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cobegin
process Pil) | AA=1,2.+,n
Pl mutex];
[ERE
Vimuex) ;
f
coend
HHABREGEF AP uex HEHB 0 RAH: FM murex 5 1. BT —T2GTHPS
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ArEtraf.FERECASRELARAE ;ENESE

O O LREERRGERT VEE ATARLT,

- & - SRS RNAETRLALR
O O semaphore lork[57;
2 / O \ 8 ford int i =0z Sziv+ § a'f'/
fork[1] =13
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Bl 0) UREEFEFACARNEAEPEASE AREFLASSAE TR
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Vimuten);
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typedef struct InterfaceModule | #¥lnnerfaceModule 2654 E 5
semaphore mutex ; SEREARTENdEZNRERAERESR
semaphore nexty AFRH signal EMEEHENCHES
int nexc_count; AEE mexy b P SR B

I
mutex = 1 jnext=0;next_count=0; A WEEEY

vﬂzﬁmﬂmmﬁﬁmﬂg¢n ﬁ%ﬁa@ﬁﬁﬁmmmm . &
| coex)s m), POEOTE R, SEE iR s B
void lesve{ InterfaceModule &1m) | MONITOTS
if{ IM. next_count >0 FENHER S spnal #fEHEE
[ VIM.nex)s ) /AR BB~ X signal HEW |
else
W IM ., mutex ) 5 AEMAFHES

|
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VM. mutes) 5 SEMAEERE
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b S=EENmutex. WRERS, EilEEHEi.

void signal( semaphore & x_sem, int &x_count, InterfaceModule & TM) |

R E (s _oume =00 | SAREENENREENAR
TM . next_count ++ 3 AR signal EFE R ESW
SRE—-TIREEREE
[ PUIM.next): SR gl BRENAEREAET
IM. nex1_eount —— § SR sigmal HFE 0 R 1
| ' WERENmMmutex
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1. WEWE S T E el HE

EAEHAHEEE coum | thinking, hungsy, cating! starc (S| ETEEFHRE o882
AR state[i] = eating T LSBT HEFEETOH B, 8 e[ (i - 1)%5] | = caring B
statel (i+ 11 %511 = eating: SR E 3| ARS8 (4 SR ) semaphore =l 5], SHSET @A T
FUEHBAEL Fof AR ESRESHAF

4 Henre 37 BEWEEL 1S 4 S0 .C T () E

type dining_philosophers = monitor

semaphore sclf(5];

int self count[5];

InterfaceMaodule 1M;

for(in i=04i< S3i++ ) A RERS
state[i] = thinking:

define pickup, putdown

B FEMontiortL %4 i 77 X ¥ig gk,

———ame enters leave  wait, signal;

| void pickupling i} | | EHEMethod A=D1, 4

Monitorgg s : ert M
FHERsy el e wEMMethod, BE&EFM. @Eidenter/

test(i) ;

leave pairdEZL i,
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if{ suanel i ]! = caring)
wennit { 5ol i ], self_count[i] . 1M )3
leave{ TM) ;
I
waid putdown(ine i} | AAa=01,--.4

state[ 1] = thinking;

test{{i= 11%5); Eﬂiﬂhﬂutﬂxﬁ@ﬁﬁ ﬁﬁﬁ{iﬂﬁﬁ”ﬂﬁ_"r

test{ (i +1)%5) thread 8E7E i~ X 15
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I
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SR — £ 45 2 et o T e R B pickenp e AL E 2 B8 B2 8 purdown,
cobegin
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|
|
ooend
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item Bkl ARHETE
ind o, oty RN
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semaphare notful
int motfull_count
Irperface Modube
defime append , La

1, notempiy ; HEEER
PEFRpty_count ;

IM

ke;

s em:n]mm,wailiﬂlwi
void appendditem & x) |
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k) SARME R
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— leave( IM};
|

void take{itern &x) |
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1. What is a Monitor?

A monitor can be considerad as a building which contains a special room. The special room can be
occupied by only one customer(thread) at a time. The room usually contains some data and code.

i N ERFRECFIERMAS,
fm;lnujw | Wait R oom ﬁ{ﬁ%&

’ Hallway EF#E& EH
SO0

TmutexJEZCH

If & customer wants to occupy the special room, hig has to enter the HallwawEntry Sat) to wait first.
IFQ). If he is suspended for some reason, he will be

cpecial room later. As it is shown in the diagram

Scheduler will pick one based on some criteriale.q.
sent to the wait room, and be scheduled to reenter U
abowve, there are 3 rooms in this building.

Evary Object and Class

HHEFRRIEHE, BEFRGEE—TFEELE
Vit / figs—Task. MMM, IK{FiEASpecial

Special Room Wait Sel Roomg
@ e

Entry Se1

(Clejalald)

In brief, a monitor is a facility which monitors the threads' access to the special room. It ensures that anly
one thread can access the protected data or code.



How to make a method thread-safe in Java?
By X Wang

Interview Question:

Is the following method thread-safe? How to make it thread-safe?

class MyCounter {

|prxvata static int counter = 0; | —-TClassByStaticTF &,

public static int getCount() {
return counter++;

}

This post explains a general interview guestion that has been asked by Google and a lot of companies. It's
low-level and not about how to design concurrent program.

First of all, the answer is MO_The method is not thread-safe, because the counter++ operation is not
atornic, which means it consists more than one atomic operations. In this case, one is accessing value and
the other Is increasing the value by one.

Time

Thread 1

2% ClassiObject L AT LUH & F Y
counter* &,

SRR AT REEEL.

Thread 2




Make a method thread-safe -

Method 1

Adding synchronized to this method will makes it thread-safe. When synchronized is added to a static

method, the Class object is the object which is locked.

Is marking it synchronized enough? The answer is YES.

class MyCounter {
private static int counter = 0;

public static nt getCount () {

return counter++;
i !\
}

Javaili 5 ER4RX 1 ObjecticE—TMHE
IMonitor (Bf) . MIRIEE F.

If the method is not static, then adding synchronized keyword willsynchronize the instance of the class, not

the Class object.

