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TRANSPORTATION SYSTEM MODELING 
IN THE SILISTRA REGION 

Boris Mihailov 

INTRODUCTION 

The transportation system has many different components and 

it represents in itself a large-scalesystem. For this reason 

the solving of the problem concerning the modeling of the 

internal transporation links within a unified transportation 

system will not only help to solve an unsolved (to date) problem, 

but will also give us the possibility of incorporating the trans- 

portation in the system of models for integrated regional 

development. That is why the pursued goal here at this stage 

is limited and has as its subject the internal components of the 

transportation system model. 

This work is based on two accepted conditions: (1) the initial 

prospective value of the transportation system components and 

their interrelations within the region are balanced but not opti- 

mized. This value is determined by the assigned parameters on 

the side of the other subsystems and of the central planning 

body; and (2) the optimization of the transportation system has 

to be realized at the subsequent stages of an optimization 

cycle and this depends on the accepted approach for transporta- 

tion system modeling. 



The r e s u l t s  computed h e r e  may b e  c o n s i d e r e d  as i n t e r m e -  

d i a t e  and  a d e e p e r  a n a l y s i s  o f  t r a n s p o r t a t i o n  s y s t e m  d e v e l o p -  

ment s h o u l d  be  made a f t e r  o b t a i n i n g  t h e  s o l u t i o n  o f  t h e  o t h e r  

subsys t em models .  

PROBLEM DESCRIPTION 

The main g o a l  o f  t h e  r e g i o n a l  t r a n s p o r t a t i o n  s y s t e m  i s  

t o  c a r r y  o u t  t h e  r e q u i r e d  t r a n s p o r t a t i o n  services c o n c e r n i n g  

f r e i g h t  and  p a s s e n g e r  t r a f f i c  w i t h i n  t h e  r e g i o n  and  i t s  con-  

n e c t i o n  w i t h  o t h e r  r e g i o n s  w i t h  minimal  t o t a l  t r a n s p o r t a t i o n  

c o s t s .  

The S i l i s t r a  r e g i o n  t r a n s p o r t a t i o n  s y s t e m  h a s  t o  e n s u r e  

t h e  pe r fo rmance  o f  t h o s e  f u n c t i o n s  d e p e n d i n g  on t h e  t r a n s p o r -  

t a t i o n  demands o f  l ong- t e rm g rowth  and s t r u c t u r e ,  s u b s t a n t i -  

a t e d  by t h e  r e a l i z a t i o n  o f  t h e  f o l l o w i n g  models  i n  t h e  r e g i o n :  

-- a g r i c u l t u r e  model ;  

-- i n d u s t r y  deve lopmen t  model ;  

-- m i g r a t i o n  p r o c e s s e s  model ;  

-- human s e t t l e m e n t s  model; 

-- e n v i r o n m e n t a l  p r o t e c t i o n  model ;  

-- h e a l t h  care s y s t e m s  model.  

On t h i s  basis a  t o t a l  b a l a n c e  o f  t h e  f r e i g h t  and  p a s s e n g e r  

t r a f f i c  i n  t h e  r e g i o n  i s  formed.  The f r e i g h t  t r a f f i c  t o t a l  

b a l a n c e  i s  d i v i d e d  i n t o :  

-- b a l a n c e  o f  produced  l i n e s  o f  g o o d s ;  

-- b a l a n c e  o f  goods  n o t  p roduced  i n  t h e  r e g i o n ,  t h e  

demand o f  which i s  s a t i s f i e d  by i m p o r t s  from o t h e r  

r e g i o n s .  

The t r a n s p o r t a t i o n  p r o d u c t i o n  volume c o n n e c t e d  w i t h  

f r e i g h t  t r a f f i c  i n  t h e  r e g i o n  i s  composed o f :  

-- t r a f f i c  e n s u r i n g  p r o d u c t i v e  and  non-p roduc t ive  

consumpt ion  o f  goods w i t h i n  t h e  r e g i o n ;  
-- t r a f f i c  e n s u r i n g  t h e  e x p o r t  o f  goods  produced  

w i t h i n  t h e  r e g i o n ;  



-- traffic ensuring the import of goods for consump- 

tion into the region; 
-- transit traffic. 

The volume of transportation production in the passenger 

traffic is composed of: 

-- traffic within the separate settlement system; 

-- traffic among settlement systems in the region; 

-- traffic ensuring connections with neighboring 

regions ; 
-- transit traffic. 

This transportation production is completed by the trans- 

portation system of the region Gi as a combination of different 

transportation modes. Besides, the structure of Gi includes 

not only transportation modes now operational, but also prin- 

ciple new ones, the implementation of which will be possible 

in the future. 

Within the existing and feasible conditions, the trans- 

portation system (Gi) in the Silistra region includes: 

where : 

GI = railway transport; 

G2 = motor transport; 

G3 = river transport; 

G4 = air transport; 

G5 = pipeline transport; 

G6 = channel systems. 

