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Abstract  In construction projects, availability of required material at right time at the project site is
crucial to complete the project on time and within the budget. The construction project could
be delayed for several reasons and this may disrupt supplies. In this work we assume that enough
supply may not be available on time if the project delayed excessively unless the project manager has
special supply contracts with the suppliers. Usually suppliers react in two ways towards change
in delivery dates; either they may increase the price or provide a limited quantity on the negotiated
price. In this work we discuss both the cases and provide solution approaches. The efficiency
of the approaches is verified using randomly generated data sets.

Paper type: Research Paper

Published online: 30 July 2013
Vol. 3, No. 3, pp. 167-182

ISSN 2083-4942 (Print)
ISSN 2083-4950 (Online)
© 2013 Poznan University of Technology. All rights reserved.

Keywords: supply chain, supplier selection, construction, heuristic




168 A. Mobtaker, A. Awasthi, S. Chauhan and S. D’ Amours

1. INTRODUCTION

Managing material supply in construction industry is very different from manufac-
turing. In general construction is done in several phases and project competition time
is generally much longer than manufacturing. Even the exact demand is known, there
are several exogenous events, such as delays in permit, inspection, material quality,
availability of material, labor, weather, etc., that can affect the project completion date.
Since, each construction phase has specific requirements; delay in any of the phase
affects the planning of subsequent phases. Resource availability and work availability
are two common limitations that constrain the construction progress. Work availability
limitations are usually expressed by internal or external dependencies in a construction
project. Since these dependencies are related to the nature of work, normally
the project manager is not able to control them. In contrast, resource availability limi-
tations can be controlled by the project manager by means of resource plans and
managerial decisions. It seems that construction management is nothing but resource
management which leads to a huge number of resource management and procure-
ment studies (Park 2004).

In some industries raw material and supplies are required for a short duration,
in which long term commitment with suppliers doesn’t seem a wise decision. More-
over suppliers usually aren’t interested in increasing their production capacity because
of either absence of long term relationships or technical constraints. For example in
Canadian Wood-Frame House Construction projects, wooden material is supplied from
forestry industry, in which suppliers cannot augment their capacity due to technical
constraints. Forests are owned by several suppliers with limited number of trees.
A desirable requirement (with particular quantity, quality, etc.) may not be met by
one supplier due to either limited capacity or reserved capacity for other clients. Con-
sequently, it is inevitable for the buyer companies (e.g. saw-mills/furniture compa-
nies) to buy from multiple suppliers in order to maintain competition and avoid vari-
ous risks such as price, quality and delivery uncertainties (Awasthi, Chauhan, Goyal
& Proth 2009). Additionally studies have recommended that “single sourcing is
a dominant strategy only when supplier capacities are large relative to the prod-
uct demand and when the firm does not obtain diversification benefits. In other cases
multiple sourcing is an optimal sourcing strategy” (Burke, Carrillo & Vakharia 2007).

In engineering, procurement and construction (EPC) industries supply cost
is a big portion of total expenses of a company. So having enough supply at the
right time is critical and crucial to complete a construction project on time and
within budget; then appropriate supply management and specifically supplier selec-
tion and quantity allocation methodologies are effective to improve the project
performance indicators like cost and time and supply chain efficiency in general.

Supplier selection involves several criterias which may be qualitative or/and
quantitative in nature. In a typical selection process the suppliers are first short-
listed based on qualitative criteria and then finally selected based on quantitative
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criteria. Qualitative criteria includes parameters such as service quality level, reli-
ability, flexibility, customer relationship, etc. Most of the researchers proposed
tools such as Analytic Hierarchy Process (AHP), TOPSIS, fuzzy logic, etc for
evaluating suppliers on qualitative parameters. Readers interested in qualitative
tools applicable to supplier selection problem may refer (Wu, Blackhurst &
Chidambaram 2006), (Kahraman, Cebeci & Ulukan 2003), Lee (2010), (Punniya-
moorthy, Mathiyalagan, & Parthiban 2011), and (Bhattacharya, Geraghty, &
Young 2010). Quantitative approaches are most commonly used when numerical
data is available. Most of these studies in the area of supplier selection emphasizes
on optimal quantity allocation. In this review, we will divide approaches under two
categories: suppliers with limited capacity or unlimited capacity. In the first case,
we assume that the supplier has limited capacity while in the second case enough
capacity to fulfill the cleint’s demand. Demand could be deterministic or stochas-
tic. In the deterministic case both demand quantity and demand delivery time from
buyer side are known and fixed. In the stochastic situation, demand quantity and/or
delivery time are subject to change by the buyer and may vary over time.

