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IIYBJINMYHAS JINITEH3U A

Vuebnoe nocobue Angapess Bukropopuda Cronsposa <IIpaktukym na 9BM. MHOromoJib30Bare/ibCKuii 1r-
poBOIi cepsep>, Buepsbie omydsukoanunoe Uznarensckum orgessom BMuK MI'Y B 2005 romy, nasbiBaemoe
nanee <IIponssenennem >, 3amMMIIEHO AEHCTBYIONIMM aBTOPCKO-TIPABOBBIM 3aKOHOIATEIHLCTBOM. Bee npasa Ha
IIpoussemenne, mpeayCMOTPEHHBIE TEHCTBYIOMIMM 3aKOHOIATEILCTBOM, KaK MMYIIECTBEHHBIE, TAK U HEUMY-
II[ECTBEHHbIE, TPUHAIEXKAT €r0 aBTODY.

Hacrosimas Jlumensus ycranaBiuBaeT criocoObl HCIOJIB30BaHUS 3IeKTPOHHON Bepcuu [Iponssenenus, npa-
BO HA KOTOPbBIE HMPEJIOCTABICHO ABTOPOM M MPABOOOIAJATEIEM HEOIPAHUYEHHOMY KDPYTy JIMIL, DU yCJIOBHH
6e30rOBOPOYHOTO MPUHSITHS STUMU JIUIAMU BCeX ycaoBuit mamuoi Jlunemsun. Jloboe ucmosnbp3oBanue I1po-
U3BEMIEHNsI, HE COOTBETCTBYIOIIEE YCJIOBUSAM JaHHON JlumeHiuu, a paBHO W mucnojb3oBanue IIpomssemnenns
JINIIAMU, HE COIVIACHBIME C yCJIOBUsiMU JIWIEH3WM, BO3MOXKHO TOJIHKO NPYW HAJWYANA THUCHMEHHOTO pa3pe-
IIIEHUsT ABTOPA U MPABOOOIAIATENS, & TPU OTCYTCTBUU TAKOTO PA3PEINEHUs SIBJISIETCS MPOTHBO3AKOHHBIM W
[peCJIeyeTcs B PAMKAX I'PAXkKJIAHCKOI0, 8 IMUHUCTPATUBHOIO U YIOJOBHOIO 3aKOHO/IATEJIbCTBA.

ABTop m mparoobiagaTEh HACTOALINM pa3pernaeT CAeAyIONe BUILI UCITOJb30BAHNS JAHHOTO (aiiia,
SABJISIONIErOCsT SJIEKTPOHHBIM NpejicTaBienreM [Ipon3Beiensi, 6e3 yBemoMIeHus TpaBoo0aIaTesist U 6e3 BbI-
ILJIATHI ABTOPCKOTO BO3HATPAXKICHUSI:

1. Bocnpoussenenue IIpoussenenus (110JHOCTbIO WK 9aCTUYHO) Ha GyMare IyTeM pacledaTky ¢ IIOMO-
B0 [IPUHTEPA B OJHOM 3K3EMILISADE /IS yIOBJIETBOPEHUS JIMYHBIX ObITOBBIX MJIU y9e€0OHBIX OTPED-
HOCTell, 6e3 MmpaBa MepeIavyr BOCITPOU3BEIEHHOTO IK3EMILISIPA APYTHM JINIAM;

2. KommpoBamue u pacmpocTpaHenue JaHHOTO (aiija B JIEKTPOHHOM BU/IE, B TOM YHCJIE ITyTEM 3aIUCH
Ha puU3uIecKre HOCUTENN U IIyTeM TePeIadn 0 KOMITBIOTEPHBIM CETsIM, C CODJIIOIEHUEM CIIEY IOTINX
ycaosuii: (1) Bce Bocmpon3BeZieHHbIE U MepeaBaeMble JIOOBIM JINIAM 3K3eMILIIphI (haii-
Ja ABJIAIOTCA TOYHBIMU KONMUAMM McxoaHoro daiisa B popmare PDF, npu xomupoBanun He
MTPOM3BOIUTCS HUKAKUX U3bATHI, COKPAIIEHUIT, TOMOJHEHUN, NCKAYKEHUH U JIIOOBIX JIPYTUX U3MEHE-
HUii, BKJIIOY9as U u3Menenue (opmara npejcrasienus ¢aiiia; (2) pacupocrpaneHue u nepejada
KONWl APYrAM JIMIaM [POU3BOUTCI HCKJIYUTEJIIBHO 0EeCnAamHO, TO €CTh IIpu Iepe-
Jade He B3MMaeTcsd HMKaKoe BO3HArpaxkJeHWe HU B Kakoii dopme, B Tom uucie B (opme
IPOCMOTPE PeKJIaMbl, B (hOpPME IIATHI 38 HOCUTEJb WJIX 33 CAM AKT KOIMPOBAHUSA U [EPEIAYH, [1aXKe
€CJIN TaKasl TJIATA OKA3BIBAETCS 3HAUYUTEHHO MEHBINE (DAKTHIECKON CTOMMOCTH UJIH CE0ECTOMMOCTH
HOCHUTEJISA, aKTa KOMMUPOBAHUASA U T. II.

JI106b1e apyrue crocobbl pacipoCTpaHeHUs JAHHOrO (haiijia Py OTCYTCTBUU MACHMEHHOTO PA3PEIEHNS aB-
TOpAa 3ampenieHbl. B yacTHOCTH, 3alIpelaeTcs: BHECEHNE KAKNX-Tu00 N3MeHeHn B TaHHbIi (ail, co3manne
U PaCIPOCTPAHEHNE NCKAXKEHHBIX IK3EMILIAPOB, B TOM YUCJIE FK3EMILISIPOB, COIEPKAIUX KAKYI0-1100 9acTh
MPOM3BEEHNST; pacpocTpanenne qaHHOro haitia B Ceru MuTepHeT Uepe3 BeO-CaThI, OKA3BIBAIOIINE TIIAT-
HBIE YCIYTH, 9epe3 CAlThl KOMMEPYECKNX KOMITAHUI, & TaK¥Ke Uepe3 CAfThl, COAEPXKAIINE PEKJIAMY JIF00Or0
poa; mpomaxka u 00MeH (PU3MIECKUX HOCUTEJEH, COMepKAINX MAHHBIA (aiis, 1ake eCIu BO3HATDAXKICHNE
3HAYUTETHHO MEHBINE Ce0ECTOMMOCTH HOCHUTEJsI; BKIOYEeHNe JAHHOrO (paiiia B COCTAB KaKUX-TU00 WHOOP-
MAIMOHHBIX U MHBIX IPOIYKTOB; PACIIPOCTPAHEHUE MAHHOrO (paiilyia B COCTaBe KAKOM-IMOO0 IJIATHON yCayTn
WM B J0LOJIHeHUe K Takoil yciayre. C apyroii croponbl, paspernaercs japeHue (0eciiiarHas lepeiada)
HOCHTEJIeH, COMep:KaIuX JAHHBIA (DA, 3amuch JTaHHOTO (baiiia HA HOCUTEIN, MPUHAIJIEKAIINE JIPYTUM
TTOJIL30BATEISIM, PACIIPOCTPAHEHNE TAHHOrO daiisia gepe3 dOecraaTHbie daitmooomennbie cetn u T.1. CChLIKT
Ha K3eMILIap ¢aiiia, PACIOTOKEHHBIH Ha OpHUIIHATILHOM caiiTe aBTopa, pa3perieHbl 6e3 OrpaHuIeHHiA.

A. B. CroasgpoB 3anpeuwaem PoccuiickoMmy aBTOPCKOMY OOIIECTBY U JIIOOBIM JIPYTHMM OpTaHU-
3anudM IPOW3BOJUTH JIIOOOTO pojJa JIWIEeH3WMPOBaHME JIIOOBIX €ro Npou3BeJIeHUil N OCyINecTB-
JATh B MHTEpecax aBTOpPa KaKylo Obl TO HU OBLIO MHYI CBA3aHHYI C aBTOPCKUMU MpPaBaMu
OesiTeJbHOCTh D€3 ero NMCbMEHHOTO pa3pelleHus.
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BBenenne

3ajiaHne NpakTUKYMa “MHOTOIOJIb30BATEIbCKUN UTPOBOI cepBep”’ paszpaboTaHo
JUTS 3aHATHI TpakKTUKyMa Ha DBM, mpoBoiMMbBIX Ha BTOPOM Kypce Ha, haKyib-
rere BMuK MI'Y B pamkax oCHOBHOI'O y4eOHOI'O IJIaHa.

3ajjaHne mpeHa3HaueHo JIIsT BBITIOJIHEHNs B ONEPAIlMOHHON CUCTeMe ceMeii-
cra Unix (manpumep, FreeBSD win Linux) ¢ ncnosnb3oBatueM si3bIKOB 11PO-
rpamMupoBanusg C u C+-+.

3aaHne COCTOUT W3 JIBYX OCHOBHBIX JaCTel, KarXKgast iX KOTOPHIX BBITIOJIHSI-
eTCsI B HECKOJIBKO TAloB. B 1mepBoit yacTu 3a/laHust IpeJjiaracTcst pean30BaTh
IPOrPaMMYy-CEPBEP, BBIMOJHSIONYIO0 PoJib Beyiiero B urpe “Menemxkep” |1 u
MO3BOJISIIOIIYIO TPUHUMATH YIaCTHE B UI'PE UTPOKAM, HAXOIAIINMCS HA Pa3HbIX
MAaIlIMHAX, UCTOJIb3YS JIOKAJbHYIO ceTh. [lepBas dacTb 3a/iaHus MOXKeT BBITIOJ-
HAThCsT Ha, si3bike C, 9TO MO3BOJISIET €€ BBITIOJHUTH B OCEHHEM CEMECTpE.

Bropas JacTh, npeHazHaueHHAs JIJIsT BBIOJHEeHNs Ha a3bike C-++, cocTo-
UT B CO3JaHUU TPOTPAMMHUPYEMBIX POOOTOB, CITIOCOOHBIX MPUHUMATH yUIACTHE
B urpe “Menejpkep”, UMUTUPYs JledCTBUs UTPOKOB-JTo/elt. Takoit pobor 1pe/i-
CTaBJIsIeT cOOOM MHTEPIPETaTOP HEKOTOPOTO JIOCTATOYHO MPOCTOrO sA3bIKa, ITPO-
I'PAMMUPOBAHUST, C TIOMOIIHIO KOTOPOI'O U 3a/[a€TCsl €r0 MOBEJICHUE B UTPE.

3ajlanne MpakTUKyMa ‘“MHOI'OII0JIb30BaTeIbCKII UTPOBOil cepBep”’ HaIleJIEHO
Ha BBIPAOOTKY M 3aKperjieHne CAeyIOMnX HaBhIKOB:

e [lepBasi wacth (MrpoBoil cepsep)

® UCIOJIb30BAHUE CHCTEMbI IPOTPAMMUPOBAHUST (PEJITAKTOPOB TEKCTOB,
KOMITHJISITOPA, OTJIQ[INKa, CHCTeMbI aBToMaTnaeckoii coopkn) B OC
UNIX

e 1porpammupoBanue Ha g3bike C

® COBJIaHWE CETEeBBbIX MPHUJIOYKEHWH, nCnoib3yommux nporokoa T1TCP
npu nomomiu berkley sockets

® UCIIOJIb30BAHUE MYJIbTUILJIEKCUPOBAHUS BBOJIa-BbIBOJIA JIJIsT CO3/IaHUS
COOBITUIHO-YIIPABJISIEMbIX ITPUI0KEHU

e Bropast yacth (iporpaMmupyembie poboThb)

e 00DBEKTHO-OPHEHTHPOBAHHOE IPOEKTUPOBAHKE U IIPOrPAMMUPOBAHNE

e nporpammupoBanue Ha s3bike C++

® ICIIOJL30BAHNE 3JIEMEHTOB TeOpHH (OPMAJbHBIX I'PAMMATHK JIJIs1
pazbopa TeKCTOB Ha POPMATIbHBIX sI3bIKaX (JEKCHUECKUT aHAJIU3 110
PEryIspHBLIM IPAMMATHKAM C TOMOIIbI0 KOHEUHBIX ABTOMATOB, CHH-
TAKCUIECKUI aHai3 MeTOJIOM PEKYPCUBHOIO CITyCKa, MCIOJIh30Ba-
HKE 110JIbCKONH MHBEPCHOM 3allUCH B KAYECTBE LPEJICTABJICHUs 1IPO-
IPaAMMBI JIJIsT OCYTIECTBJICHUST MHTEPIIPETAIHN ).
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B nacrostiem mocobuu aBTop nocTapaJics OTBETUTh Ha HauboJiee TUITUIHbIE
BOIIPOCHI, BOBHUKAOIIHIE V CTYJICHTOB 10 X0y paboOThl HaJ 33 aHIEM.

1 Urpa “MenemKkment”’

Urpa “Menemxment” ObLia npemoxkena ¢pupmoii Avalon Hill Company mis
o0y4eHUsi OCHOBaM yIpaBJieHUs TpeanpusTueM. H. Yazepes oTMeTus upes-
BBIYANHYIO MPUBJIEKATEJIBHOCT 3TONH WIPHI B KAUECTBE YIPasKHEHUsT (ITIO/A)
JIUTsT TIPOTPAMMHUCTOR.

B srom pasjiese uamararorcsi COKpalieHHbie (YIPOIIEHHbIE) MpaBUIa UIPbI
“Mene prment”. TlosHble paBuia UrPhl JKeJIaoIMe MOryT HailTu B Kuure [1].

1.1 OO6mme cBeeHUd

B urpe yuacrBytor N urpokon. Kaxkipiit urpok umeer somep 1 < k < N. Kax-
JbIii UTPOK ¢ HOMEpOM k pacriosiaraeT HEKOTOPBIM KOJIMIECTBOM JieHer (yCJioB-
HBIX JIOJITAPOB), Sy €JIUHUIAMHU CHIPbs, Pj emununamu npoayknuu u Fj dhabd-
pukamu. B Hauasge urpbl KaXkJoMy UI'POKY BbigaeTcs 2 pabpuKu, 4 eIuHUIbI
CbIpbs, 2 ejiuHullbl roToBO# npojykimu u 10000 jrosiapos.

MojiesimpoBaHue BeJeTCs MOIMAaroBo, UTI'POBLIMU IMKIaMu. LIuki mpejcran-
JisierT coDOM yCJIOBHBINT UI'DOBON MeCsll.

1.2 Ilopsaaok Urpel

B kaxjioM “mecsie’ Urpoku MPOU3BOAAT Ha CBOMX (padpUKax MPOJYKIUIO U3
ceipbst. Onna dabpuka MOXKeT TPOU3BECTH OJIHY €JIMHUILY HPOAYKIIUU, U3Pac-
XOJIOBAB IIPU 3TOM OJIHY eAuHHUIly chipba 1 $2000.

B caydae, ecin y Urpoka HeJIOCTATOYHO CHIPbs WJIU JIEHET, YTOObI obecie-
YUTh PaboTy Bcex pabpuk, JinbOo ecJid B CBA3U C HEOJIArOpUATHON 00CTaHOBKOM
Ha PbIHKE y UI'POKA CKOIIMJIOCH CJMIIKOM MHOI'O I'OTOBOM HPOJyKIHH, (habpuka
MOYKET HUYEro He MPOU3BOJIUTH (UTO HE UCKITIOTACT €XKEMECITHBIX U3JICPIKEK ).

Kaxkipiit “mecsiiy” OaHK HPOBOJUT ayKIIMOHBI 110 HPOJAXKE ChIPbs U CKYIIKE
IPOIYKIHH. AYKINOHBI IPOBOIATCS B COOTBETCTBUN € “00CTAHOBKOI Ha PBIHKE
OIMCBHIBAEMON HUKe. 3asiBKI Ha ayKIIMOHBI TIOJAI0TCS UTPOKAMHE ‘B TEMHYIO', T.€.
UI'POKKM HUYEro He 3HAIOT O 3asBKaX, I0/laBaeMbIX JIpyruMu urpokamu. OpHaKo
110 OKOHYAHUHU ayKIMOHA OAHK COODIIAaeT BCEM UI'POKAM IOJIHYIO MHMOPMAIMIO
O pe3ysibraTaxX TOProB (& MMEHHO, KOMY, CKOJIbKO U M0 KAKOW TeHe MPOJAHO
CBIPhsI, & TAKXKE y KO0, CKOJILKO W 10 KaKO¥ I1eHe KYIJIeHO POy KIWN ).
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B kax1oM “Mecsitie” UrpoK MOXKET CIeJaTh 3asiBKY Ha CTPOUTEIHCTBO HOBBIX
dbabpuk. Pabpuka crout $5000 1 HaunMHaeCT JAaBATHL IPOAYKIMIO Ha Hil “Mecsr”’
1ocJjie HavaJia CcrpouTesiberBa. [lo/IoBUHA CTOMMOCTH CTPOUTE/ILCTBA WM Pe-
KOHCTPYKIIMU CIMCBIBAETCsI ¢ UTPOKA [IPH I0JIa9e 3asiBKM, BTOPasi OJOBUHA —
38 MeCsIl IO OKOHYAHHUSI CTPOUTEIbCTBA U PEKOHCTPYKITUH.

3aKOHUYMB 110/1a9y 3asBOK Ha JIAHHBINA MECsIl, UTPOK 3asBJIsgeT 00 OKOHUAHUN
xoja. Korma Bce urpoku 3asiBUIM 00 OKOHUYAHWHM XOJ1a, UT'POBOI Mecsiil 3aBep-
I1AeTCs.

[To uroram Mecsiiia ¢ KaxkJ[0ro UrPOKa, CIIUCHIBAIOTCS €2KEMECTIHBIE U3 1ePIK-
ki1, a uMerno: $300 3a ocraBuIyocsa Ha CKiae eauHuIly chipbs, $500 - 3a ocras-
yrocst Ha cKaaje ejuuauiy npoaykimn, $1000 3a dabpuky (HesaBucuMO OT
TOTO, TPOM3BOJIUJIA OHA B 9TOM MECSIe TPOJIYKITNIO UJIH HET).

Nrpok, KOTOPOMY HEe XBATHJIO JICHEr Ha HOKPBITUE U3EPAKEK, O0bBJISICTCsI
OAHKPOTOM U BbIOBIBAET U3 UI'PHI.

Kaxkiplit urpok B Jit000# MOMEHT MOXKET y3HATh O KOJIUYECTBe JieHer, (ad-
PHUK, €JUHUIL CBIPbS U MPOJYKIMHK Y OCTAJIbHBIX UIPOKOB.

1.3 O6cTaHoBKa Ha pPLIHKE

ObcTraHOBKa Ha PHIHKE MOXKET HAXOAUTHCsT Ha OJHOM U3 TITH ypoBHEil. B 3aBu-
CHMOCTH OT YPOBHSI OIPEJIEJISIFOTCS MPEJJIOKEHNE ChIPbst (T.€. CKOJIBKO €JIMHUIL
ChIPbs DAHK MPOJIACT B 3TOM “Mecstie”), Cpoc Ha TPOJLYKIHUIO (T.e. CKOJIBKO €JIH-
HULL, TPOJYKIUMK DAHK KYIUT B 9TOM “Mecsiiie”), MUHUMAJIbHYIO 1IE€HY €JIUHUI[bI
CBIPbA M MAKCUMAaJBHYIO MEeHY eJIMHUIbI MPOAYKIUA. SHAUYEHUsT STUX BEeJUINH
ONPEJICIISAIOTCs 110 TabJie YPOBHEil cocTostHus phiika (Tabu. 1).

YpoBeHb Cripbe [Tponyxkiust
KOJI-BO | min. TeHa | KOJI-BO | max.TeHa,
1.0*P $800 3.0%P $6500
1.5*P 650 2.5%P 6000
2.0%P 500 2.0%P 5500
2.5%P 400 1.5*P 5000
3.0%P 300 1.0*P 4500

P - obmiee KosimiecTBO HEOOAHKPOTHUBIINXCST UIPOKOB.

Ot = W DO

Tabsauna 1: YpoBHU COCTOSHUST PHIHKA

OxkpyTJieHne Mpou3BOJIUTCA B CTOPOHY YMEHBIIICHUS, T.€., HAITPUMED, €CJTU B
Urpe y4acTBYIOT 3 “)KUBBIX HWIPOKa, a YPOBEHb PHIHKA OIpEJe/IeH Kak 2if, To
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KOJINYECTBO MPOJABAEMOT0 ChIPhs OyJIeT 4 eIMHUIB, 8 MOKYIIAeMOil TIPOJLYKIINH
- 7 e UHUII.

B nauasie urpbl yposenb paseH 3. YPOBEHb JIJIs1 KarxKJIOr0 CJIe/IyIOIIero Me-
Cslla OIPEJIENIACTCA U3 IIPEJLIILYIIEro CAydaiiHbiM 0O6pa3soM B COOTBETCTBUU C
TabJiuiieil BepositHocTeil repexosia, (Tabut. 2).

Crapblii HoBrblit ypoBeHb
yposenb | 1 2 3 4 5t
1 /3 1 1/3 [1/6|1/12]1/12
/4 | 1/3 | 1/41/12|1/12
/12 1/4 |1/3| 1/4 | 1/12
/12| 1/12 | 1/4| 1/3 | 1/4
/12 1/121/6 | 1/3 | 1/3

U > W DN

Tabsuna 2: BeposiTHOCTH CMEHbI YPOBHS COCTOSIHUST PhIHKA

1.4 TIIpoBenenune ayKImnoOHOB

Ha xa»kJIoM IMKJIe UTPOK MOXKET B IIPOM3BOJILHOM IOPsJIKE JIaTh 3asiBKYy Ha
ydacThe B ayKIMOHE ChIPbsi, B ayKIMOHE ITPOJIYKIINHU, 3asBKY Ha IPOU3BOJICTBO,
3a5BKY Ha CTPOUTEILCTBO HOBOH (paOpUKH U 3asBUTH 00 OKOHUAHUHU CBOUX JIEii-
cTBUil HA 3TOT Mecsll. Bee 3asiBKH 110/1a10TCs “B TEMHYI0, TO €CTh OHM HE BUJIHbI
JpyrumM urpokam. B 3asiBKe Ha ydacTue B ayKIMOHE YKa3bIBACTCS YKUCJIO €J[1-
HUI[ JIJI HOKYIKHM WM IIPOJIaXKu U TieHa. LleHa MOKYIKH ChIpbs HE JIOJ2KHA
OBbITH HUYKE MUHUMAJIbHONW yCTAHOBJIEHHON JIJIsSI TEKYIIErO Mecsila, HeHa, IPojia-
YKI IPOIYKITUY - HE BBIIIe MAKCUMAJbHON. 3asiBKa, HA IPOU3BOJCTBO HE JIOJKHA
IPEBBIIIATH KOJUIECTBO UMEIOIIET0Cs Y UIPOKA ChIPhsi, T.€. ChIPhe, KYILJIEHHOEe
Ha JJAHHOM IHUKJIe, He MOXKeT ObITh UCIIOJIH30BAHO IIPHU ITPOU3BOJICTBE TPOIYKIIAH
Ha 9TOM 2Ke IHUKJIE,

Ecin cymma 3asiBOK IpeBbBIIIAET JOCTYIIHOE KOJMYECTBO €IUHUII, BbICTAB-
JIHHBIX Ha ayKIMOH, OAHK B IIEPBYIO O4Y€pe/ib YI0BJIETBOPsieT HanboJee BhIIo/l-
HBIE JIJISI HErO 3asBKU, T.e. IPOJAET ChIphe UTPOKAM, 3asIBUBIIUM HaROOJLIIINIE
IEHBI, U MOKYTAET MPOAYKIIMIO Y UTPOKOB, YCTAHOBUBIINX HAUMEHBIITNE [IE€HDI.
[Ipr mpounx paBHBIX MPEANOYTEHUE OTAACTCS CIYIalHBIM 00pasoM (Mo Kpe-
outo). Eciu pazmep ouepeioii BIOpAHHON 3asiBKU MPEBBIIIACT OCTABIIEECsT KO-
JINYECTBO JIOCTYIIHBIX €IUHNIl, OAHK YJ/IOBJIETBOPSET 3asBKY YaCTHUIHO.

Hampumep, eciin 6aHK JIOJKEH KYyIUTh Beero 6 eJInHUIl TPOAYKIIUU, TIPK
5ToM UTpoK Nl BhICTABMII Ha NMPOJAXKY 3 enuHHIbl 1o 1eHe 4500, nrpokn Ne2
n Ne3 BhICTABMJIM KayK bl 110 JIBe equHuIlLI mpoayKiuu no meHe 5000, To bank
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KYTUT BCe 3 eauHuIlbl y urpoka Nel, rocje yero »kpeduit onpejiesinT, Kakas u3
OCTABIIINXCS 3asBOK Oy/IeT YIOBIETBOPEHA MOJHOCTHI0. COOTBETCTBEHHO, UI'POK,
Ha KOTOPOI'O HaJeT »Kpeduil, mpojact obe euHuibl npoaykiuu 1o mnene 5000,
a BTOPOI MI'POK IPOJACT TOJBHKO OJIHY M3 JIBYX €JIMHUIIL.

[IpoBenenne aykimoHa MOXKHO Ha9aTh B TOT MOMEHT, KOTJIa ITOJIYIEHBI 3a-
SIBKM Ha JIAHHBIH ayKIMOH OT BCEX aKTUBHbBIX (HEODAHKPOTHBIIMXCS ) UIPOKOB.
Takke MOXKHO MPOBOJUTH 00a ayKIUOHA (IIPOJIAXKHU ChIPbsl U CKYIKH MPOJIYK-
IM1) B KOHIIE XOJIA, T.e. HEMOCPEJICTBEHHO TI0CJIe TOTO, KaK MOCJAE[HII U3 UTPO-
KOB 3asIBUT 00 OKOHYAHNU JICHCTBUI a JaHHOM Mecdrle. IlpakTuka MoKa3bIBAeT, YTo
BTOPOH BapHaHT IPOIIE PeaJU30BbIBATD.

Eciin urpok 3asiBuji 00 OKOHYaHUU JEHCTBUI Ha, JJAHHOM LKKJIE, HE 110JaB
3asdBKHU Ha ayKIMOH, €ro 3asBKa CUNTAETCs HYJIEBO.

Pesysibrarbl ayKInoHOB (T.€. KOMY, CKOJIBKO ¥ 110 KAKOH I[eHe TPOJ[AHO Chi-
Pbsi, y KOTO, CKOJILKO U IO KAKOW TIeHe KYILJIEHO MPOJYKINK) OAHK 0ObsIBIIsIET
1yOJIMYIHO, TO ecTh MH(OPMAIUsi 00 STOM JIOCTYITHA BCEM UIDOKAM.



2 Peanmsanus cepBepHO-CETEBOI YacTu

2.1 IlocraHoBKa 3aga4un

[Tporpamma-cepBep BbiTioJIHSAET (DYHKIUN BEJYIIETO UI'Phl. VIIPOKM MOIKII0OYa-
FOTCST K CepBepy M0 ceT ¢ ucnosb3oBannem mporokosia TCP/IP.

Bo3MoxKHBI JiBa MOJX0/a K OpraHU3alliy IPOTOKOJIa 0OOMeHa NPUKJIAIHOIO
YPOBHSI:

e CepBep OXKHUJACT OT KJAHEHTa KOMaHJbl B TEKCTOBOM BHJIE, NpEJIHA3HA-
YEeHHOM HeroCPeCTBEHHO st 00paboTku dejioBekoM. B aTom ciaydae B
KAUeCTBe KJIMEHTCKOM IIPOrPaMMBbl UCIOJIb3YETCsI CTaHIaPTHAsT YTHJIATA,
telnet, Bxojsias B 6a30By0 KOMILICKTAIMIO IpaKTHIECKH JoOoi Unix-
CHUCTEMBI.

e CepBep obpabaTbIBaeT KOMAHJbI B OIPEJIEJEHHOM JIBOMYHOM QopMare,
yI00HOM JIjisi 00PabOTKKM B nporpaMme. B sToM ciiydae HEOOXOIMMO pe-
aJIN30BaTh KJIMEHTCKYIO IIPOrpaMMy, BEAYIILYIO JHAJOr ¢ MOJb30BATEIEM
1 GOPMUPYIOILYIO COOTBETCTBYIOIINE JAHHBIE JIJIsT CepBepa, a Tak»Ke Mmpe-
00pa3yIoNIyI0 MOJIyIaeMblie OT CEpBEPa OTBETHI B IIPUEMJIEMYTO JIJIsi T10JIb-
3oBaTess (popmy.

CrapToBBIMI MapaMeTpaMi CepBepa SBJSIOTCS YUCJIO UIPOKOB W HOMEpD
TCP-nopTa, Ha KOTOPOM IIpOrpaMMa J0JIXKHA O3KIIATh 3alPOCKI Ha COEINHEHNE
oT KjaueHToB. CTapToBble IapaMeTphl 3a/Ial0TCd B KOMaH/IHOM CTPOKE cepBepa.
[To coryracoBaHuIO € TIperogaBaTe/ieM BO3MOXKHbBI JPYTHUe BAPUAHTDI TTOJTY YCHUST
CTapTOBBIX IIApPaMeTpPOB, HAIIpUMED, U3 KOH(UTYpaIMOHHOrO (Qrailjia nin u3 me-
PEMEHHBIX OKPY»KeHUsl. 3a/aBaTh CTAPTOBBIE MAPAMETPhI B TEKCTE ITPOrPAMMObI
(T.e. Tak, 9TO UX M3MEHEHUE MOTPEOyeT MEePEKOMITHIISAINN TPOrPAMMBIL) 3anpe-
waemcA.

[Tocsie 3ammycka nmporpaMMbI-cepBepa, OHa, JI0JIXKHA OTKPHITh COKET B PEXKUME
OXKUJIAHUST 3aIIPOCOB Ha coejiuHenne (M. §2.2) Ha 3aJIAHHOM MOPTY, JTOXKIAThHCS
MOJIKJIFOYEHUST 33JaHHOI0 KOJNUIECTBA UIPOKOB, TOCJE Yero MePeidTH B PEXKUM
UI'PBI, B KOTOPOM K OCTaBAThCS JI0 MOMEHTA, KOI'J[a BCe UIPOKH, KPOME OJIHOIO,
0 TeM WJIM WHBIM TPUIMHAM He BBIAIYT U3 UTPHL.

o Tex 1op, 1oKa cepBep He Teperes B PEeXXUM UIPhl, Ha JIFOOYI0 KOMAHLY
UI'POKA OH JIOJKEH pearupoBaTh COODIIEHHEM O TOM, UTO UI'pa He HadaJiach;
YKeJATeILHO TaKyKe BbIIaBaTh P 3TOM HH(MOPMAIIAIO O TOM, CKOJIHBKO UTPOKOB
B HACTOSIIIEE BpeMsl Y2Ke BOIILIN Ha CepBEp U CKOJILKO eIlle 0xKMIAeTCsI 0 Hauasa
UI'PHI.