2. How is it implemented in Java?

In the Java virtual machine, every object and class is logically associated with a monitor. To implement

the mutual exclusion capability of monitors, & lock (sometimes called a mutex) is associated with each

object and class. This is called a semaphore in operating systems books, mutex is a binary semaphaore.

If one thread owns a lock on some data, then no others can cbtain that lock until the thread that owns the
lock releases it 1t would be not corvenlent if we need to write a semaphore all the time when we do
multi-threading programming. Luckily, we don't need 1o since VM does that for us automatically.

To claim a monitor region which means data not accessible by more than one thread, Java provide

synchronized statements and synchronized methods. Once the code is embedded with synchronized

kenward, it is a monitor region. The locks are implementad in the background automatically by JVM.

3. In Java synchronization code, which part is monitor?

We know that each object/class is associated with a Monitor. | think it is good to say that each object has
a monitor, since each object could hawve its own critical section, and capable of monitoring the thread

Sequance.

To enable collaboration of different threads, Java provide wait() and notify) to suspend a thread and to
wake up another thread that are waiting on the object respectively. In addition, there are 3 other

WErSIons:

LfEAwaitflnotiyfIfH g, 2EC&ERT
Mutex, 3t A T criticalareas

wait|long timeout, int nanos)

wait|long timeout}) notified by other threads or notified by timeout.

notify(ally

—

Those methods can only be invoked within a synchronized statement of synchronized methad.;il'he

reason is that if a method does not require mutual exclusicon, there is no need to monitor or collaborate
between threads, every thread can access that method freely.

Here are some synchronization code examples.
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1. SIGUSRI - User defined signal 1
2. SIGUSR2 - User defined signal 2
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3.5.4 AEEREELR Message Passing
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Intel 802867 FI, RESEAEEE,; 8038ézEMT nmilsl. HEE,
ALl4. MWMEEPMREATLI B mEmERT -
[(ER]: 7BREESIMEERARIIMNKRRE : BRENAREITRAN ;
MENATBRAN , RERRH , flilintel 802862 BIMNIFEE ; 80386
ZERETHDW (Page) To T“ETFoBRNITANEER", FHERN
Eii EBMATEYS , EERNEFEERANEEMD,
BRESTZE, Intel LDTH B KL ZFMPage Table, NN HEBEBREC
WLDTAMEEECHNYWENE. £RNVWLEESIGDT , M ERzER
H, BT92RE , BEXLETAT , @idseg selector&Piz 0 , AR
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MEE—MERFBRARNENTRE. EBRM—XRHzE (BEILFHF
FRRE|M—RXLDTHIGDTER ) , MRANBITHHN , ERHRNBUT
#B21E ( not treated as ) YE U TR B —RXE TFPage TableYER,
REHROBIEST SoffsetS H W WE I XN FISHIE.

General facts

Paging translates linear addresses ( what is left after segmentation translated logical addresses ) into
physical addresses ( what actually goes go to RAM wires ):

W

(linear}|—————— > (physical)
segmentation paging

(logical)

Paging is only available on protected mode. The use of paging protected mode is optional. Paging is on iff
the PG bit of cr@ is set. RIPRIUT, WMRTFAIENE, ME

o \::[
One major difference between paging and segmentation is tr'la_t ng%néﬂiﬂ;z#é bl;{/f k:i {}Zm*{%ﬂﬂéf
_J'_)\.. 3 L T

+ paging splits RAM into equal sized chunks called pages hfit.
+ segmentation splits memory into chunks of arbitrary sizes

This is the main advantage of paging, since equal sized chunks make things more manageable
segmentationZ2 7 M (IBE) §9. N, CS, DS, ESZFHESE. PagingZFaJ LY.

Application

Paging is used to implement processes virtual address spaces on modern OS. With virtual addresses the
OS can fit two or more concurrent processes on a single RAM in a way that:

both programs need to know nothing about the other

the memory of both programs can grow and shrink as needed
the switch between programs is very fast

one program can never access the memory of another process

- & 8 ®

Paging historically came after segmentation, and largely replaced it for the implementation of virtual
memory in modern OSs such as Linux since it is easier to manage the fixed sized chunks of memory of
pages instead of variable length segments.

] : BIRCPU , #lin , Power , PowerPC , MIPS , ARM , #& B
( segmentation ) #l5l , MREERXRNFEEHKEBRANPagingEBEAAFF
BT, BITLAREXS6/NARHN—MNEIEREREART .




Figure 1(a)— Real Mode Addressing _ )
Address: B12a:FFEC iz Rl. A LUBIregisterF 175!

= . 1
f_/_/_;? 51230 FFEC + 16-hit Offget
91C Physical Address
EBAR, ZTR16. 204 2L,
Figure 1(h) — Protecied KMode Addressing
Addressi O055)FFEC

DT
e i Mo Entry 00k
Fﬁlﬁﬁ E(iig SIEECt_G ) . Bazse Address 08h
HEmEERN T4 Baze Address | 10h

“-Base Address | 1Bh

Base a.ﬂ;\;:ldress 50k

Base Address ,

= 81230h

LOTEkFCOTERIER

81230 | OFFEC | + 16-hit Offset
921G | Physical Address

[ER] : Intel CPURYBREXN T o<, BAMMATTLERRET , RARTHE
E? BRENMCS , DSERERFAMEZRT (BREEN ) . REHE
GDTEEMHRFMF I REREL N0 , K/DR4AG, T EH R0 , BIER
LI R AV B Bt B B S BTN |, STEANH APagetl HlEER,




Linux/x86 3T Ex Al Hl A &
Note: @idFiigCS, DSZselector, FigRDescriptorghitil H0, =HATITES
HhbH 5B A S TP ge S, MR b s
76 #define GDT_ENTRY_KERNEL_BASE 12
7
78 #define (DT_ENTRY_KERNEL.(S 12 (GDT_ENTRY_KERNEL_BASE + B)
79
80 #define GDT_ENTRY_KERNEL_DS 13 (GDT_ENTRY_KERNEL_BASE + 1)

