
































 































































d1 m

d1m = {d11, d12, d13, d1j, …, d1m}  

Equation 2.  

j jth d1j 1st

jth n m

D =     

Equation 2.  



j=1,2,3,…m i=1,2,3,…n 

 n×m

j=2  j=3

d13 d33

d13 d33 D 

   ages   locations

D =    

Equation 2.  

j=3 i = “London”  



Sum_D(London, j=3) = London  

Equation 2.  

Sum_D(London, j=3) “London”

j=3 D

T={t1, t2, t3,…,}

P={p1, p2, p3,…,}

X={x1, x2, x3,…,}

Y={y1, y2, y3,…,}

Z={z1, z2, z3,…,}

Q={q1, q2, q3,…,}



D

              When, Where, What, How, Why, Who 

D =  =   

Equation 2.  

di

di{ti, pi, xi, yi, zi, qi} D n

D = {d1, d2, d3, …, dn}  

Equation 2.  



x1 Argentina Team x2 Germany Team

q1 Beijing q2 London



q3 New York q4 Sydney

p y 

= p y = 



D

      When, Where, What, How, Why, Country, City 

D =     

Equation 2.  



Q

P_SA P X_SA

X Y_SA

Y Z_SA Z

Q_SA Q D



When,   Where,   What,   How,    Why,    Who 

D =    

Equation 2.  

p_noise

P x_noise  X y_noise

 Y z_noise  Z

q_noise  Q



T

D

When,        Where, What,         How, Why,     Who 

D =    

Equation 2.  





I(i, j) =  

I i, j G

L×W i = 1, …, L j = 

1, … W  Max(G) G



 d(p, x, y, z, q)

P      PAT{X, Y, Z} Q

D =  

Equation 3.  

d(p, x, y, z, q)

pat(x, y, z)  d(p, pat(x, y, z)) d(q, pat(x, y, z))

Equation 3.  



 pat(x, y, z) p q

Equation 3.  

{d D|pat(x, y, z), p} {d D|pat(x, y, z), q}

p q pat(x, y, z) D

pat(x, y, z) = {pat | pat  PAT( ), x, y, z},  (Pair-Dimension P and Q) 

pat(x, y, p) = {pat | pat  PAT( ), x, y, p},  (Pair-Dimension Z and Q) 

pat(x, y, q) = {pat | pat  PAT( ), x, y, q},  (Pair-Dimension P and Z) 

pat(x, p, z) = {pat | pat  PAT( ), x, p, z},  (Pair-Dimension Y and Q) 

pat(x, q, z) = {pat | pat  PAT( ), x, q, z},  (Pair-Dimension P and Y) 

pat(p, y, z) = {pat | pat  PAT( ), p, y, z},  (Pair-Dimension X and Q) 

pat(q, y, z) = {pat | pat  PAT( ), q, y, z},  (Pair-Dimension P and X) 

pat(p, q, x) = {pat | pat  PAT( ), p, q, x},  (Pair-Dimension Y and Z) 

pat(p, q, y) = {pat | pat  PAT( ), p, q, y},  (Pair-Dimension X and Z) 

pat(p, q, z) = {pat | pat  PAT( ), p, q, z},  (Pair-Dimension X and Y) 



Equation 3.  

pat(x, y, z1, z2) {pat | pat  PAT( ), x, y, z1, z2}



SD(p, pat(x, y, z))

RD(q, pat(x, y, z))
pat(x, y, z)

SD(p, pat(x, y, q))

PD(z, pat(x, y, q))
pat(x, y, q)

SD(p, pat(x, z, q))

TD(y, pat(x, z, q))
pat(x, z, q)

SD(p, pat(y, z, q))

CD(x, pat(y, z, q))
pat(y, z, q)

CD(x, pat(p, y, z))

RD(q, pat(p, y, z)) 
pat(p, y, z)

CD(x, par(p, y, q)

PD(z, pat(p, y, q)) 
pat(p, y, q)

CD(x, pat(p, z, q))

TD(y, pat(p, z, q)) 
pat(p, z, q)

TD(y, pat(p, x, z))

RD(q, pat(p, x, z)) 
pat(p, x, z)

TD(y, pat(p, x, q))

PD(z, pat(p, x, q)) 
pat(p, x, q)

PD(z, pat(p, x, y))

RD(q, pat(p, x, y))
pat(p, x, y)

pat( )



 SD(p, pat(x, y, z))

RD(q, pat(x, y, z))

SD(p, pat(x, y, z)) RD(q, pat(x, y, z))

SD( )  RD( ) p  

pat(x, y, z) q  SD( )  RD( )

q p

SD(p, pat(x, y, z)) RD(q, pat(x, y, z))  pat(x, y, z)

SD(p, pat(x, y, z)) RD(q, pat(x, y, z)) p

q  pat(x, y, 

z)



Equation 3.  

