JIABOPATOPHBIE PABOTHI 110 Kypcy CIIITO 1

1 3HaKOMCTBO C resepaTopamm JIEKCU49€CKNX N CMHTAaK-
CN4Y€CKHX aHaJIN3aTOpPOB lex i yaccC

1 Bsenenne

Sajaua cozjannsd 3OPEeKTUBHBIX AHATN3ATOPOB UCXOIHOIO KOJIa BOSHUKJIIA BMECTE C Iep-
BBbIM KOMIHUIATOPOM. C TeX IMOp IPOIILJIO0 MHOTO BPEMEHHU, U MOABUJIACH MOIIHAS TEOPHsd,
IIO3BOJIMBIIadA aBTOMATU3UPDOBATDL pyTHHHbeI Iporecc HallmCaHuAd O,Z[HOO6pa3HbIX KOHCY-
HBIX aBTOMATOB. [IporpamMMupoBaHue aHaIM3aTOPOB NCXOIHOTO KOJIa MOXKET OBITH ITOJIE3HO
B yq€6HbIX njim uccjaea0BaTe/IbCKUX IEeJIdX, HO JIJId aHaJu3a peaJiIbHBLIX A3BIKOB — C++,
Python nin SQL — B HacTosiiiee BpeMsi UCHOJIB3YIOT UCKJIIOUUTEIHHO aBTOMATHICCKIE
CpeJICTBa reHepalun JIEKCUIEeCKIX U CUHTAKCUYeCKuX anaan3aropoB. Jlasiee peunb mnoiijier
TOJILKO O HuX: lex u yacc.

2 ¥YcTaHOBKAa

[TockosbKy mM3HaYaJIBHO lex u yacc ObLIM HporpueTapHbiMu IporpaMmamu, CoobdInecTBo
pazpaborasio ux cBobosubie anajoru: flex u bison.

YcraHOBKa MPOrpaMM ITPOUCXOIUT OY€Hb ITPOCTO:
# apt-get install flex flex-doc bison bison-doc

Kak Tonbko kKomanga apt-get 3aBepruT cBoo pabory, flex n bison roTOBBI K HCIIOIB30BaA~
HUIO.

Ecim o kakoii-to nmpuanne Bara OC He ucnosb3yeT nakeTHbiit Mmerezkep APT, obparn-
TECh K JIOKYMEHTAIINN [TAKETHOT'O MEHE/[PKEePa Balleil CucTeMbl, 9TOObI HATH U yCTAHOBUTD
9THU MTAKETHI.

3 flex

flex oznavaer fast lex, m oH sAB/IIETCS TEHEPATOPOM JIEKCUIECKUX aHAJM3aTOpOoB. Hu jiy1st
KOI'O He CEeKDEeT, UTO MPOrPaMMbl Ha fA3bIKaX MPOTPAMMHUPOBAHUS COCTOAT He nU3 OyKB
u nudp, Ho u3 Oojiee KPYIHBIX €JIUHUI — JIeKCeM. JIeKceMbl oueHb YJI00HO 3a/aBaTh
[IPU IIOMOIIU PEryJIsgpHBIX Bbipaxkenuit. Harnpumep, njaenrudukaTop nporpaMMbl J000T0
SA3bIKA MOYKHO OIICATH TaK:

[A-Za—z_||[A-Za—20-9 |*

DTO BBIpAYKEHUE O3HAYACT, ITO UJICHTU(DUKATOP JIOJIPKEH COCTOATH KAK MUHUMYM U3 OJIHO
OYKBBI WM 3HAaKa MMOTICPKUBAHUA, TTOCTIE€ KOTOPOI MOYKET CTOATH CKOJILKO yIoJiHO OYKB,
1udp NI 3HAKOB 0/ [Y€PKUBAHUS.
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flex npesHasHaven st TeHEPAIUHU IPOIPAMM—JIEKCHICCKUX aHAIU3aTOPOB Ha sa3bikax C
n C++. B camom mpocTtoM ciiydae Takoil aHAIN3aTOP, BCTPETUB OUYEPETHYIO JIEKCEMY,
IIPOCTO BO3BpAIIAET ee YUCJI0BOI Kol B 6ostee CI0KHBIX ciydasdx aHaJIu3aTOP COBEPIIAET
HEKOTOPOe JIefiCTBIe HaJl JIEKCEMOIl, HAIIpUMeD, ITpeodpas3yeT Mocje0BaTeIbHOCTD dP
B YHCJIO.

Kaxk mpasmio, flex ucrob3yercss COBMECTHO ¢ PeHEPATOPOM CUHTAKCHIECKUX aHAJM3aTO-
poB bison.

4 bison

bison sBjgeTCS reHEPATOPOM CHHTAKCUYECKUX aHAJIU3aTOPOB, MOJHOCTHIO COBMECTUMBIM
¢ yacc.

CHuHTAKCUYIECKNIT AHAJIN3ATOD TIOIyYaeT HA BXO/I IIOTOK JIEKCEM U IIPOBEPSIET X HA COOT-
BETCTBUE HEKOTOPOII KOHTEKCTHO-CBOOOIHOM rpaMMaTuke. ['pammaTnka B bison onucniBa-
erca B8 bHO:

assignment : NAME =’ expr ’;’

ITo TpaJulun HETCPpMUHAJIbBHBIC CUMBOJIbI I'PaMMaTHUKN 3allUCbIBAlOTCA CTPOYHBIMUA 6yK—
BaMu, TepMUHaJIbHbIEC — IIPOIIMCHBIMU MJIN BBIJACJ/IAIOTCA KaBbI'IKaMU.

biSOH npeJHa3HavdcH JJigd reHepaliu IporpaMM-—CUHTAKCUICCKUX aHaJIM3aTOPOB Ha A3bI-
kax C, C++ u Java. B camom ipocTom ciryuae Takoil anajam3aTop MpocTo MPOBEPSIET MTOTOK
JIEKCeM Ha COOTBETCTBHE YKa3aHHOI rpaMMaTuKe. B 6osiee CII0KHBIX CIydasx aHAJIu3aTop
MOZKET BBIMOJTHATH HEKOTOPbIE JefCTBUs, HAIIPUMED, BLIYUC/IATH 3HAUEHUS MaTeMaTHde-
CKUX BBIPAYKEHUIT U CTPOUTH JIEPEBbS.

Kak npasuso, bison ncnoan3yercss COBMECTHO ¢ TEHEPATOPOM JICKCHIECKUX aHAIN3aTOPOB
flex.

5 IIpoekTupoBaHUEe KaJbKYJISITOPa

Tenepn camoe Bpemsi miepeifiTi 0T aOCTPAKTHOTO ONMUCAHUS WHCTPYMEHTOB K PEAJHLHOMY
npumepy. PeabHbIM IpuMepoM OyIeT Hecaooictvil Karvkyaamop. OT npocmozo Kaivky-
AAMOPA, €ro OTJINYaeT HAJIWYhe CKOOOK B BBIPAXKEHUAX M MMEHOBAHHBIE BEJTUYIUHBI, TO
€CTb KOHCTaHTBI U nepeMennbie. KoncTanTHOCTDL 00beKTa siBisgercs, kKak B U+, mocro-
SIHHBIM CBOMCTBOM. DTO O3HAYAET, UTO I[EPEMEHHYIO HEJIb3sl IMPEBPATUTH B KOHCTAHTY,
a KOHCTAHTy — B repeMennyto. OIHAKO JTI00YI0 BEJIMINHY MOYKHO CKOIMPOBATH B JTFOOYIO
[EPEMEHHYIO MJIM CO3/IaTh HOBYIO KOHCTAHTY CO 3HAYEHUEM JIIOOOT0 BBbIPAXKEHUs, COJIEP-
JKAINEero Kak KOHCTAHTBI, TAK W HepeMeHHble. DTO BayKHO JJIg MOHMMAHUS I'PAMMAaTHUKN
U NOBeJIeHUs KaJbKYJIATOPA.

['pamMmaTrKa KaJIbKyIsTOPa UMEET CJIeTYIONINA BU/T:
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1 program ::— <

2 | CONST NAME = expr
3 | NAME = expr

4 | expr

)

6 expr ;= expr + expr
7 | expr — expr

8 | expr * expr

9 | expr / expr

10 | —expr

11 | (expr)

12 | term

13

14 term ::= NUMBER
15 | NAME

Nrak, mporpaMmoil KaJIbKyJIdTOPa MOXKET OBITH IIycTas CTpoKa. B aToMm cirydae 3nadenue

BbIpa2zK€HUsd HE OIIPEJIC/JICHO U CHUTACTCA PaBHBIM HYJIIO.

Kpowme Toro nmporpaMma KaJIbKyIATOPa MOXKET COXPAHATH 3HAUCHUA B IIEPEMEHHBIX HJIN
KoHcTanTax. Komncranra cosjiaercd Ipu IOMOIIM KJIIOYEBOI'O CJIoBa cohst, IepeMeHHasd
co3aeTcs (MM U3MEHSIeTCsI) MPOCTO (DAKTOM CBOErO HPUCYTCTBHS CIeBa. B sToMm ciyuae

SHavdYeHueM BCEIr'0 BbIparKeHHdA ABJIdeTCd 3HaYCHUEe ero JIEBOI YaCTH.

