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2 BEpR Y
M ARSI R EI U, BT #e2
EEHIENX, BIG E AR T E R, oo ERE
BIHEIENX , AN ZER e

FHE - EERER G TREEN

ARFERE T — T MR RGN YA I o BARREA AR 47—l 6
A MBS, (HZRXANAELFBAT AN AR IE X, Zt 38 TR
IR BT 5 SO AT AT T LA A R 5 465«

RPN R G LR 7y 0 ER A X R T
o TUFHIE AR LE TS FT7 29 0 I 1 g P 245
FIRITT g 70 A G 2 AT RN 20k 77 (s 158 PR XU
HHTGF FHELETLFE, TEFEL TCFE I MERI A

Booch, Rumbaugh I Jaclbson[19]

2.1 ZRHEBIENX

M AR IR R B, SR« — MBS S 307 SR, s
PEME R B, Bl T T A5 S8 A 1 A tH 5 (0 5 A o — A S I A —
AURE, EAT T LA YR BAT TR A BRATIE A T 5 (R0 sy AR 3 — MR E 1

Rt
ATV AT AAE T I & L7 TR 2 i

1o A AU ——FAN ] (R A 3 DAy g R AT A SR 1 ) AL v 1) 2 P 2R
EANETEHI, i DA AR RS SR ) AT B . b T T
SRAPR RIS [ 5L 1) 4 3 P SRAE) S AN S8 4

2. Tp— BAPEINES R R R AT B RO AR AT A2
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3. BAFMIEE P —— AR — SR G FATTT 2 A WA
Mg TR RS AT RGERE i RE Y 52 AR G 5 A4y —— BT LUK
PSR BA AR GEBETT B R U, B AR ST A A e (i A 3 2 R
FE) . WSEHIVER A R TE, XS AR DU a1 5 R H
REM TRy, — oSG R m A R MRS . B T RE

AN R4 o

4. VRSETE SAFHIFRAE——LL “ IN—ZT05E 2 S B a7 1oy ik
TR bl “ Mk vert” 7 NEORTF4A Sy . Erlang () OTP AL T —
ANSERE LR EE (FR2Z behaviour FE), — 8% HI I R GL Rl LAE
XL R RSk . 40 gen_server IXFf behaviour AT LA Sk A g
client-server R %¢, gen event iXF' behaviour nJ DL ok ¥y 7 5k T FH Ak

(event-based) MRS, I T HUE BT B 58 A THE L 6.1 75 6.2.2
TR H—AN ST el gen_server X F behaviour k4 5 — ANk 45 4%
AT R B 1

5. #IR 77 S ——FATATRA I — A 12 AT T Rk R g8 A
AT Z TN AEAR B AL 2 FRATTIAT R IR R G h B S B8 45 /2 AT
[Pl e, AV AL IS . Horh— SRR AR TR P
AP, T HA PR Y FH SRR B BSURT R e 454 o

6. ACE T A——FATWFERE S A5 IR E R RS ? TAT AR R
G TAER AR P AT HO A B 2

2.2 [B)REShiE

PR BRI A IT RO A AR e BV K o FOAR A R GUX T FEPEAT
TR AT RN K . G R 2 KA 1847, W20 SN A i . RE
D15 2R AT RS (R I (e 224 & BRIK S Y . Décker[30]45 H T HLME &R 4¢
iy AT T AR SR B K

1. RGULIRENS N KR I ARG 30

2. WAZBAE I RE (VI 2 B A PR I ) A 58 B 55
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8.

9.

. ARG

- RGN A% AT AT AT
. RGEREGEHRIREAT .
- BAFRGAEERE K

D
%
W

HATE IR ThRE, Bl Fpikrhoe.

ZBEANBI WS AT 2 4.

l(,,

ARG (PN ERCE S WAXBEEAMT IE RGO 31T,

T AT 22 R TR AT ] SRR T 3K

10. AHEHEARTDIRE, CARAEIE I R TN AT A R

ATy DO Fa T R AT b 23 #r

JF & (concurrency) ——A# R RAEMNAZE I RIT, BEAXTFAE
MK, 2% [ ATV P AE S AT A B . IX R
FHA e R G IR RER AT AL BR RS T T 1R 9 & 35 )

ERE ARG, REEAFLINEAENE
(RIIRFE) P SE ko AT SEER AT I P R RSN 1, A0 T 2 SR 45 5 1
BRAEAELT S NN B BAT AT 5, A o A7 2o A 02
52 BIREPE IR 2 I s (R MR 0 SR IR 25 8 I SR A v AR e ke, U
BrhdT—i

WL (soft real—time)

G IR FEIR ARG, il ie AT RO B AT VR E N 45

A (distributed) T RGN R AN, ARG
NAZ DL —F T T S RS (single—node system) [m) 227 sS04 2\
2% (multi—node distributed system) #4577 Xl gt .

AL R G KR AN
EE AN . IXHUE R RS RN i KSR, T AN
(28 BK BN TR HEAT bR SOOI 252

fifif4-22 H (hardware interaction)

KRR SGE (large software systems) TR G HIRPER, B
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4 Ericsson ¥ AXE10 AZ# LA AT&T 1) 5ESS AZHeAL, YRR #S & L H
JIATIIREF [T1] o IR R AR A R A R G A AEYEARHS R BB A AT
AT 0 B AR &

® 4B (complex functionality) ——ACH RGH A H 2L
BEo T3 R B R G TT R A BBV 2 R e . Tl
P B 22 8] PR S AT B ARG IR BEAR IGO0 T, sl 2004334
FHRG . MERGNBATIIN, IXLORp RSN vl e 2L L2 T AT 18
ORIy JE . DhREAARAF T AL A0 “ibdEAT 7, it dt, ARefgik
RYFE T K.

B R TR LS
FEVFEAE. SO REVRAFE RGBS TR I 5L F AT HOPE RO £ 10 4
.

® J74ia4T (continuous operation)

BIMEAE A AR R I, AZHR
GBI AT IR SS  FrlE E A e e, PTAEPEZOR

® SiiEZR (quality requirements)

® FifitE (fault tolerance) AP RGN %A “HEE” . BT
IRRATSnIE 2 K AR, (B R IRATT A2 vE HE — L n] DLAL BRI e
TR A FORE A JE A W it FE e 2B WAL 1) IS AT 8 BE o B A1k ] 5252 1) i

%

HLARIKSG R B FTHLE St (T JAUE T2 i ) st V5 %
BLACTLIE I 55 (40 web MRS54%) A 45 A HEARDLAG 75 R 714 o
2.3 HF

FAVIE AT BEMG A W AR A FAF A U (0 I RAT 15 BRAT O [ 2 1) K
TERGNE? XA ICR T AR ZE R Al . FSEa — MR R, R
SCRR AR Iy SR AT A4 o

AT R ERAE R AT AFAE A R I I A AT 5 AT D I R AT AR 48 T

U EERAE 40 AR EASHUN A AL 2 /48]
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T 0 H XL .

® AT HLE ARG ESERIEF MR IREG ), B SR D
Tl Hbs, RAGEMES MR L 58 A AR S5 AR H

bro

PIATAE S AL R 2 R o B TR R S5 I ok . W TR AT 55
S H ARSI, AN RGBS IEH o BURZIRINAE S5 2 fE
g ORFF R G, Prn 2 15 e e, RV R e prd i ik 25 47 B 4
M.

ARG RZAE S i JRAE 55 R 5 58 B H A
®  FATRIS T 58 TR TS5

® UIESEIL — HARMRIRE PRI R T AN, A IR ] E XA
o HBAVABEMG A IEIZ BT VRN, BATTRE 37 BRI =4 /iy 14T 5510 /3
g A B L LR AR ST

G 55 XA TS 2 I oA T (B ik o AT AT o K a2
JTHER R UR o BATIANET E G AR R G0 19— AN A A B B iR 0 At
i P AR K R S

T V75 2 Bl — P R O R I A B 5 B BT R E BT R S0 T2, e
B o T S RIS AT A 3 FL, 4175 P 5 A
BRI, TRV RGP AT R R AR, 2 ABH BIRGel0 50b A i
sy,

DRI, M T BB 3895 O P B 02 7 L0 A2 b
LR B 225 R ORERE, 7 IO BEE B, AR, TR A
B TBEHRT ST SR A FE T AR S

T ROEK M BBURL, JRAIRIT T (S R PR R R
BRI TR, — MR, R B RS AT AR R4
(RS FIVRRL T 4 BB AR R R, — B R SR 2ot R P2 7
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(R FAB Y R e A A

JABEFE IR T HID I EER . AR A A R A R — - CPUL [
—HEEPAE, BTN R G4 CPU SRR Bl K B N AE IR IR, I 2
A RERT ZR G P (0 A R A5 A7 T 52 0 o R ) (R AR EL o SRR FE IR R T84 R 46
IBraaR SR

TERATRI R G, BRI R R 15 5 10— 20, A i LA R 4
UM . KR RN BRAE R GTHERE I A IR Z A5

® JFAREF A L HOtis AT AN F R R S8 E—— AR € B R
Hh S A SR R AN S0 BT F PR ) BAT TR PP AT AE AN ) [ 4
VERGEANAL B &5 E P n] WLIK 22 55 i A CPU AR BRI AT A A7 1R K /N o
FITAT 1A ) 235 i slBRT 3 A T A5 08 N2 24 R A T PRI R A R e IR PR BT —
RR AR

® RATXFIE TS IR AL S B RO AR AR R AR 2 . AR
HEE, QI DIERR AR R, EHR 2 R R G R A
PR IJULA B 0[12,14], H 2R ZHOE 5 H &R AR LA Foi
o

® ARG AL RGN ERARH Do FATA THRAERGARANE 8
o5, PrUEERATI R A VR N AR SRR E M BT 2 =
] LI o

FATTIR L FH R o T el oK E AR A 1) AT R A SRR R KD o AT TR X ol

iR

® LRt T AN SRl B it —— AT A LU A LA R A 2R
EEATM ARG WM RGP BERE, JF e SCHBERE R S A%
B R IEAE, F AT MRS (I R Ge o e SCRBFIR 7 #BF, IF ]
LI I L8 SR FREAT B S BUANI . X AR5 ¥R 57 it SDL[456] R4E K
THINESA IR R B

® ORISR —— B BLAVF 2 LR AT ERE R SE LI R 4L, W] L
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RO SEIAE 2 AL B 8 b, BB s TR AT SN A PR P 2% | VERE,
XA BT SRR R, AT 2 N R e w] AR ik B VF 22 AR
SEIESS I, A REr A U RAE 55 2 TaAT AR stk RO AR AR, X b
THEAE A W BEM o

® IR B —— B I B K F A RE S L TP iR K Rt R 1
e —DIFRBREM AR A S 0 B R G b HABRERE Iz 1T .

FEIFRBX =M VA, AT AR IEAS R AR BUREPE, v DL 5ERh & 8 B
T2 Pl o e R R RN R 05 74T (pseudo—parallel) 4377 2 k3kAS .

=AM T 90 S AT R G RE, WEA TR o B IO 1)
W BN HAE — A8 L W HERE R AT o XL ERE AT L= it bR A)
REVH EME R TIEAR, Im BRI T R R R 5

— B IC AR AT, A, SR R A NSRS, B
PREESE, — ANHEREP KNSR A L = BN ] RETE AU AE . DUMIRR K
RERAE R GEH IR SEAAT A R AR T — SR IOHERE, B LB A i K [ m]
HE R G NIME DL KRR R G0 il VR 22 ST I AT RERE , JF 0 4R
JAIXLEHERES M — LR .

2.4 HIEFHEHIE

RN RG Y, FRIEEZ AT, AUz O UL e TR T 4/
A4 (Concurrency Oriented Programming) X /NATE, DL P A2 XA A1
HoAth g R RS X 29 T K2

FETHT ) I A AR R IO T A G AL NAZ AR NI A 5 1) T R Gk o IX i
R RS 990 38 FH 3 55 IS L850 B 2 Tk el Ao g B it 5 A T A2 L P N TR o
7 1) I A 9o B2 [R) At B AT 1T 1) 6 R g AR I A B AL R, B 2

(polymorphism) DL A8 F il 56 /g LIRSS AS [R) JEFE S Y (1) 5451 2 [|) m) LLR
HARIFRI T BB .

2 B TEY i) o 5 G P XK T G ok B st S 8, e B4 (Functional Programming) XUk FH B
(function), #iE{L4FE (Logic Programming) NIHZ<HR (relation).

15



A FAT L A ) B il BV 22 I F AR I IR A, BATTR] LALE B AT R 2t A i
Al AR (BN, JF H AT LLLEBrAT (3R ARG AH [ )91 EAR s 42 1

Ik R RN A A s sh B o DLt A2 IF A i, 2 e Rl N &
HRRESH AN . FERON A, FATA SRS R I IEsi B T 2T
AR e WEM EF, BT B AN s 12 R 48

FATA— AT B PR AR R I, R e e BT AR, FRATTREE 5 21 5
LATRAE G AT, (ER AT FEREU e T I — R AE S5, IF H LA
EUS Rt AR M fE .

ZEBLSEE S, AR (sequential) WEEHARE 0. HIRATELE K LK
s, WG B R AR IR T — e S BN A A, FRoAT T A S
Z AN BT 15 3 o

AN SR FATIANGERT 7] IS 5 A R AR 2 A I F 1 45 RBEAT 23 B R Rl 14435 , I
APATHE I EORHIE R, GIT KR FTATHA T BETE R T F9 3K
AT P DABOIS B0 75 240 31K B I AR B RS 1, X R W B A AR it 2 R 1R
ZBSIHLRIN, IE X ST ETRATT RENS A BE O BR AR T A, T JC e A L P U L%

SRS TSGR UL, 1 DL S IRAATAN S o JETE BN A MU A
PRI RERAIA S — R RS, IR AR i SC PR RE B o, TR %
HER— 4 R s W B AT BERE S, IR I A2,

PR IE 1 T L P A g i g RE v 5 0 HL IR RO IF A8 Z AT 70 SCRrig ik
(Ko 4 K2 K i Re s 5 A B BRSSP ALY s AEIX g fe il = o BT (R A
O AR Z A R GOREEAE, AN th e 5okt

FEATRICH, B TR NS, b If AR hgnfeil 5 R G 0L,
IMANE HURZ A R GOR R . FRATK I R SR A R SCRF IRTE SR 717 I KM

1% = (Concurency Oriented Language), &%k COPL.

2.4.1 FETFH LA HE

FATH ARG T LR IS SR AT B O A L FE P . H] COPL
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G GIXAERE A Sy G, BADREHAT A0, e =1k
1o MECSEHF A3 sl O I I R 3 5
2. YU IF i ah 2 [l B AT i S0 E 5
3. 5N AENSAEAN A I L IE TE HH E 1 T T R
INJEBA DRI SREF o FEFP IS M 2™ R OREF 55 Il (1 454 — 20, B —A

FLAL S LR35 B0 WS B AT R T T — AN AR o R )
BRI LA 11, FRATHLRE 75 2 R4 CGisomorphic) 1.

RN EE A A 100 3K — AR L DR A TR R DA ASH T A A 2 ) )RR
A ME . RIS 101, Bt AR PGB AT AR LA R . R F AR
[ IR (R RV 5 R AR eI o) I, TR A =l LI o R T ) I 11
MAETE S, b TR AN, G RN R SR Rk Rk s i 4
T2 AMSLINGS), X5 IR FETE WL, I Ha IR ik L S 2R . A
LA LR 1% o

TESI T IALEN, BRAT T D6 50 TATT B R B — AN Al IR RS o L, 3RAT
9w’ — N RIISHESS 248 (instant messaging system) I, Al ME AN —
ANHERRI 720, AR B B — AN B BB — AN

2.4.2 COPL [I45E
COPL ®J A& R 6 MEF Ik Z1 i) «

1. COPL W sZfpidtfe. BN IZAT LA Z A BB S EUL

#% (self-contained virtual machine).

2. IBATHER] WL BRI AERE N2 A L R R . — AN HERR P R AN e
XA BERE LRI, BRARIXP A AR W AL

3. BEANERRLAUH 1L AT AR IR KRR IR AR hy 2t
FEH Pid.

4. BRZIBA IR . SR B B AR R AT A H . R FniE it



P2 Pid, Ft ] LA e A
5. TSR RA TR, oA IR .
6. —ANIERER 2 AT DU o) — AN RERE P s, mT LI ke AR R 1 5
Al
{HAFERINZ, COPL #ALM I At —e R I IEM b, BRI DU RR 1) B
SAFAE I SRR AR TR R 1, R0 AL 2 O E M R Pl R, A S
VL2 R E SRl FE L B2 B (remote procedure call) Sk E 78,

MR Y, R (R SR PR AN SRR . e, R R RS, 3Kk
AT e SRR AU T B AN B, AR sE B R T — AN A,
2.4.3 HRERH
X PR COP FILAN 2l i] 28 45 A R U, — A% 0 W & ot & A2 2
Cisolation), [A]—&THHENL BT PIANEERE, N 24 an[H] 43 S r s T e 2
SERIE VI EALE—FE,
PR AL 24 AR S 10 1m) 5 A FO R 2 B B — AN BEREER 45 43 I — AN F i Ak 2
P8 HJEAE AN A IS 2 B, FATAE AN 0 G52 2 AR B IS T e A —
SENL L SRIMTERATTIIRN 2N K BT St R AR 2 AT ZE ) BE_E AT ) 11 B L
.
HERERG A B2 Ak
1. HEFEEA “AILEATATRIE” (B, X SRS, K 3EREA A
FEBATAE R ST (SN .

2. T EALIS SRR 2 [ B s i — T 20 RO HERE 2 ()3 A5 AT A e
PRI, BEREIAAS BB R e IX R T 5

3. HEFERE B EARE T B AUE TP 0. G RS R R 7 A,
B/ M SN 7 A e A e et N € G 2 RPN I e /N - S E S H S N
RILEF, IR TR R
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4. BAICEBEE, P RABEAT o Al A S A (VA ] R AR s U L 75 DL
UGB L= Be s, SRR IR A2 B R I vy SR 3, P LERAT T A
FHAE T B AT A R BA s G FATT el vl B AL 8 2 RAE AT 52
(K100 JHTE H S 75 A EAAEIE [ — 7 iR A8 — MAAH R B

B, BT N AL IR RUE 1 2 HERE R SR AR N 1) —— B SE AR
K2 B A g R T 5 P A 9T Ay e b, L3R A3 T 58 Al S [ T RE T W
Fo . B R DL AT RE SIS . SR R, JRAT XA AR S i A e
W IE A ) ——2 5 R R G A5 7T, I HLPT o S R P AN ok 2
Tl IARAG AR, AR A

X0 BT AT (R SRR SR S8 AT, BT A (R EREAN 22 X Il R 0 A 5
it o DS A HEAN R AT A A2 — AR R BERE ISR 5, DAL LTI 7 68 I A A T B K
BUAAN 2 AR A

DS A A R AR 1) ] SEPE N DA A B e, BT RAFRATT 55 0 2 R P A 9 SR
A i3 I AN T i R IR A 25— ] LA, AETH AR 38 AR A R A I At — o g
i TAF o BATRIHEM T LS, HBATH Z ) EARGERA T RS, et 2
k{8

2.4.4 HERRZF

FATESR P BERE 44 T80 A al (73 Y o IX AU IRAE AN il RESR I — b RE
K45, Wi 52 A2 0 . BAMEBITA R FIE el B ama s, UAHE
MIpT R M AR RERE 4 7 B2, SCRERERITEH R4 7.

SUREUEH] COPL AT S0 RE, BATTHUT 25— M HLHDR S BIR CHERE 14 7 D
f, — HIAVE 7 AR AT, AT A E Al B .

RG22 AL R4 ARIU V2 B ORI o 40 A0 AAS S8 R 1) 4
T REAAEAINE LS Z A, I RGE MR LN T . — B AT
RSN, XA RGN AR T o BATIE L2 1 Uy e A g AR i
& 44 T RERR N & A A 8 (name distribution problem) —— £ 40 224 PEY
RHEPAT T2 78U 8 MR —A Pid IBFR4S 4D UERE, B4 Tk Ui 3k
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1A TZFE 4 T o R — AR P IR AATL, A S A 2241
[ETE S

RIt, SREEFE 42 ot e VE R SR R 25 . RO 3R e A n &, Br
DU EEIRATTRE S0 5 T ERE 44 - 1 R PR SB7E I ERE Y L N, BRATT I R Sl
B AN

VL2 2202 BUE T, ATTHERAME AN nT DL ik R 8] 1 344 5k 57 g R
i, ISR R SR S — B3Rk T R4, stn] LIRS @ i) &,
I H AT A IZAN B A4 R IR R R AR 255 . COPL K HH IR 2 AH 7] 1) JE AR

2.4.5 JH B i

T S S AT R R

1. WAL R A Catomic), 2R — N B EE A3 LG,
BOMRAGIAAE 15

2. —WFHERE A B AT I, T B AT A AR R AT
R F AT, T SR 55 6t 7 324 i A A ]

3. VHEAREAL AR ) UERE I B A M R ——e T R R e U &
(5% Pid.

i

FER, 20 2 /AR, FFBUAT6 HER AR B 9 45 ) S Ak 78
PEARMT S e N2 FARH R 48 T BERS T S EDRT R, (HRX AR Xt Rkt
XL EAE AT AT AT S e AT e AP M, DMEEATTE BOEF I . AR 2
FOVFIH AL AE R AR K, SR FECBE T LAAE 20 5 3 S A% 368 X L R P 5
(EER

PA TR B8 B L& 77 #r#% (send and pray) 2 X FATRE 5%
LS, i #6 e et 20200 5 o — BRI 7 AR A & (i
W AAT R AR, AT P B Dkl 77 . AR, REZ R DU
fRAEIREAIN, WAL 2 S O (Ve v S it A%, IR R A2 S8 T B X
i
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W EAE IR v LU T /4 (synchronisation) . B & 341175 SR AN HERE A
FIB. Wi AW B RIET —4&IHE, WA B HEEE A KE T XA EZ G 13
AN TR S A W B R X U A A RGBS B P R Ccasual
ordering). 7 COPL ", Jry (kR [H) [) 25 400 2 2 13X — i B i) AR

2.4.6 i)

AT TR B, SR BRI I AZ 5 30, XA Xt TR RT3 4
VOBMR VR L T o (HR T UM ARG MAT AR, A0, XAk LT
SO R IR A W 2R A B T R AN 1

FIHRT AL, BATHOR BB 7RSI A, NI R A I E R s AT
TEAHET WAL T o AR, 2B R AR MG DS T REBCAH M BT HRAF AL S, 1T &R
LRI AT W A

N T SERG AR, FATAIN T —SF AR 0 o FATALTG EE AR IE ) 58 4
ML, FR AT e S AR A R AC B, FRA TR A R E A 2 TR AH B A
PR IR o

M A TR B, G AR 1% D SCGEA TR AR (KPS A BATHER D
TG AT AT LR 2 Sy b i) H oK o FRATTRT DA 6 A e (R A 23 B ———an
ROTREMITE, 3 m] DLAEIE AT A 25 4 16 2 A i o, DA 2 25 0 A R R0 4
AR R ORUE PR B T

2.4.7 COP 57&F i FBA

PRI R T BV 2 R SN AE R SS T, AT L =R 2 LA
A TR A2 N TAERS R R, T S ICRE T SN — 22 (R TT R /A
HBN, BEASDNHGSTR G A HR—H, A2 a5
RV RIS email BURE D REEATAZHL, 1AL AUEI ILTET . AR OL T,
TR ANHIDATAEA I S, MKREA W AT, RS R IAAGE P AT
AGEIA A A i SR A SRR (3B 25 30 LA S A 3 1y AU T3
o N HIX A KRR AT I R A EU5 5K
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2.5 RGEEK

AT SCRFINA F AR G A KA O T R et A A AR e R SR A, A ox

AGIMRARESR T A TR XL T RGUKUL, 2 M ER—3TF
AT IR BT SR g R TS R AL, STtV S T B 1) 2 B B S U VAR

i

TATR N Z R RGNS 5 6 FMRATT K.

R1. IR ME——BA R G I AN o Ol B eI A HERE 1 v
FOTHS— 2 EARH N, R QU KR If A HERE, AN 244 K KA o

R2. H R e —— R T A AR AR R — 8 AN RERIIA 2R 48 T LAt (Y E A o

R3. MBIl —— s E R LU N BA S 1 ARt R b A 2B K 5 i) AN
WREFH (AEAHERE A A 57D

RA. 4 VUM ——FRAT T EE RE G YU H 7 3 7 A 1 st A

RS, AU T ——ZAT I LR AT P (A CRS, A A5 N R S

R6. ¥ ALt
B RS .

PAT T EHC BT SR A7 Bk, MR E e

AT — AR E R, RIS T2 LSRR A I 5B s 20— Bk

UERANRE S P SEL B LT T AN HERE, IR A T AMERL BT 2 KM s I AR b i
A A A AR ARG B S ol A I, A iR n st B A4k

e

PR TR BT AT LU 2 R 2R Bt v, BERERS thil 5 ikt

fit (Han Erlang 55D, WAEEWS hERAE RGORIRAE (14D Unix). 4 C Fl Java 2
RIE S A G FEAS I 7] IF A& 1, {E 2 0] DUR) A RS AR Ss ik A 5 A5 m) LUIA
IR AME JRVE R SAT I R VE . S, IR AR AT LA B A B & I R PR RE
EPS TR
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2.6 BE®K

RIS S IFAT RGN RE TR 5 AT

I S T —— V5 LI 2 Bl T BORBR BB BRI = 4 o N2 m] LS —A>
i R ENY O QA & Mg 187 N W (Lhei

IR LR AR R A LR QIR AT HERE, DL A
PRI RN B o HERER) R Scoie. W AL 20 W, FEATHERE
R LA — A B 1) 7 R 3 2 CPU IR, DA 41 A CPU (1 EREAS
2 Z2EWT CPU, 1y HAR R HEREAL T “HER L7 RS MG A B P

B AN ST ——1R 5 N2 VR D EERE M 5 — R, MGl
R AT AT S DA T £ A
A EIEWN——WUERBAIHE TR Pid, FATHN %A LA ek
B, LRERAHIE TR,

BN TT ——MA% ] SIS B s T i R b AU . R, B
VFZ RERE A AR IN % R AU s 1T, P DABRATT A 28— FhbLdl, ok
FVFILA LRI 227 ACSIEAT, R 37 R e s
RS IZAT

EIR TR S N T RANDCE A AL 1y L DL 5 BT R 54

WAL o M PATHRER IR A, AR RIRATIIRIL B d152 215 sk R H 2 8 R
il AT A B 2 — A HERR I 2B BT CPU I R AT A 3 .

RGP R RN ERRDAZ AWK, DUEBAIg0 R I A TR (A A

A ARG F ARG EE . B, 7@ AR 1 TR T D Sl A i
R, WAITRETHEAQIE 2L 10 TABERE

TR 6 PR TR T 0405 R . IR TRE B 1

IR AR LA 121 (175 MRS B DA 0] U N P RE e (R HERE A L 1R 6, AT
O SCE— AT A B AR 21 Erlang R2/7 (I FEAE AR R4 o

BRI E 10 ANIERE.
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2.7 EEX

B S A LT ARER
DA

VFZ AR VU BT (R R SRR L 1 o FEATR PP 12

® FEALfHE—— e E b R R

® A WA X LR PR T B AN AT AL
o T ——Ee &I gEetT R AU .
® it ——EMR RGNS 5 AR ]

MG AR, AHEE BT RERE Erlang 51, (H2EA]
SEE IS5 A S A T LA #845 ZR GeAR T (s B2 B A 55 o

I Erlang RORERE AR B, LI B R i A el prile
MIRAT A AR R R R SRR, R Rl 818 (pipe) ML (socket)
BEAT A -

AR MR TT (sl th B E RS BEVF ZHRF R B T g fiE 5, T2k
TER Gt H iy B At s - IS i) — A E g 1

2.8 MAERFE

FE AMCAT B EE PE IR A A Ering (035 5 5B RIR LN, Mo i 3EA
Erlang PRk (o IXANBEA RS My it — AN S 2 B N TR A (R T B 25 A o S ST 2R 1K)
I 7 LU AR 55 2 O (R SR o O T R I RE I N R, JRAT T 2
— LEHR R R SRR D FRAT I 9 5 1 a2 7 — k85 s 2 Cclient-server) IR SR

OTP FEmteh AT THR AL T F R A st vl 2548 R — A 52 3w v it (3kAT]
x4 behaviour) FE. A8 IR/ 4 behaviour FER)— AN/ NME, LIS
ISR AE e mT Z O N FH AR, e A2

® supervisor — /BT behaviours

— P TSR 7 — IS5 28 N H R 1) behaviour.

® gen server
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— P T SE I A A 2 SN R IH) behaviours

® gen event

® gen fsm———FH T SLHA BRI behaviour.

RLEERE 2, 9 5 nl 2 DT R R A% Lo B il 2 TR A B A

2.9 BRH4HEEFAE (guidelines)
A A5 G 5 R 2R A 1) — R T 2 (R e R 1) — kb 78, BRATTIE AL T 2 11
e U7Er, XER G ARE SR O R T, T T A AR g S N R
FRIER e RATEERAE T 6 R, A — e dn a4 I FE 5 ZE 1 9] 1
FETTFURIY) Erlang iASH, X U8R S 75 CL&AE i 33 KT Erlang RS0 HE
RS Ho . st B FUBAARE T X e AT g, AT LAZETRIERR Y Erlang H
TFEAT. AR CEE T HANAFE ST, G NS4
® RFENG T AT ) — N AT 0 2 2 S AR
® IR (error) MIMESAEZ A THE. 5 5.3 WA 4.3 Wik
THRAERARIOE X 56 4. 4 TR TIESGR S R AL BEFE 5 1R B A% 12 R FH WA
FRRAER ARSI T — S8 s
® TRl g S R A AR ) A S 4 FEnT LASRE, STl £ A OTP
[¥) behaviour MIHIFLES 6 & nl LIk F.

2.10 #HXKBIT1E

FANBRAAEAS BEAR G B 0 SRR 15, S VF 22 AT I G R 15 5 A RE A% P Sl iy 2t
L A ) R A
LRIENILIE, T ZERE G LA T T FEF g Bt e, T 2R
FER G AR LEFEIF I o [ 2 7 1T g X B3 28 A2 A, AT
IS RIRBELG R E 1 (aliased) *. —Bryce[21]

Bryce ZkE: 0, X GAHAAMAEARMELENT, 17 HLAE SR g B2 - A il e

b AN AR B B D AN A 3 S R S S R 4
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3, @R A (protection domains) R T-HAE RN SRl Hix

I
Sun Microsystems [1'] Java Czajkowski I Dayneés & — s 3L H ¥4 5 1E :

] — Bt FHLATTZ I dava 5 5 1P FE P HIHE— 22 /9 7
2, 2B — P HFESFH 1 INM, I HEF—1 M B 7771
OS HFE o RFFXK S TRV NI KA I, 259 1 e
TEATHE FE7 I S0 TS 7 I8 . K, Java i 5 e HERI it
BRI F o] B RIZET 7RG NI Lr ) T o LR L, (A i 51
PTGt 2 2 PR 7 2. FHAE, 1 “iH 522t “ A
LB IR B AT 27

IR CFES, ANINAT —A MVYM QVM 1—F ), HH bR

------ L INM BBl — P FERL T OS HIHTTH g TLHAZ /T OS Frag
HIHFEIZR, FLAETE TAFIERI I A o 5 IR g a2
L] FIEE T LALE BRI 24 LT o

N TIER)X— 5, AT

------ FHATFEIZTEZN] R, (FF5-2 [F8 157 19— 77 (A2 FET bt
I NI LA, -

XL LRI AH BT . FAE 20 Z4ERT Jim Gray s/ T AR RN 458, ik
M2 4E (Why do computers stop and what can be done about it) X f JF 5 B8 1K) 3C
AL, i

LR —FF AT NI A T 7 T HEIA M) R E R I I Rk
B — ML AR R LR 5 DT, AR KA AL 1 i, — T
DI IEAN S5 IR RIS

R EY N BAGETHMAFETIZINE: T A
HIME—IGER BLAE 11 12 70 AR 21638197 . ——(38]
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SCRFIZ Mg KRS OFHTHORERE, A 35 =80, 2 A% 2 Andrews
FiSchneider[4] T2 2 f “ I f) 34 RTE S 7. —Ff “ZEHLLE” PLITS® (1978)
[35]111E 1R PI REm e X Mg R 5 (R 5 — NS4 1

7 RIG6 [9SLHLLFE A [THEA U o RFCHAERS T Fh 7 I 2
ZERINT R NI TE 5 RS2 TP 198 17 7 A A2 Aleph
BRI 110 I PP IHEHE il 2T R 73RS . ——[35]

PN OTE S A, LEIRA TR A Sk (R ERE 2 H 5 W e S g 2

Schneider[60,59][F] % T XA A 8, fheh T AN A — /M RS an R EE S
AL B2 N A RGN %45 3 4. Schneider HLIX 6 AR A

1. #EZRIA (Halt on failure) ——4—/NACERLS AN, 24572 B IE T
Ky MIAZLRELIAT T BEAS IEA 48R4

2. AEEHEIEPENT (Failure status property) ——34—/NAbFR 3% & Az e i),
G R AR AL FE 2% N A% A5 B K, W ) SR R S AT AR 2

3. FEALFREMENE (Stable storage property) ——AbFE &3 1K) £7-fit g Y 2493 by FF
AA7A# 7% (stable storage, Ab3HLs i 45 I AR AFAE ) Al I A7 % (volatile
storage, ACFRLR AL T ),

Schneiderdl 2L & X Lo i Ab FR SR Ny £ B /3 4L 2775 (fail-stop processor)
AR — B RTR A, B W B AR AIEAT T . AR IO B N %05 TR,
A G Ak Ba AT 20 5 DI SR BRI o AE— M RIS AL BEER T, RSP AR AE I I B
AL SR BRSNS, I N A o 0 AT B 2 B, TR A A
s B BT A s 7R it e SR T LU

22 SCHR38]H, 4 Gray WRE] “IH4;” (fail-fast) HEFERTHRE] T — M E
AR AL AR
SR HG T 728 2 i B g B 1 B B G FE N FE AR Y, BEA
FLIEGIHETT R, ZEA BRIzl E i, IR o 17T

% Programming Language In The Sky.
® RIGJHPLITSSR 5 (K — AN /NI RS
7 IX HLSchneider T i3 4 15 2 FEWIR L A AR T A
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PR 4 2 (defensive programming) 4 77 2042 “d 7, &
WIXFE T NIFIA S E, ] 5 R 2 AT TR 2 — H I ZY
IR, Bl IR 2RI 138 . M Cristian 75K b, KU 1FA
HIRAZHIF & A #) (detection latency ). ——[38]

Schneider 1 Gray P A EARA FUE —HE) ;s AAE —AN B2 aify, —A4
DL, R R A S5 —

Renzel BiAJ4 HERE A A AN A IE B 1R I A2 R pRASE R RO — s AR B

%L
TSR G AN PR AT FES T B Z A iR M AL
KA BYRAE T ZY 9 1] g I ] —— B[P I i ——e K, fCOT i A
P13 FE S0 AL B T 3B B 119 R ==+
g T H R PR R, TN T %/ AR M2 £ R ok ——[58]
Lty DL EIXSE R LA BATIN S A 5K, A D RGP AW Lk
J:

1. CAREFEAE g o535 b () o —— B — AN BEFE & AR AR R AN 2 5 i )
RGP AR . A TRRIX— 1k iR #4%/5F (strong isolation) .

2. MRS AR ST, SEA BRI PR
3. WA Ji DT I 12 AT AR FL AR RS ) ) o
4. HRRZIAEAILRG, MELLH BA% 17 A .

S AN REE S BCF- G BAT 0 BV, I n] DL R s w] A
ARG, WTHERS LB BT S BATPRE 2X L8R U i 78 Erlang
LG P AL I o

AW SCHIVF L BAGEA T Sy —— R TR ] 48 R G I FEA 5 I AE 2% S
Mk[38]Gray [ 3 FE 1 HRA ik

Gray [¥) Tandem 1ALV F 5 OTP BV H AT COP ) JEAS Jit I8
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AL, 1A B Gray PRI i8R .

XBEIAIGIH Gray SCEH M BCCE, EEE R TR s, Wa%
CHR[38]5 15 T :

BEEA 7 UL T T

o« IEHFE T EKY AL

o IR IR AT (Rail-fast) JIE LA o

o« XS HFE (process-pairs ) AT il b FIERT 11T HCA T A o

o iy “HEL%” (transaction mechanism ) AR AR B L
.

AT “FH A HETE RIS FAPE, T AT A

TLIEHFERINT BRI AL o LA FF T L) K
1T EA RIS R, FET R A1 217, 1
TE2 AN Ao PN A 1 E TR E L LS

KT WA DA A BT Z 7K 9. M FF4E Burroughs /4 Espol
HE RN Mesa, Ada 155, FitEds s & 11 E AR TR
e, TR RENTIL RS 119 900 F I FE 27 B KA LE R AF I B 1 o T 0
ESH GTHNINI HIERT B Z NI T KSR 2, TF 5K
TE29 LRGS0 FT e 1 o

SR BTG IF i 1 2 0 R 1 5 BT 7 v M PR ST 12 M 5
LB AT g Ji] 738 771 12 2 2R 119 2 R 2 i ez 5 17119 H
tio BIGE PG ZCRG I PIES e H P FEE )P
t, REEFE! Py d i s =g 77— TPl yfr . 4
17y ZEFHEL HHEFRANTE

AL B IR T 1138 5 [T AT IR Y o

GFELI T BB FE R AT AT Z RS I LR 7T B8 T 5 7
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GFEEFR MNIME— 27 FCRLAE T P 20 R AR E . —[38]

W R BAT TR X W 5 BATTILAE M Erlang 5 4t FU A FRAT 1 45 R BLVF 2 1 A\ )
FAMLL. AR AT EEAN[R]) 2 Ab——AFErlang P Hf AN BT “ B4 P g A B XUk S
DS G 1 s 00 T L8 h B R AR TN, A A5 Rh G R XU I b 2« Gray T 4R 11 2
SHUHD " Hmnesiaicdi 22 KBS 1 Gray BT 45 104 15 B IR AREE U FHO TP ZE Hh 14

“USBRE” behaviour s 58 X .

COHAR BEHR IR AR T RRA g RE SR ST A, ERA NGRS T
BEEL, FRATUOIE RN AZ A AL AV 1007 s AT, 5 WSz fi . 341110
RGP IR Z IR GRS T Gray FriR BB 2 Ik S5 K . X R SARLE Candea
HT Fox[22] (I 1E b 5% T “ M i %7 Cerash-only software) #1183 Fh -t Al $& 31—
ABATTIA A, S22 SO VRS 0 B AR5 TR B, PR SS TR O A2, IR T
PRAEACRS IR R FEVE o

AT 1] 55 5 2R 48 77 1 1) ARt ke o\ PR A A0 A1 0 4140 e o 2 1) i 22

Yo 7EZ%CER[21], Bryce 1 Razafimahefa tA W AEFERE & b2 0], &R

(BAERGE LB AT IR ) Z T AH B R B X — R IR o AT IA A I — f2

AT DX R RGN AL B A IRARE . SR At AT SC b e i, X —
SRAE T )0 R 5 AR AL L 2

® mnesia,& FHErlangZi 5 (1] .
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3 Erlang

ARFEFHRANA—F Erlang HFEE S . XEXGFEE S A HIEAIE R e
M, HESR BTN AR, 2% S HCHR[5]. BEE Erlang 1)K
Ji&, Z%CHRBICHWAMNZE] T OTP SCH[34]H . —A B iEN)SR T Erlang )41
{0 LIAE (Erlang Specification) [17]F#1 {Core Erlang) [23]"#£%].

