YHuBep3uTeT y Hosom Capgy, ®akynteT TEXHUUYKMX HayKa
I

OAC CohTBEPCKO MHXEHEPCTBO N NMHPOPMAaLMOHE TEXHO/0rnje

OpraHuzaumja nogaraka

EKCTepHN memMopujckn ypehajn y
paay Hajg nogaumma




Caapxaj

YBona

EkcTepHu memopujckn ypehaju y pagy Haz nogauuma




YBoa

I
CknaguwTere gaToteka 1 6asa nogataka

thm3nuka CTpyKTypa nojgaraka gatoteke uam 6ase nogaraka "
KOMMOHEHTE CEMaHTUKe, NPUAPYyXeHe YBOpOBMMA U nBMLAMA
rpadpa n nHdpopmauuje o cammm nemyama (0gHOCHO nogaum v Bese
Norn4YKe CTPYKTYpe nogaraka) CMellTeHe Ha MeanjyM eKCTepHor
MeMopujcKor ypehaja u npoLlmMpeHe HN30M efieMeHaTa CBOjCTBEHUX
nocTynuuma 3a MeMopucake nogaraka

EkcTepHM memopujcku ypehaju y pagy Hag nogauuma




YBoa

L
Cknagnwtese gatoteka

natorteke 6usajy obpahvsaHe y onepaTvsHoj memopuj (OM) a
yyBaHe Ha EKCTEPHOM MemMopujckom ypehajy (EMY) "=

BpeMe n3sohera OCHOBHUX pafkn Hag nogauuma 6UTHO je Kpahe
kog OM Hero kog EMY

kogq OM Bpeme n3Bohewa pagHe npakTMyHoO He 3aBUCK Ol NON0XKaja
KopuwheHe nokauuje, WTo He Mmopa BaxuTtn 3a EMY

EMY omoryhaBa TpajHO MeMopucake nogaraka, a OM camo Aok
NOCTOjM Hanajamwe

LeHa Memopucama rnogaraka Huxa je kogq EMY Hero kogq OM

NyTeEM Pas/INUUTUX TEXHONOLLKMX MexaHn3ama EMY moxe ontu
nosesaH ca OM 1 octaTkoM cucTema yoniiTe, Ymme je omoryheHa
pasMeHa nogaraka

EkcTepHM memopujcku ypehaju y pagy Hag nogauuma




YBoa

[Topehere nepdpopmaHc MemMopujcknx ypehaja

(Wang et al., 2023)

npumep

Kawwewe, | Kawkbewe, MpoTok, Mpotok,

LleHa
ynutame nucakwe yutame nucakwe

BpcTta ypehaja

DRAM 60 ns 60 ns 20 GB/s 20 GB/s 4,49 USD/GB

NVMe SSD 120 ps 30 us 0,5 GB/s 0,21 USD/GB

MarHeTHu AUCK 0,1 GB/s 0,1 GB/s 0,03 USD/GB

EkcTepHM memopujcku ypehaju y pagy Hag nogauuma




Caapxaj

YBoa

EKkCcTepHn meMopujcku ypehaju

EkcTepHu memopujckn ypehaju y pagy Haz nogauuma



EKCTepHU memMopujcku ypehaju

[TpMepn TEXHOOLLKNX peLleHa HaMEHEHNX CKNaaULLITEHY
I-I O.u'aTaKa (Mogin, 2008; Coughlin, 2008; Arpaci-Dusseau & Arpaci-Dusseau, 2023)

MarHeTHW ANCKOBM
MarHeTHe Tpake
ONTUYKN MeanjyMu

NoynpoBOAHNYKM MEMOPW|CKN ypehaju

EkcTepHu memopujckn ypehaju y pagy Haz nogauuma




EKCTepHU memMopujcku ypehaju

(Mogin, 2008; Arpaci-Dusseau & Arpaci-Dusseau, 2023)

MarHeTHun anck
MeMOpPWjCKM ypehaj C ANPEKTHUM NPUCTYNOM

MOYETKY SIoKauuje 3a nogaTke 6mMBa NPUCTYN/LEHO AMPEKTHO NyTEM
MEXaHWYKOT KpeTaka

caZipXxaj nokawmje 3a nogatke 6uea untaH 6UT-CepurjcKu
MEMOPW|CKN MeaujyM je MarHeTHor Tuna

feleHnjamMma je OCHOBHO pellere 3a CKnaanTeke nogataka

EkcTepHM memopujcku ypehaju y pagy Hag nogauuma




EKCTepHU memMopujcku ypehaju

MarHeTHn ANCK — jeAnHnLLa MarHeTHOT AnCKa

(Mogin, 2008; Arpaci-Dusseau & Arpaci-Dusseau, 2023; Nordrum, 2019)

MEMOPW|CKN Meaujym
njao4ya
jeaHa nnn sule MehycobHO CPerHyTnx KPY>XXHUX njoda YmHe
MEMOPU|CKN Meanjym
nsioye cy nocrtaB/beHEe Ha 3ajeqHN4YKy OCOBUHY a Ha jeIHOj Nnno4un
NOCTOje ABe CTpaHe (ABe NOBPLUMHE)
noBpLUUHA
jeaHa cTpaHa nsjoue
Ha noBpLUMHaMa nsioya je TaHKu c/ioj hepomarHeTHor marepujana
npumep
mMarepujas y Buay nerype rsoxna n nnatmHe
3pHacTa CTpyKTypa maTtepujana, rage gecertak 3pHa
oArosapa jegHOM B6UTY a NpPeyvyHuK jedHOr 3pHa je peaa nm
Ha OCHOBY [Ba CMepa HamarHetucawa Mory 6uTtn n3sefeHe
ase spegHoctn (0 u 1)