For the realization of the model, a regional rated trans- 

portation network is formed .(see Appendix A) which 'comprises 

the main technical and economic indices of its components for 

the respective time period. 



The dynamic c h a r a c t e r i s t i c s  o f  f r e i g h t  ( and  p a s s e n g e r )  

t r a f f i c  f l o w s  a r e  g i v e n ,  r e p r e s e n t e d  as t w o  t i m e  f u n c t i o n s ,  

Q l  ( t )  and  Q2 ( t )  , r e s p e c t i v e l y  f o r  b o t h  d i r e c t i o n s .  B e s i d e s ,  

Q l  ( t )  and Q2( t )  a r e  c o n s i d e r e d  a s  v e c t o r - f u n c t i o n s  d e t e r m i n i n g  

n o t  o n l y  t h e  t o t a l  f r e i g h t  ( p a s s e n g e r )  t r a f f i c  f l o w ,  b u t  a l s o  

i t s  s t r u c t u r e  ( t y p e s  o f  l o a d s  and  p a s s e n g e r  t r a f f i c  c a t e g o r i e s ) .  

Under g i v e n  i n i t i a l  t e c h n i c a l  c o n d i t i o n s  o f  t h e  r e g i o n a l  

t r a n s p o r t a t i o n  ne twork ,  w e  c a n  a s s i g n  m e a s u r e s  which w i l l  be  

p o s s i b l e  i n  t h e  f u t u r e  and  c o n s i d e r  ne twork  development  a n d  

r e c o n s t i u c t i o n  i n c l u d i n g  t h e s e  f o r  s e p a r a t e  ne twork  s e c t i o n s .  

Assuming t h i s  p rob lem f o r m u l a t i o n  and  u s i n g  t h e  t i m e  

f u n c t i o n s  Q l ( t )  and  Q2 ( t ) ,  w e  c a n  d e t e r m i n e  t h e  t i m e  p e r i o d  

(one y e a r )  t l ,  t 2 , . . . , t n ,  when it w i l l  be  n e c e s s a r y  t o  t a k e  

d u e  measu res  f o r  deve lopment  and  r e c o n s t r u c t i o n  o f  t h e  n e t w o r k .  

W e  c a n  a l s o  c a l c u l a t e  t h e  c a p i t a l  i n v e s t m e n t s  and  o p e r a t i n g  

c o s t s  r e q u i r e d .  

The t e c h n i c a l  and t e c h n o l o g i c a l  deve lopmen t  o f  t h e  d i f -  

f e r e n t  t y p e s  o f  t r a n s p o r t  i s  c o n s i d e r e d  w i t h  t h e  h e l p  o f  a 

t e c h n o l o g i c a l  deve lopmen t  c o e f f i c i e n t  (d )  d e p e n d e n t  o n  t h e  

p a r a m e t e r  t .  F o r  t h i s  p u r p o s e ,  w e  have  t o  work o u t  t h e  

f o l l o w i n g :  

-- Kd - m a t r i x  c o m p r i s i n g  U t e c h n o l o g i c a l  modes f o r  
G 

deve lopmen t  and  o p e r a t i o n  o f  t h e  d i f f e r e n t  t y p e s  

o f  t r a n s p o r t a t i o n  i n  t h e  r e g i o n  d e p e n d e n t  on t h h  

dynamics  o f  Q ( t ) ;  
-- Nd - v e c t o r  o f  c o n s t r a i n t s  f o r  maximal p o s s i b l e  

i n t e n s i t y  i n  u s i n g  d i f f e r e n t  t e c h n o l o g i c a l  modes. 

M A I N  STAGES OF THE TRANSPORTATION SYSTEM OPTIMIZATION CYCLE 

Depending on t h e  i n t e r n a l  l i n k  f o r m a t i o n  o f  t h e  b a s i c  

t r a n s p o r t a t i o n  s y s t e m  components  and  on  t h e  p o s s i b l e  i n t e r -  

r e l a t i o n s  w i t h  o t h e r  s u b s y s t e m s  i n  t h e  r e g i o n ,  w e  c a n  

f o r m u l a t e  t h e  f o l l o w i n g  main s t a g e s  o f  o p t i m i z a t i o n  o f  

t h e  t r a n s p o r t a t i o n  sys t em:  



Stage 1: Determination of the Initial Prospective 
Stage of the Transportation System 

The following transportation system components referring 

to the prospective period may be balanced at the initial stage: 

1 1 x = L  Z L L  Z LXijkldt , 
i j k l d t  

where : 

X = total volume of the transportation production dif- 

ferentiated by loads (and passenger category) of 

type k from i-th productional center to j-th user's 

center by transportation mode of type 1, and by 

technological mode d for t years of the planning 

period (1 is the stage number). 

I I c = z z L L Z L Cijkldt , 
i j k l d t  

where : 

C = volume of the current transportation costs dif- 

ferentiated by the same conditions. 

