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Libevent Jj& —MEEJM T s IERE &% A, (EHIF A, WFFT# EEL, AR A
Mo HIXRYCEM AT, W50 T libevent ACAS AT T AR ZE 1)
ERIZK M, Bk, WelftakEs%.

Bfas—FJ: Libevent 2H ¢ i F 95 1) (MS KAATH MW SZ ¢ T EWE, 1 HJLFR oAk
ARREEREE, 2 LA R A M ¢ i S A

2 Libevent f&j4\

kMR Mk, Libevent £7JLAN 25 (150 A

FEIKE) Cevent-driven), EithAg:

BEg, TUET MY, AU ACE A MEM PE K
PEARTSAT RS 2

B4, S FF Windows. Linux. *BSD Fl1 Mac Os;

THREZ R 110 2 EHEAR,  epoll. poll. dev/poll. select Fl kqueue %5 ;
WFE 1O, 52 I #FIE 5 5 HAE

WAL B

Libevent L2 4%) 12 IR, 4B 4 G2 1 W9 45 26 5 L 4 memcached . Vomit. Nylon., Netchat
2408,

Libevent 4T i ia e fioae 1.4.13; XM EA TSR .
3 I BFAb

*7:>] libevent A By FARTVRE P BT D077, KR T MESREPBEVE T TSN, Libevent ARSI
GRS A MBI MRS 450, Fein (s BRI, sEEREr . ol S Z AR, B
RAHERESE, #A B TTF B S R ).

REFP BT AN IR TERESE, R 2 A0 Z AR IR o R RGO i . HUN
libevent A £ (HEZLACHE 1A, ARSVFALDGE —Jn=bfl, AR BT, miafE LT gL
TR Z AL, WAL HE T

=52 | Libevent A& gt & —/N L) Reactor £, FRfi# Reactor Fizl Z=FEf# libevent
FFEATs DRI R — R 48 AL ) 0K 5l 1 1R 20 ——Reactor #15.
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BT ER], 24 libevent A& gt & — Reactor, KA L1 1% Reactor Uik T 04
N, IEAIH libevnet H LA SEELZAPFFN Reactor XN G R, )G R 1T AT fHE
BB ARTT A FEANE S

1 Reactor HJEH4-AbF ML

42 R B AR — T M 3 R H T AL R O R A B BT, B SR> BB
S5 AP HIBOR [F 25 72 7 > TR 4k 2L A B

Reactor B¢ L “ [ WHE”, J&— P IR A LH . FHIG 8 o 20 H AN R 2 b TE T W H
A B EA AP S8 s B, it t6 40, Reactor 1 & T b BLAFE, [V
FH R T PR Y (4% 11 393 i 31 Reactor b, 20 S (1) IFIA) /&2 2, Reactor #5231
AR A M3 11, XS 1V R “[RI e %7, {8 Libevent 1 /241 Libevent HE4EIE
THEAE S B A RO B pR K 24X S I [R) & P I, Libevent 23 1 FH I 4 [ 1 pfy i Ak EFH W fr =
fE QU0 25 ERAME 5,

F“Up RN K ITEZE Reactor A TEAE T ANEAT RS TAT, Tl 1FT EiHm
HMR

BB RN xx 2], AR R .

T B O FHPLED” A F] HR B, A RIBER T, IS A, AR AR
WG B OATHAGL AR A ERA PRI, L2 T

“Reactor” 24" HR gtic b TARMICR J5 30, G0UR HOKJE & BT il mniR: 174
W HO], JE KR T A A CITHRAR R R AR, SR EARE, /R HR I EICR
Ji

2 Reactor BB &

Reactor #5545 e MERE R 26 e 55 2 (b R 22—, B RATAN N (A A

1) WINR, AN Sy A A I (] FrBL2E, AR Reactor A B AKARIE A1 1

2) GAREADG T, R DU OCRE L (R G SRR (0 22 2 R S TR0 1), O HLRE G 1 2 2R/
HERE AT TT 4

3) AIRENE, WTRAJT I N Reactor SN EOKR 7843 FIH] CPU UK

4) AT, reactor HEZUA G 5 BAREAFAL B AR IO, HATIR s M R AL

3 Reactor FHELE
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Reactor Event Handler

- >
handle_events() . | thandle eventf)

tregister handler)) 1 -
+remove handlen)) i | : +get handle))
EEIEETES <=hind=> I
I Handle p===-- [

] #

i ~
- Concrete Event Handler
Event Demultiplexer nofi £y

+handle eventf)

+register handle() +get_handla)f

+dermultiplex()

1 FE
Linux F2 3R %F, Windows il /2 Socket (%% Handle T, XM 4 “HJN
L7, BRI aRs Ly M o i g4t tedn 110 k.

2) event demultiplexer——34F2 15> &AL

HHAE RGP 110 2 B L HIHLEI,  ELtun select F1 epoll.

R B e OGO B AR CRARIED A 3 21 event demultiplexer |

M FEFIAR, event demultiplexer 24 U AN “AE B EM I AIRIEET, —AEkE
RNCTL R G RS i e

PR AN 5, 3t nT CAAESEBHFE 15 Dl N X SR AT A BE T
XF W F) libevent 1, #KARJE select. poll. epoll &5, {HJE libevent 1 [ 45 #4A eventop #H17 T
BIRE, DA R SCHRX L8 1/0 Z B S HINLHI, GR 31 T 6 AR Bass = R e B .

3) Reactor—— )W #%
Reactor, f&F/FBRAGREO, N¥ME T event demultiplexer 73/, VERY 4, FFi81T75H
PRIEER, B FAEREN “ahes” RER, VMR [P eR S A = A
Xt F] libevent /1, it/ event_base 4 #)44 .
— AL [ Reactor 7 B 5 3%
class Reactor

{

public:
int register handler (Event Handler *pHandler, int event);
int remove handler (Event Handler *pHandler, int event);
void handle events(timeval *ptv);
/...

b

4) Event Handler——ZF kb B 7
HAFABEFE PR T — B 1, AN OO T — R iR, it Reactor 7EAHRM
H RN, PATHN A FHAEAE, 85 E 29002 A
XF Y F] libevent /1, il event Z5 414,
N T S P AR LR R Event Handler 25 B, A A LE A,



class Event Handler

{
public:

virtual
virtual
virtual
virtual
virtual

/]

void handle read() = 0;

void handle write() =
void handle timeout ()
void handle close() =
HANDLE get handle ()

class Event Handler

{
public:

// events maybe read/write/timeout/close

(=Rl -

virtual void handle events(int events) = 0;

virtual HANDLE get handle() = 0;
/..