EkcTepHM memopujcku ypehaju y pagy Hag nogauuma




EKCTepHU memMopujcku ypehaju

MarHeTHn ANCK — jeAnHnLLa MarHeTHOT AnCKa

(Mogin, 2008; Arpaci-Dusseau & Arpaci-Dusseau, 2023; Zhu, 2003)

MEMOPW|CKN Meaujym
cTasa

NnoBpLUNHa rnJsjio4ve je n3gesbeHe Ha sne KOHUEHTPUYHNX KPYXHUX
CTa3a

cTasa je Kpy)XHuua ayx Koje nogauu 6msajy cepujcku MemopucaHu
y GBUHapPHOM O6/INKY

MoAeE1 Y3O0YXHOI 3alinCnBaka

BpeAHOCT 1 Kao Hannasak Ha NPOMeHy Yy opujeHTaunju
NNOKa/IHOT MarHeTHor MoMmeHTa

BpeaHocT 0 Kao 3a/paBare opujeHTalmje NoKanHor
MarHeTHor MOMeHTa

cTase Ha UCTOj NN1o4YM ce pasnnKyjy nNo CBOM NOMYNpPevyHnKy

EkcTepHM memopujcku ypehaju y pagy Hag nogauuma




EKCTepHU memMopujcku ypehaju

MarHeTHn ANCK — jeAnHnLLa MarHeTHOT AnCKa

(Mogin, 2008; Arpaci-Dusseau & Arpaci-Dusseau, 2023; Coughlin, 2008)

MEMOPW|CKN Meaujym
CeKTop

cTasa je u3fes/beHa Ha BuLe cekTopa pasaBojeHnx MehycekTopCKUM
pasmaumma
CEKTOp je HajMaha agpecnbusnHa fiokaunja Ha ANCKY

CEKTOP caZp>Xu nogartke Koju cy Cepujckn memopucaHn y
GMHapHOM 06MKY

KOPUCHM Nogaun Hanase ce y cektopuma
CEKTOpP Ha CBOM MOYETKY caapXu peaHu 6poj, Koju je ynucaH y
NOCTYMKy npedopmarmpara

BE/NMYMHa cekTopa 6una je 0buyHo 512 6ajtoBa
y HOBUje Bpeme Mmoxe 6utn n 4096 6ajtoea

MehyCeKTopCKM pa3mak NocToju namehy cyceaHux cekropa uny
HEeMY HEMA KOPUCHUX nogaraka

cekTopu

EkcTepHM memopujcku ypehaju y pagy Hag nogauuma




EKCTepHU memMopujcku ypehaju

MarHeTHn ANCK — jeANHNLLA MarHeTHOT AncKa

(Mogin, 2008)

MEMOPW|CKN Meaujym

uunnHaap
UMNMHOApP je CKyn CBUX cTas3a UCTOr MoynpeyHnkKa Ha noBpluMHama
jegHor komnsera nso4va

LMNHAPW HA UICTOM KOMIJIETY NJioYa ce pas/ivKyjy No CBOM
NONYNPeYHUKY

EkcTepHM memopujcku ypehaju y pagy Hag nogauuma



EKCTepHU memMopujcku ypehaju

L ]
MarHeTHn ANCK — jeANHNLLA MarHeTHOT AncKa

(Mogin, 2008)

MEMOPN|CKN MeaujymMm — NpuMep nipadyHaBama Kanauurtera

kanauntet cektopa Ks

KanayuTtet ctase K;
K: = nK;
n — 6poj cekTopa Ha cTasu
KanauuteTt umnmHgpa K.

K: = pK:
p — 6poj noBpLUMHA ANCKa
KanaunteTt aucka Ky
Kqs = CK:
C — 6poj unnnHgapa ancka

EkcTepHM memopujcku ypehaju y pagy Hag nogauuma



EKCTepHU memMopujcku ypehaju

MarHeTHn ANCK — jeAnHnLLa MarHeTHOT AnCKa

(Mogin, 2008)

KalnaunTeT ANCKa

MOryhHOCT Bapupama KanauureTa cta3e Ha ANCKY

ANCKOBW C KOHCTAHTHUM KalaynTeToM CTa3e

cTase jecy ucTor kanaumreta
ryCTMHa ynuca Huje ncra 3a cse crase

Kof, cTa3a Beher nosynpeyHrka je Mmarba ryctuHa ynmca Hero
KOA, cTa3za Marber nosynpeyHuka

ANCKOBU C NPOMEH/BUBMM KalNaunTETOM CTa3e

cTase HUCY UCTOr KanauuTtera
r'ycTVHa ynuca jecte ucTa 3a cBe ctase

EkcTepHM memopujcku ypehaju y pagy Hag nogauuma




EKCTepHU memMopujcku ypehaju

MarHeTHn ANCK — jeANHNLLA MarHeTHOT AncKa

(Arpaci-Dusseau & Arpaci-Dusseau, 2023)

