for mation, be sidesthe name of thefund,
onecanfindthefol lowing data:

— currency of theshare,

— valueof theshare,

— thechangeor thesharevalueover thelast week in %,

— paidgrossdi vi dendsat thelast week,
— thesum of sharesin SKK that were gi ven back over the last week,

— thesumof issu ed sharesin SKK over thelast week,

— maximumpurchasing pri ceof theshare,

— mini mumbuyingpri ceof theshare.

Among char acter isticsthat describeper for manceof fundsthereare:
— mi ni mumvalueof hefirstinvestment,

— maxi mumchar gewhenashareisgi venback in %,

— maxi mumissuedchar gein%,

— maxi mumchar gefor assetmanagementin%p.a.,

— per for man ce of thefund for one monthin %,
— per for man ce of thefund for three monthsin %,

— per for man ce of thefund for six monthin %,

— per for man ce of thefund for oneyear in %,

— perfor man ceof thefundfor threeyearsin%p.a..

— cumulatedsumof net di vi dendsper oneshare
Theover view of salesconsistsof thefol lowingitemsabo ut net salesinthe Slovak
RepublicinSlovak crowns:

— for oneweek,

— for one month,

— for six month,

— for oneyear,

— cumulatedsales.
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It is clear that a potentialinvestor faces in making investment decisions two
problems. Thefirstfol lowsfromrel atively widesupply of investmentopportunities
and the sec ond form agreat amount of disposableinfor mation about fund per for-
manceinaclosebut alsoinafur ther past. Rational investor hardly canchooseonly a
onecharacteristic as a criterion for investmentdecisions. However, if he chooses
moreof char acteristics,ingeneral itisnearly ex cludedthat thesevari ouscri teriaof
investment decision making will choose the same investmentopportunity. The
problem arises how to resolve a conflict of various criteria and to outrank funds
"from the best to the worst" when al criteriaareassumeds mul taneously.

1. METHODOLOGY OF OPENED MUTUAL FUND
OUTRANKING ILLUSTRATION

Theprob lem of invest ment fund out rank ing can befor mally writ tenintheform
of fol lowingmul ti plecri teriadeci sonmakingproblem

"max'{ y=(y1, Yor.. i) | ¥1 Y},
whereelementsof theset Y areassumedinvestmentsfundswhichof themisevalua
tedonthebaseof k selectedcri teria. Withoutal ossof uni ver sali ty itcanbeassumed
that for each cri terion holds"themorethebet ter". Thegoal istorank thefundsinthe
formof preferencestructure(P, S, 1), or (P, S I, R where P meansthesdtrict prefe-
rence, Smeansaweak preference,ldenotesindif ferenceandRdenotesincompara
bility.

Therearesev era classesof meth odsfor solvsierzj%of suchkindsof problems. Inthe
ap pli cationthe method PROMETHE |l wasused. The method is based on a con-
struction of generalisedcriteriaandindi cesof mul ti plecri teriapref er ences. Inten -
sity of one fund preference over the second is a function of the differencein
per for mancesac cordingindi vid ua cri teriaandtakesavaluefromOto 1. Ify and z
are two funds from the set Ywhich areto com parefromtheview point of cri terioni,
then

d=Y-z
andthevalueof preferencefunction

.42
Fi(yi’z)=P(di) =1l-e ?szid 3 0'
wheresrepresentsstandarddeviation, measuresthecontri butionof criterioni tothe
total preferenceofyover z L et usnotethat thisGaussian preferencefunctionisnot

only possibleone. Socal led usual criterion ,quasi - criterion ,criterionwithli near

1 Mlynarovi ¢,V.:Modely ametddy viackri teridl nehorozhodovania Ekoném, Brati slava1998
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preferencelevel criterionor criterionwithlinear preferenceandindifferencearea
can also be used.

L et ussup posethat for each cri terioni apref er encefunction F; wasdefined and
w; ex pressesrel ative importance of criterioni. Thenfor all cou plesof invest ment
funds y a zafol lowingindex of mul ti plecri teriapref er encesisdefined

é’;vviFi(y,Z)
(vz)="

aWw
i=1

Theindex measuresinvestor pref erenceintensity forfundy over fund zinsucha
way, whereall cri teriaaretakeninto ac count si mul taneously. Fromthesecal cula

tionsamatrix of indi cescan bedevel oped. For each fundy, themean of pref er ence
intensi tiesover all other fundsisdefinedintheform of out going flow

a n(y z)

Fr(y)="

where nisthe num ber of as sumed funds. Inturn, the mean of pref er ence
intensi tiesof al other fundsover fundyisdefinedinthefor socalledincomingflow

an(zy)

F(y)="

Finally thenet flow isdefined as

F(y)=F (v)- F ()
andPROMETHEEoutrankingrelationshipsaredefinedas:
Fund yout ranksfund ziff F(y) > F(2).

Fund yisindif ferenttofund ziff F(y) =F (2).
Tablel: Sar ting data abo ut funds

Max min max min Max | max
Name of the fund
Currency | ZHP-PT |W-STDEV [RPS Minl ViM [V3M
SPORO K SKK -0.82 | 0.2782402 1.3 30000 | 0.28 1.04
IAM KONTO SKK 0.07 | 0.1846099 1.3 5000 | 0.25 0.75
TAM - K SKK 0.00 | 0.2044322 1.2 20000 [ 0.20 0.61
TAM-K D SKK -0.33 | 0.1586423 0.7 500000 | 0.41 1.21
TAM - Euro SKK -0.76 | 0.5929653 0.7 500000 | -1.54 0.00
TAM - USD SKK -0.58 | 1.6494903 0.7 500000 | 1.35 0.00
VUBAM SKK -0.94 | 0.3601544 | 0.95 5000 | -0.02 0.52
STDEVP 0.3716 | 0.4929983 |0.2644 |240146.6 | 0.795 |0.4335
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At now themethod will beil lustrated for selected dataon per for manceasub set
of money mar ket funds pub lished on April 4, 2003. For sim plicity only asub set of
cri teriawill bealso used. The start ing dataare pre sented in Table 1, where thefol-
lowingcriteriawereapplied:

ZHP-PT - change of crown value of the sharein last week,

W-STDEYV - standard devi ation of week crown returnsfor thelast 26 weeks,

RPS - chargefor fund man age ment for year in %,
Minl -mini mumvalueof thefirstinvest mentin SKK
ViM - crown re turn of the fund for last month in %
V3M - crown return of the fund for last 3 monthsin %.

Thefinal row of thetableconsist standard devi ationsof theval uesof cri teria. Ac
cordingtothedescribed meth od ol ogy for eachcri terionapref er encefunctionmust
beselected. Asitwasmentioned above, theGaussi an pref er encefunctionisselected
forall cri teriaandthestandard devi ationisonly parameter of thefunction. Results
of suchdeci sionarepresentedin Table2.

Table2: Preferencefunctionsandparametersvalues
6 6 6 6 6 6

max Min max min max Max

g-indif
p-pref
Sigma | 0.37156865 | 049290832 | 0.26438222 | 240146.638 | 0.79460398 | 0.43345156

Datain Table2to gether with datain Table3 com pletetheproblemfor mulation
of selected in vest ment fundsrank ing. From thefi nal row of the Table 3 onecan see

that equal weightswere used for all cri teria. Re mind that the weight can be used for
rel ativeimportanceofindi vidual criteriaex pressions.

Table3: Input data

MAX MIN MIN MIN MAX MAX

ZHP-PT | W-STDEV RPS Minl V1M V3M
SPORO K -0.82 0.28 1.30 30 000.0 0.28 1.04
IAM KONTO 0.07 0.18 1.30 5000.0 0.25 0.75
TAM - K 0.00 0.20 1.20 20000.0 0.20 0.61
TAM -K D -0.33 0.16 0.70 | 500 000.0 041 121
TAM - Euro -0.76 0.59 0.70 | 500 000.0 -1.54 0.00
TAM - USD -0.58 1.65 0.70 | 500 000.0 1.35 0.00
VUBAM -0.94 0.36 0.95 5000.0 -0.02 0.52

Weights 0.16667 0.16667 0.16667 0.16667 0.16667 0.16667




Opened Mutual Funds Outranking from a View Point of an Slovak Investor

158

Atnow wewill il lustrateaprinci pleof themethod, i.e. how the pref er encerela
tionbetweentwo fundsiseval uated whenall cri teriaaretak inginto ac count s mul-
taneoudly. Let usassumethefirst two fundswith names SPORO and IAM KONTO.
Wewill com putethein dex mul ti plecri teriapref er ence of fund SPORO over fund
IAM KNTO. All needed dataarein Table 4.