1 = L ~ L E Z E ~ ~ ~ ~ ~ ~ ~  1 , 
i j k l d t  

where : 

Q = value of the productive funds installed and 

differentiated by the same conditions. 

Of great significance for the above quantity of the main 

components of the transportation system is the necessity to 

define the productivity of each element referring to the con- 

crete volume of the transportation production X, i.e. to 

derive the intensity coefficients q expressing the necessity 

of this element for unit of transportation production X: 



where : 

N = quantity of the productive element whence the 

quantity of relative elements for the trans- 

portation production needed at the initial 

stage will be: 

Since the separate elements must be comparable (viewed 

as current consumption elements in the transportation process) 
1 their value by prices N' P = S will express the value of 

the transportation costs: 

Respectively, on the basis of the productive funds needs, 

one may derive the capital investment needed: 

1 - 1 1 
Kijkldt - bi jkldt "ijkldt 

In order to be commensurable, the current transportation 

costs with the capital investments, the latter have to be 

reduced to the first, using the coefficient a, reversed to the 

life of the productive funds (in the case that the productive 
1 funds' life is 15 years, a = - = 0,15). In this sense, the 15 

reduced annual transportation costs I?' at the initial stage 

will appear as follows: 

1 - 1 1 
Fi jkldt - ' 'ijkldt + a ' Kijkldt . 

Using the productive funds' life-term instead of the 

practially applied effectiveness coefficients which are a 

priori assigned, we approach this component to the required 



goal: the effectiveness has to be argued but not a priori 

assigned. The above accepted statement enables us to implement 

distributing type of model as a basic model for the prospective 

planning of the different kinds of transportation development 

unified in a transportation system. 

Stage 2: Optimal Distribution of the Total 
Transportation Production Volume Among 

Different Kinds of Transports 

The distribution of the total transportation production 

is realized on a computer RC4000 in Bulgaria (see Appendix B) 

using the following model: 

2 
Z L L L L L Fijkldt 2 

'ijkldt + min , 
i j k l d t  

where : 

2 
F = reduced annual transportation costs at the second 

stage. 

By means of the model one looks for such a distribution 

of transportation production k among 1 transportation modes 

and d technological modes in t years of the planning period 

in order to obtain the minimum value of the annual reduced 

transportation costs. The model is subject to: 

1 , T I  Z I  Xijkldt = a 
i k l d t  ik 

where: 

i.e., the total transportation production volume should be equal 

to the freight (and respectively, passenger) volume k in the 

productional (forwarding) center ij 



e e L L E Xijkldt = r 
j k l d t  

jk 

where : 

j = 139; k = 17; 1 = 6; d = 1, ..., m; t = 1, ..., T; 

i.e., the total transportation volume should be equal to the 

freight (passenger) volume K in the user's (receiving) center j ; 

hence : 

> o  , "ijkldt - 

non-negative conditions. 

Making a value deciphering of the criterion "reduced 

freight and passenger traffic costs in the region" in combined 

transportation (i.e. using several types of transportation) we 

have to ensure, in advance, the comparability of current costs 

in the respective type of transportation. 

Stage 3: Choice of Technological Modes of 
Transportation 

The functioning of the separate transports has such fea- 

tures that different activities and subdivision work in it 

exists in a complex way. The link of these activities and 

subdivisions with the final transportation production is an 

indirect one. This necessitates separate tasks for each mode 

of transport to be solved. These tasks express different 

aspects of the given transport functioning and they have to 

be interlinked. 

The classification of tasks may be as follows: 



The f i r s t  t ype  of t a s k  i s  connected wi th  t h e  t ype  

of  t r a c t i o n  ( f o r  i n s t a n c e ,  d i e s e l  o r  e lectr ic  

t r a c t i o n  i n  r a i lway  t r a n s p o r t ,  d i f f e r e n t  

t ypes  o f  eng ine  i n  motor t r a n s p o r t ,  e t c . )  . The 

r e s u l t  of  t h i s  t a s k  s o l v i n g  is  a  new q u a n t i t y  of 

material, l a b o r  r e s o u r c e s  and p roduc t ive  c a p a c i t i e s  

and r e s p e c t i v e l y  new t r a n s p o r t a t i o n  c o s t s .  I n  t h i s  

r e s p e c t  t h e  t a s k s  can be l i n k e d  w i t h  t a s k s  o f  o t h e r  

c l a s s e s .  

I n  o u t l i n e ,  t h e  t a s k s  o f  t h e  f i r s t  t ype  may be 

expressed a s  fo l lows  : 

3 I 

T = min Z Fijkldt  , 

where : 

31 i s  t h e  number of t h i s  s t a g e  o f  t h e  op t imi -  

z a t i o n  c y c l e  and t a s k  o f  t h e  f i r s t  t y p e .  

2 .  The second t y p e  o f  t a s k  i s  connected w i t h  t h e  op t imal  

c a p a c i t i e s  of  t h e  s e p a r a t e  t r a n s p o r t s  and t h e i r  

r e l a t i v e  speeds  ( f o r  i n s t a n c e ,  g r o s s  weight  of  

t r a i n ,  s h i p  l oad ing  c a p a c i t y ,  e tc .  The o u t l i n e  of 

t h e s e  t a s k s  is :  

h 3 2  
Q = min Z Fijkldt  . 

