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Mtuylakn epyooia tou dottntr BaoiAn MooyomouAou

INEPIAHYH

Ta ouoTuaTa CUCTACEWV XPENOIMOTTOIOUVTAI CAMEPO EUPEWG ATTO £va €UPOG
TTAQTOOPUWYV YIA TNV OUCTOOT TTPOIOVTWYV KAl UTTNPECIWY OE KATAVOAWTEG, TTEAATEG
Kal ouvdpountéG. Mepikoi ammd TOuG OTOXOUG TWV CUCTNUATWY OCUCTACEWV
TTepIAaUBAvouy TNV augnon Twv TTWARCEWY, TNV KaAUTEPN KaTtavonon TG ayopdg
KAl TWV KATAVOAWTWY, TNV BEATIWON EUTTEIPIOG MIA TTAATQOPUAG KAl TRV AUgnon TNG

IKOVOTTOINONG TWV TTEAQTWV.

Ta ouoTAuaTa CUCTACEWYV £pYXOVTal va TTaigouv éva TTOAU peydAo poAo o€ uia
ETTOXN a@Ooviag TTPOoIOGVTWY Kal UTTNPECIWY, JUE OTOXO va QIATPAPOUV Ta TTPoIdvVTa
KAl TIG UTTNPECIEG KAl VO KAVOUV KAAUTEPEG TTPOTACEIG OTOUG KATAVOAWTEG, avaAoya
ME T evOIOPEPOVTA TOUG. MepPIKA aTTO TA TTIO ONUAVTIKA CUCTAUATO CUCTACEWV
MTTOPEI va avakaAUyel Kaveic ae TTAAT@OpueS OTTwG To YouTube tng Google, o€
MEYAAQ NAEKTPOVIKA KATaoTripaTta OTTwg To Amazon kal 1o E-Bay, o€ TTAATQOpUES
KOIVWVIKNG BIKTUWOoNG OTTwG eival To Facebook kal 1o Instagram kal PJOUOCIKEG

TTAATQOPUES OTTWG YIa TTapadelyua 1o Spotify kal To Soundcloud.

Tautdxpova, BIBAIOBNAKES OTTWG N numpy, pandas kai scikit-learn ytropouv va
XpNolIuoTToIinBouyv yia TNV UAOTToiNoN aAyopiBuwy cuoTACEWY O€ AOYIOMIKO. Z€ QUTH)
TNV €pyacia PeEAETATal eKTEVWGS N BIBAIOBRAKN unxavikng paénong PyTorch. H

PyTorch atroteAei yia véa rpdoBean oTo oikooUoTnpa TG Babidg padnong.

2¢ pia eToxA TTou Ta dedouéva OAo Kal augdvovTal n xperion cluster utroAoyioTwv
yla TNV TapdAANAn Katavepnuévn €1re¢epyacia Twv OEOOUEVWV QUTWV YiVETAI IO

OAo Kal 1110 d1adedopévn TTPAKTIKE.

2 aut TNV epyacia Ba TtrapouciacBoulv avoAuTIkG Kal 8a ulotroinBouv
aAy6piBuol  cuoTNUATWY COUCTACEWYV, EIOIKOTEPO TOU  €IODOUG  OUVEPYOATIKOU
QIATpapiopaTog, ye TNV xprion tng PiBAI0BrAkng PyTorch, kai Ba peAeTnOouv Kai
eKTTaIOEUBOUV POVTEAQ TwV aAyopiBuwy autwy, e atrAd TpOTTo, TTapAaAAnAa, aAAd
Kal TTapdAAnAa katavepnuéva, e Tnv xpnon diepyaciwv. TEAog, Ba agloAoynBouyv,

WG TTPOG TNV aKpiBela Kal TNV opBATNTA TOUG.
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ABSTRACT

Recommendation systems are widely used today by a range of platforms for
product and service recommendations to consumers, customers and subscribers.
Recommendation systems’ goals include increasing sales, understanding the
market, as well as the consumers, and increasing the experience quality of platforms

and customer satisfaction.

Recommendation systems have come to play an important role in an era of
product and service abundance, with the goal of filtering products and services and
increasing recommendation quality to consumers, depending on their interests.
Notable recommendation systems can be found in platforms such as Google’'s
YouTube, large e-shops such as Amazon and E-Bay, social platforms in the likes of
Facebook and Instagram and music platforms, for example, Spotify and

Soundcloud.

Meanwhile, libraries like numpy, pandas and scikit-learn can be used to
implement recommendation algorithms in software. In this thesis we study the
machine-learning library, PyTorch. PyTorch is a new addition to the deep learning

framework.

At a time when data become increasingly larger, usage of computer clusters for

the parallel distributed processing of data becomes a growing common trend.

In this thesis we analytically present and implement recommendation system
algorithms, specifically the collaborative filtering kind, with the use of PyTorch. We
study and train models of these algorithms, in a simple manner, as well as in a
parallel and parallel distributed way, with the use of processes, and conclude by

evaluating these algorithms in terms of accuracy and correctness.
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EYXAPIXTIEX

©a BeAa va guxapioTRow TTOAU Tov €IBAETTWY KABNyNTH Wou, K. Alauavtdpa,
yla TV TTPOTO0N €VOG ETTIKAIPOU KAl ATTAITNTIKOU B€uatog TTadvw oTa TTapdAAnAa
OUCTHAMATA Kal TIG CUPPBOUAES Tou, Tov QiAo pou NikdAao-AAEEavdpo ToakaAwed,
TEAEIOPOITO QOITNTA TOU TURAUAaTog Mabnuatikwy Tou AlNG, yia Tnv BorBsia Tou Katd
TNV TIPWTN MOU ETTAPR HE TOUG aAyopiBuoug ouoTAoewv, TOV K. [lavreAn
KatrAdvoyAou yia Tn ouvepyaaia Kal TV TTapoxn TTEPIBAAAOVTOG OTOUG UTTOAOYIOTEG
TTOU XPNOIYOTIOINCA KATA TIG DOKIMEG MOU PE TNV TITUXIOKK JOU gpyaaia, Tov MNavvn
2TAPATOUAN, QIAO KAl TIVEUMATIKO adEP®O, QOITNTA TOU TUAUATOG 2TATIOTIKAG TOU
Oikovouikou MavetmoTtripiou ABnvwy, yid TV UTTOCTHPIEN TOU KATA TO £EAUNVO AUTO,
KOl TOUG YOVEIG KAl IAOUG IOU TTOU E UTTEPEIVAV KAB’ OAN Tn dIdpKEIa TNG TITUXIOKAG

Epyaaoiag pou.

H TrTuxiokr autr) epyacia gival a@iepwuEvn o€ GO0UG TTIOTEWAV O EUEVA KAl

ouveyiCouv va Pe oTnpifouyv, Kal KUpiwg, OTOV £€aUTO Hou.
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KE®AAAIO 1 - Elcaywyn

1.1 — Eicaywyn oTtoug aAyopiBuoug cuoctaoewyv Kai TnV BiIBAIOOAKN
MNXAVIKAG palnong PyTorch

Recommendation Systems kat Collaborative filtering
Ta CUCTAPOTA CUCTACEWYV Eival EPYOAEia AOYICUIKOU TTOU XPNOIUOTTOIoUVTal YIa

TNV TTPOTACN TTPOIOVTWY KAl UTTNPECIWY, OTTWG €ival yIa TTAPAdEIYHa JIa Talvia, éva
BiIBAio, €va Tagidl dIAKOTTWY 1 Yo oUVAUAIA, O€ TTEAATEG 1] CUVOPOUNTEG, TTPOIOVTA

KAl UTTNPECIEG TA OTTOIA KPivOVTaAl TTWG TOUG EVOIAPEPOUV.

2T0 CUCTHPATA CUCTACEWYV £va TTPOIOV 1) UTTNPECIO OVOUACETAI QVTIKEIMEVO, EVW)
évag TTeEAATNG 1 OuVvOPOMPNTAG OVOoPAleTal XPNOTNG. 2TNV TIpayudatikl (wn,
TTOPAdEIYUATA CUOTANATWY CUCTACEWV TTEPIAAUPBAVOUV TOV aAyOpIOuo cUoTAONG
Taiviwv Tou Netflix, TO ouoTnua ocuoTtaong @iAwv Tou Facebook, To cuoTnua
ouoTaong dia@nuIoTIKWVY TNG Google 6TTw¢ Kal To oUCTNUA CUCTACEWY BiVTEO TOU
YouTube.

‘Eva a11é 10 €idN OUCTNUATWY CUCTACEWYV, TO OTTOIO KOl JEAETATAI OE€ QUTH TNV
epyacia, €ival Ta CUCTAUATO CUCTACEWY CUVEPYOQTIKOU QIATPAPIOHATOS i} aAANIWG,
Collaborative Filtering. Ta cuoTiuaTa CUCOTACEWV CUVEPYATIKOU QIATPAPIOUATOG
XPNOIKOTTOI0UV AN UTTAPXOUOCEG BABUOAOYNOEIG AVTIKEIMEVWY ATTO XPAOTEG YA TNV

TTPORAEYWN VEWV PBaBuoAoynoewv.

AUO €idn ouoTnUATWY CUVEPYATIKOU QIATPAPIOPATOG €€eTAlOVTAI OE€ QUTA TNV
gEpyacia, Ta OUuCOTAUOTA yeIToviwy, 1 aAWG Paciopyévwy  O€  PVAUN
(Neighborhood/Memory-based), ka1 Ta cuoTAuaTa Trapayovrotroinong (Latent
Factor) Baciopévwy o€ pddnon, A aAAiwg Baciopévwy o€ povtéAa (Learning/Model-
based).

PyTorch
H PyTorch atroteAei pia BiBAIoBrkn Babidg uddnong yia tnv yhAwooa Python. H

PyTorch yxpnoigotrolgi pia dopr mmapouoia pe 1a arrays tg Numpy, Toug tensors
(TavuoTég), aAAG Kal éTolpa epyaAcia yia Tnv ulotroinon Datasets, oTpwPATWV

VEUPWVIKWYV OIKTUWY, QUTOUOTOTTOINKEVNG EKTTAIOEUONG KaI TTOAAWY GAAWV.
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‘Eva TTAcoVEKTNUA TNG 0€ oxéon PE AANEC BIBAIOBAKEG, OTTWG yIa TTAPADEIVHA N
scikit-learn, €ival n duvatdTnTa AgIOTTOINONG KAPTWYV YPAPIKWY YEVIKOU OKOTTOU TNG
nVidia yia utToAOYIOUOUG PETAEU tensors, TTPAyua TToU PTTOPED va ETTITAXUVEI TV
dladIkaoia pddnong evog POVTEAOU £wg Kal EKATOVTADEG QPOPEG, dedOUEVOU OTI

éxoupe otnv d1aBeon pag pia agidAoyn KAPTA YPAPIKWV.

Kataveunuéveg epapuoyés oe PyTorch
2e aut TNV epyooia Ba peAeTnBei kal Ba agloTroINGEi EKTEVWG TO TTIAKETO

distributed Tng PyTorch.

Eptrveuopévo atrd 1o MPI (Message Passing Interface), To 1TakéTo distributed
NG PyTorch, rpoBAETTOVTAC TTIOAVES AVAYKEG YIA XPRON O€ TTapaywyn, UTTooTnPiCel
TNV ETTIKOIVWVIA PETAEU BIAPOPETIKWYV BIEPYATIWYV, OXI HOVO TOTTIKA, aAAG Kal JETAEU
OlEPYOOCIWY TTOU WTTOPEI va €dpelouv Ot OIAPOPETIKA Pnxaviuata Pyéoa ot éva

QikTUO, OTTWG cival yia TTapddelypa €va cluster uTTOAOYIOTWV.

2TOX0G €ival AoITTOV n uAotroinon aAyopiBPwyY CUCTACEWV WE TNV XPNOon TnG
BIBAI0BAKNG PyTorch kal n ouvepyaTikr eKTTAIdEUON WOVTEAWV auUTWV, HEOW

OIEPYAOIWY TTOU €OPEUOUV OE DIAPOPETIKES UNXAvVUATA.

©a xpnoipoTroinBouyv £va Kolvo JovTéAO Kal Kolvé training kai test datasets. To
MovTéAO Ba ekTTaIdEUTEI OUVEPYQTIKA aTTO TIG dlEpyacnieg Kal ETTEITa Ba agloAoynOei.
©a uAoTtroinBei akdun évag aAyopiOuog dnuioupyiag diEpyaciwy, TOTTIKA, PE TN
XPron Tou TTakETou multiprocessing, eméEKTaon NG BIBAI0BrikNG multiprocessing Tng
Python.

TéNoG, 0 aAyopiBuog Ba agioAoyndei wg TTPog TNV akpifeia Tou Kal Ba BpeBouv
KATAAANAEC TTAPAUETPOI YIA TNV EAQXICTOTTOINGN TOU OCQAAPATOS agloAdynong.

1.2 — Z16X0I KOl OKOTIOi TG TITUXIOKAG EPYACiag

2T0X0G €ival n uAotroinon dUo €1dwWv KOUPwy, €101 WOTE va eivalr duvarrh n
ETTIKOIVWVIA TOUG HECW OIKTUOU, YIa TNV ouvePYaTIKA dladikaoia ekKTTaideuong evog
MovTéAOU aAyopiBuou cuoTtdoewy, Baciouyévo oe uadnon. O1 K6uBol PTTopouv va
edpevouv oTov id10 utToAoyIoTH (SIaPOPETIKEG DIEPYATIES), O€ DIAPOPETIKOUG EVTOG

TOTNKOU OIKTUOU, OAAG Kal O€ OIAQOPETIKOUG €VTOG OIAPOPETIKWY OIKTUWYV, Kal
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MTTOPOUV Va gival OTTOIOUBNTTOTE APIBUOU AAAG Kal va ETTIKOIVWVACOUV AVEEAPTATWGS

gidouc.

H ektraideuon kal ammoBrkeuon Twv HOVTEAwV aAyopiBuwy UTTopEl akdun va
AauBdvel xwpa oTnv KUPIA PVAUN TOU UTTOAOYIOTH 1) TNV UVAUN KOPTWVY YPOPIKWV

yevikou okotrou (General Purpose GPU) pe Tnv xprion tng texvoAoyiag CUDA.

2KOTTOi QUTAG TNG TITUXIOKNG €PYQOiag €ival n PEAETN KAl n Katavonon Tng
BIBAI0BNAKNG PyTorch, n peAéTn kal n  avamTuén oAyopiBuwv ouvepyaTikou
@IATpapiouartog (collaborative filtering) Baoiopévwy otov xprotn (user-based) kai
OTO avTiKeiyevo (item-based), n peEAETN Kal n xprion Tou distributed communication
package Tng PyTorch kai n uAotroinon aAyopiBuwyv cuoTdoewy, BACIOPEVWY O€

MABnon, £T01 WOTE va PTTOPOUV VA UAOTTOINBOUV O€ Hia ouoTAda UTTOAOYIOTWV.

2TOUG OKOTTOUG TTEPIAapBaveTal akdun N HEAETN TNG BIBAIOBAKNG multiprocessing
TnG Python, n otoia Ba xpnoiyotroinBei kKatd TNV TTAPAAANAN Katavepnuévn

EKTTAIOEUON HOVTEAWV.

1.3 — Aopn TNG TITUXIOKAG EpYaCiag
210 Kepdhalio 2 Ba trapouciacBouv kal Ba avaAuBouv apxikd aAyoépiBuol

OUCTNUATWY OUCTACEWV OCUVEPYATIKOU QIATpapiouatog. @a TrapouciacBei €va
TTapddelyua aAyopiBuou ouoTaong yeiroviag o€ Python kabwg kar AAAeg péBodol

OUVOTITIKA.

‘Emreira, otnv evotnta 3.2, Ba yivel eicaywyrn otnv BiBAIoBAkn PyTorch kai oTo
TTWG UTTOPEI KAVEIG VA TNV XPNOIUOTIOINCE! YIO VA PTIALE KAl va EKTTAIOEUTEI Eva OIKO
TOU POVTENO Kal Ba dwBouv CUUBOUAEG yia TNV KaAUuTepn xprion Tng PyTorch kai Tnv
ATTOOQOANATWON  €Qapuoywyv. Oa 0o0Bei akdéun Tapdderyya uAoTroinong
aAyopiBuou cuoTaoEwV TTapPAyovToTToiNOoNG WE TNV Xprion Tng BIBAI0BAKNG PyTorch.

21nv evotnta 3.3 Ba avaAuooupe 1o TTakETo distributed Tng PyTorch, 6a deifoupe
TTWG PTTOPEI KAVEIG va PTIALEI OIKEC TOU KATAVEUNMEVES EQAPPOYEC WE TN XPHON TNG
PyTorch kal 6a dwooupe HEPIKEG AKOUN CUPPBOUAEG yia TRV KAAUTEPN UAOTTOINON Kal

ATTOO@AAPATWON KATAVEUNUEVWY EQAPHOYWV.

210 KedAaio 4 6a Trapoucidooupe U0 KOPBOUG CUVEPYATIKAG EKTTAIOEUONG VOGS

povTéAou pe Tnv BonBeia Tou TTakéTou distributed Tng PyTorch, 6a atrodei¢oupe TV
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opB4éTNTa TNG eKTTAI®EUONG TTPOCTTABWVTAG VA AVATTAPAEOUUE TO ATTOTEAECHUQ O€
OI0QOPETIKA pnxavAuaTa, 6a agloAoyriooupe Tov aAyopiOuo Kal Ba eTTIXEIPACOUUE
va Bpoupe KATAAANAEG TTOPAPETPOUG yIa TNV €AAXIOTOTTOINGN TOU OQ@AAPOTOG
agloAdynong.

TéNog, oto Ke@dAaio 5, Ba TTapaBEcoupe CUUTTEPACUATA KAl TTIBAVEG HEANOVTIKEG

ETTEKTAOEIG TNG TITUXIAKNG AUTHG EPYQTiag.
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KE®AAAIO 2 - ZuoTNHATA GUGTAGE®WV CUVEPYATIKOU
@utpaplopatog (Collaborative Filtering)

2.1 — Eicaywyn

Ta ouoTUATa CUCTACEWV E€ival epyaAEia AOYIOMIKOU Kal TEXVIKEG OUOTACEWV
QVTIKEIMEVWYV O€ XPNAOTEG, Ta OTroia Kpivovtal TrBavoTEPO va aQopouv Ta
EVOIOQEPOVTA TWV XPNOTWYV, UE BACN TIG TIPOTIMACEIG TTOU £X0UV dNAWOCEL, AUECA N

éupeoa. [1]

AvTIKEIuEVO ovopadeTal TI €va oUCTNUA CUCTACEWY TTPOTEIVEI YEVIKOTEPA OTOUG
XpPnoTes. ‘Eva avrikeipyevo Aoitrév, Ba utropouce va eival €va BiBAio, pia Taivia, éva
Bivreo KTA. 2KOTTOG gival n TTPOTACN £VOG AVTIKEINEVOU OE €va XprnoTn yia AOyoug
OTTWG: augnon Tou aplBuoU TTWANCEWY, TTWANGCN OIOPOPETIKWY Kal TTOIKIAWV

QVTIKEIMEVWY, AUENON TNG IKAVOTTOINONG TWV XPNOTWV K.d.

Ta ouoTAUOTA CUOTACEWV WTTOPOUV va XPENOIUOTToIoUuV dedopéva, dnAwuéva
KATNYOPNMATIKA, €iTE ATTO TOUG XPAOTEG, EITE YIA TA AVTIKEIYEVA, 1 EPUECA, OTTWG
gival TTX. n TPOTiuNoN Tou XpNnoTtn MeE BAon Trola avTikeiyeva €xel €TMIAECEl va

oXoAidoel, va VoIKIAoE€l, va ayopAoel KOK.

Mapadeiyparta cuoTAPATWY CUCTACEWY OTNV KaBnuepiv pag {wr atmmoTeAolv o
aAy6piBuog cuotdoewv Tou YouTube, ol aAyépiBuol cuoTdoewy dlIaPNUICEWY Kal
@iAwv TOU Facebook, o aAyopiBuog ocuotaong Taiviwv Tou Netflix (agicel va

onueiwBei To Bpapeio Netflix Prize) KTA.

ATIO OAEG TIG BIOQPOPETIKEG TEXVIKEG, O€ QUTO TO KEQAAQIO (KOl TNV TITUXIOKA
gpyacia), Ba €CeTaoTOUV 01 TEXVIKEG OuveEPYaTIKOU QIATpapiopatog (Collaborative
Filtering). MNa TNV TTEPITITWON TEXVIKWYV POACIOUEVEG O€ XPNOTEG YIa TTAPABEIYUA, Ol
TEXVIKEG OUVEPYATIKOU QIATPAPICHATOG avayvwpeiCouv TIG TTPOTIMACEIS XPNOTWVY Kal
TIPOTEIVOUV O€ €vav XpnoTn OQVTIKEIMEVA, TA OTIoia XPrOTeEG HE TTapouold
evOIOQEPOVTA, TA OTTOIO KpivovTal aTTd TIG KOIVEG TTPOTIMNACEIS TOuG BAcel AAAwvV

QVTIKEIYEVA, TEIVOUV va apECKOVTAl.

Oa EeKIVAOOUUE PE TNV PMEAETN KAl AVATITUEN TWV PEBGOWV YEITOVIWV Kal ETTEITA

Ba pag atraoXoArjoouv ol yEBodol TTapayovToTToinong Baciopéveg oTnv uadnon, pia
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amd TIG OToie¢ Oa  XPENOIMOTIOINOOUKE YIa TNV eKTTAideucn Kal TTapA&AAnNAn
KATAVEUNMEVN EKTTAIOEUON €VOG POVTEAOU, PE TNV UAOTTOINON ETTIKOIVWVOUVTWYV

KOMBWYV, apyoTeEPA O€ ETTOPEVO KEPAAQIO.

2.2 — M£0odol yerroviwy (Neighborhood based)
O1 uéBodol cuvepPyaTIKOU QIATPAPICUATOG UTTOPOUV Va diagopoTroinBouv o€ dUo
KATNyopieg: yéBodol yeiroviwy Kal pEBodol Baciopéveg o€ pabnon f aAAiwg, uéBodol

Baolopéveg o€ povTéAa. [1][2]

O1 yéBodol yeIToviwy, ol 0TToiEG £¢eTACOVTAI 0€ AUTO TO KEQAAQIO, BaaifovTal oThv
100 YEITOVIKWV XPNOTWV N avTiKEINévwy. KABe avTikeiyevo 1 xprnotng €xel éva
apiBud vyertdévwy, o1 otoiol opifovrar amd TV UTTGPEN KOIVWV  MHOTiBwv
BaBuoAdynong avaueoa otoug duo yeitoves. ‘ETol, n poRAewn mpdtaong evog
QVTIKEIMEVOU UTTOPEI VA Yivel ATTEUBEiag, JOVO PE TNV EUPECN TTAPOUOIWY XPNOTWV N
TTOPOUOIWY QVTIKEIMEVWY HE TA QVTIKEIMEVA TTPOTIUNONG TOU XPNOTN, Kal TNV
TIPOTAON QVTIKEIUEVWY TTOU APECOUV OE TTAPOMOIOUG XPAOTEG N QVTIKEINEVWV

OXETIKWV PE T EVOIAQEPOVTA TOU XPNOTN.

A6 TNV GAAN, o€ avtiBeon pe TIG HEBOBOUG yeIToviwy, o1 HEB0SOI BaCIOUEVES OE
MAOnon, ekTTaIdeUouV €va JOVTEAO TTPOBAEYNS CUCTACEWY PECW MIOG DIOdIKACIAg

MAOnong Kal pabaivouv va KAvouv KaAUTEPEG OUOTAOEIG 0€ BABOG XpOvou.

2.2.1 — MNAgovekTAPOTA NEBOOWV YEITOVIWV
Mapd 10 yeyovdg OTI vedTepeg UEBODOI Baoiouéveg o€ Pdbnon PTTOPOUV va

TTPOCPEPOUV  AKPIBECTEPA ATTOTEAEOUATA, O PEBODOI YEITOVIWV TTPOCPEPOUV
XPAOINa XOPAKTNPIOTIKA, Ta oTroia or péBodol Baciopéveg Ot YEITOVIEG Oev
TTPOCPEPOUY, EVW TIBETAI akOUN TO ¢ATNPA TNG £vvoliag serendipity (KaAr €0voia TNG
TUXNG). H évvoia serendipity ava@EpeTal 0TO YeEYOVOSG avaKAAUWNG VOGS QVTIKEINEVOU
TTOU DIOPOPETIKA, O XPNOTNG iCWG va PNV €iXxe avakaAuwyel, J€ow evog aAlyopiBuou
Baoiouévou atn puddNoN, 0 OTTOIOG OTNV TTEPITITWON auTr, Ba ékave Pia ouoTaon

KKOMMEVN KAl PAPPEVN» OTIG HEXPI TWPA TTPOTIMACEIG TOU XPROTN.

27O TTAEOVEKTAMATA TWV PNEBOBWV YEITOVIWV CuyKaTaAéyovTal [1]:
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o AmASTNTA: O1 uéBodoI yeIToviwy gival dIaloONTIKA KATAvVONTEG KAl EUKOAEG
oTnVv uhoTroinon.

e AmoAdynon: O1 oucTACEIG TIOU YivovTal €XOUV IO TTEPIEKTIKN Kal
dlao0NTIKA aImioAdynon, n OTToia OTNV TTEPITITWON MIAG oUOoTAoNG VoG
QVTIKEINEVOU O€ €va XPOTN, MTTOPEI va CUUTTEPIANYBEI OTNV TTEPIYPOPT).

o AmodoTikétnTa: O1 péBodol yemoviwv o€ avrtiBeon pe TIG pEBSOOUG
Baociopévwy o€ padnon, dev TrepIAapBdvouv datravnpég diadikaoieg
MAOnong kai ekTTaideuong, Ol OTToiEG WTTOPOUV va KaTtaAdBouv €va
ONUAVTIKO apIOPO TTOPWV.

o 2100epOTNTA: Agv eTTnpeAlovTal IBIQITEPA ATTO TNV ouveEX TTPOCOEON VEWV
XPNOTWV KOl QVTIKEIYEVWV.

2.2.2 — Movadeg péETpnong akpifeiag

‘E0TWw UT0 OUVOAO TwV XpNOTWYV, /TO GUVOAO TWV AVTIKEIMEVWY, R TO GUVOAO TWV
BaBuoAoynoewv atmmd Toug XPrOTEG YIa TA AVTIKEIMEVA KAl S TO GUVOAO TWV TIHWV
TTOU PTTOPEI Va TTépel pia BaBuoAdynon . S={1, .., 5} n $= [0 (dislike), 1 (like)].
KdBe xpnotng u € Uutropei va BaBuoAoyAoel £va avTIKEIMEVO 7 € 7 uOvo Hia @opdq,
€0TW ru N BaBuoAdynon autr). To 0UVOAO Twv XPNOTWV TTou £xouv BaBuoAoynoel
€Va QVTIKEIPNEVO 70PICETAI WG Ui, TTAPOUOIWG /i Y1 TO OUVOAO AVTIKEINEVWYV TTOU £X0UV
BaBuoAoynBei atrd évav xprioTn u. TENOG, Ta avTIKEipeva TTou £xouv BaBuoAloynOei
atro dUo XPAOTEG, u Kal v, luN 1y, avaTTapioTavTal WG fvu. MNapopoiwg, Ui o1 XProTEG

TToU €X0ouV BaBuoAoynoel dUo avTikeipeva, 7 Kal ¢ [1][2]

‘EoTw £ n €Ciowon: U* [-> S n otoia TTpoBAETTEl TNV BaBuoloyia f(u,i) evog
XPAOTN u yia €va avTikeiyevo 7 TuTtmkd, o€ TéTola TTpoPARuaTa, OTTwS Kal 0w, Ol
BaBuoAoynoeig R dlaxwpifovTal o€ Eva OET EKTTAIdEUONG (training set) Ream Kl éva
O€ET eKTipnOoNG (test set) Rees, HE TO €va va XPNOIYOTIOIEITAI YIO TRV PABNON NG

e€iowong f kal To AAAO yia TNV eKTiPNoN TNG €TTido0NG TNG. [1]

Mia atrd 11 Jovadeg HETPNON AKPIBEIOG Kal EKTIMNONG TNG £TTidOONG TNG £, N MAE
(Mean Absolute Error) opietal w¢g 10 PECO QTTOAUTO OQAAPQ, avApeoa OTnv

TTPOBAEWN Kal TNV TTPAYUATIKI TIMA MIOG OUCTAONG VIO TO OET BOBUOAOYACEWY Rieest:

[1]

MAE(f) = 1/[Rrest] * Zuev [{(u,1) - ruif (2.1)
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Evww n RMSE (Root Mean Squared Error) opiletal wg n pifa ToUu HECOU

TETPAYWVIKOU 0@AAuaTog [1]:

RMSE(D) = (1//Reest] * Zuev (i) - 1ui)?)1/? (2.2)

‘EOTW aKOun Mia AiOTa  QvTIKEIMEVWY, TTOU TagivopouvTal avAloya HeE TO
evOIOQEPOV, YIa Eva XPNOTN u, L(u). XTiCovTag TO test set, Qv eMAEyETAI pOvAaxa Eva
QVTIKEIMEVO 7y TO OTTOIO AVAKEI OTA AVTIKEIYEVA TTOU €XEI BaBUoAoyroel 0 XproTng
autédg (v € 1), Mia povada pétpnong gival n ARHR (Average Reciprocal Hit-Rate)
[1]:

ARHR(L) = 1/JU] * Zuev(1/rank(is, L(1)) (2.3)

210 e€mmoueva TrapadeiypaTta Ba xpnoiyotroijoouue Tnv MSE (Mean Squared

Error), n omoia cival rapépoia pe Tnv RMSE (Root Mean Squared Error).

MapakdTw divetal éva TTOAU aTTAG TTAPAdEIYUA KWOAIKA VIO TOV UTTOAOYIOUO TNG
MSE, avdueoa oTtnv TIuA piag TTpoRAewng BabuoAdynong Kail TRV TTPpayUaTIKr TIUA
auTnG TNG BaBuoAdynong, e Tn xprion Tng BIBAI0BRKNG scikit-learn og Python.

from sklearn.metrics import mean_squared_error

mse = mean_squared_error(prediction, actual)
Kwdéwkag 1 — Mean squared error

2.2.3 — M£Bodoi Baoiopéveg otov XpRotn (User-based)
O1 uébodol Baoiouéveg otov Xpnotn TIPOBAETTOUV TRV BaBuoAdynon €vog
avTikeigévou atrd €vav xprnotn de PBAon TOUG KOVTIVOTEPOUG (TTEPICCATEPO

TTAPOPOIOUG) YEITOVEG (XPOTEG) auToU Tou XpnoTn. [1][2]

‘EoTw TE00EPIC XPNOTEG: NAvvng, AyyeAikr, XpioTog Kal Zpapdyda. Kal TEooepIg
Taivieg: Fight Club, Lion King, Stardust kai Guardians of the Galaxy. MNapakdTtw

divovTal ol BaBPOAOYACEIC TWV XPNOTWY QUTWV YIA TIG OUYKEKPIYEVES TAIVIEG:
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Nivakoag 1 — Napddsiypa BabpuoAoynong XpnoTwv-ToLviwy

Fight Club Lion King Stardust Guardians of
the Galaxy
Mavvng 4 4 2 3
AyyeNIKn 4 5 3
XpnoTog 5 3 2
2 Mapdayda 1 4 3
‘Eotw TTwG:

O XpnoTtog, 22 etwyv, dev €xel TTapakoAouBnoel Tnv Taivia Fight Club, Adyw Tou
yeEyovotog OTl €ival pia mmaMNid Taivia Tou 1999, evw n Zpapdyda Oev €xEl
TTapakoAouBnoel Tnv Talvia Stardust, KaBw¢ kKABe @opd TOU TNV E€iXe OTNV
TNAEOpaON, N Zpapdyda ATTOKOIMIOTAV OTOV Kavate AOyw TOU YEWATOU Kal
KoupaoTIKoU wpapiou TNG. H Zuapayda EEpovTag 0TI n AyyeAKR €xel idla youoTa Je
auTn kai o1 BaBuoAdynoe Tnv Taivia Stardust TTOAU uwnAd, icwg va ETTalpve Tov
XPOVo va Tnv 0&l o€ €va atmd Ta PeTd TNG. ATTO TNV AGAAN, 0 XproTog €xovTag
TTapouola youoTta e 1o MNdvvn, mOavév va kabotav éva Zapparofpado apyd ue
TNV KOTTEAQ TOou, n oTroia €xel Ta idla youoTa MeE Tov XPAOTO, VIia va
TTapakoAouBrjoouv Tnv Taivia Fight Club. Me Tov id1o TpdT1T0, 01 aAydpIBuol cuoTaong
YEITOVIWV, KAVOUV OUCTACEIG O XPNOTEG YIA QAVTIKEIMEVA Trou Ogv  €XOuV

BaBuoAoynocel.

Ag uttoB€éooupe OTI yIO OTTOIOUCBNTIOTE BUO XPNOTEG, u KAl v, UTTAPXE! MIA TIUN
OMOIOTNTOG Wuw, TTOU AVATTAPIOTA TO BaBUS ouoIdTNTAG AVANECSA OTOUG OUO XPAOTEG,
Kal Ni(u) To OUVOAO TWV k KOVTIVOTEPWYV TIPOG TOV u, XPNOTWV v TTOU £XOUV
BaBuoAoynoel éva Koivd avtikeiyevo 7 TTou 0 u Ogv éxel BabuoAloynoel. Tnv
TTPOPAeTTOMEVN AoITTOV BaBpoAoyia Tou avTiKEIuéEvou 7 atmmd Tov XPHOTN u, Iu;

MTTOpOUUE va uTToAoyiooUupE wg €¢1G [1]:

Tui = 2veNi(w) (Wuu *ru1) /ZUEN]’(U) /Wuu/ (24)

Ma Tnv Tapatmdvw TTEPITITWON:
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Ag Bewpriooupe 611 BEAoupE va TTpoBAEWouuE TNV BaBuoAdynon Tou XpAoTou yia
Tnv Tawvia Fight Club kai 611 o1 800 KovTIVOTEPOI YEITOVES TTPOG TOV XPAOTO O€ €va
ouoTnua ouotaong €ival n AyyeAikip kai o MNdavvng. Aivovtal ol TIJEG OPoIOTNTOG
avapeoa otov XpAoTo Kal TNV AyyEAIKE KAl avaueoa oTov XproTo Kail Tov Ndavvn, ol
otroieg gival wxa = 0.35 kal wxr = 0.85 avrioTtoixa. Aedopévou 611 n Babuoloyia NG
Ayyehikng yia v Tavia Fight Club Atav 2 kai tou Tlidvvn 4, ptropoupe va
TTpoBAEWounEe TNV BaBuoAdynon Tou XprioTou we £ENG:

r=(0.35*2+0.85*4)/(0.35 +0.85) = 3.146

Kavovikomoinon

Mapd 10 yeyovog OTI n TTapatravw TTPOPRAeWn MPoIdlel va €yIVE AVTIKEIMEVIKA
owoTd, TPETTEl va An@eBei akdun uttdywn TO yeyovog OTI KABe Xprnotng oev
BaBuoAoyei pe Tov idlo TPOTTO. MNa TTapPAdelypa, E€va XPHOTNG X UTTOPEI ouyxva va
BaBuoAoyei Talvieg pe HIKPOTEPO €evBouoiaoud, Oivovtag TTOAAEG @QOPEC oUTE
I01aiTeEpa apvnTIKES BaBuoloynoeig, TrX. 1, aAAd oUTe Kal €CAIPETIKA UWPNAEG, TTX. 5,
EVW a1Té TNV GAAN €vag 1m0 evBouoiwdng XpNoTng y UTTOPEi va BaBuoAoyei OAEG TIG

TaIvieg ue PaBPOAOYAOEIG TTAVTOTE HEYAAUTEPEG TOU 3.

H kavovikotroinon Twv BaBuoAoyiwv Twv XpNoTWY PTTOPEI yia autd To Adyo va
atmodeIxTei e€AIPETIKA onuavTiki. Mia kavovikotroinuévn PaBuoAdynon rui €VOg
XPAOTN u yIa QVTIKEIUEVO [ UTTOPEI va avaTrapacTadei wg A(ru), OTTOU A pia
ouvdptnon kavovikoTroinong. O  kavovag KavovikoTroinong  TrapoucidleTal

TTapakaTw [1]:

rur =B (Soeniay (Wav * B(Tur)))/ Evenica) [Wav]) (2.5)

Mapatnpeiote T0 A2 otV £€icwaon. O Adyog uTTapgng Tou gival 611 N BabuoAdynon
TTPETTEl VA JETATPATTEI EaVA 0€ KAVOVIKI KAiJaKa PJETA TOV UTTOAOYIOWO TNG.
2.2.4 — MéBodol Baoiouéveg oTo avTIKEiPeEVo (Item-based)

Mapouola pe TIGC PEBODOUC yerToviwy Baciopéveg aTo XPAOTN, o1 uéBodol
BaOIOUEVEC OTO QVTIKEIMEVO KAVOUV OUOTACEIC GTOUG XPrOTEG, KAVOVTAG OUYKPIOEIC

AVAPECT O€ AVTIKEIMEVA AVTI YIO XPrOTEG.

O1rwg oTtnv e€iowon 2.3 €mMXEIPOUPE va KAVOUNE TTPORAewn pe Bdon To oUvoAo

TWV & KOVTIVOTEPWY XPNOTWV TTPOG TOV XPNOTN U, £€T01 €dW KAVOUME TTPORAEWN HE
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Baon 10 oUVOAO TwWV k KOVTIVOTEPWY AVTIKEIMEVWV TTPOG TO QVTIKEIUEVO J, yIA TO
OoTToi0 €mMOuUPoUPE va KAvouue pia TTPORAswn BaBuoAdynong Tou Xprnotn u.
AvrtioToixa, ol TIUEG (BApn) OMOoIOTNTAG VIO TO AVTIKEIMEVO 7 TTPOG BaBuoAdynon Kai
€Va QVTIKEIUEVO ¢ € Ny(1), 6TTOU Ny(1) TO OUVOAO TWV KOVTIVOTEPWV (YEITOVIKWV)
QVTIKEIMEVWYV TTPOG TO AVTIKEIMEVO 7, CUVOAO QVTIKEIUEVWY TO OTTOIO O XPrOTNG U €XEI

noén BabuoAloynoel, opiovral ws wi. [1]

AvTIKaBIoTWVTAG O0TNV €gicwon 2.4 yia avTIKEiJeEVA OTnV BEon TwWv XpNoTwy,

TTPOKUTITEI N €EAC e€iowan TTPORAeWNS BaBuoAdynong:

rui =1 Senu (Wi *h(ra)) / Eenu [wi) (2.6)

dravovTag 010 TEAOG QUTAG TNG evOTNTAG, Ba BEAaE va deifoupe Eva TTapadelyua
Miag peBOdou TTPORAEwWNnS ypapuévn o€ Python. Z10 TTAPOAKATW ATTOCTIACHUO
divovral Ouo Trivakeg, ratings kol similarity, iocou peyéBoug n*n, TTOU
QAVTIKATOTITPICOUV TIG BABUOAOYNOEIC TWV XPNOTWV VIO TA QVTIKEIJEVA KAl TIG TIUEG
opoldTnTag (Bapen). [3] O1 uttoAoyiouoi PeTaEU Twv dUO yivovTal OTTWG opioTNKAV

oTtnv 2.3.

import numpy as np

def predict_fast_simple(ratings, similarity,
kind = 'user'):
#user case
if kind == 'user':
#dot product of similarities (weights)
#multiplied by the ratings, divided by
#the sum of the absolute values of the
#cosine similarities (weights)
return similarity.dot(ratings)/\
np.array([np.abs(similarity)\
.sum(axis=1)]).T
#item case
elif kind == 'item':
#the same but transposed
return ratings.dot(similarity)/\
np.array([np.abs(similarity)\
.sum(axis=1)])
Kwéikag 2 — Simple prediction function
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2.2.5 — Z0ykpion pefddwv
EmAéyovrag avaueoa oTIg dUO TTapaTTdvw PEBODBOUG TTPETTEI KAVEIG va avaAoyIOTEI

TIG EMTITWOEIG TNG UAOTTOINONG Tou KaBevdg. MNa mapddelyua, o éva ouoTnua
OUOTAOEWV OTTOU Ol XPNOTEG UTTEPPBAiVOUV TA QAVTIKEIMEVA TTANBUOMIAKA, N
uAoTroinon evog aAyopiBuou BacioUEVOU O€ YEITOVIEG E BACTN TOUG XPAOTEG UTTOPEI
va TTpoo@épel uwnAoTEPN aKkpifBela o€ oxéon e évav aAyopiBuo Paciopévo o€
avTikeigeva. MNap” 6Aa autd, o€ auTh TNV TTEPITITWON £vag aAyopIBuog Baciopévog
OTA QVTIKEIJEVA UTTOPEI VA €ival TTIO ATTOOOTIKOG KABwWG Ba katavaAwaoel AlydTepoug

TTOpoUG. [1]

Oa TTPETTEl AKOUN KAVEIG va avaAoyIoTE TNV oTaBepOTNTA TOU CUCTHHATOG. Z€ £Va
TTEPIBAANOV OTTOU O XPNOTEG Eival YEVIKWG OTATIKOI, MIA TTPOCEYYIoN Baciopévn
OTOUG XPNOTEG UTTOPEI VO OTTOBEIXTEI ACQAAECTEPN. ZNPAVTIKR €ival aKOUNn n
aimioAdynon TnG ouoTtaong. e €vav aAyopiBuo PacioPévo O€ QvTIKEIYEVA eival
atrAoUCTEPO Va aITiIoAoynBei n TTPOTACH TOU QVTIKEIMEVOU O€ €vav XpHoTn. ATTO TNV
GAAN OpWG évag ouoTNUO BACIOPEVO OTA QVTIKEIMEVA ITTOPET VA KAVEI TTEPIOCTOTEPEG
TTpoTdoelg ye Bdon Ta AdN UTTApXoVTa evdlapépovTa evog Xprnon. Qg avtiAoyog,
€vag aAyopIBPog BaoIOPEVOG OTOUG XPHOTEG UTTOPEI VO TTPOTEIVEI OE évav XpHoTn
QAVTIKEIYEVO TTOU OV €iXE QVOKOAUWElI aKOun, TA OTroia TTapOOoIol  XPrOTES

apE€OKOVTAI, KOl TO OTToia PTTOPEl TTIBavVOV £TTioNG va Tou apéoouv. [1]

Ev T€Ael, XTiCOVTOG £va oUOTANO CUCTACEWY YEITOVIWV OAQ T TTOPATTAVW TTPETTE

va An@Bouv uttéwn.

2.2.6 — KavovikoTtroinon (Normalization)
H kavovikoTtroinon, oTnv oTroia ava@epOAKaue Kal TTPATIVOG, aTTOTEAE! ia uEB0dO

e€looppdTINONG TWV dIAPOPWY OTOUC TPOTTOUG PaBuoAdynong yia SIa@OpPETIKA
AVTIKEiJEVA Kal XpRoTes. MapakdTtw TrapatiOevral ol dUo KupidTepes HEBODOI

Kavovikotroinong [1]:

Méon tiun
H 1o KAAOOIKN Kal ouxXva XpNOIMOTTOIOUMEVN TOKTIKY KOTA TNV dladikacia Tng

KQAVOVIKOTTOINONG €ival n xpron g péong Tiuns. ‘Eotw, I n Méon BaduoAdynon
TWV KOVTIVOTEPWV (YEITOVWYV) TTPOG TOV XPAOTN U XPNOTWYV. @ETOVTAS A(Tui) = rui -

ru 0TnV €€iowon 2.5, TTPOKUTITEL:
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Iui = Tu + (ZUENi(u) (Wuu *(fui 'Tu )) /ZUEN/(u) /Wuu/) (27)

AvTioTOIXQ, ME MIA TTPOCEYYIOT WG TTPOG TA AVTIKEIMEVA, BETOUNE A(Tu) = Fui- Ii :

OTTou 17 N péon PBaBuoAoyia Twv KOVTIVOTEPWY (YEITOVWY) TTPOG TO AVTIKEIPMEVO 7yIa

To omoio B¢éloupe va TTpoPAEwoupe TNV BaBuoAdynon TOU XpPAONn W

AVTIKOBIOTWVTAG AVTIOTOIXA OTNV 2.6, TIPOKUTITEL:

rui = ru + (Svenu (Wi * (tui- 17 ) / Zvenua [Wif) (2.8)
Z-Score

Kard Tnv T1exvikn auth, AauBdvetar uméwn n  Ol0QOPETIKOTNTA  TWV
BaBuoloynoewv. ‘Eotw £vag Xprotng X, o oTToiog Teivel va BaBuoAoyei TOKTIKA e 3
Kal £vag XpAOTNG Y, TOU OTTOIOU 01 BaBPOAOYNOEIG KUPAivOVTal OPOIOUOP@Pa avAPETa
o€ OAeg TIG MOAVEG TIUEG. Me BAon auTr) TNV TTapaTApnon, Mia BaBuoAdynon 3 atd
TOV XPRoTn y Oev €xel 1IB1aiTeEpN onuacia, evw n idla BaBuoAdynon atrd Tov XprioTn
y MTTOPEI va TTEPIEXEI TTEPICCOTEPES TTANPOPOPIES YIa TNV WUXoAoyia Tou XpAoTn i

TNV TTOIOTNTA TOU QVTIKEIMEVOU.
21NV TePITTWon HeBSdwWV Baciopévwy oTov XPrRoTn Aoimmov, opiCoupe A(Tui) = (

rui- Ii ) / 0u, OTTOU oy N Péon atmokAion Twv BaBuoAoyoewy Tou XpRoTn u.

