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19.1.1.4,  MYIASM oot se s s s s ee s sees s se s sssnessesaees 215

19.1.1.5. IVIEIMIONY ..ttt bbbt et b et e e bt e b e s bt e bt e bt et e sb e et e ebe e b e sbeenbeennenreene 215

19,02, B ettt ettt ettt ettt ettt nen s 215

19.1.2.0. B ILEGITEIITT oottt ettt ettt ettt ettt et ettt et sttt et tnaeas 216
LABFEIE T ZET] oottt e ettt ettt e et se e eet e ae e et s e et s et et e a et et e ettt etet e et et e e et eeneserenenae 216
2NEHEFEAT . S HABAEIER BT T sttt 216
3. A E B G BRI VTR ] 0 oot et e e ee e ee et eeeeeeeneeeaseeseneaeeenenes 216
A BRI T I £ oottt et e ettt se et et ee e e e s esee s e s et et eeeteaeeeeeeseeaseeseeaeeenneeeeraras 216
TR G T BIIE R D I ZR T oottt ettt ee et e et e et ee et eeee e eee s e e 216
W =l TR <=1 OO OO OO 216
T MR AS AT B AR A B I TEIZZT] oot en e en e s e 216
8 . S e B ZRULHERE I, FEHE LRI IE I o oottt e e eea e e seaen e nea s s neaerenees 216
10 . R B IE BRI 3 T IFITE IZZT] oottt ettt s et eee et ese et e s s e s 216
11 RIFIAGRSEHE, REFF) “TE7 : WRBENERHASERT] e s 216
12 REBIFT TERT], BT o oot ee oo e et sestssasease st sess e s et s e ssesaeeae 216

19.0.3. B T oottt ettt r ettt 216

19.1.3.1.  FTERASINF - FUBBEAETETTD) corcereeeeeeeeeeee e eeesae e es e sess st esas e en s sanans 216

19.1.3.2. % =3530(2Nnd NF - B PREIDREZERE) oo 216

19.1.33.  H=VER(Brd NF— AAELEXSIE EBIUIIEIBIKIL) oooooeeeeeceerececeesseeeeeee e, 217

R OO 217
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20.

JEFHE CALOMICIEY ) oottt ettt sttt sttt bbbt ae bbbt se b se st s s saneas
—#PE (Consistency)

FEZEAE CISOIATION ) oottt e s e e et ee e e e e e e eeeeee e s s et eeeeseeeeeeeeeseseeeesaeeeeseeenenns
IANE (DUFADIIIEY ) coovovieeeceecet ettt ettt ettt bbbt ae st ae bt ae st n st besae s e
19.1.5. R FHAIFIE TN GEHT SQL FHFTZE) coooeeeeereeeeeeeeeeeeeeeveeseeeveesess s vs s vs s ss s sssasans 218

T T TR A BB £ oot en e s een e en e en e en e en e een e eeeen 218
19.1.6. MK AN —FBEETBITHATHIFEST) et 218
19.0.7.  ZUTSETI S TG oottt ettt et s n et s s et s n et s e et sasenae e 218

e TR T A0 S < . OO 218

19.1.7.2. BT oottt ettt ettt ettt et a et es et enas 219

L9.1.7.3. AR oottt ettt ettt ettt ettt ee s n et enaetenans 219
DO.0.8.  BUHFSTRH oottt ettt ettt ear s 219

L9.1.8. 0. AT oottt 219

19.1.8.2.  ZRZBA oottt ettt ettt ettt es et enas 219

LO.1.8. 1. TN oottt ettt ettt ettt et en et enaetenas 219
19.1.9.  FE T REAIS ZTTZCEH oot s s earases 219
L9.0.00. X e ettt ettt 220

FE BT (FEIBIIBEREIIIL) oottt et s e en e en e 220
IS (FEHRFIIRIIITEAE) ovvoeveeeeeee ettt sttt 220
19. 000, BHBIRTEITII I oottt sttt sas s s 220

19.1.11.1. HEHRBEL
19.1.11.2. RAHEL
L9.0.01.3. B oottt ettt nene

T BETCVEMR Y B CEIERZSANTITE ) eeveeeeeeeeee s e e v s seseessess s essese s s e s s eresraeean 221
19. 112, STFEATII I oottt ettt sttt e sttt erenn 222
19.1.12.1.  CANCOMMUE FTEL o.eveeeeeeeeeeceee ettt ettt ettt s st ess e sssnessessnassanans 222
19.1.12.2.  PreCOMMULBITEL oottt ettt sttt s et ss et eenessseeseesesnasssnans 222
19.1.12.3.  dOCOMMUL BB ..ottt ettt ettt s ene et es et ssneesesnaetanans 222
19,0030 ZZHEZELS ettt ettt
19.1.13.1. FMEFES

T BRI oot e et e et e e e s e e st s et e et e s st ee et eeeeeeee e s e et e e s eraeraeeen

FVEETY ettt ettt eeeee et eneeeen e st s e ereeean

SEIBTARTEL oottt ettt e et eeeeeeeeeeneeeen e en et e s eeesreeeen

BERBETTIEHITE CZIREZIRD oottt e ettt ee et e e et e et eeee et ees et s eseeseseenae 223

19.1.14. CAP
—¥E (C)
AR (A

TR EEZIME (P 1 ettt sttt a et a ettt sttt r ettt nantnan 224
B BT et A R a e s s ettt nnaes 225
12O ISt R O - V(o 225
Paxos =Fffiffh: Proposer, ACCEPIOr, LEAIMEIS .......ccocceoeriveeeeveeeeereveseeseseeaesesessesessssesesessessessssesessessssesosans 225
PrOPOSEI s et b e bbb h e bt e bbbt et h e e b bt et e b e e ne s bt et nnes 225
F oo o] (o SO OO OO SRRSO PURRRP 225
[T =] OO OO USRS UOURUPSRP 225
Paxos FIEI AT EL o ATt oottt 225
T G A [=Y=Yo (=Y 1 = TS T OO 225
T Q1= Y- Ye LY 7 N S OO OSSO 225
20,02, ZAD ettt ettt e et e it ettt a e ettt a bt atba et ettt e tta e b e enareenans
LRI : FERIE Leader BT FR ..ottt
254RFI: Leader iR 48 5 H A R 45 #8347 Sl [R5
BIHESHE: Leader IRF5AIGEIE SIE L HABIRITAR oovveeer et
b0 R TR = -\ 1 S
20.1.3. 1. FHE ettt
Leader (A - AT TH) oot e e s e s e en s s e s e en s esen s eeseneseeees
Follower GEFEZ -F ZETIZE ) oottt sttt
Candidate (FEIEZE -DITTIEZ) oottt se sttt sane st sene s s senessansans
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21.

22.

23.

20.1.3.2.  TEIM I oottt ettt ettt sttt sttt nen s 226

20.1.3.3.  JEZE CEIBCHON) oottt et e et e et e et ete e e eeaeaee et et et eseseeesensesseas et aneeetesesseasenseneeeeeeereseesnens 227
G T T B oottt ettt e ettt e et et e e et A et e ee e et et et a et et e A eee et et ee e a e et e et et et et et e et et e e et nantneaenenas 227
20.1.3.4. TZETE (SAIELY) oottt sttt senes 227
20.1.3.5.  raft TFHT ZAD TFUUDKTH] ettt n et e e 227
20,14, NWR ...ttt ettt ettt et s ettt ettt s et et et et s s e s nananeas 228
N: ZEARIEME RGN, M B I oo 228

W RE— R E B BB R E DT WABEEE ST oot 228

R: MRE—WRINEARIREZR E DT R BRI oo 228
02O S T T 117 o U 228
20.1.8. T FLEHASN oottt er s 229
20.1.6. 1. FME HASH AFTE ..ottt 229
20.1.6.2. = BHE HASH JEBE oot e s et e et s et e s et s s s et e s es s 229
LEEFIERTE NASN ZE AL oottt ettt ae s s e et e s st eeaesetneeseseseset s assssessesaesaesseaenenas 229

2AC AL ZE (0 BT B NASN ZE ] oo see e 229

R & T DN i (1= (4L OO 229

A AT RIS B IR 25 T F oottt ettt et enes 229
T CACNE T B B] 1ot et e e e e e e e e e e e e e e e e et e e s e e e e e e e e e et et et e e n s eseeeee et et ar e s s e e naneeeeeeeeens 230
B T F ettt ettt ettt et e et eeaeue et et e e et e et e e e e et e e A e et e e eeeeea et ee et eee et et e eee e et ee e e et e et et e et et et ee et et e e et eaneneaenenns 230
JAVA BEIE ceeeserterecstsesseseese s ssessess s s sesse st e sasssesse s s s s sbe b e st essebassastassssassassessessesassantensesssansans 232
UL L. LD BTl ettt ettt ettt et ettt et ettt eeeens 232
21120 JGTHUTIES T I )T oottt ettt ettt ettt ettt er e 232
2013 FHATE T I TE ettt ettt ettt sttt ettt st er e 233
p 3 /= U OTT 234
2L L L IR TIE T I ettt ettt ettt ettt ettt et 236
21120 JTF TS T I TE ettt ettt ettt sttt r et eer e 237
20 1.3, BT T I ettt ettt ettt ettt ettt en e 240
2L LA EBUTIE ST IETE oottt ettt ettt ettt sttt ereen 241
2015, BTG YT ettt ettt ettt ettt ettt ettt et n et et er e 243
A T OO 243
A O iy . 2 OO 243
w5 OO 243
R R A 2o i & OO 243
p O R ey 7 - & O 243
= ¢ T 245
22010 FE CSEACK D oot e et et e et e et et et et sae et et e aeet et e et et e ee et et e et enennaaees 245
22.0.2.  BAIY (QUBUE ) ettt ettt ettt s s s s s s 245
v B T 111 O OO 245
22. 1.4, FEIYZE (HASN TAIDIE D ettt ettt s et e e st e e asseeessenne 246
2205, FIST I R B ettt sttt 246
22,050 B AT oottt ettt ettt ettt n et enaens 246
22,052, THIBREEAE oottt ettt ettt ettt 247
22.1.5.3.  BE I oottt ettt neee 248
2208, ZLEERH oottt sttt 248
22.0.6. 1. LB RIERIE oottt ettt ettt sttt netneens 248
22.0.8. 1. L T ettt ettt ettt ettt ettt ettt n et e e 248
P2 I e N OO 249
p 2 L T D | OO OO OO 250
22.0.8.2. I e n e n e en e en e een e een s een e eenen 251
22,07, B-TREE. ..ottt ettt et et ettt ettt e e s nrananaens 252
v < T 174 OO 254
12— A TP 255
2 T 0 O =3 SRR 255
DG TR R = Y N 255
D2 TR G TR 1 = L O 256
pZC T S Y | 0 L SO 256
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24,

25.

26.

27.

B8V =2 = OOV SRUUPRTRT 257
2B.0. 1. ZBIF T oottt 257
28.0.2.  ZBIF G eooereeeeeeeeeeee e ees vt 257
2803, ZBIFTHA oot 257
A0 4. ZBTF TR et vee ettt 257
2AAB. ZBIFIED oot 257

HADOOP ...eeeeieceeeeeeereeeeeessseesesssseessssssesssssssssessssessssssssssssasssssssssssssssssssssssnsesessanesssssanesssssasessassnne 259
2 .0 L. B ettt 259
TR N o | BT OO 259

D S O 1= o | SO O ROEUORRSURUTPITR 259

25.1.2.2.  NAMENOUE ......cuiotictiititeeeeeete ettt ettt sttt e et eteebe s b e st e b e s e st eseesesbesbesbessenseseeseeseetesaessenes 259

25.1.2.3.  Secondary NameNOde ...t 259

25.1.2.4.  DataNOGE. ...ttt ettt ettt ettt n ettt tens 259
FS T G T |V =] = =T [ o = SR 260

25.1.3.71.  ClIBNT ettt ettt ettt ettt sttt ettt et s s 260

25.1.3.2.  JOBTIACKE .ottt ettt ettt s ettt et ae s es et et tens 260

25.1.3.3.  TASKTIACKET ..ottt ettt ettt sttt s et ettt teae s s st senens 261

25,1314, TASK ettt ettt ettt r et ettt et et s s 261

25.1.3.5.  ReAUCE TASK HUITITER ..o ee s e es e s e seeeeee s resenene 261
25.1.4. Hadoop MapReAUCE MY T TR ST Y eereeeeeeeeeeeeeeeeeeeeeeee oo evs s 262

LABMVIRIE GHITIEA oot s et 262
2 B R G MR 0 ettt 262
B G IB AT I BT B ot ettt 262
AT HAT oottt e e n et ses 262
BAEMETE B 0 wvveeeevreieeeeee ettt e a e st n et n ettt senrens 262

SPARK .. cetttecrttetersteeessssteeessseesessasesesssssesessaseesessaseees s s e e eessa s e s e e a st e e n e e sa s aae s e e naeee s aneeee s aneeraanne 263
26. 1. L. ettt ettt b et 263
26. 1.2, FBADZER oottt 263

SPATK COME ..ttt ettt ettt sttt b et et et ae b et e b e e s ae st ke ne s s e st s e e s e e e b eneebene et e s et ebe e ebeneebenesteneneetn 263
SPATK SQL .ttt ettt sttt ettt ettt e e st e a e et e et e eR et e b e st e Rt e Rt et e R et ensententeneeneerentetens 263
SPATK SITEAMING .. eoviitiiteieieieeet ettt et et et et e st e te st e b e seseeseeseebessessensessanseseesesseasesansenseneasessensensens 263
IVIHTED ettt et e e bt e ete e etaeebeeeaeeebeeeabeebeeeabeeabeeeabaeeaee e beeeaeeebeeetseebeeeabeeebeeenbeeabeeeteenareenns 263
(17T o] 0 D, GO OO OO O SO S PSSO PRUROURRPRTURPIOIE 263
26.1.3.  FZAZS oot s 264
Cluster Manager-flEENEERE, WRTE WOTKET ..ottt 264
VL R AR EW = <t s == GO 264
Driver: 21T Application ] MaINO)BEE......ccceverirrieeeiee e 264
Executor: #AT#E, £ AHA Application iZ1T7E worker node ERI— M HEFE oo 264
26.1.4.  SPARK ZGFEPEIH oo 264
26.1.5.  SPARK FF-TZFHIY oot 265
26.1.6.  SPARK LB T YT cevorvererieersiisrisiissississisissis s s s st s s s 266
1. % Spark Application FIIZITHEL, JE I SParkCONEXL........c.cveieeeieeeeeeeeeeeeeee e 267

2. SparkContext [ ZJEEHZs (A]LLJE Standalone, Mesos, Yarn) Hii§ig4T Executor %iE, FF5
Zl] StandaloNEEXECULOIDACKENT, ...c.oveieeeeeeceeeee ettt ettt ettt s et et e st sesssn s st seananaes 267
3. Executor [ SPArkCONEXt FITE TASK ....cciiieveieeeeeeecectetetetere ettt sttt se s s s s s s sanananens 267
4. SparkContext iR FFE T 70 2 EXECULON .....e.eeeeeeeeeeeeeee et sses s s ess s 267

5. SparkContext 1% 1% DAG K, ¥ DAG B/ Stage. ¥ Taskset & 1%4; Task Scheduler,
Ji B Task Scheduler ¥ Task KL EXECULON JBAT v.vuvuivieeeeeeeeeeeeeeeeeeseeeeese et sese s s sss e esaneenas 267
6. Task 7E Executor FIZAT, IBAT T8RRI BER oo oo ee e eee e 267
26.1.7. SPARK RDD JZFE ceeeteisisiirieieietsistsisssisseseesssssssis s st ssas st sssas s sasassesesesassasasasseseses 267
T TS = AN = 3 LG = 4 ] B 267
(1) RDD BB TT TRttt ettt sttt sne e 267
(2) RDD HIPififE T (B (Transformation) S4Ta0 (ACtON) ) oo 268
STORM vetieeeecreteireteiseeeeseesesessesssessssesessesessesesassssasssssssssssssessssssasessasessssssessssesassssasessssesssassesasssanes 269
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28.

29.

30.

B N T 5 SOOI 269

2T L Le BEFEZER oot 269
27.1.1.1.  Nimbus (master-{RA% 5 KL SUPEIVISOI) ...t ese st sess s ssesens 269
27.1.1.2.  Supervisor (slave-ETE Worker HFZHIBEIFILRIE) oo 269
27.1.1.3.  Worker (ERMNBEMBIEATTR) oo 269
27. 014, TASK ittt ettt h bbb e b bRt e r et e ae et e b et et ereeneereeteeaenrenee 270
N N R T4 o To | (A= T=T 1= OO URURRPRUSRRRRSRON 270

27.1.2. JGFEREZY (SPOUL->EUPICO->DOIE) ... 270
27.0.2.1.  TOPOIOGY . c.iiuiiiitieiictesietetet ettt ettt st ettt et e te et e s b et et e st e seebeebe s b et et e b e Rt ereereeaeebe b e b entereeneeteereeaenrenee 270
27.0.2.2.  SPOUL....eecuieieiierieetieste et et et e ste et e st et e stesstesteestesbesstesteessesbeessesseensaabeentesaeenbeeaeentestee b e eseenteeneebeennenteens 270
27.1.2.3. 2T} | RSP SEUPRPRPRRSRN 270
D S WV o] [OOSR 270
27.1.2.5. (1= 10 ISR UPRRPPRRSRON 271

27.0.3. TOPOIOGY ZZ /T coeevoeveeveerrieieieiee e ves e ves e s s s s ss e 271

(1). Worker GEFE) (2). Executor (ZEFE)  (3). TASK..ooieieiciecetcereee ettt 271
27.1.3.1.  Worker(1 4> worker HFEHUTRIZE 1 1 topology BITFEE) ..o 271
27.1.3.2.  Executor(executor & 1 M worker R EEIHTEIEZRTE). ..o 271
27.1.3.3.  Task(BZRIG1T spout B bolt BTABHTERTT) ...coovvereeeeiee ettt 272

27.1.4. Storm Streaming GrOUPING ........ccceereererieirierieieierieteiesietetesiestetesteteiessestesessetesesseseesesseneas 272
27.1.4.1. NUFFIE GROUPING .....viveeeieeteeee ettt sttt ettt e b e be b et e st eneeseesessessenean 273
27.0.4.2.  FIiellS GrOUPING ....eoeeueirieeiieieirieestetestetetete e ste s tese st te e ete st stesessesesteseseesenessesesteseessesessenessesenseseneees 273
27.1.4.3.  ALGIOUPING 1 [ 8B oottt bbb 273
27.1.4.4.  GlODAI GIrOUPING ...veuirieiirietiietetrteese ettt ettt b et b et s e st e b e 274
27.1.45.  NONE Grouping : AT ottt sttt 274
27.1.4.6.  Direct grouping : LA FETE I covviveeeeeeeee et 274
YARN ceeiettetenstssseesestesesatsssansssssssessesssassssasssssssssssessssssesssssssssssssesessesesasssssnssssssssssasssassssasassnnssonns 275

28. L. L. ettt ettt b et r i 275

28.1.2. RESOUICEMANAGE ...cviveiieiieiieriieiesie ettt sttt ettt s st sttt se s bt sttt esnenaeenes 275

28.1.3. NOUEMAEBNAGET ...c.ecueviieiieierieitetestet ettt ettt ettt ettt sttt te sttt ste sttt s testeaeste st euesseseeaesseteaesseneas 275

28.1. 4. ADPPHCATIONMASEES ...ttt 276

28.1.5. YARN ‘Z\://J_'//z, =R 277
BLBBZE ST ettt bbb bbb bR b e bR bR b s R nen e 278

20,010 ZETEF oottt s 278

29.1.2.  BEHLRRIEIETE oo s 278

29,130 ZBFFIANT oo s 278

P S AV Y S 278

29,15, FPFEIIIH oot 278

20.10.6. K ZRUTGE I oottt s 278

29,17, K B E oot bbb 278

pe T T o b= o Lo Yo 1o A~ U 278

29.1.9.  FZEPHZE oottt ettt bttt 278

20.1.10. LR H K oooereeereiersiese e 278
2 SO OURRUURRTRRR 279

0O 0t I O T - 1 SRS 279

O T I = T 1 TSRS 279

B0.1.3.  JAAS .ottt ettt ettt et et e tt a1t et et et et e e teettetbett et et e raatsereeten 279

10 101 I S B To Tor (= SRS 279
B0.1.4. 0. B ettt et s a st n et aen e 279
30.1.4.2. NBIMESPACES .....veiuieiieiterieet ettt ettt ettt et et e s bt s te s bt et e sbeestesbeesbesbeestesaeenbesseentesbeensesssensesseensesssensenns 280
30.1.4.3.  #FE(CLONE_NEWPID SEHATIHFEBREED ). .. ovveevereeereemseesreesseesseesssesssessssssssesssssssssessssssssssssssssseens 281
30.1.4.4.  LibNEtWOIK SFIIZEBRES ....ovvoveeeeeeeeieieeieetee ettt sttt 281
30.1.4.5. FEVRBEET LG COIOUDPS ..oooviveieeveeeieetete sttt sttt bbbt st bbbt a s 282
B0.1.4.6.  BEMB T UNIONFS oot ss s ss s s sanrean 282
30.1.4.7.  TEREIEBI oottt 282
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2. JVM

(1) BRI

JVM 2d)iz1T Java UIBRYRIETEN, BE—EFDIRESE.

—HHFER. — k.

—MEAREME, #E M —NMEEDEE. VM BETERFRFEC LR, sSEtRaEE

A3z H.

javafUiB AT

£ R B A
FAE AL

(2) iI=TidiE:

r WFFEE

R4 Fhclass T Javac

dEificlass & ClassLoader

RRAT

client compiler

#iiTclass {éﬁiﬂh.ﬁ {
server compiler

FiER

HE

ittt

A ML

pciF1r 8

e R

- HAEHE {TLAB%E

L srEd

Copy
- Bk { Mark-Sweep
Mark-Compact

#iTcopying

WA THBGC { JF4T et copying
JFiTcopying
- N R R . Minor GCfill 4 LI EL & H & B,
SRR E B
l #{TMark-Sweep-Compact
Sun JDK
N TR MGC { JF{TCompacting
J EMark-Sweep
Full Gl % 4L L 2 H i B i
GCEY
G1
jconsole
visualvm
- TR A B jstat
jmap
MAT

SRR MAT LS
Synchronized 152 2L HLH)
lock /unlock ) S 3Ll

_ o ‘l:
SEREN SR PR R L ‘|:

Objcet.wait/notify /notifyAll -
Double check pattem

semaphore

| i m {

PRI AL { CountdownLatch

jstack

L ikt B 4B AT i {rm
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HATERAE Java JESCHE, BISGRIEE, SEBEEF-ERIAY.Class S, tURtEFTaEs,
TS B Java EHINL-RRIRRRIEE, fRIBAUSENEE FAONEEH
RN T:

@ Java R fH—->IRmiFaE—- > FTRI 4

@ FHREIH—->IVM—-> 15815

F-MTERERSREAEN, EETNAIEITEERN, Xt Java JtARE
BYeRERT , S—MEFMTHRET, XEEMNBFREGIT, S EFEME
FESTEIWLS). FFBREEERE, NEMNSHIET, S EMSLEZ BETEAR

b
BeH=,

EMRE T RE
Class Loader Subsystem

- S TR

- BERENREKN

2.1.458
X BT ERISTE P U TIEREF R —MERAESTR. VM RF— NN AR ARUTES MR,
Hotspot JVM /i Java S SRERMFRASITEERNMEIRR. JLEAFHE. &
MXSE. BENUR. . BEFTESSFESFUGE, etlE—MNRMERGRELIE.
Java ZFEER, [RESAEEZWEIN. BIFRFERTREERBLE, FHEeoEREHT~
FRY CPU L. SRELAEDIRITEE, SSEA Java ZA2R/7 run() 73k, BEAZERAT,
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STEFRELFEN Java ZAZIFRFEER.

Hotspot VM FEEITHIRALELTES FTE/L:

EUNERE | XPMEESE VM BiXnemiREHIl. XERPORBEEIRAEREEIT, EAS
(VM thread) HHERTTIRHITRY, SA2HFR VM ITRemR. XERFRIRES: stop-the-
world SHR[EI. £efEtk dump, SAEE(E. LiERABE (biased locking) kR,

FEHREES EiE XEAERRER SRS (WEETE) | BREEEBIHR T,

GC &2 XEEAESZHF VM h A ERIBAR EIGERD,
YR ERLAE XELFE IR TR F IR aI R A I S TERAIRSD.

EESDREIE XNMEAERIRIER] VM BYSSFHERESH VM T5ikabE,

2.2.JVM RFEX

EEEE [ RARMELT RS R

PC Lt ——A~ Eoomfr < 1

AU 0 £ FE 0 A o 1 AR R

AEREE T, A ks — el (Stack Frame)
% &% Local Variable

| teegesyy #1F #i# Operand Stack

: T | iz 704 % i 31 A
SHRERE VM Stack Runtime Constant Pool Reference
Thread Local

e > S PR 0T R A BRIR R X T IOVMOBT SV IR

| stackoverflowError

BE A
| FIVMA RS R, SR PR LY AT
OutOfMemoryError

ST U R 0 B A AT VMU VI
r StackOverflowError

Aot kR s

rEE A
Native Method Stack | FIVMAIFEh &S R, HELEPIEDEW HE
OutOfMemoryError
HER (KA AT R
Method Area * Runtime Constant Pool
—_— | eden
2 R4k WHEAL  + from survivor
Thread Shared e . 5 | |
y, FEFE (javall) to survivor
Objects 5 .
EFEM
= OutOfMemoryError
HEENTFE r FEIVM GCH AL
Direct Memory

VM REXEFESNEAEAEXE [(EFIHEER. B, AibhiiX] ( 2EHEEX
& [JAVAE, 5iEX] . BEAE.

LAEFNE AR R S EAEER, (KR LZAERIE/4R M 82/ (E Hotspot
VM 1, BNEAEER SRR ASAZERIRGT, FILIXERD REXERIE/ R IRRE A EAZRY
& /FEXIRL).
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SRR E KBTS/ R AT eUR/ HER.

BEEAGFHAR VM IZ T EIEXA—E5, (B BInEaIER: £ JDK 1.4 5|IARI NIO i
HTET Channel 5 Buffer 8 10 5=, ERJLAER Native REZERRSECHINAT, ARHER
DirectByteBuffer SISAEAXRAFAIS AR TERIEGENR: Java I/0 k), XHFRlEESR T1E Java
HEFD Native HESRRISHEYE, FItE— 7SI LIRZRS4ERE.

P

- AL g
TR UM Stack Atth 7k R

Method Area Native Method
b Stack
ETHEE

Runtime Constant BEEEX
Pool BIENE
A gEE
A B E
Hih Program Counter
i Register

FIBEED FHTTAEE

B rssessnsexs Il osrcEREnkERs QI sevEen

2.2.1. BFHESRGEELS)
—HRIENIAREDE, ELRIEFHTHFDBNITEIEREE, BREESEEEG— NI
ERFIHENRE, IXEAFMRA "2 E" IRE.

IEAEHIT java HiERE, IHEECRNEEMNFEDBIESHMNE (HaE<a0teIL) . W
RiIERZ Native i%, A=,

EXNMAFXEEE—MEELWFIREEE T OutOfMemoryError 15/RAYX 1,
2.2.2. BYHR(EERLER)

BfiA java TiEHTHIREEER, SN I5EERTHIERESEIZ—MEM (Stack Frame)
BTHFERZER. Bk, iSHER. FEHOFER. 81 EENEREEMTTHK
BOTRE, BXINE—MEIEEIIRR N LR HANTIE.

%Mt ( Frame) EFRREFMEEIEFEDIIIRERAVEUESNS, IR IR NSHEE
(Dynamic Linking), 73;XIREHEMFHESK ( Dispatch Exception) , t&hifEE77=/EAME!
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2, MEEERMER
®) BEIFEEER.

T ERIER TN EFFEToR (Bt TETiARRBIRERAIR

= Bl hY

Current 5tack Frame

BETEER

B1EE

eufsitE

fhin2

Stack Frame 2

EL D

Stack Frame 1 /

2.2.3. BHTEX (RERR)

A7 XD Java Stack YEFIZENL, XBIZEIWNLAHIT Java F57EMRSS, A5 AN /9
Native 73740855, 10ER—A> VM sCHEA C-linkage RELRS7#F Native A, BfAaiztkiE=2—
C 1%, {8 HotSpot VM EEHIEAM S A RIS —A—.

2.2.4. # (Heap-&fEHE) -BITHEHHEKX

BWEEHEN— R AEXS, CIEAIXISRANEEENRFE Java HRFS, RIIRIESSHT
BRI SRR EERIANFX S, BT VM XESRIEERE ELt Java tEMW GC RIBERRTLA
5> 79: SREA (Eden X, From Survivor XK To Survivor K)FNEER.

2.2.5. FEERGKAMR (RFEHE)

BIEAIEGAVK A X (Permanent Generation), FATFfiE# JVM IEREER. B=E. &
STEE. INFREFBRFEBAIIESUE. HotSpot VM B GC o REE BE 5L KX, BMfER Java
HERIR R AREEMBER, X HotSpot AILIRIKEEEEH AT MR ETE Java —HETEX IO NE.
MAB AT EXFAE INREFEERECKATHAFERWNEE B RS E Eith A EUgF1 35
ROEDEE, L EE—RRAR/N).

=TI E &t (Runtime Constant Pool) 75AKK—#85. Class S4HBRT B2
A, FEB. HE BOSEAEEEI)N, FEEEREE

13/04/2018 Page 23 of 283



(Constant Pool Table) , BFEHmFEHEMRNSHFEENMASSIH, XEPNBBERN
BEEHEISEXME TR EER . Java BRI Class IS —30 (BRABEREEE
ith) ASTERESRINE, B— 1N F 1 RTEREBMEUEELAFTEITE LREK, K42
WREHMIART, AT,

2.3.JVM BT N FF

Java HEM GC IBEEIRTT LAY 1: $REAS(Eden X. From Survivor XFQ To Survivor X)F1ESE
<.

(Heap)
Youn Old
Eden From| To
(8/10) (1/10){(1/10)
FreEA(L/3)HE=zE) BER(2/3)H=5)
2.3.1. AR

ERREREIERNSR. —RROIEHERN 1/3 =E. BFRZeIENS, FLGTERSMERMA
MinorGC #ThkElz, 4R 97 Eden X, ServivorFrom, ServivorTo =4 KX,

2.3.1.1. Eden X

Java FIRISRATHAEE (ANRFBIZARARREFERER, WERSERIE
FH) . & Eden RREFABHIRHEHMSARA MinorGC, HFTERXET
— KRB [EKL

2.3.1.2. ServivorFrom

E—IR GCRI=ERFSE, (FAX—IR GC RIHRIIEE.

2.3.1.3. ServivorTo

(REBT—X MinorGC i3f2hiisErzE,

2.3.1.4. MinorGC 4id3ig (Sil->BE=->HiR)

MinorGC RABEFIEE.

13/04/2018 Page 24 of 283



1: eden, servicorFrom E#/%/ ServicorTo, &8+ 1

BE%%, 8 Eden #0 ServivorFrom X = ERIRTREFIZ ServicorTo Xis, (MRBEXNSRINE
RUSIREI T ZFA0nE, URERIZEFRK) |, FEHEXEXISEFR+1 (0R ServicorTo &
BANETHREIZFEX) ;

2: 7&%%¥eden, servicorFrom

SRS, 5% Eden #0 ServicorFrom S5 ;

3: ServicorTo A7 ServicorFrom 7 #

/5. ServicorTo 1 ServicorFrom i, J& ServicorTo pI F—X GC B9 ServicorFrom
IXO

2.3.2. ZHEM

FEFRNAEFTEGRRRKIAEER,

EFEARNREBISE, FTA MajorGC ASREHIT. 1E#H1T MajorGC Bi—RRERTHT
T—IR MinorGC, {#EEFEMRIINRESAEFN, SEZEREARAMA. STEXEE
PBARIELRZ A Ele e RIRATI SR AT B SIRAIRA —IR MajorGC HThIR RIS H=s(A],

MajorGC RRIFCEREL: B IXAEEFEN, McHEENNSR, ABEKES
BIFCAINIR. MajorGC FURERIELEIS, EAEMEHBEI,. MajorGC KF4ENRTFRR, N TR
DREFRE, RII—REEHTEHEERCERAGENAEESE. BEFREHTESTH
FHE, #attd OOM (Out of Memory) B,

2.3.3. KAAR

ERTFIIRARERE, £EFM Class #1 Meta (Jt&dE) RIER. Class FEARNNERIAHERAR
FINKAKSE, EFIFFREEAIRNKIEAR,GC AR TR R A K TR, FrlAX
BEHT AARNKIESHEEINZEN Class FIESMAKH, &EHH OOM BE.

2.3.3.1. JAVAS 5#iE

f£Java8 mh, KARBEWBER, W—MRA "TTEUIER" (T=iE) BIXKEFTEYL. Tt
HARRFIKARELL, TEESKARZBRANXEET: T EHAEEIUTS, mEFEH
AREF. B, KABRT, TZEPXMIZABREFRE. EKETEIEBAN native
memory, FRFERMFIERNERSEERA java Hh, XETUNNES DENTEERABH
MaxPermSize 1=#l, MIHRFAISCERA] Bz BRIz,
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2.4, 303K B 5 B ik

K 22 Yy 7 5 [ ?
1 I ek [T i 7
EA g ?

gcE il =15

51H ik r TRERS L A

Reference Counting

iHid - R AFHGC Roots i i fF M, W PR,
A{ 243 G EHE TG C Rootsi 7 3| FI #E4HIE,

s WA 1 PO B 2 T,

VM S
GC Roots { Jrik = g

INTH S| 1)

HEREE L
GC Roots Tracing

ViR {ﬁ*“
Mark-Sweep WAEE N £

ol r l-eden; 2-survivor
Coping

bl g P

Mark-Compact

SrACIE
Generational Collecting

buat {Ve kRS

r Serial

ParNew

Parallel Scavenge
Serial Old
Parallel Old

™

“ CMS - Concurrent Mark Sweep

Xms

Xmx

Xmn

F -XX:+PrintGCDetails

b -XX:SurvivorRatio=8

| -XX:PretenureSizeThreshold=xxx

L -XX:MaxTenuringThreshold

- -XX:-HandlePromotionFailure

2.4.1. GnfelHE eI

2.4.1.1. B
£ Java F, S|EINSEEXREN. INRERENSRNMIES IF#T. A, REA—NEH
HIMERIBIL S | itk — N RES T LA, @R, B—NSNReREFHIs52z%
BXROSIAE, BPMMIIAYS | FRTEERAA 0, MERBANSEAKTREBHAE], IPAX NS ETEIL
Xj%o

2.4.1.2. WAL

AT RS R ECERVEAS IRIRRE, Java (T ANAMSHTHYSIE. BE—FRYIRY "GC roots”
MRIEMEREZER. RE "GC roots” H—MURZIERBAIAER, WFKNZNRERATIAR.
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BITHR, FUENEAFNTHRKNSR, FArANSREAF RIS EDELETRIRC
2. FRRCRIARIEMRISR, MISHIRE,

2.4.2. FriciEBREE (Mark-Sweep)

REMAINIREWEER, oA, ISR R BRINCHrERERWAIRIR, B
PRBTEREIBARATICHINI SR S FARYZSE). 4N

e ------
HE J—
[N (S— S————

ERE

MEFEAIATLURIL, ZEEEARIARERTHAUTE, EEEAIRERERIISRARELEIRT
A= EIRIIAIRR.

2.4.3. EHEE (copying)
N THRR Mark-Sweep BIZRFER A HRIRIGMEIRHNEZE. RATFEEBRFEUND AERN

R, SRRAEREP—R, SX—RAFHEREEFEINREHRIS—REX, BEER
HATFSE, WE:
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Bl S

e
EZN

XMELEEASTIEE, NFES, A57E5EE, BREANERETBAERESER TR
A—F, BEETSIESHE, Copying EiEIVIERESAKIHE.

2.4.4. tRiCBHEE P (Mark-Compact)

FAETULRNEE, ATERREMRY. fRChERA Mark-Sweep BiEERE, 1RCEAESR
EYR, MEKFEENSBERFN—R, ARERRLFINITSR. NE:

D D
i -----

[ ——

S ————

Bl
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2.45. HRREHE:

PUKESEZR BERIAED VM FeRABGE, B OBERRENSRE SN ARESERRAT
o AR, —RRIER T GC #Eo T EMR(Tenured/Old Generation)FIFTAE(Young
Generation), EERANFREFXAREMIIREPENRFIEREIL, HERIMTRESRI
REWRIEE ABLARFERENL, R LUREAREKISIEARRIEE,

24.5.1. ERKSSEHEZX

BRIASRS JVM B9 GC 33 F#ERERREN Copying &%, FEAFERPEREIREERE
EAERDXISR, BIESHIRNREERD, EBEEHARKR1: 1o HER. —REHER
X5 A—ER AR Eden Z{EIFNFNR/NG Survivor Z[E)(From Space, To Space), &XfER
Eden Z{E)f0EAI—L Survivor (8], X TEIGAET, BZRRTSEPIEEEHINREFIZES
—3R Survivor Fa,

FrEMA Eden Space FromSpace ToSpace

EdenX Survivor[X

24.5.2. EFASIRcEHEX
MmEFREASXREDEXNS, EifmRE Mark-Compact HiZ.

1. JAVA BHWHREISREF 755X A9 &L (Permanet Generation), BRI class 25,
BE, HEEAE, WKERNEWEESEERR ST,

2. WEHNAESBEEIEHRERR Eden Space F Survivor Space Y From Space(Survivor B
BIFBSSRAEE—R), PHIERSEEDEEIEER.

3. HFrEEARY Eden Space #1 From Space FEAENHMASAE—IR GC, #1T GCfG, Eden
Space ] From Space REJFEXNREMIAE] To Space, #A/¥ Eden Space #] From
Space #{TiEHE.

4. 9NR To Space TARBEFHEINNS, WEXMNUSREHEEIEER.
5. 15T GC 5, {HARYER Eden Space ] To Space 7, #ttREER.

6. SRIRTE Survivor REHI—IX GCJ5, HFRHS+1. FABR FHEREIX 15 FNREH
BRIEENP,
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2.5.JAVA U 5] 8%

2.5.1. 33| A

£ Java PEENNHERES A, E—TNREE—5IFEE, X5 |IREEMNE—Es|
. S— TSGR IAEESIAN, BRATHIRRES, BRAN eI BN G EYWARY, B
EHXIRINSKITEASRABE] VM tBAZE. ELR5 | BRIER Java RiFtRINERRE

2.5.2. 5B

5 |HEEER SoftReference ZERLH, WFRBHKSIBRINERFIR, BEFNEFEEBINE
“SWE, BRFRNFTEAERHESFEEM. K5 |IREEBENHNERRIERTF.

2.5.3. §85|H

555 |FBF5EH WeakReference S53RsLHl, ©HKS |BRIEREIERE, XNFRE555 IS
ki, RENIREIKHEI—ET, A2 VM IREZRIEEEE, SeRKIZES S BEINRE.

2.5.4. 5| H

RE5|FIEE PhantomReference Z8R3LH, BEARERIMGER, W/RFNS |FANFIBREER. &
5| AN EEEAR IR S EAR WA,

2.6.GC ARSI VS o X%

2.6.1. HRIRERE

HEIFER VM BHRICEERRAE" DXKE" (Generational Collection)&i%, IXMEIEZRIRIE
MSIEEERNARIEREL S AU, W VM By 3. BER. KARK, XEHETLURE
BFERFRDBIRARESMN GC&EE

2.6.1.1. EHER-SHITE

BRI EERRE AT AR ESL, REVEFE. RIIXASEHEE RFEGHIE
FENSRAVSEH AR AT LATCRUEE.

2.6.1.2. FEEBFK-FCBESE

RANSEERS. RETNEEEHTOEER BMORA trc—5E" & "R
iIo—23E" EiRkHTEIL, AeidiTRESES, BEEREBHTRARE.
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2.6.2. FXWEHE

7 XEENHGEAN =SB 5 /9 ERIAR RN NX 8], BANNKIEIRIZGER, 7B XA
gt R AT LS —REMZEDAVNX(E |, 1RIEERMEERTE, SXEEREE T NIKE[mAZ
M), NmimD—IR GC Frr=4EAYEIR,

2.7.GC bR g

Java HERFRNS AFHERMFEERRED, FERETEFERSEHRRC- SRR EREX;
FERITEFRFC-BRIREWEEL, EIt java EPERIFERMESR ORI T SHAR
EROLIRMEESE, JDK1.6 #1 Sun HotSpot BN AL IR EE SN T :

! Parallel A
Serial
Scavenge

Serial

Old(MSC) e

2.7.1. Serial BIRIRLERE (RLRE. FHIEE)

Serial (Se30&%r) BHEEALIRWER:, FRASEHIEZE, BERIDK1.3.1 ZRFrERE—IILR
IKgeRs. Serial B—1MRLAEAMIERR, ENMEBREER— CPU Bi—REAEXTTAIIRIET
8, FEEHTHIRKENRR, YRSEEMEAENIELE, BRIRKESER.

Serial hiiRIIEERR BATEWEIRTIETRELEE RN ITIELRE, BECEHBAER, JWTR
TR CPU IMEKR, IRBLERRERITHE, JLEREGRSHNREAEITITERER, Rt Serial
BHRIERESRIARZ java EEIWIEITEE Client R FERARIFTAERLIRILESS.

2.7.2. ParNew hi3I4ES (Serial+££7F2)

ParNew LIRS RRRSEE Serial INESERAVZERIEIRA, EREWEE, T ERSEIEHTH
g2 5, ELARAY1T/9RN Serial ISesiee—HE, ParNew BRI ESRSEIRIKESISIZhRIE S
BEERTEREMAI TS,
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ParNew WZESESBAAFFIEFN CPU #EBRIINERFZEL, AILUEID-XX:ParallelGCThreads S¥KIR
BRI ER B RIERTEEL.  [Parallel: SZ47RY)

ParNew EARIR T 52N Serial WS/ T2 —HF, B2 ParNew EiRIEEREERZ java
REHMNIZITEE Server &z FHTAERRIBIALIIRISIERES.

2.7.3. Parallel Scavenge W& (ZLREEHIHEE. "R

Parallel Scavenge WeEsRsthR—MNrEEbRIRESRE, EERASHIEL, LE— I S&ENN
RWEERE, BEERRINERFRE— P aEdIEIE (Thoughput, CPU BFETRFHRB
RIRGIE)/CPU RiE#ERTIE], BIEITE=1z1TAFPABIIE/ (E1TRAFP AR + BRI ERRTE)) |
BEErGEESSEFIA CPU iE, RitSaiEFrizEEs, FEERTREEEEEM
AEERZRERIES. HENATREEEZ ParallelScavenge 5885 ParNew ERERHI—1
BERXS,

2.7.4. Serial Old Yt&2 (ALRERMCEEEDE)

Serial Old 2 Serial BiRIEERSFENMA, BEFENRLEENESS, FRtNcS-BEEE,
XMBEERS B EERIZITIE Client BUAR java EEHAMNEIARISEE IR ERSS,

£ Server BT, EEBMIMAIE:

1. 7£JDK1.5 ZEihRASS#HARAY Parallel Scavenge NSRS EECER,

2. YEREZBRPFER CMS INEBNEREIRIKESE.

A Serial 5FE4K Serial Old HBECHIRIESIFEE:

LR
EREE,

gIEHhEH
Ptz

FEEHEFRH
g -
Bk,
EixhEH
Feefs
#FreEfX Parallel Scavenge 5SS S ParNew WEERS TAEFIESE, R ZAIEA0NEERS, &BfE
FNEREHEZE, ERRESRPEEEGEMERIIEERE. FEX Parallel

Scavenge/ParNew SEEE(; Serial Old FEECRARIKEITTRE:
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AN
GCE:TE1

FEHX
GCkiE

AR
| i
Bk,

LKA

CPU3 BEHEE, TiEmEH
LB H ok
Freetg

2.7.5. Parallel Old Y £E%¢ (ZREFICEIEEL)

Parallel Old 155282 Parallel Scavenge NEFERIRA, (FRAZEEIINC-BERL, EIDK1.6

Vipa =i

f£ JDK1.6 ZRl, #HEEF ParallelScavenge WERER REEFEECFEHY Serial Old WzEsss, R
BERIBRTERNE L ENSE, TAREEANEILE, Parallel Old IER AT EFENEFRME

I EFEhItIR SRR, WRERNELEBEKILRS, AILMLREEHEN Parallel Scavenge

MEE Parallel Old WEEEEAYFEECIRES,

#EA Parallel Scavenge F1EEEAX; Parallel Old & RS BLEI SRR :

FrAEAL ~
GC#:E1 $%~H—’

R - WEzeaxs

tRig-EE

THEFTE Bz,
L7 BEHA
X

2.7.6. CMS LR (ZRERCEREE)

Concurrent mark sweep(CMS)l&EesR— M FEREIRKESS, HETEBIRERBEEIIK
B =iRAdE, FIEMEERERNe-BEEAAE, CERSEENRe-EREL.
AR SRR BRI AR B LR S RTE e s FE P AR

CMS T{RANBIABHCRMBRISIRITEE RS SR E S, BMNIESALUT 4 MNER:

2.7.6.1. ¥MRtFEC
HEWRC—T GC Roots BEEIEXBAINTS:, HERR, NMAEEEERMENTIIEERE.
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2.7.6.2. HEIFC
##17 GC Roots IRERAUIRE, FIRFE&RE—REIF, FAHFEEEILIFERE.

2.7.6.3. EFlRic
ATEIEEFAAINCHE, ERFEFHREIETISERRCTERIRIBR—ER2 RIS
iER, MAFTESEMENIFLE.

2.7.6.4. HEER
i5k% GC Roots AEIIAXSR, FIFAPLEIE—RRIIE, AREEHEILIELE. ATENREKNHF
RNCHFRBREES, BRKRELETUNBFRIE—EHATIE, UK LEXRE
CMS IS ESMINF RN P &FE 2 — R H Rt T.
CMS uiz’%a%ﬂ’ﬁlﬁz

CPUG AR ME e AP SR A SR

EX ganted LJaisidl F‘éﬂ%a:

cPUSE EEE

FPiza
CPU3

2.7.7. G1 W&

Garbage first LIS E BRI SRIC A RAVERANOMR, LS CMS igges, G1 UL
SR RREAISIAR

1. ETiRc-BEEE, ATEREFEA.

2. AILAFEREHSIEImE, AAEEITERHET, SCIREIhRENT,

Gl WskssE e XKiuikigss, BiBERTFISARNEERY L MEZXE, FHERERXE X1
LRI SRS, RERESER—MURRIIFR, BRIRIEFTOIFRIMLERTE), (LRI
RZHIKE, XEESARREKIREREE, #BiR G1 KRR AT LA B R IEERS RS AR
£,

2.8. JAVA IO/NIO

2.8.1. [HZE 10 A

REFHI—HP 10 =8, REESHREETSAERENSR. SAPSEAL I01BXRZE, K
BEEEEHIERGHE, IRENENSFTEENSE, MAPSENSLTEERS, B
PEFERR I CPU, SRR/, IRSBEIEENZIRFSIE, FRESREAFEE, B
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PEFEA RS block A7, EAEIAIFEZE 10 #ERIGIF ARBIER BT
%, We—HBEEEE read 5%,

2.8.2. JEFHEE 10 HEHY

SRAPZIERE— read #FfR, AAFESS, MEDLMEET —ER. MRERE—
error iY, EAEEIEARBERY, TREIUBRKIE read #(F. —BRZTRIEIEES
5y, AENEREETBPLEERNER, BACD LHSEIEENETRFEIE, AEIRE,
FRUAESC L, 7RI 10 188, RPSEFEMIRRRNZEIEREHME, ERiinikESE 10
ARE3ZH CPU, Mie—BE G CPU, ERYRIIERESE 10 ER—UNT:

while(true){
data = socket.read();

}
(BEXTIFEZE 10 BiAE— M ERTERITE,
, B—RER TRAMER while IR TURIEEEIE.

2.8.3. ZHEH 10 EA

ZWEM 10 EEEERIEREHRSHIEER, Java NIO IfF FHELKER 10, ESIREMI0
HEIh, S5 M ERERRTERIASA socket BOKES, REX socket EIEFESSHMARN, 78
IEVAFISCRRAY 10 518 (E, EAESKRER 10 @8, REBEFER— MEERTIUSESZA
socket, REAEERHNHERELE, DAV EIPXESEINHE, FRREERIES
socket IEEEHHTH, FoFER 10 ER, FRUEAKRNEDTERGH. T£JavaNIOF, 2@
1T selector.select\ EEHEFNBEREBIIAEH, NRSEEH, W—BHESEEIE, EtX
MARNSSHAFLZNEE. ZKRER 10 £, BE—MEERILUEEZ A socket, REH
socket EIEFAESSEHAEASHARFERHTIRESRE. Eit, ZKRER 10 tHiREEE
B ZHIIER.

AMIEFTHIR, ZRER 10 RERBIRENISICRHRUREESHEIL, FAEMNEIARNSEH
BTN, EIXTSRER 10 B8R, —BESMRNARR, BRAmaSERERIEH
RIREAZINME, FAESIEFAISHEIA.
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2.8.4. 5 5W3h 10 A

EESRE) 10 fREF, HEPEEAE— I0IEKERIE, LR socket i FH—MEEH
3, RERPZIESMENT, SRREIEMERNSRE—MSSHERPSIE, BREERIE
=525, FEESRHPER 10 ZERERI TR 10 iB5KERE.

2.8.5. Fb 10 A

ST 10 REIA BRIEEN 10 128, ERP 10 1&8dh, HRPLEERLE read #EZE, 22
BILAFHAERMEERISE. MB—HHE, NRIZRIBE, HEZE— asynchronous read 25,

EaMZIRE], 58 read IEREBEMINARL T, ELASXIBPEE~4%H A block, AE, KW
BRESHEUEERTNR, RARBEURENEIRFERE, JIX—ETHZE, WIZSEHRP%E

RiE—MES, SIFE read E5T. EHIREPEIETE N B ETRIEA 10 BIERUE
T, REBLAE—NEK, SEENZREINRINESHZESR IO REEETHK, TLERE
EEREIET .

EHERAESE 10 2, 10 BN MRS SIEEAFLE, XM RERHEAZEHNT
Bk, RERE—MESENRFEIEREFETM. ARLETAFERRER 10 REHTERR
=5, XRENESKNMEREMARN, EESHKMEET, SRFPSIERKEIESRTEE
ELE, RERERFSIEEMA 10 REUHTIMANEEERE, MERS 10 &8, KEIES
= |0 BFER5TH, AHREBERFEZETERA 10 REUHTEIRNESERE.

IR, B2 10 EEERERFENIKESSF, £ Java 7, 12T Asynchronous 10,

BZ&%: http://www.importnew.com/19816.html

2.8.1. JAVA IO &

13/04/2018 Page 36 of 283


http://www.importnew.com/19816.html

ByteArrayInputStream
i FileInputStream
1 BufferedInputStream
DatalnputStream
FilterInputStream [—
( LineNumberlnputStream
PushbackInputStream
- ObjectinputStream
PipedInputStream,

< FHR ) SequencelnputStream
| —

StringBufferinputStream
ByteArrayOutputStream
FileOutputStream
- BufferedOutputStream

, OutputStream - FilterOutputStream DataOutputStream

ﬁ ObjectOutputStream

PipedOutputStream

| PrintStream

| BufferedReader LineNumberReader
| CharArrayReader

| FilterReader - i PushbackReader

| InputStreamReader — FileReader

§

| PipedReader
| StringReader

(| FHR BufferedWriter

¢ CharArrayWriter
FilterWriter
{ Writer | — OutputStreamWriter | FileWriter
. PipedWriter
PrintWriter

StringWriter

EFENRE  ounwme
2.8.2. JAVA NIO

NIO FEB=K 85 : Channel(@&), Buffer(®HIX), Selector, &4t 10 EFFHRAF
FrmiE TIRE, M NIO EF Channel 1 Buffer(BHX)iH TIR(E, FUESRENBEIZREIE DX
s N E B EET, Selector(EEX) AT RS MEERISM (bLi0: ERSFT,
HIRENX) . Alt, BENEETLUSTS N REE.
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Java NIO £zi# &Y

Client Socket Client Socket Client Socket

SocketChannel SocketChannel SocketChannel

Handle Process Thread

NIO &St 10 ZAFE—MRARIXHIZ,

2.8.2.1. NIO B&EMHK
Java |10 BEREHRESINRPE—NHEZINFT, BEEENIEFT, BiIRBREFEET
W75, LHh, ERRERIERMRTRIEEE. MRFENEBMNRPENAEE, FERBEE
FE—MEREX. NIO EERSEITEAE. RSN EHELENETX, FTENAE
BRXTRIE®HE). XPENTABSREPHREE. BR, ERENERSZETXTEEA
BIEREGENESIE. MH, THEIAESHEIREINETXE, F1EEERTXERARGERN
=,

2.8.2.2. NIO f93EpEZE

10 MEMIRERERN., XEWE, S—MEEEMA read() 3 writeOBY, ZZAZEEE, BEIG
—LEEIEAIERY, IR EEA. ZEIEEEE R REBEHEAEET. NIO AYIEEZEL,
F—NEENRBERLERENEGE, (EREXEHERERITBNEE, MRERNSBEIER
FARY, BT AEASIREL. MARRISEIEEE, U EESUESTHAILUERZ A, 1Z&fEaLL
SEMEMRER. IHERESHIEN. —MFEEREA—LEHIEEIREE, BFfEEEFE
TEBEAN, XNEERNTLEMEINSEE. SEEEEIEE 10 NsRnEATEEEEE £
AT 10 84, FTLA— M ERIpSAE I SRS M NI HIEE (channel)
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| DatagramChannel |
————— FileChannel |
(o)

{1 Pipe

%( SelectionKey J

| ServerSocketChannel |
| SocketChanne |
)

1 CharsetDecoder |

l( CharsetEncoder J

—( CoderResult J

\—[ CodingErrorAction ]

. ByteBuffer

/—[ CharBuffer J

/~[ DoubleBuffer }

*{ FloatBuffer |

-| IntBuffer I

¥[ LongBuffer J

—[ ShortBuffer ]




2.8.3. Channel

B5—T Channel, ERAZENER "B&" . Channel f110 8 Stream(R)EEAZ—
ERM., , E: InputStream, OutputStream,

. BERTLARBSRHTIEIRGE, NoTLARSRHITEEME.
NIO #9 Channel f9FEsLIE:

1. FileChannel

2. DatagramChannel

3. SocketChannel

4. ServerSocketChannel
XEEZFHALIBHANATLAAE: SBIRTLAXIRIIZA 10, UDPF1 TCP (Server #1 Client)
THETHRMER EFHEESRX 4 128 Channel #H{TFRIARY,

2.8.4. Buffer

Buffer, #IBEE, - Channel 12215,
MZEIEENEUESRE, (BRI NNEIEEN LR Buffer,

P data ¢ -. =
Coient ) \ Cramel | cramel (sover )
T N\ data gB
e data data N __.....,----""'data

Buffer Buffer
LTERERA T NP EFinRARSRAEEE, ARG IREEEIRRIEE. ERiRKIX

%&}EEH‘ WITSCISEURTEN Buffer 1, SR/515 Buffer FINBSBENERIE, IREHXNEKETEN
Bid Channel BEIEIENZ Buffer /1, ZAEEM Buffer RENHEUESRAME,

£ NIO #, Buffer 2—\RERZE, BR—MNHSRE, HRRY Buffer IFKHE:
ByteBuffer, IntBuffer, CharBuffer, LongBuffer, DoubleBuffer, FloatBuffer,
ShortBuffer

2.8.5. Selector

Selector 22 NIO Ag#3.,
. XK, REFA—BREREMRA
LEEZMNEE, UHEEES MNEER. XIHFSEREEEREEEEESHREN, 72EH
RECRHITIES, MAKMREDTRAFE, FEMUASMNEESE—IERE, FRESER
SN2, FHEBSR T SEEZ a0 L TSRS ERIFFHE.
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2.9.IVM FEhnEALH]

VM EMEBANF D AEANERD: NE, RUE, R, BT, YiBK, TEREIIMOIIRE—TX
BNEERR.

