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&5 O Thread pool work scheduling ¥F5 REUE ZHAE R, 210 T HEREAIK N ERER -

3.2 APISCHY

3.2.1 i
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&, —DREERE— MR-

= — M B s R B ROR ] T — IR,

AEMEH —MRESE, 20— APIEEOR 5] — M EEEL R
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HiRH R
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ZEIIRARKT
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UV_EADDRINUSE
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UV_EAGAIN
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UV_EAI_FAIL
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UV_EAI MEMORY

N 5E
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ERTF RS
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AR
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UV_EINVAL

EESE
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/O %
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BT OEE
UV_EISDIR
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WE| T REZFF55ERE
UV_EMFILE

I RE T

UV_EMSGSIZE
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SRR
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S EEPEYE 0N e
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BRI SRR H 5k
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NG
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B LB R RS R
UV_ENOSYS
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AR—PHEF

3.2. APIICHY

11



libuv documentation, % #i 1.26.0

UV_ENOTEMPTY

Hdrzs
UV_ENOTSOCK

HARERT LT ERTHRIE
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ERT I HIRIE
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A AVFRIERIE
UV_EPIPE

e TE
UV_EPROTO

B IR
UV_EPROTONOSUPPORT

A SFF
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BT R IR AT R
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LERRKT
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ARG
UV_ESHUTDOWN

RREFEFR M s RHLE K%
UV_ESPIPE

FEES
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BUE IR
UV_ETIMEDOUT

R
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API

UV_ERRNO_MAP (iter_macro)
WA BN R &Y B — RS iter_macro VAFRRIZE «  iter_macro IR NS EUAR: NF UV_Hj
BHERE RS, MEREEFTEFEHE-

const char* uv_strerror (int err)
R AR A E R RIS FEERE R . MR —SF T RINE, SRR A RS e .

char* uv_strerror_r (int err, char* buf, size_t buflen)
IREG R4 B R B FIEIRE R - DIEERNE BEF AR P REIZ MK buf B, NI buflen
T

1.22.0 HhRINEE.

const char* uv_err_ name (int err)

IREN AR R IR A I ERR 2 - IR — LT TN, SIRRARER A TR .«

char* uv_err_name_r (int err, char* buf, size_t buflen)
IR BSR4 E IR I AR - IR R EMEER P IREMERNX buf B, NE buflen F
T

1.22.0 FHRINEE.

intuv_translate_sys_error (int sys_errno)
IR [E] 58 [F] T 46 5E °F & R B IR RS BlibuvEE 1R URS . POSIX SR URSTE Unix £ (FFHET ermo )
FIWin32 81 EWindows . ( GetLastError() B, WSAGetLastError() IZEIH]) -

W sys_errno BE&—Mibuvigix, NEERME .
7E 1.10.0 AR E L function declared public.

3.2.2 JH T A I F) 725 71 R

AT IA1.0.0, libuviE g semantic versioning #R 2\ « X PRE B BIAPIRELE — I T RRUAS & A7 ) A AT B 391 51
Ao X DEDRRE & T I IR &R S SRR A E R, F TR Z Mibuvi AR IT
H o

M

UV_VERSION_ MAJOR

libuviR A I EGR 5 -
UV_VERSION_MINOR
libuv i A H BIIRGR5 -
UV_VERSION_ PATCH
libuviR A FIFN T 985 -
UV_VERSION_IS RELEASE
BWER 1 RFEE—libuvAI L AR, 0 TR LR -
UV_VERSION_SUFFIX
libuv iR A5 2% - 45 5E HITT & & AR5 4 Release Candidates AJ B Mg 2R LA "re" -

UV_VERSION_HEX
R Elibuv IR S BT B B BE - B 80, N T HUARTESRALSAL - LI7i, libuv 1.2.3
B 0x010203 -

1.7.0 HThR TN EE.
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unsigned int uv_version (void)

iR[E Uv_VERSTON_HEX.

const char* uv_version_string (void)

LAFAF R L FOR ElibuvAAR S o X TAERARRA, WA RS A FEEN -

3.2.3 uv_loop_t — HHJER

HEEAElibuv N RERIZ L . EMTTATVORW, FIET AR EEIRIRF SO T B0 R R AU A -

B R

uv_loop_t

GEE S=Sip

uv_run_mode

HZELL uv_run () BITTEEARIRES -

typedef enum {
UV_RUN_DEFAULT = 0,
UV_RUN_ONCE,
UV_RUN_NOWATIT

} uv_run_mode;

void (*uv_walk_cb) (uv_handle_t* handle, VOld* arg)

B4 uv_walk () BIEVEREUOET &

NILHLA

void* uv_loop_t .data

API

P& CER BRI 2 - libuv AN BAARGX T B

intuv_loop_init (uv_loop_t* loop)

WIRRACLR FE W) uv_loop_t LEREAR

intuv_loop_configure (uv_loop_t* loop, uv_loop_option option, ...)

1.0.2 i ThaE
Tﬁﬁgﬁyl‘ﬂ/‘]ﬁﬂ:ﬁIﬁ PRIBE MIZESE —IKEE uv_run () ZEIPEEEXDY, BRIERITUH -

IR [H] }% FRT, 58— MUV_E* SR CIEE R . HERIFLALHE UV_ENOSYS ; EREMRETEIMETIAH
FE TR

SRR I

+ UV_LOOP_BLOCK_SIGNAL: H¥if#iE4HERFS - %4 uv_loop configure () FIEE
NMHERESRS -

XL Fi L T SIGPROF(E 5, T 24 fif M EEYE BE 0 M 8805 & il AN BE R MR R . 3F K
HAKIE 52 L UV_EINVAL 20K -

14
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intuv_loop_close (uv_loop_t* loop)
BT B NFEABEIR - R XA U S B C 245 T 9 BT U AR A K 289 %
Fl, BNEEERHRE UV_EBUSY - fEX 1 ERECREE, A DIBEACHTEEA 3 BLRI N -
uv_loop_t* uv_default_loop (void)
R AR FIBRIATEES - BRI EIR[A] NULL 40 PR A7 53 BRI -
XTHBEMENTHFE TR FNHAEBFNE2BRESRN—1TEH R TR, BRIAEAS
uv_loop_init () VIR MITERAH TER . MEAREGWE, BIAESARTLL GFANZ) #
uv_loop close () KA, LUMESEFRBEATTIRBIREAL -

%

B X PRBARAREL 2

int uv_run (uv_loop_t* loop, uv_run_mode mode)

XA RECB T EIEES - ERHRTE E RIRSUTR BN RIRAT 9

+ UV_RUN_DEFAULT: {7 S HIEEAE SIS B 2 Ky sh RIS | MBI R A ReiE K - R EHEE
WR uv_stop () BRMBIPEESIRANEGER . EFrEHMENL MREE -

« UV_RUN_ONCE: ®HI/O—IX . FEEWFHEEE FOHEPEREGX S REPEE . R AT Y 5EAH
B (BERRTESIRAREGER) | SEETENRHEEL FFRE (BWRE IR
ARIFEBT FHIRGBITIX N FEAEES) -
« UV_RUN_NOWAIT: #IRI/O—IREANSFHZE, &R R pE JE R ES - IR B 2 52 AT
(BB R RHNERAREER) | sBEEZEWMREEF L EE RS (BRERNIZER
RIS F GBI TIX N BAFEER) -
intuv_loop_alive (const uv_loop_t* loop)

WAREHGIHETESH A - RSB REGE TR RS AR E R E(E .

void uv_stop (uv_loop_t* loop)
I BEER, BUE uv_run () R . XRRT NIRIEEME . 05X s EHEVOFH ZE Bt A
R, X URAEERRE AN 2 A VORHZE -

size_tuv_loop_size (void)

IRIE] uv_loop_t GEFEREI RN o XF BRI S5 4 A7 JR I FFIZR E (E& B -

int uv_backend_£d (const uv_loop_t* loop)
IR S SO FEATF - {3 Ffkqueue ~ epollFflevent ports -

XA LABR uv_run(loop, UV_RUN_NOWAIT) WhRIEH, RE—MEBNLBFRINE S — M EENEITEH
BRI BV EL - £ test/test-embed.c FREURA -

M 725 — PkqueuekC IS H RN — Pkquene LA TFNENE FEH L . AR —NIRINTR
FFSEER, TREANSTEEM -

int uv_backend_timeout (const uv_loop_t* loop)

IREGCIRER « IREIERGAD, 50 -1 HE R FRATE % -

uint64_t uv_now (const uv_loop_t* loop)
uﬁ%&@@% Eﬁﬂ"]ﬂﬂ’lﬂ@ﬁ o I IEU&E%ﬁ‘ﬂﬁ{%l—rﬁ%ﬁﬁE/‘]HTﬂﬁéﬁﬁ, 1$D_IL, uv_update_time () IS
BT AR PR

XA (R BAE — S AR T RO B S TR 0 - A EE T I s R BUR, 1R A 2 EE T

EfE: B uv_hrtime () HIRTFETZIRE .
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void uv_update_time (uv_loop_t* loop)
BT R EAEE "now" o LibuvfE B FJEIATES TGI8 77 1 BBt (A],  DAR/ADES (R AE 2 F R G VR
#E-
PRBFE A TFERAZ N EE, BRIEVRE £ K B E B P ZE B R p R R 5L, eak "5
K" HRENER -2 EL .

void uv_walk (uv_loop_t* loop, uv_walk_cb walk_cb, void* arg)

T AIRSNEE:  walk_cb B LLLA E R arg #EHUUT -

intuv_loop_fork (uv_loop_t* loop)

1.12.0 kTN EE.
fork(2) RS A G E T HREN EHWIE AT LB AZRS -
SERT S A A A A Ak A T AR N TS

AL EAERIRAE LA B L BRI ART B AL DAL, A IRV R 7t R BRSO X
B, AREEOER RMERANELAERREFHE) « XPRBDHERE uv_run () BUHEFH
fl (5 2R B PR AP B BT - X 4 BRI T R S BCRE LBt AIREER ARG
TR EE R E B TR

WRATHE, DLSBAE T REE S — DFTREAT AR B FACHRE AR MEEF - fork/a £ TR HT I TEER
ARLAAE XA R -

XA BRECRAE Windows [ SEIH, X BIR[E] uv_ENOSYS -

;’%%: XA RHCERRIER . EFREE Sbug, HFREBEEUMER - ToIAMRIE APL A1 ABI 12 E

HEME: £ Mac OS X I, #0 HRFSHE AW A SO RER) AR S EPEER A, T RERE AN FRE
5 5 B ROCRWIFSEventSE I - MBS, £ AR (6 1 B SKFSE A A1 RF (B3R 21 FH T S0 A0 H A 2
Fkqueue AL AR S5 -

T&: fE AIX M SunOS I, fEforkff DA CHTRIT R MFSE AR A& AT HERED L%
s BN BER - B EMASL, ENEER TIELHREME—FNHA -

S EMZHIN uv_backend_fd () IREIRMEIAETRL T - AR sECL AR IO I AR € IET
i i ST AR AT

void* uv_loop_get_data (const uv_loop_t* loop)
1R [E] loop->data -

1.19.0 HhRINEE.

void* uv_loop_set_data (uv_loop_t* loop, void* data)
W& loop->data N data -

1.19.0 FHRINRE.
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3.2.4 uv_handle t — EARAIHAR

uv_handle_t =B libuv AR TI R FE KT .
ZEF R T TF 1) LUE AR libuv AI R BEFE AL uv_handle_t- X B E LHIFTE APIREUE F TAEE AR .

libuv AR TCIERE B« %348 e B IR S A AR TR BT 7E 18 SR OB E I (B RSP AR 2 (AR EC A A
iRRZ- NIV

BamRA

uv_handle_t
EAtElibuv A RE T .

uv_handle_type
libuv AJ IR -

typedef enum {
UV_UNKNOWN_HANDLE = O,
UV_ASYNC,
UV_CHECK,
UV_FS_EVENT,
UV_FS_POLL,
UV_HANDLE,
UV_IDLE,
UV_NAMED_PIPE,
UV_POLL,
UV_PREPARE,
UV_PROCESS,
UV_STREAM,
UV_TCP,
UV_TIMER,
UV_TTY,
UV_UDP,
UV_SIGNAL,
UV_FILE,
UV_HANDLE_TYPE_MAX

} uv_handle_type;

uv_any_ handle

FrE AR R B4 -

void (*uv_alloc_cb) (uv_handle_t* handle, size_t suggested_size, uv_buf t* buf’)
BB %S uv_read start () Ml uv_udp_recv_start () BIBEIERKEIETE L . FH P W5
WHEHIETR uv_bur t GHMAE . WRBEENULLIENZ M X OEIESOEN RN KX KE, HSE
uv_udp_recv_ch 17 uv_read_cb E@Eﬁ@ﬁ%ﬁﬁﬁ* |~ UV_ENOBUF'S %jaiiﬂnﬁo

M TN (HETRZEUE Ol265536) |, ([EXHE MR, SHEHERIEIRELTEMKR -
M BITRE D BLZ DINFF -

Bian, A T Bireelists « 7 FLt Eslabs AL 85X K B & 4 UL P AT BERE (8 A — AR K
/NPAPCHEE T E AT 15T F fmemory chunks -

)
static void my_alloc_cb(uv_handle_t»* handle, size_t suggested_size, uv_buf_tx
—buf) {

buf->base = malloc(suggested_size);

(continues on next page)
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(& ET)

buf->len = suggested_size;

}

void (*uv_close_cb) (uv_handle_t* handle)

B uv_close () WIEIVHREIRTYE L -

7S 90

h=iil

uv_loop_t* uv_handle_t.loop
FRIMAIFTBITEER] uv_loop t « HiE.

uv_handle_type uv_handle_t .type
uv_handle_type , fRIEEAMNAIRE . Hik.

void* uv_handle_t .data

P E B EIRZS A - libuv AN B ARG AN F B -

API

UV_HANDLE_ TYPE MAP (iter_macro)
SN EIRRTLY B — R I iter_macro VAP - iter_macro LI NZEOAR: AN UV_ HIZ&H)
uv_handle_type TLE %, FIAT uv_ BIZRA _t JE BRI N FIEEE R AL % -
intuv_is_active (const uv_handle_t* handle)
MR ARESREFERE, WRANESREE . "TEE AR BRI T AR T
« uv_async_t A SSRGS T EATES), BRIELL uv_close() KHIE -
* uv_pipe_t~ uv_tcp_t~ uv_udp_t FFAJH —— FEAR FAEA YO AN —— HHZEH /ORI EIF
FORIEEIT, B 5. % B iEsss.
« uv_check_t, uv_idle_t, uv_timer_t 55 AJ#% & &SI AY 2 P uv_check_start(), uv_idle_start() <& FH G
A o
ZUEN]: AR — uv_foo_t RIIWIEIWE T uv_foo_start() BREL, TI'E WIRA™ BRECJE B 2 TEBh Y -
[FIFEHL,  wv_foo_stop() EAITREHRANED -

intuv_is_closing (const uv_handle_t* handle)

WRANIEAERA S O RMREEERE, BE-

TR X R BUR ROZAE ARG T AN 5% P (5] 8 ek ZC A B X B A 8] P 48 s A

void uv_close (uv_handle_t* handle, uv_close _cb close_cb)
SRR - close_ch HAEX M Z EHF DA - XD RECLTER AR RN F R R -
AN, N RBETE close_ch BEVE R B JF AN -
HFEHFRIATF RO AIRALRI ], (2 close_ch B HAEIRE N IRFBAFIEIMENR » BIURBERCCET4]
TR EAEAT BRI Z -
HATHIERK, B uv_connect_t B uv_write_t, BEHUH I EEATHIE K ELLL status=UV_ECANCELED
WP -

void uv_ref (uv_handle_t* handle)
SIS ERIAN . SIARRER, WA, RSN E X RmETCER -
See 5| FHIT4L

18 Chapter 3. 314



libuv documentation, % 7 1.26.0

void uv_unref (uv_handle_t* handle)

REIHGERAINE . 5IHRRESER, 2 u, WREKEWS| A E R IX A RETTRSER -
See 5| FHTT4L

intuv_has_ref (const uv_handle_t* handle)

WERANHEEIH T, BEEAEE, BNEE .
See 5| HITAL

size_tuv_handle_size (uv_handle_type type)

R [EIZE E AR TLAI AR N o X AR FIE 54 (A7 JR R FFIZR E EE H -

ZRT5 APIRR %k

NHEAPIREHE—1 uv_handle_t REWMZEL, HECNAEHTREAWRE -

intuv_send_buffer size (uv_handle r* handle, int* value)

R EE S ERERRH TERF R EEZGFIIRN
WE *value ==0 , FHREIM I L ERZGTER/D, BUECHEH wvalue W BHHIRERGTRN -
PR EAE Unix EXITCP ~ EEFUDPAIRARL, 7EWindows_E X TCPFIUDPAIFHERK -

EME: LinucR 2 EXEOARD, F BIREHRF LB ARG -

intuv_recv_buffer_ size (uv_handle_t* handle, int* value)

RIS R R T BT R BMUR TR A/ -
15 *value == 0 . 5HEESFHACRTRD, BEHA *value BIFILE BB
SLESLZEUnix EXTCP « EEAMUDPAINTAL.  7EWindows EX TCPRIUDPAITAAL -

EME: LinuxF 2 EWERIAD, F HaR B iR R e i B ARG AN -

intuv_£fileno (const uv_handle_t* handle, uv_os_fd_t* fd)
BEUE & 1% SR AR

IR A)J#R#E 328 TCP- & 31E - TTY - UDPHIRCIA « &3 HANAT A AW R K & DL UV_EINVAL &
L

QAR AR e RS KO R S AT B AR G ] 1, X MR [ERFR[E] UV_EBADF -

%%Tﬁ gm&z/r@&wﬁ%/mo libuv B E BB SERARE, BT DO SCHFHEAR A5 A AT o 2028 /T
RESIZRR -

uv_loop_t* uv_handle_get_loop (const uv_handle_t* handle)
1R8] handle->loop -

1.19.0 FHRINRE.

void* uv_handle_get_data (const uv_handle_t* handle)
IR Bl handle->data -

1.19.0 HrhINEE.
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void* uv_handle_set_data (uv_handle_t* handle, void* data)
BE handle->data ) data

1.19.0 FHTARINRE.

uv_handle_type uv_handle_get_type (const uv_handle_t* handle)
1R8] handle->type -

1.19.0 HrhRINEE.

const char* uv_handle_type_name (uv_handle_type type)
R [EI4E B AR R SRS R 4 FR,  BIU0% UV_NAMED_PIPE 3 "pipe” (Bl uv_pipe t) -

WMRANEFAEXERARES, ©IiR[E NULL -
1.19.0 HrhRINEE.

5| FHitEL

libuvEHEA (WEETAERMIANESR) STEZREERE NESR M 85 HAaH . B eengE g X g sha)
WfgEs | R EEA R AR Y, FIA uv_unrer () ZEWH uv_timer start () ZJa-
FIRRRT LIRS ARSI, 5IAVHEUEE FHEITEES, PR E R RS -
FREESHAITRBRIAR S I, B0 uv is active () PREUE TESHH FBE 1R RIOMRE .

3.2.5 uv_req t — FEhtiiESK

uv_req_t 5 FTE libuvig KT ELRTY .
SERE R 57 B LA AR libuvis SREEFSAL L uv_reg_t - X FL5E X AOFTE APLER AGE F TR E R 2KAL .

BmRA

uv_req t
EAitlibuvi KGR

uv_any_req

PrEIE SRR FH £ -
AR

void* uv_req_t.data

P& EBEIRZE - libuvANEH BAMIOX N FE -

uv_req_type uv_req t.type
FEMIE SRR . Hik.

typedef enum {
UV_UNKNOWN_REQ = 0,
UV_REQ,
UV_CONNECT,
UV_WRITE,
UV_SHUTDOWN,
UV_UDP_SEND,
UVv_FsS,

(continues on next page)
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(& ET)

UV_WORK,

UV_GETADDRINFO,

UV_GETNAMEINFO,

UV_REQ_TYPE_MAX,
} uv_req_type;

API

UV_REQ TYPE_MAP (iter_macro)
FEENERBEY B — R iter_macro VA o iter_macro LN SE0RE: NG UV_BiZH
uv_req_type JTLE4, T wv_ BIZRA _t Ja 8GRI N R EE R R T 47 .

int uv_cancel (uv_req_t* req)

BUAFRFCER AR - WEFE RAEPUT P D SR T 52 BRI 2RI -
IRME 0 HEIHET, BiE— <0 B IRARE 2 KT .
EEGE 3¢ uv_fs t ~ uv_getaddrinfo_t ~ uv_getnameinfo_t 0 uv_work_ t TER o

HUH B9 K A B8 eR A AR SR RS B A - BEBORER TIE SR E 2 AN L2 E 2R RECEH 2
E.

X 2 B anrT 4 25 45 1B R R S 77 =
o —N uv_ fs_t iR req->result FELX N UV_ECANCELED -

o — N uv_work_t ~ uv_getaddrinfo_t =4 uv_getnameinfo_t T KA E]JH R £ A status ==
UV_ECANCELED Wi -

size_tuv_req_size (uv_req_type type)

IR[EIZE ETER RIS o WAABFIE S5 (KA R PRI EEE B -

void* uv_req _get_data (const uv_req_t* req)
1R[E] reg->data.

1.19.0 HTHRINEE.

void* uv_req set_data (uv_req_t* req, void* data)
WHE reqg->data N data.

1.19.0 AR INRE.

uv_req_type uv_req_get_type (const uv_req_t* req)
IR[E] req->type.

1.19.0 HrhINEE.

const char* uv_req_type_name (uv_req_type type)
IR B 28 BB KR R TYER A EEF R IR, A% UV_CONNECT 52 "connect” (Bl uv_connect_t)

GRANFAEXRERTE SR KA, TiRE NULL -
1.19.0 FhRINEE.
3.2.6 uv_timer t — iTHTESAIHH

TR ES O A T VR B R B R RO A
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uv_timer t
THN g8 AR R

void (*uv_timer cb) (uv_timer_t* handle)

B384 uv_timer start () HIEIHRERIETIE X .

NILHLA

N/A
%W
uv_handle t BJRLGIHIE -

API

intuv_timer_init (uv_loop_t* loop, uv_timer_t* handle)

IR AT -

intuv_timer_start (uv_timer_t* handle, uv_timer_cb cb, uintb4_t timeout, uint64_t repeat)

FIETTHTES o timeout F1 repeat LAHFNIT -

AR timeour %, [EIVHREE T — RKFAFIEINERISET o AR repear ZAFFAE, BV sRECE IKHE
timeout ZWIF121T, ZIGHEE repeat ZFVEE BT -

T ANEEHEREEIME S now" - #0 uv_update time () KEEZER -
WRITI BS CATEDh, BT B R

intuv_timer_stop (uv_timer_t* handle)
PFIETHEES, EIERECR A2 HEEEA -
intuv_timer_ again (uv_timer_t* handle)

fEIbiTEr e, H HWR B2 EE I Hrepeat(EAE Mtimeout /AT -« WRITET 2R 2 BIMNKHBEH, &
[B] UV_EINVAL -

void uv_timer_set_repeat (uv_timer_t* handle, uintb64_t repeat)
DI Z B EE FRRE - T 8R LIA E IR BRSO BT, ANERIEREIHIT R, H BAER A
R ST BT 1 1T B
AU, R —A50msEE AT 8 EH G217 T17ms, BERE3Bms Z 5 HIGBIT - R E IKE
BRI JE EAB RS AL TR T it 33ms, T [E]JE R 2R & ROATRELETT -

EfE: G0 Rrepeat(E N — 1T IS 25 [ R ECEBORE, EAS AR . WRITHSRZHINEER
1, ZETETRRRE L . RERESR, MIHKrepeat (EHRFHH ML T —IRESFR -

uint64_t uv_timer get_repeat (const uv_timer_t* handle)

RETES 28 repeat {H -
I
uv_handle t FIAPIREHIE -

W
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3.2.7 uv_prepare_t — EF AW
W TR B IR IEIE RIB 724 E R R E—Ik,  FEVORRT—Z% -

uv_prepare_t

R FIREL -

void (*uv_prepare_cb) (uv_prepare_t* handle)

fBHR%5 uv_prepare start () HIEIJHRERETE
AR

N/A
.
uv_handle t W GIHIEHR -

¥

API
intuv_prepare_init (uv_loop_t* loop, uv_prepare_t* prepare)
WItE AT -

int uv_prepare_start (uv_prepare_t* prepare, uv_prepare_cb cb)

DAZE 7€ B (B A BRI RSO B O -

int uv_prepare_stop (uv_prepare_t* prepare)

PR FIAA, B A R R AN 2 B A -
.
uv_handle t FJAPIREHIE -

W

3.2.8 uv_check t — KEAJHH
1B AR AE R IR TEEME R RHEITA E EE R E—IR, ZEVOREE—Z4 -

uv_check_t

REAIRRE .

void (*uv_check_cb) (uv_check_t* handle)

it uv_check_start () E’]Eﬁ]@iﬁﬂ"]?’%ﬂ%i

NILHA

N/A
.
uv_handle_t AR D1 &

W
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API
intuv_check_init (uv_loop_t* loop, uv_check_t* check)
WAL AT -

int uv_check_start (uv_check_t* check, uv_check_cb cb)

A% %€ H e Y8 R RSO 2R B -

int uv_check_stop (uv_check_t* check)

IR, EERECRE A2 EERA -
.
uv_handle_t FJAPIREHIEH -

W

3.2.9 uv_idle t — ZXFEHJHAR
SIS AR R RGP RME R IHET S E R R EL—IK,

T uv_prepare_t FRRAT—Z -

EfE: SESOMNEEERET SR IENER AN,

EEARE LIZ R FREQIA T AN 9 /ORHZE «

"SRR B

TS BAMEERAT, SEAREE R SE SR IEAE R A 2 0 M TR R 2L

Bk

uv_idle_t

TSERAIRRE .

void (*uv_idle_cb) (uv_idle t* handle)

&84 uv_idle_start () HIEIEHREHIFRELE L .

AR

N/A
.
uv_handle t W GIHIEHR -

¥

API
intuv_idle_init (uv_loop_t* loop, uv_idle_r* idle)
WIMEL IR -

intuv_idle_ start (uv_idle_t* idle, uv_idle_cb cb)

DA% 7€ B (B B RSO 2R AR -

intuv_idle_stop (uv_idle_t* idle)

fEIERIR, [ R ESCRE AN 2= AR -

24
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W

.
uv_handle t FJAPIPREHIIE -
3.2.10 uv_async_t — FF A

S ANV IR B EIEEAHE BN — D ERE A [ iR AL -

BmRA

uv_async_t

S AIRRT .

void (*uv_async_cb) (uv_async_t* handle)

%5 uv_async_init () RIEIHREHIRELE S -

AR

N/A
Z
uv_handle t AR G & A

API

intuv_async_init (uv_loop_t* loop, uv_async_t* async, uv_async_cbh async_cb)

PR AN - SV IR B ACINULL -
RE 0 MR, B —1 < 0 AVBER AU 2 SRV -

T AFTHACWROIIA L REL, AIRLZITTLE -

int uv_async_send (uv_async_t* async)

ML ER R AU EA 5 ELVA S0 G ) [ R R
RE 0 HALIIEF, B —1 < 0 AURRRFURS 2 SRV

HER: WETSREAX A mEC R Z 20 - AR AR W IEEA LR Lo A -

B libu K2 G0 uv_async _send () B, IELEU, ANEMNERBMARAS yield [
WRREL R HAT o Flan: SRR R AR B —% WA uv_async_send () 5K, [FEIRECR
R%Uﬁﬂq—‘&—’\" ﬁﬂ%@@ﬁ@ﬁ?ﬁﬁmﬁﬁ{klﬁﬂ% uv_async_send() , @Uﬁ@ﬁlﬁ%ﬁﬁ(%ﬁﬂ
H -

W

I,
uv_handle t PIAPIREHIIE -
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3.2.11 uv_poll_t — BHAJ

R AT T SR AT BRI RENE - AT PERLERETIT, 0 poll(2) B HEIRALL -

BARAMET B B2 R AR T B TE AR AN ZE R LA H R T ERFRESBMURIES, K c-ares B
%= libssh2 . TR H AN H B9 uv_poll_t NEHETRE; uv tep ¢~ uv_udp t FERMET HRAF LA
uv_poll t FHERGEMEREEL, TEZEFWindows I -

BARAIREIE /R AT BE S & H SO T a5t e A B 915 5 B AN AR5 . P RN S R v R T A PR

EAGAIN i35 [F2RE515%, Y 2\ UG e 5 A\ BB % -

SE N EZETE L NSRRI AR LIE, X2 S 2ibuv IR a1 Fi s -

P ASRZ R SRR, Y E Y — MESR IR AR IEE - XAl e SFECAIRIRES, E2 e

gﬁgﬁiﬁ%yhﬁ\ﬁﬁiio IRTIZEVFH uv_poll stop() Bt uv_close () ZJG, SUHHEIRTFSLRIREW %
e -

HfE: fEWindows I, REEZEFRBEIIMAINICIE . EUnix b, FETHE poll(2) #52 B SRR FF#R AT L
H.

WM EAIXE, ASFFREIERETT .

HmRA
uv_poll_t
e fImRA -

void (*uv_poll_cb) (uv_poll_t* handle, int status, int events)

Rt uv_poll_start () A [E] 1 R E A R R .

uv_poll_event

RS

enum uv_poll_event {
UV_READABLE = 1,
UV_WRITABLE = 2,
UV_DISCONNECT = 4,
UV_PRIORITIZED = 8

uv_handle_t B AR D1 &

API

intuv_poll_init (uv_loop_t* loop, uv_poll_t* handle, int fd)

A — SRR AT AR AL AR -

26 Chapter 3. 314


http://linux.die.net/man/2/poll
http://linux.die.net/man/2/poll

libuv documentation, % 7 1.26.0

FE 1.2.2 RRER: SR RFZ  AEREFE R -

intuv_poll_init_socket (uv_loop_t* loop, uv_poll_t* handle, uv_os_sock_t socket)
i — D EEFHATF IR AN - ZELinux F3X5 uv_poll init () —FF . 7EWindows b 'EfEH—
ANSOCKETHJHA -

FE1.2.2 UEEG: EETFIRONIEHZERA

intuv_poll_start (uv_poll_t* handle, int events, uv_poll_cb cb)
FHEHR SRR TT o events =—1"HI UV_READABLE - UV_WRITABLE - UV_PRIORITIZEDFIUV_DISCONNECT#H
BEIAAERS o YRR, B KB LA status 9 O WA, I BRI EMEET events F
Br.