[Tocse nmepexojia B pexKUM UI'PHI IPH MOIBITKE HOBOI'O UI'POKA, TIOKJIIOIUTHCS
K CepBepy OH JIOJIXKEH IOJIYIUTh COODIEHNEe O TOM, UTO UTpa YKe UJIET, HoCJIe
9ero ceppep J0JKEH Pa3opBaTh COeIMHEHTE.

8



TpeboBanusi K ceppepy:

e CepBep JIOMKEH MPEJOCTABISTL UT'POKY BCE BO3ZMOXKHOCTH, IPEYCMOT-
peHHbIe MpaBuiaMu Urpbl (M. §1), U TPOBOAUTH UTPY B COOTBETCTBUU C
[IPABUJIAMU.

e [Ipu mpoBesneHnn »KepeObEBOK CepBep He JIOJKEH JIaBaTh IIPEUMYIECTB
HUKOMY U3 UI'POKOB.

e CepBep MOJKEH OBITH 3allUINEH OT HEeIPaBUJIbHBIX JEHCTBHUIl UIPOKOB,
T.e. HIKaKHue JIEHCTBUS OJJHONO UIPOKA, HE JIOJKHBI HAPYIIAThH XOJ UTPHI.

e CepBep J02KeH 00eCIeunBaTh PeaJbHbI MHOT'OIIOJIb30BATELCKUI pe-
»KUM paboThl, T.€. HUKAKHUE JIEHCTBUs UI'POKA HE JIOJI?KHbI IPUBOJIUTD, Jla-
’KEe KPATKOBPEMEHHO, K HEBO3MOXKHOCTH JIJIsI OCTAJIbHBIX UI'POKOB BBOJIUTH
KOMAaH/Ibl ¥ IIOJIy4YaTh PE3YJIbTaThl, €CJU TOJHKO 3TO HE IIPEJIYCMOTPEHO
[paBUJIAMU UTPBHI.

e CepBep He J0JKEH UCIIOJb30BaTh aKTUBHOE OXKKAaHKe. B qacTHOCTH, 3TO
O3HAYAET, YTO B OTCYTCTBHE aKTUBHOCTU UT'POKOB CEPBED HE JIOJIKEH CO-
3/1aBaTh HUKAKO# HArpy3Ku Ha mporeccop. Cum. §2.3.

e Cepnep 00si3aH KOPPEKTHO 00padaThIBATH MOTEPI0 COEIUHEHUSI C JTIOOBIM
u3 urpokoB. Urpok, coejimaenne ¢ KOTOPbIM 000PBAJIOCH, CIMTAETCS BbI-
OBIBIIIMM U3 UIPhI, O U€M COODIIAETCsl OCTAJbHBIM HIPOKAM.

Hauarb nporpammupoBaHue cjejlyer ¢ HallMCaHus JIEHCTBYIOIENH MOJIe/In
cepBepa, B KOTOPOil BMECTO UI'Pbl (pUI'YpUPYeET IIpocTeiiiias nHMOPMaInOHHA
CYIIHOCTb — T1JioDaJibHasl IEJOYUCICHHAs IIepEMEHHast, KOTOPYIO MOXKEeT h3Me-
HUTH KaXKJblii U3 KJAMEHTOB. B 3Toil TyiaBe npuBegeHbl Bce HEOOXOIUMbBIE JIJIsI
9TOrO CBEJICHUS.

2.2 Opramm3anus TCP-cepBepa

Bce cereBble B3anMOo/IeiiCTBHUs B OIIEPAIMOHHbBIX cucTeMax cemeiictBa Unix opra-
HU30BAHbI C IIOMOIIBIO TaK HA3BIBAEMBIX cokemo6 (sockets). C KaxKibIM COKETOM
CBsA3BIBAETCs (paMJIOBBIN JIECCKPHUIITOP, MO3BOJISIONINI CChLIATHCSI HA COKET IpU
BBIIIOJIHEHUN ONePaIiil ¢ HUM.

[Ipu opranuzanuy MHOTOIIOJB30BATEILCKOIO CEPBEpa MOHAIO0UTCS [1Ba, BU-
na cokeros. [lepeblit u3 Hux — caywarowud coxem (listening socket) Gyser
HCIIOJIb30BATHCS JIJIs OXKUJIAHUS W IIpHeMa KIHEHTCKuX coemuHennii. CoKeTsb
JIDYTOrO BUJIA MIPEJACTABJISIOT OO0 HEIOCPe CTBEHO “KaHaJI CBSI3U € KOHKPET-
HBIM KJIMEHTOM ¥ UCIOJIL3YIOTCS JIJIs IIPHEeMa, KOMAHT OT KJIUEHTOB U IIepeTatn
KJIMEHTaM COODIIEeHUit cepBepa.



2.2.1 Co3gaHue cokera

IIpexk e Bcero, coker (KaK O00BEKT /Ipa OlepaInOHHO CI/ICTeMbI) HEOOXOIMMO
co3damsb BbI3OBOM socket ():

#include <sys/types.h>
#include <sys/socket.h>

int socket(int domain, int type, int protocol);

rie domain 3ajaer cemeiictBo ajpecarun (address family), type 3amaer Tun
KOMMYHUWKAINN, protocol - KOHKPETHBIH MPOTOKOI.

B paccmarpuBaemoit 3ajate He0OXOIUM COKeT, paboTalomunii B cemeiicTse
[P-asipecos! (zasiaercst koncranroit AF_INET). 910 03HauaeT, 4To ajipec CoKe-
Tta Oyner coctosaTh u3 IP-adpeca n wnomepa nopma. IP-anpec cocrout us ue-
Thipex umces or 0 j1o 255, OOLIYHO 3allMChIBAEMbIX depe3 TOUKY, HallpuMep:
192.168.15.131. Homep nopra - 910 11ej10e 4ucjiao B juamasone ot 1 g0 65535.
Chnenyer y4dnTbhiBaTh, 9TO B OOJIBIIMHCTBE OIIEPAIMOHHBLIX CHCTEM
nopTtel ¢ HOMepaMmu OT 1 o 1023 cumTarTCd NMPUBUJIETMPOBAHHBI-
MH; 3TO O3HA4YaeT, UYTO HCII0JIb30BaTh MX MOIYT TOJBKO IIPOIECCHI,
obJiamarolme ImpaBaMy CyHePIIoJIb30BaTeJId.

Cpemu cyIecTBYOIUX THIIOB KOMMYHUKAITUT JIJIsI pACCMATPUBAEMOil 3a,/1a-
an HanboJjiee MOJXOJUT TaK HA3BIBAEGMbI nomokoevil (stream), 3amaBaeMblii
koHcTanToit SOCK_STREAM. CokeTbl 9TOT0O THIa KOMMYHUKAIIMH [TPEICTABIISIIOT
coboil JIByHAIIpaBJICHHBI! KaHaJI, JIOCTYIIHbIA Ha 000MX KOHIAX KaK Ha 3allUCh,
TaK ¥ Ha, YTE€HHE, B TOM YKMCJIE U C IOMOIIbIO OOBIYHBIX BbI30BOB read() wu
write().

Haxomner, B kadecTBe mapamerpa protocol moxkHo ykazarh (), B pe3yib-
TaTe Yero CUCTeMa aBTOMATUUIECKU BBHIOEPET e€IMHCTBEHHBIH BO3MOXKHDBIN JIJIsI
JTAHHO KOMOWHAIINY ceMelicTBa ajipecoB u THia cokera mporokos TCP (nxade
3ajlaBaeMblii KoncranToii IPPROTO_TCP).

Taxum obpa3oM, OKOHYATEJIbHO BbI30B OyJ/IeT BLIIVISJIETH TaK:

1ls = socket(AF_INET, SOCK_STREAM, 0);

rie Is - ums nepemennoit Tumna int, Koropoit OyjieT nprucBoeH HoMmep haitlJioBOro
JIECKPHUIITOPA, aCCONMUPOBAHHOIO ¢ BHOBHCO3JIAHHBIM COKETOM.

[Tonydennsblit paitioBbIil JECKPUIITOD JIOJ2KEH ObITH HEOTPHUIATEIbHBIM THC-
joMm. Ecin Boi3oB socket () BepHys 3HadeHne —1, 9310 CBUAETEIHLCTBYET O 1IPO-
uciesiei ommnoke. [Iporpamma 0b6g3aTeIBHO JI02KHA KOPPEKTHO 00padaThI-
BaTh TaKyI0 CUTYaINIO.

13nech n ganmee mmerorea B BuAy IP-ampeca cemeiicTBa mpoTokoIoB IPv4.
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2.2.2 C(CBga3bIBaHUE COKETa C aJPecoM

Cuie Iy oM IaroM pa3BepThIBAHUS CepBepa SIBJIAETCs COIIOCTaBJICHUE CO3/aH-
HOMY COKeTYy KOHKPEeTHOro ajipeca. HarmoMuum, 4T0o B u3OpaHHOM HamMu cemeii-
crBe ajpecos (AF_INET) agpecom siBisiercs napa “IP-agpec + mopt”.

Kowmibtorep, ocnatnennbiii crekom niporokosios TCP /TP, moxer umers 1ipo-
M3BOJILHOE KOJIMYECTBO ip-ajpecoB. B yacTHOCTH, JIF0O0I KOMIILIOTED UMEET a,l-
pec 127.0.0.1, o3nayamommii caM 3TOT KOMIIBIOTED W JOCTYIHbBINA TOJBKO MPO-
rpamMMaM, pabOTaIMMM Ha 3TOM Ke KoMIbioTepe. [Ipu moakioYeHun K Jio-
KaJIbHOW CeTH KOMIILIOTED TaK:Ke IOoJIydaeT unmepgeticruiti aapec ajs padoThbl
B 9TOU CEeTH.

CepBep MOXKeT NPUHUMATL COCJIMHEHHS 110 3aJlaHHOMY HOMEpPY IIOpTa Ha
onnom u3 IP-anpecos, nmerornuxcst B cucreme, nbo Ha Beex IP-ajpecax cpasy.
ITocnennee 3anaercsa [IP-agpecom 0.0.0.0, IMEOIINUM CIeIAaJIbLHOE 3HAUCHUE H
0003HAYAIOMIMMCS TakzKe KoHcTanToii INADDR_ANY.

Cesi3pIBaHUE COKETa ¢ KOHKDPETHBIM aJIpeCOM IIPOU3BOJIUTCSA BBI3OBOM
bind():

#include <sys/types.h>
#include <sys/socket.h>

int bind(int sockfd, struct sockaddr *addr, int addrlen);

rje sockfd — gecKpunTop cokera, MOJIYUYeHHbBI B pe3ybTaTe BbIMOJTHEHUA BbI-
30Ba .socket().; addr — ykazaTesb Ha CTPYKTYDY, COJCPIKAIIYIO aJ[PeC; HaAKOHET,
addrlen — pasmep CTPpyKTypbl ajipeca B baiirax.

Peanmpno B kaudecrBe mapamerpa addr HMCIOJb3yeTcs He CTPYKTypa THIIA
sockaddr, a crpykrypa Jpyroro Tuia, KOTOPbIil 3aBUCUT OT KUCIOJb3YEeMOI'O
cemeiicTBa agpecaiuu (cM. §2.2.1). B usbpannom mamu cemeiicte AF_INET
UCIIOJIb3YeTCs CTPYKTypa struct sockaddr_in, ymeromas xpanurh napy “IP-
asipec + mopr’. DTa CTPYKTYypa UMeeT CJIEeIYIOIIHIe MMOJIsl:

e sin_family — obo3nadaeT ceMelicTBO ajpecaruu (B JIAHHOM CJiyvyae 3Ha-

YEHUE FTOI'O 110Jisd JIOJPKHO ObITh YCTAHOBJIEHO B AF_INET).

e sin_port — 3ajaeT HOMEp TOPTa B cemesom nopadke 0aiim, KOTOPBI,
BOOOIIE IOBOPsi, MOXKET OTJIMYAThCS OT 1OPsijiKa OAaT, UCIIOJIb3yeMOTo Ha
jnaxHoit marmHe. CoOTBETCTBEHHO, 3HAUEHHE JIJIsi 3aHECEHHUsSI B 9TO I0JIe
JIOJIPKHO OBITH TI0JIyY€HO U3 BLIOPAHHOTO HOMEPA MOPTa BHI3OBOM (PYHK-
nun htons()2. HamoMmumM, 4To HOMep TOpTa 3a/JaeTCA KAK MapaMeTp
KOMaHJIHOW CTPOKM MPOrpaMMbl-CepBepa.

2Haspanue ¢gyunxmun htons() nomydeno kak coxpamenue ot Host to Network Short, T.e. npeobpa3zosanue
U3 XOCTOBOI'O B CETEBOI MOPSIOK GANT Jjisi KOPOTKOrO Hesioro. Bosee mogpobHO MOHSTHE CETEBOTO MOPSIIKA
GaiiT Oymer paccmorpeno B §2.6.1
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e sin_addr — sajaer IP-ajpec. Ilosie sin_addr camo sBJisieTcsi CTPYKTY-
poii, UMeroIeil UMb OJHO ToJie ¢ mMeHeM s_addr, koTopoe XpaHuT IP-
aJipec B Brjie 0€33HAKOBOI'O YeThIPex0aiiTHOIo 11eJioro. MiMeHHO 3ToMy I110-
JIo ciiejryer npucsonth 3nadyenune INADDR_ANY.

Breizo bind() Boszspamiaer 0 B ciydae ycrnexa, —1 — B cioydae OIIHOKH.
YuTure, 4TO CYIIECTBYET MHOXKECTBO CUTYallMil, B KOTOPbIX BbI30B bind () mMo-
YKeT He IIPOUTH; HalIpUMep, OIINOKa, IIPOU30MIeT B CJIyUuae MOIBITKH UCIOJIb30-
BaHWs TIPUBUJIEIMPOBAHHOTO HOMepa ropra (o1 1 10 1023) uiwm mopra, KOTophIii
Ha JAaHHON M&HHHKBYHGBKGMJH)SaHﬂT(BOSMOHGHL JIPyroil Baleil mporpam-
moit). [Tosromy obpaborka omubok npu BeizoBe bind () 0cobeHHO BazKHA.

Wrak, oKOHYaTEJIbHO HOJI0OTOBKA 1 BbI30B bind () MOIYyT BBIIVISIJIETH CJIE/LY-
IOIIIAM O0DPA30M:

struct sockaddr_in addr;
addr.sin_family = AF_INET;
addr.sin_port = htons(port);
addr.sin_addr.s_addr = INADDR_ANY,
if (0 !'= bind(ls, (struct sockaddr *) &addr, sizeof(addr)))
{
/* 3pech ClemyeT NOMECTUTH 06paboTKy omubru */

+

rjie 1s — 1epeMeHHas, XpaHsdllas JECKPUIITOP COKeTa, a port — liepeMeHHasd, B
KOTOPYIO TeM WJIM MHBIM CIIOCOOOM 3aHeceH M30paHHBI HOMED MOpTa.

2.2.3 OxugaHue m IpueM KJINEHTCKUX COE€ANHEHU

[Tocie Toro, Kak COKET CO3JIaH W C HUM CBsI3aH ajipec, ero HeoOXOMMO Tepe-
BECTH B COCTOSTHUE OXKMJIAHUS 3alPOCOB HA COCJIMHEHUsI, UK, WHAYE TOBOPs, B
caywarowut pesrcum (listening state). Dro mocruraercs BoizoBoM listen():

#include <sys/socket.h>

int listen(int sockfd, int glen);

[Tapamerp sockfd 3ajiaer jeckpunrop cokera. [lapamerp qlen oznaqaer
MAaKCUMAJBHYIO JJIUHY OYepe/id MPUIIEIINX 3allpOCOB Ha COeJIMHEHNe, KOTO-
phie cepBep elne He npuHs K obpadborke. Hekoropwie ornepainoHHble CHCTEMbI
He MMOJI/IepKUBAIOT 3HaUeHns: glen> 5, MOITOMY OOBIYHO BTOPBIM TTapaMeTpoOM
BbI30Ba listen () 3aJai0T MPOCTO UUCJIO .

BreizoB listen() BosBpamaer 0 B ciyuae ycrexa, —1 — B ciydae ONINOKH.
C y9eTom 3TOro BHI3OB MOXKET BBITJISIJIETH TaK:
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if (-1 == listen(ls, 5)) {
/* 3mech ClemyeT NOMECTUTH 06paboTKy omubru */

+

B pesysibrare BbilojiHeHMst Bbi30Ba listen() B cucreMe HOSABUTCH CAYULG-
rouyut cokem, KOTOPbI MOYXKHO YBUJIETH C TIOMOITHIO KOMAH b

netstat -a -n | grep LISTEN

KinenT, naxopsinuiics Ha Jr000it MallinHe, ¢ KOTOPO#l JIOCTYITHA, HAIIa, CeTh,
MOXKET YCTAHOBUTDH COCJIMHEHUE C HALIUM COKETOM. UTOObI HOJyIUTh BO3MOXK-
HOCTL OOMeHa MHpOpMalieil ¢ 3TUM KJIHEHTOM OJHOBPEMEHHO C OXKHUJIaHUEM
3aIIPOCOB Ha COEJIMHEHNE OT JAPYIUX KJIMEHTOB, HAM HEOOXOJIMMO NPUHAMD 3a-
IPOC Ha COeJUHEHMe. DTO JIeJIaeTcs ¢ MOMOIIbI0 BbI30Ba accept ():

#include <sys/types.h>
#include <sys/socket.h>

int accept(int sockfd, struct sockaddr *addr, int *addrlen);

[Tapamerp sockfd 3ajiaer JEeCKpPUIITOP CJYIIAIOINIEIO COKETa, Ha KOTOPOM CJie-
JIyeT IpUHATH coeJinaenne. Uro Kacaercd nmapaMerpos addr u addrlen, To oHEI
MO3BOJISIIOT Y3HATH, ¢ KAKOTO aJipeca MCXoauT coepnrenne. Mndopmanns 3ammu-
ChIBAETCsl B CIPYKTYPY, HAa KOTOPYIO yKa3biBaeT yKazaresb addr. [lepemennast,
Ha KOTOPYIO yKa3biBaeT addrlen, joJikHa nepes ooparienreM K accept () co-
JlepxKarTh JAJauHy cTpyKTypbl addr B Oajitax; nocje oOpaiieHusi B Heil Oyjer
coJiepXKaThCsl peasibHas JJIMHA JIAHHBIX, 3allMCAHHLIX B 3Ty CTPYKTypy. Ecre-
CTBEHHO, WCIIOJIb30BaTh CJiejlyeT CTPYKTypy Tuiia struct sockaddr_in.(CM.
§2.2.2).

Ecin undopmaius o0 UCTOUHUKE COEJMHEHUsI HE MHTEPECHA, B KauecTBe
oboux napamerpoB addr u addrlen MOXKHO IepeJiaTh HYJIEBbIE YKA3aTEJIH.

Ecnu Bo BXOIHOI odepenu y»Ke HMeeTcsl 3alpoc Ha COeJIMHEHHe, BLI30B
accept () BO3BpaIaer ympapjieHre HeMe/JIEHHO; B MPOTUBHOM CJIydae yIpaB-
Jienue OyjieT BO3BPAIEHO 110CJie TOI0, KaK TakKol 3a1poc Oyjier 110J1yYeH.

Brizos accept () BozBparaeT ailjioBbIil JECKPUTITOP, CBIA3aHHBIN ¢ COKe-
TOM, depe3 KOTOPLIH Oy/ieT OCYIIECTBISIThCS CBSI3b C KJIUEHTOM, COEIMHEHHE
KOTOPOTO TOJILKO 9TO OBLIO TIPUHSATO.

[Toydennblit (paitIoBbIi JECKPUIITODP JOKEH OBITH HEOTPHUIATETbHBIM THC-
joM. Ecin Boi3oB socket () BepHys 3HadeHne —1, 310 CBUAETEIHLCTBYET O IIPO-
ucieiei ommnoke. [Iporpamma ob6g3aTeIbHO JI0XKHA KOPPEKTHO 00padaThI-
BaTh TAKYIO0 CUTYAIHIO.
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2.3 MyabTuijieKCupoBaHUEe BBOIA-BbIBOJIA

[Tocie Toro, Kak BbI30B accept () ycmenrHo oTpadoTaeT B IepBhIil pa3, B Balei
porpaMme TOSTBATCS Ba (DalJIOBBIX JIECKPUTITOPA, TPEOYIONMX BHUMAHWS.
DTO CAYIMAIONIII COKET W COKET, MOJYUYeHHBIN B pe3ysbTraTe Bbi3oBa accept ()
(coker kymenTa). Ha coymaromuii coker MOI'yT HOCTYIUTH HOBBIE 3alIPOCHI, KO-
TOpble HEOOXOJMMO NPUHUMATH BbI30OBOM accept (); B TO »Ke BpeMs Ha COKeT
KJUEHTa MOTYT MOCTYIHUTD JAHHbBIE, TIepelaHHble KJINEHTOM, KOTOPbIe HeoOX0 1~
MO HPOYUTAThH € OMOIIBIO BbizoBa read (). Kakoe uz atux cobbituit mpousoitjier
paHbIlle, HEM3BECTHO.

Bosee Toro, B mporpaMMe MOTYT ObITh U JPYTHe UCTOUYHUKN COOBITHi. Tax,
KJIMEHTOB, CKOpee Bcero, Oyjier Oosbinie ojiHoro. Kpowme toro, Jiisi peajgusannn
yIIPaBJICHUsT CEPBEPOM HaM, BO3MOXKHO, NMOTPEOYETCsI OPraHU30BaTh JIMAJION C
MOJIb30BATEJIEM, 3AITYCTUBIIUM CepBep, JJId Yero HeoOX0IMMa BO3MOXKHOCTH 00~
pabOTKM JIAHHBIX, MMOCTYHAIONINX CO CTAHIAPTHOIO BBOJIA MPOIPAMMbBI-CEPBEPA.

2.3.1 Meroabpl opraHn3annuu MHOT'OIOJIH30BAaTEJILCKOTO cepBepa

CymiecTByeT HECKOJIBKO IOJIXOJIOB K OpraHM3allid IporpaMmm, paboTaioIuxX
HECKOJIbKUMU UCTOYHUKAMU coObIThit. CaMblit poCTOi (1/1 HeKoppeKTHblﬁ) u3
HUX COCTOUT B OPTaHUBAIMHU IMUKJIXIECKOIO OIPOCA BCEX UMEIOITUXCS HCTOTHHU-
KOB coOblTuil. Tak, Bce uMeroIuecs COKeThbl MOXKHO IIEPEBECTH B TaK Ha3blBae-
MBIt HEOAOKUPYIOUUT PEXKIM, B KOTOPOM BCE CUCTEMHBIE BBI30BbBI, OTHOCSTIAECS
K TaKIM COKEeTaM, KOTOPbIE He MOI'YT ObITb UCIOJHEHBbI O6e3 OJIOKMPOBAHUS BbI-
MOJIHEHUsT TIPoIecca, OyyT BO3BpaIlaTh yIIPaBJICHUE CPa3y »Ke, CUIHAJINBUPYST
00 ommbKe (B 1acTHOCTH, BBI30B accept (), Oy/aydu BBI3BAHHBIM B OTCYTCTBUE
HeoOpabOTaHHOIO 3aITpoca Ha CoeJlMHeHre, HeMeJIJIeHHO BepHeT —1).

DToT crocod umeer (yHJAMEHTAJbHBI HEyCTpaHUMBbI HEJI0CTATOK, 3a-
KJIIOYAIOIINANCS B HAJIMUNN TaK Ha3bIBAEMOI'O aKMUGH020 odicudanus. deiicTBu-
TEJILHO, JlaKe eCJId He IIPOUCXOJIUT HUKAKUX COOBITUM, TpeOyroIux oopaboTKH,
mporpamMmma-cepBep OyJieT BHOBb U BHOBb OIPAIMBATH UMEIOITHECs JIECKPUIITO-
PbI, BIYCTYIO 3aHMMAas IPOIECCOPHOE BpeMsd. KcTecTBeHHO, 1MOJIb30BaThCs Ta-
KM METOJIOM HW B KOEM CJIydae He CJIEIyer.

Bropoit BapuaHnT opraHu3amnii MHOTOIOJH30BATEILCKOTO CepBepa, 0 KOTO-
POM, B 9aCTHOCTH, PACCKA3bIBAETCsI B OCHOBHOM Kypce Jiekiuit “Cucremuoe 1mpo-
rpammuoe obecrieuenne’ B III cemecTpe, ocHOBaH Ha CO3aHUK OTJIEJILHOIO IIPO-
necca Juist paboThl ¢ KaxKJbIM MCTOYHUKOM cOObITHil. B 3ToM ciiydae mocie
KayKJIOr0 BbI30Ba accept () HeMeIeHHO BBINOTHSAETC BhI30B fork (), mopox-
JIATOIINIT HOBBIN TTPOIECC, U POJNTENIHCKII MPOIECC BO3BPAIAETCs K 00paboOTKe
BXOJISIIIIAX 3aIIPOCOB Ha COeJMHEHNe, B TO BpeMsI KaK JOUepHH poIece o0cy-
YKUBaET KJIUEHTa, UCTIOJIb3Ys Moydennblii oT accept () jgeckpunrtop. [Hogpobno

14



9TOT MEXaHU3M PACCMOTPEH B KHure [2].

Takoit BapuaHT MIeaJbHO MOAXOJIUT JJIsI CAydas, KOTJIa KasKJblii KJIUEHT
00CJIy>)KHUBAETCs OTJICJIbHO OT OCTAJIbHBIX U HE MMEET C HMUMHU HUKAKOM CBS3H.
OjtHaKO JIJIsi CIydasi MHOI'OIIOJIb30BATE/ILCKON UI'PhI, KOTOPasi IMPOXOJAUT B 00-
I1IeM UTPOBOM IIPOCTPAHCTBE, TaKOi CII0C00 IOIXOUT 3aMETHO Xy 2Ke, IOCKOJIbKY
BJIEUET AKTUBHOE MCIOJIb30BAHNE PA3Ie/IsieMoii mamMsiT u ceMaOopoB, ITO caMo
10 cebe YCIOKHIET TPorpaMMy®.

Tperuit crnocod Ha3BLIBAECTCST MYALMUNAEKCUPOSAGHUEM 66800a-6b16000 W
MOXKeT OBITh OCYIIECTBJEH C IIOMOIIbIO CHUCTEMHBIX BbI30BOB select ()
nn poll (0% B jasbmeiieM Mbl OrpaHHYMMCA paccMOTpeHreM (DYHKIHHI
select (). Ilpu xkejmanum uuraresib MOXKeT OCBOUTH GyHKIMIO poll() camo-
CTOSATEIbHO, TPUOETHYB K JuTeparype |3 u komaH e man.

2.3.2 Bpsi3os select()

Cucremublit BbI30B select () mpegHasHadeH JJIsi KCIOJb30BaHUs B CUTYAIUH,
KOTJ[a HeOOXOIMMO OPraHn30BaTh PAbOTY C HECKOJILKUMU (PailJIOBBIMU JIECKPUTI-
TOpaMu, He UMest a priori nH(OPMAIMK O TOM, KaKO# U3 JCCKPUIITOPOB 1E€PBbIM
norpedyeT BHUMAHUs MpOrpaMMbl. Kpome Toro, BO3MOXKHO, TpebyeTcs: oTcJie-
KUBAHUE HEKOTOPBIX COOBITHI 110 BpeMeHH (HanpuMep, TaifiM-ayToB Ha CeTEeBbIX
COCJINHEHUSIX ).

[Tpororuit Bei3oBa select () BBINVISIIUT CJIEYIONUM 00pa30M:

#include <sys/time.h>
#include <sys/types.h>
#include <unistd.h>

int select(int n, fd_set *readfds,
fd_set *writefds,
fd_set *exceptfds,
struct timeval *timeout);

[Tapamerpsl readfds, writefds n exceptfds oboznavatoT MHOXKECTBa (hailjio-
BbIX JIECKPUIITOPOB, JIjIsi KOTOPbIX HAC MHTEPECYET, COOTBETCTBEHHO, BO3MOXK-
HOCTH HEMeJIJIEHHOTO YTeHUs, BOSMOXKHOCTH HEMeJJIEHHON 3aluch W HaJmdue

3TeM He MeHee, IOCTPOUTH CEPBEP TAKHM 00Pa30M BIIOJIHE BO3MOKHO. HecMOTpS HA CIIOKHOCTH, CBA3AH-
HBIE C UCIIOJb30BAHUEM Pa3/e/IsieMOil IaMsTH, 3TO MOXKET ObITh MHTEPECHO B KAYeCTBE yIParKHEHUS.

1Boob6me rorops, select() u poll() mpemmazHadTensl A8 OTHUX W TeX ¥Ke feiicTrmil. select() HeCKOMBKO
npoie B pabore, poll() Heckonbko Gosee ynuBepcasien. B HEKOTOPBIX cucreMax sjipo Peau3yer TOJbKO OJUH
BapuaHT uHTepdeiica, TP STOM BTOPOH IMYIUPYyeTCs UYepe3 Hero B Buzae Oubsmoreunoit dymkimu. Tak,
B cucreme Solaris npucyrcrByer cucremubiii Bbr3oB poll(), a select() aBisiercs 6Gubsnorednoit yHKIMei.
Kpome T0Oro, B HEKOTOPbIX COBPEMEHHbIX CUCTEMAX LIPUCYTCTBYeT TakxkKe BbI30oB kqueue(), peasusyrouiuii
AJIBTEPHATUBHBIN TIOAXO K BHIOOPKE COOLITHS.
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HCKJIIOUATEIbHON cuTyaruu. [lapamerp n ykasbBaeT, KakKoe KOJUIECTBO DJie-
MEHTOB B 9THX MHOXKECTBaX SBJISIETCS 3HAYAIIAM. JTOT IapaMeTp HeoOXOIMMO
yCTaHOBUTL paBHbIM max_d+1, rje max_d — MakKCUMaJIbHbII HOMEpD JICCKPUIITO-
pa cpejiu nojiexkunux oopadborke. Hakonern, napamerp timeout 3ajiaer 1npo-
MEXKYTOK BPEMEHH, CIIYCTsI KOTOPBIil CJiejlyeT BePHYTh yIIpaBJIeHHE, JIaXKe eCJIn
HUKAKUX COOBITHI, CBSI3AHHBIX C JICCKPUIITOPAME, HE ITPOU3OIILIO.

