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Abstract 

Boosting	is	a	general	method	for	improving	the	accuracy	of	any	given	learning	algorithm.	
Focusing	primarily	on	the	AdaBoost	algorithm,	this	paper	overviews	some	of	the	recent	work	
on	 boosting	 including	 analyses	 of	 AdaBoost’s	 training	 error	 and	 generalization	 error	 and	
experimental	and	applied	work	using	boosting	

Introduction 

Machine	 learning	 studies	 automatic	 techniques	 for	 learning	 to	 make	 accurate	
predictions	based	on	past	observations.	For	example,	suppose	that	we	would	like	to	build	an	
email	filter	that	can	distinguish	spam	(junk)	email	from	non-spam.	A	classical	algorithm	would	
work	as	follow:	Start	by	gathering	as	many	examples	as	possible	of	both	spam	and	non-spam	
emails.	Next,	 feed	these	examples,	 together	with	 labels	 indicating	 if	 they	are	spam	or	not	 to	
produce	a	classification	or	prediction	rule.	Given	a	new,	unlabeled	email,	such	a	rule	attempts	
to	predict	 if	 it	 is	spam	or	not.	The	goal,	of	course,	 is	 to	generate	a	rule	that	makes	the	most	
accurate	predictions	possible	on	new	test	examples.		

Boosting	is	based	on	the	observation	that	finding	many	rough	rules	of	thumb	can	be	a	lot	
easier	than	finding	a	single,	highly	accurate	prediction	rule.	To	apply	the	boosting	approach,	we	
start	with	a	method	or	algorithm	for	finding	the	rough	rules	of	thumb.	The	boosting	algorithm	
calls	this	“weak”	or	“base”	learning	algorithm	repeatedly,	each	time	feeding	it	a	different	subset	
of	the	training	examples.	Each	time	it	 is	called,	the	base	learning	algorithm	generates	a	new	
weak	prediction	rule,	and	after	many	rounds,	the	boosting	algorithm	must	combine	these	weak	
rules	into	a	single	prediction	rule	that,	hopefully,	will	be	much	more	accurate	than	any	one	of	
the	weak	rules.	This	chapter	presents	an	overview	of	some	of	 the	recent	work	on	boosting,	
focusing	especially	on	the	Ada-Boost	algorithm	which	has	undergone	intense	theoretical	study	
and	empirical	testing.	
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• Train	base	learner	using	distribution	Dt	.	
• Get	base	classifier	 	
• Choose	 	
• Update	:	

 
Where	Zt	is	a	normalization	factor	(chosen	so	that	Dt+1	will	be	distribution).	
Output	the	final	classifier:	

 
Figure 1: The Boosting Algorithm AdaBoost 

AdaBoost 

Working	in	Valiant’s	PAC	(probably	approximately	correct)	learning	model,	
Kearns	 and	Valiant	were	 the	 first	 to	pose	 the	question	of	whether	 a	 “weak”	 learning	

algorithm	 that	performs	 just	 slightly	better	 than	 random	guessing	 can	be	 “boosted”	 into	an	
arbitrarily	accurate	“strong”	learning	algorithm.		

The	AdaBoost	algorithm,	introduced	in	1995	by	Freund	and	Schapire,	solved	many	of	the	
practical	 difficulties	 of	 the	 earlier	 boosting	 algorithms,	 and	 is	 the	 focus	 of	 this	 paper.	
Pseudocode	for	AdaBoost	is	given	in	Fig.	1	in	the	slightly	generalized	form	given	by	Schapire	
and	Singer.	The	algorithm	 takes	as	 input	 a	 training	 set	 (x1	 ,	 y1)	 ,	…	 ,	 (xm,ym)	where	each	xi	
belongs	to	some	domain	or	instance	space	X	,	and	each	label	yi	,	is	in	some	label	set	Y	.	AdaBoost	
calls	a	given	weak	or	base	learning	algorithm	repeatedly	in	a	series	of	rounds	t	=	1,	…	,	T.	One	
of	the	main	ideas	of	the	algorithm	is	to	maintain	a	distribution	or	set	of	weights	over	the	training	
set.	The	weight	of	this	distribution	on	training	example	i	on	round	t	is	denoted	Dt	(i).	Initially,	
all	weights	are	set	equally,	but	on	each	round,	the	weights	of	incorrectly	classified	examples	are	
increased	so	that	the	base	learner	is	forced	to	focus	on	the	hard	examples	in	the	training	set.	

The	 base	 learner’s	 job	 is	 to	 find	 a	 base	 classifier	 	 appropriate	 for	 the	
distribution	Dt	.	(Base	classifiers	were	also	called	rules	of	thumb	or	weak	prediction	rules	in	
Section	1.)	In	the	simplest	case,	the	range	of	each	ht	is	binary,	i.e.,	restricted	to	{	-1,	+1}	;	the	
base	learner’s	job	then	is	to	minimize	the	error	

 
Once	the	base	classifier	ht	has	been	received,	AdaBoost	chooses	a	parameter	 	that	

intuitively	measures	the	importance	that	it	assigns	to	ht.	In	the	figure,	we	have	deliberately	left	
the	choice	of	 	unspecified.	For	binary	ht	,	we	typically	set	
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as	in	the	original	description	of	AdaBoost	given	by	Freund	and	Schapire.	More	
on	choosing	 follows	in	Section	3.	The	distribution	Dt	is	then	updated	using	the	
rule	shown	in	the	figure.	The	final	or	combined	classifier	H	is	a	weighted	majority	vote	

of	the	T	base	classifiers	where	 is	the	weight	assigned	to	ht.	

Analyzing the training error 

The	most	basic	theoretical	property	of	AdaBoost	concerns	its	ability	to	reduce	
the	training	error,	i.e.,	the	fraction	of	mistakes	on	the	training	set.	Specifically,	Schapire	

and	Singer,	in	generalizing	a	theorem	of	Freund	and	Schapire,	show	that	the	training	error	of	
the	final	classifier	is	bounded	as	follows:	

	(2)	
	
	
Where	henceforth	we	define	:		
	

	 	 (3)	
	
so	that	H	(	x	)	=	sign(f(x)).		
	
The	equality	can	be	proved	straightforwardly	by	unraveling	the	recursive	definition	of	

Dt	
Eq.	(2)	suggests	that	the	training	error	can	be	reduced	most	rapidly	(in	a	greedy	way)	

by	choosing	 and	ht	on	each	round	to	minimize	

		(4)	
In	the	case	of	binary	classifiers,	this	leads	to	the	choice	of	 given	in	Eq.	(1)	and	gives	

a	bound	on	the	training	error	of	
	

	
	
where	we	define	 .	This	bound	was	first	proved	by	Freund	and	Schapire.	

Thus,	if	each	base	classifier	is	slightly	better	than	random	so	that	 for	some 	then	
the	training	error	drops	exponentially	fast	in	T	since	the	bound	in	Eq.	(5)	is	at	most .	
This	 bound,	 combined	 with	 the	 bounds	 on	 generalization	 error	 given	 below	 prove	 that	
AdaBoost	is	indeed	a	boosting	algorithm	in	the	sense	that	it	can	efficiently	convert	a	true	weak	
learning	algorithm	(that	can	always	generate	a	classifier	with	a	weak	edge	for	any	distribution)	
into	a	strong	 learning	algorithm	(that	can	generate	a	classifier	with	an	arbitrarily	 low	error	
rate,	given	sufficient	data).	
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Eq.	 (2)	 points	 to	 the	 fact	 that,	 at	 heart,	 AdaBoost	 is	 a	 procedure	 for	 finding	 a	 linear	
combination	_	of	base	classifiers	which	attempts	to	minimize	

	

	
	
Essentially,	on	each	round,	AdaBoost	chooses	ht	(by	calling	the	base	learner)	and	then	

sets	 to	add	one	more	term	to	the	accumulating	weighted	sum	of	base	classifiers	in	such	a	
way	that	the	sum	of	exponentials	above	will	be	maximally	reduced.	

In	other	words,	AdaBoost	is	doing	a	kind	of	steepest	descent	search	to	minimize	Eq.(6)	
where	the	search	is	constrained	at	each	step	to	follow	coordinate	directions	(where	we	identify	
coordinates	with	the	weights	assigned	to	base	classifiers).	

Generalization error 

In	 studying	 and	 designing	 learning	 algorithms,	 we	 are	 of	 course	 interested	 in	
performance	on	examples	not	seen	during	training,	i.e.,	in	the	generalization	error,	the	topic	of	
this	section.	Unlike	Section	3	where	the	training	examples	were	arbitrary,	here	we	assume	that	
all	examples	(both	train	and	test)	are	generated	i.i.d.	from	some	unknown	distribution	on	X	x	
Y.	The	generalization	error	is	the	probability	of	misclassifying	a	new	example,	while	the	test	
error	 is	 the	 fraction	 of	mistakes	 on	 a	 newly	 sampled	 test	 set	 (thus,	 generalization	 error	 is	
expected	test	error).	Also,	for	simplicity,	we	restrict	our	attention	to	binary	base	classifiers.	

Freund	and	Schapire	showed	how	to	bound	the	generalization	error	of	the	final	classifier	
in	terms	of	its	training	error,	the	size	m	of	the	sample,	the	VC	dimension	d	of	the	base	classifier	
space	and	the	number	of	rounds	T	of	boosting.	Specifically,	they	used	techniques	from	Baum	
and	Haussler	to	show	that	the	generalization	error,	with	high	probability,	is	at	most	

	
Where	 denotes	empirical	probability	on	the	training	sample.	This	bound	suggests	

that	 boosting	will	 overfit	 if	 run	 for	 too	many	 rounds,	 i.e.,	 as	 T	 becomes	 large.	 In	 fact,	 this	
sometimes	does	happen.	However,	in	early	experiments,	several	authors	observed	empirically	
that	boosting	often	does	not	overfit,	even	when	run	for	thousands	of	rounds.	Moreover,	it	was	
observed	that	AdaBoost	would	sometimes	continue	to	drive	down	the	generalization	error	long	
after	the	training	error	had	reached	zero,	clearly	contradicting	the	spirit	of	the	bound	above.	
For	instance,	the	left	side	of	Fig.	2	shows	the	training	and	test	curves	of	running	boosting	on	top	
of	Quinlan’s	C4.5	decision-tree	learning	algorithm	on	the	“letter”	dataset.	

In	response	to	these	empirical	findings,	Schapire	et	al.,	 following	the	work	of	Bartlett,	
gave	an	alternative	analysis	in	terms	of	the	margins	of	the	training	examples.	The	margin	of	
example	(x	,	y)	is	defined	to	be	
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Figure 2: Error curves and the margin distribution graph for boosting C4.5 on the letter dataset as reported by Schapire et al.. Left: the 
training and test error curves (lower and upper curves, respectively) of the combined classifier as a function of the number of rounds of 

boosting. The horizontal lines indicate the test error rate of the base classifier as well as the test error of the final combined classifier. 
Right: The cumulative distribution of margins of the training examples after 5, 100 and 1000 iterations, indicated by short-dashed, 

long-dashed (mostly hidden) and solid curves, respectively. 

	 It	 is	 a	 number	 in	 [-1,+1]	 and	 is	 positive	 if	 and	 only	 if	H	 correctly	 classifies	 the	
example.	Moreover,	as	before,	the	magnitude	of	the	margin	can	be	interpreted	as	a	measure	of	
confidence	 in	 the	 prediction.	 Schapire	 et	 al.	 proved	 that	 larger	margins	 on	 the	 training	 set	
translate	 into	 a	 superior	 upper	 bound	 on	 the	 generalization	 error.	 Specifically,	 the	
generalization	error	is	at	most	

	
for	any	 with	high	probability.	Note	that	this	bound	is	entirely	independent	of,	the	

number	of	rounds	of	boosting.	In	addition,	Schapire	et	al.	proved	that	boosting	is	particularly	
aggressive	 at	 reducing	 the	 margin	 (in	 a	 quantifiable	 sense)	 since	 it	 concentrates	 on	 the	
examples	with	the	smallest	margins	(whether	positive	or	negative).	Boosting’s	effect	on	the	
margins	 can	 be	 seen	 empirically,	 for	 instance,	 on	 the	 right	 side	 of	 Fig.	 2	 which	 shows	 the	
cumulative	distribution	of	margins	of	the	training	examples	on	the	“letter”	dataset.	In	this	case,	
even	after	the	training	error	reaches	zero,	boosting	continues	to	increase	the	margins	of	the	
training	examples	affecting	a	corresponding	drop	in	the	test	error.	

	 Although	the	margins	theory	gives	a	qualitative	explanation	of	the	effectiveness	of	
boosting,	quantitatively,	the	bounds	are	rather	weak.	Breiman,	for	instance,	shows	empirically	
that	one	classifier	can	have	a	margin	distribution	that	is	uniformly	better	than	that	of	another	
classifier,	and	yet	be	inferior	in	test	accuracy.	On	the	other	hand,	Koltchinskii,	Panchenko	and	
Lozano	have	recently	proved	new	margin	theoretic	bounds	that	are	tight	enough	to	give	useful	
quantitative	predictions.	

Attempts	(not	always	successful)	to	use	the	insights	gleaned	from	the	theory	of	margins	
have	been	made	by	several	authors.	In	addition,	the	margin	theory	points	to	a	strong	connection	
between	 boosting	 and	 the	 support-vector	 machines	 of	 Vapnik	 and	 others	 which	 explicitly	
attempt	to	maximize	the	minimum	margin.	



Review of Computational Science and Engineering ½Volume 3, Issue 2  9 

Experiments and applications 

Practically,	AdaBoost	has	many	advantages.	It	is	fast,	simple	and	easy	to	program.	It	has	
no	parameters	to	tune	(except	for	the	number	of	round	T).	It	requires	no	prior	knowledge	about	
the	base	learner	and	so	can	be	flexibly	combined	with	any	method	for	finding	base	classifiers.	

Finally,	 it	 comes	with	a	 set	of	 theoretical	 guarantees	given	sufficient	data	and	a	base	
learner	 that	can	reliably	provide	only	moderately	accurate	base	classifiers.	This	 is	a	shift	 in	
mind	set	for	the	learning	system	designer:	instead	of	trying	to	design	a	learning	algorithm	that	
is	accurate	over	the	entire	space,	we	can	instead	focus	on	finding	base	learning	algorithms	that	
only	need	to	be	better	than	random.	

On	 the	 other	 hand,	 some	 caveats	 are	 certainly	 in	 order.	 The	 actual	 performance	 of	
boosting	 on	 a	 particular	 problem	 is	 clearly	 dependent	 on	 the	 data	 and	 the	 base	 learner.	
Consistent	with	theory,	boosting	can	fail	to	perform	well	given	insufficient	data,	overly	complex	
base	classifiers	or	base	classifiers	that	are	too	weak.	Boosting	seems	to	be	especially	susceptible	
to	noise.	

AdaBoost	 has	 been	 tested	 empirically	 by	 many	 researchers,	 including.	 For	 instance,	
Freund	and	Schapire	tested	AdaBoost	on	a	set	of	UCI	benchmark	datasets	using	C4.5	as	a	base	
learning	algorithm,	as	well	as	an	algorithm	that	finds	the	best	“decision	stump”	or	single-test	
decision	tree.	Some	of	the	results	of	these	experiments	are	shown	in	Fig.	3.	As	can	be	seen	from	
this	figure,	even	boosting	the	weak	decision	stumps	can	usually	give	as	good	results	as	C4.5,	
while	boosting	C4.5	generally	gives	the	decision-tree	algorithm	a	significant	improvement	in	
performance.	

In	another	set	of	experiments,	Schapire	and	Singer	used	boosting	for	text	categorization	
tasks.	

	

 
 
Figure 3: Comparison of C4.5 versus boosting stumps and boosting C4.5 on a set of 27 benchmark problems as reported by Freund and 

Schapire. Each point in each scatterplot shows the test error rate of the two competing algorithms on a single benchmark. The y-
coordinate of each point gives the test error rate (in percent) of C4.5 on the given benchmark, and the x-coordinate gives the error rate 

of boosting stumps (left plot) or boosting C4.5 (right plot). All error rates have been averaged over multiple runs. 
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	 AdaBoost	 to	 four	 other	 methods	 are	 shown	 in	 Fig.	 4.	 In	 nearly	 all	 of	 these	
experiments	and	 for	all	of	 the	performance	measures	 tested,	boosting	performed	as	well	or	
significantly	better	than	the	other	methods	tested.	As	shown	in	Fig.	5,	these	experiments	also	
demonstrated	the	effectiveness	of	using	confidence-rated	predictions,	mentioned	in	Section	3	
as	a	means	of	speeding	up	boosting.	

Boosting	has	also	been	applied	to	text	filtering	and	routing,	“ranking”	problems,	learning	
problems	 arising	 in	 natural	 language	 processing,	 image	 retrieval,	 medical	 diagnosis,	 and	
customer	monitoring	and	segmentation.	

In	 this	 case,	 the	prior	 knowledge	 took	 the	 form	of	 a	 set	 of	 hand-built	 rules	mapping	
keywords	to	predicted	categories.	The	results	are	shown	in	Fig.	6.	

The	final	classifier	produced	by	AdaBoost	when	used,	for	instance,	with	a	decision-tree	
base	learning	algorithm,	can	be	extremely	complex	and	difficult	to	comprehend.	With	greater	
care,	a	more	human-understandable	final	classifier	can	be	obtained	using	boosting.	Cohen	and	
Singer	showed	how	to	design	a	base	

 
 

Figure 4: Comparison of error rates for AdaBoost and four other text categorization methods (naive Bayes, probabilistic TF-IDF, 
Rocchio and sleeping experts) as reported by Schapire and Singer. The algorithms were tested on two text corpora — Reuters 

newswire articles (left) and AP newswire headlines (right) — and with varying numbers of class labels as indicated on the x-axis of each 
figure. 

Learning	 algorithm	 that,	 when	 combined	 with	 AdaBoost,	 results	 in	 a	 final	 classifier	
consisting	of	a	relatively	small	set	of	rules	similar	to	those	generated	by	systems	like	RIPPER,	
IREP	and	C4.	5rules.	Cohen	and	Singer’s	system,	called	SLIPPER,	is	fast,	accurate	and	produces	
quite	compact	rule	sets.	In	other	work,	Freund	and	Mason	showed	how	to	apply	boosting	to	
learn	a	generalization	of	decision	trees	called	“alternating	trees.”	Their	algorithm	produces	a	
single	 alternating	 tree	 rather	 than	 an	 ensemble	 of	 trees	 as	 would	 be	 obtained	 by	 running	
AdaBoost	on	top	of	a	decision-tree	learning	algorithm.		

On	the	other	hand,	their	learning	algorithm	achieves	error	rates	comparable	to	those	of	
a	whole	ensemble	of	trees.	

A	nice	property	of	AdaBoost	is	its	ability	to	identify	outliers,	i.e.,	examples	that	are	either	
mislabeled	 in	 the	 training	 data,	 or	 that	 are	 inherently	 ambiguous	 and	 hard	 to	 categorize.	
Because	AdaBoost	focuses	its	weight	on	the	hardest	examples,	the	examples	with	the	highest	
weight	often	turn	out	to	be	outliers.	An	example	of	this	phenomenon	can	be	seen	in	Fig.	7	taken	
from	an	OCR	experiment	conducted	by	Freund	and	Schapire.	

	 When	 the	 number	 of	 outliers	 is	 very	 large,	 the	 emphasis	 placed	 on	 the	 hard	
examples	can	become	detrimental	to	the	performance	of	AdaBoost.		
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Freund	 suggested	 another	 algorithm,	 called	 “BrownBoost,”	 that	 takes	 a	more	 radical	
approach	that	de-emphasizes	outliers	when	it	seems	clear	that	they	are	“too	hard”	to	classify	
correctly.	This	algorithm,	which	is	an	adaptive	

 
 
Figure 5: Comparison of the training (left) and test (right) error using three boosting methods on a six-class text classification problem 

from the TREC-AP collection, as reported by Schapire and Singer. Discrete AdaBoost.MH and discrete AdaBoost.MR are multiclass 
versions of AdaBoost that require binary ({-1,+1}-valued) base classifiers, while real AdaBoost.MH is a multiclass version that uses 

“confidence-rated” (i.e., real-valued) base classifiers version of Freund’s “boost-by-majority” algorithm, demonstrates an intriguing 
connection between boosting and Brownian motion. 

Conclusion 

First	 and	 foremost,	AdaBoost	 is	 a	 genuine	boosting	 algorithm:	 given	 access	 to	 a	 true	
weak	learning	algorithm	that	always	performs	a	little	bit	better	than	random	guessing	on	every	
distribution	over	the	training	set,	we	can	prove	arbitrarily	good	bounds	on	the	training	error	
and	generalization	error	of	AdaBoost.	

Besides	 this	 original	 view,	 AdaBoost	 has	 been	 interpreted	 as	 a	 procedure	 based	 on	
functional	gradient	descent,	as	an	approximation	of	logistic	regression	and	as	a	repeated-game	
playing	algorithm.		

All	of	these	connections	and	interpretations	have	greatly	enhanced	our	understanding	
of	boosting	and	contributed	to	its	extension	in	ever	more	practical	directions,	such	as	to	logistic	
regression	 and	 other	 loss-minimization	 problems,	 to	 multiclass	 problems,	 to	 incorporate	
regularization	and	to	allow	the	integration	of	prior	background	knowledge.	
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Figure 6: Comparison of percent classification accuracy on two spoken language tasks (“How may I help you” on the left and “Help 
desk” on the right) as a function of the number of training examples using data and knowledge separately or together, as reported by 

Rochery et al. 
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An Overview of the Privacy and Security of BitCoin 
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Abstract 

The	purpose	of	this	research	paper	is	to	know	how	the	Bitcoin	currency	system	works	
in	our	society.	To	be	specific,	the	scope	of	this	research	paper	mainly	focuses	on	how	to	securely	
utilize	the	Bitcoin	system	and	show	how	privacy	is	guaranteed	to	people	who	use	it.	In	order	to	
investigate	security,	it	will	cover	the	specific	topics	about	Bitcoin	system	such	as	the	structure	
of	 the	Bitcoin	 network,	 transactions,	 blocks,	mining	 and	 emission,	 its	weaknesses,	majority	
attacks,	and	time-jacking	attacks.	

Introduction 

What	is	digital	currency?	It	is	simply	currency	that	works	in	the	digital	world,	and	which	
does	 not	 have	 physical	 forms	 such	 as	 paper	 or	 coins.	 The	 potential	 of	 digital	 currency	 is	
immeasurable,	and	currently,	it	is	only	a	nascent	market	for	banking	and	financial	systems.	So	
what	is	digital	currency,	and	how	does	it	work?	

There	 are	 many	 types	 of	 digital	 currency	 –	 Ethereum,	 Ripple,	 Litecoin,	 Dash,	 or	
Primecoin[10][13].	 Surprisingly,	 all	 these	 digital	 currencies	 can	 be	 categorized	 as	 Bitcoin,	
which	 can	 be	 defined	 as	 a	 decentralized	 digital	 currency	 that	 enables	 instant	 payments	 to	
anyone,	anywhere	 in	 the	world	 [9].	The	"Bitcoin	Protocol"	was	 introduced	 in	a	white	paper	
published	in	2008	and	created	in	2009	by	an	unknown	person	using	the	alias	Satoshi	Nakamoto	
[8][21][29].	According	 to	 the	CNN,	Bitcoin	 can	be	 transferred	with	no	middlemen;	 in	 other	
words,	 Bitcoin	 transactions	 can	 be	made	without	 banks.	 Since	 there	 is	 no	 need	 for	 banks,	
transactions	do	not	require	any	fees	or	identities.		

One	of	the	marvelous	aspects	of	Bitcoin	is	what	people	called	"mining",	in	which	people	
compete	 to	discover	 (or	mine)	bitcoin	by	 solving	 the	 complex	mathematical	 algorithm	 that	
bitcoin	uses.	In	fact,	a	winner	is	rewarded	with	25	bitcoins	roughly	every	10	minutes	[2].	After	
people	purchase	or	successfully	mine	bitcoin,	those	bitcoins	are	stored	in	a	digital	wallet,	which	
exists	either	in	the	cloud	or	on	their	personal	computer.	People	are	free	to	choose	where	to	use	
their	 bitcoins,	whether	 to	 pay	 for	 goods	with	 it	 or	 to	 or	 save	 it.	However,	 unlike	 real	 bank	
accounts,	bitcoin	wallets	are	not	insured	by	the	FDIC	[11].	In	particular,	using	the	wallet	in	the	
cloud	carries	the	danger	of	server	hacking,	and	using	the	wallet	on	PC	carries	the	danger	of	
viruses.	

As	 mentioned	 in	 the	 introduction,	 Bitcoin	 is	 a	 decentralized	 digital	 currency,	 which	
enables	 instant	 payments	 to	 anyone,	 anywhere	 in	 the	world	 anonymously.	 Throughout	 the	
process	of	 the	payment,	Bitcoin	utilizes	peer-to-peer	 technology	 to	operate	with	no	 central	
authority	[4][23].	In	other	words,	transaction	management	and	money	issuance	are	carried	out	
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collectively	 by	 the	 network.	 Bitcoin	 also	 uses	 public-key	 cryptography	 and	 proof-of-work	
systems	to	process	and	verify	payments	[22].		

Bitcoin network 

In	this	Bitcoin	network,	each	participant	of	the	network	has	an	address	of	bitcoin.	This	
specific	address	is	connected	with	public	and	private	keys.	Because	of	this	simplicity,	anyone	
can	generate	a	random	number	of	keys.	And	if	the	person	who	generated	arbitrary	numbers	
matches	with	actual	keys,	he/she	can	get	free	money.		

The	 work	 of	 the	 Bitcoin	 network	 can	 be	 described	 as	 peer-to-peer	 broadcasting	 of	
transactions	from	some	Bitcoin	addresses	to	others.	These	transactions	are	then	collected	into	
blocks	to	be	verified	by	the	network	nodes.	Furthermore,	this	kind	of	digital	ledger--in	which	
transactions	made	in	bitcoin	or	another	cryptocurrency	have	been	recorded	chronologically	
and	publicly--is	called	a	Blockchain.	A	Blockchain	serves	to	confirm	transaction	to	the	rest	of	
the	network	as	having	taken	place.	For	Bitcoin,	this	blockchain	is	used	to	distinguish	legitimate	
transactions	from	attempts	to	re-spend	coins	that	have	already	been	spent	[4][19].	

Furthermore,	the	marvelous	aspect	of	the	blockchain	is	that	it	records	every	transaction	
that	has	ever	been	executed.	Every	user	has	the	full	blockchain,	or	at	least	the	latest	part	of	it.	
Because	every	block	contains	a	hash	of	the	previous	block,	together	the	blocks	create	a	chain	
from	the	first	block	to	the	last.	The	exchange	is	made	by	performing	transactions	[19].	

The	process	of	creating	a	valid	bitcoin	address	is	as	follows:	
Bitcoin	 utilizes	 Elliptic	 Curve	 Digital	 Signature	 Algorithm	 [16].	 The	 elliptic	 curve	 is	

secp256k1	[7].	
1. First	of	all,	we	need	a	key	pair	for	the	curve	secp256k1.	All	modern	cryptography	libraries	

have	 this	 specific	 curve,	 so	 you	 can	 choose	 your	 favorite	 programming	 language	 to	
generate	new	key	pairs.	Recall	that	a	key	pair	is	in	fact	the	coordinates	of	some	point	in	the	
curve.		
private_key=44589b0f227cfdd8d898081f9faa5237d9d1d10a9bc09635176f83fa1f21e

0ff	
public_key=03168278b35c80fa9b23fdeb35af000660f62d5ff6c62b75577fb47107960

dda4	
2. Next	we	need	to	perform	SHA-256	hashing	of	the	public	key:	
3. step2=SHA-

256(public_key)=e2262c5c7388937caddd59ec8eec3d16a01b6b3c5836cce8213e78e5b
91cd03c	

4. The	following	step	is	to	compute	the	ripemd160	hash	of	step	2.	
5. step3=ripemd160(step2)=a6987cf71c00440a3e375beabf60cad9cc715686	
6. Next,	we	add	prefix	zero	bytes,	which	indicate	that	we	generated	the	address	for	the	main	

bitcoin	network;	there	are	networks	for	testing	purposes	that	use	other	prefix	bytes.	
7. step4=00+step3=00a6987cf71c00440a3e375beabf60cad9cc715686	
8. Here	‘+'	denotes	concatenation.	
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9. Next,	we	perform	double	SHA-256	hashing:	
10. step5=SHA-256(SHA-

256(step4))=71a65d8450a326238cdda41425f822b241b3c2202b5a2508c8f7eee604d1
2e5c	

11. We	take	the	first	4	bytes	(8	hexadecimal	digits)	to	be	a	checksum.	
12. checksum=step5[0::8]=0925774f	
13. The	final	address	is	obtained	in	the	following	way:	
14. address=step4+checksum=00a6987cf71c00440a3e375beabf60cad9cc71568671a65d8

4	
15. Usually,	 addresses	 are	 presented	 in	 a	 slightly	 shorter	way.	 This	 is	 done	 by	writing	 the	

address	in	the	base58	format:	
16. base58(address)=1GBsquYcZ4BtyopPHo2y5gPmfWh37jbijD	

It	is	not	impossible	for	someone	to	find	an	address	that	has	been	used	by	someone	and	
that	has	money	left	in	it.	It	is	also	possible	for	people	to	find	out	if	the	newly	generated	address	
has	 been	 used	 by	 checking	 it	 at	 block	 explorer	 website	 that	 tracks	 the	 blockchain	 and	
transactions.	For	examples,	see	[5]	and	[6].	

What	is	the	probability	that	two	different	people	generate	the	same	address?	
In	order	to	find	the	probability,	it	is	necessary	to	use	an	elliptic	curve.	The	elliptic	curve	

used	in	secp256k1	has	2256	-	232	-	29	-	28	-	27	-	26	-	24	-	1≈	2256	points	[12].	This	is	a	lot	more	
than	the	results	of	repimd160	hashing	(2160);	the	number	of	different	addresses	available	is	
determined	by	this	hash	(since	there	could	be	different	key	pairs	that	lead	to	the	same	address).	
Recall	that	the	birthday	paradox	[3]	allows	us	to	compute	the	only	square	root	of	the	number	
of	possible	variants	to	get	an	overlap;	there	is	a	1	in	280	probability	of	generating	an	address	
that	has	been	generated	(or	will	be	generated)	by	someone	else.		

For	example,	the	estimated	probability	of	dying	from	a	meteorite	impact	within	a	lifetime	
is	1	in	1600000≈220.		

As	another	example	for	comparison:	if	you	generate	1	billion	addresses	per	second,	it	
would	take	38	million	years	to	generate	the	same	address	twice.	Therefore,	you	would	need	to	
be	really	lucky	to	get	someone	else's	Bitcoins	by	generating	the	same	address.	

Transactions 

Let's	examine	the	process	of	bitcoin	exchange.	
For	 example,	 we	 will	 say	 Alice	 wants	 to	 send	 some	 bitcoins	 to	 Bob.	 Alice	 has	 her	

public/private	key	pair	and	knows	Bob's	address.	To	send	bitcoins,	Alice	needs	to	broadcast	a	
transaction	 message.	 The	 transaction	 is	 a	 cryptographically	 signed	 record	 that	 reassigns	
ownership	of	Bitcoins	to	new	addresses.		

The	information	in	Alice's	transaction	is	as	follows:	

• Origin	of	the	funds:	previous	transactions	that	"deposited"	bitcoins	to	Alice's	address.	

• The	number	of	bitcoins	to	send.	

• Bob's	designated	address.	
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Alice	 signs	 this	message	with	 her	 private	 key	 to	 prove	 she	 is	 the	 real	 owner	 of	 the	
bitcoins	being	sent.	She	broadcasts	the	transaction	to	other	bitcoin	network	participants.	

Some	of	the	network	participants,	called	miners,	work	on	verifying	the	transactions	they	
receive	and	later	collecting	them	into	blocks	that	will	be	added	to	block	chain.	Their	work	is	not	
free;	they	get	some	bitcoins	from	the	emissions	and	fees.	

When	a	block	with	a	given	transaction	is	generated,	 it	 is	said	that	the	transaction	has	
been	confirmed,	and	each	successive	block	will	increment	the	number	of	confirmations.	After	
six	confirmations,	transactions	are	considered	to	be	valid.	

Bob	does	not	need	to	do	anything.	His	participation	begins	only	when	he	wants	to	spend	
his	bitcoins,	and	this	is	done	in	the	same	way	as	Alice	spent	hers.		

Bob	does	not	 even	need	 to	 exist,	 as	 it	 is	possible	 to	 send	bitcoins	 to	 an	address	 that	
corresponds	to	no	public/private	key	pair.	No	one	can	spend	these	bitcoins,	so	this	effectively	
destroys	them.	

A	transaction	contains	following	data	[17]:	

• Version.	The	transaction	is	prefixed	by	a	four-byte	transaction	version	number	which	tells	
Bitcoin	peers	and	miners	which	set	of	rules	to	use	to	validate	it	[14].	This	lets	developers	
create	new	rules	for	future	transactions	without	invalidating	previous	transactions.	

• In	counter.	A	number	of	inputs.	

• List	of	inputs.	An	input	is	a	reference	to	an	output	from	a	previous	transaction.	Multiple	
inputs	are	often	listed	in	a	transaction.	All	of	the	new	transaction's	input	values	(that	is,	the	
total	coin	value	of	the	previous	outputs	referenced	by	the	new	transaction's	inputs)	are	
added	up,	and	the	total	(less	any	transaction	fee)	is	completely	used	by	the	outputs	of	the	
new	transaction.		

• Out	counter.	A	number	of	outputs.	

• List	of	outputs.	Rules	for	changing	the	ownership	of	the	bitcoin.	

• Lock	time.	This	value	indicates	time	in	future,	before	which	the	transaction	cannot	be	added	
to	the	block	chain.	Lock	time	allows	owners	to	create	time-locked	transactions	which	will	
only	become	valid	in	the	future,	giving	the	owners	a	chance	to	change	their	minds.	Lock	
time	itself	is	an	unsigned	4-byte	integer	which	can	be	parsed	two	ways:	

- If	less	than	500	million,	lock	time	is	parsed	as	a	block	height.	The	transaction	can	be	added	
to	any	block	which	has	this	height	or	higher.	

- If	greater	than	or	equal	to	500	million,	lock	time	is	parsed	using	the	UNIX	epoch	time	
format.	The	transaction	can	be	added	to	any	block	whose	block	time	is	greater	than	the	lock	
time.	

• Size.	The	size	of	the	transaction	in	bytes.	
Input	has	four	fields:	

• Output	transaction	identifier.	This	is	the	transaction	id	that	changed	ownership	of	bitcoins	
to	the	current	owner.	That	means	it's	the	exact	transaction	that	ensures	the	current	owner	
has	received	bitcoins.	Technically,	along	with	the	transaction	identifier,	it	comes	with	an	
output	index	that	states	which	one	of	the	outputs	of	the	previous	transaction	refers	to	the	
current	one.	Therefore	it	counts	as	two	fields	of	an	input.	



Review of Computational Science and Engineering ½Volume 3, Issue 2  17 

• Signature	script.	This	is	"the	first	part"	of	the	rules	for	transferring	bitcoins.	It	is	discussed	
in	more	details	below.		

• Sequence	number.	This	is	a	field	for	a	deprecated	feature	that	was	used	to	allow	the	
multiple-signer	transaction	to	be	altered.	
Output	has	two	fields:	

• Value.	The	amount	of	bitcoins	to	transfer.	In	fact,	this	is	an	integer	number	of	Satoshis.	
Satoshi	is	the	smallest	impartible	amount	of	bitcoins.	One	bitcoin	equals	100,000,000	
Satoshis.	

• Pubkey	script.	This	is	"the	second	part"	of	the	rules	for	transferring	bitcoins.	It	is	discussed	
in	more	details	below.	
Observe	 that	 there	 is	 no	 receiver	 address	 in	 the	 transaction.	 Who	 will	 receive	 the	

bitcoins?	
The	answer	is	whoever	can	satisfy	the	rules	in	the	pubkey	script.	Signature	script	(which	

is	in	the	input	of	a	transaction)	is	a	kind	of	a	program	written	in	a	rather	simple	language,	which	
outputs	some	data.	This	data	is	then	passed	to	the	pubkey	script,	and	if	the	script	evaluates	to	
true,	then	the	transaction	is	processed.	The	most	typical	example	is	to	have	a	pubkey	script	to	
"allow	bitcoins	in	the	transaction	to	be	spent	by	the	owner	of	the	private	key	for	the	given	public	
key".	This	means	that	only	 the	owner	of	a	key	pair	(the	"owner"	of	an	address)	can	receive	
bitcoins.	However,	the	protocol	allows	more	complicated	transactions--for	example,	the	script	
evaluates	to	true	only	if	at	least	two	of	three	recipients	had	provided	evidence	of	their	private	
key	ownership.		

Blocks  

Blocks	are	 the	groups	of	 files	which	permanently	 record	 transaction	data.	Like	a	 city	
record	book	which	records	changes	to	the	titles	to	real	estate,	and	like	stock	transaction	ledgers,	
these	organize	data	 in	 linear	sequence	over	time.	Even	now,	miners	constantly	process	new	
transactions	into	new	blocks,	add	those	to	the	end	of	the	chain,	and	write	them	into	the	network	
permanently.		

During	the	process,	when	miners	create	a	block,	they	list	all	the	transactions	that	have	
been	processed	 in	 the	block,	 then	 form	a	Merkle	 tree	 [20]	of	 the	 transactions'	 hashes.	This	
structure	allows	people	 to	 compute	hashes	of	branches	 in	order	 to	 reduce	 the	unnecessary	
work	 of	 recomposing	 all	 the	 hashes	 in	 the	 tree	 nodes.	 In	 each	block,	 there	 is	 an	 additional	
transaction	 called	 a	 coinbase	 transaction.	 This	 transaction	 rewards	 the	 miner	 with	 some	
amount	of	bitcoins.	More	details	can	be	found	in	the	Mining	section.	

	Blocks	have	following	data:	

• Blocksize.	A	number	of	bytes	following	up	to	the	end	of	the	block.	Block	size	is	limited	by	1	
MB.	

• Transaction	counter.	A	number	of	transactions	in	the	block.	

• Transactions.	List	of	transactions	in	the	block.	

• Block	header.	



Review of Computational Science and Engineering ½Volume 3, Issue 2  18 

Block	header.	A	block	header	contains	the	following	fields:	

• Version.	A	version	of	the	block	protocol.	

• hashPrevBlock.	Hash	of	the	previous	block	header.	

• hashMerkleRoot.	Hash	of	the	Merkle	root	of	the	transactions	Merkle	tree.	

• Target	difficulty.	The	difficulty	for	the	block.	The	hash	of	the	block	should	be	lower	than	the	
target	difficulty.	The	difficulty	is	shared	by	all	the	nodes	of	the	network.	

• Nonce.	An	arbitrary	32-bit	number.	Miners	change	this	number	to	modify	the	header	hash	
in	order	to	produce	a	hash	less	than	or	equal	to	the	target	threshold.	If	all	32-bit	values	are	
tested,	the	time	can	be	updated	or	the	coinbase	transaction	can	be	changed	and	the	merkle	
root	updated.	
Since	all	blocks	contain	a	reference	to	prior	blocks,	a	group	of	blocks	can	be	said	to	form	

a	chain.	However,	 it	 is	possible	 for	chains	 to	split	 temporarily.	To	be	specific,	 if	 two	miners	
arrive	at	two	different	valid	solutions	for	the	same	block	at	the	same	time,	a	chain	splits.	The	
peer-to-peer	network,	also	known	as	P2P,	is	a	decentralized	communications	model	in	which	
each	party	has	the	same	capabilities	and	either	party	can	initiate	a	communication	session.	The	
network	is	designed	to	resolve	splits	within	a	short	period	of	time	so	that	only	one	branch	of	
the	chain	can	survive.	

In	 fact,	 the	 client	 accepts	 the	 "longest"	 chain	 of	 the	 block	 as	 valid	 [22].	 Also,	 the	
complexity	of	this	blockchain	depends	on	its	length,	not	the	quantity	of	blocks.	This	is	because	
it	prevents	others	 from	 forking	 the	chain	and	creating	a	 large	number	of	 low	complexity	of	
blocks,	and	having	it	accepted	by	the	network	as	"longest".	

In	 order	 to	 make	 it	 much	 harder	 to	 modify	 transactions	 included	 in	 any	 blocks,	 no	
transaction	can	be	modified	without	modifying	all	the	following	blocks.		

Mining and emission. 

It	 is	well-known	 that	 process	 of	 adding	 transaction	 records	 to	 a	 blockchain	 is	 called	
"Mining".	Mining	is	intentionally	designed	to	be	resource-intensive	[15]	and	complex	in	order	
to	help	miner	to	find	a	number	of	blocks	consistently.	However,	because	individual	blocks	must	
contain	a	proof	of	work	to	be	considered	valid,	and	it	only	can	be	verified	by	other	Bitcoin	nodes	
each	 time	 they	 receive	 a	 block,	 it	 is	 necessary	 for	 a	miner	 to	 use	 hash	 cash	 proof-of-work	
functions.	

The	main	purpose	of	mining	is	to	allow	Bitcoin	nodes	to	reach	a	secure,	tamper-resistant	
consensus.	Since	mining	is	also	the	mechanism	to	introduce	Bitcoins	into	the	system,	the	miner	
is	paid	any	transaction	fees	as	well	as	a	"subsidy"	of	newly	created	coins.	Consequently,	this	
process	both	serves	the	purpose	of	disseminating	new	coins	in	a	decentralized	manner,	as	well	
as	motivating	people	to	provide	security	for	the	system.	

"Double	Spending",	 an	attack	where	 the	given	 set	of	 coins	 is	 spent	 in	more	 than	one	
transaction,	 are	 one	 of	 the	 biggest	 threats	 to	 miners	 and	 a	 reason	 for	 them	 to	 verify	 the	
transaction	 and	 secure	 bitcoins,	 since	 every	 miner	 looks	 at	 the	 blockchain	 to	 confirm	 its	
validity.	
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Another	 reason	why	 it	 called	Bitcoin	mining	 is	 that	 it	 resembles	 the	mining	of	 other	
commodities.	To	be	specific,	it	requires	exertion	and	it	slowly	makes	new	currency	available	at	
a	rate	that	resembles	the	rate	at	which	commodities	like	gold	are	mined	from	the	ground	[22].	

	In	order	to	generate	a	block,	a	miner	must	find	a	nonce	that	will	be	added	to	the	block,	
so	that	the	SHA-256	hash	value	is	lower	than	target	parameter.	In	other	words,	the	lower	the	
target	is,	the	harder	it	is	to	generate	a	block.	The	target	parameter	is	shared	by	all	users	of	the	
Bitcoin	 network	 and	 is	 adjusted	 every	 2016	 blocks,	 such	 that	 every	 block	 is	 generated	 at	
approximately	10-minute	intervals.	

If	 a	 miner	 is	 lucky	 enough	 to	 generate	 valid	 blocks,	 he/she	 will	 get	 the	 fees	 of	
transactions	-	the	difference	between	transaction	output	and	input	-	and	a	reward	of	"newly	
generated"	 bitcoins	 from	 coinbase	 transactions.	 Furthermore,	 the	 latter	 forms	 emission	 of	
bitcoins	and	every	valid	bitcoin	was	mined	by	some	other	miners	before.	Approximately,	the	
half-life	 of	 reward	 is	 every	 210000	 blocks,	 which	 takes	 around	 4	 years,	 and	 today	 is	 12.5	
bitcoins	per	block.	The	total	amount	of	bitcoins	that	can	exist	is	capped	at	21	million	[24]	and	
will	be	reached	around	2130.	Today,	miners	mostly	rely	on	"generating	reward",	but	the	reward	
will	 eventually	 become	 lower	 and	 transaction	 fees	will	make	 up	 a	 higher	 part	 of	 a	miner’s	
reward.	

As	generating	the	block	gets	harder,	miners	surely	will	need	more	time	to	generate	a	
block.	Because	it	becomes	rarer	to	find	the	block	and	consumes	too	much	time	for	miners,	they	
started	 to	 unite	 into	 mining	 pools.	 Mining	 pools	 are	 groups	 of	 miners	 that	 combine	 their	
computational	powers	to	generate	blocks	in	a	more	continuous	and	predictable	way.	And	when	
they	achieve	their	goals,	they	divide	their	share	proportional	to	the	computational	power	of	a	
miner	using	the	pool	[28].	

Weakness 

The	 idea	 of	 anonymity,	 which	 Bitcoin	 believes	 and	 supports	 is	 also	 a	 double-edged	
sword.	Because	every	transaction	is	logged	publicly,	anyone	can	see	the	flow	of	Bitcoin	from	
address	to	address	[24].	Furthermore,	this	information	itself	cannot	identify	anyone,	because	
the	address	is	generated	by	random	numbers.	However,	if	the	address	that	they	choose	is	one	
of	the	transactions	in	past	or	future,	it	is	not	impossible	to	work	from	that	point	and	guess	who	
may	own	all	of	 the	other	address.	Possible	sources	that	derive	that	 identity	 information	are	
generally	 network	 analysis,	 surveillance,	 and	 other	 address	 that	 have	 been	 Googled.	 The	
officially	encouraged	practice	of	using	a	new	address	for	every	transaction	is	designed	to	make	
this	attack	more	difficult.	

Majority attack 

As	the	name	implies,	the	majority	attack-usually	labeled	“more	than	50%	attack”-is	an	
attack	on	the	network.		

The	attacker	submits	to	the	merchant	or	network	a	transaction	which	pays	the	merchant,	
while	privately	mining	a	blockchain	fork	in	which	a	double-spending	transaction	is	included	
instead.	 After	 they	 get	 a	 certain	 amount	 of	 confirmations,	 n,	 the	 merchant	 then	 sends	 the	
product	 [25].	 If	 the	 attacker	happened	 to	 find	more	 than	n	blocks,	he	 releases	his	 fork	and	
regains	 his	 coins.	 If	 the	 attacker	 finds	 out	 they've	 got	 less	 than	 they've	 expected,	 he	 will	
continue	extending	his	fork	with	the	hope	of	being	able	to	catch	up	with	the	network.	If	he	never	
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manages	to	do	this,	the	attacker	fails	and	the	payment	to	the	merchant	will	go	through.	If	that	
happens,	the	work	that	miners	have	done	will	be	a	waste	of	time,	as	any	new	bitcoins	would	be	
overwritten	by	the	longest	chain.	

This	attack	allows	attackers	to	[1]:	

• Reverse	transactions	that	he	sends	while	he's	in	control.	This	has	the	potential	to	allow	
double-spend	transactions	that	previously	had	already	been	seen	in	the	blockchain.	

• Prevent	some	or	all	transactions	from	gaining	any	confirmations	

• Prevent	some	or	all	other	miners	from	mining	any	valid	blocks	
The	attacker	can't:	

• Reverse	other	people's	transactions	without	their	cooperation	

• Prevent	transactions	from	being	sent	at	all	(they'll	show	as	unconfirmed)	

• Change	the	number	of	coins	generated	per	block	

• Create	coins	out	of	thin	air	

• Send	coins	that	never	belonged	to	him	
One	of	 the	common	misbelief	 that	miner	believes	 is	 that,	a	majority	attack	will	allow	

creating	an	arbitrary	amount	of	bitcoins.	Why	is	this	not	the	case?	
The	answer	 is	simple.	Every	miner	who	believes	 themselves	 to	be	an	honest	and	 fair	

player	would	 check	 the	 origin	 of	 the	 transaction.	 So,	 if	 some	 address	 "possesses"	 arbitrary	
amount	of	bitcoins,	then	they	are	in	the	blockchain	and	the	only	way	to	add	new	bitcoins	to	the	
block	chain	is	by	means	of	mining.	But	mining	is	only	a	solving	of	the	mathematical	puzzle	and	
has	nothing	to	do	with	the	"honesty"	of	a	miner.	

For	example,	someone	with	only	40%	of	the	network	computing	power	can	overcome	a	
6	deep	confirmed	transaction	with	a	50%	success	rate	since	it	works	with	probability[18].	

Timejacking attack 

Each	node	internally	possesses	a	counter	that	represents	the	network	time.	This	is	based	
on	the	median	time	of	the	node's	peers	and	will	be	part	of	the	version	message	when	peers	
connect.	However,	as	long	as	the	median	time	differs	by	more	than	70	minutes	from	the	system	
time,	 the	 network	 time	 counter	 reverts	 to	 the	 system	 time.	 It	 is	 a	 very	 reasonable	way	 to	
estimate	the	median	network	time	[27].	

An	attack	would	be	possible	to	slow	down	or	speed	up	a	node's	network	time	counter	by	
connecting	as	multiple	peers	and	updating	with	an	inaccurate	timestamp	-	a	relatively	small	
number	of	Tor	clients	could	send	enough	messages	to	take	over	the	node's	median	time	[27].	

A	highly	advanced	attack	would	speed	up	the	clocks	of	a	majority	of	the	network's	mining	
resources,	rather	than	slow	it	down.	Also,	because	the	time	value	can	be	skewed	to	70	minutes	
at	most,	the	total	difference	between	nodes	would	be	double	of	that	which	is	140	minutes	[27].		

In	order	to	validate	new	blocks,	the	network	time	is	used.	As	a	precaution,	if	a	block’s	
timestamp	is	greater	than	2	hours	from	the	current	network	time,	nodes	reject	it.	In	addition,	
timestamps	that	are	earlier	than	the	median	time	of	the	past	11	blocks	are	also	rejected.	This	
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validation	puts	a	limitation	on	both	upper	and	lower	bounds,	and	hence	on	the	acceptable	range	
of	block	timestamps	[27].	

In	 order	 to	 counter	 that	 limitation,	 the	 attack	would	 then	 create	 a	 new	block	with	 a	
timestamp	set	190	minutes	ahead	of	the	real	time.	(The	amount	of	the	time	required	to	generate	
a	block	would	depend	on	the	attacker's	share	of	the	network's	total	power,	but	it	could	be	done	
10	times	a	week	on	average	by	someone	with	a	relatively	small	1%	share.)	

The	target	node	would	reject	this	new	block	since	its	timestamp	is	260	minutes	past	(190	
+	70)	and	continue	to	use	the	previous	chain.	However,	from	a	miner's	perspective,	it	would	be	
no	more	than	120	minutes	past	their	own	sped-up	network	time,	and	they	would	happily	accept	
the	block.	

The	target	would	now	be	isolated	from	the	network's	normal	transaction	processing.	As	
network	processing	continues,	every	new	block	that	has	been	created	by	the	miner	would	show	
as	invalid	since	it	would	have	to	bear	140	minutes	past	the	target's	network	time.	Then,	without	
hesitation,	the	target	would	drop	the	invalid	blocks	immediately.	The	attacker	could	and	will	
continue	indefinitely	until	either	an	unaffected	node	or	the	target	itself	creates	a	block,	clocks	
are	reset,	or	operators	intervene.	

Conclusion 

In	sum,	it	is	worthwhile	to	spend	time	to	research	the	most	innovative	parts	of	bitcoin.	
There	are	no	bitcoins	 in	 reality,	 they	do	not	exist	anywhere,	 even	on	a	hard	drive.	 In	other	
words,	neither	a	physical	object	nor	digital	file	can	be	defined	as	bitcoin.	Possession	of	bitcoins	
simply	means	that	a	given	address	has	spent	fewer	bitcoins	than	received.	So,	in	fact,	Bitcoin	is	
just	a	record	in	the	blockchain.	However,	blockchain	is	very	powerful	technology	and	it's	only	
an	early	market	for	banks	and	various	financial	organizations	and	its	purpose	is	not	limited	to	
payment	services.		

For	the	next	research	paper,	based	on	two	research	papers	that	I	wrote	before	which	
discussed	attacks	on	RSA	encryption	and	Bitcoin,	 I	will	 start	 to	question	 the	security	of	 the	
Bitcoin	 system.	 It	 still	 remains	 a	 secure	 encryption	 system,	 but	 the	 fact	 is	 that	 there	 is	 no	
unbreakable	encryption	system	yet	in	this	world.	After	I	had	researched	about	Bitcoin,	which	
has	the	potential	to	hold	enormous	amounts	of	money	in	a	single	script,	I	wanted	to	know	how	
to	break	its	encryption	system	and	if	there	was	any	case	of	that	actually	happening	before.	
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Abstract 

	 Cellular	 Automata	 is	 an	 increasingly	 highlighted	 subject	 in	 biology	 and	 drug	
development,	 with	 many	 of	 the	 Cellular	 Automata	 models	 being	 used	 to	 understand	 the	
structure	and	the	functions	of	viral	 infections.	The	concept	of	applying	Cellular	Automata	to	
comprehend	the	sophisticated	networks	of	Hepatitis	B	viral	infections	in	its	fundamental	form	
led	me	to	start	my	research	 in	the	topics	of	Cellular	Automata	and	structures	of	Hepatitis	B	
infections.	 After	 obtaining	 the	 basics	 of	 the	 fundamentals	 of	 viral	 infections	 and	 Cellular	
Automata	 through	 online	 research,	 I	 proceeded	 to	 take	 on	 the	 challenge	 of	 modeling	 the	
networks	behind	the	viral	infection.	Applying	various	rules	and	conditions	to	test	the	various	
possibilities	within	the	model,	an	understanding	of	the	Hepatitis	infection	structures	could	be	
established,	and	could	be	extended	to	observe	the	effects	of	certain	factors.	The	applications	of	
this	model	allow	 for	 the	variability	of	 cell	 lifespan,	 infection	 rate,	 initial	 contamination,	 and	
infection	lifespan,	calculating	for	the	effects	of	these	factors	on	infection	rates	and	survivability	
rates.	Through	this	model,	the	fundamental	structure	level	Hepatitis	B	sequence	visualization	
was	 achieved,	 allowing	 for	 further	 applications	 in	 the	 science	 fields	 for	 understanding	 the	
changes	that	the	variables	bring	in	real	life.	

