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ABSTRACT
Recent reports indicate an alarming growth in the ecommerce market worldwide. With large number of discounts available on
ecommerce sites, it becomes a difficult task for end user to make a profitable choice of available items based on discounts.This

paper introduces an idea for item selection so as to maximise the profits based on discounts without exceeding the end user’s
budget.
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. INTRODUCTION

A large number of resource allocation problems can be represented by a set of items, each having an associated value, from
which, one or more items have to be chosen in such a way that the sum of the values of the selected items is maximized, and
some predefined constraints are satisfied. These resource allocation problems can be formulated as a

knapsack problem.

A knapsack problem can be formulated as follows :

For n item types w; = the weight of each type-j item for j=1,2......,n.

p;= the value associated with each type-j item, for j =1,2,...n

¢ = the weight capacity of the knapsack.

Then the problem can be formulated [1] as

MaximLse :

2= E_i'.=]_{p_i' -r_i'}

Subject to:
n
E:J"=L{“'”J'xj}' =

Where Xy, X,.....,X, are non-negative integers-valued decision variables, defined by xj= the number of type-j items that are loaded
into the knapsack and 0 <xj < Qi .

If one or more of the Qi is infinite, the Knapsack problem is unbounded; otherwise, the Knapsack Problem is bounded. The
bounded Knapsack Problem can be either 0-1 Knapsack Problem or multi-constraint Knapsack Problem. IfQi=1fori=1,2,..,
n, then the problem is a 0-1 knapsack problem.

1.1Dynamic Programming Algorithm for Solving 0-1
Knapsack Problem.

Dynamic Programming is used for solving problems whose solutions satisfy recurrence relations. To design a dynamic
programming algorithm for the 0/1 Knapsack problem, a recurrence relation needs to be derived [1] as shown below.
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Consider an instance of the problem defined by the first i items, 1 < 1 <n, with: weights wl, ... , wi, values VI, ...,
vi, and knapsack capacity j, 1 <j<C.

Let Table[i, j] be the optimal solution of this instance (i.e.it stores the value of the most valuable subsets of the first i items
that fit into the knapsack of capacity j). We can divide all the subsets of the first i items that fit in the knapsack of capacity j

into two categories : subsets that do not include the ith item type and subsets that include the ith item type. This leads to the
following recurrence:

If j<w; then
Tablel[i, j] € Table[i-1, j]
Else
Tablel[i, j] €maximum { Table[i-1, j]
AND
vi +Table[i-1, j— v }
ALGORITHM Dynamic Programming (Weights [1 ... n], Values[1 ... n], Table [0...n, 0 ... C])

/I Input: Array Weights contains the weights of all items
Array Values contains the values of all items
Array Table is initialized with Os; It is used to store the results from algorithm.

/I Output: The last value of array Table (Table [n, C]) contains the optimal solution of the problem for the given
Capacity C

fori=0tondo
forj=0to C
if j < Weights[i] then
Table[i, j] €Tableli-1, j]
else
Table[i, j] € maximum { Table[i-1, j]
AND
Values[i] + Table[i-1, j — Weights][i]] }
return Table[n, C]

1.2 Bounded Knapsack Problem

The Bounded knapsack problem can be formulated [2] as follows.

Given n item types and a knapsack, with wj = the weight of each type-j item for j=1,2.....,n. pj= the value associated with each
type-j item, for k=1,2,...n bj= upper bound on the availability of items of type k c= capacity of the knapsack.

Select a number xj (j=1,2,...n)of items of each type so as to

Maximise
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0 <xj<bjand integerje N= {1,2,...... ,n}
Bounded knapsack is a generalization of the 0-1knapsack problem in which bj=1 for all jeN.

1.3. Transformation of Bounded Knapsack Problem into 0-1 Knapsack Problem

The algorithm to transform a bounded knapsack problem into an equivalent 0-1 knapsack problem [2] with
n = number of variables

(P j) profit vector
(W j) weight vector

‘¢’= ¢ = capacity
For each item type j of bounded knapsack problem,[log2bj] items are introduced.

procedure TBO1 :
input: n, (pj),(wj), (bj);
output: i ,(pj), (W )k

begin n:=0;

forj:=1tondo
begin

B:=0;

k=1,

repeat

if Btk >bj then k := bj - B;
m:=r+1,

pn = kpj’;

wn = kwj?