185 #define |_KERNEL_CS (GDT_ENTRY_KERNEL_(S * £) 96. Ox60|

:IEE #define __KERNEL_DS (GDT_ENTRY_KERNEL_DS * &) 104. 0x68

187 #idefine _ USER_DS (GDT_ENTRY_DEFAULT_USER_DS* & + 3)

Linux’s GOT Segment Limer’s GDT Segment Sefectors
mull o0 155 Oxfo
reserved T | oxss
= " PNPBIOS 32-bitode | 0x90

PNFEI05 16-bit code 0xgE
PHPBIOS 16-bit data Qal
PHPBIOS 16-bit data Oxal

0x33 PHEBIOS 16-bit data Oxbo
x3b T APMBIDS1-biteode | OxbE
x4 3 APMBIOS 16-bit code Oxcd
APMABIDS data 0xCh
not used
not used
ﬂnl‘EErE WERNEL_CS) not used
0x68 [ TKERNEL_DS) not used
0x73 (__USER_CS) © notwed |
ox7k (_ USER_DS) double fault 755 oxtE
G Limit 5 Type DPL 0/B F
[ ugércode DX COC0R00a 1 onfHFf 1 0 3 1 1]
}(serdata Dx00000000 1 oxfFFef 1 FJ 3 1 1
f kemel code DXDODODADO 1 oxfffff C 0 1 1]
kemel data DX O0000000 1 oxfffef 1 2 0 1 1

Descriptor3 %y . it 70



Since x86 segmentation hardware cannot be
disabled, Linux just uses NULL mappings
NULLZ fgsegmentationfa iz i H#E fF 1 F Base A0, segmentationfiselector g A=
Linux defines four segments
= Set segment base to 0x00000000, limit to Oxffff

= segment offset ==linear addresses
50, i@idintel CPUMEAXZ32bitf1 57258, B TFSegmentiibaseh0. 3413k

BEATAR 3 2 bitpgiEtit. #APage TableZs T AvHEHL,
= User code (segment selector: _ USER_CS)

« User data (segment selector: _ USER_DS)
« Kernel code (segment selector: _ KERNEL_CS)
« Kernel data (segment selector: _ KERNEL_DATA)

[ER] : BRANEREBEEEN, 8086F180286216{IHGPR ) , Hisit 5
L R201 240, EBEiTRreg + Offset e “BHE”—120 / 24 B ity

ht, 386R32{UIER T, E—@B324L ; BT Paging@HHF. BBHNRBRE
HBRE32, AMAREREH R0 , R LAEAE FPagingtIFlat FHE R



20 Ietmory Interface

e i e e e e e o Il e L — BUS INTERFACEUNIT(EIIN - — — — — |
| |
| |
| - I6 ) |
| Dffset Addeess - 6-bye |
16 4
|- Instructi
| Seguent Address — ; Qq,:cueﬂn |
|
| Es ]
| cs |
| = '
D& TSR |
| 1P J |
| I| Instrzetion Decoder |
l— _—— — = = _— _— — atul cotityol [
|
| i
| LS i |
!IﬁF
l AH Al |
| BH BL Anthrneiic Loae Unit |
| CH EiE) (ALL |
| DH DL I
SF - |
| _ _ BE OFERANDS >
| Exzecution Unit (EL) =T FLAGS | !
| L1 |

Fig 29.1 Basic Architecture of 8086 Microprocessor



Intel 80286 architecture

ey e g ey ey e R A F L A LE. . E A
! Address Unit [AU) 16izfIOffset o
: ; : Address Latches
: [l and Drivers !
E Prefetcher Extension |
: Interface PEREQ
E 1 - READY#, HOL/
N 1%, 504, CODWNT A4
. LOCK#, HLDA!
1
! Dat Tranceivers D5 =D,
N DU IR T~
L L hitEgEsa |
i 1A fgasE 1 6fiif.
E , [——— RESE
i : [e—c1x
F 1 —— V55
: ANALA ' : Queue E ) -
1 Execution Unit (EU) Y - Instruction Unit (IU) | fe——=CAP
e e m e e e e e e —. - —-—--- == - B N . L L L L L L L T .
e | eseon " [BERaEe 6f |




| 32fupiOffset (fRBE) KS58F | Segmentation Unit Paging Unit Bus Control
32 34
A A |7 HOLD, INTR, NMI
Sinput , INTR, NMI,
Effective Adcress Bus ) Adder  f\(] e C ERROR, BUSY,
RESET, HLDA
Effective Address Bus > LoE
f)l -
q s Limit and
P-rr::f::;? 32{-—1'- E{] %iﬂ: _> Atiribute
PLA
-~
§ Address BEO# - BE3#,
Driver A2 - A31
: '\ 3
: Ll T g e
Internal Control B Bus Size d
— o Tl
| g BS16#, READY#
k7]

v a
Barrel Shifter, — ::;\ Multiplexer | _
Adder e |:> Transceivers o=k
Flags Decode and A 4 \ 4
Sequencing

Multiply / J Instruction Prefetcher /
Divide Decoder Limit Checker
Code ﬁ
Stream 8038671 i4H T Paging&i {4/ #.%| |
3-Decoded ez |
Register File C: Control SR incwruction Ll
| Queue > Gumcr
ALU Control
ALU Instruction a2 Instruction Prefetch
Control Predecode 32
AN Dedicated ALU Bus
Y
| 321&&{]@%%@% | PLA: Programmable Logic Array

FIERFRE

732 CPUT, Offset&mmk32bit, #4G.
Segment registers
Ccs Overlapping
- segments of up
E":"_ to 4GB
§S beginning at
ES _— Address 0
FS
The segment selector in
each segment register
polnts To an ove;lapping Linear address space for
segment in the linear program

address space.
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4.5.1 BUFABNED

AR ETREL AR LAY ENSRESHENTH. BARSERE.