Erlang J& T /47/7) 74 193% 5 (message-oriented language) — 25— [ 1 &
[P 5 AR FRAT R 0 T AR I A PR AR ) R S S, WA AR
RS, BOMAR 2 & BERE 2 T8 LABCR 1 B kIR BT B,

AT, JRA Erlang VS 105y, RS T HURA S T
[0 TSR VA AL £
3.1 #itiE
Erlang (S5O0 nT LRGN A G0 1 — 280 &
o Ui,
o LRI,
© IHR 2 R A S A B R
® U T 75X
o AU HAMAINL T
o {RFMHURIL T, IRATT LIS A A
o LRI ET.
o A EAEAMIL.

® IREEAUFIr, EASHAE.
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JCREREME G B A AL, G T BETE - PE & 9 5 KRB ) A 1Y
BATRGINTE S o G 5 IZISRAT PRI — AN FEA 10 UAE s 2 B T 50 1) A 3 —
iz A OEiE s S P e H ER IR PR L E E SUR

B, Java H6E T FRIVETRALFEICHEN T 10, FTLL Java NiGEA F RS “ &%
A7 R Schmt) MRS (W, 2. 10 F5%) Java Czajkowski #1 Dayneés (K30 &
151 H D

IR E IR ) LTSRN R AR IR, B2 BERE A HAb
Jr—— 5 LA S A 326 [ 5 CREAT AR L —— A A B 5 ol g 3o e 28 1
IDESE S

R RAE B RO P RN o M PATTR AT R e, AT
LD EYHE ML ENL. R GRS AR, —HEb T, it
AR VEHAAT T o BRATTRENS R G 1K 5 5 1) ] 0 AR G the th o 5 71 SR 4Lk
WER— BB T, A Bl RIS — G P AR AP fi] 5 (11 8
N WIS S AR A AL M A RS — SR, sty
FEER SV EHL B AR A I R

Erlang (MHEFOUAIRE “ TP 2ERe”, HBAHEE ST AN LBl St R
I, AT 2 TR B N AR A A X SO A, Hose, IR ME BRI
92, IR AL B A E A S B RAR R RIS 00 F A ke WA
KA, A AHBRERE N 1% ] LIRS 218 IF A 1S it i, APPSO X
TARG P HA R, ARA A B3 1 (1A

R Erlang B2 —MOFAE S, ERAFF RN BB I =40
gitty, AR (monitor) EUFEIZINE, PrUAfi B2 2 MR IGRD. THEHE
RER Y, BVFIE IR B A IR, ORI E S IBF AL (sequential) ¥
fo XAMMFAL T H ] LUH —Bhah 2280 . A% 1) R 20 g AR 220 i, i e o
G R 58 A A TR o AERR AN IUPAL 75 B, A DB Ay — L2 R T,
B EIX SR AR T 1 o

ARE G EEE D EEN T Erlang FIXADMUPAL T4, ERETNA T
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PATHTER AT G LS AR, 5205 A4 T F LIS Erlang KO8 1A 4L
A — RO

YENIEPE, FLL Erlang WAL RE 1 — BORGIAARSIT 46T SCHHIE .

3.2 BlF

B 3.1 45t 17— MR Erlang B2y . IZFER A E R 2R Y

1 AT LA ALeCmodule) I 5E SO LAT) TTah, He A -5 HiCexport)
FI-ZA Gimport) A, 52— LEp% (function).

2. SR C24T) JEULEREL areas/l MARIEHL G H, 45 areas/1 &
E—/NY areas MpREL, 1 1 NS 8L. AAGAEESHAER RS A
A DALERRER LAY 1

3. EB3ATH AT Ul R L map/2 T LAZEREER lists gk 2 .

-module (math) .
-export([areas/1]).
-import(lists, [map/2]).

areas (L) ->
lists:sum(

map (
fun(I) -> area(I) end,
L)).
area({square, X}) ->
X*X;
area({rectangle,X,Y}) ->
X*Y,

K] 3.1: —> Erlang fibk
5. A 5ATHIN 14 172 2 D RRETE X

6. =5 6 4T EXT lists AEHL A sum pR BT IR .
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10.

11.

5T ATEIS 9 ATV F listshibk (i map/2 %, 14 R IX HL X map Aisum
A RRET T AN PIAS BRBEAE ) — MR L, — A2 T s
Hi4 (fully qualified name) CElists:sum) I 55 —ANH T i % 1 2
%) CRILAmap(...) B Clists:map(...)) . X R 7 XA R4 5 34T
(2 NP WK ARGR,  Z% BRRAE map/2 pR E5CKs T DR A listsHh 4% 2

58 ATAIE T —ANEL A (fun), 154 map 055 1 NS4

%11 £ 14 1TH S R area/l. IXADERECHE WA 774/ (clause). 2 14
TR 11 32 1217, H 2 AR 13 & 1417, WASTRjZ M BL4Y

ST
AT A 2% (head) AN (body). SKFIFRLL—A> «—>” 4
ok

—MRECKI A A SEE 2 AT (pattern), BUE I — AN
77 (guard) (s 3.3.4 9. 7EH 13 17, g —{rectangle, X,

YO . AR, AR s — 4 (uple), JTAIMEE 1
NBHE—AN ST (atom) (B “rectangle”™, &5 2. 3 3 NS HUE T4

(variable). A28 LUKE FEHT K, 7 LUNE FBHT k.

h T ARXAFIFEATRA, FATERE A Erlang (1) shell GFIE: R

FA AR, G — R I A LR EORE . Rl

B, R R B U RO SR IBGZ A B, ) a4, Wil 3.2 Prs. i

KR BT P S N ESPRBL N RiIZk . Erlang 1) shell 3R 2547 “>7, milad
RGIEAEERAN o

K 3.2 % 14T 2B 8h— Erlang [#) shell,

% 5 AT9m1% math ARk,
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v |$ erl
. |Erlang (BEAM) emulator version 5.1 [source]

., |Eshell V5.1 (abort with ~G)
c(math).

s 1>
s |0k,
;2>
s |84
o |3>

o | kK

math
math : areas([{rectangle, 12,4}, {square, 6}]).

math : area({square, 10}).

exited: {undef, [{math,area, [{square,10}]},
{erl_eval,expr,3},
{erl_eval,exprs,4},
{shell,eval_loop,2}]} *x

K 3.2: £F shell Hggi¥itair— MEr

® N TATRRARECKEMS, ERARES Tad, KT wEmE, JF
g AR 8 AT EN Hi K
® i 9 TR RE — A M math B S KRB ME. 7mET
W, IFTEN T Sk (B 10 3 1347
3.3 Erlang I F L 4R

3.3.1 HAmLE

Erlangs 8 Fl s 4 Keds 2 it

BH (integer) —— I CAE—pHREHIECT, B, 12, 12375 F
~23427 #HEHEH . BRI HAR IS L UERIR, ARG BRI

JB T Catom)— 7 TAEFRE P kK /s 7 (H (distinguished value).
JRFE N — RS AR AT, FT AR NS . iR R T
X5 SRR IS, B4 et VR SRR 25T, W U o

bR

2 IR FE 52T P9I B
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® FEH (float) —VF MBI R Jish /& TEEET54 (431 KL 64 A7 7F
. BT £ 10E308 Ju B N iR SEHCARa] LU Erlang V7 5 8RR

® 5|H (reference) ——5|H & RME—MFF S, HAXKLLEMNA5IH
A, gl HeLLaERI A Erlang 515 make ref () i,

o —HtHIE (binary) —— A BEHECE ATAIEH. HERIECY
BEBIEHE AR T Fh 22 (8GR 17 o Er lang $24t T4 5070
it A SR, RO T RO s AN R X
BEHIBU 248 4 W25 S0k [34]

® Pid Pid /& Process Identifier (HEFEFRIRFT)HI4ES , Pid ] Erlang

] spawn (=) JFiEG)4EE, Pid 42 Erlang #EFEM051H .

s T 540G, AN E KRS (BIFY) open port
KA, R Ll DB TIROR, (H A IX Y B s ST BT IE
" (port protocol) HIHEN,

® Uil (port)

o EXZRHE (fun)
end. 7 fGIgEE,

B R BOR B, Rk “fun (-0) = -

SN URE S C /TR

T S — PR [ 2 N Brlang s K548 . { D1,
D2, ...,Dn } Xox—Aoudl, iz %0E D1, D2, ..., Dn. IXEESEm] DL
SR IR EHE A, ] DU B A SRR . X IedL ) e E 15 1) B ) S

TEE 1 o

® JG4H(tuple)

® JIFE (list) —FIRKBME [ BANE Erlang B 245 [Dh | Dt]
BR—DHIREIE | MICEL Dh, R ERILEZE IE Dt. (&
NGB

[D1, D2, .., Dn]A&[D1| [D2].. | [Dn|[1]1]1 105 F1RKE 1 A ICEM
Yy i) TR TE S 1. FIRIES 1 ANJTEMCN SR 2L (head), R 1AMt

3 BIFE[BUilt In Function/4i 5
4 R HADTE = B N lambda® ik 5.
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R UGMFIR B FR N FIRP E (taiD).
Erlang IS $4E T PRI “TE7EREAC” (syntactic sugar):

® FRFE (string) —FAFFHICAERNE T 5K FIFRF RS XFhE
v ORI & 245 H B 45 1) ASCT T BB 4 i P 38 5 51 22 (1) “ TBhliAe
B, PR “cat” HEREAIETIT, 99, 116]HIc .

® o3k (record) ——idsrfe Mt XS REA U AR A Aic ALK — P8
A5 ) 75 3o AE A3 3RATTn] LU I 4% "7 i ANl A7 B K7 1) e L i e
o GRS SR ENE I 5E 3G T IER I G 5 IR st
3K

332 &

Erlang (122 52 LLUKS FRHT LI F A8, 58 1A 4% 5 T m] LU
BEFP SRR P AT MR “_7

Erlang HI0AZEE AN A% (unbound) [——RIIEEH 4 B9 e, &
gt 28 bound) ——RI &4 T —AME. AR —HIe 7T ME, A
REFLIAS . X PR ARERR N 2L 735 4 (single assignment variable). K hZ5 1)
HARERE S, I LR RAEREAT — A “ATHIATE” (destructve) [RIRAEIT, h
ARG AN Brf A

BHINAE C 1 LA R Ik

X = 5;
x =x + 10;

1£. Erlang B 2SI (¥ Th et 225 11«

X =5.
X1 =X + 10.
FEIX AT RESAE X (RIME,  PrAFAIAE 7 AN FrAc & X
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3.3.3 Tk (term) 5 (pattern)

—ANZL27 (ground term) (K13 U & oAy s FEIUE — AN R EGE SR (primitive
data type), & HIREIRY A JeA, B AR IR I A1 2

AN SN BEEGE AN RUR B SR A, B AR, BE
Fe R ool B BB kI 213

— N A A C Cprimitive pattern) J& BT 28 B AR AN A A

HCVLAD (pattern matching) gl — M S — AN EIUEAT LU AT A
RS AN AR I 5 22 [, B B v B B A R A
TGP PR [P R A7 I, AT Dl 1 12 A8 X S A R TUC C B B, 5 U g i e AT T DT
BERM . — ELULECEE), taAuBih e i A # g Lol (term) o
St AT B R R A G 3 . FRATTARIZ AN RE A — 2k Cunification).

SIERH, Wk P AR AR T AR A, Wk P AT fiL
b A RA TG P 5 T VLR

® U P &k Ph AR Pt HIRITIANER, 1 T &k Th FE Tt M5
%, A Ph 5 Th UUHE, H Pt 5 Tt UGREd.

® Ui P Ll {P1, P2, -+, Pn}, T TAJCA(TL, T2, -+, Tn}, A
WA P15 T1UCHEE, P2 5 T2 JUAC, %I,

o IR PEHE, BT LAEHFE N .

o WIRPRE-AHMRLE, BT VIR AL,

NI g

#EC{P, abed} 5T (123, abed) VL, FFAEULRELI R AGRE: P[->123,
B H | TSI “cat” VO, JERAGRE: H[->99, T[->[79, 116].

itz {abe, 123} 5 {abe, 124} ANLHL.
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3.3.4 R (guard)

PRy R A AE A &R 2 Ry U R a2 5, B when
Gl e BIPATIR I~ R W

{P, abc, 123} when P ==
H— AP (guard pattern).

PRI ALE— RINLLE SHIT PRI (quard test), BT A (PRI I 0T
e Mg

Tl —JuisHfF T2
IXH TR T2 #2 LRI (guard term).

P v K —onis A~ R sl

BT 3

X>Y XKFY
X<Y X/hTY
X==<Y X MFEETY
X>=Y | XKFHETFY
X==Y |XZ%TY
XI=Y | XAREFY
X==Y | X™EETFY

X=I=Y | X R AREET Y

MRP A Ry Rk A F A, T8 BUE A R true BY, false. true fCFR 4627
(succeeded), false fC& 4 (failed).
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3.3.5 ¥R LE

FEIRaR UL, Py A R AN Ao 3 AR X S A A A RN IR TR,
AN EAZR A AR B

FEREAT R A VCRC A IR, AT SeaC T e AU A B fR 37 2, AR
Ja Ak R K AT UL

I RAF B XAERE T L TNV, 055 2 AN K T AXE R ey — AN AR
B, WIFL. F2 2525 W ANEEAs R, AR RN E— AN ERF == X,

X,
(X, a, X, [BIXI}
A
(X, a, F1, [BIF2]1} when F1==X, F2==X

IeJa UL, AEBGU, AR Y7 SRR “lEAARRT, EAAEA L

FEATIILRS, HRA SRR E .

3.3.6 M
PR ST 1 R A
1. —NEREH - ANREA NS SRR 74 (clause) 4L
2. —ATAIEH L (head), A A BAKI—, A /£ (body).

3. AR AT, DU IR 10— I T fE R g, DL
L] BB ERA 1) — MR AN A R, ARG U B

“ when 5| H
4. BREURH— Y HE S o Ba ) Z4 20 (expression) ZHi%.

LI

S WA R R AE T N SO B I A
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FunctionName (P11, .. ., PIN) when G171, ..., GIN —>

Body1;

FunctionName (P21, . . ., P2N) when G11, ..., GIN —>
Body?2;

FunctionName (PK1, PK2, ..., PKN) —>
BodyK.

XH P11, ..., PKN BERT—SFrdd 4 i,
T AE AN

factorial (0) —> 1;
factorial (N) —> N * factorial (N-1).

member (H, [H|T]) -> true;
member (H, [_|T] -> member (H, T);
member (H, []) -> false.
PREL R IR JTIEARAT -
7E SRR % Fun(Argl, Arg2, ..., ArgN) MR, AT 8 o TF-3% 68 20 s o
F— AN LTSk R S 250 Argl. ArgN  DCFC ) R 5502 3% 0 B30 FH o
o A RBIA UL RC R BT DR AP A i Th B3 1% 5~ AR B . 1)
kAP B AR AR I BVE R SRAT TR N AR S b 2 8. M i A
SKEL £ A28 member(dog, [cat, man, dog, ape]) B (K141 1~ A 356 B A — 25 14T M o

A M ¥ member B 2 XU -

member (H, [H1]|_]) when H == H1 => true;
member (H, [_|T] -> member (H, T);
member (H, [1) —> false.

1. >K{H member(dog, [cat, man, dog, ape]).

2. B AIATABILEC D), HATYEE (H ->dog, H1[->cat}, {H LR3I
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R

3. % 2 AR LA T, HAZE (H|->dog, T|->[man, dog apel},
KA IR, BT LR SEm ] 24 i H AT T (45 52 (8 SK B member (H,
T .

4. 3RAH member (dog, [man, dog, apel).

5. WSEHT—FE, XIKEE 2 DT AIUCEL T, HAYRE{ H|->dog, T|->[dog

ape]}.

6. >K{f member (dog, [dog, apel).

7. 8 VAR R, A Y { H[->dog, H1|->dog). I {4
DA BTy -

8. KAHH true, HEALRHE true.

HEREARSNR— N A, R — 40 AR Egied, irbl b
M5 3 A E U AT IMESSE 5 DR AR,

3.3.7 Wk

PREA R — PP A AR 2o PR I AN ZRIE AR AR, 1 BRI (R A1 2
Fe b Ja— N RIE BRI AR
fltn, B ERATE T A BRBCRERAE — M RATIR )
deposit (Who, Money) ->
0ld = lookup (Who),
New = Old + Money,
insert (Who, New),
New.
XA BB R BR R 4 N EA) IR A . i R FRATT R AR Rk 5
deposit(joe, 25), At HHEIEE{ Who|—>dog, Money|->25} #EAN LI 1) b
Hotk. % lookup(Who)# R ], BBER BIEE W, IXANIRIEME CRE WD 54t
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s B hA & Old, UCHTh. #E48 w44 { Who|->dog, Money|—>25,
01d|—>W), ke

3.3.8 Bi#IH

HEAT R BOR I, S pR B A R B s — ANV R AR A T R 48 ) A pR
B, XARBOR S Z4 /777 (tail-recursive) .

Blhn, EE NI

p(O —>

aQ,

a) —>
rQ,
s().
TEPATEREL p MFEAN I, %k g B . g e LM s, 4 s & I[H1)
g, RHER[PIZE g, H2& q Jed AshR iz EiR e 45 p.

X g PSR XS s IR 204 (ail-call), TEARGE BT
Pl (stack machine) ', i H n LAZw e AN AN Bk 2] s (AR AL . ANTR B4 IR
[l bt e NS, RA RS PP AT 200K BRI, e f R B R - A Sk st ) 1,
s (I G5 AT SR 3] gt T2 EEGR PTE] p ek iR o) o WA 87
HATLLT

W R BT T BE AT AR R AR R 45K, Sz R B0 R A

X A AR IR R 3 VA R BT AFESR A 25404 (loop) HH A i FH Ty AT #E AR
RMA], X AR E L, X PR EOE RN AR EL” Citerative function).

VFZ s AR ) DU A AR R S, ] U ARIEAC GEITD X RS
T I i, BATIRA P A AR G 5 SR Sfe ) R K. 1002 AR 3
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177 2
factorial (0) —> 1;

factorial (N) —> N * factorial (N-1).
KT HESHAM TR mE, 22— AN EA R

factorial (N) —> factorial 1(N, 1).

factorial _1(0, X) > X;
factorial _1(N, X) —> factorial_1(N-1, NxX).
VFZ AR R I s AT LB 5N — AN B SRR, 8 In—ANESN S8
RS BRI U o

Erlang H 114 22 BREUE B BT OIS AT EETC BRI A 454 Cinfinite loop) H ¥,
FEMRAER T — RS as iU, ok T IS 28 S 0 IRE A HIE AT o IX PG IR 25
PRI S B R A e — AN (1 TG BRAG IR S5 46 ] BE 40 BT

loop(Dict) —>
receive
{store, Key, Value} ->
loop(dict:store(Key, Value, Dict));
{From, {get, Key}} —>
From ! dict:fetch(Key, Dict),
loop(Dict)
end.

Xl i .

3.3.9 L

Erlang A AR IES, H T RIESMP A &R . B2 case 5
AR if B .

B IR

44



3.3.10 case i&H]

case 15 F) RTEVE I T

case Expression of
Patternl —> Expr_seql;
Pattern2 —> Expr_seq?;

end
case I F)IXAEHE R : B JEXT Expression SKAEH, B =RIFHIMEHA Value. 4R
J&i Value KX 5 Patternl. Pattern2... 5555 ULMC, HEIA —/MNLECHL), —HKFIL
O Th RS Pattern[l], %A 0] B (1 %6 14 05 41 Expr_seq[IIE sk 18, %
Expr_seq[I]1 KA 45 /21X 4 case 1A (MM .

3.3.11 if iE&A]

T3 PR SRAE M R TR i, AR
if
Guard!l ->
Expr_seql;
Guard2 ->
Expr_seq?2;

end
if EARXAEORAE: E5EK Guardl M(E, A RILHUE A true, T if d5EA)H)
E 52 01 741 Expr_seqd SRAE 145 3. 41 R Guard1 BUE A4 true, N Guard2
CRASIL G B OR47 30 Guard[i]D #ARUCRAE, HBEHT — MR 2CILES true Bl
if AL D — MY EEDY true, AW A— ANk WH i EAI
Ja— MR O SR true, DU OR FAD OR3P UHT RSN AT B — 2 BERE B if
AR B .
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3.3.12 EME$ (higher order function)

fer B BRI S KT PR AR Ay i N S AR [RE 1 BRI lists BB H ) map BRI 4K
1 R =11 S =SB G O T R 0 I = YR L OF
map (Fun, [H|T1) —> [Fun(H) |map (Fun, T)1;

map (Fun, [1) -> [I.
map (F, L) ¥ FNH TR L IR Ics g, an r .

> lists:map (fun(l) —> 2 *| end, [1,2,3,4]).
[2,4,6,8]
rer B B AT DL R A R R IR AN AR BBV 5 M B 8 A5 5 (control

abstraction).
Wltn, CiEThIRMLT for IPEFRLEHR), A LUIXFEH]

sum = 0;
for(i = 0; i < max; i++){
sum += f(i)
}
Erlang " A7 for A, (HZIATAT LUREAA GG — >

for (I, Max, F, Sum) when | < Max —>
for (1+1, Max, F, Sum + F(l));
for (I, Max, F, Sum) —>
Sum.

[SCIIPSEREORE

Sum0 = 0,
Sum = for (0, Max, F, Sum0).
FAT AT BLE SGR 18T R AR R . T DX ANE Erlang 1) shell Bz AT 41
T T3

1> Adder = fun(X) —> fun(Y) —> X + Y end end.
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#Fun<er|_eval. 5. 123085357>
2> Adder10 = Adder (10).
#Fun<er|_eval. 5. 123085357>
3> Adder10(5).
15
X AR Adder pREELE —A X AR H; SK{H Adder(10)4F X 485E 4 10, Jf
R —A A% fun(Y) = 10 + Y end.

USRS UE I U, 3R BLE SGE VTR, Eh ik ofe.

6> Fact = fun(X) —>

G=fun(0,F) > 1;

(N, F) => NxF(N-1,F)
end,
G(X, G)
end.

#Fun<er | _eval. 5. 123085357>
7> Fact (4).
24

PRBCGETT AR “fun B FIZ 80 IRETEACRS I . Bt i i ik

X = fun foo/2
& NP SERYE 5
X = fun(l, J) —> foo(l, J) end

Ferb AT O AR X W ek Serb AT R 1 B AR

3.3.13 FHA# (list comprehension)
KB PR I FRIE . RIER LA T
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[X || Qualifier1, Qualifier2, ...]

KH X 2 MEEERIL, AR ER (qualifier) & — MRS
(generator) =%—AN i JE A (filter).
® LplAR S Al Pattern<-ListExpr [JE, X HL ListExpr 2002 — AN HUE A
WA (list of terms) [R#EIER .
® eSS T LRI R IR e R Rk 2
ZEA -, 2 PR HE Sk T DL AN R B R R A AR R IR
agsort([1) —> [I;
gsort ([Pivot|T]) ->
gsort ([X| |X<-T, X =< Pivot]) ++
[Pivot] ++

gsort ([X] |X<-T, X > Pivot]).

K “++7 BRI INZE AT (infix append operator).

T AR P AR (crossword puzzle) JES2R(E, AR LU NI K perms
R E S AN R T A

perms ([1) —> [[1]:
perms (L) —=> [[H|T] || H<- L, T <~ perms(L——[H])].
KR PRIZERT “X--Y7 B ZICAESIR X PAESER Y T HPTH
TERAE N — AR UK

an R

> perms (“1237).
(7123”7 “132” “213" “231". “312". “321"]

3.3.14 it (binary)

TRERIEOE W AAE AR AL R Cuntyped data) TSI, BRI T AR
R ARG AT =80 11O #AE . I e A1 2 e 4 BT T v R 2R TR R
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o G, —AFRERAENSIRAFEIS, B FEAFTE 8 AN AT A, AR
—ANZREEECRAER, AR R LA, TN AMR/NME [
T4

B BREL list_to_binary A LAE—AN jo # Cio-list) #4ul—A —HEHI%L,
binary_to_list I w] LLHEATAH [ IERVE: term_to_binary 8 AMTE IR F el —
AR, T binary_to_term N2 .

TR o RZTRILTA TR /INEE CNEHURIRLE 0~255 JuH N I %
KO BT EHIE o RN NE REL list_to_binary(A) 24 io £ A i Pk,
I HIEH 24— 3% . binary_to_list/1 & [P 812 —AN i 1 1K) /N E B A 3
HA M A LA /N5 R I, binary_to_list 475 list_to_binary(A)/™#
FH o

Al LLA concatenate_binaries pRECH —HEHIE AR & R kR, I H AT LU
split_binary pRZ0H BAS o E] e A 1B AL

& NI shell Hrafl, i W] 1L b RIE R AT

1 > Bl=list_to_binary([1,2,3]).

1,2,3>>

2> B2=1ist_to_binary([4,5, [6, 7], [1, [8, [9]1], 245]).

<K4,5,6,7,8,9,245>>

3 > B3=concat_binary([B1,B2]).

<1,2,3,4,5,6,7,8,9,245>>

4> split_binary (B3, 6).

{<1,2,3,4,5,6>>, <17,8,9,245>>}

ik 1 RAIRRL, 2, 3V pl —HEHIE Bl X HL<<IL, 12, ... >>F IR

11,12, SESF ) A AL

RIEX 2R A~ o RF Ml — A 2K
FIE 3 KA T HEI% BL A B2 MER A EI%L B3, KA 4 %
B4 73 F A —BEHIEL
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5> B = term_to_binary ({hello, “joe”}).

<131, 104, 2,100, 0, 5, 104, 101, 108, 108, 111, 107,
0,3,106, 111, 101>>

6> binary_to_term(B).

{hello, “joe”}

BB term_to_binary CKf L2 B Ml — > BB, A SO e B
binary_to_term, ‘& A\ i filE it th— N is. HH term_to_binary ;A 1K) — il
e LU “ A IR 507 Cexternal term format) [ )5 =047 (1) 8 i
term_to_binary 5 el — b I LS, T DR S, AR G I ) 2%
S IR, LA G SOAT PLRRZ I A S o JRORET40 52 20% 1R H50als 285 48 A7 N S el 52

A Bt S IR L AR BT SR UL, AR R AR A .

3.3.15 {IiB¥E

(VAZESFAD/L VD e vi 1D e QT E 2 g e W v A e T
AT BRAR HERIBOR TR, RIS 281 shell
1> X=1, Y1=1,Y2=255, Y3=256, Z=1.
2> <KX, Y1, .
1,1, 1>
3> KX, Y2, .
<1, 255, 1>
4> <X, Y3, .
1,0, 1>>
5> <X, Y3:16, 2>>.
<<1,1,0,1>>
6> <<X,Y3:32, I>>.
<<1,0,0,1,0,1>>
B LATRE N T AR XYL Y3 R Ze BB 2 AT X, Y1 R Z i T —A
TR, i E<<l, 1, 1>>,

95 317 Y2 j 255, HAGHRE A EE DL " HERIER A 2 e
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TATRE A Y3 ketits — A ZEfIEuN, a1, KA 256 £
HURANT o M2 5 AT IR “:167 B IE XA IR

UERFA AN & — D HEEU 22 KN, et RN B e ety 8 EEEF (bit).
856 4T o T 32 LURr A R

FAIAAT LASR 3 — DR it s 1) R, T DR e, it

17> <£256:32>>.

<£0,0,1,0>>

8> <<256:32/big>>.

<K0,0,1,0>>

9> <<256:32/1ittle>>.

<K0,1,0,0>>

7 AT s MR 256 Ak T HERIRG JFTA (pack) B 32 LB
F8ATHIFRAARLL “ IR TP A 32 LURe A, 58 9 1T H “/)
S s 8

Al Coit field) 2 n] LU R i i) 7 20T

10> <L1:1,2:1>>.
<130>>
A 1 BRI — AN 7 LR T N BN 1 R

ST R R HIBAR S, ) UK — 2 v -

11> <KK:1, YD = <1300,
<1305
12> X.
1
13> Y.
2
5 1LAT S 10 T Rk R

Xt R TR S DL BC SR AT d G vt ISR AR B A0 Kl 1) o A DL e 7 — 8k
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T 0 A “B” (segment) EAMKIKHEAT. & — Bz ~IEARILIA

Value:Size/TypeSpecifierList

X HL TypeSpecifierList 42—~ End-Sign-Type-Unit 4% 21 DL 755 70 b 1 4

H#&, &4 HEXWE:

® [End—— RN, ATLLA big B KSkRp, AR,
little UML) B native (AHLF) o

® Sign—— LI signed (A 5) 8 unsigned (FoFHF5)
® Type B LUK integer (BEAY), float (V7 A AY) Y binary (—#EHD.
® Unit W “unit:Int” B, IXH Int 22— 1~256 BN R

FHEE (literal integer). IXFFIXANE K/t T Size X Int Lt
B, XN/ 8 ELRF A5 5.

AR A B A A, Hoa) DALME RO B

1E{Erlang Open Source Distribution)—45 [34]1#)44 A“4. 4. iR L5 Erlang

R [ T A R T SR RO T 09 TR T ZE T

=R - LT, T SO U -

A EADE OB A AT TPv4 (9R3C, W NI

-define(IP_VERSION, 4).
-define(IP_MIN_HDR_LEN, &).

DgramSize = size(Dgram),
case Dgram of
<<7IP_VERSION:4, HLen:4, SrvcType:8, TotLen:16,
ID:16, Flgs:3, FragOff:13,
TTL:8, Proto:8, HdrChkSum:16,
SrcIP:32,
DestIP:32, RestDgram/binary>> when HLen >= 5, 4+#HLen =< DgramSize ->
OptsLen = 4+(HLen - 7IP_MIN_HDR_LEN),
<<Opts:0OptsLen/binary,Data/binary>> = RestDgram,

EBEE 7~10 ATAE A RIUL R RIA R UL 1P RS0, XML L

AR, BEBNT 51722, Azl IR 7 A Z DL 4 2 S s
JE AT B AN ER) (91 Flgs 380 FragOff Su sk 20 il & 3 ELAERAT 13 ELF K.
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NP HRSCUUAC R, Fab SkANE o o0 g o BT 1 (sl 12~13 47).

3.3.16 i3x (record)

WP TS AR P AT AN RARIC R IR R (1 — P ik L)
A EHE T WS ICR D BRAHR K, AR AR e R S et A=

25|

/O o

XA TRl UL, XA R4 R @, B CLIRATZ W ] DL BRE 7o)
TCE MR DI e H A T A .

Bt TOZH 1 76 28 N EOECR O, BEEREE T RN 7T 38 10 SO AR 15 R ik
N 4ed e =N BUR S, ST T 3ol H 77 S oA A TR
H— ML FWIH, AT AT CLH I SR o

R I g M iEvE Ak P E

—-record (Name, {

Key1
Key2

Defaultl,
Default2,

1.
X H Name Zi0#M4F. Keyl, Key2.. @itk &KL FE. ok
A FBE DA —ANEOAE, il B2 sea iz 2 Be e A
B, FATTWR B g > person #)id K :
-record (person, {
firstName="",
lastName = “~

agel).
X T — Al BUa, SnT LG EZad sk s, B

Person = #fperson{firstName="Rip”,

T, AT SRk
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lastname="Van Winkle”,
age=793
}

X AIE T “Rip Van Winkel” 8f{1 A .

BAITo] LSRRl R I A Bt AT UL e, JF HATESH it % . b an 2

4038 Van Winkel JeAE R4, AT AT LU pR 2
birthday (X=ttperson {age=N}) —>
X#tperson {age=N+1}
—H AL s, s X ghe 2N e, 1 N gFx 2

0K age F-Bt. Xitperson{age=K} NIz 7 X (KA DL, Rk g s i
age T-BLLL K AR

3.3.17 Erlang THALEFERF (epp)
7f Erlang 4w i 2 /i, &M Erlang FALFEREF epp KALEE[) . Erlang T
Kb ERRR AT 2 R TT R4 N BT 5 I AL S

Tk F R R A 3 45 SR LU compile:file(M, [P7]) fir 2447 330 14
A PE Meerl SCHFR I FTE RS, A ANE I MLP SCHE, ST B 1
FER T, A LHERAS S eSSk T,

3.3.18 &

Erlang 1% 51

—-define (Constant, Replacement).
—-define (Func (Var1, Var2,.., Var), Replacement).
MiEF A “?MacroName” 1B Mg, 2o b Erlang TiAk BEFE
JETT o 2658 SCRP A R A2 B 0 P 23 P A AL 437 2 4 it b ANl s i i
-define(macrol (X, Y), {a, X, Y}).

8 % “Google k A7 #A%NIE Van WinkelsE2E 2 KAELL, ITLA 793 25 4l @ il .
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foo(A) —
macrol (A+10, b)

eI REN -

foo(A) —>
{a, A+10, b}.
R Z BN AR [BE S 52 25 . PR R 1A . RIS BE1E R Xk
i %

—-define(start, {).
~define (stop, }).

foo(A) —>
?start, a, ?stop.
AN FE— R, RGO T Y ar B S B Tie XE . e

® OFILE: ¥ @A Y4uT A4,
® OMODULE: ¥ &K Murtkiih4 .

® °LINE: ¥ NHYTITS.

3.3.19 B&XH
Erlang H SCAIXFER AL
—-include (Fi lename).

HHADE SCFAEAT “hrl” [T ESCIEA . FileName 225 Wiz (8 — M
B SR AR B AR BTN B8 A%, DUSE FIUAL PR Py £k 2 A B SCA

JE SO ] PUIXFER AL 5
—include_Iib (Name).

i«
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—-include_lib("kernel/include/file.hrl”).

BXPE LT Erlang g 1245l (6 £ 21 IE A 105 301

3.4 3} %& (concurrent) ZwiE

7F Erlang 7, AJ DL spawn JRiE KA TR, ik

Pid = spawn (F)

X F 2N 0 MR, ke e T A% F SRMEM AT
B, spawn IR [B]—ANEEFEFR AT (Pid), @i Pid Bl 1n] LAV R iZ 3t
A1) “Pid I Msg” £t AN & Msg K% 43R Pid. 314 5 7T LU receive
JRVE RN, EEIER W
receive
Msgl [when Guardl] —>
Expr_seql;
Msg2 [when Guard2] —>
Expr_seq?;

MsgN [when GuardN] —>
Expr_seaN;

[; after TimeOutTime —>
Timeout_Expr_seq]
end
Msgl...MsgN #REI, BIAWarfe A IRl 2 — DR Rk — N
SN, 2T BB A& TR AR AR (mailbox) . TR IRFEREXS receive
AT SRR IR, RS EH— MM, JF HAXESE A 5 1 40 8
L5247 receive & A) T I ITABINBATULAD . W R MBAR h e 2 197 B S AT A
FECVEHC L, T S e e A% 21— A I iR “ORAE 7 BAAI R, ERE g,
RN R W RVCRC L), H5 22 VERE A T iy () O 47 2 B 1Y
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W, AR T TR A RS S IRBORAE . [RII, Br A g i O (03 S A
TR B 2R R HRAR o o

receive 1E A LA — AN AL R KRR I (R o SR A N T P YA B ] G
WV RS, RN S R T Ak Sk S sk A
3.4.1 FMEHEZ

MBRATAR ) — AN R R IE T RS, AT B ANIEZ IR AL . KRR
GA, AH R G IRATTE ) — AN PO R A 38 Y RS DA 20 1 v 3R B i B A 1) 44
T, X R b ok SERE

i RIR A

register (Name, Pid)

S —AN AR, BT Name 54678 FRIRAT Pid JCHGE K . IXFEHE
ATLUEIE A “Name ! Msg” Sk HEFE Pid A% B

3.5 fHiRAE

1 Erlang HORHL—A R EUMAE € RATPIRR G AL ZEA s Bost iR [F]— M,
LA A

Sl LA~ (Rl Erlang 3247 & 48742, nl LGl ] exit
X SRR R A=A B s A e HoR A T URE .

AN R AR A, BORERATT S AR

factorial (0) —> 1;
factorial (N) —> Nxfactorial (N-1).
Sk AH factorial (10)#43& [7]—ME 3628800, {H & 41 %5k HY factorial (abc) frI1H ,
WERE P A — AN S L EXIT?, {badarith,...}. F¢H 25 5 T IEAEAT IRHRAE
Bt AT A B FHE——IX & AR 3 R . R3]S

J = factorial (I)
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AR RS, BT 3 B L factorial (1AM . 4R A — A4
(9240 factorial, W ORBATRE S . NIRRT 197

I
J = factorial (I),
AR B, O BRATITCIE VA factorial (“monday™) . [RIIE J AT IR
(ENRERGR RN SR AR =&

“monday”,

VFZ iRt 50 AT BB AN S B TR O AL AN DL, MR e C 22252
T AR E H AT h %

351 ®BE

St 20 Erlang 3847 I AR GEF AN 2 (1) —FE 1E 3R 2  Erlang #2172 4
B R B2 IF Hoi A R UL BB R RAT I iy B SUBL07 H4% 2 Erlang

IBATIN RGN0 o

— HAF A B AR P RS, esia AN R . T 6

FPSRAL () S -

1. {HE51% (value error) ——3 250 “H% 0 b7 Z2RIMEHR . XFENT
FRE5 R BN S BN TEA Y, (H RS T .

2. FAVEER (type error) ——iX 445 H ] Erlang 1) A B 2R H 1 I i
A S HERBAEM . B, A DNNERECH atom_to_list(A), &
BET A B ASCH BB — AN EEgIR . AR A AR —A
JRF, BT RS A

3. A VCALAY % (pattern-matching error) ——iX 254 25 KL — AN 5L
Patiby 5 — Lo iU T VL AL, ZNERASBIVCHC B Dh A B 1 o IX PP
RS TERR AL VSR = A2, BUE 7E W U case, receive 2% if 15 A)H 2EATIL
Be i =4

4. B exit(explicit exits ) ——IX F4H 15 2 7E 2 = H KA L exit(Why)

=A% R Why 579
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5. HFR(ERE Cerror propagation) —— 4 — AR R exit f55, B
Al DL RAT I CIF X exit (5 AR I e B 1t 2 (L 3.5.6

EPE

6. ARG (system exception)——iZAT I RGe thVF2 Kk ARG R s il
B A PTERA BN & i — AN R . XIS R ANLERE P B 4 N
FlZ .

3.5.2 catch J&iE

Al LA cateh JRvERE S e e R . BTl LU AE Erlang 11
shell HLURAE—Na FECRH A RIA, Bl DUEEX — k. AR
g 1048 A E X b, EERETHA:

1> X =1/0.

=ERROR REPORT==== 23-Apr-2003::15:20:43 ===
Error in process <0.23.0> with exit value:
{badarith, [{er|_eval, eval_op, 3}, {er|_eval, expr, 3}
{er| _eval, exprs, 4}, {shell, eval _loop, 2}1}
xk exited: {badarith, [{erl_eval, eval_op, 3}
{er| _eval, expr, 3},
{er|_eval, exprs, 4},
{shell, eval loop, 2}]} *x
X HLAE Erlang 17 shell R AR ZEN X = 10 25—, HHE—
FER DR BT BN R 7 ArdEs b WORFATTUEITEN A X BOME, AR R
2

2 X
x exited: {{unbound,” X' }, [{erl _eval, expr,3}]1} **
B, B X IRERAE, Tl A T A, IrDATEI T 5 — 404
LRIEIES
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T RS AT AL, AT AAE A catch AU ORAEE, Wi

3> Y = (catch 1/0).
{” EXIT" , {badarith, [{er|_eval, eval op, 3},
{er| _eval, expr, 3},
{er| _eval, exprs, 4},
{shell, eval loop, 2}1}}
BAE Y A —AME, B S 2 S n s igondl, 2 1A n s e i 7 EXIT,
A uz i {badarith, ... }o Y 52 MRUER) Erlang TS, REWS B IHABIEAT
Erlang 4 254 — 4% 5 A A AL Y o 2 ik =

Val = (catch Expr)

FE— 2 W) B e SR E Expr FME . Gn SR E R 2501, B4 catch 3R [H]1%
LR IE s W R SRME L FE A A T i, WISKAE G RE S B 2 B IF P2 A — AN i
S AR HR R T Erlang X%, fEIXFREOL T, catch (I{E S T~ A
(1) 575 TR

WIS SRAE Ccatch Expr) &[] T —ANEW{LEXIT, WHI I, A4 A TN
HFIE Expr K W & IE T .