1. Introduction	

A	collection	of	cells	on	a	grid	of	specified	dimension	that	evolves	through	a	number	of	
discrete	time	steps	is	known	as	a	cellular	automaton,	and	the	plural	is	cellular	automata.	The	
evolution	of	a	cellular	automaton	at	each	time	step	is	based	on	a	set	of	rules	that	depend	on	its	
state	and	the	states	of	neighboring	cells.	Therefore,	a	cellular	automaton	is	a	model	of	a	system	
of	cells.	A	cellular	automaton	is	defined	by	its	grid	type	and	a	grid	could	be	one-,	two-	or	higher	
(often,	finite)	dimensional.	Each	cell	on	the	grid	is	defined	by	a	finite	number	of	states,	typically	
two	(e.g.	‘on’	and	‘off’,	‘alive’	and	‘dead’,	‘1’	and	‘0’,	and	so	on),	and	a	generation	is	determined	
by	assigning	a	single	state	 to	each	cell	of	a	grid.	Thus,	 the	simulation	of	a	model	consists	of	
iterative	application	of	the	rules	to	obtain	each	successive	generation	from	the	previous	one.	

Cellular	Automata	was	introduced	to	me	as	an	idea	that	complex	processes	and	systems	
could	be	consisted	of	very	basic	and	fundamental	underlying	rules.	Quickly	researching	further,	
I	 looked	 into	 Conway’s	 Game	 of	 Life	 cellular	 automaton,	 which	 displayed	 quite	 interesting	
patterns	as	a	result	of	the	finite	and	predictable	system.	After	learning	more	about	the	potential	
of	Cellular	Automata	systems,	I	became	curious	as	to	which	scientific	fields	could	benefit	from	
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their	 use,	 and	 because	 I	 have	 interests	 in	 biology	 and	 neuroscience,	 I	 decided	 to	 start	 this	
research	 project	 to	 try	 to	 replicate	 the	 patterns	 and	 behaviors	 of	 biological	 neurons	 using	
MATLAB	so	that	I	could	alter	the	system's	inputs	and	parameters	and	really	explore	how	the	
complexity	was	created.		

According	to	the	World	Health	Organization,	Hepatitis	B	is	a	viral	infection	that	attacks	
the	 liver	and	can	cause	both	acute	and	chronic	disease.	The	Hepatitis	B	virus	 is	 transmitted	
through	contact	with	the	blood	or	other	body	fluids	of	an	infected	person,	and	an	estimated	257	
million	people	are	living	with	Hepatitis	B	virus.	In	2015,	Hepatitis	B	resulted	in	approximately	
887,000	deaths.	A	member	of	 the	hepadnavirus	 family,	 the	virion	 consists	of	 an	outer	 lipid	
envelope	with	an	icosahedral	nucleocapsid	core	composed	of	protein.	Approximately	30~42	
nm	in	diameter,	the	virion	consists	of	a	circular	DNA,	which	is	surprisingly	not	double-stranded.	
Interfering	with	the	functions	of	the	liver	by	replicating	in	hepatocytes,	the	viral	genomic	DNA	
is	transferred	to	the	cell	nuclei	by	host	proteins	called	chaperones.	Due	to	the	complex	viral	
antigen	proteins	produced	by	the	virus,	the	interpretations	of	these	assays	of	Hepatitis	B	viral	
infections	are	complex.	

This	paper	contains	a	two-dimensional	probability	used	to	study	the	dynamic	process	of	
Hepatitis	B	virus	(HBV).	A	dynamic	model	 that	 takes	 into	account	 the	existence	of	different	
types	 of	 HBV	 infectious	 and	 non-	 infectious	 particles	 and	 some	 important	 features	 of	 the	
disease,	such	as	its	wide	variety	in	manifestation	and	its	age	dependency,	is	taken	into	account	
(Xiao	 et	 al.,	 2006),	 which	 also	 showed	 the	 effects	 of	 the	 parameter	 of	 the	 model	 on	 the	
dynamical	process	of	the	infection	–	proving	that	cellular	automata	models	can	serve	as	a	useful	
vehicle	 for	 studying,	 various	 persistent	 infections	 with	 replicating	 parasites.	 This	 paper	
explores	the	cellular	automaton	model	given	in	that	paper	and	demonstrates	how	such	a	model	
can	be	implemented	and	simulated	in	MATLAB.	

2. Algorithm	and	MATLAB	Implementation	for	One-Dimensional	Grid		

One-dimensional	 cellular	 automata	with	 each	 cell	 having	 two	 (beyond	 one)	 possible	
states	are	the	simplest	cellular	automata.	A	neighborhood	of	three	cells	is	formed	by	a	cell	and	
its	two	neighbors.	Thus,	there	are	23	=	8	possible	patterns	for	a	neighborhood.	Figures	1	(a)	to	
(c)	 illustrates	 the	 concept	 of	 one-dimensional	 grid,	 an	 example	 one-dimensional	 cellular	
automaton,	and	the	neighborhood	of	a	cell	on	a	one-dimensional	grid,	respectively.		

	

 
(a) One-dimensional grid 

 
(b) An example of a one-dimensional cellular automaton 

 

 
(c) The neighborhood of a cell on a one-dimensional grid 

Figure 1: An illustration of the concept of one-dimensional grid, a one-dimensional cellular automaton, and the neighborhood of a cell. 

cell i neighborhood of cell i 
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A	rule	defines,	for	each	pattern,	whether	a	cell	will	be	a	0	or	a	1	in	the	next	generation	
and	there	are	28	=	256	possible	rules.	A	convention	exist,	referred	to	as	Wolfram	code,	that	
assigns	for	each	of	these	rules	a	number	from	0	–	255.		

Consider	the	following	patterns	and	rule	set:		
	

 

It	should	be	observed	the	patterns	on	the	first	row	are	the	8	possible	patterns	of	a	3	bit	
binary	number	and	 the	bottom	row	are	 the	 rules	 associated	with	each	pattern	–	 the	arrow	
pointing	at	a	pattern	and	its	associated	rule.	Also,	converting	the	rule	(bottom	row)	of	binary	
sequence	01011010	into	decimal	gives	number	90	–	therefore,	by	convention,	this	is	Rule	90.	
For	a	standard	Wolfram	model	(a	cellular	automaton	with	the	starting	generation,	generation	
0,	having	all	cells	with	states	0	except	the	middle	cell),	the	computation	of	generation	1	from	
generation	0	using	this	rule	set	is	illustrated	in	Figure	2.		

 

 

        
 

 
Figure 2: The application of Rule 90 to obtain a successive generation from the previous one. 

Moreover,	coloring	a	cell	with	state	0	white	and	that	with	state	1	black,	Rule	90	could	be	
represented	as	in	Figure	3.		

 
Figure 3: A color-coded representation of Rule 90 

2.1 Boundary Conditions 

Cells	that	are	at	the	edges	(that	is,	with	no	neighbor	to	the	left	or	right)	can	be	governed	
by	 any	 of	 the	 following	 rules,	 or	 boundary	 conditions:	 a.	 define	 edge	 cells	 to	 always	 have	
constant	values	(0	or	1);	b.	define	edge	cells	to	be	considered	wrapped	around,	often	referred	
to	as	a	periodic	boundary	condition	(i.e.	the	right-most	cells		are	treated	left	neighbors	of	the	
left-most	cells,	the	left-most	cells	are	treated	as	the	right	neighbors	of	the	left-most	cells);	and	
c.	define	 separate	 rules	 for	 the	edge	cells	–	 for	example,	 all	 cells	not	within	 the	grid	 can	be	
assumed	to	be	in	state	0,	also	referred	to	as	zero-boundary	condition.			

Stacking	every	new	generation	under	the	previous	generation,	Figure	4	(a)	–	9c)	shows	
the	simulation	of	Rules	30,	90	and	110	using	MATLAB.		

generation 0 

generation 1 

rule set:  
0  0  1  0  1  0  1  0  0  0  

0  1  0  0  0  0  0  1  0  0  

neighborhood of 3 cells 

associated rule  
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(a) The first 30 generations of Rule 30 starting with a standard Wolfram model 

 
(b) The first 30 generations of Rule 90 starting with a standard Wolfram model 

 
(c) The first 30 generations of Rule 110 starting with a standard Wolfram model 

Figure 4: The simulation of a standard Wolfram model with various rules 
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2.2 Algorithm 

The	algorithm	to	simulate	a	one-dimensional	model	of	a	cellular	automaton	given	the	
initial	state	(generation	0)	𝑃�,	the	required	number	of	successive	generations	to	be	computed	
𝑔,	the	boundary	conditions,	and	the	rule	set	is	as	follows:	

Step	1:	Set	up	the	grid	of	𝑁	cells,	initialize	its	states	to	the	current	generation	𝑃�	where	
𝑖	 = 	0.		

Step	2:	Set	up	a	matrix	𝐺	for	storing	the	current	and	future	generations,	and	store	𝑃�		as	
its	first	generation	

Step	3:	For	𝑡	 = 	2	to	𝑡	 = 	𝑔,	do	Steps	4	to	8:		
Step	 4:	 Apply	 the	 boundary	 conditions	 to	 𝑃�	 by	 creating	 a	 new	matrix	 (in	 this	 case,	

vector)	𝑄	such	that	the	edge	cells	are	given	appropriate	neighbors;	for	example,	for	the	zero-
boundary	condition,	𝑄	 = 	 [0	𝑃�	0]	

Step	5:	For	𝑗	 = 	1	to	𝑗	 = 	𝑁,	do	Steps	6	and	7:		
Step	6:	Create	the	𝑗th	sub-vector	of	three	cells,	𝑞,	from	𝑄	such	that	the	middle	cell	𝑞���	

has	𝑞�	and	𝑞���	as	the	left	and	right	neighbors,	respectively;	i.e.	𝑞 = 𝑞�			𝑞���			𝑞��� .		
Step	7:	Apply	the	appropriate	rule	in	the	rule	set	to	vector	𝑞	to	compute	element	𝑗	of	the	

next	generation	𝑃���.	
Step	8:	In	preparation	for	the	next	iteration,	set	𝑖	 = 	𝑖 + 1	and	store	the	matrix	𝑃���	(the	

next	generation)	in	matrix	𝐺	

2.3 MATLAB Code  

The	 implementation	 of	 the	 algorithm	 given	 in	 the	 previous	 section	 in	 MATLAB	 is	
described	as	follows:	Given	the	cellular	automaton’s	initial	state	(generation	0),	the	number	of	
successive	 generations	 to	 be	 computed,	 the	 boundary	 conditions,	 and	 the	 rule	 set,	 an	
implementation	of	Steps	1	and	2	in	MATLAB	is	as	follows:		

 
% Parameters:  
% =========== 
% n         - 1st generation 
% gen       - No. of generations to iterate over 
% bc        - Boundary Condition: Value of 0 or 1 
                    %   '0' represents 'zero boundary condition' 
                    %   '1' represents 'periodic boundary condition' 
% ruleDef   - Rule Definition in Decimal: E.g. ruleDef = 30;  
N = length(n);              % Grid size                    
P = n;                      % Save a copy of current state 
generation = zeros(N,gen);  
generation(:, 1) = P;       % For storing current and future generations 
 

The	MATLAB	implementation	of	Step	4	is	as	follows:		
     
    if bc == 0 
        Q = [0 P 0]; 
    elseif bc == 1 
        Q1 = kron(ones(1,3),P);  % i.e. [P P P] 
        Q = Q1(N:2*N+1);  
    end 
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The	MATLAB	implementation	of	Steps	6	and	7	is	as	follows:		

     
q = Q(i:i+2);   % Select a cell and its 2 neighbors 
 
a = fi(RuleDef,0,8,0);  
ruleSet = [ bitget(a,1);  
            bitget(a,2) 
            bitget(a,3) 
            bitget(a,4) 
            bitget(a,5) 
            bitget(a,6) 
            bitget(a,7) 
            bitget(a,8) ];  
  
leftCell = q(1); middleCell = q(2); rightCell = q(3);  
  
if     leftCell == 1 && middleCell == 1 && rightCell == 1 
    if ruleSet(8) == 0, middleCell = 0; else middleCell = 1; end 
elseif leftCell == 1 && middleCell == 1 && rightCell == 0 
    if ruleSet(7) == 0, middleCell = 0; else middleCell = 1; end 
elseif leftCell == 1 && middleCell == 0 && rightCell == 1 
    if ruleSet(6) == 0, middleCell = 0; else middleCell = 1; end 
elseif leftCell == 1 && middleCell == 0 && rightCell == 0 
    if ruleSet(5) == 0, middleCell = 0; else middleCell = 1; end 
elseif leftCell == 0 && middleCell == 1 && rightCell == 1 
    if ruleSet(4) == 0, middleCell = 0; else middleCell = 1; end 
elseif leftCell == 0 && middleCell == 1 && rightCell == 0 
    if ruleSet(3) == 0, middleCell = 0; else middleCell = 1; end 
elseif leftCell == 0 && middleCell == 0 && rightCell == 1 
    if ruleSet(2) == 0, middleCell = 0; else middleCell = 1; end 
elseif leftCell == 0 && middleCell == 0 && rightCell == 0 
    if ruleSet(1) == 0, middleCell = 0; else middleCell = 1; end 
end 
 
P(i) = middleCell; 

 
The	 complete	 code	 for	 implementing	 the	 algorithm	of	 Section	2.2	 and	displaying	 the	

results	in	MATLAB	can	be	written	as	a	function	in	MATLAB;	the	function	‘ca_1D_program’	and	
the	two	user-defined	functions	(‘funcRules’	and	‘plotGen1D’)	that	it	dependents	on	are	given	as	
follows:		
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function ca_1D_program(n, gen, bc, ruleDef) 
% Cellular Automata 1D Program 
  
% Parameters:  
% =========== 
% n         - 1st generation 
% gen       - No. of generations to iterate over 
% bc        - Boundary Condition: Value of 0 or 1 
                    %   '0' represents 'zero boundary condition' 
                    %   '1' represents 'periodic boundary condition' 
% ruleDef   - Rule Definition in Decimal: E.g. ruleDef = 30;  
  
% Dependencies: This function depends on the following user-defined  
% functions: a. 'funcRules' - for applying the rules 
%            b. 'plotGen1D' - for ploting the grid 
  
% Main Code for this Function:  
% ============================ 
N = length(n);              % Grid size                    
P = n;                      % Save a copy of current state 
generation = zeros(N,gen);  
generation(:, 1) = P;       % For storing current and future generations 
plotGen1D(generation, 1)    % Plot first generation on grid 
for t = 2:gen 
     
    if bc == 0 
        Q = [0 P 0]; 
    elseif bc == 1 
        Q1 = kron(ones(1,3),P);  % i.e. [P P P] 
        Q = Q1(N:2*N+1);  
    end 
     
    for i = 1:N             % Iterate over all cells of current generation 
             
            q = Q(i:i+2);   % Select a cell and its 2 neighbors 
            P(i) = funcRules(ruleDef,q);  
         
    end 
    generation(:, t) = P;           % Save for next iteration         
    plotGen1D(generation, t);       % Plot current generation 
     
end 
 

 
 
function middleCell = funcRules(RuleDef,q) 
  
a = fi(RuleDef,0,8,0);  
ruleSet = [ bitget(a,1);  
            bitget(a,2) 
            bitget(a,3) 
            bitget(a,4) 
            bitget(a,5) 
            bitget(a,6) 
            bitget(a,7) 
            bitget(a,8) ];  
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leftCell = q(1); middleCell = q(2); rightCell = q(3);  
  
if     leftCell == 1 && middleCell == 1 && rightCell == 1 
    if ruleSet(8) == 0, middleCell = 0; else middleCell = 1; end 
elseif leftCell == 1 && middleCell == 1 && rightCell == 0 
    if ruleSet(7) == 0, middleCell = 0; else middleCell = 1; end 
elseif leftCell == 1 && middleCell == 0 && rightCell == 1 
    if ruleSet(6) == 0, middleCell = 0; else middleCell = 1; end 
elseif leftCell == 1 && middleCell == 0 && rightCell == 0 
    if ruleSet(5) == 0, middleCell = 0; else middleCell = 1; end 
elseif leftCell == 0 && middleCell == 1 && rightCell == 1 
    if ruleSet(4) == 0, middleCell = 0; else middleCell = 1; end 
elseif leftCell == 0 && middleCell == 1 && rightCell == 0 
    if ruleSet(3) == 0, middleCell = 0; else middleCell = 1; end 
elseif leftCell == 0 && middleCell == 0 && rightCell == 1 
    if ruleSet(2) == 0, middleCell = 0; else middleCell = 1; end 
elseif leftCell == 0 && middleCell == 0 && rightCell == 0 
    if ruleSet(1) == 0, middleCell = 0; else middleCell = 1; end 
end 
 
 
 
function plotGen1D(P, t) 
  
imagesc(1-P') 
colormap gray 
  
xlabel(['Generation: ' num2str(t)]) 
drawnow 
 

It	is	clear	that	the	function	‘funcRules’	is	the	implementation	of	Step	7	of	the	algorithm	
in	Section	2.2	and	the	function	‘plotGen1D’	is	used	for	plotting	the	results.		

2.4 Example Simulation 

The	 simulation	 of	 a	 standard	 Wolfram	 model	 using	 the	 MATLAB	 code	 described	 in	
Section	2.3	can	be	accomplished	for	the	first	30	generations	and	the	zero-boundary	condition	
using	Rule	30	by	typing	the	following	commands	in	the	MATLAB	Command	Window:		

n	=	[zeros(1,30)	1	zeros(1,30)];	gen	=	30;		bc	=	0;					ruleDef	=	13;		
ca_1D_program(n,	gen,	bc,	ruleDef);	
Figure	5	shows	 the	results	obtained	 for	various	 rules	and	boundary	conditions	using	

simple	modifications	of	the	above	commands.		
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(a)  Rule 13 with zero-boundary condition  (b) Rule 13 with periodic boundary condition 

 
(c)  Rule 57 with zero-boundary condition  (d) Rule 57 with periodic boundary condition 

 
(e)  Rule 77 with zero-boundary condition  (f) Rule 77 with periodic boundary condition 
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(g)  Rule 99 with zero-boundary condition  (h) Rule 99 with periodic boundary condition 

Figure 5: The simulation of a standard Wolfram model with various rules and boundary conditions 

3. Algorithm	and	MATLAB	Implementation	for	Two-Dimensional	Grid		

For	two-dimensional	cellular	automata	with	each	cell	having	only	two	possible	states,	a	
neighborhood	of	nine	cells	is	formed	by	a	cell	and	its	eight	neighbors.	Thus,	there	are	29	=	512	
possible	patterns	for	a	neighborhood.	Each	of	these	patterns	can	also	be	associated	with	a	rule	
to	determine,	whether	a	cell	will	be	a	0	or	a	1	in	the	next	generation	and,	consequently,	there	
are	2��	≅	1.34078×10���	possible	rules.	The	example	in	Figure	6	illustrates	the	concept	of	two-
dimensional	grid	and	the	neighborhood	of	a	cell	on	it.	The	definition	of	a	neighborhood	given	
in	here	is	a	type	of	what	is	known	as	Moore	neighborhood	(of	range	1,	in	particular)	and	other	
definitions	of	neighborhood	exist.		

0 0 1 0 1 

0 1 0 0 0 

1 0 0 1 0 

0 1 0 0 0 

1 1 1 0 1 

 
Figure 6: An example of two-dimensional grid and the neighborhood of a cell. 

3.1 Defining Some Rules 

It	is	clear	that,	in	most	cases,	it	will	be	impractical	to	define	2��	≅	1.34078×10���	rules	
for	 two-dimensional	 automata.	 It	 is	 however	 possible	 to	 define	 simple	 rules	 based	 on	 the	
general	characteristics	of	the	neighborhood.	Two	of	such	rules	are	described	in	the	subsections	
that	follow.		

3.1.1 Majority Rule 

The	majority	rule	for	two-dimensional	cellular	automata	may	be	stated	as	follows:		

cell i 

neighborhood of cell i 
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1. If	majority	of	 the	neighbors	of	 the	cell	𝑃�,�	 are	 in	 the	 state	of	0,	 set	𝑃�,�	 to	0	 in	 the	next	
iteration.	

2. If	majority	of	 the	neighbors	of	 the	cell	𝑃�,�	 are	 in	 the	 state	of	1,	 set	𝑃�,�	 to	1	 in	 the	next	
iteration.	

3. If	the	number	of	neighbors	of	cell	𝑃�,�	with	the	state	of	0	is	equal	with	the	number	of	those	
with	the	state	of	1,	set	𝑃�,�	to	its	current	state	in	the	next	iteration.	

3.1.2 Game of Life Rule 

The	so	called	‘Game	of	Life’	rule	for	two-dimensional	cellular	automata,	where	a	dead	
cell	represents	a	cell	in	state	0	and	live	cell	represents	a	cell	in	state	1,	may	be	stated	as	follows:		

1. A	live	cell	𝑃�,�	with	less	than	two	live	neighbors	dies	in	the	next	iteration.	
2. A	live	cell	𝑃�,�	with	more	than	three	live	neighbors	dies	in	the	next	iteration;	this	is	the	so-

called	overcrowding	effect.		
3. 	A	live	cell	𝑃�,�	with	two	or	three	live	neighbors	remain	unchanged	(i.e.	lives)	in	the	next	

iteration.		
4. A	dead	cell	𝑃�,�	with	three	live	neighbors	comes	to	life	in	the	next	iteration.	

3.2 Boundary Conditions 

The	rules	governing	cells	along	the	grid	boundaries,	similar	to	boundary	conditions	of	
the	one-dimensional	cellular	automata,	may	be	defined	as	follows:	a.	define	edge	cells	to	always	
have	constant	values	(0	or	1);	b.	define	edge	cells	to	be	considered	wrapped	around	(i.e.	the	
right-left	and	top-bottom	type	of	toroidal	wrappings),	often	referred	to	as	a	periodic	boundary	
condition;	and	c.	define	separate	rules	for	the	edge	cells	–	for	example,	all	cells	not	within	the	
grid	can	be	assumed	to	be	in	state	0,	also	referred	to	as	zero-boundary	condition.				

The	 visualization	 of	 the	 simulation	 of	 two-dimensional	 cellular	 automata	 can	 be	
achieved	by	displaying	each	generation	as	a	single	frame	in	an	animation.	A	three-dimensional	
visualization	 can	 also	 be	 achieved	by	 stacking	 every	new	 frame	of	 a	 generation	behind	 the	
frame	of	the	previous	generation	to	form	a	cube	structure.		

3.2 Algorithm 

The	algorithm	to	simulate	a	two-dimensional	model	of	a	cellular	automaton	given	the	
initial	state	(generation	0)	𝑃�,	the	required	number	of	successive	generations	to	be	computed	
𝑔,	the	boundary	conditions,	and	the	rule	set	is	as	follows:		

	 Step	1:	Set	up	the	grid	of	𝑁×𝑁	number	of	cells	and	initialize	its	states	to	the	current	
	 	 	 generation	𝑃�	where	𝑖	 = 	0.		

Step	2:	Set	up	a	matrix	𝐺	for	storing	the	current	and	future	generations,	and	store	𝑃�	
as	its	first	generation	

	 Step	3:	For	𝑡	 = 	2	to	𝑡	 = 	𝑔,	do	Steps	4	to	9:		
	 Step	4:	Apply	the	boundary	conditions	to	𝑃�	by	creating	a	new	matrix		𝑄	such	that	

the		 	 boundary	cells	are	given	appropriate	neighbors;	for	example,	for	the	zero-	
	 	 boundary	condition,	𝑄	 = 	 [0	𝑃�	0],	where	0	represents	a	zero	column	vector.		

	 Step	5:	For	𝑗	 = 	1	to	𝑗	 = 	𝑁,	do	Step	6:		
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	 Step	6:	For	𝑘	= 	1	to	𝑘	 = 	𝑁,	do	Steps	7	and	8:		
	 Step	7:	Create	the	3×3	sub-matrix	of	three	cells,	𝑞,	from	𝑄	–	this	constitutes	a	cell	

and		
its	8	neighbors.		
Step	8:	Apply	 the	appropriate	 rule	 (e.g.	 the	majority	 rule	or	 the	game	of	 life	 rule)	 to	

matrix	𝑞	to	compute	𝑃�,�	of	the	next	generation.	
	 Step	9:	In	preparation	for	the	next	iteration,	set	𝑖	 = 	𝑖 + 1	and	store	the	matrix	𝑃	

	 	 	 (the	next	generation)	in	matrix	𝐺	

3.3 MATLAB Code  

The	 implementation	of	 the	algorithm	given	 in	Section	3.2	 in	MATLAB	 is	described	as	
follows:		

Given	 the	 cellular	 automaton’s	 initial	 state	 (generation	 0),	 the	 number	 of	 successive	
generations	to	be	computed,	the	boundary	conditions,	and	the	rule	set,	an	implementation	of	
Steps	1	and	2	in	MATLAB	is	as	follows:		

 
% Parameters:  
% =========== 
% n         - 1st generation 
% gen       - No. of generations to iterate over 
% bc        - Boundary Condition: Value of 0 or 1 
                    %   '0' represents 'zero boundary condition' 
                    %   '1' represents 'periodic boundary condition' 
% ruleDef   - Rule Definition: Value of 0 or 1 
                            %   '0' represents 'majority rule' 
                            %   '1' represents 'game of life rule'   
                                       
% Main Code for this Function:  
% ============================ 
N = length(n);              % Grid size 
P = n;                      % Save a copy of current state 
generation(:, :, 1) = P;    % For storing current and future generations 
 

 
The	MATLAB	implementation	of	Step	4	is	as	follows:		

     
    if bc == 0 
        Q = zeros(N+2);  
        Q(2:end-1, 2:end-1) = P;  
    elseif bc == 1 
        Q1 = kron(ones(3,3),P);  % i.e. [P P P; P P P; P P P] 
        Q = Q1(N:2*N+1,N:2*N+1);  
    end 
 

 
The	 complete	 code	 for	 implementing	 the	 algorithm	of	 Section	3.2	 and	displaying	 the	

results	in	MATLAB	can	be	written	as	a	function	in	MATLAB;	the	function	‘ca_2D_program’	and	
the	 three	 user-defined	 functions	 (‘funcMajority’,	 ‘funcLifeGame’	 and	 ‘plotGen’)	 that	 it	
dependents	on	are	given	as	follows:		

 
function ca_2D_program(n, gen, bc, ruleDef) 
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% Cellular Automata 2D Program 
  
% Parameters:  
% =========== 
% n         - 1st generation 
% gen       - No. of generations to iterate over 
% bc        - Boundary Condition: Value of 0 or 1 
                    %   '0' represents 'zero boundary condition' 
                    %   '1' represents 'periodic boundary condition' 
% ruleDef   - Rule Definition: Value of 0 or 1 
                            %   '0' represents 'majority rule' 
                            %   '1' represents 'game of life rule'   
  
% Dependencies: This function depends on the following user-defined  
% functions: a. 'funcMajority'  - for applying the 'majority' rule 
%            b. 'funcLifeGame'  - for applying the 'Game of Life' rule 
%            c. 'plotGen'       - for ploting the grid 
  
% Main Code for this Function:  
% ============================ 
N = length(n);              % Grid size 
P = n;                      % Save a copy of current state 
generation(:, :, 1) = P;    % For storing current and future generations 
plotGen(P, 1)               % Plot first generation 
% Iterate over generations 
for t = 2:gen 
     
    if bc == 0 
        Q = zeros(N+2);  
        Q(2:end-1, 2:end-1) = P;  
    elseif bc == 1 
        Q1 = kron(ones(3,3),P);  % i.e. [P P P; P P P; P P P] 
        Q = Q1(N:2*N+1,N:2*N+1);  
    end 
     
    for i = 1:N         % Iterate over all rows 
        for j = 1:N     % Iterate over all columns             
             
            q = Q(i:i+2,j:j+2);     % Select a cell and its 8 neighbors 
            switch ruleDef 
                case 0  
                    P(i,j) = funcMajority(q);  
                case 1 
                    P(i,j) = funcLifeGame(q); 
            end 
                        
        end 
         
    end 
    generation(:, :, t) = P;    % Save for next iteration         
    plotGen(P, t);              % Plot current generation 
     
end 
  

 
 
function centreCell = funcMajority(q) 
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countOnes = nnz(q);  
switch countOnes - q(2,2) 
    case {8 7 6 5}              % Majority are in favor of 1 
        centreCell = 1; 
    case 4                      % There is no clear majority 
        centreCell = q(2,2);  
    case {3 2 1 0}              % Majority are in favor of 0 
        centreCell = 0; 
end 
  

 
 
function centreCell = funcLifeGame(q) 
  
countOnes = nnz(q);  
if q(2,2) == 0 && (countOnes == 3) 
    centreCell = 1; 
else 
    switch countOnes - q(2,2) 
        case {0 1}              % Support effect: Die 
            centreCell = 0; 
        case {2 3}              % Unchanged for the next generation 
            centreCell = q(2,2);          
        case {4 5 6 7 8}        % Overcrowding effect: Die 
            centreCell = 0;         
    end 
end 
  
 
 
 
 
function plotGen(P, t) 
  
imagesc(1-P) 
colormap gray 
  
xlabel(['Generation: ' num2str(t)]) 
drawnow 
  

 

It	is	clear	that	the	functions	‘funcMajority’	and	‘funcLifeGame’	are	the	implementation	of	
Step	 8	 of	 the	 algorithm	 in	 Section	 3.2	 and	 the	 function	 ‘plotGen’	 is	 used	 for	 visualizing	 the	
results.	The	function	‘funcMajority’	is	a	MATLAB	implementation	of	the	majority	rule	given	in	
Section	3.1.1	and	the	function	‘funcLifeGame’	is	a	MATLAB	implementation	of	the	game	of	life	
rule	given	in	Section	3.1.2.		

3.4 Example Simulation 

The	 simulation	 of	 a	 two-dimensional	 cellular	 automaton	 using	 the	 MATLAB	 code	
described	 in	 Section	 3.3	 can	 be	 accomplished	 for	 the	 first	 100	 generations	 and	 the	 zero-
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boundary	condition	using	the	majority	rule	by	typing	the	following	commands	in	the	MATLAB	
Command	Window:		

n	=	rand(100,	100)	<	0.3	;	gen	=	100;		bc	=	0;		ruleDef	=	0;		
ca_2D_program(n,	gen,	bc,	ruleDef)	
Note	that	the	statement	‘rand(100,	100)’	is	used	to	a	create	a	100×100	matrix	containing	

pseudorandom	values	drawn	from	the	standard	uniform	distribution	on	the	open	interval(0,1).	
The	statement	‘rand(100,	100)	<	0.3’	is	then	used	to	set	all	elements	of	the	matrix	that	are	less	
than	0.3	to	state	1	and	all	else	to	state	0.	Figures	7,	8	and	9	show	the	results	obtained	for	various	
rules	and	boundary	conditions	using	simple	modifications	of	the	above	commands.		

(a)      (b)     (c) 

   
(d)      (e)     (f) 

 
(g)      (h)     (i) 

 
(j)      (k)     (l) 
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Figure 7: The simulation of a standard Wolfram model using ‘n = rand(100, 100) < 0.3’ with various rules and boundary conditions: (a), 
(b), (c) – initial states, 10th, 20th generations of zero boundary condition and majority rule; (c), (d), (e) – initial states, 10th, 20th 

generations of periodic boundary condition and majority rule; (f), (g), (h) – initial states, 10th, 20th generations of zero boundary 
condition and game of life rule; (i), (j), (k) – initial states, 10th, 20th generations of periodic boundary condition and game of life rule. 

   
(a)      (b)     (c) 

   
(d)      (e)     (f) 

Figure 8: The simulation of a standard Wolfram model using ‘n = rand(100, 100) < 0.5’ with various rules and boundary conditions: (a), 
(b), (c) – initial states, 20th, 60th generations of zero boundary condition and majority rule; and (c), (d), (e) – initial states, 20th, 60th 

generations of periodic boundary condition and majority rule. 

   
(a)      (b)     (c) 

   
(d)      (e)     (f) 
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Figure 9: The simulation of a standard Wolfram model using ‘n = rand(100, 100) < 0.75’ with various rules and boundary conditions: (a), 
(b), (c) – initial states, 20th, 90th generations of zero boundary condition and game of life rule; and (d), (e), (f) – initial states, 20th, 90th 

generations of periodic boundary condition and game of life rule. 

 

4. Cellular	Automaton	Dynamic	Model	Description	

	The	model	given	in	(Xiao	et	al.,	2006)	is	based	on	the	London-Blumbmerg	model	(Zhou	
et	al.,	1981)	which	assumes	that	the	liver	consists	of	two	subsets	of	hepatocytes	that	respond	
contrastingly	 to	 infection	 by	 the	 virus	 in	 different	 stages	 of	 maturation.	 The	 cytolytic	 and	
noncytolytic	mechanisms	were	included	for	the	infected	cells	in	order	to	make	the	model	more	
realistic	 and	 accurate.	 A	 square	 lattice	 is	 used	 for	 modeling	 the	 interactions	 among	 the	
hepatocytes	and	the	virus	particles	in	the	liver	organs.	Each	site	is	either	a	cell	that	could	be	an	
R	cell	(‘‘resistant’’	to	viral	replication	and	the	main	target	of	HBV)	or	an	S	cell	(‘‘susceptible’’	to	
viral	replication).	The	R	cells	have	the	capacity	to	differentiate	 into	being	either	R	cells	or	S	
cells,	but	the	S	cells	do	not	undergo	such	differentiation	significantly.	To	make	the	computation	
simpler	 and	 more	 efficient,	 the	 infection	 was	 modelled	 as	 spreading	 directly	 from	 one	
hepatocyte	to	another,	and	the	elimination	was	modelled	as	that	the	half-life	of	non-infected	
cells	was	longer	than	the	half-life	of	 infected	cells.	The	huge	space	of	this	complex	system	is	
modelled	with	a	cellular	automaton	with	each	cell	having	six	possible	states	(strictly	speaking,	
they	have	four	possible	states,	and	two	of	these	states	are	each	of	two	types),	namely:		

1. Healthy	R	cell:	A	cell	that	represents	an	uninfected	R	cell,	and	is	able	to	differentiate	into	either	
an	R	cell	or	an	S	cell	and	has	a	lifetime	of	cell_lifespan.		

2. Healthy	S	cell:	A	cell	that	represents	an	uninfected	S	cell	and	has	a	lifetime	of	cell_lifespan.		
3. Infected	R	cell:	A	cell	that	represents	an	infected	R	cell	with	infectious	rate	was	infect_rate_r,	

and	has	a	lifetime	of	infect_r_lifespan	(where	infect_r_lifespan	<	cell_lifespan).	
4. Infected	S	cell:	A	cell	that	represents	an	infected	S	cell	with	infectious	rate	infect_rate_s	(where	

infect_rate_s	>	infect_rate_r),	and		has	a	lifetime	of	infect_s_lifespan	(where	infect_s_lifespan	
<	infect_r_lifespan).	

5. Defectively	infected	cell:	A	long-lived	cell	that	is	infected	(containing	defective	provirus).		
6. Dead	cell:	A	cell	that	was	killed	either	by	the	immune	cells	or	because	its	lifetime	has	become	

longer	than	cell_lifespan.		
(In	short,	the	four	states	are:	the	healthy	state	[R	or	S],	the	infected	state	[R	or	S],	the	

defectively	infected	state	and	the	dead	state).	One	of	the	limitations	of	the	model	is	that	it	does	
not	consider	the	virus	particles	and	immune	cells	explicitly.	

The	initial	configuration	(initial	conditions)	consists	of	healthy	cells	with	a	small	fraction	
,	𝜌���,	of	infected	cells.	The	infected	cells	are	randomly	distributed	over	the	lattices.	Also,	each	
cell	 was	 assigned	 a	 random	 age	 between	 0	 and	 cell_lifespan	 inclusively.	 R_rate	 was	 the	
proportion	of	all	R	cells	and	 the	proportion	of	S	cells	are	1	 -	R_rate.	As	 for	 the	definition	of	
neighborhood,	 a	 simple	 neighborhood	 of	 nine	 cells	 that	 is	 formed	 by	 a	 cell	 and	 its	 eight	
neighbors	 is	 adopted	 for	 this	 two-dimensional	 cellular	 automaton	 model.	 As	 for	 the	 rules	
governing	 cells	 along	 the	 grid	 boundaries	 (that	 is,	 the	boundary	 conditions),	 edge	 cells	 are	
considered	wrapped	around,	that	is,	the	periodic	boundary	condition	is	used.			
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Rules:	 The	 following	 four	 rules	 govern	 the	 computation	 of	 cell	 states	 for	 the	 next	
generation:		

Rule 1: Rules for a healthy cell 

(a)	A	healthy	cell	becomes	a	dead	cell	when	it	is	older	than	cell_lifespan.	This	rule	mimics	
the	natural	death	of	the	healthy	hepatocyte.	

(b)	A	healthy	cell	becomes	an	infected	with	probability	(𝑖𝑛𝑓𝑒𝑐𝑡_𝑟𝑎𝑡𝑒_𝑟	× 𝑛
8 + 	𝑖𝑛𝑓𝑒𝑐𝑡_𝑟𝑎𝑡𝑒_𝑟×

¡
¢
)	when	there	is	a	total	of	n	infected	R	cells	and	m	infected	S	cells	among	its	eight	neighbors.	
This	rule	simulates	the	spread	of	the	HBV	infection	by	contact.	

(c)	A	healthy	R	cell	becomes	a	healthy	S	cell	randomly	as	needed	to	maintain	the	ratio	of	
all	R	cells	to	all	S	cells	invariable.	This	rule	ensures	that	the	healthy	R	cells	can	be	differentiated	
into	either	R	cells	or	S	cells,	and	makes	 the	proportion	of	S	cells	 in	a	 liver	 is	approximately	
constant	within	a	time	frame.	

Rule 2: Rules for an infected cell 

(a)	An	infected	R	cell	or	an	infected	S	cell	becomes	a	dead	cell	when	it	was	older	than	
infect_r_lifespan	 and	 infect_s_lifespan,	 respectively.	 This	 rule	 simulates	 the	 depletion	 of	 the	
infected	cells	by	the	immune	response.		

(b)	 An	 infected	 cell	 becomes	 a	 healthy	 cell	 with	 probability	 inverse_rate1.	 This	 rule	
ensures	 that	 infected	cells	might	be	either	killed,	or	 lost	by	non-cytolytic	elimination	of	 the	
cccDNA	in	their	nucleus,	and	thus	became	uninfected.		

(c)	An	infected	cell	became	defectively	infected	cell	with	probability	inverse_rate2.	This	
rule	represents	the	fact	that	some	infected	cells	contain	defective	provirus.	

Rule 3: Rule for a defectively infected cell 

A	defectively	infected	cell	becomes	a	dead	cell	when	it	was	older	than	cell_lifespan.	

Rule 4: Rules for a dead cell 

(a)	A	dead	cell	is	replaced	by	healthy	R	cell	with	probability	𝑝¤¥¦§	in	the	next	generation.	
The	rule	simulates	the	replenishment	of	the	depleted	cells	by	means	of	healthy	R	cell.		

(b)	When	a	dead	cell	is	revived,	each	new	healthy	R	cell	that	is	introduced	would	become	
an	infected	R	cell	with	probability	𝑝�¨©.	This	rule	simulates	the	introduction	of	new	infected	
cells	in	the	system.	

5. Implementation	of	the	Two-Dimensional	Cellular	Automaton	Model	in	
MATLAB	

The	implementation	of	the	model	given	in	the	previous	section	in	MATLAB	is	described	
as	follows:	Given	the	cellular	automaton’s	initial	state,	the	number	of	successive	generations	to	
be	computed,	and	the	initial	parameters,	an	example	of	parameter	definition	in	MATLAB	is	as	
follows:		
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% Define parameters 
N                   = 120;      % Definition of grid size to construct - 'N 
x N' matrix 
                                % N - denoted 'L' in the original paper 
cell_lifespan       = 48;       % Lifetime of uninfected R or S cell 
infect_rate_r       = 0.5;      % Infectious rate of infected R cell 
infect_rate_s       = 0.6;      % Infectious rate of infected S cell 
Rho_HBV             = 0.05;     % Initial contamination by the HBV  
infect_r_lifespan   = 6;        % Lifespan of infected R cell 
infect_s_lifespan   = 4;        % Lifespan of infected S cell 
  
% Probability at which infected cell becomes healthy 
inverse_rate1       = 0.001;     
  
% Probability at which an infected cell becomes a defectively infected cell 
inverse_rate2       = 0.001;  
  
% Probability at which a dead cell becomes a healthy R cell 
P_repl              = 0.99;  
  
% Probability at which a new R cell becomes infected 
P_inf               = 0.001;  
  
% The proportion of all R cells. Example/Test values: 0.05, 0.3, 0.5, 0.8     
R_rate              = 0.05;   
  
% No. of generations to iterate over & must be an integer greater than 1 
gen = 100; 
 

 

The	implementation	of	the	initialization	of	the	algorithm	in	MATLAB	is	as	follows:		
 
% Initialization 
n = rand(N, N) < Rho_HBV ; % Generate random grid to set initial states 
                           % State 0 - Healthy Cells 
                           % State 1 - Infected Cells 
                           % State 2 - Defective Cells (None Initially) 
                           % State 3 - Dead Cells (None Initially)  
n_age = randi([0 cell_lifespan],N,N); % Generate grid to set initial ages  
n_type = rand(N, N) < (1 - R_rate);  
            % Generate random grid to set initial types 
            % Type 0 -> R Cells # Count Type 0's using: N*N - nnz(n_type) 
            % Type 1 -> S Cells # Count Type 1's using: nnz(n_type) 
            % Check percentage of S Cells: nnz(n_type)/(N*N) 
  
t = 1;          % First generation             
             
for i = 1:N                % Assign Cell Properties:  
    for j = 1:N            % age, type (R or S), and state (0, 1, 2, 3) 
        P(t).state(i,j) = n(i,j);  
        P(t).age(i,j)   = n_age(i,j);  
        P(t).type(i,j)  = n_type(i,j);  
    end 
end 
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% For storing states, age, and type of current and future generations 
generation_state(:, :, t)   = P(t).state; 
generation_age(:, :, t)     = P(t).age;   
generation_type(:, :, t)    = P(t).type;  
  

 

The	implementation	of	the	periodic	boundary	condition	of	the	algorithm	in	MATLAB	is	
as	follows:		

 
    % Create a 'boundary conditions' matrix - 'periodic bound. condi' 
    Q.state = zeros(N,N); 
    Q.age   = zeros(N,N);  
    Q.type  = zeros(N,N); 
    % Right & Left Column Creation 
        Q.state(:,1)   = P(t-1).state(:,N);  
        Q.age(:,1)     = P(t-1).age(:,N);  
        Q.type(:,1)    = P(t-1).type(:,N);  
        Q.state(:,N+2) = P(t-1).state(:,1);  
        Q.age(:,N+2)   = P(t-1).age(:,1);  
        Q.type(:,N+2)  = P(t-1).type(:,1); 
    % Filling in the Middle 
        Q.state(:,2:N+1)   = P(t-1).state(:,:);  
        Q.age(:,2:N+1)     = P(t-1).age(:,:);  
        Q.type(:,2:N+1)    = P(t-1).type(:,:);  
    % Shift the all rows down by one step to freeup top-most row 
        Q.state(2:N+1,:) = Q.state(1:N,:);  
        Q.age(2:N+1,:)   = Q.age(1:N,:);  
        Q.type(2:N+1,:)  = Q.type(1:N,:);     
    % Top & Bottom Row Creation 
        Q.state(1,:)   = Q.state(N+1,:);  
        Q.age(1,:)     = Q.age(N+1,:);  
        Q.type(1,:)    = Q.type(N+1,:);  
        Q.state(N+2,:) = Q.state(2,:);  
        Q.age(N+2,:)   = Q.age(2,:);  
        Q.type(N+2,:)  = Q.type(2,:);  
  

 

The	MATLAB	implementation	of	the	main	part	of	the	algorithm	that	computes	the	state	
of	each	cell	of	the	lattice	for	the	next	generation	is	as	follows:		

 
    for i = 1:N         % Iterate over all rows 
        for j = 1:N     % Iterate over all columns     
             
            % Select a cell and its 8 neighbors 
            q.state = Q.state(i:i+2,j:j+2);      
            q.age   = Q.age(i:i+2,j:j+2);     
            q.type  = Q.type(i:i+2,j:j+2);   
             
            % Apply the rules except Rule 1(c)  
            centreCell = funcViralInfec(q);  
            P(t).state(i,j) = centreCell.state;      
            P(t).age(i,j)   = centreCell.age;     
            P(t).type(i,j)  = centreCell.type;  
                        
        end         
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    end 
  

	
‘funcViralInfec’	is	the	name	of	the	MATLAB	function	that	contains	(applies)	the	rules	to	

a	given	cell.	The	MATLAB	implementation	of	all	the	rules	except	Rule	1(c)	for	computing	the	
state	of	each	cell	of	the	lattice	for	the	next	generation	is	as	follows:		

 
neighStateVec   = [q.state(1,1) q.state(1,2) q.state(1,3) q.state(2,1) ... 
                   q.state(2,3) q.state(3,1) q.state(3,2) q.state(3,3) ];  
neighTypeVec    = [q.type(1,1) q.type(1,2) q.type(1,3) q.type(2,1) ... 
                   q.type(2,3) q.type(3,1) q.type(3,2) q.type(3,3) ];  
     
switch q.state(2,2) 
    case {0}                % Healthy Cell 
        if q.age(2,2) > cell_lifespan   % Rule 1(a) 
            centreCell.state    = 3;  
            centreCell.age      = 0;  
        else                            % Rule 1(b) 
            n = 0; m = 0;  
            for i = 1:8  
               if  neighStateVec(i) == 1    &&  neighTypeVec(i) ==  0 
                   n = n + 1;  
               elseif neighStateVec(i) == 1 &&  neighTypeVec(i) ==  1  
                   m = m + 1;  
               end 
            end  
             
           % Probability 
           pr = (infect_rate_r * n/8) + (infect_rate_s * m/8);  
           x = rand;  
           if x < pr  
            centreCell.state = 1;  
           else 
            centreCell.state = 0;  
           end                
           
           centreCell.age = q.age(2,2) + 1; 
        end 
        centreCell.type = q.type(2,2);  
         
    case {1}                % Infected Cell:    Type 0 -> R Cells 
                            %                   Type 1 -> S Cells  
        % Rule 2(a) 
        if q.type(2,2) == 0 && q.age(2,2) > infect_r_lifespan 
            centreCell.state    = 3; 
            centreCell.age      = 0;  
        elseif q.age(2,2) > infect_s_lifespan 
            centreCell.state    = 3;  
            centreCell.age      = 0;  
        else         
            % Rule 2(b - c) 
            pr1 = inverse_rate1;  
            pr2 = inverse_rate2;  
            x1 = rand;  
           if x1 < pr1              % Rule 2(b) 
            centreCell.state = 0;  
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            centreCell.age = q.age(2,2) + 1;         
           elseif x1 < pr2          % Rule 2(c) 
            centreCell.state = 2; 
            centreCell.age = q.age(2,2) + 1;  
           else 
            centreCell.state = q.state(2,2); 
            centreCell.age = q.age(2,2) + 1;    
           end 
        end 
        centreCell.type = q.type(2,2);  
 
 
 
         
    case {2}                % Defective Cell 
         
        % Rule 3 
        if q.age(2,2) > cell_lifespan    
            centreCell.state    = 3;  
            centreCell.age      = 0;  
        else 
            centreCell.age = q.age(2,2) + 1;         
            centreCell.state = q.state(2,2);         
        end 
        centreCell.type = q.type(2,2);  
         
    case {3}                % Dead Cell 
        % Rule 4(a - b) 
        pr3 = P_repl;    
        x3 = rand;  
        if x3 < pr3              % Rule 4(a) 
            centreCell.state = 0;  
            centreCell.age = 0;  
            centreCell.type = 0;  
            pr4 = P_inf; 
            x4 = rand;  
            if x4 < pr4          % Rule 4(b) 
                centreCell.type = 1;  
            end   
        else 
            centreCell.state = q.state(2,2);  
            centreCell.age = 0;  
            centreCell.type = q.type(2,2);  
        end  
end 
  

 

The	MATLAB	implementation	of	Rule	1(c)	is	as	follows:		
 
    % Apply Rule 1(c)  
    [row, col]      = find(P(t).state == 0);  
    [row1, col1]    = find(P(t).state == 1);  
    no_healthy_cells = length(row);     % Number of healthy cells 
    no_infected_cells = length(row1);   % Number of infected cells 
    no_r_cells = 0;                     % Find number of healthy R cells 
    no_r_cells1 = 0;                    % Find number of infected R cells 
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    indices = [row col]; indices1 = [row1 col1];  
    indices =  indices(randperm(end),:);    % Randomize indices row-wise 
    indices1 =  indices1(randperm(end),:);  % Randomize indices row-wise 
    no_HplusI = no_healthy_cells + no_infected_cells;  
                                % No. of healthy plus no. of infected cells 
    for u = 1:no_healthy_cells 
        a = indices(u,1); b = indices(u,2);  
        if P(t).type(a,b) == 0 
            no_r_cells = no_r_cells + 1 ;  
            matrix_r_cells(no_r_cells,:) = [a b];  
                                        % Store indices of healthy R cells 
        end     
    end 
     
    for u = 1:no_infected_cells 
        a = indices1(u,1); b = indices1(u,2);  
        if P(t).type(a,b) == 0 
            no_r_cells1 = no_r_cells1 + 1 ;  
            matrix_r_cells1(no_r_cells1,:) = [a b];  
                                        % Store indices of infected R cells 
        end     
    end 
     
    no_s_cells = no_healthy_cells - no_r_cells;   % No. of healthy S cells 
    no_s_cells1 = no_infected_cells - no_r_cells1;% No. of infected S cells 
    percentage_r = (no_r_cells + no_r_cells1)/no_HplusI;    
    if percentage_r > R_rate         
        r_right_prop = R_rate * no_HplusI;  
                            % Required proportion of R cells 
        no_r2s = round((no_r_cells + no_r_cells1) - r_right_prop);  
                            % Number of healthy R to change to healthy S 
        if no_r2s > length(matrix_r_cells)  
            % Necessary condition to use MATLAB's function 'datasample' 
            no_r2s = length(matrix_r_cells); 
        end 
        Y = datasample(matrix_r_cells',no_r2s,2,'Replace',false);   
                            % Randomly select the 'no_r2s' number of 
                            % healthy R cells to change to healthy S cells 
        for z = 1:no_r2s  
            P(t).state(Y(1,z),Y(2,z)) = 1; 
        end     
    end   
  

The	 visualization	 of	 the	 simulation	 of	 two-dimensional	 cellular	 automata	 can	 be	
achieved	by	displaying	each	generation	as	a	single	 frame	 in	an	animation.	The	user-defined	
MATLAB	function’s	code	that	can	be	used	to	accomplish	that	is	as	follows:		

 
function plotGen_viralInfec(P, t) 
  
imagesc(P) 
  
% State 0 - white   - Healthy Cells                   
% State 1 - red     - Infected Cells 
% State 2 - yellow  - Defective Cells (None Initially) 
% State 3 - blue    - Dead Cells (None Initially)  
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if t == 1       % mymap = [1 1 1; 1 0 0; 1 1 0; 0 0 1];  % i.e. [white, 
red, yellow, blue] 
    mymap = [1 1 1; 1 0 0];  % i.e. [white, red] 
else 
    mymap = [1 1 1; 1 0 0; 1 1 0; 0 0 1];  % i.e. [white, red, yellow, 
blue] 
end 
  
colormap(mymap) 
  
xlabel(['Generation: ' num2str(t)]) 
  
drawnow 
 

6. Results	

The	simulation	of	a	two-dimensional	cellular	automaton	model	using	the	MATLAB	code	
described	 in	 the	 preceding	 section	 can	 be	 accomplished	 by	 running	 the	 scripts,	 named	
‘Example_1’	 in	 MATLAB.	 The	 script	 can	 be	 run	 by	 simply	 typing	 Example_1	 in	 MATLAB	
Command	Window	(of	course,	it	is	assumed	that	the	Current	Folder	contains	the	necessary	files	
to	run	the	program).	The	content	of	the	script	is	as	follows:		

Example_1.m	
 
% Define parameters 
N                   = 120;      % Definition of grid size - 'N x N' matrix 
                                % N - denoted 'L' in the original paper 
cell_lifespan       = 48;       % Lifetime of uninfected R or S cell 
infect_rate_r       = 0.5;      % Infectious rate of infected R cell 
infect_rate_s       = 0.6;      % Infectious rate of infected S cell 
Rho_HBV             = 0.05;     % Initial contamination by the HBV  
infect_r_lifespan   = 6;        % Lifespan of infected R cell 
infect_s_lifespan   = 4;        % Lifespan of infected S cell 
  
% Probability at which infected cell becomes healthy 
inverse_rate1       = 0.001;     
  
% Probability at which an infected cell becomes a defectively infected cell 
inverse_rate2       = 0.001;  
  
% Probability at which a dead cell becomes a healthy R cell 
P_repl              = 0.99;  
  
% Probability at which a new R cell becomes infected 
P_inf               = 0.001;  
  
% The proportion of all R cells. Example/Test values: 0.05, 0.3, 0.5, 0.8     
R_rate              = 0.05;   
  
% No. of generations to iterate over & must be an integer greater than 1 
gen = 20;                       
  
% Whether to show the dynamic simulation plot or not 
dyn_sim = 'off';  
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ca_viralInfec_program;  
 

 

The	ca_viralInfec_program	is	the	name	of	the	script	that	contains	the	main	program.	The	
parameters	of	Example_1.m	can	be	changed	simulate	the	model	using	different	parameters.	For	
instance,	the	following	scripts	are	created	with	the	specified	modification	to	Example_1.m.		

