Doc. no: N2054=06-0124

Date: 2006-09-08

Project: Programming Language C++

Reply to: Christopher Kohlhoff <chris@kohlhoff.com>

Networking Library Proposal for TR2

Table of Contents

L. OVETVIBW ...ttt ettt sttt ettt et e st e st eh e eb e bt eh e e b e bt e4 e b et e e 4o s et et em e es b es e eheeh e eb e e bt eh e e b e bt sh et ea b e b et enbentene e st eneebeebeebeebeee 5
2. MOLIVATION 1A SCOPE.......eeutteuietteie ittt ettt ettt ettt ettt e bt ea e e et e e s eesbe e eesbeeabeeb e e teebeemteeseemtees e et e eme e bt emteeseeneesaeenteseeensesneenseaneans 6
0 B T oSSR 6
2.2, TAIZEE ATAICIICE. ... e euteeeietieeiett ettt ete st e e st e bt et e e et esee st eaee st eseeeseaneees e e st eseenseemeesseemtenseensanseenseeseenseeneenseeneensesneessesnnensennnens 6
2.3. Reference IMpPIemeEntation. . ........c.eiiiiuiiieieei ettt ettt sttt st et e s et e e e st e bees e et e ene et e enee st eneeeaeeneesaeensesneenseenean 6
2.4 REIALEA WOTK. ...ttt bbbttt b e bbbttt et e bt bt e bt e bt s bt bt b se et et e e et en s e st eneebeebeebeebea 6
3. IMPAct On the SANAATC............ooiiiiieieeee ettt et e e et e st s see s st essesseensesseessesssanseeasanseessesseensesseensesneensensnensens 7
3.1, RelationShip 10 TR IL...cciioiiiieiiii ettt ettt e et e e te e b e eseesbeesaesseessesseessesaeessasssessaessasseessasseesaesseansesseensesns 7
3.2. Relationship to Threading and Memory Model Proposals.........c.cccuecuieieriieienieiesiieiesieeee sttt ere s seesse e sseennas 7
3.3. Relationship to Date-Time Library Proposal..........cooeiiiiiiiiiiiie ettt et 7
3.4. Relationship to Filesystem Library Proposal..........cocoiiiiiiiiiiiiie ettt st 7
B TSy o 1 D 1T o3 1) 1o 41 TSRS 7
T 2 T D BT e 13 £ RSP 7
4.2, ProtoCOL INAEPENAGIICE. .......cuveevieeieeiieie sttt ettt ettt ettt et e ste et e s seesbesseesesstesseessenseessensaessenseenseeseensesssensesnsessesnsensennsens 7
4.3, ASYNCHIONOUS OPCIATIONS. ....cuueeveertieeietiestesteetesttessesstessesstessesseessesssenseassesseassenstessesssensesssensesssensesssensesssessesssensesssensennsensennes 7
43,1, AQVANTAZES. .. .eeuvievieieitieteeeteteetesteeetesteestesteestaeseesseaseessesssessesssasseassesseessenseass e seesseeseesseaseesseeseesseeseesseessesseessenseessanreans 8
4.3.2. DISAAVANTAZES. .....eeueevieeietieiesieetesteetesteeaesteesseeseesseassesseessasseassesseassesssessesssessesssessenssessenssensenssesseessenseessesssensesseessensees 8
44 TOSIIEAINS. ..ottt eete ettt ettt et e st e e s bt e e e eh e em e eb e emeees e e et ee e e bt emtesbeemeeebeemeeeb e em b e eheem b e es e em et en e et e eaeeebeemtesaeenaesbeenbesbeenteebeen 9
4.5. POSIX, Windows and EXteNSIDILIEY . .......coutetirieiiiie ettt ettt ettt s b et bt et sbe et eaeenbeeae 9
O T 02T SRS 9
O O B 4V T BT (<1 /USSR 9
4.6.2. INLETNAL TRICAAS. ... cueeuteiieiieiieiieieet ettt b bbbt b ettt et e st e bt e bt e bt ebe e b s bt sb e b et e st e e e beneeneas 9

T O Y] 1350103 o YA 1S Lo 1 2P 10
A7 SITAIAS. ..ttt ettt h e h e h et b e bttt ket et et eat et ea e en £ ea e e Rt ek e e bt eh e ekt ek e bt ek et et et et e st en e et eneeseeneeheebeebenaen 10
A8 BUFTEIS. ...ttt ettt b e bt h e bttt et a e h e a e h e e b bt e bt bbbt eh et et e s et e st e st et ene e bt e bt eheebe b naen 11
4.9. CusStom MemOTY ATIOCALION. .....c..eiiiitieiietiete ettt ettt e bttt et e s e sbe e et eb e e et eaeesbe e st e sbeeseesbeemseebeenteebeenteeneeeeenee 11
4.10. LANE-BaSEA PIOtOCOIS. ....ccueitiiiiriieit ittt ettt b et h et e b et e bt et ea e e bt e st e sb e e st e saeeaesbe e besbeenneas 12
4.11. WY EOF IS @I BTTOT....ceutiuieitiiieiirieitteteete sttt et ettt ittt ateu e eb e b bt sttt e besa et et et et e st e st emtebeebeeue st e et e nbese et e tenteneennennene 12
4.12. Other DeSiZn DECISIONS. ....c.uteueiitieieetieteetiete et tere e te sttt e ste e testees e bt eatesteeneeeseeaseeseanseemeeseeseeaseeseeaseemeenseensaseensenseeneenseenes 12
5. Proposed Text fOr the StANAAIG...........ceiieiiiieiicieeee ettt ettt e s e estesaeesae s s e essesssesseessenseesseseessenseensenssansas 13
5L DEEIMITIONS. ¢ttt ettt ettt b bt sttt b ettt et e st ea e e bt e bt eb e e bt e bt e bbbt ettt et ea s st e bt eb e bt bbb e 14
S L1 NOSE DY OTACT.c..eeiivieiiiciteie ettt ettt ettt ettt e b e s te et e e eb e beesb e beesbeeseesseeseesseeseesseessesseesaesseessesseessesssensenseanns 14

S5 1.2, NEIWOTK DYLE OTAET......euieiieeieiieie sttt ettt ettt e ettt et e s teesaesaeesbesaaessesssesseessenseesseseessessaessesssessesssessenssesenssansanns 14
5.1.3. SYNCHIONOUS OPETALION. ... .cueiutieiiitieitietiettette ettt ste et e bt et e e bt et e ebe et e es e e et e st e bt eaeeabeemeesaeemeeseeenbesbeenbesseenteeneenseeneenseenes 14
5.1.4. aSYNCRIONOUS OPETALION. ....ecutetieiiitietiet ettt ettt ettt b e et e e bt et e st e ent e e b e et e eb e e et satenbesmeesbeemaesbeemtesbeenaeebeensesbeentene 14
5.2. DIAGNOSHICS LIDTATY ... eetieieiiieieee ettt ettt ettt e st et e e et e te e st e st esee st em e e st enseeseenseeseenseemeeseeseeseensenseensenseensenseansenns 14
5.2.1. Header <error_code™ additiOns..........ceiuieiereeierieeiesieeie sttt ettt ettt e e st esee et e sae et e saeeseenbeensesseenseeseenseeseenes 14
5.2.20 BITIIO CTTOTS .. euveitiieenieritete sttt eit et ettt ettt e st e sbeest e satemaesat e bt e et e bt ees e bt eas et e eabeebeeattebeemateuee bt emtesbeemnesbeennenbeensenueentenne 15
5.2.3. GEtAAAIINTO CITOTS.....c.eiieiiieieieie ettt ettt e et e st e s e b e et e st e es b e et eenseeseenseeseanseeneesseensesseensesseensenseensenssansenns 16
5.2.4. MISCEIIANEOUS ©TTOTS....eeueeuteuieuietietiett et eteete sttt steste st e tete e estesteates e et e ebeebeebeebeeb e et et e be s entenseneeneeneeseeseeseebesbesbeebeabenbens 17
5.3 BASIC I/ SEIVICES. ....evitiiiietetetet ettt ettt ettt ettt bt sttt et et et e st e st e st eb e ebe e bt eh e e bt e bt s b e b et e se e b emsentententesteatebeebeebesbeebenbenaen 17
5.3.1. Header <I0 SETVICE™ SYMOPSIS....ieueertiruterteriterteetesteeteateenteateenteeteen st eseesseemeesseeaeesaeamteaseenseaseenseeseenseeseenseeneenseeneesaeenees 17
5.3.2. REQUITEIMENLS. ... veeuveeieiietiesiieeteeeteeteessteeteeseteeseessseasseeaseeasseessseasseessseesseesseansesasseansessseesnsesssseessesssssensesnseesnsessseennses 17

TG TR B = 33 Ta S ¢TSRS 17
5.3.2.2. Completion handler TEQUITEIMIENLS. ..........eeuertieieeiieieeeeeree ettt e ste et et et eseeste e e e st eneesaeeneesneeneesneensesnean 18
5.3.2.3. SEIVICE TOQUITECITICIILS. .....vevieeretiesteeeeetesetetestesesssesesssesseassenseassanseessesssessesseessesssensesssersesssessenssensenssensensensennes 18
5.3.2.4. T/O ObJECt SCIVICE TEQUITEIMENLS. ... .eeueetieeieterterteetesteetesseeseeseesseeseeseeseesseansesseansesseensesseensesssensesssensessesseenses 18
5.3.2.5. THICAA SATELY.....eetieeiitieeiectiee ettt ettt et et et e e sbeebeesbeeteesseeseesbesseesseessesseessesseessesseessenseessenseenes 19
5.3.2.6. Requirements 0N SYNChrONOUS OPETALIONS........c.ccveeierteerrierietiertesteetesseetesseesesseessesseessesseessesssessesssessesssessessees 19
5.3.2.7. Requirements on asSyncChronOUS OPEIATIONS. .....ccueiuueruerutertieiientieterteetesteeteeteentesseentesseesteeseesbeeseesbeeneesseeneesseenes 19

5.3.3. CLASS 10 SEIVICE.....ueeuteeutetieutetieuteettente et teteeate et eutesteestesbeesteabeemteabeem e e ebeemteebeembees e e et saeenbeeaeesbeemtenbeemtenbeentesbeenseeneenteane 21
5.3.3.1. 10_Service CONSIUCTOTS/AESIIUCLOT. ... ceitieuieiieiieteeiesteete et ettt ettt e sttt ese e e atesse e teese e e eseenseeneenseeneenseeneesneenees 23
5.3.3.2. 10 SEIVICE MEIMIDETS. ....eutieuiitieiieetiesteetieste et te bt et e bt eete st e enteeseen et eseeneeemeeseemeesseameeaseemseaseemteeseenseeneanseeneenseeneenaeenees 23
5.3.3.3.10_SEIVICE GLODALS.......eouieiiiieie ettt ettt ettt et et sttt e st esbeesae b e e st et e enb et e enseestenseeseeseentenseenrenseennens 26

5.3.4. ClaSS 10 SCIVICEIISCIVICE. . euvreureurerrerseeserseesesstasesseessesssanseassanseassanseassesssensesssensesssessesssessesssensesssenseessenseensesseensesnsenses 27



Networking Library Proposal for TR2 2

5.3.5. ClaSS 10 SEIVICEIIIA. 1. titietieiietieiie sttt ettt ettt et ettt et s bt et e s bt e e e e bt et e e bt et e es e et e es e e bt emeeebeeneesaeenbeeseebesmnebeensenbeans 27
5.3.6. ClaSS 10 SCIVICEIIWOTK . ...eeutitiitiitietietiete et ettt ettt ettt et s b et e h e et e sb e et e eb e et e eb e et e ea e e bt eseesbeentesbeenbesbeenaesbeensesreans 28
5.3.6.1. i0_service::Work CONStIUCTOrS/AESTITCTON. .. .. .eirteeieriieieeieeie ettt eeee sttt e st aesseeeesseenteeneenseeneenes 28
5.3.6.2. 10_SEIVICE:I IWOTK IMCIIIDEIS. ... .euieuiietieieeiieete ettt ettt ettt ettt e et e e e st et e eseesaeeneesaeeneesseensesseenseeseenseeneenseeneenes 28
5.3.7. Class 10_SEIVICEIISIIANG. ... .cuertietietietietierteetesteetesteetesteestesteessesseesseeseenseesaensesseesseansenseassesseensessesssessennsesseensenseesenns 28
5.3.7.1. i0_service::Strand CONStIUCIOTS/AESITICTOT. ... ..cueivieieeiieiieiieieeeete et ettt e steete st ebesseen e sseensesseanseeneenseensesseannes 29
5.3.7.2.10_Service::Strand MEIMDETS...........cciivieruiireriieteiteetesteeteeteesteeseesseestesseeseesseessesseessesssessesssessesssansesssesseessessessees 29
5.3.8. Default handler hOOK fUNCHONS. .....c..cuiiiiiiiiiii ettt ettt eb e b 31
5.3.9. Class template DaSiC 10 ODJECT......cuiiiiitiiieiti ettt ettt ettt et ettt esbeentesaeebesbe e aesbeeseennans 31
5.3.9.1. basiC_10_ ODJECT MEIMDETS. .....ccuiiuiitieiietieiiete ettt ettt ettt ettt e e s b et s b et e es e et e st e nbeeat et e eaeesbeeneesaeeneesueensesaean 32
T I 14 1<) RO 32
5.4.1. Header <HIMEI™ SYIOPSIS. tuveeutetieueerttenterteetesteestesteetesteenteeseaneeeseanseeneesseameesseameesseamseaseensesseenseeseanseeneenseeneenseensesneenees 32
542, REQUITEIMCNLS. ....euvieuiieeieteeiieteetesteetesteestesteestesseessesssesseessasseasseseassesseassesseassesseensesssensesssensesssanseassensesssesseensesseensessees 33
5.4.2.1. TImMe traits TEQUITCINICILS. ......eeuverteereetieteeterteetesteesesseestesseenseeseesseastesseessesseansesseensesseensesseensesssensesssensesnsesseenss 33
5.4.2.2. Wait handler TEQUITEIMENLS. ........c..ccverveiieiieiesteetesteetesteetesteetesreessesssesseessessesssesseessesseessesseessesseessesssessesssesses 33
5.4.2.3. TIMET SCTVICE TEQUITCINCIIS. ... .euveeuvereeereereesteeseeteeseessessaessesssessesssesseessesseessesseessesseessessesssesssessesssessesssessesssensanns 33
5.4.3. time_traits SPECIALISATIONS. ... .eiueiuietiiieitieieet ettt ettt ettt et h et b et e bt et e e st e bt e st e bt eaeeebeeneesaeenbesseenbeenaenbeensenbeans 34
5.4.3.1. Struct time traitS<AALE tIME™.....ocuiiiiiiieiiiiete ettt ettt et bt e bt sit e be st e sbeestesbeentesbeentesbeenteeae 34
5.4.3.1.1. time_traits<date time> StatiC MEMDETS........cc.eerueruieiierieieeiierte e st ete st ete st eee st e ee st e teeneeseeeneesneeneeenes 34

5.4.4. Class template deadline tIMEI SETVICE.......ccuirieriirieiteeiierteeie st ette st et e et eaeesteenteeaeenaesaeesseeneesseeseesseensesseenseeseenseeseenes 35
5.4.4.1. deadline timMEr SEIVICE COMSIIUCTOTS. ....ecuveveruiererirerteeteteeseseessenseessesssessesseessesseessesssessesssessesssensenssensenssensennes 35
5.4.4.2. deadline timMEr SEIVICE MEIMDETS. .......ccuerieiirietereiertestesseesesseessesseansesseessesseasseeseassesseessesssessessessesssessesssessenns 36
5.4.5. Class template basic deadliNe TIMET..........c.ecuieieriieiisiieieee ettt ete ettt e st este e e be e e beesbesbeessasseessesseessesseessesssessesses 37
5.4.5.1. basic_deadling timMer CONSIIUCTOTS. ......ciuieiirtieieeeerteeeertestesteseessesetessessseseessesseessesseessasseessesseessesseessesseessessees 37
5.4.5.2. basic_deadline timer MEIMDELS. ........cccuiiiiriiiieiteei ettt ettt ettt et e bt st esbe s st e beeseenbeestebeeneesbeeneenaeenes 38
DS BUITRTS. ..ttt ettt h et a e bt a e bt et h e e et eh e ea bt bt en et eh e et e ht e bt ea e e nheenaeebeenaeabeentenbeent 38
5.5.1. Header <DU IS SYNOPSIS. ..ccuierieirierieiiieiteet ettt ete sttt et et e st et e eseeee s st esees e e seeseeseenseseenseeseensesseensesneensesneensesneen 38
5.5, 2. REQUITECIMICIES. ¢...eutteuieetiete ettt ettt ettt et e st e e et e e e e st et e es e e e e eaeesseemeeeaeemeeseeemeesseemseaseenseeseenseeneeneeenee st eneesneensesneennesnean 41
5.5.2.1. Convertible to mutable buffer reqUITEMENLS. ...........ceevieiieierieeeieie ettt e e seesaenseeenenes 41
5.5.2.2. Mutable buffer SEqUENCE TEQUITCIMENLS. .........ccuieiereieiereeeteseestestestestesseeetesseesaesseessesseessesseesesseessesssessesssessens 42
5.5.2.3. Convertible to const buffer FEQUITEIMENLS. ...........c.eccvirieriieieiieieie ettt e e eesse e e e s e eseebeeseesseessesseeneas 42
5.5.2.4. Constant buffer SEqUENCE FEQUITEIMENLS. .........ecvieiirieerieiieieeeeteeteteeeesseereesseeseesseessesseessesseessesseessesssessenseenns 43
5.5.2.5. Buffer-oriented synchronous read stream reqUIreMents...........cceeeeruerieriieieneeieneeee st 44
5.5.2.6. Buffer-oriented asynchronous read stream reqUIrements...........oo.eeeerireereerieneenienieeseeieeeee et enees 44
5.5.2.7. Buffer-oriented synchronous write Stream reqUITCIMENLS. ........cecverueeruerreereeeriereeeeereeseesseseesseensesseeneesseesesseenes 45
5.5.2.8. Buffer-oriented asynchronous write Stream reqUIrCMENLS. ...........eeruerureruereerteeeenteeeeseeeeeeeeeneesneeseeseeseeseensens 45
5.5.3. Class MULADIE DUITET........ccuieiirieiiciesit ettt ettt et ettt e e e s seesaesaeessesseenseessenseessenseessenseensesseensenses 46
5.5.3.1. mutable DUTTEr CONSLIUCLOTS. .. ...iiuiiiiiieiieieetiet ettt ettt ettt e st e e e st et e eseesseeneesseenaesseensesseensenseens 46
5.5.3.2. mutable DUTTEr GIODALS.........cveiiiiiiiiciceeeee ettt ettt b e e re e be st e saeenaesreenbesreenbenseens 46
5.5.3.3. Mutable DUTTEr OPCTALOTS. ....c.vicuieiieeieiicieie ettt ettt et e be et e saeeseesseesbesseessesseessesssensenssenes 46
5.5.4. ClIaSS CONSE DUTTRT ..ottt et ettt a e bt e et et e e et e b e es e b e en e e sbeen b e ebeeneeeaeeaesaeenaeeneas 47
5.5.4.1. cONSt_DUTTET CONSTITUCTOTS. ..c..eeutiiiietieiietieitete ettt ettt et b e e et e bt e e et e a et e et e sbeeneeseeeneesbeenaesnean 47
5.5.4.2. const_DUTTET GLODALS........ocuiiieiieeieieee ettt ettt et ettt et e et e e e ae et e sneenesneeneeneen 47
5.5.4.3. CONSt_DUTTET OPETALOTS. ......eieieiiieiieie ettt ettt ettt et e et et e bt e st e sb e e mee s bt emteeseenteese et e eneanseeneenseeneesaeeneas 47
5.5.5. Class MULADIE DULTEIS L......cecciiiieiiiieie ittt ettt ettt et st e be st e bessae s e essenseessenseessenseensesneensesnsensennnes 48
5.5.5.1. mutable DUTErS 1 CONSLIUCLOTS. .. c.uiiieiieieriieieee ettt et e et e et e te st eesae s e esaesteensenseensesseensesseensesseensesseen 48
5.5.5.2. mutable DUFErs 1 MEMDEIS.......cciiiiiiiiieiiiieie ettt ettt ettt b e e sbe st esbeesbesbeessebeessesseessesseenns 48
5.5.6. Class CONSt DUTTETS L.....ccuiiciiiiiiieiieieiietieiete ettt ettt et ste et e st esbeste e b e e st e beessesseessesseesseeseessessaessesssessesssesanssansanns 48
5.5.6.1. const_DUTTErS 1 CONMSLITCTOTS. ...c..eiuiiitiiiiitieie ettt ettt et ettt et e bt s bt e e sb et eeseebeeseenbeeneesneenees 49
5.5.6.2. const_DUTETS 1 MICIMDEIS. ..c..couiiiiiiiitiiieitee ettt sttt b et e b e e a et et e st e aeesbeeneenaes 49
5.5.7. BUSfer Creation fUNCHIONS. ........oviiieiieitiete sttt ettt et e st e te s et e te s st e tess e e teeseenseeseeneeenseseeneesseensesneennesnean 49
5.5.8. Class template basic fIfODUL............oiiii ettt ettt et b et e eae e 52
5.5.8.1. basiC_fIfODUL CONSEIUCTOTS. .. ...iouiiiieiieiieieie sttt ettt ettt et e st e et e s seesesseesesseesseessenseessensenssenseensensennes 53
5.5.8.2. basiC_fIfODUL MEIMDEIS. ... ..c.eeiiiieiieieiieieee ettt ettt ettt et e et e st e enseeseessesseesesnnessesnsessennsens 53
5.5.8.3. basic_fifobuf overridden virtual fUNCHIONS............ccverviiiiriieieitietece ettt ettt reesre e e reesaesbeesaesseessessaens 54
5.5.9. Class trANSTEI All.......cceciuiiiiiiieiiiieie ettt et et eete et e eteesbesae e be e st e beesb e be et b et e esbebeesbeeseenseeaeenseeneeseanees 54
5.5.10. Class tranSTEr A LEAST......cueiuieiietieieet ettt ettt et et b ettt e st e e e e sbeeaeesbe et e e bt et e e bt enteeb et e eneenteene 55
5.5.11. SyNChronoUS r€ad OPETATIONS. .....cutiutertietietietiet ettt ettt ettt ettt et e et e et e ee e et e ese et e eaeeebeentesbeenaesseenbessnenbeensenbeans 55
5.5.12. ASYNCHIONOUS T€AA OPEIALIONS. ... .ecueeueiieieieeiieteetieteettes it et et eate st eneeeseeneesseesesseenseeseeseeseeseensenseensenseenseeseensesneennes 56
5.5.13. SYNCHIONOUS WITLE OPEIATIONS. ...c.veeueetieuieetieieeteeteetterteeeeesteeeesteestesteesteeseeneeeseeaeesee st eneesseensesseensesseenseeseenseeseanseens 58
5.5.14. ASYNCNIONOUS WIILE OPEIATIONS. ... c.veeeveeieeretieienttestestestestessessesseessesseessesseessesseessesssessesssessesssessesssessesssessesnsensennes 59
5.5.15. Synchronous delimited 1ead OPEIAtIONS. ........ccuerierierierieriertesiete et eteete e et et este st e ense st essesseensesseensesseensessnesensaens 61

5.5.16. Asynchronous delimited 1€ad OPEIAtIONS. ........cc.ceveriiiiieriiiieriietesteetesteeteeteese et esesseesseessesseesaesseessesseessesseessenseenns 61



Networking Library Proposal for TR2 3

5.6. Header <NetWOTK™ SYMOPSIS. . cueiuiiitieietieieet ettt ettt ettt b et e s b e et e e bt et e es e e et es e e bt emtesbeemtesbeenteabeensesbeenseeneenteans 62
5.7 SOCKEES ...ttt ettt h bt h ekt e a bt e a et e bt et e h e et e eh e e bt eh e e bt eh e e bt ee e e bt ea et eh e en et ehe et e ehte bt eatenbeeneenhean 64
5.7 1. REQUITEIMICIES. ....cutteueeetieieeieeteeitesteete s it et e st e e e e st ea e est et e eseenseeneesseemeesseaaeesseemsesseenseaseenseeseenseeneenseensanseeneesneensesneensesnean 64
TN B 2> 1S3 153 Lo TSR 64
5.7.1.2. ENAPOINt TEQUITCIMEILS. ... e.vveuveeeienrieeteieetesteetesteetesseessesseessessaesseessessesssesseaseesseessesseessesseensesssensesseessesssensenssenes 65
5.7.1.3. ProOtOCOL TEQUITEIMICNLS. ......ueetieeieeieitesteetesteetesteesteestesseeseenseeseeseessesseensesseensesseensessaensesssansenssenseansenseensesseensesses 65
5.7.1.4. SOCKEt SETVICE TEQUITEIMENLS. ......veerviereetiiereteetesteetesteeseeseesseeseesseessesseeseesseessesssessesssessesssessenssasesssessesssessessees 66
5.7.1.5. Datagram SOCKEt SETVICE TEQUITCIMICILS. ... .cuveeveerierrereerieseetesseessesseessesseessesseesseeseassesseessesssessesssessesssessesssensenns 67
5.7.1.6. Stream SOCKEt SETVICE T@QUITEIIIENLS. .......eeueetieuierteeneeeteetesteetesteentesteetesstenteeseebeeseenteeneenseeneeaseeneesseeneesaeensesnean 71
5.7.1.7. Socket aCCePLOr SEIVICE TEQUITEITIENTS. ....ueevrrereeeereetreereesteesteesseessseesseessaeesseessseesseessseessesssssessesssseessessssessseess 72
5.7.1.8. Gettable socket OPtION TEQUITEINENLS. .....cc.eeutrutruirirtertintentertertetet et et et et ete sttt ste st saeseeb e teaenseneeneebesbesaesnens 74
5.7.1.9. Settable SOCKet OPtION TEQUITCIMEIILS. .....c.eeueetieieetieieeiierte et et eee st e e et eetesseeneeeseeneeenee st eneesseeneeseeensesseensenseens 74
5.7.1.10. I/O control command FEQUITEIMENLS. ............eeeuerrerruerrieieerieteeteseetesseetesseessesseesesssessesseessesssessesssessesssesseenses 75
5.7.1.11. Read handler TEQUITCIMENLS. .........ccerierierterieetesteetesteeteeseeteeeeeaeeeeesseeseesseessesseessesseessesseensesssanseessessesnsessesnnes 75
5.7.1.12. Write handler TEQUITEIMENLS. .........ccuieiieieiieeeteeeesteetesteetesteessesteessesseesseeseessesseessesseessesssessesssessesssessessessenns 75
5.7.1.13. Accept handler TEQUITEIMENLS. ..........eecviriierietieteeeeerteetesieeeesteestesteesesseesbesseesseeseessesseessesssesseessessesssesseessensenns 75
5.7.1.14. Connect handler TEQUITEMEITS. ........ce.uiitieiirtieiiet ettt ettt ettt et e st e et e et e e te et e eaee bt estesbeemeesbeemeesbeenseseeans 75
5.7.2. ClaSS SOCKEE DASE......eeueitiiieitieteet ettt sttt ettt e bt ea e b e st e eb e et e e bt e nae e et e nbe e et e nbeea s e bt et e eb e et e b enes 75
5.7.3. BOOIEAN SOCKEE OPTIONS. ....euvteuiitieiieiieste et e sttt e st e e st e e st e e et e e et e et et e eneesaeeneesseensesseenseaseenseessanseensenseenseseensenneenseenes 76
5.7.3.1. Boolean SOCKet OPLiON CONSLITCLOTS. ......ueiuieieriierieeieesteeieettete et ettt ettt esae e e seeemtesseentesseenseeneeteeneenseeneesneenees 77
5.7.3.2. Boolean SOCKEt OPHiON MEMDETS. .........cecveiuieiiiiieiieieieeiesteete st eteseeesaesseessesseessessaesseeseesseessenseassenseensesseensenses 77
5.7.3.3. Boolean socket option members (extensible implementations).........c..cvecueeierieerierieeriereeeeseeeesreeaeseeseseeens 77
5.7.4. INtEGral SOCKET OPLIONS. ...c.viiviiiieiieiiieieiteeteetteteeteesteettesteestesseesaesseessesseessasssassesssasseesseassessesseessesssessesssessesssesenssensenns 78
5.7.4.1. Integral SOCKEt OPtiON CONSIIUCTOTS. ... cccviitieiietiereeietieeiesteetesteestesteestesreessesseessesssesseessessesssessesssesseessesseensesses 78
5.7.4.2. Integral SOCKet OPtion MEMIDETS. .......coouiiiiriiiieiiee ettt ettt ettt et e bt et sae et bt e tesbeentesbe et e eneenes 78
5.7.4.3. Integral socket option members (extensible implementations)..........c.ceeceererrierirrienienienienieeeeeee e 79
5.7.5. Class SOCKEt DASEIIIINEET.......eiitiiiieiieiieie ettt ettt sttt et e et e bt es et e enee e e ense st ensesseeneesneenseeneenseeseensenneens 79
5.7.5.1. socket base::liNger CONSTITUCTOTS. ......eiuieieitieieetieteet ettt ettt ettt e sttt e seeete s et e eeeseenteeseenteeseenteeneenseeneesneeneesnes 80
5.7.5.2. socket Dase:: liNer MEMDEIS......cc.cccueriieieriieierie e seete sttt e te et e e ete et e esaesseesaesseessesseensesseensesseessesssensenssenes 80
5.7.5.3. socket_base::linger members (extensible implementations)............cereeevereeriereesienieeeeeeeeeeseeeeesseeeeseeenees 80
5.7.6. Class template DASIC SOCKEL........cuevuiiiirieiieiticiete ettt ettt ettt et e eteebesreebesse e beesaebeessaseessasseesseeseessesssessesssesseaseas 81
5.7.6.1. DASIC_SOCKEL COMSIIUCTONS. ... .euviiuretieiieiieteiteeteeteeteeteeteeeeesesstessesstesseessesseessasseessasssessesssessesseessesssessesssessenssens 82
5.7.6.2. basiC_SOCKEE MEIMDETS........couiiiiiiieiieiieie ettt ettt ettt et ettt e bt et e s bt e et e e bt en e e bt et e eae et e eneenteeneenaeeneas 82
5.7.7. Class template datagram SOCKEL SEIVICE........cciiriirieriieieniieierieete ettt sttt ettt s te bt te st et eb et saeenaesaeeneeenees 84
5.7.7.1. datagram_SOCKEL SETVICE LYPES......eeuierueruiereiiierieeiesteeetenteeete st et e s st entesaeeee e st esesneessesneesseeneenseenseseensenseensenseanes 86
5.7.7.2. datagram_SOCKEt SETVICE COMSIITICTOTS. .....eeuuiruieiiruieiteeiierteeiterteeete bt et e bt enteeseenteeseenteeseeseeeneesseeneesseeneesseeneenseans 86
5.7.7.3. datagram_SOCKEt SEIVICE MEIMDEIS.......c.cccveruirieriieieeiieieeteeteetteteetesteetesseesaesseessesseensessaenseessenseasseseessesseenses 86
5.7.8. Class template basic_ datagram SOCKEL........c..ccueriirieriiiciere ettt ettt esse e s e essesseensesseensenseenes 93
5.7.8.1. basic_datagram_SOCKEL CONSIIUCTOTS. ........ccuiiierriiierieeiestietesteeteeteetesteeteereeseeseessesssessesssesseessassenssesseessensennns 95
5.7.8.2. basic_datagram_SOCKEL MEIMDETLS.........c.cccveriiriieriieieriieiesieetesieetesteetesteesbesseesseeseessesseessesseesseessessesssessenssensanns 95
5.7.9. Class template Stream SOCKET SEIVICE........ceiiiruiriiriieiieiteeiiete ettt ettt e et e et e st st esbesbt et e es e beestesbeeneeseeeneeeaeenees 97
5.7.9.1. StreamM_SOCKET SEIVICE LY PES. . eeuuerteetertieieetieteettenttettenteeetesteeteste e tesbtesbeebtenbeesee bt enteebeentesaee et sbeenbesaeenbesnnenbeas 99
5.7.9.2. stream_SOCKEt SEIVICE COMSIIUCLOTS. ....c.uteueetieuiereieiesieetesteerteseeestessteteeseenteesaenseeneesseenseseensesseensesneensesneensesneen 99
5.7.9.3. stream_SOCKEt SEIVICE MEIMDETS. ......cccueruieeeiuieiteeiierteettesteeite et et e st eteeteeee e st eaesaeessesseesaeeneenseensaseensesseensenseenes 99
5.7.10. Class template basic_Stream SOCKEL...........cceruirieriiiiieriieie ettt ettt st teseessesseesseesaesseessesseensesseensensaenes 104
5.7.10.1. basic_stream_SOCKET CONSIIUCLOTS. .......eeuertiriertieiertieteetieteetteteeseessestessessessesssesseessesseensesseensesseensesseensenses 105
5.7.10.2. basic_stream_SOCKET MEIMDETS........cc.ccvieriieieriieieirietesie e steetesteebeeteebeeteesseeseesseeseesseeseesseessesssessesssessenseens 106
5.7.11. Class template SOCKEt ACCEPLOr SCIVICE......ueruirieriiiiertieterieetesteeteeteesteeseesseeseesseeseessesssessesssesseessesseessesseesensaenss 107
5.7.11.1. SOCKET ACCEPIOT SEIVICE LYPES. . ureteeutiatietietienteetieteauterteastesteestesteemeeateentenseentesbeeneeaseensesaeeeesseenaesneenbesneanseas 108
5.7.11.2. socket_acCeptOr SEIVICE COMSIITUCTOIS. . ..ceiuirurertiriietieientietesteeteeteenteestenteeatesbeestesbeentesbeentesbeentesbeeneeeneeneeene 108
5.7.11.3. socket_acCeptor SEIVICE MEIMDETS. .......ecuieuiertreeierteeierteetesteetesstetesteenteeseeneeeneesseeneesseeneesseensesseensesneesesneens 108
5.7.12. Class template basic SOCKET ACCEPIOT......ccuieiertieiertieieetieie et et etee e et e sttt e et eete bt e e teen s e e st eneeeseeneeeneenseeneenseeneas 112
5.7.12.1. basic_SOCKEt aCCEPLOr CONSLIUCLOTS. ......vevieeierreeerereeterteetesteetesseesesseessesseessesseessesseessesseessesseessesssessesssensens 113
5.7.12.2. basic_SOCKEt aCCEPLOT MEIMIDETS. .......c.eecuerteeiereieieetieieetteteeteeteeetesseseesseeaesseensesseessesseensesseensesseansesseensennes 114
5.8, SOCKEE SIIEAIMS. ... ettt ettt ettt ettt et e st e st e st e st eb e ea e eb e eb e e bt sb e et e b e e b et emtenseneensenteneeneebeebesbeeaeebenee 115
5.8.1. Class template basic_SOCKEt SreambUL............cccciiieiiiiieiicieeeeee ettt sb e re b e esaesseeseenes 115
5.8.1.1. basic_socket Streambuf CONSIITUCTOTS. ........couiiuiiriiiieriieieste ettt ettt ettt e e esee e e seee 115
5.8.1.2. basic_socket Streambuf MEMDETS. ........c.couiiriiiiiriiiieieieee ettt st st ae et e 116
5.8.1.3. basic_socket_streambuf overridden virtual fUNCHONS. .........cceeiieierieiiri e 116
5.8.2. Class template basic SOCKEt 10SIICAMIL.........eeouiiuieiietieiieiese ettt ettt ettt ettt e te et e sae et e sseeaesneenseeneenneas 117
5.8.2.1. basic_SOCKEt 10SLrEamM COMSIIUCTOTS. ... ..eetireietreeierteetesteetesteetesteetesteestesseesseeseeseeseesseessesseessessesssesseesensenns 118
5.8.2.2. basic_SOCket 10Stream MEIMDETS. ........c.eecueruiriiertieieriieteeeieteeeeseeetesseentesseessesseessesseensesseenseessanseassensesnsesseenses 118

5.9, INEEIMEE PIOOCOL. ... eoviieiiitiiieiteeie ittt ettt et e et et e et e steestesteesaesteessesseessaessesseessesseassesseassasseessesssessesasessesssessenssensenssansenns 118



Networking Library Proposal for TR2 4

5.9, 1. REQUITEINCNES. ¢...e.eeuteetiete ettt ettt ettt ettt et e eateeteeatesbeemtese e e et eb e e be e st e bt es e e bt emeeebeemeeebeemeeeaeenaeemeenbeensenbeentenbeans 118
5.9.1.1. Internet ProtoCOl TEQUITEIMENLS.........eerieeeieerieeteereeeteesteeteestteeteestreeseesseeassaesseessseessseesseessssanseensessnseenseennses 118
5.9.1.2. ReSOIVET SEIVICE TEQUITEINEIIS. ... eeuveeieteeeieteeeteeieaeeeeeeeeeseeteseeessesseesseesseseensesseensesseansesseanseeneenseeneesseensessenn 119
5.9.1.3. Resolve handler FeQUITIMENLS. ......cc.eeuieuieiieeieie ettt sttt ettt ettt e eaeesee et e sseeneesseeneesaeensesneennenneans 120

5.9.2. ClaSS 1P 1AAAIESS. .. .evieeieteeiecteetesttete et ete et e e eete st estesseassesseassesseensesseessesssenseassenseassanseassenseensesseensesseensesssensensaensens 120
5.9.2.1. ip::addreSS CONSLIUCTOTS. .. c.uveutieeieteeterteetesteetesteetestteseestesseeseesseeseeseansesseessesseensessaensesssanseessenseansensesnsesseenses 120
5.9.2.2. 1p::addreSs ASSIZNIMENL. ... .cvieeieiieeieetieteeteetesteeteseeteesaessesssesseessesseesseeseessesseessesssesesssessasssesseessessenssensesssenns 121
5.9.2.3. 1p::addreSS MEIMDEES. ... cciiieiiieiiieiiciieie ettt e ste e e steeseesteesaesaeessesseessesseessasssessaessenseessenseessenseessenseessenses 122
5.9.2.4. ip::address StAtiC MEIMIDETS. .....cc.eiuiiiiitietiet ettt ettt et e e b e e e s bt en e s been bt eaee bt sseenaeeneesbeeneennean 122
5.9.2.5. 1p::addrESS COMPATISOMS. ...eeuvieereeieeitieeteertteeteesteessteesseessseesseeasseeseesssaesseessseesseessseenseesssesnsesssseesseessseessesssseen 122
5.9.2.6. 1P11AAAIESS I/O....ciiiiiiiiiiiiiiiiee ettt ettt ettt ettt h et a e r b et nen 123

5.9.3. Class IP::aAAIESS_ V4. oottt ettt ettt e et e e ste et e et e e et saeeaaees e et e es e e e e en e e seene e st eneeeneeneeeaeeneeneenteeneeneeneeneas 123
5.9.3.1. ip::addreSS_ V4 CONMSIIUCTOTS. .. .ieuverieerereeeiesteetesteetesteeseestesteeseesseessesseessesseassesseessesssensesssensenssensesssenseessesseenses 124
5.9.3.2. ip::addreSS_ V4 MICINDETS. ......cccveiuieieriieieeiieteeiteie et et ete et ete s et esesetessesseensesseensesssesseessanseessenseensenseensesseensennes 125
5.9.3.3. ip::address_ V4 Static MEIMDEIS. ......ccuiiiiriieieitieieetieteete et e et ete et e steetesteessesbeesbesseessesseessesseessesseesseessessesssesses 125
5.9.3.4. ip::addresS_ V4 COMPATISONS. .......ecvereverreereereereeseeseeseessesstessesssessesssessesssessesssessesssessesssessesssessesssesssessesssessessees 125
5.9.3.5.1P:addIESS_ VA4 T/O ...ttt et b et b et b et e bt et b et ene e e ene 126

5.9.4. Class 1P 1aAATESS_ VO.....eoiuiiiiiitiiieitieieet ettt ettt ettt et b et s bt et e s bt et e e bt et e eb e e bt eb e e bt eae e bt eneesbe e et sbeentesbeeaeebeenaeas 126
5.9.4.1. ip::addreSS_ VO CONMSIIUCTOTS. .. .eveetieuieteeiesteetesteeteetee e etteteesee et eneesseeneesseenseeseensesseenseeseanseensanseensenseensesseennes 127
5.9.4.2. ip::addreSS_ VO MCINIDETS. ......coueiuieieitieieetieste ettt ettt e et et e s et e e sae e tesaeesees e e teeseenseeseenseeneeseeneenseeneesneeneesnes 127
5.9.4.3. ip::address_VO STAtiC MEMDEIS. ......ccueiieriieieiieieriieteeteetesttetesetesteeaessesssesseessesseessesseessesseensesseessesssessesnsessens 129
5.9.4.4. ip::addresS_ VO COMPATISONIS. .......erververreerestieteeteeteestessesstessesseessesssessesssessesssesseessesseessesseansesseensesssensesssensesnes 130
5.9.4.5.1P::addreSS_ VO I/O.....oicuiiiiceieiecee ettt ettt et e be et he st e beesb e r e e st e reenbeeteenbeereenneenes 130

5.9.5. Class template ip::basiC_ENAPOINT..........ccieieriieieriieiereete et ete st este st ebesteesseessessessseseessesseessesseessesseessesssessesssessens 131
5.9.5.1. ip::basic_endPOINt CONSIIUCTOTS. .......eouteiirtieieiteete it tete et tet et ettt ettt e bt eatesbeeaeesaeeneesbeebesbeentesseenseeseenseeneenee 132
5.9.5.2. ip::basic_ eNAPOINT MEIMIDETS. ......c..eertiiuiiiiitieieetiete ettt ettt ettt ettt e e sb et e bt et esb e e beeb e et e ebee bt eatenaeeneenbeeneas 132
5.9.5.3. ip::basic_endPOint COMPATISOMNS. ......ce.ueeuieereuierteeeierteetesteetesseetesseensesseenseeseanseeneenseeneesseensesseensessesnsesseensesseens 133
5.9.5.4. ip::basic_ endPOINE I/O......cc.eiiiiiiii ettt ettt sttt ettt e n e ettt ettt e eneennas 133
5.9.5.5. ip::basic_endpoint members (extensible implementations)..........c.eceeeerierierieeiieseeiieneeseeseeseeseesseseessessnens 134

5.9.6. Class ip::T€SOLVET UETY DASC......iecieruieieriieieitieie ettt ste et et eite et et e st eeesseessesseensesssenseesseseassenseensenseensenseansennes 134

5.9.7. Class template ip::baSIC_ TESOIVET ENIIY......ccuiivieriiitieiiiiesteeeiesteetesteetesteetesteessesseessesssesseessesseessesseessesseessesseensenses 135
5.9.7.1. ip::basiC_reSOIVEr ENLIY CONSLIUCTOTS. ..eviitierierierrieeierteeiesteetesteessesseessesseessesseessesssessesssessesssessesssesseessesseesees 135
5.9.7.2. ip::basic_TeSOIVEr ENLIY MEINDEIS. .....eecuiiuieieitieieiitete ettt ettt ettt ettt ettt e ste s et e bt st e beestesbeestesbeentesbeentenne 136

5.9.8. Class template ip::basiC_ T€SOIVET ILIATOT.....cc.ueitirtirtieiintiete ettt ettt ettt ettt e e b e et sbeentesaeentesaeenaesaees 136
5.9.8.1. ip::basic_resolVer iterator CONSLITCTOTS. .. ...eeuterueruieeeeierteeiesteetesteete et entesteeneeeseesesneensesneensesneensesneesseensensens 136

5.9.9. Class template ip::baSIC_ T@SOLVET QUETY ...cc.ueiuieuieriieierteeieeteeteetteste st ete et teteesee et eneeseeneesseeneesaeeneesneensesseeseeseennens 136

5.9.10. Class template IP:iTESOIVET SEIVICE......ccuieieriieiertieierieetesteestesteessesseesesssesesssesseessesseassesseessesssessesssensesssessesssensens 137
5.9.10.1. 1p::reSOIVETr SEIVICE CONSLITCLOTS. .....vieuvitienierieeteetietesteeteeeeeteeseeseeseesseensesseansesseensesseensesseensesssensesssensenseenes 138
5.9.10.2. 1p::reSOIVET SEIVICE MEIMDEIS. ... ccviitierietieiieitetietteteetesteestesteestesteessesaeessesseessesssessesssesesssesseessesseessesseeses 138

5.9.11. Class template ip::DASIC TESOIVET........ccueruiiieriieieiieete ettt ettt ste e ste et e beesaesseesbesseessesseessessaensensaenes 139
5.9.11.1. ip::baSIC_1€SOIVET CONSIITUCTOIS. ...uuetieuiiitietietieteetterte et et ettt ettt e e bt et e ebe e besb e e beese e beeseeteeaeeneeeneesaeeneesees 139
5.9.11.2. ip::basiC_1€SOLVET MEIMDETS. ....c..iiuiiiiiiiitieie ittt ettt ettt ettt et be et bt et b e tesbe et e sbe e besbee b e eneenee 140

5.9.12. HOSt NAME TUNCHONS. ....e.teeitieeieiieiieett ettt ettt ettt ettt e te st e e e eae e st eaeeeseeneeeseensesseensesseenseensenseensenseensesseenseeneenseenes 140

R B T T 1o 35 1] o TSRS 140
5.9.13. 1. IP::tCP COMPATISONS. ...evvreureeierrerieeiessteseesseseessesseessesseessesseessesssesesssessesssensesssesseessesseessesseensesssessesssessesssessens 141

IR 3 O T 1 R4 o] o 0 4 Lo S (<1 2 PSRRI 141

500,15, ClaSS TP IUAP. o eutietieiieeiecte ettt ettt ettt et e b e et e b e e st e s aeeseeeteesaesaeesbesseesbe et s esbeesb e be et b e s beenseeseerbeeaeenaeeaeenseereeseeraenrans 141
5.9.15.1. IP::UAP COMPATISONIS. ...uviieretieeietieiesteeteeteeteeseeseeseesesseessesssessesssessesssessesssessesssessesssessesssesseessesssessesssessessees 142

5.9.16. Class IP:iVO ONLY ..ottt ettt ettt a et at e bt et e e b e e bt sh e et ea e et e e st e bt en e e bt en e e ehe et e eae et ene 143

5.9.17. Class 1P i UNICAST I OPS. .eeereetieiieeiteetieertteete et e et e et e st eeteestteebeessae e taessseesseessseenseassseensaeassaenseesssaeseessseensnensseenns 143

5.9.18. Multicast group management SOCKEt OPLIONS. .........eerueruieruerrieieeieeieetieteeee st eeeseeetesseeeesseesesseensesseensesseensesseenes 143
5.9.18.1. Multicast group management SOcket Option CONSTITUCTOTS. .....eevuieieruieierieieeiieieeteeeeteeee et see e seeenees 144
5.9.18.2. Multicast group management socket option members (extensible implementations)...........c..ccecververvennen. 144

5.9.19. Class ip::multicast::outbound INtEITACE. .........ccuerieeiirieieeieie ettt et e s eae e esessaeseesaennens 145
5.9.19.1. ip::multicast::outbound interface CONSIIUCLOTS. ........ccvertieiiriieieiieierteete ettt e e eeeeereeaesreesaesaeessesneas 145
5.9.19.2. ip::multicast::outbound_interface members (extensible implementations).............cceeveeceerereereeceerieecvennens 146

5.9.20. Class 1P:imUIICASEI IOPS. .. ..eeueiieieie ettt ettt ettt et e bt e s e bt e st e bt en b e e bt et e bt et e eae e et eaeenaeeaean 146

5.9.21. Class ip::multicast::enable 100PDACK..........cciiiiiiiiiii et e st 146

6. OPEI ISSUES. ...ttt ettt et et e et et e sa e e ae e s h e e aae bt e aa e bt esa e bt e st ea e e et eae et e e aeeanesaeenenneen 146
R AN <310 T4 oo 1 TS oL RS PUS 146

I A 1S3 (=) 1 Lol RS 147



Networking Library Proposal for TR2

1. Overview

This document proposes a networking library for TR2. The library supports several levels of use, ranging from entry-level to
advanced.

