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Befouwovm ot eipar o avyypapéos ovtig e epyaciog kot ot kabe fonbeia v omoio. giya yia
™Y TPOETOWOTIO. THG EIVAL TANPWOS OVOYVOPLOUEV] Kol OVOpEPEToL oty gpyooio. Emiong, &xw
KOTOYPOWEL TIC OTOIES THYES OTTO TIG OTOIES EKAVA XPHON OEDOUEVMDV, 10DV, EIKOVMOV KOl KEUEVOD, EITE
aVTES  avagipovial oxpifas eite mapagpoouéves. EmimAéov, Pfefoucdver on avty n epyocio
TPOETOYLATTHKE ATO EUEVO, TPOOWTIKG, EIOIKG (WG OITAWUOTIKY gpyooia, oto Tunuo Muyavikwv
I npopopixng kou Hlextpovikav Xvotquatwyv tov ALITA.E.

H mopodoa epyooio arotedel mvevuanikn 1010xmoio tov poinyy Yeipoxn I'ewpyiov oo v
EKTOVHOE. 210 TAQio10 THG TOAITIKHG QVOIKTHS TPOGPATHS, O OVYYPOPEQS/ONUIOVPYOS EKYMPEL TTO
Miebvée Toavemotiuio s EIAGdog adeio ypnons tov OIKOIDUGTOS AVATOPAYYHS, OAVEIGUOD,
TOPOVOIOONG OTO KOIVO KOL WHPLOKNG OLOYDONG TS EPYOOIOS 01EBVAS, T8 NAEKTPOVIKN LLOPPH KoL GE
OTOI0ONTOTE WUECO, YIO. OLOOKTIKODS K01 EPEVVHTIKODS OKOTOUS, GVeEL avioAldyuaros. H avoikth
TPOoPoon 010 TANPES KEIUEVO THG EPYATING, OV ONUOIVEL K00 010VONTOTE TPOTO TAPOYMDPNON
OIKOIWUATOV JLOVONTIKHG 1010KTHOLOG TOD GUYYPAPEA/ONUIOVPYOD, OVTE ETITPETEL THY AVATOPOYDYT,
AVOONUOTIEVOY], AVTLYPOPY, TWANOY, EUTOPIKY ypHioy, olavour, ékdoor, uetapoptwon (downloading),
avapmon (uploading), perdppoon, oToroinon (e OTOLOVONTOTE TPOTO, TUNUATIKG 1§ TEPIANTTIKG, THG
EPYOOLAS, XWPIS TH PHTH TPONYOVUEVH EYYPAPH COVAIVETH TOD GVYYPAPEN/ONULOVPYOD.

H éyxpion g swmlopatikng epyaciog and to Tunpo Mnyovikov I[Iinpoepopikng kot
HAektpovikdv Zvotnpdtav tov Aebvoig [Tavemomnpiov g EALGS0C, dev vtodnidvel amopattteg
KOl A0S0y TOV OTOYEDV TOV GLYYPAPEQ, €K LEPOVG Tov TuApaTOC.
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IHepiinyn

H sutlopotikn mpaypatedeton pior TAATQOpIe. VYNANG amrdd00NG VTOAOYIGUMV TOV
¥pEWLOVIOL Yo TNV TPOGOUOI®MGCY] EMGTNUOVIKOV TPOPANUATOV UEYOANG  KAILOKOG.
Yuykekpyévo 0o vrooTpi&el VIOAOYIGTIKG LOVTEAD TTOL £YOVV LYNMAN TOPOAANAic, OTMG
oVTe OV  gUEOVICOVTOL GE TPOCOUOIDGES TPOUKTOPOV, OIKOAOYIK®OV GLOTNUATOV,
nepPorioviik®v eovopéveov kot aAla. H kevipikn doun dedouévov Ba sivor Eva mAdypa
0¢écewv (GridSpace) mov pe Vv oepd ™¢ Oa KatavEUETl 6 TOAALUTAOVS VITOAOYIGTIKOVG
kopupovg (cluster nodes) mov o kaBévag and owtovg Bo EKTEAEL TOLG VTOAOYIGLOVG TOV TOV
avtiotoryovv oto Koppdrt (slice) tov mAéypatog mov eivon vrevBuvoc. Iertovikd koppdrio
0V TAEYHOTOG Bo emKoveovohy HETOE) TOLG, HEGH amd £va UNYOVIGUO UNVUULATOV, Yo, VO
EVILEPDOGOVV TNV KATAGTAGT] TOVG 0POV TAPOLV LITOYN OAAAYES LETOPANTAOV GE YeiTOVEG TOV
T0. apopovv. H viomoinomn ypnoponotei yhwooa Nim. To povtého ypriong otnpileton otny
KOTovEUNULEVT dnovpyio/oilayn pLetoffAntov oe kdbe Koppdtt Tov yodpov (slice) ko yiveton
pe tov opiopd oyetikov APIl. H dumhopatikn ywo erainfevomn me vAomoinong ypnoomotet
10 Game of Life povtéro.



«Development of a Large-Scale Scientific Computation
Platform»

«George Pseirakis»

Abstract

The thesis implements a high-performance computing platform needed to simulate
large-scale scientific problems. In particular, it will support computational models that are
highly parallel, such as those seen in simulations of agents, ecological systems, environmental
phenomena, and more. The central data structure will be a grid of cells (GridSpace) which
will in turn be distributed to multiple computing nodes (cluster nodes) and each of them will
perform the calculations corresponding to the slice of the grid for which it is responsible.
Neighboring slices of the grid will communicate with each other, through a messaging
mechanism, to update their status after considering variable changes in neighbors that concern
them. The implementation uses the programming language Nim. The usage model is based on
the distributed creation/change of variables in each slice of the space and is achieved by
defining a relevant API. The thesis uses the Game of Life model for verification of the
implementation.



Evyoprotieg

Evyopiotd tovg yoveig pov mov pe ompi&ov owovopkd kot noikd oty oAokANpmon
™G OUTAMLLATIKNG EPYOCTOG.

Evyopiotd emiong tov emPrémovia kabnynm) k. Xtd6n Koacdepidn, 7y Tig
KatevBvvoEelg mov Lov £dmae Kot TV Bondeia Tov 6g TPOPANLLATO TOV EULEOVICTIKAV.

Vi
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Ewsayoyn

210 TPOTO KEPAAao Ba eEEPELVNCOLLE TNV £VVOLDL TNG EMGTNLOVIKNG VITOAOYIGTIKYG
Kot g onpoaciog g, mdg oyetiletan pe v mapovoa epyacio, kor Ba yiver avoapopd e
TEYVOAOYIEC AMOGTOANG UNVOUATOV 0td ol EQOPOYN OE GAAN.

210 3e0TEPO KEPAAMO B0 TAPOLGIAGTEL 1) APYLTEKTOVIKT] TOV GLGTHLATOS, ONAOON TOL
EMPUEPOVS GTOKEIR TOL KO 1) appodtdmTd Tove. Emiong Oa avolvbel  Astrtovpyucodtnta Tov
oAyopiBpov pETPNONG VTOAOYIGTIKNG 10YVOC, O 0moiog moilel TOAD onuavtikd poOLo TNV
OLLOAN Agttovpyio ™S EQOPLLOYTC.

Y10 1pito keedrowo Bo eEnynbel m eykoTdoTAOT TOV ETUEPOVS EPAPLOYDV TTOV
ypewdlovior ywoo TNV onuovpyion Ko eKTEAEST NG TAATQOPUAS. Oa eEnyndel emiong m
VAOTOINGM TOV KUPIOV TUNUATOV TOV KOIKOL.

To tétapto ko televtaio ke@dAiao eivor owtd mov Ba emdeilel v epaproyn otV
nopela ektéAecng ™G Pua mpog Prjna. Xto TEAOC TOL KEPOANIOL GVINTOLVTOL TPOTAGELS
Beltioong g epapproyng kot aloAdyNnon TOV ATOTEAEC LATMV.

Xi






Kepaimo 1o0: Eckivovtog

1.1 Aiyo 2oy ywo v Emietnpovikn Y0A0y10TIKY] KO TOVS 6TOYOVS TNG
gpyooiog

H Emomuovikr] YnoAoyiotikr| eivon 1 6VALOYN €PYOAEI®V, TEYVIKAOV KU 0@ pLodV
OV OMOLTOUVTOL YO TV EMIAVGT POONUATIKOV POVIEA®V amd mpofinpata oTnv
Emoemiun ko ™ Mnyovikn o€ vroloyroti. H migiovémra avtdv v epyareinv, TEYVIKOV
Kot Oewpudv avartoyOnkav apyikd oto Madnuotikd Ko ToAAd amd avtd eiyov ™ yEvvnon
TOUG TOAD TPV OO TNV EUEAVIOT] TOV MAEKTPOVIKOV VLTOAOYICTOV. AVTO TO GUVOAO
podnuatikdv Beopudv Ko teRVIKOV ovopdletor ApiOuntiky Avdivon (| ApOuntikd
MoOnpatikd) kon amotelel onpovtikd pépog ™me Emomuovicng Y moloyiotikng. H avantuén
TOV MAEKTPOVIKOD VTOAOYIGTI, ®MOCTOCGO, CNUATOOOTNCE UL VEO ETOYN OTNV TPOCEYYIoN
emiAvong emomuovikov mpoPAnudtov. TToArég amd Tig apfuntikéc nebddovg mov elyov
avartuyfel Yoo VTOAOYIGHOVS pE TO ¥EpL (cvumeptapPavouévng e xpnong emrpaméliowv
apOpounyavmv) Erpeme vo ovabfewpnoldv kot LePIKES POPEG Vo eYKATAAEIPHOVV. Bewpnoelg
OV NTOV AGYETEG 1] OCTLLOVTIES Y10 TOV VITOAOYICUO LE TO ¥EPL EYIVOY TAEOV LYIGTNG ONULAGTOG
Y0, TV OOTEAEG LOTIKY] KOl GMOGTH YPNoN VOGS LeYIAOL VITOA0oYIGTIKOD cuotipatos. T[ToAAég
amd avTéG TG BemPNOES — YADGOEC TPOYPOUUOATIGHLOD, AETTOVPYIKA GLGTAOTA, dlyElpIoN
HEYOA®V TOGOTNTOV d€00UEVOVY, 0pOHOTTA TPOYPAUUAT®V — VITdyovTonl TAE0V 6T Teapyia
™m¢ Emomung tov Ymoloyiotov, and v omoia eoptdton mAfov ce peydio Pobud m
Emomuoviky Yroloyiotikr]. AAAG T 010 ta pafnpatikd cvveyilovv va dadpapatiovv
onuavTikd pOAO GTOV EMGTNUOVIKY LTOAOYGTIKY. [lapéyovv mm yA®GoO TV LadnUaTIKGOV
LOVTEA®V TOL TTPOKETOL Vo, AVOOVV kot TANPOQOPIES GYETIKA LE TNV KATOAANAOTNTA €VOG
povtédov (Exetr Avon; Etvow n Avon povadikn;) kot mopéyovv v Bewpntikr Pdon yuo Tig
apunTikég pebodovc.

YVVOTTIKA, AWV, 1) EMGTNIOVIKT VTOAOYISTIKN PacileTon oTa pobnpatikd Kot v
EMOTAUN TOV VTOAOYIOTOV Y0 VO OVOLTOEEL TOV KOALTEPO TPOTO YPNONG GLGTHUAT®V
VTOAOYIGTMV Y10 TNV ETAVGN TPOPANUATOV ard TV EMGTAUN Kot T pnyoviky. [1]

Mio mepintwon ypfong EMGTNLLOVIKNG VTOAOYIGTIKNG Eivan Yoo TV TpoPAEYN Kopov.
O1 gmomuoveg ™G oTLOGOOIPOS Kol Ol LETEMPOAOYOL YPNOUYLOTOOVV HOVTEAQ Kopov
(Labnpotikég EI0MGELS) TOL EKTEAOVVTOL GE OYVPOVG VIOAOYIOTEG. Ta amoTeAéS AT Etvor
yYevika €vog peydAog oykog dedopévav (Bepupokpacio, mieomn, vypacioa K.AT) to omoia
oVAAEYovTol Kot amewovifoviar o yapteg omd dapopes mepoyEs. Ta dedopéva mov
TPOKVTTOVV divouv TIG TUTIKEG TPOPAEWELS TOL TTOALOl amd epdg PAETOVUE GE €QUPUOYES
Smartphone, otnv mAedpacn N 6€ GALEC GVOKEVEC.



H avéivon dedopévov etvor emiong éva medio 6To 0noio 1) EMGTNUOVIKT VTOAOYIGTIKN
umopei va. eavet yprioun. ‘Eva avtdovopo dynmua yuo mapddstypo propel va mopdyet 25 GB
deoouévov mv nuépa. Tlapdio mov vrdpyel apbovia EMGTNUOVIKOV VTOAOYICUAOV XWOPIC
Onuovpyioe d€d0UEVOV GE OTOOOMYOVUEVO, avTOKivNTa, 0vTd €ivon €vol TOPAdEYHa TG
AVAYKNG YXEWPIOUOD KoL ovOAVOTG LEYALOV OYKOV OESOUEVMV OPKETA YpTiyopa. [2]

1.2 H Emotnpovikn YZ0A0YI6TIKI 0TO TAAIGLO TG OUTAMUATIKNG

H sumhopoatikn Ba oyedidost kot 6o vAomomoet po TAaTeOpra VYNMANG amddoog
VTOAOYICU®V OV ¥PEWILOVTOL Y10 TNV TPOGOUOIMOT EMCTNUOVIKOV TPOPANUATOV UEYOANG
KMpokoc.  Zvykekpyéve 0o vmootpifel LIOAOYIGTIKE HOVTEAD TOL  €XOLV  VLYNAN
TopoAANMa, OmwG avTd Tov EREAVICOVTIOL GE TPOCOUOIDCELS TPUKTOP®YV, OIKOAOYIKMOV
ocvomudtov, TepPorlioviik@v eavopuévev kol GAla. H kevipikn doun dedopévav Ba eivon
éva mAéypa Béoewv (GridSpace) mov pe v oegpd ™G B0 KATAVEUETOL GE TOAAATAOVG
VROAOYIoTIKOVG kOUPovg (cluster nodes) mov o kaBévag amd avtovc Ba extelel TOLG
VTOAOYIGHLOVG TTOL TOV AVTIGTOLYOoVV 6To Koppdt (slice) tov mA&ypatog mov eivon veevhuvog,.
I'ertovikd koppdtior Tov TAEYHOTOG O EMKOVEOVOUV HETOED TOVG, HECO OO £VOL UNYOVIGULO
UNVOUATOV, YL VO EVIULEPOGOLY TNV KOTAGTOCT TOLG OQPOL TAPOLY VIOYN aAAAYEG
LetaPAnTOV o€ yeitoveg mov ta apopovv. H viomoinon Ba ypnoonomocet yhowooso Nim. To
HovtéAD ypnong ompiletor TNV KoToveunuévn ompovpyio/oiloyr petafAntov oe kabe
Koppdtt tov yopov (slice) kou yiveton pe tov opiopd oyetikov APL. H dwmhopotikny yu
emaAnfevon g vAomoinong Ba viomomoet to Game of Life.

Adym 10V TEPACTION OYKOL OEOOUEVOV TOV TPEMEL VO, OEYETOL 1 TAATPOPLLO, Ol
ovvnOwopévor TpomTol Ko teYVoroYieg dlayeipiong, avérlvong ko emeepyoaciog dedouévmv
elvon avemopkels. Xe avut) v €eoppoyn Ba yivel yioo avtdv Tov AOY0 XPNoTN TEXVOLOYIOV
OTOGTOANG UNVUUATOV HETAED VTOAOYICTIKMOV GLUGTHUAT®OV Ge £va OlkTvo, Kot S mPEUOG
TOL GLVOLOVL TV dedouévav ae (LoyikEg) péteg (Slices).

1.3 Teyvohoyieg amootors Mnvopdtov

1.3.1 Message Passing Interface (MPI)

To Message Passing Interface (MPI) eivar éva tvmomomuévo kot popntd mpdtumo
HETAGOOMNG UNVOUATOV TTOL £XEl OYESNGTEL Yo Vo Aeltovpyel 6€ TAPAAANAES APYITEKTOVIKES
vroAoyioct®v. To MPI dev elvan yhdooa mpoypappotiopov. Efvor p BPiodrxn
GLVOPTAGEMV TOV Ol TPOYPOUUATIOTEG UTOpovV va. kKaAEcovy and Tov Kodwa C, C++ 1
Fortran yw va ypayovv mopddAinio mpoypdupate. Me to MPI, po cvokevn emikowvoviog
MPI pmopei va dnpovpynBet dvvapikd ko vo xel ToOALATAES dlepyacieg TOv eKTEAOVVTOL



towtoypova o€ Egxmpiotd CPUS. Kdabe depyacio €xet pio povadikn katdraén MPI (rank) yo
MV avVoyvaOpIon TG, To OKO TG YOPo HvNung kon exkteAeitonr aveEdpmnto amd T GAAES
dtepyaciec. O1 depyasiec emKovovoHv HETAED TOVG TEPVOVTAS UNVOLLOTO Y10 THV AVTOAAGYN
deoouévov. O mopoAAnMouog epeoaviCetor 0tav o epyacio Tpoypappatog yopiletor og
HUIKPA KOUUATIOL KO OMVEREL OWTA TO, KOUUATIL PETAED TOV OEPYACIDV, GTIS 0moieg KAbe
dtepyacio emeepydletor 10 LEPOG NG,

To MPI mapéyst tpeic dwpopetikég peBddovg emKovmviag mov pmopodv va
ypnowonomoovy ot depyociecc MPI yio va emowwvodv petafd tovg. Ot tpdmor
emkowoviog gtvon ot e&ng:

Emkowovia ané enpeio o€ onpueio (Point-to-Point)

CPU Core 1 CPU Core 2
Process 0 Process 1
Memory Memory

receive

Bl

Ewéva 1.1 - Enwcowovio and onpeio og onpeio

H enwowovie MPI Point-to-Point eivon 1n @o ypnoonowdpuevn péBodog
emkowvaoviog oto MPIL. TTepihopfavel ™ peta@opd vog UnvoLaTog oo o SlEPYasio GE o
ovykekpyévn owdkacio otov 010 @opéa emkowvoviag. To MPI mapéyet amoxieistikn
(cVyypovn) Ko un omoKAEIGTIKY (0oVYXpovn) EMKOOVia amd onueio oe onueio. Mg mv
OTOKAEIOTIKN emkovovia, pia oepyasio MPI otédver éva unvopa oe pia dAAN diepyacia
MPI kot meppével €wg 6tov M ddkacioo ANYng AdPel TANP®S Kol GOGTA TO UNVOLLOL TPV
ocvveyioet ™mv epyoacio ™G Amd v GAAN mAevpd, por S1001KAGI0 OTOGTOANG 7OV
YPNOYOTOEL EMKOVOVIO Y®PIS amoKAEIG O GTEAVEL €vo uMvLpLa GE oL GAAN depyocio MPI
Kot ovveyilelr v gpyocia g yopic va mepyével yoo va dc@oiicel OTL To pUnvopo €xet
Moedel cowotd and ™ ddkacio AMyne.



Xviroyikn) Emkowovia

Process 2 Process 3

Ewova 1.2 - ZToddoywn Emwovavia

Me avtov tov Tomo pedddov emcovoviog MPI, o diepyacio ekmépmet va Voo 6e OAEG
TS dlepyacieg oTov 1010 Popéa emkovmviog, cvureprapfavorévng me idtoc.

Movoémievpn ETIKOLVOVIO,

Ewkova 1.3 - Movomhevpn entkovovio

Me 1t povomievpn pébBodo emwowoviag MPI, po dwepyocio pmopel va €xet
anevdeioc TpoOcPacm 6To YOPO UVAUNG OGS GAANG dlepyaciog ympig vo TV EUTAEKEL. AvTdg
0 TOTOG EMKOWMVING Umopel ouyvd va eivol ¥poYog Yol oadyoplOpovs 6Tovg omoiovg o
ovyypovioudg Ba rav dfoArog (w.y. TOAAATAACIOGIOG KOTOVEUNUEVOL Tivaka) 1 émov givar
eMBLUNTO Ol £pYOGiEC VO UTOPOVV Vo €EIGOPPOTOVY TO POPTIO TOVG EVAD GALOL EMEEEPYACTEG
Aertovpyov e dedopéva.

To MPI dev eivan pia viomoinon BipAodnkng omd povn mg, oALG LdAlov, vdpyet
pe cuvtpurtiky TAEovVOTNTA VAomomoewv MPI dbéoeg e avtiv ™mv &voTta, Ol 7o
eVPEMG ypNoILoToVEVES VAOTTOMOo e MPI culntodvtol og e&nc:



Message passing interface chameleon (MPICH)

To Message passing interface chameleon (MPICH) eivon pwe vyning amddoong,
avOLYTOL KMOIKO, (pOPNTH EPUPUOYN UETAGOGTG UNVOUATOV Y10 TOPAAANAOVS VTOAOYIGLLOVS
oe ovomuoate Koroveunuévng puvnune. To MPICH eivar m Baon yuwr €éva gupd @douo
napay®yov MPI, counepihapfoavopévov tov Intel MPI kou MVAPICH peta&d dArov. To
MPICH vroompilet dopopeTikd mapdAinia cuoTALATO omd KOUPOVS TOAAATADY TLPHVOV
€0g oLUTMAEYHOTO Kot UEYOAOVLS VIEPLTOAOYISTEG.  Ymoompiler emiong diktva LYMANG
TOYOTNTOG KOt WO1OKTNTO VITOAOYIGTIKG GUGTHHLOTO VYNANG TEYVOLOYING.

MPI piprroOnikn g Intel

H MPI Biprwobnkn g Intel spoappoler mv mpodwaypaeny MPICH. "Evog
TPOYPOLULOTIOTNG UTopel va ypnopomomost ) Biiodnkn Intel MPI ywo va dnpovpynoet
TPONYUEVES KOl O GUVOETEG TOPUAANAES EQAPLOYEG TTOV EKTEAOVVTOL GE GUUTAEYLOTO LLE
eneepyaotéc mov Pacilovion oe awtovg g Intel. EmmAéov, n BipAodnkn Intel MPI mapéyet
OTOVG TPOYPOUUATICTES TN SLVOTOTNTA VO SOKILACOLY KOl VO GLUVTNPNOOLV TIS EPUPUOYES
MPI 1ovc.

MVAPICH

Aventoypévo amd 1o Kpotkd mavemomuo tov Oydno, to MVAPICH eivar puo
viomoinon MPI mave amd ta moxéta InfiniBand, Omni-Path, Ethernet iWARP ko1 RoCE.
[Tapéyer vymA amddo0CT, EMEKTAGUOTNTA, VTOGTHPIEN OVOYNG CPOALATOV KOl pOPNTOTNTA
o€ TOAAG OiKTVOL.

Open Message Passing Interface (OpenMPI)

To Open Message Passing Interface (OpenMPI) sivar pio eappoyn avorytod
kdowo tov MPI mov dwmpeiton amd peydreg xowomteg amd ™ Propnyovio Kot tov
oKodNUoikd KOopo. Ymoompilel TOALEG d10pOopeTIKEG TAATPOPUES Ko OikTva 32 Kot 64 bit,
SVUTEPLOUPAVOUEVOV ETEPOYEVAOV SIKTOMV. [3]

132 RabbitMQ

To RabbitMQ &itvor éva AOyIGUIKO OVPAG UNVORATOV YVOGTO KOl OC UEGITNG UNVUUATOV
(message broker) 1 dwoyepiomg ovpmdv (queue manager). Eivar évac dtokouiotig 0mov
opilovton ovpéc, 0TOV OTOI0 GLVOLOVTOL Ol EPOPUOYEG VIO VO LETAPEPOLY £V LIVOUA T
unvoporta. ‘Eva pivopa propet va mepthapfavet kdbe gidovg minpopopio. ®a unopovoe, yuo
Tapddetypa, va £xel TANPOPOPIES GYETIKA e pio dadikocio 1| (o epyoacio mov TPEmEL Vo
Eexwvnoel 6e o GAAN epappoyn (n omoio Bo pmopovoe axdun kor vo givar o dALo
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dwkoptot) M Ba umopovoe vo eivor amAdg éva omAd pnvopo Keywévov. To Aoyiopikod
dweipiong ovpdg amodnievel To unvopaTo LEYPL VoL cUVOEDET oL EQOPLLOYN ANYNG KoL VoL
apopécel Eva UNvope omd TNV ovpd. XTn GLVEXEW, M EQUPUOYN ANYNG emeEepyaleTol To
unvopa. Avtifeta pe 1o MPI mov edikeveton oty emKovmvia. S10POPETIKOV EPAPLOYDV
ooV 1010 vroloyiot, To RabbitMQ koAeitan va dpdoel wg dropecorafnTig otV EXTKOVOVIa,
HeTaEd EQPAPUOYDV GE SLUPOPETIKOVG VIOAOYIGTEG He To poviédo tov publisher-subscriber
7ov vAomoteitan pécsm tov AMQP (Advanced Message Queuing Protocol). A&iCet vo onueimOet
6t 70 RabbitMQ éyet mv dvvatdomra amobnkevong TV unvopdtov otov okAnpd dicko yio
vo dtnpndel M OKEPOIOTNTA TOV CLOTAUOTOC GE TEPIMT®OT OV Kdémowog subscriber dev
UTOPEGEL VO, SIXEIPICTEL TO LWVULLA Y10 OTTO100NTTOTE ADYO.

