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ОБОБЩЕННЫЙ ТАБЛИЧНЫЙ LL-АНАЛИЗ∗

С. В. Григорьев1, А. К. Рагозина2

�−−®â�æ¨ï: ‘¨−â�ªá¨ç¥áª¨© �−�«¨§ ï¢«ï¥âáï ¢�¦−ë¬ è�£®¬ �−�«¨§� ª®-
¤�. „«ï à�¡®âë á −¥®¤−®§−�ç−ë¬¨ £à�¬¬�â¨ª�¬¨ ¨á¯®«ì§ãîâáï ®¡®¡é¥−−ë¥
�«£®à¨â¬ë á¨−â�ªá¨ç¥áª®£® �−�«¨§�: Generalized LR (GLR) ¨ Generalized
LL (GLL). „«ï à�¡®âë á® ¢áâà®¥−−ë¬¨ ï§ëª�¬¨ | ¯®¤¤¥à¦ª¨ ¨å ¢ IDE
(Integrated Development Environment), �−�«¨§� ¢ æ¥«ïå à¥¨−¦¨−¨à¨−£� ¨«¨
¯®¨áª� ãï§¢¨¬®áâ¥© (SQL-¨−ê¥ªæ¨©) | ¨á¯®«ì§ã¥âáï �¡áâà�ªâ−ë© á¨−â�ªá¨-
ç¥áª¨© �−�«¨§, ®á−®¢�−−ë© −� ª«�áá¨ç¥áª®¬ â�¡«¨ç−®¬ �−�«¨§¥. ÷�−¥¥ ¡ë«
¯à¥¤«®¦¥− �«£®à¨â¬ ®¡®¡é¥−−®£® −¨áå®¤ïè¥£® �−�«¨§� ¡¥§ ¨á¯®«ì§®¢�−¨ï
¯à¥¤¨ªâ¨¢−ëå â�¡«¨æ �−�«¨§�. ‚ ¤�−−®© áâ�âì¥ ®¯¨á�− ¯®¤å®¤ ª á®§¤�−¨î
â�¡«¨ç−®£® GLL-�−�«¨§�â®à� −� ®á−®¢¥ ¯à¥¤«®¦¥−−®£® �«£®à¨â¬�, ª®â®àë©
¢ ¤�«ì−¥©è¥¬ ¡ã¤¥â ¨á¯®«ì§®¢�âìáï ¤«ï ¯®«ãç¥−¨ï �¡áâà�ªâ−®£® �−�«¨§�-
â®à�. ’�ª¦¥ ¢ áâ�âì¥ ®¯¨á�− �«£®à¨â¬ ®¡®¡é¥−−®£® −¨áå®¤ïé¥£® �−�«¨§�,
¬®¤¨ä¨ª�æ¨¨, ª®â®àë¬ ®− ¯®¤¢¥à£áï, ¨ à¥§ã«ìâ�âë áà�¢−¥−¨ï á �«£®à¨â¬®¬
®¡®¡é¥−−®£® ¢®áå®¤ïé¥£® �−�«¨§�, ª®â®àë© ¡ë« à¥�«¨§®¢�− à�−¥¥.

Š«îç¥¢ë¥ á«®¢�: á¨−â�ªá¨ç¥áª¨© �−�«¨§; GLL; ®¡®¡é¥−−ë© �−�«¨§;
RNGLR; �¡áâà�ªâ−ë© �−�«¨§; ¢áâà®¥−−ë¥ ï§ëª¨

DOI: 10.14357/08696527150106

1 Введение

‘ãé¥áâ¢ã¥â ¬−®¦¥áâ¢® áà¥¤áâ¢ �¢â®¬�â¨ç¥áª®© ¨ �¢â®¬�â¨§¨à®¢�−−®© ®¡à�-
¡®âª¨ ¨áå®¤−®£® ª®¤� ¯à®£à�¬¬. ‚ ª�ç¥áâ¢¥ ¯à¨¬¥à� ¬®¦−® ¯à¨¢¥áâ¨ ª®¬-
¯¨«ïâ®àë, ¢¥à¨ä¨ª�â®àë, áà¥¤áâ¢� �−�«¨§� ¨áå®¤−®£® ª®¤�. Œ−®£¨¥ ¨§ −¨å
¯à¥¤¯®«�£�îâ ¯¥à¥¢®¤ ª®¤� ¨§ â¥ªáâ®¢®£® ¯à¥¤áâ�¢«¥−¨ï ¢ á¯¥æ¨�«ì−®¥ áâàãªâãà-
−®¥ ¯à¥¤áâ�¢«¥−¨¥ | �¡áâà�ªâ−®¥ á¨−â�ªá¨ç¥áª®¥ ¤¥à¥¢®, ¯à¥¤−�§−�ç¥−−®¥ ¤«ï
¤�«ì−¥©è¥© ®¡à�¡®âª¨. „«ï â�ª®£® ¯à¥®¡à�§®¢�−¨ï ¨áå®¤−®£® ª®¤� ¢ �¡áâà�ªâ−®¥
á¨−â�ªá¨ç¥áª®¥ ¤¥à¥¢® ®¡ëç−® ¨á¯®«ì§ã¥âáï á¨−â�ªá¨ç¥áª¨© �−�«¨§, ¤«ï à¥�«¨-
§�æ¨¨ ª®â®à®£® áãé¥áâ¢ã¥â ¡®«ìè®¥ ª®«¨ç¥áâ¢® �«£®à¨â¬®¢, à�§«¨ç�îé¨åáï
ª«�áá®¬ ®¡à�¡�âë¢�¥¬ëå ï§ëª®¢. „«ï à�¡®âë á −¥®¤−®§−�ç−ë¬¨ ¨ −¥¤¥â¥à¬¨−¨-
à®¢�−−ë¬¨ £à�¬¬�â¨ª�¬¨ áãé¥áâ¢ãîâ �«£®à¨â¬ë ®¡®¡é¥−−®£® á¨−â�ªá¨ç¥áª®£®
�−�«¨§�: GLR ¨ GLL. „�−−ë¥ �«£®à¨â¬ë �−�«¨§¨àãîâ ¢á¥ ¢®§¬®¦−ë¥ ¢�à¨�−âë
à�§¡®à� ¨ áâà®ïâ ¢á¥ ¤¥à¥¢ìï. �«£®à¨â¬ ®¡®¡é¥−−®£® −¨áå®¤ïé¥£® �−�«¨§� (GLL)
®â«¨ç�¥âáï á¢®¥© ¯à®áâ®â®© ¨ ¯àï¬®«¨−¥©−®áâìî ¨§-§� â¥á−®© á¢ï§¨ á £à�¬¬�-

∗‘â�âìï à¥ª®¬¥−¤®¢�−� ª ¯ã¡«¨ª�æ¨¨ ¢ ¦ãà−�«¥ �à®£à�¬¬−ë¬ ª®¬¨â¥â®¬ ª®−ä¥à¥−æ¨¨ úTools
& Methods of Program Analysisû (úˆ−áâàã¬¥−âë ¨ ¬¥â®¤ë �−�«¨§� ¯à®£à�¬¬û, TMPA-2014),
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‘. ‚. ƒà¨£®àì¥¢, �. Š. ÷�£®§¨−�

â¨ª®©, ¢ â® ¢à¥¬ï ª�ª �«£®à¨â¬ ®¡®¡é¥−−®£® ¢®áå®¤ïé¥£® �−�«¨§� (GLR) ¨¬¥¥â
¡®«¥¥ á«®¦−ãî áâàãªâãàã.

Œ−®£¨¥ ï§ëª¨ ¯à®£à�¬¬¨à®¢�−¨ï ¯®§¢®«ïîâ ª®−áâàã¨à®¢�âì ¢ëà�¦¥−¨ï −�
¤àã£¨å ï§ëª�å, −�§ë¢�¥¬ëå ¢áâà®¥−−ë¬¨, ¨§ áâà®ª®¢ëå «¨â¥à�«®¢ ¨ §�â¥¬ ¯¥-
à¥¤�¢�âì ¨å −� ¢ë¯®«−¥−¨¥ á®®â¢¥âáâ¢ãîé¥¬ã ®ªàã¦¥−¨î. —�é¥ ¢á¥£® â�ª®©
¯®¤å®¤ ¨á¯®«ì§ã¥âáï ¤«ï £¥−¥à�æ¨¨ HTML-áâà�−¨æ ¨ SQL-§�¯à®á®¢. ’àã¤-
−®áâì ¯à¨ ¨á¯®«ì§®¢�−¨¨ ¢áâà®¥−−ëå ¢ëà�¦¥−¨© §�ª«îç�¥âáï ¢ â®¬, çâ® ®è¨¡ª¨
¢ −¨å ¬®£ãâ ¡ëâì ®¡−�àã¦¥−ë â®«ìª® ¢® ¢à¥¬ï ¢ë¯®«−¥−¨ï. �â® ¤¥«�¥â á¨á-
â¥¬ã, á®§¤�−−ãî á ¨á¯®«ì§®¢�−¨¥¬ â�ª®£® ¯®¤å®¤�, −¥−�¤¥¦−®© ¨ ãï§¢¨¬®©.
…é¥ ®¤−� ¯à®¡«¥¬�, ª®â®à�ï ¯®ï¢«ï¥âáï ¯à¨ ¨á¯®«ì§®¢�−¨¨ ¢áâà®¥−−ëå ï§ë-
ª®¢ | SQL-¨−ê¥ªæ¨¨, ¢ à¥§ã«ìâ�â¥ ª®â®àëå ¬®£ãâ ¡ëâì ¢ë¯®«−¥−ë ¤¥©áâ¢¨ï,
−¥ ¯à¥¤ãá¬®âà¥−−ë¥ á®§¤�â¥«¥¬ áªà¨¯â�. �â� á¨âã�æ¨ï ¢®§−¨ª�¥â ¨§-§� ®âáãâ-
áâ¢¨ï ä¨«ìâà�æ¨¨ ¢−¥è−¨å ¢å®¤−ëå ¤�−−ëå, ¯®áâã¯�îé¨å −� á¥à¢¥à. ‹®£¨ª�
§�¯à®á� ¬¥−ï¥âáï â�ª¨¬ ®¡à�§®¬, çâ® §«®ã¬ëè«¥−−¨ª ¬®¦¥â ¯®«ãç¨âì ¤�−−ë¥
¨§ â�¡«¨æ ¨«¨ ¤�¦¥ ¨§¬¥−¨âì çâ®-â® ¢ ¡�§¥ ¤�−−ëå. „«ï ®¡à�¡®âª¨ ¢áâà®¥−−ëå
ï§ëª®¢ ¨á¯®«ì§ã¥âáï áâ�â¨ç¥áª¨© �−�«¨§ ¤¨−�¬¨ç¥áª¨ ä®à¬¨àã¥¬ëå ¢ëà�¦¥−¨©
(�¡áâà�ªâ−ë© á¨−â�ªá¨ç¥áª¨© �−�«¨§) [1].

