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INTRODUCTION 

One of the most ,difficult problems i n o r ganizat,ion of trans port i s 

the question of t~ansporting of parcel cargoes . In order to explain 

this question we shall first have to define what w,e mean by the not,ion 

of "parcel cargoes". 

In order to .do this we first introduce the notion of "one:-,t t IJle 

cargo". It shall be assumed that this notion, denotes . a cargo .w?ich 

cannot be divided into .smaller parts and. which is determined through 

one and only one couple . of names: the name of the sender and the name 

of the recipient. Such a "one-time cargo" is sometimes called 

consignment or shipment. It is o~vious, for instance, that the not+9n 

of · one-time . cargo cannot be applied to dry loose goods. It can be 

applied, ori the other hand, to commodities transported in packages: 

parcels, pallets, cases, containers, barrels, sacks etc. One-time 

cargo has, obviously, its volume, mass, dimensions etc., hence it is 

defined also by its magnitude, similarly as transport unita have the~r 

proper carrying capacityr defined by t~eir lifting capacity, draught, 

vollplle capacity and so on . 

. Parcel cargo is . the cargo whose magni,t.ude is much smaller than the 
, I; , · •• · · , ' l I • 

carryił\g capacity -of a transport unit, which is to carry this ca_rgo. 

This definition is, however, insufficient. We must, namely, excl~de 

here mass transport of parcel cargoes from the same,_ s .ender to the same, 

recipient. Thus, for instance, .the question qJ r transporting of 

thousands of parcels between two partners, with the .carrying capacity 

of the transport means of the order of severa! or tens of parcels 

shall not be treated as the problem of transport of parcel cargoes, 

b~t as the pr~blem of transport of mass cargoes . 

. The followin_g questions can be treated as the ones contained in the 
' definition of trąnsport of parcel cargoes: 

- the pr_oble1!1 of mail transport ( letters, _parcela, sacks etc. ) wi th 

cars, wagons, airplanes etc., 

- the problem of railway transport of small cargoes (i.e. th~ ones 

which take only a small portion of a train), _ 

- the prpplem of sea transport of small cargoes, 

- the problem of sea transport of container cargoes, 

- the question of dispatching consumption goods ~o retail trade 
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shops, 

- the question of collecting of packages, mail etc. 

and a number of other problems, similar in their natura. 

It is charad:$ristic for the technology of transporting of parcel 

cargoes to perform the operation of grouping of loads so as to' 'fói:m 

greater "portions", equal to the capacity of a transport unit. This 

operation is called differently for various branches of transport. 

Thus, for instar.ce, in railway transport, in 'case of loads whichdO 

not fill whole trains the operation of ma.rshaii'ing the train słiits 
(compositions) is performed, consisting i'ri -"grouping 6f cars having ·· tne 

same destination direction to form the train compositions. These 

compositions (train sets) are being chariged in marshalling statióris/ · 

which are special kinds of stations, distinct from loading statiońs, · 

in which sendińg and receiving of loads takes place. 

In _car transport of parcel cargoes the operation of completion of 

ship~nts in warehauses and change of loads in special facilities 

taka'~ ipiace. Analogous problem appears in air transport. 

' :'.rhr ~ ···problem . appears much more distinctly in sea transport of small 

freight. The operation of grouping of loads takes place in the port. 

rń:.~' doiJig,;,, thi~ . of spęcial importance is the question of ade'qti~te 

spatial loca:tion of loads in the hold (the problem of stowing) '," s 'o 

that the neć:essity would not arise of pulling the loads from under the 

other ones whert'; they have to be unloaded. 

A simiil'ir ':'. problem is "completibn" o'f the load of newspapers · for 

cars dispat 'dhl njJ the press to newsślatidŚ'; ., Depe llding upon the choicei 'o{ 

these loads the transport of the newspapers (to all newsstands by ' all 

cara) will cóst less or more. 

The attentive Reader shall certainly notice that the latter problem 

can be reversed, namely: to determine the car routes from which, 

simultaneously, the principles ó!; load completion shall result. 

In transporting of mail we are 'deaiiftg with the problem of 

"sorting" of posted mail shipments. This I s also the operat.i.on of 

grouping of loads. 

It is not difficult to notice that the grouping operation occurs 

also in an entirely different kind cof „transport, and namely in the 

telecommunication systems for transmission of messages. This can best 

be seen in the case of organizatiort of sanding of cables . 
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Wę snall be interested in the pl!'oblem .. :of transporting., the parcel 

cargoes. ,from the point of view of organization of .shipment, that ,is -, 

the manner of putting together and moving of transport units ·(trains , 

cars, ships etc.) '1nder given transport ... needs (dema:nds, for we do not 

take into account the market aide of the problem). In further 

cc:msiderations we shall therefore not be dealing with the details of 

transport technology, but shall limit ourselves t9 moving of the given 

transport means, 

transport with 

in stich - a way as to • satisfy the . demands put . . on 

a possibly low cost. Similarly, we . shall not . be 

interested by the road network, ·assuming that it is given, together 

with the adequate warehouse infrastructure, :.: loading/unloading 

capacities and the like. 

In order., howęver, for a Reader to better gr-aAP, the essence of the 

problem of grouping of loads we shall describe it ithrough the examplę 

of transporting of parcel cargoes through railway:; t~ansport. 

Assume, therefore, that the railroad network i ,s ,given. The vertices 

(nodes) of the network are railway stations (~rshalling or loac;iing 

stations) , while edges - railway lines connecting the edges. Evecy 

marshalling station has its ascribed "region" - set of "sub,ordinate" 

ląading stations. 

Within the "region" or "district" the so called ,collect trains" 

are l;:>eing organized, which bring down from the loading stations the 

cara; ,,which ara loaded or empty to .:the marshalling stations or bring 

from the marshalling station to th.ę,- loading stations loaded or empty 

cęrs,~ 

, b·•iBęt,ween the marshalling stations only trains of definite len9th ąre 

:ingy,i;tg, composec;i of, say, several- tens of cars. 