To give some idea of the flavour of the proposed library, consider the following sample code. This is part of a server program
that echoes characters it receives back to the client in upper case:

namespace sys = std::tr2::sys;

template <typename Iterator>
void uppercase(Iterator begin, Iterator end)

std::locale loc("");
for (Iterator iter = begin; iter != end; ++iter)
*iter = std::toupper (*iter, loc);

}

void do_sync(
sys::ip::tcp::socket& socket,
std: :vector<char>& buffer_space)

{
try
{
for (53;)
{
std::size_t count = socket.read_some(sys::buffer(buffer_space));
uppercase (buffer_space.begin(), buffer_space.begin() + count);
sys::write(socket, sys::buffer(buffer_space, count));
catch (sys::system_error& e)
}
}

The synchronous approach used above is straightforward to understand and easy for programmers at any level of ability to
write.

Next, the equivalent code developed using asynchronous operations:

void do_async(
sys::ip::tcp::socket& socket,
std: :vector<char>& buffer_space)

{
socket.async_read_some(sys: :buffer(buffer_space),
std::trl::bind(handle_read, _1, _2,
std::trl::ref(socket), std::trl::ref(buffer_space)));
}

void handle_read(
sys::error_code ec,
std::size_t count,
sys::ip::tcp::socket& socket,
std: :vector<char>& buffer_space)

if (lec)

{
uppercase (buffer_space.begin(), buffer_space.begin() + count);
sys::async_write(socket, sys::buffer(buffer_space, count),

std::trl::bind(handle_write, _1,
std::trl::ref(socket), std::trl::ref(buffer_space)));
}
}

void handle_write(
sys::error_code ec,
sys::ip::tcp::socket& socket,
std: :vector<char>& buffer_space)
{
if (lec)
{

socket.async_read_some(sys: :buffer(buffer_space),
std::trl::bind(handle_read, _1, _2,
std::trl::ref(socket), std::trl::ref(buffer_space)));
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}

This code may appear more complex due to the inverted flow of control, but it allows a knowledgeable programmer to write
code that will scale to a great many concurrent connections. The synchronous code requires one thread for each connection,
and on most platforms threads are a limited resource. The asynchronous approach described in this proposal has been exercised
in production HTTP servers to thousands of concurrent connections, and similar echo servers have been tested to tens of
thousands, while using only one thread.

2. Motivation and Scope

2.1. Scope

Problem areas addressed by this proposal include:

Networking using TCP and UDP, including support for multicast.
Client and server applications.

Scalability to handle many concurrent connections.

Protocol independence between IPv4 and IPv6.

Name resolution (i.e. DNS).

® Timers.

Features that are considered outside the scope of this proposal include:

Protocol implementations such as HTTP, SMTP or FTP.
Encryption (e.g. SSL, TLS).

Operating system specific demultiplexing APIs.

Support for realtime environments.

QoS-enabled sockets.

Other TCP/IP protocols such as ICMP.

Functions and classes for enumerating network interfaces.

2.2. Target Audience

The bulk of the library interface is intended for use by developers with at least some understanding of networking concepts (or
a willingness to learn). A high level iostreams interface supports simple use cases and permits novices to develop network code
without needing to get into too much depth.

2.3. Reference Implementation

The Boost.Asio library, from which this proposal is derived, has been deployed in a number of production systems, such as
internet-facing HTTP servers, instant messaging gateways and finance applications.

The Boost.Asio library has been used on the following platforms:

Win32 using Visual C++ 7.1 and Visual C++ 8.0.
Win32 using Borland C++Builder 6 patch 4.
Win32 using MinGW.

Win32 using Cygwin.

Linux (2.4 or 2.6 kernels) using g++ 3.3 or later.
Solaris using g++ 3.3 or later.

Mac OS X 10.4 using g++ 3.3 or later.

QNX Neutrino 6.3 using g++ 3.3 or later.
FreeBSD using g++ 3.3 or later.

Boost.Asio may be obtained from http://asio.sourceforge.net.

2.4. Related Work

The interface is based on the BSD sockets API, which is widely implemented and supported by extensive literature. It is also
used as the basis of networking APIs in other languages (e.g. Java). Unsafe practices of the BSD sockets API, e.g. lack of
compile-time type safety, are not included.

Asynchronous support is derived from the Proactor design pattern as implemented by the ADAPTIVE Communication
Environment [ACE], and is influenced by the design of the Symbian C++ sockets API [SYMBIAN], which supports


http://asio.sourceforge.net/

Networking Library Proposal for TR2 7

synchronous and asynchronous operations side-by-side. The Microsoft .NET socket classes [MS-NET] and the Extended
Sockets API [ES-API] developed by The Open Group support similar styles of network programming.

3. Impact On the Standard

This is a pure library proposal. It does not add any new language features, nor does it alter any existing standard library
headers.

This library can be implemented using compilers that conform to the C++03 standard. An implementation of this library
requires operating system-specific functions that lie outside the C++03 standard.

3.1. Relationship to TR1

This proposal uses the TR1 libraries for fixed size arrays and regular expressions. Programs developed using the proposed
library typically make extensive use of TR1 function object binders.

3.2. Relationship to Threading and Memory Model Proposals

This proposal does not require, and would not be coupled to, hypothetical standard library support for threading. The interface
is intended to support implementations on platforms where threads are not available.

However, the library interface is designed to allow the effective utilisation of threading if available, and its behaviour with
respect to threads is clearly defined. In particular, the proposal will attempt to address:

® Thread safety of classes and functions defined in the interface.
® The threads from which an implementation is permitted to call user code, and when.
® The relationship between asynchronous operation initiation, completion, and inter-thread memory visibility.

3.3. Relationship to Date-Time Library Proposal

This proposal uses classes defined in the Proposal to Add Date-Time to the C++ Standard Library [N1900].

3.4. Relationship to Filesystem Library Proposal

The classes defined in the Diagnostics Library chapter of the Filesystem Library Proposal [N1975], and updated by [N2066],
are used in this proposal.

4. Design Decisions

4.1. BSD Sockets

The proposal includes a low-level interface based on the BSD sockets API, which is widely implemented and supported by
extensive literature. It is also used as the basis for networking APIs in other languages, like Java.

This low-level interface is designed to support the development of efficient and scalable applications. For example, it permits
programmers to exert finer control over the number of system calls, avoid redundant data copying, minimise the use of
resources like threads, and so on.

Unsafe and error prone aspects of the BSD sockets API not included. For example, type safety is enforced at compile-time by
using classes to represent sockets rather than int.

4.2. Protocol Independence

The library described in this proposal supports TCP and UDP for both IP versions 4 and 6. It enables the development of
protocol independent applications. That is, the decision of whether to use IPv4 or IPv6 can be deferred until runtime.

4.3. Asynchronous Operations

The proposed library offers side-by-side support for synchronous and asynchronous operations. The asynchronous support is
based on the Proactor design pattern [POSA2], and the advantages and disadvantages of this approach, when compared to a
synchronous-only or Reactor approach, are outlined below.
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4.3.1. Advantages
— Portability.

Many operating systems offer a native asynchronous I/O API (such as overlapped I/O on Windows) as the
preferred option for developing high performance network applications. The proposed library may be
implemented in terms of native asynchronous I/0. However, if native support is not available, the library may
also be implemented using synchronous event demultiplexors that typify the Reactor pattern, such as POSIX
select().

— Decoupling threading from concurrency.

Long-duration operations are performed asynchronously by the implementation on behalf of the application.
Consequently applications do not need to spawn many threads in order to increase concurrency.

— Performance and scalability.

Implementation strategies such as thread-per-connection (which a synchronous-only approach would require)
can degrade system performance, due to increased context switching, synchronisation and data movement among
CPUs. With asynchronous operations it is possible to avoid the cost of context switching by minimising the
number of operating system threads — typically a limited resource — and only activating the logical threads of
control that have events to process.

— Simplified application synchronisation.

Asynchronous operation completion handlers can be written as though they exist in a single-threaded
environment, and so application logic can be developed with little or no concern for synchronisation issues.

— Function composition.

Function composition refers to the implementation of functions to provide a higher-level operation, such as
sending a message in a particular format. Each function is implemented in terms of multiple calls to lower-level
read or write operations.

For example, consider a protocol where each message consists of a fixed-length header followed by a variable
length body, where the length of the body is specified in the header. A hypothetical read message operation
could be implemented using two lower-level reads, the first to receive the header and, once the length is known,
the second to receive the body.

To compose functions in an asynchronous model, asynchronous operations can be chained together. That is, a
completion handler for one operation can initiate the next. Starting the first call in the chain can be encapsulated
so that the caller need not be aware that the higher-level operation is implemented as a chain of asynchronous
operations.

The ability to compose new operations in this way simplifies the development of higher levels of abstraction
above a networking library, such as functions to support a specific protocol.

4.3.2. Disadvantages

— Program complexity.

It is more difficult to develop applications using asynchronous mechanisms due to the separation in time and
space between operation initiation and completion. Applications may also be harder to debug due to the inverted
flow of control.

— Memory usage.

Buffer space must be committed for the duration of a read or write operation, which may continue indefinitely,
and a separate buffer is required for each concurrent operation. The Reactor pattern, on the other hand, does not
require buffer space until a socket is ready for reading or writing.

4.4. 10Streams

The proposal includes classes that implement iostreams on top of sockets. These hide away the complexities associated with
endpoint resolution, protocol independence, etc. For example, to create a connection one might simply write:
ip::tcp::iostream stream("www.boost.org", "http");

if (!stream)

{
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// Can’t connect.

The iostream class can also be used in conjunction with an acceptor to create simple servers. For example:
io_service ios;
ip::tcp::endpoint endpoint(tcp::v4(), 80);
ip::tcp::acceptor(ios, endpoint);
for (3)
{
ip::tcp::iostream stream;
acceptor.accept (*stream.rdbuf ()) ;

)

Note: these iostream templates only support char, not wchar_t, and do not perform any code conversion.

4.5. POSIX, Windows and Extensibility

This proposal defines two levels of conformance:

® Basic interfaces which all implementations must follow.
® Additional member functions that provide extensibility. It is intended that POSLX and Windows implementations will
provide these.

Implementations on platforms that have a sockets API similar to POSLX and Windows are also encouraged to provide the
additional member functions.

The rationale is to allow the implementation to be portably extended by a program (or implementor) to add additional:

® protocols, such as UNIX domain sockets, infrared or Bluetooth;
® socket options; and
® /O control commands.

Programs that do not require this extensibility should be portable to all platforms that implement the library.

4.6. Threads

4.6.1. Thread Safety

In general, it is safe to make concurrent use of distinct objects, but unsafe to make concurrent use of a single object. However,
types such as io_service provide a stronger guarantee that it is safe to use a single object concurrently.

4.6.2. Internal Threads

The implementation of this library for a particular platform may make use of one or more internal threads to emulate
asynchronicity. As far as possible, these threads must be invisible to the library user. In particular, the threads:

® must not call the user's code directly; and
® must block all signals.

This approach is complemented by the following guarantee:

® Asynchronous completion handlers will only be called from threads that are currently calling io_service::run().
Consequently, it is the library user's responsibility to create and manage all threads to which the notifications will be delivered.
The reasons for this approach include:

® By only calling io_service::run() from a single thread, the user's code can avoid the development complexity
associated with synchronisation. For example, a library user can implement scalable servers that are single-threaded
(from the user's point of view).

® A library user may need to perform initialisation in a thread shortly after the thread starts and before any other
application code is executed. For example, users of Microsoft's COM must call ColnitializeEx before any other COM
operations can be called from that thread.

® The library interface is decoupled from interfaces for thread creation and management, and permits implementations
on platforms where threads are not available.
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4.6.3. Memory Visibility

The following diagram outlines one possible strategy for managing memory visibility. It is intended that programs that make
use of implicit or explicit strands should not have to directly include memory barriers or synchronisation mechanisms.

io_service::run() io_service:run()

thread 1 thread 2 socket

Mamory acquire (a)

= async_receive()
: ATh
=
@ .
- memory release (b) -~ receive completes
~ immediately
MEMmory acouire () 3
=
A7)
-1
memory release (d) %]

memory release ()

4.7. Strands

A strand is defined as a strictly sequential invocation of event handlers (i.e. no concurrent invocation). Use of strands allows
execution of code in a multithreaded program without the need for explicit locking (e.g. using mutexes).

Strands may be either implicit or explicit, as illustrated by the following alternative approaches:

® C(Calling io_service::run() from only one thread means all event handlers execute in an implicit strand, due to the
io_service's guarantee that handlers are only invoked from inside run().

® Where there is a single chain of asynchronous operations associated with a connection (e.g. in a half duplex protocol
implementation like HTTP) there is no possibility of concurrent execution of the handlers. This is an implicit strand.

® An explicit strand is an instance of io_service: : strand. All event handler function objects need to be wrapped
using io_service: :strand: :wrap() or otherwise posted/dispatched through the io_service: :strand object.

In the case of composed asynchronous operations, such as async_read () or async_read_until (), if a completion handler
goes through a strand, then all intermediate handlers should also go through the same strand. This is needed to ensure thread
safe access for any objects that are shared between the caller and the composed operation (in the case of async_read() it's the
socket, which the caller can close() to cancel the operation). This is done by having hook functions for all intermediate
handlers which forward the calls to the customisable hook associated with the final handler:

struct my_handler

void operator()() { ... }

’

template<class F>
void io_handler_invoke(F f, my_handlerx)

// Do custom invocation here.
// Default implementation calls f£();
}

The io_service: :strand: :wrap() function creates a new completion handler that defines io_handler_invoke so that
the function object is executed through the strand.

4.8. Buffers

To allow the development of efficient network applications, this proposal includes support for scatter-gather operations. These
operations involve one or more buffers (where each buffer is a contiguous region of memory):
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® A scatter-read receives data into multiple buffers.
® A gather-write transmits multiple buffers.

Therefore we require an abstraction to represent a collection of buffers. The approach used in this proposal is to define a type
(actually two types) to represent a single buffer. These can be stored in a container, which may be passed to the scatter-gather
operations.

A buffer, as a contiguous region of memory, can be represented by an address and size in bytes. There is a distinction between
modifiable memory (called mutable in this proposal) and non-modifiable memory (where the latter is created from the storage
for a const-qualified variable). These two types could therefore be defined as follows:

typedef std::pair<void*, std::size_t> mutable_buffer;
typedef std::pair<const void*, std::size_t> const_buffer;

Here, a mutable buffer would be convertible to a const_buffer, but conversion in the opposite direction is not valid.

However, this proposal library does not use the above definitions, but instead defines two classes: mutable_buffer and
const_buffer. The goal of these is to provide an opaque representation of contiguous memory, where:

® Types behave as std::pair would in conversions. That is, a mutable_buffer is convertible to a const_buffer, but
the opposite conversion is disallowed.

® There is protection against buffer overruns. Given a buffer instance, a user can only create another buffer representing
the same range of memory or a sub-range of it. To provide further safety, the library also includes mechanisms for
automatically determining the size of a buffer from an array, trl::array or std: : vector of POD elements, or from
astd::string.

® Type safety violations must be explicitly requested using the buffer_cast function. In general an application should
never need to do this, but it is required by the library implementation to pass the raw memory to the underlying
operating system functions.

Finally, multiple buffers can be passed to scatter-gather operations (such as std: :tr2::sys: :read or

std::tr2::sys: :write) by putting the buffer objects into a container. The MutableBufferSequence and
ConstBufferSequence concepts have been defined so that containers such as std: :vector, std: :1ist, std: :vector or
trl::array can be used.

4.9. Custom Memory Allocation

Many asynchronous operations need to allocate an object to store state associated with the operation. For example, a Win32
implementation needs OVERLAPPED-derived objects to pass to Win32 API functions.

Furthermore, programs typically contain easily identifiable chains of asynchronous operations. A half duplex protocol
implementation (e.g. an HTTP server) would have a single chain of operations per client (receives followed by sends). A full
duplex protocol implementation would have two chains executing in parallel. Programs should be able to leverage this
knowledge to reuse memory for all asynchronous operations in a chain.

Given a copy of a user-defined Handler object b, if the implementation needs to allocate memory associated with that handler
it will execute the code:

void* pointer = io_handler_allocate(size, &h);
Similarly, to deallocate the memory it will execute:

io_handler_deallocate(pointer, size, &h);

These functions are located using argument-dependent lookup. The implementation provides default implementations of the
above functions in the std: : tr2: : sys namespace:

void* io_handler_allocate(size_t, ...);
void io_handler_deallocate(void*, size_t, ...);

which are implemented in terms of : : operator new() and : :operator delete() respectively.

The implementation guarantees that the deallocation will occur before the associated handler is invoked, which means the
memory is ready to be reused for any new asynchronous operations started by the handler.

The custom memory allocation functions may be called from any user-created thread that is calling a library function. The
implementation guarantees that, for the asynchronous operations included the library, the implementation will not make
concurrent calls to the memory allocation functions for that handler. The implementation will insert appropriate memory
barriers to ensure correct memory visibility should allocation functions need to be called from different threads.
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4.10. Line-Based Protocols

Many commonly-used internet protocols are line-based, which means that they have protocol elements that are delimited by
the character sequence "\r\n". Examples include HTTP [REC2616], SMTP [RFC821] and FTP [REC959].

To more easily permit the implementation of line-based protocols, as well as other protocols that use delimiters, this proposal
includes the functions read_until() and async_read_until().

The following example illustrates the use of async_read_until() in an HTTP server, to receive the first line of an HTTP
request from a client:

class http_connection

{

void start()

sys::async_read_until(socket_, data_, "\r\n",
std::trl::bind(&http_connection::handle_request_line, this, _1));

void handle_request_line(sys::error_code ec)

if (lec)

{
std::string method, uri, version;
char spl, sp2, cr, 1f;
std::istream is(&data_);
is.unsetf(std::ios_base: :skipws);
is >> method >> spl >> uri >> sp2 >> version >> cr >> 1f;

sys::ip::tcp::socket socket_;
sys::fifobuf data_;
};

4.11. Why EOF is an error

® The end of a stream can cause read, async_read, read_until or async_read_until functions to violate their
contract. E.g. a read of N bytes may finish early due to EOF.
® An EOF error may be used to distinguish the end of a stream from a successful read of size 0.

4.12. Other Design Decisions

The following list summarises some other design decisions made in the development of the library. Some further decisions are
also included as commentary in the proposed text.

— The implementation is separated into two layers: "services", and the object-oriented wrappers around them.

— The read, async_read, write and async_write functions are included as a solution to the problem of partial reads and
writes.

— Signals and system call interruption are hidden in most cases.
— No string constructors for IP address classes.

— Monotonic timers are not included in the proposal, since they are difficult to implement portably, and POSIX support for
monotonic time is optional. A program can still add support for monotonic timers by using a custom TimeTraits
implementation.

— EMSGSIZE should not be used to indicate datagram truncation.

Contact the author for more information.

5. Proposed Text for the Standard

Grey-shaded italic text is commentary on the proposal. It is not to be added to the TR.

This clause describes components that C++ programs may use to perform network operations.
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The Filesystem Library Proposal [N1975] adds introductory text to the TR to establish a relationship to POSIX [POSIX]. This
proposal uses the relationship to similarly define behaviour "as if" implemented by POSLX, except that the requirements for

error reporting are stricter than those outlined in [N1975].

The following subclauses describe components for I/O services, timers, buffer management, sockets, endpoint resolution,

iostreams, and internet protocol, as summarised in the table below:

Table--Networking library summary

‘ Subclause ‘ ‘ Header(s)

Basic I/0 services H<i0_service>

Timers

H<timer>

Buffers ‘ ‘<buf fer>

Sockets

Internet protocol

Socket streams <network>

Throughout this clause, the names of the template parameters are used to express type requirements, as listed in the table

below.

Table--Template parameters and type requirements

‘ template parameter name

H type requirements

‘AcceptHandler ‘ accept handler

‘AsyncReadStream ‘ buffer-oriented asynchronous read stream
‘AsyncWrit eStream ‘ buffer-oriented asynchronous write stream
‘CompletionHandler ‘ completion handler

‘ConnectHandler ‘ connect handler

konstBufferSequence

‘ constant buffer sequence

FonvertibleToConstBuffer

‘ convertible to a constant buffer

ponvertibleToMutableBuffer

‘ convertible to a mutable buffer

‘Datagra.mSocketService

‘ datagram socket service

‘GettableSocketOption ‘ gettable socket option
Handler handler

‘Int ernetProtocol ‘ Internet protocol
‘IoControlCommand ‘I/O control command
‘IoObjectSerVice ‘ 1/O object service

Wut ableBufferSequence

‘ mutable buffer sequence

‘Protocol ‘h)mr_o_c_ol

‘Re adHandler ‘ read handler
‘ResolveHandler ‘ resolve handler
‘ResolverService ‘ resolver service
‘Servi ce Hm
‘SettableSocketOPtion ‘ settable socket option

$ocketAcceptorSerVice

‘ socket acceptor service

$ocket$ervice

‘ socket service

ﬁtreamSocketService

‘ stream socket service

‘SyncReadStrea.m ‘ buffer-oriented synchronous read stream
‘SyncWriteStream ‘ buffer-oriented synchronous write stream
‘TimerService ‘ timer service
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H template parameter name

H type requirements

HTimeTraits ‘thnenaﬁs
‘MaitHandler ‘waﬁhandbr
‘MriteHandler ‘&gﬁehandkr

5.1. Definitions

5.1.1. host byte order

See Host and Network Byte Orders.

5.1.2. network byte order

See Host and Network Byte Orders.

5.1.3. synchronous operation

A synchronous operation is logically executed in the context of the initiating thread. Control is not returned to the initiating
thread until the operation completes.

5.1.4. asynchronous operation

An asynchronous operation is logically executed in parallel to the context of the initiating thread. Control is returned
immediately to the initiating thread without waiting for the operation to complete. Multiple asynchronous operations may be
executed in parallel by a single initiating thread.

5.2. Diagnostics library

The following text is intended as an addition to the Diagnostics Library chapter defined in [N1975] and modified by [N2066].

5.2.1. Header <error_code> additions

namespace std {

namespace tr2 {
namespace sys {
namespace error {

// errno errors:

extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern
extern

const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const
const

error_code
error_code
error_code
error_code
error_code
error_code
error_code
error_code
error_code
error_code
error_code
error_code
error_code
error_code
error_code
error_code
error_code
error_code
error_code
error_code
error_code
error_code
error_code
error_code
error_code
error_code
error_code
error_code
error_code

access_denied;

address_family_not_supported;

address_in_use;
address_not_available;
already_connected;
already_started;
broken_pipe;
bad_descriptor;
connection_aborted;
connection_refused;
connection_reset;

destination_address_required;

host_unreachable;
interrupted;
invalid_argument;
invalid_protocol_type;
message_size;
network_down;
network_reset;
network_unreachable;
no_buffer_space;
no_descriptors;
no_protocol_option;
no_system_descriptors;
not_connected;
not_socket;
operation_aborted;
operation_not_supported;
protocol_not_supported;


http://www.opengroup.org/onlinepubs/009695399/basedefs/xbd_chap04.html#tag_04_08
http://www.opengroup.org/onlinepubs/009695399/basedefs/xbd_chap04.html#tag_04_08
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extern const error_code timed_out;

// getaddrinfo errors:
extern const error_code host_not_found;

extern const error_code host_not_found_try_again;
extern const error_code service_not_found;

// miscellaneous errors:

extern const error_code already_open;
extern const error_code eof;

extern const error_code not_found;

} // namespace error
} // namespace sys
} // namespace tr2
} // namespace std

5.2.2. errno errors

namespace std {
namespace tr2 {
namespace sys {
namespace error {

extern const error_code access_denied;

extern const error_code address_family_not_supported;
extern const error_code address_in_use;

extern const error_code address_not_available;
extern const error_code already_connected;
extern const error_code already_started;

extern const error_code broken_pipe;

extern const error_code bad_descriptor;

extern const error_code connection_aborted;
extern const error_code connection_refused;
extern const error_code connection_reset;

extern const error_code destination_address_required;
extern const error_code host_unreachable;

extern const error_code interrupted;

extern const error_code invalid_argument;

extern const error_code invalid_protocol_type;
extern const error_code message_size;

extern const error_code network_down;

extern const error_code network_reset;

extern const error_code network_unreachable;
extern const error_code no_buffer_space;

extern const error_code no_descriptors;

extern const error_code no_protocol_option;
extern const error_code no_system_descriptors;
extern const error_code not_connected;

extern const error_code not_socket;

extern const error_code operation_aborted;
extern const error_code operation_not_supported;
extern const error_code protocol_not_supported;
extern const error_code timed_out;

} // namespace error
} // namespace sys
} // namespace tr2
} // namespace std

The meaning of each error_code value declared above shall correspond to the POSLX equivalent, as defined in the table
below. The method of initialisation of each value is implementation-defined.

Table--errno errors

‘ name H POSIX equivalent ‘
bccess_denied ‘FACCES
bddress_family_not_supported ‘FAFNOSUPPORT
address_in_use 'EADDRINUSE |
address_not_available 'EADDRNOTAVAIL |
blready_connected ‘FISCONN
already_started 'EALREADY
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‘ name H POSIX equivalent ‘
@roken_pipe ‘FPIPE
bad_descriptor ‘FBADF
connection_aborted 'ECONNABORTED
connection_refused 'ECONNREFUSED
konnection_reset ‘ﬁCDNNRESET
bestination_address_required ‘FDESTADDRREQ
host_unreachable 'EHOSTUNREACH
interrupted 'EINTR
hnvalid_argument ‘ﬁINVAL
hnvalid_protocol_type HEPROTOTYPE
hessage_size ‘ﬁMSGSIZE
network_down 'ENETDOWN
network_reset 'ENETRESET
betwork_unreachable ‘FNETUNREACH
no_buffer_space 'ENOBUFS
no_descriptors 'EMFILE
ho_protocol_option ‘ﬁNDPROTODPT
bo_system_descriptors ‘FNFILE
bot_connected ‘ﬁNOTCONN
not_socket 'ENOTSOCK
kperation_aborted ‘FCANCELED
bperation_not_supported ‘FDPNOTSUPP
protocol_not_supported 'EPROTONOSUPPORT \
timed_out 'ETIMEDOUT

[Note: The equivalent constants used above are defined in the POSIX header file errno.h. —end note]

5.2.3. getaddrinfo errors

namespace std {
namespace tr2 {
namespace sys {
namespace error {

extern const error_code host_not_found;
extern const error_code host_not_found_try_again;
extern const error_code service_not_found;

} // namespace error
} // namespace sys
} // namespace tr2
} // namespace std

The meaning of each error_code value declared above shall correspond to the POSILX equivalent returned by
getaddrinfo (), as defined in the table below. The method of initialisation of each value is implementation-defined.

Table--getaddrinfo errors

‘ ‘ name ‘ ‘ POSIX equivalent ‘ ‘
‘host_not_found 'EAT_NONAME I
‘ Fhost _not_found_try_again ‘ ‘EAI_AGAIN

‘&ervice_not_found

H
'EAT_SERVICE |

[Note: The constants EAT_NONAME, EAT_AGAIN and EAI_SERVICE are defined in the POSIX header file netdb.h. —end note]

5.2.4. Miscellaneous errors

namespace std {
namespace tr2 {


http://www.opengroup.org/onlinepubs/000095399/basedefs/netdb.h.html
http://www.opengroup.org/onlinepubs/000095399/functions/getaddrinfo.html
http://www.opengroup.org/onlinepubs/000095399/basedefs/errno.h.html
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namespace sys {
namespace error {

extern const error_code already_open;
extern const error_code eof;
extern const error_code not_found;

} // namespace error
} // namespace sys
} // namespace tr2
} // namespace std

The method of initialisation of each error_code value declared above is implementation-defined.

5.3. Basic I/0 services

5.3.1. Header <io_service> synopsis

namespace std {
namespace tr2 {
namespace sys {

class io_service;

class invalid_service_owner;
class service_already_exists;

template<class Service> Service& use_service(io_service&);
template<class Service> void add_service(io_service&, Servicex);
template<class Service> bool has_service(io_service&);

// default handler hook functions:

void* io_handler_allocate(size_t s, ...);
void io_handler_deallocate(void* p, size_t s,
template<class F> void io_handler_invoke(F f,

~
e we

template<class IoObjectService>
class basic_io_object;

} // namespace sys
} // namespace tr2
} // namespace std

5.3.2. Requirements

5.3.2.1. Handlers

A handler must meet the requirements of CopyConstructible types (C++ Std, 20.1.3).

In the table below, X denotes a handler class, h denotes a value of X, p denotes a pointer to a block of allocated memory of type
void*, s denotes the size for a block of allocated memory, and £ denotes a function object taking no arguments.

Table--Handler requirements

return assertion/note

expression type pre/post-conditions

Returns a pointer to a block of memory of size s. The pointer
must satisfy the same alignment requirements as a pointer

) returned by : :operator new(). Throws bad_alloc on failure.
using namespace std::tr2::sys;

. i dx
io_handler_allocate(s, &h); vodi .. .

- - ( ) The io_handler_allocate() function is located using
argument-dependent lookup. The function
std::tr2::sys::io_handler_allocate() serves as a default
if no user-supplied function is available.

using namespace std::tr2::sys; Frees a block of memory associated with a pointer p, of at least

io_handler_deallocate(p, s, &h); size s, that was previously allocated using

io_handler_allocate().

The io_handler_deallocate() function is located using
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return assertion/note

expression type pre/post-conditions

argument-dependent lookup. The function
std::tr2::sys::io_handler_deallocate() servesasa
default if no user-supplied function is available.

Causes the function object £ to be executed as if by calling £ ().

using namespace std::tr2::sys;

io_handler invoke(f. &h): The io_handler_invoke () function is located using argument-

dependent lookup. The function
std::tr2::sys::io_handler_invoke() serves as a default if
no user-supplied function is available.

5.3.2.2. Completion handler requirements

A completion handler must meet the requirements for a handler. A value h of a completion handler class should work correctly
in the expression h ().

5.3.2.3. Service requirements

A class is a service if it is publicly derived from another service, or if it is a class derived from io_service: :service and
contains a publicly-accessible declaration as follows:
static io_service::id id;

All services define a one-argument constructor that takes a reference to the io_service object that owns the service. This
constructor is explicit, preventing its participation in automatic conversions. For example:
class my_service : public io_service::service
public:
static io_service::id id;
explicit my_service(io_service& ios);

private:
virtual void shutdown_service();

b

A service's shutdown_service member function must cause all copies of user-defined handler objects that are held by the
service to be destroyed.

5.3.2.4. I/O object service requirements

An I/0O object service must meet the requirements for a service, as well as the requirements listed below.

In the table below, X denotes an I/O object service class, a denotes a value of type X, b denotes a value of type
X::implementation_type, and u denotes an identifier.

Table--IoObjectService requirements

return assertion/note
type pre/post-condition

note: X: :implementation_type has a public default constructor and
destructor.

expression

X::implementation_type ‘ ‘

X::implementation_type u;

a.construct(b);

a.destroy(b); note: destroy () will only be called on a value that has previously been
initialised with construct ().

5.3.2.5. Thread safety

The following text is intended to document the thread safety guarantees of the library. It needs to be rewritten using some
better language.

Unless otherwise specified, all types defined in this clause provide the following basic level of thread safety. For a type X:
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— Distinct objects x1 and x2 of type X may be safely used concurrently.
— It is not safe to have concurrent use of a single object x of type X.

It is safe to have concurrent use of a single object of type io_service, io_service: :id, io_service: :strand or
io_service: :work.

It is safe to have concurrent use of any io_service: :service-derived class X defined in this clause, provided arguments of
type X: :implementation_type refer to distinct objects.

5.3.2.6. Requirements on synchronous operations

In this clause, a synchronous operation is any function that has a final parameter error_code& ec.

Implementations of synchronous operations described in this clause are permitted to call the application programming interface
(API) provided by the operating system. If such an operating system API call results in an error, ec shall be set to an
error_code value such that ec evaluates to true. Otherwise ec shall be set such that ec evaluates to false.

Unless otherwise noted, when the behaviour of a synchronous operation is defined "as if" implemented by a POSILX function,
ec shall be set to the errno error or getaddrinfo error value of type error_code that corresponds to the failure condition
described by POSIX for that function, if any. Otherwise ec shall be set to an implementation-defined error_code value that
reflects the operating system error.

Except for io_service::run() and io_service: :run_one (), synchronous operations shall not fail with an error condition
that indicates interruption by a signal (POSLX EINTR). [Note: Implementations may meet this requirement by automatically
restarting the operation if a signal occurs. —end note)]

Synchronous operations shall not fail with any error condition associated with non-blocking operations (POSIX EWOULDBLOCK,
EAGAIN or EINPROGRESS; Windows WSAEWOULDBLOCK or WSAEINPROGRESS).

A synchronous operation may have an overload with parameters that differ only by the absence of error_code& ec. If the
overload returns void, the overload shall behave as if implemented in terms of the synchronous operation as follows:

void f(41 al, A2 a2, ..., AN aN)

{
error_code ec;
f(al, a2, ..., aN, ec);
if (ec) throw system_error(ec);

If the overload returns non-void, the overload shall behave as if implemented in terms of the synchronous operation as
follows:

R f(A41 al, A2 a2, ..., AN aN)
{

error_code ec;

Rr = f(al, a2, ..., aN, ec);
if (ec) throw system_error(ec);
return r;

}

In this clause, when a synchronous operation has an overload as described above, only the behaviour of the synchronous
operation is specified, for brevity.

5.3.2.7. Requirements on asynchronous operations

In this clause, an asynchronous operation is initiated by a function that is named with the prefix async_. These functions shall
be known as initiating functions.

All initiating functions in this clause take a function object meeting handler requirements as the final parameter. These
handlers accept as their first parameter an lvalue of type const error_code.

Implementations of asynchronous operations described in this clause are permitted to call the application programming
interface (API) provided by the operating system. If such an operating system API call results in an error, the handler shall be
invoked with a const error_code lvalue that evaluates to true. Otherwise the handler shall be invoked with a const
error_code lvalue that evaluates to false.

Unless otherwise noted, when the behaviour of an asynchronous operation is defined "as if" implemented by a POSLX function,
the handler shall be invoked with an errno error or getaddrinfo error value of type error_code that corresponds to the
failure condition described by POSIX for that function, if any. Otherwise the handler shall be invoked with an implementation-
defined error_code value that reflects the operating system error.

Asynchronous operations shall not fail with an error condition that indicates interruption by a signal (POSLX EINTR).
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Asynchronous operations shall not fail with any error condition associated with non-blocking operations (POSLX
EWOULDBLOCK, EAGAIN or EINPROGRESS; Windows WSAEWOULDBLOCK or WSAEINPROGRESS).

All asynchronous operations have an associated io_service object. Where the initiating function is a member function, the
associated io_service is that returned by the io_service () member function on the same object. Where the initiating
function is not a member function, the associated io_service is that returned by the io_service () member function of the
first argument to the initiating function.

Arguments to initiating functions shall be treated as follows:

— If the parameter is declared as a const reference or by-value, the program is not required to guarantee the validity of the
argument after the initiating function completes. The implementation may make copies of the argument, and all copies shall be
destroyed no later than immediately after invocation of the handler.

— If the parameter is declared as a non-const reference, const pointer or non-const pointer, the program must guarantee the
validity of the argument until the handler is invoked.

The library implementation is only permitted to make calls to an initiating function's arguments' copy constructors or
destructors from a thread that satisfies one of the following conditions:

— The thread is executing any member function of the associated io_service object.
— The thread is executing the destructor of the associated io_service object.

— The thread is executing one of the io_service service access functions use_service, add_service or has_service,
where the first argument is the associated io_service object.

— The thread is executing any member function, constructor or destructor of an object of a class defined in this clause, where
the object's io_service () member function returns the associated io_service object.

— The thread is executing any function defined in this clause, where any argument to the function has an io_service()
member function that returns the associated io_service object.

Implementations may use one or more hidden threads to emulate asynchronous functionality. The above requirements are
intended to prevent these hidden threads from making calls to program code. This means that a program can, for example, use
thread-unsafe reference counting in handler objects, provided the program ensures that all calls to an io_service and
related objects occur from the one thread.

The io_service object associated with an asynchronous operation shall have unfinished work, as if by maintaining the
existence of one or more objects of class io_service: :work constructed using the io_service, until immediately after the
handler for the asynchronous operation has been invoked.

When an asynchronous operation is complete, the handler for the operation will be invoked as if by:

1. Constructing a bound completion handler bch for the handler, as described below.
2. Calling ios.post(bch) to schedule the handler for deferred invocation, where ios is the associated io_service.

[Note: This implies that the handler must not be called directly from within the initiating function, even if the asynchronous
operation completes immediately. —end note]

A bound completion handler is a handler object that contains a copy of a user-supplied handler, where the user-supplied
handler accepts one or more arguments. The bound completion handler does not accept any arguments, and contains values to
be passed as arguments to the user-supplied handler. The bound completion handler forwards the io_handler_allocate(),
io_handler_deallocate(), and io_handler_invoke () calls to the corresponding functions for the user-supplied handler.
A bound completion handler meets the requirements for a completion handler.

[Example: A bound completion handler for a ReadHandler:

template<class ReadHandler>
struct bound_read_handler

¢ bound_read_handler (ReadHandler handler, const error_code& ec, size_t s)
: handler_(handler), ec_(ec), s_(s)
)
void operator() ()
handler_(ec_, s_);
ReadHandler handler_;

const error_code ec_;
const size_t s_;
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template<class ReadHandler>
void* io_handler_allocate(size_t size,

bound_read_handler<ReadHandler>* this_handler)
{

using namespace std::tr2::sys;
return io_handler_allocate(size, &this_handler->handler_);

}

template<class ReadHandler>

void io_handler_deallocate(void* pointer, std::size_t size,
bound_read_handler<ReadHandler>* this_handler)

{

using namespace std::tr2::sys;
io_handler_deallocate(pointer, size, &this_handler->handler_);

template<class F, class ReadHandler>
void io_handler_invoke(const F& f,

bound_read_handler<ReadHandler>* this_handler)
{

using namespace std::tr2::sys;
io_handler_invoke(f, &this_handler->handler_);

—end example]

If the thread that initiates an asynchronous operation terminates before the associated handler is invoked, the behaviour is
implementation-defined.

The handler argument to an initiating function defines a handler identity. That is, the original handler argument and any copies
of the handler argument shall be considered equivalent in the discussion below.

If the implementation needs to allocate storage for an asynchronous operation, the implementation shall perform
io_handler_allocate(size, &h), where size is the required size in bytes, and h is the handler. The implementation shall
perform io_handler_deallocate(p, size, &h), where p is a pointer to the storage, to deallocate the storage prior to the
invocation of the handler via io_handler_invoke. Multiple storage blocks may be allocated for a single asynchronous
operation.

The implementation shall not make concurrent calls to io_handler_allocate, io_handler_deallocate or
io_handler_invoke for a single handler identity. Calls to io_handler_allocate, io_handler_deallocate or
io_handler_invoke shall only be made from threads that satisfy one of the conditions listed above for calls to the initiating
function's arguments' copy constructors and destructors.

The following text is intended to describe the behaviour of the implementation with respect to memory visibility. It needs to be
rewritten using some better language.

All initiating functions shall include a release memory barrier prior to any effect that may be visible to a different thread.
A call to io_handler_invoke shall be preceded by an acquire memory barrier and succeeded by a release memory barrier.

Calls to io_handler_allocate or io_handler_deallocate from the initiating function shall occur prior to the release
memory barrier.

Calls to io_handler_allocate or io_handler_deallocate that occur immediately before io_handler_invoke shall
occur after the acquire memory barrier.

Calls to io_handler_allocate and io_handler_deallocate not from the initiating function and not immediately before
io_handler_invoke shall be preceded by an acquire memory barrier and succeeded by a release memory barrier.

5.3.3. Class io_service

namespace std {
namespace tr2 {
namespace sys {

class io_service

public:
// types:
class service;
class id;
class work;
class strand;
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// constructors/destructor:
io_service();
~“io_service(); // non-virtual

// members:
size_t run(Q);
size_t run(error_code& ec);

size_t run_one();
size_t run_one(error_code& ec);

size_t poll();
size_t poll(error_code& ec);

size_t poll_one();
size_t poll_omne(error_code& ec);

void stop();
void reset();

template<class CompletionHandler>
void dispatch(CompletionHandler handler);

template<class CompletionHandler>
void post(CompletionHandler handler);

template<class Handler>
unspecified wrap(Handler handler);

private:
io_service(const io_service&); // not defined
void operator=(const io_service&); // not defined

)

// service access:

template<class Service> Service& use_service(io_service& ios);
template<class Service> void add_service(io_service& ios, Servicex svc);
template<class Service> bool has_service(io_service& ios) const;

class service_already_exists : public logic_error { ... };

class invalid_service_owner : public logic_error { ... };

} // namespace sys
} // namespace tr2
} // namespace std

Class io_service implements an extensible, type-safe, polymorphic set of I/O services, indexed by service #ype. An object of
class io_service must be initialised before I/O objects such as sockets, resolvers and timers can be used. These I/O objects
are distinguished by having constructors that accept an io_service& parameter.

Access to the services of an io_service is via three function templates, use_service<>, add_service<> and
has_service<>.

In a call to use_service<Service> (), the type argument chooses a service, making available all members of the named
type. If Service is not present in an io_service, an object of type Service is created and added to the io_service. A C++
program can check if an io_service implements a particular service with the function template has_service<Service>().

Service objects may be explicitly added to an io_service using the function template add_service<Service>(). If the
Service is already present, the service_already_exists exception is thrown. If the owner of the service is not the same
object as the io_service parameter, the invalid_service_owner exception is thrown.

Once a service reference is obtained from an io_service object by calling use_service<>, that reference remains usable as
long as the owning io_service object exists.

Synchronous operations on I/O objects implicitly run the io_service object for an individual operation. The io_service
functions run (), run_one (), pol1() or poll_one() must be called for the io_service to perform asynchronous
operations on behalf of a C++ program. Notification that an asynchronous operation has completed is delivered by invocation
of the associated handler. Handlers are invoked only by a thread that is currently calling any overload of run(), run_one (),
poll() or poll_one() forthe io_service.

5.3.3.1. io_service constructors/destructor

io_service();
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Effects: Creates an object of class io_service.

~io_service();

Effects: Destroys an object of class io_service. For each service object svc in the io_service set, in reverse
order of the beginning of service object lifetime (C++ Std, 3.8), performs svc->shutdown_service (). Then,
uninvoked handler objects that were scheduled for deferred invocation on the io_service, or any associated
strand, are destroyed. Then, for each service object svc in the io_service set, in reverse order of the
beginning of service object lifetime, performs delete static_cast<io_service::servicex*>(svc).

The destruction sequence described above permits programs to simplify their resource management by using shared_ptr<>.
Where an object's lifetime is tied to the lifetime of a connection (or some other sequence of asynchronous operations), a

shared_ptr to the object would be bound into the handlers for all asynchronous operations associated with it. This works as
follows:

— When a single connection ends, all associated asynchronous operations complete. The corresponding handler objects are
destroyed, and all shared_ptr references to the objects are destroyed.