Example_1.m		Modification:	R_rate			=	0.05;	infect_rate_r	=	0.5	
Example_2.m		Modification:	R_rate			=	0.3;		infect_rate_r	=	0.5	
Example_3.m		Modification:	R_rate			=	0.5;		infect_rate_r	=	0.5	
Example_4.m		Modification:	R_rate			=	0.8;		infect_rate_r	=	0.3;							
Example_12.m	Modification:	R_rate			=	0.3;		infect_rate_r	=	0.8;							
The	results	of	the	simulation	of	the	above	examples	in	MATLAB	follow.		
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Figure 10: Generated by Example_1.m 

The	 above	 snapshots	 show	 parts	 of	 the	 lattice	 configuration	 for	 different	 time	 steps	
(generations).	The	color	codes	for	the	different	states	of	cells	are	as	follows:	healthy	cells	are	
represented	in	white,	dead	cells	are	represented	in	blue,	and	infected	cells	are	represented	in	
red.	The	parameters	used	in	figure	10	are:	N	=	120,	cell_lifespan	=	48,	infect_rate_r	=	0.5,	infect_rate_s	=	0.6,	
Rho_HBV	=	0.05,	infect_r_lifespan	=	6,	infect_s_lifespan	=	4,	inverse_rate1	=	0.001,	inverse_rate2	=	0.001,	P_repl	=	0.99,	P_inf	
=	0.001	and	R_rate	=	0.05.	

The	graphs	 show	 that	 the	number	of	healthy	or	 S	 cells	decrease	with	 time	while	 the	
number	 of	 infected	 or	 R	 cells	 increase	 with	 time.	 Their	 values	 become	 constant	 around	
generation	20.	
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Figure 11: Generated by Example_2.m 

The	above	snapshots	also	show	parts	of	the	lattice	configuration	for	different	time	steps	
(generations).	The	color	codes	for	the	different	states	of	cells	are	as	follows:	healthy	cells	are	
represented	in	white,	dea		d	cells	are	represented	in	blue,	and	infected	cells	are	represented	in	
red.	The	parameters	used	in	figure	11	are:	N	=	120,	cell_lifespan	=	48,	infect_rate_r	=	0.5,	infect_rate_s	=	0.6,	
Rho_HBV	=	0.05,	infect_r_lifespan	=	6,	infect_s_lifespan	=	4,	inverse_rate1	=	0.001,	inverse_rate2	=	0.001,	P_repl	=	0.99,	P_inf	
=	0.001	and	R_rate			=	0.3.	This	means	that	all	the	perimeters	are	same	as	figure	10	except	for	R_rate.		

The	graphs	 show	 that	 the	number	of	healthy	or	 S	 cells	decrease	with	 time	while	 the	
number	 of	 infected	 or	 R	 cells	 increase	 with	 time.	 Their	 values	 become	 constant	 around	
generation	18.	
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Figure 12: Generated by Example_3.m 

The	above	snapshots	also	show	parts	of	the	lattice	configuration	for	different	time	steps	
(generations).	The	color	codes	for	the	different	states	of	cells	are	as	follows:	healthy	cells	are	
represented	in	white,	dead	cells	are	represented	in	blue,	and	infected	cells	are	represented	in	
red.	The	parameters	used	in	figure	12	are:	N	=	120,	cell_lifespan	=	48,	infect_rate_r	=	0.5,	infect_rate_s	=	0.6,	
Rho_HBV	=	0.05,	infect_r_lifespan	=	6,	infect_s_lifespan	=	4,	inverse_rate1	=	0.001,	inverse_rate2	=	0.001,	P_repl	=	0.99,	P_inf	
=	0.001	and	R_rate			=	0.5.	This	means	that	all	the	perimeters	are	same	as	figure	10	except	for	R_rate.		

The	graphs	 show	 that	 the	number	of	healthy	or	 S	 cells	decrease	with	 time	while	 the	
number	 of	 infected	 or	 R	 cells	 increase	 with	 time.	 Their	 values	 become	 constant	 around	
generation	17.	
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Figure 13: Generated by Example_4.m 

The	above	snapshots	also	show	parts	of	the	lattice	configuration	for	different	time	steps	
(generations).	The	color	codes	for	the	different	states	of	cells	are	as	follows:	healthy	cells	are	
represented	in	white,	dead	cells	are	represented	in	blue,	and	infected	cells	are	represented	in	
red.	The	parameters	used	in	figure	13	are:	N	=	120,	cell_lifespan	=	48,	infect_rate_r	=	0.3,	infect_rate_s	=	0.6,	
Rho_HBV	=	0.05,	infect_r_lifespan	=	6,	infect_s_lifespan	=	4,	inverse_rate1	=	0.001,	inverse_rate2	=	0.001,	P_repl	=	0.99,	P_inf	
=	0.001	and	R_rate			=	0.8.	This	means	that	all	the	perimeters	are	same	as	figure	10	except	for	R_rate	
and	infect_rate_r.	
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The	graphs	 show	 that	 the	number	of	healthy	or	 S	 cells	decrease	with	 time	while	 the	
number	 of	 infected	 or	 R	 cells	 increase	 with	 time.	 Their	 values	 become	 constant	 around	
generation	28.	

 

Figure 14: Generated by Example_12.m 

	
The	above	snapshots	also	show	parts	of	the	lattice	configuration	for	different	time	steps	

(generations).	The	color	codes	for	the	different	states	of	cells	are	as	follows:	healthy	cells	are	
represented	in	white,	dead	cells	are	represented	in	blue,	and	infected	cells	are	represented	in	
red.	The	parameters	used	in	figure	14	are:	N	=	120,	cell_lifespan	=	48,	infect_rate_r	=	0.8,	infect_rate_s	=	0.6,	
Rho_HBV	=	0.05,	infect_r_lifespan	=	6,	infect_s_lifespan	=	4,	inverse_rate1	=	0.001,	inverse_rate2	=	0.001,	P_repl	=	0.99,	P_inf	
=	0.001	and	R_rate			=	0.3.	This	means	that	all	the	perimeters	are	same	as	figure	10	except	for	R_rate	
and	infect_rate_r.	

The	graphs	 show	 that	 the	number	of	healthy	or	 S	 cells	decrease	with	 time	while	 the	
number	 of	 infected	 or	 R	 cells	 increase	 with	 time.	 Their	 values	 become	 constant	 around	
generation	16.	

Hence,	it	can	be	observed	from	the	variation	of	R_rate	that	the	decrease	in	the	number	of	
healthy	or	S	cells	and	the	increase	in	the	number	of	infected	or	R	cells	reaches	a	constant	value	
sooner	if	the	R_rate	is	increased.	However,	if	the	R_rate	is	increased,	reaching	a	constant	number	
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of	the	healthy	and	infected	cells	is	accelerated	by	a	few	generations	(Comparing	Example_1.m,	
Example_2.m	and	Example_3.m).		

If	the	R_rate	is	kept	constant	and	infect_rate_r	is	increased,	reaching	a	constant	number	of	the	
healthy	and	infected	cells	is	slowed	down	by	a	few	generations	(Comparing	Example_2.m	and	
Example_12.m).	Moreover,	when	R_rate	is	decreased	and	infect_rate_r	is	increased	at	the	same	time,	
reaching	a	constant	number	of	the	healthy	and	infected	cells	is	accelerated	drastically.	

It	 can	 also	 be	 seen	 from	 the	 screenshots	 of	 lattice	 configuration	 that	 the	 density	 of	
healthy	cells	(white	area)	increases	with	increase	in	infect_rate_r.	Variation	of	R_rate	has	little	effect	
on	healthy	cell	density.	(Comparing	Example_3.m	and	Example_4.m)	

Conclusion 

	 Overall,	the	results	of	the	Cellular	Automata	model	of	the	Hepatitis	B	viral	infection	
with	 variables	 showed	 the	 enormous	 potential	 of	 Cellular	 Automata	 in	modeling	 biological	
systems.	 The	 enormous	 quantity	 of	 protein	 sequences	 and	 viral	 infections	 that	 have	 been	
modeled	through	Cellular	Automata	prove	its	wide	applications	in	bioinformatics	research.	The	
development	 of	 tools	 that	 can	 accurately	 model	 the	 complexities	 of	 biological	 systems	 is	
therefore	an	 important	 step	 in	 the	enabling	of	 the	application	of	Cellular	Automata	 in	drug	
discovery	 and	development	 research.	As	 a	 versatile	 platform	 for	 the	modeling	 of	 biological	
systems,	Cellular	Automata	uses	the	local	data	and	relatively	simple	rule	sets,	allowing	for	a	
high	 ease	 of	 use	 in	 development,	while	 also	 being	 able	 to	model	 especially	 highly	 complex	
systems.	

	 The	application	of	Cellular	Automata	in	Hepatitis	B	viral	infection	visualization	is	
an	 important	 step	 in	 modeling	 and	 further	 understanding	 the	 dynamics	 in	 the	 complex	
networks	of	these	sequences.	As	encoding	amino	acid	properties	into	the	sequence	variables	
enables	 the	 visualization	 of	 the	 infections	 within	 protein	 sequences	 in	 a	 novel	 way,	 the	
challenge	of	 the	accuracy	behind	the	models	may	be	raised.	 If	 these	properties	are	accurate	
representations	of	 the	true	state	of	 the	 infections	within	the	proteins,	 logically	the	resulting	
visualized	model	should	represent	the	function	correctly,	opening	up	the	endless	possibilities	
of	Cellular	Automata	being	implemented	in	the	visualization	of	various	viral	infection	models.	
This	 model	 could	 be	 used	 to	 explain	 the	 variation	 of	 healthy	 cells	 versus	 infected	 cells	 in	
Hepatitis	B	viral	infections	according	to	the	various	conditions	of	rates.	

	 This	paper	shows	the	effective	implication	of	Cellular	Automata	modeling	on	viral	
infections,	successfully	modeling	various	conditions	and	growth	of	Hepatitis	B	viral	infections.	
In	the	simulation	of	various	conditions	of	the	Hepatitis	B	viral	infection,	the	different	growth	
patterns	and	the	rates	could	be	observed	according	to	their	respective	conditions	and	rules.	
These	 structures	 and	 patterns	 accurately	 model	 the	 Hepatitis	 B	 viral	 infections	 and	 their	
growth	within	a	biological	system,	as	well	as	showing	the	trends	of	the	healthy	cells	versus	the	
infected	 cells	 over	 time.	 Consistent	with	 other	models	 of	 Hepatitis	 B	 viral	 infections	 found	
through	other	means,	this	Cellular	Automata	model	allows	for	an	easy-to-approach	system	of	
modeling	complex	biological	systems.	The	applications	of	this	model	allow	for	the	variability	of	
cell	 lifespan,	 infection	 rate,	 initial	 contamination,	 and	 infection	 lifespan,	 calculating	 for	 the	
effects	of	these	factors	on	infection	rates	and	survivability	rates.	By	modifying	the	infection	rate	
and	the	R	rate,	the	changes	in	the	infection	rates	and	infection	magnitudes	could	be	observed,	
providing	a	better	picture	of	the	various	conditions	of	Hepatitis	B	viral	infections.	Through	this	
model,	 the	 fundamental	 structure	 level	 Hepatitis	 B	 sequence	 visualization	 was	 achieved,	
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allowing	for	further	applications	in	the	science	fields	for	understanding	the	changes	that	the	
variables	bring	in	real	life.	

	 In	 all,	 Cellular	 Automata	 are	 non-parametric	 and	 computationally	 simple	 to	
implement,	whether	it	be	a	viral	infection	visualization	or	cell	life	cycle	visualization.	Infection	
simulations	have	been	 revolutionized	with	 the	 introduction	of	 Cellular	Automata	modeling,	
with	all	portions	of	Hepatitis	B	viral	infections,	especially	regarding	their	rates	of	transmission,	
patterns,	 and	 structures	 being	 proved	 to	 be	 an	 accurate	 modeling	 method	 by	 this	 paper.	
Therefore,	Cellular	Automata	 techniques	have	enormous	potential	 in	mining	 critical	data	 in	
understanding	the	transmission	of	viral	infections	within	biological	bodies	and	the	networks	
amongst	these	sequences.	

	 In	the	future,	I	would	like	to	further	study	other	applications	of	Cellular	Automata	
models,	 including	 a	 further	 analysis	 on	 the	 complex	 protein	 networks	 modeling	 aspect	 of	
Cellular	Automata.	The	potential	that	I	found	of	Cellular	Automata	through	my	implication	on	
the	Hepatitis	B	viral	infection	is	impressive.	I	am	greatly	interested	in	researching	the	complex	
networks	 behind	 the	 fundamental	 systems	 of	 life,	 including	 the	 bioinformatics	 networks	
between	 cells.	 The	 implementations	 of	 Cellular	 Automata	 on	 various	 other	 types	 of	 viral	
infections	 modeling	 and	 other	 complex	 networks	 modeling	 will	 allow	 for	 the	 scientific	
community	to	more	easily	approach	complex	network	modeling,	opening	up	a	future	for	easier	
access	 and	 understanding	 of	 complex	 biological	 systems.	 If	 possible,	 I	 would	 like	 to	 have	
another	 opportunity	 of	 modeling	 a	 different	 biological	 system	 like	 protein	 networks	 with	
Cellular	Automata.	
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Abstract 

In	this	paper,	a	generalization	of	a	formula	proposed	by	Van	Loan	[Computing	integrals	
involving	 the	matrix	exponential,	 IEEE	Trans.	Automat.	Control	23	(1978)	395–404]	 for	 the	
computation	 of	 multiple	 integrals	 of	 exponential	 matrices	 is	 introduced.	 In	 this	 way,	 the	
numerical	 evaluation	of	 such	 integrals	 is	 reduced	 to	 the	use	of	 a	 conventional	 algorithm	 to	
compute	matrix	exponentials.	The	formula	is	applied	for	evaluating	some	kinds	of	integrals	that	
frequently	emerge	in	a	number	classical	mathematical	subjects	in	the	framework	of	differential	
equations,	numerical	methods	and	control	engineering	applications.	

Introduction 

This	 note	manages	 the	 calculation	 of	 various	 integrals	 including	 lattice	 exponentials,	
which	 often	 rise	 in	 various	 traditional	 scientific	 subjects	 in	 the	 structure	 of	 differential	
conditions,	 numerical	 strategies,	 control	 designing	 applications,	 and	 so	 forth.	 In	 particular,	
basic	of	the	frame	
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will	be	considered,	where	Aik	are	di	×dk	steady	matrix,	t>0	and	k=1,2,...	
Initially,	the	logical	estimation	of	these	integrals	is	by	all	accounts	troublesome.	In	any	

case,	in	[19]	a	straightforward	express	recipe	as	far	as	certain	exponential	grid	was	given.	In	
that	way,	various	unmistakable	integrals,	for	example,	

 
And	

	
can	without	much	of	a	stretch	be	figured	as	specific	instances	of	the	said	recipe	[19].	In	

any	case,	such	recipe	is	confined	to	integrals	with	assortment	k≤4,	which	clearly	restrains	its	
convenience	run.		

The	proposition	of	this	note	is	summing	up	the	recipe	presented	in	[19]	for	any	positive	
estimation	of	k.	This	has	been	emphatically	roused	for	the	need	of	figuring	the	integrals	
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where	F	is	a	r×r	steady	framework	and	G:	R→Rr×d	a	smooth	capacity.	Integrals	of	the	sort	
(2)	show	up	as	a	term	in	the	explanatory	arrangement	of	direct	time-depending	control	system	
[16],	straight	common	and	postpone	differential	conditions	[6].	Integrals	like	(3)	are	related	to	
the	thoughts	of	controllability	and	perceptibility	Grammians	of	straight	control	systems	[16].	
They	 additionally	 show	up	 as	 the	 covariance	 grid	 of	 the	 arrangement	 of	 straight	 stochastic	
differential	 conditions	with	 time-depending	added	 substance	noise	 [1]	 and,	with	 regards	 to	
separating	hypothesis,	as	the	framework	commotion	covariance	lattice	of	the	expanded	Kalman	
channel	 for	 consistent	 discrete	 state-space	models	with	 added	 substance	 noise[10].	What's	
more,	 they	 emerge	 in	 various	 numerical	 plans	 for	 the	 mix	 of	 conventional	 differential	
conditions	that	depend	on	polynomial	approximations	for	the	rest	of	the	variety	of	consistent	
formula	[9,	8,	7,	3,	4].	

The	paper	has	three	segments.	In	the	first,	the	summed	up	recipe	is	inferred,	while	in	the	
second	 one	 the	 equation	 is	 connected	 to	 the	 calculation	 of	 the	 integrals	 (2)	 and	 (3).	 Last	
segment	manages	some	computational	angles	for	executing	such	an	equation.	

Main Result 

A	straightforward	approach	to	figure	single,	twofold	and	triple	integrals	of	the	shape	is	
provided	[19,	Theorem	1]:	

	
and	

	
as	far	as	a	solitary	exponential	lattice,	yet	not	integrals	of	the	shape	(1)	with	k≥5.	Next	

hypothesis	defeats	this	confinement	
Theorem	 1.	 Let	 d1,d2,...,dn,	 be	 positive	 integers.	 If	 the	 n×n	 piece	 triangular	 lattice	

A=[(Alj)]l,j	=1:n	is	characterized	by	

	
Where	(Alj),	l,	j=1,...,n	are	dl	×dj	matrices	such	that	dl	=dj	for	l=j,	then	for	t≥0	
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With	

	
where	for	any	multi-index	(i1,...,ik)	∈Nk	and	vector(s1,...,sk)	∈	Rk	the	matrices	M(i1,...,ik)	

(s1,...,sk)	are	defined	by	

	
Proof.	 This	 verification	 should	 be	 founded	 on	 entire	 enlistment	 systems.	 The	

personalities	(4–5)	hold	for	n=1	-	4	by	Theorem	1	in	[19].	Assume	that	they	additionally	hold	
for	n=m	≥4.	At	that	point,	 let	us	demonstrate	that	(4–5)	hold	for	any	(m+1)×(m+1)	block	
triangular	matrix	A=[(Alj)]l,j=1:m+1.	

Let	us	rewrite	the	matrix	A	as	the	2×2	block	triangular	matrix	A	=	[(Alj)]i,j=1:2	defined	by	

	
and	let	B(t)=[(Blj(t))]l,j=1:m+1	be	the	(m+1)×(m+1)	block	triangular	matrix	given	by	

	
Then,	by	applying	the	identities	(4–5)	with	n=2	to	the	matrix	𝑨	we	obtain	

	
Since	𝑨�� = [(𝑨𝒍�)]§,�Â�:¡	then	(6)	and	(7)	imply	that	
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On	 the	 other	 hand,	 since	 𝑒𝑨𝟏𝟏 ¬·« = 𝑩𝒍,𝒋 𝑡 − 𝑠�
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the	identity	(8)	implies	the	following	expression	for	each	block	 𝑩𝒍,𝒎�𝟏 𝑡 , 𝑙 = 1,… . ,𝑚:	

	
Which	by	(9)	and	(10)	gives	

(11)	
For	each	k=0,1,...	the	change	of	variables	u1=s1+s2,u2=s1+s3	,...,	uk+1	=	s1+sk+2,	uk+2=s1	

in	each	of	the	multiple	integrals	that	appear	in	(11)	yields	

	
which	when	 combined	with	 (9)	 and	 (10)	 shows	 that	 the	 identities	 (4)	 and	 (5)	 hold	

forn=m+1,	and	the	proof	concludes.	
Now	we	are	able	to	evaluate	the	integrals	B12(t),	B13(t),	B14(t)	and	the	integrals	

	
For	k≥5	as	well,	all	of	 them	computed	by	 just	a	single	exponential	matrix.	This	 is,	by	

applying	the	theorem	above	follows	that	the	blocks	B12(t),	B13(t),...,B1k(t)are	easily	obtained	
from	etA,	with	

 

3. Applications of generalize formula 

This	 area	 is	 given	 to	 register	 integrals	 of	 the	 frame	 (2)	 and	 (3)	 by	methods	 for	 the	
hypothesis	expressed	in	the	past	segment.		
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Initially,	assume	that	G(s)	is	a	r×d	polynomial	matrix	capacity	of	degree	p.	That	is,	

	
This	can	be	equalize	with	

	
Then,	by	Theorem	1	it	is	easy	to	check	that	

	
Where	

	
and	the	block	triangular	matrix	A=[(Alj)]l,j=1:p+2	is	given	by	

	
In	a	similar	way,	it	is	obtained	that	

	
Where	B(t)=eAt	and	the	matrix	A	in	this	case	is	given	by	

	
With	
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In	case	that	G:	R→Rr×d	be	a	function	with	p	continuous	derivatives	it	can	be	approximated	
by	means	of	its	truncated	Taylor	expansion.	That	is,	

 

 
where	the	coefficient	Gi	is	the	ith	derivative	of	G	at	s=0.	In	this	case,	the	above	procedure	

to	 compute	 the	 integrals	 (12)	 and	 (13)	 for	 polynomial	 G	 will	 give	 a	 convenient	 way	 to	
approximate	integrals	like	(2)	and	(3).	In	[15],	such	approximation	for	(3)	was	considered	early	
and	an	upper	bound	 for	 it	was	also	given.	However,	no	closed	 formula	 in	 terms	of	a	simple	
exponential	matrix	was	given	 for	 this	approximation.	Such	 is	 the	main	 improvement	of	 this	
paper	in	comparison	with	[15].	At	this	point	it	is	worth	remark	up	that	such	approximations	
have	been	successfully	applied	 to	 the	computation	of	 the	predictions	provided	by	 the	Local	
Linearization	filters	for	non-linear	continuous-discrete	state-space	models[12,13],	as	well	as	
in[2,14]for	 computing	 other	 types	 of	multiple	 integrals	 involving	matrix	 exponentials.	 This	
evidences	the	practical	usefulness	of	the	result	achieved	in	this	paper.	

Computational aspects 

Clearly	 the	 primary	 computational	 assignment	 on	 the	 down	 to	 earth	 utilization	 of	
Theorem	1	is	the	utilization	of	a	proper	numerical	calculation	to	register	lattice	exponentials.	
For	 example,	 those	 in	 light	 of	 reasonable	 Padé	 approximations,	 the	 Schur	 deterioration	 or	
Krylov	 subspace	 strategies	 (see[18,17]for	 fantastic	 surveys	on	viable	 techniques	 to	 register	
network	 exponential).	 The	 decision	 of	 one	 of	 them	 will	 primarily	 rely	 upon	 the	 size	 and	
structure	of	the	matrix	A	in	Theorem1.	Much	of	the	time,	it	is	sufficient	to	utilize	the	calculations	
created	in	[5],	which	exploit	the	extraordinary	structure	of	the	matrix	A.	For	a	high	dimensional	
matrix	 A,	 Krylov	 subspace	 methods	 are	 strongly	 recommended.	 Nowadays,	 a	 number	 of	
professional	mathematical	softwares	such	as	MATLAB	7.0	provide	efficient	and	precise	codes	
for	computing	matrix	exponentials.	Therefore,	the	numerical	evaluation	of	the	integrals	under	
consideration	 can	 be	 carried	 out	 in	 an	 effective,	 accurate	 and	 simple	 way.	 In	 fact,	 some	
numerical	experiments	have	been	performed	for	an	application	of	the	classical	result	of	Van	
Loan	(i.e.	integrals	of	type	(1)	for	k≤4).	Specifically,	in	[11]	were	compared	different	numerical	
algorithms	for	the	evaluation	of	some	integrals	of	type	(1)	with	k≤4.	Those	results	could	be	
easily	extrapolated	to	our	general	setting	since	such	a	comparison	was	mainly	focused	on	the	
dimension	of	the	block	triangular	matrix	A.	
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The Big Five 

Ghun Woo Jang 
Cushing Academy 

For	describing	and	measuring	personality,	research	related	to	personality	has	produced	
a	 large	 number	 of	 varying	 theories.	 However,	 according	 to	 the	 industrial	 organisational	
psychologists,	 the	 most	 acknowledged	 taxonomy	 of	 personality	 is	 the	 model	 of	 Big	 Five	
Personality	 Traits	 or	 personality’s	 Big	 Five	 Factor	 Model.	 This	 model	 is	 comprised	 of	 five	
personality	 traits:	 Agreeableness,	 Openness	 to	 new	 experiences,	 Conscientiousness,	
Extroversion	and	Neuroticism.	Different	types	of	personality	tests	are	performed	for	measuring	
an	individual’s	personality	for	each	of	the	five	traits	on	the	spectrum.	A	unique	aspect	of	human	
personality	 can	 be	 measured	 with	 each	 trait	 (Hurtz	 and	 Donovan,	 2000).	 	 Though	 every	
individual	 has	 personality	 traits,	 yet	 they	 behave	 sometimes	 out	 of	 their	 character	 exactly	
opposite	of	their	traits	which	shows	a	variation	of	personality	traits	among	different	individuals	
in	 different	 environments	 and	 this	 exhibits	 personal	 traits’	 relationship	 with	 authenticity.	
Moreover,	Big	Five	Dimensions	are	the	extract	of	varying	theories	and	conceptualizations	and	
the	credit	goes	to	theorists	such	as	Skinner,	Abraham	Maslov,	Bandura,	etc.	In	addition,	without	
mentioning	many	aspects	of	personality	traits	to	highlight	the	significance	of	Big	Five	Elements	
is	 impossible.	 Therefore,	 the	 current	 assignment	 focuses	 environment	 as	 it	 has	 great	
relationship	with	 traits,	 authenticity,	wellbeing,	 self-esteem,	genetic	variation	of	personality	
traits,	BPF,	SUDs	and	social	identity	because	all	of	them	are	in	connection	with	personality	traits	
and	define	different	aspects	of	personality	traits.		

John,	 Hampson	 and	 Goldberg	 (1991)	 stated	 that	 at	 many	 levels	 of	 breadth	 or	
abstractions,	 and	 through	 different	 theoretical	 perspectives	 personality	 has	 been	
conceptualised.	Moreover,	regarding	the	clear	comprehension	of	variation	in	experiences	and	
behaviours,	every	 level	has	contributed	greatly.	Nevertheless,	Goldberg	(1971)	 found	that	a	
large	number	of	personality	scales	devised	to	measure	traits	and	personality	traits	increased	
without	 providing	 any	 significant	 knowledge.	 Practitioners	 and	 researchers	 of	 personality	
assessment	had	to	face	a	confusing	collection	of	personality	scales	and	to	choose	from	them	
without	any	rational	and	 insignificant	assistance	was	difficult.	Moreover,	scales	with	similar	
names	have	been	used	to	measure	dissimilar	concepts	and	this	made	situation	more	difficult.	
Undeniably,	 scientific	pluralism	and	diversity	 are	 very	 effective,	 yet	 amidst	 of	 a	plethora	of	
scales	 and	 concepts,	 the	 systematic	 collection	 of	 findings	 and	 communication	 among	
researchers	have	been	a	complex	issue.		

1. Personality Traits and their relationship with environment 

According	to	Gosling	(2008),	most	of	the	people	know	that	the	attitude	and	behaviour	of	
individuals	exhibit	sturdy	characteristics	transversely	seemingly	distinct	areas.	Hence,	Warr	
(1999)	 stated	 that	 personality	 means	 comparatively	 permanent	 personal	 attributes	 in	 the	
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sense	 of	 basic	 and	 generalised	 conduct	 tendencies	 that	 mirror	 pervasive	 and	 long-term	
individual	 differences	 in	 general	 influence	 and	 in	 emotional	 style	 related	 to	 emotional	
responses.			

However,	 the	understanding	of	pre-dispositional	characteristics	and	their	attachment	
with	engagement	of	work	is	highly	crucial	because	it	provides	theoretical	underpinning	of	the	
construct.	Bandura	(1978)	claimed	that	behaviour	 is	a	development	of	mutual	determinism	
where	 an	 ongoing	 shared	 interaction	 among	 environmental	 factors,	 behaviour	 and	
characteristics	happens.	Here,	determinism	refers	to	the	construction	of	consequences	through	
events	and	it	is	not	just	a	predetermined	manner	of	an	individual.	When	individuals	interact	
with	the	environment;	through	internal	processes,	external	factors	influence	behaviour	and	an	
individual	 does	 not	 simply	 give	 a	 reaction	 to	 external	 stimuli.	 In	 part,	 these	 internal	
progressions	ascertain	what	will	be	studied	or	watched,	in	what	manner	it	will	be	translated	
and	what	will	be	the	method	of	their	use	in	the	future.	Since	the	thinking	process	of	individuals	
is	reflective	and	in	advance	they	plan	behaviour.	Thence,	not	only	the	environment	affects	the	
behaviour	but	also	the	role	of	individual	for	shaping	the	behaviour	is	important.	For	instance,	
hopeful	 anticipations	 of	 individuals	 influence	 their	 behaviour	 and	 afterwards	 the	
environmental	 outcomes	 generated	 by	 their	 behaviours	 transform	 their	 anticipations.	
According	 to	 the	claim	of	Macey	and	Schneider	(2008),	environmental	and	personal	 factors	
play	 a	 pivotal	 role	 for	 the	 creation	 of	 engagement.	 Bandura	 (1978)	 stated	 that	 behaviour,	
effects	of	environment	and	pre-dispositional	factors	all	have	a	reciprocal	association	with	each	
other;	therefore,	all	are	important	for	every	study	which	is	related	to	human	behaviour.			

Levy	et	al	(2006)	describe	personality	through	behavioural	and	cognitive	patterns	and	
they	 demonstrate	 stability	 in	 the	 end	 and	 across	 varying	 situations.	 Thereby,	 Olver	 and	
Mooradian	(2003)	accept	that	attitudes	and	personal	traits	are	influenced	by	personal	traits.	
Since	 the	 inception	 of	 the	 world,	 individuals	 and	 groups,	 by	 classifying	 personalities	 into	
dissimilar	type,	have	been	trying	to	describe	and	comprehend	behaviour.	Enneagram	is	one	of	
the	oldest	methods	used	for	typing	personality,	by	splitting	personalities	into	nine	numbered	
types,	it	classifies	personalities.	It	is	believed	that	Pythagoras	and	his	geometry	is	the	origin	of	
this	method.		

According	to	John,	Naumann	and	Soto	(2008),	Lewis	Goldberg	(1992)	 introduced	the	
term	of	“Big	Five”	and	it	was	devised	originally	to	perform	the	studies	of	personality	traits	that	
were	utilised	in	natural	language.	However,	the	term	“Five-Factor	Model”	has	been	generally	
used	 studies	 of	 traits	 where	 personality	 questionnaires	 have	 been	 used.	 Many	 consonant	
models	 are	 the	 product	 of	 these	 two	 research	 traditions	 and	 nowadays,	 both	 of	 them	 are	
considered	interchangeable.	Roccas	et	al	(2002)	argued	that	in	modern	times,	for	exhibiting	
the	human	trait	structure,	Big	Five	Model	is	a	well-organised	and	tested	approach.	Likewise,	
other	researchers	such	as	Ashton	and	Lee	(2005),	Salgado	(1997)	and	COSTA	(1996)	agreed	
that	for	explaining	human	personality	in	a	very	effective	and	organised	manner,	the	Big	Five	
Model	demonstrates	the	precise	taxonomy.	These	Five	Dimensions	are:		

	
Agreeableness:	John	and	Srivastave	(1999)	found	that	it	is	a	measure	of	tendencies	of	an	

individual	within	the	scenario	of	social	interaction.	The	measurement	of	this	trait	exhibits	the	
level	of	social	 interaction	of	 individual	with	others,	 for	 instance,	how	the	specific	 individual	
reacts	in	team	and	whether	he	or	she	is	sceptical	or	cooperative.	Ivancevich,	Konopaske	and	
Matteson	(2008)	mentioned	in	their	study	that	Agreeableness	demonstrates	the	characteristics	
such	 as	 caring,	 soft-hearted,	 forgiving,	 tolerant	 and	 courteous.	 If	 an	 individual	 is	 high	 in	
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agreeableness	that	shows	that	he	or	she	is	kind	person	who	can	work	with	other	people	in	any	
working	environment.	Hence,	Neuman	and	Wright	(1999)	claimed	that	this	dimension	is	very	
important	for	understanding	whether	someone	is	effective	team	player	or	not.	People	with	high	
agreeableness	 are	 very	 useful	 if	 the	 nature	 of	 job	 is	 related	 to	 developing	 interpersonal	
relationship,	 social	 work,	 teaching,	 customer	 service,	 sales	 and	many	 similar	 jobs	 where	 a	
person	has	to	work	together	or	interact	with	people.		

Conscientiousness:	John	and	Srivastave	(1999)	mentioned	that	it	measures	the	level	of	
carefulness,	 self-discipline,	 organisation	 and	 deliberateness	 of	 an	 individual.	 Within	 an	
organisational	environment,	conscientiousness	is	generally	utilised	to	predict	the	productivity	
of	an	employee	at	 lower	 level.	 In	accordance	with	 the	study	of	 Judge	et	al	 (2002),	 this	 trait	
shows	 the	 individual	 is	 through	 and	 industrious,	 dependable,	 responsible,	 organised	 and	
preserving.	 Hence,	 the	 individual	 whose	 conscientiousness	 is	 high	 are	 ambitious,	 result	
oriented	 and	 naturally	 hardworking.	 Therefore,	 Tett	 and	 Burnett	 (2003)	 found	 that	
organisations	 value	 this	 dimension	 greatly.	 	 People	 with	 opposite	 of	 this	 dimension	 are	
disorganised,	 inefficient	 and	 lazy.	 Judge	 et	 al	 (2002)	 stated	 that	 people	 with	 high	 level	 of	
conscientiousness	demonstrate	greater	job	satisfaction	and	motivation.			

Extroversion:	 According	 to	 Roccas	 et	 al	 (2002),	 it	 measures	 sociality,	 energy	 and	
outgoing	nature	of	an	individual.	If	an	individual	scores	low	on	the	scale	of	extroversion	then	
the	individual	is	more	independent,	low	key,	quiet	and	deliberate	or	more	introverted.	Judge,	
Heller	and	Mount	(2002)	 identified	that	people	with	this	dimension	are	energetic,	 talkative,	
assertive,	sociable,	gregarious	and	active	and	these	people	are	generally	very	interactive,	vocal	
and	 jovial.	They	have	a	natural	 inclination	 for	 social	 interaction.	Moreover,	 they	 stated	 that	
extroverted	people	are	highly	suitable	for	managerial,	sale	and	customer	service	jobs	and	they	
perform	better	during	training	programmes	and	they	show	greater	level	of	job	satisfaction.		

Openness	 to	 new	 experiences:	 It	 shows	 the	 innovativeness,	 imaginativeness	 and	
creativeness	of	an	individual;	it	is	opposed	to	conventional	and	down-to-earth	type	(Roccas	et	
al,	 2002).	McCrae	 and	 Costa	 (1997)	 claimed	 that	 it	 is	 sometimes	 known	 as	 imagination	 or	
intellect.	It	demonstrates	an	individual’s	urge	for	taking	risks	and	broad	interest	in	his	or	her	
field	 or	 job.	 People	 with	 this	 trait	 are	 flexible,	 curious,	 intelligent,	 imaginative	 and	 broad-
minded.	 Such	 people	 always	 like	 to	 work	 in	 innovative	 and	 continuously	 changing	
environment.		

Neuroticism:	It	measures	the	stress	tolerance	level	or	capacity	of	an	individual	and	how	
an	individual	reacts	if	the	stress	is	high	or	low	(Hurtz	and	Donovan,	2000).		Digman	(1990)	it	
is	an	 inclination	for	experiencing	positive	emotional	states.	People	with	high	neuroticism	or	
emotional	stability	always	confident,	calm,	and	relaxed	and	they	feel	secure.	On	the	contrary,	
people	with	low	neuroticism	may	feel	anger,	anxiety,	depression,	insecurity	and	worry.			
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Figure 1. Five Factor Model: Source (Wordpress.com, 2016) 

 

John	and	Srivastava	 (1999)	have	 identified	 five	 significant	 characteristics	of	Big	Five	
Elements:	 (1)	 these	 factors	 or	 dimensions	 have	 become	 universal	 as	 they	 cover	 diverse	
languages	such	as	Chinese	and	German;	(2)	possibly	in	a	prehistoric	environment,	these	factors	
had	 adaptive	 value;	 (3)	 at	 least	 some	 extent,	 these	 factors	 and	 their	 particular	 aspects	 are	
heritable;	(4)	they	begin	from	early	adulthood	and	remain	stable	over	45	years;	and	(5)	these	
factors	 are	 not	 in	 accordance	 to	 type	 of	 people	 rather	 they	 are	 dimensional	 and	 they	 vary	
continuously	and	many	individuals	fall	between	the	extremes.		

Many	studies	have	revealed	the	association	between	extraversion	and	happiness	that	
has	been	observed	 in	adults,	 similarly,	 it	 can	be	observed	 in	 children.	The	 findings	of	 these	
studies	can	assist	for	the	identification	of	unhappy	and	depressed	children	and	with	the	help	of	
five	 factor	 model,	 authenticity	 measurement	 and	 personality	 evaluation	 and	 developing	 a	
feasible	and	effective	treatment,	these	children	can	be	made	happy.		

2. Authenticity and Wellbeing 

Kernis	and	Goldman	(2006)	claimed	that	authenticity	 its	significance	 for	wellbeing	 is	
being	studied	and	observed	for	centuries.	Therefore,	in	the	field	of	psychology	authenticity	and	
wellbeing	are	considered	correlated.		However,	Wood,	Joseph	and	Maltby	(2009)	stated	that	
authenticity	is	not	just	a	part	of	wellbeing	it	is	the	soul	of	wellbeing.	Moreover,	Leary	(2003)	
found	 that	 lack	 of	 authenticity	 may	 cause	 distress	 and	 psychopathology	 because	 it	 causes	
people	to	involve	in	unnatural,	forced	behaviour	and	leaving	these	people	with	the	feelings	of	
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devaluation	and	failure	in	life.	Thus,	they	do	not	have	any	openness	for	new	experiences	and	
they	are	not	acceptable	for	the	society	because	their	tolerance	level	is	very	low	(Neuroticism).	
In	addition,	they	are	not	very	productive	(Conscientiousness)	as	they	are	not	very	careful	about	
their	behaviour	and	they	are	indiscipline	individuals.			

In	the	world,	the	friends,	teachers	and	parents	of	individuals	instruct	them	to	understand	
the	significance	of	“being	yourself”.	Many	stories	are	told	to	children	to	clarify	the	meanings	of	
“being	yourself”	because	being	yourself	means	to	recognise	yourself	and	do	not	try	to	act	as	
someone	else.	Nevertheless,	no	one	except	psychology	has	been	able	to	prove	the	effectiveness	
of	 “being	 yourself”.	 Positive	 psychology	 underpinned	 by	 science	 of	wellbeing	 answer	many	
questions	related	to	the	notion	of	“being	yourself.”	Notwithstanding,	in	this	regard,	a	scientific	
examination	of	“being	yourself”	must	be	carried	out	to	ascertain	the	facts	about	the	concept.	
The	examination	puts	forth	authenticity	and	uniqueness	

Being	yourself	is	equivalent	to	authenticity	or	understanding	one’s	feelings	and	thoughts	
and	act	according	to	them.	Though	authenticity	has	been	a	subject	of	great	interest	for	many	
centuries,	 yet	 its	 relationship	with	wellbeing	 is	 revealed	 recently.	By	exploring	 the	 theories	
related	to	authenticity	and	methods	of	its	measurement	and	study,	the	association	of	wellbeing	
with	authenticity	 is	confirmed;	 thus,	 for	 future	positive	psychology	application	and	study,	 it	
becomes	a	very	important	area	of	focus.		

One	probable	result	of	authenticity	is	to	become	different	from	others	or	standing	out	
from	 others.	 According	 to	 Ryan	 and	 Deci	 (2001),	 this	 sequentially	 could	 lead	 to	 rejection,	
ostracism	and	shame,	 leaving	a	detrimental	 impact	on	wellbeing	because	of	 inborn	need	 to	
belong	of	humans.		One	of	the	founders	of	positive	psychology,	Peterson	(2006)	summarised	
this	 field	 as	 “other	people	matter.”	Moreover,	 he	 emphasised	 the	 significance	of	developing	
relationships	with	others	within	the	scenario	of	wellbeing.	Obviously,	despite	“being	yourself”	
has	 been	 valued	 through	 culture	 and	 has	 been	 associated	 with	 wellbeing	 in	 shape	 of	
authenticity;	nevertheless,	wellbeing	can	be	affected	negatively	if	it	leads	to	segregation.		

3. Authenticity and Self-esteem 

Self-esteem	 represents	 an	 individual’s	 valuation	 for	 himself	 or	 herself;	 hence,	 it	 is	 a	
personal	 evaluation.	 It	 shows	 an	 individual’s	 value	 for	 the	 society	 which	 the	 individual	
perceives	 himself	 or	 herself.	 Positive	 self-esteem	 gives	 the	 individuals	 the	 flexibility	 and	
strength	to	take	decisions	themselves	and	live	happily	with	their	mistake	without	any	fear	of	
rejection.	People’s	thinking	about	themselves	is	very	important	for	them	and	their	working	and	
growth.	However,	 it	must	be	positive	 as	positive	 self-esteem	 is	 essential	 for	 authenticity	or	
wellbeing.	 Nevertheless,	 the	 negative	 effects	 of	 high	 self-esteem	 has	 been	 criticised	 by	
psychologists	and	researchers.	On	the	contrary,	according	to	Zeigler-Hill	(2006),	people	with	
low	self-esteem	are	confused	and	uncertain	about	 themselves.	Moreover,	 low	self-esteem	 is	
related	to	low	extroversion.		

Notwithstanding,	if	authenticity	and	self-esteem	are	observed	through	big	five	elements,	
they	have	a	mutual	agreement	with	all	the	five	elements.	For	instance,	the	agreeableness	of	an	
individual	will	be	low	if	his	or	her	self-esteem	or	authenticity	is	low.	Similarly,	such	individuals	
are	not	willing	to	experience	new	things	and	they	avert	social	interaction	because	of	their	low	
self-esteem	and	authenticity.		



Review of Computational Science and Engineering ½Volume 3, Issue 2  69 

4. Different Aspects of Authenticity  

Harter	(2002)	has	found	that	the	study	of	authenticity	is	not	easy	as	many	obstacles	such	
as	the	lacking	of	consistent	and	established	definition	of	authenticity	despite	many	complete	
studies.	Due	to	many	varying	definitions,	measurements	and	theories	of	authenticity,	a	lack	of	
consensus	has	been	observed	and	it	creates	confusion.	Authenticity	may	mean	to	state	or	trait	
with	 each	 its	 formulation	 is	 being	 measured	 by	 different	 scales	 or	 by	 multiple	 scales.	
Nevertheless,	 different	 studies	 have	 pointed	 out	 relationships	 between	wellbeing	 and	 their	
own	authenticity’s	formulation.		

Lenton	 et	 al	 (2013)	 stated	 that	 many	 empirical	 studies	 and	 theories	 emphasise	 on	
authenticity	considering	it	a	dispositional	trait.	According	to	Endler	et	al	(1991),	a	trait	refers	
to	tendency	of	an	individual	regarding	feeling,	thinking	or	taking	action	accordingly	in	different	
situations.			

Abraham	 Masalow	 and	 Carl	 Rogers,	 who	 are	 the	 most	 important	 psychologists	 of	
humanist	movement,	 have	 contributed	 greatly	 to	 explain	 authenticity.	 According	 to	 Rogers	
(1961),	an	authentic	individual	openly	receives,	 interprets	and	acts	upon	his	or	her	internal	
states	and	emotional	responses.	He	further	claimed	that	individuals	without	authenticity	and	
do	 not	 show	 authenticity	 in	 their	 relationships	 with	 other	 and	 themselves	 may	 become	
stagnant	 and	 unaccomplished	 personalities.	 If	 one	 wants	 to	 achieve	 positive	 change	 and	
personal	growth	then	he	or	she	must	have	authenticity	(Geller,	1982).	Likewise,	Maslow	(1968)	
considers	authenticity	the	most	important	psychological	need	and	he	states	that	it	is	essential	
to	 accomplish	prior	 to	become	 self-actualised.	He	portrays	 authenticity	 as	 the	 synchronism	
between	individuals’	self-conceptualisation	or	what	they	think	about	themselves	and	what	they	
are	experiencing	and	doing.	However,	when	lived	experience	and	self-concept	of	an	individual	
become	incongruent	with	each	other,	the	results	are	maladjustment	and	in-authenticity.		

Deci	and	Ryan	(1995)	developed	the	multi-component	authenticity	conceptualisation.	
According	to	their	description,	authenticity	is	the	open	operation	of	true-self	of	an	individual	in	
daily	enterprise	of	 an	 individual;	 they	 stated	 four	 component	of	 this	 concept:	 (1)	 relational	
orientation,	(2)	behaviour,	(3)	unbiased	processing,	and	(4)	awareness.	Unbiased	processing	
is	the	objectivity	of	evaluation	any	information	that	is	self-relevant;	however,	the	source	can	be	
internal	 or	 external.	 This	 objectivity	 is	 important	 as	 it	 provides	 a	 precise	 sense	 of	 oneself	
because	of	lack	of	defence	mechanism	or	distortions	and	biases.	Relational	orientation	refers	
to	true-self	of	an	individual	within	the	perspective	of	close	association.	Behaviour	means	the	
action	of	an	individual	according	to	an	individual’s	preferences,	needs	and	values	but	this	is	not	
the	results	of	external	goals.	Awareness	refers	to	have	knowledge	about	self	such	as	personal	
motives,	 desires,	weaknesses,	 strengths,	 traits	 and	 emotions.	 It	means	 to	 accept	 everything	
honestly	about	oneself	and	accepting	contradicting	and	conflicting	parts.		

5. Genetic Variation of Personality Traits 

According	to	Arnett	(2007)	and	Reifman,	Arnett	and	Colwell	(2007),	individuals	at	the	
time	of	adulthood	transition,	generally	and	typically,	are	settled	to	perform	their	roles	of	work	
and	love.	During	this	transition,	a	significant	change	in	personality	traits	occur	that	is	related	
to	increased	stability	and	increased	maturity.	Several	hypotheses	have	been	devised	to	explain	
these	 personality	 transitions,	 for	 instance,	 life-course	 hypothesis	 claims	 that	 the	 reason	 for	
these	 changes	 is	 social	 environment	 transaction	while	maturation	 hypothesis	 assumes	 that	
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these	 changes	 that	 the	 trajectories	 of	 changes	 are	 endogenous.	 Blonigen,	 Carlson,	 Hicks,	
Krueger	and	Iacono	(2008)	claimed	that	these	changes	come	with	changes	in	personality	traits	
and	stability.	Nevertheless,	despite	 intense	debate,	 it	 is	still	unclear	whether	endogenous	or	
exogenous	factors	are	the	reasons	for	the	development	of	personality	during	the	lifespan.		

The	experiences	diversity	and	the	salient	challenges	of	development	that	people	face	in	
the	adult	phase	of	life	put	forward	that	adulthood	transition	is	a	significant	period	that	should	
be	focused	while	study	personality	development.	According	to	research	of	Caspi,	Robert	and	
Shiner	(2005),	many	psychological	changes	occurring	 in	 this	phase	of	 life	are	related	to	 the	
increased	psychological	maturity.	Galambos,	Barker	and	Krahn	(2006)	stated	that	self-esteem	
which	 is	a	psychological	wellbeing	 indicator	appears	 for	 increasing	while	attributes	such	as	
externalising	 issues,	depression	and	anger	are	appeared	 to	decline.	These	consistent	 trends	
suggest	that	the	change	of	personality	trait	is	positive	generally:	Roberts	and	Del	Veccho	(2000)	
claimed	that	 in	general,	 traits	become	more	stable.	However,	Donnellan	et	al	(2007)	argued	
that	in	negative	feelings,	individuals	incline	to	decline	and	demonstrate	during	the	transitional	
phase	 of	 adulthood	 increased	 behavioural	 constraint.	 Furthermore,	 according	 to	 Roberts,	
Walton	and	Viechtbauer	(2006),	in	the	lifespan,	young	adulthood	appears	to	be	the	time	when	
the	major	normative	personality	happens.		

6. BPF (Borderline Personality Features) 

BPF	specifically	is	very	important	to	measure	the	behaviour	of	children	and	adolescents.	
Many	evidences	are	available	to	prove	the	efficacy	of	BPF	within	the	context	of	psychopathology	
of	children	and	adolescents,	which	is	the	cause	of	dysfunction	and	the	common	symptoms	of	
internalising	 or	 externalising	 disorders	 are	 not	 able	 to	 explain	 dysfunction.	 Childhood	
symptoms	of	externalising	and	internalising	disorders	contribute	to	risk	for	BPF	and	they	have	
association	with	many	cognitive	risk	factors.	For	instance,	executive	function	deficit	that	has	
been	exhibited	for	predicting	BPF	independently	because	of	maltreatment	to	children	of	aged	
6	to	12	years.		

	According	to	Morey	et	al	(2002),	when	BPF	symptoms	increase	in	depressed	patients,	
Agreeableness	decreases	further	while	Neuroticism	increases.	Nevertheless,	Agreeableness’s	
association	 has	 been	 inconsistent.	 Similarly,	 various	 previous	 studies	 Five	 Factor	 Model’s	
dimension	Neuroticism	has	deep	association	with	BPF.		

7. SUDs (Substance Use Disorder) 

According	 to	 Caspi	 et	 al	 (1997)	 and	 Tarter	 (1988),	 in	 etiological	 theories	 of	 SUDs	
(Substance	Use	Disorder)	personality	traits	have	central	importance.	Nevertheless,	by	utilising	
validated	and	multidimensional	systems	of	personality,	no	systematic	research	and	efforts	have	
been	carried	out	for	predicting	clinically	consequential	SUD	diagnosis.		

For	drug	use,	personality	traits	are	acknowledged	as	risk	factors	while	the	traits	of	an	
individual	are	affected	by	the	psychoactive	substances.	Moreover,	nowadays,	psychologists	and	
clinicians	 are	 very	 interested	 to	 develop	 treatment	methods	 aligning	 personality	 profile	 of	
patients.	 SUD	 is	mostly	 related	 to	 treating	 patients	 having	 a	 profile	 of	 using	 drugs	 such	 as	
heroin,	cocaine,	marijuana	and	tobacco	or	non-users	of	drugs	by	utilising	the	Big	Five	Model	of	
personality.	Different	studies	have	been	conducted	combining	SUD	with	Five	Factor	Model.	For	
instance,	some	studies	such	as	Terracciano	and	Costa	(2004)	evidenced	that	cigarette	smokers	
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scored	 high	 on	 aspects	 associated	 to	 Neuroticism	 and	 impulsivity	 while	 they	were	 low	 on	
Conscientiousness	 and	 Agreeableness.	 However,	 the	 study	 of	 Malouff,	 Thorsteinsson	 and	
Scchutte	(2006),	found	that	in	American,	European	and	Asian	countries,	it	was	observed	that	
smokers	scored	high	on	Extraversion.		

