CUHTaAKTN4YeH aHanus3



Ha eTana Ha CMHTaKTU4YeH aHann3 KOMNUIaTopbT NpoBepsaBa Aanu
nocrieqoBaTtenHocTTa oT nekcemu (tokens), nonyyeHn npu
nekcu4eckus aHanms, npeacrasndsaT BaniMaHO N3peveHne B

rpamaTtmkaTta Ha nporpaMmHus e3uk.
CobulecTByBaT ABa OCHOBHM METOAA 3a CUMHTAKTUYEH aHanna:
— Omeaope-Haldory (top-down parsing) - 3arno4ysame OT CTapTOBUS
CUMBOJST 1 NpunaraMme npasunaTta 4o AoCTUraHe Ha TbPCEHUS
CUMBOJSIEH HU3.

— Omadony-Hazope (bottom-up parsing) - 3ano4YBame OT CUMBOJSTHUS
HN3 1 rO pegyumpame 4Ypes npunaraHe Ha npasuniara go
OOCTUraHe Ha cTapTOBUSI CUMBOI.



[Tpumepn

[aneHa e rpamatuka G, KOATO pasrno3HaBa HU30Be, CbabpXaLly
Npoun3BosieH bpon a, criegBaHu OT NoHe egHo (unu rnoeseye) b:

S—> AB
A—>aA | €
B—>b | bB



[loumep:. omaope-Hadorsy (top-
down)

AHanu3 oTrope-Hagony 3a nopaxaaHe Ha HM3 aaab:

3anoyBame CbC CTAapTOBUSA CUMBOJST U Ha BCSKA CTbMNKa 3amecTBame
eVH OT HeTepMNHANHUTE CMMBOINW B HN3a C NABaTa cTpaHa Ha
HAKOe OT NpaBunarta. [loBTapssMe ToBa A0 nony4YaBaHe Ha HU3,
CbCTaBeH caMo OT TepMuHanHu cumonu. MNMpu aHanunsa oTrope-
HaJony HU3bT (M3PEYEHMNETO) ce nony4vyaBa OTNABO HAASICHO.

S
AB S—>AB
aAB A —> aA

aaAB A—> aA
aaaAB A—>aA
aaaeB A—>¢
aaab B—>Db



[loumep:. omoosny-Hazope (bottom-up)

AHanmM3bT oTaony-Harope paboTu B obparteH pea. 3anovsame C
n3pevyeHmne ot TepMUHaNHMU CUMMBOSIN U Ha BCSIKa CTblKa npunarame
npaBuno Ha obpaTHO (T.e. OTASACHO-HAnNsIBO), 3aMECTBaMKN YacT OT
HMU3a C HETEPMUHANEH CUMBOI B NsiBaTa YacT Ha NpPaBUoTO.
[MpoabmkaBame OO norlyvyaBaHe Ha CTapTOBUS CUMBON B
rpamaTumkara. [lpy To31 aHann3 n3pedeHneTo ce noryvyasa OTAACHO
HansBo.

aaab

aaacb (insert )
aaaAb A-—>c¢
aaAb A—>aA
aAb A —> aA
Ab A—> aA
AB B—>b
S S—>AB



[Tpn cb3gaBaHe Ha CMHTAKTUYEH aHanu3aTop B KOMNunaTopa
0OMKHOBEHO Ca HaroXeHn orpaHndyeHne 3a obpaboTBaHe Ha BXoada.
B pasrnegaHuTe npumepu € necHo aa pewasamMe Koe npasumo ga
NPUNOXXNM Ha BCHAKa CTbNKa, 3aLl0TO BWXKAaMe uenus H13 aaab.

Ha npakTtuka, obade, BXOOHUAT HU3 Ce NoslydaBa KaTo NOTOK OT
CUMBOJSIN, T.€. CUMBOJ1 N0 cMMBOST. OBGMKHOBEHO CMe OrpaHuyYeHu
Aa BMxxpame camo eamH cumBon Hanpea. Buwkgoame camo
cnegsawmsa cMMBOI BbB BXOAHMA NOTOK (lookahead). ToBa
orpaHn4eHune cb3gasa npobrnem npu peanunsauusita Ha CUHTaKTUYEH
aHanusaTop.