OOBEKT “MHOXKECTBO JECKPHUITOPOB~ 3ajaeTcs mepemenHoil tuma fd_set.
BHyTpeHHsis peajin3alys epeMeHHbIX 9TOro THIIa Hac, BOOOIEe roBOps, HE MH-
repecyer®. st paboThl C IIEPEMEHHBIMU ITOIO THIIA CUCTEMA [PEJIOCTABIIACT B
Hallle PACIOPsi2KEHHE CJIEIyIoNIe MaKpPOCh:

FD_ZERO(fd_set *set); /* OYMCTUTH MHOXECTBO */
FD_CLR(int fd, fd_set *set);/* ybpaTh IeCKpunTop U3 MH-Ba */
FD_SET(int fd, fd_set *set);/* nmob6aBuTb NECKPUNTOpP K MH-BYy */
FD_ISSET(int fd, fd_set *set);

/* BXOIWUT JU LNECKpP-pP B MH-BO?T */

B paccmarpuBaeMoil 3ajiaue o0beMbl l1epelaBacMbIX 110 CeTH JIAHHBIX CPaB-
HUTEJIbHO HE3HAYUTEJbHBI, YTO [103BOJISET IIpe/oJiararb, 4T0 CUCTEMHbIE Bbl-
30BbI, OCYIIECTBJISIONIUE 3allUCh B COKETbI, HUKOIJIA He OyayT OJIOKHPOBATDH
nporpaMmy-ceppep. Tak»Ke MOXKHO CUUTATh, YTO HA COKETax HUKOIJIA HE IMpPO-
W30 Ty T NCKTIOUNTENbHBIE cCUTyarun. TakuM oOpa3oMm, apryMeHThl writefds u
exceptfds MOXKHO He UCIOJIb30BATH (BMECTO HUX MepejaBaTh Bhi3oBy select ()
HYJIEBBIE YKA3ATEJN ).

B mpocreiiiieit Bepcun nporpaMmbI-cepBepa TakK»Ke HeT HeoOXOJMMOCTH B
HCIIOJIb30BAHUU ITapaMeTpa timeoutb. [Tosromy MOXKHO HIE€pejIaTh HYJIEBOI yKa-
3aTeJIb U B Ka4eCcTBe MIATOr0 ImapaMeTpa BBI30Ba. Ha sBcaknit ciaydail orMeTuM, 4TO
cTpyKTypa timeval umeer asa mojis Tumna long. Ilose tv_sec 3ajaeT KOJIUYECTBO CEKYHJI,
noJsie tv_usec - KOJINYECTBO MUKPOCEKYHT (MI/IJIJH/IOHHI)IX aoJeit CeKyH;LbI).

Broi3oB select() m3MeHseT Bce MepedaHHBbIE €My MO yKa3aTeJro
apryMeHTBhI, TaK UTO MepeI KaxkKJIbIM obpalieHneM K HEMY apTyMEHThI
JOJI>KHBI OBITh CDOPMHUPOBAHBI 3aHOBO.

Brizos select () Bo3Bpaiaer —1 B ciiydyae BOSHUKHOBEHUsI ONUOKU. YuTnuTe,
9TO, €CJIM BaIla MporpaMMa o0padaTbiBaeT Te€ WM MHBbIE CUI'HAJIbI, BHI30B select () moxker
BepHYTb —1 B cJiydae, eCJid e€ro BBIINOJHEHre ObLIO MPEePBAHO MPHINEIIIUM curuaaom. [Ipu
9TOM 3HadeHueM IepeMenuoil errno Oyjaer EINTR, 4T0 CBHIETEILCTBYET O HOPMAJIbLHOM XO-
Jie coObIThii. Bel MOXKeTe He YUMTHIBATDH JAHHBIM KOMMEHTApHUH, ec/Ii Balla IporpaMma He
nepexBaThIBaET HUKAKUX CUTHAJIOB. Brizos BO3BPpallla€T 3HAYCHUEC 0nB ClIydae, eCJin

511 pa3/IMYHBIX CHCTEM OHA MOYKET OKa3aThCs PA3HOIL.

6H806XO/II/IMOCTI> HCIIOJIb30BaHUA I3TOrO IIapaMeTpa BO3HHKAECT IIPHU BbLIIIOJHEHHWN HEKOTOPbIX JOIIOJITHH-
TEJIBHBIX 3aJa4.
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MPUINHON BHIXO/Ia M3 BBI30BA CTAJO HACTYIJIEHHE 3aJIaHHOrO TaiiMayTa. Kcim
BBI30B BO3BPATHUJ MOJOKUTEILHOE YUCI0, OHO O3HAYAET KOJUUIECTBO JTECKPHUII-
TOPOB, JIJIsi KOTOPBIX IIPOU3OIILIO KAKOe-TO COOBLITHE.,

[Tocsie BozBpaTa u3 Bb3oBa select () nepejlanubie emy epeMeHHbIe THUIIA
fd_set okasbiBatoTCsd MOAuUIUMPOBaHbl. Eciau npu BXojie B BbI30B 3TH MHO-
YKECTBa COJIEPIKAJH JIECKPUIITOPHI, OTHOCUTEIHHO KOTOPHIX HAC MHTEPECyeT WH-
dopmanus o COOBITHAX, TO II0 OKOHYAHUHU BLI30BA 9TU YK€ MHOMKECTBA CO/IEPIKAT
JIECKPUIITOPBI, HA KOTOPBIX COOBITHE PEAJIbHO POM30IIIIO (HAIPUMED, MO CeTH
MPUOBLIN JITAHHBIE, KOTOPBIE MOTYT OBITH CIUTAHDI).

Takum obpazom, paboTy ¢ BbI3oBoM select () MOXKHO IIOCTPOUTH 110 CJIETY-
foliei cxeme (camraeM, YTo HOMep CJIYHIAIOIIEr0 COKETa MO-1TPEKHEMY XPaHUTCs
B IIepeMEHHOil 18; KaK XpaHUThb JECKPUITOPbI KJINEHTCKUX COKETOB, YUTATE/IIO
IPEJJIAraeTCsi PEHUTh CAMOCTOSTENBLHO):

for(;;) { /* rnaBumi nuKI */
fd_set readfds;
int max_d = 1s;
/* U3HAYaJNBHO INOJaraeM, YTO MaKCHUMAaJbHHM ABJISETCS
HOMEp CIylaomero cokeTra */
FD_ZERO(&readfds); /* ouumaeM MHOXECTBO */
FD_SET(1ls, &readfds);
/* BBOIUM B MHOXECTBO
DEeCKPUNTOP CIHyLanmero cokeTa */
int fd;
/* OpraHm3yeM IUKJ IO COKeTaM KJIWEHTOB */
for (fd=/*meckpunTop mepBOrO KIUEHTa*/ ;
/*KJIUEHTH elle He HCYEepIaHH?*/ ;
fd=/*geckpuntop cnezywomero knuexTax/) {
/* 3mecy fd - ouepemHO# KIMEHTCKUN ZeCKpUITOp */
/* BHOCHM €ro B MHOXECTBO */
FD_SET(fd, &readfds);
/* mpoBepsieM, He 6oyblie JU OH,
HEXeNU TeKywui# MarcumyM */
if (fd > max_d) max_d = fd;
+
int res = select(max_d+1, &readfds, NULL, NULL, NULL);
if(res < 1) {
/* obpaboTka ommbxru, mpoucmenmmeir B select()’e */
+
if (FD_ISSET(1s, &readfds)) {
/* mpumes HOBHU 3ampoC Ha COENUHEHUWE */
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/* 3mecbh ero Heob6XOOWUMO NIPUHATH
BE30BOM accept() ¥ 3amOMHUTH
IECKPUITOpP HOBOTO KJIUEHTa */
}
/* Temepb IepebupaeM BCe KIMEHTCKUE INECKPUITOPH */
for(fd=/*geckpuntop mepBoro knueHTa*/ ;
/*KIVEHTH elle He UCYEepIaHH?*/ ;
fd=/*geckpuntop cuezmywmero KiueHTa*/)
if (FD_ISSET(fd, &readfds)) {
/* TpHWIM NaHHHE OT KJIMEHTa C cokeToM fd */
/* uuTaeM ux BH30BOM \verb.read(). mnu
\verb.recv(). u obpabaTiBaemM */

+

/* KOHeI TJIaBHOTO IUKJa, MOXHO HITH HA
clenmyomyo uTepauuo */

2.4 TIlpmem m mepeaada JaHHBIX Yepe3 COKEThI
2.4.1 YreHmue

YreHnue JaHHBIX U3 COKETa MOXKHO IIPOU3BECTH OOBIUHBIM BbI30BOM read (), yxKe
3HAKOMBIM UMTATENIO U3 Kypca ‘CucremMHoe nmporpaMmMmHuoe obecriedenue’:

#include <unistd.h>

size_t read(int fd, void *buf, size_t len);
J0O CIIeIUaIbHO PEJHA3HAUECHHBIM JIJIsi COKETOB BbI30BOM recv ():

#include <sys/types.h>
#include <sys/socket.h>

size_t recv(int fd, void *buf, size_t len,
unsigned int flags);

B oboux ciayuasix £d 3aaer daitnossiit geckpuntop (B ciaydae recv () 31o 00si-
3aTeJIbHO JIOJIXKEH OBITh JIECCKPUIITOD COKeTa ); buf ykasbiBaer Ha Oydep, B KOTO-
PBIi CIeayeT MOMECTUTh POYUTAaHHbIE JTaHHbIe; len coolIaeT BhI30BY pasMep
oydepa, aTobBI n36ekKaTH ero nepenonnenud. [lapamerp flags, numeronuiics
TOJILKO y BbI30Ba recv (), MO3BOJIseT YCTAHOBUTH HEKOTOPbhIE CIEIU(pUICCKUe
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PeXXUMBI PabOTHI, KOTOPhIE B pacCMaTPpUBAEMOil 3a/1ade He HYKHbBI. B najnHeii-
IeM M3JI0XKEeHUKW MBI OyJeM KCIOJb30BaTh BbI30B read(), UTO IO3BOJUT HUC-
10JIb30BATh OJHU U Te 2Ke (pparMeHTbl KOJla C IOTOKAMHU Pa3/IUIHON IPUPOJIbI
(KpoMme COKeToB, 10 MOIyT ObITh CTaHJAPTHBIE BBOJ M BBIBOJI, KaHAJbl THIIA
pipe n 1p.)

Bri3oB read () mpousBoguT UTeHME U3 MOTOKA. IIpounTaHHble JaHHBIE pac-
nojiararorcs B Oydepe, Ha KOTOphIH ykasbiBaeT napamerp buf. Uuraercs ne
boJiee yem len OaiiT JlaHHbBIX, YTO 1103BOJIsieT n3beKaTH 1eperoiHeHus 0ydepa.
Eciu B yKazaHHOM IIOTOKE OTCYTCTBYIOT JaHHbBIEC, TOTOBbIE K IPOUYTEHUIO, BbI-
30B OJIOKMPYET BbI3BAABINNI TTPOIECC JIO TEX MOP, MOKa JAHHbIE HE MOSABSITCS, U
TOJILKO TIOCJI€ UX IIPOUTEHHUsI BEPHET yIIpaBJICHHE.

BreizoB BosBpamaer —1 B ciaydae ommbOKu. B ciydae ycrmemrHoro drTeHust
BO3BpAIIaeTCs IOJOXKUTEJHLHOE UNCJI0, O3HAYAIOIIEE KOJTUICCTBO IIPOIUTAHHBIX
Oaiir. EcrecrBenno, 910 4mcio He MoxkeT ObITh Oosibine len. Ciyuaif, Korja
BbI30B BepHeT (), paccMmarpuBaercs B §2.4.3.

Heob6xoamMo y4YnThIBaTh, YTO COOOIIEHNE, OTIPAaBJIE€HHOE KJINEHT-
CKOIl ITpOTrpaMMoOii TI0 CeTH Yepe3 MOTOKOBBIl COKET, He 00s3aTe/IbHO
Oy/eT ImpoYuTaHO HA CTOPOHE CEPBepa B oJuH npuem. Hanpumep, kiu-
€HT OTIPaBUJ TEKCTOBYIO cTpoKy "Just a string\n'", umeromyto jmuny 14
Oaitr. Briojine BOBMOXKHO, 4TO OHa OyJleT npodMTaHa 3a oOjiuH Bbi3oB read(),
OJIHAKO MEXaHH3M CETEBBbIX COKETOB TaKOil rapaHTHH He JaeT. DTO O3HAYaer,
4TO ouepeJiHON Bhi3oB read () Moxker, Hampumep, npounrarh 4 Oaiita "Just",
CJAeYIONUi 3a HUM - D OaiiT " a str", u, HaKOHeIl, eIle OJUH - OCTABIINECS
"ing\n" B cBs3m ¢ 3TMM cepBep 0043aTEIBHO JIOJIKEH NMeTh HAaKOMUTETbHBI
Oydep, B KOTOPOM LPUHSITHIE JIAHHbIE OYJIyT XPaHUThCs JIO TeX 0P, 1I0Ka He
Oy/eT moJiyueHa KOMaH/a MeJMKOM. KoMaH bl MOXKHO OTJAE/STh JPYyT OT JIpy-
ra, HAllpUMep, CKMBOJIOM T1€PEBOJa CTPOKK UJIM I1yCTOH CTPOKOIL (JiBa 1epeBojia
CTPOKHU TOJIPS]T).

OTMeTrM HEKOTOpPbIE JJOCTATOUHO XapaKTepHbIe OMINOKH, JTOIMYCKAEMbIe CTY-
JIEHTAMU TPV PeaJIn3alii ITeHWsT U3 COKeTa.

Bo-nepBbix, 3HaYeHNE, Bo3BpalaemMoe (yHKImeill read mjam recv,
00ga3aTeJIbHO JI0JI2KHO oOpabaTweiBaThed. Kciu 3nauenue He obpadarbiBaeT-
Csl, HeJIb3sl CTPOUTH HUKAKUX MPEJIIIOJIOXKEHI O TOM, CKOJIBKO ITePBLIX OaiT Oy-
depa 3amnosHeHO 110J1€3HOI nHMOPMalneii; ciegoBaTesibHo, ¢ 0ydepoM BooOIIe
HeJIb3s PaboTaTh, YTO JIeJIaeT TOJLKO UTO IMPOU3BEJICHHYIO ONepaIdio UTeHUS
OeCcCMbICJICHHOM.

Bo-BTOpLIX, ITOJTydeHHAad M3 COKeTa IOPIusd JAaHHBIX, BOODIIE T'OBO-
psi, He 00s3aHa 3aKaHYMBATHCA HYJIEBBIM 0aiiTOM 1M, TAaKUM 00Opa3oMm,
MOXKeT He OBITh KOPPEKTHOI ¢ TOYKM 3peHud sizbika C CTPOKOil cuM-
BOJIOB. TakuMm oOpas3oMm, CJIeyoInit KOI:
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char buf[1024];

/* ... */

rc = read(sd, buf, sizeof(buf));
if (strstr(mystring, buf)) { //....

CKOpee BCEero MpHUBEJIeT K aBapUHOMY 3aBEpIIEHUIO MTPOTPAMMBbI, T.K. (DYHKITHS
strstr Oyjer mpocMarpuBaTh buf J10 TE€X MO, MOKa HE BCTPETUT HYJIEBOI DaiiT,
U B pesyJibrare MOXKeT BbIITH 3a I'paHUIly MAacCUBa, HE I'OBOPs Y2Ke O TOM, 4TO
aHaj 3y Oy/yT TMOABEPIHYTHI, KPOME TOJBKO UTO MOJYUEHHBIX JAHHBIX, €ITe
OeceMbICJIeHHBIE JIaHHbIe (MyCOop ), ocTaBIlecs B MaccuBe buf mocsie nmocsiejiHero
IpOYUTAHHOrO OaiiTa.

Yrobbl rapaHTUPOBATH, YTO B Oydepe HaX0UTCsi KOPPEKTHAsT CTPOKa, HeoO-
XOJMMO HAUCATH TPUMEPHO TaKOH KOJI:

rc = read(sd, buf, sizeof(buf)-1);
buf [rc] = ’\0’;

T.€. IPUHYJIATEIbHO IOMECTUTh HYJIeBOH OailT B sjeMenT maccuBa buf, ciejy-
IOIIEro 32 MOCJIeHUM IIPOUYNTAHHBIM U3 coKera Oaiitom. OOpaTuTe BHUMAHMNE,
9TO B 9TOM CJIydae Mbl pPa3peliaeM BbI30BYy read umMTarh Ha OJUH OAlT MEHb-
e, 4YeM ecTh Mecra B Oydepe, 4ToObI Bcerja ObLIO Kyja 3alllicaTb HYJIEBO
OrPaHUINTED.

JlocTaTouHO CTpaHHBIMHU OY/IyT Pe3yJbTAThI CJIEIYIONEro Koja:

char *buf;

buf = (char *)malloc(128);

/*x ... */

rc = read(sd, buf, sizeof(buf));
/*x ... %/

Omneparop sizeof ompejensier pa3Mep B OaiiTax IOJaHHON eMy nepemenmol
(mun tuma). B pannoM cotydae B KadecTBe MEPEMEHHON MMeEeM yKas3aTelsb, TakK
aro sizeof (buf) pasen ueTbipem (a He 128, KaK MOXKHO OBLIO MPEMTOIOKHTS ).
B 1o e Bpewmst, ecin Op1 MbI onucain buf Kak MaccuB, a He Kak yKazaTesb (CM.
npe/ bty it hparmenT Koja), sizeof BepHyJ Obl HMEHHO JUIMHY MACCHUBA.

OpnHa M3 caMbIX I'PyObIX OIIMOOK, KOTOPbIE aBTOPY II0COOUSA JIOBOJIMJIOCH
BUJIETH, COJIEPKUTCS B CJIEJIYIOIIEM KOJIE:

char buf[1024];
rc = read(sd, buf, strlen(buf));

[TousiTh, B 9em TyT OmmMbKa, YuTaTes 0 MPeJJIaracTcs caMOCTOsITEJIbHO B Kade-
CTBe yrnpaknenusd. st 3TOro 10CTaTOIHO BCIOMHUTDL, YTO KOHKPETHO JIeJTAaeT
dyuknus strlen.
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2.4.2 3anucek
Jl71s1 3aIcu B COKET MOXKHO I10JIb30BaThCsI BBI30BOM write():

#include <unistd.h>

size_t write(int fd, const void *buf, size_t len);
0O CIIeruaIbHO IpeTHA3HAUEHHBIM JJIsT COKETOB BbI3oBOM send ():

#include <sys/types.h>
#include <sys/socket.h>

size_t send(int fd, const void *buf, size_t len,
unsigned int flags);

[Tapamerp f£d 3ajaer daitnoBslii qeckpuntop (B ciydae send () 910 06s3aTEH-
HO JIOJIZKEH OBITh JIECKPHUIITOP coKeTa); buf ykasbiaer Ha Oydep, comepxarniuii
JIAHHBIE, KOTOPbIE HEODOXOAMMO MEpPeJIaTh Yepe3 COKeT; len 3a/1aeT KOJUIECTBO
9TuX JanubiX. [lapamerp flags, nMmeromnuiicss TOIbKO y BhI3oBa send (), TO3BO-
JISIET YCTAHOBUTH HEKOTOPBIE CepuIecKre pexknuMbl paboThl, KOTOPhIE B Pac-
CMaTpUBaeMOil 3ajadue He Hy»KHbl. Kak u B cjyuae ¢ dTeHueM, B JlajbHeiInem
M3JIOXKEHUN Mbl OTHAJIMM IpeJIodTeHne Bhi3oBy write (), Kak OoJiee yHUBEp-
CAJIbHOMY.

BoizoB Bosppamaer —1 B ciydae ommbku. B ciydyae ycHemHoro 4rTeHust
BO3BPAIIAETCs MOJIOXKHUTEIBHOE UHUCJIO, O3HAYAIONIEE KOJUIECTBO MepeIaHHbIX
OaiiT. EcrecTBeHHO, 3TO UnC/I0 HE MOXKeT ObITh OoJibiie len.

Caenyer obpatuTh ocob0e BHUMAaHME HA MEPeIady OTPaAaHNYINTEb-
HBIX CUMBOJIOB. PaccmorpuMm npuMep. omycruM, B mporpaMme 3ajaHa cTpo-
KOBast KOHCTaHTA:

const char juststring[50] = "This is just a string\n";
Torna BLI3OB
write(sd, juststring, 21);

nepegact B coker fd cTpoky 6e3 cuMBoOJia MepeBojia CTPOKU U Oe3 orpaHuvu-
TEeJILHOTO HYJIsI; BHI30B

write(sd, juststring, 22);
WJIN, YTO TO YK€ CaMoe,

write(sd, juststring, strlen(juststring));
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mepeiacT Ty »Ke CTPOKY y»Ke ¢ CHMBOJIOM TE€PEBOJIa CTPOKH, HO TO-TIPEXKHEMY
0e3 OrpaHMUINBAOIIErO HYJIsI, YTO MOYKET IPUBECTU K OIIHOKaM Ipu 0OpaboTKe
Ha JIPYyIroii CTOPOHE COEJIMHEHUsI, €CJIM TOJIbKO HE HpEeJIPUHITH ClelrabHbIX
Mep 110 BOCCTAHOBJIEHUIO OorpaHuuuTesisi. ['py0oit onubkoit Oyjier BbI30B

write(sd, juststring, sizeof(juststring));

B paccmarpuBaeMoM TpuMepe Takoil BbI30B TepejlacT B cokeT 24 baiita roses-
HOit nH(popManuy u 26 OalT caydaiiHOTO Mycopa, KOTOPbIi, OYAydId IIPOUHTEP-
IPETHPOBAH KaK Odepe/iHast KOMaHa WU ee JacThb, BbI30BET OomuOKu. A ecin
Obl MbI Olluca/ M juststring He KaK MaccuB, a Kak yKasaTeJib, llepejiaHo ObL1o
Obl 1 BOBce poBHO 4 Oaiita (pasmep ykasaresst Ha OOJIBIIHHCTBE COBDEMEHHBIX
APXUTEKTYD).

Bosee mpaBuibaO ObLIO OB HAIKCATH TPUMEPHO TaK:

write(sd, juststring, strlen(juststring)+1);

€CJIM, KOHEYHO, BaM He MellaeT 1epeBoji CTpoku. Fcim ke ero nepejada Hexxe-
JlaTeJibHa, BCTaBbTE Ha €ro MeCTO OTpPaHUYUTeJbHbIN () 1 yKe IMocje 9TOro Ie-
penpasaiTe.

2.4.3 Pa3z3ppIB coeanHeHud n 00pabdboTKa pa3pbIBa

3aBeplInTh paboTy € COKETOM MOXKHO C IIOMOIIBIO BbI30Ba shutdown:

#include <sys/socket.h>

int shutdown(int sd, int how);

[Tapamerp sd 3ajiaer JleCKpuITop cokera, how — 4T0 UMEHHO CJIeJlyeT IIpeKpa-
TuTh. [Ipy how == 0 cokeT 3aKpbIBaeTCs Ha, YTeHUe, IPU how == 1 — Ha 3aIllCh,
1pu how == 2**HOHHOCTbK)<B(ﬁkLHaHpaBﬂeHMH).EgpaCCManHBaBNHﬁESaAaqe
TpedyeTcs TOJBKO IOCJIEIHII BapHaHT.

Bwizos shutdown () npekpaiaer paboTy ¢ COKETOM, OJIHAKO CaM COKET BMe-
cre ¢ (pailJIoBbIM JIECKPUIITOPOM IIPOJOJKAET CYIIECTBOBATb. IT0O0bI OKOHYa~
TeJIbHO M30aBUTHCS OT HEHY>KHOI'O COKeTa U OCBOOOJIUTH JIECKPUIITOP, CJCyeT
3aKPbITh €ro BbI30BOM close():

#include <unistd.h>

int close(int fd);
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EcrecTBenno, cokeT OyeT TakyKe 3aKPhIT, €CJIM 3aBEPITUJICS MPOIECC, B KOTO-
POM 3TOT COKET MCIOJb30BAJICS, U JIPYTUX MPOIECCOB, UCIOIL3YIONNX TOT XKe
COKeT (HAIpuMep, JOUEPHHUX MPOIECCOB, CO3JaHHBIX BbI30BOM fork(), Korya
COKET yXKe CyIIEeCTBOBAJ) HE OCTAJIOCh.

¥Y3HaTH O TOM, UTO Balll HAPTHEP 10 KOMMYHHUKAIIMKA Pa30pBaJl COeIMHEHNE,
MOXKHO 110 3HAUYEHUIO, Bo3BpalnaeMomy BbizoBoM read() wim recv(). B ciy-
Yyae, eCcJd BCe JIaHHbIe U3 COKEeTa IIPOYMTAHbl M Ha IPOTUBOIIOJOXKHOM KOHIIE
COeJIMHEHNE 3aKPhITO, BHI30OB UTeHWs U3 cokera BepHer (.

Cnenyer yIuTbIBaTh, UTO, €CJIU COKET B TAKOM COCTOSIHUN BKJIIOUUTH B MHO-
JKECTBO JICCKPHUIITOPOB, 00pabarbiBaeMbix Bbi3oBoM select () (cm.§2.3), 10 BbI-
30B BEPHET yIPABJICHUE HEMEJICHHO, IPUYEM JIECKPUIITOP PACCMaTPHUBAECMOTO
cokeTa Oymer moMmedeH KaK IOTOBBIN Ha dreHne. BLI30B ke Ha UTEHHE OISTh
sepuer 0. [TosTomy, ecjim He peyCMOTPETHh B IpOrpaMMe KOPPEKTHO
o0paboTku cutyaluu “KoHell paiisia”’ Ha JJeCKpUIITopax COKeTOB, BO3-
MOXKHO €€ 3allMKJIMBAaHUE NMPU Pa3pbiBe COEANHEHUS OJHUM W3 KJIU-
€HTOB.

2.5 Opranm3aius IPOrpaMMbI-KJINEHTA
2.5.1 YcTaHOBJIEHUE COE€INHEHUSI

Kak u B ciiydae nporpaMMbI-cepBepa, JJjisi CJydas IPOIPaMMbI-KJIUMEHTa, [HOTPe-
OyeTcsi COKeT, OJIHAKO Ha 3TOT pa3 coKeT Tpedbyercs ToabKo ojuH. Cos3/iaTh ero
HEOOXO/IMMO TOYHO TaK »Ke, KakK 3TO JIeJaeTCs B cepBepe, BbI30BOM socket ()
(cm. §2.2.1).

B ciyuae, ecam 1o KakKuM-TO IPHYHHAM BaM HEOOXOMMMO yKaszaTh [P-aapec u/wam nopr,
€ KOTOPOTO JIO?KHO MCXOJHUTDH CO37laBaeMoe KJIMEHTCKOe COeJIMHEeHUe, MOYKHO MPUMEHUTh K
cokery BbI30B bind() (cm. §2.2.2). Ognako Takme CHTYAIlMH PEJKH W TPU BHITOJHEHUN 3a-
JIAaHUS MPAKTUKYMa BOZHUKHYTDH HE JTOJKHBI.

H10o0bI yCTAHOBUTH COEJIMHEHKE C CEPBEPOM, HEOOXOIMMO BOCIIOJIH30BATHC
BbI30BOM connect ():

#include <sys/types.h>
#include <sys/socket.h>

int connect(int sockfd, struct sockaddr *serv_addr,
size_t addrlen);

3mech sockfd — JecKpuNTOp COKeTa, TMOJyYeHHbBI B Pe3ysIbTaTe BBITOJTHEHWS
BbI30Ba socket (); serv_addr — yKazaTesb Ha CTPYKTYPY, COMEPIKAIIYIO aapec
cepBepa; Hakorell, addrlen — pasmep CTPYKTYphI ajipeca B DaiiTax.
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Kak n B §2.2.2, jas XpaHeHHUsl aJipeca WCIOJb3YyeM CTPYKTYPY THIIA
struct sockaddr_in. EctecrBenno, 94ToOBLI CBA3ATHLCS ¢ CEPBEPOM, HEOOXO M-
MO KaKuM-Jub0 06pa3oM y3HATH (HAIPUMED, 3alpOCATh y Hosb3oBaTess) [P-
aJipec u 1opt cepBepa. Homep ropra, Kak 1 paHbiiie, HeOOXOJMMO [1EPEBECTU B
ceTeBOil opsiIoK OaiT dpyukimeit htons (). Yro kacaercsa [P-aapeca, To, numes
ero TeKCTOBOE TpeJicTaBiienne (HanpuMep, crpoky "192.168.10.12"), MoxKHO
BOCIIOJIbL30BaThCsl pyHKIMEH inet_aton () st hopMupoBaHUs CTPYKTYPbI TH-
na struct in_addr (HamomuuM, 4ro noJie sin_addr crpykrypbl sockaddr_in
MMEeT UMEHHO 9TOT THUI):

#include <sys/socket.h>
#include <netinet/in.h>
#include <arpa/inet.h>

int inet_aton(const char *cp, struct in_addr *inp);

3/1ech Cp — CTpPOKa, cojiepKaliast TekcToBoe Tpejicrasienue [P-agpeca, a inp
YKa3bIBAET Ha CTPYKTYPY, HOJJIeKAILY0 3aioHeHnio. OyHKIMs BO3BPaIlaeT
HeHyJIeBOe 3HadeHne, ecln 3a/jaHHasd CTPOKa dABJISAeTCA 3alIuchio BaJuiHoro [P-
ajpeca, 1 0 B IPOTUBHOM cCJIydae.

JlomycTuM, JEeCKpUITOP COKeTa XpaHUTCA B mepeMeHHOR sockfd, HY»KHBI
HaMm [P-agpec comepxkutcs B cTpoke char *serv_ip, a mopT — B MepeMeHHON
port B BuJie IIEJOr0 unciia. Torja mojAroroBka n BbizoB connect () MOryT Bbl-
IJISAETHh TakK:

struct sockaddr_in addr;

addr.sin_family = AF_INET;

addr.sin_port = htons(port);

if ('inet_aton(serv_ip, &(addr.sin_addr))) {
/* Omubra - BBeIeH HeBamumuui IP-ampec */

+
if (0 !'= connect(sockfd, (struct sockaddr *)&addr,
sizeof (addr)))
{
/* 3mech crmemyeT moMecTuTb 06paboTky ommbru connect */
+

2.5.2 Bcrpeunble NOTOKU JaHHBIX U UX 00paboTKa

Bcrpeunbie moToKmn JaHHBIX. lIporpamMma-KineHT OOBIYHO UMEET JIBa OC-
HOBHBIX MOTOKA JIaHHBIX. [lepBbIit 13 HUX 00pa3y0T JAaHHbIE, BBEJIEHHBIE 110JIb-
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30BaTesieM (TO €CTh, HAIPUMED, MPOYUTAHHBIE CO CTAHJAPTHOIO BBOJA), KO-
TOpBIE TI0CJIE HEOOXOIUMBIX TPEoOPA3OBaAHMIl IEPEAIOTCI CePBEPY Yepes3 COKET.
Bropoii morok 06pa3yioT gaHHble, I0JyYeHHbIe OT CepBepa B KAUeCTBEe OTKJINKA,
1ocJie IpeodPA3OBAHUIT OHM TEM MJIM MHBIM CIIOCODOM II€PEIAIOTCs MOJIb30BATE-
10 (HATIpUMED, Yepes3 MOTOK CTAHJIAPTHOTO BHIBOJIA).