PRODUCER

Publish BROKER Consume
CONSUMER

& RabbitMQ

Subscribe

Ewova 1.4 — Movtéro publisher-subscriber

To pnvopata dev dnpocievoviol amevbeiog oe pio ovpd. Avtibeta, o mapaymydg GTEAVEL
unvopote. o€ o avtoddoyn (exchange). Mo avtoAloyn eivar vrevbovn y
SPOLOLOYNOT TOV UNVVUATOV € SPOPETIKEG OVPEG e T Pondeta deocpedoemv (bindings)
Kot KAEW1DOV dpopordynong (routing keys). Ot deopedoelg eivoanr chvdoecspol petald puog
ovpag Ko pog avtoidoyng. [4]

Po1 pnvopdtov oto RabbitMQ
H pon unvopdrov oto RabbitMQ dovAebel og e€ng:

o O mopoywyog dNpoacievel £va pivopa o€ pio ovtoAiayn. Katd mm dnuovpyia
pwoG avtoAlayns, tpénetl va KaBopiotel o tomog ™me. Avto o 0épa Ha
KaALeOel apydtepaL.

e H avtodiayn Aappdavet to pivopo Ko givar mhéov vrehOovvn yuo ™
dpopordynon tov unvoporos. H avtoiroyn AopBdver vroyn dopopetikd
YOPOKTNPIOTIKA UNVOUATOV, 0TS TO KAEWT1 OPOLLOAOYNONG, OVAAOYW LLE TOV
TOTO AVTOAAOYNC.

e Anuovpyovvtor deGUEVGELS Y10l VO, KATEVOHVOLV TO UNVLLLOL OO TV
OVTOAAOYT] OTIS OVTIGTOLYEC OVPEG.

e To puvopa Topapével 6TV oVPA LEXPL VO TO YEPLOTEL £VOG KOTUVOAMTNG
(consumer)



O xotavoAotg yepileTon TO VoL

PRODUCER g @

-

BROKER

EXCHANGE @

Binding Binding Q

QUEUES
=B
—

5 RabbitMQ
\

CONSUMER % @

Ewoéva 1.5 - Pon epyacidv RabbitMQ

Tomor avraihay®v

Ot avtodrayég yopilovior 6Tovg Tapakdto 4 TOToVG:

Direct: To pfvopo dpopoAOYEITAL GTIG OVPES TV OTOIMV TO KAEWDT SEGUEVLONG
(binding key) tapialet axpipdg pe 1o KA1 SpOLordYNoNG TOL UNVOUOTOC.

Fanout: Mw avtodlayn fanout dpopoioyel unvopoto 6e OAEG TIC OLPES TOV
cvvoéovtat og avtd. To khewdi dpopordynong ayvoeitat.

Topic: H avioAloyn topic KAVEL [0, OVTIGTOT(IGN YOPOKTPOV UTUACVTEP
HETOED TOV KAEW100 SPOLOAIYNONG Kot TOV LOTIOV dPORoAGYNoNG TTOL
kabopiletar oto binding. Yrdpyovv 600 tHmol praAaviép mov umopohv va
ypnoponmombovv. H # (dieon) Oa taupraéetl pe undév 1 mepiocodtepeg AEEEIS KoL
10 * (aotéP) Oa Tonpré&er pe pion akpParg AEEN.

Headers: H avtalAayn headers éxel oyxediootel yio dpopordoynon o€
TOALATAQL YOPOUKTNPIOTIKA TTOL EKPPALOVTOL TLO EVKOAN MG KEPOAIDES
UNVOpATOV oo 0Tt £va, KAEWT dpoporoynone. Ot aviodiayéc KePoAMOwV
ayvooUV TO YOPaKTNPIOTIKO KAEWD100 dpopordynone. Avtifeta, ta
YOPOKTNPLIGTIKG TTOV YPNCYLOTOLOVVTAL Y1l T OpOoLoAdYNon Aappdvovtar and
10 YopaktploTikd headers Tov unvoparog Eva uqvopa Oewpeiton 6t



TouptaCet Gv M TN G KEPAAISOG 160oVTaL e TV Ty ov kabopileton Kotd

™ déopegvon. [5]

PRODUCER

><]

p
BROKER
EXCHANGE m -
Binding Ke Routin
BINDINGS o Patte”‘J& J l x
PDF process eu.de.*
QUEUES (Queuel ] (Queuez ] (@3 ] (a¢ ] (a5 ](as )
M5 RabbitMQ
N J

CONSUMER %

Ewodva 1.6 - Tomot avtoroyric RabbitMQ

Headers Exchange

Route message to queue with
binding.headers[attrName] == message.headers[attrName]
x-match=any

><]

Headers : ottrilame=foo

Headers
Exchangel

From: Exchongel AttrName: bar

£

5}(-,,
0/799.1 4'tr~,
n’Q 4
2

Ewova 1.7 - TOrog avtodiaync Headers




1.3.3 Apache Kafka

T givan 1 pon} ovpfavrmy (event streaming);

‘Eva oopPav (event) katoypdget to yeyovog OTL «KATL GLVERN» 6TOV KOGUO 1| GE pid
enyeipnon. To event streaming Aowdv €ivor 10 YNPLOHKO 16GOSVVOLO TOV KEVIPIKOD VELPIKOD
CLOTAUOTOS TOV ovOp®OTIVOU cMduUATOC. Amd TEXVIKNG Gmoyng, To event streaming eivou m
TPOKTIKN TG ANYNG ded0UEVOV € TPayLaTIKO ¥pOvo amd myEG cLUPAVIOV OTmMS BAcELS
dedopuéveyv, ocOntpec, KivNTég cLGKEVEG, VINPEGies cloud kot ePaprOYES AOYIGUIKOV e T
popen po®v ovufdviov. Amodnkevon avtOvV TOV po®dV GLUPBEVIOV Yoo HEAAOVTIKN
avaktnon. Xepopoc, emefepyacio Kol avtiopacn ot PoEg CLUPAVIOV CE TPAYLLATIKO
xPOVo K0OMOC Kol avadpOIKE: Kot OPOROAOYNCT TOV PO®V GLUPAVIOS & JoPOPETIKOVG
TPOOPIGLOVS, Ommg amarteital. To event streaming dwacpodilel étol po cuveyn pon Kot
epunveia dedoUEVAV, £T01 MGTE 01 COGTEG TANPOPOPies va PpioKovion 610 6OGTO PEPOG, ™

GMGTN GTIYuUN).

Yg T pmopei ypnowomon0ei n por} cvppfaviov;

To event streaming epapudletar 6e pio LeYOAn TOKIAIN TEPMTOCEDV XPNONG, OE IO,
TNO®pa Propnyovidv kot opyavicpuadv. Ot ypnoelg autol meptiapavouy ta e&ng:

o Tn dekmepainyoT TANPO LDV KoL OIKOVOUIK®OV GUVOAAYDV GE TPOLYLOTIKO
xPOVO, OTMC GE YPNULATIOTNPLY, TPATECES Kol AGPUAELES.

e  Tnv mopakoAoHONGoN ALTOKIVIITOV, POPTIYDV, GTOAMYV KAT. L€ TPOYUOTIKO
YPOVO.

o [ ™ cvveyn Mjym kot avdrlvon dedopévaov arsOnpwv omd cuokevég 10T
(internet of things) 1 d\Ao e€omAioud, OTMC 6€ EPYOSTAGIO KOL OLOAIKA TTAPKOL.

e [lapaxorovOnon acBevdv oe vocokopgtokn tepiBaiym kot Tpofieyn
OALOY®OV TNV KOTAGTOCT Y10 VO, 106 PaAeTEL 1) Eykonpn Oepaneio o
ENEIYOVOEC TEPUTTMOCELC.

e T obvdeon, amobnkevon kot d100eom dESOUEVOVY TOV TaPdyovToL amd
OL0POPETIKA TUNHOTOL OGS ETOUPETOC.

e Noa ypnoyevoet ®¢ Baon yio TAATPOPLESG OESOUEVOV, APYITEKTOVIKES TTOV
BaciCovtor oe cupPhavro kot pikpoHTnpeaieg

o Noa cvAAéyetl kot va avTidpa opEcmG 6€ OAANAETIO PAGELS Ko TopoyyeEAieg
TELATOV, OTMS 6TO AMoVIKO eUTOP10, GTOV EEVOSOYEINKO KOl TAEOIOTIKO KAASO
KOL GE EPUPLLOYEG Y10 KV TA.



To Apache Kafka o¢ IMhat@oppa pos coppavrov

To Kafka ovvovdler tpelg Pacikés duvatdOTTEG, (OOTE VO UTOPEL KATOOC Vo
EQUPUOCEL TIG TEPMTOGELS YPNONG TOV Yo por} GVUPEVTIOV amd dKkpo 6€ AKpo He pion Lovo
doKipacpuévn Avon:

1. dnuocievon (ypbyyio) kot eyypaen (Sfaca) oe poég cupPaviav,

ovumepLopBavorévne TG GLVEXOVG EIGAYOYNC/EEAYMYNS TOV dedOUEVOV amd GAA
GUGTILLOTOL.

2. Amobnkevon podv couPdvtov pe d1dpkeln Kot aS0mTIoTiol Yo 0G0 1o TN
ypealetot.

3. Eme&epyocia podv yeyovotmv kabmg cupfoivouv 1 ovadpopiKd.

Mog Aertovpyei To Apache Kafka

To Kafka gtvon éva koatovepunuévo cdomuo mov amoteAeitor and SKOUICTES Kot
TELATEG TOV EMKOWVMVOVUV PHECH €VOC TPMTOKOALOV dtktvov TCP vyning amddoong. Mnopel
va gykotaotofel o€ LTOAOYIOTEG YWPIS AEITOVPYIKO GUGTNUA, EKOVIKEG UNYOVES Kol
Kovtévep o€ TEPIPAALOVTO ECMTEPIKNG EYKATAGTACTG KaOhG Ko oe mepiairovta cloud.

Awkometég (Servers): To Kafka exteleiton og évo oOpmAeyHo €VOG N TEPIOCGOTEP®V
OOKOUIGTMV OV UTOPOLV Vo eKTEIVOVTOL 0€ TOAAG kévipa dedopuévov 1 meployés cloud.
Mepwoi and avtovg Toug S1KOMIGTES GYMUaTiCovY TO GTPO LA amodKELONS, TOL OVOLALETOL
brokers. AALot dwkopotéc ektedovv 10 Kafka Connect yio cvuveyr| eicaymyn Kou eEoywyn
dedouévev ¢ poég suuPaviov v v evomoinon tov Kafka pe ta vndpyovra cvomuatd,
OmwG oyeolokég Paoec dedopévov kabmg kot dAla cvpmiéypato Kafka. To va éxet ™
dvvatdTo. VAOTOMNONG KPICOV TEPMTOGEDV YpNons, €vo ovumieypo Kafka eivon
eEQPETIKG EMEKTACILO KOL OVEKTIKO GE COOALOTA: €6V OTOOGONTOTE OO TOVS OOKOUIGTEG
TOL OmOTOYEL, Ol GAAOL dtakopicoTés Bo avaidPouv mv gpyacia Tov Yo va eEacpaiicovv
ovveYElG Aettovpyieg YwPIc OTMOAELL OEGOUEVOV.

IMehdreg (Clients): Emtpémovv 6tovg ¥pnoTeg va Ypagovy KOTOVEUNUEVES EQUPUOYEC KOL
pikpovmmpecieg mov daPalovv, ypapovv Kot enegepyalovion poég cupUPaviov Tapdiinia, ce
KMpoKo kot e TPOTO OVEKTIKO G€ GOOALLOTO, OKOUT KoL G€ TEPITTOON TPOPANUATOV S1KTOOV
N tov voioyiot. Ot clients givar dwwbécyot Yo Java kan Scala, cupmepthapfoavopévng g
BProbnkng Kafka Streams vymAdtepov emmédov, yuoo Go, Python, C/C++ kot moALEG AAAEG
YA®ooeg mpoypoppoaticpot kabme kot REST API.
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Tpomog hervtovpyiag evog Kafka server

To copPavta (events) opyovovovton kon amobnkevovtar oe Opata (topics). ‘Eva 0épa
etvar Tapdpoo pe Evav pdkelo o Eva cuoTnuo apyeiov Kot ta couPdvta eivar to apyeio o
avtov tov edkero. To Béuata otov Kafka givaun mavta molamldv mopaymy®v Kot ToALOY
cvvopounT®Vv: éva Béua umopel va €xel undév, Evav 1 moAAODSG TOPAY®YOVS TOL YPAPOLY
ovpPavto oe avTo, KOOMOS Kot UNdEV, £vav 1 TOALODG KATOVOAWMTEG TOV EYYPAPOVTOL GE QLTA
t0. ovpPavra. Ta copPavia oe €va Bépa pmopodv va dwfactodv 660 cuyva ypeldileton ce
avtifeon pe To WOPOUOOCIONKE GULGTAUOTO OVTOAAOYNG UNVOUOTOV, To GLUPAvVTA Ogv
draypdpovton petd v KortaviAwon. Avtibeta, o ypnotng opilel yio méco kapd o Kafka ba
wpémel va dwtnpel o cvuPdvta pEcm piog puOBUIoNG TOV UTOPEL Vo EIvarl SLOPOPETIKT oVl
0épa (topic). Otav mepdoet o ypdvog mov £xel opiotel, ta mald cvpupdvto dwypdeovrar. H
anddoon tov Kafka server givor ovclootikd otabepr) 66ov apopd to péyedog Tov dedouévoy,
EMOUEVAOG M AroONKELGT] SEOOUEVOV Y10 LEYAAO YPOVIKO OIAGTNLO OEV Etvon TPOPANLLAL.

Ta topics givan yopropévo (partitioned), Tov onpaivel 0Tt Eva Oépa anddveton 6€ Evav
apfud "kovPadwv" mov Ppickovion oe dwpopetikovg peciteg Kafka brokers. Avti n
KOTavEUNUEVT] TOTOBETON TV dedouévev elvor TOAD GMUOVTIKY Y10 TNV EMEKTAGILATNTA,
EMEWN EMTPEMEL OTIG EQAPUOYEG-TTELATES VO dofalovy Kot va ypdoovy ta dedopéva and/ce
moAAovg brokers tavtoypova. Otav éva véo cuuPdv dnpocieveton oe éva Béua, oy
TPOYLLOTIKOTNTO, TTPOGOPTATAL 6€ Eva amrd Ta partitions tov 0épatog. To cvpPavta pe to 610
KA1 oupuPdvTog (T.y. avayvopioTikd TEAdT 1| OYALOTOC) eyypdpovTon oTo 1610 partition ko
o Kafka gyyvdrton 611 omoloconmote katavalmtig evog ovykekpuévon partition 0éuartog o
dwPdaler mavto ta cupPdvto ovtov Tov partition pe v G akpPdg GEPA TOV YPAPTNKAY.

Mo va givar ta dedopéva avektikd oe cedlpato Ko dbéoya oe Kabe mepintwon,
kaOe topic pmopel vo avamapaydei, £T61 dOTE Vo VIAPYovV TAvTa ToAloi brokers mov &youvv
avtiypa@o TV Oedopéveov ce mePInT®OT mov kdt mher otpafd. Mo kowr| pHOuion
Topoy®YNS €lval 0 ovVIEAEGTNG avomoapaymyng 3, OonAadr, Oa vmapyovv mavio Tpia
avtiypopa tov dedouévav. [6]

Storage
Event sent

and appended

Topic | P1 [ '\tOPartition 1
]
P2 .... \ Producer client 1 [j

3 Il B /— —

“~____— Producer client 2 lo—o

e+ [ o

Ewova 1.8 - Topic yopiouévo og 4 partitions
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M Consumer [ M Consumer ] IM Consumer ]

@ Partition ] @ Partition ]

Ewova 1.9 - Kafka cluster
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Ke@dhiaro 20: MovTéLO TG AUTAMUOTIKNG

2.1 ApYLTEKTOVIKI] TOV GUGTI|LOTOG

21oy0¢ pog givar n Onuovpyio piog TAATQOPLLAS ETIGTNUOVIKOV VTOAOYICUOV LEYOIANG
KMpaxog. o va gtvon dvvatd avtd 1o cOotua Ba tpénet va propel va enelepyactel peydro
OYKO0 0edOUEVOV o€ AOYIKO Ypovo. O tpoTOg e Tov omoiov Ba 10 KatapEpovpe owtd givon e
OV Spopocud TV ded0UEVDV 68 TOALODS Quotkovg kopPBovg (nodes) ot omoiot Ha ta
enefepyalovion oe moporAniic. E@dcov Opmg dev €yovpe ot 6180e01m oS opKETOVG
VIOAOYIGTES Yol TV LAOTOINGoTN €vOg TETO0L OKTOOL, Yo TV TPOCOUoimo™n tov Ba yivel
ypron omd 4 VMs (Virtual Machines). Ta mpoypaupota @uotkd sivor ypoupéva pe Tpomo
00TMG MOTE TO 01KTLO Vo fvarl ETEKTAGILO € OGOVG KOUPOLS XPEWGTEL, YPNOYLOTOUDVTOS TOV
0 axpPpog kodwo. Ilpwv cvveyicovue emiong eivor omopaitnto va avoeepbodv Ta
EMUEPOVS GTOLYEIDL TOV GLGTILOTOG KL TO TTOLEG Evat O apROSIOTNTES TOVS KAOMDG KoL TO TMG
OAANAOETIO PODV.

To Pacikd AOYIKO LOVTEAO TOL GULGTNHLATOS VTOAOYICUMV €ivar £vac apnpnuévog N-
dbotatog ywdpog dedouévav mov ovoudleton GridSpace. Tétowol ydpot ypNGLOTOI0VVTOL
eVpém¢ oe podnuatikd poviéha. O yodpog Bewpeiton 6Tt amoteAeiton amnd kel (cells)
KatdAANANG Tomodoyiog (m.y. R, e€ayovikd 1 GALG TAEypata ko ypdeor). 'Eva vmoouvoio
KEAMDV (KotdAANANG tomoAoyiag, 7.y, maparAnidypappo otov R? ) amotedodv pio @éto
(slice). O ovvohog ydpog (GridSpace) ywpiletar oe apoPeio amoxiewdpeveg (mutually
exclusive) @étec. Xe kabe keAM pmopovue va opicovue avbaipeto aplud petafAntdv mov
OVTITPOCMOTEVOLV TNV KATAGTACT TOv KEAAWD. Me oaut) v Aoy ooun TOAAG
(KoTovepUnUEVA) QUIVOLLEVOL TNG ETICTHUNG KO TNG UNYOVIKNG UITOPOVV Vo LEAETNOOVV.

Ymdpyoov 4 S10QOpeTIKO TPOYPAUNATO TO Omoiot AETOVPYOVV GLYXPOVOGS, KoL
powpdlovtar Tig epyacieg mov mpénet va yivouv. Ta mpoypappote avtd ivon ta e€ng:

e Client: To client mpdypoppa givar vredbvvo Yoo TOV VTOAOYIGUO, TNV
enefepyacio ™C KOTAGTACNG Kol TNV €UQAVION TV dedopévmv evog node,
kafm¢ emiong kor ™G apykomoinong tovs. ‘Exet emiong v dvvartdmmro va
TPOTOTOMGEL 1| v OWPAcEL omolodNToTe KeAl TV dedopuévav emhégel o
YPNOTG HECH ovvapTNoE®V. YTdpyovv VO TPOTOL apyKOTOINoNG TOV
dedouévov: nécm apyeiov O6mov Ta dedopéva TOPVOLV TIG TYWEG Kol TIG
dlootdoelg Tov mivaka mov Ppicketar 6To opyeio, Ko HEo® TLUYOIOV TIUOV
OOV 01 TVYNiEG TIHES apykomotovvTol o€ kKaBe node Eeympiotd. Aeod yivel n
apyKonmoinon kot To. wpoypduporoe tov nodes teBovv ce Agrtovpyeia, o
cuvéyewr o ypiomg tov client mpoypdupatog £xel ™ dvvatdmTo Vo dEL TOL
dedopéva evog node PHEG® eVOC YPOUPIKOL TEPPAAALOVTOG TOV EVIUEPDVETOL LLE
TIG OAAOYEG TV OEGOUEVOV GE TTPAYULOTIKO YPOVO.

e Master node: Ot opuodidmreg tov master node mpoypdupoatog eivar vo
popdoel ta dedopuéve oto. Nodes Kot vo dmuovpyncel to partition table.
‘Eneita, €yovtag extedécel avtég TIC epyacieg, 1 00VAEWL Tov Yiveton 10w pe

13



avTv €vog amlob node, n omoio Bo e&nynbel mapaxdrw. Apyikd, To master
node powpdler ta dedopéva oe oo nodes ypewdletor €TI0l MOTE Vo €ivon
EMAPKNG M UVAUN Yo TNV emeéepyacio Kol omobnkevon Tovg e Kabe node
Eexwplotd, divoviag meplocdtepa dedoUEVE oTo nodes Tov £xovy LEYOAVTEP
enelepyootikn  wWy0. A@ov yivet 0 OWUOPOCHOC TV  OESOUEVOV,
dnuovpyeiton to partition table, mov eivor évag mivakog mov deiyvel moto
KOMUATL ToV dedopévev avtiototyel oe oo node. Metd v dnpiovpyio Tov
OTEAVETOL GTO gateway TPOYPOLLLLOL.

Slave nodes (daemons): Toa daemons eivor nodes mov &xovv o 610
Tpoypoppo vo tpéxet. YmoAoyilovv v €mOUEVN KATAGTOOT TV 0EGOUEVOV
pe PBaon to padnuotikd poviélo g eeoppoyns. o va 1o kdvovv avtd
moipvouv pnvopoto amd T yertovikd nodes oto grid tov dedouévev Kot To
enelepyaloviar. MOMg voloyiotel 1 eMOUEV KATAGTAON TOV OESOUEVOV,
otélveton Ue TN OEPd Mg ota yewovik@ nodes. Avtég ol epyacieg
EMAVOAOUPAvovVTaL HEXPL VO OOKOTEL 1] EKTEAECT) TOV TPOYPAULATOG,

Gateway: To gateway koAeiton va dpdoel ®g Oapesorafnme petasd tov
client mpoypduparog ko twv nodes. Eivar to mpdypoppa mov Aapupdvel tig
UETAPANTEG yioL TNV OPYIKOTOINGT TOV AOYIKOD Ydpov amd tov client ko Tic
anoctéAlel oto Master node, to omoio Oa Tig dayepiotel Tepotépw. Emiong
ypnowonotei to partition table yw va dpoporoyncel 610 cwotd node v
aitmon yw dGPacpo 1 TPOTOTOINGT CLYKEKPIUEVOL KEAMOV, 1 omoia
npoépyeton and tov client. Kvpubtepa dpwmg, otédvel otov client ta dedopéva
ov AopPdver and to node mov awTHG £xEl EMAEEEL VO TOPAKOAOVONGEL Yia
Kk@be Aoywd Pruo, péxpic 6tov o client va amogaciost vo otopatioel vo 1o
TAPOKOAOLOEL.

Mo mv apywomoinon tov kOGUOL KOOMC emiong kot Yo To dWPocpuo 1 ™V

TpomoToinom €vOg KEAMOV Exovv dnpiovpynBel avaAoyeg GLVAPTIGELS, Ol OTOIEG AEITOVPYOLV

®¢ APl mov ypnowomotei o client ywo v nepdrwon ovtdv TV evepyeidv. Ot GLVAPTACELS

oTéG etvon o1 e€ng:

initWorld: H cuvapmon yw v dnuovpyic ov Aoywkod ydpov. Aiver v
eMAOYN NG dNUOVPYING EVOG XDPOV e TUYOIES TILEG 1 LE TPOKAOOPIGUEVEGS
TWég péow apyeiov. Aivel emiong ™ dvvatdmmro €TAOYIS ToL 0pBpol TV
nodes oto omoion O SapolpacTovV TO. SESOUEVAL 1] TOV  OUVOUIKOD
dapolpacpo pe Baon v PvAU Ko ETEEEPYOCTIKY 161 TV Nodes.

readCell: Avt n ocvvapmon Ba Adfel o¢ mapauetpo v amodAvT BE0M TOV
KeAo0 Tov emBupet o client va dwafdoet kou Enerta Oa oteilel otov Gateway
aimua ywo dwPacpa. O Gateway pe ) oepd tov Ba oteidel To aimua 6To
KatdAAnAo node e TV avTIoTOYN GYETIKN BEGT TOL KEAIOL (TANPOPOpPIES TTOL
Bpiokel péow Tov partition table) kot to node emotpépet TeAKA oToV client v
T TOL KEAOV.

writeCell: Méow avtmg g cvvapmong yivetal 1 TPOTOTOiNGT EVOG KEALOD.
O tpomog Aerrovpyiag g ivon id10¢ pe avtiv g readCell pe mv dopopd 6t
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tpononolel kel €vog node avti vo 10 daPaletl kot dev omoGTEALEL OmdvTnom
nicw otov client.

Kdafe node mpdypaupo ocvumepiappavopévov kor tov Mmaster node tpéyel oe
dpopetikd VM. Ta VM avtd ypnoyomolodv Aettovpyikd cvomuo Ubuntu. To gateway kot
client poypappa avtifETme Tpéyovy 610 AOYIGHIKO TOV KEVTIPIKOD VIOAOYIGTH, TO 0010 &ival
0 Windows 10. Me ovtov tov tpomo SoKidaletor 1 SuvardOTNTo TG TPOYPUULOTIGTIKNG
yAoocog Nim va Sovdéyel g S10pOPETIKEG TAOTPOPLEG KOl AOYIGUIKG O PIG TPOTOTOWGELS
otov k®dwo. H Nim ypnooromOnke ywrti sivan pio yhdooa mov mopdyet koduka C vyning
tovTnTag ko eivon multi-platform ywpic v avayxn yw Java Vistual Machines 1 mapdopoteg
teyvoloyiec. Emumhéov givan mo kovtd oto poviélo tov Object Oriented Programming and
o6t n C. To tehikd amotéreopa ot 6Tt Tapdyeton Kodikag C og evotdpeon avanapdotacn o
omoiog petayrotileton BéATioTo and tov C compiler tov kdbe ko pPov.

y = = o )
- Nde ETT YTy i
2= =2 3
EajpRe
N . . >,

Ewkova 2.1 - Tomoloyia tov SikTOOL

2.2 AlyopOpog péTpnong vToLOYIGTIKNG LGYVOS

I'a va éyer o master node tv dvvatdtta vo popdocel to. dedopévo ue Paon v
LU Ko Ty eneEepyacTikn 1oyb, TpEnetl vo. GVAAEEEL OWTEC TIC TANPOQOpPiES oo kGOe node
ovumepropfoavopévonr Kot Tov gowtov Tov. To va PBpovpe v mocdmro ™G eAevBepNC
pvung RAM evég kopPou stvon pio amAn epyacio kot yivetar €0KOA0 Le TO KAAeouo piog
ouvapnong mov eivan dwBéoun pécm piog PProdnkne. H gvpeon g enelepyaotikng 16x0¢
ouwg etvar mo mepimhokn epyocio. [ va v @épovpe oe mépag £ytve n vAomoinomn Tov
oAyopiBpov péTpnong vIoAoYIoTIKNG 16Y00C. O oAyoplOog avTdc GLAAEYEL TaL HESGOUEVO TTOVL
ypewdletar pe 800 tpomovg: pe a&lordynon tov enetepyaocti (CPU) tov xopuPov Paoet evoc
nivako dedopuévav Tov mepExetl fabpoloyieg yio kbbe emeEepyacTh), Kot LE SVVOUIKT LETPTIOT|
™G ToOLTNTOG VIOAOYIGHOD TOov KOUPov. A@oD Yivel 1 GLALOYN OVTOV TOV OESOUEVDV,
LETATPENMOVTOL G€ pio TN oL vl 6TV 0VGio 0 HEGOG OPOG TV dVO OMOTEAEGLLATOV.
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O mivakag afoloynoemv Tov enelepyoctdv eivor S00€01H0C HECW® TG CEAMOAG
https://www.cpubenchmark.net/cpu_list.php kou givon por AMoto mov Yo kébe emelepyoact
vdpyel To Ovopa, 1 Pabporoyio Tov, N KATdTaEN TOL GE GYXECT LE TOLVG VITOAOUTOVGS, 1) TIUN

ToV, Kot M a&io Tov, 1 ool £xEl va. KAVEL e TNV OAO0GT) TOV GE GUVAPTNON LE TNV TIUT TOV.
Mo 1 anarmoeig tov ahyopiBpov Ba ypelactovpe povo v Poabporoyio ko o dvopa Tov
enelepyoom.