3 .  The t h i r d  type of  t a s k  r e f e r s  t o  t h e  op t ima l  s p a t i a l  

d i s t r i b u t i o n  o f  t h e  t r a n s p o r t  c a p a c i t i e s  and r e sou rces  

among t h e  d i f f e r e n t  s e c t i o n s .  The de te rmin ing  f a c t o r s  

f o r  t h i s  d i s t r i b u t i o n  a r e  t h e  d i f f e r e n t  t r a n s p o r t  con- 

d i t i o n s  which cause  d i f f e r e n t  expend i tu re s :  

A 3 3  
D = min Z Fijkldt  

. 



4 .  The f o u r t h  t y p e  o f  t a s k  h a s  a  m a r k e d l y  dynamic  

c h a r a c t e r  and d e t e r m i n e s  t h e  d e v e l o p m e n t  s t r a t e g y  

o v e r  t i m e  a n d  more s p e c i f i c a l l y  d e f i n e s  t h e  r a t i o n a l  

t i m e  t o  embed t h e  p o s s i b l e  a c t i o n s .  I f  ti i s  t h e  

y e a r  o f  t h e  a c t i o n  implementa t ion ,AA = c a p i t a l  i n v e s t -  

men t s  s i n c e  t h e  b e g i n n i n g  o f  t h e  p e r i o d  u n d e r  a n a l y s i s ,  
t - T = f i n a l  t e r m ,  E  = a n n u a l  c u r r e n t  costs g a i n ,  Pn - 

ra te  o f  t h e  a c t i o n  p r o d u c t i v i t y ,  t h e  maximum t o t a l  

g a i n  o f  cos t  w i l l  be :  

1  1 ti I 
G = (AA - LA-) + C AE- - C AE- -+ max , ( 1 8 )  

ti t l  pn t t 
'n O 'n 

and  t h e  m o s t  r a t i o n a l  t i m e  f o r  embedding t h e  a c t i o n  

w i l l  b e :  

AAo l gPn  - (CEO + AA) 
- ti - I 

AE - AAlgPn 

o r  i n  o u t l i n e ,  t h e  f o u r t h  t y p e  o f  t a s k  is :  

A 34 t = min L Fijkldt . ( 2 0 )  

The t a s k  a r r a n g e m e n t  w i t h i n  e a c h  t r a n s p o r t  p e r m i t s  i t s  

i t e r a t i v e  l i n k i n g .  T h e r e f o r e ,  i n  a d i r e c t  l i n e  ( d e p e n d i n g  on 

t h e  t a s k  r a n k )  f o r  e a c h  s u b s e q u e n t  t a s k ,  t h e  need  f o r  t r a n s p o r t  

e l e m e n t s  i s  c a l c u l a t e d  o n  t h e  b a s i s  o f  t h e i r  o p t i m i z a t i o n  i n  

t h e  p r e v i o u s  t a s k .  I n  a r e v e r s e  l i n e ,  a n  i t e r a t i v e  l i n k  e x i s t s  

be tween  t h e  l a s t  a n d  t h e  f i r s t  r a n k i n g  t a s k .  The r i g h t  and  

r e v e r s e  l i n k s  be tween  t h e  d i f f e r e n t  t y p e s  o f  t a s k s  w i l l  a p p e a r  

as f o l l o w s :  

h + + 1 
h 

1 
h + 1 

31 32 3 3 A 

T  = m i n  L Fijkldt : Q = m i n  C FijUdt : D = m i n  L Fijkldt ; t = min C F  34 

T +T S T 4 i j k l d t  ' 



T h i s  approach a l l o w s  u s  t o  reduce  t h e  t e c h n o l o g i c a l  

v a r i a n t s  t o  an  a c c e p t a b l e  number, D i j k l t *  

An i t e r a t i v e  p rocedure  i s  a p p l i e d  i n  o r d e r  t o  overcome 

t h e  d i f f i c u l t i e s  coning from t h e  n o n l i n e a r  dependence o f  t h e  

t o t a l  t r a f f i c  volume and t e c h n o l o g i c a l  modes o f  t r a n s p o r t a t i o n  

on t h e  reduced  annua l  c o s t s .  Having p r e v i o u s l y  g iven  ( a s s i g n e d )  

t h e  v a l u e s  o f  X i j k l d t  and Fi j k l d t '  t h i s  p rocedure  a l l o w s  t h e  

s o l v i n g  o f  t h e  model f o r  r e g i o n a l  t r a n s p o r t a t i o n  network t r a f f i c  

d i s t r i b u t i o n  ( i n i t i a l  p l a n )  w i t h  t h e  h e l p  o f  l i n e a r  methods and 

t h e n ,  d e t e r m i n i n g  new v a l u e s  o f  X 1 
i j k l d t  w e  c an  c a l c u l a t e  t h e  

1 reduced c o s t s  (Fi jkldt ) etc. 