B:=p+k
k:=2k
until B = bj

end
end

The transformed problem hasn = ZH=11og2 (Bjxy),
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1. RELATED WORKS
2.1A Knapsack Secretary Problem with Applications

Moshe Babaioff et al [3] discussed in their research, a problem in which a decision-maker with a fixed budget considers a
sequence of options, each has with it associated a cost and a value, and one must select a subset of them online so that the total
value is maximised. Such situations can arise in many contexts, e.g., hiring workers, job scheduling, and bidding in sponsored
search auctions. This problem is called as the online knapsack problem. It is known to be a problem that is not easily
approximated. They have also assumed that elements arrive in a random order. The problem can be considered similar to the
weighted version of the classical secretary problem.

With their experiments they conclude that there is an interesting class of non - matroid domains - knapsack secretary problems
that admits a constant-factor approximation.

2.2 An Application of the Multiple Knapsack Problem: The Self-Sufficient Marine

Jay Simon et al.[4] explored different factors impacting the self-sufficiency(SS) in the United States Marine Corps (USMC).
Marines engage in expeditionary operations, without logistical support for long period of time. The constraints faced during this
process includes the load that a squad is allowed to carry, mission requirements, resources required for sustainment, and the
extent to which resources can be shared. The Marine squad’s decisions regarding what items to carry and how to distribute them
was formulated as a knapsack problem. The study suggested that the principal influences are the squad size, the time for which
the squad must be self-sufficient, the type and environment of the mission, and the weight constraint. The factor that had the
most critical impact was the duration of time for which self-sufficiency was desired. Models were formulated for analyzing the
self-sufficiency of the squad according to three different interpretations of self-sufficiency :(1) threshold SS; (2) degree of SS;
and (3) duration of SS.

2.3 A Responsive Knapsack-based Algorithm for Resource Provisioning and Scheduling of Scientific Workflows

in Clouds
Maria A. Rodriguez et al.[5] presented a responsive resource provisioning and scheduling algorithm for scientific workflows in
clouds that generated high quality schedules. A workflow is a set of tasks based on computations which has data or control
dependencies between them. The goal was to minimize the cost of using the cloud infrastructure based on a user defined
deadline. The algorithm is designed to respond to unexpected delays and environmental dynamics. The algorithm also improves
the quality of the generated schedules by finding the optimal schedule for a number of workflow tasks. The problem was
modelled as an Unbounded Knapsack Problem by reducing the workflow into a set of similar tasks that share a deadline.

I11.  PROPOSED METHODOLOGY

The proposed budget management methodology has the following steps:

Lo

The end user decides the shopping budget ‘M’.

2. The end user selects shopping items and adds to cart Total number of items in cart is n, each item denoted as x; where,
0<i<n.

3. Calculate discount “Vi’ available on each selected item .The value associated with each item type x; is v, where 0<i <n.

4. Calculate Selling Price for each item type x; as the difference of the Actual Price (APi) and discount(v;).

The weight of each item type xjiswi =APi —v; .
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5. If the quantity selected for item type X; is more than one, then it is a case of the bounded knapsack problem. The bounded
knapsack problem needs to be transformed into a 0-1 knapsack problem , as shown in section I(C).
6. Maximise

n
Z (vx;)
=1
Subject to:

Zﬂ{w,-x =M

7. Display the suggested items for purchase to the end user.

V. EVALUATIONANDRESULTS

To test our proposed idea, we collected a couple of items from the shopping site http://www.amazon.in. Five different backpack
items were selected by the end user as shown in Table I. Each item type quantity selected was one. Table | shows the actual
price, discount on the items and selling price of the items. Using the proposed methodology the Table | data was converted into
a 0-1 knapsack problem.

Table 1 Input Data for 0-1 Knapsack

Sr.No | Item name Actual Discount | Selling

price price

1. Smiledrive 2999 67% 999
waterproof

DSLR Backpack

2. AmazonBasic 1549 15% 1309

Camera

Sling Bag
3. AmazonBasic 4995 60% 1999
for

SLR/DSLR
BrainFreezer

4 DSLR/SLR camera 1190 29% 840
lens shoulder
BackPack
Universal
lightweight DSLR

5. Camera lens 2378 70% 722

BackPack
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0/1 knapsack model was implemented using Visual Studio C++.The Table | data was given as input to the C++ program .The
snapshot of the program output with the budget amount as Rs.4000/- is as shown below.