UV_PRIORITIZED Z{4F £ I Mlsysfs T 8L & TCPH AME B -

UV_DISCONNECT H{F i A S &5 hir NZ sk &9 B el LU E i 2 e, ERErT LA
Bh iA=L RE, ROy AT REE SR RO M B S L

RSB P LLETHIR,  staus B < 0 BEXRT—Fh UV_E* $R MRS GEI #5R 005 ) - P
AN S AR BN KA BT - WRM P TR R T EEY, B R tF 2P0 Lk
ERRAE, (HX ok Rk -

EM: HECLENMNAWNEEM uv_poll _start () AL X2 MCRF SR IE AL A FE 48
e .

E#: BEIART LA EUV_DISCONNECT, BN HRFAIXFH H X FIE O A2 BT B & £ Y

events ?& °

7 1.9.0 KB Fri UV_DISCONNECT 44 .
1F 1.14.0 FBRE MG i UV_PRIORITIZED 44 -

intuv_poll_stop (uv_poll_t* poll)
{5 ERS R STCIATT [ R ECR AN 2 FHORH -

I,
uv_handle_ t BJAPIRREHIE -

W

3.2.12 uv_signal_t — fE5 0]

S5 AW SRR RO A SR T Unix KU M S 407 .
fEWindows_ AR T — (55 BRI
o SIGINT i % £ F] FF ¥ CTRL+C BF & % - SR1M, WARFEUnix b, 2 &0 R R I BRI TCE R
iF .
+ SIGBREAK 7Ff /7 #% CTRL + BREAK B # & 3% -

o SIGHUP T F A R imE O # 4 i - ZESIGHUPHY 28 TR 7 KA T EHE . il
J& Windows ¥ & o5 i & L ERRFF -

o STHANRAES PR EREER AT 08, (HEXEF ST NS HERE] . XEESE: SIGILL
« SIGABRT ~ SIGFPE - SIGSEGV - SIGTERM F1 SIGKILL -

o B GRFE A A raise() 5% abort() & H—ME 5 A S HlibuviRE]; XE(F SRS E S M
B
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EfE: fELinux b SIGRTO 1 SIGRT1 (f§532F133) HTNPTLARRFEREFH LR . ShHXL(F5 LR Me
B4 SETIETM RT3 BRFIANHETE - libuvASE MU AT fES B EEEL AT -

1F 1.15.0 BUE G 75 Windows_EHEOHERT SIGWINCH HISCHF -

uv_signal_t
(ERSEEIL RSN

void (*uv_signal_cb) (uv_signal_t* handle, int signum)
(ELiEa uv._signal_start () NI GRESI

3

A% 5
intuv_signal_t.signum

BX ARSI RIE S - Hik.
.
uv_handle_t E’J}ﬁﬁ@ﬁ% °

W

API
intuv_signal_init (uv_loop_t* loop, uv_signal_t* signal)
I A -

intuv_signal_start (uv_signal_t* signal, uv_signal_cb cb, int signum)

LA € B[R R BT i A0, I AI4e EIE S -

intuv_signal_start_oneshot (uv_signal_t* signal, uv_signal_cb cb, int signum)

1.12.0 FhRINEE.
5 uv_signal_start () FIEERIIEE, BREESAMEEZIGEENNZIKES .

intuv_signal_stop (uv_signal_t* signal)

fEIEAIR, B R A A2 B A -
I:
uv_handle_t FJAPIREHIEH -

W

3.2.13 uv_process_t — HEAW

PR 2 ARG ERE, HF B v A ES E AR S © AL (5 EE -

Bm R

uv_process_t

iR e it

uv_process_options_t

ERGATRRNEI (3828 uv_spawn () H)
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typedef struct uv_process_options_s {
uv_exit_cb exit_cb;
const charx file;
charxx args;
char++* env;
const char* cwd;
unsigned int flags;
int stdio_count;
uv_stdio_container_t»* stdio;
uv_uid_t uid;
uv_gid_t gid;
} uv_process_options_t;

void (*uv_exit_cb) (uv_process_t*, intb4_t exit_status, int term_signal)

€384 uv_process_options_t KJEIHREHIRTEE L, FFigULR HREFGI ZHRLIERE

5, WRBENIE .

uv_process_flags
T&EY’_{ uv_process_options_t ﬁ“\?ﬁ??ﬁﬁ@*ﬁ% °

enum uv_process_flags {
/ *
* WETFHEMHAFID.
x/
UV_PROCESS_SETUID
/ *
» WETHEMAEID.
*/
UV_PROCESS_SETGID = (1 << 1),
/%
« BEHSHINRERN— D ITFRA B, ANEASISEESE, s RERETEE -
* X MR R FEWindows R FHRL, Funix LKA .
*/
UV_PROCESS_WINDOWS_VERBATIM_ ARGUMENTS = (1 << 2),
/ *
x DI BEPRS AR TR - - RS T o AR A K,
« B RO A TR ACHRRR 2 SRR EHETT -
* FEEFHRRGRECHENBEHEAL TEIRE,
* ﬂ%ﬂkﬁ&ﬁ?’l‘%&?ﬁﬁ@*ﬁiﬁ)ﬂ uv_unref ()
*/
UV_PROCESS_DETACHED = (1 << 3),
/ *
« PRI AR O E O -
* X METH EWindows RG_EHRL, FEUnix EH 2R
*/
UV_PROCESS_WINDOWS_HIDE = (1 << 4),
/ *
« PR BRI O A R O .
* X MET R EWindows R FERL, Eunix LKA .
*/
UV_PROCESS_WINDOWS_HIDE_CONSOLE = (1 << 5),
/ *
» PEl A RRBRIA O cUTE O -
* X MEIAEWindows REE LA, fEunix RS -
*/
UV_PROCESS_WINDOWS_HIDE_GUI = (1 << 6)

(1 << 0),

3.2. APIICHY
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uv_stdio_container t

R 25 TR A stdio AR B U FHIA T

THIZES -

typedef struct uv_stdio_container_s
uv_stdio_flags flags;
union {
uv_stream_t* stream;
int fd;
} data;
uv_stdio_container_t;

}

{

uv_stdio_flags

F8 € stdio WA # (% 1£ 2| F A FERIFRAE
typedef enum {
UV_IGNORE = 0x00,
UV_CREATE_PIPE = 0x01,
UV_INHERIT FD = 0x02,
UV_INHERIT_STREAM = 0x04,
/ *
» UFEEUV_CREATE_PIPERf, UV_READABLE_PIPEFIUV_WRITABLE_PIPEMRE | M THFEMMA KIETE
W7,
« AT LABIAHE R E, DLBIE TR -
*/
UV_READABLE_PIPE = 0x10,
UV_WRITABLE PIPE = 0x20

/ *

* fEUnix 28
x/
UV_OVERLAPPED_PIPE
} uv_stdio_flags;

0x40

« fEwindows b AE SHAITH FHIEE E

A -

AR

uv_process_t.pid

A R R AR APID -

TE uv_spawn () WHEHIZE -

T:Eﬁ uv_handle t H R R HIE

uv_process_options_t.exit_cb

PERR IR IS VA FH O B B

uv_process_options_t.file

TR AT RE P A B AE -

uv_process_options_t.args
A AT 2 8 - args[0] K% 2
f%ﬂzﬁ—’%*&ﬁ% RS B —

~

F?

FEWindows_ I iX f# F§ T CreateProcess % ¥
i$,%,1ﬂgfmocess_flags JZE@

B AE .
RS N R

UV_PROCESS_WINDOWS_VERBATIM_ARGUMENTS$ﬁww

uv_process_options_t.env

PIARERIEASE . WSR2 G A RR A EAST -

uv_process_options_t.cwd

TR SR TEE .

30
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uv_process_options_t.flags
BH uv_spawn () fTAREFIRE . M uv_process_flags o

uv_process_options_t.stdio_count

uv_process_options_t.stdio

Taﬁ uv_stdio contalner t tT’]ﬂ—‘@ﬂﬁE’] stdio ;J’Elﬁ'jzﬁn TEELT’HXT?L*IE}&E’]I@F?B&
RFF o 5B SO IR TR0 (stdio[01F8 M1 B9)  F Tstdin, SUHRFEIAFF LA Tstdout, STHEHE A fF2H
Tstderr -

EME: AEWindows LA K T2 ANH# FAMSVCRTIZ T 1 T R 3 -

uv_process_options_t.uid

uv_process_options_t.gid

libuv AERS R T IARERI T P /2HID « X HUR A TR T BOX B S I HUARF RS

EfE: 7EWindows FIX AT HE, uv_spawn () B EKMIF Hi% BEEE RN UV_ENOTSUP -

uv_stdio_container_t.flags
PR ALTEfstdio R gs ROZ B R4 Tt - L uv_stdio_flags -

uv_stdio_container t.data

AFE R ER LA TR A B AT A 3 R4

API

void uv_disable_stdio_inheritance (void)

SRR ARAEOR B ACHAR A SCH AR/ AR « SRR IR A2 AU 7 AR A 2 B S M ARG SRR
FEARAK B SRR T REBOR AN E IR, R A IR R o R X A iR AL -

FE: X PEMTAEER DT NFIEM F. NRIUELbuvEETS & I A A& B SCH R AT - 18 H X
T Windows I . ZEUnix I TAEHIFE T -

int uv_spawn (uv_loop_t* loop, uv_process_t* handle, const uv_process_options_t* options)
PR LA RE TR FE H B RS o SRR A, X RECRE0. AN, IR [ER R T I EEA AL
JR R 1 R A

AR RER R G5 (BEANRT)  ZERUTHISUE AL - R (A 5 7€ Bsetuid Blisetgid BLE L
HREBHINTE D BLAHERE -

7 1.24.0 P B oo UV_PROCESS_WINDOWS_HIDE_CONSOLE il
UV_PROCESS_WINDOWS_HIDE_GUI ¥3i& »

intuv_process_kill (uv_process_t* handle, int signum)

KERREME SRR ERHBEAN . ' w_signal_+— 550 LSO FES R, Bl
EWindows_I -

intuv_kill (int pid, int szgnum)

HERENBS IS EMPID. KB w_signal t — E5 0] LRI TESTE, SFil2
fEWindows_ I -

uv_pid_t uv_process_get_pid (const uv_process_t* handle)
1R8] handle->pid -
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1.19.0 FHrAR DI HE.
W,
uv_handle t FAPIREHIE -

W

3.2.14 uv_stream t — JiAJIHR

AR N W LB fE @ E R — MR - uv_stream t #— TR EH,

uv_tcp_t ~ uv_pipe t Ml uv_tty t BFER.

uv_stream_t
AT .

uv_connect_t
ERE SRR

uv_shutdown_t
FEHLIESRERA .

uv_write_t

libuvEe 7 3Fh I A 5L 0 L

GERRM . YE XM S DIUINVOER - H— MR AEIEEERN, M uv_write KEKE
TERRFE PN - HEHZE RN GRERE LT - NERRLS uv_write MEEREIITRERF A

R ER uv_write_t X5 .

void (*uv_read_cb) (uv_stream_t* stream, ssize_t nread, const uv_buf t* buf’)

LG R = D R EI

nread & > 0 NFRE T HESE, o <0 HHEIRE - BT EEAEOF,
X nread < 0 5 buf ZEATREH IR — 1 BIERIR MK, EISFMIEILT buflen F1 buf base FRHIX

HO0 -

nread FH 1% B UV_EOF

HEMR:  nread FTREREO, F A TR & — D EE IR SEOF -

EWOULDBLOCK -

X% R F7 read(2) FHJ EAGAIN HY

WAE AR RAEN BT AR uv_read _stop () Bl uv_close () 1F1E/RAR - ZIATFIR

BEHUR AR E S

WHEATBERZMX, i &8 HE - RN %X A

>base=NULL H. buf->len=0)

void (*uv_write_cb) (uv_write_t* req, int status)

AR CEAER LB R HEHRE - status IR RO,

void (*uv_connect_cb) (uv_connect_t* req, int status)

fE — PZE%MX (GXE buf-

PLluv_connect () FFEERETERE IEHREL . status FRHINFZ0, HM <0

void (*uv_shutdown_cb) (uv_shutdown_t* req, int status)

FEHLIE R FERUE I EEREL - starus 7520, BN <0-

void (*uv_connection_cb) (uv_stream_t* server, int status)

RS SR AEHOR PR AR R R R H P RESEIL A uv_accept () REZERE - status

FHRDIRZ0, B <0-
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AR
size_tuv_stream t.write_queue_size
BEFEHRAENHNF TR E . Ak
uv_stream_t* uv_connect_t.handle
TR IR FAE SKTa T T R faET -
uv_stream_t* uv_shutdown_t .handle
TR AT HLIE K Tia T TR R faET -

uv_stream_t* uv_write_ t.handle

fRIE I G R T IT TR ATRE -

uv_stream_t* uv_write_t.send handle

T ] {5 FH L% FE35 SR & & B BRI TR T -
.
uv_handle t W GIHIEH -

¥

API

int uv_shutdown (uv_shutdown_t* req, uv_stream_t* handle, uv_shutdown_cb cb)
BHR RS (5) . CHERRIMOE EREH - handle SIZFEH ML - req BI%
T MARYIE RSN IE RGN - b FEENLERUE IR -

intuv_1listen (uv_stream_t* stream, int backlog, uv_connection_cb cb)
FRUEITRTRTRIESE o backlog ¥8NAZ AT BEHERNAUIEEEL, 5 iman: ‘listen(2) AR - M2 FHOEAE
BN, JHH uv_connection cb [BIEEREL

int uv_accept (uv_stream_t* server, uv_stream_t* client)
ﬂ;ﬁﬁﬁﬂﬂ%@ﬂ/a\ uv_listen () BESFRINERE . EEWE] uv_connection_cb FALXARELIEE
FIER . ERRAXEEGE], B AW RIGENL - < 0 REMER R R -
% uv_connection_chb EIAREREARAN, RUEX D EERT S EINE—IK . WRIRZ MBS —
X, BRIEEERM . HWED uv_connection cb WHRBEAMIX M EE—IX -

HEfE: server F client W IUEBATHER— MEAZ LRIAIRE - ~

int uv_read_start (uv_stream_t* stream, uv_alloc_cb alloc_cb, uv_read_cb read_cb)
M ] B SR B - SR uv_read cb FIEREULIR BRI E B 2 8E e 2 /AT
uv_read _stop () o

int uv_read_stop (uv_stream_t*)

155 1B MRS RS B uv_read _cb BV R A SRR -
X R ECR TSR B AT DU OAF I BOPR EZe e H g A -

intuv_write (uv_write_t* req, uv_stream_t* handle, const wuv_buf t bufs[], unsigned int nbufs,
uv_write_cb cb)

GEIEEIR . ZIMXEFEN - Fn:

void cb(uv_write_t* req, int status) {
[+ EEERINEZH «/
}

uv_buf_t a[] = {

(continues on next page)
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(ZETD)
{ .base = "1", .len = },
{ .base = "2", .len = }
}i
uv_buf_t b[] = {
{ .base = "3", .len =1 1},
{ .base = "4", .len = 1 }

}i

uv_write_t reql;
uv_write_t reqg2;

/* ’5’ n1p34m */
uv_write (&reql, stream, a, 2, cb);
uv_write (&reqg2, stream, b, 2, cb);

T Bk X m B N RFF A B S EA REEITSE . XWERT uv_write2() -

intuv_write2 (uv_write_t* req, uv_stream_t* handle, const uv_buf t bufs[], unsigned int nbufs,
uv_stream_t* send_handle, uv_write_cb cb)

T RIS R TAEEE LARAW . EELAL ipc == 1 HIHIHIL -

EME: send_handle VHE— PTCPER THEEE, Hh—PIRSHE—MEE (MUTeiSERIR
) o BENEERTIEERHERZERS -

intuv_try_write (uv_stream_t* handle, const uv_buf t bufs[], unsigned int nbufs)

5 uv_write () fHR, ERMETLELZIZHENASHEEK -
FRREIARZ —:

o >0: ODEFTE (FR/NTREMZIR KN -

o <0: ARESRRIS GRE Uv_EAGAIN AIFREHEIREGEL X4 %)

intuv_is_readable (const uv_stream_t* handle)

SR AR EL, 0 -

intuv_is_writable (const uv_stream_t* handle)

WARF A FIREL, 00 -

intuv_stream_set_blocking (uv_stream_t* handle, int blocking)

JE A B A A B ZE AR .

= AT B BTA R SR FIP SERM - BRI RFF AL, AN ESE sE RICR 75988 ]
FRERT PR -

Bt KHTIX P APLE RN . REZER A RIS (L.

L HiFEWindows I R TAET uv_pipe t AJf . fEUNIXVF &, FTEM uv_stream t AJWERHE L
o

4124 Filibuy 4 B T A B R 2 A I (I ARE - R B0 T o 1
VL2 R B B SR,
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TE 1.4.0 BB B UNIXESEHE -

size_t uv_stream_get_write_queue_size (const uv_stream_t* stream)
IR [E] Stream->write_queue_size o

1.19.0 FHrhR I EE.
.
uv_handle t FJAPIPREHIIE -

¥

3.2.15 uv_tcp_t — TCPAJ#

TCPAIG T F R TCPIR A AR SS 25 -

uv_tep_ t & uv_stream t B— FRED

Bk

uv_tcp_t

TCPAJIRZETY .
AR

N/A
Z 0.

uv_stream t E‘]ﬂiﬁﬂjﬁﬂ% °

API
intuv_tep_init (uv_loop_t* loop, uv_tcp_t* handle)
WG AN - 125 M IR E AR ERET -

intuv_tecp_init_ex (uv_loop_t* loop, uv_tcp_t* handle, unsigned int flags)
LAFEE HIPR S RANIA LA - FEHZI AT flags ZHANRSMH TERE T . — PMEETRH NG ERIH
B . aiRIEEMEUE AF_uNsPEC MIXAERETFHAE, B uv_tep_inic () —F.

1.7.0 FhRINEE.

intuv_tecp_open (uv_tcp_t* handle, uv_os_sock_t sock)

I —1 AR SRR B80S B TE N — D TCPAI -
FE 1.2.1 RRER: SR RFZ  AEREFERE -

EMR: SRR ERTRARERE, HEFEENER-TEENRERT -

int uv_tcp_nodelay (uv_tcp_t* handle, int enable)
FFJ& TCP_NODELAY , 22 Nagle &% .

intuv_tcp_keepalive (uv_tcp_t* handle, int enable, unsigned int delay)
FFIR/AEFTCP keep-alive - delay & IFPITIREIAIEIR, 3 enable 52 Z W1 20K
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intuv_tcp_s imultaneous_/accepts (uv_tep_t* handle, int enable)
TF IR /A8 F TR 720 42 3208 SR #R A E R GEHERA 2 (0T 7oK B TCPIE HE I
XM E R TCPARSS SR BV MERE - A RN 232 R BB IR M B R (X2
Ht A EBINFE) |, (HERSEESHEEE T AR .

intuv_tecp_bind (uv_tcp_t* handle, const struct sockaddr* addr, unsigned int flags)

HEA)INE|— DRI O o addr BOZFR R — D WIIE T B struct sockaddr_in B3 struct

sockaddr_in6 -

Ly O 2R M S, RS RN E — 1 UV_EADDRINUSE #51% % HT uv_tcp bind() -
uv_listen() BY uv_tcp_connect () Z— .« FRFLAUL, — XTIk bR B Th B9V B S PR AE XS
uv_listen () B uv_tecp_connect () BIYHHABEESHET)

flags BEFLFE UV_TCP_IPV6EONLY , ZEIXMMENL T 28 XL 37 B A fH FHIPVG -

int uv_tcp_getsockname (const uv_rtep_t* handle, struct sockaddr* name, int* namelen)
IRBUA) AN 2 B AR E MBI« name D ATE M — D EEBRB RN FR, EHEEH struct
sockaddr_storage RIFIPv4AFIIPVO L HF -

int uv_tcp_getpeername (const uv_rtep_t* handle, struct sockaddr* name, int* namelen)
ERE AT AL o name LAFRI — N AERBEB RPN ES, HEMFH struct
sockaddr_storage RIFIPVAFIIPV6 L FF -

intuv_tcp_connect (uv_connect t* req, uv_tcp_t* handle, const struct sockaddr* addr,
uv_connect_cb cb)

L — N Pv4ELIPVOIITCPIER: - 1’ Mt— " BB I TCPEIFAFI — MR WA uv_connect_t
addr BOZFE R — 1 EWIIEILH] struct sockaddr_in B struct sockaddr_in6 o

FEWindows I U157 addr BEWIIRILIR I — DMARIGEMHAE (0.0.0.0 8% :: ) , EHHEEELIFEM
localhost « XAMUERN T FFALinux RGHIITH -

XA TR R PR AN 2 R DL S B T R R R B R -

7 1.19.0 BREEHG F 0.0.0.0 1 : : 2 localhost HIBET
W:
uv_stream t HJAPIREHIEH -

W

3.2.16 uv_pipe_t — EIHEAW
EHE AN Unix F AR &3 F I Windows _E R & B iEfRH— 1S -
uv_pipe_t f& uv_stream t F— FRE .

uv_pipe_t
EEAMREL .

»

F Rl 5
intuv_pipe_t.ipc
R IXNE B IE B AR RE (8] % 2 A4
.
uv_stream t HIRL R HIE A -

W
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API
intuv_pipe_init (uv_loop_t* loop, uv_pipe_t* handle, int ipc)
W — DMEE W - ipc ZEUE— DA /RIEFRVR T E B H T RIERE 8] % 2 A4 -

int uv_pipe_open (uv_pipe_t* handle, uv_file file)
I — 1 EFER SR R e A — 1A -

FE1.2.1 RRCEE: ORI O AEREZE R -

EfR: ERr R e A RERE, ERFEENR - TEENEE.

intuv_pipe_bind (uv_pipe_t* handle, const char* name)
WEEED— N (Unix) BiEZF (Windows) -

FR: Unix ERIBEIZHEINE] sizeof (sockaddr_un.sun_path) F, BHEAE 92 3| 108 T
[] o

void uv_pipe_connect (uv_connect_t* req, uv_pipe_t* handle, const char* name, uv_connect_cb cb)

EEE|UnixEE T AR A EE -

FEfR: Unix DB HEIE] sizeof (sockaddr_un.sun_path) F 1, BHEAE 2 F 108 FTZ
] -

int uv_pipe_getsockname (const uv_pipe_t* handle, char* buffer, size_t* size)

R Uni BB T A & EIET -

DR — DTN B IRITX o sizeZEFE RN X AR/ MO R ESRIZ M XTI W
REWX AR, KiRE vv_ENOBUFS H HiXMSEK 6 & FHEAIAN -

£ 1.3.0 IR IR ERREAF AL IERZETT, BRI AUEFTTLIE.

intuv_pipe_getpeername (const uv_pipe_t* handle, char* buffer, size_t* size)

IRE A E R Unix EE R T BB R 2 E B4 T -

VTR — N EC R IPX o size B BHFE R X FIR/N R ER E SRR X FT48. W
B X AEA, BHRE uv_ENOBUFS H HiX NS0 E & EEHI AN -

1.3.0 HThR TN EE.

void uv_pipe_pending_ instances (uv_pipe_t* handle, int count)

BOE B E AR S5 AR R e R A B P T S AR L

MR X E R H T Windows o

intuv_pipe_pending_count (uv_pipe_t* handle)

uv_handle_type uv_pipe_pending_type (uv_pipe_t* handle)
FASHKE 1 IPCE TE HE A -

HE WH uv_pipe pending count () , HWHE >0 MPIIEILLE E type FI— AR, HiT
uv_pipe_pending type () IREIHHR uv_accept (pipe, handle) -

I:
uv_stream t FJAPIREHIEH -

W

3.2. APIX(HH 37



libuv documentation, % #i 1.26.0

int uv_pipe_chmod (uv_pipe_t* handle, int flags)

BEEERNDIR, RFERARAPBITRERD R . FEEERTERP ISR . S LR

UV_WRITABLE ~ UV_READABLE B{ UV_WRITABLE | UV_READABLE - XA R FHZER -

1.16.0 FrhRINEE

3.2.17 uv_tty t — TTYAJHA

TTY AR 28 3 ) — N -

uv_tty_ t F& uv_stream t HJ—"D FRE .

B R

uv_tty t

TTY AL .

uv_tty mode_t

1.2.0 FHRTHRE
TTYRE R

typedef enum {
[+ VIR /IR AR «/
UV_TTY_MODE_NORMAL,
/+ JRIREI AR (FEwindows b, #/EH TENABLE_WINDOW_INPUT) «/
UV_TTY MODE_RAW,
/+ ATFIPCHIZ#HIZ2M T/ o ((Nunix) «/
UV_TTY MODE_IO
} uv_tty_mode_t;

NILHLA

N/A
W

W

uv_stream t E’Uﬁiﬁ@lﬁ)ﬂ °

API

intuv_tty_init (uv_loop_t* loop, uv_tty_t* handle, uv jle fd, int unused)

25 8 BISUHE IR TR A — DT TTY I - 38 H SO AT 2 :
¢ 0 =stdin
¢ ] =stdout

o 2 =stderr

TUmeL R 2 ttyname_r(3) R 8 L SRR T AOBRAZ ﬂ%ﬂ: 0 SR AT 328 B S 4
IR —NTTYHBEHFHE - Xﬁﬁ%w%ﬂYﬂA#@%ETﬁTgﬁ XATTY R E Al R

ﬁluﬁ&fﬁ%mMWmmwmmwmmmm%%LTE%& £, #l
0OpenBSDASolaris -

38
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T AREFITIFTTY R, libuv[ELRFIPHES .

7E 1.23.1: WUEG readable 250N B 288 - IERREINAER BN B shigml -
1E 1.9.0: iCHEEG TTYRIBEIZH ttyname_r(3) {RE - TAEZ B FIRCAR HlibuviT H /dev/ity -
7E 1.5.0: BREHG S PA— 8 [ — 4 SCHEF B U R FF 01 84— D TTY IR AEUNIX L3R [E] UV_EINVAL

intuv_tty_set_mode (uv_ity_t* handle, uv_tty_mode_t mode)

F 1.2.0: IEH: R H uv_tty_mode_t {EFEE -
A ¥E E &m0 BTTY -

intuv_tty_reset_mode (void)

SRR HEPR A - ERTTYIRERIBOME UE R E TRIITRREE -

XN EREEUNX T & LR PREZ 2R, HEEAREERMAE uv_EBUSY MARM, WERIRYHIT
T uv_tty set_mode () I8 HE HIFHE .

intuv_tty_get_winsize (uv_ity_t* handle, int* width, int* height)

RECEHETAE O AR/ N AZhRF R E0 -
W
uv._stream t FJAPIREHIEH -

W

3.2.18 uv_udp_t — UDPHAJHH

UDPAIARESSR T X % 7 i Al R 55 ¥ HYUDPIE 1 -

BERA
uv_udp_t
UDPAJTRER .

uv_udp_send_t

UDPA £ TEREH .

uv_udp_flags
T uv_udp_bind() Fl uv_udp_recv_cbhb FIFRE -

enum uv_udp_flags {

[+ BEHREE ./

UV_UDP_IPV6ONLY = 1,

/ *

« TREAVE BB TR M R R - BRI IRERGEF -

« T uv_udp_recv_cb -

*/

UV_UDP_PARTIAL = 2,

/ *

« FEEAY Lluv_udp_bind4bE AT &7 SO_REUSEADDR K% E -
7EBSDsH0S X LiXi% B SO_REUSEPORTEREF IR -
HAHMunixFE L, Bi%ESO_REUSEADDRIFE -
B RE Z MR AR R TR A € BIR — itk (BT 1EEE T inE
BEAERE I EMGESBREEMRE, DU BT e~ i 0 RCR -

* % % o

*/

(continues on next page)
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(& ET)

UV_UDP_REUSEADDR = 4
}i

void (*uv_udp_send_cb) (uv_udp_send_t* req, int status)

(3t uv_udp_send () PIEIE R R R B E L, FEEUR LA Z TR -

void (*uv_udp_recv_cb) (uv_udp_t* handle, ssize_t nread, const uv_buf t* buf, const struct sock-

addr* addr, unsigned flags)
1% uv_udp_recv_start () FIEERERHIREE L, EXSRICT EARRHORH -

e handle - UDPAJH -

o nread . CEEWFTE. 0 WRTEREZEIET . KA IEF RS X T HHHR. &
% 0 HEWEWE| T EHEIER (FEXMEN T addr ZAEZEW)) o <0 QRIME] T — MEHEE
PR o

o buf . uv_buf_t #HEBWEREIFEUE

e addr: struct sockaddr« G &&IELHAL . FIHEHN NULL. FAEEVE R E T R A HRL -

e flags: — P ELEZHEFIUV_UDP_* & - Y FI{Y UV_UDP_PARTIAL #{#H -

R BECEERECEHE DL nread == 0 1 addr == NULL A S %G 5353, H L nread == 0 A
addr '= NULL 3| T — 2 FJUDPEE R -

uv_membership

K Z AR R A SRR

typedef enum {
UV_LEAVE_GROUP = 0,
UV_JOIN_GROUP

} uv_membership;

N

h=ii

size_tuv_udp_t .send_queue_size

HERR 2R 7 TR - XD F B B H AT HEARTHE & -

size_tuv_udp_t .send_queue_count

2 AT HERASF R AL B ) A AT SR ECH -

uv_udp_t* uv_udp_send_t .handle

W& SR BT & AR FE UDP AR -
.
uv_handle_t Eﬁﬁiﬁ&ﬁ% °

W

API

intuv_udp_init (uv_loop_t* loop, uv_udp_t* handle)
W — S BHTUDPAIR - SEPRAIE T RIEMEAER . IR 0 2 pLIhR .

intuv_udp_init_ex (uv_loop_t* loop, uv_udp_t* handle, unsigned int flags)
PATEE BIFRE VIR LI - TERZ RE flags ZEEVRSAL T EREFH . — 1M EEFR NG E N0
o WRIEE R aF_uNspEC MRHERTFWAE, MR uv_udp_initc () —F.
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1.7.0 HrhR TN EE.

int uv_udp_open (uv_udp_t* handle, uv_os_sock_t sock)

I = EFAER U RA R BB Windows B 7 /E N — 1 UDPAJR «

A Unix:  sock ZEUIME—TZ RS ETEEIR IR G2 (TAEETTEER L . 3 Ffsendmsg()/recvmsg() -
L5 o BanEul, HAEEERERNERTFGIEEERET 8 NetinkE 2 F W REH L8B4 1X 1 5K
7E 1.2.1 WUCEBG SUHRR R & JEFR ZE R .