AvTiKaBioTwvTag otnyv 2.4, TTPOKUTITEL:

Tui = TLI + Ou *(ZUENf(H) (Wuu *(ru1' 'Tu )/O'U) /Z'UE]V]'(LI) /Wuu/) (29)

AvrTioTolxa yia geBOdOUS BACIOPEVEG OTO AVTIKEIMEVO:

Iui = 71 + Oi *(ZUENU(I) (VVl’z *(I‘ui'Ti )/0'1) /ZUENU(I) /VVH/) (210)

MapakdTw TTapoucidleTal Eva TTapddEIlyua KWAIKA YIoG JEBOBoU TTPORAEWNS e
TN Xxprion g péong TiuAG. [3] Na onueiwBei 611 N uetaBAnTr bias (kAion/mrpotiunon),
N otroia gu@avifeTal TAKTIKA o€ TTapoOuoIa TTPORAANATA UTTOPEI va avaTtrapioTd éva
MEYAAO €UPOG TOBAVWYV TIMWV. Z€ AUTA TNV TTEPITITWON 0pifouue TO bias wg TN péon
TIMA.
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import numpy as np

#prediction with bias
def predict _nobias(ratings, similarity, kind='user'):
#user case
if kind == 'user':
#mean rating is bias
user_bias = ratings.mean(axis=1)
#calculate the ratings again based on bias
ratings = (ratings - user_bias[:, np.newaxis].copy())
#make the prediction, then add bias
#(h()*h()~-1 golden rule)
pred = similarity.dot(ratings) /
np.array([np.abs(similarity).sum(axis=1)]).T
pred += user_bias[:, np.newaxis]
#item case
elif kind == 'item':
#same as before
item_bias = ratings.mean(axis=0)
ratings = (ratings - item_bias[np.newaxis, :]).copy()
pred = ratings.dot(similarity) /
np.array([np.abs(similarity).sum(axis=1)])
pred += item_bias[np.newaxis, :]
return pred
Kwdwkag 3 — Prediction function with bias

2.2.7 — MéTpa ogoIOTNTAG

2TIC TTAPATIAVW €EVOTNTEG €idAPE TTAPADEIYMATA YIO TO TTWG MTTOPOUME va
TTpoBAéWoupue TN BaBpoAdynon evog xpAoTn Pe Baon Tnv TiuA opoidTNTag avAapeoa
o€ auToV Kal KATToIov GAAO XproTn i avApeoa o€ avTIKEIJEVA TTOU £XEl BaBuoAoyroel
0 id10¢ Kal éva avTIKEiPeEVO TTPOG PaBuoAdynon. Auto TTou dev deifape OpwG akoun,
€ival TO TTWG PTTOPOUME VA UTTOAOYIOOUME TNV TIUR TNG OMOIOTATAS QVAUECT OTOUG
XPAOTEG KAl TA aVTIKEIPEVA. MapakdTw TTapaTifevial opiouéva PETPA OPOIOTNTAG
[11[2]:
Cosine Vector (CV)

‘EoTw éva dIGvuoua xy, TO OTTOI0 avaTTapIoTd TIC BaBuOAOYATEIC EVOG XPrOTN Yia

OAa TO QVTIKEIMEVA. ZTNV TIEPITITWON TTOU O XPNOoTng £xel PBabuoAloynoel éva
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QVTIKEIMEVO J, OPICETAl Xui = rui, OTIOU rui N PABPOAOGYNON TOU XPNOTN u yia TO

QVTIKEIPEVO i

Mo va TO avatrapaoTroOoUPE KAAUTEPA Ba dWOOUNE éva TTOAU PIKPO TTapddelyua
o€ KWOIKa yia GAAN pia gopd. OcwpeioTe Evav XpAoTn o€ éva oUoTNUA CUCTACEWV
ME pévo 6 avTikeipeva. ‘EoTtw o011 autdg 0 Xpriotng £xel dwaoel BaBuoAloyniocig yia 1a
avTikeigeva 0, 1, 3 kai 5, perpwvtag armo 10 0, Ye TPOTTO TTOU CUXVA YiveETal OTNV
ETMOTAKN TWV UTTOAOYIOTWYV. AvTioToIXa, €vag OEUTEPOG XPNOTNG £XEl BaBuoAoynoEl
Ta avTikeigeva 1 kair 5 (yia va €ipaoTe eAa@PWS TTIo TTPAYUATIOTEG, APOU OE €va
oUOTNUA CUCTACEWYV EEQIPETIKA OTTAVIA Ol XProTES BaBuoAoyouyv €0Tw Kail TO 5 ToIg
EKATO TWV QVTIKEIMEVWYV). A UTTOBECOUUE OTI Ol XPROTEG QUTOI €ival TTPOG TO TTAPOV
Ol JOVABIKOI 0TO CUCTANO CUCTACEWYV TTOU £XOUME OTA XEPIA PAG. ZTNV TTEPITITWON
auTr, o TTivakag BaBuoAoyAoEwY TOU CUCTANATOG CUCTACEWY UaG, €0TwW ratings, Ba
gival évag trivakag 2*6. MNapakdtw @aivovtal Ta diavuouarta BaBuoAdynong autwy
TWV XPNOTWV KaBWG Kal O TTivakag ratings.

x1
X2

[1,3,0,2,0,4]
[@,3,0,0,0,2]

ratings = [x1, x2]
Wevdokwdkag 4 — Aravioparta Kol riivakag fadpoAoynoswv

MeAeTWVTAG TA TTAPATTAVW TTAPAdEiyHaATA KWOIKA, MUTTOPOUME OTAdIOKA VO

Byd&Aoupue TTEPICCOTEPO VONUA YyIa TO TI AKPIBWS CUUBAiVEL.

‘Evag atrAdg T1pOTTOC va UTTOAOYICOUME TIGC OPOIOTNTEG METAEU TWV BIAVUCUATWY
BaBuoAoynoewv TwWv XPNOTWYV, E€ival O UTTOAOYIOPOG Tou OlavVUOUOTOG TOU
ouvnuiTovou HETAU Twv dIavUCUATWY BaBuoAoynoewy. TNV TTEPITITWON €VOG
OUCTHMATOG OUOTACEWYV BACIOPEVO O€ XPAOTEG, O UTTOAOYIOUOG auTOC UTTOPEI va
yivel wg €ENG:

CV(LI,U) = COS(Xu,XU) = (A‘:}'E]uy Fui*l'w)/(z'iE[u ru * Xien rUIZ) (211)

OT1T0U /1w TO GUVOAO TWV AVTIKEIMEVWYV TTOU £XOuVv BaBuoAoynBei atrd Koivou atrd

TOUG XPAOTEG u KAl v.

AVTIOTOIXO YIO QVTIKEIMEVA:

CV(I,[) = COS(XI',X[) = (ZUEUH I‘ui*I'uz)/(ZuEUi ru * Xven I‘wz) (212)
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Pearson Correlation (PC)
Mia dIaQopeETIKr METPIKN, N oUoXETIon Pearson (Pearson Correlation), Ouykpivel

BaBuoAoynoeig, agaipwvTag Katd tnv diadikacia Tnv £Tidpacn TG HEONGS TIMAG Kal

TNG dlaKUPAvVONG:

PC(uwv) = (Eietw (tui- 1v ) * (tvi - 1w ) / (et (Tui- 1w )2 * e (roi - ru )2)  (2.13)

H mapamdvw egiowon utroAoyiCel yia pia péBodo Paciopévn ot XPHOTEG.

EvaAAakTIKG, yia yia u€Bodo Baciouévn 0€ AVTIKEIPEVA:

PC(I,[) = (ZuEUil (1‘111'-71‘ ) *(fuz - 71 ))/(ZUEUI'I (fui—?i }2 * Jueui (fuz - 71 )2) (214)
Adjusted Cosine (AC)

Mia TTapaAAayr] TG TTApATTAvw £&icwong, n otroia uTtoAoyilel OPOIOTNTEG

AVAPECQ O€ AVTIKEIYEVA PE TN XPHon OPwG Tou HEoOoU Opou TNG BabuoAdynong Twv

xpnoTwv gival n Adjusted Cosine:
AC(I,[) = (Z'uEUiz (rui-Tu ) *(I"uz - Tu ))/(ZUEUH (I‘ui—Tu }2 * Zueui (rUl 'Tu }2) (215)

AMN\eG PETPIKEG, TTOU Bev Ba ava@epBouv TTepaITéEpw, TTEPIAAUPBAvVOUV TIG: Mean
Squared Difference (MSD), Spearman Rank Correlation (SPC), Frequency-
Weighted Pearson Correlation (FWPC) kai Weighted Pearson Correlation (WPC).

[1]

210 TTApadEiyaTa gag Ba XpnoluoTroijoouue pia atrAr) u€6odo uttoAoyiouou Tou
dlavuopuaTtog TOU OuvnuiTovou avdpeoa ota diavuopaTta Twv PaduoloyHoewv
XPNOTWV Kail avapeoa oTta dlavuouata BabuoAoyiwy TwV TAIVIWY YIA TOUG TTIVOKES
opoloTATWY. [apakdtw Tapoucialovial dUo MEBOdOI  UTTOAOYIOHOU  TWV
opoloTATwWY. H apyn HEBODOG UAOTTOIEI QVOAUTIKA TOUG UTTOAOYIOWOUG TWV
e€loOWOEWV pPE TOV TPOTTO TTOU TOUG TTapaBEécaue yia Tov KABe €va xprnotn N
avTikeigevo. A TNV GAAn, n ypriyopn MEBOSOGC KAVEI TOUG UTTOAOYIOHOUG
ypPNyopoTePa, UE TTIPAEEIC a€ ETTITTEDO TTIVAKWY, TTPOCBETOVTAC £va TTOAU HIKPO TTOC0
Yl TNV atro@uyr) OQaAudTwy KaTtéd Tnv diaipeon pe undevikd kKeAIG Tou Trivaka. MNa
AOGyoug UTTOAOYIOTIKAG TaXUTNTOG Kal KaAaiobnoiag kwdika, Ba eTmAEEOUPE TNV

ypnyopn. [3]

import numpy as np
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#cosine similarity methods

#slow method
def slow_similarity(ratings, kind="user'):
#user case

if kind == 'user':
axmax = 0
axmin = 1

#item case

elif kind == 'item':
axmax = 1
axmin = ©

#make the similarity matrix
#(item*item or user*user depending on the case)
sim = np.zeros((ratings.shape[axmax],
ratings.shape[axmax]))
#for every user or item
for u in range(ratings.shape[axmax]):
#for every user or item (again)
for uprime in range(ratings.shape[axmax]):
#sum factors
rui_sqrd = 0.
ruprimei_sqrd = 0.
#for each column or row (depending on kind)
for i in range(ratings.shape[axmin]):
#numerator
sim[u, uprime] = ratings[u, i] * ratings[uprime,

#denominator root sums
rui_sqrd += ratings[u,i] ** 2
ruprimei_sqrd += ratings[uprime, 1] ** 2
#fill the similarity matrix for user or item
sim[u, uprime] /= np.sqgrt(rui_sqgrd*ruprimei_sqrd)
return sim

#fast method
#epsilon: very small number for handling divided-by-zero errors
def fast_similarity(ratings, kind='user', epsilon=1le-9):
#user case
if kind == ‘'user':
sim = ratings.dot(ratings.T) + epsilon
#item case (transposed case scenario)
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elif kind == 'item':
sim = ratings.T.dot(ratings) + epsilon
#make the norms
norms = np.array([np.sqrt(np.diagonal(sim))])
return (sim/norms/norms.T)
Kwéikag 5 — M£BodoL UTIOAOYLOHOU MILVAKWY OLLOLOTNTOG

2.2.8 — NMpowiAtpapiopa (Prefiltering)
2€ peyaGAa CUCTANOTA CUCTACEWY, TA AVTIKEIMEVA KAl Ol XPHOTEG KUPAivovTal OTO

TTO0O0 TWV EKATOUMUPIWY. [a 10 Adyo auTo, ival ouxva aduvaTo VA UTTOAOYIOOUE
TNV TTPOPRAewn €vog XpAOTN ME PAcn OAOUC TOUG UTTOAOITTOUG XPrOTEG  TOU
OUCTAMATOG i QVTIKEIMEVA TTOU £XEl BaBuoAoyrioel 0 XpAoTnG oTo cuoTnua. H Auon
gival a1TAr] Kal JAAIOTA TNV TTAPOUCIACAUE NON EUUECA OTIC TTAPATTIAVW EVOTNTEG.

EmA&youpe évav apiBPo KovTIVOTEPWYV YEITOVWV. [1][2]

Oa emAéCoupue va TTapouaidooupue TNV amAouoTepn TakTIKA prefiltering, n otroia
gival n Aoy evég oTabepol aplBuou KovTIvoTEpwV YeITOvwy (Top-k), pe éva
TTapddelyua, ouvdudlovrag Tautdéxpova O, pdBaue amd TNV evoTNTA NG
KavovikoTtroinong. MapakdTtw Trapatiferal pia péBodog TpoRAewns BabuoAdynong,
N OTToia APXIKA ETTIAEYEl TOUG k KOVTIVOTEPOUG YEITOVEG Kal ETTEITA TTPORAETTEI TNV
BaBuoAdynon ue T xpron NG ueBGdou mean centering, Pe TOv idI0 TPOTTO TTOU

TTAPOUCIACANE OTNV EVOTNTA TNG KAVOVIKOTTOINONG. [3]

import numpy as np

#top-k prediction with bias
def predict_topk_nobias(ratings, similarity, kind='user', k=40):
#make the prediction matrix
pred = np.zeros(ratings.shape)
#user case
if kind == 'user':
#mean bias
user_bias = ratings.mean(axis=1)
#remove bias
ratings = (ratings - user_bias[:, np.newaxis]).copy()
#for each user
for i in range(ratings.shape[@0]):
#get the top-k users
top_k_users = [np.argsort(similarity[:,i])[:-k-1:-1]]
for j in range(ratings.shape[1]):
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#make the prediction for top-k neighbours
pred[i, j] = similarity[i,
:][top_k_users].dot(ratings[:, j][top_k users])
pred[i, j] /= np.sum(np.abs(similarity[i,
:][top_k_users]))
#add the bias
#(h()*h()~-1 golden rule)
pred += user_bias[:, np.newaxis]
#item case
if kind == 'item':
#same as before
item_bias = ratings.mean(axis=0)
ratings = (ratings - item_bias[np.newaxis, :]).copy()
for j in range(ratings.shape[1l]):
top_k_items = [np.argsort(similarity[:,j])[:-k-1:-1]]
for i in range(ratings.shape[@0]):
pred[i, j] = similarity[j,
:][top_k _items].dot(ratings[i, :][top_k_items].T)
pred[i, j] /= np.sum(np.abs(similarity[j,
:][top_k_items]))
pred += item_bias[np.newaxis, :]
return pred

Kwéikag 6 — M£Bodog urtoAoyLlopov tpoPAsYng yLa k KOVILVOTEPOUG YELTOVEG ME TN XPRON
mean centering

2.2.9 = 'Eva rapadeiypa aAyopibuou yeitovidg o€ Python
MapaBéToupe €va TTepIypa@IkO TTapadelyua ulotroinong &vog aAyopibuou

YEITOVIAG, ATTOOUVAPUOAOYWVTAG TNV OIodIKACIA O€ KOPUATIA, XPNOIMOTIOIWVTOG

TauTOXpPOVA OTI JABape TTapaTravw. [3]

Part 1: Import libraries and functions
ZeKIvoUue atrd Tnv eicaywyr] Twv KaTAAANAwv BIBAI0BNKwWY Kal JeBOdWV.

Oa xpelaoToUuE TIG £€AG PIBAIOBAKEG:

e NUMpY YIO TOUG UTTOAOYIOHOUG PETAEU TTIVAKWYV [4]

e pandas yia TNV @OpPTWON Kal dlaXwpiohud Twv dedouévwy (pandas
dataframes) [5]

e pathlib yia Tnv avalitnon Tou dataset pag yEoa 0To CUCTNPA APXEIWV

e time yia TNV XpovouETPNON TNG diadikaciag TTPORAEYNS
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sklearn (scikit-learn) yia tTnv xprion Tng MEBOdOU €UPECONG TOU HECOU
TETPAYWVIKOU OQAAPATOG

matplotlib kai seaborn yia Tov oxedlaoud Twv ypapnudatwyv

Oa xpnoigotroiooupe TIG BIBAIOBNKeG pandas, pathlib, time, matplotlib kai

seaborn 010 KUPIWG TTPOYPAUMA HAG, EVW OooV agopd TiIG BIBAIOBRKEG nuMPpY Kal

scikit-learn 6a TIG XpNOIKMOTTOINCOUKE YIa TNV dnuioupyia Twv PNEBOOdWV TIG OTTOIES

€10AQyoupe aTTd éva script pe dvoua helper.py:

Eioayoupe pia véa péBodo, tnyv train_test split, n otmoia Ba diaxwpiocel T0
dataset pag oe training kai test set.

H uéBodog fast_similarity mou d€i¢aue TTapatmavw 6a xpnoipoTToinBEi yia
TOV UTTOAOYIOKO TOU TTIVOKQ OUOIOTATWV.

H predict_topk_nobias 8a xpnoiyoTtroindei yia Tov uTToAOYIoUO TOU TTiVOKO
TTPORAEYEWV.

Eiocdyoupe akoun pia véa péBodo, pe Ovopa get mse, n otroia Oa
UTTOAOYIOE€I TNV ATTOKAIOT QVAUECT OTOV TTivaKa TTPOBAEYNS Kai TO test set

MOG ME TN XPON TOU UTTOAOYIOHUOU TOU PJECOU TETPAYWVIKOU OQAAPOTOG.

#neighbourhood-based algorithm

#part 1: importing

#libraries

#import numpy as np #numpy

import pandas as pd #pandas

from pathlib import Path #path

import time #time

#from sklearn.metrics import mean_squared_error #mse

import matplotlib.pyplot as plt #plotting

import seaborn as sns #data visualization based on matplotlib

#methods
from helper import train_test_split, fast_similarity,
predict_topk_nobias, get mse

Kwdikag 7 — M£Bodou yettoviwy, Part 1: sioaywyn BBALOONKWVY Ko peB6dwv

#split dataset to training and test set
def train_test_split(ratings):
test = np.zeros(ratings.shape)
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train = ratings.copy()
#for each user
for user in range(ratings.shape[0]):
#select 10 random ratings of a user for an item,
#without replacement
test_ratings = np.random.choice(ratings[user,
:].nonzero()[0],
size=10,
replace=False)
#exclude those ratings from the training set
train[user, test_ratings] = @.
#include them in the test set
test[user, test ratings] = ratings[user, test_ratings]
#assert (test) if the training and test sets contain
#common ratings (they should not)
assert(np.all((train*test == 0)))
return train, test #return the test and training set arrays
Kwéikag 8 — M£Bodol yettoviwy, péBodog SLayxwpLopou dataset oe training kau test set

#mean squared error
def get _mse(pred, actual):
#prepare the prediction table for the given ratings
pred = pred[actual.nonzero()].flatten()
#prepare the evaluation table for the given ratings
actual = actual[actual.nonzero()].flatten()
#calculate the mean squared error between the two
return mean_squared_error(pred, actual)
Kwdkag 9 — M£Bodot yettoviwvy, HEB0S80¢ UTTOAOYLOHOU LECOU TETPAYWVLKOU OPAANATOC

Part 2: Prepare the data
‘ExovTtag @TIagel TIG uEBOdOUG pag, n dladikaoia TTPOETOINACIAS TwWV OEDOUEVWV

MoI&lel eEQIPETIKA EKTEVNG O OXEON WE TA UTTOAOITTA KOPPATIO TNG UAOTTOINONG.

To mpwTto TPpdyua TTOU Ba xpelacToupe eival éva dataset. Ta datasets ota
OUCTHMATO  OUCTACEWV aTToTEAOUV  eEaIpeTIKA  peEYAAQ  apxeia, Ta  oTToia
avatrapioTouv BaBuoAoynoeic XpnoTwy yia avTikeipeva. ‘Eva dataset ptmopei va
TTEPIEXEI EKATOVTADEG XIANIADEG YPOAUMESG OEOONEVWV EWG KAl APKETA EKATOUMUPIA.
ASGyw TNG @uong Kal Tou peyEBoug Toug, €va peaMioTikG dataset, Baciouévo o€
TIPAYMUATIKOUG XPAOTEG KAl QVTIKEIMEVA, MTTOPEI va XPEIAOTE Xpovia yia va
OUAAeXTOUV Ta atrapaitnTa dedopéva yia Tnv dnuioupyia Tou. Na autd 1o Adyo €ival
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ouxXva OUOKOAO va cuvTagouue povol pag éva dataset. AvTIBETWG, TTPOTIMOUUE éva

éTolpo dataset, a1rd auTd TToU €ival ouxva diabéaipa oTo d1adiKTUO EAEUBEPQ.

2.€ QUTA TNV TTEPITITWOT, €TIAECaPE TO TTAAIO Movielens dataset Twv 100 XINGO WV
BaBuoloynoewv (MI-100k). Ta MovieLens datasets cival datasets dnuioupynuéva
atré aAnBIvoug XPrOTEG KAl QVTIKEIMEVA, AVATTAPIOTOUV BABUOAOYNOEIC XPNOTWYV YIa
TaIvieg Kal gival EAeUBEPA yIa TO EUPU KOIVO, PE TO HEYEBOG TOUG va PTAVEI £WG KAl TA

20 ekaTtoppUpia ratings. [6]

ATé OAa Ta apyeia Tou dataset, Ba xpnolUOTTOINCOUUE TO apXEio u.data, Tou
OTTOIOU N KABE ypauun TTEPIEXEI TN BaBuoAoyia evog XproTn yia Eva avTikeipevo, padi
ME €éva timestamp Tou OnAwvel Tnv nuepounvia oe second. To kaBe Tredio

dlagopoTroigital atrd €va dAAo, pe évav xapaktripa Tab.

196 242 3 881250949
186 302 3 891717742
22 377 1 878887116
244 51 2 880606923
166 346 1 886397596

Kwéwkag 10 — H doun tou apyeiov u.data tou dataset mi-100k

‘Etreira, Ba uttoAoyiocoupe Tov apIBUO TwV XPNOTWV KOl QVTIKEIMEVWVY YIia TNV
dnuioupyia Tou Trivaka ratings kal Ba Bpouhe TO TTOCOOTO PaBUOAGYNONG
QVTIKEIMEVWYV aTTO XPNOTEG (Sparsity). 2Tnv ouvéxela diaxwpifoupe 1o dataset oe

training kai test sets.

#part 2: preparing data
PATH = Path('..\Datasets\ml-100k")

#file does not contain headers

#we append them ourselves

names = ['user_id', 'item_id', ‘'rating', 'timestamp']
#data seperated by tabs, set headers to the names list
df = pd.read _csv(PATH/'u.data', sep="\t', names=names)
print(df.head()) #get the first 5

#number of unique users, items
n_users = df.user_id.unique().shape[9]
n_items = df.item_id.unique().shape[0]
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print(f'\n{n_users} users')
print(f'{n_items} items"')

#make the ratings matrix
ratings = np.zeros((n_users, n_items))
#we map user/item IDs to user/item indices by removing the
#"Python starts at 0" offset between them
for row in df.itertuples():
ratings[row[1]-1, row[2]-1] = row[3]
print(f"\n {ratings}")

#sparsity

#(get the non-zero ratings)

sparsity = float(len(ratings.nonzero()[@]))
sparsity /= (ratings.shape[@]*ratings.shape[1])
#percentage

sparsity *= 100

print(f'\nRatings sparsity: {sparsity}%')

#make the training and test sets
train, test = train_test_split(ratings)
Kwdkag 11 — M£0odou yettoviwy, Part 2: mpostolpacio Sedopévwv

Part 3: Make the similarities table
MNa Tnv UTTOAOYIONO TWV OMOIOTATWY Ba XPOVOPETPriIOoUME TNV OIAPKEIA

uTTOAOYIOMOU PE TN XPrion Tng BIBAIOBAKNG time.

#part 3: make the similarities table

start = time.time()

user_similarity = fast_similarity(train)
item_similarity = fast_similarity(train, kind = 'item')
end = time.time()

print(f'\nTime elapsed for measuring cosine \
similarity with fast method: {end-start}')

#print the first four in the item similarity table
print (f'\nitem_similarity[:4, :4]: {item_similarity[:4, :4]}")
Kwékag 12 — M£0odot yettoviwy, Part 3: uTtoAOYLOUAG TTiVOKOL OLOLOTATWVY

Part 4: Make the predictions table
[Mapouoiwg yia Tov UTTOAOYIONO TWV TTPORBAEYEWV.

#part 4: make the predictions table
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start = time.time()
item_prediction = predict_topk_nobias(train, item_similarity,
kind="item")
user_prediction = predict_topk_nobias(train, user_similarity)
end = time.time()
print(f'\nTime elapsed for predicting \
similarity with Top-k method with bias: {end-start}')
Kwdéikag 13 — M£00odoL yettoviwy, Part 4: untoAoyLopog nivaka npoBAEPewv

Part 5: Evaluate the predictions
O utroAoyIiopuog TNG ouvdapTNOoNG ATTWAEIAG PETAEU training kal test set €ival

eCaIPETIKA aTTAGG.

#part 5: testing

print(f'\nUser-based CF MSE: {get_mse(user_prediction, test)}')
print(f'Item-based CF MSE: {get mse(item_prediction, test)}')
Kwéwkag 14 — M£0odol yettoviwy, Part 5: afloAdynon

Evpeon BEATioTov aptOuov yeitovwy
2uvoyifovrag 6oov a@opd TIC PEBOBOUG yeIToviwy, Ba TTapPOUCIACOUME KATI

TeAeuTaio. MINfoape TTapatrdvw yia 1o TTwg ol BIBAI0BrAkeg matplotlib kar seaborn

Ba xpnoipotToinBouyv yia Tnv avatrapdoTacn ypaenudatwy. [7][8]

‘E0TW 611 BéAoUPE va avakaAUWoUE TTOI0G apIiBudS XpnoTwy gival 0 BEATIOTOG
yla TO oUOTNUO CUCTACEWY Hag. MNapaBétoupe éva TTapAdelypa KWOIKA IO TO TTWG

MTTOPOUME Va KAVOUUE KATI TETOIO, KABWG Kal T ATTOTEAECUATA TOU KWOIKA auTtou.

#let's try a different amount of top-k neighbors
#test (really slow). 50 seems to be optimal amount of top-k
neighbors

#list of possible top-k neighbors
k_array = [5, 15, 30, 50, 100, 200]
user_train mse = []

user_test mse = []

item_test mse = []

item_train_mse = []

#for each possible amount of neighbors
for k in k_array:

#top k predictions
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user_pred = predict_topk nobias(train, user_similarity,
kind="'user', k=k)

item_pred = predict_topk_nobias(train, item_similarity,
kind="item', k=k)

#sum the mse for each:

#user

user_train_mse += [get mse(user_pred, train)]
user_test _mse += [get_mse(user_pred, test)]
#item

item_train_mse += [get_mse(item_pred, train)]
item_test _mse += [get_mse(item_pred, test)]

#tmake a seaborn set
sns.set()

#pick a color palette to draw from (Set2 palette, 2 colors
#selected)
pal = sns.color palette("Set2", 2)

plt.figure(figsize=(8,8)) #8x8 figure

#draw the following

#alpha (intensity) = 0.5

plt.plot(k_array, user_train_mse, c=pal[@], label='User-based
train', alpha=0.5, linewidth=5)

plt.plot(k_array, user_test_mse, c=pal[0@], label='User-based
test', linewidth=5)

plt.plot(k_array, item_train_mse, c=pal[1l], label='Item-based
train', alpha=0.5, linewidth=5)

plt.plot(k_array, item_test _mse, c=pal[1l], label='Item-based
test', linewidth=5)

#draw the legend at the best location, fonts: 20px
plt.legend(loc="best', fontsize=20)

#make the ticks as following

plt.xticks(fontsize=16);

plt.yticks(fontsize=16);

#and the labels

plt.xlabel('k"', fontsize=30);

plt.ylabel('MSE', fontsize=30);

plt.show()

Kwdékag 15 — M£0odol yettoviwy, eUpeon BEATLOTOU apLlOUOU YELTOVWY
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2.3 — MéBodol Baoiopéveg o€ pabnon (Learning based)
O1 yéBodol Baciouéveg o€ HABNON eKTTAIOEUOUV Eva TTOPAPETPIKO POVTEAO TTOU
TTEPIYPAPEI TNV AAANAETTIOpAON PETAEU XPNOTWYV KAl QVTIKEINEVWY OE HIa DIGPKEIN

XPOVOU, JE TNV XPNon ETTOXWYV Kal d10pBwaong TwV TTAPAPETPWY TOU HOVTEAOU.

2.3.1 — NMNapdayovrag péong poBAewng kKai rTOAwon (bias)

Mapouola pe TIg HEBOGdOUG yeIToviwy, Ba XpNOIUOTTOINOOUUE KAl TTAAI TO YVWOTO
OUVOAO QVTIKEIMEVWYV YIQ TIG ECICWOEIG JAG. U, U YIO TOUG XPrOTEG, ¢ KAl 7 yId TA
QVTIKEIPEVA, ryia TNG BaBuoAoyniocig Kal BaBuoAoyicg Kal Ba €l0AYOUE aKOPN Eva
véo €ido¢ upeTaBANTAG, TNV ¢ n omoia CupPBOoAiel TNV XPOVIKN OTIYUR TNG
BaBuoAdynong. Eiocdyoupe akdéun Ouo €idn peTaBAnTwy, TNV uEon  TIPA
BaBuoAdynong u kal Tnv mOAwon (bias) b. [1]

H moAwon avamapiotd tnv amokAion amd Ttnv péon TPORAewn yia éva
QVTIKEIMEVO 1| XpnoTn. [1]

Ag Trépoupe 1O TTapddelypa Tou Mivaka 1.
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‘EO0Tw 0 pé€oog 6pog BabuoAdynong, x4 = 3.07, kair n péon BabuoAdynon Tou
Xpnotou (5 +3 + 2) /3 = 3.33, 0TTwg mTpokuTITEl aTTd TOV [Mivaka 1. 'EOTW akoun n
Méon Tiun BabuoAoyiag Tng Taiviag Fight Club (4 + 2 + 1)/3 = 2.33 O1TTWw¢ TTPOKUTITEI
Kal 1Al atrd Tov Tivaka. OETOuhE WG TNV ATTOKAION ammd TNV PEON TIUA
BaBuoAdynong Tou Xpriotou bx = 3.33 — u = 0.26. Evw Tnv ammokAion atmo Tnv héon
TIuA BaBuoAoyiag yia Tnv Taivia Fight Club avtioToixa beigne cup = 2.33 — 4 = - 0.74.
Me Baon Ta mapatmdvw, o TTapdyovtag péong TTPORAswng BaBuoAdynong Tou
XpAoTou yia tnv Taivia Fight Club eivai z + bx+ brighecup = 3.07 + 0.26 — 0.74 = 2.59.
MapokdTw @aivetal n  €giowon Tou UTToOAOyIOPOU TnNG péong TTPORAEWNS

BaBuoAdynong evog xprioTn yia éva AVTIKEIPEVO.

buI':,U + bu + bi (216)

2.3.2 — NMNapayovrotroinon
SVD
Ta JovTEAQ TTAPAYOVTOTTOINONG TTIVAKWY XAPTOYPAPOUV XPAOTEG KAl AVTIKEIMEVA

O¢ TVOAKEG N TTOPAYOVTWY, £€TOI WOTE OI AAANAETMOPACEIS PETAEU TwWv OUO va
oxnuaTidovral WG TO ECWTEPIKO YIVOUEVO PETAEU TWV YPAUHUWY TWV TTIVAKWY. Mg
autd TOV TPOTIO, MTTOPOUUE VA avadNMIOUPYNOOUUE TOV QPXIKO TTiVOKO Twv
BaBuoAoynoewv KABe xprioTn yia KABE avTiKEiueVo, TTOAAATTAACIAOVTOG TOV TTIVOKO

TTOPAYOVTWY TOU XPOTN £TTi TOV TTiVAKA TTAPAYOVTWY TOU QVTIKEIJEVOU.

KaBe xpriotng avtioToixileTal he €va dIAvuoua TTapayovTwy p, d1a0Taong N, EVW

€Va AVTIKEIYEVO avTIOTOIXICETaI JE Eva didvuopa gi d1doTaong n avrioToixa.[1]

Ag e¢etdooupe kal TTaAI Tov lMivaka 1 Kal ag XpnolUOTIOINCOUUE OaV TTAPAdEIyuUa
TNV BaBuoAdynon Tou MNdvvn yia Tnv Taivia Stardust, n otroia gival 2. 'Eotw TTwWG o€
éva oUOTNPO CUCTACEWY TTAPAYOVTOTTOINONG, OTTWG AUTA TToU £EETACOUME O€ QUTH
TV UTTOEVOTNTA, O APIBUOG Twv TTapayoviwy eival n = 5. '/EOTW Ta TTAPOKATW
dlavuoparta TTapayoviwy, yia Tov xpriotn MNdvvn, p_giannis, kai TV Taivia Stardust,
g_stardust. MoAAatTAacidlovTag Toug TTapdayovTeg Tou MNAvvn JE TOUG TTAPAYOVTEG
TNG Taviag kal abpoilovriag Ta YIVOUEVA, MUTTOPOUME va TTAPOUME TNV APXIKA
BaBuoAdynon Tou lMNavvn, 2.

p_giannis = [0.333, 1.2, 0.8, 0.7, 0.8]
g_stardust = [0.9, 0.5, 0.25, 0.71, 0.5]

39 ano 188



Mtuylakn epyooia tou dottntr BaoiAn MooyomouAou

r_giannis_stardust = p_giannis.dot(q_stardust).sum()
Weudokwdikag 16 — MEBobdol mapayovionoinong, SLavuopoTa TapayOVIWY Kot UTTOAOYLOHOG
BaBpoAdynong

KaBévag atrd Toug TTapdyovTeG UTTOPEI va JETPA £Va ENPAVES XOPAKTNPIOTIKO N
éva XaPAKTNPIOTIKO TO OTTOI0 PTTOPEI va PNV gival eUKOAA aviXVEUOIUO atrd £vav
atrAd TrapartnenTh. MNa Tnv TepiTITwon Tou Navvn kai TnG Taiviag Stardust, ol TTPwWTOI
TTapdyovteg, 0.9 kai 0.333, ptropei va JETPOUV KATA TTOC0 N TaIVia AVAKEI OTO €i00G
TWV POUAVTIKWY TAIVIWVY Kal KATA TTO00 apEoouv aTov lNdvvn TEToIoU €idOUG TAIVIEG.
Evw or tpitol Trapdyovteg, 0.25 kai 0.8, 6a ytropoucav va PJETPOUV TO KATA TG00 N
Taivia Qupidel VOOTAAYIKEG TaIViEG TwV apxwV TnG dekaeTiag Tou 2000 kal Katd TTOCO
avTioTolXa ap€oouv oTo [NAvvn TETOIEG TAIVIEG, XAPOAKTNPIOTIKO TO OTTOI0 iCWwg va unv

gival d1a100NTIKA avTIANTITO aTTO TOV JECO TTAPATNENTH.

NAauBdavovtag uttdywn oTOUG UTTOAOYIONOUG HAG TIC TTOAWOEIS IO TOV XPHOTN KAl

TO QVTIKEIEVO, KABWG Kal Tnv péon TR PabuoAdynong, WTTOpoUME  va

uttoAoyiocoupe TV TTPOPRAeWn BaBuoAdynong ru evOg XPrROoTN U YIA Eva AVTIKEINEVO

I wg egng [1]:

Iui = U + bu + bi +q1Tpu (217)

2T0X0G OTa OUCTAUATA TTaPAyovTOoTToinONG €ival N €Upeon KATAAANAWV
TTOAWOCEWYV KAl TTAPAYOVTWY TTOU EAQXIOTOTTOIOUV TNV ATTWAEIQ HETAEU VO test set
Kal Jiag TTPORAETTOMEVNG TIWAG. TO oUOTNUA eKTTAIOEUEl Eva OVTEAO TTAPAYOVTWYV
KAl TTOAWOEWV PEow Hiag diadikaoiag pddnong, ue Bdon €va training set. e KGBe
ETTOXN Ol TTAPAYOVTEG KOl Ol TTOAWOEIG eTTavUTTOAOYiovTal hE TPOTTO, £T01 WOTE N
TTPOBAEYN va TTpooeyyidel 600 To duvaTtov KaAUTEPA TO UTTdpxov training set.
MeploodTtepeg AeTTTOPéPEIEG YIa TNV dladikaoia TNG pAaBnong divovral Katd TO
emouevo  Ke@AAalo, OTTou kal Ba avamTuxBoupe OTO TWG £€va  CcUOTNPA
TTapayovTtotroinong SVD, 6mmwg mmapouaoialetal €dw, YTTOPEI va UAOTTOINGE PE TNV
xpnon 1ng BiPAI0BRAkng PyTorch.
SVD++

Mapduoia pye 10 SVD, 10 ouoTnua Trapayovrotroinong SVD++ oToxeUEl oThV
TTPORAEWN BaBUOAGYNONG VOGS XProTn yia €va avTikeEipevo ye Bdon éva ocuoTnua

TTOPAYOVTWY KAl TTOAWOEWY, €I0AYOVTAG TAUTOXPOVA OTOUG UTTOAOYIONOUG,
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TTOPAYOVTEG EPPEONG avaATPOPOdATNONG TIOU TIPOKUTITOUV ATTO TIG EPUECQ

UTTOONAOUUEVEG TTPOTIUACEIG TWV XPNOTWV. [1][2]

‘EOTW R(u) TO OUVOANO TWV QVTIKEIUEVWV TTOU O XPNOTNG u €XEl ETTIAECEl va
VOIKIAOEI KAl 7 €va SIAVUOPA TTaPAYyOVTWY £UPEONG avaTpoPodOTnoNng (evoikiaon)
yla €va QvTIKEINEVO ( € R(u). ToTE, n TTPORAewn BaBuoAdynong evog XpnoTtn u yia

éva OTTo100NTTOTE PN BABPOAOYNUEVO QVTIKEIYEVO /, TTPOKUTITEI WG €ENG [1]:

rui =+ bu + bi 4qi7 (pu + [ROW[V? ZE€raw y1) (2.18)

OTtou yi didvuopa TTapayovTwy EUPECNS AVATPOPOdOTNONG, KEVIPOAPIOHEVO
yupw ato 10 0, kai /R(u)/%/2 T0 oUvoAo Twv BabuoAoynuévwy atroé Tov XpAoTn

QVTIKEIMEVWV €IG OTNV -1/2 yIa OKOTTOUG KAVOVIKOTTOINONG.

2¢ éva ouoTtnua SVD++ gival duvath akoun n UtTapén TePICCOTEPWY OTTO £VOG
€idoug TTaPAYoVTEG EUUECNS avaTPOPOdOTNONG. Na TTapddelyua, evw N €gicwon
2.18 ptTopei va avatrapioTd Tnv TTPORAEWN VoG XPAOTN YIO MIA TAIVIA, JE 2 TO €AV
0 XPAOTNG £XEI VOIKIAOEI JIa ATTo TIG TAIVIEG (AVTIKEIYEVA) TTOU TTAPAKOAOUBNOE, YIa
GAAn egiowon ptropei va AappBaver uttéywn Oxi uévo Tnv evoikiaon, aAAd kal Tnv
ayopd, 6TTou RZ(u) Kal RZ(u) Ta GUVOAA TWV TAIVIWV TTOU €XEI VOIKIAOEI KAl AyopPAOEl

0 XPnRoTng u avriotoixa [1].

rui =+ bu + bi +q7 (pu + [RI(W[Y2 ZE€r10) i + [RZ(W[Y2 XER2cy yi ) (2.19)

2.4 AANAeg péBodoOI
Mapd 10 yeyovog OTI dev TTPOKEITAI VO avaTITUXBoUE TTEpaITEPW ME TOV idlo

TPOTTO, OTTWG OTIC TTAPATTAVW EVOTNTEG, yia AoITTEG HeBAOOoUC, ailel va ava@époupue
MEPIKES ATTO AUTEG KAl VA €ENYNOOUNE TTEPIANTITIKA TOV TPOTTO AEITOUPYIOG TOUG.
ALS (Alternating Least Squares)

Mia TrapaAAdayr Tou SVD, o ALS, tTpooeyyilel Tnv dladikaoia padnong pe Evav
EAA@PWG BIAPOPETIKO TPOTTO. € avTiBeon e Tov aAyépiBuo SVD, katd tov ALS,

Xwpioupe TNV dladikaaia TNG uaddnaong o€ duo EexwpioTd aTadia. [1][2]

e Katd 10 TpwTo O0TAdIO BETOUNE OTABEPS TO DIAVUCHA TTAPAYOVTWY TWV

AVTIKEIMEVWYV (i) KAl AUVOUUE WG TTPOG TO OIAVUCHA TTapayovTwy TwVv

XPNOTWV (Pu).

41 ono6 188



Mtuylakn epyooia tou dottntr BaoiAn MooyomouAou

o Kartd 10 deUTEPO BETOUHE OTABEPO TO BIAVUC A TTAPAYOVTWY TWV XPNOTWV
(pu) Kai AUvoupuEe wg TTPOG TO BIAVUCUA TTAPAYOVTWY TWV AVTIKEINEVWV ()
avTioToIxXa.
Xpovo-ovveldnaoiako povtédo (Time-aware factor model)

Mia GAAn TTpoOEyyion TTapAyovToTToinongG, TTPocBETel oTov SVD++ TNV €vvola
TWV TTAPOdIKWY OANAYWV OTOUG TPOTTOUG BaBUOAOYIOG TwV QAVTIKEIUEVWY Kal
BaBuoAdynong amd Toug Xxpnoteg. H 10éa Paocifetal o€ pia TTapallay Twv
TTOAWOEWY, OTTOU Ol TTOAWOEIG uTToAoyidovTtal Kal TTAAI YE€ow TTAPEABOVTIKWV
BaBuoAoynoewy Twv XpNOTWYV Kal BaBuoAoyItV TwV TAIVIWY, AAAd PE TNV EI0aywyn
EVOG TTAPAYOVTOG TTAAAIOTNTAG, OTTOU TTAAAIOTEPES BaBuoAoynoeIg Kal BaBuoAoyieg

TTAICOUV PIKPOTEPO POAO OTOV UTTOAOYICHO TWV TTOAWCEWV. [1]

H AoyIkA TTiow a1ré TO0 XPOVO-CUVEIDNOIAKO POVTEAO Eival TTWG AVAAOYWS TwV
ETTOXWYV, TWV XPOVIKWV TACEWV KAl Twv aAAaywv OTIC TTPOCWTTIKOTNTEG TWV
XPNOTWYV, MIa Talvia ptropei va BaBuoAoynBei dla@opeTikd atrd évav XprnoTn, yida
AOGyoug aAAayng wuxoAoyiog autou Tou XPAOTN AAANG Kal TwV OIAQOPETIKWV

TTPOTUTTWY KaI AVTIAWEWY TNG EKACTOTE ETTOXNAG.

MNa va xpnolgotroiooupe Kal TaAl To TTapddeiyua tou lMivaka 1, o MNavvng 10
2017 BaBbpoAoyei Tnv Tavia Stardust pe faBuoAoyia 2. O MNavvng 10 2019 Opwg, €xel
aAAGEel wg AvBpwTrog Kal €xel wplihdoel. Mepioodtepo cuvaloOnUaATIKOG Kal
TTPOBUPOC va atrodeXTEl Kalvouplia TTPAYHATA, aTTo@aailel va el Kal TTAAI TRV Taivia
Stardust, aAAalovtag autr) TN @opd Tnv BaBuoAdynon Tou ot 4. Tautdxpova, To
2019, oe oxéon pe 10 2017, n Tawvia Stardust Bewpeital TTAEOV pIa KAQOOIKN)
POMQVTIKA TAIViQ, TTPAYHA TTOU JITTOPEI ETTITTAEOV Va €TTNPEACEI TNV AdTTOWn Tou MNdAvvn
BETIKA yIa auTh.

MéeBodbot yettoviag Paciouéveg o uabnon
YTTApx0ouVv apKETOiI TPOTTOI TTOU Mia YEBODOC YeITOVIAG UTTOPEI va UAOTTOINBEI pE

TNV Xpnon paénong.
AmAég

O mpwTog Kal aTTAoUCTEPOG TPOTIOC €ival O UTTOAOYIOUOC TwV TTOAWCEWV
XPNOTWV KAl QVTIKEIMEVWY KAl TOU TTiVvaKA OMOIOTATWY HECW MIoG B1adikaoiag
MAOnong, avti TNG XpAong METPWVY OpoIOTATAG, OTTWG Eival yia TTapAdElyua TO

dIGvuoua CuVNUITOVOU, Kal TEXVIKWY, OTTWG €ival TO mean-centering i To z-score.
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Mia TéTola TTpoCEyyIon PTTOPET OPWG va aTTofei datravnpr], KaBwg o UTTOAOYIOUOG
EVOG peyaAou TTivaka, OTTwG O TTiVOKAG OMOIOTATWY TWV JEBOdWV YEITOVIWY, PE TNV
Xpron pdénong, atroteAsi pia e¢aipeTikd XxpovoRopa diadikaaia. [1]
[Tapayovtomomon Tivaka 0oL THTWY

Mia TexVIKR TTOU PTTOPE VO BonBroel oTnv TTIAUCNH TOU TTapATTAvw TTPOBARNATOG,
€ival n TTapayovToTToinCn TOU TTiVOKA OJOIOTATWY. AEIOTTOIWVTAG TA TTAEOVEKTHUATA
TNG TTAPAYOVTOTIOINONG, €vag TTivakag Aiywv E€KATOPMUPIWY OTOIXEIWY, MTTOPEI
eUKOAQ va avatrapacTaBei ammd U0 PIKPOTEPOUG TTIVAKEG MEPIKWY EKATOVTAdWYV
XINGdwV oTOoIXEIWV, YAUTWVOVTAG TTOPOUG OAAG Kal XpOVO KATA TOUG UTTOAOYIOHUOUG.
[1]
Mektég

Mia SI0@OPETIKA TEXVIKI, N OTToia OTOXEUEI OTNV PEYIOTOTTIOINCN TNG AKpPiBeEiag,
gival n uAotroinon €vOog MEIKTOU OUCTHAPATOG TIOU  OUyXwvelel ueBddoug
TTOPAYOVTOTIOINONG KAl YEITOVIWV. € AUTH TNV TIEPITITWON N TTPORAEWn HIOG
BaBuoAdynong evog XproTn yia Eva aVTIKEIPMEVO YIVETAI PEIKTA, AQUBAvVOVTAG HEPOG
OTOV UTTOAOYIONO HIa pEBOBOG yeITovidg, heE évav TTivaka OWOIOTATWY, Kal Mid

MEBODBOG TTapayovToTToinong OTTWG ival yia Tapdderypa o ahyépiBuog SVD. [2][9]

Quoikd, o OAeg auTtég TIGC PEBGDOUG, PTTOpPOUV va An@BoUV akoun uttown
TTaPAyovTeG, OTTWG €ival O TTAPWOIKEG WETABOAEG oTnv BaBuoAdynon kai Tnv
BaBuoAoyia (xpdvo-cuveidnoiakd PHovTEAQ) i akOun Kal Tnv ToTroBeaia, uéBodol ol
oTroieg Oev e€eTaddovTal O€ QUTH TNV £pyaaia.

SLIM (Sparse Linear Method)

TéNog, dev Ba ptmopoucape BERBaia va KAsiooupe autry TRV evoTNTA XWPEIGC va
MIAoouuE yia Tov aAyopiBuo SLIM. Katd tov aAyopiBuo autd, pia TpoBAeTTONEVN
BaBuoAdynon evog xpnotn u utroAoyileTal wg o TToOAAATTAQCIaouOS HETAEU dUO
apaiwyv dIAVUONATWY TTIIVAKWY, ru KAl wi, OTTOU TO TIPWTO QVTIOTOIXEI OE Eva
OIGvUO A QVTIKEIUEVWY Ta OTToia €xel faBuoAoynoel o XxprRoTng u evw To OEUTEPO
avTioToIXEl O€ €va  OIAvUCUA  OMOIOTATWY  MPETAEU  AVTIKEIMEVWY TTOU  EXEI

BaBuoAoynoel 0 xprioTNG KAl TOU QVTIKEINEVOU 7 TTPOG TTPORAewN. [10]
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2.5 — Emiloyog
2€ auTd TO KEQAAAIO TTapoUCIACTNKAV Ol HEB0SOI cUVEPYATIKOU QIATPAPICHATOG

(Collaborative Filtering) kai avatmtuxOnkav ol pébodor yerroviwv (Neighborhood-
based) kai o1 yéBodol Baciopéveg oe yabnon (Learning-based).

KdaB¢ €id0¢g e Ta TTAEOVEKTAMATA TOU, O HEBODOI YEITOVIWV ATTOTEAOUV £vav ATTAO
KAl €UKOAO TPOTTO UAOTTOINONG €vOG CUOTAMATOG CUCTACEWV Kal TTAPEXOUV Mia
avOeKTIKA, €TTEENYNMATIKA Kal diaioBnTIK& avTIAnNTTT uAotroinon. ATt Tnv AAAn ol
MéBODOI  PBaoiouéveg o€ updbnon, Omwg o1 péBodol  TTapayovToTroinong,
TTPOUTTOBETOUV TNV YyVWON TOU OPIBUOU TwV AVTIKEIMEVWVY KAl TwV XPNOTwV €€
apxng, aAAG TTapéxouv piIa akpIBECTEPN KAl KOAUTEPA TAIPIACTH OTIG TTPOTINAOCEIG

TWV XpNoTwv Auon.

ATT6 TNV AAAn, évvolieg OTTWG N KaAA elvola TNG TUXNG (serendipity), TTou PTTOPET
Va TTOPOUCIOOTOUV O€ HEBGBOUC YEITOVIWY, ONUaivel OTI JTTOPEI va TTPOTABOUV OTOUG
XPAOTEG QVTIKEIYEVA, TA OTTOIA UTTOPEI TTOTE VA PNV €ixav avakaAUWeEl, JE IO TTIO

OTEVA TTPOCEYYION TTPOG TIG TTPOTIKNOEIG TOUG.

