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THE SYNTHESIS OF THE LOGISTIC SYSTEMS WITH
APPLICATION OF THE HEURISTIC APPROACH

In the paper a heuristic approach for design lagsistems is described. Heuristic ap-
proach is established on the modeling of the humantal activities by the solution of an
interesting problem. In management practices em&ty activities-problems, which cannot
be modeled or solved by a mathematical — analytregthod, but the man is able success-
fully to solve this. One of the way, is to analythe process of problem solution by man
and define from it the rules, principle which appliby the man/human intelligence/ and to
support it with information technology /artificiattelligence / and get it to algorithm -
model. This approach is very successful mainly i@ation the models for executive —
aggregate planning, capacity planning, schedutilegjsion making. Rules are classified as
heuristics, expert rules, technological rules, itidbns and optimization criteria. In the pa-
per is described “roads methods —sequential ariteapplication method”, which define the
sequence of rules, out from decision tree, onelaions among the rules and their priority.
The methodic described in this paper is a resuthefinduction from many applications of
the real solution of the logistic problem in praeti
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1. INTRODUCTION

The heuristics from the Greek (heuristiko) is thetimod for the problems solution, for
the algorithm does not exist. The heuristic appnoaethod is the creation of the algo-
rithm on the basis of experiences, practice, apprate idea of man from the solutions of
similar problems. [1]

Vogel [2] defines three types of decision makinggasses: deduction, abduction and
induction. Deduction decision making is exactly iden making and abduction and in-
duction has a probable character — it is heurdgitision making. The Heuristic approach
is an approach with the applying of rules createthe basis of the abduction and induction.
(2]

According to Perl,heuristic is the strategy whishapplied by man and machine for
problem solutions using available information. [3]

The heuristic method is an algorithm which apptles heuristic approach, it means in
opposite of the analytical methods heuristic akfoni which is based on the modelling of
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processes which is realized by man in individuapstin problem solutions. The Heuristic
algorithm applies the rules — heuristics, i.e. suteeated on the abduction and induction
thinking, on the basis of repeating the solutiomain. [4]

Xin SheYang defines the category heuristics andahmaitristics as heuristics meaning
.o find“ or discover the algorithm by ,trial aretror”, on the elementary rules of heuris-
tics. Solution to the problem — optimization of f@blem, can be found as a reasonable
solution, but there is no guarantee of an optiroait®on. Metaheuristc algorithm (model)
is a further development over the heuristics atbori ,Meta“ — means a bigger level and
generally performs better than simple heuristigk. [

Heuristics is the way — by ,trial and error” to grece an acceptable (good) solution to
a complex problem in reasonably practical time. [5]

The elementary rules applied in heuristic and netaktic methods are: Simulated
Annealing, Genetic Algorithms, Tabu Search, Antdbgl Optimization, Neighborhood
Search , etc. The utilized idea of the selectiothef path in the decision tree which de-
scribes variants of the problem solution = NP inptate problem. These rules are applied
mechanically for the selection path in the decidiee.

This way can be defined and selected by anothewapp too; if we know set of rules,

set of limitations and the criteria of optimalityts- R, which have to be applied for prob-
lem solutions for the selection of a good solutipath in the decision tree to have to find
the optimal sequence of these rules. The sequaribe rules is developed by the priority
and relation among them. In the next step the semuis applied for the selection of the

path and creation of the heuristic algorithm fduson the problem

2. THE HEURISTIC ANALYSIS

The creation of a heuristic model as the base fyn#hesis requires a precise analysis.
Due to the fact that heuristics is defined as ahoktfor mental activities modelling car-
ried out by human beings, the biggest amount ofh&gis applications is in the manage-
ment processes.

Particularly in logistics, it is mostly in processeaf:

— forecasting aggregate production planning model
— operative planning

— production scheduling

— supplier selection

— design of distribution network structure, etc.

This means, that it's mostly used there, whereeisence of such activity or a process
is decision.

Heuristic analysis should create an outlet for ariséc model synthesis. The outlet for
decision is a collection database of informatiod aules. When we have the input infor-
mation for such decision process (e.g. heuristiisbaf data about product sales), by exe-
cuting an analysis we will be able to describe @ljms, sequences of steps and rules as
executed by a human being during decision making.