KalnaunTeT ANCKa

MOryhHOCT 30HCKe opraHu3auuje gucka

BNLLE3OHCKN ANCKOBU

[NCK je OpraHn3oBaH Kpo3 BuLle 30Ha

30Ha je CKyn y3acTOoMHNX cTa3a Ha jeiHOj NOBPLUMHN TakBUX Aa UM
je bpoj cekTopa no ctasn naeHTn4yaH

crnosballkbe 30He nmajy Behu 6poj cektopa no ctasu o
YHyTpallHbMX 30Ha

EkcTepHM memopujcku ypehaju y pagy Hag nogauuma




EKCTepHU memMopujcku ypehaju

MarHeTHn ANCK — jeAnHnLLa MarHeTHOT AnCKa

(Mogin, 2008)

O/10K

6/10K je opraHu3aLnoHa jegmHuua nogaraka Ha gucky

6/10K je Takohe jeanHnua pasmMmeHe nogaraka namehy gucka u
orneparneHe memopuje

Lleo 6/10K 6MBa NPEHOLLEH U MPUIMKOM ynuca Ha ANUCK U NPUINKOM
ynTarba Cc aucka

6/10K cagpXXu nogaTtke jeIHOr Unn BULLIE cekTopa

610K oUekMBaHO obyxBata oU3nNYKN CyceflHe CeKTope
G/10K je Hajuelwhe y OKBMPY jedHe cTa3e Ha ANCKY

BennunHa 6noka 6msa oapeheHa y okBMpy onepartnBHOr cuctema u
He MeH>a Ce TOKOM ekcrnoarauumje

3aBUCHO O/f] BEJINYUHE N KapaKTepa 6/10Ka, HEKU CEKTOPU Ha
CTa3n Mory octaru BaH 6/10K0Ba, Te MOC/TYXXNTWN KaO pe3epBHU
CEKTOPU 3a 3aMeHY HEUCIPaBHNX CEKTOPa Ha CTa3n

EkcTepHM memopujcku ypehaju y pagy Hag nogauuma




EKCTepHU memMopujcku ypehaju

MarHeTHn ANCK — jeANHNLLA MarHeTHOT AncKa

(Mogin, 2008)

O/10K

[iBa 3Ha4yeHa nojma 610K

610K Ka0 MeMopujcKa fiokauuja Ha ANCKY Koja caapxm 6ap jenaH
CEKTOp

G/10K Kao opraHusalmoHa jeguHuLa nogataka, Koja je takohe jeanHuua
pasMeHe nogaraka usmeny gucka n oneparnBHe memopuje

6/10K Kao opraHusaunoHa jeanHuua 6nea cMmellTaH y 6/10K Kao
nokauujy

EkcTepHM memopujcku ypehaju y pagy Hag nogauuma



EKCTepHU memMopujcku ypehaju

MarHeTHn ANCK — jeANHNLLA MarHeTHOT AncKa

(Mogin, 2008)

6/10K — KanauuTer

KanauuTeT /siokauuje 3a cmellTaj 6noka Ky
Ky = mKs
m=2(=0,1,...)
Hajsehn moryhu 6poj 6/10koBa Ha cTtasu by
b: = floor(K: / Kbp)

EkcTepHu memopujckn ypehaju y pagy Haz nogauuma



EKCTepHU memMopujcku ypehaju

MarHeTHn ANCK — jeANHNLLA MarHeTHOT AncKa

(Mogin, 2008; Arpaci-Dusseau & Arpaci-Dusseau, 2023)

MeXaHn3aM 3a Yrnnc m Hntamwe

KOOpAMHMCAHW paj KoMMNeTa njiovya u Komnsaera rnasa

_. 0COBMHa

komnnier
njova

\. KomMnnet
rnaBa

rnojedHoCcmMas/beHU rpuKas Komrisiema rjioda u komrsiema asasa

EkcTepHu memopujckn ypehaju y pagy Haz nogauuma




EKCTepHU memMopujcku ypehaju

MarHeTHn ANCK — jeAnHnLLa MarHeTHOT AnCKa

(Mogin, 2008; Arpaci-Dusseau & Arpaci-Dusseau, 2023)

MeXaHn3aM 3a Yrnnc m Hntamwe

KOOpAMHMCAHW paj KoMMNeTa njiovya u Komnsaera rnasa

KOMMET naova
NOCTaB/bEH HA OCOBMHY, KOja TOKOM OCHOBHOI paja nMa
KOHCTaHTHY YraoHy Op3uHy w

yraoHa 6p3unHa kof caBpeMeHunx ypehaja 061U4YHO je y pacroHy
oa 7200 mint go 15000 min?

Bpeme Aa njso4ya Hanpasu NyH Kpyr nocneanyHo je y
pacnoHy oa 4 ms go 8,33 ms

EkcTepHM memopujcku ypehaju y pagy Hag nogauuma




EKCTepHU memMopujcku ypehaju

MarHeTHn ANCK — jeAnHnLLa MarHeTHOT AnCKa

(Mogin, 2008; Nordrum, 2019; A*STAR Research, 2013)

MeXaHn3aM 3a Yrnnc m Hntamwe

KOOpAMHMCAHW paj KoMMNeTa njiovya u Komnsaera rnasa

KOMMNJIET [/1aBa 3a YNnuc 1 yntame
CBaka NnoBpLUMHA KOMMIEeTa njo4Ya uma CBojy rnasy 3a ynuc u
ynTarbe, a rnaee cy MehyCobHO CnperHyTe

HNP. r1aBa Ha 2 NM of1 NOBPLUNHE M/104e
CEH30p Ha [NaBu CIyXu 3a YnTame
eNeKTpoMarHeT Ha rnaBu C/YXn 3a nucame