DTO HE CO3/IACT HUKAKUX MTPOOJIEM, €CIM MBI CIATAEM, 9TO CEPBEP CIOCOOEH
9T0-1100 NepeIaBaTh KINEeHTY UCKIIOUNTEILHO B pAMKAX OTBETa Ha 0YePEHYIO
KOMaH1y. B 3ToM ciyuae Mbl MOXKEM JIeCTBOBATL 110 CJIC/YIONel cxeMe:

1. PacmeuaTniBaeM mpurialieHue;

2. CunTbiBaeM KOMaH/Ly, BBEJIEHHYIO TTOJIb30BATEIIEM;
3. @opmupyem u 1epejiaeM KOMaHJLy CepBepy;

4. OxujlaeM OTKJIMKa cepBepa;

5. IIpeobpazyem mosyueHHy0 HHMOPMAIIKIO;

6. Brijiaem ee mosib3oBaTeso;

7. Ilepexojum Ha HaYaJIO.

Cxema paboThl OKA3bIBAETCS CTPOrO IOCJIEI0BATE/ILHOM OJIaroaps TOMy, UTO,
MOKa CepBEp HE OTO3BAJICS Ha HaIly KOMAaHJIy, TOJIb30BATEIb JINTITAETCA BO3-
MOXKHOCTH 49TO-JIUOO BBOJUTH, & IOKa I0JIb30BATE/b HE 3aBEPIINJI CBOI BBOJI,
mporpaMma He 00pabaTbhIBaeT JaHHbIe, OCTYIIAIIIIEe OT CepBepa.

Orako Takasi cxema pabOThI JINIITAET HAC BO3MOYKHOCTH IPUHUMATH OT CEep-
Bepa COODINEHNST O COOBITUSIX, HIKAK He CBI3aHHLIX ¢ HAIIMMK KoMaHgamu. Ha-
IpUMep, COODINEeHNEe O TOM, ITO 3aBEPIIEH OUePEIHON ayKIIMOH, JIOTHIHO ObLIO
Obl pa30cjaTh BCEM UI'POKAM HEIOCPEJICTBEHHO 110 3aBEPIICHUN ayKIMOHa, 9TO
MOYKET IIPOM30MTH IIOCe KOMAH/IbI, BBIJAHHON APyruM UIPOKOM. To ke Kaca-
ercsi, HAllPUMEP, COOOIIEHUsI O TOM, YTO KTO-TO U3 UI'POKOB IHOTEPSI CBSI3b C
CepBepoOM ¥ BBLIOBLI M3 WIpbl. Hakomer, MOXKHO NpeIycMOTPETh B IpOrpaMMe-
cepBepe pa3HOoOOpa3HbIe HAIIOMUHAHWSI, CBAZAHHBIE CO CJIMIITKOM JIOJTHM OTCYT-
CTBHEM AKTHUBHOCTU CO CTOPOHBI UI'POKA.

Touno TakuMm ke 00pa30M MOXKET OKa3aTbCsl, 9TO OJIOKHPOBATHL JIEHCTBHSI
OJIL30BATENIsT Ha BpeMs 00pabOTKKM KOMaH bl cepBepoM Heyo0Ho. Tak, Kiiu-
eHTCKasl IPOrPaMMa MOXKeT HEKOTOPbIe KOMAH/IbI TOJIL30BATENIsI 00padaTLIBATD
CAMOCTOSITEJILHO, He 0OpaIlasiCh MPH 9TOM K cepBepy (Harmpumep, mporpamma
MOKET 3alOMUHATHL CTATUCTUKY MPEeLIAYIINX MUKJIOB UI'PLI U BLIJABATE €€ 10
3aITPOCY MOJIL30BATEIs ).
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Pemtenue ¢ momomnibio AByX mmporeccoB. (HO U3 BOZMOXKHBIX PEITeHMi
— HCIIOJIb30BATH JBa IIPOIECCa, OJUH 13 KOTOPBIX OYIET UNTATh II0Jb30BATE b
CKHUIl BBOJ| M IlepejiaBaTh I'OTOBbIe KOMAaH/JIbl CEepBEpY, a BTOPOH — IHPUHUMATH
coOOIIeHNsT OT cepBepa U BbIJaBaTb MHMOPMAIMIO MOJbL30BaTe 0. 1Ipn arom
BO m30exKaHue KOH(JIMKTOB KeJaTeJbHO B IIEPBOM IIPOIECCe 3aKPBhITh IIOTOK
CTaH/IAPTHOIO BBIBOJIA, BBIIIOJHKUB BbI30B close (1), a BO BTOPOM — ITOTOK CTaH-
JIapTHOr'O BBOJA, BbIOJIHUB close (0).

OTO pelleHue I0JIXOJIUT, HAIIPUMep, B CJIydae, €CJIi KJIUEeHTCKas IPOorpaMma
He TI0/IJIeP2KUBAET KOMaH/I, BBIIIOJHsIEMbIX 0e3 obpalieHusi K cepsepy. B npo-
THUBHOM CJIydae IIPOIeCCy, OTBEUaloleMy 3a BBOJI U Iepejady, 4ToObl oTpea-
I'MPOBATH Ha BBEJIEHHYIO <BHYTPEHHIOIO> KOMAHJIY, MOTPEOyeTCss BO3MOXKHOCTD
3aIlCH B IIOTOK CTAHIAPTHOTO BBIBOJIA, UTO B HEKOTOPBLIX CUCTEMAaX MPUBOJIUT
K BO3HUKHOBEHUIO OIMUOOTHON CUTYAIWH.

Pemenne na ocuose select(). Bouiee koppekTHOE periierne BOSMOXKHO € 1C-
MOJTH30BAHMEM YK€ 3HAKOMOTO duTaTesio Boi3oBa select () (cm. §2.3). B srom
cjydae OTHaJaeT noTpebHOCThL BO BTOPOM IPOIECce, T.K. OlepPallii YTCHUs HEe
OyyT 6JI0KMPOBATH OCHOBHOI nponecc. Kak u npu opranmsaluy nporpaMMbl-
cepBepa, MOXKHO OTPAHMYUTLCS 3aJaHUeM TOJILKO OJIHOTO MapaMeTpa — MHO-
JKECTBaA JIECKPUIITOPOB, JIJIS KOTOPBIX HAC MHTEPECYeT TOTOBHOCTL Ha YTEHUE
(readfds). O6paboTKe B 5TOM CJiydae MOJJIe’KAT BCErO JIBA JECKPHUIITOPA: Jie-
CKPUIITODP 1I0TOKa CTaHapTHOro Boja (0) U JIeCKpUITop cokera.

2.6 /lomoJsiHUTEJIbHBbIE CBEJIeHUd
2.6.1 IloapobHee o0 mopaaKe OANT B MEJBIX YWCJIAX

[Topsiiok GaiiT B Ipe/icTaBJICHIH TEJIbIX YUCE B IAMITH MOXKET BapbUPOBATHCA
OT OJIHOW apXUTEKTYPhl K JPYroil. APXUTEKTYpPhI, B KOTOPHIX CTapIIuii DaiT
YUCJIa UMeeT HauMeHBIINN aJpec, B aHIJIOI3bIUHOM JTuTepaType 0003HATAI0TCA
TepMuHOM big-endian, a apXWTEKTypbl, B KOTOPHIX HAWMEHBIHH aJIpec nMmeer
Mutamil 6aiir — little-endian’.

Y1o0BI ceaTh BO3MOXKHBIM B3aMMOJIEHCTBUE 110 CETH MEXK]Iy MAalluHAMU,
UMEIOIIMMHI PA3HbIE aPXUTEKTYPHI, TPUHSITO COTJIAINIEHWE, TITO Tepeada mejo-
IUCJIEHHON WH(MOPMAIINY TI0 CeTH BCEryia ueT B mpsaMoM (big-endian) mopsiike
OaiiT, T.e. crapmunii 6ailT mepenaercs MmepBbIM. UTOOBLI 00ECIEUNTH IIEPEHOCHU-
MOCTH IPOIPpaMM Ha yPOBHE MCXOJHOTO KOJjia, B ONEPAIMOHHBIX CHCTEMaxX Ce-

"< Tepmunbr> big-endians u little-endians Beenensr Ceudprom B Kuure “Ilyremecrsus I'yamusepa’ u Ha
PYCCKWMIi SI3bIK OOBIYHO MEPEBOAMINCH KAK MYNOKOHEYHUKY U OCMPOKOHEYHUKY. APryMEHThI B MOJb3Y TOM
WU UHON apXUTEKTYPbl JAeHCTBUTEIBHO YACTO HAIOMUHAIOT CBAIMIEHHYIO BONHY OCTPOKOHEYHUKOB C TYIIOKO-
HEYHUKAMU.
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meiictBa Unix BBeJIeHBI CTaHapTHBIE OMOJIMOTEIHBIX (DYHKIUK JIjIst Tpeodpa-
30BaHUs TMEJbIX dnces u3 dopmara ganuoit Mamunel (host byte order) B cere-
Boit hopmatr (network byte order). Ha mammnax, nopsyiok 0aiiT B apxuTekType
KOTOPBIX COBIIAJIAET C CETEBBIM, 3TU (DYHKIIMH TPOCTO BO3BPAINAIOT CBOW apry-
MEHT, B UHOM CJIydae OHH IIPOU3BOJLT HEOOX0IMMbIe IIpeobpas3oBanusd. Bor sTu

dyHKIMM:

#include <netinet/in.h>

unsigned long int htonl(unsigned long int hostlong);
unsigned short int htons(unsigned short int hostshort);
unsigned long int ntohl(unsigned long int netlong);
unsigned short int ntohs(unsigned short int netshort);

Kak MOXHO Jorajiarbcs, OYKBa n B Ha3BaHMAX (PyHKIMI o3Hadaer network
(T.e. cereBoil nmopsiyiok Oaidit), 6Gyksa h — host (mopsijiok GaifT jgaHHON Maru-
ubl). Hakoner, s ob03HadaeT KOPOTKHE MeJble, a 1 — JUIMHHBIE TEJble TUCIA.
Takum obpazom, Hanpumep, dpyHkins ntohl () ucnosb3yercs jjis 1peodpaso-
BaHUsI JJIMHHOTO I1EJIOT0 U3 CETEBOI0 MOPsiIKa OANT B MOPSI0K OAT, HCIOIL3Y-
€MblIii Ha JJaHHOI MallluHe.

2.6.2 Kak n3b6exkarp ‘“3asunanusg’ TCP-mmopra 1mo 3aBepIieHnun cep-
BEpa

HacTo mpu pabore ¢ cepBepoM MOXKHO 3aMETHTh, UTO IIOCJE 3aBepIIeHUs
IPOrpaMMbI-CEPBEPa €€ HEKOTOPOE BPEMsi HEBO3MOXKHO 3allyCTUTh C TEM IKe
3HAUYEHUEM HOMEPA MOPTa. DTO IPOUCXOAUT OOLITHO IIPU HEKOPPEKTHOM 3aBEpP-
IIIEHUHU IIPOrpaMMbI-CepBepa, JUO0 ec/id IporpaMMa-CepBep 3aBEpIIACTCA IpU
AKTUBHBIX KJIMEHTCKUX COCJIMHEHUsIX. B 9TUX CIydasx siapo orneparuoHHOl Cu-
CTEeMbl HEKOTOPOE BpeMs MPOJIOJIXKACT CIUTATH aJPEC 3aHITHIM.
36exaTh 9TUX cUTyalnii npu OTJIaJKe MPOrpaMMbI-CepBepa OUYeHb CJI0XK-
HO, OJIHAKO CHCTEMa, COKETOB II03BOJISET M3MEHHUTH I[OBEJICHHE sijpa B OTHO-
IIEHUHU aJPECcoB, “3aJUNINUX  M0J00HBIM 00paszoM. [y 3Toro HeobXoauMo Ie-
pesi Bbi3oBOM bind() BbiCTaBuUTh Ha OyJyIlIEeM CJIYIIAIOIIEM COKETE OIIIMIO
SO_REUSEADDR. 970 JiejtaeTcs ¢ TTOMOITBIO CHCTEMHOTI0 BbI30Ba setsockopt ():

#include <sys/types.h>
#include <sys/socket.h>

int setsockopt(int sd, int level, int optname,
const void *optval, int optlen);
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[Tapamerp sd 3ajaer jeckpunTop cokera, level obo3HavYaeT ypOBEHb <Cﬂ0ﬁ)
cTeKa MPOTOKOJIOB, K KOTOPOMY MMEET OTHOIIEHWEe yCTaHABIMBaeMast OMIust (B
JIAHHOM CJIydae 3TO YPOBEHb COKETOB, 0003HadaeMblil KoncranToit SOL_SOCKET)
[Tapamerp optname 3ajiaer “ums” (Ha camMoM jiesie, KOHEYHO, 9TO HOMEp, WJIU
IUCJIOBOI UeHTUMUKATOP) YCTAHABIUBACMON OIIMU; B JAHHOM CJIydae HaM
nyzkna onnua SO_REUSEADDR.

[TockobKy MH(pOpPMaIKs, CBI3aHHas ¢ HY?KHOI OMIUeit, MOXKET UMeThb ITPO-
M3BOJIbHYIO CJIOXKHOCTH, BBI30B MPUHUMAET HETUIU3WPOBAHHbBIN yKa3aTejib Ha
3HAUEHUE OTIUU U JITUHY ommuu (mapaMerpbl optval u optlen cOOTBETCTBEH-
HO). 3HAYEHUEM OMIUK B JIAHHOM cyiydae OyJer Iejoe 9ucio 1, Tak 9To ciie-
JlyeT 3aBeCTU IepeMeHHyIo Tulla int, npucBouTh eit 3nadenune 1 u nepejaTh B
KadecTBe optval ajipec 9Toii mepeMeHHOIi, a B KadecTBe optlen — BbIpaKeHue
sizeof (int). Takum obpaszom, Halll BbI30B Oy/I€T BbII/Isi/IETh TaK:

int opt = 1;
setsockopt(ls, SOL_SOCKET, SO_REUSEADDR, &opt, sizeof (opt));

2.7 PekomeHganmum N0 TECTUPOBAHUIO

[IpoBepKy mporpamMMbl CJiejiyeT MpOU3BECTH B HECKOJIBKO 5TanoB (Tecton). Ha
KayKJIOM dTalle BaM MOTPeOYeTCs HECKOJTbKO PabOTAIONMX KOMAHHBIX HHTEP-
nperaropos. FKciu Bbl ucnosibsyere cucremy XWindow, 3aiycture HECKOJILKO
9K3eMILIAPOB IporpaMMbl xterm. Eciu BB npejinounTaere paboTaTh ¢ TEKCTO-
BOI KOHCOJIBIO, BBITIOJIHUTE BXOJ| B CUCTEMY Ha HECKOJbKUX BUPTYyaJbHBIX KOH-
COTIAX OIHOBPEMEHHO" .

1. Bamyctute mnporpaMmy-cepBep. YOeIuTech ¢ MOMOIIBIO  KOMAHJIbI
netstat -an, uro BriOpanubiit Bamu TCP-mtopT HAXOAUTCS B COCTOSTHUN
LISTEN. Ecyin 510 Tak, B Bbijiade KOMaH/ bl Oy/IeT IIPUCYTCTBOBATDH MPHU-
MEPHO TaKasl CTPOKA:

tcp 0 O 0.0.0.0:7000 0.0.0.0:% LISTEN

(3mech 7000 — u3bpaHHBIA BaMU HOMED TIOPTA.).

2. IlpepBuTe BhIOTHEHNE TPOTPAMMBI-CEPBEPA U 3AMTYCTUTE €€ ¢ IPYTUM HO-
MepoMm ropra (He 3a0y/ibre, 9To mopThl ¢ Homepamu 1..1023 jiist mosib3oBa-
TEJBCKUX [IPOIECCOB HE JIOCTYIHBL). YOeJUuTech, 410 Telepb B COCTOSHUNI
LISTEN naxonutcs nosbiii TCP-mopr.

8B cucremax Linux u FreeBSD nepekimiodenne BUPTyalbHBIX KOHCOJIEH IPOM3BOJUTCA OOBITHO KOMOHHA-
mueit Alt-Fn, e n - somep koucomu (1, 2, 3, ..., 12). Yarure, 910 HEe BCE KOHCOJHU MOTYT OLITH JOCTYTHBI.
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3. Vcnonb3yst gpyroif KOMaHHbIH WHTEpIpeTaTop (B APyroM okHe Xterm’a
WM Ha JIPYTO#l KOHCONN), 3amycrute yTuauty telnet. B komanoit crpo-
Ke HeoOxouMo yKazarh ajipec u TCP-nopT ceppepa. Eciu TectupoBanue
LPOBOJIMTCS B paMKaX OJIHON MalllnHbl, B KadecrBe [P-ajpeca MoxxHO uc-
nosib3oBaTh 127.0.0.1 (localhost) wiu 0. Hanpumep, ecsin BbI ucmosib3yere
mopt 7000, koMmaH 18 OyIeT BBIIVISIETH TaK:

telnet 127.0.0.1 7000
NN TaK:
telnet 0 7000

Yoeaurech, 4YTO CBdA3b yCTaHOBJEHA. Jisi 9TOro 3amycTuTe KOMAHTY
netstat -an. Ecau cBsa3pb jeiicTBuTeIbHO yCTAHOBJIEHA, B €€ Bhijaue Oy-
JIYT LIPUCYTCTBOBaTH HPUMEPHO TaKUe CTPOKMU:

tcp 0 O 127.0.0.1:7000 127.0.0.1:6537 ESTABLISHED
tcp 0 O 127.0.0.1:6537 127.0.0.1:7000 ESTABLISHED

31ech 7000 - HoMep mopTa Balero cepsepa, a 65937 - Homep mopTa, UCIOIb-

3yeMOro mporpamMmmMoii telnet (MoxkeT okazaThCst JIOOBIM TUCTIOM, OOJBIITIM
1023).

4. Paszopsure cBsisb ¢ cepepoM. st roro Haxkmure kombuHaiuo Ctrl-J;
JIOJI?KHO TIOSIBUTHCS Ipurjaiienre telnet>. Bpegure komany close u Ha-
>xmute Enter.

5. YoeauTech, 4TO CepBep MO-IPEKHEMY CJIYIIAET HOPT, KaK 3TO OIUCAHO Ha,
mare 1.

6. IIpepBute BbIMOJIHEHNE TPOrPAMMbBI-CEPBEPa 1 3aIIyCTUTE €€ BHOBL. YCTa-
HOBUTE CBSI3b.

7. aiite KoMaH 1y dTeHMsI HapaMeTrpoB. B orBeT cepBep JI0JKEH COODIIUTD,
YTO K HEMY MOJKJIIOUYEH OJMH KJUEHT U 3HaUeHUe IJI00AJbHOIO CUeTINKA,
pPaBHO HYJIIO.

8. Heckosbko pa3 (Hampumep, TPHUXKJIbl) JaiiTe KOMaHjy Ha yBeJIUdeHHe
cyeTunka. YOeIuTech, UTO KOMAaHJa UTEHHUsl IIapaMeTPOB BbIJAeT IIpa-
BUJILHOE 3HAaUYEeHUE 100 hbHOIO CUeTUNKA.
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10.

11.

12.

13.

14.

PazopBute cBsizb, yOeuTeCh, YTO CEPBEP MO-TPEXKHEMY CJIYIIAeT TOpPT.
BHOBb yCTAHOBUTE CBsA3B. Y OCIUTECH, UTO TJI0DAJBHBIH CICTINK HE U3Me-
HWJICH, a YUCJIO KJIUEHTOB IO-IIPeKHEMY paBHO 1.

He paspbiBasi ¢BsA3b, MOJKIIOUATE K cepBEpPy €Ie HECKOJbKO KJIMEHTOB,
3aIyCTUB HECKOJIbKO 3K3eMILISAPOB TporpaMmbl telnet. Yoeaurech, uTo
cepBep OTBevaeT Ha KOMaH/ bl BCEX KJUEHTOB. Y0eIUTeCh, YTO YUC/I0 KJIK-
€HTOB, BbIJIaBAEMOE CEPBEPOM, COOTBETCTBYET YHUCJTY PEAJbHO MOJIKJIIOYCH-
HbIX KJIMEHTOB.

HaiiTe HECKOBKO pa3 KOMaH/y Ha YBeJUUeHNEe CUeTINKA B OJTHOM KJIMEH-
Te, & KOMaH 1y Ha Bbljlauy 3HaYeHU Il — B JAPYTroM. Y 0ejuTech, 4To 3HaueHune
CIETINKA COOTBETCTBYIOITMM 0OPa30M MEHSETCH.

PasopBure ¢Bsi3b ¢ KaxKJIbIM M3 KJIUEHTOB Bpas3bpOC, HaYaB C TEX, 4TO
OBLITK 3aIyIIEeHbl B cepeuHe (T.e. He ¢ epBoro u e ¢ mocyenero). [ocie
OTKJIIOUEHHUS KaxKJ/IOIO KJUEHTA IPOBEPANTE KOPPEKTHOCTH BbIJ[aBAEMOI'O
CepBEPOM KOJMYECTBA, KJIUEHTOB.

[Tocsie Toro, Kak Bce KJIMEHTbI OYJIyT OTKJIOUYEHbI, YOe/IMTeCh, 4TO cepBep
no-npexxueMy ciaymmaeT nopT. [lonbiTaliTech MOAKIIOUUTLCA K HEMY €11le
pas.

He paspbiBasg ¢BA3b € KJIMEHTOM, HPEPBUTE BBIIOJHEHHE IIPOrPaMMbI-
cepepa (npu srom telnet coobiur o norepe cpsizu). Ilonpobyiite cro-
Ba, 3AIlyCTUTDL MPOrPAMMY-CEPBEP ¢ TeM K€ HOMEepOM mopTa. Eciu 310 He
yJacTest, obparurech K §2.6.2.
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3 IIporpammmpoBaHue JOTUKA UT'PbI

Korma HI3KOypoBHEBas JacTh KOJIa CepBepa T'OTOBa, MOXKHO IIPUCTYTIATh K IPO-
I'paMMHUPOBAHUIO caMOil UT'Pbl. B HacrosIeit riase cobpaHbl PEKOMEHIaluu 110
BBITIOJITHEHUIO 3TOTO dTala 3aJaHusI.

3.1 OOomue cBejleHUd

Becb ceaHc UIpbl BBITVIAJAT CieyomuM oopaszom. OJIMH U3 UIPOKOB 3allyCKaeT
urpoBoii cepsep (Baiy nporpammy). Tlocisie aToro Bee Mrpoku 3aryckaiT Kiiu-
EHTCKYIO Tporpammy (Hampumep, telnet) U yCTaHABIMBAIOT CBSI3b C CEPBEPOM.
B MoMeHT Bx0jia 0Y€peIHOro UrpoKa BCe UTPOKH (B TOM YHCJIE W TOJHKO UYTO
BOIIE/IIIHI) JIOJIPKHBI IOy IUTh WHMDOPMAIIMOHHOE COODITIEHNE O TOM, CKOJIBKO
MUI'PDOKOB K HACTOSAIIEMY MOMEHTY COEINHUJIOCH C CEPBEPOM M CKOJIBKUX eIlle
cepBep 0XKuJIaeT.

CepBep JI0I2KEH JI02K1aThCA BX0/a HY2KHOI'O YUCJIa UTPOKOB, IIOCJIE Yero Ha-
yaTh UIrpy. B KauecrBe ajbTepHATUBLI MOXKHO IIPELYCMOTPETh KOMaH 1y start,
KOTOPYIO BbIJIAET OJIMH M3 UIPOKOB, COUTs, YTO YUACTHUKOB y2Ke JIOCTATOTHO.

1o MomeHTa HavaJia UI'Pbl CEPBEP JIOJIKEH Ha JII0OYIO BBEJIEHHYIO KOMAH/LY
OoTBeYaTh COOOIIEHUEM O TOM, UTO UI'Pa ellle He HadaJach.

[Tocsie Havasia UIPbl B OTBET HAa IOIBITKY COEJMHUTHCS ¢ CEPBEPOM HOBBIi
KJIUEHT JIOJI?KEH IIOJIyIUTh COODIIEHUE O TOM, UTO UI'pa y:Ke HadaJach U HOBBIE
YYaCTHUKHU HE MPUHUMAIOTCH, 110CJIe Yero CepBep JI0JIXKEH pa30pBaTh COejMHe-
HUe.

B ciydae, ecii ¢ OJJHUM U3 UIPDOKOB CBsI3b IOTEPsIHA JIO0 HAYAJIa, UI'PhI, €10
MECTO JIOJIZKHO CIUTATHCST CBOOOHBIM (BCE OCTABIIMECS UIPOKH MOy IAI0T CO00-
IeHNe O TOM, 9TO OJIMH U3 UTPOKOB BBIIIE], KOJUIECTBO UMEIOIINXCS UTI'POKOB,
KOJTMIECTBO OXKUIAEMBIX UTPOKOB).

B ciiyuae, eciii ¢ OJHUM M3 UIPOKOB TOTEPsIHA, CBA3b YXKe IM0CJe Hadaja
UI'PbI, IPOIIE BCEI'O CUUTATH 9TOIO UIPOKA “COLICIINUM C JUCTAHIUN | T.€. 00b-
SIBUTH €T0 BBIOBIBIIINM U3 UTPHI (HAHKPOTOM ).

3.2 IIpoTokoj B3aumMoaeiicTBus ¢ KJINEHTOM

Hauarh mporpamMMupoBaHue JIOTUKKA UTPhl MOYKHO C TTPOYMbBIBAHUST TPOTOKOJIA
B3AMMOJICHCTBUSA C KJIWEHTOM.

Jljist ¢Bsi3M KJIMEHTa, C CEPBEPOM HEOOXOJIMMO Pa3paboTaTh MPOTOKOJI ITPU-
KJIaJIHOTO YPOBHS, T.e. HEKOTOPBI HAOOP COTJIAIIIEHUN MEXKTy KJIUCHTOM U Cep-
BEPOM O TOM, KaKne JaHHbIe OyIyT MepeiaBaThCs W 9TO OHW JIOJYKHBI O3HATATh.
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B nipocreiiiiem ciydae B KauecTBe KJIMEHTCKOM MPOTPAMMbI MOYKET UCITOJIb-
30BaThCs cTaHgapTHas yTuanTa telnet. Bee, aTo sTa mporpamma MoXKeT Jie1aTh
— 3TO NPUHUMATH OT IOJIb30BAaTEJId TEKCTOBbIE KOMAH/Ibl CTPOKA 3a CTPOKOI U
repeiaBaTh X B HEM3MEHHOM BHJIe cepBepy’.

3.2.1 Habop komaH]

st yupoiienust 3aJa4u PEKOMEHJIYeTCs HPUHSATH COIVIAIIEHUE, 4TO KaXKIasl
KOMaHJla 3aHUMAaeT POBHO OJIHY CTPOKY. YUTuUTe, 4TO B 3aBUCUMOCTH OT HAaCTPOUKHU
yTwinThl telnet cTpoka MOzKeT 3aKaHYMBATHCS OJHUM CHMBOJIOM ’\N’, & MOXKET U JBYMS:
’\r’> ’\n’. Ilporie Bcero urHopupoBaTh CUMBOJI ’\r’ KakK IpoOe/IbHBII.

Heobxomumo mpeycMoTpeTh KOMaH Ibl JIJIs CAEYIONUX (DYHKITHA:

e Ilomyuyenme mH(pOpMaIUM O COCTOAHUN PHIHKA. B oTBeT Ha KOMaH-
Jy CepBEep JIOJKEH BBIJATH UTPOKY KOJHMYECTBO W MUHUMAJBHYIO CTOM-
MOCThH TTPOJIaBaeMOro DAHKOM Ha, JAHHOM IUKJIE ChIPbSI, 8 TaKXKe KOJIrve-
CTBO M MAKCUMAaJbHYIO CTOMMOCTH IOKYIaeMOil HpOJyKIuu. TakKe pa-
3yMHO BBLJIATH KOJMIECTBO AKTUBHBIX (HEOOAHKPOTUBIIUXCS) UI'POKOB.

o Ilomygyenme mapOpPMAIIN O COCTOSTHUN JIEJI JIPYTUX UTPOKOB. Ko-
MaH/Ia JIOJIKHA TIPUHUMATH OJIMH TTapaMeTp (HOMep WI'pOKa) U B OTBET Ha
Hee cepBep JOJXKEH BbIIATh KOJWMYIECTBO JICHET, €JIWHUI ChIPhs, €IWHMNI]
IPOILYKIIMK, CTPOSIITUXCsI, OOBIKHOBEHHBIX U aBTOMATU3UPOBAHHBLIX (habd-
PUK Y UTPOKa C TAKUM HOMEPOM.

e IIpousBoacrBo mpoaykumm Ha dabpukax. B redenue nukmia (ur-
POBOTO MeCsIa) KOMAaH/y MOXKHO JIATh HECKOJIbKO pas, J00aBiisis HOBbIE
3aKa3bl, OJIHAKO COOCTBEHHO MTPOU3BO/ICTBO (CIIMCAHUE €IMHUIL ChIDbs U 3a-
QUCJICHUE eJIMHUTL TPOJLYKIINH) JIOJZKHO MPOU30HATH JIUIb B KOHIE IUKJIA.
D10 JieaaeTcs, YT00bI UCKJIIOYUTH BO3MOXKHOCTE POJIABATH MPOLYKITUIO
B TOM K€ MecsIe, B KOTOPOM OBLJIO 3aKYILJIEHO JIJIsI Hee ChIphe. B kauecTse
AJIBTEPHATHUBBI MOXKHO 3allpalliliBATh UT'POKOB O KOJHUYCCTBE HpOI/ISBO,ZLI/IMOIU/I IpPOaYyK-
I OOWH pa3 B HadaJie IUKJIa, HC HPUHUIMAaAd HUKAKUX IPYTUX KOMaH/[, IIOKa UI'DOK HE
324BUT O CBOUX 00'beMax IIPpOU3BOACTBA. B stom CJIy4ae IIpOu3BOJACTBO BbIIIOJIHAETCA
HeMeIJIeHHO.

o Ilomaua 3asgBKM Ha ydacTue B ayKIIMOHE ChIpbd. Komanja nmeer
JIBa TTapaMeTpa, KOJUIEeCTBO 3aKyTaeMOTO ChIpbs U MpejjaraemMas 3aKy-
nouHas 1ena. CepBep JOJIKEH cpa3y »Ke IIPOBEPUTh, JOCTATOUYHO JIU Y
JIAHHOTO WTI'POKa EIWHWI] ChIPhd W HE 3aJaJl JU UTPOK IeHY, MEHBITYIO
MUHUMAaJbHO. Ecan urpok ommbes, eMy HEOOXOIUMO 00 3TOM COODIIHUT.

o Ilomaya 3agBKM Ha ydacThe B ayKI[MOHE T'OTOBOI MPOJIYKIIUW.