4 Reactor AL B TR

AT vint Reactor B=fum “wi'e” T, IAMEH Reactor #i: )5, FHAFFEHIA

FETre?

TUAZ R A1
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LIHYFR]T Reactor [REEARE & HEALFIALBERE, XF Reactor 434N EEATE MK T il )i
PR EEA libevent st ox A 5 iR 1, #& Nt IE(E A 21 libevent (ARG THESE T, T !

S TR
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1 8IS

57 SJYEACHDIZ IR FEN T 7 JRSE A AR P O A T 32 S AN A P A Ak PR N T
NI, BN Nk EUF, LT Hr libevent S HUATA 2L o

2 HANMR

FEAN Gy st 2 1] libevnet FIEEARAR, THiR%E B BN, GH]
livevent BB E I 4%, N R e ST 1 TR LA & SR P R RTAT
1) IR libevent [,  FFARAFIR AT (455!
struct event_base * base = event_init();
SEfr B3R A0 T4 — > Reactor SE; {EHT4A4L libevent Jio, whw] LA MR T .

2) Wl EA event, B [R1 pR EORIDGHE: (A

evtimer_set(&ev, timer_cb, NULL);

H 52 FIXAEAT 1 ] event_set(&ev, -1, 0, timer_cb, NULL);

event_set ¥ & A0 R Y 2«

void event set(struct event *ev, int fd, short event, void (kcb) (int,
short, void *), void *arg)

ev: HATEWILRIGIT event X%

fd: % event 6 “HIRA”, XFTESEAE, EEEIERNE S

event: 7Ei% fd oG MFAFRAY, & rlLLiE EV_READ, EV_WRITE, EV_SIGNAL;

ch: X —ANREIRE, 4 fd LS event AR, PRHIZ R SIAT LT, EH EASH
W F IS event_base 1 5if AN, &)y, SEPr FAAE event_set I K] fd, event Fil arg:

arg: fLE4 ch BEIREN S EL

T AT fd, I e SR e Cevent_add) (W INEBE K, itk
X event AT ELRE

XM T AL — event handler, 7F libevent th i8R AE7E event S5 Fyfhrh,
HE: libevent AL event FAAES, XTHEN T AATE

3) & event MJEI) event_base
event_base_set(base, &ev);
X0 AT 45 B event 3/ 2 event_base S L

4) SE R AR T
event_add(&ev, timeout);

FEAAE B OB e R, U K F event_add () p& £ EI AT 58 1, Hor timeout A2 € A ;
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A4 T ] Reactor::register_handler() 5 £ M =44«

5) FeFPt NTCIRAESS, SERrsl e A F IR AT S F A B

event_base_dispatch(base);

3 SEHIAHY

5 R AR R B

struct event ev;

struct timeval tv;

void time cb(int fd, short event, void *argc)

{
printf (“timer wakeup\n”) ;
event_add (&ev, &tv); // reschedule timer
}
int main()
{
struct event base *base = event init();
tv. tv_sec = 10; // 10s period
tv. tv_usec = 0;
evtimer set(&ev, time cb, NULL);
event_add (&ev, &tv);
event base dispatch(base);
}

4 FEIERRE

N L) libevent YEM—NEEAESS, libevent PR AE S ARERHTALFRKINE 2 R 1)

B aas th T AR

D)

2)

3

TSN R IR AR event, VB LF SRR R R] T R B SORE YT i T AR 20 R
2 1 3;

In] libevent S Ii% 44} event. XJ T I=4F, libevent i H — AN/ NMRUEE B, key bt
FEFE]; 6FF Signal A1 1/O F4F,  libevent # H N RIS AFHER (wait list) 1, X & —
AR R A5 5

F2/7 1 FH event_base_dispatch() & 41 sR £ E N TCFRTEIR, &3, UL select() %L A 5
FERAEIAHT libevent 2345 £ € I FHAF I S /N EE IS IS ) tv,  ARAE tv & select() ¥ 5 K55
Ry TE],  DAEE T 10 S ) A 3 I <A

Y select()iR P15, 1A BB S, ARG E 110 ks

11



Libevent $3 BTy I F0F, TN SR HER 5
SRJE R A EER AT, TR (R R R B AT AL P

result
Asyne event
signal event
k. l‘ 10
Application Timer mini-heap Signal set demultiplexer
I
event

{ signal| event o
timer gvent Timer event active
vent
eve event event

Shedule
active
events

hudd event to
libevent

Read/write event l
Read/write event- active list[0]
. T L
Event wait list active list[n]

5 /NG

AT libevent Hfa sE g5, FHRERBIIANH T libevent F AL EEEFE, 152
FINAZXT libevent 5 T EEARMIENG, RIS TEGNN4H libevent [ S 444 BEHESE (Reactor f5
A ¥ Reactor HEZL) RN A4, AE 2 B2 XI5 A CRs S AT B 4325
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0 libevent JEALHE SCAEHZR

F

1 A S

|

VEAN AT IRACHE 2 1S W SR BERT AR S HBEA G AT A R RN AT 328, AR
B3 (13 23 Ao A KA 2k ) o

2 JERIEA RS

Libevent fJAH5 BURARTE — 2 S0 i, ARJE AR 23 08 @A s M ), EZEn] 4k
KA AR PSR SO B IhRE RS, Hi&. libevent HEZL. XJRZE 110 2k AL
W B B9, BN RS R, b X P, JEAER 45 M AIEE T libevent R AN Sk
RS JUANR Sy, A28 0 w] Rt — N SOk

PARAG ) test F873 B ASCEFRAT T DG (R 9EIE T

1 kacft

T eventh: FAFEE X BHREBEY], FELH1E event 1K 1],

2) WSk

xxx-internal.h: YA SR RN R E,  XHAMANTT L, DLk B B R B 1

3) libevent HE4E

event.c: event BEAAHEZLKACAD LN ;

4) YRG0 % 5 LG & 2k

epoll.c: X} epoll [df2;

select.c: X select fitj£}2%%;

devpoll.c: %I dev/poll ff1dsf5;

kqueue.c: X} kqueue [1)dsf;