KOpa4yHM MOTOP U3BOAM NO3ULMOHUPaH-E Ff1aBa y 0HOCY Ha
OCOBWHY AMCKa

rnaBe Mory 6UTu y OHOIMKO MOJIoXaja KOSIMKO MMa uunnHaapa
Ha ANCKY

EkcTepHM memopujcku ypehaju y pagy Hag nogauuma




EKCTepHU memMopujcku ypehaju

MarHeTHn ANCK — jeAnHnLLa MarHeTHOT AnCKa

(Mogin, 2008)

MeXaHn3aM 3a Yrnnc m Hntamwe

MOCTYMaK yntarwa/nncama

KOMMJIET rN1iaBa msa no3vunoHupaH Ha oarosapajyhy crasy

Kaga poTaunjomM nnoya noyetak ogrosapajyher cekropa éyge nopasHar
C KOMNJIETOM [/1aBa, 6uBa akTMBMpaHa rnaea 3a ogrosapajyhy
MNOBPLUNHY

pajl aKkTMBHE rnaBe

C/lyyaj umtara

aKTMBHa rnasa [eTeKTyje nogarke 6ut no 6ur
C/lyyaj nucama

aKTMBHa rnasa nocrtas/ba nogatke 6uT no 6uT

EkcTepHM memopujcku ypehaju y pagy Hag nogauuma




EKCTepHU memMopujcku ypehaju

L ]
MarHeTHn ANCK — jeANHNLLA MarHeTHOT AncKa

(Mogin, 2008; Arpaci-Dusseau & Arpaci-Dusseau, 2023)

BpeEME yna3Ho-n3na3He akTUBHOCTY

I/ISBOf]el-be Y1a3HO0-U3/1a3HE aKTUBHOCTH

3apaBame agpece 6nokay dopmary (c, t, S)
C — peaHu 6poj unnmHapa
NMOYETHU UMNMHAap je oHaj Hajgeher nonynpeyHuka
t — agpeca ctase
peaHn 6poj NOBPLUMHE Ha KOjoj je cTasa
S — pefHn 6poj ceKkTopa Koju npeacras/ba noyveTtak 6/ioka

EkcTepHM memopujcku ypehaju y pagy Hag nogauuma




EKCTepHU memMopujcku ypehaju

L ]
MarHeTHn ANCK — jeAnHnLLa MarHeTHOT AnCKa

(Mogin, 2008; Arpaci-Dusseau & Arpaci-Dusseau, 2023)

BpeMe Yy/1a3HO-13/1a3He aKTUBHOCTU

|/|3|30he|-be Y1a3HO0-U3/1a3HE aKTUBHOCTH
KopaLu
1. NO3MLUMOHMpPaHe KOMM/IeTa rfiaBa Ha UavHaap ¢

2. aKTUBMpabe n1aBe 3a YN1c 1 YnTarbe Koja oaroBapa noBpLUMHN t

3. Yekawe Ha goniasak cektopa s Ao I'IOBI/ILI,I/Ije rnaBe 3a yrnmc "
UnTame

4. n3BpLUEHE aKTyesnHor yitakwa/nmcama (TpaHcdep, NpPeHoc)
Tpajake Kopaka
kopaun 1, 3 u 4 nogpaszymeBajy akTUBHOCTU €/TIEKTPOMEXaHNUKNX

[ernoBsa, LWTo je BUTHO cnopuje ol Kopaka 2, Koju nogpasymMmesa
€/1IeKTPOHCKY aKTUBHOCT

Tpajarbe Kopaka 2 MoXke 6UTK 3aHeMapeHo Y
nojeiHOCTaB/bEHO] aHa/ N3N TPajakba

EkcTepHM memopujcku ypehaju y pagy Hag nogauuma




EKCTepHU memMopujcku ypehaju

L ]
MarHeTHn ANCK — jeANHNLLA MarHeTHOT AncKa

(Mogin, 2008; Arpaci-Dusseau & Arpaci-Dusseau, 2023)

BpeEME yna3Ho-n3na3He akTUBHOCTY

BpemMe yna3Ho-u3nasHe akTUBHOCTU ()

MaBHE KOMIOHEHTE

BpemMe nosnyuoHupara Ha uunuHaap (tp)
poTauuoOHO KallHehse (1)
Bpeme TpaHcepa ()

EkcTepHM memopujcku ypehaju y pagy Hag nogauuma




EKCTepHU memMopujcku ypehaju

L ]
MarHeTHn ANCK — jeAnHnLLa MarHeTHOT AnCKa

(Mogin, 2008; Arpaci-Dusseau & Arpaci-Dusseau, 2023)

BpeMe Yy/1a3HO-13/1a3He aKTUBHOCTU

BpemMe nosuunoHnpara Ha umnunHaap (tp)

Bpeme NoTpebHo Aa KOMMJIET raBa bye noMmepeH ¢ Tekyher Ha
agpecupaHu uuavHaap

BpeMe 3aBucu of, 6p3nHe nomepara Komrsera rnasa u pacrojarba
n3amehy Tekyher n agpecupaHor umanHapa
rnomMepare KoMrseTa rfaBa je MexaHn4ko Kpetare
doase no3uumoHnpara
ybp3aBare — NnokpetTame N Kpetawe y3 nosehamwe 6p3nHe
KpcTaperwe — Kpetare NyHOM GP3vHOM
ycriopaBahe — KpeTare y3 CMakere 6p3nHe

npuMmupuBare/npucTajalbe — PUHO NocTaB/bamke Ha LN/bHY
cTasy

4eCcTo He3aHeMap/bUBOr Tpajara, HNp. oa 0,5 ms 0o 2 ms

EkcTepHM memopujcku ypehaju y pagy Hag nogauuma




EKCTepHU memMopujcku ypehaju

L ]
MarHeTHn ANCK — jeAnHnLLa MarHeTHOT AnCKa

(Mogin, 2008; Arpaci-Dusseau & Arpaci-Dusseau, 2023)

