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ʕʣʝʤʝʥʪʳ ʪʝʦʨʠʠ ʬʦʨʤʘʣʴʥʳʭ ʷʟʳʢʦʚ ʠ ʛʨʘʤʤʘʪʠʢ 

ɺʚʝʜʝʥʠʝ 

ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʠʟʣʦʞʝʥʳ ʥʝʢʦʪʦʨʳʝ ʘʩʧʝʢʪʳ ʪʝʦʨʠʠ ʬʦʨʤʘʣʴʥʳʭ ʷʟʳʢʦʚ, ʩʫʱʝʩʪʚʝʥ-

ʥʳʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʨʘʥʩʣʷʮʠʠ. ɿʜʝʩ ɹʚʚʝʜʝʥʳ ʙʘʟʦʚʳʝ ʧʦʥʷʪʠʷ ʠ ʜʘʥʳ ʦʧʨʝʜʝʣʝʥʠʷ, ʩʚʷʟʘʥ-

ʥʳʝ ʩ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʷʟʳʢʦʚ ð ʛʨʘʤʤʘʪʠʢʘʤʠ, ʧʨʠʚʝʜʝʥʘ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʛʨʘʤʤʘʪʠʢ (ʧʦ ʍʦʤʩʢʦʤʫ). ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʷʝʪʩʷ ʢʦʥʪʝʢʩʪʥʦ-ʩʚʦʙʦʜʥʳʤ ʠ ʨʝʛʫʣʷʨʥʳʤ ʛʨʘʤʤʘʪʠʢʘʤ. ɻʨʘʤʤʘʪʠʢʠ ʵʪʠʭ ʢʣʘʩʩʦʚ ʠh-

ʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʪʨʘʥʩʣʷʮʠʠ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ɺ ʧʦʩʦʙʠʠ ʥʝ ʧʨʠʚʦʜʷʪʩʷ ʜʦ-

ʢʘʟʘʪʝʣʴʩʪʚʘ ʢʦʨʨʝʢʪʥʦʩʪʠ ʘʣʛʦʨʠʪʤʦʚ ʠ ʙʦʣʴʰʠʥʩʪʚʘ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʬʘʢʪʦʚ, ʩʚʦʡʩʪʚ, 
ʫʪʚʝʨʞʜʝʥʠʡ ï  ʠʭ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʢʥʠʛʘʭ, ʫʢʘʟʘʥʥʳʭ ʚ ʩʧʠʩʢʝ ʣʠʪʝʨʘʪʫʨʳ.  

ʆʩʥʦʚʥʳʝ  ʧʦʥʷʪʠʷ  ʠ  ʦʧʨʝʜʝʣʝʥʠʷ 

ʆʧʨʝʜʝʣʝʥʠʝ: ʘʣʬʘʚʠʪ ð ʵʪʦ ʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʩʠʤʚʦʣʦʚ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʪʝʨʤʠʥ çʩʠʤʚʦʣè ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦ ʷʩʥʳʡ ʠʥʪʫʠʪʠʚʥʳʡ ʩʤʳʩʣ ʠ 

ʥʝ ʥʫʞʜʘʝʪʩʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʫʪʦʯʥʝʥʠʠ. 

ʆʧʨʝʜʝʣʝʥʠʝ: ʮʝʧʦʯʢʦʡ ʩʠʤʚʦʣʦʚ ʚ ʘʣʬʘʚʠʪʝ V ʥʘʟʳʚʘʝʪʩʷ ʣʶʙʘʷ ʢʦʥʝʯʥʘʷ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦʩʪʴ ʩʠʤʚʦʣʦʚ ʵʪʦʛʦ ʘʣʬʘʚʠʪʘ. 

ʆʧʨʝʜʝʣʝʥʠʝ: ʮʝʧʦʯʢʘ, ʢʦʪʦʨʘʷ ʥʝ ʩʦʜʝʨʞʠʪ ʥʠ ʦʜʥʦʛʦ ʩʠʤʚʦʣʘ, ʥʘʟʳʚʘʝʪʩʷ ʧʫʩʪʦʡ 

ʮʝʧʦʯʢʦʡ. ɼʣʷ ʝʝ ʦʙʦʟʥʘʯʝʥʠʷ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʨʝʯʝʩʢʫʶ ʙʫʢʚʫ e. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʩʘʤʘ ʙʫʢʚʘ e ʚ ʘʣʬʘʚʠʪ V ʥʝ ʚʭʦʜʠʪ; ʦʥʘ ʣʠʰʴ ʧʦʤʦʛʘʝʪ ʦʙʦʟʥʘ-
ʯʠʪʴ ʧʫʩʪʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʠʤʚʦʣʦʚ. 

ʆʧʨʝʜʝʣʝʥʠʝ: ʝʩʣʠ a ʠ b ð ʮʝʧʦʯʢʠ, ʪʦ ʮʝʧʦʯʢʘ ab (ʨʝʟʫʣʴʪʘʪ ʧʨʠʧʠʩʳʚʘʥʠʷ ʮʝʧʦʯʢʠ b 

ʚ ʢʦʥʝʮ ʮʝʧʦʯʢʠ a), ʥʘʟʳʚʘʝʪʩʷ ʢʦʥʢʘʪʝʥʘʮʠʝʡ ( ʠʣʠ ʩʮʝʧʣʝʥʠʝʤ ) ʮʝʧʦʯʝʢ a ʠ b. ʂʦʥʢʘʪʝʥʘʮʠʶ 

ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʜʚʫʤʝʩʪʥʦʡ ʦʧʝʨʘʮʠʝʡ ʥʘʜ ʮʝʧʦʯʢʘʤʠ: aÖb = ab. 

ʅʘʧʨʠʤʝʨ, ʝʩʣʠ a = ab ʠ b = cd, ʪʦ aÖb = abcd.  

ɼʣʷ ʣʶʙʦʡ ʮʝʧʦʯʢʠ a ʩʧʨʘʚʝʜʣʠʚʳ ʨʘʚʝʥʩʪʚʘ: aÖe = eÖa = a. 

ɼʣʷ ʣʶʙʳʭ ʮʝʧʦʯʝʢ a, b, g ʩʧʨʘʚʝʜʣʠʚʦ (aÖb)Ög = aÖ(bÖg) = abg (ʩʚʦʡʩʪʚʦ ʘʩʩʦʮʠʘʪʠʚ-
ʥʦʩʪʠ ʦʧʝʨʘʮʠʠ ʢʦʥʢʘʪʝʥʘʮʠʠ). 

ʆʧʨʝʜʝʣʝʥʠʝ: ʦʙʨʘʱʝʥʠʝʤ (ʠʣʠ ʨʝʚʝʨʩʦʤ) ʮʝʧʦʯʢʠ a ʥʘʟʳʚʘʝʪʩʷ ʮʝʧʦʯʢʘ, ʩʠʤʚʦʣʳ 

ʢʦʪʦʨʦʡ ʟʘʧʠʩʘʥʳ ʚ ʦʙʨʘʪʥʦʤ ʧʦʨʷʜʢʝ. 

ʆʙʨʘʱʝʥʠʝ ʮʝʧʦʯʢʠ a ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ a
R
. 

ʅʘʧʨʠʤʝʨ, ʝʩʣʠ a = abcdef, ʪʦ a
R
 = fedcba. 

ɼʣʷ ʧʫʩʪʦʡ ʮʝʧʦʯʢʠ: e
R 
= e. 

ʆʧʨʝʜʝʣʝʥʠʝ: n-ʦʡ ʩʪʝʧʝʥʴʶ ʮʝʧʦʯʢʠ a (ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ a
n
) ʥʘʟʳʚʘʝʪʩʷ ʢʦʥʢʘʪʝʥʘ-

ʮʠʷ  n  ʮʝʧʦʯʝʢ a:  a
n
 = aa é aaa . 

                                                    n 

            ʉʚʦʡʩʪʚʘ ʩʪʝʧʝʥʠ:    a
0
 = e; a

n
 = aa

n ī 1
 = a 

n ī 1
 a 
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ʆʧʨʝʜʝʣʝʥʠʝ: ʜʣʠʥʘ ʮʝʧʦʯʢʠ ð ʵʪʦ ʯʠʩʣʦ ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʝ ʩʠʤʚʦʣʦʚ (ʠʣʠ ʜʣʠʥʘ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʠʤʚʦʣʦʚ). 

ʅʘʧʨʠʤʝʨ, ʝʩʣʠ a = abbcaad, ʪʦ ʜʣʠʥʘ a ʨʘʚʥʘ 7. 

ɼʣʠʥʫ ʮʝʧʦʯʢʠ  a  ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ | a |. ɼʣʠʥʘ   e   ʨʘʚʥʘ 0. 

ʆʧʨʝʜʝʣʝʥʠʝ: ʯʝʨʝʟ | a |s ʦʙʦʟʥʘʯʘʶʪ ʯʠʩʣʦ ʚʭʦʞʜʝʥʠʡ ʩʠʤʚʦʣʘ  s  ʚ ʮʝʧʦʯʢʫ a. 

ʅʘʧʨʠʤʝʨ, | babb |a = 1, | babb |b = 3, | babb |c = 0.  

ʆʧʨʝʜʝʣʝʥʠʝ: ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ V 
*
 ʤʥʦʞʝʩʪʚʦ, ʩʦʜʝʨʞʘʱʝʝ ʚʩʝ ʮʝʧʦʯʢʠ  ʚ ʘʣʬʘʚʠʪʝ 

V, ʚʢʣʶʯʘʷ ʧʫʩʪʫʶ ʮʝʧʦʯʢʫ e. 

ʅʘʧʨʠʤʝʨ, ʝʩʣʠ   V = {0, 1}, ʪʦ   V 
*
 = {e, 0, 1, 00, 11, 01, 10, 000, 001, 011, ... }.  

ʆʧʨʝʜʝʣʝʥʠʝ: ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ V 
+
 ʤʥʦʞʝʩʪʚʦ, ʩʦʜʝʨʞʘʱʝʝ ʚʩʝ ʮʝʧʦʯʢʠ ʚ ʘʣʬʘʚʠʪʝ V,  

ʠʩʢʣʶʯʘʷ ʧʫʩʪʫʶ ʮʝʧʦʯʢʫ e. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, V 
*
 = V 

+
 Ç {e}.  

ʆʧʨʝʜʝʣʝʥʠʝ: ʷʟʳʢ ʚ ʘʣʬʘʚʠʪʝ V ð ʵʪʦ ʧʦʜʤʥʦʞʝʩʪʚʦ ʤʥʦʞʝʩʪʚʘ ʚʩʝʭ ʮʝʧʦʯʝʢ  ʚ 

ʵʪʦʤ ʘʣʬʘʚʠʪʝ. ɼʣʷ ʣʶʙʦʛʦ ʷʟʳʢʘ L ʩʧʨʘʚʝʜʣʠʚʦ L Ì V
 *
. 

ʀʟʚʝʩʪʥʳ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʦʧʠʩʘʥʠʷ ʷʟʳʢʦʚ [3]. ʂʦʥʝʯʥʳʡ ʷʟʳʢ ʤʦʞʥʦ ʦʧʠʩʘʪʴ 

ʧʨʦʩʪʳʤ ʧʝʨʝʯʠʩʣʝʥʠʝʤ ʝʛʦ ʮʝʧʦʯʝʢ. ʇʦʩʢʦʣʴʢʫ ʬʦʨʤʘʣʴʥʳʡ ʷʟʳʢ ʤʦʞʝʪ ʙʳʪʴ ʠ ʙʝʩʢʦʥʝʯ-

ʥʳʤ, ʪʨʝʙʫʶʪʩʷ ʤʝʭʘʥʠʟʤʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʢʦʥʝʯʥʳʤ ʦʙʨʘʟʦʤ ʧʨʝʜʩʪʘʚʣʷʪʴ ʙʝʩʢʦʥʝʯʥʳʝ 

ʷʟʳʢʠ. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʘ ʜʣʷ ʪʘʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ: ʤʝʭʘʥʠʟʤ ʨʘʩʧʦ-

ʟʥʘʚʘʥʠʷ ʠ ʤʝʭʘʥʠʟʤ ʧʦʨʦʞʜʝʥʠʷ (ʛʝʥʝʨʘʮʠʠ). 

ʄʝʭʘʥʠʟʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ (ʨʘʩʧʦʟʥʘʚʘʪʝʣʴ), ʧʦ ʩʫʪʠ, ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʜʫʨʦʡ ʩʧʝʮʠʘʣʴ-

ʥʦʛʦ ʚʠʜʘ, ʢʦʪʦʨʘʷ ʧʦ ʟʘʜʘʥʥʦʡ ʮʝʧʦʯʢʝ ʦʧʨʝʜʝʣʷʝʪ, ʧʨʠʥʘʜʣʝʞʠʪ ʣʠ ʦʥʘ ʷʟʳʢʫ. ɽʩʣʠ ʧʨʠ-

ʥʘʜʣʝʞʠʪ, ʪʦ ʧʨʦʮʝʜʫʨʘ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩ ʦʪʚʝʪʦʤ çʜʘè, ʪ. ʝ. ʜʦʧʫʩʢʘʝʪ ʮʝʧʦʯʢʫ; ʠʥʘʯʝ ð 

ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩ ʦʪʚʝʪʦʤ çʥʝʪè ʠʣʠ ʟʘʮʠʢʣʠʚʘʝʪʩʷ. ʗʟʳʢ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʨʘʩʧʦʟʥʘʚʘʪʝ-
ʣʝʤ ð ʵʪʦ ʤʥʦʞʝʩʪʚʦ ʚʩʝʭ ʮʝʧʦʯʝʢ, ʢʦʪʦʨʳʝ ʦʥ ʜʦʧʫʩʢʘʝʪ.  

ʇʨʠʤʝʨʳ ʨʘʩʧʦʟʥʘʚʘʪʝʣʝʡ: 

Á ʄʘʰʠʥʘ ʊʴʶʨʠʥʛʘ (ʄʊ). ʗʟʳʢ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʟʘʜʘʪʴ ʩ ʧʦʤʦʱʴʶ ʄʊ, ʥʘʟʳʚʘʝʪʩʷ 

ʨʝʢʫʨʩʠʚʥʦ ʧʝʨʝʯʠʩʣʠʤʳʤ.
 1)

 ɺʤʝʩʪʦ ʄʊ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʘʣʛʦ-
ʨʠʪʤʠʯʝʩʢʠʝ ʩʭʝʤʳ: ʥʦʨʤʘʣʴʥʳʡ ʘʣʛʦʨʠʪʤ ʄʘʨʢʦʚʘ (ʅɸʄ), ʤʘʰʠʥʫ ʇʦʩʪʘ ʠ ʜʨ. 

Á ʃʠʥʝʡʥʦ ʦʛʨʘʥʠʯʝʥʥʳʡ ʘʚʪʦʤʘʪ (ʃʆɸ). ʇʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʄʊ, ʚ ʢʦʪʦʨʦʡ ʣʝʥʪʘ 

ʥʝ ʙʝʩʢʦʥʝʯʥʘ, ʘ ʦʛʨʘʥʠʯʝʥʘ ʜʣʠʥʦʡ ʚʭʦʜʥʦʛʦ ʩʣʦʚʘ
2)
. ʆʧʨʝʜʝʣʷʝʪ ʢʦʥʪʝʢʩʪʥʦ-

ʟʘʚʠʩʠʤʳʝ ʷʟʳʢʠ. 