8. Environment, Individual and Personality Traits 

The	 effect	 of	 environment	 on	 personality	 traits	 of	 an	 individual	 is	 significant	 but	
researchers	could	not	realise	this	fact	in	the	beginning.	It	means	that	in	different	environment	
individuals	behave	differently.	This	leads	the	debate	towards	cultural	differences.	Therefore,	
many	studies	emphasise	to	study	personality	in	different	culture.	However,	the	beliefs	of	some	
people	or	researchers	are	that	that	all	cultures	share	some	elements;	as	a	result,	to	demonstrate	
the	cross	cultural	application	of	the	Big	Five,	some	efforts	are	being	made.		

9. Social Identity  

The	credit	for	developing	social	identity	theory	goes	to	Tajfel	(1979).	Social	identity	is	a	
sense	of	an	individual	about	his	or	her	group	of	identity	and	recognition	of	self.	According	to	
Tajfel	(1979),	groups	such	as	 family,	class,	cricket	 team	is	a	great	source	of	self-esteem	and	
pride,	specifically,	for	those	people	who	belong	to	this	particular	group	or	team;	hence,	groups	
feel	a	sense	of	social	identity	and	in	the	social	world	this	sense	of	belonging	is	very	important	
for	them.	However,	in	different	cultural	environment,	people	try	to	hide	their	social	sense	of	
belonging;	for	instance,	different	religious	and	racial	groups	do	not	talk	with	self-esteem	and	
pride	openly	in	a	culture	or	environment	where	religious	association	has	no	significance	and	it	
promotes	liberal	thoughts.		

According	to	Jenkins	et	al	(2012),	with	the	perspective	of	social	identity,	the	construction	
of	 personality	 traits	 is	 possible	 but	 as	 one	 component,	 for	 instance,	 group	 prototype.	 For	
instance,	as	group	therapists	are	prototypically	stable	emotionally	while	as	a	group	students	
are	 prototypically	 conscientious.	 The	 reason	 for	 this	 difference	 is	 their	 prototypical	 traits	
identity	difference;	hence,	the	most	important	identity	in	different	situation	may	change	and	
transform	 expressed	 traits	 of	 individuals.	 The	 study	 of	 Reynolds	 et	 al	 (2012)	 reveals	 that	
transition	 in	 self-rated	 neuroticism	 may	 occur,	 particularly,	 by	 influencing	 specific	 salient	
group	identity.	The	Big	Five	Model	 is	highly	useful,	 for	 instance,	Wiggins	and	Pincus	(1989)	
stated	 that	 the	 development	 of	 this	 model	 has	 increased	 hopes	 to	 link	 between	 adult	
psychopathology	and	personality.	According	to	Schutte	et	al	(1998),	Big	Five	Model	is	a	new	
hope	for	confusing,	depressed	and	shy	people.		

The	current	assignment	mainly	focuses	Big	Five	Elements;	however,	just	descriptively	
defining	 Five	 Factors	 Elements	 may	 not	 highlight	 different	 dimensions	 of	 FFE	 and	 their	
psychological	association	with	environment,	culture,	SUD,	BPF,	and	genetic	conceptualisation	
of	FFE.	Moreover,	the	current	assignment	reveals	and	discusses	the	relationship	of	authenticity,	
wellbeing,	 self-esteem	 and	 social	 identity.	 Conclusively,	 it	 proves	 with	 authentic	 literature	
underpinning	 that	 environment	 affects	 personality	 traits	 of	 individuals.	 People	 of	 different	
cultures	 when	 go	 in	 different	 countries,	 psychologically	 they	 behave	 differently.	 The	 five	
elements	of	Five	Factors	Model	are	the	outcome	of	many	studies,	theories	such	as	social	identity	
theory,	behaviour	theory,	cultural	theory	and	psychological	theories.		
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It	is	very	important	to	understand	that	Big	Five	Model	is	a	blessing	for	psychologically	
diseased	 and	 disturbed	 people.	 Clinicians	 and	 psychologists	 require	 understanding	 all	 its	
aspects	and	its	relationship	with	other	psychological	and	human	theories.		
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Abstract 

 
Task-oriented	dialogue	 focuses	on	conversational	agents	 that	participate	 in	dialogues	

with	user	goals	on	domain-specific	topics.	In	reference	to	chatbots,	which	simply	seek	to	sustain	
open-ended	meaningful	discourse,	existing	task-oriented	agents	usually	explicitly	model	user	
intent	 and	 belief	 states.	 This	 paper	 examines	 bypassing	 such	 an	 explicit	 representation	 by	
depending	on	a	latent	neural	embedding	of	state	and	learning	selective	attention	to	dialogue	
history	 together	with	copying	 to	 incorporate	relevant	prior	context.	We	complement	recent	
work	by	showing	the	effectiveness	of	simple	sequence-to-sequence	neural	architectures	with	a	
copy	mechanism.		Our	model	outperforms	more	complex	memory-augmented	models	by	7%	
in	per	response	generation	and	is	on	par	with	the	current	state	of	the	art	on	DSTC2,	a	real	world	
task-oriented	dialogue	dataset		

1. Preface 

Effective	task-oriented	dialogue	systems	are	becoming	important	as	society	progresses	
toward	 us-ing	 voice	 for	 interacting	 with	 devices	 and	 perform-ing	 everyday	 tasks	 such	 as	
scheduling.	To	that	end,	research	efforts	have	focused	on	using	machine	learning	methods	to	
train	agents	using	dialogue	corpora.	One	line	of	work	has	tackled	the	prob-lem	using	partially	
observable	 Markov	 decision	 processes	 and	 reinforcement	 learning	 with	 carefully	 designed	
action	spaces.		

However,	 the	 large,	hand-designed	action	and	state	 spaces	make	 this	 class	of	models	
brittle	 and	 are	 not	 scalable,	 and	 in	 practice	 most	 deployed	 dialogue	 systems	 remain	
handwritten,	rule	based	systems.	Recently,	neural	network	models	have	achieved	success	on	a	
variety	of	natural	 language	processing	tasks,	due	to	their	ability	to	implicitly	 learn	powerful	
distributed	representations	from	data	in	an	end-to-end	trainable	fashion.	This	paper	extends	
recent	 work	 examining	 the	 utility	 of	 distributed	 state	 representations	 for	 task-oriented	
dialogue	agents,	without	providing	rules	or	manually	tuning	features.	

One	prominent	line	of	recent	neural	dialogue	work	has	continued	to	build	systems	with	
modularly	connected	representation,	belief	state,	and	generation	components.	These	models	
must	 learn	 to	 explicitly	 represent	 user	 intent	 through	 intermediate	 supervision,	 and	 hence	
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suffer	 from	 not	 being	 truly	 end-to-end	 train-able.	 Other	 work	 stores	 dialogue	 context	 in	 a	
memory	module	and	repeatedly	queries	and	reasons	about	this	context	to	select	an	adequate	
system	response.	

	While	reasoning	over	memory	is	appealing,	these	models	simply	choose	among	a	set	of	
utterances	rather	than	generating	text	and	also	must	have	temporal	dialogue	features	explicitly	
encoded.	

However,	 the	present	 literature	 lacks	results	 for	now	standard	sequence-to-sequence	
architectures,	 and	 we	 aim	 to	 fill	 this	 gap	 by	 building	 increasingly	 complex	 models	 of	 text	
generation,	starting	with	a	vanilla	sequence-to-sequence	recurrent	architec-ture.	The	result	is	
a	simple,	intuitive,	and	highly	competitive	model,	which	outperforms	the	more	complex	model	
of	Bordes	and	Weston	(2016)	by	6.9%.	Our	contributions	are	as	follows:		

1. We	perform	a	systematic,	empirical	analysis	of	increasingly	complex	sequence-to-sequence	
models	for	task-oriented	dialogue.		

2. We	develop	 a	 recur-rent	 neural	 dialogue	 architecture	 augmented	with	 an	 attention-based	
copy	mechanism	that	is	able	to	significantly	outperform	more	complex	models	on	a	variety	of	
metrics	on	realistic	data.	

2. Architecture  
We	 use	 neural	 encoder-decoder	 architectures	 to	 frame	 dialogue	 as	 a	 sequence-to-

sequence	learning	problem.	Given	a	dialogue	between	a	user	(U)	and	a	system	(S),	we	represent	
the	dialogue	utterances	as	{(U1,	S1),	(U2,	S2),	.	.	.	,(Uk,	Sk)}	where	k	denotes	the	number	of	turns	
in	 the	 dialogue.	 At	 the	 ith	 turn	 of	 the	 dialogue,	we	 encode	 the	 aggregated	 dialogue	 context	
composed	 of	 the	 tokens	 of	 (U1,S1,…,Si−1,	 Ui).	 Letting	 x1,	…,	 xm	 denote	 these	 tokens,	we	 first	
embed	these	tokens	using	a	trained	embedding	function	φemb	that	maps	each	token	to	a	fixed	
dimensional	 vector.	 These	mappings	 are	 fed	 into	 the	 encoder	 to	 produce	 context	 sensitive	
hidden	representations	h1,…,	hm.	

The	vanilla	Seq2Seq	decoder	predicts	 the	tokens	of	 the	 ith	system	response	Si	by	 first	
computing	decoder	hidden	states	via	the	recurrent	unit.	We	denote	h1,…,	hn	as	the	hidden	states	
of	the	decoder	and	y1,	…	,	yn	as	the	output	tokens.	We	extend	this	decoder	with	an	attention-
based	model,	where,	at	every	time	step	t	of	the	decoding,	an	attention	score	ati	is	computed	for	
each	hidden	state	hi	of	 the	encoder,	using	the	attention	mechanism	of	(Vinyals	et	al.,	2015).	
Formally	this	attention	can	be	described	by	the	following	equations:	

	

        
 

Where	W1,	W2,	U,	and	v	are	trainable	parameters	of	the	model	and	ot	represents	the	logits	
over	the	tokens	of	the	output	vocabulary	V.	During	training,	the	next	token	yt	is	predicted	so	as	
to	maximize	 the	 log	 likelihood	of	 the	correct	output	sequence	given	 the	 input	sequence.	An	
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effective	 task-oriented	dialogue	system	must	have	powerful	 language	modelling	capabilities	
and	be	able	to	pick	up	on	relevant	entities	of	an	underlying	knowledge	base.		

One	source	of	relevant	entities	is	that	they	will	commonly	have	been	mentioned	in	the	
prior	discourse	context.	Recent	literature	has	shown	that	incorporating	a	copying	mechanism	
into	 neural	 architectures	 improves	 performance	 on	 various	 sequence-to-sequence	 tasks	
including	code	generation,	machine	translation,	and	

text	summarization.	We	therefore	augment	the	attention	encoder-decoder	model	with	
an	attention-based	copy	mechanism	in	the	style	of	(Jia	and	Liang,	2016).	In	this	scheme,	during	
decoding	we	compute	our	new	logits	vector	as		

 
Where	at[1:m]	is	the	concatenated	attention	scores	of	the	encoder	hidden	states,	and	we	

are	now	predicting	over	a	vocabulary	of	size	|V	|	+	m.	The	model,	thus,	either	predicts	a	token	
yt	from	V	or	copies	a	token	xi	from	the	encoder	input	context,	via	the	attention	score	ati	.	Rather	
than	copy	over	any	token	mentioned	in	the	encoder	dialogue	context,	our	model	is	trained	to	
only	 copy	 over	 entities	 of	 the	 knowledge	 base	 mentioned	 in	 the	 dialogue	 context,	 as	 this	
provides	 a	 conceptually	 intuitive	 goal	 for	 the	 model’s	 predictive	 learning:	 as	 training	
progresses	it	will	learn	to	either	predict	a	token	from	the	standard	vocabulary	of	the	language	
model	thereby	ensuring	well-formed	natural	language	utterances,	or	to	copy	over	the	relevant	
entities	from	the	input	context,	thereby	learning	to	extract	important	dialogue	context.	In	our	
best	performing	model,	we	augment	the	inputs	to	the	encoder	by	adding	entity	type	features.	
Classes	present	in	the	knowledge	base	of	the	dataset,	namely	the	8	distinct	entity	types	referred	
to	in	Table	1,	are	encoded	as	one	hot	vectors.	Whenever	a	token	of	a	certain	entity	type	is	seen	
during	encoding,	we	append	the	appropriate	one	hot	vector	to	the	token’s	word	embedding	
before	 it	 is	 fed	 into	 the	 recurrent	 cell.	 These	 type	 features	 improve	 generalization	 to	novel	
entities	by	allowing	the	model	to	hone	in	on	positions	with	particularly	relevant	bits	of	dialogue	
context	 during	 its	 soft	 attention	 and	 copying.	 Other	 cited	 work	 using	 the	 DSTC2	 dataset	
implement	similar	mechanisms	whereby	they	expand	the	feature	representations	of	candidate	
system	 responses	 based	 on	 whether	 there	 is	 lexical	 entity	 class	 matching	 with	 provided	
dialogue	context.		

3. Research and Analysis  

3.1 Data 

For	 our	 experiments,	 we	 used	 dialogues	 extracted	 from	 the	 Dialogue	 State	 Tracking	
Challenge	2	(DSTC2)	(Henderson	et	al.,	2014),	a	restaurant	reservation	system	dataset.	While	
the	goal	of	 the	original	challenge	was	building	a	system	for	 inferring	dialogue	state,	 for	our	
study,	 we	 use	 the	 version	 of	 the	 data	 from	 Bordes	 and	Weston	 (2016),	 which	 ignores	 the	
dialogue	state	annotations,	using	only	the	raw	text	of	the	dialogues.	The	raw	text	includes	user	
and	system	utterances	as	well	as	the	API	calls	the	system	would	make	to	the	underlying	KB	in	
response	to	the	user’s	queries.	Our	model	then	aims	to	predict	both	these	system	utterances	
and	 API	 calls,	 each	 of	 which	 is	 regarded	 as	 a	 turn	 of	 the	 dialogue.	 We	 use	 the	
train/validation/test	splits	from	this	modified	version	of	the	dataset.	The	dataset	is	appealing	
for	a	number	of	reasons:		
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1. It	 is	 derived	 from	 a	 real-world	 system	 so	 it	 presents	 the	 kind	 of	 linguistic	 diversity	 and	
conversational	abilities	we	would	hope	for	in	an	effective	dialogue	agent.		

2. It	is	grounded	via	an	underlying	knowledge	base	of	restaurant	entities	and	their	attributes.		
3. Previous	results	have	been	reported	on	it	so	we	can	directly	compare	our	model	performance.		

We	include	statistics	of	the	dataset	in	Table	1.		

3.2 Learning And Development 

We	trained	using	a	cross-entropy	loss	and	the	Adam	optimizer	(Kingma	and	Ba,	2015),	
applying	dropout	(Hinton	et	al.,	2012)	as	a	regularizer	to	the	input	and	output	of	the	LSTM.	We	
identified	hyper	parameters	by	random	search,	evaluating	on	a	held-out	validation	subset	of	
the	data.	Dropout	keep	rates	ranged	from	0.75	to	0.95.	We	used	word	embeddings	with	size	
300,	and	hidden	layer	and	cell	sizes	were	set	to	353,	identified	through	our	search.	We	applied	
gradient	 clipping	 with	 a	 clipvalue	 of	 10	 to	 avoid	 gradient	 explosions	 during	 training.	 The	
attention,	output	parameters,	word	embeddings,	and	LSTM	weights	were	randomly	initialized	
from	a	uniform	unit-scaled	distribution	in	the	style	of	(Sussillo	and	Abbott,	2015).		

3.3 Model Metrics  

Evaluation	of	dialogue	systems	 is	known	 to	be	difficult	 (Liu	et	al.,	2016).	We	employ	
several	metrics	for	assessing	specific	aspects	of	our	model,	drawn	from	previous	work:	

 

 

• Per-Response	Accuracy:	Bordes	and	Weston	(2016)	report	a	per	turn	response	accuracy,	
which	tests	their	model’s	ability	to	select	the	system	response	at	a	certain	timestep.	Their	
system	does	a	multiclass	classification	over	a	predefined	candidate	set	of	responses,	which	
was	created	by	aggregating	all	system	responses	seen	in	the	training,	validation,	and	test	
sets.	Our	model	actually	generates	each	individual	token	of	the	response,	and	we	consider	a	
prediction	to	be	correct	only	if	every	token	of	the	model	output	matches	the	corresponding	
token	in	the	gold	response.	Evaluating	using	this	metric	on	our	model	is	therefore	
significantly	more	stringent	a	test	than	for	the	model	of	Bordes	and	Weston	(2016).	

• Per-Dialogue	Accuracy:	Bordes	and	Weston	(2016)	also	report	a	per-dialogue	accuracy,	
which	assesses	their	model’s	ability	to	produce	every	system	response	of	the	dialogue	
correctly.	We	calculate	a	similar	value	of	dialogue	accuracy,	though	again	our	model	
generates	every	token	of	every	response.	
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• BLEU:	We	use	the	BLEU	metric,	commonly	employed	in	evaluating	machine	translation	
systems	(Papineni	et	al.,	2002),	which	has	also	been	used	in	past	literature	for	evaluating	
dialogue	systems	(Ritter	et	al.,	2011;	Li	et	al.,	2016).	We	calculate	average	BLEU	score	over	
all	responses	generated	by	the	system,	and	primarily	report	these	scores	to	gauge	our	
model’s	ability	to	accurately	generate	the	language	patterns	seen	in	DSTC2.	

• Entity	F1:	Each	system	response	in	the	test	data	defines	a	gold	set	of	entities.	To	compute	
an	entity	F1,	we	micro-average	over	the	entire	set	of	system	dialogue	responses.	This	
metric	evaluates	the	model’s	ability	to	generate	relevant	entities	from	the	underlying	
knowledge	base	and	to	capture	the	semantics	of	the	user-initiated	dialogue	flow.	
 

Our	experiments	show	that	sometimes	our	model	generates	a	response	to	a	given	input	
that	 is	 perfectly	 reasonable,	 but	 is	 penalized	 because	 our	 evaluation	metrics	 involve	 direct	
comparison	 to	 the	 gold	 system	output.	 For	 example,	 given	 a	 user	 request	 for	 an	 australian	
restaurant,	 the	 gold	 system	 output	 is	 you	 are	 looking	 for	 an	 australian	 restaurant	 right?	
whereas	our	system	outputs	what	part	of	town	do	you	have	in	mind?,	which	is	a	more	directed	
follow-up	 intended	 to	 narrow	 down	 the	 search	 space	 of	 candidate	 restaurants	 the	 system	
should	propose.		

3.4 Reports 

In	Table	2,	we	present	the	results	of	our	models	compared	to	the	reported	performance	
of	the	best	performing	model	of	(Bordes	and	Weston,	2016),	which	is	a	variant	of	an	end-to-
end	memory	network	(Sukhbaatar	et	al.,	2015).		

Their	model	 is	 referred	 to	 as	MemNN.	We	 also	 include	 the	model	 of	 (Liu	 and	Perez,	
2016),	referred	to	as	GMemNN,	and	the	model	of	(Seo	et	al.,	2016),	referred	to	as	QRN,	which	
currently	 is	 the	 stateof-the-art.	 In	 the	 table,	 Seq2Seq	 refers	 to	 our	 vanilla	 encoder-decoder	
architecture	with	(1),	(2),	and	(3)	LSTM	layers	respectively.	+Attn	refers	to	a	1-layer	Seq2Seq	
with	 attention-based	 decoding.	 +Copy	 refers	 to	 +Attn	 with	 our	 copy-mechanism	 added.	
+EntType	refers	to	+Copy	with	entity	class	features	added	to	encoder	inputs.	We	see	that	a	1-
layer	vanilla	encoder-decoder	is	already	able	to	significantly	outperform	MemNN	in	both	per-
response	and	per-dialogue	accuracies,	despite	our	more	stringent	setting.		

Adding	layers	to	Seq2Seq	leads	to	a	drop	in	performance,	suggesting	an	overly	powerful	
model	 for	 the	 small	 dataset	 size.	 Adding	 an	 attention-based	 decoding	 to	 the	 vanilla	model	
increases	BLEU	although	per-response	 and	per-dialogue	 accuracies	 suffer	 a	 bit.	Adding	our	
attention-based	 entity	 copy	 mechanism	 achieves	 substantial	 increases	 in	 perresponse	
accuracies	and	entity	F1.		
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Table 2: Evaluation on DSTC2 test (top) and dev (bottom) data. Bold values indicate our best performance.  

A	dash	indicates	unavailable	values.	including	beating	its	per-dialogue	accuracy.	It	also	
achieves	the	highest	entity	F1.		

4 Conclusion  

We	have	iteratively	built	out	a	class	of	neural	models	for	task-oriented	dialogue	that	is	
able	 to	 outperform	 other	 more	 intricately	 designed	 neural	 architectures	 on	 a	 number	 of	
metrics.		

The	model	incorporates	in	a	simple	way	abilities	that	we	believe	are	essential	to	building	
good	 task-oriented	 dialogue	 agents,	 namely	 maintaining	 dialogue	 state	 and	 being	 able	 to	
extract	and	use	relevant	entities	in	its	responses,	without	requiring	intermediate	supervision	
of	dialogue	state	or	belief	tracker	modules.		

Other	 dialogue	 models	 tested	 on	 DSTC2	 that	 are	 more	 performant	 in	 per-response	
accuracy	are	equipped	with	sufficiently	more	complex	mechanisms	than	our	model.	GMemNN	
uses	an	explicit	memory	module	as	well	as	an	adaptive	gating	mechanism	to	learn	to	attend	to	
relevant	memories.		

We	 contrast	 with	 these	 works	 by	 bootstrapping	 off	 of	 more	 empirically	 accepted	
Seq2Seq	architectures	 through	 intuitive	extensions,	while	still	producing	highly	competitive	
models.	We	attribute	the	large	gains	in	per	response	accuracy	and	entity	F1	demonstrated	by	
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our	+EntType	to	its	ability	to	pick	out	the	relevant	KB	entities	from	the	dialogue	context	fed	
into	the	encoder.		

 
Table 3: Sample dialogue generated. System responses are in italics. The dataset uses fake addresses and phone numbers.  

 

 

Figure 1: Attention-copy weights for a generated natural language response (top) and API call (bottom). The decoder output is 
displayed vertically and the encoder input is abbreviated for display weights of the model, indicating that the model is able to learn 

the relevant entities it should focus on in the input context.  

The	 powerful	 language	 modelling	 abilities	 of	 the	 Seq2Seq	 backbone	 allow	 smooth	
integration	 of	 these	 extracted	 entities	 into	 both	 system-generated	 API	 calls	 and	 natural	
language	responses	as	shown	in	the	figure.		

The	appeal	of	our	model	comes	from	the	simplicity	and	effectiveness	of	framing	system	
response	 generation	 as	 a	 sequence-to-sequence	mapping	with	 a	 soft	 copy	mechanism	 over	
relevant	 context.	 Unlike	 the	 task-oriented	 dialogue	 agents	 of	 Wen	 et.	 al	 (2016b),	 our	
architecture	does	not	explicitly	model	belief	states	or	KB	slot-value	trackers,	and	we	preserve	
full	end-to-end-trainability.	Further,	in	contrast	to	other	referenced	work	on	DSTC2,	our	model	
offers	 more	 linguistic	 versatility	 due	 to	 its	 generative	 nature	 while	 still	 remaining	 highly	
competitive	and	outperforming	other	models.	Of	course,	this	is	not	to	deny	the	importance	of	
dialogue	agents	which	can	more	effectively	use	a	knowledge	base	to	answer	user	requests,	and	
this	remains	a	good	avenue	for	further	work.	Nevertheless,	we	hope	this	simple	and	effective	
architecture	can	be	a	strong	baseline	for	future	research	efforts	on	task-oriented	dialogue.		
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1. Introduction 

	 Science	is	developing	to	use	programming	technologies	to	model	and	predict	data,	
on	eof	these	technologies	is	a	system	called	cellular	automata	[15].	Cellular	automata	is	a	series	
of	grid	of	cells	(either	linear	or	planar)	where	the	pattern	of	the	grid	changes	through	a	given	
period	of	time.	The	pattern	evolves	as	the	state	of	each	cell	is	determined	by	the	inserted	rules	
and	its	previous	state	and	that	of	its	surrounding	cells.	Following	an	algorithm	that	sets	up	these	
rules	and	conditions	is	the	final	step	in	creating	a	cellular	automata.		

The	concept	of	cellular	automata	comes	in	handy	when	creating	epidemic	models	using	
smart	 grids.	 Epidemic	models	 are	 useful	 in	 analyzing	 the	 changes	 of	 a	 grid	 portion	 as	 it	 is	
influenced	by	an	intruder	that	conducts	a	series	of	digital	attacks	and	takes	control	of	the	nodes	
in	 the	network	[13].	Reference	[6]	shows	a	cellular	automata	-	based	dynamic	model	which	
applied	 the	 frameworks	of	 an	 epidemic	model.	This	model	demonstrates	how	 the	 changing	
process	 of	 a	 cyber-attack	 is	 affected	 due	 to	 the	 framework.	 Its	 significance	 is	 that	 it	 can	
demonstrate	 the	unique	benefits	of	using	 cellular	 automata:	being	able	 to	 see	how	 the	grid	
connectivity	degree	(d)	affects	the	spreading	of	the	infection	and	to	design	methods	to	counter	
the	attack.		

2. Preliminaries 

To	further	relate	cellular	automata	to	epidemic	models	[11],	[16],	and	[17],	more	specific	
knowledge	about	cellular	automata	is	needed.	As	previously	mentioned,	cellular	automata	is	a	
series	of	grid	of	cells	where	there	are	more	than	one	type	of	state	that	the	cells	can	have.	The	
state	of	the	cells	develops	accordingly	to	the	states	of	their	neighboring	cells	and	the	inserted	
rules.	The	grid	that	makes	up	the	cellular	automata	can	be	either	linear	(1D)	or	planar	(2D).	
The	automata	is	created	by	aligning	these	grids	in	chronological	order,	meaning	that	another	
axis—representing	time—is	added.	Consequently,	a	 linear	grid	will	make	a	planar	automata	
and	a	planar	grid	will	make	a	3D	automata.		
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In	a	one-dimensional	grid,	the	neighboring	cells	of	a	given	cell	will	be	the	two	cells	that	
share	a	edge	on	its	right	and	left,	as	shown	below.	

In	the	grid	above,	the	7th	(from	the	left)	cell	of	the	next	generation	will	depend	on	the	
cells	in	the	red	box.	What	determines	the	state	of	the	7th	cell	is	the	inserted	rule,	such	as	the	
one	given	below.	

	

 

	 According	 to	 this	 rule,	 the	7th	 cell	 of	 the	next	generation	will	be	1,	because	 the	
initial	 condition	 (red	 box)	 was	 1-1-0.	 This	 is	 how	 the	 rule	 and	 the	 previous	 conditions	
determine	the	state	of	the	following	generation.	

	 However,	this	method	alone	has	a	critical	error.	The	cells	located	at	the	two	ends	of	
the	linear	grid	only	has	one	neighboring	cell,	making	it	impossible	to	find	their	states	of	the	next	
generation.	To	prevent	 this	error,	another	rule	called	 the	“boundary	conditions”	 is	 inserted.	
This	rule	does	so	by	methodically	designating	the	states	to	the	non-existing	cells	that	neighbor	
the	endmost	cells.	There	are	many	different	types	of	boundary	conditions.	Here	are	some	main	
examples:	(i)	providing	a	certain	state	(in	the	case	above,	either	0	or	1)	to	the	boundaries,	and	
(ii)	considering	the	linear	grid	to	be	periodic	so	that	the	endmost	cells	neighbor	each	other.		

	 Now	that	we	have	explored	the	fundamental	theories	of	2D	cellular	automata,	here	
are	some	examples	of	2D	cellular	automata	created	by	stacking	linear	grids	in	chronological	
order.	

 

Model 1: The First 30 Generations of Rule 3 Starting With a Standard Wolfram Model 
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Model 2: The First 30 Generations of Rule 90 Starting With a Standard Wolfram Model 

	 Two-dimensional	grids	have	a	greater	variety	of	shapes	and	rules	compared	to	one-
dimensional	grids.	Some	of	the	most	commonly	used	grids	are	those	consisted	of	squares	and	
those	consisted	of	hexagons.	They	look	like	this:	

 

For	the	sake	of	convenience,	I	will	use	the	square-based	grid	for	further	explanation.	The	
neighboring	cells	of	a	cell	in	a	square-based	2D	grid	are	the	eight	cells	that	share	either	an	edge	
or	a	point,	as	shown	below.	

	
Having	more	neighboring	cells	than	linear	grids,	two-dimensional	grids	can	choose	from	

a	greater	variety	of	rules.	Out	of	the	many	rules,	the	most	famous	are	the	“Majority	Rule”	and	
the	“Game	of	Life”.	



Review of Computational Science and Engineering ½Volume 3, Issue 2  87 

The	Majority	Rule	is	a	rule	where	the	state	of	a	cell	becomes	the	state	held	by	the	majority	
of	neighboring	cells.	For	example,	the	cell	in	the	center	of	the	grid	will	come	to	have	a	state	of	0	
in	 the	 next	 generation,	 because	 the	 majority	 of	 its	 neighboring	 cells	 have	 the	 state	 of	 0.	
According	to	the	Majority	Rule,	if	the	neighboring	cells	have	a	tied	number	of	states,	the	center	
cell	keeps	its	previous	state	in	the	next	generation.		

	 Next	 is	 the	Game	of	Life.	This	 famous	rule	 is	consisted	of	complicated	sub-rules.	
Let’s	say	the	state	of	1	represents	life	and	that	of	0	represents	death.	Here	are	the	components	
of	the	Game	of	Life:		

1. A	live	cell	with	less	than	two	live	neighbours	dies	in	the	next	iteration.	
2. A	live	cell	with	more	than	three	live	neighbours	dies	in	the	next	iteration.	
3. A	live	cell	with	two	or	three	live	neighbours	remain	unchanged	(i.e.	lives)	in	the	next	iteration.	
4. A	 dead	 cell	 with	 three	 live	 neighbours	 comes	 to	 life	 in	 the	 next	 iteration.	

Here’s	an	actual	simulation	of	the	Game	of	Life.	
	

	 The	boundary	conditions	of	2D	grids	are	very	similar	to	those	of	1D	grids.	Some	
commonly	 used	 examples	 are:	 (i)	 providing	 a	 certain	 state	 to	 the	 boundaries,	 and	 (ii)	
considering	the	2D	grid	to	be	periodic	so	that	a	cell	at	one	end	of	the	grid	is	a	neighbor	of	the	
endmost	cell	located	at	the	other	end.		

	 Unlike	 those	 in	one-dimensional	grids,	 the	neighboring	cells	 in	 two-dimensional	
grids	are	determined	by	an	inserted	condition	called	the	topological	degree	(d).	Given	below	
are	some	examples	of	2D	grids	with	a	given	d	value.	

	
	

Model 3: Hex.agonal Grid With Topological Degree of the Third Order (d=3) 
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Model 4: Square Grid With Topological Degree of the Fourth Order (d=4) - von Neumann Neighbourhood [1],[8] 

Model 5: Hexagonal Grid with Topological Degree of the Sixth Order (d=6) - Hexagonal Neighborhood [1] 

Model 6: Square Grid with Topological Degree of the Eighth Order (d=8) - Moore Neighborhood [1],[8] 

This	connectivity	between	cells	is	crucial	in	analyzing	the	epidemic	change	of	a	model.	
This	can	be	easily	demonstrated	using	a	SIR(Susceptible,	Infectious,	Recovered)	model	[4],	[5],	
and	[14],	a	model	that	provides	each	cell	with	one	of	the	three	states.	The	Susceptible	group	
consist	of	the	cells	that	have	the	potential	to	become	infected;	the	Infectious	group	are	the	cells	
that	are	infected,	and	the	Recovered	group	are	the	cells	that	have	recovered	from	the	infection.	
The	infection	spreads	accordingly	to	the	contagion	rate	𝛽	divided	by	the	connectivity	d	and	the	
cells	can	recover	accordingly	to	the	recovery	rate	𝛾.	The	ratio	of	the	contagion	rate	in	respect	
to	 the	 recovery	 rate	 is	 also	 known	 as	 the	 reproductive	 ratio,	 𝑅� =

Ò
Ó
.	 The	 spreading	 in	 the	

epidemic	 model	 will	 take	 place	 only	 if	 𝑅� > 1.	 The	 bigger	 the	 reproductive	 ratio,	 more	
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effectively	 the	 infection	would	 spread	 [10].	The	differential	 equations	 that	describe	 the	SIR	
model	is	given	as	follows	[3],	[10]:		

 

The	underlying	assumptions	of	 the	model	given	 in	 [13]	 that	will	be	used	here	are	as	
follows:	(a)	the	infection	process	is	memoryless	(i.e.	transmission	depends	on	the	current	–	and	
not	past	–	states	only);	 (b)	 the	population	has	no	preferred	direction	of	contagion;	and,	 (c)	
because	 smart	 grid	 are	 strongly	 localized	 [9],	 [18]	 and	 communication	 are	 mostly	 with	
neighbouring	 nodes	 [6],	 the	 typical	 assumption	 that	 dictates	 that	 all	 nodes	 are	 capable	 of	
contacting	one	another,	as	given	in	[12],	is	relaxed.		

Using	the	variables	and	the	concepts	introduced	above,	the	pseudocode	for	the	common	
algorithm	for	cellular	automata	can	be	written	as	below.	

	 The	above	pseudocode	can	be	 stated	as	 the	 following	 two	rules	 that	govern	 the	
computation	of	cell	states	for	the	next	generation:		

Rule	 1:	 If	 a	 node	 is	 infected	 and	 its	 neighbours	 are	 susceptible,	 the	 neighbours	 are	
infected	with	the	probability	of		Ò

Ô
.	

Rule	2:	If	a	node	is	infected,	it	can	recover	with	the	probability	of		𝛾.		
In	a	dynamic	model	using	this	pseudocode,	there	are	four	different	states	that	the	cells	

can	 have:	𝑆�(susceptible	 but	 with	 no	 infected	 neighbor)	 labeled	 -1,	 𝑆�(susceptible	 with	 an	
infected	neighbor)	labeled	0,	𝐼(infected)	labeled	1,	and	𝑅(recovered)	labeled	2.	

3. Implementation of the Smart Grid Epidemic Cellular Automata Model in 
MATLAB 

The	implementation	of	the	model	given	in	the	previous	section	in	MATLAB	is	described	
in	 this	 section.	 In	 particular,	 the	 case	 of	 d	 =	 3	 is	 described	 in	 detail.	 Given	 the	 cellular	
automaton’s	initial	state,	the	number	of	successive	generations	to	be	computed,	and	the	initial	
parameters,	an	example	of	parameter	definition	in	MATLAB	is	as	follows:  

	
	

 
% Define parameters 
N                   = 30;       % Grid dimension 
                                % Grid size - 'N x N' matrix 
gamma               = 0.005;    % Recovery rate 
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Ro                  = 1.2;      % Reproductive ratio (Ro = beta/gamma) 
                                % where beta  - contagion rate 
beta                = Ro * gamma;                                  
gen                 = 200;      % No. of generations to iterate over  
                                % - must be an integer greater than 1 
Io                  = 0.05;     % Initial proportion of infected nodes                                 
d                   = 3;        % Topological degree 
 

	
The	implementation	of	the	initialization	of	the	algorithm	in	MATLAB	is	as	follows:		

 
% Initialization 
 % Generate random grid to set initial states 
 n1 = rand(N, N) < Io ;         % Generate random grid 
 % Put the grid in the appropriate format so that:  
     % State -1 - Susceptible, So - No infected neighbours 
     % State  0 - Susceptible, S1 - With, at least, one infected neighbour 
     % State  1 - Infected (I) 
     % State  2 - Recovered (R)  
 n2 = n1 - ones(N,N); [a b] = find(n2 == 0); indices = [a b]; 
 for k = 1:length(indices) 
     n2(a(k),b(k)) = 1;  
 end 
 n3 = -1*ones(N+2, N+2);    % Boundary condition:  
                            % Set cells outside grid equal '-1' state 
 n3(2:N+1,2:N+1) = n2;  
for i = 2:N+1               % Set 'State 0' 
    for j = 2:N+1 
        if n3(i,j) == 1 
            if n3(i-1,j-1) == -1 
                n3(i-1,j-1) = 0;  
            end 
            if n3(i-1,j+1) == -1 
                n3(i-1,j+1) = 0;  
            end 
            if n3(i+1,j) == -1 
                n3(i+1,j) = 0;  
            end 
        end 
    end 
end 
  
t = 1;  n = n3(2:N+1,2:N+1);           % Initial generation             
  
% For storing states 
generation(:, :, t)   = n; 
  
% Store numbers of ...  
[row1, col1]        = find(n == -1);  
[row2, col2]        = find(n == 0);  
[row3, col3]        = find(n == 1);  
[row4, col4]        = find(n == 2);  
no_So(t) = length(row1);     % Number of Susceptibles, So  
no_S1(t) = length(row2);     % Number of Susceptibles, S1 
no_I(t)  = length(row3);     % Number of Infected (I) 
no_R(t)  = length(row4);     % Number of Recovered (R)  
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The	 implementation	 of	 the	 boundary	 conditions	 of	 the	 algorithm	 in	 MATLAB	 is	 as	

follows:		
	

 
    % Create a 'boundary conditions' matrix - 'outside grid equal '-1''    
    n3 = -1*ones(N+2, N+2); n3(2:N+1,2:N+1) = n;  
  

The	MATLAB	implementation	of	the	main	part	of	the	algorithm	that	computes	the	state	
of	each	cell	of	the	lattice	for	the	next	generation	is	as	follows:		

	
 
    % Create a 'boundary conditions' matrix - 'outside grid equal '-1''    
    n3 = -1*ones(N+2, N+2); n3(2:N+1,2:N+1) = n;  
    for i = 2:N+1                
        for j = 2:N+1 
              neighVec   = [n3(i-1,j-1) n3(i-1,j+1) n3(i+1,j)]; 
              q = n3(i,j);  
              % Apply the rules [centreCell, neighVec] 
              [centreCell, neighVec] = funcSmartGrid(q, neighVec);  
              n3(i,j) = centreCell; 
              n3(i-1,j-1) = neighVec(1);  
              n3(i-1,j+1) = neighVec(2);  
              n3(i+1,j)   = neighVec(3);  
        end 
    end 
    for i = 2:N+1               % Set 'State 0' 
        for j = 2:N+1 
            if n3(i,j) == 1 || n3(i,j) == 2  
                if n3(i-1,j-1) == -1 
                    n3(i-1,j-1) = 0;  
                end 
                if n3(i-1,j+1) == -1 
                    n3(i-1,j+1) = 0;  
                end 
                if n3(i+1,j) == -1 
                    n3(i+1,j) = 0;  
                end 
            end 
        end 
    end     
    n = n3(2:N+1,2:N+1);  % New generation  
  

	
In	the	above	code,	the	function	‘funcSmartGrid’	is	the	name	of	the	user-defined	MATLAB	

function	that	contains	(applies)	the	rules	to	a	given	cell.	The	MATLAB	implementation	of	the	
two	rules	for	computing	the	state	of	each	cell	of	the	lattice	for	the	next	generation	is	as	follows:		

	
 
% Rule 1:  
if q == 1           % Infected node 
     for i = 1:length(neighVec) 
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        if neighVec(i) == -1 || neighVec(i) == 0    
            c1 = rand;  
            if c1 < beta/d 
                neighVec(i) = 1;  
            end                 
        end 
     end 
end 
  
% Rule 2:  
if q == 1 
    c2 = rand;  
    if c2 < gamma  
        centreCell = 2;  
    end 
end 
  
 

The	 visualization	 of	 the	 simulation	 of	 two-dimensional	 cellular	 automata	 can	 be	
achieved	by	displaying	each	generation	as	a	single	 frame	 in	an	animation.	The	user-defined	
MATLAB	function	code	that	can	be	used	to	accomplish	that	is	as	follows:		

	
 
function plotGen_smartGrid(n, t) 
  
imagesc(n) 
  
% State -1 - Blue       - Susceptible, So  
% State  0 - Light blue - Susceptible, S1  
% State  1 - Yellow     - Infected (I) 
% State  2 - Red        - Recovered (R) 
  
if t == 1        
    mymap = [0 0 0.5; 0 0 1; 1 1 0];  % i.e. [Blue, Light blue, Yellow] 
else 
    mymap = [0 0 0.5; 0 0 1; 1 1 0; 1 0 0];   
                    % i.e. [Blue, Light blue, Yellow, Red] 
end 
  
colormap(mymap) 
  
title(['Network at time ' num2str(t-1)]) 
xlabel('nodes'); ylabel('nodes');  
  
drawnow 
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Results	of	simulations	created	by	using	the	code	above	are	given	below.		
	

 

Figure 1: Simulation Results for  d = 3, N = 30, γ = 0.005, R0 = 1.2, and I0 = 0.05 

 

 Figure 2: Simulation Results for  d = 4, N = 30, γ = 0.005, R0 = 1.2, and I0 = 0.05 
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Figure 3: Simulation Results for  d = 6, N = 30, γ = 0.005, R0 = 1.2, and I0 = 0.05

 

Figure 4: Simulation Results for  d = 8, N = 30, γ = 0.005, R0 = 1.2, and I0 = 0.05 



Review of Computational Science and Engineering ½Volume 3, Issue 2  95 

 

Figure 5: Infected Individuals over time for 𝑑	 = 	3, 𝑁	 = 	30, 𝛾 = 	0.005 and 𝐼� = 	0.05 

 

Figure 6: Recovered Individuals over time for 𝑑	 = 	3, 𝑁	 = 	30, 𝛾 = 	0.005 and 𝐼� = 	0.05  

 

Figure 7: Untouched Individuals over time for 𝑑	 = 	3, 𝑁	 = 	30, 𝛾 = 	0.005 and 𝐼� = 	0.05  
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Figure 8: Infected Individuals over time for 𝑑	 = 	8, 𝑁	 = 	30, 𝛾 = 	0.005 and 𝐼� = 	0.05

 

Figure 9: Recovered Individuals over time for  𝑑	 = 	8, 𝑁	 = 	30, 𝛾 = 	0.005 and 𝐼� = 	0.05 

 

Figure 10: Untouched Individuals over time for  𝑑	 = 	8, 𝑁	 = 	30, 𝛾 = 	0.005 and 𝐼� = 	0.05  
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Figure 11: Infected Individuals over time for  𝑅� 	= 	2, 𝑁	 = 	30, 𝛾 = 	0.005 and 𝐼� = 	0.05 

 

 

Figure 12: Untouched Individuals over time for  𝑅� 	= 	2, 𝑁	 = 	30, 𝛾 = 	0.005 and 𝐼� = 	0.05  

The	 figures	 1,	 2,	 3,	 4	 above	 are	 diagrams	 of	 simulations	 using	 different	 topological	
degrees,	d	=	3,	4,	6,	and	8.	Two	sets	of	 figures—5,	6,	7	and	8,	9,	10—show	the	graphs	 that	
analyze	two	different	simulations,	one	with	d	=	3	and	the	other	with	d	=	8,	respectively.	Figures	
5	and	8	express	 that	a	greater	𝑅�,	meaning	a	greater	contagion	rate	β,	 results	 in	a	stronger	
infection.	This	conclusion	agrees	in	general	with	classical	SIR	models	in,	for	instance,	[2],	[7],	
[10].	 	 Figures	6	and	9	 show	 that	 all	 cells	 eventually	 recover	 from	 the	 infection	because	 the	
percentage	 of	 cells	 that	 get	 recovered	 reach	 an	 equilibrium.	 Figures	 7	 and	 10	 imply	 that	 a	
greater	contagion	rate	leads	to	a	lower	number	of	untouched	cells	[6].		

Figure	 11	 shows	 the	 chronological	 trend	 of	 the	 number	 of	 infected	 cells	 and	 that	 of	
recovered	cells,	and	figure	12	shows	the	pattern	of	the	untouched	cells.	Each	figure	contains	
four	graphs	that	represent	the	results	of	simulations	with	different	topological	degrees	(d	=	3,	
4,	6,	8).	We	can	see	from	these	figures	that	a	lower	topological	degree	will	result	in	a	weaker	
spreading	of	the	infection.	More	specifically,	we	can	infer	that	from	figure	12,	where	the	number	
of	untouched	cells	were	relatively	lower	for	the	simulation	with	d	=	8.	Another	conclusion	we	
can	derive	from	these	figures	is	that	the	shape	of	the	cells—such	as	squares	and	hexagons—
influences	 the	spreading	of	 the	 infection.	 In	 figure	11,	 the	simulations	with	hexagonal	grids	
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(those	with	d	=3,	6)	had	the	number	of	infected	cells	reach	zero	between	Time	=	1500	and	
Time	=2000.	On	the	other	hand,	the	simulations	with	square	grids	(those	with	d	=	4,	8)	couldn’t	
get	rid	of	all	the	infected	cells	even	after	Time	=	2500.	

4. Conclusion 

	 This	research	explored	the	basics	of	cellular	automata	and	its	application	in	smart	
grids.	As	an	effective	method	to	create	epidemic	models,	cellular	automata	can	demonstrate	the	
development	of	an	epidemic	phenomenon.	Some	factors	that	make	up	an	automata,	such	as	the	
topological	degree,	significantly	influences	the	speed	at	which	the	epidemic	spreads,	as	shown	
in	 the	 study	 above.	 This	 paper	 shows	 how	 the	 topology	 of	 a	 network	 and	 the	 number	 of	
connections	between	cells	can	affect	the	ability	to	protect	smart	grids	from	online	attacks.		

Since	the	figures	and	graphs	reflect	only	one	trial	each,	it	would	be	a	hasty	generalization	
to	derive	 general	 conclusions	out	of	 this	 research.	However,	 certain	 trends	were	 shared	by	
many	of	the	simulations.	To	begin	with,	the	higher	the	topological	degree	d,	the	stronger	the	
spreading	will	be.	This	result	shows	that	if	the	cells	are	more	interconnected,	they	will	be	more	
vulnerable	to	online	attacks.	Another	observation	is	that	the	reproductive	ratio	𝑅� =

Ò
Ó
	also	has	

such	 a	 relationship	with	 the	 strength	of	 the	 epidemic	 attack.	As	 the	 contagion	 rate	𝛽	has	 a	
greater	ratio	in	respect	to	the	recovery	rate	𝛾,	the	online	attack	will	be	stronger.	An	unexpected	
finding	was	 that	 the	design	of	 the	 smart	 system	plays	an	 important	 role	 in	 security	against	
online	attacks.	It	was	found	that	smart	grids	with	hexagonal	cells,	irrelevant	to	the	topological	
degree,	 is	more	secure	than	those	with	square	cells.	Despite	the	shortage	of	data,	this	paper	
successfully	demonstrates	the	significance	of	shape	and	connectivity	in	smart	grids	and	online	
security.	

If	further	research	were	to	be	done,	the	focus	would	be	on	testing	additional	network	
topologies,	 and	 even	 perhaps	 3	 dimensional	 cellular	 automata	with	 higher	 connectivity.	 In	
addition,	research	could	be	done	on	other	applications	of	CA	epidemic	models	to	other	science	
or	computer	science	fields.		
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Researchers	know	that	genetic	mutations	in	cells	result	in	multiple	molecular	effects	that	
might	 lead	 to	 human	 diseases.	 Genetic	 mutations	 arise	 at	 different	 levels	 and	 different	
magnitudes,	including	from	a	single	nucleotide	polymorphism	to	a	missing	chromosome	or	a	
single	amino	acid	mutation	to	a	truncated	protein.	Ultimately,	the	pathological	effect	of	certain	
mutations	leads	to	a	malfunctioning	cell	or	organ,	which	can	contribute	to	disease	(Erickson,	
2003).		

We	are	all	born	with	mutations	that	we	inherit	from	our	parents,	which	are	called	germ-
line	mutations.	However,	most	mutations	are	acquired	during	our	lifetime,	which	occur	during	
cell	 division	 or	 arise	 when	 DNA	 becomes	 damaged	 by	 environmental	 factors	 such	 as,	 UV	
radiation,	chemicals	and	viruses.	When	these	mutations	arise	and	are	not	corrected	they	can	
cause	disease.	These	are	referred	to	as	somatic	mutations	(Freed,	Stevens,	&	Pevsner,	2014).	

Mutations	that	occur	due	to	viruses	arise	after	a	virus	infects	a	cell.		During	the	course	of	
these	 types	 of	 infections,	 the	 virus	 has	 the	 ability	 to	 transform	 the	 cells.	 In	 this	 sense,	 it	 is	
changes	the	properties	of	 the	cells,	making	the	cell	 loose	 it	ability	to	contact	other	cells	and	
making	it	more	migratory.		These	are	features	of	tumor	cells.	Scientists	know	that	when	a	virus	
transforms	a	cell	it	then	grows	into	a	neoplastic	mass,	which	acquires	genetic	mutations	that	
ultimately	gives	rise	to	a	fast	growing	cancer	cell	(Dulbecco,	1969).	Cancer	is	usually	caused	by	
a	succession	of	mutations	within	a	single	cell.		

A	person’s	lifestyle	can	predispose	them	to	various	diseases,	including	cancer.	These	are	
known	simply	as	lifestyle	diseases	and	are	based	on	a	person’s	way	of	living	and	occupational	
habits.	Ultimately,	 these	 types	of	diseases	are	a	 result	of	 an	 improper	 relationship	between	
people	and	their	environment.	When	poor	lifestyle	changes	are	put	in	motion,	the	onset	of	these	
types	of	diseases	is	dangerous	because	they	take	years	to	develop	and	sometimes	go	unnoticed,	
but	 when	 they	 are	 noticed	 these	 diseases	 are	 usually	 not	 easy	 to	 cure.	 Bad	 eating	 habits,	
physical	inactivity,	poor	body	posture	and	a	disturbed	biological	clock	are	all	considered	factors	
that	contribute	to	lifestyle	diseases	(Lichtenstein	et	al.,	2000).	Given	the	causes	of	these	types	
of	diseases,	it	is	clear	that	they	might	be	preventable.	The	risk	for	such	diseases	can	be	lowered	
with	changes	in	diet,	lifestyle	and	the	environment	(Sharma	&	Majumdar,	2009).		

Certain	gene	mutations	can	occur	 in	 the	somatic	 cells	of	a	developing	embryo.	These	
mutations	can	be	inherited	or	the	can	be	caused	by	environmental	factors.	In	some	cases,	they	
are	so	severe	that	they	might	prevent	an	embryo	from	surviving	to	birth	or	be	detrimental	to	
the	 life	of	 the	newborn.	Usually,	 these	mutations	occur	 in	genes	 that	are	key	players	 in	 the	
development	of	the	embryo.	Thus,	these	mutations	have	very	serious	effects	(Park	et	al.,	2008).	
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Genetic	mutations	are	a	hallmark	of	 cancer	and	allow	cancers	 to	evolve.	Cancer	 cells	
acquire	mutations	that	permit	them	to	divide	uncontrollably;	they	can	invade,	metastasize	and	
kill	 the	 host	 of	 origin.	 Cancer	 cells	 contain	 multiple	 mutations,	 and	 tumor	 progression	 is	
motivated	 by	mutagenesis.	 Researchers	 use	molecular	 techniques	 to	 uncover	mutations	 in	
cancer	cells,	and	the	up-and-coming	theory	 is	that	cancer	cell	genomes	are	unstable.	Cancer	
cells	 can	establish	 this	 instability	because	of	 the	extensive	heterogeneity	of	 the	 cancer	 cells	
within	each	tumor.	The	capacity	of	the	cancer	cells	to	continue	to	mutate	contributes	to	the	
development	of	the	tumor’s	resistance	to	chemotherapeutic	agents	(Loeb	&	Loeb,	2000).		

Mutations	can	occur	when	DNA	is	damaged	by	both	environmental	and	cellular	sources.	
Numerous	environmental	agents	that	damage	DNA	have	been	characterized	as	mutagens	and	
many	 are	 also	 human	 carcinogens.	 The	 relationship	 between	 environmental	 chemicals	 and	
human	 cancers	 has	 been	 definitively	 established	 (Loeb	 &	 Loeb,	 2000).	 Interestingly,	many	
foods	contain	natural	chemicals	that	also	damage	DNA	and	generate	similar	mutations	(Ames,	
Gold,	&	Willett,	1995).	In	addition,	some	studies	show	that	the	risk	of	acquiring	a	mutation	as	a	
result	of	the	consumption	of	natural	DNA-damaging	chemicals	from	foods	is	greater	than	the	
exposure	to	the	DNA-damaging	chemicals	produced	by	industries	(Ames,	Profet,	&	Gold,	1990).	
Thus,	we	propose	that	a	significant	number	of	cancer	cases	can	be	prevented	through	lifestyle	
changes.	

