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Knowledge Fusion: An Approach to Time Series Model
S F R

b

S h iA B l eT hL B J C S ca R B S t

A B

T hr ed e sw d d uF 9 t w s pb t D
m eo E n eO fo N o n p ra N aS eK n
F uP r oT p rt s es as d t u a t o
m ae x af t a p po i a na lT s s
f up r oh m g ef ew m i a w op t
a t tt s oi a g ew T g ep ri t r ee o
i n th om u lt s et d ea p on b aB
i m p l ea s uo t s em oa f om a u
w e l la lc r iw r et n uo f a W t f
r et n uo f aa lb a na s us eo d a
j ub t a lc r iw p ar e cm eA a c
r e( R1 d e st i m p la a po t 2 p
f s e p ae vf u nb a ca a pa s o f o
m e tf o lb a s uo p ar e cm eT r g i
m od ea bo o t f o rm ea o o t p r
t im e ta i a pt t s k o s a td t i
d e si R 1

1. Introductionand Summary

I a c o m pr e( R1 t f o li w a si m s iw m a
f a c ia o p e ro a e n va w f u nb eS m i
t ap r od ar e cs e q uw i k a t s d S o t
t is et ha j ut b u nm s ob s c rR e1c m
p o sw at m ot u sb es t r er c b c of l
i u n ub e hT ha d t i l au nw b f s cb a s
o p a tr e c om e tN p a rm eo m ot b an o d



t p a tr e c ow d i si g rd ei R 1 T r p m d o
t o t w ao m o dt b a ca o o o t w o d p r e
T t w ao m o dt b a ca r e g rm f a v a
g r em oa v e( Am o dT o p ar em i a v o
F i sD i s c rA n aT r ei o ra f oS 2 g t s
t is et hw u a t m ot w a pt f ot t s R f
t r e g r e sm of ia g iR ef t v A m w n a
g oa f t r e g r em of iI s e3 w g f ud a v
A Rm o dW p rr eo t v eA m oo s id i
A p pA I s e c4 w d e so a pt r e gm oi m d
a A p pB d o cs o t r eo m ot t s d ei s 2
w ia e m po t c o m pe n va m o dc rS 5 i a
s u m

2. Background

I R e2 w d o c ut a p uc b e sb s uo p o v w
a h e ia d i fl o cf t s et h t e f a a ui
g r am oa v e( Am oa c ot s o t s r eT
s u b tp ut hm i nt s o t s qr ei a g e o t e
p uG ia “ c ao p o sp ut p c t b j t b e f t c
a lo n f rt c ab ao t m a go t s o s r eA
m o do t d aw t rb w c on f c o ei a o no t d s
T hp or e sc ob d t t s co d p oi e o t i n7 d
s eo m ol i kd t a l o a s tf u nr es a i a i A
m o d eT o r id f c o no 1 i nd s e w 2 c
g ac oa a g gf c oT f c o( an d h a p
t i ot t s o t c hp a( e la p rc oT f c w a
g at m at t is to t g aT d f c o3 d it o d
w i“ t re v es u po c cn p 2 T t t o d w t c
b r a( ca o p ee r( OF t s tt O d w n u b i s
c ic h a r a cr e dt d f t 7 i n dd s

B e ct hw s uv a r ib et i n dd s a A m c n
b u se f f e ci w d et d o n e -p r eo t g c a
m i nt s q ur e sf t hp r eT p rt g t w
r e g ro o tc o mo t d u l s qT r ea d a t
d i f fb e tt o b sv aa t f iv ad eb “ i t f
m o dD i fc o m bo t f c oa t g c w u a p
o t o b sp r eg aT s m ot w a f o

( g a= B + B l *f l+ B 2 *f + B 3g + e

( g a= B + B l *f l+ B 2 *f + e

( g a= B + B * (g a+ e

( g a= B + B l * (f l+ e
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(5) g a= B + B l *f l+ B 2g a+ e

(6) g a= B + Bl * (f l+ B 2g a+ e

W m o dt f i2 d p os t “ te vw w s t o a
p o2 w on e ft m oT g w t f o m t f a o t b
g rd aa c c uH o ww d i st t c n b d d t t v
a mt d i fd s a t v a rc ab t o ro t s T
f oa 7 d as w m oi n dw r ec of t 2 values.

T r e so t m o ds ha t r ed ib et “ d a t “
i b r ad ai t t c a l id s hm m v at t t d I t
s ef t rb a c kd at c a ld w l e lf t a T
v a r iw s et ht i n cs te ro t r ei t c ad
f a t m o dF i1 s hp lo t i n dr es te f d
s ew ha i n do t x -f f o t m o

. ..—..

FIGURE1. Residualstandarderrors.Datasets1-644areclass=trueanddatasets645-730arecats.

T f ic o e ff t m os h ot d ib t t a c
d aF i2 d i st B c o e ff M 3 a M 4 f a 7 d s N
t ht B c o e fo t p rg aw e sa fT a B1c
o t p rg ai M o3 w . a f as tf t t d b t c ad
h s e vv el ac o e fc ht m o t d t 4
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datascl
PlotofBlfor ModeJgammas-BO+B1*(pruentffld)+e

0 w m 60J

datamt
PlotofB1forModelgammas- BO+ Bl*(wiormrnrnas)+ e

FIGURE2. Plotsof fittedcoefficients.Datasets1-644areclass=true,anddatasets645-730arecals.