— To shut down the whole program, the io_service function stop () is called to terminate any run () calls as soon as
possible. The io_service destructor defined above destroys all handlers, causing all shared_ptr references to all
connection objects to be destroyed.

5.3.3.2. io_service members

size_t run(Q);
size_t run(error_code& ec);

Requires: Must not be called from a thread that is currently calling one of run(), run_one (), pol1(), or
poll_one().

Effects: Performs io_service work until there is no more work to do, or the io_service is explicitly stopped,
as if implemented as follows:

size_t n = 0;

while (run_one(ec))

if (n '= numeric_limits<size_t>::max())
++n;

Returns: n.

size_t run_one();
size_t run_one(error_code& ec);

Requires: Must not be called from a thread that is currently calling one of run(), run_one (), pol1(), or
poll_one().

Effects: Does not return until one of the following conditions is true:
— An error has occurred. ec shall be set to the error_code value corresponding to the failure condition.

— The io_service has been explicitly stopped by a call to stop (). ec shall be set such that the expression !
ec is true.

— No object w of class io_service: :work exists where &w.io_service() == this. The io_service shall
be stopped as if by calling stop () and ec shall be set such that the expression !ec is true.

— One handler h has been invoked by performing io_handler_invoke(h, &h).ec shall be set such that the
expression !ec is true.

If the function can complete due to more than one of these conditions, the earliest condition listed is chosen, and
the effects associated with the other conditions shall not be performed.

If the invoked handler throws an exception, the exception shall be allowed to propagate to the caller of

run_one (). The io_service state shall be equivalent to if the handler had been successfully invoked without
throwing an exception.

Returns: 1 if a handler was invoked, otherwise 0.
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Notes: This function may invoke additional handlers through nested calls to dispatch(). These do not count
towards the return value.

size_t poll();
size_t poll(error_code& ec);

Effects: Performs io_service work without blocking until there are no handlers ready to be dispatched
immediately, or the io_service is stopped, as if implemented as follows:

size_t n = 0;

while (poll_one(ec))

if (n '= numeric_limits<size_t>::max())
++n;

Returns: n.

size_t poll_one();
size_t poll_one(error_code& ec);

Effects: Performs one of the following actions:
— If an error has occurred, sets ec to any error_code value such that the expression !ec is false.

— Ifthe io_service has been explicitly stopped by a call to stop(), sets ec shall such that the expression !ec
is true.

— If no object w of class io_service: :work exists where &w.io_service() == this, stops the
io_service as if by calling stop () and sets ec such that the expression !ec is true.

— If a handler h is available for immediate invocation, invokes the handler by performing
io_handler_invoke(h, &h), and sets ec such that the expression !ec is true.

— Otherwise, sets ec such that the expression !ec is true.

If the function can succeed in more than one of these ways, the earliest condition listed is chosen, and the effects
associated with the other conditions shall not be performed.

If the invoked handler throws an exception, the exception shall be allowed to propagate to the caller of
poll_one(). The io_service state shall be equivalent to if the handler had been successfully invoked without
throwing an exception.

Returns: 1 if a handler was invoked, otherwise 0.

Notes: This function may invoke additional handlers through nested calls to dispatch(). These do not count
towards the return value.

void stop();

Effects: Signals the io_service to enter the stopped state. Concurrent calls to any overload of run(),

run_one (), poll() or poll_one() will end as soon as possible; calls to run(), run_one (), poll() or
poll_one() that are currently dispatching a handler will end only after completion of that handler. The stop ()
call returns without waiting for concurrent calls to run (), run_one (), pol1() or poll_one () to exit. While an
io_service is in the stopped state, calls to run(), run_one (), pol1() or poll_one () will exit immediately
with a return value of 0, without dispatching any handlers. An io_service remains in the stopped state until a
call to reset ().

void reset();

Requires: There must be no concurrent call to any overload of run(), run_one (), pol1(), poll_one() or
stop().

Effects: Signals the io_service to leave the stopped state which was entered as an effect of a prior call to
stop().

template<class CompletionHandler>
void dispatch(CompletionHandler handler);

Effects: 1f the current thread is executing a call to any overload of run(), run_one (), pol1() or poll_one ()
for the same io_service object, invokes the completion handler by performing
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io_handler_invoke(handler, &handler).Otherwise, equivalent to calling post (handler).

If the invoked handler throws an exception, the exception shall be allowed to propagate to the caller of
dispatch(). The io_service state shall be equivalent to if the handler had been successfully invoked without
throwing an exception.

template<class CompletionHandler>
void post(CompletionHandler handler);

Effects: Requests invocation of the handler by the io_service. Does not invoke the handler from within the call
to post (). The io_service makes a copy of the handler and maintains one or more copies of the handler until
immediately after the handler has been invoked. The io_service shall have unfinished work, as if by
maintaining the existence of one or more objects of class io_service: :work constructed using the
io_service object *this, until immediately after the handler has been invoked

The post () function behaves according to the rules for asynchronous operations with respect to the treatment of
handler as a by-value parameter, storage allocation and memory visibility. The object *this is considered to
be the associated io_service.

template<class Handler>
unspecified wrap(Handler handler);

Returns: An object £ of an unspecified type F meeting handler requirements, and constructed using F (*this,
handler), where F behaves as if defined as follows:

class F

{
public:
F(io_service& i, Handler h)
io_service_(i), handler_(h) {}

template<class T1, class T2, ..., class TN>
class GN
{

public:
GN(Handler h, T1 t1, T2 t2, ..., TN tN)
: handler_(h), t1_(t1), t2_(t2), ..., tN_(tN) {}
void operator() () { handler_(ti_, t2_, ..., tN_); }

friend void* io_handler_allocate(size_t size, GN* this_g)

return io_handler_allocate(size, &this_g->handler_);

friend void io_handler_deallocate(void* pointer, size_t size, GN* this_g)

io_handler_deallocate(pointer, size, &this_g->handler_);

template<class Function>
friend void io_handler_invoke(Function func, GN* this_g)
{

io_handler_invoke(func, &this_g->handler_);

private:

Handler handler_;

T1 t1_; T2 t2_; ...; TN tN_;
template<class T1, class T2, ..., class TN>
void operator() (T1 t1, T2 t2, ..., TN tN)

{

io_service_.dispatch(GN<T1,T2,...,TN>(handler_, t1, t2, ..., tN));

friend void* io_handler_allocate(size_t size, F*x this_f)

return io_handler_allocate(size, &this_f->handler_);

friend void io_handler_deallocate(void* pointer, size_t size, Fx this_f)

io_handler_deallocate(pointer, size, &this_f->handler_);
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}

template<class Function>
class H

public:
H(Function f, Handler h)
: function_(f), handler_(h) {}
void operator() ()

function_(Q);

friend void* io_handler_allocate(size_t size, H* this_h)

return io_handler_allocate(size, &this_h->handler_);

friend void io_handler_deallocate(void* pointer, size_t size, H* this_h)
{

io_handler_deallocate(pointer, size, &this_h->handler_);

template<class Functionl>
friend void io_handler_invoke(Functionl func, H* this_h)

io_handler_invoke (func, &this_h->handler_);

private:
Function function_;
Handler handler_;

)

template<class Function>
friend void io_handler_invoke(Function func, F* this_f)

this_f->io_service_.dispatch(H<Function>(func, this_f->handler_));
private:

io_service& io_service_;
Handler handler_;

};
[Note: In practical terms, the effect of £(v1, v2, ..., vN) isto cause the io_service to perform
handler(vl, v2, ..., vN) from within a call to run(), run_one (), pol1() or poll_one().

Similarly, the effect of io_handler_invoke (g, &£f) isto cause the io_service to perform g() from within a
call to run(), run_one (), pol1() or poll_one (). —end note]

5.3.3.3. io_service globals

template<class Service> Service& use_service(io_service& ios);
Requires: Service is a service class whose definition contains the public static member id as defined here.

Effects: 1f an object of type Service does not already exist in the io_service set identified by ios, creates an
object as if by calling new Service(ios) and adds it to the set.

Returns: A reference to the corresponding service of ios.

Notes: The reference returned remains valid as long as the io_service object ios exists.

template<class Service> void add_service(io_service& ios, Service* svc);

Requires: Service is a service class whose definition contains the public static member id as defined here. The
argument svc is a non-null pointer to a service object, and the condition &svc->io_service() == &iosis
true. A corresponding service object does not already exist in the io_service set identified by ios.

Effects: Adds the service object svc to the io_service set.

Throws: service_already_exists if a corresponding service object is already present in the io_service set



Networking Library Proposal for TR2

identified by ios; invalid_service_owner if the condition &svc->io_service() == &ios is false.
template<class Service> bool has_service(io_service& ios) const;

Requires: Service is a service class whose definition contains the public static member id as defined here.

Returns: true if the service requested is present in ios, otherwise false.

5.3.4. Class io_service: :service

namespace std {
namespace tr2 {
namespace sys {

class io_service::service
public:
std::tr2::sys::io_service& io_service();

protected:
service(std: :tr2::sys::io_service& owner);
virtual “service();

private:
// friend class io_service; exposition only

virtual void shutdown_service() = 0;

service(const service&); // not defined
void operator=(const service&); // not defined

’

} // namespace sys
} // namespace tr2
} // namespace std

5.3.5. Class io_service: :id

namespace std {
namespace tr2 {
namespace sys {

class io_service::id

public:
idO;

private:
id(const id&); // not defined
void operator=(const id&); // not defined

)

} // namespace sys
} // namespace tr2
} // namespace std

The class io_service: :id provides identification of services, and is used as an index for service lookup.

5.3.6. Class io_service: :work

namespace std {
namespace tr2 {
namespace sys {

class io_service: :work

public:
// constructors/destructor:
explicit work(std::tr2::sys::io_service& ios);
work(const work& other);
~“work() ;

// members:
std::tr2::sys::io_service& io_service();
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private:
void operator=(const work&); // not defined

’

} // namespace sys
} // namespace tr2
} // namespace std

An object of class io_service: :work represents a unit of unfinished work for an io_service.

5.3.6.1. io_service: :work constructors/destructor

explicit work(std::tr2::sys::io_service& ios);
Effects: Constructs an object of class work.
Postconditions: &io_service() == &ios

work (const work& other);

Effects: Constructs an object of class work.

Postconditions: &io_service() == &other.io_service().
~“work() ;
Effects: If no other work object w exists such that &io_service() == &w.io_service(), stops the

io_service as if by calling io_service() .stop().

5.3.6.2. io_service: :work members

std::tr2::sys::io_service& io_service();

Returns: The io_service associated with the work.

5.3.7. Class io_service: :strand

namespace std {
namespace tr2 {
namespace sys {

class io_service::strand

public:
// constructors/destructor:
explicit strand(std::tr2::sys::io_service& ios);
“strand();

// members:
std::tr2::sys::io_service& io_service();

template<class CompletionHandler>
void dispatch(CompletionHandler handler);

template<class CompletionHandler>
void post(CompletionHandler handler);

template<class Handler>
unspecified wrap(Handler handler);

private:
strand(const strand&); // not defined
void operator=(const strand&); // not defined

)

} // namespace sys
} // namespace tr2
} // namespace std

An object of class io_service: : strand may be used to prevent concurrent invocation of handlers.

Given:

— An io_service object i.
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— A strand object s constructed using s(i).

— An object a meeting completion handler requirements, where a is passed to the strand by performing either
s.dispatch(a) or s.post(a). For this discussion a and all copies of a are considered equivalent.

— An object b meeting completion handler requirements, where b is passed to the strand by performing either
s.dispatch(b) or s.post(b). For this discussion b and all copies of b are considered equivalent.

— An arbitrary function object x that is valid in the expression x().
— An arbitrary function object y that is valid in the expression y ().

— An arbitrary thread thread| that is calling any overload of run (), run_one (), pol1() or poll_one() for the
io_service object i.

— An arbitrary thread thread? that is calling any overload of run (), run_one (), pol1() or poll_one() for the
io_service object i.

The implementation shall ensure that, if threadl performs io_handler_dispatch(x, &a), thread2 does not concurrently
perform io_handler_dispatch(y, &b).

[Note: No requirements are made on implementations with respect to:
— whether handlers dispatched through different strand objects may or may not be invoked concurrently; or
— the order of invocation of handler objects dispatched through a strand. —end note]

5.3.7.1. io_service: : strand constructors/destructor

explicit strand(std::tr2::sys::io_service& ios);
Effects: Constructs an object of class strand.

Postconditions.: &io_service() == &ios.

“strand();

Effects: Destroys an object of class strand. Handlers posted through the strand that have not yet been invoked
will still be dispatched in a way that meets the guarantee of non-concurrency.

5.3.7.2. io_service: :strand members

std::tr2::sys::io_service& io_service();

Returns: The io_service associated with the strand.

template<class CompletionHandler>
void dispatch(CompletionHandler handler);

Effects: If the current thread is invoking a handler for the strand object *this, performs
io_handler_invoke(handler, &handler). Otherwise, requests invocation of the handler as if by
performing io_service() .dispatch(handler), with the additional requirement of non-concurrent handler
invocation as defined above.

If the invoked handler throws an exception, the exception shall be allowed to propagate to the caller of
dispatch(). The io_service and strand states shall be equivalent to if the handler had been successfully
invoked without throwing an exception.

template<class CompletionHandler>
void post(CompletionHandler handler);

Effects: Requests invocation of the handler as if by performing io_service() .post (handler), with the
additional requirement of non-concurrent handler invocation as defined above.

template<class Handler>
unspecified wrap(Handler handler);

Returns: An object £ of an unspecified type F meeting handler requirements, and constructed using F (xthis,
handler), where F behaves as if defined as follows:

class F

public:
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F(strand& s, Handler h)
strand_(s), handler_(h) {}

template<class T1, class T2, ..., class TN>
class GN
{
public:
GN(Handler h, T1 t1, T2 t2, ..., TN tN)
: handler_(h), t1_(t1), t2_(t2), ..., tN_(tN) {}
void operator() () { handler_(ti1_, t2_, ..., tN_); }

friend void* io_handler_allocate(size_t size, GN* this_g)

return io_handler_allocate(size, &this_g->handler_);
friend void io_handler_deallocate(void* pointer, size_t size, GN* this_g)
{

io_handler_deallocate(pointer, size, &this_g->handler_);

}

template<class Function>
friend void io_handler_invoke(Function func, GN* this_g)

io_handler_invoke(func, &this_g->handler_);

private:
Handler handler_;
T1 t1_; T2 t2_; ...; TN tN_;
};
template<class T1, class T2, ..., class TN>
void operator()(T1 t1, T2 t2, ..., TN tN)
{
strand_.dispatch(GN<T1,T2,...,TN>(handler_, t1, t2, ..., tN));

friend void* io_handler_allocate(size_t size, F*x this_f)

return io_handler_allocate(size, &this_f->handler_);

friend void io_handler_deallocate(void* pointer, size_t size, Fx this_f)
io_handler_deallocate(pointer, size, &this_f->handler_);
template<class Function>
class H
public:
H(Function f, Handler h)
: function_(f), handler_(h) {}

void operator() ()

function_();

friend void* io_handler_allocate(size_t size, H* this_h)
return io_handler_allocate(size, &this_h->handler_);
friend void io_handler_deallocate(void* pointer, size_t size, H* this_h)

{

io_handler_deallocate(pointer, size, &this_h->handler_);
template<class Functionl>
friend void io_handler_invoke(Functionl func, H* this_h)

io_handler_invoke(func, &this_h->handler_);

private:
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Function function_;
Handler handler_;

’

template<class Function>
friend void io_handler_invoke(Function func, F* this_f)

{
}

private:
strand& strand_;
Handler handler_;

)

this_f->strand_.dispatch(H<Function>(func, this_f->handler_));

[Note: In practical terms, the effect of £ (v1, v2, ..., vN) isto cause the io_service associated with the
strand to perform handler(vl, v2, ..., vN) from within a call to run(), run_one (), pol1() or
poll_one (), subject to the requirements of non-concurrent handler invocation as defined above.

Similarly, the effect of io_handler_invoke(g, &f) isto cause the io_service to perform g() from within a
call to run(), run_one (), pol1l() or poll_one (), subject to the requirements of non-concurrent handler
invocation as defined above. —end note]

5.3.8. Default handler hook functions

void* io_handler_allocate(size_t s, ...);

Returns: : :operator new(s).

void io_handler_deallocate(void* p, size_t s, ...);

Effects: Calls : :operator delete(p).

template<class F> void io_handler_invoke(F f, ...);

Effects: Performs £ ().

5.3.9. Class template basic_io_object

namespace std {
namespace tr2 {
namespace sys {

template<class IoObjectService>
class basic_io_object

public:
typedef IoObjectService service_type;
typedef typename IoObjectService::implementation_type
implementation_type;

std::tr2::sys::io_service& io_service();

protected:
explicit basic_io_object(std::tr2::sys::io_service& io_service);
“basic_io_object();

service_type& service;
implementation_type implementation;

private:
basic_io_object(const basic_io_object&); // not defined
void operator=(const basic_io_object&); // not defined

’

} // namespace sys
} // namespace tr2
} // namespace std
5.3.9.1. basic_io_object members

explicit basic_io_object(std::tr2::sys::io_service& io_service);

Effects: Calls service.construct (implementation).
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“basic_io_object();

Effects: Calls service.destroy(implementation).

std::tr2::sys::io_service& io_service();

Returns: service.io_service().

5.4. Timers

This subclause defines components for performing timer operations.

[Example: Performing a synchronous wait operation on a timer:

jo_service i;
deadline_timer t(i)

’

t.expires_from_now(seconds(5));

t.wait();

—end example]

[Example: Performing an asynchronous wait operation on a timer:

void handler(error_code ec) { ... }

io_service i;
deadline_timer t(i)

’

t.expires_from_now(seconds(5));
t.async_wait (handler);

i.run();

—end example]

5.4.1. Header <timer> synopsis

namespace std {
namespace tr2 {
namespace sys {

template<class Time> struct time traits;

template<class Time, class TimeTraits = time_traits<Time> >

class deadline_timer_ service;

template<class Time, class TimeTraits = time_traits<Time>,
class TimerService = deadline_timer_service<Time, TimeTraits> >

class basic _deadline_ timer;

typedef basic_deadline_timer<date_time> deadline_timer;

} // namespace sys
} // namespace tr2

} // namespace std

5.4.2. Requirements

5.4.2.1. Time traits requirements

In the table below, X denotes a time traits class for time type Time, t, t1, and t2 denote values of type Time, and d denotes a
value of type X: :duration_type.

Table--TimeTraits requirements

expression

return type

assertion/note
pre/post-condition

X::time_type

Time

Represents an absolute time. Must support default construction, and meet
the requirements for CopyConstructible and Assignable.

X::duration_type

Represents the difference between two absolute times. Must support default
construction, and meet the requirements for CopyConstructible and
Assignable. A duration can be positive, negative, or zero.
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assertion/note

absolute time t.

ression return t ..
expressio eturn type pre/post-condition
X::mmow(); Ht ime_type HReturns the current time.
X::add(t, d); time_type Returns a new absolute time resulting from adding the duration d to the

X::subtract(t1,
t2);

duration_type

Returns the duration resulting from subtracting t2 from t1.

X::less_than(tl,
t2);

bool

Returns whether t1 is to be treated as less than t2.

X::to_std_duration

(d);

date_time: :time_dur

ation_type

Returns the date_time: :time_duration_type value that most closely
represents the duration d.

5.4.2.2. Wait handler requirements

A wait handler must meet the requirements for a handler. A value h of a wait handler class should work correctly in the
expression h (ec), where ec is an lvalue of type const error_code.

5.4.2.3. Timer service requirements

A timer service must meet the requirements for an [/O object service, as well as the additional requirements listed below.

In the table below, X denotes a timer service class for time type Time and traits type TimeTraits, a denotes a value of type X,
b denotes a value of type X: : implementation_type, t denotes a value of type Time, d denotes a value of type
TimeTraits::duration_type, e denotes a value of type error_code, and h denotes a value meeting WaitHandler

requirements.

Table--TimerService requirements

expression

return type

assertion/note
pre/post-condition

.destroy(b);

From IoObjectService requirements. Implicitly cancels
asynchronous wait operations, as if by calling
a.cancel(b, e).

.cancel(b, e);

size_t

Causes any outstanding asynchronous wait operations to
complete as soon as possible. Handlers for cancelled
operations shall be passed the error code

error: :operation_aborted. Sets e to indicate success
or failure. Returns the number of operations that were
cancelled.

.expires_at(b);

Time

.expires_at(b, t, e);

size_t

Implicitly cancels asynchronous wait operations, as if by
calling a.cancel(b, e).Returns the number of
operations that were cancelled.

post: a.expires_at(b) == t.

.expires_from_now(b) ;

TimeTraits::durati
on_type

Returns a value equivalent to
TimeTraits::subtract(a.expires_at(b),

TimeTraits: :now()).

.expires_from_now(b, d, e);

size_t

Equivalent to a.expires_at (b,
TimeTraits::add(TimeTraits::now(), d), e).

.wait(b, e);

error_code

Sets e to indicate success or failure. Returns e.
post: 'le || !
TimeTraits::1t(TimeTraits: :now(),
a.expires_at(b)).

.async_wait(b, h)

I

Initiates an asynchronous wait operation that is performed
via the io_service object a.io_service() and
behaves according to asynchronous operation
requirements.

The handler shall be posted for execution only if the
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expression

return type

assertion/note
pre/post-condition

condition !lec || !
TimeTraits::1t(TimeTraits: :now(),

a.expires_at (b)) holds, where ec is the error code to

be passed to the handler.

5.4.3. time_traits specialisations
namespace std {
namespace tr2 {
namespace sys {
template<> struct time_traits<date_time>;
} // namespace sys

} // namespace tr2
} // namespace std

5.4.3.1. Struct time_traits<date_time>
namespace std {
namespace tr2 {
namespace sys {

template<>
struct time_traits<date_time>

// types:
typedef date_time time_type;
typedef date_time::time_duration duration_type;

// static members:
static time_type now();

static time_type add(const time_type& t, const duration_type& d);

static duration_type subtract(const time_type& t1,
const time_type& t2);

static bool less_than(const time_type& tl, const time_type& t2);

static date_time::time_duration to_std_duration(
const duration_type& d);

} // namespace sys

} // namespace tr2
} // namespace std

5.43.1.1. time_traits<date_time> static members

static time_type now();
Returns: microsecond_clock: :universal_time ().

static time_type add(const time_type& t, const duration_type& d);
Returns: t + d.

static duration_type subtract(const time_type& tl, const time_type& t2);
Returns: t1 - t2.

static bool less_than(const time_type& tl, const time_type& t2);
Returns: t1 < t2.

static date_time::time_duration to_std_duration(const duration_type& d);

Returns: d.




Networking Library Proposal for TR2 35

5.4.4. Class template deadline_timer_service

Instances of the deadline_timer_service class template meet the requirements of a TimerService.

namespace std {
namespace tr2 {
namespace sys {
template<class Time, class TimeTraits>
class deadline_timer_service
public io_service::service

public:
static io_service::id id;
// types:
typedef TimeTraits traits_type;
typedef Time time_type;
typedef typename TimeTraits::duration_type duration_type;
typedef unspecified implementation_type;

// constructors:
explicit deadline_timer_service(io_service& ios);

// members:
void construct(implementation_type& impl);

void destroy(implementation_type& impl);
size_t cancel(implementation_type& impl, error_code& ec);
time_type expires_at(const implementation_type& impl) const;

size_t expires_at(implementation_type& impl, const time_type& t,
error_code& ec);

duration_type expires_from_now(const implementation_type& impl) const;

size_t expires_from_now(implementation_type& impl,
const duration_type& d, error_code& ec);

error_code wait(implementation_type& impl, error_code& ec);

template<class WaitHandler>
void async_wait(implementation_type& impl, WaitHandler handler);

private:
virtual void shutdown_service();

)

} // namespace sys
} // namespace tr2
} // namespace std

5.4.4.1. deadline_timer_service constructors
explicit deadline_timer_service(io_service& ios);
Effects: Constructs an object of class deadline_timer_service<Time, TimeTraits>, initialising the base
class with io_service: :service(ios).
5.4.4.2. deadline_timer_service members
void shutdown_service();
Effects: Destroys all copies of user-defined handler objects owned by the service.
void construct(implementation_type& impl);
Effects: Initialises the timer implementation impl.
void destroy(implementation_type& impl);

Effects: Cleans up resources owned by the timer implementation impl. Cancels asynchronous wait operations
associated with impl as if by performing:
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error_code ec;
cancel (impl, ec);

size_t cancel(implementation_type& impl, error_code& ec);

Effects: Causes any outstanding asynchronous wait operations to complete as soon as possible. Handlers for
cancelled operations shall be passed the error code error: :operation_aborted.

Returns: The number of operations that were cancelled.

time_type expires_at(const implementation_type& impl) const;

Returns: The expiry time associated with the timer implementation imp1l, as previously set using expires_at ()
or expires_from_now().

size_t expires_at(implementation_type& impl, const time_type& t,
error_code& ec);

Effects: Sets the expiry time associated with the timer implementation impl. Implicitly cancels asynchronous
wait operations, as if by calling cancel (impl, ec).

Returns: The number of operations that were cancelled.
Postconditions: expires_at (impl) ==
duration_type expires_from_now(const implementation_type& impl) const;

Returns: A value equivalent to TimeTraits: :subtract(a.expires_at(b), TimeTraits::now()).

size_t expires_from_now(implementation_type& impl,
const duration_type& d, error_code& ec);

Effects: Equivalent to a.expires_at(b, TimeTraits::add(TimeTraits::now(), d), ec).

error_code wait(implementation_type& impl, error_code& ec);
Effects: Performs a synchronous wait operation associated with the timer implementation impl.
Returns: ec.

Postconditions: ''ec || !TimeTraits::1t(TimeTraits::now(), a.expires_at(b)).

template<class WaitHandler>
void async_wait(implementation_type& impl, WaitHandler handler);

Effects: Initiates an asynchronous wait operation that is performed via the io_service object returned by
io_service() and behaves according to asynchronous operation requirements.

The handler shall be posted for invocation only if the condition !!ec || !
TimeTraits::1t(TimeTraits::now(), expires_at(impl)) holds, where ec is the error code to be passed
to the handler.

5.4.5. Class template basic_deadline_timer

namespace std {
namespace tr2 {
namespace sys {

template<class Time, class TimeTraits, class TimerService>
class basic_deadline_timer
public basic_io_object<ResolverService>

public:
// types:
typedef TimeTraits traits_type;
typedef Time time_type;
typedef typename TimeTraits::duration_type duration_type;

// constructors:
explicit basic_deadline_timer(std::tr2::sys::io_service& io_service);
basic_deadline_timer(std::tr2::sys::io_service& io_service,

const time_type& t);
basic_deadline_timer(std::tr2::sys::io_service& io_service,

const duration_type& d);



Networking Library Proposal for TR2 37

// members:

size_t cancel();

size_t cancel(error_code& ec);
time_type expires_at() const;

size_t expires_at(const time_type& t);
size_t expires_at(const time_type& t, error_code& ec);

duration_type expires_from_now() const;

size_t expires_from_now(const duration_type& d);
size_t expires_from_now(const duration_type& d, error_code& ec);

void wait();
error_code wait(error_code& ec);

template <class WaitHandler>
void async_wait(WaitHandler handler);
s

} // namespace sys
} // namespace tr2
} // namespace std

5.4.5.1. basic_deadline_timer constructors

explicit basic_deadline_timer(std::tr2::sys::io_service& io_service);

Effects: Constructs an object of class basic_deadline_timer<Time, TimeTraits, TimerService>,
initialising the base class with basic_io_object(io_service).

basic_deadline_timer(std::tr2::sys::io_service& io_service,
const time_type& t);

Effects: Constructs an object of class basic_deadline_timer<Time, TimeTraits, TimerService>,
initialising the base class with basic_io_object (io_service), then setting the expiry time as if by calling:
error_code ec;

this->service.expires_at(this->implementation, t, ec);

if (ec) throw system_error(ec);

basic_deadline_timer(std::tr2::sys::io_service& io_service,
const duration_type& d);

Effects: Constructs an object of class basic_deadline_timer<Time, TimeTraits, TimerService>,
initialising the base class with basic_io_object (io_service), then setting the expiry time as if by calling:
error_code ec;

this->service.expires_from_now(this->implementation, d, ec);
if (ec) throw system_error(ec);

5.4.5.2. basic_deadline_timer members

size_t cancel();
size_t cancel(error_code& ec);

Returns: this->service.cancel (this->implementation, ec).
time_type expires_at() const;
Returns: this->service.expires_at(this->implementation).

size_t expires_at(const time_type& t);
size_t expires_at(const time_type& t, error_code& ec);

Returns: this->service.expires_at(this->implementation, t, ec).
duration_type expires_from_now() const;

Returns: this->service.expires_from_now(this->implementation).

size_t expires_from_now(const duration_type& d);
size_t expires_from_now(const duration_type& d, error_code& ec);
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Returns: this->service.expires_from_now(this->implementation, d, ec).

void wait();
error_code wait(error_code& ec);

Returns: this->service.wait(this->implementation, ec).

template <class WaitHandler>
void async_wait(WaitHandler handler);

Effects: Calls this->service.async_wait(this->implementation, handler)

5.5. Buffers

5.5.1. Header <buffer> synopsis
namespace std {
namespace tr2 {
namespace sys {

class mutable buffer;

template<class T> T buffer_cast(const mutable_buffer&);
size_t buffer_size(const mutable_buffer&);

mutable_buffer operator+(const mutable_buffer&, size_t);
mutable_buffer operator+(size_t, const mutable_buffer&);

class const_buffer;

template<class T> T buffer_cast(const const_buffer&);
size_t buffer_size(const const_buffer&);

const_buffer operator+(const const_buffer&, size_t);
const_buffer operator+(size_t, const const_buffer&);

class mutable buffers 1;

class const buffers 1;

// buffer creation functions:

mutable_buffers_1 buffer(void*, size_t);
const_buffers_1 buffer(const void*, size_t);

mutable_buffers_1 buffer(const mutable_buffer&);
mutable_buffers_1 buffer(const mutable_buffer&, size_t);
const_buffers_1 buffer(const const_buffer&);
const_buffers_1 buffer(const const_buffer&, size_t);

template<class T, size_t N>

mutable_buffers_1 buffer(T (&) [N]);
template<class T, size_t N>

mutable_buffers_1 buffer(T (&)[N], size_t);
template<class T, size_t N>

const_buffers_1 buffer(const T (&) [N]);
template<class T, size_t N>

const_buffers_1 buffer(const T (&) [N], size_t);

template<class T, size_t N>

mutable_buffers_1 buffer(array<T, N>&);
template<class T, size_t N>

mutable_buffers_1 buffer(array<T, N>&, size_t);
template<class T, size_t N>

const_buffers_1 buffer(array<const T, N>&);
template<class T, size_t N>

const_buffers_1 buffer(array<const T, N>&, size_t);
template<class T, size_t N>

const_buffers_1 buffer(const array<T, N>&);
template<class T, size_t N>

const_buffers_1 buffer(const array<T, N>&, size_t);

template<class T, class Allocator>

mutable_buffers_1 buffer(vector<T, Allocator>&);
template<class T, class Allocator>

mutable_buffers_1 buffer(vector<T, Allocator>&, size_t);
template<class T, class Allocator>
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const_buffers_1 buffer(const vector<T, Allocator>&);
template<class T, class Allocator>
const_buffers_1 buffer(const vector<T, Allocator>&, size_t);

template<class CharT, class Traits, class Allocator>
const_buffers_1 buffer(const basic_string<CharT, Traits, Allocator>&);
template<class CharT, class Traits, class Allocator>
const_buffers_1 buffer(const basic_string<CharT, Traits, Allocator>&,
size_t);

template<class Allocator = std::allocator<char> >
class basic fifobuf;

typedef basic_fifobuf<> fifobuf;

class transfer all;
class transfer_ at least;

// synchronous read operations:

template<class SyncReadStream, class MutableBufferSequence>
size_t read(SyncReadStream& stream,
const MutableBufferSequence& buffers);
template<class SyncReadStream, class MutableBufferSequence>
size_t read(SyncReadStream& stream,
const MutableBufferSequence& buffers, error_code& ec);
template<class SyncReadStream, class MutableBufferSequence,
class CompletionCondition>
size_t read(SyncReadStream& stream,
const MutableBufferSequence& buffers,
CompletionCondition completion_condition) ;
template<class SyncReadStream, class MutableBufferSequence,
class CompletionCondition>
size_t read(SyncReadStream& stream,
const MutableBufferSequence& buffers,
CompletionCondition completion_condition,
error_code& ec);
template<class SyncReadStream, class Allocator>
size_t read(SyncReadStream& stream, basic_fifobuf<Allocator>& £fb);
template<class SyncReadStream, class Allocator>
size_t read(SyncReadStream& stream, basic_fifobuf<Allocator>& fb,
error_code& ec);
template<class SyncReadStream, class Allocator,
class CompletionCondition>
size_t read(SyncReadStream& stream, basic_fifobuf<Allocator>& fb,
CompletionCondition completion_condition) ;
template<class SyncReadStream, class Allocator,
class CompletionCondition>
size_t read(SyncReadStream& stream, basic_fifobuf<Allocator>& fb,
CompletionCondition completion_condition,
error_code& ec);

// asynchronous read operations:

template<class AsyncReadStream, class MutableBufferSequence,
class ReadHandler>
size_t async_read(AsyncReadStream& stream,
const MutableBufferSequence& buffers,
ReadHandler handler);
template<class AsyncReadStream, class MutableBufferSequence,
class CompletionCondition, class ReadHandler>
size_t async_read(AsyncReadStream& stream,
const MutableBufferSequence& buffers,
CompletionCondition completion_condition,
ReadHandler handler);
template<class AsyncReadStream, class Allocator, class ReadHandler>
size_t async_read(AsyncReadStream& stream,
basic_fifobuf<Allocator>& £fb,
ReadHandler handler);
template<class AsyncReadStream, class Allocator,
class CompletionCondition, class ReadHandler>
size_t async_read(AsyncReadStream& stream,
basic_fifobuf<Allocator>& fb,
CompletionCondition completion_condition,
ReadHandler handler);

// synchronous write operations:
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template<class SyncWriteStream, class ConstBufferSequence>
size_t write(SyncWriteStream& stream,
const ConstBufferSequence& buffers);
template<class SyncWriteStream, class ConstBufferSequence>
size_t write(SyncWriteStream& stream,
const ConstBufferSequence& buffers, error_code& ec);
template<class SyncWriteStream, class ConstBufferSequence,
class CompletionCondition>
size_t write(SyncWriteStream& stream,
const ConstBufferSequence& buffers,
CompletionCondition completion_condition) ;
template<class SyncWriteStream, class ConstBufferSequence,
class CompletionCondition>
size_t write(SyncWriteStream& stream,
const ConstBufferSequence& buffers,
CompletionCondition completion_condition,
error_code& ec);
template<class SyncWriteStream, class Allocator>
size_t write(SyncWriteStream& stream, basic_fifobuf<Allocator>& fb);
template<class SyncWriteStream, class Allocator>
size_t write(SyncWriteStream& stream, basic_fifobuf<Allocator>& fb,
error_code& ec);
template<class SyncWriteStream, class Allocator,
class CompletionCondition>
size_t write(SyncWriteStream& stream,
basic_fifobuf<Allocator>& £fb,
CompletionCondition completion_condition) ;
template<class SyncWriteStream, class Allocator,
class CompletionCondition>
size_t write(SyncWriteStream& stream,
basic_fifobuf<Allocator>& £fb,
CompletionCondition completion_condition,
error_code& ec);

// asynchronous write operations:

template<class AsyncWriteStream, class ConstBufferSequence,
class WriteHandler>
size_t async_write(AsyncWriteStream& stream,
const ConstBufferSequence& buffers,
WriteHandler handler);
template<class AsyncWriteStream, class ConstBufferSequence,
class CompletionCondition, class WriteHandler>
size_t async_write(AsyncWriteStream& stream,
const ConstBufferSequence& buffers,
CompletionCondition completion_condition,
WriteHandler handler);
template<class AsyncWriteStream, class Allocator, class WriteHandler>
size_t async_write(AsyncWriteStream& stream,
basic_fifobuf<Allocator>& fb,
WriteHandler handler);
template<class AsyncWriteStream, class Allocator,
class CompletionCondition, class WriteHandler>
size_t async_write(AsyncWriteStream& stream,
basic_fifobuf<Allocator>& £fb,
CompletionCondition completion_condition,
WriteHandler handler);

// synchronous delimited read operations:

template <class SyncReadStream, class Allocator>
size_t read_until(SyncReadStream& s, basic_fifobuf<Allocator>& fb,
char delim);
template <class SyncReadStream, class Allocator>
size_t read_until(SyncReadStream& s, basic_fifobuf<Allocator>& fb,
char delim, error_code& ec);
template <class SyncReadStream, class Allocator>
size_t read_until(SyncReadStream& s, basic_fifobuf<Allocator>& fb,
const string& delim);
template <class SyncReadStream, class Allocator>
size_t read_until(SyncReadStream& s, basic_fifobuf<Allocator>& fb,
const string& delim, error_code& ec);

// asynchronous delimited read operations:

template <class AsyncReadStream, class Allocator, class ReadHandler>
void async_read_until (AsyncReadStream& s,
basic_fifobuf<Allocator>& fb, char delim,
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ReadHandler handler);

template <class AsyncReadStream, class Allocator, class ReadHandler>
void async_read_until(AsyncReadStream& s,

} // namespace sys
} // namespace tr2
} // namespace std

5.5.2. Requirements

basic_fifobuf<Allocator>& £fb,
const string& delim, ReadHandler handler);

5.5.2.1. Convertible to mutable buffer requirements

A type that meets the requirements for convertibility to a mutable buffer must meet the requirements of CopyConstructible

types (C++ Std, 20.1.3), and the requirements of Assignable types (C++ Std, 23.1).

In the table below, X denotes a class meeting the requirements for convertibility to a mutable buffer, a and b denote values of

type X, and u, v and w denote identifiers.

Table--ConvertibleToMutableBuffer requirements

expression ‘ ‘ postcondition

mutable_buffer u(a); buffer_cast<void*>(u) == buffer_cast<voidx*>(v)
mutable_buffer v(a); && buffer_size(u) == buffer_size(v)
mutable_buffer u(a); buffer_cast<voidx*>(u) == buffer_cast<voidx*>(v)
mutable_buffer v = a; && buffer_size(u) == buffer_size(v)
mutable_buffer u(a); buffer_cast<void#*>(u) == buffer_cast<voidx*>(v)
mutable_buffer v; v = a; && buffer_size(u) == buffer_size(v)
mutable_buffer.u(a); buffer_cast<void*>(u) == buffer_cast<void*>(w)
const X& v = a; && buffer_size(u) == buffer_size(w)
mutable_buffer w(v); - -

?us?g%?_buffer ula); buffer_cast<void*>(u) == buffer_cast<void*>(w)
mutable_buffer w(v); && buffer_size(u) == buffer_size(w)
?usazlgfbuffer u(a); buffer_cast<void*>(u) == buffer_cast<void*>(w)
mutable buffer w(v); && buffer_size(u) == buffer_size(w)
?us%g%?—suif:? u(a); buffer_cast<void*>(u) == buffer_cast<void*>(w)
nutable_buffer w(v); && buffer_size(u) == buffer_size(w)

5.5.2.2. Mutable buffer sequence requirements

In the table below, X denotes a class containing objects of type T, a denotes a value of type X and u denotes an identifier.

Table--MutableBufferSequence requirements

assertion/note

expression o e
P pre/post-condition

return type

‘T ‘T meets the requirements for ConvertibleToMutableBuffer.

X::value_type

X::const_iter |iterator type pointing to |const_iterator meets the requirements for bidirectional iterators (C++ Std,
ator T 24.1.4).

X(a); post: equal_mutable_buffer_seq(a, X(a)) where the binary predicate

equal_mutable_buffer_seq is defined as

bool equal_mutable_buffer_seq(
const X& x1, const X& x2)

{

return
distance(xl.begin(), xl.end())
== distance(x2.begin(), x2.end())
&& equal(xl.begin(), x1.end(),
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assertion/note

expression return type pre/post-condition

x2.begin(), equal_buffer);
+

and the binary predicate equal_buffer is defined as

bool equal_buffer(
const X::value_type& vi,
const X::value_type& v2)

mutable_buffer bil(vl);
mutable_buffer b2(v2);
return
buffer_cast<const void*>(b1l)
== buffer_cast<const void*>(b2)
&& buffer_size(bl) == buffer_size(b2);

post:
distance(a.begin(), a.end())
== distance(u.begin(), u.end())
&& equal(a.begin(), a.end(),
u.begin(), equal_buffer)

where the binary predicate equal_buffer is defined as

bool equal_buffer(
X u(a); const X::value_type& vi,
const X::value_type& v2)

mutable_buffer bil(vl);
mutable_buffer b2(v2);
return
buffer_cast<const voidx*>(bl)
== buffer_cast<const void*>(b2)
&& buffer_size(bl) == buffer_size(b2);

(&2)=>"XO); void note: the destructor is applied to every element of a; all the memory is deallocated.

const_iterator or

a.begin(); convertible to
const_iterator

const_iterator or

a.end(); convertible to
const_iterator

5.5.2.3. Convertible to const buffer requirements

A type that meets the requirements for convertibility to a const buffer must meet the requirements of CopyConstructible
types (C++ Std, 20.1.3), and the requirements of Assignable types (C++ Std, 23.1).

In the table below, X denotes a class meeting the requirements for convertibility to a const buffer, a and b denote values of type
X, and u, v and w denote identifiers.

Table--ConvertibleToConstBuffer requirements

expression ‘ ‘ postcondition
const_buffer u(a); buffer_cast<const void*>(u) == buffer_cast<const voidx*>(v)
const_buffer v(a); && buffer_size(u) == buffer_size(v)
const_buffer u(a); buffer_cast<const void*>(u) == buffer_cast<const void*>(v)
const_buffer v = a; && buffer_size(u) == buffer_size(v)
const_buffer u(a); buffer_cast<const void*>(u) == buffer_cast<const voidx*>(v)
const_buffer v; v = a; && buffer_size(u) == buffer_size(v)
const_buffer u(a); ‘@uffer_cast<const void*>(u) == buffer_cast<const void*>(w)
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expression ‘ ‘ postcondition
const X& v = a; . _ .
const_buffer w(v); && buffer_size(u) == buffer_size(w)
;osﬁzs?uffer u(al; buffer_cast<const void*>(u) == buffer_cast<const voidx*>(w)
const. buffer w(v); && buffer_size(u) == buffer_size(w)
§°352‘2?ffer u(a); buffer_cast<const void*>(u) == buffer_cast<const void*>(w)
const_buffer w(v); && buffer_size(u) == buffer_size(w)
;og?ﬁj?uifira?(a); buffer_cast<const void*>(u) == buffer_cast<const voidx*>(w)
? ’ . && buffer_size(u) == buffer_size(w)
const_buffer w(v);

5.5.2.4. Constant buffer sequence requirements

In the table below, X denotes a class containing objects of type T, a denotes a value of type X and u denotes an identifier.

Table--ConstBufferSequence requirements

expression

assertion/note

return type pre/post-condition

X::value_type ‘h

h‘ meets the requirements for ConvertibleToConstBuffer.

ator

X::const_iter iterator type pointing to const_iterator meets the requirements for bidirectional iterators (C++ Std,
T

24.1.4).

X(a);

post: equal_const_buffer_seq(a, X(a)) where the binary predicate

equal_const_buffer_seq is defined as
bool equal_const_buffer_seq(
const X& x1, const X& x2)

return
distance(x1l.begin(), x1.end())
== distance(x2.begin(), x2.end())
&& equal(xl.begin(), x1.end(),
) x2.begin(), equal_buffer);

and the binary predicate equal_buffer is defined as

bool equal_buffer(
const X::value_type& vi,
const X::value_type& v2)

const_buffer bil(vl);
const_buffer b2(v2);
return
buffer_cast<const void*>(b1l)
== buffer_cast<const void*>(b2)
&& buffer_size(bl) == buffer_size(b2);

X u(a);

post:
distance(a.begin(), a.end())
== distance%u.begin(), u.end())
&% equal(a.begin(), a.end(),
u.begin(), equal_buffer)

where the binary predicate equal_buffer is defined as

bool equal_buffer(
const X::value_type& vi,
const X::value_type& v2)

const_buffer bl(vl);
const_buffer b2(v2);
return
buffer_cast<const void*>(bl)
== buffer_cast<const void*>(b2)
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expression return type assertion/note
P P pre/post-condition
&& buffer_size(bl) == buffer_size(b2);
}
(%a)->"XQO); void note: the destructor is applied to every element of a; all the memory is
deallocated.
const_iterator or
a.begin(); onvertible to
const_iterator
const_iterator or
a.end(); onvertible to
const_iterator

5.5.2.5. Buffer-oriented synchronous read stream requirements

In the table below, a denotes a synchronous read stream object, mb denotes an object satisfying mutable buffer sequence
requirements, and ec denotes an object of type error_code.

Table--Buffer-oriented synchronous read stream requirements

operation

| type |

semantics, pre/post-conditions

a.read_some (mb)

)

size t size_t

Equivalent to:
error_code ec;

s = a.read_some(mb, ec);

if (ec) throw system_error(ec);
return s;

a.read_some(mb,
ec);

size_t

Reads one or more bytes of data from the stream a.
The mutable buffer sequence mb specifies memory where the data should be placed. The
read_some operation shall always fill a buffer in the sequence completely before proceeding

to the next.