#% 4% (Linking)

Dﬂik Q&ﬁ (’E% ﬁﬁﬁ
Loadlng Verlﬁcatlon Preparatlon Resolutlon
i1 1 H IR AL
Unloading Using Initialization

29.1.1. n#E
INEERSNNEIZP—IMER,

o ERXBEA—EIHESEN— Class JHIREY, XERE
_JL/UA ZIP B HsEEN (EKanM jar BF0 war &HEEN) |, tBRlLAEEITHNTEER (BhSMIE) |
WA HETSHEER, (AN JSP it aEitp gAY Class 2£) .

2.9.1.2. IHF
X—MEEEBNEAT . FE
BAREBERMNBESNEZZ.

29.1.3. ##&
HEMRRIEN KT ES T ATHFRERTEAIREMNR, B
o ERXEFTRAIRERS, HI— 1 EEEEN:

public static int v = 8080;

% v Ii{E79 8080 1Y put static I5<SE
EFEmER, FHT S <client>75A2 5,
(ERIEEANRAER/:

public static final int v = 8080;

ERFEMERSA v &£k ConstantValue @tE, TESHEEUVIEENE ConstantValue EHEE v
#{E79 8080,

2.9.1.4. fEWT
FRATINERETS . TS5 |EHME class 3xf4eh
19:
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1. CONSTANT Class_info
2. CONSTANT Field_info
3. CONSTANT Method info

FRENEER.

29.1.5. HSsIH
n FS5IRSEMTSSIImELX, .
, BERE(IEEZAIFTSSIRLRE—EH, RIS
RS FEER/ BERE XAE Java EEHIWIALEAY Class STEHER .

29.1.6. HiESIA
m EE5|IAALL . WRE
TEESIA, BB
29.1.7.  HHtk

IR ERERINFEEE—ER, BIERSRINEMERZE, BRTEINEMERATLABE N SSINE,
sRLAGh, HEBR(FERH VM £S5, BTHEMER, ZAFHREIERITEHEN Java F2FE3.

2.9.1.8. HiEE <client>
VIR RS . <client>75/ AR HImFEEERPIIET
ENRERENERSEIRPINETEHMMAR. EIWISFRIEF<client>5EHITZE], K3
Ky <client> 75 XEEHITEE,

IR ERASHITRDGRN:

1. BEFES IS TER, RSk RQEANIEN, MASHA TR,

2. ENXEEAE, FfRIZFEAIEL.

3. REARIPRASEANBRRNEERY, AREHSEEESIAENEENE, Tt
RENEEFRERZE,

4. JEITBZFREN Class 35, FAEARAWIARL.

5. 1Bid Class.forName fINEISERET, WNERIEESE initialize /9 false B, thASAARZEM]
talt, HEOXNSHESFEM, EREXEHTIG.

6. 1B ClassLoader EKiARY loadClass /5i%, tBASRMAYIBENIE.

2.9.2. xR

REFAIR TS ERE JVM SNERSEIR,  LAELERN FRER RESTERENFRFRAYZE, JVM 12
T 3 MSINERS:

13/04/2018 Page 42 of 283



2.9.2.1. [35hZEnmNEEE(Bootstrap ClassLoader)
1. I HSehf, shiEiE-Xbootclasspath S#EmEI R, Hif
RIWUAT (FESERIREN, a0 rtjar) BYEK,

2.9.2.2. ¥ EBnz8(Extension ClassLoader)
=N BRI, ZiBid java.ext.dirs RATEIEEREHAIE

)
o

2.9.2.3. RAER¥EMEEE(Application ClassLoader):
3. fa
VM B XNECERIRMEELH TRAII0E, éﬁkibﬂ]m_ﬂ«)u_fi%?% java.lang.ClassLoader
SCHR I RE X AIRINEGES.

[ RN J
Bootstrap ClassLoader

iy

i REMHER

Extension ClassLoader

[ RIS hnE 52 J

Application ClassLoader

[ EEX?}DEE%% J[ aixmﬁza& J
User ClassLoader User ClassLoader

2.9.3. BERIR

. B BERENEEEE 2L, ELArERIINEiERKEBRIZEERSeMEHESP,
REH (EEMEERTIREXRAAEINEEY
Class) ,

KANFERR—MAE2ANINERIT rtjar 8989 java.lang.Object, RAEZWFMINE
BSINEIXN 2R, RAHEZITATMENSIEINEESHTINE, XHEFIRIET
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nnEEEE e .
BRSNS S %JAVA_HOME%/IibEEEE Fivjara

BootStraphnEkEEE FRiEEIBR Class
@ﬁﬁ{} {}@) ZHExtClassLoaderZ=hnE;

: NHES
RIS :’.>@VA_HOM E%/jre/lib/extEaE Figjare

ExtClLassLoaderhIEEEE FHIER
@ﬁﬁjﬂ G@)Q‘EAppclassLoader%hﬂiﬁ
i MEER
RIS [ ——————{CLASSPATHES® NERE , (RSB FEEFLAEE
R i ApnClassLoaderiNZEEEE RIS
®*§§5ﬁ *ﬁ’al} SEERE A AR
MEER - —
ERNE N7 ERVES =77 :’.:—@Diﬁﬁﬁ?#‘éz%i‘l‘ﬂ%lasa
B VMR TARIkS

#tHClassNotFound &

2.9.4. OSGI| (FFSIEBIRSR)

OSGi(Open Service Gateway Initiative), ZEM Java BEMEEL RS, 2 Java sISUEHER
FHI—RIIRGE.

2.9.4.1. ESKEEE
OSGi [RBFEIRMESHMEIRE L THE RIS ERTEE. AT RIMGBSEFIERE
LRSS EETE, OSGi ARM—FEEIRSAVZEE, CreEXLAEMSHEAIIITS.

29.4.2. (EHRLRIZSREER
OSGi ETEALH Java FEFFAVERVRIEIREERMS/Y, BT OSGi fURERFRRIRERT LASCHE ey
FURERTIEE, SEFFHRETRN, TLURER. ENRERAREERNES D, XME
R ARG RIFEEE R,

OSGi 2 T —MREFHIERUFA R B, MEEX TEIXABMRERS S, BT
A RRRIESRHTSEIIS . (BFAERTERINAARRESRA OSGI /EAERLZEY, BIERMAEX
DORERIRY, WIINTEUMIERE, RACHRET 7 RIBAINGERITEE,
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3. JAVA£5&

3.1 EOgkAR RMZH
EA5EKEFMT Javautil B, FEG 3T set(®E) | listFIFRES Queue) F1 map(BRET).

1. Collection: Collection 254 List. Set. Queue BEREARYEO,
2. [lterator: (38, SJLAEIE S EBES TSR
3. Map: ZgIRIERZEO
S<PET>>) it ISBETS e <>

e e o i B o

\ Iterator | \Collection|’ Map

\Listlterator!

|
| |

e S [ | P
F=<Bn>> | }(13&[ ]\\'; \ SR>, :
| |

{Zq;l =) | [AbstractCollection i B m>>) (% Ta g
L Queue_| ! ! (SortedSct| \SortedMap!
SOHE | = ortedhap,
I i
|
L5 ——L—— ]
|<< %>> AbstractList AbstractSet :- <pr>> | :_ <fgO>>
(== TR =y L D NavigableSet]  {NavigableMapi x
| I
. !
| —
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 whEE, TES
| mEemma
 ArrayList | RIS , getter(Hisetter(7ite
_ HET=e @
| MEETERT , ArayListBMEIEE 15+ 1

 #piEE, TEE
| REEERE

<t T l
¥ \_ Vector | dEtarsee
|

| KBRS ME(E
| MESTEE , Vector#iiA B—EEE

 HeEE , CTEA
| RRSETREMIS IR
' LinkedList =
'  EIEER Bt | add()#remove()75iER

HRITE, FOEE
| REEmHash=ZH
Hashset @ |

' AEEEHashMap

f

| mamEm |

HPFE, FOEE
set@ i

——— | EEREE-Tsmn
L TreeSet [# = Z
= )

AR TreeMapiySortedSet

|

FEfhashBiFel , FHAREHRIC R 0
\_ LinkedHashSet
T \_ pERlinkedHashMap

~ Queue GERREAfOLIst |, R PT LSRR s SR

| ROEE EES

[ mmmsm
HashMap =
_ EElER

\_ feitrkeyiizonull | valuethBT LI null

.  BrAESETES
‘ Map HZ— | mEREs
\__hashtable |~ "

' key. valueEFstisHnull

EATEE ETEE
s SHeAMEBE T v a =
2 . RECEH
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3.2.List

Java B9 List 2IFEEBROEEESEYL., List E8FHY Collection,
25U ArraylList, Vector #] LinkedList,

+ Iterable<T>
abstract class: —Seids
Bmethods -~

+ Collection<E>

extends Iterabie
—flekls
Emethods

H
. Absrmmon.cmm:\
impkments Cofection ‘

Java List —t£=/ sCHisE:

+ Lst<E> + RandomAccess
—feids extends Colection —feids
B constructors — felds N e
+ Queue<E> @methods | _ - X7 Bimethods —
extends Colection [ﬁ 3 7 m oo
~—felds Pt , ' < ’ '
Einiettiods == ‘ 7 4 ¥ S '
i + AbstractList<E> extends AbsractColection| 4 £ '
implements List
B felds
&5
Bmethods L : . \
s |+ CopyOnWriteArrayList<E>
0 ‘ implements List
RandomAccess
+ Deque<E> + AbstractSequentialLis t<E> extends AbstroctList| Cloneable
extends Queue — felds Serializable
—feds @ Bfeids
Elmethods — Bconstructors
o B methods —————ere

&
lv il

‘i

+ LinkedList<E> extends AbstractSequentiallist

+ Vector<E> extends Abstiraalist

+ ArrayList<E> extends Abstractlist

implements List implements List implements: List
Deque RandomAccess RandomAccess
Cloneable Cloneable Cloneable
Serializable Serializable Serializable
Etexis (Hfeids i feids
@ @
Fmetho. ds e S — Bmethods —————————

3.2.1. ArrayList (¥t4)

Arraylist 2EFFRY List SLUE, AEPREIHALIN, ERIFXITTHRITHRERIILE.

BANRREENTTRZEFEEER, SEEX/ IR R =R

. WEBBEEH

BROEERSHZFAIEIEZSE, M ArrayList BOFREIN EBASERIR TR, TEXIEEH
17EH. B, KNtLRE. B, EEEEINERMER, NSESEAMMER.

3.2.2. Vector (Er#HsEHl. LEFD)

Vector 5 ArrayList —#, tB2@EIEASLIN, FRNEEHFEENEY, BIFE—NZIR
PMEFZEEEE Vector, B@RSLIZRNEMS EENA—EM, EXIRSEERSEE, AL,

AR ELLiAE) ArrayList 12,

3.2.3. LinkList (&%)

LinkedList 2R#RERFHEEIEN, RESEURERISISBENOMER, FEIILRMEHERILER
18, BHh, MIRRET List ROPKBENXRIGE, TIRTRERLNERRETR, JUSEE

. BAZURIXREIBAZfERE.
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3.3.Set

Set FEIR—K_RIMR ZARESRAT LR EARERIFA—ERR)TR, B8

2. WRAEEMARREXIS hashCode B (java RIKIEXNSHNAFBINTEHNOLES) #Ik
89,

+ Iterable<T> ;
— fields i
@nethods - |

+ Collection<E>
extends Rerabie

—felds

Bmethogs=——

+ AbstractCollection<E>

+ Set<E>
implements Cofiection extends Cofkection
—felds —fields
Bconstructors s Bmethods '(7\
Emethods 7 4A + SortedSet<E>
B . i extends Set
- di —fekis
- né ' Emethods
+ AbstractSet<E> extends AbstractCollection i ; K
implements Set ‘ '
— fiekds f ! |
& F: i + NavigableSet<E>|
o sty ‘ L extends SottedSet
Hmethods : x $ [P |
/ ' Bmethods |
% ! P R
, : / %
7 ' Ve e
’ ' v ~
‘ : ’
‘ >
+ CopyOnWriteArray extends . o : 1 = =5 ; s
implements Serializable ! i implements NavigableSet
Heids ' Cloneable
Serializable
& ethods (Stelds
Emethods

|
+ LinkedHas hSet<E> extends HashSet
implements Set
Cloneable
Serializable
Eteids

3.3.1.1. HashSet (Hash %)

IBHERDEFHAIRIGHE. HashSet FETRNINFHASIZBENNIRF (70 List BAAR
[E) MEREEAERFNUBEIEEEERISHERS. txinsERETTEN
hashcode 757&33KENY,

I57{E18R equals 79 false RITTREEAFIER MEERFRIGHE TIHE (FTLUASBRER

BHTTERE—MEEIET) . EHERE —HEHNEFE—5. W& 1 %= hashCode EARERIIE
5, B 2% hashCode {E18[E], {B equals FMEEIRIER.
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T E2
A ) J

HashSet j@id hashCode (BEXRMBETEERFTHIME., — hashCode (& _FAIUAFHZNIT
%o

3.3.1.2. TreeSet (Z=X#)

1. TreeSet(RERA—XWAIRIENSH add RISRIERIEENIVFRF (FrF. FF) | S8
IM— P SREBTHIR, BISREAN_—REERINE.
2. Integer 1 String XISREFATLUFHITEAIARY TreeSet HEF, MBEENERINRERATLAY,
. ZALUEREE
H.
3. 78S compare()EEHS, BEREIENANEZBERE TreeSet FEAR—ERINNISHE
4. RIS SEENRIIRT. MRZNS/NT. FTHATEENSR, WosiREIGRE

3.3.1.3. LinkHashSet (HashSet+LinkedHashMap)

33 F LinkedHashSet TS, B4 &S5 HashSet, X ETF LinkedHashMap LAY,
LinkedHashSet iR/ LinkedHashMap K{RTzETETTER, B4ES HashSet, HFFBRIZIE
ML 5 HashSet 18E, It LinkedHashSet RUSCIN FIFEREE, RIEMH T MEE %, H
BIHEE—MRRSE, BRERIEIERE, KEME— LinkedHashMap ksCHL, EEXE
L5422 HashSet RUIR{FHERE, EIZEARZE HashSet B9754R0],
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3.4.Map

+ Hashtable<K, V> estends Osonary| - -
Fplemerts Mop.
Cloneable

[ e ——

Emenots
+ HashMap<K, V> extends abstractiap

\elemerts Msp
Sedsizble

Eitetan
Bmetods

* LinkedHashMap<K, V> extends Hashitop
Implemerts Map

3.4.1. HashMap (¥rZH+EER+4 B

HashMap tR#EERY hashCode (BFfEEUE, KZBER TaILIERENRIERE, EmEEaRR
RIBIENEE, (ERFBIIFIERHER. HashMap 2 RAF—RiEREN null, RFE5E
FHYEA null, HashMap JF&iELRSE, BME—ZIRILIESNMERERRRE HashMap, TJaEeS:
HEIERNA—H. IRFERELZESTSE, TLIA Collections B synchronizedMap 73iAf#
HashMap BEE%EL£rI8E], HEFEA ConcurrentHashMap, A1 THIXKE RN A
HashMap H9%5#4,

3.4.1.1. JAVAT7 £

Java7 HashMap 4514

next next next next
ivnext ................................ . ¢nex1
statlc class Entry<K,V>
- implements Map.Entry<K,V> {
. : final K key; .
. V value; :
. Entry<K,V> next; .
H int hash;
=}

AAELE, HashMap EEE—ME, REHEFENTZE— 1 BEER, LEB+S, 8ME6E
AUSCIREERES Entry BYSLH, Entry @RIUANEME: key, value, hash EFIFTFERASEERA next,

1. capacity: HEEEASTE, WREFEF 2 \n, LR, ¥ aEHERNAHEW 2 /3.
2. loadFactor: fTaEEF, EAJ 0.75.

13/04/2018 Page 50 of 283



3. threshold: ¥'&BHBME, T capacity * loadFactor

3.4.1.2. JAVAS %I

Java8 XJ HashMap B{T7—EA2, SARIARFEFIAE TLLEN, LIRS A +ER+4138
X 4BRK.

HR{E Java7 HashMap BINR, FAJANE, EHABHR, 1RIE hash [EBAIREBIREEZIEERT

Bix TR, BREZENE, FEIMERER— IR TETERERNFTEN, HASRERR

THERAIRE, 79 0(n). AT RHEXERSHIFFHE, 1 Java8 b, SHERFRITHBL T 8 MAE,
SRR NI AN, XS UEH TERAIHMRALAPZRRIESEZE Y O(logN),

Java8 HashMap #4514

lnext

N
@ ..
NS
e

¢next

/
_
/

o

“—
H
]
X
=

3.4.2. ConcurrentHashMap

3.4.21. Segment B
ConcurrentHashMap #1 HashMap BEREEAZH, BERACHFRIRE, MLESHR—
L, EA ConcurrentHashMap HH-—1 ?Segmentfﬂﬁjz Segment ({F" &9 "8" —E& "M
BR, FURSHLEHSEEBEA DR, 8, 173X, BRSMHHET 18" k&

segment,

3.4.22. £EZ4E (Segment 4k ReentrantLock Hn%H)
BEREEHE, ConcurrentHashMap 2— Segment #¢8, Segment jE@id4t&
ReentrantLock R#H{TMNEL, FRLABREZMEEMERFEUEAIE— segment, XIFRE(FIEE
™ Segment 2ELLH, WA T 2BRIEERS,
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Java7 ConcurrentHashMap %543

next next next

Segment[0]
Segment[1] e >

Segment[2]

s next
Segment[4]

Segment[14] > w.

Segment[15] .

MELEFTT B ayrE

3.4.23. HTE (BN 16)
concurrencylevel: FTHAI. F&E. Segment &, BABFAEE, EFE, EUAR 16,
tBREEEii ConcurrentHashMap & 16 4> Segments, FRLAIBELE, XMAHE, HESFLARERS
16 MEEARS, RECNINEMEL RIS HEARRR Segment £, XMEALAEAIIALRIES
IRQENHME, BER—BEMBHLUE, BRARILY B/, BEAIEIEA Segment &R, HIX
81 Segment REZBINER HashMap, RIEERIELEZE, FILUGIERRERRITL.

3.4.24. Java8 EI (FIANTLEM)
Java8 33 ConcurrentHashMap #1777 LU RIS, Java8 B3|\ T LT84,

Java8 ConcurrentHashMap 4544

lnex!

b /
@ @

O

VRN AN

" e
2 o

b
o

N

‘next

lnext
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3.4.3. HashTable (£&f8%4)

Hashtable 2285, REMEIHIEAIIAES HashMap %, REIIEEEHE Dictionary 2§,
FEHRZEZEN, E—RERE—\%EEE Hashtable, F&MAU ConcurrentHashMap,
EJ9 ConcurrentHashMap 5|\ T84, Hashtable REINERBHER, F1EELERSE
HBEEILAR HashMap &, FEHERERFHS LA ConcurrentHashMap &ig,

3.4.4. TreeMap (ATHERE)

TreeMap SCHll SortedMap #:, RERIEEHRFHICREEEAF, FARREBENTHFHRF,
AT LIEEHEFAOL 188, 24 Iterator I TreeMap R, BRIRVICREHRIFH.

WNR(EFIHEFRIRRET, ZIFEFE TreeMap.,

TEEF TreeMap A, key #44RSEIL Comparable EOSEENIE TreeMap EANEENH
Comparator, BNEEE{TAHIH java.lang.ClassCastException KBS E,

2% https://www.ibm.com/developerworks/cn/java/j-lo-tree/index.html

3.4.5. LinkHashMap GEZFRIEAIEF)

LinkedHashMap & HashMap B9—ANF3%, (RETIERNEAINE, £ Iterator i&E[H
LinkedHashMap i, FEZIRNICREERTHEAL, LSS, RRIGRIRFHRF.
2% 1. http://www.importnew.com/28263.html

2% 2. http://www.importnew.com/20386.html#comment-648123
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4. JAVA ZLEH R

4.1.1. JAVA ERMIFE

@ RriorityBlockingQueue

tools H
0 Guewe @ synchronousQueve
Exchang:
collections © Deque
R ntLock P ’ 4
P © BlockingDeque ] @ LinkedBlockingDeque
© Condition ke CopyOnWriteArrayList
@ ReentrantReadWriteLock CopyOnWekeAreySet
© ReadWriteLock ConcurrentSkipListSet
© LockSupport ConcurrentHashMap
A o " kipListM:
Ju.c ConcurrentMap  ConcurrentNavigableMap  C SkipListMap
(1]
© RunnableFuture
© AtomicintegerArray © Futur
O Future
@ AtomicintegerFiledUpdater © ScheduledFuture
@ AtomicLong O Callable
© AtomictongArray > O ScheduledExecutorService & ScheduledThreadPoolExecutor
aotmic O ExecutorService -
OE e © ThreadPoolExecutor <
executor
@ ExecutorCompletionService
© CompletionService
© Thread|
© Threa
@ AtomicStampledReference O RejectedExecutionhandler @ Threa

@ ThreadPoolExecutor AbortPolicy
O TimeUnit

L8 10 = il M

4.1.2. JAVA LREESEI/EIE TR

4.1.21. 4% Thread 3
Thread AR LRI T Runnable #O/—PNLH, KFR—NMEFERISLHI. BonkferiE—r
iA@Y Thread 219 start() LA, . BEE— N
2, FHIT run(iE.

public class MyThread extends Thread {
public void run() {
System.out.printIn("MyThread.run()");
}

}
MyThread myThread1 = new MyThread();

myThread1.start();

4.1.2.2. 5£3 Runnable 0,
WNERESHIZEEE extends B—12E, MFAER extends Thread, ItbAY, BILASCEI—
Runnable 1,

public class MyThread extends OtherClass implements Runnable {
public void run() {
System.out.printIn("MyThread.run()");
}
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//I85 MyThread, FEELHML— Thread, FEANBCHI MyThread L)

thread.start();

public void run() {
if (target != null) {
target.run();

}

4.1.2.3. ExecutorService. Callable<Class>. Future F iR F{EZE

BIREEAMES WIS Callable 0, XURY, FTREHEAMES YR Runnable . #{T
Callable {E55/5, AJLASREXR—" Future RORISR, fEZIISR EIER get BAJLASREXZ Callable £55
JR[EAY Object 7, BEELAZIBIEN ExecutorService FiALASLIUE R P AIREIERNSEIE
7.

ExecutorService pool = Executors.newFixedThreadPool(taskSize);

List<Future> list = new ArrayList<Future>();
for (inti =0;i < taskSize; i++) {
Callable c = new MyCallable(i + " ");

list.add(f);
}

pool.shutdown();

for (Future f : list) {

// M\ Future 395 E3REVESATRENE, HEHEREHIE
System.out.printin("res: " + f.get().toString());

}
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4.1.2.4. ETLHEBRTR

LAEMEIEEEREX YR RHREIFEE NIRRT, PBARXTERNHREE, FREAIIHEE
%, BIFERBHRFN. BABAIMAILMEREFIRE, halEERLIET.

ExecutorService threadPool = Executors.newFixedThreadPool(10);
while(true) {
threadPool.execute(new Runnable() { //
@Override
public void run() {
System.out.printIn(Thread.currentThread().getName() + " is running ..");
try {
Thread.sleep(3000);
} catch (InterruptedException e) {
e.printStackTrace();

B

4.1.3. 4 FhERTEH

Java BEEZFEEATNAIEOR Executor, (EEMEE N Eift Executor HAER—1NEFEH, M
RE—MTEENTE., HEIERZIEHEOR ExecutorService,
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class Executor

sinterfaces
CompletionService

4

winterfaces
Executor

) ExecutorCompletionService
+ execute(Runnable) : void

]

xinterfaces winterfaces 2
winterfaces :
Callable ExecutorService Future «interface»
Delayed
+ callj:T + bmit{Runnable) : Future<?> + cancaliboclesn) : boalean P o
+ submit{Callable<T>) : Future<T> + get()-V ’ + getDelay(TimeUnit) : long
+ get(long, TimeUnit) : V
- -
- - -
- - - -
- - -
AbsfractExecutorService cinterfaces winterfaces
ScheduledExecutorService ScheduledFuture
+ schedule(Runnable, long, TimeUnit) : ScheduledFuture<?>
+ schedule(Callable<\">, long. TimelUnit) : ScheduledFuture<v>
+ scheduleAtFivedRate{Runnsble, long, long, TimeUnit) : ScheduledFuture<?>
+ scheduleWithFiced Delay[Runnable, long, long, TimeUnit) : ScheduledFuture<?=
&
#
4
s
/
ThreadP oolExecutor f’
£
.
/
Executors
4
,’ + newCachedThreadPool]) : ExecutorService
s + newFixedThreadPoolint) : ExecutorService
+ newScheduledThreadPool(int) : ScheduledExecutorService
ScheduledThreadPoclExecutor + newSingleThreadExecutor() : ExecutorSernvice
+ newSingleThreadScheduledExecutor) : Scheduled ExecutorSernvice

4.1.3.1. newCachedThreadPool

BIE— P EIRIERECEMNEIZALE, ERELUREENSETRITRERE]. XTHT
REEMRSISHEFTS, XELETBEARRSER L.

Eit, KESERFE RS A SRR
iR,

4.1.3.2. newFixedThreadPool

. EERR, X
Z#{ nThreads SRS TIRESHNENNE. NRERBELAEL T EASIIIRAMIINESS
NEBRTAZIEZE, WIMESKESISERS. WREXARAHATHIBE TREmSEEH
HREEIE, BA—MTEEBRBEEMTRERNES (NMRFE) . AEMEERBIXAZ
Bl EPREES—EFE.
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4.1.3.3. newScheduledThreadPool
BIEE— LR, B THE S IR EIE TS aE SR T,

ScheduledExecutorService scheduledThreadPool= Executors.newScheduledThreadPool(3);
scheduledThreadPool.schedule(newRunnable(){
@Override
public void run() {
System.out.printin("ZERE=FL");
}
}, 3, TimeUnit.SECONDS);
scheduledThreadPool.scheduleAtFixedRate(newRunnable(){
@Override
public void run() {
System.out.printin("{$EiR 1 EE=FHITIR");
}
11,3, TimeUnit. SECONDS);

4.1.3.4. newSingleThreadExecutor

Executors.newSingleThreadExecutor()iR[EI—NEFE (XNEIEHERE—NEE) |
!

4.1.4. REEMABCRS)

SEEREIEFAENUE, ERAR—BHMMHEANTHITIRE, BAR—BELTHIITIRE.
AR EmERT, EERIHENew), HiZE (Runnable) . =17 (Running) . FHEE
(Blocked)FIFET=(Dead)5 MRS, TTHRILAEEHMAGE, EAXRFJE—H B4 "E CPURE
=17, FTLA CPU ZEESFREEC @R, TREENSHESRIEET. HEZER

4.1.4.1. FERES (NEW)
LiERF | IZEFERAT RS, IEHYE VM IESES

NF, FECERRZERE
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4.1.4.2. RS (RUNNABLE) :
LEFETHR . ZEFRTHEEIRT, Java RIS AE LIRS EERE
EFitiEs, SEEEET.

4.1.43. BITIRE (RUNNING) :
PIESISS , WiZ&ELNTIETIR

=
1CNo

4.1.4.4. [HZERE (BLOCKED) :
PEERS EISLEE AFEMREKF T cpu RN, WBAMEHT cpu timeslice, HRHELLIET.
BRISABHAEIEIT(runnable)ik7, A BIEBIRIXE cpu timeslice FEiZ{T(running)ik
. BREIERS =

LAFHZE (o.wait->Z#FEXNF)) -
IEAT(running) BEAEHUT o.wait(75i%, IVM SIBZEARMANERHMUF(waitting queue)
=

776 2 (ock-> 8h)
IET(running) NZFEERBI SNBSS 8id, H1Z , VM £48i%4
FEMAGiGt(lock pool)d,

H b 2(sleepljoin)
IZ17(running)BYEEFEH4T Thread.sleep(long ms)ak tjoin()75i%, E&EAM T I/O iBKAT,
VM SIEIZERBE RIS, X sleep(IRZSHBAT. join(\ZFLefEeR PRy EBAT. & 1/0
RAIBSTEERY, LFEEFE RIS T(runnable)iRZ.,

4.1.45. £TEMT: (DEAD)
SESUUTE=MAER, EREMREFXTIRE.

IEFLER
1. run(gk call)75iEHIT5ER, SAZIERLEER,

REEH
2. LFEHH—RIEERRY Exception 8 Error,

P4 stop
3. EIEEPZEETRN stop() /T AR TRIZ TR — . AHEEFER,
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sleep () [71]

sleep()
1075 i ] //"'.‘"“'“x IOfL &

WRRBH N A
UL N\ S fE
cart() resume() / {EL 5| A L B2 %% g suspend()
sta
. . PRV stop
yield()al 2 4 4b F 35 5 R Error
Exception
run()/call()
AT K

4.15. KL 4 MR

4151 IEBEBITER
RFIGITER, SHAEEER.

4152, FHEBHREBHELE
—f& run(FiEHITR, LIEMSIERER, A, EEBLAREREREE. SSEREN
517, RETEINTRLEEEHENBERT, FeRAXLEE, FR—TEFREHEIA, Flu0:
REENEHMEIR— boolean KEIIRE, FHEITIREIXMREN true B false Sz while
BEARERTRY, RS xM):

public class ThreadSafe extends Thread {
public volatile boolean exit = false;
public void run() {
while (lexit){

//do something

}
}
}
EXT—MBHIRE exit, & exit /9 true BF, while {BFRNEH, exit NEGAMER false FEENX exit
B, fiE , EHERER—RZR

BEH—PMEAERIZEL exit BYE.

4.1.5.3. Interrupt kg RER
A interrupt() 73 AR PET LSBT ER :
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1. SEQTET|IRE: WEAT sleep, FEHIHY wait,socket FIE receiver,accept Z75iE0T,
SfERRELTIREINS. SAMALEN interrupt(75iERS, St InterruptException §H.
BEZEFRIFN T EREXNER, BIABRRZEE, A5 break BFHBEINAT, ML
BB SEHRX NIRRT T,

2. SRERGTEBIRE: FH isInterrupted (HIRFEFZAIPRTIRESRE HER. ZH6ER
interrupt(73iERY, FETRSHEE true, MERABENXIRSHEHBRE—FIEE,

public class ThreadSafe extends Thread {

public void run() {
while (lisInterrupted()){
try{
Thread.sleep(5*1000);//
}catch(InterruptedException e){
e.printStackTrace();
break;

4.1.5.4. stop HEZILERE (BEALE)

TERFRET LAE (A thread.stop () BBITRIEEAR, BE stop IERRBIEM, MSEARK
AT EVEBRER, MARKREERFRXN—F, TRSFERTRRNER, FReXER:
thread.stop()fEREZE, BIBFELENELIEHSHY ThreadDeatherror FEIR, FHEESBRMTF
SLREFFENREHM. —REEMHTMMAKIER, SN THRIPEIEN—3UE, NRE

. BRARIFSUERI B I REE
MA—EE, EfthSREEERXUIRRIANEIER, GrSH— LRI RN EREFER.
b, FARHEZ(ER stop FiERERIESFR.

4.1.6. sleep 5 wait X5l

1. XFsleep(5iE, BAIERENEZSGAZRET Thread PR, M wait()5i%, WRET
Object 2719,
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sleep(77iESH T FEFEHEHITIEERIENE, 1L cpu iZEfEAE, BRMMAIIINEHRA
RIFE, SEEREERT XSBMNREBITIRE.

£V sleep(73iERIEREF, LAEASREIIISH.

4. MZFA wait(5ERIHE, SHAESBENSRMN, EAFEFRNSRNSFEHIER, e
XA notify \F5iZRALIES AR UE N EZIRBRIRUHNSI TR,

4.1.7. start 5 run X#|

start () SiEREHEAE, HIESLI 72448517, XEAHEFRF run IiEERBHRATEE,
JLAE RS T FEAIAES.

B Thread 2509 start)75ERBI— MR, XEWEREZLTHENRTS, HEBE
7.

73i% run(FRALARE, EESTERTHXMIENRS, SEMENTEITRES, ez
17 run REEPRIRED. Run TiRIE(TEER, EAREIE, AF CPU BREHELIE.

4.1.8. JAVA 55412

EX: FIRERE--1EIR "RBEE" | MEREEERE, eB— M, BABFLZ%RE #HE &
HiRS, ERBRPEEIRSHNSBEH.
Rk THPERERILERILERT, BTFARGRHTHNEENSRINSERMIRS.
RE: B setDaemon(true)RIRBLIEN "TFIFER" ;| B— 1M RFRLERENTINEE
HAINEHE SIENROIE Z/I FZAEXISRAY setDaemon 73i%,
4. 1£ Daemon ZfEHF=ERYHFEFEEE Daemon |,
ZFZNZE VM K3FIRY, LA Tomcat 795, WISRIRE Web NAHEEI—1MERE, XMEERT
EHEAHAST] Web NEREFRRIFEL. BHER, BEMFERELET Web A, XNEE
KB EEREY.
example: SR EIKEEFEME— MR BINTIRERE, SERIREFPABBEHIETA Thread,
ERFPASEELR, MIREESER IS,

. BIRZEEEBREHIET, BTFINEENEERS
FRRYE] B TR.
AanfEHA: TR (Daemon) RIETHREEMN—MUFHKIAE. B TiEH&inHEE
HAME I T M ES S FHERELRERNSEH. BRERTIFEEMOBTRIR, B2
BTESR, 55F "BEHLE . 5 VM FEBRERERE TIFEERIRHR, JVM sialLUR
BT, NREE— NI ERIEFRFEREN JVM R2BH.
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4.1.9. JAVA 8%

4.1.9.1. FRWBL

RME—FRRMBRE, BHAANESE
BIARRMER, FTLUA=LER, BE

4, BEFASHAREMR, BREZEHIERIRMRERAN

(FURRR E—IRAONRAS, WNR—HRIEST) |
INREMNERESIE- LR -SHIERF.

java PRYRIBEAREZiEIY CAS BESCIRY, CAS B—FEHHRTIRE,

4.1.9.2. FEWBKL

EMBEREIEMEE, BHIAAEZ, BRIHASHNIRENS, SXEEZHIENRHEEASBIA
&M, FUESREESHIBNRHEESS L8, X ABEEXMEEHS block BEIZZ#,

java PRSI BIRT R ,AQS TEZE FROSHN 25552555, cas RIMBIZRIRENE, IRENAZ,

FRURHR/IAEIMEL, U0 RetreenLock,

4.1.9.3. Hist
BrEsiREBEIEEESE,

LIEEIRRREAE cup B, ETHELL cup ML, MNR—EZREAZISE, BREAE
tBABE—E G cup BIMICAY, FILIFERE— 1 BIEFFIIRARIE,

NRFFA USRI THR EET BIleF R AT BEREH, HeaSEHEEFAMN
RIZAEERASHIIANERRNAZ, XIFREEREEEIBENEERT.
B ESHI tE 5 kT

BIEtiRATRERYRDLAZRIRERE, XN THMAIRSARE, B S RRdEIFEERRRR %k
MERERERIBE AR, FNBEFESINT iR EEEEBRERNRENERE, XERES
SHEREREFR E TR !

ERUNRMNTESEZI, EFEHNSARESERNEHEMNTRLSHR, XMEMAES
RN, RABIEMEREEREI—EER S cpu MFEAY, & XX & XX, BNEGXE
HREEESF—I B, SSEFEBIRINERK, SEBENBEXTEREEEIEERENERE,
HEEE cup RN AFEEREE] cpu, iERE cpu HIRZEE, FRLUXFPIE R FEYIEX B HEs;

B ESEBT I (1.6 FIA TERE L FEs])

BIEBBENENT HE CPU NEBRAEN, FEFRENZEISZEIHTAE, (BRUAEER
BIeAITHNER? MRBIETIIEREK, SERENSELTERRSSE CPU &R, #Him
SRR FHIERE, Rt BRI ERREAIE N EE !
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JVM S TFBEEERRIERE, jdk1.5 XMREE—ENSEER, , &N
HBIEMERE BN BEAEREEN T, MEHR—XRER—81_ LB IErT LA S8
BENNSKRE, BERAS—NEE LT SHEBEIR&ERN— R, FEid JVM R Rd=
Bl CPU MNRATEIERM T REZ/IML, WIRFIRB/NF CPUs NI—EBE, MNEREGHEIL(CPUs/2)
NMERIEEBNE, WERAEEREE, NRIEFEBRNEERIL Owner K4 TEHNIFERBE
FfE (BEhEitsl) st NEZE, R CPU T HHBEEIEENE, BieffErISERERZE CPU
BITFHEZER (CPU A 5T —/NUR, 3 CPU B BAIX/MUEERNNMEE) , BHRTSIENSK
REFENARZ BNESR.

E VEBHIFTIE
JDK1.6 #-XX:+UseSpinning 7/3;

-XX:PreBlockSpin=10 ABI®XEL;
JDK1.7 f5, Higlb841, B jvm =5

4.1.9.4. Synchronized 44

synchronized BEILMBEE—IE NULL ROXISRA1EEL. ETIRSCAYENEE, ERETIE
A8,
Synchronized 7E/#/E
1. {ERTFEER, SHERIRXISRAITAI(this);
2. SVERTFERSHER, Bi{ERIR Classfl, XE7 Class BB REUEFEE KA PermGen
(jdk1.8 MZE metaspace) , XAHEEEHZ=N, EHEHSTEIHELITEN—1 2584,
SHRTERRZE AR,
3. synchronized fERF—MXISRELAIRT, BUTRIRATBLAZXNSRASHIIER. ©BZ 1A,
HENERE—ERAENRIEUESENIHE, MRIENS[RSFXELEFEEARNSSET.
Synchronized B0 A4
1) Wait Set: BBREIEA wait J5i A EIISAZ RN ETEIXE;
2) Contention List: , BB B ST REIX N =RAT
3) Entry List: Contention List ARBBLE
4) OnDeck: {F&ERTZI,
5) Owner: HRIBLIREEIFTEIRIVSAZMARS Owner,;
6) !Owner: ZRIFEHUNAIZAS.

Synchronized £
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10.
11.

Waiting Queue Ready Thread

ContentionList & EntryList
@

v

® @

..
Blocking Queue

Running Thread

VM IR MBAFINE BB — MR TR SEEE (OnDeck) , BRARBERT,
ContentionList & AEBRNFHELIZHT CASiHE, ATHRENERTEN=S, VM 25
—EB D LRFERBTNE! EntryList FYERIETFLLIE.
Owner ZFESTE unlock B, 45 ContentionList FAYERSEAZITFEE EntryList &h, HiSE
EntryList FAIENEFED OnDeck 48 (—RE&HITIHENIAINEIE) .
Owner ZREHABEZIEHEBL OnDeck 412, MELMTFAINFIZZLE OnDeck,
OnDeck FESEHRFM. XHFEME T S 0F M, EREIRAINRARENELE, &
JVM Fh, BBIXFIEIRITOFRZ N "R
OnDeck ZFBABNEIBIFIRIE R /0 Owner £&f2, MiRBERIBRIRINISASETE EntryList
B, W05 Owner ZFE4 wait 757AREZE, NEERE] WaitSet AFIH, BEIFEMIZIEF notify
& notifyAll IREE, SEFMHZE EntryList &,
4F ContentionList, EntryList, WaitSet FRRIZFZERETIEEIRT, ZIBEEHIRERS
F5eRAY (Linux R TRA pthread_mutex_lock RIIZERESEIIAY)
Synchronized 244, Synchronized TE£F2i# A ContentionList BT,

. XBBEXNTFELHFNNFIRIZER
AR, BE— T AENEEHMEEIGANBINEEATTREERSEH OnDeck L2941
BiF.
2% https://blog.csdn.net/zqz zgz/article/details/70233767

FNEEE A monitor XJ&, , REBBBINStRERIE 230
_E monitorenter #1 monitorexit I§<RLIAY, HiEIISREBT— MRCAESRAREY
synchronized , MBERE, BrIseask

EMNSEFERIN B S R E R RE S,
Javal.6, synchronized #1TTIRSHIIL,
. BEETARLNES, EZ2EHETER Javal? 5 1.8 dh, 3R < AIsCIIER
TR, 5INT . BRREXNSLPEINC)I, FARELSRIERAMNL.
o IXFRFHRISFEN SRR AR ;
JDK 1.6 FEGARHBRESFIZERD, aTLUEIT-XX:-UseBiasedLocking SEZFA{REH1.
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4.1.9.5. ReentrantLock
ReentantLock ##7F#%M Lock HLM TEEOPENMISGZE, tHE—FRIEAN, BRTEES
B synchronized F8ESSRBIRTE TIESN, EEM T BRI A ARRrE. aIE0iashEsk. T8
R ZRIETLAY A,

Lock BEOHEE %
1. void lock(): H1TLETF AR, R, NRMEE
WHEAMEARSE, B HRIL%E BRI SRS iEIRENE 8.
2. boolean tryLock(): AZFTER

lockFIXBIET, tryLock() RE"HXE"SRENS, ARPIATH, F=SHURISIZHEZMA,
MBI THATRE. T lock() A ENE—EEREZEIS, tNERSATH, #—
B, ERREHZ a1, MRigiEH ARG M AT

3. void unlock(): HUTILTTIERT, . BIRBEHRFEEREN, WRERE
HAFEH, ATZ5E L TESHEENRLE.
4. Condition newCondition(): o IZEBFIHRIRBIEBRE,

HRILERBERE T, ZFe8ARZAER await()5i%, ARG, HeISIEEamaE.
5. getHoldCount() : EIASRIZERIFIHBAENREL, EHENITIHEZRIT lock 75ER0R
6. getQueuelength () : IREIEFFFFRBULSRILIEGITEL, thafEsh 10 MER2, 14
SREIRI5EL, RhRERYZ 9
7. getWaitQueuelength: (Condition condition) REIEFSIHEFAIVETESERIZ
R Eean 10 N2, FBE— condition X338, FHEIEHX 10 MNEAEER TS
condition XISRAY await 75i%, APALLEIHATIESAIRE] 10
8. hasWaiters(Condition condition): B EEE&EESSHIEXNEAESEY
(condition), XJFHE7E contidion 348, B /VDE&FEW{T T condition.await /5%
9. hasQueuedThread(Thread thread): BEiEEELIEE B ELFREUL T
10. hasQueuedThreads(): EEB&KEEFILH);
11. isFair(): ZBIEE AT
12. isHeldByCurrentThread(): LRIZEEERFMEIE, LE0HIT lock TERIES
B2 false 0 true
13. isLock(): IWHIRERERLESA
14. lockinterruptibly () : ANRLBIEFZRE R, TREEH
15. trylock () : =iEEREH, (ORAMBNSCRBEEZESA, KEMH
16. tryLock(long timeout TimeUnit unit): WISRSIELEESFHIERIZBRE —NEIZERT,
JUEFR:NER
FER-PHE
JVM 2B, SRS ECBRINBINFRAARLTE, Reentrantlock FEMIIEREIFIRMAL T
AR NHETIN, BARIEATH. IFLAFUEFHITRINERE B H AT S, BRIF
Ereirnes, AUREBIEATERISBHLH,
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AP
AFHHENR UMD EANEEAFRY, BELIIHHR RIS RINEE TR O BRI,
ReentrantLock fEMIERREH IR T BB AR A TRE X AT,

ReentrantLock & synchronized

1. ReentrantLock @3 75i% lock()5 unlock()RIF{TINBISHEBHRIE, 5
. NTEAERE
MEEMITEEEEMAER, 8 ReentrantLock MIRTE finally $athlbReiH TRR IR
k.
2. ReentrantLock #8EE synchronized BUEEZRIFHT. AF8. SP8l. XMMER FeE
{#F ReentrantLock,

ReentrantLock &8¢

public class MyService {
private Lock lock = new ReentrantLock();
//Lock lock=new ReentrantLock(true);///>34
//Lock lock=new ReentrantLock(false);//3E T4
private Condition condition=lock.newCondition();//€lj#& Condition
public void testMethod() {
try {
lock.lock();//lock nngi
/11 wait J5iEF:
//System.out.printIn("FFa wait");
condition.await();
/@i EE Condition SIZRAELAR wait, WIRFTHIT lock.lock F5i3K584
//:2: signal J5i&IEEE
condition.signal();//condition XJ5:RY signal 75 AR LAIREE wait Z5752
for(inti=0;i<5;i++){
System.out.printIn("ThreadName=" + Thread.currentThread().getName()+ (" " + (i + 1)));
}
} catch (InterruptedException e) {
e.printStackTrace();

}
finally
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lock.unlock();

}

Condition 2847 Object 8 75 XA X 5
1. Condition 25y awiat 757%F0 Object 2509 wait J57£F54
2. Condition 2# signal 75;%%0 Object 2£AY notify 7535Z3%
3. Condition 244 signalAll 753%&F0 Object 2519 notifyAll 7555538
4. ReentrantlLock ZEe]LAMEEISERHAIZFE, M object RUIREEZRENAY

tryLock A7lock A7lockinterruptibly #7X%5)

&)\

1. tryLock 8EREHIFLIRE] true, ABERIIZENR[E false, tryLock(long timeout, TimeUnit
unit), BILUEANRIERRSI, dNRBHIZAHEERAIZIREE, RE| false
lock BEZRIEBIRLIRE] true, ABEANE—EFHREM
lock #0 lockinterruptibly, IR NEIEDBIHITIXFNGL, (BLRTFEHXENEIE,
lock A&t EE, M lockinterruptibly SHSE.

4.1.9.6. Semaphoref5E
Semaphore E—MEFIHAMEESE. SHUAKRE—NRE, BT, SNMEERSHRENFAE
g, HMECHRBERIE, BYEER, KERBFIESHESHEZE. Semaphore FJLIAE
FRR—LeRIgRIt, RWIRE 2R, tLASUREERED
SEHH S A1)
A BT LAGIETTEDS 1 BY Semaphore, BEAEA—FEUE FRERINEI, XBIZTEEE,
R E RIS,
azEs
EREET:

/] BIB— M ERER 5 RIESENSR
/] REE 5 NEFEERT ()
Semaphore semp = new Semaphore(5);
try { // BiEFE
semp.acquire();
try {
/] 55858
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} catch (Exception e) {
} finally {
/] TERFR]
semp.release();
}

} catch (InterruptedException e) {
}

Semaphore 5 ReentrantLock

Semaphore EZAgE5EAL Reentrantlock BIRFETE, FRAEESZHEM, BT acquire()5
release() 77/ ZFIREIIRRIRFREIR. 2L, Semaphone.acquire()73iEBAIAJIET E R HHTHL,
5 ReentrantLock.lockInterruptibly (fEFISIR—E, BRI IRAESFInREIRNIER T
Thread.interrupt()75;&5kF,

ItE7h, Semaphore tBsCHL Y . BT AIER tryAcquire 5 tryLock
R, EfEAAS ReentrantLock JLF—2, Semaphore Rt T AT SIEA TSNS, b
B e E I TIRE.

Semaphore FISIREHMIRIFEERFERNIIT, FEILS ReentrantLock —#, JBREFERMH FHET
TEIEEBRMSRIERAE, BRI EEORIE finally AABRAPTEK.

4.1.9.7. Atomicinteger

BEEE, Itk Atomicinteger, —MEHEREFEIEN Integer 192, ERNMNIXES
AtomicBoolean, Atomicinteger, AtomicLong. AtomicReference &, ftiJAYSCIN/RIEIER],
XAESEENSRENARE. SAXEM, FaTLUEE AtomicReference<V>E— NIRRT
B URRFRME.

B8, ES4EEFD, B++i 5 i+ +SEREERFYE, BEALeNEEREZ—.
BEENER synchronized iz FER—MNRFIERE, (B IVM AlSERMERSRE 7T L
F2E, BEERAELE, BfEEFETHERREES. BUEXEMER, BE Atomicinteger
AIMEER ReentantLock B9%F/(E.

4.1.9.8. TWEAH GEHYD
AN EmHARIZT X ERETEAS, MAREHE JAVA TH ReentrantLock, =IEA, Y
HIRF, EINER—%E INEREEREUZE . AEBPREUAEREBIZHANE, ERxz
01, £ JAVAIMET ReentrantLock #1 synchronized #B2 aTEA$l.
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41.99. AFHEIEATH
A-F8 (Fair)
IR E RS EHIERAILIE, MTHASRFILEIE, SooR%S
FEA-FHE (Nonfair)
INBATAE FEHBASFRRN, BRI, RNAZIE RIS RF

1. AR TR A TR 5~10 (8, EALNTHIFEEESZAYIER N4EP— AT
2. Java #fY synchronized 234, ReentrantLock EXIARY lock()/5iERABRYRAEA T8,

4.1.9.10. ReadWriteLock #5481
NTIREMEE, Java RBMETIESH, TS ERIEE, EENAERSE, RiEEHE, W
RIESHBRT, ERLHEEN T —ERE LIRS TEFRIHITHER. E58io /s
B, ZNMEAER, EHM5EMER, X2H jvm BEEHR, (RRE FIFENASEEIA.,

NERAINIB R, TLURZARRIE, BAEERS, BB LiE
=i

MRMRRRIBENETE, REE—AES, BEAERIEE, M LS. B2, ERRdEL
=, SRIRHE ES8L!

Java FIEE B M E O java.util.concurrent.locks.ReadWriteLock , tB B E{KAISC I
ReentrantReadWriteLock,

4.1.9.11. JEEHRM 5B
java HASIRHAINBHEZ 2 /it G BFNH =81,
P58
mEEERT, 8XREE— N\ EIEReEEE1, Reentrantlock MELUESAXSEINE K84,
PR ISR TRIIIBEREE, Sl T/, NRENRESEAEREG, NE bk
TEERBEES, XIMER THRS T AVEINHAN, RASERMEHAS ISR —EUE.
Pr-¢ 4
HEPNRFSNEAERIRE, FkibE HEEIR, @0: ReadWriteLock, HEHINE—Fp
RS, ©HEE 7 INBERE, AFES MITERENSERBRRERR.
1. AQS HIRER Node EX. THENEE SHARED #1 EXCLUSIVE, {19 BI4RE AQS PAFIchEs
FEAEOBREUEL,
2. java B9HABHRMT ReadWriteLock, 1E-5#f, BRAF—NEREAILIES NERIERE,
HEWH— SRERAE, EREAERHT.
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4.1.9.12. BEEZFY (Mutex Lock)

Synchronized ZEEIXISAZRI—MUHETHIEEH (monitor) LAY, (BRETERMARN
BRI T IRERRERSHY Mutex Lock LAY, MR FRGSEINEAZZ BRI HFZENA
PSEBREAROS, RTRAIFES, WSZERNERFEERNILRRKAE, XMENTA
Synchronized 3ER(ERIRE, BEL, XFMEETERERS Mutex Lock FsCIRAYSiE 727
"EEEN" . DK FRg Synchronized #EIFMFMELL, EiOERN T IRDIXFREERAIER.
JDK1.6 LS, AT mDIRGIMBNSETTRAUEREH, REMeE, 3INT "BEHMN" M
“fREH" .

4.1.9.13. BREHH
PAORS LB : TS, RE. BERVFIEER.

TR
BEEMNRRES, HLUMNMRERARIEERM, BARNEERH (EEMNARERRAT,
EHRRABEMERETR, F2HRBAIER) .

"BRER" BENTEARERAEREXRINVERUMSH. B, BLEFERA—RNE,
REFUAFZARNEEERIN, ENARRERESLERFNNRET, BMERNER
KUFERFERIMERSHRE. ERRRERMIITIREZR, SPE—R, BERUNENA
SREEXBNTRLSRER, IRFEE—HEHERE—MER, MeSBiEERMAK
NEERH,

4.1.9.14. RMH8L

Hotspot FEFEEITLMERIARAMASZEIER FHANAFESLERT, MESRHR—%
BEZRRE. ROMBERNRERNSIERENZE, HRXMAZHEN (CAS) RIFHHE, B
FILXAEAESE T R, SINMRRBREA T ELZLIERFRIBR FREM DO ERNEER
MATHEZE, BNRERNRBRBEBKEZIR CAS RFES, MEFNMAFTEESESR
Thread|D BYFHE(EHT—X CAS JRF1E< (BT —BUISEIERSRE R BHERRM, Fr
PARFISIRIEH R FROM BB R AUNT TS & TRAY CAS [RFIE<RIMRERFE) . LHid, =
ERWEN T HELEZENTRLSRITIES R, MREEUNRERE—MEIERTRZRIH

=y — Lb
LIRS ERE,

4.1.9.15. B8
SRS FIE—FhSCRANEL, TE—FEAE ConcurrentHashMap 2539 BREIHIRIFSE

4.1.9.16. gtk
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b BUFFE T ]
RFRER SRR SRR F_ LN

N\

22N

:

BAWSR (XNMNREATEKWRESEZZRE) |, FA/IESR, KKBINFHTE, FERS.
PHET SiR%RS, RAM, BERURNIEFRRES. SREBENE/NTERNZEOHMS
ConcurrentHashMap,

A

B YD Bl SH ReadWriteLock, HRABIIREHITOEAIEMFISH, XHEEAE
., E5ERK, EEER, BMRIETEERSE, XiEs T, BRtEiEEE[EHA Java ]
IDKFHKRE 1, EELEBERILIEER, REREEARTIN, SEILIOE. Lt
LinkedBlockingQueue MLERERH, MEZREUE

i

BEBERT, ATRIEZSHZEENEIFE, SERBNEEFEGINRERER, EFERR
AHBFRE, MZIZERHM. B2, NEHE—NE, NRUE—IHAMF0HTIER. FES
Y, HASUSBERARERNRR, RMAFITFIHEERINL .
BEMREARESRRIINES. ERImIE:S, MRATMATTREWEZAINGSR, WaTLIEMRIX
LENTRAVBHRE, SHERNEFRIRBAES .

£%: https://www.jianshu.com/p/39628e1180a9

X
3

4.1.10. ZREELXHE

HARERAIEATTEE wait, notify, notifyAll, sleep, join, yield &,
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| 2t
] "\I
L (NEW) )

Thread.start()  Thread.sleep(long)
/ Object.wait(long)

(,)hJCCl wait() ( BT Thread join(long)
“h,lt“-;‘ Jjoin() ‘ (RUNNABLE) LockSupport.parkNanos()
l"‘(k'\f{pp‘)d park() a3 LockSupport.parkUntil()
: \_ (RUNNING) / | N
(.. Q" e -~ Sy EH
_(WAITING) _ Tgmmm () YO [N ~\_ (TIMED WAITING)
\ Z RENE el

Object Vn'ull't')»()
Object.notifyAll()
= | LockSupport.unpark(Thread)
(R s
2 N %58 A\ synchronized J 3%
$i4 l'rﬁfli S TR b '?f'n}l Asynchronized R

Object.notify()
Object.notifyAll()

( R#READY) )
LockSupport.unpark(Thread) ‘ i = A

————, G e
#1k P % ‘
\_(TERMINATED) / N (Bl(?('_k'i‘-l)'r

4.1.10.1. £ESR (wait)

ZIT AN WAITING R, REFERINGERIENSHR A 2iRE, TSN
mﬂﬁﬁ wait()iEfRE, SEMISRES. B, wait H;%—ﬂxﬁﬁﬁlﬂffﬁ;iﬁilﬁiﬁﬁgiﬂéﬂh

4.1.10.2. ZRTEHEAR (sleep)

sleep SHHBILIEAKIR, 5 wait FIEARRE sleep AN HEISH BRI sleep(long) &2 5E
LN TIMED-WATING IR7Z, T wait() /522 SE RIS H A WATING R

4.1.10.3. Z&EilFP (yield)

yield SESRIZAZLLL CPU TRIE R, SEMEE—REH =S CPU IEhH. —RIERXT,
R RBIEEE AT MR II=RSE] CPU REk, (BXNRRMEXIH, BRURIERFXY
HARAITRFF AR,

4.1.10.4. £FEHWHr Cinterrupt)

PHT— MR, HARRGXMEE—MENES, SRMXMEAZREBRI— P hmRAL, X
NEREABHAREUMBEDREG GRS, &RIESF).