Mo mv dvvopkn pétpnon mg taydTTeG VTOAOYIGHOV KaBe kOpPov Ba yiver yprion
evog adyopifpov mov ovopdaletar Kookivo tov Epoatocfévy. Lo pobnpotikd, to Kooskivo tov
Epatoc0évn eivar évag amhdg adyopBpog yioo v €Vpect OA®V TOV TPOTOV apliudv péypt
évav ovykekpyévo axépoto. H gdpeon OAmv tov mpdtev apBudv mov givar pikpotepol i
ioot oo €vav axépato N, cOpeova pe ™ néBodo tov Epatochévn, yivetar wg e&ng:

1. Anuwovpyodue pio Aioto amd dadoykovs aképatovg and to 2 uéyptto n: (2, 3, 4, ...,

n).
2. Apya, é6te 0TLTO P €ivar i6o pe 2, Tov 1o Tp®dTO 0ptopod.

3. Awypagovpe amd ™ Aloto OA0 To TOAAATAAG1L0 TOV P TOV givon LiKpOTEPO N iGaL e N.
(2p, 3p, 4p, k1A)

4. Bpiokovue tov 10 apBpod mov amopével ot Alota pLetd tov P (avtdc o apduog eivar o
EMOUEVOG TPMOTOG aPlOAC) Kot avTikaf1GToOUE TO P pe avTdv ToV apdud.

5. EmovalopBdévoope ta Ppote 3 ko 4 péypt 1o p? va eivon peyodvtepo omd n.
6. O)ot ot apBpoi mov amopévovv ot Aloto givon TpdTOL ap1Opol.

Otov 10 Kbéokivo tov EpatocBévn €xet Pydlel 10 amotéAeco T0V, KATOYPAPETOL O
YPOVOC TOV YPEWICTNKE YL TOV VTOAOYIGUO TOV. AVTOG 0 YpOVOC HE TN OEPE TOv
petoTpénetal o€ Evav aplud mopopolo pe owtdév e Pabuporoyioc tov eneepyoctov. O
xPOVOC VITOAOYIGHOV Ko I Badpoloyio Tov wapdyeTon TPETEL ONAON Vo €ivol avTiIoTPOP®S
avaA0YES TILEG.

Telkd, 0 oAyOPIOLOG LETPNOTG VITOAOYIGTIKNG 1GYVOG Aettovpyel pe ta e&ng Prportas:

1. Kd&bBe xopPoc vroroyilel duvapkd v eneEepyacTikn Tov 1oyv pe T fondeta Tov
k6oKvov Tov EpatocOévn.

2. O1 x6éppor daemons otédvovv otov master koppo 1o dvopa tov eneepyaoth) TOVG,
KO TO OTOTEAECLO OO TOV SOVVOUIKO DTOAOYIGHO, KOOMG EMioNG KoL TV TOCOTNTO
mg erevBepnG pVAHNG TOVS.

3. 0 master «kéuPoc avobéter oe «dBe Ovopo emelepyocti TOV  KOUPOV
(cvumeprappavopévon Kot Tov dKov Tov) Vv Pabporoyio mov Tov avticToryel
pec® Ttov Tivaka agloloynocewv Kou £metta, ot 1 fabporoyio copyneileton pe
™mv enefepyactikn 16x0 mov vroloyiotnke dvvopkd Yo va PBpebel o TEAKOC

Bobpuodc.
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Kepdimo 30: Eykatdaotaon ko YAomoinon

3.1 Ewovikég unyavég (Virtual machines)

To Virtual Machine (VM) eivor évag vrmoloyloTikdg mOPOg mov YpNoyLomotel
AOYIOHIKO aVTL Y10 QUOIKO LTOAOYIGTH Y10 TNV EKTEAECT] TPOYPOUUATOV Kot TNV ovamTuén
eQaproydv. Mio 1 TEPIOGOTEPEG EWOVIKEG UNYOVES "eMOKENTES" UTOPOVV VO AELTOLPYOVV GE
pe euown| unyovn "Kevipuwoh vmoloylom)" kot va ektelovv epyacies. Kdbe eucovikn
unyovn eKTeAel 10 O1KO NG AETOVPYIKO GUGTNHO Kot Aettovpyel Eexwplotd amd TG GAAEC,
aKopo Kot Otav OAEC €KTEAOVVTOL GTOV 1010 KEVIPIKO LTOAOYIGTH. AvTO onuaivel OtL, Yo
napddetypa, po giovikny punyoviy MacOS pmopel va extehectel 6e @uowd vroroylot. H
EIKOVIKTN umnyovn exteleiton og dwadkacio (Process) oe éva mapdbvpo eQApLOYNG, TOPOLOL,
LLE OTOLONTOTE GAAT EPAPLLOYY], GTO AELTOVPYIKO GUGTNLO TG PLGIKNG Unyovig. To Pacukd
apyeion Tov cvvBETOLY pL EKOVIKY pnyovn meptlaupdvovy éva apyeio kataypagng, £va
apyeio pvBuicewv NVRAM, éva apyeio ewovikod diokov kor €va opyeio OpOpP®ONg
(configuration file). [7]

INo g avaykeg g epappoyng Ba dnuovpynoovpe 4 duoteg eovikég punyaves. To
Aettovpykd ocvomuo mov Oo tpéyovv egivaw to Ubuntu 14. H e@appoyn mov Oa
YPNOYLOTOU|GOVLE Y10 VO EKTEAECOVUE KoL VO OOYEPICTOVUE OVTEG TIG EIKOVIKEG UNYOVEG
givon to Oracle VirtualBox. To Oracle VirtualBox givat AOyiopikod £1KOVIKOTOMONG 0volytoh
KOOIKO TOV EMITPEMEL GTOLG YPNOTEG VO EKTEAOLV TOAAMMAG AETOLPYIKA CLOTHULOTO
(ewovikég umyavég) oe pion poévo ovokevr] (puown unyovn). To Aoyiouikd ovtd eivon
dwBéopo yio Aqyn kat eykatdotacn and v avtiotoyn otocelida g Oracle.

INa mv gvpeon ™G KATIAANANG “ekovac” Aoyiopikov mov ypewlopacte (Ubuntu
14), xou TV £yKATAGTACT 0WTOD OC VEN EIKOVIKT Unyavh Ba yivel yprion £vOc LOYIG KoY OV
Aéyeton Vagrant. To Vagrant eivan éva TpdypapLpLor Tov ¥pNGILOTOLEITON Yo TN dNUtovpyio Kot
™ ovvmmpnomn eopnT®V TEPPUALGVTIOV avATTUENG EKOVIKOU AoYicukov. Emtpémer v
dleipion Kot dMpovpyic VEOV EIKOVIKOV UNYOVOV HECH T™C YPOUUNG EVIOADV, Kol TIG
pLOUCES TOAOTADVY EIKOVIKOV UNYOVAV HEGH TOL dov apyeiov dapdpewong. o v
EYKOTAGTACT] TNG EKOVOS AWV ot €ENG EVIOLEC TTPEMEL VO, EKTEAEGTOVV GTOV QAKEAO TOV
B0éAovpe va amoONKEVLTEL N EIKOVIKT UV, LEC® TNG YPOUUNG EVIOADV:

vagrant box add ubuntu/trusty64
vagrant init ubuntu/trusty64
vagrant plugin install vagrant-vbguest

vagrant up
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‘Exovtog ektelécel owtd to Prjpoto, 1 EWOVIKA Unyxovi) mov dnpovpyndnke Oo
epneaviotel 610 ypapwkd mepiPdArov tov VirtualBox. o v mo opodn Aettovpyld m™g
EWOVIKTG UNYOVIS OU®G, TPV OO OTMOWONTOTE GAAN £PYAGin, EVOEIKVLTAL VO EKTEAEGTOVV
KOTOEG EVIOAEG TOV GKOTO £YOLV TNV EVNUEPWOCT] TOV TOKETMV TOV EIKOVIKOD AEITOVPYIKOD
CUGTIOTOC GTNV VEATEPT €KOOCT, KOL TNV £YKATAGTOCT AOYICHK®OV TOL £ivon amoapaitmra
Yo TV avantuén eQaproydV (Y LETOYAMTTIOTES):

sudo apt-get update

sudo apt update

sudo apt upgrade

sudo apt install build-essential
sudo apt-get install manpages-dev

sudo apt install git

‘Eto1, n ewovikn pyovy givar mAéov toyun yia xpnomn. o va dnpovpyncovpe tig
volowmeg 3, Bo ypnowomomcovpe 10 Ypapikd mepPdiiov tov VirtualBox, to omoio pog
otvet v dvvordmra ™ KAwovomoinone. Mécwm TG KA®VOToinomg UmOpovUE  Va
onuovpynoovpe €va  okpiPEg  avtiypapo og EKoViKiG pnyovig mov Boa  Asttovpyet
aveEapmra amd Vv apywn. Ilo ocvykekpipéva, Ba dnpovpyncovue Evav GLVOESEUEVO
KA®VO g MO VIAPYOLGAG EIKOVIKNG Unyovic. Ot cuvdedepévol KAMVOL £XouV TV 1310THTO
Vo XPNOOTO0VV To 1010 apyelo €wovikod O{oKOL HE TNV EKOVIKN UNYOVE  TTOL
KAovomotgiton. Me oawtdov tov Tpdmo, efoceorileton M akEPAUOTNTO KOl GLVOYN TOL
GUCTNUOTOS, £POGOV OAEC Ol EKOVIKES UNavEG Ba Tpéyovv oV ovcia o 1010 aKpPdg
AEITOVPYIKO TOPOAO OV Eivan EEXWPIOTEG OVTOTNTEG,.

“ Khwvomomon Eu ¢ Mnyavig

lew Machine Mame and Path

o Ubuntuld_default_167

Path: . Ch\Users\AdministratorVirtualBox VMs

Clene Type
Full Clone
#® Linked Clone
Additional Options
MAC Address Policy:  Zupmep e Tig SizuBuvoeg MAC Tuww kopTuow SikTiou pe
MNpooBeteg EMhoyig Luoipnon Ovopdtwy Algkuav

Keep Hardware UUIDs

BorBzix Finizh Apdipuwon

Ewkéva 3.1 — Awedikacio Khovomoinong etkovikng umyovig
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Mo va Aertovpynicovv cuyypdves 2 1 TEPICCOTEPES EKOVIKEG UNYOVES TPEMEL VL
Exovv OLec dapopeTikn TpodOnon 0vpag (port forwarding). O cxomdg ™¢ Tpom®ONeNg BV
elvarl va apéyel oV €KOVIKN Unyovn Tpocsfocn 610 ddikTvo HEC® TNG GUVOEGNG TNG
unyovns-owkodeomot). H tpomomoinon tov port forwarding yivetor amd 1o avtioTolo
napdBvpo pLOUicE®V SIKTHOL TNG EIKOVIKNG UNYOVIC.

- Ubuntul4_default_ MACHIME_4 - Settings
Basic Expert

Tevikd Aixtuo

. Kapta Swriou 1 Képta Siktoou 2 Képta Siktoou 3 Kapta Siwkniou 4
Tiotnpa = = =

v Evepyomoinon Kaprog Awmiou
0B8dvn 0

= NAT

9 ] E I

Amobrikzvon

Hyog Tumoc kaptag  Intel PRO/1000 MT Desktop (82540EM]

Aiktuo

T T QsuBuvon MAC 75FBBER
v Kohwéiwo ouvdedzpivo
UsB
MpowBnon Bupag
Kowdypnortor Pakz Aot

HE~%O

Mepifpadov yprion e O

Gupa 1 Qupa 2 Gupo 3 Gupod

Arupo

Ewdva 3.2 - Pubpicelg ductoov

Tpowbnang Bupuov

Ovopa Mpwtokotho PO 0 Gipa O otn  IP Emokemtn  Gupo Emokimn &4

P &

Ewova 3.3 - PuOpiceic mpodOnong Bopag
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To tehevtaio Prpa Yo TNV OAOKANP®OGON TG PUOLIGTC TOV EKOVIKMV UNYOVOV givor
va Bécovpe yuo v kdBe pio Tov Kowwdypnoto edkero. Me TOvg KOWOYPNGTOVS POKEAOLCG,
elvan dvvat mn mpdcPacrm ota apyeid TOL KEVIPIKOD VTOAOYIGT| OO TO GUGTNUO TNG
EWOVIKNG pnyovig. Ot kowoypnotol eakelol Ppickovial GUGIKA GTOV KEVIPIKO LTOAOYICTN
KOl 6T CLUVEYELNL LOPALOVTOL LLE TOV EMICKETTI), O OTOI0G YPNOUOTOIEL EVaL E101KO TPOHYPOLLLOL
00NYNONG CLGTNUATOS OPYEIMV Y10 VO ETIKOWVMOVAGEL PE TOV KEVIPIKO VLTOAOYIOTY. XTO
napdBvpo SWAOYOL Yoo TV TPOCOHNKN KOWOXPNOTOL QPAKEAOL, 1 OVTOUOTN TPOGAPTNON
npémel va, elvon EMAEYUEVT.

Basic

Tevikd Kowédypnotor Pakzior

Mpbopaon AutdpoTn Tpoodptr It [ ]
Tootnuo :

W Ources Mirpng Mo
0Bdvn ] untuld MhApng

Amobrikzvorn

9 (] A [

Hyog

AixTuo
Nepifdddov ypioTn
Iaiprakig Bopeg
Apyzio ™ Mnyovn © ; . ~* BonbBaa ~ v
USB - e
Visual State:
Kowdypnotor Pdkedot . )
Muwpoypappn epyaheivnw: AUTOLLOTN TIpOaapTNaN

MepifaAAov xprion Arupo

2ok esEETE €0

Me Arupo BorBewo

Ewova 3.4 - TIpocdpmmon Kotvoypnotov eokéAon

‘Exovtog mpocapmoer tov @dkedo, 1 OwdKoci €YKOTAGTAGNG TOL  001YOV
TPOYPALLLOTOG GTNV EKOVIKN Unyov| yivetan amhd amd to pevod tov mapadipov g Hetd v
ekkivnon.
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:5' Ubuntuld_default_1670887725786_80266 (TuvSzdzpivn Baon yux Ubuntuld_default 1670887725786_80266 kar Ubuntul... = O

Apyzio  Mnyovr [Mpofohn  Ewaywyn Ivoksvéig BonBao
[ - ] OmTTIKEG oUOKEVEG
& Aixtuo
M Kowoypnotor Qakshot
=] Kowoypnota MNpoyzipa
Eg MeTapopd kol amébzon
7 Evgoywoyn Siokow pe Tig MpooBrkeg Emokemn...

# Upgrade Guest Additions...

readL ineFromStdin

Ewsayets Tov Sioko pe Tig MNpooBnkeg Emokemtn oTov swovikd omike Sioko BEoomENTonN Right Control

Ewova 3.5 - Eykatdotaon Odnyod Tpoypappatog

>ta VM avtd mov €yovv mhéov eykataotabel kot puOuictel, Ba yivel o dopolpacpog
Tov dedopuévav ota omoio Ba extedel epyacieg to mpdypappa. O YOPOg TV dedOUEVOV
ovopdCetonr GridSpace (omd €dm war wépa Ba ovoudlovpe to 2D GridSpace wg GridWorld)
Kol etvon €va 01001d0TaT0 TAEYUO GTO Omoio KAOE povado Tov TAEYHOTOG TEPEXEL Ma
peTOPANT N €va 6GOVOLO HETOPANTOV GTIG 0Toieg amodnKevovTol To dEOOUEVA TIS EQPUPLLOYNG
Y10l TOVG EMIGTNLLOVIKOVS VITOAOYIGLLOVS TTOV TPETMEL VO SLOXELPIOTEL. LNV O GTAY) LOPON TOV,
nov givar avt Tov Ba e€etdoovple, KOs povdda amodnkevel pio povo petafAnTn mov moipvel
Twég 0 M 1 (true 7 false). Metd ™ dmuovpyia tov, 0 Aoywdg ydpog GridWorld ywpileton o€
slices mov 1o k@be éva avatibeton o Eeywpiord VM. Ta slices givar kvuplodekticd koppdtio
TOV OPYIKOD AOYIKOV YMPOV Ko y®pifoviol Le TPOTO MGTE VO TOUPVOVV TEPICCOTEPES CEPES
TOV 3168146 TATOL TivakKa omtd Tov onoio anoteleitonr to GridWorld, ta VM (nodes) mov £xovv
TEPIOGOTEPN VTOAOYIOTIKY] 10Y0 amd To. VIOAOWTA, VIO TV TPOoVHTOBeoN OTL £YOoVV apPKET
LVIAUY Y10 VO TIG VTTOGTNPIEOVV.
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3.2 Eykatactaon kot pvOuon Tov RabbitMQ

To RabbitMQ eivor 10 Aoyiopikd mov Oa ypnowomombel yioo ™V OTOGTOA] UNVOLATOV
HETAED TOV SOPOPETIKOV EKOVIKMY UNYOVOV KoLl TOV KEVIPIKOV VTOAOYIGTH. To mpdypapipa
a6 Ba eyKataoTofel GTOV KEVIPIKO VTOAOYIGTH Kot B dpa ¢ SKOUIGTNG GTOV omoiov Ha
ovvoéovtal ot eQaployég mov BEAovv va e&umnpemBodv. H eykatdotoctn tov givar dvvarn
uéow g oeAidag GitHub tov RabbitMQ. T va Aettovpynoetr to RabbitMQ emiong
YPEWGLETAL VO VITAPYEL EYKATEGTNUEVT] GTO CVLOTNUO 1] YAD GG TTpoypoupaticpov Erlang.

Mohg eykotactafei, to RabbitMQ dnuwvpyel évav ypnot guest pe KmIKO
npocPaong guest. And mpoemiloyr], avTé To SOMIGTEVTIHPLO. UTOPOLY VO, XPNGLLOTOM OOV
povo O6tav cvvdéetonl Kamolog otov drakoptot wg localhost. Eivatr avaykoio Aowdv, yio v
TPOGOUOI®ON €VOC SIKTOOL VTOAOYIGTAOV, 1 dNuovpyio evdg xpnot Yoo kabe epapuoyn
(voAoyio)) mov Ba cuvdEdel og awTO. H dnovpyio acvtdv TV XpNoTdV yiveton omAd Lo
TOV Tivaka dloyelplot g oeAidag localhost:15672.

Name Tags Can access virtual hosts Has password
VMACHINE_O_0O / .
VMACHINE_O_1
VMACHINE_1_0D /
VMACHINE_1_1 /
client /
gateway

guest administrator /
2
Add a user
Username: Test-user
sSsesew
Password: v i .
ssnsse (confirm)
Tags: Set Admin | Monitoring | Policymaker

Management | Impersonator | None

Ewova 3.6 - Anovpyia ypnotodv RabbitMQ

Thpa mov dnuovpyndnkav ot YPNOTEC Yoo KAOE £QAPLOYY, YO VO, LTOPECOLY VOl
&xovv mpodcPaocn oTig Aettovpyiec Tov RabbitMQ mov ypealdpoote, pémet vo toug 60000V Ta
amopoitmrta dwowdpate. H cedida yioo v enefepyoacio dikawpdtov evog ypnot &ivar
dwbéoyn emAéyoviog To OVOUHO TOV ¥pNoTn omd TV Alota Tov Ppicketon oTOV TivVOKQ
OLEPIoTH.
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http://localhost:15672/

Virtual Host: |E|

Configure regexp:

*

Write regexp:

*

Read regexp:

Ewkova 3.7 - Arcoud pata, ypiot

To mpwTOKOALO TOL OO YPNCOTOUIGOVE YO TNV OTOCTOAN UNVOUAT®V €ivol TO
STOMP (Simple Text Orientated Messaging Protocol.). To STOMP mapéyst o
dderrovpyikn popen Kohwdiov €161 dote ot meddteg STOMP vo pmopohv va exikovemvovy
pe omowovonmote pecitn unvopdtov STOMP yio va mapéyovv €OKOAN Kot €upémg
O00€O0UEV  OWAEITOVPYIKOTNTO OVTOAAQYNG UNVOUATOV UHETAED TOAADV YAMGGOV Kot
T ateopradV. OTmg avaeEépovv Kot To. apyikd Tov, to Tpwtdkoldlo STOMP givon gtioypévo
€161 OOTE Vo UMV TPooPEPeEL £EEOIKEVUEVES Aettovupyieg, OAAG Vo KAVEL OovTi owTOD TNV
OTOGTOAY UNVOUATOV aTAOVGTEPT EPYOCiR AOY® TOL YEYOVOTOC OTL OEYETAL YOl TEPLEYOUEVO
punvopatog amAd keipevo. To Aoyiopikd RabbitMQ dwbéter éva mpdcbeto (plugin) mov tov
dtver ™ ovvardomta va dpdicEl MG LEGITNG UNVVUATOV KAVOVTAG YPNCT| TOV TPMTOKOAAOV
STOMP. H eykotdotoon tov yiveton pe v €ENG EVIOAT GTNV VPO EVIOADV:

rabbitmg-plugins enable rabbitmqg_stomp

Metd v eykatdotacn Tov mTPocBitov, M emMAOYN TPOSHNKNG TOV AVTICTOL®V
S pdtov epeaviletor otov mivako Sy eplot) Ko Tpémet va, 60000V yio ke ypnom

Virtual Host: |E|

Exchange: |(AMQP default) v |

L E

Write regexp:

.

Read regexp:
Set topic permission

Ewova 3.8 - Aikaudpata yprotn STOMP plugin

To RabbitMQ «xo1 ot empépovg yproteg eivon miéov mAnpwg pvbuicuévol. Ta
unvopato ke ypnot Oa otélvovian amd TPOEMAOYH otV avtodiayn tomov topic ko Ha
dpoporoyovvton aviAoya, [e Tov TpoOTo mov eEnynodnke oto kepdoo 1.
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3.3 H yhdceca Nim

H yAdooa mov Ba ypnopomomcovpe yio v dnpiovpyia towv epappoyav eivorn NIM.
H Nim sivor po yevikng ypfiong, otatikd opiopévev TOTOV , HETOAYAOTTIGUEV YADGOO
TPOYPOULOTIGHOD GLGTALOTOS VYNAOV emmtédov. H Nim vroompilet petompoypoppoticpd,
AEITOVPYIKO TPOYPOUUOTIGUO, HETAOOGT] UNVOULATOV, OOIKAGTIKO TPOYPOUUATIGHO Kot
OVTIKEYLEVOOSTPOPT, TPOYPOLUOATIGHO, TAPEYOVTAS TOAAEC OLVOTOTNTEC OTMC OMpiovpyia
KOO YpOVOL UETAYAMTTIONG, OAYERPIKOVG TOTOVE dedopévarv, demapn EEVG GLVAPTNONG
(FFI) pe C, C++, Objective-C, kar JavaScript, kot vrootipién HETAYADTIIONG GE QVTES TIG
YAOOGEC OC evdlapesesg avomapaotdoels. 'Eva mpdypappa Nim tpéxet to id10 ypiyopa pe Eva
ouowo mpdypappa C ko €xet T OLVOTOTNTA VO UETOYAMTTIOTEL KOl Vo EKTEAECTEL OF
drapopetikd Acttovpyikd cvomuata. H yAddooo Nim aroutel vo vdpyetl £yKatesuévoc 61o
ovomua £vog pHetayAottiotic C yuo va £xel v duvatodt o Vo LETOYAMTTIGEL apyeio.

H Aym ™m¢ yYAdGGag 6tov KeVIpikd vroAoytot] Ba yivel pécm ™ emionung ceAidog
™mg Nim. A@od olokinpwBei 1 Aqyn, TPENEL VO, Yivel OTOGLUTTIEGT TOV OpYEloL G€ KAmO10
Qaxelo kot 1 ekTéAeom Tov mpoypdppatog finish.exe, to omoio mpocHitel oV petofAnm
nepipdArovioc PATH o611 ypetdleton yio va givar Aertovpyikodg o petaylottiotig g Nim.
2TG eKOVIKEG UnyovéG M eykotdotaomn Oa yiver ypdoovtag v akOAovOn €vioA| 6TO
TEPULOTIKO Kot EMELTO AKOAOVOMVTOS TIC 00MYieg TOV Bal ELPOVIGTOVV Y10l TNV TPOTOTOINGT TG
petafinme nepipdiroviog PATH:

curl https://nim-lang.org/choosenim/init.sh -sSf | sh

[ ™mv onuovpyla tov epappoymdv, Ba yiver ypnon PProdnkov mov dev
eykabiotovvtan pali pe v yAoooo. o v Mjyn avtov 0a yiver yprion tov Nimble. To
Nimble givor 0 mpoemleyEVog SoyEIPIOTAC TOKETOV Y10, T YA®Goa Ttpoypoppaticpod Nim.
Mmopei va avalnmoel makéta Nim, vo eykoatactmoet eEopmoelg (dependencies), va
dNUoVPYNoEL VEX TTOKETOL Kol vo To. avePdcel oty emionun AMota makétov. To Nimble
gykabotdron poli pe v yAdooa Nim. To Nimble éxst xdmoeg eEoptioeic ypovov
ektéleong and eEmTepkd epyoieio. Avtd To. gpyodeion YPNOLOTOIOVVIOL YL TN ANYM
noxétov Nimble. o mopdadetypa, eqv éva maxéto prhoceveiton oto GitHub, mpémel va €xet
eykotactafel to git Ko va mpootebel ot petofAnty mepiddioviog PATH. To mv Aqym
vE®V BiA0ONKOV Aomdv ypnoiponoteiton 1 eENG EVIOAN:

nimble install “package name”

Omov package to ovopo g PpAodnfKC.

