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Abstract

This paper submits realistic evidence from a dpug case study in an industry at the supplienfpla
plant-warehouse and warehouse-customer interfateslead time from the first step to the last isgo
and it comprises of many levels. Product distritmutaccounts for a substantial portion of the lacast
costs of a product. Distribution activities areatiive in nature and they influence the delivezgd time

to consumers. A well designed fully flexible supphain network can significantly minimize theseteos
and lead times. The current study presents a sugbpaln network design and decision approach for the
distribution of products by identifying the suppliplant and warehouse location and customer dltwta
Grade of the product and capacity of the warehousatisfy the required customer demand, are solved
for optimum solution. Solving the problem for fdasiroutes to deliver products to customers mingsiz
the carbon-monoxide emission from vehicles to theirenment. The selection of shortest route with
minimum hurdles increases the responsiveness, lizignthe transportation cost and CO emission to the
environment. A case study is solved to explainpiteposed heuristic. At the end, concluding remaric
recommendations for further research are presented.
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1. Introduction

Supply chain managers frequently come across tmtatnd allocation problems at the design phase of a
supply chain that involves determining the numbEsuppliers, plants, warehouses and assigning of
customers. It appears imperative to treat the iocand allocation decisions simultaneously. But t

the complexity of the problem, a breakdown intcels\level-1, level-2 and level-3) helps to mandge
complexity of large sized problems. The locatiogisien involves substantial investment. Since it'ta
be changed frequently, therefore, it has long tamplications. The suppliers, plants and warehouses’
locations acts as prelude to the overall processimbly chain network design with far reaching et§eon

the performance of the logistics and distributipstesm. On the other hand, the allocation decisianare
dynamic in nature as these assignments need tevieved and changed from time to time as the supply
chain grows. This is especially true for the stpetroleum, cement, etc. products’ distributioPakistan
and other developing countries as well, where #tailroutlets and customer buying stations for such
products are expanding at an increasing rate.

The work presented is mainly concerned with locatibwarehouses covering all customers and allocati

of customers to the warehouses and minimizing timaber of warehouses while satisfying customer
demand. We have also incorporated the inter-warshdistances, thereby further improving the product
distribution. Another feature of our approach isrtcorporate the traffic factor based on which rihete

for product delivery to the customers is decidemn8 constraints must be imposed during the customer
demand delivery associated to a warehouse. Minmgitie number of warehouses increases the load per
unit warehouse and thus warehouses must be btiiltswificient capacities. Customers are assigned to
warehouse based on the capacity of the warehotmsepibcedure developed determines all the feasible
routes for the delivery of products to customeosrfra warehouse through a shortest feasible rote. T
required grade of the product is also incorporatetlis study which further improves the solution.
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A supply chain comprises of suppliers, manufacsjreistributors, traders and consumers. A suppdyrch
delivers products with quickest distribution to thestomers and at most reasonable price. A supliync

is no longer a single chain but a network tied witany chains, called supply chain network. It is
realistically believed that the study of supplyioh@etwork has more real-world significance thamgtudy

of traditional supply chain [1]. Supply chain netk® are worldwide networks with suppliers,
manufacturers, distribution centers, traders anstocmers. The supply chain networks perform the
functions of locating of raw materials, conversafrthose into intermediate and completed produhbts,
distribution of completed products to consumers #@sdkey objective is to fulfill the consumer
requirements. In old-style supply chain networke, dbjective is to balance the benefits amongithesf
involved, to enhance the operating efficiency tigtwaut the services, to maximize the profitabilifythee
procedures and to generate value for the consufi2grsSupply chain network management is a
progressively applied policy for companies. Supgigin network management is an integration of main
business procedures from suppliers to end custotderxe, a supply chain network management system
can only be effective if it supports all the mairsimess procedures [3]. Having an effective anidiefft
supply chain network offers a marketing zone fotegrises in the worldwide business atmosphere.
Determining locations, quantity of product flow anedlucing transportation costs are handled asveoniet
design problem in supply chain management. Iterusiticlude the supply chain are highlighted to jfev
customer satisfaction and to get competitive acaganin process between raw material suppliers add e
customers [4]. A global economy and a growth instoner expectations concerning costs and services
have forced manufacturers to increase their busipesctices particularly within their supply chaiAs
supply chain is a network of business entities milifuresponsible for moving a product from supptier
consumer. It contains such interconnected actwvitie the supply of raw materials for manufacturing,
customer order, management of inventory, produdiceduling and transporting goods to consumers.
Supply chain management covers the managemenésé dictivities in a smooth way [5]. The processes
in product supply chain and logistics are partoofaty's greatest important economic activities. &er-
growing size of transportation of products hasdtgn concerns, particularly those relating to the
environment. Transportation activities are siguifit causes of air pollution having harmful effects
human health and also responsible for global wagmlihese matters have raised concerns on reducing
the volume of emissions worldwide. In this respetany countries have set strict targets on minimgjzi
their carbon emissions in the near future [6].

