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EEAA R 405 k) M e

10us-1ms
50MB-2GB/s
Cache WEET:  5-20ms
L1,L2,L3 : :  50-200MB/s
FEEF: 0.5-15ns FEBF: 30-100ns
T : 20-60GB/s T : 2-12GB/s ——> 3ERf: 100us-1ms

H#%. 10MB-10GB/s
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 CPU
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« HDD/SSD

o MR
e RAIDF
o EFAL




CPU-Architecture

Nehalem Quadcore Nehalem Quadcore

Core O Core 1§ Core 2§ Core 3 Core 4 g Core 5§ Core 6 j Core 7
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CPU-H A 5 TERETR IR

 CPU
- FEM CPUIRINF A, A% AR IR S i
— A RGN TAES R
—  fE: CPUAIMILS FA0AH 22 () F5 %k
— B2 W CPUIERE B ALM - 7 1) S 45
— R, 5 A [R) Bl 2 AP £ 2
—  REREE TR (L ZRAE * BRI TE) / 8
* L1,L2,L3 cache (ZFEIE 515 2)
— L1,L2: core i 5 ; 5. 20-80GB/S; IELHY: 1-5ns
— L3: core [A]H=; F7%E: 10-20GB/S; FEHY: 10ns
— Cacheline size: 64 Bytes

* |nterface
— QPI
Intel™, B —ACPUH )2 NP 28 (processors), H 4% H.Ek
QPIiF %i: ~20GB/s



CPU-t£ /i it iit

e Cache-conscious
— H%FI’]J FErEL1/L2/13 cachefr &, PR M) WAFHOMER,  BERAK R Geh
N
- FB:
o [E{KCachei X HE#
o $EECache ) H R —— 45 p)

* False-sharing
— MR, AL R3S [F—cache line b AN [F] EE I & 4
— fGZ: False-sharing= 5 #(L1/L2 cache miss, IR S AERS
— #l40: int threadArray[2];

« RGN
— MR IARS, B Rg R m S, e
— #lan: top



Memory-fiZ&

RAM:
SRAM:
DRAM:
SDRAM:

DDR SDRAM:

Memory4r

BEHLE AL s

Memory

EHA R AENAT P IEAT . AR T B A7 B cpu H is S8

B (From H JE £}

BE WA ATt
FRASTENLAT i A
BIASHENLAT i 2
EREZFSIEN G R
XU A A% 4 Z- SDRAM

Oy RAE: AR

AR(PIEE

AGP Slot

PCI Slots

Floppy

~  EIDE Connector

CPU Cache

[P ? ——3e B E kR 5 cpulE P
DDR DDR2 DDR3

AN, A fE D)

LA



Memory-{4 e I

Memory-4 BE$5 b5
- B (F1): NAERI TAESIR
o fEMEREL (FULALTE/2) * 2( LT T B AT A )

BFBIBR (F2): RO AR JE I A R A B (R0, BE RN TELAL 58, 2R N2 bits)
« DDR: F2=F1; DDR2: F2=2F1; DDR3: F2=4F1
o F2=F1*fEMFR%/2

BARAL AR (F3): AR EE f AR
« DDR: F3=2F1; DDR2: F3=4F1; DDR3: F3=8F1
o F3=Fl* {5 A%

—  Throughput

*+  Throughput = F1 * (N 1721 5/8) * {548 R ¥ = F3 * (A7 LA /8)
— lLatency

* 30-100ns

DDR400 DDR3-800 (single channel, 64-bit)
— 4008007
400, 800%(7, IRAVEEIEEHMANZEF3; XM JF15200, 100
-
DDR400: 200 * 64/8 * 2 = 400 * 64/8 = 3.2GB/s
DDR3-800: 100 * 64/8 * 8 = 800 * 64/8 = 6.4GB/s
-
it

- M

oﬁ:ﬁ&. ogﬂ,o

*2

=



Memory- 4 52 $i8 b (4L

Memory

L1 Cache

L2 Cache

CPU Type

CPU Clock
CPU FSB

CPU Multiplier

Memory Bus
Memory Type
Chipset
Motherboard

Read Write Copy Latency

[ 5174 MB/s 39638 MB/s 3983 MB/s 88.4 ns
51041 MB/s I 50910 MB/s 101816 MB/s 09 ns