In the area of deterministic demand conditions, Chauhan and Proth (2003) ex-
plored supplier selection problem with fixed demand for two different situations:
a manufacturing unit with several providers and multi-providers for multi-
manufacturing units. In that study each supplier quotes a fixed setup cost plus
a concave increasing cost of the quantity delivered. The authors proposed a heuris-
tic algorithm based on properties of an optimal solution to allocate appropriate
quantities to the suppliers which should be within a maximum and minimum range.
(Burke, Carrillo & Vakharia 2008) studied same problem as (Chauhan & Proth
2003) but instead of considering a fixed setup cost plus concave quantity discount
for suppliers, (Burke, Carrillo & Vakharia 2008) studied three different pricing
schemes including linear discounts, incremental units discounts and all units dis-
counts. The authors proposed a heuristic model to solve the problem. (Chauhan
etal. 2005) proposed an optimal algorithm based on dynamic programming for
supplier selection problem (SSP) for single buyer. (Burke, Carrillo & Vakharia
2008) studied a problem motivated by a purchasing organization that source from
a set of suppliers. In which each supplier offers an incremental quantity discount
purchase price structure. The objective is to obtain required supply at minimum
cost. Authors solved this allocating order quantities problem by minimizing
the sum of separable piecewise linear concave cost functions. A branch and bound
algorithm has been developed to reach the optimal solution. Glock (2010) studied
an integrated inventory system for a supply network, in order to minimize total
system cost. Glock (2010) assumed deterministic conditions for all the parameters
over time and proposed a heuristic model.

A single item, multi-supplier system with fixed demand, price-quantity discount
considerations, suppliers’ capacities constraints has been explored by (Chang
2006), and the author used a mixed integer approach to solve the procurement
problem. (Sawik 2010) explored supplier selection problem for a custom company
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in a make to order environment. Sawik considered three factors in selection process
such as: price, quality of custom parts and reliability of on time delivery. Business
volume discount is also considered and a mixed integer program was proposed to
solve the problem. (Rezaei & Davoodi 2010) studied a multi-product, multi-
supplier and multi-objective (cost, quality and service level) supplier selection
problem and proposed two multi-objective mixed integer nonlinear models. (Men-
doza & Ventura 2010) investigated a system of supplier selection and inventory
management to optimize the entire system. A mixed integer nonlinear program-
ming model is used that gives an optimal inventory policy while allocating appro-
priate quantity to chosen suppliers. The authors assumed a single-product case and
constant demand rate. (Kokangul & Susuz 2010) utilized hierarchy process and
non-linear integer and multi-objective programming with consideration supplier
capacity, total budget and quantity discount constraints; while the objective func-
tions were maximizing the total value of purchase (TVP), minimizing the total cost
of purchase (TCP) or maximizing TVP and minimizing TCP simultaneously.

Combination of analytic hierarchy process (AHP) and goal programming (GP)
has been utilized in a study by (Kull & Talluri 2007) as a tool for strategic supplier
selection in the presence of risk measures and product life cycle considerations.
Also (Jolai, Yazdian, Shahanaghi & Khojasteh 2010) studied supplier selection and
order allocation problem in a fuzzy environment. First suppliers are evaluated
by use of fuzzy MCDM, fuzzy AHP and modified fuzzy TOPSIS; then with help of
goal programming method the problem has been modeled in a mixed integer linear
program. (Woo & Saghiri 2010) defined a supplier selection problem as a multiple-
objective decision making problem under uncertainty and proposed a fuzzy multi-
ple-objective mixed-integer programming model to assign quantity to each sup-
plier. The authors assumed three main stage of the supply chain: the purchasing
organization, suppliers, and third-party logistics providers. This was a multiple-
product problem in which suppliers had limited capacity. (Ebrahim, Razmi
& Haleh 2010) approached vendor selection problem as a multi-criteria decision
making problem with consideration of different discount schemes (such as all unit-
cost, incremental discount, and total business volume discount) on the unit price
at the same time. Suppliers’ capacity and demand constraints are also considered.
As a result of their study, a scatter search algorithm is proposed while using
the branch and bound method.