Tautdypova, TTPEETTEl KAVEIG va AABEl uTTOWN TIG AVAYKES €vOG ouoTAMaTOG. lMNa
OUCTHUATA YEITOVIWY, IKPOTEPOS APIBUOGS QVTIKEIMEVWV ONUAivel TTWS £va cUOTAPA
OUCTACEWV BACIOPEVO OTOUG XPHOTEG PUTTOPEI va TTPOCPEPEI EYAAUTEPN aKPIiBElq,
aAAG atré TNV AAAn, €va cUoTNPO CUCTACEWY BOCIOHEVWY OTOUG XPHOTEG UTTOPEI

va KaTavaAwvel Aiydtepoug TTopoug. [1]

Eival atmapaitnto akéun va avaAoyioTel Kaveig T euon TnG TTAEIOVOTNTAG TwV
UTTOONAWOEWYV TTPOTIUNONG. 2€ éva cUoTNPA OTTOU €AAXIOTOI dNAWvVouUV pNTd TNV
TTPOTIKNON TOUG JE pia BaBuoAdynon, £éva ouoTnua 6trou Ba AaudvovTal utTéyn ol
TTPOTIMNACEIS TWV XPNOTWYV, ONAWUEVEC €uPECa, PTTOPE va atrofei xpnoIuoTEPO

évavTl evog atrAou 1Tou AauBavel uttown Tou pévo TIG BaBuoAoynocig. [1]

2€ auTO TO KEPAAQIO avaTTTugape HEBGOOUC YEITOVIWYV Kal BEIEaUE TTWG PUTTOPOUV
va uAotroinBouv pe ™ xpAon tng yAwooag Python. 1o emmdpevo kepdAaio Ba
avaTrtuxBoupe otnv vlotroinon PeBOdwv pddnong, he TN xprion TS PIBAIOBAKNGS
PyTorch, kai 6a avakaAUypoupe 10 TTwG éva PovTéAo aAyopiBuou Baciouévou o€
MABNonN exTTAIBEVETAI, E TNV TTAPOUCIACH TTAPADEIYHATWY KWOIKA.
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KE®AAAIO 3 - H BiAto0nkn PyTorch

3.1 - Eicaywyn
H BiIBAI0BAKN pnxavikAg pabnong kai avaAuong dedopévwyv PyTorch atroTeAei pia

Kalvoupla TTpooBecn 0TO 0IKOoUOTNUA TNG BaBidg uddnong (Deep Learning).

Atréyovog tTnG Torch, ypapuévn yia Tnv yh\wooa Lua, n PyTorch givai éva front
end yia Tn unxavr Torch, ypapuévn yia Tnv yAwooa Python, pe KaAfj utrooTthpi¢n
uttoAoyIopwy o€ eTTiTTed0 GPU, pe T xprion tng texvoAoyiag CUDA. [12]

AveTTuypévn atmd Tnv opada €psuvag TEXVNTAG vonuoouvng Tou Facebook, n
PyTorch diagépel amd GAAeg BiIBAI0BRAKeS 6TTwg n TensorFlow, pe Tnv diagopd va
EYKEITAl OTOV OUVAMIKO TPOTTO TTpoypapuaTiopou TnG (define-by-run €vavti define-
compile-run). INa Tov Adyo autd n PyTorch ava@épetal cuxva wg KataAAnAdTEPN YIa
TTEIPAPATIONO KAl EPEUVNTIKOUG OKOTTOUG, O1Tou BIBAIOBAKES cav Tnv TensorFlow
TTPOCPEPOUV ETOINEG KATAOKEUEG UTTOAOYIOTIKWY YpApwyv. AvTtiBeta, otnv PyTorch,
0 XPNOTNG UTTOPEI va opicel XEIPOKivnTa OTToIAdNATIOTE HABNUATIKY £KQPACT KAl Va

KaAéoel aueoa Tov uTToAoyIouo TNG. [12]

2¢ autd TO KeQAAalo Ba TTapoucidooupe apxIKG Pacikd ouoTaTikKG Tou
TTPOYPAUUATIONOU o€ PyTorch, Ta oTroia Ba XpeIaOTOUHE YIa TNV KwdIKOTTOINoN £VOG
OUCTHMATOG OUCTACEWV BaCICUEVOU O PABNon, Kal £TeiTa Ba emekTaBoUue oTO
TTOKETO TTAPAAANANG KaTaveunuévng emegepyaaiag tng PyTorch, torch.distributed,
Kal To TTakETo torch.multiprocessing, eréktaon tng BIBAI0BrKNG multiprocessing Tng
Python.

KAgivovtag, oTo eTTOUEVO KEQAAQIO, Ba TTapouaidoouue dUO €idn KOUBwWY, IKAVWV
vVa eKTTAIOEUCOUV CUVEPYATIKA £va PHOVTEAO OUCTAMATOG CUOTACEWVY BACICNEVO O€

MAOnon, TTapayovToTToinong TTIVAKWV.

3.2 - N'vwpifovTtag Tnv PyTorch

3.2.1 - Tensors
Oa &ekiviioou e apXIKA PE hia el0aywyr] OTO BACIKOTEPO avTIKEIUEVO TNG PyTorch,

Tov TavuoTh (Tensor). O1 TavuoTég otnv PyTorch gival avTikeipeva rapdpoia ye ta
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dlavuopata NumPy, pe BaoikéG OlaQOPES va atToTEAOUV OTI £vag TAVUOTHG Eival
oTaBepwV BIACTACEWY Kal TTWG TTPALEIC PETAEU TwV TAVUOTWY MPTTOpoUV va
uAoTroinBouv Ox1 uévo aTnV KUPIa Pvhun, ME TN BoNBeIa Tou eTTECEPYAOTH], AAAG Kal
0t KAPTEG YPAPIKWY YEVIKOU OKOTTOU, OTTwG ol KApteg GeForce Ttng nVidia,
oedopévou Ot uttooTnpifouv TNV TeEXVoAoyia CUDA kai Ot gival UTTOAOYIOTIKAG
IkavotnTag 3.0 kal dvw, OTTwG auth opiCetal ammd Tnv nVidia (lavoudpiog 2019,
PyTorch 1.0). AgiCel va onueiwBei akéun Twg éva didvuopa NumPy ptropei eUKoAa
Va JETAPPOOTEI o€ torch tensor (0TTwg Ba ava@epOuacTe AT dW KAl 0TO £§AG OTOUG
TAVUOTEG) KAl QVTIOTPOPWG, €vag tensor va PETaQPAcTel 0 dIdvuoua numpy.
[12][13]

Ag Eekiviiooupe atrd Ta BaCIKA Kal ag @TIALouNE pePIKG diavUiouaTa numpy Kal
évav tensor. Oa xpelactouue TIG BIBAIOBRKEG OTTWG opidovTal, numMpy, yia Tnv
NumPy, kai torch yia Tnv PyTorch. ©a TTapartnprioeTe TTwG yIA TIG TTEPITITWOEIG TWV
OlavuopdTwy, apxIKa @TIdxvoupe éva diavuoua 3*4 kal €mmeira éva didvuoua To
OTToi0 TTEPIEXEl TA OToIXEia 3.2 kal 4.8. AKOPn, @TIAXVOvVTaG évav tensor Pe Tov
TTpokaBopiouévo TPOTTO, torch.Tensor, TTaipvoupe Tmiow €vav double floating point
tensor. O tensor Ba gival povodIAoTATOS KAl Ba TTEPIEXEI TA OTOIXEIO 2 Kal 3. [12]

import torch #PyTorch
import numpy as np #numpy

arrayl
array2

np.ndarray([3,4]) #3*4 array
np.array([3.2,4.8]) #array containing elements 3 and 4

torch.Tensor([2,3]) #double floating point tensor containing
elements 2 and 3
Kwéikag 17 — NumPy arrays ko PyTorch tensor

‘ETreira, @Tiayxvoupe 2 tensors amd autd Ta duo array, évav double floating point
tensor kai é€vav long integer 64 bit tensor. Ztnv de0TEPN TTEPITITWON UTTOPOUUE VA
EMMTUXOUNE KATI TETOIO Ypd@ovTag torch.LongTensor. ©a TTapaTnpoETe AKOUN TTWG
oTnVv deUTEPN TTEPITITWOT, TTaPOAO TTou divouue oav input €va floating point array,
TO ATTOTEAECMA €ival O POPYN integer. ZTnV TIPOKEIYEVN TTEPITITWAON AOITTOV O
tensor2 Ba TepIEXEl Ta oToIXEia 3 Kal 4, TTAPOMOIWG Kal 0 tensor1. EmITTAéov, yia va
dciCoupe TNV peTARAoN atrod tensor o€ numpy array, QTIGXVOUUE aTro Tov tensor2 1o
array3. [12]
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tensorl
tensor2

torch.Tensor(arrayl)
torch.LongTensor(array2)

array3 = tensor2.numpy()
Kwdwkag 18 — Tensors, 1

Ag @TIdEoupe PeEPIKOUG akOun tensors. 'EoTw TTw¢ BEAoupe va dnuUIoupyriOOUpE
évav floating point tensor kai 2 double floating point, 2 diaotdoewv. MTTOpoUE Va
OpPioOUME EVOAAOKTIKA, OTTWG Kal TTapatmavw, pnta 1o €idog Twv tensors Trou

ETTIOUUOUE.

O évag 1péTTOoC cival TTANKTpoAoywvTag torch.FloatTensor, yia Tov floating point
tensor, kai torch.DoubleTensor, yia toug double floating point tensors. To idlo
MTTOPOUME VO KAVOUE YIa OTTOI00NTTOTE €id0G tensor, ypdgovtag torch.ShortTensor
(signed), torch.ByteTensor (unsigned), torch.CharTensor (8bit signed),
torch.HalfTensor (16bit unsigned) KTA. [12]

O deuTepog TpOTTOC €ival ypdgovtag torch.Tensor kai dnAwvovtag data type
(dtype). MNa tmapadeiyua, yia évav float tensor to dtype 8a Arav torch.float32 n
torch.float, yia évav double torch.float64 r} torch.double kok. [12]

OT1rwg Kal oTa numpy arrays, €vag tensor TpETTEl va €Xel oTaBepEG OIAOTAOEIG.
AnAwvovtag yia TTapddelyua évav integer tensor, OTTou OTNV TTPWTN YPOUUN
uTTdpxouv dUo aToixEia Kal aTnv deUTEPN £va, n ATTAVINON TToU Ba TTAPOUE Eival

éva ValueError.

Mapatnpeiote akdun TI cupPaivel 0TV TTEPITITWON TTOU dNAWCOUUE £vav apiOuo
MEYAAUTEPO 1 MIKPOTEPO TOU ETTITPETTOPEVOU Opiou, OPIO TO OTTOI0 EEAPTATAI ATTO TO
€idog Tou tensor, yia £€va oToIxXEio Tou tensor. Ta atmoTeAEoPaTa PUTTopEi va atmofouv
aATTPOO0dOKNTA, AVAAOYWS TOU HEYEBOUG TOU apIBUOU, PE TO OTOIXEIO va OAAGCE
TTPOCNKO OTTWG Kal TIPA. YTTepBaivovTag eAa@pwg yia TTapadelyua 1o 6plo 32767,
TO OTTOIO €ival Kal N PEyIoTN TIUA duvaTth TIUA yia €vav aképaio 16 bit pe rpéonuo,
¢otw 33000, TTOipVOUME TTIOW MIO APVATIKA TIUR, METPWVTAS avAattoda atrd TO
XAPNAGTEPO OpI0, -32768, yia TO TTO0O KATA TO OTT0i0 UTTEPRRKANE TO UYWnAd Oplo.
Edv 10 6pio 32767 cupBoAiCetal wg 1111 1111 1111 1111 ki o apiBudg 33000
oupBoAileTar wg 1 0000 0000 1110 1000 oto duadikd cuUOoTnua, TOTE PE MIO
QATTOKOTTI) OTO TTPWTO oToIXEio yia 16 bit, Taipvoupue Tov apiBud 0000 0000 1110

1000 = 232. lNa TNV TTEPITITWON VOGS OKEPAIOU UE TTPOCNUO KAl JETPWVTAG aTTd TO
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XAPNAG 6plo, -32768, TTaipvoupe tTicw TNV TIWA -32536, n oTToia Ba gival Kal N TIPA
TOU OTOIXEiOU TOU tensor.

float_tensorl = torch.FloatTensor([[5,7],[1,8]])

double tensorl = torch.DoubleTensor([2.8,7.1,3])

double_tensor2 = torch.Tensor([[3,12],[5,1],[2,9]1],
dtype=torch.float65)

int_tensorl = torch.IntTensor([[3,12],[7]]) #error

short_tensorl
short_tensorl

torch.ShortTensor([33000,528]) #[-32536, 528]
torch.ShortTensor([8,7])
Kwdwkag 19 — Tensors, 2

OT1wg ava@épape, PTTOPOUPE AKOUN VO KAVOUUE UTTOAOYIOUOUG avAPECa O€
tensors, he TN Xprion mraxuvong tng texvoAoyiag CUDA. KaAwvTtag atmmAwg Tnv
MEBODO .cuda() o€ otToIoVONTTOTE tensor, 0 tensor Jag aTToBNKeUETAI TNV MVAMN TNS
KAPTAG YPAPIKWY, ATTO OTTOU KOI PTTOPOUME VO KAVOUME UTTOAOYIOHOUG UETAEU
GAwv tensors. Eival onuavtiké tmap' 6Aa autd va €ipyaoTe oiyoupol TIpIV TNV
EKTEAEON TWV TTPAEEWY TTWG 01 tensors BpiokovTal aTny idia ToTroBeaia, dnAadn, €iTe
va BpiokovTal Kai oI duo TNV KUPIA PVvAMN, €TE Kal 01 dUO OTNV PMVAMN TNG KAPTAG
YPa@Ikwyv. OTTwg €ival AoITév avapevouevo, pia Tpdén avaueoa oe €vav cuda
tensor kai €vav cpu tensor, 6a atmo@épel Eva privupa error. AKOUN, TTPETTEN va €ipacTe
ETTITTAEOV TTPOOEKTIKOI KATA TOUG UTTOAOYIONOUG Pag, agou dUo tensors TTPETTEl va
gival ouppaTtoi o évag ye Tov dAAo, fATol TTapdpolol, TX. Kal ol dUo TUTTOU integer,
float kTA. [12][13]

cuda_tensorl = tensorl.cuda()
print(cuda_tensorl*tensor2) #error

cuda_short_tensorl = short_tensorl.cuda()
new_cuda_tensor = cuda_short_tensorl*cuda_tensorl #error
Kwdwkag 20 — Tensors, 3

2€ TTEPITITWON TTOU BIABETOUE BUO 1) TTEPICOOTEPES KAPTEG YPAPIKWY, MTTOPOUNE
va opiooupe emTTAéov O€ TTola Ba BéAaue va ToTroBeTrioOoUPE évav tensor. Autd
MTTOpPEI Va yivel ye Tn Xpron NG neBddou device(). EVOANOKTIKA, av dev dlaBéTouue

OUO KAPTEC YPa@IKWV 1 €dv BéEAouue va eTTavaToTroBeTACOUUE évav tensor oTnv
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KUPIO VAN, NTTOPOUNE ATTAWG VA XPNOIYOTTOINCOUNE TIG HEBOdoUG cuda() kal cpu()

avrioToixa. [12][13]

cpu_short_tensorl = cuda_short_tensorl.device("cpu") #.cpu()

cuda®_short_tensorl = cpu_short_tensorl.device(©) #gpu device ©

cudal_short_tensorl cpu_short_tensorl.device(l) #gpu device 1
Kwdwag 21 - Tensors, 4

Mia GAAN TOKTIKA yIa va TTITUXOUME TO atToTéAeopa Tou Kwdika 21 gival n xpron
NG HEBABOU to(), JE TNV OTTOI UTTOPOUHE VA AAAGEOUPE TNV TOTTOBETIa £VOG tensor
aAAG kai Tov TUTTO TOU. [12][13]
cuda_short_tensorl = cuda_short_tensorl.to(l) #copy to gpu device
1
cuda_int_tensorl = cuda_short_tensorl.to(torch.int32) #cast to
integer
print(cuda_short_tensorl.to(torch.long)) #cast to long integer

Kwdwkag 22 — Tensors, 5

3.2.2 — Autograd

2¢ avtiBeon pe éva numpy array, évag tensor atrobnKeUEl ECWTEPIKA TOU AKOUN
évav tensor, tov gradient (kAion). e évav uTtoAoyIOTIKO ypd@o, o gradient
avaTTapIoTA éva TTo00, OUUPWVA PE TO OTTOIO Ta OToIXEia Tou tensor Ba aAAGgouv
Kata Tnv diadikacia ektraideuong o€ pia €roxr. O tensor o€ auTh TNV TTEPITITWON

avatraploTd évav KOPPBo oTov uTToAoyIoTIKO ypd@o. [14][15]

AnAadn, €dv yia évav tensor x 1oxUel X.required_grad = True, 1816TNTA TTOU
uttodnAwvel Tnv Uttapgn gradient tensor yia Tov tensor X, T0TE UTTApXEl gradient

tensor x.grad TTou TTEPIEXEI TNV TIUA TNG KAIONG.

‘EoTw €évag tensor X, OTTWG TTapOoUCIA0TAKE TTAPATTAVW, KAl €VOG tensor y, yia Tov
OTTO0iO IoXU¢el y.requires_grad = False. 'EoTw akdun pia cuvdptnon loss, mean
squared error (mse_loss), TutTou torch.nn.functional, n otoia €ivar cuvdpTnon Tou
tensor y kai yiag GAANG ouvapTtnong a, £€1a1 woTe loss(y;a(x)). E@doov yia Tov tensor
x Oivetal x.requires_grad = True, uttoAoyiovrag TNV TINA TNG loss avaueoa oTov
tensor y kai Tnv ouvdaptnon a, katd tn diadikacia piag ekTraideuong yia TTapadeiyua,
Kal kaAwvTag loss.backward(), uttoAoyieTal o gradient tensor, x.grad, yia Tov tensor

X M€ Baon Tnv ocuvaptnon loss.
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H péBodog backward evog tensor dev kKAvel TiTToTE GAAO OTnV TEAIKA TTAPA va
UTTOAOYIOEI TIG MEPIKEG TTAPAYWYOUG, Yia OCOUG tensors OCUJMETEIXaV OTov
utToAOYIONO TOu tensor autou. MNa va a&loAoyAoouue TTolol tensor Kal TTwg
ouppeteixav atnv diadikaoia, dnuioupyeital yia KaBe tensor éva avTikeiyevo grad_fn
(gradient function), To OTT0i0 AvVATTAPIOTA TNV CUVAPTNON TTOU dNPIOUPYNOE TOV
tensor kal karaypd@el OCOUG tensors CUPMETEIXavV Kal Trepigixav  gradients.
KaAwvTtag dnAadny tnv uéBodo backward, utroloyioupe amAwg Toug gradient
tensors (MEPIKES TTAPAYWYOUG) YIa OOOUG tensors CUPPETEIXAV OTOV UTTOAOYICHO Kal

TTepigixav gradients.

2TNV oUVEXEIQ, e TNV BonBeia evog optimizer, Y. evog attAou SGD (Stochastic
Gradient Descent), o otroiog Ba dexBei oav TTAPAPETPO TOV tensor X, Ba eKTEAEDEI
éva Brua pe Baon éva rpokaBopiopévo learning rate, Katd To oTToio UTTOAOYICOVTAI
Ta vEQ OTOIXEIO TOU KOUPBOU tensor X, avaAoya e 1o €idog Tou optimizer, To learning

rate kai Tov gradient tensor Tou tensor X, x.grad. [15][16]

Mapakdatw TTapoucIACouE yia TTPWTN OopPd £va ATTAG TTapddelypa uAoTToinong
ektraideuong, eutrveucpévo atro Ta tutorials Tng PyTorch. ‘Evag tensor x atmroTeAei 10
input, evw €vag tensor y atroTeAEl TOUG OTOXOUG TNG €KTTAIdEUONG, Kal Ol dUO HE
TTapAPETPO requires_grad = False. Oa ekmmaidevooupe €va PIKPO OikTUO dUO
eMTTEdWY, PE evdIGuEOn ouvapTnon Mia ouvdapTtnon clamp, pe eAdxioto 6pio O.
2T0X0G €ival n eupeon Bapwyv w1 Kal W2 WOTE va TTPOCEYYICOUNE, HECW TOU BIKTUOU,

000 KaAUTEPA PTTOPOUNE TOV tensor y. [15][17]

#importing

import torch #PyTorch
import torch.nn.functional as F #functions
import torch.optim as optim #optimizer

#we demonstrate a two-layer network. a clamp function is used to
#perform calculations for the hidden layer output. the output
#layer is a simple linear function

#number of inputs, input dimension, hidden layer dimension, output

#tdimension
N, D_in, H, D_out = 64, 1000, 100, 10
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#make the input and output tensors
x = torch.randn(N, D_in, dtype=torch.float)
y = torch.randn(N, D_out, dtype=torch.float)

#make the weights. the weights are the ones updated, therefore we
#set requires_grad as true

wl = torch.randn(D_in, H, dtype=torch.float, requires_grad=True)
w2 = torch.randn(H, D_out, dtype=torch.float, requires_grad=True)

#set the learning rate and the number of epochs
learning rate = 1le-6
epochs = 500

#make the optimizer. the parameters should be an iterable
#structure, in this case a list. the optimizer updates the weights
#wl and w2 based on their respectable gradients upon calling the
#optimizer step function

optimizer = optim.SGD([wl,w2], lr=learning_rate)

#train for epochs
for epoch in range(epochs)
#make the prediction by:
#multiplying x by wl, performing a clamp function, then
#multiplying with w2
y _pred = x.mm(wl).clamp(min=0).mm(w2)

#calculate the loss between the prediction tensor and the y
#(output) tensor

loss = F.mse_loss(y_pred, y)

#always zero the gradients before calling the backward
#function

optimizer.zero_grad()

#what is the loss in each epoch?
print(f“Epoch {epoch}, training loss: {loss.item()}”)
loss.backward() #calculate the gradients
optimizer.step() #perform a step (calculate the new weights)
#wl and w2 have been updated

Kwékag 23 — Eknaidsuon

Mtopoupe akdun, av emOupouue, va ypdywoupe OIKEG POG OUVAPTAOCEIG,

ETTEKTEIVOVTAG TTEPAITEPW TO AVTIKEIYEVO torch.autograd.Function, pe Tov TpOTTO TTOU
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QAiVETAI OTO ETTOYEVO TTAPADEIYMA. TO AVTIKEIUEVO Ctx (context) eival Eva avTIKEIUEVO
TTEPIEXOPEVOU OTO OTTOIO UTTOPOUHE VO ATTOBNKEUCOUUE TTANPOPOPIES YIa TNV KAAON
TnG backward peboddou, pe TNV xprion Tng peBOdou cix.save_for backward, katd tnv
MEBoDO forward. AvtioToixa, yia Tnv backward, yia va AdBoupe kai TTédAI To input TTou
XPEIOCOPAOTE  KATA TOUG  UTTOAOYIOMOUG, aTTAWG  KOAoUpe Tnv  HEBODO
ctx.saved_tensors yia TO QVTIKEIYEVO CtX, OTO OTT0I0 £XOUNE aTTOONKEUCE! TO input.
[18]

class myFunction(torch.autograd.Function)

@staticmethod

def forward(ctx, input)
ctx.save_for_backward(input)
30 0a
1o ¢
#.
#pass
return 0

@staticmethod
def backward(ctx, grad_output)
input, = ctx.saved_tensors
tif0 0
{0 o
#.
#pass
return ©
Kwéikag 24 — Eméktaon Touv avtikelpévou torch.autograd.Function

3.2.3-=To nn (Neural network) module
To torch.nn.Module armroteAei Tn Bdon kdBe povréAou otnv PyTorch kai tn Baon
OAwV Twv oTpwdaTWY TTou TTapéxel n PyTorch. OAa Ta oTpwpata, atrd YpauuIKA

€w¢ oUOTOAIKA, BaaciCovTal oTo hn module.

‘EoTw yia mapddeiypa, 1o diKTuo dU0 OTPWHATWY, OTTWG TTAPOUCIACONKE OTOV
Kwdika 23. MTTopoupe va avaTtapacTACOUNE TO OIKTUO auTd, dNUIoUPYWVTAG £va
OIKO pag povtéNo, éoTw TwolayerNet. AgiCel va TTapatnpenBei TTwg éva nn module
MTTOPEI E0WTEPIKA TOU va TTEPIEXEI AAAa modules/layers, BAoel Twv OTTOIWV PTTOPEI
va yivel pia TpopAewn. [18][19][20]
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Na T10 poviéAo pag Ba  xpnolgotroijooupe Ouo linear modules yia va
avatrapacThiooupe Ta dUo oTpwuarta. H ocuvdpTtnon forward Oa utroAoyioer Tnv
€€000 OTav gueic Ba dwooupue évav apiBud xapakTnpioTIKWwy. Agicel Opwg va dobei

€UOaon oTNV €E1I0AyWYrH TOU CWOTOU apIBUOU XOPAKTNPIOTIKWV.

import torch.nn as nn #neural network module

#two-layer net
class TwolLayerNet(nn.Module):

#constructor

def __init_ (self, D_in=1000, H=100, D _out=10):
super(TwoLayerNet, self). init () #call base constructor
self.linearl = nn.Linear(D_in, H) #linear layer 1
self.linear2 = nn.Linear(H, D_out) #linear layer 2

#forward function (prediction)

def forward(self, idx):
#hidden layer output
hidden_out=self.linearl(idx).clamp(min=0)
#output layer output
output_out = self.linear2(hidden_out)
return output out

#create a new model based on the TwoLayerNet module

#we use the default dimension values(1000, 100, 100)
#no explicit declaration
two_layer = TwolLayerNet()

#number of inputs:64
#dimension value: 1000 (same as the input dimension)
input_tensor = torch.randn(64,1000)

#output dimension is 64*10: (number of inputs)*(output dimension)
#output is determined by the forward function
print(two_layer(input_tensor))

Kwéikag 25 — Two-layer network module

import torch #PyTorch
import torch.nn as nn #neural network module
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import torch.nn.functional as F #functions
from models import TwolLayerNet

#number of inputs, input dimension, hidden layer dimension, output
#dimension
N, D_in, H, D_out = 64, 1000, 100, 10

#make the input and output tensors
x = torch.randn(N, D _in, dtype=torch.float)
y = torch.randn(N, D_out, dtype=torch.float)

#make the model
two_layer = TwolLayerNet()

#set the learning rate and the number of epochs
learning rate = le-6
epochs = 500

#make sure the model (weights) is at a definite location before
#making the optimizer
optimizer = optim.SGD(two_layer.parameters(), lr=learning_rate)

#train for epochs

for epoch in range(epochs)
#make the prediction
y _pred = two_layer(x)

#calculate the loss between the prediction tensor and the y
#(output) tensor

loss = F.mse_loss(y_pred, y)

optimizer.zero_grad() #zero the gradients

#show loss
print(f“Epoch {epoch}, training loss: {loss.item()}”)
loss.backward() #calculate the gradients
optimizer.step() #perform a step (calculate the new weights)
#the model layer parameters have been updated

Kwdékag 26 — Two-layer network module training
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3.2.4 — Datasets, Dataloaders ka1 batches
2€ TTPONYOUUEVO KEPAAQIO €idAPE TTWG MUTTOPOUME va agloTToifooupe pandas

dataframes yia Tnv dnuioupyia train Kai test sets kai €idape akOun TTwWG YTTOPOUUE

va ekTTaIdeUooupE £va JovTéAO PE TN Xprion Twv nn module kai autograd.

2€ auty TNV &votnTa Oa TTAPOUCIACOUNE TTWG MTTOPOUME VA A&IOTTOINCOUME
etriong TG KAdoeig Dataset, DatalLoader, Sampler kar Ba d€i§oupe TTWG YTTOPOUUE

va dIoAUCOUPE TNV PAoN TNG eKTTAidEUONG o€ PIKPOTEPA TTaKETA (batches).

Ag tavayupiooupe TTicw oTNV €voTNTa 2.2.9, 0TO TTAPADEIYHA TTOU TTAPOUCIACAE
yla Tnv dnuioupyia Twy test kai train sets. ' EoTw TTwg €MOUPOUE, yIa OTTOIOVONTTOTE
AOyo, va @Tiagoupe Kal gueig Ta dIKA pag Dataset amd 1o test kai 1o train set TNG
evoTtnTag 2.2.9. 'Eva torch dataset, atmroteAsital a1rd TpeIg BACIKEG HEBODOUG TTOU Ba
XPEIOOTEl va KAvoupe override (uAoTroijooupe): évav  dountr, Mo PEBOSO

ETMOTPOPNG EVOG AVTIKEINEVOU Kal Pl uEBodO péTpnong unkoug. [20][21][22]

2NMAVTIKO €ival akOUn 00EG APXIKOTTOINOEIG JTTOPOUV VA YivouV va yivovTal JEoa
oTov dounTA. ‘ETOI, uTTopouuE va e€0IKOVOUAOOUUE UTTOAOYICUOUG TTOU BIAQOPETIKA

Ba yivovtav Katd Tnv €mMoTPOPr EVOG AVTIKEINEVOU.

MapakdaTw divoupe dUo TTapadeiyuaTa kwdika Dataset yia Ta train kai test set, e

TOV TPOTTO TToU UAoTToINBnkav otnv 2.2.9.

#datasets.py

import torch
from torch.utils.data import Dataset

#collaborative filtering dataset based on the Movielens datasets
class CF_Dataset(Dataset):

#constructor
#data initiliaziation is best done in the init method.
#optimize code to reduce training time
def _init_ (self, data):
self.data = data
self.length = len(data)
self.users = torch.LongTensor(data[ 'userId'].values)
self.items = torch.LongTensor(data[ 'movieId'].values)
self.ratings = torch.FloatTensor(data[ 'rating'].values)
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self.timestamp =
torch.LongTensor(data[ 'timestamp'].values)

#get item by index number
def  getitem_ (self, idx):
return {'userId':self.users[idx],
'movield':self.items[idx], 'rating':self.ratings[idx],
"timestamp':self.timestamp[idx]}

#dataset length
def __len_ (self):
return self.length
Kwéikag 27 — Collaborative filtering dataset

#itest.py
from datasets import CF_Dataset

#making datasets
train_dataset = CF_Dataset(train_set)
test dataset = CF_Dataset(test_set)
Kwéikag 28 — And pandas dataframe o€ torch dataset

‘Exoviag T dataset Tou @TIAtape oTa  TTAPATTAvwW TTapadEiyuata, ag
Bewpriooupe OTI €MOUPOUPE ME KATTOIO TPOTTO VO TA XPNOIMOTIOINCOUPE OTNV
EKTTAIOEUON PAG KAl VA OOKIJACOUMPE AKOMN VA XPNOIMOTTOINOOUME TA AVTIKEIUEVA
Sampler kai DataLoader. 'Evag Sampler gival éva delyuaToAdyio evog Dataset. 210
TTOPAKATW TTAPAdEIYUa Xpnoigotroloupe évav RandomSampler, yia 6A0 TO PAKOG
Tou Dataset (default: dataset length), aAAGCovTag TTPakTIK& povaxa TNV oEIpd Twv
delypdatwyv. EvréAel, €vag sampler dgv gival TTaOPA PIA KATAOOKEUN TTOU QvATTAPIOTA

évav Katahoyo €TTIAEYOUEVWV OEIYUATWY. [21]

‘Evag DatalLoader Aappdvel To dataset kai Tov sampler, diaxwpilel To dataset o€
TTOKETA OPIOPEVOU UEYEBOUG, XPNOIUOTTOIWVTAG, 1 un, workers (diEpyadieg) yia 10
TaXUTEPO POPTWHA TwWV dedouévwy. ATTapiBuwvTtag Tov Dataloader ytmropouUue va
TTdpoupe TTiow, avd etmoxr, kaBéva atd Ta batches kal va ekmaideUCOUPE TO

MovTéAo pag pe Baon auTtd. [21]

#training.py
Import torch.nn.functional as F #functions
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import torch.optim as optim #optimizer
import torch.utils.data as data #utils data

sampler = data.RandomSampler(train_dataset)

dataloader = data.DatalLoader(train_dataset, batch_size=100,
num_workers=2, sampler=sampler)

#Adam optimizer, with small weight decay
optimizer = optim.Adam(model.parameters(), lr=learning_rate,
wd=0.01)

#set the model in training mode (most of the time not obligatory)
model.train()

for epoch in range(epochs):
for batch_idx, batch_sample in enumerate(dataloader):

y _hat = model(batch_sample) #prediction
loss = F.mse_loss(y_hat, output) #loss
optimizer.zero_grad() #zero gradients
loss.backward() #calculate gradients
#perform a step/recalculate model weights
optimizer.step()

Kwéikag 29 — Eknaidsuon pe tnv xpron Datasets, Sampler ko DataLoader

3.2.5 — AtrofBnkeuon Kail épTWON

‘Eva state dictionary (state_dict) otnv PyTorch avatmapioTd yia KGBe avTiKeipevo
OAEG TIC TTAPAPETPOUG TTOU UTTOPOUV Va eKTTAIOEUTOUV. A TTapddelyua, yia To
TwoLayerNet Tou Kwdika 25, 1o state_dict Ba TepIEXEl TA TTAPAPETPOTTOINCINA BAPN

KAl TTOAWOEIG TWV dUO YPOAUMIKWY OTPWHATWY, linear1 kai linear2. [23]

‘Evag TpOTTOoG va atrobnkeUooupe Eva YovTéAO, €ival n atmobrkeuon autou Tou
dictionary. AmmoBnkevovTtag 1o dictionary Katdotaong, JTTOPoUE avd TTACA OTIYUA
va TO QOPTWOOUME Kal TTAANI 0€ €va POVTEAO TTAVOUOIOTUTTO O€ OIOOTACEIS TOU
TTPWTOU, HE TN Xpnon Twv HeBOGdwv torch.save(), torch.load() kai
torch.load_state _dict(). [23]

#save state dictionary
torch.save(model.state dict(), PATH)
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#load state dictionary
model = Net(*args, **kwargs)
model.load state dict(torch.load(PATH))

Kwéikag 30 — AnoBrkeuon Katdotaong LovtéAou Kat poptwaon

‘EOTW OUWG aKOWN, TTWG OEV YVWPICOUNE TO €id0G TOU JovTEAOU OAAG OUTE Kal TIG
dlaoTaoelg Tou. Mia evaAAaKTIKA AUon givail n atmroBrikeuon oAOKANpou Tou JovTEAOU,
Kal N avAakTtnon Tou.

#tsave model
torch.save(model, PATH)

#load model
model = torch.load(PATH)
Kwdwkag 31 — AnoBrkeuon poviélou kot dpoptwon

Mépa Opwg atmd povréAa, €XOUupEe TNV ETMIAOYH va ATTOBNKEUOOUUE OKOMN
avTikeipeva Omwg éva dataset, Tpéxouoa eTToxr rn aApiBud €TTOXWV, QATTWAEIN
OQAAPATOG KOK. AUTO UTTOPEI Va yivel oav pia avagopd checkpoint katd Tn didpkeia
eKTEAEONG TOU TIPOYPAMPa. MTTopoUpEe aKOPN va aTToBNKEUCOUUE KOATAOTAOEIG
TTOMOTTAWY  PovTéAwV o€ €éva POVO apxeEio i va aTroBNKEUCOUUE UEPIKES
TTOPAPETPOUG EVOG EKTTAIBEUMEVOU OVTEAOU A yia €va vEO PovTEAO B, yia oKOTToUg
Trpoekmraideuong. [MpakTikd, pe TIGC Aeitoupyieg torch.save() kai torch.load()
MTTOPOUE VA aTTOBNKEUCOUE KAl VO POPTWOOUHE OXEOOV OTIONTTOTE. [23]

#save dataset
torch.save(train_dataset, PATH)

#load dataset
train_dataset = torch.load(PATH)

#save checkpoint

torch.save({

‘current_epoch’: epoch,

‘epochs’: epochs

‘model state’: model.state dict(),
‘optimizer state’: optimizer.state dict(),
‘loss’: 1loss,

}, PATH)

#load checkpoint
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model = Net(*args, **kwargs)
optimizer = some_optimizer(*args, **kwargs)

checkpoint = torch.load(PATH)
optimizer.load_state_dict(checkpoint['optimizer state'])
model.load_state_dict(checkpoint['model state'])

epochs = checkpoint['epochs']

epoch = checkpoint['current epoch']

loss = checkpoint['loss"']

#save multiple

torch.save({ 'modelA state': modelA.state dict(),
'modelB state': modelB.state dict(),

'optimizerA state': optimA.state_dict(),
'optimizerB state': optimB.state dict(),

}, PATH)

#load multiple

modelA = NetA(*args, **kwargs)

modelB = NetB(*args, **kwargs)

optimA = some_optimizer(*args, **kwargs)
optimB = some_other_optimizer(*args, **kwargs)

checkpoint = torch.load(PATH)
modelA.load_state_dict(checkpoint['modelA state'])
modelB.load state_dict(checkpoint['modelB state'])
optimA.load state dict(checkpoint['optimizerA state'])
optimB.load_state_dict(checkpoint['optimizerB state'])

Kwdwkag 32 — AnoBrkeuon kat poptwon dataset, checkpoint ko mapoapétpwv moAAamAwy
HOVTEAWV

MIAfoCape vwpiTePa yia TO TTwG £vag tensor uTTopei va TotmoBeTnBei, €ite oTnVv
KUPIO JVAMN, €iTE OTNV PVAMN KAPTAG YPA@IKWY YEVIKOU OKoTrou. [Mapouoleg
1I010TNTEG TTApouaialouv Ta nn modules. MTTopoupe dnNAadn yia TTApAdEIYUA, ATTAWG
KaAwvTtag Tnv u€Bodo cuda() Tou JovTEAOU, VA ITTOPECOUNE VA ETTWPEANBOUUE ATTO
TIG duvaTOTNTEG TNG TEXVOAOoyiag CUDA yia uTToAOYIOPOUG aVAUECT O€ tensors Tou

MovTEAOU.

‘EOTW, TTWG £XOUNE OTA XEPIA MOG VA JOVTEAO OTNV VAN TG KAPTAS YPAPIKWY

Mag. ATToOnkeUovTag TO POVTEAO KOl ETTAVAQOPTWVOVTAG TO, MIa gvdiagépoucd
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1016TNTA TTOU Ba TTAPATNPACOUNE, Eival TO YEYOVOG OTI TO HOVTENO Ba popTwOEI OTNV

idla ToTToBETia TTOU BPIoKATAV, ATOI OTNV KAPTA YPAPIKWYV. [23]

MTtropoupe SpwG TTOAU EUKOAQ VA TO HETOKIVAOOUE, €iTE PE TIG JEBOBOUG, cudal(),
cpu(), device() kai to(), JE TOV TPOTTO TTOU TTAPOUCIACTNKAV OTNV evoTNTa 3.2.1, €iTE
amAwg opioviag Kartd Tnv @OpTwon Tnv TOoTroBecia pe TNV  TTAPAUETPO
map_location. [23]

#tsave model
torch.save(cuda_model, PATH)

#load model to another location
model = torch.load(PATH, map location = '@')

#or
model = torch.load(PATH, map_location = 'cuda:1'")
#tor
model = torch.load(PATH, map_location = torch.device('0"))
#or
model = torch.load(PATH, map location = 'cpu')
#or etc...
Kwéikag 33 — AnoBrikeuon Kat poptwon poviédou os dtadopetiki tonobecia
3.2.6 — CUDA

‘Exovtag O¢igel Ta KUpIOdTEPA XaPAKTNPIOTIKA TG PyTorch, ytropouue va tmouue
ME alyoupId, TTWG OTTOIOOOATTIOTE £XEI KATAAAREI WS 6w TO KEPAAalo 3, €ival IKAVOS
AoV va uAoTroifoel oxedov oTIONTTOTE O€ €va KAAO eTTiTredo pe TNV BIBAIOBRKN
PyTorch.

Oa BEAUE OUWGS VA ETTEKTABOUNE O€ PHEPIKEG OKOUN XPAOIMES CUMPBOUAEG Kal tips.
‘E0TWw, TTWG €vag ayavaoKTIOPEVOS TTPOYPAUMATIOTAG, YUPVWVTAG OTTO Wi OUOKOAN
nuépa, atmogacilel éva Ppdadu va KaTamaoTel TTePICCOTEPO ME Tnv PyTorch,
avadnTwvTag va avatiTugel Ta TOAEVTA TOU OTnV €TTIOTAMN Twv dedopévwy (Data
Science). [NepvwvTag WPES KAl JEPES TTAVW ATTO TO YPAPEIO TOU, TIPOCTTABWVTAG VO
Karavonoel v Aoyik NG PyTorch, avakaAuTrTel, 6AwG Tuxaiwg, TTwg 0 gopnTog
TOU UTTOAOYIOTAG €Xel MIa KApTa ypagikwv GeForce, kavy va Tov BonbAocel

TTEPAITEPW OTIG DOKIPEG TOU.

Towg 10 TTPWTO TTPAYHA TTOU Ba £TTPETTE va PABEI QUTOG O TTPOYPAUMATIOTAG gival
TTWG VA PNV UTTEPQPOPTWVEI TNV KAPTA YPAPIKWY Tou. AANwOTE évag popntog

UTTOAOYIOTAG eV €XEl KAl TIG KAAUTEPEG dUVATOTNTEG, TTPAYUA TTOU KaTaAaBaivel
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a@oOTou TNV €xel «TTatnoel» 4 Qopéc AdN TTPOOTTABWVTAG va KATOAGBEl TI KAVEI
AGBog, étav oTnV TTopEia eKTEAEONG £VOG TTPOYPAUMATOG, O UTTOAOYIOTAG TOU HOIACE!

Va UNV QVTOTTOKPIVETAL.

‘Eva KaAO epyaAEio yia QuTEG TIG TTEPIOTACEIS €ival N EVTOAR TEPUATIKOU nvidia-
smi,  akOun KOAUTEPA nvidia-smi -1 1, n oTroia eygaviel TNV KATAOTACN TNG
KAPTAG YPa@QIKwV avd Tnv HIKPOTEPN Ouvati povada xpoévou, 1 second.
Ala@opeTikd, checkpoints ptropouv va KwdikoTroinBouv KaTd TNV dIAPKEIA EKTEAEONG
yia Adyoug debugging, ue print TNG XpnOIUOTTOIOUPEVNG UVAHNG, MECW TWV PHEBSGOWV
torch.cuda.memory_allocated(), torch.cuda.max_memory_allocated(),

torch.cuda.memory_cached() kai torch.cuda.max_memory_cached(). [24][25]

Edv o ayavakTiIopyévog TIPOYPOUMATIOTG MOG €mOuuel akdun va udbel
TTEPICCOTEPA YIA TNV KAPTA YPOQPIKWY Tou Héow Tng PyTorch, o1 péBodol
torch.cuda.is_available(), torch.cuda.device count(), torch.cuda.current_device(),
torch.cuda.get_device_capability() kai torch.cuda.get_device_name(), utmropouv va

atrodeIXBoUV £CAIPETIKG XPNOIUES. [24][25]

Eivar onuavtiké akéun va BuudpaoTe TTwg 0 KABe uttoAoyioTAg dev €ivail idIog.
Kai yia auté ypd@ovtag éva TTpOypPauua, TTPETTEl VO BUUONOOTE va EAEYXOUUE EQV O
UTTOAOYIOTAG MTTOPEI va UuTTooTnpPi¢el €mmTaxuvon Me TRV TexvoAloyia CUDA,

OI0QOPETIKA, Pia uhoTroinon CPU utropei va atrofei atrapaitntn. [25]

Oa BéAaue va deicoupe etTiong TI YTTOPEl va emixeipAoel kaveic ye éva CUDA
stream. '‘Eva CUDA stream a@opd HIa CEIPIOKK EKTEAEON OPIOUEVWV UTTOAOYIOHUWV.
270 TTAPOKATW TTAPAdEIYHQ, éva Sstream s ekTEAET TNV HEBODO sum(), n oTToia UTTOPEI

va Tp€gel TTpIv Kav n nEBodog normal() TeAsiwoel. [24][25]

cuda = torch.device(‘cuda’)
s = torch.cuda.Stream()
A = torch.empty(100,100), device=cuda).normal(e.0, 1.0)
#stream might start before normal finishes
with torch.cuda.stream(s):
B = torch.sum(A)
Kwdwag 34 — CUDA stream
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3.2.7 — ZUMPBOUAEG Kal XPAOIMES TTANPOYPOPIES
Mnv Katakpatdag LoTopLko
Mia xprioiun cuphPBoUAn €ival va atToQEUYEl KAVEIG TNV KATAKPATNON 10TOPIKOU.

‘Eva xpnoigo Tapddeiyua:

H cuoowpeuon atmwAelag o@aAuatog o€ pia PetapAnth total loss. Adyw Tng
puong Tng Python (call-by-object), k&dBe opd tTou kKaveic abpoilel, pe Evav TEAEOTA
+=, TNV ATTWAEIQ OTNV CUVOAIKN aTTWAEIQ, N HETABANTH total _loss dev atroTeAEi TTAEOV
évav apiBuo, aAAd éva ecwTePIKO ABpoIoUa OAWY TWV TTPONYOUNEVWYV ATTWAEIWY, Ol

OTTOiEG KpaToUvTal OTNV MVAMN. [26]
‘Eva d1a@QopeTIKO TTapAdEIyua:

‘EOTW TTWG €vag tensor X, TOTTOBETNPEVOG OTNV UVAUN TNG KAPTAG YPOPIKWY,
atroTeAei éva oToixeio piag Aiotag. ‘Emeita, diaypdgouue Tov tensor, aAAd n AioTa
TTapapével. Ooo n AioTa UTTAPXEI TNV JVAMN, 0 X Ba KaTtaAapBdavel Xprioiuo Xwpo
oTNV PVAMN TNG KAPTAG YPAPIKWV.
total loss = ©
for i in range(10000):

optimizer.zero_grad()
output = model(input)
loss = criterion(output)
loss.backward()
optimizer.step()

total loss += loss #do not do that
Kwdwkag 35 — Napddsiypa npog anoduyn, 1

x = torch.Tensor([5,2]).cuda()

list 1 = [1,5,x]
del x

#the tensor continues to occupy space in the memory until the list
#goes out of scope
Kwdkag 36 — Napadsiypa npog aroduyn, 2

Mnv katakpatdag tensors
‘Eva yia otrolovdnTrote AOyo UTTApXEl €vag tensor 0 oTToiog dev €xel TTAEOV GAAN

AgIToupyia yia TO TTPOYPOUMA JAG, €ival PiIa TTOAU KOAA TTPAKTIKA va diaypdyoupe

auTov Tov tensor. [26]

62 amno 188



Mtuylakn epyooia tou dottntr BaoiAn MooyomouAou

x = torch.LongTensor([[7,2],[5,1]])

for i in range(5):
multiplied = x*i
total = total*multiplied

print(total)

#multiplied has only been useful inside the loop
#it would be a good practice to delete it
Kwdéwkag 37 — Napddsiypa npog aroduyn, 3

3.2.8 — AvatrapagipyoétnTa

Q¢ TeAeuTaia oupPouln divouue TNV €€n1G. Edv BEAETE va €ioTe oiyoupol TTWG TA
armoTeAéopATA 0AG €ival CWOTA KAl TTWG DIOPOPETIKEG CUVONKEG OEV £TTNPEACOUV TO
TTPOYPAUMA OOG, NTTOPEITE va B€0eTE 0TABEPG seeds yia TIS BIBAIOBAKES humpy Kal

torch.

