dopmanHoO onpeaeneHmne Ha

e3uumnTe 3a NporpamupaHe.

[pamaTukn.Knacnpurkauyms.
bakyc-Hayp ¢popma



A30yKa

« A3byka ce Hapuya KpamHO MHOXEeCTBO OT CUMBOSU
(6ykBn). lNpumepn 3a cumBonu OT asbyka ca OykBw,
LMApU, NYHKTYALNOHHU 3HaALMW.

[Mpumepwu:

« MHoxectBoT0 {0,1} npeacraesnsaBa deouyHa a3byka.

« ASCIl e npumep 3a asbyka, u3nosi3BaHa B MHOXECTBO
NPUIIOXEHNA N CUCTEMMN.

« Unicode BkntoyBa okono 100,000 cumBONM OT pasfnmUyHK
e3nuu.

« Huz wnu Oyma (string) Hag pOageHa asbyka ce Hap.
KpanHa nocnegoBaTenHOCT OT CUMBONMM OT asbykarTa.
ObrmknHa Ha HUM3 S, oTbena3BaHa ¢ [S], ce Hap. bposAT Ha

CNMMBOJINTE B S.
[Tpumepun:
 banana e H1U3 ¢ ObKnHa 6.

« [lpaszeH Hu3 (empty string) ce otbenasBa ¢ € € HU3 C
ObmkuHa 0.



dopmaneH e3unk

 AKO X M Yy ca HM3OBe, KOHKaTteHauuaTa Ha X U Y,
O3HayeHa Kato Xy, € HuU3, TMOofy4YeH 4pes
CbefuHABaHe Ha X U y. Hanpumep, ako X = dog ny
= house, ToraBa xy = doghouse. 3a npa3sHus CTPUHT
€s =s€ =s.

* E3uk ce Hap. KpaHO MHOXeCTBO OT HW30Be (Aymu)

Hag JageHa as3byka. ToBa onpegerneHve € MHOro
LLIMPOKO.



dopmanHa rpamaTtumka

« [pamMamuka e cpeOCcTBO 3a ONMcaHWE N aHanuns3 Ha
doopmanHu e3nun. CbLCTOU Ce OT rnpasusia, KONTo
OonucBaT Kak ce nony4asar BanngHU U3pedyeHnsa Ha e3unKa.

* [lpumep OT rpamaTukaTa B aHIMMUNCKNS e3UK:
n3pedeHme — <noanor><rnaronHa_dpasa><gonbiiHeHNEe>
nognor — This | Computers | |
rnarofiHa_dopasa — <Hapeume> <ckaszyemo> | <ckazyemo>
Hapedne  — never
ckagyeMo — is|run|am | tell
gonbliHeHNe — the <cbll. Mme> | a <cblly. uUme> | <Cbll. Mme>
Cbll. UMe — university | world | cheese | lies



[TlpaBunata ce Hap. owe rpodykyuu. CTpenkara B npaBurio ce YeTe KaTto
Z2nopaxaa“.

Upes npunaraHe Ha npasuniaTa ce nosyyaBaT N3pedeHus:
This is a university.
Computers run the world.
| am the cheese.
| never tell lies.

Mpumep 3a npunaraHe Ha npasunaTa 3a rnonyyaBaHe Ha FOPHOTO
n3peyeHue.

sentence — <subject> <verb-phrase> <object>
— This <verb-phrase> <object>
— This <verb> <object>
— This is <object>
— This is a <noun>
— This is a university



[Mpumep 2: OnepaToptbT if-else B Java nma criegHarta goopma
If (n3pa3s ) onepatop else onepatop
Tasn popma o3Ha4aBa, Ye onepaTopwT if-else ce nonyyasa Ypes
KOHKaTeHauua (CbegnHaBaHe) Ha Krnodosarta gyma if ¢
oTBapsa ckoba, nspas, 3arsapsilia ckoba, onepartop,
KrnoyoBaTa gyma else n gpyr onepatop. C nsnonssaHe Ha
NMpoOMeHNnBaTa expr, o3Ha4yaBsalla n3pas U NpoMeHnneara stmt,