WNurepec mnpesacrapiser HEOOBITHOE OITH-
caHue MareMaTudeckux Jeiictsuii. OObry-
HO IIPEJIIOJIAracTcd, 9TO OlePaTOPbl HU3-
KOI'0 IIPUOPUTETA OIIUCBIBAIOTCA B OJTHOM
[IpaBuJjie, OepaToOpbl BBICOKOIO — B IAPY-
rOM, IpUYEM OIllepaHJaMU Ollepaluii Hu3-
KOI'0 IPUOPUTETA CJIy2KAT KaK pa3 HeTep-
MUHAJIBI ¢ ollepaTopaMu Bbicokoro. O iHa-
KO Ha HpaKTUKe IHCaThb TaKue rpaMMa-
TUKHU HEJIETKO, IT09TOMY OBLIT Hail/IeH CIIO-
€00 peruTh 1IpodJIeMy IPUOPUTETA HHBIM
c1r1ocoboM. DTo OyIeT ONMMCaHO B JaJIbHe-
IIEM.

Camnu BbIpazKCHHA COCTOAT TePpMOB, KOTO-
PBIMU ABJIAIOTCA YHUC/Ia W HMeEHa. Per—
JIAPHBIC BbhIpazKCHUA 3TUX JIEKCEM MOXKHO

YBHUJETH B pasjiesie «Jlekcniaeckuili anaan3aTops.

O yHKIMOHAJIBHO KAJJBKYIATOP COCTOUT U3 4-X dacTeil: mnrepdeiica, jpaiiBepa, CUHTaK-

CHUYI€CKOI'O 1 JIEKCUYIECKOI'O aHaJ/JINn3aTOPOB.

CTPOKa, CTPOKa

CTPOKa,

Nurepdeiic

10)1005(0)24%1

IlpaiiBep

( ) nMeHa 10)0107(0):41

CunrakcmaecKuii aHaIu3aToP

Jlekcuvaeckuii aHam3aTop

pe3yabTrar pe3yjabTar

JICKCEMbI



JIABOPATOPHBIE PABOTHI 110 Kypcy CIIITO 4

OCHOBHBIM 3BIKOM TTporpaMMbl siBiistercst C++. Vien naBestabl riaBoit 6 kaurm [1].

6 /IpaiiBep

JpaiiBep saABJIsIeTCsT HAJICTPORKOM HAJI CHHTaAKCHIECKIM aHaan3aTopoM. OH mpeaHasHavueH
JIJI XpaHeHusi pe3y/ibTara, 3HAUCHUN BEJIMIUH U COOOIIEHUit 00 OImndKax.

Mozxkno oboittuch u 6e3 jpaiiBepa, bison 3To mosposiger ciesaTh. Ho 310 Heymob6HO 110
psly npudrH. Bo-1epBbIX, CHHTaAKCUYECKUN aHAIU3aTOp ABJIAETCA KJaccoM, nHTepdeiic
(1 BHYTPEHHOCTH) KOTOPOI'O MEHSITh HeJb3s. BO-BTOPBIX, IJI06AIBHOE IPOCTPAHCTBO UMEH
3aCOPUTCS THITAME U TJIOOAJbHBIMU TIEPEMEHHBIMU, UCIIOJIB30BAHIE KOTOPHIX HEM30EXKHO,
YTO KpaiiHe HeKeJaTebHoO.

Tenepb paccMoTpuM KJjacc jpaiiBepa 0OoJiee JieTaabHO.

8 #finclude "parser.hpp"

Bocbmas cTpoka MOJIK/IIOYaeT 3aroJioBOK, I'eHepupyeMblil bison-om. B meMm mnaxogurcs
KJacc Parser, KOTOpBIN OCYIIECTBIISIET CHHTAKCHIECKAN aHa 3.

10 #define YY DECL \

11 yy::Parser::token type \

12 yylex(yy::Parser:semantic typex yylval, yy::Parser::location typex yylloc)
13

14 YY DECL;

B crpokax 10-14 momerieHo 00bsiB/ieHne (YHKIINN JIEKCUIECKOTO aHaIn3a. JTa PyHKINS
obbsBiiena B Buje makpoca YY DECL, kak 910 Tpebyercs coryaieHusMi O BbI30Bax
Mexk 1y bison u flex.

AprMeHTaMI/I beHKL[I/II/I ABJIAIOTCA JIEKCEMa M €€ MECTOIIOJJIO?KCHUE BO BXOJJHOM IIOTOKE.
(I)yHKHI/IH BO3BpalllacM THUII JIEKCEMDI.

16 class Driver
17 {
18  friend class yy::Parser;

Co crpoku 16 naumnaeTcss coOCTBeHHO 0ObsiBieHne jpaiisepa. Kiace yy::Parser, renepu-
pyembIii bison-om, 00bsIBIeH APYKECTBEHHBIM. DTO BBI3BAHO T€M OOCTOATETHCTBOM, ITO
TabJ/IUIA CUMBOJIOB 110 apXUTEKTYPHBIM COOOParKCHUAM ABJIACTCA 3aKPBITO, a CUHTAKCHU-
YEeCKUI aHam3aTop JI0JI2KEeH UMETh K Hel IIOJIHBIA JTOCTYII.

20 public:
21 class Error
22 |

23  private:
24 int from_;
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25 int to_;

26 std::string message ;

27

28 public:

29 Error() {}

30 Error(const std::string& m) : from_(0), to_ (0), message_(m) {}
31 Error(int f, int t, const std::string& m) : from_ (f), to_ (t), message (m) {}
32

33 int from() const { return from ; }

34 int to() const { return to_; }

35 const std::string& message() const { return message ; }
36}

ﬂaﬂee niaeT ollMCaHMue KJlacCCa Error. 9Tor kiacc XPaHUT TEKCTOBOE OIIMCaHue OIINOKU
1 IIO3UlINN1 B I/ICXO,ZLHOfI CTPOKeE, I'/Zie 9Ta omnbKa BCTPETUJIACD.

B nannom ciydae obpaboTKa OMIMOOK 3aKJII0YAeTCs IIPOCTO B IPEKPAIEHNN JaIbHeli-
IIero aHajmsa cTpoku. JIpaiiBep XpaHUT IOCJIEIHION OMMOKY. AJbTepHATUBON ObLIO ObI
HCIIOJIb30BaHNE UCKIIOUEHNH, HIKAKAX HPEIsITCTBUI 9TOMY HET.

38 private:

39  struct Value

0 A

41 bool is const;

42 double value;

43

44 static Value constant(double v) { Value r = { true, v }; return r; }
45 static Value variable(double v) { Value r = { false, v }; returnr; }
6 L

47 typedef std::map<std::string, Value> Symbols;

48

49  Symbols symbols;

Crpoku 38-49 cojepkat onucanue Tabuibl cuMBOJIOB. Kazk iplil cMBoJI MeeT (Her3Me-
HSEMBbIil) IPU3HAK KOHCTAaHTHOCTHU U 3HaueHne. CraTndeckue byHKIuu constant u variable
npeaHasHa4YCHbI JIJId y,Z[O6CTBa HalllCaHMA MCXOJHOI'O KOJIa.

Cama Tabymia CUMBOJIOB SABJIAETCS CJIOBAPEM MMEH.
51  double result ;

52 bool hasError ;
53  Error error

Co crpoku 51 HaumHaeTCs OIpe/ie/ieHne nepeMeHHbIX-cBoiicTB. Oba cBoiicTBa 1pe/iHa3HA-
YeHbl TOJIBKO JIJIs YT€HUsd, YCTaHABJIUBATh 3HAUYEHUs II€PEMEHHBIX MOT'YT TOJIBKO KJIACChI
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Driver u yy::Parser.

24 int Driver::parse(const std::string& s)

25 {

26  hasError = false;

27 YY BUFFER STATE buff = yy scan_string(s.c_str());
28 if(!buff)

29 |

30 setError("a_problem_occured_while_reading_a_string");
31 return —1;

32}

33

34 yy:Parser parser(xthis);

35
36 result = 0;

37  int res = parser.parse();
38 yy_delete buffer(buff);

39 return res;
40 }

B crpokax 24-40 daiina driver.cpp Haxourcs onpejeenne pyHkiun parse().

[Io ymosgannio aHa/M3aTOPBl YUTAIOT CUMBOJIBI U3 daira yyin. Ho onmcannas pyHk-
U IpejiosaraeT CIUThIBAThL JlaHHble U3 CTPOoKu. [ 3Toro HeobXomMo co3iaTh Jie-
ckpurTop mpu nomoru Gyukiwn yy scan_string(). [Tocsie 3aBeprienust anajmsa cTpoku
JIECKPUIITOD HEOOXOMMO yHHITOKUTH (yHKIwmeit yy delete buffer().

Kiacc yy::Parser cogepxur B unrepdeiice dyukimio parse(). Dra DyHKIMsS BO3BPAIIAET
0 B cayuae ycriexa u oryimdHoe ot () 3HadYeHue IIPHU OIIHIOKe.

Wexommbrit ko ppaiiBepa naxopurcs B daittax driver.h u driver.cpp.

7 CuHTAKCUYECKUil aHAJIN3aTOP

7o{
[Tposor

o}

OObsBienns bison-a
%%

[IpaBuiia rpaMMaTUKI
%%

Duujor

Ornucanue CHHTAKCHIECKOTO aHAIN3aTOPa HAXOIUTCA B daiire
parser.y. 9ToT (hailyi COCTOUT U3 TPEX PA3/Ie/I0B: IPOJIOTA, IIpa-
BIJI TPAMMATHKHU 1 S1mtora. KpaTko paccMOTpuM Ha3HAYEHHe
KaskJI0TO pasjiesia u paboTy reHepaTopa CHHTAKCUIeCKUX aHa-
JIN3aTOPOB bison B 1e/10M.