Heuristic analysis comprises principles of:
1) Theory of elementary information processes — syst@nocess breakdown into
such small processes that could be modelled and&@d], [8]
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As seen from 1) to be able to analyze a problers,riecessary to know:

- group of rulesR ... R; , ...
- situation S — definition of the problem

- group of following situationsS ... SJ-

To perform an analysis means to create a definedtate (1), more precisely
define situations and rules.

For structure definition (1), it is sufficient tové&w the initial situation S (ty (t) ).

(Situation S in time t, with features, parametgty) and group of ruleg .

Definition of heuristics -I:|
The heuristics are rules which are defined on treogy and induction prin-

ciples. A definition of the set of rul€sbring to heuristic models, experiences,
praxis and intuition because these are expressedriarete techniques, steps,
decisions, situation reactions, etc. That is wheyahalysis for rule definition ini-
tiates from:

- Knowing how people do it,

-  Why they do it,

- What rules they apply for a particular activity.

Repeated activity execution (during plan prepamtand the fact that praxis
has verified correctness and the success of it snaahieving a suitable tool for
future control decision making and management.

These conclusions are based on repeated analogbdundtive and inductive
decision making.
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If particular rule Rwas valid for situation $S, ... S, and provided suitable

solution y, then if situation $1 is analogical to situations;SS; ... §,, rule (I_?)
is also suitable for its solution.

Fig. 1 Induction principle
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Source: Malindzak D. a kolektiT:eoria logistiky KoSice, Karnat, 2007

Heuristic rules are created by induction accordingepeated analogy. It is difficult to

divide the phase of analysis from synthesis espgd@mcase of a heuristic approach. This
is a model approach and it has its own specifioatio

6) Definition of further rules

Several other rules need to be defined besidegrthg of heuristic$ :

TR- technological ruleare rules defined by technological regularitg, elura-
tion of (slabs) movement in (push furnace) canteex 120 minutes,

if we load it in cold phase, because its inner maltstructure would

be disturbed.

slabs on a steel mill get rolled fréme widest to the narrowest due to

cylinder depreciation.

- constraints- technical, economy, environmental limitatione. irolling
temperature of the slabs at the entry to the @lpath cannot be less
than 1200°C.

ER- expert rulesdefined particular activities decided to keeglrarge of a

ma after creation the model — planners, logistiaager, dispatcher
because:

a) Those activities are not suitable for modeling € &or au-
tomation,

b) We don't want to model them due to ,user friendyir-
poses and man'’s participation is requested.

0

OC - optimization criterialnnovation, re-engineering of logistic system - LS
has a defined goal implicitly and explicitly — pess of system opti-
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mization as an entity. LS optimization always leadsa multi-
criterion optimization problem. In analysis we havelefine the main
optimization criterion. In synthesis it is neceysare.g.:

- maximize machine capacity utilization,

- minimize energy consumption,

- determine the order — sequence of product manufagfu

- optimize production progression from chemical censi

ence point of view, dimensions, etc.

- optimize smoothness of parameter changes,

- minimize distribution path.

The main criterion optimalization - MCO is alwayeetcriterion of production cost be-
cause each of the above-mentioned criteria isttiirecindirectly translated into expenses.

By analysis we can define rules, formulas and élgms for calculation of these crite-
ria and their relations either mathematically, tadjiy or information wise.

From the practical point of view, an analysis isfpened by any possible means, such
as the Internet, company’s materials, theory, mebelaut mostly by a detail exploration of
people, their intellectual activity during decisiomaking and managing, by
algorithmization, verbal description.

The main result of analysis for heuristic modebtien is set of the ruleé_

Fig. 2 Principle of rule creation
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Source: Malindzak DProduction Logistics KoSice: FBERG TU 1997.

3. LOGISTIC SYSTEM SYNTHESIS ON THE BASIS OF HEURISTIC MODEL —
METHOD OF “SEQUENTIAL CRITERION APPLICATION”

A Heuristic approach of the synthesis LS assumedelim@ of process principles as
processing of information carried out by man oriougs phases of his activities and while
solving various tasks. This approach is then based principle of a heuristic model
creation. It is next described in the example efltruristic model synthesis for the opera-
tive planning and production scheduling model.

Sequences of steps during the creation of sucluiskie model:

a) Definition of initial situation (problem definitign
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b) Creation of possible variants for further situatidpossible solutions).
¢) Rule creation
d) Heuristic model synthesis.
e) Heuristic model verification.