T c ht b em ow c o mr es te rW t m t a
m a g no t r e ss t ae ra a sa t n o v ai t r
s ii n c ri n d it b n uo v ai t r eT r s
e r ro a s eo “p” p r e dw hp is t n uo p ri t m i B
a c o m pT r e ss t ae rf a 7 d s w a vt u i t c
p a rT t ra c a l id w s et d ei t r w a b
t v a r in oi t c a l id aT 1s ut r eI T l d
n at n uo p r ei t m oT f t f l i “ d 2 i t n
o p r e di n cB i t m o1 1a 2 2a t a r s
e r rf M o3 a 4 r e s pa 2 1i t a vo t t s e

T a v er e ss t ae ra h f a t m oo a i nt m
d ap op s w oh b b e ni e s tg m o t b
d aM o1h t l oa vr es te rf t c od ( a c
M o1 c o nb op a p rf c oa p g c T n b m
i m o6 w hu st p rf c oa t p g c I t n d
p r o cm o1a 6 w b u a lw m 3 w u o p g c
a m o4 w hu p ra p f c o
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T A1 Comparison of Residual Standard Error for Six Models
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Detection of the Pulse

T t eo m e ti d e ta p ua l io o p w u b a g e
t a l al i bc ob m b a m u l t ie xo t N e
L eo o tm u l td i s cp r o

T f om os e lp r ew

M oA g a= B + BI *f l+ B 2 *f + B 3g + e

M oB g a= B + B l *f + B 2g a+ e

M oC g a= B + B lf l+ B 2 *f + e a

M oD g a= B + Bl *g a+ e

P o1 6w ep r eu so n e -f o rM A B a D w b
p r e dt hM oC a n ob t m a go t r ea t s e o t
f iT s t ae ro t f t ai a ct v ai t e sc oa
t v a r ib e ct p r ev aw n e i e x pM C w u o
f lc ot p r et g ac oh t l ar ea s te o a t f

Ap uw t ha di c o1 6i o no t d s T a o t p d
n c ht i n d ie s to t c o es i gI t m w u
o nf lc ot p r et g at a mo c hi t a v o t c
c iw l et h. 0a i t m ot u g c t p g t a
a c hi t c o e fw a b. 0A i ne xo t d a t r
u aw it p ui t d d n s a s u bd if t d w t
p uT m od s a i n ci t s er eo t f p t c o
t p u

B e cn oo t m op e rv w a s ef “ b ad w i
a tA o t c a l id w e l ib et v ai t d w s g
T ht r e mt d w t eu st “ tc rf p 1 T t
c r ic o no a v et t p rp os u bt a f t p
b et e sw hg ia r e sv aa c ot v t t t t s r o
t a v eo t t p oI t r ev i l at t r c rt p b
t e si c o n st b a t rp oA d s c ot rp i c 1
w ee l i mf rc o n sa a s uo t d w t f f a

W t hf iM oA w hu b f a g c ot f t g M C
w hu so nf lc ot f t g aa M D w u j g c t f
t g a mT r e ss ts ha h il it f a t m R f
a l es q ul ir e ga a st b i n dw z m a c v
a na f oa n od i s tT l ii t r ew t t b f t
n o n s t ao t g aa t p e ro t f c a s i F 3 F 3
s ht a v eg ac of p o1 a t a vf c f t s
p e r
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FIGURE3.Backgrounddata:gammasandflld.
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i t m p
a a n os t ri t r e sT r et n o ni t g a f d
e na i t is em o dw d oA t r et p ei t f c t
m ef lc ow s u bo T ht t r a nt op t b s
t ui t a v er e sv aF i4 s a c oo t r ef M C
b ea a ft t r a n s

P o1 6w ep r ei v iw t e sa v m o p rT f
i m e tw eu s( o n e -p r eu d p rt t p t f t
m o( o n e - sp r eu so c o1 t f t m a ( p
p o1 6u st m oo bf c o1 M r ep rv w
o b tf km e t( a ( D t t s co d p i e d s m (
p e r fv ep o

O nt n et r a n so t d a m et p rp 1 w e
l i sp r o ct c l at d w a w it p w e xT f m
e x au st s o t i np rb et r eo t p rp a t
c oc o n s tt k np ua a m t d i sb s t c
p ua s et d n T i a a p po t N e yL T l
o t d i s c rw d e tt c oa l 9 o t p ow t n
H o wt d e tp r o bw d il a 6%.
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E vw it t r a n st o bG aw h ir et r eo t p
d i cp o( tl af r e sw n m et c rA i w f t t
m ow i ta p ua w a p uh d ic os tT t t
d i s t rw n b ef o lH ea q ud i sf ub o t
N e y m a nL ew d e va i m pe m p