[Iporpamma bison renepupyer UCXOJIHBIN (haill Ha OJIHOM U3
sa3bikoB: C, C++ unn Java. [lajiee pedn 1oitj1eT HCKII0UATE b=
HO 0 a3bike C+-+, HO reHepanust (hailjioB Ha JPYIUX sI3bIKAX
BBITIOJTHSIETCST aHAJIOTUIHO.

B cnyuae a3pika C+-+ bison renepupyet daiisi, cojepKaiiuii



JIABOPATOPHBIE PABOTHI 110 Kypcy CIIITO 7

KJIaCC B IPOCTpaHCcTBe uMeH yy. VMg Kjiacca MOXKHO MEHSTD,
B JJAHHOM CJIydae Kjacc Ha3bBaeTcsa Parser.

O6mmumit npunun paborsl bison-a TakoB: Mpu moMoIH mporpaMmbl m4 bison cosjaer nc-
xojHbIe (haitibl Ha sa3bike C++. [Ipu 9TOM B Hava/I0 Ope/ie/ieHns KJIacca U B 3ar0/I0BOY-
HbII (hail/l ToMeNaTcd CTPOKU U3 MpoJiora. TakzKe ITPOJIOr COJAEPXKHUT HACTPONKHU JIIsd
bison-a: nmMs Kiracca, aprymeHTsl byHKI, TUIIB, JIeKceMbl 1 1p. OCHOBHAS YaCTb KJIac-
ca, 1o ecthb dyHkIus yy::Parser::parse(), renepupyercsi Ha OCHOBE IPABUJ IPAMMATUKU.
B komner orpejiesienns Kjiacca MOMEMIAIOTCH CTPOKHU M3 SIUJIOTA.

Tenepnb moapobHO paccMoTpuM aila parser.y.

23 Y%require "2.4.1"

B camom mauasie daitna momerena nndopmalmsg 0 MUHIMAILHONW Bepcun bison-a. /leso
B TOM, 9TO bison IOCTOsIHHO pa3BUBAETCs: J0OABJIISIIOTCS HOBBIE OIINN, MEHAIOTCA (popMa-
TbI mabaoHoB. [Tapamerp %require o3BoJIsIET yKa3aTh HEOOXOAUMYIO BEPCHIO TeHEPATOPA
AHAJIN3aTOPOB M TEM CaMbIM n30eKaTh MHOTOYUC/IEHHBIX COOOIIEHNI O HepaCIO3HAHHBIX
napaMeTrpax.

24 Ylanguage "C++"

25 %skeleton "lalrl.cc" /* —x— C++ —x— #/
26 Ydefines

27 %define parser class name "Parser"

B 1epBbIX cTpOKax MpoJiora COJEP:KUTCs yKa3aHUe 1eJIeBOro si3blka, absion (rapamerp
%skeleton) u koucranTbl. OHON U3 KOHCTAHT SIBJISETCS UMs KJIacca, KOTOPOe 3J1eCh MPH-
HUMaeT 3Hadenue «Parsers.

38 Y%parse—param { Driver& driver }

[TapameTp parse-param COIEpKUT apryMeHTbI it byHKIWN yyparse(), ecim mporpaMma
reHepupyeT anagn3arop na ga3bike C, i jyist KOHCTPYKTOpa Kjacca Parser, Kak B JJaHHOM
ciiydae.

40 %locations

9TOT mapaMerp BKJOUYaeT TpaccHUpoBKy. Kaxkmgas jgexcema cHabxKkaeTcs nHMOpMAIei
0 MEeCTOIIOJIOXKEHNN B aHaJm3upyemMoM daiie. TpaccupoBka 3amMesiseT aHau3, HO 3aTO
[I03BOJIAET DoJiee JIeTaabHO MHPOPMUPOBATDH IOJIL30BATEs O XO/4e Pa3dopa U BO3HUKAIO-
X OIINOKAX.

42 %union {

43 double value;

44 std::stringx name;
45}
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Crpoku 41-44 cojmepKuUT onucanme ceMaHTUIecKoro tura yy::Parser::semantic type, on
ke YYSTYPE. Dtor tun npescrasisger coboit o0bemuaenne. B manHOM cirydae oObe -
HEHMe COJIEPXKUT JBa II0JIA: JJIsi IUCJI0BBIX 3HaUYeHU u jij1s uMmeH. MMs omnpejesieHo Kak
yKazaTesb Ha CTPOKY. DTO He orpaHmdenne bison-a, aro orpanndenue C-+ 41,

47 %code {

48 #finclude <memory>

49

50 #include "driver.h"

51

52 typedef std::auto ptr<std::string> StringPtr;
53}

Cekrus code coJiep:KuT KOJ, MOMENAeMbIil 1epe onpejenerneM kiacca. Cunrakcude-
CKOMY aHaJIn3aTopy HEOOXOJMMO 3HATh CTPYKTYPY KJjacca Driver, 4roObl oOpariarbes
K TabJIIIe CUMBOJIOB.

B crpoke 51 obbsaBien cunonnm Tuna auto ptr. Beimre ynoMuHaaIoch, 9T0 OJHUM U3 HJIe-
HOB O0'be/INHEHNUS SABJISIETCH yKa3aTe b Ha cTPoKy. QyHKINN, paboTaloliye ¢ 00be IMHEeHN-
eM, JIOJIZKHBI OCBODOXK/IATDH 3aHsAThbie pecypchbl. KoHeuHo, B IPUMUTUBHOM CJIydae MOXKHO
BBI3BATH oreparop delete, m 3ro cpaboraer. Ho kak Oyjer BuiHO jasibiie, (hyHKIIUNA UMe-
I0T HECKOJILKO TOYEK BBIXOja. B Takmx ciydasx ropasyio 3h@eKTuBHee UCIOIb30BaTh
OJIMH 13 KJIACCOB C ABTOMATHUIECKOi COOPKOIi Mycopa (H/Ii CO3/1aTh CBOIi), YeM BBI3bIBATH
oneparop delete mepe Kazk0il TOUKOIH BBIXOJA”.

55 %token CONST "const"

56 %token END 0 "end_of_file"

57 %token INVALID CHARACTER "invalid_character"
58 %token NOT A NUMBER "not_a_number"

59

60 %token <name> NAME "identifier"

61 %token <value> NUMBER "number"

Crpokn 54-60 comepkar camoe uHTEpeCHOe (TI0CIe OMMCAHUS TPABII TPAMMATHKI): OIH-
canme jekceM. Onucanme JeKCeMbl HAUMHACTCA €O cJIoBa %token, mocjie 9ero MoxKeT uiaru
tun jgekcembl B TepmuHax Y YSTYPE, ee cumBosibHOe 3HAUEHNE, HEOOSI3aTEILHOE THCIO0-
Boe 3HadeHne (ekcema END o cornarenuto jommknaa 6b1Th paBHa 0) U CTPOKY € YI00HBIM

! Teso B ToM, uTO M0G0} KTACC IMEET CBOIO BHYTPEHHIOIO CTPYKTYPY, KOTOpast CO3/IaeTCs TIPH BBHI30BE
KOHCTPYKTOpa 00beKTa. 3amnuch B moje value pazpymmia 66l CTPYKTYPy name, ecian Obl name ObLI 00b-
€KTOM. DTO KaK MUHUMYM BBI3BAJIO Obl yTEUKY PECYPCOB, a B XYJIIEM CJIydae HAPYIIECHUE [IPAB JOCTYIIA
P BBI3OBE JeCTpyKTOopa 00beKkTa. [lo aToit mpuunne 06beKTHI HE MOTYT OBITH WJIEHAME O0bHETNHEHHIA.

2KoHeYHO, MOKHO OCTABUTH OJHY TOUKY BBEIXOJA, OJHAKO IIOCTPAJIAET HMOHSTHOCTH MCXOJHOIO KOJA.
Kpome Toro, jmaxke B 9TOM CjIydae HET TapaHTHU OCBOOOXKJIEHUsI PECYPCOB IPU BHE3AIHO BO3HUKIIIEM
WCKJTIOYEHUN.
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onmcanueMm Jiekcembl. [locsennee nmo3sosisier bison-y 6oJjiee MOHATHO coobiiaTh 00 OIIuo-
KaXx.

Bce cumBoJibHBIE KOHCTAHTBI MOMEIMIAIOTCS B CTPYKType yy::Parser::token. 91o BaxKHo

IIOMHUTDL IIPU HallUCaHUUN JICKCUYICCKOI'O aHaJIu3aTopa.

63 %type <value> expr term
[enepupyembie bison-oMm GyHKIMT MOTYT BO3BpAIaTh 3HAUEHNsT PA3HBIX TUIIOB. B 1amHOM
cJIydae THUIbI BbIDAXKEHUI U TEPMOB OIPEIEIoTCd Kak value, To ecThb Iuc/io.

65 %destructor { delete $$; } "identifier"
[Mapamerp %destructor onucpiBaer IeifCTBUA 10 YHUYTOMKEHUIO TOIO WJIM MHOIO THUIIA.

Ecnu BospatmaeMbiM 3Ha9eHIHEM (DYHKIUH ABJISIETCs HACHTHMUKATOP, TO €0 HeOOX0IUMO
YHUYTOXKUTH BBI30BOM olleparopa delete.

