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EYXAPIXTIEX

Opeil® va gvyaploTHcm 0PIGUEVOVS avOP®TOVE 01 0TToi01 GTABN KAV TAGL LoV G’
LTIV TV SMAMUATIKY EPpYOcio 0ALY Kot 6€ OAN TNV TOPELR TOV GTTOVODV HOV.

Apywcd, 0éh va evuyoplotHo® OAOVE TOLG KAONYNTEG LOV TOVL TUMUOTOG
Owovopkov Emomuov mov 6ha avtd ta xpovwe pe Ponbnoav va yvopico to
OVTIKEIILEVO TOV GTOVIMV LoV £TG1 OTav Pyaivoviag oTnv ayopd £pyociog vo Exm Tig
oWOTEG PACELG DOTE VO TO 0LOKNOCW.

Evyapioto tov etonynt) pov, k. Kefdpx HAla yro v avdbeon g SOumAopotikng
gpyaciog Kot yio T GLUPOAN TOL MOTE VO OVTIATC® TEPICCOTEPEG TANPOPOPIES Y1 VL
QEpo €1g PO TV epyacio pov. Eivar évag e€apetindg dvBpmmog ko Kabnynric.
Oewpd TOG TOV OVTITPOSOTEVEL 1| BEANGN Kol 1] EVYAPICTNOTN VO TPOGPEPEL YVAOT.

TéNoc, opeil® éva peydAo €VYOPIOTAO GTNV OIKOYEVELN LOV Yol THV NOKY| TOVG
CLUTOPACTOCT KOl TNV VTOUOVY] G€ OAN TN JPKELN TV GTOVODV LoV, OGO KOl GTO

KOUUATL TNG SUTAMUATIKNAG OV, OALA KoL Y10t OGO LoV £XOVV TPOocpEPEL ot L.

Institutional Repository - Library & Information Centre - University of Thessaly
24/05/2024 22:42:24 EEST - 3.141.35.88



HNEPIAHYH

O okomdg g mapovsag epyociag givar vo a&toloyndel n kaAdtepn péEBodog
npoPreync mhve ce dedopéva dtakomtopevng {itnong. Ot pébodot TpodPrieyng mov
e€etalovton eivon 1 amkn exBetikny eopdAvvon, n pébodog tov Croston kot o véa
uébodog mov ovamtdydnke amd tovg Syntetos & Boylan. Ta dedouévo mov
xpnowomomdnkayv givar ard to mapadstypa tov Croston, kabmg dev vdpyovv GAAL
dwbéoa ot PProypaeio. Xto TopakdTe® KeQPAAoo Bo avoamtuytodv ovTEG Ot
péBodot, o1 omoieg Epyeton n pio LETA TNV GAAN OGTE Vo BEATUOGOVY TNV TPOPAETTIKN
pog wovotro. To kpunpa oopeove pe to omoia e€aptdror 1 TPoPAEmTIK
wKavoOTNTa £lvot 1 ETA0YN TG KATAAANANG 0pYIKNG TIUNG Y10 TNV TPOPAEYN HOG KoL 1)
emAoy] tov kpunpiov (measure). Qotdco, TO EUTEPIKE OTOTEAECUOTO TNG
OVYKPIONS TOV TPLUOV oLT®V PEBOS®MV amodetkvhiouy OTL OV LITEPEYEL KAmolo HEB0OOG

KaBoAlkd Evavtt Twv vroAoimwv, aveaptnta amd to dvo onueio diepedvnong.
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KE®AAAIO 1: EIXAT'QI'H

1.1 EIXATQI'H

H Swkomtopevn (Ron (yvoot og intermittent demand) tov mpoidvimv, xet
TNV {OPOKTNPICTIKY WO10TNTA VO UEAvICETOL oTOpPadIKA, dNAadN Vo HeCOAAPOVV
nepiodot, 6TOL aTN vl UNAEVIKN. AvTtd €ival KOl TO YOPOKTNPIOTIKO TNG TOL TNV
Kavel Wwitepn o¢ mepimtmon Kot omottel dlapopetikn avtipetonion (Syntetos,
2001). Ou Silver et al (1998) oproav ™ Swaxomtopevn (TNON ©OG «OTAVIOL LE TNV
évvole 0Tt 0 HECOG YPOVOG UETOED SOOYIKAOV GLVOAALAY®V glval CNUOVTIKA
HEYOADTEPOG A0 TN HOVASN YPOVIKNG TEPLOOOV, TO TEAELTAIO €ival TO SAoTNUA TNG
evnuépmong ™c tpoPreyng (oeh. 127)». Otav guepaviotel {Ron, tote 10 péyebog
NG MOKIAEL Kol 6€ TOAAEG TEPWTMOOCELG G oNUAVTIKO Padud, dnAadn pmopet va etvan
otafepd, peTafAntd N akoun kor vynAd. H dwkomtduevn (Rtnom ocvvavtdtol o€
novadeg dwayeipiong amobepdtmv (stock keeping units) (Croston, 1972; Willemain et
al, 1994) kot avtodhoktikov (spare parts) (Mitchell, 1962; Hollier, 1980; Strijbosch
et al, 2000). H dwkomtdpevn @Oon TV d£00UEVOV QDTOV ONUIOVPYEL CNUOVTIKA
mpofAuata tO6c0 oTov EAEyY0 TV omobepdtov 600 Kol o1 SldKocio TG
mpoPreync. H dvokodio g mpdPfreyme dev €ykertor POVO GTNV OCVLVEXELNL TMV
TOPUTNPNOE®Y OAAG KOU OTN HEYAAN OtokOpavorn petalhd o000 un Undevikmv
TOPATNPNCEMV.

O Silver (1970) onueimoe 0T «O1 TEPIOCCOTEPES OLAOTKAGIEG EAEYYOV ATOYPAPNS
mov ypnowonolovvionl Pacifovtol oTIC VITOOECES OYETIKA e TNV KOTOVOUN TNG
Mmong mov ivan un aEOMIOTEG OTNV TEPITTOOT TOV OKAVOVIGTOV (Gpop@ov- erratic)
otoyeiov {Nnmong. Eav avtn dev elvar ) mepimtmon, ot dladikacieg teivouv va gival
VROAOYIOTIKA dvcemiAvteg (oeh. 87) ».

Mo to otedéyn TV emyePpoe®V TOV AGYOAOVVTAL LE TN ANYN OTOPACE®V
OYETIKA PE TN dlaxeipion TV amobepdtmv dtakomtduevng {nnong, stvotl EmTaKTiK N
avdykn kaBopiooy KavOvemv TPOUNBENS TOV OTAPOITHTOV KOl LOVO TOCOTHTMV
TOVG. ZVVENM®MG, M PeAtioon tov Topéa TtV mpoPAéyenv kaBmg Kol GE OVTO NG
dweipong Tov anobepdtwv, cuvnBmg peTaPPAletal € ONUAVTIKY UEI®OT KOGTOVG
OTIG EMYEPNOELS, AOY® HUKPOTEP®V OEGUEVUEVOV KEPOAAIOV GTIG AmOONKES TOVG VIO
HOpPON  OVTOAAOKTIKOV, TO Omoio. HEVOLV  TIG TEPIGGOTEPEG MEPUITAOOEL
apnoomointa Kot Pe TNV mépodo Tov YpOdvoy amaSudvovTal Kot VIOTATOL 1 oio

TOVG, LEYIOTOMOIOVTOG £TGL TO KOGTOG OV LoVAda TpoidvTog. Av AneBei v’ dyv kot

4

Institutional Repository - Library & Information Centre - University of Thessaly
24/05/2024 22:42:24 EEST - 3.141.35.88



N avVAayKn Yo LEI®OT TOV omodnKeLTIK®OV Ydpov, TOTE Yivetal aichnt n tepdoTia
ONUOGI0 KOl TO OIKOVOUIKO 69elog KaOe mpoomdbelag mov evdokipel 6Tov KAASO TV
TpoPAEYE®V.

v wpdn, ot pébBodot tng ekBeTkng €EopdAVLVONG ¥PNOYOTO0VVTOL GUYVA
otav amatteitor xeplopdg Ko TpoPAeymn dedopévov dakomtopevng euons. Koabmg
opmc ot pébodot avtol amodidovv peyardtepo Pdpog ota Mo TPOSEATO dedoUEVa,
KATOAYOUV G€ £va LOVTELD TPOPAEYNC OOV O1 EKTIUNGELS Elval PEYioTeg Emetta amd
pila epedvion (mong kot eAdyloteg akpimdg Tpv amd v TePiodo U UNOEVIKNG
monc. H advvapio Aowmdv, tov poviélmv eEopdAvvong 001Nynoe TouG EPELVITEG
otV avalntmon véov pefddmv Kol TEYVIKOV Y. TNV OTOTEAEGUOATIKY TPOPAeym
YPOVOGEIPOV HE EVTIOVI] TOPOVGIO UNOEVIKADV TILAOV. ZNUOVTIKN Vol Kot 1 avapopd
OLPOPETIK®OV HeYEODV TEPLYPOAPNG OVTIOTO®V YPOVOCEP®OV Tov Pondave otnv
akpiBéotepn mPOPAEYN Kot M vroypdupion g onuociog tovg. Xvvndileton m
epapuoyn piog peBodoroyiog amocHvOeon mov eEEIOIKEVETOL LOVO GTIC YPOVOCELPEG
dtakomtoOpeVNG LTnomne.

Ta otatiotikd pétpa akpifelog ypnoomotovvror cuvibwg Yo v agloAdynon
NG AMOTEAEGLATIKOTNTOG TV HeBOd®V TpoPAeync g {Rnong. Xe teMkn avdAvon,
ouwg, avtég ot péBodol Ba mpémel vo Kpivovtol avAdAloyo HE TO oV TPOYHOTIKA
odnyobv ce kaAvTEPN amdooom Tov EAeyyo TV omobepdtov. Eumeipid a&loloyodv
técoeplc nebodovg (amAog kvntdg pécog- simple moving average, amAr] eKOeTIKN
e€oudAivvon- simple exponential smoothing, puébodog Croston- Croston’s method,
Kabmg Ko 1 Tpooéyylon tov Syntetos-Boylan - Syntetos-Boylan approximation) g
TPOG TN OTATIOTIKN TPOPAEYN aKkpiPelag Kol TO MO CNUAVTIIKO, TNV OTOS0TIKOTNTO

TOVL GLGTNOTOG ATTOYPAPNS.

1.2 ITAAIZIO KATHI'OPIOIIOIHXHX

Ot ondvieg eppavicelg {Nnong N ta axovovioto peyédn (nmong dev apnvouvv
xpOvo M {Aom vo EKTPOCOTEITOL amd TNV KOVOVIKY KOTOVOUN. X OUTEG TIC
nEPMTOGELS, N (mon Ba ovopdletor pun-kKavovikr). Me tn ypnon ovtig g
ovopatoroyiag, dev onuaivel 6Tt OAEG Ol TOKTIKEG, UN CTMOPAOIKES KOl U1 OYKADOELS
{NTNGELS OVOYKOOTIKA KOTOVELOVTOL KOVOVIKA. Mo d1opopeTikn Katavoun pumopel va
etvat o KatdAANAN, av Kot 1 vdOeon TG KAVOVIKOTNTOG TPEMEL VO AVTITPOGMOTEVEL

AOYIKE TOALEG TTEPUTTAOCEL GTOV TTPAYLLOTIKO KOGLO.
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H axppng mpoPreym g {Rmong eivar éva amd ta mo kpicipo nripota g
dwyeipiong Tv amobepdtwv oTig Propnyovie.

e To mpdéfinua poviehomoinong ¢ HEAROVTIKNG KatavdAwong kabictotot
wWwitepa dvokoAo yuoo oykddelg (lumpy) mpdtvma, mov yapaxmpilovrar amnd
dwotuato oto omoiae dgv vrdpyer {NMon Ko, o€ TEPLOSOVS UE TPOYLOTIKESG
epepavicelg {Nmmong pe peyaieg oopopéc ota emimeda G Qo01060, TOAAEG amd
aTEG TIG HeBdd0VG pmopel va Exouv KoKES EmOOGELS OTav 1 {\Tnomn Yo £va Tpoidv
etval oykadns. To emimedo «O10YKOONS TV dESOUEVOV OmOTELEL OVGLOCTIKA Eval
HETPO OV LTOJEIKVOEL TOCGO UEYAAES glval ot dtapopég oto péyebog g {Tnong
otav ovtn egppaviCetor. Ovolaotikd givar cav €va pHETPO NG OKVUOVOTG TOL
epeavifoov ot tipég g {nmong and éva otabepd eminedo mov Oa avTITPOCOTELE
™ péon tun tov vyovg g (Mtnong. H {Rmon mov givar dvion 6cov agopd to
YPOVOOIAYPOUIO KOl TIC OLOKVUAVGES T®V TOGOTHTOV, UTOPEL VO OTOUTOEL
TEPLGGOTEPEC EMEVOVCELS GTNV OMOYPUPY] TOV EUTOPEVUATMOV 1) TEPIGGOTEPO YPOVO

AVTOTOKPIONG Ao TOV TPOPAEYLLO.

= ‘Eva otoyyeio owkomtopevng (Mnong amoterel €va €idog pe omdvieg
eppavicelg g Cnnong.
" ‘Eva Bpadv- omdvio kivovpevo gidog (slow moving item) sivar éva ototyeio

oV omoiov N péon {Ron avd mepiodo eivar younAn. Avtd pmopet va opeileton
oTIG omdvieg eppavioels g {mong, To YapnAd péso 6po peyebaov {fnong N Kou
ta 0vo. H mepintwon g «apoamcy epgdviong {ntnong dev gival toco mepiepyn,
oumg elvol Kavn €161 OOTE VO YOPOKTINPLOTOOV T OVTIOCTOLO OEOOUEVA MG
dedopéva e peyaho TAnbog unoevikov tiudv (high level of intermittency).

" ‘Eva actabéc mpotumo {ftnong (erratic demand item) ywo éva mpoidv tov

omoiov o péyebog g {tnomg petafdrieton kKo givor ampoprento.

. A clumped demand item givat éva €idog drokomtopevng (Rtnong, 1 omoia

otav cvpPaivet, etvar otabepn (M oxeddv oTadepn).

Ye mponyovueves €peuveg, pe PBaon v mpoPreym povo, dwmotdbnke OTL T
cvotiuate katnyopomoinong Oa mpémer va Aaupdvovv vmoyn tov aplBud Tov
TePLOO®V NG UNdevikng {Nnong, kabdg Kot Tov cLVTEAESTN HeTAPOANG TOV peyéBoug
™m¢ {Rong (Syntetos et al., 2005). H avantuén tov cuetudtov KoTnyoplonoinong
g {nong dev €xet AdPet 1060 TV akadnpaikn Tpocoyn, 6mwg g adilel. Kavoveg
Katnyoplomoinong g {nmong emPdriovv pebddovg mpodPreyng kot eAEyyov TV
amofeLdTOV OV TPEMEL VO YPNCUYOTOOVVTOL Y10 OPOPETIKEG OmOONKEVTIKES
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povadec. Koatd cvvémeia, ot ev AOy® KOVOVES €XOVV OMUOVTIKEG EMMTMOGEL OGOV
aQOPA TO ATOOENATO KO TV IKOVOTOINGT) TOV TEAATN.

H xatnyopromoinon tov eVoOAAKTIKGOV TpOT®V (NTNoNG S1EVKOAVVEL TNV EMAOYY
™m¢ ueBddov TPdPAeYNg Kot omotedel POCIKO GTOLYEID TOAADV AOYIGUIKOV TOKETWV
eréyyov amoypaens. [apd tn onpavtikdtTa owtov ToL BENATOG OUMS, TO TPOPANLL
MG Katnyoplomoinong tov poviéAmv g (ntnmong €xel AdPer moAd mepropiopévn
TPOGOYN UEYPL OTIYUNG oty akadnuaiky Piproypagia. (Boylan., Syntetos and
Karakostas, 2008)

1.3 EIIAOT'H AEIKTQN AZIOAOT'HXHXE TQN MEOGOAQN

H a&ordynon g duvapikng g pebdoov Croston, tpoceyyiloviag v He ypnom
SapopeTik®V HeBOd®V TPOPAEYNC amd TV Tpotevduevn ot PifAoypagia eivor pio
evolpépovca dmoymn mov Ouwg ypeldleton TpokTikn actordynon. I'a mv eEayoyn
TOV OTOTEAEGUATOV Kol TN LETAED TOVG GUYKPIOT), VAOTOWONKaY alyoplOpot yior OAEG
T1g ueBodovg mpoPAeyNs. ‘Emerta, vroroyiotnkayv ol emleybévteg deikteg cQAANATOG
pe okomd Vv e€aymyn CLUTEPAGUAT®V. Tao GEAALOTA TTOV YPNCYLOTOOVVTOL EIVOL TO
€€ng:

e Méoco amdlvto oediua: mean absolute error (MAE)

H péon amdAvtn amdxion opiletor o¢ 10 aBpoiouo TV omdAVTOV TIUOV TOV
oQAANLATOC TNG TPOPAEYNG OOPOVUEVO LE TOV OPlOUO TOV TEPLOOMV N, GTIC OTOIES
Eywvav mpoPréyelc. O Oelktng avtdg YPMNOOTOEITOL MG HETPO NG akpifelag ™G
puefooov TPOPAEYNS EvovTt TV TPAYHaTIKOV TIH®OV. Oco peyoddtepn eivon 1 Tyun
TOV OgikTn 1060 UiKpOTEPN £lvan axpifeta Tng pebodov.

e Méoo tetpayovikd codiua: mean squared error (MSE)

To péco cpdipa tetpaymdvov opiletal o¢ 0 GOPOGHA TOV TETPUYDOVOV TMOV
COOUALATOV O10POVUEVO UE TOV APBUO TOV YPOVIKOV TEPLOOMV N, GTIS 0Toieg yvav
npoPréyerc. O delktng avtdc eivor opoiwg pétpo axpiferog g mpoPreyns. H
dpopd Tov pe 10 PEGO amdALTO GEdALa etvar 0Tt divetan peyalvtepn Papdtnta oTa
peydia codipata. To MSE givor n péon Ty tov T€Tpaydvov TV omoKAICEOY TV
TPOPAETOUEVOV TYDV TNG YPOVOCEPAHS Omd TIG avTioTolyes mpaypatikés. H povada
pétpnong tov MSE 6pwmg givar ekppacpévn ot povado PETPNons Tov THOV TOV
TOPATNPNCEDV VYOUEVT] OLLMOG GTO TETPAYMOVO.

e Méco andivto codiuo og Tocootd: Mean Absolute Percentage Error (MAPE):
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To péoco amOAVTO TOCOGCTIONO CEAAUN €EETALEL TN CUUTEPLPOPE TG ATOAVTNG
TWNG TOV CEAANOTOG TNG TPOPAEYNS o€ oxéom WHE TNV TPOYUOTIKY TN TNG
ypovooelpds. To MAPE opiletor og 10 dOpoiopa TtV amOATOV TILOV TGV
CQOALATOV NG TPOPAEYNG TPOG TIC OVTIGTOLYES TPAYUOTIKES TILEG TNG YPOVOGELPAC
JPOVIEVO UE TOV APOUO TOV YPOVIKAOV TEPIOO®MV N, GTIG OTOIES £ytvay TPOPAEYELG.
To MAPE petpé 10 péyebog tov c@dAipatoc oe mocoortiaieg povadec. (Jarrett J.,
2002)
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KE®AAAIO 2: MEOOAOX AITAHX EKOETIKHX
EEOMAAYNXHX

2.1 EIZXATQI'TKEX TAPATHPHXEIX

I'evikotepa, n exbetikny e€oudAvvon (Exponential Smoothing) eivor pébodog
TPOPAEYNC, N OTolo TPOEKTEIVEL GTOLYEID TV 1GTOPIKMY dedopévav oto péALov. To
HoVTéEAD NG ovTiotoyng mpoPreynsg epapuoletor ot dobsica ypovooepd apov
TPOTO TO. avTioToryo dedopuéva €xovv eéopaivvlel €tol dote va amopovwboiv ta
TPOYLATIKA TPOTUTTOL 0td TIC KaBapd TuYaiES SIOKVILAVGELS.

Ot péBoodot exbetikng eEopdivvong eivor wiaitepa dINUoEIAel 610 MEdI0 TV
TpoPAEye®V AOY® TNG OMAOTNTOG TOVG, TMV TEPIOPIGUEVAOV ATATIGEMV TOVG Y10l
amoOnKeVon 0E0OUEVOV KOl TOL UEIWUEVOL VTOAOYIGTIKOD (GOPTOV TOV OTOUTOVV.
Eniong, mopd v amidtnta mov Tig dtokpivel, COUPOVO LE OTOTEAECUOTO TPAKTIKDOV
HEAETMOV, TOPOVGIALOVV IKOVOTOMTIKE 7TOCO0TA okpifelog o€ oyxéon pe mo
moAvTAoKeS neBdoove, 010TL dev emnpedloviol amd TIG 1010 HOPPIES TV TPOTHTTOV TV
dedoUEVDV 0VTE amd TuYoio EPPOVICOUEVES OKPOTIES TILES.

Xoppova pe ) Aeln (2013), n ovykexkpuévn péboodog Paciletor oty apyn g
vwobémong oeBwwovcdv otabuicewv Yy TIC WO TOAEG  TOPATNPNOCELS HLOG
YPOVOAOYIKNG GEPAS. Mo GAAN mpocéyyion, Yo va Angbet Eva eEopoivvtng mov Ha
avTIOPAcEL Yio vo eneepyaotel TIC aAAaYES YPNYOPATEPQ, £Vl VO SDCEL YEMUETPIKAL
eBivovca Papdtnto OTIG TEAELTAIES TOPATNPTOELS.

e kGO YpoviKn oTIyUn], VTOAOYILETOL TO GOEAALA LLE OKOTO VO KPOTIGEL TNV TIUN
™G TPOPAEYNC OPKETA KOVTA GTO EMIMESO TNG MPAYUATIKNG XPOVOGEPAs. o v
Tapoymyn TG TPOPAEYN S KAOE YpOVIKN OTIYUN, TPETEL VO, £XEL VTTOAOYIGTEL 1] TIUT TOV
EMITESOV OO TNV TPAYLOUTIKN YPOVOGEPE Y10 TNV TPOTNYOVUEVT XPOVIKT GTUYUN.

H péfodog avtr| vmobéter 6t n ektuodpevn ogpd og ypdévo t Paciletar otnv
TPONYOVLEV EKTIUNGT TPOCAPUOGUEVT] GTO GPGAL ekTipnong To xpovo t — 1. 'Eoto,
N TpOPAEYM Yol TV ApECHG EMOEVT TEPTOdO, oV 0pileTon ®C:

Yu1= o *Y¢+ (1-a)* Y, 6mov0<a<l

H npoPreyn Y1 amoterel 10 otabpikd dBpoiopo g opécms mponyoOUeEvNs
nopaTNPNoNS Yt LUE GUVIEAESTN O KOL OVTNG TNG OUECHOS TPONYOVUEVNS TTPOPAEYMC
Yy peotébuon 1 —a.
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2.2 TIPOXAIOPIEMOX THX TIAPAMETPOY

EEOMAAYNXHX
O mpoacdopiopdc g mapapétpov e€opdivveong (Smoothing parameter) o gival to

TO ONUOVTIKO HEPOG Yo TNV eEopdAvvon Kot Tnv HEAAOVTIKY TpOPAeyn NG
xpovooelpds pog. H otabepd o avtavoakAid to Padud eopdivvong mov Bédovue va
neTOYOLVUE PE TN HEBODSO OVTH. ZYETIKA UE TNV TN TOV GLVTEAEST e£OUAALVONG, M
TN TOV dgv givon povoonuavtn. Ot tipég mov Aapfavel avikovv oto ddotnpa 0 g
I kol yevikd TO KPITNPlO0 TOL YPNOYOTOLEITAL Y10 TOV TPOGIOPIGUO NG €ivor M
eloyiotomoinon tov pEcov TETpoy®mVIKOL c@dipnotog (MSE). Mikpée tipnég g o
odnNyobV Ge UEYOADTEPN OTAOUION OTIS TAANIOTEPEG TILEG Kot £TC1, TUYOV UEYOAEC
OWKLUAVOELS OTIG TPAGPOTEG TOPATNPNCELS TNG oepds doev Ba  emnpedcovv
onuovtika v mpoPreyn. H undevikn tun tov cvvteleot| eEopdAvvong onpaivet
0Tt n wpoPAeyn Ba peiver O Yoo Oleg TIg ypovikéc mepidoove. ' awto,
YPNOWOTOLEITOL £VOL KATOTOTO OPlO0 Yo TNV T TNG TOPAUETPOL £TC1L DOTE VO
amo@ehyeton n undevikn tur. Evo, pe vy tiun tov cvvteleot| e€opdivvong icog pe
™ povada, 1 T ¢ mpoPreyng tovtileton kdbe @opd pe TV TN NG
TPONYOVUEVNG YPOVIKNG TEPLOd0V, OMAaON eivon iom pe v teEAevTaion TN TNG
YPOVOGELPAC.

AxolovBovpe Ta e€ng PrpoTo:

e KoaBopiopdg pag tipng a, 6mov 0 <a < 1.

e Extiunon tov Mécov Tetpaymvikov Zedipatog (MSE) dedopévou tov a.

e Emavédinyn ¢ dwdikaciog emAoyng o kol kabopiopod MSE yio moArég

OLOOYIKEG TILEG TNG 0L

e Emthoyn tov dp1otov o og avtov mov Aayiotonotel to MSE kpurmpro.

Av 0 Hécog 6poc ™G xPOoVosEPAS LeETABAAAETOL, O GLVTEAECTNG eEodAvVVOoNG Oa
npénel va elvarl peydAog £tol dote o1 TPoPAEYELS va TapakoAovBohv TS avTioToLyES
petafolréc v dedopévav. AvtiBeta, av o HEcog 0pog sivar oxeTikd 6tafepds, TOTE N
TIUN TOV GLVTEAESTY eEopdAvvong Ba glvan pukpn.

levikdtepa, M exBetikn efopdivvorn elvar péBodog mpoOPAeyne, n  omoia
TPOEKTEIVEL OTOYEID TV 10TOPIKAOV OedOUEVODV 610 péAAOV. To poviého g
avtiotoyng mpoPAeymc epopudletar ot dobeica ypovocselpd aeod TPOTA TO
avtiotoyo dedopéva Exovv eEoporvviel €Tl OGTE Vo ATOUOVOBOUV T TPOYLOTIKE,

TPOTLTOL OO TIG KoBapd TVYaiEg S1UKVUAVOELS.
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O péBodot exbetikng eopdlvvong etvar taitepo dMUOEIAEIS 0TO TESIO T®V
npoPAéyemv AOy® NG AmAGTNTOG TOLC, TMV TEPLOPICUEVOV OTOUTHGEMY TOVG Yo
amobnkevon O6edoUEVOV KOl TOV UEIOUEVOD VITOAOYIGTIKOD GOPTOL OV OTOLTOVV.
Eniong, mopd v anmidtnta mov 115 dtakpivel, COUPMOVO LE OTOTEAEGLOTO TPOUKTIKDV
HEAETMOV, TOPOVGIALOVV IKOVOTOMTIKG 7TOGO0TA okpifelog o oyxéon pe mo
noAOTAOKES HeBddoLE, 510TL dev emnpedlovial and TiG WIOHOoPPIeg TV TPOTHTOV TOV
dedopEVOV Ko 00TE amd Tuyaio eLEavILOUEVES aKPOIES TILEG.

H exBetikn) eopdAvvon cvyva ypnowyonoteitan ywo v mpoPreyn g Cntnmong
o€ ovotuato eAéyyov amobepdtov. Qotdco, edv 1 (ntnon eivol dtakomtopeE, M
péBodog avtn mapdyel oxeddv mhvia axatdAinio emineda omobepdtov. H pébodog
tov Croston givan katdAAnAn, edv n {on epeaviCeton Toyaia, pe TOAEG XPOVIKES
TEPLOOOVG OV deV LITAPYEL {NTNON, OTTOV OTAV LILAPYEL LTNOT, T IGTOPIKA dEOOUEVL
elval Tuyaio KOTaveEUNIEVO, QVTOVOLLO 1] GXEOOV OVEEAPTNTO OTO TO YPOVIKO O1ACTN LA
mg {mone. Tétow mpdtuma {nong eivar yvootd og «0dpopen {nmmon» 1
OLOKOTTTOLEVT], OKAVOVIGTY, TUYOIO 1] GTTOPAOTKY].

H avélvon oeiyver 611 n doakomtopevn {Rmomn oxeddv mhvio Ompuovpyet
aKatdAAnAa enineda Tov anobepdtov. H {fmon v otabepéc mocdtteg o TaKTA
YPOVIKA OCTAUOTA UTOPEL Vo Tapdyel to emimedo TV omofepdtov uéypt va
OUWTANCIAGEL TNV TOCGOTNTO TOL TPAYUOTIKG ypewdletar. Mo pébodog vy vo
EEMePAOTOVY  OVTEG Ol OLOKOMEC TEPLYPAPETAL, YPNOUOTOIOVTAS EEXMPIOTEG
eKTIUNoELS Yo To péyehog g {ftnong, ko tm cvyvotnta g {ftnone. Ot kavdveg
Yo TOV KOOOpPIoUO TV EMIEOWV TV amobeudtomv aceaieiog, mpémel emiong vo
pvOuilovrtar Tpv eEaviAnBovv ta amobépata.

Ta povtéla exBetikng e€opdAvvong yopilovtol oe Katnyopieg avaioyo LE T
YEVIKN LOPON TNG YPOPIKNG TOPEGTACG TNG YPOVOGEPAC. ZOUPOVO AOmOV UE TV
KOTNYOPlOTOiNGN OVTH TPOKLITOVY TEGGEPX. HOVTEAN TAoNG: To 6Tafepol emumédov,
YPOUKNG TAoNG, eKBETIKNG ThoMGg Ko Bivovcag Thomg.

2mv mopovoa epyacio, epapudlovpe éva mapadetypa 180 mapatnpricemv tov
Croston mov a@opovv UNdeVIKEG Kot N Unoevikég (ntioels, ot omoieg mopovstalovtol
oToV Tivaka 2.8 TOL TOPAPTLATOS. ZTN GLVEXELWD, BEAoVUE Vo TPOPAEYOLLE TIG TYES
™mg {mong Y Spopeg TWEG TOV 0. ZTOV TopaKdTo Tivaka mapotifevror ot un

undevikég {ntnoeig otov ypdvo ctov omoio svpfaivouy.
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MMivakag 2.2.1 Agdopéva tov Croston.

Time 1 5 6 7 12 36 39 42 47 5 58 60 67 71

Demand 5 3 2 5 3 6 6 5 2 1 2 1 4 2
Time 72 73 78 84 89 94 98 104 110 130 133 155 159 170 176
Demand 4 6 2 3 2 6 3 4 2 6 3 6 2 4 3)

Awdypappa 2.2.1 Agdopéva tov Croston

6

Demand -Yt
N w D (6]

[EEN

o U J (Wimirimmi

Time

O péoog 6poc {ntioewv ovdé pecodidotnua (Time average of demands per

review interval) givon 0.58, oOp@mva pe tov TomO:

— 1 1
X= ;2%80 Yt = - *(Y1+Yot+...+Yy), 6mov Yt eivan ot Tiuég tov Nthoedv pog

Kot N to mAnBog twv {ntnoemv.

2mv mpad mepintwon ekvdue v avaivon g tpoPreync pe tn pébodo g
an\ng exbetikng egopdivuvong (Simple Exponential Smoothing) pe apywr tyun tov
uéco 6po tav 180 napatnpnoewv (Y10=0.58).

‘Enerta, yu t=1: Yon = o * Y1 + (1-0) Yio= 1.46 (0=0,2) givan dnrodn M
npoPAreyn vy 1o Y2 mov devepyeitan ) ypovikn otiyun t=1. o t=2: Yzp=a * Yo +
(1-0) Y2n= 1.17 ™ ypovikn otiyur t=2. Me avtdév tov 1pomo cvveyilovpe Tig
npoPréyels pog ko téhog yio t=180: Yigo79 = o * Y179 + (1-a) Y179178= 0.63 (0=0,2)
etvar oOmAaodn m mpdPreyn vy to Yigo mov devepysitan tn ypovikny otypn t=179.
Avaiotikd ta anoteléopoto Kot yuo Ti¢ 180 mapatnpnoelg napovotdlovrat otov 2.b
nivaka Tov mapoptpatos. Onov Yt n mpoaypatiky) T ) xpovikn otyun t kot Yira:

N EKTIUMUEVT] TN Yo TN YPOVIKT otiypn| t, mov devepysiton T otryun t-1.
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2.3 METPA AZIOAOI'HXHX TOY ITPOBAHMATOX

To embupevo Pruo g ocvykekpiuévng mpodPieyng eivor vo vroAoyicovue To
opdiuata (Errors, e;). Aedopévng g extipunong fi yuo o tiun Y o€ ypdvo t (nA. Yy)
0o Tpémel vo opicovpe TO HETPO ULaG aKpBoVg 1| Un-axpifovg extipunong to omoio Oa
elvar ovvdptnon g mapatpnons pogs. ‘Etor opilovpe 10 opdipa extipnong (1
npoPreync) oc: e = Yy — f, 6mov n extiunon fi vroloyiletar ypnoiponoidVIAC TO
dedopéva Y1, Yz, . . ., Yiq. Opiletar ko o¢ ektipunomn mg apécms EmoUEVNG TIUNG
(one-step ahead). Emopévmg, to opdiua € opiletar kar o¢ o@diua g auécmg
emopévng tung (one-step ahead forecast error). Me dAla Adywo vroAoyiCovpe v
AmTOKAMON NG TOPATNPOVUEVNG TWNG omd TNV (Un Tapatnpnioun) mpayuatikny aéio
™MC TWAG OV pog evdlopépet. Toppmva pe tov tomo et =Y¢Yua (ft = Vi) 6o
VTOAOYIGOVE TOPAKATO TO COAALATA TNG TPOPAeYNS pag. T Tapdderypa, €1=Y-
Y10 =5-0.58=4.42 , €,=Y,- Y = 0-1.46=-1.46 . . . ko1 TEAOG €180=Y 180~ Y 180/179 = O-
0.63= -0.63. Avolvtikd to omoteréopata Kor ywoo TG 180 mopatnpnoelg
napovotdlovtal otov 2.C Tivake TOL TPaPTHLLOTOG.