HMBENLHER. RENMNEENLRATFE SREAERMEN. WEBRET—S.
HERSRELTEN ARESHT AN SN TN SERERTFANORTERES,
ERHUTEARNEROUTARERS -PRAR. CSESENAS CHRERFCR. F
SRR FERARRNENNE ASYRENEHFEEALY. . NeRFFRES
oMM m RO NN NS SRR SRR RN EERE. AN RS
MNP ARG DRSS TFARE R E P, S TRIER
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JEAHEWOEATHRENERN ANANEH : ES SR, SEEANNEER
MEFSWRY ATHERENEAET SALARFEN. R FUREFEEM N
SN AANPREHTLS BRSO EREGR. AFN oI ReE TR LT RS
BERM . SrEMod . CRIFTRARRAN - T HRELMETEES. EX v B0 ran-
{virtha! memory M Fotheringham, 1961 83,
HpmBme Lo r ENNRERHERABRHRARES aERESRARES
WHROM.ELER AN R - LR ETER AN A ER-EVEE". TE
L affsavneRedeRriadndoRiar au/ranwRksnRtuL
AR HER TN MeEEE R, 0 Intel x86 PSR 32 {3 MW IT
A S M 4 G, Windows ¥ Linux 85 % 3 M % - 4

WIE 408 K REUTERBAEEE X FREeSRBUSRAARSERNOER AR
TC, R A M VRLRE SR 0 R R T O S T L R
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MMUEHE, E} or/andTlfx
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JO IS8 00 18 96 LA E 0 CPY 2 M7 R0 K /5T LI R & R MRS % 4 B, 26
2MOBMET CPU M & AHLANY ARBRAR, CPURRETHIHANRENS
S K O O WL AR 0 0 A

—[ 1. EWHK
TR LI A R, 8 S WL & M Bt MR SR, R M

BRI BT N CPU | BFE 08 PR 8 % A — U, 8 CPU BF

RRZEMFHRNUMEAEFNONERSE KRG, AREREEWNS, RERNIEE

RBEEH CPU, SO 170 MOV A LA, MR LN R 2T B, SR 15 0 35 0, FF A

F8,CPU B, 1O E (RN IO (F8) I — 5, B R L, R

038 RN, TR 6t RO, T SRS M TR, RWH L3 SN
(1) TS HAR R B

]ﬁ (2) BEMA 5RO, R R 2R

(3) HBHS: SR EFWNS, RETHBH S HAENE > RREN.
HREPEHEETRERRAGT O . BAHSTRSEEY -8 170 BNLR

BB ERENTSRENRED, SX R EEE RN, RABE 2SS LO B

BERETHRGS, SHEKEE T & REAEN,

—HELCPU R MR SRR 200 i RSN E RRE IHE 5 . 5 — 8. 1/0

A& RMG, B CPU S SN T, §RCPUREE ENG TE. B ENRERSR

WL, R % CFMAAA BN, KR,

PHAARRCPUSRERNIRBREZAFETHMRR. S E0UBARE¥ BN
HEAPRALFE.CPU SES2ZNENaENIRnT.

(1) BREHES OS2 CPUSRAENELMEEEMENNTE. R G, 88
HEEE TR BRI 170 B SIE & B MTE CPU S 10 BiERR:

B MRS T LR FRARET ,
REEZEHNERZESR/O, HINMFE2EFHRI.

MU EERL AN RE LR
R RO . AR N MR R




f5lin, Packet Buffer

Jl ®WE® AeTR -

Q) RERNUNEFRETVIMAT . SMIONSNER . AENE®N OBRRIRR
FRUE R, o N 1O B .—HNffMER. 2ERVBALPRER
MR A 10 PR S

(3) CPU BB WE 1/OPKS . W 809 140 P0E b MM PERET

(4 Vi L PP O D 10 O R A NOE LT R
ROE 0 10 R R WA TV RN, O T N e B
| fGELESE L

(5) i 19 00 P PP O A % ok T R

EIOPRTLh SRS ENMINRER S, R AL RPN
AERWHENARP. EETPRACNSEET . ENCENCE CPUMNE, FEEERERS
S e GREPRER S AERET L. SRR D, R CPUEFEN
HEERBESAL. EX AFPRYL OB TRSELRE 1OBAENE.CPU R
S EREBAHTRE SEFEN VONBTTIAFLHE FCPU REBHYESSHA.
| 3. DMA B

AEpm NN PO ST CPUEEOHMNE. EEREp KR
Z8 . LAFERTRFE. HAPRELRAETFSASSEESRET. R ERTES STTUB
CREENEESACPU B4.CPU NN EETER SRER TRENES YR
(Direct Memory Acoess, DMAY I 3, 2 DMA Hi#.i#llﬂllz_ﬂi—lligl.l‘.
BBiENE. XACPUTH. CHENEANEED DMA TERS. S TERNEFABY
R, ETERLT—XFREM.

() EFRSTFrS. . CHEPSETANEMSE DMAMS 2R . AREZA TS
B DMAM SRR, R CREES e TN ENNEE 1

(2) FituB . R AN TR . xR -t FREFH AN 1

(D AEEAYFEIINERAE AN ENS;

) THagwrd. AR ORLNEE DEAMERES AN .8,

(5) PHAEREYTE . TS CPUSE LOPHAR, ERTTCPUSEN 1O &S,
W DMA SRR,

DMASEFRBZESAFEHER. DMASREZATERFREF Y 0E, FEL, DMA
PEHERREENNYE FYHEBRSEA DN, TRSHRAHOEN: bt W BME
FEREEESINRKAA TS ANEARSESER KFEFARE. -EEAF SRR
W MEEEH TN RN A LT AR SRS F e e
BESENNENVIIYaND SO FHSREERESUES DM NN, HT
HEdSeErMon UHTEESS . S —-1+FEEE A EFMB0F -+ FOBHE
HAOWNSRAENIECEIE RAREST . NENSTRSEY LN Y, TR
Moy EEPE. . EDMABREESIRFRE A8 RREEHE