WR—/ catch Kk ALy 7228 T —AN 7%, 84 catch [F{E AL
FEVZT I IE .. WRAE catch MAE IR A= T — AN w, IS Ar=A s w i
FERERR B RE, H Hoaz i AR IR 4 M B 2 2R M o b i . bR i
n] DU k8 A 9 R AL link (Pid) KRG .

3.5.3 exit JR1E

A LGE I exit/l Jgtifok U A E lc— AN g . R — M

saqrt (X) when X < 0 —>
exit({sart, X});
sart (X) —>
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Elrp R — AN E A S X AR sqrt 1035, &= A4k R {sart,
X}

3.5.4 throw JRiE
throw J 5 FH - 088 55 IR TE VR TE

® WURAERAREF P HIRA I exit (P) AT —AA3%, BARME
(catch F) & AORZ > { “EXIT” , PHEFH,

® UIRAERAPRELF MAE N throw (Q) 7724 T — N4, AASK(E
(catch F) (145 Rmliofs 25 Qo

throw ] LU R F P 7= AL IR S RS AT I AR 487 A 1 57

355 EBEHIRSRETHE R

BBLEATE T W N R 7

gX) -
case (catch h(X)) of
" EXIT , _} =
10;
Val ->
Val
end.

h(cat) —> exit(dog);
h(N) —> 10*N.

SKAH h(cat)$ =4z —AN 5, 1 RAE h(20)%4i& [0l {E 200. K14 g(cat)zk g(dog)
IR AIE 10 117K AH g(L10)KsiR [MI{E 100.

MBATRAE g(cat)if, B RAWT — RV FE:
1. SKAH h(cat)# K15 .
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2.

3.

4.

h A7
2 EE

g R[Al—AME.

KREL g(dog) 2 fE I, K5 51K HIFH:

1.

2.

6.

7.

h(dog) #>K1E -
£ h e i, AR N #e8E A 1E dog.

. >KHU N=dog F} N*10 []{H .
CAERREL  GFREE: BHTIRIBISEMRED hrE T AR

- SR R AL ho

R A g AR

g IR[Al—AME.

UR A A7 A A% L AR I REBATT A0 T LUACIL: AESRAEL h(dog) 77 T —A>
S %R HAE g P FOFEAIE T .

FESERAT AT LABE— ME RIS T, (R EREIE T .

UER A2 AR AR h(dog), A8 ANRE 2 A5, (B I A Bl SR AN E 1E .«

3.5.6 HEEERSBWE

— H AR, B A AR A R AT BT A [P R AE 2.6 T RAT]
PO FATHTEER — ORI E — Dl B RS AR5 0] USRI — 5, Bl
A DU R e o R I A

BERIERGER — R R AR — MO, bR, et
REFPRAE TR IR, A BITAT IR BE R ARG Al e

BERE ML ] AN SO BERE R R AR e P (R T AR R 1R

IR
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catch Jstif FH TR — AN EERE A A AR RORE R . B FATTBLAE R ) — ], W iAE
FPITiZ catch #RANBLA B IE— AN E Pkl 2R 0, 2R AT A FH G0 ?

BRI,

AR R R B NS 2 D EEREAR I, TR A S DR 4 R
U PTHE R —NTE AR (link set) [T A HARZERE . bR A vTLLd
I E L link(BYRE B INARI'E HERZ S . R I IERE X PRI, W
ALV, R AERR] T B, B4 B WMIERER T A

B ] DA7ERERE A G (I B .t A B i A O 2OR B
HEFE B:

B = spawn_Ilink (fun() -> ... end),

A2 FFEBAE AN I i o B2 2 T R A IXRR i 7 VAR L ESET
SE A spawn 585 A link, WA IX AN RIE A ZE—RPBATH, AP n,
spawn_link & 51N, JE ok T BEESERE A G 5 1 ok B2 vk A R 15 M AT link
VB A AL R P 2 L 1) G R i

W HERE P AELE I A4 T — AN EXIT’, WhyME ARk s, IABH
HS{EXIT’, P, Why}at S 4 A IX 25 BERE P IR P I T 3R

TMINIFEE] “A55 7 55 2 HERE L1 I B s AR HERE 2 A5 35 1 — P A< 15
a5 & MEXIT, P, WhyPERFItdl, X5 P &2 LR Pid, 1 Why
IR SR R I

ATATIKCE] Why A4 normal CEFD BHE G 5 SRR 2t . X TIX—
KA — ANl Ak an BB RS — ARG R, WA XA SIER, ek
B SR — N E W FIHERR RV B, s In 2% 3 R A B o w] DL A
P& BRI $ process_flag(trap_exit, true) Bk —AS— Mg FEAR Bl — > R G HEFE

FA 0 R A PR A 3 R 1 A 1 S TR AR B R

start ) -> spawn (fun go/0).

i, AR AR P G — AR A AR A T MR AR B AR, e R
KPR .
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go() -
process_flag(trap_exit, true),

loop ().

loop () —>
receive
{" EXIT" P, Why} ->
. handle the error ..
end
AN Eexit/2 $ 52 BUX AN HEE . exit(Pid, Why) #4245 3EFEPid & 3% — AN R

AWy IR HE 5 o T Hexiti2 IR AT A2t PRIIZ A B RE S HI oKk
“Lhe” —APEREIZET .

AR T “ RGEHERIG SAUITAE SO 57 X — roR U, B E—
A AR an B exit(P, kill), K n) P K IE—AN A/ f1 727198 H1 17 5 Cunstoppable
exit), WENZME TG HERE PR A D)5 R A S . exit/2 BRI/ %
AT SR AN [ 4 T T A G e T

BEREE R T R4 (group) 2T FHI), RERERELL 10— AN RS
DT BERRAOR AT B G AR T A N ARk, IF Ak

W —AERE 7Y “ IS I (. I e KRR E 5 o W R R
AP AATAT—NRERR ST T, B ER T AL DU E I SR AR S 4L,
7T EH A A SR 2 v (R R R RV S, X et A JE IR T e it A
Ei g 8 AR ]

BEREEHONS T4 GER AR B2 AT F IR, AR50 T X FR IR BE A0 1 A
KU AT AEMIY R )T — g5 an i By, 207 55 IR S5 4% (0 9% AR A1 7% TR B4
P OSEIN IR Vv | DRI C 35 e Wi Ve 2 Y (SHE PN - NTIE- IRl i PN g S ] 1]
231l (long-lived session), #5455 #s i i B FRATT T B R AL A %7

03—, AR SEbug CBREBED .
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(L 23— AN 20 7 joi i R I e AT AN A B R R 55
erlang:monitor/2 JE Bt & KW B — NI 1. i R ERE A k1A
Ref = erlang:monitor (process, B)
W22 B P Jst R Why ZES IS5, s 1i) A K8 — 400 PSSR A -
{" DOWN’ , Ref, process, B, Why}

WAL E AR E A RRRCE B AL 2 R GERERE

3.6 9%k (distributed) ZwIE

Erlang F2/7 BEME 1R EE Sy th N — A B AL BESS V- S A B 2 LA T 5 A
SEREM H AL A1 (self-contained) Erlang RETHFR A —A 7447 (node). —AMEE
BRVERSE B n] ABE— A EEZ A Erlang 5 . 24 Erlang % & 0] LUSATAE[R]—
AMERAERGE FIX— AL T 20 A 2N IR w] DAL 1k BT 67 s as AT A ]
—ANMEPRES b, SRIEAT A AT N AR B TF A AN, 2 Y AR I
A LR AE [A) — A B AR AN TA) Y R AR 1 o A 2 2 Ab PR 8 B AN [R) 19 5o B

TEMERAE (timing) LLAL, I8 /Ei T AE 7 AN A% 5 75 R — A0 5™ kg A
Al

oA AL T 2R A St i -

® spawn (Node, Fun) TE— ANz 15 18 Node b= AR — AN b 3 R & Fun

IR o

FER B RLEEA TS AT

® nonitor (Node)

X B monitor LT link, AN[H)ZALTET-#EF IR 0T G L — FEAN T AT
ANFERANHEFE AT N o

3.7 imA (ports)

v 1145 Erlang F277 548 S PEHE T —FpUH] o o 100 ] OB I H N &
PR L open_port/2 ckAIE . AN D EE — A5 A CERT s gt R
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(controlling-process). FATIFREEHILEFE 777 Cown) %3 1. M iZdm TR 1 B
A1 DA Ak a5 IL il R, HUE LR IEERE A vT DL )12 11 R IEH B
i 1 A SR RR R G 10 B i 1 (OERE,  (HE IXANHERE o] LI Az

AR P Ao, iy Con 2 HAE HIHERE I pid, 82l IR A R s
oKLk S AR L S -

P I {Con, Command}

1% HLf¥) Command A% & m] DL~ = F0m] B8 1 1E -

FHE Data 1l d i ARG AMEXT S . Data 70
oA io R (B 3.3 14 KT “io K7 ME D). o RKitiT1b
(K1, Zrb BT (e 0 A AR 45 AN IR N R Y o

® {command, Data}

® close——RM— A uig H o I P g 1 a0 200 ) 328 21 38 R ] 42— A {P,
closed} 17 B o

Wi R BIREREAR R Pidle i AL 20 B4 iR
Kl P RR I, — A {Port, connected} (W98, 5 2 H Y E] 1)
P 9TIH A2 R IR 4B 7 T 1A

® {connect, Pidl}

e S W3 0 BT AT A1 S R P £ 20 1Ky LL{Port, {data, DY} S A%
ARk Ll e .

T R DI 3 DL A R T 2t DU E R T A e o ) s £
HZAN11HZ W22 3CHK[34].

3.8 FAERIBEIR

Erlang SCH5—Ffi &) B R Sh AACRS R B LB . 72— D IE4T I K Erlang 7 /i,
FITAT I ERE ARG 5] A QR o DR BT 06 20 225 FR A R BRA 4 17— s AT I
RGNS, SR A A ?

LR AL G AR TE = B U — N 4: (thread of control), Jit LAt S 3A4T 13
AR ARACHS, BT T B2 Fe % ME— I R s DI AL R S,
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DR PATVI R SR A, BATTSE b Bl B R ki R g8, AR, AR5
HOH A SRR .

SR —ANSEIHR I R GErh, Bl 0 AR BT T iIZ RGO AU . 71
HELOREE IR SRR ZE T, BATR A VP R R GRS S, LU LR
G T BB AN 1L R G SRR e . X RGN — AT NASA
WL X2000 A #EHI R S[2]

Erlang ARG MIEE LRI ACHS FEVFAFAE P A RAS o AR ASBEER (AR
AR, A P ZAEACHS (1 BT AT 8T 5 3 (1 BERE I 22 B A U B2 AR 1) 15
BORCA Lo TR AMRIHRRPOF L T, A SR AT A A R SR il B m)
PAEFEARSARAT Z 1A, B ] DA FE AT B e i A o XAk dE TR
AL Qe 5 A FH R o

T AR T A 42 R (1, BPLL “ModuleName:FuncName” [#)7
AU I, 82 580 2 1 2 AS T 1) B B B AS 5 DUl 8 A 1) 22 i R AR (2
W ZRA . AT, BRERAE T N — MRS IEIE

-module (m).

loop (Data, F) —>
receive
{From, Q} —>
{Reply, Datal} = F(Q, Data),
m: loop (datal, F)
end.
FERLHE m 55— B T B B IR, AU N2 7 2Ek, B SRR I
HI m:loop eREI IR i . DRGSR IR m BEHURE — SRR, BT L 2 2 i
LR loop %L

R FRATIAE BB T e m ARRY, B gm et N T iZa . B4 43k
fI17E R 5 1) receive 18 AP F m:loop BRI, B RCAS 1) m A A (A 00 il 2
W . R, TR FEARY S 2 AR I 3 A PE AR DOk R R . s i ST BT
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A AR B e i A R (200 3.3.8 1) (1), IXFEMIE —AN R A A
DR B B ZACS R, R AE SR LS, — AR BT (1 2 AR T AR
AR T .

AR PATIA BB AR HAT A CERRAS (FARRY, M ANDI BB R 4Q
b, R ABATHT AR AR a4 0 A 1075 305 1% loop 134, Rl

-module (m).

loop (Data, F) —>
receive
{From, Q} ->
{Reply, Datal} = F(Q, Data),
loop (datal, F)

end.

FEIXFPEOL T, AR RRAS 1) A A 2
ST IE AL A5 3R ] DA I P T AN IR R 2 AR A

i BT, ABEAEAE PR — AN RIRIE . 2R3 = VR FOFr A — 4
e, W IEAEPRAT 2R — BRI P AT BERERS 4 5 3o

br 1T UL B L LUAL, IEH V2 N E R B Rk RS R i H 1. IX 28
PR BAE S 2% SCIR[B] H A PR A A
3.9 —#AEAIFFS (type notation)

TRATAEAY AN RA B I A, 2 I8 A BB AZBE I Ve ? e, 3R
R4 il b 6—41 APl (Application Programming Interface) 3 kA8 e
XA APl HUE B i a] (AN TR I IR — 2 R B, DL AR L6 R ) iy A BTV 26
PR EEROMTIR [P ) 2R A B ik

R B T Wil A Erlang (2R TRF 5k 45w —LL pR A 1 S
+type file:open(fileName(), read | write) —>

68



{ok, fileHandle()}| {error, string(}.

+type file:read_line(fileHandle()) —>
{ok, string()}| eof.

+type file:close(fileHandle()) —>

true.

+deftype fileName() = [int()]
+deftype string() = [int(].
+deftype fileHandle() = pid().

Bf—Fl Erlang (1R 4G EE R HA E SRR, IX L JRURIR AR .

int O ——&BEHCERA,
atom () ——& JiL IR,
pid () —t Pid KA,
ref ) ——Z 51 H2EA,
float ) ——& Erlang HJ7F i8R AY,
port () ——& i H -,

bin () ——& —3EHZ,

BIFBM . Jn ALk EE (alternation) 824 R i A Uk XU

R T1, T2, -, Tn #SERTME, A (T1, T2, -+, Tn} wi & L 24 2570
(tuple type)o BERJUIH (X1, X2, «--, Xn} 10 X1 & T1 KM, X2 /2 T2
A, eeeeen Xn A& Tn 288, FATTELU (X1, X2, «--, Xn} /& {T1, T2, -+, Tn} 3K

R T AR, XTI E DI ESED (1ist type). WIE

[XL, X2, =, Xn] I FT A Xi #8424 T KW uE, M4 AT
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[X1, X2, =, Xn]J2 [TI2RM, JERE, 2R ORBEET], Hi T 21

HRM,

® I TIAIT2 #HESEA, MW T1|T2 wijeik$F2A (alternation type).
R X MR T1 5% T2, FRATELUE X R T1] T2,

CIRYS iR/ I NIORERE S AN N e LR
+deftype namel () = name2() = ... = Type.

X H namel. name2-++-: SR P NIEA Erlang )57 (atom) [I1EVE. Type
FERAAN T, T4 Brlang AR B TERT S . BlnFAT e BLg Y.

+deftype bool () = true | false.
+deftype weekday () = monday|tuesday|wednesday|
thursday|friday.
+deftype weekend () = saturday() | sunday().
+deftype day() = weekday() | weekend().
EIRICNEE IS VT
+type functionName (T1, T2, ..., Tn) => T.

KHLPATIN T1 AR . WA A IBL R SO AR A L T A
U AL A g 3 SO L PR A7 B PR P A A e R s 25 A A T 11

1k
KA

—+o

=

R T

+deftype string() = [int()].
+deftype day() = number ) = int().
+deftype town() = street() = string().

+type factorial (int()) —> int(.
+type day2int(day()) —-> int().

+type address (person()) -> {town(), street(), number()}.
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a, AR REISER I M5

+type fun(T1, T2, ..., Tn) => T end
P, map/2 FRABLHIN IZ AT R B

+type map (fun(X) —> Y end, [X]) —> [Y].

X R HRMAT S L Wadler&Marlow [49] BT T & BIFRBLAT 5 1) — P AR Ly 4k
(RIRBCAS o

3.10 i1t

RFENHT Erlang REZEM—ADTH, 202 UHABRILEAR SCh M HTrE
B AHREIRIEBAZ “Erlang & T4'S5 rI A8 RGN UIETH? 7 3K
MR R “IER.” ATSChEaud, HTwEn B8 RemiE s — w2
R FELRRE (200 2.6 15 RL~R6). FRINAEHKENUE—F, Erlang fffi S 2 i &2
TOXLERRAEI, PR

® iFiE Erlang (A, BTLA RL AL,

® K04 Erlang P IRERE WSS IR BB 0, BTl R2 WiAl. WAR—abRe
A A A R R 20 B S, [Rl—A> Erlang 5 s HR e R A S 32 3]
M CHER, BRAMTIEREROER B TR &b RS b, IXRE oL B
RETH] R 1)

o IRV IR EH TN SHOR T, BiE RGN BIF H T4
ZHEORH, B ZEREF ALl RIZZ LS Gray NS FE
(fail-fast process) MIMES (S 2.10 45, tHfFH Schneider [
FER G PR (fail-stop processor) RS (W 2.10 95), BFF
A Renzel JCT AT NI ¢, IR & T TRV AR (S, 2. 10

e

® Y NIRRT, HARRE IR S8 2R R M AT IE R, Ik
W R3 I R4,
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® RS (1% 3. 8 FIHIA M Fh AU T AL -

® R6 {E Erlang ifi 5 LBATHAAL, (HIEAE Erlang B AR THiAL . KF
AAEAH AT AR dets B mnesia S dets &N AHLIHIHRE THERE 147
ARG e WER—REREEE RS T, AFAHAE dets %A
TFLLSEAE . O TR B A M ORI EAE (10 H 1K), Eotls Az g e B L
ML SR, XEMERT DU mnesia B4, B OTP 1—ANNY
MR

PR, Schneider [ “HASRMEFIE” (halt on failure). “HripRA&

J&M:” (Failure status property). “Fa €At JE Pt~ (Stable storage property)

(W, 2.10 95) M, il Erlang 15 H A8k Erlang 1% B 2 8k 0] 42 Hus
2T .
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4 R

AT PHA T Erlang &5, H2&%A P Erlang gwfe. AT E
KT Erlang WFEE AR . W E AR K 1 710 -

® IR HIFA—HRE LI, IR LU P R 2. A T
MG AE ) — AN EH BLEAT I AR ST U A IR AR, FR 7R T e
AR P E L, o —ASaffE IF AAS, 53—NRAT 2
ROy A AR o

® /iff Erlang HIMHRN—/F Erlang FITH I H, TS AR et fe. Hh
T BATAFHFX MM A, AT M B 2s (protocol
converter) [FIEM, &H BT REATTHY A E Erlang BEFEIX

— W&

® [rilang HY# iR Y—FErlang [ RAL B 30 HALTE 5 A AU A o
PRt 7R AE Erlang FFiZz iy g 5 HAR 1 L F FE

® E X e — PR I RS B S i AR AREE T g )
VR P i R DX 110 AN e o X A A 38 T 1) 2 A S 00 4 52 2 1) 2
K
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(f__' /
14 ) a ) N a ) e ) 8 ;
_ /W - (N i )
o (. -
p— 2 ¢ 7 >
( () ( \W
) () N \_/
\U") ~
o J ( el
\—’:9 ] ) Q) I | |\ / ' \V' L/
:\_/J '-\_ _/:, ' '\ / | \ / |
ILJ_ _ s \_r—
|“} iﬁ fj 5 f? \\
\_/ \_/

B 4.1 —ANE AR E S Ed o AT B AR iR AL B AR A
M ERAE A AT, SR P 2P A A 2

4.1 MRHHXE

PG REIRI N A, 20 B TR ACRS R o D “ RIAERG 7 AN “ e 5 1) 7 AL A
MEPIREREL D, L KR GRS A5 R, A AT 2R R
SRS B 4.1 ptiias 7 ANEHIEE CRXERFE ), RE 22 HIDR I A
PEREAT SR “HaPE” CRLE ).

I PR AT A28 B RS I AR A AR AL R 405, i A L 1 U 1% U
A R IR E U AL R

POk, o E IR RN - s A Cclient-server) )73 BNl
A ANVE 24011

B — ARG 73 BE B AT A F 2 — P H T R BOR ——AE AT s
P AR Z A AE TR R S A& A BORPA TS o S 1A
R DA SRR, SRR AR ] ASh A i, BN T LAAE 2% B s,
FITAT (¥ X L ARAN T SO e (A RS AT AT A M ) BE V-

GBI A R 73— A KA R G ey I TBeL — o s iz 5k
ACATEVR AL Erlang Rgw 5 IF AR, B2 ] DS XU I A kAT
AL BR AR A R AR R R D I e

AR SR R, I A AR BR A — AR ME LU RIVEH] (side-effect free)
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5 SRS , s AE1S I AR EL 20 4« ToRIAE FE AR A s s e DL £ R )
Mro E— NS KEHRMRG D, 1 B AL NP AL in) B8R 9E £E 1) 58 81
(dead-lock) B8 (live-lock) M ISAF13IF &k R AE T M LR R0 'S .

M Erlang %5 NI RERS, FI R S8 i) — Ml G2 2 P -k s dsfih . 34
s¢ b, AEJH Erlang w5 B P N IR, 0% - IR G5 sl A ] 1
MR MBI B, 75831 MM ES], 7 AXD301 RG AL HIK T
1 behaviour ', gen_server iXF behaviour it /53] T 63%, 1% behaviour #2441
— R - Al S

FR LA/ B 3E FH P -l 45 4 serverl FRAR, SRR R W © S 5
J— AT IR SR o

FRA R Iy b 7 Ry REIX A ] B IR 55 %, BT SE FRAHIB A IR 55 2ok A
i B IR SS w server2, SRIGIEE Y RIS 27857071 R D) Re A
(server3), k%5 asRhid M serverl I server2 21 server3 [f)— Uik, &
TR R gen_server, A& OTP [ ) —Fibx#E behaviour. gen_server F4HE L
X HLRE S 1) ] B IR 55 A (ARSI 2 58 BT 25 2 VF 2 . (HOE, gen_server iR
P I L 7 1) ] I 55 B B B AR TR A o B, 4828 - IR G54 0 — AT
T ——% B DT I AALBE, F1— 4 AT ——E A A 4 38 R 55 22 )
SRR R 7 AT S HAL, LB — AN HAR IR 55 2 0 SE 41

KPR 7 AR R A 1o D T T R P S Y SR B, B
W 1 VR 2 SEPLT TR 1R)

Clients

K 4.2: & -liR5 ot A

4.2 JE7n T % -SSR . B - g AR AR KR (o AT R iR
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G AR B 20 o %0 )7 - o5 e B AR 5 1 SR Bk 55 o BT e AT
VP2 AR5 2O AR, Mo — IR 55 4 T B BE U

U R ZS R 5 A5 A B A5 AT S DL, IR A FRATTH T LA —
A B R R FORFIR 12 IR 55 4 o

PR B R 5525 48 T4~ State FPIRZS, ‘e RIR H A% 11 Query B .
IR 55 N 2 2522 7 AT IR [ — 4% Reply IR, I A BIRESAE ) Statel.

. |-module(serverl).

s |—export([start/3, stop/1l, rpc/2]).

s |start(Name, F, State) ->

6 register (Name,

y spawn(fun() ->

g loop(Name, F, State)
, end)) .

n |stop(Name) -> Name ! stop.

s |rpc(Name, Query) ->

" Name ! {self(), Query},

15 receive

16 {Name, Reply} -> Reply
7 end.

w |loop(Name, F, State) ->

20 receive

a1 StOp ->

2 void;

2 {Pid, Query} ->

2 {Reply, Statel} = F(Query, State),
2 Pid ! {Name, Reply},

" loop(Name, F, Statel)

7 end.

4.3: — MR AR SS 2R T
IXBE{ e 4 i RS 28 e A F kv e, IF Bl NI Erlang Rk
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{Statel, Reply} = F(Query, State)
XA RAL I FE A server WREAT I

ST P00 IR 45 XA RAS serverL.erl WA 4.3 s o 2 7 HE T2 7 (client stub
routine) rpc (13—17 17) MRS # AL T —4WHE (14 17, HFHER N
% (15—17 47). MRESEHWRIZ AR E (23 47), S — A RE A —
ANFOIRZS (2417, BB RIS (25 47), ARJE A S H C (26 47).
R loop/3 BV (26 17) 22— EMH (0338 /M), FARERE
], At State ANREHBATATACHE DT, BT USRS State b7 I R TTTIAE G2
i Stated Uy fn) 2] (1) T A7 17 fift 7 A) BB 4 B 26t B [ (garbage collector) []
oo PIAR AT BATE loop/3 2 IsAT A M A7 fifids | (A& State EIAFH/E — AN
FAAERE ED T —ANEDE RN R (B R o IR G5 4 5 ZEX N 3 TR A 2 A e
serverl.erl T T =/ K%K

JA B Name S5 #% o RS54 104
IR 2 State, Fun & — 5@l 1RSS5 s HAT ek i) e £

® start(Name, Fun, State)

® stop(Name) 155 1F k55 28 Name o
® 1pc (Name, Q)——HHAT44 N Name HIRSs28 EHI— AN m e FE 1 H .

PeATn] DA XA IR 55 4% ok SE P — AN R0 & 0 “ K E L hE S il ” (Home
Location Register') F&/, kA1 MY AHVSHLR (Very Simple HLR, JF5 faj B
(FJHLR), FRATTHIVSHLRA 11 T (4 1

® start()——JF3) HLR.

® stop()——f5 1k HLR,

5% HLR 5 —~ A\ Person fEHE Loc,

® i am at(Person, Loc)

RELE HLR Hk 2 Person [Hb
Hbo 4niR Loc f&1% Person g — IR 5 L, DI HLR 3z [9] {ok, Loc};
WIS HLR A %)% Person [#hhl, WA error.

® find(Person)—> {ok, Loc}|error

R BEMIL O PR AR AT AL, R SR Bl L P ) 2 B
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vshirl o] LLE K serverd JEAT S E0 RS, a1k 4.4 Fios.

-module (vshlrl).

-export([start/0, stop/0O, handle_event/2,
i_am_at/2, find/1]).

-import (serverl, [start/3, stop/l, rpc/2]).
-import(dict, [new/0, store/3, find/2]).

start() -> start(vshlr, fun handle_event/2, new()).
stop() -> stop(vshlr).

i_am_at (Who, Where) ->
rpc(vshlr, {i_am_at, Who, Where}).

find (Who) ->
rpc(vshlr, {find, Whol}).

handle_event({i_am_at, Who, Where}, Dict) ->
{ok, store(Who, Where, Dict)};
handle_event({find, Whol}, Dict) ->
{find (Who, Dict), Dict}.

Kl 4.4: — B TR K E LS DR
T TH] A X 2R 25 2 A — A T B PR A P R

1> vshlrl:start().

true

2> vshlr1:find (" joe”).

error

3> vshlrl:i_am_at (“joe”, “sics”).
ack

4> vshlr1:find("joe”).

{ok, “sics”}
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HARTRATI VSHLR F2J7 A& A0 2 1) By, (E2 e 20 B T 022 e vl in) i)
— SO PR R P I . R N M R F

® {ULIRE SR B T AR IR . Tt B gERE . BOCR &k
RS TAEM AU 270 & 7E serverl. erl Bitledr, 4757 502 VSHLR
(P EAR AR T AR AL 5 7E vshlrl. erl Bt
vshlrl. erl Biderb (AL %A FH 2l Erlang 138 & AL ATA JR G .

°
G5 3K IS 34 R PR R P B3 AN S T R R o Ak L P A A 247

B2 SRR EE, Xt Itk (factoring out concurrency) HJ—
MF o BN GRS FH R FE T — AN A2 LU R ME 11, K22 B0 7 O E 18 K T4
ENPACACHS,  Br ARERS o3 HH T A2 — AN B B IR

PATIA AT LLor i HH I, I8 RERE b7 i >k S 800 IR 55 2 TR e B A A R ] fig
FAEME R, X—HE RN W LIER,

4.1.1 — AT BEERI P -IR 4 2R R
BRI KY RN RSS2 FE e, BN R I & ARS, i 4.5 s, —
HR# F2 AR, R IRS S FE e i, “ 2487 — 1l & it
PR, AHSE AR IR B BRAT I = B LA S BRI S5 2 11 B0 5 FI2 v AR
PR FI2 7E—A> catch 15 A) )W BEAT SRAE, W —/ RPC iR S 8RS 8 i
W, B R RI% RPC [ AP,
FLA— TN BT IR 55 2 AR, FRAT] & IR 22 i ARHE AR LE A P /NN 284k - rpe
ARBL MR SR T

rpc (Name, Query) —>
Name ! {self(), Query},

receive
{Name, crash} -> exit(rpc);

{Name, ok, Reply} —> Reply
end.

79



-module(server2).
-export([start/3, stop/1, rpc/2]).

start(Name, F, State) ->
register (Name, spawn(fun() -> loop(Name,F,State) end)).

stop(Name) -> Name ! stop.

rpc(Name, Query) ->
Name ! {self(), Query},
receive
{Name, crash} -> exit(rpc);
{Name, ok, Reply} -> Reply
end.

loop (Name, F, State) —>
receive
stop -> void,;
{From, Query} ->
case (catch F(Query, State)) of
{’EXIT’, Why} ->
log_error (Name, Query, Why),
From ! {Name, crash},
loop(Name, F, State);
{Reply, Statel} ->
From ! {Name, ok, Replyl,
loop(Name, F, Statel)
end
end.

log_error(Name, Query, Why) ->
io:format ("Server ~p query “p caused exception “p~n",
[Name, Query, Why]).

& 4.5: HATHARME DhREM— N 55 de fefy

Jf H. loop/3 K receive iEA) I —BEU& T
case (catch F(Query, State)) of
{" EXIT" , Why} ->
log_error (Name, Query, Why),
From ! {Name, crash},
loop (Name, F, State);
{Reply, Statel} ->
From ! {Name, ok, Reply}
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loop (Name, F, Statel)
end
R FRATHAT A5 B X LA R Ay, AT, W RAE IR S5 451 loop kR
HORXE B2 KSRAE AR A T 0%, W kA=A

L SR iz ——ERANEE b, BAVUERZ R HATE T ik, (H
FOEEE ARG, AR %A H Ok 8] RUE i s

2. [ VEIE A crash I E——2% ) i 213 crash BN, SAER AR
b A A URIX IR P Ry 84T B B IR R C i &
T, PrelX s I 4h

3. MRS ARREN ZHPRER EHATEAE . Kbl RPC MG T “H51E L
(transaction semantics), Wikl & AEIETRERT, RS IPR
AYER, BABERM, MRS arPRSREEEFEAS

= server2.erl HBECRY A A AEK Ik 55 4 S B B IE R B P OB . 2R
MRS ERA G TERL T GXAZ R REN, BaneE R e I HAL R R AT, A%
JTH) RPC MEBLA TG PRAEAS 1, — AR — AN A ZR I I R iR
WA EARLRY Xl e, AT LMGIXFERE RPC #Ri%L:

rpc (Name, Query) —->
Name ! {self(), Query},
receive
{Name, crash} —> exit(rpc);
{Name, ok, Reply} —> Reply
after 10000 —>
exit (timeout)
end.
XA TTIEAR R T — N ), AHSZ JIA oK T o — AN al i AT I AT I
WEZ KN ? — AL R R R B, XX EARETTIE. ik
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S5 an AL TR, ANAZ T AR, A% H e T T A IR RS A i
EAIDERR7ZRIDE AN= £ 2Pt/ S inaill o

-module (vshlr?2).
-export([start/0, stop/O, i_am_at/2, find/1]).

-import (server2, [start/3, stop/l, rpc/2]).
-import(dict, [new/0, store/3, find/2]).

start() -> start(vshlr, fun handle_event/2, new()).
stop() -> stop(vshlr).

i_am_at(Who, Where) ->
rpc(vshlr, {i_am_at, Who, Where}).

find (Who) ->
rpc(vshlr, {find, Who}).

handle_event({i_am_at, Who, Where}, Dict) ->
{ok, store(Who, Where, Dict)};
handle_event ({find, "robert"}, Dict) ->
1/0;
handle_event({find, Who}, Dict) ->
{find (Who, Dict), Dict}.

K 4.6: #oe B IR I S E AL SR

WAE, FeATTAT LRI ATIXAN & MO As %1 VSHLR A (vshir2) 1E%
SHIRS 25T, WK 4.6 FiR.

SR I — AT R WD R B

> vshlr2:start().

true

2> vshlr2:find (" joe”).

error

3> vshlr2:i_am at("joe”, “sics”).

ok
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4> vshlr2:find (" joe”).

{ok, “sics”}

5> vshlr2:find(“robert”).

Server vshlr query {find, “robert”}

caused exception {badarith, [{vshlr2, handle_event, 2} 1}
**x exited: rpc *x

6> vshlr2:find (" joe”).

{ok, “sics”}

SH R RS S DU RS Bh BT TRCRE > G AL 26 2.10 5 i R3 KD,

FAIEJEXTE 4.5 I SS Ss R I i o w2 ik AT L “AERStE
1777 Con-the-fly) XRS5 a3 MIFE P REAT B . B0t Ja MIRE RPN 4.7 s

Bl AT 4.7 IR vshir3 HEAT S804k, vshir3 A 7EiX B Sk, &
BR vshir2 JEA & —FEr, HA A E: 5 34711 server2 B s server3.

N RIHAT RS T IR “AE RGBT 7 AS RS SRR T A . AR
1—3 4T R RSS B P TARIEH, server3 nf LAALFE 1 LA O KR4S R ITANE: b
bt BIUNEE 54T WoRISATIER « 28 6 1T, FATKRIE—5cin s, KRS S FP AR
s m 2 vshird T EJRCA . XA ST R fG, IRGTE IR a3 7 47 Pk
W TR,

1> vshlr3:start().

true

2> vshlr3:i_am_at(“joe”, “sics”).

ok

3> vshlr3:i_am_at (“robert”, “FMV”).

ok

4> vshlr3:find (“robert”).

Server vshlr query {find, “robert”}

caused exception {badarith, [{vshlr3, handle_event, 2} 1}

*x exited: rpc *x*
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5> vshlr3:find (" joe”).

{ok, “sics”}

6> server3:swap_code (vshlr,

fun(l,d) -> vshlri:handle_event(l, J) end).
ok

7> vshlr3:find (“robert”).

{ok, “FMV”}

-module(server3).
-export([start/3, stop/l, rpc/2, swap_code/2]).

start(Name, F, State) ->
register (Name, spawn(fun() -> loop(Name,F,State) end)).

stop(Name) -> Name ! stop.
swap_code (Name, F) -> rpc(Name, {swap_code, F}).

rpc(Name, Query) ->
Name ! {self(), Query},
receive
{Name, crash} -> exit(rpc);
{Name, ok, Reply} —> Reply
end.

loop(Name, F, State) —>
receive
stop -> void;
{From, {swap_code, F1}} ->
From ! {Name, ok, ack},
loop(Name, F1, State);
{From, Query} ->
case (catch F(Query, State)) of
{’EXIT’, Why} ->
log_error(Name, Query, Why),
From ! {Name, crash},
loop(Name, F, State);
{Reply, Statel} ->
From ! {Name, ok, Replyl},
loop(Name, F, Statel)
end
end.

log_error (Name, Query, Why) ->
io:format ("Server “p query “p caused exception “pTn",
[Name, Query, Whyl).

B 4.7 — A HA R MR NS AU B BE K ) 5 ik 55 2 A2
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%55 vshir3 [RIFE Y 0158 & AL AIE server3 IR SEELAN T, A 06 50118 il
G5 ACHE ] AR i 95 AME IR RS O R esh & B .

FEAE 1B SS s 1O DU B B 55 a5 2 AR R BE 0 70 a2 17 5 2.2 1
(¥ “ifioKk 8”7 ——RIAMEILRGEMTH ARG AT

WRBEAIE— T 4.5 (RSZFET) T server2 FICRLFIIE 4.6 (W H
FER) " vshir2 iARHY, Fedlla KB

1.

55 s FE e mh K AQRS l U A FOR A VR 2 AN R 2507 - IR 55 2 B R 1)
NIRRT o

I HIRE 7 (R AR LU A 55 25 F2 P A AUAS S fR AR 22

LR RS AL (AXAD , FE e DUl AL AL BEAR Erlang J A B (1) T A7
Mo XS S BN A4 AN BERE A L I ERE AR AN AT AR exit S
FOBFHLWOH o XS AR R Y, A 5138 DA J0 PR AR 0 S, X
Erlang [ 35 AL BHLHIAH 24 2407

TGS N AR A, R SOt s SRR — 0 fa] S A R e —
—HBATIANTTZE TR OCT IR BRI R AR R IR AT A 45

AT LIRS, [F)— 03 I F R P PR A AL mT A kel e 2 1) — R 81 e 5%
WRPRCAIETT . ROL R =M MIRS AT, I BRA1E ]
DA R 25 25 R e Fh S BB 2 i) Dh B, TR IR 55 S R P/ F R
(server/application) [#j3 HAAE,

AP AR S 28 FE (serverl. server2 2545 v&iE 45 N FHFE P I S AN A (1)
JEThAgdFE (non-functional characteristics ). 1 BT AR 55 w4 FL 7 (1) Bh ERR
¥t (functional characteristics) #f5&—#EH) (EI, HA A S8R ¥ i
PR AR A — A5 3D AHRAET BERF A —FF.

SRS M ARDREE T K (FRATPT Bt AR RETE T K2 HaE R G Bl
BRI R GEAT 0, BRBORAE T 22 I TR 5545 ) (K38 0 A 4 B
FENRSS AR 2 o 4 5 N R PP RO RE > DR B A2 AN n] LI
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8.

TCFE R PR Cremote procedure call) G fa] Sz B ) 40 15 4% [k 7 IR 55 2%
FERPREER A o Il R R X T A A I IR 55 4 R e BB 5T AN 25 52 i 2
BRI, X R . i, BATTAT LME SR 4.5 B rpel2 1RSI
a5, MALEER server2 W BB 2 SRR

A4 45 28 T RSS20 — AN AR REPERIEE Cnone-functional part) Fil-—
ANTHREERSEE (functional part) & Fiif HUZRFESEER, 17 LAZS RETH Ve £ T
folAE, s

1.

I A g REIE W A 2 BUBHER o AE— N R R BN R, R BR3¢
BEJZ UAEAEANR, AT K RERE 51 1% 90 5 T8 HT R 55 s 8 70 AQRY i 22
B0 R R B3 N1 26 4 55 I AR

Bk J7ik (formal method) AT LAN FHT- Cfaj B —281K ) ] 23 AXAD
2 Lo 7EXT Erlang ARG HEAT FEAALIER (formal verification) I,
R R R G AT R B HEWT I I, — B BT R G BEAE AT 25 1)
R G AR U IR 25 SRR D IR G X — R RO, B AET] &
58 1AV O A ) Al 55 A A9 I B L A 2 e P A D i) 8

FE— IR KE T -IRSS IR G, B IR S5 48 A et vl LA 1)
IR SS SRR ORI S o RO SRR Y DA B ARANE V2 iR 55 A
REFFP R . fE 8.3.1 NTRATAER — MIVFZ MRS A FEF IR
GEREAT 3 M I 2 EIE IR AN B

T I 55 A R P A0 S P B 20 R 7 ] A3 Sl S JEA T I i R IR YT
L OORFHEE AR, 82X M ] DU BEA T ek .