The problem studied in this paper is related todiermination of all the required warehouses deoto
satisfy a set of customers’ demand. Various inéhlstonstraints are involved and studied in theapiag

and operating processes. The procedure developat$ I® considerable improvement in terms of
minimizing the number of warehouses and selectiegf¢asible routes. The solution procedure is based
on linear programming model which is solved byNwwork Simplex algorithm. LP_Solve 5.5.2.0_IDE
and MATLAB R2009a predefined functions and formusae used to achieve the required final integer
optimal solution.

2. Literature Review

A. Gill presented a supply chain network designhuodtfor the delivery of petroleum products by
recognizing the locations of warehouses and allocatof gas stations. Supply chain supervisorsnofte
come across location of warehouse and allocatiarasfstation problems at the design stage of aysupp
chain that includes determining the number of wansles and assigning of consumers to warehouses [7].
Supply chain networks offer the structure for thanefacturing, storage, and delivery of products lik
pharmaceuticals, steel, vehicles, cements, congut@miture, and clothing, throughout the world. A
Nagurney developed a modeling and analytical fraomkvior the design of sustainable supply chain
networks. A network optimization modeling framewakd a procedure are presented, which is then
applied to calculate results to a variety of nugedrsustainable supply chain design cases in doder
exemplify the method [8]. In the competitive traslerld, today, industrialists face the continuingktdo
frequently calculate and design their productiod delivery systems and policies to offer the dekire
consumer service at the lowermost possible costgirange existence for manufacturing companies will
be very tough without highly optimized strategist®ms. Savings in the range of 5-10% can be attaine
by using strategic and calculated logistics modatsit can significantly affect the profitability the firm

[9].

J.F. Campbell presented the problems of locatiomisérete hubs. Hubs serve as transshipment and
switching points for traffic between identified gins and destinations. A non-negative flow is lichketh
every origin-destination pair and an attribute sastdistance or cost is associated with each maveme
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The word cost is used throughout the study whigitasents the element of interé8t Supply chain
network design deals with a variety of decisioasdetermining number of products, capacity andtion

of facilities and may include decisions such asipod distribution and transportation to custominsiay
also include operational decisions e.g. satisfgugfomers demand [11]. The management of supply cha
has been considered as the most significant activéeveral organizations. In supply chain managgm
the goal has been to send required products fraaewel to another, in order to fulfill customemaends
such that sum of the costs is minimized [12]. tedgnated supply chain design, the decision makees n
to consider inventory and distribution costs whes mumber and localities of the facilities (waredes)
are determined. The goal is to minimize the overadit that comprises location and inventory costsea
distribution centers, and supply costs in the supphin [13].

Ting W and Kaike Z presented a computational stiadycommon network design in multi-commodity
supply chains. Their aim was to minimize the castuding location, transportation, and inventorgtso
[14]. Seval E and Nursel O presented a mathematiodkl for multi stage and multi period reversepyp
chain network, which maximized overall revenuehaf hetwork. The suggested model defines warehouse
locations and material movements between phaseacin period [15]. Tsao YC and Jye-Chye presented
a supply chain network design considering trangpiort cost discounts and developed an algorithm to
solve SCM problems using nonlinear optimizatiorhteques [16]. In recent years, the study on supply
chain networks has become a main focus. Compoaedtproduct movement through suppliers, product
manufacturers, product distributors, and consumergrmed as supply chain network. These networks
have many applications in manufacturing and distidm, e.g., automobile and electronic industriEg] [
Striving for optimal conditions is essential be@uthe current competitive conditions motivate
manufacturers to produce faster and inexpensivelyots with a better quality. Unsuitable process
parameter settings may result several manufactymioglems as product defects, longer lead times and
higher prices [18]. In the periodic event schedyfinoblem (PESP), events have to be arranged tiephti
over a certain period. It is a complex and wellxkngproblem with many real-world applications [19].
Various methods have been applied for solving lirsesd nonlinear network flow problems with the aim
of examining, improving and understanding the cotafonal efficiency of suggested solutions for Ietve
cost problems. C.M.S. Machado et al. suggestedtwonie flow linear program model to explain the
problem of reducing costs of production and delihgof products to customers [20]. C. A. Colberglet
[21] presented that the emissions of single roddcles depend on many factors such as type of engin
(two- or four-stroke, gasoline or diesel) and imesdriving conditions (acceleration and speedadr
gradient, type of exhaust technology, type of farel maintenance. Emission Factors of single vehicle
can be measured by dynamometer tests. Imenez-®alkstcal. [22] presented that Vehicle emissions can
of course vary with the engine load and with vehitharacteristics. The vehicle specific power (VBP)