–¥«ìî ¤�−−®© à�¡®âë ï¢«ï¥âáï ¯®«ãç¥−¨¥ â�¡«¨ç−®£® á¨−â�ªá¨ç¥áª®£® �−�-
«¨§�â®à� −� ®á−®¢¥ �«£®à¨â¬� GLL, ª®â®àë© áâ�−¥â ®á−®¢®© ¤«ï �¡áâà�ªâ−®£®
�−�«¨§�â®à� ¢ ¤�«ì−¥©è¥¬. ‘ãé¥áâ¢ã¥â −¥áª®«ìª® ¯®¤å®¤®¢ ª á®§¤�−¨î �¡-
áâà�ªâ−ëå á¨−â�ªá¨ç¥áª¨å �−�«¨§�â®à®¢. ’�ª ª�ª ¢ �¡áâà�ªâ−®¬ �−�«¨§¥ ¯à®æ¥áá
à�§¡®à� á¨«ì−® §�¢¨á¨â ®â áâàãªâãàë ¢å®¤−ëå ¤�−−ëå, ª®â®à�ï −¥ ï¢«ï¥âáï
«¨−¥©−ë¬ ¢å®¤−ë¬ ¯®â®ª®¬, â® ¨á¯®«ì§®¢�−¨¥ ï¢−®© £¥−¥à�æ¨¨ ª®¤� �−�«¨-
§�â®à� §�âàã¤−¥−®. ‚ áâ�âì¥ [1] ®¯¨á�− �¡áâà�ªâ−ë© �−�«¨§ −� ®á−®¢¥ ª«�á-
á¨ç¥áª®£® �«£®à¨â¬� á¨−â�ªá¨ç¥áª®£® �−�«¨§� LALR. ÷�−¥¥ ¢ à�¬ª�å ¯à®¥ªâ�
YaccConstructor [2] ¡ë« à¥�«¨§®¢�− �«£®à¨â¬ ®¡®¡é¥−−®£® ¢®áå®¤ïé¥£® �−�«¨§�
RNGLR (Right Nulled GLR) [3], � ¯®§¦¥ −� ¥£® ®á−®¢¥ ¡ë« á®§¤�− �¡áâà�ªâ−ë©
â�¡«¨ç−ë© �−�«¨§�â®à [4]. “¯à�¢«ïîé¨¥ â�¡«¨æë á¨−â�ªá¨ç¥áª®£® �−�«¨§�â®à�
¯à¨ ¯¥à¥å®¤¥ ª �¡áâà�ªâ−®¬ã �−�«¨§ã −¥ ¬¥−ïîâáï: ¤®áâ�â®ç−® ¬®¤¨ä¨æ¨à®¢�âì
â®«ìª® ¨−â¥à¯à¥â�â®à â�¡«¨æ. ’�ª¨¬ ®¡à�§®¬, çâ®¡ë ¯®«ãç¨âì ¢®§¬®¦−®áâì
¨á¯®«ì§®¢�âì GLL-�«£®à¨â¬ ¤«ï �¡áâà�ªâ−®£® �−�«¨§�, −¥®¡å®¤¨¬® ¨§¬¥−¨âì
¯à®æ¥áá ¯®áâà®¥−¨ï �−�«¨§�â®à� ¯® £à�¬¬�â¨ª¥, â�ª ª�ª ¢ ®à¨£¨−�«ì−®¬ �«£®à¨â-
¬¥ GLL −¥ ¨á¯®«ì§ãîâáï â�¡«¨æë á¨−â�ªá¨ç¥áª®£® �−�«¨§�, � ª®¤ �−�«¨§�â®à�
£¥−¥à¨àã¥âáï ï¢−®. ‚ ¤�−−®© à�¡®â¥ ®¯¨á�− �«£®à¨â¬ ®¡®¡é¥−−®£® −¨áå®¤ïé¥£®
�−�«¨§� ¨ ¬®¤¨ä¨ª�æ¨¨, ª®â®àë¥ ¡ë«¨ ¢−¥á¥−ë ¢ −¥£® ¤«ï ¯®«ãç¥−¨ï â�¡«¨ç−®£®
�−�«¨§�â®à�. ’�ª¦¥ ®¡áã¦¤�îâáï ®á®¡¥−−®áâ¨ à¥�«¨§�æ¨¨ â�¡«¨ç−®£® GLL-�−�-
«¨§�â®à�.

2 Обобщенный синтаксический анализ

‘¨−â�ªá¨ç¥áª¨¥ �−�«¨§�â®àë ¬®¦−® à�§¤¥«¨âì −� ¤¢� ª«�áá� | −¨áå®¤ïé¨¥
¨ ¢®áå®¤ïé¨¥, ª�¦¤ë© ¨§ ª®â®àëå ¨¬¥¥â ª�ª ¯à¥¨¬ãé¥áâ¢�, â�ª ¨ −¥¤®áâ�âª¨.
‘âàãªâãà� −¨áå®¤ïé¨å ¯�àá¥à®¢ ¯®«−®áâìî á®®â¢¥âáâ¢ã¥â áâàãªâãà¥ £à�¬¬�â¨ª¨,
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�¡®¡é¥−−ë© â�¡«¨ç−ë© LL-�−�«¨§

çâ® ã¯à®é�¥â ¯à®æ¥áá ¨å −�¯¨á�−¨ï ¨ ®â«�¤ª¨. ‘ãé¥áâ¢¥−−ë¬ −¥¤®áâ�âª®¬ â�-
ª¨å á¨−â�ªá¨ç¥áª¨å �−�«¨§�â®à®¢ ï¢«ï¥âáï â®, çâ® ª«�áá ï§ëª®¢, ®¡à�¡�âë¢�¥¬ëå
¨¬¨, ¢¥áì¬� ®£à�−¨ç¥−. �à¨ç¨−� íâ¨å ®£à�−¨ç¥−¨© §�ª«îç�¥âáï ¢ â®¬, çâ® «î¡�ï
LL(k)-£à�¬¬�â¨ª� ¤®«¦−� ¡ëâì ®¤−®§−�ç−®©, −® ¤�«¥ª® −¥ ¢á¥ ï§ëª¨ ¯à®£à�¬¬¨-
à®¢�−¨ï ®¤−®§−�ç−ë. ��¯à¨¬¥à, «¥¢®à¥ªãàá¨¢−ë¥ £à�¬¬�â¨ª¨ −¥ ¯à¨−�¤«¥¦�â
ª«�ááã LL(k) −¨ ¤«ï ª�ª®£® k. ˆ−®£¤� ã¤�¥âáï ¯à¥®¡à�§®¢�âì −¥LL-£à�¬¬�â¨-
ªã ¢ íª¢¨¢�«¥−â−ãî ¥© LL-£à�¬¬�â¨ªã á ¯®¬®éìî ä�ªâ®à¨§�æ¨¨ ¨ ãáâà�−¥−¨ï
«¥¢®© à¥ªãàá¨¨, −® ¯à®¡«¥¬� áãé¥áâ¢®¢�−¨ï íª¢¨¢�«¥−â−®© LL(k)-£à�¬¬�â¨ª¨
¤«ï ¯à®¨§¢®«ì−®© −¥LL(k)-£à�¬¬�â¨ª¨ −¥à�§à¥è¨¬� [5]. ÷�áè¨à¨âì ª«�áá ®¡à�-
¡�âë¢�¥¬ëå ï§ëª®¢ ¯®§¢®«ï¥â ¨á¯®«ì§®¢�−¨¥ ¢®áå®¤ïé¨å LR-�−�«¨§�â®à®¢ [6].
’�ª¨¥ �−�«¨§�â®àë ¯®§¢®«ïîâ ®¡à�¡�âë¢�âì ¡®«¥¥ è¨à®ª¨© ª«�áá £à�¬¬�â¨ª, −®
¨¬¥îâ ¡®«¥¥ á«®¦−ãî áâàãªâãàã. ‚®áå®¤ïé¨¥ �−�«¨§�â®àë ¯®§¢®«ïîâ à�¡®â�âì á
«¥¢®à¥ªãàá¨¢−ë¬¨ £à�¬¬�â¨ª�¬¨, −® ¤�¦¥ ®−¨ −¥ ¬®£ãâ ¡®à®âìáï á® áªàëâ®© «¥-
¢®© à¥ªãàá¨¥© [7]. Š á®¦�«¥−¨î, ãá«®¦−¥−¨¥ áâàãªâãàë ¯�àá¥à� ç�áâ® ¯à¨¢®¤¨â
ª á−¨¦¥−¨î áª®à®áâ¨ ¥£® à�¡®âë ¨ ãá«®¦−ï¥â ¯à®æ¥áá ¤¨�£−®áâ¨ª¨ ®è¨¡®ª.

‘ãé¥áâ¢ã¥â ¥é¥ ®¤¨− ª«�áá á¨−â�ªá¨ç¥áª¨å �−�«¨§�â®à®¢ | ®¡®¡é¥−−ë¥
�−�«¨§�â®àë, ª®â®àë¥ ¨á¯®«ì§ãîâáï ¤«ï à�¡®âë á −¥®¤−®§−�ç−ë¬¨ £à�¬¬�â¨-
ª�¬¨. Š íâ®¬ã ª«�ááã ®â−®áïâáï �«£®à¨â¬ë ®¡®¡é¥−−®£® ¢®áå®¤ïé¥£® (GLR)
¨ −¨áå®¤ïé¥£® (GLL) �−�«¨§� [8]. �«£®à¨â¬ ®¡®¡é¥−−®£® ¢®áå®¤ïé¥£® �−�«¨§�
è¨à®ª® ¨§¢¥áâ¥− ¨ ¢¯¥à¢ë¥ ¡ë« ¯à¥¤«®¦¥− ’®¬¨â®© [9]. Š«�áá¨ç¥áª¨© ¢�à¨�−â
�«£®à¨â¬� −¥ á¯®á®¡¥− ®¡à�¡�âë¢�âì «î¡ë¥ ª®−â¥ªáâ−®-á¢®¡®¤−ë¥ £à�¬¬�â¨ª¨.
‚ ¤�«ì−¥©è¥¬ ¡ë«® ®¯¨á�−® ¬−®¦¥áâ¢® ¬®¤¨ä¨ª�æ¨© ¤�−−®£® �«£®à¨â¬�, ®¤−�ª®
¯à¨−æ¨¯ à�¡®âë ¢á¥£¤� ®áâ�¢�«áï áå®¦¨¬: ¤«ï ª®−ªà¥â−®© £à�¬¬�â¨ª¨ GLR-�«-
£®à¨â¬ ®¡à�¡�âë¢�¥â ¢á¥ ¢®§¬®¦−ë¥ ¢�à¨�−âë à�§¡®à� ¢å®¤−®© ¯®á«¥¤®¢�â¥«ì-
−®áâ¨, ¨á¯®«ì§ãï ®¡å®¤ £à�ä� ¢ è¨à¨−ã. GLR-�−�«¨§�â®àë ¨á¯®«ì§ãîâ â�¡«¨æë
á¨−â�ªá¨ç¥áª®£® �−�«¨§� ¯®¤®¡−® LR-�−�«¨§�â®à�¬. �â«¨ç¨¥ â�ª¨å â�¡«¨æ ®â
ª«�áá¨ç¥áª¨å á®áâ®¨â ¢ â®¬, çâ® ¤®¯ãáª�¥âáï −¥áª®«ìª® ¯¥à¥å®¤®¢ ¢ à�§«¨ç−ë¥
á®áâ®ï−¨ï, ª®â®àë¥ ®¯à¥¤¥«ïîâáï ¯® ¨áå®¤−®¬ã á®áâ®ï−¨î ¯�àá¥à� ¨ ¢å®¤−®¬ã
â¥à¬¨−�«ì−®¬ã á¨¬¢®«ã. �â® ®¡ãá«®¢«¥−® â¥¬, çâ® ¢ £à�¬¬�â¨ª¥ ¬®£ãâ ¯à¨áãâ-
áâ¢®¢�âì −¥®¤−®§−�ç−®áâ¨ ¨ ¢å®¤−�ï ¯®á«¥¤®¢�â¥«ì−®áâì ¬®¦¥â ¨¬¥âì −¥áª®«ìª®
¢�à¨�−â®¢ à�§¡®à�. ‚ à¥§ã«ìâ�â¥ ¢ ¯à®æ¥áá¥ à�¡®âë ¬®£ãâ ¢®§−¨ª�âì ª®−ä«¨ªâë
¢¨¤� á¤¢¨£/á¢¥àâª� (shift/reduce) ¨ á¢¥àâª�/á¢¥àâª� (reduce/reduce). ‚ â�ª¨å
ª®−ä«¨ªâ−ëå á¨âã�æ¨ïå á«¥¤ã¥â «¨¡® ¢ë¡à�âì ®¤¨− ¢�à¨�−â à�§¡®à�, çâ® ¬®¦¥â
¯à¨¢¥áâ¨ ª ¯®«ãç¥−¨î −¥ª®àà¥ªâ−®£® à¥§ã«ìâ�â�, «¨¡® à�áá¬®âà¥âì ¢á¥ ¢�à¨-
�−âë à�§¡®à�, çâ® ¨ ¯à®¨áå®¤¨â ¢ ¯à®æ¥áá¥ à�¡®âë �«£®à¨â¬�. �à¨ ®¡à�¡®âª¥
ª�¦¤®© ª®−ä«¨ªâ−®© á¨âã�æ¨¨ −¥®¡å®¤¨¬® á®§¤�¢�âì −®¢ë© áâ¥ª, ¢¥àå−¥¥ á®áâ®-
ï−¨¥ ª®â®à®£® á®®â¢¥âáâ¢ã¥â ¢®§¬®¦−®¬ã ¯¥à¥å®¤ã, ®¤−�ª® åà�−¥−¨¥ ¡®«ìè®£®
ç¨á«� áâ¥ª®¢ âà¥¡ã¥â á«¨èª®¬ ¡®«ìè®£® ®¡ê¥¬� ¯�¬ïâ¨. „«ï íª®−®¬¨¨ ¯�¬ïâ¨
®¡é¨¥ ç�áâ¨ áâ¥ª®¢ ¯¥à¥¨á¯®«ì§ãîâáï, � ¢ ¬¥áâ�å ¢®§−¨ª−®¢¥−¨ï ª®−ä«¨ªâ®¢
¯à®¨áå®¤¨â à�§¢¥â¢«¥−¨¥ áâ¥ª�. ‚ á«ãç�¥ ª®£¤� −� ¢¥àè¨−�å à�§−ëå ¢¥â¢¥©
−�å®¤ïâáï ®¤¨−�ª®¢ë¥ á®áâ®ï−¨ï, ¢¥â¢¨ ¬®£ãâ ¡ëâì ®¡ê¥¤¨−¥−ë. ’�ª¨¬ ®¡à�§®¬,
áâ¥ª ®à£�−¨§ã¥âáï ¢ ¢¨¤¥ £à�ä�, ¨ â�ª�ï áâàãªâãà� ¤�−−ëå −�§ë¢�¥âáï Graph
Structured Stack (GSS) [9]. …á«¨ ¤«ï ª�ª®©-«¨¡® ¢¥àè¨−ë áâ¥ª� ¨ ¢å®¤−®£® á¨¬-

