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Warszawa, Poland 

2Institute of Informatics 
Warsaw University 
Warsaw , Poland 

Abstract 

In the paper we formulate a bicri terion l i near transportation mode l 
to analyse the raw mi·l k supply for an urban agglomeration . The model 
has been verified for Warsaw. To solve the bicriterion model t he l exi 

· cographic as welr as ·the · paramet:ric--·rnetnoas were used. The model can 
be considered as an element of a Multicriterial Decision Support Sys
tem of raw milk supply for Warsaw. 

1. Introduction 

The ·rapid growth of the urban population as well as the nutrition 

value of milk have caused a fast increase in the milk production and 

consumption . In 1984 the consumption of liquid milk in Polish big ci

ties was on the level of 1.2 milliard litres, t hat is 46 percent of 

total amount of liquid milk produced in Poland. The amount of the 

collected raw milk around large agglomerations lags behind the incre

ase in the consumption of liquid milk in big cities. Warsaw was the 

best example of this problem. In 1984, the modelled system of milk 

supply to Warsaw consiste? of four stages. The system covered 38 re

gional milk cooperatives in 9 districts of Poland, which supplied 

about 210 million li tres of ra!" milk_ to f_o~r ci ty milk plants in 

Warsaw. The raw milk was transported each day frorn more than 63 

thousand suppliers through almost 18000 permanent milk reception "sta

tions. 50 percent of that amount was delivered from the Warsaw Distri6t. 

The expansion of the milk transfer area to supply Warsaw resulted in 

an increase of the transportation radius as well as in higher trans

portartion costs. 

The forecast of the Central Union of Dairy Cooperatives determines, 

that in 1990 raw milk collected around Warsaw will cover 20.7 percen~ 

of total amount of milk consumption . Till the 2 OOO, the gap between 

supply and demand for the raw milk will be much deeper . It also have 

an influence on the energy consumption, because the dairy industry 

is one of the most energy intensive industries between food 
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industries in Poland. 

The aim of the paper is to show the possibilities of -the liquid 

milk supply to Warsaw by the optimization methods. This analysis have 

been achieved by a bicriterion linear transportation model. To predict 

the future possible transfer area of supplying Warsaw for 1990 we have 

made ex-poc.t ana!ysis for the period of 1984-1986. The model was sol~ 

ved by lexic;•.Jgraphic as well as by parametric methods. The bicrictcrion 

analysis was performed with MPSX/370 package, which is regarded as a 

standard commercial teol to solve linear prograrnrning problems. 
' 

2. The statement of the model 

The model of the milk marketing _system for urban agglomeration is 

presented on Fig . 1. One of the main functions · of this system is trans~ 

portation of goods· from the-·,froduceiś-to-the finaf -customers . · This 

transportat ion process consists of the following homogenous three 

parts /see: [2} / : 
1 . the collection of milk as a raw materiał or semiproducts to the 

milk processing plants , 

2. the transportation of milk as a raw materiał or semiproducts 

between milk processing plants and city milk plants, 

3. the distribution of liquid milk or liquid and solid milk pro

ducts from the city milk plants to the retailing customers . 

Elements of total physical milk marketing system for Warsaw 
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The analysis of the liquid milk supply to Warsaw con~erns inter

plant transportation process. To formulate a bicriterion linear trans

portation model of this process we have to accept the following as

sumptions: 

- regions supplying milk reception s~ations as well as supplying 

milk proc::essi1:q plants ar,; stable, therefore collection proce>'3 

of raw n,il.k 1~ out of our optimization process /see: [1J /, 
- the distribution of finał dairy products is analysęd separatęly 

by Vehicle Routing and Scheduling Models, so it is out of our 

optimization process /s~e: [6]/, 

- three kinds of means of transportation separately are taken into 

considaration: 5 OOO, 10 OOO and 18 OOO litres road tankers. Raw 

milk within Warsaw District is collected exclusively by 5 OOO 

litres road tankers, 

- there are two inodels: "a ·-- •s\imme·r• - arid ··a "Winter" model, which . 

describes seasonal fluctuations in the purchase of raw milk and 

the variations of its volume necessary to produce liquid milk in 

Warsaw. The "Summer" model uses data for July. The "Winter" mo

del uses data for January. I~ the latter a possibility of milk 

regeneration from milk powder has been assumed, 

- milk transported to Warsaw is standardized and is a surplus of 

milk purchase over \and above the local market needs, which pro

vides liquid dairy products or liquid and solid dairy products. 