‘ExeTE OUWG OTO Vou, TTWG KATI TETOIO, ME TNV Xprion workers yia éva Datal.oader,
MTTOPEl va emi@Epel idla atmmoTeAéopaTa yia OAoug Toug workers, €av ol workers
xpnoipotrolouv Tnv BiIBAI0BrAkN numpy. O apiBudg torch seed Tou kKABe worker givai
seed+worker id. O apIBuog seed Opwg dev aAAAlel yia GANeS BIBAIOBAKES OTTWG TTX.
n numpy. [27]

#reproducibility
torch.manual_seed(0)

np.random.seed(0)
Kwéwkag 38 — Avanapagiuotnta

3.2.9 — EmiAoyog: 'Eva rapddeiypa aAyopibuou mrapayovrotroinong o€
PyTorch
Me Bdon 6,11 paBaue péEXpPl TwEA, TTAYE va QTIGEoUME €va aTTAG oUOoTNHUO

ouoTaoswv TTapayovtotroinong SVD. Ottwg kal oTnv evotnTa 2.2.9, XWpEiCoupe TNV

dladikaoia o€ évTe puépn [28]:

e Eicaywyn BiBAI0OBNKWY Kal peBddwv
o [lpocTolpacia dedouéEvwv

e MovteAoTroinon

e EkTaideuon

e AtloAéynon
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Part 1: Import the libraries and methods
ZEKIVAPE €10AyovTag TIG KATAAANAEG uEBOBOUG. Oa XPEIOOTOUE:

Mia péBodo etmAoyAGS diaxwpIiopou Twy dedopévwy o€ training Kai test set
(input_select)

Mia péBodo KwdikoTToinong Twv dedopévwy (encode)

Mia péBodo diaxwplopou Twv dedouévwy (split)

Tnv uéBodo ektraideuong (train_model)

Tnv uéBodo agloAdynong (test_loss)

Kal akéun uia péBodo, tnv set_model untrained_weights. O Adyog
OTTapéng piIag TETolag MEBOBOU gival atrAdS aAAG Kal EEQIPETIKA EEUTTVOG.
2UXVd, Katd Tov OlaXWPIoOHO Twv OedOUEVWY, TUYXAVEI AVTIKEIYMEVA N
XPNRoTEG va Trapoucidldovtal oTo training set aAAG Ox1I oTo test set. H
MEBOBOG set_model untrained_weights utroAoyilel Tov péco 6po Twv
TTAPAYOVTWY TWV XPNOTWV KAl QVTIKEIMEVWVY Kal Opifel yia XPrOTES Kal
QAVTIKEIMEVA TTOU OEV eKTTAIBEUTNKAV TTOTE, AOYWw ATTWAEIAG TOUG aTTd TO
train set, Ta Bdpn TOUG OTO PECO QUTO OPO. ZKEQPTEITE Eva KABNUEPIVO
ouoTnua ouoTaong, TX. Tov aAyopiBuo Tou YouTube. Edv évag véog
XPAOTNG EP@AvIOTEl TTOU TO ouoTnua dev avayvwpilel, 0 aAyopiBuog 10
KOAUTEPO TTOU UTTOPEI VA KAVEI €ival va TOU TTAPOUCIACEl TO TI O JECOG
XPNROoTNG ouXVA apEOKETAI OTO va TTapakoAouBei. Mia TéTolou €idoug Auon
ava@EPOovTal TOKTIKA wg Auon Tou TTPoBARUATOS TNG WuXpns apxngs (cold
start problem solution), TpépAnua TO OTOI0 TAKTIK&G Ouvavtdtal O€
OUCTHMATO CUCTACEWY, Kal onUaTodoTEl TNV UTTAPEN VEWV XPNoTwv A

avTikelhévwy. [1][2]

Oa XpelaoTOUNE aKOuN TIC KAACEIC:

MovTteAoTToinoNG. ZTNV TTEPITITWON auTtr) Ba XpNoIYOTTOINOOUUE £va OIKO
Mag nn module, pe évopa SVD, 6TTwg o aAyopiBuog, dnuioupynuévo JE
TPOTTO TTAPOMOIO PE AUTOV TTOU £XoupE O€igel AdN oTtov Kwdika 25.

Dataset dedopévwy. To CF_Dataset TTou €xouue dnuioupynoel AdN eivai

ETTAPKEG YIA TIG AVAYKEG PAG.

Kai 1ig €€A¢ BIBAIOBNKEG:
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numpy, yia TOUG UTTOAOYIOUOUG paG avApeoa o€ arrays Kal Tnv mmoavi
uAoTroinon avatrapaipoTnTag (np.random.seed(0))

pandas, yia Tnv dnuioupyia Twv training Kai test set

pathlib, yia Tnv eUpeon Twv datasets 010 CUCTNUO APXEIWV

time, yia Tov xpovouéTpnon Tng diadikaoiag TG pdénong

0S, yia Tov mMOavo opiopd OpenMP threads, 1TTou n PyTorch ptropei va
XPNOIYOTTOINCEI

Sys, yia Tnv moavA SIaKOTTA Tou TTPoyPANuaTog (sys.exit())

torch, yia Tnv PyTorch

torch.nn, yia Tnv dnuioupyia Tou SVD povTtéAou

torch.nn.functional, yia Tnv cuvapTnon aTTWAEIOG

torch.utils.data yia Tnv dnuioupyia Tou Dataset, Tnv xprion Dataloader kai
Sampler

sklearn, yia pepIKEG UAOTTOINOEIG OVAKATEUATOG OEDOUEVWV

threading kai queue, yia TNV AmTOOTOAN TWV PUNVUUATWY EKTTAI®EUONG O€

éva LEXwPIOTO VAUA, yia OKOTTOUG peiwaong diakoTrwy input/output [30][31]

#part 1: importing

#coded methods

split_selection import input_select
data_encode import encode, split

models import SVD

datasets import CF_Dataset

training import train_model, test_loss,
set_model untrained_weights

#libraries

import numpy as np #numpy

import pandas as pd #pandas

from pathlib import Path #path

import time #time

#import os #operating system

#import sys #system

import torch #PyTorch

#import torch.nn as nn #Neural network module
#import torch.nn.functional as F #functions
#import torch.utils.data as data #utils data
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#from sklearn import shuffle #scikit-learn
#import threading #threads
#import queue #queue
Kwékag 39 — MéBobdoL napayovromnoinong os PyTorch, Part 1: importing

#sets the number of OpenMP threads to be used by PyTorch to the
maximum.
#the default is half of that amount
#torch.set_num_threads(os.cpu_count())
#torch.set_num_threads(1)

Kwdékag 40 — M£0odol napayovtonoinong o PyTorch, OpenMP threads

#reproducibility
torch.manual_seed(9)
np.random.seed(0)
Kwéwkag 41 — Mé0BodoL mapayovtonoinong oe PyTorch, avanapagipotnta

Part 2: Prepare the data

Emrépevo BAua cival n TTpoeToipacia Twv OedoPEVWY Hag. @a XpNOIKNOTTOINCOUNE
T0 MovieLens dataset Twv 100 YIAIGdwWv PabBuoloyAcewv yia Tov OKOTTO
uAotroinong test kai train set (ml-latest-small). [6] Kwdikotroloupe 1o dataset o€
OUVEXEIC Kal JOVODIKEG TINEG, PpioKOUPE TO TTOOOOTO PaBuoAdynong (sparsity),
KaBwg kal Tn péon BabuoAdynon, n otoia Ba pag XPEIaoTel TTEPAITEPW OTNV
dladikagia TnG povreAoTToinong (mean bias). ‘Etreita, ommdue 1o dataset o€ train kai

test set kal oTnV ouvéExela dnuioupyoupe torch datasets ammd auTtd.

#part 2: preparing data

#import data

print(f'\nLoading the data...')

PATH = Path("../Datasets/ml-latest-small")
data = pd.read_csv(PATH/"ratings.csv")

#encode the dataset into unique and contiguous values
data = encode(data)
print(f'Dataset has been encoded')

num_ratings = len(data.rating)

num_users = len(data.userId.unique())
num_items = len(data.movield.unique())
sparsity = num_ratings/(num_users*num_items)
mean_rating = data.rating.mean()
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print(f'\nNumber of users: {num_users}')
print(f'Number of items: {num_items}")
print(f'Number of ratings: {num_ratings}')
print(f'Dataset sparsity: {sparsity}')
print(f'\nAverage rating: {mean_rating}\n')

#splitting variables input
method, value = input_select()

print(f'\nSplitting:\nMethod: {method}\nValue: {value}')

#dataset splitting
print('\nSplitting data into training and testing set\n')
train_set, test_set = split(data, method, value)

print(f'\nTraining set: {train_set}\n')
print(f'\nTesting set: {test_set}\n'")

print(f'\nMaking the torch datasets\n')
train_dataset = CF_Dataset(train_set)
test _dataset = CF_Dataset(test_set)
Kwéikag 42 — M£0o6oL mapayovtonoinong oe PyTorch, Part 2: preparing the data

import numpy as np
import sys
from sklearn.utils import shuffle

#encodes columns of dataframe data into unique values
#and drops all negative records.
#the dataframe data is returned
def encode(data, columns=['userId', 'movieId']):
for col _name in columns:
_,col, = proc_col(data[col _name])
data[col name] = col
data = data[data[col_name] >= 0]
return data

#processes a column and returns a dictionary of its indices
#and values, an array of these values and the length of the
#column. the processing of the column involves transforming it
#into unique values before returning any of the aforementioned
#values

def proc_col(col):
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uniq = col.unique()

name2idx = {o:i for i,o in enumerate(uniq)}

return name2idx, np.array([name2idx.get(x,1) for x in col]),\
len(uniq)

Kwdikag 43 — M£0odoL mapayovtornoinong o€ PyTorch, pé0odot kwdikomoinong dataset

#returns valid splitting method selection and proper values
#for splitting
def input_select():
print('Choose splitting method:")
print('l. Testing size')
print('2. Percentage split')
print('3. Use default (Percentage split of 0.1)')
method = input('")
if method == '1':
value = input_split()
elif method '2':
value = input_mask()

elif method == '3':
method = 2
value = float(0.1)
else:

print('Again...")
method, value = input_select()
return int(method), value

Kwéikag 44 — M£0odoL mapayovtomnoinong oe PyTorch, p€0odog el oyrg TpoOmou SLawpLopol
Twv Sedopévwv ot train kou test set

#split dataframe into train and test sets
def split(data, method=2, value=None):
try:
#determined by testing set size
if method == 1:
if value == None:
test = data.sample(n=1000)
else:
test = data.sample(n=value)
#determined by split percentage
elif method == 2:
if value == None:
test = data.sample(frac=0.1)
else:
test = data.sample(frac=value)
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train = data.drop(test.index)
return train, test
except Exception:
print('Invalid method, incorrect dataset input, \
invalid testing set size or slicing \
percentage. Program will exit to avoid \
further errors.’')
sys.exit()

Kwéwkag 45 — M£0odoL napayovtonoinong o€ PyTorch, pé0odog SLaxwpLopol twv Sedopévwv
o€ train kou test set

Part 3: Modelling
To eméuevo Bripa eival n dnuioupyia Tou HOVTEAOU POG. Oa XPNOIUOTTOINCOUUE

10 SVD module 1Tou @TIGEaUE EUEIC, TO OTTOIO ATTOTEAEITAI ATTO TEOOEPA embedding
layers: 0o embeddings TTapaydvIwy yia Ta QVTIKEIYEVA KAl TOUG XPMOTES Kal dUO

embeddings TTOAWOEWV yia Ta AVTIKEIJEVA KAl TOUG XPAOTES avTioToixa. [28]

‘Eva embedding layer dev €ival TTapd povo €vag Trivakag avadrntnong Bapwy.
Aivovtag éva eupeThpIO tensor oav €i00do, TTaipvouue TTiow Bdapn yia TIG BETEIS TOU
eupetnpiou. EGv dnAadny dwooupe yia TTapddelyua indexes xpnoTwv cav €i00d0,
oTto embedding layer TTou TTepPIEXEI TOUG TTAPAYOVTEG TWV XpNoTwy, Ba AdBouue

TTIOW TOUG TTAPAYOVTEG VIO TOUG XPAOTEG auTOUG. [19]

Me uia TeAeutaia mveNid Tov péoo 6po BabpoAdynong oav TTaPAPETPO, TTOU OEV
ekTauideveTal (requires_grad=False), kai pia atrAr péBodo mpoéLRAeywng (forward), T0

MOVTEANO pag gival OAOKANPWHEVO.

model = SVD(num_users, num_items, mean_rating)
#set the model to cuda for gpu training
#model = model.cuda()
print(f'Model initialized: \n{model}")
import torch.nn as nn #neural network module
Kwdwkag 46 — M£0odol napayovtomnoinong os PyTorch, Part 3: modelling

#SVD (singular value decomposition) model with bias and mean

#rating

class SVD(nn.Module):

def init_ (self, num_users, num_items, mean, emb_size=100):

super(SVD, self). init ()
self.user_emb = nn.Embedding(num_users, emb_size)
self.user_emb_bias = nn.Embedding(num_users, 1)
self.item_emb = nn.Embedding(num_items, emb_size)
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self.item_emb_bias = nn.Embedding(num_items, 1)
self.user_emb.weight.data.uniform_(0, ©.005)
self.user_emb_bias.weight.data.uniform_(-0.01, 0.01)
self.item_emb.weight.data.uniform_ (0, 0.005)
self.item_emb_bias.weight.data.uniform_(-0.01, 0.01)
self.mean = nn.Parameter(torch.FloatTensor([mean]), False)

def forward(self, u, v):
U = self.user_emb(u)
b u = self.user_emb bias(u).squeeze()
I = self.item _emb(v)
b i = self.item_emb_bias(v).squeeze()
return (I*U).sum(1) + b u + b_i + self.mean
Kwéwkag 47 — M£0obolL napayovtonoinong o€ PyTorch, povtélo alyopiBuou SVD os PyTorch

Part 4: Training
H extraideuon Oa yivel TTapouolia ue Tov Kwdika 29 1Tou deiCape o€ TTponyoulEvn

evotnTa. Oa ulotroijooupe évav RandomSampler oe ouvduaoud pe évav

DatalLoader pe Baon 1o train_dataset Tou QTIALAPE TTPONYOUUEVWG.

H extraideuon Ba xpovoueTpnOei Kai 010 TEAOG TNG Ba uTToAOYiICOUNE TOV PECO
OpO TWV TTAPAYOVTWY TWV AVTIKEIMEVWV KAl TWV XpNOTWV, e BACN TOUG OTToIoUG Ba
EVNUEPWOOUNE TUXOV XPNOTEG 1 avTIKEiMEVA TTou EAeiyav atmd Tnv dladikacia Tng

ekTTaideuong, ATol To training set.

#part 4: training

start = time.time()

train_model(model, train_dataset, cuda=True)

end = time.time()

print(f'\nTime elapsed for training: {end-start} sec')

#set untrained users/items weights to the average
set_model untrained_weights(model, train_dataset, test_dataset,
cuda=True)

Kwdwkag 48 — M£Bodol napayovronoinong os PyTorch, Part 4: training

MNa Tnv ekmmaideuon Ba XPNOIYMOTTOINCOUPE WIa oupd (queue) Kal éva povaxa
TTapdAAnAo thread, yia TNV ekTUTTWON OAWYV TWV PNVUPATWY EKTTAIOEUONG. 2KOTTOG

QuTNG TNG UAoTToiNONG €ival N €gAAsIYn Twv diakoTTwy input/output (/O interrupts)
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TTOU JIAPOPETIKA Ba KaBuoTepouoav TNV €GENIEN TOU TTPOYPAUMATOG, dIaxEIPICovVTag

TEG ME €va BIOPOPETIKO viua eTTegepyaaiag. [30][31]

YAoTroiouue akoun upia Aoy ekmaideuong oe GPU, pe pia petaBAnTr boolean,
TNV cuda, n oTroia onNuUATOdOTEI TNV AVAYKN PETAPOPAS TwV dedouEVWY evog batch
OTNV KAPTA YPAPIKWY HAG, YIA TOV TaXU UTTOAOYIONO TTPALEWY, E TNV UTTOOTAPIEN
TNG TEXVOAoyiag CUDA. lMpoutréBeon yia Tnv ekmraideuon TéTolou €idoug cival n
aTToBRKEUON TOU MOVTEAOU HOG OTNV KAPTA YPA@IKWY, KATA TNV OIAPKEID TNG

dladIKaoiag TNG povreAoTToinong, pe TNV uEBodo cudal).

Mpoooxn TpéTTel va 600 oTov apIBPO Twv dIEPYATIWV EPYATWY POPTWONG TOU
DataLoader (workers), KaBw¢ akOun Kal évag JIKPOG aplBPog epyaTtwy, TTX. 4, €ival
IKOVOG VA UTTEPQPOPTWOEI £€Va CUCTNUA PE PIa PIKPA KUpla pvAun Twy 4GB, utrd

OUYKEKPIPEVES TTPOUTTOBETEIG.

import torch

import torch.nn.functional as F

from torch.utils.data import RandomSampler, DatalLoader
import threading

import queue

from misc import queue_iter print

#factorization module training. optimizer is Adam

#by default. options for cuda training and ratings dimension

#increase (unsqueeze)

#prints training error per epoch and batch

def train_model(model, train_dataset, epochs=10, 1lr=0.01,
wd=0.0, unsqueeze=False, cuda=False):

#printing is assigned to a new thread to minimize training
#time by removing I/0 interrupts

#a queue will handle the passing of the print string messages
#to the new thread

g = queue.Queue()

print_thread = threading.Thread(target=queue_iter print,

args=(q,))
print_thread.start()

#make the sampler
g.put("Creating sampler™)
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sampler = RandomSampler(train_dataset)

#make the dataloader

g.put("Making Dataloader")

dataloader = DatalLoader(train_dataset, batch_size=100,
num_workers=4, sampler=sampler)

#optimizer created after the model has been set to a definite
location
optimizer = torch.optim.Adam(model.parameters(),lr=1r,
weight decay=wd)
g.put('Created optimizer"')

#set the model to training mode (most of the time not
obligatory)

model.train()

g.put('Model is in training mode\n')

#for epochs
for i in range(epochs):

#for every batch
for batch_idx, batch_sample in enumerate(dataloader):

#training print preamble message
train_prt = f"Epoch {i}, batch {batch_idx}: "

#get user and item indices and matching ratings
#cast users and items to long, ratings to float
users = batch_sample["userId"].long()

items = batch_sample["movieId"].long()

ratings = batch_sample["rating"].float()

#increase ratings dimension if needed
if unsqueeze:
ratings = ratings.unsqueeze(1)

#set users, items and ratings to cuda if the model is
#as well for gpu training

if cuda:
users = users.cuda()
items = items.cuda()
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ratings = ratings.cuda()

y_hat = model(users, items) #prediction

loss = F.mse_loss(y_hat, ratings) #loss
optimizer.zero_grad() #zero gradients
loss.backward() #update gradients

optimizer.step() #step
g.put(f'{train_prt}Training loss: {loss.item()} ')

g.put(".end") #signal the print function to return
print_thread.join() #and close the printing thread
Kwéikag 49 — M£0o6oL mapayovtonoinong o€ PyTorch, exnaidsuon alyopibuou SVD pe t
xprion tou Movielens dataset

#iteratively prints elements of a queue. end keyword is ".end"

def queue_iter print(q):

while True:

prt = q.get()
if prt == ".end": break
print(prt)

Kwdwkag 50 — M£0odol mapayovtomnoinong os PyTorch, ektunwon pnVUpATwyY eknaidsuong o
napaAAnAo vipa pe tn xprion multithreading ko queue

import torch #PyTorch
from data_encode import get_untrained

#sets the model weights for items and users not included
#in the training set (untrained and unchanged weights)
#to the mean item or user weight.

#a classic cold start problem solution

def set_model untrained weights(model, train_dataset,
test dataset, cuda=False):

#get the untrained user and item indices
untrained_users, untrained_items = get_untrained(test_dataset,
train_dataset)

#find the trained users and items indices

user_trained_indices =
torch.LongTensor(train_dataset.data['userId’'].unique())

item_trained_indices =
torch.LongTensor(train_dataset.data[ 'movield’'].unique())
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#if model is in cuda set trained user and item indices tensors
#to cuda as well
if cuda == True:
user_trained _indices = user_trained_indices.cuda()
item_trained_indices = item_trained_indices.cuda()

#get the trained user and item weights

user_trained_weights =
torch.index_select(model.user_emb.weight, dim=0, index
user_trained _indices)

item_trained_weights =
torch.index_select(model.item_emb.weight, dim=0, index
item_trained_indices)

#get the trained users and items mean weights
user_trained_average = user_trained_weights.mean(0)
item_trained_average = item_trained_weights.mean(9)

#for every untrained user and item set the weights to the mean
for i in untrained_users:
model.user_emb.weight[i] = user_trained_average

for i in untrained_items:
model.item_emb.weight[i] = item_trained_average

Kwéwkag 51 — MéBodoL napayovronoinong o PyTorch, umoAoyLopog pin eKMOSEUHEVWV Bapwv
KOIL XPNOTWV

#returns a tuple of indices of extinct users and items of a
#training set when compared to a testing set
def get_untrained(test_dataset, train_dataset):

#create user and item arrays
users = np.array([], dtype=int)
items = np.array([], dtype=int)

#for each user
for i in test_dataset.data['userId'].unique():
#if not belonging to the train set
if i not in train_dataset.data[ 'userId'].values:
#append to the user array
users = np.append(users, i)
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#for each item
for i in test_dataset.data[ 'movield’'].unique():
#if not belonging to the train set
if i not in train_dataset.data[ 'movield'].values:
#append to the item array
items = np.append(items, i)

return users, items

Kwdikag 52 — M£0odoL mapayovrtomnoinong oc PyTorch, p€0060¢ eUPEON | EKTTOLSEVUEVWV
XPNOTWV KOl OLVTLKELLEVWV

Part 5: Testing
TENOG, EAEyXOUE TNV OKPIBEIO TOU HOVTEAOU POG.

#part 5: testing

test _loss(model, test dataset, cuda=True)
Kwéikag 53 — M£0odoL mapayovtonoinong oe PyTorch, Part 5: testing

#calculates loss error between the prediction and the testing
#set. default method of calculation is mean squared error
def test_loss(model, test _dataset, unsqueeze=False,
cuda=False):
#set model to evaluation mode (most of the time not
obligatory)
model.eval()

#get user and item indices and matching ratings

users = torch.LongTensor(test_dataset.data.userId.values)
items = torch.LongTensor(test_dataset.data.movield.values)
ratings = torch.FloatTensor(test dataset.data.rating.values)

#if model is in cuda set test user, item and rating indices
#tensors to cuda as well
if cuda == True:

users = users.cuda()

items = items.cuda()

ratings = ratings.cuda()

#increase ratings dimension if needed
if unsqueeze:
ratings = ratings.unsqueeze(1)
y _hat = model(users, items) #prediction
loss = F.mse_loss(y_hat, ratings) #test loss
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print(f'\nTest loss: {loss.item()}")
Kwdéwkag 54 — M£0odoL napayovtonoinong o PyTorch, péBodog umtoAoyLlopov chaipatog

3.3 — Karavepnuéveg epappoyég o€ PyTorch kai To distributed
communication package

To torch.distributed cival €va TTOKETO EPTTVEUCHEVO KATA KUPIO Adyo atrod 1o MPI,
EMTPETTOVTAG TNV ETTIKOIVWVIA OVAPETO OE DIAPOPETIKEG DIEPYATiES. 2€ avTiBEON PE
10 TrakéTo torch.multiprocessing, 1o torch.distributed emTpETTel TNV €TMKOIVWVIA
avapeoa o€ dIEPYATiEG TTOU €OPEUOUV OE DIAPOPETIKA PNXavuata, 0edouEVOU OTI
gival duvarr] n eTmMKoIVwvia Twv dlEpYaciwy HEoa atrd dikTuo. AKOuN, o1 diEpyaaieg
QUTEG UTTOPOUV va  XPNOIYOTTOINCOUV HIa TTANBwpa  TTPWTOKOAAWY  oTTioB1ag

emkoivwviag (backends) o oxéon ue 1o TTaKETO multiprocessing.

2€ autn TNV evoTnTa Ba TTapoucidooupe 1o TTakéTo distributed kai Ba deigoupue
TTWG WTTOPEI KAVEIG va avaTrTUEEl PIa KATAVERNUEVN €Qappoy pabnong ue tnv
BonBeia Tng BIBAIOBAKNG PyTorch.
3.3.1 — Backends

=eKivape Trapoucidlovtag Ta OIaBEoINa TTPWTOKOAAG OTTICOIOG ETTIKOIVWVIOG
(backends) kai TO TI uTTOPEI VO TTPOCPEPEI TO KaBEVa atrd auTd. [32][33]
Gloo

To Gloo atmoteAei 10 BaoikdTepo ammd Ta backends kai gival Gueca d1aB£0IPO e
TNV eykatrdotacn TnG PyTorch, yia exmmaideuon e TN XPRAON TNG KEVTPIKAG
ETTECEPYAOTIKNG Povadag Kal TNG Kuplag pvAung (CPU training), aAAG Kal PE TN
XPAON KApTWV YPOPIKWY YEVIKOU OKOTTOU TTOU UTTooTnpiouv Tnv TEXvoAoyia CUDA
(GPU training). To Gloo evdeikvutal, oav TTpwTn Auon, yia xprjon oe CPU training
atro Tnv PyTorch kai oav dsutepn Auaon, yia xprion oe GPU training, oav Kkavovag.
NCCL

H NCCL (NVidia Collective Communications Library) eivar pia BiBAoBrkn
KATaVEUNPEVNG ETTECEPYATIaG, aveTTTuypévVn aTrd Tnv nVidia, yia TIG KAPTESG YPOAPIKWV
TNG KAl EKTEVWG EPTTVEUCHEVN ATTO TO TTPWTOKOAAO MPI. H NCCL Trpoc@épeTal oav
backend a1ré 1o TTOKETO distributed, yia ekmTaideuon POVO PE TNV XPAON KAPTWV
YPa®IKWYV yevikou okotrou nVidia. H NCCL evdeikvutal yia xprion oe GPU training

atoé Tnv PyTorch, ocav kavovag.
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MPI
To TTPpwWTOKOAAO MPI €ival €va TUTTOTTOINPEVO TTPWTOKOAAO YIO KATOAVEUNPEVN

ETMKOIVWVIa 0€ éva PEYAAO €UPOG TTAPAAANAWY UTTOAOYIOTIKWY OPXITEKTOVIKWV.
MoAANEG ekdoxEG TOu MPI uTTApXOUV, OPKETEG ATTO TIG OTIOIEG €ival avoiXTou

AoyIopIKOU.

Edv BéAoupe va xpnoiyoTroifOOUPE TO TTPWTOKOAAO MPI OTIG KOTAVEUNMUEVES
EQPAPMOYEG pag, Ba TTPETTEl va eykaTaoTriooupe Tnv PyTorch from source. To MPI
gival TO JOVO TTPWTOKOAAO TTOU €V TTPOCQEPETAI ETOINO HE TNV EYKATAOTAON TNG
PyTorch oto ouoTnua pag, evw yia Tnv ektraideuon CPU trpoTiydral To Gloo, eKTdg
KAl av Ouykekpipgévol Adyol uttdpxouv yia tnv xpAon MPL. AvaAoywg Tng
uAotroinong, To MPI backend ptropei akdun va uttooTnpigel ektraideuon GPU. [33]
TCP (deprecated)

‘Eva &emrepacpévo TAEov backend, To TCP, atroteAei pia evOAAOKTIKF) Auon
Kataveunuévng emkoivwviag. To TCP egival To BaciKO TTPWTOKOAAO ETTITTEOOU
METAQOPACS OTN DIKTUWOT UTTOAOYIOTWV.

3.3.2 — TUTrOI AEITOUPYIWV KATAVEUNHEVNG ETTIKOIVWVIOG

Point-to-point
YT1rdpxouv dIagopol TPOTTOI VIO TNV ETTIKOIVWVIA HETAEU VOGS apIOuoU diEpyaciwy.

O a1rAouoTEPOG ATTO AUTOUG APOPA TNV ETTIKOIVWVIA JETALU dUO dlEpYATIWV Kal gival
N oTrAl ammooToAn (send) kai Aywn (receive) dedopévwy, i aAAIWG, ETTIKOIVWVIQ

onueio Tpog onueio (point-to-point).

[0, ] (]

[]

Ewova 3 — PyTorch distributed package, Point-to-point communication
H diadikaoia atmooToAAG Kol Awng PTTopeEi va gival ouyypovn (blocking), omou n
KAOe digpyaaia repipével va TTapaAn@Bei A va TapaAdper éva yivupa, rp acuyxpovn
(non-blocking), KaTd TNV OTTOIA VA PUAVUMPA PTTOPET VO OTAAEI XWPIG va XPEIAOTEI Ol

dlepyaoieg va TrepINEVOUY yia TNV TTapaAapr. MNa tnv deUTepn TTEPITITWON, €va
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YEYOVOG avaUOVAG OTNV KATAAANAN B€0n €ival apkeTo yia Tov EAeyX0 TNG AWng Tou

pnvupaoTog. [32][33]

O1 blocking Aeitoupyieg send kai recv kai non-blocking isend kai ircv €ivai

UAOTTOINOIMEG WE TNV Xpron Twv Gloo kal MPI backends yia ekmraideuon og CPU.

import torch #PyTorch
import torch.distributed as dist #distributed

#Send/Receive
#send/recv not supported by GPU!
def send_recv(rank, size):
print(f'Hello from task no. {rank}!")
tensor = torch.zeros(1l) #tensor([0.])
#master process, rank = ©
if rank ==
print('I increase the tensor value by 1\
and send it to process 1!')
tensor += 1 #tensor([1.])
#send the tensor to process 1
dist.send(tensor=tensor, dst=1)
#slave process, rank =1
else:
print('And I receive it!"')
#receive the tensor sent by process ©
dist.recv(tensor=tensor, src=0)
print(f'Rank {rank}: My tensor has this data: {tensor[0]}')

#isend/irecv (asynchronous)
#send/recv not supported by GPU!
def isend _irecv(rank, size):
print(f'Hello from task no. {rank}!")
tensor = torch.zeros(1l) ) #tensor([0.])
req = None #waitable object
#master process, rank = 0
if rank ==
print('I increase the tensor value by 1\
and send it to process 1!")
tensor += 1 #tensor([1.])
#send the tensor to process 1
req = dist.isend(tensor=tensor, dst=1)
print('Task @ started sending')
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#slave process, rank =1
else:
print('And I receive it!")
#receive the tensor sent by process ©
req = dist.irecv(tensor=tensor, src=0)
print('Task 1 started receiving')
#wait to receive/send data
req.wait()
print(f'Tasks synchonized!")
print(f'Rank {rank}: My tensor has this data: {tensor[@]}')
Kwdwkag 55 — PyTorch distributed package, uhonoinon katavepnuévwv Asttovpywwv send/recv

Multipoint
Mépa atrd TNV €TMIKOIVWVIA U0 PJOVO DIEPYACIWY, TAUTOXPOVN ETTIKOIVWVIO UTTOPEI

va UTTAPEEl Kal HETAEU TTEPICOOTEPWYV aTTd dUO digpyaoies. Ovoudlouue autou Tou
€idoug TNV emKoIvwvia multipoint, KOBWS APOPA TOV CUVEPYATIKO CUYXPOVIOUO
TTOAATTAWY onueiwy. [32][33]
Broadcast

H amAolotepn amd T multipoint AsiToupyieg KaTtavepnuévng ETTIKOIVWVIAG,
EKTTEUTTEI Evav tensor aTTo pia digpyacia o€ OAEG TIG UTTOAOITTEG, JEOQ O€ €va group
TToU TTEPIAQUPBAvEl OAeC TIG BIEPYOTIEG TTOU UTTAPYXOUV OTOV KOopo (world) Twv
dlgpyaoiwv TToU AauBdvouv pEPOG OTnV Kataveunuévn emikoivwvia. OAeg ol
Olepyaoieg, ANV TNG atmrooTéAoucag digpyaciag, AauBdvouv Tov tensor TTou n
Olepyaoia e¢émepwe. [32][33]

[t0, ]
Rank 0

[ Rank 0 } { Rank 1 } [ Rank 2 } [ Rank 3 J
[t0, ] [to, ] [t0, ] [to, ]

Ewova 4 — PyTorch distributed package, Multipoint communication, Broadcast

Na TovioBei TTwg TO group TPETTEI va TTEPIAAPPBAvEl OAeg TIG dlEpyaadieg TTou
UTTAPXOUV JECQ OTOV EKAOTOTE KOOUO DIEPYATIWV Kal OTI n dnuioupyia Tou group

TTOU TTEPIEXEI TIG DIEPYQTIES TTPETTEI VA YivETAl hE TNV idI0 O€IpdG o€ KABE digpyaaia.
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H Asitoupyia broadcast utrooTtnpietal ammd 0Aa Ta backends karavepnuévng

eTMKoIvwviag. [32][33]

#supported by every backend
def broadcast(rank, size):
print('Hello from task ', rank, '!")
#create a new group with the following
#processes
#Notice: all processes belonging in the
#distributed job MUST be entered, even if
#they are not to be used.
#Groups should also be created in the same
#order in all processes
group = dist.new_group([9,1])
#make a simple tensor
tensor = torch.ones(1)#.cuda()
print('Before:")
print('Rank ', rank, ' has data ', tensor[@])
#everybody in the group stores the received tensor inside the
#tensor
#Notice: the tensor should be of the SAME DIMENSIONS for each
#process
dist.broadcast(tensor=tensor, src=0, group=group)
print('After:")
print('Rank ', rank, ' has data ', tensor[0@])
Kwékag 56 — PyTorch distributed package, uhomoinon katavepnpévng Asttovpyiag broadcast

Reduce kot all-reduce
Mia avTioTpdpwg avaloyn Asitoupyia TnG broadcast, n reduce, ocuvoyicel 6Aoug

TOUG tensors Twv dIEpYaciwy o€ £va group, o€ pia diepyacia. H ouvoywn utropei va
yivel aBpoifovtag Toug tensors (sum - OuxvOTEPO), PpPioKOVTOG TO €0WTEPIKO
yivouevo Toug (dot product), BpiokovTag Tov p€yioTo tensor (max) rj Bpiokovrag Tov
eAaxioto (min). [32][33]

[0, ] [1.] [2] [t3, ]
[ Rank 0 J [ Rank 1 } [ Rank 2 ] [ Rank 3

[T=10+11+1(2+13]

80 ar6 188



Mtuylakn epyooia tou dottntr BaoiAn MooyomouAou

Ewkova 5 — PyTorch distributed package, Multipoint communication, Reduce with sum

Mia TrapaAAayry TG reduce, n all-reduce, uAoTroiei auTr) TNV AsIToupyia yia KABE

dlEpyaOia TTOU CUUMETEXEI OTO group.

[0, ] [1.] [12.] [t3, 1]
[ Rank 0 J [ Rank 1 } [ Rank 2 } [ Rank 3 }

[ Rank 0 } [ Rank 1 } [ Rank 2 ] [ Rank 3 ]
[T =t0+t1+t2+t3] [T =t0+1+12+t3] [T = tO+{1+2+3] [T = tO+11+12+3]

Ewkova 6 — PyTorch distributed package, Multipoint communication, All-reduce with sum

H reduce utrooTtnpiletal atrd kdBe backend, TTAnv Tou Gloo yia ektaideuon GPU,

evw n all-reduce utrooTnpiletal atrd KABe backend.

Na onueiwBei mwg 10 NCCL backend ptropei va xpnoigotroin8ei povo yia
ETIKOIVwVia o€ ektTaideuon GPU, ATol o1 tensors TTPETTEl va €ival aTToBnKEUUEVOI

oTnNV MVAMN TNG KAPTOG Ypaikwy (tensor.cuda()).

#supported by every backend, minus GPU Gloo

def reduce(rank, size):
print('Hello from task ', rank, '!")
#create a new group with the following
#processes
#Notice: all processes belonging in the
#distributed job MUST be entered, even if
#they are not to be used.
#Groups should also be created in the same
#order in all processes
group = dist.new_group([9,1])
#make a simple tensor
tensor = torch.ones(1)#.cuda()
print('Before:")
print('Rank ', rank, ' has data ', tensor[@])
#rank © does a reduce operation,
#summing up the tensors received
#by everyone else
dist.reduce(tensor=tensor, dst=0, op=dist.reduce_op.SUM,

group=group)
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print('After:")
print('Rank ', rank, ' has data ', tensor[@])

#supported by every backend
def all reduce(rank, size):
print('Hello from task ', rank, '!")
group = dist.new_group([0,1])
#make a simple tensor
tensor = torch.ones(1)#.cuda()
print('Before:")
print('Rank ', rank, ' has data ', tensor[0@])
#everybody in the group does an all reduce
#operation summing up the tensors received
#by everyone else
dist.all reduce(tensor=tensor, op=dist.reduce op.SUM,
group=group)
print('After:")
print('Rank ', rank, ' has data ', tensor[0@])

Kwéwkag 57 — PyTorch distributed package, uhomoinon katavepnuévwv Asttoupywv reduce Ko
all-reduce

Gather, all-gather
Mia akéun avtioTpoews avaloyn Aeitoupyia Tng broadcast, n gather,

OUYKEVTPWVEI OAoUG TOug tensors, atrd OAeg TIG dlEpyadieg, OTO group, O€ Mid
digpyaoia. [32][33]

[tO, ] (1] [12.] [t3, ]
[ Rank 0 ] { Rank 1 ] [ Rank 2 } [ Rank 3 ]

[tO, t1, 2, t3]

Ewkova 7 — PyTorch distributed package, Multipoint communication, Gather

Mia TrTapaAAayn TnG gather, n all-gather, uhoTroiei auTr TNV AgiIToupyia yia KABe

dlepyaaoia TTOU CUMMETEXEI OTO group.
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[t0, ] [t1,] [12] [t3, ]
[ Rank 0 ] { Rank 1 } [ Rank 2 } [ Rank 3 J

{ Rank 0 ] { Rank 1 } [ Rank 2 ] [ Rank 3 }
[to, t1,t2, t3]  [tO, t1, 12, t3] [tO, t1,12,t3] [tO, t1, 12, t3]

Ewova 8 — PyTorch distributed package, Multipoint communication, All-gather

H gather umrootnpidetal atmd Ta Gloo kai MPI backends, yia ekmaideuon CPU,
evw n all-gather utrootnpiletal amd 10 Gloo, yia ektmraideuon CPU, 10 MPI, yia

ektraideuon CPU n kait GPU, kai To NCCL, yia ekmraidsuon GPU.

#CPU only
def gather(rank, size):
print('Hello from task ', rank, '!")
group = dist.new_group([0,1])
#make a simple tensor
tensor = torch.ones(1)#.cuda()
print('Before:")
print('Rank ', rank, ' has data ', tensor[@])
#rank © does a gather operation,
#storing the tensors received
#by everyone else inside the tensor 1list
if rank ==
#the tensor list should contain correctly sized
#tensors, matching in dimensions every tensor
#that is to be received by the processes
tensor_list = [tensor, tensor]
dist.gather(tensor=tensor, gather_list=tensor_list,
group=group)
else:
dist.gather(tensor=tensor, dst=0, group=group)
print('After:")
print('Rank ', rank, ' has data ', tensor[@])

#supported by every backend, minus GPU Gloo
def all gather(rank, size):
print('Hello from task ', rank, '!")
group = dist.new_group([9,1])
#make a simple tensor
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tensor = torch.ones(1)#.cuda()

print('Before:")

print('Rank ', rank, ' has data ', tensor[@])

#the tensor list should contain correctly sized

#tensors, matching in dimensions every tensor

#that is to be received by the processes

tensor_list = [tensor, tensor]

#everybody in the group does a gather operation,

#storing the tensors received

#by everyone else inside the tensor list

dist.all gather(tensor_list=tensor_list, tensor=tensor,
group=group)

print('After:")

print('Rank ', rank, ' has data ', tensor[0])

Kwéikag 58 — PyTorch distributed package, uAomoinon katavepunuévwv Asttoupylwv gather ko
all-gather

Scatter
H Aeitoupyia scatter diapoipddel pia Aiota atmo tensors o€ OAeG TIG dIEPYATIEG OE

éva group. [32][33]

[tO, t1, 12, t3]

{ Rank 0 } [ Rank 1 ] { Rank 2 } [ Rank 3 }
[t0, ] [11)] [12,] 3,1

Ewova 9 — PyTorch distributed package, Multipoint communication, Scatter

H scatter utrooTtnpietal pévo yia ekraideuon CPU, Atol atré ta Gloo kai MPI

backends.

#CPU only

def scatter(rank, size):
print('Hello from task ', rank, '!")
group = dist.new_group([9,1])
tensor = torch.ones(1)#.cuda()
print('Before:")
print('Rank ', rank, ' has data ', tensor[0])
#rank © does a scatter operation,
#distributing the tensors inside the list
#to every process inside the group
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if rank ==
tensor_list = [tensor, tensor]
dist.scatter(tensor=tensor, scatter_list=tensor_list,

group=group)

else:
dist.scatter(tensor=tensor, src=0, group=group)

print('After:")

print('Rank ', rank, ' has data ', tensor[@])

Kwéikag 59 — PyTorch distributed package, uhomoinon katavepnpévng Asttovpyiag scatter

Barrier
TEéNOG N AeiToupyia barrier cuyxpoviel OAeg TIG diEpyaTies, avaykAlovTag TEG TIG

Va TTEPIMEVOUV TIG UTTOAOITTEG VA @TACOUV OTNV YPAPUN TTou opieTal n AsIToupyia
barrier. [32][33]

H Aeitoupyia barrier ummooTtnpietar amd kéBe backend, TmAnv Tou Gloo, yia

ektTaideuon oe GPU.

#supported by every backend, minus GPU Gloo
def barrier(rank, size):
print('Hello from task ', rank, '!")
group = dist.new_group([0,1])
#make a simple tensor
tensor = torch.ones(1)#.cuda()
print('Before:")
print('Rank ', rank, ' has data ', tensor[0])
tensor += 1
#wait all processes to reach the following line
dist.barrier(group=group)
print('After:")
print('Rank ', rank, ' has data ', tensor[@])
Kwéwkag 60 — PyTorch distributed package, uhomoinon katavepnpuévng Asttovpyiag barrier

ACiCel va onuelwBei TTwg KGBe pia atmd TIG TTapammdvw multipoint AsiToupyieg
KATAVEUNMEVNG ETTIKOIVWVIAG JTTOPEI va gival aocuyxpovn. Mia akéun TTapdueTpog, n
async_op ptropei va 1eBei wg True yia auto To AOy0. Z€ auTr) TNV TTEPITITWON, N KAOE
AeIToupyia eTTIOTPEPEI EvA QVTIKEIUEVO, TTX. req, TO OTT0i0 Ba TTPETTEI va TTEPIMEVOUE
ME TNV puéEBodo req.wait(), e TOV TPOTTO TTOU TTAPOUCIACTNKE 0TOV KWwdika 55 yia Tnv

aouyxpovn uéBodo isend_irecv. [32][33]
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3.3.3 — Aladikacia dnuioupyiag OpadwyV ETTIKOIVWVIOG
Mapatmdvw avaAuocaue TIG AEITOUPYIEG KATAVEUNUEVNG ETTIKOIVWVIAG, PTIAXVOVTAG

yla KA6e pia pia péBodo uhotroinong. MNwg 6uwg ol YéBodol auToi uTTopouv va
KAnBouv kal va uAotroinBouv atod TG diepyaacics; Kal TTwg o1 dlEpyacieg auTég

onuioupyouvTal;

2€ QUTA TNV UTTOEVOTNTA Ba TTAPOUCIACOUNE TO TTWG WTTOPEI KAVEIG VA EKKIVIOEI

Mia diepyaaia.

Kdabe digpyacoia edpevel o€ pia Teploxn. H k&Be digpyaaoia gival TTpooBaciun atmod
TIG UTTOAOITTEG NECW HIa BleuBuvong IP kal piag Bupag (port). Auto Byader vonua,
KaBwg o€ pia kataveunuévn epappoyr PyTorch, pia digpyacia utropei va Bpiokeral
oTToUdNTIOTE PECA O€ €va OiKTUO, PE TIG DIEPYATIEC VA ETTIKOIVWVOUV TTIBavOTATA
Méow BIKTUOU. KdBe diepyacia €xel akOun éva avayvwpioTikO aplOud kararagng

(rank) Kol CUPMETEXEI O€ Eva KOOUO dIEpYaTIwy evog TadE apiBuou (world size).

2TIG KATAVEPNMEVES EQapuoyES PyTorch, o ouyxpoviopuog OAwV Twv UTTOAOITTWV
dlepyaoiwy yivetal péow TnG diepyacia master, N oTToia £€X€l avayvwpIoTIKO rank =
0. Na autd 10 AdYyOo, yvwpifovtag pévo Tov TpOTTo TTPOCRACNG TNG TOTTOBETIAg TNG

dlgpyaciag master, ol dlEpyacieg YTTOPOUV VO CUYXPOVIOTOUV PJEOW auThG. [33]

2.€ €va KOOMO digpyaciwv OTTou OAEG o1 diEpyaaieg edPEUOUV OTNV idIA uNXavh, N
O1evBuvaon IP Tng digpyaciag master ival auTr) Tou TOTTIKOU pnxavruarog, 127.0.0.1
(localhost). O apiBudg port TpoTipdaTal va gival 29500. H kaBe diepyaacia xpeiddeTal
aKOUN Va yvwpidel Tov avayvwpIoTIKO apiBud rank tng KaBwg kal 1o péyeBog Tou
KOOUOU.

O1 T€ooepig auTéEG PETABANTES atToBnKeUovTal OTO TTEPIBAAAOV TOU AEITOUPYIKOU

OUCTAUATOG, YIa TNV KABE digpyaaia.

O1 petaBAnTéc autég pTTOopoUvV va atroBnkeutolv, yia Tnv KABe Odiepyaaia,
KOAWVTAG TNV EVTOAN export <variable_name> = '<variable_string value>'
TTPIV TNV KAAON TOU TTPOYPANPATOG, i ME TNV XPron TnG BIBAIOBAKNG os Tng python.

M'vwpidovtag auTég TIC TTOPAMNETPOUG, TO €TTOPEVO BAMQ egival n €évragn Tng
Olepyaciag péoa aTov KOOMO Twv OIEPYQCIWV WE Tn Xprion TG HeBOdou
init_process_group. A@ou yivel autd, n OlEpyaoia POG MTTOPEI VO EKTEAEOEI
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AEITOUPYIEG KATAVEUNPEVNG ETTIKOIVWVIOG VIO TNV ETTIKOIVWVIA JE OTTOIAONATTOTE AAAN

dlepyacia aTov KOOHO.

import torch #PyTorch
import torch.distributed as dist #distributed
import os #operating system

#process initialization method
#process rank, world size, function to run, additional arguments,
#communication backend to use (default is 'gloo') and additional
#keyworded arguments
def init_processes(rank, size, fn, *args, backend='gloo',
**kargs):

#master rank address (localhost)

os.environ[ "MASTER_ADDR'] = '127.0.0.1'
#master rank port
os.environ[ "MASTER_PORT'] = '29500'

#world size

os.environ[ "WORLD _SIZE'] = str(size)
#process rank identifier
os.environ['RANK'] = str(rank)

#initialize the process

dist.init_process_group(backend, world size=size, rank=rank)
#run the preferred function

fn(*args, rank=rank, size=size, **kargs)

#process rank 0
#rank, world size, function to run, backend
init_processes(@, 2, all reduce, backend='nccl')

#process rank 1
#rank, world size, function to run, backend
init_processes(1, 2, all reduce, backend='nccl')
Kwéwkag 61 — PyTorch distributed package, dnuiovpyia opddwv enikowwviog
3.3.4 — H BiIBA10BAKN multiprocessing Tng Python
Process (6iepyaocia)
O1 diepyaacieg pag PTTOPEI aUXVA va TTPoEPXOVTal aTTO SIaPOPETIKG python scripts.

Ti yiveTal Opwg €av €MOUPOUPE va dnuioupyAooulE TTOANATTAEG BIEPYQTIEG PE TN

Xpron evog Jovo Tpoypduuatog; H o atmrdvinon  BpiokeTar OTO  TTOKETO
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multiprocessing Tng BiBAI0Brikng PyTorch, To otroio gival eTréktaon Tng BiBAI0BrkNg
multiprocessing Tng python.