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 25 −®¬¥à 1 2015 91



‘. ‚. ƒà¨£®àì¥¢, �. Š. ÷�£®§¨−�

¢®«� ¢ â�¡«¨æ¥ ¯�àá¥à� −¥ áãé¥áâ¢ã¥â −¨ ®¤−®£® ¯¥à¥å®¤�, â® á®®â¢¥âáâ¢ãîé�ï
¢¥âª� à�§¡®à� áç¨â�¥âáï ®è¨¡®ç−®© ¨ ®â¡à�áë¢�¥âáï.

’®â ¦¥ ¯à¨−æ¨¯ à�¡®âë «¥¦¨â ¨ ¢ ®á−®¢¥ �«£®à¨â¬� ®¡®¡é¥−−®£® −¨áå®¤ïé¥£®
�−�«¨§�. ‚ ¯à®æ¥áá¥ à�¡®âë ¯�àá¥à� à�áá¬�âà¨¢�îâáï ¢á¥ ¢®§¬®¦−ë¥ ¢�à¨�−âë,
çâ® ®áãé¥áâ¢«ï¥âáï §� áç¥â ¨á¯®«ì§®¢�−¨ï ¤¥áªà¨¯â®à®¢. „¥áªà¨¯â®à | ç¥â¢¥à-
ª�, ®¯¨áë¢�îé�ï â¥ªãé¥¥ á®áâ®ï−¨¥ �−�«¨§�â®à�: ¨−¤¥ªá ¢® ¢å®¤−®¬ ¯®â®ª¥,
¬¥âª� äã−ªæ¨¨ à�§¡®à�, â¥ªãé�ï ¢¥àè¨−� áâ¥ª� ¨ äà�£¬¥−â ¤¥à¥¢� ¢ë¢®¤�, ª®â®-
à®¥ ¡ë«® ¯®áâà®¥−® −� ¬®¬¥−â á®§¤�−¨ï ¤¥áªà¨¯â®à�. ’�ª®© �«£®à¨â¬ ¢ åã¤è¥¬
á«ãç�¥ à�¡®â�¥â §� ªã¡¨ç¥áª®¥ ¢à¥¬ï ®â ¤«¨−ë ¢å®¤−®© æ¥¯®çª¨, � ¤«ï LL-£à�¬-
¬�â¨ª [8] | §� «¨−¥©−®¥. ‘¨−â�ªá¨ç¥áª¨¥ �−�«¨§�â®àë, ¯®áâà®¥−−ë¥ á ¯®¬®éìî
â�ª®£® �«£®à¨â¬�, ¯®§¢®«ïîâ ®¡à�¡�âë¢�âì £à�¬¬�â¨ª¨ ª�ª á® áªàëâ®©, â�ª
¨ á ®¡ëç−®© «¥¢®© à¥ªãàá¨¥©, §−�ç¨â¥«ì−® à�áè¨àïï ª«�áá ®¡à�¡�âë¢�¥¬ëå
−¨áå®¤ïé¨¬¨ á¨−â�ªá¨ç¥áª¨¬¨ �−�«¨§�â®à�¬¨ ï§ëª®¢.

3 Подходы к генерации синтаксических анализаторов

„«ï �¢â®¬�â¨ç¥áª®£® á®§¤�−¨ï á¨−â�ªá¨ç¥áª¨å �−�«¨§�â®à®¢ áãé¥áâ¢ã¥â −¥-
áª®«ìª® ¯®¤å®¤®¢. ‚ à�¬ª�å ¯¥à¢®£® ¯®¤å®¤� ¢¥áì ª®¤ ¯�àá¥à� £¥−¥à¨àã¥âáï ¯®
£à�¬¬�â¨ª¥. —�é¥ ¢á¥£® â�ª®© ¯®¤å®¤ ¨á¯®«ì§ã¥âáï ¯à¨ £¥−¥à�æ¨¨ �−�«¨§�â®à®¢,
¯®áâà®¥−−ëå ¬¥â®¤®¬ à¥ªãàá¨¢−®£® á¯ãáª�. �à¨ £¥−¥à�æ¨¨ −¨áå®¤ïé¨å �−�«¨§�-
â®à®¢ ¤«ï ª�¦¤®£® −¥â¥à¬¨−�«� £¥−¥à¨àãîâáï äã−ªæ¨¨, ª®â®àë¥ ¯®á«¥¤®¢�â¥«ì−®
¢ë§ë¢�îâáï ¢ ¯à®æ¥áá¥ à�§¡®à�. �¥á¬®âàï −� â® çâ® −¨áå®¤ïé¨¥ �−�«¨§�â®àë
¯à®áâë ¤«ï −�¯¨á�−¨ï ¨ ®â«�¤ª¨ ¨ ¯®íâ®¬ã ç�é¥ ¢á¥£® á®§¤�îâáï ¢àãç−ãî,
áãé¥áâ¢ãîâ ¨−áâàã¬¥−âë ¤«ï �¢â®¬�â¨ç¥áª®© £¥−¥à�æ¨¨ â�ª¨å �−�«¨§�â®à®¢.
��¯à¨¬¥à, ¨−áâàã¬¥−â ANTLR (Another Tool for Language Recognition) [10] |

÷¨á. 1 ‘âàãªâãà� £¥−¥à�â®à� á¨−â�ªá¨ç¥áª¨å �−�«¨§�â®à®¢: £¥−¥à¨àãîé¥£® ¢¥áì
�−�«¨§�â®à (�) ¨ â®«ìª® ¤®¯®«−¨â¥«ì−ãî ¨−ä®à¬�æ¨î (¡)
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£¥−¥à�â®à ¯�àá¥à®¢, ¯®§¢®«ïîé¨© �¢â®¬�â¨ç¥áª¨ á®§¤�¢�âì �−�«¨§�â®àë −� ®¤-
−®¬ ¨§ æ¥«¥¢ëå ï§ëª®¢ ¯à®£à�¬¬¨à®¢�−¨ï ¯® ®¯¨á�−¨î LL(*)-£à�¬¬�â¨ª¨ −�
ï§ëª¥, ¡«¨§ª®¬ ª EBNF (Extended Backus{Naur Form). ‘âàãªâãà� £¥−¥à�â®à®¢
â�ª®£® â¨¯� ¨§®¡à�¦¥−� −� à¨á. 1, �.

‘ãé¥áâ¢ã¥â ¥é¥ ®¤¨− ¯®¤å®¤ ª £¥−¥à�æ¨¨ á¨−â�ªá¨ç¥áª¨å �−�«¨§�â®à®¢,
ª®â®àë© ¨á¯®«ì§ã¥âáï ¤«ï ¯®«ãç¥−¨ï â�¡«¨ç−ëå �−�«¨§�â®à®¢. �â¤¥«ì−® á®-
§¤�¥âáï ¨−â¥à¯à¥â�â®à, ª®â®àë© á®¤¥à¦¨â ¢ á¥¡¥ ®á−®¢−ãî «®£¨ªã �«£®à¨â¬�.
ˆ−â¥à¯à¥â�â®à ¯¨è¥âáï ¢àãç−ãî ¨ ¯®áâ®ï−−® ¯¥à¥¨á¯®«ì§ã¥âáï. �® £à�¬¬�â¨-
ª¥ ª�¦¤ë© à�§ £¥−¥à¨àã¥âáï ¤®¯®«−¨â¥«ì−�ï ¨−ä®à¬�æ¨ï, ª®â®à�ï −¥®¡å®¤¨¬�
¨−â¥à¯à¥â�â®àã ¢ ¯à®æ¥áá¥ à�¡®âë. ‘âàãªâãà� â�ª®£® £¥−¥à�â®à� ¯à¥¤áâ�¢«¥−�
−� à¨á. 1, ¡. —�é¥ ¢á¥£® ¢ ª�ç¥áâ¢¥ ¤®¯®«−¨â¥«ì−®© ¨−ä®à¬�æ¨¨ £¥−¥à¨àãîâáï
â�¡«¨æë á¨−â�ªá¨ç¥áª®£® �−�«¨§�, ã¯à�¢«ïîé¨¥ ¯à®æ¥áá®¬ à�§¡®à�.

4 Основные принципы обобщенного LL-анализа

ƒàã¯¯� ãç¥−ëå ¢® £«�¢¥ á Elizabeth Scott ¨ Adrian Johnstone §�−¨¬�¥âáï à�§-
à�¡®âª®© �«£®à¨â¬®¢ á¨−â�ªá¨ç¥áª®£® �−�«¨§�. ˆ¬¨ ¡ë«® ¯à¥¤«®¦¥−® −¥áª®«ìª®
�«£®à¨â¬®¢ −� ®á−®¢¥ ®¡®¡é¥−−®£® ¢®áå®¤ïé¥£® �−�«¨§� [3, 11, 12] ¨ �«£®à¨â¬
®¡®¡é¥−−®£® −¨áå®¤ïé¥£® �−�«¨§� GLL, ® ª®â®à®¬ ¨ ¯®©¤¥â à¥çì ¢ ¤�−−®© áâ�âì¥.