R RS RE W “HmA S V2 A FE IR ST S A2 b, AR 3
MRS 2 R AR ARSI ERe v . AE R AR A DR o0 b, A3 10k
S5a AT AR AU SR (VR AT, 104 (1R 55 4% il LASR Bt At . AuD)at
FHFE X R ERAERZ I AT, il Eddie[31]R 55 A FE 712
L TERHFLAE ST, Blue-tail HRAF AN S2[11]5e 4t 17— BAT DI fE
(KI5 4 o
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4.2 #13% Erlang Bytt5I0

Erlang [t S W& — 27 777, RERE 2 TA) I BEal i A8 ¥ v R AT AS HL

HEAM Erlang B2y i ZERAMRAFACTLIN, — BEAOE S — MR DR K
SERACH., XA D REPRIUH “ DI HERE " (RGAl, i FLARMEA o

AT TATHE RS — NS — A web R4S 457 web ik 55 ik
RFC2616[36]% 13 H s LI HTTP Wil 5% 7 A5 1

M~ Erlang FEF7 57 1 A 2K web RS as N R IRAR A 2> g bk — AN 4% ™
PEANEERE, EROR AR IR, JREHE AN . R AR BRI

serve(Client) —>
receive
{Client, Request} —->

Response = generate_response (Request)
Client ! {self(), Response}

end.

X H Request I Response J& Erlang {50 (term), s HTTP Wil ()i K
AUHTTP B3 Y. o

TR R S5 A R A R, B IR AN B SR AR S O
I, SRIEEA L T .

AN GRS AR, IR BESCRE HTTP/LL B M AGES:, SCRpIXFl
P CIEFR IR A A2 A 3 ] R

serve(Client) —>
receive
{Client, close} —>
true;
{Client, Request} ->

Response = generate_response (Request)
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Client ! {self(), Response},
server (Client) ;
after 10000 —>
Client ! {self(), close}
end.
XA 1147 B BRI B WA 5t L 58 BT — AN ] SR SCRFRF 2 1) web IR 554
D) HE «

N —_—
Web
Server _ _
Erlang terms TCP packets

Kl 4.8: —4~ Web iz 55 %%

web IR 45 28 IFAS HAEER - A48 HTTP 35K 2 48 L, IR IR RE IR i — S5 5%
FIA0 15K 23 ™ T4 web-server FOSEZEL,  JF HAFSFR 45 0 DLEE AR .

XRAT T —A “rh N7 B0 (LK 4.8). “Hpi N7 BEFE (—AS HTTP
W& SER HTTP 3K, N MR RIXEETER . WA KN Erlang T2 (7]
ORER

HTTP X5l 28 72 7 1 A3 AR an

relay (Socket, Server, State) —>
receive
{tcp, Socket, Data} —->
case parse_request (State, Data) of
{completed, Request, Statel} ->
Server | {self(), {request, Request }},
relay (Socket, Server, Statel);
{more, Statel} ->
relay (Socket, Server, Statel)
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R i — 4> TCP socket M 2 )7 e ) — AN 4L, XA 4 a8
parse_request/2 EATENT . 4N LT8R, — N RN %I KK Erlang 1A b
A R ) S RS A IO, e A e A% 2L Creformat)
HRRALEE R o WERATATATT — o 2 B, B RS 28 A A — AR, XA
Tt o WX U] SR R 260 E, BT et 2 4 B 30 G

FIBLT W55 7 o

AZ i State f& MRS, JRF W AT S IR, M a5 i AT

end;
{tcp_closed, Socket} ->
Server | {self(), close};
{Server, close} —>
gen_tcp:close (Socket) ;
{Server, Response} —>
Data = format_response (Response),
gen_tcp:send (Socket, Data),
relay (Socket, Server, State);
{" EXIT" , Server, _} =>
gen_tcp:close (Socket)

KB HTTP Gk 1.

web-server {52 ARSI A AEIX B s ok, HER] DLl 5% i 2 [15]

T

43 %

AR

Erlang 4% ER AL B Al K 22 B 2 V8 5 IO B R AL BT A5 AR IO AN )

Erlang J¢ TR AN B 12722 n] LA R J LA bR 1S R 3RIA

® [ {EAAMT, Hi{-. (if youcan’ t do what you want to do, die.)

IR BERDRE A iR .

FEE Bt
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® FLLR A G AE

4.3.1 itHE#ERBEERE R

AESPATRRGE T T U TR AR B0E o T ALERRAPHI R, T35 %
s T TAEELSEE U SERLIGN IR, AT MO AL

Computer 1 Computer 2

RSN 1 R s, B AT SN 2 2 A IR B A

RS L S SENURS T, 26 2 BN 2%, JHlEE %
BESIEHR. fE Erlang o, AR RXF ML, RALEAHET HAL
0 T

{EXIT’,Pid,Why}
Pid 1 -

INRBERE 1 R Al R ATERE 2 2 R IR I U AR R

Wk Pid1 4 H Pid1 R Pid2 S #AE — 21N, H. Pid2 g B i gk (trap)
B 4% PidL I, ACCEXIT, Pidl, Why R0 S AR5 Pid2.
Why i3 T (5

R, WHRIZAT Pidl iFEAERE T, WaF —4E HE E{'EXIT’, Pidl,
machine_died} &ix%5 Pid2. i3 B FA0E kK B Pidl, (H2&5Lks Bk Hisfr 4 Pid2
(I R SE N R S

ARZAE— AP R R AR B — DA IR I RS, JRAT AR PRI T 74
RACPRAR U, — P BB RE R 0 5y P AR B R R . D TS R se dE b,
FA R GE— BT o 725575 REREAE B DR A A S i T —— RIS Ab B8 2
bR, T RATH R SR AL PEEAR . RIARAE BT, AR R SR H Ay
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KIEATAERE

IEAEAEATIG O T, AR A A b, #O2 i Pid2 R IEfT k. Xt/
N AR« LRI FENE R AR

KA 2 S IPAL g RE T 5 2 S8 AR, RN A RETE 5 P, B Tl
PR R AR IR R 2 RE P AL BT AT (R R %, AT HoAh B % o (SR AT 7 AL B
Wi A SRR T 5 REFY GORAT e mT RE A A2 W (R A GRS i AL B S5 H A5
ALK, AT S M AT R A AR R

R AT R AL BIAT VF 2 47 Ab

-

- ERRAC BRACRY AN AR AR IB AT AE A R R R Ze R
2. fi i) AR AR AN 2 A B S AL AL

3. WAL ARG, el g RS RE] A0
AR GE R A 1 Ak AR AR D> i B T

4. RGO LR RUR G B I, AR o HEAT R 48 ol T e
BRI Z TR AL L.

432 THEFHEESREH

h T HPAT IEE TAE R ERE S5 A B 1 () 30 FE T v 28 s X ok, AT
SWRB| L (worker) Fl 45 £7 (supervisor).

—ANEERE, BUARE RS, SOOTATIER I AR, - abRe, RE A8t
P, SRR LA . R TAEE R RA T MR, BB SR BUR R A 1%
BR . IR A AL AT

1. ST MRTEW . Dot igetie COMEE) AN IRAE .
2. BATRTLLHR A RS L TR S s b iR AL
3. AT DAAEYHE BT A T AL B IS AT AR A AR B A R

4. FEAES RIERAM IEARRY A& A /1119 (generic), BIXSVFZ N HRE 7
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R IE T, i A R S 2 DA 1 5

= AR R I ——#i£54 Erlang 62 T R3 A1 R4 (JLEF 2.10 75), MM
Al AR CAEE B s AT E PR AT L, DRI n] DA 2 vT LA 5 |
T BERE AR IR AR R 1K) R4 .

AA{EERRR

FATHT S VR AL BRYT 22 0 An) 38 T IRATT I G FESE B e 2 29 FE e 02 R I — A4l
RPN, ABAZgm S A0S 2 AT 2202 1 A B FE R E L i, A& IXNT
Gl g ki, BRETA? BRI RINERE, YRAE— DRI
i, UL FE B T o AT AR AR S, AT U RN .

O JSLLIZATIN RS WA FNTE i WAA] AL B 1) 7 757

©® ISR O3 B AN ST ane] Ab BR IR £ 2

RN R HIEATI RGP A0, EARET R Z BT LS 7%,
FRAnTE A 2 E 5 3w 4, B A S — MG B, FTH—"AE
TEWISCAF S — AN, (R D a] IR M B . 2P D] LU ARAY
AT, AT B4R,

A AR e AR I IEFE 7 D3 AN G0 TEAZ A r] AL B o R 7 D3 N 12308 MRS 130 BH 12
Kgnfe, HREEEMME U BRRE TOZE AT, LR B A GE 1% s A

B BERATIAES — DR R A — AN AL PR 28 A2 e, A Ve 010 —
A load #RAENZIR [FIERVERS 1, — store FRAENIZIR [PIERAERS 2. FRF L ke
IZHURS UGB 5 B AR T

asm(load) —> 1;
asm(store) —> 2.

AR 1 RGO K SR asm(ump)——1% B A AR ? B A2 1% FE T 0L,

IEHRCL I T s B (defensive) U5, IEARAIfELss .
asm(load) -> 1;
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asm(store) —> 2;

SRS AT I R E B 0 Br— AL TE, IREAS A = SRR, /R BT REAT
HEL IR, TRAIREE:
asm(load) -> 1;
asm(store) —> 2;
asm(X) —> exit({oops, i,did, it, again, in, asm, X}).
TWRRIX A %2027 15 Erlang g B a4 i%
asm(load) —> 1;

asm(store) —> 2.

g, wiinlFERCas T

asm(load) > 1;
asm(store) —> 2;
asm(X) —> exit({bad_ arg, asm, X}).
B AN G A s R T AR B 2 ek, A B0 B 108 2 2 7 AR o 1 HLB)
1B A TRZ T R AR 0 LU PERS B B3 (it 1R W {5 B4

45 8= (intentional) 42

“TRYaFE” Cintentional programming) & F4s —Fh g FE XU BITEC 11 44 7,
Rl G R XU AL A A 1 (0 B B2 2 RE S AR A S G BIRE e D S — B AU I 2
AR FRY i P 222 D e P 00 B 80 4 b b T 5 DL i AN 7 12 7 30 1o o) A
(IR 23 BT RAHEWT o 1THI R 9] AR B M B 13— i

7SR Erlang I FEREE dict 1, S H T A lookup/2 (MR EL, B W R
lookup (Key, Dict) -> {ok, Value} | notfound

FEIRXFHE ST lookup HHIAE T =R AR () R 30

1. FT H#FHK (data retrieval) —F2/F7 R RES S
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lookup (Key, Dict) —> {ok, Value} | notfound

X H lookup F—C4NMEE (key) M7t (dictionary) AFHEEL—4N4&
Ho. Key POaxfedirt, BNt — N mfeaiie, Bl Fasa &2k

SN R
2. MT#% (searching) ——uI ML EL

case |ookup (Key, Dict) of
{ok, Val} ->
. do something with Val ...
not_found ->
. do something else ...
end.
FEA R AT, BRADEAKNE Key & A AE— W R A F i,
AR 2R — MR
3. Wit —1 9 #r i ——HS B
case lookup (Key, Dict) of
{ok, _} =>
. do something ...
not_found ->

. do something else ...

end.

AN — MR E I Key 21727 LA

FEREE B TAT A 5, BADHAH ORI E R T —3RAR&RATA C

N R RS X AR I BB A A2 7 ——FEAMHT T Lk b
WG, RN AR, 2R .

FEARZAFN B SCh, BATHE 2 A I B AR . AR OL T,

FEFF D1 AE —NMRE BN AZAAE T 7 b, AUz AE 1% 7 b, %2
—AGRERE R, REPRAZZ b T3 RO R, BRI AN EITE BN B 4% H
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AR TR, AT AR I 1% e Ak PR AR 7 SR AANAE 7 St rp PR 0
P RE? DL IR B, oA — A, — 2 S 10 A R 2

dict:fetch (Key, Dict) = Val | ‘EXIT
dict:search(Key, Dict) = {found, Val} | not_found.
dict:is_key(Key, Dict) = Boolean
SEINIRER: e SN e AL PN ANTFEERREFREAT 73 B ARG I, AT T35
it W EA dip =y <

AR H SN fetch W] LLFH search SE5ZER, search H4n] LA fetch SESZER .
{ESE S fetch & JR PR, WIRATH AT LS .

search (Key, Dict) —>
case (catch fetch(Key, Dict)) of

" EXIT , } =
not_found;
Value ->

{found, Value}
end.
AR IFASRAT A UFARRY, B FATISE A2 T — AN G50 AR . i B
FEFFORD, JERAMES T HR.

SO R P 24

find(Key, Dict) —>
case search(Key, Dict) of
{ok, Value} ->
Value;
not_found ->
exit({find, Key})
end.

KFFIELF P AR WA A T MR
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4.6 1t

G R AL — T AR VS Bl o G S A5 RIS AR R R R . R —
PR T EE R IERI SR . O TR R RS AL, AT T “ o miiaz”
(divide and conquer) K755, FRATIHEE 2% 1 vl 820 i s ] B — S8 (1) ) 5, SR
JE PRI L1 i j

ANTER T ATV 22 SR 2% [0 1) 35053 gk ol B ] 5010 [ A TR B e Ak P
(RImffie, FePelRE 7ty “ i ” BR, JFRM] TR Al IS L
“BERARRT AR I A A

FEGHS — DRSS SR P IO I, B T WA 5 e 55 e R P 1K A A A1 2
REFF . BES T W90 'S — A 2Rk s K CRPIE R 0E ST IR S5 45 (1470
RN IRIN AN 2 3 BUIRSS 4 1 5O 55 SR P BOE R TAEAMS 55 4
I O0 B a8 SO 55 4 (AT 4

R BT I B SR A AU R VF 2 B R G 2 (M P U R () AR D g
Rk JEH P FETE S M RGN 'S C4E U I DhREAT A AR B0t T 9 1 i
SCHF, ABSEXSREIP ARSI REE A 7 (M SR AR T Z

FERZH gL S, 9 S 20 00 e K CHAERA E OB T e B 2
BI?, AL B ENE SOB AT R GRS, Bl A 1 s AR
SR BATHIARS AN R G A A RO (0 e X — 2Ry, K NHERS 22,
AL R RAREM . M, FEFe DO T #HAE RGHR AL R S5 — A R 40E
W UABERE (ISR O T ORI IR AL S 5E

MR LB, BAERGR At T “ el 5 B H R TR . H
FEAE Erlang KRG AETE S5 BRAE R G2 L AT 08 FIEFRLES Erlang
SRS LR KB RE S, i OS SRS KiE I BERE . T EMEE . R, AR
FAFEHLHIARANTT 2L

HI OS IIHLHIR SR AN FETE 5 1A AL BT R K U2, B RS IRZ HLH]
ANBES D) AR A » BN ER A R S8 b DG TAT A S RERE KM LA S R (8] ] 1

2 XA YA S I
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SRS ARAN BEIE L

MR ZERE P D1 PR AR B A HERE AT G TR G ST I AT AL P AR SEACH LA, B e
P (A9 5 3 AR 75 2 s VAT SEELATT B QRN BV E R ST, IR N A R 4t
FE L A ARATTIRIRE 52 [0 T (R Ak 0 R 9 BEVH) . OTP RGt—— Erlang 45 1)
— AN R P s i
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= »n3
5 MEHFERS
T BT BT NI 7 T
FHIHT I 1 i RN R IR i (48] o

Richard Kuhn, EFFHESERHS

2t B R GE? QRIS W] 288 R G0 T IXA Il FUR AR SV i i AfE
A TRATTH 0 o Fg 3t P A R G OB o AEAS T AR, JRATTE SO T AP i« &
7R S IR T HORG S nT A R SR — MR R . FRATEAP 455138 K
HTHURAS T
IR RGN FES T 1 HI T T 1 R [T N VTR BEGE IE AT Fe
N5 0 % A 542 1) 7719, ——[16]

LR TG PP R G, I LHEI FIR G AT 4 I I
ZIF i IAF, AN FiZ e, WRES KA AN R £ iR
M E 5 RN — P FER T o LR U, WRIFFIE KA T — 1 A,
I I FEST B PP L i T 272 2RI 57— Pt 07 w09 20 722 AR —1
TP 2 VAL B C 7% b iR T H W o BT 1A B g T A2 o] 7847
PETTZ3 RTINS EERI R G A g X AT 4 7] 5 25 F 2R 2 i G2 1
W9 e, ——Voas X Dugan )51 FH[67].

AKX HRIAFELE T Dugan IEEI, PR it B 2 0 21— S itk
PRI R AT AN, DR N LHRISRA A 21 A R
ARFENR N PHE T
® I T FEN R M2 T I 5 L e AR A REA IE A
TR, BBGE, L MART USR] fa] i — L R

® [ (supervision hierarchies) ——l &S5 ZIRALH E,
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® 547 (well-behaved function) —ilt & ABLE R 1% IE Al T AE () 2R
Bo e pRE™ A 10 S BT T B RS Rt

5.1 AJ R eIz

N TAEF RG] A, JATE A A Uk — R 5 2 A B A5 AT AT 5%
(task)o 5z i Jz= AT 55 45 SR RSN IR U WIOR AT 46 B T8 3 . RN 55 AN
REMEINAT ) R 0K 23 I IR A T RS S ] P AR A 55 o A R A S ] PR AR S5 1598
AT, WARGOR 2 2l AT AR RS, WS WR ARG ik
JERAESFHRICTEIAT, ARG A T

XA TR EM B EARA WS T ENRIEE, WRICNTAFEMEIZNT
BT, AFH—LEE L MEN o BATER L R BATTI AT, AL 5 ]
PR AR 55 o ST SRR R IAT IR AU AR 55 A A BT A, T e
B o

MRS AAT AR I, BRI B St R AR T A —— AT EE SR it 58 4 N AR
5, PATAAT RV TR RGeS . BARBEA AT 55 2 R R BRAR AT 1 A2 43 5
TRSY S AESRAERTAT INZ U, BATT0 H ARG E R S s M IR 55

R A A I, BATTRE S TR ARG, I HLAR T b i) il D) Jt A ——
DU FAT 142 T SR AT UGS oAbt AT 4 o Sl R AT T 7 25T LA 2R ¢ 3
BUE M IR A R H S RN, BAT ARG SRR, 25
WAt PR IR AT T2 AN 2 5 RAT R ARG A 2 R A ) 1

N T SERATRAT S 29, FRATTTE0 “lhs” (failure) XAMEA — AN
AR, 75 Erlang W, X — A eRECHEAT SR AT RE S 28U (exception). {H
sesr i ANE TR Cerror), T H A I IR iR HR A & ik (failured . T LA
AT EGHE — F 5. HER RS 2 1A X 5

S B R AT 2 T i K PR DX A 2 AE 2R e HOWIR A 8 s 00 38 (1 A IR
Fl, BT AL, BAATRERE . FATREREE — T A AT R G h kAT
RO 2 R A AR X R S C B R, BE A
BRI FOT R
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® ERLMIIKIE, Erlang HEAUNUSINE] T — AW EEHRA—E R R T
A0 BRSO, BE A BCIL R IR AR (R DL FE 2R A
ol X LR OLIN , BERERS A AR R R A3 T R SRR A R
X T o FrElBINIT AR IRk S:, Bl T ME B, BRIl

_ N\ B
AN o

® (EEMAHGEE, 1% Al e T RE AN el . Fli SRR R e BOR]
REREME ] BEANBEMS 2] 1E W o DS IR R o 0 R R e 8 i D) e
IE, WAttt atis, HRSWIERNIESR . A% Rk
T, AHRAEAT, Wanlfesr=An—" 5w, Az s fgirn]
DA 3Rt ] DA R 1%

0

® U ANE R THERAE “fi b E” (catch handler) ', AB4
IR 2 e A M o WS 1 i DR S AL 3R 25 2 i 5 2 AR (A B A ik

o

® RIS S 1 Fr A BEREAR I A5 IE W A RERE RIS, T RES R
W BEAN SO AL B LA 5

BUEBATE 2 T H BN B A AR — AR IE R SO0, Wl R ge
MR EARRRI . AERR ) AR R A, AERR S R AR 2 R A IR
XA T RE I BRI, BT ABRATTAERT LA 2 5 A2 8 L L oy Ak BEAZ 8

A HAE T AR S IRCE MR R, (BRI IR B
TREV FOR LR, JF BT X I8 R 21 1A QRS e D kAT

i, acaFH T MEEFHEZ WAL, DT ECRE, %
R AR AR (0, AR 10 72 0 o] S SRR b, ERE R (T 1 R 4t
3 FCA B REAS I 21 o X8 T B T A S BRATT) “AE55 )2 407 (1L n] AL
il o

VAR UL, AT R OB 7E catch T 4 5 B Y SRA .
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52 BWEBEL

[FIAR R, FAVEARZ IR UL “AES R AR, HIEA AR

1. RAPdr—MES

2. WERRARES AT —MESS, ML HAT AR L5

AP REAATESS R b — A B2 L FE (supervisor process)

WA

ST A LA A (worker) KA BETA BIZAE S5 MUE K H br o W 2R TAF 4 3E R
ROt — IR IR HUE 5, MBSt BUE 55 L2 RN, JFAR
MR R R o SR R R P ol e HR LA, 8 W 2R R RO e it
P G TR

W AT A T T RS2 U R R

1.

2.

TEIXH

P M AR

WE AR LA 5R M

. L fEZ2 behaviour #5241 .

behaviour | 7254t (well-behaved function) kZ%i4k.

TERR BUE R R RN 3 P AR S

MBI B B T RN Z IR o B R A — Y R s AL 1 11
R A s iaf i R P

MR R G A SCAD I R UL . BB 0 5 3 A
# o BT A R BRI ST AR, RS Rk
o B

LA REPATAE S R

R A IAFE R L DR IERIR IS5 (S IL.3.5.6 1) IM£4h,

AW EFH M ACLRAE T DR, A RS R E %R

101



LERAMTRET G, TAEE A ZAT B IR, 2 B2 1
FEIFSEH] (FRZ 4 behaviour) .,

® behaviour j& FARAER — L8 [01i pf B0 R AEAL T FHERE . X 26 [m] i
PR I T G
—ANKT behaviour ]2 gen_server, 1% behaviour HT -4’5 4>
A R IE -G A FE . behaviour 742 H —28 WBF Kt T2
k.

BTG RE T 50 30 S % B AR W] 4 B WBF, A Regn 5t ] S 1 A 0 %
~HR S 43R . gen_server iXFf behaviour Ky A R oA A PERR AL T — A
AR ONESE . R B R B OGO & 90 'S WBF RS %4k 1% behaviour,

J TR W, RATIX B LR IR BRG], N A EA N F
(linear hierarchies) Fl1 AND/OR /4P (AND/OR hierarchy trees). fEf& I
K EAT R, T E 1T B AL IR

5.2.1 BRRR L

WA T A T B 5.1 s I S i .

B AT A . AERE R BRI AT T oRbr B B 2R
T WMHE 2 “07, AR “8 (or)” BIEE, ZAh “A7, A& “LH (and)”
RUME . RIS A PR

/ ‘ \ Worker node

Supervisor node

K 5.1: A IAFE RS

B ARG B S ) A BB o KRR SR,
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RSN W] R JE Bl A5 IR RS AR . X PIME B IR AEAE SSRS 1, SSRS
Ell “Start Stop and Restart Specification” (3 zh{5 1FE B W) . 7F 6.5.2 /N5
3 7> SSRS RITRTERL G-, SRt B =N AN [ 0 M B o 2 aneT 4 1 B 1

R REE GRE B RAAER P IZRE A RN #fF A — R EHE
AR EJ7, JATRRERE LR B ) BT R AR 1) ¢ (parent) . #H
Sy, R E R R R P A B E T B ORI E &S

Cchildren). & 5.1 PR BSR40 Rl — DN SCR M =A% 1.

TAEEBACAER AT ILE 5.0, TAEHF thakk CREEH 1 WBF) K
SR

5.2.2 &M RE

P ENEJZ RG] 5.2 s T Al =N B AL G R = RS
BRI B B AR AN #AT A SSRS, 3y IR -

o IR AREEPIACKT L, Az EF R BT T

® IR A ME AL DT, AR AR R % T .

SSRS1 Ul

WBF1

SSRS2 Bl

WBF2

i

SSRS3 El

WBF3

A5, 2 AR IR R AR R

ARG e R (B SR B a8l S R I ME & 28— R s, /52
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M2 SSRST. TR EEAMANZT, W—ADTAEEM A REE. TR REH
R —N AR Ch—/MEid 3 %L WBF1 24T S 50411 behaviour), [RIEH
AT IEE . JZRER TN R R RIS Ty R sk ok, A
ARG T

5.2.3 5/EKEEER

[a ]

SSRS1

\

SSRS2 A ] [ WBF1 ] WBF2 ssRs3 2

\
/ o] o] [WBFs ] [WBF4 ][WBFS ]

SSRS4 SSRS5

K] 5.3 —AH/NEZERIKR
PATTAT DUAEFATT I 1 5 1 W B E IR R Y R R — AN A 0 A e A
PRI gERy . B 5. 3 IR TRAMTE R TR —HM . Airids “A” Rop— “5” 1)
B, ids “0” Ron—AS “u” B E . AN /B0 A g R YA an
RSP
® R AN EBEWIHAEE L, Az B T % T
o MR -NMEEN—NEZFHHRT, MACE A “5” WBH, B4

R LT % T, RE R T E T

® LR AMEEN AT BT, i E A B WEE, B4
B AR R %% T

“57 MIEE T ##i (dependent) 8 AL (co-ordinate) WHEFE. 7
“H7 AR, REUEAT IR T T T IR R ——RE, ST
s, stz T R E e .

“ml” AW EAT LU SR WA HERE (independent process) HIAT k. 1E

104



ol MR, 2P ATTRAT O ARSI, BB AN AR i B
CE%T, B AT A TR T RS

Ve SERIRAR, BAI AESIZRERT WA B R IRIR R KRR

FERAT ARG, BAHEFAT RS T— RS H br, XL H b —
A CGinvariant) >——WR 5 H ARG AAR SO AR, RATHM AR T
B H bR o AERZHRE R R ANAZ 5 (R HU(EL AR A e et R 3 5 (1 R
WU SRAGTR AR A7 A T 5

Candea Fll Fox[22] iy C &G AL TAE, ARATTRE filst — NS+ “ i )e
FAIK) Crecursively-restartable) Java 214”7 (&R % .

TR, AR o3 8 T P8 772 iF 9 (correctable) eI 2742y
JFH#9 Cuncorrectable) %1%, W] 2 I RV 1 A2 FR IS LU AR A v ] LAAREAS I 21 A 2
IERE 2o TRVEA IE R R 2 TR AR L R A I 21, (R B 4 A IER P 1
Bk

TR IR R AR AR B, DA B DERA BB R AT 2 B, I
WA SE B AT AT DX 43 T4 DE PR R 5 55 TEVE ) I A

FEIN b SR 0 48K 22 Boks DL BT T 2 R g ARSI AR
PRI e N2 B A TIAR A B 24 BN 5 IR A 1 R AE N8 A l—— 1Kt
SO I 2% T o I8, ARSI UL PR B T AR E R IR K
BT 4 BBV A IR 22 N2 UL R SR A A SR 5, e R —
ANTRIREE o X LAEAT B R — 1 1 B R T I .

53 fTARHIR?

AR I2AT IR, 84T I RGRAARIEIZITAT 4 9 e A i —
B VEZ AT R AAT o FIIRTISAT IR DR PR MR G i 7 2B (R S

BISATIN RGA R B L E AN, i BahE—Amw. i, 2

2 AR RS AMEY EE M . G JRICk “An invariant is something that is always true”)
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T A BEAE R, BATH R T Ge s 2R —FF “H% 0 B2 7 MR, 4L
GO, s —ANH, RERIBATI RGN ENE iZ i kb3, — A axpe bk
TS L) SE s Fon] DLAE 3.5.1 /T A

NS IFAE RN N TR R B, R AR R CA S TR IE
BRI “H 0 BR” X —Fp e, B4 LA 7 A A R R T

AR E TN MRS AR RO PUE——ERA R S,
J G 25U it 0 B 28 G0 IS 28 b Bt AN e AR R

Schneider 7EAth 1990 4F 1) ACM 5 5 SCAFH 8 25 T 22 0 T ] A R 2 S o
EA I SCEE R, Ath R

AP FITTGS E RIS A2 v E A R T
fizo —61]

h T AT € W H ), B Vs — AR E SO B2 R G178 SR 5
T2 IR B E e IR IR AT Ay &4 RS 1 T b Ul WD 1 R e Bz HAT AT
j’\:l ”o

FEF b1l 25 O — ELARGEIAT 7 s RS U A AR 88, s RES IR s 5
FRMERLY, JF HIXRME O R B PO AN B R H &l Rk, DUE
H A 2 IE

FEREELSC I AR GE S 1 DL IR JAT T AT — A Se BN A U W T 28 5 3R
Ao AERXMGILT, REFF SN AT A NAZ I AR R, A A AN R R 4
B . AEw D B RS BTG D0 T BATTH 2L, kAT
HRATOERER S, B DMEE BRI BT

7 OTP R4, $53HRET Diokgm 5k (Well-behaved function, WBF)
Te R HUE H =k 2504k, OTP ¥ behaviour [#). iIX%6p& % i OTP ) behaviour
AR SR o« R S EAL R B = T — N, B AR #eie K g—

AR, SRRSO S S I B HE R H S

FEMCA DRI 4.1.1 /N5 4.5 o B AR S5 28 A 7 1) 9 S0 2450 23 (1)
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[oop (Name, F, State) —>

receive

{From, Query} ->
case (catch F(Query, State)) of
{" EXIT" , Why} ->
log_error (Name, Query, Why),
From ! {Name, crash},
loop (Name, F, State);
{Reply, Statel} ->
From ! {Name, ok, Reply}
loop (Name, F, Statel)
end
end.
5] pR K F a2 AE—A> catch i )RR . R AT AN Why, W
IR MR, SRR R S s I 28R H AR

XU — AR T B, (HE M B T OTP 1) behaviour HH 2 4b 3
(FIEEA R B . #lhn, 76 OTP f¥) gen_server iXFl behaviour 1, FE£R 51 A0 4m'E —
ANHERSEA RS 2R R Mo XA M B T bS48, Ensis
tH A1 e £ handl_call/2 (75 6.2.2 /N5 K] 6.1 25 23—29 4T 7R T — ANIXAE 4
T —— Bl R L A — A TR A

5.3.1 TMepKE (Well-behaved functions)

AR E (WBF) S48 IEH T I0 T AN AZ AR AR 0 IR R A IR —A WBF &
T A, AR R BRI R
UERAERT A WBF BEATSRAE I N AR 42 17— A5, IBA1% WBF Mz

Ty P R A . IR WBF A A4 T — M ABEL IE RS, AR B
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A% A AR Cexit) A RS A% R L.
e bR E I 4 5 N A IS R B
I L ——F2 /7 )i iz 5 % v Wi T (isomorphic Do

PP 4 S HRE R AL D8 HLA B T, R
T2 B BRI TR A S B A KU B T
ik,

Y 2——Ln RALS AT MU L0 B2 I

X AR H N o RS DA 2 Ul B 25 A A R B I 1%
et 2, T 20 T REILA S DU AR 4 . B AR A
AT ASEREVEZRERY BUARAEIX N i 78 70 AA% T A AT 13 1 1)
KAL) (guess-work), RSN U M N iz 2B AR EE .

ARG IR R S R G, I WU 3 (1) S 5 st o o et A 3
W AR 2R

I 3——UIRA A I B AT 5 A G e L7 A LA iz tit iR 2 A
KBS LS ) B 7 A

FEREFY DL 9 SACRS IR, ARATIRGZ A B — 1, fE— MR A A
I, NAZAE R H S AN 245 B ? QR H A4S B 0Kk 3
AT A TN AZAL 5 s I A2 e I S, DU R P AE B
— DR IR

TR A——FTF LY GENE i KA I o] 38 T I Tk 29 & (assertion) (£
g Do WIRBTZ I 77

R DL — T S TR I 21— DN R 12 7] E
SEULE AR BEEN AT RIEI, i FER AR . BIXFE
RIS WA X 33 SR A PR ECAE — AN (VI ) A 28 SR 21 3
LIRS, R A R RLE IR TR N B Rk, e A R
CRRNITEET S
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6 HIEMN

WO % 550 B2 T 405 AT AR RS0 00— A — MU, A1 7 FH LU ML 4
AT R SBAR, ATEAS RIS T TR LI BB OTP R
455 5 5

h T IR R, A T — AR OTP N (application). %M H
WEA—NREEEERE, REHE A THEFURE, X=ATHEFHRER
gen_server, gen_event F1 gen_fsm iX =Ff behaviour )54 .

6.1 behaviour E

fEH T OTP V-5 8 A4 1 N FHAR & FRF 2 11 “behaviour” #J# 1. behaviour
JEN e N S AR %, 76 Erlang 18 SR SEIL AN RGN A] LIE
gt Cbuilding blocks) KAEH o ANF (R4 T #4044 220 12 1) behaviour 40 K 41 :

IXFh behaviour FRMIEAER -k & #s A0 Hh A FH 1)

® gen server

W55 2R o

IXFf behaviour H KA FIFACIEASFET . /AL A%
TR g R HE LR — 2 RNRET . — AL 2 Y —
ANFHARORET,  E AR ) FE A A HE A48 A% A IR BEREAE N2

® gen event

® gen fsm X behaviour HSZELA FRARSHL

® supervisor X Fh behaviour F kS BB

® application X behaviour HIAEFTALIEAN N FHFE IR 25 2% o

X F-4EF behaviour, FASNHAIL—BIREE, ESAHERI%FE API [F)—Lk
FERANY, JF B4 — AN 61 1% behaviour (S ) —AN 52 22 141 1.

R OTP -G My i R GE g I B JZRAL ) 7 3K

® KA (releases) RATAE T 2 T . — AR EH W ERE
T NARGIPTEBEGE R — DA E— MR ZE (archive) (B
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R AIT) MW LA AT R R TR AT T b ZRAEA
I AR RGO T ke, Db s — MR R 2 k. —A
OTP AATREIX P A EFT W AN A B oo o A2 A5 AT AL,
BEFAN AN

® [ (applications) 7 BE A AT A o, A BITAT (AR s
A7 A RN Y P T SR P AT R RS, (HIF AN RS Bk
ARG Z AN, RGN AZ L IXF T AORA N E A IREE A
[F (¥ N FH 2 8] 78 70 BN, A AN [ (10 N FH AT 26 T 4% 1R 2 A OB R

N
o

® UNEH——OTP (KN H]— B i S B R SR A

® [ {FH——O0TP (1l & &M E TAEEY A, LS

gen server. gen event Y, gen fsm %% behaviour H)SEH .

A TEER I RE— TN o TR AR5 SO 4G B ) | Cbottom-up)
PR T B =A TAEE T AU (gen_server. gen event Hl gen fsm K541
F e LARET Rl R AR R E RO B, BT WA
Homt N A Sl .

6.1.1 behaviour FER:EA B K

OTP ¥ behaviour #5 & FHZRALES 4.1 55 (4511 (M) G fe RS K 5 1. A
AN FERIAE, FRATA R AT R I ROk S H L behaviour, T2l i LR
(1) 44 5K Z Hfk — /> behaviour o 1% A5 e 06 201 H — S8 4R 1 T )
(pre-defined) PR%L. HARMILE o 27T L98 F H . HOBUT behaviour (7)€ X 75K,

34~ behaviour [¥)5E 211 AP L5 H A H WA VR 1) S0RY

ZEAMGF-, BRI Xyz A& gen_server IXF behaviour []—ANSEH], T4 xyz.erl
LIS AR :

—-module (xyz) .

-behaviour (gen_server).
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—-export ([init/1, handle_call/3, handle_cast/2,
handle_info/2, terminate/2, change_code/3]).

xyz.erl W4T W EFTRI init/d. . SN R EEOIEE— gen_server [1)
SEf, BRATTEEEL I -

gen_server:start (ServerName, Mod, Args, Options)

X HL ServerName 45 Ik 4545 1 44 » Mod 315 57 xyz, Args e f& 45 xyz:init/1
(1124, Options J& I RIEHINRSS 2% A & AT A 124, Options ANxAE N S %tk
LSRR xyz,

5 4 gy R 1 o behaviour B S B ) 7 VAR AR S F L OTP fip
KW TFEEEE N ERIX M =S FE AT B E I, &) behaviour &
28 fun IXRhiEVEBE N %) Erlang 22 1140 5 11

6.2 BHABRS 2 (Generic Server) RyEIE

5 4 R ATIA A T AR SS as AR B RS R OE T A 1 Ik
Gy B —/S] LURE S0 A iR 55 s O HE SR o 55 4 3 rp (R0 1 W0 5 49 BT
(EL T IR ) ] 3 Al AT A 55 2 RO AT G S 2

7E OTP &%:t, Erlang #i gen_server F skt it 2 )1 - 45 2% IR IR 2% A R e
gen_server A] LUE I V12 ANA] IR 8 S B0 I 2 AR TR IR 55 4% .

6.2.1 TR RSZZE API
H TAETEE# gen_server 1) API, FRATIREF MRS wsFL 75 N 2 18] 1l 4246
Mo TEHEIAR—F gen_server [¥] APl FRAEAE [145] 1 Fhfr 2 F B — N T4E.

gen_server :start (Namel, Mod, Arg, Options) —> Result
fEUk:

Namel = R4523M04 57 OILAFRE 1),
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Mod = [H[JBE 447 CREM 3D,
Arg = %3625 Mod:init/1 1350 (WIERE 4).
Options = il ik 5548 TAFET7 By —4Ligk 1,

Result = JH ik sk Mod:init/1 T3k 4E (YRR 4).

gen_server:cal | (Name2, Term) —> Result
TR :
Name2= JIR45 #1047 (VEME 2).
Term = f%i%%5 Mod:handle_call/3 (1250 (WLIEAR 4).

Result = i i3 >k { Mod:handle_call/1 MiZR7EHIE (WIFME 4).

gen_server :cast (Name2, Term) —> ok

7L
Name2= f%5#:4 5 CILVEAR 2D,
Term = {&i645 Mod:handle_cast/3 (15450 (LR 4).

A
1. Namel 4 #n{local, Name2} ki {global, Name2 }& (1) 50 . J3 5 — At

Mg ds e AE— AR R LA Mg Bl Rk A A
AR E A3 Erlang Y UE UG ) 07 s B AR RS A

2. Name2 2 — MR T,

3. Mod 24 S an N —Lea 43k L. init/1, handle_call/3, handle_cast/3,
terminate/2. X8R HCKE S5 gen_server Y HH .

4. gen_server ¥ L8 R £ (1) 2402 IR B AN B AR b 2 8fG i 45 Mod 1) 54t
PR, JRALI), Mod )RR 2501 3R [ Hp A 5 1 R 2 0 XA 2 H LA
gen_server [ 35548 pR Z IR (B

Mod Frfie 4 (¥ 1] 1 by KW SR A JHAS -
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Mod:

Mod

Mod:

Mod

init(Arg) —> {ok, State} | {stop, Reason}
IR A K A B IR S5 s
Arg JEHEY gen_server:start/4 {155 3 N SHL.

{ok, State} EIEZEMEAMINIANT o AT ERIRESR R TR State,
Vi E X gen_server:start [ 54614 IR [F] 7 {ok, Pid}, iXH Pid J&Hk
25 2 IFRRAT o

{stop, Reason} = & k548 JH BRI T, XRS5 L T X gen_server:start (1)

Fi 4>z 5l {error, Reason}.

‘handle_cal | (Term, From, State) —> {reply, R, S1}

I bR E7E 3 gen_server:call(Name, Term) (9 i fiz 4 38 FH «

Term JeAERE M AT G IOV BHE S AR 11
HIEKD .