a measure for engine load and useful for compaflistween different measurement conditions.

3. The Inter-Warehouse Distances

The inter-warehouse distances are incorporatdusrstudy. Table 1 shows the inter-warehouse distan

If warehouseM has sufficient capacity to fulfill the customer dsmd, then there is no need of installing
any other warehouse. If a single warehouse doekawet sufficient capacity, then the customer waifid
some of the required demand from one warehousewdhdhen go to another nearest warehouse to
complete the demand on a shortest possible routde\§yoing to the nearest warehouse, the routebgill
decided based on the shortest distance, maximuffic tfactor value, capacity of warehouse and
availability of grade of the required product. R2gshows a general fully flexible supply chain netiv

wilo |w,
w,| D, |0 1w,
w,|Ds, | Dy 0 W,
Wil Dag | Dyp| Dyz| 0 | Ws
IIV5 D5,1 DJ"Q D5,3 D5,4 0 I/Vti
H/E Dé,l D6,2 D6,3 D6,4 Dé,.i 0

Table 1. Inter-war ehouse distances

Here,Dj; is the distance betwedhandj" warehouses for # |.
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Fig. 1. A general supply chain network

4, Heuristic Solution Approach

The approach is two folds. First, the warehousatlons are chosen from the available sets of wargd®o
which can cover the customers based on a pre-a&skigaximum threshold distance. Then, the customers
are allocated to the selected warehouses. The atéips procedure are as follows:

4.1 Location of warehouses

The location of warehouses involves two steps.tFicsconstruct a binary coefficient matrix so as t
identify the potential locations, then selecting tctual locations using a mathematical programming

model.

4.1.1 Construction of the binary coefficient matrix for maximum threshold distance

Based on the maximum permissible distakg, a binary coefficient matrixfj] is prepared, which is to
be used as an input to the mathematical modelrdlaton used to construct the binary matrix is:

aij = 1, if djj < dnax, Otherwise 0.
Note that:

d, ==t M
ij Tij

Whereasgd; is the revised distancBj is the actual distance aiiglis the traffic factor value.
4.1.2 Construction of the binary coefficient matrix for the capacity of warehouses

Based on the capacig of the set of warehous&g a binary coefficient matrixf;] is prepared, which is
to be used as an input to the mathematical modhel ré&lation used to construct the binary matrix is:

Bi= 1, if sum of capacities of all the warehousegresater or equal to the sum of total customer deiman
otherwise 0.

4.1.3 Construction of the binary coefficient matrix for grade of the required product

Based on the grade of the products, a binary aoefii matrix §;] is prepared, which is to be used as an
input to the mathematical model. The relation usecbnstruct the binary matrix is:

i = 1, if a set of warehouse§ has grade of the products demanded by custgroérerwise 0.

4.1.4 Route existence
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A route between the two nodes will exist if:
a; By, =1 %)
and a route between the two nodes will not exist if
a;Byy; =0 ©)]
i=12,...,mandj=12..n
Whereasm s the number of customersjs the number of sets of warehouses.
4.1.5 Network simplex method mathematical model

Network simplex method is composed of nodes ansl difte locations of warehouses and customers are
represented by nodes and the distances betweeratieerepresented by arcs (routes).

Minimize:
Z = Z d Yo (4)
pq
Subject to:
Ap,qupq = Rp ©
-1 if p=q,
Apgr =3 +1 if p=r,
0 Otherwise. (6)

WhereasA is a matrix indexed by the set of nodes and iglemce matrix of a network. Angis the
number of nodegy is the distance from nogeto nodeq, Ypqis the required amount of products to ship
from nodep to nodeq through distance,,. Negative value oR, means capacity of warehouse (source),
and positive value dR, means customer demand (destination).