24



INa va éxovpe mpocPocm otig Aettovpyieg piog PipAodnkng oe éva tpdypoppo Nim,
TOPOUOLNL PE OAAEC YAMOGEG TPOYPULUUOTIOLOV, TPETEL VO TNV «EIGAYOVUE» GTO TPOYPOLLLLOL
pnéom g evtolng import “module name”. Iapaxdtm Oa avapepBodv o1 BiPA0ONKeC Tov Oa
xpnoporombodv ywo v aviartuén g eQoproYNS (CLUTEPILOUPOVOUEVOV KOl OVTMOV TOL
eykadiotovvton pali pe mv yhdwooo Nim), kabdg emiong kot to ot ivan 1 Aettovpyio Tovg .

Macros

Ot poxpoevtoréc (Macros) eivor pio SLVATOTITO UETATPOYPUUUATIONOD TS YADGGOS
Nim. O petampoypappatiopog ival pio TEXVIKN TPOYPOLUATIOHOD VTOAOYIGTOV KOTh TNV
omoia. o TPOYPAUUOTO £YOLV TN SLVOTOTNTO VO OVTILETOTILOVY GAAL TPOYPAUUOTE ®G
dedopéva toug. Avtd onpaivel 0t Eva Tpdypappa puropet vo oyedootel yuo va dofalet, va
onuovpyel, va avoddel 1 vo petacynpotiCel GAL0 TPOYPALLLOTE, OKOUT KoL VO TPOTOMOLET
oV €0nTO TOV, evd ekteAeitat. [8] 'Evar macro g Nim cvuykexpyiéva givar pia cuvaptnon
OV eKTEAEITOL 0TO YPOVO PETAYADTTIONG Kol petatpénetl To 0&vipo ovvtaéng (AST) g Nim
o€ OPOPETIKO 0€vIpo. Me awTOV TOV TPOTO UTOPEL Vo Ypawel KMOKO dSLVVOUIKE TO 0moio
LEIDVEL KOTE GLVETEWD TOV OYKO TOV KMOIKO Kol OIVEL GTOV TPOYPOLUOTICTH TEPIGCOTEPES
dvvatdTTEC.

Marshal

H Bipriobnkn Marshal mepiéyel d1ad1kaciec yio. o€1p10moiNcn Kol amocEPIOnoinon
ovBaipetov dopdv oedopévov Nim. H popon oepronoinong ypnoomotei JSON.
Xpnowomoteital amd TNV EQOPUOYN YO, TNV HETATPOTN TV dopmdv dedouévov Nim ce pia
popen M omoia eivon e0KoA dloEPICIUY OG URVVLLO TOV TPOTOKOAAL0L STOMP.

NiGui

To NiGui eivor pie Biprodnkn ypaewodv diemaeng ypnotm (GUI) moilamAddv
TAOTEOPULOV Ypapupévn o Nim. Awfétel amhd epyodreion Yoo OAANAETIOpOOT Kol EULGAVION
KEWEVOL Ko €koOvag ta omoia gfvon mpooPdoa péom kmowa. Xpnoonoleitol yuo v
YPOQIKY, OVOTOPACTACT) TNG KOTAoTOoNG TOV dedopévav &vog kopPfov amd to client
TPOYPOLLLLLOL.
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5 - example_02_controls =

Button

Button
Checkbox

[[] Checkbox sl
Label .~ )
I rexeox
‘ TextBox | TextArea
Line 2
TextArea ~ Line 3
Line 2 Line 4
Line 3 Line 5
Line 4 Line 6
Line 5 Line 7
Line 8
et
Line 8 ncg
Line 11
Line 9 Line 12
Line 10 Line 13
Line 11 v Line 14

Ewova 3.9 - Iapadeiypato ypagikov nepifarirovioc NiGui

rdstdin

To rdstdin givor n ifAoBNKn oL YpNoonOIEiTOL Y10 TV E160YWYT OESOUEVOV HECH
tov stdin (standard input). To stdin dwBalel omd TV TLTIKY POT| €GOS0V Y10 T GLAAOYN
dedouévev. Amd mPoEMAOYY, N TVTIKY POT €16000V ivol GLVOESEUEV GTO TANKTPOAOY1O.
Otav koleitar pe ocvvapmon 7N dwdikacioo tov rdstdin, to mpdypoppe mePéveL TV
€10aymY” S£00UEVOV Kot GTI GLVEYELN TV eMeEePYAleTal aviAoYa.

sequtils

Av kol owti 1 Aertovpyikn povada Exet o Seq (sequence) oto dvopd TG, LAOTOLEL
Aertovpyieg Oyt poOVO Yoo Tov TOMO seq, OAAQ Yo TOUG TPELS EVOMUOTOUEVOLG TOTOVG
KOVTEIVEp KOT® amd Tnv oumpélo openArray: oxoAovOieg (sequences), cuuPorocelpéc
(strings) kou mwivaxeg (arrays). Ilepiéxet Pondntikég cvvaptoels Kot S0dIKOGIES Yoo TV
ONuovpyiol KoL ToV YEPIGUO oWTOV TOV TOTwV dedouévov. A&ilel va onueiwbel ot ot
axoAovbieg otnv Nim ivon (o Alota TiH®V, 0AAG 6 avTiBeon e TOVG TIVOKES, TO UNKOG TNG
akolovBiog upmopel va oAldel kotd 1O Ypdvo ektédeonc. [ owtdv TOov  Adyo
YPNOLOTOOVVTOL OPKETA YOl TIG OVAYKES TNG EQAPULOYNG.

std/algorithm

H Bipriodnkn algorithm napéyer eniong mepetaipo Aerrovpydtnta yOpm and ToVg
openArray tHmovg d£00UEVOVY, TPOCOEPOVTOS L0l VKA Ot O EEEIOIKEVUEVEG O10IKAGTEG
OT®¢ dvadIKN avalNmomn, TavoUNcT, CLYXDOVELCT Kot GAAL.

std/math

Mia BiAobrkn mov mepi€yetl d1dKacies Yo mo €WOIKES TPAEELS TAVD GE aPOOVG.
Kémoteg and avtéc etvon m evpeom teTpayoviknig pilac 1 mopoy®vTikKov, 0 VTOAOYIGHOG
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TPIYOVOUETPIKOV €EI0MOEMY 1N OKOUO KOl 1) EVPECT UEYIGTOL KOWOU O1oupET/EAA(IGTOV
KOOV TOALATAAGI0V LG OpAd0G aplOpdv.

std/monotimes

H PBProdrkn std/monotimes vAiomoel povoToviKES YpovikKEG onudvoels. Mo
LLOVOTOVIKT] YPOVIKT] GTILOVCT] OVTUTPOGMOTEVEL TO YPOVO OV £YEL TEPAGEL ATO KATO0 YPOVIKO
onuelo mov €yel opotel amd 10 cvotmue. O tmog MonoTime oamoBnkevel ™ YpPoviKN
ONUOVOY] GE€ OVAALGN VOVOIEVTEPOAENTOV, OAAG 1 TPOAYUOTIKY) VTOCSTNPWLOUEVN YPOVIKN
avaALGT SOPEPEL Yo S1POPETIKG GLGTAKATE. Mio 0md TIG TEPMTOGEL XPNONG TG Elva, Yo
TOPASELYLLO, Y10 TV KATAYPOPT] TOL ¥POVOL EKTEAEONC LG CLVONKNG 1] GLVAPTNOTG.

std/net

Avt M PPprlodnkn viomoel o demogn vrodoydv (Sockets) vyniov emimédov
TOALOTADV TAOTPOPUOV. Mia vmodoyn dktHov eivor pio Sop AOYICHIKOD TOV XPNCLEVEL
®G TEAKO onueio Yoo TV OmOGTOAN Kot ANyn dedoUéEVOV HEGH® TOL O1KTOOL. Mécm TV
VTOO0YDOV oL TapEyovtor amd TV PiAoOnkn net dniaon yiveton dSvvar 1 cVVIEST] LETAED
™G £papuoyng kot tov RabbitMQ server.

std/os

Avm n BPAodNKn Tapéxet po demapn Yo Pacikég AETovpYieg Kot YoUPaKTNPIGTIKE
TOV AEITOVPYIKOD GLGTNUATOS, OM®G OVAKTNON HETOPANTOV TEPPAALOVTOC, €pYOcies LE
KatoAOyoug Kot apyeia, exktédeon evioddv shell k.Am.

std/random

H tnwkn yevvirpa toyaiov apiBpov (RNG) mg yYAooosoag Nim. Me v ypnomn g
yiveton m apyuwonoinon tov dedopévov tov kOuPov pe toyaieg tipég. o va mopdyet n
Biprobnkn Tig 1d1ec axpPdg tuyaieg Twég ke @opd ypnowyomoieiton to 610 seed. Xe
KGmolow Agrovpykd cvotiuato mov dgv mapéyovv v GetRandom ocvvdptnon, v va
ypnoorombel avt) 1 PPAoONKn, KaTtd ™V HETOYADTTION TOV TPOYPALLOTOS TPETEL VOl
d00ein odnyia -d:nimNoGetRandom wg mopdpeTpoc.

stomp

H Bprobnin mov viomoiel tig Aettovpyieg tov mpmtokdOAlov STOMP. Mécw avtrg
yivovtal ot amooToAég Kot ot Taporoféc Tov punvopdtov mov dwyepiletan o RabbitMQ
Server.
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strutils

Avm N Asrrovpyikn povéda cuotpatog opilel kdmoleg cuvnBiopéveg Asttovpyleg Yo
™mv epyacio Le GLUPOAOGEPES, OTWG LETATPOTN GAA®VY TOTWV dEOOUEVOV GE GLUPOLOGEIPEC,
oVVEVOGT] GLUPOAOGEIP®V Kot GAAEC.

sysinfo

To sysinfo eivar o Pprodnkn TOAAATAGY TAGTEOPU®OV Yoo TV €VPEOT
TANPOPOPIUDY CYETIKA L€ TO AETOLPYIKO CLGTHUA 1 TO VAMKO TOoL VROAoyoTh. Ot
mAnpoeopiec meplopPdvovv HeToEh GALOV TNV €KO0CT TOV AETOLPYIKOD GLGTHLOTOS, TNV
TocOTTA TG EAEVHEPNG LVILUNG KOl TO OVOLLOL TOV EMEEEPYOCT).

system/io

Mia Aetrtovpyin povdda mpoceépet Evav Tpomo duyeipiong apyeiov. Mg v ypnon
™G UTOPOLUE VL S10BAGOVUE, VO S10YPAYOVLE, VO TPOTOTOUGOVLE 1) VO ONULIOVPYHGOVLLE
Kovovpa opyeio. Metd v ékdoon Nim 2.0 ovt) 1 Pprobnkn eivor miéov pépog g
YA®OGOG Kot OV YpeLETAL EIGAYWOYN.

threadpool

H Bprwobnkn yio mv ypnon vnuatov (threads) omv yrAdoco Nim ovoudleton
threadpool. Ta threads sivou o tpdmog pe tov onoimv eviodég o€ Eva TpdYpOpLpL LTopoHY Va.
ekteleaTOOV mopaAAnia. Etvon yprioipa yio v dnpovpyio S10dpacTiK®V EQAPULOYDY, OTOV
Bélovpe 01 OTOEGONTOTE €PYNCIES EKTEAOVVIOL GTO TOPACKNVIO VO UnV emxnpedlovv v
ATOKPITIKOTNTA TNG EQUPHOYNS. 'Exovv emiong v dvvordmta va eKTEAEGOVY Lo GEPE oo
VTOAOYICHOVG 7o ypnyopa am’ 6t o pmopovoe pwo oeplokn ektédeon. [Iépa amd v
threadpool n Nim éyer mAéov mo e&educevpéveg Piprodnkeg yo vijpato 6mtmg ot malebolgia,
taskpools ko1 weave, adlAa yio Tig avdykeg g epoppoyng n threadpool givon aprer.

34 YXlomoinon 10V GUGTINOTOC

3.4.1 Xkomdg NG £QUPROYNS

Onwg €xer avapepbel ko vopitepa, mn eeapuoyn mov 0o viomomBel eivor o
TAOTEOPLLO. VTOAOYICUMV HEYAANG KAMpakog, g omoiag M Acttovpywomro Oo efetaotel
puécm g viomoinong evoc kataveunuévov Game of Life (GOL). To Game of Life, givat éva
KOWYEMOKO owtdpaTo Tov emvondnke and tov Bpetavo pobnpotikd John Horton Conway to
1970. [9] 'Eva xvttopwkd 1 KOYEASIKO 0ovTOHOTO €ivol €vo. DTOAOYIGTIKO LOVTEAO
CLOTNUATOV HE OVAOVOUEVT) TOALTAOKOTNTA 7OV HEAETATOL 0T Bewpia TOV aVTOUATOV.
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Onwg kot 0 Aoyikdg ywpog GridWorld, éva kuyelikod ontopato amoteheitol and évo TAEYLQ

Koyeddv, mn k0Be o oe pio amd Evav TEMEPAGUEVO OPOUO KOTOCTAGEWDV, OTMC

gvepyomoinon kot amevepyomoinon. To mAéypo pmopel emiong va ivol 6€ 0mMOOVONTOTE

TEMEPOUCUEVO apOO d100TAcEMV. 'Eva koyeA1d1ko avtopato Asttovpyel pe ta e€ng Prnaro:

1.

Mo kaBe keM, opileton Eva GVVOAO KEADV TOL OVOUALETON YEITOVIAL TOV.

M apyikn katdotaon (ypovikn otiyun t = 0) emAEyETOL EKYOPOVTOG [0
KatdoToon Yo kife KeM.

Anmovpyeitar o véa yevid (mpoyopmvtag 1o t kKord 1), cOhpeova pe kémoov
otafepd kavova (cuviwg, po padnpatiky cuvapmon) mov kabopilel ) véa
KOTAoTOoN KAOE KEAI0D GE GYEST e TNV TPEXOVG A KATAGTAGT) TOV KEAMOV KO
TIC KOTOGTAGELS TV KEAMMV GTI| YEITOVIAL TOV.

To Prua 3 emavarapPdavetar péypt Tov TEPUATICUO TOL TPoypappatos. [10]

To kuyeAdwo avtopato Game of Life cuykexpyiéva, eivor Eva d16d106Tato opHoymdvio

TAEYHa and TeETpAy®Ve KeMA, KabBéva and ta omoio Ppioketor oe pion amd Tig 6vo mOBavEC

KaTaoTaoES, Covtavn 1 vekpn (1] KOTOKNUEVT Kot [ KOTOWKNUEVN, avtiototya). Kdbe kell

OAANAOETIOPA LE TOLG OKT® YEITOVEG TOL, OV €ival Tl KEAA oL givan oplovTia, Kabeta N

dwydvia yerwovikd. H pobnpotikny oyéon pe mv omoio vroroyileton n emwdpeVn KatdoToon

Kd0e kelo¥ elvon 1 e&ne:

1.

Kdé&be {ovtavo kottapo pe Aydtepoug omd Vo {mvtavols yeitoveg mebaivet,
ocov and vromAndvouo.

Omnowdnrote Covtovd kuTTapo e dvo M Tpeig {wvtavoig yeitoveg (el onv
EMOUEVT YEVIAL.

KdéBe Lovtavo kdttapo pe mepiocdtepovS omd Tpelg Lovtavong YeEITOVES
nebaivel, cav amd vrepmAnOvoUo.

KdBe vexpo xottapo pe axppag tpetg Covrovovg yeitoveg yiveton Lovtavod
KOTTOPO, GOV LLE OVOTTOPOLYMDYT).

H opyum xotdotaon amotehei tov omopo (seed) tov cvotjuatoc. H mpdm yevid

onuovpyeitor €@apuoloviog Tovg TaPAmdve Kovoves Towtdypove o€ KABe KLWEAN TOL

TAEypoTog, Coviovd N vekpd. yevvnoelg kot Bdvartol cupfaivouy Tantdypova, Kot 1 S1KpLTy

oTyun mov cvpPaivel avtd ovopdleTon TiK.
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Ewova 3.10 - ITopaderypo katdotaong koopuov Game Of Life

[Mapoxdare Oa avaeepOel mwg vAoTOEiTOL KAOE ETUEPOVS TPOYPOLLILO TOV GVGTILOTOC,
HE avaeopd oTIS KUpLEG Oadkacieg Ko v Aerrovpyia Tovg. O KOOWKOG Y10 TIG JL0OIKAGIES
mov Ba pinoovpe, poll pe omowdNTOTE GAAG KOUUATIOL TOL KOO0, £ivar d100€G110G Yo
avayveoon 6To TapapTnue A.

3.4.2 Master node

Edd meprypdooviar ot dodikacieg mov mepi€yoviar uoévo oto master node. Ot
dwdacieg mov amotelobv pépog tov master kor twv slave nodes e&icov Bo avapepHovv
TOPOKATE.
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initMessage

H Jwdwoaocioc mov koieiton Otov To Mmaster node déyetoar to pRvopo yw TV
OpYIKOTOiNoeN TOL AOYIKOU yY®pov pécw Tov gateway. Kdaver v omAn epyocio ™
arobnKevong UETAPANTOV OT®OC TNV O1GTOCT TOV YMPOV, TOV OPlUd TOV GTPOUATOV
(layers) tov petofintov GridWorld mov Oa kpatodvion otnv pvAun k.Am. ‘Eva otpouoa
HETAPANTOV €ivarl 1 KOTAGTOCT TOL GUVOAOL TOL AOYIKOL YMOPOL G€ Uio ¥POVIKY| GTUyUN.
Ady®w 10V OTL M emOUEVN KOTAGTAGYT TOL AOYWKOD YMOpov eivor KABe oTyun daueca
EUTAEKOULEV LLE TNV TPONYOVLEVT] TNG YPEWLOLOGTE TOVAGYIGTOV 2 GTPAOLOTA.

specMessage

Koleitar 6tov to master node AouPaver punvopora omd tao slave nodes yio v
ToGOTNTO. TG EAEV0EPNG LVIAUNG TOVG, TO VoUW TOL EMEEEPYAOTY] TOVG KOl TO OMTOTEAEG|LOL
amd TOV  OoAYOplOpo PETPNOMG VTOAOYIGTIKNG 10oYVOC. AVLTEG ol mAnpogopies Oa
XPNOWOTOmOoVV apyodTEPA Y10 TOV VITOAOYIOUO TOV peyEBovg tv slices mov Oa AdPet kabe
node.

getCPUScores

H dwdwacio mtov kodeiton yo va Bpefodv kot va amodnkevtodv ot fadporoyieg tov
eneEepyactdv tov nodes. To apyeio mov mepiéyel tig Paduoroyieg ywo mavo oamd 4.500
EMEEEPYUOTEG GAPADOVETOL GEPLKA Kot TPoomadel vor TopldEel T0 OVOULOL TOL ENEEEPYUTTN TNG
TPEYOV YPOUUNG pe KaBe Evav amd v Aoto tov encéepyactdv Twv hodes. Otav emitdyet n
Babporoyio amoOnieveToL.

memArrange

H xdpur dodwacio mov Egxmpilel ta vrorouwa nodes and to master node ce Oépa
Aerovpywotnrog. H  memArrange ypnowomoteiton yioo vo vmoloywotel moco hodes
ypelovion y v avamopdotact tov Aoywikod ydpov GridWorld ko mowo Oa givar to
uéyeboc tov slices mov Oa avatebei oe kabe node, kobmg emiong kou v didtaén Twv nodes
otov Aoy yopo. H dadkacio aut KAVEL TIG TopaKAT® KOPLEG EPYOCIES e TN CEPALL:

1. Eexwdel éxovrac oc evepyd node pdvo to master node

2. AmoBnkevel TO TOGOGTO TG GUVOMKNG EMEEEPYACTIKNG 1GYVG TOV KOTEXEL TO
KGO evepyd node o pia axoAovdia (Sequence)

3. O hoyKdg ydpog TV dedopévav ywpiletol o€ tepinov ioa slices kot divovton
oto gvepyd nodes
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4. Ta nodes toktomolobvTol 6Tov H160146TaTo YDPOo HE Pacm TV eAedbepn
pviun.

5. Anuovpyeiton pio akoAovBio Tov TEPEXEL TV TOGOTNTO TNG VITOAEUTOUEVNG
uvAung kéOe evepyov node, ta&vounuévng pe Oivovoa cepd Katd v
VTOAOYIGTIKN 15YD.

6. A@opodviar cepéc Tov slice amd ta nodes mov dev Exovv erehbepn
VIOAEWTOEVT] vnuT, amd avtd ov £xovv péyedog slice mov dev pmopel va
vrtoompi&el 10 STOMP pmtoK0Aho ™G QopTio, Kot amd avTd TOV TPOKAAOVY
T0. YEITOVIKG NOdes Tovg var unv £xovv eAevOepn v LE TO va givar ot
peyolvtepot e péyebog yeitoveg amd Toug 0Toi0Vg TPEMEL VAL TAPOLV
dedopéva. O oepéc antég mpootiBevial oto, NOdeS Tov xovv apKeETH
elevBepn pvnun, divovtag TPoTePUdTNTO GE AVTA TOV £YOVV LEYUADTEPT
enelepyoaoTikn 10Y0 HES® TIC akoAovBiog wov dnpovpyndnke oto Prjna S.

7. Télog, av HETG 0O OVTEG TIC EpYacies VAPl Node pe apynTikn erevepn
pynun, tote yivetan evepyo Eva akourn node kot n extéreon cuveyileton omd to
Prina 2.

simpleArrange

H dwdwaocio mov koAeiton av €yl omopaciotei 1o and tov client o apOpdg v
nodes mov Ba ypnowomombovv ya v npocopoimon GOL. Ta dedopéva ympilovar anid o
ioa slices ka1 ta NOdes kataTdocovVIoL 6TOV YMOPO UE TV GEPAL.

getNeighboursToCheck

Xpnowomnoteiton amd v memArrange yw va Bpebet yio mowovg yeitoveg tov givan va
node o peyolvtepog o€ puéyebog yeitovog, onradn awtdc pe to peyarvtepo slice. H dwdikacio
aVTA €Yel po EMAEOV TAPAUETPO Yoo To av Oo mpémel va givar évo. node o puovodikog
peyoAvTEpOg yeitovag. ®&lovpe va eivar Hovadtkog OTav EAEYYOVUE YOl TO OV TPEMEL VA
apapéoovue 6EPEC amd to Slice Tov, Kot Lovadikdg 1 Un-povadkog OTav ETLYEIPOVLLE VO TOV
npochEécove oEPEC.

createPartitionTable

H dwdwoocio mov @tidyvel to partition table mov amootéAieton ko ypnowomoteitat
ard to gateway mpOypoppo Yo TNV OPOHOAOYNGT GLYKEKPIUEVOV UNVOUATOV GTO COCTA
nodes.
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findFirstlt

‘Eva template yio v €0peon tov TpdTOL OVTIKEEVOL G€ pio akolovBia, To omoio
IKOVOTTOlEl pior ouvOnKn Tov Tov divetanr ¢ mapduetpoc. Ta templates sivonr évog omhdg
UNYOVIGLOG OVTIKOTACTOONG OV AEITOVPYEL GTOL OPNPNUEVE GLVTOKTIKA 0&vTpa Tng Nim. To
templates ene&epydlovtal 6T0 GNUAGIOAOYIKO TEPAGLA TOV peTayAmTTioTh. [11]

3.4.3 Kowég dwdwkacics peta&d Slave nodes ko Master node

unrollLoops

To macro mov viomowei 10 kO6ckivo 1oL Epotochévm vy v vmoroyiopd g
eneEepyaoTIKNG 10yvog evoc node pe Paon tov xpovo ektérecnc tov. OTmg ovapépel Kat to
ovopa Tov, KAvel xpnom Mg teyvikig mov amokaAeiton loop unrolling 1 Eetoliypa Bpoywv.
To loop unrolling eivon pwor TeYVIK petacynuotiopod Ppdyov mov mpocomabel va
BelticTomomoetl ™V TayVTNTO EKTEAECTG €VOG TTPOYPApLOTOS G€ Papoc tov peyéboug tov
apyetov tov. O o10Y0G TOL EETLAlyHOaToC PBpdyov eivor vo avénbel 1 TovLTNTAL EVOG
Tpoyphupotog petwvoviog M eodeipovtag TIc eVIoAEC mOv eAEyyouvv Tov Ppdyo, OTMG M
aplOuUNTIKN TOV SEIKTOV Kot 01 SOKIHES "téNog Ppoyov" o€ kébe emavainym, [12] peidvovrog
TI TOWVES dLKAAO oS, KaBmS kot amokpOPoviag KaBVoTEPHTELS, GUUTEPIAAUPOVOLEVIG TNG
Kabvotépnong oy avayvoor dedopévov oamd ™ uvAun. [13] Ta vo eoieipbel ovtm n
VIOAOYIOTIKY  €MPAPLVOT, Ol PpoOYol UTOpovV va. Eavaypa@odv ¢ EmOVOAQULPAvVOLLEVT
axoArovBia mapopolwv aveEapmrtov eviod®v. [14] Avtd akpifdg eivon 1 epyocio Tov exTelel
oV ovoia M poakpogvioAn unrollLoops ya vo Eedumhdaoet tovg Bpdyovs. O KOIKAC 0VTOG
AOYO NG PUONG TOV LOKPOEVIOADV UETATPEMETOL KATA TNV petayAdttion and 70 ce 1943
OEPES KDOKA TOV TTEPEXOLV 32 S1POPETIKEG EKO0YES PpOYV TTov £yovv EeTtuiiytel. TEAOG 0
KOOUKOG TTOL dMOVPYELTOL Ol TNV TOPUTAVED LOKPOEVTOAN OOVAEVEL G EENG:

1. Ot Bacwol tpmdTot Exovv peuwdel povo o mEPTTES TIUEC.

2. O amoxonn (culling) petoé&d tov byte onuaivel 61t 1 amokonn eivon o Luyég
TWES, KaBMG Ta byte £xovv okt® bit.

3. Kévovtag avtd, epeaviCeton éva emavorappavopevo potifo modulo 6mov 1
O Béon bit Ba emonpoaiveton yio ka0 oktwd culll kon 0 byte mov €xet
KaAveOel Ba etvon axpPoc 1 ‘Pact T TP®O@TOL CPBROD’ pokpLd Td TV
tehevTaio opd Tov ot 1 B0 bit emonUavVONKE OC OTOKOUUEVT).

