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O6La XxapaKTepuCTUKa Ha AUCEPTALMOHHUA TPYA

AKmyanHocm Ha npobnema

[ncepTaumMoHHUA TPYA pasrnexaa npobiem, 4mato akTyanHoCT e 6escnopHa nopagm ¢akra,
ye Kacae napanenHata obpaboTka Ha MHGOPMaLMsA, KOETO e B OCHOBATA Ha CbBPEMEHHUTE
codpTyepHM cucTeMn, MHOr03afa4yHOTO yrpaB/ieHNe, MHOronpoLLecHaTa AeMHOCT Ha BCAKa
eaHa codTyepHa cUCTEMA B CbBPEMMETO, KAKTO M BCAKA efHa OnepauyoHHa cucTema.
AHanunsMpa MeToamTe, KOMTO Ca U3MOJIBaHWU NPe3 roAMHUTE, KAaKTO U NOCAeAHUTE TEXHONOTUU
M3NON3BaHN B PA3BOMHUTE CPEAU U KOMMIOTbPHUTE cucTemmn. CUCTEMATU3MPA NOAXOANTE U
npegnara HOBM MeTOAM HaArPaXKAALLM ChlLLEeCTBYBALLMTE KbM MOMEHTA, Ypes3 CbYeTaBaHe Ha
MO3HaTM W Ha He TOJIKOBA MONY/NAPHW NOAXOAW, BOAEWM [0 TbpceHMA edeKT Ha
ANCEePTaLMOHHUA TPYA,

Len u 3a0a4yu Ha ducepmayuoHHUA mpyo

Llenta Ha pucepTaumsaTa e paspaborBaHe Ha MeToAM 3a ONTMMM3AUMUA, YCKOPABALLMU
M3NbAHEHUETO HAa MHOMKECTBO NpouecM M 3a4aynm B eAHONPOLECOPHU KOMMIOTbPHU
CUCTEMU, Ype3 M3NON3BaHE U HAArpPaKAaHe Ha CbBpPeMEeHHM TEeXHO/I0MMMU 3a napanesHa
06paboTKa Ha gaHHMU.

3a nocTuraHe Ha NoCTaBeHaTa uUen ce npeagsunxga Aa 6'bﬂ,aT M3Nb/IHEHN CheaAHUTE 3a4a4un:

1. MoppobeH aHanNM3 Ha KAACUYECKU ANTOPUTMU WM3MNOM3BAHWM NpU MapanenHuTe
npouecu;

2. MimnnemeHTauMa Ha aHa/IM3UMPAHUTE ANTOPUTMUM C LI CbMNOCTaBKa M CPaBHEHME C
HOBUTE NPEANIOKEHN B ANCEPTALMOHHNA TPYA,;

3. AHanM3 Ha noaxoam 3a 06xoXKaaHe Ha CTPYKTYpM (ONaLLKKM CbAbPrKaALLM 3343a4M);
AHanu3 Ha CbBPEMEHHW TEXHOJIOTMM U3MNON3BAHWM B PA3BOMHWU Cpeau 3a napanenHa
obpaboTka (Threads, ThreadPool);

5. AHanu3 Ha cBoWcTBaTa U KanauuTteTa Ha ThreadPool B pa3nnyHu pa3soliHM cpeau u
n36op Ha pa3BoiHa cpesa 3a Le/InTe Ha eKCNEPUMEHTA;

6. lNpoekTMpaHe Ha MmeToA 3a HaarpaxgaHe Ha ThreadPool, upe3 npeasapuTenHa
NPOMsAHa Ha peZa Ha NOCTbMNBALLUTE B HETO 33434M 33 U3MbJHEHME.

7. UmnnemeHTauma Ha BUH6AMOTEKA, Ypes3 KOATO Ce peanin3npa HaArpakaaWwmnaT MeTos,
KaKTO M KNacMyecKuTe afiropuTmu 3a napanenHa obpaboTka;

8. TecT v cpaBHEHMWE Ha KaCUYeCcKUTe NOAXOAMN U HOBUA HAATPaXKAaLl, MeTo , C Pa3inyeH
H6poi 3a434n € pa3IMyeH NPUOPUTET U BPEME 3a U3MbJIHEHUE;

9. NopapobeH cpaBHUTENEH aHaNM3 M 0606LWaBaHe Ha NOCTUTHATUA edeKT.



ﬂpunomumocm u nosesHocm

[ncepTaLMOoHHUA TPy BKNOYBA HE CamMO Noapo6HM aHaNn3u U Npes/IoXKeHn MeTOAM, a CbLLLO
TaKka u copTyepHa umnnemeHTtauma (bubamoteka 3a .NET cpesa) , KOATO MOXKe fa ce M3NoN3Ba
npuv paspaboTBaHeTo Ha COPTYEPHU CUCTEMM M3UCKBALLM 06PaboTBAHE HA MHOXKECTBO 33434M
eAHOBpPEeMEHHO (napanenHo). MeToauTe ca aHaIM3nPaHU U UMNAEMEHTUPAHM C LeN aHaNu3
[lOKa3Ball, TAXHATa NOJIe3HOCT U edEeKTUBHOCT. 3a Le/uTe Ha AUCEePTALMOHHUA Tpya ce
M3N0N3Ba KOHKPETHO pa3BoiHa . NET TexHoNormaA, Ho ca NPOeKTUPaHM TaKa, Ye buxa moram
[la ce UMNNIEMEHTUPAT SIECHO B APYrM CbBPEMEHHMN Pa3BOMHU Cpeam U TEXHOOTUM.

Anpobayusa

Pesyntatute oT AMCEpPTALMOHHUA TPYA Ca AOKNALBaHM U3UAN0 B KaTegpa ,,MHbopmaumMoHHM
TexHonorn” Ha PKCT kbm TY-Codusa. OCHOBHMA MeTOon € OMUCaH B CTaTUA Ha Hay4yHO
cnucaHune kbm OKCT ,,Computer and communications engineering” cbc 3arnasue : ,,MeTtog 3a
HaarparkaaHe Ha ThreadPool B .NET cpega npu ynpaBnieHMe Ha napanenHu npouecm”.
OcTaHanuTe Hay4yHU eKCnepuMeHTU M aHANU3UPAHN MeTOAM Ca AOKNAABAHM HA HayyHa cecua
»dHW Ha HayKaTa 2016” Ha CYB-Mnosaus.

Ob6bem u cmpykmypa

AucepTaumMoHHMAT Tpya e B 0b6em OT 168 cTpaHULM N CbabPKA YBOA- BbBeAeHME, OCHOBEH
TEKCT CTPYKTYPMpPaH B YETUPU TNaBU, 3aKIOYEHNE, CNUCBK C 5 nybamMKkauum 1M 13nonsBaHa
nntepaTtypa. M3nonssaHu ca 28 purypun u cxemun. LntmpaHute nstouyHunum ca 111.

OcHosHuU lMNasu

Yeoo

Fnaea 1 - Llenn n 3agayum Ha agnucepTaumMoHHNA TPy,

FnaBa 2— O630p Ha CbliecTBYBALLMTE U3C/NEABAHUA, METOAM U NOAXOAMTE 33 MapanesnHa
0bpaboTKa ;

Fnaea 3 — lpoekTUpaHe M MMNIEeMeHTaLMA Ha HOBM HaAarpakgalwy metoaum, aHanms u
CpaBHeHWUs;

FnaBa 4 — Hay4yHU 1 Hay4YHO NPUNONKHU NPUHOCK;

3aKknrovyeHue

Cnucvk Ha ny6aukayuu

Jlumepamypa



fhasal: LUenu u 3agaum Ha agucepTauuoOHHUA TPYA

nasaTta pa3rnexaga ueamte 1 3agadnte Ha AMcepTaumnoHHUA Tpya, KOUTO BeYe 6sxa
CNOMEHAaTH No-rope,

lnaea ll: 0630p Ha cbLiecTBYBaLWUTE U3CeABaHUA,
MeToaMu U noaxoauTte 3a napanenHa obpaborka

B MnaBa Il ca aHanu3MpaHW OCHOBHW KAacU4YyecKn MeToau 3a napanenHa obpaboTka Ha
nHdopmauma. OcseH nogpobHMA aHaNIN3 e peasiM3npaHa U UMNIeMeHTaunaTa UM Ha 6asa
ONMCaHUTE aITOPUTMMN, KOETO € NMPUHOC Ha AUCEPTALMOHHUA TPYA.

N-mepeH napanenmsbm

XapaKTepM3Mpa Ce CbC 3aBUCUMOCT MmeXay AaHHUTE B NOCNeO0BaTeNNIHOCTTA 3a U3YUCNEHUE,
noTeHUManHoO onpegendwa eaHoBpeMeHHUTE npouecn. an HEro BB3MOXKHOCTUTE 3a
napanenHa o6pa60TKa Ha AadaHHUTE B MNPUNOXKEHUATA Ca OrpaHUYeEHN, 3apagun
HEO6XO,D,VIMOCTT3 OT NocnegoBaTe/IHO U3NbAHEHME HA HAKOM AaHHW. Heka pa3rnegame:

Hpedcmae,qu Ha rocnedosamesnHo U napanesiIHoO usnvsiHeHUe rnpu 8bL3IMOXHOCM 304 N -
MepeH rnapanesiusovm.

nocnefoeaTenHo napanenHo napanenHo
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KoHBeitepeH napanennsmm

CnepBawmAaT BUA, napanenvMsbM KOWTO e pasrnegame, cnopes KaacupukaumsTa cu B
NPUIOXKEHUATa e KoHBelepeH. KoHBelepHMAT napanennsbm e cneumduyeH. B csosTa
CbLLHOCT, TOM M3non3ea 06paboTka Ha pparMeHTU OT KoA, KOUTO MMAT Hy»KAa OT AOCTbN A0
Pa3/INYHU pecypcu B onpeseneHa nocneaoBaTenHocT. KOHBEMepHUAT Napanennsbm ce rpuKm
pecypcuTe Aa ce U3non3BaT Mb/IHOLEHHO, KaTo BCEKM PecypcC KOMTO ce ocBoboKaaBa OT eauH
npouec wuauM ¢parmeHT OT Kog, Aa Ce NpeaocTaBa Ha Apyr Npouec uauM ¢parmexT.
KoHBeMepHUAT napanennsbm ce pasgens Ha ABe Nog rpynu: IMHEeH U HeIMHEeEH.