From Frii% /.
State & RS54 M HTFPIRAS

{reply, R, S1} ¥ gen_server:call/2 [{1iR [FIE 4 R, 1Tk 45 25 HRIR 424 S1.

handle_cast (Term, State) -> {noreply, S1}|{stop,R, S1}
I BR ELE F 7 gen_server:cast(Name, Term) (1) s s i 1 -
Term JEAEE M — I

State /w55 & AT HIIRZS

{noreply, S1} i JIk 55 & HIREAL N S1.

{stop, R,S1} fiilx5sasfsrib. Mr4s#sfsr b £ H Mod:terminate(R,S1).

‘terminate (R, S) -> void

B PR A IR 55 4 5 L R I A AR P 5 3R [P A 22 s -
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R 2R EHZ IR R

State 755 s AT PIRZS o

6.2.2 M k&SR HIBIT

X B A5 —> F gen_serverSCHL ] 51 (1] 2= /7 (Key-Value) H5s 251 A
AR5 2e F L 6.1 Bz it — A Al kv () (B AR e ke Sz L 1)

kv 25 2 4745 URdn 1% ds AL He ) gen_server 3XFf behaviour ff[E1EAH: . I8
MR AR A T gen_server T B IERA M [RIH R 204, dmikasit ok

nnb%

kverl ST —S& Ppg g (LSS 4 47) AI—2Sali R (WS 6. 717).
BRI DIAE RGN SATART 37 8 FH o [R13JH bR B &S E gen_server Bl Py 4%
WH .

kv:start() i if i H gen_serverstart_link/4 =K J5 ) Ik %5 #% . & 4
gen_server:start_link/4 1155 1 NS HON RS AR AL E . AEFRATHI 1, ALEA
{Iocal kv}, BHERRS &S D AHEM R, 270 kve KRTAERSHE

AR DUEE VF 22 HoAl 4 . 4% {global, Name}, JXFi ks A — A4 R4 7 (i
AR T KIFM RS % o I —A 4R 44 74 SCVFIR ST T LA — A 70 Al X
Erlang F ¢ B9 AT AR 9 5 7 )

gen_server:start_link/4 ) 2R Z 30K « IR B4 7 (kv Wi 46 2 (arg D)
A 20 BRI RIE TS (Do o SR 4 i A 18 T 2 £k & ik [{debug,
[trace, log]}FB 4 K21 5 ik #s, IHHEIRIRAG BRSNS —AHE&EIEsE (log) X
o

Y4 gen_server:start_link/4 i, gen_server 2> kv:init(Arg)kx L 58
B a5 AT 0164k, X H Arg AHEAEZS gen_server:start_link/4 K155 3 NS5
— MR, init/l B iZIR [Bl—M{ok, State}\ ¥ o4 .

kv 5 18 —21 4TS % /7 R %k store/2 F1 lookup/l i i i H

Ykverl 5 26 1TH — AN ERIENR, DR ZI8E.
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gen_server:call/2 K523

. |-module (kv) .
: |-behaviour(gen_server).

+ |—export([start/0, stop/0, lookup/1l, store/2]).

s |—export([init/1, handle_call/3, handle_cast/2,
terminate/2]).

s |start() ->
i0 gen_server:start_link({local,kv},kv,argl,[]).

= |stop() -> gen_server:cast(kv, stop).

w |init(argl) ->
15 io:format("Key-Value server starting™n"),
is {ok, dict:new()}.

s |store(Key, Val) ->
i9 gen_server:call(kv, {store, Key, Val}).
2 |lookup(Key) -> gen_server:call(kv, {lookup, Keyl}).

22

» |handle_call({store, Key, Val}, From, Dict) ->

" Dictl = dict:store(Key, Val, Dict),

2 {reply, ack, Dictl};

» |handle_call({lookup, crash}, From, Dict) ->
z 1/0; %% <- deliberate error :-)

» |handle_call({lookup, Keyl}, From, Dict) ->

- {reply, dict:find(Key, Dict), Dict}.

2
s |handle_cast(stop, Dict) -> {stop, normal, Dict}.
2
» |terminate(Reason, Dict) ->

" io:format("K-V server terminating™n").

K 6.1: — MR RS A

FEAS, A R (remote procedure call) (S22 i<t 14 FH [0 3 e %
handle_call/2 KSEHLIF) . 5 23—29 4TSI 1 Mk 55 A 00 ) ze Rt il R 30 FH T 5 222 1)
[ ek 2. handle_call (125 1 MZ50& — M8, W25 A gen_server:call/2
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I 28 2 NS HULEC . 28 34 (PR JROCURESE 2 1) SHON RS A 1R

o fE—MHOLR, handle_call B iZiR [F]—M{reply, R, Statel}, XH R ZEitfi

A RER T IR P GZAE 22 ph gen_server:call/2 IR B, B &R BI5 %),
Statel 48 il 55 s R HT IR A E

1E%5 12 47 stop/0 i FH Y gen_server:cast(kv, stop) [ e f5: 1F Il 4% 7% .
gen_server:cast(kv, stop) 1z 2 A2 % stop /54 T 31 17+ handle_cast/2 (%5 1
24, handle_cast/2 %5 1 NSECN IS4 1kZS . handle_cast 1[I ¥j{stop,
Reason, State}# 3641 F Ak 45 25 25U kv:terminate(Reason, State). iXFhib#iss
T RS A — ML EPATAEATA BB N T HAT IR 288 4E . 24 termintate/2
R[AI, T8RS As s b ok, LT SR A AR B

TEA F, FATH AR T — ANl FH 8 FH R S5 2% B 7 S 19480 1~ gen_server
(WIF R 45 AL 45 gen_server 1) [E1 i R ORI il e 5K 2 B Re 08 452 (R R0 T
AikHE. WHIRSS % vl U VF 2 MO R 7 2OR S 5l, DUAE TR A A A e 55
Pl oA 2\ Erlang 5 £ 4% 1142 R RS 2% (K38 AT

W H R 55 ds A VF 2 W R B T B, w7 Ry A . H
gen_server K& (1 il 25 #5141 PO R A — AN, DG T IR LR AR T B R I —
HENE FH US4 B B N2 R GG H & A5 BT RSS2 IR SR TR

B R AR R X

6.3 BASEH4EEE (Event Manager) HyJRIE

HAOFE HLES behaviourgen_event S T # ERE e T I (1) 540 A 2 pR ) —
Tl FHMEZE . HAEA PR ES v] DL SE A R AT45

® AL EE.

e
o

i3

B,

o ik,

o HEHM,

PGB ST LR Bt Ao B, AT LUROR S IR e i A0 R . 7E 1 AN
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EHIAS, ALLEESE 0 N AL ESY (event handler),

B ANFFIE R AN FFE BN, R Oz S B N R T
FAF A B AT AL B o AT PR AT LAAEIS AT IR, e BdiTmT LhAEIzty
I 22— DA AL PR RS, Lin— DAL P RS U o — AL B R AU — AN AR B

Ao

BATERAE — L5 X

HF (Bvent) —RAEMEAFHN .

HIHE A (Event Manager) —— N4 SE— 1 11 Ab B EAT B i
MR . S PRS0 5, FF T BUKIA S E

W4 (Notification) ] — AN G PR A — A B

FAFAL PSS (Event Handler) ———/Na] DAIALFRERAF I pREL . ZFAFAL
PRAS MR GN T I e 2L:

State x Event —> State’

FAHE B M, SHER “BLHOCRZE” “udlldg. BAImX
PRSI N LN (MS) Bk

BB B 2 1 A ERIRE AT BT QTR MS 18R -

[{M1, S1}, {M2, S2}, =-+]

HEEE PSRN B B, BB

[ {M1, SINew}, {M2, S2New}, -],

X HEWiZA {ok, SiNew} = Mi:handle event (E, Si).

FFE B A g A AR A B A BRORZSHL, AR A ey — A
WA, BANGE AL — “47 RS 4RSI R E

WFEFRAT AT RETUWIGABAE, gen_event [f] APl B AV F 28 k%L, 2Rk
BRI R SS 23 7R (K {Module, State} X} 1. gen_event FL I AT T7EIX B (1K) — A faj A 4 32
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ST o HTLLEIL R OTP SRS H OG T AR AR R 5 1T 10 T oK 1 gk 1) e A3 1

A

6.3.1 WHEMHEHIZN API

HOE I (gen_event) S T FAIk%L:

gen_event:start (Name1) -> {ok, Pid}|{error, Why}
QIS HLES
Namel & S/ BAH M 25 (MR 1.
{ok, Pid}yE A A B IT /A Tl Pid sl S 3L RO BERE PID.

{error, Why }J& 76 FH 445 B2 T I SR WO 1R R [FI4E .

gen_event:add_handler (Name2, Mod, Args) —> ok | Error

WS IN—ASE AL PEES BV FAE HES . WS B R A IRESZ L, B
LY ICERAE DI, FAFE AR RPIRAS R A K [{Mod, S} | L], XH S ZiHH
Mod:init(Args) 3£ 1 -

Name2 & F - FREs 4 7 LM 1.
Mod J& [Pl BRI 44 7 CULFERE 2),

Arg &AL ZS Mod:init/l 125,

gen_event:notify (Name2, E) —> ok

RIE—AHA E IS WURFE BSIPIRESE — M, SiHEE
HEHRE AN FE E, A F IS FPRSE A FE{MI, SiNew}WES, 1
{ok, SiNew}=Mi:handle_event(E, Si).

gen_event:cal |l (Name2, Mod, Args) —> Reply
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gen_

Mod:

Mod:

Mod

PATFAFE TS I FEA AR BEAS REA A . W R A B R
PR E—oud{Mod, S}, F4K2 ik Mod:handle_call(Args, S). Reply 5
v/ W EREA T VRNt P IEYEIR (S

event:stop (Name2) —> ok

e s

A -

1. FHE B IRE00 1 T I 55 AT R IR i 44 400

2. AR AL BE g8 o 20 R B R R R A S e A

handle_event/2, handle_call/3, terminate/2.

AN A AN IZ B AT R 51 AP

init(Args) —> {ok, State}
XH
Args K H gen_event:add_handler/3 [¥)55 3 NSHL,

State J AN A F AL BLER T4 IRAS M

handle_event (E,S) -> {ok, S1}

X

E >k [9 gen_event:notify/2 {155 2 M54
S JEARFAF AL B 1) SR A R

S1 A FAF A LS 1 HT PR A

‘handle_cal | (Args, State) —> {ok, Reply, Statel}
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init/1,



22

23

24

25

26

28

29

30

al

a2

33

a4

35

36

XL

Args K H gen_event:call/2 [¥15 2 NS4
State & A FAT AL S 1) R AT IR
Reply ¥ 4 gen_event:call/2 (¥ [0 {5 .
Statel s A A Ak B KB IR AE

-module(simple_logger) .
-behaviour(gen_event) .

-export([start/0, stop/0, log/l, report/0]).

—-export([init/1, terminate/2,
handle_event/2, handle_call/2]).

-define(NAME, my_simple_event_logger).

start() ->
case gen_event:start_link({local, 7NAME}) of
Ret = {ok, Pid} —>
gen_event:add_handler (?NAME, ?MODULE, argl),
Ret;
Other ->
Other
end.

stop() -> gen_event:stop(?NAME).
log(E) -> gen_event:notify(7NAME, {log, E}).

report() ->
gen_event:call(7NAME, 7MODULE, report).

init(argl) ->

io:format("Logger starting™n"),

{ok, [1}.
handle_event({log, E}, 8) -> {ok, trim([EIS])Z}.
handle_call(report, S) -> {ok, S, S}.

terminate(stop, _) -> true.

trim([X1,X2,X3,%X4,X51_1) -> [X1,X2,X3,X4,X5];
trim(L) -> L.

Kl 6.2: —/NRIRIET R IC R A

Mod:terminate (Reason, State) —-> void
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X H:
Reason Fr S & BLES A A5 1],

State & A AEAL PSS 1 24 HIPIR ASE .

6.3.2 HAHFMEHIBIIG T

[ 6.2 fE7R T Ui A gen_event SR it — M ERL A R0 R A o 1B IR ISR
PR INER AT IR 5 AN IR R, 18R] LAZEWC R report ST IN 7R BTV 5 AN iR
THE

R, simple_logger.erl RIS EANTPALIK . ZEIL, SO s N i%es
TR RIML LS gen_server (B EUN LR S5 &#45 gen_event (IS5 I 2 AH B,
ZAb. — M, ARG AR behaviour B HE L start, stop, handle_call 2545
PR S EL, AT B R = AL

6.4 BHRASRIKZEH (Finite State Machine) HJEIE
VFZ N Gl Bhistke) nr LUHA BIRENL (FSM) SkREEEL, FSM m] LA

A BRARZHL behaviour, R gen_fsm k4w

—A FSM A] DL a0 R T ) — 2 0 D) R Ak

State(S) x Event(E) -> Actions (A) x State(S’ )
IXASFI A S

WRBAVLTAIRE S, KAET —DFMHE, AN AZPATELE A, FHE
REITHR S

WHR AT gen_fsm iXFf behaviour K4w’S —A> FSM, IS4 EIHPIRAS
IERE N 5l N AZ Ak 5 A — LS8 A U 2 52 1) Erlang PR

StateName (Event, StateData) —>
. code for actions here ..
{next_state, StateName’ , StateData’ }
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6.4.1 A MRRESHILE API

A BRARAAHL behaviour (gen_fsm) T T T A1k 4L

gen_fsm:start (Namel, Mod, Arg, Options) —> Result

Z PR BN ThREIR JE AT IHE L ) gen_server:start/4 —F¥

gen_fsm:send_event (Namel, Event) -> ok

ek JEAFL BRI ) Named [ FSM.

[P R Mod A2 H T 51 e 4

Mod:init(Arg) -> {ok, StateName, StateData}

— FSM R sh I, A inivl, Mod:init/l B iZi& [Fl— Nk
A StateName , 1 — 28 37 R 2% B9 AH 5C # i StateData . 4 T >k i /1]
gen_fsm:send_event(..., Event)iif, FSM <1 ] Mod:StateName(Event, StateData).

Mod:StateName (Event, SData) —> {nextstate, SNamel, SDatal}

7E FSM iz#% i}, StateName. Event 1 SData 7~ FSM [ 248k A& . 1 FSM
IR —ARASRN K SNamel, N —AMRAAH S N 1% SDatal .

6.4.2 A MRREIEFIF

N T A — A FSM N I, A gen_fsm 5 T — MR RLER &
(packet assembler) [FFEF. ZERGHA 2 AR waiting AT collecting. 4
BAET waiting IR, & I B EH UK E G, sl et collecting
R HEALT collecting ARAM, EHIRWRIVFZ /MBI, XL NHE G
B SWRE . AN SE T RN, FSM STENHE RS
£, FFEBFEEA waiting RS
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6.3 EIA gen_fsm 51— AR S

5 11 ATERATAAT

gen_fsm:start_link/4 )% —4> FSMbehaviour [ A Sz il——iF & 5 & 6.1 Th 4
10 1T gen_server:start_link/4 fRAHLZ Ao iZIRIEE 3 NS EUE LS 17
17 init/1 (IS4

29

30

3l

32

33

waiting RS H e waiting/2 (2 21 47 ) 2K %1, collecting k75 i collecting/2
(2 23—3447) KZzHE . SRS B AR IX LR B 28 2 M2

-module(packet_assembler).
-behaviour(gen_fsm).

-export([start/0, send_header/1, send_data/1]).

-export([init/1,terminate/3,waiting/2,collecting/2]).

-define(NAME, my_simple_packet_assembler).

start() ->

gen_fsm:start_link({local, 7NAME},?MODULE,argl, [1).
send_header(Len) -> gen_fsm:send_event(7?NAME, Len).

send_data(Str) -> gen_fsm:send_event(7NAME, Str).

init(argl) ->
io:format("Packet assembler starting™m"),
{ok, waiting, nil}.

waiting(N, nil) ->
{next_state, collecting, {N,0,[]1}}.

collecting(Buff0, {Need, Len, Buffil}) ->
L = length(Buffo),
if
L + Len < Need —>
{next_state, collecting,
{Need, Len+L, Buffi++Buff0}};
L + Len == Need ->
Buff = Buffl ++ Buffo,
io:format("Got data:~s™n", [Buff]),
{next_state, waiting, nil}
end.

terminate(Reason, State, Data) ->
io:format("packet assembler terminated:"
"“p “n", [Reason]),
true.

K 6.3: —/MEIEIEE AR
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o IXPEANREINSE 1 S iR gen_fsm:send_event/2 A& N [F) 5 2 4>
ZH. B, 7 send_data/1 i 1 gen_fsm:send_event/2 I} 55 2 NS H Len, X
NSZHCFRRCN T 5 2147 waiting/2 158 1 NS4

A FSM (% Fl—A 3 Je41{Need, Len, Buff} K E7~. 24U R i s,
Need i S 8 A EH (1) R K E, Len S WSCEE B B0 10 S2Pr K2, Buff 4y
TR BRI X o XA 3 Judl AR5 24 4T collecting/2 1156 2 NS4

ATl LAFE Erlang [ shell 7 R ik —Befir & R BB R MRS ST

> packet_assembler:start().
{ok, 0. 44. 0>}
> packet_assembler:send_header (9).
ok
> packet_assembler:send_data(“Hello”).
ok
> packet_assembler:send_data(” ).
ok
> packet_assembler:send_data("Joe”).
Got data:Hello Joe
ok
PR, gen_fsm HLixX BT HEE K EA S5 £ .

6.5 BAME#H (Supervisor) BRI

B H ARk, AT TR T A R RN T ) ) — e A
behaviour, 1M 4 55 W HI HH K EE 23 ] (B A AT DI BEAS I 20 ) - o5 4% . A4
F1 FSM 4§ behaviour SKff o X BLEPET gen_sup iXFh behaviour &5 —> 777
k7 (meta-behaviour), RIS 3EA behaviour F & — 4~ W BHA & 11 behaviour

6.5.1 & HKWEET API
P W05 (1 AP S W 5 2
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supervisor:start_|ink (Namel, Mod, Arg) -> Result

ReREOT RN, I Mod:init(Arg) s 4.

[Pl Mod 42005 HY init/1 PR, AR

Mod:init(Arg) -> SupStrategy
SupStrategy 72 i I B 11 I X

SupStrategy &M MR 1 CAE A A TR R Bl A5 LR AT S R 35
o BAFEXELTEANHEE, B N ORI AR 510 W R )5 A7 B K 4
e ORI R N SE AR AN A AZ I T AR AR 23

6.5.2 1 F M EHKH T

] 6.4 )oK MBS TR T & T A ) = A AR . IR
Fkverl P i s T AR (LK 6.1 55 26 17, I Hsimple_logger.erlth fi
TN (BREBATHD) . BT RE B SIS AT I R AR e i, &k
HoAT A

simple_sup.erl #8t (& 6.4) & X TN EB BT A JFG7EE 747 T
superivsor:start_link/3——1X 5 & 4t 41 2. & behaviour [ ¥ A >J 15 2 — 5K
(1. MODULE & — %, BRETF A 4K 44 5 simple_sup. )5 — 124k
W E A nile WEE TT R % 23 1 start_link/3 (1955 3 NS $E 280250 ]
€ I RS e b (1) init/L pR 2.

init/1 3R 5] —A> g ST E AR B0 TR R0 B SR B SR F s S A . T
{one_for_one, 5, 1000} (% 11 17) HirlBEZEME—A “8” MR ER (=W
5.2.3 /N ——IX R E IR E I = A TR R R KRN, By 5 A
1000 f57€ T — DN EBHHFE (restart frequency) —u1 5 B34 7F 1000 Fb4h N &
JA T RO 5 Ik, WIRE A A S R e

2 RAEIROLRILT 5%
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1 |-module (simple_sup) .
: |~behaviour(supervisor).

+ |—export([start/0, init/1]).
s |start() ->

. supervisor:start_link({local, simple_supervisor},
8 ?MODULE, nil).

0 1n1t(_) ->
10 {Ok 8

1 {{one_for_one, 5, 1000},
12 [

- {packet,

u {packet_assembler, start, []},

15 permanent, 500, worker, [packet_assembler]},
15 {server,

v {kv, start, []},

18 permanent, 500, worker, [kv]},

1 {logger,

2 {simple_logger, start, []},

2 permanent, 500, worker, [simple_logger]l}]}}.

K 6.4: —MEj R A

X BLIRATT B A AN B &, R R IR AL IR A 8% AT I
BB R o S AN AR R I 7 M R

13— 151748 E T AR A RIXA T/EH .

A3 ATIR, TP HIE N Ie R TR A g IR B . JR 7 packet
e MEREMA T (AN S 1 N SR LR A ME— 1K), n] LU kiR
7N B TR

IR S 7 WA B 3 AN 5 22 OTP 1) behaviour (115241, it LA3E AT 198 In 21) 1 7B

SIRE Sy F—ABH (G 1447) & 3 u4l{M, F, A}, B kA
e € MR . W B 2R 3 — AN B bR, ‘B & 2 H apply(MFA).

% 15 AT SE— NS H permanent 2 Ui I B I HERE & — N TR IR “ ke

HERE . — AR B S D 2 L B A sh E
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— AN B R AN LB R B AT R SR B, IR BRI e T ke S .
ur, BRI B S R R R P L O T EIX — A, g
B AR08 S IR “45r 1k (shutdown protocol).

W B m ik i A shutdown(P, How) K& 1 —A TAE& 3RS, XHE P2 T1FE
(1) Pid, T How #s€ T TAEE W45 1k . shutdown & S -

shutdown (Pid, brutal _kill) ->
exit(Pid, kill);
shutdown (Pid, infinity) —>
exit(Pid, shutdown),
receive
{" EXIT" , Pid, shutdown} -> true
end;
shutdown (Pid, Time) —>
exit(Pid, shutdown),
receive

{” EXIT" , Pid, shutdown} —>

true
after Time ->
exit(Pid, kill)

end.

Wk How 2 brutal_kill, 84 TAEMERESHORIE (2 WA 3.5.6 /M),

I How /& infinity, J54— shutdown {55234 K645 TAEE RS, 1M
TAFB RN 24 ] L —4{*EXIT’, Pid, shutdown}74 E..

WS How A& — N T, B4 TAEEHESREFREASL N T 2 FFN &L,
WRAE T 202 WA WEI{EXIT, Pid, shutdown}il B, B4 %SRRI
MR

6.4 1155 15 17 3% 500 S FAS P SUIT 75 ZE I —AS “ORA5t ) /] 7. &1t
1 5L W B AR B (AN A B IR I, e F VA B 2 500 S B0 A INFIR] SR 52 1
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HAIEAE AR BE R 2

4 worker Ron g B BERE A TAEF BERE ([RIAE-—F, 7€ 5.2 F5 R 3RAT]
Vit — AN B R T DO — AN AR BB 2 RS ), [packet_assembler] /&
AW BT H T ARG 51R GXANSEAE DDA AR S AN ZEH 2D o

— HIHAT 0SS AOE A T, BT ol PAG S AT IR B E T . A ORI
RIS A, R 8 T DB, IR T8 B & T I LA R . B
B EEIT U BB HA

Fo MR FERURGS PR MR, SREA A BATA
SHEE, JHRE - FRES SN Pid,

1> simple_sup:start().
Packet assembler starting
Key-Value server starting
Logger starting
{ok, 0. 30. 0>}
2> whereis(my_simple_packet_assembler).
<0.31.0>
FTEN gt W, AT B IR SS de iR T

PAEBA IR IGE —MRERG KN 3 P, Mk FARKIE 4
FAKIHdE: °

3> packet_assembler:send_header (3).
ok
4> packet_assembler:send_data(“oops”).
packet assembler terminated:
{if_clause,
[ {packet_assembler, col lecting, 2},

{gen_fsm, handle_msg, 7},

SRR RMOE T R AR, BMER S RIT !
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{proc_lib, init_p, 5}1}

ok

Packet assembler starting

=ERROR REPORT==== 3-Jun-2003::12:38:07 ===

*x State machine my_simple_packet_assembler terminating

*x Last event in was “oops”

*x When State == collecting

*ok Data == {3,0, [1}

*x* Reason for termination =

¢ {if_clause, [{packet_assembler, collecting, 2},

{gen_fsm, handle _msg, 7},
{proc_lib, init_p, 5}1}

R IRGEAATEA N Z . R ORERME 1T, AR KW
At AIE . B, WEFE RIS TSRS a i I SO R T 1%
HEFL TR 8 [ 23T Bl “Packet assembler starting” W5i. &5, H—
FACKH L A P A TS B R R

ZHEH RS T FSM AE 3t I I 2 FPIRASAE B B JRkA], FSM
I T AL FPIRZS A collecting, IR E S 4 —4> 3 7u41{3,0,0}, JF H.
S FSM it 02 “oops”e IXEEE EXT FSM BT AR A

FEIXHL, B8 SR EROE W B T hsEsmth . A ARG,
AR H AT DA B 58 7] B3 AAFAR B o PR HAS R A - R Ge 0t
PR32 W W A2 AR AT s S

TATAT AN — 1, WEECKLEMERS TaEAS, KE—T
whereis(my_simple_packet_assembler)f 2 i [H1351 K )AL 28 A 2% 11 Pid.

6> whereis (my_simple_packet_assembler).

<0. 40. 0>

1> packet_assembler:send_header (6).

ok

8> packet_assembler:send_header (“Ok now”).
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Got data:0k now
ok
FHZRL T3, FATT] Uil & AF Key-Value Al Zs2% H Woes 8 AR

o

12> kv:store(a, 1).

ack

13> kv:lookup (a).

{ok, 1}

14> spawn (fun() -> kv:lookup (crash) end).

<0.49.0>

K-V server terminating

Key-Value server starting

15>

=ERROR REPORT==== 3-Jun-2003::12:54:10 ===

*x Generic server kv terminating

** Last message in was {lookup, crash}

*x When Server state == {dict, 1

16,
16,
. many lines removed ...

*x* Reason for termination ==

s {badarith, [{kv, handle_call, 3}, {proc_lib, init_p, 5}1}

15> kv:lookup (a).

error

TV, kv:lookup(crash) . Ziiid s — AN A i 4% 2l shell 2EFE Cquery shell)
(PRI Iy BE AR SR TR FH o 33X 2 PR D B 3 A2 3d 3t i FH supervisor:start_link/4 177 =
KB B, B LB B OE R B T shell BE o 7E shell B E 4% 1 W
kv:lookup(crash) £ i i B 2 BERER i e, SRR ] e A S AT T TR 1y,

b REBWEXFER 2R T, ZErlangHil 7% - (mailing list) ' f)Chandrashekhar Mullaparthidl: & & {7 Hhfg
T AT 2B 2 R
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TV R B e e LI (pre-defined)  behaviour & i fi] —&&
(together) TAEM). 18 H B3 5 F A behaviour AN & w1 s HARSLIF, i
se vt A EAN TR

WA, BRI AR R H S PR S T e 2 A B R, JF55 04
RGAET—Fh 2 2 fIRE.

6.6 IBAMA (Application) BYRE

WANIES O T =FiEA behaviour, FFAEARATRCHE T — BRI E R
RN G U AE T A AP AR ZE 2] W] Capplication) HL.

N % 5 75 SR ERSE HT T8 19 behaviour (4% S 7 XA —FE . 2 HTH
behaviour #BELH 2 [RlA R, [l S H — e fiie R %L

I FANASE I BT pR 45, T IR SO R G SO By H I —F
FRR AL AN H 10 foc HE B0 304060 5 70 B F ik -1 S 11 Capplication
descriptor file) (— @4 Jy.app X)) W, ZSCHFRIR T — NN H s 2401
FIT A B

6.6.1 EHNF K API

I & — AN i 7 SRR IR . — AN N /R 1 SR R 44
JE.app. £ MAN@H 7 Ft, XFF—ANN A 1.app SIS /E T e s

{application, Application,

[{description, Description},
{vsn, Vsn},
{id, Id},
{modules, [Modulel, .., ModuleNl},
{maxT, MaxT},
{registered, [Namel, .., NameN]},
{applications, [App!1, .., AppINI},
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{included_applications, [Appl1, .., AppIN]},

{env, [{Par1, Vall}, .., {ParN, ValIN}]},
{mod, {Module, StartArgs}},
{start_phases,

[ {Phasel, PhaseArgsl},
{PhaseN, PhaseArgsN}1}1}.

I B A (application association list) H P AH (key) #Z&PTILH,
WU 20, R — AN G B

6.6.2 & F N H #4617

PR

KT HHRAT S =AEA behaviour F1—AN WA B X 4 — AN FHFT A,
BAMEH 7Bl 6.5 Fraity b H 3£ simple.app

{application, ’simple’,
[{description, "A simple application'},

{vsn, "1.0"},

{modules, [simple,kv,packet_assembler,
simple_sup,simple_logger]},

{maxT, infinity},

{registered, [kv, my_simple_event_logger,

{applications, [1},
{included_applications, []},

{env,
{mod,

my_simple_packet_assembler] },

(1},
{simple, gol}}]}.

6.5: simple.app —— /My FL [ Y

FERAIB 7, app ORI S H A 2 H A o

SO R T2 H R0 T i A4 AR T #1028 H N o 380 10 B A A
BRI M RE IR 447

kT simple.app LA4b, FATETFE AR, HR “&3)” (launch) W H

AT LA E 6.6 Fras it simple.erl /24 =27 simlpe.erl £ 5 AN

132



FHREAT T RS 11 () R A

i |-module(simple).
. |-behaviour (application) .

« |—export([start/2).

start(_, _) -> simple_sup:start().
K 6.6: simple.erl ———/Maj & B ]

DiAE, FMCEHESIF 2 TN 1o BB Erlang SCHFAR 4402w
Fal, i H5app SCHER—Hx b, ABAFA TR BUE Wk 5 20T R %N H
IR AR — ANk 55 45

1> application:start(simple, temporary).
Packet assembler starting
Key-Value server starting
Logger starting
ok
2> packet_assembler:send_header (2).
ok
3> packet_assembler:send_data (“hi”).
ok
Got data:hi
AR TRATT AT LA 11z H -

4> application:stop(simple).

=INFO REPORT==== 3-Jun-2003::14:33:26 ===
application: simple
exited: stopped
type: temporary

ok
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FEfEIE T LR, NI e AT 1 T AT HEREEORE K et

6.7 RES5 % (release)

ARERAE “ BRI B B FLLR R ZRIEIT AR, R AT A RCGE K
T ARHI 0. FELULANIEA behaviour 1 gen_server. gen_event Il gen_fsm
THGE), RIGER LA B H R D] T — M E R R T, RGN
R OAR RS T — DN

a0 GRHEERA R TR RN U@ RSkt e — AN EATn]
LICRE 22 A AN R R R TR AN B o 45 Rl il DL A2 H AR A BE 1
DEOUA AT

PN SE B At DR IR R —— DN RAT A IR RS =
HIPIRAS, T HAGZEANTE 22 58 1) 2 AT R FRCAS o

FATAME AL BRAF G HTARAS 145 S 100 LI S5 A 1R 2 i i) A AR A
o RE I, RAT IV AZ A R FR G M S RRCAS IR B T8 38 224 i RBCAS P R R
R o XBITFIOR 5 ZAEAE RGN P AT . — AN RATIE 25T e 8 A B BT
BT DL it DA L 2B R I Dl o AR ASB A AT HV . RGTIE N RS [
BB Z AR RUEIRES . P IXLEHEH OTP R GUIAAN S BEALAF R AL B

ERIFRATFE L 8 T AXD301 I H ik, FAT1S I gen_server [f]
122 524, gen_event ) 36 NSZIFT gen_fsm [¥) 10 NSEf], 20 N IEEE D
6 M, BT X SR T B — A R A

iy, X% behaviour AT EA IR gen_server, ‘Bl HIA LT SR BAME Ky
PR A A 5 22 16 75 gen_server [ [B]RAR B o & A= IR AR R N %77 AR 15 R
TR e T BT RGAEIZ W A T S

fff H_L T 14 behaviour tHVFEAE BT FguRERCE 7 A T . Al % v
Aok s — N R ER LG, (HE R AR T E 4 Lh 4l 75 (P i e IR 1) A8 )
AR ER G — 2,
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6.8 1t

® OTP R H LI behaviour [FIH A ZEA LK Erlang dwfE N R4n'5
(). IXSEREER RIS BT AEVF 2 AR AR R al i, AR T 954
KA P LR R ] U B RS R

® (] OTP 1) behaviour KAy i) RGN AEH AT RI45H, i,
PITAT (¥ )7 - B 55 e R B AT A [RIRE R 2544 . A behaviour, w2
AL R E— ) RN R A BRI AR o N RE Jy 0 g B3R XAtk
ATREFIR I AR T SCIARRYS, 1o T ALt ¥t i behaviour H 3l

i

® XTI CEAFAER N —ANF R 7 iokut, 5T behaviour [F)fiE -
] R U R S P . AT K T behaviour, AdATTEE RES IR 4%
Sy AR HE WIS R AS 0  N iZ% FWIEF behaviour .

® RS OKER AN “ B AR E” (tricky) #SBERARAE T behaviour (1)
SEHL GBI )il s BB LE AT X BLRIR IS BB AR5 ).
RARIEREF 2T -k 55 ds AT AL PSS behaviour, 1R BT A Ab
Ik~ I A S5 2 55 I AU A b A 1 behaviour (1) “JE ]
grs M0 TEAT DG AOACAS AR S — 284 3 R4 2R i S 2B AL
X IE R P e BRI — Bl e —— “ IRIME” 1 IF AR 4

B B T AR G L85 SCRAF IR 7 o R GE P AR AR fiE

g AT R AP SR UG IR oK G 5

R RS, behaviour f ¥ IR IE 1250 H7/H/#F (orthogonal problems)
— N, %) -MSs S TAEE - B B AT O R . (oA S RGN I,
APk IR G4 H behaviour,  FFAEAIATT AN I 77 24 G ke SR i o il i

NN H AR TR A ) behaviour S2A W R & 2 1AL
® LIRIETNHALHE MBI TATHSCHE ENE A HAR ] LA
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SEIL A TARAR G o W B B vk 58 A BRI 0F Hagsh4axt |t A4
Bt T Re & 52 FIE Behlid i — S S A B B A E AR TS, Bk
il — LR AR AN RESE I AR T

B AVFREE LMok a0 7 Ak Mg A g ek . AR T —M5%
I I3 R

BoE T e SR 18] ) U ER . X R UFRI BT AT behaviour #5552
FH. i, fBAT1E8 %% 46 Ericsson [ AXD301 7= i H i F
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7 OTP /45

TFBCHAE -4 (Open Telecom Platform, OTP) &k T ¥ AIEAT L5 R 4%
WIFHR MR RS B 7.1 4 TIZRGEM D I7E, ZIEk A2 2% 30k
[66]. WEHf7s, OTP REUE il KisAT MW (M ERAE RS2 B — NPTl
“HEETE 7

Applications Applications written in
written in Erlan
C or other g
languages
Mnesia | | SNMP | | Web server | i i
Agent ' i
{ Erlang Run—time system }

[ Commercial Operating System and computer hardware ‘

K 7.1: OTP &4 44

OTPH S AEEricsson N T A ¥, {H 2 Horb RS 7 8 L4 3% fR Erlang 2 FTF
YFAJ (Erlang public license) /A Aigh T /A HeAie .

OTP A AT L&A R — L

1. Erlang H4mPEas fIT & T K,

2. TGN ZFAE HERIAEL R Erlang BT 1 R4
N F 9 I /A A YA R i Y2

w
\

4. S SEAT AR —dl Bt i,
5. FSk2 S U fdi B % R 45 (1 — e e i kel
6. MRS,

VAER R A TR
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OTP &AW R T HZAFMEAE RS L, BFEFAN Unix KRS
(Linux. FreeBSD. Solaris. OS-X...), K% %¥/¥) Windows #:/F &4t (Windows
95, 98. NT...) Fl—& VxWorks Z Kk AR EE RS .

Erlang i217Hf R 42— MHSRIZ4T /1 Erlang ) BEAM % 1% 2% 2 A= 1) o 1A £
(intermediate code) WML, IR AE4 Erlang gifds ™= A A S (native
code) FEMLIZATIN SCHENMRSS

Erlang ] BEAM %P4 1 1998 4F J5 il AL 1 IR 4G 1K) JAM %iikds. BEAM
Y F 741,424 Erlang JEACHSYmERC 32bit R Nk RIL R #s (threaded
interpreter) {45474 MIRIGR JAM M2 — AN EZ R (non-threaded)
TGRS (byte code interpreter).

FAh, A TEEERCE, Erlang FEiE R LA Uppsala K2% K 1] HIPE 4hi%
R[ATIR R A RS (native code). 4B BB AIRREFNAT ) BEAM Ho [RITE [HI Bk
NG AN M AT R ASEERAE RS R 0 T DL FVR S 1, RIVRE AN B mT AR 4 136 B
BEAM 4, tr] LLgd i i HIPE 4, HJEAERIRAES, P ANGER & .

BEAM HLAT HIPE HI3L[E{EH T Erlang 1247 Rt 6 TN BE. BN/
BN SEREE R, by PR EE SRR AR

Erlang 1247 I RGHAE TV 24648 i #RIE R GRS, FTLL, Erlang
BT I R G AR BEAT P A AT 5 B AT IN 308, MR EE RS2 . iy
73 Erlang #EF R H Erlang 1247 NP Rk BE——RIS 7 — > Erlang 121710 R 48
PRI Erlang SERERIINHE, 1 BEAERGE H S BEHE — ik
{EI84T, w2 Erlang IB1TH RGEAH

7, SIATE T AR, Erlang (435 ds XOE AR M AR . gmitid i N
N Erlang AURS 3] — 455 18 (1 HE ML 08 1) — A ) BB . LA,
Erlang "H1¥) spawn [ 4 B 1 R FUOLH 1 — 45 SRR 4 /E B Copeode) (R
spawn JEUEEFRISEIL), SRS AT HEAR KIS A8 4545 At ) s BULRLB F) s 8
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7.1 B

OTP M ARATEALS H—MRKIIESE, AT KA EK, b B 1 4R
Y& OTP N RS20 o 9l 2 A6, ROB (3%3E: Erlang/OTP [—AN K AT A5 )
AL A I R IX LR H .

® appmon ——— MEF R E W 1 — A E R T H .

® asnl —— ML ASN.L E I AN AR A AT I G AL SO o

® compiler ——Erlang 4 %45 -

® crypto —— M T INEMEFE LI W B2 (message digests)
R

® debugger —— > Erlang YA 145 o

® erl_interface——— T 540450 Erlang 5 sSUEAR 1922 SCAR4E

® erts—Erlang iZ1T I & %5

® et—— N FARIRER A — Sl S S R T B B AR ORI T
® eva— o7 “HAHEE” LENH.

o gs—MEIERS, 4T GUI MEITE K.

® ic——FErlang 1] IDL gwi¥ 2%

® inets—— M HTTP JIlRg5 sl —> FTP % /)7

® jinterface—— 4’5 Java 5 Erlang f#: T .