4. To mopomdve onpaivoov 0Tt kdBe emavaiapPovopevo potifo 7y pio
dedopévn Poaown| Tun mTpdTov aplBuold dapépel poévo amd ™ B€on bit amod
™V omoia EEKVAL, Y10 OKTD EVOEYOUEVAL.

5. Adyo tov podnpatikeov modulo, vrdpyovv poévo dapopetikd potifa yuo Tig
Baowég Tipég mpdTeV apBpdv modulo okt®, kKo dedopévov OTL OAeg o1
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Boaowés TWES TPOTOV apludv elvon mEPITTEG onpaivel 6t 10 AyodTEPO
onuoavtikd bit eivon mavro éva. Ymhpyoov povo técoeplg €K00yEG HoOTiov
amokomng. Avtd to t€éccepa poTifa emi TIc okt mOavEC BEoEC exKivioNng
onuaivel 6Tt VLaPYoLVY POVO 32 GVVOAIKEA LOTIBO OTOKOTNC.

6. Emeon xobéva and avtd ta mbovd potifo amokomng eivar otabepd Yo £vo
dedouévo potifo, pmopel kavelg vo ypnoipomo|cel otabepéc (AUECES) TILEG
KdAvymg v Tig B€celg amopdkpuvong okT® potifwv, mov onuaivel 6tL dgv
etvon amapaitnro to "bit twiddling".

7. Tho éva dedopévo mBavd potifo ammokomng yio po dedopévn  Pacikn Ty
npOTov 0aplBpov, kdbe Oeiktmg byte eivon poe otabepn peTOTOMIGT TOL
avamToyOnke omd ™ PAcIKN apyIKN TN o0 ToV TPMTO OEIKTN byte 610 OKTM
potifa, mpaypo mov onuaivel 6Tl GV KATO0G OVOYKAGEL TOV HETOYAMTTIOTY
VO YPNCLOTOMGEL €VpETNPiacT Katoympnt amd Pacikd xoatoywpnt) (wov
KEVOLV OVTOUOTO Ol TTO OMOTEAEGLOTIKOT LETAYAMTTIOTEG TUTOL C), €dv givon
dwbéoyol oKT® Kato®PNTEG, TOTE OAOKANPOG O Ppdyog pmopel vo yivel
YPNOWOTOIDOVTAG AEITOVPYIEG KATAY®PNT Kol €V LEdpyovv GAAOL OVO
Katoyopntég dbéotor yio va kpatnBovv T BAcmn mn opykn T Kot m
oplokn Tiun ANéng Ppoyov, tote OAOKANPTM N rokom Yo £voL EOOUEVO EVPOG
umopel va. yiver € OLOKANPOL YPNCILOTOIDOVTOS AETOVPYIEC KOTOYWPNTH
JPOPETIKEG amd TNV TPAEN ovAyVOGTC/TPOTOTOINGNG/EYYPAPNS OV GTHV
TPAYLOTIKOTNTO ETICNUOIVEL £V KOULULATL G OTTOKOUUEVO.

8. H mapomdve texviki AETOVPYEL AMOTEAEGLOTIKA LOVO Y10 MKPOTEPES PACIKES
TWEG TPOTOV apBu®V OOV TO €VPOC AMOKOTNG OeV vIepPaivel Tov apBuo
tov byte ot pviun cache g CPU L1, xou oy mpaypotikdmro Aydtepo
o avTo, KaBMG LILAPYEL CNUAVTIKOS XPOVOG EYKATAGTOONG Yol TOV Bpoy0 Kot
EMOMNG OMOAELL YPOVOL Y10l TO EMTALEOV QAL TPOPAEYTG O1OKAGO ®ONE TTOV
TpoKoAeitol amd TV VIOAOYIoUEVT EMAOYN HoTifwv evog amd ta 32 potiPa,
Kafm¢ avt N emhoyn eaiveton va etvon toyaia v v CPU kot emopévmg dev
umopei vo tpoPrepdel amotedeopatikd. [15]

dataMessageL.oop

H dwdwkacio mov kokeiton 6tav €va node Aoufdver pivopa omd KAmowo amd to
yerrovikd nodes tov i and To gateway yuwo tpomomoinon/diifacua evog cvykekpévoo cell.
210 GOUO TOL pUNVOpaTOG Ppickovtal To ded0UEVA, Kol OTIS KEQPOADEG TANPOPOpieg OTMG N
0éon tov node otov AOYIKO Y®PO, TOV TOMO TOVL UNVOUOTOC K.T.A. AV gival pivopo yio
tponontoinon/didPacpo cell tote 1o Tpomomoiei 1 otédvel v iUy Tov otov client avtictouya.
AMbg ovveyilel eneEepydlovtog TO URvVLpLO TOL YEITOVIKOD Node, LE TO Vo LETOTPETEL TIG
o0 Tég mg andAvtg B€omn Tov 610 KapTESLOVO TAEYHA (X,Y) o€ o povo tiun. H tipun oot
vroloyiletar ¢ n 0éon tov node amoctoAéa o€ oyéon ue v 0éom tov node mopaAnmTn
OTMC POIVETOL GTNV EIKOVOL
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receiver
3 node 5

Ewova 3.11 - Zyetikn| 0éon yerrtdvov evog node

Me ™ Ponbeia ™ oyetikng BEong OV VITOAOYIGTNKE, TO KOUUATL TOV dESOUEVMV TOV
ypewdletar 0 node ToPOANTTING, GLAAEYETOL OTO TO UAVOWO TOL YEWOVIKOL Node ko
anoBnkedeTan otV avtictoyn BEon oy akodovdio (Sequence). Av pe TO TPEXOV UVULLO O
TOPOATTNG €xel TAEOV AGPel pnvopato amd OAOVLG TOVG YEITOVEG TOV Yo OWTHV TNV YEVIA
(Aoywo Prua), cvveyilel pe TO VoL VITOAOYICEL Kot VoL MGEL TV EXOUEVT KaTdoTtoomn Tov slice
TOV, KOl 0POV TO KOAVEL OVOVEDVEL TOV TIVOKO OEIKTOV TOV GTPOUATOV TOV dE0UEVOV KoL
npoywpdel oto emduevo Aoywd Prjua. Téhog, M véa TOL KATAGTOCN OTOCTEAAETOL GTO
yertovikd nodes kon amoBnkedetan miong o€ apyeio otov dicko, yo va ypnoyomombei og
TePIMTOOTN TOL TO TPOYpoppa Tov Node TeEpUATIGTEL amPOGAOKNTA Y10, OTOOVONTOTE AOYO.
A&iler vo onueiwBei otL k@O pnqvopo mov otédvetar amd o, Nodes éxer v odnyia
prefetch-count 1, mov onuaivel 6Tt KOs TéTO0 URVVUO UTopel va TaponEOel Eva )
eopb mpwv yiver avoayvopion (ack). Avtd Ponddel oto vo unv emyelpnoel vo Aafel KAmoo
node punvopo v dev EXEL APKETN VAT Y10 VOL TO S10EIPIOTEL

rearrangelLayers

H dwodwacio mov avolapupdver mv avacovioln g okoAovBiog tov SeIKTOV TV
OTPOUATOV TV dgdopévav. Ot deikteg avtol amoBnkedovv v Béom pvnung vy Kabe
oTpopo dedopévav tov slice ko petaromiCoviar e kdbe Aoywod Pruna. Xpnoyomotovvrat
OVTL VO TPOTTOTOLOVE Qe To d€d0UEVA OLOTL LE OVTOV TOV TPOTO M ¥PNOT| TG UETAPANTIS
temp yw mv petatoémion tov otoyyeiov g akolovding eivor pikpdtepov peyébovg, Ovtag
amAd po 0éon puvnung oe avtiBeon pe v dueon péBodo mov Ba ypewldtav otV ovcia
pvniun opket yuo évo emmAéov slice.
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[ pointer 0 jE{)E data0 |
[_pointer 1 Bl=E data1 J

-~ [ pointern J=>[ datan |

Ewova 3.12 - Avarapdotaon g Asttovpyiog tng rearrangelayers kot g akolovdiag tov deiktdv

calculateNextStep

Méow g calculateNextStep yivetor o vroloyiopdg ™mg véag Kotdotaong tov slice pe
Baon Tovg Kavoveg TOL PLaBMUATIKOD LOVIEAOV, TOV GTNV TaPovGa TepinT®aon eivan o Game
Of Life. O vrmoloyiopog pumopei va yiver ypryopa [e o LOVo VIOAN oL eAEYYEL Kou TovG 4
Kkavoveg tov game of life:

nextStep[i][j] = (aliveNeighbours or currentStep[i][j]) == 3)

Omov aliveNeighbours givot ot {ovtavoi yeitoveg yia to tpéxov cell. To or oty cuykekpipévn
nepintoon eivor  wpagn bitwise OR. To bitwise OR eivon por dvadikr Tpdén mov maipvet
dvo potifa bit dov pnkovg ko ekterel ™ Aoywkd mepektikny mpdén OR oe kdbe Cebdyog
avtiotorywv bit.

calculateBorders

H dwdwoocio mov kokeiton amd v calculateNextStep yw tov vmoAoylopd m™g
KOTAGTAONG TOV aKkplovedv dedopévav tov slice. Ta dedopévo Tov «GLVOPEDOVYY GTNV LGN
pe dedopéva amd slices dAlmv nodes mpémel voo AGBOLV VITOYIV TG TIEG OTEC, Kot O)L LOVO
TG TWEG TOV Yedvov mov Ppickovior oto 010 slice pe avtd. Avtd 10 KAvouv PEC® TNG
akoAovfiag Twv dedouévov TV YErTOVOV Ttov Node mov ovavedvetor pe KABE KovoOplo
YETOVIKO UTVULLOL

drawGrid

H drawGrid kaleitor 610 T€A0G KGO AOYUKOD BALOTOC KOL EKTUTMOVEL GTO TEPUATIKO
™mv Kordotaon tov dedouévov. Ta (ovtava cells epgaviCovtar pe tov yapakmpo ‘0°.
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344 Gateway

nodeDataMessage

Me v ypnon avtg g owdkaciog Aapupfavovtar o dEdOUEVA YL TV aPYIKOTOinoN
0V AOYIKOU Y®dpov (apluog otpopdtov, péyebog ymdpov K.T.A.) amnd tov client ot
amoctéAAovtal otov master node, onov Oa ene&epyacstodv avaroya.

infoMessage

Koeitar 6tav to master node otédvet to partition table kou oyfquo tov Loyikov ydpov
tov slices. To partition table omoOnkedeton yioo yprion evd 10 oYRUA TOV AOYIKOD YDPOL
otélvetan atov client.

messageL.oop

H dwdwacia pe v Pondea g omoiog yiveton n exikowvmvio peta&d tov nodes kot
tov client apod yiver  puOuon g epappoyng pe ™ Pondeia tov master node. H dwdkocio
EMALYEL TL VO KAVEL LE TO UNVLHO UECH NG KeQaAidag MmessageType m omoia moipver 4
OLOPOPETIKESG TLES TOL oNUaivovy To EENG:

1: To puvopa givan éva slice kot Tpoépyetor and kamoo node. Ipénetl vo amoctolei
otov client yw epedvion oto Ul.

2: To pqvopa Tpoépyetor and tov client kot avabétel oto gateway npodypappo to node
GTO OTO10 MPEMEL VAL EYYPOAPEL Y10 var AapPavel unvopoto tov, to omoio B TéAvovton
[e ™ oepd Toug micwm otov client

3: To pnvopa mpoépyetar and tov client kor ypnoiponoeiton yo vo dSwPactel Eva
ovykekpyévo Keal amd tov Aoywd yopo. To gateway mpoypoppo xpnopomotet 1o
partition table yio va dpopoAoynoel T0 uvupd 6to cmotd node, T0 0moio TEPIEYEL TO
emBuunTo KeAL.

4: To piqvopa Tpoépyetar omd Tov client kKo ypnoylomoteiton yuo va tpomomomBei Eva
OLYKEKPYEVO KEAL amd ToV Aoy XD po.
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3.45 Client

initworld

H dwdwacio and v omoia 0 ypNoG EIGAYEL TIC TOPAUETPOVS TOV AOYIKOD KM POV
péow TANKTPoAOYioL oTo TEppaTikd. Ta dedopéva avtd €merto GTEAVOVTOL GTO gateway

TPOYPOLLLLLOL.

readCell ka1 writeCell

Ot dodkacieg mTov kaAovvron 6tav emiBopodpe va S1BAcove N Vo TPOTOTOGOVLLE
éva ovykekpyévo kel avtiotoyyo. To pnqvopa pe 10 avéloyo messageType omootéAAeTon
oto gateway mpoypoyppo pali pe v amdAVTn B€61M TOL KEAOV GTO TAEYLLA.

drawMenu

Méow ovtg G dd1KAGING TO TPOYPOUULLE ONUIOVPYEL TNV YPOPIKY OETAPT TOV O
ypnotg Oa  ypnowomomoer Yo vo emé€el 1o node omd to omoio emBuusi va
napakorlovOnoet T dedopéva. Tlpénet va tpéyel o Egxmpiotod thread and v dwdkacio wov
TEPEVEL Y10 ANYN UNVOULATOV, Y10 VO, LTTOPOVV VO AELTOVPYHGOVY TOVTOYPOVO.

nodeSelected

Koleitar 6tav o ypnotng emhéyer to node tov omoiov ta dedouéva Bérel va
nopatnpnost. H amdivtn 0éom tov node ocvAiéyetar amd to GUI kot amootélieton 6t0
gateway mpoypappa. Emiong avoiyet to mapdbvpo mov Oa phoEevioet ta dedopéva tov slice.

drawGraphics

H odwdwacia mov dmuovpyelt 10 moapdbvpo mov Oo map€yer vV YPOQIKN
avomopdotacn tov dedouévov tov slice. Kdabe kel sivar évo pixel otov kouPd tov
napabvpov. Ta npdcva pixel eivor {ovrava keAd kot o, yKptL vekpd.

messageL.oop

H messageLoop eivar vrevbovvn yo v dtoyeipion tov unvopdtov tov nodes. Otav
AopPaver unvopo mov mponAbe Adyo aitnong OPACHOTOC GUYKEKPILEVOD KEAMOV, TOTE
epneaviCel v Tun tov oto TEPUOTIKO. Av To pvopa eivor dedouéva slice tpomomoiei to
OVTIKEILEVO TNG EIKOVOS IOV TTEPIEYEL TOV KOUPE e ToL VEQ HEOUEVA KOL TV OVOVEDVEL.
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Kepdraro 40: Anoteréopata EQappoync

4.1 Pon ektéheons TS EQUPROYNS

[Ipwv yiver Ovvatd TO VO EKTEAECTOOV TO  TPOYPOAUUOTO, TPEMEL TPAOTA VO,
LETAYA®TTIGTOOV. AVTO YIVETOL LE TNV EVIOAN:

nim compile “path”/”’name” -d:release

H nopauetpog d:release ypnoonoleiton yioo vo SMUIovpynocel 0 UETOYAOTIIOTNG
YPNYOPOTEPO KMOUKO LUTYOVNIC.
[Mopakdtm o TOPOLGINGTOVY TO AMOTEAEGLOTO TG EQUPUOYNG HE OTyHtOTLUTTA 006VNG

oV  TOPONKAV KOTA TNV EKTEAECT] TOL TPOYPAUUOTOS. Apywkd ekkKwvodue Ol To
npoypdapupata (client, gateway, nodes, master node).

N C:\Users\Administrator\Desktop'_Diplomatic\programata_game_of_life\8. distributed game of life me Ulgol_client.exe

memory) N= @
e

Ewova 4.1 - Apyikomoinon TV TapapuéTpmy 1oV AoyKov Y Opov

Ewcdyovpe 11g mopopétpovg otov client, pe tig omoieg Oa yivel apywonoinon tov
kocpov GridWorld. Avtég Oa nepactovv pe ) Ponbeto tov gateway oto master node yio vo
yiver pe v gpnomn tovg o dropopocuds tmv slices oto nodes tov diktdov.
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o Mnxawi Mpofodi Eiooywyd Iuokeuéc BoiGan

Ewova 4.2 - Epyoacio tov nodes

¥ ovvéxew to. hodes mov amogdoice o master node 6t mpémet va evepyomombovv,
apyilovv va ekterodv 1o mpdypaupo Game Of Life. Ymoroyilovv ta slices tovg yio kdbe
Aoywd Pruo kor o aroctélhovv otov RabbitMQ server yw dpopoidynomn ctovg yeitoves
tovg. Ta mpoypdupota tov nodes mov dev dwoyepilovior UEPOC TOL AOYIKOD YDPOL
TeppOTiCETON OV TONLOTOL.

Maode row: 0 v Mode row: 0 v
Mode column: g .. Mode column: | .
]
Show Show

Ewova 4.3 - Mevov enthoyng node

Metd v ekkivnon tov wpoypapparog Game Of Life, to pevod yw v emoyn node
Yo TopoKoA0VON G Yivetar Aettovpyikd. Méow antol emhéyeton To Node Baon TG amOAVTNG
0éong tov oTov YOPO (YPOUUN KOl GTHAN) KOl EQEAVICETOL 1) YPAPIKT OVOTOPACTOCT| TOV
dedopévav Tov pe o kovumi Show.
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[N gol client

Ewova 4.4 - To slice evog node pe ypapikd

A@o¥ emiheyBei to node, gpeaviCeton o kappdc otov omoiov ypwportilovionr Tpdowa
1o, Covtava keld tov slice. O kauPag ook avavedvetal Kabe popd mov o hode mepvdet
010 emOuEVo Aoyikd Pruo. Av emBopovdue va dodue kdmowo dGAlo node opkei amAd vo
KAgioovpe oo to mopdOvpo Ko va erhéEovpe o enduevo node amd o pevov.
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[N gol client

Ewova 4.5 —"Eva pukpdtepov peyédoug slice pe mo yvodppa potipa

IMopandve speaviCeton éva slice pe potifa mov givan cuvnoiGpévo vo dnpovpyndovv
oe éva koyelMdikd avtoporo Game Ofof Life énerta and évav apOpd Aoyikov Pnudrov
extéleong. Ta dedouéva tov slice éxovv peyebvvbei ovtoc dote vo givol mo gVKOAM
avoyvopictua to potifo.

4.2 Toumepaopoto Kol tpotdosig Pertimong

H mhatedpuo pumopel va ypnoyomombel oe mpofAnparta (Katoveunpévng) texvnTig
VONUooHVIG, OTMG CLGTHLATO EVPLVAOV TPOUKTOPMV, EELTVEOV JIKTH®V, EELTVEOV CTTIOV KAT,
OTMC KOl 0€ EPAPULOYEC VTOAYIOTIKNG EMGTAUNG OTNV Prodoyio Kot TV WTpikn. AKOpo Kot
HE TO YEYOVOG OTL 1 EQOPLOYN OVTH SOKIUAGTNKE LOVO TOTIK(, TPOGOUOIDVOVTAS Vo, OTKTLO
VTOAOYIOTOV pe TNV Pondela ewovikdv unyovav, eivar eavepd to 6Tt 01 SLVOTOTNTES T™NG
oV OEKTEPOUIMON EMOTNUOVIKAOV VTOAOYIGUOV HeYOANG KAlpoKkog eivol ameplOploTed.
Agdopévou tov 6t T 110 aKpIPOG TPOYPALLLATE LTOPOVV Vo, GAOEEVNBOVY 0o €val dikTVLO
TOALEG ThEelG peyéBoug peyoAOTEPO, O GULVOAIKOS OYKOG OedOUEVOV TOV UTOopel va
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OlEPIoTEl M EQOPUOYN EIvOL POIVOUEVIKA OTEPIOPICTOS KOl GTNV TPOYLLATIKOTNTO KpiveTat
Kupimg and Tig dvvatdotteg tov RabbitMQ server 1 tov avtictoyyov messaging broker mov
&xel emieytel. Ymapyovv Opum¢ Kamow mpdyoto tov 0o pmropovcav vo eATiobodv. Apyikd
t0. Nodes ¢ epappoync dev ouyypoviCoviar 6to 610 Aoykd Prjuo dnuovpyiog slices pe
amoTEAECHO TO O€dOUEVAL Voo unv elvonr TANpwg €ykvpa. Mio €Qopuoyn EMGTNUOVIK®OV
VTOAOYICU®V EMPOAAETAL VO TOPAYEL CMOOTA oamoteAéopota Yoo va givar ypnown. O
oLYYPOVIGLOG avTOg B popovoe va emttevybel pécw ™mg dnpovpyiog evog TP®TOKOALOL Y10
TOV GUYYPOVIOUO T®V NOdeS 7pv v dMUovpyio. TG apyIKng KotdoToons, Kot Koto TV
TEPATMOT VOGS VITOAOYIoTIKOV Prpatos. EmmAéov, | epapuoyn Ba pmopovoe va vAomotet £va
MO TEPIMAOKO pHaONUaTIKO HOVIEAO OT®¢ Ty Yy TNV 7wPOPAEY”N Kopoh HE GLAAOYN
HETAPANTOV  KOTACTOONG TG oTUOSQApaS omd  ddeopo ocsOnmipl, 1 €vo poviélo
npoPreyng PAdomone Télog, Ba pmopovoe va viomomBei évo cOomuo OmoL ovevepyd
nodes mpocOétovtol duvaptkd av kKémolo amocvvdedel and 10 6iKTLO Y10 OTO10ONTOTE AOYO,
v va. eEacQoAileTat £T61 1) OOECLOTNTO TOV GLGTHLLATOC.

H yA®ooo Nim mov ypnowomomnke ywo. v vAomoinon g epapuroync, eivor pio
YADGGO e TOAAEG dVVATOTNTEG KoL LLE TOLTNTA TOL givon mopopow pe owtyv g C, 6mmg
emoAn0edKe kou pe v ektéleon mpoypaupdtov benchmark kot cvykpivovtog tovg
xpovoug ektédeonc. Etvan emiong mpaypaticd duvatd va dovAEWEL e TOALOTAES TAATOOPLLES
Yopic oddayég otov kmdwa. H povn e€aipeon eppavileton 6tav 0 KOIKS XPNCLOTOLEL o
BProbnKkn orioyuévn amd €Behoviéc M omoio dev €xel oyedaotel Yoo vo. dOVAEVEL e
noAamAéc mhatedpues. Emiong, Adyo tov 61t | YAdooa Nim dev eivon 1d1aitepa yvooth 6€
oxéon pe OMuoeg YAwooeg Ommwg Python, Java k.tA. m €bpeon g KOTAAANANG
BPAoONKNg Yo kémoln epyacia icmg va punv givar dvvat) kot avtd {cwg amobappuvel vEoug
TPOYPUUUOTIGTEG OO TO VO TNV TPOTYUNGOLV.

o v viomoinom ™C &pappoyns, yPMNOLOnoinca TeEYVOAOYieG mov dev elya
EQVOYPNCILOTOMGEL KOl OMEKTIO0 EXTYVOGT] TOL TAOG OOLAEVLOVVY T GVOTHUATO ETEEEPYOTTNG
deoouévov peyding xiipoxoc. ITo ocvykekpyéva, €pobo mTOC Vo YPNCILOTOID KOl Vo
dnuovpyd gwovikég unyovés. ‘Epaba va mpoypappotiCo oty yAdooa Nim, n omoio £xet
ToALEG duvarottes. 'Epaba yio tnv £€vvola Tov PETOMPOYPULUIATIGIOD KOL TO TAOG UTOPOVLE
VO TOV EMTVYOVUE WHEGH TOV OYVPOV epyareimv mov mapéyert 1 Nim yvootdv g
pakpoegvtoréc. ‘Epabo emiong yoo mv vmapén tov message brokers kou mog servers émmg o
RabbitMQ xo1 1 Kafka dovievovv, dmwg eriong kot 10 mdG cuvepyalovial pe TPO®TOKOAAN
omwg 10 STOMP ko to AMQP vy va dokwviicovv unvoporta. Tédog, ypnoyonoinca yio
TpdOT™ eopd mpoypappoationd pe threads ko éuaba mdg dpéper amd ™V acHyypovn
extéreot). OAeg oTEG O1 YVADGEIS TOL OTOKOUICO KAVOLV QUTHY TNV €pyocia emttuyia, Tapd To
YEYOVOGS OTL VITAPYOLV Kot GALEG PEATUDCEL TTOL PTOPOVV VO YIVOUV LEAAOVTIKGL.
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Hopaptnuo A

e aTO TO TOPEPTNUOL CVOPEPOVTOL TO KOUUATIO TOL KOOIKA TOV YPNCLOTOM 0N KAV.