SD(p, pat(x, y, z)) p

pat(x, y, z) 0 SD(p, pat(x, y, z)) SD(p, pat(x, y, z)) =  RD(q, 

pat(x, y, z)) q

pat(x, y, z) 0 RD(q, pat(x, y, z)) RD(q, pat(x, y, z)) = 

SD(p, pat(x, y, z)) RD(q, pat(x, y, z)) pat(x, y, z)

SD(p, pat(x, y, z)) p

SD(p, pat(x, y, z)) p

RD(q, pat(x, y, z))

q RD(q, pat(x, y, z))

q

SD( ) RD( )

SD(p, pat(x, y, z)) RD(q, pat(x, y, z))

SD(p, pat(x, y, z)) RD(q, pat(x, y, z))



SD(p, pat(x, y, z)) RD(q, pat(x, y, z)) 

 pat(x, y, z) SD(p, pat(x, y, z)) RD(q, 

pat(x, y, z)) pat(Argentina Team, iPhone, Like)

pat(Germany Team, iPhone, Like)

SD( )

RD( )

SD(Argentina) RD(Argentina)

SD(Germany) RD(Germany)

SD(p-SA)

RD(q-SA)



RD( )

RD(London, pat(Germany, iPhone, Like))

RD(London, pat(Argentina, iPhone, Like))

RD( )

RD(London, pat(Germany, iPhone, Like)) RD(London, pat(Argentina, iPhone, Like))

RD( )

RD(New York, pat(Germany, iPhone, Like)) RD(New York, pat(Argentina, iPhone, Like))

RD( )

RD( )

SD(p, pat(x, y, q)) PD(z, pat(x, y, q))  pat(x, y, q)

SD(p, pat(x, y, q)) PD(z, pat(x, y, q))

 pat(x, y, q)

 

Equation 3.  

SD(p, pat(x, y, q)) p

pat(x, y, q) 0 SD(p, pat(x, y, q))  SD(p, pat(x, y, q)) =  PD(z, 



pat(x, y, q)) z pat(x, 

y, q) 0 PD(z, pat(x, y, q))  PD(z, pat(x, y, q)) = 

SD(p, pat(x, y, q)) PD(z, pat(x, y, q)) SD(p, pat(x, y, q))

pat(x, y, q) p SD(p, pat(x, y, 

q)) p PD(z, pat(x, y, q))

pat(x, y, q)

PD(z, pat(x, y, q)) z

SD( ) PD( )

SD(p, pat(x, y, q)) PD(z, pat(x, y, q))

SD(p, pat(x, y, q)) PD(z, pat(x, y, q))

pat(x, y, q)  

 pat(x, y, q)



SD( ) PD( )

SD( )

PD( )

SD( )

PD( )

SD(Germany)

PD(Germany)

SD(Argentina)

PD(Argentina)

SD(Germany)

PD(Germany)

SD(Argentina) PD(Argentina)

PD( ) PD(like) PD(z-noise) PD(z-

SA)



SD( )  SD(Twitter)

SD(p-SA)

SD(p, pat(x, z, q)) TD(y, pat(x, z, q))  pat(x, z, q)

SD(p, pat(x, z, q)) TD(y, pat(x, z, q))

 pat(x, z, q)

Equation 3.  