67 Y%error—verbose
DTOT HapaMeTp BKJIIOYAET 1OpOOHbBIE cOODINEeHNA 00 OMMOKax.
Ha 9TOM IIPOJIOT" 3aKaHIMUBaCTCA U HAUYNHaACTCA OIIMCaHuEe IIpaBUJI I'PaMMaTHUKH.

71 Y%start program;
72 program : /* nothing */ {}
73 | CONST NAME "=’ expr { StringPtr p($2);

74 if(driver.symbols.find(xp) == driver.symbols.end())

75 {

76 driver.symbols.insert (Driver::Symbols::value type(xp,
Driver::Value::constant($4)));

77 driver.result = $4;

78 }

79 else

80 {

81 std::ostringstream msg;

82 msg << "cannot_rebind_’" << xp << ",

83

84 yy::location I;

85 l.begin = @1.begin;

86 l.end = @3.end;

87

88 error(l, msg.str());

89 YYABORT;

90 }

91 }
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Bison crpour anamusarop no cxeme LALR(1). Cunrakcudeckuii aHagu3aTop HpeicTaB-
JigeT coboit KoHeuHblil aBTomMar. ABTomMary HeoOxo Mo HadasbHoe 3uadenue. Ctpoka 70
YCTaHABIUBAET 3TO 3HAUECHIUE.

[IpaBusia rpamMMaTiK, KaK BIJIHO U3 IIpUMepa, olrchiBatoTcs B Buje bBH®, mpuyem mocsie
IpaBUJIa CJIeJIyeT COOCTBEHHO JIeiCTBHE, COOTBETCTBYIOMNIEee npaBuity. [lockobKy rpamma-
THKa JIOIYCKAeT IIyCTOe MPABUJIO, TO CTPOKa 71 COEPKUT MPOCTO (PUTypHBbIE CKOOKN Oe3
KaKOoTo-I100 KOJIa.

Baro amprepaatuBa «CONST NAME ‘=" expr» comep:ut Kyja OOJIbIIe KOJIA.

3/1eCch HAJIO OTMETHUTD, UYTO (DYHKIIHUSA TPUHUMAET YUCI0 APIYMEHTOB, PABHOE YUC/TY JIEKCEM
B 1IpaBoil yacTu npasuia. Kaxkaplit apryMeHnT onuchbiBaeTcsa B BUIE $n:

$1 $2 $3 | $4
CONST | NAME | "=’ | expr

Bosspamaemoe dynknueii snadenne onucbisaerca Kax $$. [Ipasuio program nudero me Bos-
Bpalaer, mo3ToMy 3Hadenne $$ B Hem ne mcmosb3yercs.

Yro Kacaercs camoii (OYHKIUU, TO €€ JIefCTBUA onucbiBaioTcd 1mpocto. [lo ycmoBuio Kon-
CTAHTHOCTH BEJTMIUHBI HE MOYKET ObITh M3MEHEHA, TOITOMY (DYHKITUST OCYIIECTBIISET TIONCK
umenu $2 B Tabuune cumBosioB. Ecam 310 nMms yxKke ecth B Tabuune, TO (DYHKIMHA IIpO-
cro 3asepiaercst ¢ omubkoit (Mmakpoc YYABORT B crpoke 120). B nporusHoM ciryuae
B Tab/iuily jobaBJisieTcsd HOBasl KOHCTaHTa, a lepeMenHas result  apaiiBepa mosiydaer ee
snadenne. Kiace StringPtr mossosisier e 3a60TUTHCsT 06 OCBOOOXKIEHUN PECYPCOB B 06YT
TOYKAX BBIXOJa (& WX TYT MMEHHO dee). KOMIMISTOp BBI30OBET IECTPYKTOP OOBEKTa D
B HEOOXOIMMBIII MOMEHT.

OcrajibHbIe aJbTEPHATUBBI IPABU/IA Program MaJio OTJIUYAIOTCS OT OIUCAHHOMN, TIO9TOMY
HET CMBICJ/IA TI0JIPOOHO PacCMaTPUBAThL MX.

120 %left -+ '—;

121 %left '« /7

122 %right UMINUS;

123 expr : expr '+ expr { $$ = $1 + $3; }
124 | expr — expr { $$ = $1 — $3; }
125 | expr * expr { $$ = $1 x $3; }

126 | expr '/’ expr { if($3)

127 $$ = $1 / $3;

128 else

129 {

130 error(@3, "division_by_zero");
131 YYABORT;

132 }

133}
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134 | ’—" expr Y%prec UMINUS { $$ = —$2;
1| epr ) {85 52 )
136 | term { $$ = $1; }

137

[IpaBuso expr onucbiBaeT apudMeTUIeCKue JIEHCTBUSA: CJI0XKEHNe, BbIYUTAHNEe, YMHOXKe-
Hue, jieJIeHre, CMEHy 3HaKa M CKOOKU. BoimosHgemble JieiicTBrdA TpuBUAIbHBI. HeKoTOpbIit
MHTEepeC MPEeJICTABIIAET olepalud Jiejienusd. B ciydae paBeHCTBa HYJIIO ITPABOIO OIEPAHIA
($3) npoucxonut BbI30B DyHKIMU-UIeHa yy::Parser::error(), IpuuenM HepBbIM HapaMeTpOM
sToit byukiun spiserca Q3. [Tapamerpsr Buga @Qn JIOCTYIHBI TOJIHKO MPU BKJIIOYEHHOMN
ommuu Ylocations u coaep:KarT MECTOIIOIOKEHUE JIAHHOM JIeKCeMbl. B ciiydae monbITKN
Jesienns Ha () CHHTAKCHYECKU aHAJIM3aTOP TOYHO YKAYKeT HEJOMyCcTuMoe (T.e. HyJeBoe)
I0/IBbIPaYKEHNE.

[IpaBusio expr onmchbIBaeT BCe JIEUCTBUA HEB3MPas Ha UX IPUOPUTET. Bee j1es1o B cTpokax
119-121, B KOTOpBIX ONUCAHBI IPUOPUTET U ACCOIUATUBHOCTD orepalnii. dem HUKe 110
KOJIy OIMCAHA OII€PaIlisi, TEM BBIIIE ee MPUOPUTET. AJINTUBHBIC W MYJIbTUILINKATHBHBIC
oliepaluu JIeBOACCOIMATUBHBI, TOIJIa KaK yHAPHbI MUHYC IIPaBOACCOIUATUBEH.

HpI/IOpI/ITeTBI CliellnaJIbHO BBE/JICHBLI JIJIA y;[‘O6CTBa OIIMCaHud MaTeMaTHUYIeCKNX BbIpazKe-

HUI.

139 term : NUMBER { $$ = $1; }
140 | NAME { StringPtr p($1);

141 Driver::Symbols::const _iterator i = driver.symbols.find(xp);
142 if(i != driver.symbols.end())

143 $$ — i—>second.value;

144 else

145 {

146 std::ostringstream msg;

147 msg << "undefined_symbol_"" << xp << "'";
148 error(@Q1, msg.str());

149 YYABORT;

150 }

151}

152 | INVALID CHARACTER { YYABORT; }
153 | NOT A NUMBER {

154 error(@1, "not_a_number");
155 YYABORT;

156}

157

B npasuse term naubosbIIMii MHTEpPEC MPEJICTABJIAIOT JBE IOCJEHUE aJbTePHATUBBI:

INVALID CHARACTER u NOT A NUMBER. Ounu npegaassadenbl TOJbKO JJIs OJT-
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HOTO: 06pabOTKM OMMUOOK JIEKCHIECKOro aHagn3aropa. Jlejmo B oM, uro dbyukims yylex()
BO3BpAIIAET Ie/10€ YUCIO0—HOMEp JieKceMbl. [[09ToMy eInHCTBeHHBIH CIOcoD mepeaaTh
«HaBEPX» coobIeHne 00 OmmuOKe — OIpee/INTh CIeNnaIbHYyI0 JleKceMmy. Eie ojuH cIo-
€00 3aKJII0YAETCs B BO3OYKJICHUN UCKJIOUCHUA.

161 void yy::Parser::error(const yy::Parser::location type& 1, const std::string& m)
162 {

163 driver.setError(l.begin.column, l.end.column, m);

164}

B smtore onpenesiena dyukius-aiex error(). Dra GyHKIws 00s13aTe/IbHO JOZKHA ObIThH
orrpe/iesieHa mporpaMmmMucToM. B mannom ciryvae (pyHKIUS IPOCTO mEepeaeT OmnoKYy Tpaii-

BEDY.

8 Jlekcudeckmnii aHAJIM3ATOP

CrpyKTypa BXOIHOTrO (hailjia JIEKCHIeCKOr0 aHAIN3aTOPA TaKXKe COCTOUT U3 TPeX vdacTeil.

[lepsast wacThb aiina comepKuT pasHoodbpasHble HacTpoiku flex-a,

Oupeenenus olpe/ie/ICHUsT PETryIAPHBIX BbIPparKeHU U MCXOJAHBIN KO, IIOMeIae-
%% MBIiI ITepe/T KOJIOM aHaJim3aTopa. Bropas 4acTb COJIEPKUAT CaMHU IIpa-

BUJIa M COOTBETCTBYIOIIME MM JielicTBudA. Kak npaBuio, JieiicTBusd
Hpasuia 3aKJII0YAIOTCA B BO3BpaTe TOH WM WHOU CUMBOJIBHOW KOHCTAHTBHI.
%% [Hocnenusist vacTh daiisia co/lepKUT Ko, DYHKIINIA, TOMeIaeMbIX T0-
Kon cJIe KOJIa JIEKCMYIeCcKoro aHaJjim3aropa. Hampumep, Tam MoxkeT ObITh

dbyukus main(), ecsim nporpamMmMa HeGOJIbIIA.