BpeMe Yy/1a3HO-13/1a3He aKTUBHOCTU

BpemMe nosuunoHnpara Ha umnunHaap (tp)

KapakTepUCTUYHU CydajeBu — npumMmepn nepgpopmaHcu
C/Nlyyaj Kaga ce Tekyhu v agpecupanu umnmHgap noknanajy
> =0 ms
C/Nlyyaj Kaga cy Tekyhu n agpecupaHn unnuHaap cyceaum
tr' = 0,8 ms
cny4aj kaga cy Tekyhun v agpecupaHu umnuHgap Ha Hajpehem
pacTojamy (jegaH unnuHaap je noyYeTHn a Apyru KpajHun)
" = 24 ms
cpeamun crny4yaj
t,=8ms
aHanmn3a npeheHor pactojaka NPUANKOM No3nLUNOHMpPaHa
cpeane pactojake oyekmBaHo je TpehnHa Hajgeher pacTojakba

EkcTepHM memopujcku ypehaju y pagy Hag nogauuma




EKCTepHU memMopujcku ypehaju

MarHeTHn ANCK — jeANHNLLA MarHeTHOT AncKa

(Mogin, 2008)

BpeEME yna3Ho-n3na3He akTUBHOCTY

BpemMe nosuunoHnpara Ha umnunHaap (tp)

Mepe 3a 06e36ehere NoBo/LHUX NeptopmaHcu

nogartke Koju he ouekmBaHo 6GUTK YNTaHU jelaH 3a Apyrum Tpebda
cMeluTaTu y 6/10KoBe Ha UCTOM UMNUHAPY, Kako 61 6110 N36erHyTo
nomepare KoMmnnera rnasa

EkcTepHM memopujcku ypehaju y pagy Hag nogauuma




EKCTepHU memMopujcku ypehaju

MarHeTHn ANCK — jeANHNLLA MarHeTHOT AncKa

(Mogin, 2008)

BpeEME yna3Ho-n3na3He akTUBHOCTY

POTaLNOHO Kallhere (i)

BpeMe NOTPe6HO Aa ajgpecupaHmn cektop aohe Ao nosuuuje rnase 3a
YNUC N YnTare

KOHTUHYa/THa C/yyajHa NPOMEH/bMBA C YHUAIOPMHOM pacnoaesiom
O<t<l/w

EkcTepHu memopujckn ypehaju y pagy Haz nogauuma




EKCTepHU memMopujcku ypehaju

MarHeTHn ANCK — jeANHNLLA MarHeTHOT AncKa

(Mogin, 2008)

BpeEME yna3Ho-n3na3He akTUBHOCTY

POTaLNOHO Kallhere (i)

KapakTepuUcTUYHM Cny4aj
cpearn cnyyaj (Bpeme nosnyobpra)
t=1/2 w)
npumep nepdopmaHcu 3a w = 7200 min?
t,=4,2ms

EkcTepHu memopujckn ypehaju y pagy Haz nogauuma



EKCTepHU memMopujcku ypehaju

MarHeTHn ANCK — jeAnHnLLa MarHeTHOT AnCKa

(Mogin, 2008)

BpeMe Yy/1a3HO-13/1a3He aKTUBHOCTU

POTaLNOHO Kallhere (i)

Mepe 3a 06e36ehere NoBo/LHUX NeptopmaHcu

noyeumn ctasa c UCTOr LUIMHAPA MOry GUTU CMULAHWN Tako Aa He
byae poTauUMOHOr KallheHa Nnpu npenacky ¢ nocnearer 6noka
jeaHe ctase Ha npBu 6/10K HapeaHe cTase
MOryhHOCT KOHTUHYaJ/THOT npoJsiacka Kpo3 cBe 6/10KoBe jeqHor
unnanHapa

NnoTpebHo ypadyHaTn Bpeme 3a geaktmBauujy jeaHe u
akTvMBauujy HapeaHe rnase 3a ynuc n yntame

EkcTepHM memopujcku ypehaju y pagy Hag nogauuma




EKCTepHU memMopujcku ypehaju

L ]
MarHeTHn ANCK — jeANHNLLA MarHeTHOT AncKa

(Mogin, 2008; Arpaci-Dusseau & Arpaci-Dusseau, 2023)

BpeEME yna3Ho-n3na3He akTUBHOCTY

BpeMe TpaHcdepa (t)

Bpeme NoTpe6Ho Aa noaaum 6yay npounTaHu ¢ ogrosapajyhe nioue
WAN YIIUCAHN HA Hby

EkcTepHu memopujckn ypehaju y pagy Haz nogauuma



EKCTepHU memMopujcku ypehaju

L ]
MarHeTHn ANCK — jeANHNLLA MarHeTHOT AncKa

(Mogin, 2008; Arpaci-Dusseau & Arpaci-Dusseau, 2023)