‘¨−â�ªá¨ç¥áª¨¥ �−�«¨§�â®àë, à¥�«¨§®¢�−−ë¥ á ¯®¬®éìî ¬¥â®¤� à¥ªãàá¨¢-
−®£® á¯ãáª�, ¯à¥¤áâ�¢«ïîâ á®¡®© −�¡®à äã−ªæ¨©, ª�¦¤�ï ¨§ ª®â®àëå á®¤¥à¦¨â
¢ á¥¡¥ ª®¤ ¤«ï ®¡à�¡®âª¨ â®© ¨«¨ ¨−®© �«ìâ¥à−�â¨¢ë. ‚ �«£®à¨â¬¥ ®¡®¡é¥−−®£®
−¨áå®¤ïé¥£® �−�«¨§� ¤«ï ª�¦¤®£® −¥â¥à¬¨−�«� £¥−¥à¨àã¥âáï äã−ªæ¨ï, á®¤¥à-
¦�é�ï ¢ á¥¡¥ ª®¤ ¤«ï ¥£® à�§¡®à�. …á«¨ ª�ª®©-â® −¥â¥à¬¨−�« ¬®¦¥â ¡ëâì
à�§®¡à�− −¥áª®«ìª¨¬¨ á¯®á®¡�¬¨, â® ¤«ï −¥£® £¥−¥à¨àã¥âáï −¥áª®«ìª® äã−ªæ¨©,
¯®¬¥ç¥−−ëå à�§−ë¬¨ ¬¥âª�¬¨. �â® ¬¥âª¨ ¯¥à¢®£® â¨¯�, ª®â®àë¥ ¨á¯®«ì§ãîâáï
¢ �«£®à¨â¬¥. Šà®¬¥ â®£®, ¡ë¢�îâ ¬¥âª¨ ¢â®à®£® â¨¯� | ¢®§¢à�â−ë¥. �â¨¬¨
¬¥âª�¬¨ ¯®¬¥ç�îâáï äà�£¬¥−âë ª®¤�, ª®â®àë¥ ¤®«¦−ë ¡ëâì ¢ë§¢�−ë ¯®á«¥ â®£®,
ª�ª −¥â¥à¬¨−�« ¡ë« ®¡à�¡®â�−. „«ï â®£® çâ®¡ë §�¯®¬¨−�âì ¢á¥ ¢®§¬®¦−ë¥
¢�à¨�−âë à�§¡®à�, ¨á¯®«ì§ãîâáï ¤¥áªà¨¯â®àë, á®¤¥à¦�é¨¥ ¬¥âªã äã−ªæ¨¨, ª®-
â®à�ï ¤®«¦−� ¡ëâì ¢ë§¢�−�, ¯®§¨æ¨î ¢® ¢å®¤−®¬ ¯®â®ª¥, áâ¥ª ¨ ¤¥à¥¢® à�§¡®à�.
„¥áªà¨¯â®àë åà�−ïâáï ¢ ®ç¥à¥¤¨, ¨ ¢ë¯®«−¥−¨¥ ª�¦¤ë© à�§ ¢®§®¡−®¢«ï¥âáï
á â®çª¨, ª®â®à�ï ®¯¨á�−� ¢ â¥ªãé¥¬ ¤¥áªà¨¯â®à¥. �®¢ë¥ ¤¥áªà¨¯â®àë ¤®¡�¢«ï-
îâáï ¢ ®ç¥à¥¤ì ¢ ¯à®æ¥áá¥ à�¡®âë á¨−â�ªá¨ç¥áª®£® �−�«¨§�â®à� ¯¥à¥¤ ®¡à�¡®âª®©
−¥â¥à¬¨−�«®¢ ¨«¨ ¯®á«¥ â®£®, ª�ª ¯à�¢¨«® ¡ë«® à�§®¡à�−® ¤® ª®−æ�. …á«¨
¢ ¯à®æ¥áá¥ ¢ë¯®«−¥−¨ï ®¤¨− ¨§ ¢�à¨�−â®¢ à�§¡®à� −¥ ¬®¦¥â ¡ëâì §�¢¥àè¥−, â®
¢¬¥áâ® §�¢¥àè¥−¨ï ¯à®æ¥áá� à�¡®âë ¯�àá¥à� á ®è¨¡ª®© ¨§ ®ç¥à¥¤¨ ¨§¢«¥ª�¥â-
áï á«¥¤ãîé¨© ¤¥áªà¨¯â®à, ¨ ¯à®æ¥áá ¯à®¤®«¦�¥âáï. ÷�§¡®à §�¢¥àè�¥âáï, ª�ª
â®«ìª® ®ç¥à¥¤ì áâ�−®¢¨âáï ¯ãáâ®©. ÷�¡®â� ¯�àá¥à� ª®−âà®«¨àã¥âáï á ¯®¬®éìî
ã¯à�¢«ïîé¥© äã−ªæ¨¨, ª®â®à�ï ¢ë¯®«−ï¥â á«¥¤ãîé¨¥ ¤¥©áâ¢¨ï:

{ ¯à®¢¥àï¥â, çâ® ®ç¥à¥¤ì ¤¥áªà¨¯â®à®¢ −¥ ¯ãáâ�;

{ ¨§¢«¥ª�¥â ¤¥áªà¨¯â®à;
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{ ¯à¨á¢�¨¢�¥â §−�ç¥−¨¥ £«®¡�«ì−ë¬ ¯¥à¥¬¥−−ë¬, ª®â®àë¥ ¨á¯®«ì§ãîâáï ¢ ¯à®-
æ¥áá¥ à�§¡®à�: ¯®§¨æ¨ï ¢® ¢å®¤−®¬ ¯®â®ª¥, áâ¥ª ¨ ¤¥à¥¢®;

{ ¢ë§ë¢�¥â äã−ªæ¨î á ¬¥âª®©, ¨§êïâ®© ¨§ ¤¥áªà¨¯â®à�.

�� ª�¦¤®¬ è�£¥ à�¡®âë �«£®à¨â¬� åà�−¨âáï ¤¢� ãª�§�â¥«ï: ®¤¨− | ¢ £à�¬-
¬�â¨ª¥ (á«®â), � ¢â®à®© | ¢® ¢å®¤−®¬ ¯®â®ª¥. ‘«®âë ¨¬¥îâ á«¥¤ãîé¨© ¢¨¤:
X::=x1 · · · xi • xi+1 · · · xq, £¤¥ • ãª�§ë¢�¥â ¯®§¨æ¨î ¯¥à¥¤ á¨¬¢®«®¬ xi + 1. ��
ª�¦¤®¬ íâ�¯¥ à�§¡®à� ¨¬¥îâáï á«®â ¢¨¤� X::=a • Xb ¨«¨ x::=a• ¨ ¯®§¨æ¨ï ¢®
¢å®¤−®¬ ¯®â®ª¥ i. ‚ ¯à®æ¥áá¥ à�§¡®à� à�áá¬�âà¨¢�îâáï á«¥¤ãîé¨¥ á¨âã�æ¨¨.

1. …á«¨ â¥ªãé¨© á¨¬¢®« ¢ £à�¬¬�â¨ª¥ ï¢«ï¥âáï â¥à¬¨−�«®¬ x ¨ á®¢¯�¤�¥â
á â¥ªãé¨¬ á¨¬¢®«®¬ ¢® ¢å®¤−®¬ ¯®â®ª¥, â® ãª�§�â¥«ì ¢ £à�¬¬�â¨ª¥ −ã¦−®
á¤¢¨−ãâì −� ®¤−ã ¯®§¨æ¨î ¢¯à�¢®, X::=ax • b, ¨ ã¢¥«¨ç¨âì ãª�§�â¥«ì ¢®
¢å®¤−®¬ ¯®â®ª¥ −� ¥¤¨−¨æã. �¨ª�ª¨å ¤®¯®«−¨â¥«ì−ëå ¤¥©áâ¢¨© á® áâ¥ª®¬
¯à¨ íâ®¬ −¥ ¯à®¨§¢®¤¨âáï. ˆ−�ç¥, ¥á«¨ â¥à¬¨−�« X −¥ á®¢¯�¤�¥â á â¥ªãé¨¬
á¨¬¢®«®¬ ¢® ¢å®¤−®¬ ¯®â®ª¥, â¥ªãé�ï ¢¥âª� à�§¡®à� áç¨â�¥âáï ®è¨¡®ç-
−®©, ®â¡à�áë¢�¥âáï ¨ à�§¡®à ¯à®¤®«¦�¥âáï á ¨á¯®«ì§®¢�−¨¥¬ á«¥¤ãîé¥£®
¤¥áªà¨¯â®à�.

2. …á«¨ â¥ªãé¨© á¨¬¢®« ¢ £à�¬¬�â¨ª¥ ï¢«ï¥âáï −¥â¥à¬¨−�«®¬ A, â® −¥®¡å®¤¨¬®
¢ áâ¥ª §�¯¨á�âì á«®â, ¯® ª®â®à®¬ã ¯à®¤®«¦¨âì à�§¡®à ¯®á«¥ â®£®, ª�ª ¯à�¢¨«®
¤«ï a ¡ã¤¥â à�§®¡à�−®. “ª�§�â¥«ì ¢ £à�¬¬�â¨ª¥ ¯¥à¥¬¥é�¥âáï −� A::= • b,
� ãª�§�â¥«ì ¢® ¢å®¤−®¬ ¯®â®ª¥ ®áâ�¥âáï ¡¥§ ¨§¬¥−¥−¨©.

3. …á«¨ ãª�§�â¥«ì ¢ £à�¬¬�â¨ª¥ ¨¬¥¥â ¢¨¤ X::=a• ¨ áâ¥ª −¥ ¯ãáâ, â® á«®â
Y ::=bX • c, ª®â®àë© åà�−¨âáï −� ¢¥àè¨−¥ áâ¥ª�, ¨§¢«¥ª�¥âáï ¨ áâ�−®¢¨âáï
â¥ªãé¨¬.

4. …á«¨ â¥ªãé¨© á«®â ¨¬¥¥â ¢¨¤ S::=c• ¨ ¢¥áì ¢å®¤−®© ¯®â®ª à�áá¬®âà¥−,
â® ¢®§¢à�é�¥âáï ¤¥à¥¢®, ¯®áâà®¥−−®¥ ¢ ¯à®æ¥áá¥ à�§¡®à�, ¨−�ç¥ à�§¡®à
§�ª�−ç¨¢�¥âáï ®è¨¡ª®©.

�à®æ¥áá à�¡®âë á¨−â�ªá¨ç¥áª®£® �−�«¨§�â®à� −¥ ¤¥â¥à¬¨−¨à®¢�−, ¨ ¬®¦¥â
¢®§−¨ª−ãâì á¨âã�æ¨ï, ª®£¤� ®¤¨− ¨ â®â ¦¥ ¤¥áªà¨¯â®à ¡ã¤¥â á®§¤�¢�âìáï á−®¢�
¨ á−®¢�. �®¢â®à−®¥ á®§¤�−¨¥ ¤¥áªà¨¯â®à� ¯à¨¢¥¤¥â ª â®¬ã, çâ® ¯à®æ¥áá §�æ¨ª-
«¨âáï ¨ −¨ª®£¤� −¥ §�¢¥àè¨âáï. „«ï â®£® çâ®¡ë ¨§¡¥¦�âì á®§¤�−¨ï ®¤¨−�ª®¢ëå
¤¥áªà¨¯â®à®¢, ®â¤¥«ì−® ¯®¤¤¥à¦¨¢�¥âáï ¬−®¦¥áâ¢® U , á®¤¥à¦�é¥¥ à�−¥¥ á®-
§¤�−−ë¥ ¤¥áªà¨¯â®àë. Š�¦¤ë© à�§, ¯à¥¦¤¥ ç¥¬ ¤®¡�¢¨âì −®¢ë© ¤¥áªà¨¯â®à
¢ ®ç¥à¥¤ì ¤¥áªà¨¯â®à®¢, ¢ë¯®«−ï¥âáï ¯à®¢¥àª� â®£®, −¥ ¡ë« «¨ ®− ã¦¥ ¤®¡�¢«¥−
¢ ¬−®¦¥áâ¢® U .