T d aw r a nd ii 4 s uo 4 c e T o t s w u a
t r as ea t o tt s uw r et b u a t s W o u 1
c af t hs tb ew p f ur e so t c ac t e t t
c o n si t hs tw m r e p ro o rb aF e w e
i n aa c aw hg ac oo p o1 h v ai t u 1 O o t
t r as ec o na p ui p o1 6a t o s w b ad M A
w hu sb of la g ac ot f t g aa M C w u o f
c ot f t g a mw t a pt b t rs P 1 w p
u so n e - sf o r ea d e se aF e m a m v c o
t r e s if rt p r e do p o1 a a c om f t r w
e x t rf rt e m pf iT hm v ea c os tw u t c
p ut q u ad i s cw a d i sb d ef e m T f
f t q u ad i s cD i ( R3
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w h2 a E a t c o vm aa m v er e sf t t s
w i tt p ua X a ~ a t r e sc om a m v f t
t r as w it p ua dT v e~ i t 5 - cv o r v f
t f o r eo p o1 6T p rw d s ef M A a M C b
e am ow og d i fp r ev aW e ms et t k f D
s ut ht t r as ef aa lr w 3 u M A o C I w a t
M oC w ob ed i s cb et d i sw a w t p f t
r e at s o t e no t t r ac om ( i t v o t
s o t f if o re rf M oA w 1 w t f M C w 7 B
t v a ro t s o t f f oe ri a m eo t “ d t n
p ut n ou sM oA w l at t n f M C a a m t u
p rg aw ib p e ni t eo s id eb et g p l f
m ot ho t ip eH o wt t uo n t b t c a w b s T
d e t ep r o b af t t es a g i T 2 N t t d p
i t “ w ip uc i t f aa lp r oR t t f a p
w s a a p p r o5 ( 3o t t rd

TABLE 2. Detection Probabilities on the Testing Set for Models A and C

Model Detection Probabilities

W iP W P

A 1 3

c 3 2

H ei o e x p lf t i np e ro M C T s o t e o t
t e sc o v am a( n us f M A w 1 a f M C w 6 I i
i m p ot e x t rg ec o na m os a C t u o f t f
t g a mT hi s it m v a ri t r eb t g a t f
c o u

T t e sd ah 4 w i t hc aa 4 w ic s t p m i
b M oAo t t ed w ( 83 3 %a b M Cw ( 2
4 2

D i f fs u bo t d g e l od ep r os a l a 1 w
i n d it l av a r ib et i n dd s

S o m ei t a p p lo d i s ca nt t t o m i sh t
s a“ c oI t c ai a f aa lh t s “ a a “ f at i
m as et u t d i s cD a c l a sr a f oa t d s
a s s ow it r e sv e~ t t d i sw n n i

D > k2 (2)
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I E ( 3a s y mm t s a i E (

W a l l~ t t d i s tw t p uo t hW t m M A c
a p p r o6 o t d s c o rw M C c la p5 o t
d as ec o r rT ht p e rs hb c ot t p e5 a
4 2r e s p et w a c hu nt c o nt t f a r w b 5
o t t r ad aO t s eM oC p e rc o nw t w m v
i t p e r fo M oA

T p od e tp r o bc ob a r eo t s co d p p i d
s eb t ha m ol it b a r eo a p o o r -f ur b
p rg aa p r eg ao b ep rf a p rg a t w
o t p uc o mt t n oo t o rb a cA t v ab i
v i dd as ee vf “ tb a cd d n a t f o o m f a t
d as eF a s p ef aa lr ag ie nd p t f a b
m o dw f et ht d e tp r o bc b s i gi mA s R 1
f o tw at a pp ar e ct t p r

3. MultivariateModelingof ARIMASeries

A m e n ti t i n t rn v eA m w b t t A m p
s ei s e c2 T h ew h n r er eo v A m a t
t “ e vr e cf s e2 H ot s ut e t m aa s o o a
m of o r em e tw i m pt a bt a v A m t a
t is e rV eA Rm o di r e aw e li s t s t S
R e4 f e x a

O c u rc o m p ue n v if t s em oi w t s tp
m ie n v ic aS W t a do t t s l iw b P G o
t B ao C a( R5 A Rm oo t s em i mi S T
a d dt o l i bo c a p as t ro a bt m d a c

I t G i ll i bo S f u ni a m i n s pt v a u
( Vm o di a u t od r e si t b V m V A R
m b d ob s p e ct A m ot b f iD im t b p o
t r e s um ot d e tt b f A t G il ip ra a p
c et hc o mv am ou ss ew ec rs a t P o
t ef g o oo f A k ai n fc r( Af p re v a s
e ro tt eS A p pAf a e xo v eA m oo s d
w ia c o m po t m o
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4. Modelingof GammaData

A s eo d i fA Rm ow t o t g d t o t a p
m ot hb ef t b a cd aN m h b c os ao a t
d i f fd as eT hi a p e rd t t s o t s at i h t d
S e vp e rm oh b t rw n s u

A lt hi m uv a ra mt d i fs o g d a w v i t
d ao b tf rd i fs y sI p a rS y2 g m h c w a
l av a rt hS y1

T m os et g t b f f p r em oa tT m w
a m oa v eo o ro f it t f d i fo t g i a A R
a a a u t o rm oa vo o ( f it t f d io t g
i .a A R I1 ,T ht m ow c oo a po s o
t g ad a

T A R I1 ,m oc o n sg l A v a a l e sv o
t i n n op r o“ A i a p e nv eo t l o gf uw t
i na c ct t on uo p a re s tT b m i s t b g b
t m ow it l oA v aH ob t A v a t e sv o
t e rw ev eh f b m oa t d i ao s v l d
b e tt m o dB en em oc o nf w i m a t u t
A R I1 ,f i s i m p

H o wt b em et f t g ad m w b t u t e la a e
v a r iT hc b d u st G il if t s ew c b i mi
S T G i ll i b( R5 w d e vb P G io t B o C a m
a lb u st f m u l tt s eW h h eb n c ot t c
s o fk na S i c ao f iv eA m oT d u t G
l i bi o o ni m p lw o f iv eA m o