11 ouvéyrela, vroAoyiCovue Tig amodAvTEG TIHES TV opaAiudtov (absolute errors).
Apyka, £xovpe v amolvtn tun |e1] = 4.42, ey = 1.46, . . ., ko téhoc |e1so| = 0.63 .
Qo1000, PPICKOVLE KL TIG TETPAYOVIKEG TILEG TV COAAUATOV (SQrt-errors), dniadn
e12=19.56, e22= 2.14, . . ., ot 1éA0G e1802= 0.40. Oha ta amoteréopata TapadiTovTon
oToV mivaka 2.C TOV TapapTUOTOS. AESOUEVOV TOV GEOANATOV pog: 1= Yi— fi,
=Y~ T, ..., ko ep= Yy fp, umopodpe va extipmoovue ta Aeyopevo Métpa opbnig

npoPreync (goodness of fit). Avtd uropodv va givar To:

1
e M:éco Anorvto Todipo (Mean Absolute Error- MAE) MAE = - 1 et]|

1
e kot 10 Méoo Terpayovikd Zediua (Mean Squared Error) MSE = - 7fetz

H enmidoon g pebddov efoptdror amd v TN NG TOPAUETPOL KOETIKNG
eEopdivvong. Zmv mopovca epyacio eEetdlovpe 1o MAE kot 1o MSE yia duidpopeg
Twég tov a, onmg: 0.01, 0.02, 0.05, 0.1, 0.15, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 0.91,
0.92, 0.95, 0.99. Ztov mapokdte mivaka, mopovoidletor To kprrpro MAE yio Odeg

TIG TILES TOVL QL.
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IMivexog 2.3.1 MAE Simple Exponential Smoothing pe apywn T tov péco 6po

0.58.
Simple
a Measures E_XpoLn.tial
Smoothing
SES

0,01 MAE 0,9886

0,02 MAE 0,9870

0,05 MAE 0,9774
0,1 MAE 0,9737

0,15 MAE 0,9744
0,2 MAE 0,9772
0,3 MAE 0,9874
0,4 MAE 1,0005
0,5 MAE 1,0132
0,6 MAE 1,0232
0,7 MAE 1,0311
0,8 MAE 1,0372
0,9 MAE 1,0404

0,91 MAE 1,0406

0,92 MAE 1,0408

0,95 MAE 1,0411

0,99 MAE 1,0413

Awdypappa 2.3.1 MAE Simple Exponential Smoothing pe apywn Ty tov péco 6po 0.58.

1,05
1,04
1,03
1,02
1,01

MAE

1,00
0,99
0,98
0,97

0 0,1

0,2

0,3 0,4 0,5 0,6

Smoothing Constant- a

0,7 0,8 0,9 1

[Mopatnmpodpe, Aomdv, 4t o1 TYES Tov Kprenpiov Eexvave pe 0.9886 yuo 0=0.01

omov pewdvovtal péypt 1o katdtepo onueio 0.9737 yuw a=0.1 kot ot cvvéyeln

avéavovtor otadtokd péypt to 1.0413 v 0=0.99. H npodPAeyn pog coppmva pe to
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ovyKeKpIEVO Kpitnplo PBeitiotomoteitan Yo 0=0.1 otnv omoio cvvaviaue TV

ppdtepn Ty 0.9737.

Ytov mopoakdto wivaka, topovctdletol To kprtnplo MSE yio 6deg Tig TiHég oL 0.

IMivaexog 2.3.2 MSE Simple Exponential Smoothing pe apywxn Tty tov péco 6po

0.58.
Simple
o Measures i_xrl,::),gi!—hqﬁ,ml
SES
0,01 MSE 2,1946
0,02 MSE 2,2094
0,05 MSE 2,2521
0,1 MSE 2,3144
0,15 MSE 2,3728
0,2 MSE 2,4349
0,3 MSE 2,5803
0,4 MSE 2,7546
0,5 MSE 2,9552
0,6 MSE 3,1821
0,7 MSE 3,4382
0,8 MSE 3,7296
0,9 MSE 4,0656
0,91 MSE 4,1021
0,92 MSE 4,1392
0,95 MSE 4,2541
0,99 MSE 4,4163

Awdypappa 2.3.2 MSE Simple Exponential Smoothing pe apywn Ty tov péco 6po 0.58.

5,00
4,50
4,00
3,50
3,00
2,50
2,00
1,50
1,00
0,50
0,00

MSE

0,2 0,3 04 0,5 0,6

Smoothing Constant- a

0,7

0,8

0,9
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Awxpivoope, Aoumdv, 0Tt ot TYWEG TOv Kpitnpiov aw&dvovtal oTadlakd amd To
2.1946 vy 0=0.01 péypt kou to 4.4163 ywo 0=0.99. 'Etot, n pukpdtepn tun yoo v
omoia 1 TpOPreyn pog etvon kadvtepn eivor 1 2.1946 yia 0=0.01.

‘Emerta, ovveyiCovpe v avaivon g mpoPreyng pe t pébodo tng omAng
exBetikng eopdivvong (Simple Exponential Smoothing) pe apykn tyun v Tpd
T {ong v t=1, dniaodn to S.

lNot=1:Yon=a* Yy + (1-a) Y10= 5 (0=0,2) eivar dnradn n poPreymn yuo to Y2
nov dtevepyeitan ™ ypovikn otyun t=1. T t=2: Yo = a * Yz + (1-0) Y21=0.5 1
ypovikn otiyun t=2. Mg avtdv tov 1poéTo cuveyilovpe T1g TPoPAEYELS HoG Kol TEAOG
vy t=180: Yigonrg = a * Yizg + (1-0) Yi79n78= 0.0045 (0=0.2) eivor onAadf M
npoPreyn yia T0 Yigo mov dievepyeiton ) ypovikny otiyun t=179. Avolvtikd to
amoteréopato kot ywo T 180 mapatnpioec napovstdlovral otov 2.d mivaka tov
napoptuatos. Omov Yt n mpaypotik] Ty ™ ypoviky] oty t ot Yyl M
EKTIUNUEVT TN Y100 TN YPOVIKN oTiyun t, mov devepyeiton T otryun t-1.

To emduevo Prpa g ovykekpuévng mpoPreync eival vo vmoloyicovpe ta
o@diuata (Errors, e;). Aedopévng g extipunong fi yuo o tiun Y o€ ypdvo t (nh. Yy)
Oa mpémel va opicovpe To PETPO Hiag akpPovg 1 un-akpiovg ektipmong to omoio Oa
elvar ovvaptnon g mapatypnons pogs. ‘Etor opilovpe 10 opdipa extipnong (M
npoPreync) oc: e = Y — f, omov n extiunon fi vroioyiletar ypnoiponoidvIaC TO
dedopéva Y1, Yz, . . ., Y. Opiletar kot ©¢ ektipunomn e apéoms EmoUEVNG TIUNG
(one-step ahead). Emopévmg, 10 o@diua € opiletar kow o¢ o@diua g auéomg
emopévng tung (one-step ahead forecast error). Me dAla Adywo vroAoyiCovpe thv
AmTOKAMON NG TOPATNPOVUEVIG TN od TNV (Un Tapatnpnon) mpayuatikny aéio
™G TG MoV pog evdlapépet. Topueovo pe tov tomo et =YYy (ff = Yy) 6a
vroAoyicovpe TapaKat® to. cdApata g TpdPreyng pog. I'a mapddetypa, €1=Y1-
Y10 = 5520 , e)=Y,- Yy = 0-5= -5 . . . xou TEAOG €180=Y 180~ V1801179 = 0-0.0045= -
0.0045 .

Y1 ovvéyela, vToloyilovpe TIg amOAVTES TIHEG TV cpaiudtov (absolute errors).
Apywcd, Exovpe v amdivtn Ty |e1] =0, |eo] =5, . . ., kot téhog |e1go| = 0.0045 .
Qo61660, BpicKovpe Kot TIG TETPUYOVIKEG TIES TV COOALATOV (SCrt-errors), oniaon
e1°=0, &%= 25, . . ., ko Téhog e1g0°= 0.00002. Oho Tar omoTEAEGHOTA TOPAOETOVTOL

oToV mivaka 2.8 ToV TapapTUATOG. AESOUEVOV TOV GEOANATOV pog:  e1= Yi— fi,
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e=Yo— T, ..., ko ep= Yy T, umopodpe va ektipumoovpe ta Aeyopevo Métpa opbnig

npoPAeyns (goodness of fit). Avtd uropodv va givar To:

1
e Mséco Andlvto Tedipo (Mean Absolute Error- MAE) MAE = - X1 et

1
e kot 10 Méoo Tetpayovikd Zediua (Mean Squared Error) MSE = - 7fet2

H emidoon g pebddov efoptdtor amd v TN NG TOPUUETPOL KOETIKNG
eEopdivvong. v mopovca epyacio eEetdlovpe o MAE kot o MSE yia dudpopeg
TIéS Tov a, 0nwg: 0.01, 0.02, 0.05, 0.1, 0.15, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 0.91,
0.92, 0.95, 0.99. ITapovcialetal, Aowdv, to kprriplo MAE yio OAeg Tig TIHEG TOVL O

IMivaxoeg 2.3.3 MAE Simple Exponential Smoothing pe apywn tiun to 5.

Simple
a Measures Exponen.tial
— | Smoothing
SES
0,01 MAE 2,465
0,02 MAE 1,800
0,05 MAE 1,278
0,1 MAE 1,088
0,15 MAE 1,0270
0,2 MAE 1,004723
0,3 MAE 0,9944
0,4 MAE 1,0001
0,5 MAE 1,0078
0,6 MAE 1,0130
0,7 MAE 1,0167
0,8 MAE 1,0187
0,9 MAE 1,0186
0,91 MAE 1,0185
0,92 MAE 1,0183
0,95 MAE 1,0178
0,99 MAE 1,0169

17

Institutional Repository - Library & Information Centre - University of Thessaly
24/05/2024 22:42:24 EEST - 3.141.35.88



Awaypappa 2.3.3 MAE Simple Exponential Smoothing pe apywm tyun to 5.

3,00
2,50

2,00

MAE

1,50

1,00

0,50

0,00
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1

Smoothing Constant- a

[Mapatnpodpue, Aowmdv, 6Tt o1 TIéG Tov Kprnpiov Eexwvave pe 2.465 vy a=0.01,
1.80 yo 0=0.02 kou 6N cuvéxelo petmvovtal otadtokd péypt to 0.9944 yuo 0=0.3 evo
a6 1o 0=0.4 oav&avovtar otadtokd (1.001) péxpt to 0=0.8 (1.0187) kor oto TEAOG OO
10 0.9 (1.0186) pewwveron oto 1.0169 yio 0=0.99. H npoPAieyn pog cOUP®Va, pe 10
OLYKEKPEVO Kputnplo Peitiotomoteiton yio 0=0.3 otnv omoia cvvovtdpe tnv
pikpotepn Ty 0.9944.

[Mapaxdtw, Tapovcialetarl To kKprripro MSE yia dheg T1g TYéC OV 0.
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Mivaxoeg 2.3.4 MSE Simple Exponential Smoothing pe apywm tun to 5.

Simple
o Measures Exgonen-tial
- — | Smoothing
SES
0,01 MSE 7,385
0,02 MSE 4,791
0,05 MSE 3,207
0,1 MSE 2,722
0,15 MSE 2,604
0,2 MSE 2,585
0,3 MSE 2,655
0,4 MSE 2,791
0,5 MSE 2,963
0,6 MSE 3,166
0,7 MSE 3,399
0,8 MSE 3,6674
0,9 MSE 3,9807
0,91 MSE 4,015
0,92 MSE 4,050
0,95 MSE 4,157
0,99 MSE 4,310

Avaypoppa 2.3.4 MSE Simple Exponential Smoothing pe apywn tiur to 5.

8,00
7,00
6,00
5,00

4,00 /

3,00

2,00
1,00

0,00

Awxpivoope, Aomdv, 0Tt 01 TIHES TOV KPITNPIoL HEWOVOVTOL KOTAKOPLPA ord TO
7.385 yw 0=0.01 péxpr ko o 2.585 yuo 0=0.2. 'Enetra, oav&avetor mord otadoKkd amod
10 2.655 ywo a=0.3 péypt to 4.310 yo 0=0.99. Eto1, n pikpdtepn tyun yio v omoia n
npoPreyn pog eivan kalvtepn etvar n 2.585 yio 0=0.2.
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KE®AAAIO 3: HMEO®OAOX TOY CROSTON

3.1 EIZXATQI'TKEX TAPATHPHZXEIX

H exBetikn eEopdivvon cuyva ypnowomoleitar yio v mpoPreym g {ntnong
o€ ovotuato eAéyyov amoBepdtov. Qotdco, edv 1 (ntnon eivol dtakomtope, M
péBodog avtn mapdyel oxeddv mhvta akatdAinio emineda omobepdtov. H pébodog
tov Croston eivar katdAAnAn, edv n on epeaviCeton Toyaia, pe TOAAEG XPOVIKES
TEPLOOOVS OV deV LITAPYEL {NTNON, OTTOV OTAV LILAPYEL LTNOT, TO IGTOPIKA dEOOUEVL
elvat Tuyaio KoTaveUNUEVO, QVTOVOLLO 1) GXEOOV AVEEAPTNTO OTO TO YPOVIKO OIACTNHLO
mg mong. Térow mpdtuma (Rtmomng eivar yvootd og "auopen mnon» 1
OLOKOTTTOLEVT], OKAVOVIGTY, TUYOIN 1] GTTOPASTKY].

H avélvon oeiyver 611 m dwkomtopevn {Nmomn oxeddv mhvto Ompuovpyet
aKatdAAnAa enineda Tov anobepdtov. H {fmon v otabepéc mocdtteg o ToKTA
YPOVIKA OlGTHMOTO UTOpEl Vo mopdyel to emimedo TV omobepdtov péypt vo
OUTANGLACGEL TNV TOCGOTNTO TOL TPAYUOTIKG ypewdletar. Mo pébodog vy vo
EEMePAOTOVY  AVTEG Ol OLOKOMEC TEPLYPAPETAL, YPNOUOTOLOVTAS EEXOPIOTEG
extiunoelg yu to péyebog g {ftnong, ko tm cvyvotnta g {fnonc. Ot kavdveg
Yo TOV KOOOpPIoHO TV EMTEOWV TV amobepdtmv aceoaAeiag, mpénel emiong vo
pvOuoTovY TPV e€ovtAnBovv Ta amoOépata.

To 1972, o Croston mpdteve po evoAloktikny pébodo, n omoio AapPdvel voym
1660 10 P€YEBog g {Tnomg 660 kot To xpovo LETAED TV (NTnoemv. v TPdsn, o
Croston e&nyaye mpoPAréyelg epapuolovrag aveEdptnro omin ekbetikny eEopdivvon
1060 OTIC UM UNOEVIKEG TIEG TV YPOVOCEP®V OGO KOl GTA YPOVIKG Ol0GTHUATO
HETOED TMV U1 UNOEVIKAV TIU®V T®V XPOVocelp®Y. Me ) dtadikacio avty n omoia
ovopdletoan amoovvheon katd Croston (Croston Decomposition) pmopet va
VoAOYIoTEL KOl €€l ELGIKN onpacio 1 péon T TOV Un pndevikev {ntnoemv
(Demand Size) oAAd kot m péon T TOL SCTHUNTOS HETAED TV (NTNoewV
(Intermittent Demand Intervals) g amioi péoot o6pot. Ot dV0O yPOVOGEPES
npoekteivovTat aveEdptnra, pe ypron g pebooov exbetikng eEopdAvvong otabepov
emmédon. X Piproypagio ©g mopduetpog €CopdAvvong oTNV  €QOPUOYN NG
pedddov givar cuvnBmg 1 ypnon g Tung 0=0,05.

Ot Willemain et al. cOykpwvav v eviaia ekbetikn e€opdiovon pe ™ uébodo tov
Croston. H mpot givar 1 péBod0og 61atioTikng TpoPfAreyng mov ypnoomoteital o

oLyva otV TPAEN Kot 1) teAevtaia eivar n ekdoyn mov vootnpiletal oty dudikacio
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g moapayoyns. O Croston onueimwoe 6Tt 100 cvotnuatoe ekbetikng egopdivvong
YPNOWOTO0HVTAL GVVNOWE GE PHEYAAN GLGTHHOTO EAEYYOVL amOBEUATOV, 0AAG oV M
exfetikn eopdivvon odnyel og enineda amobepdTomV Kol S10KOTEG ATOOEUATOV TOV
etvan aypnota. ExOeticn eEopddlovon epappoletar otn cuvéyela o KAOe xpovooelpd
EexwploTa.

O Croston 0éinoe, 1 (nmon va eugoviotel og pio dwdwkacio Bernoulli,
kabiotovtag To dotnuate petald tov (nmoewnv avefaptnta Kot TonToO)XpOovVa
KOTOVEUNUEVO YEMUETPIKA. XTNV TEPIMTOON OGS OUOWVOUIKNG  KOTOVOUNG, TO
TPOPANUa TOV Eyovpe elvar M e0peom NG TOAVOTNTOS X EMTVYIDV GE V OVEEAPTNTES
dokég Bernoulli. EmumAéov, éva tuyaio meipapa Aéyeton meipapo Bernoulli av givon
dvvatov vo kotaAnéel oe éva amd dvo povo, Eéva petald tovg, evogyOUEVO TOL M
EvoNn Toug amoTteAel TOV JEYUATIKO Y®PO. ZVVNO®G YPNGYOTOOVUE TOVG OPOLG
«emruyio» (success -S) kot «omotvyio» (failure -F) yio ta evdeyoueva avtd kot
ovpporilovue pe p = P(S) xou g = 1-p = P(F) , 0 < p < 1. O derypatikdg ydpog,
onAaodn, o’ éva meipopo Bernoulli amoteleiton amd 6vo povo onueia, ta S ko F
(Xatlnvikordov, 2002). TTapadeiypota mepapdtov Bernoulli arotedobv to otpiyipo
evOg vopiopatog (KepdAt-ypdupata), 1n mowdTTa €vOC Plopmnyovikov mpoidovtog
(EATTOUOTIKO-UN EAOTTOUATIKG), | YEVVNON €VOG Todov (ayopt - kopitol) K.A.m. H
toyaio petaPint X Aéyetan toyaio petafint Bernoulli (Bernoulli random variable)
Kol M katovoun miBovotnrag g X Aéyetoan katovoun Bernoulli (Bernoulli
distribution). Me tov 0po YEOUETPIKN KATAVOUR €VvOOVUE £0T®M X UioL S10KPLITH
toyoio petaPAnt. Oa Aépue 6ti X akolovdel v yeoueTpikny katavour (geometric
distribution) pe mapduetpo p kot Bo copPorilovpe pe X~G(x;p) av P(X=x)= pgx,
x=0,1,2,..., 0<p<l1, g=1-p.

Eniong, avéhaPe mepartépm 1o péyebog g {tnong va eivol Kavovikr| Katovoun.
H ovpPoatikn eviaio ekBetikn eEopdAvvon evnuepdvel kot vtoloyilel v amoypoen
eumopevpdtov kébe mepiodo eite €xel eite dev €yel eppaviotel {momn. O Croston
€0e1e O0TL 0tav M otabepn {non tov peyéBoug p (pHéom T ™G UM UNOEVIKNG
ong) eppaviCeton taxtikd KaOe meptodo p (LEGOS OPOS TMV YPOVIKMOV TEPLOIMV
petald tov (nmoewv), 1 ektipdpevn {nmon avd tepiodo oe otabepn Katdotaor dev
etvan p/p. Otav n {Rnon etvon toyado, pe péon Ty p Kot O10KOLLOVGT o’ Ko €xel o
mBavotnta Bernoulli Vp, mov mapatnpeitar e kdOe vid eEétaon nepiodo, n ektipnon

yiveton apéomg petd amod po {nnon mov epgaviCetor Kot £XEL TNV OVOUEVOUEVT TIUT.
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H péfodog tov Croston kabiotd dopopeTikéc ekTiunoelg ekBetikng eEopdlvvong
oV pécov peyébovg e {Rmong kKot 1o péco ddotnua petald tov (ntoswv. H
HéEBOSOC EVNUEPOVEL TIC EKTIUNGELS, @OV onuelwbel (nmmon, €dv m mpobecuia
emavetétaong t dev Exel {nom, n nébodog avédvel povo tov aplud TV YPOVIKOV
wepodv omd v TteAevtaio {Ntnom. Ot ekTIUNCES EVUEPOVOVTOL HOVO OTOV
vrapyel {non. O Croston €5e1ée, emiong, OTL 1| OVOUEVOUEVT] TN TNG EKTIUNOMG
apéomg petd omd {nnon sivon apepoinmrn. H dwokdpovon etvar youniotepn and oti
exetvn v extipnon g ovuPatikng ekbetikng eEopdivvong. Otav n {fmon
napovotdletal kdbe ddotnua avackomnong, g pebodov Croston givor TovtdOoUN
pe v ocvpPoatikn ekBetikn eEopdAvvon.

O Croston, to 1972, ébeiée v axatolinAdtnto g ekbetikng eEopdivvong o
poe péEBodo mpdPAeync oxetikd pe v dakomtopevn {nmon. Ocwpdvtag, Aomdv,
éva. ovotnuo eAEyyov Tev omobepdtov evnuepovovtor {ntoelg kabopiopévec,
YPOVIKA OlactipoTo HeETalld Tv {Noemv to omtoia eival TOAD PKPOTEPO OO TOVG
xPOVOLC HeTAED TV S1ad0Y KOV (NTHCEMVY Yo TO TPOIOV.

Apywa, vrébeoe (mon peyébovg (1) vo ovpPaiver kabe (p) Swwothupata.
Yuvenms, av n TpoTn TN ¢ {ong cvpPaivet ™ ypovikn ottypn t=1 n {nmon Yt
TapovoldleTal oc:

_fu, t=np+1
Yt= {0, otherwise

Omnov n=0,1,2,.., xou p>1

Xoppova pe ™ uéBodo tov, mpayuatonoleital ekbetikny eEopdivvon Eeymplotd
010 péyebog twv {nmoeomv kot ota dactiuota petabd avtov. H uébodog evnuepmvet
TIG eKTIUNOELS KOOMS vapyovv {ntnoeic. Av oty mepiodo e&étaong t dev vrdpyet
mon, n pébodoc awv&dver péovo Tov aplud TOV YPOVIKOV TEPLOO®Y Oamd TNV

tehevtaio (nnon.

Av Yt=0,
2 =7
P =P 0y
q = g+l
AlMag,

7" =2t a (Ye Z'w)
P =Pt a (g P'a)
q=1
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OTOV 0. = 0 cLVTEAESTNG EEOLAAVVOTG,
g =710 gpovikd ddotnua amd v tedevtaio {RTnon,
Pt = 10 exBetikd eopaivpévo ddotnua petad tov {ntnoemv, eVUEPO®UEVO
uévo eav vapyet (non v mepiodo t,
Z"'t = 10 exbBetikd e&oparopévo péyebog e {nTnong , EVNUEP®UEVO LOVO GV

vrapyetl {nnon v mepiodo t.

Yuvvovdlovtag Tig exTiunoelg Tov peyébouvg e {Nong Kot Twv SoTNUATOV
HETOEL TOVG, €YOVLUE TNV eKTipnom g péong Nmong vy v enduevn mepiodo.
Anhoon:

., Z”t
Y t— Put

Ov amo@docelg ywo to onueio avamopayyeiiog Aoupdvovv ympo HOVO OTIC
YPOVIKEG TEPLOSOVG, 01 0Toieg akolovBovvtar e {Nnon, COLPOVA PE TNV TOPOKAT®
elowon:

Ri=Z"t+ K*m
Omnov Rt = 1o onpeio avoarapayyeriog oto omoio to andBepo avéaveton,
M; = N HEST EKTIUNUEVT TUTIKT ATOKALOT TOV GCOOALATOV TG TPOPAEYNS TNG
Chong Kad,

K = o ovvteleotg acpaieiog.

3.2 YIIOOEXEIX THX ME®OAOY CROSTON
(ASSUMPTIONS OF CROSTON’S MODEL)

Tpewg akdpun vroBéceig £ywvav and tov Croston oty avdmntuén Tov HOVTEAOL Ot
omoieg elvar ot €€ng: n aveloapmoio petald tov peyébovg g {fTnong kot to
dwotnuota HeTasd g {ftnong, mv aveEopmoio Tov dtdoyik®dv peyedmv kot g
avebapmoiog tov dadoyk®mv dwotnudtov petasd e mong. Ocov agopd v
tehevtaio vdOeon, eivar onpoavtikd va onuetdel 6t N mBavotTTa o {\Tnon mov
ocvppaivel va gtvar aveEdptnTn amd T0 ¥POVIKO SIUCTNUE OO TNV TEAELTAIN ELEAVION
{ong, €161 dote avt) N vroddeon katavouns eivar otabepn aveEdpmmra and To

YPOViKd dactipato peta&d g nnong.
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3.3 THE SIZE-INTERVAL METHOD

H pébodog SI ovykpibnke pe ™ SES (Simple Exponential Smoothing) oe
Oewpntikd dedopévo {nnong mov dnuovpyovvtal oe Eva gupl EAGH THOVOV
ocuvinkov. ewpnOnkayv morhol dtapopeTikol HEGOL OPOL HETAED TOV JGTNUATOV
™mg (nmong (apvntikn ekBetikn Katavoun), eEopdAvven otabepdv TimV, ot ypdvot
TaPAd0o™G Kol 01 Kotavopég Tov peyéfovg e (ntnmong (apvntikn exBetikr, Erlang
kot opfoyovia). Ta amoteréopata £xovv avagepBel otnv HOpEY| TS OvaAOYiNG TOV
pécov teTpaymvikov cedipotog (MSE) and ™ pa pébodo pe ekeivo g aAAne. o
SLPOPETIKO TTAPAYOVTO GLVOLAGLAV SOKIUACE GE OVTO TO TEIPOLLO TPOGOUOIMONG T
puébodo SI n omoia Mrav avotepn ™ SES yu ta ypovikd dactipote PETAED TmV
nmoewv Ko Nrav peyolvtepn and 1.25 meprodovg enavelétaons. Me tov tpomo
avTo, 01 GVYYPAelS £de1Eav TOGo N dakomtopevn {nnon Ba mpénel va etval, ot
va enoeeAnfodv amd ™ pébodo SI (Pacilouevn otn pébodo tov Croston)
neprocotepo amd ) SES. e avtd 10 014010, elvar onuoavtikd vo onueiwbel 6tL N
extiunon mg pnéong {fnong sivon mavopotdotumn petabd g pedddov tov Croston Ko
g pebodov Sl.

H épevva otov topéa g mpoPAeyns kol Tov EAEYXOL TV amobepdtov Yo o
otoyeio TG dtakomTopevNG CnTnong €xetl avamtuybel paydaio to teAevtaia ypovia e
VO ATOTEAECUATO EPAPLOCUEVO GE AOYICHIKO TPOIOVIWV AOY® TNG TPOKTIKNG TOVG
onuooiag (Fildes et al., 2008). H am\n ekbetikn e&opdivvon (SES) ypnoiponoteiton
evpémg ot Propnyovio yuoo va acyoindel pe tig moinoceig/dedopéva e (nTnong,
OAAG etvon oKaTAAANAT 6T0 TAOIG10 TNG dtaKomTopueVNC Ctnong. Avtifeta, n pébodog
tov Croston Bewpeitoan wg T0 TPHTLTTO EKTIUNONG Yo TNV €V AOY® pHopen CnTnong.
[Ipoopateg peréteg Exovv dei&et 6TL VILAPYEL TEPIOMPLO Y10, PEATIMON TOV EKTIUNCEDV
tov Croston pHéc® TOV VTOAOYIGHOD Y10 TNV LEPOANYIN TOV EVOOUATOVETOL G AVTEG.

2mv akadnpaikn Biproypagio, 1 Stakomtopevn {NTNoM ovaQEPETOL GUYVA MG
dpopon, otopadikn 1 akavovietn {nmon. ‘Eva evvolodoyikd mhaicto mov e&ummpetel
TO GKOTO TNG 014KPLoNG LETAED QVTMOV TOV U PLGIOAOYIK®V TPOTLT®V {NTNoNng £xet
ov{nmoei a6 Tovg Boylan k.a.. (2007). Tétola ooty gio. LTOPEL VoL AVTITPOCOTEDOVV
oLAoYIKG péypt kau to 60% g cuvolikng aiag tov amobepdtwv (Johnston et al.
2003) wor eivor  loitepo  ddedopéva  otov  TOMED NG aEpoTmopiag, NG
avtokvnrofounyoviog kol Tng TANPOPOPIKNG. Xvyvad elvar Ta otoryelo mov

STPEYOVV HEYOAVTEPO KivOLVO amapyaimong.
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e ovtd T0 KEQAAo B pedeticovpe To 1010 Tapadelypa cOUPMVA pe TN HEB0dOo
tov Croston.

Oéhovpe va TpoPAéyoope Tig TG ™S LITnong Yo S1dPopeS TIWES TOV O XTOV
TapoKato mivakoe mapotifevior ot un pundevikég {nmoeilg 6tov ¥poOvVo GTOV 0Toio

cuppaivovv.

Time 1 5 6 7 12 36 39 42 47 56 58 60 67 71

Demand 5 3 2 5 3 6 6 5 2 1 2 1 3 2
Time 72 73 78 84 89 94 98 104 110 130 133 155 159 170 176
Demand 4 6 2 3 2 6 3 4 2 6 3 6 2 4 3)

O péoog 6poc {ntioewv ové pecodidotnua (Time average of demands per

review interval) givon 0.58, odpu@mva pe tov TomO:
— 1 1
X= ;2%80 Yt = - * (Y1+Yot+... Yy, omov Yt eivan ot Tég tov {Nthoedv pag

Kot N 1o TAN00¢ TV (ntnoemv.

Xy TpOTN TEPITTOON EEKIVANE TNV OVAALGN TNG TPOPAEYNS COUP®VA [E TN
uébodo tov Croston (Croston’s Method) pe apyixn Tun tov péco 6po TV BETIKMV
{nmoewv 3.58. Zt0ov mopokdTo Tivako, mapafitovtal KAmolo Pacikd CTOTIGTIKA
yopaxktnplotikd. Onme, o pécog 0pog twv Betikdv (nmoewv givor 3.59, o pécog 6pog
TOV HEcOdoTNUATOV givor 6.04, 1 dtakdpavon eivon 2.823 kot TEA0G 1 TLTIKN

amdxMon givon 1.68.

Time average of demands per review interval 0,58
Average size of demand 3,59
Average inter-arrival interval 6,04
Variance 2,823
Standard Deviation 1,68

H petafint q ekepdlet 1o xpovikd ddotnua amd v tedevtaio (Rmon péxpt
va €pbet m emdpevn Tl g {mong. ‘Eva  mapddetypo vroAoyiopod g
CLYKEKPIUEVNC LETAPANTAG Yo TIG TpdTES 12 Tapatnpnoelg eivat To e€ng:
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Time Demand q
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INa t=1, to g eivar ico pe 6.25 61611 Eekvhpe pe Tov HEGO OPO TOV TIUDV TNG
petafAntg g kat petd omd v t=2 pe undevikny Mnon péxpt v t=5 mov cuvavrtdpue
mv apéowg emopevn Betikn (mnon 3, n petaPint) g sivon ion pe 4 agod €youvv
nepaoel 4 mepiodol. Ztn ocvvéxewn, amd v t=5 pe {Rmon 3 uéypt v t=6 mov
ouvavtaue v opéows emdpevn {nnon 2 €xel mepdoet pio tePiodog YU ovTo Kot TO
g=1 xon ovte xkobeENC.

‘Exovtac vroloyicel tnv petofAnty g, o opicovue topa v P (t0 exbetikd
eCoparvpévo odonuo petald tov (ntmoemv, evnuepmuévo UOVo v VTTAPYEL
Mmon v mepiodo t).

la tov vmoAoywopd 7tov P'i ypnowomoodupe 7tov axkdAovbo TUTO,
YPNOLOTOUDVTOG KO TV HETOPANTY ()

P"= a*q t1+(1-0)* Py
OOV 0L = 0 GLVTEAEGTNC EE0UAAVVOTC,

g t-1= 70 XpoviKd d1dotnua omd v teAevtaia (nnon,

P"t1 = n mponyodpevn tiun g petafAnmg pag.

Apycd, ag dovpe €va mopddetypo move ota dedopéva pag. Oa Eekviicovpe
ndAl pe tov péco 0po g petafintmg q (6.25), 010t dev yvopilovpe Tt cupPaivet

TPV OO TNV TPOTN EUEAVIST TNG {NTNONG TOL £YOVLE GTA OEOOUEVA LLOG.
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t Demand (q z" P

1 5 6,25 3,58621 6,25
2 0 4 3,86897 6,25
3 0 4 3,86897 6,25
4 0 4 3,86897 6,25
5 3 4 3,86897 6,25
6 2 1 3,69517 5,80000
7 5 1 3,35614 4,84000
8 0 5 3,68491 4,07200
9 0 5 3,68491 4,07200
10 0 5 3,68491 4,07200
11 0 5 3,68491 4,07200
12 3 5 3,68491 4,07200

[Mapatnpodpue, Aowdv, 6t omd v t=1 péypt kar v t=5 10 P" eivan 6t0bepd o0
6.25. Tnv t=6, yuo 0=0.2 10 P" woovton pe 5.8, cbpopwva pe tov mopomdve THTO
P"=a* q1+(l-a)* P"t-1 = 0.2 *4+(1-0.2)*6.25 = 5.8. Tl t=7, éyovpe P" = o* (.
1+(1-0)* P"t-1 = 0.2 *1+(1-0.2)*5.8 = 4.84. T'a t=8, &yovpe P" = a* q t-1+(1-a)* P"t-
1 =10.2 *1+(1-0.2)* 4.84 = 4.072. 'Etot, and v t=8 péypt mv t=12 n tiun tov P"
mapapével 1 110 kabdg cvppova pe ™ péhodo tov Croston mapapévet id1o 1 Tyun oe
Ola T1g undevikég (ntnoelg péypt ko v endpevn Betikn {non.

Téloc, Ba mpémer va vmoloyicovue kot tnv petafinm Z't (1o exbBetikd
eCoparvpévo péyeboc g {nmmong, evnuepopévo povo edv vmapyel {fmon v
nePiodo t).

INa tov vmoloyioud tov Z't YPNOWOTOOVHE TOV aKOAoOvOBO TVTO,
YPNOLOTOUDVTOG KoL TNV petafAnt g {ntnong:

Z'=o0* Z+(l-0)* Z 'y
O6mov o = 0 cuvtereong eEopdivvong, 0<a<l,
Z 1= 1 T ¢ {Rmong v mponyovpevn mepiodo,
7" 1 = m mponyoduevn tiun g petafintig Z 't

2t ovvéxewr, Oa dodpe éva mapddsypo mOve oto dedopéva pog. Oa
Eekvnoovpe pe Tov péEco Opo tov Betikdv (mthoewv (3.586207), S10tL dev
yvopilovue 1t copfaivel Tpv and ™V TPOT ELPdvion ¢ {RTNoNg Tov £YOLUE GTO

dedopéva pog.
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t Demand (¢ z"

3,58621
3,86897
3,86897
3,86897
3,86897
3,69517
3,35614
3,68491
3,68491
3,68491
3,68491
3,68491

()]

N
v ottt 1P RS DD DO

2

O 00 N O Ul B WIN B

=
o

[EEN
[EEN
W O O O O UL N WO O o wu

=
N

[Mopatnpodpe, Aowov, ot and v t=2 péypt ko v t=5 10 Z"'; eivar ctabepod
oto 3.86897. Tnv t=6, ywo 0=0.2 10 Z'; wovtor pe 3.69517, cvpupwvoa pe Ttov
nToporave oo Z''t = a* Z ta+(1l-a)* Z''14= 0.2 *3+(1-0.2)* 3.86897 = 3.69517. T'a
t=7, éyovpe 2t = a* Z 1+(1-0)* Z"'ta= 0.2*2+(1-0.2)*3.69517= 3.68491. 'Eto1, and
mv =8 péypt v t=12 n tun tov Z"’; mapapével n 1010 kKabdg cHpewva pe ™ pébodo
tov Croston mopapével 0 n T 6€ OAo TIG UNOEVIKEG (NTNOES UEYPL Ko TNV
enopevn Betikn {nnon.