M BRSO ER T RAERE, BERFRERE-DSENERERERT -

int uv_udp_bind (uv_udp_t* handle, const struct sockaddr* addr, unsigned int flags)

4 7€ UDP AR E| — N IPHEE AR H
28
* handle - UDPAJ# - RZLL uv_udp_init () #EHIEIL -
* addr — T HHEARI O 4058 B struct sockaddr_in 5% struct sockaddr_in6 -

* flags — IEIHERFIWUAISPE, UV_UDP_IPV6ONLY Al UV_UDP_REUSEADDR
WSHF -

R[E 0 FAL), Bi—1 <0 KIEERICASE R -

int uv_udp_getsockname (const uv_udp_t* handle, struct sockaddr* name, int* namelen)

FRECUDP AR 125 # A TP R [ -
28
* handle - UDPAJ{ . RIZMA uv_udp init () AR B ST E -

* name - #W M A EIBE R LW A IR E o B T SLEFIPVAFIIPYVG struct sock-
addr_storage N -

* namelen — FEHIA L'ETEY name FEIVEWE . A¥itl LERWATEHIET £
RE 0 ERD), Bi—1> <0 AUBER RS R

intuv_udp_set_membership (uv_udp_t* handle, const char* multicast_addr, const char* interface_addr,
uv_membership membership)

= Z R E AR
28
* handle - UDPAJIK . RIZLL uv_udp_init () BRI -
» multicast_addr — W& A Z KL .
+ interface_addr — O HbL .
* membership — 1%} UV_JOIN_GROUP E{ UV_LEAVE_GROUP o
BRE 0 ERI, 58— <0 FUER AT 2RI -

intuv_udp_set_multicast_loop (uv_udp_t* handle, int on)

WEIPEZHEIEIMIE - TR HBOIENE A ERTE .
ZH
* handle - UDPAJ# . RZLL uv udp init () #EHIEIL -
s on-1 M, 0HK-
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IRE 0 FRE), Bi—> <0 BUBER U R -

intuv_udp_set_multicast_ttl (uv_udp_t* handle, int ttl)

WEEZHETTL -
2
* handle - UDPAJN - ROZLL uv _udp init () BHIEH -
o ttl -1 %255 -
RME 0 ERI, 58— <0 FIER AT R -

intuv_udp_set_multicast_interface (uv_udp_t* handle, const char* interface_addr)

BB A EMEWEIR TR Z B O .
ZH
» handle - UDPAJ# . RIZPL uv_udp_init () BRI -
 interface_addr — ¥ [t -
RME 0 F R, Bi—1 <0 FIEHR AT R -
intuv_udp_set_broadcast (uv_udp_t* handle, int on)
BEZEITR
ZH
* handle - UDPAJIR - NIZLL uv_udp_init () #RIIEIL -
«on-1HHF, 0AK-
RME 0 FE L, B—1 <0 KBRS R -

intuv_udp_set_ttl (uv_udp_t* handle, int ttl)

WEAEFNE (TTL) -
2
* handle - UDPAJif - NiZLL uv_udp_init () #HIAIL -
o ttl-1%]255 -
RE 0 &I, Bi—1 <0 FIEERICEE R .

intuv_udp_send (uv_udp_send_t* req, uv_udp_t* handle, const uv_buf t bufs[], unsigned int nbufs, const
struct sockaddr* addr, uv_udp_send_cb send_cbh)

HISUDPEREF L EEE - WRERFZHRER uv_udp_bind() #E, BRI EEF 0.0.0.0
(IPvatitit“FrE®RO”) F— P REVLER 05 -

FEWindows U1 addr HWIIRILTE M — DRIGERIMIE (0.0.0. 0 B ¢ ) | ERBECEELIRR
localhost « XAMGEN T & Linux RETHIFTH -

ZH
 req- UDPIFRAIMN . ANFTERLEN -
* handle - UDPAJIK . RIZLA uv_udp_init () BRI -
s bufs — ZIEZMXIFF -
s nbufs — bufs FHIRMXEL
o addr - TR O /Y struct sockaddr_in B struct sockaddr_in6 -
» send_cb — SR A& H VR FH ORI R AL -
RE 0 FRY, Bi—1 <0 BRI R
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7 1.19.0 BREEG: Fri 0.0.0.0 f : : ¥ localhost HIBRET

intuv_udp_try_send (uv_udp_t* handle, const uv_buf t bufs[], unsigned int nbufs, const struct sock-
addr* addr) L i o
5 uv_udp_send () f8F, 1EEWRTIESLZFEHASHBEN—" K EIEK

RE >=0: EEAENFTE (LELEEMXAIAD) - <0 HAAERNCE GRE
UV_EAGAIN H VAV ZIAEHEER) .

intuv_udp_recv_start (uv_udp_t* handle, uv_alloc_cb alloc_cb, uv_udp_recv_cb recv_cb)
e e . WMREEFTZHNEM uv_udp_bind () HE, EFFEE 0000 OPvaibit-prE
B®Or) f— 1Ry a0 S .

2]
* handle - UDPAJN - ROZLL uv udp init () #HIEH -
* alloc_cb — 75 ZEI 77 A YA FH B4 (51 R 48 -
* recv_cb — IR A [E R £k -

RME 0 &R, 5—1 <0 FIER AT R -

intuv_udp_recv_stop (uv_udp_t* handle)

15 L A0TT T R TR R -
S
» handle - UDPAJIK - MZLL uv_udp_init () BEFIEARLIL -
IRE] 0 FHRTh, 5i—1 <0 BIEE IR DA R -

size_tuv_udp_get_send_queue_size (const uv_udp_t* handle)
IR[E] handle->send_queue_size -

1.19.0 FHrhRINEE.

size_t uv_udp_get_send_queue_count (const uv_udp_t* handle)
IR [E] handle->send_queue_count -

1.19.0 HhRIHEE.
.
uv_handle t FJAPIPREHIIE -

¥

3.2.19 uv_fs event t — FS Event handle

FS Event handles allow the user to monitor a given path for changes, for example, if the file was renamed or there was
a generic change in it. This handle uses the best backend for the job on each platform.

1EfE: For AIX, the non default IBM bos.ahafs package has to be installed. The AIX Event Infrastructure file system
(ahafs) has some limitations:

* ahafs tracks monitoring per process and is not thread safe. A separate process must be spawned for each monitor
for the same event.

* Events for file modification (writing to a file) are not received if only the containing folder is watched.
See documentation for more details.

The z/OS file system events monitoring infrastructure does not notify of file creation/deletion within a directory that
is being monitored. See the IBM Knowledge centre for more details.
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Data types

uv_fs event_t
FS Event handle type.

void (xuv_£s_event_cb) (uv_fs_event_t* handle, const char* filename, int events, int status)
Callback passed to uv_fs_event_start () which will be called repeatedly after the handle is started. If
the handle was started with a directory the filename parameter will be a relative path to a file contained in the
directory. The events parameter is an ORed mask of uv_fs_event elements.

uv_fs_event
Event types that uv_ fs_event_ t handles monitor.

enum uv_fs_event {
UV_RENAME = 1,
UV_CHANGE = 2

}i

uv_£fs_event_flags
Flags that can be passed to uv_ fs_event_start () to control its behavior.

enum uv_fs_event_flags {
/ *
x By default, if the fs event watcher is given a directory name, we will
x» watch for all events in that directory. This flags overrides this behavior
x and makes fs_event report only changes to the directory entry itself. This
x flag does not affect individual files watched.
% This flag is currently not implemented yet on any backend.
*/
UV_FS_EVENT_WATCH_ENTRY = 1,
/ *
x By default uv_fs_event will try to use a kernel interface such as inotify
* or kqueue to detect events. This may not work on remote file systems such
x as NFS mounts. This flag makes fs_event fall back to calling stat() on a
* regular interval.
x» This flag is currently not implemented yet on any backend.
*/
UV_FS_EVENT_STAT = 2,
/%
* By default, event watcher, when watching directory, is not registering
% (is ignoring) changes in its subdirectories.
x This flag will override this behaviour on platforms that support it.
*/
UV_FS_EVENT_RECURSIVE = 4

Public members

N/A
e L

Z N

The uv_handle_ t members also apply.
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API

intuv_£s_event_init (uv_loop_t* loop, uv_fs_event_t* handle)

Initialize the handle.

intuv_£fs_event_start (uv_fs_event_t* handle, uv_fs_event_cb cb, const char* path, unsigned int flags)

Start the handle with the given callback, which will watch the specified path for changes. flags can be an ORed
mask of uv_fs_event_flags.

IEf#: Currently the only supported flag is UV_FS_EVENT_RECURSIVE and only on OSX and Windows.

intuv_£s_event_stop (uv_fs_event_t* handle)

Stop the handle, the callback will no longer be called.

intuv_£fs_event_getpath (uv_fs_event_t* handle, char* buffer, size_t* size)

=z

B0

Get the path being monitored by the handle. The buffer must be preallocated by the user. Returns 0 on success
or an error code < 0 in case of failure. On success, buffer will contain the path and size its length. If the buffer
is not big enough UV_ENOBUFS will be returned and size will be set to the required size, including the null
terminator.

TE 1.3.0 B M the returned length no longer includes the terminating null byte, and the buffer is not null
terminated.

TE 1.9.0 AL the returned length includes the terminating null byte on UV_ENOBUFS, and the buffer is null
terminated on success.

The uv_handle_t API functions also apply.

3.2.20 uv_fs_poll_t — FS Poll handle

FS Poll handles allow the user to monitor a given path for changes. Unlike uv_fs_event_t, fs poll handles use
stat to detect when a file has changed so they can work on file systems where fs event handles can’t.

Data types

uv_£fs_poll_t

FS Poll handle type.

void (*uv_£s_poll_cb) (uv_fs_poll_t* handle, int status, const uv_stat_t* prev, const uv_stat_t* curr)

Callback passed to uv_fs_poll_ start () which will be called repeatedly after the handle is started, when
any change happens to the monitored path.

The callback is invoked with status < 0 if path does not exist or is inaccessible. The watcher is not stopped
but your callback is not called again until something changes (e.g. when the file is created or the error reason
changes).

When status == 0, the callback receives pointers to the old and new uv_stat_ t structs. They are valid for
the duration of the callback only.

Public members

N/A
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200

Ed

The uv_handle_t members also apply.

API

intuv_£s_poll_init (uv_loop_t* loop, uv_fs_poll_t* handle)
Initialize the handle.

intuv_£s_poll_start (uv_fs_poll_t* handle, uv_fs_poll_cb poll_cb, const char* path, unsigned int inter-

val)
Check the file at path for changes every interval milliseconds.

HEM#: For maximum portability, use multi-second intervals. Sub-second intervals will not detect all changes
on many file systems.

intuv_£s_poll_stop (uv_fs_poll_t* handle)
Stop the handle, the callback will no longer be called.

intuv_£fs_poll_getpath (uv_fs_poll_t* handle, char* buffer, size_t* size)
Get the path being monitored by the handle. The buffer must be preallocated by the user. Returns 0 on success
or an error code < 0 in case of failure. On success, buffer will contain the path and size its length. If the buffer
is not big enough UV_ENOBUF'S will be returned and size will be set to the required size.

TE 1.3.0 IR B the returned length no longer includes the terminating null byte, and the buffer is not null
terminated.

TE 1.9.0 KRFE I the returned length includes the terminating null byte on UV_ENOBUFS, and the buffer is null

terminated on success.
B

Ed

The uv_handle_t API functions also apply.

3.2.21 File system operations

libuv provides a wide variety of cross-platform sync and async file system operations. All functions defined in this doc-
ument take a callback, which is allowed to be NULL. If the callback is NULL the request is completed synchronously,
otherwise it will be performed asynchronously.

All file operations are run on the threadpool. See Thread pool work scheduling for information on the threadpool size.

EfE: On Windows uv_fs_* functions use utf-8 encoding.

Data types
uv_£fs_t
File system request type.

uv_timespec_t
Portable equivalent of st ruct timespec.

46 Chapter 3. 314



libuv documentation, % 7 1.26.0

typedef struct {
long tv_sec;
long tv_nsec;

} uv_timespec_t;

uv_stat_t
Portable equivalent of st ruct stat.

typedef struct {
uint64_t st_dev;
uint64_t st_mode;
uint64_t st_nlink;
uint64_t st_uid;
uint64_t st_gid;
uint64_t st_rdev;
uint64_t st_ino;
uinte4_t st_size;
uint64_t st_blksize;
uint64_t st_blocks;
uint64_t st_flags;
uint64_t st_gen;
uv_timespec_t st_atim;
uv_timespec_t st_mtim;
uv_timespec_t st_ctim;
uv_timespec_t st_birthtim;

} uv_stat_t;

uv_£fs_type
File system request type.

typedef enum {
UV_FS_UNKNOWN = -1,
UV_FS_CUSTOM,
UV_FS_OPEN,
UV_FS_CLOSE,
UV_FS_READ,
UV_FS_WRITE,
UV_FS_SENDFILE,
UV_FS_STAT,
UV_FS_LSTAT,
UV_FS_FSTAT,
UV_FS_FTRUNCATE,
UV_FS_UTIME,
UV_FS_FUTIME,
UV_FS_ACCESS,
UV_FS_CHMOD,
UV_FS_FCHMOD,
UV_FS_FSYNC,
UV_FS_FDATASYNC,
UV_FS_UNLINK,
UV_FS_RMDIR,
UV_FS_MKDIR,
UV_FS_MKDTEMP,
UV_FS_RENAME,
UV_FS_SCANDIR,
UV_FS_LINK,
UV_FS_SYMLINK,

(continues on next page)
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UV_FS_READLINK,
UV_FS_CHOWN,
UV_FS_FCHOWN,
UV_FS_REALPATH,
UV_FS_COPYFILE,
UV_FS_LCHOWN

} uv_£fs_type;

uv_dirent_t
Cross platform (reduced) equivalent of struct dirent. Usedin uv_fs_scandir_next ().

typedef enum {
UV_DIRENT_UNKNOWN,
UV_DIRENT_FILE,
UV_DIRENT_DIR,
UV_DIRENT_LINK,
UV_DIRENT_FIFO,
UV_DIRENT_SOCKET,
UV_DIRENT_CHAR,
UV_DIRENT_BLOCK

} uv_dirent_type_t;

typedef struct uv_dirent_s {
const char* name;
uv_dirent_type_t type;

} uv_dirent_t;

Public members

uv_loop_t* uv_£fs_t .loop
Loop that started this request and where completion will be reported. Readonly.

uv_fs_typeuv_£fs_t.£fs_type
FS request type.

const char* uv_£s_t .path
Path affecting the request.

ssize_ tuv_£fs_ t.result
Result of the request. < 0 means error, success otherwise. On requests such as uv_fs read() or
uv_fs_write () itindicates the amount of data that was read or written, respectively.

uv_stat_ tuv_£fs_t.statbuf
Stores the result of uv._fs_stat () and other stat requests.

void*uv_£fs_t.ptr
Stores the result of uv._fs_readlink () and uv_fs_realpath () and serves as an alias to statbuf.

£

=z

The uv_reqg_t members also apply.

API

void uv_fs_req cleanup (uv_fs_t* req)
Cleanup request. Must be called after a request is finished to deallocate any memory libuv might have allocated.
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intuv_£s_close (uv_loop_t* loop, uv_fs_t* req, uv_file file, uv_fs_cb cb)
Equivalent to close(2).

intuv_£s_open (uv_loop_t* loop, uv_fs_t* req, const char* path, int flags, int mode, uv_fs_cb cb)
Equivalent to open(2).

HEf#: On Windows libuv uses CreateFileW and thus the file is always opened in binary mode. Because of this
the O_BINARY and O_TEXT flags are not supported.

intuv_£s_read (uv_loop_t* loop, uv_fs_t* req, uv_file file, const uv_buf t bufs[], unsigned int nbufs,
int64_t offset, uv_fs_cb cb)
Equivalent to preadv(2).

intuv_£s_unlink (uv_loop_t* loop, uv_fs_t* req, const char* path, uv_fs_cb cb)
Equivalent to unlink(2).

intuv_£s_write (uv_loop_t* loop, uv_fs_t* req, uv_file file, const uv_buf t bufs[], unsigned int nbufs,
int64_t offset, uv_fs_cb cb)
Equivalent to pwritev(2).

intuv_£s_mkdir (uv_loop_t* loop, uv_fs_t* req, const char* path, int mode, uv_fs_cb cb)
Equivalent to mkdir(2).

HEf#: mode is currently not implemented on Windows.

intuv_£s_mkdtemp (uv_loop_t* loop, uv_fs_t* req, const char* tpl, uv_fs_cb cb)
Equivalent to mkdtemp(3).

1Ef#: The result can be found as a null terminated string at req->path.

intuv_£s_rmdir (uv_loop_t* loop, uv_fs_t* req, const char* path, uv_fs_cb cb)
Equivalent to rmdir(2).

intuv_£s_scandir (uv_loop_t* loop, uv_fs_t* req, const char* path, int flags, uv_fs_cb cb)

intuv_£fs_scandir_next (uv_fs_t* req, uv_dirent_t* ent)
Equivalent to scandir(3), with a slightly different API. Once the callback for the request is called, the user can
use uv_fs_scandir_next () to get ent populated with the next directory entry data. When there are no
more entries UV__EOF will be returned.

TEf#: Unlike scandir(3), this function does not return the "." and ".." entries.

HEME: On Linux, getting the type of an entry is only supported by some file systems (btrfs, ext2, ext3 and ext4
at the time of this writing), check the getdents(2) man page.

intuv_£s_stat (uv_loop_t* loop, uv_fs_t* req, const char* path, uv_fs_cb cb)
intuv_£s_£fstat (uv_loop_t* loop, uv_fs_t* req, uv_file file, uv_fs_cb cb)

intuv_£s_1lstat (uv_loop_t* loop, uv_fs_t* req, const char* path, uv_fs_cb cb)
Equivalent to stat(2), fstat(2) and Istat(2) respectively.
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int uv_£s_rename (uv_loop_t* loop, uv_fs_t* req, const char* path, const char* new_path, uv_fs_cb cb)
Equivalent to rename(2).

intuv_£s_£fsync (uv_loop_t* loop, uv_fs_t* req, uv_file file, uv_fs_cb cb)
Equivalent to fsync(2).

HEf#: For AIX, uv_fs_fsync returns UV_EBADF on file descriptors referencing non regular files.

intuv_£s_fdatasync (uv_loop_t* loop, uv_fs_t* req, uv_file file, uv_fs_cb cb)
Equivalent to fdatasync(2).

intuv_£s_ftruncate (uv_loop_t* loop, uv_fs_t* req, uv_file file, int64_t offset, uv_fs_cb cb)
Equivalent to ftruncate(2).

intuv_£s_copyfile (uv_loop_t* loop, uv_fs_t* req, const char* path, const char* new_path, int flags,
uv_fs_cb ch)
Copies a file from path to new_path. Supported flags are described below.
e UV_FS_COPYFILE_EXCL: If present, uv_fs_copyfile() will fail with UV_EEXIST if the destination path
already exists. The default behavior is to overwrite the destination if it exists.

e UV_FS_COPYFILE_FICLONE: If present, uv_fs_copyfile() will attempt to create a copy-on-write reflink.
If the underlying platform does not support copy-on-write, then a fallback copy mechanism is used.

e UV_FS_COPYFILE_FICLONE_FORCE: If present, uv_fs_copyfile() will attempt to create a copy-on-
write reflink. If the underlying platform does not support copy-on-write, then an error is returned.

&5 If the destination path is created, but an error occurs while copying the data, then the destination path
is removed. There is a brief window of time between closing and removing the file where another process
could access the file.

1.14.0 FhR I RE.
7E 1.20.0 fiREX: UV_FS_COPYFILE_FICLONE and UV_FS_COPYFILE_FICLONE_FORCE are supported.

intuv_£fs_sendfile (uv_loop_t* loop, uv_fs_t* req, uv_file out_fd, uv_file in_fd, intb64_t in_offset,
size_t length, uv_fs_cb cb)
Limited equivalent to sendfile(2).
intuv_£s_access (uv_loop_t* loop, uv_fs_t* req, const char* path, int mode, uv_fs_cb cb)
Equivalent to access(2) on Unix. Windows uses GetFileAttributesW ().

intuv_£s_chmod (uv_loop_t* loop, uv_fs_t* req, const char* path, int mode, uv_fs_cb cb)

intuv_£s_fchmod (uv_loop_t* loop, uv_fs_t* req, uv_file file, int mode, uv_fs_cb cb)
Equivalent to chmod(2) and fchmod(2) respectively.

intuv_£s_utime (uv_loop_t* loop, uv_fs_t* req, const char* path, double atime, double mtime,
uv_fs_cb cb)

intuv_£s_futime (uv_loop_t* loop, uv_fs_t* req, uv_file file, double atime, double mtime, uv_fs_cb cb)
Equivalent to utime(2) and futime(2) respectively.

Ef#:  AIX: This function only works for AIX 7.1 and newer. It can still be called on older versions but will
return UV_ENOSYS.

7E 1.10.0 AR B sub-second precission is supported on Windows
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intuv_£s_1link (uv_loop_t* loop, uv_fs_t* req, const char* path, const char* new_path, uv_fs_cb cb)
Equivalent to link(2).

intuv_£s_symlink (uv_loop_t* loop, uv_fs_t* req, const char* path, const char* new_path, int flags,

uv_fs_cb cb)
Equivalent to symlink(2).

HE#: On Windows the flags parameter can be specified to control how the symlink will be created:
e UV_FS_SYMLINK_DIR: indicates that path points to a directory.

e UV_FS_SYMLINK_JUNCTION: request that the symlink is created using junction points.

intuv_£s_readlink (uv_loop_t* loop, uv_fs_t* req, const char* path, uv_fs_cb cb)
Equivalent to readlink(2). The resulting string is stored in req->ptr.

intuv_£s_realpath (uv_loop_t* loop, uv_fs_t* req, const char* path, uv_fs_cb cb)
Equivalent to realpath(3) on Unix. Windows uses GetFinalPathNameByHandle. The resulting string is stored
in req->ptr.

%451 This function has certain platform-specific caveats that were discovered when used in Node.

* macOS and other BSDs: this function will fail with UV_ELOOP if more than 32 symlinks are found
while resolving the given path. This limit is hardcoded and cannot be sidestepped.

¢ Windows: while this function works in the common case, there are a number of corner cases where it
doesn’t:

— Paths in ramdisk volumes created by tools which sidestep the Volume Manager (such as ImDisk)
cannot be resolved.

— Inconsistent casing when using drive letters.
— Resolved path bypasses subst’d drives.

While this function can still be used, it’s not recommended if scenarios such as the above need to be sup-
ported.

The background story and some more details on these issues can be checked here.

HEf#:  This function is not implemented on Windows XP and Windows Server 2003. On these systems,
UV_ENOSYS is returned.

1.8.0 HARINAE.
int uv_£s_chown (uv_loop_t* loop, uv_fs_t* req, const char* path, uv_uid_t uid, uv_gid_t gid, uv_fs_cb cb)
intuv_£s_fchown (uv_loop_t* loop, uv_fs_t* req, uv_file file, uv_uid_t uid, uv_gid_t gid, uv_fs_cb cb)

intuv_£s_lchown (uv_loop_t* loop, uv_fs_t* req, const char* path, uv_uid_t wuid, uv_gid_t gid,

uv_fs_cb ch)
Equivalent to chown(2), fchown(2) and Ichown(2) respectively.

HEf#: These functions are not implemented on Windows.

7E 1.21.0 FRE L implemented uv_fs_lchown
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uv_fs_type uv_£s_get_type (const uv_fs_t* req)
Returns reg->fs_type.

1.19.0 TR INEE.

ssize_tuv_£fs_get_result (const uv_fs_t* req)
Returns req->result.

1.19.0 HrERINEE.

void* uv_£s_get_ptr (const uv_fs_t* req)
Returns reg->ptr.

1.19.0 HTHRINEE.

const char* uv_£fs_get_path (const uv_fs_t* req)
Returns req->path.

1.19.0 FHRINRE.

uv_stat_t* uv_£s_get_statbuf (uv_fs_t* req)
Returns &req->statbuf.

1.19.0 AR INEE.
Z 0.

=z

The uv_req_t API functions also apply.

Helper functions

uv_os_fd_tuv_get_osfhandle (intfd)
For a file descriptor in the C runtime, get the OS-dependent handle. On UNIX, returns the f£d intact. On
Windows, this calls _get_osthandle. Note that the return value is still owned by the C runtime, any attempts to
close it or to use it after closing the fd may lead to malfunction.

1.12.0 HhRINEE.

int uv_open_osfhandle (uv_os_fd_t os_fd)
For a OS-dependent handle, get the file descriptor in the C runtime. On UNIX, returns the os_fd intact. On
Windows, this calls _open_osfhandle. Note that the return value is still owned by the CRT, any attempts to close
it or to use it after closing the handle may lead to malfunction.

1.23.0 H RN EE.

File open constants

UV_FS_O_APPEND
The file is opened in append mode. Before each write, the file offset is positioned at the end of the file.

UV_FS_O_CREAT
The file is created if it does not already exist.

UV_FS_O_DIRECT
File I/0O is done directly to and from user-space buffers, which must be aligned. Buffer size and address should
be a multiple of the physical sector size of the block device.

¥ f#: UV_FS O _DIRECT is supported on Linux, and on Windows via FILE_FLAG_NO_BUFFERING.
UV_FS_O_DIRECT is not supported on macOS.
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UV_FS_O_DIRECTORY
If the path is not a directory, fail the open.

Ef#: UV_FS_O_DIRECTORY is not supported on Windows.

UV_FS_O_DSYNC
The file is opened for synchronous I/O. Write operations will complete once all data and a minimum of metadata
are flushed to disk.

HEf#: UV_FS_O_DSYNC is supported on Windows via FILE_FLAG_WRITE_THROUGH.

UV_FS_O_EXCL
If the O_CREAT flag is set and the file already exists, fail the open.

Hf#: In general, the behavior of O_EXCL is undefined if it is used without O_CREAT. There is one exception:
on Linux 2.6 and later, O_EXCL can be used without O_CREAT if pathname refers to a block device. If the
block device is in use by the system (e.g., mounted), the open will fail with the error EBUSY.

UV_FS_O_EXLOCK
Atomically obtain an exclusive lock.

HEfE: UV_FS_O_EXLOCK is only supported on macOS and Windows.

TE 1.17.0 ARE L support is added for Windows.

UV_FS_O_NOATIME
Do not update the file access time when the file is read.

HEf#: UV_FS_O_NOATIME is not supported on Windows.

UV_FS_O_NOCTTY
If the path identifies a terminal device, opening the path will not cause that terminal to become the controlling
terminal for the process (if the process does not already have one).

HME: UV_FS_O_NOCTTY is not supported on Windows.

UV_FS_O_NOFOLLOW
If the path is a symbolic link, fail the open.

Hf#: UV_FS_O_NOFOLLOW is not supported on Windows.

UV_FS_O_NONBLOCK
Open the file in nonblocking mode if possible.

EfE: UV_FS_O_NONBLOCK is not supported on Windows.
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UV_FS_O_RANDOM
Access is intended to be random. The system can use this as a hint to optimize file caching.

Ef#: UV_FS_O_RANDOM is only supported on Windows via FILE_FLAG_RANDOM_ACCESS.

UV_FS_O_RDONLY
Open the file for read-only access.

UV_FS_O_RDWR
Open the file for read-write access.

UV_FS_O_SEQUENTIAL
Access is intended to be sequential from beginning to end. The system can use this as a hint to optimize file
caching.

Hf#: UV_FS_O_SEQUENTIAL is only supported on Windows via FILE_FLAG_SEQUENTIAL_SCAN.

UV_FS_O_SHORT_LIVED
The file is temporary and should not be flushed to disk if possible.

Ff#: UV_FS_O SHORT LIVED is only supported on Windows via FILE_ATTRIBUTE_TEMPORARY.

UV_FS_O_SYMLINK
Open the symbolic link itself rather than the resource it points to.

UV_FS_O_SYNC
The file is opened for synchronous I/O. Write operations will complete once all data and all metadata are flushed
to disk.

Hf#: UV_FS_O_SYNC is supported on Windows via FILE_FLAG_WRITE_THROUGH.

UV_FS_O_TEMPORARY
The file is temporary and should not be flushed to disk if possible.

HEf#: UV_FS_O_TEMPORARY is only supported on Windows via FILE_ATTRIBUTE_TEMPORARY.

UV_FS_O_TRUNC
If the file exists and is a regular file, and the file is opened successfully for write access, its length shall be
truncated to zero.

UV_FS_O_WRONLY
Open the file for write-only access.

3.2.22 Thread pool work scheduling
libuv provides a threadpool which can be used to run user code and get notified in the loop thread. This thread pool is
internally used to run all file system operations, as well as getaddrinfo and getnameinfo requests.

Its default size is 4, but it can be changed at startup time by setting the UV_THREADPOOL_ SIZE environment variable
to any value (the absolute maximum is 128).

54 Chapter 3. X4


https://msdn.microsoft.com/en-us/library/windows/desktop/aa363858.aspx
https://msdn.microsoft.com/en-us/library/windows/desktop/aa363858.aspx
https://msdn.microsoft.com/en-us/library/windows/desktop/aa363858.aspx
https://msdn.microsoft.com/en-us/library/windows/desktop/cc644950.aspx
https://msdn.microsoft.com/en-us/library/windows/desktop/aa363858.aspx

libuv documentation, % 7 1.26.0

The threadpool is global and shared across all event loops. When a particular function makes use of the threadpool
(i.e. when using uv_qgueue_work ()) libuv preallocates and initializes the maximum number of threads allowed
by UV_THREADPOOL_SIZE. This causes a relatively minor memory overhead (~1MB for 128 threads) but increases
the performance of threading at runtime.

TEf#: Note that even though a global thread pool which is shared across all events loops is used, the functions are
not thread safe.

Data types

uv_work_ t
Work request type.

void (*uv_work_cb) (uv_work_t* req)
Callback passed to uv_queue_work () which will be run on the thread pool.

void (*»uv_after_work_cb) (uv_work_t* req, int status)
Callback passed to uv_queue_work () which will be called on the loop thread after the work on the thread-
pool has been completed. If the work was cancelled using uv_cancel () status will be UV_ECANCELED.

Public members

uv_loop_t* uv_work_t .loop

Loop that started this request and where completion will be reported. Readonly.
Z N0

Ed

The uv_reqg_t members also apply.

API

int uv_queue_work (uv_loop_t* loop, uv_work_t* req, uv_work_cb work_cb, uv_after_work_cb af-

ter_work_cb)
Initializes a work request which will run the given work_cb in a thread from the threadpool. Once work_cb is

completed, after_work_cb will be called on the loop thread.

This request can be cancelled with uv_cancel ().
2

Ed

The uv_reqg_t API functions also apply.