1. JAH interrupt(75 /A ASHlT— N ERE 742, EHRERTF Running SRR
EHASEHPRTmREL L, (NSEE T RERLEPRIRRTTRRAIME.

2. EHRAM sleep(mfEgkiEsbF TIMED-WATING K7, XEHEA interrupt(75i&, St
InterruptedException \i{EZFEIRRIZ R TIMED-WATING RZ.
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3. FZEEHE InterruptedException B9757% (%0 Thread.sleep(long mills 753%)), HiHS
FBEl, BBRPEIRA, FRLHEER, 18R isinterrupted()77iEKBSIRE false,

4. FRPRSEREEEBSN— MR RA, FJUBEIIRRAILEE &R, il (RE&LE
—MEAE thread B9RHE, AILAJER thread.interrupt()73i%, HELAEAY run 73iERERAILL
TREE thread.isInterrupted RESRMLIERIZR IELAR,

4.1.10.5. Join &fHALKELIE

join() 75i%, FHHEMEAERIE, EIREAETEB—MIEN join() 5i%, NSRIZAEEHEEE
N, ERIB—NEAEER, SRISIEFHERREENMERT, FF cpu BIEE,

4.1.10.6. AHAZEH join()FiE?

REBRT, EEEERFEN T FEE FTERRFEERENGR, UMEFTETLRES
BEFEEEREBEER, XAMEMERE join() &iZ.
System.out.printIn(Thread.currentThread().getName() + "ZFiE{THHA!");
Thread6 thread1 = new Thread6();
thread1.setName("4:#2 B");
thread1.join();
System.out.printin("iXAd thread1 HiTREZ EABEHITELR");

4.1.10.7. £FEKE (notify)

Object 3K7RY notify() 73i%, IREE(EIEXISIGINES SIS, ANRATESATEBELLIISR
LFF, WSIRERERF—IMEE, BREEASN, FENTIMHRERRE, LEETE
FREP— wait() 75%, NSRBI EES, E2I8pEERFIEs CRiiE, Aaeit
CHATHRIREERVZGE , RIREERIZAERS IAB NS N SEZR EESIRP IR E 22’ TR
F. FUITIEEE notifyAll) , IREERXRIslEs EEHRIRTELEIE.

4.1.10.8. FHAhrik:
sleep(): sRIB—MEFRREIRNZRD,
isAlive(): HT—NEREREFS.
join(): SHRFEEEIE,
activeCount(): FERFHEERAIZAZEL,
enumerate(): WEEFHRIZAE.
currentThread(): 1BRIXBI&IE.
isDaemon(): —PMEEEBNTIFEIE,
setDaemon(): RE—NMEEATIFERE. (APSEMTIRSEENXEIET, 2EFEEE%
TR A ARLERMAER)
9. setName(): HNEEIRE—ER.
10. wait(): BIB—]MEEES.

© N o A WD =
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11. notify(): BRI—MEFERELETT,

12. setPriority(): RE—PMEFEAMLER.

13. getPriority():: 3XE—MEEANTTR.
4.1.11. £EETXI#%

ISebHteRI AR T RSIE e eRI75=0, CPU B MESERIRS—ERIRTE, ARIESRIESIVNSRE
Tk, ENET—ESIREE, BRERS T—ES, ESIORNSREFRENE, XEITREHME
LT, BE R RIS ES MESER— CPU LHITRR 7 AJ8E.

Save Context T r Restore Context

threadl

Context Switch
Current Running Thread

thread2 time
[,

b

http //weibo.com/coderplay

4.1.11.1. #HiE

(BEHMREEIRESS) RIE—MEREITRISES. 7 Linux REtt, ZiEREsErTiziTHE
SHMNGHE (BIZMENEHE) HEFR—bi=E (—RAFEKE) IEMRIRNEE
RHTBE.

4.1.11.2. EFX
EigE—Atalm CPU HEesIEFIHEENINE.

4.1.11.3. Zfis
£ CPU WIS ER/MESRERIRNNTE (5ZXIMAYE CPU FMEREXTRIEAI RAM £
7 . SESREIYERE (BEREENFEE) HNtEGRRESITETERETIE
E.

4.1.11.4. FEPIHEE

B—NERANEESE, ATERBIESHESF CPU IEEHITHME, FREALEERUTIHES
RO ERE T MSERPUTHIECIE, BIMRT A ENRS.

4.1.11.5. PCB- “{JJ#ahii”
XA LUAARRZ (RERFZRIZ0) £ CPU EX3TH#HE (B18448) #iztk, £ T

MIRIEFIERRIRFEHERHIR (PCB, process control block) HRY, PCB AL EHFR
E "thi”  (switchframe) , (SE£—E®FE) CPU WESH, E2MtII#EIRER.
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4.1.11.6. ETFXYIHKITES):

1. HE—MHE, BXMHER CPU PRPIAES (LX) FETFREFFRIEL.
ERFHRERT—MNHER L FXFHEERE CPU IS FRIRE.
BHERIRE R EERFTIE AR E (BDBVEER AR P ITRTRONESTT) . LURESIRHIEEER
.

4.1.11.7. FIRKELTFXUERAEEA

LR TESHRRRTZE, &% CPU EEREE T—MES;
LRIHTESREE 10 AR, BESBIESEL, BET—ESS;
SMESIELMERR, HESSERIMER, WRESER, RET—ES,;
FFRBERSRIESS, 1kt CPU BYE;

BRI ;

4.1.12. [FBBiEE8

vk o=

4.1.12.1. [RFZ8

LHENLERIAER— N UER, BREZHMEE, A7 ERXMERHN, BIBRIELE
B ER, MEEFAIITHNZNEE, ER—ERRAF— N2 ZEIE, Java &F]
LU synchronized K REVE— MNISRAIEIZS 81,

4.1.12.2. P8
A%, MESNKERINBIEE, BilPHN— 1 aE 2 PEEEFFENZFERREI.
4.1.13. LRTEMFEE
ZAEM TEFEERFIZTHAENSE, SEIETEBESHANSY, RAEEXECES

BaliXEEss, MRGEHERLY T RAMEELHAENLEHINEFR, SHELERTRE,
BMAFIREHES KT, MNEESR: DIEER, SHlE TR, EEEE.

4.1.13.1. &1EEH

&— Thread RUZEEE— start 7375, ZEF start [Sah4A2ERT Java RS ERIZZERY run
Bk, BRAIZEM run() FETHEREAT Runnable JSRH run() /5i%. HATEILGEES
Thread 2%, 7EH start 75 EAFFINIARTEIRARBEEIRKAY Runnable X158, IXFRE&FEEAISE
WRIR, BT AFARHEAE Runnable 2 Queue LRI, FEERENF— Runnable Z&iaILA
2MEEEY,

4.1.13.2. ZiEitbRYABRK
—RRAVEAZMEED LT 4 DEMERS
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LAEthEERS . AT EIEAEELE D

THREAE: LARittPAYLAE

F5E0: SMESLREMANEN, BT RRRIET
E53BAS: BT ERUSRRESS, REE—FEPHILH

Java P& 2@ Executor HEZESLINAY, ZiEZR G FHZE|T Executor, Executors,
ExecutorService, ThreadPoolExecutor , Callable 1 Future, FutureTask iXJ1 7N,

M wn =

Executor AbstractExecutorService ThreadPoolExecutor

+ execute (Runnable command) :

/\ ! A

A ¥ ' /‘l\

I \V/

I}

= ExecutorService Executors
+ shutdown () |~ _|+ newFixedThreadPool (int nThreads) : ExecutorService
+ isShutdown () : boolean | + newSingleThreadExecutor () : ExecutorService
+ isTerminated () : boolean + newCachedThreadPool () : ExecutorService
+ submit (Callable task) : Future + newSingleThreadScheduledExecutor () : ScheduledExecutorService

00000000 O O O

ScheduledExecutorService

+ schedule (Runnable command, long delay, TimeUnit unit) : ScheduledFuture

ThreadPoolExecutor B9¥ai& 5580

public ThreadPoolExecutor(int corePoolSize,int maximumPoolSize, long keepAliveTime,
TimeUnit unit, BlockingQueue <Runnable> workQueue) {
this(corePoolSize, maximumPoolSize, keepAliveTime, unit, workQueue,

Executors.defaultThreadFactory(), defaultHandler);

1. corePoolSize: 18 ¥ it PHIZAZEE.

maximumPoolSize: 18 TS FPHNRALIZHE.

keepAliveTime: HRISAZHEEET corePoolSize B, ZRIIZHEAZAIFERIE, BIZ
GHIEINES TS

unit: keepAliveTime RYBA(,

workQueue: {E55BA%!, #HHRABREABHITHNES.

threadFactory: &1, ATOIRLERE, —ARAEGARRIAL,

handler: 1E45%KHE, SHESKSRKARLIE, WITELEES.

w N

A
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4.1.13.3. IE4EERRE
SEEPNERECEATT, TERE ISR, B, FEMNIBESHERT, Bt
EATHMES 7. XEHER I SRR S S AN IRXANERE,
JDK NERVIBLHIRIZINT
1. AbortPolicy : E#EIHRE, ALERRIERIET.
2. CallerRunsPolicy : RELEMAXT, ZRIEERTRABELER, SITIREERN
5. ERXEMASENERES, B, ASREREENEERE eSS BI TE.
3. DiscardOldestPolicy : EFHREH—MEXK, EHMEENEHHITH—MES, H=AE
IR HRIESS.
4. DiscardPolicy : ZRIEAIMBERITELIBAES, AP KR, WRTITFESE
X, XERFH—MAE,
LA ERERLERIEIYSTIN T RejectedExecutionHandler #20, &L EKREBTEE#HRESLRR
FTE, =L2uLABECH R RejectedExecutionHandler 0.

4.1.13.4. Java &t TIFidiz

SRR, BEEIKB—1ER. (ISR IEASEITHXR. T, MENFIER
B1ES, &EbtEASE EITEL].
2. ZHiEA execute() ITERII—MESET, LRt MaNTHIMT:
a) WRIEEEITHIZIEEE /T corePoolSize, BFAS LEIEEARIRITIXMES;
b) WRIEEETHEIEREKRTHZEFT corePoolSize, BPAFEXAMESIINGY;
¢ WRXAHRPAFH T, MEEEEITHZEREE/NT maximumPoolSize, FPAREE
BB ORI AIE TIXAMESS S
d) WRAFIHT, MEERETHERHEARNTHET maximumPoolSize, APALIZID
St & RejectExecutionException,
3. B EERKESE, BSMBAFIFET—MES KT,
SN GELEIM, @I —ERTE (keepAliveTime) Bf, ZiEtESFIRT, WMERIFNZ
ITRERFEECKT corePoolSize, FPARNMEEMEIEIE. FIUEEHENMEES=RE, B
B4 IYER! corePoolSize BIA/N.
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‘mOSRRE?

execute(Runnable)

NO

submit(Callable)
submit(Runnable)

IEESREER?

4.1.14. JAVA FHZER\F|FEH

BlockingQueue(Runnable)

PRZERAGY, KiEFEEsE, SOREEENE Y, RIS, LAEEEEXERIRTRER:

1. ZPAFIRRBEEEERIER T, HBRERNMELEHSHKEEE ()

/ Blocking Queue
Empty

|—Blocking omput—'

NBAZY,

Blocking Consumer

2. GFIHEHEIERIBR T, £r-EiRiFTESisamBmEE (He)

TRNE, CATREEIREE,

—Blocking Input

tem

Item

/r Blocking Queue

ltem

ltem

Blocking Producer

, BEIBEIEN

, BEPAFIHRE
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4.1.14.1. FEEPAFINEERE

A

add(e) offer(e) put(e) offer(e,time,unit)
12453 remove() poll() take() poll(time,unit)
2 element() peek() ANA] A AAl H

B IHRE: RE—1TRE

B EE: RE—MERE (null B false SUERME)
m U TERINIRMECRI, —EMEELAE

B R BRI RERARIREAMESE

TALRIE:

1: public abstract boolean add(E paramE): e ETTEIBNAILAGIF (A0RIZEIATTT
BARSERBERS) , HIHEHRE true, MNRYEHRECTANZE, N
H IllegalStateException, #NRiZ;t==2E NULL, NSHEH NullPointerException &,

2: public abstract boolean offer(E paramE): JHEETEBALBAGIG (2NERZBA]1T
BASERAERD) , AIHENRE true, MRLEFNEZETRANTE, WIRME false,

3: public abstract void put(E paramE) throws InterruptedException: IEi8EITE=E
ANLEBAFIF, BEFIRNTE (NREHE)

public void put(E paramE) throws InterruptedException {
checkNotNull(paramE);
ReentrantLock localReentrantLock = this.lock;
localReentrantLock.lockinterruptibly();
try {
while (this.count == this.items.length)
this.notFull.await();//AN5RBAFIIH T, NILFEBEZIRESF
enqueue(parameE);
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localReentrantLock.unlock();
} finally {
localReentrantLock.unlock();

4: offer(E o, long timeout, TimeUnit unit): ATLURTESFHIATE, WNRIEFEEAIRTE

A, EAREEERAFIFIIN BlockingQueue, MHRESKM,

B ATIRIE

No Vv s~ wDNh =

1: poll(time):BXzE BlockingQueue BHHEEAINISR, EAEEIZRNENE, NIBTLAZE time 524
MERYRTE), NAZIR:RE] null;

2: poll(long timeout, TimeUnit unit): M BlockingQueue BXtH— NABERIRISR, WNRE
EERERN, 7 —EBEUETE, NIZEMREATIFRIEE. SNEREEREEE
fEATEY, IREIKM,

3: take():BNzE BlockingQueue BHFEE{[AYITSHR, & BlockingQueue A= JARTHNFFIR
ZE7 BlockingQueue B AVEURMHANIN.

4.drainTo():—RMEM BlockingQueue SREXFRB AT FBRVEHENIS: (AR LUEESREEIRAIA
) | BEZEE FLURTFORBEERNER, ARELIRD HINSERERE.

4.1.14.2. Java HRYFAZERA%I

ArrayBlockingQueue : FERZEHIBRLHIE FBEZEBAS,
LinkedBlockingQueue : H$EREIARMAIE TG,
PriorityBlockingQueue : XXFEHASTRAFFRIFFRIEZENG,
DelayQueue: fERFEHRTISSIRAITCFRPEZERT .,
SynchronousQueue: AFETTZ=AIEZELAT.
LinkedTransferQueue: HR$EREEMIEKAITSFRIEZES.
LinkedBlockingDeque: Ha§&ZREE1IZE AT AIBEZERAF1
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IEEAINIE S BlockingQueue

AarrayBlockingQueue LinkedBlockingQueue PriorityBlockingQueue SynchronousQueue DelayQueue

4.1.14.3. ArrayBlockingQueue (2%, JEXQF)

FREASCEIRE RS, LEBAFIIZRRSE#HTH (FIFO) RIRNIXSTTREITHEF. BOABR T
AMREBRE A FANLES, FrBAFHRYI2EREBNEEEHIERHBRELRE, 5
BAZURTRRRY, STLARRRBEZRAYSCEIRFEIaBASY, BDSCREEAVEFELIE, TLASTEBIEREA
TTER, SEBRIERELIE, TLUTMSIRIREUTR. BEBR FATRLEAFESFEEL
2. HITLMERLI MR EE— M AFAIREZES:

ArrayBlockingQueue fairQueue = new ArrayBlockingQueue(1000,true);

4.1.14.4. LinkedBlockingQueue (F/MEIZHHRSHE)
EHT453RR0FBZEPAS!, [ ArrayListBlockingQueue 251, IHRAFHERBSEIHSEH (FIFO) RYERNIRS
TTEHITHERF. 0 LinkedBlockingQueue ZFrLABERS S MAINMEH EZURE, ERAENTFE~E
InAlEEE D BIRA TSR FIEIERL, XERREESHANBR TEFEEE
BRTLAFH TR EBAS R AUEURE, USRS ATIAIFF A EEE.
LinkedBlockingQueue £LEGA—NEUFLRA/NIEE (Integer.MAX VALUE) ,

4.1.14.5. PriorityBlockingQueue (compareTo HEFEMfSE)

B— 1N ZEMERNTRING . BABR T TEXNERAINEAFHES . TLAEE N LT
compareTo()FERIBETTEITHEFNNI, 2B ¥R PriorityBlockingQueue B, ISEE
S Comparator KX TTRHITHIF. SR FENERERIERTEHTTERILF.

4.1.14.6. DelayQueue ({EfFRHM. ERMES)

B SHERRETRRITCAIEZEBAS .  BAFIfER PriorityQueue SRSCHL, BAFIRRYTTERWASE
I Delayed &0, EEIRTTRITAILUSESZS A BEMNBATIFIRENZERITTER. REEERIEHATZ
BEMBATURIRETER. FAIATLASG DelayQueue IERTELA NN AR :

1. BERZAZIT: TJLIA DelayQueue (RFEFTENERH, FHR— 1 EEEAES
DelayQueue, —HEEM DelayQueue F3REBUTER, ®RREFBUHIEIT.
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2. ERESAEE: £ DelayQueue REZIXBSMITHESMHITE, —BEM
DelayQueue FIREXENESFHFFIAMIT, MELED TimerQueue Fi2(FA DelayQueue SEHIHY.

4.1.14.7. SynchronousQueue (ATFiEEME. THFERENR)

B M EETTRAEZENT . 88— put B ELRERF— take #B(F, BNARELRLELRINTTE.
SynchronousQueue ALIERE—MEEF, REEEELEMIENEIEEREIRLERES
B, B\IIEASHAFEEAITER, FRESTEREZE tLNE—MAERERNEYE, Bds
BHh—NEKEMEHA, SynchronousQueue B & It & & F LinkedBlockingQueue #
ArrayBlockingQueue,

4.1.14.8. LinkedTransferQueue

B NMNHEEEWARPILREE TransferQueue A, T FEH M FEZER S,
LinkedTransferQueue 7 tryTransfer [ transfer 75i%,

1. transfer 5i%: WMIRBEIBEEEEESFREKOTR (BEEER take()73ESHAYEPRHIAY
poll)7/5iARY) |, transfer JSiERILUBAFEENNITTRZ transfer (1£4) AiEZEE. W
RSB HBETEHBIUOTE, transfer HIESETREFHEASIE tail TR, HERZTE
WEEEEE T HRME.,

2. tryTransfer 75i%, MRRARMIR FTEFEENNTRETEERERERE. RIKEHSE
EEFEIOTER, WIRE false, 1 transfer 75ANXBIRZ tryTransfer FATICEEERES
B, 75iAEMRE]L. M transfer ARV NS ETRE BE 7 AIRE].

X FHAREPREIRY tryTransfer(E e, long timeout, TimeUnit unit)/5i%, MEXEINESEE
ANNTTEERERESRE, BERNRSEEEE BEHRZT2VEFHEENNEERE, WNRER
EgiEEITR, WIRE] false, WNREEATENEZR T TR, WiRE] true,

4.1.14.9. LinkedBlockingDeque

B HEREERAIAEZENG, FMBWAEBAFIHERIRET LA BA IR NI H T .
XRPAFIE 9% 7 —MEERAFIRIAN LD, EZEERISNBAR, Rl 7T —F95%5%. HLE
fBBYFE ZEBA I, LinkedBlockingDeque 27 addFirst, addlast, offerFirst, offerlast,
peekFirst, peeklast &75i%, LA First BRREERINTGIE, FR@A, KA (peek) BFZBRIURBA
FIE—ITER, LA Last BIRAERERTGE, FaA, SREEBRNUENTING&RE— TR, B
AMENTT L add £REF addLast, R E remove ZEF removeFirst, B2 take F5E551%R
TF takeFirst, AAERAZE Jdk B9 bug, FERITIARR™A First ¥ Last BBRITEAEIFE.

TE41881% LinkedBlockingDeque FIRTLURERESIEENTERAK. BINNEEZEASITLUERETE
"TYEGE &z,
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4.1.15. CyclicBarrier. CountDownLatch. Semaphore KR

4.1.15.1. CountDownlLatch (ZEIEit#§s2)

CountDownlLatch Z&{i/F java.util.concurrent &, FIBEALATIISRLIHELESA0T08E. b

—MIF A, EESFFHEM 4 MESTREZEZEERIT, WRERTLIFIA CountDownlatch
SKSCIXFTIRE

final CountDownLatch latch = new CountDownLatch(2);

new Thread(){public void run() {
System.out.printin("F£#&" + Thread.currentThread().getName() + "IEEHIT");
Thread.sleep(3000);
System.out.printin("F£#2" + Thread.currentThread().getName() + "H1175852");
latch.countDown();

}i}.start();

new Thread(){ public void run() {
System.out.printin("F£&FZ" + Thread.currentThread().getName() + "IEFEHIT");
Thread.sleep(3000);
System.out.printin("F£#2" + Thread.currentThread().getName() + "H1175852");
latch.countDown();

h}.start();

System.out.printin("&#& 2 N FEFEHITREE.");

latch.await();

System.out.printin("2 N FEFEEEHITREE");

System.out.printin("4¥ & ITELIE");

4.1.15.2. CyclicBarrier (EIFtilt=-FFE barrier RSB LEPRIEIAIT)

FEHEEERME, BB —EAEESEERMSZ EEETEN T, MER

BRAYAESSEBEHHBEMLLE, CyclicBarrier TTLAMER. HATERBXMREHME

barrier, 24AMA await()/5ix2fE, SAEHLT barrier 7,

CyclicBarrier FEREERIT AR await 7375, B8 2 N EEMRA:

1. public int await(): FSRIERZRIZIE, BEEMELIEEZENX barrier KESHBRHITEEUE
%,

2. public int await(long timeout, TimeUnit unit): iHXEELREGE—ERRE, NREE
AR BENX barrier JRZSFERALENX barrier FNZAERITEEUES.
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B ERWT, 5345k CyclicBarrier 2RTLAERRY.

public static void main(String[] args) {
intN = 4;
CyclicBarrier barrier = new CyclicBarrier(N);
for(int i=0;i<N;i++)
new Writer(barrier).start();
}
static class Writer extends Thread{
private CyclicBarrier cyclicBarrier;
public Writer(CyclicBarrier cyclicBarrier) {
this.cyclicBarrier = cyclicBarrier;
}
@Override
public void run() {
try {

Thread.sleep(5000);  //VARERRSRIEHMSAEZTETNES \EUERIE
System.out.printIn(" %2 "+ Thread.currentThread().getName()+" 5 N 1 1E <
B, FFHMEREENTE"),

cyclicBarrier.await();

} catch (InterruptedException e) {
e.printStackTrace();
}catch(BrokenBarrierException e){
e.printStackTrace();
}
System.out.printin("ATEEIEENTEE, HEIREMESS, LLANBURIRIE");
}

4.1.15.3. Semaphore ((ESE-=HIRINARIAGELEZNE)

Semaphore BEiIFRFEEEN (5582, Semaphore FILUZEHIERIGRIANLENE, @i
acquire() SREN—MFHR], WIRIKBEHEFR, M release() BERB—MFHL,

Semaphore FEFLVREEN NG IE:

1.

2.
3.
4.

public void acquire(): BRI —MTR], BLITAIREEIRE, Ne—B%EF, BREREIT
A,

public void acquire(int permits):3KEX permits 4MFA]

public void release() { } TR, TR, EREBITRIZEI, WRFTIREREIT,

public void release(int permits) { }:FEHZ permits ANFE]

LE 4 NSEREHRIERE, MREMEMERIHTER, JLUMERTE/LN A
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5.

public boolean tryAcquire():Z=ifFREN—"MFR], FEIRENARTD, NUSZBHRME true, FHIRENK
W, M3ZBLR[E false

public boolean tryAcquire(long timeout, TimeUnit unit):Z{3KE—MFA], HEEER
A EIPOSRENARTN, MUSZBMRME true, FRINIZBMEE false

public boolean tryAcquire(int permits):Z=i{IREX permits ANFR], EIRENAIN, NIZEMR
[E] true, FEIRENEM, WISZEMRME false

public boolean tryAcquire(int permits, long timeout, TimeUnit unit): ZIXFKEY permits
MFE], SFEEERIREPREREATN, NISZBMRE] true, FRINIIZEMRE] false

ERILAEE availablePermits() /A5 2RI FRYIFAIENE.

BlIF: 1T B85 et EEE81MIA, —aflRENRER—TIAER, RBERT
T, BT A7 sedrar(tm. BRARAIBAILUEE Semaphore SSLH:

intN =8; /I TAE
Semaphore semaphore = new Semaphore(5); //H1z282{H
for(int i=0;i<N;i++)
new Worker(i,semaphore).start();
}
static class Worker extends Thread{
private int num;
private Semaphore semaphore;
public Worker(int num,Semaphore semaphore){
this.num = num;
this.semaphore = semaphore;

@Override
public void run() {
try {
semaphore.acquire();
System.out.printin(" A" +this.num+" 5 F— MBS ELEF...");
Thread.sleep(2000);
System.out.printin(" A" +this.num+"BHH128");
semaphore.release();
} catch (InterruptedException e) {
e.printStackTrace();

}

®m  CountDownlatch # CyclicBarrier EgERSLILFEZ BRI, RIAIEMINERAR
[&; CountDownlatch —#gFFEANEIE A e T M HVGENTRIESZE, B2
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AT, T CyclicBarrier AT —HLREERSFHERE M, REX—HEEHREN
#43; 55, CountDownlatch 2ABESERRY, M CyclicBarrier 2AJLIERAY.
m  Semaphore ESLAIBERZEM, E—RATIEHNEERRIGHEUR,

4.1.16. volatile XEFHIER (ZBEW M. ZIEEHF)

Java IBSIRMH T —MREIENRESHE, B volatile T8, FARHRSETENEFIRIEENEIE M
2. volatile TEERMIPHFE, volatile FEASREFESFaraiE W EAERAT LA
75, EIAEEEX volatile SREURIZ BRI B SIRBIEFEARYE.

R A
H—RRIIZZEXNEEEIN, XENT NS — M EAREN TERERE, BAFRY
[EXTEMEAZRE A LASZEDEREAY.

25 BHSFE
volatile Z1FT15§<$EHE.

H sychronized EEERHI G
#5318 volatile LEMASHITINBHRIE, Rt ASENITLIEEE, FLt volatile TERE—
FhEE sychronized X§E=E R ERAIRELENIE. volatile BEXMIAR: — MNELEWS NELFELL

=, EEEAXIMTEWE.

CPU1

- = (= =
Thread 1 CP‘;'] 1
cache _

CPU2

- e
Thread 2 CP‘; ‘
cache _

XF3E volatile TEHTESHIAHR, BNMEKREEAMNATENTZESE| CPU £+, WRITENE
24N CPU, BNEIEREEARRER CPU LHXME, XEKRESNEETLIENZEIARFA CPU
cache A, MEETER volatile B, JVM (RIETEIRETEEMNAREFHEE, Bkid CPU cache
X—,

EHGR

(E5IRBBRIERT volatile ZERFRIE/SIRIERT LMRIERFMRI, a0 long 1 double KR E,
(ERHARERIE i+ + XM ENEREFE, BARREL i++21F. SRRIEE. AREZSTALA
X% Synchronized, {B2, volatile {IRBEZLEUY Synchronized fINE, RBEE—EISTAIIG
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]|T, Z8EER volatile, ZEIKSE, LARRTHE FEM MRS BERIE NGRS
£

(1) WLENSEEAMKITHE1E (thli++) |, HERERAEFTEME (boolean
flag = true) .

(2) ZEBREEIEEEEMZENATIH, HEiR, AR volatile TEZE, &
BEERIKER. REERSHIER TFEFREMASITZ8EERA volatile,

4.1.17. WREHRANEREZ HLZEHE

Java EHHTZAEEENTIEAAMELEZAENAR, HERFEENXETAEH: IR

MIERFYET . Java BFEE. (JMM) BRTE M RFMRERE, MR T IRF R

B, ERERTERIIFEMR "RL” f "BERF" . BUATEREIGE:

HHIERRIE— 1K, FFEHIE IRy XA 70

1. BEIEMSAA—R, FENXNEIRRRFEARNERGE, RARITAILMBZHME
B2, REERELIN" synchronized ”

public class MyData {
private int j=0;
public synchronized void add(){
j++;
System.out.printin("£#2" + Thread.currentThread().getName()+"j 4: "+j);
}
public synchronized void dec(){
J
System.out.printIn("£#2" + Thread.currentThread().getName()+"j J3: "+j);

}
public int getData(){

return j;

}

public class AddRunnable implements Runnable{

MyData data;
public AddRunnable(MyData data){
this.data= data;
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public void run() {
data.add();

}

public class DecRunnable implements Runnable {

MyData data;
public DecRunnable(MyData data){
this.data = data;

}

public void run() {
data.dec();

}

}
public static void main(String[] args) {

MyData data = new MyData();
Runnable add = new AddRunnable(data);
Runnable dec = new DecRunnable(data);
for(int i=0;i<2;i++){

new Thread(add).start();

new Thread(dec).start();

}

Runnable 515 £ — 1 HEHIA BESE

2. #§ Runnable JMSAFA—PEEIAEE, HEHIRFAXDENRREE, BIEIEIHELH
FEROBREDZEHEERAINDE, UESHNSENSMRENRLSNER, FRRIBES
> Runnable X35iERMEEANX LTS X,

public class MyData {

private int j=0;
public synchronized void add(){

j++;

System.out.printIn("Z#2" + Thread.currentThread().getName()+"j 9: "+j);

}
public synchronized void dec(){
J
System.out.printIin("Z#2" + Thread.currentThread().getName()+"j A: "+j);
}

public int getData(){

return j;
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ThreadlLocal, 1RZitbFNUMLEFIEARIMZSE,

}
public class TestThread {

public static void main(String[] args) {
final MyData data = new MyData();
for(int i=0;i<2;i++){
new Thread(new Runnable(){
public void run() {
data.add();
}
}.start();
new Thread(new Runnable(){
public void run() {
data.dec();

}
}.start();

4.1.18. ThreadLocal /e (&EXiEFRE)

thE LT IUMEAEARMAFME, Threadlocal AER

RRHELIENNEHEE, XMZEELENEBRENEFR, BMOE— M RERAS D EREE
HEMZA—EAHTEEENENE.

ThreadLocalMap (ZE#H— B
BNEREFEE— B CH ThreadlocalMap 335, ALUGEIER CHIXNSERERIES,

1.

BESHN, SLEFJLUERTEEEIR NS,

B—1H B Threadlocal S LBIEA key, BARNRMNS|IBRFEIARLZLZRN
ThreadlLocalMap #, REELEHIITHIZANEZIXMRZS ThreadLocal SEfIRY get()757AEX

SECHEERFIIINS, B2 TR NNSIEASEUEEIRMIT.
ThreadlLocalMap HELFH2&REEE— BN, B Thread FEHEN

ThreadLocal.ThreadLocalMap threadLocals = null;
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Thread 5 &if 26 7

ThreadLocalMap <Threadlocal, T>threadLocals

- =

ThreadLocal<T>

setfvl{
= i $& 8 threadl ocals. put{this, v);
]
get{}{
20 £ B threodlocols. getithis);
]

rermave() |
= Wi £R B threadl ocals. remove this):
H

EH L7
=EH ThreadLocal (FRAE N FARMEE SUEEFEIERE. Session 184,

private static final ThreadLocal threadSession = new ThreadLocal();
public static Session getSession() throws InfrastructureException {
Session s = (Session) threadSession.get();
try {
if (s == null) {
s = getSessionFactory().openSession();
threadSession.set(s);
}
} catch (HibernateException ex) {
throw new InfrastructureException(ex);

}

returns;

4.1.19. synchronized 1 ReentrantLock FJX

4.1.19.1. FAEHEES:

1. FEARMAZSEHETHENSR, TEAHT

2. HPEUTEAD, BE—ZEATLUSIRIKER—N
EHFIE TRl I B /et
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4.1.19.2. AWENHARES:

ReentrantLock B7RA9RE. BB, synchronized BE=IRISRERBH

ReentrantLock AJMME AR, AI%eE], synchronized 2AATLANGRSRERAY, FoCIEHAY

Ao AMHRM TESNRIE

ReentrantLock 2 API 4519, synchronized 2 JVM 511

ReentrantLock BJLASEIRZ 43

ReentrantLock i&@id Condition BJLA4RESZ N4

[RESLIA—#HE, synchronized 2RIFSEE, FRNEIENHARRS, lock 2RZIERE

2, XPRRUFAARES

7. Lock 2—ME0O, m synchronized &£ Java XiE=, synchronized EREBHIES
SO,

8. synchronized FERAERER, SEIIEMERELSBNG, BEHASSEGtHHISAL;
M Lock FERESHER, S8EENET unLock()ERRRE, NRATAEERFEHMINS,
EEER Lock BYEETE finally SREPFEATEL.

9. Lock ATLAIEEESHAVLAZNAR T, 0 synchronized 507~1T, {#F3 synchronized R,
EHNERES—BEFEF MR, TaeBIma T,

10. 1@ Lock aJLAXIBAIRBERINFRENEL, M synchronized H75EDE,

11. Lock AILURES MR TIIRIERVEE, BEXIliEE i,

N =

S A

4.1.20. ConcurrentHashMap &

4.1.20.1. EVERIE

BN E RIS/ NEX RAEE, MR/ NBUPSRIIRTREME, MMIRERFNFFRRES. iF
NI E R —MHISS SRR RAIENF R, XMRAHERIN AR ConcurrentHashMap(
MEERY HashMap)Z8HYsEEl, X3F HashMap S, REENRNGIER get 5 set 1%, R
IIXIEEA HashMap f08t, AILASEILIER 2RISR, (BEMBMEAK. Segment AR/ MBH
#R79 ConcurrentHashMap B3R,

4.1.20.2. ConcurrentHashMap $3E&ii

ConcurrentHashMap, BRERHES TETF N HashMap, FRZAER(Segment), ZRABR T
— ConcurrentHashMap #HA—S495 75 16 N, BEEBRIFAE.

ANERFEME ConcurrentHashMap FRII— MR, FAZ2EEA HashMap 118, MEE
FotRYE hashcode [SENZRISOZZHIER MR, SARXNZERINGL, FH5ok put BE. ESL&IE
NEH, RS NMELERHT putiBfE, REFIINNERRAZRER—MRS, NERRELL
HEIEIERIFFT.
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ConcurrentHashMap £/ Segment #4441 HashEntry 0445124 /5%

ConcurrentHashMap 2 Segment #ZB45KIF0 HashEntry #14B45#9¢8R%, Segment 2—Fha]
Bl ReentrantLock, £ ConcurrentHashMap E#E#iRIfAE, HashEntry NIFFEERE
XIEHE. —1 ConcurrentHashMap BE&— Segment #{4H, Segment AYZ5HTF] HashMap
E\, B—FEENEREN), — Segment BEES— HashEntry #¢H, &1 HashEntry &
— MEREHIITE, 81 Segment FIF— HashEntry #HERITTE, 247 HashEntry #1489
HARHATIENES, YNETIRIEEXINAY Segment i,

i
} H
HaSh Entry{] -

4.1.21. Java FHBINKREAE

Segment([]

4.1.21.1. EXEE:

R HVAEENEEREENTINGE. LEMNIEEHHRSES, RAEHIENRERREEM
EITHHET, ATREEREERS BEENTTHIER, hARRRLLENMTHNERRK, BE
RLCHZEARZPTHNIE R, EXAIET, — PN EENEERSSEENHIEESE.,

4.1.21.2. i#HEVEE:

REVERERE SR T TR EMBMARRI B —EHE LT, XMEHGEDE—F,
— P ATEHCHBREMBEDERZE T —IA, TPARSIE TR, ZAZRTHRITRIERZAE
B, SAETIRAILTN, AMESLERSEE, B8 — 1 HHSER: NR—IEIER
S8, TR ¥ —EEE, BATESEENRRHER,
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4.1.21.3. JVM BHEERAEEIM (BhVAE)

java EFRRISADRAEREAIUERE, Java PEREIRMERSE CPU BHEIE!T, Bcfiis
AT, BRARESHAERERE SRITIER, TRERNTRSERMESRITITRE

R, Rz, RERENS BRI THIEMERS D ECAZIRATRIIE,

4.1.21.4. Bt cpu BIER:
HENETEREERRGE CPU, JVM ERTHGT CPU 2 (ETHRREEERERN VM BIER
FASILEFRRANE CPU, BiEIRBENREBRRIT) |, FINVERA yield)75ix,
LRNETERER AR L REFNBERIRZ, FIanEERE 1/0 L.
HRNETEIRER, ANET5 run() AR mEENES.

4.1.22. BHEABERE
4.1.22.1. KRESZE

1. FeRAERSBESL (FCFS)
SERVREPRBZERN, SREESBENEEEUAG FEE—P SN RIBHNZA

FIRRL, BEMEARE, NENSRRFE. CIEHE, ARMAMEIS. THEREFR

FA FCFS 8BRS, NERAEZNHENTIPIEE— P RITENZNFIRIHIE, 792 DECALEN,
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EZRANET. wHE—HE{TReERERSHMERERARFLEN, $R2: BER
B, ALSSHEA ERNATE,

2. FERIEHBIMCSEESE

SRS (SIPRRE R EZRNEEY hiEE— P aE T M hE TR E&EEL, BEl]
BARFET. MEHELESPRIERFEENZMNHMAET Fikt—METHz{TRIE&RERIHIE,
BLENSESYE, FEMBMUTH—BERTEIHK, SRERSHMEREENFLENNBE
FRE. ZEERRREEE R,

4.1.22.2. SiFURERAESEX

ATREMFBE R, FZEENRFEEIREMCLE, SINTESITRLT(FPRIERE
8ix. SBEZRATHRWARN, REBNEEIPIEEE T MUENERSIIFIEART.
SRTHEARN, ZEERELEN S EEMENT AN RSRIHIE.

1. AHEHMANEX

EXMAEINT, RE—BEMEN S EAHENT PN ESIHER, WHEE—BMMTE
%, BEE%K; BRKERSHEZHENGLENN ., XEAEEEZEERTHMIERSH;
] TS SERI I BRATRISCRT R GE .

2. BEVABEESE

EXMHGINT, RERFERICOENSELNITNGESHIRE, 2T, EEERTHE, R
BYHRT B EMSTNESHHE, HERAREERHIANE SRR (RIS RSRIHE)
BIHAT, EFRGCENSEREHENNTNRSIHE. B, XMeORINENEREREE
EFRERIBRVAIER, MMERTEKRWEEAISERRS S, AR RS
SIS BT RS,

2. BN REE L

EMEERST, RIFLREEAR—MIRFNEL, EEENTEZLRKIFLHIET
BARIRIE, WNRHENIBEAE ML INGIERMARNZIEMN, FHEFLARCREEFEH
[FIRGIEINMILARR a 126, WHKIRUESHF—EIEE, LABIED BRI, &I
BN AIVELIE % YR

p _ SERERIIE] + ZERARGSIE] MRS
p: — = I Or N— T ~—
R 55 B 1) B R 5 B 1)

(1) MR FFRIEER, NEKRRSOERE, BRANES, BmxEEEeFT
SN

(2) SEKIRSHIRIERERR, (FAILSARRETHEFE, FEREEK, BTN
S, EMEEaR5ekTiRs.
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) JWFRIFL, (RIAIRIERAILBEEFIIEAEINMRS, SEHSGHERSEKEN, B
MARETARRS, NMBAERELIEN. BS5Z, ZEEERM TG, XEETIRLE
ERSERIRE, ARERFIKEEAZIRS. Eit, &AL T —MRIFirE. 3%, &
FBZzEER, SEHTREREZR, HTMBNILITE, XSEINRGTE.

4.1.22.3. EFRARYRLERAERZE
1. BEREHEE

ERHRREREETR, REITEINMEHIERRTRSHIFENHER— G, SRERE
AY, 18 CPU DECEBAERE, FSEIUT—MTER. BHERRIRIIL ms BIJLE ms, ST
RURSEI R ARZERY, H—PitidsRk HRStRhinER, AEEFERIESKEILZHIERINIT,
FIREEEMRENIIRRE, e, BEAENSEEHMENTIPFHINEHE, BRBILEH
TR, XERA LARIER RS R R A AR E— A ERIRT RN IRESR1G— RS A H AYAL
IEHRATHIIE,

2. ZRRIFNFIEERE

(1) NIRESPHENY, FAASPINIIETFARRINTER. B—TAIBLSERES, =
MAFIRZ , ELRBBAFIRIMIAOEN PR, ZFER F RSP ERATRIE R AR/
AER, ELANESHINGIS, A HERMMERNTRIERFR/N. F120, SR
AR ZEEEE— MBS E A K&, ..., 58 i+1 DASIRIRIE R LSS | AMAFIRIRE A
—f&.

) B—NFHIEHANATRE, BB ERAS—AFIRIKRE, & FCFS [RUABAEFRAE. =
WENZHRERTR, MNEmZARR AT, FEEHBERS, WREE— R SR
BT, EEERESZHIERAS _IFIRRE, BEMEE FCFS RUSHHRERT, R
EESE RS T MERENARTN, BREEBAS=NG, ..., JHTE, S—
KB GHIZ)NB—PAFIFRIZEZISE n BASUE, 1£58 n BASIEREURRTE A 2 HERITTTUIETT.

(3) RBF—BAFI=HES, BERFARES_FFRIHRET, (N5 1~ (-1)FI=hT,
F2PEES | \FIPRIHIEET. MRMEIUERES | SR ATEHERSRS, NEFHHEHNL
FAUERZHIATY(ZE 1 ~ (i-1)PEHEEI—ASY), NILCRIFTHFERIE QIEEE THIZAIAIEN, B
FRREREFEIE R TROHIERERSS | BFIRRE, BB D ELH RIS,
ESRRIRAIIBEREFR, WRMES— AT R BT SHANRZE ik AR E)
Y, (EREBIRITFHIRE STTREAPNRE.

4.1.23. f4aR CAS (HeikFaci- mumsisgl-sigie)

4.1.23.1. BERASHE
CAS (Compare And Swap/Set) LbEFA3#z, CAS BIZHEERXIEF: BE2 3 MSH
CAS(V.EEN), V XR-EFFNETE(NFE), ERTMEHME(BRRY), N FriE. S8NE V EF
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FEER, 2% VIIERA N, MRV ENEBEAE, UiREESEEHMEEM T Ei, U
BIFEHAZAMY. &fa, CASIREIXMAE]VWELE.

CAS EFRIBERMATSEHTRCRIR), @A NECHURIITRRE. SS 1 EiER T
£ CAS BF—1XERf, RE— S, FRIhEH, ERYSKAM. KBRISAEASHEE
e, (NERSMEW, AERFEREN, SRBATFRMASENFERE. ETXHFNRE,
CAS ZFRIEERAM, BALUSIIEAEAES SRILZAZAITI, FHITIESR0IE,

4.1.23.2. [FFH java.util.concurrent.atomic (fliElkiE)
JDK1.5 /RFE: java.util.concurrent.atomic X MIEEEM T —ARFE, HEAAHUFLER
EESHERNET, SES MEERNPITXYENILFAISSTGERN, EEHHMEE, BBED
EREHANT L, PUTEHPIIESH, W EMERETH, MaNEERGER—, —B%
Bz7EiERITER, 48 VM WNEGEFIRIERE— B —MEEREN, XAZ—MZIE FRIIEMRE,
HEXITFXIF synchronized iXFIEEEL, CAS BIFFEEELN—MENSI. HF—# CPU 1]
MARFEEY CPU 1S EIMEENNE, FRLAJ.U.C TEMERE LB TRARIIEF. S0 TLHS:

public class Atomicinteger extends Number implements java.io.Serializable {
private volatile int value;
public final int get() {
return value;
}
public final int getAndincrement() {
for (;) { //CAS Blie, —E=IH, EHIXKID
int current = get();
int next = current + 1;
if (compareAndSet(current, next))

return current;

}
public final boolean compareAndSet(int expect, int update) {

return unsafe.compareAndSwaplnt(this, valueOffset, expect, update);
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getAndincrement AT CAS #(F, BIXMNRFHIZIEIEASBIEWE+1 SROSERET
CAS #E, WNRpIIHIREIZER, BNERXEEIMINALE, M compareAndSet FJF NI k5Epk
CPU $5<HIRAE.

cmpxchg

J*

accumulator = AL, AX, or EAX, depending on whether

a byte, word, or doubleword comparison is being performed
¥

AR FEEESES
if(accumulator == Destination) {

ZF = 1; igEmsinin
Destination = Source;
} Esiotiata =il | SEEET
else {
ZF=0; rig=ET

accumulator = Destination;

4.1.23.3. ABA [a&

CAS 255 "ABA [BIEE" . CAS BiFL— 1 EZRIRFENHATHENZIAIEE, e ™
ZILLRFHER, BRATEX M EERS SEEUERTZL.

EEamisi—1MEAE one NIRTFALE V FRENH A, XBHRFZ—PEAE two BARFHEN A, FE
two T 7 —EHR(FR T B, A5 two UGV (ERIETEZERL A, IXEHREZAE one 1T CAS 12
TERIMAFHAR A, S one BEMIN. RELIE one BY CAS 2RI, (BEFAERX MY
ERLEIRE A,

O RMBAISTIREIRAS (version) RITTURAER ABA RIRE, FMBIERTERITEIRERIE
BURER, BT LE—MRES, —BERASHEIRENRAS—EH A LA TIESURIEA I
SHIT+1 BF, BUFHITEY. RASRREIIRASEHIMEZIEM, MUASEI ABA @
&, FARAESRSBNAZED.

4.1.24. 4R AQS (HSBIBATIRER)

AbstractQueuedSynchronizer £NE%, HMSHNTIRNELEE, AQS EX T —ESEEHT
HEFFIELHER, IFESRESERLIERSTE, NER
ReentrantLock/Semaphore/CountDownLatch,
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#HiR(state)

CLHRAZU(FIFO) | S8 | =0 & A il
head tai

B4R T volatile int state ((KFREZERIR) F1—1 FIFO SAE2FFHNG (BLEFHREHR
PEZERTSEFANILBAGY)  1XEE volatile E#0Ki#E, B volatile BFIENX, AR, state Y
BEAE =M

getState()
setState()
compareAndSetState()
AQS EXFHMRIFHZTTT
Exclusive # 4 #JF-ReentrantLock
Exclusive (5, RBE—PLIEEENTT, 90 ReentrantLock)

Share Z£ZFJF-Semaphore/CountDownLatch

Share (1=, SMEERIERHYT, W Semaphore/CountDownlatch) ,

AQS RE—MER, BREFRIRE/FERS T ZHBENFALHEELN, AQSXEREN 7T—
#0O, BRSERAGBREGIREENRALSRETINY (@i state BY get/set/CAS) Z ATLUKEE XA
abstract, ERAMHELX TREASI tryAcquire-tryRelease, MAEZHEA TR A
tryAcquireShared-tryReleaseShared, HISR£RE N F abstract, BBABMEXBEASTNME—E
I MO, FAENBEXELHFBAAZRROANEARE. BEXEL RN RFEESL
MHZERIR state FIREVSEROEIE], ETEMRGESEATIRIEER (UIEREEIREMBNRN/
IRFEHRASE) |, AQS BEAEINESIF 7. BHENFP SR EESLHLA T LMTE:

1. isHeldExclusively(): ZZ&ERBIEEHRLER. REMAZ condition AZELLIE,

2. tryAcquire(int): M EAN. SHRBGEER, AIHUIRE true, KKNRE false,

3. tryRelease(int): 57530, =EMER, AIINIRE true, KMINIRE false,

4. tryAcquireShared(int): =5, ZEREER, AEERREM; 0 2rmlh, EKERIR
ARG, BTN, BEERIRER.

5. tryReleaseShared(int): £Z5H. EHXBEHEIR, NRBEHEITIREESEFERIRE
true, BR[| false,
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[T BRHSETAE ABS B (state SR A 4

ECESRYSCILE ABS #Zi>, LA ReentrantLock f5l, state #J8a48 0, FrRBiEIRE. A L&iE
lock()ft, €A tryAcquire(JREIZBFHIE state+1, WG, EHALERER tryAcquire(RiFiSsk
W, EZAZFE unlock()®] state=0 (BIEERLEE) AL, HESEABNSIKBUZEL. =8, B
SizEl, A ZEECELESHFESN (state 220 , XHMETENNES., EETE,

SRENZ IR ERRINZ 2R, XA BEIRILE state 28EEIEIZFSHY.

LA CountDownlatch LAfGl, 155579 N NFEEENIT, state B#lisib AN (FEN ES
HREN—EH) . X N NMFEEERHTHEN, 80 FEERTRRE countDown()—iX, state
£ CASH 1. SRIEFEEE TG (B0 state=0), £ unpark()FARLEE, AT RELRE
MM await()REuRE], BEEERINE.

ReentrantReadWriteLock SEFFH LRI Z gt 7 2

—fiZkin, BENBLSREARMLGAE BEARHEAR, MIBRFLIM tryAcquire-
tryRelease, tryAcquireShared-tryReleaseShared shfg—#EIA], {8 AQS tI3ZIFEENFLEE
EIREEEs SR EFF S, 4 ReentrantReadWriteLock,
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5. JAVA Rl
5.1.1. JAVA R¥ R A

51.1.1. @&

ANEREATTIEARE ;?EEIE"%‘EI’\JL’ZF:EJ?,{I% MALIBE S —MBRRETTE, EXMELT
SHE—MERTHERERNNR. W, XTTEEVABRHERNREENE. S5, BR
XA AR R AR T AR AT, E%Lﬂmr&ﬁﬂﬂ FRBBHAITRE R HAL RS,

S o

— Exception :
* T

R g

: SQLException ]“

__Fr,

RI.II"I“H‘IGEIGEP“GH

I
|
|
il
|
IOException - - |
I} | ClassNotFoundException * V', I
Iy ]’ 1 NullPolntarExcephur: i
L : I [ﬂmhmetncExcaphon# ‘ I
B2t 2|00  lam e e ===

WESE | ‘ |
: | ClassCastException T |
I | ArraylndexOutOfBundsExcer I
| |
 ERR S R R R Ry S

mirEEIRE IBfTiiRE

5.1.1.2. RBESE
Throwable 2 Java 1IESFEHEIRSSENEZR, T—&Z%2 4 Error # Exception

Error

1. Error K215 java iIZ{TRHRFRINEBZHRINZIFAEREIR, NAREFASMEIZETSR. IR
HITXERSER, BRTERMAR, M THRERNEEFZERELL,

Exception (RuntimeException, CheckedException)

2. Exception X BRI DZ, — 1M E2EITHE%E RuntimeException, — N &
CheckedException,
RuntimeException #[1: NullPointerException, ClassCastException; — MBI ESE

CheckedException, %l 1/0 {&5RESEAY I0Exception, SQLException, RuntimeException &
ARLEATREAE Java IEIWIERZITHREM RS AU, WREI RuntimeException, BRA—
EREFr RAYER.
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ERE CheckedException: —fiRZ2/NTEIR, XMBEEREEREMNER, Java RIFFSE
FRREFEERLERE, ISBENERFBXETSHISENRERHRT try catch, 1ZEKRE—
EsE/ AN AmE:

1. REEMHREENEEEUE

2. HEFTH—MEIRIET0AY URL

3. IERIEAENERTRERK class WR, MXNEFRERRIEHIFE

5.1.1.3. RELIES

BE T BT RAMLLBE, TTRHEME HHE (throw,throws)
MESEE=MERX, —2 throw,— throws, KXE—MZFZEHRE.

public static void main(String[] args) {
String s = "abc”;
if(s.equals("abc")) {
throw new NumberFormatException();
} else {
System.out.printin(s);
}
}

int div(int a,int b) throws Exception{

return a/b;}

try catch #FHRZE X ML 7 =

5.1.1.4. Throw ¥ throws RIX5I:

1B
1. throws REFE L, FEHIRNESFESR, FTLERSZAN M throw AERESA, SHEIRAY
REER.
ZIBEA I

2. throws FRFEERE, 1HARERIEZINEETSEHIAYRR, ARG HTRS AR
=; throw I EREIERGS:, #1178 throw, THEEERER T, BUERIARE, #
BEANRENSIAARE. hHEl throw BaMIEEN, FTEAEEY2EhE
2, EAHITAEL

3. throws RRHMEEN—FMATEYE, FA—ESREXERE, throw NEMHTRE,
#4T7 throw N—EMH T HEMREXIR.
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4. MEMHREREERENSN, ARNMEHSNETEMHSE, BEFSHREEILER
®, HIERRESERRE EEERLLE,

5.1.2. JAVA x5

51.2.1. THFEES

FANES, BISTRRES TR AR FORSEILE I, DENREETL s
FI_EAORSAL. HLANESTIAG JavaScript BUERIRNES, BlltZ4h Ruby,Python EETHRNES,
M C. C++NRBTHRNES. NREIFESR JAVA BT 78S,

51.2.2. RENERES (SITRSHHEXRMBENEENSX)

ClassLoader F\
e 2
\
\

Proxylnstance()
‘ abRE

£ Java FRIRSIIHRIBEE TGS, WHEE— 1 EKEEBANEX N ERENEILMGE
HENTESE— NS, HEBERCHES 1774, XMISERBERUNSNSERNSRTS
ERITORERL A Java B SRR SIHEL,

5.1.23. RSMINABIGS
G E T RIS T HT

£ Java IEFHIFSMREE TREPS HIIFSRE . miFAIEBANETIRE. miFATAIREH
FEANISRATSCARISREIRTE, BITHIRYSRE MR BATIRAVRENRTE . W0:

Person p: new Student(),

HehygiEad2-808 Person, 1EfTATZRELA Student,
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B G 1E 1 FE T e KR AT

R TR AT SRR NRIRISR, IZXISRAVRIFEATRELS Object (BREFEFRERA
IS RANEITRIRBERTITIE. ATHRRXERE, EFHEEETIRHAINSRMNENESLER.
PAM, AISRIMIFERMRATTATANLXIRARBETWLELSR, B AR FEIETIHERRAIZIIR
MZENELER, WM REREIR T .

5.1.2.4. Java 5t API

S5 AP FIRAE K INM 956 BT BTN R A5 o

1. Class 25: RRIZOE, TLBREEERNEN, HiEFHER.

2. Field 35: Java.lang.reflec @RI, FREMNMRETE, TLUBRGKEFIKERZ FRIEMN
B.

3. Method 25: Java.lang.reflec @HRRY3E, FRENGE, BRILRRREBEFHEAER
EWITEIE.

4. Constructor 2: Java.lang.reflec @92, RRENEESIE.

5.1.2.5. REHEMSE (GREY Class XK, FANRGIE)

1. ZREVBZEERERISKAT Class MR, ERREIAIZL, BT Class &I TTLUERARZEATS
i%.

18R Class 2PV 75i%, ERRERIIRIERRER.

{EFARST API SKIMEXE(ERE.