Tenepb paccMoTpuM daiisr scanner.l, KOTOpbIii COIEP:KUT UCXOIHBIH KO CKaHepa, o Ipob-
Hee.

1 %option 8bit
2 %option noyywrap
3 %option warn

Daity1 HaunHaeTcs ¢ HaCTpoek reneparopa flex. 31ech ykazano ucnosibzoBanue 8-0UTHOI
KOJIMPOBKHU (MOYKHO BBIOPATH U 7-OMTHYI0), OTKa3 OT (DyHKIMU yywrap (HeoOXommMa J1ist
06pabOTKU HECKOJIbKUX BXOJHBIX (haiijIoB) U BKJIIOYEHBI BCe Npeynpex/ienns flex-a.

HMauee B aisie o1rcaHO BKIIOUEHHE 3ar0JI0BOYHBIX (DallyioB, Kak CTaHIAPTHBIX, TaK 1 [PH-
HaJIeXKAUX Kaabky/saropy. Kak u B parser.y, B scanner.] ncxozubiit ko C+ -+ oGpamiien
cuvBostamu «%{» n «%}».

14 // By default yylex returns int, we use token_ type.
15 // Unfortunately yyterminate by default returns 0, which is
16 // not of token_ type.
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17 #define yyterminate() return yy::Parser::token:: END

Pas6op stekcem 3aBepriaercs Bbi3oBoM (byHKIMHN yyterminate(), Koropast BO3Bpaliaer re-
abtit 0, 9T0 He cooTBeTCTBYeT THILY yy::Parser::token, mosromy dynkiusa nepeorpesemns-
eTcsd TaKM 00pa30M.

21 %{
22 #define YY USER_ACTION yylloc—=>step(); \
23 yylloc—>columns(yyleng);

24 %}

flex o3BoJIsieT 106aBIATH B KOJL JEfICTBUS T10JIb30BATE/Is [10C/IE PACIIO3HAHUS OYePeIHO
JIeKCceMbl. B JTaHHOM citydae HadaJ 10 JJeKCeMbI IIePeIBUTaeTCs B KOHEIT IIPEIbIIY e, TToc/Ie
Yero yCTaHABJIUBACTCSA HOBBIN KOHEI[ JIEKCEMbI. DTO HEOOXOIUMO JIJIsl IOHSITHOTO BBIBOJIA
undopmalu 06 OImoKax.

Kpowme sToro B paszjesr omnpejie/ieHIuil MOXKHO ITOMECTUTDH OIIPE/Ie/ICHUsT PErYJIIPHBIX BbIPa-
JKEeHUI, HO B JIAHHOM CJIy4ae B 3TOM HET IPAKTUYECKOI'O CMbIC/IA.

Bropoit pazjesr comepKuT onmucanue PeryasipHbIX BbIPaxKeHUil, KOTOPBIMU OIICBHIBAIOTCS
JIEKCEMBI, U JIEWCTBUS aHAJIM3aTOPA IIPU PACIO3HAHUU TaKNX JIEKCEM.

28 [+\—x/=()] return yy::Parser::token type(yytext|0]);

Cunrannas m3 MOTOKa JIEKCeMa 3alliChIBaeTCd B IepeMeHnyio yytext. B mannom ciaydae
3HAKM Ollepaluil 1 CKOOOK HAIPsIMYIO IpeBparliaoTcs B Tuil token type. Moxkno 0b110 661
otsesibHO onmcarh KoucranToel PLUS, MINUS u ap., HO B JJaHHOM cjiydae 9TO yCJIOXKHUT
KOJI, HE YBEJIUYUB €0 TOHATHOCTH.

29 "const" return yy::Parser::token:: CONST;

CiioBo «const» PacCIIO3HaAETCA OY€HDb IIPOCTBIM PEryJIAPHBIM BbIpazKE€HUEM.

31 [|:alpha:| |[[:alnum:| |* yylval—>name = new std::string(yytext); return
yy::Parser::token:: NAME;

Kax coobimaioch Bbilie, naeHTHMUKATOP HAYMHACTCs ¢ OyKBbI MJIH 3HAKA O IePKUBAHNS,
[OCJIe Yero MOXKET CJIEJIOBATH JII000e YUCI0 OYKB, MUMP WM 3HAKOB MOYEPKUBAHUS.
flex monmmaer peryisipuable Bbipaxkerus B ¢opmare POSIX, 9T0o 1mo3BoOJIZ€T ONUCHIBATH
asipaBuTHBIE CHMBOJIBI Kak [:alpha:|, a e kak [A-Za-z|.

Berperus mientudukarop, JEKCHYECKUN aHaIN3aTOP KOIUPYET €ro B 9K3eMILISIp KJacca
std::string. YHUYTOXKUTE SK3EMILIAD KJIAcCa JOJIKEH YK€ CHHTAKCUYECKUIT aHAM3aToP.

33 |[[:digit:||+(\.[[:digit:|]*) 7|\ .[[:digit:]]+ {

34 errno = 0;

35  double d = std::strtod(yytext, 0);

36 if(errno == ERANGE)

37 return yy::Parser::token::NOT A NUMBER;

w



JIABOPATOPHBIE PABOTHI 110 KypPcy CIITIO 14

38  yylval—>value = d;
39  return yy::Parser::token:NUMBER;
40 }

Yucio MoxKeT OBITh 3allMCAHO HECKOJIBKUMU CIIOCOOAMM JIJIs yJI00CTBA BBOJA: KaK «15»,
KakK «3.14» m jaxKe Kax «.b». Peryngpnoe Boipazkenue orpazkaet 3T criocobnl. Kpome cob-
CTBEHHO PACIIO3HAHMSA JICKCeMbl (DYHKIMA Tpeodpa3yeT CTPoKy B 3Hadenue Tuia double.
Ecin npeobpazoBanue He yJIaJI0Ch, CUHTAKCHUYECKUN aHAJIN3ATOD MOJYyYaeT <«JIEKCEMY»

NOT A NUMBER.
2 [\t+ {}
[IpobebHbIe CUMBOJIBI IPOCTO UTHOPUPYETCS.

44 . { return yy::Parser::token:INVALID CHARACTER; }

[Tocsietree paBmIo OnpeiesseT JAeHCTBUS AaHATN3ATOPA HA CJIyIail HellPeIBUICHHBIX JICK-
ceM. 3jech aHajm3aTop BozBparaer crenuaabayio jgekcemy INVALID CHARACTER,
1 y2Ke 33Ja4deil CHHTAKCHYIECKOI'0 aHa/JIn3aTopa sBjIgeTcsd 00padoTKa OMUOKH.

9 Ornagka

Pasymeercst, Ob1710 ObI HAMBHO ITpEIIIOIaraTh, 9T0 FPAMMATHKY ITPOU3BOJIBLHON CJI0KHOCTH
MOXKHO cpazy onucarh 6e3 omubok. st orrajku flex n bison numeror crienuabHbIe OMITUN
u darn.

s ornagku flex umeer ciemyronme darn:

—d, %option debug remepupyer orTiamounHyio Bepcuio anajauszaropa. Kak Tonabko flex
BeTpedaer 3ToT duiar u nepementas yy flex debug ne pasma 0 (10 ymosrdanmio
OHa HE PaBHA), JIEKCUIECKUI aHATM3aTOD BBIBOJUT B CTAHJIAPTHBIA MOTOK OIMMOOK
CTPOKY BHJA

—accepting rule at line 53 (“the matched text”)

Howmep cTpokn coorBeTcTBYyeT HOMEPY CTPOKH C IIPUMEHEHHBIM MTPABHJIOM B HCXO/I-
Hom daitiie.

—s, ——nodefault, %option nodefault usmensier noBegenne JIEKCHIECKOr0 aHAIT3ATO-
pa IpHU CYNTHIBAHUN HEM3BECTHOIO cuMBoJia. [lo ymMosdaHuio 3Tor cuMBOJ J1y0Jn-
pyercs B CTaHJIAPTHBIN BbIBOJI. [Ipu BKIIIOUEHHON O JIEKCUYECKUI aHam3aTop
HEMEJ[JICHHO [IPePhIBACT PAbOTY ¢ coobIIeHneM 00 OMubKe. DTO MOJE3HO I TIOUCKA,
JIbIP B CIIMCKE ITPaBUJI.

JI1st OTIaAKM CMHTAKCHYECKOro aHaIu3aTopa HeoOXOAnMO J00aBuTh AUpeKTuBy Zdebug
a Takke BbI3bIBATH yHKIMIO yy::Parser::set debug level() ¢ HeryeBbiM apryMeHTOM.
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10 MHWurepdeiic

Kasbkynsarop moxker paboTaTh B IMAKETHOM WJIM UHTEPAKTUBHOM pexknmax. Ecim B Ko-
MaHJIHOI CTPOKE COJEPKaTC apryMEHTbI, KaXK/IbIl U3 HUX PACCMaTPUBACTCA KaK KOMaH/1a
KaJIbKYJIATOPA. B IIPOTUBHOM CJiyda€ KaJIbKYJ/JIATOD CUUTbIBACT JaHHbIC U3 CTaHIapPTHOI'O
BBO/Ia /10 KOHIIa (aiiia. s ynporienus padoThl ¢ JIByMsl HCTOUYHUKAMU BXOJIHBIX JTAHHBIX
omnucaH Kjacc Input.