The sequences of steps for the creation of suauedtic model are illustrated in fig.
3. The definition of rule set is performed as tbsutt of analysis, technological processes,
machines, equipment, organization and manufactupimgess management, economy,
capacity and optimality criterion.

Particular process, e.g. planning, has a parti@ngny file of orders and by its analysis
the rules were defined, which need to be fulfiltlgdthe planning process.

The synthesis objective is to create an algoritirmodel from these rules and from
the definition of entry files structure.

Fig. 3 The schema of the creation heuristic model

Production and management
processes analyze

Heuristics Technological rules Expert rules Optimality criterion
H R ER oc

0O Technological and
capacity
ANALYSE contrains

SYNTHESIS
Heuristic model
algorithm - creation

Pseudo-optimal
plan

Source: Malindzak DPRroduction Logistics KoSice: FBERG TU, 1997.

Set of rules{ﬁ}D{ﬁ,TR, RO, O} comprise of the following groups:
- Heuristic - H
—  Technological rules TR
- Expertrules -ER
- Constraints O

—  Optimality criteria -0C
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If we picture the solutions in the form of a dearsiree, then the group of inputs (e.g.
orders — for order control, group of manufacturiagks — for operative planning and
production scheduling, group of suppliers - forpligr selection, group of customers and
resources for design of distribution system stngtetc.). Each group of inputs is differ-

ent and must follow criteridR defined in the previous analysis. If the amountriteria

is ,n“ then in group Z “we are able to apply these criteria in variouseosd Theoreti-
cally there are ‘n’ rule sequences. That would meakreate a path in tree structures
(because we can start with any of the ,n“ rules).

Fig. 4 Labyrinth of tree structures presenting gohs of heuristic model
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Source: developed by the author based on: Alexan@A.: Osnovy teorii euristieskich reSenij
Moskva, 1975

To create a model or an algorithm means to appligérset of ordersZ (initial situ-
ation S)sequence of rules and get to st&géfinal stage). The sequence of cascades cre-
ates a model, algorithm, progression.

SRS
PR S

SR - S,

The essential question is which of the n! sequerxdise right one, the correct one,
both suitable and optimal? Which can be found enghortest time?
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There are two strategies we are able to follovingusynthesis [6]:
a) Inductive-deductive strateqy, from S—S,, when we don’t know the fi-
nal form of the model or the process or if we ldokthe way how to get

there by knowing the initial stagg® and rule vectoR ,
b) Abductive-inductive strateqy, when we know the stage— final form,
content and we continue from back to the front. [4]

Si—>Ri— S
S1— R Si

SRS

The situation is complicated by the fact that blvisg with a heuristic model we are
not aiming at just finding “some” solution but aagboptimal solution. That is why one
part of the heuristic model synthesis is also atinopation task. LS must fulfill several
criteria, e.g. minimize cost, maximize machineizailion, minimize energy consumption,
etc. — an optimization problem is a multi-criteriproblem.

To find an optimal path in the decision tree labttimeans to create an optimal mod-
el.

Heuristic methods of path searching in a decisiea can be divided into:

a) Metaheuristic — one stepwhich ensures the movement in the decision tree o
step after another — on one triad.
S F<+1 S+1

In case of a successful step — (according selecitsalion) movement continues.

One step methods are:

al) Neighborhood search (next step, rule R are generated as random mymbe
if a step is successful -> continues, if not ->lbtacstage S

a2) Neighborhood search with Tabu searelunsuccessful tries are saved to a
memory — Tabu so that they are not repeated.

a3) Hill climbing — criteria with maximal gradierire selected.

a4) Genetic algorithmdase on generation of two codes where the sutmeof t
is a random number — rule (similar to the Montel€arinciple).

b) Two-step methods— of simulation analysis applies the idea of neituy from
an unsuccessful step is not on the same path amdarward direction
- Method of branch and bound applies criteflahe next unsuccessful step.
In the case of an unsuccessful step means retupaicigto point where the
step was still successful and continues in the gahhas not been tried
yet. (Tabu principle)

¢) Way methods— where the path in decision tree on the base ofd¢hef rules

R are defined.
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d) Method of sequential criterion application — msca

Is one of the path methods. This method is basefindmgs of an optimal sequence
of rules outside the decision tree. [4]

This method rises from the conclusion that rules raot independent. Many interac-
tions and relations exist among them and are caeddo the same process. They create a
network.

Fig. 5 Criterion network

(r)——(2) O
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Source: authors own.