CE LT FERTITT T BT 0 V- DY
MEZMBE, CPU, AEM/ORsHIHAZERBUs ERgEHE. CPU
AGH2iEE. DMAKFRE/O

2 FiBBus H BHBHUIE R IX L N FFDRAM,




http://en.wikipedia.org/wiki/Channel_I/O

5 lTDwxaEw 313

DMA B EFEB s tSdHENERSF a8

DMA FREBN P NN ERD DMA KDY R DMA S5 CPUBMBER D
AEFANHNE.CPUBRIESR S ikl DMA.DMABEHAABE L SNEA". B
BeEAR Y+ HRER. REREFNR RN SEFESE CPU TH, ERFE
MECPUBME., SXENEEN FLAAPRRE. 2-SBR CPURNSHEE,

B F DMA AN CRESNR . rSEN. BTN AR ATHEkAGSRA
AMLE. BE DMASEEEEHSRNR, SFE CPU SRR DMA BHEFSR.
ARNENRS OBEER AEEXPRHITEAY -SSR,

3. Bl Channel
DMA 7 & 5 W F Sl 5 i, T CPUM VORBS TS, B8ESH—X 10

iy, ARES— TR MPEE - AREESETENSRER. SEENHERNAES
EFEMENE, MRS CPU SRS VONSRETSR 10O PELATBRR.
ARFARDMATAHRR. REHIES CPUS LORES TH. AN. 3 TES 2N
CPUNRSZAKHTIAEN LAHTIHARSARRNEENNREEGHEENED
EERRED IRAREI N aAS R Elnn AR LRLRERRHNAREIET
RN R ERGE RN,
AR IOLANBELEAMEIRREZABMANE. S CPU SHBRRITRE.
FRaaEATENE ORGSR ERESE LN Al ERBREN OB
fE. XAMIRFHCPUZANENRE ECPUARER LORETSRGE SREER
CPU HiT8 {2 M TR RE2METRE. APNEES- T RENXOHS,
RAAEReitAEN SRR REERREAR RS ER. RN,
=4 CPU S X T LSBT, ABEETENE. - rENBgLERETE

# M 170 Hill @it S 10 B PLUA
A LR, - B0 ShE, El ERRNA T R, e CcPU Iﬂ'ﬂﬁﬁllﬂ'

##4 0EIEHAT A, O 10 SE SRR SE R VO RS R T R R
LW, ST AR 1O R

5.1.3 ewEwH

MOREETHAMEA T TEANER, —RENRGFRA, UL ME R nEME
HRIHEE. L FEARSASENALIER ERVHNAT. CATEATRY EMSD
P AMBEARR LS.

E'!I'FL—H.-H!I!HH —Jﬂiﬂ!ﬂ!!!‘.ﬂ ﬁlﬂﬂlﬂﬂ!!!*f!!’
i ) 20, ik ¥ i

@ (Channel) FR2AITBEREABYLL. ERIHHI. BEEE
EHAFEN. channelig S84 1EEE. MADMA Enginefd&
T BHIChannelfy THE =, S MbusES, ik .




RS R R E xR, &, RETRERE. fim, E/T
SIS FELIRE . TG RIEER BRI L.

i 7 3 28 0 i . 80 L IDEN Inegrated Device Electronics, 88 8030 & 0 F ¥ 5 48 i .SCS1( Small

i N g EBL g DR T
o, !Ei!CPU NEHHZNH! Y. B T 5 0 o o Y KL
8 CPU i i 09 5+ 17 M 1l

RME MR ol - RRED, WD BERSTEYNTRE SIZR. RELR
AR A R, BT G RN 409 IEH(512-<8), REG RENRE. KP.
AWERERALNTA CENERE ANEES 2L . NESEARSNL. EHBOE
FREMIHEAERLEY FARWMBARNEFEURAY TR cuRRRLE0E.
A O M R

CRTEMBERAHUNEE. ENEFNSPERRERTFENFET. L HeAM
CRT MBS SRR FERB L. EMBESESEFNMORREENNENS . R
HRTREDRMEFAENYANNERYS. CRTERTHZN . SHERRNEET RS
L. RN TY. TN,

MERHEMH. AT ANSERSHDRERERT A ANSRTRTE SR, WA
EWHEE ARE RN SMRTRG 108N, L XN ERESRT . NEHFHAN
llﬂﬁﬁﬂﬂ'mﬂiﬂl'ﬂ
]——:‘: ] ﬂ.ﬁiﬂﬂﬂ Ili#ﬂllii?_’.ﬂﬂl!ﬂ‘- H.IECI'U H.Itl!lilﬂ'-

R R, dENVERTTRERE SESREOREN . AANE TR ERE. @&EN
LIRS 3] F

s

() EREEES AL HBEZ N EEGE. A EN oS RN, R ER
ELPRNE

(3) RANZARERARFORSHD . B CPUENEA,
(4) ks ak PN,

ATEREEASOSINE. SELNSLANUTHRBEH - RUFFIRSRE . &
EENEFS RIS eSS . BT ESFEHTENS LOIN.

B osnps
%38 (Controller) WEHE— SN
— b igE. AR FHIEEANERE, LT
ESAEMLE. PCIFI4RXM R
—M/ OiR& 5 A 7R bt 2 ) ik 5 4 — ik

[ X% ] : “Everything is a file” RARBREREN — I EEH S, B

XEREHBKRANBORFBRREZES LM, BRREN , ERELRAE
F : CPUNIRMIRE , SIIASICE S , #RRE., BAZITHLERED.
REANETRE , ARKELLZ.



i = o (=] B o, A
TEEZE. H Z ECPUL—{~rREfTERiE-

BLORNHEE, ANEEERENR-BANERRERNSE. HTENCEHE, B
FEEBR RN RN, RO RN AN, O
1 0 0 )