4.1 Организация стека

Š�ª ã¯®¬¨−�«®áì à�−¥¥, ¢ â�¡«¨æ�å á¨−â�ªá¨ç¥áª®£® �−�«¨§� ¤«ï �«£®à¨â¬�
®¡®¡é¥−−®£® �−�«¨§� ¢ ª�¦¤®© ïç¥©ª¥ ¬®¦¥â åà�−¨âìáï −¥áª®«ìª® �«ìâ¥à−�â¨¢
¤«ï à�§¡®à� −¥â¥à¬¨−�«�. ‚ â�ª¨å á¨âã�æ¨ïå ª�¦¤ë© à�§ á®§¤�îâáï −®¢ë¥
áâ¥ª¨, ¢¥àå−¥¥ á®áâ®ï−¨¥ ª®â®àëå á®®â¢¥âáâ¢ã¥â ª�¦¤®¬ã ¢®§¬®¦−®¬ã ¯¥à¥å®¤ã.
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÷¨á. 2 �¥à¥¨á¯®«ì§®¢�−¨¥ ®¡é¨å í«¥¬¥−â®¢ áâ¥ª®¢

�à®¡«¥¬� â�ª®£® ¯®¤å®¤� á®áâ®¨â ¢ â®¬, çâ® ¤«ï «¥¢®à¥ªãàá¨¢−ëå £à�¬¬�â¨ª
ç¨á«® áâ¥ª®¢ ¬®¦¥â íªá¯®−¥−æ¨�«ì−® §�¢¨á¥âì ®â ¢å®¤−®£® ¯®â®ª�. Š�¦¤ë© à�§
¯à¨ á®§¤�−¨¨ −®¢®£® ¤¥áªà¨¯â®à� ¡ã¤¥â á®§¤�¢�âìáï −®¢ë© áâ¥ª. �¥®¡å®¤¨¬®áâ¨
¯®«−®áâìî ª®¯¨à®¢�âì ¨ ª�¦¤ë© à�§ åà�−¨âì ®â¤¥«ì−® ª�¦¤ë© áâ¥ª −¥â, â�ª ª�ª
ã −¨å ¥áâì ®¡é¨¥ ç�áâ¨. ÷¥è¥−¨¥¬ ¯à®¡«¥¬ë ï¢«ï¥âáï ª®¬¡¨−¨à®¢�−¨¥ áâ¥ª®¢
¢ ®¤¨− á ¨á¯®«ì§®¢�−¨¥¬ áâàãªâãàë ¤�−−ëå GSS (Generic Security Services).
‘ ¯®¬®éìî íâ®© áâàãªâãàë ¬®¦−® ¯à¥¤áâ�¢¨âì áâ¥ª ¢ ¢¨¤¥ £à�ä�. �â® ¯®§¢®«ï¥â
¢¬¥áâ® åà�−¥−¨ï ¢á¥£® áâ¥ª� æ¥«¨ª®¬ åà�−¨âì â®«ìª® ®â¤¥«ì−ãî ¢¥àè¨−ã £à�ä�.
„«ï à�¡®âë á® áâ¥ª®¬ ¨á¯®«ì§ã¥âáï ¤¢¥ äã−ªæ¨¨: create( ) ¤«ï á®§¤�−¨ï −®¢ëå
¢¥àè¨− ¨ pop( ) ¤«ï ¨§êïâ¨ï ¢¥àè¨− á® áâ¥ª�. �� ¢¥àè¨−�å áâ¥ª� åà�−ïâáï
¢®§¢à�â−ë¥ ¬¥âª¨, ¯® ª®â®àë¬ −ã¦−® ¯à®¤®«¦¨âì à�§¡®à ¯®á«¥ â®£®, ª�ª −¥-
â¥à¬¨−�« ¡ã¤¥â à�§®¡à�−. �� à¥¡à�å åà�−ïâáï äà�£¬¥−âë ¤¥à¥¢�, ª®â®à®¥ ¡ë«®
¯®áâà®¥−® −� ¬®¬¥−â á®§¤�−¨ï −®¢®© ¢¥àè¨−ë áâ¥ª�. Š�¦¤�ï ¢¥àè¨−� á®§¤�¥âáï
«¨èì ®¤−�¦¤ë ¨ −¨ª®£¤� −¥ ã¤�«ï¥âáï ¢ ¯à®æ¥áá¥ à�¡®âë �«£®à¨â¬�. �à¨¬¥à
¯¥à¥¨á¯®«ì§®¢�−¨ï ®¡é¨å ç�áâ¥© áâ¥ª®¢ ¯à¥¤áâ�¢«¥− −� à¨á. 2: ¢ à¥§ã«ìâ�â¥
®¡ê¥¤¨−¥−¨ï áâ¥ª®¢ S1, S2 ¨ S3 ¡ã¤¥â ¯®«ãç¥− áâ¥ª S4.

4.2 Компактное представление леса разбора

÷¥§ã«ìâ�â®¬ à�¡®âë ª«�áá¨ç¥áª®£® á¨−â�ªá¨ç¥áª®£® �−�«¨§�â®à� ¤«ï ®¤−®-
§−�ç−ëå £à�¬¬�â¨ª ï¢«ï¥âáï �¡áâà�ªâ−®¥ á¨−â�ªá¨ç¥áª®¥ ¤¥à¥¢®, ª®à¥−ì ª®â®à®£®
¯®¬¥ç¥− áâ�àâ®¢ë¬ −¥â¥à¬¨−�«®¬, � «¨áâìï | â¥à¬¨−�«�¬¨. �â® ¤¥à¥¢® ¨á¯®«ì-
§ã¥âáï ¢ ¤�«ì−¥©è¥¬ ¤«ï �−�«¨§� ¨«¨ âà�−á«ïæ¨¨. Š�ª ã¯®¬¨−�«®áì à�−¥¥, ¤«ï
−¥®¤−®§−�ç−ëå £à�¬¬�â¨ª ¤«ï ®¤−®© ¨ â®© ¦¥ ¢å®¤−®© æ¥¯®çª¨ ¬®¦¥â áãé¥-
áâ¢®¢�âì −¥áª®«ìª® ¤¥à¥¢ì¥¢ à�§¡®à�. „«ï −¥ª®â®àëå £à�¬¬�â¨ª ç¨á«® ¤¥à¥¢ì¥¢
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¬®¦¥â íªá¯®−¥−æ¨�«ì−® §�¢¨á¥âì ®â à�§¬¥à� ¢å®¤�. „«ï â®£® çâ®¡ë ã¬¥−ìè¨âì
®¡ê¥¬ âà¥¡ã¥¬®© ¤«ï åà�−¥−¨ï ¤¥à¥¢ì¥¢ ¯�¬ïâ¨, ¨á¯®«ì§ã¥âáï áâàãªâãà� Shared
Packed Parse Forests (SPPF) [13], ª®â®à�ï ¯®§¢®«ï¥â åà�−¨âì ¤¥à¥¢ìï ¡®«¥¥
ª®¬¯�ªâ−®. ‚ SPPF ã§«ë, ª®â®àë¥ ¨¬¥îâ ®¤¨−�ª®¢ë¥ ¯®¤¤¥à¥¢ìï ¯®¤ −¨¬¨,
¯¥à¥¨á¯®«ì§ãîâáï, � ã§«ë, ª®â®àë¥ á®®â¢¥âáâ¢ãîâ à�§−®¬ã ¢ë¢®¤ã ®¤−®© ¨ â®©
¦¥ æ¥¯®çª¨ ¨§ ®¤−®£® ¨ â®£® ¦¥ −¥â¥à¬¨−�«�, ª®¬¡¨−¨àãîâáï ¢ ã¯�ª®¢�−−ë©
ã§¥«.

‚ �«£®à¨â¬¥ GLL ¨á¯®«ì§ã¥âáï ¡¨−�à¨§¨à®¢�−−�ï ¢¥àá¨ï SPPF [14], ¢ ª®â®-
à®© ¥áâì ¯à®¬¥¦ãâ®ç−ë¥ ã§«ë. ’�ª¨¥ ¯à®¬¥¦ãâ®ç−ë¥ ã§«ë ¯®¬¥ç¥−ë á«®â�¬¨,
â. ¥. ¯à�¢®© ç�áâìî ¯à�¢¨«� £à�¬¬�â¨ª¨ á ãª�§�−¨¥¬ ¯®§¨æ¨¨ ¢ −¥¬. ’�ª¨¬ ®¡à�-
§®¬, ¢ ¡¨−�à¨§¨à®¢�−−®© ¢¥àá¨¨ SPPF áãé¥áâ¢ãîâ ã§«ë âà¥å ¢¨¤®¢: á¨¬¢®«ì−ë¥
ã§«ë ¤«ï â¥à¬¨−�«®¢ ¨«¨ −¥â¥à¬¨−�«®¢, ¯à®¬¥¦ãâ®ç−ë¥ ã§«ë, ¯®¬¥ç¥−−ë¥ á«®-
â�¬¨, ¨ ã¯�ª®¢�−−ë¥ ã§«ë, ª®â®àë¥ ¯®§¢®«ïîâ ¯à¥¤áâ�¢«ïâì −¥áª®«ìª® ¤¥à¥¢ì¥¢
¤«ï ®¤−®© ¨ â®© ¦¥ æ¥¯®çª¨. “ â¥à¬¨−�«ì−ëå ã§«®¢ −¥â ¯®â®¬ª®¢, � ¯®â®¬ª�¬¨
−¥â¥à¬¨−�«ì−ëå ã§«®¢ ï¢«ïîâáï ã¯�ª®¢�−−ë¥ ã§«ë.

4.3 Пример работы алгоритма

—â®¡ë ¯à®¨««îáâà¨à®¢�âì à�¡®âã ®à¨£¨−�«ì−®£® �«£®à¨â¬� ¨ ¯®ª�§�âì, ª�ª
áâà®ïâáï áâ¥ª ¨ «¥á à�§¡®à� ¢ ¯à®æ¥áá¥ ¥£® à�¡®âë, ®¡à�â¨¬áï ª ¯à®áâ®¬ã ¯à¨¬¥àã.
÷�áá¬®âà¨¬ −¥®¤−®§−�ç−ãî £à�¬¬�â¨ªã G0 ¢¨¤�

0 : S ::= S S
1 : S ::= b
2 : START ::= S

‚ à¥§ã«ìâ�â¥ à�¡®âë £¥−¥à�â®à� ¤«ï â�ª®© £à�¬¬�â¨ª¨ ¡ã¤¥â ¯®«ãç¥− á«¥¤ã-
îé¨© ª®¤ (¡®«¥¥ ¯®¤à®¡−® ® £¥−¥à�æ¨¨ ª®¤� ¨§«®¦¥−® ¢ áâ�âì¥ [15]):

read the input into I and set I[m] = $
create GSS node u0 = (L0, 0)
index = 0
GSSNode = u0
cN = emptyAST
cR = emptyAST
setR = empty
setP = empty
goto L_START
L0:
if (IsNotEmpty(setR)) {
Óontext = setR.Dequeue()
index = context.Index
GSSNode = context.Vertex
label = context.Label
cN = context.AST
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cR = dummyAST
} else {
if (there is an SPPF node (START, 0, m)){
report success
} else {report failure}
}

L_START:
if (test(I[index], S, b)) {
add(LS, GSSNode, index, emptyAST)}
L_S:
if (test(I[index], S, b)) {
add(LS1, GSSNode, index, emptyAST)}
if (test(I[index], S, SS)) {
add(LS2, GSSNode, index, emptyAST)}
goto L0
LS1 :
cN = getNodeT(b, index)
index = index + 1
pop(GSSNode, index, cN)
goto L0
LS2 :
GSSNode = create(RS1, GSSNode, index, cN)
goto LS
RS1 :
if (test(I[currentIndex], S, S)) {
GSSNode = create(RS2, GSSNode, index, cN)
goto LS
} else { goto L0 }
RS2 :
pop(GSSNode, index, cN)
goto L0

