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System is a set of interacting or interdependent components forming an integrated
whole. Fields that study the general properties of systems include systems theory,
cybernetics, dynamical systems, thermodynamics and complex systems. They
investigate the abstract properties of systems' matter and organization, looking for

concepts and principles that are independent of domain, substance, type, or
temporal scale.

A stochastic process is the counterpart to a deterministic process (or
deterministic system). Instead of dealing with only one possible way the process
might develop over time (as in the case, for example, of solutions of an ordinary
differential equation), in a stochastic or random process there is some
Indeterminacy described by probability distributions. This means that even if the
initial condition (or starting point) is known, there are many possibilities the process
might go to, but some paths may be more probable and others less so.

A scientific model seeks to represent empirical objects, phenomena, and physical
processes in a logical and objective way. All models are in simulacra, that is,
simplified reflections of reality, but, despite their inherent falsity, they are nevertheless
extremely useful. Complete and true representation may be impossible, but scientific
debate often concerns which is the better model for a given task, e.g., which is the
more accurate climate model for seasonal forecasting.

Models for time series data can have many forms and represent different

stochastic processes. nyn: Wikipedia



2xéon peTagU AR kal MA d1adiIKaoi1wy

AuTtotraAlvOpopoUpEVN dladikacia Al0dIKaoia KIVOUNEVOU NECOU
Tagng p, AR(p) Tagng g, MA(q)
X =X+ X+ -+, X ,+Z, Z, ~WN(Q,07) X =4-0L,-0L ,— =02,
(1-4B—¢,B°—...—~4,B")X, =Z, X, =(1-6B-6,B°-...—0,B")Z,
#(B)=1-¢B—¢,B? —...—¢ B’ 0(B)=1-6B-6,B°—...—0,B"

#(B)X, =2, X, =6(B)Z,

3 AR(p) oTé0IUN §  MA(@Q) avrioTpéyipn

X, =[¢(B)] Z, [6(B)] " X, =Z,

‘ w(B)=1+y,B+y,B* +...

7(B)=1-7B-7,B* +...

Té1010 WoTe P(B)w(B)=1 3 1é1010 WoTte 7(B)A(B) =1

X, =w(B)Z, MA(x)
AR(p) <> MA(x)

7(B)X,=Z, AR(x)

AR(p) ka1 MA(Q)

MA AR
EXouv OUIKN oxéon (@) = AR(x)

Wold's decomposition (1)
every covariance-stationary
time series can be written
as an infinite moving
average (MA(«)) process
of its innovation process.

H autoouox£Tion Kal HEPIKI) QUTOCUOXETION TWV
AR(p) ka1 MA(Qg) €xouv €1Tiong OUIKA OoxEon

AR(p): p, ¢Bivel ekBeTIKA TTPOG 0, ¢ undevieTal yia t>p
MA(Q): ¢, ®Bivel ekBeTIKA TTPOG 0, p. undevideTal yia >




MikT d1adikacia ARMA(p,q)

AutotraAlvOpopoUpEVN dladikacia Aladikacia KIVOUJEVOU HECOU
Tagng p, AR(p) Tagng g, MA(q)

Xt — ¢1Xt—1 +¢2Xt—2 +- .+¢pxt—p + Zt Zt -~ WN(O, GZZ) xt — Zt _elzt—l _HZZt—Z - '_ngt—q

—

Xt - ¢1Xt—1 +¢2Xt—2 +- '+¢p Xt—p + Zt _elzt—l —szt_z - '_eqzt—q
X _¢1Xt—l _¢2Xt—2 — '_¢pxt—p =Z, _elzt—l —szt_z _”°_0qzt—q \

¢(B)X, =06(B)Z,
6(B
x =987 By _7
¢(B) 6(B)
2Ta01uoTNTA: KaBopiletal atrd To AR pEpoGg
AvTioTpegipoTnTa: KaBopiletal atrd To MA pEpOC

AUuTOOUOYXETION:

X X=X (X 4+ X o+ 4+ X +2,-6Z 0,7 _,——0Z_)

yx (@) =y (=D +-+dy (r—p)+E[X _Z]-OE[X,_Z \]-—OE[X_Z_]

MNa 7>¢ Ve=@Veattdv,. ., P, =P, ++bp._, 4TTwC yia AR(p)
[a <0 Mi¢n TNG autoouoxETiong yia AR(p) kar MA(Q)



MikTtn di1adikaocia ARMA(1,1)
X=X+, =07, (1-¢B)X,=(1-6B)Z,

_(-08),
" (1-¢B)

A , 2uvOnkn oTaocIyoTNTAG: |Pl<1
JTOGUOXETION. Zuvlnkn avtioTpewipoétnrag: |01<1
X X=X, (¢Xt—l +Z, _ezt—l)