() REEemAFNAYuMIrRENRrEN. SAENNRREES,

G20 S N R W L T RS L R
0 0 O L

() SRR CPUERR ORGSR T RE TN, A EPENk, St
AL LA RMEE N NS ORI ERRESH. AFRNEASTR. Ry
150 000 A

{4) I#H#:liﬁ!. A AL E S L RNER, R RS,

i.r 1oRAER IS

o] RiFEIN L) S 5% 0 T 86 i 4 A

E:[-’Oﬂl‘ ¥ 581 R OSSRl AN ORH

5.2.2 OB KELBEME user land device driver
AR DKL AR

-3 ' ' E.RSEfSEENEE
LeL g Hﬂ#'&&ﬂiﬂbﬂlill. !EEI! MORET-ATNREE, N

PR W AR 2k 100 PR B IF R IR CPU S A PRE AR BN,
HitdE® CPU BEPFRRHN CPURBEREANAGFLIBE R ST MM,
REEHEREFCRAAT AFCLPEORE. AN VORI ENRS LR,
FUMCRAM. GP LR RN REHANE, TRRNT HETNL, oARTH e
R EAHETRAS . FASHESN 0SS EREEEAER T -1+ LORR,

5.23 MO@REEDHRE

BHREHERFLESAEEVHENSEARB RES R - PR B EATN O BEY
EAWA /O REMODNNT NREEREYNONE FREANELBNE TR
FHEAHARAES. B ERLELEENRT. TANNESE . SRoROMNELE,

ERAR. QENSNFNNEEA R TRENRAPREFARF VOAR. —RRY
HIORRERE - & SR ARAENEAES M. EOBRGR T AR AERTERSE
ARR ABKEHEATREA VORRAND S 5HARTES . BEKN 1O ARAN S
B /O RRiEh L,

RTIVONREB - S RERERYTAROER. HTEREARNFHT. CRL.3F
RERERNPAESE DEESBLTEHN RNELN B S ZRGE ENRESLES . A5
TZ.ECTARERESENNERFRNRTRS AERELNENRETANT A ng
SHHENSE. FooMl—k RN —Sa4 (0 DMA), B —£00 N e lt&
#OHBFLE ERAT L),




MAOSHMEFFHI0. HEFTEHESHF.

6 ®ER® @&ETR

EaWOMERBRMNESZ0, KRN RN, EXFRMRTF. ANREEANE
FHANRESNOSRER. et FaRTG. NE.ANTFEEN FRRAE.
H-WMEARGHAEFNENEANE Mo ficeanEaREREaenindan
ABRPHALTFW. BTARIELAPAER. EoRENME. ERTZAUBERA N
MR EHN. RGN EENNERSRAENARREE DR ET. EHRESRRGER
SRR R O R AR RN BN, EMEN
F=4 1O MRAMK,

i R W ARSI

1. @k

ERRMEOSAEENMENY AERSROMBLESENE,

. RETR AR

oL EhiRkd R TR T ANRRS O R ANEER R BRARE Y. 0
il m Iy,

3. TP AL W

Oy 9 O e L L L) M

5.2.4 MYTE&SH 108K

AR EEHRERERGHY MRS IORBDNEELE AT FREN 1ORE
MR ERARFZMG RN TG RE. KEERARTEN TR RENTM IO
MmO,

1. &dEol ey

HTRERRAN SEERRaTE. ENERCH N ANREEESL STREN
WP E node SCIFBEN R BRRLE SN, B, UNIXALinus # , i 8 & dev/uy00 0 —
HWEL - THPEARES node WH N PUTESESG AEEGREANSRRER
BRF ARG RELEE AEHANTFREYHRSARRRE. RETOAN CHE. N
B NI A RN, A0 open close , rend  write  stat B leeck %,

REARFPREARMOREEARBEASPANRE. EERLPRERLERP . HPran
B 170 8 0 I 00 U0 AL R R 0 Ik, 10 B8 L W S N O S e
M. B, UNIN AL PERA—WRABHEE. ST O RENNNZHEM
rwx RIPNM, UAFTEMERIRELANATAT MRS R A RERENNER,
Windows PHE&NF L EHRERETS RS LRI ENCEANT IORE.

W EHEMT node BEER. THARSFRES THERE-TRETHERRSE
ZHLEinode M HFETEL . EETHS nde EXWMMBEN LS EN . SRS TN incde
MESHANERETSEFENET. AEENEA 108,

ey, EREEMNEFREEELIZIE
HHERopen, close, read, writeS
R &Y.




AT AMTER,| X2 A Auser land driverfBFRITHIRE.

o, HEidk Ry FnEdE s2 1onasER N7
(Payload) &b, '

2. RIRTREXEMRN
Yk it m NS AR A XS IAESREOEER. A TREEAWIETIR.N
ERETEN S T EAEER - RRRTMANARARE. FEFARONZLRD TRE
AR R b L
FEEEOAECTERE B FRENH OKBERES ST HASRNEBER
—HEEER YT EMEETREGSY—TE20R. AR, EW.AERFRARRL -0

My  SF4XOARESR T, 2R . FHASSXH -~ F¥HRATRE.HEF
0 L M O OE L L 008 (0 0 T O e O o O e R R T

ENC BT ES

HENFASRZS AR FEASREANRE. OAS EHENNEARESH SN B
AMDAR TR, RELENFHEEHENR. ARFERRE . SASIEPERR
RARAERRTEENES. REFVTFRRIEEENESEA|TEdEEFRMBRLE
FEANEERDE. ETRAF. EFGXREHLRINR SNSRI
HREE URAEERTEEORERERTHFEASENEN Qo ARAMPERER,
RHEEEUT AR SELHUEASMEHESERRNS NS SANHETEEA. HTF

BAREHEERTARGEEEOEE ATFRGRAGESTTHR

TR oty 8 ) O S0 O O O O D i SR L . O
A RARNMBE. &Y LOREEESH BN,

4. REDARERSHE

BUER & 0SS BEARMITENS. IRANSHE. DI RANAFE, —
50 5B E .0 COROM. Bl -3 RAEN -+ ENWME. SHPSEI SSHERRY B
R RO SRS, FREATAREER RS RGN AR, B
WL R W OPEN {TH SIS & 0% B i E3 17 0 W, 80 & F6 8. M OPEN
W N AR iR AR,

5. MigERNEYy

M RENNESTEEN MREETRERERFS RV NOEN SR ONEERE
RN ERDUNR, DRAELERR. NCARGESASF, SANNESASE
B G0, SIS R I (L SN, —RANMNE I aREN
REFREN BARFFAREETRETRGTANGL 24N, DR ERGREN TR,
EFELEERE. TARIFRES VO RKFER. EEL TR ANENR A ESHANE
., ERSTF RS RSN EEEERIEEN, SRR PR T a SRR
AFNRYPNE.EREEFEETOAGASTEL, DREN LOGELS. DEUANE.
ENBERENEBeL MEE - TRASEAANEAS . SRATRLRRESERS
(D@ GTEEA BN . MAEARERES. TORRBRRALAS SR, SNERSRE

B, MEREBEE 1 Packel
Bufferfg$t, HEFIDRAMAEI— R is.