BpeEME yna3Ho-n3na3He akTUBHOCTY

BpeMe TpaHcdepa (t)
KapakKTepPNCTUYHHH cnyqaj

BpemMe untawa/nucara 6noka
T = Kol (w0 Ky)
w K je 6p3nHa TpaHctepa
KO/IMYMHA nojaraka koja Moxke 6uTtu npoumMtaHa/ynicaHa y
jeAvHnUM BpeMeHa
Hnp. 105 MB/s

EkcTepHM memopujcku ypehaju y pagy Hag nogauuma




EKCTepHU memMopujcku ypehaju

L ]
MarHeTHn ANCK — jeANHNLLA MarHeTHOT AncKa

(Mogin, 2008; Gim & Won, 2011; Arpaci-Dusseau & Arpaci-Dusseau, 2023)

BpeEME yna3Ho-n3na3He akTUBHOCTY

npumep
KapakTepucTuke XMnoTeTUYKor amcka
kanayutet ctase K: = 320 KB (n = 640, Ks = 512 B)
yraoHa 6p3uHa w = 5400 min
cpefe poTaLMoHO Kalmere t, = 1/ (2 w) = 5,56 ms
Bpeme untara 6noka T, = Ky / (w Ki) = 0,14 ms
cpefHe BpeMe NnosnLmoHnpara Ha unnHaap t, = 8 ms
kanauutet 6510ka K, = 4 KB
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EKCTepHU memMopujcku ypehaju

L ]
MarHeTHn ANCK — jeAnHnLLa MarHeTHOT AnCKa

(Mogin, 2008; Gim & Won, 2011; Arpaci-Dusseau & Arpaci-Dusseau, 2023)

BpeMe Yy/1a3HO-13/1a3He aKTUBHOCTU

npumep
rpyba npoueHa BpemeHa akTMBHOCTU
cny4aj 1 — aKkTUBHOCT YnTara jegHor 6s1oka
6/10K Ce Has1asn Ha jeHOoj cTasn
t=t,+t+ Tp=13,70 ms
CNy4aj 2 — aKTUBHOCT YnTakba m = 64 6noka
nogaumn CyKLecnBHO (CeKBEHLUMjasTHO) pacrnopenenun No ANCKY U
Haslase ce Ha UCTOM UunnHapy
twk = t, +t.+ m Tp = 22,52 ms
nogauun pasbauaHu (pacyTtin) No AMCKY U Hanase ce Ha
pasINUNTUM LUNINHAPUMA
twe=m (&, + t, + Tp) = 876,80 ms

cpeaHe BpemMe no3nuMoHpaHa cpeAHe poTaunoHO Kalllkbere Bpeme yntana 6n1okKa
t,=8ms t-=5,56 ms T, =0,14 ms

EkcTepHM memopujcku ypehaju y pagy Hag nogauuma




EKCTepHU memMopujcku ypehaju

L ]
MarHeTHn ANCK — jeAnHnLLa MarHeTHOT AnCKa

(Mogin, 2008; Gim & Won, 2011; Arpaci-Dusseau & Arpaci-Dusseau, 2023)

BpeMe Yy/1a3HO-13/1a3He aKTUBHOCTU

npumep
rpyba npoLeHa BpemeHa akTUBHOCTM
cnyyaj 1 — akTMBHOCT unTara jeaHor 6r1oka

6/10K Ce Has1asn Ha jeHOoj cTasn
t:tp+tr+ Tb: 13,70 mS

nogaumn CyKLecnBHO (CeKBEHLUMjasTHO) pacrnopenenun No ANCKY U
S Haslase ce Ha UCTOM LWIHAOPY
e k=t +m T, =22,52Ms <

nogauun pasbauaHu (pacyTtn) no AMCKY U Hanase ce Ha§ :msek:38,93

pas/inv4nTnm unanHgpmmMma om
twras=m(t, +t. + Tp) = 876,80 ms e |

cpeaH-e Bpeme no3numoHnpara cpeaH-e poTaunoHO Kalllkbehe BpemMe YnTtama 6110kKa
t,=8ms t-=5,56 ms T, =0,14 ms

EkcTepHM memopujcku ypehaju y pagy Hag nogauuma




EKCTepHU memMopujcku ypehaju

MarHeTHn ONCK

(Mogin, 2008)

nepdoopmaHce

MarHeTHU OUCK je Y OIHOCY Ha onepaTtuBHY MEMOPU]Y MHOIO
cnopwuju ypehaj
opraHusalmja natoteka Tpeba aa éyae npunarofjeHa
KapakTepnctnkamMma gmncka

Tpeba LITOo BULLIE CMakbnTK 6POj NpUCTyna uuamHapy n epoj
poTauMoHNX YeKkara Nnpu obpaan aaroteke

kanaumTeT 6/10Kka Kao jedunHnLe pa3sMeHe nogaraka Tpeba ga éyae wrto
Behu anin He 1 npeBennk

BpemMe untara 6/10Kka YMHN CKOPOo 3aHeMap/bunB Ae0 BpemMeHa
npucryna
Behu 610K 3axTeBa 1 Behun Aeo onepaTMBHe Memopuje

Behu 6710k MOXe noapasymeBaTty U NpPUcycTeo Behe KonnunHe
HenoTpebHnx nogaraka y 650Ky
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EKCTepHU memMopujcku ypehaju