V. =@y, .+ E[Xt—th] - QE[Xt—th—l]

, , , _1+(92—2¢(9 )
0 oy =Yy =@y, +o, —0(¢—0)o, Yo = 1_¢2 97

. 0 N (¢—<193(;2—¢9) .

r>1 7. =9y., Omwc yia AR(1)

T

T

(6—6)(L— $0) 2UVONKEG AVTIOTPEWPIPOTNTAG KOl OTACIMOTNTAG

5 =1 YIO TOUG OUVTEAEOTEG @ Kal B, KaBwg Kal yia TIg

p. = 1+0°—2¢0 11 OUTOOUOXETIOEIG KOl MEPIKEG OUTOOUCXETIOEIG
oo, , T>2 Si1adikacioag ARMA(L,1)

Mepikr) autoouaxETion ¢ : ®Bivel ye TNV uoTépnon oTwg yia MA(1)

Mia ARMA(p,q) diadikaacia pe hIKPA p,d, TTAPOUCIAlel CUOXETIOEIS (p, KAl &)
TTOoU €mmITUYXAvovTal atmd AR(p) pOvo yia JeEyAAn Tagn p, N
atrd MA(q) Movo yia JeyaAn Tagn g




ExTipnon povréAwyv tuttou AR, MA, ARMA

(oTAOIUN) Xpovooelpd { }oo (oTGOIUN) Xpovooelpd { " X}
(oToxaoTiKr dladikaaoia) ) t=—0 N TTAPATNPOEWV Xpy Kyyeeen Xy

P p 1 n
HEOT TIHN # AgiypaTik) péon iy X = —Z X,
AutodiaoTropd ey
=y(z7) = E[(Xt —u)(X,_, —,U)] AgIyuaTIKn GUT05IGO1TOpG
~E[X.X.]-(EB[X.]) C. = Z(XtXU—X)
o t-r t t 7+1
, 7=01...,n-1
AUTOOUCKETION A€IYUATIKA QUTOCUOXETION
y(7) c(r)
=p(7) = =r(r) =
7(0) c(0)
oToxooTIKA Sladikaaia AR(p) Ektipnon diadikaaiag (MOovVTEAO)
X, =X+ X+ +d X, +Z, e AR, MARARMA ? @AAo povTédo ?
Z, ~WN(0,07) o TGN p A/kai q 7

oToxaaTiKr diadikacia MA(Q)
Xt = Zt - 912t—1 - ezzt—z R Qth_q

AR(p):4.,4,,.. ;
oTOXaOTIKI dladikaaoia ARMA(p’qN (P):41.; 'Oz
Xt :¢1Xt—1+¢2xt—2+"'+¢pxt—p+Zt MA(C]).6’1,6’2, ’eq’

2
-62,,-60,Z ,——67Z,_, —> ARMA(p,q):4.4,,.-..6,.60,,6,,...,6,,0,

® £KTIUNON TTAPAPETPWY HOVTEAOU 7




EkTipnon povtéAou AR(p)
Y1roBéTw otoxaoTikr) diadikaoia AR(p) yia Tn Xxpovooeipda {Xl, Xyyenn Xn}
Mpooappoyr dladikaciag (MoviéAo) AR(p) =) eKTIUNCN TTAPAPETPWY ¢, ..., &, 07

MéEBodoc¢ pottwyv (MEBODOG Yule-Walker, YW)

EKTiunON TWV TTAPAPETPWY OTTO TIC OEIVUATIKEG QUTOOUCXETIOEIC

2 Y 7 2
6y Ty Sy # ¢1,¢2,...,¢p,sz

1 %) P> " Pra IIK: %) Po=p,
2
E¢iowoeig | 1 P Pee ?z _| P2 o= 7.
Yule-Walker |: : 3 P 1 = 1=¢p =02 == P,
_Iop—l lOp—Z pp—S 1 i _¢p_ _lOp_
ExTiunon Twv pl,pz,...,pp,ai m) ... rp,Si Kal aQvTIKATAaoTaaon ...
1 non 4| n] Ré=r
o1 h |l d | | R 5 s2
. . . . : : - : Sx — —~
/: 1 ¢1r1_¢2r2 ¢prp
Mo Noo T 1 b, i

=  4=R, S; =S (L-@f —l, = —4,1;)



{X\ X X, ) pE péon TR u
["evikn) popen Hovtédou AR(p) X, —u=4 (X, —

1)+ o, (X, —u

et (X~ )+ Z,

M£Bodo¢ eAaxioTwy TeETpaywvwy (ordinary least squares, OLS)