Yuvovdlovtag Tig ekTiunoelg Tov peyébouvg e {Nong Kot Twv SoTNUATOV
HETOED TOVG, €YOVUE TNV ekTiunon g uéong CRmong vy v enduevn mepiodo.
Anhoodn:

., Zut
Y t— Prrt

I' avtdv 10 AOyo mopovctdlovue GToV TOPOKAT® Tivake omd to excel, v

O d1KaG10 VITOAOYIGHOV GOUE®VA LLE TO TOPUTAVE® TOTO.
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t Demand (q Z" P Y'(t)

1 5 6,25 3,58621 6,25 0,57379
2 0 4 3,86897 6,25 0,61903
3 0 4 3,86897 6,25 0,61903
4 0 4 3,86897 6,25 0,61903
5 3 4 3,86897 6,25 0,61903
6 2 1 3,69517 5,80000 0,63710
7 5 1 3,35614 4,84000 0,69342
8 0 5 3,68491 4,07200 0,90494
9 0 5 3,68491 4,07200 0,90494
10 0 5 3,68491 4,07200 0,90494
11 0 5 3,68491 4,07200 0,90494
12 3 5 3,68491 4,07200 0,90494

[T ovykexpéva dwpovue 1o Z''t pe 1o P"¢ kot €161 Bpliokovpe v mpodPreyn
mov yiveton v mepiodo t yuo v mepiodo t+1. Me dahda Aoy, v t=1 doupovpe 10
3.58621 pe 1o 6.25, pe amotédeopo 1o Y 't va icovton pe 0.57379. Tnv t=2 1 endpevn
Betucn {Non 6mote ocvuPet etvon to 0.61903, dnAad 1 emduevn Betikn {ntnon eivon
10 3. Mg avtdv tov tpoémo, v t=6 10 Y’ 1covtan pe 0.63710, sivor onAadn M
mpoPAeym pog yw v emdpevn Betikn {Rmon mov Oa cvpPei, dnAadn Otav 1
mpaypoatikny T {tnong etvan 5. X ovvéyela, 1o Y 't woovton pe 0.90494 and v
t=8uéypt v endpevn Betikn {nmon v t=12 pe {\on 3. Avolvtikotepa, OAa to
OTOTEAECUOTO TOPOVGIALOVTOL GTOV TTivVaKa 3.8 TOL TOPAPTILLATOC.

To emduevo Priuo g ovykekpuévng pebBodov eivor va vmoAoyicovpe ta
o@diuata (€rrors, ;). Asdopévng g extipmong Y 't yio o T Y og ypdvo t (dnA.
Y1) Oa mpémel va opicovpe 10 HETPO piag akplPoie 1 un-akpiovg ektiunong o onoio
Ba eivar ovvaptnon g mapoatpnons pog. ‘Etor opifovpe to ocedipo ektipnong (M
npOPreyng) ®c: € = Yydemand) — Y t, OOV opiletar Kot g ektipnom g apécmg
emopévng Tiung (one-step ahead). Emopévac, to cpdipa e opiletan kot wg cOAApa
™me auéomg emopévng Twng (one-step ahead forecast error). Me dAla Aoy
vroAoyiovpe TV OMOKAIOT THG TOPATNPOVUEVNG TIUNG amd TNV (U1 TOPATPACULN)
TPOYUATIKY a&io TNG TG TOV oG EVOLOQEPEL.

Zoppova pe tov TOmo et =Yygdemand) - Y 't 0o vmoloylcovpe mopokdtm To

oQAApaTo TG TPOPAEYNGS LLOC.
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True (Yt) | Forecast (Y"t)| Errors |Abs-error| Sg-error et/Yt
5 0,57379| 4,42621 4,42621 19,59131 0,88524
0 0,61903( -0,61903 0,61903 0,38320 0,00000
0 0,61903| -0,61903 0,61903 0,38320 0,00000
0 0,61903| -0,61903 0,61903 0,38320 0,00000
3 0,61903( 2,38097 2,38097 5,66900 0,79366
2 0,63710 1,36290 1,36290 1,85750 0,68145
5 0,69342( 4,30658 4,30658 18,54666 0,86132
0 0,90494( -0,90494 0,90494 0,81891 0,00000
0 0,90494( -0,90494 0,90494 0,81891 0,00000
0 0,90494( -0,90494 0,90494 0,81891 0,00000
0 0,90494( -0,90494 0,90494 0,81891 0,00000
3 0,90494( 2,09506 2,09506 4,38928 0,69835

o mapdderypa, €1=Y1- Y 1 = 5- 0.57379= 4.42621 , e;=Y5- Y '",= 0- 0.61903=
-0.619083. . . kot téAog e180=Y180- Y '180= 0- 0.46529 = -0.46529.

11 ouvéyrela, vroAoyifovpe Tig amdAvTeg TIEC TV opaipdatov (absolute errors).
Apyka, Egovpe Ty andlvtn T |e1] = 4.42621, |e;| = 0.61903, . . ., kot Té\og |e150| =
0.46529. Qot600, Ppickovue Kol TIG TETPAYOVIKEG TIUEG TV GQUAudToV (Sqrt-
errors), SmAadn €:°=19.59131, e,’= 0.38320, . . . , kot TEAOC e1g0’= 0,21649.
Avaivtikdtepa, OAa o amotedéouata mopovotdlovior otov mivaka 3.b tov
TOPUPTLATOG. AESOUEVOV TOV GEOALATOV oG  €1= Yi— Y ', 6= Yo~ Y 'y, . . .,
Kol ep= Yno— Y''p, umopodpe va ektiuoovpe to Aeyopeva Métpa opOng mpdPieymg

(goodness of fit). Avtd pmopovv va gtvar to:

1
e M:éco Amorvto Todipo (Mean Absolute Error- MAE) MAE = - X7 et|

1
e  M:éoo Terpaywvikd Tedaiuo (Mean Squared Error- MSE) MSE = - 1 et?
e Kot 1o Méoo andivto cediua o€ mocootd (Mean Absolute Percentage Error-
1
MAPE) MAPE= (Z Tet/Yt) * 100 . To MAPE petpd 10 péyeog tov
CQAALOTOG OE TOGOCTIOHEG LOVADEC.

H enmidoon g pebddov efoptdror amd v T NG TAPOUETPOV EKOETIKNG
eCopdivvong. Xty mopovoa gpyacia eEetdlovpe 1o MAPE, MAE kot to MSE yw
dupopeg TYég tov a, onwg: 0.01, 0.02, 0.05, 0.1, 0.15, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8,
0.9, 0.91, 0.92, 0.95, 0.99. Ztov mapokdtm mivaka, Tapovctdletal o kprriplo MAPE

YL OAEG TIG TUES TOV O
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Mivaxoeg 3.3.1 MAPE Croston's Method pe apyikn tiun tov péco 6po.

a Measures Croston's
= — | Method
0,01 MAPE | 12,9858
0,02 MAPE | 12,9422
0,05 MAPE | 12,8482
0,1 MAPE | 12,7591
0,15 MAPE | 12,7011
0,2 MAPE | 12,6482
0,3 MAPE | 12,5216
0,4 MAPE | 12,3433
0,5 MAPE | 12,3204
0,6 MAPE | 12,4050
0,7 MAPE | 12,5318
0,8 MAPE | 12,8120
0,9 MAPE | 12,9481
0,91 MAPE | 12,9482
0,92 MAPE | 12,9451
0,95 MAPE | 12,9146
0,99 MAPE | 12,8123

Avaypoppa 3.3.1 MAPE Croston's Method pe apyikr tiun tov péco opo.

13,10
13,00
12,90
12,80
12,70
12,60
12,50
12,40
12,30

12,20

0,1 0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

[Mopatnpodpue, Aomdv, 0Tt ot Tég tov Kpurnpiov Eekvdve pe 12.9858 v

0=0.01, ko1 6t cuvéye perdvovion otadtakd péxpt to 12.3204 v 0=0.5 evd amd

Institutional Repository - Library & Information Centre - University of Thessaly
24/05/2024 22:42:24 EEST - 3.141.35.88

31



10 0=0.6 av&avovtar otadiakd (12.4050) uéypt to 0=0.91 (12.9482) xo1 oto TEXOG
a6 10 0.92 (12.9451) peidvetan oto 12.8123 yia 0=0.99. H mtpdPreym pog copeova,
LE TO oVYKeEKPUEVO Kprtplo Pertiotomoteitan yio 0=0.5 otnv omoio Guvavtape tnv
ppdtepn Ty 12.3204.

210V TapoakdTo mivaka, TtoapovctdleTot To kpitplo MSE yio OAeg TIC TIES TOV 0.

Mivaxeg 3.3.2 MSE Croston's Method pe apyikr tiun tov péco 6po.

a Measures Croston's
= — | Method
0,01 MSE 2,2218
0,02 MSE | 2,22423
0,05 MSE 2,2313
0,1 MSE 2,2433
0,15 MSE 2,2564
0,2 MSE 2,2712
0,3 MSE 2,3069
0,4 MSE 2,3547
0,5 MSE 2,4284
0,6 MSE 2,5545
0,7 MSE 2,7622
0,8 MSE 3,0516
0,9 MSE 3,3540
0,91 MSE 3,3805
0,92 MSE 3,4059
0,95 MSE 3,4749
0,99 MSE 3,5529
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Awaypappa 3.3.2 MSE Croston's Method pe apyikn T tov péco 6po.

4,00
3,50
3,00
2,50
2,00
1,50
1,00

0,50

0,00

Awkpivoope, Aouov, 6Tt o1 TIEG Tov Kprnpiov avédvovtal apyd kot otodepd
a6 1o 2.2218 yio 0=0.01 péypt kar to 3.5529 yuo 0=0.99. 'Etot, n pikpodTEPN TIUN YK
™V omoia 1 TpOPAey” pog givar kaAvtepn eivou n 2.2218 yuo a=0.01.

210V TapoakdTo Tivaka, ToapovcstdleTon to kpitipo MAE.

IMivaxog 3.3.3 MAE Croston's Method pe apyikr tiun tov péco 6po.

a Measures Croston's
= — | Method
0,01 MAE 0,9833
0,02 MAE 0,9897
0,05 MAE 1,0031
0,1 MAE 1,0159
0,15 MAE 1,0244
0,2 MAE 1,0317
0,3 MAE 1,0447
0,4 MAE 1,0560
0,5 MAE 1,0706
0,6 MAE 1,0899
0,7 MAE 1,1153
0,8 MAE 1,1502
0,9 MAE 1,1837
0,91 MAE 1,1869
0,92 MAE 1,1900
0,95 MAE 1,1997
0,99 MAE 1,2145
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Awaypappa 3.3.3 MAE Croston's Method pe apywr tiun tov péco 6po.

1,40
1,20
1,00
0,80
0,60

MAE

0,40

0,20

0,00

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1

Smoothing Constant- a

Téloc, mapoatnpovpe OTL Ol TWWESG TOL KPITNPiov aVEAVOVTOL GUVEXDS Omd TO
0.9833 vy 0=0.01 péypt kou to 1.2145 yo 0=0.99. 'Etot, n pukpdtepn Tiun yio v
omoia 1 TpoPreym pag eivon kadvtepn sivor n 0.9833 v 0=0.01.

"Eneita, cvveyilovpe v avdivon g npdPAeyng pe m puébodo tov Croston pe
apYIKN TN TV TpOTN T {Rong v t=1, oniadr| to 5.

H petafinm g exepdlel 1o ypovikd ddotnua amd v tehevtaio {Rnon péxpt

va épBet m emoduevn T g {Mmong. ‘Eva mapdderypo vmoAoyiopod TG
OLYKEKPIUEVNG LETAPANTIS Y1 TIC TpdTES 12 mopatnpnoels eivan to e€ng:

Time Demand ¢

(o))

N
[SaINNC, I, O, BN O, B T R S R S A

7’

O 00 N O U B WN -

=
o

-
[
W O O O O Ul VN WO o o w

[ERN
N

INa t=1, 1o q givon ico pe 6.25 51611 Eexvape pe Tov HEGO OPO TOV TIUADV TNG
petafAntig q kot petd ond v t=2 pe undevikn {Mnon péxpt myv t=5 mov cuvavtdype
mv apéomg emndpevn Betikny {mon 3, n petafAnt) q sivor ion pe 4 aeod €yovv

34

Institutional Repository - Library & Information Centre - University of Thessaly
24/05/2024 22:42:24 EEST - 3.141.35.88



nepdoet 4 mepiodot. X ovvéyew, and v t=5 pe {Rmon 3 péypt v t=6 mov
cuvavtape v apécmg endpevn (Rnon 2 €xel mepdoel pa tePiodog YU avtd Kot T0
g=1 ka1 ovte kaBeENG.

"Exovtac vroloyicel tnv petofAnty g, o opicovue topa v P (t0 exbetikd
eCopovpévo domuo petald tov {NTHoE®mv, EVNUEP®UEVO HOVO €AV VTAPYEL
{Mon v mepiodo t).

[a tov vmoAoywopd 7tov P ypnowomoodpe 7tov axkdlovbo ToTO,
YPNOLOTOUDVTOG KO TV HETOPANTY ()

P"i = a*q 1+ (1-a)* Py
OOV 0. = 0 GLVTEAEGTNG EE0UAAVVOTG,

g t-1= 10 YpoviKod Odotnpua amd v tehevtaia Cnnon,

P"t.1 = n mponyodpevn twun g petapAntg pog.

Apykd, oc dovue éva mapaderypo maveo oto dedouéva pag. Oa Eekvoovpe
oA pe Tov péco 0po ¢ petafintnig g (6.25), dott dev yvopilovpe Tt cvpPaivel

TPV OO TNV TPAOTN EUPAVIOT] TS {NTNONG TOL EYOVUE GTA OEOOUEVOL O,

Time Demand ¢ Z" p"
1 5 6,25 5,00000 6,25
2 0 4 5,00000 6,25
3 0 4 5,00000 6,25
4 0 4 5,00000 6,25
5 3 4 5,00000 6,25
6 2 1 4,60000 5,80000
7 5 1 4,08000 4,84000
8 0 5 4,26400 4,07200
9 0 5 4,26400 4,07200
10 0 5 4,26400 4,07200
11 0 5 4,26400 4,07200
12 3 5 4,26400 4,07200

[Mopatmpodpue, ooy, ot amd v t=1 péxpt kar v t=5 10 P" elvan otabepd oto
6.25. Tnv t=6, y1a 0=0.2 10 P" w6ovton pe 5.8, cvupwva pe TOV TTOPATOVEO TOTO
P" = a* q1+(1-a)* P"t-1 = 0.2 *4+(1-0.2)*6.25 = 5.8. T'w t=7, éovpe P" = o* (.
1H(1-0)* P"t-1 = 0.2 *1+(1-0.2)*5.8 = 4.84. T'wo. t=8, &yovue P" = a* q t-1+(1-a)* P"t-
1 =0.2 *1+(1-0.2)* 4.84 = 4.072. 'Etot, and v t=8 péypt mv t=12 n iun tov P"
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nopapével N O Kabdg cOpemva pe ) pébodo tov Croston mapapévet idwo 1 TN o€
Ol T undevikég {ntnoelg uéypt ko v emdpevn Betikn {nnon.

Téhog, Ba mpémer va vmoloyicovpe kot v petofant) Z'¢ (1o ekbetikd
eCoparvpévo péyebog g {nmong, evnuepopévo povo gdv vmapyel {fmon v
nepiodo t).

lNa tov vmoloywoud tov Z't ypnowomolovue Tov akdAovbo  THTO,
YPNOLOTOUDVTOG KoL TNV petafAnt g {nnong:

2 =o* Zigt(l-o)* 2
OOV o = 0 cuvteAeoTNG e€opdAvvong, 0<a<l,
Z 1= 1 T G ERTNONG TV Tpomyovuevn mepiodo,
7" 11 = n wponyobuevn tiun g petapintig Z .

>m ouvvéyew, 6Oa dodue éva mapdderypo mAVEO oto dedopéva pag. Oa
Eexwvnoovpe pe tov péco Opo towv Betikov (mmoswv (3.586207), 510t dev
yvopilovpe Tt cvpPaivel TP amd TV TPAOTN EUEAVION TNG CNTNoMG ToL £YOVE GTO

dedopévor pag.

Time Demand q Z"

5,00000
5,00000
5,00000
5,00000
5,00000
4,60000
4,08000
4,26400
4,26400
4,26400
4,26400
4,26400

()]

N
(G R, RET, BT, TNT, O N NS NS N ¥

2

O 00 N O Ul B WIN B

=
o

[EEN
[EEN
W O O O O UL N WO O o wu

=
N

[Mopatnpodpe, ooy, 0Tt EeKvaple Le apykn Ty To 5, d10Tt dev yvopilovue Tig
TPONYOVLEVES TIES CRTNoNS. ATd v t=2 péypt ko v t=5 10 Z"'t etvan otabepod oto
5 ko v t=6, yo 0=0.2 10 Z"’y .oovtan pe 4.6, cOpemva pe tov mopandve tono Z 't
= o* Z t1+(1-0)* Z"'tq= 0.2 *3+(1-0.2)* 5 = 4.6. Tl t=7, éyovpe Z''t = a* Z 1+(1-
a)* Z"'t1= 0.2*2+(1-0.2)* 4.6= 4.08. Etot, amd v t=8 péypt v t=12 n tipun tov 2"’
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nopapével N O Kabdg cOpemva pe ) pébodo tov Croston mapapévet idwo 1 TN o€
Ol T undevikéc {ntnoetg uéypt ko v emdpevn Betikn {nnon.

Yuvovalovtog Tig eKTUNGES Tov peyéBovg g {fTnong Kot Tov daetnudtomv
petalhd tovg, &yovpe TV ektiunon ¢ péong {ftnong yw v emnduevn mepiodo.
Anhoon:

. Zut
Y= Pt

I' avtdv 10 Adyo mopovctdlovpe GToV MOPOKAT® Tivake omd to excel, v

S10d1KOGI0 VITOAOYIGHOU COUP®VOL [LE TO TAPOUTAV® TOTO.

Time Demand Z" P Y'(t)
1 5 625 5,00000 6,25 0,80000
2 0 4 5,00000 6,25 0,80000
3 0 4 5,00000 6,25 0,80000
4 0 4 5,00000 6,25 0,80000
5 3 4 5,00000 6,25 0,80000
6 2 1 4,60000 5,80000 0,79310
7 5 1 4,08000 4,84000 0,84298
8 0 5 4,26400 4,07200 1,04715
9 0 5 4,26400 4,07200 1,04715
10 0 5 4,26400 4,07200 1,04715
11 0 5 4,26400 4,07200 1,04715
12 3 5 4,26400 4,07200 1,04715

[T ovykekpéva doupovdue o Z''t pe 1o P"¢ kot €101 fpiokovpe v TpoPreyn
mov yivetan tnVv mepiodo t yia v mepiodo t+1. Me aAla Adyua, Tnv t=1 dtoupodpue 1o 5
pe to 6.25, pe amotéhespa 1o Y 't va woovton pe 0.8. Tnv t=2 n emduevn Oetikn
{qmon omote cvuPel eivan to 0.8, dnAadn n emduevn Betikny {Ron eivon 1o 3. Me
avtdv tov Tpdmo, v t=6 10 Y 't 1covton pe 0.79310, etvon dnradn n mpdPrewm pog
v v emopevn Betikry (nmon mov Ba cupPel, ONAadn OTAV M TPOAYUOTIKY TN
{nong etvan 5. Xt cvvéyea, o Y 't ooVt pe 1.04715 and v t=8 péypt v
emopevn Beticr) (mon v t=12 pe on 3. AvoAvtikotepa, O TO ATOTEAEGLOTO
napovctalovtal 6tov mivaka 3.C TOL TAPUPTHLLATOGS.

To emdpevo Pripa g pneboddov gival va vroloyicovpe ta cdipata (Errors, ;).
Agdopévne g extipnong Y 't v o i Y o€ ypévo t (nA. Yi) Ba mpémel va
opicovpe t0 pétpo oG axpiPovg M un-axpPovg ektipnong to omoio Ba eivon

cuvaptnon g mopatnpnong pog. ‘Etor opifoope 10 oedipa  ektipnong (M
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npoPreyng) oc: € = Yydemand) — Y t, OOV opileton kol ®¢ eKTIUNOM NG AUECMG
emopévng Tiung (one-step ahead). Emopévac, to cpdipa e opileton kot wg oQAApa
™G apéows emopévne TG (one-step ahead forecast error). Me dAlo Aoy
vroAoyifovpe TNV AmOKAIGT TNG TOPATNPOVUEVNS TWNG amd TNV (UN TopoTNPCIUN)
TPOYUATIKY 0&iol TG TING TTOL HOG EVOLUPEPEL.

2opupovo pe tov TOmo et =Yydemand) - Y 't 0o vmoloyicovpe mapoxdtom T

o@AaApaTo TG TPOPAEYNC HOC.

True (Yt) | Forecast (Y"t)| Errors |Abs-error| Sg-error et/Yt
5 0,80000( 4,20000 4,20000 17,64000 0,84000
0 0,80000( -0,80000 0,80000 0,64000 0,00000
0 0,80000| -0,80000| 0,80000 0,64000 0,00000
0 0,80000( -0,80000 0,80000 0,64000 0,00000
3 0,80000( 2,20000 2,20000 4,84000 0,73333
2 0,79310 1,20690 1,20690 1,45660 0,60345
5 0,84298( 4,15702 4,15702 17,28086 0,83140
0 1,04715| -1,04715|  1,04715 1,09653 0,00000
0 1,04715| -1,04715|  1,04715 1,09653 0,00000
0 1,04715| -1,04715|  1,04715 1,09653 0,00000
0 1,04715| -1,04715 1,04715 1,09653 0,00000
3 1,04715| 1,95285| 1,95285 3,81362 0,65095

INa mapddetypa, €1=Yi- Y1 = 5- 0.8= 4.2, e2=Y2- Y'',=0- 0.8 = -0.8. . . vt
TEAOG €180= Y180~ Y 180 = 0- 0,46554 = -0.46554

211 ouvéyela, vroAoyifovue Tig amdAvTeg TIEC TV opaiudtov (absolute errors).
Apyka, Exovpe v amdAvt Tiun |ei] = 4.2, |e2] = 0.8, . . ., ka1 téhog |e1so| = 0.46554.
Qo1000, PPICKOVLE KOl TIG TETPAYOVIKEG TILES TOV COAAUAT®V (SQrt-errors), dniadn
612:17.64, 622: 0.64000, . . . , kol TéAOG 81802: 0.21673. Avolvtikotepo, OAM TO
amoteAéopoto Topovotdlovior otov mivaka 3.d Tov TapPaAPTANATOS. AESOUEVOV TMV
ocQoApatov pog: 1= Yi— Y 1, e= Yo Y o, . .., ko ep= Y= Y, umopovpe va
ekTiumoovue to Aeyopeva Métpa opOng mpdPieyng (goodness of fit). Avtd pmopodv

va glval To:

1
e Méoo Amdlvto Zedipa (Mean Absolute Error- MAE) MAE = - X7 et|

1
e Méoo Tetpaywviké Todhua (Mean Squared Error- MSE) MSE = — "et?
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e Kot to Méoo anmdivto cpdipa oe mocootd (Mean Absolute Percentage Error-
MAPE) MAPE= (i Tet/Yt) * 100 . To MAPE petpd to péyebog tov
OQAALOTOG OE TOGOOTIOHEG LOVADEC.

H emidoon g pebddov efoptdror amd v T NG TOPAUETPOL KOETIKNG
eCopdivvong. Xty mopovoa gpyacio eEetdlovpe 10 MAPE, MAE kot to MSE ywx
dupopeg TYwéS Tov a, ommc: 0.01, 0.02, 0.05, 0.1, 0.15, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8,
0.9, 0.91, 0.92, 0.95, 0.99. Xtov mapakdtm mivaka, Topovoldletol To kprrpio MAPE
YL OAES TIC TIHEG TOV O

Mivexoeg 3.3.4 MAPE Croston's Method pe apywkn tiun to 5.

a Measures Croston's
= — | Method
0,01 MAPE | 11,7798
0,02 MAPE | 11,8680
0,05 MAPE | 12,0772
0,1 MAPE | 12,2843
0,15 MAPE | 12,3810
0,2 MAPE | 12,4140
0,3 MAPE | 12,3717
0,4 MAPE | 12,2338
0,5 MAPE | 12,2367
0,6 MAPE | 12,3402
0,7 MAPE | 12,4850
0,8 MAPE | 12,7737
0,9 MAPE | 12,9170
0,91 MAPE | 12,9178
0,92 MAPE | 12,9153
0,95 MAPE | 12,8865
0,99 MAPE | 12,7862
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Awaypappa 3.3.4 MAPE Croston's Method pe apywkn tiun to 5.

13,00
12,80
12,60
12,40
12,20
12,00
11,80

11,60

0,2

0,3 0,4 0,5 0,6 0,7 0,8 0,9 1

[Mopatnpodpue, Aowmdv, 6Tt ot TéG tov kprrnpiov Eekwvave pe 11.7798 yu

0=0.01, otn cvvéyewn avédvovtor otadtokd péyxpt to 12.9178 yia 0=0.91 ko éneita

puewwvetor péxpt 1o 12.7862 vyio 0=0.99. H mpoPreyn pog oOUQOVO HE TO

ovykekpipévo kptnplo Pedtictomoteitor yio 0=0.01 omv omoia cvvavtdue v

pikpotepn T 11.7798. tov moapaxkdto mivako, moapovoidletal to Kprripo MSE

YL OAEG TIC TIUEG TOV O

IMivaxoeg 3.3.5 MSE Croston's Method pe apyikrn tiun to 5.

a Measures Croston’s
= — | Method
0,01 MSE 2,2542
0,02 MSE 2,2482
0,05 MSE 2,2407
0,1 MSE 2,2452
0,15 MSE 2,2567
0,2 MSE 2,2707
0,3 MSE 2,3035
0,4 MSE 2,3480
0,5 MSE 2,4195
0,6 MSE 2,5444
0,7 MSE 2,7514
0,8 MSE 3,0405
0,9 MSE 3,3429
0,91 MSE 3,3694
0,92 MSE 3,3948
0,95 MSE 3,4639
0,99 MSE 3,5418
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Awaypappa 3.3.5 MSE Croston's Method pe apywn tiun to 5.

4,00
3,50
3,00
2,50

MSE

2,00
1,50
1,00
0,50
0,00

0,1

0,2 0,3 0,4 0,5 0,6

Smoothing Constant- a

0,7

0,8

0,9

Awaxpivovpe, Aommov, OTL Ol TIWES TOV KPUTnpiov peidvoviot amd 1o 2.2542 yuo

0=0.01 péypt kar to 2.2407 yia 0=0.05. 1 cvvéyela, av&avetor amd 1o 2.2452 vy

a=0.1 péypt to 3.5418 yio 0=0.99. 'Eto1, | pkpdTEPN TN Yo TV omoio 1| TPpOPAEYN

pag gtvon kKadvtepn givon n 2.2407 yio 0=0.05.

[Tapovcialeton mapakdtm, 1o Kprripo MAE o 6Aeg T1g TIHESG TOVL O

IMivakoeg 3.3.6 MAE Croston's Method pe apywkr tiun to 5.

a Measures Croston’s
= — | Method

0,01 MAE 1,1141
0,02 MAE 1,1026
0,05 MAE 1,0776
0,1 MAE 1,0578
0,15 MAE 1,0515
0,2 MAE 1,0507
0,3 MAE 1,0545
0,4 MAE 1,0606
0,5 MAE 1,0723
0,6 MAE 1,0901
0,7 MAE 1,1149
0,8 MAE 1,1494
0,9 MAE 1,1826
0,91 MAE 1,1858
0,92 MAE 1,1889
0,95 MAE 1,1985
1,2132

0,99 MAE
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Awaypappa 3.3.6 MAE Croston's Method pe apyikn tiun to 5.

1,24
1,22
1,20
1,18
1,16
1,14
1,12
1,10
1,08
1,06
1,04

MAE

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1

Smoothing Constant- a

Téloc, mapatnpovpe OTL Ol TYWES TOV KPUNPIovL HEIDOVOVIOL GUVEXDS OO TO
1.1141 yw 0=0.01 péypt ko o 1.0507 yioa 0=0.2. 'Ezmerta, ond to 1.0545 yio 0=0.3
avéavetor péypt o 1.1985 yio 0=0.99. 'Etol,  pkpoTEP TN Yoo TV omoio M
poPAeym pog etvon kaAvtepn eivon p 1.0507 yio a=0.2.

34 XYI'KPIXH TQN AYO MEOGOAQN SIMPLE
EXPONENTIAL SMOOTHING (SES) KAI CROSTON'S
METHOD ME APXIKH TIMH TON MEXO OPO.

INa va pmopéocovpe vo amopavbodue yio to ol puEB0d0C £xel TO KAADTEPO
amoTtéAECUO, TNV KAAVTEPT TPOPAEYN ONAadN, Ba Tpémel va cuykpivove Ta Aeydueva
Métpa. opng mpdPreyng (goodness of fit).

Ymv mepintoon g apylkng Twng tov péco 6po twv {nmoewv (0.58), Ba
ovykpivovpe to Kputnpo Tov mopokdte mivakoe. H xaddtepn pébodoc pe v
KaAvTePN TPOPAeYN Ba etvar avti mov Ba Exel TNV pikpdTEPN TN TOL Kpttnpiov. To
kprriplo MAPE dgv vpictatat yio thv o ekbetikr e€opdivvon (SES).

ZVYKEVTIPOTIKA £OVLE Kol Yo TIS OV0 pefddovg:
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MMivaxkag 3.4.1 MAE Simple Exponential Smoothing -Croston's Method pe apywm

TIUN T0V PEGO OPO.

Simple
o Measures Exponential Croston's
- - Smoothing Method
SES

0,01 MAE 0,9886 0,9833
0,02 MAE 0,9870 0,9897
0,05 MAE 0,9774 1,0031
0,1 MAE 0,9737 1,0159
0,15 MAE 0,9744 1,0244
0,2 MAE 0,9772 1,0317
0,3 MAE 0,9874 1,0447
0,4 MAE 1,0005 1,0560
0,5 MAE 1,0132 1,0706
0,6 MAE 1,0232 1,0899
0,7 MAE 1,0311 1,1153
0,8 MAE 1,0372 1,1502
0,9 MAE 1,0404 1,1837
0,91 MAE 1,0406 1,1869
0,92 MAE 1,0408 1,1900
0,95 MAE 1,0411 1,1997
0,99 MAE 1,0413 1,2145

Avaypoppa 3.4.1 MAE Simple Exponential Smoothing -Croston's Method pe apywm

T to péco Gpo.

1,40

1,20

1,00

0,80

MAE

0,60

0,40

0,20

0,00

0 0,1

—Jelpal

Jelpa2

0,2 0,3 04 05 06 0,7

Smoothing Constant- a

0,8 0,9 1

Yepd 1= SES, Zepd 2= Croston’s Method

Apywd, oto kprmpo MAE, yia 0=0.01 kaivtepn eivar n pébodog tov Croston

kaBdg 0.9833< 0.9886. Apa, pe ™ péBodO tov Ba Exovpe KOADTEPES TPOPAEYELS Yia
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0=0.01. Qot6c0, Yo 0=0.02 péxpt 0=0.99 otnv amin exbetikny eEopdivvon ot TYES

oV Kkpurnpiov etvar pikpodtepeg amd T TwéG ¢ peboddov tov Croston. ‘Etot,

Bértiotn pébodog mov Oa mpémer va akoAovOncovpe givan 1 Simple Exponential
Smoothing (SES).

‘Emerta, otov mopakdto mivakao wapovcsialetal to kprrmpto MSE kot yia t1g 600

uebddovG.

Mivaxkag 3.4.2 MSE Simple Exponential Smoothing -Croston's Method pe apywm

T 10 p€co 0po.

Simple
o Measures Exponential | Croston's
= — | Smoothing | Method
SES
0,01 MSE 2,1946 2,2218
0,02 MSE 2,2094 | 2,22423
0,05 MSE 2,2521 2,2313
0,1 MSE 2,3144 2,2433
0,15 MSE 2,3728 2,2564
0,2 MSE 2,4349 2,2712
0,3 MSE 2,5803 2,3069
0,4 MSE 2,7546 2,3547
0,5 MSE 2,9552 2,4284
0,6 MSE 3,1821 2,5545
0,7 MSE 3,4382 2,7622
0,8 MSE 3,7296 3,0516
0,9 MSE 4,0656 3,3540
0,91 MSE 4,1021 3,3805
0,92 MSE 4,1392 3,4059
0,95 MSE 4,2541 3,4749
0,99 MSE 4,4163 3,5529
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Awaypappa 3.4.2 MSE Simple Exponential Smoothing -Croston's Method pe apyxn

TN 10 HEGO OPO.

5,00
4,50
4,00
3,50

3,00
2,50 —_—Jepal

MSE

2,00
1,50 Telpa2
1,00
0,50
0,00

0 01 02 03 04 05 06 07 08 09 1

Smoothing Constant- a

Yepd 1= SES, Zepd 2= Croston’s Method

210 ouykeKpuévo kpttnplo, mopatnpovpe 6tt yio a=0.01 ko 0=0.02 pikpdtepeg
givon ot tipéc g Simple Exponential Smoothing, onAadn yio a=0.01 1o 2.1946<
2.2218 o1 yio 0=0.02 éyovue 2.2094< 2.22423. Apoa, v TIC OV0 TPOTEG TIES O
KaAvtepn mpoOPAeyn Bo poc dmoet M oomAn ekBetikn eCopdAvvon, evod Yy TIG
VEOAOTESG TYWES 1) KaAOTEPN TPOPAEYN Ba givon pe ) pébodo Croston, KaBdS ot TIHEG
TOV O NG ovykekpévng uebddov eivar pikpdtepeg amd v Simple Exponential
Smoothing.

Téhocg, edm emPePardvetan 6t Croston's Method BeAtiooe onuavtikd v amin

exBetikn eEopdivvon.

35 XYI'KPIXH TQN AYO MEOGOAQN SIMPLE
EXPONENTIAL SMOOTHING (SES) KAI CROSTON'S
METHOD ME APXIKH TIMH TO 5.

INa va propéoovpe vo amo@avBodpue yuoo to mow péBodog €xel 0 KAAVTEPO
OTOTELEG LD, TNV KOADTEPN TPOPAEYN dNAdT, Ba Ttpémetl va cuyKkpivovpe To Aeydpeva
Métpa opOng mpdPreyng (goodness of fit).

2V TEPItTOOT TG APYIKNG TIUNG O, O GLYKPIVOLLE TO KPITNPLO TOL TOPUKAT®

nivaxa. H kadvtepn péboodog pe v kaddtepn mpoPieym Ba givar avtr mov Ba €xet
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™V HKkpdtepn Tun tov kpurnpiov. To kpitnpio MAPE dgv veiotatal yio tv amin

ekBetucn e€opdAvvon (SES).

