AIICTPAKT

On 1980 roauua pa3BojoT Ha MPOLIECOPHTE ¥ MEMOPHjaTa OJH BO JBE PazIudHM
TEXHOJIOIIKK HAcOKM MITO AEHeC € MpHUYMHA 3a MojaBa Ha ja3 momelry HHUBHHTE
Op3unu. Taa pasnuka Bo Gp3MHHTE € MPUYMHA 32 MEMOPMCKATA JIATEHTHOCT KOra
MPOLECOPOT MPUCTANyBa 10 MEMOpHjaTa U TECHO PO 1WTO ja Giiokupa paboTata Ha
npouecopor[59]. Co pa3BojoT Ha mpolecopuTe M MojaBaTa Ha cynep CKalapHH
NpPOLECOPH C€ MPOLIHPYBA HUBHHOT MHCTPYKLMCKM MPO30pEL] HO TOA HE € JI0BOJHO
32 Jla ja NpUKpPHE MEMOpHCKata jaTeHTHOCT. OCHOBHATA TeXHMKA Koja ce
MMIIIEMEHTHPA BO TpPOLIECOPHTE 3a Ja C€ HaMald BPEMETO HAa MNPUCTam J0
MeMopHjaTa e BOBENyBameTO Ha MeMopuckata xuepapxuja[l],[2]. Memopuckuor
CHCTEM € MOJZIENICH BO HEKOJIKY HUBa TaKa IUTO OJEjKH O MPOLECOPOT KOH OCHOBHATA
MEMOpHja Ce 3roJieMyBa KanaluTeToT Ha Kelll MEMOpHjaTa a ce HamanyBa Gp3MHATa
Ha npuctan. MeMopuckata xuepapxuja ja HamalyBa MEMOPHMCKAaTa JIATEHTHOCT HO
Taa e npu4MHa 3a 10jaBa Ha Kelll NIpoMallyBaba 3apajii KOM MPOLECOPOT € MOTPeGHO
JIONIO/IHUTENHO 1a TYOU BpeMe 3a HUBHO CepBHCHpatbe. YcTpakyBamaTa NoKaxyBaar
JieKa Kaj COBPEMEHMTE MPOLECOPH CO MOBeKe jafipa M HUIIKK OPOjOT Ha Kel
MpoMalllyBamaTa pacte W ' Typka nepdopmancure Ha npouecopot. OcobeHo Toa e
M3Pa3eHO MPH KOHKYPEHTHOTO MNPUCTaNyBame KOH CIOJENeHaTa Keml MeMopHja
nomery HHUIIKMTE U jagpata. Toa 3HauM Jieka OCHOBEH TIPENM3BHK 3a HCTPAXKYBauHTe
¥ [IM33jHEPUTE BO H/IHUHA € CTIPaBYBabETO CO KELI MPOMAITyBambaTa.

Hctpaxysamwata o oBaa ofnacT HymaT noBeke TEXHUKH 3a KpHEHE W
HamaJlyBawb€ Ha MEMOpPHUCKATa JIATEHTHOCT HO HUEJIHO OJl HUB HE € UMILIEMEHTHPAHO
01l CTpaHa Ha JM3ajHEpUTE BO COBpeMEHHTe mpouecopu. OCHOBa BO pPa3BOjOT Ha
MPOLIECOPUTE € OJHOCOT LieHa-MepGopMaHCcH LITO 3HAUH Aeka e OTPeOHO Ja ce mojae
JIO TeXHWKA Koja Ke ja HaMajl¥ MEMOPHCKATa JATEHTHOCT HO € MmoTpeOHO ja Ouae
JIeCHa 32 MMIUIEMEHTaLKja ¥ HEMa JIOMOJIHUTENHO Ja ja 3rojieMd QMCHIalMjaTa Ha
eHepruja Ha MPOLECOPOT.

Llenra Ha oBa MCTpaxyBawe € Ja Jaie LEIOCEH Mperjej Ha J0CeraliHuTe
MCTPaKyBama BO 00JacTa Ha napajienn3am Ha MeMopucko HuBo. Co cuMynaTop Ha
Kell MEMOPHMCKH CHCTEM Ce YTBpJyBa MajoT Ha nephopMaHCHTE Ha MPOLECOPOT BO
3aBUCHOCT OJ Kell MpoMaulyBamaTa Kaj COBPEMEHHTe Mpolecopu. Bo