5.1.2.6. 3XHY Class Y59 3 #h53%

RN 5 ] getClass () 77

Person p=new Person();
Class clazz=p.getClass();

WHR B class [BHEFRFE ZIEN M Class X5

Class clazz=Person.class;
1€/ Class &+ 47 forName() g2 7 2 R 221 1 BER L)
Class clazz=Class.forName("ZHLKRRER"); (&ER)

HEABRIS T IBEIRERISRAT Class WHiG, FLUBE Class EHRSERNABEFZEFNGE
e

//3KE Person ZEAY Class W&

Class clazz=Class.forName("reflection.Person");
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//3RER Person SKBIFRBTSAER
Method[] method=clazz.getDeclaredMethods();
for(Method m:method){
System.out.println(m.toString());
}
//3RER Person SSHUFTARRB ISR
Field[] field=clazz.getDeclaredFields();
for(Field f:field){
System.out.printIn(f.toString());
}
//3XKBR Person ZXHFFBIEIET AR
Constructor[] constructor=clazz.getDeclaredConstructors();
for(Constructor c:constructor){

System.out.printin(c.toString());

5.1.2.7. SIEMRHNFEIGE
Class X/ & #Jnewinstance()

1. {3 Class M5RAY newlInstance() 755k EIEEZ Class JISRXINERISER], (BRXMTTIEEK
1% Class SISRINAIRBEIARITHIERS,

79/ Constructor f/5#7 newinstance()

2. H(#FH Class X53kESERY Constructor 338, BEAR Constructor 35/ newlnstance()
F5iEkEiE Class XISXI N SEA9LHI, B fh T A v LUSEVIE /i A Bl SLA,

//3REX Person 2549 Class X452

Class clazz=Class.forName("reflection.Person");

//MEF3.newlInstane 735 EUERISR
Person p=(Person) clazz.newlnstance();
/BRERIET T A BIENT SR
Constructor c=clazz.getDeclaredConstructor(String.class,String.class,int.class);
/RESSRERE
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Person p1=(Person) c.newlInstance("Z=[Y","58",20);

5.1.3. JAVA &

5131 #&

Annotation (;Ff#) 2 Java IRHAI—FXITTIEFFITRIEKEEFITEYE (metadata) AYER
f07A7%&. Annatation(F#R)2—MzEO, BFRALIETRISABYEERF+FItEM Annotation
5, SAigiEIdiZ Annotation XS ISREGEEFIITTEIREE.

5.1.3.2. 4 FirtETCER
TOHEAOERROSTMEMTM, Java5.0 X T 4 MRER meta-annotation 2588, B 14
FASRIRHITEE annotation £BEHBA,
@Target EHHIN 56 FH

@TargetiBA T Annotation FHEIHAINISSERE:  Annotation BJ# 3T packages. types (2§,
O, &5, Annotation 2R8) | EFBRRR (755 WIEGEE. RREE. W&EE) . BiE5H
AN E (WEIREEE. catch %) . £ Annotation ZREURIEBAR{ERA T target AT SR NBAMT
HIgthRIBiR

@Retention & X #REBHIAT KA

Retention FEX Ti% Annotation #{REERIETEHSIE : "B ARIUREIRES, BTHE
RERRRIEGERR (BD: SHERaERAETAEERER) . BYE (RetentionPoicy) H:

B SOURCEFAFEIMHHEN (BNESHHRER)
B CLASS:7E class 3{8BE3% (BP class {RE8)
B RUNTIMEEETHIERL (BLEfTAIRE)

@Documented #i&-javadoc

@ Documented FBFHEAE T A annotation RAZBAERN IR TR RAIAL API,
I ETLAREBIRN javadoc WA T BT,

@Inherited BER 7 M FRE FIEE R4 SR K

@Inherited TTERE—MRCITME, @Inherited ER T EANEIRTHIZEEI 2R, WNBR—
MERT @Inherited (&MY annotation ZEEIEEF— class, NIXA annotation E#HEF1%
class B9FE,
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| maEn

{@Override:
i} i M b
|{ @Deprecated: 1_4javado: doc_@deprecated, |
deprecation: {#:/1] 1 it} # %
bRAETERE | unchecked: #
fallthrough Switch B F ik % # Break B/ f)
= th: EXIE. BLMABEIDETHA #
{@SuppressWarnings | ol L P
1$|: [ seria | f
;;;;; IVersiol
finally
all: %
¥ It f
B {0 : e WAE 4 B0 RAFSOER(S B
— REEMWR 1 E1 ‘ f

SOURCE : i 1F44 Wil if 8 24
|{ @Retention . JEfEEclass AT AT, (12 BVME S, %
(RetentionPoicy B, |- CoASS : itfffidass d i VMR
————— | RUNTIME : vM#ifis i R E AR, DA ok of b 5% 04 B4 ik T 7 4 £ L

JAVAiERE (Annotation) | He AT U T f A

FIELD : %7 ] (f
LOCAL_VARIABLE

(T
H@Target — ——————— METHOD : 75570
] | ElementType® % e
PACKAGE : {1
PARAMETER
TYPE : % ) Henum
i} JavaDo
|{{@pocumented |
§ 4 i f
| @Inhertied
Ji i E A% Cint,float,boolean’d)
String
3 Class
S~ AR T ERIERN
enu
Annotation
DB & 101
Class
Constructor
F
(R | e
| Method
S| muysge |javalang reflect AnnotatedElementi% 1 Package
getAnnotation: & il % ¥ i & |- 7 £ 1 Vit H iy it
getAnnotations: i k| ¥
/% | isAnnotationPresent: ¥ %7 % ) 3 tru EACICY!

getDeclaredAnnotations() : it |4 IT4% #7 #

5.1.3.3. [ffEsbEsE

R BARKEEGERNTEN T, BATBROHASLIREGALT . ERTMEIEES,
REEN o HI2CETEREMAIESS. Java SES IR T REWHIEI API, LIBHIFERFRRIE
RSB E N ERRIERE. FESCI—MERFLL RS,

/10 o EXGERE/
@Target(ElementType.FIELD)

@Retention(RetentionPolicy. RUNTIME)
@Documented
public @interface FruitProvider {
[N ERS*/
public int id() default -1;
/¥ R RARY/

public String name() default "";
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/% * (SN Rt/

public String address() default "*;
}
//2: i EREER
public class Apple {

@FruitProvider(id = 1, name = "BEFELIELT5EH", address = "FEABHLTHIERE")

private String appleProvider;

public void setAppleProvider(String appleProvider) {

this.appleProvider = appleProvider;
}
public String getAppleProvider() {

return appleProvider;

}
/3 kkhkkkhkkkkhkk ;E%E%IEE,% ***************/

public class FruitInfoUtil {
public static void getFruitinfo(Class<?> clazz) {
String strFruitProvicer = "HNEER: "
Field[] fields = clazz.getDeclaredFields();//iEi3 [ 5IRENAbIE iR
for (Field field : fields) {
if (field.isAnnotationPresent(FruitProvider.class)) {
FruitProvider fruitProvider = (FruitProvider) field.getAnnotation(FruitProvider.class);
VOeES RS NS Y]
strFruitProvicer = " N EY¥RS: " + fruitProvider.id() + " A EFR: "
+ fruitProvider.name() + " tRESHblE: "+ fruitProvider.address();

System.out.printIn(strFruitProvicer);

}
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public class FruitRun {
public static void main(String[] args) {
FruitinfoUtil.getFruitinfo(Apple.class);

/***********E@HﬂQ:S%***************/

/] HNERS: 1 HAERTR: BRI E TR il BRIRa it

5.1.4. JAVA W%
Java EFAMYAILIENTEMGE, BALLENZE, XEEENERAZIRMBETR AR, 1B
BEXARARE, WERD HERSAERE, RRAERE, BEPNEREE, ERRBRSEIUfH,

51.4.1. BESAERE

EXTERWEPRIEFSEE, BIEREHERR.

public class Out {
private static int a;
private int b;
public static class Inner {
public void print() {

System.out.println(a);

1. BSERERILAGRINBEATENERSEED A, BIfER private BtB—#,
FSIEREFAI—MRE—E, TLIENASETRE. Ak, MEREE.
HEXGERAGFSHEPEREER "IN ASHERR" K, W TA7R: Outlnner inner =
new Out.Inner();inner.print();

4. JavafEdzZEHashMap REBFE— 1 ERSHERR Entry, Entry 2 HashMap 7T R=AYHER,
HashMap REB4ER Entry $BRTFRBUTE, (B2 Entry XMEREREPRY. BuxXFFMEE
KREETRY, BAUGERIMEREEAIN, &AL SRR,
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5.1.42. JRAAIAE

EXTEZEATPRIAREFSEE, MIRMRRAERR. MRRAEBRFBEE NS TAMEZR (final {21HH
RN o XRENIARATERIFFERY, FRUWAIHRTEIEHERSHRER, WRATFRRR
RENEFCEE, BAMRATRREFSEZERCINF 2R XA,

public class Out {
private static int a;
private int b;
public class Inner {
public void print() {
System.out.printin(a);

System.out.printin(b);

5.1.43. REHAER CGEXEFEFHZD
EXESETHEE, MEEPE. MR ERERENSEDER, WAL EEFERBIRE.

public class Out {
private static int a;
private int b;
public void test(final int c) {
final intd = 1;
class Inner {
public void print() {

System.out.printin(c);
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5.1.4.4. BERZAME (ERER—-NDIREHFLH— MO, HEMEH
new SRAEK— MR KI5 H)
ER NIRRT RBHRER—NREHELI—MEO, SBRBNEERPE—NREHELI—
MzEO, FEREREIRE class XiEEx, XERNEZNELEEEFER new KEK—IMNISAIS|
H.

public abstract class Bird {
private String name;
public String getName() {
return name;
}
public void setName(String name) {
this.name = name;
}
public abstract int fly();
}
public class Test {
public void test(Bird bird){
System.out.printin(bird.getName() + "8 % " + bird.fly() + ">k");
}
public static void main(String[] args) {
Test test = new Test();
test.test(new Bird() {
public int fly() {
return 10000;
}
public String getName() {
return "XHE";
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5.1.5. JAVAEZ R

2 BURM 7RI SRBE L 2IIE], 2 AR RERFITEUZEIIEARIRE, ZEAR
RESHWRE, RN FNEIRERERIEEN— 2. LORNES— 1 HFSE,
BEIENIEERIENA. FATRMARESEMEURERTEEHITHEF, BAIMAILUER Java iZ8L,

5.1.5.1. E&FE (<E>)
RAIAE—NZEGEE, A EERABReLUSKARRENSE. RIBERLZEAENSE
KR RIS AIAMEE—NTAER.

// iZBYF5i% printArray

public static < E > void printArray( E[] inputArray )
{
for ( E element : inputArray ){

System.out.printf( "%s ", element );

}
}

1. <? extends T>FNZBECFFATRAISEELE T KB9F3K,
2. <?super T>FRRZBECFTATURAISEELRE T RERIER,

5.1.5.2. ©ZEIHK<T>
2 BUIRRIAEIRFIRZ BUZRAUAE AR, BT ERBEEANIN T RESHFEREE . MiZzBEE—
B, 2RISR EISHEERSHE S — N HES N RES Y, SHARESER. —NZESH,
TR A—1NEETE, EATFIEE—NZEEEERIRRST., BAMIIES— a2 1S5,
XUEESEIEFR S EUCRIE TS EULRISEEY,

public class Box<T> {

private T t;

public void add(T t) {
this.t = t;

}

public T get() {
return t;
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5.1.5.3. RALAMEAF?

REBRF—BRECEAABEANRESH. W Lst<> ABELE
List<String>,List<Integer> ZFfA List< E{RERISTS > IR,

5.1.5.4. RAER
Java PRYZEIEAR FEEERIFZIX NN, LMY Java FHABGEFRERZ
ehfIEEMSERY, FRIZENHEIN ERSREISE, SWRIFEERFNMERE, X
IFERMFREEUEMR, AIERBENAY List<Object>F0 List<String>FR8), TERIEZE
#=30p List, VM BEIRIRZ List, MHZELFINRISEEYSERT VM BREARST AT,
FAMRRAE AR BIVRE R, SRR E RS REBSHNBRSE, XNERSE—R
£ Object, MNRISE TXRESHAI EFANE, WERAXNLER. BABHHSEESEEE R
BRERRISE,
5.1.6. JAVA AL (RIERTTE H K Java XTR)

RIAFFA M) XS R REREE P 7B

Java EERFRIIENFPRIETERY Java g, E—KERT, REH VM &bF=1707,
XEFIRATTRErFE, BD, XERISAEGRIARLE VM ERBERER, B A,
MATREERTE VM IELLIEITZ EREBRFIFAMNIBERNSR, FEEREIMIBHRIRFRINSR,
Java MR FFMERBETEFE B FAI ISCINiZIN8E.

JFPEXT R U FHHARIF BB LR REF

£/ Java MRFINL, ERENSRE, SEERNSREA—HFD, B0k, BEXEFHAEE
RS, BEEME, WREFIWERFHNENSRN" RE" | BelRRETE. Bk, X7
SFIAS K IR SER,

SRS TR R A Hi

PR T R ANSRE=RRINSRFII 2, ZEHE RMIGRESEER), BERNSHEBEIISRAT,
#H=ARIXISRFIL. Java FFL APl ISERS SR FF IR T — MRENEI, iZ APl fEIERZ A,
Serializable SEB/FFIH

£ Java 1, RE—LLILT java.io.Serializable [0, ABABHMAILIFSIL,
ObjectOutputStream 47 ObjectIinputStream XX RHEIT/FFAIHLR /75

81 ObjectOutputStream # ObjectInputStream XIXISIFI TR R FHUL,

writeObject #readObject F & X/FEFIH M
7EZEhiEAN writeObject 1 readObject F5iEATLASCHL BE X FFH ML EREE

JFF# 1D

REINEERITFRFIIC, AMUEUATEREBEMNEABEE—N, — M EEEEN—RERD
EHFFIML ID BE—3 (B private static final long serialVersionUID)
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JPIIHH T RS E
FPIIHFRIE U
BIRGRRIRBFINL, MBS SLI Serializable M.

Transient F##=M 1F 2B #5751 B X AEH

1.

T ERBRIINLE Transient XK=, ATLEILZZEWHFFICEIGH, FERERFS
tfg, transient TEAVBERKIRIVIEE, W int B2A9Z 0, XIREAIZ null,
REERAE PR RIEFFUCISEIRE, WRPFE—LEIESHEM, WNZE=rrH
%, FEZERRFRERSLE, BHTINE, MEFRISHEERENER, 8%
ERmHITRFFIES, ATTLASSEREHTIEN, X UA—ERERIEFTIUISREN
HiEZE,

5.1.7. JAVA &#

B— RS IAEHSERIIM— TR, —HAE=fMHSN. F—MSAEZEEWE, FHHE
BEEN, B=FEREN., UAFIE TS, X=MEESIiR EEE T HE TN,

51.7.1. HERHESH

BEEWE. f£lavas, Aal = a2, HMNFEEBENEXLIR ESHRS IR, B
i al ¥ a2 IEMAER—M IR, Eitt, = al ZEAEdR, a2 BEAIKRREZEBRIR
XM,

5.1.7.2. ZE# (SHSIBEARSHISIBRIER)
BIEBE— SR, REBURIRNIRRR S REHEZFTS,

Eitt, RiasRRERIAS|IBR—1MIR.

class Resume {

public Object clone() {
try {

} catch (Exception e) {
e.printStackTrace();
return null;
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51.7.3. FEH (SRNSMEMENSR)
RENMIETNEAS, MESFHNSRESHEIBERRNENR.

class Student implements Cloneable {
String name;
int age;
Professor p;
Student(String name, int age, Professor p) {
this.name = name;
this.age = age;
this.p = p;
}
public Object clone() {
Student o = null;
try {
o = (Student) super.clone();
} catch (CloneNotSupportedException e) {

System.out.printin(e.toString());

return o;

51.74. E5HE (F clone —HISCIR)

£ lava IBEEBEREF— SR, EETLULEEXISRCI Serializable %0, RSB
£ (ChrEREXNSI—NMNEN) 52— PMRE, BARBIEE®R, FoLEENS.
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6. Spring R

EE— 1 2E. BWNAFA—MmIRIERGE, BFRIE. WSE. FAR. B& Spring
AR AR thRITESR TR S,

6.1.1. Spring H# &

6.1.1.1. =R
6.1.1.2. IEHIREE
6.1.1.3. EREYIE
6.1.1.4. 7=

6.1.1.5. {IEZR&ES

WANSFEFAEN=springEhR2ER8E. =2SpringBERRILIE—HEE
TMZEUARMEER , FESpringfiEHEF H SR EER.

- | =5 s | \ 5t , SpringBIEEATE] : 22859 | Spring AT AEITI S TR T Spring s,

SpringiEiT—FRFREISHIREIOCRIBRER T R8s,

== LAATIOC , — T HSEENEtSSETRINATIFEER  IrExTHssed

5] HESE SRS,

]

Spring=FERIIEREE | FEBNRIESSENEAREST
ESE pring 3= e

©1. Spring$ik
SpringBEHEENANSHNESIESEE AT EY FEE—FEE, FLE
EE S Siava-mindmap E{FEE M beantlfiFHIE----ET—FEEFE | fbeant]LIgEE— M5
A ES R EE M E N — T H 6 -- - LR B S fEE 5.

=
SpringFILUSRISEREEFES. BaNAEREA.
- ESpringmR | IANSESEINES | SENEE—TXMLIEE.
SpringttiRE TREEMIE (FEEE. SAMERSENS) | SURBBENTASETRE.
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6.1.2. Spring &4 A

Web
(MVC / Remoting)

Web Serviet

)

Language

6.1.3. Spring ¥ FtEB

HOBEYE Spring EROBTINNE, HOSEITWSFE Beanfactory . TRT
MEz=E. BeanFactory EAIEHE® (10C) ESEBEMNERTRMME
RESRFONBAERBIF.

:

Spring L FXE—NERXE | @) Spring MR L FX(ES, Spring LTFREES
EASTIREINE,

: WS, G40 INDI, E)B, TS, I,
—{ Spring £

]

ITEREEHE | Spring AOP MR M ESEE)EEVRINMERTT T Spring 1

Eaime,

—| Spring AOP |-

5JDBC DAO B#/ZIRH T HBUNSRENSN . oI HRSHSEESRLRIFRE
EEREENMNEHAINRAN, BRERGNMLTMRLE RS ETRE
|ELISWABIR (GEN7IFTHNAMES ) . Spring DAO 25 JOBC E9SMEMM

TR Tava-mindmap

Spring 1IEREATET ORM R . W4T ORM SSI@XETA , R-8E

JDO, Hibernate ¥ iBatis SQL Map, FaEEREMA Spring BIMEESEI DAO 5
R REREN,
Spring ORM |-

1

Web EFXFERUENRES EFXREZ F . ABF Web IBESMET LT
X, BLL, Spring 1E5855585 Jakarta Struts BT, Web HUREM(L TAMES 585
= WRURESHREBERBIRTRNTIE,

—1{ Spring Web f#iz |-

MVC ERE—PLINHEEINGR Web WMIRRE MVC TR, sl MVCE

REMAEEEETRRS . MVC SRTABREER | J0IE ISP, Velocity, Tiles,
iText 1 POI,

—

Spring MVC §&28 ]
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6.1.4. Spring XEf/

©3, XFjarg@

2% ava- mindmap

—{ org.springframework.core—SpringfitZ 0L TRE , HEitEF#EtE

—| org.springframework.beans——FiE M FEAD , @&hEERE(E , flEnEEbeanZ,

org.springframework.aop ——SpringfIEEERE | {REAOP ( EELEESE ) A95EH

org.springframework.context——MHIERRNOCThEE ERU EIRS | ANFIRENFS R RIRSHIEE |
BEMHES. £5EE. INDIES: , BB, miEnn). SEFELRSHEEERATS.

Org.springframework.web.mve——E & SpringMVCRI T &R R aTE s,

1 org.springframework.transaction——AJDBC,HIBERNATE,JDO, JPAIRMH—HBEE - iBiE WS B

org.springframework.web——&&WebFEF&RT , FBEIS pringEZEE FRIRATE (2,

—| org.springframework.aspects——SpringiR 5t AspecREIER S

org.springframework.test—JUNITZEMNEUHERE A

—| org.springframework.asm——spring 3.0 1R B 20 Masm jarE

| org.springframework.context.support—>Spring contextfiir B32iF . BTMVCAE

org.springframework.expression——SpringFHATES

—| org.springframework.instrument.tomcat——Spring#ttomcatiFiEmaTeEe:

— org.springframework.instrument——Spring 2RSS S2AN LI

—| org.springframework.jdbc—33IDBC BB

org.springframework.jms——AiEi{tims apilflEREmEETEm s

org.springframework.orm——2& 5= ormzEl . fMhibernate , ibatis , jdo , jpass

org.springframework.oxm—-Spring 3 Fobject/xmIBSRI=1E | STLEAVASXMLUEEIE

org.springframework.web.portlet——Spring MVCHIESS

org.springframework.web.serviet—3FI12EE6.0 serviet3. 04T S

org.springframework.web.struts—— 23S struts lEZERT= 15 | EHEESSMTEMRStrutsiEZE,

6.1.5. Spring ¥ MR

bean JFIANSEERNNAXERESH, TJLUEE xml, getset 5, MIERHEETHE. BRS
FRR97S U265 Spring AUiERR Y, Spring 1Rt 7T KERYER ST,
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BFRTRAREs
| _@Controfler MFHFCE—NAL . WATIFCHMME—SpringMVC Controfer I
{ ponBReeREEN7RINORNSE . FSNESZRSEMT GRequestMapping 8,
| SLiERequestiRheade SHBMER IS ZOSIR L
* QRestController - 1EH5ECor A QresponseBody IBAR
E] # @Component TSRS . SRETFRRNNNE , BITUEBR NIRETIRL
# @Repository AT ERaoE | Edaolmpik LI,
# @Service EFRIUHEAE

* PC

T
3 ARFUERRCLRYIN  TRTAISELE. BERE  REASOFNS
; + ORequestMapping  TRRESZERLSRRERLEE 5
“4, BT ﬂ_@ CTLMARATE, FIROERMETINT , RTADRENTr. BT
3 * Autowred  @AutowirediSBRRAI set . getiE ;
T RGjava-mindmop * OPathvarabe MFSRRURLSORESRRGEIMENESAOMNE  ERUARECHSRIERSR
:  QrequestParam  TRMTESpringMVCESEHMERRSR , S~ BrequestoetParameter’name’) -
: GRequestiieader  FLUERequestiRheaderSHLISEEAZISHL g

RControlord IS ZEEMN | TNTHOModelAttributel57E , SIETF RIS
EREdG , TLUBIE M OModelAttributeTSHZ . WAEBaseControflerch , FMEY
ControlleriEfBaseController , RIS IRE@MControllerd? . KT

preep— BModelAttributelS .

@SessionAttributes B FsessionfERmS | SiEclass L
[3 @Valid THEEIRINE | TLUEShibernate validator—EE2H
@CookieValue ARFENCookiePHI@

6.1.6. Spring E=H4%4

javafl— 22 fER
= —
'T NE, 21, 0%, £EEE, SWebshl, EF
S ihlavafERRETFES  BEERE BFTERS . SHibernaterhBHARY

Ehcache -  CacheProvider

4| =7 H redis - —7FREIEMANS| CEEEE, RS, TETATIISANMEEE, Key-ValuesiEE

— I HHEAEASERMAER | SHIDBGHT FEEEERENSHE 58
Hibernate = POJOSHEESEVHMSHE , E—T2=m0rmiER

4 A EER H Mybatls - SEFEE QLD , TR R eI TS A SIER

&) = oEE
@ 6‘ %—H‘Egkmm — P HERIELEEER Hjavai® S, E NETF &R Quartz Net, EiT Quart T LIRIESS
quartz - AUESHEERITE

FELkSjava-mindmap http.
b LIS EAE— R REQuartz, MEFEAZRREEE | BspringBX8HM 58
- Spring-Task = ERShEIE , MESHF TR RS AREEET
pi/fgon...

http:/fiww.

Hibernate validator - Hibernate ValidatoriZ2Z A= ibeantiFEE | ETEE | FERESH
http://blog.csdn.net/...

- = OVal 218 EEVavalt SEUREIEER | BFFAN LIS TEE T,
Annotation, POJOs #4725, TILAEREE Java iB=. JavaScript . Groovy .

Oval =  BeanShell FFTHIRIEES.

h
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6.1.7. Spring 10C J&#

6.1.7.1. W&
Spring BT —MECE XX Bean K Bean ZRAUKEIRER, FIF Java IESHIRSITNRESLAIL

Bean 7337 Bean Z[ARYMKIIKR. Spring BY loC BeEESTRiXLRETTIERVENL £, KIR A
7 Bean LfIEF. LanBHAEIR. Bean XLfINIE. FEHAH. BIREREFSRES.

6.1.7.2. Spring AR BHEMNE

Spring [Ea0ATSEEN FBFRFIRHAY Bean BEEER, FH7E Spring BesPaERk—{n1ERAY Bean
BFME, AEIRIEXKEMESLANL Bean, HEF Bean ZEMIKEAR, SN EENFERGUE
EERNSITINS, Hrp Bean 15ty HashMap LI

ReFI LAY
BeanfC E. {5 B 1.7k AdBean -
m— e l,?.,i'.‘. (—_S_pringﬁﬁ \ﬁi.f’UHBcan
X | Beansi ik # .
Q)th) AWMConf iguration — :
== i
o I
/,(!’l n (e — | i
3 s Bean || SO ;
BeankH2R Y ik Bean/E 7¢ith £
{¢Bean
A—
g -~ | —
34Beant B
il i #iSpring N )
B

6.1.7.3. 10C 32,

BeanFactory- #4252 it

BeanFactory 2 Spring 12ZRA9EALIRME, MM Spring A8 ; ApplicationContext EEI{EH
Spring BRI AE, JLFATERIR RS HEIIEEZ[ER ApplicationContext MIFEE
A9 BeanFactory,
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O BeanFactory O AutowireCapableBeanFactory K]
[ ?
o ListableBeanFactory ¥ HierarchicalBeanFactory o SingletonBeanRegistry
JAN ? JaY
O ConfigurableBeanFactory DefaultSingletonBeanRegistry
ZIX i T
0~ ConfigurableListableBeanFactory AbstractBeanFactory
> JA

AbstractAutowireCapableBeanFactory [~

?

o BeanDefinitionRegistry - ‘. DefaultListablcBeanFactory

T

XmiBeanFactory

¥l 3-7 BeanFactory K4 /KA R

1.1.1.1.1  BeanDefinitionRegistry /Z /%

1. Spring BeEX M E— M RITTERE Spring BERREREIE— BeanDefinition JIHRER,
EiEiR T Bean MEE(SE. M BeanDefinitionRegistry #EORME T HIEF TiEM
BeanDefinition &M%,

1.1.1.1.2  BeanFactory Jii/E# 117

2. (UFRENTG , EREBSEHR getBean(String beanName), 5 iENEEEH
IR[EHFERTRAY Bean, BeanFactory fYThEE @IS EfttAYZ OISR &

1.1..1.1.3 ListableBeanFactory

3. ZEOEMXTIHAEEEF Bean EXSERIETHIE, WNEE Bean IS, FKENE—KE
Bean HYBCER. BEEARTEREEERE— Bean EF5i%;

1.1.1.1.4  HierarchicalBeanFactory X FREL

4. RFREk loC FEgaEO, FRsFULIBEBIREOGARRRERE, B
HierarchicalBeanFactory $#2, Spring i loC FEEaJLIEI QR FERFENSHAR, F
B LUARIREEEFH Bean, (BERBEABEARIFEEM Bean, Spring R F&ESC
WT1RZINEE, tbanfE Spring MVC #, EBIIE Bean (UF—{F&es+H, MUSEFA
[ERY Bean I FRAE=EH. XtF, REUZE Bean FEILAS|BUSEFHFAZEM Bean, mkss
EFFAER Bean MEARZIEIER Bean,

1.1.1.15 ConfigurableBeanFactory

5. B EERNEO, BE7T loC B8N EHIME, BEEXTIREXREHR. BMRESR. &
BB IRREE S,
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1.1.1.1.6  AutowireCapableBeanFactory & /44

6. EXTHEARETH Bean KEMHIN (AiRBFILES. 1%ZKEBILEE) #HTENERRGE;

1.1.1.1.7  SingletonBeanRegistry & 774/ 4 £ Bean

7. BT R EETHIERES EAESLA) Bean 5%, XJFESLAI ( singleton) B Bean
3kift, BeanFactory £4&fF Bean Lffl, FTLASSIRER getBean() 3KEX Bean ATEERIEM
loC BESAYEFH3REY Bean 3£45l, Spring 7£ DefaultSingletonBeanRegistry 252t 7 —

MNHETFEFEHESLH Bean UEFEE, BE— 1 HashMap SLIIAYETFES, FSLAIAY Bean LA
beanName JFRFEXA HashMap .,

11.118  fHiH EHefE

8. fE#ltalt BeanFactory Y, W/mAESRM—FEGIELR, LLUNGER Logd), BIERIRIZ TR
fit Log4) EoESY, IXt/3aN Spring Bes 4 A4S,

ApplicationContext ZFFLM/E

ApplicationContext B BeanFactory R&MRK, BB TESEALIRM AN INEE.
ApplicationContext #k7& T HierarchicalBeanFactory #[1 ListableBeanFactory [0, 7ELttEAM
L, EEIZPEMAYEOYT R T BeanFactory YIHEE:

o~ AppiicationEventPublisher KI— |o- BeanFactory
o= MessageSource <} zf
|
o Resourceloader o= HierarchicalBeanFactory ¢ ListableBeanFactory
o= ResourcePatternResolver — o= Lifecycle

— o ApplicationContext

o ConfigurableApplicationContext J

i

AbstractApplicationContext

JA

AbstractRefreshableApplicationContext

T

AbstractRefreshableConfigApplicationContext

s

AbstractXmiApplicationContext

R

P4 3-8 ApplicationContext 24k 7K {4 5
1. ClassPathXmlApplicationContext: ERIAMEERRINEECE S
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FileSystemXmlApplicationContext: BRIAMSHRFPEERE S
ApplicationEventPublisher: iLEFAERMNA L TXEHIINEE, SESHEEHNE
. RiAEHE,

4. MessageSource: AMNFEM i18n EfRMUBEEIERININEE;

5. ResourcePatternResolver : ft & ApplicationContext SLEIEEPSLIN 7 KT
PathMatchingResourcePatternResolver B9IHRE, BTLABEHAIZRAI Ant KA
HER1R%EES Spring BIECE 4.

6. LifeCycle: iZz#Z[O& Spring 2.0 AIAR, ZIZORM T start)F0 stop(FNEIE, &
RTiEfIRLAETRE. EEARGER, ZEORRN# ApplicationContext SEIINE{K
Bean 3CHI, ApplicationContext €35 start/stop HEBIEIRAETETFEII 7%z
/Y Bean, LUAZIEIEFEH IMX, (5 RAEZEER.

7. ConfigurableApplicationContext BT ApplicationContext, EFEINTHMEE
R975i%:  refresh(F0 close(), it ApplicationContext BBJE5. RIFFFIXHAMAELT
XHIEEN, M LETSCRAER FRER refresh(BIE]BahE LT, EELZ
FAST, 18R refresh(NEREFAHEIRHEEER, MEA close(NIRI XN
T

WebApplication A Z424

WebApplicationContext 2%(J/8 Web NAEER, BRIFAERNTF Web HRERKY
BERPEZERENNHTRAMELITIE. I WebApplicationContext # 8] LA3K 1S
ServletContext B95|H, E/ Web NMALTXXWEUSIEEABREREER ServletContext
&, LME Web RIFEFRERILASE) Spring RIAA LT3,

getServietContext()

/' ServietContext o

el .

({OOT_W’EB_APPLICATION_CON'IEi'l’_A'l'l'R IBUTE

WebApplicationContext

6.1.7.4.  Spring Bean YER#

Spring 3 #1J9 Bean X 7T 5 HERIE, 55079 singleton (Efjl) . prototype (JREY) .
request, session #[] global session, 5 fYEFE-BEINT :

singleton: #AIEA (ZLETIHLE)

1.

singleton: EAfliEE, Spring loC BEHFREFHE—IMHER Bean Xfl, TieHEZI/AN
Bean 5|HE, MEEAE—NR., ZEXEZELETEFALEM., Singleton {ERERZ
Spring FRYRE(ERE, BRILIZERAVE Bean EX /9 singleton ##3(, BtE/9:

<bean id="userDao" class="com.ioc.UserDaolmpl" scope="singleton"/>
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prototype: R #E L E/HRT 62

2. prototypeREUET,, BIRIBIT Spring ZFES3REY prototype EXHY bean BY, ZFEEEMEEIE
—N#THY Bean L3, 84 Bean SLAIEFEBECHBEMEFIIAZ, M singleton 2BRB—
%. RESW, WHEIREH beanfEF prototype {EFIE, MXIFSIASHY bean 5 singleton
YEFRL.

Request: —Zrequest —7 &4y

3. request: X Http i5skdr, FEERIR[ENZ Bean BIE—3Lf. MXIARERY Http iEkN<
FEAEHY Bean, MHEIZ bean {YfE24/] Http Request NERY, 2H1 Http iIBREHR, 1% bean
SLHONBIGSAHER,

<bean id="loginAction" class="com.cnblogs.Login" scope="request"/>

session

4. session: F£F—X Http Session #1, A2E&iR[ENZ Bean BE—SEHI, MIXIAREAY Session i5
KNS BUEFHISLAI, % bean SLEHNFEZRT Session B, [ Http BEkiERE, 8—R
session IEKOIEFHALHI, MARRSEAZBEALZRY, BELHUNEECCHT session iFK
RBEM, BRER, NLHISHIHER,

<bean id="userPreference" class="com.ioc.UserPreference" scope="session"/>

global Session

5. global Session: E—12ERY Http Session &, &FE&&iRMENZ Bean BIE—SLH, {X1E
{# A portlet context RG34,

6.1.7.5. Spring Bean &4 #vE

It
1. SEfE—1 Bean, tEFHLEFAIEWAI new,
|OC ZRIEA

2. 1%HR Spring L RIISEAFMEEY Bean H1TECE, tEHIE IOCIEA.

setBeanName £

3. UNERIXA Bean B4&5LI 7 BeanNameAware 00, SIEAELIIAY setBeanName(String)
7%, HAMEBIFEE Spring EE& 744 Bean Ay id (&

BeanFactoryAware $Z#

4. MR Bean BELLIN T BeanFactoryAware [, SRATELIAY setBeanFactory,
setBeanFactory(BeanFactory)f&iBAYE Spring T/ BE (ALBAXNMNANIIREXEE Bean,
RFE Spring EEE XA EE—NEER Bean FallA) .
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ApplicationContextAware SZ8f

5. WISRXA Bean BELLI 1 ApplicationContextAware ##, SVER
setApplicationContext(ApplicationContext)75i%, fEAN Spring E X (FREXANARB
BILASCHIA IR 4 FORE, 1BLL 4 B5F, E9 ApplicationContext 2 BeanFactory fF4
A, BESHGIE)

postProcessBeforelnitialization /7L 5- #1454 Fisb 72

6. WNERIXA Bean XKEXT BeanPostProcessor ##, KB&1EH
postProcessBeforelnitialization(Object obj, String s)/5i%, BeanPostProcessor £ &4
{ER Bean IBMIEX, HERTIX/NETE Bean ¥IIAERISEEIM NI E, BRI
FRTFREHEFRA.

init-method
7. Y0ER Bean 7E Spring BEEX{4HECE T init-method BitS B EREE SRS,

postProcessAfterlnitialization

8. WX Bean XEXTY BeanPostProcessor $#[1, 1E<EH
postProcessAfterlnitialization(Object obj, String s)J5i%,
i DLETERRLERTRT LA XA Bean 7, #RIXAS Bean 2— Singleton B9, FrLA—
RIER TEINIERBE— id 89 Bean S 2ENSHUERAISLAEI, ZHFATE Spring EEES4
el LAECESF Singleton,

Destroy I#7 5 5)75 20 &

9. i Bean ABFHER, SETFEMER, AR Bean LIV T DisposableBean XM, <
FEABNELSCEIAY destroy() /5%,

destroy-method &0 &/52E

10. &f5, WERXA Bean By Spring BtE+ECE T destroy-method EtE, £BmERAEEER
HEAE.
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CBean(liSpring Beanf ] |- & 3¢ 8971 i J MD

5244k, 1. ApplicationContext
2. scope=singleton

WAt
@ fsetBeanNameJy ?94.—@ 7% )bean X 4k #kBeanN ameAw are @

(7] % )bean 4k /K [ BeanF actoryAwarei@

@h"setﬁpplicationConteztt})’@(— (7] % )bean S 4k K [ ApplicationContextAwareJ@

@ﬁposﬂ)rocessﬂeforelnitializaﬁon Jil) ) (%) beanJi4t/K (BeanPostProcessor¥ [1

C}’l/ﬂ"afterP roperti esSetI}j_iD(—G a] %) beanZ&4k /K [ InitializingBean f&@
*’:;Z;fd ﬂ%ﬁ%ﬁ&ﬁ}H % )bean ' <bean init-method="ini t"D
I 23

(Al k) beanX4k /K [ BeanPostProcessor@

@1J‘postProcessAfterInitialization Jrik

( #MRAKbean )

'/§' %:‘Iu 'f

C P destory )(-—@I %)bean KW [ DisposableBB

@ammamm;& Ji ik

<bean destory-method="fun 1”/3
oS S JOOY I VINVINR - N

aseOm/yaovinglong
SO/ YaoyIngiong

¥k A B

11. bean IFEEMNEZENEM (init-method #1 destroy-method) . AE(HFRAILIE SEH
I FEEE, BB ENAYNER (@PostConstruct fl@PreDestroy) .

<bean id="" class="" init-method="#¥J1a{t/5;%" destroy-method="#E57F%">

6.1.7.6.  Spring ABIENLF R
HIERIEA

P SH, J7 R IR IS ST
public CatDaolmpl(String message){
this. message = message;
}
<bean id="CatDaolmpl" class="com.CatDaolmpl|">

<constructor-arg value=" message "></constructor-arg>

</bean>
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setter ZZHEA
public class Id {

private int id;

public int getld() { returnid; }

public void setld(intid) { this.id =id; }
}

<bean id="id" class="com.id "> <property name="id" value="123"></property> </bean>
BELS HEA

HSL MEEN, MEBRTERFEHSLI NEERECH gﬂ’ﬂ]‘% ATk spring EIEFT
BYR, HiIrEEEE ‘J"Iﬁ’k* SR "FERBRISR, MRERMKAEE spring JENRIFZ IR
EX:

public class DaoFactory { //Ei#&T) "

public static final FactoryDao getStaticFactoryDaolmpl(){

return new StaticFacotryDaolmpl();

}

public class SpringAction {
private FactoryDao staticFactoryDao; /[ EANT 4
IFENXT B set Tk
public void setStaticFactoryDao(FactoryDao staticFactoryDao) {

this.staticFactoryDao = staticFactoryDao;

}
/lfactory-method="getStaticFactoryDaolmpl"#g 52 il FIM/N ] ik
<bean name="springAction" class=" SpringAction" >
<A T 7RG G 56 B T G B S A-->
<property name="staticFactoryDao" ref="staticFactoryDao"></property>
</bean>
<I--BEARSRION S 77 AR T R SR A i S T -->
<bean name="staticFactoryDao" class="DaoFactory"

factory-method="getStaticFactoryDaolmpl"></bean>

ZHT)

ST R R EREBIRELHINTG EARESH, FRLURBEEEL new I £, BREARSEN
SLHIEA:

public class DaoFactory { //3LEf5IT T

public FactoryDao getFactoryDaolmpl(){

return new FactoryDaolmpl();
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}

public class SpringAction {

private FactoryDao factoryDao;  //iFEATIER
public void setFactoryDao(FactoryDao factoryDao) {

this.factoryDao = factoryDao;

<bean name="springAction" class="SpringAction" >
<I--EREHI T HFEEATIR N FEAECESN 4-->
<property name="factoryDao" ref="factoryDao" > </property >

</bean>

<!-- NSRBI S A TR M T K HEREE AT E-->

<bean name="daoFactory" class="com.DaoFactory"> </bean>

<bean name="factoryDao" factory-bean="daoFactory"

factory-method="getFactoryDaolmpl"> </bean>

6.1.7.7. SHMAFET R B 3hEER

Spring XECEUEFAAEICHIE I, FalRILEBET xml KE. HWIEA. setter 5i%F
BB ERECRILIN, FAILIAKIES Spring A B MR TURE THRELEN.

1.
2.

no: BANARXERNHTEER, BUIEXIRE ref BHERFHITEA.

byName: @IS Ba3Ehc, Spring SEEEEX A bean fY autowire BHEHIR
Bh byname, ZEAAEIEL. F=EAFNZ bean FUEMHEBHERZZM bean,

byType: BES#EEBAE, Spring BesERE AT bean #Y autowire B
RER byType, ZERAEILE. XEFNZ bean HEMHEBHERZEENRI bean, WIREZ
N bean FFERM, NHBHER,

constructor: XPNAREUUTF byType, (ERERMLIDESRSE, NMRITBEBHENHESE
HIFDIEEE S EERE, BallEEE.

autodetect: BHc=i{FA constructor kKBRS, MRTETLIE, NIFER byType 3.
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6.1.8. Spring APO JR¥

6.1.8.1. W&

"TE)"BIROR, BURRFFEIRAUISRANER, FHISEBESIN T SRR AT IR — T ERER,
FREHEmRN Aspect”, BIYIE. FMB"TIE", BERIRHMEIPLSIWSTR, MANWSERFFIL
ERRIZEEREREER, ETHCRFNEENN, FEERZEEEE, AEFTX
SRAYRTIREIEFNRT 45 1,

£ "#Y)" KA, AOP BRHRFD AW NERD : UK ERIMETIRER. WHELEBHNEER
BEZUXIR, SZREFAAIRLREIKER. BIXKEIRN—MERE, tIEERE

EROXERRIZAE, MELERRL, SERIAE. B, 4. AOP BERETHEERS
PREMRER, BROXKTERMEDXKERDEEK.

AOP EENFFER:

Authentication ffR
Caching &7
Context passing AB{EIE
Error handling $&i=40 8
Lazy loading 0
Debugging @i
logging, tracing, profiling and monitoring iBRIRERE it ®fE
Performance optimization 148E(LL
Persistence At
. Resource pooling &igth

© ® N o vk W=

—_
o

11. Synchronization [E%
12. Transactions 5%

6.1.8.2. AOP B.LMES
1. tJE (aspect) : HEXREHIEAIMSR, IEFEXETIERAMHS

2, BIIRER: MPLTEHTER, EREEALLE, XEXERIRZAEDIKER.
3. &R (joinpoint) @ #IEEEIRISR, B9 Spring RSRFEIAEEINNERER, FrLAE Spring

iEERIEIMESI=EEIRY A, SChR EiEE AR LR FEREE SRS,
4. AR (pointcut) : IHEEAHTEENEN

5. 1B (advice) : FMBEAERIR RIS =AEIERRZEREIMTIING, BASRE. FE.
BHE. &E RRENRE.

6. Birds: RERBERIR
7. 82N (weave) : FTENAR BmNSHSEENSOIZRNTRE
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8. BIN (introduction) : FEMEXIBHIRIRT, SIANTLUMEEITHIARSSMIRIN—ET5E
FER.
2% https://segmentfault.com/a/1190000007469968

PIE (Aspect ) : —TRESEHERL , BTREISRESEIS NS, EE5EES
J2EERAFR— AT R E=RRFRFF. ESpring AOPH , TEALIERET
1B ) SEET @Aspecti BRI AT,

| EES (Joinpoint ) EEFITIEFREMFENS | BNETEERRMESEL
| BESERRHE. ESpring AOPH | —NEEREERT— T EAHT.

[ 1A (Pointcut ) : ILENEESRETS. BRI —MINS=ETEE  #ERER
LI I SENEES HIET (f0 , STESFESTAER ) . A SSETANE
| FiEERULALRAOPETZY © SpringEEERAAspect LA RIEE.

| 8L (Introduction ) : FsRa— -SSR0 AR (TR mEESRE

| B8 (inter-type declaration ) ). SpringseFs | AFTEMED ( LAB—-IRE9=CEL ) B
RS, Fii0 , (R LMERS I AFEE—beanzlIsModifiedizl] | LIFET
{hEEHHL.

. | BiRS ( Target Object ) : F—SEE MIERENSTS. trsiriERsE
AIE (o] (advised ) W2, EE#ASpring AOPEE DT TRMIELI | T WSRTE—1E
12 ( proxied ) IS,

| AOP{{EE (AOP Proxy ) : AOPIEZREERTTS: . AFcIIERE] ( FRAER7TER
TEF ) . ESpring® . AOPRERLIZIDKESIEaECGLIBHIE.

( AN (Weaving ) : IEEEERE AV ARFERNENS L FaE—EED
| BE. EERLIESEN (FRNERAspectSEIREE ) | ENMFIFISTIRAM.
| Springfl=fheElava AOPHER— , EE{TAIRARA.

| #EH ( Advice ) : ENENESEMESS CNTEENE. E5haE

| T "around” . “before” [ "after” FNREEEENEA (EAFEESEEET
| TS ) . IFSAOPIER ( &fESpring ) FELESHEMEMIEE , FHEP—LUE
| AR

BELOE  javaBEESE

ETE1E4 ( Before advice ) : ﬁ@%@i‘ﬁ‘lﬂ?ﬁﬂ‘]ﬁﬂ ABE BRI R LSS S
ZHEIEHTRE (BEEd—5E).

[ EEIEH ( After returning advice ) : EEEESIFE=AEMTEIED : Fln, —
| AEEEHHEREE ., EFEER.

BR8] ( After throwing advice ) : T EMH S RIE HAHTEIE.
IBAEEE J BB ( After (finally) advice ) : SFSEESBHORENTIOBEN CReRERE
| ERESSEEH).

| TRESIES (Around Advice ) : BE—EESEEN , MAEER. RESEAN—
| FREAER. REENTLEASERRERNEE AT, ShSERRTREN
| TEESEEEER TS CAEREREHH S ERERNT.

6.1.8.1. AOP BRI L R

Spring BT AR RERRIENSS: JIDKProxy 1 Cglib, BRERBFHA R EMR
AopProxyFactory 1R#E AdvisedSupport SMSEHEEFRRE. SIARIRIEZMNRBirEEiz0,
NfsEFE JDK shSAERRIR, BN Calib SRR,

JDK ZP&EO1CE

1. JDK aiiSEBEEZEPRE java. Iang reflect BHRYPENEE: Proxy F1 InvocationHandler,
InvocationHandler —ME0, BISTINZEOE N ENZIE, FEd REHEERERSE
RS, ShEEZIEFSEZERGIE—E, Proxy A InvocationHandler w1ZSEIE
—MFEE—EORH, £RBEmREIIRIENSR,
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https://segmentfault.com/a/1190000007469968

CGLib z7#& 102

2. . CGLib £#rA4 Code Generation Library, E—1NEAXNSIERE, SRENIDAMNZERE,
BILATEIEITERY E Java 225503 Java #[0, CGLib #3%7 asm, SJLAEE THIZhEERFT
B9 class, #0 JDK SRR : JDK SIRIEE—IRE, FREREEAZEOCIZENIESIEI,
mxFRBEESEOENSESHERNZE, WILUES CGLib IESHIE.

6.1.8.2. SLHEE

@Aspect
public class TransactionDemo {
@Pointcut(value="execution(* com.yangxin.core.service.*.*.*(..))")
public void point(){
}
@Before(value="point()")
public void before(){
System.out.printIn("transaction begin");

@AfterReturning(value = "point()")
public void after(){
System.out.printIn("transaction commit");

@Around("point()")
public void around(ProceedingJoinPoint joinPoint) throws Throwable{
System.out.printIn("transaction begin");
joinPoint.proceed();
System.out.printIn("transaction commit");
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0 b irglemented by <cvtadacers
ses hat hold the configurabon TargetClassAware

rantng
seMnau
Lt L)

ace:

[ACP prowy coniguraton <antatace>>
managers. MR AR Advised
a3

[rossar of Adace snd
[; aton

Ber vl rastcts maechig of @ [Crachs nowesec o [convert Advee to
DOTECUT Of MITOdUCoN 10 L pe¢ mehod (3 0blie « = « JMathodrtercaptor
& gven set of largot asses for advice

6.1.9. Spring MVC JE#

Spring RUREL-E-1=HEE (MVC) 1EZREEIS— DispatcherServlet KigithY, X4 Servlet
SEERD AR MR, FSSTRENIEEMST. WEER. Aibtlh. BXSETER
%, BEERREIF EE.

6.1.9.1. MVCHE

=sevlet-name=servlet. xmil HandlerMapping
2. Z4EE
ﬁ];l 1 Hitpig = ) JARMER
i DispatcherServiet Controller
Ba
6. 2hE T EHem gt i34
ModelAndView
7 S E SRS View T
ViewResolver ARRMRLS
Model A
wxService
8 Hitpra 2
View (Jsp)
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Http &K 2/ DispatcherServiet

(1) ZFumiEXiE3ZE DispatcherServlet,

HandlerMapping F84 P74

(2) B DispatcherServlet Z=H2EEII— 121 HandlerMapping, #ZZEIEEKE

Controller,

L PEEE Controller

(3) DispatcherServlet $5i53kt23z%! Controller,

Controller JHW#EHL )5, &/E ModelAndView
@) (5)EARSBLMEFIREIZER . Controller ERIISZBEAIES, 1R[E] ModelAndView,

DispatcherServlet Z#/ ModelAndView

(6)(7)AhFRARE I FFREERY . DispatcherServlet Zifl—{ &4 ViewResoler JIEf#HTEE,

% ModelAndView 1EEAIWE,

ModelAndView KN IHEHTTP

(8) Hitp IRL: MEHFISLREREVE ik,

6.1.9.1. MVC %M

@Controller =

RFiEHssEakt

| @Controller ETHRRAE 4 I, MESHRR¥RES 4SpringMVC Controller T8
[ BB SRR TR REEATTE | SN AR SR T ORequestMapping 5.

| FILUBRequestERheader A HIEEERIA RIS E

B 5S@Controllerd] @responseBodyEEES TR

@Component  ©

- 1 @RestController ©

PZIEEE  BEETTASETE | B LAERRE RS TIRE.

\ @Repository © AT iEAEdacE , EdaclmplsE FEEEE.
\ @Service © AFRLUSESEEF
o mvcEfg e ot e e ettt

LS javaBEEE

@ResponseBody ="1"|

EERATE ControllertIARERIETTTS | BTS2 HttpMessageConverterssii
] FHEZEETUE | EAEIResponselT S bodyEHEE.

SRS TR "

—-ARMEES IR | IRTESAEL. BTEL | STHRERTER
REEREI SR E LI E A L

@Autowired

TRLTEMREE, AEREREETINT , SRsSHERnTE BT
@AutowiredBIERRER set |, getFE

@PathVariable ©

N I‘I @RequestMapping
~ 2 ‘

ATEERURLFEIERES R ETREE 228 E | B HuriRRFRIEER EASH

@requestParam

TERTESpringMVCEEES EREESE , #Ei—FZrequest.getParameter(’name”)

| @RequestHeader ©

AILITERequestiERheadersf S EHESEERGEISH L
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6.1.10. Spring Boot JR¥#

Spring Boot 2 Pivotal FIRAMRMAISHIHESE, HigitBRUZRKEILHT Spring R FEAIIAHE
BEURFRIIRE, ZERFERTHENAICRHITRE, NMFEFRARFTBEEE N IFRL
FE. BEXMAI, Spring Boot HAOFHEERARRIMIEMN B & i (rapid application
development) i AMNSE. HAFRNT:

1. RIS Spring MR

2. R\ Tomcat, LFEZE WAR 44

3. fij4k. Maven B2 B

4. B3IELE Spring

5. R MERTIRE, Wi, BREREMSIMTEE

6. 2% A RASAE AT XML BEEREE (1]

6.1.11. JPA R

6.1.11.1. F%

EERTENN AP AT ENAEER, SFRIETBPRENREFYE ( Atomicity ). —F4E
( Consistency ). PBEM (Isolation ) FO¥FA M ( Durabilily ),

6.1.11.2. AHES

SERBTRERREES (MINSIREFEER ), FFLERREIRSESHERA. APSRSLE
BRAAFENN BRGS0, EMEERENLETFSHREFNSHhIES. EREEFE
PR RSN T

public void transferAccount() {
Connection conn = null;
Statement stmt = null;
try{
conn = getDataSource().getConnection();
11K 85252 BB N false, BN true TR PRk 2105 — B SEHHAE N — D955 9 B 3l
conn.setAutoCommit(false);
stmt = conn.createStatement();
11K AT e A /D 500

stmt.execute("update t_account set amount = amount - 500 where account_id ='A");
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1R B K v (< AU i 500

I 5555
conn.commit();
I BT WK A P AR AE (A I R )
} catch(SQLException sqle){

IR, IR A 55 v ) 1A
conn.rollback();

I HF R BRI P20 R A 52 e i
stmt.close();

conn.close();

stmt.execute("update t_account set amount = amount + 500 where account_id ='B");

6.1.11.1. #HHARFESH

Java EE4EEEO (JTA: Java Transaction API) 1 Java E55HRSS (JTS; Java Transaction
Service) /3 J2EE ESIRHETHHRESIRS. 9% ES (Distributed Transaction) EIRESS
&8 (Transaction Manager) Fl—PMELZ N XA MMVABREESE ( Resource
Manager ), BfIALEEREESEMEERENBANEIERE, SSEENREEMEES
S 58 hRASES,

public void transferAccount() {
UserTransaction userTx = null;
Connection connA = null; Statement stmtA = null;
Connection connB = null; Statement stmtB = null;
try{
// 3K18 Transaction SIS
userTx = (UserTransaction)getContext().lookup("java:comp/UserTransaction");
connA = getDataSourceA().getConnection();// N&IEZE A FEUSEIREIERZ
connB = getDataSourceB().getConnection();// N&WEE B HEVSHIREERE
userTx.begin(); // B&hEs
stmtA = connA.createStatement();// ¥& A IKFPHRIEERE > 500
stmtA.execute("update t_account set amount = amount - 500 where account id = 'A™);
// ¥ B IKFHRILEIEZIN 500

stmtB = connB.createStatement();
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stmtB.execute("update t account set amount = amount + 500 where account id = 'B'");
userTx.commit();// 232555
/] BEIRAL: HIRRIPC IR ERIRI AT (RUERE A FIEUERE B -RRYEUEHREIRTET)
} catch(SQLException sqgle){
/| RERE, BIREARSSZTHHRMN

userTx.rollback();// =55[ELR: #UERE A FIEUERE B PAOEHEEHHKERIRIH
} catch(Exception ne){ }

6.1.11.1. FMEBHRR
AN IR T BRI T 9N BSHNRFY: FEEREASHMEASTY, MBI

Big: F—M: HEENR BSTMNER: BN,

Fh&g ( Prepare )
-

- HRE 1P
#4E ( Ready )
=E F—MER
=18sg SHE ( Prepare ) ( PHASE )
- > | BEEIEEE
#i4E ( Ready )

23Z ( Commit )
>

- HRE 1P
BI83Z ( Committed-)

=5 E_BiER

BEE o commit) ( PHASE Il )

- > | BEEIEEE
BI83Z ( Committed-)

1 BENE

ESZMNAE ESEERN)AENS5EE@REMERS)KRIX Prepare BRE, 81 s5&FE4EKERME
KW APRIGUERN), BEATEARMINITES, EAMH redo #1 undo HE, BAERR, EhL—
fh "BEES, RXEK BORE.