SD(p, pat(x, z, q)) p

pat(x, z, q) 0 SD(p, pat(x, z, q)) SD(p, pat(x, z, q)) = 

TD(y, pat(x, z, q)) y

pat(x, z, q) 0 TD(y, pat(x, z, q)) TD(y, pat(x, z, q)) = 

SD(p, pat(x, z, q)) TD(y, pat(x, z, q)) SD(p, pat(x, z, q))

pat(x, z, q) p SD(p, 

pat(x, z, q)) p

TD(y, pat(x, z, q)) pat(x, z, q)

y

TD(y, pat(x, z, q)) y



SD( ) TD( )

SD(p, pat(x, z, q)) TD(y, pat(x, z, q))

SD(p, pat(x, z, q)) TD(y, pat(x, z, q))

pat(x, z, q)  SD(p, pat(x, z, q))

TD(y, pat(x, z, q)) SD( )

SD(Germany)

SD(Argentina)

SD(London)

SD(Sydney)

SD(Beijing)

SD(New York)

TD( ) TD(Germany)

TD(Argentina)

TD(London) TD(Sydney) TD(Beijing)



TD(New York)

SD( ) TD( ) SD(Germany) TD(Germany)

SD(Argentina) TD(Argentina)

SD(London) TD(London) SD(Sydney)

TD(Sydney) SD(Beijing)

TD(Beijing) SD(New York) TD(New 

York)

 SD(p-SA)

TD(y-SA)

SD(p, pat(y, z, q)) CD(x, pat(y, z, q))  pat(y, z, q)

SD(p, pat(y, z, q)) CD(x, pat(y, z, q))

 pat(y, z, q)

Equation 3.  



SD(p, pat(y, z, q)) p

pat(y, z, q) 0 SD(p, pat(y, z, q)) SD(p, pat(y, z, q)) = 

CD(x, pat(y, z, q)) y

pat(y, z, q) 0 CD(x, pat(y, z, q)) CD(x, pat(y, z, q)) = 

SD(p, pat(y, z, q)) CD(x, pat(y, z, q)) SD(p, pat(y, z, q))

pat(y, z, q) p SD(p, pat(y, 

z, q)) p

CD(x, pat(y, z, q)) pat(y, z, q)

x CD(x, 

pat(y, z, q)) x

SD(p, pat(y, z, q)) CD(x, pat(y, z, q))

SD(p, pat(y, z, q)) CD(x, pat(y, z, q))

pat(y, z, q) SD(p, pat(y, z, q))

CD(x, pat(y, z, q))

SD( ) SD(London)



SD(Sydney) SD(New York)

SD(Beijing)

CD( )

CD(Germany) CD(Argentina)

SD(Beijing) CD(Beijing)

SD(London) CD(London)

SD(Sydney) CD(Sydney)

SD(New York) CD(New York)

SD(p-SA) CD(x-SA)

CD(x, pat(p, y, z)) RD(q, pat(p, y, z))  pat(p, y, z)

CD(x, pat(p, y, z)) RD(q, pat(p, y, z))

 pat(p, y, z)

Equation 3.  

 



CD(x, pat(p, y, z))

x pat(p, y, z) 0 CD(x, pat(p, y, z)) CD(x, pat(p, 

y, z)) = RD(q, pat(p, y, z))

q pat(p, y, z) 0 RD(q, pat(p, y, z)) RD(q, pat(p, y, z)) = 

CD(x, pat(p, y, z)) RD(q, pat(p, y, z)) pat(p, y, z)

CD(x, pat(p, y, z)) pat(p, y, z)

x CD(x, 

pat(p, y, z))

RD(q, pat(p, y, z)) pat(p, y, z)

q RD(q, pat(p, y, z))

q

CD(x, pat(p, y, z)) RD(q, pat(p, y, z))

CD(x, pat(p, y, z)) RD(q, pat(p, y, 

z))

pat(Twitter, iPhone, Like)

CD(x, pat(p, y, z)) RD(q, pat(p, 

y, z)) CD( )



CD(Germany) CD(Argentina)

pat(twitter, iPhone, Like)

RD( ) RD(New York)

RD(London) RD(Sydney)

RD(Beijing)

CD( ) CD( )

RD( ) CD(x-SA) RD(q-SA)

 

CD(x, pat(p, y, q)) PD(z, pat(p, y, q))  pat(p, y, q)

CD(x, pat(p, y, q)) PD(z, pat(p, y, q))

 pat(p, y, q)

Equation 3.  