U st e l et f t g ag il v af t i na l l
l i k ev at t p r em oH ot l o gv a t t
v as hn b s t rc o mw t p rm oa tb t g
m ub a g g rt f t s t s ea t e lg d is t p
v i ou si t m o dp r o

F i tt g au st e l es et b a v im o m ot d a
i h n b ee x t et eT l et f ur ei u o K f
a p pt d i s ad aI t e l ec b d i sa pg m
i n f oi n so t c ul o i n ff a gt g c w
f ea b em of t g ac ob e s t

S A p pB f a p as uo m oe ff t g d E o t 1
d af iu si s p ef o lb t r a v ao t s w a b d
o a t ro u n up a tn oT i n fa e m i t g w a
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d e s c ro t d i a gp lM o t s ea c oi no o m
n p r e vm e n tw hw a u t f t t d T i nf m
t g au st e l ei p r eu t l d s e

~ Summary

T hr ed o ct m a c c ot c ot w i R 1 ( d
o pa c o n nb et p u l s em ef R 2 a t N e
L eb oc l as t aa ( i m pt a bt m v A m
P rt t hw w er e st v eA m oO n s i t e t p oo
n o n lA R Mm o

R e f e1i n ca s pc o t N e y mL a o o s c d
c r i mm e tb t s ei s ld ia p ad d A t t o
w r iR e1 w w n a t a pv eA m oH of t p p
s e nw d n t ht v eA Rm ow n eT ht r i
t p e r fo v eA Rm oo o s id i A pA
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AppendixA

Example of Multivariate ARIMA Modeling

I A p pA w i l ls o t m u lA m oc ai t n
( 1G i lL i b( R5 d e s1 v eW s id f a b
A Rm ot hc o2 a tt e sm p aT f a s
t c o rm oa t s ea ts pa i nm

T d aw s i mi S f m o1

w hj i a t w o - dt s e( x( ei a t w ov o t

i n n op r oa L d et b a co p( 4 T f e f m 1
i t h e r

Xlt –o.7x2t = elf + o“5e2t + - 1 ‘

T s ee q uf m o1i s iM 1i f c oa l a l
m o dp r ib eo t p ro t u ni np E t
c o e f fo a s p eA Rm oi d i fb o w t d i i t u t g o
f o l i k ev a( fG i ll io S f uf a r o c c
v a( fa g im oB s p et m ow m t s t A o (
l a M l aM o1 i a e xo s p eb t m a t c oa
m ub d of t G il i bS i t G il iw t b u t e t c
f i c ie ao a r ao t rv ao t c o em b t a t c ot
m a x it n e gl l i kc ob c ha t e sc o

T s i m ud aw e v aw t c om a a nm w t s d
s iT r e sa s u mb ea w a c oo t t m

Evaluation with the model used to simulate data:

> m ut e s< I ( m u l tm ut e# f ut f m l iA
M ow in e gl o g - lv a
n el l i k e1 5 2 1 .
A
1 -0.7
1 O - O



B
1 0 . 5 +
1 - 0 . 7

S u ms t a to t m of
n el l i k e1 5 2 1 .s al e5

[,1] [,2]
R M1 . 8 6 0 4

A Rm o
i nd i m= # t i n i v as f t
o ud i m= 2 # m ot i d ii d b a
o rA = 1 # b s i t o s
o rB = 1
o rC = N
6 p a r a
4 n o nc o n

Evaluation with second model of same dimensions:
# N T i known t b t w
# m o

> m ut e sc l ( m u l t im ut e
M ow in e gl o g - lv a
n el l i k e2 1 7 8 .
A
1 0 . 7 -
1 - 0 . 1

B
1 - 0- O
1 0 . 7 +

S u ms t a tf m of
n el l i k e2 1 7 8 .s al e5

[,1] [,2]
R M1 . 4 8 6 1

A Rm o
i nd i m=
o ud i m= 2
o rA = 1
o rB = 1

14



o rC = N
8 p a r a
4 n o nc o n

Comparison of Models:

T G i ll i ba h a e x ct af ot c ot p eo t d
e m o dT P o r tt i a g oo f t w l a t s o t s
v ao t a u t o c oo t r e sI t f im i a pt s
s hb a p p r od i s ta a c h iw ( -p - q) d o f w M
i t n uo a u t o cu i t c a la p a q are t n o A a
M t er e s p ei t m o

T A ki n f oc r i( AB ai n fc r( g ec v
d a( GR ic r i( Ra f ip r ee ( s ta a s a
b ao t n e gl o g - lb w d ip ef t i no a
p a r av a lF i n st B a tt c of o vw t m p
t eo t A b p ua h ip eo t a do p aI s b n t
t F t ew d e sf p a u t om os i s n b c ow
s e l et b eA m oI a t ht et b f i d eb t m t
m i n it s t a t

T l i k ef u nm e na bc ot j d eo t r v a a
f u no t p a rv ar at a a f uo t o bv T m
l i k ee s t( ro t p a rv ei t v o v t m t o
d at “ mp r o bT m a x i mm ei b a m t c t
p a r aa a m eo t g oo f o t c om o t p at t
d a

A s at ai s hb ef a c o mo t t m p rf f t s
l ad aT “ or i t t ad e st o pm f f e t W s t
t m of rw ht d w s i mg t o pf f e o t t

> i n f o r m a t it e sm ut e s
b ao n op a r.