Hanpumep B pasrnegaHara rpamaTtuka, ako aHanm3aTtopbT ,Buxaa”
camo nopeaeH npo4YeTeH cumeon b, Tom He moxe aa ,u3bepe” TO4HO
KOoe nNpaBuio ga npunoxu.

B—>borB—>DhB.



BpbluaHe Ha3ag (backtracking)

EOHO OT Bb3MOXHUTE PELLUEHNA 3a peannu3aums Ha CUHTaKTUYeEH
aHanun3 e BpblyaHe Hasapg (backtracking). INpn Hero aHanusaTopbT
n3bupa ga Nnpunoxu egHo npasuno. AKo crief To3u n3bop ce okaxe,
4Ye 3aMeCTBaHETO Ha CUMBOSINTE HE MOXe Aa NPOoabITKM (T.e. HAMA
NOOXOAALLO NMpaBuIio), aHanu3aTopbT Ce BPpblia Mo BXOOAHUA HU3 U
3arno4ysa OTHOBO, N3bMpanKn pasfIMYHO Npasuno.

[Tpnmep:

[apeHa e criegHaTa npocTa rpamMmaTuka:

S —> bab | bA
A—>d|CcA
Pasrnexgame CMHTaKTUYEeH aHnNn3 Ha napedenme bced.



JlaBaTa KosfioHa nokasBa Mofny4YeHUsaT HU3 Ha BCHAKa CTblKa, B cpefHaTa KoSfioHa
€ OCTaBalUMAT BXOAEH MOTOK, a B AsCHaTa KOfNoHa B NPaBUIioTo, KOETO Ce
npunara Ha cboTBeTHaTa CTblKa.

S bcd OnutBame S —> bab
bab bcd cbBnaga b

ab cd briokuposka (dead-end), BpbLuaHe Ha3ag
S bcd onutBame S —> bA

bA bcd cbBnaga b

A cd onutBame A—>d

d cd dead-end, BpbLlaHe Ha3ag

A cd onuntBame A —> cA

cA cd cbBnaga c

A d onntBame A—>d

d d cbBnaga d

Ycnex!

[1pn BCsIKO cpellaHe Ha dead-end ce BpbLlaMe 40 NocnegHoTO NPUIOXKEHO
npaBuno, KbAETO Npuiarame pasfnMyHo NpaBuno. AKO BCUYKU
anTepHaTuBHKM NpaBuna ca ounu nposepeHn n BoaaTt ao dead-end, ce
BpbLLamMe 00 NpeaulHOTO NpaBusio U T.H. ToBa npoabikasa o
noflyd4aBaHe Ha BXOOHUA HU3 UNU 40 n3depnBaHe Ha BCUYKM KOMOMHaAUMN OT
npasuna 6e3 ycnex.



AHanus3 oTrope-Hagony ¢ npenckasBaHe

dokycupame ce Bbpxy aHanua otrope-Hagony. e pasrnegame HauunH 3a
peanusaunsi Ha CUHTaKTU4YeH aHanusaTop 6e3 BpbllaHe Ha3ag, KOUTo ce
Hapu4a ripedckKkaseall.

[MpeackasBalimaT aHanu3aTop n3dupa Koe NnpaBuno aa NpunoXxmn camo Ha
6asarta Ha crnegsallnst BXO4EH CMMBON M Ha TekyLo obpaboTBaHms
HeTepMuHan. 3a ga 6bae Bb3MOXXHO ToBa obade, rpamaTmkaTa TpsibBa aa
nma onpegeneHa opma.

[pamaTtunka c TakaBa doopma ce o3HayaBa kato LL(1). NbpBata 6ykea "L“
O3Ha4yaBa, Ye BXOOHUAT NOTOK Ce CKaHupa oTnaBoO-HagACHO; BTopoTo "L
O3Ha4aBa npwunaraHe Ha rnpasunara oTnABO-HaAsACHO; a ,1" 03Ha4YaBa
nornexgaHe ¢ eauH CUMBOJST Hanpe BbB BXOAHUSA MOTOK.