Yeh and Chuang (2010) studied supplier selection problem in a multi-product,
multi-stage supply chain. In their study a multi-objective genetic algorithm is used
to reach a balance among four conflicting objectives such as cost, time, product
quality and green criteria; capacity constraint and constant market demand had
been assumed. (Micheli, Cagno & Giulio 2009) found out that combination of total
cost of ownership (TCO) approach and supplier-specific guidelines for immediate
and later interventions will lead to some “present total cost profiles” (PTCP) which
include the variability and the single value of total cost for each intervention for
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every supplier that can be used for decision makers to subjectively utilize their
related experiences to make the best decision.

(Wan & Beil 2009) studied how to choose a qualified supplier to win a contract
by use of a combination of request-for-quotes (RFQ) reverse auction and supplier
qualification screening. The authors explored how well determining the level
of qualification prior and after auction can decrease total expected procurement
cost. The authors utilized mathematical programming techniques methods to com-
pute the expected prequalification, auction and post qualification costs and by the
use of mathematical methods, the optimal auction is achieved.

There are a few researches with unrestricted supply conditions. For instance,
(Keskin, Uster, & Ctinkaya 2010) studied a supplier selection and quantity alloca-
tion problem with fixed demand for a multi-store firm and single-product; the au-
thors proposed an integrated vendor selection and inventory optimization model by
use of a mixed integer nonlinear programming.

Stochastic demand conditions

In opposite of deterministic demand conditions in supplier selection process,
procurement problems can be explored when demand conditions such as demand
quantity and/or demand delivery time are subject to change. These circumstances
are closer to real-world conditions then approaches towards them usually lead to
more robust supply chain partnerships.

(Abginehchi & Zanjirani Farahani 2010) investigated multiple-supplier, single-
item inventory systems with random lead-times and both constant and probabilistic
demand. By the use of a mathematical model the researchers determined the reor-
der level and quantity allocation for each supplier to minimize cost including order-
ing, procurement, inventory holding and shortage cost.

For a single-item, multi-supplier system, (Chang, Chin & Lin 2006) considered
fixed demand and variable lead-time, price-quantity discount (PQD) and resource
constraints. To solve this problem a mixed integer approach was used to minimize
cost. The cost function includes total periodic purchasing with PQD, ordering,
holding, and lead-time crashing cost.

In modern supply chains, lots of uncertainties and variations are related to de-
mand quantity and supply lead-times which high lights the importance of flexibility
in vendor selection process. Flexibility can be defined as robustness of buyer-
supplier relationship under changing supply conditions. Das and Abdel-Malek
(2003) formulated a measure for flexibility as a function of varying order quantities
and varying supply lead-times.

Some of common criteria in supplier selection are cost, quality, delivery and
flexibility. (Liao & Rittscher 2007) made a summation of four functions for cost
including expected purchasing cost, demand quantity increase penalty, demand
quantity decrease penalty and demand timing decrease penalty; also for flexibility
(Liao & Rittscher 2007) used Das and Abdel-Malek (2003) flexibility measurement
formulation and finally for quality and delivery, quality rejection rate and late de-
livery rate were evaluated. Two equality and inequality constraints were associated
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with demand satisfaction and capacity constraints respectively. Since dealing with
equality constraints in multi-objective problems is relatively difficult, a problem
specific operator Demand along with genetic algorithm method has been used to
solve the problem.