P O- iA B G R F
F 1 4 61 53 03 03 03 03

F 2 1207 2179 4374 4413 4374 4374 4374

o 1 1 1 1 1 1
P O- P o r tt - in l l i
A - n eA kI n f oC r iB - n 1 I nC
G - G e n eC rV a lR - R C r
F - F iP r e dE r

1



AppendixB

Summary of Gamma Modeling

T ha p pd o cs o o e ft m t o rb ag c
w ia t is to 2 .s e cM o t 1 d s d eh r ea p
1h oo d aa p p r o1 c oT l od s s a d s ( w b
i ns u b so a p p r o1h e a

T m ac o ni o g am oe fw t d rn o nO c
s ii t ha “ s y s to t n u d ea bs w w a “ w
b a c k gT ho a s t a t i s tb ai s hb v et n a r
s e ls e co b a c kw or et n u d ep ra l a l a
q u of t “ w o r sT s e cc oi t g et ro n oI
t n u d e t -c at m r e aa pi t w w t w c I o
c a sa l ae fc ob j u st m ot n o n sG t ef m
i n o n s t aa n c u ra v a

E ao t 1 d af iu i s p ef ob t r a v ao t s w a
b rd e s co a t ro u np an oT i na e m i
t hg iw ia d e s co t d i ap lM o t s a c i n
o o tm on p r em e nw w a u t f t t d T i
t if rm o dt g au st e l ei p ru t l d s A
w e m p ht ht m c o n cf t a no t 1 r as s
o d aa t g at s ei d r a mn o na t r eb t g
m a t e l eo b et g aa t p ri d rn o

T d e s c rb ea b ra h b m i a a S s eC a p
c eb a # s it i mr e a d

Data Set 1
N oD ai o r if i a p p r1h l

( r a n g e ( g a m# R o t s #
[ 4 3

v a r (. m s e# Vo t s #
[ 1 1 9

( t s p l o t ( g a# Dt l eo a t f 1 c

1



( F i

( g a r n m a s
$ m o
$ m o d e
[ 0

# M #

$ m o d# E sc o eo m #
[ 0 . 9

$ V a r# C o v a rm f t e
m ao t c o#

m a3 . 7 1

$ a# A ki nc rv #
[ 1 2

$ s i# E sv ao t i np #
[ 8 7 .

$ n .# N uo o b su t c t
[ 1 7l if u#

D i a g nD i a gw v g oT w n s i t A
p lo t r e s i

( ig a m m a s l . m
$ m o
$ m o d e
[ 1

$ m o d
[ 0 . 1

$ m o d
[ 1 . 0 9 4 3 1

$ V a r
a rm am a

a r1 . 31 . 3 2 6 0
m a1 . 31 . 3 2 9 9
m a- 1 . 2 8 4 31 .

$ a
[ 1 2 6

1



$ s i
[ 8 7 .

$ n .
[ 1 7

D i a g nD i a ga o a ge x c

Data Set 2
N oD ai a li a p po h s e

( r a na m m a s 2
[ 6 5

v a r ( g a m m
[ 3 8 3

( t s p l o t ( g a

( F i

( g a m m a s 2
$ m o
$ m o d e
[ 011

$ m o d
[ 0.9298777

$ V a r
m a

m a7 1 7 8

$ a
[ 1 3 2

$ s i
[ 1 2 6

$ n .
[ 1 7

# D et l eo a a c 2

D i a g nD i a ga v g oT a n s i t
A p lo t r e s

1



( ig a m m a s 2 .
$ m o
$ m o d e
[ 1

$ m o d
[ - 0 . 5

$ m o d
[ 0 . 3 6 1 2 0

$ V a r
a rm am

a r3 4 73 4 7 . 3
m a3 4 73 4 7 . 1
m a- 3 2 3 . 03 0

$ k
[ 1 3 2

$ s i
[ 1 2 6

$ n .
[ 1 7

D i a g nD i a ga g ob p -a n a g a i
t A R I Mm oT ha n s pi t A p o t
r e s i

Data Set 3
N oD aw s pi t a p p1h s e

( r a n g e ( g a
[ 2 6 0

v a r ( g a m
[ 3 8 4

( t s p l o t ( g a# D et .

( F ih ao s eg a m m a

( r a n g e ( g a m
[ 2 9 5

19



v a r ( g a m m)
[ 1 9 8

( t s . p l o t ( g a# Te v

( F i

( g a m m a s l
$ m o
$ m o d e
[ 011

$ m o d
[ 0 . 9

$ V a r
m a

m a5 . 9 6

$ a
[ 1 9 9

$ s i
[ 9 1 6

$ n .
[ 1 6

D i a g nD i a ga f aT r e sa o w a f
o u tb e t( 3 .t A p o t r eh t v
s ms p( l aa b. 0t G oo f p -
f l u cw it m a jb eb et d ec u

( ig a m m a s l . j
$ m o d e
[ 1

$ m o d
[ - 0 . 4

$ m o d
[ 0 . 5 3 5 9 0

2



$ V a r
a rm am

a r0 . 50 . 5- o .
m a0 . 50 . 5 9 8 0
m a- 0 . 5 6 1 50 . 5
$ a
[ 1 9 9

$ s i
[ 9 1 6

$ n .
[ 1 8

D i a g nD i a ga o a gf T r ea g
w it m a jb e( 2 a a c oo o ut A
p lo t r e sh a f ( a4 v s s ( l
a b. 1t G o oo F p -i g f t f t
a t hf at z e