: 1 , ;rn, the marsnalling stations train compositions are being changed. 

Incoming compositions are divided and new ones are being put togethe:t 

out of car groups. 

Such an organization of transport is the · res ul t of many years of 

experience in the practice of solving the following problem: 

We are given a definite road network (rai·lway, car, airplane, sea 

etc.) and definite trąnsport units _of predefined capacity. Likewise, 

we are .. given periodical transport demand def,i.ned for instance for 

daily periods. These demands, or needsr ara def),ned as the magnitudes 
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of loads whic.h have to be brought from given vertices to other 

vertic;:es. Load magnitudes are many times smaller than the; capacity of 

transport units •. ,,-. 

In such a _sit,ll~,t,ion two extreme kinds of solutions to this problem 

appear. _ 

The _ U .i;st OJ).ę ~µld. <_consist in . putting in every ve:rtex the number 

of transpo_~ u~t~3 egµ,al. ,.t,g the , l}umber of potentia! addressees of the 

loads. :Iłl, : ;t;~e e,t:trę~ <r~~e, )Jfhen t~iinsport needs account for i;ęhipments 

betwee~ _ 'il.P. p,airs :ą_t m~ic~Jc, _then , thęre would have , to ber in -- every 

vertex. th,e: ,, mµ!lber ot,-{ tr~w,rt uni;t;-s , equal to the- number of all 

vertices ,:. ,114,Iląs one •. - -Then, . transport - un,its (each labeled with its 

destination) should be left in their vertices ·of origin until they are 

filled completely with shipments. Then, these transport unita would 

bring the loads in accordance with their vertex labels, along the 

shortest routes, of course. 

The second extreme solution would consist in sanding a shipment 

from a vertex immediately after thls shlpment appears in the vertex, 

irrespective of the fact that the transport units - may be -dispatched 

even almost empty. 

A Reader will notice with ease that both these extreme . solutions. 

are not satisfactory. 

In the first case we need an enormous amount of transport means, 

al though we spare a lot in travelling. In the second case we lose a 

lot out on travelling,. forcing transportation of empty unita; -

Practice, therefore, dictated a compromise solution, such as we 

observe, for instance, in the described organization of railway 

transport of small freight. This solution is the result of recognition 

of thę fact that both keeping of a too great number of transport units 

costs ( "froz~n assets" ) and too much travelling of these uni ts costs 

as well (in fuel and road use). 

Still, the comprondse . solution described has a certain 

disadvantage. A new, additional operation of load grouping a:ppears, 

which costs as well, for it is related, generally speaking, with 

loadiilg, and in the case of the railroad example described - with the 

marshalling actlvities (diy.ision of the train sets, rolling and 

coupling). In this case, therefore, the sununary translocation of loads · 

in time and space is the result of addition of consecuti ve stages of 
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translocation, of which every one is caused .by moving ; of .·• another 

transport unit. ·, ; ' .t 

Thus, in transport o f parcel cargoes there is a separation of the 

movements of loads and the movements of transport units. The : movement 

of loads should comply wi th the requiremen~s s_et by the , transport 

demands (vertices of sending and receipt), but it results from the 

movements of transport uni ts . '.!'he movement.. of transport uni,t.s, 

together . with definition of loading (regrouping, marshallin~) , 

locations constitutes the . decision vari.able. Tl'lis decis.ion variąble ;-is 

constrained by the dir~ct limitations related to capac;ities , .of 

tansport units and to road network, and by the indirect limitations, 

concerning the load transport requirements. 

Summing up, ~e can say that we are looking for the schedule .. of 

movemen-i; of transport units together with the schedule. · of lo.adings 

(marshalling -, . . in the case of railway transport), and the criterion<of 

evaluation of; . the quality of .the schedule is the total cost • :,0.f 

carrying out the transport task . · · ,>·'-·; 

It should be emphasized here that in many • transport systems two 

kinds of transport units appear: the active and the passive ones. 

Passive transport units fulfill the role of freight packaging, their 

only characteristic is load capacity. These are, for instance, freight 

cars, trailera, barges, containers etc. 

The active transport units are, for instance: locomotives, 

tractors, tugboats etc. 

Consequently, the time and space schedule of the movement of 

transport units shall be composed in sucha case of the schedule for 

the passive units and the schedule for the active units . The first of 

these schedules is bound to satisfy the transport requirements, while 

the second - to provide for satisfaction of the first schedule. 

Thus, for instance, for the railway transport of containers we 

would have the following three schedules: 

- of the movement and loading of containers (full and empty), 

- of the movement of cars (loaded and empty) and marshalling of the 

train sets, and 

- of the movement of locomotives. 

For the complete description of organization of transport one would 

have yet to include the. schedules of work of train teams, 



eilgiil~.:..drivers · and :marshalling yard employees. 

In further course of the book we shall limit ourselves to the base 

of · determination of the schedules of movement of active · and passive 

unita. We shall be analysing this problem further on on the example of 

railway transport, turnirig attent.ion especially to the scłiedules of 

freight cars and train sets. 

For the sake · of simplicity of · problem consideration we shall · be 

looking for the schedules of regular shipments, i. e. those which 

provide for satisfaction of cyclically recurring transport needs. 

Besides this, 

open-time ones. 

transport needs may be divided into fixed-time and 
l ) . 

Let us explain: the fixed-time shipments are those, for which the 

instance of sanding or the instance of receiving, or both, are 

prehisely dete:rVa'.łtł~d'~ :fil contradistinctión, the open-time shipments 

should take pfic~!.tf'wi't~lh' a given time period, usually within the 
" ..... ·.J• .s · r{--¼- ,~. •. 

period of ret,etit:°ibh 6'f transport needs (in regular shipments). 