(Zhang & Zhang 2010) explored supplier selection and purchase problem with
uncertain demand quantity. The authors assumed minimum and maximum con-
straint on the order quantity for each supplier. The objective was to minimize
the total cost. It was assumed since at the time of signing the contract with suppliers,
buyer does not know the certain amount of demand, if the buyer orders more than
the realized demand, the excess stock causes a holding cost or on the other hand
if order quantity is less than the real demand, a penalty cost is incurred. So several
cost types have been considered including selection, purchase, holding and shortage
costs. Finally the problem was modeled by a Mixed Integer Program (MIP).

(Jafari, Tavana, Azadeh, & Songhori 2010) investigated the supplier selection
and quantity allocation problem in two evaluation and allocation phases: first a data
envelopment analysis (DEA) model is used with consideration of several factors
like cost, time and quality (ordering and transportation costs are inputs for the DEA
model while lead-time mean and variance (lead-time is assumed to be a stochastic
variable), and supplier quality score are output variables in the DEA model); sec-
ond a multi-objective mixed integer programming model had been developed
to minimize the total costs and maximize the overall efficiencies. It was assumed
each supplier has a limited capacity.

Shi and Zhang (2010) combined multi-product acquisition and pricing problems
where there is uncertain demand, budget constraint and supplier quantity discount.
A mixed integer non-linear program is used to model this problem.

Awasthi, Chauhan, Goyal, and Proth, (2009) used a similar heuristic method
to (Chauhan & Proth 2003) for supplier selection problem while facing stochastic
demand with fixed product price. Burke et al. (2007) also studied supplier selection
problem with uncertain demand and consideration of suppliers’ capacities and cost,
product price, firm inventory costs and historical supplier reliabilities. Authors
proposed an optimal approach in the case where a set of selected suppliers with
limitations on minimum order size, must supply to a buyer facing uncertain de-
mand. The main difference of their work and (Awasthi, Chauhan, Goyal, & Proth,
2009) is that Burke et al. (2007) only assigned quantities to the suppliers who must
supply a positive quantity.

Li and Zabinsky (2009) incorporated uncertainties in demand and supplier ca-
pacity in the supplier selection process. These uncertainties are captured by scenar-
ios or with a probability distribution in two models: a stochastic programming (SP)
model and a chance-constraint programming (CCP) model have been proposed to
find minimal set of suppliers and order quantities with consideration of business
volume discounts. Quality, delivery and cost (including purchasing, transportation
and inventory costs) are the objectives considered in these models. Moreover,
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in order to analyze the tradeoffs between cost, risk of not meeting the demand and
number of suppliers, multi-parametric programming techniques have been utilized.

In this paper we focus on deterministic demand conditions i.e. we know the end
demand but a supplier may offer multiple prices. The rest of the paper is divided
into three sections. Problem formulation, solution approach and numerical experi-
mentations are presented in section 2, and finally conclusion and future research
directions are provided in section 3.

2. THE PROBLEM

2.1. Problem setting and Formulation (1)

In this problem we assume that a project manager is facing an uncertain start
date for an activity. A material required for this activity is crucial to start the activ-
ity and the price of this material depends upon the source of sourcing and delivery
date. We assume that the project manager has complete information about the
prices offered by the suppliers as well as probability of the project delay with dura-
tion. The demand for the activity is known and constant. Each supplier may impose
limits on the minimum and maximum order size for economy of scales and capac-
ity limits respectively. The objective is to select set of supplier to fulfil the demand
in the most economical way.

Let S be the set of scenarios for delays (to start the activity) f., seS be
the probability of scenarios . We assume n number of suppliers are available and
offering P per unit price, where i€ {1, 2,0, n} =N, inscenariosS . In this
model we assume that each supplier either supplies a quantity which lies between
[m,,M,] or don’t supply anything. The following formulates the problem:

P Min}.> p.q.f,

ieN seS
s.t.
ZM,>q,>2Z,.m VieN (1)
ZQi >d (2)
ieN
Z e{O,l},‘v’ieN ©)

The objective of P, is to minimize the expected purchasing cost. Constraints

(1) make sure that supplier either supplies a quantity within the stipulated range
or do not supply anything. Constraint (2) is demand satisfaction constraint i.e. all
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the suppliers combine must satisfy the demand d . Finally, last constraints define
Z as binary variable.

