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TESTING PROCESS
PARTICIPANTS

LEO

Leo, a tech savvy CS student was the first

test to be done with our prototype.

CALIN

Communication student. This test was
performed in the Marriott Library, due to
it being a popular space that students

go to study and finish assignments.

ALEX

A student who needs help with
optimizing his current study habits. He is
a senior computer science student with

15 credit hours
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GETTING HELP

TASK 1

o

knapsack problem / np-complete / big-o complexity

[3 "

Wikipedia:

Knapsack Problem

The knapsack problem or rucksack problem is a problem in com-
binatorial optimization: Given a set of items, each with a weight
and a value, determine the number of each item to include in a
collection so that the total weight is less than or equal to a
given limit and the total value is as large as possible. It derives
its name from the problem faced by someone who is con-
strained by a fixed-size knapsack and must fill it with the most
valuable items.

The problem often arises in resource allocation where there are
financial constraints and is studied in fields such as combinator-
ics, computer science, complexity theory, cryptography, applied
mathematics, and daily fantasy sports.

Stackoverflow:

Python - Greedy Knapsack with Dictionary
input

i am trying to implement a greedy knapsack algorithm in python
given the data set below. The output is supposed to be a list of
lists, that observes the limit set. In example with the dataset
below the output should be :

out = [[C, B, D, A], lz; F— E]]

Google:

Dynamic Programming

Given weights and values of n items, put these items in a knap-
sack of capacity W to get the maximum total value in the knap-
sack. In other words, given two integer arrays val[0..n-1] and
wt[0..n-1] which represent values and weights associated with n
items respectively. Also given an integer W which represents
knapsack capacity, find out the maximum value subset of val[]
such that sum of the weights of this subset is smaller than or
equal to W. You cannot break an item, either pick the complete
item, or don’t pick it (0-1 property).

Continuous Knapsack Problem

In theoretical computer science, the continuous knapsack problem
(also known as the fractional knapsack problem) is an algorithmic
problem in combinatorial optimization in which the goal is to fill a
container (the "knapsack”) with fractional amounts of different ma-
terials chosen to maximize the value of the selected materials.[1][2]
It resembles the classic knapsack problem, in which the items to be
placed in the container are indivisible; however, the continuous
knapsack problem may be solved in polynomial time whereas the
classic knapsack problem is NP-hard.[1] It is a classic example of
how a seemingly small change in the formulation of a problem can
have a large impact on its computational complexity.

Crossover Operation for Binary Encoding

I'm following the genetic algorithm approach to solving the Knap-
sack problem using DEAP. | understand that they used a direct value
encoding scheme rather than a binary representation. The cross-
over function is as follows:

def cxSet(ind1, ind2):

"""Apply a crossover operation on input sets. The first child is the
intersection of the two sets, the second child is the difference of
the

two sets.

Lecture 13: The Knapsack Problem

Informal Description:

We have computed H data files that we want to store, and we have
available bytes of storage.

File A has size MM bytes and takes FI¥ minutes to recompute.
We want to avoid as much recomputing as possible,

so we want to find a subset of files to store such that

The files have combined size at most ¥

The total computing time of the stored files is as

large as possible.

We can not store parts of files, it is the whole file or

nothing.

NP-Complete:

In computational complexity theory, a decision problem is NP-com-
plete when it is both in NP and NP-hard. The set of NP-complete
problems is often denoted by NP-C or NPC. The abbreviation NP
refers to "nondeterministic polynomial time".

Although any given solution to an NP-complete problem can be veri-
fied quickly (in polynomial time), there is no known efficient way to
locate a solution in the first place; indeed, the most notable charac-
teristic of NP-complete problems is that no fast solution to them is
known. That is, the time required to solve the problem using any
currently known algorithm increases very quickly as the size of the
problem grows. As a consequence, determining whether or not it is
possible to solve these problems quickly, called the P versus NP
problem, is one of the principal unsolved problems ,,,

Multiple inner Knapsack and Fitness
Calculation

Scratching my head on this one and | might be thinking it wrong.