Background 

According	to	the	National	Cancer	Institute,	cancer	is	the	second	leading	cause	of	death	in	
the	U.S.	It	is	estimated	that,	in	2016,	1,685,210	new	cases	of	cancer	will	be	diagnosed	in	the	U.S.	
and	 595,690	 people	will	 die	 from	 the	 disease.	 Four	 common	 lifestyle	 factors,	 tobacco,	 diet,	
alcohol	 and	 obesity,	 are	 said	 to	 cause	 one	 third	 of	 all	 cancers.	 Since	 the	 completion	 of	 the	
sequencing	of	the	human	genome,	the	public	and	scientists	are	turning	to	the	human	genome	
for	solutions	to	diagnosis,	prevent,	and	treat	of	cancer,	with	the	thought	that	the	mutation	found	
will	be	inherited,	but	increasing	evidence	suggests	that	it	is	not	these	mutations	that	are	the	
most	worrisome.	 In	 fact,	 it	 is	 the	mutations	 caused	by	 lifestyle	 changes	 that	 have	 the	most	
influence	on	cancer.		This	is	shown	through	observational	studies	that	indicate	that	as	humans	
migrate	 from	 one	 country	 to	 another,	 the	 chance	 of	 being	 diagnosed	 with	 cancer	 is	 not	
determined	 not	 by	 the	 country	 of	 origin	 but	 by	 the	 new	 country,	 which	 indicates	 an	
environmental	 factor	 (Kolonel,	 Altshuler,	 &	 Henderson,	 2004).	 In	 addition,	 identical	 twins	
studies	suggest	that	genes	are	not	the	primary	source	of	cancer.	In	fact,	it	is	said	that	90–95%	
of	our	most	chronic	illnesses	are	caused	by	lifestyle	and	the	environment	not	inherited	genes	
(Hamilton	&	Mack,	2003).	

It	is	estimated	that	approximately	35%	of	all	cancers	in	the	U.S.	are	caused	by	diet,	and	
this	number	varies	depending	on	the	type	of	cancer.	The	mechanism	of	how	diet	contributes	to	
cancer	 is	 not	 fully	 understood.	 Most	 ingested	 carcinogens,	 such	 as	 nitrates,	 nitrosamines,	
pesticides	and	dioxins,	come	from	food.	In	addition,	saturated	fatty	acids,	trans	fatty	acids	and	
refined	 sugars	and	 flour,	which	are	present	 in	a	 large	amount	of	 foods,	 are	associated	with	
various	cancers	(Willett,	2000).			

The	 risk	 of	 developing	 at	 least	 14	 types	 of	 cancers	 increases	with	 tobacco	 use.	 It	 is	
estimated	that	about	25–30%	of	all	deaths	from	cancer	are	due	to	tobacco	use,	and	tobacco	use	
is	the	cause	of	87%	of	deaths	from	lung	cancer.	The	carcinogenic	effects	of	smoking	are	well	
documented.	 Tobacco	 contains	 at	 least	 50	 carcinogens.	 The	 mechanism	 of	 how	 smoking	
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contributes	to	cancer	is	not	clear,	but	smoking	alters	a	large	number	of	cell-signaling	pathways	
that	are	involved	in	inflammation,	which	is	linked	to	cancer	(Irigaray	et	al.,	2007).		

A	 Westernized	 diet	 and	 lifestyle	 are	 associated	 with	 an	 increased	 occurrence	 of	
overweight	people	in	many	developing	countries.	The	Westernized	diet,	in	combination	with	a	
sedentary	lifestyle,	contribute	to	obesity.	According	to	the	American	Cancer	Society,	obesity	is	
associated	with	an	increased	mortality	from	colon,	breast,	endometrium,	kidney,	esophagus,	
gastric,	pancreas,	prostate,	gallbladder,	and	liver	cancer	(Calle,	Rodriguez,	Walker-Thurmond,	
&	Thun,	2003).	On	the	other	hand,	increased	physical	activity	is	associated	to	as	much	as	30%	
decrease	 in	 mortality	 due	 to	 cancer	 (Patterson,	 Cadmus,	 Emond,	 &	 Pierce,	 2010).	 These	
findings	 lead	 to	 the	 hypothesis	 that	 an	 alteration	 in	 lifestyle	 patterns	 to	 minimize	 risk	 of	
exposure	to	mutagens	and	carcinogens	may	be	helpful	in	preventing	its	pathogenic	effects.	The	
first	half	of	this	research	paper	begin	with	a	description	of	the	types	of	mutations,	their	sources	
and	effects,	 the	significance	of	developmental	 timing	 in	mutagenesis	and	 the	ways	 in	which	
mutations	progress	to	cancer.	In	the	second	half,	the	potential	ways	of	reducing	mutation	rates	
and	risk	to	cancer	through	the	alteration	of	lifestyle	patterns	are	discussed.		

The Various Forms and Types of Mutations 

Mutations	occur	both	spontaneously	and	through	the	effect	of	environmental	agents	in	
a	cell.	While	de	novo	or	spontaneous	mutations	occur	during	mitotic	divisions	and	represent	
mostly	single	nucleotide	changes	 that	are	overlooked	by	 the	proofreading	machinery	of	 the	
DNA	polymerase,	the	other	kind	may	occur	at	any	time	during	the	cell	cycle.	Mutations	may	be	
directly	 inherited	 from	 parental	 cells	 due	 to	 pre-existing	mutations	 in	 the	 parental	 gonads	
(Campbell	et	al.,	2005).	These	mutations	will	be	present	in	all	the	cells	of	the	progeny	and	are	
called	 germ-line	mutations.	 On	 the	 other	 hand,	mutations	may	 occur	 after	 fertilization	 and	
during	embryogenesis	and	development.	These	are	called	somatic	mutations.	In	this	case,	the	
developmental	 timing	 for	 the	 onset	 of	 the	mutation	 event	 becomes	 really	 important	 for	 its	
manifestation	in	the	progeny	(Campbell	et	al.,	2005).	If,	for	example,	the	mutation	occurs	during	
the	 first	 few	divisions	of	 the	 fertilized	zygote,	most	of	 the	cells	of	 the	progeny	manifest	 the	
mutation.	If	the	mutation	occurs	after	left-right	specification	has	happened	(which	is	about	the	
8-celled	stage	in	mice	but	as	yet	undetermined	in	humans),	one	side	of	the	progeny	alone	shows	
the	consequences	of	the	mutation	(Campbell	et	al.,	2015).	Most	human	diseases	show	a	left-
right	 non-specific	 mutation	 distribution,	 suggesting	 the	 vulnerability	 of	 the	 first	 few	 cell	
divisions	 during	 embryonic	 development.	 A	 reliance	 on	 maternally	 inherited	 cellular	
machinery	including	the	factors	for	DNA	replication	and	gene	expression	further	increase	the	
risk	of	mutations	in	the	progeny.	

Although	the	entire	period	of	embryogenesis	is	vulnerable	to	mutations,	the	formation	
of	 the	primordial	 germ	cells,	which	 later	develop	 into	 the	gonad,	 is	 an	especially	 important	
period.	Mutations	in	these	cells	can	lead	to	gonadal	dysfunction	in	the	progeny	or	may	cause	
mutations	 to	 be	passed	on	 to	 the	next	 generation	 (Campbell	 et	 al.,	 2005;	 Freed,	 Stevens,	&	
Pevsner	2014).	If	the	mutation	in	the	primordial	germ	cells	occur	before	their	differentiation,	
all	 the	 cells	 of	 the	 gonads	 may	 carry	 the	 mutation.	 However,	 mutations	 that	 occur	 after	
differentiation	are	most	likely	to	be	somatic	and	therefore	confined	to	a	small	proportion	of	
cells.	

Somatic	mutations	 can	 range	 from	 single	 nucleotide	 polymorphisms	 (SNPs)	 to	 large	
chromosomal	 structural	 aberrations	 and	 aneuploidy.	 SNPs	 involve	 a	 variation	 in	 a	 single	
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nucleotide	base	(purine	or	pyrimidine)	and	are	classified	as	either	transitions	(when	a	purine	
or	pyrimidine	base	is	substituted	by	another	of	the	same	type)	or	transversions	(when	a	purine	
is	substituted	with	a	pyrimidine	and	vice	versa)	(Campbell	et	al.,	2005).	SNPs	are	found	in	all	
individuals	and	are	not	always	associated	with	disease	conditions.	In	addition	to	SNPs,	small	
insertions	and	deletions	(involving	up	to	200	base	pairs),	called	indels,	are	also	found	and	here,	
only	about	20%	of	 the	 indel	mutations	are	known	 to	be	associated	with	disease	 conditions	
(Campbell	 et	 al.,	 2015).	 The	 presence	 of	 indel	 mutations	 is	 associated	 with	 impaired	
polymerase	proofreading	or	DNA	repair	responses	(Freed,	Stevens,	&	Pevsner	2014).	

In	 the	 normal	 human	 genome,	 there	 are	 extensive	 regions	 of	 trinucleotide	 repeat	
sequences	in	both	coding	and	noncoding	regions.	Contraction	or	expansion	from	the	normal	
number	 of	 repeats	 is	 associated	 in	 many	 cases	 with	 pathological	 conditions.	 For	 example,	
expansion	 of	 trinucleotide	 repeat	 sequences	 in	 the	 HD	 gene	 is	 associated	 with	 onset	 of	
Huntington’s	disease	(the	larger	the	expansion,	the	earlier	the	disease	onset)	(Campbell	et	al.,	
2015).	 Transposable	 elements	 like	 LINE-1	 are	 capable	 of	 autonomously	 moving	 from	 one	
genetic	locus	to	another	in	the	genome.	Insertion	into	a	coding	sequence	can	therefore	alter	
transcription	and	alternate	splicing	events,	and	may	lead	to	the	accumulation	of	non-functional	
mutation	 protein	 product	 that	 might	 characterize	 disease	 conditions.	 LINE-1	 elements	
mediated	 autonomous	 transposition	 is	 regulated	 by	 epigenetic	 suppression.	 However,	 in	
uniparental	 disomy,	 the	presence	 of	 two	 copies	 of	 the	 chromosomes	 from	 the	 same	parent	
alters	the	pattern	of	epigenetic	suppression	during	the	initial	stages	of	embryonic	development,	
causing	disease	conditions	like	choroideremia	(Freed,	Stevens,	&	Pevsner,	2014).	

	 Apart	 from	 small	 genetic	 aberrations,	 cell	mutations	may	 also	 be	manifested	 as	
structural	aberrations	and	chromosomal	aneuploidy.	The	former	occurs	predominantly	during	
meiotic	 recombination	 and	 through	 non-homologous	 end	 joining	 mechanisms.	 The	 latter	
occurs	usually	due	to	nondisjunction	during	meiosis	and	can	result	in	the	loss	or	gain	of	a	part	
or	whole	of	a	chromosome.	The	chances	of	meiotic	nondisjunction	increases	with	increase	in	
maternal	age	(Campbell	et	al.,	2015).	Common	examples	of	pathologies	due	to	chromosomal	
aneuploidy	Down’s	syndrome	(trisomy	21),	Klinefelter’s	syndrome	(XXY)	and	monosomy	X.	In	
these	diseases,	the	severity	of	the	condition	is	directly	proportional	to	the	degree	of	mutation	
penetrance.	In	other	words,	the	presence	of	trisomy	21	is	just	a	few	cell	types	causes	a	milder	
form	of	the	condition	(milder	symptoms).	In	some	instances,	trisomies	may	be	rescued	when	
progeny	mitotic	divisions	cause	the	loss	of	one	chromosome	copy.	In	such	cases,	a	condition	
called	uniparental	disomy	may	occur	in	which	both	copies	of	the	chromosome	in	the	progeny	
are	from	a	single	parent	(Campbell	et	al.,	2015;	Freed,	Stevens,	&	Pevsner,	2014).	

Sources and Lifestyle Causes of Mutations 

Environmental	 agents	 contribute	 to	 different	 extents	 in	 the	 causation	 of	 cancers.	
Tobacco	 is	 the	single	 largest	contributor	accounting	 for	up	 to	35%	of	cancer-related	deaths	
(Anand	et	al.,	2008).	High	fat	foods	and	red	meat	consumption,	and	infections	contribute	to	up	
to	30%		and	20%	of	deaths	due	to	cancer	respectively.	The	remaining	15%	of	cancer	deaths	are	
associated	with	radiation	and	pollutants	exposure,	stress,	and	physical	inactivity	(Anand	et	al.,	
2008)	(Figure	1).	
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Figure 1. Contributions of Genes and Environmental Agents to Mutations (Source: Anand et al., 2008) 

Tobacco 

Tobacco	 has	 been	 established	 as	 to	 contain	 more	 than	 50	 carcinogens,	 which,	 like	
benzopyrenediol	epoxide	is	linked	directly	with	the	cause	of	lung	cancer	(Anand	et	al.,	2008).	
All	the	regions	of	the	mouth,	including	the	lips	and	gums	may	be	affected	by	external	mutagens	
like	smoking	or	chewing	tobacco	(Proia	et	al.,	2006).	Tobacco-associated	chemicals	activate	the	
NFκB	inflammatory	response	pathway,	which	in	turn	lead	to	alterations	in	gene	expression	and	
lead	to	malignant	formation	(Anand	et	al.,	2008).	There	is	also	recent	evidence	suggesting	that	
paternal	 smoking	up	 to	6	months	before	 conception	can	 lead	 to	germ-line	mutations	 in	 the	
CEB1	minisatellite	loci	of	the	child	(Linschooten	et	al.,	2016).	Smoking	or	chewing	tobacco	is	
directly	correlated	with	the	presence	of	micronuclei	in	oral	cells,	and	with	anaphase	bridges	
and	 chromosome	 instability	 in	 cultured	 fibroblast	 cells.	Micronuclei	 result	 due	 to	 improper	
chromosome	 segregation	during	 cell	 division	 and	 is	 suggested	 to	 be	 an	 effective	 diagnostic	
biomarker	for	oral	cancer	(Proia	et	al.,	2006).	Smoking	tobacco	has	also	been	associated	with	
increased	presence	of	bacteria	like	Staphylococcus	aureus	on	the	oral	mucosa	(El	Ahmer	et	al.,	
1999;	Gordon,	2002).	A	greater	than	6-fold	increased	risk	is	associated	with	current	smokers	
for	shortened	telomeres	in	the	buccal	cells	and	subsequent	oral	cancer	(Broberg,	2005).	

One	 of	 the	 molecular	 mechanisms	 that	 explains	 the	 mutagenic	 property	 of	 tobacco	
smoke	 involves	 the	 activation	 of	 the	 BCL-XL	 gene	 that	 suppresses	 the	 apoptotic	 response.	
Exposure	of	cells	in	vitro	to	cigarette	smoke	increases	expression	of	this	gene	and	that	of	its	
upstream	activator,	the	CCAAT	element	binding	protein	beta	transcription	factor	(Perez-Solis	
et	 al.,	 2016).	 The	 nicotine	 present	 in	 tobacco	 is	 also	 suggested	 to	 induce	 protein	 kinase	 B	
activity,	which	in	turn	leads	to	the	expression	of	the	anti-apoptotic	BCL-2	gene	(Perez-Solis	et	
al.,	2016).	

Alcohol 

There	is	a	7.1%	increased	cancer	risk	for	every	10g	per	day	alcohol	consumption	(Anand	
et	al.,	2008).	Alcohol	is	metabolized	to	acetaldehyde	and	oxidative	free	radicals,	which	in	turn	
cause	oxidative	stress	and	altered	cellular	metabolism.	In	addition,	alcohol	also	activates	the	
NFκB	pro-inflammatory	 response	 and	 functions	 additively	with	 the	 carcinogens	 in	 tobacco.	
Finally,	alcohol	also	 induces	cytochrome	P450-2E1,	which	 increases	production	of	oxidative	
free	 radicals	 that	 can	directly	bind	 to	 the	genome	and	 cause	point	mutations	 (Anand	et	 al.,	
2008).	Chronic	alcohol	abuse	also	 leads	 to	cirrhosis	of	 the	 liver	and	 is	associated	with	 liver	
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cancer	as	well.	Alcohol	consumption	also	increases	the	rate	of	mutations	in	the	K-RAS	gene,	
increasing	the	risk	to	rectal	cancer	by	several	fold	(Bongaerts	et	al.,	2006).	

Diet 

Diet	 is	 another	 important	 causative	 agent	 for	 mutations	 and	 hence	 a	 risk	 factor	 for	
cancer.	Smoked	and	cured	red	meat	is	consumed	extensively	in	the	United	States	and	has	been	
associated	with	 increased	 risk	 to	 cancers	 of	 the	 prostate,	 gastrointestinal	 tract,	 and	mouth	
(Anand	 et	 al.,	 2008).	 Chemicals	 used	 for	 preservation,	 like	 nitrate	 compounds,	 and	 those	
produced	during	cooking	and	smoking	the	meat,	like	pyrolysates	and	heterocyclic	compounds	
are	all	known	mutagens	(Anand	et	al.,	2008).		

Obesity 

Obesity	 is	 linked	 to	 increased	 risk	 to	 breast	 cancer,	 especially	 in	 post-menopausal	
women.	In	these	women,	the	sole	source	of	estrogen	is	the	adipose	tissue	and	as	the	quantity	
of	stored	lipids	 increase,	these	tissues	release	leptin,	 the	satiety	hormone	(Perez-Solis	et	al.,	
2016).	In	addition	to	this	role	in	suppressing	appetite,	leptin	also	interacts	with	receptors	on	
certain	adipose	tissue	associated	cell	types,	causing	a	host	of	signaling	pathways	to	be	activated,	
all	of	which	lead	to	accelerated	cell	growth	and	division	(Perez-Solis	et	al.,	2016).	In	this	way,	
obesity	regulates	and	alters	transcription	of	specific	downstream	genetic	elements,	which	in	
turn	have	a	malignant	effect.	

Infectious Agents 

Infectious	agents	like	viruses	are	associated	with	the	causation	of	about	17%	of	cancers	
globally.	Of	these,	the	Human	papillomavirus	(HPV),	Epstein	Barr	virus,	and	Kaposi’s	sarcoma	
associated	herpes	virus	are	most	significant	(Anand	et	al.,2008).	Viruses	can	 lead	to	genetic	
mutations	either	directly	or	indirectly.	HPV	induces	the	activation	of	viral	genes	E6	and	E7,	and	
these	gene	products	directly	bind	to	and	mutate	host	cell	DNA.	On	the	other	hand,	other	viruses	
like	the	Hepatitis	B	and	C	virus	activate	inflammatory	pathways,	 including	that	of	NFκB	and	
produce	oxidative	free	radicals,	and	thereby	indirectly	contribute	to	mutagenesis	of	the	host	
genome	(Belpomme	et	al.,	2007).	

Environmental Pollutants and Radiation 

Large-scale	 use	 of	 xenochemicals	 began	 with	 the	 industrial	 revolution	 and	 although	
these	have	made	excellent	inroads	in	the	domains	of	energy,	transport	and	agriculture,	there	
has	also	been	significant	negative	effects.	The	most	important	is	the	extensive	pollution	and	the	
release	 of	 several	 toxicologically	 untested	 chemicals	 into	 the	 environment.	 Occupational	
exposure	to	chemicals	has	been	known	to	cause	cancer	since	1775	and	several	chemicals	have	
been	 enlisted	 as	 known	 carcinogens	with	 severe	 restrictions	 or	 complete	 ban	 on	 their	 use	
(Belpomme	et	al.,	2007).	However,	the	ban	from	paper	policies	to	practice	sometimes	take	over	
70	years,	as	in	the	case	of	asbestos	in	Europe.	Occupational	exposure	to	asbestos	is	associated	
with	 lung	 cancers	 and	 mesotheliomas	 (Belpomme	 et	 al.,	 2007).	 Polycyclic	 aromatic	
hydrocarbons	and	other	pollutants	including	vehicular	exhaust,	pesticides,	tobacco	smoke	and	
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food	additives	like	dioxin	and	nitrates	are	all	associated	with	a	variety	of	cancers	including	lung	
cancer,	childhood	leukemia	and	sarcomas	(Anand	et	al.,	2008).	These	compounds	may	lead	to	
cancer	 causing	 mutations	 through	 the	 augmentation	 of	 oxidative	 stress	 and	 inflammatory	
responses.	

Occupational	exposure	among	parents	 is	doubly	dangerous	as	 it	 increases	 the	risk	 to	
mutations	and	susceptibility	to	congenital	disorders	in	the	next	generation	as	well	(Belpomme	
et	al.,	2007).	This	is	especially	the	case	for	radiation.	Exposure	to	UV	rays	from	the	sunlight	and	
tanning	salons	is	associated	with	many	forms	of	skin	cancers	including	malignant	melanomas.	
Living	close	to	regions	that	produce	low	frequency	electromagnetic	radiation,	ionizing	and	non-
ionizing	 radiation	 from	 radionucleides	 leads	 to	 increased	 risk	 to	 various	 cancers	 including	
breast	cancer	and	leukemia.	More	specifically,	Belpomme	et	al.	(2007)	show	that	the	risk	to	
leukemia	increases	three	fold	among	children	living	at	a	distance	of	200m	from	high	voltage	
power	lines	compared	to	those	living	600m	away.	It	is	suggested	that	electromagnetic	radiation	
leads	to	epigenetic	alterations	of	the	genome	and	thereby	make	the	genome	more	vulnerable	
to	improper	gene	expression	and	mutations.	

In	addition	to	being	caused	by	external	agents,	mutations	may	also	occur	spontaneously	
through	day	to	day	wear	and	tear	(Alberts	et	al.,	2002).	For	example,	spontaneous	depurination	
occurs	when	 the	N-glycosidic	 linkages	 connecting	purine	bases	 to	deoxyribose	 sugar	break.	
Similarly,	a	large	number	of	pyrimidine	bases	undergo	deamination	whereby	they	lose	their	
reactive	amino	group	that	helps	them	form	hydrogen	bonds	with	purines	(Alberts	et	al.,	2002).	
UV	rays	cause	covalent	linkages	to	form	between	adjacent	pyrimidines,	like	thymine	dimers,	
that	 can	 lead	 to	 subsequent	 deletion	 of	 DNA	 base	 pairs.	 To	 ensure	 that	 such	 spontaneous	
changes	 are	 immediately	 detected	 and	 repaired,	 the	 cells	 possess	 several	 different	 repair	
mechanisms,	like	DNA	base	excision	repair	where	the	altered	base	is	detected,	removed	and	
replaced	 by	 the	 correct	 one,	 and	 non-homologous	 end	 joining,	 which	 happens	 when	 both	
strands	of	the	DNA	undergo	breaks	(Alberts	et	al.,	2002).	

Mutations during Embryogenesis 

Depending	on	the	developmental	timing	of	mutations,	a	person	may	be	homozygous	to	
the	mutation	or	may	show	mosaicism,	a	phenomenon	by	which	some	selected	cells	show	the	
mutation	while	others	remain	genetically	normal	(Campbell	et	al,.	2015).	During	the	process	of	
conception	and	childbearing,	mutations	may	occur	at	any	time	or	in	any	cell:	it	may	be	present	
in	the	germ	cells	of	the	parents,	or	may	occur	following	the	formation	of	the	zygote,	during	the	
initial	stages	of	embryogenesis,	during	the	formation	of	the	placenta,	and	so	on.	In	each	case,	if	
the	mutations	 occur	 following	 specification	 or	 differentiation,	 they	 are	 usually	 limited	 to	 a	
particular	cell	type.	Mutations	occurring	in	nascent	and	undifferentiated	cells	are	more	prone	
to	affect	large	areas	of	the	future	progeny	as	these	are	pluripotent	and	can	therefore	form	many	
different	 types	 of	 cells.	 Mutagenesis	 during	 human	 embryogenesis	 seems	 to	 occur	
predominantly	in	the	post-zygotic	stage	and	may	therefore	not	be	de	novo	inherited	mutations	
from	 the	 parents.	 Using	 a	 combination	 of	 in	 vitro	 fertilization	 and	 microarray	 guided	
fluorescent	 in	 situ	 hybridization	 techniques,	 Vermeesch	 (2011)	 has	 identified	 several	
chromosomal	 structural	 and	 functional	mutations	 in	 the	 blastomeres,	which	 has	 led	 to	 the	
conclusion	that	the	cleavage	stage	during	embryogenesis	is	the	most	vulnerable	to	mutagenesis	
of	either	parental	or	environmental	origin.	The	post-zygotic	incidence	of	mutations	is	further	
reinforced	by	different	sequencing	techniques.	Several	mutations	in	the	post-zygotic	embryos	
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are	mosaics,	suggesting	 that	 they	occurred	during	the	 later	rather	 than	the	earlier	stages	of	
embryogenesis	(Acuna-Hidalgo	et	al.,	2015).	

Progression from Mutations to Cancer 

That	mutations	 can	 lead	 to	 cancer	 is	 a	 known	 fact.	 It	 has	 been	 over	 a	 century	 since	
Theodor	 Boveri	 observed	 genetic	 instability	 in	 cancer	 cell	 karyotypes	 and	 Alfred	 Knudson	
proposed	the	‘two-hit’	hypothesis	for	the	causation	of	cancer	(Freed,	Stevens,	&	Pevsner,	2014).	
According	 to	 this	hypothesis,	carcinogenesis	required	at	 least	 two	mutations	 to	manifest.	 In	
other	words,	accumulation	of	mutagenic	changes	in	the	genome	over	time	can	lead	to	genetic	
instability,	which	is	one	of	the	hallmarks	of	cancer.	For	example,	refractory	chronic	lymphocytic	
leukemia	affects	several	thousands	of	people	each	year	and	in	40%	of	these	patients,	the	TP53	
gene	shows	mutations,	especially	in	the	purine	residues	(Lazarin	et	al.,	2016).	This	is	an	early	
indicator	for	the	disease	and	over	time,	these	mutations	lead	to	karyotypic	alterations	in	the	
genome,	corresponding	to	the	chronic	nature	and	severity	of	the	disease	condition	(Lazarin	et	
al.,	2016).		

In	addition	to	the	loss	of	function	mutations	of	TP53,	chronic	lympocytic	leukemia	is	also	
characterized	by	mutations	in	the	gene	coding	for	the	CD38	protein,	deletion	mutation	in	the	
long	arm	of	chromosome	11	(11q22.3),	and	somatic	mutations	in	the	immunoglobulin	heavy	
chain	variable	regions	(IgVH)	(Rassenti	et	al.,	2004).	The	immunoglobulin	heavy	chain	variable	
gene	 segments	 (VDJ)	 undergo	 recombinations	 to	 allow	 the	 diversity	 inherent	 in	
immunoglobulin	classes	and	hence	mutations	in	these	regions	or	in	genes	that	control	these	
recombinations	can	understandably	lead	to	leukemia	severity.	One	such	gene	is	the	ZAP70	that	
codes	 for	 a	 tyrosine	 receptor	 protein	 which	 is	 essential	 for	 signaling	 pathways	 in	 the	 T-	
lymphocyte.	It	is	now	known	that	requirement	of	therapeutic	interventions	is	increased	almost	
5	fold	in	patients	who	are	ZAP70-positive	than	those	who	have	ZAP70-negative	leukemia	and	
the	 risk	 for	 requiring	 therapy	 further	 increases	 if	 these	 conditions	 are	 combined	 with	
mutations	in	the	IgVH	gene	segments	as	well	(Rassenti	et	al.,	2004).		

Preventing Mutations through Lifestyle Changes 

Lifestyle	 factors	 that	 contribute	 to	 risk	 to	 cancer	 and	 other	 illnesses,	 including	
neurodegenerative	disorders	like	Parkinson’s	disease	include	smoking	and	chewing	tobacco,	
alcohol,	high	body	mass	index	(overweight	and	obesity),	improper	diet,	infectious	agents,	and	
environmental	pollutants.	Therefore	avoiding	these	risk	factors	by	not	consuming	tobacco	or	
alcohol,	changing	to	a	healthy	diet	rich	in	fruits	and	vegetables,	and	altering	lifestyle	practices	
like	increasing	physical	activity,	and	reducing	unhygienic	practices	that	cause	infections,	can	all	
significantly	 reduce	 illness	 risk.	 While	 a	 complete	 review	 of	 the	 anti-cancer	 effects	 of	
phytochemical	 agents	 is	beyond	 the	 scope	of	 this	paper	and	 the	 reader	 is	directed	 to	 some	
excellent	reviews	of	the	same	(Aggarwal	&	Shishodia,	2006;	Jaganathan	&	Supriyato,	2012),	a	
brief	overview	of	these	natural	agents	and	their	suggested	mechanism	of	anti-cancer	action	is	
mentioned	in	the	following	paragraphs.	
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Diet 

Fruits,	vegetables	and	various	spices	like	turmeric,	ginger	and	garlic	have	thousands	of	
phytochemicals	 and	 reactive	 agents	 that	 directly	 act	 on	 various	 cell	 signaling	 pathways	 to	
counteract	 carcinogenesis.	 Carotenoids	 like	 lycopene	 is	 found	 in	 fruits	 like	 tomatoes,	
watermelon,	and	grapefruit	and	is	suggested	to	reduce	tumorigenesis	by	interfering	with	cell	
proliferation	 by	 causing	 cell	 cycle	 arrest,	 and	 improving	 free	 radical	 scavenging	 and	
detoxification	of	cellular	systems.	Resveratrol	is	another	potential	anti-cancer	agent	found	in	
peanuts	and	grapes	that	causes	its	effect	through	inhibition	of	cell	proliferation	and	induction	
of	cellular	apoptotic	pathways,	suppression	of	NFκB	mediated	transcription	and	angiogenesis,	
and	 other	 related	 mechanisms.	 Other	 phytochemicals	 include	 quercetin	 (3,3’,4’,5,7-
pentahydroxyflavone)	 (Russo,	 2007),	 silymarin	 (taxifolin)	 (Agarwal	 et	 al.,	 2006),	 indole-3-
carbinol	(Rogan,	2006),	and	sulforaphane	(isothiocyanate	compound)	(Juge,	Mithen,	&	Traka,	
2007),	which	are	all	found	in	fruits	and	vegetables	that	counteract	carcinogenesis	by	blocking	
cell	 proliferation,	 free	 radical	 generation,	 angiogenesis,	 and	metastasis	 (Anand	et	 al.,	 2008)	
(Figure	2).	

 

Figure 2. Chemical Structures of Phytochemicals and Bioactive agents present in fruits, vegetables, tea and spices that are known to 
possess anti-cancer activities (Source: Aggarwal & Shishodia, 2006) 

Chemical	agents	present	in	spices	include	curcumin	(turmeric),	capsaicin	(red	chilies),	
diallyldisulfide	(garlic),	and	eugenol	(cloves	and	cinnamon)	(Anand	et	al.,	2008).	Curcumin	acts	
on	 a	 variety	 of	 signaling	pathways	 to	 activate	 cell	 death	programs.	 In	 one	 case,	 it	 activates	
caspase-3	 and	 caspase-8,	 both	 of	 which	 are	 cysteine	 proteases	 involved	 in	 the	 apoptotic	
machinery	of	the	cell.	Caspase-8	is	also	a	mediator	of	mitochondrial	cell	death	pathway	that	
involves	cytochrome-3	release	(Ravindran,	Prasad,	&	Aggarwal,	2009).	In	another	mechanism,	
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curcumin	activates	pro-apoptotic	receptors	 like	TRAIL	and	augments	expression	of	proteins	
like	 Bax	 and	 C/EBP	 homologous	 protein,	 which	 induce	 apoptosis	 (Ravindran,	 Prasad,	 &	
Aggarwal,	 2009).	 High	 concentrations	 of	 curcumin	 also	 causes	 direct	 DNA	 breakage	 and	
fragmentation	under	in	vitro	conditions	(Ravindran,	Prasad,	&	Aggarwal,	2009).	Similar	pro-
apoptotic	mechanisms	are	seen	in	the	case	of	the	phenylpropene	eugenol,	which	is	 found	in	
clove	oil.	In	melanoma	cell	 lines,	about	1µg	of	eugenol	and	its	methyl	derivatives	inhibit	cell	
growth	and	proliferation	by	40-80%	by	down-regulating	expression	of	the	E2F	transcription	
factors	(Jaganathan	&	Supriyato,	2012).	Eugenol	also	functions	by	activating	pro-apoptotic	and	
pro-inflammatory	 pathways	 in	 cancer	 cell	 lines	 which	 lead	 to	 tumor	 growth	 reduction	
(Jaganathan	&	Supriyato,	2012).	

Tea	is	another	substance	that	is	associated	with	anti-cancer	properties.	Tea	is	the	most	
common	beverage	consumed	globally	after	water	and	for	several	years,	studies	have	focused	
on	 the	 identification	 of	 the	 components	 of	 tea	 and	 their	 individual	 chemical	 and	 biological	
properties.	One	of	 the	most	 important	chemical	agents	 found	 in	 tea	are	catechins,	 including	
epigallocatechin	and	epigallocatechin	3-gallate	 (Anand	et	 al.,	 2008).	Green	 tea	 is	 associated	
with	improving	metabolic	rates,	aiding	weight	loss,	and	improving	immunity.	It	also	has	potent	
anti-cancer	activities	against	hepatic	and	prostate	cancers	and	can	be	consumed	in	relatively	
large	doses	(up	to	about	3	L	per	day)	without	adverse	effects	(Anand	et	al.,	2008).	

Tobacco and Alcohol Abstinence 

Smoking	 cessation	 is	 associated	 with	 lowered	 risk	 to	 lung	 cancer	 (Khan,	 Afaq,	 &	
Mukhtar,	 2010).	While	 the	 risk	 reduces	 to	 some	 extent	 from	 the	 point	 of	 cessation	 of	 the	
practice,	greater	benefit	(greater	risk	reduction)	is	seen	among	people	who	stop	using	tobacco	
earlier	than	those	who	quit	when	they	are	older	(Khan,	Afaq,	&	Mukhtar,	2010).	When	smokers	
and	non-smokers	are	compared,	smokers	are	more	prone	to	early	onset	colorectal	cancer	as	
well	(Khan,	Afaq,	&	Mukhtar,	2010).	

There	seems	to	be	a	direct	relation	between	alcohol	consumption	and	risk	to	cancers.	
Compared	to	non-alcoholics,	people	who	consume	at	least	2	drinks	per	day	have	a	higher	level	
of	chromosomal	aberrations	and	micronuclei	(Maffei	et	al.,	2001).	This	suggests	that	abstinence	
reduces	risk	to	such	mutations	and	a	consequently	reduced	risk	to	pathology.	

Physical Activity 

Sedentary	behavior	is	one	of	the	commonly	known	risk	factors	for	cancer	and	a	variety	
of	 other	metabolic	 disorders.	 Inactivity	 is	 associated	with	 increased	 time	 for	 food	 to	 travel	
through	the	gastrointestinal	tract,	with	a	longer	exposure	time	of	the	gastric	tract	to	several	
food-borne	carcinogens	and	infectious	agents,	and	a	concomitant	increase	in	colon	cancer	risk	
(Anand	et	al.,	2009).	It	is	also	evident	that	exercising	5-7	times	per	week	decreases	the	risk	of	
melanoma	 incidence	 by	 56%	 in	 men	 and	 72%	 in	 women	 when	 compared	 with	 sedentary	
activities	during	the	same	period	(Shors	et	al.,	2001).	

Summary	and	Conclusion	
Mutations	occur	both	spontaneously	due	to	inherent	errors	in	the	DNA	replication	and	

repair	machinery	or	may	be	orchestrated	through	inherited	or	environmental	means.	Inherited	
mutations,	or	germ-line	mutations	are	passed	on	from	the	parent	to	the	progeny	in	the	germ	
cells	 while	 environmental	 or	 somatic	 mutations	 affect	 a	 small	 portion	 of	 the	 body	 cells,	
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resulting	in	mosaicism.	Mutations	range	from	single	nucleotide	changes,	small	insertions	and	
deletions,	to	large	structural	alterations	in	the	chromosomes	and	aneuploidy.	The	severity	of	
the	mutation	is	proportional	to	its	effect	in	that	large	chromosomal	alterations	are	more	prone	
to	 causing	 pathological	 syndromes	 or	 death	 compared	 to	 SNPs.	 The	 cleavage	 stages	 during	
embryogenesis	 are	 particularly	 vulnerable	 to	 mutations	 and	 the	 developmental	 timing	 of	
mutagenesis	can	determine	the	overall	effect	on	the	embryo.	

While	the	presence	of	single	genetic	anomalies	may	immediately	point	to	a	particular	
disease	 (like	 Down’s	 syndrome),	 others	 are	 progressive	 and	 are	 caused	 by	 the	 long-term	
accumulation	of	many	mutations.	Cancer	is	one	of	the	most	important	contributors	to	global	
mortality	after	heart	disease.	It	 is	projected	that	 in	2020,	the	number	of	cancer	cases	would	
increase	by	15	million	cases.	Surprisingly,	the	genetic	contribution	towards	cancer	is	way	lower	
than	that	of	the	environment	and	lifestyle.	Hence	changes	in	lifestyle	choices	can	go	a	long	way	
in	reducing	cancer	risk	and	cases.	

Lifestyle	risk	factors	for	increased	risk	to	mutagenesis	and	therefore	to	cancer	include	
smoking	 or	 chewing	 tobacco,	 chronic	 alcohol	 consumption	 and	 abuse,	 sedentary	 lifestyle	
without	sufficient	physical	activity,	obesity,	and	improper	dietary	practices.	For	each	of	these	
risk	 factors,	studies	have	shown	a	direct	connection	with	 increased	cancer	risk.	Factors	 like	
tobacco	have	known	mutagens	and	carcinogens	that	directly	affect	DNA	or	indirectly	alter	gene	
expression	by	altering	regulation	of	cell	signaling.	Similarly,	metabolites	of	alcohol	affect	cell	
signaling	pathways.	 In	most	cases,	 lifestyle	risk	 factors	augment	 the	 inflammatory	response	
through	the	activation	of	NFκB,	which	in	turn	lead	to	the	various	hallmarks	of	carcinogenesis	
including	inhibition	of	cell	death	and	activation	of	cell	proliferation	and	metastasis.	

Tobacco	and	alcohol	abstinence	are	linked	to	a	reduction	in	the	risk	to	lung	and	colon	
cancers.	Similarly,	people	leading	an	active	lifestyle	with	regular	exercise	regimen	have	a	lower	
risk	 of	 manifesting	 illnesses,	 including	 cancer.	 Similarly,	 reducing	 exposure	 to	 chemical	
pollutants	 is	 associated	 with	 a	 reduced	 hazard	 to	 several	 cancers	 and	 other	 disorders.	 In	
conclusion,	there	is	abundant	evidence	regarding	the	positive	effects	that	lifestyle	changes	can	
incur	 as	 far	 as	 mutagenesis	 and	 cancer	 risk	 is	 concerned.	 Considering	 that	 much	 of	 these	
changes	 are	 practical	 and	 the	 fact	 that	 even	 small	 changes	 can	 lead	 to	 relatively	 large	 risk	
reduction	outcomes,	it	is	important	that	people	make	them.	It	seems	logical	to	move	towards	a	
healthier	lifestyle	and	thereby	reduce	risk	to	disease	rather	than	continue	to	look	toward	the	
scientific	community	for	improbable	solutions	for	new	diseases.	
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Introduction  

Agricultural	production	has	continued	to	change	over	centuries,	and	today,	there	is	an	
even	bigger	need	for	agricultural	produce	in	the	midst	of	an	increasing	population	and	food	
insecurity.	Scientists	can	now	get	traits	from	Crop	Wild	Relatives	(CWR)	to	enhance	other	crops	
around	 the	 world.	 And,	 to	 secure	 the	 future	 generations,	 scientists	 have	 taken	 different	
approaches	 to	 ensure	 that	 food	 production	 continues	 despite	 the	 changing	 climate	 and	 a	
growing	 population.The	 concept	 of	 crop	 wild	 relatives	 was	 pioneered	 by	 botanist	 Nikolai	
Vavilov	(Relatives	&	Change,	2013).	This	concept	involves	improving	agricultural	production	
while	 striving	 to	maintain	 agroecosystems	 by	 using	 traits	 from	wild	 crops	 to	 improve	 the	
production	of	domesticated	plants.		

Through	the	use	of	Crop	Wild	Relatives,	it	is	possible	to	improve	agricultural	outcomes	
and	 ensure	 food	 security	 even	 as	 humanity	 moves	 towards	 a	 new	 millennium.	 Crop	Wild	
Relatives	as	a	concept	started	developing	in	the	20th	century	and	since	then,	agriculturalists	
have	 used	 genetic	 material	 derived	 from	 wild	 crop	 relatives	 to	 improve	 the	 traits	 of	
domesticated	relatives	and	in	turn	ensure	better	agricultural	returns	(Dempelwolf	et		al.,	2014).		
The	 geographical	 regions	 where	 the	 domesticated	 plants	 are	 found	 are	 known	 as	 Vavilov	
Centers.		

Crop	wild	relative	species,	especially	those	in	the	middle	east,	have	traits	that	people	can	
help	other	plants	to	enhance	their	ability	to	survive	in	extreme	climates,	improve	other	plants	
traits	and	even	remedy	war	torn	areas.			

Background/Current State 

What is Crop Wild Relative  

Crop	Wild	Relatives	are	wild	species	of	plants	that	have	genetic	relation	to	planted	crops	
(Vincent	 et.	 al.,	 2013).	 These	 crops	 are	 largely	 untended	 to	 by	 man	 and	 as	 a	 result,	 they	
continually	evolve	and	adapt	to	the	surrounding	by	developing	traits	that	make	them	resistant	
to	pest	and	drought.	It	is	because	of	these	important	traits	that	farmers	and	agriculturalists	see	
the	need	to	cross	breed	them	with	already	existent	domesticated	species	to	yield	better	returns.	
They	also	improve	the	nutritional	quality	of	domesticated	yields	and	have	continued	to	do	so	
since	the	20th	century.	Once	planted	alongside	domesticated	crops,	natural	crossing	leads	to	
beneficial	traits	such	as	improved	tolerance	and	resistance	to	diseases	and	pests	(Hufford	et.	
al.,	2013).	People	also	consume	the	produce,	thus	making	it	a	source	of	food.	One	of	the	main	
wild	crop	relatives	that	have	long	been	used	to	achieve	the	desired	results	is	wild	maize,	which	
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is	routinely	grown	with	domesticated	maize	(Jansky	et.	al.,	2014).	Over	the	years,	developments	
have	resulted	in	more	crop	wild	relative	genes	being	used	to	improve	tomatoes,	grain	legumes	
and	tomatoes.		

Today,	CWRs	have	already	contributed	 to	 the	genetic	makeup	of	 crop	plants	as	most	
major	 crops	 have	 a	 contribution	 from	 their	 relatives	 in	 the	wild	 (Castañeda-Álvarez	 et.	 al,	
2016).	 Crop	 wild	 relatives,	 therefore,	 represent	 a	 relationship	 with	 plant	 species	 that	 are	
important	 to	 the	 socio-economic	 development	 of	 plants	 including	 fodder	 and	 forage	 crops,	
food,	condiments,	medicinal	plants,	ornamental	plants	and	species	used	in	forestry.	The	crop	
wild	relatives	are	also	related	to	plants	that	are	used	for	industrial	functions,	for	example,	fibers	
and	oil.		

The	importance	of	crop	wild	alternatives	cannot	be	underestimated.	One	example	of	a	
scenario	that	shows	the	importance	of	crop	wild	relatives	can	be	traced	back	in	history	to	1970,	
when	there	was	an	outbreak	of	the	grassy	stunt	virus.	The	virus	is	transmitted	by	the	brown	
plant	hopper	and	did	substantive	damage	to	up	to	116	hectares	of	rice	(Brücher,	2012).	The	
disease	causes	the	deformation	of	the	rice	grain	or	causes	the	plant	to	produce	no	grain	at	all.	
Through	this	epidemic,	there	was	a	large	and	substantive	reduction	in	yields	thus	causing	losses	
after	 harvest.	 Scientists	 screened	 different	 types	 of	 rice,	 both	 wild	 and	 cultivated	 at	 the	
International	 Rice	 Research	 Institute	 and	 out	 of	 6,	 723	 species,	 only	 one	 was	 found	 to	 be	
resistant	to	the	virus.		

The	 species	 Oryza	 nivara	 was	 found	 to	 be	 resistant	 to	 the	 grassy	 stunt	 virus	 and	
eventually,	through	the	breeding	of	this	species	with	other	rice	species	saw	the	development	of	
rice	 varieties	 with	 improved	 qualities	 including	 the	 resistance	 to	 the	 virus.	 The	 Institute	
released	the	rice	in	many	parts	of	the	world	and	through	this	step,	they	were	able	to	help	several	
farmers	combat	the	disease	and	avoid	losses.	The	importance	of	wild	crop	relatives	can	be	seen,	
therefore,	as	helping	to	avert	further	disaster	should	the	brown	plant	hopper	present	a	threat	
to	rice	varieties	once	again.		

Wild	 crop	 relatives	 have	 genes	 that	 are	 useful	 for	 their	 unique	 traits	 and	 when	
transferred	 to	 the	 domesticated	 crop	 varieties	 can	 help	 improve	 economic	 outcomes	 by	
improving	the	yields	(Garibaldi	et.	al.,	2013).	Through	the	use	of	crop	wild	relatives,	cultivation	
can	be	expanded	to	include	what	may	be	viewed	as	arid	or	marginal	land.	In	this	way,	farmers	
can	improve	the	input	efficiency.			

As	 of	 today,	 there	 are	 wild	 potato	 species	 that	 provide	 resistance	 to	 the	 late	 blight	
disease	which	had	destroyed	a	lot	of	potato	harvests	as	of	1840	thus	causing	the	potato	famine.	
The	American	grape	species	rootstocks	also	helped	in	combatting	the	devastation	in	European	
grape	vineyards	by	phylloxera,	an	aphid-like	insect.	There	is	also	a	probability	of	developing	a	
banana	 variety	 that	will	 not	 be	 affected	by	 the	 fungus	black	 Sigatoka	which	 as	 is	 typical	 of	
fungus	populations,	rapidly	spreads	in	the	world	and	significantly	reduces	yields.		

The	 importance	 of	 crop	 wild	 relatives	 is,	 therefore,	 seen	 in	 their	 ability	 to	 provide	
resilience	and	improve	the	productivity	of	various	plants.	With	an	expected	rise	in	population	
over	the	next	century,	crop	wild	relatives	will	begin	to	play	a	role	in	ensuring	food	provision	
and	security	for	the	large	population.	Climate	change	will	also	intensify	and	therefore,	some	of	
the	traits	of	wild	crop	relatives	may	become	crucial	to	ensure	the	survival	of	the	various	plant	
species	known	to	man.		
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Uses of Crop Wild Relative  

The	value	of	crop	wild	relatives	cannot	be	underestimated.	For	instance,	in	the	United	
States	alone,	the	traits	of	the	wild	sunflowers	would	yield	the	sunflower	industry	up	to	$384	
million	every	year.	The	use	of	a	wild	tomato	variety	has	contributed	a	2.4%	increase	in	solid	
content.	The	peanut	strains	used	today	also	have	been	able	to	resist	the	root-knot	nematode,	a	
disease	 that	 initially	 cost	 farmers	 losses	 of	 up	 to	 $100	 million	 annually	 (Ellstrand,	 2013).	
Through	the	use	of	crop	wild	relatives,	the	agricultural	outcomes	have	been	improved	and	the	
losses	that	have	been	incurred	as	a	result	of	the	perceived	weaknesses	in	the	domestic	species	
have	been	reduced.	

How CWRs can adapt to the extreme climates 

Crop	wild	relatives	are	exposed	to	local	environmental	challenges	and	global	changes	in	
climate	 as	well.	 These	 changes	 threaten	 the	 existence	 of	 the	 crops	 as	 sometimes	 they	may	
perish	while	other	times,	the	natural	populations	may	shift	to	new	regions	that	have	a	suitable	
climate	(Ureta,	Martínez-Meyer,	Perales	and	Álvarez-Buylla,	2012).	Some	of	these	crops	may	
fail	 to	 find	 suitable	 conditions	 under	which	 they	 can	 thrive	 and	 thus,	 disappear	 altogether	
without	leaving	any	traits	that	may	have	been	beneficial	for	food	production	and	sustainability	
efforts.	Climate	 change	also	brings	with	 it	 the	 issue	of	 alteration	of	 the	 suitability	of	 in-situ	
conservation	sites	thus	affecting	the	conservation	efforts.	Climate	change	may	also	increase	the	
suitability	 of	 other	 crops	 to	 particular	 sites	 as	 crops	 adapt	 to	 new	 surroundings	 hence	
threatening	 the	 existence	 of	 the	 original	 crops	 that	 had	 been	 originally	 planted	 in	 the	 area	
(Lobell	and	Gourdji,	2012).	Due	to	these	reasons,	conservationists	and	researchers	have	the	
duty	to	identify	crop	wild	relative	populations	that	are	under	the	threat	of	extinction	and	have	
important	traits	and	conserve	them,	either	ex-situ	or	in-situ.		

How Climate controls Plant Distribution Worldwide 

Climate	 change	 continues	 to	 happen	 and	 has	 a	 significant	 effect	 on	 all	 life	 on	 earth	
including	plants.	These	changes	happen	to	affect	plant	distribution	on	the	earth's	surface	and	
include:	

• Rainfall.	Rainfall	patterns	continue	to	change	in	many	parts	of	the	world	over	time.	Plants	
and	vegetation	thrive	under	different	amounts	of	rainfall.	It	is	an	important	aspect	of	
climate	change	as	it	affects	the	balance	of	woody	to	grass	vegetation.	

• Temperature.	The	temperatures	in	the	world	today	continue	to	rise	as	humans	continue	to	
carry	out	different	activities	such	as	deforestation.	Temperature	changes	are	significant	
because	they	affect	plant	distribution	of	the	earth’s	surface,	for	example,	by	influencing	
vegetation	type	boundaries	(Lichtfouse,	2013).	This	can	be	seen,	for	example,	in	the	arctic	
treeline	that	is	affected	by	how	warm	the	summer	is.	There	are	also	plants	such	as	palmae,	
whose	single	meristem	make	them	especially	susceptible	to	frost.		

• Soil	types	and	herbivory	are	also	affected	by	the	change	in	climate.		
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Anthropogenic Pressure and CWRs 

Through	 anthropogenic	 activities,	 the	 natural	 distribution	 of	 wild	 crop	 relatives	 is	
disturbed.	The	advancement	of	civilization	has	caused	a	loss	of	many	plant	species	that	would	
have	otherwise	survived	(Vicente	et.	al.,	2013).	These	species	lose	their	habitats	mostly	because	
of	 habitat	 loss	 caused	 by	 activities	 such	 as	 deforestation,	 degradation	 of	 the	 land	 and	
fragmentation.	Urbanization	of	areas	and	the	industrialization	of	agriculture	also	contributes	
to	the	loss	of	these	species	as	they	contribute	to	the	destruction	of	the	environment.		

Effects of Climate Change on Plant Diversity 

• Some	of	the	plants	that	are	left	behind	when	climate	changes	are	unable	to	change	their	
habitats	or	adapt	fast	enough	(Gottfried	et.	al.,	2012).	These	include	plants	that	disperse	at	
a	slow	rate	and	those	whose	life	cycles	are	long.	Some	of	these	species	may	include	flagship	
species	and	crop	wild	relatives,	thus	causing	a	loss	of	biodiversity.		

• Genetic	compositions	of	plants	also	change	as	a	result	of	the	selection	pressure	that	comes	
as	a	result	of	climate	change	(Corlett	and	Westcott,	2013).		

• Alien	species	also	begin	to	invade	other	places	because	the	conditions	become	suitable	for	
them	while	they	become	unsuitable	for	he	exotic	species	that	existed	in	the	same	place	
before	(Bellard,	2012).	This	can	be	seen	with	the	bromus	plant	that	is	invasive	in	wet	areas.	
Human	actions	and	their	activities	have	also	facilitated	the	invasion	of	foreign	species	all	
over	the	globe.		

CWR's Traits  

Some	wild	crop	relatives	are	used	as	a	source	of	food	even	in	their	wild	state.	Cowpea	
species	contribute	largely	to	food	security	in	regions	like	Africa	as	people	consume	their	seeds,	
tubers	and	seeds	in	their	daily	lives.	The	wild	yam	species	are	also	largely	consumed	by	people	
as	 they	 provide	 a	 source	 of	 carbohydrates	 for	 the	 body.	 The	 farming	 of	 these	 crops	 also	
contributes	to	the	income	of	the	people	living	in	the	said	areas	(Khoury	et.	al.,	2013).	In	the	
Caucuses	and	Central	Asia,	wild	fruits	including	sea	buckthorn,	pistachio	and	apples	are	used	
as	sources	of	food	and	are	consumed	by	humans.	These	species	also	play	a	part	in	providing	
building	materials,	animal	feeds	and	medicines	which	are	a	valuable	part	of	human	life.	