CD(x, pat(p, y, q))

x pat(p, y, q) 0 CD(x, pat(p, y, q)) CD(x, pat(p, 

y, q)) = PD(z, pat(p, y, q))

z pat(p, y, q) 0 PD(z, pat(p, y, q)) PD(z, pat(p, y, q)) = 



CD(x, pat(p, y, q)) PD(z, pat(p, y, q)) CD(x, pat(p, y, q))

pat(p, y, q) x

CD(x, pat(p, y, q)) x

PD(z, pat(p, y, q)) pat(p, y, q)

z PD(z, pat(p, 

y, q)) z

CD(x, pat(p, y, q)) PD(z, pat(p, y, 

q))

CD(x, pat(p, y, q)) PD(z, pat(p, y, 

q))

pat(p, y, q)

CD(x, pat(p, y, q)) PD(z, pat(p, y, q)) CD( ) CD(Beijing)

PD(Beijing) CD(London) PD(London)

CD(Sydney) PD(Sydney)

CD(New York) PD(New York)



PD( ) PD(Beijing)

CD( )

CD(Argentina)

CD(London) CD(Sydney)

CD(Beijing) CD(New York)

CD(x-SA) PD(z-SA)

CD(x, pat(p, z, q)) TD(y, pat(p, z, q))  pat(p, z, q)

CD(x, pat(p, z, q)) TD(y, pat(p, z, q))

 pat(p, z, q)

Equation 3.  



CD(x, pat(p, z, q))

x pat(p, z, q) 0 CD(x, pat(p, z, q)) CD(x, pat(p, 

z, q)) = TD(y, pat(p, z, q))

y pat(p, z, q) 0 TD(y, pat(p, z, q)) TD(y, pat(p, z, q)) = 

CD(x, pat(p, z, q)) TD(y, pat(p, z, q)) CD(x, pat(p, z, q))

pat(p, z, q) x

CD(x, pat(p, z, q)) x

TD(y, pat(p, z, q)) pat(p, z, q)

y TD(y, 

pat(p, z, q)) y

CD(x, pat(p, z, q)) TD(y, 

pat(p, z, q))

CD(x, pat(p, z, q)) TD(y, pat(p, z, q))

pat(p, z, q)

CD(x, pat(p, z, q)) TD(y, pat(p, z, q)) CD( )



CD(Beijing) TD(Beijing)

CD(London) TD(London) CD(Sydney)

TD(Sydney)

CD(New York)

TD(New York)

CD( ) CD(Germany)

CD(Argentina)

 

CD(Argentina)

CD(New York) CD( Beijing)

 CD(London) CD(Sydney)

TD( ) TD(Beijing)

TD( )

 CD(x-SA) TD(y-SA)



TD(y, pat(p, x, z)) RD(q, pat(p, x, z))  pat(p, x, z)

TD(y, pat(p, x, z)) RD(q, pat(p, x, z))

 pat(p, x, z)

Equation 3.  

TD(y, pat(p, x, z))

y pat(p, x, z) 0 TD(y, pat(p, x, z)) TD(y, pat(p, x, z)) = 

RD(q, pat(p, x, z)) q

pat(p, x, z) 0 RD(q, pat(p, x, z)) RD(q, pat(p, x, z)) = 

TD(y, pat(p, x, z)) RD(q, pat(p, x, z)) TD(y, pat(p, x, z))

pat(p, x, z) y

TD(y, pat(p, x, z)) y

RD(q, pat(p, x, z)) pat(p, x, z)

q RD(q, pat(p, 

x, z)) q

TD(y, pat(p, x, z)) RD(q, pat(p, x, 

z))



TD(y, pat(p, x, z)) RD(q, pat(p, x, z))

pat(p, x, z)

TD(y, pat(p, x, z)) RD(q, pat(p, x, z))

TD(Germany) RD(Germany)

TD(Argentina) RD(Argentina)

TD( ) TD(Germany) TD(Argentina )

RD( ) RD(Germany)

RD(Argentina)

RD( )

RD( )

TD(y-SA)



RD(q-SA)

TD(y, pat(p, x, q)) PD(z, pat(p, x, q))  pat(p, x, q)

TD(y, pat(p, x, q)) PD(z, pat(p, x, q))

 pat(p, x, q)

Equation 3.  