Nexoanbit Teker uarepdeiica cojepkuteda B daiiie calc.cpp.

11 Python Lex-Yacc

st si3pika mporpammupoBanust Python ects crenmasnbubiii momysis ply (Python Lex-
Yacc). Python Lex-Yacc ocHoBan Ha udesar lex u yacc, HO onucanne rpaMMaTUK XPAHUTCST
HEe B OTJIC/IBHBIX (ailjiax, a HerocpeJcTBeHno B .py. [lepes 3ammyckoM Takoil mporpaMMbI
ply remepmpyer m KOMIUIUPYET JIOTOJHUATEIbHBIE MOJY/IN, OCHOBBIBASCH Ha MHTepdeiice
Dy.

Python mpenocrasiger undopmaruio o J0O0M MOJIyJE WK KIacce MPIMO B X0je pado-
TBI TIpOrpaMMbl. ply m3BiiekaeT u3 mHTepdeiica MOy OTBEYAIONINE COTJIAIIEHNIO TMe-
HA U FeHEpUPYeT JIKCHYECKUI M CUHTAKCHYICCKUil aHajm3aTopbl. HecMOTps Ha pasHUILy
B I0/IX0OJaX, UCXO/IHbIe (Pailibl UMEIOT MHOI'O ODIIEro.

11.1 VYcraHoBkKa
Yceranoska ply mpoucxonur odeHb IpocTo:
# apt-get install python-ply python-ply-doc

Kak Tosibko komania apt-get 3asepiuT cBoto padboty, ply ToToB K HCIIOJIE30BAHUIO.

Ecim o kakoii-to npuaune Bara OC He ucrnosb3yer nakerHblii Mmerezkep APT, obparn-
TeCh K JIOKYMEHTAIMH [IaKEeTHOIO MeHe [zKepa Ballleil CUCTEeMBbI, 9T00bI HAATH U yCTAHOBUTD
9TU HAKETHI.

11.2 IIpoekTmpoBaHnme

B Bepcun xasnbkynsaropa na Python-e ner jpaiiBepa 1o jaBym npuunnam. Bo-miepBbix, 06-
paboTka ommuboK cBejieHa K BO3OYXKJIEHUIO UCKJIIOYEHU, TO €CTh MOXKHO OTKa3aTbCsd OT
XpaHeHust ocseIHei omubkn. Bo-Bropeix, Tum dyHKIm parse() onpeiesercst JnHaMu-
YeCKHU, TO €CTh MOYKHO OTKa3aThCs OT IepeMeHHoi result .

B ornuuune or mpumepa Ha C-++, 1/l CHHTAKCUYICCKUI AHAIN3ATOD SBJISICTCS KJIACCOM,
a JICKCUYeCKnit — (DyHKIMEH, 3/1eCh BCe HA0OOOPOT: JIEKCUYIECKUN aHAJIU3ATOD SABJISICTCS
KJIACCOM, & CUHTAKCUYIECKU — (DYHKIIHEIH.



JIABOPATOPHBIE PABOTHI 110 KypPcy CIITIO 16

11.3 CuHTakcuveckuii aHaJIN3aTOP

Ornucanne CHHTAKCUYIECKOTO aHAJIM3AaTOpa HaxoauTes B daitie calc  parser.py.
26 import ply.yacc as yacc
Bo-niepBbix, Ha 10 MOJAKIIOYATL MOJIYJIL ply.yacc.

29 from scanner import Scanner, Error

[Torom u3 MoJTy/Ist scanner, onucanue KOTOPOro Oy/ieT MPUBEJIEHO HUXKe, UMIIOPTUPOBATH
KJIACC Scanner Jiis JISKCHIeCKOTO aHam3a n Kiaace Error s Bo30y K IeHnsT NCKTIOIeHT.

32 symbols = { "pi" : ("const", math.pi),
33 "e": ("const", math.e) }

Tabsiuia cMMBOJIOB TIPEJICTABIAET COOOI CJIOBAPD, KAK B IPEILIIYINEM IIPUMEPE.

35  scanner — Scanner()
36 tokens = Scanner.tokens

Jlanee HeOOXOMMMO CO3/aTh O0OBEKT—/IEKCUYECKUN aHaJIMn3aToOp U 0DO3HAUUTDH JICKCEMBbI
nepemenHoit tokens. KoHCcTaHTBI JIeKceM ONMUCHIBAIOTCA HUYKE B KJIacce Scanner MOLYJIst
scanner.

38 precedence = (("left", "PLUS", "MINUS"),
30 ("left", "MUL", "DIV"),
40  ("right", "UMINUS"))

[Tpuopurer U accONUATUBHOCTL OIEPAIUI 0 COIJIAIICHUIO ONMUCHLIBAIOTCS IIEPEMEHHOI
precedence.

43 def p program empty(p):

44 nmn ”program Lunnmn

45 pl|0] = 0.0

Nmena npoayKIuit HAUnHaOTCs, OIATh ¥Ke 110 COIVIAIEHUIO, ¢ IpeduKkca «p _ ». ['pamma-
TUKa HIPOJAYKIMU 0003HaYaeTcsd B Buje docstring, jJajee ujeT UCXOIHBIN TeKCT (YHKIUH.
B nannom ciydae npoyKIns IycTas, a pe3yJibTaT, KaK OIUcaHo Bbile, paseH 0.

47 def p program const assignment(p):

48 """program_: _CONST_NAME_ASSIGN_expr"""

49 v = _symbols.get(p|2], None)

50 if v

51 raise Error, ("cannot_rebind_'%s’" % p|2]|, p.lexspan(1)[0], p.lexspan(3)[1])

52 symbols[p[2]|] = ("const", p[4])
53 pl0] = pl4]
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Koy dyaknmit anaiamsaropa MOXoxK Ha KOJ MCXOJHBIX aitjoB bison-a. Ecrb pasuuia
B obosnavennsx: nepemennas $$ nasoiBaercsa pl0], a $n — p[n|. Baxkno momnurs, wro
OTPUIATEILHBIC NHICKCHI B JIAHHOM CJIydae UMEIOT COBEPIICHHO JAPYTOM CMBICII, TOITOMY
UX 3JI€Ch HEJIb3d UCIOJIb30BATh.

[Tepemennbie Qn, B KOTOPLIX XPAHUTCSA MOJIOKEHUE JIGKCEMBI B CTPOKE, 3/1eCh JOCTYIIHDBI
gepes BbI30B GyHKiuu p.lexspan(n).

114 def p_error(p):
115  raise yacc.SyntaxError, "syntax_error_at_token_'%s’,_position_%d" % (p.value,
p.lexpos)

Dyuknuio p_error() BbI3BIBAET HENOCPEJICTBEHHO AHAIM3ATOD DU BO3HUKHOBEHUH OG-
KH.

117 yacc.yacc()

Oynknus yacc() obpabaTbiBaeT MOJyIIb, CO3/aBas CUHTaKCHIecKuii anammsaTop. Kpome
TOr0, OHa BBIBOJUT B (bailsr parser.out onmcanue creHepupoOBaHHOIO KOHETHOI'O aBTOMATA
B IIOHATHON 4eJsIoBeKY (popme. DToT (hailjl oJIe3eH 1Ipu OTJIaJIKe.

119 def calculate(data):
120 return yacc.parse(data, lexer= scanner.lexer, tracking=True)

Hamnocenok onpenennm dyukimio calculate(), koropasi Bbi3biBaeT parse() ¢ HYKHBIMU
napaMeTpaMy: CCLLIKON Ha JIeKCHMYeCKUIl aHaIM3aTop U YCTAHOBJICHHLIM (DJIArOM TPACCH-
posku. Tpaccuposka, Kak u B npumepe xa C+ -+, 3amejisger 00paboTKy BXOJHBIX JAHHBIX,
HO [I03BOJIAET 10JIydaTh HH(POPMAIMIO O MECTOIOJIOKEHUH JIEKCEM B UCXOJIHOM TEKCTe.

11.4 JlekcudecKuii aHAJIN3aTOP

Omnmcanne JIeKCHYECKOro aHaIM3aTOpa HaxoauTces B dailre calc scanner.py.

3 import ply.lex as lex

Bo-tiepBbix, najio ummnopTuposarh Moy b ply.lex.

6 class Error(Exception):
7 def  init  (self, m, begin, end):

8 Exception. init  (self, m)
9 self.begin = begin
10 self.end = end

[IpousBoanbrii Kiaacc Error xpanur coobieHne 006 ommbOKe U MeCcTO €€ BOSHHUKHOBEHMUSI.
Kiace ucnonbayercs i BO3OYKACHUST UCKIIOYUEHUIA.

12 class Scanner:
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Jlekcuuecknii anam3aTop peajiM30BaH B BUJE Kjacca Scanner. 9TOT KJIACC JOJIZKEH CO-
OTBETCTBOBATDL OIPEJIeJICHHOMY HHTepdeiicy.

13
14
15
16

# The list of reserved words. Optional
reserved = {

"const" : "CONST"
}

[Iepemennas reserved HeoOsi3aTe/IbHA U HE sIBISIETCS YacThbio mHTepdeiica, 0MHAKO KO-
YeBbIe CJI0Ba IPOrPAMMBbI OIMCAHBI UMeHHO B Heil. Huke Oymer Hai0 00bsICHEHNE 9TOMY

daxkry.