3.2.23 DNS utility functions

libuv provides asynchronous variants of getaddrinfo and getnameinfo.

Data types

uv_getaddrinfo_t
getaddrinfo request type.
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void (*»uv_getaddrinfo_cb) (uv_getaddrinfo_t* req, int status, struct addrinfo* res)

Callback which will be called with the getaddrinfo request result once complete. In case it was cancelled, status
will have a value of UV_ECANCELED.

uv_getnameinfo_t

getnameinfo request type.

void (*uv_getnameinfo_cb) (uv_getnameinfo_t* req, int status, const char* hostname, const char* ser-

vice)
Callback which will be called with the getnameinfo request result once complete. In case it was cancelled, status
will have a value of UV_ECANCELED.

Public members

uv_loop_t* uv_getaddrinfo_t.loop

Loop that started this getaddrinfo request and where completion will be reported. Readonly.

struct addrinfo* uv_getaddrinfo_t.addrinfo

Pointer to a struct addrinfo containing the result. Must be freed by the user with uv_freeaddrinfo ().

1E 1.3.0 R EL: the field is declared as public.

uv_loop_t* uv_getnameinfo_t.loop

Loop that started this getnameinfo request and where completion will be reported. Readonly.

char[NI_MAXHOST] uv_getnameinfo_t .host

Char array containing the resulting host. It’s null terminated.

7E 1.3.0 UL the field is declared as public.

char[NI_MAXSERV] uv_getnameinfo_t.service

Ed

Z W

Char array containing the resulting service. It’s null terminated.

1E 1.3.0 I EEEL: the field is declared as public.

The uv_reqg_t members also apply.

API

int uv_getaddrinfo (uv_loop_t* loop, uv_getaddrinfo_t* req, uv_getaddrinfo_cb getaddrinfo_cb, const

char* node, const char* service, const struct addrinfo* hints)
Asynchronous getaddrinfo(3).

Either node or service may be NULL but not both.

hints is a pointer to a struct addrinfo with additional address type constraints, or NULL. Consult man -s 3
getaddrinfo for more details.

Returns 0 on success or an error code < 0 on failure. If successful, the callback will get called sometime in the
future with the lookup result, which is either:

* status == 0, the res argument points to a valid struct addrinfo, or
e status < 0, the res argument is NULL. See the UV_EAI_* constants.
Call uv_freeaddrinfo () to free the addrinfo structure.

TE 1.3.0 iR B4 the callback parameter is now allowed to be NULL, in which case the request will run
synchronously.
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void uv_£freeaddrinfo (struct addrinfo* ai)
Free the struct addrinfo. Passing NULL is allowed and is a no-op.

int uv_getnameinfo (uv_loop_t* loop, uv_getnameinfo_t* req, uv_getnameinfo_cb getnameinfo_cb, const

struct sockaddr* addr, int flags)
Asynchronous getnameinfo(3).

Returns 0 on success or an error code < 0 on failure. If successful, the callback will get called sometime in the
future with the lookup result. Consult man -s 3 getnameinfo for more details.

TE 1.3.0 iR M the callback parameter is now allowed to be NULL, in which case the request will run
synchronously.

£

Ed

The uv_req_t API functions also apply.

3.2.24 Shared library handling

libuv provides cross platform utilities for loading shared libraries and retrieving symbols from them, using the follow-
ing APL

Data types

uv_lib t
Shared library data type.

Public members

N/A

API

int uv_dlopen (const char* filename, uv_lib_t* lib)
Opens a shared library. The filename is in utf-8. Returns 0 on success and -1 on error. Call uv_dlerror () to
get the error message.

void uv_dlclose (uv_lib t* lib)
Close the shared library.

intuv_dlsym (uv_lib_t* lib, const char* name, void** ptr)
Retrieves a data pointer from a dynamic library. It is legal for a symbol to map to NULL. Returns 0 on success
and -1 if the symbol was not found.

const char* uv_dlerror (const uv_[ib_t* [ib)
Returns the last uv_dlopen() or uv_dIsym() error message.

3.2.25 Threading and synchronization utilities

libuv provides cross-platform implementations for multiple threading and synchronization primitives. The API largely
follows the pthreads API.

3.2. APIX(HH 57


http://linux.die.net/man/3/getnameinfo

libuv documentation, % #i 1.26.0

Data types

uv_thread_ t

Thread data type.

void (*uv_thread_cb) (void* arg)

Callback that is invoked to initialize thread execution. arg is the same value that was passed to
uv_thread create().

uv_key t

Thread-local key data type.

uv_once_t

Once-only initializer data type.

uv_mutex_t

Mutex data type.

uv_rwlock_t

Read-write lock data type.

uv_sem_t

Semaphore data type.

uv_cond_t

Condition data type.

uv_barrier t

API

Barrier data type.

Threads

uv_thread _options_t

Options for spawning a new thread (passed to uv_thread create_ex()).

typedef struct uv_process_options_s {
enum {
UV_THREAD_NO_FLAGS = 0x00,
UV_THREAD_HAS_STACK_SIZE = 0x01
} flags;
size_t stack_size;
} uv_process_options_t;

More fields may be added to this struct at any time, so its exact layout and size should not be relied upon.

1.26.0 FTHRINEE.

intuv_thread_create (uv_thread_t* tid, uv_thread_cb entry, void* arg)

TE 1.4.1 FUEG returns a UV_E* error code on failure

intuv_thread_create_ex (uv_thread_t* tid, const uv_thread_options_t* params, uv_thread_cb entry,

void* arg)
Like uv_thread create (), but additionally specifies options for creating a new thread.
If UV_THREAD_HAS_STACK_SIZE is set, stack_size specifies a stack size for the new thread. 0 indicates that
the default value should be used, i.e. behaves as if the flag was not set. Other values will be rounded up to the
nearest page boundary.
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1.26.0 FHrAR I HE.
uv_thread tuv_thread_self (void)
intuv_thread_join (uv_thread_t *tid)

int uv_thread_equal (const uv_thread_t* t1, const uv_thread_t* t2)

Thread-local storage

TEf#: The total thread-local storage size may be limited. That is, it may not be possible to create many TLS keys.

intuv_key_create (uv_key_t* key)
void uv_key_delete (uv_key_t* key)
void* uv_key_get (uv_key_r* key)

void uv_key_set (uv_key_t* key, void* value)

Once-only initialization

Runs a function once and only once. Concurrent calls to uv_once () with the same guard will block all callers except
one (it’s unspecified which one). The guard should be initialized statically with the UV_ONCE_INIT macro.

void uv_once (uv_once_t* guard, void (*callback)(void))

Mutex locks

Functions return 0 on success or an error code < 0 (unless the return type is void, of course).
intuv_mutex_init (uv_mutex_r* handle)

intuv_mutex_init_recursive (uv_mutex_t* handle)

void uv_mutex_destroy (uv_mutex_t* handle)

void uv_mutex_ lock (uv_mutex_t* handle)

int uv_mutex_trylock (uv_mutex_t* handle)

void uv_mutex_unlock (uv_mutex_t* handle)

Read-write locks

Functions return 0 on success or an error code < 0 (unless the return type is void, of course).
intuv_rwlock_init (uv_rwlock_t* rwlock)

void uv_rwlock_destroy (uv_rwlock_t* rwlock)

void uv_rwlock_ rdlock (uv_rwlock t* rwlock)

intuv_rwlock_tryrdlock (uv_rwlock_t* rwlock)

void uv_rwlock_rdunlock (uv_rwlock_t* rwlock)

void uv_rwlock wrlock (uv_rwlock t* rwlock)
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intuv_rwlock_trywrlock (uv_rwlock_t* rwlock)

void uv_rwlock_wrunlock (uv_rwlock_t* rwlock)

Semaphores

Functions return 0 on success or an error code < 0 (unless the return type is void, of course).
intuv_sem_init (uv_sem_t* sem, unsigned int value)

void uv_sem_destroy (uv_sem_t* sem)

void uv_sem_post (uv_sem_t* sem)

void uv_sem_wait (uv_sem_t* sem)

intuv_sem_trywait (uv_sem_t* sem)

Conditions

Functions return 0 on success or an error code < 0 (unless the return type is void, of course).

T figé:
1. Callers should be prepared to deal with spurious wakeups on uv_cond wait () and
uv_cond_timedwait ().

2. The timeout parameter for uv_cond_timedwait () is relative to the time at which function is called.

3. On z/OS, the timeout parameter for uv_cond_timedwait () is converted to an absolute system time at
which the wait expires. If the current system clock time passes the absolute time calculated before the condition
is signaled, an ETIMEDOUT error results. After the wait begins, the wait time is not affected by changes to the
system clock.

intuv_cond_init (uv_cond_t* cond)

void uv_cond_destroy (uv_cond_t* cond)

void uv_cond_signal (uv_cond_t* cond)

void uv_cond_broadcast (uv_cond_t* cond)

void uv_cond_wait (uv_cond _t* cond, uv_mutex_t* mutex)

int uv_cond_timedwait (uv_cond_t* cond, uv_mutex_t* mutex, uint64_t timeout)

Barriers

Functions return 0 on success or an error code < 0 (unless the return type is void, of course).

Hf#: uv barrier wait () returns a value > 0 to an arbitrarily chosen "serializer" thread to facilitate cleanup,
i.e.

if (uv_barrier_wait (&barrier) > 0)
uv_barrier_destroy (&barrier);
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intuv_barrier_init (uv_barrier_t* barrier, unsigned int count)
void uv_barrier_destroy (uv_barrier_t* barrier)

intuv_barrier wait (uv_barrier_t* barrier)

3.2.26 Miscellaneous utilities

This section contains miscellaneous functions that don’t really belong in any other section.

Data types
uv_buf t
Buffer data type.

char* uv_buf_t .base
Pointer to the base of the buffer.

size_tuv_buf t.len
Total bytes in the buffer.

Ff#: On Windows this field is ULONG.

void* (*uv_malloc_func) (size_t size)
Replacement function for malloc(3). See uv_replace_allocator ().

void* (*uv_realloc_func) (void* ptr, size_t size)
Replacement function for realloc(3). See uv_replace_allocator ().

void* (*uv_calloc_func) (size_t count, size_t size)
Replacement function for calloc(3). See uv_replace _allocator ().

void (*uv_£free_func) (void* ptr)
Replacement function for free(3). See uv._replace_allocator().

uv_file
Cross platform representation of a file handle.

uv_os_sock_t
Cross platform representation of a socket handle.

uv_os_fd t

Abstract representation of a file descriptor. On Unix systems this is a typedef of int and on Windows a HANDLE.

uv_pid_ t
Cross platform representation of a pid_t.

1.16.0 FrERINEE.

uv_rusage_t
Data type for resource usage results.

typedef struct {
uv_timeval_t ru_utime; /* user CPU time used =/
uv_timeval_t ru_stime; /+ system CPU time used x/
uint64_t ru_maxrss; /* maximum resident set size x/
uint64_t ru_ixrss; /* integral shared memory size (X) =/
uint64_t ru_idrss; /* integral unshared data size (X) */

(continues on next page)

3.2. APIICHY

61



http://linux.die.net/man/3/malloc
http://linux.die.net/man/3/realloc
http://linux.die.net/man/3/calloc
http://linux.die.net/man/3/free

libuv documentation, % #i 1.26.0

uint64_t ru_nswap; /* swaps (X) */
uint64_t ru_inblock; /* block input operations =/
uint64_t ru_oublock; /* block output operations x/
uint64_t ru_msgsnd; /+ IPC messages sent (X) =/
uint64_t ru_msgrcv; /+ IPC messages received (X) */
uint64_t ru_nsignals; /* signals received (X) =/
uint64_t ru_nvcsw; /* voluntary context switches (X)
uint64_t ru_nivcsw; /% involuntary context switches
} uv_rusage_t;

uint64_t ru_isrss; /* integral unshared stack size (X) =«
uint64_t ru_minflt; /+ page reclaims (soft page faults)
uint64_t ru_majflt; /* page faults (hard page faults) =/

*/
(X)

/
(X)

*/

*/

Members marked with (X) are unsupported on Windows. See getrusage(2) for supported fields on Unix

uv_cpu_info_t
Data type for CPU information.

typedef struct uv_cpu_info_s {
char* model;
int speed;
struct uv_cpu_times_s {
uint64_t user;
uint64_t nice;
uint64_t sys;
uint64_t idle;
uint64_t irgqg;
} cpu_times;
} uv_cpu_info_t;

uv_interface_address_t
Data type for interface addresses.

typedef struct uv_interface_address_s {
char* name;
char phys_addr[6];
int is_internal;
union {
struct sockaddr_in address4;
struct sockaddr_in6 addresso6;
} address;
union {
struct sockaddr_in netmask4;
struct sockaddr_in6 netmasko6;
} netmask;
} uv_interface_address_t;

uv_passwd_t
Data type for password file information.

typedef struct uv_passwd_s {
char+ username;
long uid;
long gid;
char* shell;
char+ homedir;
} uv_passwd_t;
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uv_utsname_t
Data type for operating system name and version information.

typedef struct uv_utsname_s {
char sysname[256];
char release[256];
char version[256];
char machine[256]
} uv_utsname_t;

’

API

uv_handle_type uv_guess_handle (uv_file file)
Used to detect what type of stream should be used with a given file descriptor. Usually this will be used during
initialization to guess the type of the stdio streams.

For isatty(3) equivalent functionality use this function and test for UV_TTY.

intuv_replace_allocator (uv_malloc_func malloc_func, uv_realloc_func realloc_func,
uv_calloc_func calloc_func, uv_free_func free_func)
1.6.0 FhINAE.

Override the use of the standard library’s malloc(3), calloc(3), realloc(3), free(3), memory allocation functions.

This function must be called before any other libuv function is called or after all resources have been freed and
thus libuv doesn’t reference any allocated memory chunk.

On success, it returns 0, if any of the function pointers is NULL it returns UV_EINVAL.

% 5. There is no protection against changing the allocator multiple times. If the user changes it they

5

are responsible for making sure the allocator is changed while no memory was allocated with the previous
allocator, or that they are compatible.

uv_buf tuv_buf_init (char* base, unsigned int len)
Constructor for uv_buf_t.

Due to platform differences the user cannot rely on the ordering of the base and len members of the uv_buf_t
struct. The user is responsible for freeing base after the uv_buf_t is done. Return struct passed by value.

char** uv_setup_args (int argc, char** argv)
Store the program arguments. Required for getting / setting the process title.

int uv_get_process_title (char* buffer, size_t size)
Gets the title of the current process. You must call uv_setup_args before calling this function. If buffer is NULL
or size is zero, UV_EINVAL is returned. If size cannot accommodate the process title and terminating NULL
character, the function returns UV_ENOBUFS.

TE 1.18.1 fRE X now thread-safe on all supported platforms.

intuv_set_process_title (const char* fitle)
Sets the current process title. You must call uv_setup_args before calling this function. On platforms with a
fixed size buffer for the process title the contents of title will be copied to the buffer and truncated if larger than
the available space. Other platforms will return UV_ENOMEM if they cannot allocate enough space to duplicate
the contents of title.

7E 1.18.1 AR now thread-safe on all supported platforms.
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intuv_resident_set_memory (size_t* rss)
Gets the resident set size (RSS) for the current process.

int uv_uptime (double* uptime)
Gets the current system uptime.

int uv_getrusage (uv_rusage_t* rusage)
Gets the resource usage measures for the current process.

Ef%: On Windows not all fields are set, the unsupported fields are filled with zeroes. See uv_rusage t for
more details.

uv_pid_tuv_os_getpid (void)
Returns the current process ID.

1.18.0 FTHRINEE.

uv_pid_t uv_os_getppid (void)
Returns the parent process ID.

1.16.0 FTHRINEE.

intuv_cpu_info (uv_cpu_info_t** cpu_infos, int* count)
Gets information about the CPUs on the system. The cpu_infos array will have count elements and needs to be
freed with uv_free cpu_info ().

void uv_free_cpu_info (uv_cpu_info_t* cpu_infos, int count)
Frees the cpu_infos array previously allocated with uv_cpu_info ().

intuv_interface_addresses (uv_interface_address_t** addresses, int* count)
Gets address information about the network interfaces on the system. An array of count elements is allocated
and returned in addresses. It must be freed by the user, calling uv._free interface addresses ().

void uv_free_interface_addresses (uv_interface_address_t* addresses, int count)
Free an array of uv_interface_address_t which was returned by uv_interface addresses ().

void uv_loadavg (double avg[3])
Gets the load average. See: http://en.wikipedia.org/wiki/Load_(computing)

Ef#: Returns [0,0,0] on Windows (i.e., it’s not implemented).

intuv_ip4_addr (const char* ip, int port, struct sockaddr_in* addr)
Convert a string containing an IPv4 addresses to a binary structure.

intuv_ip6_addr (const char* ip, int port, struct sockaddr_in6* addr)
Convert a string containing an IPv6 addresses to a binary structure.

int uv_ip4_name (const struct sockaddr_in* src, char* dst, size_t size)
Convert a binary structure containing an IPv4 address to a string.

intuv_ip6_name (const struct sockaddr_in6* src, char* dst, size_t size)
Convert a binary structure containing an IPv6 address to a string.

int uv_inet_ntop (int af, const void* src, char* dst, size_t size)

intuv_inet_pton (int af, const char* src, void* dst)
Cross-platform IPv6-capable implementation of inet_ntop(3) and inet_pton(3). On success they return 0. In
case of error the target dst pointer is unmodified.
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UV_IF NAMESIZE
Maximum IPv6 interface identifier name length. Defined as IFNAMSIZ on Unix and IF_NAMESIZE on Linux
and Windows.

1.16.0 FHRINEE.

intuv_if_ indextoname (unsigned int ifindex, char* buffer, size_t* size)
[Pv6-capable implementation of if_indextoname(3). When called, *size indicates the length of the buffer, which
is used to store the result. On success, zero is returned, buffer contains the interface name, and *size represents
the string length of the buffer, excluding the NUL terminator byte from *size. On error, a negative result is
returned. If buffer is not large enough to hold the result, UV_ENOBUFS is returned, and *size represents the
necessary size in bytes, including the NUL terminator byte into the *size.

On Unix, the returned interface name can be used directly as an interface identifier in scoped IPv6 addresses,
e.g. fe80::abc:defl:2345%en0.

On Windows, the returned interface cannot be used as an interface identifier, as Windows uses numerical inter-
face identifiers, e.g. fe80::abc:def1:2345%5.

To get an interface identifier in a cross-platform compatible way, use uv_if_indextoiid().

Example:

char ifname[UV_IF_NAMESIZE];
size_t size = sizeof (ifname);
uv_if_indextoname (sin6->sin6_scope_id, ifname, &size);

1.16.0 FHERINEE.

intuv_if_indextoiid (unsigned int ifindex, char* buffer, size_t* size)
Retrieves a network interface identifier suitable for use in an IPv6 scoped address. On Windows, returns the
numeric ifindex as a string. On all other platforms, uv_if _indextoname() is called. The result is written to buffer,
with *size indicating the length of buffer. If buffer is not large enough to hold the result, then UV_ENOBUFS is
returned, and *size represents the size, including the NUL byte, required to hold the result.

See uv_if_indextoname for further details.
1.16.0 Hh N RE.

int uv_exepath (char* buffer, size_t* size)
Gets the executable path.

int uv__cwd (char* buffer, size_t* size)
Gets the current working directory, and stores it in buffer. If the current working directory is too large to fit in
buffer, this function returns UV_ENOBUF'S, and sets size to the required length, including the null terminator.

7E 1.1.0 iiCEEL: On Unix the path no longer ends in a slash.

7E 1.9.0 At I the returned length includes the terminating null byte on UV_ENOBUFS, and the buffer is null
terminated on success.

int uv_chdir (const char* dir)
Changes the current working directory.

int uv_os_homedir (char* buffer, size_t* size)
Gets the current user’s home directory. On Windows, uv_os_homedir() first checks the USERPROFILE envi-
ronment variable using GetEnvironmentVariableW(). If USERPROFILE is not set, GetUserProfileDirectoryW()
is called. On all other operating systems, uv_os_homedir() first checks the HOME environment variable using
getenv(3). If HOME is not set, getpwuid_1(3) is called. The user’s home directory is stored in buffer. When
uv_os_homedir() is called, size indicates the maximum size of buffer. On success size is set to the string length
of buffer. On UV_ENOBUFS failure size is set to the required length for buffer, including the null byte.
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He,
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uv_os_homedir() is not thread safe.

1.6.0 FrhR I aE.

int uv_os_tmpdir (char* buffer, size_t* size)
Gets the temp directory. On Windows, uv_os_tmpdir() uses GetTempPathW(). On all other operating systems,
uv_os_tmpdir() uses the first environment variable found in the ordered list TMPDIR, TMP, TEMP, and TEM-
PDIR. If none of these are found, the path "/tmp" is used, or, on Android, "/data/local/tmp" is used. The temp
directory is stored in buffer. When uv_os_tmpdir() is called, size indicates the maximum size of buffer. On suc-

cess size is set to the string length of buffer (which does not include the terminating null). On UV_ENOBUFS
failure size is set to the required length for buffer, including the null byte.

- 3==F uv_os_tmpdir() is not thread safe.

1.9.0 FhRINEE.

intuv_os_get_passwd (uv_passwd_t* pwd)
Gets a subset of the password file entry for the current effective uid (not the real uid). The populated data
includes the username, euid, gid, shell, and home directory. On non-Windows systems, all data comes from get-
pwuid_r(3). On Windows, uid and gid are set to -1 and have no meaning, and shell is NULL. After successfully
calling this function, the memory allocated to pwd needs to be freed with uv_os_free passwd ().

1.9.0 FrhRIHAEE.

void uv_os_free_passwd (uv_passwd_t* pwd)
Frees the pwd memory previously allocated with uv_os_get_passwd ().

1.9.0 FThRZhEE.

uint64_t uv_get_free_memory (void)
Gets memory information (in bytes).

uint64_t uv_get_total_memory (void)
Gets memory information (in bytes).

uint64_t uv_hrtime (void)
Returns the current high-resolution real time. This is expressed in nanoseconds. It is relative to an arbitrary time

in the past. It is not related to the time of day and therefore not subject to clock drift. The primary use is for
measuring performance between intervals.

Ef#: Not every platform can support nanosecond resolution; however, this value will always be in nanosec-
onds.

void uv_print_all_handles (uv_loop_t* loop, FILE* stream)
Prints all handles associated with the given loop to the given stream.

Example:

uv_print_all handles (uv_default_loop (), stderr);
/*

[--I] signal Oxla25ea8

[-AI] async 0x1a25cf0

[R-—] idle O0xla7a8c8

x/
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The format is [flags] handle-type handle-address. For flags:
* R is printed for a handle that is referenced
* A is printed for a handle that is active

e [ is printed for a handle that is internal

% 45: This function is meant for ad hoc debugging, there is no API/ABI stability guarantees.

1.8.0 FTARINBE.

void uv_print_active_handles (uv_loop_t* loop, FILE* stream)
This is the same as uv_print_all handles () except only active handles are printed.

% 45: This function is meant for ad hoc debugging, there is no API/ABI stability guarantees.

1.8.0 BRI BE.

int uv_os_getenv (const char* name, char* buffer, size_t* size)
Retrieves the environment variable specified by name, copies its value into buffer, and sets size to the string
length of the value. When calling this function, size must be set to the amount of storage available in buffer,
including the null terminator. If the environment variable exceeds the storage available in buffer, UV_ENOBUFS
is returned, and size is set to the amount of storage required to hold the value. If no matching environment
variable exists, UV_ENOENT is returned.

4. This function is not thread safe.

=5

1.12.0 FhRINHE.

int uv_os_setenv (const char* name, const char* value)
Creates or updates the environment variable specified by name with value.

4L This function is not thread safe.

1.12.0 FrhRINRE.

int uv_os_unsetenv (const char* name)
Deletes the environment variable specified by name. If no such environment variable exists, this function returns
successfully.

. This function is not thread safe.

5

1.12.0 HrhRINEE.

int uv_os_gethostname (char* buffer, size_t* size)
Returns the hostname as a null-terminated string in buffer, and sets size to the string length of the hostname.
When calling this function, size must be set to the amount of storage available in buffer, including the null
terminator. If the hostname exceeds the storage available in buffer, UV_ENOBUF'S is returned, and size is set to
the amount of storage required to hold the value.
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1.12.0 kR INRE

1E 1.26.0 fRFN: UV_MAXHOSTNAMESIZE is available and represents the maximum buffer size required to
store a hostname and terminating nul character.

intuv_os_getpriority (uv_pid_t pid, int* priority)

Retrieves the scheduling priority of the process specified by pid. The returned value of priority is between -20
(high priority) and 19 (low priority).

Ef%: On Windows, the returned priority will equal one of the UV_PRIORITY constants.

1.23.0 FhRINRE

intuv_os_setpriority (uv_pid_t pid, int priority)

Sets the scheduling priority of the process specified by pid. The priority value range is between -20 (high
priority) and 19 (low priority). The constants UV_PRIORITY_LOW, UV_PRIORITY_BELOW_NORMAL,
UV_PRIORITY_NORMAL, UV_PRIORITY_ABOVE_NORMAL, UV_PRIORITY_HIGH, and
UV_PRIORITY_HIGHEST are also provided for convenience.

Ef#: On Windows, this function utilizes SetPriorityClass(). The priority argument is mapped to a Windows
priority class. When retrieving the process priority, the result will equal one of the UV_PRIORITY constants,
and not necessarily the exact value of priority.

Ef%: On Windows, setting PRIORITY_HIGHEST will only work for elevated user, for others it will be silently
reduced to PRIORITY_HIGH.

1.23.0 HTHR TN BE

int uv_os_uname (uv_utsname_t* buffer)

Retrieves system information in buffer. The populated data includes the operating system name, release, version,
and machine. On non-Windows systems, uv_os_uname() is a thin wrapper around uname(3). Returns zero on
success, and a non-zero error value otherwise.

1.25.0 HTHRINBE

3.3 {5

B XMEERNA D Albuv R T, HAEEREELTEENEHEE . MRIRAM THERESRE
JrlibuvIi B issue, SLHLFEE, FFE—1pull request! ISR ZEN G, WIEIFFEDHR S .

3.3.1 Introduction

This "book’ is a small set of tutorials about using libuv as a high performance evented I/O library which offers the
same API on Windows and Unix.

It is meant to cover the main areas of libuv, but is not a comprehensive reference discussing every function and data
structure. The official libuv documentation may be consulted for full details.

This book is still a work in progress, so sections may be incomplete, but I hope you will enjoy it as it grows.
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Who this book is for

If you are reading this book, you are either:

1. a systems programmer, creating low-level programs such as daemons or network services and clients. You have
found that the event loop approach is well suited for your application and decided to use libuv.

2. anode.js module writer, who wants to wrap platform APIs written in C or C++ with a set of (a)synchronous
APIs that are exposed to JavaScript. You will use libuv purely in the context of node.js. For this you will require
some other resources as the book does not cover parts specific to v8/node.js.

This book assumes that you are comfortable with the C programming language.

Background

The node.js project began in 2009 as a JavaScript environment decoupled from the browser. Using Google’s V8 and
Marc Lehmann’s libev, node.js combined a model of I/O — evented — with a language that was well suited to the style of
programming; due to the way it had been shaped by browsers. As node.js grew in popularity, it was important to make
it work on Windows, but libev ran only on Unix. The Windows equivalent of kernel event notification mechanisms
like kqueue or (e)poll is IOCP. libuv was an abstraction around libev or IOCP depending on the platform, providing
users an API based on libev. In the node-v0.9.0 version of libuv libev was removed.

Since then libuv has continued to mature and become a high quality standalone library for system programming. Users
outside of node.js include Mozilla’s Rust programming language, and a variety of language bindings.

This book and the code is based on libuv version v1.3.0.

Code

All the code from this book is included as part of the source of the book on Github. Clone/Download the book, then
build libuv:

cd libuv
./autogen.sh
./configure
make

There is no need to make install. To build the examples run make in the code/ directory.

3.3.2 Basics of libuv

libuv enforces an asynchronous, event-driven style of programming. Its core job is to provide an event loop and
callback based notifications of I/O and other activities. libuv offers core utilities like timers, non-blocking networking
support, asynchronous file system access, child processes and more.

Event loops

In event-driven programming, an application expresses interest in certain events and respond to them when they occur.
The responsibility of gathering events from the operating system or monitoring other sources of events is handled by
libuv, and the user can register callbacks to be invoked when an event occurs. The event-loop usually keeps running
forever. In pseudocode:

3.3. fiffem 69



http://www.nodejs.org
http://code.google.com/p/v8/
http://software.schmorp.de/pkg/libev.html
https://github.com/joyent/libuv/issues/485
http://rust-lang.org
https://github.com/libuv/libuv/wiki/Projects-that-use-libuv
https://github.com/libuv/libuv/tags
https://github.com/nikhilm/uvbook
https://github.com/nikhilm/uvbook/downloads

libuv documentation, % #i 1.26.0

while there are still events to process:
e = get the next event
if there is a callback associated with e:
call the callback

Some examples of events are:
* File is ready for writing
* A socket has data ready to be read
* A timer has timed out
This event loop is encapsulated by uv__run () — the end-all function when using libuv.

The most common activity of systems programs is to deal with input and output, rather than a lot of number-crunching.
The problem with using conventional input/output functions (read, fprintf, etc.) is that they are blocking. The
actual write to a hard disk or reading from a network, takes a disproportionately long time compared to the speed of
the processor. The functions don’t return until the task is done, so that your program is doing nothing. For programs
which require high performance this is a major roadblock as other activities and other I/O operations are kept waiting.

One of the standard solutions is to use threads. Each blocking I/O operation is started in a separate thread (or in a
thread pool). When the blocking function gets invoked in the thread, the processor can schedule another thread to run,
which actually needs the CPU.

The approach followed by libuv uses another style, which is the asynchronous, non-blocking style. Most modern
operating systems provide event notification subsystems. For example, a normal read call on a socket would block
until the sender actually sent something. Instead, the application can request the operating system to watch the socket
and put an event notification in the queue. The application can inspect the events at its convenience (perhaps doing
some number crunching before to use the processor to the maximum) and grab the data. It is asynchronous because
the application expressed interest at one point, then used the data at another point (in time and space). It is non-
blocking because the application process was free to do other tasks. This fits in well with libuv’s event-loop approach,
since the operating system events can be treated as just another libuv event. The non-blocking ensures that other events

can continue to be handled as fast as they come in'.

1Ef%: How the I/O is run in the background is not of our concern, but due to the way our computer hardware works,
with the thread as the basic unit of the processor, libuv and OSes will usually run background/worker threads and/or
polling to perform tasks in a non-blocking manner.