® kernel—— ARG LUSATITila ZMPINEEAEZ — (5552 stdlib)
A PEALE SRS AR S5 A (Y SE I

® megaco—— X #F Megaco2/H248 ¥ [t FE4E

® mnemosyne—— ' F7E mnesia L[58 22 AT )15 5

2 Media Gateway Control, RfJ {44 pg etk g
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mnesia—— /A5 Erlang [OHCEIAS ) DBMS (PRvE: $ods S
ARG,

observer———/ FH T FREFDIL I 73 A5 X R S AT A 10 L2 A4E,
odbc——— M T~ Erlang 5 in] SQL %44 %) ODBC 11,

orber———/> CORBA XJ %1 K AAHLMY Erlang S5, & A HE
— SR N, SREEIEXS AR TR] CORBA R4S (=i, @4, ik
FERTEE) V7]
0s_mon———/M I AN A E R G 1 YA S L) T .
parsetool—fi##T Erlang 1 L H. B.$5 yecc, HI LALR(L)f#EHT %A Ak

2% (parser generator).

pman———"NEFH ZGUIRA R ETEAL T H . pman 7] DU SR &5 Ahak
T ) Erlang 75 2.
runtime_tools——i1a 47 I8 R 48 It 75 22 (1 8- Al 71 bR £

sasl—— “System Architecture Support Libraries” ( RZE45H S H 14D 1)

45 . AN AL 65 kb P (alarm handling) A& A1 & 3 (managing
releases) 1132 HF,

snmp——1ij B ) 4% & I #3% (Simple Network Management Protocol) [24]
() Erlang 5280 . AR A& —AS MIB ik asfil—48 MIB 405 1) T A,

ssl——A~ Erlang ()% 247 )= (secure sockets layer) #2211,

stdlib——RGAFLUSATH “ A% 17 Erlang JEEE. J3— & B EAER

+& kernel.
toolbar———Nn] LA IF 55 S IR DAL T H 4% .

tools——— /N1 & T M AU Erlang B R 16 3 57 57 FH 4 5 11
£, X EERY TR — S8k REPEAE Cprofiling) . 78 o5 K/ #T1 (coverage

analysis). 22 X 5[H 2 #7 (cross reference analysis) 11 H..
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® tv——NRINIT AL " (table viewer) o A T A% L — AN H] L% mnesia

Bl FEFP ) R AT B A 30 Y ) B A Y F
® webtool——— MHFEHIEF M TR T H (il inets) M RZ.

OTP PEAEHL T ANy BERGA) T AR, 24 5 A i FH AT 1) — MR &7
(W AL, SRTT, OTP PEAEZAH M PEA%IM .

FIAR—TF, TAIKIEE 6 &= H X HRh behaviour (gen_server. gen_event.
gen_fsm. supervisor. application) BEAT T —ANa B FIAARE, i % L A AT Ao —
behaviour [)5E3EHIARREHRER H T A SCHTEH . ARSCHEAES 4.1 A0 Hp—A
behaviour (gen_server) i )& JE B AT T B 52 B M A FE o

KA ROB H [ stdlib W FH— L4 71 MEH——RA IO AR A T
Hrhr a4,
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8 RBIWH

WS AR 434 s J LA RGBS, X 28 R 4e 3 /& FErlang/OTPF- &5
TR . ARG JEEricssonffJAXD301 R4i——AXD301 R4 E— A KER
MATMAZ b, 7R EIRATFIFTIAXD301 (A #ELL 110 J71TErlangft
fih, 2 F] e B g R 2 5 o i e e K I R G822 — . AXD301 J iz W T OTPJEAE,
PRt A O TP AE I T ReME SR AL T — AMRAF (FIE B 6

EZEN )G, RIEHFEIAXT Bluetail 247 5 Alteon Web Systems/Nortel
Networks 22 ] (K JLAN AN i OB GT . h 738 e iiif, AT ZEANTE VL] — b
Bluetail AB A /& i1 JL/>K H Ericsson CSLab ¥ “Erlang A7 (35K EC) WK
SEH—ANAT]L JE K Bluetail # Alteon Web Systems 2w, )5k, Alteon
N A% Nortel Networks . 285, JREER i i /] — M0 BTRA R AT 51 o

X EL = Al FEBluetail Mail Robustifier (BMR) FllAlteon Web Systems 2y w] JT
11 J& KNortel Networks?Zs w88 (1) “SSL? accelerator”. H:HSSL acceleratoriX
A bR AE— BOM AR IR ) (9 AN D WIF A SERUR), s gl “Hr A%
PEEFZRE” X ARTT T “8SkF", SSL acceleratorth)] iz Hiffi A T
Erlang/OTP - &5 Ml FE4E

XEETH AR T MRBR . AXD301 H1— AN KAELIRE 7 A BB T A, Ak
40 LFEY B IZ ARG S Ok T 4 RO IE . AT g0, KA AR H
(R0 AT N RN, B S (A QRS R 2 AR AE LLER AR o AELE IR IE 20—
PEEG e OTP B iAS X T R A R GE MM (1) SR Ui 2 AN Wi 2

BT RO A MIZ IS (5—10 MRS B, Bk
SHIANED 1, AHRAE—ANEAS 2R (6 N HD WSEI. BT TR &
2K & 1 Erlang F2/7 52 o JLAR R BIAL, Magnus Froberg 11 Martin Bjorklund
& OTP [1] behaviour ({41 v Mg 'S+ s Forh 53 —47, Clares Wikstrom 52 Erlang
P 2 IBESVEE, Wikstrom 852704 =X, Erlang A1 mnesia $f e 1 = 2 5230
o

! Asynchronous Transfer Mode, A5 Hik .
2 Secure Socket Layer, 4L,
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8.1 Fik=F

FEEBIETT, B o 2 W by I -

® i) B A —— ) AR AT A 2 XA W) JE T Erlang/OTP ¥ vt B 22
fif AR FRY I i1 [ e 2

o MBHEAFHME—5 72 /DTUS? 3 2 /DR X U
SEWAT A LR ? B SRR TR RE g ? g T R e A Ak
Neh? WIRLEJEAF K2 IR & AL (1) 2

® N FAEVERIEE——R G A 54515 ? Erlang AU (raison d’étre) gt
JEN TR AT R I RS . AR UE B A S R A T s AT W IR L
D2 I T 2 — AN g R 2 R A2 IR IR ™ A (K45 BN T )5 SR I AR
AIERAE R T

® RGN A HARIE—— RG] B AT ? T Y4 2

TAE N LR T RAEBMEM G I, 253 T — LA e,

KAUE I R G SEATF IR R (0 7 is A7 el

1. & A URHE IR B R e o 8 PR g AR e e i i i, JF HAxei g 4 1
T, JFH ARG R MR R IR SR, I BRI A IS Re DL — R
b N R )7 i1 ?

2. ROAHURIE RS CLEAT TIRKIE, JIf HIm C 2 kA Sar
BRI RGEMIRTE ] ?

3. EHAUEHIEM RGNS G & “Leizfrdh” (onthe fly) F+4.

4. SEAAUEEUE AR BIR FIOX LE LA TR (& AT 2K i (R
14T T BRI R Ge s R AR B R AR D 2

5. AR R BIAR DR H A R4S BT R R AR R AR A R 2

6. AU RGP A ARG HE LLER T N Tk, K24
(RVRE P 53 AN S0 R 48 T A FH () I RS K 40 2
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7. AT UL UE ] B I P R s A
8. AR TILIE I E” kg R AL

FIHIERS 1. 24 5 A0 MA7 A D BATIA B U BAT 196 T4 5 A R SE Y
AR R TR

5 4 ZRIR MR R T I (R AT I AR GUR U, B e ke 14

55 6 452X OTP [F) behaviour Ml e ) 10— AN AR 2 1 Js B 3AT ]
AR “HhZ 7 RS IE TS AAAE I A AL P40 . OTP ) behaviour
Feit 2RI Al X T AWRE A TR R DR UG, AR 2 R b 2%
T IFRAL B FE 5 OTP 1) behaviour & 153 & K R Ge 844 1 — A EZE 4R R .
FRATT R DATE i WL e 5 A A AT %) AR v 22 1 A A Y Jed 0 S A el R g
AR JUTE R DA I A AL B AT LA 22 R R

ST ZRE T R SR A WY R AR A

95 8 FAule A E A LUZ M5 B P4y A g AR R i FE . 2
RSB R TR A 7 AORH IR G B o X AT
AR S T AT BRI BOARARD, SXAERARRG LG “ IR ACHE SE25 2y B, i ™ AR
SR AT BRI R A .

AT B RGBT B A2 R AT I, i X A A 2 11 ol 2 i oK il 4
o BIBE, BATTIL AR n] A Sl 1 o2 BATTRES A8 2 KR 3t mIAE
R R R D IR b o 5 AT BRI ARG 2 A A AR R R e h, A
i SRS T K (1 A A P BRI DA i BB, i R 2 B B Al A i A
MRS, 5 " B SRR BN RS AU HEAT— T 20l T
LB 7 XA AT AR AT

AR ) AR BATTARRIE RV RAE A e, BLAX

FlANIE HI 72— AN K )
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8.2 AXD301

AXD301[18] &4t & Ericsson A== [F)—FhmtE e v b L ki (ATM) A2
Hlo FEAS RS0 HHVF L Al 4R IR E ] fl——F MBI 10GBIt/s [IAS He25 &
A4 16 AMEEH A R IE — i B e TE i — & 160GBit/s [FAZHekL .

AXD301 JE4 S “IBE YT AMEPUIFE[701M ik . xRS A
MRS PEREPETC AR, IF B o AAEASFTWIE S5 11 D0 RS ISR ZoHh BN AR
G BR . A ATE RE S LA AR A AR o DO R G A AN LI e 1T
T, PrlE AR AEA TR R SRR $E FEAT A

8.3 WFHEILFFE

NHEETR TR AXD301 BfHI Rl RAE TR T 4G AL XA TR e vt B
N TZARGAE 2001 4F 12 J1 5 H AR .

XA M HoRuE T RS Erlang ARSI — S8 A0 HFIE . RGN EMAE
R

A Erlang T 1) £ 2248
“IET BRI 1472
“IE B 776
(MR 1136150
VR Erlang BREAN % 57412
U BRI AL 53322
“PE” EREUTAN L 4090
“HE” REAE 1 AREEATHCZ LR | 0.359%

Eeh SRR RO SR B sl i “9g 7 e T BEAT DR — A
(& FLRI AT o AR B AP AT AN R B “JIE” 1, BT E R N
(Fr, BIHCAAER “M7 e 0 TR, WA s Bt Ay 7 Rl aox
Hlls, B T A —48 Erlang 1) BIF, FRATTHLULE ST

apply, cancel_timer, check_process_code, delete_module,
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demonitor, disconnect_node, erase, group_leader, halt, [link,
load_module, monitor_node, open_port, port_close, port_command,
port_control, process_flag, processes, purge_module, put, register,
registered, resume_process, send_nosuspend, spawn, spawn_|link
spawn_opt, suspend_process, system flag, trace, trace_info,
trace_pattern, unlink, unregister, yield.

ZITLAXAER Gy, KA T IR BIF A4 URS B o A7V LR (R fE B

TE R A KRSy “ A N TR E o B BB R gy
CREARRER” AN E S BT R R AT e SO T ek
BIF = 5) —MRtberb ) “MEpa g7, MBIy “MERE 7. A2, Rz
RAESCRHE, ARG LT P IR RACRE A IR

JRAAE T a0 RARGETE R SN T H 1) I AT R H ) 1 H 1) A3 P
(transitive closure), VRELE AL I LS br ERERE T R G LTI bt
Yoo XAMER QL PTLLX 4K, NIH&T Erlang FErpVF 2 BEE R AT “it
Js” (leakage).

FATg BNy, BT BRSS9 R 4 Hegerd 17k, JF HAmR — Mt
BSEAL S A RIVER], I AAE S 5 A2 AR DIt 25 v J X i A P A 23 e H 12
B, DTG P 2R B ) A 3 5 i o

WXl E S, 65% MBI AR AE “ it 7o iy - HERER b 5 Ay 4> “IE
PR R R, IBAER 1R A R (R B
EAEE HEREHRET U ANE A BIF R, e SOl gl “ i
PR AERREI, FATATLAE 2 92 % 1 ek B A2 UG RIME T I 7 208 5 1) 6

ENIER, 78 113 JjATAREd, RBILEEHE 4090 4~ “HEREC”, et
1000 F7ACA A0 2 1T pR BN EANEE I 4 .

JERR I o A Pl 8.1 Pl e ANEERA U ol 501D A i DL B AT (LA B 1Y)
M7, AR A SRR R o T R 95 96 (1 U R S HE AR AR A 196 PR
Berb, SRR AT KR A B AR S AT Bl D R (I R . 91, 4T 200 BB
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AT LA R, AT 156 MBEER P E 2 NIRRT SRR

R P A SRR, AU BRI RGN N IE SRR “ 145
RESE” WA ES 7o AR GRRE I« Jstda WS IELFME T — FhgiRE s, BT
DR KRN EIVER],  m KRS S D i

200
180 1+ =
160 1+ =
140 1+ —
120 1+ =
# Mods 100 -
80 1+ =
60 —
40 Ik |

20 1t -
0 | | = } = }
0 10 20 30 40 50 60 70

# dirty functions

P 8.1: IR ET 3 A

Erlang Ji P B30 AR S REIX B g A5 AUk, 3 PR L1 50 R B0 AR I
I "5 A L0 B mIE AR . 55160 AXD301 ARSI %E, FoAT—4
TR, IR WA b OB R A VP IR IR, AR S — P4
HIZEK .

WERTATFRRN — KOG B R 2 7 INEIE T v 48 F 0 s, FRAl T4 B
ﬁ[ﬂ:*/l\)llﬁ}?

put (1904), apply (1638), send (1496), receive (760), erase (336),
process_flag (292), spawn (258), unlink (200), register (154),
spawn_link (126), link (106), unregister (38), open_port (20),
demonitor (14), processes (14), yield (12), halt (10), registered (6),
spawn_opt (4), port_command (4), trace (4), cancel_timer (2),

monitor_node (2).
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M) iz B saEHUE put, — IR T 1904 X

MOXAME R G B JATRT LLE . AT Erlang Jiis “ B4R ETYF
2 MR BAT W 2L . AR 2 I 2 e kAT B E T 0 B il 2 put—
— M T B AR R E I EGRT00 & B i o Ferh— b2 B VRl
AY put KW S — N R H R I — A2 Rkt X A ARE R A B %
S, BT AL o HrRE e R I X — s

FLE A G K PR B A FH A I8 8 508 I IR 1) I 45 ) () D o, AT I 226448
7 link. unlink. spawn. spawn_link %% 5 {5 [ B4 R S 25— .

S R AR R T halt B8 processes Ji i IS i ——FR B4 X FE 4GS
— AR DA AR T

8.3.1 R&ELEW

AXD301 HIARIESZEH] OTP MERI RN, DAt vl DA X L8 (1) TR HE
Writh AXD301 [N ZALH 0 — BRI BB o SRR B 1) AR
AT SR AT R T RUWHRE OTP (1) behaviour (1545 54 171 (14 b
HFR RS -

AXD301 RZ M EBHA 141 N AL, ] T OTP (1) behaviour 1 191 4M5k
%1, B behaviour SN ST

gen_server (122), gen_event (36), supervisor (20), gen_fsm (10),

application (6).

n] UL gen_server MR f %, — 30 122 Ml AR 55 42 19541, 10 gen_event
HsE B AN EUE TR AREM— R0, SEhs EPray EZ 3L RAT 2 A0 20
2R ss g% (R gen_server) Zuitbfg A, UUE TEDNRGFN— B %EG
63% &% -k g5 as AT M i Sl

7E OTP FEderh, —ANIB gl ik A H & o I B (P R 1 P iR child_spec (7
R IR B I — AN R ECR T B — AN« JEREUEHH 7 Cehild specification)
RS ETZEE (B 20652 /Mt rel+), Hi{Mod, Func, Args}Jc
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LA HER BRI AR I IS — B I RERE R

TR B ERE K TR e A I 10, DR B m ORI AR R
HOT R — MU E . fE AXD301 (G, XMkl sy sg ik
PLHR, M0 AAE T B R IR R o R T =Rl 8 g B R 1) T ik (1 —
Pt FERX=FIVES, 47— Mg Rguiain, N7 Er 3 BRIEE R 1L
b BT B A

AXD301 ZERINE XL T —AE B, en] LRV ZAsUEf it 7 kAT 2
KA. AXD301 T & & BT B — AN LK OTP N, BT A
A FTIE ).app CAF[34] AT R . AT F AXD301 [IFTE app (4, W]
PAZEIRATT—AN 55T AXD30L R4S 45 44 1R — MR IR s AR A TR

AXD301 A48 141 A-app XfF. X 141 ANSCHFRER T 11 BRI
W X B R 2 BORAEE 1M, IR A IR R 248584

JE 7N IR & R 1) — AT SR 5 Vw2 Yl LK) ASCIE AL S 7 oK H % 454
R ldn, X B2 BT PT Ui 10 BRTUZ R i 4b B “ Standby 7 12511
RO

|-- chStandby Standby top application
| |- stbAts Standby parts of ATS Subsystem

| | |-— aini_sb Protocol termination of AINI, ...

| | |-— cc_sb Call Control.Standby role

| | |-— iisp_sb Protocol termination of IISP ..

| | |-— mdisp_sb Message Dispatcher, standby role
| | |-— pch_sb Permanent Connection Handling ..

| | |-— pnni_sb Protocol termination of PNNI ...

| | |-— reh_sb Standby application for REH

| | |-— saal_sb SAAL, standby application.

| | |-— sbm_sb Standby Manager, start standby role
| | |- spvc_sb Soft Permanent Connection ..

| | |-— uni_sb Protocol termination of UNI, ...

| |- stbSws Standby applications — SWS

| | |-— cecpSb Circuit Emulation for AXD301, ...

| | |-— cnh_sb Connection Handling on standby node
| | |- tecSb Tone & Echo for AXD301, SWS, ...

IEMBATE B+, IXPRW A E R R, ik, M AT 2
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AT AT T R B AR 4 R P

iy ZEE R, IR s B U W T B A S AR
TR R SE BRI R s ok, MRS (B« 557 YRR IE

O TR R R Dk

A ASEH UGG T A2 22 R B 7 AXD Heft b 3R —
KoKy, WIHORUL, Wt “ ZE4 (cascading) TS KA

AXD301 1) E AT AT Wiger[691 L, H [FAIFEIIZ B H R — >
(RIBERELZE H 2 nl LAY, B XA ) B R W A R MUR, 22 ER (BT
B E—)ED) FEEAR.

RA R, FL7E 1985 4RIk, Gray SUALSER] 1 K 2 BRI REA | b 41 2 e
IR, R AT LSBT R A (RS IR AR ER AR A LE . Al T2 AH X —
X TR R A —

BITHAIA T 17 A TE T B ——TR 277 it B A2 IR T2 1 - A
RIS FIRE T II1E—  BIT F A SE iy KI5
KBTI T —[38]

ANV ST I H A Ak RS TRY 1) — e Al ik ——BIAE e AR B i R — A
S ] EA R SR —— FUR R 0 R T o T AR B0 K, B Hgt T s it
A AR B2 ——OTP JEEA G b 5 AR R G I M LIS socket
HE R G YRGS B DA S 2R 3 R R A OB (K I R ZE IR R AL
SERENE. PTLL, AR AN SO el socket (147 TR AT ] Jit [AT i % 1B I, 3K A SC
18) socket HLex i H B K P

H OTP JEMRSSFEAL I LRY St B 34t “ T i sy Rk 45 2450 ” (simpler
level of service), X 1F&FRA A4 AL FEAE T I 2
8.3.2 MEH & B WL

FEAR FORIVLTAT R, R 2S M AR iR VR AL S an B AT v vt OIS FE A AR AR H
(RIEYE o IXLEURHEIE X Ericsson (R i Sodhe 128 A 35 1) — 284 H I #r o
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HRFAMEAS st 5 | e e i o Rl 2 b (R Bt 2% H U MNBR T 28 JE G B2

a7,
8.3.3 #WEHRE HD90439

==

2003 £ 5 H 14 H k4R & HD90439 &t K485 B

1 1. Description

2

3 Heading: CRASH REPORT - Performance measurements on ET2 issue

4 Priority: C: 3 M, Minor fault or opinmion: no traffic disturbance
5 Status: FI: Finish

6 Hot TR: NO

10 2. Observation Top of page

12 EFFECT:
13 CRASH REPORT - Performance measurements on ET2 issue

15 DESCRIPTION:
16 Node: AXD305 R7D FP6&

17 Customer: o e e o e o e o e o koo ke ok

18

19 =CRASH REPORT==== 14-May-2003::14:05:00 ===

20 crasher:

21 pid: <0.5605.0>

22 registered_name: []

23 error_info: {function_clause,[{etcpPrm,get_hwm_base,[ne_cv_1_ga,et2]},
24 {prmMibExt ,create_mep,3},

25 {prmMibExt,get_counter_values,4},
26 {perfCellect,collect_group,2},

27 {proc_lib,init_p,5}1}

28 initial_call: {perfCollect,collect_generic,

20 [{observed_object_group,

£l {groupChb,prmMibExt},

al 1504,

32 [127],

a3 undefined},

34 632201043001}
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a5 ancestors: [perfServer,perfSuper,omsSuper,omAxd301Super,<0.4396.0>]

36 messages: []

a7 links: [<0.4523.0>]

38 dictionary: [{{eqm_mi_apply,{em,70},if_type_to_sublayer,1},
39 {intfIfDbase,if _type_to_sublayer_int}}]

40 trap_exit: false

4 status: running

42 heap_size: 121393

43 stack_size: 23

H reductions: 1332403

45 neighbours:

47 MEASURES:
48 Performance measurements were turned off and the crash report stopped
49 occurring

53 4. Answer

56 PROBLEM&ECONSEQUENCE

50 A combination of the wildcard implementation together with a DS1

0 measurement can cause the described crash. The effect is that the

6l measurement fails.

G2

63

4 SOLUTION

65

6

67 The fault has been detected, but it will not be released in R7D unless
] it is important for a customer.

i2]

70 The wildcard implementation is greatly improved in R8E where this problem

7l does not exist. In R7D, we recommend to specify the PDH interfaces to be
72 included
73 in the D51 measurement.

G 04 90439 [ It S AR R ML), B U] T REE A AR AL EAS DL 1B
RO R GWEIEFR A OL. BisIR & 05 23—27 /T iR HE, e
BHWMER:

{function_clause,
[ {etcpPrm, get_hwm_base, [ne_cv_| _ga, et2]},
{prmMibExt, create_mep, 3},
{ormMibExt, get_counter_values, 4},
{perfCollect, col lect_group, 2},
{proc_lib, init_p, 5}1}

1 H etcpPrm:get_hw_base(ne_cv_|_ga, et2)i, p& i H DA K DT I 2 Wi
Bk AR, XMRARAAE 2003 £ 5 H 14 H, MRATHS I RGRRA
& 2001 4F 12 J1 5 H I, Fr ELRAENTX AN G 1 AT BEAE UPAN I RRCAS IR AR gl &2
AR T o A TR A CHEFAT O, KA T — 1 etcpPrm BRI, IE
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LR AT EY STIbF

get_hwm_base (locd_cnt, et155) ->
?et155dpPmFm_MEPID_Frh_LOCDEvt;
. 386 lines omitted ...
get_hwm_base (fe_pdh2_uat_tr, et2x155ce) —>
?et2x155cedpPmFm_MEPID_Frh_FE_E1_UAT_Tr.
S B 5 S EBORIVL R R, B DL R AR 22 H S S HeR I %
PRIECE R SRR

TerT LAV Mk e 7 X AR, JF HERAR A AR e o R AR ks, BERTRRT
TR ERE A — TP

WA ZBTEL R AR 1) 3 5 3K BT AR AR 1y B3 O A Y B A S A2 1) 5 oK
HXBREF, WKABREHS:

get_hwm_base (locd_cnt, et155) ->
?et155dpPmFm_MEPID_Frh_LOCDEvt;
. 386 lines omitted ...
get_hwm_base (fe_pdh2_uat_tr, et2x155ce) —>
?et2x155cedpPmFm_MEPID_Frh_FE_E1_UAT_Tr;
get_hw_base(X, Y) —>
exit(....).
AT S ™ R R T IRAESS 4.4 R HERE IO RS R B AU . [BIAR—TF, 4%
MRy U 5 A B HLAE TR A e AN 220, A4 Erlang 2 i e
Sy sy SR I A L Rl P IN RS

8.3.4 &S HD29758

%5 9 HD29758 I ik i A M . & H ST ST XA 1) f i LR
U JE SR, BATTT LU s AT I A 1 AN LART S 25 AR (R R . AR
WRAA T, (HREEIFBRAAEMAGN R E, P LR AT Z B
U0 2 AR 3 R O — B
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20

21

2

3

24

15

216

s}

249

30

31

32

33

34

35

36

38

39

40

2 TROUBLE DESCRIPTTIAON

R7D NIT test case 3.4.1.2, takeover of OM process by CH CP.
Traffic continues to run successfully,

but we get several ERROR REPORTS in the

CP being blocked.

Here’s an example, see enclosure for erlang log:

=ERROR REPORT==== 5-Apr-2002::09:03:55 ===
error_info: {{case_clause, []},
[{mdispGenServ, from_plc,4},
{mdispGenServ,handle_info, 2},
{gen_server,handle_msg, 6},
{proc_lib,init_p,5}]1}
msg_info_Tag: from_plc
msg_info_MFA: {mdispGenServ,from_plc,
[old_hc,
{hcid,
{ncs,mlgCmHcc, {97575,0}7},
msgQueue,
undefined}]}
msg_info_PlcResult: true
node: ’axd301@cpl-1’
proc_info: [{pid,{<0.20804.4>,"MDISP Server"}},
{message_queue_len, 0},
{dictionary, [{mdispPerfPid, <0.20805.4>},
{’$ancestors’,
. many lines omitted ...

4.2 Answer Text

The fault has been solved in version R8B of block
MDISP. No solution is planned in earlier versions
for mainly two reasons:

1) The fault has not yet given any obvious negative
effects on traffic handling.

10— 28 AT RS R AR T — MR 5B 4 AT AR 37—38 AT W R K E

TR, RGUEIERENS “ WIn @ 19 FE AT WA 19 DL I 31T .

XA VOEAT LAY, B Eos 1 i AN E AT R AR, AR A L

ARG R T AR, JF HAER R P IEIER T, DI, SUgX AR € A R U
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AGUAE TR B DR A I L& B 7 A2 51 o

8.3.50TP &tHIA 2

AN R Erlang G R R HE AN GE £ I A (call setup) FTITY
2 11 (call termination) (AL BE, TjiX— A3 & AXD301 &K A A 75 2 H 211

FERT COP B 2ARTEY, JW UL 2R B 2k 101 M B4
PEIVZER B o (HZ2AE AXD301 [T K — AN ELER I, IR R 2 AN 21
X B IT BUAERT WU (¥ A AN 2% 1 R AL

H T ERIX — s, FRAATIRN AXD301 A b L2 AL i) o T B M 45 () — L
5. AXD301 st — KA R4, UL E M ER 5T 2 4E 40 B K0 1 i B

(connection).

FEATAT I (0], &R 48 AT Ar] — AN B He #5 7E Ab X B K& 11 8 40008 18
(virtual channel). FAMEEARR T —BEH., MBENT, DY AngEsat
1A 50000 M. BENEZAATREAL T- W R =Rk &2 —:

1. Rle——AERXFREE N, ASB IR IEAE O XINHRAT KRS

4.

2. CHEZ—AERXFRET, ERCAPEEERR T o XNHRE SR D,
Ho SR POE AT AE IR 2

3. ZY——AERXFIRE T, —MERRIEAEPERE . IX IR I P S 1
A L5 4

BRI R M AR BOZARE PR, — BT LA Z PRI ) . JER
b Bk SCEE R B — 8 AE CERER BOUH — S EE S Bb 3, O By
R IN ) 22 LG B AR R R 26 1 R BOK I VF 2 B 4 . CIERRIRASRREEIK I 8]
ATREMJLEPFN B LA N, 5 LA

TEATEATI [A], BEANTS A0 E#A P REAT 2214 50000 AMIEHE, Horh 4K 2 £k ib
T EERRE . RGBT AEHLRE ) R R RN BE 120 #HEAY (120 calls/second)
—— XN R AR R I AL T I g SRR Y £ 1B B IR, AN RN AL T
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M 2 LB BRI EL

U SR BN IXAN U N A HAR IR AR, KL BRI L A e 2 6
IR o W RAEBRIEIR I SO AR 6 ANBERE, JF HLAEH COERE iy 0w 2
2 NRERE, AT L+ Erlang HERE o 13X £ERERRE P 0K 22 BORA 4
F, PO (YU AR R OB (W BERE) —— VR 2 s T
FEANIA X 24

H5G, RSN, BMEE At A ok, SERH BRI AR
WESH T s Yy BEAE AT 10 B4 T 8y o X2 T 78 H BLAE R s () I ik e g 3 1t
LIRSS -

AXD301 A T 1 1 ) LY S SR AL 3% B2 ) P L 10 Ak B R R 1) B Tk
B e/ ME:

1. FERPRAGERT B, QU 6 DEERERAL BEAE— R IFIY

2. GIIRPFNAGE CORYy, AU BT AR DG AR AR A o — A “ il
sx” Ccall record), FH LAFEIRIZANIEAY o FERFRY AR B AL HI L ) 6 />t
FEBE RS, I HAAR Z P (S g A AR Aok . B fE, — 4B
B A PR C 3 Y S A0 T R AT R R B A A T R

3. FEWMPRYZEERYBL, SR ARAC T L T i 2 (0 AT RE R 45 A ARG R i SR
B R BRI ARt . EAT SERPIY 28 EAR RS ,  BITAT (KA CHERE 4L
PAER

DS A W L A A TE REAR 7 oy B, WP I AR B BRI BEREAT A AF T SR AR
S PR o AT A RS TR BT 5 FA) RN M 2 ) 1) e AR A 200 22 5 D 8 s il T
(K)o AL IXAN G TS A, n] LA DK I st s M AN HE 2 TR DR AT dn AL
6 PN IERE, AT IE S 1 I IH A RS i Bt A T B 3 R o

FERFIN RGP B IFAS SR I MRS BEA T 5 W B0 A3 RE %, AL 2R
PRI R GUR AR, WPt e K o XN RH  x ERBIRP R G T, A
FOT I o 2 R AR R I, P R R S A E R BB R A
PEREER, XIS BAZ S B o ORI AR 2 Atz 4R, BT LUK L A2 [
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TERFIY ARG BETE U, BT A SR Al — 4% “Rgnuid s ” O
BREEIPIY 1K 5, PRI BT 6 N . — K aEH
I ] L 3% F S5 20 V0 SR R 126 38 4% P Ah FERL 88 o Ol B 0 5 2 JR TR A6 1 o X
A (AB) ki, Hlay A BEALAHLES B &L, MALAs B AL A
K18 L

K BRI HAE e AR A R IOAE B, SR A TR R B2
ANFAAR BT AR 2B RALIZ IR “ 27 FI0. IR T2 P oA A e iy i
MIEAR T EERARGS, AR AR LSS0 7 B e M0 50,

WY R 25 0, Bl P Y B A, 0 WP I A ARE R R R AT B o =4 R G Aar il 214
FEAIPIY PR ERATE N, DPIUIE SRR, A 1R A 1P U BT o5 2 (1 BERE 25 R HORE AR
B 04 s b R ECH R B BRI AR A . 2 S IR L A B ek R S e ke e —Ff
P

SR PRSI K R RE 1) Bdme MU R AT AN € SV F Bl il 2 (M ERE IR B 25 5
o AN EEEIR %, BRI A 5 sh AL BEARF D, AR N R &
AT, FOBT O I SRR 45 44 P 75 1) P A AR S Bl e DA 21—l 12
It A 25 A 21— A&l

X LR — A RIEN (flexible) FEFESGH, XASTERE S5 M2 1T
WL AR 11 (1 52 28 B B i s B 1) —— (B 2 BERE AR B ANTE SRS I ol 5 2
BRIERE, IF W AERE Ak v gt R AEARARAT ] B IR S s i FRS A7 i 2 1)

WSEHE L 2 Oy XA G H R G e B & F T 3T T R4
Eallin -

X T SSERMIEN. T Erlang (OHERERA . DA BEREAOE R, K
AITATEL “MRAET 2”7 (on-demand) G FIAH St A . R IUERR I R Guth T fefi
RIARBLIRI A D5 58 B EREAT 58 I AR A B ATl L 1, e i 2[R,
ARG B YE R

£ AXD301 AT IT AR, X Se v [ I 32 471 Erlang BERE 1S 50T
> LR R XA EH R, (HaR WAL BURE] e VF R g L+ Ak
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FEFIINAAAE . REMJERIIRA SRVFAAE LT )14 Erlang 2EF%E, BB ASTIVF
oy P

BIRARGN BT eI AN AHO R GE P HERE 1) B EL (B ATT N RE o A
W HAL T R, IFEX AN R AR R 2 B 2 DA AR AT
—ANREUR T

X AR TAAFAE U RERE , AEEREANFRG S I R AEERR RS A 21— 4L
I B2 — NS |y e o XM ITVER — BN AL, B ROIR S %
173 BURF AALE Al et b T LUE AT SR A A5 B RE A4

8.4 F Erlang FF&BY/INFE G

ARG KBTS —F Bluetail AB AR 2 257 . B
“Bluetail Mail Robustifier” (Bluetail HB4:hnfE s, BMR), T X" mES%
SCER[AL)H A B A

8.4.1 Bluetail Mail Robustifier  CHE4nE %)

Server 1

Server 2

Server 3

Server 4

Clients Proxy Servers

Bluetail Mail Robustifier J& kit HIoRE m A 1 e-mail k55 1 m] SEVER
Bt BMR S ANE %) FIVE L e-mail g5 8 2 [ — AR S5 4%
(proxy), %7 EREMS =523 e-mail A%

B TR IR 2 AT (R IR 55 25 AT AR R IR 1P ik CRIVAC B R 45 45 1) 1
D —— RIS A NI R DA A WELAE O TR0, MRS K
BT B e R 25 (back-end) Hids#s. JEuiiss o @ Bigtr—
bR AL IO A IR 45 F2 7. BMR 32 HF 3 BRI SMTP[57]. POP3[52]F!
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IMAP4[27] -

BMR 2110 — &R I 5e Bk Jr M ARG 4% )7 9. BMR (753K [11]
o

1. EA 2 A GEEE L L 57

2. IR UTFIR S d A ilbst, e A AT HE 1T 55 g A 0 T
L I APIZI TR YRS 25 1 i o

3. WAL AT BT M E I AR5 45, 2
RS SEAATHE T il T AL

4. WiZ ] LA 1L BMR R & TR EE T € BMR _Z 19817

5. —HBMR AR AL R, LHEG A 1L RS HT#E FIPE 2
BTN IR

6. FRALZEGEVE GRS 11, I HEREAE I NI E

7. REIZREG I NI RGNS RS LT

8. RN LT N iy (il &5 LT R ARCFE G -

9. RPN Unix 20T ST AT Unix 2CH9758)
Be=7

10. R4 izH—1 GUI (KJEH /IR ITDq

1. 3. 4 MBI RSN RS K, FEAEE 4 1L RIXRARGN
AT SR, AR D AR A B AT RIE N ] I R G A /K. 5 56
sV 4 RUEMERIN, BATRIR S KT e R AF RES 58 42 A shiaty, N1
. F b, BMR BEgm R E 3#, Jf HLAEW A shig Bt T AT B
YK — RN T i A A 2 RN . S, TR BMR XA 22 H 1)
Wi 2 B T sh e e-mail g5 # 1) 4H

BMR R 4t114%i 5 H T 108 4™ Erlang £k, —J3L45 35285 17 Erlang 10, 1%
H IG5, IN— BT RIS % 8 LARA, HH T 6 AN AR .. BMR
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[ 1999 4Fi— B £:Ff Swedish Telenordia ISP /A FlELLIEITE A, RHEHE AT
JUE 0 H R

BMR fit 7 —& A O KA E RS, X OTP A4 il Ml kA el i) —A>
. BMR R4 E— N REMD MRS A6 E MK RE WK RA
—AN R (transaction) T, BVELA RS FITAT T RUBAREAT AT,
BEARTHRRIATAT AT R BRI AT R

75 BMR H, ARG HAFRINAT PRI AT, — AR AT R
Ao BEIN—ASHORRAS AT (RIAE, 2HTRRAS BB T2 HAS TS I AR A A2
J8 T OBTRRCAS o

TR, BT BMR AT AL AR DL Fal 3% (reversible) (1)
J7 G E (o BIAME T LIORE 2 FRAS A F S R T F B FT A, 1in HLay U — A8
FRASAZ 0] 2122 A o

THRPITAT T R R AT A% DY 2D SRS ) o
1. A2 BL WA IR0 A BB i —— Il = 1l

2. AR ZWrBG P R LIRS N GERRAS AR BT RRCAS . W RAT AL AT Y
s ARG W BT I8 AT WA AT 73T r IR [0 B AT 2 AR
BAF

3. fEH=IB RGP SAIBITE A AT, B R AT
g e, T S AR IRR LI AT E A IR AT o SR IR AR S8 R B A
ST H A AT

4. EFARCLWINIEAT T BURKIE LU, #AEN L “#il”
Ccommit) BAFAR . RGufiA (HIEEDUFMBO H R R G AT N .
FERAA LR WOR PR A R, A RGUR B AR A S8 R 30, 1A
T R SRR

A S, JLPFEFERIHLEI R T NASA JTA ) X2000 #4:[63] 1, %
RGN IR 2 NI AT BTt 5 ZEAEAME I R G AT AT $2 1~ Se BTt
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T ZAN R — T, BMR FHR G A BB E A IEAE AT T ) I
AR RETHE I AT “higk” (out-of-service) ARZMINHHL . LEXFIE L
N HIZWRERFINAR RGN, RS - NERLIR RGN, 25
BEATATAT 0 22 R AT T2

8.4.2 Alteon SSL accelerator (SSL hniE3E)

Alteonf#]SSL?® accelerator /& Bluetail AB#Alteon Web Systems A &) It 2 & IF
RIE 13 5. SSL acceleratorsg— Ml fF ¢, WEH LI THTXn# s
HEAT T 14 . SSL accelerator HNortel Networksi 171734865 . SSL accelerator
(142 R 42 2 HErlang s 5 11

7 Infonetics Research 77, Alteon SSL Accelerator &2 SSL 7/ #5 i #
785 # - NortelNetworks /7 SSL accelerator /£ A fiti 10 7 1 SSL %
LG EZ,  IFZIER TG HHE09 %7 P i 41 J 2 7% (back-end
encryption ). Zi 4 41 # £ #(integrated load balancing). £747F4E(session
persistence) . A/ 4 #4 £ (application address translation). 72 7 A4 7€
(Layer 7 filtering). A/3£/74 ik 45 #5 71 #F# (secure global server load
balancing, GSLB ) 5483747 1. 74k 757 T /6 70 5 1F 15 .2 J7» Network
Computing %k Nortel Networks 4 7/// Alteon SSL Accelerator 2 “—/C#;
77 (King of the Hill), A7 FrHT SSL 1 a5 77 55 198 5 5 5

(bake-off ) 77, JHALNTHIN IR LRI HE (performance ), #7£5 (features ),
S &P A (manageability) S 28 HH 45 i 77 T A, ——[53]

SSL accelerator f&AF Ay EAF = S HEH o A5 MR 2 e B HE 300 02 1 A 1)
(ANE] LAE), HRMRCH TRk, i&mf3 T Network Computing %%
BT T AR <Rk 427 (best in test) 2%,

SSL accelerator [ A48 4472 MBS 7E Bluetail Mail Robustifier H i FH i 1)
FH AR KA 5 AR TR A o

% Secure Socket Layer, Z4EHTE,
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8.4.3 RIBHIEMFFME

R 2, Nortel Networks 72y 5 AN FoVFEAEAT T 4175 77 10 23 A A AT TR P54
i, By AR HgE S — S AT TR ARRE 1 — MRS F e . RISk B T A
() Bluetail/Alteon 23 7] [¥) Erlang 7= &, HANX 43 HARJE T-WE—2K .