Basically it's the Knapsack Problem but modified. You have a set of
items with various weights on them and you are to put it in three
knapsacks with a capacity of 20 each.

| have codes to initialise all the items randomly in the sacks. That
means | can have a sack with more than 20, less than 20, and equal
to 20. The problem is that the items are all being added hence my
total score is the same for all population making it impossible to
mutate.

The Knapsack Problem

Suppose we are planning a hiking trip; and we are, therefore, inter-
ested in filling a knapsack with items that are considered necessary
for the trip. There are N different item types that are deemed desir-
able; these could include bottle of water, apple, orange, sandwich,
and so forth. Each item type has a given set of two attributes,
namely a weight (or volume) and a value that quantifies the level
of importance associated with each unit of that type of item. Since
the knapsack has a limited weight (or volume) capacity, the prob-
lem of interest is to figure out how to load the knapsack with a
combination of units of the specified types of items that yields the
greatest total value. What we have just described is called the knap-
sack problem.

pe’
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Calculus 11l
CS 4150
CS 3500

CS 3810

Project Draft
PS9-2
CS 4150

Reading 6

- IR
L S

PS3-3

CS 4150

ol

111916

112116

1124116

1124116

112616

Calculus | #
Functions and their graphs.

differentiation of polynomial.
rational and tnigonometric
functions. Velocity...

C51410 #
Introduction to the engineenng

and mathematical skills required
to effectively program computers

CS 3100

This course covers differant
models of computation and how
they relate to the understanding
and befter

CS 3505

An in-depth study of traditional
software development (using
UML) from inception through
implementation

CS 3810

An in-depth study of computer
architecture and design, including
topics such as RISC and CISC
instruction set architectures

Calculus Il

(zeometric applications of the
inte-gral, logarithmic, and
exponential functions, techniques
of integration...

C5 2420

This course provides an
introduction to the problem of
engineering computational
efficiency into programs.

CS 3200

Scientific computation relevant to
computational science and
enginaering, with emphasis on
the process of modeling...

Il

stru 5, and complexity
analysis beyond the introductory
treatment from CS 2420,

_. _-- - %
Cl5 4150 |
EWamnms. data

CS5100

A survey of topics in theoretical
computer science, focusing on
computability and complexity.
Turing machine ...

Calculus Il

Vectors in the plane and in 3-
space, differential calculus in
several variables, integration and
its applications...

CS 2100

Introduction to propositional logic,
predicate logic, formal logical
arguments, finite sets, functions,
relations.

CS 3500

Practical exposure to the process
of creating large software
systems, including reguirements
specifications. design.._.

E

CS 4400

Introduction to computer systems
from a programmer’s point of
view. Machine level
represantations of programs.__

E
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CS 5470

Lexical analysis, top-down and
pottom-up parsing, symbol

tables, internal forms and
intermediate languages
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The knapsack problem or rucksack problem is =
& problem in combinatorial opimizaton: Given &
set of tems, each with & weight and a valus,
determine the number of esch item to include in

& collecion so that the totsl weightis less fhan or
equal to & given limit and the totsl value = as

large a5 possible. | derives its name from fhe
problem feced by someonse who is constreined by
& fwed-size knapsack and must fill § with the

miast waluable iEms.

Knapsack Problem - Wikipedia @

The problem often arises in resource
allocation where there are financisl constraints
and s studiad in fields such
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and s sfudied in fislds sush

Knapsack Problem - Wikipedia @

The knapsack problem or rucksack problem s
& problem in combinatorial optimizaton: Given a
seiof tems, sach with a weight and a value,
determing the number of each lem 1o include in

& collecton 50 thaithe tolal weight 15 kess than or
equal to & given limit and the total value s as

large as possible. | derives its name fom the
problem faced by someone who is constraingd by
8 fixed-size knapsack and must fill & with the

e §1 Vil ke 18NS,

The problem ofien arises in Mesounce
aliocation where there are financial constraims
and s studisd im fields sush

s,

Knapsack Problem - Wikipedia

The knapsack problem or rucksack problem =
& problem n combnatorial opimzaiion: Gwven a
s=t of fems, esch with = weight and & valus,
determine fie number of each fem to nclude in
& coliecion so that the toisl weight is less fan or
egusl to & given it and the tolsl value s &8s
Bnge 55 possiole. | derives s name Fom e
problem faced by someone whio i consiraned by
& fwed-size knapsack and musi il £ with the
miost valusbls iEms.