MarHeTHun anck

(Mogin, 2008)

nepdoopmaHce

NpUMepKU TEXHMKa 3a ybnaxaBare npobsiema MarHeTHOr Ancka Kao
YCKOT rpsia y obpaan sehux KonmunHa nogataka
pasmellTare 6/10KoBa JaTOTeKe Ha BuLLEe ANCK jeauHuLa
MemMopucare fefioBa UCTOr 6/10Kka Ha BuLle OUCK jeAnHuLAa
Kopuwhene oneparnBHe MemMopuje y CBOjCTBY AMCKa

EkcTepHM memopujcku ypehaju y pagy Hag nogauuma




EKCTepHU memMopujcku ypehaju

MarHeTHn ANCK — jeANHNLLA MarHeTHOT AncKa

(Mogin, 2008)

KOHTPO/IEP jeANHULIE ANCKa

O[IMEH-MBaH-E LIeHTPasTHOT Npolecopa y ynpassbaky pajgoM ancka
BPCTE KOHTpoONepa gnucka — npumepu
je4HOCTaBHM KOHTpONepwu

KOHTPO/IEPU C ANPEKTHUM MPUCTYNOM MEMOPUjU
cneumjann3oBaHn ynasHo-n3nasHn NpoLecopu
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EKCTepHU memMopujcku ypehaju

MarHeTHn ANCK — jeAnHnLLa MarHeTHOT AnCKa

(Mogin, 2008)

KOHTPO/IEP jeANHULIE ANCKa

jeaHoCTaBHU KOHTPOMEp

OCHOBHe ornepauuje ynpas/bara y HaanexXHOCTN KOHTponepa —
npumepu
npujem Hapeaobe oA LeHTpasHOr npouecopa
Hapenba ynuca unm Yntarba
npujem agpece 6/10Kka Ha OUCKY
ynpaB/barte NoMepareM KOMI/eTa r1aBa 3a ynuc 1 untame
aKkTMBMpame agpecupaHe rnase 3a ynic n yntame
[eTeKToBaH-€e noyeTka agpecupaHor cekropa
npujemM nogartaka y Buay MeMOPUjCKNX peyun of LLeHTpasiHor
npoLecopa 1 Bbnxosa KOHBep3nja y 6ajT-cepujckn 061K npu ynucy
KOHBEp3uja nogartaka u3 6ajT-cepujckor o0onmkKa y MemMopujCcKe peun
NPV YnTakby U BUXOBO CNake LIEHTPasTHOM npouecopy
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EKCTepHU memMopujcku ypehaju

MarHeTHn ANCK — jeAnHnLLa MarHeTHOT AnCKa

(Mogin, 2008)

KOHTPO/IEP jeANHULIE ANCKa

jeaHoCTaBHU KOHTPOMEp

LeHTpasTH1 NPOoL,Eecop je Be/IMKN Ae0 BpeMeHa rnocBeheH ynpassbamby
CUHXPOHM3aUKMjoM paja jeauHule amucka n octasimx aenosa
pavyyHapcKor cuctemMa y nsspLuaBary y/asHor-usnasHor nporpama

HajBehun geo BpemeHa oAasn Ha TecTUpaHe CpeMHOCTY
jeauHuLEe ancka 3a pa3MeHy nogaraka

EkcTepHM memopujcku ypehaju y pagy Hag nogauuma




EKCTepHU memMopujcku ypehaju

MarHeTHn ANCK — jeAnHnLLa MarHeTHOT AnCKa

KOHTpONep jeanHuLe ancka "
KOHTPOJIEP C ANPEKTHUM NPUCTYNOM MemMopujun (eHrn. direct memory
access)

KOHTposiep obaB/ba 3a4aTke jefiHOCTaBHOI KOHTposiepa
KOHTpO/IEp pa3memyje nogarke 6e3 nocpegoBara LeHTpasHor
npouecopa
onepaTrvMBHUN CUCTEM NPEKO LiEHTa/THOT npoLecopa lwasbe
KOHTpO/iIepy Hapenoy 3a n3BpLLUaBaHe
BpCTa onepauuje, agpeca 610ka Ha ANCKY, agpecay
onepaTuBHO] MeMoOpUjK, 6poj GajToBa 3a pa3meHy

KOHTPOMEP paaun Ha U3BpLUEHY Hapeabe, LWTo nogpasyMesa
aKTMBHOCTW Y BE3U C AUCKOM W onepaTMBHOM MEMOPUjOM, Kao U
pa3mMeHy nogaraka

KOHTPO/Iep n3BellTasa LeHTpasH1 NPOoLecop O 3aBpLUETKY
n3BpLUaBata Hapeaobe
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EKCTepHU memMopujcku ypehaju

MarHeTHn ANCK — jeAnHnLLa MarHeTHOT AnCKa

KOHTpONep jeanHuLe ancka "
YNa3HO-N3N1a3HN NPOLECop

y/1a3HO-3/1a3HM NPOLIECOp Y CMPE3N C jeHOCTABHUM KOHTPOSIEPOM

y/la3HO-13Na3Hu NpoLecop 06aB/ba akTUBHOCTU Kao U KOHTPOJEp C
OVPEKTHUM NPUCTYNOM MEMOPUjU

yna3Ho-13nasHu nporpam 3a n3spLlaBame je Y JI0KasIHOj MeEMOPUjU

y/fla3HO-M31a3HOor npouecopa unv oneparueHoOj MEMOPUU
LeHTpasTHOr npouecopa

npunpemMa ynasHo-n3fia3Hor nporpama je y HaisIexHocTu
ornepaTuBHOrI cuctema

EkcTepHM memopujcku ypehaju y pagy Hag nogauuma



Caapxaj

YBoa
EKCTepHU meMopujckn ypehaju

KoMyHuMKaumja ¢ eKCTepHUM MeMOpPUjCKUM ypehajuma
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KoMyHuMKauuja ¢ eKCTepHUM MeMOpUjCKUM ypehajuma