Bert Belder, one of the libuv core developers has a small video explaining the architecture of libuv and its background.
If you have no prior experience with either libuv or libev, it is a quick, useful watch.

libuv’s event loop is explained in more detail in the documentation.

Hello World

With the basics out of the way, lets write our first libuv program. It does nothing, except start a loop which will exit
immediately.

helloworld/main.c

! Depending on the capacity of the hardware of course.
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#include <stdio.h>
#include <stdlib.h>
#include <uv.h>

int main() {
uv_loop_t xloop = malloc(sizeof (uv_loop_t));
uv_loop_init (loop) ;

printf ("Now quitting.\n");
uv_run (loop, UV_RUN_DEFAULT) ;

uv_loop_close (loop);
free (loop);
return 0O;

This program quits immediately because it has no events to process. A libuv event loop has to be told to watch out for
events using the various API functions.

Starting with libuv v1.0, users should allocate the memory for the loops before initializing it with
uv_loop_init (uv_loop_t =). This allows you to plug in custom memory management. Remember to de-
initialize the loop using uv_loop_close (uv_loop_t =) and then delete the storage. The examples never close
loops since the program quits after the loop ends and the system will reclaim memory. Production grade projects,
especially long running systems programs, should take care to release correctly.

Default loop

A default loop is provided by libuv and can be accessed using uv_default_loop (). You should use this loop if
you only want a single loop.

EfE: node.js uses the default loop as its main loop. If you are writing bindings you should be aware of this.

Error handling
Initialization functions or synchronous functions which may fail return a negative number on error. Async functions
that may fail will pass a status parameter to their callbacks. The error messages are defined as UV_E« constants.

You can use the uv_strerror (int) and uv_err_name (int) functions to get a const char = describing
the error or the error name respectively.

I/0 read callbacks (such as for files and sockets) are passed a parameter nread. If nread is less than 0, there was an
error (UV_EOF is the end of file error, which you may want to handle differently).

Handles and Requests

libuv works by the user expressing interest in particular events. This is usually done by creating a handle to an I/O
device, timer or process. Handles are opaque structs named as uv_TYPE_t where type signifies what the handle is
used for.
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libuv watchers

UV_REQ_TYPE_PRIVATE
UV_REQ_TYPE_MAX
} uv_req_type;

/+ Handle types. «*/

typedef struct uv_loop_s uv_loop_t;
typedef struct uv_handle_s uv_handle_t;
typedef struct uv_stream_s uv_stream_t;
typedef struct uv_tcp_s uv_tcp_t;

typedef struct uv_udp_s uv_udp_t;

typedef struct uv_pipe_s uv_pipe_t;
typedef struct uv_tty_s uv_tty_t;

typedef struct uv_poll_s uv_poll_t;
typedef struct uv_timer_s uv_timer_t;
typedef struct uv_prepare_s uv_prepare_t;
typedef struct uv_check_s uv_check_t;
typedef struct uv_idle_s uv_idle_t;
typedef struct uv_async_s uv_async_t;
typedef struct uv_process_s uv_process_t;
typedef struct uv_fs_event_s uv_fs_event_t;
typedef struct uv_fs_poll_s uv_fs_poll_t;
typedef struct uv_signal_s uv_signal_t;

/+ Request types. */

typedef struct uv_req_s uv_req_t;

typedef struct uv_getaddrinfo_s uv_getaddrinfo_t;
typedef struct uv_getnameinfo_s uv_getnameinfo_t;
typedef struct uv_shutdown_s uv_shutdown_t;
typedef struct uv_write_s uv_write_t;

typedef struct uv_connect_s uv_connect_t;

typedef struct uv_udp_send_s uv_udp_send_t;
typedef struct uv_fs_s uv_£fs_t;

typedef struct uv_work_s uv_work_t;

Handles represent long-lived objects. Async operations on such handles are identified using requests. A request is
short-lived (usually used across only one callback) and usually indicates one I/O operation on a handle. Requests are
used to preserve context between the initiation and the callback of individual actions. For example, an UDP socket is
represented by a uv_udp__t, while individual writes to the socket use a uv_udp_send_t structure that is passed to
the callback after the write is done.

Handles are setup by a corresponding:

uv_TYPE_init (uv_loop_t *, uv_TYPE_t x)

function.

Callbacks are functions which are called by libuv whenever an event the watcher is interested in has taken place.
Application specific logic will usually be implemented in the callback. For example, an IO watcher’s callback will
receive the data read from a file, a timer callback will be triggered on timeout and so on.

Idling

Here is an example of using an idle handle. The callback is called once on every turn of the event loop. A use case
for idle handles is discussed in Utilities. Let us use an idle watcher to look at the watcher life cycle and see how
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uv_run () will now block because a watcher is present. The idle watcher is stopped when the count is reached and
uv_run () exits since no event watchers are active.

idle-basic/main.c

#include <stdio.h>
#include <uv.h>

int64_t counter = 0;

void wait_for_a_while(uv_idle_t* handle) {
counter++;

if (counter >= 10e6)
uv_idle_stop (handle);
int main() {

uv_idle_t idler;

uv_idle_init (uv_default_loop (), &idler);
uv_idle_start (&¢idler, wait_for_a_while);

printf("Idling...\n");
uv_run (uv_default_loop (), UV_RUN_DEFAULT);

uv_loop_close (uv_default_loop());
return 0O;

Storing context

In callback based programming style you’ll often want to pass some ’context’ — application specific information —
between the call site and the callback. All handles and requests have a void* data member which you can set
to the context and cast back in the callback. This is a common pattern used throughout the C library ecosystem. In
addition uv_1loop_t also has a similar data member.

3.3.3 Filesystem

Simple filesystem read/write is achieved using the uv_fs_ x functions and the uv_fs_t struct.

TEf#: The libuv filesystem operations are different from socket operations. Socket operations use the non-blocking
operations provided by the operating system. Filesystem operations use blocking functions internally, but invoke these
functions in a thread pool and notify watchers registered with the event loop when application interaction is required.

All filesystem functions have two forms - synchronous and asynchronous.

The synchronous forms automatically get called (and block) if the callback is null. The return value of functions is a
libuv error code. This is usually only useful for synchronous calls. The asynchronous form is called when a callback
is passed and the return value is 0.
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Reading/Writing files

A file descriptor is obtained using

int uv_fs_open (uv_loop_tx loop, uv_£fs_tx req, const char+ path, int flags, int mode,

—uv_£fs_cb cb)

flags and mode are standard Unix flags. libuv takes care of converting to the appropriate Windows flags.

File descriptors are closed using

’int uv_fs_close(uv_loop_t* loop, uv_fs_tx req, uv_file file, uv_£fs_cb cb) ‘

Filesystem operation callbacks have the signature:

’void callback (uv_£fs_t* req); ‘

Let’s see a simple implementation of cat. We start with registering a callback for when the file is opened:

uvcat/main.c - opening a file

void on_open (uv_£fs_t xreq) {
// The request passed to the callback is the same as the one the call setup

// function was passed.

assert (reqg == &open_req);
if (reg->result >= 0) {

iov = uv_buf_init (buffer, sizeof (buffer));

uv_fs_read(uv_default_loop (), &read_req, reg->result,

&iov, 1, -1, on_read);

}
else {

fprintf (stderr, "error opening file: \n", uv_strerror ((int)reg->result));

The result field of a uv_fs_t is the file descriptor in case of the uv_fs_open callback. If the file is successfully
opened, we start reading it.

uvcat/main.c - read callback

void on_read(uv_£fs_t =xreq) {
if (reg->result < 0) {
fprintf (stderr, "Read error: \n", uv_strerror (reqg->result));
}
else if (reg->result == 0) {
uv_fs_t close_reqg;
// synchronous
uv_fs_close (uv_default_loop (), &close_req, open_req.result, NULL);
}
else if (reg->result > 0) {
iov.len = reg->result;
uv_fs_write (uv_default_loop (), &write_req, 1, &iov, 1, -1, on_write);
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In the case of a read call, you should pass an initialized buffer which will be filled with data before the read callback is
triggered. The uv__fs_» operations map almost directly to certain POSIX functions, so EOF is indicated in this case
by result being 0. In the case of streams or pipes, the UV_EOF constant would have been passed as a status instead.

Here you see a common pattern when writing asynchronous programs. The uv_fs_close () call is performed
synchronously. Usually tasks which are one-off, or are done as part of the startup or shutdown stage are performed
synchronously, since we are interested in fast I/O when the program is going about its primary task and dealing with
multiple I/O sources. For solo tasks the performance difference usually is negligible and may lead to simpler code.

Filesystem writing is similarly simple using uv_fs_write (). Your callback will be triggered after the write is
complete. In our case the callback simply drives the next read. Thus read and write proceed in lockstep via callbacks.

uvcat/main.c - write callback

void on_write(uv_£fs_t xreq) {
if (reg->result < 0) {
fprintf (stderr, "Write error: \n", uv_strerror ((int)reg->result));
}
else {
uv_fs_read(uv_default_loop (), &read_req, open_req.result, &iov, 1, -1, on_
—read) ;

}

45 Due to the way filesystems and disk drives are configured for performance, a write that *succeeds’ may not
be committed to disk yet.

We set the dominos rolling inmain () :

uvcat/main.c

int main(int argc, char xxargv) {
uv_fs_open (uv_default_loop (), &open_req, argv[l], O_RDONLY, 0, on_open);
uv_run (uv_default_loop (), UV_RUN_DEFAULT);

uv_£fs_reqg_cleanup (&open_req) ;
uv_fs_reqg cleanup (&read_req);
uv_fs_req_cleanup (&write_req);
return 0;

/5. The uv_fs_req cleanup () function must always be called on filesystem requests to free internal
memory allocations in libuv.

Filesystem operations

All the standard filesystem operations like unlink, rmdir, stat are supported asynchronously and have intuitive
argument order. They follow the same patterns as the read/write/open calls, returning the result in the uv_fs_t.
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result field. The full list:

Filesystem operations

UV_EXTERN
UV_EXTERN
UV_EXTERN
UV_EXTERN
UV_EXTERN
UV_EXTERN
UV_EXTERN

char+* uv_setup_args (int argc, charxx argv);
int uv_get_process_title(char+ buffer,
int uv_set_process_title(const charx title);
int uv_resident_set_memory(size_t* rss);

int uv_uptime (doublex uptime);

uv_os_fd_t uv_get_osfhandle (int £d);

int uv_open_osfhandle (uv_os_fd_t os_£fd);

size_t size);

typedef struct {

long tv_
long tv_

sec;
usec;

} uv_timeval_t;

typedef struct {
uv_timeval_t ru_utime; /* user CPU time used =*/
uv_timeval_t ru_stime; /+ system CPU time used x/

uint64_t ru_maxrss; /+ maximum resident set size */
uint64_t ru_ixrss; /* integral shared memory size »*/
uint64_t ru_idrss; /* integral unshared data size »*/
uint64_t ru_isrss; /% integral unshared stack size */
uint64_t ru_minflt; /* page reclaims (soft page faults)
uint64_t ru_majflt; /+ page faults (hard page faults) =/
uint64_t ru_nswap; /* swaps */

uint64_t ru_inblock; /+ block input operations =/
uint64_t ru_oublock; /* block output operations =/
uint64_t ru_msgsnd; /+ IPC messages sent =/

uint64_t ru_msgrcv; /+ IPC messages received =/
uint64_t ru_nsignals; /+ signals received =/

uint64_t ru_nvcsw; /+ voluntary context switches x/
uint64_t ru_nivcsw; /* involuntary context switches =/

} uv_rusage_t;

UV_EXTERN

UV_EXTERN
UV_EXTERN
UV_EXTERN
UV_EXTERN
UV_EXTERN
UV_EXTERN

int uv_getrusage (uv_rusage_t* rusage);

int uv_os_homedir (char+ buffer, size_t* size);
int uv_os_tmpdir (char+ buffer, size_t»* size);
int uv_os_get_passwd (uv_passwd_t* pwd);

void uv_os_free_passwd (uv_passwd_tx* pwd);
uv_pid_t uv_os_getpid(void);

uv_pid_t uv_os_getppid(void);

#define UV_PRIORITY LOW 19

#define UV_PRIORITY BELOW_NORMAIL 10
#define UV_PRIORITY NORMAL 0
#define UV_PRIORITY ABOVE_NORMAL -7
#define UV_PRIORITY HIGH -14
#define UV_PRIORITY HIGHEST -20

UV_EXTERN
UV_EXTERN

UV_EXTERN

int uv_os_getpriority (uv_pid_t pid,
int uv_os_setpriority (uv_pid_t pid,

intx priority);
int priority);

int uv_cpu_info (uv_cpu_info_t++ cpu_infos,

*/

int* count);

(continues on next page)
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UV_EXTERN void uv_free_cpu_info (uv_cpu_info_t* cpu_infos, int count);

UV_EXTERN int uv_interface_addresses (uv_interface_address_t+* addresses,
int* count);
UV_EXTERN void uv_free_interface_addresses (uv_interface_address_t+ addresses,
int count);

UV_EXTERN int uv_os_getenv (const charx name, charx buffer, size_tx size);
UV_EXTERN int uv_os_setenv (const char* name, const charx value);
UV_EXTERN int uv_os_unsetenv (const char* name);

#1ifdef MAXHOSTNAMELEN
# define UV_MAXHOSTNAMESIZE (MAXHOSTNAMELEN + 1)
#else
/ *
Fallback for the maximum hostname size, including the null terminator. The
Windows gethostname () documentation states that 256 bytes will always be
large enough to hold the null-terminated hostname.
x/
# define UV_MAXHOSTNAMESIZE 256
#endif

UV_EXTERN int uv_os_gethostname (charx buffer, size_t«* size);

UV_EXTERN int uv_os_uname (uv_utsname_t+ buffer);

typedef enum {
UV_FS_UNKNOWN = -1,
UV_FS_CUSTOM,
UV_FS_OPEN,
UV_FS_CLOSE,
UV_FS_READ,
UV_FS_WRITE,
UV_FS_SENDFILE,
UV_FS_STAT,
UV_FS_LSTAT,
UV_FS_FSTAT,
UV_FS_FTRUNCATE,
UV_FS_UTIME,
UV_FS_FUTIME,
UV_FS_ACCESS,
UV_FS_CHMOD,
UV_FS_FCHMOD,
UV_FS_FSYNC,
UV_FS_FDATASYNC,
UV_FS_UNLINK,
UV_FS_RMDIR,
UV_FS_MKDIR,
UV_FS_MKDTEMP,
UV_FS_RENAME,
UV_FS_SCANDIR,
UV_FS_LINK,
UV_FS_SYMLINK,
UV_FS_READLINK,
UV_FS_CHOWN,

(continues on next page)
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UV_FS_FCHOWN,
UV_FS_REALPATH,
UV_FS_COPYFILE,
UV_FS_LCHOWN

Buffers and Streams

The basic I/0 handle in libuv is the stream (uv_stream_t). TCP sockets, UDP sockets, and pipes for file I/O and
IPC are all treated as stream subclasses.

Streams are initialized using custom functions for each subclass, then operated upon using

int uv_read_start (uv_stream_t+, uv_alloc_cb alloc_cb, uv_read_cb read_cb);
int uv_read_stop (uv_stream_t=«);
int uv_write(uv_write_t~* req, uv_stream_t* handle,

const uv_buf_t bufs[], unsigned int nbufs, uv_write_cb cb);

The stream based functions are simpler to use than the filesystem ones and libuv will automatically keep reading from
a stream when uv_read_start () is called once, until uv_read_stop () is called.

The discrete unit of data is the buffer — uv_buf_t. This is simply a collection of a pointer to bytes (uv_buf_t.
base) and the length (uv_buf_t.len). The uv_buf_t is lightweight and passed around by value. What does
require management is the actual bytes, which have to be allocated and freed by the application.

fHi%: THIS PROGRAM DOES NOT ALWAYS WORK, NEED SOMETHING BETTER**

To demonstrate streams we will need to use uv_pipe_t. This allows streaming local files?. Here is a simple tee
utility using libuv. Doing all operations asynchronously shows the power of evented I/O. The two writes won’t block
each other, but we have to be careful to copy over the buffer data to ensure we don’t free a buffer until it has been
written.

The program is to be executed as:

./uvtee <output_file>

We start off opening pipes on the files we require. libuv pipes to a file are opened as bidirectional by default.

uvtee/main.c - read on pipes

int main(int argc, char xxargv) {
loop = uv_default_loop();

uv_pipe_init (loop, &stdin_pipe, 0);
uv_pipe_open (&stdin_pipe, 0);

uv_pipe_init (loop, &stdout_pipe, 0);
uv_pipe_open (&stdout_pipe, 1);

uv_£fs_t file_reqg;

(continues on next page)

2 see Pipes

78 Chapter 3. 314




libuv documentation, % 7 1.26.0

int fd = uv_fs_open(loop, &file_req, argv[l], O_CREAT | O_RDWR, 0644, NULL);
uv_pipe_init (loop, &file_pipe, 0);
uv_pipe_open(&file_pipe, £d);

uv_read_start ((uv_stream_t«)&stdin_pipe, alloc_buffer, read_stdin);

uv_run (loop, UV_RUN_DEFAULT) ;
return O;

The third argument of uv_pipe_init () should be set to 1 for IPC using named pipes. This is covered in Processes.
The uv_pipe_open () call associates the pipe with the file descriptor, in this case O (standard input).

We start monitoring stdin. The alloc_buffer callback is invoked as new buffers are required to hold incoming
data. read_stdin will be called with these buffers.

uvtee/main.c - reading buffers

void alloc_buffer (uv_handle_t xhandle, size_t suggested_size, uv_buf_t xbuf) {
x*buf = uv_buf_init ((charx) malloc(suggested_size), suggested_size);

void read_stdin (uv_stream_t +stream, ssize_t nread, const uv_buf_t <buf) {
if (nread < 0){
if (nread == UV_EOF) {
// end of file
uv_close ((uv_handle_t «*)é&stdin_pipe, NULL);
uv_close ((uv_handle_t ) &stdout_pipe, NULL);
uv_close ((uv_handle_t *)&file_pipe, NULL);
}
} else if (nread > 0) {
write_data ((uv_stream_t =) &stdout_pipe, nread, +buf, on_stdout_write);
write_data((uv_stream_t x)&file_pipe, nread, *buf, on_file_write);

// OK to free buffer as write_data copies it.
if (buf->base)
free (buf->base) ;

The standard malloc is sufficient here, but you can use any memory allocation scheme. For example, node.js uses
its own slab allocator which associates buffers with V8 objects.

The read callback nread parameter is less than O on any error. This error might be EOF, in which case we close all
the streams, using the generic close function uv_close () which deals with the handle based on its internal type.
Otherwise nread is a non-negative number and we can attempt to write that many bytes to the output streams. Finally
remember that buffer allocation and deallocation is application responsibility, so we free the data.

The allocation callback may return a buffer with length zero if it fails to allocate memory. In this case, the read callback
is invoked with error UV_ENOBUFS. libuv will continue to attempt to read the stream though, so you must explicitly
call uv_close () if you want to stop when allocation fails.

The read callback may be called with nread = 0, indicating that at this point there is nothing to be read. Most
applications will just ignore this.
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uvtee/main.c - Write to pipe

typedef struct {
uv_write_t reqg;
uv_buf_t buf;

} write_req_t;

void free_write_reqg(uv_write_t =xreq) {
write_req_t *wr = (write_req_tx) reqg;
free (wr->buf .base);
free (wr);

void on_stdout_write (uv_write_t =xreq, int status) {
free_write_reqg(req);

void on_file_write(uv_write_t +*req, int status) {
free_write_req(req);

void write_data (uv_stream_t =+dest, size_t size, uv_buf_t buf, uv_write_cb cb) {
write_req t xreq = (write_req_t*) malloc(sizeof (write_req t));
reg->buf = uv_buf_init ((char*) malloc(size), size);
memcpy (reg->buf.base, buf.base, size);
uv_write ((uv_write_t*) req, (uv_stream_ t«)dest, &reg->buf, 1, cb);

write_data () makes a copy of the buffer obtained from read. This buffer does not get passed through to the write
callback trigged on write completion. To get around this we wrap a write request and a buffer in write_reqg t
and unwrap it in the callbacks. We make a copy so we can free the two buffers from the two calls to write_ data
independently of each other. While acceptable for a demo program like this, you’ll probably want smarter memory
management, like reference counted buffers or a pool of buffers in any major application.

5

pipe. This makes it susceptible to aborting on receiving a SIGPIPE. It is a good idea to insert:

245 If your program is meant to be used with other programs it may knowingly or unknowingly be writing to a

signal (SIGPIPE, SIG_IGN)

in the initialization stages of your application.

File change events

All modern operating systems provide APIs to put watches on individual files or directories and be informed when
the files are modified. libuv wraps common file change notification libraries'. This is one of the more inconsistent
parts of libuv. File change notification systems are themselves extremely varied across platforms so getting everything
working everywhere is difficult. To demonstrate, I’'m going to build a simple utility which runs a command whenever
any of the watched files change:

./onchange <command> <filel> [file2]

The file change notification is started using uv_fs_event_init ():

Uinotify on Linux, FSEvents on Darwin, kqueue on BSDs, ReadDirectoryChangesW on Windows, event ports on Solaris, unsupported on
Cygwin
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onchange/main.c - The setup

int main(int argc, char xxargv) {
if (argc <= 2) {
fprintf (stderr, "Usage: <command> <filel> [file2 ...]\n", argv[0]);
return 1;

loop = uv_default_loop();
command = argv[l];

while (argc— > 2) {
fprintf (stderr, "Adding watch on \n", argvlargc]);
uv_fs_event_t xfs_event_req = malloc(sizeof (uv_£fs_event_t));
uv_fs_event_init (loop, fs_event_req);
// The recursive flag watches subdirectories too.
uv_fs_event_start (fs_event_req, run_command, argv[argc], UV_FS_EVENT_
—RECURSIVE) ;
}

return uv_run(loop, UV_RUN_DEFAULT) ;

The third argument is the actual file or directory to monitor. The last argument, £1ags, can be:

uv_fs_tx req,
uv_fs_t* req,
uv_fs_cb cb);

UV_FS_EVENT_WATCH_ENTRY and UV_FS_EVENT_STAT don’t do anything (yet).
UV_FS_EVENT_RECURSIVE will start watching subdirectories as well on supported platforms.

The callback will receive the following arguments:

1. uv_fs_event_t =xhandle - The handle. The path field of the handle is the file on which the watch was
set.

2. const char xfilename - If a directory is being monitored, this is the file which was changed. Only
non-null on Linux and Windows. May be nul1l even on those platforms.

3. int flags - one of UV_RENAME or UV_CHANGE, or a bitwise OR of both.
4. int status - Currently 0.

In our example we simply print the arguments and run the command using system ().

onchange/main.c - file change notification callback

void run_command (uv_fs_event_t +handle, const char *filename, int events, int status)
— {

char path[1024];

size_t size = 1023;

// Does not handle error if path is longer than 1023.

uv_fs_event_getpath (handle, path, &size);

path[size] = '\0';

fprintf (stderr, "Change detected in %s: , path);

(continues on next page)
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if (events & UV_RENAME)

fprintf (stderr, "renamed");
if (events & UV_CHANGE)

fprintf (stderr, "changed");

fprintf (stderr, " %s\n", filename ? filename : "");
system (command) ;

3.3.4 Networking

Networking in libuv is not much different from directly using the BSD socket interface, some things are easier, all
are non-blocking, but the concepts stay the same. In addition libuv offers utility functions to abstract the annoying,
repetitive and low-level tasks like setting up sockets using the BSD socket structures, DNS lookup, and tweaking
various socket parameters.

The uv_tcp_t and uv_udp_t structures are used for network I/O.

TEME: The code samples in this chapter exist to show certain libuv APIs. They are not examples of good quality code.
They leak memory and don’t always close connections properly.

TCP

TCP is a connection oriented, stream protocol and is therefore based on the libuv streams infrastructure.

Server

Server sockets proceed by:
1. uv_tcp_init the TCP handle.
2. uv_tcp_bindit.

3. Call uv_listen on the handle to have a callback invoked whenever a new connection is established by a
client.

4. Use uv_accept to accept the connection.
5. Use stream operations to communicate with the client.

Here is a simple echo server

tcp-echo-server/main.c - The listen socket

uv_close ((uv_handle_t+) client, on_close);

int main() {

(continues on next page)
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loop = uv_default_loop();

uv_tcp_t server;
uv_tcp_init (loop, &server);

uv_ip4_addr ("0.0.0.0", DEFAULT_PORT, &addr);

uv_tcp_bind(&server, (const struct sockaddrx)&addr, 0);
int r = uv_listen((uv_stream_t=+) &server, DEFAULT_BACKLOG, on_new_connection);
if (r) {

fprintf (stderr, "Listen error \n", uv_strerror(r));

return 1;

}
return uv_run (loop, UV_RUN_DEFAULT) ;

You can see the utility function uv_ip4_addr being used to convert from a human readable IP address, port pair to
the sockaddr_in structure required by the BSD socket APIs. The reverse can be obtained using uv_ip4_name.

1 f#: There are uv_1ip6_ + analogues for the ip4 functions.

Most of the setup functions are synchronous since they are CPU-bound. uv_1isten is where we return to libuv’s
callback style. The second arguments is the backlog queue — the maximum length of queued connections.

When a connection is initiated by clients, the callback is required to set up a handle for the client socket and associate
the handle using uv_accept. In this case we also establish interest in reading from this stream.

tcp-echo-server/main.c - Accepting the client

free (buf->base) ;

void on_new_connection (uv_stream_t =*xserver, int status) {

if (status < 0) {
fprintf (stderr, "New connection error %s\n", uv_strerror (status));

// error!

return;
}
uv_tcp_t xclient = (uv_tcp_t*) malloc(sizeof (uv_tcp_t));
uv_tcp_init (loop, client);
if (uv_accept (server, (uv_stream_tx) client) == 0) {

uv_read_start ((uv_stream_t+*) client, alloc_buffer, echo_read);

The remaining set of functions is very similar to the streams example and can be found in the code. Just remember
to call uv_close when the socket isn’t required. This can be done even in the uv_1isten callback if you are not
interested in accepting the connection.
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Client

Where you do bind/listen/accept on the server, on the client side it’s simply a matter of calling uv_tcp_connect.
The same uv_connect_cb style callback of uv_1listen isused by uv_tcp_connect. Try:

uv_tcp_t* socket = (uv_tcp_tx)malloc(sizeof (uv_tcp_t));
uv_tcp_init (loop, socket);

uv_connect_t+ connect = (uv_connect_t*)malloc (sizeof (uv_connect_t));

struct sockaddr_in dest;
uv_ip4_addr("127.0.0.1", 80, &dest);

uv_tcp_connect (connect, socket, (const struct sockaddr=)&dest, on_connect);

where on_connect will be called after the connection is established. The callback receives the uv_connect_t
struct, which has a member . handle pointing to the socket.

UDP

The User Datagram Protocol offers connectionless, unreliable network communication. Hence libuv doesn’t offer a
stream. Instead libuv provides non-blocking UDP support via the uv_udp_t handle (for receiving) and uv_udp_send_t
request (for sending) and related functions. That said, the actual API for reading/writing is very similar to normal
stream reads. To look at how UDP can be used, the example shows the first stage of obtaining an IP address from a

DHCP server — DHCP Discover.

TEM%: You will have to run udp-dhcp as root since it uses well known port numbers below 1024.

udp-dhcp/main.c - Setup and send UDP packets

uv_loop_t =*loop;
uv_udp_t send_socket;
uv_udp_t recv_socket;

int main () {
loop = uv_default_loop();

uv_udp_init (loop, &recv_socket);
struct sockaddr_in recv_addr;
uv_ip4_addr ("0.0.0.0", 68, &recv_addr);

uv_udp_bind (&recv_socket, (const struct sockaddr «)é&recv_addr, UV_UDP_REUSEADDR) ;

uv_udp_recv_start (&recv_socket, alloc_buffer, on_read);

uv_udp_1init (loop, &send_socket);

struct sockaddr_in broadcast_addr;

uv_ip4_addr ("0.0.0.0", 0, &broadcast_addr);

uv_udp_bind (&send_socket, (const struct sockaddr «)é&broadcast_addr, 0);
uv_udp_set_broadcast (&send_socket, 1);

uv_udp_send_t send_req;
uv_buf_t discover_msg = make_discover_msg();

(continues on next page)
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struct sockaddr_in send_addr;

uv_ip4_addr ("255.255.255.255", 67, &send_addr);

uv_udp_send (&send_req, &send_socket, &discover_msg, 1, (const struct sockaddr «)&
—send_addr, on_send);

return uv_run (loop, UV_RUN_DEFAULT) ;

JEf#: The IP address 0.0.0. 0 is used to bind to all interfaces. The IP address 255.255.255.255 is a broadcast
address meaning that packets will be sent to all interfaces on the subnet. port 0 means that the OS randomly assigns a
port.

First we setup the receiving socket to bind on all interfaces on port 68 (DHCP client) and start a read on it. This will
read back responses from any DHCP server that replies. We use the UV_UDP_REUSEADDR flag to play nice with
any other system DHCP clients that are running on this computer on the same port. Then we setup a similar send
socket and use uv_udp_send to send a broadcast message on port 67 (DHCP server).

It is necessary to set the broadcast flag, otherwise you will get an EACCES error'. The exact message being sent is
not relevant to this book and you can study the code if you are interested. As usual the read and write callbacks will
receive a status code of < 0 if something went wrong.

Since UDP sockets are not connected to a particular peer, the read callback receives an extra parameter about the
sender of the packet.

nread may be zero if there is no more data to be read. If addr is NULL, it indicates there is nothing to read (the
callback shouldn’t do anything), if not NULL, it indicates that an empty datagram was received from the host at addr.
The flags parameter may be UV_UDP_PARTIAL if the buffer provided by your allocator was not large enough to
hold the data. In this case the OS will discard the data that could not fit (That’s UDP for you!).

udp-dhcp/main.c - Reading packets

void on_read(uv_udp_t #*req, ssize_t nread, const uv_buf_t xbuf, const struct sockaddr
—*xaddr, unsigned flags) {
if (nread < 0) {
fprintf (stderr, "Read error \n", uv_err_name (nread)) ;
uv_close ((uv_handle_t*) req, NULL);
free (buf->base) ;
return;

char sender[17] = { 0 };
uv_ip4_name ( (const struct sockaddr_inx) addr, sender, 16);
fprintf (stderr, "Recv from \n", sender);

// ... DHCP specific code

unsigned int xas_integer = (unsigned intx)buf->base;
unsigned int ipbin = ntohl (as_integer[4]);

unsigned char ipf[4] = {0};

int 1i;

for (i = 0; i < 4; i++)

(continues on next page)
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ip[i] = (ipbin >> ix8) & Oxff;
fprintf (stderr, "Offered IP . . . \n", ip[3], ipl[2], ipl[l], ipl[01);

free (buf->base);
uv_udp_recv_stop (req) ;

UDP Options

Time-to-live

The TTL of packets sent on the socket can be changed using uv_udp_set_ttl.
IPv6 stack only

IPv6 sockets can be used for both IPv4 and IPv6 communication. If you want to restrict the socket to IPv6 only, pass
the UV_UDP_IPV6ONLY flag to uv_udp_bindz.