Table4: Twofundscompari son-computationoftheindexof mul ti plecriteriapreference
of SPORO K over |AM KONTO

Name of the fund Max min max min Max max

ZHP-PT | W-STDEV [ RPS Minl V1M V3M
SPORO K -0.82052 0.27824 1.3 30000 | 0.278878 | 1.042836
IAM KONTO 0.067308 0.18461 1.3 5000 | 0.250458 | 0.750092
Criterionvaluesdifference| -0.88783 | -0.09363 0 -25000 [ 0.028421 | 0.292744
Standarddeviations 0.371569 | 0.492998 | 0.264382 | 240146.6 | 0.794604 | 0.433452
Gaussianprefer.function 0 0 0 0 | 0.000639 | 0.20393
Kriteriaweights 0.167 0.167 0.167 0.167 0.167 0.167
Index of mul ti plekriteriapreferenceof SPOROK over IAM KONTO: 0.034095

Table5: Matrixof mul ti plecriteriapreferenceindi cesandincomingflows
SPOROK | IAM KON | TAM -K | TAM-K D |TAM-Eur [ TAM-US |VUBAM

SPORO K 0.00000 | 0.03409 | 0.06583 | 0.14211 | 0.48484 | 0.46274 | 0.10756
IAM KONTO | 0.16095 | 0.00000 | 0.01179 | 0.21897 | 0.63059 | 0.57007 | 0.20349
TAM -K 0.16562 | 0.01151 | 0.00000 | 0.19803 [ 0.59098 | 0.53002 | 0.17753
TAM -K D 0.27028 | 0.22923 | 0.24778 | 0.00000 [ 0.45664 | 0.36112 | 0.33920
TAM - Euro 0.15631 | 0.15398 | 0.13879 | 0.00000 [ 0.00000 | 0.14990 | 0.07883
TAM - USD 0.28589 | 0.25646 | 0.24725 | 0.08316 [ 0.18547 | 0.00000 | 0.25259
VUBAM 0.09818 | 0.09728 | 0.06041 | 0.14675 [ 0.39041 | 0.39411 | 0.00000
F(-) 0.18954 | 0.13042 | 0.12864 | 0.13150 | 0.45649 | 0.41132 | 0.19320
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Table6: Out going flowsand net flows

F(+) F

SPORO K orunovy penaznyfond,o.p.f. 0.216198 | 0.026659
IAM KONTO -penazny 0.29931 | 0.168886
TAM - K orunovypenazny 0.278947 | 0.150304
TAM - K orunovy penazny Dividendovy 0.317374 | 0.185871
TAM - Europenazny dividendovyfond 0.112968 -0.34352
TAM - Dolar ovypenaznydividendovyfond 0.218469 -0.19286
VUBAM -Penazny korunovyfond 0.197857 | 0.004657

Thestarting point isdif fer encesof cri teriaval ues. For ex am pleif we com pare
these two funds acwording to the first criterion,the corresponding difference is
-0.88783. It meansthat IAM KONTO isbetter than SPOPRO so the con tri bu tion of
the cri terion to the pref er ence of SPORO over IAM KONTO must equals 0. The
same resultisvalidfor the sec ond and thethird cri terionaswell. Inthissit uation
how ever one must take into ac count that, inthe con trary with thefirst cri terion, for
these two criterion we have "the less the better”. At the fourth criterionthedif fer-
enceisposi tive (0.028421). It meansthat thiscri terion contrib uteswith aposi tive
value to the total preference of SPORO over IAM KONTO. The contribution is
com puted ac cordingtotheselected pref er encefunction,i.e.

i __aozB421°
1- e ® =1- e Z9®%* =0000639.

Forthelast criterionthecontri butionis0.203939 andtheresulted val ueof index

is the av er agesum of theseval ues, namely

0167" 0000639 +0167" 020393 = 0034095.

All cou ples of the funds must be com pared in thisway. Re sults pro vide the mar
trix o the mul ti plecri teriaindi cesthatisshownin Table5. Atthefirst row and the
sec ond col umn of the matrix one can find the com puted va ue 0.03409. The row
with the nameF (-) consistsincoming flows. The higher incoming flow, theworse
for thefund. Thecol umnF (+)inTable6consistsout goingflows. Thehigher out go-
ing flow, the better for thefund. Theresulted rank ing of thefundsisin di cated with
thecol umnF in Table 6 that re sentsthe net flows. The higher net flow the better for
thefund. It isworth to see that the sum of the net flows al ways equals zero. It gives
not only the chanceto out rank funds, but also to di videtheminto two groups. Rel &
tively good arefundswith posi tiveval uesof thenet flowsandrel atively bad - funds
with negativeval uesof net flows. Fundsout rank ingisil lustratedinPicturel.
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Picturel: Selectedmoneymar ket fundsoutranking

2. RESULTS

Anappli cationof describedmethodol ogy for outrank ingof money mar ketfunds,
bonds mar ket funds and eq ui tiesmar ket funds on the base of weekly datapro vides
threetypesof results? :

- funds out rank ing on the base of the cur rent week data,

- av er ageresultsfor thelast ten weeks,

-resultsthat presentslong-termtendenciesof fundsper for mancedevel opments.

2 The Sanna sof twarepackagedeveloperdat Uni ver si ty of EconomicsinPragueby J.Jablonsky was used for
computations
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Table7: Moneymar ket funds outrankingincur rent week

Fund Currency Net flow

SPOROKorunovy penaznyfond, o.p.f. KK 0.274928
VUBAM - Penazny korunovy fond SKK 0.198316
IAM KONTO- penazny SKK 0.193162
KBC- Mul ti Cash CSOB SKK SKK 0.152276
TAM -Korunovy penazny di videndovy SKK 0.103357
TAM -Korunovy penazny SKK 0.046587
KBC- Mul ti Cash EURO EUR 0.02583
KBC- Mul ti Cash EURO Medium EUR -0.01922
Cl - Euro Cash (vy nosovy) EUR -0.03801
Cl - Euro Cash (plnerastovy) EUR -0.03906
TAM - Europenaz ny di vi dendovy fond KK -0.05902
KBC- Mul ti Cash CSOB CzZK CzZK -0.07749
KBC- Mul ti CashCAD CAD -0.08831
Cl - Euro Cash (rastovy) EUR -0.09505
KBC- Mul ti Cash CAD Medium CAD -0.11365
TAM -Dolarovy penaznydividendovyfond | SKK -0.11798
KBC- Mul ti CashUSD usD -0.16835
Zivnobanka- Sporokonto CZK -0.17833

Asanil lustrationresultsfor money mar ket fundswill bepresented. Thecur rent
weekly resultson May 5, 2003 are pre sented in Table 7. Cor re sponding funds out-
rank ing nthe basethelast ten weeksispre sentedin Table 8. Thetable con tentsto-
gether with values of average net flows for the last ten weeks aso standard
devi ationsof theseval uesfor thesameperiod. Theseval uesmeasurevolatilitiesof
resultsfor the period and pro videameasure of risk. Thecom bi nation of thesetwo
resultsleadstoacon struction of so called ef fi cient fundsbound ary that con sistsof
funds where a better av er age re sult can be achieved only with a higher risk. Such
constructionscreatestartingpointsfor modernportfoliotheory appli cationsindeci-
sions concernassumedinvestmentoppor tuni tiesspace.



Opened Mutual Funds Outranking from a View Point of an Slovak Investor 162

Table8: Fundsout ran king onthe base of thelast ten week average

Fund Currency ':Zte:fgvi at :g((j)?]rd de-
VUBAM -Penazny korunovy fond SKK 0.3046065 0.0720216
SPOROKorunovy penaznyfond,o.p.f. SKK 0.2987799 0.0282207
TAM -Korunovy penazny SKK 0.2062471 0.0716619
IAM KONTO- penaz ny KK 0.1589754 0.038912
KBC- Mul ti Cash CSOB SKK KK 0.1059544 0.0737879
TAM -Korunovy penaznydi videndovy SKK 0.004899 0.0472015
KBC - Mul ti CashEURO EUR -0.0242455 0.0332315
KBC - Mul ti Cash CAD CAD -0.039446 0.066714
KBC- Mul ti Cash CAD Medium CAD -0.0428864 0.0679084
ClI - Euro Cash (vy nosovy) EUR -0.0537313 0.0219604
Cl - Euro Cash (plnerastovy) EUR -0.06101 0.0035195
KBC- Mul ti Cash EURO Medium EUR -0.0633731 0.0359298
TAM -Europenazny di vi dendovyfond SKK -0.0805186 0.0308379
KBC- Mul ti Cash CSOB CZK CzK -0.0874972 0.040199
TAM -Doléarovy penazny dividendovyfond | SKK -0.1106798 0.0415547
KBC- Mul ti Cash USD usb -0.124524 0.0373659
Cl - Euro Cash (rastovy) EUR -0.1578926 0.0362218
Zivnobanka-Sporokonto CzK -0.233658 0.0165638

Funds per for mance from along term view can be de scribed with se quences of
av er agetenweek resultsfor thewholeperiod of eval uationthat startson January 1,
2002. Suchkind of resultsisil lustratedin Picture 2.
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MULTI CRITERIA OPTIMIZATION IN
TRANSPORT SCHEDULING

STANISLAV PALUCH

Abstract The fundamen tal vehicle-scheduling problem (VSP)is obvio usly for mula
ted as a mat ching prob lem for which the re exists a po ly no mial al go rithm.
Ho we ver, real life sche duling prob lems have to com ply with many ad di tio-
nalre quire ments which can be for mulated asnonlinear con straints. This
paper shows how the se con straints can be con ver ted into objectives. Thus
the general ve hicle sche duling problem can be for mulated asa mat ching
problemwithnonlinearobjective fun ction. For such problem the re exists
a good heuristic algorithm.