O3Ha4aBadllla ornepartop, ropHoOTO MpaBuJi1o MOXe Aa Ce 3aluniie
Nno criegHnda Ha4dynH.

stmt — if ( expr) stmt else stmt

B npaBunara enemeHTn KaTo Kno4vosarta gyma if n ckobute ce
Hap. mepMuHasiHuU cumeosiu (mepmuHasnu). [IpOMeEHNNBY
KaTo expr v stmt npeacrasnaBaT NocrnenoBaTesiIHOCTM OT
TEPMUHAITHNU CUMBOSIN U CE HAp. HemepPMUHaJsIHU cUMeosiu
(nonterminals).



[HednHnumm

cpaMamuKka - MHOXeCTBO OT lpaBuiia 3a Mnosrtyd4aBaHeE Ha
BaJrimnaH1N N3peveHnsd ot e3nKa.

HemepMuHas — CAMBOSIN OT rpamaTtukaTa, KouTo MoraT Aa
6baaT 3amMecTeHu (pasWwmnpeHn) ¢ Apyru CUMBONMN.

mepmMuHas - efieMeHT OT e3uKka; He Mora ga obaar
3amMecTeHW C HuUKakBM apyru cumBonu. Cneq
nosiydaBaHe Ha TepMUHanNeH CUMBOST HE MOXe Aa bbae
NPUNOXXEHO crneasallo npasuio.

lpasuno (npodykyusi) — npaBuro OT rpamMaTtvkata 3a
3amecTBaHe Ha cumBonun. ObuwaTta cdopma 3a npunaraHe
Ha NpaBWMoO C HETEPMUHAMNN €:

X —Y,Y,Ys...Y,,



HeTepmuHanbT X e eKBMBareHTeH Ha KOHKaTeHauusiTa oT CUMBONMU
Y,Y,Y,...Y,. [paBunoTo o3Ha4yaBa, Ye Npu BCSKO cpeLlaHe Ha X,
TO MOXe€ Aa ce 3aMeCTU C nocneaoBaTenHocT Y,Y,Y,...Y,. KoraTto
ce nory4m NocrneaoBaTenHOCT OT CUMBOMU, B KOSITO HUKOW OT
CMMBOINNTE HE MOXe [a ce 3aMeCTU ¢ Apyr, ToBa 03Ha4yaBa, ye
Te3n CMMBOSN ca TepMUHANK. TakbB HU3 ce Hap. uspedyeHue. B
TePMUHUTE Ha NPOrpamMHUTE e3UL U3pevyeHneTo
npeacTaBfisiBa CUHTAaKTUYHO KOPEKTHA, 3aBbpLUeHa
nporpama.

e u3gexodaHe (derivation) — TakaBa nocrnenoBaTesiHoCT OT
npunaraHe Ha npaBunara, nNpu KosITo ce rnosiyvyasa KpanHa
nocnegoBaTenHoCT OT TepMuHanu. Jiseo uizeexdaHe (left-most
derivation) nmame, KoraTo BMHaru saamecrtsamMme Han-neBus
HeTepMMHan npu npunaraHe Ha npasunara. Bb3MOXHO € 1 05CHO
useexoaHe (right-most derivation).



* Ccmapmoe cuMeosi - HETEPMMHANEH CUMBOJS1, OT KOUTO
3anoysa rnpunaraHeTo Ha npasusarta (M3BeXOaHETO):

S — X X, Xq... X
Bcuukn nspeyeHns Ha esnka ce n3Bexaart oT S ypes

nocnegoBaTeniHO 3aMecTBaHe Ha CUMMBOJSIN B CbOTBETCTBUE
C npaBunara.

* [Iipa3eH cUMeO/1 £ - MOHAKOora ce Hanara gageH cMMBosn aa
6bbae 3ameHeH ¢ npasHua cumeosn. Hanpumep: A — B | €.

 BH® (bakyc-Hayp ¢bopma) - HaumH 3a onnucaHue Ha
nporpamHu esnum Yypes dopmMarnHu rpamaTtuki 1 npasuna.