Proposition 1: P, is NP hard problem.
The proof is very similar to the proof presented in (Chauhan et el 2005)

Proposition 2: For an optimal solution the quantity supplied by each supplier, may
be except for one, belongs to {m,,M,,0} i.e. g, € {m,,M,,0}.

The proof is presented in (Chauhan and Proth, 2003). It can be concluded from
proposition 1 that an exact algorithm for P, may not be computationally efficient.

This motivates use to develop a heuristic approach for the above problem. In the
proposed heuristic we make sure that any local solution generated by the heuristic
algorithm must satisfy the conditions outlines by the proposition 2. Because of the
nature of the problem, we propose two heuristics.

2.2. Heuristic 1 (S1)

I. Compute the average price offered by each supplier.
I1. Arrange the suppliers in the increasing order of their average quoted price.
I11. For supplier, i=1to N
a) If d = M;: Assign the amount M; to supplier i {x; = M;), and
setd =d— M;.
b) If d € [m;,M;] : Assign d to supplier i {x; = d), compute the solution, and
go to the end of the program.
) If d=<m;, seti'=i
T1. Then for each supplier j >, set X; = m; and assign rest of the
quantity among suppliers1,2,..., j.
We first assign X; =m; and setd! =d — X; . We then assign

d’to suppliers (1,2,..J). The assignment should maintain the con-
ditions outlined in proposition 2.

T2. If the assignment is successful, compute the cost of current as-
signment. Keep the assignment if the cost is better than all the
previous assignments.

IV. End.
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Heuristic 2 (S2)

1. For each scenario S S
1.1 Arrange the suppliers in the increasing order of their quoted price (for cur-
rent scenario).
1.2 For supplier, i=1to N
1.2.1 If d = M; : Assign the amount M; to supplier i (x; = M;), and

setd =d— M;.

1.2.2 If d € [m;,M;] : Assign d to supplier i (x; = d), compute the so-
lution and go to 2.

123 Ifd<m; seti'=i

1.2.3.1 Then for each supplier j>i", set X; =2 m; and assign rest of
the quantity among suppliers 1,2,..., j .
We first assign X; =m; and set di=d- X; . We then assign

d'to suppliers (1,2,..j). The assignment should maintain the
conditions outlined in proposition 2.
1.2.3.2 If the assignment is successful, compute the expected cost for

current assignment. Keep the assignment if the cost is better
than all the previous assignments.

2. Compute the expected cost for the current assignment. Keep the best assignment

across the iterations.
3. End.

2.3. Problem setting and formulation (2)

This problem is set in the same context however in this problem we assume that
the suppliers may not offer the same promised quantity if the activity starting date
is delayed. This assumption is realistic as suppliers are generally part of several
supply chains and they may not be able to keep promised capacity for an extended
duration. For simplicity we assume that all suppliers reduce the promised quantity
with the delay however the quoted price remains the same. In this situation
the buyer may order more than the required quantity assuming in the event of pro-
ject delay the net received quantity (after the reduction) should be as close as pos-
sible to the required demand. But in the event of no-delay the buyer should buy all
the reserved quantity i.e. (probably) more than the demand.
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This situation is very similar to newsvendor problem but with multiple vendors.
Let & (0<e;,<1) be the fractional delivery (delivered quantity/ promised

quantity) available (w.r.t. promised delivery) by supplieri,ie N, in scena-
ros,seS. In other words, if buyer placed an order of g, (the promised quantity)

then, in scenario s the supplier will be able to provide only ¢, .q; (<q;) units.

If the total available quantity by all suppliers are less than the demand, d , then the
missing quantity in that scenario, (], must be acquired from open market at

price p,,. We assume that this price is higher than the price offered by any of the
available supplier. Now the problem at hand can be reformulated as follows:

P, MinY" fs-(Z POy s + pmqm,sj

seS ieN
S.t.
ZM,>2q,2Z,.m; VieN 4
Zai,sqi _§s+qm,s =d VseS (5)
ieN
Z, {01} VieN (6)
5,20, Vse$S (M
0y 20, VseS (8)

The goal is to minimize the expected purchasing cost. Constraints (4) maintain the
order size restrictions on the suppliers. Constraints (5) compute the missing quan-
tity (to be purchased at the market price) in each scenario, if any.