Multicast

A socket can (un)subscribe to a multicast group using:

}i

typedef void (xuv_udp_send_cb) (uv_udp_send_t~* req, int status);
typedef void (xuv_udp_recv_cb) (uv_udp_t+* handle,

where membership iS UV_JOIN_GROUP or UV_LEAVE_GROUP.
The concepts of multicasting are nicely explained in this guide.
Local loopback of multicast packets is enabled by default®, use uv_udp_set_multicast_loop to switch it off.

The packet time-to-live for multicast packets can be changed using uv_udp_set_multicast_ttl.

Querying DNS
libuv provides asynchronous DNS resolution. For this it provides its own getaddrinfo replacement*. In the

callback you can perform normal socket operations on the retrieved addresses. Let’s connect to Freenode to see an
example of DNS resolution.

dns/main.c

2 on Windows only supported on Windows Vista and later.

3 http://www.tldp.org/HOWTO/Multicast- HOWTO-6.html#ss6. 1

4 libuv use the system getaddrinfo in the libuv threadpool. libuv v0.8.0 and earlier also included c-ares as an alternative, but this has been
removed in v0.9.0.
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int main() {
loop = uv_default_loop();

struct addrinfo hints;
hints.ai_family = PF_INET;
hints.ai_socktype SOCK_STREAM;
hints.ai_protocol = IPPROTO_TCP;
hints.ai_flags = 0;

uv_getaddrinfo_t resolver;

fprintf (stderr, "irc.freenode.net is... ");

int r = uv_getaddrinfo(loop, &resolver, on_resolved, "irc.freenode.net", "6667", &
—hints);

if (r) {
fprintf (stderr, "getaddrinfo call error \n", uv_err_name(r));
return 1;

}
return uv_run(loop, UV_RUN_DEFAULT) ;

If uv_getaddrinfo returns non-zero, something went wrong in the setup and your callback won’t be invoked at
all. All arguments can be freed immediately after uv_getaddrinfo returns. The hostname, servname and hints
structures are documented in the getaddrinfo man page. The callback can be NULL in which case the function will run
synchronously.

In the resolver callback, you can pick any IP from the linked list of st ruct addrinfo (s). This also demonstrates
uv_tcp_connect. It is necessary to call uv_freeaddrinfo in the callback.

dns/main.c

void on_resolved(uv_getaddrinfo_t =xresolver, int status, struct addrinfo =xres) {
if (status < 0) {

fprintf (stderr, "getaddrinfo callback error \n", uv_err_name (status));
return;

}

char addr[17] = {'\0'};

uv_ip4_name ( (struct sockaddr_inx) res->ai_addr, addr, 16);

fprintf (stderr, "%s\n", addr);

uv_connect_t =xconnect_req = (uv_connect_tx) malloc(sizeof (uv_connect_t));

uv_tcp_t xsocket = (uv_tcp_t*) malloc(sizeof (uv_tcp_t));

uv_tcp_init (loop, socket);

uv_tcp_connect (connect_req, socket, (const struct sockaddrx) res->ai_addr, on_
—»connect) ;

uv_freeaddrinfo (res);

libuv also provides the inverse uv_getnameinfo.
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Network interfaces
Information about the system’s network interfaces can be obtained through libuv  using

uv_interface_addresses. This simple program just prints out all the interface details so you get an
idea of the fields that are available. This is useful to allow your service to bind to IP addresses when it starts.

interfaces/main.c

#include <stdio.h>
#include <uv.h>

int main() {
char buf[512];
uv_interface_address_t =*info;
int count, 1i;

uv_interface_addresses (&info, &count);
i = count;

printf ("Number of interfaces: %d\n", count);
while (i--) {
uv_interface_address_t interface = infol[i];

printf ("Name: $s\n", interface.name);
printf ("Internal? %s\n", interface.is_internal ? "Yes" : "No");

if (interface.address.address4.sin_family == AF_INET) {
uv_ip4_name (&interface.address.address4, buf, sizeof (buf));
printf ("IPv4 address: %s\n", buf);

}

else if (interface.address.address4.sin_family == AF_INET6) {
uv_ip6_name (&interface.address.address6, buf, sizeof (buf));
printf ("IPv6 address: %$s\n", buf);

printf ("\n");

uv_free_interface_addresses (info, count);
return 0;

is_internal is true for loopback interfaces. Note that if a physical interface has multiple IPv4/IPv6 addresses, the
name will be reported multiple times, with each address being reported once.

3.3.5 Threads

Wait a minute? Why are we on threads? Aren’t event loops supposed to be the way to do web-scale programming?
Well... no. Threads are still the medium in which processors do their jobs. Threads are therefore mighty useful
sometimes, even though you might have to wade through various synchronization primitives.

Threads are used internally to fake the asynchronous nature of all of the system calls. libuv also uses threads to allow
you, the application, to perform a task asynchronously that is actually blocking, by spawning a thread and collecting
the result when it is done.
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Today there are two predominant thread libraries: the Windows threads implementation and POSIX’s pthreads. libuv’s
thread API is analogous to the pthreads API and often has similar semantics.

A notable aspect of libuv’s thread facilities is that it is a self contained section within libuv. Whereas other features
intimately depend on the event loop and callback principles, threads are complete agnostic, they block as required,
signal errors directly via return values, and, as shown in the first example, don’t even require a running event loop.

libuv’s thread API is also very limited since the semantics and syntax of threads are different on all platforms, with
different levels of completeness.

This chapter makes the following assumption: There is only one event loop, running in one thread (the main
thread). No other thread interacts with the event loop (except using uv_async_send).

Core thread operations

There isn’t much here, you just start a thread using uv_thread_create () and wait for it to close using
uv_thread_join ().

thread-create/main.c

int main () {
int tracklen = 10;
uv_thread_t hare_id;
uv_thread_t tortoise_id;
uv_thread_create (¢hare_id, hare, &tracklen);
uv_thread_create (&tortoise_id, tortoise, &tracklen);

uv_thread_join (&¢hare_id);
uv_thread_join (&tortoise_id);
return 0;

/NI uv_thread_t is just an alias for pthread_t on Unix, but this is an implementation detail, avoid
depending on it to always be true.

The second parameter is the function which will serve as the entry point for the thread, the last parameter is a void
+ argument which can be used to pass custom parameters to the thread. The function hare will now run in a separate
thread, scheduled pre-emptively by the operating system:

thread-create/main.c

void hare (void *arg) {
int tracklen = x((int %) arg);
while (tracklen) {
tracklen——;
sleep(1l);
fprintf (stderr, "Hare ran another step\n");
}

fprintf (stderr, "Hare done running!\n");

Unlike pthread_join () which allows the target thread to pass back a value to the calling thread using a second
parameter, uv_thread_join () does not. To send values use Inter-thread communication.
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Synchronization Primitives

This section is purposely spartan. This book is not about threads, so I only catalogue any surprises in the libuv APIs
here. For the rest you can look at the pthreads man pages.

Mutexes

The mutex functions are a direct map to the pthread equivalents.

libuv mutex functions

/ *
x This flag can be used with uv_fs_symlink () on Windows to specify whether
x path argument points to a directory.

*/
#define UV_FS_SYMLINK DIR 0x0001
The uv_mutex_init (), uv_mutex_init_recursive () and uv_mutex_trylock () functions will re-

turn O on success, and an error code otherwise.

If libuv has been compiled with debugging enabled, uv_mutex_destroy (), uv_mutex_lock () and
uv_mutex_unlock () will abort () on error. Similarly uv_mutex_trylock () will abort if the error is any-
thing other than EAGAIN or EBUSY.

Recursive mutexes are supported, but you should not rely on them. Also, they should not be used with uv_cond_t
variables.

The default BSD mutex implementation will raise an error if a thread which has locked a mutex attempts to lock it
again. For example, a construct like:

uv_mutex_init (a_mutex) ;

uv_mutex_lock (a_mutex) ;

uv_thread_create (thread_id, entry, (void =*)a_mutex);
uv_mutex_lock (a_mutex) ;

// more things here

can be used to wait until another thread initializes some stuff and then unlocks a_mutex but will lead to your program
crashing if in debug mode, or return an error in the second call to uv_mutex_lock ().

Ef#: Mutexes on Windows are always recursive.

Locks

Read-write locks are a more granular access mechanism. Two readers can access shared memory at the same time. A
writer may not acquire the lock when it is held by a reader. A reader or writer may not acquire a lock when a writer is
holding it. Read-write locks are frequently used in databases. Here is a toy example.
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locks/main.c - simple rwlocks

#include <stdio.h>
#include <uv.h>

uv_barrier_t blocker;
uv_rwlock_t numlock;
int shared_num;

void reader (void #n)

{
int num = *(int *)n;

int 1i;

for (i = 0; i < 20; i++) {
uv_rwlock_rdlock (&numlock) ;
printf ("Reader 2d:
printf ("Reader 2d:
uv_rwlock_rdunlock (&numlock) ;
printf ("Reader 2d:

}

uv_barrier_wait (&blocker) ;

void writer (void +*n)

{

int num = * (int *)n;
int 1i;
for (i = 0; i < 20; i++) {

uv_rwlock_wrlock (&numlock) ;

printf ("Writer

shared_num++;

printf ("Writer 2d:

uv_rwlock_wrunlock (&numlock) ;

printf ("Writer 2d:
}

uv_barrier_wait (&blocker);

int main ()

{
uv_barrier_init (&blocker, 4);
shared_num = 0;
uv_rwlock_init (&numlock) ;
uv_thread_t threads[3];
int thread_nums[] = {1, 2, 1};

uv_thread_create (&threads[0], reader,
uv_thread_create (&threads[1], reader,
uv_thread_create (&threads([2], writer,

uv_barrier_wait (&blocker);
uv_barrier_destroy (&blocker);

uv_rwlock_destroy (&numlock) ;

acquired lock\n",

shared num = 2%d\n",

released lock\n",

acquired lock\n",
incremented shared num =

released lock\n",

num) ;

num, shared_num);

num) ;

num) ;

2d\n", num, shared_num);

num) ;

&thread_nums[0]);
&thread_nums[1]);

&thread_nums([2]);

(continues on next page)
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return 0;

Run this and observe how the readers will sometimes overlap. In case of multiple writers, schedulers will usually give
them higher priority, so if you add two writers, you’ll see that both writers tend to finish first before the readers get a
chance again.

We also use barriers in the above example so that the main thread can wait for all readers and writers to indicate they
have ended.

Others

libuv also supports semaphores, condition variables and barriers with APIs very similar to their pthread counterparts.

In addition, libuv provides a convenience function uv_once (). Multiple threads can attempt to call uv_once ()
with a given guard and a function pointer, only the first one will win, the function will be called once and only
once:

/+ Initialize guard =/
static uv_once_t once_only = UV_ONCE_INIT;

int 1 = 0;

void increment () {
i++;

void threadl () {
/% ... work =/
uv_once (once_only, increment);

void thread2 () {
/% ... work =*/
uv_once (once_only, increment);

int main () {

/% ... spawn threads =/
}
After all threads are done, 1 == 1.

libuv v0.11.11 onwards also added a uv_key_ t struct and api for thread-local storage.

libuv work queue

uv_queue_work () is a convenience function that allows an application to run a task in a separate thread, and have
a callback that is triggered when the task is done. A seemingly simple function, what makes uv_queue_work ()
tempting is that it allows potentially any third-party libraries to be used with the event-loop paradigm. When you
use event loops, it is imperative to make sure that no function which runs periodically in the loop thread blocks when
performing I/O or is a serious CPU hog, because this means that the loop slows down and events are not being handled
at full capacity.
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However, a lot of existing code out there features blocking functions (for example a routine which performs I/O under
the hood) to be used with threads if you want responsiveness (the classic "one thread per client’ server model), and
getting them to play with an event loop library generally involves rolling your own system of running the task in a
separate thread. libuv just provides a convenient abstraction for this.

Here is a simple example inspired by node.js is cancer. We are going to calculate fibonacci numbers, sleeping a bit
along the way, but run it in a separate thread so that the blocking and CPU bound task does not prevent the event loop
from performing other activities.

queue-work/main.c - lazy fibonacci

void fib (uv_work_t =xreq) {

int n = *(int *) reg->data;
if (random() % 2)
sleep(l);
else
sleep(3);
long fib = fib_(n);
fprintf (stderr, "%dth fibonacci is \n", n, fib);

void after_fib(uv_work_t =*req, int status) {
fprintf (stderr, "Done calculating th fibonacci\n", = (int =*) reg->data);

The actual task function is simple, nothing to show that it is going to be run in a separate thread. The uv_work_t
structure is the clue. You can pass arbitrary data through it using the void+ data field and use it to communicate
to and from the thread. But be sure you are using proper locks if you are changing things while both threads may be
running.

The trigger is uv_queue_work:

queue-work/main.c

int main() {
loop = uv_default_loop();

int data[FIB_UNTIL];
uv_work_t req[FIB_UNTIL];

int i;

for (1 = 0; i < FIB_UNTIL; i++) {
data[i] = 1i;
req[i] .data = (void x) &datalil;

uv_queue_work (loop, é&reqli], fib, after_ fib);

return uv_run(loop, UV_RUN_DEFAULT) ;

The thread function will be launched in a separate thread, passed the uv_work_t structure and once the function
returns, the after function will be called on the thread the event loop is running in. It will be passed the same structure.

For writing wrappers to blocking libraries, a common pattern is to use a baton to exchange data.

Since libuv version 0.9.4 an additional function, uv_cancel (), is available. This allows you to cancel tasks on the
libuv work queue. Only tasks that are yet to be started can be cancelled. If a task has already started executing, or it
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has finished executing, uv_cancel () will fail.

uv_cancel () is useful to cleanup pending tasks if the user requests termination. For example, a music player may
queue up multiple directories to be scanned for audio files. If the user terminates the program, it should quit quickly
and not wait until all pending requests are run.

Let’s modify the fibonacci example to demonstrate uv_cancel (). We first set up a signal handler for termination.

queue-cancel/main.c

int main() {
loop = uv_default_loop();

int data[FIB_UNTIL];

int 1i;

for (i = 0; i < FIB_UNTIL; i++) {
data[i] = 1i;
fib_regs([i] .data = (void x) &datali];

uv_queue_work (loop, &fib_reqgs([i], fib, after_fib);

uv_signal_t sig;
uv_signal_init (loop, &sig);
uv_signal_start (&sig, signal_handler, SIGINT);

return uv_run (loop, UV_RUN_DEFAULT) ;

When the user triggers the signal by pressing Ct r1+C we send uv_cancel () to all the workers. uv_cancel ()
will return 0 for those that are already executing or finished.

queue-cancel/main.c

void signal_handler (uv_signal_t =xreq, int signum)
{
printf ("Signal received!\n");
int 1i;
for (i = 0; i < FIB_UNTIL; i++) {
uv_cancel ((uv_req_t*) &fib_reqgs[i]);
}

uv_signal_stop(req);

For tasks that do get cancelled successfully, the after function is called with status set to UV_ECANCELED.

queue-cancel/main.c

void after_fib (uv_work_t =*req, int status) {
if (status == UV_ECANCELED)
fprintf (stderr, "Calculation of cancelled.\n", «(int *) reg->data);

uv_cancel () can also be used with uv_fs_t and uv_getaddrinfo_t requests. For the filesystem family of
functions, uv_fs_t.errorno will be set to UV_ECANCELED.
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/NI A well designed program would have a way to terminate long running workers that have already started
executing. Such a worker could periodically check for a variable that only the main process sets to signal termination.

Inter-thread communication

Sometimes you want various threads to actually send each other messages while they are running. For example you
might be running some long duration task in a separate thread (perhaps using uv_queue_work) but want to notify
progress to the main thread. This is a simple example of having a download manager informing the user of the status
of running downloads.

progress/main.c

uv_loop_t xloop;
uv_async_t async;

}

int main() {
loop = uv_default_loop();

uv_work_t req;
int size = 10240;

reg.data = (voidx) &size;

uv_async_init (loop, &async, print_progress);
uv_queue_work (loop, &req, fake_download, after);

return uv_run (loop, UV_RUN_DEFAULT) ;

The async thread communication works on loops so although any thread can be the message sender, only threads with
libuv loops can be receivers (or rather the loop is the receiver). libuv will invoke the callback (print_progress)
with the async watcher whenever it receives a message.

/L. It is important to realize that since the message send is async, the callback may be invoked immediately
after uv_async_send is called in another thread, or it may be invoked after some time. libuv may also combine
multiple calls to uv_async_send and invoke your callback only once. The only guarantee that libuv makes is
— The callback function is called at least once after the call to uv_async_send. If you have no pending calls
to uv_async_send, the callback won’t be called. If you make two or more calls, and libuv hasn’t had a chance
to run the callback yet, it may invoke your callback only once for the multiple invocations of uv_async_send.
Your callback will never be called twice for just one event.

progress/main.c

double percentage;

void fake_download (uv_work_t =req) {
int size = *((intx) reg->data);
int downloaded = 0;

(continues on next page)
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while (downloaded < size) {
percentage = downloadedx100.0/size;
async.data = (voidx) é&percentage;
uv_async_send (&async) ;

sleep(l);
downloaded += (200+random())%$1000; // can only download max 1000bytes/sec,
// but at least a 200;

In the download function, we modify the progress indicator and queue the message for delivery with
uv_async_send. Remember: uv_async_send is also non-blocking and will return immediately.

progress/main.c

void print_progress (uv_async_t xhandle) {
double percentage = * ((doublex) handle->data);
fprintf (stderr, "Downloaded \n", percentage);

The callback is a standard libuv pattern, extracting the data from the watcher.

Finally it is important to remember to clean up the watcher.

progress/main.c

void after (uv_work_t =xreq, int status) {
fprintf (stderr, "Download complete\n");
uv_close ( (uv_handle_tx) &async, NULL);

After this example, which showed the abuse of the data field, bnoordhuis pointed out that using the data field is
not thread safe, and uv_async_send () is actually only meant to wake up the event loop. Use a mutex or rwlock
to ensure accesses are performed in the right order.

Hf#: mutexes and rwlocks DO NOT work inside a signal handler, whereas uv_async_send does.

One use case where uv_async_send is required is when interoperating with libraries that require thread affinity for
their functionality. For example in node.js, a v8 engine instance, contexts and its objects are bound to the thread that
the v8 instance was started in. Interacting with v8 data structures from another thread can lead to undefined results.
Now consider some node.js module which binds a third party library. It may go something like this:

1. In node, the third party library is set up with a JavaScript callback to be invoked for more information:

var lib = require('lib'");
lib.on_progress (function () {
console.log("Progress");

1)
lib.do();

// do other stuff
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2. 1lib.do is supposed to be non-blocking but the third party lib is blocking, so the binding uses
uv_queue_work.

3. The actual work being done in a separate thread wants to invoke the progress callback, but cannot directly call
into v8 to interact with JavaScript. So it uses uv_async_send.

4. The async callback, invoked in the main loop thread, which is the v8 thread, then interacts with v8 to invoke the
JavaScript callback.

3.3.6 Processes

libuv offers considerable child process management, abstracting the platform differences and allowing communication
with the child process using streams or named pipes.

A common idiom in Unix is for every process to do one thing and do it well. In such a case, a process often uses
multiple child processes to achieve tasks (similar to using pipes in shells). A multi-process model with messages may
also be easier to reason about compared to one with threads and shared memory.

A common refrain against event-based programs is that they cannot take advantage of multiple cores in modern com-
puters. In a multi-threaded program the kernel can perform scheduling and assign different threads to different cores,
improving performance. But an event loop has only one thread. The workaround can be to launch multiple processes
instead, with each process running an event loop, and each process getting assigned to a separate CPU core.

Spawning child processes

The simplest case is when you simply want to launch a process and know when it exits. This is achieved using
uv_spawn.

spawn/main.c

uv_loop_t =xloop;
uv_process_t child_reqg;
uv_process_options_t options;
int main() {

loop = uv_default_loop();

charx args|[3];
args|[0] = "mkdir";
args([l] = "test-dir";
args([2] = NULL;

options.exit_cb = on_exit;
options.file = "mkdir";
options.args = args;

int r;
if ((r = uv_spawn (loop, &child_req, é&options))) {
fprintf (stderr, "%¢s\n", uv_strerror(r));
return 1;
} else {
fprintf (stderr, "Launched process with ID \n", child_req.pid);

(continues on next page)
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return uv_run (loop, UV_RUN_DEFAULT) ;

HEME: options is implicitly initialized with zeros since it is a global variable. If you change options to a local
variable, remember to initialize it to null out all unused fields:

uv_process_options_t options = {0};

The uv_process_t struct only acts as the handle, all options are set via uv_process_options_t. To simply
launch a process, you need to set only the £ile and args fields. £ile is the program to execute. Since uv_spawn
uses execvp internally, there is no need to supply the full path. Finally as per underlying conventions, the arguments
array has to be one larger than the number of arguments, with the last element being NULL.

After the call to uv_spawn, uv_process_t .pid will contain the process ID of the child process.

The exit callback will be invoked with the exit status and the type of signal which caused the exit.

spawn/main.c

void on_exit (uv_process_t *req, int64_t exit_status, int term_signal) {

fprintf (stderr, "Process exited with status %" PRId64 ", signal \n", exit_
—status, term_signal);

uv_close ( (uv_handle_t*) req, NULL);

It is required to close the process watcher after the process exits.

Changing process parameters

Before the child process is launched you can control the execution environment using fields in
uv_process_options_t.

Change execution directory

Set uv_process_options_t.cwd to the corresponding directory.

Set environment variables

uv_process_options_t.env is anull-terminated array of strings, each of the form VAR=VALUE used to set up
the environment variables for the process. Set this to NULL to inherit the environment from the parent (this) process.

Option flags

Setting uv_process_options_t.flags to a bitwise OR of the following flags, modifies the child process be-
haviour:

e UV_PROCESS_SETUID - sets the child’s execution user ID to uv_process_options_t.uid.
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* UV_PROCESS_SETGID - sets the child’s execution group ID to uv_process_options_t.gid.
Changing the UID/GID is only supported on Unix, uv_spawn will fail on Windows with UV_ENOTSUP.

* UV_PROCESS_WINDOWS_VERBATIM_ARGUMENTS - No quoting or escaping of
uv_process_options_t.args is done on Windows. Ignored on Unix.

e UV_PROCESS_DETACHED - Starts the child process in a new session, which will keep running after the parent
process exits. See example below.

Detaching processes

Passing the flag UV_PROCESS_DETACHED can be used to launch daemons, or child processes which are independent
of the parent so that the parent exiting does not affect it.

detach/main.c

int main() {
loop = uv_default_loop();

char+ args|[3];

args[0] = "sleep";
args([1l] = "100";
args[2] = NULL;

options.exit_cb = NULL;

options.file = "sleep";

options.args = args;

options.flags = UV_PROCESS_DETACHED;

int r;

if ((r = uv_spawn (loop, &child_req, &options))) {
fprintf (stderr, "%¢s\n", uv_strerror(r));
return 1;

}
fprintf (stderr, "Launched sleep with PID \n", child_req.pid);

uv_unref ( (uv_handle_tx) &child_req);

return uv_run (loop, UV_RUN_DEFAULT) ;

Just remember that the handle is still monitoring the child, so your program won’t exit. Use uv_unref () if you
want to be more fire-and-forget.

Sending signals to processes

libuv wraps the standard k111 (2) system call on Unix and implements one with similar semantics on Windows, with
one caveat: all of SIGTERM, SIGINT and SIGKILL, lead to termination of the process. The signature of uv_kil1l
is:

uv_err_t uv_kill (int pid, int signum);

For processes started using libuv, you may use uv_process_kill instead, which accepts the uv_process_t
watcher as the first argument, rather than the pid. In this case, remember to call uv_close on the watcher.
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Signals

libuv provides wrappers around Unix signals with some Windows support as well.

Use uv_signal_init () to initialize a handle and associate it with a loop. To listen for particular signals

on that handler, use uv_signal_start () with the handler function.

Each handler can only be associated

with one signal number, with subsequent calls to uv_signal_start () overwriting earlier associations. Use
uv_signal_stop () to stop watching. Here is a small example demonstrating the various possibilities:

signal/main.c

#include <stdio.h>

#include <stdlib.h>
#include <unistd.h>
#include <uv.h>

uv_loop_t* create_loop ()
{
uv_loop_t xloop = malloc(sizeof (uv_loop_t));
if (loop) |
uv_loop_init (loop);
}

return loop;

void signal_handler (uv_signal_t xhandle, int signum)
{
printf ("Signal received: \n", signum);
uv_signal_stop (handle) ;

// two signal handlers in one loop
void threadl_worker (void xuserp)
{

uv_loop_t xloopl = create_loop();

uv_signal_t sigla, siglb;
uv_signal_init (loopl, &sigla);

uv_signal_start (&sigla, signal_handler, SIGUSR1);

uv_signal_init (loopl, &siglb);

uv_signal_start (&siglb, signal_handler, SIGUSR1);

uv_run (loopl, UV_RUN_DEFAULT) ;

// two signal handlers, each in its own loop
void thread2_worker (void xuserp)
{
uv_loop_t xloop2 = create_loop();
uv_loop_t =xloop3 = create_loop();

uv_signal_t sig2;
uv_signal_init (loop2, &sig2);
uv_signal_start (&sig2, signal_handler, SIGUSR1);

(continues on next page)
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uv_signal_t sig3;
uv_signal_init (loop3, &sig3);
uv_signal_start (&sig3, signal_handler, SIGUSR1);
while (uv_run(loop2, UV_RUN_NOWAIT) || uv_run(loop3, UV_RUN_NOWAIT)) {
}
int main ()
printf ("PID \n", getpid());

uv_thread_t threadl, thread2;

uv_thread_create (&threadl, threadl_worker, 0);
uv_thread_create (&thread2, thread2_worker, 0);

uv_thread_join(&threadl);
uv_thread_join (&thread2);
return 0O;

HEM: uv_run(loop, UV_RUN_NOWAIT) is similar to uv_run (loop, UV_RUN_ONCE) in that it will pro-
cess only one event. UV_RUN_ONCE blocks if there are no pending events, while UV_RUN_NOWAIT will return
immediately. We use NOWAIT so that one of the loops isn’t starved because the other one has no pending activity.

Send SIGUSRI to the process, and you’ll find the handler being invoked 4 times, one for each uv_signal_t. The
handler just stops each handle, so that the program exits. This sort of dispatch to all handlers is very useful. A server
using multiple event loops could ensure that all data was safely saved before termination, simply by every loop adding
a watcher for STGINT.

Child Process 10

A normal, newly spawned process has its own set of file descriptors, with 0, 1 and 2 being stdin, stdout and
stderr respectively. Sometimes you may want to share file descriptors with the child. For example, perhaps your
applications launches a sub-command and you want any errors to go in the log file, but ignore st dout. For this you’d
like to have stderr of the child be the same as the stderr of the parent. In this case, libuv supports inheriting file
descriptors. In this sample, we invoke the test program, which is:

proc-streams/test.c

#include <stdio.h>

int main ()

{
fprintf (stderr, "This is stderr\n");
printf ("This is stdout\n");
return 0;

The actual program proc—streams runs this while sharing only stderr. The file descriptors of the child process
are set using the stdio field in uv_process_options_t. First set the stdio_count field to the number of
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file descriptors being set. uv_process_options_t.stdio is an array of uv_stdio_container_t, which
is:

/* struct addrinfox addrinfo is marked as private, but it really isn't. =/
UV_GETADDRINFO_PRIVATE_FIELDS
}i

UV_EXTERN int uv_getaddrinfo (uv_loop_t* loop,
uv_getaddrinfo_t«* req,
uv_getaddrinfo_cb getaddrinfo_cb,
const char* node,

where flags can have several values. Use UV_IGNORE if it isn’t going to be used. If the first three stdio fields are
marked as UV__IGNORE they’ll redirect to /dev/null.

Since we want to pass on an existing descriptor, we’ll use UV_INHERIT_FD. Then we set the £d to stderr.

proc-streams/main.c

int main() {
loop = uv_default_loop();

/x .. %/

options.stdio_count = 3;
uv_stdio_container_t child_stdio[3];
child_stdio[0].flags = UV_IGNORE;
child_stdio[1l].flags = UV_IGNORE;
child_stdio[2].flags = UV_INHERIT_FD;
child_stdio[2] .data.fd = 2;
options.stdio = child_stdio;

options.exit_cb = on_exit;

options.file = args[0];

options.args = args;

int r;

if ((r = uv_spawn (loop, &child_req, &options))) {
fprintf (stderr, " \n", uv_strerror(r));

return 1;

return uv_run(loop, UV_RUN_DEFAULT) ;

If you run proc-stream you’ll see that only the line "This is stderr" will be displayed. Try marking stdout as
being inherited and see the output.

It is dead simple to apply this redirection to streams. By setting flags to UV_INHERIT_STREAM and setting
data.stream to the stream in the parent process, the child process can treat that stream as standard I/O. This can
be used to implement something like CGI.

A sample CGI script/executable is:
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cgi/tick.c

#include <stdio.h>
#include <unistd.h>

int main() {
int i;
for (i = 0; i < 10; i++) {
printf ("tick\n");
fflush (stdout) ;
sleep (1)

’

}
printf ("BOOM!\n") ;
return 0;

The CGI server combines the concepts from this chapter and Networking so that every client is sent ten ticks after
which that connection is closed.

cgi/main.c

void on_new_connection (uv_stream_t =*xserver, int status) {

if (status == -1) {
// error!
return;
}
uv_tcp_t xclient = (uv_tcp_t*) malloc(sizeof (uv_tcp_t));
uv_tcp_init (loop, client);
if (uv_accept (server, (uv_stream_tx) client) == 0) {

invoke_cgi_script (client);
}
else {
uv_close ((uv_handle_tx) client, NULL);

Here we simply accept the TCP connection and pass on the socket (stream) to invoke_cgi_script.

cgi/main.c
args([1l] = NULL;
/% ... finding the executable path and setting up arguments ... */
options.stdio_count = 3;

uv_stdio_container_t child_stdio[3];
child_stdio[0].flags = UV_IGNORE;
child_stdio[l].flags = UV_INHERIT_STREAM;
child_stdio[1l].data.stream = (uv_stream t=*) client;
child_stdio[2].flags = UV_IGNORE;

options.stdio = child_stdio;

(continues on next page)
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options.exit_cb = cleanup_handles;
options.file = args[0];
options.args = args;

// Set this so we can close the socket after the child process exits.

child_reg.data = (voidx) client;

int r;

if ((r = uv_spawn (loop, &child_req, &options))) {
fprintf (stderr, " \n", uv_strerror(r));

The stdout of the CGI script is set to the socket so that whatever our tick script prints, gets sent to the client. By
using processes, we can offload the read/write buffering to the operating system, so in terms of convenience this is
great. Just be warned that creating processes is a costly task.