2 BB

REBRR TS5ENRMEREEBN, EREE1NS5EKERIR(Rollback)iER; &,
RIERZ(Commit)iHE, S5EREMEZRESHITIERNEMREE, BRMEESMET
B EFERANRR, (TR RSN ERREREER)
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KRz A R TR B RVRERHR, BERAREMINIERESS, LSS ERAIR A 8EHt T
AT RETTRRI I,

6.1.12. Mybatis Z&4F

Mybatis FE—REFN_RERF, RNBER T —REFEFEN, MBEFRREXTIN. —RERF
=18 SqlSession RKAINEF, HER— SqlSession FFH{TIEREIAY SQL iEGEIART, SFUREA
ENEEFSNEIEESR, MEERNEFTRE, —REFRSERF 10244 SQl. ZRERF
EISA L SqlSession HIETF. £ mapper KIIKER, XITFT mapper HIINEEFREH

sqlsession ERJLAEZHY,
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MyBatis

Client

-
-+

Database

B=hEEE

MemCached OSCache EHCache BHEMT

MyBatis{&ZF L HIREE

Designed by LoulLuan
http://blog.csdn.net/luanlouis

6.1.12.1. Mybatis F—HKEFIRE (sqlsession FH)
F—IXEE—1EE sql, sql EFERE A sqlsession B—REF+F, BFERNEIESEE—

> map,
key: MapperlD+offset+limit+Sql+FrEHRIAS

value: FAFER

B— sqlsession BERALHERER sql, MNEFHEEEIRE. WNRFXFEIHI commit B{E
(&2, 0. fER) , &K sqlsession FP—REFXIFELIFET, MABEEFTEGIARZF
DENEIEESE, NSUEEEARIBENER.

6.1.12.2. —ZKEFFE (mapper E4)

“REFASEER mapper &3 (mapper E—MREZE) . mapper AT STE9RGIFEE
FEURGEM, SR map. mybatis "R EF2iEIT CacheExecutor LAY, CacheExecutor
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HIE Executor BUIENISR. FEMEIRERIE, & CacheExecutor FEPSFCIEEFFRERTE
£, MEENEaRERE.

key: MapperID+offset+limit+Sql+FFEHAS

A E

1. Mybatis B EFPEHA_REFEKE
2. TEXIRIAY Mapper.xml HhECE cache 15
3. TEXMAY select EET RN useCache=true

6.1.13. Tomcat 2244

http://www.importnew.com/21112.html
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7. RS
7.1.1. REEM R

RSIEMMELEIF—NEICE, CEERANFBNRSEL. SRS ENE, BESRAEIC
BERXFECHIHES. IRSBAUKES BEiERENCEE Service Provider #BUER{TT . JTHETFR
SEEMN T EIFES ZooKeeper, Consul, Etcd, i78 Netflix ZRE eureka &, RZIEAIEFF
2l BFim I =r5Em.

7.1.1.1.  EPuEM (zookeeper)
EFimIfERSESEGR IMEFENIIE. HRSENEAEFMFPODIMES, SRST
SENFEEC. HEREEMEMPOMRFOB. OA—EEZFimRM, eI LAERFEmRG
s (XMIREURE) . XARNREEETM I EESRESEEE—R, FEESHESLT—

BT,
: REST
10.4.3.1:8756

SERVICE

register("serviceName, “10.4.3.1:8756")
heartbeat()
unregister()

SERVICE REGISTRY

7.1.1.2.  F=J51EM (MIZE98RSS Registrar)

FE=EEMEB—RIZRIBRSS Registrar AEEM SiEHE. LIRS ENRAEM V@A Registrar,
A/ Registrar AR MEFMFP ORI FMIIE. BEIGEMPOELP SRS ZEOBE, ZIRSA
BIFERY, MNERROIERIRSS. XM TURYERAZ Registrar KRR — S ANRS, SNEM
TESEHRE.
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10.4.3.1:8756 HEALTHCHECK

p
~

SERVICE
INSTANCE A

register("serviceName, "10.4.3.1:8758")
heartbeat()
unregister()

7.1.1.3. ZEBPWEI

ERinAIEEEFinRRERTRRSHL, DURABHIENTF. XMOA&SERR, M
Br5EMadyE. BE—BRRENMRSATBLZA®EBIM—, FFER. RRBETS
IESHNESTE, 8MESTIERRNZE,

SERVICE
INSTANCE A

SERVICE
INSTANCE A | Registry-

/ aware :
HTTP Client
Client

SERVICE
INSTANCEB

10.4.3.20:333
REST
API

SERVICE
INSTANCE C

Registry
Client
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7.1.1.4. BREHwmERN
RS imAMEELRIMY Router fRSS, BK%FTZ) Router, #A/F Router (=BRSS5 HEtyE.,

XMAEAREEFiRAMIRR, (BERERIRFZMRIE Router BISRTA,

10.4.3.1:8756

.
’

REST

SERVICE

REQUEST
SERVICE Rourm
. LOAD
BALANCE
10743 89:4545
REST
QUERY APl
SERVICE
Registry}
Client
ICE REGISTER 10.4.3.20:333
REGISTRY i
SERVICE
Registry}
Client
7.1.1.5. Consul
7.1.1.6. Eureka
7.1.1.7. SmartStack
7.1.1.8. Etcd
7.1.2. APl M3k

APl Gateway 2—MRS3E, tEAUUREHARFNE—T R, XEERAMNRIRIHRIA R
Facade #=z\fRf&. APl Gateway IfF=MEBRFRIZM, FERM APl SR ME iR, BEAEEE
HfthThae, wEA. i, 9l £7 BRORMNEE. $SmNGESE, TERRT—
MERN HFIZEHEAT APl Gateway,
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EHOPPING CART
ERVICE

SHIPFING
REST | SERVICE
AP

APl Gateway TaESIERIER. GRUNNINGER, FrEkEEFiRINEREFERLEZT APl Gateway,
AR HRIXEIERENIRAIHIRSS. APl Gateway BEEBIERZ MRS RAGE—MEKRLL
REASARENER, SHLE web MY SHEMERIIE Web ARIFEMMYIE TR, W0
HTTP %, WebSocket 1,

7121 HRER
RS HAEERNIEZ P iRHIE R MRS R B R EIARAARS £

7.1.22. WNEH
B S FEERBS MRS EO AL TIEEFH A — R AR IME—IR RS,

7.1.23. hilE#H

EHEY%IE SOAP, JMS, Rest [0t itia,

7.1.2.4. ¥iE#EH
BREYE XML 1 Json Z[BRBRSSREEIREE (ATi%)
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7.1.25. &EWNE
EHT Token I FimisalisHflZ 25K
EREUEIIRSINE, 2RSS iRES, TEAEFimaMiZAY SDK EE
EHTF Https FUERIINE, EFimIRSIHSFIERSF
EF OAuth2.0 WIRSZ2INEFENE, E iR, ZBiOENE)

7.1.3. BEHL

A wn =

EETO—RBIFRFANSHEE, SEERBNT/INEK: SHERI. ERIRHA. DIl
I,

7.1.3.1. zookeeper FEEEH L

SCIRAZRMENN TR, SREEURINEEIAFS TR ESREREAYRRE, (8B zookeeper YT R
S DAL SEINSE RS RRA,

AP =R n‘
B AR o W77 fil

7.1.3.2. EEHLEFESR

 BURRERRSS

/« RBEE SR

N G A

— EFRS

, Ml / - THREFFE

" confcenter \_ NRETTR

vy N N S

2 \ S Ea g EP 1N EESis Y — WSFX

i i jmt @ \ ~ BEFX
app src A1 pp src A2 P E app B2 \\

B OB W
e

({GEnle

7.1.4. BHEE (kafka)
HERSTIEESR—RAE, EHMA kafka , activemq &,

7.1.5. IREERE: (starter-sleuth)

BEEMRSHETIER, FRRE—MERN— MRS EI T MIRSHUEREIE, Spring
Cloud Sleuth IERFRXNMAE, SEHEHSIAE—ID, LMREMRSBERZEN—EM, X
FHRRBEEIRER R MR ZAMAIMN—MARSZEIEE T
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1. ATITIEKRE, HBEKREXESHRARFPIANO RSN, REERSRERERAIZIBEK
BIE— ME—REREMRR, ARNESHRRFNEPRENIE, EZRER R EIRZE—R
R, BRIRERIBERA AL, X E—RRFERISZFIEE)RY Trace 1D, #@id Trace ID BYIE
R, BiIHeeEEEKIFEHEXREER,

2. ATHRITZUERTHNEER, HiEKAZZMRESAMR, SEMEBERAREMRE
B, th@Ed—ME—ITRRRIMCERTE. BRIREURER, 2RSS F1EE
B9 Span ID, IFEA Span kif, BUMEFIRIERM N TR, BIFISRFE Span f145
°R Span BURTEJEL, FEESIHHIZ Span BIRTERER, BRTRIEEICRZI, BRaLEE—
LeETEYE, il BHER. BXREEE.

3. FERENTRGIF, FMERSII 7 BERAIRRRMERIEN, X523 F spring-cloud-
starter-sleuth ¢B{4AYSEHN, 7£ Spring Boot WA, @ISETEFHS|IN spring-cloud-
starter-sleuth (k¥iz /e, BESBmNAHEBIN BEESEEEBERIRERTS, thal:

»  EidiEW RabbitMQ. Kafka (FEE(tE(A Spring Cloud Stream #BEsLIAYER
HhiE) ZIBRIEK,

= B Zuul REBEBEEK,

» BT RestTemplate &iEEAIEK,

7.1.6. FREIEMT (Hystrix)

RSP BEESES T RSERA, EMRSHNSIETEESEREE, HMEREN
REATRER, XFKEIRARS SN, RESHEMNE—ME "RESREHE" R
RS "RESHEE" AR AR BRI E.

BiERRRIERE R, WRBNTEHMRIFSR. SULSSIIRERY, NREeE—RISER M
FSRMRER, SREELGHSMERRERN, ABILETERSss, Mmbh LN EER
TR BESRNATEF, EEN FAREFSRETIIARFHELERIR, SERE CPU
AR AFEHRATERYEERT £, JEifissth I LUEN FAREFRESIZINEIRESCAIZIE, WRESR
1EIE, NMRREFEBREINERERCE.

RX3))

]

SMUETFFFXRM] [ ) SRS XMM]| grar

YR 83 0 8] B 45 7R
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7.1.6.1.  Hystrix BrEgspL5)]

TSRS RIFIERE, =1 Hystrix Command iEREinAkSS KMEEEIT —ELLHIERIA 50%), Biitkss s
HRZIFFEEIRZE(Open). XEIFTEIB RS ERAWMASAIEE GRS, Wi RFEFFRRE
—ERATESERIA 5 7)), BotGEIEFFERIKZS(HALF-OPEN). XETSFIRT F—XiERINREIER,
SNERIBHARTD, BrE=R e EIAER(CLOSED), BNEFHRZIFFERZ(OPEN). Hystrix FITEE=S
WG IR ER IR PRIRIG 2L, —BRRRSATA, Mit=scBERIIINEKE, BRAIERETN
IBERFIMRFERILE, FEMIKSEE BRGNS,

7.1.7. API &

SwaggerAPI EI2TH,
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8. Netty 5 RPC

8.1.1. Netty JF¥

Netty 2— 1 \=ttae. BLHEIRENAI NIO 1228, EF JAVA NIO 12489 API ST, BSRE T
TCP. UDP FISZIHHEMAISIE, ERA— 15 NIO #E2E, Netty BIFFE 10 B{EEN 2 F kR
BY, @D Future-Listener ##, AR LASERIESSRENEE B EAIHIERE 10 BIEER.

8.1.2. Netty FHit:RE

£ 10 22T, SHFERNLESNEFIRENSKE, FTLFRSSIEEE 10 ZERERKRA
HTAIE, 10 ZEERRANBIEESZA 10 FIEESRAZIE— select FIRZE £, NMIEERSE
BEERER T LIERGNES N EFIRER. SIERNSHE/SHEREELL, /0 SIRERRY
BRAMBRRGTTH, REFCFTECEIMNGUNAENEZLIE, BAFTRLEPXLHIZNLAR
Bz1T, BHETRENEFITER, TETRERE.

5 Socket 25% ServerSocket 248338, NIO 1324t T SocketChannel #] ServerSocketChannel
R ARNEEFEELI,

8.1.2.1. ZKEFM@EIAKFK
Netty ZR¥4%HR Reactor B IRIHFAISLH, EHIRSIHESFFIEWNT:

NioServer Eeactor Thread -

| FTF ServerSocketChannel

2 SRE ST L InetSocketAddress 3 G Selector, SENEEIE

4 4% ServerSocketChannel JEHHF 5 Selectol ¥16 FiéE £ Key

. [y E ; )
Selector, 1A% f hazifeﬁcceptﬁﬁbffﬁﬁﬁ ] 7 B ESEE
SelectionKey. OP ACCEPT TR S Socket

8 [A Selctor M M6 Ui i
1€ SelectionKey.OP READ
9 handleRead) F 55 %153
78 2.3 ByteBuffer

2= .
i1 B# 5 ByteBufferZ |7 decode JER:

SocketChannel

EFimEEF BT
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e s

1 TH -Eﬁmtcml
g

e

—

2 1B SncletChannel 3T
Eitt. FIBHRE TOP S

o BEIVeY

3 RFEERS IR

T,
4 FIBERE R, MEEERT,
HEREIRI, BT SRS

3 [A] Reactor 3EFER) S E HENE f ﬁ']%\%mr, Bohiffs
i OF CONNECT {4t

7 &h;;}rﬁ:ﬁﬁiﬁ?%ﬂ‘:] Key
— y 8 FUBE B
& handerConnect() Eﬁ"z %‘ﬁ.}?ﬂl
B
T 10 e G B HEg i AT
% OP READ
T handeRea oo S aEm R | N
H.EE ByteBuffer 13 dECDEie;r-' &
13 RS ByteBuffer¥] 5
SocketChannel

Netty B 10 2572 NioEventLoop FRFERE T 2 ERIEE Selector, AUABHAGERELFA
EFifn Channel, RTFEER(EEBRIMEZER, XHMALURDIRF 10 HEANSI TR, ERbT
SME 10 [HESERISEER.

8.1.2.1. RIEW NIO
BT Netty RETREBEER, —1 10 LETUHAGE N NEFImEEIIESRE, XMAR
KIEBRTIEGELIIEE 10 —EE—SAZEE, ZRMAYMEE. IME(RgE8e DFIn SEMERE R TR
KAGRFT.
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8.1.2.2. Z¥¥Il (DIRECT BUFFERS fH#AHENE)

1. Netty RUEEIFNA % ByteBuffer S8F3 DIRECT BUFFERS, fSFEHINEIZERTEHT Socket iE5,
AEEHTFPIENXPENL, NRFERESRNHERT (HEAP BUFFERS) #4T Socket iF5,
VM <N Buffer #EN—DRIERENGTS, AEF BN Socket 1, 1HLETFHINERERNT,
HEERESREFS T REPTXREFENR,

2. Netty 2t T4HE Buffer X5, AILIBRAES/ ByteBuffer 395, FAFPALUKIRIE— Buffer BR#E
FERIXIES Buffer BHTIRME, BRTERABINFENNAIUE/ LN Buffer EHE—NKH
Buffer,

3. Netty FISHERIRAT transferTo /574, BRILABEEEXHE P XAIEIEAIXEBiR Channel,
BER T IEFIBIER write AR SBHIRFE R AR

8.1.2.3. W (BETAMFMASEHXEMYLHD
BEE VM BN JIT B RIFRARNA R, WROSEHNERE N FEEERITE. B2NTE
A Buffer, {ERAEEARRE, FRIEXNTHEIEEAFIIDECHIEN, E—HEIEERE. ATR
EERAZTX, Netty RETETREEREFXERH.

8.1.2.4. EXH Reactor &FEHER

MY Reactor ZAZERIG =%, Reactor FAZFEHERY, Reactor ZLEFEETY, M Reactor ZEAEIE
iuo

Reactor #£8FEpZ

Reactor BREZGFEREL, 1EROZRTERY 10 BAEEBER— NIO L2 EHE5ehk, NIO ZG2AYERERAIT:
1) YE79 NIO BRS3im, = FimhY TCP &,

2) YEA NIO ZF i, RIRSSImAE TCP &,

3) IEHUBEMIRANERHRE SRR,

4) FMBENRAESEEIERNEENEHER.
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BT Reactor B {FANEFLIEEE 10, AN 10 BIFETAESHIEE, Big E—MEEaTLUR
STANERTE 10 EXAIRE. NEMEEE, — NIO ST LS ERIBNERS, Fian, &g
Acceptor #ZIZE FinH TCP EEFEKER, $EERENMINZE, BT Dispatch $EX38AY ByteBuffer
TREZIFEER Handler L#HTEEMRD, FBF Handler JLAEE NIO i85 HERIEAE ik,

Reactor £ 27

Rector ZEAEIEAL SRLERBEANIXFIMESE—E NIO L4248 10 #(F. 8%I1—
NIO £5i%2-Acceptor Zi2 T IITIRSS U, NS FiRAY TCP EEEK, W45 10 BF1x. 5
FH— NIO Zigithinss, SASWAILIRATNERY DK Zi2itstill, B8 —MESMFIF N
MNTREIE, HIXE NIO LAZRRHSRTEE. ##3. RISFIAE;

F M Reactor ZLEHY

RSB ImFATFEEFPmERINABEN 1 MR NIO &2, ME—MHEIZAY NIO &igit,
Acceptor #ZIEIZFin TCP IEHFRMIETRE (ATRERIBNINLES) | BirtIEN
SocketChannel j£fiZ| 10 £658ith (sub reactor Z&f&ith) HIEA 10 &2 L, HEHRE
SocketChannel RUIEEMIRARIBIIE, Acceptor LSt UV R T EFiHIIEN:. EFLS
TNIE, —ESEREEEN AT, BRI FAEIRin subReactor ZFRitHAY 10 K72 £, H 10 &i2Hh
E=REEAY 10 #24E,
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8.1.25. XIHEI. LKELE
Netty SR T BT, 1€ 10 SRERSFHITRITIRIE, BRISEERESEHIMRE T,
FELE, BITHRIHUTF CPU ABERAS, HAEEAE, B2, BIEZE NIO &i2hHEiE
28, JLIENBHS NRITHEEFTIET, XMBEELTIr R TEIZ R IHEL— 1 A -

S LIEEFRREMREE L.
Han
dler..

Netty B9 NioEventLoop EEEIHEZ G, B#AM ChannelPipeline £
fireChannelRead(Object msg), RERPAEaMIRLFE, —ESH NioEventLoop &
ZIFAFRY Handler, HRBIARHHTEEIG, XMEBTHIRESER T SR ESERIH

RIS, MMEREREERRINH.

(B EIE L

8.1.2.6. RMEREHIFIIMLIER
Netty BRUARMH TS Google Protobuf B3, BITH & Netty RORMEASEO, FAPRLISTHIEERY
EMRERRFIAELE, BIAN Thrift ARG ) RARADIELE,

1. SO_RCVBUF #1 SO_SNDBUF: j@EZEI(ES 128K &7 256K,
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NEEAE, B ZE

SO_TCPNODELAY: NAGLE BiABITKEF XNV ENEE, B ARIEE, HIEXE
INETERYRIEIEZENSS, NITREMBN AR, (BT EsURRIN A SRR EXI%MIE

2.

5.

247 Hash A1 CPU 85
Al FFS RPS ERJLASCHUERAHT, IRAMKEIIE, RPS IRIELZHECATRELE, HAYUELL
REfRERO, HEHE— hash B, RBRRIEXA hash ERIERKRFHINEITA cpu, MNEE
XE, UHMRICEENEEN cpu 48E, HETIXA hash B, EIOERFPUIES A cpu £, BH

3.

RPC, BP Remote Procedure Call ((mf2idiZ@mA) , ARTETEN LRSS,

RIEFHTRIRIERE,

8.1.3. Netty RPC 5z3L

8.1.3.1. W&

HUSE A IR —

¥, RPC BILMRIFAIRREZR S, W WebService i 2—FET Http #MYAY RPC, X4 RPC Z{KIELR
Mnr:

—)( Service Registry

APP

vk W

1.

Serverl

i}

Server2

|

I
LL '
Server3

8.1.3.2. REHEAR

IREEMEITIA: IRSUHFER Zookeeper iEMIRSEZMBIUE, ZFiHM Zookeeper FREXATFHRYIRSS

ik,
Bf5: R Netty {F/oB(EHESR.

Spring: fFH Spring ECEMRSS, NNEL Bean, 13#iEHE,

SRR EFmERNEENERRSER.
HEYRAERS: £/ Protostuff FRAIEAIR FFLIER.

8.1.3.3. ZLHE

IRSSiEZEETS (client) WARLIAHEASLUERRS
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© ® N o U~ WD

client stub W EIBARERTERE. SHEFHEEMEEHTMEERIHEMR,
client stub ¥ ZIIRSS ML, FEBERIERIRSS In;
server stub WEESEH1THED;
server stub fR{ERRIDEL RiIEAARIBAYARSS ;
AHARSHITHIGERIREILS server stub;
server stub SREIERITEHIBEHRIEEFER;
client stub IZWEEE, FHEH{THEED;
RS IHESERIREER.
RPC HBFHIRE 2~8 XS BREEEHE, ILRPHXEYT5ER,. JAVA —RRERS
B ITEE .

bundle
Args
Client | e call fefient|l—send  INetwork
(caller)*rpc eturn Stub [* eteive Service
unbundle ]
'
Computer 01 ref vals S _@%
--------------------------------------------------------------------------------------- 3 E
Computer 02 bundle g o
ret vals
Server local return lsopyed __send »| Network
(callee)f* Stub | . Service
local call receive
unbundle
args

8.1.3.1. JHEZMD

BHIELH (BEOEF+ %5+ S H BT RIS HE+ R [+ requestID)

EFIRRERKEEEE—RFELEUTARS:

BEOZR: ERNNFIFREZOZE "HelloWorldService” , MIRAME, BRSBimHAKIEEFIHR
NMEOT;

AR —MEORTEBRELE, RMERABRSHEHMARERRWBNGE;
SHERMSHE: SHEEERE, thiE bool, int, long, double, string, map. list,
EHZ=40 struct (class) ; LARBRRISEIE;

FBATATE):

requestlD, fRIRME—IEK id, £ NE—TSFMAMIA requestID I,

RSmERERNER . —MREFEUTHRS. REIE+IRZ code+request!D
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Vel

BRI AT Z(EA Protobuf, Thrift, Avro ERtEARIFFMLRRIARTT ZERIEEE RPCHERE, X
LR A ZEWAIRIRTT .

8.1.3.1. @EHIE

BOHELEER. HEILP

SNERGBERA netty B9iE, —#RSHA channel.writeAndFlush(GiERAXEE Z#HIE, X177
EEAENTEMNEERARMNAHIERIEREIER)KiE— RPN, BIXNFIR%Ekix,
BiEkREHFKE, FEMTLUEENTT, ETRFZHENER, BRFRGEZRE, BLUER
I EURIEEEFim, TRIXEHIEA TN

1. BAlLZEmi%E "giE | FEREKRE, BREHIT?

2. MRBESNEERNHTIZESAER, XAEZE client server Z[EJRY socket & £
SEREWNHRENHEHEER, RISINFETsEEMIA, server MIBRERfE, B
RHEERIEE client, client WEMRZIER, EAMERNERERERTHNEZREA
A9? WNTNEFR, 24 A F1Z4E B EAYE client socket &iXiEk requestA F requestB,
socket /515 requestB F0 requestA &IXZE server, T server AJggfE responseB FgiR
[, RE requestB iBEXREAMBEK. HMNFE—MILF/RIE responseA EL5
ThreadA, responseB E%5 ThreadB,

Client Server

RequestA. RequestB

v

Thread A
Thread B

Socket Socket

»

A 4

ResponseA. ResponseB

requestiD 4 #-AtomicLong
1. client ZEEXIEY socket PH—RmfERZOR, £ — 1 E—HY ID, Bl requestID
(request|D WFEFRIUEE— Socket EHZEEZEEE—FY) , —RREEFER AtomicLong
M O FHERIH AR E— ID;
A ART R callback #/<£ /7 ConcurrentHashMap
2. BRREZRMWEETS calback, B2 £ B ConcurrentHashMap E &
put(requestlD, callback);
synchronized £k [E 15/ 5 callback #7817 E HE wait

3. HBEFEEHA channel.writeAndFlush(&XERERE, EEEWIT callback 1Y get() /54
EFXBUCIBREIRIER. & get(MER, NIfEA synchronized SREXEIEXTSR callback BY
8, BRONEREESRNEIER, NREE, AEEA callback B9 wait()77i%, BK
callback ERYBE, LEHRIZEGTEFRRIRE.
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B BN EHE, e callback _LATEH HEHE

4. RBIHRWENERFFIET, K response BR (LERPE S THIERI requestiD) &
EEEPim, EFPim socket EE FERIMEBNEREREIER, fTER, NE
requestiD, B MBIEHBI ConcurrentHashMap EE get(requestiD), Mk ZE
callback Y%, BH synchronized 3XEY callback RIS, BAEZRBLERISET
callback 358, FHiFH callback.notifyAll)IEEERIEL FFEHRSHLAE,

public Object get() {
synchronized (this) { // hEs
while (true) { // REBERT

If (lisDone) {
wait(); //iIRERBFEREL, ILHEISELTEFFRIRS
Yelse{//ZRENEHEFALTR
}
}

}

private void setDone(Response res) {

this.res = res;

isDone = true;

synchronized (this) { //3XEXE, FEABIE wait)EEEM T callback B8 T
notifyAll(); // IFELN TRV

8.1.4. RMI SEML R

Java =25 i%1EA, Bl Java RMI (Java Remote Method Invocation) & Java fRiEESE, —FA
TR IR ARFREREO. BEEFPY LETRIRFI LR ATERS S LANSR, &
EAEARELERE Java RIEARBEBENEINET S HRE. RMI £EITREMER eIz
OXISRAIEER,

8.1.4.1. SEILP R

1. RETERSED, ZIEOWRE java.rmi.Remote Z0, F5iEMH
java.rmi.RemoteException & ;
RETIEEOSCINZE, ZSCIIEW/RE % java.rmi.server.UnicastRemoteObject 2§;
. BT RMIZRESE (rmic) , BIEZEFiR stub 2KFRRSS IR skeleton 2§;
4. B RMIEMSER, LMERERXLRS;
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£ RMIERRR MRS
ERREXRITENS, FEBITESDZ,
1: GUETAEIEN, %K java.rmi.Remote $#[
public interface GreetService extends java.rmi.Remote {

String sayHello(String name) throws RemoteException;
}
2: SCHUmAEREN, 4% java.rmiserver.UnicastRemoteObject 3
public class GreetServicelmpl extends java.rmi.server.UnicastRemoteObject
implements GreetService {
private static final long serialVersionUID = 3434060152387200042L;
public GreetServicelmpl() throws RemoteException {
super();
}
@Override
public String sayHello(String name) throws RemoteException {

return "Hello " + name;

}
3: 4p Stub 0 Skeleton;

4: 47 rmiregistry apLiEAARSS
5: EaiRS
LocateRegistry.createRegistry(1098);
Naming.bind("rmi://10.108.1.138:1098/GreetService", new GreetServicelmpl());
6.Z FimiE R

GreetService greetService = (GreetService)
Naming.lookup("rmi://10.108.1.138:1098/GreetService");

System.out.printIn(greetService.sayHello("Jobs"));

8.1.5. Protoclol Buffer

protocol buffer & google BI— MR, ERATEMUEIBRRITHRIRIE. S8 BallNGE,
BN XML, RIELE xml B/, BIR, hEEE, (RTLIEXBCHNEIREN, ARERRBLENES

ERRIRIIRIEEX M UREN. (REERLEAEENPERFAIEN N EFfEUEEA.

13/04/2018 Page 156 of 283



8.1.51. H&K

HRI IR, BIBANTEA 38
W BESE | FICERR t XML %1 JSON $220-100f%
fERERER EHER), EHERFROBERARE
EAWR prototi¥ 2 EIETFIHCRIRFIIL
- BIPRANE SLARBEL—ENRDUXHE (proto)
R o | mERSNS BRI TR BIIBMAS MATON EER BUREH BT
I Http fERASMEREENFT
20
FAGEAE | #ES
Protocol Buffer 45 J o
AT FEEATHETXAGTERS (0 HTML) 128, BHXATESMARBER
SRS — WEERE Json, XML ELRANSHTUARENRETRA, MProtobuf RE Google ATIABEANTA
WAL RSB (FANR) , MEHL protoX i 7 T BBIRIBLEMN

Protocol Buffertt XML, Json /v, BR, FHMIPEMR!

w B

Protocol Buffer 5K & RFEFILEIER & BRERINRER :

1. YRS / ##6B ANER (REZERIHFEE = UBESE)
2. 3KF3 Protocol Buffer ESAIEZRUES 1 4RiFes HRIFTHK

Protocol Buffer FUEUEIE4E30REF (BIFIUCERISUEEMRR)N) HRER:

1. a RATHENMmISASIN, 0 Varint, Zigzag wBHNEFS
2. b.XRAT-L-VREEFELS: RO T ORARIGER & SEFEERE

8.1.6. Thrift

Apache Thrift 2 Facebook SLHAI—MENH. XIFZFRIZESHITIERSARIELR. A3TEMN
Java FREARBEFMNE Apache Thrift 892869, FFAMEE, HBEHXAERMEEIMNFIRSZE
BUSHIERAY Java L, BERHFEMANE Thrift RLEFIRAISCI, REREEER Thrift FEIENE
TR,

BaiRiTHRSARS N ERSH, FIINETF SOAP HEMILA Web Service, EF JSON BRI
A9 RESTful R$5%. HPATREIREIREERSNERE XML, JSON &, AT XML BRI AK, &5
BEAK, JSON (AFRBUN, Fif, BEARBTE, AENEH Facebook FRRITIEIRSSVEAIES
Apache Thrift, BEXBEOMRESENHEERS, FIT BNEBIESRSTR, MBS
HRLSIZETLIESFES S, @0 C++, Java, Python, PHP, Ruby, Erlang, Perl, Haskell, C#, Cocoa,
Smalltalk FEIEEMAY. TAERMRSS, EEMETERAZHEIEI0, 8% XML #1 JSON {RFIEE/),
MNFEHR, REEENZSESHNEEENE. AEFMANE Thrift B9ERE, HERMFERISIAE)
RBINLARRREREE, HEENERAERETERSS.

FIMAE Thrift:
1. SESTHROFE 2. MaEEE
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9. %

9.1.1. M%7 Z4EH

7 EIREEERELE:

1.

YRR FEEXYRRRETE, WRSAUEROKE, JerrIEORE, SFMERN RAMERIESR
F. CEEFRREBISR (F2H 1. 0 BNBFRIRISRHTIEE ZIA B AIRTERMA
1. 0, BHEHNBIRAVREGREEUREERR) . X—EREIRIMEES.

HIENERE: FEBMAYIRERKIIEIEHIT MAC Hbth (M-EAHBHE) AUETEESHRELE, HIiBiX
—ERIEEEIME, EX—EITFIRE R, BBtk &R,

MEE: ETEENTEEREIREIEHT IP ik () 192.168.0.1)pUE SR, EX—EL
RRNIRERIHES, BEX—EEEIMEER.

BRE: EXT—YEREIENNYIROS (WWW ik 80 %) , f0: TCP (fZiizHitiy,
EEERR, AIRME, BTERIEMERS, HEEANEIE) . UDP (BPEWERINY,
5 TCP f5tiatatak, BT ERUEMERTS, KIRE/\UEHE, W QQ HIXLIEHM2EIX
MEERN) . EERSNTERKAEIESRITS RitTER, FABRMIREHITER.
B REX—EAEIMER.

RER: BIFHE (ROS: ERikOSEkin0) EZ8iERENNEE, TERRNRRZE
REREFFERZRFBEK (REZEEFEERARALIZ IP BALIE MAC HEEENE)
TR TERHTHEINNEUEHITRE. IE5HE. EESREES (BHMEETEEE
IRBIRVRPEHIR A REBBRERAIRRA (MNEBR. BFESF) )

NEBE FER—EEIRHINA, LU FTP (B4 TE) . WEB (IEXIRE) . QQZER (IR
HICCEEAHEANERRFRE LI LEZIRAA. # 2RImNA) .

APDU

PPDU

SPDU

TPDU

L

ol

te4F
HERA
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9.1.2. TCP/IP JF#¥

TCP/IP A2 TCP 1 IP X MIMYAIETR, TRIEENSRE TCP/IP thilik. MY E

RESESR, TCP/IP HIUNERER: MEEOR. MEE. ERE. MAE.

YRE Momme | [wese | [wese | [ oeee
: “ 3
-
+
o=
mf%g ICMNIP
ARP

V—\_\‘
MR 1R R e

9.1.2.1. M%) E(Network Access Layer)
m2&ifIaE(Network Access Layer)?E TCP/IP S {&5RIchIH A IFMAEIAR, REBHFN
WA FIR PN S EIEE.

9.1.2.2. RM#%JZE(Internet Layer)
M&E(Internet Layer) @ MIEEMNXEERD, HINGEREENALUBSEREHATN
&, FHEDEMIIERBTR. XYSHEHTREEHARNMLE, EARINNFFIAERIIRF D
AIREARE. BEURFEINFKR, IBARSRBITHEN S ERIHEF. EENEERERS
Rt (P, Internet Protocol),

9.1.2.3. 4£#1Z(Tramsport Layer-TCP/UDP)
&E(Tramsport Layer){ERimtl B Himtles AN SR LU TRIE. BX—EENT
PR NmEmAIY . EREHEHIEMY(TCP, Transmission Control Protocol)f1F 4@
W (UDP, User Datagram Protocol), TCP 2EMEZAINNY, SR SEaRSUEmFINT
FENBREERS. Alt, BRT7TEANSIEERS, BEEURMERIE. RERS. S
S, iz etEEEInEe. UDP EERLEENATRERNNY, TBERTAE
Z TCP BUHEF IR E =5 S T8RN FItE .

9.1.2.4. RAE(Application Layer)
NAAE(Application Layer)BEFENEEIMNY, B¥E: REMLimIN(TELNET,
TELecommunications NETwork), S{&EHitMY(FTP, File Transfer Protocol), EBFHB{4
&MY (SMTP, Simple Mail Transfer Protocol), 1&#&ARS3(DNS, Domain Name
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Service). ®_LEFrENEEIMIY(NNTP, Net News Transfer Protocol)fI B A EE MY
(HTTP, HyperText Transfer Protocol)&,

9.1.3. TCP ZKIEF/NUIKIEF

TCP EEMZAISHAT=RIAE, —iFIRA "ZXEF" | (EiidRirFiEEH TR EE, —/KR
WA TREF"

10.

9.1.31. ¥IEEHH

BmAS (16 4) : © (ERIREFEM IP i) fRRRFENE— N EHE.

BRROS (16 42) : © (ERBRENL IP #tht) tmRBENN— M AEHE, XEME

0L IP #RELARRYIREAN IP AN BRI IP HBIEME—REE— TCP &k,

IRFFS seq (32 fi1) : FREmRM TCP jRimm TCP BRmAXNEIREFTR, ERMEX

R EFHE— M EEFTHINFS. IREFOREFER A BERFENEMRE, U

TCP BIEFSXENFTHTIT. FER 32bit /S, RS2k 2/M325%5 - 15

XM 0 FHih. HEST—NEERR, SYN IREE 1, IFSFERESBEXNENEENIZ

EEAIIAIEFS ISN  ( Initial Sequence Number )

HAS ack (32 i) : BEAREMAN—HFTHIEKER T —NIFS. Eit, WBAFS=S

R EREHRNEEIERF=TINFESIIN 1 . RE ACKinEAN 1 HAFSFERAE. TCP A

NARRMENTIRS, XEWREIEEERN G [ DIz it TER. B, EEE—ime

MFFEAN AR LRERERIFS.

TCPRLKE (4 1) : kL 32bit FAEE, ©Lbr LISREUENEF IR, TEIX

MERAABEFRIKERTTH. XNFEG 4bit , Elt TCP 26 60 FHRIEER. R

m, RBEEFR, EERKER 20 75,

{REB(L (611) : (REBLRIGR(ER, BRILMERO.

=L ( control flags , 6 fi7) : £ TCP #RkhE 6 MrEtids, BiiIFNSA eI RHIR

BA1., X7

* URG: A1 FRESIEFEY, 50 NRRESISFHE.

= ACK: A1 FBFEASEN, N0 EFZREXFPAEIHAER, BIBASTER.

= PSH: 51 FREWHE PUSH in&aEdR, 15205 ROZRREX MR AL FE
MAREFE T XEEH,

» RST: AFEMBTFEVFEREEMRERRMEIEREE. BRI LARTEEIEERR
NERfEEEREE K. —REBER T, WRIEEI— RST I 1 BURY, BBA—ERETHRLY
)R,

= SYN: AZFS, #1FRNNEESK, BTFELEEMFEINFSREL ( synchronize) ,

»  FIN: BFEREE, H1 JTREREAEESBHIERXT, BIXARGEIER.

BOXN (16 £1) : BUEFHE, RMNRIASHIR, RRXEELTLAZRKIIFTH2L, BNE

AEEEOXN., BOXNE— 16bit FE, EMEOX/INZASA 65535 F15,

REEFD (16 fi7) : LRIEFIEXIEEND TCP IRXER, B4E TCP LEBF0 TCP #E, LA 16 fu=

HTIHERS. X2— 1 EbNFR, —EfRAXRTEMNEE, FHRiEkin TIeiE,

E24EE (16 £1) : RBEH URG InEE 1 WERIBHABEM. TCP WESHAEAERMES

—imARIE R SEIEN—F A .

13/04/2018 Page 161 of 283



11, &0 SETATIRFRERRKIRXAN, XA MSS(Maximum Segment Size) . 81ME
L ERHEBRENSE MR (NELERMIRE SYN RERIERER) SPiSlEXMEIR,
EIEARRATEERI IS AIRERR R, SIIKER—ER 32 (FiEEs, AAZNESR
i, (EEHRARERAEFEL.

12. #iE: TCP HRIERPAIEHERRD BAIER. H—MERSEAI—NERLZIER, TUTHRATR
NERIXE TCP &, MR—LIRBHIEERE, BERRKEH TR EERREAKEIRIER
7. ERERITSRRT, ESRERH USRS,

0 15_16 31
| 16 {05 | 16 f B 493 09 i
[ 32 ffF5S ]
| 32 frEhiAS ]

4z #a |E| 16 iz 20 ¥

B# | (st |IR s|y oKX

KB G TN
| 16 fir Top KA I 16 fir'E BiEs || v
l B (ER) ]

iR
9.1.32. Z=Kk#EF

F—REF: FH A KIEMRZA syn = 1,BEHFT4 seq number=1234567 IEIEEZIARSSSS, 41 B
FH SYN=1 %08, A ZEREIEHN;

FEZREF: EH B WABKEEWAKINER, @ A KX ack number=(EH A B
seq+1),syn=1,ack="1,pEH 4 seq=7654321 &

=REF: A KEIFEE ack number 2H1EMH, BIE—IRAIXR seq number+1, AR
ack 2841, AIEH, 4 ALBARX ack number=(F# B Y seq+1),ack=1, F#/l B IKEIFFHHIA
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seq {B5 ack="1 NIEESEZ AN,

£ =) 55 25
| A Bl |
= =
SYN::. 1 -
LISTEN
SYN_SENT W
EEAwy. 37 3 -
SYN-RCVID
EERVES
ESTAB-I |
BRI | BiEfTIE ESTAB-IJISHED
BB AE

9.1.3.3. WKkEF
TCP @ EZRTHIT=XEF, M EEZEHTIOR. XE2HTF TCP a4 kiiEmil. FA TCP &
EEEWTH(ANEEET RN B EEEHMES) B TR AR SN 5 [E_ BRI TR, X8
FHEBXAFUERE, B—ATHENEIEAXES, MAE— FIN ERB—HBEEELRIIXA
B ERNER.
1) XAEFIRIIRSEEMNIEE: BEFinm A RE—1 FIN, BARXAZFRIRS[OEUEEE,
REESREBBHA, HPLRIFRER FIN=1, FF)S seq=u

2) MRSF|UEIXA FIN, BRE—ACK, LS ack AEIRIFSIN 1.

3) KRS REIZFRANEE: BRRE— FIN L2 in.

4) ZEFRIEIFIN 5, FRE— ACKIRXHHA, FREHIARFS seq REAKEIFSIN 1.
B TRAN—TBHRTENRE, MB—T7HRITHEIRA.
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A
[ FH
i

ESTAB-
LISHED

FIN-WAIT{1

- —— CLOSE-WAJT

LAST-ACK
EiR#iA

Z# 2MSL
T
(L) TIME-wATT
i i8] E4+

FHNAKEFIN 7, EANZLFFRS, RS:E B EIEN A EHERBURNERE, #AZRD
LLF A REFIA, REIRSES B #AN close-wait JAZ:, LLERT TCP fRSBZESHEMENS
ERIFHE, EMM A2 B FIEEMBENT. WRE X" K&, B A RaLiRiELS
B, B2 BRILAKRIXLS A, IR, & BIRBEUBRERXLS AT, ENAHEDIBA TCP &
s, ARRRIES A EEREIGRE, HEFmA. A REIAG, #HA time-wait, £
B, it TCP ERiRBRME, AR EERFITIIEIRER 2MSLE, A ZHAE
close 7.

9.1.4. HTTP B3

HTTP 2— RSN, TTREEIEZF (Web RI55e8) FIRS BB BEEIIFARNER,
XEREL— M EFRERSHRRAHER, RERSHREWLN (response), EEHMKA T, ER
Feaim MRERIEZAVEXER HTTP EiEEK (Request)/RE (Response)&aL, FFHL (WEE2R) [
RBW/AIEBK, IRSRGEBEBRFREESNNE. A HTTP EEERIER—EIRRMNE.

9.1.4.1. f{HERE

1: HHHEYT

NFAEFimXSERERIX N ITE: http://localhost.com:8080/index.htm MFRSHEHINNE. EHE.
imE, MWRESEFERD, WFHRAX DML, BTSRINERNT:

N http
F#H4Z: localhost.com
i%: 8080
FZREKIZ: /index.htm
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EixX—, EEHBZERS DNS f#i7E% localhost.com,8EH1KY IP ik,

2: HEHTTP FRHHFC
B ESBSEEANBCER, HEE— HTTP iEkEuEE
3: HEXTCP WHBVEL
$I%ERE TCP &, #57 TCP iEE (TCP I=RIEF)
4: BFPIRZERS
4) BRIREBKGS: EEEE, SRIRE—MEREGIRSSE, BRAOXAMERD: F—&
TEARRFF (URL) | HiYIRAS, FEiLE MIME (SEE8EBERENYE. ZPIEENTRES.
5: JRHAENIL
IRSEBEINERGE, BFENNBMER, BEEA—MET, BEERIIMIMEARS. — 1 mThak
RIS, FiILE MIME EEEERSHER. LIMEEMTRENNE,
6: MRFHHKHAITCP EH

IRS3EEXA TCP iEE: —fRIER T, —H Web IRSSEEMNISRAX TIEREUE, SHMEXA TCPE
¥, ARNMRNEEE S E RS ESEEELMERIMAN T IXITEB Connection:keep-alive, TCP IEZFEAIE
EEMARIFITIFRE, T2, NSy EBdiERNERREZEK. RFEETE T ATNEK
EETFMERFRRAIRTE, BT NEH .

=R
- PDU
rcPUDPSk | Hello | s

TCP/UDP:L | Hello

TCP/UDPL  Hello

MACFE | LLCTE | IPA TCPUDPk  Hello

9.1.42. HTTPRE
RSB | FEiEE
S

100 Continue(4¥4E)
101 Switching Protocol (JJ#&i#%)
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2] o]vs
200 OK(B%Zh)
201 Created(28l52)
202 Accepted(E8lzE)
203 Non-Authoritative Information( RIS E)
204 No Content(EAZA)
205 Reset Content(EEBHNZ)
206 Partial Content(EH5HE)
EEMR
300 Multiple Choice(Zfi%iF)
301 Moved Permanently Gk A #55h)
302 Found(lifRd#ah)
303 See Other(BEH{UE)
304 Not Modified(F={&27)
305 Use Proxy({#FE{XIE)
306 unusedZ{FF)
307 Temporary Redirect(IERIEER)
308 Permanent Redirect(Zk R EEA)
BPFiRER
400 Bad Request({&iRi5R)
401 Unauthorized (k#Z1%)
402 Payment Required (BE(}R)
403 Forbidden(Z£1Eif(a])
404 Not Found (GR#£ZE!)
405 Method Not Allowed (RFtiFERIZ ST
406 Not Acceptable(Fi&iES)
407 Proxy Authentication Required (ERIESHISIE)
408 Request Timeout(EKiBAT)
409 Conflict(#2)
410 Gone(B5%)
411 Length Required(EERFKEL)
412 Precondition Failed (FRgbFRS)
413 Request Entity Too Large(i&RsLIAT )
414 Request-URI Too Long(iEkmtiHtK)
415 Unsupported Media Type ({AERIARST 1)
416 Requested Range Not Satisfiable (BICEEA~SERK)
417 Expectation Failed (FREAEEEREH)
IRSSESIREEIR
500 Internal Server Error(RNERARSSS84EIR)
501 Implemented (33LHT)
502 Bad Gateway(FX3&iR)
503 Service Unavailable (fRSAaTF)
504 Gateway Timeout (RJ<#RHAT)
505 HTTP Version Not Supported(HTTP iRARE i)

9.1.4.3. HTTPS
HTTPS (£#R: Hypertext Transfer Protocol over Secure Socket Layer) , 2Z2 B RN

HTTP @&, EEIHE HTTP fI%£hR. BD HTTP IO SSLE, HTTPS l9%£EMZE SSL. A
MNirOS2 443, SREAZBUIT:
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B ERRKET
1) SSLE=FimE TCP MRS RELERE (443 Iw0) , FEE—RR tep EENE (1B
F) TEPBEKESR. IEFRmLH—NERERSSE, XNEEEEES T BTG
FIRMNEE—EFENHEE, SSLARSHhSEN—MIEE, XBEEHRE T XREEH
FENEE ARRSHEAEFRREES. (EBERSaT7RSHER: EE. BHEES
BRE, AFHMWHA) .
UF 52
2) Client FEZIIRSERREIRTIERE, FIMELXMEBNARERNGE, FERBXMUINA
HUFASREREN, EFRESHRIERS7IHAEZHE CIEEERAES.

HAE IR ER
3) MREHNERER, IBAERMXIFRBHERIRS SRR HEHTING. REREGEIRS
7x, IRS=AEACRRABICHITRE, XERSTTEIA LI RHTIRINZH TEE.

i C[EEEE) AEF iR
| I

1. iFRhttpsiZERED
K— — — — {REhER & — — —tl]

[2: AR (¥R A0

|3 ER A ARTIFRETAINE O

4 REINE ERIRE RO
— |

5 R E I RINERERIE0 |
m— i

9.1.5. CDN F#

CND —RRBEZDKRIRBER. ABIERFNEERER

9.15.1. HRBRFRE
BEANTERTHES Cache RSB, AEEENNEBPIEX, BRASHRESKIAF,; BEfRhE
TERNETEF, FIEFIRLYNSHESE,
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RIERNBRERSFHENAR, DERRFERDAESNFRSES, W: MOUINERSS. REAINE
IR55. RIAEINEIRSS. 8N FRSAGEHE— 2 HNNIRSERF, BINEE. MRS 7hER
EM Cache EE¥HRK,

FRERNSRT. EFRMMARPERZHN, PERSEGEREN LIENEERERAREZD
Cache IREFEAMEERINR. WNER. ABEFRNRE, DEEERERFEBERERENRIGRER
B4 Cache IR FAFENIEK.

9.1.5.2. HBYWERS:

REIIERFEE CDN ZFHFIR, AENAENEFERHTREE, mERHtnBArPrREAn
ik,

FERDREH. REANRIREERRZSESEMEIYE (GSLB) ARy (SLB)

GSLB RIEEFPHIFBFIERNAS, TEREFILEEN, BERBFPRSHTA. —#RE" DNS
ETRENREEED (Http 3XX EEMH) 95 EM,

SLB FEGLETRNEPHIREIYE. JFAFEKM GSLB FEEZ SLB Y, SLB 2IRETAASZ
Cache BB TIER AN B HERSNHEFIEREER. SLBELHBNEREE (LVS) . tEA
FE (Nginx) flRGEAESE.

9.153. EHZRE:
DREESENMNEERTREA.
MBETRZR SIS CON RFERIRBEIE, RINSIE, MRISRNSESE, NEEREEYENE
TRRYT M EHEE, BEH web HULIL.
EEEEEN CON RFARISERE, fEtBSEENSINRRFZERNRRI—tIEE, B8,
ITHE. SIERFERE. FREE. ITHEE. Ktohs.

hll U}”i ‘
il
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10. HZE

10.1.1.  SIf4]

slif4j fl92FR2Z Simple Loging Facade For Java, BIE{XE— 1A Java FEFiREHEHHAS—1%
A, #FARE— M BEMNBESLIASE, Htkan JDBC —#, RE—FNME. FrLABRImAY sif4) 27
BELIFRY, WBBCHAMEARIRESLIAZ, il apache B org.apache.log4j.Logger, jdk B
AY java.util.logging.Logger &,

10.1.2. Log4j

Log4j 2 Apache F9—NFRIE, @IIfERA Log4dj, FIaTLUEHIHHEEMERBEEEHE.
X, GUI B, EERERORSEE. NT HEMHERES. UNIX Syslog SHPEES,; BATRATLUE
HIE—£HENHHEER; BYENE—£ATERNRG, I8 EMMEtEF HEREMITTE.
Log4j A=1EEAIEMMAL: BEICRE(Loggers), Htin(Appenders)fIHEEIVLaR(Layout),
1.Logger: EHIESHSERMLHECRIED, HXHTERHTRIIRS
2.Appenders : 1§ 7 HESISHTEDE = H &R 234+
3.Layout : #Z=H BHERHNEMER
Log4j FEERIEAY Log (FRENT 5 #4kal, #X/3 DEBUG, INFO, WARN. ERROR#1FATAL,
L, RERIELEETMEN RINEEAEEIENRE, XEMRAFEIREEREER
TERHNAS, MAFEER.

10.1.3. LogBack

fEEAET, Logback 2— Java {UEAYREHELR. B#IA/IZ Logd) RIGREA.
Logback FERH=/MEHRERY: logback-core, logback-classic, logback-access

logback-core REEECERAIEMIRIE, HEBERETEEE, B/, logback-core 27 —LX Y
BRI,

logback-classic BItEFIEREFRTF Logd), BHEMIANZ Logd) BI— P BHkR, FHEBELI &8
H&IJE SLF4J;

logback-access FE{EA—5 Servlet FEERZERIER, LLHNN tomcat BE jetty, RMHE—L5
HTTP i5a/#8XRITHEE.

10.1.3.1. Logback ffts

= EREAMRIEERR, Logback HITER

= ERSRI

= JRE&ESTHT SLF4) APl (Logd) IRFER— M EIRE)
»  NEREFEAY

= X XML 8#F Groovy AECE

»  EENHEEEINE
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M 10 SERPIHERE

EahiflpR B &4

B ai/E48 H &R /9T 304

3<fF Prudent =230, £%4 JVM HIEREICRE— AT
SRFECE X ISR HIRTRIER A E AR

B AR RS

St ¥ SiftingAppender (E]f#i% Appender)
FERGEETHEER

10.1.4. ELK

ELK 2454 Elasticsearch, Logstash, Kibana BOfEFR, HIX=/ MR EHBXEHRTIT
IEARHE HESCAT MR R,

Elasticsearch 2—1ETF Lucene B, 3FEX RS INDHAFHENREI51E, TERFE
HERSIHF#EER, AEWSHaREN,

Logstash B2— 1 EEWE. 8. BRI EE, TEGRESFZFUSENZEBER—K
. TiBlE, ¥R4 Elasticsearch T F—4ME,

Kibana 2— MW IR, FEREFENR Elasticsearch HEWEFLARTMCAI SRS
57, WSEHE, BELE. XIZEE.

Y
h 4
-~

\
Filebeat k Redrs - Logstash
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11. Zookeeper

11.1.1. Zookeeper #

Zookeeper 2— MO HRANARS, TRFIRSAI, 2HRB, oHXNSIEE, KEEES.
Zookeeper BT —NELITF Linux XHEHRFIIRFAE (ASREERNNEXHRS, B
REGHFLERER, TEFEEFHEAENXMHERY) | ANEHTIFEMNM NGRS
XA,

11.1.1. Zookeeper At

Zookeeper R R— M ETENEHNWSTRER, BMRSHFBNF=MABFAI—FF

11.1.1.1. Leader

1. — Zookeeper &£ E—RHEARSE—NIFRT{EH Leader, BLARFAUEINSE Follwer
5 Observer [BRICBE.

2. FTENSE(EX/AEET Leader 5ohEH Leader EEIME BEHTIRSSE, REASBIY
TR (AEIE observeer TR) BN, ZEEKASHIRE (35 2PC 1Y) .

11.1.1.2. Follower

1. —" Zookeeper EEFAIBERIRITFIES N Follower, BEXMM Leader BN,
Follower A EEAMEFIREAIEZEFIHANEEK, RNSEEBEKRERLSE Leader 4018,
FHEGER Leader IMESIE KA XHIERHITIRE.

11.1.1.3. Observer

fata’s Follower 3{4, {BRTIREL. Zookeeper BIREBTRNEE—BIE, HTRHESHE
P, TEEIES Server; Server BE, REMBRIEIREKX, #MEiEsE; 5IA Observer,
Observer F£51%Z; Observers 2B FiniNERE, HEEIEKEALS leader T, AR
% Observer 15, IREEEME, FIRAINEILE,

13/04/2018 Page 171 of 283



Follower

Follower

Observer

=

11.1.1.1. ZAB thi¥

EEGE 7xid (FHF R ##+ epoch)

£ ZAB (ZooKeeper Atomic Broadcast , ZooKeeper [RFHEN 1BIMY) 1HMHMYHIESRS Zxid
RitH, Zxid 22— 64 UlIEEF, HPE 32 (R NERNREEIERIHES, B inE
—ANESSIER, R 1, M 32 (UHER Leader FHA epoch MRS, B4 —15
B Leader fz5588, MaMIXA™ Leader fRS5es FENHE A HEHRAESHI ZXID, FHMAHIEE
epoch (&, ZA/ENN 1, LULA/ESFRAY epoch, FHIGE 32 M O FFATTHES.

Zxid (Transaction id) Z&{lF- RDBMS 555 ID, AFARR—XEFIRIER Proposal (18iX)
ID, ATIRIEIRFYE, 1Z zkid H/RERTEELE,
epoch

epoch: TILIBRMEAMBISERFATACNFERTHEREE, 81 leader HREET, BEEHCHES, Ff
DIERMERR, leader TEZ G, #HSERI—MHCAIER LN 1. XEFEMEIBAY leader FRiE
WEZiE, B ARtT, Eh follower RIFMXBIFERY leader 2,

Zab HRE BB KRR (EE) . ) HEAL (A5
Zab i ERIMED,, Bo3EREERED (%E) 15 BEl (FF) . BRSEEHEENS
EBERE, ZabMHANTIRERY,, HMESEREZRELR, BKRZEL Server 586k 7#0 leader AR
SEELLE, RERAHMERT . IWESEEIRIET leader #1 Server EEHERINRFIAE.
ZAB i 4 BB

Leader election (#ZH -4 H# Leader)

1. Leader election (IGZMER) @ TRE—TFFRELETIEEMER, REE— T RIGABEFE
TRAVEE, SMALISEE leader, RBERE [ iEMER (broadcast) i leader F2pY
JIEIERT leader, X—HMERRIBRIERME S TikH—NEE leader, AFHNT—MHER.
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Discovery (KHIPHE-ZZH K. 4k epoch, ZZepoch)
2. Discovery (KIMMER) : TEXMER, followers IR leader #1785, [EE followers
RITEWRIESRN. XM —MBNFEENEAIAIASH T RERNRTIRN, HE
o leader &EREERHY epoch, it followers 5, EFFEA1HY accepted Epoch
— follower REEE— leader, MNREE— 1A f INAB— follower p 2 leader, f
AEEERE p HSBiEs, f BB E, M NEFNEENER.
Synchronization (/F2H£- [F# follower FIZ£)
3. Synchronization (EXMER) : REMEBREEZEFIF leader BI—MEREHEFTIRINAE,

RIEERTPIENEIER. RE3H ASHHaEbEE, £ leader ZSRAEIER leader,
follower R£4z zxid EKE S lastZxid ABIHRIN,

Broadcast (/785 E-leader .5/ #)

4. Broadcast (JHEMER) : EITXMIER, Zookeeper S£EF A BRIETNIIMEMESIRSS,
FHE leader AJLAHTHES 1%, FERNMREHNT AN, TEENHTHTEE.