5) I F

min-heap.h: FSZuk & — N LA TEIE A key /N HESE 4 5

6) 155 &M

signal.c: XI5 5 FAFI AR BE

7 i T e pR AL

evutilLh Fl evutil.c: —Le4fiBhIhfg k£, AFEEIHE socket pair F1—LLif A #/E R4 Ny WK
HIELAAE o

8) Hik

log.h A1 log.c: log H & 5%k

9) X B

evbuffer.c Al buffer.c: libevent X2z [X 1) 3} 25 ;

100 FEAK s 451

compat\sys ¥ MR SCAF: queue.h /2 libevent JEA G S5 F I SE B, CAGREER, WU EER,
FAFSE; _libevent time.h: L& F I (AR AE I b e S RIEICRN 72 522 X

11) SEHI R4 e

13



http Al evdns: 3T libevent SEHLIT) http il 55 25 H1 520 dns 257 ;

3 /NG

AT libevent LR, NP2 TFEGIAN4 libevent [F14%.00384) event £5#4 .
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. libevent &% 0r: A event

KRR T &2 R, AT 4 libevent RO &5 event, DL
libevent X} event 1) 4F B ,

1 libevent fj#%Lr-event

Libevent J& 5T -0k 30 (event-driven) (1], M4 7 1] LLE 2 event 23RO
event il & Reactor HEZL K S/ AL BIRR PP 001 e it 1 i 1, it Reactor 7E 54T E
P, DABATAH R (A 3, Gl e g8 — N R AR -

T 5645 H event Z5HAR I A, B4 T event.h STAEH:
struct event {

TAILQ ENTRY (event) ev next:

TAILQ ENTRY (event) ev active next;

TAILQ ENTRY (event) ev signal next;

unsigned int min_heap idx; /* for managing timeouts */

struct event base *ev base;

int ev fd;

short ev events;

short ev ncalls;

short *ev_pncalls; /* Allows deletes in callback */

struct timeval ev timeout;

int ev pri; /* smaller numbers are higher priority */

void (*ev_callback) (int, short, void *arg) ;

void *ev arg;

int ev res; /* result passed to event callback */

int ev flags;

b

T ITVEAfFRE— T g b &2 Bt 5 e

1) ev_events: event)yE A, Bl DUZ LLR 3R AL
I/0Zf}: EV_WRITENEV_READ

SE i EV_TIMEOUT

f55: EV_SIGNAL

HBhIETH: EV_PERSIST, ®WIZE—AKAZE
Libevent 1) e XA :

#tdefine EV_TIMEOUT  0x01

#tdefine EV_READ 0x02

#tdefine EV_WRITE 0x04

#tdefine EV_SIGNAL 0x08

#define EV PERSIST 0x10 /#* Persistant event */

ATDLE R AT DR )7 @A ATAL S, WIS, S FIOE AN RE [R] iy

15



WH;

0] LA tlibeventfd F event 2l 4 440K 1 3Ff 44 (1) Ab PR 45— ke ok

2) ev_next, ev_active_next fll ev_signal_next #J& XA BER 1 L4855 BT libevent KA
RS SRBRILEAN R (R0, St S AP 100 A 0 A ) 2810 1 - Bt o

libevent {41 FH A [r) 55 2 LR A7 T A7 V2K 1/0 T Signal 54, ev_next gl i% /0 ST AEREL P
INEE s FRIGEER A “ S MR

[F]#F ev_signal_next it /& signal ZE{:7E signal {42 (147 B

ev_active_next: libevent ¥ JT 1 A0S FOON 2 B3R active list HF, 4R 518 )] active list 44
1TIRE, ev_active_next HtTEH] T event £E active list 7 {7 B

2) min_heap_idx fl ev_timeout, WIHJE timeout FF, ‘BT event ZE/NMEHE )R 5] Al
I, libevent {3 FH /N HEARC Y B E I 4, X870 5 118 I S0 b BRI L 1T

3) ev_base ZHFHTIE M N HESLHY, IXJE—A> event_base &5 MM, TR — S EANUEHE
4) ev_fd, X110 Fiff, ZEYPE R SCHRARRF; XFT signal F4F, E95EHIE S

5) ev_callback, event [¥J[EIH &%, #% ev_base A, TP, K& NREdR
B, JRALR:

void (kev callback) (int fd, short events, void *arg)

24 fd X1 ev_fd; events %W ev_events; arg XJ V.- ev_arg;

6) ev_arg: void*, KW LURAEERAMENR, CiE event BT

7) eb_flags: libevent F T-4xic event {5 S 7By, REFIL Y ETRPRA, nIReM(EA
#tdefine EVLIST TIMEOUT 0x01 // event{EtimeHErp

#define EVLIST_INSERTED 0x02 // eventfE CLyE M ¢FEEsk

#define EVLIST_SIGNAL  0x04 // A WAEH

#define EVLIST_ACTIVE  0x08 // eventfE¥ifE&

#define EVLIST_INTERNAL 0x10 // P9#B4d F¥Ric

#define EVLIST_INIT 0x80 // event Ck#IUAIL

8) ev_ncalls: Fi{FmigE AT, V1 ev_callback [k, W N 1;

9) ev_pncalls: #5%t, ¥ 471 ev_ncalls 2 4 NULL;

10D ev_res: 3R T UG FAFI A

2 libevent %} event [ & H

M event ik fAr iy 3 AMEER T mUFREN A —MHER DI R, KAk LABAEHIH libevent X
event (R BILVE T, ATLAZ WL N IR s i & o

FEACUAT FAT event B Al 45 IRZS I libevent #2242 & B A 31 active event list[priority]
i, b priority /& event (R 5E 2%

A libevent AR B O R SRR LRt 45 FAF, I cb_callback() i £ AT S
RRPE; ARt (1 AR AT S 2R cb_callback BRI Z4L

16



Libevent events management

Signal[sig no] event list | limer mini-leap active event listfpriortiy]

Linked by ev_signal_next

11QSignal event list

Linked by ev_next Linked by ev_active_next

Linked by min_heap_idx

| |
| | | !
Com [ o O
| | eventl |
ey first prEY first
| | |
| | |
st ey next | st by next | |
| | |
| * | eventn |
prev Next prev  mext prev Tk."kr
5 | T |
| | | e
next | next | | m*x[
| | B