ZVYKEVTIPOTIKA £XOVUE Kal Yo TIS OV0 pefddovg:

MMivaxkag 3.5.1 MAE Simple Exponential Smoothing -Croston's Method pe apywm

TIUN T0 5.
Simple
o Measures Exponential | Croston's
= — | Smoothing Method
SES
0,01 MAE 2,465 1,1141
0,02 MAE 1,800 1,1026
0,05 MAE 1,278 1,0776
0,1 MAE 1,088 1,0578
0,15 MAE 1,0270 1,0515
0,2 MAE 1,004723 1,0507
0,3 MAE 0,9944 1,0545
0,4 MAE 1,0001 1,0606
0,5 MAE 1,0078 1,0723
0,6 MAE 1,0130 1,0901
0,7 MAE 1,0167 1,1149
0,8 MAE 1,0187 1,1494
0,9 MAE 1,0186 1,1826
0,91 MAE 1,0185 1,1858
0,92 MAE 1,0183 1,1889
0,95 MAE 1,0178 1,1985
0,99 MAE 1,0169 1,2132
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Awaypappa 3.5.1 MAE Simple Exponential Smoothing -Croston's Method pe apywm

TIUN T0

5.

3,00

2,50

2,00

1,50

MAE

1,00

0,50

0,00
0 o1 02 03 04 05 06 07

Smoothing Constant- a

0,8

0,9

—_—Jepal

Yelpa2

Tepd 1= SES, Xe1pd 2= Croston’s Method

Apykd, oto kprtnplo MAE, yw 0=0.01, 0=0.05 xa1 0=0.1 kaAdtepn eivan N
uébodoc tov Croston kabo¢ 1.1141< 2.465, 1.0776< 1.278 xou 1.0578< 1.088

avtiotorya. Apa, pe ™ pEO0dO TOov O Exovue KoAVTEPES TPOPAEYEIS Yo TO

ovykekpéva o. Qotdéco, yuo 0=0.02 ko a=0.15 péxpt 0=0.99 omv anin exbetikn

eEopdAvvon ot Tiég Tov kpumpiov eivor pukpdTEPES amd T TWES TG HeBOdov TOL

Croston. 'Etot, n BéAtiot pébodog mov Ba mpémet va akolovOncovpe givon n Simple

Exponential Smoothing (SES).

"Emetta, otov mapokdrto wivaka wapovoidletal to kpitnpo MSE kot yia tic 600

puebod0LG.
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Mivaxkag 3.5.2 MSE Simple Exponential Smoothing -Croston's Method pe apywm

TIUN T0 S.
Simple
o Measures Exponential | Croston's
= — | Smoothing | Method
SES
0,01 MSE 7,385 2,2542
0,02 MSE 4,791 2,2482
0,05 MSE 3,207 2,2407
0,1 MSE 2,722 2,2452
0,15 MSE 2,604 2,2567
0,2 MSE 2,585 2,2707
0,3 MSE 2,655 2,3035
0,4 MSE 2,791 2,3480
0,5 MSE 2,963 2,4195
0,6 MSE 3,166 2,5444
0,7 MSE 3,399 2,7514
0,8 MSE 3,6674 3,0405
0,9 MSE 3,9807 3,3429
0,91 MSE 4,015 3,3694
0,92 MSE 4,050 3,3948
0,95 MSE 4,157 3,4639
0,99 MSE 4,310 3,5418

Avaypoppa 3.5.2 MSE Simple Exponential Smoothing -Croston's Method pe apyikn
TN 1o 5.

8,00

&
S 4,00
—_—7Jelpal
3,00

Yelpa2

o o1 ©02 03 04 05 06 07 08 09 1
Smoothing Constant- a

Yepd 1= SES, Zepd 2= Croston’s Method
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3T0 GLYKEKPEVO KPLTHPLO, TopatnpoOUE OTL Yo OAOL T O LUKPOTEPESG Elval Ot
TIé g peBodov Croston. ‘Etot, kadbtepn mpdPreyn Ba etvon pe ™ péBodo Croston,
KoOMG 01 TWEG TOL O TNG GVYKEKPIUEVNG ueBddov eivar pikpdtepeg amd tmv Simple
Exponential Smoothing.

Téhoc, ko oe autv ™V mepintwon emPefardverar 6Tt  Croston's Method

Beltimoe onuovtikd v amin ekBetikny eEopdivvon.
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KE®AAAIO 4: MEOOAOX SBA (SYNTETOS & BOYLAN
APPROXIMATION)

4.1 EIZATQI'IKEX ITAPATHPHXEIX

H pébodog Croston €xel amoderybel peyiomg a&log yioo Tovg KOTOUOKEVAGTEG TOV
avtipetonilovv dedopéva draxomtopevng euong. Ilapd dpme ™ orovdudTNTO AVTNG
™G ueBoOdov TPOPAEYNC, Ol EUTEIPIKES EVOEIEEIC OEV GLUPMOVOLV LE TNV EQOPUOYN
™mg, KaBdg to k€PON amd NV oavtiotoyn eeappoyn elval  xepodTEPE  TOL
OVOUEVOLLEVOD, GUYKPIVOUEVT] HE OAOVGTEPES TEXVIKES TPOPAeYMC. MeTd amd avtiv
m olamictwon, o Zuviétog kot o Boylan (2001), mpoorabavtag vo evtomicovv to
aitio TG TG ATPOCIOKNTNG GLUTEPLPOPACS, dumicTmwoay 6Tl N puéBodog Croston
napovolaletl o Oetikr pepoAnyia (positively biased), oniadn pio ao16d0En tdon
oT0 amoTeAEGaTa TV TPoPAEyemv e 'Eva dAlo onuovtikd emiong emitevyuo g
€PEVVOG TOLG NTOV N GHVOEST TOL EMTESOV TNG AUGIOO0ENG TAoNS TG HeBddoL pe TNV
TN TS TOPAUETPOV EEOUAAVVOTNG O TOV YPNGILOTOLEITOAL Y10 TNV TPOEKTUCT TV 0V0
anocvvtifépevov ypovooelpwv. H péyiom peponyio pdioto mapoatnpndnke 6tav n
TapAUETPoc eéopudAlvvone o AdPet ) péyrotn Ty g oniadnq o=1. Tevikd,
wapatnpnOnke pio avaroyio g Oetikng pepoAnyiag g pebddov pe TIc peydieg
TIWES TIG TTapapéTpov o, kot 1 pébodog Croston va gvdeikvotor pévo 0tav to o gival
pkpdtepo tov 0.15.

H pébodog Aoumov mov avamtdybnke, mpe t0 OVOUd NG Oamd TOLG
npoavopepouevove. Ovopdletor, oniadn, SBA (Syntetos and Boylan Approximation)
Ko omotehel pion tpomomoinon g Croston’s Method, otnv omoio 1 mpoPAeym

vroAoyiletar omd tov axkoAovbo padnpatikd tHno:
— o *
I:SBA— (1' E) I:demands/ I:intervals

Mertayevéotepeg eumelpkés HeAETes Ko peAéteg mpocopoimong (Syntetos &
Boylan, 2005; Teunter & Sani, 2009) édeiav mwg n opywn péBodog Croston
TapovcLalel LKPOTEPN BeTIKn LepoAnyia eGv VITAPYOLY Alyeg U UNdEVIKES TIHEG OTN
on evd n tpomomompévn uéBodog Tov Xuvvtétov kKot Boylan €xel pikpodtepn

pepoAnyia edv mopatnpodvtol TEPICCOTEPES UNOEVIKEG TIES 6T CRTNoM.
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4.2 METPA AZIOAOI'HXHX ITPOBAEYHX

Apywd, Ba mopovoidoovpe TIAL GTOV TOPAKAT® TIVOKO TIG U UNOEVIKEG

{ntmoelg otov ypdvo otov omoio cupPaivouv.

Time 1 5 6 7 12 36 39 42 47 56 58 60 67 71

Demand 5 3 2 5 3 6 6 5 2 1 2 1 3 2
Time 72 73 78 84 89 94 98 104 110 130 133 155 159 170 176
Demand 4 6 2 3 2 6 3 4 2 6 3 6 2 4 3)

O péoog 6poc {ntoeswv ovdé pecodidotnua (Time average of demands per

review interval) givon 0.58, oOpewva pe tov Tomo:
-1 1
X= 52%80 Yt = - *(Y1+Yo+...+Yy), 6mov Yt sivan ot Tipée Tov (NTHoedv pag

Kot N 1o TAN00¢g TV (ntnoemv.

v TpOTN TEPITTOON EEKIVALE TNV avAALGN TNG TPOPAEYNG COLP®VA LLE TN
uébodo twv Syntetos and Boylan Approximation pe apyikn tiun tov péco 6po Tmv
3.58. Ztov mopokdto wivaxko, mwopobétovior  KAmow  PociKG  GTATICTIKA
YOPOKTNPLOTIKA TO, 0Toia, apapévouy idta ko ot uébodo tov Syntetos and Boylan
Approximation. Onwg, o pécog 6pog tov Betikdv {ntioswv givar 3.59, 0 nécog 6pog
TV pecodwotnudtov sivor 6.04, n dtakvpavon sivon 2.823 kot TEAOG 1 TLTIKN

amdxion givon 1.68.

Time average of demands per review interval 0,58
Average size of demand 3,59
Average inter-arrival interval 6,04
Variance 2,823
Standard Deviation 1,68

H petapint q ekeppdlet o ypovikd dbdotnua amd v tedevtaio {Rnon péypt
va €pbet M emdpevn Tt g {qmong. ‘Eva  mapdderypa vmoAoyispov tng
CLYKEKPIUEVNC LETAPANTAG Yo TS TPpAdTES 12 mapatnprioels ival to eENg:
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Time Demand q

(9)]
N
(€]

i

O 00 N O U A W N -

=
o

[EEY
[EEY

W O O O O UL N WO o o uw

v ol Ll L1 V1R R DS D

=
N

INa t=1, to g eivar ico pe 6.25 61611 Eekvhpe pe Tov HEGO OPO TOV TIUDV TNG
petafAntg g kat petd omd v t=2 pe undevikny Mnon péxpt v t=5 mov cuvavrtdpue
mv apéowg emopevn Betikn (mnon 3, n petaPint) g sivon ion pe 4 agod €youvv
nepaoel 4 mepiodol. Xt ocvvéxewl, amd v t=5 pe {Rmon 3 uéypt v t=6 mov
ouvavtaue v opéows emdpevn {nnon 2 €xel mepdoet pio tePiodog YU ovTo Kot TO
g=1 xon ovte xkobeENC.

‘Exovtac vroloyicel tnv petofAnty g, o opicovue topa v P (t0 exbetikd
eCoparvpévo ddotnuo HETaEd TV (NTNoE®V, EVNUEPOUEVO HOVO €QV LTAPYEL
Mmon v mepiodo t).

la tov vmoAoywopd 7tov P ypnowomoodpe 7tov akdAovbo  TOTO,
YPNOOTOLDVTOG KO TV HETOPANTY (!

P"= a*q t1+(1-0)* Py
OOV 0L = 0 CLVTEAEGTNG EEodAVVONG,

g t-1= 70 YpoviKd ddotnua omd v tehevtaia {nnon,

P"t1 = n mponyodpevn tiun g petafAnmg pag.

Apycd, ag dovpe €va mopddetypo move ota dedopéva pag. Oa Eekviicovpe
ndAl pe tov péco 0po g petafintmg q (6.25), 010t dev yvopilovpe Tt cupPaivet

TPV OO TNV TPOTN EUEAVIST TNG {NTNONG TOL £YOVLE GTA OEOOUEVA LLOG.
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t Demand (q z" P

1 5 6,25 3,58621 6,25
2 0 4 3,86897 6,25
3 0 4 3,86897 6,25
4 0 4 3,86897 6,25
5 3 4 3,86897 6,25
6 2 1 3,69517 5,80000
7 5 1 3,35614 4,84000
8 0 5 3,68491 4,07200
9 0 5 3,68491 4,07200
10 0 5 3,68491 4,07200
11 0 5 3,68491 4,07200
12 3 5 3,68491 4,07200

[Mapatnpodpue, Aowdv, 6t omd v t=1 péypt kar v t=5 10 P" eivan otobepd oo
6.25. Tnv t=6, yuo 0=0.2 10 P" woovton pe 5.8, cbpowva pe tov mapomdve THTO
P"=a* q1+(l-a)* P"t-1 = 0.2 *4+(1-0.2)*6.25 = 5.8. T'la t=7, éyovpe P" = o* (.
1+(1-a)* P"t-1 = 0.2 *1+(1-0.2)*5.8 = 4.84. Tl t=8, &yovpue P" = ao* g t-1+(1-0)* P"t-
1 =10.2 *1+(1-0.2)* 4.84 = 4.072. 'Etot, and v t=8 péypt mv t=12 n tiun tov P"
napapével N O kabdg copeova pe ) pébodo tov Croston mapapével idwo ) TN 6€
Ola TIg UNdevikég Intnoelg péypt ko v endpevn Betikn {nnon.

Téloc, Ba mpémer va vmoloyicovpe kot tv petafinm Z't (1o exbetikd
eCoparvpévo péyeboc g {nmmong, evnuepopévo povo edv vmapyel {fmon v
nePiodo t).

[a tov vmoloyioud tov Z't ypNOWOTOOVHE TOV aKOAoOvOBO TVTO,
YPNOLOTOUDVTOG KoL TNV petafAnt g {ntnong:

Z=o0* Z+(l-0)* Z
OOV o = 0 GVVTEAESTNG eopdlvvong, 0<o<l,
Z 1= n 1ipn g ENong ty mpomnyovpevn mepiodo,
7" 1 = m mponyoduevn tiun g petafintig Z 't

2t ovvéxewr, Oa dodpe éva mapdosypo mOve oto dedopéva pog. Oa
Eekwvnoovpe pe tov péco O0po tav Betikdv (nthoewv (3.586207), S1OTL dgv
yvopilovpe 1t copfaivel Tpv and ™V TPOT ELPdvion g {RTNoNg Tov £YOLUE GTO

dedopéva pog.
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t Demand (¢ z"

3,58621
3,86897
3,86897
3,86897
3,86897
3,69517
3,35614
3,68491
3,68491
3,68491
3,68491
3,68491

()]
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[Mopatnpodpe, Aowov, ot and v t=2 péypt ko v t=5 10 Z"'; eivar ctabepod
oto 3.86897. Tnv t=6, yio 0=0.2 t0 Z"'; woovton pe 3.69517, ovupwva pe Tov
napandve tomo Z't = a* Z 1 +(1-a)* Z"'1= 0.2 *3+(1-0.2)* 3.86897 = 3.69517. '«
t=7, éyovpe 2t = a* Z 1 +(1-0)* Z"'ta= 0.2*2+(1-0.2)*3.69517= 3.68491. 'Etot, and
mv =8 péypt v t=12 n tun tov Z"’; mapapével n 1010 kKabdg cHpewva pe ™ pnébodo
tov Croston mopapével 0 n T 6€ O TIG UNOEVIKEG (NTNOES UEYPL Ko TNV
enopevn Betikn {nnon.

INa va vmoloyicovpe 1o Y’ €yovpe tov akdiovBo tOmo, 6mOv €ivol Kot M
HOVadIKY| 010popd o€ oyéon pe v uéboodo tov Croston.

Anhoodn:

Fsea= (1- %) * Fgemands/ Fintervats

I' avtdv 10 AOyo mopovctdlovue oToV TOPOKAT® Tivake omd to excel, v

O d1KaG10 VITOAOYIGHOV GOUE®VO LLE TO TOPUTAVE® TOTO.
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Time Demand q Z" p" Y (1)

1 5 6,25 3,586207 6,25 0,51641
2 0 4 3,868966 6,25 0,55713
3 0 4 3,868966 6,25 0,55713
4 0 4 3,868966 6,25 0,55713
5 3 4 3,868966 6,25 0,55713
6 2 1 3,695172 58 0,57339
7 5 1 3,356138 4,84  0,62408
8 0 5 3,68491 4,072  0,81444
9 0 5 3,68491 4,072  0,81444
10 0 5 3,68491 4,072  0,81444
11 0 5 3,68491 4,072  0,81444
12 3 5 3,68491 4,072  0,81444

[T ovykekpyiéva, dtopovpe to Z"'t pe 1o P kat énetta moAlomAacialovpe pe

10 (1—% ) ko étot Bpiockovpe TNV TPOPAeyn ToL Yivetan TV mepiodo t yia v mepiodo
t+1. Me dAla Aoy, v t=1 épovue (1- %) * 3.58621/6.25 yia 0=0.2, pe anotéleoua

10 Y 't va ioovton pe 0,51641. Tnyv t=2 1 endpuevn Betikn {ftnon 6mote cvuPetl eivat
10 0,55713, dnAaon n emdpevn Btk {ntnmon eivan 1o 3. Me avtdv tov Tpodmo, v t=6
10 Y 't wwovton pe 0,57339, sivar oniadn n mpoPAey”n oG Yoo TRV emOUEV OETIKN
mon mov Ba cvuPel, dnAadn Otav M mpaypatikn Tl {Rmong etvor 5. X
ovvéyew, 0 Y 't 1oovtan pe 0,81444 and v t=8uéypt v endpevn Betikny {nmon
mv t=12 pe {Rmon 3. Avalutikodtepa, OAQ To ATOTEAECUATO TOPOVGLALOVTIOL GTOV
nivako 4.2 Tov TOPUPTUOTOC.

To emdupevo Priuo g ovykekpuévng pebBodov eivar vo vmoloyicovpe ta
o@diuata (€rrors, ;). Asdopévng g extipmong Y 't yio o T Y og xpdvo t (dnA.
Y1) Oa mwpémel va opicovpe 10 HETPO piag akplPoie 1 un-akpiovg ektiunong o onoio
Ba eivar ocvvapmnon g mapatnpnong pog. ‘Etot opiovpe to opdipa ektipnong (M
npOPreyng) ®c: € = Yydemand) — Y t, OOV opiletar kot g ektipnon g apécmg
emopévng Tiung (one-step ahead). Emopévac, to copdipa e opileton kot wg cOAAipa
™me apéomg emopévng Twng (one-step ahead forecast error). Me dAla Aoy
vroAoyifovpe TV OTOKAOT TG TOPATNPOVUEVNG TIUNG amd TNV (UN TOPATNPAGULN)
TPOYUATIKY a&io TNG TG TTOV oG EVOLUQEPEL.

Zoppova pe tov TOmo et =Yydemand) - Y 't 0o vmoloylcovpe mopokdtm To

oQAApaTo TNG TPOPAEYNS LOC.
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True (Yt)|Forecast (Y"t)| Errors |Abs-erron Sg-error| et/Yt

0,51641| 4,48359| 4,48359| 20,10255 0,89672
0,55713( -0,55713| 0,55713| 0,31039 0,00000
0,55713( -0,55713| 0,55713| 0,31039 0,00000
0,55713| -0,55713| 0,55713| 0,31039 0,00000
0,55713| 2,44287| 2,44287| 5,96761 0,81429
0,57339| 1,42661| 1,42661| 2,03522 0,71331
0,62408| 4,37592| 4,37592( 19,14872 0,87518
0,81444| -0,81444| 0,81444| 0,66332 0,00000
0,81444| -0,81444| 0,81444| 0,66332 0,00000
0,81444| -0,81444| 0,81444| 0,66332 0,00000
0,81444| -0,81444| 0,81444| 0,66332 0,00000
0,81444| 2,18556| 2,18556| 4,77665 0,72852

wlofo|jo|o|lLn|NVwWw|O|O|O |WN

INo mopadetypa, €1=Y1- Y1 =5-0.51641= 4.48359, e,=Y,- Y ''»=0- 0.55713= -
0.55713. . . ko téAog €180="Y180- Y 180 = 0- 0.41876= - 0.41876.

11 ouvéyrela, vroAoyifovpe Tig amdAvTeg TIEC TV opaipdatov (absolute errors).
Apyika, Egovpe v amdlvtn tun |e1] = 4.48359, |e;| = 0.55713, . . ., ko Téhog |e150| =
0.41876. Qot600, PpicKovpe Kol TIG TETPAYOVIKEC TWWEG TV GQUAUdToV (Sqrt-
errors), dmAadn €:°=20.10255, e,’= 0.31039, . . . , kot TéAOC e1g0’= 0.17536.
Avaivtikotepa, OAa To amotedéouata mopovotdlovior otov mivaka 4.b tov
TOPUPTALATOS. AESOUEVOV TOV GEOANATOV poG:  €1= Yi— Y ', 6= Yo~ Y 'y, . . .,
Kol ep= Yo— Y''p, umopodpe va ektiufoovpe to Aeyopeva Métpa opOng mpdPieymg

(goodness of fit). Avtd pmopovv va gtvar to:

1
e M:éco Amolvto Todipo (Mean Absolute Error- MAE) MAE = - 1 let|

1
e  M:éoo Terpaywvikd Tedaiuo (Mean Squared Error- MSE) MSE = - 1 et?
e Kot 1o Méoo andivto cediua og mocootd (Mean Absolute Percentage Error-
1
MAPE) MAPE= (- Tet/Yt) * 100 . To MAPE petpé 10 péyeog tov
COAALOTOG GE TOGOCTIOHEG LOVADEC.

H enidoon g pebddov efoptdror amd v TN NG TOPAUETPOL EKOETIKNG
eCopdivvong. Xty mopovoa gpyacia eEgtdlovpe 1o MAPE, MAE kot to MSE yw
dupopeg Tywég tov a, onwg: 0.01, 0.02, 0.05, 0.1, 0.15, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8,
0.9, 0.91, 0.92, 0.95, 0.99. Ztov mapokdtm mivaka, Tapovctdletal o kprriplo MAPE

v OAEG TIC TIEG TOV 0.
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IMivaxoeg 4.2.1 MAPE Syntetos & Boylan Approximatation pe apyikn tiun tov uéco

opo.
Syntetos &
o Measures A ?_;(yilri_:\tati
on
0,01 MAPE 13,0033
0,02 MAPE 12,9776
0,05 MAPE 12,9389
0,1 MAPE 12,9450
0,15 MAPE 12,9843
0,2 MAPE 13,0311
0,3 MAPE 13,1149
0,4 MAPE 13,1701
0,5 MAPE 13,1910
0,6 MAPE 13,2858
0,7 MAPE 13,4705
0,8 MAPE 13,6159
0,9 MAPE 13,6989
0,91 MAPE 13,7025
0,92 MAPE 13,7051
0,95 MAPE 13,7061
0,99 MAPE 13,6874

Avaypoppa 4.2.1 MAPE Syntetos & Boylan Approximatation pe apywn tiun tov

Héco 6po.

13,80
13,70
13,60
13,50
13,40
13,30
13,20
13,10
13,00
12,90

MAPE

0 0,1

02 03 04 05 06 07 08 09 1
Smoothing Constant- a
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[Mopatmpodpue, Aomdv, 0Tt ot Tég tov kpurmpiov Eekwvave pe 13.0033 yu

0=0.01, kot 61N cvvéyeln perwvovion otadtakd péypt o 12.9389 yia a=0.05 eved amod

10 0=0.1 av&avovtar otadiakd (12.9450) uéypt to 0=0.95 (13.7061) kot oto T€XOG

pewwvetar oto 13.6874 yio 0=0.99. H npoPreym poc cOUPOVO PE TO GLYKEKPILEVO

kprplo PeAtiotomoteitan v 0=0.05 otnv omoio. GLVOVIAUE TNV WKPOTEPT TN

12.9389.

210V TapakdTo Tivako, Topovcstdletor to kpltplo MSE yia OAeg TIC TIEG TOV 0.

IMivexog 4.2.2 MSE Syntetos & Boylan Approximatation pe apykn Tty tov uéco

opo.
Syntetos &
o |Measures| N
on
0,01 MSE 2,2218
0,02 MSE 2,22418
0,05 MSE 2,2306
0,1 MSE 2,2405
0,15 MSE 2,2505
0,2 MSE 2,2608
0,3 MSE 2,2822
0,4 MSE 2,3054
0,5 MSE 2,3347
0,6 MSE 2,3773
0,7 MSE 2,4347
0,8 MSE 2,4928
0,9 MSE 2,5188
0,91 MSE 2,5182
0,92 MSE 2,5170
0,95 MSE 2,5093
0,99 MSE 2,4900
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Awaypappa 4.2.2 MSE Syntetos & Boylan Approximatation pe opyikn tiun tov

HEGO OpO.

2,55
2,50
2,45

2,40

MSE

2,35
2,30

2,25

2,20

0 01 02 03 04 05 06 07 08 09 1
Smoothing Constant- a

Awkpivovpe, Aoudv, OTL 01 TYWES TOV KPITnpiov av&dvoviar GLVEX®MS amd TO
2.2218 vy 0=0.01 péypt ko to 2.5182 yio 0=0.91 Ko 6T GLVEXELD LEIDVETOL OO
2.5170 yio 0=0.92 puéypt 1o 2.4900 ywo 0=0.99 . 'Eto1, | pikpOdTEPN TIUN Y10 TNV OTTOiQ
N mpoPreym pog etvon kaAvtepn eivon n 2.4900 yuo a=0.99.

Y10V mapoakdTo tivaka, ToapovcstdleTon to kpitipo MAE yu OAa ta o.
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IMivaoxog 4.2.3 MAE Syntetos & Boylan Approximatation pe apywn T tov péco

opo.
Syntetos &
o Measures A %%atat
ion
0,01 MAE 0,9813
0,02 MAE 0,9857
0,05 MAE 0,9928
0,1 MAE 0,9946
0,15 MAE 0,9919
0,2 MAE 0,9876
0,3 MAE 0,9766
0,4 MAE 0,9630
0,5 MAE 0,9473
0,6 MAE 0,9334
0,7 MAE 0,9225
0,8 MAE 0,9111
0,9 MAE 0,8969
0,91 MAE 0,8953
0,92 MAE 0,8937
0,95 MAE 0,8889
0,99 MAE 0,8833

Avaypoppa 4.2.3 MAE Syntetos & Boylan Approximatation pe apyikn tun tov

Héco 6po.

1,02
1,00
0,98
0,96

L

< 0,94

P
0,92
0,90
0,88

0,86

02 03 04 05 06
Smoothing Constant- a

0,7

0,8

0,9
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Téhog, mapatnpovue O6TL o1 TWEG TOL KPITNPIOL ALEAVOVTOL GLVEXDS OO TO
0.9813 yw 0=0.01 péypt ko1 o 0.9946 yw 0=0.1. Qot600, Yoo 0=0.15 (0.9919)
pewwvetar péxpt to 0.8833 vy 0=0.99. 'Etol, n pikpdtepn tun yoo v omoio m
npoPreyn pog etvar kadlvtepn eivor 1 0.8833 yuo a=0.99.

‘Emerta, ovveyilovpe v avaivon e poPreyng pag pe ™ pébodo tov Syntetos
and Boylan (2001) pe apywn T v mpdt Tl {ftnong yo t=1, dnAadn to 5.

H petapAnt q ekeppdlel o ypovikd dtdotnua amd v terevtaio {Rnon péypt
va €épBer m emdpevn Ty g Mmonc. ‘Eva mopdderypo vrwoAoyiopov g
OLYKEKPIULEVNG LETOPANTIS Y1 TS TpdTeS 12 mapatnpnoels stvan to eEng:

Time Demand q

1 5 6,25
2 0
3 0 4
4 0 4
5 3 4
6 2 1
7 5 1
8 0 5
9 0 5
10 0 5
11 0 5
12 3 5

INa t=1, to q eivar ico pe 6.25 61611 Eekvdpe pe Tov HECO OPO TOV TIUOV TNG
HEeTOPANTAG g Kot LETA amd v t=2 pe undevikn {nnon péypt v t=5 mov cvvavtdpe
mv apécmg emdpevn Betikr (nmonm 3, n petoPAnty q eivon ion pe 4 apov €yovv
nepdoel 4 mepiodol. Xtn ocvvéxewl, amd v t=5 pe {Rmon 3 uéypt v t=6 mov
ouvavTaue v auéows emduevn {nnon 2 €xel mepacet pio tePiodog YU ovTo Kot TO
g=1 ko1 oVte kaBeEN.

‘Exovtag vroloyioel v petafinty g, Ba opicovpe topa v P (10 gkbetikd
eCopoivpévo duommuo petald tov {ntnoemv, evnUEP®UEVO HOVO €AV VLTLAPYEL
{Mon v mepiodo t).

[Na tov vmoioyiopd to0v P ypnoomolovpe 7tov  okOAovOBo  TOTO,
YPNOOTOUDVTAG KoL TV HeTafAnT Q:

P"t = 0*qa1+(L1-a)* Py
01OV 0 = 0 GLVTEAECTNG EEOUAAVVOTG,

g t-1= T0 YpoviKd ddotnua omd v tehevtaia {nnon,
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P"t1 = 1 mponyodpevn i g petafintig pog.

Apywd, ag dovpe éva Topdoelypo TAVE ota dedopéva pag. Oa Eekvcovpe
TaAL pe tov péco 0po g petafintmg q (6.25), o161 dev yvopilovpe Tt cvpPaiver

TPV OO TNV TPATN EUPAVIOT] TS {NTNONG TTOL EYOVUE GTA OEGOUEVAL O,

Time Demand ¢ zZ" p"
1 5 6,25 5,00000 6,25
2 0 4 5,00000 6,25
3 0 4 5,00000 6,25
4 0 4 5,00000 6,25
5 3 4 5,00000 6,25
6 2 1 4,60000 5,80000
7 5 1 4,08000 4,84000
8 0 5 4,26400 4,07200
9 0 5 4,26400 4,07200
10 0 5 4,26400 4,07200
11 0 5 4,26400 4,07200
12 3 5 4,26400 4,07200

[Mapatnpodpue, Aowdv, 6t omd v t=1 péypt kar v t=5 10 P" givan 6t0bepd o10
6.25. Tnv t=6, yuo 0=0.2 10 P" woovton pe 5.8, cbpopwva pe tov mapomdve THTO
P"=a* q1+(l-a)* P"t-1 = 0.2 *4+(1-0.2)*6.25 = 5.8. T'la t=7, épovpe P" = o* (.
1+(1-a)* P"t-1 = 0.2 *1+(1-0.2)*5.8 = 4.84. T'wo. t=8, &yovue P" = o* g t-1+(1-0)* P"t-
1 =10.2 *1+(1-0.2)* 4.84 = 4.072. 'Etot, and v t=8 péypt v t=12 n tiun tov P"
Tapapével 1 1010 kabdg cvppova pe ™ pébodo tov Croston mapapévet id1o n Tyun oe
Ola TIg UNdevikég (ntnoelg péypt ko v endpevn Betikn {nnon.

Téhog, Ba mpémer va vmoloyicovpe kot v petofant) 2t (1o ekbetikd
eCopoivpévo péyebog g Cnmong, evnuepopévo povo €dv vmdpyet {nmon v
TEPi0d0 t).

[a tov vmoroywopd tov Z't ypnowomolovpue TOV akdAovBo  TOTO,
YPNOWOTOUDVTOG Kot TNV HeTaPAnT T {nmong:

Zv=a* Zyg+(l-0)* Z
Omov o = 0 cuvtereong eEopdivvong, 0<a<l,
Z 1= 1 Tipn g ENTong v mpomnyovuevn mepiodo,
7" .1 = m mponyoduevn tiun g petafintig Z 't
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2 ovvéxew, Oo dobue €va mapddelypo mave ota dedouéva  pag. Oa
Eekivioovpe pe tov péco Opo tav Oetikdv (mmoemv (3.586207), S1OTL dev
yvopiCovpe Tt ovpPaivel Tpwv amd TV TPAOTN ELEAVION TG {NTNoNG Tov £YOVE GTO
dedopéva pog.

Time Demand q Z"

5,00000
5,00000
5,00000
5,00000
5,00000
4,60000
4,08000
4,26400
4,26400
4,26400
4,26400
4,26400

(o)}

N
(S IO, RO, IV, B B R T - S S S SN )
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O 00 N OO U B WIN -

=
o
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[Mapatnpodpue, Aourdv, 0Tl EEKIVALE LE aPYIKN T TO S, d10TL OV Yvopilove Tig
Tponyovueves TEG (nong. Ao v =2 uéypt kar v t=5 1o Z"'; etvat otabepd ot10
5 xou v t=6, yio 0=0.2 10 Z"’; 1c0Vta1 pe 4.6, couemva pe tov moparave tomo 2t
=o* Z 1+t(1-0)* Z"1= 0.2 *3+(1-0.2)* 5 = 4.6. Tl t=7, &yovpe Z''t = o* Z 1+(1-
a)* Z"'+1= 0.2*%2+(1-0.2)* 4.6= 4.08. Etot, and v t=8 uéypt myv t=12 n myun tov Z"’
Tapapével 1 1010 kabdg cvppova pe ™ pnébodo tov Croston mapapévet id1o 1 Tyun o€
Ola TIg Undevikég (ntnoelg péypt ko v endpevn Betikn {Rnon.

INa va vmoloyicovpe 1o Y’ €yovpe tov akdiovBo tOmO, OTOL €ivol Kot M
HOVaOIKY| 010popd o€ oyéomn pe v uébodo tov Croston.

Anlodn:
FSBA= (1- 0/2) * Fdemands/Fintervals

I' avtdév 10 AOYo TOPOVLOIALOVIE GTOV TTOPOKAT® Tivoke amd to excel, v

O d1KaG10 VITOAOYIGHOV GOUE®VO LLE TO TOPOUTAVE® TOTO.
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Time Demand q Z" p" Y'(t)

1 5 6,25 5 6,25 0,72
2 0 4 5 6,25 0,72
3 0 4 5 6,25 0,72
4 0 4 5 6,25 0,72
5 3 4 5 6,25 0,72
6 2 1 4,6 5,8 0,713793
7 5 1 4,08 4,84 0,758678
8 0 5 4,264 4,072 0,942436
9 0 5 4,264 4,072 0,942436
10 0 5 4,264 4,072 0,942436
11 0 5 4,264 4,072 0,942436
12 3 5 4,264 4,072 0,942436

[T cvykexpéva, dtoupodue o Z°'t pe to P"t ko Enerro moAhamiacidlovpe pe
10 (1-0/2) xou étor PBpiokovpe v wpdPAeyn mov yiveron v mepiodo t yw v
nepiodo t+1. Me aiha Adyw, v t=1 é&yovpe (1-0.2/2) * 5/6.25 yio 0=0.2, pe
arotéleopa to Y 't va wwovton pe 0.72 péypt v t=5. Me avtdv tov 1poOMO, TNV t=6
10 Y 't wovton pe 0.713793, givar oniadn n mpdPreyn pog yio v exduevn OeTikn
mon mov Ba cvuPei, dnAadn Otav N wpaypatiky T {mmong eivar 5. Xt
ocuvéyewn, 1o Y 't 1oovtan pe 0.942436 amd v t=8 péxpt v emduevn Betikn {Tnon
mv t=12 pe {Rmon 3. AvoAvtikdtepa, OAM TO ATOTEAECUATO TOPOLGLALOVTOL GTOV
nivako 4.C ToV TaPaPTHOTOC.