B TrPAMATUKA LL(1) HE MOXE OA UMA Ji5siBO PEKYPCUBHU/ NPABUIA.
ToBa e HeobxoanMOo, HO He AocTaTb4yHO ycnosue 3a LL(1) rpamaTtuka.
CobLuiecTByBaT rpamaTtnkm 6e3 nsaBo peKypCcuBHW rnpasusia, KOUTo He ca
LL(1). CbLuo Taka CbLleCcTBYyBaT rpamMaTmMku, KOUTO He MoraT ga obvaar
npeobpasyBaHu B LL(1). B TakmBa cnyyan TpsibBa ga 6baat nanonssaHu
OpYyrn METOOM 3a CUHTaAKTUYEH aHanms unu ga ovaat peanuanpaHu
cneunanHu npasuna.



PeKkypCcuBHO cnycKkaHe

[TbpBaTa TEXHMKa 3a peanun3auns Ha CUHTaKTUYEeH aHanm3aTop C
npeackasBaHe ce Hap. peKypCcusHo criyckaHe. AHann3artop ¢
PEKYPCUBHO CrMyCKaHe ce CbCTOU OT MHOXECTBO Marikn oyHKUKUK, Mo
e[lHa 3a BCeKn HeTepMunHareH CUMBOJ B rpamatukara. [Npum
pasno3HaBaHe Ha n3pevyeHne n3Bnksame PyHKUnnTe,
CbOTBETCTBALLM HA HETEPMUMHAA OT fidBaTa CTpaHa Ha NpaBuUnoTo,
KOETO npunarame. AKO NpaBuIioTO € PEKYPCUBHO, (PYHKUMATaA Ce
N3BNKBA PEKYPCUBHO.

Heka ca pageHu npasuna ot rpaMarukara Ha OnpoCTeH nporpamMeH
e3ukK. B To3n nporpameH e3nk BCMYKM (PYHKLMX 3anoyBaT C Kro4oBa
nyma FUNC:

program —> function_list
function_list —> function_list function | function
function —> FUNC identifier ( parameter_list ) statements



[TlpmepHa peanusauunda Ha C 3a pa3no3HaBaHe Ha PYHKLUMA B
CbOTBETCTBME C ropHaTa rpamaTumka uma crieHoTo OencTBume:
ovakBa NbpBo nekcema FUNC, cnen toBa ngeHtudukatop (Mme Ha
dyHKUMATA), nocrneasaH oT oTBapslla ckoba u T.H. Bcekn npoyveTeH
CUMBOI OT BXO4HUSA NMOTOK Ce CpaBHABa C oMakBaHUA cropen
CbOTBETHOTO NpaBuno. AKO He CbOTBETCTBA, Ce U3BeXaa
CbOOLLEHME 3a rpeLLKa.

3a BCekn HeETEpMMHAIEH CMMBOI OT NPaBUIIOTO Ce N3BUKBA
CbOTBETHA (DYHKLMSA, KOATO ro pasno3Haga.



void ParseFunction() {

if (lookahead !'=T_FUNC) { // Bceku cumBorn, pasnudeH ot FUNC e rpeLuka
printf("syntax error \n");
exit(0);

}

else

lookahead = nextoken(); /I rno6anHa npowm. 'lookahead’ cbabpxa
/I cnepgBallaTta nekcema

Parseldentifier();

if lookahead '=T_LPAREN) {
printf("syntax error \n");
exit(0);

}

else
lookahead = nextoken();

ParseParameterList();

if (lookahead!=T_RPAREN) {
printf("syntax error \n");

exit(0);
}
else

lookahead = nextoken();
ParseStatements();

}



3a no-AcHo npeacTaBsaHe Ha NokasaHaTa peanu3auns BbBexgame

NOMOLLHa beHKLI,VIFI, KOATO NnpoBepdAaBa Aari nopegHnAT npoveTer
CMMBOIJ1 CbBlaa C OMdakBaHNA B MNMpPaBUJITIOTO U U3BEXOA NPeLLUKa B