B NMHENHMAT KOHBelepeH napanesin3bM BCUYKM PECYPCU Ce M3MO0N3BaT CaMo B onpeaeneH
pen W Hait yecto ce o6bpaboTBaT camoO 334ayM  CbC CXOAHA NOC/NeA0BATENHOCT Ha
n3nonsBaHuTe pecypcu. Mpu KoHBelepHaTa napasnenHa 06paboTka Ha NPOLLECH € Bb3MOXKHO,
Te [a He ca eaHaKBW. [0A06OHM CyYai ca XapaKTepPHU 32 HEIMHENHUAT Napanennsbm, KOMTO
cnepBa Aa pasrnegame.

OcBeH NOKa3aHUTe 40 MOMEHTA JIMHEHM KOHBEWEPU, B KOUTO U3Mb/HABAHUTE NMPUNOKEHUA
M 334,341 UMAT NPOCTA CTPYKTYPA, € Bb3MOXKHO 3343a4nTe 4@ UMAT C/I0XKHA CTPYKTYPa, B KOATO
nocnefoBaTeNIHOCT Ha onepaumuTe npeyn Ha paboTata Ha KoHBelepa. Cblo Taka e
Bb3MOXKHO CTPYKTypaTa Ha 3ajaumTe Aa 6bae pas3inMyHa, ¢ KoeTo paboTaTa Ha KOHBeWepa ce
3aTpyAHABA AONBAHUTENHO. CNOXKHATA CTPYKTYPA Ha 3aZa4mnTe 3a U3NbJIHEHME B KOHBEVEpPHa
06paboTKa ce M3pa3nBa B M3MNOI3BAHETO HA eAMH pPecypc NoBeYe OT BEAHDBK, C KOETO ce BHacA
[OMNBJHUTENIHA 3aBUCMMOCT B KOHBEWepHaTa nogpeaba Ha 3aauunte 3a U3Nb/HEHME.
MHOeCTBO 33a/ia4mM C eHaKBa CTPYKTYpa ce U3NbJHABAT B KOHBEMEpPHa NOCaef0BaTE/HOCT.

3agaunte m3nonseaT Tpu pecypca Ha KA BbpxXy, KOATO Ce M3NbJAHABAT, KaTO HAKOWU OT
pecypcuTe ce M3M0a3BaT NOBeYe OT BEAHDBXK, 33 U3Mb/JHEHMETO Ha BCAKA OT 3a4auuTe.

pecypc 1
B Tabnuvuata 2 e NOKasaHa efHa 3ajava M PeCcypC <
nocnefoBaTeNHOCTTa, B KOATO TA M3nonssa pecype 3
pa3nnuHnTe pecypcn Ha KA. MpoabmkutenHocTTa Taktope: 1 234 56
Ha 3a4au4aTa e 6 paboTHM TaKTa uam EMB, B Kouto
NPOTUYA HEMHOTO MU3MbAHEHME. owur. 2

BekTopeH napanenmsbm

BeKTopHMAT napanennsbm Cce WU3MNOoN3Ba,
Korato uMmame ronsm 6poilt eaHOTUMHMU
AAaHHU, KaTo CbAbP*KaHNETO HA €ZINH MacuB U - - - I
BbpXy TAX TpsbBa Ja M3BbPWKMM eaHa - = - I
ornepauus, KaTo NPUMEPHO Aa ' NoBAUrHEM
Ha KBaZpaT. BcAKa OT AaHHUTE B MacuBsa -
MOe Ja Cce MNpecMeTHe MapanesHo Ha —
OCTaHanuTe, B oTAesieH npouec. MNpu Hannume
Ha [JocTaTbyeH OpPON MNPOLLECOPU BCUYKM =
NaHHM moraT  Jda ce npecmeTtHat [
e4HOBPEMEHHO, KaKTo e NoKasaHo Ha ®ur3

nocnegoearenHo napanenHo

dur. 3

XapaKkTepHo 3a TpuTe BMAa napanenusbm: N-mepeH, KOHBEWEepPEH U BEKTOPEH €, ye Te ce
M3N0N3BaT B MPUNOMKEHWUA C Pa3/IMYHA FPAHYNAPHOCT Ha NapanenHaTta obpaboTka.



N-MepHUAT napanenmMsbm ce Npunara B NPUIOKEHUA CbC cpegHa U rpyba rpaHynapHoCT.
MpunoxeHus ¢ GuHa rpaHyNAPHOCT, Ca CbCTAaBEHW OT MaJIKM CEFMEHTU OT KO WU 3a TAX e
XapaKTepPHO, Aa HAMAT 3aBUCMMOCT MEXAY OTAE/NHUTE CErMEeHTH.

Peanusauua Ha napanenmsma B aGCTpaKTHVITe mopgenu Ha KA

Cnen, Kato ce 3ano3Haxme C pas/nYHUTE BMAOBE MapanennsbMm, MNPUNOKEHWETO UM B
nporpamuTte U cneunduyHmMTE MM XapaKTePUCTUKN, € HeobXxoaAMMO Aa pasriedame Kak ce
peanunsunpa napanennsma B KA. 3a uenTa we pasrnegame Knacupukaumata Ha abecTpakTHUTe
mogenun Ha KA.

KA morat fa paboTAaT ¢ napanenHo nav nocnesoBaTeIHO U3NbHEHWE Ha 334a4NTE, KOUTO UM
ce nocTaBAT. [locneaoBaTeNHOTO U3NbAHeHME B KA, MOXKe Aa ce OCbLLECTBU U3MN0A3BaKK ABe
OCHOBHM TEXHUKWN: NpOorpameH 6poaY N MUKPO NPOrpamHo ynpasaeHue.

KA c nocnenoBaTeNHOTO M3MbJIHEHME HE Ca LeN Ha HaleTo nscnesBaHe, 3apaam TOBA e ce
OrpaHUYMM CamoO C KpaTka MHPopmauma 3a Tax. lo-BaxkHM ca KA npegHasHayeHu 3a
M3NbJHEHME Ha NapanenHu 33gayu, 3apagaM KoeTo we obbpHemM noseye BHUMaHWE, Ha
TEXHUTE abCTPaKTHN MoAeNn. XapaKTepHO NapanesHoTo ynpaBaeHne Ha pparmeHTH oT egHa
33434a e HeobxoAMMOCTTa OT MOMEHTM B KOWUTO ce AedMHMPAT HavyanoTo M Kpaa Ha
napanesHoTo M3nbaHeHue. MNapanenHoTo U3NbaHeHME Ha GpparmeHTU Kog OT eAnH npouec
CTaBa NOCPEeACTBOM Pa3/IMYHN HULWIKKN. HauyanoTo Ha napanenHo M3nb/HeHue e NnogobHo Ha
pasknoHeHue (fork), cneg koeto nporpamarta 3ano4ysa Aa ce U3NbJAHABA B PA3/INYHN HULLIKK.
Korato paboTaTta Ha aBa MaM noBeye npoueca, M3rybn BbaMoXKHOCT 3a NapanenHa obpaboTka
Te NPeMMHaBAT KbM MOCAeA0BaTENIHA, KaTO Ce NPUCbeAMHABAT B efAHa HUWKA. MoHAKora
napasesiH1Te NPOLECU MOraT Aa NPUKAKOYAT C U3NBAHEHNETO HA paboTaTa CM U Aa NpPeKbCHAT
HUWLLIKATa KOATO Ca M3NON3BaNMN.

OT U3N0/3BAaHETO HA €4HA Ha eAHa HULWKa TpAbBa Aa NpeMMHEM B M3MO/3BAHETO HA ABE.
HuwkKaTa, KOATO MMame B HaA4yaN0TO, MOXe Ja Cb3A4aje ABe HOBM HULIKM U A3 NpekpaTu
CBOETO CblecTByBaHe, (Cxema 6). Bb3MOXKHO € M HMLIKATA, KOATO MMame 43 M3rpagu camo
OlLLe eiHa HULLIKA M ABeTe Aa paboTAT NapanenHo KaKBOTO e U3UCKBaHeTO (Cxema 7).
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CvwHocm Ha “Thread pool”

Pasrnexaa ce oCHOBHMA 0HEKT, KOMTO Ce HagrpaKha B AUCEPTALMOHHMA TPYA U 33 KOWUTO e
npeaHasHayeHa MMmnaemeHTaumaTa Ha 6ubanotekata B . NET cpeaa.

Thread Pool e rpyna oT HMLWKKN, KOUTO MoraT Aa ce cb3gasaT oT OC M ga ce nsnonseat oT
Pa3NMYHN NPUIOXKEHUA, UIN A Ce Cb3AaBaT OT KOHKPETHO NPUNOXKEHME U Aa Ce U3non3sar
OT pPa3/In4yHM Herosu npouecn. OCHOBHO MPABUNO 33 HULIKMTE B Tasu rpyna e, 4ye Te ce
Cb34aBaT M OCTaBaT NPUTEKAHNE TO3M KOWUTO MM e Cb3a, HO ce NpeaocTaBAT 3a paboTa Ha
apyrn 3agaun. Cnep npukatoysaHe Ha paboTa Ha 3a4auMTe, KOMTO WM3MNON3BAT HULLKMUTE,
HULLKNTE He Ce pa3pyLlaBaT, a Ce BPbLAT Ha COBCTBEHMKDBT MM. 10 TO3M HaAYMH ce crnecTaABa
Bpeme 3a Cb34aBaHETO M 33 pa3pyLllaBaHETO UM 0CBODOOXKAAaBAHETO Ha HULLIKUTE, C KOETO ce
ycKopaBa paboTaTta Ha npunoxkeHuata. OCBEH HULWIKUTE, KOUTO ce NPeaocTaBAT 3a paboTa ¢
ApYTn 3a4a4M, UMamMe M egHa OCHOBHA HWLUKA, KOATO Ce FPUXKK 3a NpaBunHaTa paboTta Ha
rpynata OT HWUWKK. Ta3nm OCHOBHA HMLIKA Cb34aBa OCTAaHA/IMTE HULIKK OT rpynata u
ynpasnAsa. Korato egHa 3aga4ya NOMCKa ynpaBAeHUETO Hag, HULWKA OT rpynaTta, OCHOBHATa
HULWKA NpenocTaBA efHa OT OCTAHA/IMTE HULLKKM, aKo TOBA € Bb3MOMKHO. 10 TO3M HaA4uH
OCHOBHaTa HMLWKa ocTaBa cBoboaHa 3a 06paboTKa Ha ApYyrM 3asBKM M AOMbAHUTENHU
ACUHXPOHHM AENCTBMA, NO NOAAPBKKATa HA rpynaTta OT HULLKM.