[lpeacTtaBAHe Ha U3BEXOAHETO

[MpunaraHeTo Ha npaBunata 3a u3BexgaHe Ha uspeyeHue
MOXXe [a ce npeacTaBu No ABa HayuHa:

« [TbpBUAT HAYMH e n3BexgaHe, Npu KOeTo npasunaTa ce
npunaraTt CTbMKa NO CTbMKa WM Ha BCsKa CTbhka ce

3amMecTBa HeTepMuHarn.
* BTOpUMAT HauuH e Ype3 AbpBO. TO NOKa3Ba KakK ce

3amecTBaT CMMBOSIN B UepapxuyveH sug. [pumep 3a
nssexaaHe Ha nspedveHmneto "This is a university":

5
T —
_— | —
subject V-p object
."'Ir I'- .-'"'FF..-.-.-'“"--.
This verb d noun

I3 university



[TbpBUAT Ha4yMH NoKasBa peda, B KOUTO ca MNPUIMOXEHU
npaBunarta 3a W3BeXgaHe Ha u3pedeHue. [aneHo
n3pevyeHne Moxe pna 6bae wn3BegeHO C  PasfnNyHU
nocriegoBaTenHOCTU OT npuraraHe Ha npasunarta (Hanp.
NABO UM OACHO U3BEXOaHe).

ObpBOBMOHOTO nNpeacTaBsAHE Ha MokKa3Ba pega Ha
npunaraHe Ha npaBunaTta 3a norydaBaHe Ha U3pedveHue.
Ha papgeHo nspeyeHne cboTBETCTBA €4MHCTBEHO AbPBO.



dopmanHo onpeneneHne 3a
rpamaTtmka

[pamatmka G = (V, V, P, S) ce cbcton oT 4etupu
KOMMOHEHTA:

1. MHOXecTBO OT TepMuHanHu cumseonu (V+)

2. MHOXeCTBO OT HeETepMUHANHU cumMmBoSin (V)
3. MHoxecTBO oT npasuna (P)

4. CtaptoB cumBon (S).



3aBUCMMOCTU

VNV =9
V=V.:UV,
AKO nmame gBowka cumsonm (a,f3), KbaeTo
aeV BeV, ToraBa
a —f e npaBuno ot P
CrtapToB cumBon S € V
KbOETO
V" - MHOXXECTBO OT BCUYKM HM30BE MNKOC NPa3HUA HUS E.
V* - MHOXEeCTBO OT BCUYKM HN30BE be3 €.



ObobLeHuns

[pamaTMKUTE ce  3aJaBaT  4Ype3  rpasusnaa
(MpoOyKyuu), Kato NbPBOTO MNpPaBUIO € 33
CTAapTOBMA CUMBOJI.

Undpute, cumBonmn Kato <, <=, while, if n gp. ca
TepmuHann. OBUKHOBEHO C rn1laBHa OyKBa ce
O3Ha4yaBa HeTepMWHaN, a C MaANKU OYyKBU ce
O3Ha4yaBaT TEPMUHAMN.

[MpaBunata morat pJda ce obegunHABaT uypes
cneunanHua cumson “|”, konto o3Havasa ,,UJ1N,,.



Npumep:
[pamaThKa, KOATO Nopa)aa HM3oBe oT e3uK {a™b" | m,n
>= 0} ce gepunHmMpa Nno cneaHnUsa HauYnH:
Gl = ({a’ b}’ {S’ A’ B}’ P’ S})
S —->AB
A — aA
A— €&
B — bB
B—->E&
Hn3 aaabb ce nopakga oT Ta3mn rpamaTtmnka ypes
npunaraHe Ha cnegHUTe npasuaa:

S - AB - aAB - aaAB — aaaB — aaabB — aaabb



EkBBanNeHTHOCT

E3nk L(G), onncaH 4ypes rpamatuka G, € MHOXeCTBO OT
N3peyeHmns, nopoaeHn ot rpamaTtumkarta G.