                                                
1) ʊʝʨʤʠʥ çʨʝʢʫʨʩʠʚʥʦ ʧʝʨʝʯʠʩʣʠʤʳʡè ʧʨʦʠʩʭʦʜʠʪ ʠʟ ʪʝʦʨʠʠ ʨʝʢʫʨʩʠʚʥʳʭ ʬʫʥʢʮʠʡ, ʷʚʣʷʶʱʝʡʩʷ, ʪʘʢʞʝ ʢʘʢ 

ʅɸʄ ʠ ʄʊ, ʦʜʥʦʡ ʠʟ ʬʦʨʤʘʣʠʟʘʮʠʡ ʧʦʥʷʪʠʷ ʚʳʯʠʩʣʠʤʦʩʪʠ (ʘʣʛʦʨʠʪʤʘ). ʉʤʳʩʣ ʦʩʪʘʣʴʥʳʭ ʥʘʟʚʘʥʠʡ, ʭʘʨʘʢ-

ʪʝʨʠʟʫʶʱʠʭ ʨʘʩʧʦʟʥʘʚʘʝʤʳʝ ʷʟʳʢʠ, ʙʫʜʝʪ ʧʦʷʩʥʝʥ ʥʠʞʝ. 
2)

 ʃʆɸ ʷʚʣʷʝʪʩʷ ʥʝʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʡ ʤʘʰʠʥʦʡ: ʚ ʢʘʢʦʡ-ʪʦ ʤʦʤʝʥʪ ʚʳʯʠʩʣʝʥʠʷ (ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʃʆɸ ʥʘʜ 

ʟʘʜʘʥʥʦʡ ʮʝʧʦʯʢʦʡ) ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʝʩʪʴ  ʜʚʝ ʠʣʠ ʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʝ ʜʣʷ ʠʩʧʦʣʥʝʥʠʷ ʢʦ-
ʤʘʥʜʳ, ʪʦ ʝʩʪʴ ʚʳʙʦʨ ʠʩʧʦʣʥʷʝʤʦʡ ʢʦʤʘʥʜʳ  ʥʝ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥ. ʉ ʵʪʦʛʦ ʤʦʤʝʥʪʘ ʚʦʟʥʠʢʘʶʪ ʜʚʝ ʠʣʠ ʙʦʣʝʝ 

ʢʦʧʠʠ ʃʆɸ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʘʞʜʦʤʫ ʚʦʟʤʦʞʥʦʤʫ  ʚʳʙʦʨʫ; ʵʪʠ ʢʦʧʠʠ ʧʨʦʜʦʣʞʘʶʪ ʚʳʯʠʩʣʝʥʠʷ ʥʝʟʘʚʠʩʠ-

ʤʦ (ʧʘʨʘʣʣʝʣʴʥʦ). ʆʪʚʝʪ çʜʘè ʃʆɸ ʜʘʝʪ, ʝʩʣʠ ʭʦʪʷ ʙʳ ʦʜʥʦ ʠʟ ʚʳʯʠʩʣʝʥʠʡ ʫʩʧʝʰʥʦ ʟʘʚʝʨʰʘʝʪʩʷ. ʀʟʚʝʩʪʝʥ 

ʘʣʛʦʨʠʪʤ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦ ʣʶʙʦʡ ʥʝʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʡ ʄʊ ʧʦʩʪʨʦʠʪʴ ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʫʶ 
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5 

Á ɸʚʪʦʤʘʪ ʩ ʤʘʛʘʟʠʥʥʦʡ (ʚʥʝʰʥʝʡ) ʧʘʤʷʪʴʶ (ʄʇ-ʘʚʪʦʤʘʪ). ɺ ʦʪʣʠʯʠʝ ʦʪ ʃʆɸ, ʛʦ-

ʣʦʚʢʘ ʥʝ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴ ʚʭʦʜʥʦʝ ʩʣʦʚʦ ʠ ʥʝ ʤʦʞʝʪ ʩʜʚʠʛʘʪʴʩʷ ʚʣʝʚʦ; ʠʤʝʝʪʩʷ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʘʷ ʙʝʩʢʦʥʝʯʥʘʷ ʧʘʤʷʪʴ (ʤʘʛʘʟʠʥ, ʠʣʠ ʩʪʝʢ), ʨʘʙʦʪʘʶʱʘʷ ʧʦ ʜʠʩʮʠʧʣʠʥʝ 

LIFO. ʆʧʨʝʜʝʣʷʝʪ ʢʦʥʪʝʢʩʪʥʦ-ʩʚʦʙʦʜʥʳʝ ʷʟʳʢʠ.  

Á ʂʦʥʝʯʥʳʡ ʘʚʪʦʤʘʪ (ʂɸ). ʆʪʣʠʯʘʝʪʩʷ ʦʪ ʄʇ-ʘʚʪʦʤʘʪʘ ʦʪʩʫʪʩʪʚʠʝʤ ʤʘʛʘʟʠʥʘ. ʆʧʨʝ-
ʜʝʣʷʝʪ ʨʝʛʫʣʷʨʥʳʝ ʷʟʳʢʠ.  

ʆʩʥʦʚʥʦʡ ʩʧʦʩʦʙ ʨʝʘʣʠʟʘʮʠʠ ʤʝʭʘʥʠʟʤʘ ʧʦʨʦʞʜʝʥʠʷ ð ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʨʦʞʜʘʶʱʠʭ 

ʛʨʘʤʤʘʪʠʢ, ʢʦʪʦʨʳʝ ʠʥʦʛʜʘ ʥʘʟʳʚʘʶʪ ʛʨʘʤʤʘʪʠʢʘʤʠ ʍʦʤʩʢʦʛʦ. ʅʘ ʠʟʫʯʝʥʠʠ ʧʦʨʦʞʜʘʶʱʠʭ 

ʛʨʘʤʤʘʪʠʢ ʤʳ ʠ ʦʩʪʘʥʦʚʠʤʩʷ ʧʦʜʨʦʙʥʦ, ʠ ʠʤʝʥʥʦ ʵʪʦʪ ʩʧʦʩʦʙ ʦʧʠʩʘʥʠʷ ʷʟʳʢʦʚ ʯʘʱʝ ʚʩʝʛʦ 
ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʜʘʣʴʥʝʡʰʝʤ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʥʝ ʢʘʞʜʳʡ ʬʦʨʤʘʣʴʥʳʡ ʷʟʳʢ ʤʦʞʥʦ ʟʘʜʘʪʴ ʩ ʧʦʤʦʱʴʶ ʢʦʥʝʯʥʦʛʦ ʦʧʠ-

ʩʘʥʠʷ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʩʘʤʦ ʦʧʠʩʘʥʠʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʮʝʧʦʯʢʫ ʚ ʥʝʢʦʪʦʨʦʤ ʨʘʩʰʠ-

ʨʝʥʥʦʤ ʘʣʬʘʚʠʪʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʥʦʞʝʩʪʚʦ ʦʧʠʩʘʥʠʡ ʷʟʳʢʦʚ ʩʯʸʪʥʦ, ʪʘʢ ʢʘʢ ʤʥʦʞʝʩʪʚʦ 

ʚʩʝʭ ʮʝʧʦʯʝʢ ʚ ʟʘʜʘʥʥʦʤ ʘʣʬʘʚʠʪʝ ʩʯʸʪʥʦ. ʂʘʞʜʳʡ ʬʦʨʤʘʣʴʥʳʡ ʷʟʳʢ ʚ ʘʣʬʘʚʠʪʝ V ʷʚʣʷʝʪʩʷ 

ʧʦʜʤʥʦʞʝʩʪʚʦʤ ʩʯʸʪʥʦʛʦ ʤʥʦʞʝʩʪʚʘ V
 *
. ʀʟ ʪʝʦʨʠʠ ʤʥʦʞʝʩʪʚ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʤʥʦʞʝʩʪʚʦ ʚʩʝʭ 

ʧʦʜʤʥʦʞʝʩʪʚ ʩʯʸʪʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʷʚʣʷʝʪʩʷ ʥʝʩʯʸʪʥʳʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʱʥʦʩʪʴ ʤʥʦʞʝʩʪʚʘ 

ʬʦʨʤʘʣʴʥʳʭ ʷʟʳʢʦʚ ʙʦʣʴʰʝ ʤʦʱʥʦʩʪʠ ʤʥʦʞʝʩʪʚʘ ʢʦʥʝʯʥʳʭ ʦʧʠʩʘʥʠʡ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝ 

ʢʘʞʜʳʡ ʷʟʳʢ ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ ʢʦʥʝʯʥʦʛʦ ʦʧʠʩʘʥʠʷ. 

ʆʧʨʝʜʝʣʝʥʠʝ: ʜʝʢʘʨʪʦʚʳʤ ʧʨʦʠʟʚʝʜʝʥʠʝʤ  A ³ B  ʤʥʦʞʝʩʪʚ A ʠ B ʥʘʟʳʚʘʝʪʩʷ ʤʥʦʞʝ-

ʩʪʚʦ { (a, b) | a Í A, b Í B }.  

ʆʧʨʝʜʝʣʝʥʠʝ: ʧʦʨʦʞʜʘʶʱʘʷ ʛʨʘʤʤʘʪʠʢʘ    G  ð  ʵʪʦ ʯʝʪʚʝʨʢʘ à T, N, P, S ð, ʛʜʝ 

Á T ð ʘʣʬʘʚʠʪ ʪʝʨʤʠʥʘʣʴʥʳʭ ʩʠʤʚʦʣʦʚ ( ʪʝʨʤʠʥʘʣʦʚ ); 

Á N ð ʘʣʬʘʚʠʪ ʥʝʪʝʨʤʠʥʘʣʴʥʳʭ ʩʠʤʚʦʣʦʚ (ʥʝʪʝʨʤʠʥʘʣʦʚ), T Æ N =Å ; 

Á P ð ʢʦʥʝʯʥʦʝ ʧʦʜʤʥʦʞʝʩʪʚʦ ʤʥʦʞʝʩʪʚʘ (T Ç N)
+
 ³ (T Ç N)

*
; ʵʣʝʤʝʥʪ (a, b) ʤʥʦʞʝ-

ʩʪʚʘ P ʥʘʟʳʚʘʝʪʩʷ ʧʨʘʚʠʣʦʤ ʚʳʚʦʜʘ ʠ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ a Ÿ b; a ʥʘʟʳʚʘʝʪʩʷ ʣʝ-

ʚʦʡ ʯʘʩʪʴʶ ʧʨʘʚʠʣʘ, b ð ʧʨʘʚʦʡ ʯʘʩʪʴʶ; ʣʝʚʘʷ ʯʘʩʪʴ ʣʶʙʦʛʦ ʧʨʘʚʠʣʘ ʠʟ P ʦʙʷʟʘʥʘ 
ʩʦʜʝʨʞʘʪʴ ʭʦʪʷ ʙʳ ʦʜʠʥ ʥʝʪʝʨʤʠʥʘʣ;  

Á S ð ʥʘʯʘʣʴʥʳʡ ʩʠʤʚʦʣ (ʮʝʣʴ) ʛʨʘʤʤʘʪʠʢʠ, S Í N. 

ɼʣʷ ʟʘʧʠʩʠ ʧʨʘʚʠʣ ʚʳʚʦʜʘ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʣʝʚʳʤʠ ʯʘʩʪʷʤʠ 

a Ÿ b1      a Ÿ b2     ...    a Ÿ bn 

ʙʫʜʝʤ ʧʦʣʴʟʦʚʘʪʴʩʷ ʩʦʢʨʘʱʝʥʥʦʡ ʟʘʧʠʩʴʶ 

a Ÿ b1 | b2 |...| bn. 

           ʂʘʞʜʦʝ bi  (i = 1, 2, ..., n) ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʧʨʘʚʠʣʘ ʚʳʚʦʜʘ ʠʟ ʮʝʧʦʯʢʠ a. 

ʇʨʠʤʝʨ ʛʨʘʤʤʘʪʠʢʠ:    

 Gexample = à{0, 1}, { A, S}, P, S ð,             ʛʜʝ   P ʩʦʩʪʦʠʪ ʠʟ ʧʨʘʚʠʣ: 

                                                                                                                                                            

ʄʊ. ʆʜʥʘʢʦ ʜʦ ʩʠʭ ʧʦʨ ʦʪʢʨʳʪ ʚʦʧʨʦʩ, ʩʫʱʝʩʪʚʫʝʪ ʣʠ ʜʣʷ ʣʶʙʦʛʦ ʃʆɸ ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʝʤʫ ʜʝʪʝʨʤʠʥʠʨʦ-

ʚʘʥʥʳʡ ʃʆɸ.  



ʕʣʝʤʝʥʪʳ ʪʝʦʨʠʠ ʬʦʨʤʘʣʴʥʳʭ ʷʟʳʢʦʚ ʠ ʛʨʘʤʤʘʪʠʢ / ʆʩʥʦʚʥʳʝ  ʧʦʥʷʪʠʷ  ʠ  ʦʧʨʝʜʝʣʝʥʠʷ 
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 S Ÿ 0A1 

 0A Ÿ 00A1 

 A Ÿ e 
 

 

ʆʧʨʝʜʝʣʝʥʠʝ: ʮʝʧʦʯʢʘ b Í ( T Ç N )
*
 ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʳʚʦʜʠʤʘ ʠʟ ʮʝʧʦʯʢʠ a Í 

( T Ç N )
+
 ʚ ʛʨʘʤʤʘʪʠʢʝ G = à T, N, P, S ð (ʦʙʦʟʥʘʯʘʝʪʩʷ a Ÿ

G
 b), ʝʩʣʠ a = x1gx2, b = x1dx2, ʛʜʝ 

x1, x2, d Í (T Ç N )
*
, g Í (T Ç N )

+
 ʠ ʧʨʘʚʠʣʦ ʚʳʚʦʜʘ g Ÿ d ʩʦʜʝʨʞʠʪʩʷ ʚ P. ʀʥʜʝʢʩ G ʚ ʦʙʦ-

ʟʥʘʯʝʥʠʠ Ÿ
G 
ʦʙʳʯʥʦ ʦʧʫʩʢʘʶʪ, ʝʩʣʠ ʧʦʥʷʪʥʦ, ʦ ʢʘʢʦʡ ʛʨʘʤʤʘʪʠʢʝ ʠʜʝʪ ʨʝʯʴ.  

ʅʘʧʨʠʤʝʨ, ʮʝʧʦʯʢʘ 00A11 ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʳʚʦʜʠʤʘ ʠʟ 0A1 ʚ ʛʨʘʤʤʘʪʠʢʝ Gexample : 

0A1 Ÿ 00A11. ɿʜʝʩʴ ʮʝʧʦʯʢʘ 0A, ʧʦʜʯʝʨʢʥʫʪʘʷ ʜʚʦʡʥʦʡ ʯʝʨʪʦʡ, ʠʛʨʘʝʪ ʨʦʣʴ ʧʦʜʮʝʧʦʯʢʠ g ʠʟ 

ʦʧʨʝʜʝʣʝʥʠʷ, ʮʝʧʦʯʢʘ 00A1 ʠʛʨʘʝʪ ʨʦʣʴ ʧʦʜʮʝʧʦʯʢʠ d, x1 = e, x2 = 1. 

ʆʧʨʝʜʝʣʝʥʠʝ: ʮʝʧʦʯʢʘ b Í (T Ç N )
*
 ʚʳʚʦʜʠʤʘ ʠʟ ʮʝʧʦʯʢʠ  

a Í  (T Ç N)
+
 ʚ ʛʨʘʤʤʘʪʠʢʝ G = àT, N, P, S ð (ʦʙʦʟʥʘʯʘʝʪʩʷ  a Ý

G
 b), ʝʩʣʠ ʩʫʱʝʩʪʚʫʶʪ ʮʝʧʦʯ-

ʢʠ g0, g1, ..., gn (n ² 0), ʪʘʢʠʝ, ʯʪʦ  a = g0 Ÿ g1 Ÿ ... Ÿ gn = b. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ  

g0, g1, ..., gn    ʥʘʟʳʚʘʝʪʩʷ ʚʳʚʦʜʦʤ ʜʣʠʥʳ n. ʀʥʜʝʢʩ G ʚ ʦʙʦʟʥʘʯʝʥʠʠ Ý
G
 ʦʧʫʩʢʘʶʪ, ʝʩʣʠ ʧʦ-

ʥʷʪʥʦ, ʢʘʢʘʷ ʛʨʘʤʤʘʪʠʢʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ.  

ʅʘʧʨʠʤʝʨ, S Ý 000A111 ʚ ʛʨʘʤʤʘʪʠʢʝ Gexample (ʩʤ. ʧʨʠʤʝʨ ʚʳʰʝ), ʪ.ʢ. ʩʫʱʝʩʪʚʫʝʪ ʚʳ-

ʚʦʜ    S Ÿ 0A1 Ÿ 00A11 Ÿ 000A111.   ɼʣʠʥʘ ʚʳʚʦʜʘ ʨʘʚʥʘ 3. 

ʆʧʨʝʜʝʣʝʥʠʝ: ʷʟʳʢʦʤ, ʧʦʨʦʞʜʘʝʤʳʤ ʛʨʘʤʤʘʪʠʢʦʡ G = à T, N, P, S ð, ʥʘʟʳʚʘʝʪʩʷ 

ʤʥʦʞʝʩʪʚʦ L(G) = {a Í T 
* 
| S Ý a}.  

ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, L(G) ð ʵʪʦ ʚʩʝ ʮʝʧʦʯʢʠ ʚ ʘʣʬʘʚʠʪʝ T, ʢʦʪʦʨʳʝ ʚʳʚʦʜʠʤʳ ʠʟ S ʩ 

ʧʦʤʦʱʴʶ ʧʨʘʚʠʣ  P.   ʅʘʧʨʠʤʝʨ, L(Gexample) = {0
n
1

n
 | n > 0}. 