TD(y, pat(p, x, q))

y pat(p, x, q) 0 TD(y, pat(p, x, q)) TD(y, pat(p, x, q)) = 

PD(z, pat(p, x, q)) z

pat(p, x, q) 0 PD(z, pat(p, x, q)) PD(z, pat(p, x, q)) = 

TD(y, pat(p, x, q)) PD(z, pat(p, x, q)) TD(y, pat(p, x, q))

pat(p, x, q) y

TD(y, pat(p, x, q)) y

PD(z, pat(p, x, q)) pat(p, x, q)

z PD(z, pat(p, x, q))

z

TD(y, pat(p, x, q)) PD(z, pat(p, x, q))



TD(y, pat(p, x, q)) PD(z, pat(p, x, q))

pat(p, x, q)

TD(y, pat(p, x, q)) PD(z, pat(p, x, q))

TD( ) PD( )

TD(Germany) PD(Germany)

pat(p, x, q) TD(Argentina)

PD(Argentina)

TD(Beijing) PD(Beijing) TD(Sydney)

PD(Sydney)

TD(London)

PD(London) TD(New York)

PD(New York)

TD( ) PD( )

TD( ) TD(iPhone, pat(Twitter, Argentina, New York)) TD(iPhone, pat(Twitter, 

Germany, New York))



TD(iPhone, pat(Twitter, Germany, London)) TD(iPhone, pat(Twitter, Argentina, London))

PD( )

PD(Like, pat(Twitter, Germany, London))

PD(Like, pat(Twitter, Argentina, London)) TD(y-SA)

PD(z-SA)

PD(z, pat(p, x, y)) RD(q, pat(p, x, y))  pat(p, x, y)

PD(z, pat(p, x, y)) RD(q, pat(p, x, y))

 pat(p, x, y)

Equation 3.  

PD(z, pat(p, x, y)) z

pat(p, x, y) 0 PD(z, pat(p, x, y)) PD(z, pat(p, x, y)) = RD(q, 

pat(p, x, y)) q

pat(p, x, y)  0 RD(q, pat(p, x, y)) RD(q, pat(p, x, y)) = 

PD(z, pat(p, x, y)) RD(q, pat(p, x, y)) PD(z, pat(p, x, y))

pat(p, x, y) z

PD(z, pat(p, x, y)) z



RD(q, pat(p, x, y)) q

RD(q, pat(p, x, y)) q

PD(z, pat(p, x, y)) RD(q, pat(p, x, y))

 PD(z, pat(p, x, y)) RD(q, pat(p, x, y))

pat(Twitter, Argentina, iPhone)  pat(Twitter, Germany, 

iPhone)  PD(z, pat(p, x, y)) RD(q, pat(p, x, y)) PD( )

RD( )  PD(Germany) RD(Germany)

PD(Argentina) RD(Argentina)

PD( ) PD(Germany) PD(Argentina)

RD( )

RD(Germany) RD(Argentina)

RD( )

RD( )



PD( )  PD(z-SA) RD(q-SA)



At Thursday Jan-3 2008, FlightNum: 3920 (Airline: WN, plane TailNum: 

N464WN), departed at 18:29 (scheduled at 17:55) from IND airport, flew 77 minutes for 

515 miles, and arrived at BWI at 19:50 (scheduled 19:25), resulting in a delay of 34 

minutes due to CarrierDelay 2 minutes and LateAircraftDelay 32 minutes







 



pat(x 600, y, z)

pat(x=NA, y, z)

 

pat(x>600, y, z)

pat(x>600, y, z) SD( ) RD( )



pat(x 600, y, z)

pat(x=NA, y, z) pat(x>600, 

y, z) SD(p-SA, pat(x 600, y, z))

 RD(q-SA, pat(x 600, y, z))

pat(x 600, y, z) SD(p-SA, pat(x=NA, y, z)) RD(q-

SA, pat(x=NA, y, z))

SD SD(p=DTW, pat(x>600, y, z))

SD(p=MCO, pat(x>600, y, z))

RD( ) RD(q=ATL, pat(x>600, y, z))

RD( ) RD(q=DTW, pat(x>600, y, 

z))

SD( ) RD( )

 pat(x>600, y, z)



pat(x>600, y, z) SD( ) RD( )

pat(x<600, y, z)

 SD( )

RD( )

 pat(x>600, x1 2500, x2 1500, x3 NA, x4=SA, x5=NA, x6 1100, x7 2500, y=NW, z 4000)

pat(x>600, x1 1200, x2=SA, x3=NA, x4=SA, x5=NA, x6 1200, x7 1200, 

y=NW, z 900) pat(x>600, x1 1100, x2=NA, x3 1100, x4=SA, 

x5=NA, x6=NA, x7 1100, y=NW, z 300)