First we formulate the "Summer" model, which will be als? a basis 

to develope the statement of the "Winter" model . The main purpose of 

the "SurrJTier" version of the bicriterion linear transportation model 

is to determine the destinations and the amount of raw milk /in li

tres/ transported to Warsaw by different types of road tankers: 

r ;. o for 11 1,2, 38; /1/ X • Ił Ił , 1 1m 
m 1,2,3,4; 

r 1,2,3; 

where: 11 - index of milk processing plant;-

m - index of city milk plant in Warsaw; 

r - index of type of road tankers. 

Total amount of raw milk transported from each milk processing 

plant to all city milk plants in Warsaw cannot be greatrer than the 

raw milk surplus a over t he 1 1 local market needs. 
11 
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3 z 
r=l 

for 1 1 1 , 2, •• • , 38; /2/ 

where: a 1 
1 

- difference b etween the raw mil k s upp ly and t he derna nd 

of the local market . 

Sirnilarly, the total amount of raw mil k transported from several 

milk processing plants to 2ac h city milk plant in Wa rsaw is eq1,a l t o 

i ts demand 0 1" of milk needed to produc e the liquid milk. 

3 

L b for M 1,2 , 3 ,4 ; / 3/ 

r=l 

There are two criteria for t he o p t imization . The first one is t he 

minimization of the total transpor tation costs and the costs of purcha

se of the raw milk transported to Warsaw. 

The .second .one is the mini mization o f the tot al energy consumption 

including energy used in the transportatj_on process and in the several 

stages of the liquid milk production proces s. These two criteria are 

independent each of other, because the f i rst one is created by unit 

price of raw milk paid to eac~ milk processing plant as well as b y the 

transportation tarrifs paid to carrier for the raw milk transported 

to Warsaw. The second criterion is created by the energy consumption 

used in several 

minimize fl 

l xrlm} 

minimize 

l xrlm} 
f2 

where: KF1 
1 

stages of the liquid milk production process . 

3 38 4 

[ ~ L (KF1 + KTr r 
/4/ X 

L, 1 1m 1 1m 
r=l 11=1 m=l 1 

3 38 4 

[ \ ) 
(~~:1 

+ ETr EF ) r 
/ 5/ .L.., 11m + · ID X 

'-' 11m 
r=l .. r1=1 in=l 

- unit price of raw milk paid to each milk 

plant, 

processing 

unit transportation cost of raw milk transported ·, 

between milk processing plant 11 and city milk plant 

min Warsaw by r kind of road tankers, 

EF1 , EFm - energy consumption on the several stages of unit 

l liquid milk production, 

ETr - energy consumption of raw milk unit transported bet-
11m 

ween milk processing plant 1 1 and city milk plant m 

in Warsaw by r kind of road tankers. 
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The equations /1/-/5/ .describe the "Summer" model of liquid milk 

supply to Warsaw. The "Winter" model is constructed on the basis of 

the "Surnmer" model /1/-/5/. The main purpose of the "Winter" version 

o f the bicriterion linear transportation model is to determine the 

destinations and the amount of raw milk as well as a raw milk to pro

duc<! the c1ilk pow-i~:- for the liquid milk re generation in ·warsaw: 

r :;;;, o, Y.1 m:;;:, o for 11 1,2, ••• ,38; /la/ X 11m 2 1;2.,3,4; m 

r = 1,2,3; 

1 2 l , 2, ••• , 20·: 

where: y - amount of raw milk to produce milk powder for liquid 
12 

milk regeneration in m city milk plant in Warsaw 

transported by 5 ton vehicles. 