ʆʧʨʝʜʝʣʝʥʠʝ: ʮʝʧʦʯʢʘ a Í (T Ç N)
*
, ʜʣʷ ʢʦʪʦʨʦʡ S Ý a, ʥʘʟʳʚʘʝʪʩʷ ʩʝʥʪʝʥʮʠʘʣʴʥʦʡ 

ʬʦʨʤʦʡ ʚ ʛʨʘʤʤʘʪʠʢʝ G = à T, N, P, S ð. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʷʟʳʢ, ʧʦʨʦʞʜʘʝʤʳʡ ʛʨʘʤʤʘʪʠʢʦʡ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʤʥʦʞʝʩʪʚʦ 
ʪʝʨʤʠʥʘʣʴʥʳʭ ʩʝʥʪʝʥʮʠʘʣʴʥʳʭ ʬʦʨʤ. 

ʆʧʨʝʜʝʣʝʥʠʝ: ʛʨʘʤʤʘʪʠʢʠ G1 ʠ G2 ʥʘʟʳʚʘʶʪʩʷ ʵʢʚʠʚʘʣʝʥʪʥʳʤʠ, ʝʩʣʠ  

L(G1) = L(G2). 

           ʇʨʠʤʝʨ. ɻʨʘʤʤʘʪʠʢʠ    G1 = à{0,1}, { A,S}, P1, S ð  ʠ  G2 = à{0,1}, { S}, P2, S ð ʩ ʧʨʘʚʠʣʘʤʠ 

P1:    

 S Ÿ 0A1 

 0A Ÿ 00A1 

 A Ÿ e 
 

P2:    

 S Ÿ 0S1 | 01 
 

ʵʢʚʠʚʘʣʝʥʪʥʳ, ʪ. ʢ. ʦʙʝ ʧʦʨʦʞʜʘʶʪ ʷʟʳʢ   L(G1) = L(G2) = {0
n
1

n
 | n > 0}. 

ʆʧʨʝʜʝʣʝʥʠʝ: ʛʨʘʤʤʘʪʠʢʠ G1 ʠ G2 ʧʦʯʪʠ ʵʢʚʠʚʘʣʝʥʪʥʳ, ʝʩʣʠ  

L(G1) Ç {e} = L(G2) Ç {e}.   

ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʛʨʘʤʤʘʪʠʢʠ ʧʦʯʪʠ ʵʢʚʠʚʘʣʝʥʪʥʳ, ʝʩʣʠ ʷʟʳʢʠ, ʠʤʠ ʧʦʨʦʞʜʘʝʤʳʝ, 

ʦʪʣʠʯʘʶʪʩʷ ʥʝ ʙʦʣʝʝ, ʯʝʤ ʥʘ e. 

ʅʘʧʨʠʤʝʨ, ʧʦʯʪʠ ʵʢʚʠʚʘʣʝʥʪʥʳ  ʛʨʘʤʤʘʪʠʢʠ 

    G1 = à{0,1}, { A, S}, P1, S ð        ʠ            G2 = à{0, 1}, { S}, P2, S ð  ʩ ʧʨʘʚʠʣʘʤʠ  



     ʕʣʝʤʝʥʪʳ ʪʝʦʨʠʠ ʬʦʨʤʘʣʴʥʳʭ ʷʟʳʢʦʚ ʠ ʛʨʘʤʤʘʪʠʢ / ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʛʨʘʤʤʘʪʠʢ ʠ ʷʟʳʢʦʚ ʧʦ ʍʦʤʩʢʦʤʫ 
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P1:    

 S Ÿ 0A1 

 0A Ÿ 00A1 

 A Ÿ e            ,  
 

P2:    

 S Ÿ 0S1 | e 
 

ʪʘʢ  ʢʘʢ  L(G1) = {0
n
1

n
 | n > 0}, ʘ L(G2) = {0

n
1

n
 | n ² 0}, ʪ. ʝ. L(G2) ʩʦʩʪʦʠʪ ʠʟ ʚʩʝʭ ʮʝʧʦʯʝʢ ʷʟʳ-

ʢʘ L(G1) ʠ ʧʫʩʪʦʡ ʮʝʧʦʯʢʠ, ʢʦʪʦʨʘʷ ʚ L(G1) ʥʝ ʚʭʦʜʠʪ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʛʨʘʤʤʘʪʠʢ ʠ ʷʟʳʢʦʚ ʧʦ ʍʦʤʩʢʦʤʫ 

ʆʧʨʝʜʝʣʠʤ ʩ ʧʦʤʦʱʴʶ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʚʠʜ ʧʨʘʚʠʣ ʚʳʚʦʜʘ ʯʝʪʳʨʝ ʪʠʧʘ ʛʨʘʤʤʘʪʠʢ: 

ʪʠʧ 0, ʪʠʧ 1, ʪʠʧ 2, ʪʠʧ 3. ʂʘʞʜʦʤʫ ʪʠʧʫ ʛʨʘʤʤʘʪʠʢ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʚʦʡ ʢʣʘʩʩ
3)

 ʷʟʳʢʦʚ. ɽʩʣʠ  

ʷʟʳʢ ʧʦʨʦʞʜʘʝʪʩʷ ʛʨʘʤʤʘʪʠʢʦʡ ʪʠʧʘ i (ʜʣʷ i = 0, 1, 2, 3), ʪʦ ʦʥ ʷʚʣʷʝʪʩʷ ʷʟʳʢʦʤ ʪʠʧʘ i. 

ʊʠʧ 0 

ʃʶʙʘʷ ʧʦʨʦʞʜʘʶʱʘʷ ʛʨʘʤʤʘʪʠʢʘ ʷʚʣʷʝʪʩʷ ʛʨʘʤʤʘʪʠʢʦʡ ʪʠʧʘ 0. ʅʘ ʚʠʜ ʧʨʘʚʠʣ ʛʨʘʤ-

ʤʘʪʠʢ ʵʪʦʛʦ ʪʠʧʘ ʥʝ ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʥʠʢʘʢʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ. ʂʣʘʩʩ ʷʟʳʢʦʚ ʪʠ-
ʧʘ 0 ʩʦʚʧʘʜʘʝʪ ʩ ʢʣʘʩʩʦʤ ʨʝʢʫʨʩʠʚʥʦ ʧʝʨʝʯʠʩʣʠʤʳʭ ʷʟʳʢʦʚ.  

ɻʨʘʤʤʘʪʠʢʠ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʥʘ ʚʠʜ ʧʨʘʚʠʣ ʚʳʚʦʜʘ 

ʊʠʧ 1 

ɻʨʘʤʤʘʪʠʢʘ G = à T, N, P, S ð ʥʘʟʳʚʘʝʪʩʷ ʥʝʫʢʦʨʘʯʠʚʘʶʱʝʡ, ʝʩʣʠ ʧʨʘʚʘʷ ʯʘʩʪʴ ʢʘʞʜʦʛʦ 

ʧʨʘʚʠʣʘ ʠʟ P ʥʝ ʢʦʨʦʯʝ ʣʝʚʦʡ ʯʘʩʪʠ (ʪ. ʝ. ʜʣʷ ʣʶʙʦʛʦ ʧʨʘʚʠʣʘ a Ÿ b Í P ʚʳʧʦʣʥʷʝʪʩʷ ʥʝʨʘ-

ʚʝʥʩʪʚʦ | a | ¢ | b | ). ɺ ʚʠʜʝ ʠʩʢʣʶʯʝʥʠʷ ʚ ʥʝʫʢʦʨʘʯʠʚʘʶʱʝʡ ʛʨʘʤʤʘʪʠʢʝ ʜʦʧʫʩʢʘʝʪʩʷ ʥʘʣʠ-

ʯʠʝ ʧʨʘʚʠʣʘ S Ÿ e, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ S (ʥʘʯʘʣʴʥʳʡ ʩʠʤʚʦʣ) ʥʝ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʧʨʘʚʳʭ ʯʘʩʪʷʭ 
ʧʨʘʚʠʣ.  

ɻʨʘʤʤʘʪʠʢʦʡ  ʪʠʧʘ 1  ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʥʝʫʢʦʨʘʯʠʚʘʶʱʫʶ ʛʨʘʤʤʘʪʠʢʫ.  

ʊʠʧ 1 ʚ ʥʝʢʦʪʦʨʳʭ ʠʩʪʦʯʥʠʢʘʭ ʦʧʨʝʜʝʣʷʶʪ ʩ ʧʦʤʦʱʴʶ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʢʦʥʪʝʢʩʪʥʦ-

ʟʘʚʠʩʠʤʳʭ ʛʨʘʤʤʘʪʠʢ.  

ɻʨʘʤʤʘʪʠʢʘ G = à T, N, P, S ð ʥʘʟʳʚʘʝʪʩʷ ʢʦʥʪʝʢʩʪʥʦ-ʟʘʚʠʩʠʤʦʡ (ʂɿ), ʝʩʣʠ ʢʘʞʜʦʝ 

ʧʨʘʚʠʣʦ ʠʟ P ʠʤʝʝʪ ʚʠʜ a Ÿ b, ʛʜʝ a = x1Ax2, b = x1gx2, A Í N, g Í (T Ç N )
+
, x1, x2 Í (T Ç N)

*
. 

ɺ ʚʠʜʝ ʠʩʢʣʶʯʝʥʠʷ ʚ ʂɿ-ʛʨʘʤʤʘʪʠʢʝ ʜʦʧʫʩʢʘʝʪʩʷ ʥʘʣʠʯʠʝ  ʧʨʘʚʠʣʘ ʩ ʧʫʩʪʦʡ ʧʨʘʚʦʡ ʯʘʩʪʴʶ 

S Ÿ e, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ S (ʥʘʯʘʣʴʥʳʡ ʩʠʤʚʦʣ) ʥʝ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʧʨʘʚʳʭ ʯʘʩʪʷʭ ʧʨʘʚʠʣ.  

 ʎʝʧʦʯʢʫ x1  ʥʘʟʳʚʘʶʪ ʣʝʚʳʤ ʢʦʥʪʝʢʩʪʦʤ, ʮʝʧʦʯʢʫ x2  ʥʘʟʳʚʘʶʪ ʧʨʘʚʳʤ ʢʦʥʪʝʢ-

ʩʪʦʤ. ʗʟʳʢ, ʧʦʨʦʞʜʘʝʤʳʡ ʢʦʥʪʝʢʩʪʥʦ-ʟʘʚʠʩʠʤʦʡ ʛʨʘʤʤʘʪʠʢʦʡ, ʥʘʟʳʚʘʝʪʩʷ ʢʦʥʪʝʢʩʪʥʦ-

ʟʘʚʠʩʠʤʳʤ ʷʟʳʢʦʤ. 

ɿʘʤʝʯʘʥʠʝ 

ʀʟ ʦʧʨʝʜʝʣʝʥʠʡ ʩʣʝʜʫʝʪ, ʯʪʦ ʝʩʣʠ ʷʟʳʢ, ʧʦʨʦʞʜʘʝʤʳʡ ʢʦʥʪʝʢʩʪʥʦ-ʟʘʚʠʩʠʤʦʡ ʠʣʠ ʥʝʫʢʦʨʘʯʠʚʘ-

ʶʱʝʡ ʛʨʘʤʤʘʪʠʢʦʡ G = à T, N, P, S ð, ʩʦʜʝʨʞʠʪ ʧʫʩʪʫʶ ʮʝʧʦʯʢʫ, ʪʦ ʵʪʘ ʮʝʧʦʯʢʘ ʚʳʚʦʜʠʪʩʷ ʚ G  ʟʘ 

ʦʜʠʥ ʰʘʛ ʩ ʧʦʤʦʱʴʶ ʧʨʘʚʠʣʘ S Ÿ e. ɼʨʫʛʠʭ ʚʳʚʦʜʦʚ ʜʣʷ e  ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ɽʩʣʠ ʩʨʝʜʠ ʧʨʘʚʠʣ P 

ʥʝʪ ʧʨʘʚʠʣʘ  S Ÿ e, ʪʦ ʧʦʨʦʞʜʘʝʤʳʡ ʢʦʥʪʝʢʩʪʥʦ-ʟʘʚʠʩʠʤʦʡ ʠʣʠ ʥʝʫʢʦʨʘʯʠʚʘʶʱʝʡ ʛʨʘʤʤʘʪʠʢʦʡ 

G  ̫ ʟʳʢ ʥʝ ʩʦʜʝʨʞʠʪ ʧʫʩʪʫʶ ʮʝʧʦʯʢʫ e. 

                                                
3)

 ʂʣʘʩʩʦʤ ʦʙʳʯʥʦ ʥʘʟʳʚʘʶʪ ʤʥʦʞʝʩʪʚʦ, ʵʣʝʤʝʥʪʳ ʢʦʪʦʨʦʛʦ ʩʘʤʠ ʷʚʣʷʶʪʩʷ ʤʥʦʞʝʩʪʚʘʤʠ.  



ʕʣʝʤʝʥʪʳ ʪʝʦʨʠʠ ʬʦʨʤʘʣʴʥʳʭ ʷʟʳʢʦʚ ʠ ʛʨʘʤʤʘʪʠʢ / ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʛʨʘʤʤʘʪʠʢ ʠ ʷʟʳʢʦʚ ʧʦ ʍʦʤʩʢʦʤʫ 
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ʋʪʚʝʨʞʜʝʥʠʝ 1. ʇʫʩʪʴ L ð ʬʦʨʤʘʣʴʥʳʡ ʷʟʳʢ. ʉʣʝʜʫʶʱʠʝ ʫʪʚʝʨʞʜʝʥʠʷ ʵʢʚʠʚʘʣʝʥʪ-

ʥʳ: 

1) ʩʫʱʝʩʪʚʫʝʪ ʢʦʥʪʝʢʩʪʥʦ-ʟʘʚʠʩʠʤʘʷ ʛʨʘʤʤʘʪʠʢʘ G1, ʪʘʢʘʷ  ʯʪʦ L = L(G1); 

2) ʩʫʱʝʩʪʚʫʝʪ ʥʝʫʢʦʨʘʯʠʚʘʶʱʘʷ ʛʨʘʤʤʘʪʠʢʘ G2, ʪʘʢʘʷ  ʯʪʦ L = L(G2). 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʠʟ (1) ʩʣʝʜʫʝʪ (2): ʣʶʙʘʷ ʢʦʥʪʝʢʩʪʥʦ-ʟʘʚʠʩʠʤʘʷ ʛʨʘʤʤʘʪʠʢʘ ʫʜʦʚʣʝʪʚʦ-

ʨʷʝʪ ʦʛʨʘʥʠʯʝʥʠʷʤ ʥʝʫʢʦʨʘʯʠʚʘʶʱʝʡ ʛʨʘʤʤʘʪʠʢʠ (ʩʤ. ʦʧʨʝʜʝʣʝʥʠʷ). ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʚ ʦʙ-

ʨʘʪʥʫʶ ʩʪʦʨʦʥʫ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʪʦʤ, ʯʪʦ ʤʦʞʥʦ ʢʘʞʜʦʝ ʥʝʫʢʦʨʘʯʠʚʘʶʱʝʝ ʧʨʘʚʠʣʦ ʟʘʤʝ-
ʥʠʪʴ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʩʝʨʠʝʡ ʢʦʥʪʝʢʩʪʥʦ-ʟʘʚʠʩʠʤʳʭ ʧʨʘʚʠʣ.  

ʀʟ ʫʪʚʝʨʞʜʝʥʠʷ 1 ʩʣʝʜʫʝʪ, ʯʪʦ ʷʟʳʢ, ʧʦʨʦʞʜʘʝʤʳʡ ʥʝʫʢʦʨʘʯʠʚʘʶʱʝʡ ʛʨʘʤʤʘʪʠʢʦʡ, 

ʢʦʥʪʝʢʩʪʥʦ-ʟʘʚʠʩʠʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʫʢʦʨʘʯʠʚʘʶʱʠʝ ʠ ʂɿ-ʛʨʘʤʤʘʪʠʢʠ ʦʧʨʝʜʝʣʷʶʪ ʦʜʠʥ ʠ 
ʪʦʪ ʞʝ ʢʣʘʩʩ ʷʟʳʢʦʚ.  

ʊʠʧ 2 

ɻʨʘʤʤʘʪʠʢʘ G = à T, N, P, S ð ʥʘʟʳʚʘʝʪʩʷ ʢʦʥʪʝʢʩʪʥʦ-ʩʚʦʙʦʜʥʦʡ (ʂʉ), ʝʩʣʠ ʢʘʞʜʦʝ 

ʧʨʘʚʠʣʦ ʠʟ  ʈ ʠʤʝʝʪ ʚʠʜ A Ÿ b, ʛʜʝ A Í N, b Í ( T Ç N )
 *
. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʚ ʂʉ-ʛʨʘʤʤʘʪʠʢʘʭ ʜʦʧʫʩʢʘʶʪʩʷ ʧʨʘʚʠʣʘ ʩ ʧʫʩʪʳʤʠ ʧʨʘʚʳʤʠ ʯʘʩʪʷʤʠ. 