Using t h e  above approach ,  w e  have  t o  de t e rmine  t h e  t e ch -  

n i c a l  measures r e q u i r e d  f o r  t h e  development o f  t h e  network-- 

t e c h n o l o g i c a l  modes o f  t r a n s p o r t a t i o n  d , . d i f f e r e n t i a t e d  among 

d i f f e r e n t  t y p e s  o f  t r a n s p o r t a t i o n  1, t r a f f i c  c a t e g o r i e s  k  and 

y e a r s  o f  t h e  long- term p e r i o d  t ( D i j k l t  ) i n  e v e r y  i t e r a t i v e  

p rocedu re  p a r a l l e l  w i t h  t h e  p r o j e c t - f o r  t r a f f i c  d i s t r i b u t i o n  

i n  t h e  r e g i o n a l  t r a n s p o r t a t i o n  ne twork ,  i . e .  t h e  t h i r d  s t a g e  

may be performed s i m u l t a n e o u s l y  w i t h  t h e  second s t a g e  and t h e y  

a r e  c o n d i t i o n a l l y  d i v i d e d .  

The above p rocedure  may be e x p r e s s e d  i n  t h e  f o l l o w i n g  way: 

+ 2 2 
Fi j k l d t  ' i j k l d t  -+ min 

TT 
3 + 3  - 3 3 " 3  - 3 

'i j  k l d t  'i j k l d t  - ' i j k l d t  ' bi j k l d t  ' i j k l d t  - Ki j k l d t  
T 

- 
I 



S t a g e  4 :  Impact  o f  t h e  F i n a l  O p t i m i z a t i o n  
o n  t h e  I n i t i a l  P a r a m e t e r s  

A s  a r e s u l t  o f  t h e  above ,  w e  may d e r i v e  t h e  t o t a l  g a i n  

o f  t h e  o p t i m i z a t i o n  p r o c e d u r e  a s  t h e  d i f f e r e n c e  be tween t h e  

r e d u c e d  c o s t s  a t  t h e  i n i t i a l  and o p t i m a l  p l a n :  

- 1 1 3 3 ' Gi jk ld t  - " 'i jk ld t  + Ki jk ld t  - " ' i jkldt + a 2 Kijkldt) 

The t o t a l  g a i n  may be used  i n  r e v e r s e  l i n e  f o r  c h a n g i n g  

t h e  i n i t i a l  p a r a m e t e r s  o f  t h e  t r a n s p o r t a t i o n  o p t i m i z a t i o n  model.  

The above  p r o c e d u r e s  may b e  r e p e a t e d  u n t i l  t h e  f i n a l  s o l u -  

t i o n  i s  o b t a i n e d .  The f u l l  o p t i m i z a t i o n  c y c l e  may b e  d e s c r i b e d  

a s  c a n  be  s e e n  on  page  13.  

ALGORITHM FOR COMMODITIES DISTRIBUTION 
AMONG TWO KINDS OF TRANSPORTS 

T h i s  a l g o r i t h m  i s  a  m o d i f i e d  F o r d - F u l k e r s o n ' s  method f o r  

t h e  s h o r t e s t  d i s t a n c e  i n  a  s e t ,  i n  which t h e  t r a n s f o r m e d  t r a n s -  

p o r t a t i o n  c o s t s  a r e  used  i n s t e a d  o f  t h e  t r a n s p o r t a t i o n  d i s t a n c e .  

F o r  t h i s  p u r p o s e  a  set o f  commodity d e s t i n a t i o n s  s e r v e  a s  t h e  

b a s i s  t o  s k e t c h  t h e  s e c t i o n s  and c r o s s p o i n t s  o f  t h e  two t r a n s -  

p o r t s .  I t  i s  supposed  t h a t  t h e r e  i s  n o  f r i c t i o n  l i m i t a t i o n  and 

t h e  i n i t i a l ,  f i n a l ,  s u r c h a r g e  and  t r a n s i t  o p e r a t i ~ n  e x p e n d i t u r e s  

a r e  a s s i g n e d .  

The s t a r t i n g  p o i n t s  o f  t h i s  t a s k  a r e :  

-- t h e  i n i t i a l  and  f i n a l  p o i n t s  o f  t h e  commodi t ies  t r a n s -  

p o r t e d  a r e  known; 
-- a n  a l t e r n a t i v e  f o r  o n e  o f  t h e  two t r a n s p o r t s  may be  

u s e d ;  
-- d u r i n g  t h e  t r a n s p o r t a t i o n  p r o c e s s  t h e  commodi t ies  

may b e  s u r c h a r g e d  from o n e  t o  a n o t h e r  t r a n s p o r t ;  
-- it is n e c e s s a r y  t h a t  t h e  two t r a n s p o r t  2 a r t i c i p a t i o n  

b e  d e f i n e d  w i t h  t h e  aim o f  o b t a i n i n g  minimum t r a n s -  

formed c o s t s .  