0. INTRODUCTION

Transportsched ul ing problemsarefrequently discussedinworldsci entificliter
ature. Vehi cleand crew sched ul inginregional bustrans portin Czech and Slovak

Republic is different from the one in many other countries so the corresponding
mathemati cal mode linghasmany specificproperties(see Cerna in[2]).

1. VEHICLE SCHEDULING

Tripsisatravel fromastart ing point to afinishing point of arouteandisconsid
eredtobean el ementary amount of thework of abus. Trip scanbeconsideredasan
arbitraryquadruples = (dp, ap, dt, a) where dp, ap arethe de par ture place and ar-
rival place of thetrips anddt ; at are de par turetimeand ar rival time of thetrips. We
will say that thetrips; precedes the trips; and wewill writes, <s; if thetrips can be
linked &f ter thetrips; intoarun ning board for onebus. Relation < isirreflexive and
transitive.

Running board, or run ning board of a bus is an arbitrary nonempty sequence

T=s,S,, ...S,o0f tripswith prop erty:
$1<S < Sy (1)
Thenumbermwewill call lengthof runningboard T. Wewill wri tes ® 5, if both

tripss, s; are provi ded by the same busand thetrip sislinkedimmediately behind
thetrip $. Notethats, ® s;implies § <'s;. Forany givenset S={sy,s, ... s} of

1 Thispaper was sup por ted by VEGA asagrant No. 1/0490/03.
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tripswithprecedencerelation< we can con struct abus sche du le. Busschedule of
the set Sof tripsisaset of runningboardsO ={Ty, T,, ... T} of theform

T,=5,®5,0..0 Sin(y1 ® ey
T,=5,®5,08..0 Sn(d1 ® Sz,r(z)’ (2)
T =80 ®8,®..® So1 ® S

such that every trip of the setSoc cursexactlyinonerunningboardof O. Toevery
busschedule O={ Ty, Ty, ... Ty} thenum berC(O) - thecost of busschedule Oisas-
signed. Wewill say that the cost C(O) isseparableif it can beex pressed asasum of
costsof al runningboardsT,, T,, ..., Ty, i. &

c(0)=4 o(r). “

wherec(T) denotesthe cost of running bo ard T;. In most sim ple casesthe cost of
runningboardT=s, ® s, ® ...® s, ® s, isthesumof all linkagecosts:

o(T)=8 ¢(s.5..). (4)

Thelinkagecostdenoted c(si S )representsnamelydead mi leageex penses,howe

ver,itmay includewai tingcosts, linechanging penal ty and ot her penal tiesaswell.
Inthiscasewewill say that thecost c(T) isli near. Wewill say that the cost (O) of
busschedule Oisli near, if C isregu lar and the cost ¢ of runningboardisli near.

Most importantobjecti vesforvehicleschedulingarethefol lowing:
1. O1: Minimization of the num ber of run ning boards.
2. 0O2: Minimization of thetotal link age cost.

Fundamental vehi cleschedul ingproblemFV SPistofindabusschedulewiththe
minimum total linear cost fromall bussched uleswith the mini mum num ber of
runningboards. Inthetermsof bi valent programmingthe FV SPcan befor mulated
asfol lows:

Letd, =c(s,s,)ifs < 's; add, =¥ otherwise. Letx, beazero-onedecision

vari ablesay ingthatif X, =landd; < ¥ then simmedi atelyfol lowss; in some run-
ning board T. To solve FVSP means

Mi ni mi ze aa gyx; (5)
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subjectto
5_ X; =1 for i=12...,n (6)
j=
a X; =1 for j=12...,n (7)
i=1

Weseethat wegot aclassi cal assign ment prob lemwhich canbesolvedin poly-
no mial time. (Sev eral related prob lem of fleet size minimization seein Cerna[1],
Cerny [3] and Pe3ko [5].)

Remark: Wecanchangethedef i ni tionofd;; asfol lows: d; =c($ ,sj) ifs <s;

and d; = thefixed costs of one bus per day. Thentheopti mi zation will giveusalso
anoptimumnumber kof vehi cles.

2. SIMULTANEOUS VEHICLE AND CREW SCHEDULING

Theap proachtothevehi cleand crew sched ul ing in many countriesisatwo step
procedure: firstto cal culatean opti mum bus sched uleand thentofind anop ti mum
crew sched ulefor thebussched ulecal culatedinfirst step. Intheresultingsched ule
any driver can drive any bus.

InCzechand Slovak Republictherearecloser tiesbetweendriv ersand vehi cles.
One bus sched ule hasto be cov ered by one or two crew sched ules. In this case the
considered busrunning board hastoful fill sev eral condi tions. Themostim por tant
one of them is so called safety break con straint (SB) which is de fined by law. We
will say that run ning board ful fillssaf ety break condi tion (SB) orisfeas bleif inew
ery timeinter val 240 min uteslong thereex istsat least 30 min utes of safety break.
Thissafety break canbeinonecontinuouspieceor twoor threetimeinter vals, every
one of themisat least 10 min uteslong.

Themostim por tant constraintsfor vehicleand crew schedulingare
1 C1: All vehi cleshavetoreturn af ter work tothe placeswherethey startedin
themorning. (Asthestart ing points can be given onedepot, sev eral de-
potsor sim ply are quire mentsthat ev ery busretursaf ter finishing the
daily work tothestart ing point of cor responding runningboard.)
C2: All runningboardshavetoful fill thesafety break condi tion.
3. C3: Thetimelength of ev ery run ning board must be suit ablefor onecrew or
two crews. Thismeansthat it must beintimeinter val if itisdesigned
for onedriver orininter val fortwodriv ers.

N
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Just mentioned con straintscan not beex pressed astheassign ment problemwith
sev eral addi tional linear con straints. Theideaof thepro posed model istofor mulate
suchcondi tionsintheobjectivefunction.

AssumethalT =s ® s, ®...® s  ® g .TheconstraintC1canbemodelled
by objectivefunction

6 (T)=c(sms) ©)
where c(sm ,sl) represents al expenses connected with the move of the vehicle
fromarri val placeof thetrip s, todepar tureplaceof thetrip s; .

Themod €l ling of safety break conditrion C2 can be achieved by thefol low ing
objectivefunctionc,(T):
CZ(T):{ 0 ichon.tainsafeasibIesafety break (10)
¥ otherwise

Assignt = at,,, —dt; , whereat,, isthear rival timeof thelast trip of T and dt; isthe
depar turetimeof thefirst trip of T. The value t ex pressesthetimelength of the run-
ning board T. Thework ing time con straintsC 3 are ex pressed by objectivec; (T):

(1) :j[o ift] (t4,t2) or tl (t2,19) "

¥ otherwise

C

Si mul taneousvehi cleand crew sched ul ing problem SV CSP can befor mulated
. . . . . . . [o] o
as a multicriteria assignment problem with objectives g ¢(T), a ¢ (T,).

a c,(T) a ¢,(T, ). All mentionedobjectives are separable, all except the first

onearenonlinear andtheir for mulationby meansof mathemati cal programmingis
rather compli cated. Wecandefinethecomplex objectivefunction

c(o) :é_ oTi) + Klé. ca(Ti) + Kzé_ o(T) + Kgé. cs(T) (12)

andtoformulateSV CSPastofindabusschedulewithmi ni mumvalueofC(O). Ari-
singmathemati cal problemisprobably NP-hardandthereforesubopti mal methods

areto be used for sol ving SVCSP.
Therearemany other requirementsfrom practicewhich canbemodelledinsimi-
lar way. Constraintssimilarto C1studied e.g. Peskoin[4].