Another simplification shall therefore consist in consideration of 

uniquely open-time shipnients. 
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3. THE PROBLEM OF CONCENTRATION OF SHIPNEJITS 

3.1. Formulation of the problem 

We are given a graph r = (I,R) of the marshalling point network, in 

which I is the set of verti!=es · ~; marshal;L:.j.ng ~'ł:ations, and R is the 
,- f 

set of branches (i, j), i, jeI, córres~l tdff19 te>• the fact of existence 
of a railway line connecting vertex i with vertex j. On the network 

... -i. ., , . ..,. ~-·r~ , .. 
defined by this graph we are given the . transport d~man~ for empty and 

\ 
full courses of transport means A .. >O for (i,j)eR. Follówing functions 
are defined on the set R: 

distances d. . and 
J.J 

J.J . 

capacities llij' (i,j)eR, 

while on the set I -
P.>O the function of work performance capacity of a 

J. 
marshalling st~tion. 

It is our task to determine the transport routes in the network 

which would be possibly short and possibly shipment concentrating. 

The route Nkl of transport from station kto station l, with k,leI, 
is the ,.set-,,oi,-th&-.-form 

Hkl = { (i 1' j 1 ) ' ( i 2 'h ) ' .... : · ( i N' j N)} 

such that: 

1.(in,jn)eR for every n 1,2, ••• ,N 

3.jn = in+l for every n= 1,2, .•. ,N-l 

4.pairs (in,jn) do not form internal loops. 

The routes of train sets are decision quantities, defined by the 
sequence of variables: 

~~ { 1, if (i ,j)eNkl 
= ( 1) J.J o, in the opposite case 

We denote by ,ł'in 
kl the route of minimum length, Dmin 

kl' and call it 
minimum route. 

Still, the minimum routes are not the solution we are looking for. 

2.2 
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In many cases we treat as better sucha solution for ,whicih .the routes 
, . ·· . i'ł,1 

determined overlap at least partly (have common edges). This results 
: f· 

from the fact that greater flows of loads make i t possible to ensure 

mare frequent transports of full transport uni ts, which consequently 

leads to faster delivery o.f shipments, better utilization of transport 

units - and therefore ! ower cost of transport, provided, of'',course, 

that the difference between the length of the route Mkl det~rmined as 

the component of the solution and the length of the shortest route 

connecting vertices k, 1 is not tao big. ;_, 

In order to force the solutions which concentrate shipments we 

shall introduce the following crite~ion function: 

F L 
(k,1)eA 

L ~~-Ak1 ·d · . .. - cxE ł(v . . ) 2'·d .. 
(i,j)ER iJ iJ (i,j) iJ iJ 

( 2) ·, , 

where: 

t(v . . ) = iJ { 
v . . , if vi1.>l 

iJ O in the opposite case 

and 

A= {(i,j): i,jeI, Aij>O} 

·'T 
The first component · of the objective function F represents ·\ ~e sum 

of products of transport distance'ś and loads, while the second is 

meant to force the preference of the~~ s6luti ons, for which the r .outes 

determined overlap on the possibiy the greatest number of segment;,;. 

Note, then, that the average number zij of compositio~-~ :, of 

transport units in a time unit over the ielation (i, j) is defined, by 
· .!> ' ·•, 

the formula: 

L ~~-Akl 
(k,1)eA iJ 

where N11 denotes the desired length of the train set on the !;legm~nt 

(i,j) of the network. Thus, variables ~~ have to satisfy the 
i] 

following 

1 
N . . . 
i1 

constraints: 
.J<J ' 
lC .Akl ,s µ . . iJ ' '' iJ 

(k,1)EA 
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which result from the limited capacity of transport routes •. Since the 

number of_ compositions of transport units which .are put together and 

disassembled at the transport node i is equal 

I: 
1 

E ~jAkl + E 
1 

E ~1Akl Nij N .. 
ieVh (k,l)e.A Jevh l.J (k, 1) e.A 

where 
v- =-{i: E x'f~ > "O} 

h 
(k,1 )e.A 

vh= {j: E ~ -
> O} 

(k, 1) e.A 
then, in view of the limited capacity as to the assembling and 
disassembling of compositions of transport units at a node, the 
variables ~~ have to ~atisfy also the constraints 

l.J 

1 __ kl 1 kl 
E Ni . E X-jjAkl + E Nij E X-jjAkl ~ pi ( 4) 

ieVh J (k,l)e.A Jevh (k,l)e.A 

Thus, solution to the problem (2) taken together with constraints (1), 

(3) and (4) determines the optimum concentration of shipments. 

3.2. Description of the algorithm and the program 

_ The nonlinear objective function of the form (2) causes that when 

solving the problem we are not_ able of making use of known methods. In 

tłlis situation a heuristic algorithm was proposed allowing for a 

relatively simple finding of the feasible solutions. 

In the esl:łential step, for the determined parameter of the problem, 

the routes Nkl are defined for the sanding point kand the .destination 
point 1, for pairs (k,l)e.A. 

The scheme of determination of routes is as follows: 

Prom among the possible routes joining the first pair (k1'1 1), 

where, as alway15;. k 1 is _ the starting point and 11 is the _ finał point, 

we choose these · wh_ich are the . solutions to .the problem ( 1) , ( 2) , ( 3) , ( 4) 

assuming that there exists only one piece of demand for transport. 

Once the route (k1,1 1 ) established we select the route (k2 ,1 2 ) which 

satisfies transport demand Ak 1 , so as to make the value of the 
2 2 
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objective function (2), calculated for two demand magnitudes, minimal 

and to satis fy the constraint~ .( 1) ,,( 3) , ( 4) . This procedure is repeated 

as long as all the routes · which provide for satisfaction of all the 

demand values Akl' (k,l)eA are not determined. 
The above algorithm was implemented in TURBO PASCAL language on an 

IBM PC compatible equipment. In o!der to make possible the graphical 

presentation of program results t:he software was expanded by graphical 
. ·' 

procedures allowing for. communication of the user with the computer 

( aiming at changes ~t.,. v~iants and J?,~rameters) and for provision of 

graphical interpretat~~ns./ of solutións. The output program KOSMIT 

makes use of the graphical package TURBO GRAPHIC TOOLBOX version 1.0. 