MOHATaMOLIHOTO WCTPAXYBake € JM3ajHUpaH CUMY/IATOp Ha MPOLIECOP KOPUCTEjKH
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ro naketrot SimPy n Python nporpamckuor jasuk. Wziejata e mpeky CHMYIHpaHeTo
Ha paboTara Ha pasIMYHY THIIOBH Ha MPOLECOPH Ja Ce JI0j€ 0 MEPJIMBH Pe3yaTaTH
MPEKy KOU Ke MOXe J1a ce cnopeyBa e()MKaCHOCTA Ha TEXHUKHMTE KOM e KOPUCTAT BO
HamanyBam€ Ha MeMOpHCKara JareHTHOcT. Bo nokropckara aucepranmja ce
MOJICIMpaHUH CUMYNIAaTOp Ha HJIEaJieH MpOLECOp, TPOLECOp CO TMpPEABPEMEHO
npe3eMambe Ha MEMOPUCKUTE MOJATOLM, MPOLECOp CO MMIIEMeHTHpaHa runahead
execution TEXHHKA, TMpPOLIECOP CO TMOBeKe HWINKH. AHanu3ata Ha JOOUEHHTE
pe3yaTaTH ¥ TOBEJCHUETO HA CHUCTEMOT MpOLIECOP-MEMOpHja JaBa uaeja 3a
BOBE/lyBalbe€ Ha TEXHMKA Kaj COBPEMEHMTE MPOLECOPH KOja MOXKE Na I'M HaMaju
KOHKYPCHTHHTE Kelll IPOMaIllyBaka U 1a ja HaMaJli JaTEHTHOCTA Ha MEMOPHjaTa a co
TOa /1a r'u 3rojieMu nepdopmancuTe Ha npouecopor 3a 15%.

OCHOBHHOT NPUOHEC HA OBA HAYYHO MCTPAXKYBAUKO JEJIO €:

1. Cobuparme Ha MOCTOjHUTE MCTpa)KyBama Ol 00JacTa Ha MapajieJu3MOT Ha
MEMOPHUCKO HHBO W BJIMjaHMETO Ha Kell MpoMallyBamara Bp3
nepopmancuTe Ha mpouecopoT. [Ipernen Ha MOCTOJHUTE TEXHHKH
TCOPETCKH W MpPaKTH4YHH TEXHUKM 3a HaMalyBame UM KpPHEHE Ha
MEMOpHUCKATa IJaATEHTHOCT.

2. EKcnepumeHTaNHO yTBpAyBalme Ha BIIMjaHHETO HA Kell MpOMallyBaaTa
Bp3 mneppopMaHCHTE Ha COBPEMEHHTE MPOLECOPH. YTBPAYBamE Ha
MapaMeTPUTE KOM ¥ KaKo BJIHjaaT Bp3 OpojoT Ha Kelll MpoMalllyBarkbaTa.

3. Jlu3ajHupame Ha CHMYJaTOp Ha MPOLECOP KOj OBO3MOXYBAa Ja C€ CJEIH
MOBEICHHETO Ha CUCTEMOT mpouecop — Memopuja. Ilpeky mobueHHTE
pesynTatH MOXe€ fOa Ce BpIUM aHalu3upame Ha mnepdopMaHcuTe Ha
pa3iMyHM THIIOBM HA NPOLIECOPU KOU BO cebe MMaaT MMIUIEMEHTHPaHO
TEXHUKH 3a HaMaJlyBarbe Ha laTeHTHocTa. Bo cumynaToport siecHo Moxe Jia
Ce HUMIUIEMEHTHpaaT MOJY/Id Ha HOBH TEXHMKHM TMpPH IUTO IpPEKy
pesyiaTaTHTe Jla ce CropeiyBa HUBHATA e(pUKACHOCT BO OJHOC Ha
MOCTOJHUTE THUIIOBH Ha MpOLECOPH. 3a MpB NarT BO OBaa JOKTOPCKA
AMcepTaLMja € [U3ajHMpaH CUMYJIATOp Ha MPOLEcop MpeKy KOro Moxe ja
Ce TECTHpa MOBEIEHUETO Ha CUCTEMOT MpPOCeLop-MeMOpHja 1 1a ce nobujar