FpynaTa oT HUWKK paboTn noaobHo Ha PoHOB npouec. HUWKKUTE, KOUTO He ce Nons3BaT B
onpeaeneH MOMEHT, ca Cb3ZageHW W roToBM 3a paboTa, HO a TAX He ce NpeaocTaBaT
WHTEepBann oT Bpeme 3a paboTa ¢ pecypcute Ha KA. Mpu nocTbnBaHEeTo Ha HOBa 3aAaya, Ha
HeA ce NpeaoCTaBs CaMOCTOATE/IHA HULIKA, KaTo NO TO3M HAuYMH 3a4ayaTa MOXKe Oa ce
M3NbHABA Napasie/IH0 M aCMHXPOHHO Ha ocTaHanuTe 3adauyn. M3nonssaHeTo Ha NoaobHu
METOAM € XapaKTePHO 3a CbPBbPHU NPUNOXKEHUA, KbM KOMTO Ce OTNPABAT MHOXECTBA 3a43a4M,
KOUTO TpABBa Aa ce U3NbAHABAT NapasesHO U aCUHXPOHHO.

HeBuHaruM nocTbnNUANTE 3a4a4M, MoraT 4a NoAy4aT AOCTbN A0 HULWKA. [PYNUTE OT HULLKU UK
Thread Pool 06MKHOBEHO MMAT OrpaHMYEHME B MAKCUMANHUAT BPOii Ha Cb34aAEHUTE HULLIKK.



AKO MaKCMMaNHUAT BPOM HULLIKM 3a Cb34aBaHe e AOCTUTHAT U BCUYKM HULLKKU Ce M3MNO0N3BaT B
MOMEHTA Ha MNOCTbMNBaHe Ha HOBA 33/a4a, TO HOBATA 33/.a4a Ce NoApeXKaa B ONallKa, OT KOATO
M34aKBa pesa Cv 3a NoJIy4aBaHe HULLKA C KOATO Aa paboTu. 3agaumTe B onawikata nosyyasart
HULLKa C KoATO Aa paboTAT B pesia Ha NPUCTUraHETOo CM1, KaTo TOBa CTaBa, KOraTo HAKOSA 3aJ4a4a
npuKoYM paboTtaTa cM U 0cBOBOAM HULLKATA KOATO ce M3non3Bana. JoKaTo 3ajaunTe ca B
onawkaTta, Te He morat ga 6baaT 06Cny}KBaHWM, KAaTO NO TO3M HauMH ce 3abaBA TAXHOTO
N3NbAHEHME.

Bbnpekn orpaHMYEHNETO Ha MAKCMMANHMAT B6POM Ha HULIKUTE B rpynaTa, TOBa He e ronsm
npobnem. MakcMmanHuAT 6poit morke aa 6bae peryanmpaH. M BbNpekn Cblu,ecTByBaHETO Ha
orpaHu4YyeHue, TO He ce Aoctura yecto. o yecTo sBAEHWe 3a rpynaTa OT HULWKKM € ga ce
M3N0N3Ba HEMbAHMAT KanmauuTeT Ha rpynaTa, KaTo NO TO3M HaYMH HULIKMTE, KOUTO Ca
Cb34a4eHM B NOBEYE aHra*kMpaT YyacT oT pecypcuTe Ha KA n npeyaT Ha paboTaTa Ha OC. 3a aa
ce cnpaBuM c To3M Npobaem, rpynaTta oT HALLKK Ce NPaBu AMHAMUYHA, KaTo BPOAT Ha HULLIKUTE
ce npomeHs cnopeg, 6poAT Ha NOCTbNBALLMTE 33434M.

BarkeH MOMEHT, KONTo TpsabBa Aa 0TOeNeXMM €, Ye BbNPEKN NpoMaHaTa Ha Opos Ha HULLKUTE,
Te He ce Cb34aBaT M PaspyLUaBaT NPM HA4YaNOToO M Kpaa Ha paboTa Ha eaHa 3aga4a C Tax. AKo
ce c/lyyBalle TOBa, HAMaLLe 43 MMa M0/13a OT U3MNOA3BAHETO Ha rpyna OT HULWKK. TO3K BapmuaHT
Aopu 61 uman HeraTmuseH edekT, 3apagM M3NON3BAHETO Ha AOMbAHUTE/NIHA HULIKA 3a
ynpas/ieHWe Ha rpynaTta, OorpaHMYeHMe Ha rpynata M Ha onallka B KOATO 3agadyute ca
NPUHYAEHN Aa M34aKaT cBobogHa HULWKA. 3a Aa ce n3berHaT BCUYKKU Te3U HeraTueu, BposT Ha
HULIKKUTE OT rpynaTa Bapupa cnpsamo 6posT Ha nocTbnBalwmTe M 06paboTBaHMTe 3aaa4n. KaTto
LuenTa e eaqHOBPEMEHHO [a Ce M3MO0/3BaT HULIKM, KOUTO HE Ce M3rpakaaT U YHULL0XKaBaT
WHAMBMAYANHO 33 BCAKA 33Za4Ya M CblLUEBPEMEHHO BPOAT Ha HULWIKUTE Aa HEe € MHOro no-
ronsm ot 6pos Ha M3NbAHABAHWUTE 3aJayn. 3a Aa ce NOCTUTHE pPaBHOBECUE MeXKAY OBeTe
YC/I0BUA Ce U3MON3BAT Pa3/IMYHN METOAM, KaTo TYK Ce HaMeCBa M HMLIKATa KOATO OTroBaps 3a
ynpaB/iieHMEeTO Ha rpynara.

EnHaTa Bb3MOXKHOCT, KOATO Ce M3MN0/J3Ba 3a ONTMMM3MpPAHE Ha 3aeToCTTa Ha rpynaTta oT
HULWKK, Ce npunara B Cay4anTe, B KOUTO € HEO6XOAVIMO Aa He Cé M34aKBa Cb34aBaHETO Ha
HULWKa NPU HAa4a/10TO HaA pa60Ta Ha HOBA 3a4a4a. 3a Aa 3ano4yHe I'IO-6'bp3O o6pa60TKaTa Ha
HOBOMOCTbMNMAATA 3a4aya, Ceé M3MN0A3Ba eAdHa OT Beye Ccb3gageHuTe HuwKKu. Cnen Koeto
OCHOBHAaTa HMLWKA Cb3gaBa ACMHXPOHHO HOBA HULWKA. 10 TO3M HAYMH HOBOMOCTbNW/IATA
3a4a4a MOoXe ANPEKTHO Aa NPUCTBMNU KbM U3MB/IHEHUETO CU. 3a Aa ce NOCTUTHe TO3MU EdDEKT
6pOHT Ha Cb34aAdeHnTe HUWLIKKU € MNOo-ronAamMm OTKOJIKOTO 6pOF|T Ha 3a4a4uTte, KOUTO cCe
MU3NbAHABAT B MOMeHTa. ToBa rapaHTUpa eAnH MHTepPBaa OT HAKOJIKO HULLKU KOWTO moraT Aa
ce npeaocTaBAT BegHara Npu NoCTbnNBaHe Ha HOBW 3a4a4n. EAHA OT Bb3MOXHOCTUTE, C KOUTO
MOXe fa Ce Hanpasu 1a3n onTMuMmmnsauma € n3nosi3sBaHeTo Ha MUHUMYM OT CBO60£I,HVI HULUKN.
BbNpOCHUAT MUHMMYM Ce NoAbPXKa OT OCHOBHATA HULLKA, KOATO NpwU HEO6XOAVIMOCT Cb34aBa
HOBW HULLUKMU.
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nasa lll : [poeKTUpaHe n ~MNAeMeHTauuUA HA HOBU
Hagrpaxkaawm metoaum, aHaams U cpaBHEeHUA

Fnasa lll e oCHOBHa 3a AMCEPTALMOHHN TPYA U B HESl € ONUCaH OCHOBHUA NPEeA/IOXKEH METOZ,
3a HagrpakaaHe Ha TreadPool, upes npeHapexaaHe Ha BXOAHUTE 3a43a4M B HOBU CTPYKTYpH
M noApefieHn No pasiMyHKU Kputepun. NpeanoskeHn ca HAKONKO MeToAa 3a 06XoxaaHe Ha
HoBUTE CTPYKTypu. CneaBa MmnaemeHTauMa Ha 6BUbaMOTEKa, KOATO peanv3apa meToaa 3a
.NET cpepna, KakTo U UMNIEMEHTUPA U KNAaCUYECKUTE METOAM C Lien cpaBHeHue, aHanus. 3a
LenTa ce U3BbPLLUBAT peanLa TeCTOBE C pasiMyeH 6poi 1 TMN 3a4aun.

[o6bp npumep 3a nNpobaema e NPUIOXKEHME, KOETO MMa HyXaa OT u3nonssaHe Ha .NET
Thread Pool, 3a na 06paboTtu ronam bpoit 3aaaHnsa acMHXpoHHO. PaboTaTa Ha Pool-a ue 6bae
nogageHa no CTaHAAPTHMA M eAMHCTBEH HauyMH — ONnallKaTa CbC 3a4a4u Lie ce 3apeaun. Ho ako
B AafleH, MasKo NMO-KbCeH MOMEHT, MPUCTUTHE Apyra nopeaula oT 3aga4yu, Ta we Tpabsa aa
M34YaKaT NyCKaHeTo Ha Beye 3apeAeHuTe. HoBUTE HAMAT HUKAKbB LUAHC A3 Ce BK/AYaT Nno-
paHo OT NocneaHaTa, 3apeJeHa Beye 3a4a4a.