3 FOBEMEIRE

LA libevent WIN—NFAE, FHEELWE event X1 %, XIEL A libevent HE A1) e
BA7: event_set(), event_base_set(), event_priority_set()K5e /8 N 4> WA T U .

void event set(struct event *ev, int fd, short events,
void (kcallback) (int, short, void *), void *arg)

L EFF ev G5E SCIHRR R 88 5 5, W e g, weoh-1 RIWT,

2. EFMIA, bl EV_READIEV_PERSIST, EV_WRITE, EV_SIGNAL %,

3. FH AR AT R £ LA & 24K arg;

ABA IS B, L4 1 event_base FIAL 5G4
int event base set(struct event base *base, struct event *ev)

WHE event ev BEVEM RN event base;

libevent H —14J& event base 5%l current base, ERINIHHL T FHAT ev
WA MR current base b, AR EA] LAFRE ANF] I event base;

WER — R AFAEZ A Tibevent 524, WS HIZ R BN event W
B AN event base;

int event priority set(struct event *ev, int pri)
W Hevent eviIMLE, AT ATTULR, EREM—MEE: MevIEA TGRS
Hﬂ‘s Kﬁ%ﬁﬁs jg.lﬁl_lo

17



4 /NgE

A PEA T libevent(f % Crevent 55 1, DL libevent sz 45 (1S54 25 8 Flllibevent Xt event [#) &
BEARAY ;. F2 TR & ftiR libevent (P S F A BEAE Y, DL K A H 174 282 1) 45 #4) fRevent_base.

18



7N WIS A BEAESE

HTH L2200 libevent [ b FEAESERT event 254 AR T il , IRAE 2 I BT libevent
XTI PEAN AL B RS T AT5HE 73BT libevent (¥ S5 AL HEAE 4L event_base Fil libevent /i
TR A (0 B ARGRE, TS5 libevent X event X145 2.

1 HFabBEHESE-event_base

[0 48 Reactor AU JLANBEACZ AT, A PR IK 58 73 % V. T~ Reactor HEZEZ . 71 libevent
W, IXERERILA event_base Z5 MMk, SRS BIAITE, BT event-internal.h SCA
struct event base {

const struct eventop *evsel;

void *evbase;

int event count; /% counts number of total events %/

int event_count_active; /* counts number of active events */
int event gotterm; /% Set to terminate loop */

int event break; /* Set to terminate loop immediately */

/* active event management %/

struct event list *kactivequeues;

int nactivequeues;

/* signal handling info */

struct evsignal info sig;

struct event list eventqueue;

struct timeval event tv;

struct min heap timeheap;

struct timeval tv_cache;
b
T IVEAFRE— T g b & Bt 5 e

Levsel Al evbase X A~ BL 1 B 1] g2 ik AT LRk 2, X BLUR AT LU evsel Fil evbase
B RBAFHEREIRR, W= m 478 . evsel->add(evbase, ev), SEFrdh
ITERVEN & evbase; XA T class::add(instance, ev), instance il /& class 1)/ S 4 o
evseldf i) T 4> =745 f:static const struct eventop *eventops[] 9t —;
R, libeventls 2SR HI1/0 demultiplex LI 4:— 5 Bl T eventoph#a; PRItk
eventops[]f2 7 T select. poll. kequeueFlepoll %555 H i (R 454~ 4 JR SE BT % .
evbasesfr I & —{~eventop S X 4 ;
Sk FHeventopitik, EIME 2 — RV R EFRER, Eevent-internal.h (4
struct eventop {

const char *name;

void *(*init) (struct event base *); // ¥tk

int (kadd) (void *, struct event *); // JFE/MEff

int (kdel) (void *, struct event *); // WISt

19



int (kdispatch) (struct event base *, void %, struct timeval *); //
F9r Kk

void (xdealloc) (struct event base *, void *): // VE4H, FEBCZEUE

/* set if we need to reinitialize the event base */

int need reinit;

b

k23, 7 libevent 1, 437t 1/0 demultiplex AL S ELHS L AR X A B BEE
HKese i A S RIH . BSOREG WFARIRE FERR R .

e anxtT- epoll, libevent SEIL T 5 AN M. 145 H R4, FEAERI WAL FEFF eventop (1) 5
MNREFRE R X 5 AN E, ARl EUEA] epoll /£ 1/0 demultiplex HLiI T, XA
FE 5 TH 2 FRX 3.

2) activequeues J&—> " FRE, Huﬁlﬂzl_llbevent SRR, R AT BAE e
FAE A, HpIcE activequeues[priority]je ML, HEL AT ST H— ML
20 priority [15k 25 <4 event.

3) eventqueue, BEK, TRAF T DA N4 event F5E

4) sig A2 R FE S S MR, KA T IS 5 AL BRI L 1T A s

5) timeheap /& & BHE I S 1) /NI HE, K515 5 T I AR AL BRI T TR

6) event_tv fil tv_cache /2 libevent F T} /)& FEW AR &, B4 48 Ja TS,

HESEMEEMER LR, AT,

2 BRI event_base

Gl —> event_base X ZALWEEGIE T —ANH libevent SE4, 27 75 T id ik i H
event_init() (AR event_base_new ¥t AT B ARERE) sRECR I, %0 B R et
HrAE ) libevent SEBIREAT T HI4AK o

BRI 560 event_base LA HHIE (], ARG HIAA 4L timer mini-heap, EFEFHWIGHILA

EARS O 1) demultiplexer HLH, At & FHAF5ER
PRECEAT I T ARG I (), Ay PRI ) BT A

3 BEOXRE

A THI$2 3 Reactor HEZE () /E & 3 (A v . JAs 8 s AR RGN A2
B RMUEIPAT GRS FEE N e ” RS, A VE MR 0 0] i el Bk Ak 21
At

Libevent Hoxf I (/)45 F1 R 280 E 2002«

int event add(struct event *ev, const struct timeval *timeout);

int event del (struct event *ev);

int event base loop(struct event base *base, int loops) ;

void event active(struct event *event, int res, short events);

void event process active(struct event base *base);