MEpJIMBH CIOPEAGEHU pe3yaTaTH.
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4. Kaxo mociezieH NpuIoHeC € TeXHUKATa Koja BO JOKTOPCKATa AUCepTaLuja e
npeyioKeHa 3a 3rojieMyBame Ha neppopMaHCHTE Ha MpPOLECOPOT CO
HamalyBame Ha OpojoT Ha KOHKYPEHTHHMTE Kelll MpoMaulyBama M
HaMayyBam€ Ha JIaTEHTHOCTa Ha MeMopujaTa. TexXHHKaTa ja OTCTpaHyBa
KOHKYPEHTHOCTa BO NPBOTO HMBO Ha Kell MeMopHjaTa OJ CTpaHa Ha
HHMIIKKUTE Ha jagpoTo Ha mpouecopot. Toa 6W OBO3MOXKKIIO BO MAHHMHA BO
NPOLIECOPCKOTO jaapo Ja Ce MMIUIEeMEHTHpAaT T[OBeKe HMILIKH KOM
mefyceOHO HEMa Ja I'M MCTMCHYBaaT MEMOPHCKHTE MOJATOLM Off Kell
memopujata. Co Toa GpojoT Ha Kell mpoMallyBamaTa € HamaneH 3a 15%.
On ngmpyra cTpaHa TexHMKaTa BpLIM NPEABPEMEHO MpE3eMame Ha
MEMOPUCKH TMOJAaTOUM HO BO BTOPOTO HUBO Ha Kl MeMOpHjara LITO
NpUJOHeCYBa Ja C€ HamalM BpPEMETO Ha MpuUCTan 10 MeMopujara H

3a0p3yBambe Ha H3BPIIYBaKETO HA nporpamute 3a 15%.
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ABSTRACT

Starting from the 1980 the development of the processors and the memory splits
into two different technological directions, which from today’s perspective is the
reason for the appearance of a gap between their speeds. This speed difference is the
cause for memory latency when the processor accesses the memory and represents a
bottleneck that blocks the work of the processor [59]. With the development of
processors and the emergence of superscalar processors their instruction window is
being expanded, but that isn’t enough to conceal the latency of the memory. The
basic technique implemented in the processors for lessening the memory access time
is the introduction of memory hierarchy [1], [2]. The memory system is divided into
several levels in such way that when going from the processor to the main memory
the capacity of the cache memory is increasing and access speed is decreasing.
Memory hierarchy reduces memory latency, but also is the reason for the appearance
of cache misses for which the processor needs to waste extra time for their service.
The research shows that in the modern processors with multiple cores and threads, the
number of cache misses grows and decreases the processor performance. That is
especially articulate at competitive access to the shared cache memory between the
cores and the threads. That means that main challenge for scientists and designers in
the future is tackling with cache misses.

The researches in this area offer more techniques for concealing and reducing
memory latency, but designers in modern processors implement none of those. The
basis in the development of processors is the price-performances ratio, which means
that it is necessary to come to a technique that will reduce the memory latency, but at
the same time to be easy to implement and not to increase the dissipation of processor
power.

The aim of this research is to give a complete overview of current research in
the area of parallelism at memory level. With a simulator of the cache memory
system, the fall of the performances of a processor is determined depending on cache
misses in modern processors. In the further research, a simulator of a processor is
designed using the package SimPy and Python programming language. The idea is

through simulation of different processor types to reach tangible results by which we

can compare the effectiveness of the techniques used in reducing memory latency.




The dissertation modeled a simulator of an ideal processor, a processor with memory

data prefetching, a processor with implemented runahead execution technique, and a

multi-threaded processor. The analysis of performance and the behavior of the system

processor-memory give an idea for the introduction of a technique in contemporary

processors, which can lower cache misses and will reduce memory latency and

increase processor performances for 15%.

The basic contribution of this scientific research work is:

Collection of existing research in the field of parallelism on memory level
and the impact of cache misses on the processor performances. A review of
existing techniques, both theoretical and practical for reducing and
concealing memory latency.

Experimental determination of the impact of cache misses on modern
processor performances. Determination of the parameters and how they
influence the number of cache misses.

Designing a processor simulator, that allows monitoring of the behavior of
system processor-memory. With the obtained results, the performance of
different types of processors, which have implemented techniques for
latency reducing, can be analyzed. In the simulator, we can easily
implement modules of new techniques through which we can compare their
efficiencies in comparison to existing types of processors. For the first time,
in this dissertation a simulator of processor is designed, through which the
behavior of the system, processor-memory can be tested and gain
measurable comparable results.

As a last contribution in this dissertation is the technique, which is proposed
to increase processor, performances with reducing the number of cache
misses and memory latency. The technique removes the competitiveness in
the first level of the cache memory by the threads in the core of the
processor. This, in the future should enable more threads to be implemented
in the processor core, which won’t squeeze out each other’s memory data
from memory cache. With that, the number of cache misses will be reduced

to 15%. In turn, the technique performs prefetching of data in the second
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level of memory cache, which allows reducing of the memory access time

and acceleration of the execution of programs for 15%.

Keywords: processor, memory level parallelism, memory, cache memory, memory

hierarchy, cache misses
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