21581 MB/s I l 13098 MB/s I 21221 MB/s 6.0 ns I

DualCore Intel Pentium (Wolfdale-2M, LGA775)

199.5 MHz (onglnal. 200 MHz)
CPU Stepping

399.0 MHz DRAM:FSB Ratio
Single Channel DDR3-800 SDRAM (6-6-6-15 CR1}
Intel Eaglelake G41

Unknown

EVEREST v5.50.2100 / BenchDLL 2,5.292.0 (¢} 2003-2010 Lavalys, Inc.
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Memory-xe

—

F‘?Hf@ﬁk(Virtual Address)

%{}I ;A [P ERE 1 A7 1 IETJ RS HERE [ R AU Hh k2

@mm <) AN — e 5L
— 3214/2%233 32/ f5%l = 4G Bytes
— 641 24t 6447F5% = 16E Bytes

1% (Page Table)
— AR R Y b e 2R

TLB(Translation lookaside buffer)
— ZZ{FVirtual address FI|Physical address
ISR ¢ &R, PR &K

K71 (Huge pages)
— PR DT S AV R
— [l NAFZSE], Bilkswap

virtual address

s

TLE

i
TLE write

AR ELL], fH

e
i

page tabls

disk




Memory-gafEe {5

* Memory conscious

— A 24EL1/L2/L3 cachefiT R I 777k, 1F
memory ! [F]F£1E F (Memory Latency << HDD)

s ZEVTIREE, HHNAF
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. SMP/UMA - Symmetric Multi Processing/Uniform Memory Architecture

— RS T ZCPUNFR AR, TEIRKR. $CPUILZATF I ANAE, Vi lal W AAE Tk BT 75 B[R] AR
I s A w i

—  BRi: Scale-up, MELAYSE; WAFTTIRIRR

NUMA-Non-Uniform Memory Access

—  ZCPURLER, HEACPURHLE AL A AAE(R), (ER] 5 HACPUNAF(1E), ILEAFM. k.
HP Superdome, IBM P690

—  ERA ERNATTREREA B BT R BRI IS
MPP-Massive Parallel Processing

« HEZANSMPARS ERIE T R LI N S IER M, AT RV A B IR (N FA5E), waeiits
(Share-Nothing). W2 ¥ &, ¥A4)Z RIS, ﬁ?@ WJ%DDB

o B BdREDAN PR



Al 55 23 A 22 45 K (cont.)

A2

CPUML L
=

| CPU Il CPU I= CPU f CPU
T IERLH

# numact]l ——hardware
available: Z modes (0-1)
node 0 =s1ze: 322ZTE ME
node 0 free: ZBS5E ME
node 1 =s1ze: 32320 ME
node 1 free: ZB39T ME
node distances:
node 0 1

B 10: 21

L= 21 10



HDD/SSD-HDD %A

Ao Fi5. BARNERT

o EREO

ATA

—  SCSI

e SCSl(parallel), SAS(serial)
—  FC(Fibre Channel)

. FC-SCSI (serial)

- AE
-
— P A] (A
- R
o NEBfEYZ (data transfer rate)
o HMEBEHIZ (sustained transfer rate)

to the device.

o the motherboard
master

o ¥yEZk: IDE VS SATA

IDE(PATA, parallel ATA), SATA(Serial ATA)

RE NG !
(& HHL DR & tH
-gh, $83)

®iEk (RE-)
HREIIL 0 FIEA
T TR S

o m

1 [

1M

3

4 [

S

R - sE LN aWE kst
Ho i) BEE-EEH-T9
g WSttt 2 SREPE



HDD/SSD-SSDHE IR

JEE
—  HESEATREAN,  ONHF BRI 7S HUOIR SR TR 0B L
YR ETWN
- NAND, NOR
- SLC, MLC
o RS XK
o NE, MEAARRNHEE, HAERNE
2 Levels => 1 bit/cell 4 Levels => 2 bit/cell
g ll1" uo” - "11"“10"“01" llooil
g g
; {\ m 3
s T
@ @
2 vt o vt
i

S uE i

—  SATA, SAS, FC, PCle(f&i##:11)
SSDF 1

—  REXISr: page 4K: block n*pages (256K)