ZAB 1ZRXESHAEG 2PC —HFELE follower 8 ACK, REZEEZBITHEHIT =AY ACK 7
LY.

ZAB tHi JAVA ZH (FLE-RIIMERHIGZES Y Recovery Phase (%EHER) )

1YRY Java hiRASSEIRER FERIE N BLEARE, 154 ER(FARYZE Fast Leader Election (FLE) |,
EERT BENAIIRE. AN FLE 2I3SRE SRR RIEAN leader, XFMEERT
RIMEGHRNAL R, LRAVSCENG RIMNER F1 RS 5779 Recovery Phase (REMER) . AT
LA, ZAB BUSCEIRBE=/MER: Fast Leader Election; Recovery Phase; Broadcast Phase,

11.1.1.2. $ZERHH

B sever BGHECIRE, RERECHUGEMED sever BZXILE, NEARIML, FRAN
BERANEHFEBIRRME, BINGESIRENT:

1. 84 Server BalLAGENAIAEERY Server BER G, X FHth server A9iFIE],
server EXIRIEE CHPIKSE RIS B CHEFRY leader BY id F1_E—RAMEESEAY zxid (R
RISIETEA server FRHEEFBEC)

2. WEIFRSE Server BISLAE, #itEH zxid ARG Server, FEIXA Server tHX(E
RIKER T —IRERZEM] Server,

3. ITEIXIEPIREERZHIMY sever RS, MNRRMENZECEITHEL, WK

server {15/ leader, BN, BEXMNIFE, EE leader #IEEHFE

leader MEFFRESRF server 1&EiE

Follower i&E#Z leader, 1E& KR zxid &i%45 leader

Leader 1R4E follower B zxid ERS A, EIEZMNERTTK.

A ERFERY Leader B SIEAN follower B42AK9 uptodate K7

Follower 1%l uptodate jHE /G, NBILAEH#ES client RUiERHITIRS 7

© N o v A
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BRE 5 BikSs, SaRSH|IRBHE, BlRmESHIIRE 1,2,34,5&mSHERE, Ef)
R ERESITREAN T :

1.

Hwn =

IR5588 1 /350, AECKRE, RARAREREE, HTHEHSBKREEMUEKARZEIR
IRMER, RSE: 1 BPIRS—EET Looking.

IR55Es 2 jan), RECRKRE, RNSZRIBERRSES 1 ER, HTRS:ES 2 RS
ARTLABRSSES 2 B, (BAHSERISEATHE, LA MRS SSHPASIKAZE
LOOKING,

IR558s 3 /s, RECKRE, RANSZRIEMMIRSSS 1.2 IRER, BTIRS:S 3 195k
SRAFTLAIRSSES 3 M, ARSI ATHE, FLARSE: 3 AMSE, RSSES
1.2 BN,

IR55es 4 )on), KECKRE, ANSZRIBEMMRSSS 123 KIRER, RERSSE4H
wEX, BZRIIRSES 3 &MY, FLIRSS:E 4 Regsa/as.

fR552s 5 ianh, EEANBERRSSES 4 /NS,

11.1.2. Zookeeper T/EE®E (BET"#%)

Zookeeper FIZORIFEFT 1, XAMEHRIE T EA server Z[EHNEE, SLHUXME
ROt LA Zab i, Zab tHiERMELS, Bl 3ERERAr FER.

LIRS ENHETENSERRGE, Zab HANTIRER, SMESEHEEHRK, BXS
¥ server BY5ER% T H leader IASHEL LG, IRERHMERT .

WRESEARIE S leader F1 server EEHEBINRFIRE

—B leader B&F1Z#RY follower HITTIRSEL G, EAILAFHE EEE T, Bl#
N BRES, XAHEZ— server I zookeeper [REH, ELEREERATEM, &
Il leader, 370 leader HITIRESEE. FRIRLSER, BShES5ERI #8. Zookeeper
IRSS—E4ERFE Broadcast A7, EZ| leader BER T EE leader KX T AEHH
followers x4,

I IBENRELRIE proposal HHZIAFFANE, F zk R T HBIGRYZES id S(zxid)kR
iE, FTERRIN (proposal) EBFEMR HAIRHEIN L T zXid,

LA zxid B— 64 IEF, ©F 32 (L2 epoch AR leader XZREEHE,
BIR— leader kLK, BESE— MM epoch, i 32 (2 MBEEITEL,

2 leader FEiEEE leader KEXRZEM follower, XAHE zk ARSI, WEE
FTEEIMEFEH—NRY leader, 1LATERY server EIREZEI—MEMAVIRE.

11.1.3.  Znode BMUMERKH RV K

PERSISTENT: #8975,

EPHEMERAL SEQUENTIAL: EiH{tIFmSBERTMA.
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12. Kafka

12.1.1. Kafka &

Kafka 2—faEtE. 26, EFAHBATRIBERERS, &K Linkedin AEF %, A
Scala 1BS%RE, BHaIR Apache B9FFEINE.

1. broker: Kafka fR$3528, TRERBEFMHENEA
topic: HEZFI, Kafka ZHR topic KO EHEE
partition: topic FI5 X, —4 topic JLIELEZZ A partition, topic IHRRFESZD
partition &
4. offset: [BRAEHTHFRINIE, ITLUEREBRE partition FRYREZE, BEAFRZHEN
HE—FS
Producer: jHE4F=&
Consumer: HEEZE
Consumer Group: ;BH#&ED4HE, 81 Consumer %JEF—1 group
Zookeeper: {RIFELEE broker, topic, partition & meta #iE; S5+, £ broker £
FERI, partition leader i%%¢, AEIYEZINGE

© N o U

Produced

Partitioned Data

) ) (push)
Publication

leader follower leader
TopicA-part0 TopicA-part2 A
= =
follower leader follower
e

Brokerl Broker2 Broker3

Ordered
Subscription

> @) @2

L

(pully

Consumer Group 2

- - -

12.1.2. Kafka $IEFME BT

12.1.2.1. partition BOEUEXY (offset, MessageSize, data)

partition FYES Message B TLUT=1EM: offset, MessageSize, data, H offset3%
7~ Message 15X/ partition FRYREIEE, offset 7EiZ% Message 1 partition R 4+AIL
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FMFHENIS, MRIBEE—ME, BE—RET partition FH—% Message, BILLIAN offset 2
partition & Message Y id; MessageSize XmHEWZA data f9K/)\; data 9 Message FIE
NSESR

12.1.2.2. HIEXHSER segment (AFES. SERGS. ZHEHK)

partition 473 _EHZ A segment XHARL, B4 segment KIMEZE, INFES. 81 segment
AR LAZER /Y offset ap8, M BE/9.log, XIFEEIKISRE offset BY Message R
E, BZHERHMAILAENENZ Message TEH{ segment RS,

12.1.2.3. IEXHERS| (BERERS|. WEHEFE)

Kafka A D ERERIEIESHEN 7 R5 XM, XHRSEIEHINEFR—H, REXH
f&&79.index, index M HIRBNEIEHFRIESR Message ENZE3|, MREXAE T HEF
RS, BR—EFTREERY—RR5. XEBERTRSIXGOREZHZE, ALl
BERS I IUHREERTF.

00000000000000368769.log

v Message368770 0

00000000000000368769.index / Message368771 139
1,0 ¥ Message368772 497
3,497 / Message368773 830
6,1407 \ Message368774 1262
8,1686 ~» Message368775 1407

\ Message368776 1508
N,position \\‘ Message368777 1686

e Message368769+N position

12.1.3. Ar=&ET

12.1.3.1. faFi9% (partition 219157 EIAR broker k)
T EE topic 35/ partition 4BF%, B partition £1995 % ZIARE broker £, A, ATH
XFIFE broker EEB¥ROMERE, IESEEMNEITE, producer AILUBITRENEE hash £A5 =, B
EERERISZA partition £, LASCENS#91E,
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Produced

Produce3

Partitioned Data
Publication

(push)

leader follower leader
TopicA-part0 TopicA-part0 TopicA-part2
follower leader follower
TopicA-part2 TopicA-partl TopicA-partl
Brokerl Broker2 Broker3

12.1.3.2. tERIE

RIRSHEEEIEEENST, Producer InAILIEREHEHESLERE, —/XiERkNANA
ETHEREEL broker, MTIAKIE broker FEEER 10 BIEXE, Bth—EEE L&
TiHERISERE, Y TFURERN, BmINEFHNEITE,

12.1.3.3. [E45 (GZIP 5 Snappy)

Producer inR] LUBIE GZIP 8 Snappy I8 XHHEE G TESE. Producer im#{TEEZ G, &
Consumer ImFEH{THEE. EHENFCHIERMERNEIEE, REXNMEERNED, XX
HIEAME E, IRFVEFAIERLS LA CPU (EHEIBESEESD CPU ER) .

12.1.1. H#EHEEIF

leader follower leader
TopicA-part0 TopicA-part0 TopicA-part2

follower leader follower
TopicA-part2 TopicA-partl TopicA-partl

Brokerl Broker2 Broker3

Ordered
Subscription

(ConsumerZ) (Consumed) (Consumerd) (ConsumerS)

Consumer Group 1 Consumer Group 2

T —————————————————————— -

———\
-__a

\
|
I
I
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12.1.1.1. Consumer Group

[E— Consumer Group F9%Z Consumer 3L, ARERHEHZEE— partition, ZFEFRAFIE
. partition BiIEEEBRFHY, Consumer BT pull FIEEBER. Kafka AMBREBZERTES

XJTF partition, FEEH#EETE, LENRASRE O(1)HUREEEIFANEEN.
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13. RabhitMQ

13.1.1. WM&

RabbitMQ 22— A Erlang IS &R AMQP BFFIESCEL,

AMQP : Advanced Message Queue, B&BEEMIIINY. BEMARMYXE—NTRERE, A
HFRERNFERT, BTN EF RS EEFEEIERER, HAZR. ARES
EEHAIPRE.

RabbitMQ S#IEEFETE/MAS, BTESMARRTFHRELER, EZRAE. TRt &9
RtEFLERIAME. BirsREE:

1.

oI5t (Reliability) : RabbitMQ {ER—AEIREFUERT SN, SFAL. ERA. &%
A,

RiERYEEH (Flexible Routing) : fEEHEHABAGIZAT, Bid Exchange REEHBEEH. XI
TFHBIRGERATNEE, RabbitMQ BRI T —LHWER Exchange RECH., FHXIESHAYEE
FThEE, BILUEZA Exchange $BEfE—ie, BEHREHISTIIE SRY Exchange .
JHEEERE (Clustering) : 24 RabbitMQ BREESRILAER—1NEERE, FZB—NB14E Broker .
=alF (Highly Available Queues) : BAFIRTLATESERFHAINES LiA1THG, FEESTHST
R ERRRIER FRASUESART B,

SiMY (Multi-protocol) : RabbitMQ SziFSfEEBATIIMNY, tbal STOMP, MQTT
FE,

ZIESZEFim (Many Clients) : RabbitMQ JIFZ#EFrEEHBIES, tbid Java, .NET,
Ruby &%,

BIEFE (Management Ul) :RabbitMQ 2T —/"2BNAFRHE, FERFTLLE
FIETHES Broker ROFZ5HE.

IRESHIE (Tracing) WISSHESE, RabbitMQ BHTHSIRIENE, FAETLLEEASE
THA.

#EEHE (Plugin System) :RabbitMQ IRETFSEE, KNSHEHTT E, LR
55 Y.

13.1.2. RabbitMQ %

Publisher Exchange 5

Connection

(Gramel]
[ cramal
[ oramel

~{ Consumer

Virtual Host
Broker
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13.1.2.1. Message

HE, HEETEEN, eHEBERLMBEEAER. HEAZRTEBR, mERLIH—FK
FIRETREIEER, XEEEELE routing-key (EREE) . priority (FBXSTEMEERMN
M) . delivery-mode (IEHIZBEERIBERERFAMEE) F.

13.1.2.2. Publisher
BERNAFE, BE— 1R Ah ERNE Finh BERF.

13.1.2.3. Exchange (I&iESEHLSEATI)
ATHASE  ASRENATTE AIERTE EFEX S E R IR LS IR S 2E RIS,

13.1.2.4. Binding (iHSPAFIFIAIRERZ ARYKER)

g, BTHRMNIIFIA R ZERIKER. — e RE T BRI R E S ATE
FRASSRAVEREMIN, FrLARTLUS SR SRas i a— 1 RSP E B RIER R,

13.1.2.5. Queue

4. HEBY, BRRFEREIAEGHESE. ERHEBNAS, BEBEENER. —NER
ARA—PNEES MG, BE—EAENIER, FHEEHEEEEIIX MY HGHEEGE.

13.1.2.6. Connection

MERiERE, Lal—A TCP iRz,

13.1.2.7. Channel

S8, ZEREMEEPIN—FRIAONEEERBE. SEZEAESIR TCP EERME
WEE, AMQP p<#HRBEEEREERN, FERAMER. TRWIERRIGHE, X
L BT (EE . EANTRIERGERGEMAHEER TCP RIFEHRAIFTHE, M
LISINT EBRIES, USR5 TCP &k,

13.1.2.8. Consumer

HERGEZE, £r—"NERMFIREIEHEERIZ iR FEERF.

13.1.2.9. Virtual Host

REMEN, Fr—#tscies. HEMWFIFIAXNSR. EUENEXFHERNSMIAERINE
IMRRPIR LIRSS BRI,
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13.1.2.10.Broker
9. FmHEMFIBKRSSERSLIR.

13.1.3. Exchange 3%

Exchange 2% BRMIRIERBNARS ARIEEXS], Bridtrfpsssy: direct, fanout,
topic. headers ., headers PTEZ AMQP i8S/ header MIAZEEHSE, LS headers ZSHRESHN
direct 3ZieETe—H, BltseEREZ, BRULFAARETY, MLUBEEERIN=FKE:

13.1.3.1. Direct{# (routing key) $7:

1. Direct: HEPRIIREE (routing key) WNERF] Binding /Y binding key —2,
RIS HEREIINAIBATIF, EREILE. BEIER.

Direct Exchange

Producer:

Broker

Bindings:

Consumer:

13.1.3.2. Fanout (["iE9E)

2. Fanout: B1N&Z| fanout KB ERHEEE S D EIFFEERIBAYI L £, RGT
I, BEFMANENEBRE T —MEFIER. fanout EEE L HERRR
19,
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Fanout Exchange

Broker

Exchange:

Bindings:

13.1.3.3. topic &iaEs (HEVTELD)

3. topic 28 topic RiRFEIIRI LA S EESRIMREEEN, SEAEME MR
TUH TS, RIS ESEE—MEl L. B EEEIISERAIF Rk
BiF), XEHEZERRET. BRFESRBIRNEER: 5 "+ /S

"o #IUEC O MBS, REASAD—ERIE,

Topic Exchange

routing key routing key routing koy = routing key =

Messages:
usa.news | usa.weather europe.news europe.weather

Broker

Exchange:

Bindings:

Dinding key =

#.news
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14. Hbase

14.1.1. W&

base 2. ERYINFFREUERE (HSDEMRINTEmASIK) . HDFS /3 Hbase 1R{HATEN
[REEUEFERSS, MapReduce /3 Hbase 12{itSRERTITERES], Zookeeper /g Hbase 12
FEERRSSAN Failover #, FEIEEATR Hbase E—MNEITAERMN I S SELIENSEE
fEFEENAI D SRR =,

14.1.2. FIRFFEE

HEAERINERFLEC—HME, BTEAIPIEEANZEITIRENH, FitENEERE
EENR5 LAY,

Row-based Column-based
| 1 { 4 4
ID | Time | Matedal | MName | Quantiy Ip | Tis Mptorial | ; Name | O
1| 845 2 R e T * 1 pas| |3 3 1
_.2 BS1 3 7 FoT 2 351 5 12 ;__-2
15 e N O =1 |a| |er2| 4| e ik
- 4 B?B 1 ....... I T 4 ::E.TE. r ._.':l . .
e el L L
REREE: I py—— T 6| |sos|i|ali |a]/ 1
“I5 5T 3 i T 7 |7] |eo1f |4 1|; 1
¥ 1 ' T r
Row-based store
[+ o] 2[a| s |z2am|s]|2]a]a]m[e]|ec|[a]|s]om|s]|s]2f
Column-based store
[+ [ 2] a]e ofos|om[om o)l 2 [a [ e [ ] a[2]e ][5 |

Figure 1-4 Row-based and column-based storage models

XERFIZFHEESDRAIRIIREFME, Hbase RIRIBEFIKFMEEIERN. Sk TEULIGIEES
8951, FIRTECIERAIRHERROIUERE. A TINRYS Hbase FUkAVEER, TEHE—MERAIXER
BIFHREFAYZRAN Hbase BUREFAIZE:

e XXX XXX 1E3¢1 F1... . Fn F11%112%13
oFE2 XXX XXX 1ER%2 51 512
iLFE3 XXXX XXXX 133 F1...%15 %11
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14.1.3. Hbase B OES

14.1.3.1. Column Family 5l5%

Column Family 4%k, Hbase EidFIikkID#WERIFE, Pk ~TEANUBSERSHGI,
MR IERIEIEFEL. Hbase REICIEAIRHERWIIERETIIR. FGRXREEURECIZEAIRHZELIR
IEEEMARTIR—1FRY. Hbase ROFIRARHMEZHMYT, BAEFENEIIRRFNTFTHEST 3. ¥
IERHR—RE 1 Mk,

14.1.3.2. Rowkey (Rowkey Zif], Rowkey EEiFf, £xEHH)

Rowkey HIHESHN mysql FRIFEREETS—HAY, Hbase {3 Rowkey EHE—HIXHFE—1THIEL
2. Hbase Rx#F 3 hEAA: EF Rowkey H9817ESH), ETF Rowkey HSSEETHE, £FA
.

14.1.3.3. Region S X
= Region: Region MESFIXRBELIEENSXHE D FEARS, Hbase RB—PARFRANE
EETF Rowkey FURESEEDECRIARIEARY Region &1, &4 Region tax—EBEIREUEIE]
s, XERERE—KERNER, BTHIDEIEAEN region, iHERERAIBTEDRRIE.

14.1.3.4. TimeStamp ZhRA

= TimeStamp Z3LI Hbase ShRARIKHE, £ Hbase H{EFIARERY timestame KFRIRTERE
rowkey {TXIMASNBIRARIENE. FEENSURRIRHR, MRAFSBIEEX AT
timestamp, Hbase £B&5HII— timestamp, timestamp FIIRSZEATENRIF—2L. 7E
Hbase &, #8[E rowkey HUSUEIZAR timestamp EIFHE. BUAZANESTHOMNRA, BF
B][EfERE timestamp AESRIEE B ARHIEEE,

14.1.4. Hbase #ZOr%EH)

Hbase 2H Client, Zookeeper, Master, HRegionServer, HDFS &J1MAZHER.
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/// —= H 1\1&'\\

~—_
HRegionServer HRegionServer

HRegion § HRegion

Store Store Store
reFile |
File

- StoreFile I StoreFile Stol
[ HFile | :
\ / H \ =

StoreFile

A A ‘QV A a4
|[‘1_1|11|[|111|1|[1[1\1|[|--- ors W T T T T T (T I T T e O

14.1.4.1. Client:

= Client @& 75a) Hbase 9100, B4k Client ;X4 T XIMAY cache FhNiE Hbase B
i8], Eban cache B9.META TTEUEHEE.

14.1.4.2. Zookeeper:

» Hbase j@id Zookeeper 3t master 9=, RegionServer BYiE#E. JTEUBRAIIAD
AR SRR B4R ET(F. BEARTIROT:
1. 18iY Zoopkeeper K{FIEERFHRA 1 1> master 7Hiz1T, WER master &
®, SBIREEIF4EHEY master I2HRS
2. BT Zoopkeeper ki51= RegionServer B, 2 RegionSevrer ERERY
%, BiIEERIAZNER] Master RegionServer ETRIRRIER
3. 1B Zoopkeeper fFETTEWRERIZE— N\ CIMBIL,

14.1.4.3. Hmaster

= master TRRVEZERFUT:
1. 79 RegionServer 53fic Region
2. YHPEANERNREIYE
3. HHPERIITTEIREREARIE] Region, FIGSRIRT Region SECRIIER
RegionServer 24 RegionSever S3889RH®, #EXIAL Hlog B>

14.1.4.4. HregionServer
= HregionServer EEXZAFINEEIER, EHIER "F&" TR, SRITIIEHE

T
1. & master AESEAY Region

13/04/2018 Page 185 of 283



IBRBEZFIRINESIEK

TAERFEE/Z HDFS K932 E, 1FiB&uES HDFS
faE= Region TALUEHMRS

s Storefile WEFHITIE

vk W

14.1.4.5. Region 3153, (1@ zookeeper .META)

% 145 Clientigsk ZK $KEL.META.F7EAY RegionServer AYiteilt,

2% 225 Client {53k META.FR7ERY RegionServer SKEXRIEEFTER] RegionServer ith
b, client £ METABUEX(EE cache T3k, LMETR—XRIEHA,

5 35 Client iEREUEFTTERY RegionServer, SREXATREAIETE.

Q. .META, £5H?
A. .META. {£RS2

: FTO007, TEE
Clent -~ (2 s i-Regio onSenver’

14.1.4.6. HDFS

= HDFS 7y Hbase IRHURENIREEIEFMEIRSS, FRY) Hbase ISR (Hlog FH&TE
HDFS) HJsZHF.
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14.1.5. Hbase IS8

14.1.5.1. Hbase [IBAFIE

o

N EEALELSE 3 £8:
F*H RegionServer

% 145 Client SREXBUBRE N\AY Region F7EAY RegionServer
1FKE Hlog

% 22 {55 Hlog, Hlog fFfi7E HDFS, 24 RegionServer HII®&E, FEEMH Hlog 3k
1F K5 MemStore

% 32 15KE MemStore, REHE Hlog F15 MemStore &k T A EIFTKE N7TH.
MemStore [4e2ZimIEl HDFS =,

14.1.5.2. MemStore i

ATIES Hbase FIEA\MRE, HEEKSAN MemStore [, A2VEIRIE. MESEE—
ERIHRHITRIZAVERE. BRI SSMARIZRRER? SEM TR MIR:
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LR FFEER
XN ERNSHEEFREERNERRR, ZFE memstore (R heap RIGALL

1.

BlRIRHE, SARIZINEE. XTMSHE

hbase.regionserver.global.memstore.upperLimit, EAIASEEA heap R7FHY 40%.
BXHAAFAEREEBRFRIRIEZRFRISBRY MemStore FiFH TR, MEET
B84 hbase.regionserver.global.memstore.lowerLimit Sgiz4l, EIAZEA
heap R7ZHY 35%, = flush EIRTE memstore HEA heap RTFRILLERJS 35%RHYAT
&, MELRE, XAMEZRN T RORIEINSHERIORN, SSEERFRERN

BaY.

MemStore %2 LR
2. 2 MemStore BIK/NAE hbase.hregion.memstore.flush.size A/ NURH RSt A Rl

£, A 128M K/

RegionServer #JHlog &R Z LR

3. AIHEE] Hlog ITHRIE Hbase #iErI—EE, BBAUIR Hlog XZRYE, SSHHE
WRERIATEIKEK, ELk Hbase &34 Hlog BFIBRAMUMBRE. Z1XZ Hlog RISRA MR
RRHR, SIB&IRIER, XPNSEE hase.regionserver.max.logs, ERAR 3214,
FIME
4. TILUBIT hbase shell 5 java api F Ltk flush BR{E,
4 RegionServer f# &
5. HEIEEXH RegionServer /A RIBAIERIE, SEEIERIEEHMAZTEREM Hlog &

SHE.

Region @&/ HLOG R EH#E/EMA

6. : 2 RegionServer HIEEAYRHZ, H EEAY Region SFBRIEMIEFER
RegionServer £, 7S5 Region B, StARE, SRESTHRESSRMES
W &5ipia,
14.1.6. HBase vs Cassandra
HBase Cassandra
B Java Java
s BigTable BigTable and Dynamo
License Apache Apache
Protocol HTTP/REST (also Thrift) Custom, binary (Thrift)
it FX19y NZ A region £1EANE] region S — B A R A0
server I
171 H b Kk /NS
— o — 2 AE—5%, Quorum NRW &
BEKE master/slave p2p
e AT NameNode 5= HDFS 1) 5. s g &5 P2P FIZ: b bt A I BR A i P
g Region Server %%, Wi H G EAMAE | ¥ A FAE Hash Ring -2 A1 55 (A1 B £ 85 4 A
Master, Master $J%]4> 4 Region
13/04/2018

Page 188 of 283




B AR RS E TR 2 6 KM | BRI S e AR R
% RPC, PERBEUK.
B vh oAb B SR RAEH] Coptimistic concurrency | [l & B
control)
I o g e A 2 Region Server # 41, i HLog HIEEALPLE]: ST S SN, hash BZ 5 BT EUE B
% HE T 5 A4 hinted handoff, 54 SkE )G, #H
I EE T A
TR A BT Region Server {XK&, master E#45H | Merkle B37#, 1Bid Gossip Ml A5 Merkle Tree, 4k

/¥ Bt region

IR T I A B — B

J A A R Al

Zookeeper

T Gossip

CAP

1, w2k, ofEEk. 2, WAL
k. 3, ¥ &TTMH,

1, 58k, BdEwReEk. 2, WA, 3, VAT
i,
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15. MongoDB

15.1.1. &

MongoDB 2H C++HESHmER, B— 1M ETohilHFEITFREIEFERS. TaREYIE
R, AINEZRIT A, STLMRIEARSS 281488, MongoDB 579 WEB R FEtRALeTY FRRISERE
HIRFIERRTTE,

MongoDB S#IEFEN— I, HIREHmEEkey=>value)i3Hpk. MongoDB IZ1525{IL
T JSON Y&, FERAEFTLGSEMIA, HANIEEE,

{
name: "sue', <+—— field: value
age: 26, <«—— field: value
status: "A", <+—— field: value
groups: [ "news”, "sports" ] e—— field: value
}

15.1.2. H &

MongoDB 22— MNHEEFERETERE, BIFERILRESRNES.

{RETLATE MongoDB iERHPIREHIEIERIZRS| (40: FirstName="Sameer",Address="8 Ga
ndhi Road") LI E RAVHEFF.

{RETLABI A tE & WS e ERR G, X(E15 MongoDB BRI fRit.

SNRAHAPEIN (FEESHIFHETAFIERANIERED) | BIUSHETTBETNETRIE
fib T R EXHEFMBR D .

Mongo ZRFEFEENEIRAFRIAT. EIFESER JSSON FZRAWRE, AR SERAEHRERN
ISEISESUER

MongoDb {£F update() s> B LASSIIEHR TSRS ($0E) SE —LIEEhVEuE=TR .
Mongodb Fij Map/reduce 2RI EUEHITHELIEIIRG1F.

Map #0 Reduce, Map REREA emit(key,value)lBHEESFFAERNICS, & key 5 value 1&
£5 Reduce EREGHITAMIE,

Map BRE#0] Reduce 2 (#H Javascript fR5HY, FHEILUEIY db.runCommand Bf mapre
duce < 3EH#11T MapReduce #24E,
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e GridFS 2 MongoDB FfI—1REINEE, SILARTERAE/NH.

« MongoDB I ERRSIHIITIIA, TTLAR Javascript iREFEMRE, BREERSIHIT, 1B
A LUBRERIE FEERSS IR, T RERERENA.,
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16. Cassandra

16.1.1. W&
Apache Cassandra @=ERY BN, SIS NoSQL #dERE, Cassandra STEMEIT
ZHEmRSSE LARELHRE, RESATAMMITHERORASE.
Cassandra EEREBMIERELHIENIS BN, HEREEEEZESHEFIIRENZEL,
LISREERT A, mEREORRHEE,

16.1.2.  HIEEA

Key Space (¥R SQL #¥## EE# ) database)
1. —" Key Space Fa]EAET4 CF, #0E SQL HYEE+H—1 database JEEZ/ table

Key (3R SQL %di i 4)
2. 7£Cassandra i, §—THURIEREL key/value IFZRTFAERY, Hb key EHE—HRR,

column (XM SQL B EH %))

3. Cassandra 81 key/value 33ehfY value X#RA column, BE2— =7, BI: name,
value 0 timestamp, Er name TEEH—HY,

super column (SQL ¥ EARTH)

4. cassandra f01F key/value 89 value 2—> map(key/value list), BIEA column &4
F75.

Standard Column Family (AHX}RZ SQL F#EEH ) table)
5. 81 CFE—Z% row Epk, 81 row B2— key LIREXINAIET column,

Super Column Family (SQL ¥iEEAR =)
6. &4 SCFH—Z%! row AR, 84 row 88— key LURERIMAYET super column,

16.1.3. Cassandra— Hash REHH &

—& i Hash (LXK down #l)

AT RPE— token, RIEXA token ([EFRRET RAESEH PR ELSIXN T RFTFHE
ROEE T,
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BRI A (down HLE T AHEE)

HFXM A SR EIES T AIREER, 7F Cassandral.2 LUSSRETELSSAWERE: f2E
HNENTRSE token, IBEIROHRESZES, ILBNMNTRAESMERONEE, XM a%
IRiE, BRFRENSA token £FEEARS N T RAE, XFNEERR T HIES AR,

Ring without ®® ®® :
virtual nodes » @ @
) (D)
OO OO OE
I (o) (I
@)W I W
Ring with @ ®® @@
virtual nodes @@ @@ @
WG W )
@) W)

Node 6
MEF~, LEESDZINVE—HMERS, BMPTRARBERFESN—R, R Node2 -4
down {5, Node2 faZ=HIEIREITELS Nodel, BD Nodel faZs EFAB PUER, 45 Nodel EBEHA
RERRAPTERNEIESE Nodel EZBREMET, 1815 B 2R F4RIEdE, X
—3k Node1 oJgE£#EE down ¥, Nodeldown ¥, Node6 i% hold {£12?

Z
&
o

IS
Z
2
o

wn

THEHEHDEEUT ARSI, BN DRABRRIESRY, BEMMES AESHIED. WR Node2
A down g, Node2 ASRAVEUEALREITEL Nodel, MEEELZ I IR, MEEFRET—
eI NEE

16.1.4. Gossip P

Gossip EiFUIHE, RESKEDAE/\2, RE—PA/NES—T, EERIIIERRERIAER
SHEZ/\FHNER, XA SHEEEERIU, ALt Gossip BARZHIBIE "WIEEZE" .
"RIBEEEER . "WERRELR . "BESEEEZE . Gossip BURR: B 1ERNEF,
BN OREEINBSHMGTRBE, ST —SRILENBE, SREMETRIVASEHSIAR—
. BB Gossip AEXRTRAMBEEHMITR, BENEEETROMIER, TRZETEXE,
AEEHAFPOTIR, LfrLE Gossip AILABTRZEHES "RE&—EM" A0 KW,
EHEE. Pub/Sub, mh&taEiias.
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Gossip T sl s 77 = A Wesioit
Gossip FHIHA (A, B) ZHEE=FEEZ= (push. pull, push&pull)

1. push: A T35 EUE(key,value, version) RXIRIAIMRASHERXLS B TR, B T/AEHT A FtvE
CHTRIEEE.

2. pull: A{EEIE key,version X5 B, B JEAIMEL A $rA9%UE (Key,value,version) #EX
B A, AFEFIAHD,

3. push/pull: 5pull £, RRZT—H, ABRBAMLL B VEUEHEXLS B, B B4,

MNEBRNT REUERIZ—REXAI— AR, WE—NEHA, push FBE 1R, pull & 2%,

push/pull NIZE 3 )&%, MR Lk, push/pull &F, Big E— N EHAREILUERN T RTe—

., BEWM bR, push/pull BIKSHEE 2 &R,

gossip #th Al seed list (B ILZER A F))

cassandra {EFEFR/9 gossip BIMSCRAIIINA C SEEFPHIEMT mIIBFIRSER. gossip i#
BEENEEHT, HEEZ=TREREER. TR SMIENES, T2
BT RRRMEFIFBNEHPNEMT RAMES. gossip EEB—MEXRIRES, T2
FE—IR gossip (EEMF, IHEERSHWHNEEREEEE. ERIESXiHIT gossip i, B4
EERTIFBT R ERER seed list, #1775 RAEER T IBENEE gossip #HEs, BEHE
LB, MFPTRAE—MEAHE, MIIEEEHREPEREEMISHREN, BRT35181
mLAGh

16.1.5. HIFESH

Partitioners (3% primary key token ] hash E%0)

£ Cassandra &, table f9&/THME—HRY primarykey #xiR, partitioner SLfR_EA— hash EREGF
LAIHE primary key B token, Cassandra {&kiEiX/ token ([EFEERFPRE NI N AT

PAFH AT FH B 52 ] SRS
SimpleStrateqy : R/ FHAF#H10,

BE— replica FfER partitioner FEERIT AP, HRH replicas H7E LA IR 75 HAY
[REETS AR,

NetworkTopologyStrategy : @/H FHEFHIEHHH 0.
ALISEESNMEIEF OD BIFES DA replicas,
EHIZRIEIERZE keyspace FITEE, N

CREATE KEYSPACE Excelsior WITH REPLICATION = { 'class' :
‘SimpleStrategy’,'replication_factor': 3 };

CREATE KEYSPACE Excalibur WITH REPLICATION = {'class' :'NetworkTopologyStrategy',
'dc1': 3, 'dc2' : 2};
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16.1.6. FBEIESERFHIEE

P2 (coordinator)

198 (coordinator)i§ write IERAIXZHREXIRL row BIFFA replica TR, RETI A FEIRE
FHUTEBR, 5L S (write consistency leveJFEEER /D replica TR uREI LN
HFAMER. BIIERESIEHIERE AT commit log 1 memtable,

Client

Hep dcl, de2 XEEHREHROBRES snitch RECERIRIR—E LEABAHINRIRZRTE dcl &
3ANEIATE de2 BeE 2 PRI

16.1.7. BEERBEBRMEEBR

1. hEEELS—EMRIRENFA replica BRR, #EARATT miREIERAVEIE.

2. EBESNTRHERER, NRES replica i row STERTFHIELLE, BEA—E, WNEEFERS
R EUE replica [A client IREIER, BBALRIRMEL P REEEEMNBRMATLLENE
EERA R R B A SRR &Y,

3. BABEEEBRMLBSEEEREEYR row B replica AU%HE, B4, LMETRHY
replica K Ei5KFAGRHAVEUERITERT read repair,
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RI

10 4

3

R3

16.1.8. H#EFfE (CommitLog. MemTable, SSTable)

Bigxk552] CommitLog 1 MemTable, #H MemTable H3iESRISEIRE SSTable L. B&
TEHIEIAEEFS S RFRIRE L.

FOB RS EIRATRY commitlog, FERNEMZIFARFFHIZIELE memtable , XMHRFHS
REZFPIHIKES, memtable BB HIECRERSHBHBEHERNZLEZNT
(memtable_flush_queue size BEEPAIHSE). EEHBINEENSUBBHTINIKE, BHRE
HOAERIFREE TRy SSTable, Z /g commit log #iEZS,

SSTable JC#¥IAR (BloomFilters index. data. static)

SSTable 345 fileer (FIBEUHRE key BEFE, XE(FERT BloomFilter I22%EK) , index (F
HXIRL column {ERTTE data XIHUE) 34, data (FFAEESLEURE) X4, static (FFAEFOISEIT
column 1 row K/\) 324,

16.1.9. &5 (WER5|H value HE, A RowKey)

£ Cassandra #, #UEEBRELA Key-value B9/ IRFEY.

ColumnFamily

Key Columns
RowKey name value timestamp name value timestamp
RowkKey name value timestamp name value timestamp
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KeysIindex FREIEEAI— 35 [HHIRFAE—IK ColumnFamily &1, 7EiEAZUERT, WHEEHITE
5|9 value HATHEEE, ERIh—FI"RIkey, BEIES RowKey (RFEZERSIAI ColumnFamily #;
[ERS7E RowKey EiFII— Column, EEBAEUER RowKey E/9 name 1ERIE, value BT
Mg, timestamp MR /SFEAEUEAIRTIEIRL,

WERBEHEER value #HZR51T, WEEZERS| ColumnFamily $1EER RowKey fEHEFRINFTAY
Column, WNREFH value #ZFR5|, MESEZRS| ColumnFamily FiFI0FTHY RowKey LARITRL
89 Column,

13 value HTEIIRS, RFITEIZ value B9 RowKey, EZES| ColumnFamily SHRIEHIZ
RowKey, XIHE Columns i {TiEHREESEZ value FTEEHERY RowKey,

16.1.10. BiEEE

BREANEH BdEEm

Cassandra RUIRITRIRSIXERFEAR, TiL: insert if2 remove B(F, HEECEHIEUES
EFTIEN, MAMENEEHEEE. XMIZITFRA Log structured 77, MERNHMERFEFTH
#HIERUBTRIFNFER, FUARSEHINEIRENZ S BEIERIfSHE. Log structured 7%
RRABRNEEMR:

) SRR E R R

o (EHENTEHERAEETNCESEMEGE, R ENHLEERERS), XE— M EGER
AEE, T Log structured IESRNIZRINFS, SJLAFTHFIBEMERSHAY cache, FRLZEER
R=.

R IR [T

o HTHEABMEURTHERNRTE, ENEIEASEES, FLAERLT journal BURHEARE
& undo, BILTHBIRIKE.

e {82, Log structured FERFAHBS INT —NEENEM: EHNSZEMMLRE. EioE
B, R EEENGEFRHIEEUE, LIRRIE MRS A. BHHERNFHERS, X
RHCEHFERTHY.

2% https://blog.csdn.net/fs1360472174/article/details/55005335

FHEMIER (column BIZEM)

WMR—IRMFREE—NT R EEN T (B3 3 M5, BIAA 3, RF=3)EMBBREIEIIAH
INREDIE (RAEREANTAMERD, EH CLQUORUM —EiE) . i RRINBEREmMZT
mEHESTHOAREH, AAERRERE, TE2REEE, REEHEB—FNEIEFRLN.
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Cassandra SZIANNIREEUERXRY, FBHSREMPRAEIER B TRISE, XEHIERTLAY"
ErR" , FEMINRIEARTRA.

774

fHBR— column HSERZBA—1MKTFIXA column BUEFE (tombstone) , FHAEREMIBRIR
B column, ZEBHIEXZ CF B9—REXLICRTE Memtable 1 SSTable /1, E#EHIARAS
EMRIEREHRITHIRTE, ZAEREZE P iRiE RKIEET mERITIZIE KT A9 A AT E]
(local delete time) , FRAAZAHBMIFRES A, FEEIRXDAMMIFREEFAGEEL, 84 CF EX
ICREBE—NHE, X EHARETUAIRREIZ column BYEXETE, RHEFimiaEN.

A compaction

AFHMBRAY column HASIZEIHMNEEFHER, FRUARR LB ETESEEAR, X
FEE—MRAREAINE], EHIMBRBHIRS 726208 column, BAREIKETE compaction Aid
PSSR,

H#EEm (memtable+SStables)

AT FHBIE cassandra IEEXHIEWER memtable FRRVEUEF] SStables FREHRAIGFER, X
SSTables HaYEEF EEHXEIEAAIEFLLAY SSTables LIREIBEEIXLE SSTables FRYREHEE
(SSTables BIZFHEHIFGRIEIREIRY). B CU0R row cache enable Ti&, SRNERE. EF®
BEiEREEYE, RENE Bloom filter, & AIEERY SSTable, FAIFE—/= Partition key cache,
X partition key ff7E. MNRERIBEKXEIRY partition K E4E(RBEIRFIRIEAIEGER, R
BERE, MEET Partition summary,Partition index & partition key, AREITEIERE
EIRRFRICERRIEIREIR,

E memtable

4NER enabled 7 #&@& row cache

& Bloom filter

N5 enable 7 142 partition key £7F

WNERTE partition key EFH#EIT partition key, %% compression offset @pd, WIRIZ
B, & partition summary

6. 1R#E compression offset map HKEIEIEE

7.  MELEERY SSTable hENHEUE

v A W=
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Bloom filter

Read N
request
Compression
offsets
Partition
summary Partition key cache
Memory
Disk
Return
result set
TERAFNBEFERER
Application requests hot, frequently accessed row
Application requests data not in row cache,
but whose key is cached

Row cache 1 1
rows_per_partition B I Check row cache before going to key cache
=10000 2 2 Populate row cache with new row returned
Key cache
keys cached
=200000

L J

S5Tables on disk

memtables

MemTable: #15f memtable BErDXEIE, XNMEUESBIEHEFHBFM SSTables #isEH
KRR TEFF. SSTable FUEERESIAUI FEFRAVEES,

Row Cache (SSTables #47&# /95 #)

f£ Cassandra2.2+, BlWEFEEEIAT, (ERSHRISCIlERIERSIREIT VM IERES.
FEE row cache NFEHIEAI LIRS EN—RINERNEE—EX/NMIANEF. row cache &M
LRU(least-recently-userd)H{TEIWIERIBEARTR. FHE7E row cache FRYEHERZ SSTables HjiEx
WIREAEEE. F6EF row cache /5, EUEMATLAMEEMNEAA. row cache FE2EE&EH.
MREFETT, XITHNEFMREN, AEAHESLEET, BEIXTHIER. FU, MR-
A partition EHT Y, EA partition By cache #ia#iEhR, 1EBETRAVEHETE row cache REAE!,
FeFaE Bloom filter,
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Bloom Filter (Z###5 AIGEXT KT SSTable)

B4, Cassandra #&Z Bloom filter Z&IMWE SSTables thETAIALAIEKRAIS XEUE. Bloom
filter 2TRIETEHEINATE, B4 SSTable #B—/XELH Bloom filter, —4 Bloom filter BJLAZE
I— SSTable [ EEEHFENS XEUE. FEFFBATLIREIS XEWEFE SSTable HRYBTEEM:.
BalLUNEERK partition key RIEIKISFE. 7AiM, EJ9 Bloom filter 2— MITZREREL, ATLARIEE
SBEERNER, HAZEMBM SSTables #AILA# Bloom filter iIRBIHERBEIE. R
Bloom filter A~gEfizE#kZl SSTable, Cassandra 2142 partition key cache, Bloom filter X7\
IBKREH, 8 10 {2848 1~2GB, EiRimiER T, AlLA—M0X—17. BAILRERRIEET
2B entries FFHEERMLEE £, Bloom filter 2RJLUATRY, MR(RER AR RIGENERE.

Partition Key Cache (Z #6445 75X M Partition key )

partition key EFUERFAET, 15 partition index IZHETEHSMNATE, key cache {ER—/\RETHL
EXNMIRE. AZRERES, 81 hit" (REFE—MER. RE key cache F#LE| T partition
key, #E#EZI compression offset map FHBEISRAYER, partition key cache HEENE TIEHIE
¥, HELRRED, BIRARIMEERETT. MR- TR ENAFIFEZIRS, wTaERE, FER
HIRTFLE key cache FfY partition key 818, WNER—/ME key cache Fi&EKE partition key,
FieZ partition summary 153, partition key cache X/NERTLIECER), BNHEFHETE key
cache #fy partition keys £(8.

Partition Summary (AZFFF—L partition index 7LD

partition summary STFEEEINAFNEN, F4E—LL partition index RIFEAR, R —
partition index &FTBRY partition keys, &F— partition summary \& X 4 keys #EX
¥, SARBE XA key map &l index {4, filun, a0ER— partition summary i&7T 20keys
HITERE, CHeEiE SSTable file FFHARI— key,20th 4 key, LALLEHE, REHRE
partition key RIE{RIE, partition summary TJLA4EFEKE] partition #IEME, HKFT
partition key {EEJEEASSEREG, #MaEk partition index, BITECERFESAR, FRILIBREE
HRENMERE, & partition summary BSHEIEWSZ, FERANRGFEEZ. FJLUBEERENA index
interval BMHERNHEAIR, BEA/NIAFILUET index summary _capacity in mb Eit
FigE, BUAREKR/RT 5%,

Partition Index (@4E+7)

partition index BFFL7ER S, KSITE partition keys FRBERMET, WER partition
summary E4&%| partition keys BSERE, IERM R ERBIX S EEENRGZEBR partition
key, EEHITRICEFINFE. RIBKIINEE. SAFZXE compression offset map 3k
RPEXMEERIR, MR partition index MREWIGER, WFEBRRRHEERINE BRETE.

Compression offset map (#z#4)

compression offset map 7FiEH ELIE ERERVIETT. FHETEHEINNTE, BTLA#E partition key
cache 8# partition index iflal, —B compression offset map IRBIHRRELEFRIEUENE,
M MIERRRT SStable(s) PENEEUE. EFTMSWEIERE.
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17. BB

17.1.1.

17.1.2.

17.1.3.

17.1.4.

17.1.5.

17.1.6.

17.1.7.

17.1.8.

17.1.9.

17.1.10.

17.1.11.

17.1.12.

17.1.13.

17.1.14.

17.1.15.

17.1.16.

17.1.17.

17.1.18.

17.1.19.

17.1.20.

pay Yl

T iR

i:iE A S

BRI

_IEEHERK

JRRIBR

EE AR

B AR

AREK

SR

BrgR

HEBA

A

SREEAR

BARTT AR

MEE K

AT ERX

AR

LESg LS

#BFMK
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17.1.21

17.1.22.

17.1.23

17.1.24

- OREER

iR EER

. P ERRK

. RS
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18. I

B B EIMEMEENT £, iR T BN EXUERRITAT RMNEIREIRS AT
2. IBINEME. JEREEYELIEES. REMSRIREEART B,

18.1.1. VUIEMBHE vs LE MBI

Load Balancer
Layer 4
=
s S+ &
—— -

| Load Balancer
Layer ¥

N BumTcREE | somrcrze - f
.'I'I [ 1 Proxy Code ; T"
4 F e %
{-tﬂ Server

18.1.1.1. MERZFIYE (BiFtEiiizO3EE)

FEBIRPHNEREU RO, SN ERABHYERFRENVRSFEELN, RERLRILRE
RIPAIERIRSS RS,

LAEDR TCP A1, REtyERSERiEIE— I RBEFini SYN 53Kk, BNEE biRA= %k
B— 1 =ENRSES, FRXORSCH BiR IP b#TEN B0 EimRSSES IP) |, BEEERASGZIRS
25, TCP iR, AI=REFEEFinTIIRSSSEEEVH, REIERERIEER—1 %
S HEsRYEE R alE, ERLEEBERT, NMRERSREG TR EISEREIYERS, &
IR AR A BER SIS R RAVRIE I/ TER. SCHPUEGEIDERIRES

F5: @HRBIEL, DFERE, (HERARE.

\vs: EERHVIERET1E.

nginx: BERIVIE GBI, HEFEEGE, ENFEELERIE

haproxy: BAUMIEEXR, BRIE.

18.1.1.2. tEGHINE (REXKIR)

FMBCEREINE, BN "RIERHR" | EHEFEEIRNTHEEEEXNNAERE,
BN LRBtYEnRFIRBRIIRSSRIEFE NI, RERLIEFAINTIRSS.
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https://baike.baidu.com/item/%E7%BD%91%E7%BB%9C%E8%AE%BE%E5%A4%87
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TtENRREANTFL, REEENMNEESRE. FAahE— M NGRBFRE, FJLIEEtE
R975Z0, RXIE A KRB RE RN ERB F RS SRF AT LAEREFRA, B FEA9EKA
DL RSN RS aeH AT AR E4aRoR. SE-CEREIE RS :

haproxy: KERHIGELEEE, LEZIFLENE, RIFHEMF tid, BEEE:
nginx: A http A mail X LLIEEH BEF, tEAES haproxy Z1%;
apache: IjgEgzE

Mysql proxy: ZJEEm Al

18.1.2. BN EHEIEIREE

18.1.2.1. 7E9% (Round Robin)

BRRENBRIEKREROIERERFEIIRSSEE, N1 E N REEHFR. WHYEEZES
T RSS2 AR IRS R ER A RRIRVAER 4B B B IR B R ERIIERIER.

18.1.2.2. INETEIIE (Weighted Round Robin)

RIEIRS 2RI EIERES], LENIRSSHEDEARIME, EEEBEZENNERIIRSSE
K. Ban: ARSSEE A RORUERIRITAL 1, BRUER 3, CAER 6, NIRSS=EA. B. CH9D
BIEEZE] 10%. 30%. 60%HIARSSIER. HHMISEEAREHRSEaERIIRSS R/ 15EESHIER
R, HRAMRERIRSSRAETE.

18.1.2.3. [EHIFE (Random)
Bk EMBRIERIET D ELA R PRIS MRS =5,

18.1.2.4. X EMENIYE (Weighted Random)
IS EERUTNERFEEL, NIEMEEROIEN 2/ HEIERINTTE,

18.1.2.5. IIRHEREIYE (Response Time iFMIAIE)

REIIER BN NERSIRSES SR AH—MRIEK (F1g0 Ping) |, AASRRIEAEBPZIRS RN
KA RN A B RER — B IRSS SRR = FinAIIRSSER. IWFE S RaERIFRIR R
RS EBHIZRNETIRE, (EX&RIBMNASER(FERIR R EIENRE SRS 2RBAYER R N
8], MAREFiRSIRSS =AY R RAT &,
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18.1.2.6. T/V&EIEHIIE (Least Connection)
RO E A AP ERENE—BIRSSEEHE— M UECR, ICRINZIRSS[IET
BRGNS, JEFIRSERERE, BEIAREKoEGERSRDIIRSE:, Fi9E
ENFESChrER, @S, iR ESitIBaEkIRS, W FTP,

18.1.2.7. 2iBgENLIE (CPU. ATF)
LSS RRGEIRSZER D BELENEPAIER R (RIERSS?: CPU BLS. CPUHE. RFA/N
RARIERASHREMR) RERSER, HTEREETRERRSIIERE N R BRINSIE T
Wi, FrLALAMISE SRR EINER, THEGERZFTE (MNAR) REYEaIER
™.

18.1.2.8. DNS IRi3#; (Flash DNS)

ELSEEET, SOEARMEUENAHIYERENEIR— S iRAISEETER, FE

[E—AE P LI AT R = AR RIAR S5 85T P it FRRELA = Fin, WEFinELAER T TE]
A=A |P R EEERIRSS, MRREERY IP ipL, EMSERISESNAEERR
BIYERIER T, MNAtRBIERIREE XA,

18.1.2.9. I8&FEHE

—EMRAE—EE Hash, HRASHNBEREEREIF—RMHE. SE—GRHEEEN, REKE
IZRHERER, ETEMUTR, FHEIEERME, F25ERZEED.

18.1.2.10. IP #BltER%Y ((RIEE FiRARS 2RI RKRISE)

B EEAIXT [P IP HURYED, BRER—AXSINEEREER—BRIRIS
BFE—ELKAERKSSRNEE. S PRE R SHFEGMEMN— MRS HREBEE
Y, ZEEREBLAREIE) AR, RIEREEEEFIREEREE —EERE—RSHRPHTE
H,

18.1.2.11.URL &%l
B EEEFmEKR URLERRIES], BAEERER URL RIERERER—IRSH[IEE.
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18.1.3. LVS

18.1.3.1. LVS Z¥#

IPVS

LVS B9 IP fREdIERARRIEY IPVS BEHRESTHIRY, IPVS 2 LVS SRRFRIZORY, ERNEE
{EFAR: &EE7E Director Server &, FERJ?E Director Server EE#MIHE— P tbit, FAPWIE
EXAEIARY P #BHEERIRSS RS, XANERL IP —ARFR9 LVS B9 VIP, BD Virtual IP, iE[EAYEK
B2 VIP EiAtaEiEEes, ASmRaEidEIM Real Server FIZRANZE— MRS T3 RIERA
FHyiEK, FERAFPNEKEIXAEEESS, RESINEIBERRIXZIRAIRSSHY Real Server 15
/=, T Real Server T rRANMIREIEIRLSAEF, & IPVS SSIAERRAK,

ipvs : TIFFAZ=IE, EEATERFENAIREER
ipvsadm : T{FFRAFZE, TEATHRFEXMEERERKRSHNIR

mAzE

T

\

ﬁmﬁﬁiﬁz_. e romoune

Director Server

ipvs TYEFR#Z=SEAY INPUT fE £, HEIFFIEREERIRSES, &3 PREROUTING %, &
MEAYEREZE, EF INPUT 5%, BN netfilter B9 INPUT $4587, ipvs IBITEERIRGE S
ipvsadm TE X HIEEREIRSS SRR AVER 29 FORWORD §i%, B A B S inE TR ARG IEN.
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18.1.3.1. LVS NAT &=\

LVS-NAT
i 1)Cip" P LVS
\ 7 |
RIP1
Client
RealServer 1
_ B&P RIP2
—

RealServer 2

O EFFIRSERAERmAIGREIYERE, BRRSOFEEIR CIPEFiR IP)EESHA CIP), B
tritbtEsn VIP(GBadEEsalinittit, FESFRA VIP),

Q@ AHIE=RIEIIRY G, AIBKRAIREAN EEFEAIIL, BACKEFimERIEAIE
RN T FRimAR S 8889 RIP ISR SURIBEI A RIEH .

®HR0XZ| Real Server f[5, AHFIRNABIREUEBRS, FAUSIRGZIER, FEIENIRSORIA
45 LVS,

@ TS Ivs IR STHO R IHE B AN H AT P,
VERR: 7E NAT SR, Real Server BIRSELVTIET LVS, BAUMEYTHEIAZR
B

1. NAT SARKERIBSGIBA AR ERERY LB #HTHINE, FLMusipinE ARy
Rtix LB SAiyEEE AR, —REKRSZZAE 10-20 BT

2. RFEEIE LB ERE— MW P #IEiaTLAY .
3. BEREAY realserver IRSSERAIMKHBULZIEE RS LB HIPRIRIHBLL,
4, NAT #RzUSH5 1P ittt 73R, BIRFIEKkAYRm DFIE SLARSS 28AYim A AR —EL,

SR PRIEIRSS BRI LAERE(TSIT TCP/IP BMFR S, RBEAEIYESRFEE—1GIER IP it
ik,
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T RUAR. SRSHETR (Bl PCIRSSS) BRI S, A E=HS R NB N RS HIRM
ﬁﬁﬁﬁﬁ’ﬂiﬁ*@*ﬂ@%@ﬂ’],ﬁﬂﬁﬂ,lﬂﬁﬁki’aﬁja%‘, SIRF T RIS, kgﬂ’]éﬁl?&@%‘ﬁﬁ@[
TR ERRAR, EEHMSTIE!

