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v(i,j)eE 3(i,j)<U(,j)
v(i,j)eE 8(i,j)=-f(i,])
Stmbs bl 58 Loy a3 3 Ml e vieN i ssource and i #sink o 350, 1) =008, (1) =5, (i)
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Ford and Fulkerson Algorithm

Input: Graph G with flow capacity U, a source node and sink node.

Output: A flow f from source to sink, which is a maximum.

10 (i, j)—0 for all edges(i,j)

- While there is a path A from source to sink in G, such that U,(i,j)>0 for all edges (i,j) € A:
: Find Us(A)=min{ Us(i,j): (i,j) €A}

: for each edge (i,j) €A

10 (i, j) — o (i, j)+ Us(A)(Send flow along the path)

10 (i, j) — 0 (i, j)- Us(A)(The flow might be returned later)
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33,8 o 4l MCNFP

Maximize Z menfp = Z ZZ itj "

ieNg

Zb =s. VieN

i
ked(i)

ZX itk — bik '

[i=3"0r (i o Yo

zxitjk = bik )

| iy )<

letjk ZX j(t=tri )ik =

‘J =J*or (i, lmru )eAT J‘(er“ iy )ehAr

ZX |th -
ZX itik —

VieN,

D Y- 2 Vi =L VieN,, vk,
i )eA iliieA

> Y- D Vi =0 VieN, VK,
i DeA ildiheA

Z Yik — Z Y i =-1 Vi eNg,
ili.i)eA jl3i)eA

X <UA, i %Yo v(i,])eA, t=1..7T,
X =0, if i =source(k), t=1..T

X 20, VieN, t=1..T,

X1 >0, Vi eN, Vk

X4 20, VieNg, t=1..T, vk
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VieN,,t=1, vk

Vi, j)eA, t=1..T

VieN,t=1..T

VK Xy 20, y 4, €(0,0), V@,

S B e

, =1, Vk

VieN ,t=2,..T-1, Vk

if 1 =source(k)

if 1 =source(k) or sink (k)

if i =sink (k)

iYeA, t=1..T, vk
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Abstract

Earthquake is a common natural disaster that often brings about wide-ranging catastrophic
consequences. The post-crisis assessment of conditions generally indicates poor performance in
evacuation routing and planning, leading to incoordination and waste of time and network capacity.
Therefore, this study presented a heuristic, integrated solution to determine evacuation routes in the
shortest time possible using an algorithm based on network analysis and the definition of safe nodes
and arcs based on crisis conditions. The proposed flow optimization model employs MCNFP to find
the shortest evacuation routes from each node to the safe zone and guide the maximum possible flow
through this route. The model's efficiency was tested using 12 small networks with different
combinations of nodes and vehicles and 10 medium networks with different numbers of nodes and
similar demands. Then, the running times of each MCNFP algorithm and the proposed model (P-M)
were compared. The results showed that the evacuation time increased by increasing the number of
nodes and the routing complexity. In addition, increasing the number of vehicles in small networks
increased the evacuation time. Finally, the research results confirmed the higher speed of the heuristic
algorithm than MCNFP in network evacuation.

Keywords: Transportation network, Emergency evacuation, Crisis management, Earthquake,
Optimization

VEOY Olie /40 o5led /p s 5 G Il /SS1 5 i ol

YA