AT A AT R AL RE, libevent BOZHAFIEIAME QLI AR — 15 i B AK
iR o

KT P EEAE, I Ll pR Bk ] timer heap & BREE D U THE A FIIH B 484 X7 1/O Al

20



Signal K51 H] eventopadd F1 delete 2 1 eR ZHAT 1l AR B ER4E (eventop 2%} Signal
FPE A Signal AbFREE O PATERAE) s X LA PRIGAE 5 TR ) 25404

D EMELSF

BR K i Y

72;5[ ev: TE’@%E%H‘]$1¢,

tv: A )5

PRECK: ev MR ev->ev_base |, FE{FSEAY M ev->ev_events FHH, Wi ML), ev
PR OV IEER T R tv A& NULL, J02s [RINE I E =4, K ev s E] timer
e b

WRILAE — DB R, B4 R EUORAIE B SRS B M, o7 DLV AR S F— AN r
BAE . XA BRBARAARIL T libevent 4075 2 AL T ih, HAFAE RPN, 50640,
TR E ARG .
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event_queue_insert() 5 S FAAEH AR B EER T, R IR R AR ;
event_queue_remove() 571 5 K F4F MORE R RSt B, 3K FRLAEAS P S AR T

22



2) WHRRZEA:

# SN int  event_del (struct event *ev)

PR B IR A ev, X5 110 Fi0E, M 1/O () demultiplexer 45 S {74 ; % T Signal
F, K\ Signal FAFRER TR X5 T E TR, R AHE IR

) B B P AR A R — 52 S S 1, Ll R s el i 2 5, A T REM R 4L 110 AL
[l Rbe i PN

4 /NFY

S3HT T event_base iX—EEL KR, YIPER T libevent XF RZE 1 1/0 demultiplex AL
3¢ event_op iy, G IR T T FAFIFENRMIBRALBE, N A S ST S
FIHEZE o 1) = AR IR 4
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© FHEREA

IAETRAT T 29128 TR T libevent ] Reactor 2 {F——event_base FIFi{f45 BEHELY, 4 1
eaf A libevent AR ALFR IR H LB ——=F A IR, AL R AL AL A 22 2% 23 AL
TR, 0 CVrEM s Fat, 8T 20 0 [ e Bk Ab P A

1 Br BRI A

Libevent ¥ 1/O Fff. &I #AGE 5 HA BRGNS GH T —K, KB nA
libevent J& Wi i 33X — (1)

BRI N AT, HNIZN Libevent (FEANEL . FAEE BRI VAR A L
TEWTRAIR T, I REREAT libevent [T AF 44 il i REr b I R &L R, 8 N it —Le i 511
HNET

il

2 FHAFAEENEIA

Libevent [ =54 = 7HFF 5 2250 5 event_base loop ()R 58 Bty 3L 3 SHR AR 40 1 1 R
KT, event_base_loop FTAE HIRLIE FREEAT N THIFRIAE R o

¥
i R A ML R P Tl A 1 s T SRR IR R EEN [A]

k
Rt imer heap P event (F) 55 & B B BT RSO
demultiplexer 'l fiz & 55 £ [A]

h 4

# Flast wait time, 5 time cache

¥
U5 H &40 1O demultiplexer {4 81 #51/0 events

v
Hrfsipnal FIEOTHED, WHLEEEE, WK &G signal
event, Hileventdf A HHGEERED
k J

FEREEMTT0 eventdif A IR 8 F2

v
Erfrheaptrftimer events, #5525 ftimer event Mbeap |-
[ N g

¥
FELI O 55 G A 19 6 e P 1R B ovent, VAP JUIEL U 2
AT P A
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1G4 T event_base_loop FTfEMFZEEAE, winl LW LLIEARMSE AN T, AR 45 I8 jEAH
Pl
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event debug (("%s: asked to terminate loop.”,  func ));
return (0):

3 1/0 F1 Timer 14—

Libevent 4 Timer 1 Signal S 4F#%—2 7 RS0 110 1¥) demultiplex HLHIH T, AH{E
B BRI R B B T, PSR IR T

56K Timer SEAFRIA 2R S 110 Z B EIMLEIT, R S3GW00, B RSN 110
BLHIE select() A1 epoll_wait()# fo 1FRE 7 il i — AN e RS I i) CHLR Ay 55 R IR I 1) D
timeout, RU¥&A 1/O FERA, EA IR UERETE timeout B[R] Py ik [A]o

2R AT Timer A% (1) d5c /N IS IR TE) R R S8 1/0 1) timeout IS [H]: =4 & %8 1/0
IRIET, PRSP A e4E  Timer SR ol LT, IXFESLREHRS Timer {58 E ML & 2 R 5%
(1) 1O HLEIH T o

1X &7 Reactor Al Proactor #5158, ( Ezh28#ia, tban Windows L[ 10CP) i 4LFE Timer
FAFMAHITET , ACE R, KELUZ% POSA vol2 i) Reactor
B,

Y& —M AR SR, ETR R BRGNS A E O(IgN), N A MErh
TCEMINEL, TREGR /D key fH CIMRHE) BISAREN O(L)s [RIRAR B 78 21 Timer (1)
Zifh N CYSRIEARME—[K)), libevent e K (K HESEH .

4 1/0 F1 Signal AR 5—

Signal J& 50 A 4 ML= 51, K Signal FH4E4E— 2 R SGM 1/10 2 85 i AME Timer
HBA FRT 5 Signal FAE BT EERE RIS 5E B, HEFEARE SO — AR
RRABEGRET —ME 'S, MBS RN “TEAE 5 R AR, WEHRAT N RHEAE”,

Y Signal &A=, FEASLRIE event [ callback pREALHAE 5, 1) A& WLl AN &
i 11O HLEI, ARFLRF], ARG HSE A 1O FAELLK Timer —iHEAbEE, Rytrl LT W, 2
(), XA 2 libevent T 45 FH (1) 77

I PRI A% AE T, 4 Signal KAERS, WIS AT RS 110 2 B HHLH], 33X HAE LA/
K, WEME 5B VRGN U, FRAR S o R A I A ik, than A A pipe.