Pipes

libuv’s uv_pipe_t structure is slightly confusing to Unix programmers, because it immediately conjures up | and
pipe(7). But uv_pipe_t is not related to anonymous pipes, rather it is an IPC mechanism. uv_pipe_t can be
backed by a Unix Domain Socket or Windows Named Pipe to allow multiple processes to communicate. This is
discussed below.

Parent-child IPC

A parent and child can have one or two way communication over a pipe created by settings
uv_stdio_container_t.flags toabit-wise combination of UV_CREATE_PIPE and UV_READABLE_PIPE
or UV_WRITABLE_PIPE. The read/write flag is from the perspective of the child process.

Arbitrary process IPC

Since domain sockets' can have a well known name and a location in the file-system they can be used for IPC between
unrelated processes. The D-BUS system used by open source desktop environments uses domain sockets for event
notification. Various applications can then react when a contact comes online or new hardware is detected. The
MySQL server also runs a domain socket on which clients can interact with it.

When using domain sockets, a client-server pattern is usually followed with the creator/owner of the socket acting as
the server. After the initial setup, messaging is no different from TCP, so we’ll re-use the echo server example.

pipe-echo-server/main.c

void remove_sock (int sig) {
uv_£fs_t reqg;
uv_fs_unlink (loop, &req, PIPENAME, NULL);
exit (0);

int main() {
loop = uv_default_loop();

(continues on next page)

! In this section domain sockets stands in for named pipes on Windows as well.
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uv_pipe_t server;
uv_pipe_init (loop, &server, 0);

signal (SIGINT, remove_sock);

int r;
if ((r = uv_pipe_bind(&server, PIPENAME))) {
fprintf (stderr, "Bind error \n", uv_err_name(r));

return 1;

}

if ((r = uv_listen((uv_stream_t+*) &server, 128, on_new_connection))) {
fprintf (stderr, "Listen error \n", uv_err_name(r));
return 2;

}

return uv_run (loop, UV_RUN_DEFAULT) ;

We name the socket echo. sock which means it will be created in the local directory. This socket now behaves no
different from TCP sockets as far as the stream API is concerned. You can test this server using socat:

$ socat - /path/to/socket

A client which wants to connect to a domain socket will use:

void uv_pipe_connect (uv_connect_t *req, uv_pipe_t xhandle, const char xname, uv_
—connect_cb cb);

where name will be echo. sock or similar. On Unix systems, name must point to a valid file (e.g. /tmp/echo.
sock). On Windows, name follows a \\ ?\pipe\echo. sock format.

Sending file descriptors over pipes

The cool thing about domain sockets is that file descriptors can be exchanged between processes by sending them over
a domain socket. This allows processes to hand off their I/O to other processes. Applications include load-balancing
servers, worker processes and other ways to make optimum use of CPU. libuv only supports sending TCP sockets or
other pipes over pipes for now.

To demonstrate, we will look at a echo server implementation that hands of clients to worker processes in a round-
robin fashion. This program is a bit involved, and while only snippets are included in the book, it is recommended to
read the full code to really understand it.

The worker process is quite simple, since the file-descriptor is handed over to it by the master.

multi-echo-server/worker.c

uv_loop_t =xloop;
uv_pipe_t queue;
int main () {
loop = uv_default_loop();

uv_pipe_init (loop, &queue, 1 /* ipc */);

(continues on next page)
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uv_pipe_open (&queue, 0);
uv_read_start ((uv_stream_t=«) &queue, alloc_buffer, on_new_connection);
return uv_run(loop, UV_RUN_DEFAULT) ;

queue is the pipe connected to the master process on the other end, along which new file descriptors get sent. It
is important to set the ipc argument of uv_pipe_init to 1 to indicate this pipe will be used for inter-process
communication! Since the master will write the file handle to the standard input of the worker, we connect the pipe to
stdin using uv_pipe_open.

multi-echo-server/worker.c

void on_new_connection (uv_stream_t =g, ssize_t nread, const uv_buf_t xbuf) {
if (nread < 0) {
if (nread != UV_EOF)
fprintf (stderr, "Read error %s\n", uv_err_name (nread));
uv_close ((uv_handle_t*) g, NULL);

return;

}

uv_pipe_t xpipe = (uv_pipe_t*) qg;

if ('uv_pipe_pending_count (pipe)) {
fprintf (stderr, "No pending count\n");
return;

uv_handle_type pending = uv_pipe_pending_type (pipe);

assert (pending == UV_TCP);

uv_tcp_t xclient = (uv_tcp_t*) malloc(sizeof (uv_tcp_t));
uv_tcp_init (loop, client);

if (uv_accept (g, (uv_stream_tx*) client) == 0) {

uv_os_fd_t fd;
uv_fileno((const uv_handle_t«*) client, &fd);
fprintf (stderr, "Worker %d: Accepted fd %$d\n", getpid(), £d);
uv_read_start ((uv_stream_t+*) client, alloc_buffer, echo_read);
}
else {
uv_close ((uv_handle_tx) client, NULL);

First we call uv_pipe_pending_count () to ensure that a handle is available to read out. If your program could
deal with different types of handles, uv_pipe_pending_type () can be used to determine the type. Although
accept seems odd in this code, it actually makes sense. What accept traditionally does is get a file descriptor (the
client) from another file descriptor (The listening socket). Which is exactly what we do here. Fetch the file descriptor
(client) from queue. From this point the worker does standard echo server stuff.

Turning now to the master, let’s take a look at how the workers are launched to allow load balancing.
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multi-echo-server/main.c

struct child_worker {
uv_process_t req;
uv_process_options_t options;
uv_pipe_t pipe;

} xworkers;

The child_worker structure wraps the process, and the pipe between the master and the individual process.

multi-echo-server/main.c

void setup_workers () {
round_robin_counter = 0;
//

// launch same number of workers as number of CPUs
uv_cpu_info_t xinfo;

int cpu_count;

uv_cpu_info (&info, &cpu_count);
uv_free_cpu_info(info, cpu_count);

child_worker_count = cpu_count;
workers = calloc(sizeof (struct child_worker), cpu_count);
while (cpu_count——) {

struct child_worker *worker = &workers[cpu_count];

uv_pipe_init (loop, &worker->pipe, 1);

uv_stdio_container_t child_stdio[3];

child _stdio[0].flags = UV_CREATE_PIPE | UV_READABLE_PIPE;
child_stdio[0].data.stream = (uv_stream_tx) &worker—->pipe;
child_stdio[l].flags = UV_IGNORE;

child_stdio[2].flags = UV_INHERIT_FD;

child_stdio[2] .data.fd = 2;

worker—->options.stdio = child_stdio;
worker->options.stdio_count = 3;

worker—->options.exit_cb = close_process_handle;
worker->options.file = args[0];
worker->options.args = args;

uv_spawn (loop, &worker—->req, &worker->options);
fprintf (stderr, "Started worker \n", worker->req.pid);

In setting up the workers, we use the nifty libuv function uv_cpu_info to get the number of CPUs so we can
launch an equal number of workers. Again it is important to initialize the pipe acting as the IPC channel with the third
argument as 1. We then indicate that the child process’ stdin is to be a readable pipe (from the point of view of the
child). Everything is straightforward till here. The workers are launched and waiting for file descriptors to be written
to their standard input.

It is in on_new_connection (the TCP infrastructure is initialized in main () ), that we accept the client socket
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and pass it along to the next worker in the round-robin.

multi-echo-server/main.c

void on_new_connection (uv_stream_t =*server, int status) {

if (status == -1) {
// error!
return;
}
uv_tcp_t *client = (uv_tcp_t+*) malloc(sizeof (uv_tcp_t));
uv_tcp_init (loop, client);
if (uv_accept (server, (uv_stream_tx) client) == 0) {
uv_write_t xwrite_reqg = (uv_write_t«*) malloc(sizeof (uv_write_t));

dummy_buf = uv_buf_init ("a", 1);
struct child_worker sxworker = &workers[round_robin_counter];
uv_write2 (write_req, (uv_stream_t=*) &worker->pipe, &dummy_buf, 1, (uv_stream_
—t*x) client, NULL);
round_robin_counter = (round_robin_counter + 1) % child_worker_count;
}
else {
uv_close ((uv_handle_tx) client, NULL);

The uv_write?2 call handles all the abstraction and it is simply a matter of passing in the handle (client) as the
right argument. With this our multi-process echo server is operational.

Thanks to Kyle for pointing out that uv_write?2 () requires a non-empty buffer even when sending handles.

3.3.7 Advanced event loops

libuv provides considerable user control over event loops, and you can achieve interesting results by juggling multiple
loops. You can also embed libuv’s event loop into another event loop based library — imagine a Qt based UI, and Qt’s
event loop driving a libuv backend which does intensive system level tasks.

Stopping an event loop

uv_stop () can be used to stop an event loop. The earliest the loop will stop running is on the next iteration,
possibly later. This means that events that are ready to be processed in this iteration of the loop will still be processed,
so uv_stop () can’t be used as a kill switch. When uv_stop () is called, the loop won’t block for i/o on this
iteration. The semantics of these things can be a bit difficult to understand, so let’s look at uv_run () where all the
control flow occurs.

src/unix/core.c - uv_run

stop_flagissetby uv_stop (). Now all libuv callbacks are invoked within the event loop, which is why invoking
uv_stop () in them will still lead to this iteration of the loop occurring. First libuv updates timers, then runs pending
timer, idle and prepare callbacks, and invokes any pending I/O callbacks. If you were to call uv_stop () in any of
them, stop_flag would be set. This causes uv_backend_timeout () to return 0, which is why the loop does
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not block on I/O. If on the other hand, you called uv_stop () in one of the check handlers, I/O has already finished
and is not affected.

uv_stop () is useful to shutdown a loop when a result has been computed or there is an error, without having to
ensure that all handlers are stopped one by one.

Here is a simple example that stops the loop and demonstrates how the current iteration of the loop still takes places.

uvstop/main.c

#include <stdio.h>
#include <uv.h>

int64_t counter = 0;

void idle_cb (uv_idle_t +handle) {
printf ("Idle callback\n");
counter++;
if (counter >= 5) {

uv_stop (uv_default_loop());
printf ("uv_stop () called\n");

void prep_cb (uv_prepare_t xhandle) {
printf ("Prep callback\n");

int main () {
uv_idle_t idler;
uv_prepare_t prep;

uv_idle_init (uv_default_loop (), &idler);
uv_idle_start (&idler, idle_cb);

uv_prepare_init (uv_default_loop (), &prep);
uv_prepare_start (&prep, prep_cb);

uv_run (uv_default_loop (), UV_RUN_DEFAULT);

return 0;

3.3.8 Utilities
This chapter catalogues tools and techniques which are useful for common tasks. The libev man page already covers

some patterns which can be adopted to libuv through simple API changes. It also covers parts of the libuv API that
don’t require entire chapters dedicated to them.

Timers

Timers invoke the callback after a certain time has elapsed since the timer was started. libuv timers can also be set to
invoke at regular intervals instead of just once.
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Simple use is to init a watcher and start it with a t imeout, and optional repeat. Timers can be stopped at any time.

uv_timer_t timer_reqg;

uv_timer_init (loop, &timer_req);
uv_timer_start (¢timer_req, callback, 5000, 2000);

will start a repeating timer, which first starts 5 seconds (the t imeout) after the execution of uv_timer_start,
then repeats every 2 seconds (the repeat). Use:

’uv_timer_stop(&timer_req);

to stop the timer. This can be used safely from within the callback as well.

The repeat interval can be modified at any time with:

’uv_timer_set_repeat(uv_timer_t xtimer, int64_t repeat);

which will take effect when possible. If this function is called from a timer callback, it means:
« If the timer was non-repeating, the timer has already been stopped. Use uv_timer_start again.

« If the timer is repeating, the next timeout has already been scheduled, so the old repeat interval will be used
once more before the timer switches to the new interval.

The utility function:

int uv_timer_again(uv_timer_t )

applies only to repeating timers and is equivalent to stopping the timer and then starting it with both initial t imeout
and repeat setto the old repeat value. If the timer hasn’t been started it fails (error code UV_EINVAL) and returns
-1.

An actual timer example is in the reference count section.
Event loop reference count
The event loop only runs as long as there are active handles. This system works by having every handle increase the

reference count of the event loop when it is started and decreasing the reference count when stopped. It is also possible
to manually change the reference count of handles using:

void uv_ref (uv_handle_t=«);
void uv_unref (uv_handle_t«);

These functions can be used to allow a loop to exit even when a watcher is active or to use custom objects to keep the
loop alive.

The latter can be used with interval timers. You might have a garbage collector which runs every X seconds, or your
network service might send a heartbeat to others periodically, but you don’t want to have to stop them along all clean
exit paths or error scenarios. Or you want the program to exit when all your other watchers are done. In that case just
unref the timer immediately after creation so that if it is the only watcher running then uv_run will still exit.

This is also used in node.js where some libuv methods are being bubbled up to the JS API. A uv_handle_t (the
superclass of all watchers) is created per JS object and can be ref/unrefed.
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ref-timer/main.c

uv_loop_t xloop;
uv_timer_t gc_reqg;
uv_timer_t fake_job_req;

int main () {
loop = uv_default_loop();

uv_timer_init (loop, &gc_req);
uv_unref ( (uv_handle_tx*) &gc_req);

uv_timer_start (&gc_req, gc, 0, 2000);

// could actually be a TCP download or something
uv_timer_init (loop, &fake_job_req);
uv_timer_start (&fake_job_req, fake_job, 9000, 0);
return uv_run(loop, UV_RUN_DEFAULT) ;

We initialize the garbage collector timer, then immediately unre £ it. Observe how after 9 seconds, when the fake job
is done, the program automatically exits, even though the garbage collector is still running.

Idler pattern

The callbacks of idle handles are invoked once per event loop. The idle callback can be used to perform some very low
priority activity. For example, you could dispatch a summary of the daily application performance to the developers
for analysis during periods of idleness, or use the application’s CPU time to perform SETI calculations :) An idle
watcher is also useful in a GUI application. Say you are using an event loop for a file download. If the TCP socket is
still being established and no other events are present your event loop will pause (block), which means your progress
bar will freeze and the user will face an unresponsive application. In such a case queue up and idle watcher to keep
the UI operational.

idle-compute/main.c

uv_loop_t xloop;
uv_fs_t stdin_watcher;
uv_idle_t idler;

char buffer[1024];

int main() {
loop = uv_default_loop();

uv_idle_init (loop, é&idler);

uv_buf_t buf = uv_buf_init (buffer, 1024);

uv_fs_read(loop, &stdin_watcher, 0, &buf, 1, -1, on_type);
uv_idle_start (&idler, crunch_away);

return uv_run (loop, UV_RUN_DEFAULT);

Here we initialize the idle watcher and queue it up along with the actual events we are interested in. crunch_away
will now be called repeatedly until the user types something and presses Return. Then it will be interrupted for a brief
amount as the loop deals with the input data, after which it will keep calling the idle callback again.

3.3. AFEE 111




libuv documentation, % #i 1.26.0

idle-compute/main.c

void crunch_away (uv_idle_t»* handle) {
// Compute extra-terrestrial life
// fold proteins
// computer another digit of PI
// or similar
fprintf (stderr, "Computing PI...\n");
// just to avoid overwhelming your terminal emulator
uv_idle_stop (handle);

Passing data to worker thread

When using uv_queue_work you’ll usually need to pass complex data through to the worker thread. The solution
istouse a struct and set uv_work_t .data to point to it. A slight variation is to have the uv_work_t itself as
the first member of this struct (called a baton'). This allows cleaning up the work request and all the data in one free
call.

struct ftp_baton {
uv_work_t req;
char xhost;
int port;
char *username;
char xpassword;

ftp_baton xbaton = (ftp_batonx) malloc (sizeof (ftp_baton));
baton->reqg.data = (voidx) baton;

baton->host = strdup ("my.webhost.com");

baton->port = 21;

//

uv_queue_work (loop, &baton->req, ftp_session, ftp_cleanup);

Here we create the baton and queue the task.

Now the task function can extract the data it needs:

void ftp_session (uv_work_t =*req) {
ftp_baton xbaton = (ftp_batonx) reg->data;

fprintf (stderr, "Connecting to %s\n", baton->host);
void ftp_cleanup (uv_work_t =*req) {

ftp_baton xbaton = (ftp_batonx) reg->data;

free (baton->host) ;

/7

free (baton) ;

1T was first introduced to the term baton in this context, in Konstantin Kzfer’s excellent slides on writing node.js bindings — http://kkaefer.github.
com/node-cpp-modules/#baton
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‘We then free the baton which also frees the watcher.

External I/O with polling

Usually third-party libraries will handle their own I/O, and keep track of their sockets and other files internally. In
this case it isn’t possible to use the standard stream I/O operations, but the library can still be integrated into the
libuv event loop. All that is required is that the library allow you to access the underlying file descriptors and provide
functions that process tasks in small increments as decided by your application. Some libraries though will not allow
such access, providing only a standard blocking function which will perform the entire I/O transaction and only then
return. It is unwise to use these in the event loop thread, use the libuv-work-queue instead. Of course, this will also
mean losing granular control on the library.

The uv_poll section of libuv simply watches file descriptors using the operating system notification mechanism. In
some sense, all the I/O operations that libuv implements itself are also backed by uv_pol1 like code. Whenever the
OS notices a change of state in file descriptors being polled, libuv will invoke the associated callback.

Here we will walk through a simple download manager that will use libcurl to download files. Rather than give all
control to libcurl, we’ll instead be using the libuv event loop, and use the non-blocking, async multi interface to
progress with the download whenever libuv notifies of I/O readiness.

uvwget/main.c - The setup

#include <assert.h>
#include <stdio.h>
#include <stdlib.h>
#include <uv.h>
#include <curl/curl.h>

uv_loop_t xloop;
CURLM *curl_handle;
uv_timer_t timeout;

}

int main(int argc, char xxargv) {
loop = uv_default_loop();

if (argc <= 1)
return O;

if (curl_global_init (CURL_GLOBAL_ALL)) {

fprintf (stderr, "Could not init cURL\n");

return 1;
uv_timer_init (loop, &timeout);
curl_handle = curl_multi_init();
curl_multi_setopt (curl_handle, CURLMOPT_SOCKETFUNCTION, handle_socket);
curl_multi_setopt (curl_handle, CURLMOPT_TIMERFUNCTION, start_timeout);
while (argc—— > 1) {

add_download(argv([argc], argc);

uv_run (loop, UV_RUN_DEFAULT) ;

(continues on next page)
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curl_multi_cleanup (curl_handle);
return 0;

The way each library is integrated with libuv will vary. In the case of libcurl, we can register two callbacks. The
socket callback handle_socket is invoked whenever the state of a socket changes and we have to start polling it.
start_timeout is called by libcurl to notify us of the next timeout interval, after which we should drive libcurl
forward regardless of I/O status. This is so that libcurl can handle errors or do whatever else is required to get the
download moving.

Our downloader is to be invoked as:

$ ./uvwget [urll] [url2]

So we add each argument as an URL

uvwget/main.c - Adding urls

void add_download(const char *url, int num) {
char filename[50];
sprintf (filename, " .download", num);
FILE *file;

file = fopen(filename, "w");

if (file == NULL) {
fprintf (stderr, "Error opening \n", filename);
return;

CURL xhandle = curl_easy_init();

curl_easy_setopt (handle, CURLOPT_WRITEDATA, file);
curl_easy_setopt (handle, CURLOPT_URL, url);
curl_multi_add_handle (curl_handle, handle);

fprintf (stderr, "Added download > \n", url, filename);

We let libcurl directly write the data to a file, but much more is possible if you so desire.

start_timeout will be called immediately the first time by libcurl, so things are set in motion. This simply starts
a libuv timer which drives curl_multi_socket_action with CURL_SOCKET_TIMEOUT whenever it times
out. curl_multi_socket_action is what drives libcurl, and what we call whenever sockets change state. But
before we go into that, we need to poll on sockets whenever handle_socket is called.

uvwget/main.c - Setting up polling

void start_timeout (CURLM »*multi, long timeout_ms, void *userp) {
if (timeout_ms <= 0)
timeout_ms = 1; /% 0 means directly call socket_action, but we'll do it in a_
—bit */
uv_timer_start (&timeout, on_timeout, timeout_ms, 0);

(continues on next page)
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int handle_socket (CURL xeasy, curl_socket_t s, int action, void =*userp, void,,
—xsocketp) {
curl_context_t xcurl_context;

if (action == CURL_POLL_IN || action == CURL_POLL_OUT) {
if (socketp) {
curl_context = (curl_context_t*) socketp;
}
else {
curl_context = create_curl_context(s);

curl_multi_assign(curl_handle, s, (void x) curl_context);

switch (action) {
case CURL_POLL_IN:
uv_poll_start (&curl_context->poll_handle, UV_READABLE, curl_perform);
break;
case CURL_POLL_OUT:
uv_poll_start (&curl_context->poll_handle, UV_WRITABLE, curl_perform);
break;
case CURL_POLL_REMOVE:
if (socketp) {
uv_poll_stop (& ((curl_context_t«*)socketp)->poll_handle);
destroy_curl_context ((curl_context_t*) socketp);
curl_multi_assign(curl_handle, s, NULL);
}
break;
default:
abort () ;

return 0O;

We are interested in the socket fd s, and the action. For every socket we create a uv_poll_t handle if it doesn’t
exist, and associate it with the socket using curl_multi_assign. This way socketp points to it whenever the
callback is invoked.

In the case that the download is done or fails, libcurl requests removal of the poll. So we stop and free the poll handle.

Depending on what events libcurl wishes to watch for, we start polling with UV_READABLE or UV_WRITABLE. Now
libuv will invoke the poll callback whenever the socket is ready for reading or writing. Calling uv_poll_start mul-
tiple times on the same handle is acceptable, it will just update the events mask with the new value. curl_perform
is the crux of this program.

uvwget/main.c - Driving libcurl.

void curl_perform(uv_poll_t =*req, int status, int events) {
uv_timer_stop (&timeout) ;
int running_handles;
int flags = 0;

if (status < 0) flags = CURL_CSELECT_ERR;
if (!status && events & UV_READABLE) flags |= CURL_CSELECT_IN;
if (!status && events & UV_WRITABLE) flags |= CURL_CSELECT_OUT;

(continues on next page)
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curl_context_t xcontext;
context = (curl_context_t«)reqg;

curl_multi_socket_action(curl_handle, context->sockfd, flags, &running_handles);
check_multi_info();

The first thing we do is to stop the timer, since there has been some progress in the interval. Then depending on what
event triggered the callback, we set the correct flags. Then we call curl_multi_socket_action with the socket
that progressed and the flags informing about what events happened. At this point libcurl does all of its internal tasks
in small increments, and will attempt to return as fast as possible, which is exactly what an evented program wants
in its main thread. libcurl keeps queueing messages into its own queue about transfer progress. In our case we are
only interested in transfers that are completed. So we extract these messages, and clean up handles whose transfers
are done.

uvwget/main.c - Reading transfer status.

void check_multi_info(void) {
char xdone_url;
CURLMsg xmessage;
int pending;

while ((message = curl_multi_info_read(curl_handle, &pending))) {
switch (message->msg) {
case CURLMSG_DONE:
curl_easy_getinfo (message->easy_handle, CURLINFO_EFFECTIVE_URL,
&done_url) ;
printf (" DONE\n", done_url);

curl _multi_remove_handle (curl_handle, message—>easy_handle);
curl_easy_cleanup (message—>easy_handle) ;
break;

default:
fprintf (stderr, "CURLMSG default\n");
abort ();

Check & Prepare watchers

TODO

Loading libraries

libuv provides a cross platform API to dynamically load shared libraries. This can be used to implement your own
plugin/extension/module system and is used by node.js to implement require () support for bindings. The usage
is quite simple as long as your library exports the right symbols. Be careful with sanity and security checks when
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loading third party code, otherwise your program will behave unpredictably. This example implements a very simple
plugin system which does nothing except print the name of the plugin.

Let us first look at the interface provided to plugin authors.

plugin/plugin.h

#ifndef UVBOOK_PLUGIN_SYSTEM
#define UVBOOK_PLUGIN_SYSTEM

// Plugin authors should use this to register their plugins with mfp.
void mfp_register (const char sname);

#endif

You can similarly add more functions that plugin authors can use to do useful things in your application’. A sample
plugin using this API is:

plugin/hello.c

#include "plugin.h"

void initialize() {
mfp_register ("Hello World!");

Our interface defines that all plugins should have an initialize function which will be called by the application.
This plugin is compiled as a shared library and can be loaded by running our application:

$ ./plugin libhello.dylib
Loading libhello.dylib
Registered plugin "Hello World!"

1Ef#: The shared library filename will be different depending on platforms. On Linux itis 1ibhello. so.

This is done by using uv_dlopen to first load the shared library 1ibhello.dylib. Then we get access to the
initialize function using uv_dlsym and invoke it.

plugin/main.c

#include "plugin.h"
typedef void (*init_plugin_function) ();
void mfp_register (const char xname) {

fprintf (stderr, "Registered plugin \"Zs\"\n", name);

int main(int argc, char xxargv) {

(continues on next page)

2 mfp is My Fancy Plugin

3.3. AFEE 117




20

21

22

23

24

25

26

27

28

29

libuv documentation, % #i 1.26.0

if (argc == 1) {
fprintf (stderr, "Usage: [pluginl] [plugin2] ...\n", argv([0]);
return 0O;

uv_lib_t *1ib = (uv_lib_t+) malloc(sizeof (uv_1lib_t));
while (-—argc) {
fprintf (stderr, "Loading \n", argvlargc]);
if (uv_dlopen (argv[argc], 1lib)) {
fprintf (stderr, "Error: \n", uv_dlerror (lib));
continue;

init_plugin_function init_plugin;

if (uv_dlsym(lib, "initialize", (void **) &init_plugin)) {
fprintf (stderr, "dlsym error: \n", uv_dlerror (lib));
continue;

init_plugin();

return O;

uv_dlopen expects a path to the shared library and sets the opaque uv_1ib_t pointer. It returns 0 on success, -1
on error. Use uv_dlerror to get the error message.

uv_dlsym stores a pointer to the symbol in the second argument in the third argument. init_plugin_function
is a function pointer to the sort of function we are looking for in the application’s plugins.

TTY

Text terminals have supported basic formatting for a long time, with a pretty standardised command set. This format-
ting is often used by programs to improve the readability of terminal output. For example grep —--colour. libuv
provides the uv_tty_t abstraction (a stream) and related functions to implement the ANSI escape codes across all
platforms. By this I mean that libuv converts ANSI codes to the Windows equivalent, and provides functions to get
terminal information.

The first thing to do is to initialize a uv_tty_t with the file descriptor it reads/writes from. This is achieved with:

int uv_tty_init (uv_loop_t«*, uv_tty_tx, uv_file fd, int unused)

The unused parameter is now auto-detected and ignored. It previously needed to be set to use uv_read_start ()
on the stream.

Itis then besttouse uv_tty_set_mode to set the mode to normal which enables most TTY formatting, flow-control
and other settings. Other modes are also available.

Remember to call uv_tty_reset_mode when your program exits to restore the state of the terminal. Just good
manners. Another set of good manners is to be aware of redirection. If the user redirects the output of your command
to a file, control sequences should not be written as they impede readability and grep. To check if the file descriptor
is indeed a TTY, call uv_guess_handle with the file descriptor and compare the return value with UV_TTY.

Here is a simple example which prints white text on a red background:
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tty/main.c

#include <stdio.h>

#include <string.h>
#include <unistd.h>
#include <uv.h>

uv_loop_t =xloop;
uv_tty_t tty;
int main () {
loop = uv_default_loop();

uv_tty_init (loop,
uv_tty_set_mode (&tty,

&tty,

if (uv_guess_handle (1) == UV_TTY) {
uv_write_t req;
uv_buf_t buf;
buf.base = "\033[41;37m";
buf.len = strlen (buf.base);
(uv_stream_t«*)

uv_write (&req, &tty,

uv_write_t req;
uv_buf_t buf;
buf.base = "Hello TTY\n";
buf.len = strlen (buf.base);
uv_write (&req, (uv_stream_t=«)
uv_tty_reset_mode () ;
return uv_run (loop,

&tty, &buf,

UV_RUN_DEFAULT) ;

STDOUT_FILENO, 0);
UV_TTY_ MODE_NORMAL) ;

&buf,

1,

NULL) ;

NULL) ;

The final TTY helper is uv_tty_get_winsize () which is used to get the width and height of the terminal and
returns O on success. Here is a small program which does some animation using the function and character position

escape codes.

tty-gravity/main.c

#include <stdio.h>
#include <string.h>
#include <unistd.h>
#include <uv.h>

uv_loop_t =xloop;

uv_tty_t tty;

uv_timer_t tick;

uv_write_t write_req;

int width, height;

int pos = 0;

char xmessage = " Hello TTY ";

void update (uv_timer_t xreq) {
char data[500];

uv_buf_t buf;

(continues on next page)
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buf.base = data;

buf.len = sprintf (data, "\033[2J\033[H\033[2dB\033[ c\033[42;37mss",
pos,
(unsigned long) (width-strlen (message)) /2,
message) ;

uv_write (&write_req, (uv_stream t=*) &tty, &buf, 1, NULL);

PO g

if (pos > height) {
uv_tty_reset_mode();
uv_timer_stop (&tick);

int main() {
loop = uv_default_loop();

uv_tty_init (loop, &tty, STDOUT_FILENO, O0);
uv_tty_set_mode (&tty, 0);

if (uv_tty_get_winsize (&tty, &width, &height)) {
fprintf (stderr, "Could not get TTY information\n");
uv_tty_reset_mode () ;
return 1;

fprintf (stderr, "Width , height \n", width, height);
uv_timer_init (loop, &tick);

uv_timer_start (&tick, update, 200, 200);

return uv_run(loop, UV_RUN_DEFAULT) ;

The escape codes are:

Code | Meaning

2] Clear part of the screen, 2 is entire screen

H Moves cursor to certain position, default top-left

nB Moves cursor down by n lines

nC Moves cursor right by n columns

m Obeys string of display settings, in this case green background (40+2), white text (30+7)

As you can see this is very useful to produce nicely formatted output, or even console based arcade games if that
tickles your fancy. For fancier control you can try ncurses.