If successful, returns the number of bytes read and sets ec such that !ec is true. If an error
occurred, returns 0 and sets ec such that ! !ec is true.

If the total size of all buffers in the sequence mb is 0, the function shall return 0 immediately.

5.5.2.6. Buffer-oriented asynchronous read stream requirements

In the table below, a denotes an asynchronous read stream object, mb denotes an object satisfying mutable buffer sequence
requirements, and h denotes an object satisfying read handler requirements.

Table--Buffer-oriented asynchronous read stream requirements

operation

type

semantics, pre/post-conditions

a.io_service();

io_service&

Returns the io_service object through which the async_read_some handler h
will be invoked.

mb, h);

a.async_read_some (

void

Initiates an asynchronous operation to read one or more bytes of data from the
stream a. The operation is performed via the io_service object a.io_service()
and behaves according to asynchronous operation requirements.

The mutable buffer sequence mb specifies memory where the data should be placed.
The async_read_some operation shall always fill a buffer in the sequence
completely before proceeding to the next.

The implementation shall maintain one or more copies of mb until such time as the
read operation no longer requires access to the memory specified by the buffers in
the sequence. The program must ensure the memory is valid until:

— the last copy of mb is destroyed, or
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operation

| type

H semantics, pre/post-conditions

— the handler for the asynchronous read operation is invoked,
whichever comes first.
If the total size of all buffers in the sequence mb is O, the asynchronous read

operation shall complete immediately and pass O as the argument to the handler that
specifies the number of bytes read.

5.5.2.7. Buffer-oriented synchronous write stream requirements

In the table below, a denotes a synchronous write stream object, cb denotes an object satisfying constant buffer sequence
requirements, and ec denotes an object of type error_code.

Table--Buffer-oriented synchronous write stream requirements

operation ‘ ‘

type

semantics, pre/post-conditions

a.write_some(cb)

)

size_t

Equivalent to:

error_code ec;

size_t s = a.write_some(cb, ec);
if (ec) throw system_error(ec);
return s;

a.write_some(cb,

ec); size_t

Writes one or more bytes of data to the stream a.

The constant buffer sequence cb specifies memory where the data to be written is located.
The write_some operation shall always write a buffer in the sequence completely before
proceeding to the next.

If successful, returns the number of bytes written and sets ec such that !ec is true. If an
error occurred, returns O and sets ec such that ! !ec is true.

If the total size of all buffers in the sequence cb is 0, the function shall return 0 immediately.

5.5.2.8. Buffer-oriented asynchronous write stream requirements

In the table below, a denotes an asynchronous write stream object, cb denotes an object satisfying constant buffer sequence
requirements, and h denotes an object satisfying write handler requirements.

Table--Buffer-oriented asynchronous write stream requirements

operation

| type

H semantics, pre/post-conditions

a.io_service();

io_service&

Returns the io_service object through which the async_write_some handler h
will be invoked.

a.async_write_some
(cb, h);

void

Initiates an asynchronous operation to write one or more bytes of data to the stream
a. The operation is performed via the io_service object a.io_service() and

behaves according to asynchronous operation requirements.

The constant buffer sequence cb specifies memory where the data to be written is
located. The async_write_some operation shall always write a buffer in the
sequence completely before proceeding to the next.

The implementation shall maintain one or more copies of cb until such time as the
write operation no longer requires access to the memory specified by the buffers in
the sequence. The program must ensure the memory is valid until:

— the last copy of cb is destroyed, or

— the handler for the asynchronous write operation is invoked,

whichever comes first.
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H operation type H semantics, pre/post-conditions H

operation shall complete immediately and pass O as the argument to the handler that

If the total size of all buffers in the sequence cb is 0, the asynchronous write
specifies the number of bytes written.

5.5.3. Class mutable_buffer

The mutable_buffer class meets the requirements for ConvertibleToMutableBuffer and ConvertibleToConstBuffer.

namespace std {
namespace tr2 {
namespace sys {
class mutable_buffer
public:
mutable_buffer();
mutable_buffer(void* data, size_t size);

};

template<class T> T buffer_cast(const mutable_buffer& b);
size_t buffer_size(const mutable_buffer& b);

mutable_buffer operator+(const mutable_buffer& b, size_t size);
mutable_buffer operator+(size_t size, const mutable_buffer& b);

} // namespace sys

} // namespace tr2
} // namespace std

5.5.3.1. mutable_buffer constructors
mutable_buffer();

Postconditions: buffer_cast<void*>(xthis) == 0 and buffer_size(*this) ==
mutable_buffer(void* data, size_t size);

Postconditions.: buffer_cast<void*>(*this) == data and buffer_size(*this) == size.

5.5.3.2. mutable_buffer globals

template<class T> T buffer_cast(const mutable_buffer& b);

Returns: A pointer to the memory area represented by the buffer b. T must be a pointer type such that the
expression static_cast<T>(p) is valid, where p is of type voidx*.

size_t buffer_size(const mutable_buffer& b);

Returns: The size of the memory area represented by the buffer b.

5.5.3.3. mutable_buffer operators

mutable_buffer operator+(const mutable_buffer& b, size_t size);

Returns: A mutable_buffer equivalent to

mutable_buffer(
buffer_cast<char*>(b) + min(size, buffer_size(b)),
buffer_size(b) - min(size, buffer_size(b)));

mutable_buffer operator+(size_t size, const mutable_buffer& b);

Returns: A mutable_buffer equivalent to

mutable_buffer(
buffer_cast<char*>(b) + min(size, buffer_size(b)),
buffer_size(b) - min(size, buffer_size(b)));

5.5.4. Class const_buffer

The const_buffer class meets the requirements for ConvertibleToConstBuffer.
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namespace std {
namespace tr2 {
namespace sys {
class const_buffer
public:
const_buffer();

const_buffer(const void* data, size_t size);
const_buffer(const mutable_buffer& b);

’

template<class T> T buffer_cast(const const_buffer& b);
size_t buffer_size(const const_buffer& b);

const_buffer operator+(const const_buffer& b, size_t size);
const_buffer operator+(size_t size, const const_buffer& b);

} // namespace sys

} // namespace tr2
} // namespace std

5.5.4.1. const_buffer constructors

const_buffer();

Postconditions.: buffer_cast<const void*>(*this) == 0 and buffer_size(*this) ==

const_buffer(const void* data, size_t size);

Postconditions.: buffer_cast<const void*>(*this) == data and buffer_size(*this) == size.

const_buffer(const mutable_buffer& b);

Postconditions.: buffer_cast<const void*>(*this) == buffer_cast<const void#*>(b) and
buffer_size(*this) == buffer_size(b).
5.5.4.2. const_buffer globals

template<class T> T buffer_cast(const const_buffer& b);

Returns: A pointer to the memory area represented by the buffer b. T must be a pointer type such that the
expression static_cast<T>(p) is valid, where p is of type const voidx*.

size_t buffer_size(const const_buffer& b);

Returns: The size of the memory area represented by the buffer b.

5.5.4.3. const_buffer operators

const_buffer operator+(const const_buffer& b, size_t size);

Returns: A const_buffer equivalent to

const_buffer(
buffer_cast<const char*>(b) + min(size, buffer_size(b)),
buffer_size(b) - min(size, buffer_size(b)));

const_buffer operator+(size_t size, const const_buffer& b);
Returns: A const_buffer equivalent to
const_buffer(

buffer_cast<const char*>(b) + min(size, buffer_size(b)),
buffer_size(b) - min(size, buffer_size(b)));

5.5.5. Class mutable_buffers_1

The mutable_buffers_1 class meets the requirements for MutableBufferSequence, ConstBufferSequence,
ConvertibleToMutableBuffer, and ConvertibleToConstBuffer.

mutable_buffers_1 is derived from mutable_buffer so that it is convertible to both mutable_buffer and
const_buffer, while ensuring that the conversion to mutable_buffer is the better conversion. This prevents ambiguities
when passing to functions that are overloaded on both mutable_buffer and const_buffer, such as buffer().
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namespace std {
namespace tr2 {
namespace sys {

class mutable_buffers_1
public mutable_buffer

public:
// types:
typedef mutable_buffer value_type;
typedef unspecified const_iterator;

// constructors:
mutable_buffers_1(void* data, size_t size);
explicit mutable_buffers_1(const mutable_buffer& b);

// members:
const_iterator begin() const;
const_iterator end() const;

};

} // namespace sys
} // namespace tr2
} // namespace std

An object of class mutable_buffers_1 represents a sequence of exactly one mutable_buffer object.

5.5.5.1. mutable_buffers_1 constructors

mutable_buffers_1(const void* data, size_t size);

Effects: Constructs an object of class mutable_buffers_1, initialising the base class with
mutable_buffer(data, size).

explicit mutable_buffers_1(const mutable_buffer& b);

Effects: Constructs an object of class mutable_buffers_1, initialising the base class with
mutable_buffer(b).

5.5.5.2. mutable_buffers_1 members

const_iterator begin() const;

Returns: An iterator referring to the first (and only) mutable_buffer object in the sequence.

const_iterator end() const;

Returns: An iterator which is the past-the-end value.

5.5.6. Class const_buffers_1

The const_buffers_1 class meets the requirements for ConstBufferSequence, and ConvertibleToConstBuffer.

namespace std {
namespace tr2 {
namespace sys {

class const_buffers_1
public const_buffer

public:
// types:
typedef const_buffer value_type;
typedef unspecified const_iterator;

// constructors:
const_buffers_1(const void* data, size_t size);
explicit const_buffers_1(const const_buffer& b);

// members:
const_iterator begin() const;
const_iterator end() const;

};

} // namespace sys
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} // namespace tr2
} // namespace std

An object of class const_buffers_1 represents a sequence of exactly one const_buffer object.

5.5.6.1. const_buffers_1 constructors

const_buffers_1(const void* data, size_t size);

Effects: Constructs an object of class const_buffers_1, initialising the base class with const_buffer(data,
size).

explicit const_buffers_1(const const_buffer& b);

Effects: Constructs an object of class const_buffers_1, initialising the base class with const_buffer(b).

5.5.6.2. const_buffers_1 members

const_iterator begin() const;

Returns: An iterator referring to the first (and only) const_buffer object in the sequence.

const_iterator end() const;

Returns: An iterator which is the past-the-end value.

5.5.7. Buffer creation functions

In the functions below, T must be a POD type.

For the function overloads below that accept an argument of type vector<>, the buffer objects returned are invalidated by any
vector operation that also invalidates all references, pointers and iterators referring to the elements in the sequence (C++ Std,
23.2.4).

For the function overloads below that accept an argument of type basic_string<>, the buffer objects returned are invalidated
according to the rules defined for invalidation of references, pointers and iterators referring to elements of the sequence (C++
Std, 21.3).

mutable_buffers_1 buffer(void* p, size_t s);
Returns: mutable_buffers_1(p, s).

const_buffers_1 buffer(const void* p, size_t s);

Returns: const_buffers_1(p, s).

mutable_buffers_1 buffer(const mutable_buffer& b);

Returns: mutable_buffers_1(b).

mutable_buffers_1 buffer(const mutable_buffer& b, size_t s);

Returns: A mutable_buffers_1 value equivalent to:
mutable_buffers_1(
buffer_cast<void#*>(b),
min(buffer_size(b), s));

const_buffers_1 buffer(const const_buffer& b);

Returns: const_buffers_1(b).

const_buffers_1 buffer(const const_buffer& b, size_t s);

Returns: A const_buffers_1 value equivalent to:
const_buffers_1(
buffer_cast<const void*>(b),
min(buffer_size(b), s));

template<class T, size_t N>
mutable_buffers_1 buffer(T (&arr) [N]);

Returns: A mutable_buffers_1 value equivalent to:
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mutable_buffers_1(
static_cast<void*>(arr),
N * sizeof(T));

template<class T, size_t N>
mutable_buffers_1 buffer(T (&arr)[N], size_t s);

Returns: A mutable_buffers_1 value equivalent to:

mutable_buffers_1(
static_cast<void*>(arr),
min(N * sizeof(T), s));

template<class T, size_t N>
const_buffers_1 buffer(const T (&arr) [N]);

Returns: A const_buffers_1 value equivalent to:

const_buffers_1(
static_cast<const void*>(arr),
N * sizeof(T));

template<class T, size_t N>
const_buffers_1 buffer(const T (&arr) [N], size_t s);

Returns: A const_buffers_1 value equivalent to:

const_buffers_1(
static_cast<const void*>(arr),
min(N * sizeof(T), s));

template<class T, size_t N>
mutable_buffers_1 buffer(array<T, N>& arr);

Returns: A mutable_buffers_1 value equivalent to:

mutable_buffers_1(
arr.data(),
arr.size() * sizeof(T));

template<class T, size_t N>
mutable_buffers_1 buffer(array<T, N>& arr, size_t s);

Returns: A mutable_buffers_1 value equivalent to:

mutable_buffers_1(
arr.data(),
min(arr.size() * sizeof(T), s));

template<class T, size_t N>
const_buffers_1 buffer(array<const T, N>& arr);

Returns: A const_buffers_1 value equivalent to:

const_buffers_1(
arr.data(),
arr.size() * sizeof(T));

template<class T, size_t N>
const_buffers_1 buffer(array<const T, N>& arr, size_t s);

Returns: A const_buffers_1 value equivalent to:

const_buffers_1(
arr.data(),
min(arr.size() * sizeof(T), s));

template<class T, size_t N>
const_buffers_1 buffer(const array<T, N>& arr);

Returns: A const_buffers_1 value equivalent to:

const_buffers_1(
arr.data(),
arr.size() * sizeof(T));

template<class T, size_t N>
const_buffers_1 buffer(const array<T, N>& arr, size_t s);
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Returns: A const_buffers_1 value equivalent to:

const_buffers_1(
arr.data(),
min(arr.size() * sizeof(T), s));

template<class T, class Allocator>
mutable_buffers_1 buffer(vector<T, Allocator>& vec);

Returns: A mutable_buffers_1 value equivalent to:

mutable_buffers_1(
vec.size() 7 &vec[0] : O,
vec.size() * sizeof(T));

template<class T, class Allocator>
mutable_buffers_1 buffer(vector<T, Allocator>&% vec, size_t s);

Returns: A mutable_buffers_1 value equivalent to:

mutable_buffers_1(
vec.size() 7 &vec[0] : O,
min(vec.size() * sizeof(T), s));

template<class T, class Allocator>
const_buffers_1 buffer(const vector<T, Allocator>& vec);

Returns: A const_buffers_1 value equivalent to:

const_buffers_1(
vec.size() 7 &vec[0] : O,
vec.size() * sizeof(T));

template<class T, class Allocator>
const_buffers_1 buffer(const vector<T, Allocator>& vec, size_t s);

Returns: A const_buffers_1 value equivalent to:

const_buffers_1(
vec.size() 7 &vec[0] : O,
min(vec.size() * sizeof(T), s));

template<class CharT, class Traits, class Allocator>
const_buffers_1 buffer(const basic_string<CharT, Traits, Allocator>& str);

Returns: A const_buffers_1 value equivalent to:

const_buffers_1(
str.data()
str.size() * sizeof (CharT));

template<class CharT, class Traits, class Allocator>
const_buffers_1 buffer(const basic_string<CharT, Traits, Allocator>& str,
size_t s);

Returns: A const_buffers_1 value equivalent to:

const_buffers_1(
str.data()
min(str.size() * sizeof(CharT), s));

5.5.8. Class template basic_fifobuf

namespace std {
namespace tr2 {
namespace sys {

template<class Allocator = std::allocator<char> >
class basic_fifobuf
public streambuf

public:
// types:
typedef Allocator allocator_type;
typedef unspecified const_buffers_type;
typedef unspecified mutable_buffers_type;
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// constructors:

explicit basic_fifobuf(
size_t max_sz = numeric_limits<size_t>::max(),
const Allocator& alloc = Allocator());

// members:

allocator_type get_allocator() const;
size_t size() const;

size_t max_size() const;
const_buffers_type data() const;
mutable_buffers_type prepare(size_t n);
void commit(size_t n);

void consume(size_t n);

protected:
// overridden virtual functions:
virtual int_type underflow();
virtual int_type pbackfail(int_type c = traits_type::eof());
virtual int_type overflow(int_type c = traits_type::eof());

private:
basic_fifobuf (const basic_fifobuf&); // not defined
void operator=(const basic_fifobuf&); // not defined

)

} // namespace sys
} // namespace tr2
} // namespace std

The class basic_fifobuf is derived from basic_streambuf to associate the input sequence and output sequence with one
or more objects of some character array type, whose elements store arbitrary values. These character array objects are internal
to the basic_fifobuf object, but direct access to the array elements is provided to permit them to be used with I[/O
operations, such as the send or receive operations of a socket. Characters written to the output sequence of a
basic_fifobuf object are appended to the input sequence of the same object.

The class basic_fifobuf permits the following implementation strategies:

® A single contiguous character array, which is reallocated as necessary to accommodate changes in the size of the
character sequence.

® A sequence of one or more character arrays, where each array is of the same size. Additional character array objects
are appended to the sequence to accommodate changes in the size of the character sequence.

® A sequence of one or more character arrays of varying sizes. Additional character array objects are appended to the
sequence to accommodate changes in the size of the character sequence.

The constructor for basic_fifobuf accepts a size_t argument specifying the maximum of the sum of the sizes of the input
sequence and output sequence. During the lifetime of the fifobuf object, the invariant size() <= max_size() shall hold.
Any member function that would, if successful, cause the invariant to be violated shall throw an exception of class
length_error.

The constructor for basic_fifobuf takes an Allocator& argument. A copy of this argument is used for any memory
allocation performed, by the constructor and by all member functions, during the lifetime of each £ifobuf object.

[Example: Writing directly from a fifobuf to a socket:

fifobuf b;
std::ostream os(&b);
0os << "Hello, World!\n";

// try sending all data in input sequence
size_t n = sock.send(b.data()g);

b.consume(n); // sent data is removed from input sequence
—end example)

[Example: Reading from a socket directly into a fifobuf:
fifobuf b;

// reserve 512 bytes in output sequence
fifobuf::const_buffers_type bufs = b.prepare(512);

size_t n = sock.receive(bufs);

// received data is "committed" from output sequence to input sequence
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b.commit(n);
std::istream is(&b);
std::string s;

is >> s;

—end example)

5.5.8.1. basic_fifobuf constructors

explicit basic_fifobuf (
size_t max_sz = numeric_limits<size_t>::max(),
const Allocator& alloc = Allocator());
Effects: Constructs an object of class basic_fifobuf<Allocator>.
Postconditions: The postconditions of this function are indicated in the table below.

Table--basic_fifobuf<Allocator>::basic_fifobuf(size t, const Allocator&) effects

‘ ‘ expression ‘ ‘ value ‘ ‘

1260 o |
‘hax_size() ‘hax_sz ‘
“get_allocator() Halloc M

5.5.8.2. basic_fifobuf members

size_t size() const;

Returns: The size of the input sequence. The value shall be equal to that calculated for s in the following code.
size_t s = 0;
const_buffers_type bufs = data();
const_buffers_type::const_iterator i = bufs.begin();
while (i !'= bufs.end())
{
const_buffer buf (xi++);
s += buffer_size(buf);

}

Complexity: Constant time. [Note: This implies that an implementation based on non-contiguous character array
objects must cache the size of all array objects that are part of the input sequence. —end note]

allocator_type get_allocator() const;

Returns: A copy of the Allocator object used to construct the fifobuf.

size_t max_size() const;

Returns: The allowed maximum of the sum of the sizes of the input sequence and output sequence.

const_buffers_type data() const;

Returns: An object of type const_buffers_type that satisfies ConstBufferSequence requirements,
representing all character array objects in the input sequence. The returned object is invalidated by any fifobuf
member function that modifies the input sequence or output sequence.

mutable_buffers_type prepare(size_t n);
Requires: size() + n <= max_size().

Effects: Ensures that the output sequence can accommodate n characters, reallocating character array objects as
necessary.

Returns: An object of type mutable_buffers_type that satisfies MutableBufferSequence requirements,
representing character array objects at the start of the output sequence such that the sum of the buffer sizes is n.
The returned object is invalidated by any fifobuf member function that modifies the input sequence or output
sequence.

Throws: length_error if size() + n > max_size().

void commit(size_t n);
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Requires: A preceding call prepare(x) where x >= n, and no intervening operations that modify the input or
output sequence.

Effects: Appends n characters from the start of the output sequence to the input sequence. The beginning of the
output sequence is advanced by n characters.

Throws: length_error if n is greater than the size of the output sequence.

void consume(size_t n);
Requires: n <= size().
Effects: Removes n characters from the beginning of the input sequence.

Throws: length_error ifn > size().

5.5.8.3. basic_fifobuf overridden virtual functions

virtual int_type underflow();

Effects: Behaves according to the description of basic_streambuf<char>: :underflow().

virtual int_type pbackfail(int_type c = traits_type::eof());
Requires: size() < max_size().

Effects: Behaves according to the description of basic_streambuf<char>: :pbackfail (), with the
specialisation that length_error is thrown if prepending the character to the input sequence would require the
condition size() > max_size() to be true.

virtual int_type overflow(int_type c = traits_type::eof());
Requires: traits_type::eq_int_type(c, traits_type::eof()) || size() < max_size().

Effects: Behaves according to the description of basic_streambuf<char>::overflow(), with the
specialisation that length_error is thrown if appending the character to the input sequence would require the
condition size() > max_size() to be true.

5.5.9. Class transfer_all

namespace std {
namespace tr2 {
namespace sys {

class transfer_all :
public binary_function<error_code, size_t, bool>

public:
bool operator()(const error_code& ec, size_t) const;

)

} // namespace sys
} // namespace tr2
} // namespace std

operator () returns ! !ec.

5.5.10. Class transfer_at_least

namespace std {
namespace tr2 {
namespace sys {

class transfer_at_least
public binary_function<error_code, size_t, bool>

public:
transfer_at_least(size_t m);
bool operator() (const error_code& ec, size_t s) const;
private:
// size_t minimum_; exposition omnly

)
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} // namespace sys
} // namespace tr2
} // namespace std

The constructor initialises minimum_ with m.

operator() returns !!ec || s >= minimum_.

5.5.11. Synchronous read operations

template<class SyncReadStream, class MutableBufferSequence>
size_t read(SyncReadStream& stream,
const MutableBufferSequence& buffers);
template<class SyncReadStream, class MutableBufferSequence>
size_t read(SyncReadStream& stream,
const MutableBufferSequence& buffers, error_code& ec);
template<class SyncReadStream, class MutableBufferSequence,
class CompletionCondition>
size_t read(SyncReadStream& stream,
const MutableBufferSequence& buffers,
CompletionCondition completion_condition);
template<class SyncReadStream, class MutableBufferSequence,
class CompletionCondition>
size_t read(SyncReadStream& stream,
const MutableBufferSequence& buffers,
CompletionCondition completion_condition,
error_code& ec);

Effects: Reads data from the buffer-oriented synchronous read stream object stream by performing one or more

calls to the stream's read_some member function.

The mutable buffer sequence buffers specifies memory where the data should be placed. The synchronous read
operation shall always fill a buffer in the sequence completely before proceeding to the next.

The completion_condition parameter specifies a function object to be called after each call to the stream's
read_some member function. The function object is passed the error_code value from the most recent
read_some call, and the total number of bytes transferred in the synchronous read operation so far. Overloads
where a completion condition is not specified behave as if called with an object of class transfer_all.

The synchronous read operation continues until:

— all buffers in the mutable buffer sequence buffers have been filled; or

— the completion condition returns true.

On exit, ec contains the error_code value from the most recent read_some call.

Returns: The total number of bytes transferred in the synchronous read operation.

template<class SyncReadStream, class Allocator>
size_t read(SyncReadStream& stream, basic_fifobuf<Allocator>& £fb);
template<class SyncReadStream, class Allocator>
size_t read(SyncReadStream& stream, basic_fifobuf<Allocator>& fb,
error_code& ec);
template<class SyncReadStream, class Allocator,
class CompletionCondition>
size_t read(SyncReadStream& stream, basic_fifobuf<Allocator>& fb,
CompletionCondition completion_condition);
template<class SyncReadStream, class Allocator,
class CompletionCondition>
size_t read(SyncReadStream& stream, basic_fifobuf<Allocator>& fb,
CompletionCondition completion_condition,
error_code& ec);

Effects: Reads data from the synchronous read stream object stream by performing one or more calls to the
stream's read_some member function.

Data is placed into the basic_fifobuf<> object £b. A mutable buffer sequence is obtained prior to each
read_some call using fb.prepare(min(N, fb.max_size() - fb.size())), where N is a suitable
implementation-defined value. After each read_some call, the implementation performs fb.commit (n), where
n is the return value from read_some.
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The completion_condition parameter specifies a function object to be called after each call to the stream's
read_some member function. The function object is passed the error_code value from the most recent
read_some call, and the total number of bytes transferred in the synchronous read operation so far. Overloads
where a completion condition is not specified behave as if called with an object of class transfer_all.

The synchronous read operation continues until:

— the basic_fifobuf<> object £b is full, that is fb.size() == fb.max_size(); or
— the completion condition returns true.

On exit, ec contains the error_code value from the most recent read_some call.

Returns: The total number of bytes transferred in the synchronous read operation.

5.5.12. Asynchronous read operations

template<class AsyncReadStream, class MutableBufferSequence,
class ReadHandler>
size_t async_read(AsyncReadStream& stream,
const MutableBufferSequence& buffers,
ReadHandler handler);
template<class AsyncReadStream, class MutableBufferSequence,
class CompletionCondition, class ReadHandler>
size_t async_read(AsyncReadStream& stream,
const MutableBufferSequence& buffers,
CompletionCondition completion_condition,
ReadHandler handler);

Effects: Initiates an asynchronous operation to read data from the buffer-oriented asynchronous read stream_
object stream by performing one or more asynchronous operations on the stream using the stream's
async_read_some member function (henceforth referred to as asynchronous read some operations). The
operation is performed via the io_service object stream.io_service() and behaves according to

asynchronous operation requirements.

The mutable buffer sequence buffers specifies memory where the data should be placed. The asynchronous
read operation shall always fill a buffer in the sequence completely before proceeding to the next.

The implementation shall maintain one or more copies of buf fers until such time as the read operation no
longer requires access to the memory specified by the buffers in the sequence. The program must ensure the
memory is valid until:

— the last copy of buffers is destroyed, or
— the handler for the asynchronous operation is invoked,
whichever comes first.

The completion_condition parameter specifies a function object to be called after the completion of each
asynchronous read some operation. The function object is passed the error_code value from the completion
handler of the most recent asynchronous read some operation, and the total number of bytes transferred in the
asynchronous read operation so far. Overloads where a completion condition is not specified behave as if called
with an object of class transfer_all.

The asynchronous read operation continues until:
— all buffers in the mutable buffer sequence buffers have been filled; or
— the completion condition returns true.

The program must ensure the AsyncReadStream object stream is valid until the handler for the asynchronous
operation is invoked.

Any implementation-defined handler objects passed to asynchronous read_some operations shall implement
io_handler_allocate, io_handler_deallocate and io_handler_invoke such that the calls are
forwarded to the equivalent functions for the object handler.

On completion of the asynchronous operation, the ReadHandler object handler is invoked with the
error_code value from the most recent asynchronous read_some operation, and the total number of bytes
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transferred.

template<class AsyncReadStream, class Allocator, class ReadHandler>
size_t async_read(AsyncReadStream& stream,
basic_fifobuf<Allocator>& £fb,
ReadHandler handler);
template<class AsyncReadStream, class Allocator,
class CompletionCondition, class ReadHandler>
size_t async_read(AsyncReadStream& stream,
basic_fifobuf<Allocator>& fb,
CompletionCondition completion_condition,
ReadHandler handler);

Effects: Initiates an asynchronous operation to read data from the buffer-oriented asynchronous read stream_
object stream by performing one or more asynchronous read_some operations on the stream. The operation is
performed via the io_service object stream.io_service() and behaves according to asynchronous
operation requirements.

Data is placed into the basic_fifobuf<> object £b. A mutable buffer sequence is obtained prior to each
async_read_some call using fb.prepare (min(N, fb.max_size() - fb.size())), where N is a suitable
implementation-defined value. After the completion of each asynchronous read some operation, the
implementation performs £b. commit (n), where n is the value passed to the asynchronous read_some
operation's completion handler.

The completion_condition parameter specifies a function object to be called after the completion of each
asynchronous read some operation. The function object is passed the error_code value from the completion
handler of the most recent asynchronous read some operation, and the total number of bytes transferred in the
asynchronous read operation so far. Overloads where a completion condition is not specified behave as if called
with an object of class transfer_all.

The asynchronous read operation continues until:
— the basic_fifobuf<> object £b is full, thatis fb.size() == fb.max_size(); or
— the completion condition returns true.

The program must ensure both the AsyncReadStream object stream and the basic_fifobuf<> object £b are
valid until the handler for the asynchronous operation is invoked.

Any implementation-defined handler objects passed to asynchronous read_some operations shall implement
io_handler_allocate, io_handler_deallocate and io_handler_invoke such that the calls are
forwarded to the equivalent functions for the object handler.

On completion of the asynchronous operation, the ReadHandler object handler is invoked with the
error_code value from the most recent asynchronous read some operation, and the total number of bytes
transferred.

5.5.13. Synchronous write operations

template<class SyncWriteStream, class ConstBufferSequence>
size_t write(SyncWriteStream& stream,
const ConstBufferSequence& buffers);
template<class SyncWriteStream, class ConstBufferSequence>
size_t write(SyncWriteStream& stream,
const ConstBufferSequence& buffers, error_code& ec);
template<class SyncWriteStream, class ConstBufferSequence,
class CompletionCondition>
size_t write(SyncWriteStream& stream,
const ConstBufferSequence& buffers,
CompletionCondition completion_condition);
template<class SyncWriteStream, class ConstBufferSequence,
class CompletionCondition>
size_t write(SyncWriteStream& stream,
const ConstBufferSequence& buffers,
CompletionCondition completion_condition,
error_code& ec);

Effects: Writes data to the buffer-oriented synchronous write stream object stream by performing one or more
calls to the stream's write_some member function.

The constant buffer sequence buffers specifies memory where the data to be written is located. The
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synchronous write operation shall always write a buffer in the sequence completely before proceeding to the
next.

The completion_condition parameter specifies a function object to be called after each call to the stream's
write_some member function. The function object is passed the error_code value from the most recent
write_some call, and the total number of bytes transferred in the synchronous write operation so far. Overloads
where a completion condition is not specified behave as if called with an object of class transfer_all.

The synchronous write operation continues until:

— all buffers in the constant buffer sequence buffers have been written; or

— the completion condition returns true.

On exit, ec contains the error_code value from the most recent write_some call.

Returns: The total number of bytes transferred in the synchronous write operation.

template<class SyncWriteStream, class Allocator>
size_t write(SyncWriteStream& stream, basic_fifobuf<Allocator>& fb);
template<class SyncWriteStream, class Allocator>
size_t write(SyncWriteStream& stream, basic_fifobuf<Allocator>& fb,
error_code& ec);
template<class SyncWriteStream, class Allocator,
class CompletionCondition>
size_t write(SyncWriteStream& stream,
basic_fifobuf<Allocator>& fb,
CompletionCondition completion_condition) ;
template<class SyncWriteStream, class Allocator,
class CompletionCondition>
size_t write(SyncWriteStream& stream,
basic_fifobuf<Allocator>& £fb,
CompletionCondition completion_condition,
error_code& ec);

Effects: Writes data to the synchronous write stream object stream by performing one or more calls to the
stream's write_some member function.

Data is written from the basic_fifobuf<> object £b. A constant buffer sequence is obtained prior to each
write_some call using fb.data(). After each write_some call, the implementation performs
fb.consume (n), where n is the return value from write_some.

The completion_condition parameter specifies a function object to be called after each call to the stream's
write_some member function. The function object is passed the error_code value from the most recent
write_some call, and the total number of bytes transferred in the synchronous write operation so far. Overloads
where a completion condition is not specified behave as if called with an object of class transfer_all.

The synchronous write operation continues until:

— the basic_fifobuf<> object £b is empty, that is fb.size() == 0;or

— the completion condition returns true.

On exit, ec contains the error_code value from the most recent write_some call.

Returns: The total number of bytes transferred in the synchronous write operation.

5.5.14. Asynchronous write operations

template<class AsyncWriteStream, class ConstBufferSequence,
class WriteHandler>
size_t async_write(AsyncWriteStream& stream,
const ConstBufferSequence& buffers,
WriteHandler handler);
template<class AsyncWriteStream, class ConstBufferSequence,
class CompletionCondition, class WriteHandler>
size_t async_write(AsyncWriteStream& stream,
const ConstBufferSequence& buffers,
CompletionCondition completion_condition,
WriteHandler handler);

Effects: Initiates an asynchronous operation to write data to the buffer-oriented asynchronous write stream object
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stream by performing one or more asynchronous operations on the stream using the stream's
async_write_some member function (henceforth referred to as asynchronous write some operations). The
operation is performed via the io_service object stream.io_service() and behaves according to

asynchronous operation requirements.

The constant buffer sequence buffers specifies memory where the data to be written is located. The
asynchronous write operation shall always write a buffer in the sequence completely before proceeding to the
next.

The implementation shall maintain one or more copies of buf fers until such time as the write operation no
longer requires access to the memory specified by the buffers in the sequence. The program must ensure the
memory is valid until:

— the last copy of buffers is destroyed, or
— the handler for the asynchronous operation is invoked,
whichever comes first.

The completion_condition parameter specifies a function object to be called after the completion of each
asynchronous write_some operation. The function object is passed the error_code value from the completion
handler of the most recent asynchronous write _some operation, and the total number of bytes transferred in the
asynchronous write operation so far. Overloads where a completion condition is not specified behave as if called
with an object of class transfer_all.

The asynchronous write operation continues until:
— all buffers in the constant buffer sequence buffers have been written; or
— the completion condition returns true.

The program must ensure the AsyncWriteStream object stream is valid until the handler for the asynchronous
operation is invoked.

Any implementation-defined handler objects passed to asynchronous write_some operations shall implement
io_handler_allocate, io_handler_deallocate and io_handler_invoke such that the calls are
forwarded to the equivalent functions for the object handler.

On completion of the asynchronous operation, the WriteHandler object handler is invoked with the
error_code value from the most recent asynchronous write_some operation, and the total number of bytes
transferred.

template<class AsyncWriteStream, class Allocator, class WriteHandler>
size_t async_write(AsyncWriteStream& stream,
basic_fifobuf<Allocator>& fb,
WriteHandler handler);
template<class AsyncWriteStream, class Allocator,
class CompletionCondition, class WriteHandler>
size_t async_write(AsyncWriteStream& stream,
basic_fifobuf<Allocator>& £fb,
CompletionCondition completion_condition,
WriteHandler handler);

Effects: Initiates an asynchronous operation to write data to the buffer-oriented asynchronous write stream object
stream by performing one or more asynchronous write some operations on the stream. The operation is
performed via the io_service object stream.io_service() and behaves according to asynchronous
operation requirements.

Data is written from the basic_fifobuf<> object £b. A constant buffer sequence is obtained prior to each
async_write_some call using fb.data(). After the completion of each asynchronous write_some operation,
the implementation performs £b. consume (n), where n is the value passed to the asynchronous write_some
operation's completion handler.

The completion_condition parameter specifies a function object to be called after the completion of each
asynchronous write_some operation. The function object is passed the error_code value from the completion
handler of the most recent asynchronous write_some operation, and the total number of bytes transferred in the
asynchronous write operation so far. Overloads where a completion condition is not specified behave as if called
with an object of class transfer_all.
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The asynchronous write operation continues until:
— the basic_fifobuf<> object £b is empty, thatis fb.size() == 0;or
— the completion condition returns true.

The program must ensure both the AsyncWriteStream object stream and the basic_fifobuf<> object £b are
valid until the handler for the asynchronous operation is invoked.

Any implementation-defined handler objects passed to asynchronous write_some operations shall implement
io_handler_allocate, io_handler_deallocate and io_handler_invoke such that the calls are
forwarded to the equivalent functions for the object handler.

On completion of the asynchronous operation, the WriteHandler object handler is invoked with the
error_code value from the most recent asynchronous write_some operation, and the total number of bytes
transferred.

5.5.15. Synchronous delimited read operations

template <class SyncReadStream, class Allocator>
size_t read_until(SyncReadStream& s, basic_fifobuf<Allocator>& fb,
char delim);
template <class SyncReadStream, class Allocator>
size_t read_until(SyncReadStream& s, basic_fifobuf<Allocator>& fb,
char delim, error_code& ec);
template <class SyncReadStream, class Allocator>
size_t read_until(SyncReadStream& s, basic_fifobuf<Allocator>& fb,
const string& delim);
template <class SyncReadStream, class Allocator>
size_t read_until(SyncReadStream& s, basic_fifobuf<Allocator>& fb,
const string& delim, error_code& ec);

Effects: Reads data from the buffer-oriented synchronous read stream object stream by performing zero or more

calls to the stream's read_some member function, until the basic_fifobuf<> object's input sequence contains
the specified delimiter delim.

Data is placed into the basic_fifobuf<> object £b. A mutable buffer sequence is obtained prior to each
read_some call using fb.prepare(min(N, fb.max_size() - fb.size())), where N is a suitable
implementation-defined value. After each read_some call, the implementation performs £b.commit (n), where
n is the return value from read_some.

The synchronous read operation continues until:
— the basic_fifobuf<> object's input sequence contains the delimiter delim; or
— the basic_fifobuf<> object £b is full, that is fb.size() == fb.max_size().

On exit, if the basic_fifobuf<> object's input sequence contains the delimiter, ec shall contain a value such
that the expression !ec is true. Otherwise, if the basic_fifobuf<> object is full, ec shall contain the
error_code value error: :not_found. If the basic_fifobuf<> object is not full, ec contains the
error_code from the most recent read_some call.

Returns: The number of bytes in the basic_fifobuf<> object's input sequence up to and including the
delimiter, if present. Otherwise returns O.

5.5.16. Asynchronous delimited read operations

template <class AsyncReadStream, class Allocator, class ReadHandler>
void async_read_until (AsyncReadStream& s,
basic_fifobuf<Allocator>& fb, char delim,
ReadHandler handler);
template <class AsyncReadStream, class Allocator, class ReadHandler>
void async_read_until (AsyncReadStream& s,
basic_fifobuf<Allocator>& £fb,
const string& delim, ReadHandler handler);

Effects: Initiates an asynchronous operation to read data from the buffer-oriented asynchronous read stream_
object stream by performing zero or more asynchronous read_some operations on the stream, until the
basic_fifobuf<> object's input sequence contains the specified delimiter delim. The operation is performed
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via the io_service object stream.io_service() and behaves according to asynchronous operation
requirements.

Data is placed into the basic_fifobuf<> object £b. A mutable buffer sequence is obtained prior to each
async_read_some call using fb.prepare (min(N, fb.max_size() - fb.size())), where N is a suitable
implementation-defined value. After the completion of each asynchronous read_some operation, the
implementation performs £b.commit (n), where n is the value passed to the asynchronous read some
operation's completion handler.

The asynchronous read operation continues until:
— the basic_fifobuf<> object's input sequence contains the delimiter delim; or
— the basic_fifobuf<> object £b is full, that is fb.size() == fb.max_size().

The program must ensure both the AsyncReadStream object stream and the basic_fifobuf<> object £b are
valid until the handler for the asynchronous operation is invoked.

Any implementation-defined handler objects passed to asynchronous read_some operations shall implement
io_handler_allocate, io_handler_deallocate and io_handler_invoke such that the calls are
forwarded to the equivalent functions for the object handler.

On completion of the asynchronous operation, the ReadHandler object handler is invoked with an
error_code value ec and a number of bytes s. If the basic_fifobuf<> object's input sequence contains the
delimiter, ec shall contain a value such that the expression !ec is true. Otherwise, if the basic_fifobuf<>
object is full, ec shall contain the error_code value error: :not_found. If the basic_fifobuf<> object is
not full, ec contains the error_code from the most recent asynchronous read some operation. s shall contain
the number of bytes in the basic_fifobuf<> object's input sequence up to and including the delimiter, if
present, otherwise O.

5.6. Header <network> synopsis

namespace std {
namespace tr2 {
namespace sys {

// Sockets:
class socket base;

template<class Protocol, class SocketService>
class basic socket;

template<class Protocol> class datagram socket service;

template<class Protocol,
class DatagramSocketService = datagram_socket_service<Protocol> >

class basic_datagram_ socket;

template<class Protocol> class stream socket service;

template<class Protocol,
class StreamSocketService = stream_socket_service<Protocol> >
class basic stream socket;

template<class Protocol> class socket acceptor_ service;

template<class Protocol,
class SocketAcceptorService = socket_acceptor_service<Protocol> >

class basic_socket_ acceptor;

// Socket streams:

template<class Protocol,
class StreamSocketService = stream_socket_service<Protocol> >
class basic socket streambuf;

template<class Protocol,
class StreamSocketService = stream_socket_service<Protocol> >
class basic socket iostream;

// Internet protocol:
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namespace ip {
class address;

// address comparisons:

bool operator==(const address&, const address&);
bool operator!=(const address&, const address&);
bool operator< (const address&, const address&);
bool operator> (const address&, const address&);
bool operator<=(const address&, const address&);
bool operator>=(const address&, const address&);

// address I/0:
template<class CharT, class Traits>
basic_ostream<CharT, Traits>& operator<<(
basic_ostream<CharT, Traits>&, const address&);

class address v4;

// address_v4 comparisons:

bool operator==(const address_v4&, const address_v4&);
bool operator!=(const address_v4&, const address_v4&);
bool operator< (const address_v4&, const address_v4&);
bool operator> (const address_v4&, const address_v4&);
bool operator<=(const address_v4&, const address_v4&);
bool operator>=(const address_v4&, const address_v4&);

// address_v4 I1/0:
template<class CharT, class Traits>
basic_ostream<CharT, Traits>& operator<<(
basic_ostream<CharT, Traits>&, const address_v4&);

class address v6;

// address_v6 comparisons:

bool operator==(const address_v6&, const address_v6&);
bool operator!=(const address_v6&, const address_v6&);
bool operator< (const address_v6&, const address_v6&);
bool operator> (const address_v6&, const address_v6&);
bool operator<=(const address_v6&, const address_v6&);
bool operator>=(const address_v6&, const address_v6&) ;

// address_v6 I1/0:
template<class CharT, class Traits>
basic_ostream<CharT, Traits>& operator<<(
basic_ostream<CharT, Traits>&, const address_v6&);

template<class InternetProtocol>
class basic_endpoint;

// basic_endpoint comparisons:
template<class InternetProtocol>
bool operator==(const basic_endpoint<InternetProtocol>&,
const basic_endpoint<InternetProtocol>&) ;
template<class InternetProtocol>
bool operator!=(const basic_endpoint<InternetProtocol>&,
const basic_endpoint<InternetProtocol>&) ;
template<class InternetProtocol>
bool operator< (const basic_endpoint<InternetProtocol>&,
const basic_endpoint<InternetProtocol>&) ;
template<class InternetProtocol>
bool operator> (const basic_endpoint<InternetProtocol>&,
const basic_endpoint<InternetProtocol>&) ;
template<class InternetProtocol>
bool operator<=(const basic_endpoint<InternetProtocol>&,
const basic_endpoint<InternetProtocol>&);
template<class InternetProtocol>
bool operator>=(const basic_endpoint<InternetProtocol>&,
const basic_endpoint<InternetProtocol>&) ;

// basic_endpoint I/0:
template<class CharT, class Traits, class InternetProtocol>
basic_ostream<CharT, Traits>& operator<<(
basic_ostream<CharT, Traits>&,
const basic_endpoint<InternetProtocol>&);

class resolver query base;
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template<class InternetProtocol>
basic resolver query;

template<class InternetProtocol>
basic_resolver_entry;

template<class InternetProtocol>
basic _resolver_iterator;

template<class InternetProtocol>
class resolver service;

template<class InternetProtocol,
class ResolverService = resolver_service<InternetProtocol> >
class basic resolver;

string host_name();
string host name(error_code&) ;

class tcp;

// tcp comparisons:

bool operator==(const tcp& a, const tcp& b);
bool operator!=(const tcp& a, const tcp& b);
bool operator< (const tcp& a, const tcp& b);
bool operator> (const tcp& a, const tcp& b);
bool operator<=(const tcp& a, const tcp& b);
bool operator>=(const tcp& a, const tcp& b);
class udp;

// udp comparisons:

bool operator==(const udp& a, const udp& b);
bool operator!=(const udp& a, const udp& b);
bool operator< (const udp& a, const udp& b);
bool operator> (const udp& a, const udp& b);

bool operator<=(const udp& a, const udp& b);
bool operator>=(const udp& a, const udp& b);

class v6_only;

namespace unicast {
class hops;

} // namespace unicast

namespace multicast {

class join group;
class leave_group;

class outbound interface;
class hops;

class enable loopback;

} // namespace multicast
} // namespace ip
} // namespace sys
} // namespace tr2
} // namespace std

5.7. Sockets

5.7.1. Requirements

5.7.1.1. Extensibility

This clause defines an optional level of conformance, in the form of additional member functions on types that satisfy
Protocol, Endpoint, SettableSocketOption, GettableSocketOption or IoControlCommand requirements.
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[Note: When the additional member functions are available, C++ programs may extend the library to add support for other
protocols and socket options. —end note]

An implementation's level of conformance shall be documented.

