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SRR
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o (i REEHR - TEHEENTIRSEE
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o X EMRTFSISAESE - MATTENFRFIIED

o il WEBIRIE - NRIFIEERFRIEEMESIRE

o R FH1TEEY - R TIFPREEAIR MR

EEE D

o SCIOMENS

o | Data Lab - i{#{F, &uEFx
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e VI Malloc Lab - SEM— e SAESEL
e VIl Proxy Lab - SCHl— NS4 iEm AU IEIRSS 25

FIEIR

1. THEERERRAIES

. BB SRR A TORLEI LA AN @IS B et T 5 R
. EIEREERE

. THERERIARRERAR BRI FRT5E

 BIREFROUE, IEhE. SAFMER

v NOW N

ZEE—MEERYNRSE, MABRINBRRERST TR T BERIMERERTT. X—HRIFHSE
BRFERFERAIESNE, ZBERINIESRNAREFRFHALFIINFRFEINTHRAIE
BRI AT ER.

By

BEtFENFfitEs
TREEREFANRAURERREE, R RN ERSENREREHE.

K& # 77 B 1% fi% 28 (RAM, Random-Access Memory) B F fh £ 8 . SRAM(Static RAM) 0
DRAM(Dynamic RAM), SRAM JEER, thAFEEMRN, BERELERMEST, BRKL
25, DRAM BiE—m= (KR SRAM BEN+HZ—) , TERH, BERFENE, 8
FRREE (2 SRAM MEMESZ—) .

7CiEE DRAM I£2 SRAM, —BEREH, MENESEHaER. MREELLIRESAKL, ALl
%[5 ROM, PROM, EPROM, EEPROM FENR. EHERFZTFETE ROM F (L6l BIOS, #é
mhles, WME, EfESE, REFRAFE) . BI—EBME SSD ETHER, BUETHIM
£, BieEREEREEE,

fERHimiER
BRIV S BMC AN N ERESER, ERTRESETR— TERARN. E5
RS S TR
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AT

IX&h#s Actuator
Arm Big=LTE
gk 3R X
Head Btk
Spindl
Platter fif & F4h Spindle
ST

MERBITE R (platter)HEY, B—RHWEEWE, S—HEH—BBERIHIE (track)ZE5,
MEMMESRIRAABEREX (sector), XEMSER®EH, FAJLIGEE TEFEHHTEE.






BENAERNERARFENLLTE, BEA GB RMEN, 1 GBHEIZT 10/ 9 XA
Byte, SEEERVEHDERI, BENRT TE=170HE:

o iCRFE (bits/in): track F 1 I RUREFENFTE
o HIEEE (tracks/in): 1 HIEIZRERFS /DS track
o Areal ZE (bits/in B95F73): LERMEUERIFER

MERESIEEPINE T M ET DR, B—HRIHIERKX (recording zone), IERXHHY
BRUBEEHEERFEHENEX (sector); (BER2EBMERXHEEEXFIHENEEER—F
1, SEREZ, NENED,; EEFINL, RINTESER, BNEF0EE.

A& Capacity = BMNBXEIFETE(bytes/sector) x #iE ERIFIIFEXE (avg sectors/track) x
W #2 — M AY B4 18 20 (tracks/surface) x #4 £ B9 E 24 (surfaces/platter) x R & S I E 5L
(platters/disk)

EMF, RUI—MEEE:

512 bytes/sector
300 sectors/track (F£13)
20000 tracks/surface

2 surfaces/platter

5 platters/disk

SHEE/ = 512 x 300 x 20000 x 2 x 5 = 30,720,000,000 = 30.72 GB

EEN SR B X 1 SHABXSE bk 22 HiES% EENSEAT 68 (X 15

IR IE SE2 FEFZREIR IR IE



RIKENNECENEEXEENT THE, ERREENIEXEE, BEFESU, BIE
ST R B XIEEN#IE, AREFHERIEY:, FEIdaXEsiE, AU REER
HAREREE.