A customer may be facilitated directly from a smglarehouse. However, when a single warehouse has
not sufficient products as demanded by the custpothen two or more than two warehouses jointly can
satisfy a customer. Fig. 3 shows all the feasiblges to approach a customer. A customendy be
directly facilitated from warehouse 1 or may beilfsted from two warehouses i.e. starting from
warehouse 1 (origin) and passing through warehdase then reaching customer C. Similarly, a custom

C may be facilitated from three warehouses i.ertistafrom warehouse 1 (origin), passing through
warehouses 2 and 3 and then reaching customer €oamal

e

Fig. 2. Warehouse-customer feasible routes

5. Case Study
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The production plants produce unlimited products toen store the products in the warehouses. Table
shows the capacity of each warehouse. A single vearse may or may not have sufficient capacity to
fulfill the total customer demand. If a single wawese cannot satisfy customer demand, then twaoe m
than two warehouses (set of warehouses) jointlisfgathe customer demand. It is preferred that a
warehouse be constructed with sufficient capadibe customer demands are shown in Table 3.

Table 2. Warehouse capacity
Warehouse  Capacity

1 500
2 700
3 400

Table3. Customer demand
Customer  Demand

C 390
C; 350
Cs 250
Cy 380

The example solved explains the proposed procediatde 4 shows the inter-warehouse distances. The
distance between warehouse 1 and warehouse 2 Ilsm60rhe distance between warehouse 1 and
warehouse 3 is 70 km and similarly the distancevbenh warehouse 2 and warehouse 3 is 45km.

Table 4. Inter-war ehouse distances

Wi
Wil 0 | W,
W 60| 0 | W
Ws| 70| 45| 0

The warehouse-customer distances are shown in bablee distance between warehouse 1 and customer
1 is 110km and the distance between warehouse 2umtdmer 1 is 60km and so on.

Table 5. War ehouse-customer distances

wy | wy | W
/| 110] 60 | 45
5 70 ] 95 | s0
C;| 25 | 90 [ 95
¢, 95 40|75

X1, X,..., %5 are the maximum feasible number of sets of wared®dulfilling the customer demand.
Table 6 shows the maximum number of feasible detsacehouses for satisfying the customer demand.

Table 6. Sets of war ehouses

Set | Members | Set | Members | Set | Members

X | W X | W Wy Xy | Wi Ws W,
X | m X, | W W Xpp | W W W;
X; | W3 Xs | Wil Xp | W2 W W)

Xy | W1 W, Xo | B3I, Xy |Ws Wi W,
X | W1 W Xu | Wi Wolvs | Xgs | W3 W W,

Table 7 (Appendix A) shows the warehouse-custonigarkces. In the sef; of warehouses, the direct
distance from warehoud#, to customelC; is 110km. In the seXs of warehouses, the total distance,
starting from warehous# (origin), passing througi, and reaching customé (destination) is 120km.
Similarly, in the seiXio of warehouses, the total distance starting fromethausew, (origin), passing
throughW, andWs and reaching customé (destination) is 150km and so on.
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The traffic factor values for the designed routes given in Table 8. For the set of warehousgshe
distance betweeW,; andWs is 70km and traffic factor value is 1. The dis@betweeW; andCs is 95km
and traffic factor value is 0.9. The total distamfehe route starting frorVy passing throughs and
reachingCs is 165km. So, the overall traffic factor value this route will be 0.94. Mathematically:

[70+94

TP g ()
70| | 95
i U g
1 09
The route starting froriV, passing throughVy, and reachingi, has a traffic factor value 1 betwen
andW; and has a traffic factor value 0 betw&gnandC;. This route will be discarded because there is no
overall traffic flow possible from warehou¥& to customeC;. Hence, the overall traffic factor value is

0* (zero) for this designed route.

The actual distances divided by the traffic factaiue gives us revised distaratéWhen the traffic factor
value is zero, then either there is no route frommwarehouse to customer or the route is closdueTa
shows the revised distances from the sets warehadogtbe customers.

oo means that either the distance is too large oetiseno access possible from origin to destinatdased
on the maximum permissible distandgax a binary coefficient matrixd] is prepared. In Table 10, the
binary coefficient matrix is shown. The followinglation can be used to construct the binary matrix.

aij = 1, if dj < dmax, Otherwise O.
dmax= 100km(In this case)

Based on the capacities of the sets of warehoadsnary coefficient matrix] is prepared. The
following relation is used to make the binary mafdr the capacities of the sets of warehouggsl, if
sum of capacities of all the warehouses is greategual to the sum of total customer demand, and 0
otherwise. Table 11 shows that each set of waredsoess sufficient capacity.