9Ha camom Jiejie, GyHKIMOHAIBHOCTb yTHAUTHI telnet ropas o Gojiee C10¥KHA, OJIHAKO BOCHOJIB30BATHCS
€10 B PAMKAX HAIEH 339N HE TTPEICTABISETCS BO3MOKHBIM.
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Komansia 1o cBouM xapakKTepUCTUKAM aHAJOIMMYHA, TTPEJbIYIei.

e 3agBKa Ha CTPOUTEJILCTBO HOBOIT (padbpuku. C Urpoka TyT »Ke CIIH-
CbIBAETCs [IOJIOBUHA, CTOUMOCTH (DAOPUKHK U 3aBOJIUTCs CTpOsIasicsa ¢pabd-
pUKa, KOTOpas B CBO# CPOK IPEBPATUTCA B JEHCTBYIOILYIO (HpI/I 9TOM
IPOU30MIET CIUCAHUEe BTOPOI ITOJTOBUHDI CyMMbI).

e OkoHuaHmMe geilicTBuii Ha gaHHOM Xxoje. [locie mogaum 31O KO-
MaHJIbI OT JIJAHHOTO MI'POKa He MPUHUMAIOTCS KOMAaHbl, COOTBETCTBYIO-
1€ aKTUBHBIM JIEHCTBUSM (3asBKM U CTPOUTEJHCTBO), HO JIOJIKHBI T10-
IpeKHEMY OTPA0ATBIBATHCS KOMAHIbI MOy IeHIST NH(POPMAITIH. DTO IPO-
JlIoJIZKaeTes JIo TeX I0p, I0Ka B UT'Pe eCTb UI'POKHU, ellle He 3aKOHYUBIINeE
JIAHHDIH X0/ (2KeJIATeIbHO [PEJyCMOTPETh BOBMOXKHOCTH Y3HATH UX CIIHU-
cok). B ciayduae, ecnin naHHbIE UTPOK HE MOJAJ 3asBKY HA OJIMH U3 ayK-
I[MOHOB MJIM Ha, 00a ayKIMOHA, COOTBETCTBYIOIINE 3asBKU CUUTAIOTCI HY-
neBbiMu. [locse Toro, Kaxk 1moc/jeiHnii UIPOK 3asiBUT 00 OKOHUYAHUU XOJa,
cepBep JI0JKeH COOOIMUTHh BCEM UTPOKAM PE3yJIbTaThl ayKIIMOHOB,
mocjie 4ero HavdaTh CJIeIYIONi XO/I.

B cnyuae, eciu ere ocTaJuch UTPOKHW, He 3aKOHYUBIIUE XOJI, CJIEJIyeT
COODIIUTH 10JIL30BATE/IIO UX KOJIMYECTBO.

e Ilomomik. [lo »T0it KOMaH e cepBep MOKEH BbIIATh CIIHMCOK CYIIECTBY-
IOIIMX KOMAaH/[ U UX (DYHKIUU.

Komanibl JIOJ2KHbBI ObITH JIOCTATOYHO MHEMOHUYHBIMU, YTOObI HE 3a11yTaTb-
ca B HuX. Hampumep, B KadecTe KOMaH MOXKHO HCIIOJIH30BATH CJEIYIONIAe aH-
rjauiickue cjioBa u coOKpalllenust: market, player, prod, buy, sell, build, turn,
help.

Becbma xkesiaTesIbHO c/1ejiaTh aHAJU3aTOP KOMAaHJ HEYYyBCTBU-
TEJIbHBIM K KOJMYECTBY IPOOEJHHBIX CUMBOJIOB (mpobesoB, Tabyiis-
1Uii 1 BO3BPATOB KapeTKN) MeXK/Iy MapaMeTpaMu OJHOW KOMAH/IbI.

Tak>ke ciiejlyer BKJIIOYNTH B COOOIIEHNE O HEOMO3HAHHON KOMaHjie nHMOP-
MallUIO O TOM, KaK B Ballleil cucreMe BbIIJIsIUT KOMaH/a 1101y YeHUs 1TOMOIIIHU.

3.2.2 BrigaBaeMmble cooOIIeHUS

[Ipu 1upojyMbiBaHMK COODINEHM, BBIAABAEMbBIX CEPBEPOM KJIMEHTY, CJIEJIyeT
Yy4eCTb, UTO CJCAYIONIUI dTall 3a/J[aHus [IPEJyCMaTPUBACT CO3/JaHKe IIPOIPAMM,
UMUTHUPYIONINX MOBEJICHNE UTPOKOB, TaK ITO BbIJIABAEMbIE BAIIIUM CEPBEPOM CO-
o0ITIeHnsT HeoOX0IMMO Oy/IeT aHaJU3UpPOBATH IIPOIPAMMHBIM 0OPa30M.

C Jpyroii cTOpoHbI, He CJiejlyeT 3abblBaTb U O TOM, YTO OOBIYHO B HUIDE
Y4aCTBYIOT OObIUHbBIE <XKUBbIE> UI'POKMU.

YpesMepHO MHOT'OCIOBHBIE COOOIIEHNs, BbIJaBaeMble CEPBEPOM, 3aTPYIHST
X MallMHHBIA aHaJu3; HA000POT, Ype3MepHO (popMaJsibHbIe COODIEHUS CJieJia-
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I0T UT'PY HEYI00HO ¢ TOUYKHU 3pEHUsT UTPOKOB-JIfoIeil. Baxkno HaiiTu onruMalib-
HBIIT KOMITPOMUCC.

OJIHO U3 BO3MOXKHBIX PEIIEHUI COCTOUT B TOM, 4TOObI MH(MOPMAIMSI, 110/1-
JIeyKalass MallMHHOMY aHaJIM3y, pacliojiarajach B CTPOKaxX, 0cOObIM 0Opa3oMm
HOMquHHbD((HaHpHMep,HaQHHaKHHHXCH()CHNHKUHL%%EiKOMMBHTapHH,Hpeﬂ—
Ha3HaYeHHbIE JIJId YeJI0OBEKa, PACIOarajJuch B CTPOKaX, TAKO MOMETKHN HEe NMe-
fomeii. Bor npumep orera cepBepa Ha KOMaH 1y market:

Current month is 27th
Players still active:

h 3

Bank sells: items min.price
b 6 500

Bank buys: items max.price
T 6 5500

st gestoBeKka Takoil OTBeT BIIOJIHE YnTadeseH. UTo KacaeTcs MalliHHOIO aHa-
JIN3a, TO, BHIOPAB TOJLKO CTPOKH, MEPBLIM CUMBOJIOM KOTOPBIX SIBJISIETCs MPO-
IIEHT, VAaJUB CHMBOJI IIPOIEHTa U pas30UB MOJIYUEHHYIO WHQOPMAIUIO Ha OT-
JIeJIbHBIE CJIOBA, MbI TIOJIYYUM TOCJIE0BATEILHOCTD U3 TisiTh yuces. [ToMmus, 910
BbljlaHa Obljla KOMaH/|a market, Mbl 3HAEM, YTO HOJIYUYEHHbIE YUC/Ia 0O3HAYAIOT
KOJIMYECTBO YUYACTBYIOIIUX B UT'PE UTPOKOB, KOJIMUYECTBO U MUHUMAJIbHYIO TIEHY
ChIPbsi, KOJUYECTBO U MAaKCUMAJIbHYIO 1IEHY HPOJYKIMK COOTBETCTBEHHO. [Ipo-
rpaMMe, B OTJINUHE OT YeJI0OBeKa, KOMMEHTapUU He HY»KHbI; 0TOpachIiBas UX, Mbl
obJierdyaeM aHaJIiu3 TEKCTa, MOJIyYeHHOI'0 OT cepBepa.

3.3 CrpyKTyphl JaHHBIX

3BecTHO, UTO OT I'PAMOTHOIO IOCTPOCHUSI CTPYKTYP JAHHBLIX BO MHOI'OM 3a-
BUCHUT JaJiblieiiias cy/b0a J110060ro 6ojiee-MeHee CaoKHOI0O POrpaMMUCTCKOIO
IIPOEKTA.

[TonbiTaemcs chopMyaIupoBaTh HEKOTOPBIE PEKOMEHIAINN 110 IIPOEKTUPOBa-
HUIO CTPYKTYD JIAHHBIX JIJIsI HAIIIErO0 UTPOBOTO CEPBEPA.

JL1st HavaJIa, OTMETHM, 9TO 3J0yTIOTpedIeHne NI00aIbHBIMA TEPEMEHHBIMU —
eJiBa JIM He caMasl cepbe3Hasi OIIMOKa, KaKYI0 TOJbKO MOXKHO JIOILYyCTUTH B IIPO-
eKTHpOoBaHuK. [J100aJibHbIE IepeMEHHbIe 3aTPYAHIIOT MOJU(MUKAINAIO OTJ/IE/b-
HBIX 9aCTeil IPOrPpaMMBbI, JI€JIaI0T HEBO3MOXKHBIM [TOBTOPHOE UCIIOIHL30BAHIE KO-
Jla, TIOPOXKIAI0T IIYTAHWUITY Ha dTalle OTJIaJIKH.

Heobxomumo oTMeTHTD, ITO 000ATHCH Oe3 TJI00AIbHBIX ITePEeMEHHBIX MOXKHO
ecezda. Karxkiast GyHKIMST MOXKET TOJIYIUTH B KadecTBe MapaMeTpoB Bce 3Ha-
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YeHWsT, KOTOPhIE eif Hy>KHBI JJIsT pabOThI, U aJIpeca BCEX MePEeMEHHBIX, KOTOPhIe
eit 1eodX0 MO MOINMUIIPOBATD.

MoxkeT oKa3aThCst, 9TO TIPU ITOM Kak 0¥ (DYHKITUU PUJIETCS TTepe/iaBaTh
CJTMIIIKOM OOJIBITIOE KOJIMIEeCTBO apaMeTpoB. Hanpuwmep, ecyiv B mporpamme Obl-
JIO OIKCAHO CTO IJVIODAJIbHBIX MEPEMEHHBIX, TO T0C/Ie U30aBJeHUs OT HUX TPU-
JIETCS TTePEYUCIATh CTO TTapaMeTpPOB B KaXKJIOM BbI30BE (PYHKIIHN.

D10, pazymeeTcs, He Tak. Bo-TlepBbIX, KaxKaasd OT/IEJbHO B3dTas (PYHKITHS
paboTaeT TOJHKO ¢ YaCThIO TJIOOAJTBHBIX JIAHHBIX; CKOPee BCETro, eC/Ii B IPOTrpaM-
Me ObLIO €TO 1J100aJIbHBIX 1IEPEMEHHbBIX, TO OOJILIINHCTBO (DYHKIMI UCIIOJIB3Y-
€T TOJIbKO MATh-TIECTh, Pe¥Xe JecdaTh U3 HUX Kaxkjasg. Bo-BTOPBIX, JOTHYECKH
CBsI3aHHDBIE MEXKJIy COOOM JaHHBIE MOYXKHO I'PYIITUPOBATH B IEPEMEHHBIE THIIA
<CTPYKTypa> U NepejaBaTh (PYHKINAM BMECTO HECKOJBKUX OTJEIbHBIX Mapa-
METPOB aJIPeC OJIHOI CTPYKTYPHI.

Bepuemcst K HaleMy UTpoBoMy cepBepy. MOXKHO 3aMeTHTDh, UYTO BCe JIaH-
HbIe, [IPUCYTCTBYIOIINE B UI'DPE U OIPEJIEJISIONIMEe COCTOSHUE UI'PbI, JIEISTCH Ha
robaJbHbIEe JIAHHbIC (HAIPUMED, 0OCTAHOBKA Ha PBIHKE, HOMED TEKYIIEero Xoja
W T.I1.) U JIAHHbBIE, CBsI3aHHBIE ¢ KOHKPETHBIM UI'POKOM (HOMEp MUI'POKa, KOJinue-
CTBO JICHET, CbIPbsI, TOTOBOI MPOAYKIINK, CBEJICHU O PADOTAIOIINX U CTPOSIINAX-
cst pabpukax).

DTO 103BOJIIET HAMETHUTDH OOIIHIl 10/IX0/I K (POPMUPOBAHUIO JIAHHBIX, OIIM-
ChIBAIOMMX cocrosinue urpbl. Criejyer, mo-BunMOMY, OIMCATH CTPYKTYPY “OaH-
Kup”, COMEPAKAIIYIO MI0OATbHbBIEC JaHHbIE U CO3/aTh OJHY (K TOJBKO OJIHY) Tie-
pemMenHylo 3roro Tuia. Kpome Toro, ciejyer onucarh CTPYKTYPY “UIPOK’, KO-
Topas OyJieT coJiepKaTh JIaHHbIe, CBA3aHHBIE C OJITHUM UTPOKOM.

[Tepemennbie Tuma “UrpoK’ MOXKHO OObEIMHUTH B MACCUB JIUOO B OJHOCBSI3-
HeIil crincok. Ckopee Bcero, OoJiee CJIOXKHbIE CTPYKTYPBI JTAHHBIX HaM 3JIeCh He
HOTPedYIOTCSI.

MoxHo cjiesiaTh CIIMCOK HI'POKOB YaCThIO CTPYKTYPbI “OaHKUpP’, B pe-
3YJAbTATE YEro BCs WIPOBasd WHMOPMAIUs OKaXKeTCsl JIOCTYITHON [Yepe3 OJIHY-
€JIMHCTBEHHYIO MEPEMEHHYIO.

Ecmu Temepb Bce (pYHKIHH, OCYIIECTBJISIONUE OIEPAIUd HaJl UT'POBBIMU
JIAHHBIMU, CHAOJIUTH TapaMeTpoM “‘yKasaTe/ib Ha CTPYKTYpy Oankup’, 1norped-
HOCTH B IVIOOAJIbHBIX MEPEMEHHBIX MMOJTHOCTHIO OTTAJIET W MOXKHO OY/IeT ONUCcaTh
€JIMHCTBEHHBIN 3K3EMILIAP CTPYKTYPbI “0aHKUP’ KaK JIOKAJbHYIO 1ePEMEHHYTO
¢y main().

3.4 O Tabiauile cMeHbI YPOBHell PhIHKA

[Ipu peanmsanum CMeHBI COCTOSIHUsI PBIHKA B COOTBETCTBUM C TabJuIei 2
(eM. crp. 6) CTYAEHTHI YaCTO TOJB3YIOTCSH BIOKEHHBIMH KOHCTPYKIMSMH
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switch/case. Takast peasmzaius TpedOyeT CyIIECTBEHHBLIX 3aTpaT BPEeMEHU WU
CHJI, 8 UTOTOBBII KOJI TIOJIYIaeTCsI TPOMO3JIKUM, HEYTOOHBIM JIJIsSI BOCIPUATHUS 1
JACTO COJEPXKUT OIIHOKH.

['opaszo mpoiie peajin3oBaTh BHIOOp HOBOI'O YPOBHS PBIHKA U€pe3 JBYMEp-
HYIO MaTPHILy b X 5, B KOTOPO# HOMEP CTPOKH IIPEJICTABIISAET TEKyIee 3HAYeHIEe
YPOBHsSI pbIHKa, HOMEp CTOJIONA — HOBOE 3HAUEHUE, a COOTBETCTBYIOIIAs KJIET-
Ka TabJMIbl OMPeJIesIsieT BePOsSTHOCTh COOTBETCTBYIOIIErO Mepexoja (MMeHHO
TakuM 0Opa3oM opranu3oBaHa uHdopManus B Tabdsure 2).

Yr00b1 n36€2KaTh UCIIOJIB30BAHKS PUOJIMXKEHHBIX BbIYUCJICHUI, MOXKHO BCE
3HAUCHUs BEPOATHOCTH, IIPUBEJICHHBIC B TAa0JIUIE, JOMHOXKUTL Ha, 12. [Tonyunm

CJIEJLYIOLILY IO MATPHUILY:

const int level_change[5][5] = {

{4, 4, 2, 1, 1 3%},
{3, 4, 3,1, 1%,
{1, 3, 4, 3, 13},
{1, 1, 3, 4, 3 %},
{1, 1, 2, 4, 4%}

+s

[Tonyuaus ¢ nomornpio pyukumnnu rand () ciaydgaitnoe ducyo r ot 1 10 12 BKJIO9IM-
TEeJBHO, JeJaeM IHUKJ 110 COOTBETCTBYIONIEH CTPOKE MAaTPHUIIbl, CYMMUPYS dJie-
MEHTHI, JIO TEX 1OP, MOKa CyMMa He OKaxkeTcs boJibie Jinbo pasHa r. Hampuwmep,
eCJTM TEeKYIIUi yPOBeHb — 2 1 BBIMAJIO YNCIO 8, TO HOBBIH ypOBeHb OyJeT 3, 1Mo~
CKOJIBKY 3 +4 =7 < 8, a3+ 4+ 3 = 10 >= 8. byabre BHUMATETbHBI C
UH/JIEKCAllUeli: ec/iu YPOBHU PbIHKA HyMepyloTcs ¢ 1 J10 9, TO COOTBETCTBYIOIIMUE
UM HHJIEKCHI B MaTpulle OyayT Ha €JUHUIYY MEHbIIIE.

Cayuaiinoe uuco r or 1 0 12 mpolie Bcero moJiyuuTh ¢ IIOMOIILIO BbIpa-
enns rand () %12+1, HO Tak JiejiaTh HE PEKOMEH/IyeTCsl, TTIOCKOJILKY Pacipe/ie-
JIeHne MJIQJIINX OUT MCEBAOCTYUANHBIX TNCEJ MOXKET ObITh HEPaBHOMEPHBIM.

B kuure 6] pekoMeHyeTcst UCIOMB30BATh B TOJJOOHBIX CUTYAIUSIX CJIEIYTO-
Uil orepaTop:

r =1 + (int) (12.0*rand()/(RAND_MAX+1.0));

3.5 O mpoBejieHun ayKIINOHOB

Peanuzaliusi mpoBejieHUsT ayKITMOHOB SBJISIETCA OJJHUM U3 HauboJiee aJropuTMu-
YECKU CJIOYKHBIX (pparMeHTOB TmporpaMMbl. Haubosibiiiee KoJiMdecTBO ONIMOOK
CBA3aHO ¢ 00OPADOTKOI CUTyaIuu, TTPU KOTOPOH B UI'PE UMEETCS HECKOJIBKO 3a-
SIBOK C OJINHAKOBOW YCTAHOBJICHHO! IIEHON, KOTOPHIE TTPU 9TOM HE MOTYT OBITH
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YJIOBJIETBOPEHBI OJ[HOBPEMEHHO (T.e. WX CyMMa MPEBbINIAeT JOCTYITHOE KOJIIe-
cTBO JioTOB). HeobxoimmMo TOMHUTE, ITO B 9TO CHUTyallny MOOETUTENh TOJIKEH
OIIPEIeIATHCA 110 KPEOuIo.

OJiMH U3 BO3MOXKHBIX aJIOPUTMOB PEAJIU3alUN ayKIIMOHA, BbIIJISIIUT CJIETY-

oruM obpazom '

1. CkonupoBaTh JAHHLIE O [MOJYYEHHBLIX 3asdBKAX BO BPEMEHHYIO CTPYKTYDPY
JAHHBIX (HAPUMEp, CIUCOK) ¥ PacCOPTUPOBATH MX 10 yOBIBAHUIO TIPE/I-
JoxkenHoit nensl. CTpyKTypa JAHHLIX JIOJKHA CONEPKATL Pa3Mep 3asiB-
KU, EHY U yKa3aTedb Ha OPUTHHAJ 3asdBKU (JIKOO MPOCTO yKa3aTesb Ha
00'BEKT UI'POKA, MOJABIIErO 3asiBKY ).

2. Ecjin crimcox 3asiBOK 11yCT, 3aKOHUYUTD.

3. PaccmarpuBast MaKCUMATIBHYIO TIeHY (T.e. TeHY, YKA3aHHYO B IEPBOM 316~
MEHTE BPEMEHHOTO CIIHCKA 3asBOK ), COCIUTATDH OOIIEee KOJUICCTBO ¢IHHUIL
CBIPhsi, KOTOPbIE HI'POKK IOTOBBI KYIIUTH MO ITOM HEeHe. DTO O3HAYAET, ITO
HEOOXOIIMO IPOCYMMUPOBATH Pa3Mephl TeX (HECKOJbKUX MEPBBIX B CITHC-
Ke) 3as1BOK, B KOTOPbIX IIeHA PaBHA MaKCUMAJbHOIL.

4. FEciu noJsiydeHHOE KOJIMYECTBO HE IPEBbINIAET KOJUYECTBO JIOCTYITHBIX
(mposaBaeMbix GAHKOM) €JMHHUI] CHIPbS, TO Y/IOBJETBOPUTH BCE MAKCH-
MaJibHbIE 3adBKH, T.€. IOMETUTH BCE 3adBKU, UMEIOIIAEe MaKCUMaJbHYIO
Teny, KakK MOJHOCTBIO YIOBJAETBOPeHHbIe!, yMeHbINTDL KOJIMIecTBO J10-
CTYITHOI'O ChIPbsl Ha CYMMY VJOBJIETBOPDEHHBIX 3asiBOK W yOpaTh MaKCH-

MaJbHBIC 3aIBKH U3 BPEMEHHOTO crucKa. [locse aroro nepeittn K mary 2.

5. B mpoTuBHOM cyuae pacnpeaeuTh OCTaBIINEC eTMHUIIBI CHIPhS TI0 YKpe-
OWIO MEXK/Iy TOJATEJISIMA MAaKCUMAJILHBIX 3aBOK M HA 9TOM 3aKOHUNTh.

3.6 JluaJjiorm c moJjib3oBaTeJieM

B HeKoTOpbIX Cilydasix BO3HUKAET TOTPEOHOCTH TPOBECTH ¢ MOJIb30BaTesieM (1r-
POKOM ) OOMEH HECKOJIbKUMU TTOCJIE0BATEIbHBIMU PEILTUKAMHE, T.€. Auajor. Oco-
OEHHOCTH 3JIeCh B TOM, YTO OTBET T0JIb30BATE/IsI HA PEIJIMKY CepBEpa, JIOJIKEeH
OBITH BOCIIPUHSIT UMEHHO KaK OTBET Ha PEILIMKY, a He KaK ouepeHas KOMaH/Ia.

103 1ech paccMarpuBaeTcs ayKIMOH HPOJAXKH CBIPhs; ayKIHMOH IIOKYIIKH ITOTOBOH HPOAYKIUH PEeaTu3yeTcs
AHAJIOTMYHO C YYETOM TOTO, UTO HAnOOJI€e BHITOTHON It OAHKA SIBJISETCS HE MAKCUMAJIbHAS, 8 MUHUMAIbHAS
npe/jIo’KeHHAd 1IeHa.

1 BaykHO mOHMMATE, 9TO IOMETKY 00 YIOBIETBOPEHHH CIIeIyeT JelaTh He BO BPeMEHHOH CTPYKType JaH-
HBIX, & B CTPYKTyPaX, COJlepzKallluX OpUIr'MHaJIbHbIE JJaHHble; HAIIPUMED, MOXKHO C/leJ1aTh COOTBETCTBYIOULYIO
TIOMETKY B CTPYKTYPE COOTBETCTBYIOIIETO MUTPOKA.
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Hampumep, MOXKHO BCTPOUTH B CepBEp 3aIIPOC JOTMOJHATEILHOTO MOATBEPIK J1e-
HUsI Ha UCIOJHEHHEe HEKOTOPLIX “CTPAHHBIX KOMAaH/I; TaK, €CJIH II0Jb30BATEb
3asBHJI O TOTOBHOCTHU TOKYIATh Chipbe 10 TeHe Boie 3000 (dro 3aBegoMo He
MOXKET OKYIHUThCH ), JJOTUYHO HOMHTEPECOBAThCS, JICHCTBUTEIBHO JIM 9TO TO, 4TO
OH HMeJI B BUJLY 2.

st peasinzanum 110J100HBIX BO3MOXKHOCTEH CTYJIEHThI 4acTO TPUMEHSIOT Ca-
Mblii OUEBUIHBIN (¥ 32BEIOMO HEJIOMYCTUMBII B YCJIOBHSIX MHOTOIIOJIB30BATE b-
CKOT'O cepBepa) MOJIXOJL: BbIJATH COODIIEHNE B COKET U MOCJIE 3TOr0 dotcdamb e
omeema noav3osamend (T.e. cpasy 3a BbI3OBOM Write CTABUTCS BBI3OB read).

[Ipobiiema 371eCh COCTOUT B TOM, UTO II0JIb30BATE/b, PA3yMeeTCs, OTBETUT
Ha BOIIPOC HE cpady, U BCE 3TO BpeMsi cepBep He Oyjer oOpadarbiBaTrb KOMaH b
JIDYTUX UI'POKOB, IOCKOJIbKY IIPOIecC cepBepa OyjieT 3a0JI0KUPOBaH Ha BHI30OBE
read B OXKHUJAHUU OTBETa, OZHOTO IMOJIL30BATE/IsI Ha 3aJaHHBLIA CepBEPOM BO-
mpoc. Irpok, 3HaKOMBI#i ¢ 3TOIl 0COOEHHOCTBIO cepBepa, BIOJIHE MOYXKET BbI3BATh
CUTYAILNIO JIMAJIOra, HAMEPEHHO, YTOOBI TPUOCTAHOBUTH UIPY.

C Apyroit CTOPOHBI, €CJIN IOCJe BhIIAYUN COODINEHMS TI0JIH30BATEII0 CepBep
TPOJIOJIPKAT OOBITHOE BBIMTOJHEHNE TJIABHOIO IMKJIA ¢ BHI30BOM select, BO3HU-
KaeT 1mpobJieMa, Kak Mocjie 09epejiHoro Bo3ppara u3 select’a nponHTepIpeTu-
pPOBaThb JAHHbBIE, IPUIIEJIINE OT 001020 KOHKPEMH020 KAUEHINA, HAXOISIIErOCsd
B PEXKUME JIUAJIOra, HEe KaK KOMAHJY, & KaK OTBeT Ha 3aJIaHHbI 9TOMY MOJIb30-
BaTEJII0 BOIIPOC.

OueBniHo, 9T0 WHMOPMAIIAIO O TOM, 9TO JIAHHOMY MOJIH30BATENO ObLIT 3a-
JlaH HEeKUii BOIIPOC, CJIeIyeT COXPAHUTh B CTPYKTYpe, COOTBETCTBYIOINEH JaHHO-
My UTrpoky. [losyuaercs, 970 TpPU HAJIWBIYUHE 33 JaHHOTO BOIPOCA, Ha KOTOPI
elie He MOJIy4YeH OTBeT, OJivKaiflnasi MpoUYnTaHHasl ¢ COKETa JIAHHOI'O KJIMEHTA
CTPOKA, JIOJI?>KHA UHTEPIPETHPOBATHCA KAK OTBET Ha COOTBETCTBYIOIINI BOIPOC,
B IIPOTHBHOM K€ CJIydae — KaK OObIIHasl KOMaH/a. 3aMETHM, UTO MOCJEe TOrO,
KaK OTBET Ha BOIIPOC IOJIyUeH, HeOOXOIMMO BEPHYTh COOTBETCTBYIOIIEr0 HI'POKA
B OOBITHBIA PEXKUM, B KOTOPOM €ro BBOJI OyJieT BOCIPUHUMATHCS KAK KOMAaH/IbI.

BrimmeckazaHHoe JIOTUYIHO TOJIBOJUT HAC K MOHSITHIO cocmoanus. CocTosiHne
CBSI3BIBAETCS € KaXKJIBIM OTJIJIbHBIM UI'POKOM (KJMeHTOM ). B HOpMaJbHOM CO-
CTOSIHMM BECb BBOJI, [TOJIyYaE€MbIil OT KJIMEHTA, BOCIPUHUMAECTCS KAK KOMAHJIA.
[Ipu 3ajaunu UrpoKy crenuduyuecKkoro BOIpoca HEOOXOIUMO U3MEHUTH COCTO-
sIHAE Ha COOTBETCTBYIOIIEE JAHHOMY KOHKPETHOMY BOIIPOCY, IOCJIE€ Yero Mnpo-
JIOJIPKUTH BBIIOJIHEHKE IJIABHOI'O IMKJIA MPOrpaMMbl Kak 00bluHO. KosmaecTBo
TAKUX BO3MOXKHBIX COCTOSIHAI B TOYHOCTH PABHO KOJHUIECTBY PA3JIMIHBIX BO-
IIPOCOB, KOTOPbIE B T€X MJIM MHBIX CUTYAIUSIX MOXKET 3aJlaTh HI'POKY CepBep,
ILJIIOC eIlle OJHO COCTOsIHME JIJIsT “HOpMAaJbHOrO pexknma’ . Bojee cioxubie jana-
JIOTH, OCTOsAIIME U3 OoJIee YeM OJIHON PEIIMKK, UCIIOJIb3YIOT CTOJBLKO COCTOSIHUM,

123101 Maparpad MOMKHO TIPONMYCTHTh, €CIN TaKOH MOTPEGHOCTH Y BAC He BO3HUKIIO
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CKOJILKO B HUX MMEETCs PEIJINK, MOCAeI0BATeIbHO (ITPU IOy YeHHI Ha OYepe/i-
HOU MTepaIluy TJIABHOTO IHKJIA OYEePEHOTO OTBETA OT MOJIH30BATEIs) EPEXO/Is
OT OJIHOTO COCTOSAHUA K JIDYTOMY.

[TporpammupoBanue B TaKOM crujie Ha3bIBAECTCs aBTOMAaT-
OPUEHTUPOBAHHBIM.

PeaJinzoBaTh cocTOsiHME PEKOMEH/IyeTCsl B BUJIE [IEPEMEHHOI Mepednciim-
MOT'0O THUIIA.

3.7 PekomeHaanum 1no TeCTUPOBAHUIO

TecTupoBanme UTPOBOIO cepBepa, CIEIYeT IMPOBOJIUT B MUKPOTPYIaX 1Mo 3-4 Je-
JIOBEKa. Y YaCTHUKN IPYIIIHI UIPAIOT HECKOJIHKO MHOTOIOJIH30BATEIHLCKAX MTap-
TUI C UCIIOJIb30BAHUEM CEPBEpPa OUePEIHOIO YIACTHUKA.