PaboTHU HULLIKK

3apenerun 3agaum B onawkaTa Ha .NET Thread Pool

.NET Thread Pool

OO0

Pa6oTHU HULLKK

HoBa nopeguua ot 3agaum

- EAVHCTBEHMAT HauYmMH 3a NycKaHeTo Ha HOBUTE 3a4a4u e
- MbPBO Aa ce obenyxar Bede 3apefeHnTe

dur. 6

MbpBaTa M OCHOBHA LLEN € NpegiaraHe Ha HauuH 3a ynpaB/eHWe Ha peda Ha U3Nb/IHEHME Ha
3afaunTe. MaeATa e ToBa Aa CTaHe C Bb3MOXHOCT 3a paboTa C noBeye OT eAHa OMNallKM OT
334auu. B ropHuMa npumep, akKo onawKuTe OT 3aJayM ca ABe W 3aJaHuATa ce nyckar
nocnenoBaTesIHO, OT BCAKA ONalKa Mo eAHo, Taka We ce M3berHe HeXXenaHoTo YaKaHe Ha
BTOpaTa nopeamvua. ANropuTbMbT 3a B3MMaHe Ha 3a4a4yu OT onalkuTe we 6bae Kpbrosa
AMcuMnanHa Ha obenyxkeaHe (Round Robin).

MbpBaTa M OCHOBHA LIEN € npegiaraHe Ha HauduH 3a ynpas/ieHMe Ha peda Ha U3MNbHEeHUe Ha
3afaunTe. MaeaTa e ToBa Aa CTaHe C Bb3MOXHOCT 3a paboTa c NoBeye OT eAHa ONaWKu oT
334a4u. B ropHuMa npumep, akKo onawKuTe OT 33aJayM ca ABe W 3aJaHuATa ce nyckar
nocnenoBaTeNIHO, OT BCAKA ONalKa Mo eAHOo, TaKa We ce M3berHe HeXenaHoTo YaKkaHe Ha
BTOpaTa nopeamua. ANropuTbmMbT 3a B3MMaHe Ha 334ayu OT onawkuTe we 6bae Kpbrosa
AucumnnavHa Ha obcnykeaHe (Round Robin).
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Round Robin (RR): B KOHTeKCTa Ha paboTa ce uMma nNpeasua B3MMaHe Ha eaHa 3a4a4a oT
BCAKa OnallKa M nyckaHeTo 1 3a usnbsaHeHue ot .NET Thread Pool. Onawkute ce obxoxaat
nocnenoBaTenHo, egHa cnes Apyra, 4OKATO MMA 3a4a4M B TAX.

lMpumep: B No-ropHOTO BM3yasHO NpeAcTaBsaHe Ha paboTa MMa YeTUpPU OMaLLKK OT
334a4m, OT BCAKA Ce B3MMa MO efHa 334a4a — MbpPBO OT CMHATA, NOCAE OT 3e/eHaTa, po30oBaTa
W nunasaTa. B T03u pes 3agaumTe ce nogasat Ha .NET Pool-a. Te3n ntepaumm no B3MmaHe Ha
331aHMA Ce N3BBPLLBAT AOKATO CE U3MNPA3HAT BCUYKU OMALLKW.

CnepBalwmAT BaXKeH ONTMMMU3ALMOHEH METOZ € OcurypsiBaHe paboTaTa Ha B3aMMHO
CBbp3aHM 33434 — e[Ha 3a43a4a YaKa pe3ynTaT oT Apyra, 3a 43 NPOABL/IKU U3MBAHEHUETO CU.
To3u cueHapuii Cblo He MoxKe Aa 6bae peannsmpaH ¢ dyHKUMMTE npegnaranun ot Pool-a Ha
.NET. ToBa e yaobHO Korato AajeHa 3a4aya ce M3NbAHABA MNPOABL/IKUTENIHO, a Apyra,
3HAYMTENIHO NO-KpaTKa 3a M3Nb/IHEHME, YaKa pe3ynTaT OT HeA. B To3m cnyyalh HULWKaTA],
aHraxkmMpaHa 3a o6paboTKa Ha KpakaTa 3ajava, we TpsabBa Aa CTOM M YaKa pes3ynTaTa, 3a Aa
A0BbPLIM paboTaTa cu. MaenaTta TyK e Aa ce ocBoboam paboTHaTa HMLWKA HA KpaTKaTa 3a4au4a,
Taka Ye ga moxke aa 6bae pasnpeaeneHa ot Pool-a 3a gpyro nsnvnHeHue. LLlom pesyntatsT



OT Ab/raTta 3aZaya e roTos, A0BbpLUMTENHATa paboTa Ha KbcaTa 3a4a4a we 6bae U3nbaHeHa.
Mo TO3M HauuH ce M36Area M3NULWHOTO Be3aencTBMe OT PABOTHUTE HULLKM NPU YaKaHe Ha
pe3synTar.

CbBMecTHa pabora

Ha Framework<a un
NET Thread Pool Obnra
2% 33f1aua
‘
Kpatka
3agada
.NET Thread Pool

OO C

OcBobopeHa

AT PaboTHU HULIKK

KpaTkaTta 3agadva 3ano4ysa M3nbJIHEHWE, KOraTo NONUTa 3a pesynrarta
OT AbnraTa 1 ToW He e roToB, obcnyxBallaTa HuLKa ce ocBoboxaaBa
n .NET Pool-bT Moxe Aa s pa3npegenu 3a gpyro 3agaHue. Npu rotos
pe3yntat paboTtaTa Ha Yakaliata 3agaya e ce JOBbPLUN.

HayuH Ha paboma rpu 83aUMHO C8bP3AHU 3a0a4U

dur. 8

MpenBnaeHo e 1 3agaBaHe HAa NPUOPUTET Ha 3a4a4mMTe, 3acAraLy, U3B/IMYAHETO UM OT
paboTHUTEe onalwkKn Ha HoBuA framework. BcAko 3agaHMe moxke ga 6bae nogasaHo ¢
npuopuTeT. 3agaumnTe € Hali-ronam npuopuTeT we 6baaT B3MMaHM NbpPBKM OT OMnaluKaTa.
MpuopuTteTHOCTTa cbwo amncea B .NET Thread Pool.



Onaluka oT 3agaum
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Framework-bT wWe ocurypsBa M npuxBalliaHe Ha M3KtoyeHa (exceptions). Toea e B
CNy4Yai, ye Npu U3NbJAHEHUE Ha 33434MTe, Bb3HUKHE U3KNOYEHUE, KOETO He e NPMXBAHaTo B
notpebutenckus Kog. MNpegsuaeHo e cbbuTHMe, Ypes KoeTo nonssatenuTe (NporpammctuTe)
mMmoraTt Aa 6baaT MHGOPMMPAHWM 33 M3KIOYEHMETO M Aa npeanpuemaTt HAKaKBM AeNCTBuUA,
Hanpumep 3anuceaHe Ha rpelwkarta (log, logging).

OTHOCHO paboTaTa Ha oOnawKWTe We MMa ABa pexuma. MMbpBMAT € HopManeH —
334auuTe ce B3MMaT MoC/NeAoBaTe/IHO, KoraTo AoWae pen 3a NyckaHe Ha 3agadya oT
CbOTBETHAaTa onaluka. ToBa 3aBMCK OT a/ITOPUTbMa C Kpbroso pasnpeaeneHne (Round Robin).
[pyrvaT penm npenocrtaBa pas/IMYHO NOBEAEHWEe — B OnallKkaTa moraT ga ce nogasat
334,a4m, HO Te He ce 06paboTBaT, KPbroBOTO 0OX0XKAaHE Ha ONALLKUTE MPOMNYCKa U3B/IMYAHETO
Ha 3a4a4u oT TaX. [o-KbCHO NMPOrpPaMmMCTbLT MMa BbB3MOXHOCT Aa BK/AKOYM ONallkaTa 3a
obpaboTka. o To3M HaunH MmoraT fia ce cbbupaT 3aaaHusA, Ho Aa ce 0bpaboTBaT B XKenaH oT
noTpebuTens MOMEHT.

0606LLeHUTe Uenu 1 3a434M Ha paspaboTkaTa ca umnaemeHTupaHe Ha framework,
BK/1HOYBaLLL:

® Bb3MO)HOCT 33 pasnpeseneHune Ha 3aaHNATa B PA3/IMYHU ONALLIKKU, KOUTO ce
obpaboTteat c anroputbma Round Robin

e ocurypaBaHe Ha paboTaTa Ha B3aMMHO CBbp3aHM 33434 (33gaya 4YaKa
pe3ynTaT oT Apyra) u n3bareaHe Ha U3IMWHOTO YaKaHe OT CTpaHa Ha paboTHUTe
UM HULLIKK

® BB3MOXKHOCT 3a 3aijdaBaHe Ha NPUOPUTET HA 3a4a4nNTe

® NpuxealWlaHe Ha U3KIKOYEHUNA NMPU N3NDBNIHEHNE HA 3a4a4NTE U HOTVICI)VIKaLI,VIFl 34
U3KAKYEHNE Ype3 cbbuTtHne

e [Ba paboOTHM perMma 3a onawkuTe — 3afadunTe ce nyckat 3a obpaboTka
BeAHara uam ce cbbmpat M CTapTUpPaT NO-KbCHO

MmnnemeHTMpaT ce NOCOYEHUTE N3BECTHU KbM MOMEHTA METOAM B Cpeda Ha BUCOKO HUBO , a
mmeHHo .NET,



lpoekmupaHe

3a aa ce peannsmpa ycrnewHo KakbBTo 1 Aga e framework e Heobxoaumo aobpe aa ce
obMncnAT ocHoBHUTE GYHKUMMK, NpobaemuTe KOUTO LWe pellasa. BaxkHo e ga ce HamepAaT
KaQyeCcTBEHW M ONTUMA/IHU pPeLlleHns Ha geduHnpaHnTe 3aga4umn. NoaxoabT Ha paboTa e Mmasiko
Nno-pas/IMYeH B CPaBHEHME C KacMYecKuTe npunoxeHua. MNoa Knacuyecku ce pasbupar
OPUEHTUPAHUTE KbM MacoBMA NOTPebuTen — CcYEeTOBOAHM MpoOrpamu, nporpamm 3a
ynpas/sieHne Ha busHeca, web caToBe 1 ap. Bcykm Te paboTaT c noTpebutenckn nHtepdeic
N cTporo AeduHUpPaAHU U3UCKBAHMA OT KaumeHTa. CbOTBETHO eTanuTe npu paspaboTKa ca
cbBCceM Apyru. Tesm nporpamm OCHOBHO paboTAT C AaHHM (cucTemu 3a penaumoHHu 6asu oT
AaHHn, XML n gp.), HacoueHu ca Kbm cneunduryHuTe Tema U GyHKLMOHANHOCT, GOKycUpaT ce
BbPXY 406bP KOHTPON HA BXOAHUTE U U3XOAHUTE AAaHHK, A06pa MOAYIHA CTPYKTYpa, M3UCKBAT
cneuunaneH noaxoa no pasnpocTpaHeHue 1 BrpaXkaaHe Ha cucTemara.