SD( ) RD( )

pat(p, y, q) CD(x, pat(p, 



y, q)) PD(z, pat(p, y, q))

CD(x, pat(p, y, q)) PD(z, pat(p, y, q))

pat(p, y, q) CD( ) PD( )

x  600 x = NA

CD(x<030, pat(p, y, q))

 CD(x<060, pat(p, y, q))

CD(x>600, pat(p, y, 

q))

PD(z<0400, pat(p, y, q))

PD(z<0300, pat(p, y, q))







SD( )

PD( ) pat(x, y, q)



pat(x, y, z) SD( ) RD( )

pat(x, y, z)



p = 123.123.123.123

 pat(x, y, z) {d  D  pat (x, y, z), p=123.123.123.123}

p p = 123.xxx.xxx.xxx

pat(x, y, z)

{d  D  pat (x, y, 

z)} = 2, pat(x=SA, y, z)

SD( ) RD( ) pat(x, y, z)



pat(x=virus, y, z) SD( ) RD( )

SD( ) p =“138.25.78.15”

pat(x=“Thank you for setting the order No:478456”, y=“SMTPMessages\Inbound And Outbound”, 

z=“VIRUS=W32/Trojan3BFK(…)”) RD( )

RD( )



pat(p, y, q)

pat(p, y, q)

CD(x, pat(p, y, q)) PD(z, pat(p, y, 

q))  pat(p, 

y, q)

pat(p, y, q)) CD( ) PD( )

CD(x1=“BodyofMessage”, pat (p=“66.211.160.87”, 

y=“SMTPMessage\InboundAndOutbound”, q))

CD(x1=“open.exe”, pat (p=“138.25.78.15”, 

y=“SMTPMessage\InboundAndOutbound”, q)) CD(x1=“install.exe”, pat 

(p=“138.25.78.15”, y=“SMTPMessage\InboundAndOutbound”, q))

PD(z=“VIRUS=Trojan-Spy.HTML.Fraud.gen(Kaspersky5)”, pat 

(p=“66.211.160.87”, y=“SMTPMessage\InboundAndOutbound”, q))



PD(z=“VIRUS=HTML/Irsphish(Command)”, pat (p=“199.196.144.6”, y=“SMTPMessage\InboundAndOutbound”, q))

CD (BodyofMessage)

PD (VIRUS=Trojan-Spy….)  pat (p=“66.211.160.78”, 

y=“SMTPMessage\InboundAndOutbound”, q)

“On 13/June/2010 10:51:45-10:51:52 PM, SourceIP: 142.167.88.44 from 

SourcePort: 61506 sent an attack to DestinationIP: 192.168.5.122 on DestinationPort: 

80, transferred by ProtocolName: tcp_ip, connected by AppName: HTTPWeb, 

TotalSourceBytes: 6372, TotalSourcePackets: 9, TotalDestinationBytes: 1014, 

TotalDestinationPackets: 9, SourcePayloadAsBase64: R0VUIC9PdkNnaS9s……., 

SourcePayloadUTF: Get/OvCgi/Toolbar.exe?XOM……, DestinationPayloadAsBase64: 

SFRUUC8×LjEgNDA……., DestinationPayloadAsUTF: HTTP/1.1404NotFound......, 

Direction: R2L, SourceTCPFlagDescription: F.S.P.A, DestinationTCPFlagDescription: 

F.S.P.A” 







pat(x, y, z) SD( ) RD( )

SD(p) RD(q)

p q

SD(p) RD(q)

SD(p=111.111.111.111)

SD(p=123.123.123.123)

SD(p=1xx.xxx.xxx.xxx) pat(x, y, z)

SD( ) RD( )



 pat(x, y, z)  SD( ) RD( )

 SD(p=192.168.2.107)

 

RD(q=192.168.5.122)



pat(x=”attack”, y, z)

P Y Z Q

pat(x=”attack”, y, z)

pat(x=”attack”, y, z) SD( )

RD( )

pat(x=”attack”, y, z)



SD( ) RD( )

SD( ) RD( )

q=192.168.5.122

SD( )



RD( )




