Based on the grade of the produetdinary coefficient matrixyf] is prepared. The following relation is
used to construct the binary matrjx.= 1, if a set of warehouse§ has products of the required grade
demanded by customirand O otherwise. Table 12 shows the binary ociefitmatrix [y;] for the grade
of the required products.

Multiplying the corresponding binary coefficientg f; andy; evaluated in Table 10, 11 and Table 12
respectively. Using Egs. 2 and 3, the correspondahges are shown in Table 13.

The network flow diagram for this example is shoiwnFig. 4. There are three warehouses and four
customers. The total nodes are 7. Negative valsidarthe node shows source (warehouse) and positive
value inside the node shows destination (custoraerathd).Y1s is the units of product required to shift
from warehouse 1 (nodel) to customer 2 (node 5)danid the corresponding actual distance (70 km).
Using Eg. 6, binary coefficients &f are shown in Table 14.

Y24,d24 A

4

SIPSTX

|Y25‘d15 5

Viods A
[

T

3
Fig. 3. Network flow diagram

djj = [15 016 G23 G4 O2s O27 Os1 O3z Ola4] (8)
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From Eq. 8, the distance matrix is:

dj = [70 25 45 60 95 40 70 45 U5 ©)

R YA

-

10)

v

SNOUN N

-

[—500]
—700
—400

B=|+390 an

+350

+480
| +380 |

From Eq. 4, the objective is:
Minimize: Z = 70Y15 +25Y16 +45Y,3 +60Y24 +95Yo5 +40Y27 +70Y31 +45Y3, +45Y34
And from Eq. 5, the constraints are:

-Yi5-Yi6 +¥3;=-500
-Y23-Y24 -Y25-Y27 +¥23=-700
Y23 - Y31 -Y32-Y34>-400

Y24 +Y34 2390

Y]_)' +Y25 > 350

Y16> 480

Y77>380

The problem is solved with the data provided intdddes. The model comprises of 7 constraints and 9
variables with an objective to minimize the totastand minimizing the CO emission. All instancesav
solved using Ip_solve version 5.5.2.0 for 32 bit, @8h 64 bit REAL variables, 2.00 GB of RAM and
Intel® Core" i3 CPU 2.53 GHz processor. Time to load data wa810seconds; presolve used 0.006
seconds, 0.020 seconds in simplex solver, in @@7 seconds.

Yi5=30 YM:O Y3;=10
Y1'6=480 1’}52320 Y33=0
13=0 157=380 134=390

The optimum solution is: Z = 77950

The sub-network of Fig. 4 is given in Fig. 5.
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>
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10,70

480,25
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380,40

>

Fig. 4. Product supply to demand locations

In this case study, the total demand is equal ted tapacity of the three warehouses. If we inedhse
capacities of the warehouses as shown in Fig.e®, libss number of warehouses will fulfill the reqdi
demand from customers. For example, if we incrélasecapacities if warehouse 1, 2 and 3 to 800, 900
and 700 respectively then only two warehouses (warge 1 and 2) will be enough to fulfill the total
customer demand. There will be no need of wareh8use

-800

Ly

0L°0TE

390,60 4

b

| 3095 5

6

-700 @
380,40

3 7
Fig. 5. Final network flow diagram

BB

6. Conclusion

The present paper evaluates product distributiosmtegty of a company with a view to improve its
distribution network for better area coverage aniléntify its major warehouse locations and altmca
of customers to the selected warehouses. The ¢gjssie is important as the company has a pracfice
frequently reviewing its supply chain decisionseTkquired grade of product is included in the extrr
analysis and the inter-warehouse distances fuapimized the solution. Traffic factor is incorpted in
the mathematical modeling and has an important @étjpathe route selection for the supply of product
The problem is solved for feasible routes to deliweducts to the end customers, which minimized th
carbon-monoxide emission from vehicles to the emrirent.