3. HEURISTICS FOR SVCSP

For ev ery bussched uleO we can define the set N(O) of neigh bour ing bussched
ules. There are severa possibilities how to define NNO) by combining running
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boardsfromO . Thesim plest oneisto com binethetripsof apair of run ning boards,
more sophisti catedmethods com bine heads and tails of all run ning boards.

The following procedure was proposed for finding suboptimal solution of
SVCSP. Firstfindan (ex act) opti mumbusschedule O={T,, T,, ... T} withobjec-

tive é_ o(Ti ) Hun gar ian method or max-flow-min-cost a go rithm can be used for

solvingcor respondingassignment problem. ThebusscheduleO will bethestarting
solutionforthefol lowingneighbour hood search procedure.

Step 1: If foralO T N(O) C(é) 3 C(O)STOP, Oisasuboptimal bus sched-
ule.

Step2: Find OT N(O) such that C(0)<C(0).

Step 3: Set 0=0 ,actualizeN(O) and GOTO Step 1.

Theobjectivefunctions(10), (11) ap peared not to besuit ablefor just de scribed
al gorithm, sincethey do not ex press"how far" isactua solution Ofrom the ideal

one. Inal practi cal casesthefol lowing objectivesshowedtobemuchmoreusefull
EZ(T) =min{ D 3 0, suchthat every timeinterval (t,t +240+ D)
in T containsat least 30 min. safety break.}

1oif (t.t3) or (t5.2)
_— . 1

(14)
.:-mm{z:(t tz),gtl t)} it 1 (t3,t7)
ft- € if t>t

(13)

Thisap proach wasused for opti mi zation of regional bustransportinmany real
world caseswith great eco nomi cal gain. The dead mileage sav ingswerefrom 6 to
20 %, the num ber of ve hi clesdropped by up to 15 %.

REFERENCES

[1] Cernd, A.: He te ro ge no us Bus Fle et Ex plio ta tion in Re gio nal Bus Trans port, Slo-
vak, (Vyuzitieheterogennehoautobusovéhoparku v mestskej a regionalnej do -
prave), Proceedings of the 5-th International Conference on Public Transport,
Dom tech ni ky, Bratislava, 21.22.11.2001, pp. 93-96.

[2] Cernd, A.: Optimization of Re gional Bus Trans port, Czech, (Op timali za ce re gio-
nalniautobusové dopravy.)ProceedingsofInternational Conference"Transpor-
tation Scien ce", (Véda o do pravé), FakultaDo pravni CVUT Pra ha, 6.-7.11.2001,
pp. 70-75.



169 Stanislav Paltich

[3] Cerny, J.: Fleet Management {SelectedOptimization Problems. Proceedingsof
the 8-thIFAC/IFIP/IFORS Sym po sium Trans por ta tion Sys tems Chania, Gre e ce,
june 1997, pp. 607-610.

[4] Pesko, S.:Muti como di ty Re turn Bus Sche duling Problem. Pro ce e dings, In ter nar
tional scientific conference on mathematics, pp. 77-82, Zilina, ISBN
80-7100-578-9, (1998)

[5]Pes ko,S.: The Mi ni mum Fle et Size Prob lem for Fle xib le Bus Sche du ling, Stu dies
of the Fa cul ty of Ma na ge ment Scien ce and In for ma tics, Vol. 9, Uni ver si ty of Zi li-
na, 59-65, (2001)

STANISLAV PALUCH
DepartmentofMathematicalMethods
Faculty of Mana ge ment Scien ce and In for matics, Univer sity of Zilina

Velky diel, 01026 Zilina, Slovak Republic
pho ne: +421 41 5134250, e-mail: pa luch@fria.fri.utc.sk



USING SEMIDEFINITE PROGRAMMING FOR
THE CHANNEL ASSIGNMENT PROBLEM

STEFAN PESKO

Abstract Weinvestiga te the problem of as sig ning chan nels (co des) to the cell of cel-
lular mo bile ne twork so thatwe avoidin ter fe ren ce and mi ni mi ze the num
ber of chan nels used. The chan nel as sig nment prob lem s in spi red by this
problem. We propose a heuristic based on the exact algorithms for the
standard semidefiniteandlinear programming.

1. INTRODUCTION

Thedemandsfor mo biletele phone com mu ni cation are con nected with thelim.
ited range of thefre quency spectrum. Opti mal frequency assignmentisanincreas
ing problem in order to use the available frequency spectrum with optimum
ef ficiency.

Theproblemwasfirst solved by agraph colour inga gorithmby Hale[Hal]. The
generalisation of the graph colouring, inspired by this problem, is known as the

channel assignment problem (CAP). Variousapproxi mateal gorithms(see[Bal],
[Ba2]) andex act a gorithmsby Kral [Kra] havebeen pro posed. Thegraph colouring

problemi.e. deter miningthe chromaticnumber of a graph is NP-hard (see [Ben])
and sothechan nel assign ment problemisal so NP-hard and thereforeanopti mal as
signment can not befoundinreasonablepoly nomial time.

Wefor mu latetherelaxed CAPintermsof asemidefiniteprogramming(SDP)
andweobtainasolution of the SDP. Thenwemapthisso lution of the SAP back into
avalidsolutionfor CAP. Thisal gorithm canlosepreci sioninthispro cess. Wepro-
poseaheuristic based ontheex act al go rithmsfor the stan dard semidefiniteand lin-
ear programming.

2. SEMIDEFINITE PROGRAMMING

Wewill ap ply semidefiniteprogrammingto our problem. Weneed somedef i ni-
tionsand facts[Wol] to under stand thisentails.
Definition1. A matrix A T A" isa positivesemidefinite if
(1) xTAx30 "xI A"
Fact 1.Forasymmetricmatrix A1 A" " thefol lowingareequiv alent:
1. A isapositivesemidefinite.
2. A hasonly the nonnegative eigenval ues.
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3. A =B".BforsomematrixBT A" ".

Wewillnote A - B=§ § a,b; for the inner product, A.B =3 a, b, for the
o j

matrixproduct of twomatri cesA,BT A" " anda.b =3 a, b for the scalar product

of twovectorsg bl A".
Now wecandefinefol lowinggenerali sationof thelinear programming.
Definition2. The(stan dard) prob lem of thesprqi definitepro grqumi ng(SDP) is
formulatedfor givensymmetricmatricesC, A, I A" ",avectorbl A" and avari-
ablesymmetricmatrixXT A" in theform
2 C:X® MINMUM,
(3) st. A -X=b  k=12...,m
(4) X ispositivedefinite
Using 3" item of thefact 1 weknow that thereisamatrix z] A ™" suchthat X =

277 .LetZ =(z4, 2, ..., Z) where z;, Z,, ...,z,arecol umnsof Z. Thentheproblem
of the SDP can berewrit ten as:

® aac(z2)e MNMUM,
i=1 j=1
(6) g.g.aijk(zi ij):bk k=12,....m

1j=1

7 ozl A i=12...m

Fact 2.SDPispoly nomial timesolv abletowithinanad di tiveer ror of e

3. CHANNEL ASSIGNMENT PROBLEM

In the context of graph model fol lowsfor mal def i ni tion of thechannel assign
mentproblem.

Definition3. Natural weighted (smple) graphG =(V,E, d whereV={1,2,..., n}
is avertexset, EI V'V is edge set and positive integer weight of edges
dE® {ZLZ,...}isgiven_

A channel assignment for natural weighted graph G is a function
fV® {0,1,2, } (assignment), thever texestononnegativeintegers, satisfyingthe
condition

(8) |f(u)— i (v)|3 dlw) "wi E
The span S(f) of achan nel assign mentf of the natural weightedgraph G is
thehigh est chan nel assigned by f

9) S(f)zmax{f(v):vT V}.
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The Channel AssignmentProblem (CAP) consistsof finding achan nel assign
ment f* with mini mised spani.e.
(10)  §(f")=min, 1)
In our definition of the channel assignment we restrict to theassign ment one
number (represented channel) tothever tex only. Inreal-wordproblems[Bal],[Ba2]

theassign ment to the ver tex isaset of nonnegativein tegers (chan nels).
Notethat if wesetd(uv) = 1for uvl EthentheCAPisclassi cal colouringprob-
lem and S(f*) isthe chro matic num ber of thegraph G.