	Title Page
	Certificate of Authorship/Originality
	Acknowledgements
	Table Contents
	List of Figures
	List of Tables
	List of Equations
	Abstract
	Author’s Seventeen published papers for PhD
	Chapter 1: Introduction
	1.1. Big Data Characteristics
	1.1.1. Volume
	1.1.2. Variety
	1.1.3. Velocity
	1.1.4. Value and Veracity

	1.2. Big Data Visual Analytics
	1.2.1. Dataset Visualization
	1.2.2. Data-Type Visualization
	1.2.3. Particular Topic Visualization

	1.3. Big Data Behaviours
	1.4. Visualization Techniques
	1.4.1. Visualization Techniques for Low-Dimensional Data
	1.4.1.1. Bubble Charts/Scatter Plots
	1.4.1.2. Word Clouds
	1.4.1.3. Heat Maps
	1.4.1.4. Geography Maps
	1.4.1.5. Data Histograms

	1.4.2. Visualization Techniques for High-Dimensional Data
	1.4.2.1. Tree Maps
	1.4.2.2. Data Clustering
	1.4.2.3. Parallel Coordinates
	1.4.2.3.1 Visual clustering
	1.4.2.3.2 Axes rotation and reordering
	1.4.2.3.3 Reducing dimensions and feature selection



	1.5. Research Challenges and Motivations
	1.6. Author’s Contributions in the Thesis
	1.7. Thesis Organisation

	Chapter 2: Data Behaviour Visual Analytics
	2.1. Multidimensional Data and Attributes
	2.2. 5Ws Dimension and Behaviours Pattern
	2.3. 5Ws Parallel Coordinates
	2.4. 5Ws Dimension Clustering
	2.5. 5Ws Shrunk Attributes
	2.6. Noise Attributes

	Chapter 3: Pair-Density Parallel Coordinates
	3.1. Pair-Density Algorithm
	3.2. Pattern and Pair-Density
	3.3. SD(p, pat(x, y, z)) via RD(q, pat(x, y, z)) for pat(x, y, z)
	3.4. SD(p, pat(x, y, q)) via PD(z, pat(x, y, q)) with pat(x, y, q)
	3.5. SD(p, pat(x, z, q)) via TD(y, pat(x, z, q)) with pat(x, z, q)
	3.6. SD(p, pat(y, z, q)) via CD(x, pat(y, z, q)) with pat(y, z, q)
	3.7. CD(x, pat(p, y, z)) via RD(q, pat(p, y, z)) with pat(p, y, z)
	3.8. CD(x, pat(p, y, q)) via PD(z, pat(p, y, q)) with pat(p, y, q)
	3.9. CD(x, pat(p, z, q)) via TD(y, pat(p, z, q)) with pat(p, z, q)
	3.10. TD(y, pat(p, x, z)) via RD(q, pat(p, x, z)) with pat(p, x, z)
	3.11. TD(y, pat(p, x, q)) via PD(z, pat(p, x, q)) with pat(p, x, q)
	3.12. PD(z, pat(p, x, y)) via RD(q, pat(p, x, y)) with pat(p, x, y)

	Chapter 4: Case Study
	4.1. Case One: Visual Estimate of US 2008 Flight Delay Patterns
	4.1.1. 5Ws Pattern for US Flight Dataset
	4.1.2. The Delay Pattern Combined Airline and Flight Distance
	4.1.3. Clustered Delay Pattern in SD( ) via RD( ) Parallel Coordinates
	4.1.4. Airline Flight Pattern between Origin and Destination Airport

	4.2. Case Two: Visual Analysis of 2009 Spam Email
	4.2.1. 5Ws Pattern for Virus Email
	4.2.2. Virus Pattern pat(x, y, z) in SD( ) via RD( ) Parallel Coordinates
	4.2.3. Clustered Transferring Pattern pat(p, y, q)

	4.3. Case Three: Visual Detect DDoS Attacks in ISCX2012 Dataset
	4.3.1. 5Ws Pattern for ISCX2012 Dataset
	4.3.2. Network Pattern pat(x, y, z) in SD( ) via RD( ) Parallel Coordinates
	4.3.3. Attack Pattern pat(x=”attack”, y, z) between Attacker and Victim

	4.4. Reduction of Data Overcrowding

	Chapter 5: Conclusions and Future Work
	5.1. Conclusions
	5.2. Future Works

	Bibliography