To endpevo Prua g neboddov givar va vwoAoyicovue to caipozo (errors, e;).
Agdopévne g extiunong Y 't ywoo o Ty Y o€ xpdvo t (dnh. Yi) Oa mpémer va
opicovpe t0 PETPO MG okplPoig M un-axpiPodc extipnong to omoio Oa eivon
ocvvaptnon ¢ mopatnpnons upos. ‘Etor opilovpe 1o opdipa  exktipmong (M
npOPreyng) ®c: € = Yydemand) — Y t, OOV opileton kol o¢ ekTiUnom g apécmg
emopévng Tiung (one-step ahead). Emopévac, to copdipa e opileton kot wg cOAAipa
™G apéowsg emopévne Tung (one-step ahead forecast error). Me dAlo Aoy
vroAoyilovpe TV OMOKAIOT TNG TOPATNPOVUEVNG TG amd TV (U1 TOPATPNGIUN)
TPOYUATIKY a&io TNG TINAG TOV oG EVOLOQEPEL.

Zoppova pe tov TOmo et =Yygemand) - Y 't 0o vmoroylcovpe mopokdtm To

o@AApaTo TG TPOPAEYNS LLOC.

64

Institutional Repository - Library & Information Centre - University of Thessaly
24/05/2024 22:42:24 EEST - 3.141.35.88



True (Yt)| Forecast Y"'(t) Errors Abs-Error | Sa-Error et/Yt
5 0,72 4,28 4,28 18,3184 0,856
0 0,72 -0,72 0,72 0,5184 0
0 0,72 -0,72 0,72 0,5184 0
0 0,72 -0,72 0,72 0,5184 0
3 0,72 2,28 2,28 5,1984 0,76
2 0,7138 1,2862 1,2862 1,6543 0,6431
5 0,7587 4,2413 4,2413 17,9888 0,8483
0 0,9424 -0,9424 0,9424 0,8882 0,0000
0 0,9424 -0,9424 0,9424 0,8882 0,0000
0 0,9424 -0,9424 0,9424 0,8882 0,0000
0 0,9424 -0,9424 0,9424 0,8882 0,0000
3 0,9424 2,0576 2,0576 4,2336 0,6859

INo mapddetypa, €1=Y1- Y1 = 5- 0.72= 4.28, e;=Y,- Y'',= 0- 0.72 = -0.72. . .
Kot TELOG €180= Y180~ Y "180 = 0- 0.41899=-0.41899.

11 ouvérela, vroAoyifovue Tig amdAvTeS TIEC TV opaipdatov (absolute errors).
Apyka, égovue v amdivtn tun |ei] = 4.28, |ey] = 0.72, . . ., kot €0 |e150| =
0.41899. Qot600, Ppickovpe Kol TIG TETPAYMOVIKEG TWWES TV GQAAudToV (Sqrt-
errors), dnhody €:°=18.3184, e’= 05184, . . . , kou téhoC eige’= 0.17555.
Avaivtikotepa, OAa o amoteléouata  mapovotdlovion otov mivako 4.d Tov
TOPUPTLATOG. AESOUEVOV TOV GEOALATOV oG  €1= Yi— Y ', 6= Yo~ Y 'y, . . .,
Kol ep= Yo— Y, umopodpe va ektipuoovpe to Aeyopeva Métpa opOng mpdPieymg

(goodness of fit). Avtd pmopovv va etvor to:

1
e M:éco Anorvto Todipo (Mean Absolute Error- MAE) MAE = - 1 let|

e  M:éoo Terpaywvikd Tedaiuo (Mean Squared Error- MSE) MSE = % 1 et?

e Kot 1o Méoo amdrvto cpdipo oe mocootd (Mean Absolute Percentage Error-
MAPE) MAPE= (% Tet/Yt) * 100. To MAPE petpd to péyebog tov
COAALOTOG GE TOGOCTIOHEG LOVADEC.

H enmidoon g pebddov efoptdror amd v TN NG TOPAUETPOL KOETIKNG
eCopdivvong. v mopovoa gpyacio eEetdlovpe 10 MAPE, MAE kot to MSE yw
dupopeg TYWéS Tov a, omwe: 0.01, 0.02, 0.05, 0.1, 0.15, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8,
0.9, 0.91, 0.92, 0.95, 0.99. Ztov mapakdtm mivaka, Tapovcidletar to kprrmpo MAPE

v OAEG TIC TIEG TOV 0.
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IMivoxog 4.2.4 MAPE Syntetos & Boylan Approximatation pe apywn tyun to 5.

Syntetos &
« Measures AggBrgx::r:‘atat
ion
0,01 MAPE 11,8033
0,02 MAPE 11,9141
0,05 MAPE 12,1872
0,1 MAPE 12,4940
0,15 MAPE 12,6882
0,2 MAPE 12,8204
0,3 MAPE 12,9875
0,4 MAPE 13,0825
0,5 MAPE 13,1282
0,6 MAPE 13,2404
0,7 MAPE 13,4380
0,8 MAPE 13,5925
0,9 MAPE 13,6818
0,91 MAPE 13,6859
0,92 MAPE 13,6890
0,95 MAPE 13,6914
0,99 MAPE 13,6742

Avaypoppa 4.2.4 MAPE Syntetos & Boylan Approximatation ue apywn tiurf to 5.

16,00
14,00
12,00
10,00

8,00

MAPE

6,00
4,00
2,00

0,00

0,0 0,1

0,2 0,3

0,4 0,5 0,6

Smoothing Constant- a

0,7 0,8 0,9 1,0

[Mopatmpovpe, ooy, 0Tt ot TYéG Tov kprenpiov Eekwvave pe 11.8033 yio 0=0.01

Kot o1 ovvéyew avéavovior otadokd péxpt to 13.6914 e 0=0.95. Emeiro,

pewwvetor péyxpt 1o 13.6742 yio 0=0.99. H mpofreyn pog ocvpupwvo pHe TO
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ovykeKpIEvo kpunplo Peitictomoteitor yio 0=0.01 otnv omoia cuvvavtape v

pucpdtepn Ty 11.8033.

2tov mopoakdto wivaka, tapovotdletal To kpttnpo MSE yio 6Aeg TIg TIHéG ToV aL.

IMivaxog 4.2.5 MSE Syntetos & Boylan Approximatation pe apywn tiun to 5.

Syntetos &
o Measures Bevan !an
Approximatat
ion

0,01 MSE 2,2527
0,02 MSE 2,2456
0,05 MSE 2,2359
0,1 MSE 2,2376
0,15 MSE 2,2459
0,2 MSE 2,2554
0,3 MSE 2,2748
0,4 MSE 2,2963
0,5 MSE 2,3252
0,6 MSE 2,3681
0,7 MSE 2,4263
0,8 MSE 2,4852
0,9 MSE 2,5120
0,91 MSE 2,5115
0,92 MSE 2,5104
0,95 MSE 2,5030
0,99 MSE 2,4840

Avaypoppa 4.2.5 MSE Syntetos & Boylan Approximatation pe apywn tiun to 5.

2,55
2,50
2,45
2,40
2,35
2,30
2,25

2,20

02 03 04 05 06 107 08 09 1

Awxpivoope, Aomov, 0Tt ot TIéEG Tov Kprmpiov peidvovtol omd 1o 2.2527 yuo

0=0.01 péxpt kan to 2.2359 vy 0=0.05. Ztn cvvéyeln, avéavetar and 1o 2.2376 yn

0=0.1 péxpt to 2.5120 ywoo 0=0.9 ko petd pewwveron amd to 2.5115 v 0=0.91 péypt
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10 2.4840 vy 0=0.99. 'E1o1,  pkpoTtepn TIun yioo v omoio m mpdPreyn pog eivon
kaAvTepn tvon ) 2.2359 ya 0=0.05.
Mopakdto, tapovoialetar to kprriplo MAE yia OAeg Tig TYES TOL Q.

IMivexog 4.2.6 MAE Syntetos & Boylan Approximatation pe apywn tiun to 5.

Syntetos &
o Measures Eevan !an
Approximatat
ion

0,01 MAE 1,1114
0,02 MAE 1,0975
0,05 MAE 1,0655
0,1 MAE 1,0345
0,15 MAE 1,0170

0,2 MAE 1,004722
0,3 MAE 0,9850
0,4 MAE 0,9667
0,5 MAE 0,9486
0,6 MAE 0,9335
0,7 MAE 0,9221
0,8 MAE 0,9106
0,9 MAE 0,8964
0,91 MAE 0,8947
0,92 MAE 0,8931
0,95 MAE 0,8883
0,99 MAE 0,8826

Avaypoppa 4.2.6 MAE Syntetos & Boylan Approximatation pe apywn tyun to 5.

1,20

S

1,00

0,80
TN
<€ 0,60
=

0,40

0,20

0,00
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1

Smoothing Constant- a

Téhog, mapatnpovdpe OTL Ol TIWES TOV KPITNPIOL UEIDVOVTIOL GLVEXDG OO TO
1.1114 yw 0=0.01 péypt ko to 0.8826 yw 0=0.99. 'Etot, n pkpodtepn T yio v
omoia 1 TpoPieyn pog etvon kadvtepn eivor 1 0.8826 v 0=0.99.
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4.3 XYT'KPIXH TQN KPITHPIQN KAI TQN TPIQN MEOOAQN
(SIMPLE EXPONENTIAL SMOOTHING- CROSTON'S
METHOD- SYNTETOS & BOYLAN APPROXIMATATION) ME
APXIKH TIMH TON MEXO OPO.

Ac¢ Eexwvnoovpe v avdivon pog pe to Méoco amdALTO GEAALN GE TOGOGTO
(Mean Absolute Percentage Error-MAPE). Xtov mopokdtm wivaka mopovoidlovtal
OLYKEVTPOTIKGA T amoteléopata tov Kprtnpiov MAPE ywo v Croston's Method kot
v Syntetos & Boylan Approximatation, kabmg to MAPE dev voictatal yo tnv
Simple Exponential Smoothing.

IMivexog 4.3.1 MAPE Croston's Method- Syntetos & Boylan Approximatation pe

aPYIKN TN O péEGo Opo.

Syntetos &

Croston's Boylan

a Measures Method | Approximatati

on

0,01 MAPE | 12,9858 13,0033
0,02 MAPE | 12,9422 12,9776
0,05 MAPE | 12,8482 12,9389
0,1 MAPE | 12,7591 12,9450
0,15 MAPE | 12,7011 12,9843
0,2 MAPE | 12,6482 13,0311
0,3 MAPE | 12,5216 13,1149
0,4 MAPE | 12,3433 13,1701
0,5 MAPE | 12,3204 13,1910
0,6 MAPE | 12,4050 13,2858
0,7 MAPE | 12,5318 13,4705
0,8 MAPE | 12,8120 13,6159
0,9 MAPE | 12,9481 13,6989
0,91 MAPE | 12,9482 13,7025
0,92 MAPE | 12,9451 13,7051
0,95 MAPE | 12,9146 13,7061
0,99 MAPE | 12,8123 13,6874

69

Institutional Repository - Library & Information Centre - University of Thessaly
24/05/2024 22:42:24 EEST - 3.141.35.88



Awaypappa 4.3.1 MAPE Croston's Method- Syntetos & Boylan Approximatation pe

OPYIKT TN TO PEGO Opo.

13,80
13,60
13,40
13,20
13,00

MAPE

12,80
12,60
12,40

12,20
0 o1 02 03 04 05 06 07

Smoothing Constant- a

0,8

0,9

1

—Jelpdl

—J E1PA2

Zeipd 1= Croston’s Method, Xeipd 2= Syntetos & Boylan

[Mapatnpodpue, Aoudv, OTL Yo OAES TIG TIEG TOL O LUKPOTEPES EIVOL O1 TIEG OTNV

puébooo tov Croston. Me GaAla Adyuwo, KaAvtepn mpoPAieyn Ba Exovue pe v pnébodo
avtn. o mapdderypa, Exovpe 12.9858< 13.0033 yia 0=0.01 won 12.9422< 12.9776

vy 0=0.02. ZuyKekplpéva, 610 TOPATAVED KPITPLo T0 OMKO €AAYIOTO LOg TO divel M

uébooog tov Croston pe v tiun 12.8123.

Yvveyiloope Vv avaivon pog pe 1o Méco Amdivto Tedipoa (Mean Absolute

Error- MAE). Ztov mapokdteo mivako mopovoidlovrol

aroteléopata Tov kprrnpiov MAE kot v tig tpelg pebodovg.
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IMivaoxog 4.3.2 MAE SES- Croston's Method- Syntetos & Boylan Approximatation pe

OPYIKT TN TO PEGO Opo.

Simple Syntetos &
o Measures Exponen.tial Croston's Bovlan
= — | Smoothing Method _y_. .
SES Approximatation
0,01 MAE 0,9886 0,9833 0,9813
0,02 MAE 0,9870 0,9897 0,9857
0,05 MAE 0,9774 1,0031 0,9928
0,1 MAE 0,9737 1,0159 0,9946
0,15 MAE 0,9744 1,0244 0,9919
0,2 MAE 0,9772 1,0317 0,9876
0,3 MAE 0,9874 1,0447 0,9766
0,4 MAE 1,0005 1,0560 0,9630
0,5 MAE 1,0132 1,0706 0,9473
0,6 MAE 1,0232 1,0899 0,9334
0,7 MAE 1,0311 1,1153 0,9225
0,8 MAE 1,0372 1,1502 0,9111
0,9 MAE 1,0404 1,1837 0,8969
0,91 MAE 1,0406 1,1869 0,8953
0,92 MAE 1,0408 1,1900 0,8937
0,95 MAE 1,0411 1,1997 0,8889
0,99 MAE 1,0413 1,2145 0,8833

Avaypoppa 4.3.2 MAE SES- Croston's Method- Syntetos & Boylan Approximatation

HE apyik T to o Opo .

1,40

1,20

1,00 | ——

Ll

< 0,80

> —_—7Jelpal
0,60 .

2elpa

0,40 — T Elpa3
0,20
0,00

o o1 02 03 04 05 06 07 08 09 1
Smoothing Constant- a

Yepd 1=SES, Zepd 2= Croston’s Method, Zepd 3= Syntetos & Boylan
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Avtd mov Srakpivovpe and Tov mopandve odypappa givar 6t yuoo 0=0.01 ot
a=0.02  koAvtepn puéBodog eivar avtn tov Syntetos & Boylan, yuo 0=0.05, 0=0.1,
0a=0.15 ka1 a=0.2 xoAvtepeg mpoPréyelc o kdvoope pe v Simple Exponential
Smoothing. Evd, yio 0=0.3 péypt ko 1o televtaio 0=0.99 n mpotipdtepn péBodoc
eivor tov  Syntetos & Boylan Approximatation. Awamictdvovuye, £tot Aoutdv, 0Tl 610
kpunpo Mean Absolute Error tmv kaAbtepn/pikpdtepn tuf Oa pog v dmost M
Syntetos & Boylan Approximatation, éniadrn 0.8833, n omoia dtokpiveton dkoAia Kot
GTO OLGyPOLLLLOL.

Téloc, Ba avordcovpe t0 Méco Tetpaymvikd Xedipa (Mean Squared Error)
MSE. Z1tov mapakdte mivako mopovcstdloviol GUYKEVTPOTIKO TO OTOTEAEGLLOTO, TOV

kprmpiov MSE ko yia t1g Tpeig pebddovg.

IMivaoxog 4.3.3 MSE SES- Croston's Method- Syntetos & Boylan Approximatation pe

aPYIKN TN TO PéEGo Hpo.

Simple Syntetos &
o Measures Exponen.tial Croston's Bovlan
= — | Smoothing | Method _y_‘ .
SES Approximatation
0,01 MSE 2,1946 | 2,22178 2,22181
0,02 MSE 2,2094 | 2,22423 2,22418
0,05 MSE 2,2521 2,2313 2,2306
0,1 MSE 2,3144 2,2433 2,2405
0,15 MSE 2,3728 2,2564 2,2505
0,2 MSE 2,4349 2,2712 2,2608
0,3 MSE 2,5803 2,3069 2,2822
0,4 MSE 2,7546 2,3547 2,3054
0,5 MSE 2,9552 2,4284 2,3347
0,6 MSE 3,1821 2,5545 2,3773
0,7 MSE 3,4382 2,7622 2,4347
0,8 MSE 3,7296 3,0516 2,4928
0,9 MSE 4,0656 3,3540 2,5188
0,91 MSE 4,1021 3,3805 2,5182
0,92 MSE 4,1392 3,4059 2,5170
0,95 MSE 4,2541 3,4749 2,5093
0,99 MSE 4,4163 3,5529 2,4900
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Awaypappa 4.3.3 MSE SES- Croston's Method- Syntetos & Boylan Approximatation

LE aPYIKY] TN TO HEGO OPO.

5,00
4,50
4,00
3,50
3,00
2,50

MSE

2,00
1,50
1,00
0,50

0,00
0 0,1 0,2 0,3 04 05 06 0,7 08 09

Smoothing Constant- a

—_—Jeipal
Jelpa2

— 5 ELP A3

Teipd 1=SES, Zepd 2= Croston’s Method, Zeipd 3= Syntetos & Boylan

Téhog, damot@vovue 0TL GOUE®VA pe TO Kpttplo MSE 1 kaAbtepn puébodoc yua

oo T, o givon ot Tov Syntetos & Boylan extoc and to a=0.01, émov wpotipdton n

Croston's Method. Onwc oto MAE, éto1 ka1 oto Mean Squared Error (MSE) 1

puébodog mov pog dtvel o oAkd eAdyloTO €lval avTH TOL

Approximatation (2.4900).

4.4 XYI'KPIXH TQN KPITHPIQN
MEQ®OAQN (SIMPLE EXPONENTIAL
CROSTON'S METHOD- SYNTETOS &

APPROXIMATATION) ME APXIKH TIMH 5.

Syntetos & Boylan

KAI TQN TPIQN
SMOOTHING-

BOYLAN

Ag Eexwvnoovpe v avédivon pog pe 1o Méco AmdAvto ZeAAUO GE TOGOGTO

(Mean Absolute Percentage Error-MAPE). tov mapakdteo wivaka mopovotalovot

OLYKEVIPOTIKE Ta amotelécpata tov Kpttnpiov MAPE yw tmv Croston's Method xan

v Syntetos & Boylan Approximatation, xabmg to MAPE dgv veiotatat yio thyv

Simple Exponential Smoothing.
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IMivexog 4.4.1 MAPE Croston's Method- Syntetos & Boylan Approximatation pe

OPYLIKT TN TO .

Syntetos &
o Measures Croston's Boylan
= — | Method | Approximata
tion
0,01 MAPE 11,7798 11,8033
0,02 MAPE 11,8680 11,9141
0,05 MAPE 12,0772 12,1872
0,1 MAPE 12,2843 12,4940
0,15 MAPE 12,3810 12,6882
0,2 MAPE 12,4140 12,8204
0,3 MAPE | 12,3717 12,9875
0,4 MAPE | 12,2338 13,0825
0,5 MAPE 12,2367 13,1282
0,6 MAPE | 12,3402 13,2404
0,7 MAPE | 12,4850 13,4380
0,8 MAPE | 12,7737 13,5925
0,9 MAPE | 12,9170 13,6818
0,91 MAPE | 12,9178 13,6859
0,92 MAPE | 12,9153 13,6890
0,95 MAPE | 12,8865 13,6914
0,99 MAPE | 12,7862 13,6742

Avaypoppa 4.4.1 MAPE Croston's Method- Syntetos & Boylan Approximatation e

OPYIKN TN TO 5.

14,00

13,50

13,00

MAPE

12,50

12,00

11,50

0 0,1

02 03 04 05 06 07
Smoothing Constant- a

0,8

0,9

Yelpal

— P2

Ye1pd 1= Croston’s Method, Zeipd 2= Syntetos & Boylan
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[Mopatnpodpe, Aomdv, Tt yio OAES TIC TYWEG TOV O LIKPOTEPES €ivorl Ol THEG OTNV
uébodo tov Croston. Me dAAa Adyla, kodvtepn wpdPreyn Ba Exovue pe v uébodo
avt. [ mapdderypa, Exovpe 11.7798< 11.8033 yi 0=0.01 xon 11.8680< 11.9141
vy 0=0.02. Eniong, 10 oAk6 €Adyloto o€ avTd TO Kprtnipo pog to diver np Croston's
Method pe v tiun 12.7862.

YvveyiCovpe v avdivon pog pe 10 Méco AmdAivto Zedipo (Mean Absolute
Error- MAE). Ztov mopokdteo wivake Tapovctaloviol  GUYKEVIPOTIKA To

anoteléopata tov kprrnpiov MAE ko v tig tpelg pebodovg.

IMivaoxog 4.4.2 MAE SES- Croston's Method- Syntetos & Boylan Approximatation pe
OPYIKT TN TO S.

Simple

o Measures Exponential | Croston's éy;;%:;&

= — | Smoothing Method _y_- .
SES Approximatation
0,01 MAE 2,465 1,1141 1,1114
0,02 MAE 1,800 1,1026 1,0975
0,05 MAE 1,278 1,0776 1,0655
0,1 MAE 1,088 1,0578 1,0345
0,15 MAE 1,0270 1,0515 1,0170
0,2 MAE 1,004723 1,0507 1,004722
0,3 MAE 0,9944 1,0545 0,9850
0,4 MAE 1,0001 1,0606 0,9667
0,5 MAE 1,0078 1,0723 0,9486
0,6 MAE 1,0130 1,0901 0,9335
0,7 MAE 1,0167 1,1149 0,9221
0,8 MAE 1,0187 1,1494 0,9106
0,9 MAE 1,0186 1,1826 0,8964
0,91 MAE 1,0185 1,1858 0,8947
0,92 MAE 1,0183 1,1889 0,8931
0,95 MAE 1,0178 1,1985 0,8883
0,99 MAE 1,0169 1,2132 0,8826
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Awaypappa 4.4.2 MAE SES- Croston's Method- Syntetos & Boylan Approximatation

LLE OPYIKY] TIUT TO O.
3,00

2,50

2,00

L
g 1,50 —zElpdl

~— Jelpa2
1,00 —— P

—JEelpa3
0,50

0,00

o o1 02 03 04 05 06 07 08 09 1
Smoothing Constant- a

Tepd 1=SES, Zepd 2= Croston’s Method, Zeipd 3= Syntetos & Boylan

AvT0 OV O1KPIVOLUE A0 TOV TOPATAVE TIVOKO Kol Stdypappa givor 6Tt yio
OA to o M koAvtepn péBodoc eivar avt tov Syntetos & Boylan. ‘Etot,
emPePardveTroan  Pertictonoinon tov mpoPréyemv o€ oxéon HE TIG TPMOTEC OVO
pebooovs. Emnpocbeta, 10 0MKO €AAYIGTO TOL TOPATAV® KPLTNPiov diveETOL Ao TNV
Syntetos & Boylan Approximatation ue tiun 0.8826.

Téhoc, Ba avorldcovpe t0o Méco Tetpaymvikd EZedaipa (Mean Squared Error-
MSE). Xtov mopaxdto mivoko Tapovctdloviol GLYKEVTIPMOTIKG TO OTOTEAEGLLOTO TOV

kpurnpiov MSE ot yia tig tpeig pebddove.
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IMivoxog 4.4.3 MSE SES- Croston's Method- Syntetos & Boylan Approximatation pe

OPYLIKT TN TO .

Simple Syntetos &
o Measures Exponential | Croston's Bovlan
= — | Smoothing | Method _y__ .
SES Approximatation
0,01 MSE 7,385 2,2542 2,2527
0,02 MSE 4,791 2,2482 2,2456
0,05 MSE 3,207 2,2407 2,2359
0,1 MSE 2,722 2,2452 2,2376
0,15 MSE 2,604 2,2567 2,2459
0,2 MSE 2,585 2,2707 2,2554
0,3 MSE 2,655 2,3035 2,2748
0,4 MSE 2,791 2,3480 2,2963
0,5 MSE 2,963 2,4195 2,3252
0,6 MSE 3,166 2,5444 2,3681
0,7 MSE 3,399 2,7514 2,4263
0,8 MSE 3,6674 3,0405 2,4852
0,9 MSE 3,9807 3,3429 2,5120
0,91 MSE 4,015 3,3694 2,5115
0,92 MSE 4,050 3,3948 2,5104
0,95 MSE 4,157 3,4639 2,5030
0,99 MSE 4,310 3,5418 2,4840

Avaypoppa 4.4.3 MSE SES- Croston's Method- Syntetos & Boylan Approximatation

LE OPYIKY| TIUN TO S.
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Téhog, damoTdvove 0TL GOUE®VA pe TO Kpttplo MSE 1 kaAbtepn pébodog yuo
6Aa to. o eivor vty tov Syntetos & Boylan, kabobg mwil emPefoardveton m
BeAtictomoinomn twv mpoPAéyewv e oyéon pHe TIG TPpdTEG dVO peBOSove. Omac,
emiong n ovykekpuévn pEBodog pag divel v IKpOTEPN TN GTO GHVOAO OA®V TOV

TILOV Y10 OAOL TOL 0L KO Yo TIC TPELg pebodovg (2.4840).
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KE®AAAIO 5: YYMIIEPAXMATA

2V Topovco JMAMUOTIKY €pyocio, ooyoAnOnkape pe TV OOKOTTOUEVN
Mmmon (intermittent demand) tov mpoidvimv, n omoio €yl TV YOPOUKTNPIOTIKN
wWmta va epgaviCetor omopadikd, dnAadn va pesorafovv mepiodot, 6mov vty
etvar undevikn. Avtd gival Kot TO YOPOKTNPICTIKO TNG 0L TNV KAVEL dloitepn mg
TEPIMTTOOT KO ATOLTEL SLOPOPETIKNY OVTYUETMOTION.

Mo ta otedéyn TV emyElpNoE®V TOL OGYOAOVVTIOL UE TN ANYTN OTOQAGEMV
oxeTKd pe ™ dwyeipion twv amobepdtov dtakomtopevng {Tnong, ivol EMTOKTIKN M
avaykn kafopiopoh Koavoveov mpounelag Tov amopottnTOVv Kol HOVO TOGOTHTOV
TOVG. XVVETMMG, M PeAtioon tov Topén TV TPoPAéyemv koD Kol o€ aVTO NG
dwyeipiong Tov anobepdtov, cuvnlmg peTaEPAleTol 6E GNUAVTIKY] HEl®OT KOGTOVG
OTIG EMYEPNOELS, AOY® HIKPOTEPWV OECGUEVUEVOV KEQPOAUI®OV GTIG amoOnkeg Tovg VIO
HOPON  OVTOAAOKTIKOV, TO OTOI0L HEVOLV TS TEPIOCOTEPEG TEPUTTMOELS
aYPNOOTOiNTA Ko PE TNV TAP0d0 TOV YPOHVOL amaEIdVOVTOL Kot VITOTIdTOL 1 a&io
TOVG, HLEYIGTOTOUDVTOG £TGL TO KOGTOG 0vd Lovada mpoidvtog. Av Anedei v’ Oy Kat
N avlykn vy HEimon TOV amodnKeLTIKOV YOpwv, TOTE YiveTton aicOnt n tepdoTIo
onNUacio Kol TO OIKOVOUIKO 0QeA0G KaOE Tpoomabelog Tov VOOKIUEL GTOV KAAOO T®V
TPOoPAEYEWV.

Ov mpoPréyelg amotelovv  aplOUNTIKOVS VTOAOYIGHOVE TOV  UEAAOVIIKOV
EMITEI®V TOV TOANCEWDV, TNG (NTNONG, TOV ETEVOVGEMY, TOV KOGTOVS, TOV TILAOV K.0.
v por etoupeia, pio fropnyovio, Eva gopéa TG 0IKOVOUING 1 T GUVOAIKT OTKOVO L.
Xoupova pe toug Fidles et al. (2008), ) épgvva otov Topéa TV TPOPAEYEDV Kot TOV
eAyyov TV amobepdTov Yo T €10n TG dtKomTTOUEVNS Cntnong €xel avamtuyOet
paydaio To TEAEvTOio YPOVIOL PE VED OTOTEAEGLOTO EQPUPUOCUEVO GE AOYICUIKA
wpoidvta eEontiog TG TPOKTIKNG ONUOVTIKOTNTAS Tovg. O okomdg g mpdPAeymg
etvar va BonOnoet ™ devbBvvon va mpoypappaticet Tig anottnoeglg yio marketing, tov
TPOTOV VAD®V, TOV TPOCHOTIKOV, TNG TAUPUYWYNS, TOV LANPECIAOV, TNG ONovpyiog
eyKataotdoev K.o. Ot EELTVEC, EMOTNUOVIKEG KO KOAOTPOETOUACUEVES TPOPAEYELS
Ba mpénet va gtvar akpiPeig dote vo emTpEnovy KaAHTEPO GYEOIAGUO Kot EAeyyo. [a
va emtevyBel Opumg mn wkoAvtepn duvatn mwpoPAeyn Oa mpémer v emAeyel 1

KataAAnAdTeEPN HEBOSOC TPOPAEYEDV Y10 TN GLYKEKPLUEVT] YPOVOCELPAL.

‘E1o1, 01N ovyKeKpUEV OIMAMUATIKY pyocio ypnoomomdnKay to dedopuéva

tov Croston, xobmdg dev vmdpyovv GAAeg Owbéoes oepég CRmong ot
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Broypapia, cOpeove pe evarloktikéc pébodotl devépyelag mpoPréyemv Otav
&xovpe dakomtopevn {nnon. Emudéov, Pacikd epyareio tov Croston eivor n amAn
exBeticn e€opdAvvon (SES), n omoia €xel ¢ onuavtikd apofinua pe mowo T o
Eexvnoet 0 TPOPAENTIKOC TOTOC VIOAOYIGHOD TV TPoPAéyewv. [V avtd Tov Adyo, M
avdAivon pog mpaypotoromonke pe 600 eMAOYEG WG apyIKN TY, TOV HECO OPO TOV
Oetikdv Tapatnpioewv pog (3.58) kot v apykn TR S, Tov EEKVAVE Ta dESOUEVAL
pog. o mmv e€ayoyn tov oamotelecpdtov Kot Tt METAED TOLG GUYKPLoM,
vAomomOnkav aikydpiBuot yia 0ieg tig pebBosovg mpdPieyng. ‘Encita, vroroyiomray
ol emAeyBévteg decikteg oc@AANOTOG pE okomod TNV eSaywyn ovumepoacpatov. Ta
o@dAuata Tov ypnouonoovvol sivat to £Eng: péoo andivto oeaiue (MAE), péco
teTpaymvikd o@aipo (MSE) kat 1o péco amdivto opiiuo o mocootd (MAPE).

Apyd, oavoamtoydnke n pébodog g amin exBetikng eEopdAlvvong, Omov e
apykn tun to péoco O6po oto Kprripro MAE 1 pkpdtepn tun givor to 0.9737 yw
0=0.1 kot oto MSE &givow n Ty 2.1946 ywo 0=0.01. Ev®d, pe apywn tun to 5, N
pikpdtepn tiun tov kprrnpiov MAE etvar 1 0.9944 yio a=0.3 kot tov MSE 1 2.585
vy 0=0.2. Xt ovvéyelo mtapovsidotnke 1 nébodog tov Croston, n onoio Tpoctabnce
va. PeAtiooel TG mpoPAEyeElg oyeTikd pe TV omAn ekBetikny e€opdAivvon. T
TOPAOELY O, LE OPYIKN TN TO pECO Opo, yia to kprtinpo MAPE pikpdtepn eivor n
i 12.3204 yuo 0=0.5, oto MSE &yovpe v tiun 2.2218 yio a=0.01kon oto MAE 1
0.9833 ywn 0=0.01. Emumpdcberta, pe apykn tyun to 5, £xovpe v to kprrmpo MAPE
pikpotepn eivor n T 11.7798 vy 0=0.01, oto MSE éyovpe v tun 2.2407 yw
0=0.5 ko1 oto MAE 1 1.0507 yi0 0=0.2.

Té\oc, mapovoidotnke 1 HEBodog TV Xvvtétov kot Tov Boylan (2001), ot omoiot
TPOGTAONGOV VO EVIOTICOVY TO QUTIO OVTNAG TNG OMPOGOOKNTNG CLUTEPIPOPES TNG
Croston's Method kat dramtiotwoay 6TL Tapovctdlet pa Oetikn pepoAnyia (positively
biased), dniadn o oo16ooln téon ota amoteAécpata TV TPOPAEYEDV TNG.
2Opeova, Aoudv, Pe TV avOAVOT Hag, LE opykn T o 3.58, 1 KkpATEPT TN OTO
MAPE &ivor 12.9389 vy o= 0.05, oto MSE kaAbtepn mpoPreym Oa €xovpe yia
0=0.99 xaBng exel mopatnpeitar n pkpdtepn Ty (2.49) ko oto MAE €yovpe v
0.8833 yia 0=0.99. Ev®, pe apyun tipn to 5, oto MAPE givoun 11.8033 yw 0=0.01,
oto MSE v 2.2359 yw 0=0.05 xot yioe to MAE 1 picpdtepn tyun etvor n 0.8826 vy
a=0.99.

Yvykpivovtag kot 11 tpelg pebddovg pog, pe apykn Ty to péco 6po, oTo
MAPE 1 xoAvtepn pébodog mpoPreymg eivar tov Croston, evd oto MAE kot o610
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MSE yw to mepiocdtepa o kaAvtepn mpoPientikn péBodog eival twv Syntetos &
Boylan Approximatation. Qotdc0, £x0VTag opykn T To S5, To ATOTEAEGHOTO GTO
MAPE eivar ta 010, 0AAG yio Ta GAAo SO Kprtipla 1 kaAvtepn péBodog etvar twv
Syntetos & Boylan Approximatation yio 6io Ta o kot Oyt Yo To TEPLGGOTEPA. TOV
nrav pe apykn tiun to 3.58.