ʗʟʳʢ, ʧʦʨʦʞʜʘʝʤʳʡ ʢʦʥʪʝʢʩʪʥʦ-ʩʚʦʙʦʜʥʦʡ ʛʨʘʤʤʘʪʠʢʦʡ, ʥʘʟʳʚʘʝʪʩʷ ʢʦʥʪʝʢʩʪʥʦ-
ʩʚʦʙʦʜʥʳʤ ʷʟʳʢʦʤ. 

ɻʨʘʤʤʘʪʠʢʦʡ  ʪʠʧʘ 2  ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʢʦʥʪʝʢʩʪʥʦ-ʩʚʦʙʦʜʥʫʶ ʛʨʘʤʤʘʪʠʢʫ. 

ʂʉ-ʛʨʘʤʤʘʪʠʢʘ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʥʝʫʢʦʨʘʯʠʚʘʶʱʝʡ, ʪ.ʝ. ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʦʛʨʘʥʠʯʝʥʠʷʤ  

ʥʝʫʢʦʨʘʯʠʚʘʶʱʝʡ ʛʨʘʤʤʘʪʠʢʠ.   

ʋʪʚʝʨʞʜʝʥʠʝ 2. ɼʣʷ ʣʶʙʦʡ ʂʉ-ʛʨʘʤʤʘʪʠʢʠ G ʩʫʱʝʩʪʚʫʝʪ ʥʝʫʢʦʨʘʯʠʚʘʶʱʘʷ ʂʉ-

ʛʨʘʤʤʘʪʠʢʘ  G', ʪʘʢʘʷ ʯʪʦ L(G) = L(G'). 

ʉʦʛʣʘʩʥʦ ʫʪʚʝʨʞʜʝʥʠʶ 2, ʣʶʙʦʡ ʢʦʥʪʝʢʩʪʥʦ-ʩʚʦʙʦʜʥʳʡ ʷʟʳʢ ʧʦʨʦʞʜʘʝʪʩʷ ʥʝʫʢʦʨʘ-

ʯʠʚʘʶʱʝʡ ʢʦʥʪʝʢʩʪʥʦ-ʩʚʦʙʦʜʥʦʡ ʛʨʘʤʤʘʪʠʢʦʡ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʦʧʨʝʜʝʣʝʥʠʡ, ʪʘʢʘʷ ʂʉ-

ʛʨʘʤʤʘʪʠʢʘ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʥʝ ʙʦʣʝʝ ʦʜʥʦʛʦ ʧʨʘʚʠʣʘ ʩ ʧʫʩʪʦʡ ʧʨʘʚʦʡ ʯʘʩʪʴʶ, ʧʨʠʯʝʤ ʵʪʦ 

ʧʨʘʚʠʣʦ ʠʤʝʝʪ ʚʠʜ S Ÿ e, ʛʜʝ S ð ʥʘʯʘʣʴʥʳʡ ʩʠʤʚʦʣ, ʠ ʧʨʠ ʵʪʦʤ ʥʠʢʘʢʦʝ ʧʨʘʚʠʣʦ ʠʟ P ʥʝ 

ʩʦʜʝʨʞʠʪ S ʚ ʩʚʦʝʡ ʧʨʘʚʦʡ ʯʘʩʪʠ. 

 ɺ ʨʘʟʜʝʣʝ çʇʨʝʦʙʨʘʟʦʚʘʥʠʷ ʛʨʘʤʤʘʪʠʢè ʙʫʜʝʪ ʧʨʠʚʝʜʝʥ ʘʣʛʦʨʠʪʤ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʫʩʪʨʘʥʠʪʴ ʠʟ ʣʶʙʦʡ ʂʉ-ʛʨʘʤʤʘʪʠʢʠ ʚʩʝ ʧʨʘʚʠʣʘ ʩ ʧʫʩʪʳʤʠ ʧʨʘʚʳʤʠ ʯʘʩʪʷʤʠ (ʚ ʧʦʣʫʯʠʚ-

ʰʝʡʩʷ ʛʨʘʤʤʘʪʠʢʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʘʚʠʣʦ S Ÿ e ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʧʫʩʪʘʷ ʮʝʧʦʯʢʘ ʧʨʠʥʘʜʣʝʞʠʪ 
ʷʟʳʢʫ, ʧʨʠ ʵʪʦʤ ʥʘʯʘʣʴʥʳʡ ʩʠʤʚʦʣ S ʥʝ ʙʫʜʝʪ ʚʭʦʜʠʪʴ ʚ ʧʨʘʚʳʝ ʯʘʩʪʠ ʧʨʘʚʠʣ). 

ʊʠʧ 3 

ɻʨʘʤʤʘʪʠʢʘ G = à T, N, P, S ð ʥʘʟʳʚʘʝʪʩʷ ʧʨʘʚʦʣʠʥʝʡʥʦʡ, ʝʩʣʠ ʢʘʞʜʦʝ ʧʨʘʚʠʣʦ ʠʟ ʈ  

ʠʤʝʝʪ ʚʠʜ   A Ÿ wB   ʣʠʙʦ   A Ÿ w,  ʛʜʝ A, B Í N,  w Í T 
*
. 

ɻʨʘʤʤʘʪʠʢʘ G = à T, N, P, S ð ʥʘʟʳʚʘʝʪʩʷ ʣʝʚʦʣʠʥʝʡʥʦʡ, ʝʩʣʠ ʢʘʞʜʦʝ ʧʨʘʚʠʣʦ ʠʟ ʈ ʠʤʝ-

ʝʪ ʚʠʜ   A Ÿ Bw   ʣʠʙʦ   A Ÿ w,  ʛʜʝ A, B Í N, w Í T
 *
. 

ʋʪʚʝʨʞʜʝʥʠʝ 3. ʇʫʩʪʴ L ð ʬʦʨʤʘʣʴʥʳʡ ʷʟʳʢ. ʉʣʝʜʫʶʱʠʝ ʜʚʘ ʫʪʚʝʨʞʜʝʥʠʷ ʵʢʚʠʚʘ-

ʣʝʥʪʥʳ: 

Á ʩʫʱʝʩʪʚʫʝʪ ʧʨʘʚʦʣʠʥʝʡʥʘʷ ʛʨʘʤʤʘʪʠʢʘ G1, ʪʘʢʘʷ ʯʪʦ L = L(G1); 

Á ʩʫʱʝʩʪʚʫʝʪ ʣʝʚʦʣʠʥʝʡʥʘʷ ʛʨʘʤʤʘʪʠʢʘ G2, ʪʘʢʘʷ ʯʪʦ L = L(G2). 



     ʕʣʝʤʝʥʪʳ ʪʝʦʨʠʠ ʬʦʨʤʘʣʴʥʳʭ ʷʟʳʢʦʚ ʠ ʛʨʘʤʤʘʪʠʢ / ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʛʨʘʤʤʘʪʠʢ ʠ ʷʟʳʢʦʚ ʧʦ ʍʦʤʩʢʦʤʫ 

 

9 

 

ʀʟ ʫʪʚʝʨʞʜʝʥʠʷ 3 ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʘʚʦʣʠʥʝʡʥʳʝ ʠ ʣʝʚʦʣʠʥʝʡʥʳʝ ʛʨʘʤʤʘʪʠʢʠ ʦʧʨʝʜʝ-

ʣʷʶʪ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʢʣʘʩʩ ʷʟʳʢʦʚ. ʊʘʢʠʝ ʷʟʳʢʠ ʥʘʟʳʚʘʶʪʩʷ ʨʝʛʫʣʷʨʥʳʤʠ. ʇʨʘʚʦ- ʠ ʣʝʚʦʣʠ-
ʥʝʡʥʳʝ ʛʨʘʤʤʘʪʠʢʠ ʪʘʢʞʝ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʨʝʛʫʣʷʨʥʳʤʠ. 

ʈʝʛʫʣʷʨʥʘʷ ʛʨʘʤʤʘʪʠʢʘ ʷʚʣʷʝʪʩʷ ʛʨʘʤʤʘʪʠʢʦʡ ʪʠʧʘ 3. 

ɸʚʪʦʤʘʪʥʦʡ  ʛʨʘʤʤʘʪʠʢʦʡ ʥʘʟʳʚʘʝʪʩʷ ʧʨʘʚʦʣʠʥʝʡʥʘʷ (ʣʝʚʦʣʠʥʝʡʥʘʷ) ʛʨʘʤʤʘʪʠʢʘ, 

ʪʘʢʘʷ, ʯʪʦ ʢʘʞʜʦʝ ʧʨʘʚʠʣʦ ʩ ʥʝʧʫʩʪʦʡ ʧʨʘʚʦʡ ʯʘʩʪʴʶ ʠʤʝʝʪ ʚʠʜ:  A Ÿ a  ʣʠʙʦ A Ÿ aB (ʜʣʷ 

ʣʝʚʦʣʠʥʝʡʥʦʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ,  A Ÿ a  ʣʠʙʦ  A Ÿ Ba),  ʛʜʝ  A, B Í N,  a Í T.
  4)

 

ɸʚʪʦʤʘʪʥʘʷ ʛʨʘʤʤʘʪʠʢʘ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʬʦʨʤʦʡ ʨʝʛʫʣʷʨʥʦʡ ʛʨʘʤʤʘʪʠʢʠ. ʉʫ-

ʱʝʩʪʚʫʝʪ ʘʣʛʦʨʠʪʤ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦ ʨʝʛʫʣʷʨʥʦʡ (ʧʨʘʚʦ- ʠʣʠ ʣʝʚʦʣʠʥʝʡʥʦʡ) ʛʨʘʤʤʘʪʠʢʝ ʧʦ-

ʩʪʨʦʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʘʚʪʦʤʘʪʥʫʶ ʛʨʘʤʤʘʪʠʢʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʶʙʦʡ ʨʝʛʫʣʷʨʥʳʡ ʷʟʳʢ 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʨʦʞʜʝʥ ʘʚʪʦʤʘʪʥʦʡ ʛʨʘʤʤʘʪʠʢʦʡ. ʂʨʦʤʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʫʝʪ ʘʣʛʦʨʠʪʤ, ʧʦʟʚʦʣʷ-

ʶʱʠʡ ʫʩʪʨʘʥʠʪʴ ʠʟ ʨʝʛʫʣʷʨʥʦʡ (ʘʚʪʦʤʘʪʥʦʡ) ʛʨʘʤʤʘʪʠʢʠ ʚʩʝ e-ʧʨʘʚʠʣʘ  (ʢʨʦʤʝ S Ÿ e  ʚ ʩʣʫ-

ʯʘʝ, ʝʩʣʠ ʧʫʩʪʘʷ ʮʝʧʦʯʢʘ ʧʨʠʥʘʜʣʝʞʠʪ ʷʟʳʢʫ; ʧʨʠ ʵʪʦʤ S ʥʝ ʙʫʜʝʪ ʚʩʪʨʝʯʘʪʴʩʷ ʚ ʧʨʘʚʳʭ ʯʘ-
ʩʪʷʭ ʧʨʘʚʠʣ) 

5)
. ʇʦʵʪʦʤʫ ʩʧʨʘʚʝʜʣʠʚʦ: 

ʋʪʚʝʨʞʜʝʥʠʝ 4. ɼʣʷ ʣʶʙʦʡ ʨʝʛʫʣʷʨʥʦʡ (ʘʚʪʦʤʘʪʥʦʡ) ʛʨʘʤʤʘʪʠʢʠ G ʩʫʱʝʩʪʚʫʝʪ ʥʝ-

ʫʢʦʨʘʯʠʚʘʶʱʘʷ ʨʝʛʫʣʷʨʥʘʷ (ʘʚʪʦʤʘʪʥʘʷ) ʛʨʘʤʤʘʪʠʢʘ Gǋ, ʪʘʢʘʷ ʯʪʦ L(G) = L(Gǋ). 

 

ʀʝʨʘʨʭʠʷ ʍʦʤʩʢʦʛʦ 

ʋʪʚʝʨʞʜʝʥʠʝ 5. ʉʧʨʘʚʝʜʣʠʚʳ ʩʣʝʜʫʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ: 

Á ʣʶʙʘʷ ʨʝʛʫʣʷʨʥʘʷ ʛʨʘʤʤʘʪʠʢʘ ʷʚʣʷʝʪʩʷ ʂʉ-ʛʨʘʤʤʘʪʠʢʦʡ; 

Á ʣʶʙʘʷ ʥʝʫʢʦʨʘʯʠʚʘʶʱʘʷ ʂʉ-ʛʨʘʤʤʘʪʠʢʘ ʷʚʣʷʝʪʩʷ ʂɿ-ʛʨʘʤʤʘʪʠʢʦʡ; 

Á ʣʶʙʘʷ ʥʝʫʢʦʨʘʯʠʚʘʶʱʘʷ ʛʨʘʤʤʘʪʠʢʘ ʷʚʣʷʝʪʩʷ ʛʨʘʤʤʘʪʠʢʦʡ ʪʠʧʘ 0. 

ʋʪʚʝʨʞʜʝʥʠʝ 5 ʩʣʝʜʫʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʦʧʨʝʜʝʣʝʥʠʡ. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʪʦʣʴʢʦ ʥʝʫʢʦʨʘʯʠʚʘʶʱʠʝ ʨʝʛʫʣʷʨʥʳʝ ʠ ʥʝʫʢʦʨʘʯʠʚʘʶʱʠʝ ʂʉ-

ʛʨʘʤʤʘʪʠʢʠ, ʯʪʦ ʩʦʛʣʘʩʥʦ ʫʪʚʝʨʞʜʝʥʠʷʤ 2 ʠ 4 ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪ ʢʣʘʩʩʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʷʟʳʢʦʚ, ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʫʶ ʠʝʨʘʨʭʠʶ ʢʣʘʩʩʦʚ ʛʨʘʤʤʘʪʠʢ: 

ʥʝʫʢʦʨʘʯʠʚʘʶʱʠʝ ʈʝʛʫʣʷʨʥʳʝ Ë ʥʝʫʢʦʨʘʯʠʚʘʶʱʠʝ ʂʉ Ë ʂɿ Ë ʊʠʧ 0 

 
  (ɿʘʧʠʩʴ A Ë B ʦʟʥʘʯʘʝʪ, ʯʪʦ A ̫ ʚʣʷʝʪʩʷ ʩʦʙʩʪʚʝʥʥʳʤ ʧʦʜʢʣʘʩʩʦʤ ʢʣʘʩʩʘ B.) 

ɺʤʝʩʪʦ ʢʣʘʩʩʘ ʂɿ-ʛʨʘʤʤʘʪʠʢ ʚ ʜʘʥʥʦʡ ʠʝʨʘʨʭʠʠ ʤʦʞʥʦ ʫʢʘʟʘʪʴ ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʢʣʘʩʩ 

ʥʝʫʢʦʨʘʯʠʚʘʶʱʠʭ ʛʨʘʤʤʘʪʠʢ, ʢʦʪʦʨʳʝ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʧʦʨʦʞʜʘʶʪ ʪʝ ʞʝ ʷʟʳʢʠ, ʯʪʦ ʠ ʂɿ-

ʛʨʘʤʤʘʪʠʢʠ. 