Me Tn xprion Tou TTaKETOU multiprocessing JTTOPOUNE Va dNUIOUPYOOUNE £Va OET
Olepyaoiwy PeE pia uéBodo oTéxOo TTou Ba exTeAeOTEl amd Tnv dlgpyacia, HE
TTapapETPOUG TTou Ba opicoupe. KaBe digpyaoia ekkiveital e Tnv uEBodo start() kai
OUYXWVEUETAI OTO TEAOG TNG, TTiIOW OTNV dIEPyaCia TToU TNV KAAEDE, e TNV HEBODO
join(). Mia koA TTPOKTIKA €ival n €mouvayn Tng KaBe digpyaciag o€ pia AioTa
dlEpyaciwy, Ol OTTOIEC PE TNV OEIPA Ba cuyXwveUTOUV TTiIOW OTNV KUpia digpyaacia.
[34][35]

Start methods (uéBodot ekkivnong) kaL mIpooTacia uvnung

KaAo gival akoun, yia 6ca dedopéva dev €mBUPOUPE va dnuioupynBouv Kal TTAAI
OTNV UVAMN atro TIG VEEG DIEPYATIES, VA TA TTPOCTATEWOUUE, EVIAOOOVTAG TA OE IO
evotnTa if. O Adyog gival TTwg Katd Tnv dnuioupyia piag véag diepyaaiag, UTTApXEl N
TTEQITITWON TO TTPOYPAUMA HAG va TPEEEI €K VEOU. Z€ QUTH TNV TTEPITITWON TO
TTPOYPAUUA TNG KUpIag digpyaciag Ba €xel ovopa (__name__ ) ' main__', evw TO
TTPOYpauua TNG véag Ba éxel ovopa idlo ue To dvopa Tou python module, 1rx. 'do'.
[34][35]

AuTo oupPaivel 6tav n PEBodOG ekkivnong diepyaaiag dev gival n TTPOETTIAEYUEVN

MEBODBOG ekkivnong fork.
MNa TV dnuioupyia piag véag diepyaaiag divovtal TPEIS TPOTTOI EKKivnong [35]:

o fork

o forkserver

e sSpawn
Fork

21nv mepimmtwon Tng fork, 1o Tpdypaupa Ba @TIALEl pia ‘BiXAAA’ TNG KEVTPIKNAG

digpyacoiag, 6tmou n digpyacia TTaidi Ba gival Eva avTiypago TnG ndn UTTapXouUCcag
dlepyaoiag yovéa. AgiCel va onueiwBei TTwg n fork €ival o TTPOETTIAEYUEVOG TPOTTOG
dnuioupyiag digepyaciwy o€ cuoTAPATa TUTTOU UniX.

2TNV TIEPITITWON TIOU O TPOTTOG €KKivnong diepyaciag dev eival fork, aAAd
forkserver 4 spawn (TTPOETIAEYHEVOG TPOTTOG cuoTnuaTwy Windows), pia véa

dlepyaoia Ba ekkivnBei atrd TNV apxn, ME Paon 1o python module.
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Forkserver
21nVv TrepiTTwon 1ng forkserver, pia digpyacia server Ba dnuioupynOei Kal KAOe

@opd TTou MIa vEa dlgpyacoia atraiTeital ammd Tov yovéa, n digpyacia server Ba
QTIAXVEl hia véa diepyaoia pe Tn uEBodo fork, n otroia Ba gival evog vhuartog (single-
threaded).
Spawn

TNV TTEPITITWON TNG Spawn, €vag veéog dlepunvéag (interpreter) python kaAeitai
Kal To module Tpéxel Eava atmd TNV apxr, KANPOVOUWVTAG PNOVO 6o0oug TTOPOUG

xpeladovTal yia TNV eKTEAEON TNG HEBODOU OTOXOU.

ACiCel akéun va onuelwdei TTws KaAwvTtag TRV HEBodo spawn n) forkserver péoa
amo uia uéBodo, péoa oTnv otroia PHEBOOO KOAOUPE AAAEG HEBODOUG TTOU dev
BpiokovTal y€oa o€ AuTh, N KANoN TwV AAAWV PEBGdWYV Ba ATTOTUXEI, APOU O YOVEAG
(apxikA pEB0DBOG) dev TIG TTEPIAAUBAVEI!

Shared memory
Edv BeAooupue va poipacTtoupe PE TIG VEEG dlEPYaTieg KATTOIOUG tensors i To

MovTéAO pag, n uEBodocg fork utropei va atmmodeixTei TTPOBANUATIKN.

‘EOTW TTWG €XOUNE £Va AVTIKEIMEVO tensor 1} JOVTEAOU aTTOBNKEUPEVO OTNV KUPIA
MVAMN. @éAovTag ol véeg dlepyaaicg TTou dnuioupynoape pe tnv péBodo fork va
€xouv TTpOCRacn o€ auto, Ba TTPETTEN yIa TO JOVTEAO 1) TOV tensor va KAAEGOUNE TNV
MEBOBO share_memory(). H uéBodog autry Ba TOTTOBETACEI TO QVTIKEIUEVO O€ Mia

KOIVOXPNOTN MVAMN, OTToU OAEG o1 digpyaaieg Ba £xouv TTpoaBaocn. [34]

Na onpeiwdei TTwg TTapa 10 yeyovog OTI N VAN TNG KAPTOG YPAPIKWY BewpeiTal
Koivoxpnotn uvAun (.cuda()), dev civar avayvwoiun amé TG diepyacieg TTou
ekKIvABnkav pe Tnv uEBodo fork. MNa autd 1o Adyo dTav BEAOUPE va HoIPAcTOUUE Eva
QVTIKEIMEVO TTOU BPIOKETAI OTNV PVAUN TNG KAPTAG YPAPIKWY HOG, Ba TTPETTEl va
XPNOoIJoTToINoOUpPE TIG HEBOBouUG spawn 1A forkserver. KaAd eival Aoimmov, va
ypagoupue TravroTte 6,11 dev BEAouPE va uAoTTOINBE OTIC vEEC DlEPYATies, KATW aTTO
Mia evotnTa if, woTe va KaAUWoupe TMOAvEG TTEPITITWOEISC TTou Ba TTPETEl va

uAoTroinBouv pe TI¢ ueBGdoug forkserver A spawn.
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Queues
Edv emBupolpe va petagépoupe dedopéva avaueoa o€ diepyacieg, Y. Evav

tensor TTou TePIEXEl gradients, KATA TNV KTTAIdEUCN EVOG POVTEAOU, UIa AUON gival

n Xpnon tng OOuNG queue Tou TTaKEToU multiprocessing.

2NMavTIKO €ival va BUPOPOOTE TTWG TOTTOBETWVTAG £va AVTIKEIUEVO tensor 1} model
O€ £va queue, CUVETTAYETAI JETAPOPA TOU AVTIKEIMEVOU OE KOIVI) UVAUN TTPWTA, €AV
TO QVTIKEIPUEVO BEV gival dN, TTPAYUA TTOU UTTOPEI va TTpocBéoel eTITTAéov overhead.
Ag uTtrevBupiooupe akOun TIWG N MVAMN TNG KAPTOG YPA@IKWY Bewpeital
KOIvOXpnoTn uvnun. [36]

Katd tnv petagopd, éva SimpleQueue eyyudtal emituyia KGBe @opd, agou
XPNOIMOTTIOIEI HOVO €va VAua €TTEEEPYATiag, evw éva Queue cival AiyOTeEPO aOQAAEG,
a@OU TTPOKEITAI VIO HIO TTI0 OUVOETN KAAON TTOU XPNOIYOTTOIE TTOANATTAG vApaTa.
[36]

import torch.multiprocessing as mp #multiprocessing

#spawn and forkserver methods don't work inside functions...
#def do():
#it is a best practice to use the if _ name_ =='main' section.
#start methods like spawn and forkserver will produce a copy
#of the process's parent resulting in continuous process
#creation and a runtime error. using the if section ensures
#that no process creation will occur any further, since the
# name__ variable's value will not be 'main' in the created
#process but a script name instead
if __name__ == "__main__":
# name__ will refer to the function and not the script
#if set within a function.
#the functions called below will not belong to the
#main function therefore initialization will fail with
#spawn and forkserver methods.
#also, despite expected outcome, fork method (default)
#will work with cuda tensors using distributed operations!!
#if there is no specific worry about sharing tensors
#otherwise with multiprocessing, it seems obvious that
#any start method will produce similar results with the
#distributed package operations.
#furthermore, it is a best practice to set the start
#method within the if _ name__ =='main' section.
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#the start method can also be set only *once* inside
#a **main** script!!!
#mp.set_start_method('fork') #default
#or
#mp.set_start_method('spawn')
#or
#mp.set_start _method('forkserver')
#otherwise, you can create a context object using a
#specified start method
#ctx = mp.get_context('spawn')
size = 2 #world size
processes = []
for rank in range(size):
print('Initializing task ', rank)
#p = ctx.Process(target=init_processes, args=(rank, size,
all reduce))
p = mp.Process(target=init_processes, args=(rank, size,
all reduce))
print('Run process of task ', rank)
p.start()
processes.append(p)

print('\nActive processes before joining: ',
mp.active_children())
print('Joining ', len(mp.active_children()) ,"' processes')
for p in processes:
p.Jjoin()

print('Active processes after joining: ',
mp.active children()) #should be ©
Kwéwkag 62 — PyTorch multiprocessing package, énulovpyia diepyaciwv

3.3.5 — MapdAAnAn kai TTapdAANAn KaTavepnuévn eKTTaidsuon

2€ auTA TNV uttoevoTnTa Ba OciCoupe TTWG €va POVTEAO UTTOPEI va eKTTAIOEUTEI
TTapPAAANAa aAAd Kal pe Th XpHon KaTaveunuévwy digpyaciwy. [19]
DataParallel

To mpwTto amd Ta modules 1Tou Ba doupe cival To torch.nn.DataParallel. ' Eotw
TTWG £XOUUE OTA XEPIA JAG €VA HOVTENO O€ Eva INXAVNUA UE TPEIG KAPTES YPAPIKWV
yevikou okotrou NVidia kar Twg BéAoupe va agloTToINOOUPE Kal TIG TPEIG YIA TNV
ekTTaideuon Tou PHovTéAou Pag. ‘Evag atrAog TpOTTOG va TIG AgIOTTOINCOUUE KOTA TV

ektraideuon eival n evBuAdKwaon Tou povtélou pag o€ éva DataParallel module.
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EvBuhakwvovtag To povriéAo pag, 1o module Ba dnuioupyrnoel avtiypaga Tou
MoVTéEAOU O€ OAEC TIC KAPTEG ypaAPIKWY. & KABE TTPOBAewn TTOU €MOUPOUPE va
Kavoupe pe Bdon 1O povréAo pag, nTol oe kaBe forward pass, To input Ba
dlaxwpideTal og KABE avTiypa@o Tng KABe KAPTAG ypaAPIKWY, YE TO KABE avTiypa®o
va déxeTal éva PEPOG Tou input. Katd tov uttoAoyiopo Twv gradients, Atol o€ KABe

backward pass, ol gradients 8a aBpoifovtal TTicw oTO ApPXIKO PMOVTEAO. [19]

ACiCel va onueiwBei TTwG £XOVTAG OTA XEPIO POG APKETEC KAPTES YPAPIKWY OTO
idl0 Pnxavnua, UTTOPOUME VA OPICOUME ETTIONG TTOIEG OTTO aAUTEG BEAOUME va
aglotroiooupe (TTapAueTpog device_ids) kalr oe 1ol Ba BéAape va yivetalr 1O
abpoioua katd TNV @Aacn backward (TTapdueTpog output_device). Ettiong, av
xpnoigotrolouue DatalLoader, To BéATIOTO Ba eival To pé€yebog Tou batch va eival
TTOAQTTAGCIO TWV KAPTWYV YPAPIKWY, YId TNV OPOIOPOPE®N KATAVOWR Tou input avd
ouokeun. [19]

DistributedDataParallel

To module torch.nn.parallel.DistributedDataParallel €ival To kUpio module 1Tou 6a
XPNOIMOTTOINOCOUNE KATA TNV TTAapAAANAN kataveunuévn extraideuon. MNMapouola pe
10 DataParallel, to DistributedDataParallel diaxwpilel 10 input OTIC TOTTIKEG

OUOKEUEG TTOU €TTIOUMOUE.

‘Eva 1mpoodv Tou Opwg oe oxéon pe 1o DataParallel, €ivar n ikavotnta
OUYXPOVIOUOU HETOEU avTIypA@WV €VOG POVTEAOU TTOU AVAKOUV OE OIAQOPETIKES

OIEPYQTIES VIO TNV CUVEPYATIKI EKTTAIOEUCT) TOU KOIVOU AUTOU POVTEAOU.

‘EOTW TTWG €XOUpE évav apiBPo diepyaciwy, PE KABE uia atrd TIG dIEPYaTies va
EXEl Eva TTAVONOIOTUTTO QVTIYPOEPO TOU POVTEAOU Kal £VA TTAVOPOIOTUTTO AvTiypa®o
Tou dataset, kol TTWG €TMOUPOUPE va eKTTAIOEUCOUNE TO MOVTEAO QUTO E
Kataveunuévo TpoTro. EvBuAakwvovtag 1o povtédo o€ éva DistributedDataParallel
module, e¢ao@alioupe TIWG o€ KABe backward pass, o1 gradients Tou
DistributedDataParallel module evog povrédou, o€ kKGBe diepyaaia, uttoAoyifovTal

oToV PJEOCO Opo PETAEU Twv dlgpyaciwy. [19]
[MpakTIKG:

e ’'Eva povtéAo, icog apiBudg avtiypdewy e Tov apiBud Twv diEpyaciwy ,yia

KaBe digpyaacia
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To povrédo evBuhakwvetal oe éva DistributedDataParallel module kai
dnuioupyolvTal avTiypa®a OTIC OUOKEUEG (KAPTEC YPOQIKWY) TTou
opifoupe o€ KABe digpyacoia (TrTapdueTpog devide_ids)
Forward pass: kKGBe avtiypago, o KdBe cuokeun piag diepyaaciag dExeTal
éva KAGopa Tou input
Backward pass:

o Ta kd&Be diepyaoia: sum gradients oTto apxikdé module (module Tou

output_device)
o YToAoyiopdg Tou p€oou 6pou Twv gradients PETALU dIAPOPETIKWV

apxIkwv module / digpyaciwy

Ymrdpyouv duUo e€eidikeupévol TpoTTol Xprong Tou DistributedDataParallel:

Single-process multi-GPU: Tpotog mrapouolog ue 1o DataParallel. Mia
digpyacia avd pnxavnua pe ToAAatmAégc GPU. H Trapduetpog device ids
0éxetal pia Aiota amdé ID ouokeuwv (0,1,2,...) TOU B€Aoupe va
XPNOIUOTIOINOOUHE.

Multi-process single-GPU: ApiBudg digpyaciwy ava pnxavnua = apiBuog
OUOKEUWV (KOPTWV YPOPIKWYV) Tou pnxaviuatog. Mg autd Tov 1pdTTo KAOE
dlepyacia XpnoIYOTIoIEl JOVO MIa ATt TIG DIOBECIUEG KAPTEG YPAPIKWV.
2tV PBiIBAIoypagia ava@EépETal WG N ypnyopoTEpn  TTPOCEyyIon
ektraideuong, akoun kal oe oxéon pe to DataParallel module.

Na onueiwBei TTwg yia Tnv Xprjon Tou DistributedDataParallel module atraiteital

OUOKEUN.

TTPWTA N dnuIoupyia OPAdwWY ETTIKOIVWVIAG, JE TOV TPOTTO TTOU TTOPOUCIACTNKE OTOV
Kwdika 61. Ommwg kai yia 1o DataParallel, av xpnoiyotroloupe DatalLoader, 10
BéATIOTO Ba cival To péyeBog Tou batch va gival TTOAATTAAOI0 TWV KAPTWVY YPAPIKWV

TTOU XPNOIUOTIOIEITaI O€ KABE dlEPyaaia, yia TNV OPOIOPOPEPN KATAVON) ToU input avda

To DistributedDataParallel module &ouAetel pévo pe 1a NCCL kai Gloo

backends, yia ektraidsuon oe GPU.

MapaBéToupe éva TTapadelypa KWwdIKa Yiag peBddou, n otroia UAOTTOIET TTPAKTIKG

TNV A€ITOUpYia Tou opIcUOU Twv gradients oTov p€co 6po, YE TTAPOUOIO TPOTTO TTOU

TNV Kavel 1o DistributedDataParallel module. [32]
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#model parameter averaging
def average(model):
size = float(dist.get_world size())
for param in model.parameters():
#skip parameters that are not learnable
if param.grad is not None:
dist.all reduce(param.grad.data,op=dist.reduce op.SUM)
param.grad.data /= size
Kwéikag 63 — NopaAAnAeg katavepnpéveg epappoyeg oe PyTorch, Asttoupyia
DistributedDataParallel

DistributedDataParallelCPU
Mapduoio module pe 1o DistributedDataParallel, povo yia ektraideucn otnv KUpia

MVAMN. Agv uttdpyouv TTapdaueTpol device_ids kal output_device.

AouAevel pévo pe Ta MPI kail Gloo backends, yia ektraideuon oe CPU.
DistributedSampler

O DistributedSampler civai évag Sampler TTou katavépel Ta SedopEva avTIYPAPWYV

€VOG Kolvou peTagl digpyaoiwv Dataset, OTIG diEpyadieg, e TETOIO TPOTTO £T01 WOTE

o1 BIEPYOTiEG VA eKTTAIOEUOUV OAEG E DIAPOPETIKA dedopéva. [21]

ATTaiTnon OTTWG Kal yIa T TTOPATTAVW, €ival n dnuioupyia oudadwy ETTIKOIVWVIAG,

ME TOV TPOTTO TTOU TTAPOUCIACTNKE oToV Kwdika 61.

‘Evag DatalLoader ptopei pge T o€ipd Tou va OexBei wg Sampler Tov
DistributedSampler, dnuioupywvtag batches pévo yia ta dedouéva NG EKAOTOTE
digpyaciag. O DistributedSampler uytropei va dexBei akéun cav seed, yia T0

avakdaTepa Twv OedOPEVWY, TOV apIBUS TNG EKACTOTE ETTOXNG TNG EKTTAIdEUONG.

Mapakdtw TTapoucidfoupe Mo PEBOBO  TTAPAAANANG  kKal  TTAap&AANANg

KaTaveunuévng ekTTaideuong, eutrveuouévn atrd Tov Kwdika 29, wg eTTEKTAON TOU.

#training.py

import torch.nn as nn #neural network

import torch.nn.functional as F #functions

import torch.optim as optim #optimizer

import torch.utils.data as data #utils data

import torch.nn.parallel as parallel #parallel training
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#the following method works both for simple and distributed

#training and is modified to support both GPU (.cuda()) and CPU

#(.cpu()) models.

#parameters include:

#model, training dataset, number of epochs, initial learning

#rate, weight decay, unsqueeze - target dimensionality increase,

#cuda - GPU training mode, distributed mode -

#case where a process belonging to a distributed process world

#calls the training method for distributed training,

#rank - rank of the distributed process,

#world _size - size of the distributed processes world

def train_model(model, train_dataset, epochs=10, 1lr=0.01,
wd=0.0, unsqueeze=False, cuda=False,
distributed_mode=False, rank=None,
world_size=None):

sampler = None

#distributed mode

if distributed_mode:
sampler =
data.distributed.DistributedSampler(train_dataset,
num_replicas=world _size, rank=rank)

if cuda:

model = parallel.DistributedDataParallel(model)
else:

model = parallel.DistributedDataParallelCPU(model)

#non-distributed. set the model to DataParallel to
#increase training speed
elif not distributed_mode and cuda:

model = nn.DataParallel(model)

dataloader = data.DatalLoader(train_dataset, batch_size=100,
num_workers=2, sampler=sampler)

#Adam optimizer, with small weight decay
optimizer = optim.Adam(model.parameters(), lr=learning_rate,
wd=0.01)

#set the model in training mode (most of the time not

95 arno6 188



Mtuylakn epyooia tou dottntr BaoiAn MooyomouAou

#obligatory)
model.train()

for epoch in range(epochs):

if distributed _mode:
sampler.set_epoch(i)

for batch_idx, batch_sample in enumerate(dataloader):

y_hat = model(batch_sample) #prediction
loss = F.mse_loss(y_hat, output) #loss
optimizer.zero_grad() #zero gradients
loss.backward() #calculate gradients
#perform a step/recalculate model weights
optimizer.step()
Kwéwkag 64 — NapdAAnAeg katavepnpéveg epappoyeg oe PyTorch, eméktaon Kwdwka 29 —
MNapdAAnAn kat mapdAAnAn KoTtavenévn EKaideuon

3.3.6 — EKtraideuon péoa o€ dikTUO

E¢nyioaue otnv utroevotnTa 3.3.3 10 TTWG N KABe digpyaaoia, TTou BEAoUpE va
OUMUETEXEI OTNV KAtavepnuévn ekmaideuon, Ba TTPETTEl va yvwpilel Téooepa
TTPAYMATA TTPIV TNV €KKivnon TNG: Tnv dielBuvon IP Tng diepyaciag master (rank=0),
TNV BUpa (port) TG digpyaciag master, Tov apiBud (KOGUO) Twv dIEPYACIWY TTOU
OUMPUETEXOUV OTNV opdda emmkoivwviag (world size) kal Quoikd TV KaTdTtagn mng

id1ag Tng digpyaaoiag (rank).

E@ooov piNdue yia ekmraideuon péoca oe OikTuo, n dlgepyacia Ba TTPETTEl va
YVWPICEI aKOUN PIa TTOPAPETPO, N OTToIa €ival TO Gvopa TnG dIETTaPrg OIKTUOU, Yia

TNV €TMIKOIVWVia Pe Tnv dieuBuvon IP Tng digpyaciag master (socket interface name).

Ooov agopd Tov TPOTTO ETTIKOIVWVIAG £XOUNE dUO €TTIAOYEG. O TTPWTOG TPOTTOG
givalr n MeTa@opd Twv OedOMEVWY HECW MNVUMATWY, MEOW TOu OIKTUOU,
XPNOIUOTTOIVTAG TO TTPWTOKOAAO TCP. AIa@QOpPETIKA, EAV T UNXAVAMATA OTA OTTOIN
edpevouv ol diepyaacicg poipadovTal Evav KoIvO Xwpo atmoBAkeuong, NTTOPOUNE va
XPNOIUOTTOINCOUNE EVa APXEIO yIa TNV EyypaPr Kal avayvwaon Twv OeOONEVWY TTOU

Ba xpelaoTei o1 diepyaaieg va poipacTouv. [32][33]

AUTOG gival AETTTOPEPWG O TPOTTOG TTOU HIO OPAdA ETTIKOIVWVIAG dIEPYACIWV

onuioupyeitai [32]:
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KaAwvtag tnv péEBOdO init_process_group, Onuioupyeital pia KAGon

KavaAlou pe Bdon 1o €idog Tou backend.

‘Ereira, dnuioupyeital To KavaAl e Bacn tnv KAAon auTh, TTPocBEéTovTag

apxika tnv dieuBuvon Tng dlEpyaoiag master TTou €XEl avayvwpPIoTIKO

rank=0.

H Oiepyacia pe rank O ovopdlstar master, v OAEG Ol UTTOAOITTEG

ovopalovtal workers.

TiI KAvel n master:

o

o

Anpioupyei sockets yia Tig diepyaoieg workers
Mepipével OAeg o1 digpyaoieg workers va €TTIKOIVWVIIOOUV JE QUTH
Kal va TNG TTapadwoouV TIG TTANPOPOPIES TOUG
TENOG, OTEAVEI 0€ OAEG TIG DIEPYQTIES, OAEG TIG TTANPOPOPIEG OAWV

TwV dIEPYATIWV

Ti kavel pia worker:

o

o

O

Anpioupyei €va socket yia Tnv €TIKOIVWVia PE TNV master

2TéAvel TNV master OAeg TNG TIG TTANPOPOPIES

Aéxetal atrd TNV master OAeg TIG TTANPOPOPIES YIA TIG UTTOAOITTEG
workers

Avoiyel éva véo socket kal ekTEAEl pIa xEipawia UE TIG UTTOAOITTEG

workers

OAeg o1 digpyaaieg cival €TOINEG va ETTIKOIVWVAOOUV PE OAeG. H opdda

ETTIKOIVWVIAG £XEl BnUIoUpyNOEi.

#tthe master address can either be the IP address of the master
#or any valid broadcast address within the master network

os.environ[ '"MASTER_ADDR'] = '192.168.1.5'

os.environ[ "MASTER_PORT"'] '29500'

os.environ[ "WORLD_SIZE'] = str(world _size)
os.environ['RANK'] = str(node)

#interface name to be used by the Gloo backend.

#in Unix systems the interface name can be found with
#the ifconfig console command

os.environ['GLOO SOCKET IFNAME'] = 'enp3s@'

#process initialization with the gloo backend, using the tcp

#protocol to transfer data between processes
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dist.init_process_group(backend="'gloo',
init_method="tcp://192.168.1.5:29500", world_size=size, rank=rank)
#dist.init_process_group(backend="'gloo',
init_method="file://<file_name>", world _size=size, rank=rank)
Kwdikag 65 — NopaAAnAeg Katavepnpéveg epappoyeg os PyTorch, Snuoupylia opadog
erukowvwviag diepyaciwv péca o€ Siktuo

3.3.7 — NCCL environment variables

XpnoipotroiwvTtag To NCCL backend, mmépa a1rd atmmAwg opifovtag 1o dvoua TnG
dieraprig NCCL_SOCKET_IFNAME, yia kataveunuévn eKTTaidEuOTn, JTTOPEI KAVEIG
va xpnoigotroinoel emtAéov PeETABANTEG, yia debugging kail yia GAAOUG OKOTTOUG.

[37]
Mepikég atTd TIG ETABANTES TTEPIAQUBAVOUV:

e NCCL_DEBUG: petaBAnmi via debugging. Tigég TrepiAaupdavouv
VERSION: ektUumTwon ékdoong NCCL katd Tnv apxr Tou TTpoypauuaTog,
WARN: €KTUTTWON UNVUPATWY €100TT0INONG 0@AApaTog, INFO: ekTUTTWON
TTANpo@opiwy yia debugging

e NCCL_BUFFER_SIZE: péyebog buffer yia pyetapopd pnvupdTwy PETALU
KAPTWVY YPAPIKWV

e NCCL_NTHREADS: apiBuég vnuatwyv CUDA ava pmrhok CUDA. Default
= 256. Au¢dvovtag Tov aplBud autd Ba augnael Tov eOPTO Epyaadiag aTnv
KAPTQ yPaPIKWYV. AvTioTOIXa N hEiwon Ba Tov PEIWTEL.

e NCCL_DEBUG_FILE: amobnikeuon apxeiou karaypapris debugging oe

apxeio

Meploodtepeg TTANpoQopieg yia TIG HeTaBANTEG TTEPIBAAAOVTOG Tng NCCL
MTTOPOUV Va Bpebouv oTto documentation Tng NCCL.
3.3.8 — Multi-GPU operations

Me TTOANQTTAEG KAPTES YPAPIKWY ava unxavnua, ival EUKOAO va QavTaoTEl KAVEIG
TO yeyovog évav apiBud tensors va edpedouv o€ Evav e€icou ico apIBud KapTwv
YPOQIKWYV, PE KABE tensor va edpevel O€ PIa SIOQOPETIKI) KAPTA YPAPIKWV.

‘Eva KAaooIKO TTPOBANMa, 61Tou dev BEAoUUE HOVO va UAOTTOINCOUNE AEITOUPYIEG
KATAVEUNMEVNG  ETTIKOIVWVIAG METAEU dlEpyaoiwy, OAAG Kol PETALU TngG idiag

digpyaoiag gival autd. EAv n KABe diepyaacia XpnoILOTIOIET YIO AUTO TOV OKOTTO OAEG
TIG KAPTEG YPAPIKWY EVOG PNXAVAMATOG, WE MIa dlgpyacia ava pnxavnua, givai
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AOYIKO va B€Aoupe va agloTToINOOUUE TIG KAPTEG, TOTTOBETWVTAG O€ KABE uia atmo

évav tensor. [33]

Me Baon Tnv TTapatrdvw AoyIKr, ag UTTOBEcOoUNE TTWG BEAOUUE VA UAOTTOIOOUUE
Mia Aeitoupyia, 1Tx. TNV all-reduce, 6x1 pévo yia €vav tensor avé diepyaaia, aAAd yia
KAOe tensor oe KABe KAPTA yPaPIKWY PECO 0 KABe digpyacoia. H Auon eival atrin,
Kal TTapExeTal ueoa ato tnv BiBAIodrikn PyTorch. Mévn mrpouTtrd8eon gival TTwg yia
KAOe digpyaoia, Evag idlog apIBUOG tensors UTTAPXEI yia TNV EKTEAECT TNG AEITOUPYiag
Kataveunuévng emkoivwviag. O1 tensors Tng kABe Oiepyaciag Ba Tpémel va
€Mouva@Bouv o pia AioTa, ye KABe digpyaaia va €xel idlo uAKOG AioTag, Kal QUOIKA,

tensors TTapOuoIWY dIaCcTACEWY Kal TUTToU, TTY. float r double. [33]

Na onueiwBei akdun, TG TIPOG TO TTAPOV, Ol AEITOUPYIEG KATAVEPNUEVNG
ETTIKOIVWVIAG PETAEU TTOAAQTTAWV KOPTWY YPAQPIKWY uttooTnpifovral uévo armod 1o
NCCL backend (lavoudpiog 2019, PyTorch 1.0).

import torch
import torch.distributed as dist

dist.init_process_group(backend="nccl",
init_method="file:///distributed_test",
world size=2,
rank=0)
tensor_list = []
for dev_idx in range(torch.cuda.device_count()):
tensor_list.append(torch.FloatTensor([1]).cuda(dev_idx))

dist.all reduce_multigpu(tensor_list)
Kwdikag 66 — NapaAAnAeg katavepnpéveg edpappoyeg os PyTorch, uhomoinon Asttoupyiog
KOTAVEUNEVNG ETUKOLVWVIAG yLa 00 aplOpo moAAanAwv KapTtwv ypadLlkwv ava diepyaocio

3.3.9 — Xpnoiueg cUPPBOUAEG
Launch utility
AG OKEPTOUUE PIA TTEPITITWON, TTAPOMOIA TNG UTTOEVOTNTAG 3.3.8, OTTOU OUWG avTi

VO XPNOIUOTIOIOUNE TTOAAEG KAPTEC YPOQPIKWY O€ Mo dlgpyacia avd kKouo,
XpnolyoTtroloUuue évav apiBuod dipyaoiwy, ue KGBe diepyaaia va XpNOIUOTIOIEI JOVO

Mia a1Td TIG KAPTEG YPOPIKWY TOU PUNXAVAUATOS KOUBOU.

Mia xprioiun AsIToupyia TTOU JTTOPOUNE VA XPNOIUOTTOINCOUUE VIO QUTO TO OKOTTO,
eival n Asitoupyia launch trou TTapéxetan atrd 1o TrakéTo distributed Tng PyTorch. O
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OKOTTOG TNG €ival n €KKivnon €vOg script, TTOAEG QOPES, dNUIOUPYWVTAG £vav aplBud
dlepyaciwy, Pe KGBe diepyaaia va XxpnOIPOTIOIEl HOVO JIa ATTO TIG KAPTES YPAPIKWV.
MNa Tov AOyo auTd, Ba TTPETTEl va €XOUME €vav ETTAPKNA OPIOPO KOPTWV YPAPIKWY,
WOTE VA JTTOPECOUNE VA dNUIOUPYACOUE Evav aplBuo diepyaciwy, MIKPOTEPO 1 i00

ME TOV aPIOPO TWV KAPTWY YPAPIKWY TTou dlaBEéToupE. [33]

Auté ouverrayetal BéBaia  ektraideuon GPU. Mmopoupe Opwg akoun va
XPNOIJOTTOINCOUME TNV AciToupyia Kal yia ekmraideuon CPU, ue kdBe tensor A
MovTéAO piag digpyaciag va hoipddeTal évav Kovo Xwpo oTnv KUpia Pvhun, Jadi he

TOUG UTTOAOITTOUG tensors ] JOVTEAD TwV GAAWYV dIEPYATIWV.

Ytmdpxouv dUO TPOTIOI TTOU WTTOPOUME va XPNOIKMOTIOINCOUPE TNV AEIToupyia
launch [33]:

A. 'Evag kKOuPog, TTOAAATTAéG diepyaoies: Katd aut Tnv  TTEPITITWON
XPNOIMOTTOIOUKE POVO €va PNXAvnua, OTO OTTOI0 EKKIVOUUE OlEPYATieg
apiBuou HIKPOTEPOU 1 ioOU MPE TOV APIBUO KAPTWYV YPAPIKWY TTOoU
dlaBEéToupEe 0TO pNXAvnua.

B. MoAAatTAoi kbpPol, TTOANQTTAEG DlEPYATiES: Z€ QUTA TNV TTEPITITWON €XOUUE
TTOAOUG KOPPBOoUG, TTou £OpeloOUV OE DIAPOPETIKA onueia, yEoa ot éva
OikTUO, hE TOV KABE KOuPo va dnuioupyei Evav apiBud diepyaciwyv. Oa
TTPETTEl va yvwpioupe akoun Tnv dieuBuvon IP Tou master k6upou (node

0) kaBwg kal TNV Bupa (port) yia TNV ETTIKOIVWVIA padi Tou.

MapakdTw TTAPOUCIACOUNE TO TTWG UTTOPEI va UAOTTOINBEI 0 KABE TPAOTTOC, PE TNV

Xpnron tng Asitoupyiag launch.

>>> python -m torch.distributed.launch
--nproc_per_node=NUM_GPUS_YOU_HAVE
YOUR_TRAINING_SCRIPT.py (--argl --arg2 --arg3)
Kwdwkag 67 — NopdAAnAeg katavepunpeveg epappoyeg os PyTorch, Asttoupyia launch,
nepintwon A

>>> python -m torch.distributed.launch
--nproc_per_node=NUM_GPUS_YOU_HAVE
--nnodes=2 --node_rank=0 --master_addr="192.168.1.1"
--master_port="1234"
YOUR_TRAINING_SCRIPT.py (--argl --arg2 --arg3)

Kwéwkag 68 — NapdAAnAeg katavepunpuéveg epappoyég os PyTorch, Aettoupyia launch,
nepintwon B

100 aro6 188



Mtuylakn epyooia tou dottntr BaoiAn MooyomouAou

MNa TEPICTOTEPES TTANPOPOPIEG OXETIKA PE TO TTWG CUVTACOETAI N €VTOAN launch,
apkei va TTANKTpoAoynoel kaveig python -m torch.distributed.launch -h yia
TNV eu@avion Ponbeiag. H evroA launch TTAnKTpoAoyeiTal o€  TEPUATIKOG,
xpnoigotrolwvTtag python interpreter pe eykareotnuévn mn BIPAI0BRAkn PyTorch, yia
ouoTtiuara Unix, 4 o€ tepuatikd Anaconda (Anaconda Prompt), yia cuoTApaTa
Windows TTou €xouv eykateoTnuévn TV TTAATPOpua Anaconda kai Tnv BIBAI0BRKN
PyTorch péoa oto mepIBdAAov NG TTAaTOpPaGS. Na onuelwBei TTwg ouvioTdTal N
xprion AsiroupyikoU cuoTAPaTog Unix, KaBwg TTOANEG Acitoupyieg Tng PyTorch
MTTOPEl Vva unv gival dlaBéoiueg yia Windows, €10Ikd Tou TTakétou distributed. MNa
TTEPICOCOTEPES TTANPOPOPIEG OXETIKA PE TNV TTAATPOpUa Anaconda avaTtpéEte oTov

odnyo xpnong AoyliouIKoU.

Ooov agopd 1o TTPOYPAPUa, Ba xpelaoTei va yvwpiloupe Pe KATTOIOV TPOTTO TIG
TEOOEPIG ATTAPAITNTEG TTAPAPETPOUG YIa TNV dnuioupyia TNG ouAdag ETTIKOIVWVIAG,

master IP address, master port, rank kai world size.

H Aeitoupyia launch kaBopilel Ti¢ TTapapéTpoug world size, master IP address kai
master port, dnuioupywvTtag véeg NeTaBANTES TTEpIBAAAOVTOC via K&Be digpyaoia. H
MOVN i0WG TTAPAPETPOG TTOU Ba XPEIQOTEI VA yVWPEICOUNE ival TO avayvwploTiko rank
TNG diepyaciag. To rank TTEpva oav TTAOPAPETPOG atrd TV idia Tnv Asiroupyia launch,
OoTO TTPOYpapua, ue évoua local_rank, Tnv otroia Ba xpeiaoTei kal va dIaBACOUE.
[33]
import argparse
parser = argparse.ArgumentParser()

parser.add_argument("--local rank", type=int)
args = parser.parse_args()

#each process uses only the GPU with ID corresponding to the
#process rank number
torch.cuda.set_device(arg.local_rank)

Kwdwkag 69 — NapAdAAnAeg katavepunpéveg epappoyeg oe PyTorch, Asttoupyia launch, local
rank argument parsing ko avtiotoiywon diepyaoiog o kKapta ypadLlkwv

Ooov agopd Tov TPOTTO dNUIoUPYIag OPAdAG ETTIKOIVWVIAG, XPNOIUOTTOIOUUE TO
string "env://" oav TTapdueTpo Tou Trediou init_method, katd Tnv KAon g uebddou
init_process_group Tou TrakéTtou distributed. Mg autd Tov TPOTTO, AéuE OTO

TTPOYPAUMA, TTWG UTTOPEI va Bpel TIG TTapauéTpoug master address IP, master port
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kal world size, oTig TTapapéTpoug TTepIBAANovVTOG (0s.environ['<variable _name>"],
export <variable_name>) MASTER_ADDR, MASTER_PORT kai WORLD_SIZE,
avrtioToixa. Na onueiwBei TTwg autd opideTal WG Evag «VEOG» TPOTTOG dnuIoupyiag
opddwyv emmKoIvwviag, TEpa atrd To TCP kal Tnv KoivoxpnoTn XprRon €vog Kolvou
XWPOU aTToBRKEUONG, XWPIG OUWGS VA XPNOIUOTTOIEITAI £va BIOQOPETIKO TTPWTOKOAAO

TTOU BEV XPNOIUOTTOIOUV OI TTponyoupevol duo. [33]

Kartd tnv evBuAdkwon akoun evog poviédou, oe éva DistributedDataParallel
module, 6a xpelaoTei va opiooupe KAtaAAnAa TIG TTapauéTpoug device ids kai
output_device, woTe N KABe digpyaoia va XpNOIYOTTOINCEI yIA TNV EKTTAIdEUON,
HOVAxa TNV KApTa YPaPIKWY TTOU TNG AVTIOTOIXEI.

torch.distributed.init_process_group(backend="YOUR BACKEND',
init _method='env://")

model = torch.nn.parallel.DistributedDataParallel(model,
device_ids=[arg.local_rank], output_device=arg.local _rank)
Kwdéwkag 70 — NapdAAnAeg katavepunpéveg epappoyeg os PyTorch, Asttoupyia launch,
Snuoupyia opadag emikowvwviog ko evOuAakwon poviélou oe DistributedDataParallel
module

Spawn utility
‘Evag OIKOVOUIKOG TPOTTOC va YAUTWOEI KAVEIG TTOAAEG O€IPEC KWAIKA, KATA TNV

onuioupyia diepyaciwy Pe To TTAKETO multiprocessing, €ival n AsiToupyia spawn.
Koirwvtag &ava tov Kwdika 62, PTTopoUne TTOAU €UKOAO va €COIKOVOUNOOUUE
KWOIKA PE MIA JOVO €VTOAr. To POVO TTOU XPEIAleTal VA YVWwPICOUME gival TTOOEG
Olepyaciec Ba BéAaue va dnuioupyriooupe, TNV HEBOSO ekkivnong diEpyaciwv
(init_processes, Kwdikag 61) kai TI TTAPAUETPOUG TTOU Ba XPEIQOTOUUE, HECT OE HIA

doun tuple.

H Aeitoupyia spawn mpoo@épeTal atrd tnv €kdoon PyTorch 1.0 kar apydTtepa, yia
ekdooeig Python 3.4 kail vedTtepeg. [33]

To TapakdTw TTapddelypa KwdIKa KAvel 6,TI akpIfwgs kal o Kwdikag 62, og pia
MOvo ypaupun. Na onueiwBei pévo, Twe n KABe digpyacia Ba TTPETTEI va avayvVwPIoEl
T0 OIKO TNG rank o€ auTA TNV TTEPITITWON, MEOA ATTO PIa AIOTA AvayvwPIOTIKWY I JE
KA1Tolo GAAo TpOTTO. MNa 10 OKOTTO autd, n pEBOBOG Init_processes emdEXETAN

emTTAéoV aAAayEG, TIG OTToiEG OuwG Oev Ba deiCoupe edwW.
import torch.multiprocessing as mp #multiprocessing
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mp.spawn(init_processes, args=([9,1], 2, all reduce), n_procs=2)
Kwdwkag 71 — NapdAAnAeg katavepunpéveg epappoyeg os PyTorch, Asttoupyia spawn

3.4 — Emiloyog
2€ autd 1O KePAAaio eTTekTaOAKAPE TTAvw oTnv BIBAI0BAKN PyTorch kai gidaye,

ApXIKA, TTWG YTTOPEI KAVEIG VA PTTOPEI KAVEIG va TNV XPNOIKOTTOINCE! YIa VA QTIAEE!
tensors, pia doun TTApOPOIa YE T NUMPY arrays, Kal €va OIKO Tou JOVTENO, UE TNV
XPron tou nn module, Kal TTwG autd TO YOVTEAO UTTOPEi va exkTTaudeuTel. 'ETTeiTa,
TTapoucidoape Ta avrikeigeva Dataset kol DataLoader kal d€i¢ape TTwg UTTOPEI
Kaveig va diaxwpioel Ta dedouéva evog Dataset o€ batches, pye Tnv xpron evog

DatalLoader, yia Tnv ekTaideuon evog JOVTEAOU.

Awoape  TTANPOPOPIEC yIa TO TIWG MTTOPEi Kaveic va armmobnkevoel éva
EKTTAIOEUNEVO JOVTEAD, KOBWG KAl GAAEG TTANPOPOPIES, KAl TTWG PTTOPOUV QUTA Va
avokTnBouv ot €va TTPOYPAUMA, TTAPOUCIACAUE CUMPBOUAEG yia TO TTWG UTTOPEI
KAVEIC va TTapakoAoudnoel TNV Xpriong TNG MVAUNG TG KAPTAG YPAPIKWY KaTd TV
ektraideuon pe xprion GPU kal 11 Ba xpelaoTei va atro@uyel, SWOAUE XPHOIKES
OUMPBOUAEG yIa TNV £E0IKOVOUNON TTOPWYV KAl TO TTWG PTTOPEI KAVEIG va avaTTapdyeEl
éva aTTOTEAECUA, O€ DIAPOPETIKEG EKTEAETEIG EVOG TTPOYPAUMATOG, KAl KAEIoCAPE TV
evotnTa Trapoucidlovrag BApa-Priua tnv diadikacia dnuioupyiag kal ekTTaideuong

€vOG aAyopibuou ouoTtaong, Baciopévou o€ pabnon, he Tnv xprion Tng PyTorch.

2NV €TTOUEVN EVOTNTA OEIEAUE TTWG PTTOPEI KAVEIG va XPNOIUOTTOINCEI TO TTAKETO
distributed Tng PyTorch. Me tnv xpAion Tou TTakETou, €ival duvatd évag apiBuog
OlEPYAOIWY, TTOU €DPEUOUV PEXPI KAl O€ DIOPOPETIKA onueia, p€oa o€ Eva dikTuo, va
ETTIKOIVWVIOOUV PETAEU TOUG, EITE YE TN METAPOPA UNVUHATWY, EITE PE TN XPHON EVOC

KOIVOU atTo8nKeUTIKOU XWPEOU.

Mapouoidoape Ta TIPWTOKOAAD ETTIKOIVWVIAG, TOUG TPOTTOUG ETTIKOIVWVIAG Kal O€
TI TTPWTOKOAAQ avTIOTOIXOUV, HE Trapadeiypara, OciCaue WG o€ éva Kupiwg
TTPOYPAUMA UTTOPOUHE VO dNUIOUPYOOUNE AAAEC BlEPYATiES, UE OKOTTO TNV PETALU
TOUG OUVEPYOQOia Kal ETTIKOIVWVIO yia TNV eKTTaideuon €vog HOVTEAOU, Kal
TTOPOUCIACANE TO TTWG AUTO TO HOVTEAO UTTOPET VO eKTTAIOEUTEI CUVEPYATIKG aTTO TIG

dlEpyaoieg auTég.
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Mapoucidoape €TMITTAEOV XPNOIUMES OCUUPOUAEG, OTTWG TO TTWG PTTOPEI KAVEIG va
xpnoigotroinoel YETABANTEG TTEPIBAAAOVTOG €VOG TTPWTOKOAAOU ETTIKOIVWVIOG YIa
okoTroug debugging, To TTWG MIa dlgpyacia UTTOPEI va aIoTTOINCEl AEITOUPYIES
KATOVEUNMEVNG ETTIKOIVWVIAG VIO TTOAOTTAEG OUOKEUEG (KAPTEG YPOQPIKWY) Kal
Ocicape TPOTTOUG dIEUKOAUVONG OO0V a®OpPd TNV EKTEAEON €VOG TTPOYPANUATOG
TTOAEG QOPEG, EKKIVWVTAG £vVaV apIBPO KaTaveunuéVwyY dIEpYacIwyY o€ évav KOUBo

(uNxavnua), kai TNV dnuioupyia diEpyacIwY PHECA O€ £va KUPIO TTPOYPAMNHA.

XpNoIYOTToIWVTAG OAa oA Pabape atrd Ta dUO TEAEUTAIO KEQAAQIQ, OKOTTEUOUNE
ev TEAEI va TTAPOUCIACOUNE, OTO ETTOPEVO KEPAAQIO, TO TTWG WTTOPEI KAVEIG va
ekTaidevoel €va PovTéAO aAyopiBuou ouoTdoewyv, PBaciopévou o€ PABnonN,
TTAPAYOVTOTIOINONG, OUVEPYATIKA, ME TN XPNon MIOG opddag KATAVERNUEVNS

ETTIKOIVWVIAG DIEPYATIWV.

Oa TTapoucidooupe dUO Scripts TTou TTPoopifovTal yia eKTEAEON o€ £vav KOWPPO.
To TTpwTO Ba XPNOIYOTIOIE pIa POvVo dlEpyaadia, auTh TOU Kupiwg TTPOYPANUATOG,
EVW TO 0OeUTEPO Ba Onuioupyei évav aplBud EexwpioTwy BIEPYACIWY, ME TIG
dlepyaoieg va AapBAavouv 1o avayvwplioTIKO Toug rank y€oa atrd €va eUpOogG TIHWV.
O1 digpyaoieg auTwy Twv dUO SCripts JTTOPOUV VO CUVEPYAOTOUV, AVEEAPTATWS TOU
€idoug Tou script. Ta scripts autd puTTopouv va TpEEouV o€ éva cluster utTToAoyIoTWY,
0edOUEVOU TTWG Ol UTTOAOYIOTEG QUTOI JTTOPOUV va ETTIKOIVWVAOOUV HETAEU TOUG,
aKOun Kal av  PBpiokovral o€ dla@opeTikd Odiktua. H kBt digpyacia Ba
XPNOIMOTTOINCEl OAEG TIG DIOBECIUEG KAPTEG YPAPIKWY EVOG PNXAVAWATOS yia TNV
ekmraideuon (DistributedDataParallel module, default iy TTapauérpou device_ids).
Ta scripts YTTOPOUV VA EKTEAEOTOUV TTEPICCOTEPEG ATTO MIA POPEG aAvA PNXAvNua.
Movn TTpoUTTOBE0N €ival N owaoTr BIEUBETNON TWV AVAYVWPICTIKWY TWV BIEPYATIWV

KATA TNV EKTEAEON TWV SCripts.
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KE®AAAIO 4 - MapaAAnAn Kal KXTAVEUILEVT] VAOTIONOT)
aAYoplON®wV CVOTACEWY

4.1 — MNapdAAnAn Katavepnuévn eKraideuon evog aAyopiduou
ouoTaong Trapayovrotroinong mvakwyv (Matrix Factorization)
Baociopévou og padnon (Learning Based) (SVD)

AG avaKeEQOAQIWOOUPE. Z€ QUTH TNV evoTnTa Ba @TIAgouue éva ouoTnua
OUoTACEWV aAyopiBuou SVD, OTTwg opioTnNKe oTnV evoTnTa 2.3.2 KAl UAOTTOINBNKE
oTnv evoTnTa 3.2.9, 10 0TT0i0 Ba eKTTAIdEUCOUNE YECA O€ £va cluster UTTOAOYIOTWV.
[38]

Oa XpEIOOTOUE:

¢ ’Eva training kai éva test dataset, Ta otroia Ba €ival Koivd yia OAOUG Toug
UTTOAOYIOTEG KOUPBOUG

e ’'Eva povtéro, e€ioou Koivo peTagu KOPBwWV

O1 k6uBol Ba TTpéTTel va yvwpilouv €€’ apxnig Ta dataset kal To HOVTEAO, KABWGS N
€K Vvéou Onuioupyia autwyv, atd Tov KABe KOuPo, MTTOPEi va OnuIoupynoEl

ATTOKAIVOVTQ QTTOTEAECUATA.