The problemn often arisss in resournce
aliocation where there are financasl constrants
snd = studed in fields such

Knapsack Problem - Wikipedia @
The knapsack problem or rucksack problem is =
a problem in combinatorial opimization: Given a
set of items, each with a weight and a wvalus,
determine the number of each item to include in

a collecion so that the total weight is less fhan or
equsal to & given limit and the totel value s as

large as possible. | derives its name fom e
problem faced by someone whao is constrained by
8 fmed-size knapsack and must fill it with the

mast walusble iBms.

The problem often arises in resource
allocation where there are financial constraints
and is studied in fields such

Knapsack Problem - Wikipedia

The knapsack problem or rucksack problem s =
& problem n combmatoral sptmzaton: Given a
se! of lems. each with a weight and a value,
determime e number of sach fem 10 molude in

& coligcton 50 that the 10l weight is ss than or
#qual 10 & grven i and the 1ol value 5 83

iarge 85 possibie. kR derves a5 name Fom e
probiem faced by someons Who 5 constramed by
& foogd-soe knapsack and musi fill & with the

s valbuabie 18mS

The problem oflen wrses in resoune
aliazaton whers there are Tmancal consranis
amd mastuded in felds sk

Knapsack Problem - Wikipedia @
The knapsack problem or rucksack problem is =
a problem in combinatorial opimizaton: Given a
setofitems, each with & weight and a value,
determine the number of each item to include in

a collecion so that the total weightis less fhan or
equal to a given imit and the totlel value Eas

large a5 possible. | derives its name fom the
problem faced by someone who is constrained by
a8 fwed-size knapsack and must fill it with the

mast walusble iBms.

The problem often arises in resource
allocation where there are financial consiraints
and is studied in fidlds such

Knapsack Problem - Wikipedia

The knapsack problem or rucksack problem s ©
& problem n combmatoral optmzaton: Given a
s#l of dems. sach wath a weght and & value,
determing he number of each fem 10 molude in

a coligction 50 that the 1ot weight is less than or
#Qua 1o 8 grven bma and the 10wl value = 8%

iarge a5 possibis. I derives its rame fom the
problem faced by someone who & constramed by
& foced-soe knapsack and must il & wah the

MO S vEluSDMWE (S

The problem ofien wses i resoune
alizcaton where there e fmancasl consrams
and mstuded in felds sush

Knapsack Problem - Wikipedia e
The knapsack problem or rucksack problem is =
a problem in combinatorial opimizason: Given a
sat ofitems, each with & weight and a valus,
determine fhe number of each item to include in

a colleciion so that the totel weightis less fhan ar
equsal to a given imit and the totel value s as

large a5 possible. | derves its nams fom fhe
problem faced by someone who is constrained by
& fxed-size knapsack and must fill it with the

mast valusble iBms.

The problem often arises in resource
allocation where there are financial consraints

and is studiad in fields such

«— Back

TASK 1: GETTING HELP



knapsack problem / dynamic programming / np-complete Q

SearTn S 2% O Lol aly e Dass-r 0N SeEOR D0er Yoo faf oS T SBa T Dar D 0eriDeT 2 DNt SeST O DO0giE

e

The knapsack problem or rucksack problem is =
& problem in combinatorial opimizaton: Given &
set of tems, each with & weight and a valus,
determine the number of esch item to include in

& collecion so that the totsl weightis less fhan or
equal to & given limit and the totsl value = as

large a5 possible. | derives its name from fhe
problem feced by someonse who is constreined by
& fwed-size knapsack and must fill § with the

miast waluable iEms.