5 /N

BT libevent [ FIEEN, HEA T libevent f& Ui kb BERSE 1K 1O i, 2 i) 2L
S, DR e A AE R A Bk
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I\ ERfE S A

WAERAMICE THE T libevent HJIEAKEL . FAFEBHELFIFAF T3, LR E| T
libevent ' I/O 1401 Signal LU A Timer SFAFIJERR, IX— 40K Hrinfa ks Signal 4R p s 5
A IR

1 BERCREE— H socket pair

A— O T REBZINA T, FEATEHERM W ENH”. 76 libevent HiX &
i id socket pair SE /8, R IR TEG 3T

Socket pair g —> socket XJ, 7P/~ socket, —M3% socket, —4~5 socket. TAF
R Lihevent £k

|
n

socket socket

| |
| |
| |
| |
| |
| |
| |
| |
| |
e T LI
I—r Lafalls = Soele prir— 4 i
L 1
| |
| |
| |

Bl > socket pair JFAGER IR, FTUAS WL R AR, SRR W, b 2

TSR F RIS A

¥
{2 W T socket

h

S B A < |k " T T A

¥

g - iE#Esocket—sockl

h

W W connect () 24 ) 0T socket W5 0T F 85 0

il Faccept O B A 00 75 35 [ (Msocket

sock2

¥
Fizock1{E b Ssocket: sack2fF Aifsocket; iE[A]

B

Libevent 24t 7 %fi B 58 %5 evutil_socketpair()l 61— socket pair, nJLL4E4 BT Al
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FERUREAR T 1% PR HL o

2 RREIF TN

Socket pair GIEEL; T, A& libevent (A FIEINIE LA HIE Signal A&7 KA T, FH
KIATE 2 T BeJa 25, MBmiRE: A socket pair L socket 7E libevent K event_base 4]
EFEM—A persist FIEFE4.

IXFE )5 socket 5 KRN, 1L socket st B AN, il FE, MM event_base
b NE S INAINEC ESIBGR ST

HUTIFE R, Libevent &7F FAF B AR A ARIC, M2 & A il & 1) signal, 4
Fric 8 % B Bt b BLIX AL signal, X BUARRSE & A HAR 11O HLdl, LU Epoll h#Il, 7
epoll_dispatch()pai 2, A5 Fr Bl

res = epoll wait(epollop—>epfd, events, epollop—>nevents, timeout);

it (reg = =1 |

if (errno !'= EINTR) {
event_warn(“epoll wait”);
return (-1);
}
evsignal process(base);// fbFlsignal Y
return (0);
} else if (base—>sig.evsignal caught) {
evsignal process(base);// fbFlsignal 4

[S—

SEREII A PERES IR BT«
G HHT B

1 fillEsocket pair
2 Msocket pairflifEsccket?Elibeventfevent basesE{ FitM—4-persistiEE M

Richer, v Llecd

———————————————————————————

Functmn evsignal handle
|In Thread A

LHES RERICHEL MRS signo;

2} Hsocket's Aﬁ%gﬁﬁsmkeﬂﬁgﬁ
Ml £nevent_base

thread

Function event base loop()
. — - S S signol S 4,
Ty o SR Meventif M3I1% S sig
LI/08 %4, event baseffL/OHLH T _FiR[H, noffjevent#R

2t ic A Msignal BPF R, WINER, #
s 1 gnofiT Mt 351 5 0 B BE R
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W 1: libevent H, WIZAALR BEFAVE ML socket OB, T ATEEMHS B 5 BoA 2 R IFE M
vE 2: libevent W, # /O FAREALAK RS 110 HLHIK dispatch() ek $ b 58 B, 1% dispatch() s $i e
event_base_loop() B 4R 5

4 evsignal_info Z5#4k

Libevent ' Signal =5 {4 [t & #1218 o 45 /4 44 evsignal_info 5% 1, 45 #7447 T evsignal.h
A, E AR
struct evsignal info {

struct event ev _signal;

int ev_signal pair[2];

int ev_signal added;

volatile sig atomic_t evsignal caught;

struct event list evsigevents[NSIG]:

sig atomic_t evsigcaught[NSIG];
#ifdef HAVE SIGACTION

struct sigaction **sh old;
#else

ev_sighandler t **sh old;
#endif

int sh old max;
b
IR H— AN BUR B SCRME -
1) ev_signal, & socket pair [{Ji socket [i] event_base 7 sz FAE I A ] ) event 45 Fy44,
2) ev_signal_pair, socket pair X, 1FEH WA,
3) ev_signal_added, ic's% ev_signal Ff e &5 &M T
4) evsignal_caught, 1A 1E 5 KAEMARE; A& volatile F5H, [K4'E & 1E S NP RE 1
Bk
5) evsigvents[NSIG], %41, evsigevents[signo]Z<iEM 255 signo IFEfF5ER
6) evsigcaught[NSIG], H&idsgRpAME Sl k%L, evsigcaught[signo] & it k{55 signo
e ik 2 PRI IR
7) sh_old 3% T JE K1 signal AL R 20dR%Er, 4155 signo VEMHTT event #iE 28w, w52
T H AL P e 4

evsignal_info ()R 4L 55, €)% socket pair, ¥ & ev_signal Z1E ((HIFEAVEN, 1M
SEERAE SN AR A IEND, PRI AL E R, VIS 5 R R e

farey
S

>

5 YEM. 5 signal FH4F
T signal S it evsignal_add(struct event *ev) ki %5 B, libevent X T A 145 5
VR — N AL BE e 2L evsignal_handler(), ZERECKAE F—BAAAH, NI FEWNT:

1 WA ev 2321 HIME 5 signos
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2 WIRAE T signo RYEM, ALK signo HEEMHE 5 AL BE 8% 5L evsignal_handler();

3 WHRFAF ev_signal BN, kLM ev_signal F44;

4 WA ev R INE] signo [ event g5 &

M signo EER —AN Ty MY signal SEAFRERE TR T, BN CE M EER TR
BREDAT, R dER O, ISR IH B A2 pR 5

R RS LA signal()p& KA 181, sigaction() e i) b RN signal ()AL

Ak 3 b Hevsignal _handler () ef Z it FAG AR T L, R0 AR 5 IR AE ISR, JRE AN
event_base {5 Sk, FFEALIE:

5 /NI

AT libevent X} signal S5 EARABEAESE, HEEFLEEM . MERF socket pair
WAHLE, LU ATk Signal SR 4R B 0 R0 2 T .