RV EIRT A Taccess = SHEATIE] Tavg seek + higfERd A Tavg rotation + {E4GATE Tavg

transfer

o SHILATE Tavg seek EAYPEEMAERIBREI, —AZE 3-9 ms
o KEAEZER Tavg rotation BURFHEZEIRAYEEER, —AZSRIHE 7200 RPM
o {E4AYE) Tavg tranfer iR HTEITENRIREXEE

FENIF, BRigEEESE 7200 RPM, IS HEATE] 9ms, FIEMHLIER] sector #{BEE 400,
BBAFAIE:

e Tavg rotation = 1/2 x (60 secs / 7200 RPM) x 1000 ms/sec = 4 ms
e Tavg transfer = 60 / 7200 RPM x 1/400 secs/track x 1000 ms/sec = 0.02 ms

e Taccess =9 ms +4 ms + 0.02ms

MIXERTUEY, FERERENENESUREFEEER,; SE—MNBEXKNE—NMUEEIE
FERERY, ZERER VeI LAZESAT; fEE2LL SRAM 12 40,000 {Z, Lt DRAM {& 2500 {5,
KRB EMENMEZED XALRAMES XNXE, ATHEBRLE, SEEENEFXinG
FrEa] BRVREEX, BERGUmRET TEmRB I HIZS5Thk.

EEER
BT RNE—TENER, R



10 B%IES 2B IR

ShERE Solid State Disk l

EIRIE Solid State DIk ¥ sssommmsssismonen |
)
Az ‘
R |
L]
L)

-

R B-1
WO | W1

L]
---------------------------------------------------------------------------------------------------------------

ESERPORRSHR(Block), 8 MNANERER(Page), K2 32-128 4, BNTALUEN
—EHIE (Kif 4-512KB) , MEHTEUEEEMNER/NREN., BERE—RHFEIE, X— 1
TENEEN R, FEGEENET (Z1HREH]) , m—MRAHEE 100,000 JREANZEH
SRR,

SEFERTMEREEN, BESMEEEEERE FERANMNE. BRERMRITAERILR, &L
iBEStUEEIEER, MENREEEA Page, BPAFZEBNHESM Page, EIREA Block, A
EZEEEAN. NERSERINESREEIRESKBUREAKXTY, BRIMMAE—LLEIE,

I EHMERAEL, ESEEFE— P ERREmRE], MEEitks, BEEENER LA
%, HREEZSRETIAERESER.

SEs

BRI, BUEMEHIESI—AFTHRESLZ, BERRASMRERSE, RUTH
EiZ EREEAR, TLMERSEEE. CPU @Y REANTRAYEORMARERIRETIEE
FRRERVEE, MASERTEFFEE, GTEXEF:



2h3EEE CPU

fressssscsssssanannmnnnn

#HraE
Ragister File

L
'
L
L
'
i
'
1
'
L]
1
!
L]
'
'
'
'
L]
'
1
'
L

Rig CPU FEMBRZPIEN—LEUE, REERES, BERESTEMRIIL, FRXGEHER

H2g. ARHEETZERSIEEXNAIEEE, FET DMA(direct memory access)iBEE(EHIZE]
WiES,; EhkfE, wMEEHEETHIRYAZNER CPU, AR CPU Rz ERITIE.

R IEENSMRE, HNEEREEXREZS, FRNBAREEREARR, BRI TXMER

100,000,000.0 -
10,000,000.0 Disk
1.000,000.0
100,000.0 s
—— e~ Disk soek time
I = ~4—5SD access time
'! 1,000.0 ¢ -@-DRAM access lime
1000 DRAM —8-5RAM access time
=C+CPU cycle time
10.0 7 -O-Effective CPU cycle time
1.0 1
o | cPu
0.0

1885 1990 1995 2000 2003 2006 2010 2015
Year



vi p W N B

EEIRHEEANESER, 30 FARRRES T 1T HERS—R, FLUESERZAIHN, LI
THEAR (RETHNEESR) . DRAM RIKRE, —IM DDR12345 KRR, EREAEHRS
T—MEER, AT SRAM NEER—MERIBRSE T — M HER, BIERKRRRE C71 )1
KREER. NI CPU RIARTE 2003 BRI T (B MROESTEIRIR) [, FISHAIHIL
LARSEARNAL, R RS TIRE MR,