Knapsack Problem - Wikipedia @

The problem often arises in resource
allocation where there are financisl constraints
and s studiad in fields such

Knapsack Problem - Wikipedia @

The knapsack problem or rucksack problem is ©
& problem in combinatorial optmizaton: Given a
setof lems, each with a weight and a value,
determing the number of sach lem 1o include in

& colecton 50 thatthe 10| weight is BSs Tan or
equal to a given limit and the total value is as

large as possible. i derives is name fom the
problem faced by someone who s constraingd by
8 fved-size knapsack and must fill it with the

mo st valuable iwms.

The problem often arises in resounse
aliozation where there are financial constrainis
and s sfudied in fislds sush

Knapsack Problem - Wikipedia @

The knapsack problem or rucksack problem s
& problem in combinatorial optimizaton: Given a
seiof tems, sach with a weight and a value,
determing the number of each lem 1o include in

& collecton 50 thaithe tolal weight 15 kess than or
equal to & given limit and the total value s as

large as possible. | derives its name fom the
problem faced by someone who is constraingd by
8 fixed-size knapsack and must fill & with the

e §1 Vil ke 18NS,

The problem ofien arises in Mesounce
aliocation where there are financial constraims
and s studisd im fields sush

s,

Knapsack Problem - Wikipedia

The knapsack problem or rucksack problem =
& problem n combnatorial opimzaiion: Gwven a
s=t of fems, esch with = weight and & valus,
determine fie number of each fem to nclude in
& coliecion so that the toisl weight is less fan or
egusl to & given it and the tolsl value s &8s
Bnge 55 possiole. | derives s name Fom e
problem faced by someone whio i consiraned by
& fwed-size knapsack and musi il £ with the
miost valusbls iEms.

The problemn often arisss in resournce
aliocation where there are financasl constrants
snd = studed in fields such

Knapsack Problem - Wikipedia @
The knapsack problem or rucksack problem is =
a problem in combinatorial opimization: Given a
set of items, each with a weight and a wvalus,
determine the number of each item to include in

a collecion so that the total weight is less fhan or
equsal to & given limit and the totel value s as

large as possible. | derives its name fom e
problem faced by someone whao is constrained by
8 fmed-size knapsack and must fill it with the

mast walusble iBms.

The problem often arises in resource
allocation where there are financial constraints
and is studied in fields such

Knapsack Problem - Wikipedia

The knapsack problem or rucksack problem s =
& problem n combmatoral sptmzaton: Given a
se! of lems. each with a weight and a value,
determime e number of sach fem 10 molude in

& coligcton 50 that the 10l weight is ss than or
#qual 10 & grven i and the 1ol value 5 83

iarge 85 possibie. kR derves a5 name Fom e
probiem faced by someons Who 5 constramed by
& foogd-soe knapsack and musi fill & with the

s valbuabie 18mS

The problem oflen wrses in resoune
aliazaton whers there are Tmancal consranis
amd mastuded in felds sk

Knapsack Problem - Wikipedia @
The knapsack problem or rucksack problem is =
a problem in combinatorial opimizaton: Given a
setofitems, each with & weight and a value,
determine the number of each item to include in

a collecion so that the total weightis less fhan or
equal to a given imit and the totlel value Eas

large a5 possible. | derives its name fom the
problem faced by someone who is constrained by
a8 fwed-size knapsack and must fill it with the

mast walusble iBms.

The problem often arises in resource
allocation where there are financial consiraints
and is studied in fidlds such

Knapsack Problem - Wikipedia

The knapsack problem or rucksack problem s ©
& problem n combmatoral optmzaton: Given a
s#l of dems. sach wath a weght and & value,
determing he number of each fem 10 molude in

a coligction 50 that the 1ot weight is less than or
#Qua 1o 8 grven bma and the 10wl value = 8%

iarge a5 possibis. I derives its rame fom the
problem faced by someone who & constramed by
& foced-soe knapsack and must il & wah the

MO S vEluSDMWE (S

The problem ofien wses i resoune
alizcaton where there e fmancasl consrams
and mstuded in felds sush

Knapsack Problem - Wikipedia e
The knapsack problem or rucksack problem is =
a problem in combinatorial opimizason: Given a
sat ofitems, each with & weight and a valus,
determine fhe number of each item to include in

a colleciion so that the totel weightis less fhan ar
equsal to a given imit and the totel value s as

large a5 possible. | derves its nams fom fhe
problem faced by someone who is constrained by
& fxed-size knapsack and must fill it with the

mast valusble iBms.