31



L SREGE R B S

IUAEFEATEN 204 libevent H 1/O FHAERT Timer F: 18k, 5 Signal AHLL, Timer 3
PEREE RS BRI TR FAR 2 o Libevent X HEM B ERAEML T —2e0ift, AiESflidix el
W5

1 EERBI LB

HARGE 110 WL select()F1 epoll_wait()#l fo VFFE Al — AN KRR ) (AR
J ORI N TED timeout, BIESA 110 Fi4F kA, AR ARIERELE timeout I [A] P & [H] o

2R A Timer A 1) d5 /N B I I [R] SR 1 B R 48 1/O 1) timeout BFIH]: 4 3R 4E 1/0
IR[ET, RS P A R 28 1) Timer ARSI LA T, XFER AR Timer FARER RS B R 4%
(15 1/0 Bl T

AR AR AL S A event.c 1) event_base_loop()H, EAE T LLARES KB B IX— AL BT
i

timeout_next() bR ICHR Hha HE v BAT SN IR AR PR A A 24 B I ()R SEAE A I 18], R 0
ERANEE
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return (0);
}
// BUAS 241 (]
gettime (base, &now) ;
// W R I A <=2YHE, AREEERE, T2 BR[|
if (evutil timercmp (&ev—>ev timeout, &now, <=)) {
evutil timerclear (tv);
return (0);
}
/[ VAR A S )= 22 17 B T) — 5 /)N PR AR ) st (1]

evutil timersub (&ev—>ev timeout, &now, tv);

return (0);
1
2 Timer /MR H#E
Libevent i HHEARE B Timer A4, I key {HmiA FAFH N IR, JEACISAL T34
min_heap.h #'.

P e S50 T B O THEMITEA A 28, i MErhaR N MHBR 7T 2 I () 5 2% FE R 2
O(IgN), N HEFICEIANEL, 13RI/ key 6 CMEHE) B ZE K O(1). HEE—A5E
X, BT SN

Libevent SZHLIFIHER 2 LLIAR TG, HEARBAFHOXFgid 5 X (Fa—Le G 1RIA
2o BIGRNMT AT We, HtLMEATTE A, KX U, F it AR ) size Fox M HET
HEMITC R4

SN AR Z R
Heap[size++] € new; // SCHEIZZAUAR ), T4+
IR g2 shift_up() RIS IZ AR, AWk new [ F i
_child = size;
while(_child>0) // 7§

{

_parent € (_child-1)/2; // 115 parent

if(Heap[ _parent].key < Heap|[_child].key)
break; // AHE4E W, BEHIEEA

swap(_parent, _child); / 424 parent #1 child

i libevent {1 heap ARFIXEE—RLFLM T HRAL, (EREABIICENT, UR b HC 2R T
—AREE hole (KA hole fir TACALR D), {H3A ST 2K B 752 HAE hole L, TR AR
LS hole [0, #5527 K F U4, SRk hole Bt AEHHC MIFTAER BIN, 420
R H R hole | BIEAE TSR AL EATFL DT, 1%
T
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IR shift_upQRARISIZ S, AWrFPR new (1) “TRALE” [a) L%«
_hole = size; // _hole #t /&% new TR A&, (HIFANZZIHE new Ji I
while(_hole>0) // 1
{

_parent € (_hole-1)/2; /| iI-%% parent

if(Heap[_parent].key < new.key)

break; // AL, BEHEI

Heap[_hole] = Heap[_parent]; // & parent [i] |~ iJi 4%

_hole = _parent; // F§_hole 144 %I parent
}
Heap[_hole] = new; // %4590, Kt new 4#i A F|_hole 575 (A7
size++; /| JLEANH+L

T RE AR DA — OB R AR, R B AR LUK, R S LU — P P
$er. libevent H1(¥) min_heap_shift_up_() ek B0t 2 LA 1 HARSEIL, XS 1) B R 2 ek
2 min_heap_shift_down_().

AT, —AN/RHE 3, 5, 8, 7, 12 i AFT T E 2, IS —rh R A2 4,
SR R B R

T _—
e e AR, e e A2, e e

2H8E 2047 b
0 @ i‘;rr;r%-E "n @ e a @ e
) 821 R A

i H libevent /1 (13t A #3846, RS REQ N B FTR:

—_—
TV 0 O @ @

F 3F#

WocE2, MFAr o o @ e

i ?1mleﬂ.i:kf|l_f{.u1:
@ fhA

X IMBRATT R B SR, WHEMAHRERZE, SAHPIRT

TR~ il
holeff1fii &

3 /Ny

T 3 RS 110 HLHIE wait ISFE], AT RTHE AR R Timer ZF4F; 2007 T libevent
Xof HE R SR AE A
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+ 3ZFF 1/O Z BB TR

Libevent [{Z.Co2 FAFIREN L [ ARRLIE, A TIARIIX— HAR, LACRHRSEALM 1/0
Z B, X EEAE Windows. Linux. Unix S & EERISA AR, Qi sete it
FEMGE— WS 7 30, 2 R 8, XS AHE, Ak — 1.

1 Gi—HoRH

LibeventsZ 4 2 Fi1/0 % it 5 FHHOR I S Bl AE T 4 i) fkeventop, 1 A& A A4y T 55
R, MR R R EIRE, & XAtevent-internal h 3
struct eventop {

const char *name;

void *(*init) (struct event base *); // ¥tk

int (kadd) (void *, struct event *); // JFE/MEff

int (kdel) (void *, struct event *); // WISt

int (kdispatch) (struct event base *, void *, struct timeval *); //
FA K

void (*dealloc) (struct event base *, void *); // JVE4H, BEHCEYE

/* set if we need to reinitialize the event base */

int need reinit;
b

1t libevent 1, 438 1/0 demultiplex HLiil I SEELAR 20 (X TN R G 1, SR 58k
SRR . FSORE IR XA R K o

Loy - epoll, libevent SE3L 7 5 ANKEN 42 e %k,  FFAEWI UL I eventop [ 5
A REFREHR X 5 N EREL, AR T ELEEH epoll /£ 1/0 demultiplex AL T .