1 
n 

1 1 ' Nijkldt 'ijkldt ' 'ljkldt 
1 1 Y- 1 1 = b  1 1 

m ' 'i jkldt 'i jkldt ' 'i jkldt ' Kijkldt i jkldt ' 'i jkldt 

m 

i 
1 1 5 1 ',? jkldt ' 'i j kldt 

+ " Kijkldt 



For  t h i s  purpose  t h e  f o l l o w i n g  method f o r  s k e t c h i n g  t h e  

t r a n s p o r t a t i o n  se t  i s  chosen :  

-- each  s u b r e g i o n  o f  t h e  r e g i o n  i s  s u b d i v i d e d  i n t o  t w o  

c r o s s p o i n t s  ( e x p r e s s i n g  two k i n d s  o f  t r a n s p o r t ) ;  
-- t h e  s e c t i o n s  between t h e  d i f f e r e n t  s u b r e g i o n  c r o s s -  

p o i n t s  have a  v a l u e  e q u a l  t o  t h e  t r a n s p o r t a t i o n  c o s t s  

f o r  one t o n  t r a n s p o r t e d  t h r o u g h  t h e  g i v e n  s e c t i o n  

( i .e .  by t h e  g i v e n  t r a n s p o r t ) ;  
-- t h e  s e c t i o n s  w i t h i n  t h e  s u b r e g i o n  ( i .e .  between t h e  

two t r a n s p o r t s )  have a  v a l u e  e q u a l  t o  t h e  s u r c h a r g e  

c o s t s  from one t o  a n o t h e r  t r a n s p o r t .  

The t o t a l  volume o f  t h e  commodit ies  t r a n s p o r t e d  by t h e  t w o  

t r a n s p o r t s  i s  d e r i v e d  by means o f  s e q u e n t  summing o f  s e p a r a t e  

commodit ies .  The p r o c e d u r e s  a r e  t h e  f o l l o w i n g :  

-- The " d i s t a n c e "  o f  t h e  c r o s s p o i n t  i s  Di (i i s  t h e  c r o s s -  

p o i n t  number; t h e  i n i t i a l  c r o s s p o i n t  i s  D = 0 ) .  i o  -- The f o l l o w i n g  i n e q u a l i t y  h a s  t o  be  v e r i f i e d :  

where : 

P i  j = " d i s t a n c e "  o f  t h e  s e c t i o n s  between i and j .  

I n  t h e  c a s e  t h a t  t h i s  c o n d i t i o n  i s  s a t i s f i e d ,  one  c a n  

g i v e  a  v a l u e  o f :  

-- The above c o n d i t i o n  h a s  t o  be r e p e a t e d  u n t i l  t h i s  

i n e q u a l i t y  i s  f u l f i l l e d  f o r  a l l  c r o s s p o i n t s .  

T h i s  a l g o r i t h m  was f i t t e d  i n  B u l g a r i a  a t  t h e  I n s t i t u t e  

f o r  Complex T r a n s p o r t  Problems b u t  i n  a  d i f f e r e n t  way: 

a f t e r  e a c h  i t e r a t i o n ,  t h e  f o l l o w i n g  i n e q u a l i t y  was 

chosen : 



where : 

( t )  = p o t e n t i a l  of  1 - t h  apex  a t  t i t e r a t i o n ;  
A1 

j = " p r i c e "  o f  t h e  s e c t i o n  i t  j. 

A t  t h e  i n i t i a l  i t e r a t i o n  t o  a l l  apexes  ( e x c e p t i n g  i o )  

i s  g i v e n  p o t e n t i a l  A = a. I f  t h e  above i n e q u a l i t y  
j 

i s  f u l f i l l e d  a t  t h e  f o l l o w i n g  i t e r a t i o n  f o r  some apex 

j ,  one  g i v e s  t o  t h i s  apex a  p o t e n t i a l :  

A f t e r  a l l  s e c t i o n s  g o i n g  o u t  from t h e  i - t h  apex  a r e  v e r i -  

f i e d ,  i t s  i n d i c a t i o n  c a n  be  exc luded .  T h i s  p r o c e s s  c o n t i n u e s  

u n t i l  such  i n d i c a t i o n s  e x i s t .  I n  t h i s  s e n s e  t h e  s e c t i o n s  i t  j 

t a k i n g  p a r t  i n  ( 2 8 )  e x p r e s s  t h e  l o w e s t  e x p e n d i t u r e s  o f  t h e  

t r a n s p o r t e d  commodi t ies .  

I f  t h e  s u b s e q u e n t  number o f  t h e  apex  on t h e  l i n e  i s  i t  

it can  b e  d e r i v e d  from t h e  s e q u e n t  d e n o t e d  a p e x e s ,  which have 

had p o t e n t i a l  A = and which a r e  changed w i t h  (mi)  o r  t h e  
j 

m-th apex,  w i t h  i ( m ) .  T h e r e f o r e ,  i ( 1 )  i s  a lways  e q u a l  t o  i o .  

