HUSFtR, 8% B
1992 6H pp.87~98

Parcels Transport Optimization Problem

Andrzej Jacuch

Senior Visiting Economist

Center for Economic and Mathematical Institution, CIS

1. Introduction

To describe a parcels transport
organization problem, firstly, it is
necessary to define the concept of
parcel. let us define a parcel to be
wrapped freight having specified
origin and destination. Its quantity
is much smaller than a carrier load
capacity, excluding bulk transport
from one origin and destination pair.

In transport category the parcels
belongs to such examples as:
container transport, goods delivering
to markets, postal delivering and
others. Different transport modes
can be engaged in parcels transport,
for examples, road, rail, sea and our
transportation.

When the carrier load capacity is
only equal to several parcels,
however, the problem of thousands
parcels transport from one origin to
one destination is not a parcels
transport problem but a bulk
transport problem. Operation of
parcel—further—freight grouping in
‘portions” summed to carrier load
capacity is a typical operation for
parcels transport techniques. For
railway transport, there is an
operation of marshalling. Coaches
having the same destinations are
grouped in a freight trainschains.
Trains are reassembled at mar
shalling yards which are special kind
of yards compared with loading and

unloading yard for road transport.
There are operations of parcels
grouping at stores and reloading of
tracks in special bases. The same is
in air transport. In shipping parcels
grouping operations are performed at
ports and there exist a problem of
stevedoring. Notice that grouping
operations are typical not only for
transportation but for commu-
nication systems as well. For better
understanding of parcels freight
grouping problem it will be described
more detailedly for rail transport.
Consider a railway network where
nodes represent reloading and
marshalling yards and links repre-
sent lines connecting yards. Each
marshalling yvard has its region of
loading and unloading yards which
are served from the given mar-
shelling yard. Between marshalling
yards are moving only trains
assembled from dozens of coaches.
Such transport organization exits as
a result of experiences over many
years. We consider parcels transport
as a freight movement and a carriers
movement. Freight movement should
satisfy demands for parcels deli-
vering from given origins to des-
tinations and that movement is
caused by carrier movement. It
makes carrier movements and
reassembling (marshalling) point
choices—decisions. Those decisions
are constrained by carrier load
capacities, line capacities and trans
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port demands. In carrier movement
and their reassembling organization,
operation plan which minimize total
cost of parcels delivering and while
satisfying existing constraints is the
objective of our interest.

In many transport system, there
are two kinds of transport means:
passive transport means (coaches,
trailers, barges) for which main
characteristic is loading capacity;
and active transport means such as
locomotives, tugs etc. In such cases
operation plan—timetable of trans-
port consist of two plan—timetables
for passive and active transport
means. Passive transport means
movement is determined by parcels
delivering demands. Active transport
means movement is determined by
passive transport means delivering
demands. For example: considering a
contained railway system, there will
be three plans:

—movement and reloading of con-
tainers (empty and full up);

—movement of coaches and reas-
sembling of trains;

—locomotives movement.

In the remainder of the paper we
will consider passive and active
transport means movement in a
railway system. For simplification
we only consider routing problem.

2, Decomposition of the Parcels
Transport Problem

The railway network consists of
nodes and links representing rail
connections and marshalling yards.
Movement of trains—further being
understood as assembled number of
railway coaches will be the objective
of our interest. Each coach has its
origin—destination pair. Locomotive
routing problem is omitted, for it is
the secondary problem. Demands for

locomotives are determined by the

number of coaches assembled, there-

fore, we are able to formulate a

locomotives routing problem separ-

ately.