121 ®maiw dEwn

O MR, i TERHed. O AEAN. EUERGEl
REHFLE MRDEFHRE HREFT NEDEARE CPUHFE OB REBER
HANEM. EERTHENSE: 28 AERTRTAAErPRERENesT AREN
BFRITIAR, K OMEREZE S CPU RS OREREPN. SXNECPUSN
TH.

LORHRE

MR 1O R PR R B S A R R SR
M CPU PR 10PN, FELEFEPHENDAASREFURNARSEFAEERNER
7L.CPUME 1O NG  MERTRFHIT. N6 170 PNLERNEE.

B oA

RTHECPU SREZMERFERNFN AHNERZL A SHRDF AT R
B % CPU MR & 00 3 17 4. LA 170 IR CPU Bl S8 CPU W
R SRS T R, SN TFERERFRAN RS M
A RN — N, B R, 1N T O BB,

LAEREANEEERET SRR ERERENEN SRR RN
K5 SUSLFOE HLMESNE, MRS AN, WSS, &
R TR 0N e, RS E AR MRS . SRR A e,
EMREN N~ THARSE ARSEELO - SBNEREIENE ECERER.ES
B EEN BRI AR RN,

AT LEHMOEH EFERY O BFE. ENERHT ANERREFRRSES
ElEHLENEEs, CANESN ERANES LSNP ELS TR L TN RN
ME L EA MW, TSN -8 CPU RSN AGRE. 2SR EZANATE,
MR EAE. EREREOTAT . ANERAPEC RS TERRE. SANESEEY
(TER T T IS -

5.4.1 R

REPERNAOESER EHQMERES ORKRS AEEREIFHNEINER
EPFia—rmiE.
HFREEWRA LRFANNIALER. LLNEET - ARNRSENSE RRZR
M TR AR EESRA PR ENAKOHES M aTFTENEFEES . E
BETT R 0T — 00, A S TV 0, R 8 R IR MR AT L S
B Co 7 R S L B0 O e A PR IS T+ LR
Mg . A UME N Y nax(C. T)+ M BT M ESSIFCET. AANGRUE,
T
M R —_—

E |
TRICHMETHES T . FREIEST .




id4 mduE 323

MTREENG MEPNMETESF AR . EEREANAPEANMERERE. 2N
MR PN RGeS, YFFREENA EPENTY
HMARAN—THM. ERAN NHEENE. SH—-HUNEARS  EMa . 22K
T R A R R R — TR RN TR AWM R
WENE. AHERSN. SRR ER ONETIff. MERARGPODNENARDT,
AN ) e L ML 20BN A TR

5.4.2 MW AT E AR FITRI{E

AT ORFRRTEAR. SR LONFHTHRRARREHASE, H 83 A0E».
‘ EMAREN FELARGEHENAEESE ) RELEPE | CEEREAMP E. Q0

RS RNEITR LRGN SERN A REAREA R E 2. SRR E I 4
I A O A G LR R LR 2 R, R
BN THAE 2 PR, STEPETHEN. 8 CPURESE. SEREEZEATHASR
— S RO Ep EEL LEEEEREe TN S, M sk
=M, MR C< T MARFIETNREAES, S bF M ER)F T HESS 89—
e ST B — - I K R E MBS T, LE R N — T 0 e b B L R
PR N, NN EY T8 max(C.T). B
BOAHNR T RERR R SR TR C>T NN ARS8 - it
HRNL SEE—TEREPHREEEMM K. FERMNEY M ST RRESFHEN,
FREME A CBRLL, R S A MY C ¢ M. M e C. T) ¢ M BB TR
WRENFANH OB . UEPEARARAERE DY OMIANT.

BMORPERREITONERET . B ENEARSE | ETORHE 1 PGSR
BY LB AP E 2, WE I ITOREN, B E 2 ENFERA TS, iHEER
WiT MR, 0. ORE RS LTRSS TRORS.

5.4.3 588

ERREpEAARBEERSSEATI THRERE At RaRER T EENAR
THA+HAD. SHELESALSNETRTERNEEESAT NG AREEERE
ERTRPERR B FARLERENETRFHES ALY BReEHR M EPRED,
EREERTLTHEHL. HTARIHNE. ERURESHITE. STRASEPHERON
iR iA.

BERMAEFRMPHE—ERP L. ST EPEEN - TRREHEA T -+ 0K,
RE—TEPEHETEOE -TEPE ARMAFED EPEHNRASFRARZRNLA. S
AFNEPELRRMNLARR. IRARAN FLENR—FERTR, BRI ERTHY
HARNE CARSHAREEPE. ATERSREHE KOS98 E, SHRIHeN®

Bilgn, ©-FIEEhEE A K AT LA IR R 7
ZRRFHRERE K .

[ 8]  ®RZFEX¥RMemory Based /0, #4$IReg 3% X 15 B
CPUithutZ2 /| , FlNiEPCl, EERHFERNE P XEX SDRANAFEF
—#. BEERFHitmapREikibut Xig, BERGE , FEEELRE—
5cache B |, #il0 , non-cacheable, &2 , B RKEZDHBRE
MMUZE G F RE& 5Bk @,



3 WER @#awnm

http:/fen.wikipedia.org/wiki/RAID

The most common types today are BAID 0
(striping), RAID 1 and variants (mirroring),
RAID 5 (distributed parity) and RAID 6 (dual parity).