Total amount .of . raw miJk to. prądµce ... th.e .. milk-powder for . the . liquid 

milk regeneration in all city milk plants in Warsaw is equaled to the 

raw milk surplus over the local market needs /see: /2a//. 

4 

L 
m=l 

Y1 m < al 
2 . 2 

for 1 2 ~ 1,2, ••• ,20; /2a/ 

where: a 1 - storing capacity of milk-powder plant of raw milk. 

Similarly~ the t otal amount of raw milk as well as the amount of 

raw milk to produce the milk-powder for the liquid milk regenera,tion 

in each city milk plant m in Warsaw is equal to its demand. The demand 

of l iquid milk bm is given in litres: 

3 
\ 
L 
r =l 

b 
m 

f orm 1,2,3,4; / 3a/ 

The "Wi nter" model fulfil ls the followi.ng two criteria of opt i mizat i on: 

ttt + 

r= l 1 1=1 rn= l 

/4 a/ 
20 

\ 
L,__. 
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minimize 

3 ~ 4 ~-, s:--> ( 

+ EF m) L ; 1_,fF1 + ETl m xr 
:__, 11m 

r=l m=l l l 
+ 

\xr1m, Y1 2m1 
11=1 

20 4 
\ \ , 

ii \ 

where: KF1 
2 

\ L ter:, + ET1 + Y1 m L.., \ ·2 2m m; 
12=1 m=l 2 

/5a / 

- unit price of milk-powder paid to each rnilk-powder 
plant, 

KT1 - unit transportation cost of rrdlk-pc:,,ider transported 
2m 

between milk-powder plant 12 and city milk plant m, 

- unit storing cost of milk-powder paid by each city 

milk plant m, 
-·EF1 -· .;. energy· consumpt:lon- of"'storing raw milk to produce 

2 a unit of milk-powder in milk-powder plant 12 , 

ET - energy consumption of raw milk unit transported 1 2m 
between milk-powder plant 12 and city milk plant m 

by 5 ton vehicles, 

EFm - energy consumption to regenerate a unit of liquid 
milk from milk-powder plant 12 in city milk plant 

min Warsaw. 

The first criterion effects the minimization of the total cost of 1 

purchase of the raw milk as well as the milk-powder to regenerate the 

liqu1d milk 1n Warsaw and the1r transportat1on costs. The second cri

terion leads to the minimization of the total energy consumption in 

the transportation process as well as in the several stages of the 

liquid milk production 1n Warsaw. 

'· 3. Simulations for 1984 and 1990 models 

The "Winter" and the "Summer" models are of a different size. The 

"Surnrner" model consisi:.s of 245 decisi.on variables and 42 constraints, 

whereas the "Wi.nter" model contains 259 variables and 60 constraints. 

For ex-post optimization the period of three years 1984-1986 has 

been selected. Exactly, July, as the period of the minimum level of 

, the milk transfer area, has been used i.n the "Summer" model and Ja

nuary, as the_period of the maximum level, has been used in the "Win
ter." model. Over 110 experiments were made for 1984-1986: 36 experi

rnents for each of three years. Half of them with the "Winter" model 
and · half with the "Sumrner" one. The experirnents includes: 
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... 
- three types of the road tankers: 5 OOO, 10 OOO, and 18 OOO 

li tres, 

- two kinds of local markets offering the liquid milk products or 

liquid and solid ones, 

- three kinds of the optimization techniques: the lexicographic 

method for both hierarchj_es of ::he obje,::-t!;"e func,tions and the 

parametric analysis to identi fy objecti ve func·tions and the pa

rametric analysis to identify all the efficient -vertices. The 1 

computations were performed with the _łlPSX/370 package Jsee [31/. 
The results of the experiments for the lexicographic method were 

compared with the real routes of the raw milk transported to Warsaw 

fi. n 1984 for t ,he "Winter" and "Summer" models. To get more comparable 

;r:-esults we assumed: raw milk was transported only by 18 OOO litres 

~oad tankers and the local markets were offering both: the liquid and - - ~--- --- --
the solid milk products. The results are presented in Table 1. 