There are five problems involved in
trains movement. First of them is
the problem of coach movement to
the nearest marshalling yard. The
second problem is the determination
of regions—set of yards from which
coaches are delivered to the given
marshalling yard. The third problem
is inter-marshalling yards routing
problem. Coach movement from the
given marshalling yard to
destinations yards which are located
in the region served from the
marshalling yard is the fourth
problem. The fifth problem is the
problem of determination of region—
set of yards to which are delivered
coaches from the given marshalling
yard. Notice that the second and
fifth problems can be thought as a
problem of set dividing into subsets.
Subset number is equal to mar-
shalling yards number. Those
divisions can be different and there
can be some of empty subsets. The
location problem of marshalling
yards is omitted. Assume that
regions served by marshalling yards
are given, hence, we have three
problems to solve. The overall
problem formulation was done at
work but here we pass further.

Reassuming the parcels transport
problem was decomposed into three
problems as:

—inter-marshalling yards transport
problems;

—problem of delivering coaches from
or to marshalling yards inside
region.

—inside region transport problem.
Notice that knowing the amount

of trains coming to marshalling



yards and going out and their
structures, we can calculate the
amount of marshalling work at each
marshalling yard. Then knowing
train route, we can calculate trans-
port flow intensity on each link.

In the remainder part of paper
there will be presented inter-
marshalling yards transport problem
—called further interregion transport
problem. The problem will be
presented in two stages. Interregion
transport concentration problem
involved in choice of routes on which
will be delivered parcels from
specified origins to destinations in
the first problem. Freight grouping
in trainschain and grouping yards
choice is the second problem being
considered. In terms of routing
theory, the problem consists in con-
structing concentrated flow (first
problem) with the minimization of
total energy cost of transportation.

3. Interregion Transport Con-
centration Problem

The marshalling yards network is
represented by a graph I' = (J, R)
where is the set of node(marshalling
yards) and the set of (i, j) links
which define existing railway lines.
There are given A;; > 0 transport
demands for empty and full up
coaches on the set defined by the
graph.

There are defined, on the R set,

next functions:

djj—the distance between i and j
node;

U;;—the (i, j) line capacity(trains
per time unit).

There is defined P; > 0 the i yard

marshalling capacity function. OCur

task is to calculate the shortest
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and most concentrated possible
transport routes.

Define My, route, from the K to L
yard, K, L. € J, to be a set of node
pairs being ordered;

Mg = (g Jp), Qg 9)seens (g dn

where: 1) (., ju) € R is an
element of R set; 2) iy = k, j, = I
3) jp = i for each n =1, 2,-, n-
1; 4) (i, Ju) pair has no loops
inside. We introduce a discrete
decision variables class:

kl_{1 if (ij)eMkl (1)

Y 10 otherwise

Freight train routes are well-
defined by those variables. Mj" is a
route having the shortest length
prin, But minimum routes are not
searching for. In many cases,
practically, the better solution is
that one for which routes cover
each other at least partly, for
greater freight flow makes it
possible more frequently full up
transportation means running
possible, which ensures faster
parcels delivering, better transport
means utilization, and in con-
sequence transportation cost dec-
rease. All it is constrained that a
difference between given My, and
MDMir (the chosen route and the
shortest route) is inconsiderable. To
find a transport concentration
solution, there is proposed the next
criterion function:

F= Z XEIAkldij

(k.DeA(i,j)eR

—a Yoy ij)zdij

(i,j)eR

A={@j ijed, Ay>0

(2)

where:
- kI vij if vi;>h
viy= 2 Xij q)(Vij)={ Y )

k.leA 0 otherwise.
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The distance and freight product
sum, represented by the first
function element, prefers total route
length minimization. The second
fanction element prefers solutions for
which routes cover each other on the
most of routes sections.