2.4. Solution approach

The structure of this problem is very similar to P, and therefore this problem is

also NP-hard. We propose an approach based on heuristic 1 (S1). In S1, we arrange
supplier based on average price however, to solve problem P2, we arrange
suppliers in an ascending order based on supplier specific cost-based-score.
To obtain this score for a given supplier, we first solve single supplier problem
assuming that this supplier is capable of providing any quantity. In other words we
assume that the buyer is buying all material from this supplier and, if required,
from the open market (no other suppliers are available). To obtain this score (cost)
we first assume that there is no limitation on upper order limit. Then we use
marginal analysis to compute the order quantity. Once we obtained the order
quantity, we compute the expected cost and this expected cost becomes the cost
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based score of this supplier. We compute this score for every supplier and arrange
the suppliers in ascending order of this score.
Once the suppliers are arranged, we follow the step 3 of algorithm S1.

2.5. Numerical Experimentation

In this section we first present numerical examples to illustrate the problem and
the solution. Table 1 compiles the detailed solution obtained from S1 and S2. Since S1
works on average cost, it requires less computation than S2. We can see from Table 1
and Table 2 that S1 performs as good as S2 and requires less number of steps.

Table 1 Illustrative Examples (P1)

gg (m) and (M) limits g s1 Quantity ~ S1 Cost S2  Quantity S2 Cost

=1 g g allocation allocation

T 3 N

-1

3 m=[8 16 6] 63 26 26 11 $745.84 26 26 11 $745.85
M=[41 26 11]

4 m=[13 17 22 16] 139 63 24 36 $1570.9 63 24 36 16 $1570.9
M=[63 24 37 40] 16

5 m=[10 7 1 12 17] 132 24 33 14 $1612 24 33 14 27 $1612

27 34 34

M=[24 33 14 27 50]

6 m=[15 18 10 2 12 717 47 18 0 0 $855.7 52 0 0 0 $8544
2] 12 0 25 0
M=[52 20 58 40 59
28]

6 m=[10 22 11 6 15 245 55 69 52 $2645 55 69 52 0 $2645
12] 0 15 54 15 54
M=[55 69 52 42 53
57]

7 m=[67 66 51 77 55 106 332 66 $12118.33 332 66 245 $12118
58 82] 5 245 0 244 0 244 178 0
M=[332 360 245 377 244 178 0
238 216]

7 m=[1 12 1 12 24 7 203 0 33 43 $24176 0 54 43 0 $24198
10] 35 44 0 44 14 48
M=[23 54 43 35 44 48
54 48]

8 m=[61 95 89 95 65 394 O 0 0 $4534.1 0 0 0 0 $4534.1
84 84 57] 0 337 0 337 0 0 57
M=[214 215 319 217 340 0 57

341 233 232]
8 m=[15 5 8 12 9 8 175 17 38 16 $1986.7 17 38 16 29 $1987.2

12 6] 46 0 8 0 25 50 0
M=[17 38 16 53 30 50 0
25 50 44]

10 m=s[r 1 10 11 8 8 250 26 30 O $2865.7 26 30 0 25 $2865.7
7 24 22 10] 25 58 0 58 0 0 24
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M=[31 30 35 25 58 0 24 39 39 48
18 51 26 39 48] 48
11 m=[10 17 21 20 10 5 220 27 0 21 $24533 27 0 21 57 $2453.3
17 1 8 16 15] 57 18 0 18 0 59 9
M=[27 67 28 57 18 27 59 9 0 0 0 29
59 19 12 44 29] 0 29
12 m=[13 20 12 21 9 25 212 0 O 0 $2466.2 0 0 0 0 $24683
7219 21 24 9] 0 0 29 0 29 0 14
M=[54 47 36 63 57 29 0 14 39 39 35 66 29
43 14 39 35 66 59] 35 36 59
13 m=[20 523 18 17 25 1 333 48 41 23 $3848.174 48 41 0 18 $3850.2
11 13 15 3 17 2] 0 28 58 28 58 21 0
2. 0 0 0 29 16 45
29 16 40 29
29