�� ¢å®¤ â�ª®¬ã á¨−â�ªá¨ç¥áª®¬ã �−�«¨§�â®àã ¯®¤�¥âáï æ¥¯®çª� bbb. �®-
áâà®¥−−ë© ¢ ¯à®æ¥áá¥ à�¡®âë áâ¥ª ¨§®¡à�¦¥− −� à¨á. 3, �. �� ¢¥àè¨−�å áâ¥ª�
åà�−ïâáï ¢®§¢à�â−ë¥ ¬¥âª¨ ¨ ¨−¤¥ªá ¢® ¢å®¤−®¬ ¯®â®ª¥ −� ¬®¬¥−â á®§¤�−¨ï ¢¥à-
è¨−ë. �â¨ ¤¢� ¯�à�¬¥âà� ¯®§¢®«ïîâ ã−¨ª�«ì−® ®¯à¥¤¥«¨âì ¢¥àè¨−ã. �� à¥¡à�å
áâ¥ª� «¥¦�â ç�áâ¨ ¤¥à¥¢�, ª®â®àë¥ ¡ë«¨ ¯®«ãç¥−ë ¤® â®£®, ª�ª −�ç�«áï à�§¡®à
¤�−−®£® −¥â¥à¬¨−�«�. ‚ ¤�−−®¬ ¯à¨¬¥à¥ −� à¥¡à�å «¥¦�â ¤¥à¥¢ìï â®«ìª® â�ª®£®
¢¨¤�, ª�ª ¯®ª�§�−® −� à¨á. 3, ¡. „¥à¥¢ìï, ¯®«ãç�¥¬ë¥ ¢ ¯à®æ¥áá¥ ¢ë¯®«−¥−¨ï
äã−ªæ¨¨ pop( ) ¨«¨ create( ), ¯®¤à®¡−®¥ ®¯¨á�−¨¥ ª®â®àëå ¬®¦−® ¯®á¬®âà¥âì
¢ ®à¨£¨−�«ì−®© áâ�âì¥ [14], ¯à¥¤áâ�¢«¥−ë −� à¨á. 3, ¢. (�� à¨á. 3 −� à¥¡à�å
«¥¦¨â null ¤«ï ¯ãáâëå ¤¥à¥¢ì¥¢ ¨«¨ −¥â¥à¬¨−�« á ãª�§�−¨¥¬ á®®â¢¥âáâ¢ãîé¥£®
¨−â¥à¢�«� ¢® ¢å®¤−®¬ ¯®â®ª¥.)
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÷¨á. 3 �à®æ¥áá ¢ë¢®¤� æ¥¯®çª¨ bbb ¨ £à�¬¬�â¨ª¨ G0: (�) GSS; (¡) ¤¥à¥¢ìï, åà�−ïé¨¥áï
−� áâ¥ª¥; (¢) ¤¥à¥¢ìï, ¯®«ãç�¥¬ë¥ ¢ à¥§ã«ìâ�â¥ ®¯¥à�æ¨© pop( ) ¨«¨ create( )

÷¥§ã«ìâ�â®¬ à�¡®âë �−�«¨§�â®à� ï¢«ï¥âáï «¥á à�§¡®à�. ‚ ¤�−−®¬ á«ãç�¥
«¥á à�§¡®à� á®áâ®¨â ¨§ ¤¢ãå ¤¥à¥¢ì¥¢, çâ® ¯à®¨««îáâà¨à®¢�−® −� à¨á. 4. ��
à¨áã−ª¥ ¬¥áâ� −¥®¤−®§−�ç−®áâ¥© ®â¬¥ç¥−ë á¥àë¬ æ¢¥â®¬. �¥â¥à¬¨−�«ì−ë¥
ïç¥©ª¨ ¯®¬¥ç¥−ë ¡ãª¢®© n ¨ ¨¬¥−¥¬ −¥â¥à¬¨−�«�, � ¯®¤ −¨¬¨ −�å®¤ïâáï ã§«ë
á −®¬¥à�¬¨ ¯à®¤ãªæ¨©, ¯® ª®â®àë¬ æ¥¯®çª� ¡ë«� ¢ë¢¥¤¥−�. ’¥à¬¨−�«ì−ë¥
ïç¥©ª¨ ¯®¬¥ç¥−ë ¡ãª¢®© t ¨ â¥à¬¨−�«®¬ ¨ −¥ ¨¬¥îâ ¯®â®¬ª®¢.
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÷¨á. 4 ‘¦�â¨¥ «¥á� à�§¡®à� ¢ SPPF

5 Абстрактный синтаксический анализ

�¡áâà�ªâ−ë© á¨−â�ªá¨ç¥áª¨© �−�«¨§ ¨á¯®«ì§ã¥âáï ¤«ï à�¡®âë á® ¢áâà®¥−−ë-
¬¨ ï§ëª�¬¨ | â�ª¨¬¨ ï§ëª�¬¨, ¢ëà�¦¥−¨ï −� ª®â®àëå á®¡¨à�îâáï ¨§ áâà®ª
¢® ¢à¥¬ï ¨á¯®«−¥−¨ï ¯à®£à�¬¬ë ¨ §�â¥¬ ¯¥à¥¤�îâáï á®®â¢¥âáâ¢ãîé¥¬ã ®ªàã-
¦¥−¨î ¤«ï ¢ë¯®«−¥−¨ï. ‚ëà�¦¥−¨ï −� â�ª¨å ï§ëª�å −�§ë¢�îâáï ¤¨−�¬¨ç¥áª¨
ä®à¬¨àã¥¬ë¬¨ ¢ëà�¦¥−¨ï¬¨, â�ª ª�ª ¤¥©áâ¢¨â¥«ì−®¥ §−�ç¥−¨¥, ¯¥à¥¤�¢�¥¬®¥
−� ¢ë¯®«−¥−¨¥, ¡ã¤¥â ¯®«ãç¥−® â®«ìª® ¢® ¢à¥¬ï ¢ë¯®«−¥−¨ï ®á−®¢−®© ¯à®£à�¬-
¬ë. ��¨¡®«¥¥ à�á¯à®áâà�−¥−−ë¥ ¯à¨¬¥àë ¢áâà®¥−−ëå ï§ëª®¢ | £¥−¥à�æ¨ï
HTML-áâà�−¨æ, ¢áâà®¥−−ë© (¢ C#, Java, PHP) SQL, ¤¨−�¬¨ç¥áª¨© SQL.

’�ª ª�ª ¤¨−�¬¨ç¥áª¨ ä®à¬¨àã¥¬ë¥ ¢ëà�¦¥−¨ï | â®¦¥ ª®¤ −� −¥ª®â®à®¬
ï§ëª¥ ¯à®£à�¬¬¨à®¢�−¨ï, â® ¤«ï ®¡¥á¯¥ç¥−¨ï ¥£® −�¤¥¦−®áâ¨ (®âáãâáâ¢¨ï ®è¨-
¡®ª, ®âáãâáâ¢¨ï ¬¥áâ ¯®â¥−æ¨�«ì−ëå ¨−ê¥ªæ¨©), â�ª ¦¥ ª�ª ¨ ¤«ï ®¡ëç−®£® ª®¤�,
−¥®¡å®¤¨¬® ¢ë¯®«−¥−¨¥ à�§«¨ç−ëå �−�«¨§®¢, ¯¥à¢ë¬ è�£®¬ ¬−®£¨å ¨§ ª®â®àëå
ï¢«ï¥âáï á¨−â�ªá¨ç¥áª¨© �−�«¨§. ‡�¤�ç� ®á«®¦−ï¥âáï â¥¬, çâ® �−�«¨§¨à®¢�âì
ª�¦¤®¥ ¢®§¬®¦−®¥ §−�ç¥−¨¥ ¤¨−�¬¨ç¥áª¨ ä®à¬¨àã¥¬®£® ¢ëà�¦¥−¨ï −¥æ¥«¥á®-
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®¡à�§−® ¨ ç�áâ® −¥¢®§¬®¦−®, â�ª ª�ª ª®«¨ç¥áâ¢® â�ª¨å §−�ç¥−¨© ¬®¦¥â ¡ëâì
¡¥áª®−¥ç−ë¬. �®íâ®¬ã ¯à¥¤«�£�îâáï ¯®¤å®¤ë, ª®â®àë¥ ¯®§¢®«ïîâ ¯à®¢®¤¨âì
�−�«¨§ −¥ª®â®à®£® ª®¬¯�ªâ−®£® ¯à¥¤áâ�¢«¥−¨ï ¬−®¦¥áâ¢� §−�ç¥−¨© ¢ëà�¦¥−¨ï:
dataflow ãà�¢−¥−¨ï [1], à¥£ã«ïà−®£® ¢ëà�¦¥−¨ï [1].

‘ãé¥áâ¢ã¥â −¥áª®«ìª® ¯®¤å®¤®¢ ª á®§¤�−¨î �¡áâà�ªâ−ëå á¨−â�ªá¨ç¥áª¨å
�−�«¨§�â®à®¢, −® ç�é¥ ¢á¥£® ¨á¯®«ì§ã¥âáï â�¡«¨ç−ë© ¯®¤å®¤. ‚ áâ�âì¥ [1] ®¯¨á�−
¯à¨¬¥à á®§¤�−¨ï â�¡«¨ç−®£® �¡áâà�ªâ−®£® �−�«¨§�â®à� −� ®á−®¢¥ LR-â�¡«¨æ.
‚ áâ�âì¥ [4] ®¯¨á�−® à¥è¥−¨¥, ¯®§¢®«ïîé¥¥ á®§¤�âì �¡áâà�ªâ−ë© �−�«¨§�â®à
−� ®á−®¢¥ ®¡®¡é¥−−®£® �«£®à¨â¬� RNGLR. �®ª�§�−®, çâ® ¨á¯®«ì§®¢�−¨¥ ®¡®¡-
é¥−−®£® �−�«¨§� ¯®§¢®«ï¥â ã«ãçè¨âì �¡áâà�ªâ−ë© �−�«¨§. �â® ¤®áâ¨£�¥âáï ¢®
¬−®£®¬ ¡«�£®¤�àï ¨á¯®«ì§®¢�−¨î áâàãªâãà ¤�−−ëå ¨ á¯®á®¡®¢ ã¯à�¢«¥−¨ï ¨¬¨,
á¢®©áâ¢¥−−ëå ®¡®¡é¥−−®¬ã �−�«¨§ã. GSS ¯®§¢®«ï¥â ¯¥à¥¨á¯®«ì§®¢�âì áâ¥ª¨ ¤«ï
®¡é¨å ç�áâ¥© ¤¨−�¬¨ç¥áª¨ áä®à¬¨à®¢�−−®£® ¢ëà�¦¥−¨ï, � á ¯®¬®éìî SPPF
¬®¦−® ª®¬¯�ªâ−® åà�−¨âì «¥á à�§¡®à�. �â® ¯®§¢®«ï¥â áãé¥áâ¢¥−−® á−¨§¨âì
à�áå®¤ ¯�¬ïâ¨, â�ª ª�ª ¢ ®¡é¥¬ á«ãç�¥ ¯à¨ �−�«¨§¥ ¤¨−�¬¨ç¥áª¨ ä®à¬¨àã¥¬®£®
¢ëà�¦¥−¨ï ¤®«¦−® ¡ëâì ¯®«ãç¥−® ¤¥à¥¢® à�§¡®à� ¤«ï ª�¦¤®£® ¢®§¬®¦−®£® §−�-
ç¥−¨ï ¢ëà�¦¥−¨ï. �¤−�ª® −� ¯à�ªâ¨ª¥ ç�áâ® ®ª�§ë¢�¥âáï, çâ® ¤¥à¥¢ìï ¨¬¥îâ
¬−®£® ®¡é¨å ç�áâ¥©, ª®â®àë¥ ¬®¦−® ¯¥à¥¨á¯®«ì§®¢�âì.