[IpenycmorpuTe B mporpaMMe-cepBepe reHepanuio oTdeTa Mo KaxKJIOMY XO-
Jly, BKJIIOUAIOIIEI'O CIKMCOK IOJAHHBIX Ha AyKIMOHBbI 3asiBOK C MHIMKaIUeil 00
WX YJIOBJIETBOPEHUY / HEYIOBJIETBOPEHUH, KOJUIECTBO TTPOU3BEICHHON KAXK IBIM
UTPOKOM TTPOAYKIIMA M OCTATOK CPEJCTB Ha CUETy KarKJ0Tr0 UIPOKa Ha MOMEHT
KOHIIa Xoja. MHdopmaluio BbIjaBaiiTe B IOTOK CTaHIaPTHOIO BBIBOJA CepBepa.
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4 IlporpammMupyeMblii podOT

Bropas WacTh mpakTHKyMa NpeAyCcMaTpPUBACT CO3JAaHUe NPOrpaMMbI-poboTa,
MMUTHDYIOIIErO MOBeJieHrne dejoBeka (Mrpoka) B urpe <MenepkMeHTs. 1o
3aJlaHue PACUMTAHO Ha BbhlIOJAHEeHME B IV cemecrpe u 1peosaraeT ueioib30-
Banne aspika C-++.

4.1 IlocraHoBka 3ama4n

CrapToBbIME TTapaMerpaMu MPOrpPaMMbi-po0OTa SIBJISIIOTCS 1p-aJipec U HOMep
tcp-mopTa cepBepa, a TakxKe uUMd dailsa, cojep:Kaliero ImporpaMMy Ha MO-
neibHOM si3bike (crienapuii). CrieHapuii onpejiesisier JaJjibHefiiee MnopejieHue
poboTta. Takum 0Opa3oM, IporpaMma-podbOT MpeIcTaBIsgeT coDOi KOMOMHAIIUIO
nporpaMMbl-KineHTa (cM. § 2.5.1) u wHTepIperaTopa MOJIETbHOTO SA3bIKA.

Kak u B ciaydae ¢ cepBepoM, CTapTOBbIE MapaMeTphl 3aal0TCsT B KOMaH/I-
Hoit crpoke. [lo cormacoBanuio ¢ mpemnojaBaresieM BO3MOXKHbBI IPDYTHe BapUaHThI
IOJIYUEHMS CTaPTOBBIX IIapaMeTpPOB: HaIpUMep, U3 KOHMUIYypaIuoHHOro daii-
JIa WJTH U3 TIePEMEHHBIX OKPY2KEHHUsI. 3a/1aBaTh CTAPTOBbIE TAPAMETPbI B TEKCTE
MPOrpaMMbl (T.e. TaK, 9TO UX U3MEHEHHe MOTpedyeT MepeKOMITHIISITINN TTPOrPaM-
Mbl) 3aNPEUALTMCA.

BxojiHoit si3blk pobOTa JIOJKEH 1103BOJISITH KCIOJIb30BaHUe BCell mH(POpMa-
1Y, KOTOpasl JIOCTYIIHA OOBITHOMY UI'POKY, & TaK:Ke BbIJIa1y BCEX KOMaH]|, KO-
TOpbIEe MOT' Obl BbIJIATh OOBIYHBIN UI'POK. A3BIK JIOJXKEH ObITH aJroOpUTMUIECKH
IIOJIHBIM U HUMETh BO3MOXKHOCTH, JIOCTATOUHBIE JJIsI 3aJlaHUsl HeTPUBHAJIbHBIX
crpareruii (HanpuMep, BKIIOYANIX B ce0sl CTATHCTHYECKY IO SKCTPATIOJISIINIO).
Jljist 5TOTO, B 9aCTHOCTH, HEOOXOIMMO TIPEyCMOTPETh B SI3bIKE MACCUBBI (XOTsI
Obl oHOMepHBIE). BMmecTe ¢ TeM, HET HEOOXOJIUMOCTH PEATM30BBIBATD B sA3bIKE
CTPOYHBIE IEPEMEHHBIE WJIH TIEPEMEHHbBIE PA3HBIX YUCJIOBBIX THUIIOB; JIOCTATOYHO
OyJ/leT HAJUUHs IEPEMEHHBIX OJJHOTO MEJIOTUCICHHOTO TUTa (HATIPEMED, 9eThi-
pexOaiiTHBIX HEJIbIX ); MPEIIOYTHTEbHEE, OJHAKO, OblII0 Obl HAJIMYKE [TEPEMEeH-
HBIX C ILJIABAIOIIEA TOYKOIM.

st obecrievenns B SI3bIKE aJITOPUTMUYIECKON OJTHOTHI HEOOXOUMO IIPEJLy-
CMOTPETh KOHCTPYKIMH, TTO3BOJISIONIAE 3a/1aTh BETBJICHNE U NUKJ. MuHUMAH-
HBbIIl HAOOP KOHCTPYKIMI JIJIS 9TOrO0 COCTOUT M3 YCJIOBHOI'O OIl€paTopa U Olle-
paropa 6e3ycoBHOrO 1epexojia. zKejsarejbHO MPEyCMOTPETh B SI3bIKE TAKKe
COCTABHOI OIlepaTop M OIEPaTOp MUKJA C IPEIYCJIOBUEM.

Ob6ga3aTesIbHBIM TPEOOBAHMEM SIBJIIETCS PABHOIIPaBHE BCeX IIPO-
OeJbHBIX CUMBOJIOB (MIP006esoB, Tabyssnuii, IepeBoI0B CTPOKMU U BO3-
BPATOB KapeTKu) U JIONYyCTUMOCTD JIIOGOT0 MX KOJIMYECTBA B JHOOOM
MeCTe MPOorpaMMBbl, TJie JOIyCTUM OAWH npobei. Takum obpa3om, HeJIb3st
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UCIIOJIb30BATh KOHEIL CTPOKHU B KaueCTBe Pas/Ie/IuTesst OlepaTopoB, KaK 3TO Jie-
JlaeTcs B paHHUX Bepcuax beiicuka n @oprpana. [aa pasmenenus oneparopos
PEKOMEH/YeTCsI UCIOMb30BaTh cuMBOJ “;” (TOUKA € 3aITOi ).

4.2 Ilpumep BxogHOTO s3bIKa pobOTa

OnuceiBaeMblit B 9TOM maparpade si3biK SIBJISIETCS MUHUMAJBHBIM, T.€. YIIPO-
IMIEHHBIM HACTOJIBKO, HACKOJIBLKO 9TO BOODINE BO3MOXKHO B paMKaX IOCTaBJICH-
Hoit 3aj1aun. [lo TpeboBaHmIO MperojaBaTesis Ha A3bIK MOI'YT ObITh HAJIOXKEHbI
JIOTIOJTHUTEJIBHBIE YCJIOBHS, YCIOXKHoMue ero. OIHaKo Jlaxke B OTCYTCTBUE JO-
MOJIHUTEJILHBIX TpeOOBaHNM PEKOMEHyeTCs MPEIJI0XKUTh CBOIl BapWaHT
A3bIKa, UCNOJIb3yd [IPUBEJIEHHBIN 3/1€Ch A3bIK JIUIIb B KA4eCTBE IPu-
Mepa.

4.2.1 OO6i1mee onucaHue

[IporpamMma Ha MOJIEJILHOM A3bIKE COCTOUT U3 OIIEPATOPOB, KarKJIblii U3 KOTO-
PbIX MOXKeT ObITH TTOMedeH MeTKO. JIjist yrporenns: anain3a nMsi METKU Hadu-
HAeTCs BCErjia ¢ CUMBOJIA @ M 3aKAHYMBAETCS JIBOETOUMEM; UMsI METKH MOXKET
COCTOSATH U3 JIATMHCKUX OYKB, (P 1 3HAKOB 10j[uepKUBaHus. Kciu onieparop
HAUMHAETCS HE C METKM, CIUTAETCS, UTO STOT oleparop He mmeeT MeTKu. Ko-
Hell orepaTopa 0003HaYaeTcss TOUKO ¢ 3ansiToit. B panabHeiineM npu onucannu
CHHTAKCHCa OIepaTopoB MbI HE YIIOMHHAEM BO3MOXKHOE HAJMUHE Y OllepaTropa
METKH, 9TOObI HE 3aI'POMOXK/IATh TEKCT.

B s13bIKe IPUCYTCTBYIOT CJIEAYIONINAE OMEPATOPDI:

e oIepaTop IpHUCBAaUBAHUS

e orneparop 6e3ycI0BHOTO Mepexojia (goto)

e ycisioBHbIi oneparop (1f)

e omepaTopbl UrpoBbIX JedicTBuil (buy, sell, prod, build, upgrade wu

endturn)
® OmepaTop OTJIAJOUTHON medarn (print).

4.2.2 Apudmeruka. Beipakenus

B si3bike nojyiepKuBatoTcest apudMeTHIecKie olepainy CJI0KeHus (+), BblYuTa-
HUst (=), yMHOXKEHUs (*), HeJOUUCACHHOrO JieieHust (/), BBIYUCJIEH st OCTaTKa OT
nesenusi (%), a TaKyKe Olepalluy CpaBHeHust (<, >, =) U JIOTHIECKUe OlepaIinui
(&, 1, 1). Obsizaresbra mojiep:kKa yHapHoro Munyca. Onepanuu cpaBHEHUsT
BBIJIAIOT 3HadeHne 1 i obo3HadeHus ueTuibl u 0 11 obo3Hadenus Ku. JIo-
IUYECKHUE ONePAINU WHTEPIPETUPYIOT 9ncyo () Kak JI0XKb, BCE OCTATLHBIC TNCIA
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— KaK ucTtuHy. Pesyiabrarom Jjioruueckoit onepaium MOTyT ObITh TOJBKO UMCJIA,
Owu 1.

Haubospimnit npuopuTeT UMEOT YMHOXKEHHUE, JIeJIEHHe W OCTaTOK OT JieJjie-
HU, CJEJYIOIIUI YPOBEHb [IPUOPUTETA UMEIOT CJIOXKEHUE U BblUUTaHUE, ollepa-
MM CPaBHEHUSI UMEIOT HUBIINWI IPUOPUTET.

B kagecTBe onepaH 0B MOI'YT BBICTYIIATh KOHCTAHTbI, IIEPEMEHHbIC 1 00Pa-
IEHUSI K BCTPOEHHBIM (DYHKITHSIM.

B BohIpakeHusix MOTYT IIPUCYTCTBOBATH KPYIJIbie CKOOKM JII000# BJIOXKEHHO-
CTH.

4.2.3 llepemennbie. Maccusbl. IlpucBanBanus

Ilepemennble B sI3bIKe MMEIOT MMeHa, HaunHaloIluecs co 3Haka “$7. B nmenn
epeMeHHOI MOI'yT MPUCYTCTBOBATE JIATHHCKUE OYKBBI, IM(MPHI 1 3HAK MMTOLIEP-
KuBaHus. [Tocse nMenn mepeMeHHol MOXKeT CJIeJI0BATh YKa3aHue NHIEKCa — IIPO-
U3BOJIbHOE apu@METHIEeCKOE BblpaXKeHHe, 3aK/II0UeHHOE B KBa/IpaTHbIe CKOOKHU.
OnucbiBarh epeMeHHbIe He TPeOyeTcs:; HepeMeHHast 3aHOCUTCsT B TADJIUILY 3HA-
JeHHl IepeMeHHbIX B MOMEHT IEePBOTO IIPUCBANBAHNUSI.

Oneparop npucBauBaHusl UMeET CJICIYIONINA CUHTAKCHUC:

<npucBauBaHue> ::= <IepeMeHHad> = <BHpaxeHue> ’;’
<nepeMeHHaa> ::= <uMd_IIepEMEHHOU> |
<uMs_nepeMerHo#> ’ [’ <BhpaxeHue> ’]’

Moxkmno 3aMeTuTh, UTO HUKAKuE JIpyTue OMepaTopbl MOJIEILHOTO SI3bIKa He
MOI'YT HQUMHATHCH C IEPEMEHHOI, TTO3TOMY MepeMeHHasd, BCTpeYeHHasd TP aHa-
JIN3€e B HaYaJe OlepaTopa, OJJHO3HAYHO YKa3bIBaeT Ha TO, YTO AHAJIU3UPYEMbI
orepaTop ABJAETCA ONEePaTOPOM NMPUCBAUBAHUA.

[Tpumepbl o1epaTopoOB IPUCBAMBAHUSI:

$a = 5;

$b[4] =15 ;
$b[$al= $b[4]+3;
$c=($a+10) * $b[5];

Ob6parure BHEMaHKE, 4TO 110 00€ CTOPOHBI OT 3HAKA, IIPUCBAUBAHUS JIOIYCTUMO
J11000€ KOJINYECTBO IIPOOETbHBIX CHMBOJIOB.

Jlist yupoineHusi peajin3aiii MOXKHO PACCMATPUBATH JIEMEHTbI MACCHBa,
KaK CaMOCTOATEJIbHbIE IIePpEeMEeHHbIE; TIPU 9TOM UHJICKC CTAHOBUTCA 4YaCTbhIO UMe-
Hu repemeroii. C TOUKM 3peHusT HHTEPIPETATOPA JIEMEHT MACCUBa CTAHOBUT-
Csl B TAKOM CJIydae CBOEOOPA3HOM IepeMeHHOl, YacTh UMEHM KOTOPOH BBIUUC-
JIsleTCsT B MOMEHT HMCIIOJIHeHUsI onieparopa. Kciaum paccMarpuBaTh TOJBKO €TO
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PUBEJIEHHBII TTPUMEp, TO TOCJE BBIMOJHEHWS TaKWX OMEPATOPOB B TaOJIUIIE
3HAUEHUI MTepEeMEeHHBIX JIOJYKHbBI TOSIBUTHCS:

® [lepeMEeHHas C UMeHeM ‘@’ U 3HAUYCeHHEM D;

e 1iepeMenHas ¢ umenem “b[4]” u 3nauenuem 15;

e 1epeMeHHas ¢ uMmeneM “b[5]” u 3Hauenuem 18;

e liepeMeHHasi ¢ uMeHeM ‘¢’ u 3Hadenuem 270.

4.2.4 YcJoBHBIII ormepaTop

YCIOBHBIN OnepaTop UMeeT CJAeYIONNil CMHTAKCHC:
<ycnoBHHIi_omepaTop> ::= ’1f’ <sBmpaxerue> ’then’ <omepatop> ’;’

[Ipu anajuze oneparopa CjejyeT CIUTbIBATH BhIPaXKEHUE J0 TeX 0P, 10Ka
He BCTPETHUTCS JIeKceMa, He SBJIAIONAACA 3HaKOM Ollepallii, KOHCTaHTOM, Te-
peMeHHo nian obpaiierHueM K GyHKInKU. B jaHHoM ciiydae cieyiomieil 3a Bbl-
paXkKeHneM JI0JXKHA OKa3aThes JekceMma then. Oneparop, crosimuit mocse then,
JIOJIKEH OBbITh NMPOAHAJIM3UPOBAH, OJTHAKO €0 BBIIOJHEHNE JIOJIXKHO ITPOU30NTH
TOJILKO B CJIydae, €CJIM BbIYUCICHUE BbIPAXKEHUs JIaJI0 PE3yJIbTar, OTJUIHbINA OT
HYJIS.

4.2.5 Bcrpoennbie pyHKIIUM AJd IOy YeHUS UTPOBOil mH(pOpMannum

st ynobcTBa aHajnM3a MOXKHO BBECTH COLJIAIIIEHHE, 110 KOTOPOMY BCE MMEHA
dyuknuit HaunHaTCs co 3Haka ‘7?7, Mst pyHKIIMU MOXKET COCTOSITh U3 JIaTUH-
cKuX OYKB, nudp 1 3HAKa MOIUIepKABAHUs. Ecan (DyHKINS nMeeT apryMeHThbl,
TO BeCJieJ 38 UMeHeM (DYHKITUN JIOJI?KHO HJITH 3aKJIOUEHHOE B KPYIJIbIe CKOOKH
nepevuc/ieHue napamMmerpoB (pyHKIUMN dyepes3 3anidTyio. B MuHuMaJ/bHbii HAOOP
byHKIMit, 0becreanBaroONuil JOCTYII KO BCeil HIPoBoii nH(MOpMAIIH, BXOIST:
e 7my_id (6e3 mapaMeTrpoB) — BbIJIAeT HOMED UIPOKA, IIPUCBOCHHBIN cepBe-
pOM HaleMy poOoTy;
e 7turn (6e3 napaMeTpoB) — BbIAET TEKYIHil HOMep X0j1a (YCJIOBHOIO Me-
CSATIA);
?players (6e3 mapaMeTpoB) — BbIIaeT 00IIee TUCI0 UTPOKOB;
7active_players (0e3 napamMeTpoB) — BbIIAET KOJIUIECTBO UIPOKOB, [IPO-
JIOJIKAIONUX UIPY (T.€. He OOAHKPOTUBIIUXCS U HE BBIMIE/IINX U3 UIPBI
K HACTOSIIEMY MOMEHTY );
e 7supply (6e3 mapamMeTpoB) — BBIJAET KOJUIECTBO ChIPbs, BHICTABICHHOE
OaHKOM Ha, TPOJAXKy Ha, TEKYIINi XOJI;
e ?raw_price (6e3 mapaMeTpoB) — BBIJAET MUHUMAJBHYIO CTOMMOCTH Chi-
phsi, ONpeJIeIeHHYI0 DAHKOM Ha TEKYIIUil XOI;
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e 7demand GﬁB HapaMeTpOB)AfBbuyﬁﬂ*KOﬂMqECTBo:HpOAyKuHM,KOTopyK)
OaHK HAMEepeH KYIHUTh Ha TEeKYIIeM XOMIY;

e ?production_price (0e3 mapamMeTpoB) — BBLIAET MAKCHMAJIBHYIO IEHY
HPOJLYKIIMK, OLIPEJIEJIEHHYI0 DAHKOM Ha TEKYIIUN XOJI;

e 7money (OjiMH mapaMeTp, HOMED UTPOKA) — BBIIACT KOJUIECCTBO JCHET Y
3aJIAHHOTO MI'POKa (cooTBeTcTBeHHO, 7money (?my_id) BbIIACT KOJMUe-
CTBO JIEHET Y UTPOKA, yIPABJISIEMOrO HAIIUM POOOTOM );

e ?raw (OJWH NapaMerp, HOMED MIPOKA) — BBIJAET KOJUYECTBO ChIPhs Y
3aJITAHHOTO UTPOKA;

e 7production (ojuH mapamMeTp, HOMEp UI'POKA) — BBIJIACT KOJUICCTBO TO-
TOBOI NPOJYKIIMA Y 3a/JaHHOIO UI'POKA;

e 7factories (oJuH mapaMerp, HOMEp UTPOKA) — BbIIAET 00Iee KOoJutde-
ctBO (paboraioiiux) GabpuK y 3aJlaHHOIO0 UIPOKA,;

e 7auto_factories (0oJuH mapameTp, HOMEp UTPOKA) — KAKOE KOJIMIECTBO
(dabpuK JIAHHOIO UTI'POKA, SABJISIIOTCS aBTOMAaTU3MPOBAHHBIMU;

e 7manufactured (ouH Mapamerp, HOMEp UIPOKa) — CKOJIBKO €JIHHUIL [TPO-
JIVKIIMW TTPOU3BEJIeHO Ha, (pabpuKax JAaHHOIO UI'POKA Ha MPEIbIIyIIEM
XOAY;

e 7result_raw_sold (ouH mapamerp, HOMEp UTPOKA) — CKOJIBKO €JIMHUII
HPOJLYKIIMK 1TPOU3BeIeHO Ha (hpabpuKax JIaHHOT'O UI'POKA Ha MMPEJIbIIy-
IeM XOJ1y;

e 7result_raw_price (ojuH napamerp, HOMEp MIDOKa) — €CJIM JIAHHBI
UTPOK TMOKYIIAJ ChIPbE Ha MPEAbIAYINEM XOJY, BBIIACT IEHY, IO KOTOPOi
COBEpIIEeHA TIOKYITKa, B TPOTUBHOM CJIy4Yae - HOJIb;

° ?result_prod_bought(OAHHrwpaMeTp,HOMepLHpOKa)—(KOﬂbKoeAH—
HUIL IPOJYKIMKY OAaHK KYIIMJI Yy JAHHOI'O UI'POKA Ha IPEJIbLIYIIEM XO/IY;

e ?result_prod_price (ojuH Hapamerp, HOMEP UIPOKa) — €CJIU JIAHHBI
UT'POK MPOJIABaJI MPOJYKIUIO HA MIPEJIbIIYIIEM XO/Y, BBIIAECT IIeHY, 10 KO-
TOPOW cOBEpIIeHa 1POJIaKa, B IPOTUBHOM CJIy4ae - HOJb.

4.2.6 BcTpoennbie oniepaTopsbl JJis COBEPINIEHUS UTPOBBIX AENCTBUI

OnepaTopbl JiJisi COBEPIIEHNS UI'POBBIX JEHCTBUNA UMEIOT CJIEIYIONINNA CHHTAK-
CHC:

<urposou_omnepaTop> ::= <umMal0> ’;’ |
<umal> <omepaszm> ’;’ |
<uma2> <omeparpgl> ’,’ <omepaxm2> ’;’

<mmMa0> ::= ’endturn’

<mmsal> ::= ?prod’ | ’build’

<umMsg2> ::= ’buy’ | ’sell’
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MunumasbubIl HAOOP ONEPaTOPOB BKJIFOUAELT:
e buy <xonauuecTBO> , <I€Ha> — BBLICTABUTHL 3asdABKY Ha IMOKYIKY 3a/aH-
HOT'O KOJIMYECTBa CBhIPhS MO 3a/JaH0i IeHe;
e sell <rkommuecCcTBO> , <IEHA> — BLICTABUTDH 3asIBKY Ha IIPOJIAXKY 38, aH-
HOT'O KOJIMYECTBa MPOJIYKITUH 10 33aHHOM TeHe;
e prod <KOIMYECTBO> — 3AIYCTUTH B IIPOU3BOJICTBO 3aJ[AHHOE KOJUIECTBO
POy KITUH;
e build <xoaM4ecTBO> — HA4YaTh CTPOUTEHLCTBO 3aJJAHHOIO KOJIMUYECTBA
dabpuk;
e endturn — COOOIMUTH CepBEPY O 3aBEPIIEHUH XOa M JIOXKIAThCs cO0DIIe-
HUST OT CepBepa O TOM, 9TO HAYAJICS HOBBIN XO/I.
Bo Bcex caydagx omepaH bl TPeJICTaBIAIOT OO0 MPOU3BOJIBHBIE JIOMYCTUMbBIE
aprudmernueckne BuIpaykerus. Jjist MpoBepKu MPaBUILHOCTH CHHTAKCHACA WC-
OJIBL3YETCSA CUMBOJI *;”, 0003HAUAOIINI KOHEIl OIlepaTopa.

4.2.7 OmnepaTop OT/JIaJ0YHOI medyaTn

Omnepatop OT/IaJOYHOM medaTn UMeeT CJIeIYIONUi CUHTaKCHC:

<omepaTop_mnevaru> ::= ’print’ <m_cmucor> ’;’
<II_COucox> 1= <m_sjeMeHT> | <m_sjeMeHT> ’,’ <I_CHOHUCOK>
<n_sJ1eMeHT> <Bhlpaxenue> | <cTpoxa>

Crpoka npejcrapisier coboit MTPOM3BOJIHHYIO CTPOKY CHMBOJIOB, 3aKJIIOUEHHBIX B
JIBOIiHBbIE KaBbIUKK. TakuM 0Opa3oM, CIUCOK IIapaMeTpPOB OIepaTopa OTJIa 0u-
HOW TledaTy OKa3hIBAETCS B PACCMATPUBAEMOM MOJIEJHHOM SI3bIKE €JIMHCTBEH-
HBIM MECTOM, I'JIe JIOMyCTUMa TeKCTOBasI KOHCTAHTA.

OmnepaTop oTJIaJOYHON euaTH oOpabaThbIBaeT CBOU IapaMeTpPhbl CJieBa Ha-
npaBo. BerpedenHble CTPOKKM CMMBOJIOB BBIIAIOTCS Ha CTaHIAPTHBINA BHIBOJI;
BCTPEUYEHHBbIE BBIPAXKEHUST BBIYUCJISIOTCS U BBIJAIOTCS MX pe3yJbTaTbl. Konerr
CITUCKA, TTapAMETPORB OIPEJIeJIsIeTCs 110 BCTPEUEHHOMY CUMBOJIY ;7.

4.2.8 IIpumep nmporpaMmbI-clieHAPUS

Cureyrolas IporpaMma 3a/1aeT IPOCTEHIIYI0 CTPpATEernio UI'PhI: Ha KAXKJIOM XO-
Jly TBITAEMCSI KYIIUTh 2 €JIMHUIbI ChIPbs 110 MUHUMAJILHON IeHe, MPOJIaTh BCIO
MUMEIOIIYIOCS TPOJIYKIIMIO IO MAaKCUMAJbHOMI IIeHe, U IPOU3BECTH CTOJILKO IIPO-
JYKIMH, CKOJIBKO MMEETCs ChIPbst, HO He DOoJIbIle JBYX (ITOCKOJIbKY Mbl HUKOT/IA
He cTpouM (abpHUKH, siCHO, ITO OOJIbIIE JIBYX €IUHUI] MbI IIPOU3BECTH HE CMO-
KeM ).
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@begin:
print "9To xom HoMep" Yturn ;
buy 2 7raw_price ;
sell 7production(?my_id) ?production_price ;
$toprod = 2;
if ?raw(?my_id) < $toprod then
$toprod = ?raw(?my_id) ;
prod $toprod ;
endturn ;
goto @begin ;

Yurure, 4TO dTa NPOrpaMMa-CIEeHAPUNl MPUBEJeHa UCKJIIOUYUTETbHO JIJIst
npuMepa. Ha mpaxTuke BaM cjielyeT caMOCTOSITEJILHO pa3padoTarh ClieHApUN
JIIs CBOMX POOOTOB, NMPUYUEM CIIeHApUK ropasjio OoJiee CJIOYXKHbIE, HEXKEU TPH-
BEJICHHBIH BBIIIE. 3AMETHM, 9TO JIAXKe JIJIst CJIydasi COBCEM MPOCTON MPOrpaMMbl-
CIleHapHs CJeJyeT, IO-BUJIMMOMY, U30eraTh CUTyaruii 0aHKpPOTCTBA, HACKOJILKO
9TO BO3MOXKHO, T.€. He [10JIaBaTh 3adBOK Ha MOKYIIKY CbIPbsd U Ha IIPOU3BO/ICTBO,
€CJIM Ha BBINTOJIHEHUE 3a5BKU HE XBATAeT JICHET.

4.3 KiuameHTckas 49acTh NporpaMMbl

[To-BuiMMOMY, YCTAHOBUTDL COEJIMHEHUE CJIEYeT Cpa3y IocJe TOro, Kak 3aBep-
IMTeH aHAJIN3 BXOIAHOTO (haiijia co clieHapueM, 0 Hada/ia BbIIOJHEHNsT CIIeHAPWST
(MOCKOJIBKY MTparMaTyKa si3bIKa, CIIeHAPUsT PEJIOIAraeT, YTO COSJIHHEHUE YIKe
YCTAHOBJIEHO).

AJipec u 1OPT MIPOBOIO CepBepa Ballla MporpaMMa JOJXKHA IOJYIUTh B
KadecTBe CTapTOBBIX MapamMeTpoB. CucTeMHbIE BBI30BBI, HEOOXOUMBIE JIJIsST Op-
rapmsaiun TCP-knnenta, onucanbl B §2.5.1.

Ecau mpoTokos paboThl ¢ cepBepoOM OpraHu30BaH TaKUM 00Pa30M, UTO cep-
BEpP MPHUCHIIAET KaKre-1n00 JaHHbIe KJINEHTY TOJHKO B OTBET HA 3alIPOC U HUKAK
nHave, IPU peau3aluu podoTa MOXKHO 00oiiTuch 6e3 BbizoBa select (). Jlocra-
TOYHO TIPU WHTEPIIPETAINN CKPUIITA, B CJydasx, KOrJa HeoOXouMo obpalieHue
K CepBepy, lepejiaTh JaHHbIE cepBepy U Cpasy Jjiarh Bbi30B read(), KOTOPbI
3a0JIOKHpYeT Ballly MporpaMMy JI0 PUX0Jia TaHHBIX C cepBepa. Ilpu sToM cieiyer
AMEeTh MEXaHU3M, ¢ TTOMOIIBIO KOTOPOTO MOXKHO OIPEJIEJNTh, 3aKOHYNJI JIU CEPBEp Mepeiady
WK TOKa Iepegano He Bce. MoxKHO IpeaycMOTPETh B BhLJAYe cepBepa KaKoi-Iub0 Ipu3HaK
KOHIIA COODINEeHNsI, HAIPUMED MYCTYIO CTPOKY.

B ciyuae, eciin cepBep MOXKeT TPHUCHLIATH KJIUEHTY KaKylo-Jubo nHpOp-
MaIIIIo 10 CBOEH WHUIMATHBE (HAIIpUMEp, COOOIIEeHNe O JICHCTBUSIX JIPYTUX WT-
POKOB), cJjiejlyeT MpejlyCMOTPeTh MPOBEPKY MOTOBHOCTH COKeTa K YTEHHI0. DTO
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MOXKHO CJIeJIaTh, HAIIPUMED, C TTOMOIIHIO BbI3oBa select () ¢ HyJIeBbIM 3HAUYCHU-
eM TaiimayTa. Ecam maBaTh Takoil BBI30B, HAIPUMED, MOCIE BBITTOJTHEHNA KarK-
JIOTO ollepaTopa ClieHapus, MOXKHO OTCJIEJUTh MOMEHT, KOrJia CepBep MPUCIaJ
KaKue-Jimbo JIaHHbIe, TPOUYUTATh UX U3 COKeTa, 1POaHaJIu3uPOBaATh, COXPAHUTH
IOJIYICHHYIO NH(MOPMAIMIO B JIOKAJbHBIX [IEPEMEHHBIX U MPOJOJIXKUTH UHTEP-
[peTaIUIO CIIEHAPUS.

4.4 JlekcnmuyeCcKMii 1 CUMHTAKCUYECKNIT aHAJIN3

HeoOxomuMmble B Haleil 3ajade MeTO/Ibl aHaJM3a U WHTEPIPETAIuid U3JI0XKEHbI
B 110c00KU [5], H09TOMY B HACTOSIIEM U3JAHUM Mbl OIPAHUYUMCS PEKOMEHIallu-
sIMHA, CHenuUIHBIMY JIJI KOHKPETHOMN 3a,/1atM.