Notice that Zj—number of trains
per time unit in (ij) relation could
be calculated as:

1 kl

ZU :[\Iij(k,lz):eA)<lJ Aw

where: Njj—the preferable number
of rail coaches at a train on (ij)
line. Hence, the Xi(,l —decision var-
iables have to satisfy line capacity
condition:

Zij Suij (3)

The number of reassembled freight
trains—marshalling work at the
given h yard can be obtained as:

1 ki
2 Xi Akl
ievy, Nij(k,l)eA Y

1 kl
+ X — 2 XAk
jevh Nijk.Dea”

where: v, =i ¥ XE>0;

(k,))eA
vh=f T Xpl>0
(k.1)eA

Limited marshalling capacities at
yards makes that decision variables
should satisfy the next condition:

'%(Zih‘*zhi)SPh (4)

Optimal transport concentration is
now obtained by minimization of

function (2) under the given
constraints.
1) Solution Approeach

There is presented a heuristic al-

gorithm that could be used to find a
solution in easy way. The algorithm
iteratively, for the given (@) task
parameter, calculates My, routes
from the k origin to 1 destination for
k, 1) € A pair.

(1) Main Step

Assume that only one transport
demand is given. Then routes satisfy
conditions which are selected from
all possible routes between the k;
origin and the 1l; destination. For
the chosen (kj, 1;) routes, a (kg 1o
route is selected, which realize
second transport demand to minimize
criterion function and to satisfy the
conditions. The produce is repeated
to calculate all routes so as to realize
all transport demands. The algo-
rithm was implemented on IBM PC
in Turbo language with using gra-
phics procedures. Distance between
optional solution and a solution
obtained by using the algorithm
suggested was omitted.

2) Examples

This section applies the solution
method to hypothetical examples.
Each example was calculated many
times for different task parameter a.

(1) First Example

There is shown a network on the
figure 1. All elementary distances
are equal 1, dj = 1 (i, j) € R. Link
capacities are equal 2, pu;; = 2 except
(2, 3) and (3, 4) link, P;—the
marshalling yards capacities are
enough.

All transport demands for relations
(1, 4), (1, 5 and (2, 3) are equal 1.
There are shown of figure:
la—the solution for a = 0;
1b—the solution for e = 0.1; 0.2;
lc—the solution for ¢ = 0.3, we
observe concentration of transport,
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—(1, 4)
—(1, 5
— (2, 3)

c) a=0.3

—

Hgure 1

in the example, increase with the
increase of parameter a.

{(2) Second Example

There is given a network, on the
figure 2. The distance are put on
links, link capacities and node
capacities are enough. Transpori

demands are as presented. For a =
0; 0.5 and 0.7 we have got the same
result. For & = 0.8 and 1.0 we have
more concentrated routes. Shown
examples illustrate the transport
concentration problem and the
imperfection of the proposed
algorithm. For o = 0 always are
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a) «=0.0; 0.5; 0.7
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Figure 2
chosen the shortest routes. Me=G2, il -, jm0d)
Increasing the a task parameter VRS VA L |
causes increasing transport Each route (ij) € R has its Ay;

concentration and lengths of routes.
4. Freight Train Grouping Problem

At previous section, there were
obtained the routes for each origin—
destination pairs, (ij) € R, as a
solution of transport concentration
problem. The route for the given
origin—destination pairs is now
defined as a sequence of nodes:

transport demand function which is
describing a freight demand per time
unit. The railway network is
represented by a graph G(J, U),
where J is the set of nodes and U €
J X J the set of links. Let R,y C R
to be a subset of those (ij) pairs for
which Mj; route pass the (r, s) link,
(r, ) € U.

R,=lG)F Eﬁﬁ_lﬂ, if=s),



k=1, 2, ) m(19 _]){! (11 J)ER

Hence, the freight flow intensity
on the (r, s) link is obtained as a
sum of transport demands:

p..= X Aj (r, €U
TS ()R, 1

Particularly, it R,y = 0 then pg =
0. Such defined data could be
imagined in the next way. if a (i)
pair is interpreted as a color and the
M;; route is covered by the color line
having ‘thickness proportioned to Aj;
transport demand, then an illus-
trations of the graph covered by
color lines represents as input data
for the problem of freight grouping.
Generation of freight groups—trains
which satisfy the conditions and
their number minimization will be
obtained by solving the freight
grouping problem. It is obvious that
works connected 'with reassembling
of freight trains should be minim-
ized.