These apex i n d i c a t i o n s  keep  t h e i r  p l a c e  by t h e  e n d  o f  t h e  

t a s k  p r o c e d u r e .  

The sequence  o f  t h e  apex rev iew i s  t h e  f o l l o w i n g :  i f  t h e  

apex i w i t h  mi i n d i c a t i o n s  i s  t r e a t e d  and some o f  t h e  apex 

p o t e n t i a l s  j l  a r e  changed i n  t h i s  c a s e  t h e  f o l l o w i n g  apex t o  

b e  t r e a t e d  i s  n o t  i + l ,  b u t :  

B = min [ m ( j i ) ,  m ( i j  + 11 . 
( j l )  

T h i s  p r o c e d u r e  c a n  be  i l l u s t r a t e d  i n  t h e  f o l l o w i n g  way: 

l e t  i n  t h e  apex  l i n e  under  a n a l y s i s ,  some o f  t h e  apex po ten-  

t i a l s  deno ted  w i t h  ( A )  be changed: 

The s o l u t i o n  i s  r e a c h e d  when B = M + 1. 



The formal description of this algorithm is as follows: 

-- Notation: 
1 = number of the last apex in the line; 

p(i) = number of the apex in the line, following 

the i-th apex; 

q (j ) = number of the crosspoint, preceeding the 

apex j in the shortest way; 

6 (j) = indication of the apex; 

i = number of the treated apex. 

1 .  All apexes receive potentials: 

- 
Ai - a  and 6(i):=p(i):= 0 .  

3. For the successive section (i,j) the equation 

(28) has to be verified. If it is breached, 

one can to go to point 8, otherwise to (28). 

4. I£ A = a, hence p(1): = j and 1 :  = j and the 
j 

transition is to point 6. If A. # a, the tran- 
3 

sition is to point 5. 

5. If 6(j) = 0, hence p(j) : = p(i), p(i): = j and 

the transition is to point 6. If 6(j) # 0, the 
transition is to point 7. 

6. 6(j):=1 . 

8. If the section (i,j) is the last section, the 

transition is to point 9, otherwise, to point 3. 

9. If p(i) # 0, hence T: = i, i : =  p(i), 

p(s) : = 6 (s) : = 0 and the transition is to 

point 3. If p(i) = 0, the procedure is ended. 

In this algorithm, the annual transformed transportation 

costs are used as a measure for the transported commodities 

which makes two kinds of transports commensurable. The annual 

transformed transportation costs are calculated on the following 

methodological basis : 



-- the transportation costs are divided by main 

elements of the transportation process, referring 

to one ton for initial, final, surcharge and transit 

operations and referring to one ton per kilometer for 

movement operations; 
-- in the transformed costs, the current transportation 

costs and capital investments are included; 
-- the costs calculations are made by different commodi- 

ties, taking into account their feature characteristics: 

the vehicle used, the carrying capacity, machinery 

used, etc. 

The following step of the investigations in this direction 

could be to elaborate an algorithm for commodity distribution 

among more than two kinds of transports. 

GENERAL CONCLUSIONS 

The following general conclusions can be made on the basis 

of the proposed approach. 

-- The differentiation of the transport system optimiza- 

tion cycle and the usage of costs coefficients of the 

transport components have a great importance both for 

the transportation system optimization and its linking 

with the other subsystem models within the region. 
-- The convergence between the separate tasks within an 

unified system is realized by means of similar cri- 

teria, the task arrangement and right and reverse 

relations used. 
-- This approach enables traditional techniques for 

transportation indices calculation to be used as 

auxiliary ones and some of the tasks solved in prac- 

tice as well, but submitted to the proposed optimiza- 

tion cycle. 
-- The described optimization cycle shows that the trans- 

portation system is a large-scale system and may be 

optimized on at least two levels: on the uniform 



t r a n s p o r t a t i o n  s y s t e m  l e v e l  and  o n  s e p a r a t e  k i n d s  

o f  t r a n s p o r t  l e v e l .  

The t r a n s p o r t a t i o n  s y s t e m  modeled w i t h  r e g i o n a l  

a s p e c t s  is  a  c e n t r a l i z e d  s y s t e m  a s  w e l l  a s  w i t h  

n a t i o n a l  a s p e c t s .  But  t h i s  d o e s  n o t  mean t h a t  t h e  

r e g i o n a l  management body c a n  d i r e c t l y  c o n t r o l  t h e  

t r a n s p o r t a t i o n  sys t em.  T h i s  body may o f f e r  i t s  

c o n c e p t s  t o  t h e  c e n t r a l  p l a n n i n g  body w i t h o u t  t h e  

c e r t a i n t y  t h a t  t h e y  w i l l  be  be a c c e p t e d .  