The problem often arises in resource
allocation where there are financial consraints

and is studiad in fields such

«— Back

TASK 1: GETTING HELP



. . i
Knapsack Problem - Wikipedia °
The knapsack problem or rucksack problem is & problem in combinstonsl optimization: Given & set of dems, each with 5 weight and & velue, determine the number of each item to nclude in s -

collection so that the total weight is less than or equsl to & given imit and the total value is &8s lange as possible. | derives its name from the problem feced by someone who s constrained by & feed-
size knapsadck and must fill £ with the most valuable tems.

The problem often arises in resource sllocaton where there are financial consiraints and = studied in fields such s combinatorics, computer science, complexty theory, cryptography, appled
misthematics, and daily fantssy sports.

The knapsack problem has besn studied for more than & century, with early works dating as far back as 1887 1" The name "knapsack problem” dates back to the early works of mathematician Tobias
Dantzig ( 1884—1856) ] and refers to the commonplace problem of packing your most valusble or useful items without overdoading your luggage.
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Applications j=)

A 1908 study of the Shrw Eiodiinipd-Sy 1 showed that, out of 75 sligorithmic problems, the knapsack problem was the 18th most popular and the 4th most needed after kd-
trees, suffix trees, and the bin pecking problem.

Krnapsack problems appear in resbworld decision-miaking processes in & wide varnety of fislds, such as finding the lesst wasteful way to cut raw materials P selecfion
of mvestments and Fﬂl‘l‘fﬂ|b'5.[5]5&h2ﬁbn of assets for asset-backed securitization. and generating keys for the Merkle—Helimanl” and other kna psack cryplosystems.

One eary application of knapsack slgonthms was in the construction and sconng of tests in which the test-takers have a choice as to which guestions they answer. For small examplesitis a fairly
simple process o provide the test-tekers with such & choice. For example, if an exam contains 12 questions each worth 10 points, the test-taker need only anzaer 10 questions to achieve s maxmum
possible score of 100 points. Howewver, on tests with & heterogensous distribution of point values—ie. different questions are waorth diferent point walues— it i maore dificult io provide choices.
Feusrman and Weiss proposed & system in which students are given & heterogeneous test with & total of 125 possible points. The students are asked to answer all of the guestions o the best of thair
abilifies. OFf the possible subsets of problems whose total point values add up to 100, a knapsack slgorithm would determine which subset gives each student the highest possible score Fl

Definition [es

The most common problemn being solved is the 0-1 knapsack problem, which resthicts the number x) of copies of each kind of ilem to zern or one. Given & setofn tems numbered from 1 up ton,
each with & weight w)and a value w, along with & mexinmum weight capacity W
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knapsack and must fill it with the most valuable items.
The problem often arises in resource allocation where there are financial
constraints and is studied in fields such as combinatorics, computer science,

The knapsack problem has been studied for more than a century, with early

overipading your luggage

complexity theory, cryptography, applied mathematics, and daily fantasy sports

works dating as far back as 1897 [1] The name “knapsack problem” dates back
to the early works of mathematician Tobias Dantzig (1884-1956) [2] and refers to
the commonplace problem of packing your most valuable or useful items without
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Knapsack Problem
Dynamic Programming and Memoization