H xoAvtepn mpoPrentikn) péBodog eoptdrot amd v €mMAOYN TG OPYIKNG TIUNG
KOl TNV €MAOYN TOV Kprnpiov. Almietdvoovpe, Aomdyv, 6Tt kapio pebodoroyio dev
vrep€xel KaBoAkd évavilt tov vmoloimwv, aveEdptnta amd To OVO  OTMUEin
depevvnong. 'Etol, Ba mpémet va diepeuvnBel n avopolopopeio avtdv ce oyéon pe
peTafoArég Tov KOGTOLG TOL GLOTHHATOG TV amobepdtov. EAmilovue, n cuvelcpopd
HOG VO amOTEAEGEL GNUEID OVOPOPAS YLOL TEPICCOTEPT OVOALTIKY] OOVAELY TAV® GE
avTOV TOV TopEN, KaODG eMiong vo S1EVKOAVVEL GTNV KOADTEPT KaTavonon o€ Bépata

oYeTWLOUEVA UE TNV HOVTEAOTIOINGT TNG S1OKOTTOpEVNC CrTNnomg.
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ITAPAPTHMA

IMivaxag 2.a Agdopéva tov Croston
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IMivaxog 2.b SES wtpoPréyerg pe apyki Tipn to 0.58.

t Yt+1/t t Yt+1/t t Yt+1/t t Yt+1/t
1 0,5778 41 1,4540 81 0,7354 121 0,0742
2 1,4622 42 1,1632 82 0,5883 122 0,0594
3 1,1698 43 1,9306 83 0,4707 123 0,0475
4 0,9358 44 1,5444 84 0,3765 124 0,0380
5 0,7487 45 1,2356 85 0,9012 125 0,0304
6 1,1989 46 0,9884 86 0,7210 126 0,0243
7 1,3591 47 0,7908 87 0,5768 127 0,0195
8 2,0873 48 1,0326 88 0,4614 128 0,0156
9 1,6699 49 0,8261 89 0,3691 129 0,0125
10 1,3359 50 0,6609 90 0,6953 130 0,0100
11 1,0687 51 0,5287 91 0,5562 131 1,2080
12 0,8550 52 0,4230 92 0,4450 132 0,9664
13 1,2840 53 0,3384 93 0,3560 133 0,7731
14 1,0272 54 0,2707 94 0,2848 134 1,2185
15 0,8217 55 0,2166 95 1,4278 135 0,9748
16 0,6574 56 0,1732 96 1,1423 136 0,7798
17 0,5259 57 0,3386 97 0,9138 137 0,6239
18 0,4207 58 0,2709 98 0,7311 138 0,4991
19 0,3366 59 0,6167 99 1,1848 139 0,3993
20 0,2693 60 0,4934 100 0,9479 140 0,3194
21 0,2154 61 0,5947 101 0,7583 141 0,2555
22 0,1723 62 0,4758 102 0,6066 142 0,2044
23 0,1379 63 0,3806 103 0,4853 143 0,1635
24 0,1103 64 0,3045 104 0,3882 144 0,1308
25 0,0882 65 0,2436 105 1,1106 145 0,1047
26 0,0706 66 0,1949 106 0,8885 146 0,0837
27 0,0565 67 0,1559 107 0,7108 147 0,0670
28 0,0452 68 0,7247 108 0,5686 148 0,0536
29 0,0361 69 0,5798 109 0,4549 149 0,0429
30 0,0289 70 0,4638 110 0,3639 150 0,0343
31 0,0231 71 0,3711 111 0,6911 151 0,0274
32 0,0185 72 0,6968 112 0,5529 152 0,0220
33 0,0148 73 1,3575 113 0,4423 153 0,0176
34 0,0118 74 2,2860 114 0,3539 154 0,0140
35 0,0095 75 1,8288 115 0,2831 155 0,0112
36 0,0076 76 1,4630 116 0,2265 156 1,2090
37 1,2061 77 1,1704 117 0,1812 157 0,9672
38 0,9649 78 0,9363 118 0,1449 158 0,7738
39 0,7719 79 1,1491 119 0,1160 159 0,6190
40 1,8175 80 0,9193 120 0,0928 160 0,8952
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161 0,7162 166 0,2347 171 0,8769 176 0,2873
162 0,5729 167 0,1877 172 0,7015 177 1,2299
163 0,4583 168 0,1502 173 0,5612 178 0,9839
164 0,3667 169 0,1202 174 0,4490 179 0,7871
165 0,2933 170 0,0961 175 0,3592 180 0,6297
MMivaxkag 2.c SES X@doipata pe apyun Tipq to 0.58.
Errors Abs- Sqrt- et/Yt
error error
4,4222 4,4222 19,5560 0,8844
-1,4622 1,4622 2,1381 0,0000
-1,1698 1,1698 1,3684 0,0000
-0,9358 0,9358 0,8758 0,0000
2,2513 2,2513 5,0685 0,7504
0,8011 0,8011 0,6417 0,4005
3,6409 3,6409 13,2559 0,7282
-2,0873 2,0873 4,3569 0,0000
-1,6699 1,6699 2,7884 0,0000
-1,3359 1,3359 1,7846 0,0000
-1,0687 1,0687 1,1421 0,0000
2,1450 2,1450 4,6012 0,7150
-1,2840 1,2840 1,6486 0,0000
-1,0272 1,0272 1,0551 0,0000
-0,8217 0,8217 0,6753 0,0000
-0,6574 0,6574 0,4322 0,0000
-0,5259 0,5259 0,2766 0,0000
-0,4207 0,4207 0,1770 0,0000
-0,3366 0,3366 0,1133 0,0000
-0,2693 0,2693 0,0725 0,0000
-0,2154 0,2154 0,0464 0,0000
-0,1723 0,1723 0,0297 0,0000
-0,1379 0,1379 0,0190 0,0000
-0,1103 0,1103 0,0122 0,0000
-0,0882 0,0882 0,0078 0,0000
-0,0706 0,0706 0,0050 0,0000
-0,0565 0,0565 0,0032 0,0000
-0,0452 0,0452 0,0020 0,0000
-0,0361 0,0361 0,0013 0,0000
-0,0289 0,0289 0,0008 0,0000
-0,0231 0,0231 0,0005 0,0000
-0,0185 0,0185 0,0003 0,0000
-0,0148 0,0148 0,0002 0,0000
-0,0118 0,0118 0,0001 0,0000
-0,0095 0,0095 0,0001 0,0000
5,9924 5,9924 35,9091 0,9987
-1,2061 1,2061 1,4546 0,0000
-0,9649 0,9649 0,9309 0,0000
1

Institutional Repository - Library & Information Centre - University of Thessaly
24/05/2024 22:42:24 EEST - 3.141.35.88



5,2281 5,2281 27,3332 0,8714
-1,8175 1,8175 3,3033 0,0000
-1,4540 1,4540 2,1141 0,0000
3,8368 3,8368 14,7210 0,7674
-1,9306 1,9306 3,7271 0,0000
-1,5444 1,5444 2,3853 0,0000
-1,2356 1,2356 1,5266 0,0000
-0,9884 0,9884 0,9770 0,0000
1,2092 1,2092 1,4623 0,6046
-1,0326 1,0326 1,0663 0,0000
-0,8261 0,8261 0,6824 0,0000
-0,6609 0,6609 0,4367 0,0000
-0,5287 0,5287 0,2795 0,0000
-0,4230 0,4230 0,1789 0,0000
-0,3384 0,3384 0,1145 0,0000
-0,2707 0,2707 0,0733 0,0000
-0,2166 0,2166 0,0469 0,0000
0,8268 0,8268 0,6835 0,8268
-0,3386 0,3386 0,1146 0,0000
1,7291 1,7291 2,9899 0,8646
-0,6167 0,6167 0,3803 0,0000
0,5066 0,5066 0,2567 0,5066
-0,5947 0,5947 0,3537 0,0000
-0,4758 0,4758 0,2263 0,0000
-0,3806 0,3806 0,1449 0,0000
-0,3045 0,3045 0,0927 0,0000
-0,2436 0,2436 0,0593 0,0000
-0,1949 0,1949 0,0380 0,0000
2,8441 2,8441 8,0889 0,9480
-0,7247 0,7247 0,5252 0,0000
-0,5798 0,5798 0,3361 0,0000
-0,4638 0,4638 0,2151 0,0000
1,6289 1,6289 2,6535 0,8145
3,3032 3,3032 10,9108 0,8258
4,6425 4,6425 21,5530 0,7738
-2,2860 2,2860 5,2257 0,0000
-1,8288 1,8288 3,3445 0,0000
-1,4630 1,4630 2,1404 0,0000
-1,1704 1,1704 1,3699 0,0000
1,0637 1,0637 1,1314 0,5318
-1,1491 1,1491 1,3204 0,0000
-0,9193 0,9193 0,8450 0,0000
-0,7354 0,7354 0,5408 0,0000
-0,5883 0,5883 0,3461 0,0000
-0,4707 0,4707 0,2215 0,0000
2,6235 2,6235 6,8826 0,8745
-0,9012 0,9012 0,8122 0,0000
-0,7210 0,7210 0,5198 0,0000
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-0,5768 0,5768 0,3327 0,0000
-0,4614 0,4614 0,2129 0,0000
1,6309 1,6309 2,6597 0,8154
-0,6953 0,6953 0,4835 0,0000
-0,5562 0,5562 0,3094 0,0000
-0,4450 0,4450 0,1980 0,0000
-0,3560 0,3560 0,1267 0,0000
5,7152 5,7152 32,6635 0,9525
-1,4278 1,4278 2,0387 0,0000
-1,1423 1,1423 1,3048 0,0000
-0,9138 0,9138 0,8351 0,0000
2,2689 2,2689 5,1481 0,7563
-1,1848 1,1848 1,4039 0,0000
-0,9479 0,9479 0,8985 0,0000
-0,7583 0,7583 0,5750 0,0000
-0,6066 0,6066 0,3680 0,0000
-0,4853 0,4853 0,2355 0,0000
3,6118 3,6118 13,0447 0,9029
-1,1106 1,1106 1,2334 0,0000
-0,8885 0,8885 0,7894 0,0000
-0,7108 0,7108 0,5052 0,0000
-0,5686 0,5686 0,3233 0,0000
-0,4549 0,4549 0,2069 0,0000
1,6361 1,6361 2,6768 0,8180
-0,6911 0,6911 0,4777 0,0000
-0,5529 0,5529 0,3057 0,0000
-0,4423 0,4423 0,1957 0,0000
-0,3539 0,3539 0,1252 0,0000
-0,2831 0,2831 0,0801 0,0000
-0,2265 0,2265 0,0513 0,0000
-0,1812 0,1812 0,0328 0,0000
-0,1449 0,1449 0,0210 0,0000
-0,1160 0,1160 0,0134 0,0000
-0,0928 0,0928 0,0086 0,0000
-0,0742 0,0742 0,0055 0,0000
-0,0594 0,0594 0,0035 0,0000
-0,0475 0,0475 0,0023 0,0000
-0,0380 0,0380 0,0014 0,0000
-0,0304 0,0304 0,0009 0,0000
-0,0243 0,0243 0,0006 0,0000
-0,0195 0,0195 0,0004 0,0000
-0,0156 0,0156 0,0002 0,0000
-0,0125 0,0125 0,0002 0,0000
5,9900 5,9900 35,8806 0,9983
-1,2080 1,2080 1,4592 0,0000
-0,9664 0,9664 0,9339 0,0000
2,2269 2,2269 4,9591 0,7423
-1,2185 1,2185 1,4847 0,0000
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-0,9748 0,9748 0,9502 0,0000
-0,7798 0,7798 0,6081 0,0000
-0,6239 0,6239 0,3892 0,0000
-0,4991 0,4991 0,2491 0,0000
-0,3993 0,3993 0,1594 0,0000
-0,3194 0,3194 0,1020 0,0000
-0,2555 0,2555 0,0653 0,0000
-0,2044 0,2044 0,0418 0,0000
-0,1635 0,1635 0,0267 0,0000
-0,1308 0,1308 0,0171 0,0000
-0,1047 0,1047 0,0110 0,0000
-0,0837 0,0837 0,0070 0,0000
-0,0670 0,0670 0,0045 0,0000
-0,0536 0,0536 0,0029 0,0000
-0,0429 0,0429 0,0018 0,0000
-0,0343 0,0343 0,0012 0,0000
-0,0274 0,0274 0,0008 0,0000
-0,0220 0,0220 0,0005 0,0000
-0,0176 0,0176 0,0003 0,0000
-0,0140 0,0140 0,0002 0,0000
5,9888 5,9888 35,8653 0,9981
-1,2090 1,2090 1,4617 0,0000
-0,9672 0,9672 0,9355 0,0000
-0,7738 0,7738 0,5987 0,0000
1,3810 1,3810 1,9072 0,6905
-0,8952 0,8952 0,8014 0,0000
-0,7162 0,7162 0,5129 0,0000
-0,5729 0,5729 0,3282 0,0000
-0,4583 0,4583 0,2101 0,0000
-0,3667 0,3667 0,1345 0,0000
-0,2933 0,2933 0,0860 0,0000
-0,2347 0,2347 0,0551 0,0000
-0,1877 0,1877 0,0352 0,0000
-0,1502 0,1502 0,0226 0,0000
-0,1202 0,1202 0,0144 0,0000
3,9039 3,9039 15,2403 0,9760
-0,8769 0,8769 0,7689 0,0000
-0,7015 0,7015 0,4921 0,0000
-0,5612 0,5612 0,3150 0,0000
-0,4490 0,4490 0,2016 0,0000
-0,3592 0,3592 0,1290 0,0000
4,7127 4,7127 22,2091 0,9425
-1,2299 1,2299 1,5126 0,0000
-0,9839 0,9839 0,9681 0,0000
-0,7871 0,7871 0,6196 0,0000
-0,6297 0,6297 0,3965 0,0000
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Mivaxog 2.d SES npoPréyelg pe apyikn tiun to 5.

40 | 15,4054 81 | 0,018001 122 [ 1,8E-11
41| 0,54054 82| 10,0018 123 | 1,8E-12
t Y+l 42 | 0,054054 83 | 0,00018 124 | 1,86-13
L . 43 | 4,505405 84 | 1,8E-05 125 | 1,86-14
2 > 44 | 0,450541 85 | 2,700002 126 | 1,8E-15
g g 45 | 0,045054 86 0,27 127 | 1,8E-16
4 0,05 46 | 0,004505 87| 0,027 128 | 1,86-17
5 0,005 47 | 0,000451 88 | 10,0027 129 | 1,8E-18
6| 2,7005 48 | 1,800045 89 | 0,00027 130 | 1,8E-19
7| 2,07005 49 | 0,180005 90 | 1,800027 131 5,4
8 | 4,707005 50 0,018 91 | 0,180003 132 0,54
9 | 0470701 51| 0,0018 92 0,018 133 0,054
10 | 0,04707 52 | 0,00018 93 | 10,0018 134 | 2,7054
11 | 0,004707 53 | 1,8E-05 94 | 0,00018 135 | 0,27054
12 | 0,000471 54 | 1,8£-06 95 | 5,400018 136 | 0,027054
13 | 2,700047 55 | 1,8E-07 96 | 0,540002 137 | 0,002705
14 | 0,270005 56 | 1,8E-08 97 0,054 138 | 0,000271
15 0,027 57 0,9 98 | 0,0054 139 | 2,71E-05
16 | 0,0027 58 0,09 99 | 2,70054 140 | 2,71E-06
17 | 0,00027 59 1,809 100 | 0,270054 141 | 2,71E-07
18 | 2,7E-05 60 | 0,1809 101 | 0,027005 142 | 2,71E-08
19| 27E-06 61| 0,91809 102 | 0,002701 143 | 2,71E-09
20 | 2,7E-07 62 | 0,091809 103 | 0,00027 144 | 2,71E-10
21| 2,7E-08 63 | 0,009181 104 | 2,7E-05 145 | 2,71E-11
22 | 2,7E-09 64 | 0,000918 105 | 3,600003 146 | 2,71E-12
23| 2,7E-10 65 | 9,18E-05 106 0,36 147 | 2,71E-13
24| 2,711 66 | 9,18E-06 107 0,036 148 | 2,71E-14
25| 2,7E-12 67 | 9,18E-07 108 | 0,0036 149 | 2,71E-15
26 | 2,7E-13 68 2,7 109 | 0,00036 150 | 2,71E-16
27 | 2,7E-14 69 0,27 110 | 3,6E-05 151 | 2,71E-17
28 | 2,7E-15 70 0,027 111 | 1,800004 152 | 2,71E-18
29| 27E-16 71| 0,0027 112 0,18 153 | 2,71E-19
30| 2717 72 | 1,80027 113 0,018 154 | 2,71E-20
31| 2,7E-18 73 | 3,780027 114 | 0,0018 155 | 2,71E-21
32| 2,7E-19 74 | 5,778003 115 | 0,00018 156 5,4
33| 27820 75| 05778 116 | 1,8E-05 157 0,54
34| 27821 76 | 0,05778 117 | 1,8E-06 158 0,054
35| 2,78-22 77 | 0,005778 118 | 1,8E-07 159 |  0,0054
36| 2,7E-23 78 | 0,000578 119 | 1,86-08 160 | 1,80054
37 >4 79 | 1,800058 120 | 1,8E-09 161 | 0,180054
38 0,54 80 | 0,180006 121 | 1,8E-10 162 | 0,018005
39 0,054
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163 | 0,001801 168 1,8E-08 173 0,036 178 0,45
164 | 0,00018 169 1,8E-09 174 0,0036 179 0,045
165 1,8E-05 170 1,8E-10 175 | 0,00036 180 0,0045
166 1,8E-06 171 3,6 176 3,6E-05
167 1,8E-07 172 0,36 177 | 4,500004

IMivaxag 2.e SES Xopdaipato pe apykn tTun to S.

et |et| et"2 et/Yt
0 0 0 0,0000
-5 5 25 0,0000
-0,5 0,5 0,25 0,0000
-0,05 0,05 0,0025 0,0000
2,995 2,995 8,970025 0,9983
-0,7005 0,7005 0,49070025 | 0,3503
2,92995 2,92995 8,584607003 | 0,5860
-4,707005 4,707005 22,15589607 | 0,0000
-0,4707005 | 0,4707005 0,221558961 | 0,0000
-0,04707005 | 0,04707005 | 0,00221559 | 0,0000
- 0,004707005 | 2,21559E-05 | 0,0000
0,004707005

2,9995293 2,9995293 8,997176019 | 0,9998
-2,70004707 | 2,70004707 | 7,29025418 | 0,0000
- 0,270004707 | 0,072902542 | 0,0000
0,270004707

- 0,027000471 | 0,000729025 | 0,0000
0,027000471

- 0,002700047 | 7,29025E-06 | 0,0000
0,002700047

- 0,000270005 | 7,29025E-08 | 0,0000
0,000270005

-2,70005E- | 2,70005E-05 | 7,29025E-10 | 0,0000
05

-2,70005E- | 2,70005E-06 | 7,29025E-12 | 0,0000
06

-2,70005E- | 2,70005E-07 | 7,29025E-14 | 0,0000
07

-2,70005E- | 2,70005E-08 | 7,29025E-16 | 0,0000
08

-2,70005E- | 2,70005E-09 | 7,29025E-18 | 0,0000
09

-2,70005E- | 2,70005E-10 | 7,29025E-20 | 0,0000
10

-2,70005E- | 2,70005E-11 | 7,29025E-22 | 0,0000
11
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-2,70005E- | 2,70005E-12 | 7,29025E-24 | 0,0000
12

-2,70005E- | 2,70005E-13 | 7,29025E-26 | 0,0000
13

-2,70005E- | 2,70005E-14 | 7,29025E-28 | 0,0000
14

-2,70005E- | 2,70005E-15 | 7,29025E-30 | 0,0000
15

-2,70005E- | 2,70005E-16 | 7,29025E-32 | 0,0000
16

-2,70005E- | 2,70005E-17 | 7,29025E-34 | 0,0000
17

-2,70005E- | 2,70005E-18 | 7,29025E-36 | 0,0000
18

-2,70005E- | 2,70005E-19 | 7,29025E-38 | 0,0000
19

-2,70005E- | 2,70005E-20 | 7,29025E-40 | 0,0000
20

-2,70005E- | 2,70005E-21 | 7,29025E-42 | 0,0000
21

-2,70005E- | 2,70005E-22 | 7,29025E-44 | 0,0000
22

6 6 36 1,0000
5,4 54 29,16 0,0000
-0,54 0,54 0,2916 0,0000
5,946 5,946 35354916 | 0,9910
-5,4054 5,4054 29,21834916 | 0,0000
-0,54054 | 0,54054 0,292183492 | 0,0000
4945046 | 4,945946 | 24,46238183 | 0,9892
-4,5054054 | 4,5054054 | 20,29867782 | 0,0000
-0,45054054 | 0,45054054 | 0,202986778 | 0,0000
- 0,045054054 | 0,002029868 | 0,0000
0,045054054

- 0,004505405 | 2,02987E-05 | 0,0000
0,004505405

1,999549459 | 1,999549459 | 3,998198041 | 0,9998
- 1,800045054 | 3,240162197 | 0,0000
1,800045054

- 0,180004505 | 0,032401622 | 0,0000
0,180004505

- 0,018000451 | 0,000324016 | 0,0000
0,018000451

- 0,001800045 | 3,24016E-06 | 0,0000
0,001800045

- 0,000180005 | 3,24016E-08 | 0,0000
0,000180005

-1,80005E- | 1,80005E-05 | 3,24016E-10 | 0,0000
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05

-1,80005E- | 1,80005E-06 | 3,24016E-12 | 0,0000
06

-1,80005E- | 1,80005E-07 | 3,24016E-14 | 0,0000
07

0,999999982 | 0,999999982 | 0,999999964 | 1,0000
- 0,900000002 | 0,810000003 | 0,0000
0,900000002

1,91 1,91 3,648099999 | 0,9550
-1,809 1,809 3,272481 0,0000
0,8191 0,8191 0,67092481 | 0,8191
-0,91809 0,91809 0,842889248 | 0,0000
-0,091809 0,091809 0,008428892 | 0,0000
-0,0091809 | 0,0091809 8,42889E-05 | 0,0000
-0,00091809 | 0,00091809 | 8,42889E-07 | 0,0000
-9,1809E-05 | 9,1809E-05 | 8,42889E-09 | 0,0000
-9,1809E-06 | 9,1809E-06 | 8,42889E-11 | 0,0000
2,999999082 | 2,999999082 | 8,999994491 | 1,0000
- 2,700000092 | 7,290000496 | 0,0000
2,700000092

= 0,270000009 | 0,072900005 | 0,0000
0,270000009

- 0,027000001 | 0,000729 0,0000
0,027000001

1,9973 1,9973 3,98920729 | 0,9986
2,19973 2,19973 4,838812073 | 0,5499
2,219973 2,219973 4,928280121 | 0,3700
-5,7780027 | 5,7780027 33,3853152 | 0,0000
-0,57780027 | 0,57780027 | 0,333853152 | 0,0000
- 0,057780027 | 0,003338532 | 0,0000
0,057780027

- 0,005778003 | 3,33853E-05 | 0,0000
0,005778003

1,9994222 1,9994222 3,997689133 | 0,9997
-1,80005778 | 1,80005778 | 3,240208011 | 0,0000
- 0,180005778 | 0,03240208 | 0,0000
0,180005778

- 0,018000578 | 0,000324021 | 0,0000
0,018000578

- 0,001800058 | 3,24021E-06 | 0,0000
0,001800058

- 0,000180006 | 3,24021E-08 | 0,0000
0,000180006

2,999981999 | 2,999981999 | 8,999891997 | 1,0000
-2,7000018 | 2,7000018 7,29000972 | 0,0000
-0,27000018 | 0,27000018 | 0,072900097 | 0,0000
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- 0,027000018 | 0,000729001 | 0,0000
0,027000018

- 0,002700002 | 7,29001E-06 | 0,0000
0,002700002

1,99973 1,99973 3,998920072 | 0,9999
-1,800027 1,800027 3,240097201 | 0,0000
-0,1800027 | 0,1800027 0,032400972 | 0,0000
-0,01800027 | 0,01800027 | 0,00032401 | 0,0000
- 0,001800027 | 3,2401E-06 | 0,0000
0,001800027

5,999819997 | 5,999819997 | 35,99784 1,0000
-5,400018 5,400018 29,1601944 | 0,0000
-0,5400018 | 0,5400018 0,291601944 | 0,0000
-0,05400018 | 0,05400018 | 0,002916019 | 0,0000
2,994599982 | 2,994599982 | 8,967629052 | 0,9982
= 2,700540002 | 7,292916301 | 0,0000
2,700540002

-0,270054 0,270054 0,072929163 | 0,0000
-0,0270054 | 0,0270054 0,000729292 | 0,0000
-0,00270054 | 0,00270054 | 7,29292E-06 | 0,0000
= 0,000270054 | 7,29292E-08 | 0,0000
0,000270054

3,999972995 | 3,999972995 | 15,99978396 | 1,0000
- 3,600002701 | 12,96001944 | 0,0000
3,600002701

-0,36000027 | 0,36000027 | 0,129600194 | 0,0000
- 0,036000027 | 0,001296002 | 0,0000
0,036000027

- 0,003600003 | 1,296E-05 0,0000
0,003600003

-0,00036 0,00036 1,296E-07 0,0000
1,999964 1,999964 3,999856001 | 1,0000
-1,8000036 | 1,8000036 3,24001296 | 0,0000
-0,18000036 | 0,18000036 | 0,03240013 | 0,0000
- 0,018000036 | 0,000324001 | 0,0000
0,018000036

- 0,001800004 | 3,24001E-06 | 0,0000
0,001800004

-0,00018 0,00018 3,24001E-08 | 0,0000
-1,8E-05 1,8E-05 3,24001E-10 | 0,0000
-1,8E-06 1,8E-06 3,24001E-12 | 0,0000
-1,8E-07 1,8E-07 3,24001E-14 | 0,0000
-1,8E-08 1,8E-08 3,24001E-16 | 0,0000
-1,8E-09 1,8E-09 3,24001E-18 | 0,0000
-1,8E-10 1,8E-10 3,24001E-20 | 0,0000
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-1,8E-11 1,8E-11 3,24001E-22 | 0,0000
-1,8E-12 1,8E-12 3,24001E-24 | 0,0000
-1,8E-13 1,8E-13 3,24001E-26 | 0,0000
-1,8E-14 1,8E-14 3,24001E-28 | 0,0000
-1,8E-15 1,8E-15 3,24001E-30 | 0,0000
-1,8E-16 1,8E-16 3,24001E-32 | 0,0000
-1,8E-17 1,8E-17 3,24001E-34 | 0,0000
-1,8E-18 1,8E-18 3,24001E-36 | 0,0000
6,0000 6,0000 36,0000 1,0000
-5,4000 5,4000 29,1600 0,0000
-0,5400 0,5400 0,2916 0,0000
2,9460 2,9460 8,6789 0,9820
-2,7054 2,7054 7,3192 0,0000
-0,2705 0,2705 0,0732 0,0000
-0,0271 0,0271 0,0007 0,0000
-0,0027 0,0027 7,31919E-06 | 0,0000
-0,0003 0,0003 7,31919E-08 | 0,0000
-0,000027 0,000027 7,31919E-10 | 0,0000
-2,7054E-06 | 2,7054E-06 | 7,31919E-12 | 0,0000
-2,7054E-07 | 2,7054E-07 | 7,31919E-14 | 0,0000
-2,7054E-08 | 2,7054E-08 | 7,31919E-16 | 0,0000
-2,7054E-09 | 2,7054E-09 | 7,31919E-18 | 0,0000
-2,7054E-10 | 2,7054E-10 | 7,31919E-20 | 0,0000
-2,7054E-11 | 2,7054E-11 | 7,31919E-22 | 0,0000
-2,7054E-12 | 2,7054E-12 | 7,31919E-24 | 0,0000
-2,7054E-13 | 2,7054E-13 | 7,31919E-26 | 0,0000
-2,7054E-14 | 2,7054E-14 | 7,31919E-28 | 0,0000
-2,7054E-15 | 2,7054E-15 | 7,31919E-30 | 0,0000
-2,7054E-16 | 2,7054E-16 | 7,31919E-32 | 0,0000
-2,7054E-17 | 2,7054E-17 | 7,31919E-34 | 0,0000
-2,7054E-18 | 2,7054E-18 | 7,31919E-36 | 0,0000
-2,7054E-19 | 2,7054E-19 | 7,31919E-38 | 0,0000
-2,7054E-20 | 2,7054E-20 | 7,31919E-40 | 0,0000
6,0000 6,0000 36,0000 1,0000
-5,4000 5,4000 29,1600 0,0000
-0,5400 0,5400 0,2916 0,0000
-0,0540 0,0540 0,0029 0,0000
1,9946 1,9946 3,97842916 | 0,9973
-1,8005 1,8005 3,2419 0,0000
-0,1801 0,1801 0,0324 0,0000
-0,0180 0,0180 0,0003 0,0000
-0,0018 0,0018 3,24194E-06 | 0,0000
-0,0002 0,0002 3,24194E-08 | 0,0000
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-1,80054E- | 1,80054E-05 | 3,24194E-10 | 0,0000
05

-1,80054E- | 1,80054E-06 | 3,24194E-12 | 0,0000
06

-1,80054E- | 1,80054E-07 | 3,24194E-14 | 0,0000
07

-1,80054E- | 1,80054E-08 | 3,24194E-16 | 0,0000
08

-1,80054E- | 1,80054E-09 | 3,24194E-18 | 0,0000
09

4,0000 4,0000 16,0000 1,0000
-3,6000 3,6000 12,9600 0,0000
-0,3600 0,3600 0,1296 0,0000
-0,0360 0,0360 0,0013 0,0000
-0,0036 0,0036 1,296E-05 0,0000
-0,0004 0,0004 0,00000013 | 0,0000
5,0000 5,0000 24,9996 1,0000
-4,5000 4,5000 20,2500 0,0000
-0,4500 0,4500 0,2025 0,0000
-0,0450 0,0450 0,0020 0,0000
-0,0045 0,0045 0,0000 0,0000

IMivakog 3.a Croston’s Method anoteléouata pe apykn Tun to 0.58.

t q
1 6,25
2 4
3 4
4 4
5 4
6 1
7 1
8 5
9 5
10 5
11 5
12 5
13 24
14 24
15 24
16 24
17 24
18 24

7
3,58621
3,86897
3,86897
3,86897
3,86897
3,69517
3,35614
3,68491
3,68491
3,68491
3,68491
3,68491
3,54793
3,54793
3,54793
3,54793
3,54793
3,54793

pr
6,25

6,25

6,25

6,25

6,25

5,80000
4,84000
4,07200
4,07200
4,07200
4,07200
4,07200
4,25760
4,25760
4,25760
4,25760
4,25760
4,25760

YD)

0,57379
0,61903
0,61903
0,61903
0,61903
0,63710
0,69342
0,90494
0,90494
0,90494
0,90494
0,90494
0,83332
0,83332
0,83332
0,83332
0,83332
0,83332
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19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61

NINDNDNDNNDN O OO O OO OO O Oo1ToToloo Wwwwww w

3,54793
3,54793
3,54793
3,54793
3,54793
3,54793
3,54793
3,54793
3,54793
3,54793
3,54793
3,54793
3,54793
3,54793
3,54793
3,54793
3,54793
3,54793
4,03834
4,03834
4,03834
4,43067
4,43067
4,43067
4,54454
4,54454
4,54454
4,54454
4,54454
4,03563
4,03563
4,03563
4,03563
4,03563
4,03563
4,03563
4,03563
4,03563
3,42851
3,42851
3,14280
3,14280
2,71424

4,25760
4,25760
4,25760
4,25760
4,25760
4,25760
4,25760
4,25760
4,25760
4,25760
4,25760
4,25760
4,25760
4,25760
4,25760
4,25760
4,25760
4,25760
8,20608
8,20608
8,20608
7,16486
7,16486
7,16486
6,33189
6,33189
6,33189
6,33189
6,33189
6,06551
6,06551
6,06551
6,06551
6,06551
6,06551
6,06551
6,06551
6,06551
6,65241
6,65241
5,72193
5,72193
4,97754

0,83332
0,83332
0,83332
0,83332
0,83332
0,83332
0,83332
0,83332
0,83332
0,83332
0,83332
0,83332
0,83332
0,83332
0,83332
0,83332
0,83332
0,83332
0,49212
0,49212
0,49212
0,61839
0,61839
0,61839
0,71772
0,71772
0,71772
0,71772
0,71772
0,66534
0,66534
0,66534
0,66534
0,66534
0,66534
0,66534
0,66534
0,66534
0,51538
0,51538
0,54926
0,54926
0,54530
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62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104

oo M~ bMPMoororortOolO1TO1O11O1TO11OTOO OO OO OO OCITIOTOTOTOTEFE RIS NNNNNN

2,71424
2,71424
2,71424
2,71424
2,71424
2,71424
2,77139
2,77139
2,77139
2,77139
2,61712
2,89369
3,51495
3,51495
3,51495
3,51495
3,51495
3,21196
3,21196
3,21196
3,21196
3,21196
3,21196
3,16957
3,16957
3,16957
3,16957
3,16957
2,93566
2,93566
2,93566
2,93566
2,93566
3,54853
3,54853
3,54853
3,54853
3,43882
3,43882
3,43882
3,43882
3,43882
3,43882

4,97754
4,97754
4,97754
4,97754
4,97754
4,97754
5,38203
5,38203
5,38203
5,38203
5,10563
4,28450
3,62760
3,62760
3,62760
3,62760
3,62760
3,90208
3,90208
3,90208
3,90208
3,90208
3,90208
4,32166
4,32166
4,32166
4,32166
4,32166
4,45733
4,45733
4,45733
4,45733
4,45733
4,56587
4,56587
4,56587
4,56587
4,45269
4,45269
4,45269
4,45269
4,45269
4,45269

0,54530
0,54530
0,54530
0,54530
0,54530
0,54530
0,51493
0,51493
0,51493
0,51493
0,51259
0,67539
0,96895
0,96895
0,96895
0,96895
0,96895
0,82314
0,82314
0,82314
0,82314
0,82314
0,82314
0,73341
0,73341
0,73341
0,73341
0,73341
0,65861
0,65861
0,65861
0,65861
0,65861
0,77719
0,77719
0,77719
0,77719
0,77230
0,77230
0,77230
0,77230
0,77230
0,77230
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105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147

3,55106
3,55106
3,55106
3,55106
3,55106
3,55106
3,24084
3,24084
3,24084
3,24084
3,24084
3,24084
3,24084
3,24084
3,24084
3,24084
3,24084
3,24084
3,24084
3,24084
3,24084
3,24084
3,24084
3,24084
3,24084
3,24084
3,79268
3,79268
3,79268
3,63414
3,63414
3,63414
3,63414
3,63414
3,63414
3,63414
3,63414
3,63414
3,63414
3,63414
3,63414
3,63414
3,63414

4,76215
4,76215
4,76215
4,76215
4,76215
4,76215
5,00972
5,00972
5,00972
5,00972
5,00972
5,00972
5,00972
5,00972
5,00972
5,00972
5,00972
5,00972
5,00972
5,00972
5,00972
5,00972
5,00972
5,00972
5,00972
5,00972
8,00778
8,00778
8,00778
7,00622
7,00622
7,00622
7,00622
7,00622
7,00622
7,00622
7,00622
7,00622
7,00622
7,00622
7,00622
7,00622
7,00622

0,74568
0,74568
0,74568
0,74568
0,74568
0,74568
0,64691
0,64691
0,64691
0,64691
0,64691
0,64691
0,64691
0,64691
0,64691
0,64691
0,64691
0,64691
0,64691
0,64691
0,64691
0,64691
0,64691
0,64691
0,64691
0,64691
0,47362
0,47362
0,47362
0,51870
0,51870
0,51870
0,51870
0,51870
0,51870
0,51870
0,51870
0,51870
0,51870
0,51870
0,51870
0,51870
0,51870
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148 22 3,63414 7,00622 0,51870
149 22 3,63414 7,00622 0,51870
150 22 3,63414 7,00622 0,51870
151 22 3,63414 7,00622 0,51870
152 22 3,63414 7,00622 0,51870
153 22 3,63414 7,00622 0,51870
154 22 3,63414 7,00622 0,51870
155 22 3,63414 7,00622 0,51870
156 4 4,10731 10,00498 | 0,41053
157 4 4,10731 10,00498 | 0,41053
158 4 4,10731 10,00498 | 0,41053
159 4 4,10731 10,00498 | 0,41053
160 11 3,68585 8,80398 0,41866
161 11 3,68585 8,80398 0,41866
162 11 3,68585 8,80398 0,41866
163 11 3,68585 8,80398 0,41866
164 11 3,68585 8,80398 0,41866
165 11 3,68585 8,80398 0,41866
166 11 3,68585 8,80398 0,41866
167 11 3,68585 8,80398 0,41866
168 11 3,68585 8,80398 0,41866
169 11 3,68585 8,80398 0,41866
170 11 3,68585 8,80398 0,41866