                                                
4)

 ɺ ʨʘʟʜʝʣʝ çʈʘʟʙʦʨ ʧʦ ʨʝʛʫʣʷʨʥʳʤ ʛʨʘʤʤʘʪʠʢʘʤè ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥ ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʧʦ ʢʦʥʝʯʥʦʤʫ ʘʚ-

ʪʦʤʘʪʫ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʛʨʘʤʤʘʪʠʢʠ. ʇʦʩʪʨʦʝʥʥʘʷ ʘʣʛʦʨʠʪʤʦʤ ʛʨʘʤʤʘʪʠʢʘ ʙʫʜʝʪ ʘʚʪʦʤʘʪʥʦʡ.  
5)

 ɸʣʛʦʨʠʪʤ ʫʩʪʨʘʥʝʥʠʷ ʧʨʘʚʠʣ ʩ ʧʫʩʪʦʡ ʧʨʘʚʦʡ ʯʘʩʪʴʶ ʜʣʷ ʂʉ-ʛʨʘʤʤʘʪʠʢ, ʧʨʠʚʝʜʝʥʥʳʡ ʚ ʨʘʟʜʝʣʝ çʇʨʝʦʙʨʘ-

ʟʦʚʘʥʠʷ ʛʨʘʤʤʘʪʠʢè, ʧʨʠʛʦʜʝʥ ʪʘʢʞʝ ʠ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ e-ʧʨʘʚʠʣ ʠʟ ʨʝʛʫʣʷʨʥʳʭ ʠ ʘʚʪʦʤʘʪʥʳʭ ʛʨʘʤʤʘʪʠʢ. 
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ʋʪʚʝʨʞʜʝʥʠʝ 6. ʉʧʨʘʚʝʜʣʠʚʳ ʩʣʝʜʫʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ: 

Á ʢʘʞʜʳʡ ʨʝʛʫʣʷʨʥʳʡ ʷʟʳʢ ʷʚʣʷʝʪʩʷ ʂʉ-ʷʟʳʢʦʤ, ʥʦ ʩʫʱʝʩʪʚʫʶʪ ʂʉ-ʷʟʳʢʠ, ʢʦʪʦʨʳʝ 

ʥʝ ʷʚʣʷʶʪʩʷ ʨʝʛʫʣʷʨʥʳʤʠ, ʥʘʧʨʠʤʝʨ: 

L = { a 

n 
b

n
 | n > 0}; 

Á ʢʘʞʜʳʡ ʂʉ-ʷʟʳʢ ʷʚʣʷʝʪʩʷ ʂɿ-ʷʟʳʢʦʤ, ʥʦ ʩʫʱʝʩʪʚʫʶʪ ʂɿ-ʷʟʳʢʠ, ʢʦʪʦʨʳʝ 
ʥʝ ʷʚʣʷʶʪʩʷ ʂʉ-ʷʟʳʢʘʤʠ, ʥʘʧʨʠʤʝʨ: 

L = { a 

n 
b

n
c

n
 | n > 0}; 

Á ʢʘʞʜʳʡ ʂɿ-ʷʟʳʢ ʷʚʣʷʝʪʩʷ ʷʟʳʢʦʤ ʪʠʧʘ 0  (ʪ. ʝ. ʨʝʢʫʨʩʠʚʥʦ ʧʝʨʝʯʠʩʣʠʤʳʤ ʷʟʳʢʦʤ), 

ʥʦ ʩʫʱʝʩʪʚʫʶʪ ʷʟʳʢʠ ʪʠʧʘ 0, ʢʦʪʦʨʳʝ ʥʝ ʷʚʣʷʶʪʩʷ ʂɿ-ʷʟʳʢʘʤʠ, ʥʘʧʨʠʤʝʨ: ʷʟʳʢ, 

ʩʦʩʪʦʷʱʠʡ ʠʟ ʟʘʧʠʩʝʡ ʩʘʤʦʧʨʠʤʝʥʠʤʳʭ ʘʣʛʦʨʠʪʤʦʚ ʄʘʨʢʦʚʘ ʚ ʥʝʢʦʪʦʨʦʤ ʘʣʬʘʚʠ-
ʪʝ.

 6)
 

ʀʟ ʫʪʚʝʨʞʜʝʥʠʷ 6 ʩʣʝʜʫʝʪ ʠʝʨʘʨʭʠʷ ʢʣʘʩʩʦʚ ʷʟʳʢʦʚ: 

ʊʠʧ 3 (ʈʝʛʫʣʷʨʥʳʝ) Ë ʊʠʧ 2 (ʂʉ) Ë ʊʠʧ 1 (ʂɿ) Ë ʊʠʧ 0  

 

 

ʈʠʩ. 1. ʀʝʨʘʨʭʠʷ ʢʣʘʩʩʦʚ ʷʟʳʢʦʚ. 

ʅʘ ʨʠʩ. 1 ʠʝʨʘʨʭʠʷ ʍʦʤʩʢʦʛʦ ʜʣʷ ʢʣʘʩʩʦʚ ʷʟʳʢʦʚ ʠʟʦʙʨʘʞʝʥʘ ʚ ʚʠʜʝ ʜʠʘʛʨʘʤʤʳ ɺʝʥ-

ʥʘ. ʂʣʘʩʩʳ ʚʢʣʘʜʳʚʘʶʪʩʷ ʜʨʫʛ ʚ ʜʨʫʛʘ. ʉʘʤʳʡ ʰʠʨʦʢʠʡ ʢʣʘʩʩ ʷʟʳʢʦʚ (ʪʠʧʘ 0) ʩʦʜʝʨʞʠʪ ʚ 

ʩʝʙʝ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʢʣʘʩʩʳ. 

ʋʪʚʝʨʞʜʝʥʠʝ 7. ʇʨʦʙʣʝʤʘ çʄʦʞʥʦ ʣʠ ʷʟʳʢ, ʦʧʠʩʘʥʥʳʡ ʛʨʘʤʤʘʪʠʢʦʡ ʪʠʧʘ k 

(k = 0, 1, 2), ʦʧʠʩʘʪʴ ʛʨʘʤʤʘʪʠʢʦʡ ʪʠʧʘ k + 1?è ʷʚʣʷʝʪʩʷ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠ ʥʝʨʘʟʨʝʰʠʤʦʡ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʜʣʷ k = 1, 2, 3 ʷʟʳʢ ʪʠʧʘ k ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʠ ʷʟʳʢʦʤ ʪʠʧʘ k - 1 (ʩʦʛʣʘʩʥʦ 

ʠʝʨʘʨʭʠʠ ʥʘ ʨʠʩ.1, ʢʣʘʩʩ ʷʟʳʢʦʚ ʪʠʧʘ k  ʷʚʣʷʝʪʩʷ   ʧʦʜʢʣʘʩʩʦʤ ʢʣʘʩʩʘ ʷʟʳʢʦʚ ʪʠʧʘ k - 1). ʅʝ-

ʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʥʝʪ ʘʣʛʦʨʠʪʤʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʦ ʟʘʜʘʥʥʦʤʫ ʦʧʠʩʘʥʠʶ ʷʟʳʢʘ L (ʥʘʧʨʠʤʝʨ, 

ʧʦ ʛʨʘʤʤʘʪʠʢʝ), ʦʧʨʝʜʝʣʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦʝ k, ʪʘʢʦʝ ʯʪʦ L ʷʚʣʷʝʪʩʷ ʷʟʳʢʦʤ ʪʠʧʘ k, ʧʨʠ ʦʪʚʝʪʝ 

ʥʘ ʚʦʧʨʦʩ çʂʘʢʦʛʦ ʪʠʧʘ ʟʘʜʘʥʥʳʡ ʷʟʳʢ L?è ʚ ʧʨʠʤʝʨʘʭ ʠ ʟʘʜʘʯʘʭ ʙʫʜʝʤ ʫʢʘʟʳʚʘʪʴ, ʝʩʣʠ ʥʝ 
ʦʛʦʚʦʨʝʥʦ ʠʥʦʝ, ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ k (0, 1, 2, ʠʣʠ 3) ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʷʟʳʢʘ L.  

ʈʘʩʩʤʦʪʨʠʤ, ʥʘʧʨʠʤʝʨ, ʷʟʳʢ La,b = { a, b}, ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ ʦʜʥʦʙʫʢʚʝʥʥʳʭ ʮʝʧʦʯʝʢ. 

ʂʘʢʦʛʦ ʪʠʧʘ ʷʟʳʢ La,b?  ʆʪʚʝʪ:  ʪʠʧʘ 3, ʪʘʢ ʢʘʢ, ʚʦ-ʧʝʨʚʳʭ,  ʦʥ ʧʦʨʦʞʜʘʝʪʩʷ ʛʨʘʤʤʘʪʠʢʦʡ  

                                                
6)

 ʇʦʥʷʪʠʝ ʟʘʧʠʩʠ ʥʦʨʤʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʄʘʨʢʦʚʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ [10].  
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S Ÿ a | b  ʪʠʧʘ 3; ʚʦ-ʚʪʦʨʳʭ, ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʛʨʘʤʤʘʪʠʢʠ ʪʠʧʘ k > 3, ʢʦʪʦʨʘʷ ʙʳ ʧʦʨʦʞʜʘʣʘ La,b 

(ʪ. ʝ.  3 ð ʵʪʦ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ k, ʪʘʢʦʝ, ʯʪʦ La,b ʚ̫ʣʷʝʪʩʷ ʷʟʳʢʦʤ ʪʠʧʘ k).  

ʆʪʤʝʪʠʤ, ʯʪʦ ʩʦʛʣʘʩʥʦ ʠʝʨʘʨʭʠʠ ʷʟʳʢʦʚ, ʩʣʝʜʫʶʱʠʝ ʫʪʚʝʨʞʜʝʥʠʷ ʪʘʢʞʝ ʩʧʨʘʚʝʜʣʠ-

ʚʳ: çLa,b ʚ̫ʣʷʝʪʩʷ ʷʟʳʢʦʤ ʪʠʧʘ 2è, çLa,b ʚ̫ʣʷʝʪʩʷ ʷʟʳʢʦʤ ʪʠʧʘ 1è, çLa,b ʚ̫ʣʷʝʪʩʷ ʷʟʳʢʦʤ ʪʠʧʘ 

0è. ʅʦ, ʩ ʫʯʝʪʦʤ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʵʪʠ ʫʪʚʝʨʞʜʝʥʠʷ ʥʝ ʩʯʠʪʘʶʪʩʷ ʠʩʯʝʨʧʳʚʘʶʱʠʤʠ ʦʪʚʝʪʘʤʠ 

ʥʘ ʚʦʧʨʦʩ  çʂʘʢʦʛʦ ʪʠʧʘ ʷʟʳʢ La,b?è. 

ʉʦʛʣʘʰʝʥʠʝ: ʚ ʧʨʠʤʝʨʘʭ ʠ ʟʘʜʘʯʘʭ ʜʣʷ ʢʨʘʪʢʦʩʪʠ ʚʤʝʩʪʦ ʧʦʣʥʦʡ ʯʝʪʚʝʨʢʠ G = à T, N, 

P, S ð ʙʫʜʝʤ ʠʥʦʛʜʘ ʚʳʧʠʩʳʚʘʪʴ ʪʦʣʴʢʦ ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ çʩʭʝʤʫè ʛʨʘʤʤʘʪʠʢʠ ð ʧʨʘʚʠʣʘ ʚʳ-

ʚʦʜʘ ʈ, ʩʯʠʪʘʷ, ʯʪʦ ʙʦʣʴʰʠʝ ʣʘʪʠʥʩʢʠʝ ʙʫʢʚʳ ʦʙʦʟʥʘʯʘʶʪ ʥʝʪʝʨʤʠʥʘʣʴʥʳʝ ʩʠʤʚʦʣʳ, ʥʘʯʘʣʴ-

ʥʳʡ ʩʠʤʚʦʣ (ʮʝʣʴ) ʛʨʘʤʤʘʪʠʢʠ ʦʙʷʟʘʪʝʣʴʥʦ ʩʪʦʠʪ ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʧʝʨʚʦʛʦ ʧʨʘʚʠʣʘ, e ð ʧʫʩʪʘʷ 
ʮʝʧʦʯʢʘ, ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʩʠʤʚʦʣʳ ð ʪʝʨʤʠʥʘʣʴʥʳʝ. 

ɿʘʜʘʯʘ. 

ɼʘʥʳ ʛʨʘʤʤʘʪʠʢʠ G1 ʠ G2: 

G1:    

 S Ÿ 0A1 

 A Ÿ 0A0 

 A Ÿ e 
 

G2:    

 S Ÿ aSb | e 
 

(1)  ʂʘʢʦʛʦ ʪʠʧʘ ʷʟʳʢ L(G1)? (2)  ʂʘʢʦʛʦ ʪʠʧʘ ʷʟʳʢ L(G2)? 

ʈʝʰʝʥʠʝ 

1) ʇʨʘʚʠʣʘ ʛʨʘʤʤʘʪʠʢʠ G1 ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʦʛʨʘʥʠʯʝʥʠʷʤ ʥʘ ʧʨʘʚʠʣʘ ʂʉ-ʛʨʘʤʤʘʪʠʢ, ʥʦ 

ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʦʛʨʘʥʠʯʝʥʠʷʤ ʨʝʛʫʣʷʨʥʳʭ ʛʨʘʤʤʘʪʠʢ, ʪ. ʝ. ʵʪʦ ʛʨʘʤʤʘʪʠʢʘ ʪʠʧʘ 2, ʠ ʧʦ-

ʵʪʦʤʫ L(G1) ʷʚʣʷʝʪʩʷ ʷʟʳʢʦʤ ʪʠʧʘ 2 (ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʪʦ ʷʟʳʢ ʠ ʪʠʧʘ 1, ʠ ʪʠʧʘ 0). ɿʘʤʝʪʠʤ, 

ʯʪʦ L(G1) = {00
n
0

n
1 | n ² 0} = {0

(2n + 1)
1 | n ² 0} ʠ ʵʪʦʪ ʷʟʳʢ  ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʷʟʳʢʦʤ ʪʠʧʘ 3, ʧʦ-

ʩʢʦʣʴʢʫ ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʝʡ ʨʝʛʫʣʷʨʥʦʡ ʛʨʘʤʤʘʪʠʢʦʡ: 

 S Ÿ 0A 

 A Ÿ 0B | 1 

 B Ÿ 0A 
 

 

ʀʪʘʢ, ʤʘʢʩʠʤʘʣʴʥʦʝ k, ʜʣʷ ʢʦʪʦʨʦʛʦ L(G1) ʷʚʣʷʝʪʩʷ ʷʟʳʢʦʤ ʪʠʧʘ k, ʨʘʚʥʦ 3. 

2) ʇʦ ʚʠʜʫ ʧʨʘʚʠʣ G2 ʷʚʣʷʝʪʩʷ ʛʨʘʤʤʘʪʠʢʦʡ ʪʠʧʘ 2 ʠ ʥʝ ʷʚʣʷʝʪʩʷ ʛʨʘʤʤʘʪʠʢʦʡ ʪʠʧʘ 3. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, L(G2) ʷʚʣʷʝʪʩʷ ʷʟʳʢʦʤ ʪʠʧʘ 2. ʗʚʣʷʝʪʩʷ ʣʠ L(G2) ʷʟʳʢʦʤ ʪʠʧʘ 3? ʆʪʚʝʪ ʥʘ 

ʵʪʦʪ ʚʦʧʨʦʩ ʦʪʨʠʮʘʪʝʣʴʥʳʡ, ʪʘʢ ʢʘʢ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʨʝʛʫʣʷʨʥʦʡ ʛʨʘʤʤʘʪʠʢʠ (ʪ. ʝ. ʛʨʘʤʤʘʪʠʢʠ 

ʪʠʧʘ 3), ʧʦʨʦʞʜʘʶʱʝʡ ʷʟʳʢ L(G2) = { a
n
b

n
 | n ² 0}

7)
. 

ʀʪʘʢ, ʤʘʢʩʠʤʘʣʴʥʦʝ k, ʜʣʷ ʢʦʪʦʨʦʛʦ L(G2) ʷʚʣʷʝʪʩʷ ʷʟʳʢʦʤ ʪʠʧʘ k, ʨʘʚʥʦ 2. 

ʇʨʠʤʝʨʳ ʛʨʘʤʤʘʪʠʢ ʠ ʷʟʳʢʦʚ 

ʇʨʠʤʝʨʳ ʛʨʘʤʤʘʪʠʢ ʠ ʷʟʳʢʦʚ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʝ ʢʣʘʩʩʳ ʠʝʨʘʨʭʠʠ ʍʦʤʩʢʦʛʦ, ʧʨʠʚʝ-
ʜʝʤ ʚ ʧʦʨʷʜʢʝ, ʦʙʨʘʪʥʦʤ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʪ. ʝ. ʙʫʜʝʤ ʠʜʪʠ ʦʪ ʧʨʦʩʪʦʛʦ ʢ ʩʣʦʞʥʦʤʫ.  

                                                
7)

 ʅʝʨʝʛʫʣʷʨʥʦʩʪʴ ʷʟʳʢʘ { anbn | n ² 0} ʙʫʜʝʪ ʜʦʢʘʟʘʥʘ ʚ  ʨʘʟʜʝʣʝ çʈʘʟʙʦʨ ʧʦ ʨʝʛʫʣʷʨʥʳʤ ʛʨʘʤʤʘʪʠʢʘʤè. 
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ʈʝʛʫʣʷʨʥʳʝ  

1) ɻʨʘʤʤʘʪʠʢʘ S Ÿ aS | a  ʷʚʣʷʝʪʩʷ ʧʨʘʚʦʣʠʥʝʡʥʦʡ (ʥʝʫʢʦʨʘʯʠʚʘʶʱʝʡ) ʛʨʘʤʤʘʪʠʢʦʡ. 

ʆʥʘ ʧʦʨʦʞʜʘʝʪ ʨʝʛʫʣʷʨʥʳʡ ʷʟʳʢ { a
n
 | n > 0}. ʕʪʦʪ ʷʟʳʢ ʤʦʞʝʪ ʙʳʪʴ ʧʦʨʦʞʜʝʥ ʠ ʣʝʚʦʣʠʥʝʡ-

ʥʦʡ ʛʨʘʤʤʘʪʠʢʦʡ: S Ÿ Sa | a. ɿʘʤʝʪʠʤ, ʯʪʦ ʦʙʝ ʵʪʠ ʛʨʘʤʤʘʪʠʢʠ  ʷʚʣʷʶʪʩʷ ʘʚʪʦʤʘʪʥʳʤʠ.  