JEVR) Erlang BB i 8= 253
I B 122
“IET BT 131
M CERE 74440
SR Erlang BR BN %L 6876
“Hrr AL 6266
“HET BRI AL 610
“PE” RREANEL 1 ARIEBATE R 0.82%

XL B H 2 M T OTP 1) behaviour, —3L 1 103 4™ behaviour f5E
. gen_server I H JiE—F. 71> behaviour 44 H I &tk

gen_server (56), supervisor (19), application (15), gen_event (9),
rpc_server (2), gen_fsm (1), supervisor_bridge (1).
X TIRSEHIEALEZU T, BTA 5, & FEE L AXD TH e
HOEK—L8, T A 1) behaviour b Bluetail/Alteon 15 H H FH 21 1 2 /b— 28,

XVt 9s s SSL accelerator [FEF GaAi], A4 135 R FRAESLBRIE T, A0AT]
(KRR AE 280 TAFAHAR IS, %A KA At 5 R AN T 2 485, (H At
B ARATAC A AT 5%

ABATTE B, A AT S THRALEI C 2 L OTP Hh R IALEN I i A & TR %
FEAST AT AR v vt e BRI . B2 i, HAbA TS MRCA N
THEFIRAS N+ I, ABATIANE 245 5 A BEAFRAS N THERIRRAS N+1 AL BEACHY,
G MRRAS N+1 [FLR B RRAS N R b A GRS o

ABATT™ AR 553X U, AL ARAT T 7T A 2R G A 24 i A “ [813R 7 Croll-back )
PR A LRT IR IYIRAS o TR Mk s i (R B A, Nortel ANAy 8222 13X — Ab B e
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TR AR A A 5 6L

8.4 itig

HSEAEFRIT R IX LE R 5T 2 /T, mont MR Le 4k i = AT B AR — A
AT HE IARTE: o 1T — T A 1) B MR AR (1)L 36 It A 1) — I X T2 AR (1450 FH 4T
TR A ] R

“EHHSLHG? "

L SRR ZE XA ] 1 22 4] Ericsson 8% Nortel [, A 243 A7k R A 4

RXAN, BEEVRR:
{(ﬁ%ﬁ‘%/ 2

AT AT 25 L Pt — LA TS UE W) 2R e S AR FRAEA S R 1)
TR AR T o FASKIIRT R GRSk SCAT P R 21— L2 WA GRS T 2%
B nI AT, RGeS st HAKE T, i ARG S A b iz 4y 7 LT/

TRV AR iy e Ve, S S ISR, AR TH2 2RI Th R
SAGIYIR A TAFAFARES o (EEAATTAN BE 2 BB S AR A 1 T (R UE S A B I —
s (Bl R GU AL sk S B il s AR T 2 o8 A AT D .

Z P LAAT A5 TGRS () iR DRl 2R GEaa AT (R I e A7 2R u “ AU T gk o &
RAE” Z RINFEE BANRGHRAE R AT, UIRA N REARYIE. AdA
T SRR AR BT IRUEE AR T 0 R RO o BRAR I TR RIE A T, A
—ERAVFZ MR Z R R S R IXAN S

A I Fe B % A 1E AR BC T RGO e K I R E s T ks . X T
Ericsson ) AXD301 REok i, ST REGuK IR @ MM — W45 Bk 1 — ANk
B, ZBURR R T 280, AR RE S OEE 1L AN R BB T
AXD301, nIFEPESE 99.9999999%, AR ¥ A Ui WXL 5 ARG 1 .

7F BMR H1 SSL accelerator 125, AR SR UESRUE ] R G D &is1T
TARKARK I 8] o 322 R A IR (A9 B B s B R B E il s e
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ALL BMR S22 — ANl R AT ARG, A VS HOER T . FEXHER)
ARG, AR R R AR A ORI, BN RGBE Z A
VHA5 AT BT e 5T IR MR o

YR AT RS It T OISR S A A, A7 2RI sk ] LA
BHATIZ AR, WA RS EEANERESZ 2 R NAZE R, HIE XA

AR T EAN R G e 1) ) 7L

TRBATWr DL BEA RGeS e g CEI BT A9 U R A ) —— Rk
PEIXFEIRI R, Bt e PRBEIX IS 15 i 1) 2 48 1) P A7 Bl s 1) T R At 5 2
(o XISl as DI, BRI A A T, W i Jt D A ER A A AR S &R
1117 56 4 AR A i)

ARG, LRARNMRE T, KT HEBER. &
TR EN KRB CEBA AR X T (RO RFER DR T) —
AT A% R AL A2 XS 1R 55 ot BRI PO 1 2

AT SR TP R AT R G2 e il 5, DLA T HR AR IX 8 R e 1k A fi ) T
IWHIXEER G RATHT e (HFIAEXFEN), AR ST I Sk L, H
FEIXLER AR PR A IR T, B ABCAT N 2 B iRk A T T3]
R KA R E P R HERT K gt 2, JATHL 2L 3 & R G0 a sh A 11k
B DR N TR RSN “ARRHEE” IS8 WERAE RSB HBATIEE BRI
FERIGETT Bt , WL R SRR BLE e 4 “fERE”.

1 AXD301 IACHS R M, FARA B RE s T B Le g FE VG E A
PAT TIRESE I ——Bn, JABEE DR T 037 AL N AR 13 i
F17rFrek. BN, RGN LR 4% UL — Bl MASER) T AORM S (D R0
JITTAR R R, B A g T A S ERD s (ELE B A B AR A A AR
TARPIEWb B R, IF HAEIZFE AR EREAT 4% 1 S RE o

{EE F LA IXFE N o OIS T3 10, (E AR I A A & —
ANEIER “Bes” % (step function) CHI A& A5 T I 70 T4k X 4“3 38
SMARREANGE, BEANOXTRE” LA XA ARR & 4F 17D 1 e — AN R HU 4046
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U D BB V2 BAE A (RANMELIX 873D, 1y Bk NG A0 D)2 R £
B A2 (AT — Pl B R A R

I TR A B — A SR BB, FAETX BTG IR Xt ) AR AR
Ui, AR IX L HATVEAE BRI T 25 RGE R T R, B8 1K L8R LAY
HHo

TR, FARFE ARG RN o SCEE AT T AL LA FRATI R ¢

AR UL Tl ol 1) 7 ORI AT N A RIEACRS st 3 70 D4 i3 R A GRS AT

FERARAL, A — e B4 AT R S0, IR — Sk P T R BOR 0 SCF

AT H I EEX A MO AT P I —— AT w] B (17 2o SEVF AR I D413 S i
|

FERENE, S Ay BT I 38 e i R RV 1) I 3 LEAE R A

Mot — TR A i M PR30 24 AR S EA T B A A A AT S0 FINAR - £F AXD301
FI1 Nortel SSL accelerator FJ &6, BZRZToEEN & “Yes”. X H ™ Al &5
IR EN R, B E AT TR 2 H BT A T Ak
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9 API 51X

FEAIG S — AN RAFRER I I A, Befi ) me ER M e o 47— Pkt
S NPT 1 R EUE SC BRI S APL. O TRENX— 5, AT LU
3.9 LRI R R 5.

€S AP 7S AR s 1) o ANFTE 5 2 0], SRR 4054
ANE], AR RGEZ M8, )2 I SN T2 R G0 (1 2K R i P A
A WA AR GEAT A B DR SR, IS A XA AR A A am R T

(strongly typed), & 0N'EEgRRA “59K8 17 Cuntyped) ——iX— mi & 25|
ARG, PRIAVF 2 BORAT R A W] TR 5B 2R B R G IR 2 5 1)
Erlang 15 5 AN BRI AR, (H2E R4 (type safe) 1), =EJEARELL

AR R G T U R R R R S

B AT o 5 AN SIS A AT LU D — oA (e i SOy
1 HL AT AR R — A& A s N, ShaSSRAU A A s BEW F R34 T2 AT I
SRRy N

AL, R 7 XS H AP [0 T BRAR R P (R4 T 2 AN B 1 o
Blhn, & NS A,

silly() =
{ok, H} = file:open(“foo.dat”, read),
file:close(H),
fileiread_line(H).
F IR R GE SR 3.9 19 B 1 45 ) AP X BRE e 2 58 2 G
ERE ot se A = X, B AT AT BEI S N — A B4k ] 1 (R S
PR VY o

AT SUE BT R, BATT A AN EAMPIR A S LBl =4 1
TS, KT ICHERAIER APL R LUXHE S

+type start x file:open(fileName (), read | write) —>
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{ok, fileHandle()} x ready
| {error, string()} x stop.
+type ready x file:read_line(fileHandle()) —>
{ok, string()} x ready
| eof x atEof.
+type atEof | ready x file:close(fileHandle()) —>
true x stop.
+type atEof | ready x file:rewind(fileHandle()) ->
true x ready
XAh AP R T PURCIR A4S & start, ready, atEof 1 stop. JRZS start %R
AR BATIT . IRES ready £on A CAMER LI, atEof Kox$] 13
RIS R SCPHERAE B2 UL start RS TR, T BL stop IREZ 1L

WAE AP Binl LUK AfREE T, B, 430k TARE ready &, HEAT
file:read_line MIRREURAE R GIVEN . EEARE—ANFRFH, XMEE)R T
ready JIRAS; BE BRI eof, BB AT atEof K%

75 atEof RAMIMI R, FATAr LSS SCAFEmIE (rewind) ST, Frfa Hoqth
(PEEAEES R AEVE o W RBRA TR SO, A SO EBr R 2 ready IR,
X% read_line ¥AE i XARFAVE T .

Yy APL I TRAE I, BT A T FihsE — R IR 7
BRI ARV 2 1 77 15
9.1 i

AL LIRA AT LURR S —E APL A I, LS (R4 0 SRRt vy L FH 1 o
e M E

(AT P B A 0304 S i P 3 AT TR T B 7E ANl
JE RV — R 3B A B2 S 3 0 S L
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\J

P

PEAS AR AR B T 0 PRy B — AN AR A E I AT BROIR A L

(non-deterministic finite state machine) kHiiA

R B & — DU IRSS A% 1 A B XA SO IR 5 a2 )
FEFe, JE— AR o 1l & T W) E R 1) o IS A ST IR S5 4 N 2438418 1R P i30T LA 4% 4
VB SR

+state start x {open, fileName(), read | write} —>
{ok, fileHandle()} x ready
| {error, string()} x stop.

+state ready x {read_line, fileHandle()} -
{ok, string(Q} x ready
| eof x atEof.

+state ready | atEof x {close, fileHandle()}->
true x stop.

+state ready | atEof x {rewind, fileHandle()) —>
true x ready

XA IR I, WRSCAF IR A AL T start JIRZ, B4 B AT A%
Iiz{open, filename(), read|write } X i S 7Y (1R JEh, SO R 55 4 1R o 2 32 2 o 3R [ ] —
Mok, fileHandle()}2RR MV R, FHITH 2] ready KA, L4 iR[E—A{error,
string() v L, T 2 stop R,

AR NI SRABL i (175 R E , At n] B S — ANl FL 1 “ hh
a7 R, BT BCEME AR, B 9.1 B TR X AT Y
IR A A C TSI
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Q Q
X C Y
_RS) L RS}
P

K9.1: PRANHERE AT — N iU A 2

XY RIE-DMHEQ (Q &N K, Y &PL—ANmE R Fl—A>
RS SPE RN . (EXHR, SHaft vl LA IR R U BEAT R A T . 1
WAL A4y C AT X FY Z 0], MR Eg Ul X X F Y 2 (a4 B v gk AT
A

K TR APPSO, A A A T T ) R S5 A PR AS, 3 A& PR Pl i mf
REAH W R4 H -

+state Sn x T1 => T2 x S2 | T2 x S3
FEIXFPRGOLTR, FOWERIR A1 B T2 SR IE A PAX 7 iR 5525 1 — AR

AJE S2 ik S3.

WRFATEZ — T K] 4.3 (1) a7 5 R F R 25 2% (001~ JRAT TRE e 1) AR 3 sk
A LU IXFERY:
loop (State, Fun) —>
receive
{ReplyTo, ReplyAs, Q} ->

{Reply, Statel} = Fun(State, Q),

Reply ! {ReplyAs, Reply}

loop (Statel, Fun)

end.

XA TR AT LUAR 75 2 1 2k

loop (State, S, Fun) —>

receive
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{ReplyTo, ReplyAs, Q} ->
{Reply, Statel, S1} = Fun(State, S, Q),
Reply ! {ReplyAs, S1, Reply}
loop (Statel, S1, Fun)
end.
X HL S M1 ST ARG MM T PR AR B o iR CE P asCia A T
RESRERD BRIk S5 A HRAS State AN

AT T BB SUE T8RS A AL i 1 Pl SRV AR % ) IR 55
W AR &S T

9.2 APl i& =ty ?

H T B AT 7 1 nAe] FH PR A it A 7] £ 5 XORABRIARE R i o BeAT T ml BAAE
HATRIGAETE 5 _Eomin— A RAUR G, 88 BAlTnl LUAE AT B A%y Gl A (1
ANEAEZ TR 5N — AN RAR AL X ASTTES, BRI L A AR X RS
e

AT R EREATR G AL T A R R AERAT g T, 3K
AR T AL EA A2 AR 1) 77 2 R “Ba T, RS
TSN, 5B AR E T o L AT MRS RS T
AT N AT A b R DI

FEEG IS, ] e IR A R s AR G F2 77 1T 1) S R, FRAT 7 Al F — 4
W (I gm e 7 vk, R IE T A I DR ARG (I gm e s B (H2 R ARG 14
AT NS TSI, B 2= KR
SUELR YRS, P U B at vl DL s R e AEThRe e v . foilan, FRATTmT
DL BeAT T P U AR T 5 s in— AN I ) A 2, IR AT 13 i) LLIXFE R KA
+type Si x {operationt, Argl} ->
valuel () x Sj within T1
| value2() x Sk after T2
= BLUE operationd NZAE T1 B[R] IR [Bl—A valuel ()2 (¥ 5 g &5 1), BFE
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T2 W) R [El—A™ value2() 28 2L I £t 45 44) o

S AN T3 T S LA BERBAT I B A A A AR G B AT %o AE SRR 24
JENRUE AR BB AT BRZ AR A EAS B (g, I HAEZ5 BATII AR S
oM B 5 ol B B T B i 17— B 35 3842 (A3 3RA 11 R GUnl AEA T Iz AT
I, JFLLRE LA 2 (K AT i &

9.3 XHEIHMEFRSG

Erlang RGWFT5HMFEFEE? —4IRATBEME — D0 MmN RSE, M
Erlang M2V 2 A8 B AT AN, XA R AR IR B T . £S5 2% 30k
[35]H FATTE 2

T PLITS R AR 7 A He (module) A& (message) X/ 7

TR L1 FEBE—Ff €4 5 (self-contained ) /752 14K, 5141/ Simula

i Smalltalk 774926, SAIL HFE, CLU Fible—4F. LA G 14 it il 5

KGN, BT 22 R TP A BB 2 ] LA A ]

)15 5 e 5. —(35]

N TN E ARG, AV IE A RV 2 07 ks l— 3, 3
(Y

® —PpfEAAR I, AP ATE S SR B RS R R v
o ERMARLG, v ARk b,
® I TRA RGINIAE S

KT X R ks, B Rt UBF (Universal Binary Format (455 ) )
T3k, P ITTT A S 2 SCRR L3 B R R SRR AR AT i e 1R, e S —
AIEAT J5 PR A WL 5% C

9.4 it

Foads S ARA AR SCHIAZ o i) i ——FRA T T o £ HE B 5% PO I A ey sl — A
AR ARG ? BRIXA R, RS UM LR ER R T, 2T
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J[El)zl\ E% o

U SR PATT AT LU A M ik 1 A PR G 22 )3 155 T e 0 1 s, AR A 3k
AR AT RO X — £ AR — P A sl B (0 55 B o FRATTIE T LAAEAS 10 356 H
IRASERLE L T 4

IXFPRERPIE Ui 2 2.5 TSRk RI—R4, PRI P MR, X PPty &
] DUAES S ] A R 4 B

5 55 5.0 10 “WRE A S IS B R AT . R
AN T B 9IRS HE  T05 2 Tl T T LA DT 3 B8 B 5 — A
M58, BB A HLBIR T LU TE 2 (meta-level) Sfepl %t T — A
B, — R, R ARSI, AL T 1 (O
BL EF, R RAE E A AR R T
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10 Jl‘é}\ %

MR Bk, — Ve A s, (A2, IREIAGAG - FEIX
Wi, WA TV E R —— PR g AR SRR g S T AR R Ay
Wio XS TOS AIEERGOKUE, Erlang S —MRA L. & AWERE,
Erlang &g HAE TVFZ N L, IX SN H OB 7 Erlang 441381 T
RS 11 ] 454K o

10.1 FASEME T HpLe?

AT PTIR I A, DR A A AR OC LA, 2t T VF2 AR 35
INFNITAAE

® Erlang MILAHCHAR LG MW . KRB EREMH LR, B2 AN
A, 8 Erlang SXFERIE S A AT RE AT AT TR TR I AR
IM{E AXD301 1 Nortel 115 % 7= i LI 7R T Erlang XX 27
A TE R e — MR A E T o AMEIXEEF= S Th T, i HAE e
E AL e e i b O SR, 1 X — sl A 5

® IR AL BEREANC I A7 (1 5 U P A SR o i S mT AT 1, i L
A DL SR B2 2R (R DM g A

® AR AE LA FS DR K I A 5 BRI AT A (K AR G2 i AT 1

10.2 XFIBRIIERYEE

Erlang [F 8O W R AT 8 T AR I ETTRZ B (¥, BXd T Erlang 75 5 107K
JEATVF 22 TR T 1) o

O WA —IRATAT AR RE Erlang, LLuE— il — &7 EEAE AR T
TN ? AT LLEAF ] Erlang 2% 5 1 R G0 355 (regular). BHE Y
P 2

® IR AN 3.0 WSS ISR A P cift . FSAEBLA
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REFENII AT 1) Erlang SEBLH, JEBA —DNEIEME] TR . &R
e —ANRERE AT RE S BRh 1) 5y — ANRERE Aad R 1) JE T 23 e K1)
WAE, AT REI R ) o — AR — BRI R nT R R o G T
KEMET (atom) TMAEAET (atom table) with, MMAIRFEEA
ARGt I Erlang SEHLARBEA e 0l K B vE R B 1E R G852 2 m Bl
B vt A AZ ) S I AR 38 75 1 2R ABLR Bk /& T RE I

® JNIE AR G RS — AU LA AE AR 4 B AR AR M
ST HANEE 5 905 A R AR A AR . R BATE A M EIX— &
g ?

10.2.1 *E% L»J'D%'ﬁ

BAEREANNRGEA S HR? Erlang MgFeiiie “ — 70 F", &
T ARG MES, SREER X m. A TR, Ky (H
AGEaEl) BIF Hifi AL E T o HEBA AT I MMk

o —VJHIIEIE,
o FANIHREAA —INHFE
® iy Bk B,

BB EAH— P rh U R R A 12 5545 (infix remote procedure call
operator), PH{E “bangbang” CiFiE: ZEVERF SR A <17 EE5HE—, 34
“bang...bang...”, TIEfEF EEHITIXFEE/ERF Y45 bangbang), S 1E:

All'B
R At A Pid, AEARXASIEmZ W M IXBAUE IR 5 -

Al {self(), B},
receive
{A, Reply} —>
Reply

end
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F L AL Pidy U PR, BT Pidy BT AT R AL
IE

RAE[AL A2, A3,...1 ! X HSIRMIVL, V2,V3, ...], KE VI=AL1I X, V2=
A2 11 Xeee, BT RPC B2 IATHATIN

10.2.2 3Cf#5 bangbang

AU — VISR, JF BT e 7, IR A S 2 R

AR F A3, B4 F ! read HUEEEHUZSCHE, M F N{write, Bin}it it
BN

NI IX BACAS R B AN SO, RS EEE DB AN

{ok, Bin} = “/home/joe/abc” ! read,
“/home/ joe/def” 1! {write, Bin}
1M1 T 5 2 I AT sz B = AN S

[A, B, C] =
[“/home/ joe/foo”,
“http://www. sics. se/” joe/another_file. html”,
“ftp://www. some. where/pub/joe/a_file”] !l read
A — 48 “TERVAREA” R AL

DUAEAR B 3R AE X B R, R 3K AR SCPEOR B 0 5 DUAE A i v AL
Fo AR B AR B SO A S DL iz s L E A DLHEAT PR, dn R At
AIAHIIRD, s g sm L _E 75 DL

L = ["/home/joe/foo”,

Remote= “ftp://www. sics. se/” joe/backup/foo”],
case L !! read of

{X, X} -> true;

{{ok,Bin}, _} —> Remote !! {write, Bin};

_ =D error
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end

10.2.3 45 bangbang

TR — AN EFR 4 e —A “erl://Node/Name” JER 7455, IS ABAE
SPATHE— NI s b, AR AR A, B

“erl://Node/Name” 1 X
HEERAY A Node EHAT Name 1! X #8646, B4 RRMER . A

{ok,Bin} = “erl://joe@enfield. sics. se/home/joe/abc” ! read,
“/home/ joe/def” 1! {write, Bin}
A AN S, IR SR e AR E L

10.2.4 =4 # 25 bangbang
7t Erlang REEENHIINHE, BiOS rE L8 “piRbn” MR, B4 S
AN “Idevl...” ——XLEGEREIE TG AFIK), A LR I =1

KR, “/devispawn” & — NP AEREREAEE (device), g — A EbRE,
W AR “Idevispawn” 1% —AN Erlang A%k fun, ‘©KER A48 7 —A> Erlang Pid,
DAl

Pidi
Pid2

“/dev/spawn” !l fun() —> looper () end,

“erl://joe@bingbang. here. org/dev/spawn”
Il fun() -> ... end
KA P Erlang 3EFE, —ME bingbang.here.org I, 55— M EAM A A F.

IAEBRATAT LAY5$ Erlang [¥) spawn JRiE T o ‘B I/EF AT LA spawn 25 & K
AR,

10.2.5 #H &M 4
BESR UL 2] “/devispawn”, IX HLIAH —L8 2 SCHBL) 25
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/dev/spawn R A 2
/dev/sdtout P4
/dev/log/spool/errors Hige H R4S
/dev/code FRE R 55 2%
Iproc/Name HERERE
/Path/To/File At
/dev/dets dets %
/dev/ets est &
/dev/mnesia mnesia %
http://Host/File HH st
erl://Node@Host/.. 30 Vg AR

A VE T ELY JE— FREFREMHEGE, K v 31— A 45 B M — At
FRI4
10.2.6 FJH bangbang ¥4 F2

AV L — A A I iE . B 101 2RAT—DNEWA T, —AK
JEME AR, AR — R . XK vshird J& 4l Erlang pRECKE 11,

-module (vshlr4) .

-export([start/0, stop/0, handle_rpc/2, handle_cast/2]).
-import(serverl, [start/3, stop/1, rpc/2]).
-import(dict, [new/0, store/3, find/2]).

start() -> start(vshlr4, fun handle_event/2, new()).

stop() -> stop(vshlr4).

handle_cast({i_am_at, Who, Where}, Dict) ->
store(Who, Where, Dict).

handle_rpc({find, Who}, Dict) ->
{find(Who, Dict), Dict}.
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10.1: —/NEEA S EE R RO R (Rl

WA AR B gsont A BB R % Cstub function) (%7E: 45 handle_rpc/2, handler_cast/2
XA RED ViR, MR, BATERE D PR EE T IXE R %,

A 7 bangbang IS 2 5, 25 4.1 350 shell A2 B ik 2328 1% R T AE

1> vshird:start().

true

2> vshlrd 11 {find, “joe"}.

error

3> vshlrd ! {i_am_at, “joe”, “sics”}.

ack

4> vshlrd 11 {find, “joe"}.

{ok, “sics”}

FAF RN T 5 AR R 45 2R AR X IR AT T AN 0o K sze R R )i ) daf e 21—

MR T, MR EAI RS TR R

10.3 |EEZEN it

AT AT N 1% 2% 5 1 1 7 BATDRASAEACER 1 1K ks 2 BB RAT AT — i
s ARG, T LLE I — AN FL RV, BB SCIE IR S5 48 5 ) iaE A
PRI AR A Bl AE — > file_server.erl fURiberh, fEIXAMEI, JATHIXFER
(WEE

-module (file_server).

-export ([get_file/2]).

get_file(Fs, FileName) ->
Fs | {self(), {get file, Name}},
receive
{Fs, Reply} ->
Reply
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end
B ARSI LA get_file/2 bR EN SR SS 28 3R E— N 30 1A
File = file_server:get_file(F1, “/home/joe/foo”)
R IRE — NS T SEILIX — DR I Ak 11 - th B2k A file_server itk
P A FIE AT L5008 T i il 75 {Concurrent Programming Erlang) —
o, PRI B TP 4075 72— N I G R S i
TR T H I 5L GV — T 15, K8 5 7 FR 55752 [ TE /T 1
PR TG T o — T HRES I A 777 B8 AR SET iZ R 5519 102 94
T LR IR S75 P e T T 20 4 P RIS e X BT IR S5 19 5L B 2
1] LA AELEFF X AN 52 T T IR BE I [ 7 15 267 2540 77 ——[5] (B
81—82 1)
IEAPEE I — ARG 3, B TRATTAS BRI 2 2 MO 6 AN [R] 1 SO R 45 2% 1)
[ B U7 M) AT AT AL AR EE, AN BERE XS HEAS ST R 25 28 105 SR AT B AT AR 2L
WRBAIA B IATHHATZ A RPC, AT AZ > KA ER, REI
ST BN, AH R A B 9 5 R R R B IX L,

10.4 wmEXEIHPEHRS
R0, H Internet S FH (i 50y 2t S 80 THI (035 54 5 1T
o KHE ML
o 4l Bfkik

® LI

fEInternet N HIH,  ERAFREEDIBERE RN, B, AR T TR
A — AL RN R A 55 o IR R 55, A5 7 202 AT 3= Bl i 243 B A%
i o KM I 2 R GUR i e g AR AR >0 A U FH—— i I 2 1 ]
Hf ] T VR 2 FURAERFCT I AEAE AR IE A 1) i —— (i — 7 2

! Request For Comments (fif3R & WH#) I8 Internet ¥4~ T 25 S S AR & B G T A I A Pp i
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15— PPbRUE R IERE (040 XML, lisp [ S-expression. UBF 2% e
& RFC Kot —ANERMBEL, IR AERS— M & ol LUH T A IR H .
Bf sk C il i) — R AR A 290 S Internet N AR A fif 51, I Hik
A7 AL T4 S5 1) Internet B F AR 45 B ] 4

AR, Internet A5 RIS A 5l bie Jt DRI FR 4 75 th RE T AT AR 4o 4
RBATIHS FA TR E AT — B B AMGAESEE, AT eS80 5,
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1 BHY

ARILBH) TAEALH] Erlang BEWIA 5 BAF RGEIN RAZ S BI85, A
SOFAZR S Erlang (AE A BAT AR RR AR I B e sRA BT & s A
SERE AR o

2 45#F0 Erlang RiE

Erlang &G4 %4 AR C(module) . #5381 % (function) F1J& 1 Cattribute)
Mo PRECE L RETERE N a Vs in], ZAHFH (exported), RIfgM#:H &
Birh R B . JEYER “-7 ITk, BEREBIEL ) ISk AL .

f Erlang B RS, FiE N L/E (work) #BJ& MR (process) K5ehk
(Fyo —ANRERE R — ] DU A A B e S VRN Y. (ob) o HERE 2 )Tl 1 &%
HE (sending message) KitATilfs, —ANEREN CLyvenE &Rt 4HE, 1M
NEATIMEREN: 2 N 2 P E I By B AR e et (S

—ANERE AT LOE Y ST R R (ink) SR E R Y
—NHERRA LR, B3NS 2 AAERERRIE AN BHBES (exitsignal),
F—AMBHES UG, —ANERBRUAT AR A 4R A O, IFn S5 2 AHER T
HHFERZB RS, DR LUES MBS (trap exits) KA
FIERINT s XA TT DA R IR 45— AR (M BT 8 A5 5 S e T

S (pure function) s&—MAELTAF AR L FCH, HEMFHKS
BRI, ht 2532 [P AH 7] 5 SR PR PR ES o I A FRAT 115 0T R 1 — AN R B AT M
AR e B e B TV E B A B (side effects).

IR AR A TR R e, e AERIER]: &) KB
Mo b BEl—ANHEE: o A exits d) AR S50 — AN IERE B PR BT B
YERLZCHT BIF (41401 get/1. put/2. erase/1. process_flag/l %555 ).,

BE: KRS AR BT .
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3 HMETILEREN

3.1 M —/MEER ) R B DT

fRPuE Erlang MUEEAACIG G SR, — MRl L S R R 2, H
e AT AE T H S R IR pR A BENE AR RSN A o AN [K S8
A, B ZAMEIOE S R BB, — DR AR AR
BF € B LA eR AR R B A ) B

HI7 A B R 3 Y e 0/ R B P A, XAl R 5 2
B tH R A DI RERL AL T

AT, RPN 1 R AR, BEBRACRS (12 5 5 A 4Ed 2 m] LR
PSR K) Y 2 A4 o

3.2 REREARARTIE B #8

AN T VR A B ) e A B R T AR A K LA
(1 BR H R R B S LA PR A 2

SXHE A BER B AT B e — BRI RE U, AT 2 A B BT R ] T ikt
B3y o FRARIX PR B [a] A T A AR 2 18] A IR LAt () 437 TAF .

FAT AT DA AL gl by s A bl U Y g AN RIS e g e ok g AL BRAT TR &R ¢
4t o

rﬂlH

IREEETR, BEERTE] (1T P UG 2R B T T ) 2 B TR 5 A T AN 2 ARG o

i :

Module A Module B Module C

Function A Function B Function C
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Ehﬂ

1y AN

Module A Module B Maodule C

Function A Function B Function C
[

3.3 KA F RSB FE

A AR BTN T o IXANFE NAZ 2 AH R W BRI AR s A% S i ffi45
PErp AL 1A S B R pR 2. DAL, Y lists 19 22 A0 25 ) A1 R B AR 1R bR
B, XA, Y lists_and_maths [ 7R BE A0S 6 471 26 B A ) R
B, WOSHHECHIEHERE, A S — NSk,

o TR 2 BRSO A WA FH 4D o 25 iy A FH R e 0 o 5 P R ) 1 36w
SR
3.4 K “BHEY” B RER” AR RE RS B B A R A

A ) R R S T 2R R A AN AR, TS A A A A AR
PR TRONARE L B 25 A

MEACHS 2 FR A T — LBk FAE 1A . e

o iR,

® HABHH{EH T erlang:process_info/1.

® i T URIRAAEU, AH R NASAMIT S .

L TR AR R s A, s AU (R B B b o SR AR
5 HOR IR AN ATERE , 5 D0 0 2 12 FE 08 A PR BT ] A P R At e 1 )

SRS 2 -
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3.5 ANEXF IR & e 458 2R B0 F 0 45 R4 AR B

AEA B A RRBOI A BRI, ASEHEBEE IR ] o B 45 R e At

™

B, AT AT BEARAIN S O] T AR 5 %R B S
AN AZ A I 2 bR S NS B 24 2R RVA N Nz A AT A8

DA BT I AN B XA AR

do_something (Args) —>
case check_args (Args) of
ok —>
{ok, do_it(Args)};
{error, What} —>
String = format_the_error (What),
%% Don’ t do this

io:format ("* error:"~s¥n”, [Stringl),
error

end.

[[ISAZ3ES EREE A LT

do_something (Args) —>
case check_args (Args) of
ok —>
{ok, do_it(Args)};
{error, What} —>
{error, What}

end.

error_report({error, What}) ->

format_the_error (What).

190



FERT— RSk, AR TR B SRR BTV HK, e )R — RSk
L BRI IR A B AOR P gy HREP o Ja — B VE T R R e Al LA AT 9 E I
{7 b PR R A IA A

LA A error_report/1, NHIRE Pt nT LUK R FiA A5 B e 40 s n 3T IR 7
FFERIFTEFTEIHR, W RS BN o (E Xt T RETFANE T S 4T
AT DL T 5 X e B 5 A AT Ak PN, 122 B 45 T 8 R RS E

3.6 fZ WA KIS BT

T, R R AR AR AE A T PN B 2 (R 5 L T, %
ROEACIXBACH b & 21— s Bt 8RR AZ R AL A2 EPTANELE
HOH T A X BACS . ZEA0E,  EA AR e 5B R S N A

U R ARAEACHS R P A BICE 22 (13t 7 B BB ACRS FE S CRIDLFARIAD
2T RN TR B AL A n] ARG — A, (A AN RGO 1 1) 1) AR
5k, R E DVFEIM U AR IR PUR DL AN R Z AL .

T CPEDL I R SRR geRE, TS ] R A

3.7 BT

M AT N7 2k SRR, AE AR b OFEEGEN ).,
TR T A 28 A A0 1 1R SE R — PR U 1 540 s i 2 58 X — S8 J i 2 11
PR IXFEACL 2 SN £ s (representation) JHS7, [RHZEHEATACRL 1) 5
JE R BEVT IR 5 AN FIE A T R
3.8 NEALAHE

I BERBEARALIR B . B 5E e xt, SRE (A SR Fik
B GX M ZELLRAEE X)),
3.9 Fid “E/PREE” R

ARG NN %25 ek it “ B Matie 7, Mgt il, )t
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ITRABAENY, NAZBEW TN B ARSI, ASE PRI IS5 RIE Bk,

K RUNAZA BT, — AR RIBIER ] E 0 A i S R 4
LR LR MBI (1 HA P R R E R R 2 .

W FLVRYE — A PR SLRIAT A S B0 , IS T 2 DRk R 1) B 50 FE KA et
I @, B SER N E A AR .
3.10 RAEKEIEH

Erlang (MVF 2 st RA BIVER] . A8 13X L8 Js iB 1R e& S EE L7 R AT,
DA BN EATIIA S i T 7K AR, AR PR T IX S s B i, — o ERTE
BERE VRS «

Ron] g S Jo R A .
il o A R K e KA
R a2, JF His s eI e s H .
SCERIN Ly, K2 B A RS AR 2 n] LS s A B A IR —— IR A R 4
Sy RG22

3.11 AEERF LRSI T “HIR”7 HR

X e AN R] H]R i W o FATTE ST — MY queue (A i S PR AR
Be——HIR SIS

-modul e (queue) .

-export ([add/2, fetch/1]).

add(ltem, Q) —>
lists:append (Q, [Item]).

fetch ([H|T]) -
{ok, H, T};
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fetch([]) >
empty.
DAL EACRS I ZIZE Clist) SRSZBLBAAY, fH & ANSER 2 ] A8 F XA B A I
10 ST A2 P31 KA 10—/ 30/ A B S8 (O P A
e

NewQ = [], % Don’ t do this
Queuel = queue:add(joe, NewQ),
Queue?2 = queue:add(mike, Queuel), ....
KRR T——Rh &> M7 T S AniE A2 AR EE: b)Y Sl
ANBESARBAB I A BB it T B8 04 1 SR A —> BE 47 1 S T i ZEX AR

R SRIND SR =F

-modul e (queue) .

—-export ([new/0, add/2, fetch/1]).

new() -
[].

add (ltem, Q) —->
lists:append (Q, [Item]).

fetch ([H|T]) -
{ok, H, T};
feteh([1) >
empty.
AT LLXAES -

NewQ = queue:new(),
Queuel = queue:add(joe, NewQ),

Queue?2 = queue:add(mike, Queuel),
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XML 2, ANE TIXAN RS IR B T A E A
AT BEIXAE S .

Len = length (Queue) % RATANEIX 2 4%
PR A AT T J0 T8 A2 2 FH A0 2R SR ST o 3K — R S B0 St wfe DA B g A 2 7 (1R
ANUF I FE S . an AR 7 ZEAnTE BA S KB, M AERN queue Fb b i bk
KM RE, —wi:

-modul e (queue) .

—-export ([new/0, add/2, fetch/1, len/1]).

new() —> [].

add(ltem, Q) ->
| ists:append (Q, [ltem]).

fetch ([H|T]) -
{ok, H, T};

fetch([1) —>
empty.

len(Q) —>
length (Q) .
BRAE 7 T LR queue:len(Queue) KSR BA A I K T

XHELIATULEA] “HZ 177 —ABIURIBTAT 40 Gt 42 BA SR
P R (3 C1TE e

AT A BEL MR TSR SRR A B G0 715 1) S ek eV BATIAE e 2
ARSI, AN 2 AT T AT T B el b 1) e BRI (K4 G B,
AU~ L B SIS 7k

-modul e (queue) .
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—-export ([new/0, add/2, fetch/1, len/1]).

new() ->
{1, [1}.

add(ltem, {X,Y}) -> % Faster addition of elements
{[Item|X], Y}.

fetch ({X, [H|TI}) -

{ok, H, (X, T}};
feteh ({[1, [1}) >
empty;

fetch({X, [1}) ->
% Perform this heavy computation only sometimes.

fetch ({[], | ists:reverse(X)}).

len({X,Y}) —>
length (X) + length(Y).

3.12 fFEAREE R R RNFEME (deterministic)

—ANME TR, TCisistT 2 /DI, #4 iR AR )7 st . — R
M (non-deterministic) HIREFEHRIEITE &P AR S5 5 . 0T FE R
HskvE, HfRpRaEis8fette —MNMrEE, XE TR E.

B, RE— ARS8 AN A TR, IR eI O & E T B ahild
KT, BRI AR B B R AN L

ISR FA Tl vl DL RS0 JE 3 HAS AT FHERE, SRE R & e TR R C IR A
5, HREF MG — a5 — AR, IEE RS AR Bt Ay —

MRS B IR A 80
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313 ANE “PiE” M2

PRI RE, iSSP IR, RS A
A9 5 IR AR G (B AN B o — BORTE, G R AN B2 kb 50 o A\ B8
RIERATE « ZRGE IR 734 U AE G 5 PR IR fige 1 122 A1 i 24 I bR 50 PRy A\ 8080 A2 1A
(K1 AT/ (RACRS B E BEAT Bl i 2, JF FOR AR 2 — Ik “HEN” &
G AR BEAT ) o AL — BARAEE N R G IR A 1, Bz A
N IR o

Bl

%% Args: Option is all | normal
get_server_usage_info(Option, AsciiPid)
Pid = list_to_pid(AsciiPid),
case Option of
all => get_all_info(Pid);
normal —> get_normal_info(Pid)
end.
24 Option BEAE normal tEANE all [ImHE, XA REGR 2 i, X ARH
B o AR R B0 P 8 A SO SR BRI R

3.14 F v & K3h 0 B8 O

R NAZAE L B A PR B R B A R A o B KB N A% SEIAE A 1, A4
WG R KRR Erlang SEFE—FE . BEPRROZAMUSRE LK IS AT R ARG IE H 1
Erlang MERE—HF . PR N2 INAT B E @ gE R FEBCRT R IX IEH 1K) Erlang Vi
B I HSR AR RN DLH R 77 200 i R

3.15 do 5 undo #R7E—™ R H LAl

BERRAT—MEFF, BATIT—ASCPE, MU ST, SRR %
o WA FLFHOB RS
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do_something_with(File) —>
case file:open(File, read) of,
{ok, Stream} ->
doit (Stream),
file:close(Stream) % The correct solution
Error => Error
end.
R AT B ALE R —A & B 7 IF — A 3CfF (filecopen) IS¢ 1€
(file:close) H. NHIFIAEDIT S B R MATZ, IF HLATTEMRA ST R ] T 4R
AU . ANERIXFEG SR
do_something with(File) —>
case file:open(File, read) of,
{ok, Stream} —>
doit (Stream)

Error => Error

end.
doit (Stream) —>

func234 (..., Stream,...).

func234 (..., Stream, ...) —>

file:close(Stream) %% Don’ t do this
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4 $RIRSLIE

4.1 FHERCEAEMNIER BB S

ANEHEAE I CIEF RSO0 (AR AN A P R AR BRI A o RIS
G 5 1E N DU A o SR AE R AR BRI ACHS S T, PRI RERE DR PRI T 1%
I A B H . AN AR IFREAL B . ARV ARAE ) — DA A ERE
W, (25 55 4% “REERE AT A7)

B R SE A AN 1E 5 17 DO ACHD T3 M o 55, AT DU K Hb i A 34N R 4510 1
s
KA A B R R ) R AR B A R H AR NN R SR 2 W R R A

AP BY o —ANHERE ™ AL AR R DR 1) i A BEAT 3 B (K AT A5 RN i AR A7 —
i K ALK o

4.2 FRUHEEIR A%

BEAT R GEBCT AN, — A IR ARl b UL AR SRR L8 Gt A
FEN AL IR, WRLE R 3 i R B AN A IE TR o

FE—FAIIRAE RGEBETTTF, FON N RGEHI N AL — FLH A W A A 0 21 1
(K1, T A R AR T AR AN M B R SE I e B KN, AR EHAIE T .