171 6 3,74868 9,24319 0,40556
172 6 3,74868 9,24319 0,40556
173 6 3,74868 9,24319 0,40556
174 6 3,74868 9,24319 0,40556
175 6 3,74868 9,24319 0,40556
176 6 3,74868 9,24319 0,40556
177 6 3,99894 8,59455 0,46529
178 6 3,99894 8,59455 0,46529
179 6 3,99894 8,59455 0,46529
180 6 3,99894 8,59455 0,46529

IMivaxag 3.b Croston’s Method cpdApoata pe apyum T to 0.58

Errors | Abs- Sg-error | et/Yt
error

4,4262 | 4,4262 | 19,5913 0,8852
-0,6190 H 0,6190 | 0,3832 0,0000
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-0,6190 0,6190 | 0,3832 0,0000
-0,6190 | 0,6190 | 0,3832 0,0000
2,3810 | 2,3810 | 5,6690 0,7937
1,3629 |1,3629 | 1,8575 0,6815
4,3066 | 4,3066 | 18,5467 0,8613
-0,9049 | 0,9049 | 0,8189 0,0000
-0,9049 0,9049 | 0,8189 0,0000
-0,9049 | 0,9049 | 0,8189 0,0000
-0,9049 0,9049 | 0,8189 0,0000
2,0951 | 2,0951 | 4,3893 0,6984
-0,8333 | 0,8333 | 0,6944 0,0000
-0,8333 | 0,8333 | 0,6944 0,0000
-0,8333 | 0,8333 | 0,6944 0,0000
-0,8333 | 0,8333 | 0,6944 0,0000
-0,8333 | 0,8333 | 0,6944 0,0000
-0,8333 | 0,8333 | 0,6944 0,0000
-0,8333 | 0,8333 | 0,6944 0,0000
-0,8333 | 0,8333 | 0,6944 0,0000
-0,8333 | 0,8333 | 0,6944 0,0000
-0,8333 | 0,8333 | 0,6944 0,0000
-0,8333 | 0,8333 | 0,6944 0,0000
-0,8333 | 0,8333 | 0,6944 0,0000
-0,8333 | 0,8333 | 0,6944 0,0000
-0,8333 | 0,8333 | 0,6944 0,0000
-0,8333 | 0,8333 | 0,6944 0,0000
-0,8333 | 0,8333 | 0,6944 0,0000
-0,8333 | 0,8333 | 0,6944 0,0000
-0,8333 | 0,8333 | 0,6944 0,0000
-0,8333 | 0,8333 | 0,6944 0,0000
-0,8333 | 0,8333 | 0,6944 0,0000
-0,8333 | 0,8333 | 0,6944 0,0000
-0,8333 | 0,8333 | 0,6944 0,0000
-0,8333 | 0,8333 | 0,6944 0,0000
5,1667 | 51667 | 26,6946 0,8611
-0,4921 1 0,4921 | 0,2422 0,0000
-0,4921 | 0,4921 | 0,2422 0,0000
5,5079 | 5,5079 | 30,3368 0,9180
-0,6184 | 0,6184 | 0,3824 0,0000
-0,6184 | 0,6184 | 0,3824 0,0000
4,3816 | 4,3816 | 19,1985 0,8763
-0,7177 1 0,7177 | 0,5151 0,0000
-0,7177 | 0,7177 | 0,5151 0,0000
-0,7177 1 0,7177 | 0,5151 0,0000
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-0,7177 | 0,7177 | 0,5151 0,0000
1,2823 | 1,2823 | 1,6442 0,6411
-0,6653 | 0,6653 | 0,4427 0,0000
-0,6653 | 0,6653 | 0,4427 0,0000
-0,6653 | 0,6653 | 0,4427 0,0000
-0,6653 | 0,6653 | 0,4427 0,0000
-0,6653 | 0,6653 | 0,4427 0,0000
-0,6653 ' 0,6653 | 0,4427 0,0000
-0,6653 | 0,6653 | 0,4427 0,0000
-0,6653 | 0,6653 | 0,4427 0,0000
0,3347 |0,3347 | 0,1120 0,3347
-0,5154 0,5154 | 0,2656 0,0000
1,4846 | 1,4846 | 2,2041 0,7423
-0,5493  0,5493 | 0,3017 0,0000
0,4507 | 0,4507 | 0,2032 0,4507
-0,5453 | 0,5453 | 0,2973 0,0000
-0,5453 | 0,5453 | 0,2973 0,0000
-0,5453 | 0,5453 | 0,2973 0,0000
-0,5453 | 0,5453 | 0,2973 0,0000
-0,5453 | 0,5453 | 0,2973 0,0000
-0,5453 | 0,5453 | 0,2973 0,0000
2,4547 | 2,4547 | 6,0256 0,8182
-0,5149 1 0,5149 | 0,2652 0,0000
-0,5149 1 0,5149 | 0,2652 0,0000
-0,5149 1 0,5149 | 0,2652 0,0000
1,4851 11,4851 | 2,2054 0,7425
3,4874 | 3,4874 | 12,1620 0,8719
5,3246 | 5,3246 | 28,3515 0,8874
-0,9689 | 0,9689 | 0,9389 0,0000
-0,9689 | 0,9689 | 0,9389 0,0000
-0,9689 | 0,9689 | 0,9389 0,0000
-0,9689 1 0,9689 | 0,9389 0,0000
1,0311 ' 1,0311 | 1,0631 0,5155
-0,8231 1 0,8231 | 0,6776 0,0000
-0,8231 1 0,8231 | 0,6776 0,0000
-0,8231 1 0,8231 | 0,6776 0,0000
-0,8231 1 0,8231 | 0,6776 0,0000
-0,8231 1 0,8231 | 0,6776 0,0000
2,1769 | 2,1769 | 4,7387 0,7256
-0,7334 1 0,7334 | 0,5379 0,0000
-0,7334 1 0,7334 | 0,5379 0,0000
-0,7334 1 0,7334 | 0,5379 0,0000
-0,7334 1 0,7334 | 0,5379 0,0000
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1,2666 | 1,2666 | 1,6042 0,6333
-0,6586 | 0,6586 | 0,4338 0,0000
-0,6586 0,6586 | 0,4338 0,0000
-0,6586 | 0,6586 | 0,4338 0,0000
-0,6586 0,6586 | 0,4338 0,0000
5,3414 | 5,3414 | 28,5304 0,8902
-0,7772 | 0,7772 | 0,6040 0,0000
-0,7772 | 0,7772 | 0,6040 0,0000
-0,7772 | 0,7772 | 0,6040 0,0000
2,2228 | 2,2228 | 4,9409 0,7409
-0,7723 | 0,7723 | 0,5964 0,0000
-0,7723 | 0,7723 | 0,5964 0,0000
-0,7723 | 0,7723 | 0,5964 0,0000
-0,7723 | 0,7723 | 0,5964 0,0000
-0,7723 | 0,7723 | 0,5964 0,0000
3,2277 | 3,2277 | 10,4180 0,8069
-0,7457 | 0,7457 | 0,5560 0,0000
-0,7457 | 0,7457 | 0,5560 0,0000
-0,7457 | 0,7457 | 0,5560 0,0000
-0,7457 | 0,7457 | 0,5560 0,0000
-0,7457 | 0,7457 | 0,5560 0,0000
1,2543 | 1,2543 | 1,5733 0,6272
-0,6469  0,6469 | 0,4185 0,0000
-0,6469 | 0,6469 | 0,4185 0,0000
-0,6469 # 0,6469 | 0,4185 0,0000
-0,6469 | 0,6469 | 0,4185 0,0000
-0,6469 H 0,6469 | 0,4185 0,0000
-0,6469 | 0,6469 | 0,4185 0,0000
-0,6469 # 0,6469 | 0,4185 0,0000
-0,6469 | 0,6469 | 0,4185 0,0000
-0,6469 H 0,6469 | 0,4185 0,0000
-0,6469 | 0,6469 | 0,4185 0,0000
-0,6469 H 0,6469 | 0,4185 0,0000
-0,6469 | 0,6469 | 0,4185 0,0000
-0,6469 | 0,6469 | 0,4185 0,0000
-0,6469 | 0,6469 | 0,4185 0,0000
-0,6469 | 0,6469 | 0,4185 0,0000
-0,6469 | 0,6469 | 0,4185 0,0000
-0,6469 # 0,6469 | 0,4185 0,0000
-0,6469 | 0,6469 | 0,4185 0,0000
-0,6469 # 0,6469 | 0,4185 0,0000
5,3531 | 5,3531 | 28,6556 0,8922
-0,4736 | 0,4736 | 0,2243 0,0000
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-0,4736 | 0,4736 | 0,2243 0,0000
2,5264 | 2,5264 | 6,3826 0,8421
-0,5187 | 0,5187 | 0,2691 0,0000
-0,5187 0,5187 | 0,2691 0,0000
-0,5187 | 0,5187 | 0,2691 0,0000
-0,5187 0,5187 | 0,2691 0,0000
-0,5187 | 0,5187 | 0,2691 0,0000
-0,5187 0,5187 | 0,2691 0,0000
-0,5187 | 0,5187 | 0,2691 0,0000
-0,5187 0,5187 | 0,2691 0,0000
-0,5187 | 0,5187 | 0,2691 0,0000
-0,5187 0,5187 | 0,2691 0,0000
-0,5187 | 0,5187 | 0,2691 0,0000
-0,5187 0,5187 | 0,2691 0,0000
-0,5187 | 0,5187 | 0,2691 0,0000
-0,5187 0,5187 | 0,2691 0,0000
-0,5187 | 0,5187 | 0,2691 0,0000
-0,5187 0,5187 | 0,2691 0,0000
-0,5187 | 0,5187 | 0,2691 0,0000
-0,5187 0,5187 | 0,2691 0,0000
-0,5187 | 0,5187 | 0,2691 0,0000
-0,5187 1 0,5187 | 0,2691 0,0000
-0,5187 | 0,5187 | 0,2691 0,0000
5,4813 | 5,4813 | 30,0446 0,9135
-0,4105 | 0,4105 | 0,1685 0,0000
-0,4105 1 0,4105 | 0,1685 0,0000
-0,4105 1 0,4105 | 0,1685 0,0000
1,5895 11,5895 | 2,5264 0,7947
-0,4187 1 0,4187 | 0,1753 0,0000
-0,4187 1 0,4187 | 0,1753 0,0000
-0,4187 1 0,4187 | 0,1753 0,0000
-0,4187 1 0,4187 | 0,1753 0,0000
-0,4187 1 0,4187 | 0,1753 0,0000
-0,4187 1 0,4187 | 0,1753 0,0000
-0,4187 1 0,4187 | 0,1753 0,0000
-0,4187 1 0,4187 | 0,1753 0,0000
-0,4187 1 0,4187 | 0,1753 0,0000
-0,4187 1 0,4187 | 0,1753 0,0000
3,5813 | 3,5813 | 12,8260 0,8953
-0,4056 1 0,4056 | 0,1645 0,0000
-0,4056 | 0,4056 | 0,1645 0,0000
-0,4056 H 0,4056 | 0,1645 0,0000
-0,4056 | 0,4056 | 0,1645 0,0000
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-0,4056
4,5944

-0,4653
-0,4653
-0,4653
-0,4653

IMivaxog 3.c Croston’s Method amotedéopota pe apykn T to 5.

Time

O© O N Ol W N -

WWWNDNDNDNDDNNDNDNDNNDNNNNRERPE PP R ERPRERPR R R R
NP OO oW NOO UGIAWNPEPOOOONO OGHPAWDNPEL O

0,4056
4,5944
0,4653
0,4653
0,4653
0,4653

N
I3

glojlo ook RS~ DB DO O

NDINDIN NN DNDDNDDNDNDDNDDNDNDDNDDNDNDDNDNDNDDNDDN
B e I T S S o - S o e e e T S I~ S S S

0,1645
21,1089
0,2165
0,2165
0,2165
0,2165

il
5,00000
5,00000
5,00000
5,00000
5,00000
4,60000
4,08000
4,26400
4,26400
4,26400
4,26400
4,26400
4,01120
4,01120
4,01120
4,01120
4,01120
4,01120
4,01120
4,01120
4,01120
4,01120
4,01120
4,01120
4,01120
4,01120
4,01120
4,01120
4,01120
4,01120
4,01120
4,01120

0,0000
0,9189
0,0000
0,0000
0,0000
0,0000

pr
6,25

6,25

6,25

6,25

6,25

5,80000
4,84000
4,07200
4,07200
4,07200
4,07200
4,07200
4,25760
4,25760
4,25760
4,25760
4,25760
4,25760
4,25760
4,25760
4,25760
4,25760
4,25760
4,25760
4,25760
4,25760
4,25760
4,25760
4,25760
4,25760
4,25760
4,25760

Y"(0)

0,80000
0,80000
0,80000
0,80000
0,80000
0,79310
0,84298
1,04715
1,04715
1,04715
1,04715
1,04715
0,94213
0,94213
0,94213
0,94213
0,94213
0,94213
0,94213
0,94213
0,94213
0,94213
0,94213
0,94213
0,94213
0,94213
0,94213
0,94213
0,94213
0,94213
0,94213
0,94213

Institutional Repository - Library & Information Centre - University of Thessaly
24/05/2024 22:42:24 EEST - 3.141.35.88

14



33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
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61
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66
67
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69
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4,01120
4,01120
4,01120
4,01120
4,40896
4,40896
4,40896
4,72717
4,72717
4,72717
4,78173
4,78173
4,78173
4,78173
4,78173
4,22539
4,22539
4,22539
4,22539
4,22539
4,22539
4,22539
4,22539
4,22539
3,58031
3,58031
3,26425
3,26425
2,81140
2,81140
2,81140
2,81140
2,81140
2,81140
2,81140
2,84912
2,84912
2,84912
2,84912
2,67929
2,94344
3,55475
3,55475

4,25760
4,25760
4,25760
4,25760
8,20608
8,20608
8,20608
7,16486
7,16486
7,16486
6,33189
6,33189
6,33189
6,33189
6,33189
6,06551
6,06551
6,06551
6,06551
6,06551
6,06551
6,06551
6,06551
6,06551
6,65241
6,65241
5,72193
5,72193
4,97754
4,97754
4,97754
4,97754
4,97754
4,97754
4,97754
5,38203
5,38203
5,38203
5,38203
5,10563
4,28450
3,62760
3,62760

0,94213
0,94213
0,94213
0,94213
0,53728
0,53728
0,53728
0,65977
0,65977
0,65977
0,75518
0,75518
0,75518
0,75518
0,75518
0,69662
0,69662
0,69662
0,69662
0,69662
0,69662
0,69662
0,69662
0,69662
0,53820
0,53820
0,57048
0,57048
0,56482
0,56482
0,56482
0,56482
0,56482
0,56482
0,56482
0,52938
0,52938
0,52938
0,52938
0,52477
0,68700
0,97992
0,97992
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76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
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98
99
100
101
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104
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116
117
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OO OO OO0 OO0 OO0 b M PMoololol1010101101/01101/00 OO OO O OO O1 01 O1

NINININIDNDNDNDN
OO O 0O O O o

3,55475
3,55475
3,55475
3,24380
3,24380
3,24380
3,24380
3,24380
3,24380
3,19504
3,19504
3,19504
3,19504
3,19504
2,95603
2,95603
2,95603
2,95603
2,95603
3,56483
3,56483
3,56483
3,56483
3,45186
3,45186
3,45186
3,45186
3,45186
3,45186
3,56149
3,56149
3,56149
3,56149
3,56149
3,56149
3,24919
3,24919
3,24919
3,24919
3,24919
3,24919
3,24919
3,24919

3,62760
3,62760
3,62760
3,90208
3,90208
3,90208
3,90208
3,90208
3,90208
4,32166
4,32166
4,32166
4,32166
4,32166
4,45733
4,45733
4,45733
4,45733
4,45733
4,56587
4,56587
4,56587
4,56587
4,45269
4,45269
4,45269
4,45269
4,45269
4,45269
4,76215
4,76215
4,76215
4,76215
4,76215
4,76215
5,00972
5,00972
5,00972
5,00972
5,00972
5,00972
5,00972
5,00972

0,97992
0,97992
0,97992
0,83130
0,83130
0,83130
0,83130
0,83130
0,83130
0,73931
0,73931
0,73931
0,73931
0,73931
0,66318
0,66318
0,66318
0,66318
0,66318
0,78076
0,78076
0,78076
0,78076
0,77523
0,77523
0,77523
0,77523
0,77523
0,77523
0,74787
0,74787
0,74787
0,74787
0,74787
0,74787
0,64858
0,64858
0,64858
0,64858
0,64858
0,64858
0,64858
0,64858
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20
20
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20
20
20
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20
20
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22
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22
22
22
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22
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22
22
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EENE N

11
11

3,24919
3,24919
3,24919
3,24919
3,24919
3,24919
3,24919
3,24919
3,24919
3,24919
3,24919
3,24919
3,79935
3,79935
3,79935
3,63948
3,63948
3,63948
3,63948
3,63948
3,63948
3,63948
3,63948
3,63948
3,63948
3,63948
3,63948
3,63948
3,63948
3,63948
3,63948
3,63948
3,63948
3,63948
3,63948
3,63948
3,63948
4,11159
4,11159
4,11159
4,11159
3,68927
3,68927

5,00972
5,00972
5,00972
5,00972
5,00972
5,00972
5,00972
5,00972
5,00972
5,00972
5,00972
5,00972
8,00778
8,00778
8,00778
7,00622
7,00622
7,00622
7,00622
7,00622
7,00622
7,00622
7,00622
7,00622
7,00622
7,00622
7,00622
7,00622
7,00622
7,00622
7,00622
7,00622
7,00622
7,00622
7,00622
7,00622
7,00622
10,00498
10,00498
10,00498
10,00498
8,80398
8,80398

0,64858
0,64858
0,64858
0,64858
0,64858
0,64858
0,64858
0,64858
0,64858
0,64858
0,64858
0,64858
0,47446
0,47446
0,47446
0,51946
0,51946
0,51946
0,51946
0,51946
0,51946
0,51946
0,51946
0,51946
0,51946
0,51946
0,51946
0,51946
0,51946
0,51946
0,51946
0,51946
0,51946
0,51946
0,51946
0,51946
0,51946
0,41095
0,41095
0,41095
0,41095
0,41905
0,41905
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162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180

IMivaxog 3. d Croston’s Method cedaipoto pe apykn tiur to 5.

Errors

4,2000

-0,8000
-0,8000
-0,8000
2,2000

1,2069

4,1570

-1,0472
-1,0472
-1,0472
-1,0472
1,9528

-0,9421
-0,9421
-0,9421
-0,9421
-0,9421
-0,9421
-0,9421

DD OO OO OO OO OO O

Abs-
error

4,2000
0,8000
0,8000
0,8000
2,2000
1,2069
4,1570
1,0472
1,0472
1,0472
1,0472
1,9528
0,9421
0,9421
0,9421
0,9421
0,9421
0,9421
0,9421

3,68927
3,68927
3,68927
3,68927
3,68927
3,68927
3,68927
3,68927
3,68927
3,75141
3,75141
3,75141
3,75141
3,75141
3,75141
4,00113
4,00113
4,00113
4,00113

Sqg-error

17,6400
0,6400
0,6400
0,6400
4,8400
1,4566
17,2809
1,0965
1,0965
1,0965
1,0965
3,8136
0,8876
0,8876
0,8876
0,8876
0,8876
0,8876
0,8876

8,80398
8,80398
8,80398
8,80398
8,80398
8,80398
8,80398
8,80398
8,80398
9,24319
9,24319
9,24319
9,24319
9,24319
9,24319
8,59455
8,59455
8,59455
8,59455

et/Yt

0,8400
0,0000
0,0000
0,0000
0,7333
0,6034
0,8314
0,0000
0,0000
0,0000
0,0000
0,6509
0,0000
0,0000
0,0000
0,0000
0,0000
0,0000
0,0000

0,41905
0,41905
0,41905
0,41905
0,41905
0,41905
0,41905
0,41905
0,41905
0,40586
0,40586
0,40586
0,40586
0,40586
0,40586
0,46554
0,46554
0,46554
0,46554
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-0,9421 | 0,9421 | 0,8876 0,0000
-0,9421 0,9421 | 0,8876 0,0000
-0,9421 | 0,9421 | 0,8876 0,0000
-0,9421 0,9421 | 0,8876 0,0000
-0,9421 | 0,9421 | 0,8876 0,0000
-0,9421 0,9421 | 0,8876 0,0000
-0,9421 | 0,9421 | 0,8876 0,0000
-0,9421 0,9421 | 0,8876 0,0000
-0,9421 | 0,9421 | 0,8876 0,0000
-0,9421 0,9421 | 0,8876 0,0000
-0,9421 | 0,9421 | 0,8876 0,0000
-0,9421 0,9421 | 0,8876 0,0000
-0,9421 | 0,9421 | 0,8876 0,0000
-0,9421 0,9421 | 0,8876 0,0000
-0,9421 | 0,9421 | 0,8876 0,0000
-0,9421 0,9421 | 0,8876 0,0000
5,0579 | 5,0579 | 25,5821 0,8430
-0,5373 | 0,5373 | 0,2887 0,0000
-0,5373 | 0,5373 | 0,2887 0,0000
5,4627 | 5,4627 | 29,8413 0,9105
-0,6598 | 0,6598 | 0,4353 0,0000
-0,6598 1 0,6598 | 0,4353 0,0000
4,3402 | 4,3402 | 18,8376 0,8680
-0,7552 | 0,7552 | 0,5703 0,0000
-0,7552 | 0,7552 | 0,5703 0,0000
-0,7552 | 0,7552 | 0,5703 0,0000
-0,7552 | 0,7552 | 0,5703 0,0000
1,2448  1,2448  1,5496 0,6224
-0,6966 | 0,6966 | 0,4853 0,0000
-0,6966 # 0,6966 | 0,4853 0,0000
-0,6966 | 0,6966 | 0,4853 0,0000
-0,6966 | 0,6966 | 0,4853 0,0000
-0,6966 | 0,6966 | 0,4853 0,0000
-0,6966 # 0,6966 | 0,4853 0,0000
-0,6966 | 0,6966 | 0,4853 0,0000
-0,6966 | 0,6966 | 0,4853 0,0000
0,3034 | 0,3034 | 0,0920 0,3034
-0,5382 1 0,5382 | 0,2897 0,0000
1,4618 | 1,4618 | 2,1369 0,7309
-0,5705 | 0,5705 | 0,3254 0,0000
0,4295 | 0,4295 |0,1845 0,4295
-0,5648 | 0,5648 | 0,3190 0,0000
-0,5648 | 0,5648 | 0,3190 0,0000
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-0,5648 | 0,5648 | 0,3190 0,0000
-0,5648 | 0,5648 | 0,3190 0,0000
-0,5648 | 0,5648 | 0,3190 0,0000
-0,5648 | 0,5648 | 0,3190 0,0000
2,4352 | 2,4352 | 5,9301 0,8117
-0,5294 | 0,5294 | 0,2802 0,0000
-0,5294  0,5294 | 0,2802 0,0000
-0,5294 | 0,5294 | 0,2802 0,0000
1,4706 | 1,4706 | 2,1627 0,7353
3,4752 | 3,4752 | 12,0772 0,8688
5,3130 | 5,3130 | 28,2280 0,8855
-0,9799 | 0,9799 | 0,9602 0,0000
-0,9799 0,9799 | 0,9602 0,0000
-0,9799 | 0,9799 | 0,9602 0,0000
-0,9799 0,9799 | 0,9602 0,0000
1,0201 | 1,0201 | 1,0406 0,5100
-0,8313  0,8313 | 0,6911 0,0000
-0,8313 | 0,8313 | 0,6911 0,0000
-0,8313 ' 0,8313 | 0,6911 0,0000
-0,8313 | 0,8313 | 0,6911 0,0000
-0,8313 1 0,8313 | 0,6911 0,0000
2,1687 | 2,1687 | 4,7033 0,7229
-0,7393 | 0,7393 | 0,5466 0,0000
-0,7393 | 0,7393 | 0,5466 0,0000
-0,7393 | 0,7393 | 0,5466 0,0000
-0,7393 | 0,7393 | 0,5466 0,0000
1,2607 ' 1,2607  1,5893 0,6303
-0,6632 | 0,6632 | 0,4398 0,0000
-0,6632 | 0,6632 | 0,4398 0,0000
-0,6632 | 0,6632 | 0,4398 0,0000
-0,6632 | 0,6632 | 0,4398 0,0000
5,3368 | 5,3368 | 28,4816 0,8895
-0,7808 | 0,7808 | 0,6096 0,0000
-0,7808 | 0,7808 | 0,6096 0,0000
-0,7808 | 0,7808 | 0,6096 0,0000
2,2192 | 2,2192 | 4,9250 0,7397
-0,7752 | 0,7752 | 0,6010 0,0000
-0,7752 | 0,7752 | 0,6010 0,0000
-0,7752 | 0,7752 | 0,6010 0,0000
-0,7752 | 0,7752 | 0,6010 0,0000
-0,7752 | 0,7752 | 0,6010 0,0000
3,2248 | 3,2248 | 10,3991 0,8062
-0,7479 1 0,7479 | 0,5593 0,0000
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-0,7479 | 0,7479 | 0,5593 0,0000
-0,7479 ' 0,7479 | 0,5593 0,0000
-0,7479 | 0,7479 | 0,5593 0,0000
-0,7479 ' 0,7479 | 0,5593 0,0000
1,2521 |1,2521 | 1,5678 0,6261
-0,6486 0,6486 | 0,4207 0,0000
-0,6486 | 0,6486 | 0,4207 0,0000
-0,6486 0,6486 | 0,4207 0,0000
-0,6486 | 0,6486 | 0,4207 0,0000
-0,6486 0,6486 | 0,4207 0,0000
-0,6486 | 0,6486 | 0,4207 0,0000
-0,6486 0,6486 | 0,4207 0,0000
-0,6486 | 0,6486 | 0,4207 0,0000
-0,6486 0,6486 | 0,4207 0,0000
-0,6486 | 0,6486 | 0,4207 0,0000
-0,6486 0,6486 | 0,4207 0,0000
-0,6486 | 0,6486 | 0,4207 0,0000
-0,6486 0,6486 | 0,4207 0,0000
-0,6486 | 0,6486 | 0,4207 0,0000
-0,6486 0,6486 | 0,4207 0,0000
-0,6486 | 0,6486 | 0,4207 0,0000
-0,6486 # 0,6486 | 0,4207 0,0000
-0,6486 | 0,6486 | 0,4207 0,0000
-0,6486 # 0,6486 | 0,4207 0,0000
5,3514 | 5,3514 | 28,6377 0,8919
-0,4745 1 0,4745 | 0,2251 0,0000
-0,4745 1 0,4745 | 0,2251 0,0000
2,5255 | 2,5255 | 6,3784 0,8418
-0,5195 | 0,5195 | 0,2698 0,0000
-0,5195 1 0,5195 | 0,2698 0,0000
-0,5195 | 0,5195 | 0,2698 0,0000
-0,5195 1 0,5195 | 0,2698 0,0000
-0,5195 | 0,5195 | 0,2698 0,0000
-0,5195 1 0,5195 | 0,2698 0,0000
-0,5195 | 0,5195 | 0,2698 0,0000
-0,5195 1 0,5195 | 0,2698 0,0000
-0,5195 | 0,5195 | 0,2698 0,0000
-0,5195 1 0,5195 | 0,2698 0,0000
-0,5195 | 0,5195 | 0,2698 0,0000
-0,5195 1 0,5195 | 0,2698 0,0000
-0,5195 | 0,5195 | 0,2698 0,0000
-0,5195 1 0,5195 | 0,2698 0,0000
-0,5195 | 0,5195 | 0,2698 0,0000
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-0,5195
-0,5195
-0,5195
-0,5195
-0,5195
-0,5195
5,4805

-0,4110
-0,4110
-0,4110
1,5890

-0,4190
-0,4190
-0,4190
-0,4190
-0,4190
-0,4190
-0,4190
-0,4190
-0,4190
-0,4190
3,5810

-0,4059
-0,4059
-0,4059
-0,4059
-0,4059
4,5941

-0,4655
-0,4655
-0,4655
-0,4655

IMivaxag 4.a Syntentos & Boylan Approximatation pe apywr Ty to péco 6po.

Time
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0,5195
0,5195
0,5195
0,5195
0,5195
0,5195
5,4805
0,4110
0,4110
0,4110
1,5890
0,4190
0,4190
0,4190
0,4190
0,4190
0,4190
0,4190
0,4190
0,4190
0,4190
3,5810
0,4059
0,4059
0,4059
0,4059
0,4059
4,5941
0,4655
0,4655
0,4655
0,4655

0,2698
0,2698
0,2698
0,2698
0,2698
0,2698
30,0363
0,1689
0,1689
0,1689
2,5251
0,1756
0,1756
0,1756
0,1756
0,1756
0,1756
0,1756
0,1756
0,1756
0,1756
12,8232
0,1647
0,1647
0,1647
0,1647
0,1647
21,1061
0,2167
0,2167
0,2167
0,2167

7
3,586207
3,868966
3,868966

0,0000
0,0000
0,0000
0,0000
0,0000
0,0000
0,9134
0,0000
0,0000
0,0000
0,7945
0,0000
0,0000
0,0000
0,0000
0,0000
0,0000
0,0000
0,0000
0,0000
0,0000
0,8952
0,0000
0,0000
0,0000
0,0000
0,0000
0,9188
0,0000
0,0000
0,0000
0,0000

p
6,25
6,25
6,25

Y™ (1)
0,51641
0,55713
0,55713
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4 4 3,868966 | 6,25 0,55713
5 4 3,868966 | 6,25 0,55713
6 1 3,695172 | 5,8 0,57339
7 1 3,356138 | 4,84 0,62408
8 5 3,68491 | 4,072 0,81444
9 9] 3,68491 | 4,072 0,81444
10 5 3,68491 | 4,072 0,81444
11 5 3,68491 | 4,072 0,81444
12 5 3,68491 | 4,072 0,81444
13 24 3,547928 | 4,2576 0,74998
14 24 3,547928 | 4,2576 0,74998
15 24 3,547928 | 4,2576 0,74998
16 24 3,547928 | 4,2576 0,74998
17 24 3,547928 | 4,2576 0,74998
18 24 3,547928 | 4,2576 0,74998
19 24 3,547928 | 4,2576 0,74998
20 24 3,547928 | 4,2576 0,74998
21 24 3,547928 | 4,2576 0,74998
22 24 3,547928 | 4,2576 0,74998
23 24 3,547928 | 4,2576 0,74998
24 24 3,547928 | 4,2576 0,74998
25 24 3,547928 | 4,2576 0,74998
26 24 3,547928 | 4,2576 0,74998
27 24 3,547928 | 4,2576 0,74998
28 24 3,547928 | 4,2576 0,74998
29 24 3,547928 | 4,2576 0,74998
30 24 3,547928 | 4,2576 0,74998
31 24 3,547928 | 4,2576 0,74998
32 24 3,547928 | 4,2576 0,74998
33 24 3,547928 | 4,2576 0,74998
34 24 3,547928 | 4,2576 0,74998
35 24 3,547928 | 4,2576 0,74998
36 24 3,547928 | 4,2576 0,74998
37 3 4,038343 | 8,20608 | 0,44290
38 3 4,038343 | 8,20608 | 0,44290
39 3 4,038343 | 8,20608 | 0,44290
40 3 4,430674 | 7,164864 | 0,55655
41 3 4,430674 | 7,164864 | 0,55655
42 3 4,430674 | 7,164864 | 0,55655
43 5 4,544539 | 6,331891 | 0,64595
44 5 4,544539 | 6,331891 | 0,64595
45 5 4,544539 | 6,331891 | 0,64595
46 5 4,544539 | 6,331891 | 0,64595
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47 5 4,544539 | 6,331891 | 0,64595
48 9 4,035631 | 6,065513 | 0,59881
49 9 4,035631 | 6,065513 | 0,59881
50 9 4,035631 | 6,065513 | 0,59881
51 9 4,035631 | 6,065513 | 0,59881
52 9 4,035631 | 6,065513 | 0,59881
53 9 4,035631 | 6,065513 | 0,59881
54 9 4,035631 | 6,065513 | 0,59881
55 9 4,035631 | 6,065513 | 0,59881
56 9 4,035631 | 6,065513 | 0,59881
57 2 3,428505 | 6,65241 | 0,46384
58 2 3,428505 | 6,65241 | 0,46384
59 2 3,142804 | 5,721928 | 0,49433
60 2 3,142804 | 5,721928 | 0,49433
61 7 2,714243 | 4,977543 | 0,49077
62 7 2,714243 | 4,977543 | 0,49077
63 7 2,714243 | 4,977543 | 0,49077
64 7 2,714243 | 4,977543 | 0,49077
65 7 2,714243 | 4,977543 | 0,49077
66 7 2,714243 | 4,977543 | 0,49077
67 7 2,714243 | 4,977543 | 0,49077
68 4 2,771395 | 5,382034 | 0,46344
69 4 2,771395 | 5,382034 | 0,46344
70 4 2,771395 | 5,382034 | 0,46344
71 4 2,771395 | 5,382034 | 0,46344
72 1 2,617116 | 5,105627 | 0,46133
73 1 2,893693 | 4,284502  0,60785
74 5 3,514954 | 3,627601 | 0,87205
75 5 3,514954 | 3,627601 | 0,87205
76 5 3,514954 | 3,627601 | 0,87205
77 5 3,514954 | 3,627601  0,87205
78 5 3,514954 | 3,627601 | 0,87205
79 6 3,211963 | 3,902081 | 0,74083
80 6 3,211963 | 3,902081 | 0,74083
81 6 3,211963 | 3,902081 | 0,74083
82 6 3,211963 | 3,902081 | 0,74083
83 6 3,211963 | 3,902081 | 0,74083
84 6 3,211963 | 3,902081 | 0,74083
85 5 3,169571 | 4,321665 | 0,66007
86 5 3,169571 | 4,321665 | 0,66007
87 5 3,169571 | 4,321665 | 0,66007
88 5 3,169571 | 4,321665 | 0,66007
89 5 3,169571 | 4,321665 | 0,66007
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90 5 2,935656 | 4,457332 | 0,59275
91 5 2,935656 | 4,457332 | 0,59275
92 5 2,935656 | 4,457332 | 0,59275
93 5 2,935656 | 4,457332 | 0,59275
94 5 2,935656 | 4,457332 | 0,59275
95 4 3,548525 | 4,565866 | 0,69947
96 4 3,548525 | 4,565866 | 0,69947
97 4 3,548525 | 4,565866 | 0,69947
98 4 3,548525 | 4,565866 | 0,69947
99 6 3,43882 | 4,452692 | 0,69507
100 6 3,43882 | 4,452692 | 0,69507
101 6 3,43882 | 4,452692 | 0,69507
102 6 3,43882 | 4,452692 | 0,69507
103 6 3,43882 | 4,452692 | 0,69507
104 6 3,43882 | 4,452692 | 0,69507
105 6 3,551056 | 4,762154 | 0,67111
106 6 3,551056 | 4,762154 | 0,67111
107 6 3,551056 | 4,762154 | 0,67111
108 6 3,551056 | 4,762154 | 0,67111
109 6 3,551056 | 4,762154 | 0,67111
110 6 3,551056 | 4,762154 | 0,67111
111 20 3,240845 | 5,009723 | 0,58222
112 20 3,240845 | 5,009723 | 0,58222
113 20 3,240845 | 5,009723 | 0,58222
114 20 3,240845 | 5,009723 | 0,58222
115 20 3,240845 | 5,009723 | 0,58222
116 20 3,240845 | 5,009723 | 0,58222
117 20 3,240845 | 5,009723 | 0,58222
118 20 3,240845 | 5,009723 | 0,58222
119 20 3,240845 | 5,009723 | 0,58222
120 20 3,240845 | 5,009723 | 0,58222
121 20 3,240845 | 5,009723 | 0,58222
122 20 3,240845 | 5,009723 | 0,58222
123 20 3,240845 | 5,009723 | 0,58222
124 20 3,240845 | 5,009723 | 0,58222
125 20 3,240845 | 5,009723 | 0,58222
126 20 3,240845 | 5,009723 | 0,58222
127 20 3,240845 | 5,009723 | 0,58222
128 20 3,240845 | 5,009723 | 0,58222
129 20 3,240845 | 5,009723 | 0,58222
130 20 3,240845 | 5,009723 | 0,58222
131 3 3,792676 | 8,007779 | 0,42626
132 3 3,792676 | 8,007779 | 0,42626
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133 3 3,792676 | 8,007779 | 0,42626
134 22 3,634141 | 7,006223 | 0,46683
135 22 3,634141 | 7,006223 | 0,46683
136 22 3,634141 | 7,006223 | 0,46683
137 22 3,634141 | 7,006223 | 0,46683
138 22 3,634141 | 7,006223 | 0,46683
139 22 3,634141 | 7,006223 | 0,46683
140 22 3,634141 | 7,006223 | 0,46683
141 22 3,634141 | 7,006223 | 0,46683
142 22 3,634141 | 7,006223 | 0,46683
143 22 3,634141 | 7,006223 | 0,46683
144 22 3,634141 | 7,006223 | 0,46683
145 22 3,634141 | 7,006223 | 0,46683
146 22 3,634141 | 7,006223 | 0,46683
147 22 3,634141 | 7,006223 | 0,46683
148 22 3,634141 | 7,006223 | 0,46683
149 22 3,634141 | 7,006223 | 0,46683
150 22 3,634141 | 7,006223 | 0,46683
151 22 3,634141 | 7,006223 | 0,46683
152 22 3,634141 | 7,006223 | 0,46683
153 22 3,634141 | 7,006223 | 0,46683
154 22 3,634141 | 7,006223 | 0,46683
155 22 3,634141 | 7,006223 | 0,46683
156 4 4,107313 | 10,00498 | 0,36947
157 4 4,107313 | 10,00498 | 0,36947
158 4 4,107313 | 10,00498 | 0,36947
159 4 4,107313 | 10,00498 | 0,36947
160 11 3,68585 | 8,803983 | 0,37679
161 11 3,68585 | 8,803983 | 0,37679
162 11 3,68585 | 8,803983 | 0,37679
163 11 3,68585 | 8,803983  0,37679
164 11 3,68585 | 8,803983 | 0,37679
165 11 3,68585 | 8,803983  0,37679
166 11 3,68585 | 8,803983 | 0,37679
167 11 3,68585 | 8,803983 | 0,37679
168 11 3,68585 | 8,803983 | 0,37679
169 11 3,68585 | 8,803983 | 0,37679
170 11 3,68585 | 8,803983 | 0,37679
171 6 3,74868 | 9,243186 | 0,36501
172 6 3,74868 | 9,243186 | 0,36501
173 6 3,74868 | 9,243186 | 0,36501
174 6 3,74868 | 9,243186 | 0,36501
175 6 3,74868 | 9,243186 | 0,36501
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176 6 3,74868 | 9,243186 | 0,36501
177 6 3,998944 | 8,594549 | 0,41876
178 6 3,998944 | 8,594549 | 0,41876
179 6 3,998944 | 8,594549 | 0,41876
180 6 3,998944 | 8,594549 | 0,41876