Links among them are quantitative — we are ablexfress them in numeric or rela-
tion form, respectively qualitatively. Links “diréon” expresses the dependencies, e.g.
rule R, depends of rule Rdirection expresses also subsidiarity (refereagbordination).

Several pieces of information are coded in sucletaverk graph which can be used
during the definition of “suitable — optimal rulecuience”.
Because it is necessary to solve a problem of roritérion optimization, it is possible

to solve it by selecting one of the ruI«F_Qg as the main criterion for MCO optimization.

Other criteria as a rule will be applied implicithyring creation of heuristic model.

A principle of “fishing net” is applied on such euhetwork. If we catch this fishing
net by one knot - rule defined as MCO, then a paldr net will be arranged according
the links to MCO. For the illustration, let us WMEO asR,

By pulling MCO a net will be transformed into a pde-tree and then it is clear that
rulesR, are arranged into levels. [10]
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Relation of rules to MCO determines their importime particular process and their

priority while application t . This way a ,pseudo-tree” was created.
The next step is the change of pseudo-tree of mtes “chain” — rule sequence.

Fig. 6 Pseudo-tree criterion

U1

Source: Malindzak DProduction Logistics KoSice: FBERG TU 1997.

Rule of order in the chain will be according todéss

U} - {u} - .}

It is necessary to create the order at each |@mde again subsidiarity links of the su-
perior criterion will be used. [9]

Second criterion will be from JJ- either R or Rs. Both criteria influence the value of
MCO. Criterion that MCO will react most sensitivelill become the most important,
that is why it will appear as the second one indhain. For illustration, let's say such
criterion will be R.

Then the criteria order will look like this:
MCO->Rs—> R;—> Ry R,— R

This pseudo-optimal sequence will be applied Zoand an algorithm of heuristic
model will be created. This method is the basiséarristic model creation for LS synthesis.

4. CONCLUSION

The paper describes the method of synthesis logististems on the basis of heuristic
models.

The method was established on the generalizatidnratuction from many solutions
of the practical problem in industry. MSCA is orfelee heuristic method — paths method,
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which define “path” — algorithm out from the deoisionce as a general “picture” of heu-
ristic solution.

The MSCA accelerates the design of the logistic ehod your synthesis, bringing in-

to the model more intelligence than meta-heuristiethods and implicitly to solve multi-
optimalization problem.
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SYNTEZA SYSTEMOW LOGISTYCZNYCH Z WYKORZYSTANIEM
PODEJSCIA HEURYSTYCZNEGO

W artykule opisano podajie heurystyczne do projektowania systeméw logstych -
LS. Podejcie heurystyczne opieragsia modelowaniu mentalnych dziatadnbcztowieka
poprzez rozwizywanie skomplikowanych problemoéw. W praktyce mamnskjej istnieje
wiele dziata, ktére nie mog by¢ modelowane i rozwzane matematycznie, ale ek
metodzie analitycznej cztowiek jest w stanie talkilgjem rozwizat. Jednym ze sposobow,
ktory mazna zastosowa jest analiza procesu rozywania problemoéw przez cziowieka
i okreslenie dla tego problemu regut izasad, ktore gnbygé zastosowane przez ludzi
(inteligencja czlowieka), wsparta przez technologitormacyjne (sztuczna inteligencja)
i dzigki temu mana zbudowé& odpowiedni algorytm — model. Takie pogiE¢ jest
szczegolnie przydatne w tworzeniu modeli dziatariaplanowania zintegrowanego,
planowania zdolni produkcyjnych, harmonogramowania produkcji or@zocesu
podejmowania decyzji. Omawiane reguty zma sklasyfikowa jako reguty heurystyczne,
reguty eksperckie, reguty technologiczne oraz mozastosowé kryteria ograniczape,

a take kryteria optymalizacyjne. W artykule opisano ,nektadrogi“, czyli sekwencyjn
metod; stosowania kryterium, ktéra okresla kolejhorealizacji poszczeg6inych regut
z wykorzystaniem drzewa decyzyjnego, hmmpod uwag wzajemne relacje porudzy
regutami i priorytetami ich zastosowania. Metodasapa w tym artykule jest wynikiem
indukcji z wielu zastosowarealnego rozwzania problemu logistycznego w praktyce,
wnosi do modelu logistycznego bardziej inteligentrmgwiazania nk metody meta —
heurystyczne i mae przyczynt sic do rozwizania probleméw multi — optymalizacyjnych.
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