�� ®á−®¢¥ íâ®£® ¦¥ ¯à¨−æ¨¯� ¬®¦−® ¯®áâà®¨âì �¡áâà�ªâ−ë© �−�«¨§�â®à
á ¨á¯®«ì§®¢�−¨¥¬ LL-â�¡«¨æ ¨ �«£®à¨â¬� GLL. …£® ¯à¨¬¥−¥−¨¥ ¤�¥â á«¥¤ãîé¨¥
¯à¥¨¬ãé¥áâ¢�:

(1) ¢ëá®ªãî áª®à®áâì à�¡®âë ¤«ï «¥¢®à¥ªãàá¨¢−ëå £à�¬¬�â¨ª;

(2) ¢®§¬®¦−®áâì ¡®«¥¥ ª�ç¥áâ¢¥−−®© ¨ ¯à®áâ®© ¤¨�£−®áâ¨ª¨ ¨ ¢®ááâ�−®¢«¥−¨ï
¯®á«¥ ®è¨¡®ª.

‚â®à®© ¯ã−ªâ ï¢«ï¥âáï ®á®¡¥−−® ¢�¦−ë¬, â�ª ª�ª ª�ç¥áâ¢¥−−�ï ¨ ¯®−ïâ−�ï ¤«ï
¯®«ì§®¢�â¥«ï ¤¨�£−®áâ¨ª� ®è¨¡®ª ¢ �¡áâà�ªâ−®¬ �−�«¨§¥ áãé¥áâ¢¥−−® §�âàã¤−¥−�
á«®¦−®áâìî áâàãªâãàë ¢å®¤−ëå ¤�−−ëå. �® íâ®© ¯à¨ç¨−¥ ã¯à®é¥−¨¥ ¬¥å�−¨§¬�
¤¨�£−®áâ¨ª¨ ®è¨¡®ª ¯à¨ á®åà�−¥−¨¨ ¨«¨ ¯®¢ëè¥−¨¨ ª�ç¥áâ¢� | ¢�¦−�ï §�¤�ç�.

„«ï ¯®«ãç¥−¨ï ¯¥à¥ç¨á«¥−−ëå ¯à¥¨¬ãé¥áâ¢ ¡ë«� ¯®áâ�¢«¥−� §�¤�ç� á®§¤�−¨ï
â�¡«¨ç−®£® �−�«¨§�â®à� á ¨á¯®«ì§®¢�−¨¥¬ �«£®à¨â¬� ®¡®¡é¥−−®£® −¨áå®¤ïé¥£®
á¨−â�ªá¨ç¥áª®£® �−�«¨§�.

6 Описание модификаций

�®áª®«ìªã ¢ à�¬ª�å à�¡®âë −¥®¡å®¤¨¬® ¡ë«® à¥�«¨§®¢�âì â�¡«¨ç−ë© �−�-
«¨§�â®à, ¯à®æ¥áá à�¡®âë ª®â®à®£® ®â«¨ç�¥âáï ®â ®¯¨á�−−®£® ¢ áâ�âìïå [8, 15],
¢ �«£®à¨â¬ ¡ë«¨ ¢−¥á¥−ë −¥ª®â®àë¥ ¨§¬¥−¥−¨ï.

ƒà�¬¬�â¨ª� ¯¥à¥¤ −�ç�«®¬ à�¡®âë á¨−â�ªá¨ç¥áª®£® �−�«¨§�â®à� ¯à¥¤áâ�¢-
«ï¥âáï ¢ ã¤®¡−®© ¤«ï à�¡®âë á −¥© ä®à¬¥. Š�¦¤®¬ã á¨¬¢®«ã £à�¬¬�â¨ª¨
á®¯®áâ�¢«ï¥âáï ç¨á«®; ¯à�¢¨«� åà�−ïâáï ª�ª ¯�à� ¬�áá¨¢®¢ («¥¢ë¥ ¨ ¯à�¢ë¥
ç�áâ¨). ‚ ª�ç¥áâ¢¥ ¤®¯®«−¨â¥«ì−®© ¨−ä®à¬�æ¨¨, ª®â®à�ï −¥®¡å®¤¨¬� ¨−â¥à¯à¥-
â�â®àã ¢ ¯à®æ¥áá¥ à�¡®âë, £¥−¥à¨àãîâáï äã−ªæ¨¨ ¤«ï à�¡®âë á £à�¬¬�â¨ª®©,
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−�¯à¨¬¥à, á®¯®áâ�¢«ïîé¨¥ ç¨á«�¬ ¨å áâà®ª®¢®¥ ¯à¥¤áâ�¢«¥−¨¥, ¨ â�¡«¨æë á¨−-
â�ªá¨ç¥áª®£® �−�«¨§�. ’�¡«¨æë, ª�ª ¨ ¢ ª«�áá¨ç¥áª®¬ LL-�−�«¨§¥, ¨á¯®«ì§ãîâáï
¤«ï ®¯à¥¤¥«¥−¨ï �«ìâ¥à−�â¨¢ë, ¯® ª®â®à®© ¡ã¤¥â ®áãé¥áâ¢«ïâìáï à�§¡®à. ‚ §�-
¢¨á¨¬®áâ¨ ®â á¨¬¢®«� ¢® ¢å®¤−®¬ ¯®â®ª¥ ¨ â¥ªãé¥£® −¥â¥à¬¨−�«� ¢ë¡¨à�¥âáï
�«ìâ¥à−�â¨¢� ¨ ¢ ®ç¥à¥¤ì ¤®¡�¢«ï¥âáï −®¢ë© ¤¥áªà¨¯â®à. ‚ ¬¥áâ�å ª®−ä«¨ªâ®¢
á®§¤�¥âáï ¨ §�¯¨áë¢�¥âáï ¤¥áªà¨¯â®à ¤«ï ª�¦¤®© ¨§ �«ìâ¥à−�â¨¢. ‚ ïç¥©ª�å
â�¡«¨æë åà�−ïâáï −®¬¥à� ¯à®¤ãªæ¨©, ¯® ª®â®àë¬ ®áãé¥áâ¢«ï¥âáï à�§¡®à. ‚ ¤¥-
áªà¨¯â®à�å ¢¬¥áâ® ¬¥âª¨ äã−ªæ¨¨, ª®â®àãî −¥®¡å®¤¨¬® ¢ë§¢�âì, åà�−¨âáï ¯�à�
ç¨á¥«: −®¬¥à ¯à�¢¨«� ¨ ¯®§¨æ¨ï ¢ −¥¬. ’�ª¨¬ ®¡à�§®¬, ¯®á«¥¤®¢�â¥«ì−ë© ¢ë§®¢
äã−ªæ¨© §�¬¥−ï¥âáï −� ®¡å®¤ £à�¬¬�â¨ª¨ á ¨á¯®«ì§®¢�−¨¥¬ ¢å®¤−®© æ¥¯®çª¨.
‚¬¥áâ® −¥áª®«ìª¨å äã−ªæ¨©, á®®â¢¥âáâ¢ãîé¨å −¥â¥à¬¨−�«�¬, ¨á¯®«ì§ã¥âáï ¯�-
à� ¢§�¨¬−® à¥ªãàá¨¢−ëå äã−ªæ¨©: ã¯à�¢«ïîé�ï dispatcher( ) ¨ ®¡à�¡�âë¢�îé�ï
processing( ). ”ã−ªæ¨ï dispatcher( ) ¢ë¯®«−ï¥â âã ¦¥ à®«ì, çâ® ¨ à�−ìè¥: ¨§¢«¥-
ª�¥â ¤¥áªà¨¯â®àë ¨§ ®ç¥à¥¤¨, ãáâ�−�¢«¨¢�¥â §−�ç¥−¨¥ «®ª�«ì−ëå ¯¥à¥¬¥−−ëå
(¯®§¨æ¨ï ¢ £à�¬¬�â¨ª¥, ¯®§¨æ¨ï ¢® ¢å®¤−®¬ ¯®â®ª¥, áâ¥ª ¨ ¤¥à¥¢®) ¨ ¢ë§ë¢�¥â
®¡à�¡�âë¢�îéãî äã−ªæ¨î. �¡à�¡�âë¢�îé�ï ¦¥ äã−ªæ¨ï á®áâ®¨â ¨§ ¯®á«¥-
¤®¢�â¥«ì−®áâ¨ ¨−áâàãªæ¨© if-then-else, ¢ â¥«�å ª®â®àëå á®¤¥à¦¨âáï ª®¤ ¤«ï
®¡à�¡®âª¨ ¢á¥å ¢®§¬®¦−ëå á¨âã�æ¨©.

1. …á«¨ â¥ªãé¨© à�áá¬�âà¨¢�¥¬ë© á¨¬¢®« ¢ £à�¬¬�â¨ª¥ x = A, £¤¥ A |
â¥à¬¨−�«, â® −¥®¡å®¤¨¬® ¯¥à¥©â¨ ª à�áá¬®âà¥−¨î á«¥¤ãîé¥£® á¨¬¢®«�
¢ ¯à�¢¨«¥, � ãª�§�â¥«ì ¢® ¢å®¤−®¬ ¯®â®ª¥ ã¢¥«¨ç¨âì −� ¥¤¨−¨æã.

2. …á«¨ x | íâ® −¥â¥à¬¨−�«ì−ë© á¨¬¢®«, â® ¢ áâ¥ª §�¯¨áë¢�¥âáï â¥ªãé¥¥
¯à�¢¨«® ¨ §�¯®¬¨−�¥âáï ¯®§¨æ¨ï ¢ −¥¬. ‘ ¨á¯®«ì§®¢�−¨¥¬ íâ®© ¨−ä®à¬�-
æ¨¨ ¡ã¤¥â ®áãé¥áâ¢«ïâìáï ®¡à�¡®âª� ¯®á«¥ â®£®, ª�ª −¥â¥à¬¨−�« x ¡ã¤¥â
®¡à�¡®â�− ¤® ª®−æ�. � à�áá¬�âà¨¢�¥¬ë¬ áâ�−®¢¨âáï ¯à�¢¨«®, ¯® ª®â®à®-
¬ã à�áªàë¢�¥âáï x ¢ §�¢¨á¨¬®áâ¨ ®â â¥ªãé¥£® á¨¬¢®«� ¢® ¢å®¤−®¬ ¯®â®ª¥.
“ª�§�â¥«ì ¢® ¢å®¤−®¬ ¯®â®ª¥ ®áâ�¥âáï ¡¥§ ¨§¬¥−¥−¨©.

3. …á«¨ ª�ª®¥-â® ¯à�¢¨«® à�áá¬®âà¥−® ¤® ª®−æ� ¨ â¥ªãé¨© áâ¥ª −¥ ¯ãáâ, â®
¨§¢«¥ª�¥âáï ¤¥áªà¨¯â®à á ¢¥àè¨−ë áâ¥ª� ¨ ¯à®¤®«¦�¥âáï à�¡®â� á íâ¨¬¨
¤�−−ë¬¨.

’�ª¨¬ ®¡à�§®¬, ®¡à�¡�âë¢�îé�ï äã−ªæ¨ï ¯à®áâ® ¢ë¯®«−ï¥â à�§−ë¥ ¤¥©áâ¢¨ï
¢ §�¢¨á¨¬®áâ¨ ®â á¨âã�æ¨¨. ‚ ¤¥áªà¨¯â®à�å ¢¬¥áâ® åà�−¥−¨ï ¬¥âª¨ äã−ªæ¨¨,
¯® ª®â®à®© ¡ã¤¥â ®áãé¥áâ¢«ïâìáï à�§¡®à, â¥¯¥àì åà�−¨âáï ¯�à� ç¨á¥«: −®¬¥à
¯à�¢¨«� ¨ ¯®§¨æ¨ï ¢ −¥¬. ‚ ¯à®æ¥áá¥ à�§¡®à� ãª�§�â¥«ì ¢ £à�¬¬�â¨ª¥ á¤¢¨£�¥âáï.