4. RELAXED CHANNEL ASSIGNMENT PROBLEM

Now wewill for mulatetherelaxed CAPintermsof the SDPand obtainasolu-
tion of the SDP which iswithin1+etheopti mal. Wemapthevertexesv, T V of the
graph G tounit vectorsz, T A" and solve the fol lowing RCAP:

(11) a® MNIMUM
(12) zxz=1 "viV

13) zxz,=1 "vv,1E

(14) zxz 3 L wyviE

! J d (VI v l ) 2 |
(15 z1T A" "vivV
The constraint (12) assigns the unit vector to the every vertex of the natural
graph. Thevari able inthecon straint (13) isan up per neg ative bound of the dif fer-
encesof thelinked chan nels.
Fromthenegativepart of thecondi tion (8) af ter thesub sti tution
(16) f(v,)- f (vj)zll(zi .zj) "viv,TE
wehaveconstrain(14). Theposi ti vepart of thecondi tion (8) isimpli citly satisfied
viaconstraint (13) --itispossibleshow, that a < Q Thegoal function(11) mi ni mi zes
the highest difference of the linked chan nels and not the span. So the solutionof

RCAPapproxi matesof theopti mal channel assignmentonly.
Note that z, >z, =|Z |z;|casd, | £ 1and for the col our problem (with d(vv)) = 1

for viva E) istheconstrain (14) implicitly sat isfied and thiscon strain can be omit-
ted. This formulation is known as the vector colouring problem and studied in
[Kar],[Ben].
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5. APPROXIMATE SOLUTION

Wedo not actu ally findthe so lution -- the chan nel assign ment, when we solve
RCAP. From the solution(z,, z,, ..., Z,) wemust deter minetheassign ment (f(v,),
f(v,),..., f(v,)) satisfyingthecondition(8).

Letinduced digraphsG, = (V,E,) fork =1, 2, ..., nhavetheori ented sets of the
edges of graph G accordingtothevectors(z ,, z,, ..., z,) intheform

E, :{(vi ,vj):zk 2,3 2,2,V va E} E{(vi ,vj):zk X2 <Z,2,V,V, T E}.
For every digraphGk wecansol veinthepoly nomial timethefol lowingli near prog
ram LP:

(17) b, ® MINIMUM
(18) st y -y, 3d vivj) " (vi,vj)T E
(199 O£y £b, "v i1V
Itispossi bleshowthatinteger solution (éyl aey, a.-- ,é’nﬂ)isfeasi blesolu-
tion of the LP with the unabated goal value b,. Than we can define
f(v;) =&, *Q v, TV where (éyl*l’j... &, *0) is the best LP solution with
heuristicspanS(f) =b* =min{b.: k=1, 2, ..., n}.

6. EXAMPLE

In figure 1 we havein stancefor the chan nel assign ment prob lem mod elled by
graph G.

Fig.1 Natural weightedgraphG=(V,E,d)

We use SeDuMi [Sed] - an toolbox for MATLAB, witch solve optimisation
prob lemswith lin ear, quadratic and semidefiniteness con straints. The cor re spond
ing RCAPhasopti mal solutionX = (x;;) wherex= zpg
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210000 -02500 00547 -02500 00393 00841 -00560 009460
G 02500 10000 -02500 -02500 01418 00812 -00392 00434 .

¢ 00547 -02500 10000 01420 -02500 -00418 -00002 Q0535 =+
_G-02500 -02500 01420 10000 -02500 -02500 01489 - 02500?
_g 00393 01418 -02500 -02500 10000 Q0527 00482 - 02500:
¢ 00841 00812 -00418 -02500 00527 10000 -02500 01440 -+
C-00560 -00392 -Q0002 01489 Q0482 -02500 10000 -025007
g 00946 00434 Q0535 -02500 -02500 01440 -02500 10000 ;

Infigure2wehaveinduceddi graph G, gener ated by 4thcol umnof thematrix X.

-0.25 0.142

O e
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-0.25 0.148¢

/
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Fig.2Induceddigraph &

Thecorresponding LPhasopti mal solution'y =(1.0, 0.0, 2.0, 2.0, 1.0, 0.4377,
2.0,0.0) withchanned assignment (f(1),f(2), ...,f(8)) =(1,0,2,2,1,0,2,0) infigure 3.

H—O

z(f >

T T
ORSOR=0

\_/
n

Fig. 3Channel assignmentin G

Thisisthebest so lu tion with span S(f) = 2.
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MODEL OF LIFE INSURANCE POLICIES USING
MARKOV CHAINS WITH REWARDS

MILAN SITAR

Abstract In this article classical approach for calculating pre miumandre ser ve of
lifein suran ce productsisreplaced byanalternative method using Mar kov
chains with re wards. This ap pro ach al lows us to in ves ti ga te more com pli-
catedproblems.Recursiveformulasformathematicalreservesoflifeinsu
rance products considered as expected total discounted return of a
Mar kov reward chain are ob tained. Using spe cific pro per ties of the re ser-
veswe canalsocal culatetheinsurancepremium. Moreover,recursivefor-
mu las for the va rian ce of the re ser ve are ob tained.

1. INTRODUCTION

Inthisnote, we con sider adiscretetime Markov reward pro cesswithfi nite state
space. Weassumethat therewardsasso ci ated withthetran si tionsareran dom vari-
ables. Weareinter estedinpropertiesof cumulativereward earnedinthesub sequent
tran si tionsof the Markov chain. Simi larly asin[1], and [3] for thefi nitehori zon
mod elsrecur sivefor mulasfor ex pected valueand vari anceof thecumulative (ran
dom) discountedreward areinvesti gated (section 2). Thesefor mulasareusedtocal-

culatesomelifeinsur anceproducts(section3). Comparingwithclassi cal results(cf.
e.0.[2]),thisapproachal lowstoinvesti gatemorecompli catedmodels. A ssimpleex
ampleil lustratesthemeth odsand results(section4).

2. MARKOV CHAINS WITH REWARDS

Let X ={ X, ,n=01... be a nonhomogeneous Markov chain with finite state
space S={12,...S}, initid distribution p(0) and the transitionprobability matrix

P(n) :[ P, (n)]_sj_1 at time n(obvi ously,g p,(N=1 p(n)20.
] = ]:1
Weshall assumethat if statej1 Sisreached at timen+ 1 from state il San inr

medi ate(random) rewardy, ( n) isearnedwhichisfi niteal most surely. r, (n) resp.
s; (n), denotesthefirst, resp. the sec ond, mo ment of theim medi atereward. Ob vi-

ously, the expectedrewardinstate i at time n isequal to r,(n) -3 p; ()r; (n)
j=1

and the second moment of the reward earned in state i is equal to

s(n) =és_ p; (n)s; (n) . The symbol r (n), resp. s(n) denotesthe S 1 vector
=1
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whose i-th element equals r,(n) resp. s(n), and R(n)=[r, (n)] resp.
s(n) :[s”. (n)] isan S Smatrix.

If we as sume that hi (0,1) isthediscount factor (for thecor respondinginter est

rate r we have r =~ 1 () h=—1) then we denote by v(h,mn), resp. by
h 1+r

u(h,m,n), the S 1vector of thefirst, resp. of thesecond, momentsof thediscounted

rewards earned after them-thtran s tioninthe (n - m+ 1)next transi tionsand dis
counted to time m(itsi-thel ement, denotedv; (h ,m, n), resp. u, (h, mn), isthefirst,
resp. the sec ond, mo ment of thetotal discounted reward earned pro vided the chain
gartsingate il S).0Obviously

é8 .U
vi(hmn)=Eag h* ™, x| Xn =iy
Bem u

resp.
, 2 N
u (h,mn)= E%% h* ™y x.. 21x,, :ig
k=m g g

andfor thecor respondingvarianceit holds
5. (rm)]* =u(hme) - [v (rmn)-
In what fol Iowswederiverecursiverelationsforv(h ,m, n) and u( h,m, n):

v(h.mn) = E? hk_mxxkxkﬂI)(mL:j=
- i

- E[Xx""x m*llxm] -i-hl:’(m)Eég hk_mIXXk,XkﬂanHlE:: (1)
=m+1 y]

- r(n) +hp(my(n.m+1n)

u(h,mn)= E&{‘% h mXXk,Xkﬂ 9 |Xm3:
éak:m a g

k=m+1

2 é 8 . . U
= E[(Xxm’xrn+1) |Xm] +2h Eé(xm’XmHQEa h lxxk,xh1 QXma*‘
e e (7] u

20 8 g 0
+h?P (m)E%ea ™ X x s 2 [ X s 6=
@k:nwl %} g

:s(m)+2h[P(m)[v(h,m+Ln)]diagRT(m)]diage+h2P(m)u(h,m+Ln), 2)
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where e is a unit column vector, | A]  results from matrix A by setting
off-diagonal entriesequal to 0, for avector B [b] 4o ISTESEr VEdfor thecor respon-
dingdiagona matrixand A" denot%thetransposeS?A. If by, resultsfrom bby squ-
aring each entry, for thevarian ceof thetotal discountedrewardwehave
— T
[s(nmn)],, = (m) +20P (D [u(rme 10)] o R"(m)] e -
+h?pP (m)[v(h , m+ln)]sq - v(h,m, n)SCI +h?p( m)[s(h,m+ 1, n)] .