18.1.3.2. LVS DR #: (FEMHE mac #uhk)

LVS-DR

eth0:RIP1

3 / RealServer 1

lo:VIP

Client

eth0:RIP2

RealServer 2

O FFimFERKAERNRAI AR, BRIRIGFEULR CIP, BfRtbis VIP,

@.LEHESRNEMRNE, AMEKRNEENNEEFENMELL, BBATEEFinERIRZAE
MAC it ¥ A B 2 DIP B9 MAC i, B#x MAC KT RIP I MAC ttbhit, FHIEItE&1%4 RS,

@RS RIBFEXRKFIXHRIER MAC ZEC, MSRRIRSORIT®R, AEERIRNE, B
BIOEIT lo 3 i%LA eth0 M-EEIRAIXAE i,

TR FEIRE lo ORI VIP REEIMR AN ARY arp 153K,

1. BEEREES LB HENEIRENER MAC HEUSCHEE &, (EEIFMIHAAR CIP, Baditbit
39A2 VIP Hdik,

ERAR S TEERS, M RS MMARMEEHIRN BRI EERS LB, RALtFHAIBREARE
ﬁﬁ)&'—efﬁﬁl (70 NAT #&={tt)

3. B9 DRZAZRET MAC st SHIHISCIEE %, FEILFE RS TImtliEEss LB Regr—
JShC =N

4, RS FNFEEYPE VIP #etibfE LO 20O (848 32 i7) £, HEFEZERE ARP HDH,

5. RS TRAVBUAMXAFZRECER LB, MEEEAE/N LRIKHEINK, BELL RS EiEHMN
aLA
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6. FT DR RIRIEEHNE MAC #htrIS, FRLAEESS LB AR S BinmO, A4 RS
IRSSESFSMERRFN VIP 1ERIAVR IR

7. BEEXIIMOILSSELIN WEB &, RS 1Y IP SRIFEEALM IP. JI7MIIRSS, ELANEIEES&T
{ERRK IP,

M TUN (RgiEtel) —+F, QREdERRBRESRBR, NEEEERRAREERELSEH
it 5 VS-TUN #8EL, VS-DR XFsCIISHARERREEN, EIWAILMERXSEERER SN
YIIEARSS 5.

DR BRILHINERE, BEREEHMER—R, BN THRAEAREINANATTLLA
haproxy/nginx BX{{, H 1000-2000W PV & FH 15K 1 H— NEBRILAE &M haproxy/nginx,

18.1.3.3. LVS TUN &= (IP #3. BRE)

LVS-TUN

lo:VIP

eth0:RIP1
Client

RealServer 1

Internet

lo:VIP

eth0:RIP2

RealServer 2

O EFFIRSERAERRAIGREIYERE, BERRSTFEUEE CIP, BfRtbits VIP,

@ AHIE=RIEIIRY G, RIEKIIREAN EEFEAIL, BACKESF s
EEPEHE—E P IR ERIENSCA DIP, BiRibiXCA RIPFSIHE KX RS,

@RS WEIEKRIRN G, SEAFAF—EHEARLRINERLE—E IP B5fEREIRES
lo =M LR VIP, FRUASAMERIERIRSL, FRBALRIGEN lo ZEOIXL eth0 WN-RERAIXGAE
PR,

TR FEIRE lo #FZORI VIP AEEFEHM_EHI,
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&g
1.TUNNEL #ECRTERRERY realserver 1128 FE4BE VIP #9 IP thiit

2. TUNNEL #&=(R9 vip ------ >realserver FUELE(SIEIT TUNNEL #5, &2 RMIINIEEEE
=, FTLAREE Ivs vip IR realserver ER—NERA.,

3.TUNNEL &= realserver i€ packet HEiEA&%S client Fe5 Ivs 7

4 TUNNEL B ERIRSEIRT, FrLUSHERSREVEME, FTLA—RRAA.
EIIESERARBERE D AERIRTRIRSS, M RS SNBEREREASEAF. L, BT
REHESRIAREBLHIERD, RBYERABERRFNRM, MECEREXRNBEKE, XFE
I, —EREYERREEEARS RS HiTH K. MEBEAN EHEEHTARMMRND A,

FEELHN RS TREEGE IP, XMARXFTEMBNIRSEE" IP Tunneling” (IP
Encapsulation)ifiii{, ARS5ESEIEERBRTERERD Linux &R L,

18.1.3.4. LVS FULLNAT #=

7oie2 DRIAR NAT Rz, FAERAIEa—NIU&: LVS f RS £4ER—" VLAN T, &
LVS ZiEAEA RS BRI, X5 | &R NARRE :

1. E— VLAN RIBREISEUZHEATTE, B VLAN BY RS TTiEEA.
2. LVS RKHT RZRIFIZY. 5 RS K B/, BBE—RE LSRR LVS SRR,

Full-NAT HLtbinsE, #REYE LVS 1 RS £ VLAN g9/, s VLAN [a)gifBAfE, LVS #1RS
ABFE VLAN ERIMNEXRR, ATLMHEIZAN LVS SINEZ1 RS, BRI BaYaRE,

Full-NAT #8LY, NAT f9EEXGHE, 72 SNAT/DNAT UERE E, 1 tR—Fhitie EdiEaT:
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Src: Client IP . o Src: VIP

Des: VIP L ; il | |Des: Client IP
Y
p—
—
DNAT+SNAT - SNAT+DNAT
— 1
—
—
Src: LVSAEIP — Src: RS IP
Des: RS IP Des: LVSHEIP
—

1. 7E8M LVS #£Z| RS fUidfE, IRIBUENE i 1P #E AL T LVS RIAK IP, PRI IP Z[A]
AILABIT 2N HALES VLAN J@8f5, BRIt VIP (E509 RS IP.

2. H RS EEZING, WMETAEIRER, KERIHESDY LVS ip, RtIHER RS
IP, &RLEBXMEIRELS LVS BIAK IP, X—HBAZIRT VLAN,

3. LVSWBIEfE, £ NAT {R=IVESUREUAIERM E, FBiE RS ARAVEFRIBFRIBIIM LVS N
K 1P B%E FimhY |P ARG RIBIHMERTS VIP,

Full-NAT EZRIBVERIERMXAME THI=RA0ERE, A TEBENNSERE, NIERTE VLAN
BOERR, RAXM7AI, LVS #1 RS RIRETE VLAN EEABEEEIRE, AKRS 7 Iz4EEEN
BRI,

EE

1. FULL NAT #={AEZ LBIP #1 realserver ip TER—1MER;
2. full nat E/9EEHT sorce ip ATLAMREIERLY nat &=zU FFE 10%

18.1.4. Keepalive

keepalive FHIEH LVS &Y, EIIAKGE lvs S MRESTHAVAE, BRIMAT vrrp KL
ge, BULERT Ivs, ETLMEAEMIRSS (nginx, haproxy) BRIEBIAR{4. VRRP 2 virtual
router redundancy protocal (REfARSERESTTRINN) HI4EE. VRRP BUHIIFEN T REHSEE
HHIIRRSEE, BB RIEME I LAANERTRIRSERNETT. ATLA keepalive —AHEIESR LVS
cluster node healthcheck Ihgg, E—AmEtMBER LVS director failover,

18.1.5. Nginx RRRER BN H

EEAIREIYEMG, WLVS, ESCHRIIEER B IEREAUEERTER. &5, NREISE TIRITS
RIRSERE, BRENBERERRBNRAEISERINEFHNESAR, IRAKERS—
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BT, RERERSSEROAAFEXRE, 2RERF ENAEERE T RRSR,
REBHERESEFRAR. EPTRIRSHER, BT RIRSHFNEFiREFREREC
ERSSEE, MAFRSLEAIMuSIEIRIRF.

18.1.5.1. upstream_module g R il

ngx_http_upstream_module 2H#EIIEER, BJLATIMuLEIGESEINEERN T AR ERIC
&, upstream IRIEBIF Nginx EX— B ZHTRIRSSSAE, FRIEIEE proxy_pass WS

_—

TCMUEANE R AIERIE e MIFRIRIM Upstream 4 BIZF L,

upstream &R SR
REH
weight ARS3=EINE
max_fails Nginx SifiEZEERENAMAILR, XEERES proxy_next_upstream,

fastcgi_next upstream 1 memcached_next_upstream iIX="NSHERERR, 2 Nginx
BEimRSsRREX =1MSEHE XAMRSIEE, SBXMEKRERLEIERE TFRINEIRIR
%88, W0 404, 503, 503,max files=1

fail timeout max_fails #1 fail_timeout —f&SKEFER, INRES server £ fail_timeout FFERNHEIN T
) max_fails YIRS, BB Nginx SIANEEAHE, M fail_timeout EAEIMREE
BKE, fail_timeout BIAR 10s, max fails BUAR 1, BIBNABRRERREERHMIASN
IREEET, WK max_fails i8R 0, NFRFBIEXTHEE

backup FME server 2B ARG E, REHETIE backup GRS SRS THRIC A SO EIS
KRBT
down SRS KA, JES ip_hash

upstream lvsServer{

server 191.168.1.11 weight=5 ;

server 191.168.1.22:82;

server example.com:8080 max fails=2 fail timeout=10s backup;

#HABRIETEMTAIE, PMICHS hosts

18.1.5.1. proxy_pass ER#ER
proxy_pass 1§/ T ngx_http_proxy_module &R, IWEHRATLIEIEREAEIZ—ERSEE,
ECPrRARIE T e, @ location IHAEILECISER URI, ASIBRIZEIIRSSITES URI B9
1BKIBIT proyx_pass HZaxE X IFHY upstream T rith,

location /download/ {
proxy_pass http://download/vedio/;
}

#IXZERR VT RINRE
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#3245 5% upstream 9 download B9 =

proxy fEIREH

1588

proxy_next_upstream

HABR TEEREBERIT— upstream

proxy limite rate

BRI M 5wk S 2R SR A A IR

proyx_set header

IRE http i55K header {&45FiRRZeE TR, : AISCILEN
BRinRIERSS 88T FEREUA A E FiRANXE ip

client_body buffer size

B Pumia K ERE R XA/

proxy_connect_timeout

RIS ERT RIRS =HERAER A

proxy send_timeout

[Eim T R EE R AEERTRTIE]

proxy read_timeout

IRE Nginx NMUERGIRERSS =ABUS SRIRTE), RNEZAK
ENIE, Nginx FH5/aimiRSSAaAIm MY A

proxy buffer size

IREZIPX AN

proxy buffers

IREEPXAEEFTA/N

proyx_busy buffers size

BFRERFRICAIT I LAERR proxy buffers X\, #EFER
proxy buffers*2

proxy temp file write size

1SXE proxy BIFIEET SHERIA N

18.1.6.

HAProxy
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19. FiEpEE
19.1.1. TEAE5| %

19.1.1.1. ME&
HIEEES | Z2REEEREIGHEL, SIEFEEERS (DBMS) FRSUESIZHTEIZE. &ifl.
EFFMEREUE. FRMEMES I ZRERENEMENG. R315I5. MEKFEEDRE, FRAR
RFMES |2, AL SREAERITNRE. TS ARNEIEEEE RS SIF S A RRIEEES|
¥, FHESIZFEES: 1. Mylsam, 2. InnoDB, 3. Memory, 4. Archive, 5. Federated

19.1.1.2. InnoDB (B+#¥)

InnoDB [EEFEEM A B+, BRENT=XIM innodb B9—1Npage, page X/NEEERY,
—RRIgA 16k, EFIEHFHRARERE, HFoaEAa5hEuE.

ERHE:
1) GEERNE, EALESEHENERER.
2) HES,

3) EILUNIEIRE (i bin-log AEE) .
4) HMBETR, FUSHSEEINE,

5) IHEFILINFIREM: auto_increment,
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19.1.1.3. TokuDB (Fractal Tree-H &8

TokuDB JEEfFi&L5#979 Fractal Tree,Fractal Tree B945139.5 B+HiELEZL), 7E Fractal Tree

&, B child i85 TEEIEA— child Tm4h, TSHE—1 Message Buffer , X4
Message Buffer 2— FIFO BIBAGI, FEREFEHIR(E.

Blgn, —RENBREREEZERET A Message Buffer Sial AR BRE Y, HAZEEZREINM
Fom., XEEENEFeEEENESER RSN AR MATE R,

Each node has
pivots & Buffers B

wWnownl B
TokuDB £ INZR5 |, A2 iEES1R(E, IFERMNBALRE, Fractal-tree EE=SSLM LB
B (EEERETSRERASNESEER D R EEEARY,

19.1.1.4. MylASM
MylASM 2 MySQLEGARIS|Z, (BRERBRIIEIERESSATS, BASHHTRMINE,
b= INSERT(HEAN )&, UPDATE(E#AUEIRISRFREMERNR, WEREREL.
ISAM HUTIEEUR(EINEERR, MEAGBERENREFNEERSR. TR ZIHMIVaEIEARR
RABRERERICR, RINFFER. ---ISAM B—FSER5 54540,

RAEBEAR SHFFESLE.

19.1.1.5. Memory

Memory (tI4 HEAP) Tz ERFERBFHHIRSREER. 81 MEMORY RRSCRRIIMN
—/MEES . MEMORY KAERRIGRAFESR, EACKERERMERESR, FHERAER
HASH 5|, BR—BIRSXA, RPHEIERSEKRIE. Memory ERISZFEFIZS 1R B RZE
5|, BIZRS|[ALAERASRsESIEEES, AL <, >8> =FRE5EE0EZE, PR
5 EFRILERIREENT T EERILERIERS.,

19.1.2. &§|

25| (Index) 2B MySQL SXEREEUERIEIRSN. EINNEREXL IMFER — 28K —
NHEFNER IRHREGIE D REHK, HESZIRIEERN B (B-tree)
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19.1.2.1. EREIENAE
1. EFEHE—EE 5

1. MRS IRVERE—RY, JUABRREINEITIZERS RIBERFICR.

2LNB B FEHT SRR ERIEN) FRELET:
3. HEIEHEHFIEHFRELET

4. RHEIETIHHA:

HMEZHIRS|, SEEHREGRIRENE,

RE TR T ELHIE T
6. WRKSIRERKK, BATIRIERSZEIFMN.
REESTRTRRE T

7. WIRES|IFRAVERK, RFERERRRKERSI.

7. BRI EGEE IR /T # 5/

8. WL FIZRILEIRN, FHEERIRI,

10 . RELFEX G RRHIFIERNZE T

Ko ENARNRRTFRAEEAILLSI

11 FF T F#ES G HE, RFFF “TFH#7: BRHYENIZEET
12 BEWTRET, PEHEET .

19.1.3. BHEE={ER

SEAREAER/NTRIREGN, 3EXBMAIT:

19.1.3.1. #H—{ER(1st NF - FIEBERTTES)

F—EN B RERREFINRF MRS EHEAT B NR/NSIERT (BRARNIRF

B5t) , Wiges—ezl (1NF)

BuyerID Address BuyerID Country City
1 GMEE SN 1 i Jex
2 EEALAT :> I GHE Jex
3 ¢ [ ) i 4 HA AR A
4 HAZR B ] 5 H e

19.1.3.2. F =R (2nd NF - BNERRHHA—4ED)
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BABES BN, FERPIFERIIAFENERNEORM. S OeEREIERR EE—
HE5.

o) Orders

i B T
$% 1 = EX R
=G 1106 H #H 2000-2-3
W H | 2000-2-3 E> e
ma 20 e e |

7= o] A0OL
i ¥ $29.00

19.1.3.3. H=FER(Brd NF— RAIEFEXNJE 85 4L 33K H)

FERAENR, BEFTEN, AERPIIAFEIEERFIREBKE. BRTERITRR
SH, IEERRBTIFERERS.

Orders

Orders
£ 8 # T

— =N
STH#%i% | 001 = B #l 7
W E I | 2000-2-3 W HLgR S | 001
1% 4 % | ABOO1 WIEY | 2000-2-3
%5 1444 | Tony % 4 5 | AB0OOL

19.1.4. BIRERES
F55(TRANSACTION) ZEARMNEE TIFRITHUTRI —RIIRME, XEBREEA— I BIA—iER
RGHRRE, BT, BAEIIT . ESEE— A AHEINITIESIERT
EEVRERUTEANEYE, &R ACID Bit:

JEFHE (Atomicity )

1. BRI TENRE, ESNSLRERRTTON (RFH) | BABNT, BEAELRH
7.

—2(# (Consistency)

2. HEBTTAAT, HUBKRGTEUAT.
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KR (solation)

3. WEEBTENNMBEHAESERLREEN, XR\FSVRZIRIAT, SANLMEETS
TR T B IR ERSS.

KA (Durability )
4. EBTHE, CUEIRERNESBUKAGRT, ES5HERBIRIFESIKAML,

19.1.5. LR EIhEER) SQL EHE)

—HHNTAATEIIRER SQL IBAR, FHEMERFT, SIS XREEEAEAFAFZERX
wi¥, APBEYEEFEIENEFHEHSH (WRZFEIETESH) KTE. FEd
ERHIEFETHI— EEYR,

SR R AR

1. REFFL sql BORER—L/IVER, PIIREGRE, KFIRHE.
FEEREFM TR, NS,
DMERFR. sql BMESES, NTESEEEBRSMRE. M cursors 2IFIEHE., LUl
—4 100 BITHIEHREHITER. iFrs ik 100 7R, MAMERFRUREZEEDCE/LR
1AV,

4. EBEMEWIF. sqlserver XIFHARIE. MIREFFSIZIK, HEBRBLINTE, HBIIEK
FRIZEAPEZE, 7o, SEEARIE, cpu GREZEIRITE,
{58 try-catch {MBEEIRSE,
BERIEORETERERIAA.

19.1.6. fR#B(—REEEHIIPITHER)

iR —REEEMHITRIRER, B—MSHRRIFEERE, MRS BRFEEENXEIZ:
R EEEANE —NNRATIRERNfA. &0 update, insert, delete XLER(EAIRHE, R&R
SBEHMERITZELIINAMAZEE, SQL Server 2005 Ffi&ZB8ATLAS S DML fifiA 28F0
DDL fit/es, H DDL MARENSHMSHEIEEMESEOMAR, XEEDE create,
alter, dropigfa,

19.1.7.  BURPEIFRRME

FREH—IRRA=MGE, 23R SRIRE SN B A2,

19.1.7.1. SRW8H
RMBEAR— AP ESIRAIRHE, BIARSESECMENEIE,; FEMsiEiNFERk, ©58
CIEHURERIR, BIATTRENIFESHONIEMNEE, HIHMESF M RIETHSE, 8
B2, BEirERskEtF A BRI,
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19.1.7.2. HEMHL

A R EEEEIERA R, AT REBIAENE CEERIEEE, a8 CiEiRIEHEN
M, REECEESETT, FIAFBIAMESEREOEIE, BERIIHRR, MEECIEEESE
EHIRHE, ARl AZEIZETE, REFECHIBNSESRR T, I7BRNECINLR, Fr
VPRt A FILIRBRER D £,

19.1.7.3. BHEER

Rt EE B AR ER P IR —F RS, tban "TimeStamp” , ®IRIZHFRAIER, EiZF
Btbisthisk, SEEENRE, BZFRIN1, #3228, REUERFRZFRIR—IX, NRILE
EEERIEARRNE, MATHRT, SUARIHRTT, XMAIRTTEEAEREEERFRARIB
W, (BRXMITETUAKIESSEECENARE,

PAERSBERmRRTIN “88" |, ESLon Ui, o532 AFest (58 MHE=ES (E8) .

19.1.8. BUEES

19.1.8.1. 1744k
TRSE—FrHMbE, [HIEEMSESEXUt T, EERLATESR, Oracle £BEFINBITHREA:
1. INSERT. UPDATE. DELETE, SELECT ... FOR UPDATE [OF columns] [WAIT n | NOWAIT];

2. SELECT ... FOR UPDATE EA)AIFAFR— IR IES KICRHITER
3. {#F COMMIT 8% ROLLBACK iEG)IRHsH,

19.1.8.2. REKH
TS LRI FRUEESKRINB, CCRER, KRERRD, WARRD MySQL 3|Z5F. &HEE
FARY MYISAM 5 INNODB #B37i5RFHIE. REMED NELZIZM (H=1) SRIREEH
(HHtss) .

19.1.8.1. TS
TURHE MySQL hHERIENTITRBFIREMPEN—Fel. REPIEER, BHRZ, 174
s, (BIEEE, AL TIENTS, —XEERSBN—EIZR. BDB FTRsM

19.1.9. ET Redis 47 R8k

1. FRENGHAORTE, {55F8 setnx (SETNX key val: B key R1Z1ERT, set — key
79 val BU=FRFER, IREl 1; & key 7, WHAEBAME, RE] 0) I08E, 4R value
BEA—METIAERR UUID, TERMBIRBHMRHITHIET. FHER expire dadhBER
I—NERTAYIE), BT iZAY BN B e,
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2. ZREVBMRYBHMRIEA setnx, WNSRRE 0, MIiZBIEEHRAIAGER, &A1 WIALIHZREY
M. ERE—MRENAGERIAGE, SBETX AT ENEFEREE.
3. BErEiaveE, @i UUID HETRAREizdl, ER2%#, WHT delete FHTHRIL.

19.1.10. 4X4HF

PESFEBEETI DMK DR,

B )N BEREDIGER )

»  CBFERZIRIEEER, XRBEENSHE, HEIFRENEL. i, RISEBIIENE
2P workDB, FSREURERE payDB. FAFHUEEE userDB. HEEUREEE logDB &, SBIETF
FHIBSIEENE. ARENEK. BFPHIER. HESUERS.

3 15 4 43

- - - - - - - . . . ... .- - - - - - - -

14

S e 1k

K-FLIN EZREATY I A7)

 EPRPEEIEET AR, FITLUEZRASIEREEMIIN, a0 userlD &5, #1T
¥, AEEHERIZ N EERNER, AERIEL.

userld % 2 =1 userld % 2 =0

19.1.11. FHITBIRATHMY

PHAESZRESTRIBFE N EEENES ERHARRT, ST TRZEENE LEER
M, B RS T IEAE.
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XA 52 X/Open DTP EEXHIRZRZ BN SRR ARZEONE (AIRORE)  ZPEH
FRERBNEEESSIIE. ERURRER. BRF. XA BRORBEIERE Bkt

—HiE-IR3Z(Two-phaseCommit) 215, TEIHENMBLANEIRRSRA, AT EETHHIUES
SR T RIFTE T AR TR S IR RIS — MR R —F &L (Algorithm), BH, “HERIE
IR (Protocol)), EDHINRLT, BNTREATLUIAIGEE SHIRER AT
BERM, ADTEMEEMT RAVRFRIAIISEN. Z— 1 FEFBEUS I TR, ATRES
5HI ACID 51t FESIN—MEAMEERNAERGE —EEME T REMFE5E)RIRFERFA
RERETXET AR BT FPERHTRIERRER (LIS EHGRIEIEE NHESSE). B,
T BRI EIERR LN S 5EKEREANENNEE, BRMHEAERERES5E
HRIRBIRRES S 5E B BRI FERH LR,

19.1.11.1. #EEMB
EENAEESEER)ATNS5E(RRETESE)KIX Prepare HE, 81855 E4BERMA
LW A PRIGUERT), BATERMITES, SAMA redo #1 undo HE, BAMER:, BiA—
fh "BEER, RAEREN BIRE.

19.1.11.2. BXXHrE
MRMEERE TS E5BNRWHEEE BN, BREEINS5EKEEIRRollback)iER; BN,
KERRZ(Commit)iHR;, S5EREMEASIVESHTIRRSERREF, BIFEESGEY
EPERNITIR. (TR REREMN REREEIR)

19.1.11.3. Hp
[ 1 BT
1. PUTERES, e85 T RERSSHERN.
B

2, BTMEENERY, —BEERELE. 5582 —BEHEETE.
HHEA—2 (RITE)

3. EMEBIRRAIMER— S, JMEBESESERE commit IBRZfE, RETBENER
BEEEAKE commit BRIEFMEERETHE, SERAE—HMo258RZET
commit iER, FRENMHHMAARFELN 7R —EEINSR (RENSR).

ZBEIERE RS I (B R HE)

4. EEEAL commit HRZEE, ME—ZEEIXFERNSSEZERENT. B
LBMEMAEBTEEINE T HIMEE, XESESHNSEEAHERN, RARE
EZEAWEER,
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19.1.12. =FrB#RAT N
=M ERIR A (Three-phase commit) , I =M ERIRAZ i (Three-phase commit
protocol) , 2TMEIER (2PC) RIBTHIRA,
S5WNEARZ AR, =MEIRRRER IR,
1. 5INEBEH. FERREMEEFISSESESS INEREH.

2, EFE—MERMEZMERPEA—NESNR. RLTERRREZIMBRZASESTRIIRNER
—H9. BEiENR, BRTSINEREZS, 3PC B 2PC FUEEMEER—D A, XE=ME

BAZFAE CanCommit, PreCommit, DoCommit =/ EX.

19.1.12.1. CanCommit BB
hEEmESE5E AKX commit 53k, S5EWRTLURRHIRE Yes ok, FNRE] No @iz,

19.1.12.2. PreCommit Y Ek

EERES SENRAERRRERT T LAREHT, BLUTHMEEE, RuihiEENREN
SE5ERBHIIRIRERR Yes WAL, BAMSTUTESHTHTRUBSEI—S5ZBRMEERE
7 Nolghi, BESFFHEINZE, MAEERAREISSENNEN, BARHRITESHIGRET.

19.1.12.3. doCommit M B

ZMEHTHEIERNSESIER, TEES 1 MERKEREREK 2855 ERES 35558 MR
R (FSR=ZE, AEERE Ack B, ) 4 EEMETKRES.

[k

19.1.13. FHEFK

19.1.13.1. THELH

EEBMREEERMZET, ERNSESEHUEREEREGERD L HEEH THRM. £5HR
s ET CAP EgLAK BASE g, BARREH T FMES 0SS, CAP (—Hit. IR, »
XEZM) ECARSERRZIR T, XBEABRUA, 17— BASE g, B2 CAP EHigHE
itz ERISE(R, BiE EARA (Basically Available) . FHRZE (Soft State) | &RE—HM
(Eventual Consistency) .

BEMRNRESESSN: WHRE. M2EL. BEWRERE. RRSENELM,

1. BROHNESFMEIRE, WA LR XA, JTA/TS, XRH /NG FESLERN

PR
2. TCCHRIZES (Try/Confirm/Cancel) BJLUFA#MEERY,
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WS-BusinessActivity 2t 7—FhEF*MER long-running BUESAMNBIEERY, IRSBEE A KIEES,
k5588 B 2555, RSes A NSESURNTIRF, IPAES A BisciTiEss, WRES B T
I5F), M=ES B iRz, BANESHETH. BRNEES B ITEAK, F5 B AZEZR, XAt
£S5 A BEWIER, FUABERIT—MMEIRE, BERIERNES A HUTHIREERIRE, &
SRFHITRIES A ROIRE. XHEFRY SAGA E5E8, 2 T —ERfeE il —8i4ry, B2

2= 7 long-running ESAYRT M.

-1 confirmX

1. tryXpk,

WREIWREE

cancelX

FAPSBHRS
2

1

e ]
BalbsgE o CAfirmXed]
< /A R

SFEGRE
3. BER—RIELHESRFENETHRITHRLERE BRT7TOMASESTHNRERL
BRI RIS,

|—®. *Eﬁﬁ%aﬁ%ﬁccmmitﬁmnbackj

I N
Halfig=
RS <G| QRIS [+—oy e

@. Commit OR
Rollback

MQ Server —Sehne = MQITEA

Rollback :
S A

L©\ ﬁﬁzﬁﬂﬁ%mﬁj T~®‘ FHFI@AEIART , EEES R

BAZBHE (EAhs2i)
4, XESHNESHEKRSEEN—H, BILIBSHERFEELH, SRmRSHRERER
B—/R2 EHRHE MQ Server IKIBFHEHELZ F, AFEAIIRAERRABZBIER
LERESS.
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19.1.14. CAP

CAP [FMIX#R CAP FiE, IBHRE— D HAES+, Consistency (—E4%) . Availability
(AJFEME) . Partition tolerance (D XBHEM) , =FAAER.

_‘ﬁuﬁi Q) :

1. ESHARRTRIFFERESD, ER—NZERERENE. (FETAELRILEE—D
ERHTHIEIRRIA)

"R (A) -

2. EEBP—HOTREER, SHEARSEARNNEFRINESER. (NEEERES
= AM)

AR (P :

3. LISERRRME, PXESTHEEHIRER. RFEMNRAEERIRRIAAEE—EE,
ERERE T D XAIER, LAM=SERIREE CH A ZEHRHERE,
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20. —EMHEE

20.1.1. Paxos

Paxos EiERRIIBIE— MO HRARFNEAHEME (RIY) 1KK—H. —PMHERZRE,
E— I oHhRABEERRT, IRSTROVERES—H, 81 TRIVTHERERERS, B4
I &EEEEI— RS, AREENTRITHEERNGSFY, FEEE—FIESLER
T "—EMEL IMREBNMTERERIRES—H. zookeeper EHAY zab IR IZEIEM
—/SCHl, 7E Paxos EiEHR, B=FfAt: Proposer, Acceptor, Learners

Paxos =Ffift: Proposer, Acceptor, Learners

Proposer:

R Proposer KAHREREMFENUA L Acceptor %%, Proposer BiIANIZIREER value #i%EE
70

Acceptor:
HRE Acceptor 82 THEANMESE, Acceptor BUAMZIZEREART value HIEE T,
Learner:

Acceptor &HiF Learner [ value #i%EE, Learner FLIASEBA value #I%ERE,

Paxos H¥E AN B, BRI

B — (H#leader #IE ) :

(a) Proposer iIBZF—MEERE N, ARMRFEUA LR Acceptor KiE4RE/ N BY Prepare i53K.
(b) A0FR— Acceptor KEI—1MwE8 N B9 Prepare 153k, B N XFi% Acceptor BENEMIZHY
Fifg Prepare i53RHIRS, IMATHSIBEECERESINRERRIER (WRENE) {FAE
M f2IRES Proposer, [ERYi% Acceptor FIEABESZE@HS/NT N fUEs=.

M= (eader ) :

(a) 305 Proposer WEIHEILLE Acceptor ITEAHAYRS/ N B9 Prepare i5kHIMEZ, BFAE
MERE—TERIIN, VIERZER Accept i53REGFEIULERY Acceptor, JFE: V BLE2WEIRINE N
WERAHRZEM value, WNRINAAEREHEZE, HPA V FiH Proposer BERE.

(b) 208 Acceptor TEI—METXIRE N N BURZAT Accept i3k, REiZ Acceptor [REXIRS
KTF N B89 Prepare i&3 kSISO, ERIEIZIRER.

20.1.2. Zab

ZAB( ZooKeeper Atomic Broadcast , ZooKeeper [REHE &MY 1Y EIERFEAANME
N AERREMNBRT &
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1. UEBENRBEREEIIETR, HEY Leader RESEHIME AR EHSEEERES
R, ZAB SIS NIKERAFHEEE LY Leader fRS588.

2. ZHIBHFTETHHRY Leader RS588, ERTERTEEAITHFAINEESZ Leader RSZEETH T
KSELZZE, ZAB MG EHARIREER, HNBET BER.

3. SEHRIRSHBINZIER X, WRIEFPELFE— Leader IRBHBERTHITH
BUIHE, BRAFTIINRRSSREEMHNGSIRREEI, HE Leader IRS3EE, FHEEMIITH

ERE, Ae—Es5EEE EMEPE.
A EESEAEE R T =SB
LABRHR: TEpE Leader HETH
2.H L Leader JRE#-GRAMIRS #2780 5
3B/ #E: Leader R HHBERELRM RS #
B8 zookeeper BT XNV B IFMIEIA,

20.1.3. Raft

-3 Paxos A\[A] Raft S2iEIZESE (Understandability) , Raft ] Paxos —#RZBRIE n/2+1 T

RIFEFMBEIRMIRSS,; raft BEIERED A="FARKA: %2 (Leader election) . HEEH!
(Log replication) . %&£ (Safety) =/FIalRA,

20.1.31. A

Raft IBERFFIIT RO A=MIAE: Leader, Follower . Candidate, EFFZATMIRSHR
SRESERA—HEN, Raft iIZ{TRHRHIRSAIFHE R Leader 5 Follower FFUAT;
Leader ($7-2#F HZEEH)

HEHSHELCERE, GMEREEFmHNER, 5 Follower (/75X heartBeat FIBXR;
Follower (iEfEZ- HZ %)

NIEzNES A5 =79 Follower A%, Nk Leader WHERLER, Mz Candidate AYIEK,
1B15KE Follower NSRS Leader;
Candidate (fR&ZE # F R

TRIEEIRE, Raft NIBEIRTH— 1N =M Follower #8 Candidate &iSifsas, sExH
Leader J5M Candidate &£ Leader JRZ;

20.1.3.2. Term ({EHED
£ Raft FERT— NI AER (FBJUR. EH8) AIES, B Term fEA—NEHR, &
AN Term ER—MNMELLBIENRES, B H0EEERE— Term B, T Term FREEF=4—
A Leader; HEDRUKEIRIEKF Term LEHET Term /NSTRIELEIZIFK.
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20.1.3.3. %% (Election)
PR B
Raft AOIEAHERTESKMA, BT RANEaERT ST BE 24—, FRFHIRESESA
Follower /M5 raxERT 28145 S Term 818, IKSH Follower #75 Candidate, MEMT R
&ie RequestVote RPCIEK, IXEHEE=MAJEERIBIRALE:

1: iZ RequestVote ImkEWEI n/2+1 (T¥E) MH=AUKE, M Candidate 3549 Leader,
MEETRAIX heartBeat LA{RYF Leader NIEEIZE.

2: TELHAEIN RGBT m R i%i9 kAT AppendEntries RPC &K, fNiZzT5mA0 Term X
MM ETH 5iEA Follower, ML Candidate 18481 Zi53K,

3: Election timeout Z4N Term #B1%, SJ|FTARELS

£ Term BB TRRBKRE—IR, FALLEEZ1 Candidate FENFSHIED
Candidate AECANEAEMFERIEIRNREEERT FAITM, XAJE1 Candidate &BiG Term
B, EEENSRAEMARIAE, BTENTRTENSRIEEHIMETN, FAUHMASEX
FEBEZA Candidate ERTARCIREAYRIRE,

£ Raft PEREWEIEFIRNBEE (B5EK) BERBZBEEEMNEAHR Log 1, RE@Ed
heartbeat #8i% Entry EE25EAth Follower, Follower W EIHERICEHEAEE Leader &iX
ACK, ¥ Leader WBIXZ2 (n/2+1) Follower i ACK (5EEE1ZHEIRE ACIRFHIENNE
KRS, BRIEFHRAE R heartbeat F1 Leader #@AIATERI Follower #&iZHAEFHEE
H AR E S,

20.1.3.4. &M (Safety)

ZeMERTHRESMNT RS HTHEEFFINZ 2N ZEA Follower 7£247] Leader commit
Log RYZSAEIAT, FHERTAEIX Follower X &fZi%%5 9 Leader, XATHT Leader AJRESFIRTHY
Log B AIE committed B Log, XFESEHRHITARRERS; Safety HiERTF{RIBEEH
Sk Leader —EE & 5EHT commited Log AN ;

atLeet (Election Safety) : &4 Term RAGIESEEH— Leader
Leader 5524 (Leader Completeness) : IXEFMRAITEEM RIS Leader HERIZE,

Raft FEIEANERFER Term BUFIBTHTFRIEEM : ZHiEKIKERZ Candidate A9 Term K
gy, Term #8[E Index EXNIGE, ZTHRESZ LA leader,

20.1.3.5. raft BRI zab B X H]

* XA quorum RIEEENREFIN—EM X quorum —AESCILE SERFPEUA ERIARSSES,
*  zookeeper BRI THINER quorum SCHY.

= #BH leader AR

= ERAOBHEUEEE
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» leader election #3RFESCEIFTEIRERT

RS

= zab FRYE epoch #1 count FIHEERE—FRT—ME, M raft FHAYE term F0 index

» zab Y follower 7EIREEL5— leader ZFIWRFN leader BYEEIXRL—EL M raft AY follower
NIfEEHR 2R term BRIRESIE

= raft MBS OBEEM leader E follower, i zab MY NHER

»  raft tHEUER B EMIM leader E| follower (5% leader &Rz —mEHB &Y log),

i zab ##YAE discovery fiE&, —1 prospective leader EEIEHCHY log E# A quorum EH

By log SATFAIFIE synchronization FE&RE quorum EBRIEEA2EHY log ERIZEI—EL

20.1.4. NWR

N: EGHRFFERAT, BELHELIHE

W: CR—KAIIHIEFRIEBERELF W 4 F G T

R: CR XA EHIERIEERELH R AT K
NWRENFAREBEESEREN—EMHER, BW+R>NRIHER, BNRFENTEZFmEHEER
UBR—EM. MR R+W<=N, NEHFRIEEERTE—EE. LB N=3, W=2_ R=2 Jfi:

N=3, £, FA—IURBLABE=1TEBIE (Replica) , W=2 Fx, WEIRAUSLIRIE
(Write) RFBEZEFE 3 4> Replica 8y 2 D EEFeRENIRE], R=2FR, N=PRPEZEE) 2
NENISR, A BERMEL

R=2 W=2

20.1.5. Gossip

Gossip EIENHIA/RIE (Anti-Entropy) , EEYIER LRI—MRES, AFRRILEER, MRS
MEELELAEFSK—E, XFDWET Gossip 9= E—MERMEF, SN RERHN
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SEMTRERE, S —BRIERENEE, REMETRIPRSHIEL—H. 8RR

BERNEFERMT R, BARMIENNBET R, REXETALIBEMEER, &EMMI1I8
INSERR—HRY, SAXBEEBERIER.

20.1.6. —&# Hash

— X415 % & & (Consistent Hashing Algorithm)2—fomNE8iEZ, ERTREuIYE.

Memcached client tHiSBRIXFESE, BRIE key-value IS ERIRSZ Memcached server E
AORIRE, BRILABUESRIBEIRGE, MR T USRI EIARXIIEM Memcached Server AY[E)R
(B server REEE— key, /£ get BIFRI D ECAZEIREIEFMEN server, phRETRIT

BE).

20.1.6.1. —¥HE Hash %t

«  FEtt(Balance): FEMEBIRBHNEREBRAIESMIFENEPHE, XEAILUES
FERYE =S EERSEIFIA.

= BiFM(Monotonicity): BiFHRIBINRELE—ERBTBERAH IR THENNE P,
NEFHEPIINZREF. EHEINERNEEBRILRE EOERRE A LSRG EIHHIE
HPE, MASHRFEENEAESPHEMEIX, FFEF, LEANEERRERX
hash(object)%N MELU#BEREIEERK.,

= FEtE(Smoothness): FEMRIBEFIRS I E BN ENETIRITFENER—H
A,

20.1.6.2. —#t Hash J{#E

1. ZH#H ¥ hash Z5/H]:

1. EEEERY hash EiEEER value BREIEI— 32 JIRT key (B, EBEPR 0~2732-1 X75H
HE=E,; TSN TERE—NE (0) B (2/432-1) 1BEINER,

2. JEHEZETHIPI BN R) B F hash Z/H]

2. EETRER 4 XI5 object1~object4 , @i hash BE#it+EHAY hash B key 38 LRI
il

3. FEIR S 75 H 50 B F hash 25/

3. Consistent hashing BIEARBEHMEIEXISFN cache EILEIZEIE— hash H{E=EH, F
BfEREREM hash &ix, —REIAETLUER RS:S(H ) =589 IP ks EEs2/EA
hash &,

4. FEXT R B RS F 7

4. DERSTHAMNSEHEEEIE— hash EiEZMGE] hash HETEFT, BLHENSR
hash B3R ERINE, MILMERRIREE "1TE"  F—EBRNRSHmMERNIZEN
ZRIBRSS =5,
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Cache C §

Cache B

F£cache &3/
5. 1B hash REKREGEHRIGRANQEMAETAEHERTEM, & cache BFTZHRT,
cache £5%3%%.
5.1 #k% cache: &Rk cache BiEET, RIELEHEIANILETS A, XAITZEIMATENZ
PRLLSS cache B iHATEHBHEZEIT— cache ( cache C) Z|@AINIE,
5.2 il cache: BEERII—ETH cache D BIER, XITSHIHASNEILEE cache
D iR HEHEEIT— cache Z[EIINSR, HXLIIREFMEIZE! cache D LRIA],
MBI T R
hash EiEZHAZFRIELEXIAIFE, R cache B/DEE, NWSRHAREARIISTRIIRETE] cache L,
T RRRXFE R, consistent hashing 5INTY “BlTR" AEES, ETLAITEN:
R\ (virtual node ) 23LFRT5M{E hash ENEHITR (replica) , —EFR MBI T
TN "EUTR . XNNNNBAS SN |, BT R" £ hash EAFLL hash
EHE7.

LMYXERE cache A # cache C B9ERAM]. IEFANIBINEN TR, FIRE "SF1M8" B2,
XEkE—HSEFE 4 D "B E" , cache A1, cache A2 {37 cache A; cache C1,
cache C2 3R cache C, IR, MWHE "EHTR" FIRGIXRERAN:

objec1->cache A2 ; objec2->cache A1 ; objec3->cache C1; objec4->cache C2;
FIE335: object1 0 object2 &P#IREIZEIT cache A L, T object3 #1 object4 542 T cache
C k; HEHEHETHRARS.

SIN "EMTR" 5, BMERERM (%R -> TR} BRET {05 -> BT Y. SRR
£ cache BYRYBRET R ZRUNTE A,
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21. JAVA HE
21.1.1. 4B

Nir¥Es, BEXFELXNFIIER. SXANPEVENESHFEXREFILR, MRPENVE
RUELHSEXREFR, NERFEHSERXNELRERE, NRPEMLEREEFEXREF/N,
WHEEFBOEAXNEZRNIRE. BRELE 7L, BNFFFREEFENXET,

public static int biSearch(int [Jarray,int a){
int lo=0;
int hi=array.length-1;
int mid;
while(lo< =hi){
mid=(lo+hi)/2;//FENE
if(array[mid]==a){
return mid+1;
Yelse if(array[mid]<a){ //RAEHK
lo=mid+1;
Yelse{ /S
hi=mid-1;

}

return -1;

21.1.2. EBEWHFRHEE
(1) HERBIEEBHN_ANEIE, WREIESUERTEEEIE, MEX " NEUEE.

(2) IXHEXIEERS 0 MEUER N-1 MERHITRERE, &AR—MEUEHM " 2IEES
N-1MIE.,

(3) N=N-1, 21 N ~H 0 iEERIE 2, SNHFHK.

public static void bubbleSort1(int [] a, int n){

inti, j;
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for(i=0; i<n; i++){//Z=7~ n RHEEFIIE.
for(j=1; j<n-i; j+ +){
ifalj-11 > a[j){//AIEREFA T EEAVEFH R
/3% alj- 1170 alj]
int temp;
temp = a[j-1];
afj-1] = a[j];

afjl=temp;

21.1.3. WAHFHEE

BEEEFF, NTARAFEE ECHFRFITRNEERERME, HKEENAMEFEA.

BARFFAFREEMUT R M. EFRERN, EFEHN, MEHTHRERL. #8, —2XMNM
KRELER—KE, FREBAIEFIEEPNERUE L. ATHEIXGKENERUE, &5
ESFHEARMMNGEIAHTILR, TieH AR, AFPRhEEEHANT Y.

N—s4—

MRBAHACER AT FRE, BMAHIFHRRERR, EsiTHEREARR— MR
. MRBANHARTFHFIN, BHASRNER. FRRS&RMER—, HIERNZ(0n2).

‘7“\“ - (¥l 49) 38 65 97 76 13 27 1@
SR, \ i=2, (38) (&_:9) 65 97 76 13 27 @
- ¥ ,;\; /-"/J’.',k{ \ i=3, (65) (38 49 s*s) 97 76" 13 271 W©
_1"‘“.“2“’_‘1‘0"' &) N ‘ i=4, oD (8 49 6 D 8 1B @ B
; ] : : i=5, (76) (38 49 65 76 9 13 27 @
\“ ,/2‘. .‘,* . i=6, a® a3 38 49 65 76 97 27 [
2> \/ oy =7, @n a3z B 49 e 78 o 49
4 i=8, @ a3 2z B 4 B e 76 97

O 2 t kL. 2[0]

public void sort(int arr(])
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for(inti =1; i<arr.length;i++)
{
//FENRIEY
int insertVal = arr[i];
/RN (EFFIRT— P EIELR)
int index = i-1;
VL DES VNS, 5NN U
while(index>=0&&insertVal<arr[index])
{
/%548 arr[index] M/E#55]
arr[index+1]=arr[index];
//ik index [RIET#EN
index--;
}
/[TEFENREIN EEE

arr[index+1]=insertVal;

21.1.4. PREHFREE

RIERFFPRIRE: EERE—XBEFIEEE. WEEENOBELLFS (—REXTFR) |
HEEEEAREEGL (—RELFN) . —RIEFFIINE—I TR,

—IRfEER: NEERIE, REEENRE—MEER, WRICEEE/NURRNE, NRE
PR T, BEHRIIS—ANUEREENVETRH, HEIXMEZE, NBRIEEFEL
B, NRBLCEEEKRR, RMUE, NRIKBHER T, BERIRISE— N HCEEEARR
B3, BEREIMNAEEAIELIRES > WEERIECIRHIZRS |, EREB—IRIER, LR, MTEHEE
ki, ZAROHEEFNT.

public void sort(int[] a,int low,int high){

int start = low;

int end = high;
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int key = a[low];
while(end>start){
/I INE1ERIELER
while(end>start&&a[end]>=key)
/AN BLERBEN, (T, BEEEHKBENISRUE, AEXNEIERIR

end--;

if(alend] < =key){
int temp = alend];
alend] = al[start];
a[start] = temp;

}

/I NBIEREEER

while(end>start&&al[start] < =key)

/JANEKBELRBEAR, R, BB ERIIRE

start++;

if(a[start]> =key){
int temp = a[start];
a[start] = a[end];
alend] = temp;

}

/B SE—IRER LRGSR, XIBENUECEWE 7. DOREELLXREN, Aian
[EESLERBER, (ERMANIRFEEIEEA—HFN, HTTEBIFEA

}

//3)3

if(start>low) sort(a,low,start-1);//EiAFEY. F—NRINUERIXKBERS-1
if(end<high) sort(a,end+1,high),//AiaRF5, NXBEZRS|+1 Bl&EE—1

13/04/2018 Page 235 of 283




HEEE=12

L

B (12 | 20| 5 \ 16 15‘ 1 \30,45

127045k |, IsR/INTEEE , ST, BERERIS—NLEEEIL |, HRUE

BERNEEE | 1 20\ 5 I 16\ 15| 12 | 30\ 45 EmNEEEESE T HEI#end=5

B—MNEEEERAIE20 , HBUE

momsmes |1 | 12| s | 1615 | 20| 30(as | Eomseemms, wmmstan-1
BABTRWEERT | ’5 / 12f 16 15‘ 20 / 30( 45 B ORMNEEEESS , end=1

IErEREER T BEEEEAFANFS 7, 18 | AN SneERuEnE  ASEEE

21.1.1. FHREFED

EXRE: SREINMHIFNCRFID B NE T TR DR TERBARR, T8I F
FRUCR "BEARR i, BY2RCRETRORERBAEF.

1. #BEEE:
TR MEERFY 1, t2, ..., tk, Hpti>tj, tk=1;
RIBEFFINE K, SIS T k HEHERE;
SiHE, RIENNAVEE ti, BHHIFRIDEIRETKER m NFF5, D& FREHE
ITEEEAAE. (VEEERTFH1E, BNYFIWEA—IRRAE, RKERABNFFIRIK
E.

(PEXRRF]: 49 38 65 97 76 13 27 49 56 04

49 13
1 J

L J
97 55

76 04

—HEHFFSSR: 13 27 49 55 04 49 38 65 97 76

13 5 38 7161

]
49 4? 97
R 13 04 49 38 27 49 55 65 97 76
= HiHEFFAER 04 13 27 38 49 49 55 65 76 97
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private void shellSort(int[] a) {
int dk = a.length/2;
while(dk >=1 ){
ShelllnsertSort(a, dk);
dk = dk/2;

}
private void ShelllnsertSort(int[] a, int dk) {

//RVGENAFR, REBANAIFIEER 1, XEBERE dk B 1 #2pk dk HIRTLAT
for(int i=dk;i<a.length;i++){
if(ali]<al[i-dk]){
int j;
int x=a[il,//x JFHENTTER
a[i]=a[i-dk];
for(j=i-dk; j>=0 && x<alj];j=j-dk){
/[EIER, BB EBANE.
afj+dkl=aljl;
}
a[j+dk]=x;//EN

21.1.2. HHHFEE

137 (Merge) HEFFARIEIEY (BAMNAL) BFREGHKR—HIERER, BMHESHIFFS
PHETNFFY, BNFFIIRBFN. RAeBCEFRFRIIGHNEEREGFF.
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nEkxRF f?9] E:?s] [41551 (?7) [176) (113] (27)

l I

—BEFZE (38 49) (65 97 (13 " 76) (27

—mBENZE (38 49 165 97) (13 217 76)

=MBHZE (13 27 38 49 6 76 97

public class MergeSortTest {

public static void main(String[] args) {
int[] data = new int[] {5, 3,6,2,1,9,4,8,7};
print(data);
mergeSort(data);
System.out.printin("HEFF /SRR : "),
print(data);

}

public static void mergeSort(int[] data) {

sort(data, 0, data.length - 1);

public static void sort(int[] data, int left, int right) {
if (left >= right)
return;
/] HHFEZES|
int center = (left + right) / 2;
/] NEBEERH TR
sort(data, left, center);
/] NEBEBHITERT
sort(data, center + 1, right);
/] &7
merge(data, left, center, right);
print(data);
}
[
*RERANEERITIAF, BFEIE 2 MEEERR, RFHERAER
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*

* @param data
* AR
* @param left
* EHENF— I TTENES|
* @param center
* EHENRE—NITENRS|, center+1 2EHEE— N TENES|
* @param right
* BHAERE— I TTENES|
*/
public static void merge(int[] data, int left, int center, int right) {
// |EBTEEE
int[] tmpArr = new int[data.length];
/] BEHEBE N TTERS]
int mid = center + 1;

// third IERIGATEERNZS|

int third = left;
/] BEEHEE— N TTENES
int tmp = left;

while (left <= center && mid <= right) {
/1 WA EER B S/ M ImBS 2R
if (data[left] <= data[mid]) {
tmpArr[third++] = data[left++];
} else {

tmpArr[third++] = data[mid++];

}
/] FIREBDUORPINIGESEEE (LR LA while REfTEHA—1)
while (mid <= right) {

tmpArr[third++] = data[mid++];
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}
while (left <= center) {
tmpArr[third++] = data[left++];
}
// BB EB PRIREHE N EREEH
/1 (IR left-right SEEIRIABHEHIEREER)
while (tmp <= right) {

data[tmp] = tmpArr[tmp++];

}
public static void print(int[] data) {
for (inti = 0; i < data.length; i++) {
System.out.print(datali] + "\t");
}

System.out.printin();

21.1.3. HWHRFEDE
WHEFREABEZ: BEA arr MDA n PMRIVEERFXE (1) , 8N FREZEHF, &
EEH . HEHIFREEA RN —FERER, JLUEHSHIRAREMERERE— N TENER.
13 HEFHEFEE AR AE max, &/JME min
2.FAER ohSER Arraylist {EAWE, BEMAVTRMLA Arraylist FiE. #EAVEE 9 (max-

min)/arr.length+1
3IEHER arr, ITESAITE arr[i] BAIHE

A BN EHF
public static void bucketSort(int[] arr){

int max = Integer.MIN_VALUE;
int min = Integer. MAX_VALUE;
for(inti = 0; i < arr.length; i++){
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max = Math.max(mayx, arr[i]);
min = Math.min(min, arrl[i]);
}
// BN
int bucketNum = (max - min) / arr.length + 1;
ArrayList<ArrayList<Integer>> bucketArr = new ArrayList<>(bucketNum);
for(inti = 0; i < bucketNum; i++){
bucketArr.add(new ArrayList<Integer>());
}
[/EBNTTERNN
for(inti = 0; i < arr.length; i++){
int num = (arrfi] - min) / (arr.length);
bucketArr.get(num).add(arrli]);
}
/3B THER
for(inti = 0; i < bucketArr.size(); i++){
Collections.sort(bucketArr.get(i));
}
}

21.1.4. BEBFHFEE

BITERUREE (EBH) F—HARENEMKE, SURENSEIENS. RS, WRIEA
FHE, KR T—IXAEF. XENRECHIF—BERIESMHA RGBT — T
5,
public class radixSort {

inta[]={49,38,65,97,76,13,27,49,78,34,12,64,5,4,62,99,98,54,101,56,17,18,23,34,15,35,2
5,53,51};

public radixSort(){

sort(a);

for(inti=0;i<a.length;i++){
System.out.printIn(ali]);
}

}
public void sort(int[] array){

[/ E5THAEREFRYAEEY;
int max=array|[0];

for(inti=1;i<array.length;i++){

if(array[i] > max){

13/04/2018 Page 241 of 283



max=array/i];
}
}
int time=0;
/1FVHTIIES;
while(max>0){
max/=10;
time++;
}
/7331 10 NAFL;
List<ArrayList> queue=newArrayList<ArrayList>();
for(int i=0;i<10;i++){
ArrayList<Integer>queuel=new ArrayList<Integer>();
queue.add(queuel);
}
//3#T time R OBEAOBIEE;
for(int i=0;i<time;i++){
[/ BEETE;
for(intj=0;j<array.length;j+ +){
//15EIE=FHIZE time+1 (&Y
int x=array[j]%(int)Math.pow(10,i+1)/(int)Math.pow(10, i);
ArrayList<Integer>queue2=queue.get(x);
queue2.add(arrayl[j]);
queue.set(x, queue2);
}
int count=0;//TcERITEIES;
//BUERBATITTE,
for(int k=0;k<10;k+ +){
while(queue.get(k).size()>0){
ArrayList<Integer>queue3=queue.get(k);
array[count]=queue3.get(0);
queue3.remove(0);

count++;
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21.1.5. BUREE

EEREEPMMAT, B, REBEEMFYT, BR—LAPEEDTIRE, PRI, HE
BEATERNPIRLE "RK" , SRER. NMAEKMCIZOERR IR ERFIRTE, B
REMERRNEEF, BERFRNASREAITE.

X 5: X

21.1.6. [EIPIEE
EIELASPR E— R REHERE, FEREERESRNIETIRImRE, JAI
ERNEEREEMR, # "EH RE, SHBIREER.

21.1.7. BEABAEE
MNEMRE%, BERLEIAS —TRAMEEREER, S8 EZ&ERINN—REEIUHR

BIRR, ARSI ELITE X, Dijkstra &%, Bellman-Ford &%, Floyd &;%#0 SPFA
=

21.1.8. BARTFHHAHEZE

21.1.9. BKAFTFHEIE

21.1.10. B/PMEBMELE

PAERE— MR BAERE n MEHHFEMY—MBENSE, WESEX n MIHHEE
B n-1 —RBELE, X MHEBAFTES SUNIEMARERIER FELXNEER?

TEHIMATLSS INEBERBFERBANBIRRE, n MEHHEE LR n MR, AR, BFFR
FBHEIEELES, SR CANENER( SR REMATHFEAINA, FLUEERIIE n
TNRANEBM A ST AR, S—MERNETLUEA—MBERN, SEAMEXME
BRIFTIERIB AR/, TR BMAIERN, BFRAIR/NERM.
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MERNERMEREEE, BEMIBEF BT RNEMMIIE—FER: MST ®R (R
N=(VAENR—MEERN, U ZIRE V II—PMEEFE, BIR (v, v) B—FEBR/IMERIZ,
HhuET U, vETV-U, ILEFE—FEZA (v, v) BISIVERR) , NEMEMRME
FA MST MRERSNERNINEER: EREBEEREH~REE.