2) ɻʨʘʤʤʘʪʠʢʘ S Ÿ aS | e   ʷʚʣʷʝʪʩʷ ʧʨʘʚʦʣʠʥʝʡʥʦʡ ʠ ʧʦʨʦʞʜʘʝʪ ʨʝʛʫʣʷʨʥʳʡ ʷʟʳʢ 

{ a
n
 | n ² 0}. ɼʣʷ ʣʶʙʦʛʦ ʨʝʛʫʣʷʨʥʦʛʦ ʷʟʳʢʘ ʩʫʱʝʩʪʚʫʝʪ ʥʝʫʢʦʨʘʯʠʚʘʶʱʘʷ ʨʝʛʫʣʷʨʥʘʷ ʛʨʘʤ-

ʤʘʪʠʢʘ (ʩʤ. ʫʪʚʝʨʞʜʝʥʠʝ 4). ʇʦʩʪʨʦʠʤ ʥʝʫʢʦʨʘʯʠʚʘʶʱʫʶ ʨʝʛʫʣʷʨʥʫʶ ʛʨʘʤʤʘʪʠʢʫ ʜʣʷ ʜʘʥ-
ʥʦʛʦ ʷʟʳʢʘ: 

 
S Ÿ aA | a | e 

 ɸ Ÿ a | aA 
 

 

ɺ ʩʘʤʦʤ ʜʝʣʝ, ʧʨʘʚʠʣʦ ʩ ʧʫʩʪʦʡ ʧʨʘʚʦʡ ʯʘʩʪʴʶ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʨʘʟ ʠ 

ʪʦʣʴʢʦ ʥʘ ʧʝʨʚʦʤ ʰʘʛʝ ʚʳʚʦʜʘ; ʦʩʪʘʣʴʥʳʝ ʧʨʘʚʠʣʘ ʪʘʢʦʚʳ, ʯʪʦ ʠʭ ʧʨʘʚʘʷ ʯʘʩʪʴ ʥʝ ʢʦʨʦʯʝ ʣʝ-
ʚʦʡ, ʪ. ʝ. ʛʨʘʤʤʘʪʠʢʘ ʥʝʫʢʦʨʘʯʠʚʘʶʱʘʷ. 

3) ɻʨʘʤʤʘʪʠʢʘ 

 S Ÿ A  ̂| B  ̂

 A Ÿ a | Ba 

 B Ÿ b | Bb | Ab 
 

 

ʣʝʚʦʣʠʥʝʡʥʘʷ; ʦʥʘ ʧʦʨʦʞʜʘʝʪ ʨʝʛʫʣʷʨʥʳʡ ʷʟʳʢ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʚʩʝʭ ʥʝʧʫʩʪʳʭ ʮʝʧʦʯʝʢ 

ʚ ʘʣʬʘʚʠʪʝ {a, b}, ʟʘʢʘʥʯʠʚʘʶʱʠʭʩʷ ʩʠʤʚʦʣʦʤ  ̂(ʤʘʨʢʝʨ ʢʦʥʮʘ) ʠ ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʧʦʜʮʝʧʦʯ-

ʢʫ aa. ʊʦ ʝʩʪʴ ʚ ʮʝʧʦʯʢʘʭ ʵʪʦʛʦ ʷʟʳʢʘ ʩʠʤʚʦʣ a ʥʝ ʤʦʞʝʪ ʚʩʪʨʝʯʘʪʴʩʷ ʜʚʘ ʨʘʟʘ ʧʦʜʨʷʜ, ʭʦʪʷ 

ʙʳ ʦʜʠʥ ʩʠʤʚʦʣ b ʦʙʷʟʘʪʝʣʴʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʤʝʞʜʫ ʣʶʙʳʤʠ ʜʚʫʤʷ a. ʉ ʧʦʤʦʱʴʶ ʪʝʦʨʝʪʠʢʦ-

ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʬʦʨʤʫʣʳ ʜʘʥʥʳʡ ʷʟʳʢ ʦʧʠʩʳʚʘʝʪʩʷ ʪʘʢ: { ŵ  | w Í { a, b}
+
, aa Ê w }.  

 

ʂʦʥʪʝʢʩʪʥʦ-ʩʚʦʙʦʜʥʳʝ  

4) ɻʨʘʤʤʘʪʠʢʘ 

 S Ÿ aQb | accb 

 Q Ÿ cSc 
 

 

ʷʚʣʷʝʪʩʷ ʢʦʥʪʝʢʩʪʥʦ-ʩʚʦʙʦʜʥʦʡ (ʥʝʫʢʦʨʘʯʠʚʘʶʱʝʡ) ʠ ʧʦʨʦʞʜʘʝʪ ʂʉ-ʷʟʳʢ {( ac)
n
 (cb)

n
 | n > 

0}, ʢʦʪʦʨʳʡ, ʢʘʢ ʠ ʚʩʪʨʝʯʘʚʰʠʡʩʷ ʥʘʤ ʨʘʥʝʝ ʷʟʳʢ { a
n
b

n
 | n ² 0}, ʥʝ ʷʚʣʷʝʪʩʷ ʨʝʛʫʣʷʨʥʳʤ, ʪ. ʝ. 

ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʨʦʞʜʝʥ ʥʠ ʦʜʥʦʡ ʨʝʛʫʣʷʨʥʦʡ ʛʨʘʤʤʘʪʠʢʦʡ. 

5) ɻʨʘʤʤʘʪʠʢʘ 

 S Ÿ aSa | bSb | e 
 

 

ʧʦʨʦʞʜʘʝʪ ʂʉ-ʷʟʳʢ { xx
R
, xÍ{ a, b}

*
}.  ɼʘʥʥʳʡ ʷʟʳʢ ʥʝ ʷʚʣʷʝʪʩʷ ʨʝʛʫʣʷʨʥʳʤ. ɻʨʘʤʤʘʪʠʢʘ ʥʝ 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʦʧʨʝʜʝʣʝʥʠʶ ʥʝʫʢʦʨʘʯʠʚʘʶʱʝʡ, ʥʦ ʜʣʷ ʥʝʝ ʩʫʱʝʩʪʚʫʝʪ ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʥʝʫʢʦ-

ʨʘʯʠʚʘʶʱʘʷ ʛʨʘʤʤʘʪʠʢʘ (ʩʤ. ʫʪʚʝʨʞʜʝʥʠʝ 2). ʇʨʠʚʝʜʝʤ ʪʘʢʫʶ ʛʨʘʤʤʘʪʠʢʫ: 

 S Ÿ A | e 

 A Ÿ aAa | bAb | aa | bb 
 

 



     ʕʣʝʤʝʥʪʳ ʪʝʦʨʠʠ ʬʦʨʤʘʣʴʥʳʭ ʷʟʳʢʦʚ ʠ ʛʨʘʤʤʘʪʠʢ / ʇʨʠʤʝʨʳ ʛʨʘʤʤʘʪʠʢ ʠ ʷʟʳʢʦʚ 
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ʅʝʫʢʦʨʘʯʠʚʘʶʱʠʝ ʠ ʢʦʥʪʝʢʩʪʥʦ-ʟʘʚʠʩʠʤʳʝ  

6) ɻʨʘʤʤʘʪʠʢʘ: 

 S Ÿ aSBC | abC 

 CB Ÿ BC 

 bB Ÿ bb 

 bC Ÿ bc 

 cC Ÿ cc 
 

 

ʥʝʫʢʦʨʘʯʠʚʘʶʱʘʷ ʠ ʧʦʨʦʞʜʘʝʪ ʷʟʳʢ }0|{ >ncba nnn
, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʷʟʳʢʦʤ ʪʠʧʘ 1, ʥʦ ʥʝ 

ʷʚʣʷʝʪʩʷ ʷʟʳʢʦʤ ʪʠʧʘ 2 (ʵʪʦʪ ʬʘʢʪ ʜʦʢʘʟʳʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ çʣʝʤʤʳ ʦ ʨʘʟʨʘʩʪʘʥʠʠ ʮʝʧʦʯʝʢ 
ʂʉ-ʷʟʳʢʘè [3, ʪ.1]).  

ʇʨʘʚʠʣʦ CB Ÿ BC ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʦʧʨʝʜʝʣʝʥʠʶ ʂɿ-ʛʨʘʤʤʘʪʠʢʠ. ʆʜʥʘʢʦ, ʟʘʤʝʥʠʚ 

ʵʪʦ ʧʨʘʚʠʣʦ ʪʨʝʤʷ ʥʦʚʳʤʠ CBŸ ʉD, CD Ÿ BD, BD Ÿ BC (ʜʦʙʘʚʣʷʝʤ ʥʦʚʳʡ ʩʠʤʚʦʣ D ʚ 

ʤʥʦʞʝʩʪʚʦ ʥʝʪʝʨʤʠʥʘʣʦʚ N ), ʤʳ ʧʦʣʫʯʠʤ ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʩʝʨʠʶ ʢʦʥʪʝʢʩʪʥʦ-ʟʘʚʠʩʠʤʳʭ ʧʨʘ-

ʚʠʣ, ʢʦʪʦʨʳʝ ʤʝʥʷʶʪ ʤʝʩʪʘʤʠ ʩʠʤʚʦʣʳ C ʠ B. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʘʝʤ ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʂɿ-
ʛʨʘʤʤʘʪʠʢʫ: 

 S Ÿ aSBC | abC 

 CB Ÿ CD 

 CD Ÿ BD 

 BD Ÿ BC 

 bB Ÿ bb 

 bC Ÿ bc 

 cC Ÿ cc 
 

 

ɹʝʟ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʚʠʜ ʧʨʘʚʠʣ (ʪʠʧ 0)  

7) ɺ ʛʨʘʤʤʘʪʠʢʝ ʪʠʧʘ 0 

 S Ÿ SS 

 SS Ÿ e 
 

 

ʚʪʦʨʦʝ ʧʨʘʚʠʣʦ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʦʛʨʘʥʠʯʝʥʠʷʤ ʥʝʫʢʦʨʘʯʠʚʘʶʱʝʡ ʛʨʘʤʤʘʪʠʢʠ. ʉʫʱʝʩʪʚʫʝʪ 

ʙʝʩʢʦʥʝʯʥʦ ʤʥʦʛʦ ʚʳʚʦʜʦʚ ʚ ʜʘʥʥʦʡ ʛʨʘʤʤʘʪʠʢʝ, ʦʜʥʘʢʦ ʧʦʨʦʞʜʘʝʤʳʡ ʷʟʳʢ ʢʦʥʝʯʝʥ ʠ ʩʦ-

ʩʪʦʠʪ ʠʟ ʝʜʠʥʩʪʚʝʥʥʦʡ ʮʝʧʦʯʢʠ: {e}.  

ʉʣʝʜʫʶʱʘʷ ʛʨʘʤʤʘʪʠʢʘ ʪʘʢʞʝ ʥʝ ʷʚʣʷʝʪʩʷ ʥʝʫʢʦʨʘʯʠʚʘʶʱʝʡ ʠ ʧʦʨʦʞʜʘʝʪ ʧʫʩʪʦʡ 

ʷʟʳʢ, ʪʘʢ ʢʘʢ ʥʠ ʦʜʥʘ ʪʝʨʤʠʥʘʣʴʥʘʷ ʮʝʧʦʯʢʘ ʥʝ ʚʳʚʦʜʠʪʩʷ ʠʟ S (ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʧʫʩʪʦʛʦ 

ʷʟʳʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ  Å ð ʟʥʘʢ ʧʫʩʪʦʛʦ ʤʥʦʞʝʩʪʚʘ): 

 S Ÿ SS 

 SS Ÿ Sa | S 
 

 

ɿʘʤʝʪʠʤ, ʯʪʦ ʷʟʳʢʠ Le = {e}   ʠ  LÅ = Å (ʧʫʩʪʦʡ ʷʟʳʢ) ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ ʛʨʘʤʤʘʪʠ-

ʢʘʤʠ ʪʠʧʘ 3. ʂʨʦʤʝ ʪʦʛʦ, ʦʪʤʝʪʠʤ, ʯʪʦ Le  ̧LÅ, ʪʘʢ  ʢʘʢ  LÅ ʥʝ ʩʦʜʝʨʞʠʪ ʮʝʧʦʯʝʢ ʚʦʦʙʱʝ, ʘ Le 
ð ʷʟʳʢ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʦʜʥʦʡ ʮʝʧʦʯʢʠ (ʧʫʩʪʘʷ ʮʝʧʦʯʢʘ e ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʨʘʚʥʦʧʨʘʚʥʘ  ʩ 

ʦʩʪʘʣʴʥʳʤʠ ʮʝʧʦʯʢʘʤʠ ʚ ʘʣʬʘʚʠʪʝ). 

 8) ʉʦʜʝʨʞʘʪʝʣʴʥʳʝ ʧʨʠʤʝʨʳ ʛʨʘʤʤʘʪʠʢ, ʧʦʨʦʞʜʘʶʱʠʭ ʷʟʳʢʠ, ʥʝ ʧʨʠʥʘʜʣʝʞʘʱʠʝ 

ʢʣʘʩʩʫ ʢʦʥʪʝʢʩʪʥʦ-ʟʘʚʠʩʠʤʳʭ (ʪʠʧ 1), ʥʝ ʧʨʠʚʦʜʷʪʩʷ ʠʟ-ʟʘ ʠʭ ʛʨʦʤʦʟʜʢʦʩʪʠ. ʅʠʞʝ ʦʙʩʫʞʜʘ-

ʝʪʩʷ ʣʠʰʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʪʘʢʦʡ ʛʨʘʤʤʘʪʠʢʠ ʜʣʷ ʦʜʥʦʛʦ ʷʟʳʢʘ ʪʠʧʘ 0. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʷʟʳʢʠ ʪʠʧʘ 0 (ʨʝʢʫʨʩʠʚʥʦ ʧʝʨʝʯʠʩʣʠʤʳʝ ʤʥʦʞʝʩʪʚʘ) ʤʦʞʥʦ ʟʘʜʘʚʘʪʴ ʩ 

ʧʦʤʦʱʴʶ ʨʘʩʧʦʟʥʘʚʘʪʝʣʝʡ: ʅɸʄ ʠʣʠ ʄʊ. ʉʫʱʝʩʪʚʫʶʪ ʘʣʛʦʨʠʪʤʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦ ʅɸʄ 



ʕʣʝʤʝʥʪʳ ʪʝʦʨʠʠ ʬʦʨʤʘʣʴʥʳʭ ʷʟʳʢʦʚ ʠ ʛʨʘʤʤʘʪʠʢ / ʇʨʠʤʝʨʳ ʛʨʘʤʤʘʪʠʢ ʠ ʷʟʳʢʦʚ 
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ʠʣʠ ʄʊ ʧʦʩʪʨʦʠʪʴ ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʛʨʘʤʤʘʪʠʢʫ ʪʠʧʘ 0, ʟʘʜʘʶʱʫʶ ʪʦʪ ʞʝ ʷʟʳʢ, ʯʪʦ ʠ ʠʩʭʦʜ-

ʥʳʡ ʨʘʩʧʦʟʥʘʚʘʪʝʣʴ.  

ʇʫʩʪʴ ʟʘʜʘʥ ʥʝʢʦʪʦʨʳʡ ʘʣʬʘʚʠʪ. ʀʟ ʪʝʦʨʠʠ ʘʣʛʦʨʠʪʤʦʚ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʤʦʞʥʦ ʧʦʩʪʨʦ-

ʠʪʴ ʅɸʄ A, ʥʘ ʚʭʦʜ ʢʦʪʦʨʦʤʫ ʧʦʜʘʝʪʩʷ ʟʘʧʠʩʴ ʣʶʙʦʛʦ ʘʣʛʦʨʠʪʤʘ (ʅɸʄ) X ʚ ʟʘʜʘʥʥʦʤ ʘʣʬʘ-

ʚʠʪʝ, ʠ ʘʣʛʦʨʠʪʤ A ʵʤʫʣʠʨʫʝʪ ʨʘʙʦʪʫ ʘʣʛʦʨʠʪʤʘ X ʚ ʧʨʠʤʝʥʝʥʠʠ ʢ ʟʘʧʠʩʠ X. ʄʦʞʥʦ ʪʘʢʞʝ 

ʜʦʙʠʪʴʩʷ, ʯʪʦʙʳ A ʟʘʮʠʢʣʠʚʘʣʩʷ, ʝʩʣʠ ʝʤʫ ʧʦʜʘʣʠ ʥʘ ʚʭʦʜ ʮʝʧʦʯʢʫ, ʥʝ ʷʚʣʷʶʱʫʶʩʷ ʧʨʘʚʠʣʴ-

ʥʦʡ ʟʘʧʠʩʴʶ ʢʘʢʦʛʦ-ʣʠʙʦ ʘʣʛʦʨʠʪʤʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʣʛʦʨʠʪʤ A ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʥʘ 

ʟʘʧʠʩʷʭ ʩʘʤʦʧʨʠʤʝʥʠʤʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʘ ʥʘ ʚʩʝʭ ʜʨʫʛʠʭ ʚʭʦʜʘʭ ð ʟʘʮʠʢʣʠʚʘʝʪʩʷ. ɼʨʫʛʠʤʠ 

ʩʣʦʚʘʤʠ, ɸ ʟʘʜʘʝʪ ʷʟʳʢ ʟʘʧʠʩʝʡ ʩʘʤʦʧʨʠʤʝʥʠʤʳʭ ʘʣʛʦʨʠʪʤʦʚ, ð ʦʙʦʟʥʘʯʠʤ ʵʪʦʪ ʷʟʳʢ Lself . 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, Lself   ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩ ʧʦʤʦʱʴʶ ʛʨʘʤʤʘʪʠʢʠ ʪʠʧʘ 0.  