AHnanu3 Tekcra CIeHAPHUSI PEKOMEHJIYeTCsl BECTH B J[Ba 9Talla; Ha [ePBOM
STale IIPOBECTU JIEKCHUYECKUI aHaJU3 TEKCTa, T.e. MPEJICTAaBUTh TEKCT B BHUJIE
CTTMCKa JIEKCEM, Ha BTOPOM - MPOBECTH CHHTAKCHYECKUI aHaJn3 W mpeodpa-
30BaTh CIMCOK JIEKCEM BO BHYTPEHHEe IpeJICTaBJeHre, KOTopoe Oyjaer yio0HO
wHTeprpeTupoBaTh (Hampumep, [10JIN3).

Daza JEKCUIECKOI'0 aHaJM3a, MOXKET ObITh IIPEJEJbHO YIIPOIIeHa OJ1aroja-
psg 0COOEHHOCTSIM BXOJHOTO sizbika. Hampumep, s omucannoro B §4.2 sA3bIKa
CYHIECTBYIOT CJIEJIYIOITHE JIEKCEMbI:

e Paznenmrenu, a UMEHHO CHUMBOJILI apU(PMETHUIECKUX Olepanuii +, -, *,
/. h, <, > =, & | m !; Kpyrjible u KBaJIpaTHble CKOOKHU; Pa3/eanuTesb
OIIEPATOPOB — CUMBOJ ;7 pa3Jie/InTe/b ONepan 0B — CUMBOJI *,;

LenouncieHrbie KOHCTAHTHI (HEPEPhIBHAST TTOCJIEI0BATEIHHOCTH TIHMD);
CTpOKOBbIE KOHCTAHTbHI ([IPOU3BOJIbHAS CTPOKA CHMMBOJIOB, 3aKJIFOUCHHAST
B JIBOHBIC KABBIUKH);
mena nepemMentbix (MMena, HaduHamoomecs ¢ $);
NMena MeToK (MMeHa, HATMHAIONHECS ¢ @);
Nmena dyskiumii (MMeHa, HaunHAONIEC ¢ 7);
Kmouesnie cioBa if, then, goto, print, buy, sell, prod, build u
endturn.
Bo Bcex MMeHaxX MOTYT MPHUCYTCTBOBATH TOJBKO JATUHCKHWE OYKBBI, TTUMPHI 1
3HAK MMOIEPKUBAHNA, TaK ITO JTIOOOH CHMBOJI, HE BXOJISIIUI B 9TO MHOYXKECTBO,
cJiejlyeT paccMaTpuBaTh KaK HPU3HAK KOHIA JiekceMbl. Jjist pasjiesienusi jekcem
MOTYT UCIOJIB30BATHCS ITPOOEJIBHBIE CUMBOJIBI; OTJEATD JIEKCEMbI-Pa3/1e/ TN TE T
OT JIPYIUX JIEKCeM TpobesaMu He 00s3aTesIbHO (OHM SIBJISTIOTCS PA3JIeTUTeIIsIM I
camu 10 cebe).

[TockosibKy MMeHa pas3JieieHbl 110 TUIIAM eIle Ha JTalle JIEKCUIECKOTO aHa-
JIN3a, CHHTAKCUYECKUil aHaJN3 TaKXKe OKAa3bIBAETCS JOCTATOYHO MPOCTBIM; €ro
MOYKHO IPOBECTU METOJIOM PEKYPCHUBHOrO ciiycka. () TOM, Kak 9TO JiejlaeTcs,
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Puc. 1: JInuarpamma COCTOSTHUIT JIEKCUYIECKOT'O aHAJIN3aTOPa
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MOYKHO y3HaTh U3 1nocobust [5].

Eciu peanusyemblii BAMH sI3bIK OTJIMYAETCS OT ONKCAHHOTO BBIIIE, BO3MOXK-
HO, UTO €ro aHaJu3 OKaxkKeTcst DoJiee CJIOXKHOMN 3ajadeit. B jirobom ciydae, 1no-
cTapaiiTech COXpaHUTh CUHTAKCHUC SI3BIKA JIOCTATOUHO MPOCTBIM, YTOOBI MOYKHO
OBLIO TPUMEHUTH METOJI PEKYPCUBHOIO CITyCKa.

4.4.1 Peanusaliugd JeKCUIECKOT0 aHAJIU3ATOPA

[TockousibKy 3ajianne BbinoJHsIeTcs Ha si3bike G-+, ciiejryer, 6€3yC/I0BHO, MOIbI-
TATbCA UCIOJb30BATH OOBEKTHO-OPUEHTUPOBAHHBIE CPEJICTBA ITOr0 dA3bIKa. B
YaCTHOCTH, JIEKCUYECKUI aHaJIu3aToOP MPeJICTaB/seT coboil 11o/3a1a4y, Ha TPU-
Mepe KOTOPOit MOYKHO OCBOUTH €JBa JIM HE caMoe IUPOKO HUCIIOTh3yeMoe CBOii-
CTBO O0'bEKTHO-OPUEHTUPOBAHHOIO NMPOrPAMMUPOBAHNS — MHKATICYJIAIIAIO.

[Ipexxe Bcero 3aMeTnM, 9TO JIGKCUYCCKWH aHAJIU3aTOp, MOCTPOCHHBIN Ha
OCHOBE PEryJISiPHbIX TPaAMMaTHUK, MPEJICTaB/IsgeT COOON KOHEUHBII aBTOMAT, Ha-
XOAAIIUANCA B OJIHOM U3 IIPEJAONPEICJICHHBIX COCTOAHUA U UMEIOIIUNA, B JIOIIOJI-
HEeHWe K 9TOMY, HeKnii Oydep 1 HaKOIJIeHns TeKyIrei JekceMbl. Ha Kax oM
mare padoThl aBTOMAT CUUTHIBAET OYEPEJIHON CUMBOJI U B 3aBUCUMOCTH OT €0
3HAYEHUS MIEPEXOJIUT B JIDYTHE COCTOSHUSA, a TaK»Ke BBITIOJHIET HEKOTOPbIE JI0-
MOJIHUTEJILHBIE JICHCTBUS.

Ha puc. 1 mpuBejieH puMep JMarpaMMbl COCTOSHUH JIEKCHIECKOTO aHAJIU-
3aTOpa, COOTBETCTRYIOIEro onmucannomy B §4.2 si3piky. HauasnbHoe cocrosinme
apromara noMmeueno Oyksoit H. Cocrosgnne N cooTBeTCTByeT aHAJN3y IEJIOTO
quciia, cocrognue I — ananusy unentudukaropa (MMeHE TepeMeHHOM , DyHKITHNT
win Merkn ), cocrosiine K — anasusy kioudesoro ciosa. Cocrosinne A UCosib-
3yeTCst JJ1st BBOJIA 3HAKA IPUCBAMBAHUSA : = (HUCIOJIH30BATH OT/IC/ILHOE COCTOSTHUE
IPUIIIIOCEH B CHJTY TOTO, YTO JIEKCEMa := COCTOUT U3 JIBYX cuMBOJIOB). CocTrosine
S ucnosb3yercsd i 00PabOTKM TEKCTOBBIX KOHCTAHT.

Cuenryer obparuth BHUMaHMe, 910 Bbhixo n3 coctosinuit N, I n K npoucxo-
JIAT TIPU OOHAPYKEHWH Pa3JIeUTEbHOIO0 CUMBOJIA, KOTOPBIi, BOOOIIE roBOpSI,
MOXKeT ObITh JacThIO CJeyole Jekcembl. [ToaToMy 1npu BbIxojie U3 3TUX TPEX
COCTOSIHUI cJiejlyeT 1epe/)| BO3BPpATOM B HaudaJlbHOE COCTOSIHUE BEPHYTH HPOYU-
TAHHBI CHUMBOJI BO BXOJIHOM TOTOK, UTOOBI OH OLLI CHOBa IMpOaHAJM3UPOBAH
Ha cieyiomem mmare. CooTBETCTBYIONINE MEPEXOJIbl HA, JIUarpaMMe MOMeYeHbI
Ha Iuchio ungetc ().

[Tosryuenue curyanuu “koner, aiiia’ MOXKHO pacCMaTPUBATh Kak OINIUOKY
BO BCEX COCTOSIHUSX, KpOMe HadaJbHOro. T.e. HauabHOE COCTOSHUE aBTOMATA
MOXKHO OO'bSIBUTH U €JMHCTBEHHBIM JIOTTYCTUMbIM KOHEUYHBIM COCTOSTHUEM.

HeiicTBus 1o popMUPOBAHUIO JIEKCEM Ha, JUarpaMMe HUKAK He OTParKeHbI.
[Tpenmonaraercst, 4To BCe aHAJU3UPyEMbIe CUMBOJIbI, KPOMeE MPOOE/IbHbIX, CO-
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XPaHSIOTCsT B HAKOUTETHLHOM Oydepe, comep:KuMoe KOTOPOTO TTOCIe CINThIBa-
HUsI TIOCJIETHETO CUMBOJIA JIEKCEMbI ITpeodpa3yercss B 0UepeiHoit 00beKT, Ipe/l-
CTaBJIIONINI JieKceMy. JIerko 3aMeTUTh, 4To odepejiHast Jekcema (hopMUpPyeTcs
BCSKW pa3 pu BO3BpaTe B HAYAJbHOE COCTOSTHUE, €CJIM TOJIHKO HAKOIUTEIbHbBIH
oydep He myCT.

fcHo, uTO peasin30BaTh JIEKCUYECKHUI aHAJMU3ATOP JIydIlle BCETO B
BH/I€ KJIACCA, CKPBIB B €ro MPUBATHON YaCTH COCTOSHHE aBTOMATa U HAKOIIHU-
TesibHbIN Oydep. Bo3aMoxKHbBI, HAIIPUMED, CJICJLYIONINE MT0/IX0/Ibl K OpTraHu3alliu
9TOr0 KJacca:

e KoHcrpykTop KJjacca He MMEET [apaMeTpoB; ero (pyHKIHMH CBOJIATCA K
VMHUIMAJN3AIME HAKOIUTEIHHOTO Oydepa. AHaJin3 BbIIIOJTHSIETCs TPU BbI-
30Be MeTona Run(), UMEIOIEro OJnH IapaMeTp — OTKPBITLIA Ha ITeHHe
daiisn (morok). M3 91010 notoka aBroMar MHOCKMBOJIBHO CUUTHIBAET T0JI-
Jexkamuii anagn3y Tekct. Meroj Run () Bo3Bpaliaer ajpec mepBoro 3Je-
MeHTa ¢hOPMUPOBAHHOTO CITHCKA JIEKCEM.

e KoncrpykTop Kjacca MOJy4daeT Ha BXOJ OTKPBITBI Ha dYTeHHE
daiin (morok). 3amyck aBTOMaTa OCYIIECTBISAETCS BBI30BOM METO/A
GetNextLexem() (6e3 napamerpos). Asromar paboraer jj0 MoMenTa Gop-
MUPOBaHUsl JIEKCeMbl, 1ocjie dero meroj; GetNextLexem() BosBpalaer
chpOpMUPOBAHHYIO JIEKCEMY JIMOO HEKOTOPOE CIIelnabHOe 3HAUYeHUE, 000-
3HavaoIIee Koner aiiia.

e KomncrpykTop kjacca ne mmeer mapamerpos. Meros kiacca Step () nmeer
OJIVH ITapaMeTp — OUepeIHOI CUMBOJI B TIOTOKe. [Ipu BbI30BE 5TOTO METO/1a
aBTOMAT MPOM3BOANT OfWH mar'®. B ciydae, ecinm B pesyibrare odepei-
HOro Iara copMmupoBaHa Jekcema, Step() BO3BpalaeT Ty JeKceMy,
B TIPOTUBHOM CJIydae BO3BPAIACTCS CIEIUAJbHOE 3HAUYCHUE (HAIPUMED,
HYJIEBO# yKasaTelib, 1 T.I1.), 0003HAUYAOIIee, YTO JIEKCeMa elle He TOTOBA.
ObpaboTka KoHIa (paitja B 3TOM ciydae BO3JIAaraeTcsi Ha BbI3bIBAIOIIEIO;
9TOOBI HE TTOTEPSATH MOCTEHIOI JIEKCEMY, CJIEYeT 0 JIOCTHXKEHUU KOHIIA
daitna BozBaTh Step () erme pas, nepejiaB eMy CUMBOJ MTPOOea.

Bo3MOXHBI, pasymeercst, n JAPyrue MOAXOJbI K OPraHW3aIlnN KJIAcca, JIEKCHIe-
CKOT'O aHAJIM3aTOPA.

BarkHO Tak»Ke yJeJIUTh BHUMAHHUE IIPEJICTABJICHUIO IIOHATUS <JieKceMas. B
11ocobuu|b| mpejiaraercst UCHOJIB30BATH CTPYKTYPY U3 JIBYX UHUCEN, OJJHO U3
KOTOPBIX IIpeJICTaBJisgeT coOOIl HOMEp THUIIA JIEKCeMbI, BTOPOE — HOMEpP CaMOii
JIEKCEMBI B COOTBeTCTBYyIOIIEH Tabsnie. Takoit 1momaxo nMeer MHOXKECTBO Ce-
PbE3HBIX HEJIOCTATKOB. [Ipexke Bcero, pasymeercs, HI B KOeM ClIydae He CJie-
JIyeT B sIBHOM BWJI€ YKa3bIBATh B MPOTPAMMe YHUCJIa, COOTBETCTBYIONINE THTIAM
JIEKCEM; JIJIsl 9TOIO CJICJIYeT BBECTH M MCIIOJIb30BATh HepedncyuMblii Tuil. [Ipo-

13B srom ciyuae omepanust ungetc() oTpabaThiBaeTcs PEKyPCUBHBIM BBI30BOM Step() ¢ Tem ke CHMBOIOM
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rpaMMa, HAITMCAHHAs ¢ UCIOJB30BAHUEM MIEPEUNCINMOr0 THIIA, TOPa3I0 JIydIile
YUTAETCS.

HaJjiee, e cienyer, pazymeercsi, (GOPMUPOBATH TaOJIUIIBI JIEKCEM B IJ100aJ1b-
HBIX IIepeMeHHbIX. EuncTBennas Tabinia, KoTopasi MOXKeT ObITh ONKICaHa TJI0-
6asIbHO — 3TO TabJINIIA KJIIOUEBBIX CJIOBM, OCKOJIBKY 3Ta TabJINIa HE MOJJIEXHKUT
M3MEHEHUTO.

OH U3 BO3MOXKHBIX TOJXOJ0B COCTOUT B TOM, UTOOBI XPAHUTH TAOIUIHI B
00beKTe JIEKCUIECKOTO aHAJIM3aTopa. TakKe MOXKHO OIKMCATh JIJjis TabJINI OT-
JIeJIBHBII KJIacC, CO3/1aTh €ro OOLEeKT M MepearTh aJpec 9TOro 00bLeKTa B KOH-
CTPYKTOP JIEKCHIECKOIO aHAJIM3ATOPA.

Hakonerr, moxxHo padborarsh n BooOIe 6e3 TabuIl; HalpuMep, 00beKT “JIeK-
ceMa’ MOXKET MpPEeJICTaBIATh CO0O0I CTPYKTYPY, OJHO I0JIe KOTOPOi — 9TO UJeH-
TH(MUKATOP TUIIA JIEKCEMBI, & BTOPOE — YKA3aTe/Ih Ha CTPOKY, XPAHSAILYIO CAMY
jgekcemy. st 9TOi CTPYKTYpPbl BECbMa, YKEJATEAbHO MPEJYCMOTPETh JIeCTPYK-
TOP, YHUUTOXKAMOIIKI COOTBETCTBYIONLYIO CTPOKY IPH YHUUYTOXKEHUH JICKCEMbI.
Tak>ke MOryT CyIIECTBEHHO OOJIEIYUTh »KU3Hb KOHCTPYKTOD KOIHUPOBAHUS U
ollepaTopbl CPABHEHUsI U IPUCBAUBAHUS.

YdaruTe, 4TO HPU Bbijade coobienuit 06 ommbke ciiejiyer yKasbiBaTh HOMED
CTPOKHU B aHAJU3UPyeMoM Tekcre. st aToro B o0bekTe “jekcema’ peKOMeH,1y-
eTCsl IPEJlyCMOTPETH eIlle OJHO MOJIe, XPAaHsIIIee HOMED CTPOKH aHAJIU3UPYEMOro
TEKCTa, B KOTOPO#l JaHHas JieKceMa Oblia obHapy:keHa. Jlejgo B ToM, 4TO mocie
JIEKCHIECKOTO aHaJIN3a TEKCT aHAJU3UPYEeMOTO CIeHAPHUsl MPEJICTABICH B BUJIE
Habopa, JJeKceM, T.e. DoJjiee He SABJISIeTCsT TEKCTOM, COCTOSIIIM 13 ¢Tpok. [TosTo-
My ecJii TH(POPMAIMIO O HOMePax CTPOK HE COXPAHUTH Ha, ITAIe JIEKCHICCKOTO
aHaJIN3a, JIAJIbIIe ee BOCCTAaHOBUTH HEBO3MOXKHO.

4.4.2 CuHTaKCUYECKHI aHAJIN3aTOP

Ha »srane cuHTakcrudeckoro aHajmsa Mbl paboraeMm ¢ JieKceMaMy B KadecTBe
CUMBOJIOB.

[IponsBoiuTh CHHTAKCHMYECKUI aHAJIM3 CJIejlyeT HauboJiee IPOCThIM U3 HPH-
T'OJIHBIX METOJIOB, 8 UMEHHO METOJIOM PEKYPCHUBHOTO CITycKa. /[ aToro mpexie
BCEr0 HEOOXOJIMMO BBITUCATH I'PAMMATUKY M30PAHHOIO SI3bIKA W IIPOBEPUTH €e
Ha IPUMEHUMOCTH PEKYPCUBHOIO ciiycKa. IIpu HeoOXoquMocTu cieyeT mpeod-
pa3oBaTh I'paMMaTHUKY.

Merosn peKypCHBHOTO CIIyCKa IPEINoJaraeT ONUCAHUe 3HAUUTETBHOTO KO-
JINYecTBa TPOLEyP (Ho OJTHOI Ha KaxK/Iblii HEeTePMUHAJbHBIN CUMBOJI I'PaMMa-

MMoxkno 06paTuTh BHEMaHIE, 9TO JEKCeMBI, COOTBETCTBYONINEe 3HAKAM OMeparuii +, -, *, / 1 T.I. Takxe
SABJIAIOTCS KJIIOYEBBIME CJIOBAMU; 110OCJe (ha3bl JIEKCHIECKOTO aHAIN3A HUKAKOHN PA3HUIIBI MEXK/1y OOBIYHBIMHA
KJTIOYEBBIMU CJIOBAMU W PA3JIEINTEIAMNA HET
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Tiku). Kpome roro, npu omucanum MeTojia peKypCHBHOIO CITyCKa OOBITHO yTIO-
MUHAETCsT TII0DATbHAST TepeMeHHAasT, XPAHIIIAs TEKYIINii CUMBOJT (T.e. TEKYIILYTO
JIEKCEMY ).

Acno, aro npu padore Ha s3bike C++ 311 HYHKIUN U IEPEMEHHYIO CJIEIyeT
MHKAIICYJIUPOBATH B OJUH OOBHEKT.

Kaxk u B ciiydae JIEKCHIECKOrO aHAJIN3a, BO3MOXKHBI Pa3HbIE IIOJIXO/IbI K IIPO-
eKTHPCOBAHMIO KJIACCA CHHTAKCHIECKOro anan3aTopa. O0ImuM B HUX SIBJISIETCS
TO, 9TO (PYHKIIUU, COOTBETCTBYIOIIUE CUMBOJAM IPAMMaTUKH, OPOPMIIAIOTCS B
BIJIE METOJIOB B IMIPUBATHOM YaCTH Kjacca. TakyKe B MPUBATHYIO YaCTh HEOO-
XOJUMO I[TOMECTUTDH II0JI€ JAHHBIX, XPaHsIee TeKyIlylo Jjekcemy. [IpuBarnoii
Oysier u QpyHKIHU “TIepexoj1 Ha CIeYIONLyIo JeKceMy .

[Ipu obHapy»keHnn ONMMOKM JIJIsT BHIXO/1a U3 TPOIEYD PEKYPCUBHOTO CITyCKa,
cJjieyeT MUCII0JIb30BATh MEXaHU3M MCKJIIOYeHui s3bika C++.

PekoMenjiyercst cHagaJia, cO3/[aTh CUHTAKCUIECKHI aHAJIM3aTOpP, CIIOCOOHDIN
IPOBEPUTH BXOJHYIO IEMOYKY JIEKCEM Ha COOTBETCTBHE 3aJJaHHON IpaMMaTHKe
U TIpU OIMKMOKe BBIJAIOIIUI OCMBICJICHHYIO JUATHOCTUKY C yKaszaHHEM HOMEpPA
CTPOKHU B aHAJU3UPYEMOM TEKCTE.

[Tocsie ornmagky B aHAJIM3ATODP CJEAYET BCTABUTH KOJ T'e€HEPaIud BHYT-
pPEHHero IpeJicTaBJIeHusI IporpaMMbl. JJis1 9Toro HeoOXonuMO peodpa3oBaTh
MCXOJIHYIO TPAMMATHKY B TPAMMATHKY C JIEHCTBUSIMHU JIJIST CHHTAKCHICCKH-
YIIPaBJISIEMOI'O 11€PEBOJIA, MMOCJE Yer0 BCTaABUThH COOTBETCTBYIOIIME JCHCTBUS B
HY>KHbIE MECTa KOJIa CUHTAKCUIECKOI'0 aHAJM3aTOPA.

Ob6s3aTeIbHBIM TPEOOBAHMEM K CHHTAKCHYECKOMY aHAJIN3aTOPY
SIBJISETCA OCMBICJIEHHAS JIMArHOCTUKA OMMUOOK. B ciiyuae, eciim Tekcr,
II0JIAHHBII HA BXOJ| aHAJM3AaTOPY, HE COOTBETCTBYET I'PaMMATHUKE sS3bIKa, HE0D-
XOJIMMO BbIJIATH COODINEHNE, COAePKaIlee HOMEP CTPOKH, B KOTOPOH MPOU3O0IILIa
omunOKa, ¥ KpaTkoe, HO MHMOPMATUBHOE coodIeHne o cytu omubku. Ilpu co-
CTaBJICHMU COOOIEHN 00 OIMMOKax PEKOMEHJIyeTcs CJe0BaTh IIPOCTOMY Ipa-
BIJIY: Ka>K/I0€ MECTO B Ballleii IporpaMme, B KOTOPOM IIPOMCXOJIAT 00-
Hapy>KeHune OmunoKM, JOJI>KHO TeHePpUPOBaTh CBOE, YHIUKAJbHOE CO00-
meHne. Tak, B KaxK/I0ii IPOoIeaype PEKYPCUBHOIO CIIyCKa OOBIYHO HPUXOIATCS
IpeJlycMaTpuBaTh HECKOJILKO IIPOBEPOK; KarK las U3 HUX JIOJI?KHA, IIPUBOJUTH K
reHepaluyu CBOero COOCTBEHHOI'O COODIIEHMST, OTJIMIHOIO OT BCEX OCTAJIbHBIX.

4.5 MHNMuarepuperanusa. I1I0JIN3

Pesynbrarom paboThl anajmzaTopa JOJKHO CTaTh BHYTPEHHEE MPEACTABICHUE
clieHapust, yo0Hoe Jiist JajbHedineil narepnperanyui. B kauecrse TaKoro mnpeji-
craBjieHrsi Mbl pekoMenjryeM ucrosb3osath [TOJIU3 (em. [5]).
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Polizltem Polizltem Polizltem

P next p next —= = ————={p next @

PolizElem PolizElem PolizElem

Puc. 2: Cuucoxk snemenros [10JIN3a

4.5.1 IIpumepHas CTPYKTypa JaHHBIX

Cuenyer 3amernth, uto semerTsl [TOJIN3a oTHOCSATCS K pa3sHbIM THUIIAM, OJI-
HAKO UMEIOT W ObIlue CBOiCTBa; OoJjiee TOrO, OHM JIOJKHBI XPAHUTHCS B BHUJIC
MOCJIEIOBATEHHON CTPYKTYPhI JIAHHBIX (MacCHBa WM CIIUCKA), TPH ITOM 00pa-
OaTbIBATHCS CXOKUMU METOJ[aMK, pabOTAIONMMK B 3aBUCUMOCTH OT THIIA JIAH-
Horo ssiemenTa [1OJIN3a. fcHo, aTo nonsTue “asemenm nosusa’ IpPecTaBisier
co0O# HpuMep MpeMeTHON 00J1aCTH, JIJIsi MOJIEJIMPOBaHUS KOTOPOH MPEKPaCHO
TOJTXO/TAT TTIOJIUMOPHAS Nepapxus KJIacCOB.

Xpanutb siementsl [TOJIN3a MokHO, HAIIPUMED, B OJJHOCBSI3HOM CITUCKE, a
METKH, UCIOJb3yeMble ONepaIlusiMU TTePeX0I0B, PEJACTABIATH YKA3aTeIIMU Ha
COOTBETCTBYIOIIEE 3BEHO CIUCKa (B OTJMYME OT 3HAYCHUST MHJEKCA B MACCHBE
9JIEMEHTOB, KaK 9TO mpejmaraercs B mocobnn [5]). Ilockonbky pasmbie seMenTo!
[TOJIN3a npepcrapiisiiorcst 0ObeKTaMn Pa3HBbIX KJIACCOB, 3BEHbsT CITUCKA, TOJIK-
HBI, TTO-BUIUMOMY, XPAHUTh YKA3aTeJIb HA COOTBETCTBYIONIUI OOBHEKT, a HEe caM
O0BEKT.

Hanee B 9ToM maparpade Mbl IpeJioaraeM, 9To 06a30BbIi KJIacC HepapXuH
“snemenTnt [TOJIN3a” nassiBaercs PolizElem, a cTpyKTypa [IJIst 3BEHA, CITACKA, —
PolizItem. [Ipumep crpyKTypbl JlaHHbBIX, PEJICTABJISIONIEH CIIMCOK 3JIEMEHTOB
[TOJIN3a, nokazan Ha puc. 2.

3aMeTuM, 9TO Takas CTPYKTYpa JAHHbIX HPUIOJHA KAaK JIJIs XPAHEHUST Ca-
moro [TIOJIN3a, Tak u Jijisi OpraHu3anuy cTeKa 3HaueHnii, HeoOX0IUMOr0 B IIPO-
[ecce MHTEPIPETAINN.

4.5.2 Tunst 3stemenTos 110JIN3a

Paccmorpum Tenepb MHOXKeCTBO HeobxouMbix TuioB 3jemenTor [1OJIN3a.
[Ipexxye Beero, ITIOJIN3 Moxer comepKaTh MEJOTUCTCHHBIE KOHCTAHTHI (HJIH
KoHCTaHTHl Tuia float, ecm B Bamem sizbike npepycmorpena apudmMernka ¢
miaBaroiieil Toukoit). Kpome Toro, B si3bike (hUTYPUPYIOT CTPOKOBBIE JINTEPA-
JbI (CTPOKOBbBIE KOHCTAHTHI), JiJIsi KOTOPBIX TOXKe HeOOXOIMMO TPEyCMOTPEeTh
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BO3MOXKHOCTH BKJogerust B [TOJINS.

Boobriiie, koHcTanToit HazbiBatoT Jitoboit ssement [1OJIM3a, koropsrii, Oy-
Jly9d BCTPEUYEH B MPOIECCe MHTEPIPETAIMI, CPA3Y XK€ 3aHOCUTCS B CTEK, TOCJIe
Yero MHTEPIPEeTAIHs IPOJOJXKACTCS CO CJIeIYIOIIel MO3UINN.

Mo>KHO 3aMETUTD, YTO KOHCTAHTAMH B 9TOM CMBIC/IE TaKXKe ABJISIIOTCA MeT-
KU, T.e. 3Hadenust, 3agaomune nosunnio B [I0JIN3e jiis oneparuit yeaoBHoro un
0e3yCcJI0BHOTO Iepexojia. B Hallem npumepe TaKoBbIe Peau3yoTcs yKa3aTes-
MU Ha 3BEHO CTIHCKa (T.e. Ha CTPYKTypy Tia PolizItem).

Haxkonern, nHamoMHuM, 4To 1epemeHHble MOryT BxojauTh B IIOJIN3 aBymsa
criocobaMu: Kak obpawenue K nepeMeHHoil (Ipu MHTepIpeTanuy 3aMeHseTcs
Ha 3HAYCHUE TTePEMEHHO, KOTOpOe W 3aHOCUTCS B CTEK) U KaK adpec MepeMeH-
HOI, UCIOJIb3yeMblil OOBIYHO B JIEBOM 4YacTH ONEpaToOpoB HpI/ICBaI/IBaHI/IH15. B
OTJIMYNE OT OOpallleHus, aJipec He IpeodpasyeTcs K 3HAYEHUIO IepeMeHHO, a
3aHOCHUTCS B CTEK KaK TAKOBOI, ITOOBI 3aTeM Onepalnst MPpUCBAWBAHWS, NCITOTh-
3ysi COXpAHEHHbBI Ha, CTEKe ONepaH/|, MOIJIa 3aHECTH BBIUYNCICHHOE 3HAYCHUE B
Hy2KHOe MecTo. TakuMm obpazom, ssiement [1OJIM3a “ajpec nepeMeHHONl” TaK»Ke
ABJIACTCS KOHCTAHTOM.

B npocreiitiiem ciydae nepedncaeHHbIMU 9eThIPhMsT TUIIAMEU WCUEPITbIBAET-
Csl CIIMCOK KOHCTAHTHBIX TuIos 3jemenToB 110JIM3a. Bee ocranbubie aiemen-
THI MTPEJCTABISIOT OO0 Onepanuu, T.e. UX WHTEPIPETAINST MOPa3yMeBaeT, B
o0ITeM ciiyuae, U3BJIeUeHne U3 CTeKa HEKOTOPOro KOJUUEeCTBa OIIePaH]IOB, BbI-
YUCJeHue HEKOTOPOr'o 3HaYeHHsI, KOTOPOEe IIOTOM 3aHOCUTCA OOPATHO B CTEK, W,
BO3MOKHO, BBITIOJIHEHUE HEKOTOPBIX WHBIX JleiicTBuil. KosmaecTBo onepanios,
IOJIJIEXKAINMX M3BJACUCHUIO M3 CTEKa IIPU BBIIOJHEHUM, MOXKET OBbITh JIIOOBIM,
B TOM YMCJe W HyJeBbIM (HAampuMmep, juisi onepanuy “obpallleHne K repeMeH-
Hoit”). B Harem npuMepe MakCHMaJbHas “apHOCTH OMEpAIuy paABHA JIBYM, T.e.
OOJIBITIE IBYX apryMEHTOB HU OJHON Onepanun He TpedyeTcs.