NPOTUBEH crydan. Tasm pyHKuus we 6bae nanonssaHa BbB BCUYKM
doyHKUMM Ha aHanu3aTtopa.

void MatchToken(int expected)
{
If (lookahead != expected) {
printf("syntax error, expected %d, got %d\n",
expected,lookahead);
exit(0);
} else /[ ako cbOTBETCTBA, YETE CrieaBallaTa fiekcema
lookahead = nextoken();

}



C n3nonseaHe Ha Ta3u gonbiHUTENHa PyHKUMAa ParseFunction
n3rnexaa no cneaHna HauYuH:

void ParseFunction()

{
MatchToken(T_FUNC);
Parseldentifier();
MatchToken(T_LPAREN);
ParseParameterList();
MatchToken(T_RPAREN);
ParseStatements();



Cneppalliata guarpama unoctTpupa nocTposiBaHe Ha

CUHTAKTU4YHOTO ObPBO.

prog

rdim

function_list

function

FUNC dentifier parameter_list

e

this part of the tree
15 parsed by the call

this part Is parsed
by the call to

statements

AN

this part Is parsed
by the call to



KakBo ce cny4ysa, ako MMame MHOXXECTBO anTepHaTUBHU KNOHOBE B
AsicHaTa cTpaHa Hanpasuno? Hanpumep:

statement —> assg_statement | return_statement | print_statement |
null_statement | if _statement | while_statement | block of statements

[TpobnemMbT Npn peanusauunsaTa Ha PyHKuusaTa ParseStatement e kos
OT BCUYKUTE ceaemM Bb3MOXHOCTU CbOTBETCTBA Ha onpeaeneH BXoAeH
cumson. Llenta e ga onpegenym cbOTBETCTBALLMUA KIMOH OT
npaBunoTo 6e3 BpbllaHe Ha3a 1 nornexaaHe Hanpea camo C
eAVH CUMBO, T.€. U3b0PBT Ha KNOH OT nNpaBunio TpsibBa ga 6vae
HanpaBeH C MUHUMAarHa MHdopMaLms.



[epnHnymnmn

[Tpn NocTposiBaHe Ha CUHTaAKTUYEH aHanna3aTop (He3aBUCUMO Jarnm e
oTrope-Hagosny unm otTaosy-Harope) ce u3nonaear ABe MHOXECTBA,
First n Follow, ceBbp3aHu c rpamatukaTta G. Npu aHanu3 otrope-
Hapgony, First n Follow no3BonaBaTt ga nsbepem Koe cnegBalo
npaBwumo ga NpuUnoXum Ha 6asata Ha crnepgBalms NpoYeTeH
CUMBOI. Te3n OBe MHOXEeCTBa Ce U3Mosi3BaT 1 nNpu
Bb3CTAHOBSIBAHE Clnefd CUHTaKTUYHa rpeLuKa.

First(a), Kb4eTo a e HKU3 OT CMMBONU OT rpamaTukara, npeacraenssa
MHOXEeCTBO OT TEPMUHANHN CUMBOSK, C KOUTO 3anoysa a. AKo a —*
g, TO € NpuHagnexu Ha First (a).

Hanpumep, ako A —* ¢y, To ¢ npuHagnexm Ha First (A)
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First Mmoxe ga ce uanonssa Npu CUHTAKTUYEH aHanus ¢ npeackasBaHe.
[Tpumep:
[apeHo e npaBuno 3a A ¢ aBa KnoHa: A — a | B, kbaeto First(a) un
First(B) ca Henpecu4yawm ce MHOXECTBaA.
First(a) N First (B) =9 ............ (npasuno 1)

N300pbT Ha NpaBuno MOXe ga ce HarnpaBu Ypes crnegsallmsa CMMBOS a,
KOMTO MOXe Aa NpuHaafiexun caMmo Ha eqHo OT MHoXecTBaTa First
(a) unu First(B), HO He 1 Ha OBeTE.