Gol_main_3.nim (master node)

#!nimrod

import
std/[net],
stomp,
strutils,
sequtils,
marshal,
std/math,
std/algorithm,
std/os,
rdstdin,
std/random,
sysinfo,
std/monotimes,

macros

when NimMajor < 2:

import system/io

from times import inMilliseconds

type Partition = object
rowStart: int
rowEnd: int
columnStart: int

columntEnd: int

var matrixLength: int
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var totalCellNum: int

var username, password, address: string
var node_position_row, node_position_column: int
var nodes_length_row, nodes_length_column: int

var nodeDatalengthSelf: seq[int]

var memNeeded: int

var neighbourNodes: int = ©
var totalNodes: int =1
var nodesParsed: int = 0

var nodesNeeded: int 1

const STOMP_PAYLOAD_SIZE = 4 * 1024 * 1024
const cushion = 0.95

const nodeAllowedSize = int(cushion*STOMP_PAYLOAD_SIZE)

var allowedMemoryUsage: float = 0.6 # 1 means 100% of free memory
var nodeMemory: seq[float]

var isSimpleDist = false

var isRandom = true

var selfIndex = ©

var wasInterrupted: bool = false

var nodeCpus: seq[string]
var nodePositions: seq[ tuple[row:int, column:int]]
var nodePositions_new: seq[ tuple[row:int, column:int]]

var nodeCpuBench: seq[float]

var activeNodesPerRow: seq[int]

var nodeDatalength: seq[tuple[rows:int, columns:int]]

var nodeWeightedPerformance: seq[float]

var memorySorted: seq[tuple[memory:float, nodeIndex:int]]

var memorylLeftSortedBySpec: seq[tuple[memory:float, specs:float, nodeIndex:int]]

var insufficientMemory: bool
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var localRowLength: int

var localColumnLength: int

var matrixData: seq[int]
var neighbourData: seq[seq[int]]
var gameField: seq[seq[seq[int]]]
var gamelLayers: int

var gameStep: int

var partitionTable: seq[seq[Partition]]

var cellValueChange: tuple[layer, row, column, value:int] = (-1, -1, -1, -1)

var layerPointers: seq[ptr seq[seq[int]]]

B mm o mm oo oo -_---BENCHMARK

const cLOOPS {.intdefine.} = 1225

# avoids some "bit-twiddling" for better speed...

const cBITMSK = [ 1'u8, 2, 4, 8, 16, 32, 64, 128 ]

macro unrolllLoops(ca, sz, strtndx, bp: untyped) =
let cmpstsalmtid = newIdentNode("cmpstsalmt")
let szbitsid = newIdentNode("szbits™)
let strtndx@id = newIdentNode("strtndxe")
let strtoid = newIdentNode("strto")
let strt7id = newIdentNode("strt7")
let endalmtid = newIdentNode("endalmt")
let bpintid = newIdentNode("bpint")
let cullaid = newIdentNode("culla")

result = quote do:

let “szbitsid® = “sz” shl 3

let “cmpstsalmtid® = "ca” + “sz°
let “bpintid® = “bp .int

let “strtndx0id® = " strtndx’
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let “strt@id” = “strtndx@id” shr 3
for iin1l .. 7:
let strtndxido = newIdentNode("strtndx" & $(i - 1))
let strtndxidn = newIdentNode("strtndx" & $i)
let strtid = newIdentNode("strt" & $i)
result.add quote do:
let “strtndxidn® = “strtndxido” + “bp’
let “strtid® = (“strtndxidn® shr 3) - “strtoid"
let csstmnt = quote do:
case ((("bpintid® and @x6) shl 2) + (" strtndx@id® and 7)).uint8
of 0'u8: break
csstmnt.del 1 # delete last dummy "of"
for n in @'u8 .. Ox3F'u8: # actually used cases...

let pn

(n shr 2) or 1'u8
let cn = n and 7'u8
let mod@id = newLit(cn)
let cptroid = "cptre".newIdentNode
let loopstmnts = nnkStmtList.newTree()
for i in @'u8 .. 7'u8:
let mskid = newLit(1'u8 shl ((cn + pn * i.uint8) and 7).int)
let cptrid = ("cptr" & $i).newIdentNode
let strtid = ("strt" & $i).newIdentNode
if i == 0'u8:
loopstmnts.add quote do:
let “cptrid® = cast[ptr uint8]( cullaid’)
else:
loopstmnts.add quote do:
let “cptrid’ = cast[ptr uint8]( cullaid® + “strtid")
loopstmnts.add quote do:
“cptrid[] = “cptrid [] or “mskid®
loopstmnts.add quote do:
“cullaid® += “bpintid"
let ofbrstmnts = quote do:
while “cullaid® < “endalmtid’ :
“loopstmnts”
“cullaid® = (("cullaid® - “ca’) shl 3) or “mod@id’.int

while “cullaid®™ < "~ szbitsid :
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let “cptroid’ = cast[ptr uint8]('ca” + (" cullaid shr 3))
“cptroid  [] = “cptreid [] or ¢BITMSK[ cullaid® and 7]
“cullaid® += “bpintid’
csstmnt.add nnkOfBranch.newTree(
newLit(n),
ofbrstmnts
)
for n in @x40'u8 .. 255'u8: # fill in defaults for remaining possibilities
csstmnt.add nnkOfBranch.newTree(
newLit(n),
nnkStmtList.newTree(

nnkBreakStmt.newTree(

newEmptyNode ()
)
)
)
result.add quote do:
let “endalmtid™ = “cmpstsalmtid® - “strt7id"
var “cullaid® = “ca’ + “strteid"
Tesstmnt”

# echo csstmnt[9].astGenRepr # see AST for a given case
# echo csstmnt[9].toStrLit # see code for a given case

# echo result.toStrLit # see entire produced code at compile time

proc benchSoE(): iterator(): int {.closure.} =
var cmpsts = newSeq[byte](16384)
let cmpstsa = cast[int](cmpsts[@].addr)
for _ in © ..< cLOOPS:
for i in @ .. 254: # cull to square root of limit
if (cmpsts[i shr 3] and cBITMSK[i and 7]) == ©@'u8: # if prime -> cull its composites
let bp =1 +% 1 +% 3
let swi = (1 +% i) *% (i +% 3) +% 3
unrollLoops(cmpstsa, 16384, swi, bp)
return iterator(): int {.closure.} =
yield 2 # the only even prime

for i in @ .. 131071: # separate iteration over results

if (cmpsts[i shr 3] and cBITMSK[i and 7]) == @'u8:

49




yield i +% i +% 3
B mm m e e e e e e e e e e e e e e e e e e e e e e e e e -

proc generateValues(rows, columns: int): seq[int] =
#var result = newSeq[int](rows*columns)
var seed=0

var value=0
for i in @ ..< result.len:

seed = rand(100)
value = (int)seed>86

result[i] = value

f#tresult

proc toSingleDimension(seqtoedit: seq[seq[int]]): seq[int] =
#tvar result = newSeq[int]()
for i in @ ..< seqtoedit.len:
for j in @ ..< seqtoedit[i].len:
result.add(seqtoedit[i][]j])

#result

proc getSeqSlice(sequence: seq[seq[int]], rowStart, rowEnd, columnStart,
seq[seq[int]] =

columnEnd: int):
for i in @ ..< sequence.len:
var seqToAdd = newSeq[int]()

for j in © ..< sequence[i].len:

if rowStart <= i and rowEnd >= i and columnStart <= j and columnEnd >= j:
seqToAdd. add(sequence[i][]])
if seqToAdd.len > ©@:

result.add(seqToAdd)

proc rearrangelLayers() =
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var tempPtr = layerPointers[gamelLayers-1]
for i in countdown(layerPointers.len-1,1):
layerPointers[i] = layerPointers[i-1]

layerPointers[@] = tempPtr

proc initialize() =

randomize()

nodesParsed = 0

neighbourData = newSeqWith(9, newSeq[int](1))

let creds = open("./credentials.txt")

defer: creds.close()

node_position_row = parselnt(creds.readLine())
node_position_column = parselInt(creds.readLine())
nodes_length_row = parseInt(creds.readlLine())
nodes_length_column = parseInt(creds.readLine())
address = creds.readlLine()

username = creds.readLine()

password = creds.readLine()

totalNodes = nodes_length_row*nodes_length_column

nodeCpus = newSeq[string](totalNodes)

nodeMemory = newSeq[float](totalNodes)

nodeCpuBench = newSeq[float](totalNodes)

if fileExists("./positions.txt"):

var continueStep = readLineFromStdin("The daemon was terminated unexpectedly. Continue?
(Y/n): ™)

if continueStep.toUpperAscii != "Y": return

wasInterrupted = true
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let positions = open("./positions.txt")
defer: positions.close()
node_position_row = parselInt(positions.readLine())
node_position_column = parseInt(positions.readlLine())
nodeDatalLengthSelf = to[seq[int]](positions.readLine())
activeNodesPerRow = to[seq[int]](positions.readLine())
gameLayers = parseInt(positions.readLine())
if fileExists("./selfData.txt"):

let selfDataFile = open("selfData.txt")

defer: selfDataFile.close()

var selfData = to[seq[int]](selfDataFile.readLine())

gameField = newSeq[seq[seq[int]]](gamelLayers)

var nodeData = selfData.distribute(nodeDatalLengthSelf[0], false)
layerPointers = newSeq[ptr seq[seq[int]]](gameLayers)
for i in @ ..< gamelayers:

gameField[i] = nodeData

layerPointers[i] = addr gameField[@]

if fileExists("./parsed.txt"):
let parsedFile = open("parsed.txt")
defer: parsedFile.close()
nodesParsed = parselnt(parsedFile.readlLine())

gameStep = parselnt(parsedFile.readlLine())

for i in @ .. 8:
if fileExists($i & "data.txt"):
let dataFile = open($i & "data.txt")
defer: dataFile.close()
var data = to[seq[int]](dataFile.readLine())

neighbourData[i] = data

proc benchCPU() =

let strt = getMonotime()
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let answr = benchSoE()
var cnt = 0; for _ in answr(): cnt += 1
var elpsd = float((getMonotime() - strt).inMilliseconds)

elpsd = 100/elpsd

nodeCpuBench[@] = elpsd

proc prepareForMessages() =

nodePositions = newSeq[ tuple[row:int, column:int]](totalNodes)
memorySorted = newSeq[tuple[memory:float, nodeIndex:int]](totalNodes)
activeNodesPerRow = newSeq[int]()

nodeDatalength = newSeq[tuple[rows:int, columns:int]]()

nodeWeightedPerformance = newSeq[float]()

#nodeDatalLength.add((0,0)) #$$
#nodeWeightedPerformance.add(0.0) #$$

#activeNodesPerRow.add(0) #$$

nodePositions[@] = (node_position_row, node_position_column)

benchCPU ()

nodesParsed += 1

proc cleanScreen*() =

write(stdout,"\e[H\e[J")

template findFirstIt*(s: seq, pred: untyped): untyped =

var result = -1
var index = 0
for it {.inject.} in items(s):
if pred:
result = index
break

inc index
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result

proc fillGrid(gameField: var seq[seq[int]], rows, columns: int) =
var seed=0
var value=0
for 1 in @ ..< rows:
for j in @ ..< columns:
seed = rand(100)
value = (int)seed>85

gameField[i][j] = value

proc calculateNeighbours(i,j: int, gameField: seq[seq[int]]): int =
var neighbours = 0;
for x in max(@, i - 1) .. min(i + 1, localRowLength-1):
for y in max(@, j - 1) .. min(j + 1, localColumnLength-1):

if x != 1 or y != j: neighbours += gameField[x][y]

result= neighbours;

proc calculateBorders(currentStep, nextStep: var seq[seq[int]]) =

for i in @ ..< nodeDatalengthSelf[0]:

var lastRowElem = nodeDatalengthSelf[1]-1

var aliveNeighboursL = calculateNeighbours(i, ©, currentStep)

var aliveNeighboursR

if i == o:
aliveNeighboursL += neighbourData[@][@]
aliveNeighboursL += neighbourData[1][0]
aliveNeighboursL += neighbourData[1][1]
aliveNeighboursR += neighbourData[2][0@]
aliveNeighboursR += neighbourData[1][lastRowElem-1]

aliveNeighboursR += neighbourData[1][lastRowElem]

if i == nodeDatalLengthSelf[0]-1:
aliveNeighboursL += neighbourData[6][0@]
aliveNeighboursL += neighbourData[7][0@]

aliveNeighboursL += neighbourData[7][1]
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aliveNeighboursR += neighbourData[8][0]

aliveNeighboursR += neighbourData[7][lastRowElem-1]

aliveNeighboursR += neighbourData[7][lastRowElem]
else:

aliveNeighboursL += neighbourData[3][i+1]

aliveNeighboursR += neighbourData[5][i+1]

aliveNeighboursL += neighbourData[3][i]

aliveNeighboursR += neighbourData[5][i]

nextStep[i][@] = (int)((aliveNeighboursL or currentStep[i][@]) == 3)

nextStep[i][lastRowElem] = (int)((aliveNeighboursR or currentStep[i][lastRowElem]) ==
3)

for j in 1 ..< nodeDatalLengthSelf[1]-1:
var lastColumnElem = nodeDatalLengthSelf[0]-1
var aliveNeighboursU = calculateNeighbours(®, j, currentStep)
var aliveNeighboursD = calculateNeighbours(lastColumnElem, j, currentStep)
aliveNeighboursU += neighbourData[1][j] + neighbourData[1][j+1]
aliveNeighboursD += neighbourData[7][j] + neighbourData[7][j+1]
nextStep[@][j] = (int)((aliveNeighboursU or currentStep[0][j]) == 3)

nextStep[lastColumnElem][7] = (int)((aliveNeighboursD or
currentStep[lastColumnElem][j]) == 3)

proc calculateNextStep(currentStep, nextStep: var seq[seq[int]], isDistributed: bool) =
#this will be different in the daemons
var rows = nodeDataLengthSelf[0]-(int)isDistributed
var columns = nodeDatalLengthSelf[1]-(int)isDistributed

var start = (int)isDistributed

if isDistributed:

calculateBorders(currentStep, nextStep)

for i in start ..< rows:
for j in start ..< columns:
var aliveNeighbours = calculateNeighbours(i, j, currentStep)

nextStep[i][j] = (int)((aliveNeighbours or currentStep[i][j]) == 3)
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proc padNeighbours() =
for i in [0,2,6,8]:

if neighbourData[i].len == @: neighbourData[i].add(®)

while neighbourData[3].1len < nodeDatalLengthSelf[Q]:
neighbourData[3].add (@)
while neighbourData[5].len < nodeDatalLengthSelf[0]:

neighbourData[5].add(®)

while neighbourData[1].len < nodeDatalLengthSelf[1]:
neighbourData[1].add (@)
while neighbourData[7].1len < nodeDatalLengthSelf[1]:

neighbourData[7].add(9)

proc drawGrid(gameField: seq[seq[int]]) =
cleanScreen()
for i in @ ..< gameField.len: #localRowLength[0]:
for j in @ ..< gameField[i].len: #localColumnLength[1]:
var cellState = if (bool)gameField[i][j]: "@" else: " "
stdout.write cellState

echo

echo

echo "Step " & $gameStep

# Announce when we're connected.

proc connected( c: StompClient, r: StompResponse ) =

echo "Connected to a ", c["server"], server."

#NETWORK STEP 4: received spec message

proc specMessage( c: StompClient, r: StompResponse ) =

sleep(500)

let id = r[ "ack" ]

var nodeMem: float
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var cpuBench: float
var pos_row: int
var pos_column: int

var cpu: string

try:
nodeMem = parseFloat(r["mem"])
cpuBench = parseFloat(r["bench"])
pos_row = parseInt(r["pos-row"])
pos_column = parseInt(r["pos-column"])
cpu = r.payload

except CatchableError as e:
let

e = getCurrentException()

msg = getCurrentExceptionMsg()

echo "Got exception ", repr(e), " with message ", msg
c.nack( id )
return

nodeCpus[nodesParsed] = cpu
nodeCpuBench[nodesParsed] = cpuBench
nodeMemory[nodesParsed] = nodeMem

nodePositions[nodesParsed] = (pos_row , pos_column)

nodesParsed += 1

c.ack( id )

proc initMessage( c: StompClient, r: StompResponse ) =

let id = r[ "ack" ]

try:

matrixLength = parseInt(r["matrix-len"])

totalCellNum = matrixLength*matrixLength
allowedMemoryUsage = parseFloat(r["mem-use"])
nodesNeeded = parseInt(r["node-num"])

gameLayers = parseInt(r["layers"])
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nodesNeeded *= nodesNeeded
matrixData = to[seq[int]](r.payload)
isSimpleDist = nodesNeeded > ©

isRandom = matrixData.len ==

if nodesNeeded > totalNodes:

echo "unable to initialize with " & $nodesNeeded & " nodes. Not enough nodes.
Terminating"
c.ack(id)

system.quit()

except CatchableError as e:
let
e = getCurrentException()

msg = getCurrentExceptionMsg()

echo "Got exception ", repr(e), " with message ", msg
c.nack( id )
return

c.ack( id )

proc dataMessageLoop( c: StompClient, r: StompResponse ) =

sleep(1000)

let id = r[ "ack" ]

let msgType = parseInt(r["type"])

if msgType ==

let cellPos_row = parseInt(r["cell-row"])

let cellPos_col

parseInt(r["cell-col"])

let layer = parselInt(r["layer"])

var headers: seq[ tuple[name:string, value:string] ]
headers.add( ("type", $3) )

c.send( "/topic/clientmessage", $layerPointers[layer][][cellPos_row][cellPos_col],
"text/plain”, headers )

c.ack( id )
return

if msgType ==
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let cellPos_row = parseInt(r["cell-row"])

let cellPos_col = parseInt(r["cell-col"])

let layer = parselInt(r["layer"])

var valueToSet = parselInt(r.payload)

cellvalueChange = (layer, cellPos_row, cellPos_col, valueToSet)

c.ack( id )

return

#tlet data_rows = parseInt(r["data-rows"])

try:
let rowActual = parseInt(r["pos-row"])

let columnActual = parseInt(r["pos-column"])

#if rowActual == node_position_row and columnActual == node_position_column: return

let relativePosition_row = rowActual-node_position_row+1

let relativePosition_column = columnActual-node_position_column+l

let singleRelativeIndex = relativePosition_column + 3*relativePosition_row
var nodeData = to[seq[int]](r.payload).distribute(nodeDatalLengthSelf[0], false)
#echo $nodeDatalLengthSelf[0]

#echo $nodeDatalLengthSelf[1]

#echo $nodeData.len

#techo $nodeData[@].len

#var asd = readlLineFromStdin("test ")

neighbourData[singleRelativeIndex] = @[]

var datavalue: int

if 3 <= singleRelativeIndex and singleRelativeIndex <= 5:

for i in @ ..< min(nodeData.len,nodeDataLengthSelf[0]):
datavalue = nodeData[i][ (nodeData[i].len-1)*(int)(singleRelativeIndex==3)]
neighbourData[ singleRelativeIndex].add(datavalue)
elif singleRelativeIndex mod 3 ==
for i in © ..< min(nodeData[@].len,nodeDatalLengthSelf[1]):

datavalue = nodeData[ (nodeData.len-1)*(int)(singleRelativeIndex==1)][1i]
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neighbourData[singleRelativeIndex].add(datavalue)

else:

datavalue = nodeData[(nodeData.len-1)*(int) (relativePosition_row 1=
2)][ (nodeData[@].1len-1)*(int) (relativePosition_column != 2)]

neighbourData[singleRelativeIndex].add(datavalue)

let dataFile = open($singleRelativeIndex & "data.txt", fmWrite)
defer: dataFile.close()

dataFile.writelLine($$neighbourData[singleRelativeIndex])

nodesParsed += 1

let parsedFile = open("parsed.txt", fmWrite)
defer: parsedFile.close()
parsedFile.writeline($nodesParsed)
parsedFile.writeline($gameStep)

c.ack( id )

except CatchableError as e:
let
e = getCurrentException()

msg = getCurrentExceptionMsg()

echo "Got exception ", repr(e), " with message ", msg
c.nack( id )
return

#do stuff

if nodesParsed == neighbourNodes:

padNeighbours ()

var headers: seq[ tuple[name:string, value:string] ]
headers.add( ("pos-row", $node_position_row) )
headers.add( ("pos-column", $node position column) )
headers.add( ("type", $1) )

var nodeDataToSend: seq[int]

calculateNextStep(layerPointers[@][], layerPointers[gamelLayers-1][], true)

if cellValueChange.row >= O:
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layerPointers[cellValueChange.layer][][cellValueChange.row][cellValueChange.column]=
cellValueChange.value

rearrangelLayers()

cellValueChange.row = -1

if gameStep == high(int):
gameStep =1
else:

gameStep += 1

drawGrid(layerPointers[0][])

nodeDataToSend = toSingleDimension(layerPointers[0][])

nodesParsed = ©

c.send( "/topic/" & $node_position_row & "." & $node_position_column, $$nodeDataToSend,
"text/plain”, headers )

let parsedFile = open("parsed.txt", fmhWrite)
defer: parsedFile.close()
parsedFile.writeline($nodesParsed)

parsedFile.writeline($gameStep)

let selfDataFile = open("selfData.txt", fmWrite)
defer: selfDataFile.close()

selfDataFile.writelLine($$nodeDataToSend)

proc getCPUScores(): seq[int] =
var cpusFound: int = 0
var cpuScores = newSeq[int](totalNodes)
let cpus = open("./cpu_score.txt")
defer: cpus.close()
var cpuEntry: string
while cpus.readlLine(cpuEntry):
var cpuPair = cpuEntry.split("|")

for i in @ ..< totalNodes:
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if cpuPair[@] == nodeCpus[i]:
cpuScores[i] = parseInt(cpuPair[1])
cpusFound += 1
if cpusFound == totalNodes:
break

result = cpuScores

proc saveSpecs()=

var cpu:string = getCpuName().replace("(TM)", "").replace("(R)", "").replace("CPU ", "")

var allowedLocalMem = getFreeMemory() .float*allowedMemoryUsage
#float (system.getFreeMem())

nodeCpus[@] = cpu

nodeMemory[@] = floor(allowedLocalMem)

proc getNeighbourIndexes(nodeIndex: int): seq[int] =

var nodePosition = nodePositions_new[nodeIndex]
var neighbours = newSeq[int]()

for x in max(@, nodePosition.row - 1) .. min(nodePosition.row + 1, activeNodesPerRow.len -
1):

for y in max(®, nodePosition.column - 1) .. min(nodePosition.column + 1,
activeNodesPerRow[x]-1):

if (x,y) != nodePosition:

neighbours.add(nodePositions_new.find((x,y)))

result = neighbours

proc getMaxNeighbourIndex(nodeIndex: int, requireUnique: bool = false, equalMaxNodeIndex:
int = -1): int =

#var result = @

var maxNeighbourData = ©

var maxNeighbourIndex = -1

var node = nodePositions_new[nodeIndex]

var neighbours = getNeighbourIndexes(nodeIndex)

var areMaxNeighbours = newSeq[int]()

for i in @ ..< neighbours.len:

var neighbourIndex = neighbours[i]
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var neighbourData = nodeDatalLength[neighbourIndex].rows

#if (neighbourData == maxNeighbourData) and (maxNeighbourIndex != equalMaxNodeIndex):
continue
if neighbourData == maxNeighbourData:

areMaxNeighbours.add(neighbourIndex)

if neighbourData > maxNeighbourData:
maxNeighbourData = neighbourData
maxNeighbourIndex = neighbourIndex
areMaxNeighbours.setLen(0)

areMaxNeighbours.add(neighbourIndex)

result = areMaxNeighbours.findFirstIt(it == equalMaxNodeIndex)

if equalMaxNodeIndex < @:

result = areMaxNeighbours[@]

if requireUnique and areMaxNeighbours.len > 1:

result = -1

f#iresult

proc getNeighboursToCheck(nodeIndex: int, requireUnique: bool = false): seq[int] =
#tvar forsterNodeData = nodePositions_new[nodeIndex]
var neighboursToCheck = newSeq[int] ()

var neighbours = getNeighbourIndexes(nodeIndex)

for i in @ ..< neighbours.len:

var maxNeighbourOfNeighbourIndex = getMaxNeighbourIndex(neighbours[i], requireUnique,
nodeIndex) #changed from i to neighbours[i]

if maxNeighbourOfNeighbourIndex == nodeIndex: neighboursToCheck.add(neighbours[i])
#tchanged from i to neighbours[i]

result = neighboursToCheck

proc subscribeToBlock( c: StompClient, prefetchHeaders: seq[ tuple[name:string,
value:string] 1) =

neighbourNodes = ©
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for x in max(9, node_position_row - 1) . min(node_position_row + 1,
activeNodesPerRow.len - 1):

for y in max(@, node_position_column - 1) .. min(node_position_column + 1,
activeNodesPerRow[x] - 1):

if (x != node_position_row) or (y != node_position_column):
neighbourNodes += 1

c.subscribe( "/topic/" & $x & "." & $y, "client-individual", "",
prefetchHeaders )

proc createPartitionTable() =

for i in @ ..< activeNodesPerRow.len:

var partitionL = newSeq[Partition]()

for j in @ ..< activeNodesPerRow[i]:

partitionL.add(Partition())

partitionTable.add(partitionL)

for i in @ ..< activeNodesPerRow.len:

for j in @ ..< activeNodesPerRow[i]:

var nodeIdxRow = ©
var nodeIdxCol = ©
while nodeIdxRow < i:

var index = nodePositions_new.findFirstIt(it.row == nodeIdxRow and it.column ==
nodeIdxCol)

partitionTable[i][j].rowStart += nodeDatalLength[index].rows
partitionTable[i][j].rowEnd += nodeDatalLength[index].rows

nodeIdxRow += 1

while nodeIdxCol < j:

var index = nodePositions_new.findFirstIt(it.row == nodeIdxRow and it.column ==
nodeIdxCol)

partitionTable[i][j].columnStart += nodeDatalLength[index].columns
partitionTable[i][j].columnEnd += nodeDatalength[index].columns

nodeIdxCol += 1

var selfIdx = nodePositions_new.findFirstIt(it.row == nodeIdxRow and it.column =
nodeIdxCol)

partitionTable[i][j].rowEnd += nodeDatalength[selfIdx].rows - 1
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partitionTable[i][j].columnEnd += nodeDataLength[selfIdx].columns - 1

proc memArrange() =
#var memNeeded = sizeof(int)*((2*totalCellNum)+1) #$$

#var hasSufficientlLocalMem = int(nodeMemory[@]*allowedMemoryUsage) > memNeeded #$$

nodePositions_new = newSeq[ tuple[row:int, column:int]]()
var nodeWeightedMemory = newSeq[float]()
#nodelWeightedMemory.add(0.0) #$$