[Note: Implementations are encouraged to provide the additional member functions, where possible. It is intended that POSLX
and Windows implementations will provide them. —end note]

For the purposes of this clause, implementations that provide the additional member functions are known as extensible

implementations.

5.7.1.2. Endpoint requirements

An endpoint must meet the requirements of CopyConstructible types (C++ Std, 20.1.3), and the requirements of
Assignable types (C++ Std, 23.1).

In the table below, X denotes an endpoint class, a denotes a value of type X, and u denotes an identifier.

Table--Endpoint requirements

. ¢ assertion/note
expression ype pre/post-conditions
‘X: :protocol_type thpe meeting protocol requirements H ‘
‘X u; ‘ ‘ H ‘
X0; I [ |
‘a.protocol(); Hprotocol_type H ‘

In the table below, X denotes an endpoint class, a denotes a value of X, s denotes a size in bytes, and u denotes an identifier.

Table--Endpoint requirements for extensible implementations

assertion/note

expression type pre/post-conditions

Returns a pointer suitable for passing as the address argument to POSLX functions such

a.data(); a pointer as accept(), getpeername (), getsockname () and recvfrom(). The implementation

shall perform a reinterpret_cast on the pointer to convert it to sockaddrx.

Returns a pointer suitable for passing as the address argument to POSLX functions such
const X& u = a; . as connect (), or as the dest _addr argument to POSLX functions such as sendto (). The
u.data(); a pointer implementation shall perform a reinterpret_cast on the pointer to convert it to
const sockaddr*.

Returns a value suitable for passing as the address_len argument to POSLX functions
a.size(); size_t |suchas connect(), or as the dest len argument to POSIX functions such as sendto (),
after appropriate integer conversion has been performed.

post: a.size() == s

Passed the value contained in the address len argument to POSIX functions such as
a.resize(s); accept (), getpeername (), getsockname () and recvfrom(), after successful
completion of the function. Permitted to throw an exception if the protocol associated
with the endpoint object a does not support the specified size.

Returns a value suitable for passing as the address len argument to POSLX functions

a.capacity(Q; size_t |such as accept(), getpeername(), getsockname () and recvfrom(), after

appropriate integer conversion has been performed.

5.7.1.3. Protocol requirements

A protocol must meet the requirements of CopyConstructible types (C++ Std, 20.1.3), and the requirements of Assignable
types (C++ Std, 23.1).

In the table below, X denotes a protocol class, and a denotes a value of X.

Table--Protocol requirements

expression return type

assertion/note
pre/post-conditions

“X: :endpoint thpe meeting endpoint requirements
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In the table below, X denotes a protocol class, and a denotes a value of X.

Table--Protocol requirements for extensible implementations

expression return type assertion/note
P yp pre/post-conditions

a.family() int Retgrns a value suitable for passing as the domain argument to POSIX socket O (or
equivalent).

a.type () int Retgrns a value suitable for passing as the fype argument to POSIX socket O (or
equivalent).

a.protocol () int Retyrni at\)/alue suitable for passing as the protocol argument to POSLX socket () (or
equivalent).

5.7.1.4. Socket service requirements

A socket service must meet the requirements for an I/O object service, as well as the additional requirements listed below.

In the table below, X denotes a socket service class for protocol Protocol, a denotes a value of type X, b denotes a value of
type X: : implementation_type, p denotes a value of type Protocol, n denotes a value of type X: :native_type, e denotes
a value of type Protocol: :endpoint, ec denotes a value of type error_code, s denotes a value meeting
SettableSocketOption requirements, g denotes a value meeting GettableSocketOption requirements, i denotes a value
meeting IoControlCommand requirements, h denotes a value of type socket_base: : shutdown_type, ch denotes a value
meeting ConnectHandler requirements, and u and v denote identifiers.

Table--SocketService requirements

assertion/note

expression return type pre/post-condition

The implementation-defined native
representation of a socket. Must satisfy the
requirements of CopyConstructible
types (C++ Std, 20.1.3), and the
requirements of Assignable types (C++
Std, 23.1).

X::native_type

From IoObjectService requirements.

a.construct(b); -

post: 'a.is_open(b).

From IoObjectService requirements.
a.destroy(b); Implicitly cancels asynchronous operations,

as if by calling a.close(b, ec).
a.open(b, p, ec); error_code pre: 'a.is_open(b).

post: tlec || a.is_open(b).
a.assign(b, p, n, ec); error_code pre: !'a.is_open(b).

post: 'lec || a.is_open(b).
a.is_open(b); bool

const X& u = a;
const X::implementation_type& v = b; bool
u.is_open(v);

Ifa.is_open() is true, causes any
outstanding asynchronous operations to
a.close(b, ec); error_code complete as soon as possible. Handlers for
cancelled operations shall be passed the
error code error: :operation_aborted.
post: 'a.is_open(b).

a.native(b); X::native_type

a.cancel(b, ec); error_code pre: a.is_open(b).

Causes any outstanding asynchronous
operations to complete as soon as possible.



http://www.opengroup.org/onlinepubs/000095399/functions/socket.html
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expression

return type

assertion/note
pre/post-condition

Handlers for cancelled operations shall be
passed the error code
error::operation_aborted.

a.set_option(b, s, ec);

error_code

pre: a.is_open(b).

a.get_option(b, g, ec);

error_code

pre: a.is_open(b).

const X& u = a;

u.available(v, ec);

const X::implementation_type& v = b; error_code s (b)
u.get_option(v, g, ec); pre: a.1s_open
a.io_control(b, i, ec); error_code .

pre: a.is_open(b).
a.at_mark(b, ec); bool pre: a. is_open (b).
const X& u = a;
const X::implementation_type& v = b; bool C s (b)
u.at_mark(v, ec); pre: a.is_open
a.available(b, ec); size_t pre: a. is_open (b).
const X& u = a;
const X::implementation_type& v = b; size_t

pre: a.is_open(b).

a.async_connect(b, u, ch);

const typename Protocol::endpoint& u = e;

a.bind(b, u, ec); error_code pre: a.is_open(b).

a.shutdown(b, h, ec); error_code pre: a. is_open (b).
. . Protocol: :endp

a.local_endpoint(b, ec); oint pre: a.is_open(b).

const X& u = a; ..

const X::implementation_type& v = b; l;:;;:ocol. sendp s (b)

u.local_endpoint (v, ec); pre-a.is_opentib).
. . Protocol: :endp

a.remote_endpoint (b, ec); oint pre: a.is_open(b).

const X& u = a; ..

const X::implementation_type& v = b; Eggzocol..endp s (b)

u.remote_endpoint (v, ec); pre:a.1s_open

const typename Protocol::endpoint& u = e; error code

a.connect(b, u, ec); - pre: a.is_open(b).

pre: a.is_open(b).
] Initiates an asynchronous connect operation
const typename Protocol::endpoint& u = e;

that is performed via the io_service
object a.io_service() and behaves

according to asynchronous operation
requirements.

5.7.1.5. Datagram socket service requirements

A datagram socket service must meet the requirements for a socket service, as well as the additional requirements listed below.

In the table below, X denotes a datagram socket service class for protocol Protocol, a denotes a value of type X, b denotes a
value of type X: : implementation_type, e denotes a value of type Protocol: :endpoint, ec denotes a value of type
error_code, f denotes a value of type socket_base: :message_flags, mb denotes a value satisfying mutable buffer
sequence requirements, rh denotes a value meeting ReadHandler requirements, cb denotes a value satisfying constant buffer
sequence requirements, and wh denotes a value meeting WriteHandler requirements.
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Table--DatagramSocketService requirements

expression

return
type

assertion/note
pre/post-condition

a.receive(b, mb, f, ec);

size_t

pre: a.is_open(b).

Reads one or more bytes of data from a connected
socket b.

The mutable buffer sequence mb specifies memory
where the data should be placed. The operation
shall always fill a buffer in the sequence
completely before proceeding to the next.

If successful, returns the number of bytes read.
Otherwise returns O.

a.async_receive(b, mb, f, rh);

void

pre: a.is_open(b).

Initiates an asynchronous operation to read one or
more bytes of data from a connected socket b. The
operation is performed via the io_service object
a.io_service() and behaves according to

asynchronous operation requirements.

The mutable buffer sequence mb specifies memory
where the data should be placed. The operation
shall always fill a buffer in the sequence
completely before proceeding to the next.

The implementation shall maintain one or more
copies of mb until such time as the read operation
no longer requires access to the memory specified
by the buffers in the sequence. The program must
ensure the memory is valid until:

— the last copy of mb is destroyed, or

— the handler for the asynchronous operation is
invoked,

whichever comes first.

If the operation completes successfully, the

ReadHandler object rh is invoked with the
number of bytes transferred. Otherwise it is

invoked with 0.

a.receive_from(b, mb, e, f, ec);

size_t

pre: a.is_open(b).

Reads one or more bytes of data from an
unconnected socket b.

The mutable buffer sequence mb specifies memory
where the data should be placed. The operation
shall always fill a buffer in the sequence
completely before proceeding to the next.

If successful, returns the number of bytes read.
Otherwise returns O.

a.async_receive_from(b, mb, e, f, rh);

void

pre: a.is_open(b).
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expression

return
type

assertion/note
pre/post-condition

Initiates an asynchronous operation to read one or
more bytes of data from an unconnected socket b.
The operation is performed via the io_service
object a.io_service() and behaves according to

asynchronous operation requirements.

The mutable buffer sequence mb specifies memory
where the data should be placed. The operation
shall always fill a buffer in the sequence
completely before proceeding to the next.

The implementation shall maintain one or more
copies of mb until such time as the read operation
no longer requires access to the memory specified
by the buffers in the sequence. The program must
ensure the memory is valid until:

— the last copy of mb is destroyed, or

— the handler for the asynchronous operation is
invoked,

whichever comes first.

The program must ensure the object e is valid until
the handler for the asynchronous operation is
invoked.

If the operation completes successfully, the

ReadHandler object rh is invoked with the
number of bytes transferred. Otherwise it is

invoked with 0.

a.send(b, cb, f, ec);

size_t

pre: a.is_open(b).

Writes one or more bytes of data to a connected
socket b.

The constant buffer sequence cb specifies memory
where the data to be written is located. The
operation shall always write a buffer in the
sequence completely before proceeding to the
next.

If successful, returns the number of bytes written.
Otherwise returns O.

a.async_send(b, cb, f, wh);

void

pre: a.is_open(b).

Initiates an asynchronous operation to write one or
more bytes of data to a connected socket b. The
operation is performed via the io_service object
a.io_service() and behaves according to

asynchronous operation requirements.

The constant buffer sequence cb specifies memory
where the data to be written is located. The
operation shall always write a buffer in the
sequence completely before proceeding to the
next.
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expression

return
type

assertion/note
pre/post-condition

The implementation shall maintain one or more
copies of cb until such time as the write operation
no longer requires access to the memory specified
by the buffers in the sequence. The program must
ensure the memory is valid until:

— the last copy of cb is destroyed, or

— the handler for the asynchronous operation is
invoked,

whichever comes first.

If the operation completes successfully, the
WriteHandler object wh is invoked with the
number of bytes transferred. Otherwise it is
invoked with 0.

const typename Protocol::endpoint& u
a.send_to(b, cb, u, £, ec);

€5

size_t

pre: a.is_open(b).

Writes one or more bytes of data to an
unconnected socket b.

The constant buffer sequence cb specifies memory
where the data to be written is located. The
operation shall always write a buffer in the
sequence completely before proceeding to the
next.

If successful, returns the number of bytes written.
Otherwise returns 0.

const typename Protocol::endpoint& u
a.async_send(b, cb, u, f, wh);

€;

void

pre: a.is_open(b).

Initiates an asynchronous operation to write one or
more bytes of data to an unconnected socket b.
The operation is performed via the io_service
object a.io_service() and behaves according to

asynchronous operation requirements.

The constant buffer sequence cb specifies memory
where the data to be written is located. The
operation shall always write a buffer in the
sequence completely before proceeding to the
next.

The implementation shall maintain one or more
copies of cb until such time as the write operation
no longer requires access to the memory specified
by the buffers in the sequence. The program must
ensure the memory is valid until:

— the last copy of cb is destroyed, or

— the handler for the asynchronous operation is
invoked,

whichever comes first.
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expression

return assertion/note
type pre/post-condition

If the operation completes successfully, the
WriteHandler object wh is invoked with the
number of bytes transferred. Otherwise it is
invoked with 0.

5.7.1.6. Stream socket service requirements

A stream socket service must meet the requirements for a socket service, as well as the additional requirements listed below.

In the table below, X denotes a stream socket service class, a denotes a value of type X, b denotes a value of type
X::implementation_type, ec denotes a value of type error_code, f denotes a value of type

socket_base: :message_flags, mb denotes a value satisfying mutable buffer sequence requirements, rh denotes a value
meeting ReadHandler requirements, cb denotes a value satisfying constant buffer sequence requirements, and wh denotes a
value meeting WriteHandler requirements.

Table--StreamSocketService requirements

expression

return
type

assertion/note
pre/post-condition

a.receive(b, mb, f,
ec);

size_t

pre: a.is_open(b).

Reads one or more bytes of data from a connected socket b.

The mutable buffer sequence mb specifies memory where the data should be placed.
The operation shall always fill a buffer in the sequence completely before proceeding

to the next.

If successful, returns the number of bytes read. Otherwise returns 0. If the total size
of all buffers in the sequence mb is 0, the function shall return 0 immediately.

If the operation completes due to graceful connection closure by the peer, the
operation shall fail with error: :eof.

a.async_receive(b,
mb, f, rh);

void

pre: a.is_open(b).

Initiates an asynchronous operation to read one or more bytes of data from a
connected socket b. The operation is performed via the io_service object
a.io_service() and behaves according to asynchronous operation requirements.

The mutable buffer sequence mb specifies memory where the data should be placed.
The operation shall always fill a buffer in the sequence completely before proceeding
to the next.

The implementation shall maintain one or more copies of mb until such time as the
read operation no longer requires access to the memory specified by the buffers in
the sequence. The program must ensure the memory is valid until:

— the last copy of mb is destroyed, or

— the handler for the asynchronous operation is invoked,

whichever comes first. If the total size of all buffers in the sequence mb is 0, the
asynchronous read operation shall complete immediately and pass 0 as the argument

to the handler that specifies the number of bytes read.

If the operation completes due to graceful connection closure by the peer, the
operation shall fail with error: : eof.

If the operation completes successfully, the ReadHandler object rh is invoked with
the number of bytes transferred. Otherwise it is invoked with 0.
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expression

return
type

assertion/note
pre/post-condition

a.send(b, cb, f, ec); size_t

pre: a.is_open(b).

Writes one or more bytes of data to a connected socket b.

The constant buffer sequence cb specifies memory where the data to be written is
located. The operation shall always write a buffer in the sequence completely before

proceeding to the next.

If successful, returns the number of bytes written. Otherwise returns 0. If the total
size of all buffers in the sequence cb is 0, the function shall return 0 immediately.

a.async_send(b, cb,
f, wh);

void

pre: a.is_open(b).

Initiates an asynchronous operation to write one or more bytes of data to a connected
socket b. The operation is performed via the io_service object a.io_service()
and behaves according to asynchronous operation requirements.

The constant buffer sequence cb specifies memory where the data to be written is
located. The operation shall always write a buffer in the sequence completely before
proceeding to the next.

The implementation shall maintain one or more copies of cb until such time as the
write operation no longer requires access to the memory specified by the buffers in
the sequence. The program must ensure the memory is valid until:

— the last copy of cb is destroyed, or

— the handler for the asynchronous operation is invoked,

whichever comes first. If the total size of all buffers in the sequence cb is 0, the
asynchronous operation shall complete immediately and pass 0 as the argument to

the handler that specifies the number of bytes read.

If the operation completes successfully, the WriteHandler object wh is invoked
with the number of bytes transferred. Otherwise it is invoked with 0.

5.7.1.7. Socket acceptor service requirements

A socket acceptor service must meet the requirements for an 1/0 object service, as well as the additional requirements listed

below.

In the table below, X denotes a socket acceptor service class for protocol Protocol, a denotes a value of type X, b denotes a
value of type X: : implementation_type, p denotes a value of type Protocol, n denotes a value of type X: :native_type,
e denotes a value of type Protocol: :endpoint, ec denotes a value of type error_code, s denotes a value meeting
SettableSocketOption requirements, g denotes a value meeting GettableSocketOption requirements, i denotes a value
meeting IoControlCommand requirements, k denotes a value of type basic_socket<Protocol, SocketService> where
SocketService is a type meeting socket service requirements, ah denotes a value meeting AcceptHandler requirements,
and u and v denote identifiers.

Table--SocketAcceptorService requirements

expression

assertion/note

return type pre/post-condition

X::native_type

The implementation-defined native
representation of a socket acceptor. Must
satisfy the requirements of
CopyConstructible types (C++ Std,
20.1.3), and the requirements of
Assignable types (C++ Std, 23.1).

a.construct(b);

‘ ‘ ‘ ‘From IoObjectService requirements.
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expression

return type

assertion/note
pre/post-condition

kost la.is_open(b).

a.destroy(b);

From IoObjectService requirements.
Implicitly cancels asynchronous operations,
as if by calling a.close(b, ec).

a.open(b, p, ec);

error_code

pre: 'a.is_open(b).
post: 'lec || a.is_open(b).

a.assign(b, p, n, ec);

error_code

pre: 'a.is_open(b).
post: !lec || a.is_open(b).

a.is_open(b);

const X& u = a;
const X::implementation_type& v = b;
u.is_open(v);

a.close(b, ec);

error_code

Ifa.is_open() is true, causes any
outstanding asynchronous operations to
complete as soon as possible. Handlers for
cancelled operations shall be passed the
error code error: :operation_aborted.
post: 'a.is_open(b).

a.native(b);

X::native_type

a.cancel(b, ec);

error_code

pre: a.is_open(b).

Causes any outstanding asynchronous
operations to complete as soon as possible.
Handlers for cancelled operations shall be
passed the error code

error: :operation_aborted.

a.set_option(b, s, ec);

error_code

pre: a.is_open(b).

a.get_option(b, g, ec);

error_code

pre: a.is_open(b).

const X& u = a;
const X::implementation_type& v = b;
u.get_option(v, g, ec);

error_code

pre: a.is_open(b).

a.io_control(b, i, ec);

error_code

pre: a.is_open(b).

const typename Protocol::endpoint& u
a.bind(b, u, ec);

error_code

pre: a.is_open(b).

a.local_endpoint (b, ec);

Protocol: :endp

pre: a.is_open(b).

const X& u = a;
const X::implementation_type& v = b;
u.local_endpoint(v, ec);

Protocol: :endp

pre: a.is_open(b).

a.accept (b, k, &e, ec);

error_code

pre: a.is_open(b) && !k.is_open().
post: k. is_open()

a.accept(b, k, 0, ec);

error_code

pre: a.is_open(b) && 'k.is_open().
post: k.is_open()

a.async_accept(b, k, &e, ah);

pre: a.is_open(b) && 'k.is_open().
Initiates an asynchronous accept operation
that is performed via the io_service
object a.io_service() and behaves

according to asynchronous operation
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expression

assertion/note

return type pre/post-condition

requirements.

The program must ensure the objects k and
e are valid until the handler for the
asynchronous operation is invoked.

a.async_accept(b, k, 0, ah);

pre: a.is_open(b) && !k.is_open().
Initiates an asynchronous accept operation
that is performed via the io_service
object a.io_service() and behaves

according to asynchronous operation
requirements.

The program must ensure the object k is
valid until the handler for the asynchronous
operation is invoked.

5.7.1.8. Gettable socket option requirements

In the table below, X denotes a socket option class, a denotes a value of X, p denotes a value that meets the protocol_
requirements, and u denotes an identifier.

Table--GettableSocketOption requirements for extensible implementations

expression

type

assertion/note
pre/post-conditions

[

.level(p);

int

Returns a value suitable for passing as the level argument to POSLX getsockopt O
(or equivalent).

o

.name (p) ;

int

Returns a value suitable for passing as the option _name argument to POSIX

getsockopt () (or equivalent).

[

.data(p);

a pointer,
convertible to
void*

Returns a pointer suitable for passing as the option value argument to POSIX

getsockopt () (or equivalent).

[

.size(p);

size_t

Returns a value suitable for passing as the option_len argument to POSIX

etsockopt () (or equivalent), after appropriate integer conversion has been
erformed.

[

.resize(p, s);

post: a.size(p) == s.

Passed the value contained in the option len argument to POSIX getsockopt O (or
equivalent) after successful completion of the function. Permitted to throw an
exception if the socket option object a does not support the specified size.

5.7.1.9. Settable socket option requirements

In the table below, X denotes a socket option class, a denotes a value of X, p denotes a value that meets the protocol_
requirements, and u denotes an identifier.

Table--SettableSocketOption requirements for extensible implementations

expression tvoe assertion/note
P yp pre/post-conditions
a.level(p); int Returns a value sultablg for passing as the level argument to POSIX
setsockopt () (or equivalent).
a.name (p) ; int Returns a value suitable for passing as the option name argument to POSILX|

setsockopt () (or equivalent).

const X& u = a;

a pointer, convertible

Returns a pointer suitable for passing as the option value argument to

u.data(p); to const void POSIX setsockopt () (or equivalent).
a.size(p) ; size t Returns a value suitable for passing as the option_len argument to POSIX

setsockopt O (or equivalent), after appropriate integer conversion has
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pre/post-conditions

. assertion/note
expression type

Tbeen performed.

5.7.1.10. I/O control command requirements

In the table below, X denotes an I/O control command class, a denotes a value of X, and u denotes an identifier.

Table--IoControlCommand requirements for extensible implementations

expression type assertion/note
P " pre/post-conditions
a.name () ; int Returns a value suitable for passing as the request argument to POSIX ioctl ()
' ’ (or equivalent).
a.data(); a pointer, convertible to
’ void*

5.7.1.11. Read handler requirements

A read handler must meet the requirements for a handler. A value h of a read handler class should work correctly in the
expression h(ec, s), where ec is an Ivalue of type const error_code and s is an Ivalue of type const size_t.

5.7.1.12. Write handler requirements

A write handler must meet the requirements for a handler. A value h of a write handler class should work correctly in the
expression h(ec, s), where ec is an Ivalue of type const error_code and s is an Ivalue of type const size_t.

5.7.1.13. Accept handler requirements

An accept handler must meet the requirements for a handler. A value h of an accept handler class should work correctly in the
expression h (ec), where ec is an lvalue of type const error_code.

5.7.1.14. Connect handler requirements

A connect handler must meet the requirements for a handler. A value h of a connect handler class should work correctly in the
expression h (ec), where ec is an lvalue of type const error_code.

5.7.2. Class socket_base

namespace std {
namespace tr2 {
namespace sys {

class socket_base

public:
class broadcast;
class debug;
class do_not_route;

class keep_alive;
class linger;
class out _of band inline;

class receive buffer size;
class receive low watermark;
class reuse address;

class send buffer size;
class send low watermark;

typedef T1 shutdown_type;

static const shutdown_type shutdown_receive;
static const shutdown_type shutdown_send;
static const shutdown_type shutdown_both;

typedef T2 message_flags;

static const message_flags message_peek;

static const message_flags message_out_of_band;
static const message_flags message_do_not_route;

static const int max_connections;
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protected:
socket_base();
~socket_base();

)

} // namespace sys
} // namespace tr2
} // namespace std

socket_base defines several member types:

— socket option classes broadcast, debug, do_not_route, keep_alive, linger, out_of_band_inline,
receive_buffer_size, receive_low_watermark, reuse_address, send_buffer_size, and send_low_watermark;

— an enumerated type, shutdown_type;
— a bitmask type, message_flags.

The value max_connections contains the implementation-defined limit on the length of the queue of pending incoming
connections.

5.7.3. Boolean socket options

The socket_base: :broadcast, socket_base: :debug, socket_base: :do_not_route, socket_base: :keep_alive,
socket_base::out_of_band_inline and socket_base: :reuse_address classes are boolean socket options.

Boolean socket option classes satisfy the requirements for CopyConstructible, Assignable, GettableSocketOption,
and SettableSocketOption.
Boolean socket option classes shall be defined as follows:

class C

{

public:
// constructors:
cO;
explicit C(bool v);

// members:
C% operator=(bool v);

bool value() const;

operator bool() const;
bool operator!() const;

};
Extensible implementations shall provide the following member functions:
class C

public:
template<class Protocol> int level(const Protocol& p) const;
template<class Protocol> int name(const Protocol& p) const;
template<class Protocol> unspecified* data(const Protocol& p);
template<class Protocol> const unspecified* data(const Protocol& p) const;
template<class Protocol> size_t size(const Protocol& p) const;
template<class Protocol> void resize(const Protocol& p, size_t s);
// remainder unchanged

private:

//int value_; exposition only

)

The names and values used in the definition of the boolean socket option classes are described in the table below.

Table--Boolean socket options

‘ C ‘ ‘ L ‘ ‘ N ‘ ‘ description ‘

Determines whether a socket permits sending of broadcast

socket_base: :broadcast |SOL_SOCKET [SO_BROADCAST .
messages, if supported by the protocol.

Determines whether debugging information is recorded by
the underlying protocol.

socket_base: :debug SOL_SOCKET | |SO_DEBUG
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C ‘ ‘ L ‘ ‘ N ‘ ‘ description
socket_base::do_not_rou SOL_SOCKET SO_DONTROUTE Detepmneg Whether outgoing messages bypass standard
te routing facilities.
socket_base: :keep_alive SOL_SOCKET SO_KEEPALIVE  Determines whethera socket permits sending of

p
keep_alive messages, if supported by the protocol.
socket_base: :out_of_ban SOL_SOCKET SO_OOBINLINE Determines Yvhethef outjof'—band data (also known as
d_inline urgent data) is received inline.
cocket base: :reuse addr Determines whether the validation of endpoints used for
- e - SOL_SOCKET  SO_REUSEADDR binding a socket should allow the reuse of local endpoints,

ess

if supported by the protocol.

[Note: The constants SOL_SOCKET, SO_BROADCAST, SO_DEBUG, SO_DONTROUTE, SO_KEEPALIVE, SO_OOBINLINE and
SO_REUSEADDR are defined in the POSLX header file sys/socket .h. —end note]

5.7.3.1. Boolean socket option constructors

cO;

Postconditions: 'value().

explicit C(bool v);

Postconditions: value() == v.

5.7.3.2. Boolean socket option members

C% operator=(bool v);

Returns: *this.

Postconditions: value() == v.

bool value() const;

Returns: The stored socket option value. For extensible implementations, returns value_ != 0.

operator bool() const;

Returns: value().

bool operator!() const;

Returns: 'value().

5.7.3.3. Boolean socket option members (extensible implementations)

template<class Protocol>

Returns. L.

template<class Protocol>

Returns: N.

template<class Protocol>

Returns: &value_.

template<class Protocol>

Returns: &value_.

int level(const Protocol& p) const;

int name(const Protocol& p) const;

unspecified* data(const Protocol& p);

const unspecified* data(const Protocol& p) const;

template<class Protocol> size_t size(const Protocol& p) const;

Returns: sizeof (value_).

template<class Protocol> void resize(const Protocol& p, size_t s);

Throws: length_error if s is not a valid data size for the protocol specified by p.
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5.7.4. Integral socket options

The socket_base: :receive_buffer_size, socket_base: :receive_low_watermark,
socket_base: :send_buffer_size and socket_base: :send_low_watermark classes are integral socket options.

Integral socket option classes satisfy the requirements for CopyConstructible, Assignable, GettableSocketOption, and
SettableSocketOption.

Integral socket option classes shall be defined as follows:

class C

public:
// constructors:
cO;
explicit C(int v);

// members:
C% operator=(int v);

int value() const;

}
Extensible implementations shall provide the following member functions:
class C

public:
template<class Protocol> int level(const Protocol& p) const;
template<class Protocol> int name(const Protocol& p) const;
template<class Protocol> unspecified* data(const Protocol& p);
template<class Protocol> const unspecified* data(const Protocol& p) const;
template<class Protocol> size_t size(const Protocol& p) const;
template<class Protocol> void resize(const Protocol& p, size_t s);
// remainder unchanged

private:

//int value_; exposition only

The names and values used in the definition of the integral socket option classes are described in the table below.

Table--Integral socket options

C ‘ ‘ L ‘ ‘ N ‘ ‘ description

socket_base: :receive_buffer_si SOL_SOCKET  SO_RCVBUF Spemﬁes the size of the receive buffer associated
ze with a socket.

socket_base::receive_low_water SOL_SOCKET | SO_RCVLOWAT Specifies the minimum number of bytes to process
mark for socket input operations.

Specifies the size of the send buffer associated

socket_base::send_buffer_size SOL_SOCKET | SO_SNDBUF .
with a socket.

1s{ocket_base: :send_low_watermar SOL_SOCKET | SO_SNDLOWAT Specifies the minimum pumber of bytes to process
for socket output operations.

[Note: The constants SOL_SOCKET, SO_RCVBUF, SO_RCVLOWAT, SO_SNDBUF and SO_SNDLOWAT are defined in the POSIX
header file sys/socket .h. —end note]

5.7.4.1. Integral socket option constructors
cO;

Postconditions: value() == 0.

explicit C(int v);

Postconditions: value() == v.

5.7.4.2. Integral socket option members

C& operator=(int v);

Returns: *this.
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Postconditions: value() == v.

int value() const;

Returns: The stored socket option value. For extensible implementations, returns value_.

5.7.4.3. Integral socket option members (extensible implementations)

template<class Protocol> int level(const Protocol& p) const;

Returns. L.

template<class Protocol> int name(const Protocol& p) const;

Returns: N.

template<class Protocol> unspecified* data(const Protocol& p);

Returns: &value_.

template<class Protocol> const unspecified* data(const Protocol& p) const;

Returns: &value_.

template<class Protocol> size_t size(const Protocol& p) const;

Returns: sizeof (value_).

template<class Protocol> void resize(const Protocol& p, size_t s);

Throws: length_error if s is not a valid data size for the protocol specified by p.

5.7.5. Class socket_base: :linger

The linger class represents a socket option for controlling the behaviour when a socket is closed and unsent data is present.

linger satisfies the requirements for CopyConstructible, Assignable, GettableSocketOption, and
SettableSocketOption.

namespace std {
namespace tr2 {
namespace sys {

class socket_base::linger

public:
// constructors:
linger(Q);
linger(bool e, int t);

// members:
bool enabled() const;
void enabled(bool e);

int timeout() const;
void timeout(int t);

};

} // namespace sys
} // namespace tr2
} // namespace std

Extensible implementations shall provide the following member functions:

namespace std {
namespace tr2 {
namespace sys {

class socket_base::linger

ublic:

P template<class Protocol> int level(const Protocol& p) const;
template<class Protocol> int name(const Protocol& p) const;
template<class Protocol> unspecified* data(const Protocol& p);
template<class Protocol> const unspecified* data(const Protocol& p) const;
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template<class Protocol> size_t size(const Protocol& p) const;
template<class Protocol> void resize(const Protocol& p, size_t s);
// remainder unchanged
private:
// ::linger value_; exposition only

} // namespace sys
} // namespace tr2
} // namespace std
5.7.5.1. socket_base: :linger constructors
linger();
Postconditions: enabled() && timeout() == 0.
linger(bool e, int t);

Postconditions.: enabled() == e && timeout() == t.

5.7.5.2. socket_base: :1inger members

bool enabled() const;

Returns: The stored socket option value for whether linger on close is enabled. For extensible implementations,
returns value_.1_onoff != 0.

void enabled(bool e);

Postconditions: enabled() == e.

int timeout() const;

Returns: The stored socket option value for the linger timeout, in seconds. For extensible implementations,
returns value_.1_linger.

void timeout(int t);

Postconditions: timeout () ==

5.7.5.3. socket_base: :linger members (extensible implementations)

template<class Protocol> int level(const Protocol& p) const;
Returns: SOL_SOCKET.

[Note: The constant SOL_SOCKET is defined in the POSIX header file sys/socket .h. —end note]

template<class Protocol> int name(const Protocol& p) const;
Returns: SO_LINGER.

[Note: The constant SO_LINGER is defined in the POSIX header file sys/socket .h. —end note]

template<class Protocol> unspecified* data(const Protocol& p) const;

Returns: &value_.

template<class Protocol> const unspecified* data(const Protocol& p) const;

Returns: &value_.

template<class Protocol> size_t size(const Protocol& p) const;

Returns: sizeof (value_).

template<class Protocol> void resize(const Protocol& p, size_t s);

Throws: length_error if s != sizeof (value_).
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5.7.6. Class template basic_socket

namespace std {
namespace tr2 {
namespace sys {

template<class Protocol, class SocketService>
class basic_socket
public basic_io_object<SocketService>,
public socket_base

public:
// types:
typedef typename SocketService::native_type native_type;
typedef Protocol protocol_type;
typedef typename Protocol::endpoint endpoint_type;

// members:
native_type native();

void open(const protocol_type& protocol = protocol_type());
error_code open(const protocol_type& protocol, error_code& ec);

void assign(const protocol_type& protocol,
const native_type& native_socket);
error_code assign(const protocol_type& protocol,
const native_type& native_socket, error_code& ec);

bool is_open() const;

void close();
error_code close(error_code& ec);

void cancel();
error_code cancel(error_code& ec);

template<class SettableSocketOption>
void set_option(const SettableSocketOption& option);
template<class SettableSocketOption>
error_code set_option(const SettableSocketOption& option,
error_code& ec);

template<class GettableSocketOption>
void get_option(GettableSocketOption& option) const;
template<class GettableSocketOption>
error_code get_option(GettableSocketOption& option,
error_code& ec) const;

template<class IoControlCommand>
void io_control(IoControlCommand& command) ;
template<class IoControlCommand>
error_code io_control(IoControlCommand& command, error_code& ec);

bool at_mark() const;
bool at_mark(error_code& ec) const;

size_t available() const;
size_t available(error_code& ec) const;

void bind(const endpoint_type& endpoint);
error_code bind(const endpoint_type& endpoint, error_code& ec);

void shutdown(shutdown_type what);
error_code shutdown(shutdown_type what, error_code& ec);

endpoint_type local_endpoint() const;
endpoint_type local_endpoint(error_code& ec) const;

endpoint_type remote_endpoint() const;
endpoint_type remote_endpoint(error_code& ec) const;

void connect(const endpoint_type& endpoint);
error_code connect(const endpoint_type& endpoint, error_code& ec);

template<class ConnectHandler>
void async_connect(const endpoint_type& endpoint,
ConnectHandler handler);
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protected:
// constructors:
explicit basic_socket(std::tr2::sys::io_service& io_service);
basic_socket(std::tr2::sys::io_service& io_service,
const protocol_type& protocol);
basic_socket(std::tr2::sys::io_service& io_service,
const endpoint_type& endpoint);
basic_socket(std::tr2::sys::io_service& io_service,
const protocol_type& protocol,
const native_type& native_socket);
“basic_socket();

)

} // namespace sys
} // namespace tr2
} // namespace std

5.7.6.1. basic_socket constructors

explicit basic_socket(std::tr2::sys::io_service& io_service);

Effects: Constructs an object of class basic_socket<Protocol, SocketService>, initialising the base class
with basic_io_object(io_service).

basic_socket(std::tr2::sys::io_service& io_service,
const protocol_type& protocol);

Effects: Constructs an object of class basic_socket<Protocol, SocketService>, initialising the base class
with basic_io_object(io_service), then opening the socket as if by calling:

error_code ec;
this->service.open(this->implementation, protocol, ec);
if (ec) throw system_error(ec);

basic_socket(std::tr2::sys::io_service& io_service,
const endpoint_type& endpoint);

Effects: Constructs an object of class basic_socket<Protocol, SocketService>, initialising the base class
with basic_io_object (io_service), then opening and binding the socket and marking it as listening as if by
calling:

error_code ec;

this->service.open(this->implementation, endpoint.protocol(), ec);
if (ec) throw system_error(ec);
this—>service.bind(this—>imp1ementation, endpoint, ec);

if (ec) throw system_error(ec);

basic_socket(std::tr2::sys::io_service& io_service,

const protocol_type& protocol,
const native_type& native_socket);

Effects: Constructs an object of class basic_socket<Protocol, SocketService>, initialising the base class
with basic_io_object (io_service), then assigning the existing native socket into the object as if by calling:

error_code ec;

this—>service.assign(this—>imp1ementation, protocol, native_socket, ec);
if (ec) throw system_error(ec);

5.7.6.2. basic_socket members

native_type native();

Returns: this->service.native(this->implementation).

void open(const protocol_type& protocol);
error_code open(const protocol_type& protocol, error_code& ec);

Returns: this->service.open(this->implementation, protocol, ec).

void assign(const protocol_type& protocol,
const native_type& native_socket);
error_code assign(const protocol_type& protocol,
const native_type& native_socket, error_code& ec);

Reﬂnﬂs:this—>service.assign(this—>imp1ementation, protocol, native_socket, ec).
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bool is_open() const;

Returns: this->service.is_open(this->implementation).

void close();
error_code close(error_code& ec);

Returns: this->service.close(this->implementation, ec).

void cancel();
error_code cancel(error_code& ec);

Returns: this->service.cancel(this->implementation, ec).

template<class SettableSocketOption>
void set_option(const SettableSocketOption& option) ;
template<class SettableSocketOption>
error_code set_option(const SettableSocketOption& option,
error_code& ec);

Returns: this->service.set_option(this->implementation, option, ec).

template<class GettableSocketOption>
void get_option(GettableSocketOption& option);
template<class GettableSocketOption>
error_code get_option(GettableSocketOption& option, error_code& ec);

Returns: this->service.get_option(this->implementation, option, ec).

template<class IoControlCommand>
void io_control (IoControlCommand& command) ;
template<class IoControlCommand>
error_code io_control(IoControlCommand& command, error_code& ec);

Returns: this->service.io_control(this->implementation, command, ec).

bool at_mark() const;
bool at_mark(error_code& ec) const;

Returns: this->service.at_mark(this->implementation, ec).

size_t available() const;
size_t available(error_code& ec) const;

Returns: this->service.available(this->implementation, ec).

void bind(const endpoint_type& endpoint);
error_code bind(const endpoint_type& endpoint, error_code& ec);

Returns: this->service.bind(this->implementation, endpoint, ec).

void listen(int backlog = max_connections);
error_code listen(int backlog, error_code& ec);

Returns: this->service.listen(this->implementation, backlog, ec).

void shutdown(shutdown_type what);
error_code shutdown(shutdown_type what, error_code& ec);

Returns: this->service.shutdown(this->implementation, what, ec).

endpoint_type local_endpoint() const;
endpoint_type local_endpoint(error_code& ec) const;

Returns: this->service.local_endpoint (this->implementation, ec).

endpoint_type remote_endpoint() const;
endpoint_type remote_endpoint(error_code& ec) const;

Returns: this->service.remote_endpoint (this->implementation, ec).

void connect(const endpoint_type& endpoint);
error_code connect(const endpoint_type& endpoint, error_code& ec);

Effects: If is_open() is false, opens the socket by calling:

this->service.open(this->implementation, endpoint.protocol(), ec);
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then, if no error has occurred, connects the socket by calling:

this->service.connect(this->implementation, endpoint, ec);
Returns: ec.

template<class ConnectHandler>
void async_connect(const endpoint_type& endpoint, ConnectHandler handler);

Effects: If is_open() is false, opens the socket by calling:

error_code ec;
this->service.open(this->implementation, endpoint.protocol(), ec);

If the socket failed to open, uses this->service.io_service() .post(...) to invoke the handler with the
error_code value ec. Otherwise initiates an asynchronous operation to connect the socket by calling:

this->service.async_connect(this->implementation, endpoint, handler);
5.7.7. Class template datagram_socket_service

Instances of the datagram_socket_service class template meet the requirements of a DatagramSocketService.

namespace std {
namespace tr2 {
namespace sys {

template<class Protocol>
class datagram_socket_service
public io_service::service

public:
static io_service::id id;

// types:

typedef Protocol protocol_type;

typedef typename Protocol::endpoint endpoint_type;
typedef unspecified implementation_type;

typedef implementation defined native_type;

// constructors:
explicit datagram_socket_service(io_service& ios);

// members:
void construct(implementation_type& impl);

void destroy(implementation_type& impl);

error_code open(implementation_type& impl,
const protocol_type& protocol, error_code& ec);

error_code assign(implementation_type& impl,
const protocol_type& protocol,
const native_type& native_socket, error_code& ec);

bool is_open(const implementation_type& impl) const;
error_code close(implementation_type& impl, error_code& ec);
native_type native(implementation_type& impl);

error_code cancel(implementation_type& impl, error_code& ec);

template<class SettableSocketOption>
error_code set_option(implementation_type& impl,
const SettableSocketOption& option,
error_code& ec);

template<class GettableSocketOption>
error_code get_option(const implementation_type& impl,
GettableSocketOption& option,
error_code& ec) const;

template<class IoControlCommand>
error_code io_control(implementation_type& impl,
IoControlCommand& command, error_code& ec);
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bool at_mark(const implementation_type& impl, error_code& ec) const;

size_t available(const implementation_type& impl,
error_code& ec) const;

error_code bind(implementation_type& impl,
const endpoint_type& endpoint, error_code& ec);

error_code shutdown(implementation_type& impl, shutdown_type how,
error_code& ec);

endpoint_type local_endpoint(const implementation_type& impl,
error_code& ec) const;

endpoint_type remote_endpoint(const implementation_type& impl,
error_code& ec) const;

error_code connect(implementation_type& impl,
const endpoint_type& endpoint, error_code& ec);

template<class ConnectHandler>
void async_connect(implementation_type& impl,
const endpoint_type& endpoint,
ConnectHandler handler);

template<class MutableBufferSequence>
size_t receive(implementation_type& impl,
const MutableBufferSequence& buffers,
socket_base: :message_flags flags,
error_code& ec);

template<class MutableBufferSequence, class ReadHandler>
void async_receive(implementation_type& impl,
const MutableBufferSequence& buffers,
socket_base::message_flags flags,
ReadHandler handler);

template<class MutableBufferSequence>
size_t receive_from(implementation_type& impl,
const MutableBufferSequence& buffers,
endpoint_type& sender,
socket_base: :message_flags flags,
error_code& ec);

template<class MutableBufferSequence, class ReadHandler>
void async_receive_from(implementation_type& impl,
const MutableBufferSequence& buffers,
endpoint_type& sender,
socket_base: :message_flags flags,
ReadHandler handler);

template<class ConstBufferSequence>
size_t send(implementation_type& impl,
const ConstBufferSequence& buffers,
socket_base: :message_flags flags,
error_code& ec);

template<class ConstBufferSequence, class WriteHandler>
void async_send(implementation_type& impl,
const ConstBufferSequence& buffers,
socket_base: :message_flags flags,
WriteHandler handler);

template<class ConstBufferSequence>
size_t send_to(implementation_type& impl,
const ConstBufferSequence& buffers,
const endpoint_type& destination,
socket_base: :message_flags flags,
error_code& ec);

template<class ConstBufferSequence, class WriteHandler>
void async_send_to(implementation_type& impl,
const ConstBufferSequence& buffers,
const endpoint_type& destination,
socket_base::message_flags flags,
WriteHandler handler);

private:
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virtual void shutdown_service();

)

} // namespace sys
} // namespace tr2
} // namespace std

5.7.7.1. datagram_socket_service types

typedef implementation defined native_type;

The native representation of a socket. Must satisfy the requirements of CopyConstructible types (C++ Std,
20.1.3), and the requirements of Assignable types (C++ Std, 23.1). [Note: For POSIX implementations, this
type would typically be convertible to and from int. For Windows implementations, this type would typically be
convertible to and from SOCKET. —end note]

5.7.7.2. datagram_socket_service constructors

explicit datagram_socket_service(io_service& ios);
Effects: Constructs an object of class datagram_socket_service<Protocol>, initialising the base class with
io_service::service(ios).

5.7.7.3. datagram_socket_service members

void shutdown_service();

Effects: Destroys all copies of user-defined handler objects owned by the service.

void construct(implementation_type& impl);
Effects: Initialises the socket implementation impl.

Postconditions: 'is_open(impl).

void destroy(implementation_type& impl);

Effects: If is_open(impl) is true, cancels pending asynchronous operations associated with impl, disables the
linger socket option to prevent the operation from blocking, and releases socket resources as if by POSLX
close (). Otherwise, no effect. Handlers for cancelled asynchronous operations are passed the error_code
value error: :operation_aborted. Failures are ignored.

error_code open(implementation_type& impl,
const protocol_type& protocol, error_code& ec);

Requires: 'is_open(impl).

Effects: If is_open(impl) is true, sets ec to error: :already_open. Otherwise establishes the postcondition,
as if by POSIX socket Q.

Returns. ec.

Postconditions: is_open (impl).
error_code assign(implementation_type& impl,

const protocol_type& protocol,
const native_type& native_socket, error_code& ec);

Requires: 'is_open(impl).

Effects: 1If is_open(impl) is true, sets ec to error: :already_open. Otherwise assigns the existing socket to
the implementation impl.

Returns: ec.
Postconditions: is_open(impl).

The main source of errors for assign would be a call to register the socket with an OS-specific event demultiplexor, such as a
kqueue, an epoll descriptor, a /dev/poll device, or a Windows I/O completion port. These errors may also be produced by
open, since that function would perform the same registration.

bool is_open(const implementation_type& impl) const;
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Returns: A bool indicating whether the socket implementation impl was opened by a previous call to open or
assign.

error_code close(implementation_type& impl, error_code& ec);

Effects: 1f is_open(impl) is true, cancels pending asynchronous operations associated with impl, and
establishes the postcondition as if by POSLX close (). Otherwise, no effect. Handlers for cancelled
asynchronous operations are passed the error_code value error: :operation_aborted.