Hanpumep, ako a npuHaanexu Ha First(a), nsbnpame npasunoto A —
a.



Heka e nageHo npaBuno 3a A ¢ MHOXECTBO antepHatmen: A—>u, | u, | ...

na peanunampame oyHKLMSA 3a CUHTAKTUYEH aHann3 ¢ PeKypCuBHO
criyckaHe, e HeobxoAMMO BCUYKU MHOXecTBa First(u;) Aa He ce
npecuyat. ObwaTta bopma Ha TakaBa YHKLUS €:

void ParseA() {
Il case below not quite legal C, need to list symbols individually
switch (lookahead) {
case First(ul): // n3dop Ha npasuno A -> ul
[* Ko 3a pa3rno3HaBaHe Ha ul */
return;
case First(u2): // n3bop Ha npaBunoTo A -> u2
[* ko 3a pa3no3HaBaHe Ha u2 */
Return;

default:

printf("syntax error \n");
exit(0);

. 3a



3a nsducnsasaHe Ha First(X) 3a BCUYKM HETEPMUHANHU CUMBOSKN X OT
rpamartukara, npunarame criegHuTe npasuia gokato HOBU TepMUHAITHK
CUMBONU NN € MoraT fda bbaat gobaBeHn KbM MHOXeCTBOTO First.

1. Ako X e TepmuHan, 1o First(X) = {X}.

2. Ako X e HeTepmuHan X — Y,Y, . ., kbaeTo Y, e npaBuno 3a k >=1,
3anucesame a B First(X), ako 3a HAKOA CTOMHOCT Ha I, a NpuHaanexun Ha

First(Yi), a € e BbB BCAKO OT MHOXecTBata First(Y1) ., ., First(Y,,); T.e.,
Y. ...Y;; — €. AKO € npuHagnexm Ha First(YJ-) 3daBcako|=1,2,...,Kk,
ToraBa fobassme € kbM First(X).

Hanpumep Bceku cumson ot First(Y,) cbC CUTYpHOCT NPUHAANIEXN Ha
First(X). Ako Y, He nsBexpga €, ToraBa He JoDaBAMe HOBY CUMBOSIN KbM

First(X), Ho ako Y, — &, ToraBa gobassme First(Y,) 1 T.H.
3. Ako X — € e npaBusio, Torasa gobassame € kbM First(X).



N3uncnasaHeTo Ha First 3a Bcekn HU3 X, X, , .. X , CTaBa Nno cnegHus
Hau4nH.

HobaBame kbMm First(X, X, . . . X,) BCUYKM CUMBONU pasnnyHu OT &,
KOUTO npuHagnexart Ha First(X,).

Ako € npuHagnexu Ha First(X,), nobasame cumBonuTe pasnnyHn oT €,
npuHagnexawm Ha First(X,).

Ako € npuHagnexu Ha First(X;) v Ha First(X,), bobaBsame cumBonuTe
pasnuyHu OT €, NpuHaanexawm Ha First(X,).

N T.H.
Hakpas pobasame € kbM First(X,; X, . . X), aKko 3a BCAKO i €
npuHagnexu Ha First(X)).



MHoxectBoTo FOLLOW 3a HeTepMUHanHUa cumBon A ce onpegens
KaToO MHOX€ECTBO OT TepMUHANHU CMMBOJIX, KOUTO MoraTt ga cneasart
OTAACHO cnen A BbB BanugHO UspeyeHue.

3a BCAKO BanugHo uspe4veHne S =>* uAv, KbAeTo V 3ano4Ba C
TepMuHarneH cCMMBOJSI, KOUTO npuHaanexun Ha Follow(A):

First(A) N Follow(A) =9 ............. (MpaBuno 2)



HedopmanHo MHOoXxecTBOTO FOLLOW MoXe ga ce pa3bupa no
cnegHusa HaduH: A MOXe da ce nosBsaBa Ha pasnuyHu MecTa B egHo
BanuaHo nspeyveHue. MHoxecteoto FOLLOW onucea Kakeu
TepMuUHanu MmoraTt ga criegBart HM3a, KOUTO ce paswmpsiea oT A.
MHoxectBoto FOLLOW onpenensa gecHUA KOHTEKCT Ha AadeH
HeTepMuUHarn.