[Mpocapuoyr) povTéAou AR(p) ota dedopEva

4

EAaxioToTT0inON 06P0IOUATOC TETPAYWVWY TWV CPAAPNATWY TTPOCAPHOYAS

minS(u, ¢,...4,) = min Z (Xt—u—¢1(><t_1—u)—---—¢p(xt_p—#))2 WG TTPOG s &y, B,

t=p+1

2—(xt 2= 4% =)= =Py (%, =), t=p+L..n
¢1’¢2v- =— Ag_zi L

| /u S pt%l 'u X ntzlxt

AR(D) X, —u=@(X —u)+Z,

s<u,¢1>=i(xt—u—¢1(xt_1—u>)2

. 2 (le _ _ 1 O N

fi= ()1_(5() Xy = thl X<2>:EZ‘X‘ i1~ X

ézzt":z(xt—ﬂ)(xt_l—u) > (% K)(K, ~X) Z”(Xt R s
INCEV; TR S G



AAAeg pEBODOI eKTiNNONG TTAPAMETPWY AR(D)

e [1pog 10 ePTTPOG Kai TTriow (backward — forward approach, FB)

e AAyopIBuog Tou Burg (Burg)

e M£Bodocg péyioTng mBavogaveiag (maximum likelihood, ML)
- UTTO ouvBnkn (conditioned)
- Xwpic ouvBnikn (unconditioned)

ML ekTignon ivail n BEATIOTN, o1 GAAEC HEBODOI TNV TTpoCoEyyilouv

H OLS ka1 ML cupTrittTouv 6tav n Xpovooeipa gival atro 'kaouaoiavry diadikacia

ACUNTTTWTIKA (Y10 HEYAAO N) OUYKAIVOUV 01 EKTIMNOEIC JE OAEC TIC HEBODOUC

H YW €xel Tnv 1o apyr ouykAion otn ML

O aAyo6pi8pog Burg yia Tnv ekTipnon
TTAPANETPWY MOoVTEAOU AR(p)

O aAyoépi0pog péyioTng TiBavo@Aaveiag yia
TNV EKTiUNON TTapapETPWY HovtéAou AR(p)




NMNpoodlopIionog TAENS p MovTEAOU AR

KPITAPIO HEPIKNAG AUTOOUOCXETIONG

UEPIKI] QUTOCUOYXETION VIO UCTEPNON 7. OUCXETION TWV = —
XWPIC TN CUCXETION UE e )\(t—l’ Ny Xt—f+L’ X .
X’[ -1 + Zt \_/V
% =ho% + %ot 4 eKTiUNGN TOU @, yIa ovTéAo AR(7)

X = ¢1,3Xt—1 T 3%, +Xt—3 + Z

" n (TrTwon atrd PN-MNOEVIKN O€
H ta¢n sivai p av ¢p,p # 0 kal = 0 yia >p  MNOEVIKI PEPIKI) QUTOOUCXETION)

KPITAPIO NE BAON TO CEAAMO TTPOCAPHOYNAS

e KPITAPIO TTANPOoYopiag Tou Akaike AIC(p) = In(s?) +Q
Akaike information criterion (AIC) ‘ n

e KpITipio MTeldiavig TTAnpogopiac (Scwartz) BIC(p) = In(s2) + pin(n)
Bayesian information criterion (BIC) ‘

©

® KPITHPIO TEAIKOU OPAApATOC TTPOBAEWNC FPE(p) =& n-+
Final prediction error (FPE) 2 n— D

1816TNTES KOl CUYKPION TWV KPITNPIiWV
mTAnpogopiag AIC, BIC kai FPE




Al ‘
JRIb "M‘w “y‘

-0.03*

] PuBuoc petaBoAng Tou akabapiotou €0vikou trpoidvtog (AET) Twv
Mapadelypa  HMA (teTpapnvigiec TIéC, 2° TeTpdpnvo 1947 — 1° TeTpdunvo 1991).
H emTmoxikdTNTa £X€I D10PpBWOEI (APAIPUVTAC TOV ETTOXIKO KUKAO).

GNP of USA: increments
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EKTIUNON TTAPAUETPWYV
X —ia—>x #=0.0077
OLS> §4=035 ¢=018 ¢ =-0.14
b= it(1-h —, - 4 ) =0.0047
ektiunon X =0.0047+0.35x,_, +0.18x_,—-0.14x,_, t=4,...,176
s2 = 62 =0.0000989

S, =0.0098
Tpooappoopevo AR(3)  x. =0.0047 +0.35x,_, +0.18x%_, —0.14)(1_3 +Z

o@dAuaTa A utroAoiTra (residual) extipnong 72, = X, — X,

incr.GNP(USA): AR(I) fit incr.GNP(USA): AR(3) fit
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Aldyvwon KataAANAGTNTAG HOVTEAOU

n

gival Ta UTTOAOITTA AVESAPTNTA > £AEYXO AVELAPTNOIAG OTA {2t }t: pal