The knapsack problem or rucksack problem is a problem in combinatorial optimization: Given a set
of tems, each with a weight and a value, determine the number of each item to include in a collection
s0 that the total weight is less than or equal to a given limit and the total value is as large as possible
It derives its name from the problem faced by someone who is constrained by a fixed-size knapsack
and must fill it with the most valuable items.The problem often arises in resource allocation where
there are financial constraints and is studied in fields such as combinatorics, computer science,
complexity theory, cryptography, applied mathematics, and daily fantasy sports.The knapsack
probiem has been studied for more than a century, with early works dating as far back as 1897. The
name “knapsack problem” dates back to the early works of mathematician Tobias Dantzig (1884~
1956), and refers to the commonplace problem of packing your most valuable or useful items without
overloading your luggage

A 1998 study of the Stony Brook University Algorithm Repository showed that, out of 75 algorithmic
problems, the knapsack problem was the 18th most popular and the 4th most needed after kd-trees,
suffix trees, and the bin packing problem. Knapsack problems appear in real-world decision-making
processes in a wide variety of fields, such as finding the least wasteful way to cut raw materials [4]
selection of investments and portfolios, selection of assets for asset-backed securitization [6] and
generating keys for the Merkle-Hellman and other knapsack cryptosystems

Wikipedia Knapsack Problem
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Knapsack Problem
Dynamic Programming and Memoization

The knapsack problem or rucksack problem is a problem in combinatorial optimization: Given a set
of tems, each with a weight and a value, determine the number of @ach item to include in a collection
so that the total weight is less than or equal to a given limit and the total value is as large as possible
It derives its name from the problem faced by someone who is constrained by a fixed-size knapsack
and must fill it with the most valuable items.The problem often arises in resource allocation where
there are financial constraints and is studied in fields such as combinatorics, computer science
complexity theory, cryptography, applied mathematics, and daily fantasy sports. The knapsack
problem has been studied for more than a century, with early works dating as far back as 1897. The
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Dynamic Programming and Memoization

The knapsack problem or rucksack problem is a problem in combinatorial optimization: Given a set
of items, each with a weight and a value, determine the number of @ach item to include in a collection
s0 that the total weight is less than or equal to a given limit and the total value is as large as possible
It derives its name from the problem faced by someone who is constrained by a fixed-size knapsack
and must fill it with the most valuable items.The problem often arises in resource allocation where
there are financial constraints and is studied in fields such as combinatorics, computer science
complexity theory, cryptography, applied mathematics, and daily fantasy sports. The knapsack
problem has been studied for more than a century, with early works dating as far back as 1897 _The
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The knapsack problem or rucksack problem is a problem in combinatorial optimization: Given a set
of tems, each with a weight and a value, determine the number of each item to include in a collection
s0 that the total weight is less than or equal to a given limit and the total value is as large as possible
It derives its name from the problem faced by someone who IS constrained by a fixed-size knapsack
and must fill it with the most valuable items. The problem often arises in resource allocation where
there are financial constraints and is studied in fields such as combinatorics, computer science,
complexity theory, cryptography, applied mathematics, and daily fantasy sports.The knapsack
problem has been studied for more than a century, with early works dating as far back as 1897 The
name "knapsack problem” dates back to the early works of mathematician Tobias Dantzig (1884~
1956), and refers to the commonplace problem of packing your most valuable or useful items without

0 overioading your luggage
A 1998 study of the Stony Brook University Algorithm Repository showed that, out of 75 algorithmic

£ | problems, the knapsack problem was the 18th most popular and the 4th most needed after kd-trees,
N | suffix trees, and the bin packing problem. Knapsack problems appear in real-world decision-making
processes in a wide variety of fields, such as finding the least wasteful way to cut raw materials.[4]
selection of investments and portfolios, selection of assets for asset-backed securitization [6] and
2N % generating keys for the Merkle-Hellman and other knapsack cryptosystems
J o | Wikipedia Knapsack Problem
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Be aware of the scope.

Start small, grow gradually.

Be conscious of your choices.

Testing is never enough.

Modularity saves you time.

Iterate often, yet be smart.
Ask for opinions.

If it’'s not broken, don’t fix it.

SUMMARY




QUESTIONS?