BAXAKRIRSEIERR, EADUE? MEREARELS, SENRATRENENG? F—E! B
ERME R (Locality) ATLATE—EFERE LERINIH SR,

[BEPIEIRIE Locality
FEBHERY BRI ER[2]:

o HIEE3BI4(Temporal Locality): SNR—MERIEEMHAIE, BRATEIEHIERAIGEEESE
Xipial, EFRER., EEERr AR AR RIRE.

o T[EFEBME(Spatial Locality): ERIAHERERARINEERITRESNELEESLANEEES
[Tkl ol =3 =i

o FEERE(Order Locality): FEHBURERRHR, FREEBRIESH, KEDIESRINFHITA, IR
TR HATROLE IR EUES:1, o, SRBEHEREEEINFRN. ESHIRER
17. HENESFRERLINF R ERIRE.,

ZENMF:

sum = 0;
for (1 = 0; 1 < n; i++){
sum += a[i];

}
return sum;
XEREREEEE sun SiFmEHTEIEEBLRY,; HERBREESN, BTaEEM,

REX ML, AERHEEN R (THESH)  THEITERBRAEINFRGE, &
PMEBERIBAERE,

Zi&+E Memory Hierarchy

—MNRAEREEREEE, RSEEEESHNEE, FFUA—REFER/. M CPU MIRE
ZBRNREEEMEMAR, FLFRIEFESRAEA AR, MREXEFE, S8R
HeFtERIS0, RS FEFEIR R (Memory Hierarch),



¥,

L 4/ 3
(W71

L4 (i)
ARG

}uui##ﬂﬁﬁﬁl!ﬂ#
Ly:/ SH LEELI BT
R (SRAMD\ | L1 e mIIne L2 s
SHAM L2 FREmnt
M (SRAM) L2 i 7 A7 ML £ 28
LT i
L3: L
(i EHMBEEM AR
WA O
L/ A BT
i KRB RN SRR
—— HEE RS HTE

(T R, Web %)

XEHFRE—IM AR BF., EEULEFREXBEENRETRISIEN—SBo EHRFE
FEPHIERIFERE. EEFEVFEEARBIS, 5—EHILEFERTERINET. A8
FEPERE, BFSEMETEEE kK EREEE, IS k+1 B, XERRED TiERRdIE.

BT NRFATITLT SRS

L1 £7F

L2 &7F

R

ENRIER

HRET

BT XEF

NIRRT

ZEFRE

4-8 FHHF

MHEENE

64 FTIHILR

64 FTHIR

4 KB jym

NHRIEORE

MR RS

Zh

EFE

CPU p#%

o TLB

L1 EE

Oh L2 &

=

=

Ha B HIRE

ZiS: G

ZiN: G

FEIR (RIthFEIHA)

10

100

100

100,000

10,000,000

10,000,000

NEFEEET

R

B

{4+ R ERSE

BERSE

iR ES

NFS Z i

PRZEN TR



EFRE EEFAE EFE FEIR (RIEhFEHA) BEBE

Web &7F Zihb AR ARSS R 1,000,000,000  Web {IEREEE

FHEARINRLT, JUUREFNBAREERFEINNT, BHT7THEREFMEIMTE. EREKRE
REHET XEDS)LE, NED)LALRE] | EEMIREIFE T e R Rt UsErIE R
&, BAiE [HEFEEIE] ESRA!

XEZHMNEF—TEERRGFREEZ—TEEERIRIT. RIRFEIE—1EE 20 M THATE
H, MENESEEFTREER 10 MR, BPAEHEERTRIIR, WRIEMNRBEE
54, BBAEAILINESEEFPIRE, XMERHMIUE [EFas] | BEXAFRHERES.
MANRIBEA T EFFRENTR, BEENREPRET, BTEREFA/MIRE, EFEX
Hppyesmidt T8 (BRZRaNad) .