Mpu cb3paBaHeTO Ha KOHKpeTeH framework, akueHTUTe NpuU nNpoeKkTUpaHe W
pa3paboTKa NaaaT BbpXy Ka4ecTBOTO, OCUIypABaHETO Ha cTabunHa paboTa, NpuUxBaLLaHeTo Ha
BCMUYKM BB3MOMKHW C/Ay4anm U cueHapui. MNoTpebutenute Ha NPUNONKEHUETO Lie 6baaT
nporpamuctu. Tpabsa ga ce obmucam noaxodsil, neceH n yaobeH nHtepdeiic — umeHoBaHe
Ha Knacose, meTtoau, GyHKUMU. Llenta e ¢ MUHUMaNHM ycunua aa 6baaT npenocTaBeHu
Bb3MOXHOCTUTE Ha bubanoTeKara.

Mpw cTapTUpaHe Ha paboTaTa belwe onpeseneHa KOHBEHUMATA 32 MMEHOBaHe, KOATO
ce crasBa B Lens nporpameH Koa. M3nonssaHa e Taka HapeyeHata CamelCase KOHBEHLMA,
nsBecTHa Kato medial capitals (meXanHHKU rnasHM BykBM). Ta Hanara rnaBHU BYKBM 3a BCEKU
e4VH eNeMeHT OT AaZeHOTO UMe. Hanpumep ako MMETO Ha AafeH KNac e oT ABe Pas/IMYyHu
AyMMU, TO Te Ce CIMBAT, KaTo BCAKA 3anoysa ¢ rnaBHa bykea — ThreadPool (thread pool), meToz
QueueTask (queue task), metoa AttachQueue (attach queue). UmeHaTa Ha BCUYKM OCHOBHM
obekTK 3anousart c npedukc RR (ot Round Robin). 3a npocTpaHCTBOTO OT MMeHa e M3bpaHo
nmeto RRTasking.

Mpy NPOEKTUPAHETO ce onpeaens apxXMTeKTypata Ha OCHOBHUTE OOEKTW, HYXKHM 3a
npeaocTtaBsHe Ha AepuHMpaHaTa PyHKLUMOHANHOCT. B cnyyasn, Hali-BarKHUTE 06eKTU ca Tpu —
RRThreadPool, RRQueue, RRTask. BaxxHo e npeay umnnemeHtaums Ha framework-a aa 6vaat
onpeaeneHn OCHOBHUTE UM (YHKUMU M POJA, Aa Ce USMUCIU U MPeaoXKMU BapuaHT 3a
NocTUraHe Ha uenuTe.

RRThreadPool e ocHOBHUAT 06eKT. Tolt npeactaBnaBa abcTpakuma Ha KOHTEMHEP C HULLIKMU.
OcHoBHaTa My o¢yHKUMA TpAGBa Aa bObae pasnpenensHe Ha 3a4ayu OT OnallkuTe no
anroputbma round robin 1 nyckaHeTo um 3a nsnbvaHeHue ot .NET Thread Pool. BcbuHocCT, Ton
BbTPELUHO NOAADBPNKA CMUCHK OT ONALUKM, HO € NpeaBuAeH MHTepdenc 3a NogaBaHe Ha 33434
AupekTHo Ha RRThreadPool. Toea 03HayaBa, Ye TPsAbBa Aa UMa NOHe eAHa BbTPeLUHa ONaLlKa,
M3N0/13BaHa KaTo cayxebHa M ckpuTa 3a notpebutensn. B To3m Knac we 6vae gednHMpaHo U
noTpebuTeNcKOTO CbOUTME, KOETO LWe Ce M3M0/3Ba 3a HOTUOMKALMWU MPU USKIOYEHUA
(exceptions). AnropuTbmMbT 3a M3BAMYaHe Ha 3agaumte (round robin) Tpabsa pa ce
cbobpasnBa C ABaTa peuMma Ha pabota Ha onawkuTe. MNo-gony e AafeHa guarpama,
MOKa3Ballla OCHOBHUTE 33a4b/IXKEHMA HA TO3M OOEKT.



O6ekT RRThreadPool
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OcHo8HU 3a0bm#ceHua Ha obekma RRThreadPool

RRQueue e gpyruaTt BaxkeH ob6eKT. Tol TpabBa Aa opraHM3npa 3a4ayunTe, noapeneHu
B CTPYKTypa onawka. O6eKkTbT ce nsnonssa ot RRThreadPool. 3agaHuaTta ce nssanyat no
NPMOPUTET Ha HMBO OMallKa, 3aToBa TyK TpsAbBa Aa 6bAe peanusmpaHa NPUOPUTETHOCTTA.
MN3b6paHo e 3agaumTe Aa moraT 4a UMaT TPU Bb3MOXKHU NpuopmTeTa — HUCHK (low), HopmaneH
(normal) n Bucok (high). 3a ga craHe ToBa, 06ekTbT RRQuUeue e Kancyaimpa Tpu onaliku oT
framework-a 3a konekuuu Ha .NET. BcAka efHa Lie OTroBaps 3a AaAeHUA NPUOPUTET (HUCDHK,
HOpMa/ieH UM BMCOK). KoraTo ce nogaae 3agaHue Ha onawkata RRQueue, B 3aBUCMMOCT OT
npuopuTeTa, TO LW Ce NOCTaBA B CbOTBETHATA BbTPELWLHA onalwkKa. lpn noMcKkBaHe Ha 3agauva
e ce Mpernexgat TpMTe ONaAlWKW B pes OT Hal-BUMCOK KbM HaW-HUCBHK npuopuTeT. Taka
3343a4uTe C HaN-BUCOK NpuopuTeT We 6baaT AaBaHM NbPBU, 3a43a4NTe C HOPMaNeH — BTOPU U

dwur. 10

3a4a4unTe C HUCbK — nocinegHu.
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RRTask e o6ekT, npeacrasaw notpebutencko sagaHue. OT gedMHUpPaAHUTE N3UCKBAHMA CTaBa
ACHO, Ye To3M 06eKT e Mmanko no-cneumaneH. OceeH NpocTa 3agava, Toh Tpabsa Aa npeacTasa
W B3aMMHO CBbP3aHMTE 3a43a4M, NP KOUTO HAKOW MOFaT Aa YaKaT pe3ynTaT oT Apyra, HyXeH
3a AOBbpLIBaHe Ha paboTaTa M. 3a Aa MOXKe Aa ce NOCTUTHAT Te3n U3NCKBAHUA e NpeaBUAeH
6a30B Knac — RRTaskBase, KoliTo we ce Hacneassa oT pasnmyHmuTe RRTask Knacose.
UanoctHuat framework we pabotn ¢ RRTaskBase, KoeTo Lie gaBa Bb3MOXKHOCT 3a AobaBaHe
Ha Pas/IM4HM MO TUN 33agaun (Knacose), ako NOTPebUTENAT Mma HyxKaa oT crneunduyHo
nosegeHWe Ha paboTa. B TeKywaTta umnaemeHTauma Le uma 3agadun, npeacraBaHM oT Aga
Knaca, kouto Hacnegasat RRTaskBase. [MbpBMAT NnpeactaBinBa NpocTa 3agada, TA NPOCTo ce
noaaea u n3nbsHABa oT Pool-a. Bropuar we 6bae 3a4a4a, KOATo MMa AOMbAHUTENHN GYHKLNM
— 32 UCKaHe Ha pe3ynTaT U JI0rMKK OCUTypABaLUM M3MbAHEHMETO HA AOBbPLIMTEIHATa paboTa
cnep nosly4aBaHETO Ha pe3yaTaTa.

Tbih KaTo 6a30BUAT Kac LLle MOXKe Aa 6bae HacneaABaH OT Knacose B NoTpebutenckus
Ko, HeobxoaMmo e Aa ce obMucan BHUMaTENHO aeduHuumata my. Tol Tpabsa Aa 6bae
NpPoCT U Aa 3aZib/’KaBa NPOrpaMmUCTUTE Aa UMNAEMEHTUPAT HEOBXOAMMNUTE MY 33 NPaBUIHA
paboTta ¢yHKUMK. TaKkaBa PYHKLUMA (METO/) e TO3M 33 KOHKPETHO U3MbAHEHWE Ha 3a4a4aTa,
Hali-4ecTo TOBa € U3BMKBAHETO Ha Aenerarta, ykassall, GyHKUUATA, B KOATO € NPOrpamHUAT KOA,
3a u3nbsHeHune ot Thread Pool-a.
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Hali-BaxKHWUTe GYHKUMM U NpeaHa3sHaYeHUs Ha rnaBHUTe 06eKTU ca M3AcHeHWu. Opyr
Ba)KeH eTan npu NpoeKTUPaHeTo € Aa Ce WPMUXOBa HAYMHBT Ha paboTta ¢ RR Framework-a.
Mma ce npeasua ot noTpebutencka rneaHa Toyka. TpabBa Aa € ACHO KaKBM MHCTaHUUKM Ha
06eKTUTE e Ca HYXHKW, KakbB We 6bae NOTOKbT Ha paborta (work flow) Hai-yecto
M3N0/13BaHMAT HAYMH Ha paboTa we 6bae ¢ metoante Ha RRThreadPool 1 RRQueue. RRQueue
obekTuTe TpabBa Aa ce 3aKayaT 3a Pool obekTa, TOBa 03Ha4aBa, Ye Te We 6baaT ynpasasaBaHu
OT Hero npu NyckaHeTo Ha 3agaaHusa (anroputbm Round Robin). 3apgauuTe we moraT ga 6baar
nofiaBaHu KakTo Ha RRQueue obeKkTuTe (NnoTpebuTtenckmTte onaliku), Taka u Ha RRThreadPool,
KaTo TOM Wwe rn 06paboTn ypes BbTpeLIHaATa CM ONaLlKa. 3aKayaHeTo Ha onallKa U NoAaBaHeTo
Ha 3a4a4a Wwe craBa ¢ metoaun Ha obektute RRThreadPool n RRQueue.
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Cnep KaTo ca YTO4YHEHU BCUYKUN U3NCKBAHUA, LLeNIN U 334N, NU3ACHEHA € OCHOBHATA
CTPYKTYpPa, M36paHM Ca HAa4YMNHU 3a MNOCTUTAHE Ha LennTe, MoXKe Aa Cce NPUCTbMNN KbM NporpamHaTa
peannsauua.