3. CALCULATION OF LIFE INSURANCE

Wefocus our atention on life insuranceproducts which creates collective re-
serve, e.g. en dow ment, pure en dow ment or term, and thusthey arenot flex i bleand
vari ableasthe Uni ver sal Lifeor Unit Linked prod ucts. For thismo ment we do not
distinguishif thepremiumispaidsingly orregularly.

Tothisend, we shall con sider Markov chain with three statesin which the pol icy
can occur. We assume that the policyholder is aive when the policy is accepted
(thusthefirst stateis L - asliving). Al mostall pol i ciesinsurethepol i cy holder for the
case of death (the sec ond state isD). When thein sur anceevent comesor thepol icy
claimendsthenthepol icy isset asideof theport folio of insur ancepol i cies(thethird
stateisA). Thusthe state space

Ss=(L.D,A)

The insurance company cdculate some expenses corresponding to the state
which Markov chainvisits. Whenthechainis"living" thenthe pol i cy holder must
pay pur chasecost andini tial commissiontothedistributor of pol icy onthefirst day
of thepol icy term (ini tial ex pensesa ) or ad ministrativeex penseslater (renewal ex-
penses b). When thepremiumispaid, encashment fee must be cov ered (ex pensesg).
Onthecontrary, when thein sur ance com pany pay tothepol i cy holder (e.g. thelife
annuity), theex pensesdarecal culated. WhenMarkov chainvisitsstate"dead" and
thesumassuredispaidtothepol i cy holder, d ex pensesaresup posed. If thepol icy is
set aside of the port fo lio the com pany has no costswith the pol icy.

Everylifeinsurancecompany usesmor tal ity tablesfor esti mating probabil ity of
death of apol i cy holder. If wesup posethat our pol i cy holder'sentry ageis x, we de-
notesuchprobability g, (put p = 1—q,). Thenwecan producethetransi tionproba
bil ity matrix alongwiththetransi tionrewardvector of theconsid ered Markov chain
withrewards. Obviously attimen 3 Q

éa)x+n qxrn 09
P(nN=¢ 0 0 1 4)
S0 o0 15
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g{Pn-an-bn-gn-KnL-dh)eTQ

R(n) =¢ -KP -d?P)e’ 5

O (e o
& o

whereP, isthepremium, K -, resp. s |, isthesumassured, resp. ex pen ses, whenthe
policyhol derislivingattimenandthesumassuredispaid, KP , resp.s P, isthesum

assured, resp. ex penses, inthecasethat thepoli cy hol der diesinperiodnand the sum
assuredispaid(similarlya ,,b, .9, areex pensesattimen). All rewardsaredeter mi-
nistic. Obviously,

ga:’n—an—bn- gn- Kn-dp 0
r(n) =¢ -KP - dP = ®)
3 0 .
At time n =0wesup posethat thepol i cy holder isalive, hence
X
p(O) =¢0+ 7
: (7)
€05

If wedenoteapol icy termby N thenac cordingto (1) weobtainthefirst moment
of thetotal discounted reward at timem:

()= (m) + i (m)y(hm+ 1)

g@m a8 bm “Om- Kr:' ernQ gqameL(h’wlN)+qx+mVD (h'm+l’N)9
=¢ -K. - dP ++h¢ 0 s
¢ 0 g & 0 48)
with
@N‘aN‘bN'gN'Kr\II'dhg
v(h.N.N)=¢ -K§ - di 5
g 0 o (9)

The first entry of -v(h. m, N), denoted - v, ( h,m N), gives tota expected dis-
counted value at time m calledinthelifeinsur ancelit er aturethelifereserveof the
product, denoted by Res,,. Suchreserve hastheprop erty that at the be gin ning of the
pol icy itsvalueisequa to zero, i.e.:

v, (hoN)=o0. (10)

Then we seek premiumsP,, P,...., P, tosatisfyrelation(10).
If we com pute the vari ance of theto tal discounted reward we usethefact that
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a@o
s(h N, N) 90_

&5
Hencefromrelation (3) wecan con cludethat
[s ()], =s(m) + 2P (MmN R (M), o
iag

Atp(m(r N, - v(nmn), +th(m)[s(h,m+m)k =

(11)

apm -a - bm = Om - Kr|;1 - d;][ px+mVL(h’m+11N) +qx+mVD (h1m+l N)]9
+2he 0 et

3 0

SER

o[V (0 M+IN)] 7 + g vo (nme 1N)] 78 E (hmN)]
+h2(} 0 — Q[VD (h m, N)]Z_
§ 0 % B

2

+h

gepmn[sL(h,mﬂ,N)]2 +qx+m[s o(h.m+1 N)]ZQ
§ : :
0 I

&.... |-

S’nce[ v, (h, m, N)] ’ =[ Kp +d> ] * wecanwri tethefol lowi ngrecur si verelation

for [s(h , m,N)]sq

x+m[vL(h m+1, N)] * Gom[ Vo (N2 M+ 1 N)]
[s(hmnN)], = 0
‘é 0
899+m\¢(h,m+],N)+qx+m[vD(h,m+],|\|)]2-_(:-, gepxm[SL(h'wlN)]
_E 0 T+C 0

0 = ¢ 0 (12)
%]

Qe 4O S - +or
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withanini tial value(11). Obviously, thevarian ceof thetotal discountedreward
whenthepoli cy hol der diesor thepoli cy claimissetasi deof theportfolioisequal to
zero.

4. EXAMPLE

In this section we will illustrate the obtainedrecur siverelationinwell-known
lifeinsur ance prod uct called en dow ment. Wewill sup posethat theentry ageof the
policy holderisx, pol icy termisNand con stant sumassured K > Oispaid at theend
of the policy (when the death of pol i cy holder oc cursor the pol icy term ends). We

con sider the casethat the premiumispaid only at the be gin ning of thepol icy term
(theprod uctissingly paid). Wedenotesuch premiumby P.

Obviously,K? =K, "n=04...,Nad K, =0, " n=01...,N-1 K =K.
At firstwewill sup posethat al ex pensesare equal to zero (wewill com pute on

netto basis). Wedenote p{" :61 o ,pso) =1and d(" =p(")g,.,, n® 0 From
k=0
(8), (9) wecom putethereserve Res,, =- v (h,m,N):

Res, =K,
Res, , =hK,

-, (@) 0
Res, ., _@XSN-Zh-'- plefN-zhng’
ReSN—S :@S)N -3 I‘]-'-CIEJ:I;)N%".]2 + p(z) h3 Q< !

x+N-3 7]

Res, . :g(o) _kh+...+q|(k'2) hkl 4+ p(k-1) hkgK,

+N x+N - k x+N - k

Re%:§i§Lh+"'+ql(N_z)hN'l +p)£N 'l)hN g< P

Thesinglenetto premiumdeter minesthefol lowingeguation
Res, =0, (13)
thus
P= (qx(?Nh+. gl I . pﬁNil)hN) K-

Thevari anceiscal culatedsimi larly accordingto (12) and (11) (wecom putethe
vari ancein stateL only sincethevari anceintheother statesisequal to zero), recall
that v, (h,m, N) =-K, "m=0,.., N
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[s (h.nN)] =0
[SL(h'N' ]"N)]2 -

. .2 )
[SL(h N- 2, N)] ?}X@N 2 (?N 2h4g'g€153)1\1-2h+ pf:r)N-zhzgéKz’

[SL(h’N' 3’N)]2:§§1>|<(S)N 3 h? q>|<() f+ QEJ,)N 3h6 g-

(0 [ 2 1
-@X()N—Sh + qx(i)N >(<?N 3h3 3 QKZ ’
u

x+N k x+N k

(00 ] = ) 0,08
..2\
L R

[S (h ON)] —§|(0) h2+.. +q|(N JpaN-1) 4 Q((N 1)h2Ng

_ 28,0 h+. + (N-z)hN 1, (N- 1)hN QZI 2
@HN BETe) P, QUEK .
In what fol lowsweassumethefol lowingex penses:
« aexpensssia, =aWK +a®p, a, =0,"n=1,..,N, a¥ a2 Of [od].
* bexpenses b =bK, " n=0,...,N-1 b =0, bl [04],

« gexpenses: g, =gP, g,=0," n=1...,N, gl [O;I]
o d" expensesd; =Q " n=Q...,N- 1 d}=dK, d [0,

« d° expensssd? =K, " n=0,..,N.