To TTpwTO TTOU Ba XpPEIAOTOUNE gival va dnuioupyrioouue Ta Koiva dataset. INa 1o
okoTmd autdé Ba xpnolyotroijoouue kai TTAAI T0 MovieLens dataset TToU
XpnoigoTtroinoaue kal otnyv evotnta 3.2.9 (ml-latest-small) kai 8a eTravaAdBoupue Tnv

dladikaoia diaxwpIoPou ot test kal training sets. [6]

‘Emreita, 6a dnuIoupyAoouUPE TO JOVTENOD, PE BAON TOV ApPIBUO Twy XPNOTWVY Kal
TWV aVTIKEINEVWY Tou dataset kal TEAOG Ba atroBnkeUooupE Ta training Kai test sets,

KaBwWg Kal TO JOVTEAO, OTO OUCTNHO apXEiWV.

#part 1: importing

#coded methods

from split selection import input select
from data_encode import encode, split
from models import SVD

from datasets import CF_Dataset
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#libraries

#import numpy as np #numpy
import pandas as pd #pandas
from pathlib import Path #path
#import os #operating system
#import sys #system

import torch #PyTorch

#reproducibility
#torch.manual_seed(0)
#np.random.seed(9)

#part 2: preparing data

#import data

print(f'\nLoading the data...')

PATH = Path("../Datasets/ml-latest-small")
data = pd.read_csv(PATH/"ratings.csv")

#encode the dataset into unique and contiguous values
data = encode(data)
print(f'Dataset has been encoded')

num_ratings = len(data.rating)

num_users = len(data.userId.unique())
num_items = len(data.movield.unique())
sparsity = num_ratings/(num_users*num_items)
mean_rating = data.rating.mean()

print(f'\nNumber of users: {num_users}')
print(f'Number of items: {num_items}")
print(f'Number of ratings: {num_ratings}')
print(f'Dataset sparsity: {sparsity}')
print(f'\nAverage rating: {mean_rating}\n')

#splitting variables input
method, value = input_select()

print(f'\nSplitting:\nMethod: {method}\nValue: {value}')

#dataset splitting
print('\nSplitting data into training and testing set\n')

106 ano 188



Mtuylakn epyooia tou dottntr BaoiAn MooyomouAou

train_set, test set = split(data, method, value)

print(f'\nTraining set: {train_set}\n')
print(f'\nTesting set: {test_set}\n')

print(f'\nMaking the torch datasets\n')
train_dataset = CF_Dataset(train_set)
test _dataset = CF_Dataset(test_set)

torch.save(train_dataset, 'movielens_training set.pkl")
torch.save(test_dataset, 'movielens test set.pkl')

#part 3: modeling

model = SVD(num_users, num_items, mean_rating)
#set the model to cuda for gpu training
#model = model.cuda()

print(f'Model initialized: \n{model}")

torch.save(model, 'model.pkl")
Kwdkag 72 — NapdAAnAn katavepnpévn uAomnoinon alyopiduwv cuctaoswy, Snplovpyia
Kowwv dataset kot povtéAlou

4.1.1 KépBog piag digpyaciag (Node_SingleProc.py)
KaBwg¢ n uAotroinon avdaueoa ota €idn KOUPwv 1ToU Ba dnuIoupyHoOUUE gival

O1aQOPETIKA, TTapd Ta KOIVA TOUG onueia, 6a auptrepIAdBouue Ta Koivd autd onueia

O€ AUTH TNV UTTOEVOTNTA.

‘ExovTtag dnuioupynoel Ta datasets Kal TO HOVTEAO HOG, ETTOUEVO PBrAua gival n
@POPTWON TOUG HECA atmO TOV KABe KOuPo. A¢ TrpooTra@ricoupe Kal TTAAl va

BuunBoupe Ta 5 Brpara uAoTroinong:

e Elocaywyn (importing) BIBAIOBNKWYV Kal JEBOdWV
o [lpocTolpyacia dedouEvwv

e MovteAoTroinon

e EkTaideuon

e A&ioAOynon
MNa TNV uAoTtToinon pag Ba XPEIOOTOUE:

e Tig yeBOOOUG:
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o Ekmaideuong, train_model
o YToAoyIoNOoU BapwV PN EKTTAIOEUNEVWV XPNOTWY KOl AVTIKEIMEVWY,
set_model_untrained_weights
o AgloAdynong, test_loss
e Tig BIBANIOBAKES Kal TTOKETA:
o time, yia TNV XpOVOUETPNON TNG EKTTAIOEUONG
o SYS, yId TNV avayvwaon TTapauETpwyV
o torch
o torch.distributed

O Abéyog 1ToUu dev XpelalOuaoTE TTEPICTOTEPESG PEBOBBOUG gival OTI TO HOVTEAO Kal
Ta datasets pag givail €Toiua, €101 EBODSOI OTTWG 0 BIaXWPICUOS TWV OEDONEVWV Kal

N €l0aywyn Tou TPOTToU dIaXwpPIoHoU OEV YAG €ival avayKaAiEG.

#part 1: importing

from training import train_model, test_loss,
set_model_untrained_weights

import time #time

import sys #system

import torch #PyTorch

import torch.distributed as dist #distributed

#torch.set_num_threads(os.cpu_count())

#reproducibility
#torch.manual_seed(0)
#np.random.seed(9)
Kwéikag 73 — NapdAAnAn katavepnuévn vAomnoinon alyopiBuwv cuctdoswv, KOUPBOG Lag
Siepyaoiag, eloaywyr pefodwv kat BLBALOONKWV

Na ta Pripata TrpocToiyaciag Twv dedopévwy Kal povTeAotroinong, dev Ba
XPEIaoTEl TTapd POVO va QOPTWOOUME Ta £Tolua datasets kal TO POVTEAO TTOu
onuioupynoape. Puoikd, o KABe kOuPBog Ba TpéTel va €xel TTpOoBacn o€ auTd,
oTToTE N UTapEA TOoug, O€¢ TIPOOPRACIUO Onueio amd Tov KABe kOuPo, Eeival

arrapaitnTn.

#part 2: preparing data
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#load the datasets (torch.utils.data.Dataset)
train_dataset = torch.load('movielens_training set.pkl')
test_dataset = torch.load('movielens_test_set.pkl")

print(f'\nTraining set: {train_dataset.data}')
print(f'\nTesting set: {test dataset.data}')

#part 3: modeling

#load the model
model = torch.load("model.pkl").cuda()
print(f'\nModel: {model}")
Kwéikag 74 — NapdAAnAn katavepnuévn vAomnoinon alyopiBuwv cuctdoswv, KOUPBOG Lag
Siepyaociag, poptwon datasets ko povtéAou

E@ooov piINape yia kOuPo piag digpyaaciag, o KA0e KOUPBOG Ba TTPETTEI va yVwPIdEl
TO avVayvwpIoTIKO TNG dlepyaciag Tou (rank). Akoun, Ba TrpéTrel va yvwpilel 10

MEyeBOG Tou KOOOU OTOV OTToi0 Ba cUuuMETEXE! (world size).

Na 10 OKOTTO QUTO, QPOVTIOAPE KATA TNV KAARON TOou TIPOYPAPMATOG Vva
arraiTouvTal autd Ta dU0 WG TTapdueTpol. O XpAoTnG Ba xpelaoTei AoImTdv va eIoAyel
OxI M6vo 1O dvopa Tou script, aAAG Kal TIG TTAPAUETPOUG QUTEG. To script TNG YIag

dlepyaoiag ptropei va KANBei he Tov TTAPOKATW TPOTTO, HEOW TEPHATIKOU.

#rank = 0, world size = 2

>>> python Node_SingleProc.py 0 2
Kwéikag 75 — NapaAAnAn katavepnuévn uAomnoinon alyopiBpwv cuctAcswv, KOUBOG LG
Slepyaoiag, xprion oo TEPUATIKO

Oa xpelaoToUhE akodun, TNV Bupa kai Tnv dieuBuvon IP Tng digpyaciag master.
Edv o képBog mmou Tpéxoupe gival n diepyaacia 0, T6Te n dietBuvon IP Ba eival Tou
MNXaVANOTOS TTOU XpnaoiyoTroioupe. O apiBuog Bupag Ba eival Evag apiBudg rou
opifoupe gpeic. OTTWG ava@épaue Kal TTPONYOUPEVWG, TTPOTIMOUWE TNV Bupa 29500.

Edv o1 k6uBol edpevouv eviog TOTTIKOU OIKTUOU, TOTE Mia dlEUBuvVon TOU TOTTIKOU
OIkTUOU 192.168.1.0 apkei. Ala@OpETIKA, Ba TTPETTEI va yvwpiloupe Tnv dlElBuvon
Kal Tn BUpa TToU TO router TTapouacialel oTov €Ew KOOUO, €AV TO router xPnNOIWOTIOIE
NAT.

M'vwpifovTag TIG TECOEPIG AUTEG TTAPAMETPOUG, Ba dONUIOUPYROOUPE MIa véa

dlepyaoia katavepnuévng etmkoivwviag. H kéBe digpyaoia mou Ba dnuioupyrocouue
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Ba TrepIPEVEl TIG UTTONOITTEG, £WG OTOU 0 apIBuOS TWV dIEPYATIWY CUUTTANPWVEI TOV

apIBuo6 Tou KGGHOU.

TéNoG Ba ekTTaIdEUCOUUE TO KOIVO HOVTEAO Kal O KABE KOPBOG Ba To agloAoyATEl.
Edav 6Aa tmyav owoTtd, n agloAdynon tou povtéAou Ba TTpéTTel va gival n idla yia

KGBe kéuBo.

#part 4: training

backend = 'gloo'
node = int(sys.argv[1l])
world size = int(sys.argv[2])

#os.environ[ "MASTER_ADDR'] = '192.168.1.5"

os.environ[ "MASTER_ADDR'] = '127.0.01'

os.environ[ "MASTER_PORT'] = '29500'

os.environ[ "WORLD_SIZE'] = str(world_size)

os.environ['RANK'] = str(node)

#os.environ[ 'GLOO_SOCKET_IFNAME'] = 'enp3s0'
#dist.init_process_group(backend,
init_method="tcp://192.168.1.5:29500", world_size=size, rank=rank)
dist.init_process_group(backend, world size=world_size, rank=node)

start = time.time()

train_model(model, train_dataset, cuda=True,
distributed_mode=True, rank=node, world size=world _size)
end = time.time()

print(f'\nTime elapsed for training: {end-start} sec')

#average model weights for untrained users/items
set_model untrained_weights(model, train_dataset, test_dataset,
cuda=True)

#part 5: testing
test_loss(model, test_dataset, cuda=True)

Kwéikag 76 — NapdAAnAn katavepnuévn uAomnoinon alyopiBuwv cuctdoswv, KOUPBOG Lag
Slepyaoiag, eknaidsuon kot agloAoynon

#training.py

import torch
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import torch.nn.functional as F

import torch.distributed as dist

from torch.utils.data import DistributedSampler, DatalLoader
from torch.nn.parallel import DistributedDataParallelCPU,
DistributedDataParallel

import threading

import queue

from misc import queue_iter_print

#factorization module training. optimizer is Adam

#by default. options for distributed training

#and cuda training.

#prints training error per every epoch and batch

def train_model(model, train_dataset, epochs=10, 1lr=0.01,
wd=0.0, unsqueeze=False, cuda=False,
distributed_mode=False, rank=None,
world_size=None):

rank_prt = f"Rank {rank}: "
sampler = None

#printing is assigned to a new thread to minimize training
#time by removing

#I/0 interrupts

#a queue will handle the passing of the print string messages
#to the new thread

g = queue.Queue()

print_thread = threading.Thread(target=queue_iter_ print,

args=(q,))
print_thread.start()

#distributed mode
if distributed_mode:
g.put(f"{rank_prt}Creating distributed sampler")
sampler = DistributedSampler(train_dataset,
num_replicas=world size, rank=rank)

if cuda:

model = DistributedDataParallel(model)
else:

model = DistributedDataParallelCPU(model)
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g.put(f"{rank_prt}Set the model to distributed data
parallel™)

#non-distributed. set the model to DataParallel to increase
#training speed
elif not distributed _mode and cuda:

model = torch.nn.DataParallel(model)

g.put(f"{rank_prt}Making Dataloader")
dataloader = DatalLoader(train_dataset, batch_size=1000,
num_workers=4, sampler=sampler)

#optimizer created after the model has been set to a definite
#location
optimizer = torch.optim.Adam(model.parameters(),lr=1r,

weight decay=wd)
g.put(f'{rank_prt}Created optimizer")

model.train()
g.put(f'{rank_prt}Model is in training mode\n')

for i in range(epochs):

if distributed mode:
sampler.set_epoch(i)

for batch_idx, batch_sample in enumerate(dataloader):

train_prt = f"Epoch {i}, batch {batch_idx}: "

users = batch_sample["userId"].long()
items = batch_sample["movieId"].long()
ratings = batch_sample["rating"].float()

if unsqueeze:
ratings = ratings.unsqueeze(1)

if cuda:
users = users.cuda()
items = items.cuda()

ratings = ratings.cuda()
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y_hat = model(users, items) #prediction

loss = F.mse_loss(y_hat, ratings) #loss

optimizer.zero_grad() #zero gradients

loss.backward() #update gradients

optimizer.step() #step

g.put(f'{rank_prt}{train_prt}Training loss:
{loss.item()} ")

g.put(".end") #signal the print function to return
print_thread.join() #and close the thread
#misc.py

#iteratively prints elements of a queue. end keyword is ".end"
def queue_iter print(q):

while True:

prt = q.get()
if prt == ".end": break
print(prt)

Kwdéwkag 77 — NapAdAAnAn katavepnpévn uhomnoinon alyopiOuwv cuctdoswv, pHéEBodog
eknaidevuong, enéktaon Kwdwka 49

#training.py

import torch
import torch.nn.functional as F

#calculates loss error between the prediction and the testing
#set. default method of calculation is mean squared error
def test_loss(model, test dataset, unsqueeze=False,
cuda=False):
model.eval()

users = torch.LongTensor(test_dataset.data.userId.values)
items = torch.LongTensor(test_dataset.data.movield.values)
ratings = torch.FloatTensor(test dataset.data.rating.values)

if cuda == True:
users = users.cuda()
items = items.cuda()
ratings = ratings.cuda()
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if unsqueeze:
ratings = ratings.unsqueeze(1)
y_hat = model(users, items)
loss = F.mse_loss(y_hat, ratings)
print(f'\nTest loss: {loss.item()}")
Kwdikag 78 — NapdAANAn Katavepnpévn uAomoinon alyopidpwv ocuctdoswyv, HEB0S0G
afloAoynong

#training.py
import torch
from data_encode import get_untrained

#sets the model weights for items and users not included
#in the training set (untrained and unchanged weights)
#to the mean item or user weight.

#a classic cold start problem solution

def set_model untrained_weights(model, train_dataset,
test dataset, cuda=False):

untrained_users, untrained_items = get _untrained(test_dataset,
train_dataset)

user_trained_indices =
torch.LongTensor(train_dataset.data['userId’'].unique())

item_trained_indices =
torch.LongTensor(train_dataset.data[ 'movield’'].unique())

if cuda == True:
user_trained_indices
item_trained_indices

user_trained_indices.cuda()
item_trained _indices.cuda()

user_trained_weights =
torch.index_select(model.user_emb.weight, dim=0, index
user_trained_indices)

item_trained_weights =
torch.index_select(model.item_emb.weight, dim=@, index
item_trained_indices)

user_trained_average
item_trained_average

user_trained_weights.mean(0)
item_trained weights.mean(0)
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for i in untrained_users:
model.user_emb.weight[i] = user_trained_average

for i in untrained_items:
model.item_emb.weight[i] = item_trained_average
Kwdkag 79 — NopdAANAn katavepnpévny uAomnoinon alyopidpwv ocuctdoswyv, HEB0S0G
UTtOAOYLOHOU BapwV yLa XPrIOTEG KOL AVTLKELLEVO TTOU SEV CUMMETELYOV OTNV eKNtaiSEUON

4.1.2 Képupog mroAAatrAwyv digpyaciwv (Node_ MultiProc.py)

Me tTapdpolo TpOTTo Ba UAOTTOINCOUNE Kal TO Script yia Tov KOUBo dnuioupyiag
TTOAATTAWV digpyaciwv. Méoa oT1o TTPOYpaupa, Ba uAlotroifjooupe pia PEBOSO
€KKivnong OIEPYOOIWV HPE TOV TPOTTO TTou Trapoucidotnke otov Kwdika 61. Ol

Olepyaaieg Ba dnuioupynBoUV Pe Tov TPOTTO TTOU TTapoucIdoTnke otov Kwdika 62.

Quoikd Ba xpelaoTei va TTpooTatéwoups 6oa dedopéva dev BEAouUPE va
OnuIoupynBouV €K VEOU OTIG VEEG DIEPYATiEg, PE pIa evOTNTA if TTOU Ba EAEyXEl TO

Ovopa Tou TTPOYPAPUATOS. YTTEVOUNICouue TTwG OTNV KUpia dIEpyaoia TO OVOPQ

(__name__) eivai
script. [32]

__main__', evi OTIC UTTOAOITTEG TO Ovopa gival TO dvoua Tou

Na onpeiwBei TTwg N KABe digpyacia Ba TTPETTEI va XPNOIKOTTOIE £va dIAPOPETIKO
avTiypa@o tou povréAou. O Adyog gival TTwg XPNOIKMOTTIOIWVTAG TO D10, TO JOVTEAO
Ba exmTaudeutei atmd OAeg TIC dlEPyadieg TAUTOXPOvVA, WE TNV EvNUEPWON OTIC
TTOPAMETPOUG VA YIVETAI TTOAEG POPEG ATTO DIAPOPETIKEG DIEPYATIEG. AUTO TEAIKWG
MTTOPEI VO aTTOQEPEI MIKPOTEPN 1) MEYOAUTEPN TIMM OQAAUATOG, KATA TNV agloAdynon,
ME KGBe KkOuPo va ep@avifel dIOQOPETIKA TIUA, avaloya MPeE Tov aplBud Twv

OlEPYACIWY TTOU CUPUETEIXaV OTOV KOJBO.

#part 1: importing

#coded methods
from training import train_model, test loss,
set_model_untrained_weights

#libraries

import numpy as np #numpy
import time #time

import os #operating system
import sys #system
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import copy #copy

import torch #PyTorch

import torch.multiprocessing as mp #multiprocessing
import torch.distributed as dist #distributed

#reproducibility
#torch.manual_seed(0)
#np.random.seed(9)

#process initialization method
def init_processes(rank, size, fn, *args, backend='gloo',
**kargs):
#os.environ[ '"MASTER_ADDR'] = '192.168.1.5"
os.environ[ "MASTER_ADDR'] = '127.0.0.1'
os.environ[ "MASTER_PORT'] = '29500'
os.environ[ "WORLD _SIZE'] = str(size)
os.environ['RANK'] = str(rank)
#os.environ[ 'GLOO_SOCKET_IFNAME'] = 'enp3s0'
#dist.init_process_group(backend,
init_method="tcp://192.168.1.5:29500", world _size=size, rank=rank)
dist.init_process_group(backend, world_size=size, rank=rank)
fn(*args, rank=rank, world size=size, **kargs)

#protection of resources and unrestrained spawning control

if __name__ == "_main__ ":

#part 2: preparing data
#load the datasets (torch.utils.data.Dataset)
train_dataset = torch.load('movielens_training_set.pkl')

test_dataset = torch.load('movielens_test set.pkl')

print(f'\nTraining set: \n{train_dataset.data}\n\n")
print(f'\nTesting set: \n{test dataset.data}\n\n')

#part 3: modeling
#load the model

model = torch.load('model.pkl').cuda()
print(model)
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#part 4: training

first_task, last_task = eval(sys.argv[1])
world size = int(sys.argv[2])

#train_args = [model, train_dataset]
kw_train_args = {'distributed_mode':True, 'cuda':True}

#parallel section
start = time.time() #start counter
mp.set_start_method('spawn")
processes = []
print('\nTraining is distributed. One model copy per
process\n\n')
for rank in range(first_task, last_task+1):
#new model reference for each process
model = copy.deepcopy(model)
#reinstate the train arguments
train_args = [model, train_dataset]
#arguments
arguments = [rank, world_size, train_model]
arguments.extend(train_args)
#key-worded arguments
kw_arguments = {}
kw_arguments.update(kw_train_args)
#init
p = mp.Process(target=init_processes, args=arguments,
kwargs=kw_arguments)
p.start()
processes.append(p)

for p in processes:
.join()

©

end

time.time() #end counter
print(f'\nTime elapsed for training: {end-start} sec')
#average model weights for untrained users/items

set_model _untrained_weights(model, train_dataset,
test_dataset, cuda=True)
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#part 5: testing

test _loss(model, test dataset, cuda=True)
Kwdikag 80 — NapAdAANAn katavepnpévn uAomoinon alyopidwv cucTAcswv, KOUBOG
TtoAA QA WV SLEPYACLWV

#task range = 1 to 3, world size = 4

>>> python Node_MultiProc.py 1,3 4
Kwéwkag 81 — NapdAAnAn katavepnpévn uAonoinon alyopiduwv cuotaoswv, KOUBOG
noAAanAwv Siepyaociwv, Xpron and TEPUOTIKO

4.2 — AgiloAdynon
MNa 116 DOKIPEG Pag, Ba XPNOIUOTIOINCOUME TPIa SIAQOPETIKA unXavhiuata:
e YToAoyiotng A:
o A&imoupyikd ocuoTtnua: Ubuntu 18.04.1 LTS
o PyTorch version: 1.0.0 (0.4.1 source version)
o CPU: AMD Ryzen 5 1600X 6-Core (12 threads)

- RAM: 8 Gb DDR4

o

GPU: GTX 660 2Gb
e YTmrohoyioTng B:
o NA&imoupyikd ocuoTtnua: Ubuntu 16.04.6 LTS
o PyTorch version: 1.0.0
o CPU: Intel Core i3-7100 @ 3.9 GHz
o RAM: 16 Gb
o GPU: Titan Xp 12 Gb
e YTmrohoyioTAG I:
o Aeiroupyiké ouotnua: Ubuntu 16.04.6 LTS
o PyTorch version: 1.0.0

o CPU: Intel Core i5 750 @ 2.6 GHz
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- RAM: 12 Gb
o GPU: GTX 1070 8 Gb

O¢Aoupe va UTTOAOYIOOUHPE TO MECO TETPAYWVIKO o@AAua (test loss) oe

ouvdapTnon wg Tpog:
e Tov apiBuo TwV ETTOXWV
e To uéyebog Tou batch Tou DatalLoader
e Tov apiBus TWV TTAPAYOVTWY YIA QVTIKEIUEVA KAl XPOTEG
e To BApa ektraideuong (learning rate) kai Tnv @Bion Twv Bapwv (weight decay)

e Kal yia Tnv TTAapAAAnAn Kataveunuévn exmraideuon, Tov apiBud Twv

dlEPYQOIWV

4.2.1 — Batch size ka1 apiOuog eTroxwv
Na tnv ekmmaideuon Ba diaxwpicouue Ta dedouéva oe test kai training set,

peyEéBoug 20% kai 80% avrtioToixa. XpnoiyotroliwvTtag To MovielLens dataset Twv
100004 ratings (ml-latest-small) TTou xpNOIMOTTOINCAWPE KAl OTNV uTToEVOTNTA 3.2.9,
EXoupE PE autov Tov TpoTTo éva training set 800003 ratings kai éva test set 20001
ratings, apKeTa KAAWV TTOCOOTWY Kal TTOOWV YIA TNV EKTiKNON TOU aAyopiBuou pag.
O¢Toupe akdun torch kal numpy seeds ioa pe PNdEv, €101 WOTE 0€ KABE eKTEAEON O

IaXWPICHOS TWV OEBOPEVWV va YivETAI PE TOV iDI0 aKPIBWS TPOTTO.

Oa dokiydooupe va ekmmaidevooupe Pe batch size 1001, 5001, 10001, 20001,
40002 ka1 80003 (oAdkAnpo To training set) yia 5, 10, 20, 30, 40, 50, 60 ka1 70
emmoxéc. O utroloyiopdg Twv batch size éyive €101 woTe va diaipouvtal 600 TO
duvatdév KaAUTEPa PE TO OUVOAIKO péyeBog Tou training set. Edv yia mmapddeiypa
xpnoigotrolovoape batch size Twv 5000 avri yia 5001, Ba eixape wg atToTEAEOUA
évav aplBuo 17 batches, pe 1o TeAeuTaio batch va epi€xel povaya 3 BabuoAoynoeig.
2TO0X0G €ival n eupeon Tou KATAAANAOTEPOU peyEBoug batch TTou TTpoOCEyYiIdEl

YPNYopOTEPQ TO EAAXIOTO OQAAUQ EKTIUNONG.

OpiCoupe akdun apiBuo Tapayoviwy ico ye 100, Brpa ektraideuong ico pe 0.01
kKal weight decay ico pe 0, pye optimizer tov Adam. O1 mmapdyovreg TTOAWONG

APXIKOTTOIOUVTAI TUXQIia, JE MIa OpoIopop®n KaTavour avdpeoa o€ 0 kai 0.005, evw
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Ol TTaPAYOVTEG BapwWV APXIKOTTOIOUVTAI ETTIONG TUXAIA, JE KIC OUOIOPOPPN KATAVOUR

avapeoa o€ -0.01 kai 0.01.

ATIO OAa Ta peyédn batch emAéyoupe 10 pE€yebog Twv 5001 BaBuoloyrocwy,

KABwWG atrd OAeG TIG OOKINEG MO OTTOTEAEI TO PEYEBOG TTOU TTAPEXEI TO MIKPOTEPO

OQAAua eAéyxou, AON aTTO 5 €TTOXEG.
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Ewkoveg 10 — Ektipnon peyEdoug batch, Bipa eknaidsuong 0.01, weight decay 0.0, aptOpo¢
napayovtwv 100. Arto navw mpog to Katw (batch size): 1001, 5001, 10001, 20001, 40002, 80003

4.2.2 — Ap1Opo6g TTapayovtwy kail weight decay

EmAéyoviag 10 batch Ttwv 5001 PaBuoAloyrnoewv, Ba TTpocTTaBACOUNE VO
KAVOUME €K VEOU MIA EKTIUNON, YIa 5 €wg 70 ETTOXEG, JE TOV TPOTTO TTOU KAVAWE Kal
TTPONYOUNEVWG, €l0AyovTag TTOAU pIKpd TTo0d weight decay, 0.0007, 0.0005 kai
0.0004.

MapaTnpoUPe TTWG MEIWVOVTAG TNV @Bion Tou OQAAPOTOG MPTTOPOUME VO
ETTITUXOUPE OANO KaI MIKPOTEPN ATTWAEIA, KATA TNV €KTIUNON TOU HOVTEAOU HOG.
Quoikd og autd uTTdpxel Kal Eva 6plo. ZTOX0G gival N eUpean TG KATAAANANG ¢Biong
n otoia eAaxioTotrolei To oQAApa. Me pia peyaAn @Bion o aAyépiBuog pag Ba
OUYKAivel o€ éva upnAOTEPO COAAUQ, EVW WE PIA PIKPH O aAyOopIBuog Ba ouyKAivel
Kal £TTeITa Ba atrokAivel kail TTaAI, auédvovTag To CQAAUQ.
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Test loss
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Ewkova 11 — Ektipnon weight decay, Bripa eknaidsvong 0.01, batch size 5001, aptOpog
nopayoviwv 100. Me nipdowo: weight decay = 0.0007, e kokkiwvo: weight decay = 0.0005, pe
purAe: weight decay = 0.0004

Tautdypova pe TNV eUpeon TG KATAAANANG @Biong Kal Tou PIKPATEPOU duvaTOoU
oQaApaTog, Ba efetdooupe TOV QPIOPO TwWv TTapayoOvTwy TOU HOVTEAOU HaAG.
OewpnTikd, aAAaloviag Tov apiBud Twv TTapayoviwy, Ba xpelooTeEl  va
XPNOIMOTTOINOOUMPE Kal dIaQopeTIK @Bion. MNa 10 okoTmd autd Ba ekTeEAéOOUE
TreipdpaTa pe 100 emmoxég kal Ba TTpooTTaBriooupe va Bpouue 170 eAdXIOTO duvaTto
o@aipa yia 10, 20, 40, 50, 80, 100, 200 kai 400 TTapAyOVTEG.
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Ta TelpdpaTa pag amrédwaoav Ta £ENG atmmoTeAéopaTa, Pe Pripa ektraideuong 0.01

Kal 100 eTTOXEG, yIa TTAPAYOVTEG:

e 10: weight decay=0.00032, mse = 0.7725
e 20: weight decay=0.00032, mse = 0.7640
e 40: weight decay=0.0003, mse = 0.7600

e 50: weight decay=0.00028, mse = 0.7594
e 80: weight decay=0.00028, mse = 0.7587
e 100: weight decay=0.00028, mse = 0.7578
e 200: weight decay=0.00026, mse = 0.7577
e 400: weight decay=0.00026, mse = 0.7572

MapaTtnpeital Twg 600 TTEPICOOTEPOUS TTAPAYOVTEG DIABETOUNE, TOOO UIKPOTEPN
@Bion xpelalOUaoTE yia TNV eUPECN €VOG eAaXiOTOU OQAAPATOS. AKOWN, ETTEITA OTTO
évav apiBuo 40 Tapayoviwy 1o o@AAua eAaTTwvETAl OAO Kal TTI0 apyd. @a TTPETTEl
Kaveic Aoirév va  avoloyioTei, Otav  dnuioupyei éva  oUOTNUA  OUCTACEWV
TTOPAYOVTOTIOINONG, TTOOOUG TTAPAYOVTEG VA XPNOIKOTIOINCE! YIa VA £EUTTNPETNOOUV
e€ioou o@éAN akpiBeiag aAAd kal KatavaAwaong TTOpwV.

4.2.3 — AvatrapagipoTnTta Kal TapAaAAnNAn Katavepnuévn eKTraidsuon

Avanapaéiuotnta
MNa va atrodeifoupe TTWG Ta ATTOTEAECOUATA JAG Eival akpiPr], Ba eTTIXEIPHOOUE va

avatrapdgoupe 1o atrotéAeopa Twv 100 TTapayoviwv o€ évav AAAO UTTOAOYIOTH.
EEGANouU, pe idla seeds TTPORAETTETAI TTWG O BIAXWPICHOS TWV BEBOUEVWV Kal N
QapXIKA Katavour Twv TTapayoviwy Ba gival akpiBwg idia. H ektéAeon Ba yivel aTtov
utroAoyioTr A kai Tov uttoAoyioTr B.
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Activities ] Terminal v Acu 00:27 SO~

will@kostas-ASUS-TEI: ~/Thesis/code
File Edit View Search Terminal Help File Ec erm
, batch 13: Training 1lo 8 5 I Epoch 98, batch
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Rank None: Epoch 99, 5: Training lo . 678 LEL Time elapsed for training: 46.168593748089265 sec

Time elapsed for training 5 Test loss: 0.757

ceyx@Harvey: /media/ceyx/El
Test loss: 0.7578 8 s []

(pytorch) will@k:

Elwood -
WD-NT2

Y@ BO0RRMPBONECORNOA © ¢

Ewkova 12 — MapAdAAnAn Katavenpévn uAomoinon aAyopiduwyv cuctAcswy, avanapoasLpotnta
Ko eKTEAECN o€ U0 UTTOAOYLOTEG

HapdAAnAn kataveunuevn ekmaidevon

O¢Aoupe akOun va atrodeifoupe WS pia TTApAAANAN Katavepnuévn uAotroinon,
ME U0 diepyaaieg, UTTOPEI va TTAPAEEl TTAVOUOIOTUTTA ATTOTEAEOUATA, AOXETWG AV Ol
dlepyaoieg edpelouv OTOV iDI0 KOUPBO 1 o€ dIaPOPETIKOUG, Kal TTwG ol KOPBOoI TTou
onuioupynoape, uiag dlepyaoiag kal TTOANATTAWY dIEpyaoIwy, €ival IKavoi va

ETTIKOIVWVIOOUV KaI VA EKTTAIOEUCOUV £VA KOIVO OVTEAO.

Na 710 OKOTO aQuTO Onuioupynoape akoOun €va  script, de  Ovoua
pytorch_SVD_distributed, To oTroio 6a dnuioupyei évav apiBuo diepyaciwy, TOTTIKA,
ME TNV XpAon Tou TTakéTou multiprocessing. ZKOTTEUOUE VA OUYKPIVOUUE AoITTOV ThV
EKTTAidEUON yIa OUO dIEPYATiES, UE TNV XPRON AuToU Tou Script, Kal JE TTAPAAANAN
Kataveunuévn UAoTToinon, XPNOIYOTTOIWVTAG TA SCript Twv OUO JIOPOPETIKWV
KOUBwV TTOU @TIGgaME. MNa Tnv TOTTIKA eKTTaideucn Oa XPNOIKOTTOINCOUNE TOV
uttoAoyIoTh A, evw o1 UTToAoYIOTEG B Kai 7 Ba ekTTaideloouv ouvepyaTika TO JOVTEAO
Méoa atrd SiKTUO, 0 KaBEvag TpExovTag SIaPOPETIKO Script. @a XpNOIUOTTOINCOUNE
Kal TTAAI TIG TTAPAUETPOUC TTOU XPNOCIUOTTOINBNKAV YIa TOV UTTOAOYIGHO TOUu EAaxioTou
o@AaApaTog yia 100 TTapdyovTeg.

#part 1: importing
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#coded methods

from split_selection import input_select, input_tasks
from data_encode import encode, split

from models import SVD

from datasets import CF_Dataset

from training import train_model, test_loss,
set_model untrained_weights

#libraries

import numpy as np #numpy

import pandas as pd #pandas

from pathlib import Path #path

import time #time

import os #operating system

#import sys #system

import copy

#import pickle #pickle

import torch #PyTorch

#import torch.nn as nn #Neural network module
#import torch.nn.functional as F #functions
import torch.multiprocessing as mp #multiprocessing
import torch.distributed as dist #distributed

#sets the number of OpenMP threads to be used by PyTorch to the
maximum.

#the default is half of that amount

#torch.set _num_threads(os.cpu_count())
#torch.set_num_threads(1l) #or just one thread...

#reproducibility
torch.manual_seed(9)
np.random.seed(0)

#process initialization method
def init_processes(rank, size, fn, *args, backend='gloo',
**kargs):
#os.environ[ '"MASTER_ADDR'] = '192.168.1.5"
os.environ[ "MASTER_ADDR"' ] '127.0.0.1"
os.environ[ "MASTER_PORT"' ] '29500'
os.environ[ "WORLD SIZE'] = str(size)
os.environ[ 'RANK'] = str(rank)
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#os.environ[ 'GLOO_SOCKET_IFNAME'] = 'enp3s0'
#dist.init_process_group(backend,

init_method="tcp://192.168.1.5:29500", world_size=size, rank=rank)
dist.init_process_group(backend, world_size=size, rank=rank)
fn(*args, rank=rank, world size=size, **kargs)

#protection of resources and unrestrained spawning control
if __name__ == "

__main__":
#part 2: preparing data

#import data

print(f'\nLoading the data...')

PATH = Path("../Datasets/ml-latest-small")
data = pd.read_csv(PATH/"ratings.csv")

#encode the dataset into unique and contiguous values
data = encode(data)
print(f'Dataset has been encoded')

num_ratings = len(data.rating)

num_users = len(data.userId.unique())
num_items = len(data.movieId.unique())
sparsity = num_ratings/(num_users*num_items)
mean_rating = data.rating.mean()

print(f'\nNumber of users: {num_users}')
print(f'Number of items: {num_items}")
print(f'Number of ratings: {num_ratings}')
print(f'Dataset sparsity: {sparsity}')
print(f'\nAverage rating: {mean_rating}\n')

#splitting variables input
method, value = input_select()

print(f'\nSplitting:\nMethod: {method}\nValue: {value}')
#dataset splitting

print('\nSplitting data into training and testing set\n')
train_set, test set = split(data, method, value)
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print(f'\nTraining set: {train_set}\n')
print(f'\nTesting set: {test_set}\n')

print(f'\nMaking the torch datasets\n')
train_dataset = CF_Dataset(train_set)
test _dataset = CF_Dataset(test_set)

#torch.save(train_dataset, 'movielens_training set.pkl')
#torch.save(test_dataset, 'movielens_test_set.pkl')

#part 3: modeling

#initialize the model in cpu()

#NOTE: be careful not to overload the gpu if it is not
necessary

model = SVD(num_users, num_items, mean_rating)

#set the model to cuda for gpu training

model = model.cuda()

print(f'Model initialized: {model}"')

#part 4: training
num_tasks = input_tasks()

#obligatory training arguments (train_args):
# #1 model, #2 training dataset
#train_args = [model, train_dataset]

#keyworded training arguments (kw_train_args).

#options include:

#epochs(10) (int): number of epochs, 1r(0.01)(float): learning
#rate, wd(0.0)(float): weight decay
#unsqueeze(false)(boolean): add one more dimension to the
#ratings for the training,

#cuda(false)(boolean): train model in cuda,
#distributed_mode(false)(boolean): distributed training,
#rank(None) (int): distributed training mode only - indicates
#the rank of the running process,

#world_size(None)(int): distributed training mode only -
#indicates the number of tasks/processes

#participating in the training process

kw_train_args = {'distributed_mode':True, 'cuda':True}
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#parallel section
start = time.time() #start counter
mp.set_start_method('spawn")
#use this when start method is fork (default) to
#share a cpu model with forked processes
#model.share_memory()
processes = []
print('Training is distributed. One model copy per process')
for rank in range(num_tasks):
#new model reference for each process
model = copy.deepcopy(model)
#reinstate the train arguments
train_args = [model, train_dataset]
#arguments
arguments = [rank, num_tasks, train_model]
arguments.extend(train_args)
#key-worded arguments
kw_arguments = {'wd':0.00028, 'epochs':100}
kw_arguments.update(kw_train_args)
#init
p = mp.Process(target=init_processes, args=arguments,
kwargs=kw_arguments)
p.start()
processes.append(p)

for p in processes:
.join()

©

end

time.time() #end counter
print(f'\nTime elapsed for training: {end-start} sec')
#average model weights for untrained users/items
set_model untrained_weights(model, train_dataset,

test dataset, cuda=True)

#part 5: testing

test _loss(model, test dataset, cuda=True)

127 ano6 188



Mtuylakn epyooia tou dottntr BaoiAn MooyomouAou

#split_selection.py

#returns valid number of tasks for distributed parallel model
#training
def input_tasks(node=False):
print("\n|-------------mmee [ ")
print('\nThis program will distributedly parallelize training
of the given model")
tasks = input('\n\nPlease insert number of tasks for the
distributed \
training to be split or simply type [d] to use the \
default number of logical processors on your machine \
as the number of tasks:\n\n')
try:
if tasks == 'd':
tasks = os.cpu_count()
elif int(tasks) > 10:
print('\nInput number of tasks is potentially
hazardous \
for the system. Please insert a value lower than 10.')
tasks = input_tasks()
elif int(tasks) <= @:
print('\nNumber of tasks cannot be a negative number!
Again...")
tasks = input_tasks()
except ValueError:
print('\nNot an integer! Again...")
tasks = input_tasks()
return int(tasks)

Kwdéikag 82 — NapaAAnAn Katavepnuévn uAomnoinon alyopibpwv cucTACEWVY, TOTIKA
TopAAANAN KotavepnEVN EKTtaidsuon
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Activities ] Terminal v Aeu 01:36®

e Edit View s )
Epoch 99, batch @: Training : 0.378408282995224 Rank

earch Term

H
@: Epoch 99, batch 1: Training -3876884877681732 Rank @: Epoch 98, batch g
1: Epoch 99, batch 1: Training -3544222414493561 Rank ©: Epoch 98, batch 0
1: Epoch 99, batch 2: Training .3535114824771881 Rank @: Epoch 98, batch 0
@: Epoch 99, batch 2: Tratning .3652944564819336 Rank @: Epoch 98, batch o
1: Epoch 99, batch 3: Training .38785597681999207 Rank @: Epoch 98, batch o
@: Epoch 99, batch 3: Training .35819190740585327 Rank @: Epoch 98, batch oee O
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@: Epoch 99, batch 6: Training 40977960824 Rank @: Epoch 89, batch 0
1: Epoch 99, batch 6: Training .390321671962 Rank ©: Epoch 99, batch o
1: Epoch 99, batch 7: Training .3914511203765! Rank @: Epoch 99, batch o
@: Epoch 99, batch 7: Training loss: ©.4152080714702606 flrank @: Epoch 99, batch 0
1

.409779608249
.41520807147026

Time elapsed for training: 290.18274569511414 sec lrime elapsed for training: 530.5872755050659 sec

Test loss: 0.7584289908409119 Test loss: 0.75842899088469119
feﬁx@"arvey edia/ce - WD-N 5| older/TEI/It has ¢ (pytorch) will@kostas-ASUS-TEL:~/Thesis/ $ nvida-smi
5

Will@MLSERVER2: ~/Thesis/code
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Rank 1: Epoch 98, batch @: Training loss: ©.35708868503570557
. Rank 1: Epoch 98, batch 1: Training loss o 8396911621094
Rank 6
Rank
Rank
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1
1: Epoch 98, batch
1
1
1
1
1
Rank 1: Epoch 99, batch
1
1
1
1
1
1
1

: Epoch 98, batch
: Epoch 98, batch s
: Epoch 98, batch 5: Training s5: 0.4003407657
: Epoch 98, batch 6: Training loss: 6.3903651237

1
2: Training
3
4
5
6
Epoch 98, batch 7: Training ss .415957510471344
]
1
2
3
4

: Training
: Training

Elwood -
WD-NT2

: Training loss 34984493255615234
: Training loss 3544222414493561
: Training loss 3535114824771881
Rank Epoch 99, batch 3: Training loss 38785597681999207
Rank Epoch 99, batch 4: Training loss 37780237197875977
Rank Epoch 99, batch Training loss 39600250124931335
Rank 1: Epoch 99, batch Training lc 39032167196273804
Rank 1: Epoch 99, batch 7: Training : 0.3914511203765869

LEDIS Epoch 99, batch
GELS Epoch 99, batch

Time elapsed for training: 527.9572730064392 sec

Test los .7584289908409119
(pytorch 11@MLSERVER2 $ nvidia-smi

Ewova 13 — NapaAAnAn Katavepnévn vAomnoinon aAyopibpwv cuotaoewv, TOTLKN Kol
OLIOMLOKPUOHEVN TLAPAAANAN KATOVEUNUEVN EKMAiSEUON

MapatnpoUpue TTWG 0€ OXEON ME TO OQAAPA TNG HIaG dlEpyaaiag, N TTapaAAnAn
KATOVEUNMEVN EKTTAIOEUON ATTOPEPEI Eva EAAPPWS UYWPNAOTEPO OQAAPa. O AGyog
Eykelrar otnv TpOTo Agitoupyiag Tou DistributedDataParallel module kair Tng
Kataveunuévng ekmaideuong. Edv BupnBoupe amd tnv evomnta 3.3.5, 10

DistributedDataParallel module kével Ta €€n¢:

e To povrédo evBuAlakwvetal oe éva DistributedDataParallel module kai
dnuIoupyouvTal QvTiypa®a OTIC OUOKEUEG (KAPTEG YPOQIKWY) TTou
opifoupe o€ KABe digpyacoia (TrTapdueTpog devide_ids)

e Forward pass: Ka0e avTiypa@o, o€ KA0s ocuoKeun HIag diepyaciag dEXETaI
éva KAdopa Tou input

e Backward pass:

o Ta kd&be diepyaoia: sum gradients oo apxikdé module (module Tou
output_device)
o YToAoyioudg Tou pyéoou 6pou Twv gradients PeTagu dIAPOPETIKWV

apxIkwv module / diepyaciwv

To kAe&ldi oTnv KaTaOvVONOn QUTOU TOou TIPORANRUATOG PBpPIOKETAlI OTNV QAoN

backward. Oi1 diepyaacieg TTOU CUPUETEXOUV OTNV EKTTAI®EUON UTTOAOYI(OUV TOV PHECO
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Opo Twv gradients petagu Toug. TiI onuaivel TTPOKTIKA auTd; Edv éxouue €vav
DatalLoader pe €vav DistributedSampler, 6TTwg €dw, TO input XwpileTal avapeoa oTIg
dlepyaoieg, pe kAOe digpyaoia va Aaupavel éva KAdopa. Autd CUVETTAYETAI TTWG N
KABe digpyaoia Ba utroAoyioel Ta gradients pe dIAQOPETIKO TPOTTO, KAl TTWG £TTIONG
MTTOPEI N KABE diepyaaia va PNV eKTTAIOEUCEI YIa OAOUG TOUG XPHOTEG 1] AVTIKEIMEVA
Tou batch. Na autd 10 Ady0, 6TaV éva AVTIKEIMEVO UTTAPXEI OTO input piag diepyaciag
aAAG Ox1 oTo input piIag AAANG, €Av ol dlEpyAaieg TTOU CUMMETEXOUV gival dUO, TOTE N
gradient yia auTd TO CUYKEKPIMEVO AVTIKEIMEVO 1] XPrioTn Ba cival undév otnv pia,
aAAG Ox1 und€v oTNV AAAN. AuTO CuVETTAYETAI AOITTOV, TTWG KATA TOV UTTOAOYIOUO TNG

gradient, n gradient 8a pelwOei TN YICH TNG TIWA.

‘ETOI, JTTOPOUME VA QAVTAOTOUME TTWG N TIUA TNG CEAAPATOG PTTOPEI va gival
OlagopeTiky pe  évav  DistributedSampler. Edv  dev  XpnolyoTToloUCAE
DistributedSampler, aA\d ekmmaidevape yia kdBe digpyaoia pe 1O idI0 input, TOTE
ETTOUEVO €ival va €XOUE i010 O@AAPa PE TNV Mia digpyaaia.

HapdAAnAn kataveunuévn eKmaidevon: 0 GKOTOS

AUTOG OuWwGg dev gival 0 OKOTTIOC TNG TTAPAAANANG KATAVEUNUEVNG EKTTAIdEUONG,
€AV UTTOPOUE VA ETTITUXOUUE TO iDI0 ATTOTEAECHA, KAl JANIOTA YPNyopoTEPA, HE UIa
Olepyacia. Ag BuunBouue TTWG eI XpnolyoTroinoape €vav aTabepd apiBud torch
KAl numpy seeds, yia va TTPOCTTOBACOUNE va PINNBOUPE TO ATTOTEAECHUA Kal va

ATTOOEICOUME TTWG EKTTAIOEUOUNE OWOTA.

2TNV TTEPITITWON TTou Ogv XPNOIMOTIOIOUKE OTaBEPd seeds, OTTWG YiveTal Kal
TIPAKTIKA, OKOTTIOG TNG KATAVEUNMEVNG EKTTAIOEUONG, TAUTOXPOVA PE TNV ETTITAXUVON
TTOU JTTOPOUME VO ETTITUXOUME, €ival Kal TO SIAQOPETIKO input atmd diepyacia o€
dlgpyaoia. Adyog 1Tou emOupoUpe KATI TETOIO €ival va PTTOPECOUME aTTO KABE
dlgpyaoia va TTapoupe Triow €vav OIaQopPETIKO gradient tensor, yia TTOANG
dlaopeTikd input. ABpoifovTag autd Ta input kal BpiokovTag yia péon Tiun gradient,

OTOXEUOUWE OTNV KAAUTEPN YEVIKEUOT KAl dnuIoupyia evOg TTIO A&IOTTIOTOU JOVTEAOU.
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KE®AAAIO 5 - SUUTEPACHATA KL LEAAOVTIKT) £PEVVA

5.1 — AvaokoTtrnon
2€ QuTh TNV e€pyacia TTapoucidoTnkav apxIKa aAyopiBuol ouoTAoEwv

OUVEPYQTIKOU QIATpapiohaTog. ‘Eyive €icaywyry, TTPWTA, OTOUG OAyopiBuoug
YEITOVIWYV, Kal ETTEITA, OTOUG QAyopiBuoug TrapayovtoTroinong Baciopévoug o€
pMaBnon. MNapouoidoTnkav cuvoTITIKA akOun Aoitmoi aAyopiBuol, 6TTwg o ALS, 10
XPOVOOUVEIONOIOKG HOVTEAO, ETTEKTOON TWV AAYOpPiBuwyY TTapayovToTroinong, Kai

aAyopiBuol yeItoviag Baciouévol o€ adnon.