18
19
20
21
22
23

# The list of tokens. Mandatory
tokens = |
"NAME", "NUMBER",
"PLUS”7 Hl\/-[Il\IUSH7 "MUL", ll])I\/'H7
UASSIGNH, HLPH, HRPU

| + reserved.values()

B ornuane or C++ j1ekceMbr OlIpeJIe/IAI0TCAd He KOHCTaHTaMU-9Yuc/JIaMM, a KOHCTaHTaMM-

3

CTPOKAMMU
25 # Regular expressions for simple tokens
26 t_ PLUS =1"\+"
27t MINUS ="-"
28t MUL = r"\«"
29t DIV =1¢"/"
30t ASSIGN = "="
31t _LP =1"\("
32  t RP=1"\)"

[IpocThie jteKceMbl OIUCHIBAIOTCS PETYJIAPHBIM BbIpazkeHueM. [lo coruarenuio nmena Jiek-
ceM HaduMHaITCs ¢ npedukca «t  ».

34
35
36
37
38

# Complex tokens

def t NAME(self, t):
r"[A—Za—z |\wx"
t.type = self.reserved.get(t.value, "NAME")
return t

«CJIOKHBIMI» CUUTAIOTCS JIEKCEMBI, TpeOyoIue 0CcoObIX AefCTBUN TPU UX TOSBJICHUN
B UCXOJIHOM TekcTe. B mepemennoit docstring (yHKIME OIMMCHIBACTCH PETYJIsipHOE BhIPa-
JKEHUe, a cama JIeKceMa Tepeaercst B (DYHKIMIO BTOPBIM apryMeHTOM (WU € IMHCTBEH-

3Bmpouen, B Python-e Bce CTPOKH SABISIOTCA KOHCTAHTAMH TI0 COOOPAYKEHISAMI TPOX3BOIATEILHOCTH.
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HBIM, ecsiu (DyHKIWs He gBisiercss Merogom). Pyuxrms t NAME() ycranasimBaer Tumn
JIGKCEMBI, 3alliChbiBas ero B IepeMeHnyo t.type.

Jlekcnaecknit anamm3 B ply HeMHOTO oTyimdaercs oT bison-oBckoro. Eciu onpenennts oT-
JEJIBHOE PEryadgpHOe BbIpazKeHUe JIJId KJII0YEBOrO CJA0Ba «CONSt», TO MOXKHO CTOJKHYTHCHA
C HEIPUATHON cHUTyalMeil, Korjia B UCXOJHOM TEKCTEe IIOABUTCHA ()lonyCTI/IMbH?I) NJICHTU-
dukarop «constant». Anaauzarop pasodLET €ro Ha JIBe JIEKCEMBI: «const» m «ant», 4To
HEJIOITYCTUMO.

[TockoyibKy BCSIKOE KJIIOUEBOE CJIOBO SBJIAECTCA NMPABUIBHBIM UMEHEM, HO HE KarKJI0e Ipa-
BUJIbHOE MUMsI — KJIIOYEBBIM CJIOBOM, TO IpU OOHAPYKEHUU HICHTU(MUKATOPA ITPOUCXOIUT
IIOUCK CPEe/U KJTIOUYEBBIX CJIOB.

58 def  init  (self, xxkwargs):
59 self.lexer = lex.lex(object=self, xxkwargs)

KoncrpykTop o0bekTa Scanner co3/1aet JEKCUICCKA aHaJm3aTop Ha OCHOBE CaMOro ceOs.
Apryment **kwargs nosso/igeT peryampoBaTh MoBeJeHre 00bLEKTa.

61  def input(self, data):
62 self.lexer.input(data)

U, nakoHerl, KazK/plil JIEKCHUECKUH aHAIU3aTOD J0JZKeH uMeTh (byHKIwo input(), KoTo-
pas ero 3alycKaer.

11.5 MHNurepdeiic

Nurepdeiic kanmbkynsaTopa HaxoauTes B daitie calc.py.

12 3amanue

HOﬂb3yHCb BblIIICHIPUBECACHHBIMU IIpUMEPpaMi U YKa3aHHBIMU HU2KE UCTOYHUKaMU, OIIPO-
boBaTh reaepaTopbl aHaJIM3aTOPOB.

Crucok JurepaTypbl

[1] B. Crpaycrpym. f3bik nporpammuposanust C+ -+, crerr. uzg. /Ilep. ¢ anria. — M.; CII6.:
«MznarenbctBo BUHOM» — «Hesckuit duanexkrs, 2001 r. — 1099 c., mi. 5

[2] Bison — GNU parser generator. http://www.gnu.org/software/bison/manual/

[3] Lexical Analysis With Flex. http://flex.sourceforge.net/manual/


http://www.gnu.org/software/bison/manual/
http://flex.sourceforge.net/manual/
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[4] JIyamas obpaborka ommbok ¢ momormpio Flex u Bison. Cosersl mo cosma-
HUIO 0oJiee JIPYKEeCTBEHHBIX K IOJIB30BATEI0 KOMIUISITOPOB W HHTEPIPETATOPOB.
http://www.ibm.com/developerworks/ru/library/1-flexbison/index.html

[5] PLY (Python Lex-Yacc). http://www.dabeaz.com/ply/ply.html

2 Jlekcnmuyeckuili aHaJns

1 3amanue

[Tosb3ysach noydeHubiMu B JI. p. N© 1 3HaHUsIME, HAIUCATD HIPOIPAMMY, PAa3JIE/IAIONLY IO
BXO/IHO# TIOTOK Ha JIEKCEMBI B COOTBETCTBUU ¢ BapuaHTOM. lIpu HammcaHuu mporpamMmbl
HEOOXOUMO TI0JIB30BATbCS TEPMUHOJIOTHEN TIpeiMeTHOl obiactu. B ciaydae obpaboTku
daiiyioB mporpamMma JI0JzKHA COXPAHATb UX (popMaTHPOBAHUE.

[Ipu obHapyKenun omrmbOOK IporpaMma JIOKHA COOOIATh O HUX B IIOHATHOMN I10JIb30Ba-
tesio hopme. [Iporpamma jgosmKHa 3aBepiiaTbes ¢ KogoMm (0, ecim 3aBepIniach yCIenHo,
1 ¢ OTJINIHBIM OT () KOJOM B cJIydae OIMIHOKH.

B Tex ciydasx, rjie BBOJI IPElyCMOTPEH UCKIIOUUTENIHHO U3 CTAHapTHOTO (baiiia, Heob-
XOJINMO PeaJIM30BaTh NHTEPAKTUBHBIN PEXKUM PAbOTHI IIPOTPAMMBI.

2 Bapuantbl

1. ITopmuoxkecTBO s3biKa Python: mesbrit u ¢cTPOKOBBI TUIIBI, CITUCKHU, CJIOBapHU, OIle-
panuy HaJi HUMA 1 KoMaH1a del.

2. Kondwurypamnumonnnsie daiiyibr popmara INI.

3. Daitser napouieii /ete/passwd.

4. TlopmuoxkecTBO 3bIKa Prolog.

5. @aiiser onmcannst DNS-30m cepepa BIND.

6. Pemosuropuun APT.

7. Ilpennoxkenne SELECT sa3bika SQL.

8. JlmasexT a3bika Lisp ¢ BOBMOKHOCTDBIO OITpeie/ieHust JIsiMO/1a- U OOBITHBIX (DYHKITHI.
9. Koudurypanmonnstii daiin komansl sudo /ete/sudoers.

10. @aitnbr koudurypanun xorg.conf cepsepa X-org.


http://www.ibm.com/developerworks/ru/library/l-flexbison/index.html
http://www.dabeaz.com/ply/ply.html

11.

12.
13.
14.

15.

16.

17.

18.
19.
20.

21.
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[Tommuo)kecTBO s13biKa Shell ¢ nHCTPYKIMSAME BEeTB/ICHUS, ITUKJIOB U CO3/IaHUS (DYHK-
IHIA.

[Ipemroxkenne INSERT a3bika SQL.
[pemmoxenne UPDATE s3bika SQL.

[Ipemroxenne DELETE sa3weika SQL.

[ToamuoxkKecTBO s13bika, C++: Tunbl int, std::string, std::list< >, std::map<> u cran-
JIapTHBIE OIEPAIIN HaJIl HAMMA.

Tabumer hopmara CSV.

CrieHapu# IPOrpaMMUPYEMOT0 MHKEHEPHOT'O KaJIbKYyJIdTopa ¢ 6a30BbIMU apudMe-
TUIECKUMHU OIl€pallusiMK, ollepaliieil BO3BEJIEHUsI B CTEIIeHb, YUCIaMU B popMaTax
C JIECATUYHON 3aldTON M IKCIOHEHIIUATHLHOM, TPUTOHOMETPUYIECKUME U JIoTapud-
MUYECKUMU (PYHKITUAMU.

Daiier Cascading Style Sheets (CSS).
DBysneBbr ypaBaenus.
Asnrebpamdeckne BbIpasKeHUs.

DaitIbl JIEKTPOTIOYTHI.

