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IMPORTANCE

Find locations of temparory facilities like
@ warehouses
@ job offices
@ workshops
@ batch plants
Good layout can have an impact like

@ production cost and time savings for large project.

@ very large site —> large traveling distance

Example



@ simplify material handling
@ minimize travel time

e avoid obstructing material and equipment movements
e promote safe and efficient operations.
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OBJECTIVES OFSITE LAYOUT.

@ simplify material handling
@ minimize travel time
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OBJECTIVES OFSITE LAYOUT.

@ simplify material handling

@ minimize travel time

@ avoid obstructing material and equipment movements
@ promote safe and efficient operations.
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DIFFERENT PERSPECTIVES

TIGHT AND LOOSE ARRANGEMENT OF FACILITIES
e space between facilites in loose
@ loose spacing suitable to construction

Example
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DIFFERENT PERSPECTIVES

TIGHT AND LOOSE ARRANGEMENT OF FACILITIES
e space between facilites in loose
@ loose spacing suitable to construction

Example

STATIC VS. DYNAMIC LAYOUT
o time dependent arrangement of facilites.
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PERSPECTIVES CONTD.

LAYOUT IMPROVEMENT VS. LAYOUT CONSTRUCTION ALGORITHM

e interchange predetermined layout to get better layout
e in latter start from scratch




Introduction Problem Formulation Ant colony optimization Example
00@00 00000000000 000000000

PERSPECTIVES CONTD.

LAYOUT IMPROVEMENT VS. LAYOUT CONSTRUCTION ALGORITHM

e interchange predetermined layout to get better layout
@ in latter start from scratch

SITE SHAPE
e rectangualar most common
e unequal area

e facility as group of unit area
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PERSPECTIVES CONTD.

PARAMETERS USED TO FIND OBJECTIVE FUNCTION
consruction cost

frequency of trips

flow volume of different resources
desirability of adjacency
interaction cost

Example
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PERSPECTIVES CONTD.

PARAMETERS USED TO FIND OBJECTIVE FUNCTION
@ consruction cost

frequency of trips

flow volume of different resources

desirability of adjacency

o
o
o
e interaction cost

OPTIMIZATION VS. HEURISTIC APPROACH
e heuristic rules , experience and simplified approaches
e mathematical optimization difficult for limited no. of facilities
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RECENT TREND

USE OF FOLLOWING SOLUTION TECHNIQUES
e Non-traditional techniques
e Atrtificial intelligence
e Genetic Algorithms
e Artificial neural networks
e Simulated annealing
@ in this work Ant colony optimization

Example
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SITE LAYOUT WITH ANNEALED NEURAL NETWORK BY
YEH 1995.

IMPORTANT FEATURES
e Formulation as combinatorial optimization problem

e Predetermined set of facilites on predetermined set of
sites.

Rectangular shape sites.
Static layout

Solution using hybrid of Artificial neural networks &
Simulated annealing

Cost is interaction between adjacent facilites.
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FORMULATION AS COMBINATORIAL OPTIMIZATION
PROBLEM.

DECISION VARIABLES
o £={l1,0,...,li,In}
@ i is the location of i th facility

e and n; is the number of facilies i.e dimension of decision
vector £.

e Variable bounds : 1 < [; < ng
@ Ng is the number of available sites.
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FORMULATION AS COMBINATORIAL OPTIMIZATION
PROBLEM.

OBJECTIVE FUNCTION

® F(L) =2 x> oxi(C)xi + D« Ey 2 Zj OxiOyj Axy Dj

e where

if [=x thendy =1
if [#£X thendy =0

and

Ay =1 ifsite x adjacent to sitey
Ay =0 otherwise

Dyxy = distance between sit&site y




Introduction Problem Formulation Ant colony optimization
00000 000®0000000 000000000

FORMULATION AS COMBINATORIAL OPTIMIZATION
PROBLEM.

EQUALITY CONSTRAINTS
e One facility should be allocated to onl one site.
Zx o =1
e One site can accomodate only one facility.

Zi o =1

Example
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SITE LEVEL FACILITIES LAYOUT WITH GENETIC
ALGORITHMS LI AND LOVE 1998.

IMPORTANT FEATURES
Rectangular shape sites.

e Size of sites is unequal.

e Static layout

e Solution using genetic algorithms
]

Cost is product distance between site and frequency of
trips
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FORMULATION .

DECISION VARIABLES
Same as Yeh 1995

TYPES OF SITE CONSIDERED

S is set of smaller site locations

S C {1,2,...,I’]S}

0 < kardinality(S;) < ns

which cant accomodate facilites in set F,
Fv C {1,2,...7nf}

0 < kardinality(Fy) < ng
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L1 AND LOVE’'S FORMULATION .

OBJECTIVE FUNCTION

° F(L)=>« Zy i Zj Oxi dyj Oy i

e where

if [=x thendy =1
if [ X thendy =0

and

fij = frequency of trips between facilityfacility |
dyy = distance between sitgsite y
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L1 AND LOVE’'S FORMULATION .