3 .. 3. Examples 21 solutions ~ problems of concentration 

We sha.l:l ·present here severa! examples of solutions to problems of 
shipment c:o;,s~ntrations obtained with the computer software outlined 
before. Every example was solved several times for various values of 

the parameter a. 

Example 1. 

The network considered is shown in Fig.1, which also indicates that 
all the edges are equal 1. 

excepting segments (2,3) 

sufficiently big. 

Capacities of network segments are equal 2 

and ( 3 ;t'r:· ". Tą~ś' node capacities are 

Transport demand appear on the lin?s/ (1,4), (1,5) and (2,3} and the 
appropriate values are all equal 1_~/•· 

Fig.· fa shows solution for a=0. In this case there exist ' the 

following shortest routes: 1-2-8-4, 1-7-6-5 or 1-2-6-5 and 2-3. For 

a=0.1 the algorithm selects three following routes: 1-2-8-4, 1-2-8-5 

and 2-3. For a=0.3 the algorithm selects routes 1-2-8-4, 1-2-8-4-5 and 
2-3. These cases were illustrated in Fig.la, lb, le. 

This example shows increasing concentration of shipments over just 

a few segments of the network, even at a cost of lengthening of the 

route, as was observed for transport over the relation ( 1, 5) , for 

which the sho~test rout;e 1-2-8-5 is given up at the advantage of the 
longer route 1-2-8-4-5 which, though, overlaps on three segments with 
the transport route on the relation (1,4). 
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Fig.l . Road network (Example 1) and transport demand . 

\ .· 

\ 
\ 

\ 

. _:,;;, 

tv--
Fig.la. Transport routes for a=O. 
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Fig.lb. Transport routes for a=0.1, 0.2. 

0 0 
Fig.le. Transport routes for a=0.3. 
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Example 2. 

We are given the road network as in Fig. 2, which shows that the 

lengths of all the segm.ents are equal 1, and the capacities are equal 

2, excepting segm.ents (2,3), (3,4), (6,2), over which the capacity is 

equal 1. Node capacities are sufficiently big, excepting node no. 7, 

for which capacity is equal O (this node is momentarily inactive due 

to reconstruction). 

Transport needs are equal 1 for the following relations: ( 6, 3) , 

(5,3), (1,5), (4,8). 

ł;n this case we obtain for a=O, 0.2 and 0.4 the solution 

encompassing the following transport routes: 6-8-3, 5-8-3, 1- 2-6-5 and 

4-5-8. For a=0.8, on the other hand, we obtain the following routes: 

6-8-3, 5-6-8-3, 1-2-3-4-5, 4-5-8. We can easily see the cases of 

l engthening of two routes for two transport relations in exchange for 

a better concentration, as can be seen in Fig.2b. 

Example 3. 

We are given the road network as in Fi g.3, with lengths of all 

segments ec.jual 1. Segment and node capacities are sufficiently big. 

Transport demands are equal one over the following relations: (1, 4) , 

(1,5), (6,4), (3,7), (8,2), (2,3). 

For a=O the following shortest routes were obtained: 1-2-3-4 or 

1-2-8-4, 1-2-6-5 or 1-2-8-5, 6-5-4 or 6-8-4, 3-2-7, 8-2 and 2-3. 

The shortest routes obtained for a=0.2 were: 1-2-3-4, 1-2-3-4-5, 

6-2-3-4, 3-2-7, 8-2 and 2-3. 

28 



Fig.2. Road network (Example 2) and transport deniand. 

Fig 2a. Transport routes for cx=0.2 and cx=0.4. 
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Fig.2b. Transport routes for a=0.8. 

Fig . 3. Road network (Example 3) and transport demand. 
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~ , . .,.- -~·· "" 

Fig.3a. Transport routes for a=O and 0.1. 
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Fig.3b. Transport routes for a=0.2. 

Fig.3c Transport routes for o:=0.5 and 1.0. 
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Assuming a=0.5 and _ cx=l.0 we obtain routes: 1-2-3-4, 1-2-3-4-5, 

6-2 - 3-4, 3-4-5-6-7, 8-4-5~6-2 and 2- 3. 

Figures 3a, 3b and · Je show these three cases with increas i ng 

concentration _ .of shipments. Note that wi th the increasing 

concentration of shipments ·- ( compare the cases of cx=0. 2 and cx=0. 5) in 

place of . the shortest r 1oute 8-2 for the relation ( 8, 2) we obtained a 

roundąbout route of 8-4~5-6-2 in which segments 4-5, 5-6, 6-2 .overlap 

with · the routE!S of . trąnśpQ;rt on the relations ( 1, 5) , ( 6, 4) and ( 3, 7) . 
•·,• · • * 

In this case we obta"in~p ;a nuising -~· artificial - concentration of 

shipments over the segme-nts 4,:;-.5, 5-6, 6-2 at the . expense of fourfold 

increase of transport distłi~~e for relation (8,2). 

As we can observe, therefore, the algorithm tends to attainment of 

the possibly the greatest number of shipments on the smallest number 

of segments as the value of ćt , J.ncreases, even when this does not make 
i' .. 

sense. 

Consequently we cannot givę any method of choosing the value of ex. 

One should gradually change this value selecting these solutions which 

provide the desired concentration without forcing of the "artificial" 

density of shipments within the network. 

Example 4. 

We are given the network as in Fig. 4, in which lengths of all 

segments are equal 1. Capacities of segments and nodes are 

sufficiently big. 

Transport demands equal 1 are given for the following relations: 

(1,4), (1,5), (6,4). 

The following shortest routes were obtained for cx=0: 1-2-3-4 or 

1-2-8-1; 1-2-6-5 or 1-2-8-5 „ą:,r 1-7-6-5, 6- 5-4 or 6-8-4. 
. v:.: ... 
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· · Fig. 4 . Road network ( Example 4) and transport demahd. 