Returns: ec.

native_type native(implementation_type& impl);

Returns: The native representation of the socket implementation impl.

error_code cancel(implementation_type& impl, error_code& ec);
Requires: is_open(impl).

Effects: If is_open(impl) is false, sets ec to error: :bad_descriptor. Otherwise cancels pending
asynchronous operations associated with impl, if any. Handlers for cancelled asynchronous operations are
passed the error_code value error: :operation_aborted.

The conditions under which cancellation of asynchronous operations is permitted are implementation-defined. If
current conditions do not permit cancellation, an implementation shall set ec to
error: :operation_not_supported.

This flexibility is included to support implementations on Windows versions prior to Vista, where the CancelIo function will
only cancel asynchronous operations started from the same thread. Vista provides CancelIoEx which may be used to cancel
all asynchronous operations associated with a socket.

Returns: ec.
template<class SettableSocketOption>
error_code set_option(implementation_type& impl,

const SettableSocketOption& option,
error_code& ec);

Requires: is_open(impl).

Effects: 1If is_open(impl) is false, sets ec to error: :bad_descriptor. Otherwise sets an option on the
socket impl, as if by POSIX setsockopt ().

Returns: ec.
template<class GettableSocketOption>
error_code get_option(const implementation_type& impl,

GettableSocketOption& option,
error_code& ec) const;

Requires: is_open(impl).

Effects: If is_open(impl) is false, sets ec to error: :bad_descriptor. Otherwise gets an option from the
socket imp1l, as if by POSIX getsockopt Q).

Returns: ec.
template<class IoControlCommand>

error_code io_control(implementation_type& impl,
IoControlCommand& command, error_code& ec);

Requires: is_open(impl).

Effects: If is_open(impl) is false, sets ec to error: :bad_descriptor. Otherwise executes an I/O control
command on the socket impl, as if by POSIX ioctl Q).

Returns: ec.

This proposal does not include any classes that satisfy IoControlCommand requirements. However, implementation-specific
extensions such as QoS may be implemented using ioctl (), and the io_control () operation is included to allow these
extensions to be supported.
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bool at_mark(const implementation_type& impl, error_code& ec) const;
Requires: is_open(impl).

Effects: If is_open(impl) is false, sets ec to error: :bad_descriptor. If the value returned by
native (impl) is not a valid socket, sets ec to error: :not_socket. [Note: Instead of POSLX ENOTTY. —end
note] Otherwise determines if the socket impl is at the out-of-band data mark, as if by POSLX sockatmark Q).

Returns: A bool indicating whether the socket is at the out-of-band data mark.

size_t available(const implementation_type& impl,
error_code& ec) const;

Requires: is_open (impl).

Effects: If is_open(impl) is false, sets ec to error: :bad_descriptor. Otherwise determines the number of
bytes that may be read without blocking.

Returns: The number of bytes that may be read without blocking, or 0 if an error occurs.

error_code bind(implementation_type& impl,
const endpoint_type& endpoint, error_code& ec);

Requires: is_open(impl).

Effects: If is_open(impl) is false, sets ec to error: :bad_descriptor. Otherwise binds the socket impl to
the specified local endpoint, as if by POSIX bind Q).

Returns: ec.

error_code shutdown(implementation_type& impl, shutdown_type how,
error_code& ec);

Requires: is_open(impl).

Effects: 1If is_open(impl) is false, sets ec to error: :bad_descriptor. Otherwise shuts down all or part of a
full-duplex connection for the socket imp1l, as if by POSLX shutdown Q). If how is shutdown_receive, uses
POSIX SHUT_RD. If how is shutdown_send, uses POSIX SHUT_WR. If how is shutdown_both, uses POSIX
SHUT_RDWR.

Returns: ec.

endpoint_type local_endpoint(const implementation_type& impl,
error_code& ec) const;

Requires: is_open(impl).

Effects: If is_open(impl) is false, sets ec to error: :bad_descriptor. Otherwise determines the locally-
bound endpoint associated with the socket impl, as if by POSIX getsockname Q.

Returns: On success, the locally-bound endpoint associated with impl. Otherwise endpoint_type().

endpoint_type remote_endpoint(const implementation_type& impl,
error_code& ec) const;

Requires: is_open(impl).

Effects: 1If is_open(impl) is false, sets ec to error: :bad_descriptor. Otherwise determines the remote
endpoint associated with the socket impl, as if by POSLX getpeername ().

Returns: On success, the remote endpoint associated with impl. Otherwise endpoint_type ().

error_code connect(implementation_type& impl,
const endpoint_type& endpoint, error_code& ec);

Requires: is_open(impl).

Effects: If is_open(impl) is false, sets ec to error: :bad_descriptor. Otherwise connects the socket impl
to the specified remote endpoint, as if by POSIX connect Q).

Returns: ec.


http://www.opengroup.org/onlinepubs/000095399/functions/connect.html
http://www.opengroup.org/onlinepubs/000095399/functions/getpeername.html
http://www.opengroup.org/onlinepubs/000095399/functions/getsockname.html
http://www.opengroup.org/onlinepubs/000095399/functions/shutdown.html
http://www.opengroup.org/onlinepubs/000095399/functions/bind.html
http://www.opengroup.org/onlinepubs/000095399/functions/sockatmark.html

Networking Library Proposal for TR2

template<class ConnectHandler>
void async_connect(implementation_type& impl,
const endpoint_type& endpoint,
ConnectHandler handler);

Requires: is_open(impl).

Effects: Initiates an asynchronous operation to connect the socket impl to the specified remote endpoint, as if by
POSIX connect (). The operation is performed via the io_service object returned by
io_service::service::io_service() and behaves according to asynchronous operation requirements.

If is_open(impl) is false, the operation shall fail immediately with error_code value
error: :bad_descriptor.

When multiple asynchronous connect operations are initiated such that the operations may logically be
performed in parallel, the behaviour is implementation-defined. When an asynchronous connect operation and an
asynchronous read or write operation are initiated such that they may logically be performed in parallel, the
behaviour is implementation-defined.

If a program performs a synchronous set_option, io_control, bind, shutdown, connect, receive,
receive_from, send or send_to operation on impl while there is an incomplete asynchronous connect
operation, the behaviour is implementation-defined.

template<class MutableBufferSequence>
size_t receive(implementation_type& impl,
const MutableBufferSequence& buffers,
socket_base: :message_flags flags,
error_code& ec);

Requires: is_open(impl).

Effects: 1If is_open(impl) is false, sets ec to error: :bad_descriptor. Otherwise reads data from a
connected socket imp1l, as if by POSIX recvmsg Q.

The mutable buffer sequence buffers specifies memory where the data should be placed. The operation shall
always fill a buffer in the sequence completely before proceeding to the next.

The flags argument specifies the type of receive operation to be performed.

If the operation completes due to graceful connection closure by the peer, the operation shall fail with
error: :eof.

Returns: On success, the number of bytes read. Otherwise 0.

template<class MutableBufferSequence, class ReadHandler>
void async_receive(implementation_type& impl,
const MutableBufferSequence& buffers,
socket_base::message_flags flags,
ReadHandler handler);

Requires: is_open(impl) && (flags & socket_base::message_peek) ==

Effects: Initiates an asynchronous operation to read data from a connected socket imp1l, as if by POSLX
recvmsg (). The operation is performed via the io_service object a.io_service() and behaves according to
asynchronous operation requirements.

If is_open(impl) is false, the operation shall fail immediately with error_code value
error: :bad_descriptor.

The mutable buffer sequence buffers specifies memory where the data should be placed. The operation shall
always fill a buffer in the sequence completely before proceeding to the next. The implementation shall maintain
one or more copies of buffers until such time as the read operation no longer requires access to the memory
specified by the buffers in the sequence. The program must ensure the memory is valid until:

— the last copy of buffers is destroyed, or
— the handler for the asynchronous read operation is invoked,
whichever comes first.

The flags argument specifies the type of receive operation to be performed. If flags &
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socket_base: :message_peek is true, the operation shall fail immediately with error: :invalid_argument.
If flags & socket_base::message_out_of_band is true, the operation shall continue until out-of-band data
is received, or an error occurs.

When multiple asynchronous read operations with zero £lags are initiated such that the operations may
logically be performed in parallel, the implementation shall fill the buffers in the order in which the operations
were issued. The order of invocation of the handlers for these operations is implementation-defined. When
multiple asynchronous read operations with non-zero flags are initiated such that operations may logically be
performed in parallel, the behaviour is implementation-defined.

If a program performs a synchronous set_option, io_control, bind, shutdown, connect, receive, or
receive_from operation on impl while there is an incomplete asynchronous read operation, the behaviour is
implementation-defined.

If the operation completes due to graceful connection closure by the peer, the operation shall fail with
error: :eof.

If the operation completes successfully, the ReadHandler object handler is invoked with the number of bytes
transferred. Otherwise it is invoked with 0.

template<class MutableBufferSequence>
size_t receive_from(implementation_type& impl,
const MutableBufferSequence& buffers,
endpoint_type& sender,
socket_base: :message_flags flags,
error_code& ec);

Requires: is_open (impl).

Effects: If is_open(impl) is false, sets ec to error: :bad_descriptor. Otherwise reads data from an
unconnected socket impl, as if by POSIX recvmsg Q.

The mutable buffer sequence buffers specifies memory where the data should be placed. The operation shall
always fill a buffer in the sequence completely before proceeding to the next.

The flags argument specifies the type of receive operation to be performed.

Returns: On success, the number of bytes read. Otherwise 0.

template<class MutableBufferSequence, class ReadHandler>
void async_receive_from(implementation_type& impl,
const MutableBufferSequence& buffers,
endpoint_type& sender,
socket_base::message_flags flags,
ReadHandler handler);

Requires: is_open(impl) && (flags & socket_base::message_peek) == 0.

Effects: Initiates an asynchronous operation to read data from an unconnected socket impl, as if by POSIX
recvmsg (). The operation is performed via the io_service object a.io_service() and behaves according to
asynchronous operation requirements.

If is_open(impl) is false, the operation shall fail immediately with error_code value
error: :bad_descriptor.

The mutable buffer sequence buffers specifies memory where the data should be placed. The operation shall
always fill a buffer in the sequence completely before proceeding to the next. The implementation shall maintain
one or more copies of buffers until such time as the read operation no longer requires access to the memory
specified by the buffers in the sequence. The program must ensure the memory is valid until:

— the last copy of buffers is destroyed, or
— the handler for the asynchronous read operation is invoked,
whichever comes first.

The flags argument specifies the type of receive operation to be performed. If flags &

socket_base: :message_peek is true, the operation shall fail immediately with error: :invalid_argument.
If flags & socket_base::message_out_of_band is true, the operation shall continue until out-of-band data
is received, or an error occurs.
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When multiple asynchronous read operations with zero f1ags are initiated such that the operations may
logically be performed in parallel, the implementation shall fill the buffers in the order in which the operations
were issued. The order of invocation of the handlers for these operations is implementation-defined. When
multiple asynchronous read operations with non-zero flags are initiated such that operations may logically be
performed in parallel, the behaviour is implementation-defined.

If a program performs a synchronous set_option, io_control, bind, shutdown, connect, receive, or
receive_from operation on impl while there is an incomplete asynchronous read operation, the behaviour is
implementation-defined.

The program must ensure the object sender is valid until the handler for the asynchronous operation is invoked.

If the operation completes successfully, the ReadHandler object handler is invoked with the number of bytes
transferred. Otherwise it is invoked with O.

template<class ConstBufferSequence>
size_t send(implementation_type& impl,
const ConstBufferSequence& buffers,
socket_base: :message_flags flags,
error_code& ec);

Requires: is_open(impl).

Effects: 1If is_open(impl) is false, sets ec to error: :bad_descriptor. Otherwise writes data to a connected
socket impl, as if by POSIX sendmsg ().

The constant buffer sequence buffers specifies memory where the data to be written is located. The operation
shall always write a buffer in the sequence completely before proceeding to the next.

The flags argument specifies the type of send operation to be performed.

Returns: On success, the number of bytes written. Otherwise O.

template<class ConstBufferSequence, class WriteHandler>
void async_send(implementation_type& impl,
const ConstBufferSequence& buffers,
socket_base: :message_flags flags,
WriteHandler handler);

Requires: is_open(impl).

Effects: Initiates an asynchronous operation to write data to a connected socket imp1l, as if by POSLX
sendmsg (). The operation is performed via the io_service object a.io_service() and behaves according to
asynchronous operation requirements.

If is_open(impl) is false, the operation shall fail immediately with error_code value
error: :bad_descriptor.

The constant buffer sequence buffers specifies memory where the data to be written is located. The operation
shall always write a buffer in the sequence completely before proceeding to the next. The implementation shall
maintain one or more copies of buffers until such time as the write operation no longer requires access to the
memory specified by the buffers in the sequence. The program must ensure the memory is valid until:

— the last copy of buffers is destroyed, or

— the handler for the asynchronous write operation is invoked,
whichever comes first.

The flags argument specifies the type of send operation to be performed.

When multiple asynchronous write operations with zero flags are initiated such that the operations may
logically be performed in parallel, the implementation shall write the buffers in the order in which the
operations were issued. The order of invocation of the handlers for these operations is implementation-defined.
When multiple asynchronous write operations with non-zero £lags are initiated such that operations may
logically be performed in parallel, the behaviour is implementation-defined.

If a program performs a synchronous set_option, io_control, bind, shutdown, connect, send, or
send_to operation on impl while there is an incomplete asynchronous write operation, the behaviour is
implementation-defined.
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If the operation completes successfully, the WriteHandler object handler is invoked with the number of bytes
transferred. Otherwise it is invoked with O.

template<class ConstBufferSequence>
size_t send_to(implementation_type& impl,
const ConstBufferSequence& buffers,
const endpoint_type& destination,
socket_base: :message_flags flags,
error_code& ec);

Requires: is_open(impl).

Effects: If is_open(impl) is false, sets ec to error: :bad_descriptor. Otherwise writes data to an
unconnected socket impl, as if by POSIX sendmsg Q.

The constant buffer sequence buffers specifies memory where the data to be written is located. The operation
shall always write a buffer in the sequence completely before proceeding to the next.

The flags argument specifies the type of send operation to be performed.

Returns: On success, the number of bytes written. Otherwise 0.

template<class ConstBufferSequence, class WriteHandler>
void async_send_to(implementation_type& impl,
const ConstBufferSequence& buffers,
const endpoint_type& destination,
socket_base: :message_flags flags,
WriteHandler handler);

Requires: is_open(impl).

Effects: Initiates an asynchronous operation to write data to an unconnected socket impl, as if by POSIX
sendmsg (). The operation is performed via the io_service object a.io_service() and behaves according to
asynchronous operation requirements.

If is_open (impl) is false, the operation shall fail immediately with error_code value
error: :bad_descriptor.

The constant buffer sequence buffers specifies memory where the data to be written is located. The operation
shall always write a buffer in the sequence completely before proceeding to the next. The implementation shall
maintain one or more copies of buffers until such time as the write operation no longer requires access to the
memory specified by the buffers in the sequence. The program must ensure the memory is valid until:

— the last copy of buffers is destroyed, or

— the handler for the asynchronous write operation is invoked,
whichever comes first.

The flags argument specifies the type of send operation to be performed.

When multiple asynchronous write operations with zero flags are initiated such that the operations may
logically be performed in parallel, the implementation shall write the buffers in the order in which the
operations were issued. The order of invocation of the handlers for these operations is implementation-defined.
When multiple asynchronous write operations with non-zero flags are initiated such that operations may
logically be performed in parallel, the behaviour is implementation-defined.

If a program performs a synchronous set_option, io_control, bind, shutdown, connect, send, or
send_to operation on impl while there is an incomplete asynchronous write operation, the behaviour is
implementation-defined.

If the operation completes successfully, the WriteHandler object handler is invoked with the number of bytes
transferred. Otherwise it is invoked with 0.

5.7.8. Class template basic_datagram_socket

namespace std {
namespace tr2 {
namespace sys {
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template<class Protocol, class DatagramSocketService>
class basic_datagram_socket
public basic_socket<DatagramSocketService>

public:
// types:
typedef typename DatagramSocketService::native_type native_type;
typedef Protocol protocol_type;
typedef typename Protocol::endpoint endpoint_type;

// constructors:
explicit basic_datagram_socket(std::tr2::sys::io_service& io_service);
basic_datagram_socket(std::tr2::sys::io_service& io_service,

const protocol_type& protocol);
basic_datagram_socket(std::tr2::sys::io_service& io_service,

const endpoint_type& endpoint);
basic_datagram_socket(std::tr2::sys::io_service& io_service,

const protocol_type& protocol,

const native_type& native_socket);

// members:
template<class MutableBufferSequence>
size_t receive(const MutableBufferSequence& buffers);
template<class MutableBufferSequence>
size_t receive(const MutableBufferSequence& buffers,
error_code& ec);

template<class MutableBufferSequence, class ReadHandler>
void async_receive(const MutableBufferSequence& buffers,
ReadHandler handler);

template<class MutableBufferSequence>
size_t receive(const MutableBufferSequence& buffers,
socket_base: :message_flags flags);
template<class MutableBufferSequence>
size_t receive(const MutableBufferSequence& buffers,
socket_base: :message_flags flags, error_code& ec);

template<class MutableBufferSequence, class ReadHandler>
void async_receive(const MutableBufferSequence& buffers,
socket_base: :message_flags flags,
ReadHandler handler);

template<class MutableBufferSequence>
size_t receive_from(const MutableBufferSequence& buffers,
endpoint_type& sender);
template<class MutableBufferSequence>
size_t receive_from(const MutableBufferSequence& buffers,
endpoint_type& sender, error_code& ec);

template<class MutableBufferSequence, class ReadHandler>
void async_receive_from(const MutableBufferSequence& buffers,
endpoint_type& sender,
ReadHandler handler);

template<class MutableBufferSequence>
size_t receive_from(const MutableBufferSequence& buffers,
endpoint_type& sender,
socket_base: :message_flags flags);
template<class MutableBufferSequence>
size_t receive_from(const MutableBufferSequence& buffers,
endpoint_type& sender,
socket_base: :message_flags flags,
error_code& ec);

template<class MutableBufferSequence, class ReadHandler>
void async_receive_from(const MutableBufferSequence& buffers,
endpoint_type& sender,
socket_base: :message_flags flags,
ReadHandler handler);

template<class ConstBufferSequence>
size_t send(const ConstBufferSequence& buffers);
template<class ConstBufferSequence>
size_t send(const ConstBufferSequence& buffers, error_code& ec);

template<class ConstBufferSequence, class WriteHandler>
void async_send(const ConstBufferSequence& buffers,
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WriteHandler handler);

template<class ConstBufferSequence>
size_t send(const ConstBufferSequence& buffers,
socket_base: :message_flags flags);
template<class ConstBufferSequence>
size_t send(const ConstBufferSequence& buffers,
socket_base: :message_flags flags, error_code& ec);

template<class ConstBufferSequence, class WriteHandler>
void async_send(const ConstBufferSequence& buffers,
socket_base: :message_flags flags,
WriteHandler handler);

template<class ConstBufferSequence>
size_t send_to(const ConstBufferSequence& buffers,
const endpoint_type& destination);
template<class ConstBufferSequence>
size_t send_to(const ConstBufferSequence& buffers,
const endpoint_type& destination, error_code& ec);

template<class ConstBufferSequence, class WriteHandler>
void async_send_to(const ConstBufferSequence& buffers,
const endpoint_type& destination,
WriteHandler handler);

template<class ConstBufferSequence>
size_t send_to(const ConstBufferSequence& buffers,
const endpoint_type& destination,
socket_base: :message_flags flags);
template<class ConstBufferSequence>
size_t send_to(const ConstBufferSequence& buffers,
const endpoint_type& destination,
socket_base: :message_flags flags, error_code& ec);

template<class ConstBufferSequence, class WriteHandler>
void async_send_to(const ConstBufferSequence& buffers,
const endpoint_type& destination,
socket_base::message_flags flags,
WriteHandler handler);
s

} // namespace sys

} // namespace tr2
} // namespace std

5.7.8.1. basic_datagram_socket constructors

explicit basic_datagram_socket(std::tr2::sys::io_service& io_service);

Effects: Constructs an object of class basic_datagram_socket<Protocol, DatagramSocketService>,
initialising the base class with basic_socket (io_service).

basic_datagram_socket(std::tr2::sys::io_service& io_service,
const protocol_type& protocol);

Effects: Constructs an object of class basic_datagram_socket<Protocol, DatagramSocketService>,
initialising the base class with basic_socket(io_service, protocol).

basic_datagram_socket(std::tr2::sys::io_service& io_service,
const endpoint_type& endpoint);

Effects: Constructs an object of class basic_datagram_socket<Protocol, DatagramSocketService>,
initialising the base class with basic_socket(io_service, endpoint).

basic_datagram_socket(std::tr2::sys::io_service& io_service,

const protocol_type& protocol,
const native_type& native_socket);

Effects: Constructs an object of class basic_datagram_socket<Protocol, SocketService>, initialising
the base class with basic_socket(io_service, protocol, native_socket).
5.7.8.2. basic_datagram_socket members

template<class MutableBufferSequence>
size_t receive(const MutableBufferSequence& buffers);
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template<class MutableBufferSequence>
size_t receive(const MutableBufferSequence& buffers,
error_code& ec);

Returns: this->service.receive(this->implementation, buffers, 0, 0, mutable_buffer(),
ec).

template<class MutableBufferSequence, class ReadHandler>
void async_receive(const MutableBufferSequence& buffers,
ReadHandler handler);

Effects: Calls this->service.async_receive(this->implementation, buffers, O, handler).

template<class MutableBufferSequence>
size_t receive(const MutableBufferSequence& buffers,
socket_base: :message_flags flags);
template<class MutableBufferSequence>
size_t receive(const MutableBufferSequence& buffers,
socket_base: :message_flags flags, error_code& ec);

Returns: this->service.receive(this->implementation, buffers, flags, ec).

template<class MutableBufferSequence, class ReadHandler>
void async_receive(const MutableBufferSequence& buffers,
socket_base: :message_flags flags,
ReadHandler handler);

Effects: Calls this->service.async_receive(this->implementation, buffers, flags, handler).

template<class MutableBufferSequence>
size_t receive_from(const MutableBufferSequence& buffers,
endpoint_type& sender);
template<class MutableBufferSequence>
size_t receive_from(const MutableBufferSequence& buffers,
endpoint_type& sender, error_code& ec);

Rennws:this—>service.receive_from(this—>imp1ementation, buffers, sender, 0, ec).

template<class MutableBufferSequence, class ReadHandler>
void async_receive_from(const MutableBufferSequence& buffers,
endpoint_type& sender,
ReadHandler handler);

Effects: Calls this->service.async_receive_from(this->implementation, buffers, sender, O,
handler).

template<class MutableBufferSequence>
size_t receive_from(const MutableBufferSequence& buffers,
endpoint_type& sender,
socket_base: :message_flags flags);
template<class MutableBufferSequence>
size_t receive_from(const MutableBufferSequence& buffers,
endpoint_type& sender,
socket_base: :message_flags flags,
error_code& ec);

Returns: this->service.receive_from(this->implementation, buffers, sender, flags, ec).

template<class MutableBufferSequence, class ReadHandler>
void async_receive_from(const MutableBufferSequence& buffers,
endpoint_type& sender,
socket_base::message_flags flags,
ReadHandler handler);

Effects: Calls this->service.async_receive_from(this->implementation, buffers, sender,
flags, handler).

template<class ConstBufferSequence>
size_t send(const ConstBufferSequence& buffers);
template<class ConstBufferSequence>
size_t send(const ConstBufferSequence& buffers, error_code& ec);

Returns: this->service.send(this->implementation, buffers, 0, ec).

template<class ConstBufferSequence, class WriteHandler>
void async_send(const ConstBufferSequence& buffers, WriteHandler handler);
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Effects: Calls this->service.async_send(this->implementation, buffers, O, handler).

template<class ConstBufferSequence>
size_t send(const ConstBufferSequence& buffers,
socket_base: :message_flags flags);
template<class ConstBufferSequence>
size_t send(const ConstBufferSequence& buffers,
socket_base: :message_flags flags, error_code& ec);

Returns: this->service.send(this->implementation, buffers, flags, ec).

template<class ConstBufferSequence, class WriteHandler>
void async_send(const ConstBufferSequence& buffers,
socket_base::message_flags flags,
WriteHandler handler);

Effects: Calls this->service.async_send(this->implementation, buffers, flags, handler).

template<class ConstBufferSequence>
size_t send_to(const ConstBufferSequence& buffers,
const endpoint_type& destination);
template<class ConstBufferSequence>
size_t send_to(const ConstBufferSequence& buffers,
const endpoint_type& destination, error_code& ec);

Returns: this->service.send_to(this->implementation, buffers, destination, 0, ec).

template<class ConstBufferSequence, class WriteHandler>
void async_send_to(const ConstBufferSequence& buffers,
const endpoint_type& destination,
WriteHandler handler);

Effects: Calls this->service.async_send_to(this->implementation, buffers, destination, O,
handler).

template<class ConstBufferSequence>
size_t send_to(const ConstBufferSequence& buffers,
const endpoint_type& destination,
socket_base: :message_flags flags);
template<class ConstBufferSequence>
size_t send_to(const ConstBufferSequence& buffers,
const endpoint_type& destination,
socket_base: :message_flags flags, error_code& ec);

Returns: this->service.send_to(this->implementation, buffers, destination, flags, ec).

template<class ConstBufferSequence, class WriteHandler>
void async_send_to(const ConstBufferSequence& buffers,
const endpoint_type& destination,
socket_base: :message_flags flags,
WriteHandler handler);

Effects: Calls this->service.async_send_to(this->implementation, buffers, destination,
flags, handler).

5.7.9. Class template stream_socket_service

Instances of the stream_socket_service class template meet the requirements of a StreamSocketService.

namespace std {
namespace tr2 {
namespace sys {

template<class Protocol>
class stream_socket_service
public io_service::service

public:
static io_service::id id;

// types:

typedef Protocol protocol_type;

typedef typename Protocol::endpoint endpoint_type;
typedef unspecified implementation_type;

typedef implementation defined native_type;
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// constructors:
explicit stream_socket_service(io_service& ios);

// members:
void construct(implementation_type& impl);

void destroy(implementation_type& impl) ;

error_code open(implementation_type& impl,
const protocol_type& protocol, error_code& ec);

error_code assign(implementation_type& impl,
const protocol_type& protocol,
const native_type& native_socket, error_code& ec);

bool is_open(const implementation_type& impl) const;
error_code close(implementation_type& impl, error_code& ec);
native_type native(implementation_type& impl);

error_code cancel(implementation_type& impl, error_code& ec);

template<class SettableSocketOption>
error_code set_option(implementation_type& impl,
const SettableSocketOption& option,
error_code& ec);

template<class GettableSocketOption>
error_code get_option(const implementation_type& impl,
GettableSocketOption& option,
error_code& ec) const;

template<class IoControlCommand>
error_code io_control(implementation_type& impl,
IoControlCommand& command, error_code& ec);

bool at_mark(const implementation_type& impl, error_code& ec) const;

size_t available(const implementation_type& impl,
error_code& ec) const;

error_code bind(implementation_type& impl,
const endpoint_type& endpoint, error_code& ec);

error_code shutdown(implementation_type& impl, shutdown_type how,
error_code& ec);

endpoint_type local_endpoint(const implementation_type& impl,
error_code& ec) const;

endpoint_type remote_endpoint(const implementation_type& impl,
error_code& ec) const;

error_code connect(implementation_type& impl,
const endpoint_type& endpoint, error_code& ec);

template<class ConnectHandler>
void async_connect(implementation_type& impl,
const endpoint_type& endpoint,
ConnectHandler handler);

template<class MutableBufferSequence>
size_t receive(implementation_type& impl,
const MutableBufferSequence& buffers,
socket_base: :message_flags flags,
error_code& ec);

template<class MutableBufferSequence, class ReadHandler>
void async_receive(implementation_type& impl,
const MutableBufferSequence& buffers,
socket_base: :message_flags flags,
ReadHandler handler);

template<class ConstBufferSequence>
size_t send(implementation_type& impl,
const ConstBufferSequence& buffers,
socket_base: :message_flags flags,
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error_code& ec);
template<class ConstBufferSequence, class WriteHandler>
void async_send(implementation_type& impl,
const ConstBufferSequence& buffers,
socket_base: :message_flags flags,
WriteHandler handler);

private:
virtual void shutdown_service();

’

} // namespace sys
} // namespace tr2
} // namespace std

5.7.9.1. stream_socket_service types

typedef implementation defined native_type;

The native representation of a socket. Must satisfy the requirements of CopyConstructible types (C++ Std,
20.1.3), and the requirements of Assignable types (C++ Std, 23.1). [Note: For POSLX implementations, this
type would typically be convertible to and from int. For Windows implementations, this type would typically be
convertible to and from SOCKET. —end note]

5.7.9.2. stream_socket_service constructors

explicit stream_socket_service(io_service& ios);
Effects: Constructs an object of class stream_socket_service<Protocol>, initialising the base class with
io_service: :service(ios).

5.7.9.3. stream_socket_service members

void shutdown_service();

Effects: Destroys all copies of user-defined handler objects owned by the service.

void construct(implementation_type& impl);
Effects: Initialises the socket implementation impl.

Postconditions: 'is_open(impl).

void destroy(implementation_type& impl);

Effects: If is_open(impl) is true, cancels pending asynchronous operations associated with imp1l, disables the
linger socket option to prevent the operation from blocking, and releases socket resources as if by POSLX
close (). Otherwise, no effect. Handlers for cancelled asynchronous operations are passed the error_code
value error: :operation_aborted. Failures are ignored.

error_code open(implementation_type& impl,
const protocol_type& protocol, error_code& ec);

Requires: 'is_open(impl).

Effects: 1If is_open(impl) is true, sets ec to error: :already_open. Otherwise establishes the postcondition,
as if by POSIX socket Q.

Returns: ec.

Postconditions: is_open(impl).

error_code assign(implementation_type& impl,
const protocol_type& protocol,
const native_type& native_socket, error_code& ec);

Requires: 'is_open(impl).

Effects: If is_open(impl) is true, sets ec to error: :already_open. Otherwise assigns the existing socket to
the implementation impl.
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Returns: ec.
Postconditions: is_open (impl).

The main source of errors for assign would be a call to register the socket with an OS-specific event demultiplexor, such as a
kqueue, an epoll descriptor, a /dev/poll device, or a Windows I/O completion port. These errors may also be produced by
open, since that function would perform the same registration.

bool is_open(const implementation_type& impl) const;

Returns: A bool indicating whether the socket implementation impl was opened by a previous call to open or
assign.

error_code close(implementation_type& impl, error_code& ec);

Effects: If is_open(impl) is true, cancels pending asynchronous operations associated with impl, and
establishes the postcondition as if by POSIX close Q). Otherwise, no effect. Handlers for cancelled
asynchronous operations are passed the error_code value error: :operation_aborted.

Returns: ec.
native_type native(implementation_type& impl);
Returns: The native representation of the socket implementation impl.

error_code cancel(implementation_type& impl, error_code& ec);
Requires: is_open(impl).

Effects: 1If is_open(impl) is false, sets ec to error: :bad_descriptor. Otherwise cancels pending
asynchronous operations associated with imp1l, if any. Handlers for cancelled asynchronous operations are
passed the error_code value error: :operation_aborted.

The conditions under which cancellation of asynchronous operations is permitted are implementation-defined. If
current conditions do not permit cancellation, an implementation shall set ec to
error::operation_not_supported.

This flexibility is included to support implementations on Windows versions prior to Vista, where the CancelIo function will
only cancel asynchronous operations started from the same thread. Vista provides CancelIoEx which may be used to cancel
all asynchronous operations associated with a socket.

Returns: ec.
template<class SettableSocketOption>
error_code set_option(implementation_type& impl,

const SettableSocketOption& option,
error_code& ec);

Requires: is_open(impl).

Effects: If is_open(impl) is false, sets ec to error: :bad_descriptor. Otherwise sets an option on the
socket impl, as if by POSIX setsockopt ().

Returns: ec.
template<class GettableSocketOption>
error_code get_option(const implementation_type& impl,

GettableSocketOption& option,
error_code& ec) const;

Requires: is_open(impl).

Effects: 1If is_open(impl) is false, sets ec to error: :bad_descriptor. Otherwise gets an option from the
socket impl, as if by POSIX getsockopt Q).

Returns: ec.
template<class IoControlCommand>

error_code io_control(implementation_type& impl,
IoControlCommand& command, error_code& ec);

Requires: is_open(impl).
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Effects: If is_open(impl) is false, sets ec to error: :bad_descriptor. Otherwise executes an I/O control
command on the socket impl, as if by POSIX ioctl1 Q).

Returns: ec.

This proposal does not include any classes that satisfy IoControlCommand requirements. However, implementation-specific

extensions such as QoS may be implemented using ioctl (), and the io_control () operation is included to allow these
extensions to be supported.

bool at_mark(const implementation_type& impl, error_code& ec) const;
Requires: is_open(impl).

Effects: If is_open(impl) is false, sets ec to error: :bad_descriptor. If the value returned by
native (impl) is not a valid socket, sets ec to error: :not_socket. [Note: Instead of POSLX ENOTTY. —end
note] Otherwise determines if the socket impl is at the out-of-band data mark, as if by POSIX sockatmark Q).

Returns: A bool indicating whether the socket is at the out-of-band data mark.

size_t available(const implementation_type& impl,
error_code& ec) const;

Requires: is_open(impl).

Effects: If is_open(impl) is false, sets ec to error: :bad_descriptor. Otherwise determines the number of
bytes that may be read without blocking.

Returns: The number of bytes that may be read without blocking, or 0 if an error occurs.

error_code bind(implementation_type& impl,
const endpoint_type& endpoint, error_code& ec);

Requires: is_open(impl).

Effects: 1If is_open(impl) is false, sets ec to error: :bad_descriptor. Otherwise binds the socket impl to
the specified local endpoint, as if by POSIX bind Q).

Returns: ec.

error_code shutdown(implementation_type& impl, shutdown_type how,
error_code& ec);

Requires: is_open(impl).

Effects: If is_open(impl) is false, sets ec to error: :bad_descriptor. Otherwise shuts down all or part of a
full-duplex connection for the socket impl, as if by POSIX shutdown Q). If how is shutdown_receive, uses
POSIX SHUT_RD. If how is shutdown_send, uses POSIX SHUT_WR. If how is shutdown_both, uses POSIX
SHUT_RDWR.

Returns: ec.

endpoint_type local_endpoint(const implementation_type& impl,
error_code& ec) const;

Requires: is_open(impl).

Effects: 1If is_open(impl) is false, sets ec to error: :bad_descriptor. Otherwise determines the locally-
bound endpoint associated with the socket imp1l, as if by POSLY getsockname Q).

Returns: On success, the locally-bound endpoint associated with impl. Otherwise endpoint_type().

endpoint_type remote_endpoint(const implementation_type& impl,
error_code& ec) const;

Requires: is_open(impl).

Effects: If is_open(impl) is false, sets ec to error: :bad_descriptor. Otherwise determines the remote
endpoint associated with the socket impl, as if by POSIX getpeername ().

Returns: On success, the remote endpoint associated with impl. Otherwise endpoint_type ().

error_code connect(implementation_type& impl,
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const endpoint_type& endpoint, error_code& ec);
Requires: is_open(impl).

Effects: If is_open(impl) is false, sets ec to error: :bad_descriptor. Otherwise connects the socket impl
to the specified remote endpoint, as if by POSLX connect Q.

Returns: ec.

template<class ConnectHandler>
void async_connect (implementation_type& impl,
const endpoint_type& endpoint,
ConnectHandler handler);

Requires: is_open(impl).

Effects: Initiates an asynchronous operation to connect the socket imp1l to the specified remote endpoint, as if by
POSIX connect (). The operation is performed via the io_service object returned by
io_service::service::io_service() and behaves according to asynchronous operation requirements.

If is_open(impl) is false, the operation shall fail immediately with error_code value
error: :bad_descriptor.

When multiple asynchronous connect operations are initiated such that the operations may logically be
performed in parallel, the behaviour is implementation-defined. When an asynchronous connect operation and an
asynchronous read or write operation are initiated such that they may logically be performed in parallel, the
behaviour is implementation-defined.

If a program performs a synchronous set_option, io_control, bind, shutdown, connect, receive, or
send operation on impl while there is an incomplete asynchronous connect operation, the behaviour is
implementation-defined.

template<class MutableBufferSequence>
size_t receive(implementation_type& impl,
const MutableBufferSequence& buffers,
socket_base: :message_flags flags,
error_code& ec);

Requires: is_open(impl).

Effects: If is_open(impl) is false, sets ec to error: :bad_descriptor. Otherwise reads data from a
connected socket impl, as if by POSIX recvmsg Q.

The mutable buffer sequence buffers specifies memory where the data should be placed. The operation shall
always fill a buffer in the sequence completely before proceeding to the next. If the total size of all buffers in the
sequence buffers is 0, the function shall return 0 immediately.

The flags argument specifies the type of receive operation to be performed.

If the operation completes due to graceful connection closure by the peer, the operation shall fail with
error: :eof.

Returns: On success, the number of bytes read. Otherwise 0.

template<class MutableBufferSequence, class ReadHandler>
void async_receive(implementation_type& impl,
const MutableBufferSequence& buffers,
socket_base: :message_flags flags,
ReadHandler handler);

Requires: is_open(impl) && (flags & socket_base::message_peek) ==

Effects: Initiates an asynchronous operation to read data from a connected socket impl, as if by POSIX
recvmsg (). The operation is performed via the io_service object a.io_service() and behaves according to
asynchronous operation requirements.

If is_open(impl) is false, the operation shall fail immediately with error_code value
error: :bad_descriptor.

The mutable buffer sequence buffers specifies memory where the data should be placed. The operation shall
always fill a buffer in the sequence completely before proceeding to the next. The implementation shall maintain
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one or more copies of buffers until such time as the read operation no longer requires access to the memory
specified by the buffers in the sequence. The program must ensure the memory is valid until:

— the last copy of buffers is destroyed, or
— the handler for the asynchronous read operation is invoked,

whichever comes first. If the total size of all buffers in the sequence buffers is 0, the asynchronous read
operation shall complete immediately and pass O as the argument to the handler that specifies the number of
bytes read.

The flags argument specifies the type of receive operation to be performed. If flags &

socket_base: :message_peek is true, the operation shall fail immediately with error: :invalid_argument.
Ifflags & socket_base::message_out_of_band is true, the operation shall continue until out-of-band data
is received, or an error occurs.

When multiple asynchronous read operations with zero f1lags are initiated such that the operations may
logically be performed in parallel, the implementation shall fill the buffers in the order in which the operations
were issued. The order of invocation of the handlers for these operations is implementation-defined. When
multiple asynchronous read operations with non-zero flags are initiated such that operations may logically be
performed in parallel, the behaviour is implementation-defined.

If a program performs a synchronous set_option, io_control, bind, shutdown, connect, or receive
operation on impl while there is an incomplete asynchronous read operation, the behaviour is implementation-
defined.

If the operation completes due to graceful connection closure by the peer, the operation shall fail with
error: :eof.

If the operation completes successfully, the ReadHandler object handler is invoked with the number of bytes
transferred. Otherwise it is invoked with 0.

template<class ConstBufferSequence>
size_t send(implementation_type& impl,
const ConstBufferSequence& buffers,
socket_base: :message_flags flags,
error_code& ec);

Requires: is_open (impl).

Effects: If is_open(impl) is false, sets ec to error: :bad_descriptor. Otherwise writes data to a connected
socket impl, as if by POSIX sendmsgQ).

The constant buffer sequence buffers specifies memory where the data to be written is located. The operation
shall always write a buffer in the sequence completely before proceeding to the next. If the total size of all
buffers in the sequence buffers is 0, the function shall return 0 immediately.

The flags argument specifies the type of send operation to be performed.

Returns: On success, the number of bytes written. Otherwise 0.

template<class ConstBufferSequence, class WriteHandler>
void async_send(implementation_type& impl,
const ConstBufferSequence& buffers,
socket_base::message_flags flags,
WriteHandler handler);

Requires: is_open(impl).

Effects: Initiates an asynchronous operation to write data to a connected socket imp1l, as if by POSLX
sendmsg (). The operation is performed via the io_service object a.io_service() and behaves according to

asynchronous operation requirements.

If is_open(impl) is false, the operation shall fail immediately with error_code value
error: :bad_descriptor.

The constant buffer sequence buffers specifies memory where the data to be written is located. The operation
shall always write a buffer in the sequence completely before proceeding to the next. The implementation shall
maintain one or more copies of buffers until such time as the write operation no longer requires access to the
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memory specified by the buffers in the sequence. The program must ensure the memory is valid until:
— the last copy of buffers is destroyed, or
— the handler for the asynchronous write operation is invoked,

whichever comes first. If the total size of all buffers in the sequence buffers is 0, the asynchronous write
operation shall complete immediately and pass O as the argument to the handler that specifies the number of
bytes written.

The flags argument specifies the type of send operation to be performed.

When multiple asynchronous write operations with zero flags are initiated such that the operations may
logically be performed in parallel, the implementation shall write the buffers in the order in which the
operations were issued. The order of invocation of the handlers for these operations is implementation-defined.
When multiple asynchronous write operations with non-zero flags are initiated such that operations may
logically be performed in parallel, the behaviour is implementation-defined.

If a program performs a synchronous set_option, io_control, bind, shutdown, connect, or send operation
on impl while there is an incomplete asynchronous send operation, the behaviour is implementation-defined.

If the operation completes successfully, the WriteHandler object handler is invoked with the number of bytes
transferred. Otherwise it is invoked with 0.