( ig a m m a s l .
$ m o
$ m o d e
[ 1

$ m o d
[ - 0 . 8

$ m o d
[ 0 . 0 9 4 7 2

$ V a r
a rm am

a r0 . 0 10 . 0 1 2 1
m a0 . 0 10 . 0 1 1 1
m a- 0 . 0 1 1 7 20 . 0

$ a
[ 2 1 8

$ s i
[ 8 2 4

$ n .
[ 1 8

21



D i a g nD i a ga n a g a w A R Im
T r e sa f b h o uw g t ( -t
A p lo t r e sh a f ( a4 v s s (
e a b. 1t G o oo F p -a a la z

Data Set 4
N oD aw d ii t a p p1h s e

( r a n g e ( g a
[ 6 6 8

v a r ( g a m m
[ 1 2

( t s . p l o t ( g# D et i d -
d i sb e2 a 3 #

( F ih ao s e rg a m m a

( r a n g e ( g a m
[ 7 1 6

v a r ( g a m m1
[ 5 8 2

( t s p l o t ( g a

( F i

( g a m m a s 2
$ m o
$ m o d e
[ 0

$ m o d
[ 0 . 9

$ V a r
m a

m a8 . 7 3

22

# Dt e vw s
# d i( iV p a
# b ec o2 3



$ a
[ 2 0 3

$ s i
[ 1 1 2

$ n .
[ 1 6

D i a g nD i a gs r e sw a v g w m
c o nb e t( -a a f o un a pt b o 3
h o wt A p o r e sh s s p( l aa
. a t G o oo F p -a z

( ig a m m a s 2 .
$ m o
$ m o d e
[ 1

$ m o d
[ - 0 . 5

$ m o d
[ 0 . 2 8 9 4

$ V a r
a rm am

a r0 . 0 30 . 0 3 6 1
m a0 . 0 30 . 0 3 4 3
m a- 0 . 0 3 2 9 70 . 0

$ a
[ 20295.47

$ s i
[ 1 1 2

$ n .
[ 1 6

D i a g nD i a ga v l t A R Im w t
r e sa p pg - m ob e( -w a f o u
r e at 3 h o wt A p o t r eh s
s p( l ai . a t G oo F p -a z

23



( ig a m m a s 2 . j
$ m o
$ m o d e
[ 2

$ m o d
[ 0 . 0 2 9 0 8

$ m o d
[ 0 . 9

$ V a r
a rar(2) m

m (6 . 8 0 0 2 4 8 e0 . 0
a r7 . 4 86 . 6 2 0 6 1
m a1 . 1 61 . 0 50 . 0

$ a
[ 20245.95

$ s i
[ 1 0 9

$ n .
[ 1 6

D i a g nD i a ga pt s i t r ew m o
t hb e t( -w a f o ut 3 t A p o t
r e s ih s pb t a s m( li a p1
b t G o oo F p - va s tz

( IS eh ao s eg a m m a

( r a n g e ( g a m
[ 6 6 8

v a r ( g a m m
[ 3 0 9

( t s p l o t ( g a# Dd ot t l
# b ec o 5 a 5

24



(c) F i

( g a m m a s 2
$ m o
$ m o d e
[ 0

$ m o d
[ 0 . 9

$ V a r
m a

m a5 . 7 9

$ a
[ 2 2 0

$ s i
[ 9 3 5

$ n .
[ 1 8

D i a g nD i a gs r e sw a v g l b
t w( -w a f o ut 3 h ot A p o t
r e sh s ms p( l. a t G oo F
p - va z e

( ig a m m a s 2 .
$ m o
$ m o d e
[ 1

$ m o d
[ - 0 . 1
$ m o d
[ 0 . 6 8 4 6

$ V a r
a rm am

a r0 . 0 70 . 0 6 9 1
m a0 . 0 60 . 0 6 8 1
m a- 0 . 0 6 5 1 00 . 0

25



$ a
[ 2 2 0

$ s i
[ 9 2 9

$ n .
[ 1 8

D i a g nD i a ga v s it A R Im w t
r e s ia p ps l ib ei t a o o u

( ig a m m a s 2 . j
$ m o
$ m o d e
[ 2

$ m o d
[ 0.07388476-0.09843337

$ m o d
[ 0 . 9

$ V a r
a ra rm

a r6 . 0 1 6 7 8 17 . 0
a r2 . 3 5 7 7 8 96 . 5
m a7 . 0l e6 . 5 57 . 7

$ a
[ 2 2 0

$ s i
[ 9 2 3

$ n .
[ 1 8

D i a g nD i a ga v s it t o t m ob
t A p lo t r e sh s ls ms p( l
a b. 1r e sa s tg oG oo F p -a
s tz e

26



Data Set 5

N oD aw d ii f a p p1 h s e

( r a n g e ( g a
[ 5 9 6

v a r ( g a m m
[ 1 0 5

( t s p l o t ( g a# Dt i w d s
b m n s u i 1 h
s e#

( F ia p p r1 h s eg a m m a

( r a n g e ( g a m
[ 8 0 5

v a r (. j u l
[ 3 0 1

( t s p l o t ( g a

( F i

( g a m m a s l
$ m o
$ m o d e
[ 0

$ m o d
[ 0 . 9

$ V a r
m a

m a3 . 4 5

$ a
[ 1 7 9

$ s i
[ 2 8 0

# T d h a s V -

27



$ n .
[ 1 6

D i a g nD i a ga n g oAf o t r eg a
o o b o( -[ wm n b t b f a d s t
s it ha s pi t A p o t r e( l
a b. 2t G o oo F p -i z