ʇʦʢʘʞʝʤ, ʯʪʦ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʛʨʘʤʤʘʪʠʢʠ ʪʠʧʘ 1, ʢʦʪʦʨʘʷ ʧʦʨʦʞʜʘʝʪ ʷʟʳʢ Lself . ʀʟ-

ʚʝʩʪʥʦ, ʯʪʦ ʧʨʦʙʣʝʤʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʜʣʷ ʛʨʘʤʤʘʪʠʢ ʪʠʧʘ 1 ʘʣʛʦʨʠʪʤʠʯʝʩʢʠ ʨʘʟʨʝʰʠʤʘ. ʊʦ 

ʝʩʪʴ ʩʫʱʝʩʪʚʫʝʪ ʘʣʛʦʨʠʪʤ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ, ʧʨʠʥʘʜʣʝʞʠʪ ʣʠ ʟʘʜʘʥʥʘʷ ʮʝʧʦʯʢʘ ʷʟʳʢʫ, 

ʧʦʨʦʞʜʘʝʤʦʤʫ ʛʨʘʤʤʘʪʠʢʦʡ. ʇʨʝʜʧʦʣʦʞʠʤ, ʩʫʱʝʩʪʚʫʝʪ ʛʨʘʤʤʘʪʠʢʘ ʪʠʧʘ 1, ʧʦʨʦʞʜʘʶʱʘʷ 

ʷʟʳʢ Lself . ʊʦʛʜʘ ʘʣʛʦʨʠʪʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʜʘʝʪ ʦʪʚʝʪ ʜʣʷ ʣʶʙʦʡ ʮʝʧʦʯʢʠ, ʷʚʣʷʝʪʩʷ ʣʠ ʦʥʘ ʟʘ-

ʧʠʩʴʶ ʩʘʤʦʧʨʠʤʝʥʠʤʦʛʦ ʘʣʛʦʨʠʪʤʘ ʠʣʠ ʥʝʪ. ʀʤʝʝʤ ʧʨʦʪʠʚʦʨʝʯʠʝ ʩ ʠʟʚʝʩʪʥʳʤ ʬʘʢʪʦʤ ʦʙ 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ ʥʝʨʘʟʨʝʰʠʤʦʩʪʠ ʧʨʦʙʣʝʤʳ ʩʘʤʦʧʨʠʤʝʥʠʤʦʩʪʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʛʨʘʤʤʘʪʠ-

ʢʠ ʪʠʧʘ 1, ʧʦʨʦʞʜʘʶʱʝʡ ʷʟʳʢ Lself , ʥʝ ʩʫʱʝʩʪʚʫʝʪ. 

ɿʘʤʝʯʘʥʠʝ ʦ ʩʚʷʟʠ ʤʝʞʜʫ ʷʟʳʢʦʤ ʠ ʛʨʘʤʤʘʪʠʢʦʡ 

ɺ ʧʨʠʚʝʜʝʥʥʳʭ ʨʘʥʝʝ ʧʨʠʤʝʨʘʭ ʤʳ ʫʪʚʝʨʞʜʘʣʠ, ʯʪʦ ʟʘʜʘʥʥʘʷ ʛʨʘʤʤʘʪʠʢʘ ʧʦʨʦʞʜʘʝʪ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʷʟʳʢ ʠʩʭʦʜʷ ʠʟ ʥʝʩʪʨʦʛʠʭ ʨʘʩʩʫʞʜʝʥʠʡ, ʠʥʪʫʠʪʠʚʥʦ, ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʘʚʠʣ 

ʚʳʚʦʜʘ. ɺʦʦʙʱʝ ʛʦʚʦʨʷ, ʩʣʝʜʫʝʪ ʜʦʢʘʟʳʚʘʪʴ, ʯʪʦ ʟʘʜʘʥʥʘʷ ʛʨʘʤʤʘʪʠʢʘ ʧʦʨʦʞʜʘʝʪ ʥʫʞʥʳʡ 
ʷʟʳʢ. ɼʣʷ ʵʪʦʛʦ ʪʨʝʙʫʝʪʩʷ ʜʦʢʘʟʘʪʴ, ʯʪʦ ʚ ʜʘʥʥʦʡ ʛʨʘʤʤʘʪʠʢʝ: 

I ) ʚʳʚʦʜʠʪʩʷ ʣʶʙʘʷ ʮʝʧʦʯʢʘ, ʧʨʠʥʘʜʣʝʞʘʱʘʷ ʷʟʳʢʫ, 

II ) ʥʝ ʚʳʚʦʜʷʪʩʷ ʥʠʢʘʢʠʝ ʜʨʫʛʠʝ ʮʝʧʦʯʢʠ. 

ɿʘʜʘʯʘ. 

ɼʦʢʘʟʘʪʴ, ʯʪʦ ʛʨʘʤʤʘʪʠʢʘ   G  ʩ ʧʨʘʚʠʣʘʤʠ ʚʳʚʦʜʘ: 

(1, 2) S Ÿ aSBC | abC
 
 

(3) CB Ÿ BC
 
 

(4) bB Ÿ bb
 
 

(5) bC Ÿ bc
 
 

(6) cC Ÿ cc  
 

 

ʧʦʨʦʞʜʘʝʪ ʷʟʳʢ L(G) = { a 

n 
b

n 
c

n
 | n ² 1}.  

(ɺ ʩʢʦʙʢʘʭ ʩʣʝʚʘ ʧʨʠʚʝʜʝʥʘ ʥʫʤʝʨʘʮʠʷ ʜʣʷ ʫʜʦʙʩʪʚʘ ʩʩʳʣʦʢ ʥʘ ʧʨʘʚʠʣʘ). 

ʈʝʰʝʥʠʝ 

I ) ʇʨʠʚʝʜʝʤ ʩʭʝʤʳ ʧʦʨʦʞʜʝʥʠʷ ʮʝʧʦʯʝʢ ʚʠʜʘ a
n 
b

n 
c

n
, n ² 1 c ʫʢʘʟʘʥʠʝʤ ʥʦʤʝʨʘ ʧʨʘ-

ʚʠʣʘ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʚʳʚʦʜʘ.  

ɼʣʷ n = 1: S Ÿ (2) abC Ÿ (5) abc. 

ɼʣʷ n > 1: S Ÿ(1) aSBC Ÿ(1) aaSBCBC Ÿ é Ÿ(1) a 

n ī 1
S(BC)

n ī 1
 Ÿ(2) a 

n
bC(BC )

n ī 1
 Ÿ(3) 

é Ÿ(3) a 

n
bB

n ī 1
C

n
 Ÿ(4) a 

n
bbB

n ī 2
C

n
 Ÿ é Ÿ(4) a 

n
b

n
C

n
 Ÿ(5) a 

n
b

n
cC 

n ī 1
 Ÿ(6) a

n
b

n
ccC

n ī 2
 Ÿ é Ÿ 

(6) a 

n
b

n
c

n
. 
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II) ʀʟ ʧʨʘʚʠʣ ʩʣʝʜʫʝʪ: 

1. ʅʦʚʳʝ ʩʠʤʚʦʣʳ ʘ, [b | B] ʠ C ʧʦʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʧʨʘʚʠʣ (1), (2) ʚ 

ʨʘʚʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʪ. ʝ. ʚ ʣʶʙʦʡ ʩʝʥʪʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʝ ʚʩʝʛʜʘ  
ʨʘʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘ, [b | B] ʠ [ʩ | ʉ]. 

2. ʉʠʤʚʦʣ ɺ ʟʘʤʝʥʷʝʪʩʷ ʪʦʣʴʢʦ ʥʘ b, ʘ  ʉ  ð  ʪʦʣʴʢʦ ʥʘ  ʩ. 

3. ʇʦʷʚʠʚʰʠʩʴ, ʪʝʨʤʠʥʘʣʴʥʳʝ ʩʠʤʚʦʣʳ ʫʞʝ ʥʝ ʤʝʥʷʶʪ ʩʚʦʝʡ ʧʦʟʠʮʠʠ, ʪ. ʝ. ʚ  

 ʣʶʙʦʡ ʩʝʥʪʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʝ ʩʠʤʚʦʣ ʘ ʚʩʝʛʜʘ ʣʝʚʝʝ ʣʶʙʳʭ [b | B] ʠ [c | C]. 

4. ʇʝʨʚʳʡ ʩʠʤʚʦʣ b ʧʦʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʧʨʘʚʠʣʘ (2). 

5. ʉʠʤʚʦʣ ɺ ʟʘʤʝʥʷʝʪʩʷ ʥʘ b, ʪʦʣʴʢʦ ʝʩʣʠ ʩʣʝʚʘ ʦʪ ɺ ʩʪʦʠʪ b, ʪ. ʝ. ʚʪʦʨʦʡ  

 ʩʠʤʚʦʣ b ʧʦʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʧʨʘʚʘ ʦʪ ʧʝʨʚʦʛʦ b, ʪʨʝʪʠʡ  

 b ð ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʧʨʘʚʘ ʦʪ ʚʪʦʨʦʛʦ b ʠ ʪ. ʜ. ʇʨʘʚʠʣʦ (5) ʧʨʠʤʝʥʷʝʪʩʷ 

 ʪʦʣʴʢʦ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʠʩʯʝʨʧʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʷʪʴ (3), ʠʥʘʯʝ  

 ʚʳʚʦʜ ʥʝ ʙʫʜʝʪ ʟʘʚʝʨʰʝʥ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʧʦʜʮʝʧʦʯʢʠ cB ʚ  
 ʩʝʥʪʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʝ.  

ʀʟ ʧʫʥʢʪʦʚ 3, 4 ʠ 5 ʩʣʝʜʫʝʪ, ʯʪʦ ʣʶʙʦʡ ʩʠʤʚʦʣ b ʨʘʩʧʦʣʦʞʝʥ ʚʩʝʛʜʘ ʣʝʚʝʝ  ʣ ʙʁʦʛʦ [c | 

C].  ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʣʶʙʦʡ ʚʳʚʦʜʠʤʦʡ ʮʝʧʦʯʢʝ ʨʘʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘ, b ʠ ʩ; ʘ ʚʩʝʛʜʘ ʩʪʦʠʪ 

ʣʝʚʝʝ, ʯʝʤ  b ʠ ʩ, b ʚʩʝʛʜʘ ʩʪʦʠʪ ʣʝʚʝʝ, ʯʝʤ  ʩ, ʪ. ʝ. ʣʶʙʘʷ ʮʝʧʦʯʢʘ ʠʤʝʝʪ ʚʠʜ a 

n
b

n
c

n
, ʯʪʦ ʠ ʪʨʝ-

ʙʦʚʘʣʦʩʴ ʜʦʢʘʟʘʪʴ. 

ʈʘʟʙʦʨ ʮʝʧʦʯʝʢ 

ʎʝʧʦʯʢʘ ʚ ʘʣʬʘʚʠʪʝ T ʧʨʠʥʘʜʣʝʞʠʪ ʷʟʳʢʫ, ʧʦʨʦʞʜʘʝʤʦʤʫ ʛʨʘʤʤʘʪʠʢʦʡ à T, N, P, S ð, 

ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʩʫʱʝʩʪʚʫʝʪ ʝʝ ʚʳʚʦʜ ʠʟ ʥʘʯʘʣʴʥʦʛʦ ʩʠʤʚʦʣʘ S ʵʪʦʡ ʛʨʘʤʤʘʪʠʢʠ. 

ʇʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥʠʷ ʪʘʢʦʛʦ ʚʳʚʦʜʘ (ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʮʝʧʦʯ-

ʢʠ ʷʟʳʢʫ) ʥʘʟʳʚʘʝʪʩʷ ʨʘʟʙʦʨʦʤ 
8)

. ʇʦʩʪʨʦʝʥʠʝ ʚʳʚʦʜʘ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʠ ʚ ʦʙʨʘʪʥʦʤ ʧʦ-

ʨʷʜʢʝ: ʚ ʠʩʭʦʜʥʦʡ ʮʝʧʦʯʢʝ ʠʱʝʤ ʚʭʦʞʜʝʥʠʝ ʧʨʘʚʦʡ ʯʘʩʪʠ ʥʝʢʦʪʦʨʦʛʦ ʧʨʘʚʠʣʘ ʠ ʟʘʤʝʥʷʝʤ ʝʛʦ 

ʥʘ ʣʝʚʫʶ ʯʘʩʪʴ (ʵʪʦ ʥʘʟʳʚʘʝʪʩʷ ʩʚʝʨʪʢʦʡ), ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʭʦʜʥʘʷ ʮʝʧʦʯʢʘ çʩʚʦʨʘʯʠʚʘʝʪʩʷè ʢ 

ʥʝʢʦʪʦʨʦʡ ʩʝʥʪʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʝ, ʟʘʪʝʤ ʠʜʝʪ ʩʣʝʜʫʶʱʘʷ ʩʚʝʨʪʢʘ ʠ ʪ. ʜ., ʧʦʢʘ ʥʝ ʧʨʠʜʝʤ ʢ 
ʮʝʣʠ ʛʨʘʤʤʘʪʠʢʠ ð S . ʇʨʦʮʝʩʩ ʨʘʟʙʦʨʘ  ʥʘʟʳʚʘʶʪ ʪʘʢʞʝ ʘʥʘʣʠʟʦʤ. 

ʉ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʘʟʙʦʨ ʧʦ ʢʦʥʪʝʢʩʪ-

ʥʦ-ʩʚʦʙʦʜʥʳʤ ʛʨʘʤʤʘʪʠʢʘʤ. ʀʭ ʧʦʨʦʞʜʘʶʱʝʡ ʤʦʱʥʦʩʪʠ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʧʠʩʘʥʠʷ ʙʦʣʴ-

ʰʝʡ ʯʘʩʪʠ ʩʠʥʪʘʢʩʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʦʜʢʣʘʩʩʦʚ 

ʂʉ-ʛʨʘʤʤʘʪʠʢ ʠʤʝʶʪʩʷ ʭʦʨʦʰʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʠʝʤʣʝʤʳʝ ʩʧʦʩʦʙʳ ʨʝʰʝʥʠʷ 
ʟʘʜʘʯʠ ʨʘʟʙʦʨʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʟʙʦʨʦʤ ʧʦ ʂʉ-

ʛʨʘʤʤʘʪʠʢʝ. 

ʆʧʨʝʜʝʣʝʥʠʝ: ʚʳʚʦʜ ʮʝʧʦʯʢʠ b Í T 
*
 ʠʟ S Í N ʚ ʂʉ-ʛʨʘʤʤʘʪʠʢʝ  

G = à T, N, P, S ð, ʥʘʟʳʚʘʝʪʩʷ ʣʝʚʳʤ (ʣʝʚʦʩʪʦʨʦʥʥʠʤ), ʝʩʣʠ ʚ ʵʪʦʤ ʚʳʚʦʜʝ ʢʘʞʜʘʷ ʦʯʝʨʝʜʥʘʷ 

ʩʝʥʪʝʥʮʠʘʣʴʥʘʷ ʬʦʨʤʘ ʧʦʣʫʯʘʝʪʩʷ ʠʟ ʧʨʝʜʳʜʫʱʝʡ ʟʘʤʝʥʦʡ ʩʘʤʦʛʦ ʣʝʚʦʛʦ ʥʝʪʝʨʤʠʥʘʣʘ. 