RFARaRRYEE
FFRMTE=M, XEHTEENMA

o IEFIMERRL(Cold/compulsory Miss): CPU S5—IRipAIMENERFR, RETEERBIINEL
& XEAAERAY
o 5 (Confilict Miss): TEEZARIKEVARBRKNEFT, FENEFERATRSIEEEEE
B, SIS EIRZRIST
o {RIRIXEE 32KB EIEIEEKIVER
o YNERAI™ 8KB HIUEFER[EAE, (BRIXFMEUEERRETZIERIAIMIL, FFARN
ERFEEIREE, BRRAERMEIEAE T MREFEREER, KERNKINEZE
BIMRERY (FBRPAKIBREFMER) XN EFHREEH
o BEKM(Capacity Miss): BIRNEFSESHEFHA TIEESHE, HERHENETRE
#3AE), 5HEAIRIUHE R
o {RIZIXEE 32KB EIEIEEkIVER
o FNRBE— 64KB HNEEFEES MR, HMANKNTERTEEFRN, RINEEERK
ANEF., FRNREEARENRIEEBEEHINER. <EBNREE, BREK
BNEHEFTERY, XNEFCEFH, SENEUFEEIEIE

ENERESEEPFHESE Cache Memory



BIREFZEE8(Cache Memory)2 CPU BERFEEREFEAFRARFEERERTENEE
HiE, BIERI) TR TIFZSHS, X—ORIIBERREEESREFFiEes W T,

BAENENRE, SREFEFHESEHEGENEIERN SRAM BF, CPU SBERNXE® 0%!
&, HEFCRBENT (Befs)

Lh182% CPU

FiFad
Register File

BiRET — §
FhEss 258 |
Cache <::> ' K
Memory ALU |

[

S50
Bus Interface

/O 1

me
AfieL I/O Bridge

REHNFBEXNTSREMFESN="XRERTD (FBRDANE)

o SETEG(se)E
o ERTEIEIT(line)rYEE
o B RRENEFR(blockRFHFTIEHE

£ ERRERHME



EEHIITELE = 2¢

(=
L]
]
]

SE
S=2s

B & & & & & & & & 8 B B B B BB B K B BN

st E— T %R (set)
g1 ] 2—M7(line)

0]1]2] ---- Jo2fost
HIRRA/NFT) B =20

LA EUR=S BN
C=SxExB

SCRR ERTLUEBBA=MER KRR, WNARRERS|, XFEoENFLET, BEERRREE
REERNE, FENFERHMEE—WNE (ZENEEFIHMRIEEINRE) .
S ESRFRINE— MU, SEESREPMFESRTHITER, ERIERRIEREHS
XM S R =1 ER S



Hbtk | tbits | sbits | bbits
t X~ tag, FHEILHD
s &R set B3|, AXKMBEAEMITSEEFEK
b &R block (Ri2E, FRIEEIENRIGNE

53: |
BEARENEFPIEN— MRS, B5EER11BE set index HIEZEM set FFK, WERFI

FA tag F0E—™ set FAIEA line H1TLLXT, #HE tag BEBIER line, REHBIRIE block
offset FAEZEM line AU MUB SRR (1XEBAIM line 1 block 2—1ER) .

M E=1 0/, BRMEEN set RE 1 1 line 9B, FRZ AEEMETET7F (Direct Mapped
Cache), UNFER=

o oL ] e
| RESS

| tag Jlof1]2]afal5]6]7

FEl 0.0 | wo

WEES

& tag BE—H

sgllof1]2]3]4]5]6]7
I

XHERT, BAEA set JIM 14 line, RIFIEKE, 114 line REE— set, FrLA set
index B SRE (FIZERIZEMENILL) . BRI RIIRENMELET set index § 7



B4 set, AEBERE valid, BB set BBE— line A9 tag FOiEEAY t bits BEF—2,
WA LRER S E TG T.