Define N, to be the freight group
route between u and v node, where
u, v € J,

—(..0 1 ... onluvly
NUV_(IUV’ X‘uv, v I‘uv )s YUV GJ

and N, is a subsequence at least
one Mj; route.

Define By, to be unempty set of
(ij) origin—destination pairs for
which M;; routes enclose the Ny,
subsequence. There is K = 1, 2,-,
m(, ) — n(u, v) + 1 such that

k_ 0 . Jk+I_ 1
v 1 TTaee

LijTTay
Hence, the freight flow intensity on
the N,, subsequence is calculated as
the sum of Aj; transport demands:

2. Ajj

p =
Y (ij)eB,,

Notice that for any (r, s) pair of
nodes such that
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1

1
r=r,, and s=ri,

uv
B,y is a subset of R4
BUV - RI‘S

For each (u, v) pair belongs to the
B set, where:
B = i(u, v): By, = 0
the freight flow intensity p,, should
satisfy a product of train load
capacity, if possible,
pUV = UUV ' NUV
where: v,, — a natural number;
or ({vy, — 1) + gl Ny, < pyy <
Uyy - Ngy (1)
where: g — a coefficient, q < 1
Define DS C B to be a set of those
(u, v) pairs for which N, sequence
is pressing by the (r, s) link.

1

. -1 .
S=fuv)eB 3rhi=r, 1, =8
t

1=1, 2, -, nluvh (r, s)eU

Next, unions are defined:
D;=UD% D'=UD"
T 5

Intersection of those sets
determines which grouping chains
are started of ended at the J node.
The P; marshalling yard capacities
constraints number of passing by the
J yard. hence, a condition

[Dj\Di] < P;for each j € J (2)

where: [Dj\Djj—the cardinality.
That condition forces a transport
organization fit to marshalling yard
capacities. Notice that problem
solution without taking into account
the second condition can be used for
modernization of railway network.
Also, a solution should satisfy a
condition on line capacity.

Y vuy<u,g for (r, s)eU (3)
(uv)els

where: u,—the line capacities.
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Then, a solution of the freight
grouping problem can be presented
in the next way. If a N, sequence
i1s interpreted as a color line
connected u and v node and having
thickness proportioned the number
c¢f trains passing by uv then the
illustration of the graph covered by
color lines represents the freight
grouping problem solution. Notice
that input data were interpreted in
the same way. Then, the problem
solution algorithm will be an
algorithm of transportation of input
cover to output cover. The aim of
that transportation is freight
grouping so that it minimizes
marshalling works, which implies
minimization of a freight group
subroutes number.

The minimization of number of
lines defined by the B set is the
criterion function.

Bl = min 4)
1) Solution Approach

The freight grouping problem
presented here has substantial new
formulation and there has been no
algorithms in a biblicgraphy of the
problem. No one of the exiting
algorithms could be adopted to solve
the problem. Therefore a method of
suboptimal solution calculation is
proposed. The method consists in
generation of freight grouping routes
which satisfy the first and second
condition. Freight grouping routes
ere constructed dependently on
chosen strategy parameters, firstly,
without taking into account the
second condition. A solution which
satisfy the second condition can be
obtained by steering grouping
strategy parameters. Strategy pa-
rameters choice can be fully au-
tomated.

The minimization of number of
lines-routes can be obtained by the
freight grouping strategy parameters
choice. Below, there is presented the
freight grouping algorithm. Assume
that Nj; = C = const.—the pre-
ferable coaches number at a train for
each route is the same.

Define grouping strategies chain to
be elementary strategies sequences.
There are defined two elementary
strategies:

1. SK—the “sorting on end” st-
rategy. The strategy consist in
sorting of Mj; route sequences being
currently at the given “i" node for
separate grouping subsets which
include route sequences having a join
most distant node i} =V where k
should be possible large number.
Additionally the first condition is
taken into account. As a result, the
N;, = f,, vi grouping sequences
and suitable B;, set consisting (ij)
routes having common Nj;, part are
constructed.