In Table 2 we present the performance of the heuristic algorithm by comparing
the heuristic solution with the optimal solution. To obtain the optimal solution we
examine all the possible assignment of the available suppliers and select the best
assignment based on the expected cost. In the table we present the mean relative
error and standard deviation of the mean relative error. We solved 100 randomly
generated instances for each problem size to compute the mean and standard de-
viation of the relative error (Heuristic solution — Optimal solution)/ optimal solu-
tion.

Table 2 Computational Results (P1)

Number  Mean error Standard Mean error Standard
of (s1) deviation of mean (s2) deviation of

suppliers error (s1) mean error

(s2)

3 0 0 0.00014221 0.001415
4 5.69E-05 0.000566393 0.00020476 0.002037
5 6.25E-05 0.000524476 0.00004967 0.000494
6 7.57E-05 0.000671282 0.00020959 0.001245
7 0.000648 0.000648248 0.00030173 0.001471
8 6.19E-05 0.000429126 0.00037036 0.001483
9 8.36E-05 0.000831419 0.00037962 0.001476
10 1.95E-05 0.000194248 0.00025703 0.00213
11 6.92E-05 0.000336116 0.00034692 0.00188
12 0.000103 0.000798585 0.0005197 0.002244
13 2.51E-05 0.000215389 0.00077686 0.0023
14 4.16E-05 0.000241688 0.00038815 0.001704
15 1.14E-05 7.15512E-05 0.00042455 0.00192

The problem is solved using both the approaches and results are summarized in
Table 2. From Table 2, we can observe that the mean error as well as standard de-



Sourcing problem for construction industry 179

viation of the mean error is small. In other words, the heuristic approach developed
in this paper works well for this problem. Note that there were few instances where
heuristic was not able to find the feasible solution however, a solution was exist. In
the computation of mean relative error we removed such instances.

To test the performance of S3 (heuristic for P2), we generated 20 random prob-
lems for each problem size and computed the relative error. To obtain the optimal
solution, we again computed the each possible combination of suppliers and ob-
tained the best assignment based on minimum expected cost. Table 3 summarises
the results. We can see that error is small and the approach could be used effec-
tively to generate a quick solution which could be enough close to the optimal solu-
tion. Note that, a branch-and-bound technique could be used to explore the optimal
solution and this heuristic approach can be used to generate a quick upper bound.

Table 3 Computational results (P2)

No. of suppliers Mean error Standard deviation of error
3 0.0029 0.013
4 0.000289 0.0011
5 0.0019 0.0063
6 0.010 0.018
7 0.0033 0.009
8 0.005 0.018
9 0.0025 0.0049
10 0.0033 0.005

In Table 3 we can see that although the error is small but it does not provide
any pattern w.r.t. problem size. The one possible reason could be the number of
instances was not enough. But in our view the problem complexity is not always
due to number of suppliers but mostly due to upper and lower order limits set
by the suppliers. If this limit is closer to each other, the problem becomes more
complex. Since we are generating all these limits randomly, adding one or more
supplier in the problem doesn’t mean always a complex problem.

3. CONCLUSION

This work presents two models and approaches to select a set of suppliers to
fulfil demand. The problem of selecting suppliers under mentioned constraints with
stochastic project completion date is computationally complex problem. The ap-
proach presented in this work is easy to implement and provides a solution which
is close to the optimal solution. The tool presented here could be very useful in the
environment where parameters related to suppliers (such as production rate, capac-
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ity, etc) changes frequently and managers have to modify the plan by add-
ing/removing suppliers or modify quantities as the project progresses and demand
changes. The approach presented here could be useful in extending the research
in the direction of multi-product supply planning. Advanced approaches such as
bender decomposition could be investigated in future to develop exact algorithms.
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