P ZE1RIE block offset IEwmBEE, RAFTEZIZEN— int, FILASIEN 4567 X[ 0%
T (RREER 8 1MNFT) . IR tag FALEANE, XITEEaHFBEIIEURIHE,

RREA KRB —TEAERRGIF, RREINNSUZER M=16 15, BHE 4 ZAELE, X3
B=2, S=4, E=1, (LRI TI=EH TEUEEE

e 0 00 0, miss
e 000 1, hit

e 0 11 1, miss
e 1 00 0, miss

e 0 00 0, miss

ZEPHERERR, XEBx TRBEEIRE

1 v Tag Block
2 Seto 1 o M[0-1]
3 Set 1l x X X
4 Set 2 x X X
5 Set3 1 o M[6-7]

ZEFHNXNNERR, MNHMES 4 1 set, FILAFE 2 f4fY set index, FrLAEITIENRIRTS
1%, SIRIERBIMACRIBEEEA set &R, Hoh 8F1 0, EAGBEMAMER, Sr-4fss,
SHuELE miss, XANMAR] LB SRS KRR,

HEXF 108, BHES set & E A line fIRHZE, FRZH E BMBREET. XBEE set BF
N line, FRLAFGSBEBRAZSE set, tHFiRii set index JLA—( (EEEHEL—S) .
BER—TE/MIRE, M set index HEEIR set, SAGE valid i1, EEFIF t bits 9BIF IS
A line By tag #1TEEER, WRITENIGH, BBAIRME] 4 5 UENEIE, NRALE, HEES
#e, TTLARENE R, tBEJLAF least recently used(LRU) SEi#{TEHA,

HAIBRERNA G FREERASIEINGPR, XBERIZHIINIUTEZE M=16 F75, B
4 RIA9HEAE, IR B=2, S=2, E=2, FAIWRERAI TR TEIEIEER:

e 0 00 0, miss

e 0 00 1, hit



vi p W N R

e 0 11 1, miss
e 1 00 0, miss

e 0 00 0, hit

EERNEMERE, KB x ERIEFHINES

v Tag Block
Set @ 1 00 M[0@-1]
Seto 1 10 M[8-9]
Set1 1 @1 M[6-7]
Set 1 © X X

ALEEIRRIEN set B 2 1 line, BILARE 2 4 set, setindex tBREE 147, X/MER
TEPfE 8 #1 0 AY set index —&1, EA— set AILABMNAENEWE, FrA&E—/XiGE 0, ®A

£ miss 7,

=P
EENFEERT, FRNERTESENE— M EENAEEN (10 L1, L2, L3, ERF, iE
&) . WRKESANGTIHE (BMEESNABEIEEGFTE) | BFHRE:

e Write-through: &S EHER, FRSABIRGF

e Write-back: EEIXMEGEEWERIE, ABANTINGH (BEHHM dirty bit e
FRSIERETINGTER, BN SRR RN F IR SR D2 T, BA
EEE NS SHEELIEEE)

ESA miss fIIHR, FEEEHMLI

o Write-allocate: ZAZIEFH, HEHETF WNRZEEFEXNNHEE, XN ARCRLEF)
o No-write-allocate: B EANZINFF, FEHNFEF

XPUFREE R AR -

e Write-through + No-write-allocate

e Write-back + Write-allocate
HepE—Ma] RIEEITIEIE—EME, SRS (BEBRT) .

B4



X—HEAIN RAM FIREE L, MR TR T IHEIARTRAREEEENRYE, AREENA
T RIRE PFh#ERR (Cache Memory)ZSHIAI TIES =L,

REK, EEMEEREFNABEERE, XNME— M IEEESKITHNIER, €7
CSAPP] IV Cache LabFBE{RSLHIFFMN B,

SE k%

1. BENFENREES
2. [FERMRIR
3. CPUER=R

BXRNE

o [ CSAPP] & RFUEES

e [ CSAPP] ;X FT5REL

o [ CSAPP] #l MBIz

o [iE5% CSAPP] R EAEFSIERESE
o [E5 CSAPP] [ RFEHNGIL

o
ik
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