2. BZ—the “without change
strategy consist in sorting Mj; route
sequences being currently at the
given ‘i’ node on the some second
element (i, = uw). Additionally the
first condition is taken into account.
As a result, the N;, = }i, ul one
element routes and suitable B;, set
consisting of (ij) routes having
common (iu) element. The SK
strategy groups freight in order with
the longest common route. The BZ
strategy enable not to sort Mj; routes
having the same second element.

The second strategy consist in
sending freight groups to next node
without change (reassembling), if it
is possible. For each node sets
aresorting in accordance with a one
of strategy presented. Strategy
choice can be involved with mar-
shalling yard capacities. For the
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SOLUTION:

B = |AD, BD, DE, EF, DF, FG, FH|;
NAD = (A, C, D)v BAD = iMAG’ MAE);
Nag = (B, C, D); Bgp = )MBH' MBE{;
Npg = (D, E); Bpg = Mag, Mpg
NEF = (E, D, F)v BEF = 3MEG' MEH(;
Npr = (D, F); Bpp = Mag: Mpp
Npg = (F. Q)i Bpg = Mg, Magh:
NF = (FH)y BFH = IMEH' MBH‘;

H
Marshalling: D — 2 X 2, F — 2 x 2

O,
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= (A, C, D, F, Q) Mpag = (A, C, D, E)i Mgy = B, C, D, F, H);
sg = (B, C, D, E); Mgg = (E, D, F, & Mgy = (E, D, F, H);

D:I The strategy SK, SK -,

B = IAC, BC, CD, CE, DG, DH
Nac = (A, C)s Bac = )MAG' MAE‘

Nge = (B, O; Bgpe = Mg, MBE‘
Nep = (C, D) Bep = Mag Mgt
Ngp = (E, D) Bgp = Mpg, Mgyl

Npg = (D, F, G); Bpg = Mag: Mggl
Npy = (D, F, H); Bpy = Mpy, Mgyl
Marshalling: C — 2 x 2, D — 2 X 2

Figure 3

given i node which has a large mar-
shalling capacities—the first strategy
should be chosen. Otherwise the
second one. More advanced algo-
rithms could use other strategies or
change of choice strategies dyna-
mically during the algorithm realiz-
ation.

2) Examples

To help understand the algorithm,
there are presented examples of such

construction for a railway network.
At the examples for simplification,
we assume that: transport demands
for each origin—destination pair is
the same and equal 1 coach per day.
Trains are assembled from two
coaches (C = 2). There are written
origin—destination pairs on each
coach at figures.

B,y sets and suitable Ny,
sequences are also put down at
figures. Two variants of solution
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“SK" strategy

Figure 6

were tested. The first variant is one
with “without change” strategy for
all nodes and the second variant
with “sorting on end” strategy for
all nodes. The algorithm was
implemented on IBM PC in Turbo
Pascal Language with using of
graphics procedures. The first
example is presented on the third
figure. Analyzing the solutions
obtained it can be stated the
marshalling works for both solutions
are the same. The second example is
presented on the figure 4, 5, and &.
Compared to two solutions for the
point of marshalling works, the
better solution is the second one
obtained by using the “sort on end”
strategy.

5. Conclusions

There were presented only several
problems connected with the parcels
transport problem for which were

new formulation proposed in the
paper. The parcels transport problem
was presented and was decomposed
as the example of railway system.
Solution of the problem consists in
solving of two subproblems se-
parately. Solution of the interregion
transport concentration problem
gives the routes concentrating
transport on some lines. Solution of
the freight grouping problem gives
final solution which minimize
marshalling works giving trains
compositions. The formulations and
methods presented here may need
improvements and modifications.
The problem of distance between
optimal solution and solutions
obtained by using the method
proposed was omitted.
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