N3peyeHnaTa Ha gageH e3nk moraT Aa 6baaT nopoaeHu oT
noBeye OT egHa rpamaTtuka.

[1Be rpamatukn G u G' ca eksusasieHmMHuU, ako e3nunTe,
L(G) un L(G'), kouTo nopaxgart, ca egHaKkBW.

[Tpumep: 'pamaTturka, KOATO € eKBMBaneHTHa Ha
rpamatukaTa Gy:



EkBBanNeHTHOCT
GZ - ({a’ b}’ {S’ Y}’ P1 S})

S — asS Y —-b

S —a Y — bY
S—b Y—-E&

S - bY

S—>Y

3BexxaaHe Ha H13 aaabb:

S —» aS — aaS — aaaS —aaabY — aaabb

G, = Gy

[opHUTE NpaBuna moraT aa 6baaTt o0begnHeH ¢
nanonssaHe Ha cumson UJ1A - | :

S—aS|a|b|bY

Y—->Db]|bY|E



Mepapxus Ha rpamaTuku

* AMEPUKAHCKUAT NUHIBUCT HoamM XOMCKM € M3BBLPLUWU
CONUOHN n3cnenBaHUAa BbpXy opMarnHm rpamatuki.

« B wuepapxuata (knacudukaumata) Ha o XOMCKM
cbllecTByBaT 4eTupu Tuna dopmManHn rpamarTuku,

3anoyBawm ot TmMn O (Ham-obwa) oo TvMn 3 (Hau-
PECTPUKTUBHA).

* AKO r,amatnkata uUMa rnoeeyve OoOrpaHnyYeHnA KbM
npasuiiata, 174 € Mno-JfieCHa 3a OornnmcaHne n pearim3ayus,

HO € C no-marnka MOLWHOCT (T.e. nopaxga mno-marko
HMU30BE B €3KKa).



Mepapxms Ha XOMCKM

 Tun O: 6e3 oepaHu4YeHusi. To3n TUN rpamMaTuUKn ca Hawu-
obwu. lNpaBmnata ca BbB Buaa U->V, KbETO U U V Cca
NpPoOn3BONHN HN30Be OT V. HAMa orpaHU4YeHUsa KbM
npaBunaTa, OCBEH Ye B NsaBaTa CTpaHa Ha rnpaBuIio He
MOXE Oa nma npaseH HU3.

 Tun 1. KOHMeKcCmHo-3aeucumMu 2paMamukKu (context-
sensitive). [lpaBmunarta ca BbB Bnga uXw —> uvw,
KbOETO U, V U W ca NPOU3BOSIHN HU30BE OT CUMBOJSIN OT
V, KbOETO V He e npa3eH HM3, a X € eOUHCTBEH
HeTepMunHan. ToBa o3HavaBa, Ye X Moxe aa bbae
3aMecCTeH OT V, caMo ako € obrpageH OoT CMMBOSIM U N W.
(T.e. B KOHKPETEH KOHTEKCT).



Mepapxms Ha XOMCKM

 Tun 2. KOHMeKcmHo-c80600HU 2pamamuku (context-
free). lpaBunata ca BbLB BMaa X—> V, KbAETO V €
Nnpoun3BoyieH HMU3 oT cumBonn oT V, a X € eguHCTBEH
HeTepMUHan. HaBcakbae, KbAETO Ce cpella X, TON MOXe
Oa 6bae 3amMecTeH ¢ vV (HeE3aBUCMMO OT KOHTEKCTA).

 Tun 3: peaynsapHu epamMmamuku. [lpasnnara ca BbB BMAaa
X—> a, X—> ay, or X—>¢, kbgeTto X 1 Y ca HeTepMuHanu,
a e TepmuHan. T.e., ngaBata cTpaHa TpsbBa Oa e
eOVWHCTBEH HETepMMHarn, a gscHaTta cTpaHa Tpsbea aoa e
npaseH HWU3, eOuHCTBEH TepMWHanm wWnn eauHCTBEH
HeTepMuHan. Te3n rpamaTukm ca Hau-orpaHUYeHU no
OTHOLLUEHME Ha Bpon NopoaeHN CUMBOJSTHN HN3O0BE.