2 BEE 1/0 demultiplex HL4H

Libevent #1577 S KF 1) 110 demultiplex HLHEIAF it {5 — >4 Jm g A5 241 eventops 1, 7
WIUAACI PR AE TR HLH],  $d] P9 28R A 56 P 75 B 0
/% In order of preference */
static const struct eventop *eventops[] = {
#ifdef HAVE EVENT PORTS

&evportops,

#endif

#ifdef HAVE WORKING KQUEUE
&kgops,

#endif

#ifdef HAVE EPOLL
&epollops,
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SRJ5 libevent FRHiE 22 48 L & RN 2 PRI Ik 2 A W —Fh 1/0 demultiplex ML, X BARHS
1EBR % event_base_new()H:

AILLEH, libevent 764 PERY BOk £ 24510 110 demultiplex HLEI, AN SCREAEIZ 1T B
R T P VIR
PL Linux RTHIP) epoll S, SEERAEYR SCHE epoll.c H, eventops %%t epollops & SLUIF :

"

A5 epollops "R HR AT BAR A BB R, v 2 B R (B F1 2 5040 R eventop H I 5E
SOHE—E, IX 2 R BR B IR R
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2R IE PR A epoll,  HB-4 1 H 5 #4944 eventop 1] init A1 dispatch p&Z(FRENI, SEBR
W B e B0 2 epoll () 8R4k b5 %k epoll_init() A= 14-43 % ek %k epoll_dispatch() T ;

KT epoll M HEARHIVEX BUAZ UL T, 7T BLZ: W2 epoll [SCE CA N RIGIE):

http://blog.csdn.net/sparkliang/archive/2009/11/05/4770655.aspx

CH+if St T BORSEMZ A, {6 Cili 5P, XM RBERE LI . X T %26
PRIECTR BT (R PR Ul B A] LA DL SR

http://blog.csdn.net/sparkliang/archive/2009/06/09/4254115.aspx

[FIFER, L fi epollops EL A epoll [#5 il bk B0l EL 4% 2 AL T epoll.c Y SCAFH, XF4MER
SEAF L. XS T libevent L IHTN S, 58 RASFIECATRAAAE, X epoll FfH ]2
It eventop K 5E 1), IAF T AE B H K.

3 /N

SCHFZ R 1O demultiplex ALK J7 % HLSEHERT BL10, A5 30 T B0 3R EFE OK T i id X
PR Tt n] AE H,  Libevent J& 784 126 BLIE £ R 4011 1/0 demultiplex HLHI1I, 1A
SCREEIBAT I BOR A I B PR O %
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+— EEEE

N T SCFFER s, Libevent WAZIAT R SEIN (AT A0HE, IX—HB 70 A9 A A B i o, 82
W RN I TRL RN B e 5 IS TRI SR AT I TR L T2 I i S (Y I BP0 At o T 45
WA T — T

1 wrga A il

Libevent fEHIUH AL I 24 I R Se it 0] 2R Y, ik i FH p% % detect_monotonic()5E %, ‘&
LA A clock_gettime() KA 22 45 2 15 3 £F monotonic I 4pS 7
static void detect monotonic (void)
{
#if defined (HAVE CLOCK GETTIME) && defined(CLOCK MONOTONIC)
struct timespec ts;

if (clock gettime (CLOCK MONOTONIC, &ts) == 0)
use_monotonic = 1; // RZ X Frmonotonickl[a]
#tendif
}
Monotonic I [a]F5 75 /2 2 4t A boot J& BIIAE T4 (IR T), - 4n 2R R 4852 +F Monotonic
I 5] foKs 4 J5) 42 & use_monotonic & 4 1, W use_monotonic A4 M, XA G
VLN AR E I B BE A R T .

2 B[R ZEA7

4E k) 1A event_base F ) tv_cache, FHKACSEINTHZEAE . IXANIE T R gettime() ki,
Je KB B %R B A
static int gettime(struct event base *base, struct timeval *tp)
{
// WRtv_cache [A]ZE 47 L E, Ht H AT H
if (base—>tv cache. tv sec) {
*tp = base—>tv_cache;
return (0);
}
// W3 Frmonotonic, HiHclock gettime3kHmonotonichy[a]
#if defined (HAVE CLOCK GETTIME) && defined(CLOCK MONOTONIC)
if (use monotonic) {
struct timespec ts;
if (clock_gettime (CLOCK MONOTONIC, &ts) == —1)
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W tv_cache CVAEWE, WA HEA AN ] 5 W T ZH X IAT RSk
IR G ]

bR % evutil_gettimeofday() FH K SR HXCY B RGN |, 5 Linux B S8l 2 R 400
gettimeofday(); Windows %17 $2fit i 51 gettimeofday, 1 &3 _ftime() SR 58 B -

TERHR RGN, INHAEZE4F tv_cache HFLsWeAH N s SIS, HUCKER 1
Il event_base_loop [#) = EACL 2 45 :

i 5] event_tv #5751 dispatch() - GR [F], it & 110 FRat 4 i it i), 55— TG
i, 1T tv_cache B4, (K1 gettime(V AT R LT SIS T RO ) s 104 2 5
3 tv_cache FR7s I ]

i [F] tv_cache 7T dispatch()i& [7])i5 8% 15 B4 AT RGN R, RIS A7 T A 110 Fiff
LB IR Cevent_tv).

MACHLIZ 45 5L ] LA HY event_tv LA J2 tv_cache L —IKIKIME, At event_tv i% /N T
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tv_cache {1l

WCE I TR ZZAE (L SR AN D BEGRIUS (B AT RGP, X2 AN 27 I R4 s 7
I THIARYE PRI T i 2 IS ) s 1 R B 1) b B e DD, PR gettime() I 1 (145 2
tv_cache ZEA7- ¥ i)

3 WTERIE

WER RS FF monotonic I [H], %I )2 R4 A boot Ji& BIILAE T2 (S Ta],  RIEAS
T EPATIRIE

FR 4 T AR 4, R R AN SZRF monotonic TR, AT BES T3 1) 2 1) 1),
L SIS )R TR T (MS JFTHES 7 F U T SRR, TEMUED, LA 5 R EE R
T 3 AL ATERT IR A2 B IE T RE /N T BRI ], R TR ZERAE T, PR EER
IEREARARRY,  Hp% %k timeout_correct()5¢ ik :

LEVIREINARHERS ,  RR BT I S 10 B T 2 Bl o AR TR PR {8, DRI AR 3 b o
FIIR O T, (HRARX R R, AR HE B S R DR U B T
HEF BT A TG ER, RS 0 38 1IN (A SE (R 9 2 A [7) (¥ 70 BT 58 ) T, AN 5 2 T U A 1)
gEH.

VSRS, B event_tv {E BB E M tv_cache i T .
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4 /N
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