Examples of CWRs and their Respective Traits   

There	are	several	categories	of	plants	that	have	crop	wild	relatives	including	vegetables,	
grains,	oilseeds,	 fruits,	 tubers	and	pulses	but	have	diffrent	 traits	 respetcively	(Warschefsky,	
Penmetsa,	Cook	and	von	Wettberg,	2014).	A	closer	look	at	the	examples	from	each	category	
will	allow	the	reader	to	understand	in	detail	how	the	CWRs	work.		
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Grains and their Traits 

• One	grain	with	CWRs	is	the	oat	plant		(Avena	sativa)	whose	crop	wild	relative	is	Avena	
byzantina	which	is	a	minor	crop	in	the	Middle	East,	Greece.	It	has	been	introduced	to	
Algeria,	New	Zealand,	Spain	and	South	America.		

• Another	is	the	quinoa,	which	has	the	CWR	known	as	Chenopodium	berlandieri.	The	CWR	is	
spread	wildly	in	America	while	it	is	native	to	Canada	nad	Alaska.		

• Finger	millet	also	has	the	CWR	known	as	Eulisine	Africana.	Finger	millet	has	its	origin	in	the	
Ugandan	and	Ethiopian	Islands	and	can	withstand	high	altitudes.	The	plant	is	known	for	its	
favorable	methionine	and	iron	content.	Barley’s	crop	wild	relative	is	Hordeum	arizonicum.	
This	plant	is	a	native	to	Southwestern	U.S.	and	Northern	Mexico.Rice	also	has	a	wild	relative	
known	as	Oryza	rufipogon	(McCouch,	2013).	The	plant	is	native	to	Asia	and	while	listed	as	a	
noxious	weed	in	the	U.S,	it	has	managed	to	blend	in	so	well	with	O.	Sativa.		

 Vegetables and their Traits 

Vegetables	with	CRWs	include:	

• Cabbage,	whose	relative	is	Brassica	elongata.	B.	Elongata	is	native	to	Eastern	Europe,	Parts	
of	central	Asia	and	Europe	and	the	Balkan	Peninsula.	The	species	has	also	become	
naturalized	in	many	parts	of	the	world.	

• Leek,	whose	wild	crop	relative	is	the	welsh	onion.	The	welsh	onion	is	native	to	China	but	
has	been	naturalized	to	various	places	including	North	America	and	Eurasia.	The	leek	
smells	and	tastes	similar	to	the	common	onion	but	unlike	the	latter,	it	does	not	develop	
bulbs	and	is	rather	hollow.		

• Lettuce’s	wild	crop	relative	is	Lactula	serriola/	prickly	lettuce	(Hunter,	2012).	The	plant	is	
native	to	North	Africa,	Asia	and	Europe	and	has	an	interesting	pattern,	hence	also	known	as	
the	compass	plant.	While	in	the	sun,	the	plant’s	leaves	hold	their	margin	upright	by	twisting	
its	upper	leaves	around.	Sometimes	it	is	consumed	as	a	salad	although	it	is	bitter	in	taste.	It	
is	used	as	a	progenitor	for	Lactuca	sativa	because	it	shows	resistance	for	the	pathogen	
Bremia	lectucae	which	causes	lettuce	downy	mildew	disease.	

• The	onions	CWR	is	Allium	galanthum	that	is	native	to	Mongolia,	Kazakhstan	and	Altay	Krai	
in	Asia.	It	forms	bulbs	like	the	domesticated	onion	and	has	medicinal	uses.		

Fruits and their Traits 

Some	of	the	fruits	with	crop	wild	relatives	include:	

• Almond,	whose	relative	is	the	Japanese/	Chinese	plum.	In	China,	the	plant	serves	medicinal	
purposes	as	it	is	known	for	its	anti-oxidant	properties.	The	fruit	was	introduced	to	the	
United	States	in	late	19th	century	and	since	then,	there	have	been	several	cultivars	
produced.	
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• The	banana	fruit	has	two	wild	crop	relatives;	Musa	balbisiana	and	Musa	acuminata.	Musa	
acuminata	is	a	banana	species	that	us	native	to	Southeast	Asia.	This	plant	is	also	ornamental	
owing	to	its	striking	foliage	and	leaves.		

• The	eggplant’s	crop	wild	relative	is	Solanum	incanum,	also	known	as	thorn	apple.	This	is	a	
native	of	the	Middle	East	and	sub-Saharan	Africa	and	was	domesticated	into	the	eggplant	in	
India.	Biblically,	this	is	the	plant	that	was	used	to	make	the	hedge	of	thorns.		

• The	grapefruit	also	has	a	wild	relative	known	as	Citrus	medica.	It	has	culinary	uses	in	many	
parts	of	the	world	and	has	been	used	in	the	past	to	combat	pulmonary	issues,	intestinal	
ailments,	scurvy	and	seasickness	(Heldens	et.	al,	2015).	Due	to	its	high	ascorbic	acid	
content,	it	is	used	as	an	appetizer,	an	anthelmintic	and	for	weak	eyesight	and	skin	diseases.	

• The	orange’s	wild	crop	relative	is	the	key	lime.	This	breed	has	a	higher	acid	content	and	
more	seeds	despite	its	smaller	size.	The	seeds	of	the	key	lime	are	stored	for	up	to	half	a	
year,	under	moist	conditions	before	being	planted.	Alternatively,	they	can	be	grown	by	
digging	around	the	roots	of	an	already	mature	tree	to	encourage	the	sprouting	of	new	
plants	which	can	then	be	translocated	to	different	places	for	transplanting.	

Oilseeds and their Traits 

Oilseeds	with	crop	wild	relatives	include		

• Peanut,	whose	crop	wild	relative	is	the	Arachis	duranensis.	The	crop	can	be	found	in	
Paraguay,	Bolivia	and	Argentina.	

• Sunflower.	The	crop	wild	relative	of	the	sunflower	is	Helianthus	exilis.	It	is	found	in	the	
mountainous	serpentine	soils	in	Northern	California.	The	plant	appears	as	rough-stemmed	
and	oval	shaped	pointed	leaves.	

• Soya.	The	crop	wild	relative	for	soya	is	Glycine	clandestina	that	is	found	in	Australia.	It	is	a	
scrambling	plant	and	is	also	known	as	the	love	creeper.		

• Safflower.	This	plant’s	crop	wild	relative	is	the	Carthamus	creticus.	The	plant	is	a	native	of	
Southwestern	Asia	and	the	Meditteranean	region.	It	has	been	naturalized	in	California	and	
New	Zealand.		

Pulses and their Traits 

• Garden	bean.	The	garden	bean’s	wild	crop	relative	us	Phaseolus	coccineus.	It	has	its	origins	
in	the	mountainous	areas	of	Central	America.	They	are	grown	for	their	ornamental	benefits	
and	differ	from	the	common	bean	because	their	cotyledons	stay	underground	when	they	
are	germinating	and	they	have	tuberous	roots.	Their	pods	are	knife-shaped	and	green	in	
color.		

• Grass	pea.	The	grass	pea’s	wild	crop	relative	is	Lathyrus	Sativus	which	is	common	in	East	
Africa	and	Asia.	It	is	drought	resistant	and	thus	regarded	as	an	insurance	crop.	
Interestingly,	if	consumed	for	long,	the	plant	has	a	neurotoxin	that	can	cause	
neurodegenerative	disease.	Adzuki	bean.	The	adzuki	bean’s	crop	wild	relative	is	the	Vigna	
Umbellata.	This	is	typically	an	annual	vine	whose	beans	are	small	and	edible.		
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Tubers and their Traits 

• Sweet	potato.	The	sweet	potato’s	crop	wild	relative	is	Ipomoea	triloba	that	is	a	native	of	
tropical	Americas	while	still	widespread	in	parts	of	America.		

• Cassava.	Cassava’s	CWR	is	Manihota	esculenta	,	native	to	South	America.	It	is	highly	drought	
tolerant	and	therefore,	one	of	the	largest	sources	of	carbohydrates	in	tropical	areas.	There	
are	both	bitter	and	sweet	varieties	and	they	contain	toxins	hence,	these	roots	need	proper	
preparation	before	consumption.		

• Potato.	The	potatoes	crop	wild	relative	is	Solanum	chacoense.	This	wild	species	is	a	native	
of	South	America	and	may	sometimes	grow	like	a	weed	in	crop	fields.	It	has	been	
introduced	to	England,	Australia	and	the	United	States.	It	has	been	used	as	a	wild	crop	
relative	because	it	is	resistant	to	the	Colorado	potato	beetle	that	attacks	potatoes.	

Use of CWRs Traits for Crop Improvement 

Crop	wild	relatives	have	been	known	to	improve	agricultural	systems	since	they	were	
first	put	 into	use.	Through	the	centuries,	wild	crop	relatives	have	been	able	to	give	traits	of	
resistance	 to	 disease	 and	 pests	 to	 their	 domestic	 relatives	 hence	 improving	 agricultural	
outcomes	(Kyndt	et.	al.,	2015)	Today	most	 farms	contain	the	resistant	traits	that	have	been	
essential	in	ensuring	crop	harvest.	

Targeted	breeding	has	enabled	the	transfer	of	nutritious	traits	in	plants	and	this	has	had	
a	significant	effect	on	the	health	of	those	who	consume	them.	The	nutritional	factor	is	vital	for	
a	healthy	population	that	is	continuously	growing.	Some	of	the	crop	wild	relatives	have	also	
been	important	in	the	development	of	drought	and	heat	resistance	thus	protecting	the	crops	
from	negative	outcomes.	Through	these	traits	food	has	been	produced	for	populations	which	
would	have	otherwise	been	susceptible	to	damage.	Further,	these	cross-breeding	efforts	may	
prove	to	be	beneficial	in	the	future	as	has	been	stated	before.	The	issue	of	food	security	can	only	
be	addressed	if	there	is	a	wide	genetic	pool	to	study.		

Conservation of Crop Wild Relatives 

Naturally,	crop	wild	relatives	are	an	important	part	of	the	ecosystem.	As	such,	they	are	
indispensable	 when	 it	 comes	 to	 maintaining	 the	 health	 of	 the	 environment.	 To	 improve	
agricultural	 production,	 it	 is	 important	 that	 these	 species	 are	 used	 sustainably	 and	 are	
conserved	(Redden	et.	al.,	2015).	Through	the	use	of	crop	wild	relatives,	it	will	be	possible	to	
secure	the	future	of	the	coming	generations	thus	 increasing	food	security	while	at	the	same	
time	maintaining	the	integrity	of	the	environment.		

Many	wild	crop	relative	populations	are	constantly	at	risk	as	a	result	of	the	degradation	
of	 the	 natural	 environment	 and	 the	 loss	 of	 their	 habitats	 to	 anthropogenic	 activities.	 Man	
converts	 the	natural	habitats	of	 these	plants	 for	other	uses	 thereby	 threatening	 the	natural	
habitats	 of	 the	 plants.	 The	 chief	 cause	 of	 loss	 of	 the	 crop	 wild	 relative	 populations	 is	
deforestation.	 Once	 deforestation	 happens,	 the	 relatives	 of	 fruits,	 industrial	 crops	 and	 nuts	
disappear.	In	semi-arid	areas,	these	population	may	also	decrease	as	a	result	of	overgrazing	
and	eventual	desertification	of	 the	areas.	The	 traditional	agrosystems	no	 longer	contain	 the	
wide	variety	of	crop	wild	relatives	because	of	growing	industrialization	of	agriculture	hence	
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they	are	continually	being	manipulated.	These	populations	should,	therefore,	be	conserved	and	
used	wisely	 as	 they	 firm	a	basis	 through	which	 the	 future	 generations	 can	experience	 food	
security.	 Food	 security	 is	 an	 issue	 that	 closely	 relates	 to	 elimination	 of	 poverty	 and	
environmental	conservation	and	hence,	these	crop	wild	species	should	be	preserved	(Honnay,	
Jacquemyn	and	Aerts,	2012).	As	of	2016,	24%	of	crop	wild	species	had	less	than	ten	samples	
while	up	to	29%	were	not	available	in	the	world’s	genebanks.	Moreover,	up	to	70%	of	all	the	
available	species	needed	a	further	collection	to	improve	genebank	representation.	Up	to	95%	
of	these	plants	are	insufficiently	represented	in	their	native	regions.	This	shows	just	how	much	
there	is	a	need	for	conservation	of	crop	wild	relatives.		

Conservation	therefore	needs	 to	happen	both	 in	situ	(in	 the	wild)	and	ex-situ	(in	 the	
gene	banks)	to	maintain	and	improve	the	genetic	variety	and	make	them	available	for	future	
generations.	In	situ	conservation	is	especially	important	because	it	is	a	new	approach	that	can	
be	used	to	ensure	that	plant	genetic	resources	are	available	for	humanity’s	future	use.	Through	
in-situ	 conservation,	 populations	 continue	 to	 generate	 new	 variations	 and	 populations	
continue	 to	 evolve.	 These	 variations,	 over	 the	 span	 of	 time	 can	 prove	 to	 be	 important	 to	
agriculture.	There	are,	however,	various	challenges	that	continue	to	face	the	multidisciplinary	
and	complex	process	of	in-situ	conservation.	There	is	also	an	absence	of	experience	in	this	field	
and	therefore	recommendations	on	the	best	practice	thus	making	it	difficult	to	preserve	species	
in	situ.	There	are	also	challenges	that	are	technical	in	nature	while	others	are	political,	cultural,	
institutional,	legal	or	social.	Below	is	an	expansion	of	the	in-situ	challenges.	

Challenges facing in situ conservation 

• There	is	a	challenge	with	the	non-flagship	status	of	most	crop	wild	relatives,	resulting	in	
little	attention	shifted	towards	them	by	conservationists,	the	general	public	and	
government	agencies.		

• Conservation	often	needs	to	be	done	by	parties	from	different	spectrums	which	have	never	
worked	on	any	project	together	before	and	sometimes,	there	are	no	linkages	between	them	
hence	presenting	obstacles	in	partnership	and	coordination.		

• There	is	little	to	no	awareness	and	understanding	of	crop	wild	relatives	and	the	threats	that	
a	low	diversity	of	this	species	represent	and	therefore,	a	limited	capacity	for	utilizing	the	
information	that	is	already	existent.		

• Most	conservation	projects	are	time-bound	and	project	driven,	therefore,	they	are	not	long-
term	in	nature	and	unsustainable	for	future	use.		

In	 situ	 conservation	 should	 be	 backed	 up	 by	 ex-situ	 conservation	 as	 this	 allows	 an	
advancement	in	the	study	of	the	species	and	how	they	should	be	used.	

How Areas in Conflict/Former Ruins of War can use CWRs to improve 

In	the	1960s,	as	the	Food	and	Agriculture	Organizations	carried	out	their	meetings,	they	
continued	to	raise	 the	 issue	of	conserving	crop	wild	relatives.	Treaties	have	been	signed	by	
different	parties,	including	the	2001	International	Treaty	on	Plant	Genetic	Resources	for	Food	
and	Agriculture,	which	was	signed	in	2001.	 In	this	treaty,	130	countries	are	signatories	and	
they	committed	themselves	to	the	use	of	their	genetic	resources	to	increase	food	security	by	
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helping	 produce	 new	 varieties	 that	 were	 more	 productive.	 There	 are,	 therefore,	 10,000	
accessions	of	CWRs	that	have	been	made	available	to	breeders	and	researchers	by	genebanks	
under	this	treaty.		

Another	notable	event	in	the	CWR	calendar	is	the	2010	Second	State	of	the	World	Report	
on	Plant	Genetic	Resource	for	Food	and	Agriculture.	In	this	report,	it	was	noted	that	individual	
countries	needed	to	step	up	on	their	conservation	efforts	as	it	is	not	just	a	global	priority.	From	
the	report,	it	was	observed	that	most	countries	did	not	have	the	necessary	policies	to	enable	
the	collection	and	protection	of	crop	wild	species	and	did	little	in	terms	of	in-situ	conservation.	
A	 subsequent	 plan	 of	 action,	 The	 Second	 Global	 Plan	 of	 Action	 for	 the	 Conservation	 and	
Sustainable	Utilization	of	Plant	Genetic	Resources	of	2011	revealed	that	action	needed	to	be	
taken	because	the	potential	of	these	crops	for	breeding	is	being	underestimated	as	is	seen	from	
the	little	conservation	efforts	it	receives.		

The	United	Nations	 have	 also	 put	 in	 efforts	 to	 ensure	 the	preservation	 of	 these	wild	
species	as	part	of	the	global	development	discourse.	This	has	been	done	through	the	United	
Nations	 Sustainable	Development	Goals	 that	 aim	 to	maintain	 seed	diversity	 and	have	plant	
banks	at	all	levels	from	the+	national	to	international	by	2020.	Through	these	efforts	they	also	
hope	 to	 enable	 the	 access	 and	 sharing	 of	 benefits	 that	 will	 be	 accrued	 from	 utilization	
knowledge	and	resources	as	has	been	agreed.		

There	have	also	been	several	projects	and	groups	who	have	come	forward	to	help	in	the	
efforts	to	conserve	crop	wild	relatives	including:	

• Crop	Wild	Relative	Specialist	Group	which	is	a	part	of	Species	Survival	Commission	of	the	
World	Conservation	Union.	The	group,	made	up	various	experts	in	the	field,	has	dedicated	
itself	to	working	together	for	the	efficient	use	and	conservation	of	CWRs.		

• The	UNEP/GEF	Project.	This	is	a	project	that	encourages	in-situ	conservation	and	is	existent	
in	countries	including	Sri	Lanka,	Uzbekistan,	Madagascar,	Bolivia	and	Armenia.	The	project	
has	international	partners	including	FAO	of	the	United	Nations,	Botanic	Gardens	
Conservation	International	and	UNEP	World	Conservation	Monitoring	Center.	

• Project	Adapting	Agriculture	to	Climate	Change:	Collecting.	Protecting,	and	Preparing	Crop	
Wild	Relatives.	This	project	aims	at	globally	facilitating	conservation	efforts	of	crop	wild	
relatives.	The	project	supports	programs	that	conserve	these	species	and	do	pre-
collaborative	breeding	in	the	world	over,	the	project	plans	to	spread	and	achieve	its	
objectives	in	a	span	of	ten	years,	thus	showing	the	short-term	nature	of	the	in-situ	
conservation	projects.		

Future Research and Recommendation  

There	 is	 little	effort	made	 towards	conservation	due	 to	 the	 failure	of	governments	 to	
provide	legislature	that	would	be	helpful	to	the	conservation	of	crop	wild	species.	Due	to	the	
lack	of	 information	regarding	these	species,	 it	 is	 important	 to	ensure	 that	 there	 is	sufficient	
education	regarding	the	importance	of	crop	wild	relatives	to	create	awareness	even	at	the	grass	
root	level,	conservation	starts	with	the	local	community	and	therefore,	educating	the	masses	is	
of	importance.	If	there	is	information	about	these	species,	then	conservation	efforts	can	start	
moving	forward.	Summits	and	rallies	should	also	be	held	to	ensure	the	ends	to	a	means.	These	
rallies	should	be	aimed	at	creating	awareness	about	flagship	species.	
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Governments	should	also	ensure	 that	 there	are	efforts	made	 towards	 legislature	 that	
positively	 affects	 the	 crop	 wild	 relatives.	 These	 laws	 should	 enable	 researchers	 and	
agriculturalists	to	collaborate	to	ensure	that	these	species	are	preserved.	This	will	eventually	
turn	the	issue	of	CWR	into	a	national	and	international	 issue	that	will	warrant	international	
recognition.	Countries	that	have	not	signed	international	treaties	should	ensure	that	they	heed	
the	international	call	and	move	forward	towards	ensuring	food	security	for	future	humanity.		

Conclusion 

There	is	a	growing	need	to	ensure	food	security	for	the	future	generations.	One	of	the	
ways	through	which	scientists	and	agriculturalists	have	ensured	better	yields	over	the	years	is	
through	the	use	of	crop	wild	relatives.	Crop	wild	relatives	are	the	wild	crops	that	have	the	same	
genetic	 make-up	 as	 domestic	 crops.	 They,	 however,	 have	 traits	 that	 may	 be	 beneficial	 to	
domestic	plants	such	as	resistance	to	pests	and	diseases	and	higher	nutritional	content.	These	
plants	may	 also	be	drought	 resistant	 and	when	 interbred	with	domestic	 species,	 yields	 are	
higher.	 There	 are,	 however,	 challenges	 that	 these	 species	 face	 such	 as	 climate	 change	 that	
comes	as	a	result	of	anthropogenic	activities.	There	is	also	little	knowledge	and	the	public	is	not	
sensitized	on	issues	of	crop	wild	relatives	and	therefore,	little	legislature	to	deal	with	issues	of	
crop	wild	relative	conservation.	It	is	also	important	that	these	species	are	conserved	so	that	the	
future	of	humanity	is	insured.		
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Statistical Modeling Study of Crime Rate Changes 
due to Socioeconomic Factors 

 

Barbara T. Sanders 
Los Alamos High School 

Houston, TX 

Research Question 

The	subject	of	research	we	are	going	to	pursue	for	regression	analysis	is	based	on	finding	
the	relationship	between	crime	rate	in	the	fifty	states	of	United	States	of	America	and	various	
other	variables	such	as	social,	economic	and	demographic	factors.	Therefore	the	basic	research	
question	is	as	following:	

“To	what	 extent	 is	 crime	 rate	of	 the	year	2015	 in	different	 states	of	United	States	of	
America	affected	by	changes	in	various	social,	economic	and	personal	factors?”	

As	indicated	in	the	question	the	data	is	based	on	the	year	2015,	2014	and	2013	for	all	
states.	

Crime	 rate	 is	 a	 global	 prevalent	 issue	 where	 even	 the	 developed	 states	 have	 been	
effected	by	the	increase	in	crime	rates.	We	aim	to	study	the	model	of	a	developed	country	such	
as	of	USA	to	determine	which	variables	greatly	contribute	towards	the	increase	in	crime	rate.	
Accordingly,	we	can	determine	what	corrective	and	preventive	measures	can	be	taken	to	curb	
the	increase	in	crime	rate.			

1. Data Collection 

We	used	secondary	sources	to	collect	the	data	for	crime	rate,	literacy	rate,	poverty	level,	
unemployment,	 median	 household	 income,	 percentage	 of	 female	 population,	 percentage	 of	
male	 population,	 race	 and	 gender.	 The	 data	 was	 collected	 for	 three	 years	 (2013-2015)	 to	
increase	the	reliability	and	decrease	the	variability	of	the	data.	Reliable	and	authentic	websites	
were	used	to	obtain	the	data.	

The	following	are	the	list	of	variables	that	will	be	used	in	the	analysis:	

2. Response variable 

1) Crime	rate:	The	data	available	has	categorized	various	types	of	crime	committed	in	the	states.	
To	utilize	the	information	we	will	take	aggregate	of	all	these	different	crime	categories	and	
express	as	the	rate	per	100.	
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3. Predictor variables 

Quantitative variables 

1) Income	level:	The	data	of	median	income	of	the	households	in	each	state	is	available.	We	will	
convert	 the	 median	 income	 into	 percentage	 by	 expressing	 each	 states	 income	 as	 the	
proportion	of	total	income	of	all	the	states.		

2) Unemployment	rate:	The	data	available	is	expressed	as	a	percentage	of	total	number	of	people	
unemployed	 as	 proportion	 of	 the	 labor	 force.	 Since	 the	 data	 is	 already	 expressed	 as	 the	
percentage	form	it	will	be	directly	used	in	the	analysis.	

3) Poverty	 level:	 The	 data	 available	 is	 based	 on	 the	 percentage	 of	 population	 of	 each	 states	
following	 under	 federal	 poverty	 level	 as	 defined	 by	 Federal	 Government.	 The	 poverty	
threshold	 for	 2015	 was	 $19,078.	 For	 our	 analysis,	 we	 will	 only	 consider	 one	 of	 the	 four	
brackets	 provided	 by	 data;	 the	 percentage	 of	 households	 in	 the	 states	 that	 fall	 below	 the	
poverty	threshold	(under	100%	of	poverty	threshold)	

4) Education	level	is	defined	in	percentage	in	terms	of	high	school	graduates,	bachelor’s	degree	
and	advanced	degree.	For	our	purpose	of	analysis	we	will	use	only	the	high	school	graduation	
rate.	

Qualitative variables 

1) Gender:	The	data	available	segregates	percentage	of	male	and	female	in	each	state.	
2) Race:	The	available	data	segregates	the	percentage	of	different	races	residing	in	each	states.	

The	classification	is	based	on	Whites,	Blacks,	Hispanics,	Asians	and	others.	

4. MODEL 1  

First	we	ran	the	complete	regression	model	and	obtained	the	following	results:		
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Fitted	Equation	of	the	model	
𝒀=	 71.21+	 0.481(𝑿𝟏)-0.09402(𝑿𝟐)	 -0.0001398(𝑿3)	 -2.383(𝑿4)	 -0.5918(𝑿5)	 -

0.02213(𝑿6)	 -0.07885(𝑿7)	 -0.005304(𝑿8)	 -0.01039(𝑿9)	 -0.08536(𝑿10)	 +0.03986(𝑿11)	 -
0.4207(𝑿1𝟐)	

	
Variables:		
𝑿𝟏=	POVERTY	
𝑿2=	Unemployed	
𝑿3=	Median	
𝑿4=LiteracyRate	
𝑿5=PovLit	
𝑿6=GenderFM	
𝑿7=	White	
𝑿8=	Black	
𝑿9=	Hispanic	
𝑿𝟏0=	Asian	
𝑿𝟏1=DummyYear2014	
𝑿𝟏2=DummyYear2015	
53.41%	variability	in	Y	is	explained	by	the	model.	We	grouped	the	independent	variables	

in	various	subsets	and	showed	their	effect	on	dependent	variable	through	regression	model.	
We	removed	an	 insignificant	variable	each	 time	before	rerunning	 the	regression	model	and	
arriving	at	a	higher	value	for	the	adjusted	R2	,	the	goodness	of	fit	of	the	model.	

5. MODEL 2 

 

 
 
We	used	the	economic	variables	along	with	literacy	rate	to	assess	the	effect	on	the	crime	

rate.	According	to	the	results	obtained	literacy	rate	has	the	greatest	effect	on	crime	rate.	For	
each	 unit	 increase	 in	 literacy	 rate	 the	 crime	 rate	 is	 decreased	 by	 17.13	 units.	 The	 effect	 of	
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economic	 conditions	 is	 lower	 than	 that	 of	 the	 literacy	 rate.	 The	 unemployment	 can’t	 be	
accurately	interpreted	since	the	data	shows	that	for	each	unit	increase	in	unemployment	rate,	
crime	rate	decreases	by	0.01386	units.		30.07%	in	the	variability	of	Y	can	be	explained	by	the	
model.		

MODEL 3 

 
 
We	 used	 the	 demographic	 variables	 to	 assess	 their	 effect	 on	 the	 crime	 rate.	 It	 was	

observed	that	the	percentage	of	male	population	has	a	higher	effect	on	the	crime	rate.	For	every	
one	unit	 increase	 in	%	of	male	population,	0.42430	unit	 increase	 in	crime	rate	 is	observed.	
White	and	Asian	population	has	a	negative	correlation	with	crime	rate.	An	increase	in	White	
and	Asian	population	 leads	 to	decrease	 in	crime	rate.	 	41.87%	in	 the	variability	of	Y	can	be	
explained	by	the	model.	

CHECKING THE USEFULNESS OF THE MODEL 
(BY USING MODEL NUMBER 1 ) 

Ho : X1=X2=X3=X4=X5=X6=X7=X8=X9=X10=X11=X12= 0  
Ha	Atleast	one	of	the	independent	variable	is	not	zero	
F-TEST	
R^2=	0.5341		
K=12	
N=156		
F	STATS=	(R^2/K)/(1-R^2)/(N-(K+1)	
F	STATS=	(0.5341/12)/(1-0.5341)/(156-13)	
																=13.66	
F(12,143)=	1.82	
F	STATS	>	F	(ALPHA)	
Therefore	we	reject	Ho	since	the	F	stats	lies	in	the	rejection	region.	Thus	we	accept	the	

Ha	as	at	least	one	of	the	independent	variable	is	none	zero.	
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6. LIMITATION OF THE ANALYSIS 

1) The	data	for	each	and	every	state	is	not	available	due	to	which	we	have	some	inconsistency	in	
our	analysis.	This	reduces	the	reliability	in	our	analysis	however	to	counter	this	we	took	the	
data	for	three	years.		

2) Relationship	between	some	variable	is	not	found	to	be	as	per	what	was	expected.		The	relation	
between	 gender	 and	 crime	 rate	 do	 not	 yield	 informative	 result.	 Similarly	 there	 is	 inverse	
relation	between	the	unemployment	and	crime	rate	which	questions	the	reliability	of	the	data.	

3) Sources	 of	 data	 although	 reliable	 may	 include	 biases	 in	 sampling.	 The	 data	 collected	 is	
obtained	from	secondary	source	thus	the	third	party	may	have	collected	it	from	few	selected	
sectors	in	a	state.	

4) The	sample	may	not	be	true	representative	of	the	population	of	the	state	hence	may	not	be	
reliable.	This	is	a	drawback	of	data	and	inconsistency.		

 

7. Conclusion 

From	the	above	data	we	can	analyze	that	almost	all	the	independent	variables	were	able	
to	explain	the	dependent	variable	crime	rate.	However,	we	will	fail	to	find	a	positive	relation	
between	the	unemployment	rate	and	crime	rate.	Similarly,	the	analysis	of	the	relation	between	
Gender	and	Crime	rate	did	not	yield	any	significant	information	and	we	conclude	that	gender	
play	little	role	in	explaining	variability	in	Crime	rate.	

However,	we	were	able	to	find	inverse	relation	between	median	income	and	crime	rate	
as	well	as	between	literacy	and	crime	rate.	This	shows	that	states	with	better	income	level	and	
education	faced	with	lower	crime	rate.	Similarly	poverty	had	positive	relation	with	crime	rate	
that	signifies	that	crime	often	results	from	in	accessibilities	to	basic	necessities.		

Our	complete	model	one	has	R2	of	53.41	which	is	the	highest	among	all	the	other.	This	
signifies	that	by	reducing	the	number	of	variables	in	other	models	R2	decreased	(in	some	it	
remained	same	as	well)	which	shows	that	complete	model	was	able	to	explain	the	variability	
well	then	reduced	models.	
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A Study of Ratings Algorithms 
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Research Question 

What	factors	enable	a	movie	to	get	high	ratings	on	online	sites	such	as	IMDb?	

Motivation & Introduction 

As	 of	 recent,	many	 have	 started	 speculating	 as	 to	what	 kinds	 of	movies	 do	 get	 high	
ratings	on	online	movie	rating	sites.	These	online	ratings	are	of	particular	interest	to	people	as	
these	ensure	 the	continued	sale	of	DVDs	of	movies	well	beyond	 their	 release	dates	 thereby	
generating	revenues	for	the	production	houses.	They	also	generate	revenue	for	external	well-
known	critics	whose	reviews	are	used	to	help	people	decide	which	movies	to	watch.	

Earlier	people	would	conveniently	attribute	high	online	ratings	to	good	plot	and	stellar	
acting	by	the	cast.	However	now	there	has	been	a	shift	in	focus	since	over	the	years	it	has	been	
seen	that	even	with	good	acting	skills,	the	ratings	of	movies	can	flat	if	the	cast	is	not	well	known	
or	the	set	is	not	well	designed	due	to	budget	constraints.	

In	light	of	this	observation,	we	set	out	to	determine	how	factors	extrinsic	to	the	design	
of	the	movie	influence	IMDb	ratings.	

Data Collection Methodology 

For	 our	 model,	 we	 randomly	 chose	 60	 Hollywood	 movies	 released	 since	 2009.	 We	
restricted	the	time	of	release	since	factors	such	as	budget	and	actor’s	ranking	would	not	have	
been	comparable	otherwise.	We	used	reliable	secondary	data	sources	to	gather	information	on	
each	of	our	variables	before	setting	out	to	employ	statistical	techniques	on	them.	

The	table	below	shows	the	variables	are	problem	will	be	focusing	on:	
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Numeric Summary of the variables

 

 

Movie’s budget vs. IMDb rating 

The	scatter	plot	to	the	left	shows	
the	 relationship	 between	 a	 movie’s	
IMDb	rating	and	its	budget.	Data	points	
lying	 below	 the	 best	 fit	 line	 suggests	
that	 even	 high	 budget	 movies	 are	
sometimes	not	able	to	garner	high	IMDb	
ratings.	However	overall	there	seems	to	
be	 a	 positive	 linear	 relationship	
between	the	budget	of	a	movie	and	 its	
ratings.	This	observation	was	expected	
due	to	the	fact	that	high	budget	means	
better	set	design,	background	music,	3-
D	effects	and	actors	can	be	arranged	for.	
These	 usually	 result	 in	 a	 good	 movie	
being	made.	

	
	
	

Lead actors’ rankings vs. IMDb rating 

The	graph	below	shows	that	an	inverse	linear	relationship	between	lead	actors’	rankings	
and	the	movie’s	IMDb	rankings	can	be	approximated.	This	conforms	to	a	general	understanding	
that	the	smaller	the	numeric	ranking	of	an	actor	is	the	better	does	the	movie	in	box	office.	This	
can	be	attributed	to	the	fact	that	actors	with	a	smaller	rank	number	are	better	known	to	the	
audiences	and	are	generally	applauded	for	their	acting	skills	in	many	award	shows.	



Review of Computational Science and Engineering ½Volume 3, Issue 2  133 

 

 
 
 

No. of Countries the movie is released in vs. IMDb rating 
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As	the	graph	above	shows,	most	movies	were	released	in	60	to	80	countries.	Generally,	
the	greater	exposure	a	movie	got	in	terms	of	countries	it	got	released	in,	the	greater	were	its	
IMDb	ratings.	So,	a	positive	relationship	does	seem	to	exist	between	the	two.	

Nominations vs. IMDb rating 

The	scatter	plot	to	the	right	
shows	 that	most	movies	 received	
0	 to	 50	 nominations.	 For	 movies	
with	 greater	 number	 of	
nominations	 than	 50,	 the	 IMDb	
rating	 didn’t	 fall	 below	 7.	 Also,	
overall	 a	 positive	 relationship	
does	 seem	 to	 exist	 between	 the	
number	 of	 nominations	 and	 the	
movie	ratings.	The	greater	critical	
acclaim	 a	 movie	 gets	 the	 more	
does	 the	audience	rate	 it	high	 for	
either	 depicting	 a	 topic	 that	 is	
close	to	heart	or	for	larger	than	life	
effects.	

	

Final Fitted Equation 

Fromm	Regression	model	given	below	(in	exhibit),	we	got	this	final	fitted	equation:	
Ŷ	=	7.47	-	0.0015X1	+	0.0015X2	-	0.0056X3	-	0.423X4	-	0.401X5	+	0.0152X6	
Where:	 	 X1=	Actor’s	Ranking	
X2=	Movie	Budget	in	USD	Millions		
X3	=	Number	of	countries	released		
X4	=	Genre:	Action	(Yes	=	1,	No	=	0)	
X5	=	Genre:	Fantasy	(Yes	=	1,	No	=	0)	
X6	=	Number	of	award	wins	

Interpretation 

The	 intercept	 represents	 the	 static	 value	 that	 is	 to	 be	 expected	 even	 if	 all	 the	 X	
coefficients	equate	to	0.	The	coefficients	of	all	the	X	variables	represent	the	estimated	change	
in	Y	to	be	observed	due	to	a	one	unit	increase	or	decrease	in	the	X	coefficients.	

For	instance	if	there	is	a	one	unit	increase	in	Actor	ratings,	IMDb	ratings	would	decrease	
by	0.0015,	given	that	all	other	variables	are	held	constant.	

Hypothesis Testing 

From	the	ANOVA	Table	we	see	that:	
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Interpretation of Hypothesis Testing 

Ho:	β1	=	0	
Ha:	β1	≠	0	
Significance	Level:	5%	
α	=	0.05	
P-Value:	0.01476	
Rule:	Reject	Ho	if	P-Value	≤	α		
Decision:	Reject	Ho	since	our	p-value	of	0.01476	is	less	than	α	of	0.05.	Hence	this	variable	

is	significant	as	β1	≠	0	at	a	95%	confidence	interval.	Since	our	P-value	for	the	overall	model	is	
smaller	 than	 the	 significance	 level,	 we	 reject	 Ho.	 At	 least	 one	 independent	 variable	 has	 a	
significant	relationship	with	the	dependent	variable.	

Conclusion 

Our	model	has	identified	the	number	of	wins	as	the	most	important	factor	in	the	higher	
IMDb	 ratings	 of	 a	 movie.	 This	 suggests	 that	 viewer	 preferences	 are	 based	 on	 the	 winning	
popularity	of	the	movie.	Furthermore,	genre	also	plays	a	significant	role	in	decreasing	the	IMDb	
ratings,	more	specifically	the	Action	and	Fantasy	genre.	Actor’s	Rating	is	negatively	related	as	
the	smallest	ranking	of	an	actor	suggests	more	popularity	and	hence	higher	IMDb	ratings.		

 

Exhibits 

Table 

Variable	 Variable	Type	 Definition	and	numeric	code	
Viewers’	online	
rating	of	the	movie		 Response	 Rating	on	a	scale	of	1-10	done	on	the	online	

movie	rating	website	named	IMDb	

Ranking	of	the	lead	
actors	in	the	movie	

Explanatory	
	
	

The	ranking	of	the	main	actors	of	the	movie	as	
shown	on	the	rankers	website	

Movie’s	budget	 Explanatory	 The	budget	of	the	movie	in	millions	of	USD	

Genre	-	Fantasy	 Explanatory	
Whether	the	movie	belongs	to	the	fantasy	genre	
Fantasy:	1	
Not	fantasy:	0	

Genre-	Sci-	Fi	 Explanatory	
Whether	the	movie	belongs	to	the	Sci-Fi	genre	
Sci-Fi:	1	
Not	Sci-Fi:	0	
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Genre-	Action	 Explanatory	
Whether	the	movie	belongs	to	the	action	genre	
Action:	1	
Not	action:	0	

Countries	the	
movie	was	released	
in	

Explanatory	 The	number	of	countries	the	movie	was	released	
in	as	shown	on	its	IMDb	profile.	

Nominations	 Explanatory	 The	number	of	nominations	the	movie	has	
received,	as	shown	on	its	IMDb	profile.	

Wins	 Explanatory	 The	number	of	awards	the	movie	won,	as	shown	
on	its	IMDb	profile.	

Duration	mins	 Explanatory	 The	running	time	of	the	movie	excluding	
intervals.	

 

Regression Model 

 

References 
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-	For	information	about	the	ratings,	wins	and	nominations	of	each	movie:	IMDB	page	of	each	
individual	movie	<http://www.IMDb.com/>	

-	For	information	about	the	list	of	movies:	Excel	data	file.	
<http://www.stephangisler.ch/docs/TheMovieExcelList.xls>	
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Neural Networks Applied to Translation Tasks 
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1. Introduction 

Software	translation	from	one	language	to	another	has	experienced	significant	advances	
in	 recent	 years.	 The	 opportunities	 that	 are	 provided	 by	 quality,	 error	 free	 translation	 are	
enormous.	These	potential	 opportunities	 for	machine	 translation	 range	 from	making	books	
written	 in	 English	 available	 to	 German	 speaking	 customers	 to	 providing	 mission	 critical	
software	systems,	such	as	medical	systems,	available	to	any	doctor	in	the	world.	

Because	of	the	advantages	machine	translation	would	provide,	exploration	of	different	
translation	models	continue.	Likewise,	the	predominant	industry	paradigms	are	not	yet	error	
free	(Goldberg,	2015).	As	such,	machine	translation	is	an	incredibly	exciting	area	of	research	
with	far	reaching	consequences.	

Other	important	areas	of	research	for	machine	translation	abound.	Are	we	interested	in	
translating	spoken	word?	Written	text?	A	document?	Additionally,	a	language	may	have	words	
with	multiple	meanings,	or	may	literally	mean	something	 in	another	 language	that	does	not	
have	the	required	context	(such	as	a	colloquialism).	Adequate	machine	translation	needs	to	
account	for	all	of	these	pitfalls.	

There	are	several	ways	to	write	a	machine	translation	program.	One	could,	obviously,	
write	a	program	with	guidelines	provided	by	a	bilingual	speaker.	Unfortunately,	the	domain	
would	be	immense.	It	would	be	impossible	to	write	software	that	would	take	into	account	every	
possible	rule	of	translation	for	each	word,	each	context	of	a	word,	each	context	of	a	phrase,	etc.
	 	

One	of	the	more	successful	methods	from	recent	years	for	machine	translation	has	been	
the	use	of	 learning	or	training	models.	That	 is,	 “teaching”	a	computer	to	correctly	recognize	
proper	translation.	These	methods	have	advanced	machine	translation	greatly,	and	they	will	be	
the	focus	for	discussion.	

	This	 paper	 will	 discuss	 the	 current	 dominant	 paradigms	 of	 machine	 translation,	
including	statistical	machine	 translation	and	the	recurrent	neural	network	encoder-decoder	
approach.	There	are	advantages	and	disadvantages	to	both.	Additionally,	we	will	summarize	
and	 discuss	 recent	 work	 proposed	 by	 Kyunghyun	 Cho	 (2015)	 regarding	 a	 potential	
advancement	in	the	use	of	the	RNN	Encoder-Decoder	approach.	

2. Issues With Current Paradigms of Machine Translation 
Statistical Machine Translation 

Revisiting	our	example	of	a	potential	machine	translator	from	earlier,	what	could	we	do	
differently?	Well,	one	common	 technique	 is	 to	program	a	machine	 to	 take	some	 text	 in	one	
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language	and	the	same	text	 in	another	language	so	it	can	“learn”	which	words	map	to	other	
words.	

The	 statistical	 aspect	 comes	 in	with	mapping	words	 to	 other	words.	 Using	 Bayesian	
calculations,	probabilities	are	assigned	to	word	pairings.	Why	do	we	use	statistics?	The	answer	
is	because	a	sentence	in	one	language	doesn’t	have	a	single	translation	in	another	language.	It	
can	be	translated	into	multiple	different	words	or	sentences.	As	such,	we	use	probabilities	to	
represent	the	likelihood	that	a	sentence	in	one	language	is	the	likely	translation	of	the	sentence	
in	the	original	language	(Brown,	1990).	

The	 likelihood	 that	 an	 output	 word	 adequately	 represents	 the	 same	 word	 from	 the	
original	 language	 is	 referred	 to	 as	 the	 “log	 likelihood”.	 Once	we’ve	 provided	 the	 statistical	
machine	translator	with	a	set	of	input	and	output	translations,	the	machine	can	start	to	make	
inferences	about	novel	data	and	provide	us	with	probabilities	that	reflect	the	log	likelihood	that	
the	outputs	are	accurately	translated	(Brown,	2003).	

There	are	several	drawbacks	to	this	type	of	system,	however.	
First,	errors	are	difficult	to	discover	and	fix.	Related	to	this	problem,	SMT	systems	are	

very	good	at	providing	understandable	translations	that	disguise	errors	during	the	translation	
process.	 Additionally,	 when	 word	 order	 matters,	 SMT	 systems	 aren’t	 as	 accurate.	 SMT	
translations	 between	 similar	western	 languages	 are	much	more	 successful	 than	 translating	
between	a	western	language	and	Chinese,	for	example.	Finally,	it’s	difficult	for	SMT	to	take	into	
account	specific	contextual	clues	regarding	a	metaphor	in	one	language	and	correctly	translate	
it	into	an	understandable	phrase	in	the	output	language	(Brown,	1990).	

3. Neural Machine Translation and the RNN Encoder-Decoder Approach to 
Machine Translation 

Both	IBM	and	Google	have	utilized	neural	networks	to	great	success.	Google,	specifically,	
has	 been	 a	 pioneer	 in	 the	 use	 of	 a	 neural	 network	 to	 increase	 the	 speed	 and	 accuracy	 of	
language	translation	(see	Mikolov,	2013	and	Sutskever,	2014).	More	recently,	natural	language	
processing	has	been	 advancing	with	hybrid	neural	 networks	 and	SMT	approaches.	 Cho	has	
extensively	detailed	this	newer	paradigm	in	a	2014	paper.	

Before	we	can	get	 into	neural	machine	 translation,	however,	we	must	discuss	what	a	
neural	network	is.	

A	neural	network	is,	essentially,	a	computer	system	that	is	designed	to	function	similarly	
to	the	human	brain’s	system	of	neurons.	Information	is	stored	and	computed	in	nodes	and	is	
propagated	to	other	nodes	with	a	system	of	edges,	or	connections	to	other	nodes	(neurons)	
(Sutskever	et	al.	2014).	The	internal	nodes	are	considered	“hidden”.	These	nodes	are	assigned	
probability	weights	based	on	Gaussian	distributions.	 Input	 is	 “forward-propagated”	 through	
the	hidden	layers	to	produce	output	that	is	closer	to	the	expected	output	(Goldberg,	2015).	

At	its	most	basic	operation	level,	there	are	two	visible	sets	of	neurons.	One	set	represents	
the	 input	neurons	and	 the	second	set	 represents	 the	output	neurons	(Goldberg,	2015).	The	
network	 itself	 is	 considered	 “hidden”,	 a	 black	 box	where	 the	 system	of	 internal	 processing	
neurons	manage	the	data	to	produce	outputs.	The	motivation	behind	developing	a	system	this	
way	is	that	the	machine	teaches	itself	based	on	the	data	it	is	provided.	There	is	no	dependency,	
like	with	an	SMT,	on	the	functions	the	machine	is	provided	in	its	programming		
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A	Recurrent	Neural	Network,	 or	RNN,	 is	 a	 system	 that	maintains	 an	 internal,	 hidden	
state.	 This	 is	 in	 contrast	 with	 a	 typical	 feed-forward	 neural	 network	 which	 computes	 the	
system’s	state	from	scratch	at	every	node.	RNNs	utilize	information	sequentially	which	is	why	
they	make	for	good	machine	translation	architectures.		Later	neuron	processing	is	dependent	
on	what	previous	neurons	have	calculated	allowing	for	inputs	of	arbitrary	length.	This	is	the	
main	advantage	of	designing	a	machine	translation	system	with	an	RNN	-	an	input	can	be	of	
variable	size	in	relation	to	the	output.	The	variable	input	is	compressed	to	a	fixed-length	vector	
for	processing	(Cho,	2014).	

Here	is	an	excellent	graphic	demonstrating	RNN	computation.	The	variable	x	represents	
a	given	time	step	through	the	network,	s	is	each	hidden	state,	o	is	the	output	passed	to	later	
neurons,	and	U,	V	and	W	represent	the	parameter	matrices	that	are	shared	with	each	neuron:		

Figure 1: Visual representation of a neural network (LeCun, 2015) 

For	the	purpose	of	this	paper,	we	have	implemented	some	code	in	Python	demonstrating	
an	RNN.	Please	assume	that	this	network	has	already	been	supplied	training	data	and	the	data	
has	been	compressed	into	the	vector.	The	x	parameter	of	the	run	method	represents	the	input	
sequence	vector	and	returns	an	output	vector	that	must	be	decoded	into	the	output	language:	
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Here	is	an	example	of	code	that	encodes	input	text	to	a	vector	that	can	be	supplied	to	the	
RNN	pictured	above:	 	

And	finally,	here	is	a	method	that	decodes	the	prediction	values	provided	by	the	RNN	to	
actual	machine	predicted	text:	

 

Cho	(2014)	has	previously	proposed	a	model	of	machine	translation	that	relies	on	two	
recurrent	neural	networks.	This	approach,	referred	to	as	an	RNN	Encoder-Decoder	model,	is	
described	 as	 “[o]ne	 RNN	 encodes	 a	 sequence	 of	 symbols	 into	 a	 fixed	 length	 vector	
representation,	and	the	other	decodes	the	representation	into	another	sequence	of	symbols”	
(Cho,	2014).		

Similar	 to	 the	 neural	 networks	 described	 above,	 the	 encoder	 and	 decoder	 are	 both	
“trained”	 to	provide	output	with	 the	greatest	 likelihood	of	 an	accurate	 translation	 from	 the	
input.	In	this	proposed	model,	input	and	output	phrase	lengths	can	differ.	

The	decoder	RNN	provides	the	sequence	vector	and	predicts,	probabilistically,	what	the	
likely	translations	are,	given	the	training	corpora	the	system	has	been	provided.	Phrase	pairs	
are	scored	with	this	probability	and	the	output	phrase	or	sequence	is	constructed	from	these	
likelihood	scores	(Cho,	2014).	

	
To	summarize	above	Encoder-Decoder	model	works	as	depicted	in	the	diagram	below,	

 

Figure 2: Process of encoder and decoder 
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Here,	“ABC”	is	the	source	text	and	these	input	units	(first	3)	comprise	the	encoder.	The	
following	5	units	constitute	the	decoder	for	target	text	(“WXYZ”).	RNNs	can	do	the	following:	

1) Summarize	a	string	into	state	vector,	
2) Predict	next	word,	based	on	previously	processed	string	(given	“AB”	able	to	predict	“ABC”)	

The	code	described	previously,	does	the	second	task.	For	the	encoder-decoder	model	we	
construct	 and	 encoder	 to	 do	 the	 first	 task,	 then	 we	 train	 both	 the	 encoder-decoder	
simultaneously	to	do	the	translation.	The	black	boxes	in	the	above	diagram	are	GRU	cells	(Cho,	
2014	).			

For	 our	 implementation,	 we	 have	 used	 the	 tensorflow	 library	 for	 GRUcell	
implementation.		

	
def single_cell(): 
      return tf.contrib.rnn.GRUCell(size) 
cell = single_cell() 
 

Next,	we	create	a	sequence	to	sequence	model	as	depicted	in	the	code:	
 
def seq2seq_f(encoder_inputs, decoder_inputs, do_decode): 
      return tf.contrib.legacy_seq2seq.embedding_attention_seq2seq( 
          encoder_inputs, 
          decoder_inputs, 
          cell, 
          num_encoder_symbols=source_vocab_size, 
          num_decoder_symbols=target_vocab_size, 
          embedding_size=size, 
          output_projection=output_projection, 
          feed_previous=do_decode, 
          dtype=dtype) 

 

After	 training,	 this	architecture	 is	good	enough	 to	 translate.	But	we	have	 to	 train	 the	
model	for	maximum	log	likelihood	(described	previously).	We	use	the	SGD	method	for	training,	
see	code:	

 
# This is the training loop. 
    step_time, loss = 0.0, 0.0 
    current_step = 0 
    previous_losses = [] 
    while True: 
      # Choose a bucket according to data distribution. We pick a random number 
      # in [0, 1] and use the corresponding interval in train_buckets_scale. 
      random_number_01 = np.random.random_sample() 
      bucket_id = min([i for i in xrange(len(train_buckets_scale)) 
                       if train_buckets_scale[i] > random_number_01]) 
 
      # Get a batch and make a step. 
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      start_time = time.time() 
      encoder_inputs, decoder_inputs, target_weights = model.get_batch( 
          train_set, bucket_id) 
      _, step_loss, _ = model.step(sess, encoder_inputs, decoder_inputs, 
                                   target_weights, bucket_id, False) 
      step_time += (time.time() - start_time) / FLAGS.steps_per_checkpoint 
      loss += step_loss / FLAGS.steps_per_checkpoint 
      current_step += 1 
 
# Decrease learning rate if no improvement was seen over last 3 times. 
        if len(previous_losses) > 2 and loss > max(previous_losses[-3:]): 
          sess.run(model.learning_rate_decay_op) 
        previous_losses.append(loss) 

 
The	 step	method	 (in	 code	 above),	 is	 derived	 from	 the	 tensorflow	 library	 to	make	 a	

complete	step	comprising	of	doing	a	forward	pass,	calculating	losses,	back	propagating	errors	
and	modifying	weights.	

	
def step(self, session, encoder_inputs, decoder_inputs, target_weights, 
           bucket_id, forward_only): 
 

	
To	optimize	performance	of	the	code,	bucketing	is	used,	which	we	will	ignore	for	now.			

	
There	are	some	significant	drawbacks	to	the	RNN	Encoder-Decoder	approach.	Primarily,	

there	 is	 a	drop	off	 after	 sentences	 reach	 a	 length	of	20	words.	The	BLEU	 scores	drop	 from	
between	20	and	25	to	eventually	below	10	(Cho,	2015).	Additionally,	there	can	be	significant	
errors	at	the	end	of	long	sentences	(Cho,	2015).	The	current	alignment	model	that	focuses	on	
word	for	word	translations	result	in	very	poor	output	sentences	for	languages	with	different	
grammatical	structures.	For	example,	English	and	German	can	have	very	different	rules	about	
where	nouns	and	verbs	should	be	present	in	sentences.	This	model	struggles	with	translation	
between	these	languages.	

	A	quick	aside:	the	Bleu	score	is	a	metric	proposed	by	Papieni	et	al.	(2002)	that	seeks	to	
measure	 how	 accurately	 a	 machine	 translated	 a	 word	 by	 comparing	 it	 to	 a	 translation	
performed	by	a	human.	Translations	are	 judged	by	a	precision	metric	which	“counts	up	the	
number	of	candidate	translation	words	(unigrams)	which	occur	in	any	reference	translation	
and	 then	divides	by	 the	 total	 number	of	words	 in	 the	 candidate	 translation”	 (Papieni	 et	 al.	
2002).	