Yotepa, €yive eicaywyny otnv BIBAIOBAKN PyTorch, TapoucidoTnke uAotroinon
aAyopiBuou cuoTdoewy Pe TNV Xpron tng BIBAIOBAKNG Kal avaTrTUuxXBnKe TTEPAITEPW
T0 TTakéTo distributed Tng PyTorch, kai TO TTWG Kaveig PtTopei va avatTudel,

UAOTTOINOEI KOI QTTOOQAAUATWOEI KATAVEUNUEVESG EQAPPOYEG.

TéNOG, pE BAGON GOWV TTAPOUCIACTNKAY, ETTIXEIPACAUE VA UAOTTOINOOUUE £vav
OIKO pag aAyopiBuo TTapayovToTroinong, ovopaTiké Tov SVD, va ekraideUooupe éva
MovTéAo pe Bdon Tov aAyopiBuo autd e TNV XprHon TTOAAQTTAWY KOTAVEUNUEVWYV
dlepyaoiwy, yéoa oe dikTuo, Kal va atmmodei¢oupe TNV aglotoTia Tou aAyopiBuou
autou. AKOUN, ETTIXEIPAOAMNE VO EKTTAIOEUCOUNE JOVTENO PE TPOTTO KATAAANAO, £TOI
WOoTE 0 AAYOPIBUOG pag va TTPORAETTEI GO0 TO duvaTOV KAAUTEPA TNV BabuoAdynon
XPNOTWV yia TaIvieg, Kal aflohoynoaue €va €Upog apIBUWV  TTapayovTwyv

QAVTIKEIMEVWV KOl XPNOTWV.

5.2 — Zuutrepaoyara
Ta ouoTAPATA OUCTACEWV XPNOIMOTTOIOUVTAI CAMEPA VIO VA TIPOTEIVOUV

TTPOIOVTA KAl UTTNPECIEC O€ TTEAATEC KAl OUVOPOMPNTEG YIa AYOPES, EVOIKIAOEIG,
KPOTAOEIG KOK. 'Evag TTEAATNG | cuvdpOouNThS OVOUAZETal XPAOTNG, EVW £vVa TTPOIOV
N MIQ UTTNPECIa OVOUACZETAI QVTIKEIMEVO. Z€ AUTH TNV €pyaoia PEAETABNKav Ta
OUCTHUATO OUCTACEWV OUVEPYOTIKOU QIATpapiopatos. Ta ouoTAPaTa auTd
aglotroloUv TN GUAAOYIKR dUvVaun Twv fdn utrapXoviwy BaduoAoyrioewy XpnoTwy
QVTIKEIMEVWY, VIO va TTPoBAEWouv TN BabuoAdynon evog OTToIOUBATTIOTE XPOTN Yia
€va OTTOI0ONTTOTE QVTIKEIMEVO, AEIOAOYWVTAG OUXVA OPOIOTNTEG HETAEU XPNOTWV KAl

avTikeigévwy. [1][2]
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2NV gpyacia autr) ¢eTaocOnkav dUOo €idN CUCTNUATWY CUCTACEWY, T CUCTHHATA
OUCTACEWV YEITOVIWV KOI TO CUCTHUATA CUCTACEWV TTAPAYOVTOTTOINONG BACIONEVA
o€ uabnon, KaBEva Pe Ta TTAEOVEKTHUATA TOU. ATTO TN KId, TO CUCTAMATA CUCTACEWV
YEITOVIWV PEAETOUV CUOXETIOEIG PETAEU QVTIKEIMEVWYV KAl XPNOTWV KAl CUCTAVOUV
QVTIKEIMEVA PE BAON TTAPOUOIWY YOUOTWV XPNOTWV I OXETIKOTATAG QVTIKEIUEVWV.
AT TNV GAAn, Ta OUCTAPATO CUCTACEWV TIAPAYOVTOTIOINONG ETTIXEIPOUV va
TTpooeyyioouv 600 TO Ouvatov KAAUTEpa €vav  TTiVOKA  TTPOPRAETTOPEVWV
BaBuoAoynoewyv XpnOTWV yia AVTIKEIYEVA, PE TN XpAon U0 WIKPOTEPWV TTIVAKWY

TTAPAYOVTWY Kal JEOW HI0G dladikaoiag pabnaong Twv TVAKWY auTwv. [1][2]

AAYOpIBuOI TETOIWV CUCTNUATWY CUCTACEWY UTTOPOUV VA KwOIKOTToINBoUV Kai va
uAoTroinBouv ue TN xprion BIBAIOBNKwyY 6TTWG oI numpy, pandas kai scikitlearn tng
Python. Mia véa BIBAI0BrRkn pnxavikng pddnong, n PyTorch, amoTteAei pia véa
TTPOCOECN OTO OIKOOUOTNUA TWV epYOAEiwv Babidg padnong tng Python. BaBid
evowpaTwuévn otnv Python, n PyTorch Trpoo@épel epyoAgia  pabnuaTikwy
UTTOAOYIONWY TTIVAKWY, TTapopola ye Tnv BIBAIOBAKN numpy, utrooTnpidoviag
TauTOxXpOova AEITOUPYIEG ETTITAXUVONG ME TN XPAON KOPTWV YPAPIKWY YEVIKOU
okotrou. [Mapéxel akOua kal GANa epyoaleia, e ETOINEG OOMPEG VEUPWVIKWV
oTpwudTwy, Datasets kal duvaTdTNTEG TTAPAAANANG KATAVEUNPEVNG ETTIKOIVWVIOG

OIEPYAOIWV.

MiIAwvTag yia duvatoTnTeg TTAPAAANANG  KATAVEUNMEVNG  ETTIKOIVWVIAG Kl
emegepyaoiag, 1o TakETo distributed Tng PyTorch utrooTtnpilel Tnv €TTIKOIVWViQ
METALU DIOQOPETIKWVY DIEPYATIWV TTOU PTTOPEI va DPEUOUV, 1 HN, O€ OIOPOPETIKEG
TOTTO0E0IEG, €VIOG ETTIKOIVWVOUVTWY OIKTUWYV. Mrtropei kaveig va kataAdafel Tn
XPNOIUOTNTA €VOG TETOIOU €PYAAEiOU, €AV AVAAOYIOTE Eva OEVAPIO EKTTAIOEUONG ME
TN XpNnon €vog cluster uttoAoyioTwy. MNpoBAETTOVTAG TTIBAVES AVAYKEG YIa Xpron o€
TTapaywyr), 1o TakéTo distributed utrooTnpilel Asitoupyieg €TKOIVWVIOG WETAEU
TOTTIKA ATTOPOVWHEVWY  digpyaoiwy. [MapdAAnAa, 10 TTOKETO mMultiprocessing
(eméktaon TG PBIBAIOOAKNG multiprocessing TG Python) Trapéxel katdAAnAa
epyaAgia yia Tn dnuioupyia TOTTIKWY BIEPYACIWY. XPNOIPOTTOIWVTAG Ta dUO auTd
TTOKETA, JTTOPEI KAVEIG va ETTITUXEI TNV ETTIKOIVWVIA, OXI HOVO TOTTIKA ATTOROVWHEVWV

OlEpyaciwy, aAAG Kal JETALU BIEPYATIWY TTOU £BPEUOUV OTO idlo unXavnua.
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‘Evag aAyopiBpog Aoittév ouoTaong PTTopEi va UAOTTOINOEI, OXETIKA €UKOAQ, HE
TNV xpnon Ttng PyTorch, ekpyetaAAeuduevog TIGC duvaTOTNTEG ETTITAXUVONG TNG
PyTorch pe Tn Xprion KapTwV YPOQPIKWY YEVIKOU OKOTTOU, dAAG Kal TIG duvaATOTNTEG
TTAPAAANANG KATAVEUNPEVNG ETTIKOIVWVIAG, YIa TNV ekTTaideuon péoa o éva cluster
uttoAoyioTwy. EvTéAel, K&TI TETOIO PTTOPET VO ATTOBEIXOEI ECAIPETIKA XPNOIUO, apou
yia 181aiTepa peydAa dedouEvVa CUCTAPATWY CUCTACEWY, OTTWGS Eival Tou YouTube
kal Tou Netflix, n UTTOAOYIOTIKN 1I0XU £VOG JOVO PnXaviuatog dev Bewpeital ETTAPKAG

KAl XpEIageTal va aglotroindei évag ueyaAog apiBuog uttoloyioTwy o¢ cluster.

5.3 — MeAAOVTIKEG ETTEKTAOCEIG
Me Bdaon Tnv UAN TTOU KAAU@BNKE O€ QUTH TNV TITUXIOKK €pyacia, 8a yTropoucaue

va €TTEKTAB0UUE TTEPAITEPW GTOV APopq:

1. Tn dnuioupyia aAyopiBuwyv yeiroviwy Baciopéveg o€ pddnon
2. Tnv emmékTaon ToUu UAOTTOINUEVOU AAYOPIBUOU TTaPAyOoVTOTTOINONG
3. Tov mreipapaTiono ue diapopeTika datasets
MéBodot yettovia)v factouéves o€ uabnon
Avagepbnkape ouvTopa otnv evotnTa 2.4 TTWG PEBODOI YEITOVIWV UTTOPOUV va
MeTaTpatrouv o€ NeBOdOUC Baciopéveg o€ pddnon. YTTApXouv TPEIG TPOTTOI YIa va

TO €mITUXEI Kaveic auTto [1][2][9]:

e YTToAoyIONOG TTIVOKO OJOIOTATWY PE JABnon: O TTpwTog Kal aTTAOUCTEPOG
TPOTTOG €ival N TTPOCEYYIOH TOU TTIVOKO OJOIOTATWY PE TN XPron uaénong,
avti NG XpAong METpwv opolotATwy. lMpooTtraboupe AoItdv, avti va
uTTOAOYioOUNE OAOKANPO TOV TTiVAKA JOVOUIAG, VO EAQXIOTOTTOINCOUUE Hid
ouvapTnon c@AAUOTOG, TTPOCTIABWVTAG VA TTPOCEYYioOUNE 600 KaAUTEPA
yivetal Tnv TpoRAewn e diadoxikEG dlopbwaelg oTa Bapn Tou TTivaka
oMoIdTNTAG.

e [lapayovtotroinon Tivaka opoloTATwy: O OeUTEPOC TPOTTIOG Eival n
TTOPAYOVTOTIOINON TOU  TIiVOKA OMPOIOTHTWY, ME TOV  TPOTIO  TTOU
uhotroiqoaue Tov aAyopiBuo SVD. AnuioupyoUpe €10l OUO TTiVAKEG
TTapayoOvTwy, o1 0TToiol TTOAAQTTAaCIa{OpEVOI TTAPAYOUV TOV apXIKO TTivaka

OMOIOTATWY. 2TOXOG €ival 0 UTTOAOYIOUOG TWV TTAPAYOVTWY TwV dUO0 VEWV
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TIVAKWY. €701 WOTE VA EAAXIOTOTTIOINOOUUE HIA OUVAPTNON CQAAPATOG
TTPORAEYNG.

Xpron MIKTWV HEBOdWV YEITOVIWY Kal JEBOBdWYV puddnong: O1 uéBodol auTtég
XPNOILOTTOIOUV HIa PIKTH UAOTTOINON. a TOV UTTOAOYIOHO TNG TTPORAEWNS
XPNOIJOTTOIoUVTAl MIKTA pia pEB0BOGC YeITOVIAS Kal Jia uEBODOG BacIOuEvn

o€ paonon.

Mia m6avn etréktaon 6a ATav AoITTév va TTPpooTTaBro0oUNE VA UAOTTOINCOUUE évav

aKOun aAyopiBuo o otoiog, Trapouoia ue Tov SVD, Ba TTapayovroTrolouce ToV

TTivaKa OMOIOTATWY MIag ueBOdou yelITovidg o€ dUO TTiVAKEG TTAPAYOVTWY, TOUG

OTTOIOUG TTAPAYOVTEG ETTEITA BA ETTIXEIPOUCAUE VO UTTOAOYIOOULE.

Eméxtaon alyopiBuov
Ooov agopd Tnv ETTEKTACT TOU UTTAPXOVTOG AAYOPiOUOoU TTou dNuIOUPYrOOE,

€XOUUE TIG €¢AG €TIAOYEG [1][2]:

Xpnon dI0QOPETIKWY PETPIKWY @AAPaToG: MNMépa atrd Tnv mean squared
error, 6a PTTOPOUCANE VA ETTEKTEIVOUUE TIG HEBOOOUG eKTTAIdEUONG KOl
agloAdynong yia va XPNOIKOTTOIoUV E€TTITTAEOV METPIKEG WG ETTIAOYNA.
Mepikéc amd TIC METPIKEC TIOU Ba  utTopoUCauE  OKOPN  va
XpnoigoTtroiooupe TrepIAaupBavouv Tnv regularized squared error, root
mean squared error, mean absolute error kai TIG KAVOVIKOTTOINMEVEG
normalized mean absolute kar normalized root mean squared error.
Xpnon éuueong avaTpo@odoTnong (implicit feedback): Mia GAAn eTTékTaon
Ba utropouce va trepIAaupavel Tnv xprion implicit feedback. ‘Evag atrAdg
TPOTTOC va UAoTTOINBEi KATI TETOIO €ival n xprion evog akoun Embedding
layer 10 oTroio Ba TrepIAAUPBAvVEl TTAPAYOVTEG TTPOTIUNONG, N OTToia
TTpoTiunon Ba ekppdaletal atd TNV €MAOY TOU XpHoTn va Babuoloynoel
éva QvTiKeEiyevo. ZuvuttoAoyifovtag Toug TTapdyovteg autoug, Oa
MTTOPOUCOUE VO KAVOUWE TOV UTTOAOYIOUO TnG TTPORAEWnS akoOun Trio
aKpIBA.

Eicaywyn Tapdayovta TaAaidétntag (time aware model): Mia GAAN TAKTIKNA
Ba ATav n eiIcaywyn evog TTapayovTa TTaAAIOTNTAG YIA TIC TTOAWOEIG TWV
BaBuoAoynoewv. 210 dataset TTou XpnOIUOTTOINCAUE, TTEPA ATTO Ta ratings,

divovTal akoun timestamps Ta OTTOIa PAG EVAREPWVOUV YIA TNV XPOVoAoyia
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TNG KABe PaBuoAdynong. Aaupdavovrag utmmown autd Kal divovTag
O1aQopPeTIKG Bdpn TTOAWONG BaBuoAdynong, avdAoya Pe TRV XpovoAoyia,
MTTOPOUNE VA ETTITUXOUME Ui aKOPN KAAUTEPN TTPORAEYN.
Hepauatiouos pe aAda datasets
2710 OI10QIKTUO UTTOPEI va BPEl KAVEIG Yo JeyaAn TTANBwpa atrd £roiya datasets.
Mépa amd 10 MovieLens dataset Twv 100 xINMGdwWvV ratings, UTTAPYXOUV aKOMN
MeEyaAUTeEpa datasets TTou UTTOpPEI Kaveic va xpnolgotroinoel. To MovielLens, éva
oUOoTNUa CUCTACEWYV TaIVIWY, TTapéxel, TTEpa Tou dataset Twv 100 xIAIGdwyv, AAAa
datasets pey€Boug 1, 10, 20 kal 27 ekaTOoPPUpiwy ratings. MNépa atd Taivieg OPwg
MTTOPEI Kaveig va Bpel kal GAAa €idoug datasets, 6TTwg TTX. TO Jester, éva dataset
ouoTacewv avekdoTwy, To WikiLens dataset, éva dataset cuoTtdoewv dpBpwv TNG

Wikipedia, kai To Last.fm dataset, éva dataset cuoTdoewv UOUCIKNAG. [6]

AvTi AOITTOV YIa TaIViEG, Ba YTTOPOUCAUE VA EKTTAIDEUCOUNE £va PHOVTEAO TTou Ba
TTPOERAETTE TNV BaBUoOAOYnon €vog xprRoTn yia éva HPOUoIKO KOUMATI, Yia
TTapddelyua.

OAa autd cival mBava. H BiBAIoBrikn PyTorch atroteAei éva 10xupo epyaAcio ue
TO OTTOI0 OTTOI0COATTOTE ATTO AUTOUS TOUS aAyopiBuoug cival duvartd va uAoTroinBei

Kal va eKTTAIOEUOED, OXI HOVO WE TN XPron JIog diEpyaaiag, aANG Kal Je TTEPICOOTEPEG,

ME TN Xprion Tou TTakéTou distributed.
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ITIAPAPTHMATA

AAyopiBuog yettovidg s Python
#python_neighborhood-based_example.py

#neighbourhood-based algorithm
#part 1: importing

#libraries

import numpy as np #numpy

import pandas as pd #pandas

from pathlib import Path #path

import time #time

import matplotlib.pyplot as plt #plotting

import seaborn as sns #data visualization based on matplotlib

#methods
from helper import train_test split, fast similarity,
predict_topk_nobias, get mse

#part 2: preparing data
PATH = Path('..\..\Datasets\ml-100k")

#file does not contain headers

#we append them ourselves

names = ['user_id', 'item_id', 'rating', 'timestamp']
#data seperated by tabs, set headers to the names list
df = pd.read_csv(PATH/'u.data', sep='\t', names=names)
print(df.head()) #get the first 5

#number of unique users, items

n_users = df.user_id.unique().shape[9]
n_items = df.item_id.unique().shape[9]
print(f'\n{n_users} users')
print(f'{n_items} items"')

#make the ratings matrix

ratings = np.zeros((n_users, n_items))

#make the ratings matrix

#we map user/item IDs to user/item indices by removing the
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#"Python starts at 0" offset between them
for row in df.itertuples():

ratings[row[1]-1, row[2]-1] = row[3]
print(f"\n {ratings}")

#sparsity

#(get non-zero ratings)

sparsity = float(len(ratings.nonzero()[0]))
sparsity /= (ratings.shape[@]*ratings.shape[1])
#percentage

sparsity *= 100

print(f'\nRatings sparsity: {sparsity}%')

#make the training and test sets
train, test = train_test_split(ratings)

#part 3: make the similarities table

start = time.time()

user_similarity = fast_similarity(train)
item_similarity = fast_similarity(train, kind = 'item')
end = time.time()

print(f'\nTime elapsed for measuring cosine \
similarity with fast method: {end-start}')

#print the first four in the item similarity table
print (f'\nitem_similarity[:4, :4]: {item_similarity[:4, :4]}")

#part 4: make the predictions table

start = time.time()

item_prediction = predict_topk _nobias(train, item_similarity,
kind="item")

user_prediction = predict_topk_nobias(train, user_similarity)
end = time.time()

print(f'\nTime elapsed for predicting \

similarity with Top-k method with bias: {end-start}')

#part 5: testing

print(f'\nUser-based CF MSE: {get mse(user_prediction, test)}')
print(f'Item-based CF MSE: {get_mse(item_prediction, test)}')
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#let's try a different amount of top-k neighbours
#test (really slow). 50 seems to be optimal amount of top-k
neighbors

k_array = [5, 15, 30, 50, 100, 200]
user_train_mse = []
user_test _mse = []
item_test_mse = []
item_train_mse = []

for k in k_array:

#top k predictions

user_pred = predict_topk_nobias(train, user_similarity,
kind="'user', k=k)

item_pred = predict_topk nobias(train, item_similarity,
kind="item', k=k)

#sum the mse for each:

#user

user_train_mse += [get_mse(user_pred, train)]
user_test _mse += [get_mse(user_pred, test)]
#item

item_train_mse += [get_mse(item_pred, train)]
item_test_mse += [get_mse(item_pred, test)]

#tmake a seaborn set
sns.set()

#pick a color palette to draw from (Set2 palette, 2 colors
selected)
pal = sns.color_palette("Set2", 2)

plt.figure(figsize=(8,8)) #8x8

#draw the following

#alpha (intensity) = 0.5

plt.plot(k_array, user_train_mse, c=pal[@], label='User-based
train', alpha=0.5, linewidth=5)

plt.plot(k_array, user_test _mse, c=pal[0@], label="User-based
test', linewidth=5)

plt.plot(k_array, item_train_mse, c=pal[1l], label='Item-based
train', alpha=0.5, linewidth=5)
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plt.plot(k_array, item_test mse, c=pal[l], label="Item-based
test', linewidth=5)

#draw the legend at the best location, fonts: 20px
plt.legend(loc="best', fontsize=20)

#make the ticks as following
plt.xticks(fontsize=16);

plt.yticks(fontsize=16);

#and the labels

plt.xlabel('k', fontsize=30);

plt.ylabel('MSE', fontsize=30);

plt.show()

#helper.py

import numpy as np
from sklearn.metrics import mean_squared_error #mse

#dataset splitting methods

#split dataset to training and test set
def train_test_split(ratings):
test = np.zeros(ratings.shape)
train = ratings.copy()
#for each user
for user in range(ratings.shape[9]):
#select 10 random ratings of a user for an item,
#without replacement
test_ratings = np.random.choice(ratings[user,
:].nonzero()[0],
size=10,
replace=False)
#exclude those ratings from the training set
train[user, test_ratings] = @.
#append them to the test set
test[user, test _ratings] = ratings[user, test ratings]
#assert (test) if the training and test sets contain
#common ratings (they should not)
assert(np.all((train*test == 90)))
return train, test #return the test and training set arrays
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#cosine similarity methods

#very slow. not recomended
def slow_similarity(ratings, kind='user'):
#user case

if kind == 'user':
axmax = @
axmin = 1

#item case

elif kind == 'item':
axmax = 1
axmin = ©

#make the similarity matrix
#(item*item or user*user depending on the case)
sim = np.zeros((ratings.shape[axmax],
ratings.shape[axmax]))
#for every user or item
for u in range(ratings.shape[axmax]):
#for every user or item (again)
for uprime in range(ratings.shape[axmax]):
#sum factors
rui_sqrd = 0.
ruprimei_sqrd = 0.
#for each column or row (depending on kind)
for i in range(ratings.shape[axmin]):
#numerator
sim[u, uprime] = ratings[u, i] * ratings[uprime,

#denominator root sums
rui_sqrd += ratings[u,i] ** 2
ruprimei_sqrd += ratings[uprime, 1] ** 2
#fill the similarity matrix for user or item
sim[u, uprime] /= np.sqgrt(rui_sqgrd*ruprimei_sqrd)
return sim

#fast
#epsilon: very small number for handling divided-by-zero errors
def fast_similarity(ratings, kind='user', epsilon=1le-9):

#user case
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if kind == ‘'user':

sim = ratings.dot(ratings.T) + epsilon
#item case (transposed case scenario)
elif kind == 'item'

sim = ratings.T.dot(ratings) + epsilon
#make the norms
norms = np.array([np.sqrt(np.diagonal(sim))])
return (sim/norms/norms.T)

#prediction methods

#normalized sum of cosine similarities (weights)
#multiplied by the ratings

#slow simple
def predict_slow_simple(ratings, similarity,
kind = 'user'):
#make the prediction table
#(same shape as the ratings table)
pred = np.zeros(ratings.shape)
#user case
if kind == 'user':
#for each user
for i in range(ratings.shape[@]):
#for each user (again)
for j in range(ratings.shape[1]):
#make the prediction
pred[i,j] = similarity[i, :].dot(\
ratings[:,j])/np.sum(\
np.abs(similarity[i,:]))
#item case
elif kind == 'item':
#for each user
for i in range(ratings.shape[0]):
#for each user (again)
for j in range(ratings.shape[1l]):
#make the prediction (in reverse)
pred[i,j] = similarity[j, :].dot(\
ratings[i,:].T)/np.sum(\
np.abs(similarity[j,:]))
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#fast simple
def predict_fast_simple(ratings, similarity,
kind = 'user'):
#user case
if kind == 'user':
#dot product of similarities (weights)
#multiplied with the ratings divided by
#the sum of the absolute values of the
#cosine similarities (weights)
return similarity.dot(ratings)/\
np.array([np.abs(similarity)\
.sum(axis=1)]).T
#item case
elif kind == 'item':
#the same but transposed
return ratings.dot(similarity)/\
np.array([np.abs(similarity)\
.sum(axis=1)])

#top-k neighbours prediction
def predict_topk(ratings, similarity, kind='user', k=490):
#make the prediction matrix
pred = np.zeros(ratings.shape)
#user case
if kind == 'user':
for i in range(ratings.shape[@0]):
#top k users
top_k_users = [np.argsort(similarity[:,i])[:-k-1:-1]]
for j in range(ratings.shape[1]):
#make the prediction for the user
pred[i,]j] =
similarity[i,:][top_k_users].dot(ratings[:,j][top_k_users])
pred[i, j] /= np.sum(np.abs(similarity[i,
:][top_k_users]))
#item case
if kind == 'item':
for j in range(ratings.shape[1l]):
#top k items
top_k_items = [np.argsort(similarity[:,j])[:-k-1:-1]]
for i in range(ratings.shape[@]):
#make the prediction for the item
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pred[i, j] = similarity[j,
:][top_k_items].dot(ratings[i, :][top_k items].T)
pred[i, j] /= np.sum(np.abs(similarity[j,
:][top_k_items]))
return pred

#prediction with bias
def predict _nobias(ratings,similarity, kind='user'):
#user case
if kind == 'user':
#mean rating is bias
user_bias = ratings.mean(axis=1)
#calculate the ratings again based on bias
ratings = (ratings - user_bias[:, np.newaxis].copy())
#make the prediction, then add bias
#(h()*h()"~-1 golden rule)
pred =
similarity.dot(ratings)/np.array([np.abs(similarity).sum(axis=1)])
T
pred += user_bias[:, np.newaxis]
#item case
elif kind == 'item':
#same as before
item_bias = ratings.mean(axis=0)
ratings = (ratings - item_bias[np.newaxis, :]).copy()
pred = ratings.dot(similarity) /
np.array([np.abs(similarity).sum(axis=1)])
pred += item _bias[np.newaxis, :]
return pred

#top-k prediction with bias
def predict_topk _nobias(ratings, similarity, kind='user', k=40):
#make the prediction matrix
pred = np.zeros(ratings.shape)
#user case
if kind == 'user':
#mean bias
user_bias = ratings.mean(axis=1)
#remove bias
ratings = (ratings - user_bias[:, np.newaxis]).copy()
#for each user
for i in range(ratings.shape[@0]):
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#get the top-k users
top_k_users = [np.argsort(similarity[:,i])[:-k-1:-1]]
for j in range(ratings.shape[1]):
#make the prediction for top-k neighbours
pred[i, j] = similarity[i,
:][top_k_users].dot(ratings[:, j][top_k users])
pred[i, j] /= np.sum(np.abs(similarity[i,
:][top_k _users]))
#add the bias
#(h()*h()"~-1 golden rule)
pred += user_bias[:, np.newaxis]
#item case
if kind == 'item':
#same as before
item_bias = ratings.mean(axis=0)
ratings = (ratings - item_bias[np.newaxis, :]).copy()
for j in range(ratings.shape[1]):
top_k_items = [np.argsort(similarity[:,j])[:-k-1:-1]]
for i in range(ratings.shape[@]):
pred[i, j] = similarity[]j,
:][top_k _items].dot(ratings[i, :][top_k_items].T)
pred[i, j] /= np.sum(np.abs(similarity[j,
:][top_k _items]))
pred += item_bias[np.newaxis, :]
return pred

#ttest loss methods

#mean squared error

def get mse(pred, actual):
#make the prediction table for the given ratings
pred = pred[actual.nonzero()].flatten()
#make the evaluation table for the given ratings
actual = actual[actual.nonzero()].flatten()
return mean_squared_error(pred, actual)

Aettovpyles TapaAAning kataveunuévng emikovwviag ae PyTorch
#pytorch_distributed.py

import os
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import torch

import torch.distributed as dist

#from torch.multiprocessing import Process
import torch.multiprocessing as mp

#**READ THIS BEFORE DOING ANYTHING ELSE**: DO NOT initialize
#ANYTHING in cuda beforehand if you intend to work with
#multiprocessing on cuda. initializing variables in cuda within
#the forked process will cause the program to crash if
#variables have already been initialized outside the processes.
#DO NOT attempt this practice!!!

#Make sure there is nothing on the GPU memory before proceeding
#to initiazize anything in cuda within the processes

#*ADVICE*: upon debugging distributed applications, if the
#program stops unexcepectedly or joins processes without any
#output, run the script using the external console instead of
#the native Spyder console. error messages **CAN BE HIDDEN**.
#similar problems with hidden error messages can infrequently
#occur in other occasions as well

#*NOTICE*: gloo is currently being used as the primary backend
#because of compatibility reasons.

#due to its nature (works on both CPU and GPU)

#tensors can also be cast to CUDA devices in broadcast and
#all reduce functions.

#functions to be used
#nccl only supports broadcast, all reduce,
#reduce and all_gather

#Send/Receive
#send/recv not supported by nccl!
def send rcv(rank, size):
""" Distributed function to be implemented later.
print(f'Hello from task no. {rank}!")
tensor = torch.zeros(1)
if rank ==
print('I increase the tensor value by 1\
and send it to process 1!")
tensor += 1
dist.send(tensor=tensor, dst=1)
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else:
print('And I receive it!"')
dist.recv(tensor=tensor, src=0)
print(f'My tensor has this data: {tensor[@]}')
#pass

#isend/irecv (asynchronous)
#send/recv not supported by nccl!
def isend_ircv(rank, size):
""" Distributed function to be implemented later.
print(f'Hello from task no. {rank}!")
tensor = torch.zeros(1)
req = None
if rank == 0:
print('I increase the tensor value by 1\
and send it to process 1!')
tensor += 1
req = dist.isend(tensor=tensor, dst=1)
print('Task @ started sending')
else:
print('And I receive it!")
req = dist.irecv(tensor=tensor, src=0)
print('Task 1 started receiving')
#wait to receive/send data
reqg.wait()
print(f'Tasks synchonized!"')
print(f'My tensor has this data: {tensor[0]}')
#pass

#all reduce

def all reduce(rank, size):
print('Hello from task ', rank, '!")
#create a new group with the following
#processes
#Notice: all processes belonging in the
#distributed job MUST be entered, even if
#they are not to be used.
#Groups should also be created in the same
#order in all processes
group = dist.new_group([9,1])
#make a simple tensor
tensor = torch.ones(1)#.cuda()
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print('Before:")

print('Rank ', rank, ' has data ', tensor[@])
#everybody in the group do an all reduce

#operation summing up the tensors received

#by everyone else

dist.all reduce(tensor=tensor, op=dist.reduce op.SUM,

group=group)

print('After:")
print('Rank ', rank, ' has data ', tensor[0])

#more functions

#supported by nccl

def broadcast(rank, size):
print('Hello from task ', rank, '!")
#create a new group with the following
#processes

#Notice:

all processes belonging in the

#distributed job MUST be entered, even if
#they are not to be used.

#Groups should also be created in the same
#order in all processes

group = dist.new_group([0,1])

#make a simple tensor

tensor =

torch.ones(1)#.cuda()

print('Before:")
print('Rank ', rank, ' has data ', tensor[@])
#everybody in the group stores the received tensor inside the

tensor
#Notice:
process

the tensor should be of the SAME DIMENSIONS for each

dist.broadcast(tensor=tensor, src=0, group=group)
print('After:")
print('Rank ', rank, ' has data ', tensor[0])

def reduce(rank, size):
print('Hello from task ', rank, '!")
#create a new group with the following
#processes

#Notice:

all processes belonging in the

#distributed job MUST be entered, even if
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#they are not to be used.

#Groups should also be created in the same

#order in all processes

group = dist.new_group([9,1])

#make a simple tensor

tensor = torch.ones(1)#.cuda()

print('Before:")

print('Rank ', rank, ' has data ', tensor[@])

#rank © does a reduce operation,

#summing up the tensors received

#by everyone else

dist.reduce(tensor=tensor, dst=0, op=dist.reduce op.SUM,
group=group)

print('After:")

print('Rank ', rank, ' has data ', tensor[@])

def all gather(rank, size):
print('Hello from task ', rank, '!")
group = dist.new_group([9,1])
#make a simple tensor
tensor = torch.ones(1)#.cuda()
print('Before:")
print('Rank ', rank, ' has data ', tensor[0])
#the tensor list should contain correctly sized
#tensors, matching in dimensions every tensor
#that is to be received by the processes
tensor_list = [tensor, tensor]
#everybody in the group does a gather operation,
#storing the tensors received
#by everyone else inside the tensor list
dist.all gather(tensor_list=tensor_list, tensor=tensor,
group=group)
print('After:")
print('Rank ', rank, ' has data ', tensor[@])

#not supported by nccl
def gather(rank, size):
print('Hello from task ', rank, '!")
group = dist.new_group([9,1])
#make a simple tensor
tensor = torch.ones(1)#.cuda()
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print('Before:")

print('Rank ', rank, ' has data ', tensor[@])

#rank © does a gather operation,

#storing the tensors received

#by everyone else inside the tensor list

if rank ==
#the tensor list should contain correctly sized
#tensors, matching in dimensions every tensor
#that is to be received by the processes
tensor_list = [tensor, tensor]
dist.gather(tensor=tensor, gather_list=tensor_list,

group=group)

else:
dist.gather(tensor=tensor, dst=0, group=group)

print('After:")

print('Rank ', rank, ' has data ', tensor[0])

def scatter(rank, size):
print('Hello from task ', rank, '!")
group = dist.new_group([0,1])
#make a simple tensor
tensor = torch.ones(1)#.cuda()
print('Before:")
print('Rank ', rank, ' has data ', tensor[@])
#rank © does a scatter operation,
#distributing the tensors inside the 1list
#to every process inside the group
if rank ==
tensor_list = [tensor, tensor]
dist.scatter(tensor=tensor, scatter list=tensor list,
group=group)
else:
dist.scatter(tensor=tensor, src=0, group=group)
print('After:")
print('Rank ', rank, ' has data ', tensor[@])

def barrier(rank, size):
print('Hello from task ', rank, '!")
group = dist.new_group([9,1])
#make a simple tensor
tensor = torch.ones(1)#.cuda()
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print('Before:")

print('Rank ', rank, ' has data ', tensor[@])
tensor += 1

#wait all processes to reach the following line
dist.barrier(group=group)

print('After:")

print('Rank ', rank, ' has data ', tensor[@])

#initialize processes
#declare rank, size of group, function to be run
#and a backend.

#master address, port and world size can be declared outside
#of the processes as well (global)

os.environ[ "MASTER_ADDR'] = '127.0.0.1'

os.environ[ "MASTER_PORT'] = '29500'

os.environ[ "WORLD_SIZE'] = str(2)

#backend in gloo because nccl times out in Kepler 3.0 even when

#built from source...

def init_processes(rank, size, fn, backend='gloo'):
""" Initialize the distributed environment.
#os.environ[ '"MASTER_ADDR'] = '127.0.0.1'
#os.environ[ '"MASTER_PORT'] = '29500'
#os.environ[ '"WORLD_SIZE'] = str(size)
os.environ[ 'RANK'] = str(rank)
dist.init_process_group(backend, world_size=size, rank=rank)
fn(rank, size)

#spawn and forkserver methods don't work inside functions...

#def do():

#it is a best practice to use the if _ name_=='main' section.

#start methods like spawn and forkserver will produce a copy

#of the process's parent resulting in continuous process

#creation and a runtime error. using the if section ensures

#that no process creation will occur any further, since the

# _name__ variable's value will not be 'main' in the created

#process but a script name instead

if _name__ == "_ main__ ":
# name__ will refer to the function and not the script
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#if set within a function.
#the functions called below will not belong to the
#main function therefore initialization will fail with
#spawn and forkserver methods.
#also, despite expected outcome, fork method (default)
#will work with cuda tensors using distributed operations!!
#if there is no specific worry about sharing tensors
#otherwise with multiprocessing, it seems obvious that
#any start method will produce similar results with the
#distributed package operations.
#furthermore, it is a best practice to set the start
#method within the if _ _name__=='main' section.
#the spawn method can also be set only *once* inside
#a **main** script!!!
#mp.set start method('fork') #default
#or
#mp.set_start_method('spawn')
#or
#mp.set_start_method('forkserver')
#otherwise, you can create a context object using a
#specified start method
#ctx = mp.get_context('spawn')
size = 2
processes = []
for rank in range(size):

print('Initializing task ', rank)

#p = ctx.Process(target=init_processes, args=(rank, size,

all reduce))
p = mp.Process(target=init_processes, args=(rank, size,
all reduce))

print('Run process of task ', rank)

p.start()

processes.append(p)

print('\nActive processes before joining: ',
mp.active_children())
print('Joining ', len(mp.active_children()) ,"' processes')
for p in processes:
p.join()

print('Active processes after joining: ',
mp.active_children())
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AAyopiBuog mapayovtomoinong ae PyTorch, anAn ekmaibevon
#pytorch_SVD.py

#part 1: importing

#coded methods

from split_selection import input_select
from data_encode import encode, split

from models import SVD

from datasets import CF_Dataset

from training import train_model, test_loss,
set_model_untrained_weights

#libraries

import numpy as np #numpy

import pandas as pd #pandas

from pathlib import Path #path

import time #time

#import os #operating system

#import sys #system

import torch #PyTorch

#import torch.nn as nn #Neural network module
#import torch.nn.functional as F #functions

#sets the number of OpenMP threads to be used by PyTorch to the
maximum.

#the default is half of that amount

#torch.set _num_threads(os.cpu_count())
#torch.set_num_threads(1)

#reproducibility
torch.manual_seed(0)
np.random.seed(0)

#part 2: preparing data

#import data

print(f'\nLoading the data...')

PATH = Path("../Datasets/ml-latest-small")
data = pd.read_csv(PATH/"ratings.csv")
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#encode the dataset into unique and contiguous values
data = encode(data)
print(f'Dataset has been encoded')

num_ratings = len(data.rating)

num_users = len(data.userId.unique())
num_items = len(data.movieId.unique())
sparsity = num_ratings/(num_users*num_items)
mean_rating = data.rating.mean()

print(f'\nNumber of users: {num_users}")
print(f'Number of items: {num_items}")
print(f'Number of ratings: {num_ratings}')
print(f'Dataset sparsity: {sparsity}')
print(f'\nAverage rating: {mean_rating}\n')

#splitting variables input
method, value = input_select()

print(f'\nSplitting:\nMethod: {method}\nValue: {value}")

#dataset splitting
print('\nSplitting data into training and testing set\n')
train_set, test set = split(data, method, value)

print(f'\nTraining set: {train_set}\n")
print(f'\nTesting set: {test_set}\n')

print(f'\nMaking the torch datasets\n')
train_dataset = CF_Dataset(train_set)
test dataset = CF_Dataset(test_set)

#torch.save(train_dataset, 'movielens_training_set.pkl')
#torch.save(test_dataset, 'movielens_test_set.pkl')

#part 3: modeling
model = SVD(num_users, num_items, mean_rating)
#set the model to cuda for gpu training

#model = model.cuda()
print(f'Model initialized: \n{model}")
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#torch.save(model, 'model.pkl")

#the train function automatically sets the model to cuda
#by reinitializing it as a torch.nn.DataParallel module
#when the cuda parameter is set to True.

#cuda = False will initialize a training session based
#solely on cpu computations.

#in the case of a cuda based training, even if the model
#had initially been set to cpu, in order to calculate the
#the untrained weights and get the test loss, cuda must
#also be set to True

#part 4: training

start = time.time()

train_model(model, train_dataset, wd=0.00028, epochs=100,
cuda=True)

end = time.time()

print(f'\nTime elapsed for training: {end-start} sec')

#average model weights for untrained users/items
set_model_untrained_weights(model, train_dataset, test_dataset,
cuda=True)

#part 5: testing

test _loss(model, test dataset, cuda=True)

AAyopiBuog mapayovtomoinong ae PyTorch, Tomiky) TapdAAnAn kataveunuévn ekmaidsvon
#pytorch_SVD _distributed.py

#part 1: importing

#coded methods

from split_selection import input_select, input_tasks
from data_encode import encode, split

from models import SVD

from datasets import CF_Dataset

from training import train_model, test_ loss,
set_model untrained_weights

#libraries
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import numpy as np #numpy

import pandas as pd #pandas

from pathlib import Path #path

import time #time

import os #operating system

#import sys #system

import copy

#import pickle #pickle

import torch #PyTorch

#import torch.nn as nn #Neural network module
#import torch.nn.functional as F #functions
import torch.multiprocessing as mp #multiprocessing
import torch.distributed as dist #distributed

#sets the number of OpenMP threads to be used by PyTorch to the
maximum.

#the default is half of that amount

#torch.set _num_threads(os.cpu_count())
#torch.set_num_threads(1l) #or just one thread...

#reproducibility
torch.manual_seed(0)
np.random.seed(0)

#process initialization method
def init_processes(rank, size, fn, *args, backend='gloo',
**kargs):
#os.environ[ "MASTER_ADDR'] = '192.168.1.5"
os.environ[ "MASTER_ADDR'] = '127.0.0.1'
os.environ[ "MASTER_PORT'] = '29500'
os.environ[ "WORLD_SIZE'] = str(size)
os.environ['RANK'] = str(rank)
#os.environ[ 'GLOO_SOCKET_IFNAME'] = 'enp3s0'
#dist.init_process_group(backend,
init_method="tcp://192.168.1.5:29500", world size=size, rank=rank)
dist.init_process_group(backend, world size=size, rank=rank)
fn(*args, rank=rank, world size=size, **kargs)

#protection of resources and unrestrained spawning control

if _name__ == "_ main__ ":
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#part 2: preparing data

#import data

print(f'\nLoading the data...")

PATH = Path("../Datasets/ml-latest-small")
data = pd.read_csv(PATH/"ratings.csv")

#encode the dataset into unique and contiguous values
data = encode(data)
print(f'Dataset has been encoded')

num_ratings = len(data.rating)

num_users = len(data.userId.unique())
num_items = len(data.movield.unique())
sparsity = num_ratings/(num_users*num_items)
mean_rating = data.rating.mean()

print(f'\nNumber of users: {num_users}")
print(f'Number of items: {num_items}")
print(f'Number of ratings: {num_ratings}')
print(f'Dataset sparsity: {sparsity}')
print(f'\nAverage rating: {mean_rating}\n')

#splitting variables input
method, value = input_select()

print(f'\nSplitting:\nMethod: {method}\nValue: {value}')
#dataset splitting
print('\nSplitting data into training and testing set\n')

train_set, test set = split(data, method, value)

print(f'\nTraining set: {train_set}\n')
print(f'\nTesting set: {test_set}\n')

print(f'\nMaking the torch datasets\n')

train_dataset = CF_Dataset(train_set)

test_dataset = CF_Dataset(test_set)
#torch.save(train_dataset, 'movielens_training_set.pkl")

#torch.save(test dataset, 'movielens test set.pkl')
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#part 3: modeling

#initialize the model in cpu()

#NOTE: be careful not to overload the gpu if it is not
necessary

model = SVD(num_users, num_items, mean_rating)

#set the model to cuda for gpu training

model = model.cuda()

print(f'Model initialized: {model}')

#part 4: training
num_tasks = input_tasks()

#obligatory training arguments (train_args):
# #1 model, #2 training dataset
#train_args = [model, train_dataset]

#keyworded training arguments (kw_train_args).

#options include:

#epochs(10)(int): number of epochs, 1r(0.01)(float): learning
rate,

#wd(0.0) (float): weight decay

#unsqueeze(false)(boolean): add one more dimension to the
ratings for the training,

#cuda(false)(boolean): train model in cuda,

#distributed_mode(false)(boolean): distributed training,

#rank(None) (int): distributed training mode only - indicates
the rank of the running process,

#world_size(None)(int): distributed training mode only -
indicates the number of tasks/processes

#participating in the training process

kw_train_args = {'distributed_mode':True, 'cuda':True}

#parallel section

start = time.time() #start counter

mp.set_start method('spawn")

#use this when start method is fork (default) to

#share a cpu model with forked processes
#model.share_memory()

processes = []

print('Training is distributed. One model copy per process')
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for rank in range(num_tasks):

process

model = copy.deepcopy(model) #new model reference for each

train_args = [model, train_dataset] #reinstate the train

arguments

#arguments

arguments = [rank, num_tasks, train_model]
arguments.extend(train_args)

#key-worded arguments

kw_arguments = {'wd':0.00028, 'epochs':100}
kw_arguments.update(kw_train_args)

#init

p = mp.Process(target=init_processes, args=arguments,

kwargs=kw_arguments)

for

end

p.start()
processes.append(p)

p in processes:
.join()

©

time.time() #end counter

print(f'\nTime elapsed for training: {end-start} sec')

#average model weights for untrained users/items
set_model_untrained_weights(model, train_dataset,
test _dataset, cuda=True)

#part 5: testing

test_loss(model, test_dataset, cuda=True)

AAyopiBuog mapayovtomoinong e PyTorch, mapdAAnAn kataveunuévn ekmaidsvon, koufos
utag Stepyaociag
#Node_SingleProc.py

#part 1:

importing

from training import train_model, test_loss,
set_model _untrained_weights

import numpy as np #numpy
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import time #time

import os #operating system

import sys #system

import torch #PyTorch

import torch.distributed as dist #distributed

#torch.set_num_threads(os.cpu_count())

#reproducibility
torch.manual_seed(9)
np.random.seed(0)

#part 2: preparing data

#load the datasets (torch.utils.data.Dataset)
train_dataset = torch.load('movielens_training set.pkl"')
test_dataset = torch.load('movielens_test_set.pkl")

print(f'\nTraining set: {train_dataset.data}"')
print(f'\nTesting set: {test_dataset.data}')

#part 3: modeling

#load the model
model = torch.load("model.pkl").cuda()
print(f'\nModel: {model}")

#part 4: training

backend = 'gloo’
node = int(sys.argv[1])
world size = int(sys.argv[2])

#os.environ[ '"MASTER_ADDR'] = "'192.168.1.4"'
os.environ[ '"MASTER_ADDR'] = '195.251.122.92"'
#os.environ[ '"MASTER_ADDR'] = '127.0.0.1'
os.environ[ '"MASTER_PORT'] = '29500'
os.environ[ "WORLD_SIZE'] = str(world size)
os.environ[ 'RANK'] = str(node)

os.environ[ 'GLOO_SOCKET _IFNAME'] = 'enp3so'
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dist.init_process_group(backend,
init_method="tcp://195.251.122.92:29500", world_size=world_size,
rank=node)

#dist.init_process_group(backend, world size=world size,
rank=node)

start = time.time()

train_model(model, train_dataset, cuda=True,
distributed_mode=True, rank=node, world size=world_size)
end = time.time()

print(f'\nTime elapsed for training: {end-start} sec')

#average model weights for untrained users/items
set_model untrained_weights(model, train_dataset, test_dataset,
cuda=True)

#part 5: testing

test _loss(model, test dataset, cuda=True)

AAyopiBuog mapayovtomoinong ae PyTorch, mapdAAnAn kataveunuévn ekmaidevon, koufog
TOAAWV SLEPYATLWV
#Node_MultiProc.py

#part 1: importing

#coded methods
from training import train_model, test_loss,
set_model untrained_weights

#libraries

import numpy as np #numpy

import time #time

import os #operating system

import sys #system

import copy #copy

import torch #PyTorch

import torch.multiprocessing as mp #multiprocessing
import torch.distributed as dist #distributed

#reproducibility
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torch.manual_seed(0)
np.random.seed(0)

#process initialization method
def init_processes(rank, size, fn, *args, backend='gloo',
**kargs):
#os.environ[ '"MASTER_ADDR'] = '192.168.1.5"
os.environ[ "MASTER_ADDR'] = '127.0.0.1'
os.environ[ "MASTER_PORT'] = '29500'
os.environ[ '"WORLD _SIZE'] = str(size)
os.environ['RANK'] = str(rank)
#os.environ[ 'GLOO_SOCKET_IFNAME'] = 'enp3s0'
#dist.init_process_group(backend,
init_method="tcp://192.168.1.5:29500", world_size=size, rank=rank)
dist.init_process_group(backend, world_size=size, rank=rank)
fn(*args, rank=rank, world size=size, **kargs)

#protection of resources and unrestrained spawning control
if __name__ == "

__main__ ":
#part 2: preparing data

#load the datasets (torch.utils.data.Dataset)
train_dataset = torch.load('movielens_training_set.pkl")

test_dataset = torch.load('movielens_test set.pkl")

print(f'\nTraining set: \n{train_dataset.data}\n\n")
print(f'\nTesting set: \n{test _dataset.data}\n\n')

#part 3: modeling

#load the model

model = torch.load('model.pkl').cuda()
print(model)

#part 4: training

first_task, last_task = eval(sys.argv[1])
world size = int(sys.argv[2])

#train_args = [model, train_dataset]
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kw_train_args = {'distributed_mode':True, 'cuda':True}

#parallel section
start = time.time() #start counter
mp.set_start_method('spawn')
processes = []
print('\nTraining is distributed. One model copy per
process\n\n')
for rank in range(first_task, last task+1l):
model = copy.deepcopy(model) #new model reference for each
process
train_args = [model, train_dataset] #reinstate the train
arguments
#arguments
arguments = [rank, world_size, train_model]
arguments.extend(train_args)
#key-worded arguments
kw_arguments = {}
kw_arguments.update(kw_train_args)
#init
p = mp.Process(target=init_processes, args=arguments,
kwargs=kw_arguments)
p.start()
processes.append(p)

for p in processes:
.join()

©

end

time.time() #end counter
print(f'\nTime elapsed for training: {end-start} sec')
#average model weights for untrained users/items
set_model untrained_weights(model, train_dataset,

test dataset, cuda=True)

#part 5: testing

test loss(model, test dataset, cuda=True)

AAyopiBuog mapayovtomoinong ae PyTorch, anAn eknaibevon, eéaywyn amoteAecuatwv
#pytorch SVD(test).py
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#part 1: importing

#coded methods

from split_selection import input_select
from data_encode import encode, split

from models import SVD

from datasets import CF_Dataset

from training import train_model, test_loss,
set_model untrained_weights

#libraries

import numpy as np #numpy

import pandas as pd #pandas

from pathlib import Path #path

import time #time

#import os #operating system

#import sys #system

import torch #PyTorch

#import torch.nn as nn #Neural network module
#import torch.nn.functional as F #functions
import matplotlib.pyplot as plt #plotting
import seaborn as sns

#sets the number of OpenMP threads to be used by PyTorch to the
maximum.