0 
Fig.4a. Transport routes for a=0.1 and 0.2. 
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G) 

Fig.4b. Transport routes for a=0.5. 
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- - --- --

Fig.5. Road network (Example 5) and transport demand. ;\.115=20, 

AlO,S=20, ;\. 319=10, ;\. 916=20. 

Fig.Sa . Transport routes for a=O, ? Q.5, 0.7~ 
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Fig.Sb. Transport routes for a=0.8, 1.0. 

For cx=O. 1 and O. 2 · we obtain yet the following shortest routes: 

1-2-8-4, 1-2-8-5 and 6-8-4. 

For a=O. 5 the following - not the shortest ones anymore - routes. 

were obtained: 1-2-3-4, 1-2-3-4-5, 6-2 - 3-4 or 1-2-8-4, 1-2-8-4-5, 

6-2-8-4. The solutions obtained are shown in Figs. 4a, 4b. 

Example 5. 

We ara given the road network as in Fig.5, in which ;Lengths of road 

segments are given. Capacities of road segments and nodes are . 

su_fficiently big. Transport demand is given for the relations-: ( 1, 5), 

(10,6)r (3,9), (9,6). 

For a=O one obtains ·:,thE1 . following shortest routes: 1-2-3-4'-5, 

10-8-6, 3-8-10-9 and 9-7-6. 

Then for the subsequent values o:=O. 5 and O. 7 the solutions obta.i,ned 

were identical as for o:=0 . It is only at the values of o:=0. 8 and. 1. O 

that the following routes: 1-2-3-4-5, 10- 8-6, 3-8-10-9 and 9-l0-8-6, 

were obtai ned. These s ólutions are shown i n Fi gs.Sa, Sb . 
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The 

explain 

well as 

* * . * 
above examples, which have Jlniquely .. . .j.llustrative nature, 

··r.·.I •. '• .. :. . .. 
the problem of concentration of shipments over the net'fi/1qtk as 

certaip imperfectness of the proposed solution method~ 

For a=O, in example, the shortest routes are always selected. When 

the value of a . increases then there ensues an increase of 

concentration at the expense of the route lengths. At an appropriately 

big value of the parameter the route system stapilizes. Further 

increase of the parameter value may causa · an overly/:· lengthening of 
-r 

routes, within the tendency of forced maximum overlapping of certain 

segments which causes ą . decrease of the objective function value, 

"encourage" the algorithm to further irrational lengthening of routes 

(see Example le and 3c). 

By analysing the results of Examples one can notice yet another 

property of the influence exerted by the values of the parameter a. In 

same examples there existed many shortest routes ( for ··afQJ . Assignment 
... 

of even a small value of a different from O ( for instance - a=O .1) 

ensures selection of such a combination of the shortest routes . . which 
. . _j·ii( YX: .. ,_ . i. 

leads to the greatest concentration of shipments, yet wi th 

preservation of the shortest routes. This can be very wei1 seen in the 
. . ·k ·, 

example 4. 
) i") ,.'. 

In order to avoid the irrational lengthening of the rout~s 

appearin~ for hi.gh values of ex an a<id.itional constraint ~~~- introduced_ 
-~ • . . . . i.. . . 

for maximum feasible lengthening of the . routes in order to obtain 
. . . . '. } J ~!:: 'H ' · 

better concentration. This constraint is obtained through 

specification of the value of a coefficient 13~1, defining the number 

of times that the feasible route. can at móst be . longe:c: thait . the 

shortest one, determined for a=O. 

The resul ts óf the influence exerted by the · ·values of t3 on the 

solutions obtained are shown in Examples 6, 7 and 8. Example 7 shows, 

one should note, application óf the algorithm and program developed to 

the problem of dispatching. 

Examples 6 and 7. 

We are given a "rectangular" network as shown in Fig.6a, whose 

edges . are of unit length. Capacities of roads _and nodes are 

sufficiently big. 
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Fig.6. Road network (Example 6) and t r ansport demands. 

0 
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I 
I 

@ 0 ----~ 

·® 
Fig.6a . Transport .r outes f or o: =1=0 . 1 and 1 . 0 with {3=1.0. 
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Fig . 7 . Road network (Example 7) and transport demand. 

0 

G> 

@ e G 
Fig.7a. Transport routes for a=0.1 and 10.0 with ~=1.0 : ' 
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Unit transport demand appears on relations ( 1, 4), ( 1, 9), ( 1, 20), 
(1,21) and (1,22). The value adopted for Il .was 1.0 (only the shortest 

routes were a l lowed) . The identical resul t obtai ned for <X=O . 1 and 

a:=1. O is shown in Fig. 6a, where broken lines denote the alternative 

routes. 

For the same network, having, though, another distribution of unit 

demands, namely on relations (6,12), (16,5), (3,22), (20,1) and 
(2,10), shown in Fig.7, identical solutions were obtained for <X=0.1, 
a:=1.0 and a:=10.0. Their form is presented in Fig.7a. 

The above two examples show the effectiveness of the constraint 
connected with the adopted .value of 13. 

Example 8. 

We are given the network of "circular" type, shown in Fig.8, with 
the lengths of edges along the circumference equal 10 and the lengths 
of radial edges equal 14. Capacities of roads and nodes are 
sufficiently big. Unit transport demands appear on relations ( 1, 2) , 

(~,~), (1,4), (1,5), (1,6) and (1,7), so that this one is a problem of 
diśpatching of loads from the node no. 1 · to six nodes numbered 2 to 7, 

lying along the c°trcumference. The· 'value of /3=5 was adopted for this 

example, allowing thereby for the maximum concentration of shipments. 