The f u r t h e r  improvement o f  t h e  t r a n s p o r t a t i o n  s y s t e m  

mode l ing  i s  t o  be  c o n n e c t e d  w i t h  t h e  i n t e r r e l a t i o n s  

w i t h  o t h e r  s u b s y s t e m  mode l s .  



REFERENCES 

Dmitriev, V.I., et al. (1966) Guidance for Calculation and 
Economic Indices for Traffic Division Among Different 
Transportation Modes. Moscow (Russian Edition) . 

Drew, D.R. (1968) Traffic Flow Theory and Control. New 
York: McGraw Hill. 

Gazis, D.C., et al. (1963) Analytical Methods in Transporta- 
tion: Mathematical Car Following Theory of Traffic Flow. 
J. Eng. Mechanics Div. 89, pp.29-46. 

Herman, R. , ed. (1961) Theory of Traffic Flow. Amsterdam: 
Elsevier. 

Kozin, B.S., et al. (1964) Choice of Scheme for Gradual 
Development of the Railways. Moscow (Russian Edition). 

Lopatkin, O.M.,.et al. (1967) To the Problem of Rational 
Flow Level of the Motor and Railway Transport. Moscow 
(Russian Edition) . 

Mihailov, B. and N. Nicolov (1974) Forecasting and Optimal 
Planning of Transport-Economic Relatians. Varna 
(Bulgarian Editions). 

Strobel, H. (1975) Transportation Automation and the Quality 
of Urban Living. RR-75-34. Laxenburg, Austria: Inter- 
national Institute for Applied Systems Analysis. 



APPENDIX A 



APPENDIX B: 

ncqnr H A  f l C 6 ~ 3 4 T ~ A k l T E  3 A  TORhP HONEP 1 A - motor 
D i s t r i b u t i o n  of  load  no. 1 t r a n s p o r t  

C P E R M H A ~ U  TUHCBE fl0 ' Y ~ A C T ~ U M  X - ra i lway 
Transported t o n s  by s e c t i o n s  t r a n s p o r t  

0 T from no  t o  H A I - ~ H E H U ~ & H M €  s e c t i o n s  X : ~ A .  f [I!!?. t ons  
i n  thous.  

~ I G P C I ? ~ ~ ~ - A  2 
d o  llr!O-A 1 5  
rlrn3:i:,-A 1 
99Eii-; 1 
P3,9?.EJ-A 1 
UJsrIF-A 1 
HE:J,!E!(-A 2 
qEaKClgt4A-h 2 
K C ? , I C ~ A P I A  1 
;IO.'lE'4-A I 
tj:C!lll ~ E ~ C K ~ I - A  2 
I I A ?  ACEn-A 1 
K Y  T , I P ~ ~ I ~ A - A  2 
A n E Y C A O - A  
1 U 

2 
4. r 3 8 ~ 1 1 - A  1 5  
:3/jrl:'CF,O-A 't 

r 9 C f l f l C ~ ? h C A f ] - A  3 
K P b H t f l D - A  1 
r C f l z ! ' ! - A  1 
C I ' : ~ ~ ~ A : . I E - ~  1 

A H L A  , .,T)EO-A 7 
K A h E d t A - A  2 
Ci:.n!:llr,r?oHg-A 3 



q ~ * 4 , , \ .  r H A  ~ I S V A ~ A T E A M T E  3 A  T O R h P  H@NcP 1 
Distribution of load no. 1 (continued) 

npEnMH:f l~ ? O H U S E  no Y ~ A C T ~ B M  
Transpcrted tons by sec t ions  

3 7  from 63 t o  

, ! ; 1 b 4 C T P h r A  
i ; ! ? r l C T P p - A  
t l ~ ? Y c T P n - h  
!4 ,'i14C TP - 4  

Ci l / ' : lCff 'b-A 
c;? I IYIC r 'c -1 
c : 1 4 i A C f P ~ - A  
C:l,I! !c TPr -h  
C i l / ; i / l C r ? ~ r A  
C P . ' I L A ~ T P  A - A  
C ?  . 1 3 C  I'FA-A 
c 2  o l . . ! ~  T P  , - A  

<;q,l;,'cTP:-A 
C$!.'!LiC TPb - A  
c ~ ~ \ r c ~ P b - A  
T Y  TPA*Ay-,4 
T Y T P A ~ A ~ w A  
T Y  TFAWALI-.". 
T Y T ? A ~ ( A ~ - A  
T Y T ? s ~ A ~ - A  
T Y  T P h K A k - A  
T Y  TPbYAp-A 
.iCrEFt!X,i': 
dC'tt?*r,:? 
. 'crEP~>ov.:  

C f i - c r , f  pi: ! : Z + h 3 1 ? T f A M T E .  3;  TOBAP IWflFP 8 
Dis t r ibu t ion  of load no. 8 

n F E f l M " A A H  TCHCBE nl' Y ' i A C T b l ! M  
Transported tons  by sec t ions  

S T  from t o  Hb~flf iH1:6Ah;!F sec t ions  xtI11, TOPA tons  
i n  tnous. 