RAIDE A ZHIAEYIREEAE. KEY
HRFBIERGKIHELIIF. 5o, RAIDIATEL

EUHETHRE. FEXHRESALIZE
Software - RAID,

555 BomATE&EN

8 7 6 R TU o BE 4 Redundant Array of Independent Disks, RAID) 898 5 # 1987 &b 2 5
MR AR, S E RO, B T AP A LR L R L
HOR ANGHE. EMSEE. SNEFANES LI SPAaREESNGEn . SMER
EATHETER ANATERLDRRECSEFRERAER. XSGR . B - GSER
AR BIH AREIEHEXRAAFMERER-BARRER, FEATRER, RERL

FEHAMPRG AN TR B8 ORARBERAGLA HELNET O REERE
FATRMETEEFHBRSN . N A, e 10 e,

EBFHARTLP AESREN RAD.XEELHEFTAREER(ADESHN
ByNERERNCTNEMEORA) ERSREREYE TR LERGRES IS
E. REnTMEmT.

(1) RAIDD: BRI NBERF(H T RBTEEN | FRETAEUEH TN BN
BEE.RE RABGTZINLER.EE VO WREBAME. BT ANERD LOAR.

: H.ND'UE%;:EEEE% ﬂ%EE I @:Eo




B4 (Nested) RAID, HAIRAIDIORYE B.ERAIDI+RAID OFH
hERE, A2TenfiERE . RAIDIO: ﬁfﬂmwor%{% ?ﬁﬁﬁfﬂ YwDatc
Stnpmgﬁ}-‘ﬂf —

A EaRROR, TRERE,
) (2) RAIDD, R SR & 5 96 Bk B W W b LR SR W g 5 il o] ), W R )
TR, KSR FE— RN,
(3) RAIDZ; B NIRRT st s, T gg;nn lll-llmlll &
fRMERME e, hFEMErTTRa, KRN,
{4} RAIDG: B RAINZ @M FEREE, KRR B &R Em— RMI.!:lHlulﬁ#.
(5 WAID )80 0 FRCRL AL PR, B 0 2 W, YRR T e N &
R ORERENENSE. - AT SRR,
(6) RAIDS. 5 RAID PESFAGRN. A AREBENrFA e TA L. B0 FEE
WiF,
ZEMe (1) RADS: RMRETREA, B RAH T TR W0, € G R

5.5.6 BEEBLOBERENE

TyEAlENNEMESEE . SRS NN HES LOEHE. FTERET
ey e FRaEfTMEBERa ORE,

. R AILURR A FIA T =6 Rt RE.

MTRMNEALH SN AR ERYNSRNERTRYRES AR NS M,
MERSaREE BNET SR TR AEANSE, AR % STREEaR
SRS B IR T A I, 0 AR, A R M0

FRREEA 1O RN, “RITRTHEE BT E R R K UNIX 052, Windows 5T R .
ﬁﬂﬁﬁiﬁ Lazy Algorithm

UNIX 052 fa Windas i
UNIX Linux Iﬂlhnl:ﬁmn_#ﬂlﬂi. "ETRTEMEEaRMEEAETE
WECAWRBAEREASHR, EF-EARGRA EUNAE . EXSERELN
BAEeHEAYEEAR ANANES S TN R B R R EM YT a0
!lﬁlﬁllﬂ-‘:'iﬂﬂ'!ﬂﬂtl#ﬂII#I'IE‘TE#.HEJIHHI##I
ESEASHEREHRNES, SHEENDRNEEAEH AAFEEREMOY @i,
3. mma
EHARNAEFEMENKER. TNRAME, ENAKEEEDANFISESEE

#{pCPU CachepyWrite Back., AREZZIF(E.




RAIDE# (1)

RAID O Data Striping

%>,/

Disk O Disk 1 Disk O Disk 1

¥R S5 HIBE W AT R &

HifE 2#$EHR (block)

L

RAID 2
oo, B SRR, B S ]
wvlurievin vl vis-vley

Bra Birz . Bz
C4 Coo 4L Coz 4L Caz |
L D1 | D2 4 |_D3 | D4 :[.'Iu]..[]n:,,.nﬂ,.

e e e e e e e e
Disk0 Diskl Disk2 Disk3 Disk4 Disk5 Diské

FEDILR 45 5 53 #6 F0 % B o iR
FRELHE. A LRBKARASR.




L6

RAIDE 2 2
RAID 3

Disk O

Disk 1

“““—-_-—""’J
Disk 2 isk 3

HEZFT (Byte)
TR IS A SRR

o A— P&

. AL

. Bl
Cl

4

A2
B2
L C2

[[]l: D2 L. D3

Dis

Disk 1

Disk 2

fuE EBlocktk, AILIF L. fFlin,
FTATFIBZRYREAD.,




AR RIS BUE
RAID 5 ' /
- @
AL A2 ) (A3 | ke
81 B2 | | B | | B3
c1 | |_c C2 C3
Dp D]P. L. D2 .. D3 ]

Disk O Disk 1 Disk 2 Disk 3

R EBlock; RAETBREHE. B

BRI HUER RS B .
RAID 6

—— “fjr—m%z

AL | A2 A fPa

\___E_ZL__,. B2 B L

| CL [ C

De Da :

&

- Bl |

Disk O Disk 1 Disk 2 Disk 3 Disk 4

RAID STTLLERP 1 HERE, {MHPAIES LIk

fiE EBlock; FEEIMKRRBES. 5
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Local versus remote procedure call
Local procedure call:

The calling procedure executes the
called procedure in its own address
space and process.

Client and server run as 2 separate processes
(on the same or on difierent machines).

Stubs allow communication between client and
server. These stubs map the local procedure call
to a series of network RPC function calls.
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Distributed Shared Memory -
Architecture (DSM)

Functional
o Uk
(roult, add)

Functional
 Unit
(mult, add)

[ nmrerconect

* Local memory and independent path to memory as with the
Multicomputer Architecture

* Memory of all nodes is organized as one logical “shared memory”
* Non-uniform memory access (NUMA):
“Local memory™ access is faster than “remote memory ™ access

* Programming model is (almost) the same as for the Shared
Memory Architecture

— data distribution is available for optimization
« Scalability properties similar to the Multicomputer Architecture
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