Fig.aa shows the identical solutions for values of <X=0.4 and a:=0.75 

(as well as a:=0.8). Then, Fig.Sb shows solutions obtained for <X=0.85 
,: 

and a:=1. 2. As can be seen from the last figure we obtain for a:=1. 2 

just one dispatching route for all the seven units of load. 
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Fig. 8 ~ ~9ąd ne.twcrk ( Example 8) and transport demands . Transport 
I • '1 .· -,~-;_ ·.: ;. ' l. ; .". '; ;;- : ..• t...' ('. , , 

ro~?:es for. Ql'.":'.Q „O _ apą a=:;(). 3 acqording to arrows of demands. 
, 1,_., , ,J<,1 _-__1b ,:: ~~.,,._.. -•. · · .\ , 

0 

Fig . Ba. Transport routes for a=0.4 and a=0.75. 
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6.CONCLUDING REMARJ<:S 

The present publication contains the first integrated formulation 

of problems o·f · organization of parcel cargo transport. This problem 

area encompasses all the questions of regular transport, with 

application both to cargoes and to information as well. Depending upon 

the natura of technical means of transport the whole problem takes on 

one of, a -variety of fqrms and particular c;:p,.ses, al tlw:itgh th1:; c~ssence 

of the main questions remains the same. In view of limited volume of ,: 

thę present publication the variety mentioned could not be described 
• • • " : • • • <iff::.1- ! •.., ·::..: :.; ,~A .i'! ::- ~-:~ <'~;u • 

systematically in full detail. This concerns especially these cases 
, J:'f~b J··. __ ,yuą r ··-.r:·L .1 _. • 

which are connected with transmission · of inforrnation in 
~ . _. .. •-· . \ 'l. ;· ~--. . ' :· '.: :· ·. :: _'.:_j ~ '. _:1 

telecommunication networks, in which the timę needed for transmission 
-,., . · . !. ... ~Lu : · 

on the way connecting nodes can be neglected, ~bile the whole essence 
;_ -·J!i": 

of __ the problem i~; concentrated in the nodes ~~ving limited capacity 

and effectiveness. 

As stated, the subject of :his publication is 

transport (of cargoes and information). 
: . ;' ·. . -~=- .. .! ' . • 

limited to regular 

Regular . transport assumes cyclical repetitiveness of motion 
.. ' 

situations and, first of all, of transport demands. In sucha case, by 

making use of knowl~dge of future transport needs, we can .· prepare 

earlier the whole transport plan. How to put together sucha plan -

was th~ · s:':l?ject of this publication. 

It remains to explain relations between regular and irregular 
1' :t.:-i.<j · ,; '.. frE:-. .. 

transport f,roin the point of view of transport organization . 
.. . · .'.i 0

.'• : · ;· t.·, '·,:· . 

In irregular transport we are dealing with transport demands 

appearing in an irregular manner, difficult or simply impossible to · 

predict. 

Consequently, in irregular transport we are typically dealing with 

the situation in which a definite load should be moved immediately 

from one node of the network to another - given definite knowledge of 

transport situation in a given time instance. If this knowledge is 

complete, then this problem consists in determination of the schedule 

of transporting one shipment under conditions of given occupancy of 

roads and nodes and known .movements of all composi tions. Thus, an 

additJonal composition is to be constructed or the shipment is to be 

linked with the existing oompositions. 
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In order to salve this problem we can make use of the algorithms 

described .i,n tą~s publication, proper for regular transport, wi t h the 
• -· ,:~ ~ f. -, 

difference that in this case the aigorithnls ';wdu ld concern s i ngutar 
• : • I i :· • . , ~ .· ) • '· • 

load ( and not the complete" ·"s'et . o f shiprnentsCappearing i n t he whole 

cycle of scheduling). 
. . . :· ;:,_ i :.\· • ,:~;::-,(:; "1 ·H( · 

CertąJ_n_:Ly, ___ ,i.n large ·- trartśport 
knowledg~-1 

,, _of - 1 ~~a~spbi'{ i si tulfion' 
1 .1.-::· ':'{;~- ' s. . : . .:::. .. -:·:.,, _._.. 

realistic. 

systenis 

in the 

assumption of 

whole network 

complete 

is not 

An example for that is provided by the computer network of 

informątipn transmission or by the international telecommunication 

network'. 

Let us consider in a bit mare detail this latter case of irregular 

"transp~rt_" of data in the telecommunication network. 

Thus, namely, in case of appearance in a node of shipment meant to 
.· ; J~-~ > ' 

be sent to some , other node, the first problem - which appears is _to 

decide to which neighbouring node the shipment should be sent 

( assuming that none of the neighbouring nodes, L Ei. directly connected 

with the initial one, is the ultimata one). 

It must therefot e be ~i tablished in the "initial node what should be , 
· ~ .. -,f- -r;.:~u. .--~. 

the priciples of prciceeding with the shipments defining the 

"direction" of sendi~~n-ior various shipments. 

Besides this, if these shipments are parcel cargoes then priciples 

must be determined as to the time du.ring · which cargoes -- shall. be 

gathered for a given direction to be then sent as a package - e.g. 

"data package". 

For the thus organized work in the node no information on the 

motion situation in the network is necessary. A further improvement of 

organization of motion in the network would consist -in additional 

dependence of chcice of direction of shipment · ' upon the current 

intensity of traffic in given direction. If, for - instance, shipment 

meant for a given addressee would normally be directed to a definite 

node, then, in the situation of heavy traffic on the direction towards 

this node, the shipment would have . to wait a very long time in .the 

line' ~~til it · is - sent. · In such a situation it may be better to have 

the shipment sent to same other neighbouring node, a less charged one. 

In just such a manner the "roundabout " cortnectiOns (shipment routes) 

a~e b~ing put _together. 
' .,_; -~ 
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These, or very similar, are the methods . of organiżing "shipments" 
not only in t~lecollDDUnication networks, but also in transport, ·whose 

classical example is provided by railroad transport in its part 
concerning irregular shipments. 

At a first glance it would seem that organization of irregular 

transport in conditions of incomplete information on traffic situation 

has nothing to do with the methóds of organization of regular · 
transport, and in particular with the methods of construction of 

. ··~). . 
transport schedules·~ 

. ' .: . <J: Nothing more erroneous. Let us · namely apply these procedures of 
organization of irregular transport to the case of shipments entirely 

predictable for a given petidcł Jt t time. 