#nodePositions_new.add((0,0)) #$$

var nodeCpuScores = getCPUScores()

var memoryUsed 0.0 #memorySorted[0].memory #$$

var scoreTotal = © #nodeCpuScores[@] #$$

var benchTotal = 0.0 #nodeCpuBench[@] #$$

insufficientMemory = true #not hasSufficientLocalMem #$$

while (nodesNeeded < totalNodes) and (insufficientMemory):

memoryUsed += memorySorted[nodesNeeded].memory

scoreTotal += nodeCpuScores[memorySorted[nodesNeeded].nodeIndex]

benchTotal += nodeCpuBench[memorySorted[nodesNeeded].nodeIndex]

nodeDatalLength.add((0,0))
nodeWeightedPerformance.add(0.0)
nodePositions_new.add((0,0))

nodeWeightedMemory.add(0.0)
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nodesNeeded += 1

var activeNodeRows = (int)sqrt((float)nodesNeeded)
var edgeNodesTotal = nodesNeeded - (activeNodeRows*activeNodeRows)

#var nodesNeededF = (float)nodesNeeded

#shallow mem check

var memoryNeeded_s = sizeof(int)*2*totalCellNum

var neighbourFences = (int)(nodesNeeded > 3)*(4*activeNodeRows*(activeNodeRows-1))
neighbourFences += edgeNodesTotal*2

var fenceLength = floorDiv(matrixLength, activeNodeRows)

memoryNeeded_s += sizeof(int)*fenceLength*(int)neighbourFences

if memoryNeeded_s > int(memoryUsed): continue

#setting the values for weighted performance and memory
for i in @ ..< nodesNeeded:
var index = memorySorted[i].nodeIndex
var scoreRatio = nodeCpuScores[index]/scoreTotal
var benchRatio = nodeCpuBench[index]/benchTotal
nodeWeightedPerformance[i] = (@.5*scoreRatio) + (@.5*benchRatio)

nodeWeightedMemory[i] = memorySorted[i].memory/memoryUsed

# Arranging the nodes on the "grid"

activeNodesPerRow = activeNodesPerRow.mapIt(0)

if activeNodesPerRow.len < activeNodeRows:

activeNodesPerRow.add(0)

var edgeNodeColumns = floorDiv(edgeNodesTotal, activeNodeRows) #was (int) cast

var strandedNodes = edgeNodesTotal mod activeNodeRows

for i in @ ..< activeNodeRows:

activeNodesPerRow[i] = activeNodeRows + edgeNodeColumns

if i < strandedNodes: activeNodesPerRow[i] += 1
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# Setting each of the nodes' initial size to an equal value, in a way that all data is
included, while also making rearranging it an easy task

var sliceSquareCellnum = floorDiv(totalCellNum, nodesNeeded)

var sliceSquareLengthF: float = sqrt((float)sliceSquareCellnum)

var strandedCells:int = ©

var migrateCellRows:int = @

var sliceSquareLength:int = (int)sliceSquareLengthF

var orphanCells = totalCellNum - (sliceSquareCellnum*nodesNeeded)
migrateCellRows = floorDiv(orphanCells, sliceSquarelLength)

strandedCells = orphanCells mod sliceSquarelLength

while (sliceSquareLengthF != (float)floor(sliceSquarelLengthF)) or (strandedCells > 0):

sliceSquareCellnum -= 1

sliceSquareLengthF = sqrt((float)sliceSquareCellnum)
sliceSquareLength = (int)sliceSquarelLengthF

orphanCells = totalCellNum - (sliceSquareCellnum*nodesNeeded)
migrateCellRows = floorDiv(orphanCells, sliceSquarelLength)

strandedCells = orphanCells mod sliceSquarelLength

nodeDatalength = nodeDatalLength.mapIt((sliceSquareLength, sliceSquarelLength))

var nodeIdx = @
while migrateCellRows > @:

nodeDatalength[nodeIdx mod nodesNeeded].rows += 1 #if the number of rows to migrate
is greater than the number of nodes needed, loop through the nodes again.

migrateCellRows -= 1

nodeldx += 1

#arranging the nodes acording to their available memory
for i in @ ..< activeNodeRows:
nodeIdx = i

for j in @ ..< activeNodesPerRow[i]:
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nodePositions_new[nodeIdx] = (i,3j)
if (j>activeNodeRows-1):

nodeIdx += activeNodesPerRow.countIt(it > j) #taking into account the extra
"node columns”

else:

nodeIdx += activeNodeRows

#recording the available memory left on each node

memoryLeftSortedBySpec = newSeq[tuple[memory:float, specs:float,
nodeIndex:int]](nodesNeeded)

var memorylLeft = newSeq[float](nodesNeeded)
for i in @ ..< nodesNeeded:

var nodeMemNeeded = nodeDatalLength[i].rows*nodeDatalLength[i].columns*2

nodeMemNeeded += nodeDatalLength[i].rows*2 + nodeDatalLength[i].columns*2 + 5
if nodesNeeded > 1:
var maxNeighbourIdx = getMaxNeighbourIndex(i)

nodeMemNeeded +=
nodeDatalLength[maxNeighbourIdx].rows*nodeDatalLength[maxNeighbourIdx].columns

nodeMemNeeded *= sizeof(int)

memoryLeft[i] = memorySorted[i].memory - float(nodeMemNeeded)

memoryLeftSortedBySpec[i] = (memoryLeft[i], nodeWeightedPerformance[i], i)

#sorting the available memory table by the processing power of the respective node

memoryLeftSortedBySpec.sort do (x, y: tuple[memory:float, specs:float, nodeIndex:int])
-> int:

result = cmp(y.specs, X.specs)

var singleRowMemNeededNeighbour = float(nodeDataLength[@].columns*sizeof(int))
#every node has the same amount of columns at this point

var singleRowMemNeeded = 2*(singleRowMemNeededNeighbour + (float)sizeof(int))

var maxAllowedRows = int(nodeAllowedSize/(nodeDatalLength[@].columns*sizeof(int)))
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var nodeRowCount = newSeq[tuple[rows:int, index:int]]()

for i in @ ..< nodesNeeded:
var j =0
var indexOf_i = memoryLeftSortedBySpec[i].nodeIndex
var neighboursToCheck_i = getNeighboursToCheck(indexOf_i, true)

if (memoryLeftSortedBySpec[i].memory <= 0.9)
neighboursToCheck_i.anyIt(memoryLeft[it] <= ©0.8) or (nodeDataLength[indexOf_i].rows
maxAllowedRows) :

while j < nodesNeeded:
var indexOf_j = memorylLeftSortedBySpec[j].nodeIndex

var neighboursToCheck_j = getNeighboursToCheck(index0Of_j)

if (i == j) or (memorylLeftSortedBySpec[j].memory <= singleRowMemNeeded)
neighboursToCheck_j.anyIt(memorylLeft[it] <= singleRowMemNeededNeighbour)
(nodeDataLength[indexOf_j].rows >= (2*nodeDatalength[ indexOf_i].rows + 1))

(nodeDataLength[indexOf_j].rows+1 > maxAllowedRows):
j+=1

continue

nodeDataLength[indexOf_i].rows -= 1
nodeDataLength[indexOf_j].rows += 1
memoryLeft[indexOf_i] += singleRowMemNeeded
memoryLeft[indexOf_j] -= singleRowMemNeeded
memoryLeftSortedBySpec[i].memory += singleRowMemNeeded
memoryLeftSortedBySpec[j].memory -= singleRowMemNeeded
for nodeToUpdateIndex in items(neighboursToCheck_i):

var nodeAltSortedIndex = memorylLeftSortedBySpec.findFirstIt(it.nodeIndex
nodeToUpdateIndex)

memorylLeft[nodeToUpdateIndex] += singleRowMemNeededNeighbour

memoryLeftSortedBySpec[nodeAltSortedIndex].memory
singleRowMemNeededNeighbour

for nodeToUpdateIndex in items(neighboursToCheck_j):

var nodeAltSortedIndex = memorylLeftSortedBySpec.findFirstIt(it.nodeIndex
nodeToUpdateIndex)

memorylLeft[nodeToUpdateIndex] -= singleRowMemNeededNeighbour

memoryLeftSortedBySpec[nodeAltSortedIndex].memory
singleRowMemNeededNeighbour
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if memoryLeft.anyIt(it <= 0.0): continue

insufficientMemory = false

proc simpleArrange() =
activeNodesPerRow = newSeq[int]()
nodeDatalength = newSeq[tuple[rows:int, columns:int]](nodesNeeded)
nodePositions_new = newSeq[tuple[row:int, column:int]](nodesNeeded)

var gridLength = (int)sqrt((float)nodesNeeded)

for 1 in @ ..< gridLength:

activeNodesPerRow.add(gridLength)

var nodeDataSimp= int(matrixLength/gridLength)

for i in @ ..< nodesNeeded:

nodeDatalLength[i] = (nodeDataSimp, nodeDataSimp)

var nodeIdx = @
for i in @ ..< activeNodesPerRow.len:
for j in @ ..< activeNodesPerRow[i]:
nodePositions_new[nodeIdx] = (i, j)

nodeldx += 1

proc main() =

initialize()

let socket = newSocket()

let uri = "stomp://" & username & ":" & password & "@" & address & "/"

var client = newStompClient( socket, uri )
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client.connected_callback = connected

client.connect

var prefetch: seq[ tuple[name:string, value:string] ]

prefetch.add( ("prefetch-count", $1) )

if wasInterrupted:

var headers: seq[ tuple[name:string, value:string] ]
headers.add( ("pos-row", $node_position_row) )

headers.add( ("pos-column", $node_position_column) )

subscribeToBlock(client, prefetch)

client.message_callback = dataMessageloop

if nodesParsed == neighbourNodes:
var nodeDataToSend = toSingleDimension(layerPointers[©][])

client.send( "/topic/" & $node_position row & "." & $node_position_column,
$$nodeDataToSend, "text/plain", headers )

nodesParsed = ©

client.wait_for_messages()

return

client.subscribe( "/topic/nodeinit", "client-individual"”, "", prefetch )

client.message_callback = initMessage

client.wait_for_messages(false)

#matrixLength= readLineFromStdin("Enter the size of the square matrix NxN. N=
").parseInt()

#totalCellNum = matrixLength*matrixLength

#allowedMemoryUsage = readLineFromStdin("Enter the percentage of free memory to be used:
").parseFloat()

#allowedMemoryUsage /= 100

saveSpecs()
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GC_fullcollect()

if totalNodes < 2:
echo "No nodes available for the distribution of data. Terminating"

return

prepareForMessages ()

try:

client.message_callback = specMessage

client.subscribe( "/topic/specshare", "client-individual", , prefetch )
client.send( "/topic/specrequest", $allowedMemoryUsage )
while nodesParsed < totalNodes:
client.wait_for_messages(false)
except CatchableError:
let

e = getCurrentException()

msg = getCurrentExceptionMsg()

echo "Got exception ", repr(e), " with message ", msg

nodesParsed = @

client.unsubscribe(" /topic/specshare")

selfIndex = memorySorted.findFirstIt(it.nodeIndex == @)
for i in @ ..< totalNodes:

memorySorted[i] = (nodeMemory[i], i)

memorySorted.sort do (x, y: tuple[memory:float, nodeIndex:int]) -> int:
result = cmp(y.memory, x.memory)
if x.nodeIndex ==

result = -1

if not isSimpleDist:
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nodesNeeded = @ #1 #$$
memArrange ()
if nodesNeeded == totalNodes and (insufficientMemory):
var pause = readLineFromStdin("Not enough resources. Terminating.")
return
else:
simpleArrange()

insufficientMemory = false

createPartitionTable()

echo "Initializing grid with " & $nodesNeeded & " nodes."

#NETWORK STEP 6: sending to each node their new position on the grid and their data
lengths

for 1 in nodesNeeded ..< totalNodes:
var k = memorySorted[i].nodeIndex
var currentPos = nodePositions[k]
var dimensions = newSeq[int]()
dimensions.add(®)
dimensions.add(®)
var headers: seq[ tuple[name:string, value:string] ]
headers.add( ("isActive", $0) )

client.send( "/topic/info" & $currentPos.row & "." & $currentPos.column, $$dimensions ,
"text/plain”, headers ) # $$ convert to json

var matrix = matrixData.distribute(matrixLength, false)
for 1 in @ ..< nodesNeeded:
var k = memorySorted[i].nodeIndex
var currentPos = nodePositions[k]
var newPos = nodePositions_new[i]
if k != selfIndex:
var dimensions = newSeq[int]()
dimensions.add(nodeDatalLength[i].rows)
dimensions.add(nodeDataLength[i].columns)
var headers: seq[ tuple[name:string, value:string] ]
headers.add( ("pos-row", $newPos.row) )

headers.add( ("pos-column", $newPos.column) )
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headers.add( ("layers", $gamelLayers) )
headers.add( ("isActive", $1) )
headers.add( ("activeNodes", $$activeNodesPerRow) )
headers.add( ("dimensions", $$dimensions) )
var seqToSend: seq[int]
if not isRandom:
var rowStart = nodeDatalLength[i].rows*newPos.row

var rowEnd = rowStart + nodeDatalength[i].rows - 1

var columnStart = nodeDatalLength[i].columns*newPos.column

var columnEnd = columnStart + nodeDatalLength[i].columns - 1

var dataToSend= getSeqSlice(matrix, rowStart, rowEnd, columnStart, columnEnd)

seqToSend = toSingleDimension(dataToSend)
#echo $(rowStart, rowEnd, columnStart, columnEnd)
#echo $dataToSend

#tvar asd = readLineFromStdin("asd ")

client.send( "/topic/info" & $currentPos.row & "." & $currentPos.column, $$seqToSend,

"text/plain”, headers ) # $$ convert to json

nodePositions[k] = nodePositions_new[i]

(node_position_row, node_position_column)

nodePositions[0@].column)

nodeDatalengthSelf = newSeq[int]()
nodeDatalengthSelf.add(nodeDatalLength[@].rows)
nodeDatalengthSelf.add(nodeDatalLength[©].columns)
layerPointers = newSeq[ptr seq[seq[int]]](gameLayers)
gameField = newSeq[seq[seq[int]]](gamelLayers)

for i in @ ..< gamelLayers:

(nodePositions[@].row,

gameField[i] = newSeqWith(nodeDataLengthSelf[0], newSeq[int](nodeDatalLengthSelf[1]))

layerPointers[i] = addr gameField[i]

localRowlength = nodeDatalLengthSelf[0]

localColumnLength = nodeDatalengthSelf[1]

let positions = open("positions.txt"”, fmWrite)
defer: positions.close()

positions.writeLine($node_position_row)
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positions.writeLine($node_position_column)
positions.writeLine($$nodeDataLengthSelf)

positions.writeLine($$activeNodesPerrRow)

var headers: seq[ tuple[name:string, value:string] ]
headers.add(("row-1len", $nodeDatalLengthSelf[@]))
headers.add(("activeNodes", $$activeNodesPerRow))

client.send( "/topic/gatewayinfo", $$partitionTable, "text/plain", headers )

subscribeToBlock(client, prefetch)

if isRandom:
fillGrid(layerPointers[@][], nodeDatalLengthSelf[@], nodeDataLengthSelf[1])
else:

layerPointers[0][] = getSeqSlice(matrix, 9, nodeDatalLengthSelf[0]-1, Q,
nodeDatalLengthSelf[1]-1)

gameStep += 1

drawGrid(layerPointers[0][])

sleep(1000)

var nodeDataToSend = toSingleDimension(layerPointers[0][])
headers.setLen(9)

headers.add( ("pos-row", $node position row) )
headers.add( ("pos-column", $node_position_column) )
headers.add( ("type", $1) )

client.send( "/topic/" & $node_position_row & "." & $node_position_column,
$$nodeDataToSend, "text/plain", headers )

if nodesNeeded ==
while true:
calculateNextStep(layerPointers[@][], layerPointers[gameLayers-1][], false)

rearrangelayers()

if gameStep == high(int):

gameStep =1
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else:

gameStep += 1

drawGrid(layerPointers[0][])

nodeDataToSend = toSingleDimension(layerPointers[@][])

client.send( "/topic/" & $node_position_row &
$$nodeDataToSend, "text/plain", headers )

& $node_position_column,

system.quit()

client.message_callback = dataMessageloop

nodeDataToSend. setLen(9)

GC_fullcollect()

nodesParsed = 0@

client.wait_for_messages()

main()

gol_services_2.nim (slave nodes)

#!nimrod

import

std/[net, json],
stomp,

strutils,
sequtils,
std/[os,random],
marshal,
rdstdin,
sysinfo,

std/monotimes,
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macros

when NimMajor < 2:

import system/io

from times import inMilliseconds

var username, password, address: string

var node_position_row, node_position_column: int

var nodes_length_row, nodes_length_column: int

var nodeDatalengthSelf: seq[int]

var neighbourNodes: int = ©

var totalNodes: int =1

var nodesParsed: int = @

var activeNodesPerRow: seq[int]

var wasInterrupted: bool = false

var neighbourData: seq[seq[int]]

var gameField: seq[seq[seq[int]]]

var initData: seq[seq[int]]

var isRandom: bool = true

var gameStep: int

var gamelLayers: int

var cellValueChange: tuple[layer, row, column, value:int] = (-1, -1, -1, -1)

var layerPointers: seq[ptr seq[seq[int]]]

o mm e d oo - BENCHMARK

const cLOOPS {.intdefine.} = 1225

# avoids some "bit-twiddling" for better speed...
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const ¢BITMSK = [ 1'u8, 2, 4, 8, 16, 32, 64, 128 ]

macro unrolllLoops(ca, sz, strtndx, bp: untyped) =
let cmpstsalmtid = newIdentNode("cmpstsalmt")
let szbitsid = newIdentNode("szbits")
let strtndx@id = newIdentNode("strtndxe")
let strt@id = newIdentNode("strto")
let strt7id = newIdentNode("strt7")
let endalmtid = newIdentNode("endalmt")
let bpintid = newIdentNode("bpint")
let cullaid = newIdentNode("culla")

result = quote do:

let “szbitsid® = "sz” shl 3

let “cmpstsalmtid® = “ca” + “sz°

let “bpintid® = "bp .int

let “strtndx0id’ = " strtndx

let “strtoid’ = “strtndxeid” shr 3
for iinl .. 7:

let strtndxido = newIdentNode("strtndx" & $(i - 1))
let strtndxidn = newIdentNode("strtndx" & $i)
let strtid = newIdentNode("strt" & $i)
result.add quote do:
let “strtndxidn® = “strtndxido® + “bp’
let “strtid® = ("strtndxidn® shr 3) - “strteid"
let csstmnt = quote do:
case ((( bpintid® and @x6) shl 2) + (" strtndx@id® and 7)).uint8
of 0'u8: break
csstmnt.del 1 # delete last dummy "of"

for n in ©'u8 .. Ox3F'u8: # actually used cases...

let pn (n shr 2) or 1'u8
let cn = n and 7'u8
let modoid = newLit(cn)
let cptroid = "cptro".newIdentNode
let loopstmnts = nnkStmtList.newTree()
for i in @'u8 .. 7'u8:
let mskid = newLit(1'u8 shl ((cn + pn * i.uint8) and 7).int)

let cptrid = ("cptr" & $i).newIdentNode

78




let strtid = ("strt" & $i).newIdentNode
if i == 0'u8:
loopstmnts.add quote do:
let “cptrid’ = cast[ptr uint8]( cullaid’)
else:
loopstmnts.add quote do:
let “cptrid® = cast[ptr uint8]( cullaid™ + “strtid’)
loopstmnts.add quote do:
“cptrid[] = “cptrid [] or “mskid®
loopstmnts.add quote do:
“cullaid®™ += “bpintid®
let ofbrstmnts = quote do:
while “cullaid® < “endalmtid’ :
“loopstmnts”
“cullaid® = (("cullaid® - “ca’) shl 3) or “mode@id’.int
while “cullaid™ < " szbitsid :
let “cptroid’ = cast[ptr uint8]( 'ca’ + (" cullaid® shr 3))
cptroid  [] = “cptreid [] or cBITMSK[ cullaid® and 7]
“cullaid® += “bpintid’
csstmnt.add nnkOfBranch.newTree(
newLit(n),
ofbrstmnts
)
for n in @x40'u8 .. 255'u8: # fill in defaults for remaining possibilities
csstmnt.add nnkOfBranch.newTree(
newLit(n),
nnkStmtList.newTree(

nnkBreakStmt.newTree(

newEmptyNode ()
)
)
)
result.add quote do:
let “endalmtid™ = “cmpstsalmtid® - “strt7id"
var “cullaid’ = “ca’ + “strteid’
Tcsstmnt”

# echo csstmnt[9].astGenRepr # see AST for a given case
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# echo csstmnt[9].toStrLit # see code for a given case

# echo result.toStrLit # see entire produced code at compile time

proc benchSoE(): iterator(): int {.closure.} =
var cmpsts = newSeq[byte] (16384)
let cmpstsa = cast[int](cmpsts[@].addr)
for _ in @ ..< cLOOPS:
for i in @ .. 254: # cull to square root of limit
if (cmpsts[i shr 3] and c¢BITMSK[i and 7]) == ©'u8: # if prime -> cull its composites
let bp =1 +% 1 +% 3
let swi = (i +% 1) *% (1 +% 3) +% 3
unrolllLoops(cmpstsa, 16384, swi, bp)
return iterator(): int {.closure.} =
yield 2 # the only even prime
for i in © .. 131071: # separate iteration over results
if (cmpsts[i shr 3] and cBITMSK[i and 7]) == @'u8:
yield i +% i +% 3

B o oo m o e e

proc cleanScreen*() =

write(stdout,"\e[H\e[J")

proc padNeighbours() =
for i in [0,2,6,8]:

if neighbourData[i].len == ©: neighbourData[i].add(0)

while neighbourData[3].len < nodeDatalLengthSelf[0]:
neighbourData[3].add(9)
while neighbourData[5].1len < nodeDatalLengthSelf[0]:

neighbourData[5].add (@)

while neighbourData[1].len < nodeDatalLengthSelf[1]:
neighbourData[1].add (@)
while neighbourData[7].len < nodeDatalLengthSelf[1]:

neighbourData[7].add(9)

80




proc fillGrid(gameField: var seq[seq[int]], rows, columns: int) =
var seed=0
var value=0
for i in @ ..< rows:
for j in @ ..< columns:
seed = rand(100)
value = (int)seed>86

gameField[i][j] = value

proc drawGrid(gameField: seq[seq[int]]) =
cleanScreen()
for i in @ ..< gameField.len: #nodeDatalLengthSelf[0]:
for j in @ ..< gameField[i].len: #nodeDatalLengthSelf[1]:
var cellState = if (bool)gameField[i][j]: "e" else: " "
stdout.write cellState

non

echo

echo

echo "Step " & $gameStep

proc rearrangelLayers() =
var tempPtr = layerPointers[gamelLayers-1]
for i in countdown(layerPointers.len-1,1):
layerPointers[i] = layerPointers[i-1]

layerPointers[@] = tempPtr

proc calculateNeighbours(i,j: int, gameField: seq[seq[int]]): int =
var neighbours = 0;
for x in max(@, i - 1) .. min(i + 1, nodeDatalLengthSelf[0]-1):
for y in max(@, j - 1) .. min(j + 1, nodeDataLengthSelf[1]-1):

if x =1 ory I= j: neighbours += gameField[x][y]

result= neighbours

proc calculateBorders(currentStep, nextStep: var seq[seq[int]]) =

for i in @ ..< nodeDatalengthSelf[0]:
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var lastRowElem = nodeDatalengthSelf[1]-1
var aliveNeighboursL = calculateNeighbours(i, @, currentStep)

var aliveNeighboursR = calculateNeighbours(i, lastRowElem, currentStep)

if i ==
aliveNeighboursL += neighbourData[0][0]
aliveNeighboursL += neighbourData[1][@]
aliveNeighboursL += neighbourData[1][1]
aliveNeighboursR += neighbourData[2][0]
aliveNeighboursR += neighbourData[1][lastRowElem-1]

aliveNeighboursR += neighbourData[1][lastRowElem]

if i == nodeDatalengthSelf[0]-1:
aliveNeighboursL += neighbourData[6][0]
aliveNeighboursL += neighbourData[7][0]
aliveNeighboursL += neighbourData[7][1]
aliveNeighboursR += neighbourData[8][0]
aliveNeighboursR += neighbourData[7][lastRowElem-1]
aliveNeighboursR += neighbourData[7][lastRowElem]
else:
aliveNeighboursL += neighbourData[3][i+1]

aliveNeighboursR += neighbourData[5][i+1]

aliveNeighboursL += neighbourData[3][i]

aliveNeighboursR += neighbourData[5][i]

nextStep[i][@] = (int) ((aliveNeighboursL or currentStep[i][@0]) == 3)
#(int)((aliveNeighboursL == 2) or (aliveNeighboursL == 3))

nextStep[i][lastRowElem] = (int)((aliveNeighboursR or currentStep[i][lastRowElem]) ==
3) #(int)((aliveNeighboursR == 2) or (aliveNeighboursR == 3))

for j in © ..< nodeDatalLengthSelf[1]-1:
var lastColumnElem = nodeDatalLengthSelf[0]-1
var aliveNeighboursU = calculateNeighbours(®, j, currentStep)

var aliveNeighboursD

calculateNeighbours(lastColumnElem, j, currentStep)
aliveNeighboursU += neighbourData[1][j] + neighbourData[1][j+1]
aliveNeighboursD += neighbourData[7][j] + neighbourData[7][j+1]

nextStep[@][j] = (int)((aliveNeighboursU or currentStep[0][j]) == 3)

82




nextStep[lastColumnElem][7]
currentStep[lastColumnElem][j]) == 3)

(int)((aliveNeighboursD

proc calculateNextStep(currentStep, nextStep: var seq[seq[int]]) =

for i in 1 ..< nodeDatalengthSelf[0]-1:
for j in 1 ..< nodeDatalLengthSelf[1]-1:

var aliveNeighbours = calculateNeighbours(i, j, currentStep)

nextStep[i][j] = (int)((aliveNeighbours or currentStep[i][j]) == 3)

calculateBorders(currentStep,nextStep)

proc toSingleDimension(seqtoedit: seq[seq[int]]): seq[int] =
#var result = newSeq[int]()
for 1 in @ ..< seqtoedit.len:
for j in @ ..< seqtoedit[i].len:
result.add(seqtoedit[i][]j])

result

proc initialize() =

randomize()

neighbourData = newSeqWith(9, newSeq[int](1))

let creds = open("./credentials.txt")

defer: creds.close()

node_position_row = parseIlnt(creds.readLine())
node_position_column = parselInt(creds.readLine())
nodes_length_row = parseInt(creds.readlLine())
nodes_length_column = parseInt(creds.readLine())
address = creds.readlLine()

username = creds.readLine()

password = creds.readLine()

totalNodes = nodes_length_row*nodes_length_column

nodesParsed = @
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if fileExists("./positions.txt"):

var continueStep = readLineFromStdin("The daemon was terminated unexpectedly. Continue?