Table l 

The results of ex-post analysis for "Winter" and "Summer" models 

for 1984 obtained by the lexicographic method 

---------------+-------------. ---------------~-----------------r-------1 . "Winter" model :• "Summer" model ' 
Cri teria t-"--------- 1--------- 1 -------t---------1 -------- 1 ------! 

1 Computer I Real 1 % of I Computer I Real 1 % of 
l solution I solution I sav. :solution I solutionlsav. 

~-------------..l_---------~---------..l..-------L---------L--------i _____ _ 
"Energy" 
/MJ / 10001/ 

"Cost" 
/zł/10001/ 

I I I I I I 
I I I I I I 

I 110,1 : 009,5 I 12.0 : 132,5 I 830,6 113.4 
I I I I I I 
I I I I I I 
I I I I I I 

: 27897 l 35185 : 26.l : 18998 : 27936 :47.0 
I I I I I I 

--------------..1..---------~---------..l..-------~---------~--------i------
The parametric analysis allows us to create all the Pareto - opti

inal eff1cient solutions to the model /-1/- -- -/5/ or /la/ - /5a/. The 

~ffic1ent frontier were generated by the standard parametric procedu

re of the MPSX/370 package by solving the following problem: 

minimize ifk1 + d.(fk 2 - fk~) ,o(_1::[o, 1] subject :o: /1/-/3/ or 

/la/ - /3a/ ~ /6/ 
The bicriterion transportation models /1/-/5/ and /la/-/5a/ were 

used to determine the future destinations and amount of the raw milk 

transported to Warsaw. Optimization was made for 1990 including pe

riod of the maximum level of the milk transfer area to Warsaw in the 

sumrner /in ,July/ and in the minimum one in the winter /in January/. 

For the 1990 - model the additional assumptions - were taken into 

considaration: 

- two level of the milk consumption in Warsaw: at the level of 96 
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and 120 litres per capita annually respectively; 

- two alternatives of the forecasted raw milk purchase prices and 

transportation tariffs; 

- two kinds of the road tankers /5 OOO and 18 OOO litres / respecti

vely; 

- -~wo kinds of the local markets providing· L}ie liquid milk products 

or the liquid and solid ones respecti,~ly; 

- a various Warsaw supplying area covering nine districts or only 

the Warsaw Macroregion /6 districts/ respectively; 

- a stable use of energy in the forecasted period including 

transportation energy and processing energy in several stages 

of liquid milk _production. 

For the 1990 model , 48 experiments have been made including 36 

·experiments for the "Winter" model and 12 for the "Summer" one . The 

experinients ·used three ·kinds ' of ópcimization techniques: lexicographic 

method with t wo hierarchies of the objective functions as well as the 

parametric analysis which treated both the objective functions si

multaneously. 

4. Conclutions 

The main application of the model is the analysis of the circums

tances that will have influence in the chcice of ~he best raw milk 

supply routes to Warsaw for both criteria functions: "enerqy" and 

"cost" in the future. The most important circumstances concerns: 

- changes in the level and in the structure of the milk consumption 

in Warsaw, 

- seasonal fluctuation of the milk purchase level, 

- changes in the forecasted prices of raw milk purchase and in the · 

forecasted transportation tariffs, 

- changes in the depth of the local markets, i.e. in the level of 

raw milk surplus over and above the local market needs, pre

destined for Warsaw, 

- changes in the policy of acquiring new vehicles for the raw 

milk transportation to Warsaw. 

The bicriterion transportation model and the procedures of its so

lution discussed in this paper can be implemented on the microcomp~

ter type IBM. PC/AT as the first step: to construct the Multicriterial 

Decision Support System /MCDSS/ for the raw milk supply for Warsaw. 

I ' 
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