It is envisioned that the scope of the analysidccéurther include issues such as criteria for saging
and scheduling, precedence relations, preemptidiamtt charts. The sequencing and schedulingierite
issue was omitted from current analysis based eraisumption that customers have sufficient waiting
time for loading of the required products. Seconddy the existing four customers, sequencing and
scheduling, precedence relation and preemptiombadr been a problem.
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Appendix A
Xi X X X | X | X | X7 | X | Xo | Xy X | Xio | X | X | X5
Cy| 110 60 | 45 | 120\ 115|170 90 | 180|105\ 150 | 175 | 175 | 225 | 190 | 215
Cy| 70 | 95 | 80 | 155|150\ 130125140140 185 | 210 | 210 | 185 | 225 | 175
Cy| 25| 90 | 95 | 150|165 &5 |140| 95 | I35 200 | 205 | 225 | 140 | 220 | 130
Cygl 95 | 40 | 75 | 100|145 155|120 165| &5 | 180 | 155 | 205 | 210 | 170 | 200
Table 7. War ehouse-customer distances
X X | XN X | X | X | X7 [ X5 | Xo | Xy | Xip | X | Xs | Xy | X5
Cr| 0 1 1 1 I ot | I ] 1 I 1 I ] 1 ]
O 1 ! 0| 1 ! ] 1 1 ] 1 ] 1 ! 1
C;| ! F 1091|094 1 (093] I 1 (095 I (09 1 ! 1
Cyl| 1 1 g | 1 ] 1 ] 1 1 ] 1 ] 1 1 1
Table 8. Traffic factor valuesfor the designed routes
Xt X | X | X | X5 | X | X7 | X | X | Xy | Xy | Xpp | Xig | Xgg | Xis
Cel o | 60 | 45 (120|115 oo | 90 | oo | 105|150 | 175|175 | o | 190 |
| 70 | 95 | oo | 155 o (130 o (140|140 « | 210 | =« | 185|225 | 175
Col 25 | 90 (105|150 175 &5 (130 95 (135 210 | 205 | 235 | 140 | 220 | 130
Cy|l 95|40 | o | 100 o (155 oo (16585 | =« | 155 o | 210|170 | 200
Table 9. Revised war ehouse-customer distances
Xt | X 5 X (X (X | X X | Xy Xy Xy Xp | X | Xy | Xps
(o T /A A /O / O/ O A O/ I/ I I/ 0 0 0 0 0
Gl 1|1 0100006010 0 0 0 0 0 0
Gl 1|1 0100206100 0 0 0 0 0
Col 111 0110006011 0 0 0 0 0 0
Table 10. Binary coefficient matrix [ai]
Xr | X | X | Xy | XS | X | X7 | X | Xo | Xy | Xy | X2 | Xz | Xy | X5
Cr| [ I I I I I I I I 1 I I I I I
Cy| I 1 I I 1 I i 1 I i I I I 1 I
Cz| [ 1 I I 1 I i 1 I i I I I 1 I
Cy| 1 1 I I 1 I i 1 I i I I I 1 I
Table 11. Binary coefficient matrix [fi]
Xi | X | Xo | Xy | X5 | X | X7 | X | Xo | Xy | Xy | X | Xz | Xy | X5
Cp| I 7 7 7 7 7 7 7 7 I I 7 7 I I
Oy | 1 7 7 7 I I I I I I I I I I I
Cy| 1 0 1 g | 1 ) 0| 7 ] ] 0 J ) 0 0
Cy| O | 1 1 g | 0 d 7 0 I 0 (] J d 0 0

Table 12. Binary coefficient matrix [i]
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X X% XXX X | X | X [ Xo| Xu | Xo | Xz | Xue | Xis
clo 1| 1]ololol 1 o] olololo]|o]o]o
Gl 1 |1lololojo|l oo o olo|o|o]o]o
Gl 1]lololololol] o] 1 o loJololo]ol]o
clo|l1|lolololo|l oo 1 |olo]lo]o]o]o
Table 13. Existence of routes

Yo | Yis | Yie | Yoz | You | Yo5 | Yor | Y31 | Y32 | Yay
= 1 |-11]-11]0 0 0 0O [+1 | © 0
) 0 0 -1 -1 -1 -1 0 1 0
g 3 0 0 +1 0 0 0 -1 -1 -1
S|4 ]ofofJofl1]ofolfo] o]+
S| 5 [+ ] 0 0 0 | +1 0 0 0 0
g 6 0 | +1 0 0 0 0 0 0 0
= | 7 0 0 0 0 0 +1 0 0 0

Table 14. Coefficients of Y;j