Then ac cording to (8) and (9) we have:
Res, =(1+d)K,
Res, , =bK +(1+d)K,

Res, , § px+NZhQOKJ’g%ﬂ(f)N.zh*p&)N_zhz g(1+d)K,
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Res ; :?4' p>(<12N -3h+ ps)N -3h2%3K +

RN RN FNLE GRS

Res, , =8+ p),, e+ ) bt

+§IES)N- k h-'-'"+q>|<(:\12-)k ht + p>(<k+Nl) khk gl-'-d)K’

Res, =g+ pOhe 4+ DR goK+
+g°qlx(o)h+...+ql(N'Z)hN'1 +pt Ay gl+d)K +§(1)K +a(2)Pg- P(1- 9).
Againfrom (13) wehavethesinglepremium
; (ql(f,’q h+..+q{"Dh™ 4 p* 1)h'“)(1+d) +a®+ (1+...+ pX(N'l)hN‘l)o

K.
1- a(z) -g

The cor re spond ing vari ance can be again ob tained from (12) and (11), but the
for mulahasmorecom plex analyticex pression and thereforeweshall not deriveit
here.
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ECONOMIC RESEARCH IN THE CZECH
REPUBLIC: ENTERING INTERNATIONAL
ACADEMIC MARKET

FRANTISEK TURNOVEC

Abstract Paper providesashortcharacteristicof publica tion out puts of the eco no-

mists in the Czech Re pub lic du ring eight ye ars (1993-2000) and pre sents
theprojectofevaluationofre search performanceofthe Czech economics

departments basedonrecordsininternationaldatabases.

Keywords:citationindex,economicresearch,internationaldatabases, researchper
formance

After 1989 economicresearchintheCzech Republichadfaced sev eral dif fi cult
problems. Thedemandfor new conceptstoimplement fasttransi tionfromcentrally
planned econ omy to astan dard mar ket econ omy |led to arather chaotic discussions
ontransfor mation steps, missingtradi tional academicat tributes. Itisin somesense
under stand able: inthe hands of the statetherewasan enor mouspower and respon si-
bility for unprecedented eco nomic reforms. There was no time for deep anal y ses
and careful eval uation of options. Part of economiccommunity becamedi rectlyin
volvedinev ery day pol i ticsonthehigh posi tionsingov ernmental of ficesandinthe
parliaments.Invasion of outside economic advisors of different rank and quality
wasapart of thegameand sup ported theim pression that astraight for wardinter pre
tation of simple neoclassical diagramsis a "scientific way" of solvingeconomic
prob lems. But, from ame dium and long run per spec tive the main prob lem wasto
re-establishacademic stan dardsineconomicresearch. A char acteristicfeatureof
theeconomicresearchwasanisolationfromworldstandardsinpresentingresearch
out puts. Withafew ex ception, related mostly toop er ationsresearch and econ o met-
rics, the publication of results was oriented exclusivelyon Czech (Slovak) eco-
nomic journals publishingin the Czech language and using not very demanding
reviewingprocedures. Sotoover comeisolationandundemandingprovincial char-
acter of economicsci enceitwasnecessarytoenterinter national academicmar ket.

Thefol lowingdataabout publi cationactiv i tiesof the Czech eco nomiccommu
nity illustrate the process of inter national izationof Czecheconomicresearch. We
are using the data from database of the Government Committee for Research

1 Thisresearch wassup por ted by the Grant Agen cy of the Czech Republic, project No. 402/04/214.
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(GCR), that has an am bi tion to col lect infor mation about all pub li cations of the
Czechresearchers(notonly economists).

By theclassi fi cationused by the Com mit teetherearetwo branchesof economic
sci ence: General Economics(GE) and Ap plied Statisticsand Oper ationsResearch
(ASOR). The data about journal publications, chapters in books and book mono-
graphsin these two branchesfor the years 1993-2000 wereretrieved from thisdata
base.? Only papersinjour nalshav ing 1SSN registration and chap tersin booksand
book monographshaving | SBN registrationwereconsidered.

All publi cationsweresubdi vided bythegubl ishers: outof all publi cationspapers
injour nalslistedintheECONLIT database’, and chap tersin books and book mono-
graphsfol lowed by ECONLIT and So cial Sci ence Ci tation Index (SSCI) werere.
trieved (classified publications). Within each group additional classification was
used by thelo cation of publisher: classi fiedjour nalspublishedinthe Czech Re pul>
licand classi fiedjour nalspublishedinthe"West"; *Classi fied bookspub lished by
presti gious Czech ac ademic pub lish ersand books pub lished by the"west ern” pub-
lishers> Another classi fi cationwasused by thelanguageof publi cation: publi ca
tions in English, in other world languages, and in Czech and Slovak as a
com plement toto tal (see aso Turnovec, 2000). Whilethe GCR database might be
incompl ete,Gusi ngthetimeseriesprovidessomegeneral char acteristicof thedevel-
opmentinthefield.

In Tablel,2and 3weprovideinfor mation (timeseries1993-2000) by thetypes
of publi cations(ISSN jour nals, ISBN chaptersand mono graphs), sep arately by GE
and ASOR.

Someof theclassi fiedinter national jour nalsinwhichtheeconomistsaf fil i atedin
theCzechRepubl ic’ pub lished at |east onepaper dur ingthisperiod:

AmericanEconomicReview

TheGCRandcentral databaseof publi cationswereintroducedonlyin1993, af ter thesgparationof Czechoslo
vakiaandestablishment of theCzech Republic.

ECONLIT isanelectronicdatabaseof Ameri canEconomicAssociation, foundedin 1969. It col lectsrecords
aboutjournal publi cations, booksandresearch papers. SSCl isanelectronicdatabas ecol lectingrecordsabo ut
ci tationsof articles, booksandot her publi cationsinjour nalsorientedonsocial sci ences.

Therearethreeclassi fied Czecheconomicjour nals,includedin JEL database: Poli tic kaekonomie[Politi cal
Economy], publishedby thePragueEconomicUni ver si ty, withpaperspublishedusual ly in Czech, Fi nancea

Gve [Fi nanceand Credit], published by theCharlesUni ver si ty in Prague, with papersboth in Czech and En-
glishlanguage, and PragueEconomicPapers, publishedby thePragueEconomicUniversity exclusi velyinEn

glish. By “West” we mean co un tries of EU, USA and Japan.

OnlytwoCzechclassi fiedpublisherswereconsi dered: TheAcademiaPress, publishingho useof theAcademy
of Scien cesof the Czech Republic, and TheKaroli num Press, pub lishing ho u seof the CharlesUni versityin
Prague.

Thesystemof updatingdatabaseisnot per fect, themoti vationfor resear cherstokeeptheirrecordscompleteis

weak and someof publi cations, relatedtoquanti tati veeconomicsmight beincluded under mat hemati cal brarr
chesof thedatabase, thereisalso sometimelaginrecor ding new publi cations.

lamintentional ly notusing” Czecheconomists’ toavoidcompli cateddiscussionabout nationality of authors.
Thereisno” Czecheconomicscience”, but”economicscienceintheCzechRepublic”.
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EuropeanEconomicReview

Jour nal of Mathemati cal Economics
EuropeanJour nal of Politi cal Economy
EasternEuropeanEconomics

Inter national Jour nal of Fi nanceand Economics
ControlandCybernetics

Commu nist and Post-communist Studies

Jour nal of Busi nessEthics

Economicsof Transition

Central EuropeanJour nal for Oper ationsResearch

Tablel,Publications: Papersin ISSN Journals

General Economics 1993 | 1994 | 1995|1996/ 1997 | 1998|1999 | 2000
Totad 98 | 193 | 248 | 334 | 600 | 915 | 459 | 450
CZPolitickédekonomie 7 23 |1 30 | 14| 25| 38| 23 | 23
CZ - PragueEconomicPapers - 2 8 4 | 11| 14| 11 | 4
CZ-FinanceaUver 1019 | 22 | 12| 14 | 23| 13 | 11
westernjournals 5 1 1 - 1 17| 25 | 15
PublishedinEnglish 2 18 | 28 | 49 | 170 | 88 | 86 37
Publishedinotherforeignlanguages 3 - 2 2 2 23| 1 8
Applied StatisticsandOperationsResearch

Total 21 | 41 | 43 75 73 | 180 | 135 | 67
CZPolitickéekonomie 1 6 1 3 - 6 6 4
PragueEconomicPapers 1 - - 3 - - 1 1
Fi nanceaUver 3 - 2 - 2 - -
westernjournals 2 1 - 3 36 | 42 6
PublishedinEnglish 3 11 | 23 26 39 | 98| 93 36

Publishedinotherforeignlanguages - - - - 3 1 - 1

Table 1 demonstrates relatively successful re-orientation of "output flows":
while during previ ousperiod (1970-1990) therewasonly onepubli cationinreally

presti giouseconomicjour nal (M. Madasin Econometricain 1972) andfew publi ca
tionsinspecial izedjour nals(e.g. European Jour nal of Op er ational Research, Man
agement Science, Zeitschrift fur Operations Research), we can observe a visible
presenceof economistsfromtheCzech Republicontheinter national academicmar-
ket.