—  Read/Write, page i

- {00 it

—  Erase, block
—  EE¥ =read + erase + write



HDD-4 e F8

HDD-SAS 15K RPM

—  FEEARERETRAR
P35S IE B R (E): ~4ms
TR HE SERT (L) 2ms
P S8 A S T (X) = 0.8ms
M (Throughput): Read 140MB/s
Write 140MB/s
— WAL RSSB TA]
* Rs=E+L+X=6.8ms
— |OPS
147 iops
— 1O |3 FiE i
R=Rs/(1-U); I/OFIFHZ kS, Mo A& i Bk
U: I/JOFIFH %
HDD 73t

— PRSP, REPLEE S
- BEMLILS, PERERE

= o B

- EAE, IMREE



HDD-1:

A AR(

RPM
Rotations
Per
Minute

()

15,000

10,000

7,200

Rotations
Per
Second

(x/60)

15,000/ 60

10,000/60

7200/60

Rotations
Per
Mili-second

(%/60,000)

15,000/
60,000

10,000/
60,000

7,200/
60,000

Full
Rotation

1/
/600007 )

4ms
6ms

10ms
8.4ms

Rotational
Latency
(Half
Rotation)

¢74
[x/60000] ) / 2

Y

2ms
3ms

Sms

4.2ms

Average
Seek
Time

4ms

5.15ms

9ms

9.9ms

J(0)
Time

(Y+2)

6ms
8.15ms

14ms

IOPS

(1/[Y+Z])*1000
167

122

:71

14.ims ‘ 7'/1(—-_';" he”gc]b

wWaibo.corr/nzllodn

=)

I

7)



SSD-M:BEFE s

o SSDM:REFEHR

— |OPS
« BEALIEZ: 35000(intel x25-e); 120000(Fusion-io ioDrive)
- FEHLE: 3300(intel x25-e); 90000(Fusion-io)
— Throughput
. &S mi 250MB/s(x25-e); 750MB/s(Fusion-io)
o EZEE. 170MB/s(x25-e); 500MB/s(Fusion-io)
— Latency
* read: 75us(x25-e); 26us(Fusion-io)

e write: 200us(Fusion-io)
* erase: ~2ms

e SSDATHT
— HI0PS, {KIOZE T
— RFUN, BH



SSD-Erase

* ErasezZhi
— FE3HT = read + erase(block) + write = 5 Ji{UK
— eraseftAfi 51, latency = 2ms

— eraseszlwrite 't {E
« ssdfEHLE MR ZE

— erase!XEA [ (wear-out)
e SLC: 10/j{Rerase; MLC: 1Jj{Kerase

 SSDETILML
— FTL(Flash Translatlon Layer): )PHLIZ bl Bl Sy
— Reclamation: FUHEPRTRES, FEKERT
— Wear Leveling: i’??ﬁI’%W‘h, A
— Spare Area: TEHZS[H], D HHBUK
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HDD/SSD-Z 545 &

 HDD
- %ﬁﬁﬂ
RSN
. F&ﬁﬂﬂ'ﬁ——> EBE: Mk FEREE En
* SSD
— FEYLEE
o[BS R ONIELLE .
—  BHEFE: write data ——> write log
— Fractal Tree: GRS, FHANT S +BEALEL
o 17, GIFEEAE:
—  WHfcache, EMAFIRI, & IFFHAR 544
- HK

o FEHIFHRE A KA

C el
— FEFFER, MrErEE R, HIREm 2 AL RS
— . iostat



Raid/Raid~

Raid € X
— JRNT G U4 B 4H (Redundant Array of Independent Disks)
— U BRI AR PE . T EERIAE A

Raid L BE

— SRR R
— MRS TR

— WAL TR E S

Raid 7325 H)
— Raid0(%k77); raid1(8i1%); raid10; raid5; raid6; raidz;
« 1208t 15KFEH [FJHDDAL, 7Eraid10, raids K7 BIREE 242 Diops?

Raid > ¢
— B Araid
— ffffraid: raidF



Raid/Raid~(cont.)

Raid~
—  HAHCHcpu, cache memory, BT RBEH EH K scsits il ae B AR, HiH B PP Z & 5 8.t (logical units)
RATD =B S5 #3

iE iE A id iE B FE=IE S

P T
:{314&%# | | Firmware
SCST 1 H RATD CACHE MEMORY
FEiEs ko e E
; I\ I

Raid RIEEASEL

—  #EH T host bus adapter(HBA, HBAE)

— Eﬁﬁ”ﬁ?ﬁD(Back-end interface): IDE, SATA, SCSI, FC, SAS
—  Hi¥m$E I (Front-end interface): SATA, SCSI, FC, ISCSI...