5.7.10. Class template basic_stream_socket

Instances of the basic_stream_socket class template meet the requirements for synchronous read streams, synchronous
write streams, asynchronous read streams, and asynchronous write streams.

namespace std {
namespace tr2 {
namespace sys {

template<class Protocol, class StreamSocketService>
class basic_stream_socket
public basic_socket<StreamSocketService>

public:
// types:
typedef typename StreamSocketService::native_type native_type;
typedef Protocol protocol_type;
typedef typename Protocol::endpoint endpoint_type;

// constructors:
explicit basic_stream_socket(std::tr2::sys::io_service& io_service);
basic_stream_socket(std::tr2::sys::io_service& io_service,

const protocol_type& protocol);
basic_stream_socket(std::tr2::sys::io_service& io_service,

const endpoint_type& endpoint);
basic_stream_socket(std::tr2::sys::io_service& io_service,

const protocol_type& protocol,

const native_type& native_socket);

// members:
template<class MutableBufferSequence>
size_t receive(const MutableBufferSequence& buffers);
template<class MutableBufferSequence>
size_t receive(const MutableBufferSequence& buffers,
error_code& ec);

template<class MutableBufferSequence, class ReadHandler>
void async_receive(const MutableBufferSequence& buffers,
ReadHandler handler);

template<class MutableBufferSequence>
size_t receive(const MutableBufferSequence& buffers,
socket_base: :message_flags flags);
template<class MutableBufferSequence>
size_t receive(const MutableBufferSequence& buffers,
socket_base: :message_flags flags, error_code& ec);

template<class MutableBufferSequence, class ReadHandler>
void async_receive(const MutableBufferSequence& buffers,
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socket_base: :message_flags flags,
ReadHandler handler);

template<class ConstBufferSequence>
size_t send(const ConstBufferSequence& buffers);
template<class ConstBufferSequence>
size_t send(const ConstBufferSequence& buffers, error_code& ec);

template<class ConstBufferSequence, class WriteHandler>
void async_send(const ConstBufferSequence& buffers,
WriteHandler handler);

template<class ConstBufferSequence>
size_t send(const ConstBufferSequence& buffers,
socket_base: :message_flags flags);
template<class ConstBufferSequence>
size_t send(const ConstBufferSequence& buffers,
socket_base: :message_flags flags, error_code& ec);

template<class ConstBufferSequence, class WriteHandler>
void async_send(const ConstBufferSequence& buffers,
socket_base: :message_flags flags,
WriteHandler handler);

template<class MutableBufferSequence>
size_t read_some(const MutableBufferSequence& buffers);
template<class MutableBufferSequence>
size_t read_some(const MutableBufferSequence& buffers,
error_code& ec);

template<class MutableBufferSequence, class ReadHandler>
void async_read_some(const MutableBufferSequence& buffers,
ReadHandler handler);

template<class ConstBufferSequence>
size_t write_some(const ConstBufferSequence& buffers);
template<class ConstBufferSequence>
size_t write_some(const ConstBufferSequence& buffers,
error_code& ec);

template<class ConstBufferSequence, class WriteHandler>
void async_write_some(const ConstBufferSequence& buffers,
WriteHandler handler);
};

} // namespace sys
} // namespace tr2
} // namespace std

5.7.10.1. basic_stream_socket constructors

explicit basic_stream_socket(std::tr2::sys::io_service& io_service);

Effects: Constructs an object of class basic_stream_socket<Protocol, StreamSocketService>,
initialising the base class with basic_socket (io_service).

basic_stream_socket(std::tr2::sys::io_service& io_service,
const protocol_type& protocol);

Effects: Constructs an object of class basic_stream_socket<Protocol, StreamSocketService>,
initialising the base class with basic_socket(io_service, protocol).

basic_stream_socket(std::tr2::sys::io_service& io_service,
const endpoint_type& endpoint);

Effects: Constructs an object of class basic_stream_socket<Protocol, StreamSocketService>,
initialising the base class with basic_socket(io_service, endpoint).

basic_stream_socket(std::tr2::sys::io_service& io_service,
const protocol_type& protocol,
const native_type& native_socket);

Effects: Constructs an object of class basic_stream_socket<Protocol, SocketService>, initialising the
base class with basic_socket (io_service, protocol, native_socket).
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5.7.10.2. basic_stream_socket members

template<class MutableBufferSequence>
size_t receive(const MutableBufferSequence& buffers);
template<class MutableBufferSequence>
size_t receive(const MutableBufferSequence& buffers,
error_code& ec);

Returns: this->service.receive(this->implementation, buffers, 0, 0, mutable_buffer(),
ec).

template<class MutableBufferSequence, class ReadHandler>
void async_receive(const MutableBufferSequence& buffers,
ReadHandler handler);

Effects: Calls this->service.async_receive(this->implementation, buffers, O, handler).

template<class MutableBufferSequence>
size_t receive(const MutableBufferSequence& buffers,
socket_base: :message_flags flags);
template<class MutableBufferSequence>
size_t receive(const MutableBufferSequence& buffers,
socket_base: :message_flags flags, error_code& ec);

Returns: this->service.receive(this->implementation, buffers, flags, ec).

template<class MutableBufferSequence, class ReadHandler>
void async_receive(const MutableBufferSequence& buffers,
socket_base: :message_flags flags,
ReadHandler handler);

Effects: Calls this->service.async_receive(this->implementation, buffers, flags, handler).

template<class ConstBufferSequence>
size_t send(const ConstBufferSequence& buffers);
template<class ConstBufferSequence>
size_t send(const ConstBufferSequence& buffers, error_code& ec);

Returns: this->service.send(this->implementation, buffers, 0, ec).

template<class ConstBufferSequence, class WriteHandler>
void async_send(const ConstBufferSequence& buffers, WriteHandler handler);

Effects: Calls this->service.async_send(this->implementation, buffers, O, handler).

template<class ConstBufferSequence>
size_t send(const ConstBufferSequence& buffers,
socket_base: :message_flags flags);
template<class ConstBufferSequence>
size_t send(const ConstBufferSequence& buffers,
socket_base: :message_flags flags, error_code& ec);

Returns: this->service.send(this->implementation, buffers, flags, ec).

template<class ConstBufferSequence, class WriteHandler>
void async_send(const ConstBufferSequence& buffers,
socket_base: :message_flags flags,
WriteHandler handler);

Effects: Calls this->service.async_send(this->implementation, buffers, flags, handler).

template<class MutableBufferSequence>
size_t read_some(const MutableBufferSequence& buffers);
template<class MutableBufferSequence>
size_t read_some(const MutableBufferSequence& buffers,
error_code& ec);

Returns: this->service.receive(this->implementation, buffers, 0, 0, mutable_buffer(),
ec).

template<class MutableBufferSequence, class ReadHandler>

void async_read_some(const MutableBufferSequence& buffers,
ReadHandler handler);

Effects: Calls this->service.async_receive(this->implementation, buffers, O, handler).
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template<class ConstBufferSequence>
size_t write_some(const ConstBufferSequence& buffers);
template<class ConstBufferSequence>
size_t write_some(const ConstBufferSequence& buffers,
error_code& ec);

Returns: this->service.send(this->implementation, buffers, 0, ec).

template<class ConstBufferSequence, class WriteHandler>
void async_write_some(const ConstBufferSequence& buffers,
WriteHandler handler);

Effects: Calls this->service.async_send(this->implementation, buffers, O, handler).

5.7.11. Class template socket_acceptor_service

Instances of the socket_acceptor_service class template meet the requirements of a SocketAcceptorService

namespace std {
namespace tr2 {
namespace sys {

template<class Protocol>
class socket_acceptor_service
public io_service::service

public:
static io_service::id id;

// types:

typedef Protocol protocol_type;

typedef typename Protocol::endpoint endpoint_type;
typedef unspecified implementation_type;

typedef implementation defined native_type;

// constructors:
explicit socket_acceptor_service(io_service& ios);

// members:
void construct(implementation_type& impl);

void destroy(implementation_type& impl);

error_code open(implementation_type& impl,
const protocol_type& protocol, error_code& ec);

error_code assign(implementation_type& impl,
const protocol_type& protocol,
const native_type& native_socket, error_code& ec);

bool is_open(const implementation_type& impl) const;
error_code close(implementation_type& impl, error_code& ec);
native_type native(implementation_type& impl);

error_code cancel(implementation_type& impl, error_code& ec);

template<class SettableSocketOption>
error_code set_option(implementation_type& impl,
const SettableSocketOption& option,
error_code& ec);

template<class GettableSocketOption>
error_code get_option(const implementation_type& impl,
GettableSocketOption& option,
error_code& ec) const;

template<class IoControlCommand>
error_code io_control(implementation_type& impl,
IoControlCommand& command, error_code& ec);

error_code bind(implementation_type& impl,
const endpoint_type& endpoint, error_code& ec);

error_code listen(implementation_type& impl, int backlog,
error_code& ec);
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endpoint_type local_endpoint(const implementation_type& impl,
error_code& ec) const;

template<class SocketService>
error_code accept(implementation_type& impl,
basic_socket<Protocol, SocketService>& socket,
endpoint_type* endpoint, error_code& ec);

template<class SocketService, class AcceptHandler>
void async_accept(implementation_type& impl,
basic_socket<Protocol, SocketService>& socket,
endpoint_type* endpoint, AcceptHandler handler);

private:
virtual void shutdown_service();

)

} // namespace sys
} // namespace tr2
} // namespace std

5.7.11.1. socket_acceptor_service types

typedef implementation defined native_type;

The native representation of a socket acceptor. Must satisfy the requirements of CopyConstructible types
(C++ Std, 20.1.3), and the requirements of Assignable types (C++ Std, 23.1). [Note: For POSIX
implementations, this type would typically be convertible to and from int. For Windows implementations, this
type would typically be convertible to and from SOCKET. —end note]

5.7.11.2. socket_acceptor_service constructors

explicit socket_acceptor_service(io_service& ios);

Effects: Constructs an object of class socket_acceptor_service<Protocol>, initialising the base class with
io_service::service(ios).
5.7.11.3. socket_acceptor_service members

void shutdown_service();

Effects: Destroys all copies of user-defined handler objects owned by the service.
void construct(implementation_type& impl);

Effects: Initialises the socket acceptor implementation impl.

Postconditions: 'is_open(impl).
void destroy(implementation_type& impl);

Effects: 1If is_open(impl) is true, cancels pending asynchronous operations associated with impl, and releases
socket acceptor resources as if by POSIX close (). Otherwise, no effect. Handlers for cancelled asynchronous
operations are passed the error_code value error: :operation_aborted. Failures are ignored.

error_code open(implementation_type& impl,
const protocol_type& protocol, error_code& ec);

Requires: 'is_open(impl).

Effects: If is_open(impl) is true, sets ec to error: :already_open. Otherwise establishes the postcondition,
as if by POSIX socket ().

Returns: ec.
Postconditions: is_open (impl).
error_code assign(implementation_type& impl,
const protocol_type& protocol,

const native_type& native_socket, error_code& ec);

Requires: 'is_open(impl).
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Effects: If is_open(impl) is true, sets ec to error: :already_open. Otherwise assigns the existing socket
acceptor to the implementation impl.

Returns: ec.
Postconditions: is_open(impl).

The main source of errors for assign would be a call to register the socket acceptor with an OS-specific event demultiplexor,
such as a kqueue, an epoll descriptor, a /dev/poll device, or a Windows 1/O completion port. These errors may also be
produced by open, since that function would perform the same registration.

bool is_open(const implementation_type& impl) const;

Returns: A bool indicating whether the socket acceptor implementation impl was opened by a previous call to
open Or assign.

error_code close(implementation_type& impl, error_code& ec);

Effects: If is_open(impl) is true, cancels pending asynchronous operations associated with impl, and
establishes the postcondition as if by POSLX close (). Otherwise, no effect. Handlers for cancelled
asynchronous operations are passed the error_code value error: :operation_aborted.

Returns: ec.

Postconditions: 'is_open(impl).

native_type native(implementation_type& impl);

Returns: The native representation of the socket acceptor implementation impl.

error_code cancel(implementation_type& impl, error_code& ec);
Requires: is_open(impl).

Effects: 1If is_open(impl) is false, sets ec to error: :bad_descriptor. Otherwise cancels pending
asynchronous operations associated with impl, if any. Handlers for cancelled asynchronous operations are
passed the error_code value error: :operation_aborted.

The conditions under which cancellation of asynchronous operations is permitted are implementation-defined. If
current conditions do not permit cancellation, an implementation shall set ec to
error::operation_not_supported.

This flexibility is included to support implementations on Windows versions prior to Vista, where the CancelIo function will
only cancel asynchronous operations started from the same thread. Vista provides CancelIoEx which may be used to cancel
all asynchronous operations associated with a socket.

Returns: ec.
template<class SettableSocketOption>
error_code set_option(implementation_type& impl,

const SettableSocketOption& option,
error_code& ec);

Requires: is_open(impl).

Effects: If is_open(impl) is false, sets ec to error: :bad_descriptor. Otherwise sets an option on the
socket acceptor impl, as if by POSIX setsockopt Q.

Returns: ec.
template<class GettableSocketOption>
error_code get_option(const implementation_type& impl,

GettableSocketOption& option,
error_code& ec) const;

Requires: is_open(impl).

Effects: If is_open(impl) is false, sets ec to error: :bad_descriptor. Otherwise gets an option from the
socket acceptor impl, as if by POSIX getsockopt Q.

Returns: ec.
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template<class IoControlCommand>
error_code io_control(implementation_type& impl,
IoControlCommand& command, error_code& ec);
Requires: is_open(impl).

Effects: 1If is_open(impl) is false, sets ec to error: :bad_descriptor. Otherwise executes an I/O control
command on the socket acceptor imp1l, as if by POSIX ioctl ().

Returns: ec.

This proposal does not include any classes that satisfy IoControlCommand requirements. However, implementation-specific

extensions such as QoS may be implemented using ioctl (), and the io_control () operation is included to allow these

extensions to be supported.

error_code bind(implementation_type& impl,
const endpoint_type& endpoint, error_code& ec);

Requires: is_open(impl).

Effects: 1If is_open(impl) is false, sets ec to error: :bad_descriptor. Otherwise binds the socket impl to
the specified local endpoint, as if by POSIX bind Q).

Returns: ec.

error_code listen(implementation_type& impl, int backlog,
error_code& ec);

Requires: is_open(impl).

Effects: If is_open(impl) is false, sets ec to error: :bad_descriptor. Otherwse marks the socket acceptor
impl as ready to accept connections, as if by POSIX 1listen(). If backlog ==

socket_base: :max_connections, the implementation shall set the socket acceptor's listen queue to the
maximum allowable length.

Returns: ec.

endpoint_type local_endpoint(const implementation_type& impl,
error_code& ec) const;

Requires: is_open(impl).

Effects: If is_open(impl) is false, sets ec to error: :bad_descriptor. Otherwise determines the locally-
bound endpoint associated with the socket acceptor impl, as if by POSIX getsockname ().

Returns: On success, the locally-bound endpoint associated with impl. Otherwise endpoint_type().

template<class SocketService>
error_code accept(implementation_type& impl,
basic_socket<Protocol, SocketService>& socket,
endpoint_type* endpoint, error_code& ec);

Requires: is_open(impl) && !socket.is_open(), and a prior call to 1isten for the socket acceptor
implementation impl.

Effects: If is_open(impl) is false, sets ec to error: :bad_descriptor. If socket.is_open() is true, sets
ec to error: :already_open. Otherwise associates socket with the first connection extracted from the queue
of pending connections of the socket acceptor impl, as if by POSIX accept ). On success, and if endpoint !
= 0, and if endpoint != 0, assigns into *endpoint the remote endpoint of the connection.

Implementations shall not permit the operation to complete with an error indicating that a connection has been
aborted. [Note: Such as POSIX ECONNABORTED, and Windows WSAECONNABORTED or
ERROR_NETNAME_DELETED). —end note]

The ECONNABORTED error is suppressed since it is a transient error, is rarely (if ever) useful but handling it correctly adds

complexity to even very simple servers.
Returns: ec.

Postconditions: socket.is_open().
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template<class SocketService, class AcceptHandler>
void async_accept(implementation_type& impl,
basic_socket<Protocol, SocketService>& socket,
endpoint_type* endpoint, AcceptHandler handler);

Requires: is_open(impl) && !socket.is_open(), and a prior call to 1isten for the socket acceptor
implementation impl.

Effects: Initiates an asynchronous operation to associate socket with the first connection extracted from the
queue of pending connections of the socket acceptor impl, as if by POSIX accept ). The operation is
performed via the io_service object returned by io_service: :service: :io_service() and behaves
according to asynchronous operation requirements.

If is_open(impl) is false, the operation shall fail immediately with error_code value
error: :bad_descriptor. If socket.is_open() is true, the operation shall fail immediately with
error_code value error: :already_open.

When multiple asynchronous accept operations are initiated such that the operations may logically be performed
in parallel, the behaviour is implementation-defined.

If a program performs a synchronous set_option, io_control, bind, or accept operation on impl while
there is an incomplete asynchronous accept operation, the behaviour is implementation-defined.

The program must ensure the basic_socket<> object socket is valid until the handler for the asynchronous
operation is invoked. If endpoint != 0, the program must ensure the object *endpoint is valid until the
handler for the asynchronous operation is invoked.

Implementations shall not permit the operation to complete with an error indicating that a connection has been
aborted. [Note: Such as POSIX ECONNABORTED, and Windows WSAECONNABORTED or
ERROR_NETNAME_DELETED). —end note)

5.7.12. Class template basic_socket_acceptor

namespace std {
namespace tr2 {
namespace sys {

template<class Protocol, class SocketAcceptorService>
class basic_socket_acceptor :
public basic_io_object<SocketAcceptorService>,
public socket_base

public:
// types:
typedef typename SocketAcceptorService::native_type native_type;
typedef Protocol protocol_type;
typedef typename Protocol::endpoint endpoint_type;

// constructors:
explicit basic_socket_acceptor(std::tr2::sys::io_service& io_service);
basic_socket_acceptor(std::tr2::sys::io_service& io_service,

const protocol_type& protocol);
basic_socket_acceptor(std::tr2::sys::io_service& io_service,

const endpoint_type& endpoint,

bool reuse_addr = true);
basic_socket_acceptor(std::tr2::sys::io_service& io_service,

const protocol_type& protocol,

const native_type& native_acceptor);

// members:
native_type native();

void open(const protocol_type& protocol = protocol_type());
error_code open(const protocol_type& protocol, error_code& ec);

void assign(const protocol_type& protocol,
const native_type& native_acceptor);
error_code assign(const protocol_type& protocol,
const native_type& native_acceptor, error_code& ec);
bool is_open() const;

void close();
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error_code close(error_code& ec);

void cancel();
error_code cancel (error_code& ec);

template<class SettableSocketOption>
void set_option(const SettableSocketOption& option) ;
template<class SettableSocketOption>
error_code set_option(const SettableSocketOption& option,
error_code& ec);

template<class GettableSocketOption>
void get_option(GettableSocketOption& option) const;
template<class GettableSocketOption>
error_code get_option(GettableSocketOption& option,
error_code& ec) const;

template<class IoControlCommand>
void io_control(IoControlCommand& command) ;
template<class IoControlCommand>
error_code io_control(IoControlCommand& command, error_code& ec);

void bind(const endpoint_type& endpoint);
error_code bind(const endpoint_type& endpoint, error_code& ec);

void listen(int backlog = max_connections);
error_code listen(int backlog, error_code& ec);

endpoint_type local_endpoint() const;
endpoint_type local_endpoint(error_code& ec) const;

template<class SocketService>
void accept(basic_socket<Protocol, SocketService>& socket);
template<class SocketService>
error_code accept(basic_socket<Protocol, SocketService>& socket,
error_code& ec);

template<class SocketService, class AcceptHandler>
void async_accept(basic_socket<Protocol, SocketService>& socket,
AcceptHandler handler);

template<class SocketService>
void accept(basic_socket<Protocol, SocketService>& socket,
endpoint_type& endpoint);
template<class SocketService>
error_code accept(basic_socket<Protocol, SocketService>& socket,
endpoint_type& endpoint, error_code& ec);

template<class SocketService, class AcceptHandler>
void async_accept(basic_socket<Protocol, SocketService>& socket,
endpoint_type& endpoint, AcceptHandler handler);
s

} // namespace sys
} // namespace tr2
} // namespace std

5.7.12.1. basic_socket_acceptor constructors

explicit basic_socket_acceptor(std::tr2::sys::io_service& io_service);

Effects: Constructs an object of class basic_socket_acceptor<Protocol, SocketAcceptorService>,
initialising the base class with basic_io_object (io_service).

basic_socket_acceptor(std::tr2::sys::io_service& io_service,
const protocol_type& protocol);

Effects: Constructs an object of class basic_socket_acceptor<Protocol, SocketAcceptorService>,
initialising the base class with basic_io_object(io_service), then opening the socket as if by calling:

error_code ec;
this->service.open(this->implementation, protocol, ec);
if (ec) throw system_error(ec);

basic_socket_acceptor(std::tr2::sys::io_service& io_service,
const endpoint_type& endpoint,
bool reuse_addr = true);
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Effects: Constructs an object of class basic_socket_acceptor<Protocol, SocketAcceptorService>,
initialising the base class with basic_io_object (io_service), then opening and binding the socket and
marking it as ready to accept connections as if by calling:

error_code ec;

this->service.open(this->implementation, endpoint.protocol(), ec);
if (ec) throw system_error(ec);

if (reuse_addr)

this->service.set_option(this->implementation, reuse_address(true), ec);
if (ec) throw system_error(ec);

this—>service.bind(this—>imp1ementation, endpoint, ec);

if (ec) throw system_error(ec);
this->service.listen(this->implementation, max_connections, ec);
if (ec) throw system_error(ec);

[UNPV1] recommends setting SO_REUSEADDR by default in all TCP servers, although there are some security implications in
doing so.

basic_socket_acceptor(std::tr2::sys::io_service& io_service,

const protocol_type& protocol,
const native_type& native_acceptor);

Effects: Constructs an object of class basic_socket_acceptor<Protocol, SocketAcceptorService>,
initialising the base class with basic_io_object(io_service), then assigning the existing native acceptor
into the object as if by calling:

error_code ec;

this->service.assign(this->implementation, protocol, native_acceptor, ec);
if (ec) throw system_error(ec);

5.7.12.2. basic_socket_acceptor members

native_type native();

Returns: this->service.native(this->implementation).

void open(const protocol_type& protocol);
error_code open(const protocol_type& protocol, error_code& ec);

Returns: this->service.open(this->implementation, protocol, ec).

void assign(const protocol_type& protocol,
const native_type& native_acceptor);
error_code assign(const protocol_type& protocol,
const native_type& native_acceptor, error_code& ec);

Returns: this->service.assign(this->implementation, protocol, native_acceptor, ec).

bool is_open() const;

Returns: this->service.is_open(this->implementation).

void close();
error_code close(error_code& ec);

Returns: this->service.close(this->implementation, ec).

void cancel();
error_code cancel (error_code& ec);

Returns: this->service.cancel(this->implementation, ec).

template<class SettableSocketOption>
void set_option(const SettableSocketOption& option);
template<class SettableSocketOption>
error_code set_option(const SettableSocketOption& option,
error_code& ec);

Returns: this->service.set_option(this->implementation, option, ec).

template<class GettableSocketOption>
void get_option(GettableSocketOption& option);
template<class GettableSocketOption>
error_code get_option(GettableSocketOption& option, error_code& ec);



Networking Library Proposal for TR2 112

Returns: this->service.get_option(this->implementation, option, ec).

template<class IoControlCommand>
void io_control(IoControlCommand& command) ;
template<class IoControlCommand>
error_code io_control(IoControlCommand& command, error_code& ec);

Returns: this->service.io_control(this->implementation, command, ec).

void bind(const endpoint_type& endpoint);
error_code bind(const endpoint_type& endpoint, error_code& ec);

Returns: this->service.bind(this->implementation, endpoint, ec).

void listen(int backlog = max_connections);
error_code listen(int backlog, error_code& ec);

Returns: this->service.listen(this->implementation, backlog, ec).

endpoint_type local_endpoint() const;
endpoint_type local_endpoint(error_code& ec) const;

Returns: this->service.local_endpoint (this->implementation, ec).

template<class SocketService>
void accept(basic_socket<Protocol, SocketService>& socket);
template<class SocketService>
error_code accept(basic_socket<Protocol, SocketService>& socket,
error_code& ec);

Returns: this->service.accept(this->implementation, socket, 0, ec).

template<class SocketService, class AcceptHandler>
void async_accept(basic_socket<Protocol, SocketService>& socket,
AcceptHandler handler);

Effects: Calls this->service.async_accept(this->implementation, socket, O, handler).

template<class SocketService>
void accept(basic_socket<Protocol, SocketService>& socket,
endpoint_type& endpoint);
template<class SocketService>
error_code accept(basic_socket<Protocol, SocketService>& socket,
endpoint_type& endpoint, error_code& ec);

Returns: this->service.accept(this->implementation, socket, &endpoint, ec).

template<class SocketService, class AcceptHandler>
void async_accept(basic_socket<Protocol, SocketService>& socket,
endpoint_type& endpoint, AcceptHandler handler);

Effects: Calls this->service.async_accept(this->implementation, socket, &endpoint,
handler).

5.8. Socket streams

5.8.1. Class template basic_socket_streambuf

namespace std {
namespace tr2 {
namespace sys {

template<class Protocol, class StreamSocketService>
class basic_socket_streambuf

public basic_streambuf<char>,

public basic_socket<Protocol, StreamSocketService>

public:
// types:
typedef typename Protocol::endpoint endpoint_type;

// constructors/destructor:
basic_socket_streambuf () ;
virtual “basic_socket_streambuf ();
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// members:
basic_socket_streambuf<Protocol, StreamSocketService>*
connect (const endpoint_type& e);
template<class T1, class T2, ..., class TN>
basic_socket_streambuf<Protocol, StreamSocketService>x*
connect(T1 t1, T2 t2, ..., TN tN);

basic_socket_streambuf<Protocol, StreamSocketService>* close();

protected:
// overridden virtual functionms:
virtual int_type underflow();
virtual int_type pbackfail(int_type ¢ = traits_type::eof());
virtual int_type overflow(int_type c = traits_type::eof());
virtual int syncQ);
virtual streambuf#* setbuf (char_type* s, streamsize n);

};

} // namespace sys
} // namespace tr2
} // namespace std

The class basic_socket_streambuf<Protocol, StreamSocketService> associates both the input sequence and the
output sequence with a socket. The input and output sequences are independent and do not support seeking. Multibyte/wide
character conversion is not supported.

5.8.1.1. basic_socket_streambuf constructors

basic_socket_streambuf();

Effects: Constructs an object of class basic_socket_streambuf<Protocol, StreamSocketService>,
initialising the base classes with basic_streambuf<char>() and basic_socket<Protocol,
StreamSocketService>(ios), where ios is an implementation-defined object of class io_service that has
a longer lifetime than the basic_socket<Protocol, StreamSocketService> base.

virtual “basic_socket_streambuf ();

Effects: Destroys an object of class basic_socket_streambuf<Protocol, StreamSocketService>.Ifa
put area exists, calls overflow(traits_type::eof ()) to flush characters. [Nofe: The socket is closed by the
basic_socket<Protocol, StreamSocketService> destructor. —end note]

5.8.1.2. basic_socket_streambuf members

basic_socket_streambuf<Protocol, StreamSocketService>*
connect (const endpoint_type& e);

Effects: Resets the streambuf get and put areas, then opens a connection as if by calling:

error_code ec;
this->basic_socket<Protocol, StreamSocketService>::close(ec);
this->basic_socket<Protocol, StreamSocketService>::connect(e, ec);

Returns: this if ec indicates that a connection was successfully established, a null pointer otherwise.

template<class T1, class T2, ..., class TN>
basic_socket_streambuf<Protocol, StreamSocketService>*
connect(T1 t1, T2 t2, ..., TN tN);

Requires: The Protocol type must implement the additional requirements for an internet protocol.

Effects: Resets the streambuf get and put areas, then opens a connection as if by calling:

typename Protocol::resolver::query query(tl, t2, ..., tN);
typename Protocol::resolver resolver(

this->basic_socket<Protocol, StreamSocketService>::io_service());
typename Protocol::resolver::iterator i = resolver.resolve(query);
typename Protocol::resolver::iterator end;
error_code ec = error::host_not_found;
¥hi1e (ec && i !'= end)

this->basic_socket<Protocol, StreamSocketService>::close(ec);
this->basic_socket<Protocol, StreamSocketService>::connect(*i, ec);
++1;
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}

Returns: this if ec indicates that a connection was successfully established, a null pointer otherwise.

basic_socket_streambuf<Protocol, StreamSocketService>* close();

Effects: If a put area exists, calls overflow(traits_type: :eof ()) to flush characters. Calls:

error_code ec;
this->basic_socket<Protocol, StreamSocketService>::close(ec);

then resets the get and put areas. If the call to overflow fails or if the value of ec indicates failure then close
fails.

Returns: this on success, a null pointer otherwise.

5.8.1.3. basic_socket_streambuf overridden virtual functions

virtual int_type underflow();

Effects: Behaves according to the description of basic_streambuf<char>::underflow(), with the
specialisation that a sequence of characters is read from the input sequence as if by reading from the socket into
an internal buffer by calling this->service.receive(this->implementation, ...).

Effects: Returns traits_type: :eof () to indicate failure. Otherwise returns
traits_type: :to_int_type(xgptr()).

virtual int_type pbackfail(int_type c = traits_type::eof());

Effects: Puts back the character designated by c to the input sequence, if possible, in one of three ways:

— Iftraits_type::eq_int_type(c,traits_type::eof ()) returns false, and if the function makes a
putback position available, and if traits_type: :eq(traits_type: :to_char_type(c),gptr() [-1])
returns true, decrements the next pointer for the input sequence, gptr ().

Returns: c.

— Iftraits_type::eq_int_type(c,traits_type: :eof ()) returns false, and if the function makes a
putback position available, and if the function is permitted to assign to the putback position, decrements the next
pointer for the input sequence, and stores c there.

Returns: c.

— Iftraits_type::eq_int_type(c,traits_type::eof ()) returns true, and if either the input sequence
has a putback position available or the function makes a putback position available, decrements the next pointer
for the input sequence, gptr ().

Returns: traits_type: :not_eof (c).

Returns: traits_type: :eof () to indicate failure.

Notes: The function does not put back a character directly to the input sequence. If the function can succeed in
more than one of these ways, it is unspecified which way is chosen. The function can alter the number of
putback positions available as a result of any call.

virtual int_type overflow(int_type c = traits_type::eof());

Effects: Behaves according to the description of basic_streambuf<char>: :overflow(c), except that the
behaviour of "consuming characters" is performed by output of the characters to the socket as if by one or more
calls to this->service.send(this->implementation, ...).

Returns: traits_type: :not_eof (c) to indicate success, and traits_type: :eof () to indicate failure.

virtual int syncQ);

Effects: 1f a put area exists, calls overflow(traits_type: :eof ()) to flush characters.

virtual streambuf#* setbuf (char_type* s, streamsize n);

Effects: If setbuf (0,0) is called on a stream before any I/O has occurred on that stream, the stream becomes
unbuffered. Otherwise the results are implementation-defined. "Unbuffered" means that pbase () and pptr ()
always return null and output to the socket should appear as soon as possible.
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5.8.2. Class template basic_socket_iostream

namespace std {
namespace tr2 {
namespace sys {

template<class Protocol, class StreamSocketService>
class basic_socket_iostream :
public basic_iostream<char>

public:
// constructors:
basic_socket_iostream();

template<class T1, class T2, ..., class TN>

explicit basic_socket_iostream(T1 t1, T2 t2, ..., TN tN);
// members:
template<class T1, class T2, ..., class TN>

void connect(T1 t1, T2 t2, ..., TN tN);

void close();

basic_socket_streambuf<Protocol, StreamSocketService>* rdbuf() const;

private:
// basic_socket_streambuf<Protocol,
// StreamSocketService> sb; exposition only

’

} // namespace sys
} // namespace tr2
} // namespace std

The class template basic_socket_iostream<Protocol, StreamSocketService> supports reading and writing from
sockets. It uses a basic_socket_streambuf<Protocol, StreamSocketService> object to control the associated

sequences. For the sake of exposition, the maintained data is presented here as:

— sb, the basic_socket_streambuf object.

5.8.2.1. basic_socket_iostream constructors

basic_socket_iostream();

Effects: Constructs an object of class basic_socket_iostream<Protocol, StreamSocketService>,
initialising the base class with basic_iostream<char>(&sb) and initialising sb with
basic_socket_streambuf<Protocol, StreamSocketService>().

template<class T1, class T2, ..., class TN>
explicit basic_socket_iostream(T1 t1, T2 t2, ..., TN tN);

Effects: Constructs an object of class basic_socket_iostream<Protocol, StreamSocketService>,
initialising the base class with basic_iostream<char>(&sb) and initialising sb with
basic_socket_streambuf<Protocol, StreamSocketService>(). Then calls rdbuf ()->connect(tl,
t2, ..., tN).Ifthat function returns a null pointer, calls setstate (failbit).

5.8.2.2. basic_socket_iostream members

template<class T1, class T2, ..., class TN>
void connect(T1 t1, T2 t2, ..., TN tN);
Effects: Calls rdbuf () ->connect (t1, t2, ..., tN).Ifthat function returns a null pointer, calls

setstate(failbit) (which may throw ios_base: :failure).

void close();

Effects: Calls rdbuf () ->close (). If that function returns a null pointer, calls setstate(failbit) (which
may throw ios_base: :failure).

basic_socket_streambuf<Protocol, StreamSocketService>* rdbuf() const;

Returns: const_cast<basic_socket_streambuf<Protocol, StreamSocketService>*>(&sb).
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5.9. Internet protocol

5.9.1. Requirements

5.9.1.1. Internet protocol requirements

An internet protocol must meet the requirements for a protocol as well as the additional requirements listed below.
In the table below, X denotes an internet protocol class, a denotes a value of type X, and b denotes a value of type X.

Table--InternetProtocol requirements

expression return type assertion/n(.)t'e
pre/post-conditions
‘X: :resolver Hip: :basic_resolver<X> HThe type of a resolver for the protocol. ‘
‘X: :v4 () ‘ ‘X HReturns an object representing the IP version 4 protocol. ‘
‘X: :v6 () HX HReturns an object representing the IP version 6 protocol. ‘
‘a == Hconvertible to bool HReturns whether two protocol objects are equal. ‘
‘a =D ‘ ‘convertible to bool HReturns I(a == D). ‘

5.9.1.2. Resolver service requirements

A resolver service must meet the requirements for an 1/O object service, as well as the additional requirements listed below.

In the table below, X denotes a resolver service class for protocol InternetProtocol, a denotes a value of type X, b denotes a
value of type X: : implementation_type, q denotes a value of type ip: :basic_resolver_query<InternetProtocol>, e
denotes a value of type ip: :basic_endpoint<InternetProtocol>, ec denotes a value of type error_code, and h denotes
a value meeting ResolveHandler requirements.

Table--ResolverService requirements

assertion/note

expression return type pre/post-condition

From IoObjectService requirements.
Implicitly cancels asynchronous resolve

a.destroy(b); . . .
y operations, as if by calling a.cancel (b,
ec).
Causes any outstanding asynchronous
resolve operations to complete as soon as
a.cancel(b, ec); error_code P P

possible. Handlers for cancelled operations
shall be passed the error code
error::operation_aborted.

On success, returns an iterator i such that i

a.resolve (b 0o); ip::basic_resolver_iterator< ip::basic_resolver_iterator<Inter
: > s i InternetProtocol> netProtocol>(). Otherwise returns
ip::basic_resolver_iterator<Inter
netProtocol>().
a.async_resolve(b, q, h); Initiates an asynchronous resolve operation

that is performed via the io_service
object a.io_service() and behaves

according to asynchronous operation
requirements.

If the operation completes successfully, the
ResolveHandler object h shall be invoked
with an iterator object i such that the

condition i !=
ip::basic_resolver_iterator<Inter

netProtocol>() holds. Otherwise it is
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assertion/note

expression return type pre/post-condition

invoked with
ip::basic_resolver_iterator<Inter

netProtocol>().

On success, returns an iterator i such that i

I=

ip::basic_resolver_iterator< ip::basic_resolver_iterator<Inter
InternetProtocol> netProtocol>(). Otherwise returns

ip::basic_resolver_iterator<Inter

netProtocol>().

a.resolve(b, e, ec);

Initiates an asynchronous resolve operation
that is performed via the io_service
object a.io_service() and behaves

according to asynchronous operation
requirements.

If the operation completes successfully, the
ResolveHandler object h shall be invoked
with an iterator object i such that the
condition i !=
ip::basic_resolver_iterator<Inter
netProtocol>() holds. Otherwise it is
invoked with
ip::basic_resolver_iterator<Inter
netProtocol>().

a.async_resolve(b, e, h);

5.9.1.3. Resolve handler requirements

A resolve handler must meet the requirements for a handler. A value h of a resolve handler class should work correctly in the
expression h(ec, i), where ec is an lvalue of type const error_code and s is an lvalue of type const
ip::basic_resolver_iterator<InternetProtocol>. InternetProtocol is the template parameter of the

resolver service which is used to initiate the asynchronous operation.

5.9.2. Class ip: :address

namespace std {
namespace tr2 {
namespace sys {
namespace ip {

class address

public:
// constructors:
address () ;
address(const address_v4& addr);
address (const address_v6& addr);

// assignment:
address& operator=(const address_v4& addr);
address& operator=(const address_v6& addr);

// members:

bool is_multicast() const;

bool is_v4() const;

bool is_v6() const;

address_v4 to_v4() const;

address_v6 to_v6() const;

string to_string() const;

string to_string(error_code& ec) const;

// static members:
static address from_string(const string& str);
static address from_string(const string& str, error_code& ec);

};

// address comparisons:
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bool operator==(const address& a, const address& b);
bool operator!=(const address& a, const address& b);
bool operator< (const address& a, const address& b);
bool operator> (const address& a, const address& b);
bool operator<=(const address& a, const address& b);
bool operator>=(const address& a, const address& b);

// address I/0:
template<class CharT, class Traits>

basic_ostream<CharT, Traits>& operator<<(
basic_ostream<CharT, Traits>& os, const address& addr);

} // namespace ip
} // namespace sys
} // namespace tr2
} // namespace std
5.9.2.1. ip: :address constructors
address() ;
Effects: Constructs an object of class address.

Postconditions: The postconditions of this function are indicated in the table below.

Table--address::address() effects

H expression H value H
is_va0)  true |
His_v6() Hfalse H
“to_v4() Haddress_vll() ”

address(const address_v4& addr);
Effects: Constructs an object of class address, initialising it with the specified IP version 4 address.
Postconditions: The postconditions of this function are indicated in the table below.

Table--address::address(const address_v4&) effects

H expression H value H

is_va)  true |
His_v6() Hfalse H
“to_v4() Haddr ”

address(const address_v6& addr);
Effects: Constructs an object of class address, initialising it with the specified IP version 6 address.
Postconditions: The postconditions of this function are indicated in the table below.

Table--address::address(const address_v6&) effects

H expression H value H

His_v4() Hfalse H
is_v6()  true |
“to_v6() Haddr ”

5.9.2.2. ip: :address assignment

address& operator=(const address_v4& addr);
Effects: Assigns the specified IP version 4 address into an object of class address.
Returns: *this.

Postconditions: The postconditions of this function are indicated in the table below.
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Table--address& address::operator=(const address_v4&) effects

H expression H value H

is_va)  true |
His_v6() Hfalse ‘
“to_v4() Haddr ‘

address& operator=(const address_v6& addr);
Effects: Assigns the specified IP version 6 address into an object of class address.
Returns: *this.
Postconditions: The postconditions of this function are indicated in the table below.

Table--address& address::operator=(const address_v6&) effects

H expression H value H
is_va)  true |
His_v6() Hfalse ‘
“to_vG() Haddr ‘

5.9.2.3. ip: :address members
bool is_multicast() const;
Returns: is_v4() 7 to_v4().is_multicast() : to_v6().is_multicast().
bool is_v4() const;
Returns: true if the object contains an IP version 4 address.
bool is_v6() const;
Returns: true if the object contains an IP version 6 address.

address_v4 to_v4() const;
Returns: The IP version 4 address contained by the object.

Throws: bad_cast if is_v4 () is false.

address_v6 to_v6() const;
Returns: The IP version 6 address contained by the object.

Throws: bad_cast if is_v6() is false.

string to_string() const;
string to_string(error_code& ec) const;

Returns: is_v4() 7 to_v4() .to_string(ec) : to_v6().to_string(ec).

5.9.2.4. ip: :address static members

static address from_string(const string& str);
static address from_string(const string& str, error_code& ec);

Effects: Converts a string representation of an address into an object of class address, as if by calling:

address a;
address_v6 v6a = address_v6::from_string(str, ec);
if (lec)
a = v6a;
else
{
address_v4 vé4a = address_v4::from_string(str, ec);
if (lec)
a = vda;
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Returns: a.

5.9.2.5. ip: :address comparisons

bool

bool

bool

bool

bool

bool

operator==(const address& a, const address& b);

Returns: (a.is_v4() && b.is_v4() && a.to_v4() == b.to_v4()) || (a.is_v6() && b.is_v6()

&& a.to_v6() == b.to_v6()).

operator!=(const address& a, const address& b);
Returns: ' (a == b).

operator< (const address& a, const address& b);

Returns: (a.is_v4() && b.is_v4() && a.to_v4() < b.to_v4d()) || (a.is_v6() && b.is_v6() &&

a.to_v6() < b.to_v6()) || (a.is_v4() && b.is_v6()).

operator> (const address& a, const address& b);
Returns: b < a.

operator<=(const address& a, const address& b);
Returns: ' (b < a).

operator>=(const address& a, const address& b);

Returns: ' (a < b).

5.9.2.6. ip: :address I/O

template<class CharT, class Traits>
basic_ostream<CharT, Traits>& operator<<(

basic_ostream<CharT, Traits>& os, const address& addr);

Effects: Outputs the string representation of the address to the stream, as if it were implemented as follows:

error_code ec;
string s = addr.to_string(ec);

if (ec)

os.setstate(ios_base::failbit); // may throw ios::failure
else

for (string::iterator i = s.begin(); i != s.end(); ++i)

0s << os.widen(*i);

Returns: os.

5.9.3. Class ip: :address_v4

namespace std {
namespace tr2 {
namespace sys {

namespace ip {
class address_v4

public:
// types:
typedef array<unsigned char, 4> bytes_type;

// constructors:

address_v4();

explicit address_v4(const bytes_type& bytes);
explicit address_v4(unsigned long val);

// members:

bool is_class_a() const;

bool is_class_b() const;

bool is_class_c() const;

bool is_multicast() const;
bytes_type to_bytes() const;
unsigned long to_ulong() comnst;
string to_string() const;
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string to_string(error_code& ec) const;

//

static members:

static address_v4 from_string(const string& str);

static address_v4 from_string(const string& str, error_code& ec);

static address_v4 any()
static address_v4 lo
static address_v4 br
static address_v4 broadcast(const address_v4& addr,

const address_v4& mask) ;
static address_v4 netmask(const address_v4& addr);

I

opbéck();
oadcast();

// address_v4 comparisons:

bool
bool
bool
bool
bool
bool

operator==(const
operator!=(const
operator< (const
operator> (const
operator<=(const
operator>=(const

// address_v4 I/0:
template<class CharT, class Traits>

basic_ostream<CharT, Traits>& operator<<(
basic_ostream<CharT, Traits>& os, const address_v4& addr);

} // namespace ip
} // namespace sys
} // namespace tr2
} // namespace std

address_v4&
address_v4&
address_v4&
address_v4&
address_v4&
address_v4&

5.9.3.1. ip: : address_v4 constructors

address_v4();

Effects: Constructs an object of class address_v4.

Postconditions: The postconditions of this function are indicated in the table below.

Table--address_v4::address_v4() effects

‘ ‘ expression

“ value
‘ho_bytes() {0, 0, 0, 0}
‘ho_ulong() o

address_v4(const bytes_type& bytes);

Effects: Constructs an object of class address_v4.

a,
a,
a,
a,
a,
a,

const
const
const
const
const
const

address_v4& b) ;
address_v4& b);
address_v4& b);
address_v4& b);
address_v4& b) ;
address_v4& b);

Requires: Each element of the array bytes is in the range [0, OxFF].

Throws: out_of _range if any element of the array bytes is not in the range [0, OxFF]. [Note: For
implementations where UCHAR_MAX == OxFF, no out-of-range detection is needed. —end note)

Postconditions: The postconditions of this function are indicated in the table below.

Table--address_v4::address_v4(const bytes_type&) effects

‘ expression “ value
{ bytes[0], bytes[1],
to_bytes() bytes[2], bytes[3] }
to_ulong() (bytes[0] << 24) | (bytes[1] << 16)

| (bytes[2] << 8) | bytes[3]

address_v4 (unsigned long val);

Effects: Constructs an object of class address_v4

Requires: val is in the range [0, OxFFFFFFFF].
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Throws: out_of _range if val is not in the range [0, OxFFFFFFFF]. [Note: For implementations where
ULONG_MAX == OxFFFFFFFF, no out-of-range detection is needed. —end note)

Postconditions: The postconditions of this function are indicated in the table below.

Table--address_v4::address_v4(unsigned long) effects

‘ expression ‘ ‘ value ‘
{ (val >> 24) & O0xFF, (val >> 16) & OxFF,

to_bytes() (val >> 8) & OxFF, val & OxFF }

to_ulong() val ‘

5.9.3.2. ip: :address_v4 members
bool is_class_a() const;

Returns: (to_ulong() & 0x80000000) == 0.
bool is_class_b() const;

Returns: (to_ulong() & 0xC0000000) == 0x80000000.
bool is_class_c() const;

Returns: (to_ulong() & O0xE0000000) == 0xC0000000.
bool is_multicast() const;

Returns: (to_ulong() & 0xF0000000) == 0xE0000000.
bytes_type to_bytes() const;

Returns: A representation of the address in network byte order.
unsigned long to_ulong() const;

Returns: A representation of the address in host byte order.

string to_string() const;
string to_string(error_code& ec) const;

Effects: Converts an address into a string representation, as if by POSIX inet_ntop (O when invoked with
address family AF_INET.

Returns: If successful, the string representation of the address. Otherwise string().

5.9.3.3. ip: :address_v4 static members

static address_v4 from_string(const string& str);
static address_v4 from_string(const string& str, error_code& ec);

Effects: Converts a string representation of an address into a corresponding address_v4 value, as if by POSIX
inet_pton() when invoked with address family AF_INET.

Returns: 1f successful, an address_v4 value corresponding to the string str. Otherwise address_v4().
static address_v4 any(Q);

Returns: address_v4 ().
static address_v4 loopback();
Returns: address_v4 (0x7F000001).
static address_v4 broadcast();
Returns: address_v4 (OxFFFFFFFF).

static address_v4 broadcast(const address_v4& addr, const address_v4& mask) ;

Returns: address_v4(addr.to_ulong() | “mask.to_ulong()).


http://www.opengroup.org/onlinepubs/000095399/functions/inet_pton.html
http://www.opengroup.org/onlinepubs/000095399/functions/inet_ntop.html
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static address_v4 netmask(const address_v4& addr);

If addr.is_class_a() is true, returns address_v4 (0xFF000000). If addr.is_class_b() is true, returns
address_v4 (0xFFFF0000). If addr.is_class_c() is true, returns address_v4 (OxFFFFFF00) . Otherwise
returns address_v4 (OxFFFFFFFF).

5.9.3.4. ip: :address_v4 comparisons

bool operator==(const address_v4& a, const address_v4& b);
Returns: a.to_ulong() == b.to_ulong().

bool operator!=(const address_v4& a, const address_v4& b);
Returns: a.to_ulong() != b.to_ulong().

bool operator< (const address_v4& a, const address_v4& b);
Returns: a.to_ulong() < b.to_ulong().

bool operator> (const address_v4& a, const address_v4& b);
Returns: a.to_ulong() > b.to_ulong().

bool operator<=(const address_v4& a, const address_v4& b);
Returns: a.to_ulong() <= b.to_ulong().

bool operator>=(const address_v4& a, const address_v4& b);

Returns: a.to_ulong() >= b.to_ulong().

5.9.3.5. ip: :address_v4 I/O
template<class CharT, class Traits>

basic_ostream<CharT, Traits>& operator<<(
basic_ostream<CharT, Traits>& os, const address_v4& addr);

Effects: Outputs the string representation of the address to the stream, as if it were implemented as follows:

error_code ec;
string s = addr.to_string(ec);

if (ec)

os.setstate(ios_base::failbit); // may throw ios::failure
else

for (string::iterator i = s.begin(); i !'= s.end(); ++i)

os << os.widen(*i);

Returns: os.