In order to do this," i.ff ' ildcordance with the predicted transport 
•. ~ ..... ·1i _r Y-~. t: . 

demand, we hand over the "shipments in the chronological order of their 
n--~, i , -

appearance to our system of organization of irregular transport. 
Our system · of orga~J zation of irregular · transport - in accordance 

with the priciples ot' proceeding accepted for the system - shall 
determine the manner of sending of particular shipments. If we note 

down, independ~ntly, E6e directions and time instances of sending of 

the. shipment~.,, .as we':r'.i:1" as the structure of compositions ińto which 
they will be included, then we shall obtain, as the ·ultimate result, 
th~ 'bontents of the realized schedule for all the shipments. Thus, in 

. ··! ! . ·.,., i ... _ . , .. ,. ,:·... ~ 

regular transport·' we had been forming schedules through application of 
: . ·: J- - · . .:-• . .;i · .. : ,::. . .-;~ .h :-

appropr ia te algorithms before the actual transport took place, while 

in irregular transport, through application of appropriate principles, 
we . ~btain scheci~i'.~s ~ the actual transport has occurred. This is 

the only differ~rice. Note, that insofar as we have two schedules - one 

formed before r~~lization and the second written down after transport 
took place, we ',.ife able of comp~ring their quality. 

This is not d1:fficult, since in regular transport schedules are put 
together consia~rlng mutual dependence of transport of all the 

. ,._~-ł"j J. \) qf"I 

shipments, while in .•irregular transport we do take care only of having 

the currently;·ggris.!dEired shipment transported optimally. This results 
, :1 ,--: -~ ·.- '·.,' , 

from the fact that we' do not have current information as to what shall 
be the subsequent ship~ents. 

We have demonstrated thereby that the schedule ··· of shipments in 

irregular transport cannot be better than that in regular transport, 
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so that with probability one the effectiveness of functioning of 

irregular tra'nsport is · better -than in regular transport. 

This , iŚ an·'' obvious ; bonclusion resulting directly from as s umption 

that in regular transpbrtf -we know future transport demand and' that we 

make use of this inforrnatiori. 

There is, ·' however i c~rtain'' similarity of methods of transport 

organization in regular and irregular transport. 

Note, 'namely, that meth'ods o·f organization of irregular transport 
i'(.:,. >-:~. ' ' , · ··: • ' , . ,:·. . . ... , , :.. : .. - . .·; . . ' . • 

could ·serve tó · construct · the , schedules of regular transport before 

their r'~aliżafton, ' just J as , it '"1aS 'presented in the example with noting 

down of the course of future transport . The thus prepared schedule 

(with a simulation method) could then be made use of for controlling 

future transports in a network. 

What is therefore the difference between the principles of 

controlling transports in irregular transport and the principles of 

elaboration of schedules in regular transport? 

The answer could be that there is no essential difference as to the 

fundamental principles, for the principles of control define implicite 

certain algorithm, and conversely, within the algorithm of 

determination of schedules one can identify definite priciples of 

elaboration of schedules. The main difference resides in the fact that 

the principles in the case of putting together a schedule could be 

better due to consideration of future situations (e.g. the 

information that in the next period heavy traffic is expected to occur 

over a given direction). On the other hand, algorithms of control of 

individual shipments can take into account only current situation. 

Thus, it can be stated that the algorithms elaborated for regular 

transport may also have application, once they are adequately 

simplified, in regular transport. Besides that it can also be stated 

that construction of algorithms for regular transport is much more 

difficult than construction of principles of control in irregular 

transport. 

Concluding, I would like to emphasize that the present publication 

is meant mainly to attract attention to the whole range of interesting 

problems from the domain of theory of organization of transport. 

Algorithms described, computer programs and examples are just an 

illustration of the real problems and their significance is primarily 
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experimental. 

One of the goals which were to be attained through publication of 

this :werk was demonstration of the possibility of application of 

mathematical . methods and computerized algorithms in solving of 

problems traditionally held to be not solvable with the help of 

computers, and for which adequate mathematical formulations were 

nonexistent. 

I think that I have attained the goal of demonstrating the 

potential capacities of modern metll.e>ds of applied mathematics and the 

available c~puter software in splving of all- the most difficult 

problems of transport organization. 

; ~ f; . 

. :·:fi.. 

86 



7, REFEREHCES 

1 . . Bartlett, T.E.: An algorithm for the minimum number of transport 

units to maintain a fixed schedule. Naval Res.Logist.Quart. ,. . 4, 

pp.139~149. 

2. Dantzig, G.B., Fulkerson, D.R.: Minimizing the number of tankers 

to. meet a fixed schedule. Naval Res .Logist'.Quart., 1, pp.217-222 .. 

3. Garfin:!5el, R .. s., Nemhauser, G.L.: Integer Programming (Polish 

translation), WNT, warszawa. 

4 . Lens.tra, K. J. , Rinnooy Kan, A. H. G. : Complexi ty of vehic le routing 

and scheduling problem . . Netvorks, 1 .1, no. 2/1981. 

5. Mal~rski, M., . et al. : Wybrane zagadnienia analizy i rozwoju 

systemów sterowania rucnem i procesami transportowymi w transporcie 

lotniczym ( Selected problems of analysis and development of 

control systems for traffic and transport processes in air transport; . 

in Polish). Opracowanie IT PW, Warszawa, 1987. 

6. Marsten, R.E., Muller M., Killion, C.: Crew planning at . Flying 

Tiger: a success ful application of integer programming. 

Hanag.Infor.Syst.Dept. No.533/1978. 

7. Marsten, R.E., Shephardson, F.: Exact solutions of crew 

scheduling problemsusing the set partitioning_model: recent successful 

algorithm. Netvorks, 11, No.2, 1981. 