& C\WINDOWS\system32\cmd.exe - O X

Fig.1. 0-1 Knapsack Program Output

Table Il Shows the items suggested for purchase when the budget amount was varied.

Table 2 Suggested Purchase using 0-1 Knapsack

Sr.No | Budget | Best Best Items suggested for
value/profit | Weight | purchase

1. 1000 2000 999 Smiledrive waterproof
DSLR Backpack

2. 2000 2996 1999 AmazonBasic for
SLR/DSLR

3. 3000 4996 2998 Smiledrive waterproof
DSLR

Backpack,
AmazonBasic for
SLR/DSLR

4, 4000 4996 2998 Smiledrive waterproof
DSLR

Backpack,
AmazonBasic for
SLR/DSLR

5. 5000 5236 4307 Smiledrive waterproof
DSLR Backpack,
AmazonBasic

Camera Sling Bag
AmazonBasic For
SLR/DSLR,
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Ten different types of items were selected by end user and each item quantity was specified. Table I11 shows the details.

Table 3

Input Data for Bounded Knapsack

Item

No

Item name

Actual
price

Discount

Selling
price

Quantity

1.

FastTrack
Analog  Grey
Dial Men’s
Watch

3245

3%

3150

CatWalkBlack

heeled Sandals

2295

65%

799

Trendy Crafts
metal Fengshui
Tortoise

2499

87%

337

A Brief History
of

Time-Stephen
Hawking

399

42%

230

Rayban Men’s
uv
Protected

Rectangular

8290

15%

7050

Levis Womens
jeans

3701

45%

2035

Tinted
cotton
cardigan

Mens
blend

1595

54%

729

Coolnext high
20000MHcap
Power

Bank

3799

63%

1399

Tommy
HillFiger

12700

2%

3579

10.

Pinzo Sticky
Note

529

34%

499

We implemented the Bounded knapsack for the data in table I11. The snapshot of the program output with the budget amount as Rs

10,000/ is as shown below.
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CAWINDOWS\system32\cmd.exe = O X

Fig.2. Bounded Knapsack Program Output

Table IV shows the items suggested for purchase when the budget amount was varied.

Table 4 Suggested Purchase using Bounded Knapsack

Item | Budget | Best Best Item suggested (quantity)
value

No Iprofit | Weight

1. 4000 11283 3916 Trendy Crafts metal
Fengshui
Tortoise(1),
Tommy HillFiger(1)

2. 5000 14251 4982 Trendy Crafts metal

Fengshui Tortoise(2),
Tinted Mens cotton
blend cardigan(1),
Tommy HillFiger(1)

3. 6000 16014 5882 Trendy Crafts metal
Fengshui Tortoise(1), A
Brief History of Time-
Stephen Hawking(1),
Coolnexthigh
20000MHcap

Power Bank(1),
Tommy HillFiger(1)

4. 8000 19741 7850 CatWalk Black heeled
Sandals(1), Trendy
Crafts metal Fengshui
Tortoise(2), Coolnext
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high 20000MHcap

Power Bank(2),

Tommy HillFiger(1)

5. 10000 | 21407 9885 CatWalkBlack  heeled
Sandals(1),

Trendy Crafts metal
Fengshui Tortoise(2),
Levis Womens

jeans(1),

Coolnext high
20000MHcap

Power Bank(2),
Tommy HillFiger(1)

V. CONCLUSION

In this paper we have presented an idea that provides a possible methodology for budget management more specifically in
the context of online shopping sites. This idea is based on the fundamentals of the knapsack algorithm. We have analyzed the
scenario with the0/1 knapsack model and bounded knapsack model. This paper provides the evaluation of the problem for
various dataset taken from popular shopping site. The challenges that could be faced are discount range shown for a product,
coupon discounts, taxes, special offers and prioritization of items by the end user. We recommend that in future such
scenarios should be considered.
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