3 Ilpumep

calc> a =5

calc> pi * a *x a
*

NAME

NUMBER

NAME * NAME * NAME

calc> const a = 6

CONST NAME = NUMBER

calc> p / pi

NAME / NAME

calc> p = pi

calc> pi =

NAME

NAME

[ o]

NAME = NAME

calc> a = 6

NAME = NUMBER

cale> 1 + a / (p - pi)
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NUMBER + NAME / (NAME - NAME)

calc> 1 + a * e

NUMBER + NAME * NAME

3 IIpoBepka KOppPEeKTHOCTU

1 3ananwme

[Tonbysich mosmydenabiME B J1. p. N© 1 3HaHUAMU U pe3yabTaTaMu, JTOCTUTHYTHIMU IIPU
BBITIOJTHEHNH JI. p. N® 2, HAIMCaTh IPOrPaMMYy, IPOBEPSIONIYI0 KOPPEKTHOCTH CHHTAKCHCA
BXOJ/IHOT'O IIOTOKa B COOTBETCTBUU C BAPUAHTOM.

[Ipu obHapyzkeHnn onmmbOOK MporpaMMa JIOJIZKHA COODOIATH O HUX B IOHATHO IMOJTb30Ba-
resiio popme. [Iporpamma jromkHa 3aBepiaTbes ¢ KojoM (), ecjin 3aBepIINIACH YCIIEITHO,

1 ¢ OTJIUIHBIM OT 0 KOJ/IOM B CJjly4dae OIINOKM.

B Tex ciydasx, rjie BBOJI IPEyCMOTPEH UCKJIIOUYUTEIHHO U3 CTAHIapTHOTO (baiiia, Heob-
XOJINMO PEeaJIM30BaTh NHTEPAKTUBHBIN PEXKUM PAOOTHI ITPOTPAMMBI.

2 Bapuantbl

1.

10.

11.

[TommuOXKecTBO A3bIKa Python: mesnblit 1 ¢TpOKOBBIN THUIIBI, CIIMCKH, CJIOBAPH, OITe-
panuy HaJi HUMKA 1 KoMaH1a del.

. Kondurypanmnonnsie daitinr popmara INI.

Daiijier apouieii /etc/passwd.
[ToamuoXKecTBO sA3bIKa Prolog.

Qaiisier onmcannss DNS-30n ceppepa BIND.

. Pentozuropuun APT.

[Ipeioxkenne SELECT a3bika SQL.

. masiekT g3biKa Lisp ¢ BOBMOXKHOCTBIO OIIpe/ie/ieHns JisiMO/1a- U OObIYHBIX (OYHKITHIA.

. Koudurypannonnsrit daitn komanmsr sudo /etc/sudoers.

Daitsibl Koupurypanun xorg.conf cepsepa X-org.

[TommuO)KecTBO si3biKa Shell ¢ MHCTPYKIMAME BEeTBJIEHUS, IUKJIOB 1 CO3IaHIA DYHK-
LUIA.



12.
13.
14.
15.

16.
17.

18.
19.
20.
21.
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[Iperoxkenne INSERT a3bika SQL.
[Ipenoxenne UPDATE sasbika SQL.
[Ipemmoxenne DELETE sa3bika SQL.

[ToamuoxkecTBo si3bika C++: Tunbl int, std::string, std::list<>, std::map<> u cran-
JIapTHBIE ONEPAINN HaJl HUMU.

Tabumer popmara CSV.

Crerapun mporpaMMUPyeMOr0 WHKEHEPHOTO KaJIbKY/IATOpa ¢ Oa30BBIMU apudme-
TUYIECKUMHU OllepallusiMy, ollepaliieil BO3BEJICHUs B CTEIeHb, YUCIaMU B popMaTax
C JICCATUYIHON 3aldaTOil U 9KCIOHEHIIUAIBHOM, TPUIOHOMETPUICCKUME U JIorapud-
MUYIECKUMU (DYHKITUSIMU.

Daitibr Cascading Style Sheets (CSS).
bynieBbr ypaBaenus.
Anrebpamdeckne BbIpaKeHUs.

DaitIbl 3JIEKTPOIIOYTHI.

calc> a =5

OK

calc> a b =

~ syntax error: operator expected

cale> 1 + a / (p - pi)

OK

calc> const pi

~ syntax error: ‘=’ expected

4 CuHTakCcn4eckKkuili aHajins

1 3apnanwme

[Tonbysich mosmydernabiME B J1. p. N© 1 3HaHUAMU U pe3yabTaTaMu, JTOCTUTHYTHIMU IIPU
BbITIOJTHEHNY JI. p. N 2 u 3, HanucaTh IPOrpaMMmy, PeaJM3yIONyI0 YKa3aHHbI BaPUAHT.

[Ipu obnapykenun ommbOK IMporpaMma JIOKHA COOOIATh O HUX B IMOHATHOM MOJIb30Ba-
resio popme. [Iporpamma momkHa 3aBepmiaTbes ¢ KojoM (), ecyin 3aBepIINIACH YCIIEITHO,
U ¢ OTJIMIHBLIM OT () KOJIOM B CJIydae OIIMOKH.

B Tex ciygagx, rjie BBOJI IPEyCMOTPEH UCKJIIOUUTEILHO U3 CTAHIAPTHOTO (baiiia, neob-
XOJIUMO PEAJIM30BaATh UHTEPAKTUBHBIN PEXKUM PAOOTHI ITPOTPAMMBI.
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2 BapwuanTbl

1.

10.

11.

12.

13.

14.

15.

16.

WNurepuperarop nojamuozkecTsa s3bika Python, cojepxkartiero esbiit 1 cTpOKOBBIi
TUIIBI, CITUCKU, CJIOBAPH, ONEPAIUN HaJl HUMU U KoMaHy del.

. UnrepakTushbiil pejlakTop Konduryparmuonubix daition dopmara INT.
. MlnrepakTuBneiii pegakTop daitia maposieit /etc/passwd.

. Mareprperarop nomamuoxkectsa si3bika Prolog.

. Unrepaktusnbiit pejakrop daitios omucanus DNS-30n cepsepa BIND.

. MarepakTusnblii pegaxkTop penosuropues APT.

Nurepuperarop npemroxkennss SELECT nax B/I, 3amannoit mocaenoBaTe/ IbHOCTHIO
npeanoxkernit CREATE.

. larepakTUBHBIN MHTEPIIPETATOD JUAJIEKTa A3bIKa, LiSp ¢ BOBMOXKHOCTBIO OIIpe e ie-

HUS JIAMOJa- W OOBIYHBIX (PYHKIINI.

. Komana fakesudo, nposepsitoriast BOSMOXKHOCTH BBITIOJIHEHUST YKA3aAHHBIM 10JIH30~

BaTe/IeM JaHHOW KOMAHJIbI C JIAHHON MaImwHbl. [IpeycMoTpeTs ommun fjist yKas3a-
nus b/l nonb3oBareneit, B/I rpynn u daitna nacrpoiiku sudo. [lo ymomganuio sto
JIOJZKHBL ObITh aitibr /ete/passwd, /etc/group u /etc/sudoers.

NutepaktuBHbIil pemakTop daitioB KoHdurypannn xorg.conf cepsepa X-org.

Nurepuperarop mogamuokecTBa s3bika Shell ¢ HHCTPYKITUSMU BETBJICHUS, TUKJIOB
u coz3ilanus (PyHKIIHIA.

Nurepuperarop npeyoxenns INSERT nan B/I, 3ajanmnoii mocsenoBare/ibHOCTHIO
upemioxkeaniit CREATE.

Nurepuperarop npeioxkenuss UPDATE na BJ1, 3a1annoii mocie1o0BaTe/IbHOCTHIO
upemioxkeaniit CREATE.

Nuareprperarop npepgoxenns DELETE nax B/, 3apannoit mocjie10BaTeIbHOCTHIO
npeyioxkerniit CREATE.

WNurepnperarop noamuoxkectsa g3bika C+-+, cojepzkariero tumbl int, std::string,
std::list<>, std::map<> u crangapTHbIe orepalun HaJ HUMU. Peau3oBarh GyHK-
muto del, ynasstontyio nMsa n GyHKImO typeof, BOZBpaIlafonyo nMsI TUIIA.

Nurepuperarop npemioxkennst SELECT nan rabmneit popmara CSV.



17.

18.
19.
20.
21.
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NuaTepakTUBHBINA TPOTPAMMUDYEMbIN NHZKEHEPHBIH KAJIbKYIATOP ¢ 0a30BbIME apud-
METUYIECKUMHU OTICPAIUIMU, Ollepaliueii BO3BEICHUA B CTEIICHb, YUCIaMU B (popMaTax
C JICCATUYIHOM 3aIITON U SKCIIOHEHIINAILHOM, TPUTOHOMETPUIECKUMU U JIOTapuMu-
YECKUMU (DYHKITUSIMU.

NuTepakTBHBII pelakTop MoIMHOKeCTBa s3bika CSS.
MHuTepakTuBHAs IpOrpaMMa, pellieHnsi OyJIeBbIX YpaBHEHMIA.
VuTepakTuBHAST IPOTPAMMA YIIPOIIEHHs AJreOpanIecKuX BhIPArXKEeHUIl.

Nurepaktusubiii RFC-coBMecTuMbril peiakTop aifjioB 9/1€KTPOIOYITHI.

3 Ilpumep

calc> a =5

calc> pi * a * a

78.5398

calc> const a = 6

A~A~AA~aA~~~~~

cannot rebind ’a’

calc> p / pi

~

undefined symbol ’p’

calc> p = pi

3.14159

calc> pi = p

calc>

calc>

A~~~

cannot rebind ’pi’

A~A~aA~a~~~~

division by zero

calc> 1 + a * e

17.3097
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