#the default is half of that amount

#torch.set _num_threads(os.cpu_count())
#torch.set_num_threads(1)

#reproducibility
torch.manual_seed(0)
np.random.seed(0)

#part 2: preparing data

#import data

print(f'\nLoading the data...')

PATH = Path("../Datasets/ml-latest-small™)
data = pd.read_csv(PATH/"ratings.csv")

#encode the dataset into unique and contiguous values
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data = encode(data)
print(f'Dataset has been encoded')

num_ratings = len(data.rating)

num_users = len(data.userId.unique())
num_items = len(data.movieId.unique())
sparsity = num_ratings/(num_users*num_items)
mean_rating = data.rating.mean()

print(f'\nNumber of users: {num_users}")
print(f'Number of items: {num_items}")
print(f'Number of ratings: {num_ratings}')
print(f'Dataset sparsity: {sparsity}')
print(f'\nAverage rating: {mean_rating}\n')

#splitting variables input
method, value = input_select()

print(f'\nSplitting:\nMethod: {method}\nValue: {value}')

#dataset splitting
print('\nSplitting data into training and testing set\n')
train_set, test_set = split(data, method, value)

print(f'\nTraining set: {train_set}\n')
print(f'\nTesting set: {test_set}\n')

print(f'\nMaking the torch datasets\n')
train_dataset = CF_Dataset(train_set)
test _dataset = CF_Dataset(test_set)

#epochs_array = [5, 10, 20, 30, 40, 50, 60, 70]
epochs_array = [100]
#decay_array = [0.0007, 0.0005, 0.0004]

#tmake a seaborn set
sns.set()

pal sns.color_palette("Set2", 3)

fig = plt.figure(figsize=(8,8)) #8x8
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#for i, decay in enumerate(decay_array):
test mse = []
for epochs in epochs_array:

#part 3: modeling

model = SVD(num_users, num_items, mean_rating, emb_size=100)
#set the model to cuda for gpu training

model = model.cuda()

print(f'Model initialized: \n{model}')

#the train function automatically sets the model to cuda
#by reinitializing it as a torch.nn.DataParallel module
#when the cuda parameter is set to True.

#cuda = False will initialize a training session based
#solely on cpu computations.

#in the case of a cuda based training, even if the model
#had initially been set to cpu, in order to calculate the
#the untrained weights and get the test loss, cuda must
#also be set to True

#part 4: training

start = time.time()

train_model(model, train_dataset, 1r=0.01, wd=0.00028,
epochs=epochs, cuda=True)

end = time.time()

print(f'\nTime elapsed for training: {end-start} sec')

#average model weights for untrained users/items
set_model _untrained_weights(model, train_dataset,
test dataset, cuda=True)
#part 5: testing
test_mse += [test _loss(model, test dataset, cuda=True)]
subplot = fig.add_subplot(1,1,1)
#draw the following

#alpha (intensity) = 0.5
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subplot.plot(epochs_array, test _mse, c=pal[@], label='Test loss',
alpha=0.5, linewidth=5)

#draw the legend at the best location, fonts: 20px
plt.legend(loc="best', fontsize=20)

#make the ticks as following
plt.xticks(fontsize=16);

plt.yticks(fontsize=16);

#and the labels

plt.xlabel('Epochs', fontsize=30);
plt.ylabel('MSE', fontsize=30);

plt.show()

MéBodot etoaywyng emAOywV ekTalSevong
#split selection.py

import os #operating system

#returns valid splitting method selection and proper values
#for splitting
def input _select():
print('Choose splitting method: ")
print('l. Testing size')
print('2. Percentage split')
print('3. Use default (Percentage split of ©0.1)")
method = input('")
if method == '1":
value = input_split()
elif method 2
value = input_mask()

elif method == '3':
method = 2
value = float(0.1)
else:

print('Again...")
method, value = input_select()
return int(method), value

#returns splitting value, fixed testing set size case
def input_split():
try:
value = int(input('Insert testing set size:'))
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if value > 0O:
return value

else:
print('Not a positive integer! Again...")
value = input_split()
return value

except ValueError:

print('Not an integer! Again...")

value = input_split()

return value

#returns splitting value, testing set percentage size case
def input_mask():
try:
value = float(input('Insert splitting mask (test\
set percentage size):'))
if 0.0 < value < 1.0:
return value
else:
print('Splitting mask has to be between @ and\
1! Again...")
value = input_mask()
return value
except ValueError:
print('Not a floating number! Again...")
value = input_mask()
return value

#returns valid number of tasks for distributed parallel model
#training
def input tasks():

print('\n|----------c-mmmmmie e [ ")

print('\nThis program will distributedly parallelize training
of the given model')

tasks = input('\n\nPlease insert number of tasks for the
distributed \
training to be split or simply type [d] to use the \
default number of logical processors on your machine \
as the number of tasks:\n\n')

try:

if tasks == 'd':
tasks = os.cpu_count()
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elif int(tasks) > 10:
print('\nInput number of tasks is potentially
hazardous \
for the system. Please insert a value lower than 10.")
tasks = input_tasks()
elif int(tasks) <= 0:
print('\nNumber of tasks cannot be a negative number!
Again...")
tasks = input_tasks()
except ValueError:
print('\nNot an integer! Again..."')
tasks = input_tasks()
return int(tasks)

MéBobot kwdikomoinong SedSouévwv
#data_encode.py

import numpy as np
import sys

#encodes columns of dataframe data into unique values
#and drops all negative records.
#the dataframe data is returned
def encode(data, columns=[‘'userId', 'movieId']):
for col _name in columns:
_,col, = proc_col(data[col_name])
data[col _name] = col
data = data[data[col _name] >= 0]
return data

#processes a column and returns a dictionary of its indices
#and values, an array of these values and the length of the
#column. the processing of the column involves transforming it
#into unique values before returning any of the aformentioned
#variables
def proc_col(col):
unig = col.unique()
name2idx = {o:i for i,0 in enumerate(uniq)}
return name2idx, np.array([name2idx.get(x,1) for x in col]),\
len(uniq)

#used in implicit feedback models.
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#return users and items into a combined transposed (human
readable)
#numpy array index
#eg. idx[13] = [16, 78]: index position 13 contains a combination
of
#a user of id 16 and an item of id 78 (user 16 has rated item 78)
def rating_idx(users, items):

idx = [users, items]

idx = np.array(idx).transpose()

return idx

#returns a tuple of indices of extinct users and items of a
training

#set when compared to a testing set

def get_untrained(test_dataset, train_dataset):

users
items

np.array([], dtype=int)
np.array([], dtype=int)

for i in test_dataset.data['userId'].unique():
if i not in train_dataset.data[ 'userId’'].values:
users = np.append(users, i)

for i in test dataset.data[ 'movield’'].unique():
if i not in train_dataset.data[ 'movield'].values:
items = np.append(items, i)

return users, items

#split dataframe into train and test sets
def split(data, method=2, value=None):

try:
#determined by testing set size
if method == 1:
if value == None:
test = data.sample(n=1000)
else:

test = data.sample(n=value)
#determined by split percentage
elif method == 2:
if value == None:
test = data.sample(frac=0.1)
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else:
test = data.sample(frac=value)
train = data.drop(test.index)
return train, test
except Exception:

print('Invalid method, incorrect dataset input, \
invalid testing set size or slicing \
percentage. Program will exit to avoid \
further errors.")

sys.exit()

Movtéda alyopOuwv
#models.py

import torch #PyTorch
import torch.nn as nn #Neural network module

#two-layer net
class TwolLayerNet(nn.Module):

#constructor

def __init__ (self, D_in=1000, H=100, D _out=10):
super(TwoLayerNet, self). init () #call base constructor
self.linearl = nn.Linear(D_in, H) #linear layer 1
self.linear2 = nn.Linear(H, D_out) #linear layer 2

#forward function (prediction)
def forward(self, idx):
hidden_out=self.linearl(idx).clamp(min=0) #hidden layer
output
output_out = self.linear2(hidden_out) #output layer output
return output_out

#SVD (singular value decomposition) model with bias and mean

#rating

class SVD(nn.Module):

def init_ (self, num_users, num_items, mean, emb_size=100):

super(SVD, self). init_ ()
self.user_emb = nn.Embedding(num_users, emb_size)
self.user_emb_bias = nn.Embedding(num_users, 1)
self.item_emb = nn.Embedding(num_items, emb_size)
self.item_emb_bias = nn.Embedding(num_items, 1)
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self.user_emb.weight.data.uniform_(0, ©.005)
self.user_emb_bias.weight.data.uniform_(-0.01, 0.01)
self.item_emb.weight.data.uniform_(0, ©.005)
self.item_emb_bias.weight.data.uniform_(-0.01, 0.01)

self.mean = nn.Parameter(torch.FloatTensor([mean]), False)

def forward(self, u, v):

U =
b_u
I =
b i
retu

Datasets
#datasets.py

import torch

self.user_emb(u)

= self.user_emb _bias(u).squeeze()
self.item_emb(v)

= self.item _emb bias(v).squeeze()

rn (I*U).sum(1l) + b u + b_i + self.mean

from torch.utils.data import Dataset

#collaborative filtering dataset based on the Movielens datasets

class CF_Dat

#tdata in

aset(Dataset):

itiliaziation is best done in the init method.

#optimize code to reduce training time

def __in

self.
self.

self

self.
self.
self.

it (self, data):

data = data

length = len(data)

.users = torch.LongTensor(data[ 'userId'].values)
items = torch.LongTensor(data[ 'movieId'].values)
ratings = torch.FloatTensor(data['rating'].values)
timestamp =

torch.LongTensor(data[ 'timestamp'].values)

def _ getitem_ (self, idx):

retu
"'movield’:se
"timestamp’:

def __1le

rn {'userId':self.users[idx],
1f.items[idx], 'rating':self.ratings[idx],
self.timestamp[idx]}

n__ (self):

return self.length
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MéBodot ekmaidevong kat aélodoynong
#training.py

port torch

import torch.nn.functional as F

from torch.utils.data import DistributedSampler, DatalLoader
from torch.nn.parallel import DistributedDataParallelCPU,
DistributedDataParallel

import threading

import queue

from data_encode import get_untrained
from misc import queue_iter print

#factorization module training. optimizer is Adam

#by default. options for distributed and manual distributed

training,

#cuda training and high precision mode (average weights after

finish)

#prints training error per every epoch

def train_model(model, train_dataset, epochs=10, 1lr=0.01,
wd=0.0, unsqueeze=False, cuda=False,
distributed_mode=False, rank=None,

world_size=None):

rank_prt = f"Rank {rank}: "
sampler = None

#printing is assigned to a new thread to minimize training
time by removing

#I/0 interrupts

#a queue will handle the passing of the print string messages
to the new thread

g = queue.Queue()

print_thread = threading.Thread(target=queue_iter print,

args=(d,))
print_thread.start()

#tdistributed mode

if distributed_mode:
g.put(f"{rank_prt}Creating distributed sampler")
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sampler = DistributedSampler(train_dataset,
num_replicas=world_size, rank=rank)

if cuda:

model = DistributedDataParallel(model)
else:

model = DistributedDataParallelCPU(model)

g.put(f"{rank_prt}Set the model to distributed data
parallel™)

#non-distributed. set the model to DataParallel to increase
training speed
elif not distributed_mode and cuda:
model = torch.nn.DataParallel(model)

g.put(f"{rank_prt}Making Dataloader")
dataloader = DatalLoader(train_dataset, batch_size=5001,
num_workers=4, sampler=sampler)

#optimizer created after the model has been set to a definite
location
optimizer = torch.optim.Adam(model.parameters(),lr=1r,
weight decay=wd)
g.put(f'{rank_prt}Created optimizer")

model.train()
g.put(f'{rank_prt}Model is in training mode\n")

for i in range(epochs):

if distributed_mode:
sampler.set_epoch(i)

for batch_idx, batch_sample in enumerate(dataloader):
train_prt = f"Epoch {i}, batch {batch_idx}: "
users = batch_sample["userId"].long()

items = batch_sample["movieId"].long()
ratings = batch_sample["rating"].float()

if unsqueeze:
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ratings = ratings.unsqueeze(1)

if cuda:
users = users.cuda()
items = items.cuda()

ratings = ratings.cuda()

y_hat = model(users, items) #prediction

loss = F.mse_loss(y_hat, ratings) #loss

optimizer.zero_grad() #zero gradients

loss.backward() #update gradients

optimizer.step() #step

g.put(f'{rank_prt}{train_prt}Training loss:
{loss.item()} ")

g.put(".end") #signal the print function to return
print_thread.join() #and close the thread

#calculates loss error between the prediction and the testing
#set. default method of calculation is mean squared error
def test loss(model, test dataset, unsqueeze=False,
cuda=False):
model.eval()

#make dataloader to read test dataset. make batch size very
large

#to retrieve the whole test set

dataloader = DatalLoader(test dataset, batch size=1000000)

test_set = next(iter(dataloader))

users = test _set['userId']
items = test_set['movield']
ratings = test_set['rating']

if cuda == True:
users = users.cuda()
items = items.cuda()
ratings = ratings.cuda()

if unsqueeze:
ratings = ratings.unsqueeze(1)
y _hat = model(users, items)
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loss = F.mse_loss(y_hat, ratings)
print(f'\nTest loss: {loss.item()}")
return loss.item()

#sets the model weights for items and users not included
#in the training set (untrained and unchanged weights)
#to the mean item or user weight.

#a classic cold start problem solution

def set_model untrained_weights(model, train_dataset,
test_dataset, cuda=False):

untrained_users, untrained_items = get_untrained(test_dataset,
train_dataset)

user_trained_indices =
torch.LongTensor(train_dataset.data['userId'].unique())

item_trained_indices =
torch.LongTensor(train_dataset.data[ 'movield’'].unique())

if cuda == True:
user_trained_indices
item_trained_indices

user_trained indices.cuda()
item_trained_indices.cuda()

user_trained_weights =
torch.index_select(model.user_emb.weight, dim=0, index
user_trained_indices)

item_trained_weights
torch.index_select(model.item_emb.weight, dim=0, index
item_trained_indices)

user_trained_average user_trained_weights.mean(0)
item_trained_average = item_trained_weights.mean(9)

for i in untrained_users:
model.user_emb.weight[1i]

user_trained_average

for i in untrained_items:
model.item_emb.weight[1i]

item_trained_average

#misc.py
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#iteratively prints elements of a queue. end keyword is ".end"

def queue_iter print(q):

while True:

prt = q.get()
if prt == ".end": break
print(prt)
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OAHI'OX XPHXHX AOTIXMIKOY

Anaconda
H Anaconda cival pia eAeUBepn kal open source dlavoun Twv YAwoowyv Python

Kal R yia oKOTToUG ETTIOTNUOVIKWY UTTOAOYIOUWV.

H Anaconda Ttapéxel €va OIaXEIPIOTH EIKOVIKWY TTEPIBAAAOVTWY, HE KABE
TTePIBAANOV va €xel TIG DIKEG Tou BIBAI0Brikeg. To TrepIBAANov base, To oTToio €ival
Kal 1O TTpoeTTIAeypévo  TTEPIBAAAOV 0TV Anaconda, £€pxeTalr  €XovTag
TTPOEYKATECTNUEVEG TIG TTEPIOOCOTEPES ATTO dNUOPIAEIC BIBAIOBAKES, OTTWG €ival ol

NumPy, Pandas, Scikit-learn, SciPy kai Matplotlib.

Ta TepiBadANovTa autd gival Trpoodaoipa atrd Tov Anaconda Navigator, aAAd Kai
MEOW  TEPUATIKOU,  TTANKTPOAOYWVTAG TNV EVIOA  source activate

<environment_name>, yia TNV EvEPYOTTOINCN TOU TTEPIBAAANOVTOG.

H Anaconda trapéxel akoun pia TTAnBwpa epyaAciwv avatTuéng, atrd Ta oTroia

EMEIG XpnolyoTroimoaue 1o Spyder.

Ooov agopd Tnv gykardoTtaon Tng PyTorch oto TTepIBAANOV Pag, amapaitnTo
givalr va éxouue eykaraotioel Tnv PIBAIOOAKN NumPy, va €xoupe A&IToupyikd
ovuotnua Linux 13.04 1 vedtepo kal €dv €MOUPOUUE VA EKUETAAAEUTOUME TIG
duvaTOTNTEG TNG KAPTAG YPAPIKWY pag va €xoupe pia ékdoon CUDA 8 ) vedtepn. H

eykatdoTtaon NG PyTorch yivetal eUKOAa e TIG €EAG EVTOAEG:

o [a eykatdoTaon pe 10 TTakETo Conda:

o conda install pytorch torchvision cuda=9.0 -c pytorch
eav emOupoupe Tnv TeAeuTaia €kdoon TnG PyTorch yia CUDA 9.0
pe torchvision. MNa CUDA 8 1 10 tTAnkTpoAoyoupe avTtioToixa
cuda=8.0 1 cuda=10.0.

o Edv dev emBupolpe va €xouue UTTOOTAPIEN €TTITAXUVONG ME TNV
XPAON KAPTAG YPAQPIKWY MTTOPOUME VA  TTANKTPOAOYNOOUE:
conda install pytorch-cpu torchvision-cpu -c pytorch

o Edv degv emBupolpe akdun va €xoupe emTAéov TNV PIBAIOBNAKN
torchvision ptTopouue va Tnv TTapaAgiyoupe

o [0 eykatdoTAON KE TO TTAKETO PIp:

o T[a Python 3:
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e [1a CUDA9:
pip3 install torch torchvision
e [1a CUDA 8:

pip3 install
https://download.pytorch.org/whl/cu80/torch-
1.0.1.post2-cp36-cp36m-1linux x86 64.whl

pip3 install torchvision

e [1a CUDA 10:
pip3 install
https://download.pytorch.org/whl/cul@/torch-
1.0.1.post2-cp36-cp36m-linux x86 64.whl

pip3 install torchvision

e [1a CPU uoévo:
pip3 install
https://download.pytorch.org/whl/cpu/torch-
1.0.1.post2-cp35-cp35m-1inux x86 64.whl

pip3 install torchvision
o Ta Python 2.7:
AVTIKATAOTOUME OTTOU pip3 ue pip. MTTopouue €1Tiong va

TTapaAsiyoupe TNV eykaTdoTaon Tng torchvision av 1o emOupouue

O1 evioAéG auTEG TTANKTPOAOyOUVTAl O€ TEPUATIKO, OTO TrEPIBAAAOV  TTOU
€mMBuPoUuE va KAvouue Tnv gykaraotacn. Edv dnAadn, yia Tapddeiyua, BEAoupe
va gykataoTtiiooupe TNV PyTorch o€ éva mepiBdAAov pe dvopa environmentl, 10TE
ammd TEPMATIKO Ba xpelooTel TTPWTA va TTANKTPOAOYACOUPE source activate
environmentl yia TNV evepyoTToinon Tou TTEPIBAAAOVTOG Kal ETTEITA TIG KATAAANAEG

EVTOAEG YIO TNV EYKATAOTAON TNG AvTioToIXNG ékdoong Tng PyTorch.

Ta Tapatmmdvw 1oxuouv yia TePIBAANOV Linux. ZTnv TePITITwon TePIBAAAOVTOG
Windows, n eykardaotacon Tou Anaconda trepIAapBavel Eva akéun €idog TEPUATIKOU,
10 Anaconda Prompt. 2tnv trepirrwon Windows Aoittév, ol idieg eVTOAEG Ba TTPETTE

va TTANKTpoAoynBolv oTo TEPUATIKO AUTO.

MNa Tnv atrevepyotroinon tou TTEPIBAAAOVTOG Ba TTPETTEI va TTANKTPOAOYIOOUNE

TNV €VTOAN source deactivate.

181 ano6 188


https://download.pytorch.org/whl/cu80/torch-1.0.1.post2-cp36-cp36m-linux_x86_64.whl
https://download.pytorch.org/whl/cu80/torch-1.0.1.post2-cp36-cp36m-linux_x86_64.whl
https://download.pytorch.org/whl/cu100/torch-1.0.1.post2-cp36-cp36m-linux_x86_64.whl
https://download.pytorch.org/whl/cu100/torch-1.0.1.post2-cp36-cp36m-linux_x86_64.whl
https://download.pytorch.org/whl/cpu/torch-1.0.1.post2-cp35-cp35m-linux_x86_64.whl
https://download.pytorch.org/whl/cpu/torch-1.0.1.post2-cp35-cp35m-linux_x86_64.whl

Mtuylokn epyacia tou dportntr Bacin Mooyoémnouiou

Na onueiwBei akdun TTWG €xovTag eykateoTnuévn katrola ékdoon MPI, ytropouue

va xpnoigotroiooupe MPI pe Tnv PyTorch.

Anaconda-Navigator = K 49

Anaconda Na:

File  Help

) ANACONDA NAVIGATOR

A Home | -

arch Environment Q ‘ ‘ Installed ~ Channels Update index...
ﬁ B I @ > Name v T  Description Version 2]
Env!
_ipyw_ilab_nb_ext... O A configuration metapackage for enabling anaconda-bundled jupyter extensions 0.1.0
0
W Learning alabaster O Configurable, python 2+3 compatible sphinx theme. 07.12
anaconda-client O Anaconda.org command line client library 17.2
A% Community
anaconda-project (' Tool for encapsulating, running, and reproducing data science projects 082
;
To KEPLBIIMOV base appdirs. D Asmall python madule for determining appropriate platform-specific dirs. 143
asnicrypto O Python asn.1 library with a focus on performance and a pythonic api 0240
astroid O Asbstract syntax tree For python with inference support. 204
astropy O Community-developed pythen library for astronomy 305
atomicwrites O Atomic file writes. 121
- Attrs is the python package Ehat will bring back the joy of writing classes by relieving you from the drudgery of
=
! B anrs O implementing object prokocols (aka dunder methods) e
Ot BLBALOBNRKEG
B automat O Selfservice finite-state machines for the programmer on the go 070
neppaiiovrog
babel D Utilities to internationalize and localize python applications 260
Documentation
backeall O specifications for callback functions passed in to an api 010
=
Developer Blog B backports 2 i
backports.os 9] 011
Yy & 9 L] ] B\ M rrtnschinin 0 A narimnr sbtha nas barminal civa umsbinn foam a3 3 sk 1an_ I8
Create import 250 packages available

Ewodva 14 — Anaconda Navigator, teptBdAAov base kot BLBAL0ONKeG mepBaAAovtog

Activities Anaconda-Navigator =

Anaconda Navigator

Flle  Help

) ANACONDA NAVIGATOR Sani

Anacon:

o Applications on — Refresn
. Environments o ] ] o
)
. Jupyter
W Learning S
.
JupyterLab Notebook Qt Console Spyder
0353 570 7442 331
o COmmunity ;
B An extensible environment for interactive Web-based, interactive computing notebook | PyQt GUI that supports inline figures, proper Scientific PYthon Development
and reproducible computing, based on the | | environment. Edit and run human-readable multiline editing with syntax highlighting, EnviRonment. Powerful Python IDE with
Jupyter Notebook and Architecture. docs while describing the data analysis. graphical calltips, and more. advanced editing, interactive testing,

debugaing and intraspection features

= = =

i

VS Code Glueviz Orange 3 RStudio
1300 0.133 3170 1.1.456
Streamlined code editor with support for i data visualization scross | Component based data mining framewark. Aset of integrated tools designed to help
development operations like debugging, | | files. Explore relationships within and among Dota visualization and date analysis For you be more productive with R. Includes R
task running and version control. related datasets. novice and expert. Interactive workflows essentials and notebooks.

with alarge toolbox.
Documentation

Developer Blog |:| |:| |:| |:|

¥y & ¢ =

Ewkova 15 — Anaconda Navigator, epyaleia avantuéng
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Mtuylakn epyooia tou dottntr BaciAn Mooyomoulou

Activities [ Terminal = Kup 22:55 @

Start Locally | PyTorch - Mozilla Firefox (Private Browsing)

o

ceyx@Harvey: ~
File Edit view Search Terminal Help

urce activate
y:~$ python

credits” or "license" for more information. Lm Blog

Tutorials Docs Resources GitHub Q

>>> np.ndarray((3,2))

array([[6.94244962¢- 244962e-310],
[1.39835953e-076, 413727e-009],
[2.17156970e+214, 6.45967520e+270]])

[1]+ Stopped pythan

(base) ceyx@Harvey:~5 []

stall Anaconda[#anaconda]
DA, if your machine has a CUDA-enabled GPU

tall optional dependencies:

export CMAKE_PREFIX_PATH="$(dirname $(which conda))/../"

Ewkova 16 — NepBaAlov Anaconda, mpooBaon oo TEPHUATIKO
Spyder
To Spyder cival éva Python IDE, éva amd ta epyaAeia Tou TTpoc@épovTal atmod

TNV diavour Anaconda.
To Spyder xwpiCetal o€ 4 KUpla Baoikd tabs:

e Mevou:
BpiokeTal TTGvw Kal TTEPIEXEI TIG TTEPIOCOOTEPEG ATTO TIG AgIToupyieg Tou IDE.
Aivovtal etriong epyaAeia debugging 6TTwg Step into, Run current, Run
selection KTA.

e Editor:
BpiokeTal apiotepd Kai gival To tab oTo OTT0i0 YPAPETAl O KWOIKAG

e Variable explorer / BoriBeia:
Bpioketal Tévw 6e€1d. To Spyder mmapéxel Eévav e€epeuvnt METARANTWYV
OTTOU PTTOPEI KAVEIG va &€l OAEG TIG HETABANTEG TTOU €XEI SNUIOUPYAOE! KAl
va TIG peAetnoel. Akdun, oto TTapdbupo Tou Editor, ptmopei kaveig va
KaAéoel Tnv Bondeia yia otroladnTrote YEBODO I AVTIKEIMEVO TTATWVTOG

Ctrl+l, £€xovTag TautdXpOVA TOV KEPOOPA TTAVW O€ auTo. H BorBsia putropei
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Mtuxlakn epyacio Tou poltntr BaciAn MooyxomouAou

Va TTAPEXEI OUXVA XPrOIPES TTANPOYOPIES VIO TV oUVTALN, YAUTWVOVTAG
XpPoOvo atré avalntnon o€ avriotolxo documentation
¢ |Python console:

To tab kovooAag IPython BpiokeTal kKaTw &€€IA Kal €ival Pia KOVOOAa GTTou
MTTOPEI KaveiG va KAAEoel eVIOAEG Aueca. O1 KOVOOAEG PTTOPED va gival
TTEPICOOTEPEG ATTO Mid, ME TNV KABE pIa va €xel TIG OIKEG TNG ETABANTEG. O
METAPBANTEC auTEC PTTOPOUV va Bpebouv oTto tab Tou Variable explorer,
akpIBWGS atrd mavw. KdaBe TTpoypapua Tpéxel o€ pia pévo ammod TIg
KOVOOAEG.

Na onuelwBei TTWG TTOAEG QOPEG gival XPATIKO va XPNOIKOTTOIEITAI PIO EEWTEPIKA

KOVOOAQ TEPUATIKOU, a@oU UTTAPYXOUV errors TTou PTropouv va dia@uyouv atro Jia

kovaoAa IPython. lNa va Tpégel kaveig Eva TTpdypaupa o€ hia EEWTEPIKA KOVOOAa Ba

TTPETTEl va TO €TTIAEEEI ATTO TIG pUBioEIS Tou pevou Run -> Configuration per file.

Activities £ Spyder v Kup 23:00 @ env S W) O~
spyder (Python 3.6) (<]

File Edit Search Source Run gebué'cig:\ss Projects Tools yle; Help MEVOI.'J

O B %EaQ@ » D¢ Mue=E=Enp A X L& AL E S momeiceyx . B A

— Variable explofer

Editor - /media/ceyx/Elwood - WD-N T2/Shared folder/TEI/It has bequn/code/pytorch_SVD_distributed.py @60 Variable explorer A (cEs)
|| _pytorch_SvD_distributed.py X | Node SingleProcpy X | Node MultiProc.py X | split selection.py |4 g + EI_% & Ko Borfsia L3

18 inport numpy 35 ME —_ </ Name ~| Type | size Value

19 inport pandas as pd .

20 from pathlib import Path arrayl int64 (2,) [32]

21 import time Ife. 8.1

2 tnport on Script selector array2 floatéa (3, 2) [19- 80

23 # dictionaryl dict 2 {'1":Numpy array, '2':Numpy array}

24 import copy

25 list1 list 2 [Tensor, Tensor]

26 import torch

27 np module 1 module object of builtins module

28

29 import torch.multiprocessing as mp tensorl Tensor 1 Tensor object of torch module

30 inport torch.distributed as dist

31 torch module 1 module object of builtins module

Variable explorer | File explorer | Help

IPython console {2]E5)
L a3

36

37 [ Console1/a X
38 torch.manual_seed(8)

39 np.random.seed(0) Python 3.6.6 |Anaconda, Inc.| (default, Jun 28 2018, 17:14:51)
40

0 Type "copyright”, "credits" or "license" for more information.
41

42 def init_processes(rank, size, fn, *args, backend='gloo', **kargs): EditOI‘ IPython 7.1.1 -- An enhanced Interactive Python.

44 os.environ[ 'MASTER_ADDR'] = '127.0.0.1" In [1]: import numpy as np

45 os.environ[ 'MASTER_PORT'] = '295680"

46 os.enviren[ 'WORLD_SIZE'] = str(size) In [2]: arrayl = np.array([3,2])

47 os.environ['RANK'] = str(rank)

48 In [3]: array2 = np.ndarray((3,2))

43

5 IPython console

dist.init_process_group(backend, world_size=size, rank=rank) In [4]: import torch
fn(*args, rank=rank, world_size=size, **kargs)

In [5]: tensorl = torch.FloatTensor([3.2,7.9])

In [6]: dictionaryl = {'1': arrayl, '2':arrayz}
__name__ == "_main_":

In [7]: listl = [tensorl, torch.LengTensor([71)]

In [8]:
print(f'\nLoading the data...') -— ~
T BATH = Bath{" INatacatclsl latact cmall® ; \Python console | History log
Permissions: RW End-of-lines: LF Encoding: UTF-8 Line: 39 Column: 1 Memory: 32%

Ewova 17 — Spyder, nteptBaAlov avantuéng
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Mtuxlakn epyacio Tou poltntr BaciAn MooyxomouAou

Activities Kup 23:01 e

r (Python 3

File Edit Search Source Run Debug Consoles Projects Tools View Help

OBsE%Ee FrEHBRG HEEcEnp B BXX £ & 9 momex s 4

Editor - I - WD-N T2/Shared folder/TEI/It has. _SVD.py X Help ®

(7 Pytorch_SVD fepoch test)py X | pytorch SVDpy X | pytorch Run conflguration per file ol | & o
[ S T Select a run configuration:
23 import torch 7y 7orch
24 #import torch.an as nn #Neural network module Jmedia/ceyx/Elwood - WD-N T2/Shared folder/TE//It has begun/code/pytor =

25 #import torch.nn. functional as F #functions

26 path_or_buffer, sep=',’, deliniter=None, header='infer’,
27 #sets the number of OpenMP threads to be used by PyTorch ~ Console 2, usecols=None, squeeze=False, prefix=None,
28 #the default is half of that amount . fpe=None, engine=None, converters=None, true_values=hone,
29 #torch. set_num_threads(os. cpu_count()) Execute in current console F§{ilffa?ﬁzmbifénity?gﬁ:"‘i'ﬁ.’, Eﬂﬁ'{’ﬁ:;—?? E:alues:llnne,
:;) Eot s et Execute in a dedicated console fatetine_fornat=ralse, keep_date_col=False, date_parser=hone,
32 #reproducibility &) Execute in an external system terminal ;:}:ﬁ;"?‘“:::;;x:::?:.“';ﬁ;if:;:ﬂ ;;z;;eéh;';g:’;:g“*""ﬁ‘-
| LG te, dialect=hone, tupleize_cols=hone, error_bad_lines=True,
- OTLaEziE) General settings footer=o, ue, delin_whi =False,
e ot 2 - sp=False, float_precision=None)
part 2: preparing data .
N Remove all variables before execution lo.parsers module
38 #import data Directly enter debugging when errors appear ¥
39 print(f'\nLoading the data...') Help
48 PATH = Path("../Datasets/ml-latest-small") Command line options: o
41data = pd.read_csv(PATH/"ratings.csv") @®
42 Working Directory settings
43 #encode the dataset into unique and contiguous values e Y g LI
44 data = encode(data) ®) The directory of the file being executed .| (default, Jun 28 2618, 17:14:51) [+]
45 print(f'Dataset has been encoded’) or "license" for more information.
46 The current working directory

47 num_ratings = len(data.rating)
48 num_users = len(data.userId.unique())
49 num_items = len(data.movield.unique())
50 sparsity = num_ratings/(num_users*num_itens) External system terminal

51 mean_rating = data.rating.mean() 3,21y

52 v/ Interact with the Python console after execution

53 print(f' \nkunber of users: {nun_users}') (3,2

54 print(f'Number of items: {num_items}') Command line options: 155

55 print(f'Number of ratings: {num_ratings}')

56 print(f'Dataset sparsity: {sparsity}')

57 print(f'\nAverage rating: {mean_ratingl\n') Always show this dialog on a first file run stTensor([3.2,7.9])
58

The following directory: = i Interactive Python.

58 #splitting variables input o X oo vt 2t sarray
60 method, value = input_select() & yl, 2 y2}
61 .

In [7]: listl = [tensorl, torch.LongT 7
62 print(f'\nsplitting:\nMethod: {method}\nvalue: {value}') R CHERE [tensor, torch.LongTenser([71)]
63

In [8]: I~

64 #dataset splitting
65 print('\nsplitting data into training and testing set\n') | IPython console | History log

Permissions: RW End-of-lines: CRLF  Encoding: UTF-8 Line: 41 Column: 15 Memory: 33%

Activities ] Terminal v Kup 23:03 @ SO~
Spyder (Python 3.6)

le Edit view Search Terminal Tabs Help [homefceyx

ceyx@Harvey: x Terminal *
@i|Rank None: Epoch 98, batch 17: Training loss: 6.41715@46763426105 ource | Editor  ~ | Object |read_csv & &
Rank e: Epoch batch @: Training 3751472532749176
Rank Epoch batch Training 4536706805229187
Rank N Epoch , batch Training 436754047870636
Epoch batch 3: Training 537998
Epoch batch 4: Training 5234390497207642 Definition : read_csv(filepath_or_buffer, sep=',", deliniter=None, header='infer’,
Epoch batch 5: Training 4056571125984192 nanes=None, index_col=None, usecols=None, squeeze=False, prefix=None,
Epoch 99, batch Training 2432928085327 nangle_dupe_cols=True, dtype=None, engine=hone, converters=hone, true values=None,
’ it o gt false_values=None, skipinitialspace=False, skipraws=None, nrows=None, na_values=None,
Epedi 29, [mizely 78 Trailailig SRR keep_default_na=True, na_filter=True, verbosesFalse, skip_blank_lines=True,
Epoch 99, batch Training parse_dates=False, infer_datetime_format=False, keep_date_col=False, date_parser=hone,
Epoch 99, batch 9: Training dayfirst=False, iterator=False, chunksize=Nene, compression='infer', thousands=None,
Epoch 99, batch Training

decinal=b’.', lineterninator=None, quatechar=""", quoting=0, escapechar=None,

; ot P coment=None, encoding=Hone, dialéct=None, tupleize cols=None, error_bad_Lines=True,
e £8), [l Lgeintng Ogsosazaneziaaaass warn_bad_lines=True, skipfooter=0, doubleduote=True, delin_whitespace=False,
Epoch 99, batch Training 0.4659014344215393 Tow_nemory=True, nemory_nap=False, float_precision=Hone)
Epoch 99, batch Training 0.40856611728668213
Epoch 99, batch Training 0.31219178438186646
Epoch 99, batch Training 0.35573089122772217
Epoch 99, batch Training 922931687509613
Epoch 99, batch Training 0.4116936922073. Python console @

Poooeea 00 Q@

Type : Function of pandas.io.parsers module

Variable explorer | File explorer | Help

b | console 174 X vy
mMone: EPOCN 2y, DATCN /1 IFAUNING (0SS! U.43839943405900004 2
None: Epoch 28, batch 8: Training loss: ©.6424754858016968
Mone: Epoch 20, batch 9: Training loss: 0.5969858169555664
Mone: Epoch 20, batch 10: Training loss: ©.680763840675354
Rank None: Epoch 28, batch 1 Training los: ©8.3839852809906006
Rank None: Epoch 20, batch 12: Training loss: B8.5478525622367859
Rank Mone: Epoch 20, batch 13: Training ©.5243171453475952
Rank None: Epoch 20, batch 1: Training ©.33399611711502075
Rank None: Epoch 20, batch 1 Training 6.4407409429550171
Rank None: Epoch 28, batch 16: Training : ©.5598281025886536
Rank Mone: Epoch 20, batch 17: Training .46716684163012085

]

1

2

3

a

5

6

7

8

elapsed for training:

99 start = time.time()

train_model(model, train_dataset, wd=0.80028, epochs=100, cuda=True) Rank None: Epoch 21, batch @: Training : 0.5702083110809326
end = time.time Rank None: Epoch 21, batch 1: Training : 0.5286245346069336
print(f'\nTime elapsed for training: {end-start} sec') Rank None: Epoch 21, batch 2: Training : ©.5095686912536621
Rank None: Epoch 21, batch 3: Training : 0.6362289786338806
Rank None: Epoch 21, batch 4: Training : 0.6071529388427734
5 set_model_untrained_weights(model, train_dataset, test_dataset, cuda=True) Rank None: Epoch 21, batch 5: Training : 8.4845654368480574
Rank None: Epoch 21, batch 6: Training : ©.5293712019920349
Rank MNone: Epoch 21, batch 7: Training : 0.431734174489975
108 Rank None: Epoch 21, batch 8: Training loss: 0.6339777708053589
¢ test_loss(model, test_dataset, cuda=True) =
! | IPython console | History log
Permissions: RW End-of-lines: CRLF Encoding: UTF-8 Line: 99  Column: 20 Memory: 53%

Ewkoveg 18 — Spyder, ektéAeon og e§wTEPLK KOVOOAQ

Eykaraotaon PyTorch from source kai dependencies
Edv 10 €mOupEi, JTTOPEI KAVEIC va eyKATAOTAOEI TNV VEOTEPN duvaTh ékdoon TNG

PyTorch kavovtag pia eykaraoTtaon from source.

MNa Tnv eykatdoTtaon Ba xpeiacBouv 1a €EAG:
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Mtuylakn epyooia tou dottntr BaciAn Mooyomoulou

e nVidia drivers

e CUDA 8 1 vedtepn
e cudNN

e NCCL 2 1} vedTepn
e MPI, TpoaipeTIKa

Eyxatdaotaocn tn¢ NCCL
o KatéBaoua amd edw: https://developer.nvidia.com/nccl/nccl2-download-

survey
e [1a Aeitoupyikd cuotrparta Ubuntu 14.04 kai 16.04:

o sudo dpkg -i nccl-repo-<nccl_version>.deb

o sudo apt update

o la eykardotaon kal Tautoxpova avaBdaduion oTtnv TeAguTaia
¢kdoon CUDA:
sudo apt install libnccl2 libnccl-dev

o Tla eykardotaon kai emMAoyr ocuykekpipévng £Ekdoong CUDA:
sudo apt install 1libnccl2=2.0.0-1+cuda8.0 1libnccl-
dev=2.0.0-1+cuda8.0
(Trapdderypa yia CUDA 9 kai NCCL 2.0)

e [0 Aoitrd cuoThpaTta Unix:

o c¢d /usr/local

o tar xvf nccl-<version>.txz

o Elocaywyn petaBAntg TepiBdAAoviog NCCL_HOME oTto bashrc e

TNV ToTroBeoia Tng NCCL oT1o cuoTnua apxeiwv

Na va eAéyEete Twg eykataotioate tv NCCL owotd utopeite va
xpnoipotroifjoete NCCL tests Ta otroia 6a Bpeite €dw, padi he TTANPOPOPIEC GTO TTWG

VO TA XPNOIUOTIOINOETE:

https://github.com/NVIDIA/nccl-tests

Edv emBupeite va pdBete TTEPIOCOTEPEG TTANPOYPOPIEG OXETIKA ME TNV
eykatdoTtaon tNG NCCL utropeite va TTAonynOeite dw:

https://docs.nvidia.com/deeplearning/sdk/nccl-install-quide/index.html
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Mtuylakn epyooia tou dottntr BaciAn Mooyomoulou

Eyxatdaotaon tn¢ CUDA
KartepdaoTe Kal akoAouBegioTe TIg 0dnyieg edw: https://developer.nvidia.com/cuda-

toolkit-archive

Eyxataotaon tng cudNN
o KareBdote TNV cudNN atd €dw https://developer.nvidia.com/rdp/cudnn-

download
e [0 apxeia tar ekTeAéoTe Ta €EMNG ATTO TEPUATIKO (TTapddelyua yia CUDA 9):
o [lAonynBeite oTOV PAKEAO TOU ap)EioU
o tar -xzvf cudnn-9.0-linux-x64-v7.tgz
o sudo cp cuda/include/cudnn.h /usr/local/cuda/include
o sudo cp cuda/lib64/libcudnn* /usr/local/cuda/lib64
o sudo chmod a+r /usr/local/cuda/include/cudnn.h
/usr/local/cuda/1ib64/libcudnn*
e [0 apxeia deb (Trapadeiyua yia CUDA 9):
o sudo dpkg -i libcudnn7_7.0.3.11-1+cuda9.0_amd64.deb
o sudo dpkg -i libcudnn7-devel _7.0.3.11-
1+cuda9.0_amd64.deb
o sudo dpkg -i libcudnn7-doc_7.0.3.11-
1+cuda9.0_amd64.deb
o Eiocaywyn petapAntic CUDNN_PATH oto bashrc pe tnv totrofeaia 1ng

cudNN oT1o cuoTnua apxeiwv

MNa va oryoupeuteite TwG N cUdNN €yKATaOTAONKE OCWOTA PTTOPEITE VO KAVETE

compile To mnistCUDNN sample. KaveTe Ta €¢AG:

e Avmiypdyrte To cuDNN sample o€ pia TTpooBAciun ToTTo0eTia

cp -r /usr/src/cudnn_samples v7/ $HOME
e [lAonynBeite oTnVv TOTTOBETIO AUTA

cd $HOME/cudnn_samples v7/mnistCUDNN
o Kavere compile To mnistCUDNN sample

make clean && make
o TpéCte 10

./mnistCUDNN
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Mtuylokn epyacia tou dportntr Bacin Mooyoémnouiou

e Ed&v n cuDNN gykataoTdOnke cwoTd Kal TPEXEI OTO oUOTNUA oag Ba O€iTe
éva uAvuua TTapdépolo Ye auto:

Test passed!

Kup

-bashrc

if [ ~/.bash_aliases ]; then
. ~[.bash_aliases

# enable programmable completion features (you don't need to enable
# this, if it's already enabled in /etc/bash.bashrc and [etc/profile
# sources jetc/bash.bashrc).
if ! shopt -oq pesix; then
if [ -f fusr/share/bash-completion/bash_completion ]; then
. fusr/share/bash-completion/bash_completion
elif [ -f fetc/bash_completion ]; then
. Jetc/bash_completion
fi
fi
# added by Anaconda3 5.3.0 installer
# >>> conda init >>>
# !! contents within this bleck are managed by 'conda init' 1!
__conda_setup="$(CONDA_REPORT_ERRORS=false '/home/ceyx/anaconda3/bin/conda' shell.bash hook 2> /dev/null)"
if [ $7 -eq © ]; then
\eval "S__conda_setup”
else
if [ -f "/home/ceyx/anaconda3/etc/profile.d/conda.sh" ]; then
. "/home/ceyx/anaconda3/etc/profile.d/conda.sh"
CONDA_CHANGEPS1=false conda activate base
else
\export PATH="/home/ceyx/anaconda3/bin:SPATH"
fi
fi
unset __conda_setup
# <<< conda init <<<

#export LD_LIBRARY_PATH="/usr/local/nccl-2.3/1ib: /usr/local/cuda${LD_LIBRARY_PATH:+:S${LD_LIBRARY_PATH}}"
#export NCCL_HOME="fusr/local/nccl-2.1"
#export NCCL_HOME="fusr/local/nccl-2.3"

#export PATH=/usr/local/cuda-9.0/bin:SPATH
#export LD_LIBRARY_PATH=/usr/local/cuda-9.0/1ib64:SLD_LIBRARY_PATH

#export PATH=/usr/local/cuda-9.1/bin:SPATH
#export LD_LIBRARY_PATH=/usr/local/cuda-9.1/1ib64:$LD_LIBRARY_PATH

export PATH=fusr/local/cuda-9.2/bin:$PATH

export LD_LIBRARY_PATH=/usrflocal/cuda-9.2/1ib64:$LD_LIBRARY_ PATH
export NCCL_HOME=fusr/local/nccl-2.3.5-2-cudas.2

export CUDNN_PATH=/usr/local/cuDNN-7.3

sh v Tabwidth:8 ~ Ln 136, Col 2 ¥ INs

Ewkoveg 19 — Eykataoctaon NCCL, CUDA, cuDNN, petaBAntég neptBaAlovtog

Eykatdaotaon PyTorch from source
TéNog, yia Tnv gykatdoTaon TnG PyTorch Ba xpeiaoTei va TPEEETE TA TTAPAKATW:

e git clone --recursive https://github.com/pytorch/pytorch

e cd pytorch
e python setup.py install
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