( ig a r n m a s l . j
$ m o
$ m o d e
[ 1

$ m o d
[ - 0 . 2

$ m o d
[ 0 . 7 4 2 7 0

$ V a r
a rm am

a r0 . 0 90 . 0 9 5 8 7
m a0 . 0 90 . 0 9 8 0 4
m a- 0 . 0 9 3 1 80 . 0

$ a
[ 1 7 9

$ s i
[ 2 7 8

$ n .
[ 1 6

D i a g nD i a ga n v g oT r ea n v
b ( f g t - o 4 b t A p o t r eh
s p( tl a ra b. a t G oo F p -i z

( ig a m m a s l . j
$ m o
$ m o d e
[ 2

$ m o d
[ - 0 . 0 6 5 2 9

28



$ m o d
[ 0 . 9

$ V a r
a rar(2) m

a r6 . 4 58 . 4 64 . 2
a r8 . 4 66 . 4 3 2 6 1
m a4 . 2 94 1 8 34 1 2 4

$ a
[ 1 7 8

$ s i
[ 2 7 8

$ n .
[ 1 6

D i a g nD i a ga n g oT r ea a i d
t t A R I M1 m o

( IS ea p p ro h s eg a m m

( r a n g e ( g a m
[ 7 6 1

v a r (1. j u l
[ 2 5 9

( t s p l o t ( g a m# t d n s u i t
# g a i d w w 1
# b A s ua f d i

( F i

( g a m m a s l
$ m o
$ m o d e
[ 0

$ m o d
[ 0 . 9

29



$ V a r
m a

m a3 . 3 4

$ a
[ 1 9 5

$ s i
[ 2 3 8

$ n .
[ 1 8

D i a g nD i a ga n g oT r el g b t
A p lo t r e sh s p( la . a t
G o oo F p -i z e

( ig a m m a s l . j
$ m o
$ m o d e
[ 1

$ m o d
[ -0.2579033

$ m o d
[ 0 . 7 7 8 4 4

$ V a r
m m am

a r0 . 10 . 1 1 3 4
m a0 . 10 . 1 1 5 4
m a- 0 . 1 1 0 60 . 1

$ a
[ 1 9 5

$ s i
[ 2 3 7

$ n .
[ 1 8

D i a g nD i a ga n b i t p o t r e(
a a f n eo 4 b t A o t r eh s (
l a ra b. 2a t G o oo F p -i z

3



( ig a m m a s l . j
$ m o
$ m o d e
[ 2

$ m o d
[ - 0 . 0 7 7 2 7

$ m o d
[ 0 . 9

$ V a r
a ra rm

a r5 . 8 9 0 8 3 84 . 4
a r8 . 6 85 . 8 6 3 8 1
m a4 . 4 3 8 4 3 44 . 3

$ a
[ 1 9 5

$ s i
[ 2 3 7

$ n .
[ 1 8

D i a g nD i a ga pt s a w t A Rm

( IT ha p p r1h s eg a m m

( r a n g e ( g a m
[ 6 6 1

v a r (. j u l
[ 3 7 6

( t s p l o t ( g a m

( F i

( g a m m a s l
$ m o
$ m o d e
[ 0

# Dd ot n

31



$ m o d
[ 0 . 9

$ V a r
m a

m a4 . 3 8

$ a
[ 1 9 3

$ s i
[ 2 1 9

$ n .
[ 1 8

D i a g nD i a ga n g oT a s er et
r et ( - 4t A p o t r e sh s p( l
a b. 1a t G o oo F p -i z

( ig a m m a s l . j
$ m o
$ m o d e
[ 1

$ m o d
[ - 0 . 0

$ m o d
[ 1 . 0 0 4 8 8 5

$ V a r
a rm am

a r0 . 0 60 . 0 6 4 8
m a0 . 0 60 . 0 6 5 0
m a- 0 . 0 6 2 2 80 . 0

$ a
[ 1 9 3

$ s i
[ 2 1 7

$ n .
[ 1 8

32



D i a g nD i a ga n v g - v s it t
A R I M Am o

( IF op ao s eg a m m a

( r a n g e ( g a m
[ 5 9

V a ra s l . j
[ 3 4 7

( t s p l o t ( g a m# s d ed ot

( F i

( g a m m a s l
$ m o
$ m o d e
[ 0

$ m o d
[ 0 . 9

$ V a r
m a

m a3 . 9 0

$ a
[ 1 7 1

$ s i
[ 1 8 0

$ n .
[ 1 6

D i a g nD i a ga n a p a b eT a t l
r e s( wi n t b at A p o r eh
v es ms p( l aa b. 0h ot G oo F
p - vi o na gz e

( ig a m m a s l .
$ m o
$ m o d e
[ 1

33



$ m o d
[ - 0 . 2

$ m o d
[ 0 . 7 7 7 6 4

$ v a r
a rm am

a r0 . 0 60 . 0 6 3 2
m a0 . 0 60 . 0 6 4 8
m a- 0 . 0 6 1 2 80 . 0

$ a
[ 1 7 1

$ s i
[ 1 7 9

$ n .
[ 1 6

D i a g nD i a ga t s a t A R Im

Data Set6
N oT d aw a li a p p1 h s e

( r a n g e ( g a
[ 1 8

v a r ( g a m m
[ 1 1 9

( t s . p l o. a t

( F i

( g a m m a s
$ m o
$ m o d e
[ 0

# S lt e vm l a
# w p a

$ m o d
[ 0 . 9

34



$ V a r
m a

m a5 . 4 3

$ a
[ 1 6 3

$ s i
[ 1 0 4

$ n .
[ 1 6

D i a g nD i a ga n v g T r ea f w
a f o u tw hg t ( -t A p o t r eh
s pt h r o( l aa b. 2t G oo F p i
z e

( ig a m m a s l
$ m o
$ m o d e
[ 1

$ m o d
[ - 0 .