MmMmnaemeHTauma Ha Knacnyeckn metoam, ce MHTerpupat B bubanortekaTa.
OCHOBHM K/lacoBe Ha Cb3faZieHaTa bubamoTeka :
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Cneppa EkcnepumeHTanHaTta 4acT :
TECT u AHANU3

M3BBbPLUEHM Ca HAKOJIKO TecTa C pasinyeH 6poi 3agaumn nocpeacsTtom 6ubamotekaTa n ThreadPool B
.NET cpepa.

[MceBoo
napanenusbm B Kpbroea
N-mepeH KoHeelepeH BekTopeH egHonpouecopHu obpaboTka Haarpakoall
Bpoii 3agaun napanenusbM napanenusbm napanenusbm KA Ha 3ajaunTe MeToq
2 240 230 350 560 250 190 ms
8 380 270 380 580 360 200 ms
15 403 400 490 780 500 350 ms
30 802 900 670 900 550 414 ms
50 1020 1600 700 1070 1078 800 ms

Tabnmua 1



EkcnepumeHTa ce u3BbpLUBA B CAeAHATa MOCNEA0BATENHOCT, CTapTMpaA Ce CMMYyNaLMOHHA
cpefa, KoATO reHepupa 3a4a4m C Pas/iMyeH NPUOPUTET, KOUTO Ce 334aBa Ha C/ly4YaeH NPUHLMN,
KaKTO M 3a4a4yM C UMKANYHWU CTPYKTYPU WU JIOTUYECKM omnepauum C pas/iMiHa CAOXHOCT.
leHepupaHuTe 3ag4aun ce 0b6paboTBaT OT UMNIEMeHTUpaHaTa bnubamMoTeKa, nogpeKaaT ce B
3 unu noseyve onallKku No pasnnyeH Kputepuun. Cneasa ob6xoxkagaHe Ha ONalLKUTE B KPbrosa
AMCUMNIMHA M npenogperkaaHeTo nm npu BamnsaHe B ThreadPool. Cb3gageHata bubnmoTteka
3anMcBa BpeMeTo 33 U3MbJIHEHWE B MS 32 BCEKM cieaBall, TecT. TecToBeTe ce U3BbpLUBAT Ha
6a3a pasnMyHO NpenoapexkaaHe Ha 334341 No KPUTEPUIA BPEME U MPUOPUTET, Pa3/IMYEH pes
Ha OnawKuTe, HU3XOAALLO, Bb3XO4AWO U CMECEHO MoApeXkaaHe Ha onawkuTe. Tectose ce
M3BBPLUBAT M Ype3 KAaCUYeCKUTe anroputmun. MamepBaHUA ce M3BBPLLBAT C pa3inMyeH 6poi
3a/a4a C uen Aa ce onpeaeniv CKaJIMpyemocTTa Ha NpeaoKeHna MeTOA.

PesystaT OT TecT

0 200 400 600 800 1000 1200 1400 1600 1800
BPEMe Ha U3II'bJIHEHHE B MS.

TecToBe Ha 6 TUIA ONITUMU3AIMU Ha 3a7a4U
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U3eoou

B 3aKntoueHuMe, MoKe Aa ce TBbPAM, Ye NPUAaraHeTo Ha Hagrpaxkaalla 6ubnnoTeKka yckopssa
aeriHocta Ha ThreadPool-a B .NET cpepa. EKcnepumeHTbT MOXKe Aa ce npoBede U 4pe3
TEXHO/IOrMM KaTo Java, Kato ce wu3nonsea Java ThreadPool-a. lpeaBua pasnmyHaTta
umnnemeHTauma Ha papata Pool-a, To pesyntatute 6uxa OUAM  Pa3IMUHM, KaAKTO U
MOHWUTOPUHIa B peasiHoO Bpeme Ha obpaboTkata Ha uHPopmaums. Knacuyeckute metoam 3a
pa3snapanensBaHe, pPaboTAT 3HAYMTENIHO NO-6ABHO OT MPEASIOKEHUA METOZ HaArparkaall
ThreadPool-a, kakTo 1 ynotpebaTta Ha HULLKK, KOUTO He ca obeanHeHn B Pool.

UHgopmayus 3a ekcnepumeHmanHama cpeda

EKCI’IepMMEHTaﬂHaTa cpena yka3sa CU/THO B/IAHNE BBbPXY USMEPEHUTE pPeE3Y/ITAaTU, 3aTOBA € BaXXKHO Aa
ce AOKNnagBaT CUCTEMHUTE " XapPaKTePUCTUKUN N BEPCUUTE HA U3NONA3BAHUTE NPUNITOHKEHUA. Te 6uxa



6unm HEO6XOAMMM 3a penankauna Ha ekcnepmnmeHTanHnTe yCTaHOBKU B Apyra cpeda U Kopenauma Ha

nosly4eHnTe pesynTaTu:

CACTeMHUTE XapaKTepUCTMKKU Ha paboTHaTa CcTaHUMA M3NO0/A3BaHA 33 M3MbJAHEHME Ha
eKkcnepumeHTUTe ca: npouecop Intel(R) Core(TM) i5-4200M CPU @ 2.50 GHz ¢ 64-6utoBa 22 nm
apxuTeKkTypa, 06u10 4 aapa (ase dpusmueckmn natoc HyperThreading) v kew L1 /L2 / L3: 64 KB / 256
KB / 3072 KB; nameT: Lenovo 16 GB DDR3L (2 x 8 GB PC3-12800 SODIMM mopayna) cbC CKOpOCT
1600 MHz; tTBbpa anuck Western Digital WD10JPVX 2.5 nHua c kKanauuteT 1 TB, uHTepdelic SATA,
ckopocT 6 Gb/s 1 Kew 8 MB; gbHHa naaTKa Intel NM-A161.

MporpamHoTo ocurypsasaHe EkcnepmumeHTanHu pesyntatv no gpasa — Cpenata 3a paspaborsaHe Ha
6ubnunotekata e .NET, 3agauute ca UMKAMYHM NPUMEPU, KAaKTO WU ApYrn NOAO0OHM KpaTKu
NIOTUYECKM KOHCTPYKLUMK. [puopuTeTa e 3ag3aaeH NpesBapuTeNHO, a BPEMETO HA U3NMb/HEHME ce
onpepaens oT CTENEHTAa Ha C/IOXKHOCT Ha 3ajauuTe.



Fnasa lll . MpuHoCK Ha gucepTauMOHHUA TPYA

MpuHoCcUTe Ha HacToALWaTa AncepTauma ca rpynupaHn B ABe KaTeropmu:
Hay4yHu npuHocu

L |_|O,£l,p06EH adHaNn3 N CMHTE3NPAHE HAa OCHOBHWU KZTACUYECKN aITOPUTMU 3a pPa3napanenaBaHe
Ha npouecn 1 3agayu,

e  AHanu3 Ha aNropuMTMM 3a 06X0XKAaHe Ha CTPYKTYpU (KOHTeHepu Ha 3a4aum) ;
e [IpegnoxeH HoB Hagrpaxaauy, .NET ThreadPool meTtoa, Ha 6a3a n3BbpLIEHUTE aHAN3W;

L CpaBHEHM Ha KN1aCUYECKNTE N NPOEKTUPAHUA OT ANCEPTAHTA METOoA,

HayJyHo-npunoxHu npuHocu

e lMmnnemeHTtauma Ha .NET 6ubanoTteka npeanaraila HoBMA MeTO, 3a HaArpaxkaaHe;

e NmnnemeHTauma Ha N-BekTopeH, KoHBelipeH 1 BeKTOpeH anropntbm 3a pasnapasnesBaHe Ha
npouecw;

L M3rparkgaHe Ha LANOCTHa TecToBa cpea 3a U3MbJ/IHEHWE Ha MHOXeCTBO 3a4auu;

e [MoapobeH cpaBHUTENEH aHaNM3 Ha M3BbPLUEHUTE TECTOBETE U AOKa3BaHe Ha TBbPAEHMETO
3a ycKopeHue Ha 06paboTKa upes npenogpeskiaHe Ha MbpBOHaYa HNA pej OT 3aauun.



3aKnr4YeHue

Pa3paboTeHUAT meToa MMNIeMeHTMpaH B 6ubanoteka Ha . NET, KaKTo M ocTaHanute
KNacuyeckM metoaM, moraT ga 6baat npunaraHM B peauua Nporpamu  M3non3salim
napanenHn U34ymcaeHus.

ABTOPBT Ha AMCEPTALMOHHUA TPYA NNAHMPA UMMNIEeMeHTauMa Ha NnoaobHa 6ubanoTeKka ypes
M3MN0N3BaHETO Ha Apyru cpeam (Java) v n3BbpLUBaHE Ha TECTOBE Ha YCTPOWCTBA C NO-Masiku
N3YNCAUTENHM KanauuTeTn u pecypcu. Mpeasukaat ce tectose n 8 WEB cpegaa.



CnncubK ¢ nybanKaumm no gucepraumara

1. CamocmosmenHa cmamus : AGHaH Pedxeb , MeTton 3a HagrparkaaHe Ha ThreadPool B
.NET cpega npu ynpaBaeHue Ha napanenHun npouecu, cnucaime Computer and
communications engineering 1/2017 (npwueTa 3a neyat AHyapu 2017);

2. Roumen Trifonov, Ognian Nakov, Adnan Redzheb ,CLOUD COMPUTING E-GOVERNMENT
APPLICATIONS AND INFORMATION SECURITY , KoHdepeHuma Advanced Aspects of
Theoretical Electrical Engineering Sofia '2016 15.09.16 — 16.09.16, Sofia, Bulgaria;

3. Ognian Nakov, Roumen Trifonov, Adnan Redzheb , MODELING AND MANAGEMENT OF
SERVICES IN THE FRAMEWORK OF THE SERVICE ORIENTED ARCHITECTURE, KoHdepeHuus
Advanced Aspects of Theoretical Electrical Engineering Sofia '2016 15.09.16 — 16.09.16,
Sofia, Bulgaria;

4. Adnan Redzheb, Ognian Nakov, A STUDY ON A CONVEYER PARALLELISM WITH THE USE
OF FIXED WEIGHT COEFFICIENT, koHdepeHuusa ,, [IHM Ha HayKkaTa” 2016, Cblo3 Ha
yyeHuTte B bbarapus — knoH MNnosams, 28-29.10.2016, Plovdiv, Bulgaria

5. Adnan Redzheb, Ognian Nakov, CONTROL METHODS FOR PARALLEL INSTRUCTIONS
EXECUTION, KoHdepeHuma ,, HM Ha HayKaTa"” 2016, Cbto3 Ha yyeHuTe B bbarapusa — K/oH
Mnosaus, 28-29.10.2016, Plovdiv, Bulgaria

N3MNoOJ13BAHU U3TOYHULUMU

BBC; Docker, Inc., "Enterprise CI at BBC News," in DockerCon Europe 2014, 2014.