Wecanob servethecul mi nation of the number of journal publi cation in 1998,
what isprobably relatedto the"boom" of transfor mationtopicsinthefirst half of
nineties.
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Thethird ob ser vationisrelatedtothelan guageof publi cation: Out of 3932jour-
nal publications 807 were pub lished in Eng lish, what rep re sents 20.52%. We can
dtillidentify dif fer encebetweengeneral economicsandappliedstatistics/operations
researchorientation: while 51,81% of papersin ASOR cat egory werepub lishedin
English, thecor responding scorein GEisonly 14.50%.

A survey of thematicori entationof economicarti clespublishedby authorsfrom
the Czech Re public com pared to therest of Eu rope seein Machacek, 2004.

Books and chapters in books and monographs are generaly considered to be
"sec ond best" pub li cations(at least in eco nomic sci ences) and mostly they are not

consideredineval uationschemesof research. Nev ertheless, publi cationsout sideof
the country arepartici patingin"ci tation games" and reflectsthe"ex port per for-

mance" of domesticsci entificproduction. Amongpresti giouspublishersof thetexts
recordedinthiscat egory therearethefol lowinginter national publishinghouses:

AcademicPress, San Diego

Springer Verlag, Berlin, Hel del berg, New Y ork

EdwardElgar, Aldershot

Kluwer AcademicPublishers

Macmillan Pressand St. Mar tin's Press, Lon don, New Y ork

Rowman & Littelfield Publ., Boston

Table2, Publi cations: Chaptersin| SBN Books

General Economics 1993 | 1994 | 1995|1996] 1997 | 1998|1999 | 2000
Totd - - - 6 14 | 27| 99 | 141
CZKarolinum - - - - - 4 1 2
Academia

Westernpublishers - - - - - 3 12 7
PublishedinEnglish - - - 4 - 22| 16 | 24
Publishedinotherforeignlanguages - - - - - 2 2 14

AppliedStatisticsandOperationsResearch | 1993 | 1994 | 1995| 1996| 1997 | 1998|1999 | 2000

Totd - - - - 2 13| 13 25
CZKarolinum

Academia

Westernpublishers - - - - - 11 1 3
PublishedinEnglish - - - - - 9 2 11

Publishedinotherforeignlanguages - - - - - - 1
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Table3, Publi cations. ISBNBookMonographs

General Economics 1993 [ 1994 | 1995|1996| 1997 | 1998 | 1999 | 2000
Total 15 | 39 28 44 | 114 | 94 | 40 65
CZKarolinum - - - - 3 1 - 1
Academia - - - - 4 - - -
Westernpublishers 4 2 4 2 1 3 2 -
PublishedinEnglish - 3 5 1 17 7 1 2
Publishedinotherforeignlanguages 4 1 - 1 - 1 1 -

Applied StatisticsandOperationsResearch | 1993 | 1994 | 1995|1996 1997 | 1998 [ 1999 | 2000

Totd - 6 1 7 8 9 9 10
CZKarolinum - - - - - 2 - -
Academia - - - - 2 - - -
Westernpublishers - - - 1 - 2 2 -
PublishedinEnglish - - - 1 - 5 5 -

Publishedinotherforeignlanguages - - - - - - - -

For slightly morethan amonth the Czech Re pub lic to gether with other nine new
mem ber statesis shar ing the samere search areawith other Eu ro pean Union coun-
tries. Well elaborated meth od ol ogy of eval uationof research per for manceof there
search ingtitutions (mostly affiliated with universities) is used in the European
Union to producerank ingsof eco nomic depart mentsin Eu rope per for mance (see
e.g. Lubrano, Bauwens, Kir man and Protopopescu, 2003). Thereisno reason to ex-
pect that thesamestan dardswill not beimplementedineval uationof uni ver si tiesin
new mem ber states. Tobecom peti tivein Europeandintheworldthereisstill much
tobedoneinchanging publi cationhabits.

At present weevendo not know wherewearein com par ativeterms: demanding
meth odsof re search per for manceeval u ation have not been tested yet in the Czech
Re pub lic. Thefirst at tempt will take place in 2004 within the pro ject of the Grant
Agency of the Czech Republic"Microeconomicsof uni ver sity ed u cationand mea
suring re search per for mance of theuni ver si ties'. Themainfeaturesof theproject
arethefol lowing:

Objective of the project: to compare objectively measurable research perfor-
mance of the facul tiesof economics, insti tutesand/or depart mentsof economicsat
non-economicfacul tiesor non-university economicresearchinsti tutionsaccording
totheir presenceat inter national academicmar kets.



189 Frantisek Turnovec

Basicprinci plesofeval uation:

a) Mini mal demandoncooperationof eval uatedinsti tutions.

b) Mini mal influenceof eval uatorsonresultsof eval uation.

¢) Useof unquestionabledata(inter national databases).

d) Twocomponentsof data: out puts(publi cations) andresponse(ci tations). Data
will be weighted by internationally accepted impact factors (Kaaitzidakis,
Mamuneas and Stengos, 2001).

€) Noother academicactivi tieswill beconsidered.

Unitsof eval uation:

a) Either faculty of economics, if the faculty per formsstudy pro gramsex clu-
sivelyineconomics,

b) or economicsdepart ment (insti tute) at thenon-economicfaculty,

C) or non-university research unit (e.g. Economics|n sti tute of Acad emy of Sci-
ences).

Representationof theinsti tution: Only full-timeemploy eesinpedagogi cal and
research cat egory. Oneper soncanrepresent only oneinsti tution. Only professors
andassoci ateprofessors(senior researchers) will beconsidered, unlesstheinsti tu
tionwill nomi natebroader representation.

Primarydata:

a) Publication defined as bibliographic record in international databases
(Econlit, SCI, Web of Sci ence).

b) Citationdefinedascitationrecordininter national databases(Econlit, SSCI).
Auto-citationsare ex cluded.

c) If thesamepubli cationisrecordedindif fer ent databases, itisconsideredonly
once.

d) Inthe case of co-authorship each of co-authors getsthe share 1/n of the pub li-
cation.

Eval uated period: Lasttenyears(1994-2003) to get resultsthat can be com pared
withtheresultsof Europeanrankings. Thechangesin af fil i ation of eval u ated per-
sonswill not beconsidered, af fil i ationin 2004 will besignif i cant.

M et hod of aggr egation:

n num ber of evaluatedinsti tutions(j=1, 2, ...n)

m; num ber of representing per sonsof thej-thinsti tution(i; = 1, 2, ..., m;)

p@, i) number of publi cationunitsof theper sonjof insti tutionj, k; =1, 2, ....,
PG, ij)

pw(k;;) shareof personi;frominstitutionjinpubli cationk;; (co-authorshipconsi de-
red

c(j,i;) number of citation units of the person i;from institution j, t; =1, 2, ...,
PG, ij)

cw(tj) shareof personi;frominsti tutionjincitationt;;(co-authorshipconsi dered)
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pf(k;) impact-factorof publicationk
publication

cf(t;) impact-factor of ci tationt;;, measu red by impact-factor of thejo ur nal of ci-
tation

f total number of empl oy eesof thej-thinsti tutioninpedagogi cal/researchca
tegory

measu red by impact-factor of thejour nal of

ij?

Indicators:
Indi vi dual perfor manceof theper soni; frominsti tutionj

P(ioh)

T QIO QYOI

(sumof publi cationsharesweighted by impact-factorsincreased by 1, plussum of
ci tationsharesmeasuredbyimpact-factorincreasedby 1). Thismeasurecanbeused
forrankingof indi vi duasintheCzech Republic (e.g. top 100 eco no mists).
Absoluteperformanceof theinsti tution;j

(sumofindividual performancesofindividualsaf filiated).
Relati veperformanceof insti tutionj

Vi
RVj =
I
(absoluteperformanceperoneempl oy eeinpedagogi cal/researchcategory). Canbe
usedforrankingof insti tutions.
Relati veshareof individual i; inresearchproduct of insti tutionj

(canbeusedforrankingof indi vi duaswit hintheinsti tution).
Mar gi nal relati vecontri butionofindividual i J.toinsti tution]

Vi -V, :Vj(fj -1)- (v -v)r, _MVi, -V
-1 rj(rj—l) rj(rj —l)

(differencebetweenrelative per for manceof theinsti tutionj withindi vi dual i; and
relati veper for manceof theinsti tutionjwithoutindividuali;).

Many other indi catorscan be con structed and used for statisti cal anal y sis. The
firstversionof eval uationwill befi nal izedandreleasedfor publi cationinDecember
2004.

|\/|\/iJ :R\/j -
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