Cache Memory
—  TiiE: read ahead; pre-fetch
— [%5: write-back; write-through

—  BBU(Battery Backed Unit)

o HMLRY Mwrite cache. fR¥'cache memoryfE Wi HL S 20 AN % 2%
*  Write-through vs write-back + BBU?



] 4% /I

OSI-G Z A Y
- Himil: MEE; BIEERE; WKE; Lz 2WE:; B2 NAE
X 25 (£lk %)
— 10GbE
* 10 Gigabit Ethernet
— Infiniband

* Infiniband SDR(1X, 4X); Infiniband DDR(1X, 4X);
* RDMA — Remote direct memory access

— Fibre Channel

SIER /75 L /P R

— 10GbE
e ~15 usec / 10Gbit/s /
— Infiniband(QDR 4X)
e ~1-2 usec / 32Gbit/s [ 1TSS 2R) s Hos BLOGSR)

— Fibre Channel

[} 28 ZE IS 378 128 /)N T HDDAE I (15 /N T-SSDRERT), {H15$RAC, Exadata®5 it iy Al fE



] 4% /I

- TJfE
o R BREE WG Bl B, R hTE A G R .
— FpE
* NIC (Network Interface Controller) : Ethernet
HBA (Host Bus Adapter) : Fibre Channel

HCA (Host Channel Adapter): Infiniband

o HAL(switch)
— PURMAZHHL; Y28 #bl; Infiniband A2 # 4l
o IRHEFIR
- ZHRE
o HMRSGIYERE, TRALMZE R R H (HA)
—  Zoning(Z#H1) vs LUN masking (<)
WX 25 XS bR B, 380 R i A e 1 DA S 22 4k

— MTU
I KAEIZEHAT (Maximum Transmission Unit). £kil: 1500 bytes



* AIO
_ E El/‘J
— Ty
* Select

e Poll
* Epoll

% 4

e
gytil




RSN

-
— JIrE WM AR, AT LA AT AR HAR M 2 A 2 T 2 F
— A RRE & ML
— P B A

. 4%
— Ethernet

* iSCSl(scsi over ethernet); FCOE(Fibre Channel over Ethernet); FCIP; IFCP;...
— Fibre Channel

* |PFC(Internet Protocol over Fibre Channel);...

— Infiniband
* iSER(iSCSI Extensions for RDMA); FColB(Fibre Channel over InfiniBand)...
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« AR
— JBOD(Just a Bunch Of Disks)
— fR%: Dell M1000

o FIfE
— FKiw: emc cx series;
—  Efi: emc dmx series; IBM DS series; IBM XIV; HP 3PAR;
— XAl ERIZAE; EEribEvtae

— AR
b (FT R, PR — AR, KIEATE R R BE)
— ZRWIREE: R RN, SR LT (BRERREETL)
— R — AN N IREIEL (2 B A
— OLTP: 2k W >= 105 R KN iR (PRIE—/M0, —Biist LIRSS —IR)

o« HIEfE— AR

— Oracle exadata
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 DAS(Direct Attached Storage)

— HEMINAAGE, ARG SCSIHE D BT S BB ERR BT HEAL
* NAS(Network Attached Storage)

— M EANAE, RHTCPAPEEFIR, ML A LIERAT i RGN T
 SAN(Storage Area Network)

— IAEX NG, SRADGEFEE SR, @I GETAS B B A7 i B 21 A 32 4L

Q%Eﬁﬁ%ﬁ TS

Application

Application
SErver

File System

| FC Switch

Server

File System

SCSI, FC

Application

Server

Ethemet

ﬁ Switches

RﬁID RﬁID File S}rstem F System
BRAID AID

-




BRI,

MERGERAR TR RS

| esuemar |

MBI R
| mmso et | cﬁ}}u} ceuf ‘E'M'

JBODH FETFAME |

ih— X #Efrscale-up
LR M R

Front

Front

ooou o a caaa
QQOMOO.MQQOQ_

[ Sk & {rscale-out
A EGTRRE
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