IMivaxog 4.b Syntentos & Boylan Approximatation cedApata pe apyikn Tiun to

Héco Opo.
Errors | Abs- Sa- et/Yt
error | error

4,4836 | 4,4836 | 20,1025  0,8967
-0,5571 | 0,5571 | 0,3104 | 0,0000
-0,5571 | 0,5571 | 0,3104 | 0,0000
-0,5571 | 0,5571 | 0,3104 | 0,0000
2,4429 | 2,4429 | 5,9676 | 0,8143
1,4266 |1,4266 | 2,0352 |0,7133
4,3759 | 4,3759 | 19,1487 0,8752
-0,8144 | 0,8144 | 0,6633 | 0,0000
-0,8144 | 0,8144 | 0,6633 | 0,0000
-0,8144 | 0,8144 | 0,6633 | 0,0000
-0,8144 | 0,8144 | 0,6633 | 0,0000
2,1856 |2,1856 | 4,7767 | 0,7285
-0,7500 | 0,7500 | 0,5625 | 0,0000
-0,7500 | 0,7500 | 0,5625 | 0,0000
-0,7500 | 0,7500 | 0,5625 | 0,0000
-0,7500 | 0,7500 | 0,5625 | 0,0000
-0,7500 | 0,7500 | 0,5625 | 0,0000
-0,7500 | 0,7500 | 0,5625 | 0,0000
-0,7500 | 0,7500 | 0,5625 | 0,0000
-0,7500 | 0,7500 | 0,5625 | 0,0000
-0,7500 | 0,7500 | 0,5625 | 0,0000
-0,7500 | 0,7500 | 0,5625 | 0,0000
-0,7500 | 0,7500 | 0,5625 | 0,0000
-0,7500 | 0,7500 | 0,5625 | 0,0000
-0,7500 | 0,7500 | 0,5625 | 0,0000
-0,7500 | 0,7500 | 0,5625 | 0,0000
-0,7500 | 0,7500 | 0,5625 | 0,0000
-0,7500 | 0,7500 | 0,5625 | 0,0000
-0,7500 | 0,7500 | 0,5625 | 0,0000
-0,7500 | 0,7500 | 0,5625 | 0,0000
-0,7500 | 0,7500 | 0,5625 | 0,0000
-0,7500 | 0,7500 | 0,5625 | 0,0000
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-0,7500 | 0,7500 | 0,5625 | 0,0000
-0,7500 | 0,7500 | 0,5625 | 0,0000
-0,7500 | 0,7500 | 0,5625 | 0,0000
5,2500 |5,2500 | 27,5627 | 0,8750
-0,4429 | 0,4429 | 0,1962 | 0,0000
-0,4429 | 0,4429 | 0,1962 | 0,0000
5,5571 | 5,5571 | 30,8813 | 0,9262
-0,5566 | 0,5566 | 0,3097 | 0,0000
-0,5566 | 0,5566 | 0,3097 | 0,0000
4,4434 | 4,4434 | 19,7442 | 0,8887
-0,6460 | 0,6460 | 0,4173 | 0,0000
-0,6460 | 0,6460 | 0,4173 | 0,0000
-0,6460 | 0,6460 | 0,4173 | 0,0000
-0,6460 | 0,6460 | 0,4173 | 0,0000
1,3540 |1,3540 | 1,8335 | 0,6770
-0,5988 | 0,5988 | 0,3586 | 0,0000
-0,5988 | 0,5988 | 0,3586 | 0,0000
-0,5988 | 0,5988 | 0,3586 | 0,0000
-0,5988 | 0,5988 | 0,3586 | 0,0000
-0,5988 | 0,5988 | 0,3586 | 0,0000
-0,5988 | 0,5988 | 0,3586 | 0,0000
-0,5988 | 0,5988 | 0,3586 | 0,0000
-0,5988 | 0,5988 | 0,3586 | 0,0000
0,4012 | 0,4012 | 0,1610 | 0,4012
-0,4638 | 0,4638 | 0,2151 | 0,0000
1,5362 |1,5362 | 2,3598 | 0,7681
-0,4943 | 0,4943 | 0,2444 | 0,0000
0,5057 | 0,5057 | 0,2557 | 0,5057
-0,4908 | 0,4908 | 0,2409 | 0,0000
-0,4908 | 0,4908 | 0,2409 | 0,0000
-0,4908 | 0,4908 | 0,2409 | 0,0000
-0,4908 | 0,4908 | 0,2409 | 0,0000
-0,4908 | 0,4908 | 0,2409 | 0,0000
-0,4908 | 0,4908 | 0,2409 | 0,0000
2,5092 | 2,5092 | 6,2962 | 0,8364
-0,4634 | 0,4634 | 0,2148 | 0,0000
-0,4634 | 0,4634 | 0,2148 | 0,0000
-0,4634 | 0,4634 | 0,2148 | 0,0000
1,5366 |1,5366 | 2,3610 | 0,7683
3,5387 | 3,5387 | 12,5222 | 0,8847
5,3922 | 5,3922 | 29,0753 | 0,8987
-0,8721 | 0,8721 | 0,7605 | 0,0000
-0,8721 | 0,8721 | 0,7605 | 0,0000
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-0,8721 | 0,8721 | 0,7605 | 0,0000
-0,8721 | 0,8721 | 0,7605 | 0,0000
1,1279 |1,1279 | 1,2723 | 0,5640
-0,7408 | 0,7408 | 0,5488 | 0,0000
-0,7408 | 0,7408 | 0,5488 | 0,0000
-0,7408 | 0,7408 | 0,5488 | 0,0000
-0,7408 | 0,7408 | 0,5488 | 0,0000
-0,7408 | 0,7408 | 0,5488 | 0,0000
2,2592 | 2,2592 | 5,1039 |0,7531
-0,6601 | 0,6601 | 0,4357 | 0,0000
-0,6601 | 0,6601 | 0,4357 | 0,0000
-0,6601 | 0,6601 | 0,4357 | 0,0000
-0,6601 | 0,6601 | 0,4357 | 0,0000
1,3399 |1,3399 | 1,7954 | 0,6700
-0,5928 | 0,5928 | 0,3514 | 0,0000
-0,5928 | 0,5928 | 0,3514 | 0,0000
-0,5928 | 0,5928 | 0,3514 | 0,0000
-0,5928 | 0,5928 | 0,3514 | 0,0000
5,4072 |5,4072 | 29,2383 | 0,9012
-0,6995 | 0,6995 | 0,4893 | 0,0000
-0,6995 | 0,6995 | 0,4893 | 0,0000
-0,6995 | 0,6995 | 0,4893 | 0,0000
2,3005 | 2,3005 |5,2925 |0,7668
-0,6951 | 0,6951 | 0,4831 | 0,0000
-0,6951 | 0,6951 | 0,4831 | 0,0000
-0,6951 | 0,6951 | 0,4831 | 0,0000
-0,6951 | 0,6951 | 0,4831 | 0,0000
-0,6951 | 0,6951 | 0,4831 | 0,0000
3,3049 | 3,3049 | 10,9226 | 0,8262
-0,6711 | 0,6711 | 0,4504 | 0,0000
-0,6711 | 0,6711 | 0,4504 | 0,0000
-0,6711 | 0,6711 | 0,4504 | 0,0000
-0,6711 | 0,6711 | 0,4504 | 0,0000
-0,6711 | 0,6711 | 0,4504 | 0,0000
1,3289 | 1,3289 |1,7659 | 0,6644
-0,5822 | 0,5822 | 0,3390 | 0,0000
-0,5822 | 0,5822 | 0,3390 | 0,0000
-0,5822 | 0,5822 | 0,3390 | 0,0000
-0,5822 | 0,5822 | 0,3390 | 0,0000
-0,5822 | 0,5822 | 0,3390 | 0,0000
-0,5822 | 0,5822 | 0,3390 | 0,0000
-0,5822 | 0,5822 | 0,3390 | 0,0000
-0,5822 | 0,5822 | 0,3390 | 0,0000
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-0,5822 | 0,5822 | 0,3390 | 0,0000
-0,5822 | 0,5822 | 0,3390 | 0,0000
-0,5822 | 0,5822 | 0,3390 | 0,0000
-0,5822 | 0,5822 | 0,3390 | 0,0000
-0,5822 | 0,5822 | 0,3390 | 0,0000
-0,5822 | 0,5822 | 0,3390 | 0,0000
-0,5822 | 0,5822 | 0,3390 | 0,0000
-0,5822 | 0,5822 | 0,3390 | 0,0000
-0,5822 | 0,5822 | 0,3390 | 0,0000
-0,5822 | 0,5822 | 0,3390 | 0,0000
-0,5822 | 0,5822 | 0,3390 | 0,0000
5,4178 |5,4178 | 29,3523 | 0,9030
-0,4263 | 0,4263 | 0,1817 | 0,0000
-0,4263 | 0,4263 | 0,1817 | 0,0000
2,5737 | 2,5737 | 6,6241 | 0,8579
-0,4668 | 0,4668 | 0,2179 | 0,0000
-0,4668 | 0,4668 | 0,2179 | 0,0000
-0,4668 | 0,4668 | 0,2179 | 0,0000
-0,4668 | 0,4668 | 0,2179 | 0,0000
-0,4668 | 0,4668 | 0,2179 | 0,0000
-0,4668 | 0,4668 | 0,2179 | 0,0000
-0,4668 | 0,4668 | 0,2179 | 0,0000
-0,4668 | 0,4668 | 0,2179 | 0,0000
-0,4668 | 0,4668 | 0,2179 | 0,0000
-0,4668 | 0,4668 | 0,2179 | 0,0000
-0,4668 | 0,4668 | 0,2179 | 0,0000
-0,4668 | 0,4668 | 0,2179 | 0,0000
-0,4668 | 0,4668 | 0,2179 | 0,0000
-0,4668 | 0,4668 | 0,2179 | 0,0000
-0,4668 | 0,4668 | 0,2179 | 0,0000
-0,4668 | 0,4668 | 0,2179 | 0,0000
-0,4668 | 0,4668 | 0,2179 | 0,0000
-0,4668 | 0,4668 | 0,2179 | 0,0000
-0,4668 | 0,4668 | 0,2179 | 0,0000
-0,4668 | 0,4668 | 0,2179 | 0,0000
-0,4668 | 0,4668 | 0,2179 | 0,0000
5,5332 | 5,5332 | 30,6160 | 0,9222
-0,3695 | 0,3695 | 0,1365 | 0,0000
-0,3695 | 0,3695 | 0,1365 | 0,0000
-0,3695 | 0,3695 | 0,1365 | 0,0000
1,6305 |1,6305 | 2,6586 | 0,8153
-0,3768 | 0,3768 | 0,1420 | 0,0000
-0,3768 | 0,3768 | 0,1420 | 0,0000
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-0,3768 | 0,3768 | 0,1420 | 0,0000
-0,3768 | 0,3768 | 0,1420 | 0,0000
-0,3768 | 0,3768 | 0,1420 | 0,0000
-0,3768 | 0,3768 | 0,1420 | 0,0000
-0,3768 | 0,3768 | 0,1420 | 0,0000
-0,3768 | 0,3768 | 0,1420 | 0,0000
-0,3768 | 0,3768 | 0,1420 | 0,0000
-0,3768 | 0,3768 | 0,1420 | 0,0000
3,6232 | 3,6232 | 13,1276 | 0,9058
-0,3650 | 0,3650 | 0,1332 | 0,0000
-0,3650 | 0,3650 | 0,1332 | 0,0000
-0,3650 | 0,3650 | 0,1332 | 0,0000
-0,3650 | 0,3650 | 0,1332 | 0,0000
-0,3650 | 0,3650 | 0,1332 | 0,0000
4,6350 | 4,6350 | 21,4832 0,9270
-0,4188 | 0,4188 | 0,1754 | 0,0000
-0,4188 | 0,4188 | 0,1754 | 0,0000
-0,4188 | 0,4188 | 0,1754 | 0,0000
-0,4188 | 0,4188 | 0,1754 | 0,0000

IMivaxog 4.c Syntentos & Boylan Approximatation pe apywn tiur to 5.

Time |q Z" P Y''(t)

1 6,25 5 6,25 0,72

2 4 5 6,25 0,72

3 4 5 6,25 0,72

4 4 5 6,25 0,72

5 4 5 6,25 0,72

6 1 4,6 5,8 0,713793
7 1 4,08 4,84 0,758678
8 5 4,264 4,072 0,942436
9 5 4,264 4,072 0,942436
10 5 4,264 4,072 0,942436
11 5 4,264 4,072 0,942436
12 5 4,264 4,072 0,942436
13 24 4,0112 4,2576 0,847914
14 24 4,0112 4,2576 0,847914
15 24 4,0112 4,2576 0,847914
16 24 4,0112 4,2576 0,847914
17 24 4,0112 4,2576 0,847914
18 24 4,0112 4,2576 0,847914
19 24 4,0112 4,2576 0,847914
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20 24 4,0112 4,2576 0,847914
21 24 4,0112 4,2576 0,847914
22 24 4,0112 4,2576 0,847914
23 24 4,0112 4,2576 0,847914
24 24 4,0112 4,2576 0,847914
25 24 4,0112 4,2576 0,847914
26 24 4,0112 4,2576 0,847914
27 24 4,0112 4,2576 0,847914
28 24 4,0112 4,2576 0,847914
29 24 4,0112 4,2576 0,847914
30 24 4,0112 4,2576 0,847914
31 24 4,0112 4,2576 0,847914
32 24 4,0112 4,2576 0,847914
33 24 4,0112 4,2576 0,847914
34 24 4,0112 4,2576 0,847914
35 24 4,0112 4,2576 0,847914
36 24 4,0112 4,2576 0,847914
37 3 4,40896 | 8,20608 | 0,483552
38 3 4,40896 | 8,20608 | 0,483552
39 3 4,40896 | 8,20608 | 0,483552
40 3 4,727168 | 7,164864 | 0,593794
41 3 4,727168 | 7,164864  0,593794
42 3 4,727168 | 7,164864 | 0,593794
43 5 4,781734 | 6,331891 | 0,679664
44 5 4,781734 | 6,331891 | 0,679664
45 5 4,781734 | 6,331891 | 0,679664
46 5 4,781734 | 6,331891 | 0,679664
47 5 4,781734 | 6,331891 | 0,679664
48 9 4,225388 | 6,065513 | 0,626962
49 9 4,225388 | 6,065513 | 0,626962
50 9 4,225388 | 6,065513 | 0,626962
51 9 4,225388 | 6,065513 | 0,626962
52 9 4,225388 | 6,065513 | 0,626962
53 9 4,225388 | 6,065513 | 0,626962
54 9 4,225388 | 6,065513 | 0,626962
55 9 4,225388 | 6,065513 | 0,626962
56 9 4,225388 | 6,065513 | 0,626962
57 2 3,58031 | 6,65241 | 0,484378
58 2 3,58031 | 6,65241 | 0,484378
59 2 3,264248 | 5,721928 | 0,513432
60 2 3,264248 | 5,721928 | 0,513432
61 7 2,811398 | 4,977543 | 0,508335
62 7 2,811398 | 4,977543 | 0,508335
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63 7 2,811398 | 4,977543 | 0,508335
64 7 2,811398 | 4,977543 | 0,508335
65 7 2,811398 | 4,977543 | 0,508335
66 7 2,811398 | 4,977543 | 0,508335
67 7 2,811398 | 4,977543 | 0,508335
68 4 2,849119 | 5,382034 | 0,476438
69 4 2,849119 | 5,382034 | 0,476438
70 4 2,849119 | 5,382034 | 0,476438
71 4 2,849119 | 5,382034 | 0,476438
72 1 2,679295 | 5,105627 | 0,472296
73 1 2,943436 | 4,284502 | 0,618296
74 5 3,554749 | 3,627601 | 0,881925
75 5 3,554749 | 3,627601 | 0,881925
76 5 3,554749 | 3,627601 | 0,881925
77 5 3,554749 | 3,627601 | 0,881925
78 5 3,554749 | 3,627601 | 0,881925
79 6 3,243799 | 3,902081 | 0,74817

80 6 3,243799 | 3,902081 | 0,74817

81 6 3,243799 | 3,902081 | 0,74817

82 6 3,243799 | 3,902081 | 0,74817

83 6 3,243799 | 3,902081 | 0,74817

84 6 3,243799 | 3,902081 | 0,74817

85 5 3,195039 | 4,321665 | 0,665377
86 5 3,195039 | 4,321665 | 0,665377
87 5 3,195039 | 4,321665 | 0,665377
88 5 3,195039 | 4,321665 | 0,665377
89 5 3,195039 | 4,321665 | 0,665377
90 5 2,956031 | 4,457332 | 0,596866
91 5 2,956031 | 4,457332 | 0,596866
92 5 2,956031 | 4,457332 | 0,596866
93 5 2,956031 | 4,457332 | 0,596866
94 5 2,956031 | 4,457332 | 0,596866
95 4 3,564825 | 4,565866  0,70268

96 4 3,564825 | 4,565866 | 0,70268

97 4 3,564825 | 4,565866  0,70268

98 4 3,564825 | 4,565866 | 0,70268

99 6 3,45186 | 4,452692  0,697707
100 6 3,45186 | 4,452692 | 0,697707
101 6 3,45186 | 4,452692 | 0,697707
102 6 3,45186 | 4,452692 | 0,697707
103 6 3,45186 | 4,452692 | 0,697707
104 6 3,45186 | 4,452692 | 0,697707
105 6 3,561488 | 4,762154 | 0,673086
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106 6 3,561488 | 4,762154 | 0,673086
107 6 3,561488 | 4,762154 | 0,673086
108 6 3,561488 | 4,762154 | 0,673086
109 6 3,561488 | 4,762154 | 0,673086
110 6 3,561488 | 4,762154 | 0,673086
111 20 3,24919 | 5,009723 | 0,583719
112 20 3,24919 | 5,009723 | 0,583719
113 20 3,24919 | 5,009723 | 0,583719
114 20 3,24919 | 5,009723 | 0,583719
115 20 3,24919 | 5,009723 | 0,583719
116 20 3,24919 | 5,009723 | 0,583719
117 20 3,24919 | 5,009723 | 0,583719
118 20 3,24919 | 5,009723 | 0,583719
119 20 3,24919 | 5,009723 | 0,583719
120 20 3,24919 | 5,009723 | 0,583719
121 20 3,24919 | 5,009723 | 0,583719
122 20 3,24919 | 5,009723 | 0,583719
123 20 3,24919 | 5,009723 | 0,583719
124 20 3,24919 | 5,009723 | 0,583719
125 20 3,24919 | 5,009723 | 0,583719
126 20 3,24919 | 5,009723 | 0,583719
127 20 3,24919 | 5,009723 | 0,583719
128 20 3,24919 | 5,009723 | 0,583719
129 20 3,24919 | 5,009723 | 0,583719
130 20 3,24919 |5,009723 | 0,583719
131 3 3,799352 | 8,007779 | 0,427012
132 3 3,799352 | 8,007779 | 0,427012
133 3 3,799352 | 8,007779 | 0,427012
134 22 3,639482 | 7,006223 | 0,467518
135 22 3,639482 | 7,006223 | 0,467518
136 22 3,639482 | 7,006223 | 0,467518
137 22 3,639482 | 7,006223 | 0,467518
138 22 3,639482 | 7,006223 | 0,467518
139 22 3,639482 | 7,006223 | 0,467518
140 22 3,639482 | 7,006223 | 0,467518
141 22 3,639482 | 7,006223 | 0,467518
142 22 3,639482 | 7,006223 | 0,467518
143 22 3,639482 | 7,006223 | 0,467518
144 22 3,639482 | 7,006223 | 0,467518
145 22 3,639482 | 7,006223 | 0,467518
146 22 3,639482 | 7,006223 | 0,467518
147 22 3,639482 | 7,006223 | 0,467518
148 22 3,639482 | 7,006223 | 0,467518
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149 22 3,639482 | 7,006223 | 0,467518
150 22 3,639482 | 7,006223 | 0,467518
151 22 3,639482 | 7,006223 | 0,467518
152 22 3,639482 | 7,006223 | 0,467518
153 22 3,639482 | 7,006223 | 0,467518
154 22 3,639482 | 7,006223 | 0,467518
155 22 3,639482 | 7,006223 | 0,467518
156 4 4,111586 | 10,00498 | 0,369859
157 4 4,111586 | 10,00498 | 0,369859
158 4 4,111586 | 10,00498 | 0,369859
159 4 4,111586 | 10,00498 | 0,369859
160 11 3,689268 | 8,803983 | 0,377141
161 11 3,689268 | 8,803983 | 0,377141
162 11 3,689268 | 8,803983 | 0,377141
163 11 3,689268 | 8,803983 | 0,377141
164 11 3,689268 | 8,803983 | 0,377141
165 11 3,689268 | 8,803983 | 0,377141
166 11 3,689268 | 8,803983 | 0,377141
167 11 3,689268 | 8,803983 | 0,377141
168 11 3,689268 | 8,803983 | 0,377141
169 11 3,689268 | 8,803983 | 0,377141
170 11 3,689268 | 8,803983 | 0,377141
171 6 3,751415 | 9,243186 | 0,365272
172 6 3,751415 | 9,243186 | 0,365272
173 6 3,751415 | 9,243186 | 0,365272
174 6 3,751415 | 9,243186 | 0,365272
175 6 3,751415 | 9,243186 | 0,365272
176 6 3,751415 | 9,243186 | 0,365272
177 6 4,001132 | 8,594549 | 0,418989
178 6 4,001132 | 8,594549 | 0,418989
179 6 4,001132 | 8,594549 | 0,418989
180 6 4,001132 | 8,594549 | 0,418989

IMivaxog 4.d Syntentos & Boylan Approximatation cedApozo pe apykn tiun to 5.

Errors Abs- Sg-Error | et/Yt
Error

4,2800 4,2800 18,3184 0,8560

-0,7200 0,7200 0,5184 0,0000
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-0,7200 0,7200 0,5184 0,0000
-0,7200 0,7200 0,5184 0,0000
2,2800 2,2800 5,1984 0,7600
1,2862 1,2862 1,6543 0,6431
4,2413 4,2413 17,9888 | 0,8483
-0,9424 0,9424 0,8882 0,0000
-0,9424 0,9424 0,8882 0,0000
-0,9424 0,9424 0,8882 0,0000
-0,9424 0,9424 0,8882 0,0000
2,0576 2,0576 4,2336 0,6859
-0,8479 0,8479 0,7190 0,0000
-0,8479 0,8479 0,7190 0,0000
-0,8479 0,8479 0,7190 0,0000
-0,8479 0,8479 0,7190 0,0000
-0,8479 0,8479 0,7190 0,0000
-0,8479 0,8479 0,7190 0,0000
-0,8479 0,8479 0,7190 0,0000
-0,8479 0,8479 0,7190 0,0000
-0,8479 0,8479 0,7190 0,0000
-0,8479 0,8479 0,7190 0,0000
-0,8479 0,8479 0,7190 0,0000
-0,8479 0,8479 0,7190 0,0000
-0,8479 0,8479 0,7190 0,0000
-0,8479 0,8479 0,7190 0,0000
-0,8479 0,8479 0,7190 0,0000
-0,8479 0,8479 0,7190 0,0000
-0,8479 0,8479 0,7190 0,0000
-0,8479 0,8479 0,7190 0,0000
-0,8479 0,8479 0,7190 0,0000
-0,8479 0,8479 0,7190 0,0000
-0,8479 0,8479 0,7190 0,0000
-0,8479 0,8479 0,7190 0,0000
-0,8479 0,8479 0,7190 0,0000
5,1521 5,1521 26,5440 | 0,8587
-0,4836 0,4836 0,2338 0,0000
-0,4836 0,4836 0,2338 0,0000
5,5164 5,5164 30,4312 | 0,9194
-0,5938 0,5938 0,3526 0,0000
-0,5938 0,5938 0,3526 0,0000
4,4062 4,4062 19,4147 | 0,8812
-0,6797 0,6797 0,4619 0,0000
-0,6797 0,6797 0,4619 0,0000
-0,6797 0,6797 0,4619 0,0000
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-0,6797 0,6797 0,4619 0,0000
1,3203 1,3203 1,7433 0,6602
-0,6270 0,6270 0,3931 0,0000
-0,6270 0,6270 0,3931 0,0000
-0,6270 0,6270 0,3931 0,0000
-0,6270 0,6270 0,3931 0,0000
-0,6270 0,6270 0,3931 0,0000
-0,6270 0,6270 0,3931 0,0000
-0,6270 0,6270 0,3931 0,0000
-0,6270 0,6270 0,3931 0,0000
0,3730 0,3730 0,1392 0,3730
-0,4844 0,4844 0,2346 0,0000
1,5156 1,5156 2,2971 0,7578
-0,5134 0,5134 0,2636 0,0000
0,4866 0,4866 0,2367 0,4866
-0,5083 0,5083 0,2584 0,0000
-0,5083 0,5083 0,2584 0,0000
-0,5083 0,5083 0,2584 0,0000
-0,5083 0,5083 0,2584 0,0000
-0,5083 0,5083 0,2584 0,0000
-0,5083 0,5083 0,2584 0,0000
2,4917 2,4917 6,2084 0,8306
-0,4764 0,4764 0,2270 0,0000
-0,4764 0,4764 0,2270 0,0000
-0,4764 0,4764 0,2270 0,0000
1,5236 1,5236 2,3212 0,7618
3,5277 3,5277 12,4447 | 0,8819
5,3817 5,3817 28,9627 | 0,8970
-0,8819 0,8819 0,7778 0,0000
-0,8819 0,8819 0,7778 0,0000
-0,8819 0,8819 0,7778 0,0000
-0,8819 0,8819 0,7778 0,0000
1,1181 1,1181 1,2501 0,5590
-0,7482 0,7482 0,5598 0,0000
-0,7482 0,7482 0,5598 0,0000
-0,7482 0,7482 0,5598 0,0000
-0,7482 0,7482 0,5598 0,0000
-0,7482 0,7482 0,5598 0,0000
2,2518 2,2518 5,0707 0,7506
-0,6654 0,6654 0,4427 0,0000
-0,6654 0,6654 0,4427 0,0000
-0,6654 0,6654 0,4427 0,0000
-0,6654 0,6654 0,4427 0,0000
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1,3346 1,3346 1,7812 0,6673
-0,5969 0,5969 0,3562 0,0000
-0,5969 0,5969 0,3562 0,0000
-0,5969 0,5969 0,3562 0,0000
-0,5969 0,5969 0,3562 0,0000
5,4031 5,4031 29,1939 | 0,9005
-0,7027 0,7027 0,4938 0,0000
-0,7027 0,7027 0,4938 0,0000
-0,7027 0,7027 0,4938 0,0000
2,2973 2,2973 5,2777 0,7658
-0,6977 0,6977 0,4868 0,0000
-0,6977 0,6977 0,4868 0,0000
-0,6977 0,6977 0,4868 0,0000
-0,6977 0,6977 0,4868 0,0000
-0,6977 0,6977 0,4868 0,0000
3,3023 3,3023 10,9051 | 0,8256
-0,6731 0,6731 0,4530 0,0000
-0,6731 0,6731 0,4530 0,0000
-0,6731 0,6731 0,4530 0,0000
-0,6731 0,6731 0,4530 0,0000
-0,6731 0,6731 0,4530 0,0000
1,3269 1,3269 1,7607 0,6635
-0,5837 0,5837 0,3407 0,0000
-0,5837 0,5837 0,3407 0,0000
-0,5837 0,5837 0,3407 0,0000
-0,5837 0,5837 0,3407 0,0000
-0,5837 0,5837 0,3407 0,0000
-0,5837 0,5837 0,3407 0,0000
-0,5837 0,5837 0,3407 0,0000
-0,5837 0,5837 0,3407 0,0000
-0,5837 0,5837 0,3407 0,0000
-0,5837 0,5837 0,3407 0,0000
-0,5837 0,5837 0,3407 0,0000
-0,5837 0,5837 0,3407 0,0000
-0,5837 0,5837 0,3407 0,0000
-0,5837 0,5837 0,3407 0,0000
-0,5837 0,5837 0,3407 0,0000
-0,5837 0,5837 0,3407 0,0000
-0,5837 0,5837 0,3407 0,0000
-0,5837 0,5837 0,3407 0,0000
-0,5837 0,5837 0,3407 0,0000
5,4163 5,4163 29,3361 | 0,9027
-0,4270 0,4270 0,1823 0,0000
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-0,4270 0,4270 0,1823 0,0000
2,5730 2,5730 6,6203 0,8577
-0,4675 0,4675 0,2186 0,0000
-0,4675 0,4675 0,2186 0,0000
-0,4675 0,4675 0,2186 0,0000
-0,4675 0,4675 0,2186 0,0000
-0,4675 0,4675 0,2186 0,0000
-0,4675 0,4675 0,2186 0,0000
-0,4675 0,4675 0,2186 0,0000
-0,4675 0,4675 0,2186 0,0000
-0,4675 0,4675 0,2186 0,0000
-0,4675 0,4675 0,2186 0,0000
-0,4675 0,4675 0,2186 0,0000
-0,4675 0,4675 0,2186 0,0000
-0,4675 0,4675 0,2186 0,0000
-0,4675 0,4675 0,2186 0,0000
-0,4675 0,4675 0,2186 0,0000
-0,4675 0,4675 0,2186 0,0000
-0,4675 0,4675 0,2186 0,0000
-0,4675 0,4675 0,2186 0,0000
-0,4675 0,4675 0,2186 0,0000
-0,4675 0,4675 0,2186 0,0000
-0,4675 0,4675 0,2186 0,0000
5,5325 5,5325 30,6084 | 0,9221
-0,3699 0,3699 0,1368 0,0000
-0,3699 0,3699 0,1368 0,0000
-0,3699 0,3699 0,1368 0,0000
1,6301 1,6301 2,6574 0,8151
-0,3771 0,3771 0,1422 0,0000
-0,3771 0,3771 0,1422 0,0000
-0,3771 0,3771 0,1422 0,0000
-0,3771 0,3771 0,1422 0,0000
-0,3771 0,3771 0,1422 0,0000
-0,3771 0,3771 0,1422 0,0000
-0,3771 0,3771 0,1422 0,0000
-0,3771 0,3771 0,1422 0,0000
-0,3771 0,3771 0,1422 0,0000
-0,3771 0,3771 0,1422 0,0000
3,6229 3,6229 13,1251 | 0,9057
-0,3653 0,3653 0,1334 0,0000
-0,3653 0,3653 0,1334 0,0000
-0,3653 0,3653 0,1334 0,0000
-0,3653 0,3653 0,1334 0,0000
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-0,3653 0,3653 0,1334 0,0000
4,6347 4,6347 21,4807 | 0,9269
-0,4190 0,4190 0,1756 0,0000
-0,4190 0,4190 0,1756 0,0000
-0,4190 0,4190 0,1756 0,0000
-0,4190 0,4190 0,1756 0,0000
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