$ m o d
[ 0 . 8 3 8 6 3

$ V a r
a rm am

a r0 . 0 60 . 0 6 6 5
m a0 . 0 60 . 0 6 7 7
m a- 0 . 0 6 3 4 30 . 0

$ a
[ 1 6 2

$ s i
[ 1 0 3

$ n .
[ 1 6

35



D i a g nD i a ga n g oT r ea f w
a s e vo u tt 4 ( o u to t n es it
A p lo t r e sh s pt h r( la .
t G o oo F p -i z e

( ig a m m a s l .
$ m o
$ m o d e
$ m o d e l [
[ 0

$ m o d e l [
[ 1

$ m o d e l
[ 0 . 9

$ m o d e
$ m o d e l [
[ 0

$ m o d e l [
[ 5

$ m o d e l [
[ 1

$ V a r
m a

m a1 . 4 9

$ a
[ 1 6 9

$ s i
[ 1 6 0

$ n .
[ 1 6

D i a g nT r e sa f ag w o l o uw
g ot 4 t A p o t r e sh o o s a l 6
w ia m a go ft G oo F p -g a t
d e sc u ta t d rt z e



( r a n g e ( g a
[ 6 0 6

v a r ( g a m
[ 5 0 2

( t s . p l o t ( g# D et w w p

( F i

( g a r n m a
$ m o
$ m o d e
[ 0

$ m o d
[ 0 . 8

$ V a r
m a

m a0 . 0 0

$ a
[ 1 7 7

$ s i
[ 2 3 8

$ n .
[ 1 6

D i a g nD i a ga n g oT r ea n b w
a b ew i( -r at A p o t r eh v
l as pt h r( l aa b. t G oo F
p - vi z e

( ig a m m a s 2
$ m o
$ m o d e
[ 1

Data Set 7
N oD ai a li a p p1h s e

3



$ m o d
[ - 0 . 3

$ m o d
[ 0.83228805-0.05725149

$ V a r
a rm am

a r0 . 0 00 . 0 0 4 8 9
m a0 . 0 00 . 0 0 5 3 9
m a- 0 . 0 0 4 3 2 00 . 0

$ a
[ 1 7 5

$ s i
[ 2 1 5

$ n .
[ 1 6

D i a g nD i a ga s lb ei t r et w
t A R I M Am oT r e sa m ab e( w
a f o u ta t b e ga e o t s et A p o
t r e sh v l as pt h r( la b-
w hi b et p r em oa t G oo
F p - vi z e

( ig a m m a s 2 .
$ m o
$ m o d e
$ m o d e l [
[ 0

$ m o d e l [
[ 1

$ m o d e l
[ 0 . 9

$ m o d e
$ m o d e l [
[ 0

38



$ m
[ 5

$ m
[ 1

[ 2 ] ]

[ 2 ] ]

$ V a r
m a

m a1 . 6 8

$ a
[ 1 7 5

$ s i
[ 2 2 5

$ n .
[ 1 6

D i a g nT r e sa m ab e( -w a f o u
( 4 a t b e ga e o s et A p o t
r e sh o s pa l 6 w a m ao - t
G o oo F p -i o a gz

Data Set 8
N oD aw d ii t a p p1h s e

( r a n g e ( g a
[ 3 2 8

v a r ( g a m m
[ 4 2 4

( t s . p l o. a n# D et w V p a

( F ih ao s eg a m m a

( r a n g e ( g a m
[ 3 4 9

v a r (. a n t
[ 2 4 8

( t s . p l o. a n t# Dt w V -

39



( F i

( g a r n m a s
$ m o
$ m o d e
[ 0

$ m o d
[ 0 . 8

$ V a r
m a

m a0 . 0 0

$ a
[ 2 0 7

$ s i
[ 1 4 3

$ n .
[ 1 6

D i a g nD i a ga n v g oT r er f
( - 3t A p o t r e sh v l s pt h
( l aa b. t G o oo F p -a z

( ig a m m a s l .
$ m o
$ m o d e
[ 1

$ m o d
[ 0 . 4

$ m o d
[ 1 . 4 1 1 1 6

$ V a r
a rm am

a r0 . 0 10 . 0 1 4 2
m a0 . 0 10 . 0 1 3 4
m a- 0 . 0 1 2 3 50 . 0

4



$ a
[ 20679.58

$ s i
[ 1 4 0

$ n .
[ 1 6

D i a g nT r e sa s lb et i t A R E
m ow ic o n tb e( -w m b e( -t
A p lo r e sh v l as p( la . t
G o oo F p - va z e

( ig a m m a s l .
$ m o
$ m o d
$ m o d e l [
[ 0

$mOdel[[lll$ndiff:
[ 1

$ m o d e l
[ 0 . 9
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