‚ «¨áâ¨−£¥, ¯à¨¢¥¤¥−−®¬ −¨¦¥, ¯à¥¤áâ�¢«¥− ª®¤ ¯®«ãç¨¢è¥£®áï ¨−â¥à¯à¥â�-
â®à�. ‚á¯®¬®£�â¥«ì−ë¥ äã−ªæ¨¨, â�ª¨¥ ª�ª pop( ), getNodeP( ), getNodeT, add( )
¨ create( ), ®¯¨á�−ë ¢ áâ�âì¥ [15].

ˆ−¨æ¨�«¨§�æ¨ï £«®¡�«ì−ëå ¯¥à¥¬¥−−ëå:

read the input into I and set I[m] := $
label = (startRule, 0)
GSSNode = create dummy GSS
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cN = dummyAST
cR = dummyAST
setR = empty
setP = empty
condition = false
stop = false
index = 0

“¯à�¢«ïîé�ï äã−ªæ¨ï, ª®â®à�ï ¯à¨ £¥−¥à�æ¨¨ ª®¤� −®á¨«� −�§¢�−¨¥
L Dispatch, ¢ë¯®«−ï¥â ¢á¥ â¥ ¦¥ ¤¥©áâ¢¨ï, çâ® ¨ à�−¥¥:

let rec dispatcher () =
if setR.Count <> 0
then
currentContext := setR.Dequeue()
currentIndex := currentContext.Value.Index
currentGSSNode := currentContext.Value.Vertex
currentLabel := currentContext.Value.Label
currentN := currentContext.Value.Ast
currentR := dummyAST
condition := false

else
stop := true

�¡à�¡�âë¢�îé�ï äã−ªæ¨ï, ¢ë¯®«−ïîé�ï à�§«¨ç−ë¥ ¤¥©áâ¢¨ï ¢ §�¢¨á¨¬®áâ¨
®â á¨âã�æ¨¨:

and processing () =
condition := true
if length rule = 0
then pop !currentGSSNode !currentIndex !currentN
elif length rule <> position
then
if !currentIndex < inputLength
then
if isTerminal curSymbol
then
if curSymbol = curToken
then
if !currentN = dummyAST
then currentN := getNodeT !currentIndex
else currentR := getNodeT !currentIndex
currentIndex := !currentIndex + 1
currentLabel := createNewLabel rule (position + 1)
if !currentR <> dummyAST
then currentN := getNodeP !currentLabel !currentN !currentR
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condition := false
else
let rules = table[curSymbol][curToken]
currentGSSNode :=
create (createNewLabel rule (position + 1))

!currentGSSNode !currentIndex !currentN
if Array.length rules <> 0
then
for rule in rules do
let newLabel = createNewLabel rule 0
addContext newLabel !currentIndex !currentGSSNode dummyAST

else condition := true
else
let curRight = !currentN
let extension = curRight.extension
let resTree = findTree key fam
if key = finalExtension
then resultAST := Some resTree
pop !currentGSSNode !currentIndex resTree

currentN.Value.extension
let control () =
while not !stop do
if !condition then dispatcher() else processing()

control()

’�ª¨¬ ®¡à�§®¬, ¢ �«£®à¨â¬¥ à�áá¬®âà¥−ë ¢á¥ ¢®§¬®¦−ë¥ á¨âã�æ¨¨, ª®â®àë¥
¬®£ãâ ¢®§−¨ª−ãâì ¢® ¢à¥¬ï à�§¡®à�. ‚¬¥áâ® ç�áâ−®£® ¯®¢¥¤¥−¨ï äã−ªæ¨©,
¯®áâà®¥−−ëå ¯® £à�¬¬�â¨ª¥, ¡ë«¨ ¢ë¤¥«¥−ë ®¡é¨¥ á¨âã�æ¨¨.

7 Обсуждение

‚ ¤�−−®© à�¡®â¥ ®¯¨á�− ¯®¤å®¤ ª á®§¤�−¨î â�¡«¨ç−®£® �−�«¨§�â®à� −� ®á−®¢¥
�«£®à¨â¬� GLL. ‚ à�¬ª�å ¯à®¥ªâ� YaccConstructor [2] −� ï§ëª¥ ¯à®£à�¬¬¨à®-
¢�−¨ï F# [16] á®§¤�−� à�¡®ç�ï ¢¥àá¨ï �−�«¨§�â®à�, ª®â®à�ï á¯®á®¡−� à�¡®â�âì
á «¥¢®©, ¯à�¢®© ¨ áªàëâë¬¨ à¥ªãàá¨ï¬¨. Š á®¦�«¥−¨î, ¥£® ¯à®¨§¢®¤¨â¥«ì-
−®áâì −� ¤�−−®¬ íâ�¯¥ −¨¦¥, ç¥¬ ã ¨¬¥îé¥©áï à¥�«¨§�æ¨¨ �«£®à¨â¬� RNGLR.
‚ [17] ¯à¨¢¥¤¥−® áà�¢−¥−¨¥ �−�«¨§�â®à®¢, á®§¤�−−ëå á ¨á¯®«ì§®¢�−¨¥¬ à�§−ëå
�«£®à¨â¬®¢ ®¡®¡é¥−−®£® �−�«¨§�, ¤¥¬®−áâà¨àãîé¥¥, çâ® ¯à®¨§¢®¤¨â¥«ì−®áâì
GLL-�−�«¨§�â®à� §−�ç¨â¥«ì−® ¢ëè¥, ç¥¬ ¯à®¨§¢®¤¨â¥«ì−®áâì RNGLR-�−�«¨§�-
â®à�. ‚ ¤�«ì−¥©è¥¬ ¯«�−¨àã¥âáï ®¯â¨¬¨§�æ¨ï áâàãªâãà ¤�−−ëå ¤«ï ã«ãçè¥−¨ï
¯à®¨§¢®¤¨â¥«ì−®áâ¨ �−�«¨§�â®à�. ‚ áâ�âì¥, ®¯¨áë¢�îé¥© â¥å−¨ç¥áª¨¥ ¤¥â�-
«¨ à¥�«¨§�æ¨¨ �«£®à¨â¬� GLL, ¯à¥¤áâ�¢«¥−ë ¤®áâ�â®ç−® á«®¦−ë¥ áâàãªâãàë
¤�−−ëå ¤«ï åà�−¥−¨ï ¤¥à¥¢ì¥¢ ¨ áâ¥ª�, ¨á¯®«ì§®¢�−¨¥ ª®â®àëå ¨ ¯«�−¨àã¥âáï
¢ ¤�«ì−¥©è¥¬.
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�� ¤�−−®¬ íâ�¯¥ ã¦¥ ¡ë«¨ ¯à®-

÷¨á. 5 ‘à�¢−¥−¨¥ GLL-�−�«¨§�â®à� (1)
¨ RNGLR-�−�«¨§�â®à� (2)

¨§¢¥¤¥−ë −¥ª®â®àë¥ ®¯â¨¬¨§�æ¨¨, çâ®
¯®§¢®«¨«® §−�ç¨â¥«ì−® ã«ãçè¨âì áª®-
à®áâì à�¡®âë á�¬®© ¯¥à¢®© ¢¥àá¨¨ �−�-
«¨§�â®à�. „«ï åà�−¥−¨ï ¬¥â®ª, −�-
¯à¨¬¥à, ¨á¯®«ì§ãîâáï á¦�âë¥ ç¨á«�,
çâ® ¯®§¢®«ï¥â ¡ëáâà® áà�¢−¨¢�âì ¨å.
„«ï à�¡®âë á ¢¥àè¨−�¬¨ áâ¥ª� â�ª-
¦¥ ¨á¯®«ì§ãîâáï ¤¢� á¦�âëå ç¨á«� |
ª®®à¤¨−�âë ¢ â�¡«¨æ¥. �â® ¯®§¢®«ï¥â
¡ëáâà® ®áãé¥áâ¢«ïâì ¯®¨áª ¨ ®¡à�é¥-
−¨¥ ª −ã¦−®© ¢¥àè¨−¥, � áà�¢−¥−¨¥
¢¥àè¨− ¯à¥¢à�é�¥âáï ¢ ®¡ëç−®¥ áà�¢-
−¥−¨¥ ç¨á¥«. �� à¨á. 5 ®â®¡à�¦¥−ë
à¥§ã«ìâ�âë áà�¢−¥−¨ï ¯à®¨§¢®¤¨â¥«ì-

−®áâ¨ RNGLR-�−�«¨§�â®à� ¨ GLL-�−�«¨§�â®à� −� −¥®¤−®§−�ç−®© «¥¢®à¥ªãàá¨¢-
−®© £à�¬¬�â¨ª¥ G0, ª®â®à�ï à�−¥¥ à�áá¬�âà¨¢�«�áì ¢ ª�ç¥áâ¢¥ ¯à¨¬¥à�.

�®á«¥ íâ®£® −� ¡�§¥ ª«�áá¨ç¥áª®£® �−�«¨§�â®à� −¥®¡å®¤¨¬® ¯®«ãç¨âì �¡-
áâà�ªâ−ë© �−�«¨§�â®à ¤«ï à�¡®âë á® ¢áâà®¥−−ë¬¨ ï§ëª�¬¨. �«£®à¨â¬ RNGLR
¨¬¥¥â á«®¦−®áâ¨ á ¤¨�£−®áâ¨ª®© ®è¨¡®ª, � ¢ �¡áâà�ªâ−®¬ �−�«¨§¥ ¯à®æ¥áá à�-
¡®âë ¨ áâàãªâãà� �−�«¨§�â®à� ãá«®¦−ïîâáï, çâ® ¤¥«�¥â ¤¨�£−®áâ¨ªã ®è¨¡®ª
−¥â®ç−®© [18]. „¨�£−®áâ¨ª� ®è¨¡®ª ¢ ª«�áá¨ç¥áª®¬ LL-�−�«¨§¥ £®à�§¤® ¡®«¥¥
ª�ç¥áâ¢¥−−�ï ¨ ¯à®áâ�ï, ç¥¬ ¢ LR-�−�«¨§¥. �−�«¨§�â®à −� ®á−®¢¥ GLL −�á«¥¤ã¥â
¯à¥¨¬ãé¥áâ¢� LL-�−�«¨§�â®à®¢, ¨ ¯à¥¤¯®«�£�¥âáï, çâ® â�ª¨å ¯à®¡«¥¬ −¥ ¢®§−¨ª-
−¥â ¢ �¡áâà�ªâ−®¬ GLL-�−�«¨§�â®à¥. �¤−�ª® ¤�−−ë© ¢®¯à®á âà¥¡ã¥â ®â¤¥«ì−ëå
¨áá«¥¤®¢�−¨©.
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GENERALIZED TABLE-BASED LL-PARSING

S. V. Grigorev and A. K. Ragozina

Saint-Petersburg State University, 7-9 Universitetskaya Nab., St. Peters-
burg199034, Russian Federation

Abstract: Syntax analysis is an important step of code analysis. The problem is
that the grammars have to be in a form which is deterministic, or at least near-
deterministic for the chosen parsing technique. Generalized parsing algorithms |
Generalized LR and Generalized LL (GLL) | make it possible to remove these
restrictions. Abstract analysis makes it possible to parse embedded languages for
supporting them in IDE, reengineering tasks, or finding vulnerabilities (SQL-
injection). Abstract syntax analysis is based on the classic table-based analysis.
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The generalized algorithm of top-down parsing without the use of predictive
tables was described earlier in order to extend the class of languages processed by
descent analyzers. This paper describes an approach to creation of a table-based
GLL-analyzer based on the proposed algorithm, which will be used later for an
abstract analyzer. This article describes the algorithm of generalized top-down
analysis, its modifications, and the results of comparison with the generalized
bottom-up parsing algorithm, which was implemented earlier.

Keywords: generalized parsing; GLL; RNGLR; abstract parsing; string-
embedded languages
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