N3nonseanku te3u ase gepuHuumm (FIRST n FOLLOW), moxem ga
06o0LWnm Kak ce obpaboTrsa npasurno or BugaA—>u,; | U, | ..., B
CUHTaAKTUYEH aHanms3aTop C PeKYpPCUBHO CrnyckaHe. BbB BCUYKM
cnyyau TpsabBa ga 6bae obpaboTteH Bceku KIoH oT First(u;). Ako
CblLLleCTBYyBa HETEPMUHAN U; , KOUTO n3Bexzaa € (T.e. npa3eH Hu3),
ToraBa TpsibBa ga 6baat obpaboteHn cumsonute ot Follow(A).



void ParseA() {

switch (lookahead) {

case First(ul):
[* ko 3a pa3no3HaBaHe Ha ul */
return;

case First(u2):
[* Ko 3a pa3no3HaBaHe Ha u2 */
return;

case Follow(A): // n3bop Ha npasuno A->epsilon
[* usually do nothing here */

default:
printf("syntax error \n");
exit(0);



N3uncnapaHe Ha MHoecTBoTO Follow

3a BCeKun HETEPMWUHAI1 B rpaMaTukarta ce U3lNbJiHABa CJ1I€OHOTO.

1. 3anucsame EOF B Follow(S), kbaeto S e cTapToBUAT CUMBOI, a
EOF e mapkep 3a Kpaun Ha BxogHus notok. MapkepbT Moxe aa obae
Kpan Ha dpann, HOB ped unu cneunaneH CUMBOI, KOUTO € OYakBaH
3a Kpau B uanonasBaHata rpamartuka. Lle nanonssame cumeon $ 3a
Kpau.

2. 3a Bcsako npaBuno A —> uBv , KbgeTo U 1 v ca HN30BE OT CUMBOJSIN
OT rpamarukarta, a B e HeTepMuHan, BCUYKN cumsonu ot First(v)
6e3 € ce 3anuceat B Follow(B).

3. 3a BcAko npasuno A —> uB nnn A —> uBv , kbaeTo First(v) cbabpxka
€ (T.e. v e npaseH) Bcn4yku cumonu ot Follow(A) ce 0obaBaT Kbm
Follow(B).



IlaBa pekypcua

[pamaTuKa, KOATO CbabpXKa JNIABO PeKypCcuBHU Npasuna, He e LL(1) rpamaTuka.
[Tpumep 3a NSBO peKypCcUBHW Npasuna:.

A—>Aa

A—>a

[Mpumep 2: Pasrnexgame ndBo peKypCMBHO NpaBuIio 3a CNUCHLK OT egHa Unu
noseve PyHKUMN:

function_list —> function_list function | function
function —> FUNC identifier ( parameter_list ) statement

PeanusaunaTa Ha ToBa npasuno Lie goseae Ao 6eskparnHa pekypcus!
void ParseFunctionList()

{

ParseFunctionList();
ParseFunction();

}



[lpemaxBaHe Ha NaBa peKkypcus

Heobxoonmo e ga npemaxHem napaTa pekypcusi. Ta moxe aa 6bae 3aMmeHeHa

C BKMIOYBAHE Ha AOMbITHUTENHN HETEPMUHAMIN UM KOHBEPTMPAHE B AsiICHA
pekypcus, T.e.:

A—>aA
A—>q
3a ga peanuanpame pasrnosHasalla pyHkuma 3a npasuno function_list:
function_list —> function_list function | function
, 3aMecTBaMe
function_list —> function function_list | function

, MPU KOETO pasno3HaBallata dyHKumMa gobuea cnegHust BUA:
void ParseFunctionList()

{

ParseFunction();

ParseMoreFunctions(); // moxe ga 6bae otcbeTBa(T.€.
//[paswmpaBame c npaseH H13)