Cloud Bees, Inc., "The Business Value of Continuous Delivery,” 2015. [Online]. Available:
http://pages.cloudbees.com/rs/cloudbees/images/Business-Value-of-Continuous-Delivery.pdf. [Accessed 20
012016].

Cloud Bees, Inc.,, "Meet Jenkins," [Online]. Available: https://wiki.jenkins-
ci.org/display/JENKINS/Meet+]Jenkins. [Accessed 29 01 2016].

Cognizant Research Center, "Why On-Demand Provisioning Enables Tighter Alignment of Test and
Production Environments," 2013.

J-J. Dongarra, "Performance of Various Computers Using Standard Linear Algebra Software in a Fortran
Environment," ACM SIGARCH Computer Architecture News, vol. 16, no. 1, pp. 47-69, March 1988.

J-J. Dongarra, "Performance of Various Computers Using Standard Linear Equations Software," ACM SIGARCH
Computer Architecture News, vol. 20, no. 3, pp. 22-44, June 1992.

GitHub Inc., "GitHub Help," [Online]. Available: https://help.github.com/. [Accessed 29 01 2016].
IBM Corp., "Accelerate your Software Delivery Lifecycle with IBM Development and Test Environment
Services," IBM Corp., 2014.

Intel Corp., "Linux Containers Streamline Virtualization and Complement Hypervisor-Based Virtual
Machines," 2014.

N. Khare, Docker Cookbook, Packt Publishing, 2015.

Kubisys Inc., "The Better Way to Create Test Environments," 26 5 2015. [Online]. Available:
http://www.kubisys.com/the-better-way-to-create-test-environments/. [Accessed 20 01 2016].



F. McMahon, "The Livermore Fortran Kernels: A Computer Test Of The Numerical Performance Range,"
Lawrence Livermore National Laboratory, Livermore, CA, USA, 1986.

Oracle Corp., "Oracle VirtualBox Documentation,” [Online]. Available:
https://www.virtualbox.org/wiki/Documentation. [Accessed 29 01 2016].

Red Hat, Inc.; Cisco Systems, Inc., "Linux Containers: Why They’re in Your Future and What Has to Happen
First," 2014.

S. Schneider, "How VMware IT Reduced Provisioning Time by 80%," 6 6 2012. [Online]. Available:
https://blogs.vmware.com/vfabric/2012/06 /how-vmware-it-reduced-provisioning-time-by-80-using-
vfabric-application-director-and-more.html. [Accessed 20 01 2016].

Sonatype, Inc., "Repository Management with Nexus,"” [Online]. Available:
https://books.sonatype.com/nexus-book/reference/. [Accessed 29 01 2016].

C. Strachey, "Time Sharing in Large Fast Computers," in International Conference on Information Processing,
1959.

G. Tassey, "The Economic Impacts of Inadequate Infrastructure for Software Testing," National Institute of
Standards and Technology, 2002.

The Apache Software Foundation, "Welcome to Apache Maven," [Online]. Available:
https://maven.apache.org/. [Accessed 29 01 2016].

VMware, Inc, "Automated Software Development Life Cycle (SDLC) Provisioning on the VMware Private
Cloud," 2013. [Online]. Available:
https://www.vmware.com/files/pdf/VMware_IT_Automated_SDLC_Provisioning Private_Cloud.pdf.
[Accessed 20 01 2016].

R. Weicker, "Dhrystone: A synthetic Systems Programming Benchmark," Communications of the ACM, vol. 27,
no. 10, pp. 1013-1030, October 1984.

B. A. Wichmann, H. ]. Curnow and T. Si, "Whetstone: A Synthetic Benchmark," The Computer Journal, vol. 19,
no. 1, pp. 43--49, 1976.

K. Matthias and S. P. Kane, Docker: Up & Running, 1 ed., O'Reilly Media, 2015.

S. Chacon and B. Straub, Pro Git, 2 ed., Apress, 2014.

W. Gajda, Pro Vagrant, 1 ed., Apress, 2015.

R. Black, E. v. Veenendaal and D. Graham, Foundations of Software Testing ISTQB Certification, 3 ed., Cengage
Learning EMEA, 2012.

R. Harrop and C. Ho, Pro Spring 3, 2 ed., Apress, 2012.

J. Humble and D. Farley, Continuous Delivery: Reliable Software Releases through Build, Test, and
Deployment Automation, 1 ed., Addison-Wesley Professional, 2010.

D.]. Lilja, Measuring computer performance, A practitioner's guide, 1 ed., Cambridge, Great Britain:
Cambridge University Press, 2000, p. 280.

C.R.Johnson and P. Okunev, "Necessary And Sufficient Conditions For Existence of the LU Factorization of an
Arbitrary Matrix," p. 21, 31 July 1997.

E. Liu, "Conditioning and Numerical Stability," 2016. [Online]. Available:
http://web.mit.edu/ehliu/Public/Yelp/conditioning and_precision.pdf. [Accessed 25 2 2016].

Intel Corp., "Intel Math Kernel - LINPACK," [Online]. Available: https://software.intel.com/en-
us/articles/intel-math-kernel-library-linpack-download. [Accessed 25 2 2016].

P.]. Fleming and J. ]. Wallace, "How not to lie with statistics: the correct way to summarize benchmark
results," Communications of the ACM - The MIT Press scientific computation series, vol. 29, no. 3, pp. 218-221,
March 1986.

D. Salomon, G. Motta and D. Bryant, Handbook of Data Compression, 5 ed., Springer, 2010, p. 1383.
M. Adler, "pigz - Parallel gzip," [Online]. Available: http://zlib.net/pigz/. [Accessed 26 2 2016].

J. Ziv and A. Lempel, "A Universal Algorithm for Sequential Data Compression," IEEE Transactions on
Information Theory, vol. 23, no. 3, pp. 337-343, May 1977.

M. Mahoney, "Large Text Compression Benchmark," [Online]. Available:
http://mattmahoney.net/dc/text.html. [Accessed 26 2 2016].

J. M. Slocum, "Testing Memory [/O Bandwidth," 16 10 2013. [Online]. Available:
http://jamesslocum.com/post/64209577678. [Accessed 26 2 2016].

R. Longbottom, "Linux PC Benchmarks: RandMem Benchmark," [Online]. Available:
http://www.roylongbottom.org.uk/linux%20benchmarks.htm#anchor9. [Accessed 26 2 2016].

P. Dykstra, "nuttcp quick start guide,” Distributed Computing IT Journal, May 2008. [Online]. Available:
http://dcitj.blogspot.bg/2008/05 /phil-dykstras-nuttcp-quick-start-guide.html. [Accessed 26 2 2016].



HashiCorp, "Vagrant Private Networks," [Online]. Available:
https://www.vagrantup.com/docs/networking/private_network.html. [Accessed 26 2 2016].

Oracle Corp., "VirtualBox Virtual networking hardware," Oracle, [Online]. Available:
https://www.virtualbox.org/manual/ch06.html#nichardware. [Accessed 26 2 2016].

J- Gervais, "Smart NICs preserve CPU cycles," Network World, vol. 17, no. 50, pp. 69-70, 11 December 2000.
StorageReview, "Fio - Flexible 1/0 Tester Synthetic Benchmark," [Online]. Available:
http://www.storagereview.com/fio_flexible_i_o_tester_synthetic_benchmark. [Accessed 26 2 2016].

Docker Inc., "Docker and OverlayFS in practice,” [Online]. Available:
https://docs.docker.com/engine /userguide/storagedriver/overlayfs-driver/. [Accessed 26 2 2016].

K. Hess, "When Memory Serves You: Using ramfs and tmpfs," Linix Magazine, 31 January 2010.
R. Arpaci-Dusseau and A. Arpaci-Dusseau, "Chapter: Faster Translations (TLBs)," in Operating Systems: Three
Easy Pieces, Arpaci-Dusseau Books, 2014.

R. Bhargava, B. Serebrin, F. Spadini and S. Manne, "Accelerating two-dimensional page walks for virtualized
systems," ACM, pp. 26-35, 2008.

I. Atkins, "Getting The Hang Of IOPS," 28 June 2012. [Online]. Available:
http://www.symantec.com/connect/articles/getting-hang-iops-v13. [Accessed 27 2 2016].

M. Larabel, "Ubuntu 15.10: KVM vs. Xen vs. VirtualBox Virtualization Performance,” 22 10 2015. [Online].
Available: https://www.phoronix.com/scan.php?page=article&item=ubuntu-1510-virt&num=2. [Accessed
27 2 2016].

Wikipedia, "IOPS," 12 February 2016. [Online]. Available: https://en.wikipedia.org/wiki/IOPS. [Accessed 27
22016].

Linux community, "Linux manual for fio," [Online]. Available: http://linux.die.net/man/1/fio. [Accessed 26 2
2016].

Linux community, "Linux manual for fsync," [Online]. Available: http://linux.die.net/man/2 /fsync. [Accessed
27 2 2016].

Cannonical, "Ubuntu manual for mbw," Cannonical, [Online]. Available:
http://manpages.ubuntu.com/manpages/utopic/manl/mbw.1.html. [Accessed 26 2 2016].

Cannonical, "Ubuntu manual for nuttcp,” Cannonical, [Online]. Available:
http://nuttcp.net/nuttcp/nuttcp.html. [Accessed 26 2 2016].

Cannonical, "Ubuntu manual for netperf,” Cannonical, [Online]. Available:
http://manpages.ubuntu.com/manpages/natty/man1/netperf.1.html. [Accessed 26 2 2016].

Linux community, "Networking - ip-sysct,” [Online]. Available:
https://www.kernel.org/doc/Documentation/networking/ip-sysctl.txt. [Accessed 27 2 2016].