8. Mażbic-Ku1ma, B., et al.: A computer system of flight management. 
. j,-' 

r!odelling, Sim,~ .ation and\ Control, 3, No . 3, pp.1-8, 1982. 

9. Orlin, J .Bt: Minimizing the m1mber of vehicles to meet a fixed 

periodic sched,,ąJ.e. Oper.R~s,., 30, No.4, 1982, pp.760-775. 
, , ,;< 

10. Rydel, J. : _ Harmono~ (lIII . przewozów lotniczych ( Schedules of air 

transport; in " Polish) . .;~szyty Nau-kove Politechniki Ślaskiej, ·s. 

llutomatyka, i~:ą;ue 95, 198f. 

11. Wahlner, R.D.: An airiline . schedule taił routing algorithm. 

JRSA/TIHS Conference in Colorado Springs, 1980. 

12. Szczegół;owe przepisy ruchu lotniczego cywilnych statków 

;>owietrznych. Zasady ruchu lotniczego ( PL 2) ( Detailed rules of air 

~raffic of civil aviation. Principles of aircraft traffic (PL 2 ); in . 

>olish). Ministerstwo Komunikacji, Warszawa, 1980. 

13. Chojnacki, A.: Przepływy w sieciach pojemnościowych ( Flows in 

:apacity netwo~ks; in Polish). WAT, Warszawa, 1980 . 

87 



14. Chojnacki, .A.:lletoda wyznaczania rozkładów pociągów pasażerskich 

(A rnethod for detenai.nation of time schedules for passenger trains; in 

Polish). In: Wyznaczanie rozkładów jazdy dla pociągów pasaierskich i 

towarowych. Et.ap III (Determination of schedules for passenger and 

cargo trains. Stage III; in Polish) . Unpublished report from werk for 

COBiR'l'K WAT, Warszawa, 1980. 
15. Chojnacki, • A.: Opis problemu wyznaczania rozkładu jazdy · dla 

pociągów pasaierskich (Description of the problem of determination of 

schedules for passenger trains; in Polish). In: Wyznaczania rozkładów 

jazdy dla pociągów pasażerskich i towarowych. Etap III (Determination 

of schedules for passenger . and cargo trains. Stage I II; in Poi'.ish) . 

Unpublisbed report from work for COBiRTK WAT, Warszawa, 1980. 

16. Coffman, E.G., jr. (ed.): Computer and Job-shop Scheduling 

Theory. John Wiley & Sons, Inc. New York, 1976 (Polish translation: 

WNT, Warszawa, 1980). 

17. Evans , J . R., Jarvis, J.J.: Network Topology and Integra! 

Multicommodity Flow Problems. Netvorks, a, 1978. 

18. Gajda, B.: Technika ruchu kolejowego (Railroad traffic 

technology; in Polish). wn., Warszawa, 1959. 

·,;>.•,,,,1),J.8. ·Glover<1 1i,;p·l , Kl"lingman, D.: Network · Applications in Government and 

Industry. AJJE Transactions, 9 (4), 1977. 

20. Grabowski, J.: Algorytmy optymalizacji i sterowania w dyskretnych 

systemach produkcyjnych (Optimization and control algorithms for 

discrete production systems: in Polish). Praca Naukowa ICT PWr, no.42, 

Wrocław, 1977. 

21. Janocha, M., Michalak-Kowalski, z., Smolarz, w.: · Zagadnienia 

pr-zeoustowości linii kolejowych (The problem of capacity of railroad 

lines; in Polish). WICŁ, Warszawa, 1967. 

22. Korzan, B.: Elementy teorii grafów i sieci. Metody i zastosowania 

(Elements of graph and network theory; Methods and applications; in 

Polish). WNT, warszawa, 1978. 

23 •. Piasecki, Sd Optymalizacja systemów przewozowych (Optimization 

of transport syst:em: in Polish). WICL, Warszawa, 1973. 

24. Wyrzykowski;' WH Ruch kolejowy (Railroad traffic; in Polish). WK, · · 

Warszawa, 1954. 

88 



-~-------------- - ---------~ = = =====---· 

STANISŁAW PIASECKI 

ORGANIZATION OF TRANSPORT OF PARCEL CARGOES 

Procesy przemieszczania zarówno ładunków jak i wiadomości mają 

coraz większe znaczenie w gospodarce światowej. Wynika to z rosnącej, 
międzynarodowej kooperacji przemysłowej i wymiany har,dlowej. 

Jednocześnie pojawienie się nowych technologii transportu (kontenerowe
go, ro-ro itp.) oraz przesyłania wiadomości (sieci komputerowe, łączność 

satelitarna itp.) wymagają nowego, ogólnego spojrzenia na organizację 
przemieszczania ładunków i informacji w sieciach. Książka jest próbą 

takiego spojrzenia, chociaż jej treścią jest teoria optymalizacji - procesu 
przemieszczania ładunków drobnych - ,,transportu cząstkowego". 

Tak jak drobne ładunki muszą być grupowane w większe „zestawy" 
dopasowane do ładowności środka transportu, tak wiadomości są grupo
wane w większe „pakiety" zmniejszające zajętość sieci . 

Ze względów dydaktycznych, zagadnienia optymalizacji są omawiane w 

większości na przykładach transportu kolejowego. 

Podane metody rozwiązywania zadań optymalizacyjnych mogą być 
wykorzystane do optymalizacji działalności przedsiębiorstw transporto
wych, chociaż, niestety, pracochłonne obliczenia wymagają zastosowania 

techniki komputerowej. 

Książka, w zasadzie przeznaczona jest dla pracowników naukowych, 

szczególnie wyższych uczelni. 

ISBN 83-85847-71-5 

W celu uzyskania bliższych informacji i zakupu dodatkowych egzemplarzy 
prosimy o konntakt z Instytutem Badań Systemowych PAN, 

ul. Newelska 6, 01-447 Warszawa 
tel. 37-68-22 e-mail: kotuszew@ibspan.waw.pl 