1E 1.23.1: I the readable parameter is now unused and ignored. The appropriate value will now be auto-
detected from the kernel.

3.3.9 About

Nikhil Marathe started writing this book one afternoon (June 16, 2012) when he didn’t feel like programming. He had
recently been stung by the lack of good documentation on libuv while working on node-taglib. Although reference
documentation was present, there were no comprehensive tutorials. This book is the output of that need and tries to be
accurate. That said, the book may have mistakes. Pull requests are encouraged.
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Nikhil is indebted to Marc Lehmann’s comprehensive man page about libev which describes much of the semantics of
the two libraries.

This book was made using Sphinx and vim.

HEf#: In 2017 the libuv project incorporated the Nikhil’s work into the official documentation and it’s maintained
there henceforth.

3.4 WARH%

SN FElibuvBRA P ERS e R, IR T1.0.

3.4.1 libuv 0.10 -> 1.0.0 IT# 155

—EEAPIELO.OJF 23 e P R A TIRKIIZM - XE—(ERIEE, KRTHE0I0KM)E X LR REENE
e

TEA I IR AL AN SR A
fElibuv 0.10 (FMEAR[ Z BIRIRCARH) |, PEEAE T uv_loop_new f, AFIESR BN BB E; [F

Eﬁﬂi uv_loop_delete, FEBAFIAEBERANGE - MLOFFUG, XEEPEEF T HBH P AT EHANGFEMIENL
1EIF .

libuv 0.10

uv_loop_t* loop = uv_loop_new();

uv_loop_delete (loop);

libuv 1.0

uv_loop_t* loop = malloc(sizeof =xloop);
uv_loop_init (loop);

uv_loop_close (loop);
free (loop);

H: SERGEN T REWHER T . BB uv_loop_init () Ml uv_loop_close ().

H iR b H

R AN AElibuy 1L.OFH BERRENE - SRIEUL, ZElibuv 0.107F, HREBFIRESSEE 0 RERINF -1 £F
LW, AP AEARNER uv_last_error IREGERCHY, XEDIFESL-

FELOY, REFRESEETE THUINERAE, o RERT, RPN —DAE

libuv 0.10
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o B rserver B CEENITFHITCE RS
r = uv_listen((uv_stream_t+) server, 511, NULL);
if (r == -1) {
uv_err_t err = uv_last_error (uv_default_loop());
/% err.code f13E UV_EADDRINUSE «/
}

libuv 1.0

oo B rservert B—CEEMITHRITCP RS A
r = uv_listen((uv_stream_t*) server, 511, NULL);
if (r < 0) {
/« r B3 UV_EADDRINUSE «/
}

SRR

7Elibuy 0.105 71, Unix FH T — M4 M ERERZAR M, T Windows N T QueueUserWorkltem AP, iX
7 —1"Windows N ER U2, BROARE IR 512 MERE

FELOH, FAMF— T PRISEEL, XA WindowsBIAE (3 I AMUnix R FE A SEEE - 248 i 10 A/ N AT DA RS
43 & UV_THREADPOOL_SIZE & - ¥EM Thread pool work scheduling -

1 BC [ e £ APIZE4L

fElibuy 0.107 , [E[ERELAGREl—A uv_buf + RRIFIET(E:

uv_buf_t alloc_cb(uv_handle_t+ handle, size_t size) {
return uv_buf_init (malloc(size), size);

}

FElibuv 1.0, — MEF—PbufferMIFRE &R IR E, HPHEEHTE:

void alloc_cb (uv_handle_t* handle, size_t size, uv_buf_t* buf) {
buf->base = malloc(size);
buf->len = size;

IPv4 / IPv6 APIZi—

libuv 1.04% — TIPVv4FIIPV6 APl F % wuv_tcp_bind 1 uv_tcp_bind6 X FEH — ok, MAE R
uv_tcp_bind() o

IPVARRECK A struct sockaddr_in $EMRRIE, IPv6RECRH struct sockaddr_iné6. IIFE, MKEL
%ﬁﬁ struct sockaddr= (‘n%r?, E%—/I\?Elﬁ') ° Eﬁﬁ%‘?*&iﬁj\@ﬂ

libuv 0.10

struct sockaddr_in addr = uv_ip4_addr("0.0.0.0", 1234);

uv_tcp_bind(&server, addr)

libuv 1.0
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struct sockaddr_in addr;
uv_ip4_addr("0.0.0.0", 1234, &addr)

uv_tcp_bind(&server, (const struct sockaddrx) &addr, 0);

IPvAFIIPVOLES BIFEBREL (uv_ip4_addr () Ml uv_ipé6_addr() ) AL

T, WREEHEREER T -

FERR: XA IE R T ITE X 5 Pv4FIIPve Rk AR £ -

i / UDPEIE B2 e [E1 1 s £ APIZEAL

TFIUDPE R BRI 1 BN B — 8 W) uv_bur_t RIMIX AIFEET,
libuv 0.10

AN — A5 (E -

void on_read (uv_stream_t+ handle,
ssize_t nread,
uv_buf_t buf) {

}

void recv_cb (uv_udp_t+ handle,
ssize_t nread,
uv_buf_t buf,
struct sockaddr+ addr,
unsigned flags) {

libuv 1.0

void on_read (uv_stream_t+ handle,
ssize_t nread,
const uv_buf_t* buf) {

}

void recv_cb (uv_udp_t* handle,
ssize_t nread,
const uv_buf_t* buf,
const struct sockaddr* addr,
unsigned flags) {

1 E T BRI APIZEAL

FElibuv 0.10 (FIZBIMA) ', uv_read2_start BREUH R RIT A 7EE 8 LS, FIREERBEAE R Bl A)

o X RR S [ ] R KSR TR R (O

void on_read(uv_pipe_t* pipe,
ssize_t nread,
uv_buf_t buf,

(continues on next page)
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(& ET)

uv_handle_type pending) {

}

FElibuy 1O, uv_read2_start §RsPR T, F BAEEEHREH F, HAPAFEQERETEHFLEAMN, £

H uv_pipe_pending_count () F uv_pipe_pending type() :

void on_read (uv_stream_t+ handle,
ssize_t nread,
const uv_buf_t* buf) {

while (uv_pipe_pending_count ((uv_pipe_t*) handle) != 0) {
pending = uv_pipe_pending_type ((uv_pipe_t+) handle);

TR B SR BT FAR A

Y E RN EAPISCRFIN 5, FH P H U7 Fllibuv N AR &, DOREU AN TCP AR B ST 15 1] 4 -

fd = handle->io_watcher. fd;

RIMECEIERMBERET uv rileno () REL

uv_fs_readdir® i 4 FAPIZE{L

fElibuv 0.109, B 5ERHT uv_fs_readdir IRBl—"DFFF NIRRT reg->ptr FE - FE1.07F, X EREUHE i 44

K uv_fs_scandir() , BEAXIHSET scandir (3) LI -

AL, RPALUER uv_fs_scandir_next () BME—RIRM—NEER, AR EZBIFIRTAEH -

XD RBATEAR T AR, FovlibuvfFREF scandir (3) IREIR MK FIRAE—5 -

124

Chapter 3. X4




cHAPTER 4

Nk

libuv AJ7E X)L F#E .

125


http://dist.libuv.org/dist/

libuv documentation, % #i 1.26.0

126 Chapter 4. T#



CHAPTER D

7
B

1# . README -

L2

127


https://github.com/libuv/libuv/blob/master/README.md

libuv documentation, % #i 1.26.0

128 Chapter 5. %%



5

U

uv_accept (C PR%D), 33
uv_after_work_cb (C 2£H)), 55
uv_alloc_cb (C Z£H), 17
uv_any_handle (C E), 17
uv_any_req (C &%), 20
uv_async_cb (C KA, 25
uv_async_init (C EH%Y), 25
uv_async_send (C PR%Q), 25
uv_async_t (C R7), 25
uv_backend_fd (C K%)), 15
uv_backend_timeout (C %Y%), 15
uv_barrier_destroy (C M%), 61
uv_barrier_init (C B&%0), 60
uv_barrier_t (C 27, 58
uv_barrier_wait (C E%0), 61
uv_buf_init (C pi%Y), 63
uv_buf_t (C KT, 61
uv_buf_t.uv_buf_t.base (C A7), 61
uv_buf_t.uv_buf_t.len (C F3R), 61
uv_calloc_func (C %), 61
uv_cancel (C BR%0), 21

uv_chdir (C %%, 65
uv_check_cb (C %), 23
uv_check_init (C ER%0), 24
uv_check_start (C BR%0), 24
uv_check_stop (C FE%X), 24
uv_check_t (C 2%, 23
uv_close (C %), 18
uv_close_cb (C K&, 18
uv_cond_broadcast (C %), 60
uv_cond_destroy (C EK%Y), 60
uv_cond_init (C BR%R), 60
uv_cond_signal (C p%Q), 60
uv_cond_t (C Z£%Y), 58
uv_cond_timedwait (C BK%%), 60
uv_cond_wait (C EK%0), 60
uv_connect_cb (C Z£7), 32
uv_connect_t (C &%), 32

uv_connect_t.handle (C 5 71), 33
uv_connection_cb (C 3£7Y), 32
uv_cpu_info (C EE%Y), 64
uv_cpu_info_t (C &), 62
uv_cwd (C EEHD, 65
uv_default_loop (C PR, 15
uv_dirent_t (C 3£%Y), 48
uv_disable_stdio_inheritance (C B%Y), 31
uv_dlclose (C E%), 57

uv_dlerror (C E%Y), 57

uv_dlopen (C RED, 57

uv_dlsym (C PR, 57
UV_E2BIG (C %), 9
UV_EACCES (C %), 9
UV_EADDRINUSE (C %), 9
UV_EADDRNOTAVAIL (C %), 9
UV_EAFNOSUPPORT (C %), 9
UV_EAGAIN (C %), 9
UV_EAL_ADDRFAMILY (C %), 9
UV_EAI_AGAIN (C %), 9
UV_EAI_BADFLAGS (C %), 9
UV_EAI_BADHINTS (C %), 9
UV_EAI_CANCELED (C %), 9
UV_EAIL FAIL (C %), 9
UV_EAI_FAMILY (C %), 9
UV_EAI_MEMORY (C %), 9
UV_EAI_NODATA (C %), 10
UV_EAI_NONAME (C %), 10
UV_EAI_OVERFLOW (C 7), 10
UV_EAI_PROTOCOL (C 7), 10
UV_EAI_SERVICE (C %), 10
UV_EAI_SOCKTYPE (C %), 10
UV_EALREADY (C %), 10
UV_EBADF (C 7), 10
UV_EBUSY (C %), 10
UV_ECANCELED (C %), 10
UV_ECHARSET (C %), 10
UV_ECONNABORTED (C %), 10
UV_ECONNREFUSED (C %), 10
UV_ECONNRESET (C 7), 10

129



libuv documentation, % #i 1.26.0

UV_EDESTADDRREQ (C %), 10
UV_EEXIST (C %), 10
UV_EFAULT (C %), 10
UV_EFBIG (C %), 10
UV_EHOSTUNREACH (C 7%), 10
UV_EINTR (C %), 10
UV_EINVAL (C %), 10
UV_EIO (C %), 11
UV_EISCONN (C %), 11
UV_EISDIR (C %), 11
UV_ELOOP (C 7), 11
UV_EMFILE (C %), 11
UV_EMLINK (C 72), 12
UV_EMSGSIZE (C %), 11
UV_ENAMETOOLONG (C 72), 11
UV_ENETDOWN (C %), 11
UV_ENETUNREACH (C %), 11
UV_ENFILE (C 7), 11
UV_ENOBUFS (C %), 11
UV_ENODEV (C %), 11
UV_ENOENT (C %), 11
UV_ENOMEM (C 7), 11
UV_ENONET (C %), 11
UV_ENOPROTOOPT (C %), 11
UV_ENOSPC (C 7%), 11
UV_ENOSYS (C %), 11
UV_ENOTCONN (C 7), 11
UV_ENOTDIR (C 7%), 11
UV_ENOTEMPTY (C 7%), 11
UV_ENOTSOCK (C %), 12
UV_ENOTSUP (C %), 12
UV_ENXIO (C 7%), 12
UV_EOF (C %), 12
UV_EPERM (C %), 12
UV_EPIPE (C %), 12
UV_EPROTO (C %), 12
UV_EPROTONOSUPPORT (C 7%), 12
UV_EPROTOTYPE (C %), 12
UV_ERANGE (C %), 12
UV_EROFS (C %), 12
uv_err_name (C EK#Y), 13
uv_err_name_r (C B0, 13
UV_ERRNO_MAP (C %)), 13
UV_ESHUTDOWN (C %), 12
UV_ESPIPE (C %), 12
UV_ESRCH (C %), 12
UV_ETIMEDOUT (C %), 12
UV_ETXTBSY (C %), 12
UV_EXDEV (C %), 12
uv_exepath (C pR%Q), 65
uv_exit_cb (C ZK7), 29

uv_file (C 2K7), 61

uv_fileno (C A%V, 19
uv_free_cpu_info (C PR%Y), 64

uv_free_func (C 37, 61

uv_free_interface_addresses (C ER%Y), 64

uv_freeaddrinfo (C PK%Y), 56
uv_fs_access (C %), 50
uv_fs_chmod (C E£%}), 50
uv_fs_chown (C BB%0), 51
uv_fs_close (C B0, 48
uv_fs_copyfile (C ¥i%Y), 50
uv_fs_event (C 2KH), 44
uv_fs_event_cb (C 2%, 44
uv_fs_event_flags (C R7), 44
uv_fs_event_getpath (C pR%Y), 45
uv_fs_event_init (C %), 45
uv_fs_event_start (C BR%Q), 45
uv_fs_event_stop (C EK%Y), 45
uv_fs_event_t (C J5AY), 44
uv_fs_fchmod (C E&%0), 50
uv_fs_fchown (C pK%Y), 51
uv_fs_fdatasync (C pA%Q), 50
uv_fs_fstat (C EH%), 49
uv_fs_fsync (C pR%Q), 50
uv_fs_ftruncate (C EK%0), 50
uv_fs_futime (C %)), 50
uv_fs_get_path (C p%Q), 52
uv_fs_get_ptr (C pE%Y), 52
uv_fs_get_result (C K%Y, 52
uv_fs_get_statbuf (C pR%Y), 52
uv_fs_get_type (C KK%Y), 51
uv_fs_lchown (C pE#Y), 51
uv_fs_link (C B&%), 50
uv_fs_Istat (C BE#0), 49
uv_fs_mkdir (C EK%Y), 49
uv_fs_mkdtemp (C BF%Y), 49
UV_FS_O_APPEND (C %), 5
UV_FS_O_CREAT (C %), 52
UV_FS_O_DIRECT (C %), 52
UV_FS_O_DIRECTORY (C %), 52
UV_FS_O_DSYNC (C %), 53
UV_FS_O_EXCL (C %), 53
UV_FS_O_EXLOCK (C %), 53
UV_FS_O_NOATIME (C %), 53
UV_FS_O_NOCTTY (C %), 53
UV_FS_O_NOFOLLOW (C %), 53
UV_FS_O_NONBLOCK (C %), 53
UV_FS_O_RANDOM (C %), 53
UV_FS_O_RDONLY (C %), 54
UV_FS_O_RDWR (C %), 54
UV_FS_O_SEQUENTIAL (C 7%), 54
UV_ES_O_SHORT _LIVED (C %), 54
UV_FS_O_SYMLINK (C %), 54
UV_FS_O_SYNC (C %), 54
UV_FS_O_TEMPORARY (C %), 54
UV_FS_O_TRUNC (C %), 54
UV_FS_O_WRONLY (C %), 54

130

=5l



libuv documentation, % 7 1.26.0

uv_fs_open (C PR%Q), 49
uv_fs_poll_cb (C ), 45
uv_fs_poll_getpath (C %Y%), 46
uv_fs_poll_init (C ¥Ki%0), 46
uv_fs_poll_start (C PE%Y), 46
uv_fs_poll_stop (C PR%Q), 46
uv_fs_poll_t (C KAY), 45
uv_fs_read (C %)), 49
uv_fs_readlink (C EK%Y), 51
uv_fs_realpath (C pR%Q), 51
uv_fs_rename (C ER%0), 49
uv_fs_req_cleanup (C PR%Q), 48
uv_fs_rmdir (C FE%Q), 49
uv_fs_scandir (C E%Y), 49
uv_fs_scandir_next (C BE%), 49
uv_fs_sendfile (C X%X), 50
uv_fs_stat (C %)), 49
uv_fs_symlink (C pR%Q), 51
uv_fs_t (C 2KH), 46
uv_fs_t.fs_type (C A ), 48
uv_fs_t.loop (C A1), 48
uv_fs_t.path (C A1), 48
uv_fs_t.ptr (C A7), 48
uv_fs_t.result (C % 51), 48
uv_fs_t.statbuf (C i 1), 48
uv_fs_type (C 2K7), 47
uv_fs_unlink (C BK%), 49
uv_fs_utime (C B0, 50
uv_fs_write (C BR%0), 49
uv_get_free_memory (C BK%Y), 66
uv_get_osfhandle (C FK%%), 52
uv_get_process_title (C BR%Y), 63
uv_get_total_memory (C FK%X), 66
uv_getaddrinfo (C K%X), 56
uv_getaddrinfo_cb (C £7), 55
uv_getaddrinfo_t (C 87Y), 55

uv_getaddrinfo_t.addrinfo (C F%.13), 56

uv_getaddrinfo_t.loop (C F%.f1), 56
uv_getnameinfo (C pR%K), 57
uv_getnameinfo_cb (C FAY), 56
uv_getnameinfo_t (C 2K7Y), 56
uv_getnameinfo_t.host (C % 171), 56
uv_getnameinfo_t.loop (C %), 56

uv_getnameinfo_t.service (C i), 56

uv_getrusage (C PR%Y), 64
uv_guess_handle (C FR%Y), 63
uv_handle_get_data (C pK%Y), 19
uv_handle_get_loop (C EA%Y), 19
uv_handle_get_type (C FE%{), 20
uv_handle_set_data (C pK%Y), 19
uv_handle_size (C E%%), 19
uv_handle_t (C 2£7H), 17
uv_handle_t.data (C %51), 18
uv_handle_t.loop (C A7), 18

uv_handle_t.type (C F%151), 18
uv_handle_type (C KA, 17

UV_HANDLE_TYPE_MAP (C &%), 18

uv_handle_type_name (C EE%%), 20
uv_has_ref (C KZED), 19
uv_hrtime (C M%), 66
uv_idle_cb (C 2£7), 24
uv_idle_init (C pK%Y), 24
uv_idle_start (C 6%Y), 24
uv_idle_stop (C Hi%k), 24
uv_idle_t (C 2%, 24
uv_if_indextoiid (C M%), 65
uv_if_indextoname (C Ei%)), 65
UV_IF_NAMESIZE (C 7%), 64
uv_inet_ntop (C BR%Y), 64
uv_inet_pton (C BR%Y), 64
uv_interface_address_t (C 257), 62
uv_interface_addresses (C PK%Y), 64
uv_ip4_addr (C BK%0), 64
uv_ip4_name (C pR%Y), 64
uv_ip6_addr (C BR%D), 64
uv_ip6_name (C pK%Y), 64
uv_is_active (C pK%Y), 18
uv_is_closing (C K %Y), 18
uv_is_readable (C %)), 34
uv_is_writable (C E%0), 34
uv_key_create (C PR%Q), 59
uv_key_delete (C pR%Y), 59
uv_key_get (C EK%Y), 59
uv_key_set (C ER%Q), 59
uv_key_t (C 2£%), 58

uv_kill (C iKi%%), 31

uv_lib_t (C &%), 57

uv_listen (C B, 33
uv_loadavg (C pR%Q), 64
uv_loop_alive (C EE%Y), 15
uv_loop_close (C pK%Y), 14
uv_loop_configure (C %K), 14
uv_loop_fork (C K %Y%), 16
uv_loop_get_data (C pA%Y), 16
uv_loop_init (C pK%Y), 14
uv_loop_set_data (C FK%Y), 16
uv_loop_size (C FR%Q), 15
uv_loop_t (C &), 14
uv_loop_t.data (C F%f1), 14
uv_malloc_func (C &%), 61
uv_membership (C 2K7), 40
uv_mutex_destroy (C EK%Y), 59
uv_mutex_init (C K%X), 59
uv_mutex_init_recursive (C P%Y), 59
uv_mutex_lock (C E&%Y), 59
uv_mutex_t (C 2%, 58
uv_mutex_trylock (C EE%Y), 59
uv_mutex_unlock (C BK%Y), 59

]



libuv documentation, % #i 1.26.0

uv_now (C BR%ED), 15

uv_once (C K%, 59

uv_once_t (C 257Y), 58
uv_open_osfhandle (C %), 52
uv_os_fd_t (C %), 61
uv_os_free_passwd (C BE%)), 66
uv_os_get_passwd (C pK%%), 66
uv_os_getenv (C KK%Y), 67
uv_os_gethostname (C K%Y), 67
uv_os_getpid (C BE%Y), 64
uv_os_getppid (C %)), 64
uv_os_getpriority (C PR%Y), 68
uv_os_homedir (C #i%%), 65
uv_os_setenv (C %)), 67
uv_os_setpriority (C EK%Y), 68
uv_os_sock_t (C K7), 61
uv_os_tmpdir (C K%X), 66
uv_os_uname (C K%), 68
uv_os_unsetenv (C EED), 67
uv_passwd_t (C &7, 62

uv_pid_t (C K7), 61

uv_pipe_bind (C FE%X), 37
uv_pipe_chmod (C &%), 37
uv_pipe_connect (C EK%Y), 37
uv_pipe_getpeername (C pK%Y), 37
uv_pipe_getsockname (C pF%Y), 37
uv_pipe_init (C KK%Y), 37
uv_pipe_open (C KK%%), 37
uv_pipe_pending_count (C ¥&i%Y), 37
uv_pipe_pending_instances (C PR%Y), 37
uv_pipe_pending_type (C ¥K%Y), 37
uv_pipe_t (C &), 36
uv_pipe_t.ipc (C F%.171), 36
uv_poll_cb (C E#!), 26
uv_poll_event (C ZK7), 26
uv_poll_init (C EE%Y), 26
uv_poll_init_socket (C PR%Y), 27
uv_poll_start (C %K), 27
uv_poll_stop (C FK%Y), 27

uv_poll_t (C K7, 26
uv_prepare_cb (C 2£7), 23
uv_prepare_init (C pK%Y), 23
uv_prepare_start (C pR%(), 23
uv_prepare_stop (C EK%Y), 23
uv_prepare_t (C KAY), 23
uv_print_active_handles (C }Ki%%), 67
uv_print_all_handles (C EK{%%), 66
uv_process_flags (C Z:7), 29
uv_process_get_pid (C p%Y), 31
uv_process_kill (C FR%0), 31
uv_process_options_t (C 87), 28
uv_process_options_t.args (C % 1), 30
uv_process_options_t.cwd (C A7), 30
uv_process_options_t.env (C A%5), 30

uv_process_options_t.exit_cb (C Eiﬁ), 30
uv_process_options_t.file (C D), 30
uv_process_options_t.flags (C A1), 30
uv_process_options_t.gid (C A1), 31
uv_process_options_t.stdio (C A1), 31

uv_process_options_t.stdio_count (C A% ), 31

uv_process_options_t.uid (C AR, 31
uv_process_t (C 27, 28
uv_process_t.pid (C A7), 30
uv_queue_work (C EK%Y), 55
uv_read_cb (C 1), 32
uv_read_start (C %)), 33
uv_read_stop (C PR%D), 33
uv_realloc_func (C &%), 61
uv_recv_buffer_size (C BR%0), 19
uv_ref (C ER%Y), 18
uv_replace_allocator (C FKi%Y), 63
uv_req_get_data (C PR%Y), 21
uv_req_get_type (C PR%Q), 21
uv_req_set_data (C EE%Y), 21
uv_req_size (C B%)), 21

uv_req_t (C &%), 20
uv_req_t.data (C A% 1), 20
uv_req_t.type (C A1), 20
UV_REQ_TYPE_MAP (C &%), 21
uv_req_type_name (C BR%0), 21
uv_resident_set_memory (C PR%Y), 63
uv_run (C %), 15
uv_run_mode (C Z£H), 14
uv_rusage_t (C EA), 61
uv_rwlock_destroy (C pR%Q), 59
uv_rwlock_init (C BK%Y), 59
uv_rwlock_rdlock (C %X), 59
uv_rwlock_rdunlock (C E%X), 59
uv_rwlock_t (C &%), 58
uv_rwlock_tryrdlock (C BE%Y), 59
uv_rwlock_trywrlock (C E&%Y), 59
uv_rwlock_wrlock (C R%0), 59
uv_rwlock_wrunlock (C %), 60
uv_sem_destroy (C K%Y), 60
uv_sem_init (C BK#Y), 60
uv_sem_post (C BE%Y), 60
uv_sem_t (C 2%, 58
uv_sem_trywait (C PR%Q), 60
uv_sem_wait (C B%0), 60
uv_send_buffer_size (C E%Y), 19
uv_set_process_title (C EH%Y), 63
uv_setup_args (C KK%Y), 63
uv_shutdown (C BR%0), 33
uv_shutdown_cb (C Z£#Y), 32
uv_shutdown_t (C 25%Y), 32
uv_shutdown_t.handle (C f%51), 33
uv_signal_cb (C %H!), 28
uv_signal_init (C PR%Y), 28

132

=5l



libuv documentation, % 7 1.26.0

uv_signal_start (C FF%Y), 28
uv_signal_start_oneshot (C PR%Y), 28
uv_signal_stop (C BE%Y), 28
uv_signal_t (C P57y, 28
uv_signal_t.signum (C %.13), 28
uv_spawn (C BR%0), 31

uv_stat_t (C 2£7), 47
uv_stdio_container_t (C &%), 29
uv_stdio_container_t.data (C 5 5), 31
uv_stdio_container_t.flags (C A1), 31
uv_stdio_flags (C Z£7), 30

uv_stop (C K %Y), 15
uv_stream_get_write_queue_size (C KH%Y), 35
uv_stream_set_blocking (C FE%Y), 34
uv_stream_t (C 2KH), 32
uv_stream_t.write_queue_size (C F% 1), 33
uv_strerror (C K%Y), 13
uv_strerror_r (C BRI, 13
uv_tep_bind (C EG%Y), 36
uv_tcp_connect (C BE%Y), 36
uv_tcp_getpeername (C PR%Y), 36
uv_tcp_getsockname (C PR%Q), 36
uv_tcp_init (C pR%Q), 35
uv_tep_init_ex (C K%Y, 35
uv_tcp_keepalive (C EK%Y), 35
uv_tcp_nodelay (C pE%K), 35
uv_tcp_open (C BE%Y), 35
uv_tcp_simultaneous_accepts (C BK%Y), 35
uv_tep_t (C EHY), 35

uv_thread_cb (C Z7), 58
uv_thread_create (C &%), 58
uv_thread_create_ex (C B0, 58
uv_thread_equal (C PRED, 59
uv_thread_join (C FR%Y), 59
uv_thread_options_t (C 27, 58
uv_thread_self (C pE%Y), 59
uv_thread_t (C 255!, 58
uv_timer_again (C PR%Y), 22
uv_timer_cb (C 27Y), 22
uv_timer_get_repeat (C Fi%Y), 22
uv_timer_init (C B%0), 22
uv_timer_set_repeat (C ER%Y), 22
uv_timer_start (C K%Y), 22
uv_timer_stop (C PRED, 22
uv_timer_t (C 2573), 22
uv_timespec_t (C K7H), 46
uv_translate_sys_error (C EK%Y), 13
uv_try_write (C BK%X), 34
uv_tty_get_winsize (C PR%Y), 39
uv_tty_init (C PR%Q), 38
uv_tty_mode_t (C K7, 38
uv_tty_reset_mode (C EK%X), 39
uv_tty_set_mode (C pK%Y), 39
uv_tty_t (C KA 38

uv_udp_bind (C &%), 41

uv_udp_flags (C 7, 39
uv_udp_get_send_queue_count (C PR %Y), 43
uv_udp_get_send_queue_size (C EE%D), 43
uv_udp_getsockname (C BR%Y), 41
uv_udp_init (C PRED), 40

uv_udp_init_ex (C PRED), 40
uv_udp_open (C EK%Y), 41
uv_udp_recv_cb (C 2K7), 40
uv_udp_recv_start (C E%Y), 43
uv_udp_recv_stop (C PR%EY), 43
uv_udp_send (C pK%Y), 42
uv_udp_send_cb (C ZKHY), 40
uv_udp_send_t (C E7ZY), 39
uv_udp_send_t.handle (C f%51), 40
uv_udp_set_broadcast (C PR%Y), 42
uv_udp_set_membership (C IXI%Z), 41
uv_udp_set_multicast_interface (C PREYD), 42
uv_udp_set_multicast_loop (C PR%Q), 41
uv_udp_set_multicast_ttl (C pR%Q), 42
uv_udp_set_ttl (C K%Y, 42

uv_udp_t (C KA, 39
uv_udp_t.send_queue_count (C )ﬁﬁ), 40
uv_udp_t.send_queue_size (C AR, 40
uv_udp_try_send (C EK%Y), 43
UV_UNKNOWN (C %), 12

uv_unref (C KD, 18

uv_update_time (C pR%Q), 15

uv_uptime (C PR%Y), 64

uv_utsname_t (C 357Y), 62

uv_version (C %Y%), 14
UV_VERSION_HEX (C %), 13
UV_VERSION_IS_RELEASE (C I ), 13
UV_VERSION_MAJOR (C %), 13
UV_VERSION_MINOR (C 7%), 13
UV_VERSION_PATCH (C %), 13
uv_version_string (C ER%Y), 14
UV_VERSION_SUFFIX (C 73\), 13
uv_walk (C %), 16

uv_walk_cb (C 2£H), 14

uv_work_cb (C E#!), 55

uv_work_t (C 2%, 55

uv_work_t.loop (C A7), 55

uv_write (C BR%0), 33

uv_write2 (C BR%Q), 34

uv_write_cb (C ZK#Y), 32

uv_write_t (C 2%, 32
uv_write_t.handle (C f5), 33
uv_write_t.send_handle (C Eiﬁ), 33

]

133






	摘要
	特点
	文档
	下载
	安装