Tak2Ke CyIIECTBYIOT U OLEPAIMHI, HE BHITUCISIONIUE 3HAUCHU, T.€. [I0CJIe X
UCIIOJIHEHUSI B CTEK HUYEro He 3aHocuTcs. [[pumepnl Takux onepaimit — yCjioB-
HbIil 1 Oe3yCcJIOBHBIN mepexoibl. Kpome Toro, Jijisi paccMarpuBaeMOIo s3bIKa
HEOOXOMMO TIPELyCMOTPETh ONepallni, COOTBETCTBYIOIINE OllepaTopaM COBEp-
IMeHNsT UTPOBBIX JjieficTBuit (cM. §4.2.6) u omepaTopy OTIAOUHON TedaTH (CM.
§4.2.7).

Kakx MOXHO 3aMeTHTh, HEKOTOPHIE U3 OTepAaIril JOJKHBI WMEeTh BO3MOYK-
HOCTh BJIMSTH HA IIPOIECC MHTEPIPETAINN 11yTEeM SIBHOI'O M3MEHEHUs yKa3aTe st
Ha TEeKYIIUi UHTEePIPETUpyeMblii 3j1eMeHT. B HallleM mpuMepe Takux olepalinii
JiBe: “0e3yCJIOBHBII 1Iepexo)]’ U “epexo/l 1o JIxKK .

Haxkowner, MO>KHO CIUTATh, 9TO KOHCTAHTHI TIPEICTABJISIIOT CODON JacTHBI

15TIpu m3obpazkennn I1OJIN3a Ha mHCLMe afpeca IePeMeHHBIX OOLIMHO MOTICPKHBAIOT, YTOOLI OTIHIAT
X OT ODPAIEHUI K MepeMEHHBIM
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PolizElem

4 N
PolizOpGo
PolizConst N Y,
4 N
. . PolizOpGoFalse
PolizFunction L )
Polizl nt ( )
PolizFunPlus
PolizVar . -
4 N
PolizStrin
g PolizFunMinus
N\ J
PolizVar Addr
PolizL abel PolizSell PolizEndturn

Puc. 3: Uepapxus xaaccos jjis upejcrasienns [10JI3a

cJiydalii orepaluu, a UMEHHO, HyJIb-MEeCTHYIO Ollepallnio, pe3yJibTaT KOTOPoil pa-
BEH CaMOMY 3JIEMEHTY, MPEJICTABJAIONIEMY OIEPallnio.

Takum 06pazom, noHsiTHe BhiNoJHeHNs (Bhlunciaenns ) saementa [TOJIN3a
CTAHOBUTCS YHUBEPCAJbHBIM CBOMCTBOM BCEX OO'bEKTOB HAIEHl MepapXuu.

3aberas Brepes, JOrOBOPUMCs U30eraTh pasjie/ieHus CTPYKTYP JaHHbIX, T.€.
y9acThsi OJIHAX U TEX K€ 00bEKTOB B Pa3HBIX (pparMeHTax CTPYKTYP JAHHDBIX.
DTO o3HAUAET, HAIpUMEp, UTO 3HAUCHHUsI, 3aHOCHMbBIE B CTEK, BCETa MPEICTAB-
JISTIOT CODO#H CrerualibHO MOPOXKIEHHBIE JJIsT 9TOTO OOBEKTHI; B HEKOTOPHIX CJIy-
qasx 970 OyayT Kormmu 0bobekToB n3 [IOJIN3a (npw BRIYMCICHIN KOHCTAHTDI),
B JIDYTHX CJydasX — TOJBKO YTO CO3JAHHBIE HOBbIE OOHEKTHI (HAIPHMED, pe-
3yJIbTAT OIEPAIMU CJIOKEHMUS ).

Cpazy 2Ke OTMeTUM, UYTO KOIMPOBAHUIO OYIYT IOJIBEPraThCs TOJHKO KOH-
CTAHTHBIE BbIPAXKEHHUsI, IOCKOJIbKY OIepaIlii HUKOI/A B CTEK He 3aHOCATCs. Ta-
KM 00pa3oM, Bce KOHCTaHThI, Bxojsime B [IOJINS, nmeror KaKk MUHUMYM OJTHY
ODIIYIO OmnepaInio, OTCYTCTBYIOIILYIO JIJIs BCEX JIPYTUX KJIaccoB uepapxun. Mme-
eTcsl B BUJIy OIlepallisl CO3/aHUs KOIUU. DTO COODparKeHue cpas3y »Ke HABOJUT
HAC Ha MBICTh O CO3JaHNK OOIEro MPeiKa JJIsT BCEX KOHCTAHT — aDCTPaKTHOTO
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kjacca PolizConst, B KOTOPOM BBOJMTCA CHEIUAJBHBINA METOJ JJI CO31aHUA
KOTINH.

Kak craner sicHO u3 jlaJibHEHIIEr0 U3JI0XKEHUsI, Peajin30BbIBaTh Olepalun
[TOJIN3a, "e HyXKIalOIMMecsd B JOCTYIE K yKa3aTeJ 0 Ha TEKYIIUi WHTepIpe-
TUPYEMbIii 3j1eMeHT (TO ecTh Bce oneparyi, KpoMe JByX Ofepaluii nepexoja)
Oy/leT HECKOJILKO MPOIIE, €CJIH BBECTH €Ile OJMH abCTPAKTHBIN KJIACC (MbI Ha-
30BeM ero PolizFunction), or KOTOPOro GyjyT HACJAEIOBATHCS BCE OTEpaIiHy,
KpOMe Ollepalnuii mepexosia.

OkoHuaTeIbHO HAallla WepapXusi KJACCOB IMPUMET BHJI, MOKA3aHHbBIH Ha
puc. 3.

4.5.3 MeTtoanl

Metoabsr 6a3oBoro kJjacca CdopmynupyeMm Ternepb TpeboBaHus K Haubo-
Jiee obiemy BuLy onepaiu “Boranciaenue siementa ITIOJIN3a” (nasee npe/o-
JlaraeM, 4To 3TOT MeToJi KjaccoB uepapxuu sjiemenTon [10JIM3a nazwiBaeTcs
Evaluate).()HepaHHHﬁﬂOHNKHa,HMETb BO3MO>KHOCTb:

e U3BJICUCHUSI OIEPaHJIOB U3 CTeKa M 3aHEeCEeHUs] B CTEK HOBOI'O 3HAUEHHI,

T.e. MOJM(UKAINN CTEKA;

® U3MEHEHUS yKa3aTessd Ha TeKyNInit nHTeprnperupyeMblit amement [1OJIN-

3a (/151 BBIIOJTHEHUS OTIEPAITHN [IEPEXO/Ia.).

Kaxk y»ke ormedaJioch B §3.3, UCIOIH30BAHUS TVIO0OAIBHBIX IIEPEMEHHBIX CJIe-
JlyeT uzberaTh, HACKOJILKO 9TO BO3MOXKHO. Takum 00pa3oM, »KeJjiaTe/IbHO Tepe-
JaBaTh MeTony Evaluate Bcio HEOOXOMUMYIO HH(MOPMAIIAIO Yepe3 MapaMeTphl.

[TockoybKy KaK CTeK, TaK U yKasaTe/b Ha TEeKYIUil HHTEePIPETUPYEMbIil Jie-
MEHT B HallleM IIpUMepe peaiu3yloTcd nepeMeHHbiMu Tuia PolizItem*, a caMm
snement [TOJIN3a arkorma He M3MEHSIETCST B XOJI€ WHTEPIPETAIUd, MPOdQuJIb
MeTosia Evaluate B kiacce PolizElem MOXKeT BBIIVISAJIETh TaK:

class PolizElem {
public:
/...
virtual void Evaluate(PolizItem **stack,
PolizItem **cur_cmd) const = O;
//
};

dAcno, uro 3ToT MHTEpdENCc UMeeT CIAUIIKOM ODIMUIl BUJ U MOXKET OKa3aThCsI
Hey100eH JIIst peajin3alny OOJILITMHCTBA 00beKTOB. JleiicTBUTe/IbHO, BCErO JIBe
omepanuy (yCIOBHBIN 1 OE3YCIOBHBIN TEPEXOIb) HYXKIAIOTCS B TIPSIMOM JIOCTY-
e K yKa3aTesio TeKyIIei KOMaHIbl, TOI/a KaK BCE OCTAJbHBIE THITHI 3JIEMEHTOB
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NIPY BBIYUCJICHUU TTPOUBBOJIAT HAJ CHETYNKOM OJIHY U TY 2Ke ONepPaInio — CABUT
Ha CJEIYIONUi 37eMeHT. ITo KacaeTcd cTeKa, TO MPAaKTHIECKW BCe KOMAHJIbI
IOCJIEe BBIMOJTHEHHUS TOMEIAI0T B CTEK POBHO OJHO 3HadeHue JinOO He ToMe-
AI0T HU OJIHOr0. DBoJiee TOro, OTHOCUTEJILHO BCEX KOHCTAHT MOXKHO CKa3aTb
OJTHO3HAYHO, UYTO OHHU BBIUYMUCJAIOTCS MyTeM IOMeNIeHUs B CTEK COOCTBEHHOI
KOITUU.

[Tockonbky kmacc PolizElem nMeeT BUPTYyaJIbHbBIN METOJ, CJAEyeT OMICATH
U BUPTyaJbHbIN JlecTpykTop. B camom kiiacce PolizElem oH, ecrecTBeHHO, Oy-
JIET IIyCTBIM.

Haxkownern, jyisi yjiobcrsa paborTbl €O CTEKOM MOXKHO Ji0DaBUTh B KJACC
PolizElem crarnyeckue (Te. He MCIOJbL3YIONNe TEeKYIINii O6%€KT) METO/IbI
Push u Pop. B urore 3arosioBok kjacca npumer CJiejytomnmii BUI;

class PolizElem 1
public:

virtual “PolizElem() {}

virtual void Evaluate(PolizItem **stack,

PolizItem **cur_cmd) const = O;

protected:

static void Push(PolizItem **stack, PolizElem *elem) ;

static PolizElem* Pop(PolizItem **stack);

+s

3aberas BIepeJI, MOpeKOMEHyeM Jiisi MeTo/10B Push u Pop ciiestyionue coria-
IIeHUsi: IPKU BbI3oBe Push B ¢TEK MOMEIaeTcsi HEIIOCPEICTBEHHO 00bEKT, YKa-
3aHHBI TapaMeTpom elem. (T.e. IPEJIIONAraeTCs, ITO COOTBETCTBYOIIAs KOTIUST
yH«BCO3ﬂaHﬁJBbKHﬂBaKHHHM),aJHpHﬁBO3BpaT€IK3POp BO3BpaIllaeTCd yKa3aTeJ b
Ha 00BEKT, HA KOTOPBIH GOJIbINE HUTJE yKa3aTes el HeT (MOXKHO 3aMETHTh, UTO
TyT:KOHHK)NK»KHOIﬂecogﬂaBaTb).IIquHHblﬂﬂﬂ:anHHTMH:HMEH}K)T&KHX(X»
IJIALICHUIT BCKOPE CTaHyT SICHBDI.

Metoabl NpoMeXKYTOYHBIX KJIacCOB Kak y:ke ToOBOPHJIOCH, JIJI KJIACCOB,
PEJICTABJISIIONIMX KOHCTAHTbBI, HEOOXO/IMMa BO3MOXKHOCTH CO3/IaHMST KOITMHU 00~
eKTa. DTOro MOXKHO JIOOUTLCsI, BBes B Kiacce PolizConst meron Clone:

virtual PolizElem* Clone() const = 0;

MeTO,ZI; cJjaenyer 00 BABUTDL YUCTO BUPTYaJIbHBIM, T.K. Mbl HE MO2KEM 3a1aTb IIpa-
BUJIO KOINMUPOBaHUWA, TPUTOJHOE JIJIsl BCEX KOHCTAHT OJHOBPEMEHHO. Peasinnoe
COJI€EpzKaHUE 3TOT METO/ IIOJIYUYUT B KJIaCCaX, OITMCBIBaIOIIUX KOHKPETHDLIE BUJIbI
KOHCTQAQHT.
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Teneph BCIOMHNUM, UTO BBIUKUCIEHUE KOHCTAHTHI 3aKJIF0UAETCST B TIOMEIEHNH
B cTeK ee Konuu. TakuMm oOpaszom, MeTos Evaluate oKasniBaeTcsl OJNHAKOBLIM
JUIs BCeX KOHCTAHT M MOXKeT ObITh peasin3oBaH B Kjacce PolizConst ¢ Tew,
9TO0BI B €0 IOTOMKAaX IEPEIUChIBATH 9TOT METO/1 ObLIO HE HY>KHO. PeaJin3aiiust
MeTojia PolizConst: :Evaluate MOXKeT BBIIVISAAETH TaK:

void PolizConst::Evaluate(PolizItem **stack,
PolizItem **cur_cmd) const
{
Push(stack, Clone());
xcur_cmd = (*cur_cmd)->next;

¥

Te w3 oneparnmit [10JIN3a, koTophie He TPeOYIOT BMEIIATEIHCTBA B yKa3a-
TeJIb TEKYIIEi KoMaH bl (T.€. Bce, KpOMe JIBYX Ollepalliii 1epexo/ia) 00be MM
B KJjiacc PolizFunction u onuiiem jjd HETO METOJ

virtual PolizElem* EvaluateFun(PolizItem **stack) const = O;

Ot wmeronma Evaluate 3TOT HOBBI MeTOJ| OTJIUYAETCS OTCYTCTBUEM Ila-
pamerpa cur_cmd M HaJuuMeM BoO3BpalaeMoro snadenus. [Ipejnosiaraem,
9TO 3TOT METOJI OCYIIECTBJIET TOJBLKO H3DbATAC W3 CTEKa OIEepaHjoB, a
orepalMio MOMEIeHUsT B CTEK pe3yjbrara OyJjler MPOU3BOJUTH (YHKIIUS
PolizFunction: :Evaluate. Eciu onepanus He mpousBOguT pesysbrarTa (9TO
KacaeTcsl olepalny MPUCBAMBAHUS U ONEPATOPOB MIPOBBIX JICHCTBHIT), METOJ
EvaluateFun jo/keH OyjeT BO3BpalaTh HYJEBO# yKazaresb. C ydeToMm cKa-
3aHHOrO peaJsunsanusa Metrojia PolizFunction: :Evaluate MoxXeT BbIMIAIETH
TaK:

void PolizConst::Evaluate(PolizItem **stack,
PolizItem **cur_cmd) const

{
PolizElem *res = EvaluateFun(stack);
if (res) Push(stack, res);
xcur_cmd = (*cur_cmd)->next;

s

Jlyist 3cTeToB MOXKHO TPEIJIOKHUThH ellle OJWH Iar — ONucaTh abCTPaKTHBIE KJIACCHI
PolizFunO, PolizFunl u PolizFun2 asg npenacraBieHus (pyHKIWi, TOJIYIAONAX COOTBET-
CTBEHHO HyJb, OJMH U JBa apryMenTa'®. Torna npu peanusanuym KOHKpeTHBIX QYHKIHIT olle-

palyKu CO CTEKOM He ITOHAa 1005 TCs.

Y6 @ymkmm 66aBITIero UmcIa apryMenTOR B HaTel 3a1ade He BCTPedaloTcst
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PolizEx

PolizExNotI nt PolizExNotL abel PolizEXx...

Puc. 4: Knacceol uckiouennit nuarepuperaropa IIOJIN3a

4.5.4 WNckiao4uyeHud

st 06pabOTKM MCKJIIOUUTEbHBIX cuTyanuii npu uaTeprperanuun [10JIN3a
BaM 1OHAI00STCs KJIACChHI, OIKUCHIBAIOIIME KOHKPETHBIE CJIydal UCKJIFOUEHUI.

B Jasbiieiiiniux npumMepax Mbl UCHoJb3yeMm Kiacchl PolizExNotLabel u
PolizExNotNumber, KOHCTPYKTOPbI KOTOPBIX IIOJIYUAIOT Ha BXOJI a/pec 00beKTa
kJjacca PolizElem; npejiiiojiaraercst, YTo B KOHCTPYKTOP OyJjeT 1epejiaBaThes
aJipec 00bEKTa, CTaBIIEro MPUINHOM ormuOKu. PekoMeHn 1yeTcs: Hac/ie/IoBaTh 9TH
1 JIpyrue KJacChl UCKJIIOUEHUN OT HEKOero ooIIero rnpejika, Hanpumep, PolizEx
(cMm. puc. 4).

4.5.5 IlIpumepsl peajiu3anuii KOHKPETHbIX KJIACCOB

B sTom naparpade Mbl IPUBEJIEM PeaJin3aliiio HECKOJIbKUX KJIACCOB UEePAPXUU.
Peasinzalinio ocrajbHbBIX KJIACCOB MPEJOCTABUM UUTATEIO ITPOU3BECTH CAMOCTO-
SITEJILHO.

[Ipe:xie Bcero HallOMHKUM, UTO Y3HaTh, JIEHCTBUTEBHO JIM JAHHBIA yKa3a-
TeJIb, UMEIOIIHHI THII “yKa3aTe b Ha KJIACC-IIPEJ0K , YKa3blBaeT HA 00bEKT 110TO-
MOK HY2KHOTO THIIa, MPOIIE BCEro ¢ MOMOIIbIo oneparopa dynamic_cast. Tak,
ecsu riepemennast p umeer tuil PolizElem *, Bbipakenue

dynamic_cast<PolizInt*>(p)

OyJ/leT paBHO HYJIIO, €CJTH P YKA3bIBAET Ha 00BHEKT, HE ABJISIONIHUNCS 9K3EMILISIPOM
PolizInt. Ecam ke p peflcTBUTENIBHO yKa3bIBaeT Ha 00beKT Kiacca PolizInt
WJIA €ro IIOTOMKa, BbIpaxKeHue BepHer ajpec tumia PolizInt *, paBHbiil 3nave-
HUIO yKa3aTeJis p.

KonacraaTer /[ljis navaJsia onuiiem kiacc PolizInt Kak OJiMH U3 CaMbIX 11PO-
CTBIX.

class PolizInt : public PolizConst {
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int value;
public:
PolizInt(int a) { value = a; }
virtual “PolizInt() {}
virtual PolizElem* Clone() const
{ return new PolizInt(value); 7}
int Get() const { return value; }

+;

Jpyrue KOHCTAHTBI ONMCBHIBAIOTCA COBEPIIEHHO aHaJorndHo. Ha Bcakwmit ciy-
Jail JaJiuM TakxKe onucaHune kjacca PolizLabel, T.K. 3TOT KJjaCC BbI3bIBACT Y
MHOTUX CTYJICHTOB HEIIOHUMAaHUE.

class PolizLabel : public PolizConst {
PolizItem* value;

public:
PolizLabel(PolizItem* a) { value = a; }
virtual “PolizLabel() {}
virtual PolizElem* Clone() const

{ return new PolizLabel(value); }

PolizItem* Get() const { return value; }

+;

ZKemaronmmm MOXKHO TTPEIOKATH PEaTN30BaTh NOHATHE KOHCTAHTH B BUJIE KIACCa-TIadI0HA
PolizGenericConst<class T>, a npuBeJieHHBIE BbIIE KJIACCH ODOPMUTH C TIOMOIIHIO KOH-
cTpykIuu typedef.

Be3ycaoBHbIiil mepexoa  Onucanue Kjacca omnepalun “0e3yCcaoBHBIA Hepe-
XOJI” MOXKET BBIIVISIJIETh IIPUMEPHO TaK:

class Poliz0OpGo : public PolizElem {
public:
Poliz0pGo() {3
virtual “PolizOpGo() {}
void Evaluate(PolizItem **stack,
PolizItem **cur_cmd) const
{
PolizElem *operandl = Pop(stack);
PolizLabel *lab = dynamic_cast<PolizLabel*>(operandl) ;
if(!'lab) throw PolizExNotLabel (operandl);
PolizItem *addr = lab->Get();
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*cur_cmd = addr;
delete operandl;

+s

Obparute Baumanue Ha oneparop delete. Henuiaum Oyjier HAIOMHUTD, 9TO
B CTEKe XPaHsTCAd KOIMWKM KOHCTAHT; TOCE W3BJIEUYCHUs C MOMOIIbIO (DYHKIUN
POp COOTBETCTBYIOIIETO O0bEKTa M3 CTeKa OH OOJIbITIe HU B KaKUX CTPYKTYypax
JIAHHBIX He (PUTYPUPYET, eTMHCTBEHHbIN YKa3aTe b HAa HEro — HaIll JOKAJIbHBII
operandl. Ecim He yHUYTOXKUTH 3TOT OOBEKT, OH OKaXKeTcs B “Mycope’.

Onepanusa ciaoxkeHms Peasmzannio kiacca PolizFunPlus, npejcrasiisio-
mmero onepanuio [IOJIN3a “cioxkenne AByX 4uces’, IPUBEJIEM B HMPEIIOJI0MNKe-
HUU, 4TO ITOT KJIACC HacjieJlyercd Hernocpeacrsenno or PolizFunction.

class PolizFunPlus : public PolizFunction {
public:
PolizFunPlus() {}
virtual “PolizFunPlus() {}
PolizElem* EvaluateFun(PolizItem **stack) const
{
PolizElem *operandl = Pop(stack);
PolizLabel *il = dynamic_cast<PolizInt*>(operandl);
if(!i1l) throw PolizExNotInt(operandl);
PolizElem *operand2 = Pop(stack);
PolizLabel *i2 = dynamic_cast<PolizInt*>(operand?2);
if(1'i2) throw PolizExNotInt(operand?2);
int res = 11->Get() + i2->Get();
delete operandl;
delete operand2;
return new PolizInt(res);

+s

4.6 Eme o mepeBoae B I110JIN3

[TepeBojr Tekcra Ha Baiem sizbike mporpamvupoBanus B ITOJIN3 nyurie Bee-
IO OCYIECTBJATH Ha dTale CUHTAKCUIECKOTO aHAJIM3a C MOMOIIBHIO JIeHCTBUNM,
BCTaBJICHHBIX B I'PAMMaTHKY.

Y CTYyIeHTOB YacTO BO3HWKAIOT 3aTPYAHEHUS C MOHUMAHWEM TOTO, KaKUM
00pa3oM MPOUCXOUT COOTBETCTBYIONIU TTEPEBOJI,
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B srom nmaparpade Mbl onmIeM aJropuTM MepeBojia apudMETHIECKIX Bhi-
paxkennit B IIOJIN3 ¢ momoIpio cTeka, onepaiuii.

s nepesojia apudmerndeckoro soipakenus B [TIOJIN3 Oyem npocmaTpu-
BaTh BbIPAXKEHUE CJIEBa HAIIPABO, BLIIUCHIBASI 10 MEPE BO3SMOXKHOCTH OUEPEJIHbIE
snementsl [TOJIM3Ba. B mporecce 3Toro 6yaem Ucoib30BaTh BCIOMOraTeIbHbBIH
CTEK, B KOTOPbIH Oy/IyT B HEKOTOPBIX CJIYUasiX MOMENATHCsT CUMBOJIBI OIIePaInii
U 0MEPLIEaOULUEe KPYTIble CKOOKKM. AJTOPUTM yCTPOEH TaKUM O0Opa3oM, UTO
onepanjibl (KOHCTAHThI U [IEPEMEHHbBIE), & TaKKe 3aKPhIBAIOIINE KPYIJIble CKOO-
KU B CTEK HUKOLJA He MOIAJIAf0T.

1. Nrak, B HavaJje aJaropurMa JejgaeM TeKyIei mepByio MO3UIHUI0 UCXOJHOTO
Boipaxkenus. [IOJIN3 cauraem myctbim. CTeK OUUIaeM U 3aHOCUM B HETO
OTKPbIBAIOIILYIO0 KPYIJIYIO CKOOKY.

2. Tenepb paccMaTpuBaeM TEKYyIHMH JIEMEHT BbIpayKeHUs (110K TaKOBbIE
eCTh).

e Kcit 5TOT 91eMeHT — ornepan/| (epeMeHHast Ui KOHCTAHTA,), BBIITH-
ChIBaEM ero B KadecTBe odepeHoro sjgementa [10JIN3a.

e Fciyin aror 3jieMeHT — OTKpbIBalolilas CKOOKa, 3aHOCUM €€ B CTeK.

e Fciu sr1oT njieMeHT — 3akpbiBaioniasi purypHasi CKoOKa, U3BJIEKa-
€M DJIEMEHTBI U3 CTEKa M BBIIKHCHIBAEM HX B KaueCcTBE OUYepeTHBIX
snementos [TOJIN3a g0 Tex mop, moka Ha BEPIINHE CTEKa HE OKa-
YKeTcsi OTKpbIBaiomas ckobka. Ee takke uzsiekaem, no B I1OJIN3
HE 3aIUChIBAEM.

e Haxkoner, ecim 3TOT 3jileMEHT — CUMBOJI ONEPaIlN, TO:

— €eCJIM Ha BEPIIMHE CTEeKa HaXOUTCsS OTKPbIBAIOIIAs CKOOKa, JIn0O
eCJIM IPUOPUTET ONepalluid Ha BEPIINHE CTEKa MEeHbULE TIPUOPU-
TeTa TeKyIeit onepalnu, 3aHOCUM TEKYIIIYIO Ollepallfio B CTeEK;

— €eCJId, HAIIPOTUB, Ha BEPIINHE CTEKA HAXOJUTCS OIEpaIlus, MMe-
OIIAst Makot oce Ul boaee 8vlcoOKUT TPUOPUTET, TeM TEKY A,
TO U3BJIEKAEM OIEPAIMIO U3 CTEKa, BBLIIUCHLIBAEM HU3BJICUYCHHYIO
13 CTeKa omepalnnio B KadecTse odepegroro snementa [1OJIN-
3a, a TeKylyI0 Olepaluio CHOBA CPABHUBAEM (BO3MOXKHO, 4TO
M3 CTeKa OyJeT B MTOre U3BJEUCHO OOJIbINE OHON OIepAIun).
Korjia onepaiuu Takoro »e mjin 060Jiee BbICOKOI'O ITPUOPUTETE,
Ha CTEeKe KOHUMJIKCH, 3aHOCUM TEKYIIYIO Ollepalliio B CTEK.

3. Koryia BeIpazkeHue MOJHOCTBIO CIUTAHO (DOJIbIE HEPACCMOTPEHHBIX 316~
MEHTOB HET), H3BJIEKAEM JIEMEHTHI 13 CTEKa U BLIITMCHIBAEM MX B KAYECTBE
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ouepenabix vaementos [1OJIN3a 10 Tex mop, moka Ha BepIIMHe CTeKa He
OKaXKeTcsl OTKpbIBaiomas ckooka. Ee takxke uzsiekaem, no B [I0JIN3 ne
3aIIACHIBAEM.

IIposepsiem, 1uTo cTek mycT. Kcam on He mMycT, 93TO CBUJIETETHCTBYET O Ha-
JINYNU B BBIPAXKEHNN HE3AKPHITONW CKOOKHU. 3aMETHM, UTO, €CJIU CTEK OITy-
cTeJl paHblle, 9eM KOHUMIOCh BhIPaXKeHne,— 3T0, HATPOTUB, O3HATAET, UTO
B BbIpaykeHUU Ob1JIO OOJIbINE 3aKPHIBAIOIINX CKOOOK, Y€M OTKPbIBAIOIINX.

Hanpumep, tpanciisiniust Boipaxkenusi a — b + ¢ * d Oyjier npoucxojiuTh cje-
JIYIOIIAM 00pa30M:

[Tomeraem B cTeK CKOOKY

BBINMCBLIBAEM OIIEPAH]T d

MOMEIAeM B CTEK MUHYC

BBIITUCHIBAEM OTIEPAH]T b

IIOCKOJTIbKY IIPHOPHUTET ILJIIOCA HE BBIIIE IPHOPUTETA MUHYCA, U3BJICKACM
u3 creka u BoimcbiBaem Munyc (renepb [TOJIU3 copepxur a b—)

® II0CKOJIbKY HAa BEPIIMHE CTEKa OIATH CKOOKa, 3aHOCHM B CTEK ILTIOC
e BhinuchiBaeM onepan ¢ (reneps [TOJINU3 copepxkur a b — c)
® II0CKOJIbKY Ha BEpIIMHE CTeKa Ceiiuac ILII0C, a OUePEJIHOM 3JIEMEHT BhIpa-

JKEHUsI — 3HAK YMHOYXKEHUS, ¥ TTOCKOJIbKY YMHOXKEHUEe uMeeT 0oJiee BbICO-
KUl TPUOPUTET, YeM CJOXKEHHE, 3aHOCKM YMHOXKEHUE B CTeK (Ternephb CTeK
COJICPYKUT YMHOXKEHHE, IJTIOC 1 CKOOKY )

e BoinuchiBaem onepan d, nosydaem [IOJIN3 ab — cd
® TI0CKOJIbKY BbIpaXke€HHe 3aKOHUNJIOCH, BBIOMpAaEM U3 CTEKa 110 OJTHOMY 3Jie-

4.7

MEHTbBI, [0Ka HE BCTPETUM CKOOKY; TaKuM 00Opa3oM, BbIOMpaeM U Bbi-
MUChIBAEM CHadaJia YMHOXKEHHUE, TOTOM cjoxkenue u nogydaem [1OJIN3
ab—cdx—+

U3BJIEKAEM M3 CTEKa CKOOKY; MOCKOJIBKY MOCJIE 3TOTO CTEK OKA3aJICS MyCT
M Hallle BbIPAYKEHUE TOXKE MYCTO, TPAHCJISINs TTPOTILIA, YCIIEITHO.

Pekomengamum 10 00BEKTHO-OPUEHTHPOBAHHOMY
MPOEKTUPOBAHUIO

Y10o0BI OIEHUTH, HACKOJILKO YJIaYHO BbI CIIPOEKTHPOBAJIM HEPAPXHUI0 KJIACCOB,
OTBETHTE Ha HECKOJILKO BOIPOCOB:

Ecto sin B Bamux Kjaccax o0OIee 1moJje, 0bo3HavamIee THII 00beKkTa?
Ecth st X015t ObI B 0J{HOM 13 KJ1accoB oTKpbiToe (public) nose (ve GyHk-
1ust)?

Ecth u B Bammx Kijaccax moJist ¢ Mmoaudukaropom static?
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e [Ipunuioch sim npu pabore ¢ BamuMu Kjaccamu (Kak BHYTPH METOJIOB,
TaK ¥ BHE UX) XOTsI OBl OJIMH Pa3 UCMOJIH30BATH OnepaTop switch?

Ecau xoTst ObI Ha OJIMH BOIPOC BBl OTBETHJIH MOJOKUTEIHHO, CTOUT eIlle TOTy-
MaThb HaJl IPOEKTUPOBAHUEM UEPAPXUMU.
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