Mepapxms Ha XOMCKM

[pamaTtnkm ot TMn 3 (G3) ca Haun-necHu 3a obpaboTBaHe
nopaan nunca Ha pekypcuBHU NpaBuna.

3a HAKoM Knacose rpamatukm ot tun 2 (G2) cbliecteyBaT
ePeKTUBHN aHanNn3aTopu.

Bbnpekn 4ye rpamaTtmkm ot tMn 1 (G1) v tmvn 0 (GO) ca no-
MowWwHN oT G2 u G3, Te MmaT Nno-Manko npakTU4ecko
NpunoXxeHne nopaan HEBbL3MOXHOCTTA Ha Cb3daBaHe Ha
ePeKTUBHM aHanNn3aTopu 3a T4X.

[1pn cb3naBaHe Ha TpaHCNaTopwu Ha NporpamMHn esnum Ham-
4eCTO Ce W3nons3sBaT KOHTEKCTHO-CBOOOAHW rpamMaTuKu
(G2), kouto O0OMKHOBEHO ce o3HadaBaT kato CFG
(Context-Free Grammars).



PerynapHu nspasm

PezynsapHu u3pa3u — npasuna 3a TO4YHO AePuHMUpaHe Ha MHOXeCTBa OT
HM30Be, KOUTO ca BanuaHwu B gaaeH doopmaneH e3uk. [lpasunara ce
3afaBaT CbC CcriegHuTe Tpu oneparopa:.

— CbeguHaBaHe (KOHKaTeHaumda) Xy
— AnTepHartuBa Xy X unny
— [loBTOpeHMe X* X ce noetapda 0 nnu noseye NbTH

dopmanHo peryndapHuTe nspasmu ce gedunHupar ypes cnegHuTe
PEKYPCUBHU NpaBuna:

1) Bcekn cumBon ot a3bykata Ha doopmarieH e3nk e perynspen
n3pas

2) € e perynspeH nspas
3) Ako rl nr2 ca perynsapHu uspasu, 7o (rl), rir2,rl|r2,rl* ca
CbLLO peryndapHu nspasmu

4) HukakbB Opyr nspas He € peryndpeH



PerynapHu nspasm

Upes perynapHu nspasm mora ga obgart gedonHmpaHu
rekcemMmu (oymu) B nporpamMHuUTe esunun.

[Tpumep 3a peryndapeH nspas 3a gedouHnpaHe Ha usno
4YMCno, CbCTaBeHO OT eaQHa nnu noseve U pu:

(+ e cneyyaneH CUMMBON B PErynsipHNSa n3pas, KOnTo
O3Ha4vaBa 1 nnu noseve NOBTOPEHNS)

(011/2[3]4[5]6]7[8]9)+



KpanHn aBTOMaTH

Cnepn kato nekcemute ca OdeUHUPaAHU 4Ype3 perynsipHu
n3pasn, MOXeMm a Cb3gafeM KpaeH aBTomMart 3a TAXHOTO
pa3nodHaBaHe. KpauHusm asmomam (finite automata)
ce CbCTOM OT:

1) KpaeH 6pon cbCTOAHUSA, €0HO OT KOUTO € HavarHo,
a HSIKOM CbCTOSIHUA (UM HUTO €4HO) ca KpamHW.

2) A30yKa 2 OT Bb3MOXXHW BXOOQHW CUMBOISIN.

3) KpaeH 6pon npexoan, Kouto aeduHupaT 3a BCSAKO
CbCTOSHME Npu JadeH CMMBON OT abykaTta Koe e
cneaBaLloTo CbCTOAHME.



A



KpaeH aBToMarT 3a pas3no3HaBaHe Ha
nekcemu B Pascal

digit
digit delimiter
S/ A

letter

letter i E/ delimiter
‘>

operator U delimiter )
eof @

undefined symbol G




A in more details

digit

digit

digit