‘1)

/
|
\

6

£
A
(
1

)
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22. BR/EH

22.1.1. #& (stack)

% (stack) EREIBAMBRRBEE—NMIE LHTHER, ZMNEERMIKRIE, WHEELIT
(top) . BEBHSLE (LIFO) B9, XHRAHERIRIERE push (#tk) 0 pop (Htk) #Ff,
AIEESRTEN, EEESTHRESENTER.

sml T..m

a8 |<—Hm

)

K

B: #eEMsnRER

22.1.2. BA%| (queue)

BASUR—FSIRRIE MR, AR ZLET ERRHERNAIR (front) BHITRIFREIE, MERAY
[Rif (rear) BHTRENER(E, Ft—H, AFIR—MHREZIRHIAVLIER. HITRARIENIRIRA
BAR, B TIRRSIERIRAR 9B,

B3k E3

22.1.3. #% (Link)

HERE—TEUREN, FIEER%. b, Java BEAVEHEKY Arraylist, ESLREBEHAE, ™
LinkedList ROSCHRIER R R T . ERDHTENBHAINSEAS, BE2ENIMRREIEE.
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SHE. d| —4+— 2| —4+—» B3| —+—»

& [ 1T N

Z d3 —1 >

/

Z d2

BIrEhE. r d | ——» 2| ——» &3

22.1.4. #FHER (Hash Table)

HIZIZER (Hash table, (BIYIEHER) B—FEHKEE, SHXR. WSEEFRANE, BFILREE
EERRATEHT-RINXET CKEFRYETRTENETRE, BLRR—EE
TTER) RILLRRE.

HYREEZRLEEREHNITZIHATLER, BERFIHBERMEXIEETE, A
MEEHIETENFEUENENXET (TR key FTR) ZEREI—MRAERINEXR, FE14)
KEFHAGIRF—DE—NFEUEENN. ELAEEREN, REREX MM XREEIEE
KRG IRPAIER, XFMXINRKERBFR/TEFIRE(FT A h(key)Z&m).

FRROMIERG BRET5 58 |
(1) EfEEiIhE: BOCREFEXEFRIIRE N R REE R,
BD: h(key) = key & h(key) =a*key + b, Hepaflb AEL,

(2) H=Fniik
(3) FHBUER: BT ErIhE AL RG B,
(4) &% BREFOBNMERERNILRD, AEBUXTLERD BN E AL,

(5) BREREE: BERBFHRENAKRTEGIRTK m AL p BRIGFTSHIREDIES AL,
Bl: h(key) =keyMODp p<m

(6) BBHIENE: EE—BETREL, BB AIREREE N ERIEF L,
Bl: h(key) = random(key)
22.15. HFZXH

BAUREE_XNE I RBE: EFNETRENTENRTRE, BAFNRETRE
AT ERMRTRE, NN RHEHER =X,

22.1.5.1. HWwAEAE

BAEMETRFRETHIECEBRANUE (IFTRNXTR) | BIARER: RS
FATRIR, MREREVNFRTELFEEFERESRAN, WRNTIARTR, VWEEFHH
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S#, WREFHAZSNESITRABRNRT R, FPREARSITRNAEFREIE, WX
ATETR, WEGFHHhSHK, NRAEFHAZVIRTRABKNRXT R, HH~EAZ
LRI REE BN,

@
@ 5
@&

Eo B

o

2 D @
@ o @ @

MWEZA , NEFITTE (7TRBENEE)

22.1.5.2. MRREAE

MM EER S A=FMER, BIENFITREFTR, ZHRTRAE— TR, ZHliR

AP RERNFER.

1. YTFERRNTREFPRUUEERERR, BERTREZFHRETH.
MTERFITRRAE TR, WERERNRNTRAETFTR.
MTFEMRNTRERNFIR, WELSHZTAIERTR BaFNFPRNITR) |
EEBRENFNTRABRTR, REHREETR.
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TS (14 >
FZTS

ST =(5)

B T5O=

22.1.5.3. EHEE
BRBENEEREN: SFAIRT AR, NRERFRE], 05/ TR mNEAEFiHd
BEHER, REATFIEDRNEGAFRGEHER. BT — Xl RS 2R
K (HARATHR) i) (BRERAFIR) E.

22.1.6. 4ER
R-B Tree, £FRE Red-Black Tree, Xl "I2H" , B—FUSHH—XEEZN, TERNE

MIREEEEEURT RIS, FJLURL(Red)gRE (Black),

22.1.6.1. AERWIIFEE
(1) BIMPRHERREG, HERLE,
(2) IRTREREE.
(3) BMHFER (NIL) 2EE., [FE: XBEHFPR, BEAENILENULDBHFHR! ]
(4) MR—TRIBLEHN, WEHFPRYAEERE.

22.1.6.1. Ejf

Xt x BHTEChE, BRE, B xNEERF" ’A xHKFEDR" B, 8 x BTN ETR(X
TR zERZF)! . B, Ziehry "K', BERE HIEENTREER—ETR .
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_____________________________________________

-2

_____________________________________________

LEFT-ROTATE(T, x)

y < right[x] /] AR XERIR x (VAT Y. FEFIRIEERME

right[x] < leftly] //% "yWERZF &A "xBE6&F" | B EPRRA x G TF
plleftlyl] < x /18 "X 'Ry NAERZFRIRE" | BD IBRRIEIR A x

plyl < plx] /1B "xBIRE" ®A "y HRE
if p[x] = nil[T]
then root[T] <y //ERT: MR xBRE BETR, Wy RARTR

else if x = left[p[x]]

then left[p[x]] —y // &R 2: IR x REERXTANEET, WiEyYiZA xHRXT N
W% T"

else right[plx]] <y // 18R 3: xREXTREVEESF) By i®RA xR TRIVAZ

-
leftlyl —x /¥ X8Ry MEBRF
pix] —y /B XEILER 8R Y

22.1.6.1. Ak
Xt x #HiThANE, BRE, B xBEERTF ®A xBHRXFEDR" B, B x TR T METRKX
BT AyBAZT)! At Aiebsl ‘a" , BRE Wi TRBEER— MR .
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—————————————————————————————————————————————

X1 R YREAT A TiE

| - |
¢ v
| B v a B ;
RIGHT-ROTATE(T, y)
x < left[y] /] B XEBRIR y AR F I x, TEFFREERF

leftly] < rightlx]  // 1 "xBBEZF" &H "yHIEZT" | BIRBPRRAy RAEKRT
plright[x]] <~y /1% "y 'R "xBIAZFRIE" | B IBBRISSEIR N Y

px] < plyl //E YRIRE" B XHIRE"
if ply] = nil[T]
then root[T] < x //ER T IR YHRE BTETR, WEXiIRARTR

else if y = right[pl[y]]

then rightplyll — x // 1852 2: WIR y REXTRIIAHRT, WK xIRA "y KT
RAVERZF"

else leftlplyll < x // B 3: (y RERXRTRNEZT) B xi®A "y KT RINEZ

?I'
right[x] —y /1%y A xBaEERT
ply] —x /B YRKTR" '’ X

22.1.6.1. ¥
B B EMIE—EB _NEEN, BHaEA.
FE: BENNTREBRLIE".

RIEREATRIILTRRIER, LW IR z fEBNLETR, FHEAZXIN Mo A=
B,

@ EGRE: BIEANTRERTR.

SeiE75E BEEBETRIRNER.,

@ BERGRE: BIEANTRIKT RERR,

SETE HABAREM. TREGENG, HRARLEN.
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® BERRE: FEANTRNRXTRRELAE., XMER T, HIEATRE—EFEIESHEHRT A
19, #H—2LRH, FEATRE—EFENNTREMERNT AT, Rz aF7E, &5
MABHMERETR). BEXRZE, MJ{Z@E T RER", BXMERHE—ELD R 3
& (Case).

Comww o ames

() B ons"EsnEa.

F RS, 21
HATARMNLTREE  BSaTsmELTsn8— N FES (TS ) of (02) ﬁfﬂf }"Ea,_
Case 1 I (03) ¥RELTREROIa”.
- (04) HELTREA EETREETR) ; B 2R SaT R 3T
2iE.

(01) B LH S EA SN SR

RIAIILTRELE  ANTRESE , BT AR T RAIaTE Z
Case 2 ZEIUmAATREIE  SATSESE  BESaTmREslTsnaET (02) LU STArS = S AE TR,

(D) etsmaaBa.
Case 3 ZEMURMLTRELE  SATSESE  BEATREELTSNERT (02) HHELTRRA IR
(03) LUMBRT = "= s TamE.

F=4 BI RIS ECTRE, BN —TELEN,

22.1.6.2. B
2 BARNIF—E-XEIN, BSoamkz.
XA MBRER—XEHANPRERT [REVSER—HR". 2 3 FriER:
@ HMFTRIRBILF, BIAMTIR. B4, ERBZT MR OK 7.
Q@ HMFRTRRABE—NILF. B4, BEEHRZTR, ABRZTREE—F D RIECHNE.

@ HWMBFRTRERNILF. B4, SERHENRHTR, AEE "SRR RIRE" St
"ZERERE" | ZE, W eRER%TR" .

B5 B IEIEA S S RIS, 2 BN —BIEN,

B R AR, TRSEEIRMIOBE, MEEE IR E A e e E
W, (e BRI,

SIREEE 3 M

O WRHE: xR LB B

Sk B ENBE, SR, HIBRIRS RS,

@ BRHE: xR BB B, Bx2R,

SIS (T, SR, RS R

® BRHE: xR BB B, BxTRR

SLIETTE: XMBERNEILRID A 4 MFER. X4 MFERIN TR
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(01) BxHIET A" BE".
(02) BRI RIEA"I&",

(03) MxHILTTRHTARE.

(04) Efefm , EFfRExRIARTA.

Case 1 x2'E+ETS  MIRETRELE. (BT RiRETSNTOREEETR).

o - (01) BxHIAET RS IE",
2 E+ETR l—=—=M RERTETEREES. . S ﬂ
Case 2 xE'E+E0S , ASTREES  HAETRORTETEHEES R e ————
(01) BxRSETRNAZTEA BE",
(02) BxRETmER"Lda",

(03) WxE ST S TAbE.

(04) AER , EFEEMIRSETA.

Case 3 xE'E+E2T0S , MIRETRESE | IRFTRNEETEOSE OB TE28.

(01) BxLTIRES RES xRS
(02) HxRXTImER"Be".

Case 4 XE'E+ETR , MIRETRESE O ERETREOERTEIEH IR TROEETESRE. (03) SMESETRNETHRA"BE".
(04) MxEHILTTRHTARE.
(05) IEE" X" A RTS".

2% https://www.jianshu.com/p/038585421b73

CRISEHL: https://www.cnblogs.com/skywang12345/p/3624343.html

22.1.7. B-TREE

B-tree N2 BRI, —HE m fAY B-tree (m XADAUSHNT (H+ ceil X 2— B EIR
HIERZEL)

1. WPBNERESE m NMaT

. BRRERFIMFERN, HESNMEREDES celllm / 210 &7F,

3. ERERAEMFER, WELG2MEF (FRER: REERTFIIRER, BIMRERAHF
R, BENRE—METR)

4. FMENFERFBHIER—E, HFEATEEUXEFEREELUEMEINPERATER
KWMAIZER, SEhR EIXBEERANFE, IBRIXERRTIEETER S null);

5. 8N ERIRERPEEE n MEEFER: (n, PO, K1, P1, K2, P2, ..., Kn, Pn), H
==k

a) Ki (i=1..n)akigz, BXRBFRIMFHR Ki-1)< Ki

b) Pi AIERFIRAVERR, Bigtt P(-)iSmFRMAIEERRIIXEFINT Ki, BEAT K(i-
1.

Q) REFHINE n e ceil(m/2)-1 <=n<=m-1,
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MfLiks I AL |

it ks

—12 m Y B+tree 1 m f1EY B-tree NERET:

1.8 n i BFWINERFEE n NKHEE; (B-tree Z n BFRE n-1 NXKHEF)

2B FERTEETENXEFNER, MenaE XL XEFICRAVSEH, BHFEREK

BIRKBEFHIANENTIARIRRFEE. (B-tree M FRHAFHREEIELIPEEERNER)

3 FTERHFRIRERALIENRRS MY, ERPNEEEFNRERTRKR (E&E)) X#E=F.
(B-tree AR RILESFEEHRIBENER)

DATA

2% https://www.jianshu.com/p/1ed61b4ccal?2
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22.1.8. frE

UENREHZER— bit KIMR—MIFESRFE, KA bit KEE—IEEE, FrAXEFR
LAIXKKRITSE=SE.,  bitmap RREREIESEN, HUNATF Bloom Filter th; FIFRESEHNY
HEFES%, bitmap BEETHERSII, HEATSNTRALIERE—RIIZHEIE, BTE
BRI IS,

https://www.cnblogs.com/polly333/p/4760275.html
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23. MEBHE

23.1.1. AES

BRINFAREAES, Advanced Encryption Standard) A MAIRIFRINZE X ((S/ I ERFINEHE
MHMERXMNEEERN). WIRIIZEEEEHMENENREEFEENENR, BARINERENT

E:
- sesisan - e
== = e i

I |
RT3 o

23.1.2. RSA
RSA DERSA R —FHREUGI RTINS, ERETANNERSRESHE, Shanms
SRR,
IEXIRERE S (AT RIS SIRMIEA RS, AT, MM
TR,

MEGHTRRE

ﬁﬁfM@%ﬁﬁEl
sEnE ~
_ publicKey
- #
ERAH N
D WEENGHITINE: F
Bob {EFAFAiAprivateKey Alice
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RSANIES A FER IR

REflER L tEATER it EEE
BXip.q) || m=p*q ™ eular=(p-1)*(q-1)
i‘l‘EHHE}EH ﬁ—ﬁ "EMEEN Coding-Naga
e inverse
4rEREA kAR
publicKey privateKey

AL

1'.______________‘__.-—'“

BA3C

23.1.3. CRC

B URRER (Cyclic Redundancy Check, CRC)ZE—FhRIEMSSEUE S a RN S LR £ =
SEEMERISEH—MEYIRE, TERARaNEREEEECHNERTFEIELINAER.
BB ER RERIFEREERTRT.

23.1.4. MD5

MD5 EEFANMHIIEZHI, BIETHHIRME, BESBEXHTELWF— R
FHMD5 AR E—ITFR, XITFHANENSICEN UGS FREEET MDS5 iHEERE,
HATTEEE, FJLABREXH MD5 SRAVRER FEERISXHHEH T RITE. PRERY
EERURTLABBER FEEISUHRUERME. S—ELREMENLERERINE, PR 2%n,
XPEREFES. BE https KARER, WENNLL ZRARMSEXEREIES, MD5 N

(ERRBE) RAVRIFEREHERIFILREIER £,
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24. A AGEATF

24.1.1. ZEFH

EFZEBNTLIERIEERN: BTREEFRN, HEERIBERERANZLREFAIERED
FENEIERFET, MXEEE CPU MIRFENEXRES, FENSIEMEIEEST. MR —ZRS!
EMREL, ERENRAEER. —RE=MEDE:

. —RARERESRISHNIR, (ERRSHIERTZZEMBHEBA.
2. BB MEFHERIMEBNAEFING, CREFHNEGERN, NMREFRCEN, NEHEES
=
3. 79 key REAFRRIEFRIETIEL

24.1.2. BEHFE

EEFERERFEINNE, EREFRE, BRAEETHEASE. XENSEAFEIR, £
BEFHHEAR, SRPEXMEEBEN—E, AREREE (BATHTTRALTHENES) . XS
KNGS EFEERENERE, XBREEREFHPREE,
BREMTEILUEMIEREFFEDE, RENNVRRAGIETIES, BEREEERIEIESR
BE—EHBARI bitmap 1, — M —ERFEAIEIESHIXA bitmap =&z, NMER THRET
BRENFAESD. BIMBE—NENERERNGE, R AERRENSENT (FERHES
7, RRRGHE) | BAMACXNZERHTEE, EENESHRESRE, RRABIRDH.
BYXNEREEENRANEFHEIER, XEETIRFETHIREHEE T, MASBREEHSIRE.

24.1.3. ZZHFEHM

EETRWIERS LR, BEXNEFHIEERNBIETRS. XA LIERERFBERARER,
SENSIEE, AEBEMEEFNER! AREEENSERIARIETFIE

24.1.4. R
BEENRTEFRSHETHNEFEICRIEZIM (Redis EMARE 6 PRSI HLEE) |, FATEATLL
REERNSERHTEENNERDR, BENNERERH:
(1) EiEEETENER,;
(2) HBEAPBERTERE, BAMXMEKRETAENEFZESSE, SHERERERAERIHE
EHEFRER.

24.1.5. ZZ1FMEZ%R

LHipRERIE. RSHIMAM (WmNAENEEAIA) SEFzORSFMENZ O FFEAIMERERT, 7394
FERIERSEETAEN, BERERIRS. RATLURE—LXRBERERTEMMER, WAILIEEFT
KREMATRER., RENKRZENERFRIEZOKRSTR, BERERN. METERSETARERR
(AOIONEHZE, E8) .
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25. Hadoop

25.1.1. W&

ME—NAHERRLDE., EERHTESHARFEMEN. ZORSES hdfs
mapreduce, hadoop2.0 LAIF5|A yarn.

hdfs SEHEEREFMER, mapreduce 25 EHUEITER.

1. hdfs XX namenode # datanode. namenode GAHRFTHIEBHNELRER,
datanode B FHEUELRS;

2. mapreduce XIR jobtracker [ tasktracker. jobtracker taZ55&{ESS, tasktracker &
SHITEMMES;

3. IIME) master/slave Z8#J, namenode # jobtracker FiRiZXIM 2 master, datanode
#0 tasktracker FRAZXIAZE slave.

25.1.2. HDFS

25.1.2.1. Client

Client (XM ) &T5 NameNode # DataNode R Eijja) HDFS & f93744, Client 124
T— N POSIX B9 R Ge iz EEFTE .

25.1.2.2. NameNode

A Hadoop E8fHhRE— NameNode, BEENRFN " BE" , HEEE HDFSKHAE
SMMBEXPIXETHIRER. XEEBREL “ fsimage” ( HDFS FTHURHGIIE) 0

" editlog” (HDFS XX #BE) MNNHAERIEARB#E, 24 HDFS EENEHEEH
kA9, WHh, NameNode iFfasinta® DataNode RFUERRIAS, —BEARIIFEA DataNode &
15, MEiZ DataNode #BH HDFS HE#HEHE FEAETE.

25.1.2.3. Secondary NameNode

Secondary NameNode SREERIESHAZI NameNode JTUEHITAEN, MaEEHHEH
fsimage 1 edits H&, FEHiZE NameNode, XBFEIEMZE, H7TH/ NameNode £
71, NameNode BEHALEH fsimage Fl edits, FHENHFHIEEL, MEXRH
Secondary NameNode 55§,

25.1.2.4. DataNode

—iRsS, 4 Slave T t%%E— DataNode, EHELIFEIERE, FEEUREEEH
iCHR4S NameNode, DataNode LAEIEA/NY block AERBMALREAS, HIABRT
block K/Nf3 64MB, ZHFEP_EE—PNKBISER] HDFS ERY, iZXXEREIIoE T4 block,
SRFERIAER DataNode ; [FERY, ATHRIESIETRE, SBRE— block Liik&HR SR
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HT (BAR 3, Z8HIEE) AEK DataNode £, XMZHIEIEFENSEETER
ERREY.

25.1.3. MapReduce

[@ HDFS —##, Hadoop MapReduce tB3EFT Master/Slave (M/S) 2843, BEMExR. ©
FERLUTILMEMEAR: Client, JobTracker, TaskTracker #1 Task, TEZBIXHXILNAL
HHTME.

Client €
- Task
Client € JobTracker
Scheduler
Client <
Heartbeat Heartbeat Hcar(bcat\A
/ TaskTracker \ TaskTracker \ TaskTracker
Map Tbk Map Task Map Task I

\ RLdUCL Task j K Reduce Task

Hadoop MapReduce 224 %]

25.1.3.1. Client

HFRER MapReduce BT Client 12322 JobTracker i; [, FFALEY Client 12
HM—LENEEFWEITIAES. 7 Hadoop WEBA "R  (Job) ZFax MapReduce &R,
— MapReduce FBFAIXMEFMEL, MBMELSESHERET Map/Reduce {155
(Task) .

25.1.3.2. JobTracker

JobTracker FEREFRISIEIEWRERE, JobTracker i TaskTracker S{ENWAIEEIAR,
—BRUENIERGE, ESBHENIESEBEIEMT R, B JobTracker KEREMESHIITIH
E. KRFERAEFEE, HEXLERSFMESREERS MBEERSERRHINTHE, EEFES
ERESFERAXLEIR. £ Hadoop #, ESRAERSRE— M AEKER, BPILURIEE SN
EERIHENAEEES.
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25.1.3.3. TaskTracker

TaskTracker 2EEAMMIEIT Heartbeat AT R ERIRIIFERBERIESNETHELRS
JobTracker, [EAT#EL JobTracker RIXISHKAIGSHHUTHENAMRIE (MBEshFES. FRIUE
%5%) . TaskTracker (£ “slot” FENDATRLNFRE, “slot” AFRITERR (CPU,
WFE) . — Task FKEEI— slot FABH=IE(T, ™ Hadoop EERIMERAFMESEET
TaskTracker ERYZSIA] slot 5Egs Task . slot 4979 Map slot #1 Reduce slot &##, 254t
MapTask #0 Reduce Task {#F. TaskTracker i&id slot #2{H (TEESEL) BRE Task B9H &
i

25.1.3.4. Task

Task 94 Map Task 1 Reduce Task Fifh, 198 TaskTracker 25, HDFS LABEEA/MY block
RERBMFEEIE, TXIF MapReduce s, HAWMEERAZ split. split 5 block AIXIRISE
RUERTR. split 2—MNEEMS, BRES—LTHUEER, LSRRGS, SUEKE.
HIEFMED RS, ERNSAETEHBERESRE. BEEIRRIRE, split ISRET Map
Task B9848 , RAE split 23— Map Task 4012,

Map Task HITIRWER. HiZETH, Map Task FiEITRAY split iEBFTE— N

key/value X3, HOXTEARAFEENH map() REHITAIE, REKIRINEREFHEIABHE L,
HrlE SR a4 partition, &4 partition $#— Reduce Task &b,

Map Task
% InputFormat key/value map () [ partition () :
HD}‘S A.[‘Ocal
Storage
Map Task i f7ik

25.1.3.5. Reduce Task #7312

ZIRED A=THER

1. MITFETS A HEE MapTask HhjEEER (FRA “Shuffle RER” ) ;
2. IZHR key XJ key/value JFH{THERF (FRA " Sort iER” )
3- {ﬁ;ﬂi§m<key, Value I|St> B ﬂaﬁﬁﬁﬁ)ﬂ EIFES{E/\J redUCe() @%&%iﬂ, #1%%%2%%@%” HDFS

£ (FRA " Reduce HER" ) .

13/04/2018 Page 261 of 283



25.1.4. Hadoop MapReduce {EMNV )4 % & 1A

1 EWBERSHAEH

1. FFRXEWE, B5tH JobClient SLAEEIBXER, tLAEER jar 8. {FWEEN
. DRTERXXHELEISHIURSE ( —fk9 HDFS) £, He, SRTEENXH
ERTEMADFIZEMERFESE. G JobClient @it RPC i@X0 JobTracker,
JobTracker WRIFEIARRIERE, H (EIBEERIIEETI0RK: AELeIE—
JobInProgress IS LARIG(EWIZEITIRE, @ JobInProgress M&AEA Task glgE—4
TaskinProgress X RLARIEREBMESRIEITIRZ, TaskinProgress oJge FEEHE S

" Task izf7=IR"  (FRA " Task Attempt” )

2EFWR ST,

2. BIEIRE, ESEEMEENINEEIA JobTracker 585k, TaskTracker ERAMEEE L
Heartbeat [a] JobTracker ;CiRATRIFRER 1B%, —BH W=H&EIR, JobTracker
SEE—ENRIREFRE— N SENISERZTSREER, XHEZRAESRTH. TS RAES
B EiERERzESR, BANEZEE, BIETTEFEFl, REMz EliEEEs, |
F, EFRESHNEEERE SRR, tkoh, JobTracker BREMEIVAIEANNZEITIZE, H
HEVEIRINE TRt A RAVMRE. B5c, = TaskTracker & Task KMAY, HEitHE
1155 ; BHR, BHEAN Task fiTHETEEFE—EIWAIEM Task Y, AZBs—MEE
Task, FrHEEGTERAY Task ERIENRRER,

I MEHBEITH IS

3. IEFAEESEIE VM BifEER &, 1Y/ TaskTracker L. TaskTracker A&
Task Baf—MHzZAY VM LUEEEANE Task mEzmIdfZHEEH0N ; [EEY, TaskTracker {&
BT ERFEHRELINRERELANLE Task RAEAFE.

AAfFHEHAT

4. TaskTracker 5 Task [ERIFEITINER, FSE60 Task, mETEEF, 81 Task B5
A e R Task 81T RPC ;RS TaskTracker, B H TaskTracker ;C#g%5 JobTracker,

5.7EM 5/

5. fFFE Task thiT5s8ee, EBAMEIHRITRAIO.
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26. Spark

26.1.1. &

Spark IRt T — 1 2H. S—HIERBTEESMEEARMR (AE BREES) 1v4UE
SEMEETR (HELIREEERIRYREE) RASIRLIENEK.

26.1.2. LM

MLIib
(machine

learning)

Apache Spark

it - A
HDFS Amazon S3, Hypertable, HBase, etc
Spark Core

B8 Spark NEAINEE; LHEEWY RDD 1 APl BELARIXFE _ FHIENE, Efth Spark BIEEER
E#3227F RDD #0 Spark Core Z A9

Spark SQL

HRALEIT Apache Hive B9 SQL Z54K Hive BIES (HiveQl) 5 Spark #3328/ API, &4
HIRRER S M— RDD, Spark SQL Eifj#iiEiay Spark 24,

Spark Streaming

XYSCRT SR TRIERIZS, Spark Streaming FSSIFA2FRETE(REIE RDD —H#AMESCRTEUE
Mllib

—NERVSEIELRE, BEIEHSCH /X RDD B Spark (. XAMNESESTY BRIFIEX,
tbansss. EIEFSFENAREBIRSEHITIENAVRF.

GraphX

EHIE, FAHTEREFITEN—ESEENTRSES,. GraphX# &Y RDD API, G2=HIE.
BIEFE. HRRE EATETRERE
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26.1.3. BlAs

Worker Node

Executor | Cache

—
Driver Program / / Task Task

SparkContext Cluster Manager

Worker Node

kA

Executor | Cache

Task Task

Cluster Manager-#/Z1\EE¥, MIE worker

£ standalone #R=\RBIJ9 Master £T5m, =HEENEEF, tafs worker, 7£ YARN #&=z{H/988
TRETERE

Worker i Attt &R

MR, AREHET R, Ba) Executor B Driver,

Driver: iz#7 Application #7main() &#

Executor: H77#E A£Z%F4 Application =477 worker node _£H7— PR

26.1.4. SPARK izl

Your program Driver application Worker Node

Standalone.
YARN. Mesos+ I —
ActorSystem EC2 2 N\

Worker
BlockManager ‘:]

sc = new SparkContext(...) | * : I
file = sc.textFile(... / BroadcastManager Cluster
| Executor

file. map(...).flatMap(...) Man ager

.count()
TaskScheduler
DAGScheduler L —
HDFS < Amazon

S3. Tachyon AN /

Spark NFFFEFFNREEIREZ. HfT. WA MIENENR, ER#EirL RN
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1. FFEA SparkContext f2#HY APl (FFIHVT textFile, sequenceFile, runlob, stop %)
“®"5 Driver application 2/, Ittt SQLContext, HiveContext } StreamingContext X7
SparkContext #{T3¥%%, FHEMT SQL. Hive KimzUitEBXA API,

2. {#EFE SparkContext123AIAFMNAERER, Eit=FH BlockManager#1BroadcastManager
B{ESAY Hadoop EeEB 1T/ 1%, SAIEH DAGScheduler #{F554%#a79 RDD FHALIRY, DAG,
DAG &4 X5 AAERY Stage, &M TaskScheduler f&Bf) ActorSystem 1E{EFIRILE
SER¥ETEEE (Cluster Manager) .

3. EERYEIEEE (ClusterManager) ‘SESHERE, BEIGEMESSEEI Worker £, Worker
BlEE Executor RAME(ESFZATIETT,. Standalone, YARN, Mesos, EC2 F&ERILAMES Spark
HERFETEER.

26.1.5.

SPARK & 157

RDD AILIEMENSFEURIT ERENS—HSR, Spark RUITEIEEER RDD AEIHET
2. RDD RUIERITEEEFRERUTEE. S XEERRT partition HEANRTE, SMDXKAYEL
FBREE— Task FitH. D XAILIES MR RAY Executor EFHITHAT,

SR e
/7}l><_1 e ——_ _’Ljﬁi,\_ =) 11-%5_" | m—m—
X2 ===4=--» RDD | == }7 e ‘ == | RDD | = iHE s
%L&N e EeT - 71{% 7“ “ {+i§_”77_--__-_>
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26.1.6. SPARK ZTHiE

[=] SparkContext

RDD Objects

DAGH]

~ /

\ / \
N\ \
\ [ \
3 : EM3FhiETask \\ : |
AV | I
\ /
\ /

A Vit VI ¢

Taskset Yo\ oS

\\/ 2:4RER
¥

Task Schedule

Task
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1. A& Spark Application ##&E#75 55, /534 SparkContext

2. SparkContext /&L (A LIAE Standalone, Mesos, Yarn) #3547 Executor &,
F£F3) StandaloneExecutorbackend,

3. Executor /& SparkContext #7& Task
4. SparkContext W HFEEfF# X4 Executor

5. SparkContext #&4 DAG &, % DAG E 745 Stage. # Taskset £&4 Task Scheduler,
B /5 /7 Task Scheduler # Task X4 Executor BT

6. Task Z Executor £i&E17, BITERERITE FIE

26.1.7. SPARK RDD ¥ifg

RDD Objects DAGScheduler TaskScheduler Worker
Cluster
ey manager Threads
Task
— > Block
— <€ —. manager
rddl.join(rdd2) split graph into launch tasks via execute tasks
.groupsy(.)
Filter() stages of tasks cluster manager
; submit each retry failed or store and serve
build operator DAG stage as ready straggling tasks blocks
stage
failed
s

1. €UZ RDD 33&

2. DAGScheduler #H/ ™ \iz®, 18& RDD Z[ERK#HiF(E, RDD ZBRIKIAEMIZ T
DAG

3. & Job #HABA Stage, ¥l Stage H—MNEBKIEELAITER FHIMNAES 2
N, MRENSESER— Stage, BRZ) Stage Z[ARGHEIERFH

26.1.8. SPARK RDD

(1) RDD KjflzE 5=

1) M Hadoop &St (85 Hadoop RENEMIFAUFERSE, s0Hive, Cassandra,
HBase) %A (f5Ia0 HDFS) €I,

2) M3 RDD #£#48213 RDD,
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3) @Y parallelize ; makeRDD &g #IEEIE 5% RDD,

(2) RDD HFifh/EE T (454 (Transformation) 5135 (Action) )
X3F RDD eJLAEFHHEIERF: it (Transformation) 51350 (Action) ,

1) & (Transformation) : Transformationi2{ERIERITER], BFiEiRM—1RDD%:
RS — ™ RDD BERIREAR D LT, FTEZEIE Action H{ERRHMEA S EIEft

RIEZE,
map(func)
filter(func)

flatMap(func)

mapPartitions(func)

sample(withReplacement, fraction, seed)

union(otherDatasel)
distinct([numTasks]))
groupByKey([num Tasks])

reduceByKey(func, [numTasks])
sortByKey([ascending],[numTasks])

join(otherDataset, [numTasks])

cogroup(otherDataset, [numTasks])

cartesian(otherDataset)

JTiERAmapaIRD DEIEESAIE I elementifiERfunc , SAERE—FTAIRDD, MR EFIH
EEESHRNEIEE

I iltergsIRD DEUEER RIS oEEMEAfunc , AAERE—E S &funchtruefiTEls
AIRDD

MmapEAz , EEfatMapEmEIRSMER

Hmap@Ei§ , EEmapE&-i-element , MmapPartitionsE&-i~partition

s

IREl—1-3#fi9dataset , @& BEdatasetilfS FEdatasettTTR=AIES

IRE—hdataset , X-i-datasetZHERIEEdatasetdbagdistinctiyelement
IEE(K,Seq[V]) , teFiEhadoopthreduceFHEHEZ fkey-valuelist
FEA—MAEMreducefuncB{EREEgroupByKey™=484(K, Seq[V]) HeaN=ka , RFH9%
HEkeyEHHTHER | EAFAEMRR |, ascendingEbooleanzss!

LEFEKVRIdataset(K VIFI(K,W) , IEEFE (K, (V\W))Radataset,numTasksshFAERITES]

LEFEAKVAIdataset(KV)FIK,W) , JREIFIE (K, SeqV], Seq[W])#gdataset,numTasks a3 F &80
55

EERAFEEmn

2) 1758 (Action) : Action EFLfitk Spark 123Z/ELl (Job) , FHIEEUEMY Spark R,

reduce(func)
collect()

count()
first()
take(n)

takeSample(withReplacement ,
num , seed)

saveAsTextFile ( path )

saveAsSequenceFile(path)

saveAsObjectFile(path)

countByKey()

foreach(func)

B, BEFANNREERITSHEARE—ME | RSV AE RIS S RN
—fREfilteraiE 2/ M ENEHE | BRAcollectHiERE—4E
R[EIRIE datasetdhaYelementay

EEfIEdatasethE— TR

iRE#INfelements , iX4tdriverprogramiZE#y
mrsRE—MdatasethfInum-~7oae | Bt Fseed

iBdataset5Z— i extfiledt |, giFhdfs , BiFhdfs=3F00 4R S5T | sparkiBEEICF SR
H—TIER , AEERfilesh

DfEmzEkey-valuedd £ , #AE4RESequenceFileBE=sibal#E hadoop 4 ES
iBdatasetSE—4-javaFFFl{kassritch , FSparkContext.objectFile()%Es;

IEEIRSE key I nzag- 4 489—map , fEFBF—1-RDD

Fdatasetrhy & ST EEMERUNc
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27. Storm
27.1.1. &

Storm E— 1ABEHFRENSHLMITERS. FIF Storm LRSS MEIT SR IRAY
#IER, 1& Hadoop tEXIBAREWE—HE, Storm BJLASCARTAMEEUE.

27.1.1. SEEEH
Supervisor
Zookeeper Supervisor " O - r
| Nimbus \ (“1> Zookeeper Supervisor
Zookeeper Worker : iI=f78E&
Supervisor SMBE{ERA
iz,
Nimbus : _:Eﬁﬁ,ﬁ 3 % Supervisor
T3S, SRSEEHHE
£, E5LkEE
Zookeeper : SE&FFIHE , ABH ;
B EIONHES, SR RS Supervisor : REES
HEEES), NimbusisHaEis NimbusHEcaIESS , EEE
SupervisorffEES AZookeeper FECHWorken#ig,

27.1.1.1. Nimbus (master-f{#54> K% Supervisor)

Storm &£EFHY Master T/, faEDARBAFPAR, 1EIRGEMAA Supervisor 5= ERY Worker 5
=, Xi&17 Topology XIRzAYZEE (Spout/Bolt) A9 Task.

27.1.1.2. Supervisor (slave-EI2 Worker i#HiZRIBEFILLL)

Storm BN R, RREIEITE Supervisor iR EHIE— Worker HZHIFEIFIZLE,
&g Storm KIELE SU4PRY supervisor.slots.ports BLEIR, BILAFSEFE— Supervisor LXK
FIFZ DA Slot, B4 Slot BITIROSEKE—IRR, —MNmOSXIN— Worker i#f& (N5Ri%
Worker #12#/551)

27.1.1.3. Worker (B{#IBEEZERNHTE)

B TEAMIRAZERIHIE. Worker ZITRMES KB RERM, —F2Z Spout 15, —F2
Bolt {£53.
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27.1.1.4. Task

worker (FE— spout/bolt FILFEFR AI—  task. fE storm0.8 2[5, task RESHIIBRLIEXIRL,
A& spout/bolt #Y task ATRESHEZ—WIIRER, 1ZLFEFR/9 executor,

27.1.1.5. ZooKeeper
FAsktfiE Nimbus #0 Supervisor, %15 Supervisor E#fEHIMIBRATMIIEIEIT Topology,

Nimbus £5F—AYEIEFNZ], HEFDES Topology EIEERTHRY Supervisor _Lia{T
27.1.2. YRIEMEAE (spout->tuple->bolt)

strom 7EE{TH R34 spout 5 bolt BANMAM, HA, HUEIRM spout FFia, FdELA tuple 8975
T?iniélj bolt, %’/\ bolt TLA% TSR, — bolt tBATLUEAZ A spot/boltizfTHI FIRMI T E:

m[ le (l)ﬁl '>< '”f"‘ Q(B()H) “,‘ le
> Y,
B

o '(Bol 1) |

—

_/'_

.’i
\

spout

spout Li-_

27.1.2.1. Topology

Storm FIE{THI—NSCATRIFEFEFRIEFR. 15 Spout. Bolt BEEERAVEING., EXT Spout Fl
Bolt EEGRR. FHAKE. KEFFH

27.1.2.2. Spout

£— topology FIREEEURAAVAN. BEEBRT spout = MIMNEEIERISEEEYE, Rt
#8559 topology WEBRIIREIE.

27.1.2.3. Bolt
BRREIRAAETIERN R AP R LAERFHRITE CIAZEREE.

27.1.2.4. Tuple
—RBREBHNERRTT, EBEA—EEEHZE— Tuple,
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27.1.2.5. Stream
Tuple RS . FTREURAIRMA.

27.1.3. Topology B4T

£ Storm A, — RN AR EESHBFTREA Topology %78, iX[E Hadoop MapReduce
AR, (BRE—RARERIZE Hadoop #1, MapReduce (3 RESHUTTTARIEER,; T
Storm &1, Topology F5—EiRRZEKEARER, MRIMREREFLLES. iHHEES
Topology AR Spouts 71 Bolts, EWI#GER (Stream) EESHEHKAIE., — Storm 726
B HiE17— Topology B, FE@ISLAT 3 Pksk5eRk Topology RIHUTTHE:

(1). Worker (##)
(2). Executor (£872)

(3). Task
stormEREN1SYEISBI aSE
“Mworkeriftf2 (8D : jvmiH g ) , FrEM
/ topologyKHEXEworker 12 EBHIA(T.
'd ™
Worker Process
N 3 1R worken iR BRI T1 S
“Mexecutorikf2, & executorRLET
1“MopologyBi1/4~component(spoutsl;
bolt)ftaskzC4)
/
> 1 MaskERESTREIENBAsLAR EIT,
A ) ’ S

27.1.3.1. Worker(1 4 worker i#i2H1TH92 1 4* topology HIFE)
1 14 worker IHEHIITAIZ 1 /> topology B9FE (iF: I 1 1> worker 524 topology
fRS3) 114> worker HIEREn 1 MNEZ executor &FEKHIT 14 topology BY
component(spout &; bolt), FtE, 1 MNE1THHI topology FLEHERFHZ EYIIEN LAIZA
worker HZEMAY.

27.1.3.2. Executor(executor 2 1 Ml worker iHiZBEIRIRIBEIS)
executor & 1 MK worker HFEEEIAYRIMEFE, B executor RSia{T 1 4 topology Y 1 4
component(spout B, bolt)#y task (GE: task BJLLE 1 NEZE4, storm BRAR 14
component R4RL 14 task, executor ZZBLEEIRBEIREINFARFA task L) .
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27.1.3.3. Task(R£IE1T spout 5% bolt h{{E3AYET)
BER#%517 spout 5 bolt PIBAYETT (GE: 14 task BP9 spout & bolt f 1 /NSLH,
executor ZFEEHITERIEISEREIZ task AY nextTuple & execute /5i%) . topology BaifE, 1
N component(spout &Y bolt)aY task #1H REIEAZAY, {HiZz component §EFHAY executor £
FREETLAISIEEE (BIEN: 14 executor ZFERTLAHIITIZ component B9 1 NaZ4 task &
fl) ., XEKE, XTF 149 component IFEXFEHISZ: #threads<=#tasks (BD: ZfE#uITF
FT task #H) . BUABERT task RUEIEFT executor 6228, Bl 1 4> executor ZiZ Rz

17 1/ task,

Supervisor

ZooKeeper:
Storing cluster operational state
| Worker:
ZooKeeper Supervisor - Worker Java process
executes a subset
of topology

4 ZooKeeper + Supervisor ——  Worker

Nimbus:

Maste daemon process ﬁ_

espor e for Zookeener Supew]sor

Executor: Task:
) ¢ Java thread spawned Component (spout
SLID(‘WISU[I L by worker runs or bolt) instance
Worker daemon process listening for SUDEMSOI' s one or more tasks of performs the aciy

work assigned its node : the same componen data processing

27.1.4. Storm Streaming Grouping

Storm FREFERR, WiZ#iE Stream grouping 7, BReEEH Spot/Bolt X3MAY Task LA
HAERAERD K Tuple, 4 Tuple &53EIBR Spot/Bolt XIRZAY Task.
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Topology

s Bolt A
Stream

Grouping

Bolt B

Bolt C

Y

Tai.-;k N \O

H#i, Storm Streaming Grouping Sz T/ LFHSERY:

27.1.4.1. huffle Grouping

BEHNDE, REHSIHHEITH; Bolt GRS EHEN UEHE, XFBHIDHEKRERE Spout i
NEEHE, SRS R Bolt RYESS. shuffle grouping X34 task A9 tuple S EHILL

B,

27.1.4.2. Fields Grouping

BFROE, REgET field EHTHE; 1HE field {ERY Tuple HAXEIFEREA Task Xfh

grouping HlHIRIEFERE field BRI tuple £ER— task.

27.1.4.3. All grouping : [ #%

KX, WTE— tuple SEEHZEIE— bolt b,

AOS
5.8;7’%%@
e~
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27.1.4.4. Global grouping

£FB54H, Tuple #oEEI— Bolt HAI—"> Task, SEIESSMAY Topology. Stream HRIFT
BRI tuple BSAIELEE— bolt (EZ4LIE, FFERY tuple B2AIELEAE R/ task_id #Y bolt
ES4abE,

27.1.4.5. None grouping : A4

AREFTUEATIIE RIS ERZSIN, BRIFET shuffle grouping, 5351 storm J$&4E
bolt {ES5FthAY_ i RAHEIRIES THHER— M EIE T,

27.1.4.6. Direct grouping : EE4M4H 8B4

H tuple RURSTERITTERIRTE tuple IERSHEER bolt, —RIENR N2HEE tuple AY bolt JRE
B bolt &5I0Y Tuple, XE2—FMLEBARINSESZE, AXMOERKRE BENREETE
TEHHEEMERIBA task LIBXNER. RBEWAEZ Direct Stream AYE AR LA BEIXF)
DEFE. MEIXMEE tuple 2/RfER emitDirect 753EEAST. HELMEESTTLLED
TopologyContext EREAMETEHIEERY taskid (OutputCollector.emit J5iEtESIR[E]

taskid),
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28. YARN
28.1.1. &

YARN B2—REEE. AFAEMNESRE, EEGEZ=KMER: ResourceManager (RM) |
NodeManager (NM) . ApplicationMaster (AM) , E&1, ResourceManager fas=FiE&
RAEE. DEMEE, ApplicationMaster ARE—1MBEANBEFNBAEMDE;
NodeManager REE— T RHV4ER, XFERERY applications, RM HELEIIHHEHEINFNITE
END B, M8 AM NI<F RM #hiRIR, FEidF] NodeManager @BE3RHTAILEE task,
JUMERZ [BRX RN E 7R,

MapReduce Status ——»
Job Submission ------ -
Mode Status

Resource Request --........

28.1.2. ResourceManager

1. ResourceManager RAEEBNMEFNRFEENSE, 2— 1 2BNRREERA.

2. NodeManager LACBEEI75 A ResourceManager iCIRERERER (BRIEER CPU
WEFENERER) . RM RS NM IRIRERES, MTFEANSRGENZZE NM B2
QIR

3. YARN Scheduler #R#g application A9BSRk AEDECRIR, A= application job AYYEHE.
B, BTRESKRE. BeiFEIE

28.1.3. NodeManager

1. NodeManager 281 R LIIRFEMESEIESS, CEEEXESNRE, fEZZTR
EFETT, URZTAERNEIEYE, YARN S mEREiT—1 NodeManager,
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NodeManager ERFE ResourceManager CIRAT m&EIR (CPU. R7E) BIEAB R

Container B9IE1TIRZE. 2 ResourceManager &1lAt NodeManager Bzhi%E# RM £
=)

/"o

NodeManager 234 sEE ApplicationMaster f9 Container [35]. {S=IEE&FiEK,

28.1.4. ApplicationMaster

RSN BEREFSE S — ApplicationMaster, 'BEILUEITIE ResourceManager LASh

RUMEE L.

1. &5 RM EESIELEABEEIR (A Container {7x) .

2. RBBRRESH—LSHELRRIES EFEN XSO E).

3. 5 NMBELEH/ELEES.

4. EEMEASEITRS, AEASETRUREHRNESHERFUERES.

5. 28I YARN B# 7 & ApplicationMaster SCHl, —PEATER AM RE 75 ARISLHIRER

DistributedShell, EEJLARIE—EE B Container LIFHFET— Shell §5$8& Shell
A, 55— &izfT MapReduce [ FEfERFHI AM—MRAppMaster,

iE: RM RAsEE AM, FE AM BITRBEHREE. RM Ak AM REMESHIEE, £55
RYZEE AM SSRk,
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vk W

28.1.5.YARN iE{Tihi2

MapReduce Status ———»
Job Submission =----- >
Node Status

Resource Request

client [a) RM RSN FEER, HPEEEMZNAR ApplicationMaster FIXRIER., 140
ApplicationMaster #2F%. 3z ApplicationMaster f95<. FIFEFRE.
ResourceManager 33— container F§Fiz1T ApplicationMaster,

[BE1H ApplicationMaster [A] ResourceManager;¥tECE, BaIINES RM {R=FOBE.
ApplicationMaster [6] ResourceManager &iX153K, ERISHEMNEIER container,
ResourceManager i&[a] ApplicationMaster BYERiERY containers (58, EBIEMKINAY
container, H ApplicationMaster ##{T#]%51t. container NSENERYIIAKE, AM 53X
[ZAY NodeManager ‘L{'=“ 3k NM 250 container, AM 5 NM {08k, MFxd NM &
B TS TS E

container izf7HAIE], AppllcatlonMaster X3 container #{T¥5#E. container i@ RPC 1Y
EXIREY AM SCHRE CRIFEFIASEER.

NFEZITHAE, client Ei%5 AM BEREVNARTRE. HEEMFER.

NEE1T4ER G, ApplicationMaster [8 ResourceManager jFEBC2, HAFETEN
container #U{[a],
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29. HLE#%EX

29.1.1. WM
29.1.2. PBEHIARME L
29.1.3. ZHFEA
29.1.4. SVM

29.1.5. AENMHET
29.1.6. K BILARs:
29.1.7. K fEE%
29.1.8. Adaboost #¥:
29.1.9. MEML%

29.1.10. Gy/REJR

Z2% . http://www.cyzone.cn/a/20170422/310196.html

13/04/2018 Page 278 of 283


http://www.cyzone.cn/a/20170422/310196.html

30. =iE

30.1.1. SaaS

SaaS & Software-as-a-Service (#{4EIIRSS)

30.1.2. PaaS

PaaS 2 Platform-as-a-Service IS, BREEFEHRS. IERSBEFEEIES—FIRSRME
EER, BTN TIEFREIIRSFRZ S SaaS(Software as a Service), M=iTERHMLAE
MRS S BT RINEENIRSHI TR /9T PaaS(Platform as a Service),

30.1.3. laasS

laaS (Infrastructure as a Service) , BIERIRIERIIRSS. RHLEBEEHRENRSEXNFIEIRMELN
FE, B1F%E. FiE. NENETEANTERIR, FAPEEPENETEERY, BIEE8RF
RSN PR,

Software as a Service
Email, IM, Facebook, Twitter
Almost every application can be SaaS

Platform as a Service
MySQL, Mangodb, RabbitMQ, Java, Node.|s
CloudFoundry, OpenShift

Infrastructure as a Service

Compute, Storage, Networking

AWS, Google Cloud Platform, Azure, OpenStack,
2Stack

30.1.4. Docker

30.1.4.1. #W&

Docker {8 Docker Z{& 2T Docker FE3AIEMNR,
(Images)
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Docker 7588 B IEiTI— N —EN .,

(Container)

Docker ZFis | Docker EFim@Ed apS1TaE Hitt TEAERA Docker APl 5 Docker BISHFHFZIE(S.
(Client)

Docker F#] — IR A RN EE T AT Docker SHPHTERNZSEE.

(Host)

Docker B Docker GEEFRRFHREG, TR B EH P CE.

(Registry) Docker Hub 12t 7 BRI GESHFER.

Docker Docker Machine —M&{t, Docker Z4RIGp ST TR, BE—MERGSITRIRIER
Machine RS E%2% Docker, Eb4n VirtualBox, Digital Ocean, Microsoft Azure,

Docker BIHII—ERE N BaiEnEF KM RSB E— MR A R R & IMEN
HFINEINE—HIERE, 181 Docker FAIRILASIERE THIMB M ZIMRAEH+, HERE
NINBERARIETERNTEE. B LRSS KEBREN T EUMEANSE:, BRURSES
BENRERATIE, BPARIUIREARE—NEN=m. AR TRRBSSNE) LR Docker &
RSO, WNRBATECIINERSAFIRE, #egERE Docker FISCHNFIE. Docker {5
A% Pin-IRSSEE (C/S) ZeHtEs, (FFEITFE AP| SEETEMEE Docker 588, Docker Fes@id
Docker $R&EEIE,

Clients Hosts Registries

local host Docker hub
daemon repository 1

image 1

image 3

repository 2

| ———
N dasmen private registry
! reposito
docker container 3 image 3 p i
machine f====="*" y ,
———pe—

image 6

30.1.4.2. Namespaces

%A (namespaces) 2 Linux NBANRMAIBTOEHEEN. MNEZEO, EHRUUNRHER
BESERENGE, TR Linux 3 macOS Y, BiIFHEBEETE 1 TS BHIRSEEM
FE, BRNRHNERSSHLENTSMRS, XERSEIBEZEN, 5 IRSHEE
BIEMIRSAIARE, BILOLEBENR CRMESEXE, XERRSMERIBIEEERIRY,

BNEREETER—ER LANRRRSEMEIRERE, MEIsTESaFENTESEL—.

13/04/2018 Page 280 of 283



Linux Map 2 =s@slMt 7 LA tRARIN a2 =sE, 84 CLONE_ NEWCGROUP,
CLONE_NEWIPC, CLONE_NEWNET, CLONE_NEWNS. CLONE NEWPID,
CLONE_NEWUSER #] CLONE_NEWUTS, @ITX-tMNEREA seE U@ Fa B i EFmiiE
ROZ APPSR E SHEFN s TIRE.

30.1.4.3. #E(CLONE NEWPID SCIASHIEIEES)

docker GFEEFTHFZERTEN CLONE_ NEWPID sSLHIRYHTZEIRE, B2 Linux &=L
HIZHIPRE . Docker FEEA TP AMERHZEBXIBENENHE—THAA. SHHNERET
docker run 2¢& docker start BY, #RECIE— AT REHTZEIEEN Spec, ERNRIREH
TEEXNGEEE, FLRB5EP. W&, IPC LUK UTS EXMGEEE, FranasaEs
HIIRE Spec REEFEIEA Create REMINSTECIEFNSBINIHITIRE.

30.1.4.4. Libnetwork 5 M Z&REEs

SR Docker RIBRRIEN Linux MapE=E5em 7 SEENBENNEIRE, ERAGIREDEETE
FNHIMBZSBNEERWEE, Mer~ERERE], Ll Docker EXARLABT SR AEIE—MREE
HIMEIALE, B2 Docker RRYIRSZ (AT E SHNBELS BEAIEER.

Docker BN RILEERSHITHAREERRIEIT Docker 374 H3EAY libnetwork LI, BIRMET—MNEEARR
BRRAYSEL, FRTEEEIE /IR R4S H— P EE IR — R O I R E SR AV B RS REY,

libnetwork FEREEMIM S, FEMBEBABALUTHANEEEHGAM, 252 Sandbox.

Endpoint 1 Network, FER=EMEEEF, B— " BRNEPEEE—1 Sandbox, HPEFMEESHE)
BESHIMEIREE, BIEAEMNEO. BAEXM DNS 88, Linux (FRHEMEG S AT
Sandbox, 88— Sandbox FEFAGEEHE—1EZ 4 Endpoint, # Linux EFE—EIIRIMNR
veth, Sandbox 1&id Endpoint JIAZIXIRAIMLEF, XERIMETEER 2T LEREIRY Linux
KItFERE VLAN,

B— MR docker run EFNARETEHEFRIMAIMEGETE, Docker ABAURM T WHAR
RIMLBIEL,, Host. Container. None #1 Bridge &z,

DOCKER NETWORK

CONTAINER

e

EX—HB, BANGNEE Docker BUARIMLHRERT: WFHEI, EXMENT, BT oERERIMN
KapBTEZS, Docker R NRTERIBRRIRE IP Hbtit. 23 Docker fRSZ|[EEN EEIZEEEE
FHIEFAIE docker0, BEEEIZEN LEMINEEIRSERABR FESZMFEE. ERAMERT,
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B ERECENES IR —XIEMM R, WAEMRN-RER T HIENEE, Eh— SRR
HaeH, RIMANEIZSA docker0 M,

DOCKER NETWORK TOPOLOGY

----------------------------

n
' CONTAINER ' CONTAINER 1
' P :
. L -
A A
¥ ¥

Docker®

etho

30.1.45. HIFKEES CGroups
Control Groups (%R CGroups) BefEfRE®E TS LAVYIEESR, Fldl CPU. W77, #i& 1/0 F1M
Erigm. §— CGroup #HE—AHBERIRENISEHIRERIHE, AR CGroup ZEIRBEHRX
B, EHEBRTNIZE LN EG F&— BT IR ERFERITNERSEL.

30.1.4.6. #f5 UnionFS
Linux A9ap = EFIEFEIES BIR T AR ERREAIEE, ISR T HE., MEUNNERS:
leE, EELIT CPU, WEEEFRIEE, (B2 Docker B B— N EEEENNRAE
B - U EER,
Docker BEHEIAFRME—NERE, HNTLUERDSIE— Docker FBEHHIESE, R
FLAERIXMNEERPHNEREMES Linux B ERFHRBRPINSHISERZHIXEI, aTLAR
Docker $R&HE— N4,

30.1.4.7. FEAEWH
Docker T —&RIABNEFEENEBEEGANNNERAHIZTERE, XEFMERDS
Docker % (volume) BLYAR[E, FES|IEEREBES N AR BHZRIFE.
LEEEH docker run L EIENFISEEGNRE EERMI—TIBENE, UHMERRE, axd
F T B EE L XX N B EE ERIE X,
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BRMREHOXHMAET, AMERREEHRRIZN, MEBE—1TERELSFTRENL— TS
HE, EHMRR—MEEAILNEZ SR

UnionFS ESLE2—FA Linux BERFRITHIATFIESNNERS [BE] EIR—MEERINNX
HZFBRSS. ™ AUFS B) Advanced UnionFS E3LHi2E UnionFS BOHANR, EEEIFIREEMNT
AOMEBERIRER,

AUFS H2Z Docker {FEREAVFEMEIREIAI—F, BRT AUFS Z4, Docker ifs74F 7 ARAVFMEIRSN,
B3 aufs, devicemapper. overlay2. zfs # vfs &%, &Y Docker &, overlay2 Bf{T
aufs B A THEZAVEEIRE, (BRERE overlay2 KRS EBRASAEER aufs fF/9 Docker
BIEKRIAIK T,

30.1.5. Openstack
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