I AEHEAT RV RS, 3l 06 Z00FR BH X 358 20 G SR HH s sl oA 2B M 1, 3R
MIRGX o e iR A% Cerror kernel) o My, 4%iR AZERG S Fh 2 st iy 7753 ©1
B, HRRAFAELE RS .

5 #fE. ARSS=[FHER

5.1 #—ABERE I SEBUBHE — MRS

N BERE (R SIS BB AR b o — AN ERE Al B e 207 AT
T RREL, AHZERERR) “ EEH” (top loop) Wiz RS e —Mderh s —ANidkRE
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(K3 AR ASEER 73 T 3 20 AR AR —— TR A4 1t 4 32 S R (1 BB K VA W 53X
AN R A TAN BE R Y R 5% 2 12, T8 P I 55 4 P A B 20 SV E R P4 )
WA o

Bt kg, — AN R N %S R ERE AR S B T 2
ANAN [ BEFE 1R SIZ R R Rl ] i 2 AR afl AR, i 445 B R 1) S AR A
A3 TR B R AR R
5.2 M HHFERHRRS

MR RANIEAK R ICE . (He R N T T RO A, A 2R
Y B LS .

5.3 FEMFHTE

EMERE C(registered process) W iZayd it —ANERALER L AR R 44 5o IXAE

AR I SRS 75 ) — 2

KT8] (32 AT A ERE AR N A% 34 T3 M o

5.4 HARATHHANRIEMFFRIESNEMME——ITEE

FEYRSE S FUS 7 V30 S D PAT HERSR SR B — A A FEI , 2R 15 1 L
e AR RFE— 5 TR

“FH— AN AT HE RIS S o (1 — AN BUSEAEAE 1 0 R 3530

AT HERL I A KON FUSE A G eb AT B (1 ZLSE MO 10k 1 SIS, 72
P 5 BRI % .
55 BMEEMNIZAEF - “ME”

MR LAY R G (AN €, BRI 2 25 2 AR e T LA 2
JRR S

REZR ATl AR R AN, B, AR AT LU, )
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LUE S5 a%, (B A EHEAATT A K
BEREIEH Al AP e A AT
WEE WEIledits, R EA I E R el
THEE —ADIEFRTAEERLR (TR AHER).

WEERTEE AAVFSAHRN TEE R,

5.6 7E MRS 45 AU AC B 4% h AT BE b i A 38 A R 4K

FEVFZ NSO, A HAEARHEZE sl T @ A RS54 (4n gen_server) J&—
AMBLF I R R A — S0 LA A S B I8 IR 454 T LUR KRR B itk
ARG LER

X R 2 B P SCE B R UG, XA AR R R T AT

5.7 HTHBRIT LA

PITAT (V03 S AR DAZAT LRSS o 1K S Al Mes F b I SO e A2 79 BE B AR, 1
H.2 F SEOUHTH B A .
ANEBRIXHS .

loop (State) —>

receive

{Mod, Funcs, Args} -> % Don’ t do this
apply Mod, Funcs, Args}
loop (State) ;

end.

IX AP S VEAFAFAERE I —FhFr i B {get_status_info, From, Option}i|, &5 Z
5 i i{Mod, Func, Args}it & FITE «
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W R D, R B BT — A IAR2E, R BT IR 9] (19 2. o
il an . an R IER P B A& get_status_info FTHR 11, IR ] B AT LA
status_info KT Hr. JEFEA FRIFRLE I — > B R A8 T3

b o AN R

[oop (State) —>

receive

% Use a tagged message.

{execute, Mod, Funcs, Args} ->
apply (Mod, Funcs, Args]}
loop (State) ;

{get_status_info, From, Option} ->
From ! {status_info,
get_status_info(Option, State)},
loop (State) ;

end.

5.8 TEEARNHE R

AR AL I B B0 B D AE— A receive EAYH B AT Other YEIR . X2k T i
AN EDSYINIE s v R P
main_loop() —>

receive

{msg1, Msgl} —=>

main_loop () ;

{msg2, Msg2} ->
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main_loop () ;
Other —> % Flushes the message queue.
error_logger:error_msg(
“Error: Process “w got unknown msg “w'n.”,
[self(), Otherl]),
main_loop ()

end.

5.9 Zw'E Rk KIS AL 2 iR £

PP (R IR Ak P o SR A 2000 SRR 3 VAT, 75 WSS E RS AT R GE 0 N AT
IR o

NEGIXFE SR

loop () —>
receive

{msg1, Msgl} —=>

loop () ;

stop —>
true;

Other ->
error_logger:log({error, {process_got other,
self(), Other}}),
loop ()

end,

b AZEXFEE

% XA I

io:format (“Server going down”).

IR S0
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loop () —>
receive

{msg1, Msgl} —>

loop () ;

stop —>
io:format ("Server going down”);

Other —>
error_logger:log({error, {process_got other,
self(), Other}}),
loop O

end. % XK
WK 73RN behaviour FEH RS 4, E U gen_server, Rk AT L. A3
S JUIX A R

5.10 B0 R
SRR REAE ] PR A D B 1, 0 S 12 ) HERE A B o TR ST B ke Bl
Mt VP00, IREANRE LR RERE AT B
HE D BCE NG R, MIEBPORBNIZ R AL
eI R IR

-module (fileserver).

-export ([start/0, stop/0, open file/1, ...1).

open_file(FileName) —>
fileserver ! {open_file_request, FileName},
receive
{open_file_response, Result} -> Result

end.
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.. <code>. ..

5.11 #BEF

7E receive WEA)HAEH after I, — @ /N0 EHHORTH B AL LG 21IA )
MR (L 5.8 “ iR AN 7,

5.12 fRIBEHIES (trapping exits)

R READ RERE L HRIR tH5 5 o MR A NIZA B IR S, BAAMN
AR . — R UL, ik D BEREAE R AN A IRIE 55 Z M DI AR IR 1 5L R o

6 —it Erlang BRI A E

6.1 ffMH record 1EAFREEE S

i H record 1 kbR UEEE 45 44 - record s H A FRZE1 tuple, H MAE Eralng4.3
IR S AN LUEE— B (L EPK/NP 95:034). record 25461 C H{# struct
F1 Pascal H[1) record.

R —A record BEAE 2 AT AT, A e 18 OMAZIBAE — A Sk SCA
AR BLhr 3 JE40 o, SRIEAERE e A5 XA k3o AR — record H
FE— MRS AL, A4 3X 4 record (178 SN TR AR (1) 78 SO T
Uy o
Erlang ¥ record [¥)4E M T LU KA D 5 A DB 4540 16— 350k, DRI 2 A ()
b2 v F5 B s HE A R, nT DR AR R

6.2 fFFIIE$ESE (selector) FIHyiE5% (constructor)
i FH record $E At (1) 75 P s FA i 2 IR PR B record 11 541 AN B2 2 50
2 record 1F A— tuple SEATULCHE . 4140-

demo () —>

P = #iperson{name = “Joe”, age = 29},
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#iperson{name = Namel} = P, % fuix#EAdi HILHES, 5K ...
Name2 = P#person. name. % f5IXHE.
ANEIXFE G

demo() —>
P = #person{name = “"Joe”, age = 29}
% ANELXFEA

{person, Name, Age, Phone, Misc} = P.

6.3 ZHiR[EMEFTHFE
NS R PET _EARZE
ANEIXFEERET
keysearch (Key, [{Key, Value}|_Taill) —>
Value; %% AZIR[FIAFTARZEIIME ]
keysearch (Key, [{ WrongKey, WrongValue}|Taill) ->
keysearch (Key, Tail);
keysearch (Key, [1) —>

false.

IRk X LK) Value [RE A 7] fE 2 false. I THIA & IE A I g e v

keysearch (Key, [{Key, Value}|_Taill) —>
{value, Value}; %% %I, R[FIFT T FR2EMIMHE.
keysearch (Key, [{ WrongKey, _WrongValue}|Taill) —>
keysearch (Key, Tail);
keysearch (Key, [1) ->

false.

6.4 § ] catch 1 throw B} A% E /D

HEAEMRAERH A B AT A%, A r] LAEHR catch A1 throw! [Wi%
REHMAa1F H catch A throw.
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catch A1 throw {EARBET B R ZLMIAN I SEA A Ok B MBS 5, 1
ANTESR AR A BT AR R R RN I AT AR A, B X e A R g
B PARIR M TT IVF 2 R iR . — M TR S R

6.5 {f FHutFRF . (process dictionary) FFERH /MO

HAEEARAEE B A B e g, A nf LA get F put S5354E L M
ZRE AL AT get AT put SEERAE
—AMEH TR IR R BT U S I A S5 T VAT RS .

il .
ANEIXFES .

tokenize ([H|T]) -

tokenize ([1) —>

% AL get/1 (RIXFF)

case get characters_from_device (get(device)) of
eof > [1;
{value, Chars} —>

tokenize (Chars)
end.
IERR S0

tokenize (Device, [H|T]) —>

tokenize (Device, [1) ->
% XA ITVE b
case get_characters_from_device (Device) of
eof > [1;
{value, Chars} —>

tokenize (Device, Chars)
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end.

1] get #1 put "I fess 5 EAEH W] — M A S BRI — AR oy, pRis
HIAT A AN o IX DA 5 Mol AR X DL B i o IR s it xR
2%, PIGIZRMER T get A1 put (18 E AT WA S A S HA S, it HiEER
HEFEF AN, Erlang H 21T AR (U1 bad_match) 7] PAFE 7 BR L1T)
WANSH A, (HE AR BR IR s R 7 I H B

6.6 ANEAFH import

AN H-import. F T X R 77k UG, e i A e, RN ANBE H %
B H AR EUEEM AR g . r] LU ] exref (Cross Reference Tool) >k
H A 2 Ta] IR AR OC 2R .

6.7 S (export) i3k

PR PR BT BRI o SRS BES DA I IR 2R J A 4 3 Y (3T
AT

® LB I
® T HUE BT B HI B — MR R AL
® UEMAKIL N ER I AT apply. spawn pR U A
IR N 12 A8 I AN [F) -export BEAT 2320, FF70nlii ke — N . it

%% user interface

-export ([help/0, start/0, stop/0, info/1]).
%% intermodule exports
-export ([make_pid/1, make_pid/3]).

—-export ([process_abbrevs/0, print_info/5]).

%% exports for use within module only
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—-export ([init/1, info_log impl/1]).
7 %R ERCAI X AR LY E

7.1 AEHEREHRERNNRE

IREUY ZFE7E caselif/receive 15 T ELE A caselif/receive 15T [FI4HS .
5 H R TR IR AR 2 — PR 1) G R XU —— AR S T FR S M 1) A 1 e, AR
AR AT . MAZBRHIR AL I 2 B 4a1E (indentation) . 1X— piaf
DL it AR 45 B B /N (T bR BRI B
72 REHSRKMBSR

— AN AZ AL S AL 400 TS . 2NN LE — AN KR R
It
73 FEM SR EL

ANFL I i 15~20 1TSS I R 8. ORI R B B R 2 /N R B B
ANy T 9D i BT RO S BARKAR K AT .
7.4 REHERKORET

NG BRI ANSAT . — AT AZAHERL 80 AT (1IN NZAE Ad 1)
AR EGH T,

1 Erlangd.3 FIZ G RIRRAS 45 B3 i R g H ahi&Ese. Biltn:

io:format ("Name: “s, Age: "w, Phone: "w "n”

“Dictionary: “w. n”, [Name, Age, Phone, Dict])

75 B4

e XA A —— IR AR AE I o
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R —MAR A A A R, SUH FRIZ “_7 80 RS K el
fil4n: My variable 5, MyVariable.

WERATH 7 AEAA RO RA R, TRAZAEH —A “_7 4T kA& . .
_Name. W CUEURTEZEX AR EME, ol S 72 e T~ i 7. X
FEMURBUIR 25 2 $R B SO el £ T Rl 2, IF HACRS < 50 515

7.6 RH4

PR 44 W6 R T AT A DR — S50 eR BRI AR [P N 32 5 pR B0 T 75 1)
B AEGTEAORNS . 4 LU B - LU M 44 Cstart, stop, init,

main_loop) .

TR =N e R T T i @ v S S e TN I 1

Module:module_info()-

BRI EY 1) 44 - HUAF AN, 2 5 W5 e R G R R 2 ——— 4 BRI — N A IE
AR R HERY !

— i 4 SRR S 0 BRSO AT R . B, T “is_”
REf% IR 36 XA BRSO 25 1R [B] B 1 true BY false.

is_... (0 => true | false

check_... O —=> {ok, ...} | {error, ...}

7.7 HRRA

Erlang RG5> 11 (REBIERrh A S B0 . SR, A& A8
A DAL AR S R A G5 M I8 o it FH A ) PR T2 R Ay 44— 2 AR DR IR A e,
AJ PLSEHIX — i
B, g —A~ ISDN AbEEZS FH T HANAS RN AH SR S o X LA B il
IAZIXFE AT 44
isdn_init
isdn_partb
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isdn_. ..

7.8 B REF— B

P B g R RS A B T RN EAR N BE AR AR KA GRS o AN TR AR A AN TR 14
it B AR ESE

BB TT R S TEALIIN I 4N TEE 2 U ANE

{12, 23, 45}
AN ATEH] T — N5 A2

{12, 23, 45}
SR TR, % B E .

FE— AN KM TR FEA T 3R PR ) SR
8 3k

8.1 EHMMEIIRE

R 58 AR AT AR (R ABE e Sk v TE 4 3 ) ACRE) PR U i o 450 W) AR v 2
R BT AT AR R AP —— T R AR KA QRS 2 AR (R Rl ERT AR, i B
MR ARG A0S, JEoREHES .

AL AU — R oy AU 2 fe WAL e B 8 DSRARS, 34T T1E%, 2
Skl TSRS T R UG AR .
— N IV JE U 5]
-revision(’ Revision: 1.14 7 ).
—-created (" Date: 1995/01/01 11:21:11 7 ).
—-created_by (" eklas@erlang’ ).

-modified (" Date: 1995/01/05 13:04:07 ° ).
-modified_by (" mbj@erlang’ ).
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8.2 FRALAAE xf HiA% BB 51

AR R R SR AR S A AR S R SCR 5 T i, SRS S
T MRS P B BB O, WO A NSO R I S L, IR S
AR 5| Y A2 SRS 1) i o

8.3 KT BRIk

FTA AR AN AZ ] e SRR — e R S, R o —ANE R, JRRE—1
B SRR (L 10.4 15 AR R R,

X BT UL A R ST AW RGN0 3 R 4515 .

FERIFE R AN 55, ARAGIN R T —ANZRENR, WIFR 2 A ER H &

error_logger:error_msg (Format,
{Descriptor, Argl, ....})
2Hf ik {Descriptor, Argl, ... }iX—A7#as g 7RSSO

8.4 el B T BB BORRE R S5 4 SCR AL

AE RGN 73 Z IR R R, AT T AREE B Te A A b e 28l 4
1

Erlang ¥ record fI%FYE (H Erlang ) 4.3 iRG I ZJ5) AT DL KA (R 5 AR B
s g5 — k.

AT B B 5 ) — /N SO BRI C UL 10,4 45 W B g ™).

8.5 FE

VERE N VS B (T e S AN BN RE B B ORIERE S USR]0 . B AE
Ferf s B AR BB . VEREN X SR P .
R REREPEREA N LM, W% 3 D75 (%%%) 4Tk, (L 8.10

3Pk, IR T,
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KT B RAR AN IZ GG A%, NAZLL 2 NS (%%) T3k, (S 8.6
EREBEA R 1),

f£ Erlang fCRS HHIRVERE N ZEL LA 205 (%) 4T3k WER—ATRBE A4
R, SN %Y Erlang ACR[RIBEAE o OMRERE I 2 5O0E & B 1t B I T AU R 2K
Il WA BENS BHAEACRSTE A A) AT, Wi as 1.

i n -

%% Comment about function

some_useful functions(UsefulArgugument) ->
another_functiens (UsefulArgugument), % Comment at end of line
% Comment about complicated_stmnt at the same level of indentation
complicated_stmnt,

8.6 ERAFERHL

s SRR () IO

® AR H,

® ReRHU AR . B eR B S HU Bl a5 A AT E AT R

® R EIN k. RITpR BT BEIR [0 ¥ TR RE A HE S AT E AT R
X

® UURAPREIIL T AN EORINENL, wEE— T

® AR IRAIRE SR, Wi exit/l. throw/l ST AH
S IAEAT NS B A (I8 G 5o T R AR [R] AN R 1) DX

® KRREIIEATEIVEH]

(IR

Wh
%% Function: get_server_statistics/2

W% Purpose: Get various information from a process.
Wh Args: Option is normal|all.

%% Returns: A list of {Key, Value}

Wh or {error, Reason} (if the process is dead)
Wk
get_server_statistics(Opticen, Pid) when pid(Pid) ->
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8.7 BHHLEH

—A™ record [F15E X NAZAEBEAE — AR LI SCAR I . 5

%% File: my_data_structures.h

Hoie
%% Data Type: perscn

%% where:

YAA name: A string (default is undefined).

%h age: An integer (default is undefined).

h phone: A list of integers (default is []).

jAA dict: A dictionary containing various infeormation about the person.
FAA A {Key, Value} list (default is the empty list).

-record(person, {name, age, phone = [], dict = []}).

8.8 M43k, WA

TR SCAF AR 1% A — SRS BTk, il

YANA
%h% Copyright Ericsson Telecom AB 1996

Tl

WA A1l rights reserved. No part of this computer programs(s) may be
%k used, reproduced,stored in any retrieval system, or transmitted,
%#k% in any form or by any means, electronic, mechanical, photocepying,
FAAA recording, or otherwise without prior written permission of

4% Ericsson Telecom AB.

YA

8.9 Xk, BUHE

BEASUEACHS SCPF 06 I 2L A& HABAT 3 SE RSO, IXAN SO A X T A7 et
KA, AATI T A4

pAYA
%4% Revision History
pAYA
%h'% Rev PA1l Date 960230 Author Fred Bloggs (ETXXXXX)

%4% Initial pre release. Functions for adding and deleting foobars
%h% are incomplete

pAYA
%A% Rev A Date 960230 Author Johanna Johansson (ETXYYY)

%h% Added functions for adding and deleting foobars and changed
%A data structures of foobars to allow for the needs of the Baz
%% signalling system

pAYA

8.10 Xk, #hid

FEAS SO AZAT — A G I A 5 IS K (R A (R 0, FITAT 2 L ) R

213



A — AT I

YANA
%A% Description module foobar_data_manipulation
YANA
4h% Foobars are the basic elements in the Baz signalling system. The
%% functions below are for manipulating that data of foobars and for
Wh'% etc etc ete

YANA
k% Experts
YAYA
%4h% create_foobar(Parent, Type)
%%  returns a new foobar object
%% etc etc etc

Hh%

I RIRAEARE KRB A bug. MELUINRKRRE, — B — M AIH)
ERRFAEN], AERERBEAN. GRERAEMR AT, PN
IR— AN ) BB o A BREERRE R I 2 5738 A1 1 35 B (A AT < i on AR o BRI
PRGnS5 17 A 2, AR T BEAE A 5 T4 LR Al BT AR I B sl
.

8.11 NEFRIRAE—MERE

IR e AEAE ) S TS N — 25T RE o AT, AR R GE B A R !

8.12 fFH—MERBEEHIRSA
BT A A8 1 I50 H #68% 48 F % i RCS. CVS X Clearcase 2 JS AL £
H#IZ %5 (source code control system) SKER 2 BT (IR H
9 REIEAEIR
® SHIFEREZ MR (W 7.3 “AEFRKIIRE).

® S HAWEREN iffreceivelcase 25 (I 7.1 “ANELEEEEIRENAL
i),

® HHUERERIRM L (M 6.3 “4iR [FIEITHAREE D,
® LWENKAHRX (W75 “&EH"),

® {EANTTEBERE I fRAE ] THERE (W 5.3 “4r R IR LRI K
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WS ME N IFATRERE D
® KR MR AN ERERI R ),
® HRERERE BB AAR LB R (2 H R P S EONR B o
® i it 4.
® JiI 7 put/get (I 6.5 “fli FHEERE Y SN ZEHL AR/ N0 7D

® KA BIAIKIEE] (W 5.8 “YWEHmEAKNYE” 511 “HH "),

10 &
ARATHIR T —SSAE AN YED ] Erlang 45 0 RS 19— S5 00 B 1) R G52
SR,

10.1 HRERHA

REABEHE AN EEAT . WRRE MR RE , A B IR SO0 BITAT 1) 2 H R
KA -

® RN S HUN s A FI AN o

® X [HIAE PR HcHE S5 A AT S

® XA,

® JirATnl g DS R ATIR B 5 1K S I, g S R exit/L AR IR

(CREF

Ja 58 SCHI SO A% 3

10.2 HRERHA
B A N e LI LA, AT BERE WL 2 A 5
Ja B 5% SR STRE A% 3
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10.3 #H7FE
K% T RGP AT M EERE, A0 0 2% R .
K T B2 HERERVEAT IR (K B 1 KR
Ja 8258 ISR A% K
10.4 FHIRIH B
K TS BRI
Ja 8258 RIS A%
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Armstrong. ]

217



i D
Q%)

[ B 3 D 18 SRR M HE R BE ] - ]

218



275 CHR

[1] Ingemar Ahlberg, John-Olof Bauner, and Anders Danne. Prototyping cordless
using declarative programming. XIV International Switching Symposium,

October 1992.

[2] Leon Alkalai and Ann T. Tai. Long-life deep-space applications. IEEE Computer,
31:37-38, April 1998.

[3] Marie Alpman. Svenskt internetbolag kdps for 1,4 miljarder. Ny Teknik, August
2000.

[4] Gregory R. Andrews and Fred B. Schneider. Concepts and notations for
concurrent programming. ACM Computing Surveys (CSUR), 15(1):3-43, 1983.

[5] J. Armstrong, M. Williams, C. Wikstrom, and R. Virding. Concurrent
Programming in Erlang. Prentice-Hall, Englewood Clics, N.J., 1996.

[6] J. L. Armstrong. Ubf - universal binary format, http://www.sics.se/ joe/ubf. 2002.
[7]J. L. Armstrong. Erlguten. 2003. http://www.sics.se/ joe/erlguten.html.

[8] J. L. Armstrong and T. Arts. A practical type system for erlang. Erlang User
Conference, 2002.

[9] J. L. Armstrong, B. O. Déacker, S. R. Virding, and M. C. Williams. Implementing a
functional language for highly parallel real-time applications. In Sodware

Engineering for Telecommunication Switching Systems, April 92.

[10] J. L. Armstrong, S. R. Virding, and M. C. Williams. Use of Prolog for
Developing a New Programming Language. In C. Moss and K. Bowen, editors,
Proc. 1st Conf. on The Practical Application of Prolog, London, England, 1992.

Association for Logic Programming.

[11] Joe Armstrong. Increasing the reliability of email services. In Proceedings of the

2000 ACM symposium on Applied Computing, pages 627-632. ACM Press,

219



2000.

[12] Joe Armstrong. Concurrency oriented programming. Lightweight Languages

Workshop (LL2), November 2002.

[13] Joe Armstrong. Getting erlang to talk to the outside world. In Proceedings of the

2002 ACM SIGPLAN workshop on Erlang, pages 64-72. ACM Press, 2002.

[14] Joe Armstrong. Concurrency oriented programming in erlang. GUUG 2003,
March 2003.

[15] Joe Armstrong. A webserver daemon. 2003. This is available at

http://www.sics.se/~joe/tutorials/web_server/web_server.html.

[16] A. Avienis. Design of fault-tolerant computers. In Proceedings of the 1967 Fall
Joint Computer Conference. AFIPS Conf. Proc., Vol. 31, Thompson Books,
Washington, D.C., 1967, pp. 733-743, pages 733-743, 1967.

[17] Jonas Barklund. Erlang 5.0 specification. 2000. available from

http//www.bluetail.com/~rv.

[18] Stacan Blau and Jan Rooth. Axd 301 — a new generation of atm switching.

Ericsson Review, (1), 1998.

[19] Grady Booch, James Rumbaugh, and Ivar Jacobson. The Unified Modeling
Language user guide. Addison Wesley Longman Publishing Co., Inc., 1999.

[20] T. Bray, J. Paoli, C. M. Sperberg-McQueen, and E. Maler (Eds). Extensible
markup  language (xml) 1.0 (second edition).  October 2000,
http://www.w3.0rg/tr/2000/rec-xml-20001006. 2000.

[21] Ciaran Bryce and Chrislain Razafimahefa. An approach to safe object sharing. In
Proceedings of the conference on Object-oriented programming, systems,

languages, and applications, pages 367-381. ACM Press, 2000.

[22] George Candea and Armando Fox. Crash only sodware. In Proceedings of the 9th

workshop on Hot Topics in Operating Systems (TotOS-1X), May 2003.

220



[23] Richard Carlsson, Thomas Lindgren, Bjorn Gustavsson, Sven-Olof Nystrom,
Robert Virding, Erik Johansson, and Mikael Pettersson. Core erlang 1.0.

November 2001.

[24] J. D. Case, M. S. Fedor, M. L. Schocstall, and C. Davin. Simple network
management protocol (SNMP). RFC 1157, Internet Engineering Task Force, May
1990.

[25] E. Christensen, F. Curbera, G. Meredith, and S. Weerawarana. Web services
description language (wsdl) 1.1, march 2001,
http://www.w3.0rg/tr/2001/note-wsdI-20010315/. 2001.

[26] Dan Connolly, Bert Bos, Yuichi Koike, and Mary Holstege.
http://www.w3.0rg/2000/04/schema_hack/. 2000.

[27] M. R. Crispin. Internet message access protocol - version 4. RFC 1730, Internet

Engineering Task Force, December 1994,

[28] Grzegorz Czajkowski and Laurent Daynés. Multitasking without comprimise: a
virtual machine evolution. In Proceedings of the OOPSLA ’01 conference on
Object Oriented Programming Systems Languages and Applications, pages

125-138. ACM Press, 2001.
[29] Bjarne Déacker. Datalogilaboratoriet - de forsta 10 °aren. March 1994.

[30] Bjarne Ddacker. Concurrent functional programming for telecommunications: A

case study of technology introduction. November 2000. Licentiate Thesis.

[31] A. Dahlin, M. Froberg, J. Grebeno, J.Walerud, and P. Winroth. Eddie: A robust

and scalable internet server. May 1998.

[32] D. C. Fallside (Ed). Xml schema part 0: Primer. may 2002.
http://www.w3.0rg/tr/2001/rec-xmlschema-0-20010502/. 2002.

[33] Dick Eriksson, Mats Persson, and Kerstin Odling. A switching sodware

architecture prototype using real time declarative language. XIV International

221



Switching Symposium, October 1992.
[34] Open source erlang distribution. 1999.

[35] J. A. Feldman, J. R. Low, and P. D. Rovner. Programming distributed systems. In
Proceedings of the 1978 ACM Computer Science Conference, pages 310-316,
1978.

[36] R. Fielding, J. Gettys, J. Mogul, H. Frystyk, L. Masinter, P. Leach, and T.
Berners-Lee. Hypertext transfer protocol — HTTP/1.1. RFC 2616, The Internet
Society, June 1999. Seehttp://www.ietf.org/rfc/rfc2616.txt.

[37] lan Foster and Stephen Taylor. Strand: new concepts in parallel programming.

Prentice-Hall, Inc., 1990.

[38] Jim Gray. Why do computers stop and what can be done about it? Technical

Report 85.7, Tandem Computers, 1985.

[39] M. Gudgin, M. Hadley, J-J. Moreau, and H. F. Nielsen. Soap version 1.2 part 1:
Messaging framework, december 2001,

http://www.w3.0rg/tr/2001/wd-soap12-part1-20011217. 2001.

[40] M. Gudgin, M. Hadley, J-J. Moreau, and H. F. Nielsen. Soap version 1.2 part 2:
Adjuncts, december 2001, http://www.w3.org/tr/2001/wdsoapl2-part2-20011217.
2001,

[41] Bogumil Hausman. Turbo erlang. International Logic Programming Symposium,
October 1993. [42] Bogumil Hausman. Turbo erlang: Approaching the speed of c.
In Evan Tick and Giancarlo Succi, editors, Implementations of Logic

Programming Systems, pages 119-135. Kluwer Academic Publishers, 1994.

[43] American National Standards Institute, Institute of Electrical, and Electronic
Engineers. IEEE standard for binary floating-point arithmetic. ANSI/IEEE
Standard, Std 754-1985, New York, 1985.

[44] ISO/IEC. Osi networking and system aspects - abstract syntax notation one

222



(asn.1). ITU-T Rec. X.680 — ISO/IEC 8824-11, ISO/IEC, 1997.

[45] ITU. Recommendation Z.100 — specification and description language (sdl).

ITU-T Z.100, International Telecommunication Union, 1994.
[46] D. Reed J. Oikarinen. RFC 1459: Internet relay chat protocol. May 1993.

[47] Erik Johansson, Sven-Olof Nystrom, Mikael Pettersson, and Konstantinos

Sagonas. Hipe: High performance erlang.

[48] D. Richard Kuhn. Sources of failure in the public switched telephone network.
IEEE Computer, 30(4):31-36, 1997.

[49] Simon Marlow and Philip Wadler. A practical subtyping system for Erlang. In
International Conference on Functional Programming, pages 136-149. ACM, June

1997.

[50] B. Martin and B. Jano (Eds). Wap binary xml content format, june 1999,

http://www.w3.org/tr/wbxml. 1999.
[51] H°akan Millroth. Private communication. 2003.

[52] J. Myers and M. P. Rose. Post oece protocol - version 3. RFC 1939, Internet
Engineering Task Force, May 1996.

[53] Nortel Networks. Alteon ssl accelerator product brief. September 2002.

[54] (Ed) Nilo Mitra. Soap version 1.2 part 0: Primer. december 2001,
http://www.w3.0rg/tr/2001/wd-soap12-part0-20011217. 2001.

[55] Hans Olsson. Ericsson lagger ner utveckling. Dagens Nyheter, December 1995.

[56] OMG. Common Object Request Broker Architecture (CORBA)—vV2.6.1 Manual.
The Object Management Group, Needham, U.S.A, 2002.

[57] J. B. Postel. Simple mail transfer protocol. RFC 821, Internet Engineering Task
Force, August 1982.

[58] K. Renzel. Error handling for business information systems. 2003.

223



[59] Richard D. Schlichting and Fred B. Schneider. Fail-stop processors: An approach
to designing fault-tolerant computing systems. Computer Systems, 1(3):222-238,
1983.

[60] Fred B. Schneider. Byzantine generals in action: implementing fail-stop
processors. ACM Transactions on Computer Systems (TOCS), 2(2):145-154,
1984.

[61] Fred B. Schneider. Implementing fault-tolerant services using the state machine

approach: a tutorial. ACM Computing Surveys (CSUR), 22(4):299-319, 1990.

[62] R. Srinivasan. RFC 1832: XDR: External data representation standard. August
1995.

[63] Ann T. Tai, Kam S. Tso, Leon Alkalai, Savio N. Chau, andWilliam H. Sanders.
On the ecectiveness of a message-driven confidence-driven protocol for guarded

sodware upgrading. Performance Evaluation, 44(1-4):211-236, 2001.

[64] Han Th"e Thanh. Micro-typographic extensions to the tex typesetting system.
Masaryk University Brno, 2000.

[65] H. S. Thompson, D. Beech, M. Maloney, and N. Mendelsohn (Eds). Xml schema
part 1 Structures. w3c recommendation, may 2001.

http://www.w3.0rg/tr/2001/rec-xmlschema-1-20010502/. 2001.
[66] Seved Torstendahl. Open telecom platform. Ericsson Review, (1), 1997.
[67] Jecrey Voas. Fault tolerance. IEEE Sodware, pages 54-57, July—August 2001.

[68] David H.D. Warren. An abstract Prolog instruction set. Tecnical Note 309, SRI

International, Menlo Park, California, October 1983.
[69] UIf Wiger. Private communication.

[70] UIf Wiger, Gosta Ask, and Kent Boortz. World-class product certification using
erlang. In Proceedings of the 2002 ACM SIGPLAN workshop on Erlang, pages
24-33. ACM Press, 2002.

224



[71] Weider D. Yu. A sodware fault prevention approach in coding and root cause

analysis. Bell Labs Technical Journal, 3(2), 1998.

225



	摘要
	1 绪论
	1.1 背景介绍
	1.2 论文概览

	2 架构模型
	2.1 架构的定义
	2.2 问题领域
	2.3 哲学
	2.4 面向并发编程
	2.4.1 基于现实世界编程
	2.4.2 COPL的特征
	2.4.3 进程隔离
	2.4.4 进程的名字
	2.4.5 消息传递
	2.4.6 协议
	2.4.7 COP与程序员团队

	2.5 系统需求
	2.6 语言需求
	2.7 库需求
	2.8 应用程序库
	2.9 软件构造指导方针（guidelines）
	2.10 相关的工作

	3 Erlang
	3.1概览
	3.2例子
	3.3 Erlang顺序化编程
	3.3.1 数据结构
	3.3.2 变量
	3.3.3 项式（term）与模式（pattern）
	3.3.4 保护式（guard）
	3.3.5 扩展模式匹配
	3.3.6 函数
	3.3.7 函数体
	3.3.8 尾递归
	3.3.9 特殊形式
	3.3.10 case语句
	3.3.11 if语句
	3.3.12 高阶函数（higher order function）
	3.3.13 表理解（list comprehension）
	3.3.14 二进制数（binary）
	3.3.15 位语法
	3.3.16 记录（record）
	3.3.17 Erlang预处理程序（epp）
	3.3.18 宏
	3.3.19 包含文件

	3.4 并发（concurrent）编程
	3.4.1 注册进程名

	3.5 错误处理
	3.5.1 异常
	3.5.2 catch原语
	3.5.3 exit原语
	3.5.4 throw原语
	3.5.5 已修正错误与未修正错误
	3.5.6 进程连接与监视者

	3.6 分布式（distributed）编程
	3.7 端口（ports）
	3.8 动态代码替换
	3.9一种类型符号（type notation）
	3.10 讨论

	4 编程技术
	4.1 抽象出并发
	4.1.1 一个可容错的客户-服务器模型

	4.2 抱持Erlang的世界观
	4.3 错误处理哲学
	4.3.1 让其它进程来修复错误
	4.3.2 工作者与监督者

	4.4任它崩溃
	4.5 显意（intentional）编程
	4.6 讨论

	5 编写可容错系统
	5.1 可容错编程
	5.2 监督层级
	5.2.1 图形表示法
	5.2.2 线性监督
	5.2.3 与/或监督层级

	5.3 什么是错误？
	5.3.1 乖函数（Well-behaved functions）


	6 构建应用
	6.1 behaviour库
	6.1.1 behaviour库是怎么写成的

	6.2 通用服务器（Generic Server）的原理
	6.2.1 通用服务器的API
	6.2.2 通用服务器的例子

	6.3 通用事件管理器（Event Manager）的原理
	6.3.1 通用事件管理器的API
	6.3.2 通用事件管理器的例子

	6.4 通用有限状态机（Finite State Machine）的原理
	6.4.1 通用有限状态机的API
	6.4.2 通用有限状态机的例子

	6.5 通用监督者（Supervisor）的原理
	6.5.1 通用监督者的API
	6.5.2 通用监督者的例子

	6.6 通用应用（Application）的原理
	6.6.1 通用应用的API
	6.6.2 通用应用的例子

	6.7 系统与发布（release）
	6.8 讨论

	7 OTP介绍
	7.1 库

	8 案例研究
	8.1 方法学
	8.2 AXD301
	8.3 软件的量化特性
	8.3.1 系统结构
	8.3.2 故障被修复的证据
	8.3.3 故障报告HD90439
	8.3.4 故障报告HD29758
	8.3.5 OTP结构的不足

	8.4 用Erlang开发的小产品
	8.4.1 Bluetail Mail Robustifier （邮件加固器）
	8.4.2 Alteon SSL accelerator（SSL加速器）
	8.4.3 代码的量化特性

	8.4 讨论

	9  API与协议
	9.1 协议
	9.2 API还是协议？
	9.3 交互部件系统
	9.4 讨论

	10 总结
	10.1 我们已经做到了哪些？
	10.2 关于将来工作的想法
	10.2.1 概念完整性
	10.2.2 文件与bangbang
	10.2.3 分布式与bangbang
	10.2.4产生进程与bangbang
	10.2.5进程命名
	10.2.6利用bangbang来编程

	10.3 暴露接口——讨论
	10.4 编写交互部件系统

	附录A 致谢
	附录B 编程规范和约定
	1 目的
	2 结构和Erlang术语
	3 软件工程原则
	3.1 从一个模块导出的函数越少越好
	3.2 尽量降低模块间的依赖
	3.3 将公用的代码放入库中
	3.4 将“复杂的”或“脏的”代码隔离到单独的模块中
	3.5 不要对调用者如何使用函数调用的结果作出任何假设
	3.6 抽象出代码的共用样式或行为
	3.7 自顶向下
	3.8 不要优化代码
	3.9 牢记“最小惊诧”原则
	3.10 尽力消灭副作用
	3.11 不要让私有数据结构从模块中“泄漏”出来
	3.12 使代码达到最大确定性（deterministic）
	3.13 不要“防御式”编程
	3.14 用设备驱动隔离硬件接口
	3.15 do与undo都在一个函数里做

	4 错误处理
	4.1 将错误处理代码和正常情况代码分离
	4.2 标明错误内核

	5 进程、服务器和消息
	5.1 将一个进程的实现放在一个模块中
	5.2 利用进程来组织系统
	5.3 注册进程
	5.4 给系统中的每个真正的并发活动注册唯一一个并行进程
	5.5 每个进程应该只有一个“角色”
	5.6 在服务器和协议处理器中尽可能地使用通用函数
	5.7 给消息打上标签
	5.8 清掉未知消息
	5.9 编写尾递归的进程处理函数
	5.10 接口函数
	5.11 超时
	5.12 捕获退出信号（trapping exits）

	6 一些Erlang的特别约定
	6.1 使用record作为标准数据结构
	6.2 使用选择器（selector）和构造器（constructor）
	6.3 给返回值打标签
	6.4 使用catch和throw时要极其小心
	6.5 使用进程字典（process dictionary）时要极其小心
	6.6 不要使用import
	6.7 导出（export）函数

	7 特别的词汇和风格约定
	7.1 不要编写深度嵌套的代码
	7.2 不要编写很大的模块
	7.3 不要编写很长的函数
	7.4 不要编写很长的代码行
	7.5 变量名
	7.6 函数名
	7.7 模块名
	7.8 程序格式保持一致风格

	8 代码文档化
	8.1 注明代码归属
	8.2 提供代码中对规格说明的引用
	8.3 将所有错误文档化
	8.4 将消息中的所有的标准数据结构文档化
	8.5 注释
	8.6 注释每个函数
	8.7 数据结构
	8.8 文件头，版权
	8.9 文件头，修订历史
	8.10 文件头，描述
	8.11 不要注释过时代码——删除它
	8.12 使用一个源代码控制系统

	9 最普遍的错误
	10 必备文档
	10.1 模块描述
	10.2 模块描述
	10.3 进程
	10.4 错误消息


	附录C
	附录D
	参考文献