5.9.4. Class ip: :address_v6

namespace std {
namespace tr2 {
namespace sys {
namespace ip {

class address_v6

public:
// types:
typedef array<unsigned char, 16> bytes_type;

// constructors:

address_v6();

explicit address_v6(const bytes_type& bytes,
unsigned long scope_id = 0);

// members:

void scope_id(unsigned long id);
unsigned long scope_id() const;
bool is_unspecified() const;
bool is_loopback() const;

bool is_multicast() const;
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bool is_link_local() const;

bool is_site_local() const;

bool is_v4_mapped() const;

bool is_v4_compatible() const;

bool is_multicast_node_local() const;
bool is_multicast_link_local() const;
bool is_multicast_site_local() const;
bool is_multicast_org_local() const;
bool is_multicast_global() const;
bytes_type to_bytes() const;

string to_string() const;

string to_string(error_code& ec) const;
address_v4 to_v4() const;

// static members:

static address_v6 from_string(const string& str);

static address_v6 from_string(const string& str, error_code&
static address_v6 any();

static address_v6 loopback();

static address_v6 v4_mapped(const address_v4& addr);

static address_v6 v4_compatible(const address_v4& addr);

};

// address_v6 comparisons:

bool operator==(const address_v6& a, const address_v6& b);
bool operator!=(const address_v6& a, const address_v6& b);
bool operator< (const address_v6& a, const address_v6& b);
bool operator> (const address_v6& a, const address_v6& b);
bool operator<=(const address_v6& a, const address_v6& b);
bool operator>=(const address_v6& a, const address_v6& b);

// address_v6 I1/0:
template<class CharT, class Traits>
basic_ostream<CharT, Traits>& operator<<(
basic_ostream<CharT, Traits>& os, const address_v6& addr);

} // namespace ip
} // namespace sys
} // namespace tr2
} // namespace std

[Note: The implementations of the functions is_unspecified, is_loopback, is_multicast, is_link_local,
is_site_local, is_v4_mapped, is_v4_compatible, is_multicast_node_local, is_multicast_link_local,

ec);

is_multicast_site_local, is_multicast_org_local and is_multicast_global are determined by [RFC3513]. —

end note)

5.9.4.1. ip: : address_v6 constructors

address_v6();
Effects: Constructs an object of class address_v6.
Postconditions: The postconditions of this function are indicated in the table below.

Table--address_v6::address_v6() effects

‘ ‘ expression ‘ ‘ value ‘ ‘

His_unspecified() Htrue
“scope_id() 0 M

explicit address_v6(const bytes_type& bytes,
unsigned long scope_id = 0);

Effects: Constructs an object of class address_v6.
Postconditions: The postconditions of this function are indicated in the table below.

Table--address_v6::address_v6() effects

‘ ‘ expression ‘ ‘ value ‘ ‘
‘ko_bytes() ‘bytes ‘
\\

“scope_id() ‘ﬁcope_id
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5.9.4.2. ip: :address_v6 members

void scope_id(unsigned long id);

Postconditions: scope_id() == id.

unsigned long scope_id() const;

bool

bool

bool

bool

bool

bool

bool

Returns: The scope identifier associated with the address.

is_unspecified() const;

Returns: A boolean indicating whether the address_v6 object represents an unspecified address, as if computed
by the following method:

bytes_type b = to_bytes();

return b[ 0] == 0 && b[ 1] == 0 & b[ 2] == 0 && b[ 3] == 0
&& b[ 4] == 0 && b[ 5] == 0 && b[ 6] == 0 && b[ 7] == 0
&& b[ 8] == 0 && b[ 9] == 0 && b[10] == 0 && b[11] == 0
&& b[12] == 0 && b[13] == 0 && b[14] == 0 && b[15] == 0;

is_loopback() const;

Returns: A boolean indicating whether the address_v6 object represents a loopback address, as if computed by
the following method:

bytes_type b = to_bytes();

return b? 0] == 0 && b[ 1] == 0 && b[ 2] == 0 && b[ 3] == 0
&& b[ 4] == 0 && b[ 5] == 0 && b[ 6] == 0 && b[ 7] == 0
&& bl[ 8] == 0 && b[ 9] == 0 && b[10] == 0 && b[11] == 0
&& b[12] == 0 && b[13] == 0 && b[14] == 0 && b[15] == 1;

is_multicast() const;

Returns: A boolean indicating whether the address_v6 object represents a multicast address, as if computed by
the following method:

bytes_type b = to_bytes();
return bIEO] == 0OxFF;

is_link_local() const;

Returns: A boolean indicating whether the address_v6 object represents a unicast link-local address, as if
computed by the following method:

bytes_type b = to_bytes();
return b[0] == OxFE && (b[1] & 0xCO) == 0x80;

is_site_local() const;

Returns: A boolean indicating whether the address_v6 object represents a unicast site-local address, as if
computed by the following method:

bytes_type b = to_bytes();
return b[0] == OxFE && (b[1] & 0xCO) == 0xCO;

is_v4_mapped() const;

Returns: A boolean indicating whether the address_v6 object represents an [Pv4-mapped IPv6 address, as if
computed by the following method:

bytes_type b = to_bytes();

return b[ 0] == 0 && b[ 1] == 0 && b[ 2] == 0 && b[ 3] == 0
&& b[ 4] == 0 && b[ 5] == 0 && b[ 6] == 0 && b[ 7] == 0
&& b[ 8] == 0 && b[ 9] == 0 && b[10] == OxFF && b[11] == OxFF;

is_v4_compatible() const;

Returns: A boolean indicating whether the address_v6 object represents an IPv4-compatible IPv6 address, as if
computed by the following method:

bytes_type b = to_bytes();

return b[ 0] == 0 && b[ 1] == 0 & b[ 2] == 0 && b[ 3] == 0
&& b[ 4] == 0 && b[ 5] == 0 && b[ 6] == 0 && b[ 7] == 0
&& b[ 8] == 0 && b[ 9] == 0 && b[10] == 0 && b[11] == 0

&& 'is_unspecified() && !'is_loopback();
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bool

bool

bool

bool

bool

is_multicast_node_local() const;

Returns: A boolean indicating whether the address_v6 object represents a multicast node-local address, as if
computed by the following method:

bytes_type b = to_bytes();
return b[0] == OxFF && (b[1] & OxOF) == 0x01;

is_multicast_link_local() const;

Returns: A boolean indicating whether the address_v6 object represents a multicast link-local address, as if
computed by the following method:

bytes_type b = to_bytes();
return b[0] == OxFF && (b[1] & O0xOF) == 0x02;

is_multicast_site_local() const;

Returns: A boolean indicating whether the address_v6 object represents a multicast site-local address, as if
computed by the following method:

bytes_type b = to_bytes();
return b[0] == OxFF && (b[1] & O0xOF) == 0x05;

is_multicast_org_local() const;

Returns: A boolean indicating whether the address_v6 object represents a multicast organisation-local address,
as if computed by the following method:

bytes_ty = to_bytes();
return b% OXFF %& (b[1] & OxOF) == 0x08;

is_multicast_global() const;

Returns: A boolean indicating whether the address_v6 object represents a multicast organisation-local address,
as if computed by the following method:

bytes_ty = to_bytes();
return bIEO] == OXFF && (b[l] & 0x0F) == O0xOE;

bytes_type to_bytes() const;

Returns: A representation of the address in network byte order.

string to_string() const;
string to_string(error_code& ec) const;

Effects: Converts an address into a string representation. If scope_id() == 0, converts as if by POSIX

inet_ntop() when invoked with address family AF_INET6. If scope_id() != 0, the format is

addressscope-id, where address is the string representation of the equivalent address having scope_id ()
= 0, and scope-id is an implementation-defined string representation of the scope identifier.

Returns: 1f successful, the string representation of the address. Otherwise string().

address_v4 to_v4() const;

Requires: is_v4_mapped() || is_v4_compatible().

Returns: An address_v4 object corresponding to the IPv4-mapped or IPv4 compatible IPv6 address, as if
computed by the following method:

bytes_type v6b = to_bytes();

address_v4: :bytes_type vdb = { v6b[12], v6b[13], v6b[14], v6b[15] };
return address_v4(v4b);

Throws: bad_cast if is_v4_mapped() is false and is_v4_compatible() is false.

5.9.4.3. ip: :address_v6 static members

static address_v6 from_string(const string& str);
static address_v6 from_string(const string& str, error_code& ec);

Effects: Converts a string representation of an address into a corresponding address_v6 value. The format is
either address or addressscope-id, where address is in the format specified by POSIX inet _pton(


http://www.opengroup.org/onlinepubs/000095399/functions/inet_pton.html
http://www.opengroup.org/onlinepubs/000095399/functions/inet_ntop.html
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when invoked with address family AF_INET6, and scope-id is an optional string specifying the scope
identifier. All implementations shall accept as scope-id a string representation of an unsigned decimal integer.
It is implementation-defined whether alternative scope identifier representations are permitted. If scope-id is
not supplied, an address_v6 object shall be returned such that scope_id() ==

Returns: 1f successful, an address_v6 value corresponding to the string str. Otherwise returns address_v6().

static address_v6 any();

Returns: address_v6 ().

static address_v6 loopback();

Returns: An address a such that the condition a.is_loopback() holds.

static address_v6 v4_mapped(const address_v4& addr);

Returns: An address_v6 object containing the IPv4-mapped IPv6 address corresponding to the specified IPv4
address, as if computed by the following method:
address_v4: :bytes_type v4b = addr.to_bytes();
bytes_type v6b = { 0, 0, 0, 0, 0, 0, 0, 0, 0, O,
OxFF, OxFF, v4b[0], v4b[1], v4b[2], v4b[3] };
return address_v6(v6b);

static address_v6 v4_compatible(const address_v4& addr);

Returns: An address_v6 object containing the IPv4-compatible IPv6 address corresponding to the specified
IPv4 address, as if computed by the following method:

address_v4: :bytes_type v4b = addr.to_bytes();

bytes_type v6b = { 0, 0, 0, 0, O, O, O, 0, O, O, O, O,

v4b[0], v4b[1], v4b[2], v4b[3] I};
return address_v6(v6b);

5.9.4.4. ip: :address_v6 comparisons
bool operator==(const address_v6& a, const address_v6& b);

Returns: a.to_bytes() == b.to_bytes() && a.scope_id() == b.scope_id().
bool operator!=(const address_v6& a, const address_v6& b);

Returns: ' (a == b).

bool operator< (const address_v6& a, const address_v6& b);

Returns: a.to_bytes() < b.to_bytes() || (!(b.to_bytes() < a.to_bytes()) && a.scope_id()
< b.scope_id()).

bool operator> (const address_v6& a, const address_v6& b);
Returns: b < a.

bool operator<=(const address_v6& a, const address_v6& b);
Returns: ' (b < a).

bool operator>=(const address_v6& a, const address_v6& b);

Returns: ' (a < b).

5.9.4.5. ip: :address_v6 /O

template<class CharT, class Traits>
basic_ostream<CharT, Traits>& operator<<(
basic_ostream<CharT, Traits>& os, const address_v6& addr);

Effects: Outputs the string representation of the address to the stream, as if it were implemented as follows:

error_code ec;
string s = addr.to_string(ec);
if (ec)
os.setstate(ios_base::failbit); // may throw ios::failure
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else

for (string::iterator i = s.begin(); i != s.end(); ++i)

0s << os.widen(*i);

Returns: os.

5.9.5. Class template ip: :basic_endpoint

Instances of the basic_endpoint class template meet the requirements for an Endpoint.

namespace std {
namespace tr2 {
namespace sys {
namespace ip {

template<class InternetProtocol>
class basic_endpoint

public:
// types:
typedef InternetProtocol protocol_type;

// constructors:

basic_endpoint () ;

basic_endpoint(const InternetProtocol& proto,
unsigned short port_num);

basic_endpoint(const ip::address& addr,
unsigned short port_num);

// members:

InternetProtocol protocol() const;
ip::address address() const;

void address(const ip::address& addr);
unsigned short port() const;

void port(unsigned short port_num);

};

// basic_endpoint comparisons:
template<class InternetProtocol>

bool operator==(const basic_endpoint<InternetProtocol>&
const basic_endpoint<InternetProtocol>&

template<class InternetProtocol>
bool operator!=(const basic_endpoint<InternetProtocol>&
const basic_endpoint<InternetProtocol>&

template<class InternetProtocol>
bool operator< (const basic_endpoint<InternetProtocol>&
const basic_endpoint<InternetProtocol>&

template<class InternetProtocol>
bool operator> (const basic_endpoint<InternetProtocol>&
const basic_endpoint<InternetProtocol>&

template<class InternetProtocol>
bool operator<=(const basic_endpoint<InternetProtocol>&
const basic_endpoint<InternetProtocol>&

template<class InternetProtocol>
bool operator>=(const basic_endpoint<InternetProtocol>&
const basic_endpoint<InternetProtocol>&

// basic_endpoint I/0:

template<class CharT, class Traits, class InternetProtocol>

basic_ostream<CharT, Traits>& operator<<(
basic_ostream<CharT, Traits>& os,
const basic_endpoint<InternetProtocol>& ep);

} // namespace ip
} // namespace sys
} // namespace tr2
} // namespace std

Extensible implementations shall provide the following member functions:

namespace std {
namespace tr2 {
namespace sys {
namespace ip {

template<class InternetProtocol>
class basic_endpoint
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{

public:
unspecified* data();
const unspecified* data() const;
size_t size() const;
void resize(size_t s);
size_t capacity() const;
// remainder unchanged

private:

// sockaddr_storage data_; exposition only

’

} // namespace ip
} // namespace sys
} // namespace tr2
} // namespace std
5.9.5.1. ip: :basic_endpoint constructors
basic_endpoint () ;
Effects: Constructs an object of class basic_endpoint<InternetProtocol>.

Postconditions: The postconditions of this function are indicated in the table below.

Table--basic_endpoint<InternetProtocol>::basic_endpoint() effects

H expression H value H
Haddress() Hip: raddress(ip::address_v4()) H
port () 0 \\

basic_endpoint(const InternetProtocol& proto,
unsigned short port_num);

Effects: Constructs an object of class basic_endpoint<InternetProtocol> with the specified protocol and
port number.

Postconditions: The postconditions of this function are indicated in the table below.

Table--basic_endpoint<InternetProtocol>::basic_endpoint(const InternetProtocol&, unsigned short) effects

‘ ‘ expression ‘ ‘ value

address () ip::address(ip::address_vG())ifproto == Protocol::v6(), otherwise
ip::address(ip::address_v4())

‘@ort() Hport_num ”

basic_endpoint(const ip::address& addr,
unsigned short port_num);

Effects: Constructs an object of class basic_endpoint<InternetProtocol> with the specified address and
port number.

Postconditions: The postconditions of this function are indicated in the table below.

Table--basic_endpoint<InternetProtocol>::basic_endpoint(const ip::address&, unsigned short) effects

‘ ‘ expression ‘ ‘ value ‘ ‘
‘ ‘addres sO ‘ ‘addr ‘ ‘
‘tport() Hport_num M

5.9.5.2. ip: :basic_endpoint members
InternetProtocol protocol() const;

Returns: Protocol: :v6 () if the expression address() .is_v6() is true, otherwise Protocol: :v4().
ip::address address() const;

Returns: The address associated with the endpoint.
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void address(const ip::address& addr);
Effects: Modifies the address associated with the endpoint.

Postconditions: address() == addr.

unsigned short port() const;

Returns: The port number associated with the endpoint.

void port(unsigned short port_num) ;
Effects: Modifies the port number associated with the endpoint.

Postconditions: port () == port_num.

5.9.5.3. ip: :basic_endpoint comparisons

template<class InternetProtocol>
bool operator==(const basic_endpoint<InternetProtocol>& a,
const basic_endpoint<InternetProtocol>& b);

Returns: a.address() == b.address() && a.port() == b.port()).

template<class InternetProtocol>
bool operator!=(const basic_endpoint<InternetProtocol>& a,
const basic_endpoint<InternetProtocol>& b);

Returns: ' (a == b).

template<class InternetProtocol>
bool operator< (const basic_endpoint<InternetProtocol>& a,
const basic_endpoint<InternetProtocol>& b);

Returns: a.address() < b.address() || (!(b.address() < a.address()) && a.port() <
b.port()).

template<class InternetProtocol>
bool operator> (const basic_endpoint<InternetProtocol>& a,
const basic_endpoint<InternetProtocol>& b);

Returns: b < a.

template<class InternetProtocol>
bool operator<=(const basic_endpoint<InternetProtocol>& a,
const basic_endpoint<InternetProtocol>& b);

Returns: ' (b < a).

template<class InternetProtocol>
bool operator>=(const basic_endpoint<InternetProtocol>& a,
const basic_endpoint<InternetProtocol>& b);

Returns: ' (a < b).

5.9.54. ip: :basic_endpoint I/O

template<class CharT, class Traits, class InternetProtocol>
basic_ostream<CharT, Traits>& operator<<(
basic_ostream<CharT, Traits>& os,
const basic_endpoint<InternetProtocol>& ep);

Effects: Outputs a representation of the endpoint to the stream, as if it were implemented as follows:

basic_ostringstream<CharT, Traits> ss;
if (ep.protocol() == Protocol::v6())
ss << ss.widen(’[’) << ss.address() << ss.widen(’]’);
else
ss << ep.address();
ss << ss.widen(’:’) << ep.port();
os << ss.str();

Returns: os.

[Note: The representation of the endpoint when it contains an IP version 6 address is based on [REC2732]. —end note]
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5.9.5.5. ip: :basic_endpoint members (extensible implementations)
unspecified* data();

Returns: &data_.
const unspecifiedx data() const;

Returns: &data_.

size_t size() const;

Returns: sizeof (sockaddr_in6) if protocol() .family() == AF_INET, otherwise
sizeof (sockaddr_in).

void resize(size_t s);

Throws: length_error if the condition protocol() .family() == AF_INET6 && s !=

sizeof (sockaddr_in6) || protocol().family() != AF_INET6 && s != sizeof(sockaddr_in) is

true.

size_t capacity() const;

Returns: sizeof (data_).

5.9.6. Class ip: :resolver_query_base

namespace std {
namespace tr2 {
namespace sys {
namespace ip {

class resolver_query_base

public:
typedef T1 flags;
static const flags passive;
static const flags canonical_name;
static const flags numeric_host;
static const flags numeric_service;
static const flags v4_mapped;
static const flags all_matching;
static const flags address_configured;

protected:
resolver_query_base();
“resolver_query_base();

};

} // namespace ip
} // namespace sys
} // namespace tr2
} // namespace std

resolver_query_base defines a bitmask type, flags. The flags constants have bitwise-distinct values. The meanings and

POSIX equivalents for each flag are defined in the table below.

Table--resolver flags

‘ flag H meaning H POSIX equivalent ‘
h:assive HRetumed endpoints are intended for use as locally bound socket endpoints. HAI_PASSIVE
‘canonical_na.me HDetermine the canonical name of the host specified in the query. HAI_CANUNNAME

Host name should be treated as a numeric string defining an IPv4 or IPv6

numeric_host .
address and no host name resolution should be attempted.

AI_NUMERICHOST

Service name should be treated as a numeric string defining a port number

numeric_service . .
and no service name resolution should be attempted.

AI_NUMERICSERV

If the query protocol is specified as an IPv6 protocol, return [IPv4-mapped

4 d
V- Teppe IPv6 addresses on finding no IPv6 addresses.

AI_V4MAPPED

all_matching HIf used with v4_mapped, return all matching IPv6 and IPv4 addresses.

HAI_ALL
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H flag H meaning H POSIX equivalent H

Only return IPv4 addresses if a non-loopback IPv4 address is configured for
address_configured the system. Only return IPv6 addresses if a non-loopback IPv6 address is AI_ADDRCONFIG
configured for the system.

5.9.7. Class template ip: :basic_resolver_entry

namespace std {
namespace tr2 {
namespace sys {
namespace ip {

template<class InternetProtocol>
class basic_resolver_entry

public:
// types:
typedef InternetProtocol protocol_type;
typedef typename InternetProtocol::endpoint endpoint_type;

// constructors:

basic_resolver_entry();

basic_resolver_entry(const endpoint_type& ep, const string& h,
const string& s);

// members:
endpoint_type endpoint() const;
operator endpoint_type() const;
string host_name() const;
) string service_name() const;
} // namespace ip
} // namespace sys

} // namespace tr2
} // namespace std

5.9.7.1. ip: :basic_resolver_entry constructors

basic_resolver_entry();
Effects: Constructs an object of class basic_resolver_entry<InternetProtocol>.
Postconditions: The postconditions of this function are indicated in the table below.

Table--basic_resolver_entry<InternetProtocol>::basic_resolver_entry() effects

‘ ‘ expression ‘ ‘ value ‘ ‘

‘ ‘endpoint O ‘ ‘basic_endpo int<InternetProtocol>() ‘ ‘
Hhost_name() Hstring() H
“service_name O ‘string() M

basic_resolver_entry(const endpoint_type& ep, const string& h,
const string& s);

Effects: Constructs an object of class basic_resolver_entry<InternetProtocol> with the specified
endpoint, host name and service name.

Postconditions: The postconditions of this function are indicated in the table below.

Table--basic_resolver_entry<InternetProtocol>::basic_resolver_entry() effects

‘ ‘ expression ‘ ‘ value ‘ ‘
‘ ‘endpoint O ‘ ‘ep ‘ ‘
Hhost_na.me() Hh ‘
‘$ervice_name() Hs ”

5.9.7.2. ip: :basic_resolver_entry members

endpoint_type endpoint() const;
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Returns: The endpoint associated with the resolver entry.

operator endpoint_type() const;

Returns: endpoint ().

string host_name() const;

Returns: The host name associated with the resolver entry.

string service_name() const;

Returns: The service name associated with the resolver entry.

5.9.8. Class template ip: :basic_resolver_iterator

namespace std {
namespace tr2 {
namespace sys {
namespace ip {

template<class InternetProtocol>
class basic_resolver_iterator :
public iterator<forward_iterator_tag,
const basic_resolver_entry<InternetProtocol> >

public:
// types:
typedef InternetProtocol protocol_type;
typedef typename InternetProtocol::endpoint endpoint_type;

// constructors:
basic_resolver_iterator();

// other members as required by
// C++ Std, 24.1.3 Forward iterators [lib.forward.iterators]
};

} // namespace ip
} // namespace sys
} // namespace tr2
} // namespace std

5.9.8.1. ip: :basic_resolver_iterator constructors

basic_resolver_iterator();

Effects: Initialises an object of class basic_resolver_iterator<InternetProtocol> so that it represents an
end iterator.

5.9.9. Class template ip: :basic_resolver_query

namespace std {
namespace tr2 {
namespace sys {
namespace ip {

template<class InternetProtocol>
class basic_resolver_query :
public resolver_query_base

public:
// types:
typedef InternetProtocol protocol_type;

// constructors:
basic_resolver_query();
basic_resolver_query(const string& service_name,

flags f = passive | address_configured);
basic_resolver_query(const InternetProtocol& proto,

const string& service_name,

flags f = passive | address_configured);
basic_resolver_query(const string& host_name,

const string& service_name,

flags f = address_configured);
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basic_resolver_query(const InternetProtocol& proto,
const string& host_name,
const string& service_name,
flags f = address_configured);

};

} // namespace ip
} // namespace sys
} // namespace tr2
} // namespace std

The basic_resolver_query class encapsulates values used in name resolution. The meanings of the constructor arguments
are defined below as if the name resolution is performed using POSIX getaddrinfo():

— proto is used to populate the ai_family, ai_socktype and ai_protocol fields of the addrinfo structure passed as the
hints argument to POSIX getaddrinfo().

— host_name is passed as the nodename argument to POSIX getaddrinfo().
— service_name is passed as the servname argument to POSIX getaddrinfo().
— flags is used to populate the ai_flags field of the addrinfo structure passed as the hints argument to POSIX

getaddrinfo Q).

If a default-constructed basic_resolver_query object is used in a call to resolver_service<>: :resolve(), the results
are undefined.

5.9.10. Class template ip: :resolver_service

Instances of the resolver_service class template meet the requirements of a ResolverService.

namespace std {
namespace tr2 {
namespace sys {
namespace ip {

template<class InternetProtocol>
class resolver_service :
public io_service::service

public:
static io_service::id id;

// types:

typedef InternetProtocol protocol_type;

typedef typename InternetProtocol::endpoint endpoint_type;
typedef basic_resolver_query<InternetProtocol> query_type;
typedef basic_resolver_iterator<InternetProtocol> iterator_type;
typedef unspecified implementation_type;

// constructors:
explicit resolver_service(io_service& ios);

// members:
void construct(implementation_type& impl);

void destroy(implementation_type& impl);
error_code cancel(implementation_type& impl, error_code& ec);

iterator_type resolve(implementation_type& impl,
const query_type& q, error_code& ec);

template<class ResolveHandler>
void async_resolve(implementation_type& impl,
const query_type& q, ResolveHandler handler);

iterator_type resolve(implementation_type& impl,
const endpoint_type& e, error_code& ec);

template<class ResolveHandler>
void async_resolve(implementation_type& impl,
const endpoint_type& e,
ResolveHandler handler);

private:
virtual void shutdown_service();


http://www.opengroup.org/onlinepubs/000095399/functions/getaddrinfo.html
http://www.opengroup.org/onlinepubs/000095399/functions/getaddrinfo.html
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http://www.opengroup.org/onlinepubs/000095399/functions/getaddrinfo.html
http://www.opengroup.org/onlinepubs/000095399/functions/getaddrinfo.html

Networking Library Proposal for TR2 135

};
} // namespace ip
} // namespace sys

} // namespace tr2
} // namespace std

5.9.10.1. ip: :resolver_service constructors

explicit resolver_service(io_service& ios);

Effects: Constructs an object of class resolver_service<InternetProtocol>, initialising the base class with
io_service::service(ios).
5.9.10.2. ip: :resolver_service members

void shutdown_service();

Effects: Destroys all copies of user-defined handler objects owned by the service.

void construct(implementation_type& impl);

Effects: Initialises the resolver implementation impl.

void destroy(implementation_type& impl);

Effects: Cleans up resources owned by the resolver implementation impl. Cancels asynchronous operations
associated with impl as if by performing:

error_code ec;
cancel (impl, ec);

error_code cancel(implementation_type& impl, error_code& ec);

Effects: Causes any outstanding asynchronous operations to complete as soon as possible. Handlers for cancelled
operations shall be passed the error code error: :operation_aborted.

Returns: ec.

iterator_type resolve(implementation_type& impl,
const query_type& q, error_code& ec);

Effects: Translates a query into a sequence of basic_resolver_entry<InternetProtocol> objects, as if by

POSIX getaddrinfo(Q).

Returns: On success, an iterator object i such that the condition i != iterator_type() holds. Otherwise
iterator_type().

template<class ResolveHandler>
void async_resolve(implementation_type& impl,
const query_type& q, ResolveHandler handler);

Effects: Initiates an asynchronous operation to translate a query into a sequence of
basic_resolver_entry<InternetProtocol> objects, as if by POSIX getaddrinfo (). The operation is
performed via the io_service object returned by io_service: :service: :io_service() and behaves
according to asynchronous operation requirements.

If the operation completes successfully, the ResolveHandler object handler is invoked with an iterator object
i such that the condition i != iterator_type() holds. Otherwise it is invoked with iterator_type().

iterator_type resolve(implementation_type& impl,
const endpoint_type& e, error_code& ec);

Effects: Translates an endpoint into a sequence of zero or one basic_resolver_entry<InternetProtocol>
objects, as if by POSIX getnameinfo ().

Returns: On success, an iterator object i such that the condition i != iterator_type() holds. Otherwise
iterator_type().

template<class ResolveHandler>
void async_resolve(implementation_type& impl,
const endpoint_type& e,
ResolveHandler handler);


http://www.opengroup.org/onlinepubs/000095399/functions/getnameinfo.html
http://www.opengroup.org/onlinepubs/000095399/functions/getaddrinfo.html
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Effects: Initiates an asynchronous operation to translate an endpoint into a sequence of zero or one
basic_resolver_entry<InternetProtocol> objects, as if by POSIX getnameinfo (). The operation is
performed via the io_service object returned by io_service: :service::io_service() and behaves
according to asynchronous operation requirements.

If the operation completes successfully, the ResolveHandler object handler is invoked with an iterator object
i such that the condition i != iterator_type() holds. Otherwise it is invoked with iterator_type ().

5.9.11. Class template ip: :basic_resolver

namespace std {
namespace tr2 {
namespace sys {
namespace ip {

template<class InternetProtocol, class ResolverService>
class basic_resolver

public basic_io_object<ResolverService>,

public socket_base

public:
// types:
typedef InternetProtocol protocol_type;
typedef typename InternetProtocol::endpoint endpoint_type;
typedef basic_resolver_query<InternetProtocol> query;
typedef basic_resolver_iterator<InternetProtocol> iterator;

// constructors:
explicit basic_resolver(std::tr2::sys::io_service& io_service);

// members:
void cancel();
error_code cancel(error_code& ec);

iterator resolve(const query& q);
iterator resolve(const query& q, error_code& ec);

template <class ResolveHandler>
void async_resolve(const query& q, ResolveHandler handler);

iterator resolve(const endpoint_type& e);
iterator resolve(const endpoint_type& e, error_code& ec);

template <class ResolveHandler>
void async_resolve(const endpoint_type& e,
ResolveHandler handler);
3
} // namespace ip
} // namespace sys

} // namespace tr2
} // namespace std

5.9.11.1. ip: :basic_resolver constructors

explicit basic_resolver(std::tr2::sys::io_service& io_service);
Effects: Constructs an object of class basic_resolver<InternetProtocol, ResolverService>,
initialising the base class with basic_io_object (io_service).

5.9.11.2. ip: :basic_resolver members

void cancel();
error_code cancel (error_code& ec);

Returns: this->service.cancel(this->implementation, ec).

iterator resolve(const query& q);
iterator resolve(const query& q, error_code& ec);

Returns: this->service.resolve(this->implementation, q, ec).

template <class ResolveHandler>
void async_resolve(const query& q, ResolveHandler handler);


http://www.opengroup.org/onlinepubs/000095399/functions/getnameinfo.html
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Effects: Calls this->service.async_resolve(this->implementation, q, handler).

iterator resolve(const endpoint_type& e);
iterator resolve(const endpoint_type& e, error_code& ec);

Returns: this->service.resolve(this->implementation, e, ec).

template <class ResolveHandler>
void async_resolve(const endpoint_type& e,
ResolveHandler handler);

Effects: Calls this->service.async_resolve(this->implementation, e, handler).

5.9.12. Host name functions

string host_name();
string host_name (error_code&);

Returns: The standard host name for the current machine, determined as if by POSLX gethostname ().

5.9.13. Class ip: :tcp

The tcp class meets the requirements for an InternetProtocol.

namespace std {
namespace tr2 {
namespace sys {
namespace ip {

class tcp

public:
// types:
typedef basic_endpoint<tcp> endpoint;
typedef basic_resolver<tcp> resolver;
typedef basic_stream_socket<tcp> socket;
typedef basic_socket_acceptor<tcp> acceptor;
typedef basic_socket_iostream<tcp> iostream;

class no delay;

// static members:
static tcp v4();
static tcp v6(Q);

private:
tcp(); // not defined

’

// tcp comparisons:
bool operator==(const tcp& a, const tcp& b);
bool operator!=(const tcp& a, const tcp& b);

} // namespace ip
} // namespace sys
} // namespace tr2
} // namespace std

Extensible implementations shall provide the following member functions:

namespace std {
namespace tr2 {
namespace sys {
namespace ip {

class tcp

public:
int family() const;
int type() const;
int protocol() const;
// remainder unchanged

)

} // namespace ip
} // namespace sys
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} // namespace tr2
} // namespace std

In the table below, u denotes an identifier.

Table--Behaviour of extensible implementations

‘ expression ‘ ‘ value ‘
tcp ultep::v40)); u.familyQ; AF_INET ‘
tcp u(tep::v40); u.type(); ' SOCK_STREAM |
hcp u(tcp::v4()); u.protocol(); HIPPROTD_TCP ‘
tep ultep::v6()); u.family(); |AF_INET6

tcp ultep::v6()); u.type(; ' SOCK_STREAM ‘
tep u(tep::v6()); u.protocol(); ' IPPROTO_TCP |

[Note: The constants AF_INET, AF_INET6 and SOCK_STREAM are defined in the POSIX header file sys/socket.h. The
constant TPPROTO_TCP is defined in the POSIX header file netinet/in.h. —end note]

5.9.13.1. ip: : tcp comparisons

bool operator==(const tcp& a, const tcp& b);

Returns: A boolean indicating whether two objects of class tcp are equal, such that the expression tcp: : v4()
== tcp::v4() is true, the expression tcp: :v6() == tcp::v6() is true, and the expression tcp: :v4() ==
tep::v6() is false.

bool operator!=(const tcp& a, const tcp& b);

Returns: ' (a == b).

5.9.14. Class ip: : tcp: :no_delay

The no_delay class represents a socket option for disabling the Nagle algorithm for coalescing small segments. It shall be
defined as a boolean socket option with the name and values in the table below:

Table--tcp::no_delay boolean socket option

[ c H L | N |
‘tcp: ino_delay |IPPROTO_TCP  TCP_NODELAY |

[Note: The constant IPPROTO_TCP is defined in the POSIX header file netinet/in.h. The constant TCP_NODELAY is defined
in the POSIX header file netinet/tcp.h. —end note]

5.9.15. Class ip: :udp

The udp class meets the requirements for an InternetProtocol.

namespace std {
namespace tr2 {
namespace sys {
namespace ip {

class udp

{

public:
// types:
typedef basic_endpoint<udp> endpoint;
typedef basic_resolver<udp> resolver;
typedef basic_datagram_socket<udp> socket;

// static members:
static udp v4();
static udp v6(Q);

private:
udp(); // not defined

’

// udp comparisons:
bool operator==(const udp& a, const udp& b);


http://www.opengroup.org/onlinepubs/000095399/basedefs/netinet/tcp.h.html
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bool operator!=(const udp& a, const udp& b);

} // namespace ip
} // namespace sys
} // namespace tr2
} // namespace std

Extensible implementations shall provide the following member functions:

namespace std {
namespace tr2 {
namespace sys {
namespace ip {

class udp

public:
int family() const;
int type() const;
int protocol() const;
// remainder unchanged

’

} // namespace ip
} // namespace sys
} // namespace tr2
} // namespace std

In the table below, u denotes an identifier.

Table--Behaviour of extensible implementations

‘ expression ‘ ‘ value ‘
udp u(udp::v40); u.familyQ; AF_INET |
udp u(udp::v40); u.type(); ' SOCK_DGRAM |
udp u(udp::v4()); u.protocol(); ' IPPROTO_UDP ‘
udp u(udp::v6()); u.family(); |AF_INET6 |
udp u(udp::v6()); u.typeQ; 'SOCK_DGRAM ‘
udp u(udp::v6()); u.protocol(); ' IPPROTO_UDP |

[Note: The constants AF_INET, AF_INET6 and SOCK_DGRAM are defined in the POSLX header file sys/socket.h. The
constant IPPROTO_UDP is defined in the POSIX header file netinet/in.h. —end note]

5.9.15.1. ip: :udp comparisons

bool operator==(const udp& a, const udp& b);

Returns: A boolean indicating whether two objects of class udp are equal, such that the expression udp: : v4 ()
== udp: :v4() is true, the expression udp: :v6() == udp::v6() is true, and the expression udp: :v4() ==
udp: :v6 () is false.

bool operator!=(const udp& a, const udp& b);

Returns: ' (a == b).

5.9.16. Class ip: :v6_only

The v6_only class represents a socket option for determining whether a socket created for an IPv6 protocol is restricted to
IPv6 communications only. It shall be defined as a boolean socket option with the name and values in the table below:

Table--v6_only boolean socket option

o L | N H
v6_only  IPPROTO_IPVG [IPV6_V6ONLY |
[Note: The constants IPPROT0_IPV6 and IPV6_V60ONLY are defined in the POSLX header file netinet/in.h. —end note]

5.9.17. Class ip: :unicast: :hops

The hops class represents a socket option for specifying the default number of hops (also known as time-to-live or TTL) on
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outbound datagrams. It shall be defined as an integral socket option with the name and values in the table below:

Table--hops integral socket option

[ c H L | N H
IPPROTO_IPV6 if p.family () == AF_INET6, [IPV6_UNICAST_HOPS ifp.family() ==

ip::unicast: :hops

otherwise TPPROTO_IP. AF_INETS6, otherwise IP_TTL.

[Note: The constants IPPROTO_IP, IPPROTO_IPV6 and IPV6_UNICAST_HOPS are defined in the POSIX header file
netinet/in.h. —end note]

Where is IP_TTL in POSIX?

Constructors for the hops class shall throw out_of _range if the argument is not in the range [0, 255].

5.9.18. Multicast group management socket options

The ip::multicast::join_group and ip::multicast::leave_group classes are socket options for multicast group
management.

Multicast group management socket option classes satisfy the requirements for CopyConstructible, Assignable, and
SettableSocketOption.

[Example: Creating a UDP socket and joining a multicast group:

// Open an IPv4 UDP socket bound to a specific port.
ip::udp::endpoint ep(ip::udp::v4(), 12345);
ip::udp: :socket sock(io_svc, ep);

// Join a multicast group.
ip::address addr = ip::address::from_string("239.255.0.1");
sock.set_option(ip::multicast::join_group(addr));

—end example]

Multicast group management socket option classes shall be defined as follows:

class C

public:
// constructors:
cO;
explicit C(const address& multicast_group);
explicit C(const address_v4& multicast_group,
const address_v4& network_interface = address_v4::any());
explicit C(const address_v6& multicast_group,
} unsigned int network_interface = 0);

Extensible implementations shall provide the following member functions:
class C

public:
template<class Protocol> int level(const Protocol& p) const;
template<class Protocol> int name(const Protocol& p) const;
template<class Protocol> const unspecified* data(const Protocol& p) const;
template<class Protocol> size_t size(const Protocol& p) const;
// remainder unchanged

private:
//ip_mreq v4_value_; exposition only
//ipv6_mreq v6_value_; exposition only

’

The names and values used in the definition of the multicast group management socket option classes are described in the table
below.

Table--Multicast group management socket options

‘ ‘ C ‘ ‘ L ‘ ‘ N ‘ ‘ description ‘ ‘

IPPROTO_IPV6 if p.family () IPV6_JOIN_GROUP if p.family () ==
== AF_INET6, otherwise AF_INETS, otherwise
IPPROTO_IP. IP_ADD_MEMBERSHIP.

Used to join a
multicast group.

ip::multicast::join_
group
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‘ ‘ C ‘ ‘ L ‘ ‘ N ‘ ‘ description ‘ ‘

IPPROTO_IPV6 if p.family () IPV6_LEAVE_GROUP if p.family () ==
== AF_INET6, otherwise AF _INETS, otherwise
IPPROTO_IP. IP_DROP_MEMBERSHIP.

[Note: The constants IPPROTO_IP and IPPROTO_IPV6 are defined in the POSIX header file netinet/in.h. The constants
IPV6_JOIN_GROUP and IPV6_LEAVE_GROUP are defined in the POSIX header file netinet/in.h. —end note]

Used to leave a
multicast group.

ip::multicast::leave
_group

Where are IP_ADD_MEMBERSHIP and IP_DROP_MEMBERSHIP in POSIX?

5.9.18.1. Multicast group management socket option constructors
cO;
Effects: For extensible implementations, both v4_value_ and v6_value_ are zero-initialised.

explicit C(const address& multicast_group);

Effects: For extensible implementations, if multicast_group.is_v6() is true then
v6_value_.ipv6émr_multiaddr is initialised to correspond to the IPv6 address returned by
multicast_group.to_v6(), v6_value_.ipv6mr_interface is set to 0, and v4_value_ is zero-initialised;
otherwise, v4_value_.imr_multiaddr is initialised to correspond to the IPv4 address returned by
multicast_group.to_v4(), v4_value_.imr_interface is zero-initialised, and v6_value_ is zero-
initialised.

explicit C(const address_v4& multicast_group,
const address_v4& network_interface = address_vé4::any());

Effects: For extensible implementations, v4_value_. imr_multiaddr is initialised to correspond to the address
multicast_group, v4_value_.imr_interface is initialised to correspond to address network_interface,
and v6_value_ is zero-initialised.

explicit C(const address_v6& multicast_group,
unsigned int network_interface = 0);

Effects: For extensible implementations, v6_value_. ipv6mr_multiaddr is initialised to correspond to the
address multicast_group, v6_value_.ipv6mr_interface is initialised to network_interface, and
v4_value_ is zero-initialised.

5.9.18.2. Multicast group management socket option members (extensible implementations)

template<class Protocol> int level(const Protocol& p) const;

Returns. L.

template<class Protocol> int name(const Protocol& p) const;

Returns: N.

template<class Protocol> const unspecified* data(const Protocol& p) const;

Returns: &v6_value_ if p.family() == AF_INET6, otherwise &v4_value_.

template<class Protocol> size_t size(const Protocol& p) const;

Returns: sizeof (v6_value_) if p.family() == AF_INETS6, otherwise sizeof (v4_value_).

5.9.19. Class ip: :multicast: :outbound_interface

The outbound_interface class represents a socket option that specifies the network interface to use for outgoing multicast
datagrams.

outbound_interface satisfies the requirements for CopyConstructible, Assignable, and SettableSocketOption.

namespace std {
namespace tr2 {
namespace sys {
namespace ip {
namespace multicast {

class outbound_interface
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{
public:
// constructors:
outbound_interface();
explicit outbound_interface(const address_v4& network_interface);
explicit outbound_interface(unsigned int network_interface);

’

} // namespace multicast
} // namespace ip
} // namespace sys
} // namespace tr2
} // namespace std

Extensible implementations shall provide the following member functions:

namespace std {
namespace tr2 {
namespace sys {
namespace ip {
namespace multicast {

class outbound_interface

public:
template<class Protocol> int level(const Protocol& p) const;
template<class Protocol> int name(const Protocol& p) const;
template<class Protocol> const unspecified* data(const Protocol& p) const;
template<class Protocol> size_t size(const Protocol& p) const;
// remainder unchanged

private:
// in_addr v4_value_; exposition only
// unsigned int v6_value_; exposition only

’

} // namespace multicast
} // namespace ip
} // namespace sys
} // namespace tr2
} // namespace std

The outbound_interface class is a SettableSocketOption only, unlike its POSIX equivalents which are both gettable
and settable. This is to avoid the need for additional classes that provide a protocol independent representation of a network
interface.
5.9.19.1. ip: :multicast: :outbound_interface constructors
outbound_interface();

Effects: For extensible implementations, both v4_value_ and v6_value_ are zero-initialised.

explicit outbound_interface(const address_v4& network_interface) ;

Effects: For extensible implementations, v4_value_ is initialised to correspond to the IPv4 address
network_interface, and v6_value_ is zero-initialised.

explicit outbound_interface(unsigned int network_interface);
Effects: For extensible implementations, v6_value_ is initialised to network_interface, and v4_value_ is

zero-initialised.

5.9.19.2. ip: :multicast: :outbound_interface members (extensible implementations)

template<class Protocol> int level(const Protocol& p) const;
Returns: IPPROTO_IPV6 if p.family () == AF_INETS, otherwise IPPROTO_IP.

[Note: The constants IPPROTO_IP and IPPROTO_IPV6 are defined in the POSIX header file netinet/in.h. —
end note)

template<class Protocol> int name(const Protocol& p) const;

Returns: TPV6_MULTICAST_IF ifp.family() == AF_INET6, otherwise IP_MULTICAST_IF.
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[Note: The constant IPV6_MULTICAST_IF is defined in the POSIX header file netinet/in.h. —end note]

Where is IP_MULTICAST_IF in POSIX?

template<class Protocol> const unspecified* data(const Protocol& p) const;

Returns: &v6_value_ ifp.family() == AF_INET6, otherwise &v4_value_.

template<class Protocol> size_t size(const Protocol& p) const;

Returns: sizeof (v6_value_) ifp.family() == AF_INET6, otherwise sizeof (v4_value_ ).

5.9.20. Class ip: :multicast: :hops

The hops class represents a socket option for specifying the default number of hops (also known as time-to-live or TTL) on
outbound multicast datagrams. It shall be defined as an integral socket option with the name and values in the table below:

Table--hops integral socket option

[ c | L H N H
IPPROTO_IPV6 if p.family() == IPV6_MULTICAST_HOPS if p.family() ==
AF_INETS6, otherwise IPPROTO_IP. AF_INETS6, otherwise IP_MULTICAST_TTL.

[Note: The constants IPPROTO_IP, IPPROTO_IPV6 and IPV6_MULTICAST_HOPS are defined in the POSIX header file
netinet/in.h. —end note]

Where is IP_MULTICAST_TTL in POSIX?

ip::multicast: :hops

Constructors for the hops class shall throw out_of _range if the argument is not in the range [0, 255].

5.9.21. Class ip: :multicast: :enable_loopback

The enable_loopback class represents a socket option for determining whether multicast datagrams are delivered back to the
local application. It shall be defined as a boolean socket option with the name and values in the table below:

Table--enable_loopback boolean socket option

[ ¢ H L | N |
IPPROTO_IPV6 if p.family () == IPV6_MULTICAST_LOOP ifp.family() ==
AF_INETS6, otherwise IPPROTO_IP. AF_INETS6, otherwise IP_MULTICAST_LOOP.

[Note: The constants IPPROT0_IP, IPPROTO_IPV6 and IPV6_MULTICAST_LOOP are defined in the POSIX header file
netinet/in.h. —end note]

Where is IP_MULTICAST_LOOP in POSIX?

ip::multicast::enable_lo
opback

6. Open Issues

® Impact of trapping signed char implementations on streambuf and iostream support.
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