(Y/n): ™)

if continueStep.toUpperAscii != "Y": return

wasInterrupted = true
let positions = open("./positions.txt")
defer: positions.close()
node_position_row = parseInt(positions.readLine())
node_position_column = parselnt(positions.readLine())
nodeDatalengthSelf = to[seq[int]](positions.readLine())
activeNodesPerRow = to[seq[int]](positions.readLine())
if fileExists("./selfData.txt"):

let selfDataFile = open("selfData.txt")

defer: selfDataFile.close()

var selfData = to[seq[int]](selfDataFile.readLine())

gameField = newSeq[seq[seq[int]]](gameLayers)

var nodeData = selfData.distribute(nodeDatalLengthSelf[@], false)
layerPointers = newSeq[ptr seq[seq[int]]](gameLayers)
for i in @ ..< gamelayers:

gameField[i] = nodeData

layerPointers[i] = addr gameField[@]

if fileExists("./parsed.txt"):
let parsedFile = open("parsed.txt")
defer: parsedFile.close()
nodesParsed = parselnt(parsedFile.readlLine())
gameStep = parseIlnt(parsedFile.readlLine())

#todo: read more stuff here(neighbours,self data)

for 1 in @ .. 8:
if fileExists($i & "data.txt"):
let dataFile = open($i & "data.txt")
defer: dataFile.close()

var data = to[seq[int]](dataFile.readLine())
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neighbourData[i] = data

# Announce when we're connected.

proc connected( c: StompClient, r: StompResponse ) =

echo "Connected to a ", c["server"], server."

#NETWORK STEP 3: send the specs that were requested
proc specMessage( c: StompClient, r: StompResponse ) =
let id = r[ "ack" ]

var allowedMemoryUsage: float

try:
allowedMemoryUsage = parseFloat(r.payload)
except CatchableError as e:

echo "Couldn't parse! ", r.payload

c.nack( id )

GC_fullcollect()

var allowedLocalMem = float(getFreeMemory())

let allowedNodeMem = (int)(allowedLocalMem*allowedMemoryUsage)
#echo $(allowedLocalMem, allowedNodeMem)

#var ss = readLineFromStdin("ses"

var cpu

getCpuName() .replace("(TM)", "").replace("(R)", "").replace("CPU ", "")

let strt = getMonotime()

let answr = benchSoE()

var cnt = @; for _ in answr(): cnt += 1

var elpsd = float((getMonotime() - strt).inMilliseconds)

elpsd = 100/elpsd

var headers: seq[ tuple[name:string, value:string] ]

headers.add( ("mem", $allowedNodeMem) )
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headers.add( ("bench", $elpsd) )

headers.add( ("pos-row", $node_position_row) )
headers.add( ("pos-column", $node_position_column) )
c.send( "/topic/specshare”, cpu, "text/plain", headers )

c.ack( id )

#NETWORK STEP 7: process the new position and data
proc infoMessage( c: StompClient, r: StompResponse ) =
let id = r[ "ack" ]

var isActive = parseInt(r["isActive"])

if not bool(isActive):
echo "Not part of the grid. Terminating."
c.ack( id )

system.quit()

var oldRow = node_position_row
var oldColumn = node_position_column

echo $r["activeNodes"]

node_position_row = parseInt(r["pos-row"])
node_position_column = parseInt(r["pos-column"])

nodeDatalLengthSelf = to[seq[int]](r["dimensions"])

activeNodesPerRow = to[seq[int]](r["activeNodes"])

gameLayers = parseInt(r["layers"])

var data = to[seq[int]](r.payload)
if data.len > O:
isRandom = false

initData = data.distribute(nodeDatalLengthSelf[0],false)

layerPointers = newSeq[ptr seq[seq[int]]](gameLayers)
gameField = newSeq[seq[seq[int]]](gamelLayers)
for i in @ ..< gamelLayers:

gameField[i] = newSeqWith(nodeDataLengthSelf[0], newSeq[int](nodeDatalLengthSelf[1]))
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layerPointers[i] = addr gameField[i]

c.ack( id )

let positions = open("positions.txt"”, fmWrite)
defer: positions.close()
positions.writeLine($node_position_row)
positions.writeLine($node position_column)
positions.writeLine(r["dimensions"])

positions.writeLine(r.payload)

sleep(100)

c.unsubscribe( "/topic/info" & $oldRow & "." & $oldColumn)

proc dataMessagelLoop( c: StompClient, r: StompResponse ) =

sleep(1000)

let id = r[ "ack" ]

let msgType = parseInt(r["type"])

if msgType == 3:

let cellPos_row = parseInt(r["cell-row"])

let cellPos_col

parseInt(r["cell-col"])

let layer = parselInt(r["layer"])

var headers: seq[ tuple[name:string, value:string] ]
headers.add( ("type", $3) )

c.send( "/topic/clientmessage", $layerPointers[layer][][cellPos_row][cellPos_col],
"text/plain”, headers )

c.ack( id )
return
if msgType == 4:

let cellPos_row = parseInt(r["cell-row"])

let cellPos_col = parseInt(r["cell-col"])
let layer = parselInt(r["layer"])
var valueToSet = parselInt(r.payload)

cellvalueChange = (layer, cellPos_row, cellPos_col, valueToSet)

c.ack( id )
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return

try:
let rowActual = parseInt(r["pos-row"])

let columnActual: int = parseInt(r["pos-column"])

#if rowActual == node_position_row and columnActual == node_position_column: return

let relativePosition_row = rowActual-node_position_row+1

let relativePosition_column = columnActual-node_position_column+1

let singleRelativeIndex = relativePosition_column + 3*relativePosition_row

var nodeData = to[seq[int]](r.payload).distribute(nodeDatalLengthSelf[0], false)
neighbourData[singleRelativeIndex] = @[]

var datavalue: int

if 3 <= singleRelativeIndex and singleRelativeIndex <= 5:

for i in © ..< min(nodeData.len,nodeDatalLengthSelf[0]):
datavalue = nodeData[i][(nodeData[i].len-1)*(int)(singleRelativeIndex==3)]
neighbourData[ singleRelativeIndex].add(datavalue)
elif singleRelativeIndex mod 3 == 1:
for i in @ ..< min(nodeData[@].len,nodeDatalLengthSelf[1]):
datavalue = nodeData[ (nodeData.len-1)*(int)(singleRelativeIndex==1)][1]
neighbourData[singleRelativeIndex].add(datavalue)
else:

datavalue = nodeData[(nodeData.len-1)*(int) (relativePosition_row
2) ][ (nodeData[@©].1len-1)*(int) (relativePosition_column != 2)]

neighbourData[singleRelativeIndex].add(datavalue)

let dataFile = open($singleRelativeIndex & "data.txt", fmWrite)
defer: dataFile.close()

dataFile.writeLine($$neighbourData[singleRelativeIndex])

nodesParsed += 1
let parsedFile = open("parsed.txt", fmWrite)
defer: parsedFile.close()

parsedFile.writeline($nodesParsed)
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parsedFile.writeline($gameStep)

c.ack( id )

except CatchableError as e:
let
e = getCurrentException()

msg = getCurrentExceptionMsg()

echo "Got exception with message ", msg

» repr(e),
c.nack( id )
return

#tdo stuff

if nodesParsed == neighbourNodes:

padNeighbours ()

var headers: seq[ tuple[name:string, value:string] ]
headers.add( ("pos-row", $node_position_row) )
headers.add( ("pos-column", $node_position_column) )
headers.add( ("type", $1) )

var nodeDataToSend: seq[int]

calculateNextStep(layerPointers[0][], layerPointers[gamelayers-1][])

if cellValueChange.row >= O:

layerPointers[cellValueChange.layer][][cellValueChange.row][cellValueChange.column]=
cellValueChange.value

rearrangelLayers()

cellValueChange.row = -1

if gameStep == high(int):
gameStep =1
else:

gameStep += 1

drawGrid(layerPointers[0][])

nodeDataToSend = toSingleDimension(layerPointers[0][])
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nodesParsed = ©

c.send( "/topic/" & $node_position_row & "." & $node position_column, $$nodeDataToSend,
"text/plain”, headers )

let parsedFile = open("parsed.txt", fmWrite)
defer: parsedFile.close()
parsedFile.writeline($nodesParsed)

parsedFile.writeline($gameStep)

let selfDataFile = open("selfData.txt", fmWrite)
defer: selfDataFile.close()

selfDataFile.writelLine($$nodeDataToSend)

proc subscribeToBlock( c: StompClient, prefetchHeaders: seq[ tuple[name:string,
value:string] 1) =

neighbourNodes = ©

for x in max(9, node_position_row - 1) . min(node_position_row + 1,
activeNodesPerRow.len - 1):

for y in max(®, node_position_column - 1) .. min(node_position_column + 1,
activeNodesPerRow[x] - 1):

if (x != node_position_row) or (y != node_position_column):
neighbourNodes += 1

c.subscribe( "/topic/" & $x & "." & $y, "client-individual", "",
prefetchHeaders )

proc main() =

wasInterrupted = false

initialize()

let socket = newSocket()

let uri = "stomp://" & username & ":" & password & "@" & address & "/"

var client = newStompClient( socket, uri )

# Attach callbacks

client.connected_callback = connected
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var prefetch: seq[ tuple[name:string, value:string] ]

prefetch.add( ("prefetch-count", $1) )

var headers: seq[ tuple[name:string, value:string] ]
headers.add( ("pos-row", $node_position_row) )
headers.add( ("pos-column", $node_position_column) )

headers.add( ("type", $1) )

if wasInterrupted:
client.connect
subscribeToBlock(client, prefetch)

client.message_callback = dataMessagelLoop

if nodesParsed == neighbourNodes:
var nodeDataToSend = toSingleDimension(layerPointers[©][])

client.send( "/topic/" & $node_position_row & "."
$$nodeDataToSend, "text/plain", headers )

nodesParsed = ©

client.wait_for_messages()

return

try:

nodesParsed = ©

& $node_position_column,

#NETWORK STEP 1: subscribe to the spec request that the parent node is going to send

and wait
client.message_callback = specMessage
# Open a session with the broker
client.connect
client.subscribe( "/topic/specrequest", "client-individual”,

client.wait_for_messages(false)
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client.unsubscribe( "/topic/specrequest")

#NETWORK STEP 5: subscribe and wait for the information
nodesParsed = 0@
client.message_callback = infoMessage

client.subscribe( "/topic/info" & $node_position_row &
, prefetch )

& $node_position_column,

"client-individual",
client.wait_for_messages(false)
except CatchableError:
let
e = getCurrentException()

msg = getCurrentExceptionMsg()

echo "Got exception ", repr(e), with message ", msg

subscribeToBlock(client, prefetch)

if isRandom:

fillGrid(layerPointers[@][], nodeDatalLengthSelf[@], nodeDatalLengthSelf[1])

else:

layerPointers[@][] = initData

gameStep += 1

drawGrid(layerPointers[@][])

sleep(1000)

var nodeDataToSend = toSingleDimension(layerPointers[0][])

client.send( "/topic/" & $node_position_ row & "." & $node_position_column,
$$nodeDataToSend, "text/plain", headers )

client.message_callback = dataMessageloop
nodeDataToSend. setlLen(0)

GC_fullcollect()

nodesParsed = @
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client.wait_for_messages()

main()

gol_gateway.nim (gateway)

import stomp

import std/net
import rdstdin
import marshal

import strutils

type Partition = object
rowStart: int
rowEnd: int
columnStart: int

columnEnd: int

var username, password, address: string
var activeNodesPerRow: seq[int]

var rowlLength: int

var sub_row, sub_col: int = 0

var isFirstNode = true

var partitionTable: seq[seq[Partition]]

# Announce when we're connected.

proc connected( c: StompClient, r: StompResponse ) =

n "

echo "Connected to a ", c["server"], server."

proc initialize() =

let creds = open("./gateway/credentials.txt")
defer: creds.close()

address = creds.readlLine()

username = creds.readlLine()

password = creds.readLine()
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proc infoMessage( c: StompClient, r: StompResponse ) =

let id = r[ "ack" ]

try:

partitionTable = to[seq[seq[Partition]]](r.payload)

rowlLength = parseInt(r["row-len"])

activeNodesPerRow = to[seq[int]](r["activeNodes"])

var headers: seq[ tuple[name:string, value:string] ]

headers.add(("row-1len", r["row-1len"]))

c.send( "/topic/clientinfo", r["activeNodes"], "text/plain", headers )
except CatchableError as e:

let
e = getCurrentException()

msg = getCurrentExceptionMsg()

echo "Got exception ", repr(e), " with message ", msg
c.nack( id )
return

c.ack( id )

proc nodeDataMessage( c: StompClient, r: StompResponse ) =

let id = r[ "ack" ]

try:
var headers: seq[ tuple[name:string, value:string] ]
headers.add(("matrix-len", r["matrix-len"]))
headers.add(("node-num”, r["node-num"]))
headers.add(("layers", r["layers"]))
headers.add(("mem-use", r["mem-use"]))
c.send( "/topic/nodeinit", r.payload, "text/plain", headers )
except CatchableError as e:
let
e = getCurrentException()

msg = getCurrentExceptionMsg()

echo "Got exception ", repr(e), " with message ", msg
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c.nack( id )

return

c.ack( id )

proc messagelLoop( c: StompClient, r: StompResponse ) =

let id = r[ "ack" ]

var prefetch: seq[ tuple[name:string, value:string] ]

prefetch.add( ("prefetch-count", $1) )

try:
var messageType = parseInt(r["type"])
case messageType:
of 1:
var headers: seq[ tuple[name:string, value:string] ]
headers.add(("pos-row", r["pos-row"]))
headers.add(("type", r["type"]))
headers.add(("pos-column", r["pos-column"]))
c.send( "/topic/clientmessage", r.payload, "text/plain", headers )
of 2:
if not isFirstNode:

c.unsubscribe( "/topic/" & $sub_row & "." & $sub_col)

echo "Subbing to new node"

var newNode = to[seq[int]](r.payload)

c.subscribe( "/topic/" & $newNode[0] & "." & $newNode[l1l], "client-individual", ""
prefetch )

sub_row = newNode[0]

sub_col = newNode[1]

isFirstNode = false
of 3:

let cellPos_row

parseInt(r["cell-row"])
let cellPos_col = parseInt(r["cell-col"])
for i in @ ..< activeNodesPerRow.len:

for j in @ ..< activeNodesPerRow[i]:
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if cellPos_row >= partitionTable[i][j].rowStart and cellPos_row <=
partitionTable[i][j].rowEnd and cellPos_col >= partitionTable[i][j].columnStart and
cellPos_col <= partitionTable[i][j].columnEnd:

let cellPos_row_node = cellPos_row - partitionTable[i][j].rowStart

let cellPos_col_node = cellPos_row - partitionTable[i][j].columnStart
var headers: seq[ tuple[name:string, value:string] ]
headers.add(("cell-row", $cellPos_row_node))
headers.add(("cell-col", $cellPos_col node))
headers.add(("layer", r["layer"]))
headers.add(("type", $3))
c.send( "/topic/" & $i & "." & $j, $0, "text/plain", headers )

of 4:

let cellPos_row

parseInt(r["cell-row"])
let cellPos_col = parseInt(r["cell-col"])
for i in @ ..< activeNodesPerRow.len:

for j in @ ..< activeNodesPerRow[i]:

if cellPos_row >= partitionTable[i][j].rowStart and cellPos_row <=
partitionTable[i][j].rowEnd and cellPos_col >= partitionTable[i][j].columnStart and
cellPos_col <= partitionTable[i][j].columnEnd:

let cellPos_row_node = cellPos_row - partitionTable[i][j].rowStart

let cellPos_col_node = cellPos_row - partitionTable[i][j].columnStart

var headers: seq[ tuple[name:string, value:string] ]

headers.add(("cell-row", $cellPos_row_node))

headers.add(("cell-col", $cellPos_col_node))

headers.add(("layer", r["layer"]))

headers.add(("type", $4))

c.send( "/topic/" & $i & "." & $j, $r.payload, "text/plain", headers )
else:

c.unsubscribe( "/topic/" & $sub_row & "." & $sub_col)

except CatchableError as e:
let
e = getCurrentException()

msg = getCurrentExceptionMsg()

echo "Got exception ", repr(e), " with message ", msg
var h = readlLineFromStdin("> ")
c.nack( id )

return
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c.ack( id )

proc main() =

initialize()

let socket = newSocket()

let uri = "stomp://" & username & ":" & password & "@" & address & "/"

var client = newStompClient( socket, uri )

# Attach callbacks
client.connected_callback = connected

client.connect

var prefetch: seq[ tuple[name:string, value:string] ]

prefetch.add( ("prefetch-count", $1) )

client.message_callback = nodeDataMessage

client.subscribe( "/topic/gatewaynodeinit", "client-individual",

, prefetch )

client.wait_for_messages(false)

client.unsubscribe( "/topic/gatewaynodeinit")

client.message_callback = infoMessage

client.subscribe( "/topic/gatewayinfo", "client-individual",

, prefetch )

client.wait_for_messages(false)

client.unsubscribe("/topic/gatewayinfo")

client.subscribe( "/topic/clientrequest", "client-individual"”, , prefetch )
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client.message_callback = messageloop

client.wait_for_messages()

main()

gol_client.nim (client)

# This example shows how to draw the surface of a control.
import std/net

import nigui

import threadpool

import stomp

import strutils

import sequtils

import marshal

import rdstdin

import std/math

const WINDOW_WIDTH = 1200

const WINDOW_HEIGHT = 1000

var gameCanvas: Canvas

var gameStateImage: Image
var controll: Control

var client: StompClient

var comboBoxRow: ComboBox
var comboBoxColumn: ComboBox

var window: Window

var observingNode = false

let socket = newSocket()
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var username, password, address: string
var activeNodesPerRow: seq[int]

var rowLength: int

var sub_row, sub_col: int

var gameState: seq[seq[int]]

var widthOffset, heightOffset: int = 800

proc readCell(layer,cellRow, cellCol: int) =
var headers: seq[ tuple[name:string, value:string] ]
headers.add(("cell-row", $cellRow))
headers.add(("cell-col", $cellCol))
headers.add(("layer", $layer))
headers.add(("type", $3))

client.send( "/topic/clientrequest", $0, "text/plain", headers )

proc writeCell(layer, cellRow, cellCol, value: int) =
var headers: seq[ tuple[name:string, value:string] ]
headers.add(("cell-row", $cellRow))
headers.add(("cell-col", $cellCol))
headers.add(("layer", $layer))
headers.add(("type", $4))

client.send( "/topic/clientrequest", $value, "text/plain", headers )

# Announce when we're connected.

proc connected( c: StompClient, r: StompResponse ) =

echo "Connected to a ", c["server"], server."
proc infoMessage( c: StompClient, r: StompResponse ) =

let id = r[ "ack" ]

try:
rowLength = parseInt(r["row-len"])
activeNodesPerRow = to[seq[int]](r.payload)
except CatchableError as e:

echo "Couldn't parse! ", r.payload

c.nack( id )
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var rows: seq[string]
for i in © ..< activeNodesPerRow.len:

rows.add($i)

comboBoxRow.options = rows

var columns: seq[string]
if activeNodesPerRow.len > 0:
for i in @ ..< activeNodesPerRow[©@]:

columns.add($i)

comboBoxColumn.options = columns

c.ack(id)

proc messageloop( c: StompClient, r: StompResponse ) =
let id = r[ "ack" ]

let messageType

parseInt(r["type"])

if messageType == 3:
echo "the cell value is: " & r.payload
c.ack(id)

return

if (not observingNode):
c.ack(id)

return

try:

gameState = to[seq[int]](r.payload).distribute(rowLength, false)

widthOffset = floorDiv(min (800, gameState[0].len), 2)

heightOffset = floorDiv(min(800,gameState.len), 2)

for i in @ ..< min(800,gameState.len):

for j in © ..< min(800,gameState[i].len):

if (bool)gameState[i][j]:
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gameStateImage.canvas.setPixel(j, i, rgb(45, 220, 0))
else:

gameStateImage.canvas.setPixel(j, i, rgb(30, 30, 30))

controll.forceRedraw()
except CatchableError as e:
let
e = getCurrentException()

msg = getCurrentExceptionMsg()

echo "Got exception ", repr(e), " with message ", msg
var h = readLineFromStdin("> ")
c.nack( id )

return

c.ack(id)

proc initWorld() =
echo "Choose the initialization plan: "
echo "1. Random values"

echo "2. Load values from file (values.txt)"

var choice = "0"
while choice != "1" and choice != "2":

choice = readLineFromStdin("> ")

var values: seq[int]
var matrixLength: int
if choice == "2":
let valueFile = open("./values.txt")
defer: valueFile.close()
values = to[seq[int]](valueFile.readLine())
matrixLength = (int)sqrt((float)values.len)
echo "matrix length= " & $matrixLength
else:

matrixLength = readLineFromStdin("Enter the size of the square matrix NxN. N
").parselnt()
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var nodeNumber = readLineFromStdin("Enter gridworld size NxN (@ to calculate based on
memory) N= ").parseInt()

var allowedMemoryUsage: float
if nodeNumber == @:

allowedMemoryUsage = readLineFromStdin("Enter the percentage of free memory to be used:
").parseFloat()

allowedMemoryUsage /= 100

var layers:int = 0

while layers < 2:

layers = readLineFromStdin("Enter the number of layers: ").parseInt()

var headers: seq[ tuple[name:string, value:string] ]

headers.add(("matrix-len", $matrixLength))

headers.add(("node-num", $nodeNumber))

headers.add(("layers", $layers))

headers.add(("mem-use", $allowedMemoryUsage))

client.send( "/topic/gatewaynodeinit", $$values, "text/plain", headers )

proc generateNodeData() {.thread.} =

{.cast(gcsafe).}:

let uri = "stomp://" & username & ":" & password & "@" & address & "/"

client = newStompClient( socket, uri )

# Attach callbacks

client.connected_callback = connected

client.connect

initWorld()

client.message_callback = infoMessage

client.subscribe( "/topic/clientinfo”, "client-individual" )

client.wait_for_messages(false)
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client.message_callback = messageloop

client.unsubscribe( "/topic/clientinfo")

client.wait_for_messages()

proc controlDrawn(event: DrawEvent) =
gameCanvas = event.control.canvas

# A shortcut

gameCanvas.areaColor = rgb(30, 30, 30) # dark grey

gameCanvas.fill()

gameCanvas.textColor = rgbh(0, 255, 0)
gameCanvas.fontSize = 20

gameCanvas.fontFamily = "Arial"

var image_x = floorDiv(WINDOW_WIDTH, 2)

floorDiv(WINDOW_HEIGHT, 2)

var image_y

- widthOffset

- heightOffset

gameCanvas .drawImage (gameStateImage, image_x, image_y)

proc nodeDiscarded(event: CloseClickEvent) =
observingNode = false
client.unsubscribe( "/topic/clientmessage"

window.dispose()

proc drawGraphics() =

#{.cast(gcsafe).}:

window = newWindow()

window.width = WINDOW_WIDTH

)
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window.height = WINDOW_HEIGHT

controll = newControl()

controll.widthMode = WidthMode_Fill

controll.heightMode = HeightMode Fill

window.add(controll)

window.onCloseClick = nodeDiscarded

controll.onDraw = controlDrawn

gameStateImage = newImage()

gameStateImage.resize(800, 800)

for i in @ ..< 800:

for j in @ ..< 800:

gameStateImage.canvas.setPixel(i, j, rgb(30, 30, 30))

window. show()

proc nodeSelected(event: ClickEvent) =

if comboBoxColumn.options.len == @ or comboBoxRow.options.len == @: return

observingNode = true

drawGraphics ()

var row = comboBoxRow.index

var column = comboBoxColumn.index

var headers: seq[ tuple[name:string, value:string] ]
headers.add( ("type", $2) )
var payload: seq[int]

payload.add(row)
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payload.add(column)

client.send("/topic/clientrequest”, $$payload, "text/plain", headers )

var prefetch: seq[ tuple[name:string, value:string] ]
prefetch.add( ("prefetch-count", $1) )

client.subscribe( "/topic/clientmessage", "client-individual", "", prefetch )

proc rowChanged(event: ComboBoxChangeEvent) =
var index = comboBoxRow.index
var columns: seq[string]
for i in @ ..< activeNodesPerRow[index]:

columns.add($i)

comboBoxColumn.options = columns

comboBoxColumn.index = ©

proc drawMenu() {.thread.

-
1]

{.cast(gcsafe).}:

app.init()

var menuwidow = newWindow()

menuwidow.width = 160

menuwidow.height = 160

var containerl = newlLayoutContainer(Layout_Horizontal)

var labell = newlLabel("Node row: ")

containerl.add(labell)

comboBoxRow = newComboBox ()

containerl.add(comboBoxRow)

comboBoxRow.onChange = rowChanged

var container2 = newLayoutContainer(Layout_Horizontal)
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var label2 = newLabel("Node column: ")
container2.add(label2)
comboBoxColumn = newComboBox ()

container2.add(comboBoxColumn)

var container3 = newlLayoutContainer(Layout_Horizontal)

var button = newButton("Show")

container3.add(button)

button.onClick = nodeSelected

var containerMain = newlLayoutContainer(Layout_Vertical)
containerMain.add(containerl)
containerMain.add(container2)

containerMain.add(container3)

menuwidow.add(containerMain)

menuwidow. show()

app.run()

proc initialize() =

let creds = open("./client/credentials.txt")
defer: creds.close()

address = creds.readlLine()

username = creds.readlLine()

password = creds.readLine()

proc main() =
initialize()
spawn generateNodeData()

spawn drawMenu()
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sync()

main()
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