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m FiEs84EH) (Disk Structure)

m EREFHATE (Block Access Time)
m f%#EHF: Megatron747

m HEFRMLL (Optimization)
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1. EBRETE)
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2. i} (Seek Time)
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3. Fi5FEEE)

N
Z Z SEEKTIME (i — j)

i=1 J=1
|

S: J*
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S—EFE10 ms~40 ms2 |6
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4. WE¥ETEIR (Rotation Latency)

» BEESEREIRAE — N X AR SL BT B AR 8]
n IETE o HERE 1/ 2 /8 B B B9

—/N7200RPMAY R4 132
S HEAEIEIR R~4.17 ms
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5. fE#IER(Transfer Time)

m 3REY R X B L [B) BRedS i i # Sk B 7 Y B[]

m REEAXL)EF100 000FT5, L10msiE—F, NESHAT
MEBEIZRNZA10MET, —MKFEDSRIRERETE /N T
0.5ms
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6. REIR

= CPUiERI/OgYEFE] (CPU time to issue I/0)
» %R HI28RE] (Contention for controller)
B & 24 MEFRAE (Contention for bus, memory)
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m<CASE 1: T—3R&ER—HEL
o NEAEIE R +iEHikha+ HE (ZE)

W CASE 2: FE—{HEL >
o FEHIEE+HEM+HTE

Random I/0O Sequential I/0
For a 4KB block

Random I/O = 20ms
Sequential I/O =~ 1 ms

—
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10. BRiwnht

m BES (EkS)
 FEXES
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=. #EHF: Megatron747

=B
e 3.5 Inch
o 3840 RPM
o 8 surfaces
o 8192 tracks/surface
o 256 sectors/track
o 512 bytes/sector

m Megatron 747 X/
o 8%¥8192*256*512 = 233 =8 GB
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1. Megatron 747$ %

= F1ERfE (&X): 17.4 ms

m fSkBEEIEl ms, §EEI500 M EELIMS
® 1 block = 4 KB = 8 sectors

m RZ |G RYIE]BR 5 ERAY10% K /)

m FiHEXK/)N=(256/8)*4 KB=128 KB=321k
n FHEmA/NN=8*128KB=1 MB
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2. Megatron747#&HAF (8]

m 3840 RPM — 1/64 #/%% = 15.625 ms

m EE—NEAERT[E]=15.625 ms, EL A
o B EEIERETE=15.625 * 0.9=14.0625 ms
o BFBXaBERIETE=15.625%0.1=1.5625 ms

B ER—/MREETEI=15.625/32—1.5625/256 = 0.482 ms
Q %-?ER?&EEE’\JHTJI‘ET=15.625/32 *0.9=0.439 ms
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2. Megatron747#&HAF (8]

m OSz;DBMSHEHiEEN—R A & A BT[]

o T=S+R+T
=17.4 + 15.625 + 0.482 = 33. 507 ms

® 5/\Bfg: 0.482 ms

m R
o T=S+R+T
=6.5 + 7.8125 + 0.482 =~ 14.8 ms

>

15518381 =8192/3=2730 (see Fig.13.9)
1+2730/500 = 6.5
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. BEFIRK

m IRE AR
o I T ERTE]
n EERAEEE
o W E % (Elevator Algorithm)

m 4 E %% (Disk Arrays)
n iR % (Disk Mirrors)
®= Random IO to Sequential 10

= TREY(Pre-fetch)#12E i (Buffering)
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1. Random IO to Sequential 10

Page requests: 1—91—2—92—3—93—4—94+:-:--

Disk Sy
S 8% fE#/110
Memory “160ms
4 m . ]
I REA=F
: 2 2R BEHLIO0
2 92 6RIGIFF10
“46ms
1 91
949392 |91

Sequentially Writing | 4 | 3 | 2 | 1
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1. FREV/H

= YW4E A (Double Buffering)
m B4E(Single Buffering)

5. — P XEBE—FRFRMIE: B1, B2, -
WE—EF, RTEINFCIEHE:

1, AIEB1

2, ALIEB2

3. ALIEB3
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2. BPLEMAMTRTERR

(1) H¥BLIEANZEAHX

(2) EEAX P EBLP R HE
(3) FBLNZHRX

(4) AIEZE X P RIB2HHE
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3. REHNEBSI

12 P = EEMXPLIE—IRAIAETE
R = E—IRIEANEHXAIRIE]
n = REY

R IERIE = n(P+R)
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4. WEEH5Hh

P = Processing time/block
R = IO time/block
n = # blocks

iFtBl=R+nP (P>=R)
=nR+P (R>=P)

o BZZALERRSE]=n(R + P)
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=
%
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5. &R
n EERM

m EHXETE

n —H TP
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1. A% Flash Memory

Tape is Dead
Disk is Tape
Flash is Disk
RAM Locality is King

Jim Gray
2006.12@Microsoft
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1. A% Flash Memory

. [AEMITEERS

o SSD (solid state drive) i |
WD BLUE"
o INECH +HIZHIBE+FTL (wL Lea-Pea, 6o) e 55

SATA SSD s

30 NAND SATA SSD M2 2280

= (NAND) AFRIER
o EEATIR
+ BISEIR
o SRiEIR: RAEH. RIZIRRE
o HanfalR: BRIEIRIXEBIR
+ SLC (H101RES)

+ MLC (/MF1BHR)
¢ TLC (ZMF1000;R)

e Access time

9 RIEEE 5
;z E ? > KB Media Read | Wrte | FErase |
¢ Eg. | page = Magnetic' || 12.7ms | 13.7 ms | NA
o IFRIEES Disk (2KB) | (2KB) | I

NAND 80 ps 200 ps 4 1.5 ms

¢ E.Q. = |
E.g., 1 block = 64 pages Flash’ 2KB) | 2KB) | (128 KB) |
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1. A% Flash Memory
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2. T EfE2E Phase Change Memory

= PCM
o IR T 201426051
o HHRIES k¥ F A TFiERS

o UMMM EHERGFMINT R, FIABEZEMBEEANRE
HYEE PR ZE 7 14 R SE T BB hd

(intel) OPTANE DC O igmme

PMM SIS/ PIF 512GB

PERSISTENT MEMORY e ¥8999.00
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2. HEFMRE

m PCM vs. Flash

DRAM PCM NAND Flash
Page size 64B 64B 4KB
Page read latency 20-50ns ~ 50ns ~ 25 us
Page write latency 20-50ns ~1us ~ 500 pus
Write bandwidth ~GB/s 50-100 MB/s 5-40 MB/s

per die per die per die
Erase latency N/A || N/A ~2ms
Endurance co 10°- 10 10° - 10
Read energy 0.8J/GB 1J/GB 1.5 J/GB [28]
Write energy 1.2 J/GB 6J/GB 17.5 J/GB [28]
|dle power ~100 mW/GB ~1 mW/GB 1-10 mW/GB
Density 1X 2-4X 4 X
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= PCM vs. DRAM

2. HEFMRE

Read energy
Write energy
Idle power

~100 mW/GB

Density
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DRAM PCM NAND Flash
Page size 64B 64B 4KB
Page read latency 20-50ns ~ 50ns ~ 25 us
Page write latency 20-50ns ~ 1 us ~ 500 pus
Write bandwidth ~GB/s 50-100 MB/s 5-40 MB/s

per die per die per die
Erase latency N/A N/A ~2ms
Endurance oo 10° - 10° 10" - 10°

1.5 J/GB [28]
17.5J/GB [28]
1-10 mMW/GB

4 X
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3. BETHBFMATHRIEN

CPU
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B FiEs84%EH#) (Disk Structure)
O*I H] \ ml_\ MZX\ i;{
m B ERETE (Block Access Time)

o SERTIE], HEA%IEIR. f&EHATIa)
o RTFHNET|E) 5%

n f%#EHF: Megatron747
m HEFEMLL (Optimization)
n FhB TGS
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