	Cho	(2015)	provides	an	excellent	graphic	demonstrating	the	current	models	of	machine	
translation	with	SMTs	and	neural	networks:	
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Figure 3: Current models of SMT’s and neural networks (Cho 2015) 

 

4. Jointly Learning to Align and Translate 

Cho	(2015)	proposed	a	potential	significant	advancement	 in	neural	network	machine	
translation	 over	 the	 previously	 discussed	 RNN	 Encoder-Decoder	 approach.	 This	 novel	
approach,	referred	to	as	RNN	Encoder-Decoder	jointly	learning	to	align	and	translate,	has	state-
of-the-art	advancements	that	we	will	discuss	at	length.	

	This	approach	to	machine	translation	depends,	much	like	the	earlier	proposed	system,	
on	 two	 RNNs.	 Except,	 the	 encoder	 is	 bidirectional	 and	 the	 decoder	 is	 modeled	 to	 behave	
similarly	to	a	search	algorithm	(Cho,	2015).	A	context	vector	is	implemented	that	depends	on	
“a	sequence	of	annotations…	to	which	an	encoder	maps	the	input	sentence.	Each	annotation	
contains	 information	 about	 the	 whole	 input	 sequence	 with	 a	 strong	 focus	 on	 the	 parts	
surrounding	the	i-th	word	of	the	input	sequence”	(Cho,	2015).	The	figure	to	the	right	is	a	visual	
model	of	the	system.	

	A	bidirectional	RNN	consists	of	RNN	architecture	that	runs	both	forward	and	backward	
(unlike	our	code	example	that	only	implements	forward	propagation).	Hidden	states	for	both	
directions	are	created	and	concatenated	together	to	form	single	states.	Why	would	we	want	to	
use	 a	 bidirectional	 RNN?	 Especially	 in	 the	 case	 of	 language	 translation,	 later	 words	 in	 a	
sequence	are	just	as	useful	as	the	previous	words	in	generating	a	highly	likely	output	(Goldberg,	
2015).	The	concatenation	approach	also	allows	for	words	to	be	computed	in	context,	so	the	
words	are	considered	with	their	immediate	neighbors.	

Here	is	a	brief	summary	of	the	concatenation	process:	
In	this	way,	the	annotation	hj	contains	the	summaries	of	both	the	preceding	words	and	

the	 following	 words.	 Due	 to	 the	 tendency	 of	 RNNs	 to	 better	 represent	 	 recent	 inputs,	 the	
annotation	hj	will	be	focused	on	the	words	around	xj.	This	sequence	of	annotations	is	used	by	
the	decoder	and	the	alignment	model	later	to	compute	the	context	vector	(Cho,	2015).	

	The	decoder	is	additionally	described	as	such:	
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“It	 should	 be	 noted	 that	 unlike	 the	 existing	 encoder–decoder	 approach,	 here	 the																									
probability	is	conditioned	on	a	distinct	context	vector	c(i)	for	each	target	word	y(i).	The	context	
vector	c(i)	depends	on	a	sequence	of	annotations	(h1,		·	·	·	,	hTx)	to	which	an	encoder	maps	the	
input	sentence.	Each	annotation	h(i)	contains																																											information	about	the	
whole	input	sequence	with	a	strong	focus	on	the	parts	surrounding	the	i-th	word	of	the	input	
sequence.	The	context	vector	c(i)	is,																						then,	computed	as	a	weighted	sum	of	these	
annotations	h1”	(Cho,	2015).	

	The	decoder	depends	on	an	accurate	alignment	model	that	computes	a	“soft	alignment”	
between	the	 input	sequence	around	a	position	with	 the	output	at	a	corresponding	position.	
These	positions	are	assessed	on	how	well	they	match	and	this	score	is	backpropagated	through	
the	network	(Cho,	2015).	This	is	precisely	how	phrases	are	translated	“in	context”	so	that	word	
order	isn’t	as	important	a	factor	for	the	inputs	and	outputs.	

	We	will	discuss	 the	results	 in	greater	detail	 later	on,	however	here	we	would	 like	 to	
point	out	some	of	the	advantages	the	results	indicate.	First,	unlike	the	RNN	Encoder-Decoder	
approach,	the	bidirectional	approach	has	no	significant	drop	off	in	performance	after	sentence	
lengths	of	20	words.	Additionally,	the	bidirectional	approach	achieves	BLEU	scores	up	to	25%	
higher	than	the	RNN	Encoder-Decoder	approach.	We	also	must	mention	that	word	and	phrase	
alignment	 is	much	better	with	 the	proposed	architecture.	For	example,	Cho	 translates	 from	
English	to	French,	which	can	have	very	different	grammatical	rules	and	word	alignments.	This	
model	handles	them	superbly.	Finally,	 this	 implementation	will	encode	 into	a	variable	sized	
vector.	

	The	performance	 is	better	 for	 several	 reasons,	 including	eliminating	 the	 fixed	vector	
bottleneck,	and	removing	the	need	for	the	RNN	to	remember	the	whole	sentence	as	a	state	in	
memory	(Cho,	2015).	The	experimental	results	will	prove	these	hypotheses.	

5. Experimental Results 

Cho	 (2015)	 ran	 an	 evaluation	 experiment	 to	 test	 this	 idea	 on	 an	 English	 to	 French	
dataset.	They	compared	the	performance	of	the	proposed	RNN	with	the	previously	described	
RNN	Encoder-Decoder	architecture.	Each	model	was	trained	twice	with	sentences	as	long	as	30	
words	and	sentences	as	 long	as	50	words.	Here	 is	a	graph	underscoring	the	resulting	BLEU	
scores	(RNNsearch	is	the	bidirectional	jointly	learning	to	align	and	translate	approach):	
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Figure 4: Graph of BLEU score relative to sentence length 

The	figure	above	illustrates	that	performance	is	generally	better	for	nearly	all	sentence	
lengths.	Additionally,	examining	the	outputs	reveals	that	words	are	correctly	aligned	with	their	
grammatically	 correct	 French	 translations.	 Cho	 writes:	 “we	 see	 that	 the	 model	 correctly	
translates	a	phrase	[European	Economic	Area]	into	[zone	economique	europeen]”	(Cho,	2015).	
The	alignment	correctly	handled	this	translation	by	considering	the	entire	phrase	at	a	given	
location,	rather	than	each	individual	word.	

As	was	 predicted,	 fixed	 length	 vectors	 create	 a	 bottleneck	 in	 the	 translation	 of	 long	
sentences.	However,	there	are	other	probable	reasons	why	longer	sentences	have	higher	BLEU	
scores.	For	example,	the	RNNsearch	paradigm	“does	not	require	encoding	a	long	sentence	into	
a	fixed-length	vector	perfectly,	but	only	accurately	encoding	the	parts	of	the	input	sentence	that	
surround	a	particular	word”	(Cho,	2015).	The	model	is	able	to	primarily	direct	its	attention	to	
the	 information	 relevant	 to	 the	 production	 of	 the	 next	 word.	 All	 of	 these	 aspects	 work	 in	
conjunction	to	produce	excellent	log-probability	of	output	translations.	

		 These	results	would	mark	a	significant	leap	forward	in	the	development	of	neural	
network	machine	 translation.	The	performance	 is	 “comparable	 to	 the	existing	phrase-based	
statistical	machine	translation”	(Cho,	2015).	There	is	still	room	for	improvement,	however.	The	
systems	 must	 be	 able	 to	 translate	 untrained,	 novel	 words-	 so	 work	 toward	 developing	 a	
paradigm	is	greatly	needed.	

6. Summary 

Machine	translation	has	advanced	tremendously	in	the	past	few	years.	Novel	methods	in	
statistical	 approaches	 have	 driven	 much	 of	 the	 improvements.	 However,	 in	 recent	 years	
paradigms	 have	 emerged	 that	 rely	 on	 neural	 network	 architectures.	 Neural	 network	
architectures,	in	conjunction	with	the	statistical	approaches,	have	led	to	explosive	growth	in	
machine	translation	and	natural	language	processing	in	general.	This	discussion	was	focused	
on	summarizing	the	architecture	proposed	by	Cho	(2015).	A	bidirectional	RNN	with	a	variable	
sized	vector,	alignment	model	and	decoder	 that	computes	output	based	on	context,	not	 just	
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word	 for	word.	 This	 approach	 represents	 a	 significant	 potential	 advancement	 in	 the	use	 of	
neural	networks	for	machine	translation.	

		 As	 was	 shown,	 the	 experimental	 results	 are	 promising.	 BLEU	 scores	 for	 the	
proposed	architecture	were	significantly	higher	 than	 the	other	RNN	approach.	Additionally,	
BLEU	 scores	 did	 not	 drop	 off	 when	 sentences	 were	 longer	 than	 20	 words.	 Finally,	 the	
concluding	phrases	of	output	sentences	remained	high	quality	based	on	BLEU	scores,	also	an	
improvement	over	the	RNN	encoder-decoder	implementation.	

	 If	given	more	time	and	resources,	using	the	above	created	encoder-decoders,	this	
research	project	would	have	entailed	training	our	RNNs	more	using	proper	datasets	that	were	
available.	In	addition,	the	research	would	have	attempted	to	fine	tune	the	translation	encoder-
decoders	similar	to	Cho	(2015).		

 References 

Brown,	P.,	J.	Cocke,	S.	Dell,	and	A.	Pietra.	"A	STATISTICAL	APPROACH	TO	LANGUAGE	
TRANSLATION."	Computational	Linguistics	16.2	(1990):	79-85.	Web.	

Brown,	P.,	S.	Della	Pietra,	V.	Della	Pietra,	R.	Mercer.	“The	Mathematics	of	Statistical	Machine	
Translation:	Parameter	Estimation.”	Computational	Linguistics	19.2	(1993):	263-311.	Web.	

Dzmitry	Bahdanau,	Kyunghyun	Cho:	“Neural	Machine	Translation	by	Jointly	Learning	to	Align	and	
Translate”,	2014;	[http://arxiv.org/abs/1409.0473	arXiv:1409.0473].	

Ilya	Sutskever,	Oriol	Vinyals:	“Sequence	to	Sequence	Learning	with	Neural	Networks”,	2014;	
[http://arxiv.org/abs/1409.3215	arXiv:1409.3215].	

Kyunghyun	Cho,	Bart	van	Merrienboer,	Caglar	Gulcehre,	Dzmitry	Bahdanau,	Fethi	Bougares,	
Holger	Schwenk:	“Learning	Phrase	Representations	using	RNN	Encoder-Decoder	for	
Statistical	Machine	Translation”,	2014;	[http://arxiv.org/abs/1406.1078	arXiv:1406.1078].	

Kyunghyun	Cho,	Bahdanau,	D.:	“Neural	Machine	Translation	by	Jointly	Learning	to	Align	and	
Translate”,	2015;	[http://arxiv.org/abs/1409.0473	arXiv:1409.0473].	

Mikolov,	T.,	V.	Le	Quoc.,	I.	Sutskever.	“Exploiting	Similarities	among	Languages	for	Machine	
Translation.”	

Papieni,	K.,	S.	Roukos,	T.	Ward,	W.	Zhu.	“BLEU:	a	Method	for	Automatic	Evaluation	of	Machine	
Translation.”		Computational	Linguistics	(2002):	311-318.	Web.	

Tomas	Mikolov,	Quoc	V.	Le:	“Exploiting	Similarities	among	Languages	for	Machine	Translation”,	
2013;	[http://arxiv.org/abs/1309.4168	arXiv:1309.4168].	

Yoav	Goldberg:	“A	Primer	on	Neural	Network	Models	for	Natural	Language	Processing”,	2015;	
[http://arxiv.org/abs/1510.00726	arXiv:1510.00726].	

Y.	LeCun,	Bengio,	Y.,	Geoffrey,	H.	“Deep	Learning.”		Nature	(2015):	436-444.	Web.	
 



Review of Computational Science and Engineering ½Volume 3, Issue 2  148 

Particulate Matter 
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1.0.  Introduction 

The	atmosphere	is	composed	of	different	kinds	of	particles	which	come	from	different	
sources	including	industries.	They	include;	dust,	soot	and	even	smoke.	The	particles	in	the	air	
are	a	source	of	pollution	and	can	cause	problems	such	as	visibility	impairment	and	respiratory	
illnesses.	The	kind	of	pollution	caused	by	these	matters	is	called	particulate	pollution.	Because	
these	particles	are	invisible	without	the	aid	of	machines,	often	people	ignore	them	(Zereini	and	
Wiseman,	2010).	The	impact	that	these	particulars	have	on	human	life,	however,	make	public	
awareness	 an	 important	 area	 of	 concern.	 This	 paper	 gives	 basic	 information	 concerning	
particulate	matter	including	the	definition,	the	size	and	the	effect	of	having	these	particles	in	
the	atmosphere.	The	paper	then	goes	ahead	to	point	out	the	problems	created	by	particulate	
matter.	Finally,	the	paper	suggests	possible	ways	through	which	individuals	and	organizations	
can	raise	public	awareness	on	particulate	matter.		

1.1 Introduction to Particulate Matter 

1.1.1. Definition	of	Particulate	Matter	

The	US	Environmental	Protection	Agency,	EPA	(2016a),	defines	Particulate	matter,	(PM)	
as	a	mixture	of	solid	particles	and	liquid	droplets	found	in	the	atmosphere.	Being	a	pollutant,	
these	kinds	of	matter	are	also	known	as	particulate	pollution.	PM	is	one	of	the	six	most	common	
sources	of	air	pollution	and	has	adverse	effects	on	human	beings,	plants	and	animals	 (EPA,	
2016b).	Particulate	pollution	can	cause	environmental	and	health	hazards	while	posing	serious	
threats	to	property.	The	composition	of	this	kind	of	matter	varies	due	to	the	different	kinds	of	
chemicals	that	form	them.		

1.1.2. Composition	of	Particulate	Matter	

Particulate	matter	is	composed	of	different	types	of	mass.	The	variations	found	in	the	
composition	 of	 particulate	matter	 are	 a	 result	 of	 the	 different	 places	where	 the	 particulate	
matter	is	found.	Different	environments	lead	to	different	factors	affecting	the	matter	including	
seasons	and	the	prevailing	climatic	conditions.	The	general	composition	of	particulate	matter	
however,	is	nitrate	and	sulfate	(Manahan,	2011).	These	come	about	due	to	chemical	reactions	
between	the	air	pollutants.	Particulate	matter	is	also	composed	of	carbon	and	soot	(Hester	et	
al.	2016).	The	origin	of	these	substances	are	burning	of	fossil	fuels.		
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1.1.3. Size	of	Particulate	Matter	

Particulate	matter	is	generally	small	thus	making	it	easily	inhalable.	In	determining	the	
size	of	this	matter,	we	divide	it	into	two	groups.	The	first	group	is	the	total	suspended	particles	
which	have	a	diameter	of	not	more	than	fifty	micrometers	while	the	second	comprises	of	matter	
categorized	 into	 PM10	 which	 consists	 of	 particles	 with	 a	 diameter	 of	 not	 more	 than	 ten	
micrometers	and	PM2.5	which	group	is	composed	of	particles	which	have	a	diameter	of	not	
more	than	2.5	micrometers	(Robert,	2008).	The	latter	group	of	particles	is	commonly	known	
as	ultrafine	particles.	The	size	of	a	human	hair	is	between	50	and	70	micrometers.	Then,	the	
size	of	PM10	is	about	1/5~1/7	of	the	size	of	a	human	hair.	In	addition,	the	size	of	PM2.5	is	about	
1/20~1/30	of	the	size	of	a	human	hair.	Comparisons	show	the	feature	of	microscopic	size	of	
the	particulate	matter.	

2. Sources of Particulate Matter 

The	 sources	 of	 particulate	 matter	 vary	 immensely	 and	 are	 divided	 into	 two	 groups	
namely	natural	and	artificial	particulate	matter.	While	natural	 sources	of	particulate	matter	
includes	pollen	and	dust,	the	artificial	sources	are	fossil	fuels,	vehicle	smoke	and	industrial	and	
construction	site	wastes	(Shah,	2010).	The	amount	of	particulate	matter	produced	will	depend	
on	the	activity	that	leads	to	its	production.	The	particulate	matter	produced	from	industries,	
for	instance,	is	more	and	has	more	adverse	effects	on	life	as	compared	to	particulate	matter	
produced	 during	 cooking.	 The	 production	 of	 particulate	 matter	 occurs	 as	 a	 result	 of	 two	
processes	 i.e.	 emission	 of	 solid	 particulate	matter	 for	 example,	 from	 construction	 sites	 and	
emission	of	the	matter	in	gaseous	form	from	chemical	reactions	such	as	in	industries	(Biswas,	
2008).	Particulate	matter	that	come	about	due	to	chemical	reactions	are	the	more	dangerous	
type	of	matter	due	to	their	chemical	composition.	It	is	thus	important	people	raise	awareness	
on	this	type	of	matter.	

PM2.5	 is	more	 likely	 to	 form	 compared	 PM10	 from	 chemical	 reactions.	 This	 type	 of	
reaction	 involves	 the	 participation	 of	 volatile	 organic	 compounds	 (VOCs)	 in	 the	 chemical	
reaction.	The	VOCs	react	with	other	reactive	materials	found	in	the	chemical	process	such	as	
the	ozone	(National	Research	Council,	US	and	National	Academies,	US,	2010).	The	study	also	
states	that	the	process	also	involves	the	reaction	of	Nitrogen	Oxides	found	in	the	atmosphere	
with	 the	 ozone	 layer	 to	 produce	 nitric	 acid.	 This	 then	 reacts	 with	 ammonia	 thus	 forming	
ammonium	 nitrate.	 The	 process	 can	 also	 involve	 the	 reaction	 of	 sulfurous	 acid	 gas	 with	
hydroxide	and	water	vapor	producing	sulfuric	acid.	Finally,	the	acid	reacts	with	the	ammonia	
to	from	ammonium	sulfate.	This	is	one	of	the	particulate	pollutions.	

3. Effects of Particulate Matter 

The	effects	of	particulate	matter	come	about	mostly	because	of	their	size.	This	kind	of	
matter	 has	 extremely	 adverse	 effects	 on	 life	 and	 property.	 The	 effect	 of	 these	 particles	 is	
unidentifiable	 immediately	 due	 to	 their	 minute	 size	 thus	 the	 need	 for	 public	 awareness	
(Murphy,	2013).	Some	of	the	effects	include	the	risks	of	inhalation	from	the	air	and	into	the	
human	body.	While	the	body	is	well	equipped	to	get	rid	of	this	matter	due	to	the	hair	found	in	
the	nostrils	which	trap	them	thus	preventing	entry	into	the	respiratory	system,	some	of	the	
matter	is	very	small	thus	gain	entry	into	the	body	(Anderson,	Thundiyil,	and	Stolbach,	2012).	
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Entry	of	particulate	matter	in	the	body	can	create	numerous	health	problems	including	asthma,	
bronchitis,	allergic	rhinitis	and	conjunctivitis.		

The	 World	 Health	 Organization,	 WHO	 (2017)	 provides	 that	 particulate	 matter	 is	
responsible	for	reducing	the	human	life	span.	WHO	goes	ahead	to	list	particulate	matter	as	one	
of	the	most	commonly	accessible	carcinogens.	Often,	 individuals	predisposed	to	the	disease,	
may	be	due	 to	a	genetic	 condition	or	 the	person’s	health	history,	 are	 the	ones	who	 feel	 the	
effects	of	particulate	matter.	The	effect	of	particulate	matter	on	the	environment	is	the	result	
of	the	fact	that	it	causes	pollution.	The	effects	of	this	type	of	matter	to	crops	are	similar	to	that	
of	acid	rain	due	to	the	acid	nature	of	most	of	the	particulate	matter	especially	that	caused	by	
chemical	reactions	(Izuta,	2017).	The	matter	depletes	the	nutrients	in	the	soil	while	increasing	
the	acidity	of	the	soil.		

Some	of	the	diseases	caused	by	particulate	matter	are	allergic	conjunctivitis,	keratitis,	
allergic	 rhinitis,	 bronchitis,	 emphysema,	 asthma,	 and	 alveola	 damage.	 According	 to	 WHO,	
World	Health	Organization,	 due	 to	particulate	matter,	 seven	million	people	die	 earlier	 than	
their	 life	 expectancy.	 In	 addition,	 WHO	 IARC	 classified	 particulate	 matter	 as	 Group	 1	
carcinogen,	along	with	benzene	and	asbestos	(2016).	Mostly,	when	particulate	matter	invades	
the	human	body,	an	inflammatory	response	occurs	in	each	organ,	which	leads	to	all	different	
kinds	of	ailments.	Thus,	particulate	matter	has	a	close	relationship	with	many	health	diseases.		
					 First,	particulate	matter	may	have	a	 relationship	with	 respiratory	diseases.	As	humans	
inhale	air	with	particulate	matter,	fine	particles	pile	up	in	the	bronchus.	This	creates	sputum,	
leading	to	frequent	coughing.	As	a	result,	bronchus	mucous	membrane	becomes	dry,	and	there	
is	 an	 increase	 in	 the	 chance	 of	 having	 infectious	 diseases.	 People	 who	 have	 chronic	 lung	
diseases	 are	more	 susceptible	 to	 these	effects.	 Second,	particulate	matter	 is	 related	 to	 such	
cardiovascular	diseases	as	myocardial	infarction,	stroke,	arrhythmia	and	heart	failure	(Brook	
et	al.,	2010).	Particulate	matter	can	even	get	into	human's	bloodstream.	During	this	process,	
particulate	 matter	 can	 damage	 bloodstream.	 As	 a	 result,	 humans	 may	 suffer	 from	 angina	
pectoris	 and	 stroke.	 People	who	 have	 heart	 diseases	 are	more	 susceptible	 that	 particulate	
matter	 may	 bother	 oxygen	 exchange	 and	 cause	 more	 issues.		
							 Particulate	matter	 affects	 the	 health	 of	men	 and	women	 of	 all	 ages.	 However,	 several	
groups	exist	that	are	more	susceptible	to	the	negative	effects.	As	mentioned	earlier,	people	who	
already	 have	 diseases	 caused	 by	 particulate	matter	 need	 to	 be	more	 careful	 because	 their	
conditions	can	worsen.	Examples	of	such	diseases	include	coronary	artery	disease,	congestive	
heart	 failure,	 asthma,	 and	 pulmonary	 disease.	 Furthermore,	 senior	 citizens,	 children	 and	
pregnant	women	are	more	susceptible	than	other	members	of	the	population	are.	According	to	
the	research	done	at	Ewha	Women's	University	Medical	Center,	located	in	the	Republic	of	Korea	
and	cited	by	Kim	et	al.	(2016),	an	increase	in	the	concentration	of	particulate	matter	by	ten	
micrograms	raises	the	chances	of	congenital	anomaly	16%.	Also,	according	to	the	research	done	
at	 the	University	 of	 Southern	 California,	 children	who	were	 born	 in	 the	 area	with	 a	 higher	
concentration	of	particulate	matter	 tend	 to	have	a	higher	possibility	of	pulmonary	 function	
disability	than	in	the	lower	concentration.	There	was	500%	difference.	Older	adults	are	already	
in	danger	of	deterioration	of	lung	and	heart	functions.		
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4. Countries dealing with particulate matter 

Despite	being	a	global	concern,	very	few	countries	have	instituted	pragmatic	measures	
to	deal	with	particulate	pollution.	These	 countries	 fully	appreciate	 the	effects	of	particulate	
pollution	thus	the	attempts	at	reducing	it.		

4.1. Efforts	in	Korea	

Due	to	the	high	concentration	of	particulate	matter	in	the	air,	the	country	has	taken	steps	
to	 reduce	 particulate	matter.	 The	 high	 levels	 of	 particulate	matter	 originate	 from	 the	 large	
number	of	industries	in	the	country	such	as	coal-fired	power	plants;	the	location	of	the	country	
makes	it	harder	for	the	natural	lowering	of	the	amount	of	particulate	matter	in	the	atmosphere.	
Particulate	 matter	 from	 China	 also	 affects	 Korea.	 According	 to	 a	 report	 by	 the	 Korean	
government	published	by	GreenPeace	Korea	(2015),	China	was	responsible	for	up	to	50%	of	
the	country’s	particulate	pollution.	Moreover,	the	existence	of	coal-fired	power	plants	is	also	
one	of	the	causes.	Air	pollutants	emitted	from	such	power	plants	are	fatal	to	the	environment	
and	 human	 health.	 These	 power	 plants	 emit	 a	 great	 amount	 of	 PM2.5.	 However,	 Korea	 is	
attempting	to	build	more	power	plants	for	efficient	energy.	Greenpeace	demands	South	Korea	
to	reduce	unnecessary	use	of	coal	and	 increase	the	use	of	renewable	energy	 for	cleaner	air.	
Korea	has	held	meetings	with	China	and	Japan	to	enlist	cooperation	of	the	countries	in	dealing	
with	particulate	matter.	The	efforts	of	these	countries	include	analyzing	and	coming	up	with	
counter	measures.		

4.2. Efforts	in	Finland	

The	interest	of	Finland	in	particulate	matter	arises	from	the	high	concentrations	of	the	
matter	in	the	country.	The	chief	cause	is	traffic	and	the	use	of	heating	devices	especially	during	
extremely	cold	winters.	Finland	came	up	with	 Integrated	Assessment	Models,	 IAMs,	used	 in	
measuring	 primary	 particulate	 pollution.	 These	 models	 also	 measure	 acidification,	 and	
eutrophication.	 The	 Finnish	 Regional	 Emission	 Scenario,	 FRES	 instituted	 by	 Finish	
Environment	Institute	(2015)	is	also	an	important	model	that	Finland	came	up	with	to	measure	
annual	emission	of	elements	that	compose	particulate	matter	such	as	sulfur	dioxide	and	the	
sizes	of	particulate	matter.		

Initially,	 the	 model	 measured	 annual	 emissions	 of	 sulfur	 dioxide,	 nitrogen	 oxides,	
ammonia,	and	non-methane	volatile	organic	compounds	(Niko	et	al.,	2008).	Currently,	model	
additionally	 measures	 particulate	 matter	 in	 various	 sizes.	 Examples	 are	 total	 suspended	
particles,	 PM10,	 PM2.5,	 and	 PM1.	 FRES	model	measures	 sectoral	 and	 spatial	 emissions.	 As	
observed	by	Niko	et	al.,	FRES	model	is	also	a	valuable	tool	for	projecting	the	amount	of	emission	
in	 the	 future	 and	 its	 impacts.	 Through	 measurements,	 they	 can	 figure	 out	 the	 greatest	
contributor	to	air	pollution	and	areas	with	higher	emissions	(ICURS	et	al.,	2014).	

4.3. Efforts	in	Europe	

Netherlands	has	concentrated	on	the	reduction	of	PM10	and	PM2.5	through	research	
carried	out	by	 the	Netherlands	Research	Program	on	Particulate	Matter.	There	were	earlier	
studies	on	particulate	matter,	but	it	was	not	enough.	Thus,	the	Netherlands	Research	Program	
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on	Particulate	Matter	(BOP)	decided	 to	analyze	samples	of	both	PM10	and	PM2.5	 from	five	
different	locations:	Cabauw,	Hellendoorn,	Vredepeel,	Schiedam,	Rotterdam-Bentinckplein.	The	
study	added	location	of	Breda	for	analyzing	PM10	only.	Through	the	research	on	the	origin	and	
composition	of	particulate	matter	with	the	data	from	those	locations,	Netherlands	was	able	to	
fill	the	gaps	in	knowledge.		

The	Serbian	Environmental	Agency,	also	known	as	SEPA,	has	begun	measuring	PM10	
along	with	other	air	pollutants	in	2006.	Of	the	37	monitoring	stations,	13	focus	on	measuring	
particulate	matter	(SEPA,	2015).	In	total,	25	monitoring	stations	existed	that	measure	PM10	in	
as	 of	 2010.	 Serbia	 also	 worked	 on	 several	 research	 projects	 regarding	 particulate	 matter.	
Institute	of	Physics	started	a	"Fundamental	Project."	It	studied	air	quality	in	urban	areas	and	
nature	of	emission	and	transmission	of	pollutants	in	those	areas	by	collecting	data	on	PM10	
and	 PM2.5.	 There	 were	 also	 national	 projects	 such	 as	 "Technological	 Development"	 that	
studied	the	transportation	of	dust	from	power	plants	and	particulate	matter	in	both	indoor	and	
outdoor	environments.		

5. Public Awareness 

Since	particulate	matter	pollution	became	a	global	issue,	many	countries	have	started	to	
look	for	solutions.	Gurjar,	Molina	and	Ojha	(2010)	observe	that	currently,	the	whole	world	has	
acknowledged	 particulate	 matter	 as	 a	 problem.	 After	 discovering	 detrimental	 effects	 of	
particulate	matter	on	human	health,	many	countries	immediately	embarked	on	informing	the	
public	 regarding	 the	 same.	 Countries	 are	 currently	 including	 information	 pertaining	 to	 the	
concentration	 of	 particulate	matter	 in	 their	weather	 reports	 as	 one	 of	 the	 forecasts	was	 of	
creating	 public	 awareness	 (Lazaridis	 and	 Colbeck,	 2010).	 They	 warn	 the	 public	 if	 the	
concentration	 is	 higher	 than	 other	 normal	 days	 while	 suggesting	 the	 use	 of	 protective	
masks.	 Further,	 countries	 such	 as	 the	 United	 States	 avail	 such	 information	 to	 their	 citizen	
through	text	messages		

In	 England,	 Meteorological	 (MET)	 Office	 forecasts	 the	 concentration	 of	 pollutants.	
Arranging	 this	 information,	 Department	 for	 Environment,	 Food,	 and	Rural	 Affairs	 (DEFRA)	
posts	daily	air	quality	index	on	its	website	(Great	Britain,	2007).	Mass	media	such	as	newspaper	
and	 radio	 daily	 informs	 the	 public	 by	 using	 the	 information	 on	 the	 website.	 In	 Germany,	
Rhenish	Institute	for	Environmental	Research	forecasts	the	quality	of	atmosphere	(2017).	The	
institute	releases	the	result	of	the	forecast	for	the	citizens	to	know.	Mass	media	presents	this	
information	 also.	 The	National	 Institute	 of	 Environmental	Research	 in	 France,	 on	 the	 other	
hand,	posts	the	result	of	forecast	on	its	website.	If	the	concentration	of	PM10	exceeds	a	certain	
amount,	the	nation	makes	actions	for	improvements	in	air	quality.	

Public	awareness,	however,	remains	low	(Clayton,	2012).	This	calls	for	the	government	
to	ensure	the	creation	of	sufficient	public	awareness	through	education.	Often,	people	learn	a	
lot	 when	 they	 attend	 school.	 What	 they	 learn	 will	 remain	 as	 a	 form	 of	 knowledge.	 Thus,	
education	 regarding	 particulate	 matter	 will	 change	 the	 awareness.	 Public	 schools	 should	
definitely	 include	 particulate	 matter	 in	 their	 curriculum	 somehow	 (Great	 Britain,	 2011).	
Schools	should	actively	teach	students	about	the	harmful	effects	of	particulate	matter	so	that	
students	perceive	it	as	a	recurrent	issue.	Students	will	be	serious	when	there	is	a	warning	about	
the	high	 concentration	of	particulate	matter	 from	environmental	organizations.	 In	addition,	
children’s	susceptibility	to	the	said	effects	warrants	adequate	knowledge	on	the	same.		
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Awareness	 about	 particulate	 matter	 is	 also	 possible	 through	 advertisement	 (Rose,	
2010).	Government	should	make	a	popular	advertisement	that	almost	everyone	can	see	and	
remember.	The	advertisement	should	appear	many	times	through	television	and	paper.	It	 is	
worth	 investing	money	 in	 creating	 a	 successful	 advertisement	 that	 warn	 people	 about	 the	
detriments	 of	 particulate	matter	 because	 it	 can	 save	many	people's	 lives.	After	 consecutive	
watching,	the	public	will	start	to	appreciate	the	extent	of	the	issue	and	seek	ways	of	lessening	
the	related	harmful	effects	by	protecting	themselves	accordingly.	The	government	should	look	
for	a	way	that	will	reach	the	public	most	effectively	(Rice	and	Atkin,	2012).	The	advertisement	
will	be	a	great	help	for	the	public	to	remember	to	be	alert	to	the	concentration	of	particulate	
matter	every	day.		

6. Solutions 

Role of the government 

The	government	has	a	responsibility	of	ensuring	that	people	live	healthy	and	safe	lives.	
It	is	thus	their	responsibility	to	ensure	that	the	issues	pertaining	to	particulate	pollution	receive	
pragmatic	 redress.	 The	 government	 should,	 thus,	 endeavor	 to	 not	 only	 research	 about	
particulate	matter	but	 also	 to	provide	adequate	 information	 to	 the	public.	This	 information	
should	 be	 enough	 to	 enable	 the	public	 to	 understand	 the	 risks	 involve	 and	make	 informed	
decisions	on	ways	of	dealing	with	the	matter.		

Role of the public 

The	public	should	endeavor	to	reduce	the	amount	of	particulate	matter	in	their	countries	
by	reducing	its	production.	It	is	the	duty	of	the	public	to	ensure	that	they	use	sources	of	energy	
and	other	sources	of	particulate	matter	wisely	to	reduce	the	production	of	such	matter	to	a	bare	
minimum.	

7. Conclusion 

Particulate	 matter,	 though	 still	 not	 considered	 a	 threat	 is	 one	 of	 the	 most	 common	
sources	 of	 air	 pollution.	 The	 effects	 of	 particulate	 matter	 on	 the	 environment	 are	 greatly	
undesired.	 Organizations,	 governments	 and	 individuals	 alike	 should	 take	 steps	 towards	
ensuring	that	the	public	is	aware	of	the	nature,	the	sources	and	effects	of	particulate	pollution.	
Such	steps	should	include	the	creation	of	public	awareness	on	the	subtle	effects	of	particulate	
pollution	 as	 well	 as	 the	 probable	 and	 feasible	 means	 of	 stopping	 particulate	 pollution.	
Additionally,	institution	of	pragmatic	means	of	abating	the	effects	of	particulate	pollution	ought	
to	take	precedence	within	the	public	domain.		
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Abstract 

To	ensure	maximum	returns	for	an	investor,	there	is	a	need	to	make	highly	informed	
decisions.	There	have	been	many	methods	devised	over	the	years	to	ensure	that	investors	get	
only	the	best	including	financial	models	and	theories.	One	such	theory	is	the	Modern	Portfolio	
Theory.	 The	 theory	 brought	 forth	 by	 Harry	 Markowitz	 has	 been	 an	 important	 part	 of	 the	
financial	 sector	 for	years	since	 its	 inception	 in	1952.	This	paper	aims	at	expounding	on	 the	
modern	 portfolio	 theory,	 giving	 insight	 into	 its	 definition,	 application	 and	 the	 current	
applicability	of	the	theory.	It	also	discusses	the	concepts	that	relate	to	the	theory	and	on	the	
Nobel	 Laureate,	 Harry	Markowitz,	who	 played	 a	 big	 part	 in	 the	 formulation	 of	 the	 current	
financial	economics	through	his	contributions	to	this	field.	 It	also	explores	what	an	MTP	2.0	
would	be	like	and	the	issues	it	would	address.		

Introduction 

Definition of terms and establishment of premises 

The	Modern	 Portfolio	 Theory	 is	 one	 of	 the	 popular	 finance	 theories	 that	 aim	 at	 the	
maximization	of	an	investment	portfolio’s	expected	return	rates	(Francis	&	Kim,	2013).	This	
maximization	 is	 always	 based	 on	 a	 given	 risk	 amount	 and	 involves	 making	 the	 right	
combination	of	assets	in	a	portfolio	to	minimize	risk	levels	from	the	expected	return.	The	theory	
works	by	helping	in	the	understanding	of	the	risk	appetite	then	formulating	a	portfolio	that	
yields	maximum	results	as	expected.	The	expected	return	is;	therefore,	the	weighted	sum	of	all	
assets’	 returns	 within	 the	 portfolio	 (Mangram,	 2013).	 The	 theory,	 therefore,	 is	 majorly	
influenced	by	diversification	of	assets	and	is	especially	useful	in	the	financial	industry.	It	is	also	
known	as	the	main	variance	analysis	and	as	such	can	be	seen	as	a	mathematical	framework	that	
is	used	to	assemble	the	assets	in	a	portfolio.	Variance,	in	this	case	is	the	maximization	of	the	
expected	returns	for	a	given	level	of	risk.	The	main	insight	that	this	theory	hopes	to	give	is	that	
the	returns	and	risks	of	an	asset	should	not	be	assessed	by	the	asset	 itself	but	by	the	entire	
portfolio’s	 risk	 and	 return.	 The	 theory	was	 introduced	by	Harry	Markowitz,	 economist	 and	
Nobel	Prize	in	Economics	Laureate	in	1952.		

Returns,	for	many	assets,	include	dividends	and	the	appreciation	of	capital.	If	there	is	a	
debt	 instrument,	 then	 returns	 could	 include	 payment	 of	 the	 principal,	 periodic	 interest	
payments	or	appreciation	prices.	These	returns	and	their	expectations	are	most	often	based	on	
past	performance.	It	is,	however,	worth	thinking	about	the	implications	of	past	performance	
and	if	there	is	a	likelihood	this	performance	is	likely	to	continue	reflecting	in	the	future.	
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Risk,	 in	 the	 context	 of	 the	modern	portfolio	 theory	 is	 a	measure	 of	 variability	 in	 the	
returns	expected	(Paydar	&	Qureshi,	2012).	It	is	primarily	based	on	past	variability	but	just	like	
with	returns,	it	is	advisable	that	the	investor	understands	the	implications	of	the	assumptions	
that	underlie	 risk	estimates.	Credit	 crisis	 recently	has	 shown	 that	 even	assets	 that	may	not	
appear	to	be	remotely	related	may	move	swiftly	together	under	specific	economic	conditions.		

The	efficient	frontier	is	one	of	the	most	widely	used	and	vital	concepts	used	with	Modern	
Portfolio	Theory	(Beyhaghi	&Hawley,	2013).	It	involves	plotting	all	the	possible	combinations	
of	assets	on	a	graph.	The	graph	therefore	reads	the	standard	deviation	(percentage	of	returns	
against	the	percentage	of	risk).	The	optimal	portfolio,	in	this	case	will	lie	on	the	efficient	frontier	
curve,	also	known	as	the	parabola.	Tangency	Portfolio	is	usually	the	representation	of	the	most	
efficient	asset	combination	while	the	risk-free	asset	is	the	asset	with	a	guaranteed	return.	The	
return	that	can	be	anticipated	as	a	result	of	taking	on	a	certain	level	of	risk	is	known	as	the	
capital	allocation	line.	

The	Modern	Portfolio	Theory	is	an	efficient	method	in	the	field	of	financial	management	
that	 allows	 for	 accurate	 analysis	 of	 risk	 in	 an	 investment	 and	helps	 construct	 the	optimum	
profile.		

What is MTP and when/why is it used 

This	theory	is	an	explanation	for	how	a	portfolio’s	maximum	returns	can	be	attained	by	
selecting	and	altering	specific	proportions	of	the	assets	in	a	portfolio.	This	can	be	applied,	for	
example,	when	an	investor	is	offered	two	different	portfolios	with	the	same	expected	return	
rate	(Wu	and	Olson,	2013).	The	theory	becomes	instrumental	in	explaining	the	reasons	why	
the	investor	would	prefer	one	portfolio	over	another.	It	helps	the	investor	choose	the	less	risky	
portfolio.	

Assumptions made by the Modern Portfolio Theory 

The	theory	makes	several	assumptions	including:	

• The	normal	returns	of	an	asset	are	distributed	as	random	variables.		

• Investors	function	as	normal	people	and	would	therefore	be	more	likely	to	choose	the	least	
risk	in	any	situation	(they	are	risk	averse).	

• Investors	are	all	looking	towards	maximizing	economic	returns	in	their	market.		

• The	investors	in	any	case	all	have	access	to	information	that	is	necessary	for	them	to	make	
sound	investment	decisions.	

• The	investors	are	not	able	to	influence	market	prices	because	they	are	not	large	enough	as	
players.	

• There	is	no	consideration	of	the	brokage	commissions	and	taxes.	

• Investors	have	the	freedom	and	power	to	lend	and	borrow	money	and	at	a	risk-free	rate.		
This	theory	does	not	completely	replace	the	investor	and	the	fact	that	he	is	informed	but	

rather,	it	is	a	powerful	tool	used	to	actively	manage	a	portfolio.	Like	any	other	model,	this	model	
should	not	be	applied	blindly	but	it	is	important	to	understand	how	the	theory	works	in	the	
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making	 of	 informed	 financial	 decisions	 (Peylo,	 2012).	With	 a	 proper	 understanding	 of	 the	
theory,	an	investor	can	choose	the	mutual	funds	that	can	be	included	in	401k	or	the	ETF	that	
should	 be	 bought	 for	 their	 investor	 account.	 An	 investor’s	 portfolio	 allocation	 consists	 of	
various	assets	including	mutual	funds	ETFs	bonds	and	the	number	of	stock.	The	allocation	of	
the	portfolio	determines	how	it	will	perform	and	thus	comes	the	importance	of	this	theory.	The	
reallocation	of	retirement	is	most	often	done	by	investors	in	the	first	quarter	of	the	year	and	
are	based	on	gut	feeling,	past	performance	and	arbitrary	selection.	An	efficient	portfolio	can	be	
constructed	on	Microsoft	Excel	sheets.		

Importance of the Modern Portfolio Theory 

This	theory	is	mainly	important	because	it	helps	an	individual/investor.	For	example,	an	
investor	is	faced	with	two	options	in	the	form	of	portfolios:	

A	mix	of	bonds	and	stocks	that	give	a	return	of	7%	annually	and	vary	by	2%	per	year.	
This	brings	the	return	variable	to	between	5-9%.	The	second	portfolio	has	a	mix	of	bonds	and	
stocks	that	also	return	an	average	of	10%	annually,	but	there	is	a	variation	of	between	-3%	and	
+14%.	While	 taking	 the	option	of	a	14%	return	per	year	would	sound	attractive,	 there	 is	a	
possibility	of	 losing	3%.	The	 less	exciting	option	of	 the	 less	volatile	return	between	5-9%	is	
more	likely	to	get	the	investor	closer	to	his	goals	of	retirement	at	a	faster	rate.		

Background of the Theory and Why it was Revolutionary 

The	modern	portfolio	theory	was	introduced	in	‘Portfolio	Selection”,	an	article	published	
in	the	Journal	of	Finance	in	1952.	The	article	proposed	that	investors	can	design	their	portfolios	
in	a	way	that	there	is	only	a	quantifiable	of	risk	and	maximum	returns.	Through	diversification,	
investors	 can	minimize	 risk.	 Through	 this	 theory,	 funds	 and	 other	modern	 institutions	 can	
manage	their	portfolios	and	understand	the	risk	that	a	sector,	individual	or	market	presents.	
The	 individual	 risks	may	 include	 a	 change	 in	management	while	market	 risks	may	 involve	
technological	 advancements	 or	 demand	 increases	 while	 market	 risk	 includes	 economic	
slowdown.	By	using	the	modern	portfolio	theory,	an	investor	can	properly	diversify	sector	risk	
and	individual	stock	and	eliminate	risk.		

The	passive	investment	makes	use	of	the	theory	when	investors	choose	low-cost,	well-
diversified	index	funds.		

Before	 the	 emergence	 of	 the	modern	 portfolio	 theory,	 the	 focus	was	 focused	 on	 the	
stocks	that	could	give	the	best	returns	the	coming	of	a	theory	that	could	help	select	the	various	
mixes	of	stock	and	simultaneously	reduce	risk	while	maximizing	returns	was	a	 tremendous	
improvement.	The	theory	became	influential	because	investors	took	this	a	way	through	which	
they	 viewed	 their	 portfolios.	 The	 theory	 also	 became	 successful	 and	 prevalent	 in	 passive	
investing,	indicating	its	ubiquity.			

Harry Markowitz (Nobel Prize) 

Harry	M.	Markowitz	was	born	in	Illinois,	Chicago	on	24th	August	1927.	He	was	the	child	
to	Mildred	and	Morris	Markowitz.	Born	into	a	background	in	which	his	parents	owned	a	grocery	
store,	Harry	was	barely	aware	of	the	Great	Depression	which	was	plaguing	America	at	the	time.	
He	 attended	 the	 University	 of	 Chicago	 and	 studied	 Philosophy,	 a	 subject	 which	 he	 had	
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developed	an	interest	in	since	his	formal	years	in	high	school	(Kaplan,	2012).	He	was	especially	
interested	in	the	course	that	involved	observation,	interpretation	and	integration	for	two	years.	
Despite	the	fact	that	the	pioneer	was	not	at	that	time	interested	in	Economics,	he	has	to	choose	
an	 upper	 division	 once	 he	 finished	 his	 Bachelor’s	 degree.	 After	 thorough	 consideration,	 he	
chose	to	pursue	Economics.	He	developed	an	interest	in	the	economics	of	uncertainty.	He	was	
interested	mostly	in	the	arguments	of	the	arguments	on	expected	utility	of	Von	Neumann	and	
Morgenstern	and	the	arguments	of	Marschak.	Among	the	influential	lecturers	that	he	was	able	
to	 meet	 included	 Koopmans,	 Savage,	 Friedman	 and	 Marshak.	 The	 course	 by	 Koopmans	
addressing	activity	analysis	was	an	important	part	of	his	development	as	an	economist.		

Later,	 he	 was	 invited	 to	 become	 a	 student	 member	 of	 the	 Cowles	 Commission	 for	
Research	 in	 Economics.	 The	 Cowles	 Commission	 is	 a	 small	 group	 that	 is	 coupled	 with	
excitement	 and	has	played	a	part	 in	producing	 some	Nobel	 laureates.	 Some	of	 its	 directors	
include	J.	Marschak	and	T.	Koopmans	who	were	Harry’s	lecturers	(Klein	&	Daza,	2013).	When	
the	 time	 for	dissertation	came,	Harry	had	a	moment	of	enlightenment	and	he	developed	an	
interest	 in	 the	 possible	 application	 of	mathematics	 in	 the	 stock	market.	 Professor	Marshak	
thought	that	this	was	a	brilliant	idea	and	told	him	that	his	colleague,	Cowles	was	interested	in	
such	topics.	He	was	later	sent	to	Professor	Ketchum	who	acted	as	a	guide	for	the	student	by	
offering	him	insight	material	that	explained	the	financial	theories	that	were	prevalent	at	that	
time.	He	stumbled	upon	the	basics	of	the	portfolio	theory	when	reading	Theory	of	Investment	
Value	by	John	Burr	Williams.	In	his	work,	William	proposed	that	a	stock’s	value	supposed	to	
equal	 the	 value	 of	 its	 dividends	 in	 the	 future.	He	 reasoned	 that	 if	 the	 investor	 only	 had	 an	
interest	in	the	securities’	expected	values,	the	investor	would	only	have	an	interest	in	portfolio’s	
expected	values.	The	only	option	that	investors	had	in	this	case	was	to	invest	in	a	single	security	
to	maximize	a	portfolio’s	expected	value	He	thought	that	this	inappropriate	for	investors	as	he	
believed	that	they	should	be	concerned	with	both	returns	and	risks.	The	concept	of	variance	
came	as	a	way	that	he	thought	risk	could	be	measured.	The	plausibility	of	his	approach	was	
heightened	 that	 the	 variance	 of	 a	 portfolio	 was	 dependent	 on	 security	 co-variances.	 The	
presence	of	the	two	criteria,	returns	and	risk	meant	that	investors	were	most	likely	to	select	
the	Pareto-optimal	combinations	of	risk	and	return.			

Upon	leaving	the	University	of	Chicago,	in	1952,	Harry	joined	RAND	Corporation	where	
he	learned	about	optimization	techniques	which	had	a	major	influence	in	his	theory	that	he	was	
set	to	come	up	with	later.	He	learned	from	George	Dantzig	facts	beyond	simplex	algorithm	and	
this	became	 influential	as	can	be	seen	 in	his	Appendix	A	of	Markowitz	and	computations	of	
mean-variance	frontiers.	He	wrote	his	first	book	in	1959	at	the	invitation	of	James	Tobin	that	
he	wrote	at	the	Cowles	Foundation	of	Yales	between	1955	and	1956.	He	was,	at	that	time,	on	
leave	from	the	RAND	Corporation.		

His	 article,	 Portfolio	 Selection	made	 its	 first	 appearance	 in	 1952	 and	 since	 then,	 the	
laureate	got	a	chance	to	work	with	various	parties	on	different	topics.	He	applies	computer	and	
mathematical	techniques	to	uncertain	business	decision	problems.	The	techniques	are	either	
existent	or	newly	developed	and	as	is	expected,	some	have	been	more	successful	than	others	
as	measured	by	their	acceptance	and	applicability	in	practice.		

In	1989,	the	academic	was	lucky	to	be	the	awardee	of	the	Institute	of	Managements	and	
the	 Operations	 Research	 Society	 of	 America’s	 Von	 Neumann	 Prize	 in	 Operations	 Research	
Theory.	His	work	was	cited	in	areas	of	the	SIMSCRIPT	programming	language,	portfolio	theory	
and	sparse	matrix	techniques.	Sparse	matrix	techniques	were	done	in	collaboration	with	Tibor	
Fabian,	 Thomas	 Marshak,	 Alan	 S.	 Manne	 and	 Alan	 Rowe,	 who	 were	 members	 of	 RAND	
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Corporation	 in	 the	50s	while	William	Orchard-	Hayes	programmed	the	 initial	sparse	matrix	
code	(Klein,	Daza	and	Mead,	2013).	Today,	there	are	several	works	relating	to	sparse	matrix	
techniques.	Such	works	include	storing	non-zero	elements	and	methods	of	selecting	pivots	and	
as	of	today	apart	matrix	techniques	play	a	major	role	in	linear	programming.		

In	 the	 1950s,	 like	 many	 other	 economists,	 Harry	 realized	 the	 deficiency	 of	 analytic	
solutions	to	practical	problems	and	begun	to	explore	simulation	techniques.	He	contributed	to	
building	 logistic	 simulation	 models	 at	 RAND	 Corporation	 and	 helped	 in	 the	 building	 of	
manufacturing	plants	at	General	Electric.	He	returned	to	RAND	Corporation	in	a	bid	to	build	
SIMSCRIPT,	 the	 programming	 language	 that	 could	 reduce	 the	 amount	 of	 time	 used	 during	
simulation.	The	program	worked	by	allowing	the	programmer	to	make	descriptions	that	allow	
system	 simulation	 instead	 of	 using	 the	 description	 of	 actions	 that	 must	 be	 taken	 by	 the	
computer	to	enable	simulation.	The	influence	of	Harry	was,	therefore,	more	profound	than	just	
the	 Modern	 Portfolio	 Theory	 and	 spread	 to	 other	 parts	 of	 Mathematics	 and	 Financial	
Economics.		

Current MTP Concept 

Together	with	Harry	Markowitz,	Merton	Miller	and	William	Sharpe	also	contributed	to	
this	theory	and	were	all	rewarded	a	Nobel	Prize	by	a	third	for	their	contributions.	The	concept	
that	underlies	the	current	MTP	is	understandable.	The	modern	economy	is	largely	influenced	
by	 financial	 markets	 as	 these	 markets	 allocate	 resources	 to	 different	 production	 areas.	
Financial	markets	 help	 different	 economic	 sectors	 save	 and	 this	 is	 transferred	 to	 firms	 for	
purposes	 investments	 in	 buildings	 and	machines.	 Financial	markets	 also	 play	 a	 role	 in	 the	
reflection	of	 the	expected	 risks	 and	 returns	of	 a	 firm,	 implying	 that	 there	 is	 a	possibility	of	
spreading	 risks	 and	 that	 investors	 as	 well	 as	 savers	 can	 acquire	 information	 that	 will	 be	
valuable	for	their	investment	decisions.		

Harry	 contributed	 largely	 to	 the	 financial	 economics	 by	 developing	 the	 theory	 of	
portfolio	choice	which	played	a	part	in	the	allocation	of	assets	under	uncertainty	in	households	
and	firms.	The	theory	can	be	used	to	analyze	more	specifically	how	to	invest	assets	that	differ	
in	the	levels	of	risk	and	returns.	The	theory	of	portfolio	choice	was	later	in	the	1960s	used	by	
other	economists	to	develop	further	theories	(Kazan	and	Uludag,	2014).	One	such	economist	
was	William	Sharpe	who	developed	the	theory	known	as	Capital	Asset	Pricing	Model	that	helps	
in	forming	the	price	for	financial	assets.	The	third	and	again,	significant	contribution	to	financial	
economics	was	made	by	Merton	Miller,	who	developed	the	theory	of	corporate	finance.	The	
theory	is	mainly	concerned	with	explaining	the	relation	between	dividend	policy	of	a	firm	and	
its	capital	asset.		