S. Haines, "Continuous Integration and Performance Testing,” Dr. Dobb's The Worls of Software Development,
p. 3, 7 February 2008.

C. Sauer, A. Gemino and B. H. Reich, "The impact of size and volatility on IT project performance,”
Communications of the ACM, vol. 50, no. 11, pp. 79-84, November 2007.

Standish Group, "Chaos Report," Standish Group, 2015.

M. Poppendieck and T. Poppendieck, Implementing Lean Software Development, 1 ed., Addison-Wesley
Professional, 2006.

M. Poppendieck and T. Tom Poppendieck, Lean Software Development: An Agile Toolkit, Addison-Wesley
Professional, 2003.

K. Ellis, "The Impact of Business Requirements on the Success of Technology Projects," IAG Consulting, 2009.
TEM, "Estimating the Speed of Exponential Technological Advancement," 2012.

eBay PaaS Team, "Delivering eBay’s CI Solution with Apache Mesos," eBay, 2014.

C. Coleman, "The Future of OpenShift and Docker Containers," Red Hat, 2014.

Docker, Inc., "Docker Compose," [Online]. Available: https://docs.docker.com/compose/. [Accessed 27 2
2016].

Intel Corp., "The Advantages of Using Virtualization Technology in the Enterprise,” 5 March 2012. [Online].
Available: https://software.intel.com/en-us/articles/the-advantages-of-using-virtualization-technology-in-
the-enterprise. [Accessed 28 2 2016].

VMWare Inc., "Accelerate Software Development Testing and Deployment with VMWare Virtualization
Platform,” VMWare Inc., 2005.

B. A. Wichmann, A. A. Canning, D. L. Clutterbuck, L. A. Winsborrow, N. ]. Ward and D. W. R. Marsh, "Industrial
perspective on static analysis," Software Engineering Journal, vol. 10, no. 2, pp. 69 - 75, March 1995.



G.]. Myers, C. Sandle and T. Badgett, The Art of Software Testing, 3rd ed., Wiley, 2011, p. 256.

H. D. Benington, "Production of Large Computer Programs," Annals of the History of Computing, vol. 5, no. 4,
pp- 350-361, November 1983.

J. M. Wilson, "Gantt charts: A centenary appreciation,” European Journal of Operational Research, vol. 149, no.
2, p.430-437, September 2003.

W. R. Franta and K. Maly, "An efficient data structure for the simulation event set," Communications of the
ACM, vol. 20, no. 8, pp. 596-602, August 1977.

C. Pautasso, 0. Zimmermann and F. Leymann, "RESTful Web Services vs. Big Web Services: Making the Right
Architectural Decision," in 17th International World Wide Web Conference (WWW2008), Beijing, China, 2008.

D.]. Panzl, "Test procedures: A new approach to software verification," in ICSE '76 Proceedings of the 2nd
international conference on Software engineering, Los Alamitos, CA, USA, 1976.

R. V. Binder, Testing Object-Oriented Systems: Models, Patterns, and Tools, Addison-Wesley Professional,
1999.

IEEE Computer Society, IEEE Standard Computer Dictionary: A Compilation of IEEE Standard Computer
Glossaries, IEEE, 1991, pp. 1 - 217.

B. Beizer, Software system testing and quality assurance, New York, NY, USA: Van Nostrand Reinhold Co.,
1984.

P. Barham, B. Dragovic, K. Fraser, S. Hand, T. Harris, A. Ho, R. Neugebauer, L. Pratt and A. Warfield, "Xen and
the art of virtualization," in SOSP '03 Proceedings of the nineteenth ACM symposium on Operating systems
principles, New York, NY, USA, 2003.

R. Dua, A. R. Raja and D. Kakadia, "Virtualization vs Containerization to Support PaaS," in 2014 IEEE
International Conference on Cloud Engineering (IC2E), Boston, MA, USA, 2014.

N. M. M. K. Chowdhury and R. Boutaba, "Network virtualization: state of the art and research challenges,"
IEEE Communications Magazine, vol. 47, no. 7, pp. 20 - 26, July 2009.

D. Merkel, "Docker: lightweight Linux containers for consistent development and deployment," Linux Journal,
vol. 2014, no. 239, March 2014.

D. Bernstein, "Containers and Cloud: From LXC to Docker to Kubernetes," IEEE Cloud Computing, vol. 1, no. 3,
pp. 81-84, September 2014.

A.].Younge, R. Henschel, ]. T. Brown, G. v. Laszewski, ]. Qiu and G. C. Fox, "Analysis of Virtualization
Technologies for High Performance Computing Environments,” in 2011 IEEE International Conference on
Cloud Computing (CLOUD), Washington, DC, USA, 2011.

Z. Durumeric, ]. Kasten, D. Adrian, J. A. Halderman, M. Bailey, F. Li, N. Weaver, ]. Amann, J. Beekman, M. Payer
and V. Paxson, "The Matter of Heartbleed," in IMC '14 Proceedings of the 2014 Conference on Internet
Measurement Conference, New York, NY, USA, 2014.

IEEE Computer Society, IEEE Standard for Local and Metropolitan Area Networks: Overview and
Architecture, IEEE, 202, pp. 1 - 48.

P. Li, "Selecting and using virtualization solutions: our experiences with VMware and VirtualBox," Journal of
Computing Sciences in Colleges, vol. 25, no. 3, pp. 11-17, January 2010.

J- Watson, "VirtualBox: bits and bytes masquerading as machines," Linux Journa, vol. 2008, no. 166, p. Article
No. 1, February 2008.

J. Palat, "Introducing vagrant," Linux Journal, vol. 2012, no. 220, p. Article No. 2, August 2012.

R. Rosen, "Resource management: Linux kernel Namespaces and cgroups,” University of Santa Barbara, Santa
Barbara, CA, USA, 2013.

J. Petazzoni, "Anatomy of a Container: Namespaces, cgroups & Some Filesystem Magic," in LinuxCon North
America, Seattle, WA, USA, 2015.

S. Yegulalp, "CoreOS launches Rocket 1.0 directly at Docker," 5 February 2016. [Online]. Available:
http://www.infoworld.com/article/3029682 /application-virtualization/coreos-launches-rocket-10-directly-
at-docker.html. [Accessed 3 3 2016].

B. Ballard, "Docker: The business benefits," 4 December 2015. [Online]. Available:
http://betanews.com/2015/12/10/docker-the-business-benefits/. [Accessed 2 3 2016].

M. Bauer, "Paranoid penguin: an introduction to Novell AppArmor," Linux Journal, vol. 2006, no. 148, p. 13,
August 2006.

B. McCarty, SELinux: NSA's Open Source Security Enhanced Linux, O'Reilly, 2004.
J. S. Heidemann and G. J. Popek, "File-system development with stackable layers,” ACM Transactions on

Computer Systems (TOCS) - Special issue on operating systems principles, vol. 12, no. 1, pp. 58-89, February
1994.



[98] X Wu, W.Wang and S. Jiang, "TotalCOW: Unleash the Power of Copy-On-Write for Thin-provisioned
Containers," in 6th Asia-Pacific Workshop on Systems, Tokyo, Japan, 2015.

[99] F. Kereki, "Concerning containers' connections: on docker networking," Linux Journal, vol. 2015, no. 254, p.
Article No. 2, June 2015.

[100] P. Hunt, M. Konar, F. P. Junqueira and B. Reed, "ZooKeeper: Wait-free coordination for Internet-scale
systems," in USENIX Annual Technical Conference, Boston, MA, USA, 2010.

[101] E. Gamma, R. Helm, R. Johnson and ]. Vlissides, Design Patterns: Elements of Reusable Object-Oriented
Software, 1st ed., Addison-Wesley Professional, 1994, pp. 1-395.

[102] R.Mason, "Load Balancing Apache Tomcat with Nginx," 3 September 2013. [Online]. Available:
https://dzone.com/articles/load-balancing-apache-tomcat. [Accessed 3 3 2016].

[103] D. Stahla and J. Boschb, "Modeling continuous integration practice differences in industry software
development,” Journal of Systems and Software, vol. 87, no. 1, p. 48-59, 2014.

[104.] C. Ramey, "Bash, the Bourne-Again Shell," Case Western Reserve University, Cleveland, OH, USA, 1994.

[105] VMWare Inc., "Virtualization Overview," VMWare Inc., Palo Alto, CA, USA, 2006.

[106] E.-W. Biederman, "Multiple instances of the global Linux namespaces," in Ottawa Linux Symposium, Ottawa,
Canada, 2006.

[107] R Shea and J. Liu, "Understanding the impact of Denial of Service attacks on Virtual Machines," in I[EEE 20th
International Workshop on Quality of Service, IWQoS ‘12, Coimbra, Portugal, 2012.

[108] M. G. Xavier, "Performance Evaluation of Container-Based Virtualization for High Performance Computing
Environments,"” in 21st Euromicro International Conference on Parallel, Distributed and Network-Based
Processing (PDP), Belfast, Ireland, 2013.

[109] V. Venkatesh, M. G. Morris, G. B. Davis and F. D. Davis, "User Acceptance of Information Technology: Toward a
Unified View," MIS Quarterly, vol. 27, no. 3, p. 425-78, September 2003.



ABSTRACT of Ph.D. THESIS

This dissertation examines optimization methods for parallel processing of information. It
analyzes the methods already known and presents different implementation methods
suitable for analysis and comparison with the new processing methods, which are proposed
in the dissertation. An environment for performing the necessary measurements of parallel
processing is developed. A new method implemented through framework is proposed. Such
framework contains classes that demonstrate a new arrangement of the task sequence, based
on queues with different priorities. The priority is determined by a different criterion and the
scanning of the queues is based on a circular order (Round Robin). The tasks are arranged
before entering the thread pool and test measurements are being made. The results show
performance acceleration in comparison to the known methods and the direct access to the
thread pool. Despite the resources necessary for rearrangement, the final result is that the
execution time is reduced. The result of the proposed method is positive.

The contributions of the dissertation can be summarized as follows:

e Detailed analysis and synthesis of basic classical algorithms for parallelizing processes and
tasks;

e Analysis of algorithms to scan structures (task containers);

e Proposed new method upgrading the .NET ThreadPool on the basis of performed analyzes;
e Comparison between the classical methods and the method designed by the PhD candidate;
e Proving an increased productivity.

In his thesis the PhD candidate presents an in-depth knowledge in parallel information
processing, high level framework implementation, and analysis of algorithms for scanning of
various structures