]
[ToBe3nBawe EMY

(Arpaci-Dusseau & Arpaci-Dusseau, 2023)

npuMepu BpcTa TEXHOsorMja y NoBe3nBatby

nepudepujcka marncTpana
TpaguuMoHasiHa npuMmeHa
Ae/beHU Meaujym
npeBacxoAHo 3a penaTtuBHO cnope ypehaje
YW umn

caBpemMeHa npvmeHa

Be3e 3a nojeguMHayHe napose KOMMNOHEHTU (eHrN. point-to-point
interconnect)

MoryhHoOCT nosesnBara pasHOBPCHUX ypehaja
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KoMyHuMKauuja ¢ eKCTepHUM MeMOpUjCKUM ypehajuma

]
[ToBe3nBawe EMY

I-I p I/l M e p I/I B pCTa I/I HTe pq)ej Ca y I-I O Be3 I/I BaH:)y (Arpaci-Dusseau & Arpaci-Dusseau, 2023; Coughlin, 2008)

ATA (AT Attachment)
SATA (Serial ATA)
eSATA (External ATA)

SCSI (Small Computer System Interface)
SAS (Serial Attached SCSI)

PCle (Peripheral Component Interconnect Express)
USB (Universal Serial Bus)
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KoMyHuMKauuja ¢ eKCTepHUM MeMOpUjCKUM ypehajuma
L

HTepakymja ca EMY

(Arpaci-Dusseau & Arpaci-Dusseau, 2023; Mogin, 2008)

rnaBHe METOAEe NHTepakUuje

npMmMmeHa nocebHnx YW nHcTpykuuja

YIN1aBHOM CY WHCTPYKLWje NpuBMneroBaHor HMBoa
Y HaA1EXXHOCTN oneparnBHOr CUCTEMa
npumMmeHa YW 3acHoBaHOr Ha MEMOPU|CKOM Mpec/vkaBaky

pernctpu ypehaja npeacraB/beHN Kao MEMOPUjCKe fiokauuje
paawe 61Bajy npeycmepeHe ¢ memopuje Ha ypehaj
jeaHoobpas3HOoCT paaa Haa pa3nnynTum Tunosmuma ypehaja
onepaTtuBHU CUCTEM UHTEPHO KOPUCTU pasinvynte ynasHo-mn3siasHe
nporpamMe 3a paj Haj pasnmunutum Tunosmma ypehaja

Apajsepun ypehaja y KOHTEKCTY onepaTtnBHUX cuctema dpammnuje Unix n
Linux
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Caapxaj

YBoa
EKCTepHU meMopujckn ypehaju

KoMyHMKalMja C eKCTEPHUM MeMOpUjCKUM ypehajuma
Pecypcu
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Pecypcu

L
13BOpKn 1 nutepartypa

Pavle Mogin. Strukture podataka i organizacija datoteka. 3.
izdanje. Racunarski fakultet (Beograd, Srbija), CET (Beograd,
Srbija). 2008.

Glava 3. Uloga operativnog sistema u upravljanju podacima
Glava 5. FiziCke strukture datoteka i postupci razmene podataka

Remzi H. Arpaci-Dusseau, Andrea C. Arpaci-Dusseau. Operating
Systems: Three Easy Pieces. Version 1.10. Arpaci-Dusseau
Books. 2023.

36. 1/O Devices
37. Hard Disk Drives
44. Flash-Based SSDs
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Pecypcu

L
13BOpKn 1 nutepartypa

Thomas M. Coughlin. Digital Storage in Consumer Electronics:
The Essential Guide. Elsevier/Newnes (Amsterdam, Netherlands;
Boston, MA, USA). 2008.

Chapter 2 - Fundamentals of Hard Disk Drives

Ying Wang, Wen-Qing Jia, De-Jun Jiang, Jin Xiong. A Survey of
Non-Volatile Main Memory File Systems. Journal of Computer
Science and Technology. 2023; 38; 348-372.

Jian-Gang (Jimmy) Zhu. New Heights for Hard Disk Drives.
Materials Today. 2003; 6(7-8); 22—-31.

Jongmin Gim, Youjip Won. Relieving the Burden of Track Switch
In Modern Hard Disk Drives. Multimedia Systems. 2011; 17; 219-
235.
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Pecypcu

L
13BOpKn 1 nutepartypa

Amy Nordrum. Lasers vs. Microwaves: The Billion-Dollar Bet on
the Future of Magnetic Storage - IEEE Spectrum. [Internet]. 20109.
URL.: https://spectrum.ieee.org/lasers-vs-microwaves-the-
billiondollar-bet-on-the-future-of-magnetic-storage

A*STAR Research. Making the Switch. [Internet]. 2013. URL.:
https://research.a-star.edu.sg/articles/highlights/making-the-
switch/
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Pecypcu

L
lopaTHn pecypcu

A*STAR Research. Hard Drive Boost Comes in Layers of Iron
and Cobalt. [Internet]. 2017. URL.:

https://research.a-star.edu.sg/articles/highlights/hard-drive-boost-
comes-in-layers-of-iron-and-cobalt/
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