The	 theory	 of	 portfolio	 selection	was	 initially	 targeted	 at	 investment	managers	 as	 a	
normative	theory.	Most	economists	have	over	the	years	understood	why	it	is	important	not	to	
put	all	their	eggs	in	one	basket	but	Markowitz	articulated	this	by	developing	a	functional,	well-
formulated	 theory	 that	 helps	 the	 investor/economist	 choose	 the	 best	 portfolio	 even	 under	
uncertain	conditions.	Through	 this	 theory,	 the	 investor	realizes	 that	 there	 is	a	possibility	of	
reduced	by	obtaining	a	balance	of	the	portfolio’s	variance	and	the	expected	return.		
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Portfolio 

In	the	business	sense,	a	portfolio	includes	a	collection	of	the	firm’s	products,	services,	
holdings,	investments,	brands	and	businesses.	It	differs	from	a	product	portfolio	which	includes	
market	 segments	 of	 a	 product’s	 mix.	 The	 growth-share	 matrix	 is	 what	 is	 used	 to	 place	
businesses	 into	 categories	 depending	 on	 their	 shares	 of	 the	market	 segment.	 In	 this	 sense,	
business	falls	into	four	categories	including	stars	which	are	marked	by	a	business	that	has	a	
high	number	of	shares	and	grows	equally	faster	and	cash	cows	that	have	high	shares	but	low	
growth	(Bodie,	2013).	Question	mark	as	a	category	has	those	companies	that	have	high	growth	
and	low	market	share	and	dogs	constitute	low	share,	low	growth	companies.	This	matrix	was	
developed	by	Boston	Consulting	Group	as	a	way	to	gauge	portfolios.		

Mostly,	business	portfolios	are	managed	and	held	by	finance	professionals	and	investors	
respectively	 and	 these	 portfolios	 ought	 to	 be	 constructed	 according	 to	 the	 investment	
objectives	and	tolerance	for	risk.	A	portfolio	can	be	better	explained	by	using	the	example	of	a	
pizza	cut	into	different	size.	These	sizes	represent	the	kinds	of	investments	or	asset	classes	that	
can	be	used	in	the	accomplishment	of	an	appropriate	allocation	that’s	is	sensible	in	both	returns	
and	risk.	The	main	securities	used	in	the	diversification	of	a	portfolio	are	cash,	bonds	and	stocks	
as	they	are	the	major	building	blocks	of	a	portfolio	(Shim,	2013).	There	are	also	other	assets	
including	gold,	currency	and	real	estate.	The	risk	tolerance	of	an	investor	usually	has	an	impact	
on	 the	 portfolio	 that	 has	 been	 developed	 by	 a	 financial	manager.	 Investors	 are	 inclined	 to	
minimizing	 exposure	 to	 asset	 classes	 that	 they	 feel	 have	 a	 volatility	 that	 they	 do	 not	 feel	
comfortable	 with.	 As	 such,	 a	 conservative	 investor	 is	 likely	 to	 choose	 a	 portfolio	 with	
investment	 grade	 bonds,	 large-cap	 value	 stocks,	 broad-based	 market	 index	 and	 position	
himself	 in	 high-grade	 cash	 equivalents.	 Risk-tolerant	 investors	 are	 more	 likely	 to	 have	
additional	 small-cap	 stocks	 while	 assuming	 high-yield	 exposure	 to	 bonds	 and	 choose	
alternative	 and	 international	 investment	 opportunities	 and	 real	 estate	 as	 portfolio	
opportunities.		

There	 is	 a	 relationship	 between	 the	 time	 zone	 and	 portfolio	 allocation	 as	 investors	
should	consider	 the	 time	 frame	 for	 investment	as	 they	build	on	their	portfolios.	As	 the	goal	
dates	 approach,	 investors	 are	 expected	 to	 be	 moving	 towards	 asset	 locations	 that	 seem	
conservative.	This	may	apply	to	investors	that	are	saving	towards	retirement	and	those	who	
are	new	to	the	workforce.	The	investor	entering	the	workforce	would	not	be	wrong	to	invest	
the	entire	portfolio	in	stocks.	This	is	because	he	has	a	long	career	in	which	it	is	possible	to	invest	
and	has	 time	 to	ride	out	short-term	volatility	 in	 the	market.	The	 investor	 is	 saving	 towards	
retirement	on	the	other	hand,	should	be	advised	to	invest	the	larger	chunk	of	his	portfolio	into	
assets	that	are	conservative	such	as	cash	and	bonds.	In	this	way,	the	investor	can	protect	his	
savings.		

Expected Return  

The	 expected	 return	 in	 the	modern	portfolio	 theory	directly	 relates	 to	 the	 risk	of	 an	
investment.	This	is	the	loss	or	profit	that	an	investor	expects	from	an	investment	which	has	
various	expected	return	rates	(Anderson,	Sweeney	and	Williams,	2014).	The	expected	return	
is	 calculated	 by	 the	 multiplication	 of	 potential	 outcomes	 by	 the	 chances	 of	 the	 outcomes	
occurring.	There	is	no	guarantee	on	the	expected	return	because	it	is	mostly	related	to	historical	
data.	 Expected	 returns	 are,	 thus,	 used	 in	 the	 determination	 of	 the	 positive	 or	 negative	 net	
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outcome	of	an	investment.	Investors	can	also	consider	return	probabilities	to	enable	proper	
risk	assessments.		

The	concept	of	expected	returns	can	also	apply	to	a	portfolio	that	has	many	investments.	
Sometimes,	the	expected	return	rate	of	a	single	investment	is	unknown,	the	weighted	average	
of	the	returns	that	are	expected	can	be	used	as	the	overall	weighted	average	of	the	portfolio.	
Investment	returns,	however,	should	not	be	based	on	the	expected	returns	only	as	this	may	
prove	quite	dangerous.	Risk	characteristics	of	the	investment	should	also	be	analyzed	alongside	
expected	returns	to	make	informed	decisions.	This	is	the	best	way	to	align	the	portfolio	with	
investment	goals.		

Efficient Frontier 

An	 efficient	 frontier	 is	 a	 tool	 that	 shows	 the	 optimal	 portfolio	 set	 that	will	 offer	 the	
highest	expected	return	for	the	 lowest	risk	 level	for	an	expected	 level	of	return.	Suboptimal	
portfolios	 lie	 below	 the	 efficient	 frontier	 and	 are	unlikely	 to	provide	 enough	 return	 for	 the	
particular	level	of	risk.	This	happens	when	the	risk	level	is	higher	for	that	defined	return	rate.	
This	curve	is	curved	in	nature	because	of	the	diversification.	An	optimal	portfolio	that	has	an	
efficient	frontier	tends	to	have	a	higher	diversification	degree	than	sub-optimal	portfolios.	This	
concept	of	efficient	frontiers	is	a	cornerstone	of	the	modern	portfolio	theory.		

Homogeneous Expectation 

The	homogeneous	expectation	 is	a	 term	 for	 the	assumption	by	Harry	Markowitz,	 the	
founder	of	this	theory	that	investors,	under	a	particular	set	of	circumstances	will	make	the	same	
choices	and	have	the	same	expectations.	In	this	way,	it	is	assumed	that	the	investors	have	the	
same	 input	 expectations	 when	 developing	 a	 portfolio.	 They	 expect	 the	 same	 regarding	
variances	and	covariance	and	asset	returns.	For	instance,	the	homogenous	expectation	would	
state	that	given	investment	plans	with	different	return	rates,	the	investor	will	choose	the	plan	
with	the	most	favorable	return	rate.	Similarly,	faced	with	investments	with	different	risks,	the	
investor	will	likely	choose	a	plan	with	the	lowest	risk.	

Post-Modern Portfolio Theory 

The	Post-	Modern	Portfolio	Theory	is	a	methodology	that	is	slightly	different	from	the	
modern	portfolio	theory	in	that	it	uses	the	downside	risk	rather	than	mean	variance,	to	achieve	
the	aim	of	figuring	out	the	best	portfolio	choice	(Rasiah,	2012).	The	definition	of	risk	in	the	two	
theories	differ	 largely	and	 thus	 the	 influence	 that	 risk	has	 in	a	portfolio	also	differs.	 In	 this	
theory,	the	risk	is	measured	using	negative	return’s	standard	deviation	while	modern	portfolio	
while	in	the	modern	portfolio	theory,	the	risk	is	measured	as	a	standard	deviation	of	all	returns.	
Post-modern	 portfolio	 theory	 therefore,	 assumes	 asymmetrical	 risk	while	 the	 other	 theory	
assumes	the	symmetrical	risk.		

Portfolio Variance 

This	is	a	measure	of	how	volatile	a	portfolio	can	be.	Portfolio	variance	is	calculated	by	
weighting	variance	and	covariance	of	the	securities	to	their	representation	within	the	business	
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portfolio.	Weighted	average	and	portfolio	variance	are	different	because	the	former	includes	
co-variances.		

Mean-Variance 

The	 mean-variance	 analysis	 is	 the	 process	 through	 which	 risk	 variance	 is	 weighed	
against	potential	returns.	Investors	do	this	weighing	to	establish	which	investment	choices	are	
more	efficient	(Björk,	Murgoci	and	Zhou,	2014).	They,	at	a	given	variance	level,	seek	the	highest	
return	expectations	or	may	seek	the	lowest	variance	for	returns	expected.	As	a	component	of	
the	modern	portfolio	theory,	this	analysis	expects	that	investors	are	not	only	rational,	but	they	
also	expect	higher	returns	as	risks	increase.	Variance	in	this	sense	is	a	representation	of	how	
data	set	numbers	spread,	for	instance,	weekly	returns	of	one	security.	Expected	return,s	on	the	
other	hand,	involves	return	stock’s	subjective	probability	being	assessed.	This	means	that	if	one	
of	two	investment	has	a	lower	variance,	even	when	they	have	the	same	expected	return,	the	
better	choice	is	the	one	whose	variance	is	lower.	Diversification	is	achieved	by	the	combination	
of	stocks	with	various	expected	returns	and	different	variances.		

Capital Asset Pricing Model 

This	a	model	that	gives	a	description	of	the	relationship	between	expected	returns	and	
the	systematic	risk	(Bhattacharia,	2015).	The	model	is	mostly	used	to	price	risky	securities	in	
the	financing	sector.	The	model	helps	generate	expected	returns	of	risky	assets	by	calculating	
the	cost	of	capital.		

New MPT 2.0 

Why current MPT is Outdated 

The	MPT	was	developed	over	sixty	years	ago.	The	theory	gave	insight	into	some	crucial	
aspects	of	finance	that	remain	relevant	up	to	now.	However,	the	state	of	financial	knowledge	
today	 is	different	 from	what	 it	was	60	years	ago,	and	 thus,	 showing	why	 there	 is	a	need	 to	
update	the	knowledge	of	the	old	MTP.	Back	when	this	theory	came	into	use,	there	was	a	limited	
scope	of	access	to	financial	knowledge	(Vaclavik	and	Jablonsky,	2012).	The	financial	sector	had	
to	 rely	on	 simplistic	models	 to	understand	how	 investors	made	 tradeoffs	between	 risk	and	
returns.	Today,	however,	things	have	changed.	There	is	access	to	 investment	data	and	more	
asset	classes	that	can	help	in	the	making	of	financial	choices	and	there	is	a	stable	growth	rate	
in	the	financial	sector.	Decision	Science	has	come	in	place	of	the	simplistic	models	that	were	
used	in	the	past	(Baptiste	&	Schaeffer,	2014).	Computing	technology	has	also	grown	and	now	
it	is	easier	to	do	optimization	calculations	as	opposed	to	when	they	were	done	by	hand.	There	
is,	therefore,	no	need	to	continue	making	the	same	assumptions	that	were	made	back	then	to	
make	the	MTP	functional	as	a	model.	The	MTP	needs	to	be	revisited	in	light	of	the	available	
knowledge	and	the	advancements	that	have	been	made	in	the	past	century.		
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MPT 2.0 

The	Modern	Portfolio	theory	has	over	the	years	helped	in	cutting	down	the	volatility	of	
a	portfolio.	Asset	classes	are,	however,	not	truly	noncorrelated	as	the	theory	would	want	and	
therefore,	there	is	a	need	to	develop	an	MTP	2.0	(Mauldin,	n.d).	Utility	and	preference	are	two	
important	aspects	of	Markowitz’	work	as	it	is	the	basis	on	which	investors	learn	how	to	trade	
off	risk	and	return	with	an	efficient	frontier	in	mind.	While	this	theory	may	be	an	important	
part	of	an	investment	advisor’s	profile,	it	may	also	make	the	portfolio	of	a	client	unnecessarily	
complex	and	might	make	them	accept	volatility	which	the	theory	hopes	to	eliminate	(Davies	
and	Servigy,	2012).	An	efficient	 frontier	 is	not	always	 there	 to	be	achieved	and	 it	 is	 always	
moving.	A	client	may	make	a	portfolio	decision	today	but	this	portfolio	may	not	have	the	best	
results	in	the	coming	years	as	history	may	not	always	repeat	itself.		

Comparison and contrast of MPT and MPT 2.0 

MPT	is	a	theory	in	the	field	of	finance	regarding	how	investors	can	construct	portfolios	
to	maximize	the	expected	return.	It	is	vital	to	comprehend	that	the	higher	the	reward	the	higher	
the	 risk.	This	 relationship	between	 the	 risk	and	 the	expected	 return	of	 the	portfolio	 can	be	
plotted	using	the	efficient	frontier,	which	has	risk	on	the	x-axis	and	expected	return	on	the	y-
axis.	All	combinations	possible	can	be	graphed	on	this	plot,	which	is	why	it	is	a	crucial	tool	for	
the	MPT.	Harry	Markowitz	deserves	full	credit	for	creating	the	MPT	in	1952	where	he	put	forth	
his	theory	in	his	paper	“Portfolio	Selection”,	which	was	published	by	the	Journal	of	Finance.	

Proposal of a new MPT 

Despite	its	ingenuity,	Markowitz’s	MPT	(which	has	been	referred	to	as	MPT	1.0	in	the	
paper)	has	been	in	use	of	over	half	a	century	and	many	have	suggested	that	it	must	be	altered	
to	better	suit	the	contemporary	generation.	MPT	1.0,	in	short,	is	all	about	reducing	portfolio	
volatility,	which	means	that	one	should	diversify	among	non-correlated	asset	classes.	However,	
this	is	optimal	only	under	one	assumption:	when	asset	classes	are	truly	non-correlated.	After	
establishing	that	the	asset	classes	may	not	always	be	truly	non-correlated,	it	 is	important	to	
understand	that	there	is	a	need	to	ensure	an	MPT	2.	0	which	will	take	into	consideration	the	
fact	that	asset	classes	are	not	correlated.	The	new	MPT	will	ensure	that	all	investor	return	and	
risk	 preferences	 are	 taken	 into	 consideration	 as	 opposed	 to	 the	 old	 MTP	 (Vaclavik	 and	
Jablonsky,	2012).	This	will	be	a	more	applicable	approach	 in	 light	of	 the	developments	 that	
have	been	made	since	 the	 inception	of	MTP.	The	new	MTP	will	also	 take	 into	consideration	
behavioral	decision	science	to	help	in	draw	lines	that	reflect	more	logical	and	rational	return	
and	 risk	 preferences.	 The	 new	 MTP	 will	 be	 more	 practical	 and	 have	 fewer	 assumptions	
compared	to	the	old	one.	

References 

Anderson,	D.	R.,	Sweeney,	D.	J.,	Williams,	T.	A.,	Camm,	J.	D.,	&	Cochran,	J.	J.	(2014).	Statistics	for	
business	&	economics,	revised.	Cengage	Learning.	



Review of Computational Science and Engineering ½Volume 3, Issue 2  165 

Baptiste,	E.,	&	Schaefer,	T.	(2014).	An	Empirical	Analysis	of	Rate	of	Return	Maximizing	Portfolios.	
Academy	of	Accounting	and	Financial	Studies	Journal,	18(2),	21.	

Beyhaghi,	M.,	&	Hawley,	J.	P.	(2013).	Modern	portfolio	theory	and	risk	management:	assumptions	
and	unintended	consequences.	Journal	of	Sustainable	Finance	&	Investment,	3(1),	17-37.	

Bhattacharya,	R.	R.	(2015).	Capital	Asset	Pricing	Model.	

Björk,	T.,	Murgoci,	A.,	&	Zhou,	X.	Y.	(2014).	Mean–variance	portfolio	optimization	with	state-
dependent	risk	aversion.	Mathematical	Finance,	24(1),	1-24.	

Bodie,	Z.	(2013).	Investments.	McGraw-Hill.	
Davies,	G.	B.,	&	De	Servigny,	A.	(2012).	Behavioral	investment	management:	an	efficient	

alternative	to	modern	portfolio	theory.	McGraw	Hill	Professional.	
Francis,	J.	C.,	&	Kim,	D.	(2013).	Modern	portfolio	theory:	foundations,	analysis,	and	new	

developments	(Vol.	795).	John	Wiley	&	Sons.	
Kaplan,	P.	D.	(2012).	Markowitz	2.0.	Frontiers	of	Modern	Asset	Allocation,	325-349.	
Kazan,	H.,	&	Uludag,	K.	(2014).	Credit	Portfolio	Selection	According	to	Sectors	in	Risky	

Environments:	Markowitz	Practice.	Asian	Economic	and	Financial	Review,	4(9),	1208.	
Klein,	D.	B.,	&	Daza,	R.	(2013).	Robert	E.	Lucas	Jr.[Ideological	Profiles	of	the	Economics.	Econ	

Journal	Watch,	10(3),	434-440.	
Klein,	D.	B.,	Daza,	R.,	&	Mead,	H.	(2013).	Harry	M.	Markowitz.	Ideological	Profiles	of	the	Economics	

Laureates,	10(3),	440.	
Mangram,	M.	E.	(2013).	A	simplified	perspective	of	the	Markowitz	portfolio	theory.	
Mauldin,	John.	(n.d).	Modern	Portfolio	Theory	2.0:	The	Best	Investment	Strategy	Today.	Forbes	

Magazine.	
Paydar,	Z.,	&	Qureshi,	M.	E.	(2012).	Irrigation	water	management	in	uncertain	conditions—

Application	of	Modern	Portfolio	Theory.	Agricultural	water	management,	115,	47-54.	
Peylo,	B.	T.	(2012).	A	synthesis	of	modern	portfolio	theory	and	sustainable	investment.	The	

Journal	of	Investing,	21(4),	33-46.	
Rasiah,	D.	(2012).	Post-modern	portfolio	theory	supports	diversification	in	an	investment	

portfolio	to	measure	investment's	performance.	Journal	of	Finance	and	Investment	
Analysis,	1(1),	69-91.	

Shim,	J.	(2013).	Bank	capital	buffer	and	portfolio	risk:	The	influence	of	business	cycle	and	revenue	
diversification.	Journal	of	Banking	&	Finance,	37(3),	761-772.	

Vaclavik,	M.,	&	Jablonsky,	J.	(2012).	Revisions	of	modern	portfolio	theory	optimization	model.	
Central	European	Journal	of	Operations	Research,	20(3),	473-483.	

Wu,	D.	D.,	&	Olson,	D.	L.	(2013).	Computational	simulation	and	risk	analysis:	An	introduction	of	
state	of	the	art	research.	



Review of Computational Science and Engineering ½Volume 3, Issue 2  166 

Protein Folding: Application in the Real World 

Sein Lee 
Santa Catalina High School 

1.0 Introduction  

According	to	GU	and	Bourne	(2009),	in	this	modern	age,	computers	and	smart-phones	
have	become	an	inseparable	part	of	our	lives	and	no	one	can	imagine	living	without	them.	In	
fact,	 computers	 are	 more	 important	 as	 all	 the	 important	 information	 is	 saved	 into	 their	
memory.	Computers	are	not	only	important	for	saving	our	personal	information	but	also	they	
have	 become	 significantly	 important	 for	 various	 fields	 of	 science	 such	 as	 biology.	 Biology	
reveals	and	 inclusive	of	varying	stages	of	 life	 from	our	molecular	state	 to	our	current	state.	
Hence,	for	tracking	and	recording	biological	data,	bioinformatics	are	useful	beyond	any	state	or	
stage.	For	instance,	in	molecular	biology,	bioinformatics	is	helpful	for	the	extraction	of	desired	
results	by	utilising	the	process	of	image	and	signalling	with	the	help	of	raw	data’s	large	sample.	
Moreover,	Cohen	(2004)	claimed	that	this	is	useful	in	research	related	to	genetics	as	organisms’	
genomes	are	inclusive	of	a	large	number	of	genes	and	scientists	need	a	mechanism	for	storing	
clear-cut	data	and	precise	information;	therefore,	for	studying	genetic	information	effectively,	
bioinformatics	 is	 essentially	 helpful.	 Apart	 from	 storing	 important	 data,	 bioinformatics	 is	
helpful	in	processing	information	fast	for	searching	a	corresponding	pattern	regarding	a	large	
set	of	data.	Thence,	the	role	of	bioinformatics	for	the	interpretation	of	the	molecular	data	along	
with	provision	of	recommendations	for	physicians	and	biologists	are	undeniably	significant.	
The	purpose	of	the	current	assignment	is	to	highlight	the	importance	of	protein	folding	and	
bioinformatics	and	their	relationship	with	diseases’	identification.		

Furthermore,	Moreau	and	Tranchevent	(2012)	stated	that	to	find	an	effective	therapy	
from	countless	alternatives	is	very	difficult	considering	the	sizes	of	patient	groups.	In	addition,	
a	manual	method	can	never	be	successful	because	of	the	complexity	of	patients’	molecular	data	
and	their	disease’s	phenotype.	Thereby,	 for	 the	 interpretation	of	 the	molecular	data	and	for	
assisting	physicians	by	recommending	some	alternatives,	computer-based	bioinformatics	play	
a	pivotal	role.	With	the	passage	of	time,	bioinformatics	have	become	an	integral	part	of	basic	
research	and	it	has	become	very	handy	for	devising	new	methods	of	diagnostic,	 therapeutic	
solutions	 and	 clinical	 practices	 where	 these	 methods	 are	 implemented	 for	 the	 patients’	
treatment.		

Besides,	 Saevs,	 Inza	 and	 Larrañaga	 (2004)	 argued	 that	 bioinformatics	 is	 an	
incorporative	 field	 improving	 and	 developing	 approaches	 for	 biological	 data’s	 storage,	
retrieval,	 organisation	 and	 analysis.	 The	 most	 important	 progress	 in	 bioinformatics	 is	 the	
development	of	software	tools,	 for	generating	beneficial	biological	knowledge,	they	are	very	
important.	 Also,	 according	 to	 Bankman	 (2008),	 for	 different	 sub-branches,	 bioinformatics	
becomes	 an	 essential	 supportive	 element.	 Various	 bioinformatics	 techniques	 such	 as	
processing	of	signal	and	image	that	help	to	retrieve	crucial	outcomes	from	huge	quantity	of	raw	
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data;	hence,	it	is	supporting	experimental	biology.	It	also	assists	within	the	field	of	genomics	
and	genetics	for	the	annotation	and	succession	of	genomes	along	with	observed	mutations.	In	
addition,	 for	 the	 organisation	 and	 query	 of	 biological	 information,	 it	 underpins	 biological	
literature’s	textual	mining	and	the	development	of	gene	and	biological	ontologies.	Moreover,	
Luscombe,	Greenbaum	and	Gerstein	 (2001)	 found	 that	 for	 the	analysis	of	protein	and	gene	
regulation	 and	 expression,	 its	 significance	 is	 undeniable.	 Furthermore,	 to	 understand	
molecular	 biology’s	 evolutionary	 aspects	 and	 to	 compare	 genomic	 and	 genetic	 data,	
bioinformatics	tools	help	greatly.	At	a	more	combinative	stage,	it	assists	for	the	analysis	and	
cataloguing	of	the	biological	networks	and	pathways	that	are	significantly	crucial	elements	of	
biology	systems.	Additionally,	in	structural	biology,	it	is	highly	supportive	in	the	modelling	and	
simulation	of	protein	structures,	molecular	interactions,	DNA	and	RNA.		

Thence,	Cardinale	and	Arkin	(2012)	pointed	out	that	genetic	data	has	a	context,	biology	
is	affiliated	with	context;	thus,	bioinformatics	is	essential	for	genetic	research.	As	life	forms	are	
based	on	specific	rules	of	behaviour,	similarly,	proteins,	genes,	cells	and	tissues	have	certain	
rules	of	behaviour.	 In	 a	 certain	parameters	 and	way,	 they	 interact	 and	 regulate	 each	other.	
Without	having	the	contextual	knowledge	of	life	forms’	working,	the	complex	and	large-scale	
data	 is	 senseless.	 Though	 it	 is	 possible	 to	 analyse	 data	 produced	 by	 genomics	 by	 applying	
similar	approaches	of	physicists	and	engineers	who	are	concerned	with	the	study	of	fibber	and	
financial	markets,	yet	without	having	the	appropriate	knowledge	of	biology,	analysis	of	such	
data	 is	 impossible.	Therefore,	bioinformatics	has	become	an	essential	 and	 important	 fusion	
field	of	knowledge.		

2.0 Protein Sequence 

Fernandez-Escamilla	et	al	(2004)	and	Eisenberg	(1984)	found	in	their	studies	that	the	
detection	of	primary	structure	of	proteins	consisting	of	the	number	of	chains	of	polypeptide	in	
proteins	 is	 known	 as	 the	 so-called	 protein	 sequencing.	 In	 varying	 cases,	 proteins	 and	
polypeptides	 can	be	used	equally.	 Polypeptides’	 amino	acid	 sequence	 is	proteins’	 biological	
function.		

Lajoie	et	al	(2013)	stated	that	DNA	or	deoxyribonucleic	acid	codes’	each	codon	specifies	
a	single	amino	acid	and	each	unit	of	nucleotide	is	inclusive	of	deoxyribose	sugar,	a	phosphate	
and	any	one	of	the	four	nitrogenous	nucleotide	bases:	A	(Adenine),	G	(Guanine),	C	(Cytosine)	
and	T	(Thymine).	Hydrogen	bonds	joined	and	paired	the	bases	in	the	DNA’s	double	helix.	mRNA	
keeps	in	touch	with	DNA,	for	instance,	in	both	chains,	the	nucleotides’	sequence	is	similar	but	
not	 in	 RNA;	 U	 (uracil)	 replaces	 T	 (Thymine)	 while	 ribose	 substitutes	 the	 deoxyribose	
(Sirajuddin,	Ali	and	Badshah,	2013).		

Costa	 (2015)	 mentioned	 that	 the	 method	 of	 interpretation	 of	 genetic	 data	 into	 the	
protein’s	assembling,	initially,	needs	mRNA	which	exactly	as	DNA	is	5’	to	3’;	afterwards	tRNA	
(ribonucleic	acid)	is	transferred	that	is	interpreted	3’	to	5’.	Hence,	tRNA	is	the	taxi	translating	
the	data	on	the	ribosome	into	polypeptide	or	an	amino	acid	chain.	

DNA	 constitutes,	 in	 many	 viruses	 and	 in	 all	 free-living	 things,	 the	 genetic	 material.	
However,	 in	 living	 cells,	 it	 is	 also	 found,	 in	which	 it	 plays	 a	 significant	 role	 in	different	 and	
specific	processes	such	as	 the	manufacturing	of	proteins	(Roberts,	2017).	The	sequences	of	
protein	 codes	 are	 sequences	 of	 DNA,	 which	 are	 transliterated	 into	mRNA	where	matching	
molecules	of	mRNA	are	decoded	as	a	polypeptide	chain.		In	the	polypeptide	chain,	every	three	
nucleotides	(codon)	encode	1	amino	acid	within	a	protein	coding	sequence.	In	varying	cases,	
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dissimilar	chassis	may	either	diagram	may	utilise	dissimilar	codons	or	an	agreed	codon	to	an	
unlike	sequence.		

The	middle	column	of	figure	1	exhibit	processes’	second	batch	and	analysis	listed	in	this	
column	is	based	on	the	target	structure.	It	is	related	to	the	search	of	unknown	structures	(first)	
that	 have	 the	 similar	 fold	 as	 a	 target.	 According	 to	 Krissinel	 and	 Henrick	 (2003),	 SSM	
(secondary	 structure	matching)	 is	 used	 in	 the	 programme	 and	 for	 the	 comparison	 of	 SSEs	
(secondary	structure	elements),	it	utilises	a	fast	graph-matching	algorithm	related	to	the	target	
structure	 in	 opposition	 to	 the	 database’	 structure.	 The	 calculation	 for	 an	 r.m.s.d	 for	
corresponding	C-alphas	has	been	performed	and	all	strong	matches	are	superposed.	Moreover,	
to	 find	 a	 fold	 relative	 is	 generally	 very	 helpful	 in	 providing	 sturdy	 clues	 regarding	 likely	
functional	type	of	the	target	protein.			

 

 

Figure 1. Standard Sequence Related Searches: Source (Krissinel and Henrick, 2003) 

3.0 Protein Folding  

Castilo	et	al	(2003)	revealed	that	dry	weight	of	a	cell	almost	half	of	it	is	proteins,	in	E.coli	
it	is	about	55%.	Proteins	perform	highly	important	functions,	for	instance,	they	carry	oxygen,	
they	perform	muscle	contraction	and	they	assist	in	digestion	and	process	moods.	The	numbers	
of	proteins	are	greater	than	100,000	while	just	20	amino	acids	form	these	molecules.	These	20	
amino	acids	have	the	similar	structure	and	they	differ	only	in	the	R-group	or	side	chains	atoms,	
figure	4.	Hence,	Silverman	and	Holladay	(2014)	stated	that	there	are	20	varying	side	chains	and	
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they	can	be	grouped	in	four	classifications:	(1)	charged,	(2)	hydrophobic,	(3)	polar	which	can	
be	capable	of	making	up	disulphide/hydrogen	bonds,	and	(4)	neutral	it	helps	in	determining	
the	thousands	of	proteins’	unique	structure	having	particular	functions.		

7. 3.1	Folding	of	proteins	their	dynamics	and	structure	

In	addition,	Piana,	Klepeis	and	Shaw	(2014)	claimed	that	among	unrelated	proteases,	
consistent	 structural	 resemblances	 have	 been	 notified.	 Proteases,	 as	 compared	 to	 other	
proteins	having	same	size,	have	higher	Cαdensities,	gyration’s	smaller	radii	and	smaller	than	
average	 surface	 areas.	 According	 to	 the	 findings	 of	 Haas	 (2005),	 as	 a	 group	 proteases	 as	
compared	 to	 the	 other	 proteins	 are	 more	 tightly	 packed.	 These	 dissimilarities	 in	 content’	
secondary	structure	between	the	two	groups	has	been	notified:	proteases	have	more	loops	and	
smaller	 amount	 of	 helices.	 To	 avert	 autolysis,	 Baker,	 Shiau	 and	 Agard	 (1993)	 stated	 that	
according	 to	 speculation	 both	 low	 α-helical	 content	 and	 high	 packing	 density	 coexist	 in	
proteases.	For	predicting	function	of	protease	with	86%	accuracy,	a	neural	network	has	been	
educated,	by	utilising	the	structural	limitations	appearing	to	exhibit	some	parting	between	non-
proteases	and	proteases.	Furthermore,	 the	 identification	of	proteases,	whose	folds	were	not	
symbolized	during	 the	education,	 is	possible.	Besides,	 similar	 analysis	of	 structures	may	be	
helpful	 for	 the	 identification	 of	 other	 classes	 of	 proteins	 and	 for	 the	 classification	 of	 the	
structures’	flood	soon	to	flow	from	structural	genomics	initiatives	can	be	of	immense	value.		

 

Figure 4. Stereoisometry of Amino Acids: Source (Russell, 2010) 
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8. 3.2	Misfolding		

According	to	Valastvan	and	Lindquist	(2014),	when	a	protein	follows	energy-minimising	
funnel	 or	 the	 wrong	 folding	 pathway,	 misfolded	 proteins	 come	 into	 existence	 and	 this	 is	
considered	spontaneous	misfolding.	However,	in	the	cell,	mostly,	only	the	native	conformation	
is	 generated.	Nonetheless,	 sometimes	because	of	 the	occurrence	of	 the	 random	event	 since	
millions	and	millions	of	each	protein’s	copies	are	produced	during	the	lifespan	of	an	individual	
and	some	or	one	of	these	molecules	may	follow	the	wrong	path	which	is	a	toxic	transformation	
configuration.	In	proteins	having	repetitive	amino	acid	motifs,	for	instance,	plyglutamine	such	
as	the	disease	of	Huntington,	this	type	of	conformational	change	generally	happens.		

Extraordinarily,	 the	 toxic	 configuration	 has	 the	 ability	 to	 work	with	 different	 native	
copies	 of	 similar	 type	 of	 proteins	 and	by	 catalysing	 proteins’	 evolution	 into	 the	 toxic	 state.	
Therefore,	they	are	recognised	as	ineffective	conformations.	By	the	amplification	of	the	toxicity	
and,	thence,	directing	to	a	disastrous	effect	eventually	impairing	cell’s	function	or	killing	it,	the	
lately	developed	toxic	proteins,	in	a	self-sustaining	loop,	repeat	the	cycle.	Prion	proteins	that	
have	 been	 discussed	 below	 are	 a	 pertinent	 example	 of	 proteins	 that	 catalysing	 their	 self-
conformational	transformation	into	the	form	of	the	toxic	(Overton,	2014).		

Valastyan	and	Lindquist	(2014)	found	that	the	cell	is	consisted	of	a	mechanism	in	normal	
situations	for	preventing	proteins	for	their	incorrect	folding;	moreover,	this	mechanism	helps	
to	dispose	of	misfolded	proteins.	According	to	Hartl,	Hlodan	and	Langer	(1994),	chaperones	
help	the	proteins	having	issues	for	obtaining	their	native	configuration	for	folding	adequately	
by	utilising	ATP’s	energy.	Likewise,	chaperones	can	control	the	conformational	change	to	these	
altered	proteins’	aggregation	and	to	beta	sheet	structure.	Hence,	chaperones	are	fundamentally	
important	 to	 prevent	 misfolding	 of	 proteins.	 However,	 some	 proteins	 still	 able	 to	 misfold	
despite	actions	of	 chaperones	but	a	 remedy	are	always	available.	Through	a	quality	control	
mechanism	 of	 the	 cell	 tagging	 them	 to	 be	 forwarded	 to	 the	 cytoplasm	where	 they	 can	 be	
degraded,	 the	 detection	 of	 misfolded	 proteins	 is	 possible,	 figure	 2	 demonstrates	 the	
mechanism.		
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Figure 2. Schematic Diagram: Source (Reynaud, 2010) 

9. 3.3	Unfolding		

Ron	and	Walter	(2007)	claimed	that	a	highly	ordered	and	tightly	folded	conformation	
helps	in	recognising	the	most	proteins’	biologically	active	state.	Denaturants	are	physical	or	a	
chemical	agent	that	may	induce	the	polypeptide	chain’s	unfolding.	Some	examples	are	some	
detergents,	 extremes	 of	 pH,	 heat	 and	 urea.	 The	 structure	 of	 unfolded	 proteins	 is	 highly	
disordered	 because	 of	 their	 adoption	 nature.	 Makhatadze	 and	 Privalov	 (1992)	 stated	 that	
direct	interaction	of	denaturants	with	the	proteins	is	possible	or	denaturants	can	change	the	
surrounding	 aqueous	 environment’s	 property.	 Though	 in	 the	 biochemical	 laboratory	
denaturants	are	being	used	routinely,	yet	the	mechanism	of	these	agents	that	destabilise	the	
native	state	is	still	a	mystery	at	some	extent.	The	stability	of	folded	protein	structures	is	only	
marginal.	 Therefore,	 in	 the	 chemical	 and	 physical	 properties	 of	 the	 solvent	 comparatively	
minor	 changes	may	 cause	 significant	 transformational	 changes	 the	 unfolding	 equilibrium’s	
position.		

4.0 Chaperones’ assistance in protein folding 

Hartl,	Hlodan	and	Langer	(1994)	stated	 that	 in	 the	crowded	cellular	atmosphere,	 the	
support	 of	 supposed	molecular	 chaperones	 proteins	 is	 essential	 for	 the	 folding	 of	 recently	
synthesised	polypeptides.	Hsp70	class	chaperones	and	their	associated	proteins	on	ribosomes	
work	 with	 nascent	 polypeptide	 chains	 and	 put	 off	 their	 premature	 (mis)folding	 unless	 a	
domain	is	capable	to	form	an	established	structure	is	created.	Hartl	and	Hayer-Hartl	(2002)	



Review of Computational Science and Engineering ½Volume 3, Issue 2  172 

found	 that	 completion	 of	 folding	 of	 several	 proteins	 involves	 the	 following	 interface	 with	
chaperonin	family’s	one	of	the	large	oligomeric	ring-shaped	proteins	which	is	formed	by	GroEL-
like	 proteins	 in	 chloroplasts,	 eubacteria	 and	 mitochondria	 and	 in	 archaea	 and	 eukaryotic	
cytosol.	Polypeptide	is	partially	folded	by	such	proteins	bind	within	their	innermost	opening	
and	 ATP-dependent	 cycles	 of	 rebinding	 and	 release	 promote	 their	 folding.	 Molecular	
chaperones	 during	 such	 reactions	 work	 mostly	 with	 hydrophobic	 surfaces	 that	 have	 been	
uncovered	 because	 of	 non-native	 polypeptides;	 thence,	 they	 stop	 aggregation	 and	 wrong	
folding.		

5.0 Proteins Interactions, Functional Structures, Lipids, Carbohydrates, DNA, 
RNA/Protein 

According	to	Solis	et	al	(2015),	for	coding	information,	the	properties	of	carbohydrates	
are	exceptionally	amazing.	Gabius	et	al	(2011)	stated	that	this	is	also	true	for	carbohydrates	
enzymes,	 antibodies,	 lectins	 and	 receptors	 that	 interpret	 the	 sugar	 based	 indications	 into	
effects	 of	 cellular.	 In	 nature,	 carbohydrates	 play	 a	 pivotal	 role	 by	 serving	 as	 points	 of	
recognition	regarding	molecular	 receptors	 such	as	antibodies,	 lectins	and	enzymes	and	 this	
initiates	a	particular	molecular	identification	process	triggering	a	specified	biological	response.		
Hence,	the	understanding	and	knowhow	of	the	structural	elements	that	control	such	molecular	
identification	events	are	crucial;	similarly,	it	creates	many	possibilities	for	intervention	in	them	
with	specific	reasons	such	as	therapeutic.		

In	 accordance	 with	 the	 study	 of	 Capila	 and	 Linhardt	 (2002),	 oligosaccharides	 are	
associated	with	 countless	 regulatory	 processes,	 for	 instance,	 cell	 development	 and	 growth,	
inflammation,	 angiogenesis	 and	 viral/bacterial	 infection.	 Thence,	 the	 comprehension	 of	
carbohydrates’	chemical	basis	gives	practical	meanings	to	changes	occurring	in	diseases	and	
structures	 along	 with	 assisting	 in	 devising	 modern	 therapeutic	 methods.	 As	 a	 result,	 the	
significance	 of	 the	 understanding	 of	 the	 spatial	 presentation	 aspects	 of	 saccharides,	 the	
conformational	and	dynamics	is	critically	crucial.	

Bosenberger	 et	 al	 (2004),	 Bernhardt	 (2012)	 and	 	 Keren,	 Lev-Maor	 and	 Ast	 (2010)	
argued	that	there	are	several	reasons	that	RNA-protein	interactions	are	considered	fascinating,	
the	most	 important	 is	 their	 part	 in	 advancement	 from	 the	 initial	 forms	 of	 life	 to	 the	most	
intricate	organisms,	for	instance,	Keren,	Lev-Maor	and	Ast	(2010),	Zarnack	et	al	(2013)	and	
Gal-Mark	et	al	(2009)	found	that	the	interactions	between	proteins	and	pre-mRNA	improve	the	
splicing	 of	 alternative	 in	 a	 way	 that	 can	 with	 the	 passage	 of	 time	 develop	 innovative	
functionalities	 of	 proteins	 without	 affecting	 the	 existing	 proteins	 and	 without	 developing	
additional	genes.	In	addition,	Kaneko	et	al	(2013)	and	Davidovich	et	al	(2013)	claimed	that	for	
several	non-canonical	RBPs	(it	never	has	been	considered	 to	 function	as	RBPs	because	 it	 is	
protein)	 there	 has	 been	 a	 materialisation	 and	 the	 interactions	 of	 non-coding	 with	 RNA	
transcripts	 similarly	 influenced	 them.	 McHugh,	 Russel	 and	 Guttman	 (2014),	 Schueler	 et	 al	
(2014)	 and	 Silverman	 et	 al	 (2014)	 remarked	 that	 articles	 with	 genome-wide	 footprinting	
exhibit	 a	 diverse	 and	 wide	 picture	 of	 RNA-RBP	 complexes	 and	 how	 they	 play	 significant	
regulatory	roles.	

Helwa	and	Hoheisel	(2010)	and	Milek,	Wyler	and	Landthaler	(2012)	stated	that	on	the	
spatial	and	mRNA’s	temporal	localisation	within	a	cell	along	with	gene	expression,	RNA-protein	
and	DNA-protein	 interactions	may	have	a	deep	 impact.	The	 interactions	of	DNA-protein	are	
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consisted	 of	 between	 transcriptions	 factors	 and	 DNA	 or	 regulatory	 proteins	 while	 the	
interactions	 of	 RNA-protein	 are	 inclusive	 of	 those	 between	 RNA-binding	 proteins	 and	 the	
ribosome.	 The	 examination	 of	 RNA-protein	 and	 DNA-protein	 interactions	 is	 performed	 by	
using	same	methods:		

• The	nucleic	acid-protein	complex’s	immunoprecipitation		

• By	NGS	or	microarray,	analysis	and	purification	of	the	DNA/RNA	for	the	recognition	of	the	
transcriptome	or	the	genome’s	regions	that	are	at	a	particular	point	in	time	interacting	with	
a	particular	protein,	see	figure	3.		

 

Figure 3. Immunoprecipitation methods: Source (EMBL-EBI, 2017) 

Van,	Voelker	and	Feigenson	(2008)	argued	that	membrane	proteins	mainly	depend	on	
their	interaction	with	membrane	lipids	for	maintaining	their	functions	and	for	supporting	their	
structure	 as	 a	 protein.	 To	 be	 in	 the	 adequate	 lipid	 environment	 is	 very	 important	 for	 the	
membrane	 protein	 for	 the	 process	 of	 membrane	 proteins’	 purification	 and	 crystallisation.	
Moreover,	 the	molecules	of	 lipid	attached	with	 the	membrane	proteins	and	 they	have	high-
resolution	 membrane	 proteins’	 structures.	 According	 to	 Cherezov	 et	 al	 (2007),	 these	
structures’	analysis	makes	available	a	construction	for	analysing	the	nature	of	lipid-protein’s	
interactions	inside	membrane.	An	annulus	or	a	shell	of	lipid	molecules	surrounds	proteins	of	
membrane	like	a	water-soluble	protein	is	surrounded	by	a	solvent	layer.	By	keeping	a	uniform	
thickness	around	protein,	the	bi-layer	of	lipid	expands	towards	the	membrane	protein.	Several	
shallow	protrusions	and	grooves	are	 the	parts	of	 the	surface	of	a	membrane	protein	and	to	
them	 surrounding	 lipids’	 fatty	 acyl	 chains	 conform	 by	 providing	 stiff	 packing	 into	 the	
membrane.	Only	 a	 short	 duration,	 in	 the	 annular	 shell	 around	 a	 protein	 an	 individual	 lipid	
molecule	will	stay.	Comparatively	small	structural	selectivity	is	demonstrated	through	binding	
of	 the	 annular	 shell.	 Apart	 from	annular	 lipid,	 different	 lipid	molecules	 bound	between	 the	
protein’s	transmembrane	α-helices;	such	lipids	are	known	as	non-annular	lipids.		
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6.0 Problem related to protein folding 

The	subject	of	protein	folding	is	being	studied	for	more	than	five	decades	and	Anfinsen	
started	this	work	during	1960s	and	1970s.	Due	to	his	work	“Principles	that	governs	the	folding	
of	proteins	chain,”	he	won	Nobel	Prize.	He	simplified	protein	folding	problem	by	stating	and	
proving	that	protein	molecule’s	final	fold	(in	a	specific	or	given	environment)	is:	(1)	unique,	
(2)	kinetically,	(3)	stable	thermodynamically,	and	(4)	its	sequence	help	in	its	determination.	
Thence,	 if	the	sequence	of	a	protein	molecule	is	known	then	to	make	a	prediction	regarding	
structure	is	associated	with	the	laws	of	physics	and	this	is	the	topic	of	the	field	of	protein	folding	
(Anfinsen	and	Scheraga,	1975).		

Dill	and	MacCallum	(2012)	asked	why	scientists	want	to	solve	the	problem	of	protein	
folding	because	they	have	the	knowledge	about	the	sequences	of	amino	acid	and	if	they	knew	
the	relationship	of	 structure-function	 then	 their	understanding	regarding	cellular	processes	
would	 increase.	 The	 function	of	 the	molecule	 is	 specified	by	 the	 structure.	 For	 instance,	 an	
enzyme,	 its	 shape	 or	 the	 exposure	 of	 residues	 is	 accountable	 to	 determine	 the	 nature	 of	
interaction,	substrate	and	binding	pocket;	to	catalyse	many	functions	enzymes	de	novo	can	be	
designed	and	engineered.			

10. 6.1	Inherently	unstructured	protein		

However,	 Dunker	 et	 al	 (2008)	 stated	 that	 not	 all	 proteins	 fold	 into	 3-D	 structures,	
despite	that	they	function	satisfactorily.	The	functions	of	these	unfolded	proteins	emerge	from	
varying	 forms	such	as	extended	disordered	ensembles,	collapsed	disordered	ensembles	and	
structured	globules	and	they	do	not	follow	the	regular	linear	path	similar	to	protein	sequence-
to-structure-to-function.	Moreover,	function	can	also	emerge	from	a	transition	of	disorder-to-
structure.	 The	 knowledge	 of	 these	 non-3D	 structured	 proteins	 is	 highly	 important	 for	
diversifying	 the	 information	 regarding	 proteins	 and	 revealing	 the	 methods	 of	 their	
functionality	as	compared	to	the	3D	structured	proteins.		

7.0 Applications 

In	 these	 days,	 according	 to	 Trapnell	 et	 al	 (2012),	 in	 various	 studies,	 regulatory	
mechanism	related	to	fundamental	physiological	traits	to	human	pathologies	such	as	cancer	
and	 spanning	 from	 genome-wide	 expression	 of	 gene	 RNA-Seq	 experiments	 are	 extensively	
being	utilised.	Notwithstanding,	RNA-Seq	data	analysis	 is	not	very	 simple	as	 it	 requires	 the	
application	of	many	varying	tools	for	the	process	and	manipulation	of	the	retrieved	data.	Janzer	
and	Raff	(1987)	claimed	that	molecules’	drug	design	that	works	in	the	CNS	(central	nervous	
system)	for	predicting	BBB	(blood-brain	barrier)	permeation	is	necessary.	To	cross	the	BBB	
peripherally	acting	drugs	must	demonstrate	their	limited	ability;	thence,	in	the	CNS	be	devoid	
of	 action.	 Nevertheless,	 the	 comprehension	 of	 the	 permeation	 process	 is	 complex	 because	
through	active	transport	or	passive	diffusion,	compounds	have	the	ability	to	cross	the	BBB.	In	
silico	screening	techniques,	as	a	substitute	to	invasive	experiments	related	to	animal,	have	been	
brought	in	for	assisting	for	the	development	of	CNS	active	drugs.		

Gogarten,	 Doolittle	 and	 Lawrence	 (2002)	 stated	 that	 a	 very	 beneficial	 approach	 for	
unravelling	the	evolutionary	processes	occurring	in	the	genome	is	comparing	genomes	either	
distant	 or	 close	 species;	 this	 also	 helps	 in	 understanding	 species’	 conserved	 sequences	
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(Margulies	et	al,	2003)	which	is	related	to	genome	functional	parts.	For	instance,	when	mouse	
and	 human	 genomes	 have	 been	 compared,	 it	 was	 notified	 that	 both	 sequences’	 5%	 was	
conserved,	which	helped	in	deducing	that	this	was	the	functional	DNA’s	least	amount	in	both	
genomes	 (Su	 et	 al,	 2004).	However,	Mikkelsen	 et	 al	 (2005)	 stated	 that	when	 chimpanzee’s	
genomes	 have	 been	 compared	with	 human	 genomes	 it	 helped	 for	 the	 quantification	 of	 the	
variations	 that	 have	 gathered	 in	 both	 genomes	 because	 from	 their	 common	 ancestor	 they	
moved	away	around	six	million	years.		

8.0 Challenges  

Kuonen	(2003)	claimed	that	most	of	the	challenges	related	to	bioinformatics	are	related	
to	 the	 recent	overflow	of	 raw	data,	 collective	 information	and	emerging	knowledge	 flowing	
from	the	learning	of	the	genome	and	its	expressions.		

According	to	Ceri	and	Brambilla	(2011),	to	answer	multi-topic	and	intricate	web	search	
questions	 engaging	 the	mixing	 of	 possibly	 ranked	 partial	 results	 of	 search,	modern	 search	
computing	methods	are	being	developed.	Masseroli,	Ghisalberti	and	Ceri	(2011)	claimed	that	
partially	for	tackling	such	issues	in	the	domain	of	CBI,	these	methods	can	also	be	implemented.	
Despite	 that,	 the	 clinical	 environment’s	 multifaceted	 structure	 and	 the	 heterogeneous	 and	
intricate	 characteristics	 of	 the	 biomedical	 data	 for	 the	 effective	 implementation	 and	
management	of	biomedical-molecular	data,	create	formidable	organizational	and	technological	
challenges.	 These	 challenges	 are	 specifically	 related	 to	 retrieval	 of	 bio-data	 and	 integrated	
search	along	with	their	thorough	analysis	for	extracting	relevant	information.	Moreover,	some	
of	 the	chief	challenges	are	associated	with	 the	deduction	of	biomedical	knowledge	 for	CBI’s	
present	and	future	with	a	potential	extraordinary	effect	on	the	progress	of	treatment	of	patient	
and	clinical	research.		

According	to	Luscombe,	Greenbaum	and	Gerstein	(2001)	there	are	varying	fields	where	
as	compared	to	bioinformatics	informed	predictions;	experimentation	is	able	to	produce	new	
data	quickly.	It	is	a	fact	if	after	performing	the	experiment;	the	practitioners	of	bioinformatics	
are	 approached	 as	 an	 addendum.	 Traditionally,	 experimentalists	 perform	 formulation	 of	
hypothesis	and	experimental	designing	while	bioinformatics	is	observed	as	a	post	hoc	step	of	
analysis.	With	the	beginning	of	increasingly	productive	approaches,	the	suppositions	of	which	
are	every	so	often	expanded	through	post-experiment;	thence,	in	data	interpretation	bias	may	
occur.	Therefore,	at	early	stages	of	a	project,	for	enabling	experimental	design	and	formulating	
hypothesis	 input	 from	bioinformatics	may	be	a	great	help	as	adequate	statistical	strength	 is	
available	to	deny	or	conform	the	hypothesis	and	making	certain	that	bias	is	minimised	during	
data	interpretation.		

9.0 Conclusion  

Undoubtedly,	 bioinformatics	 is	 crucially	 important	 for	 predictions	 and	 supporting	
biology	 and	 its	 related	 fields	 such	 as	 protein	 folding.	 Computer	 technology	 has	 been	 very	
effective	to	drive	biology	towards	more	accurate	outcomes	regarding	understanding	of	genes	
and	genomes.	 In	 addition,	 significantly	high	advancement	 in	biochemistry	 and	genetics	 and	
their	 combination	 with	 modern	 biotechnology	 tools	 have	 produced	 immense	 amounts	 of	
protein	and	genetic	sequence	data.	Conclusively,	the	focus	of	the	current	assignment	has	been	
on	 bioinformatics	 and	 protein	 folding.	 In	 this	 regard,	 it	 highlights	 and	 explains	 about	
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bioinformatics,	proteins	folding,	sequence,	misfolding,	unfolding,	chaperones,	 interactions	of	
proteins,	 lipids,	 DNA,	 RNA,	 problem	 related	 to	 protein	 folding,	 applications	 and	 inherently	
unstructured	proteins.	However,	every	aspect	and	heading	has	been	defined	very	briefly,	as	all	
of	them	are	complete	subject	in	themselves	and	volumes	of	books	are	required	to	completely	
describe	them.	Nevertheless,	every	aspect	is	correlated	to	the	current	assignment;	therefore,	
the	brevity	of	different	topics	is	in	accordance	with	the	requirements.		
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