EQUALITY CONSTRAINTS
Same as Yeh 1995 )

ADDITIONAL CONSTRAINTS DUE TO BIG FACILITY AND SMALL
SITES.

if X = |

thenx ¢ Sy ori ¢ F,




Introduction Problem Formulation Ant colony optimization Example
00000 00000000800 000000000

PRECAST SITE LAYOUT WITH GENETIC ALGORITHMS
CHEUNG ET AL 2002

IMPORTANT FEATURES
@ Special considerations for precast construction
e Different types of resource flows
e Formulation similar to used by Li and Love 1998
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CHEUNG ET AL'S FORMULATION .

@ decision variables.
@ Constraints .
@ Objective Function .

as Li and Love .

DIFFERENT DEFINITION OF FLOW BETWEEN TWO FACILITES

fij = > m_; costmFmij Where
Fmij is volume of flow of resource m between facility i and j.
Costy, is unit cost of flow of resource m.




Introduction Problem Formulation Ant colony optimization Example
00000 O000000000e 000000000

CHEUNG ET AL'S FORMULATION .

@ decision variables.
@ Constraints .
@ Objective Function .

as Li and Love .

DIFFERENT DEFINITION OF FLOW BETWEEN TWO FACILITES

fij = > m_; costmFmij Where
Fmij is volume of flow of resource m between facility i and j.
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REAL ANTS BEHAVIOUR.
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EMERGING REAL ANTS BEHAVIOUR.
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EMERGING REAL ANTS BEHAVIOUR.
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FORMULATION FORANT COLONY OPTIMIZATION
APPLICATION

DEFINITION
A model P = (S, Q,f) of a site layout problem consists of:
e a search (or solution) space S and a set Q2 constraints
among the variables;
e an objective function f:S — R™ to be minimized.

The search space S : Given n; discrete variables [; with
domainsD; =1,--- ,ng,i =1,---,ns. A variable instantiation,
that is, the assignment of a value i to a variable [; , is denoted
by li=i.
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FORMULATION FORANT COLONY OPTIMIZATION
APPLICATION

@ A feasible solution s € S is a complete assignment (i.e., an
assignment in which each decision variable has a domain
value assigned) that satis.es the constraints.

@ A feasible solution s* € S is called a globally optimal
solution , if f(s*) <f(s) Vse S
@ The set of globally optimal solutions is denoted by $* C S

@ To solve a site layout problem one has to find a solution
ses*
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TERMINOLOGY

@ combination of a decision variable &; and one of its domain
values v a solution component denoted by c! .

@ trail parameter Zj for every solution component c{ .

@ The value of a pheromone trail parameter Q}j called
pheromone value — is denoted by TiJ .

@ The set of all pheromone trail parameters is denoted by 7 .

@ of all solution components¢
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A solution construction starts with an empty partial solution
sp = ()

@ at each construction step the current partial solution sy, . is
extended by adding a feasible solution component from the
set MN(sp)

@ Definition: 9t(sp) = €\{ cff, | m < ¥, [m =n}

@ This can be regarded as a walk (or a path) on the so-called
construction graph G¢ = (¢, £) ,

@ vertices are the solution components ¢

@ and the set £ are the connections.

@ The allowed walks on G¢ defined by the set 91(s,) with
respect to a partial solution s, .



Introduction Problem Formulation Ant colony optimization Example

00000

00000000000 [ele]ele]ele]e] 1o}

@ We denote the set of all solution that may be constructed
in this way by & .

@ The choice of a solution component from 91(sp) is done
probabilistically

@ the probabilities for choosing the next solution component
are defined as follows:

ja

i

== Y& eN(sp), )
Z e‘ﬂ(sp I

p(cllsp) =

@ « is a parameter .
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@ Most ACO algorithms use the following pheromone value
update rule:

T @-prtp Y Fle), @

{56 Supd | c: 65}

fori=1,---,n,andje{1,---,|Di|} .

p € (0, 1] is a parameter called evaporation rate.

F : & — R™ is a function such that

f(s) <f(s/) = F(s) > F(s1), Vs #s/ € 6.

Instantiations of this update rule are obtained by different
specifications of Sypg C Siter U{5bs }
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EXAMPLE FROM YEH 1995 .

2 side gate,
3
4
5
7
main

gate —
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EXAMPLE FROM YEH 1995 .

@ data for adjacency and interaction cost assumed
@ implemented in C programming language.

@ Optimum value found is 90.0

@ Yeh obtained a value of 93.0
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ACO PROCEDURE

Algorithm:ACO procedure

InitializePheromoneValues(7) ;
while Termination criteria not true do
for each ant k do
s « ConstructSolution(7) ;
end
ApplyPheromoneUpdate (7, Sjter, Sbs) ;
end
QOutput: The best— so— far solution sy
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OPTIMUM LAYOUT .

ERC

side gate,

1

R1= rein. steel shop No.1. B1= concrete batch plant No.1.
R2= rein. steel shop No.2. B2= concrete batch plant No.2.
C1= carpentry shop No.1. JO= job office.
G2= carpentry shop No.2. LR= labour residence.
F1= falsework shop No.1. E = electricity equipment and
F2= falsework shop No.2. water supply shop.

WH= warehouse.




Introduction Problem Formulation Ant colony optimization Example
00000 00000000000 000000000

SOLUTION CONSRUCTION GRAPH USED BY ANTS

Construction graph and best path found by the ants for case.inp
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SUMMARY

@ Site layout problem was formulated as combinatorial
optimization problem

@ Solution construction mechanism for use with ACO was
defined.

@ Formulation gives only feasible solutions which is not so
with Yeh 1995.
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