                                                
8)

 ʈʘʟʙʦʨʦʤ ʪʘʢʞʝ ʥʘʟʳʚʘʶʪ ʠ ʨʝʟʫʣʴʪʘʪ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ, ʪ. ʝ. ʚʳʚʦʜ ʮʝʧʦʯʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ (ʟʘʬʠʢʩʠʨʦʚʘʥ-

ʥʳʡ) ʢʘʢʠʤ-ʥʠʙʫʜʴ ʩʧʦʩʦʙʦʤ.  
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ʆʧʨʝʜʝʣʝʥʠʝ: ʚʳʚʦʜ ʮʝʧʦʯʢʠ b Í T 
*
 ʠʟ S Í N ʚ ʂʉ-ʛʨʘʤʤʘʪʠʢʝ  

G = à T, N, P, S ð, ʥʘʟʳʚʘʝʪʩʷ ʧʨʘʚʳʤ (ʧʨʘʚʦʩʪʦʨʦʥʥʠʤ), ʝʩʣʠ ʚ ʵʪʦʤ ʚʳʚʦʜʝ ʢʘʞʜʘʷ ʦʯʝʨʝʜ-

ʥʘʷ ʩʝʥʪʝʥʮʠʘʣʴʥʘʷ ʬʦʨʤʘ ʧʦʣʫʯʘʝʪʩʷ ʠʟ ʧʨʝʜʳʜʫʱʝʡ ʟʘʤʝʥʦʡ ʩʘʤʦʛʦ ʧʨʘʚʦʛʦ ʥʝʪʝʨʤʠʥʘʣʘ. 

ɺ ʛʨʘʤʤʘʪʠʢʝ ʜʣʷ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʮʝʧʦʯʢʠ ʤʦʞʝʪ ʙʳʪʴ ʥʝʩʢʦʣʴʢʦ ʚʳʚʦʜʦʚ, ʵʢʚʠʚʘ-

ʣʝʥʪʥʳʭ ʚ ʪʦʤ ʩʤʳʩʣʝ, ʯʪʦ ʚ ʥʠʭ ʚ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʤʝʩʪʘʭ ʧʨʠʤʝʥʷʶʪʩʷ ʦʜʥʠ ʠ ʪʝ ʞʝ ʧʨʘʚʠʣʘ 
ʚʳʚʦʜʘ, ʥʦ ʚ ʨʘʟʣʠʯʥʦʤ ʧʦʨʷʜʢʝ. 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʮʝʧʦʯʢʠ  a + b + a ʚ ʛʨʘʤʤʘʪʠʢʝ: 

Gexpr = à { a, b, +}, { S, T}, { S Ÿ T | T + S ; T Ÿ a | b}, S ð 

ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʚʳʚʦʜʳ: 

(1)   S Ÿ T + S Ÿ T + T + S Ÿ T + T + T Ÿ a + T + T Ÿ a + b + T Ÿ a + b + a 

(2)   S Ÿ T + S Ÿ a + S Ÿ a + T + S Ÿ a + b + S Ÿ a + b + T Ÿ a + b + a 

(3)   S Ÿ T + S Ÿ T + T + S Ÿ T + T + T Ÿ T + T + a Ÿ T + b + a Ÿ a + b + a 

ɿʜʝʩʴ (2) ð ʣʝʚʦʩʪʦʨʦʥʥʠʡ ʚʳʚʦʜ, (3) ð ʧʨʘʚʦʩʪʦʨʦʥʥʠʡ, ʘ (1) ʥʝ ʷʚʣʷʝʪʩʷ ʥʠ ʣʝʚʦ-

ʩʪʦʨʦʥʥʠʤ, ʥʠ ʧʨʘʚʦʩʪʦʨʦʥʥʠʤ, ʥʦ ʚʩʝ ʵʪʠ ʚʳʚʦʜʳ ʷʚʣʷʶʪʩʷ ʵʢʚʠʚʘʣʝʥʪʥʳʤʠ ʚ ʫʢʘʟʘʥʥʦʤ 
ʚʳʰʝ ʩʤʳʩʣʝ. 

ɼʣʷ ʂʉ-ʛʨʘʤʤʘʪʠʢ ʤʦʞʥʦ ʚʚʝʩʪʠ ʫʜʦʙʥʦʝ ʛʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚʳʚʦʜʘ, ʥʘʟʳ-

ʚʘʝʤʦʝ ʜʝʨʝʚʦʤ ʚʳʚʦʜʘ, ʧʨʠʯʝʤ ʜʣʷ ʚʩʝʭ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʚʳʚʦʜʦʚ ʜʝʨʝʚʴʷ ʚʳʚʦʜʘ ʩʦʚʧʘʜʘʶʪ. 

ʆʧʨʝʜʝʣʝʥʠʝ: ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʫʧʦʨʷʜʦʯʝʥʥʦʝ
9)

 ʜʝʨʝʚʦ ʥʘʟʳʚʘʝʪʩʷ ʜʝʨʝʚʦʤ ʚʳʚʦʜʘ 

(ʠʣʠ ʜʝʨʝʚʦʤ ʨʘʟʙʦʨʘ) ʚ ʂʉ-ʛʨʘʤʤʘʪʠʢʝ G = à T, N, P, S ð, ʝʩʣʠ ʚʳʧʦʣʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦ-
ʚʠʷ: 

(1) ʢʘʞʜʘʷ ʚʝʨʰʠʥʘ ʜʝʨʝʚʘ ʧʦʤʝʯʝʥʘ ʩʠʤʚʦʣʦʤ ʠʟ ʤʥʦʞʝʩʪʚʘ N Ç T Ç {e}, ʧʨʠ ʵʪʦʤ 

ʢʦʨʝʥʴ ʜʝʨʝʚʘ ʧʦʤʝʯʝʥ ʩʠʤʚʦʣʦʤ S; ʣʠʩʪʴʷ ð ʩʠʤʚʦʣʘʤʠ ʠʟ T Ç {e} ; 

(2) ʝʩʣʠ ʚʝʨʰʠʥʘ ʜʝʨʝʚʘ ʧʦʤʝʯʝʥʘ ʩʠʤʚʦʣʦʤ A, ʘ ʝʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʝ ʧʦʪʦʤʢʠ ð 

ʩʠʤʚʦʣʘʤʠ a1, a2, ..., an, ʛʜʝ ʢʘʞʜʦʝ ai Í T Ç N, ʪʦ A Ÿ a1a2...an ð ʧʨʘʚʠʣʦ ʚʳʚʦʜʘ 

ʚ ʵʪʦʡ ʛʨʘʤʤʘʪʠʢʝ; 

(3) ʝʩʣʠ ʚʝʨʰʠʥʘ ʜʝʨʝʚʘ ʧʦʤʝʯʝʥʘ ʩʠʤʚʦʣʦʤ A, ʘ ʝʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʧʦʪʦʤʦʢ ʧʦ-

ʤʝʯʝʥ ʩʠʤʚʦʣʦʤ e, ʪʦ ʵʪʦʪ ʧʦʪʦʤʦʢ ʝʜʠʥʩʪʚʝʥʥʳʡ  ʠ   A Ÿ e ð ʧʨʘʚʠʣʦ ʚʳʚʦʜʘ ʚ 
ʵʪʦʡ ʛʨʘʤʤʘʪʠʢʝ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʠʟʦʙʨʘʞʝʥ ʧʨʠʤʝʨ ʜʝʨʝʚʘ ʜʣʷ ʮʝʧʦʯʢʠ a + b + a ʚ ʛʨʘʤʤʘʪʠʢʝ Gexpr 

 ʆʧʨʝʜʝʣʝʥʠʝ: ʂʉ-ʛʨʘʤʤʘʪʠʢʘ G ʥʘʟʳʚʘʝʪʩʷ ʥʝʦʜʥʦʟʥʘʯʥʦʡ, ʝʩʣʠ ʩʫʱʝʩʪʚʫʝʪ ʭʦʪʷ ʙʳ 

ʦʜʥʘ ʮʝʧʦʯʢʘ a Í L(G), ʜʣʷ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʙʳʪʴ ʧʦʩʪʨʦʝʥʦ ʜʚʘ ʠʣʠ ʙʦʣʝʝ ʨʘʟʣʠʯʥʳʭ ʜʝʨʝʚʴ-

ʝʚ ʚʳʚʦʜʘ.  

ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʛʨʘʤʤʘʪʠʢʘ ʥʘʟʳʚʘʝʪʩʷ ʦʜʥʦʟʥʘʯʥʦʡ. 

                                                
9)

 ʋʧʦʨʷʜʦʯʝʥʥʦʩʪʴ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʦʨʷʜʦʢ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʦʪʦʤʢʦʚ ʚʝʨʰʠʥʳ ʩʫʱʝʩʪʚʝʥ. ʅʘʧʨʠʤʝʨ, ʜʝʨʝʚʴʷ 

A

a b
ʠ 

A

b a
ʩʯʠʪʘʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ. 
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ʅʘʣʠʯʠʝ ʜʚʫʭ ʠʣʠ ʙʦʣʝʝ ʜʝʨʝʚʴʝʚ ʚʳʚʦʜʘ ʵʢʚʠʚʘʣʝʥʪʥʦ ʪʦʤʫ, ʯʪʦ ʮʝʧʦʯʢʘ a ʠʤʝʝʪ ʜʚʘ 

ʠʣʠ ʙʦʣʝʝ ʨʘʟʥʳʭ ʣʝʚʦʩʪʦʨʦʥʥʠʭ (ʠʣʠ ʧʨʘʚʦʩʪʦʨʦʥʥʠʭ) ʚʳʚʦʜʦʚ. 

 

S

T

S

+a

T S

+b a

T

 

ʈʠʩ. 2. ʇʨʠʤʝʨ ʜʝʨʝʚʘ ʚʳʚʦʜʘ ʚ ʛʨʘʤʤʘʪʠʢʝ Gexpr. 

ʆʧʨʝʜʝʣʝʥʠʝ: ʷʟʳʢ, ʧʦʨʦʞʜʘʝʤʳʡ ʛʨʘʤʤʘʪʠʢʦʡ, ʥʘʟʳʚʘʝʪʩʷ ʥʝʦʜʥʦʟʥʘʯʥʳʤ, ʝʩʣʠ ʦʥ 

ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʨʦʞʜʝʥ ʥʠʢʘʢʦʡ ʦʜʥʦʟʥʘʯʥʦʡ ʛʨʘʤʤʘʪʠʢʦʡ. 

ʇʨʠʤʝʨ ʥʝʦʜʥʦʟʥʘʯʥʦʡ ʛʨʘʤʤʘʪʠʢʠ: 

Gif-then = à{ if , then, else, a, b}, { S}, P, S ð, 

ʛʜʝ P = { S Ÿ if  b then S else S | if  b then S | a}.  

ɺ ʵʪʦʡ ʛʨʘʤʤʘʪʠʢʝ ʜʣʷ ʮʝʧʦʯʢʠ if  b then if  b then a else a ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʜʚʘ ʨʘʟ-

ʣʠʯʥʳʭ ʜʝʨʝʚʘ ʚʳʚʦʜʘ, ʠʟʦʙʨʘʞʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 3 (ʘ, ʙ). 

ʆʜʥʘʢʦ ʵʪʦ ʥʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʷʟʳʢ L(Gif-then) ʦʙʷʟʘʪʝʣʴʥʦ ʥʝʦʜʥʦʟʥʘʯʥʳʡ. ʆʙʥʘʨʫʞʝʥ-

ʥʘʷ ʚ Gif-then ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ð ʵʪʦ ʩʚʦʡʩʪʚʦ ʛʨʘʤʤʘʪʠʢʠ, ʘ ʥʝ ʷʟʳʢʘ. ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʥʝʦʜ-

ʥʦʟʥʘʯʥʳʭ ʛʨʘʤʤʘʪʠʢ ʩʫʱʝʩʪʚʫʶʪ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʠʤ ʦʜʥʦʟʥʘʯʥʳʝ ʛʨʘʤʤʘʪʠʢʠ.  

ɽʩʣʠ ʛʨʘʤʤʘʪʠʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʪʦ ʦʥʘ 

ʜʦʣʞʥʘ ʙʳʪʴ ʦʜʥʦʟʥʘʯʥʦʡ.  

ɺ ʧʨʠʚʝʜʝʥʥʦʤ ʚʳʰʝ ʧʨʠʤʝʨʝ ʨʘʟʥʳʝ ʜʝʨʝʚʴʷ ʚʳʚʦʜʘ ʧʨʝʜʧʦʣʘʛʘʶʪ ʩʦʦʪʚʝʪʩʪʚʠʝ else 

ʨʘʟʥʳʤ then. ɽʩʣʠ ʜʦʛʦʚʦʨʠʪʴʩʷ, ʯʪʦ else ʜʦʣʞʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʙʣʠʞʘʡʰʝʤʫ ʢ ʥʝʤʫ then, ʠ 

ʧʦʜʧʨʘʚʠʪʴ ʛʨʘʤʤʘʪʠʢʫ Gif-then, ʪʦ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʙʫʜʝʪ ʫʩʪʨʘʥʝʥʘ: 

 S Ÿ if  b then S | if  b then S' else S | a 

 S' Ÿ if  b then S' else S' | a 
 

 

S

if b then if b then a else a

S

SS

 

S

if b then if b then a else a

S

SS

 

ʘ) ʙ) 

ʈʠʩ. 3. ɼʝʨʝʚʴʷ ʚʳʚʦʜʘ ʜʣʷ çif b then if b then a else aè ʚ ʛʨʘʤʤʘʪʠʢʝ Gif-then. 
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ʋʪʚʝʨʞʜʝʥʠʝ 8. ʇʨʦʙʣʝʤʘ, ʧʦʨʦʞʜʘʝʪ ʣʠ ʜʘʥʥʘʷ ʂʉ-ʛʨʘʤʤʘʪʠʢʘ ʦʜʥʦʟʥʘʯʥʳʡ ʷʟʳʢ 

(ʪ.ʝ. ʩʫʱʝʩʪʚʫʝʪ ʣʠ ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʝʡ ʦʜʥʦʟʥʘʯʥʘʷ ʛʨʘʤʤʘʪʠʢʘ), ʷʚʣʷʝʪʩʷ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠ ʥʝ-
ʨʘʟʨʝʰʠʤʦʡ. 

ɹʦʣʝʝ ʪʦʛʦ, ʩʧʨʘʚʝʜʣʠʚʦ ʩʣʝʜʫʶʱʝʝ. 

ʋʪʚʝʨʞʜʝʥʠʝ 9. ʇʨʦʙʣʝʤʘ, ʷʚʣʷʝʪʩʷ ʣʠ ʜʘʥʥʘʷ ʂʉ-ʛʨʘʤʤʘʪʠʢʘ ʦʜʥʦʟʥʘʯʥʦʡ, ʘʣʛʦ-
ʨʠʪʤʠʯʝʩʢʠ ʥʝʨʘʟʨʝʰʠʤʘ. 

ʇʦʠʩʢ ʦʪʚʝʪʘ ʥʘ ʚʦʧʨʦʩ, ʥʝʦʜʥʦʟʥʘʯʥʘ ʠʣʠ ʦʜʥʦʟʥʘʯʥʘ ʟʘʜʘʥʥʘʷ ʛʨʘʤʤʘʪʠʢʘ ð ʵʪʦ 

ʠʩʢʫʩʩʪʚʦ ʧʦʠʩʢʘ ʮʝʧʦʯʢʠ ʩ ʜʚʫʤʷ ʨʘʟʣʠʯʥʳʤʠ ʜʝʨʝʚʴʷʤʠ ʚʳʚʦʜʘ, ʠʣʠ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʪʦʛʦ, 

ʯʪʦ ʪʘʢʠʭ ʮʝʧʦʯʝʢ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ʋʥʠʚʝʨʩʘʣʴʥʦʛʦ ʩʧʦʩʦʙʘ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ, ʢ ʩʦʞʘʣʝ-
ʥʠʶ, ʥʝʪ. 

ʆʜʥʘʢʦ ʤʦʞʥʦ ʫʢʘʟʘʪʴ ʥʝʢʦʪʦʨʳʝ ʚʠʜʳ ʧʨʘʚʠʣ ʚʳʚʦʜʘ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʥʝʦʜʥʦ-

ʟʥʘʯʥʦʩʪʠ (ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʵʪʠ ʧʨʘʚʠʣʘ ʥʝ ʷʚʣʷʶʪʩʷ ʪʫʧʠʢʦʚʳʤʠ
10)
, ʪ. ʝ. ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʥʘ ʢʘʢʦʤ-ʥʠʙʫʜʴ ʰʘʛʝ ʚʳʚʦʜʘ ʪʝʨʤʠʥʘʣʴʥʦʡ ʮʝʧʦʯʢʠ ʠʟ ʥʘʯʘʣʴʥʦʛʦ ʩʠʤʚʦʣʘ): 

                ʚ ʧʨʠʚʦʜʠʤʳʭ ʩʭʝʤʘʭ a, b, g Í (T Ç N )
*  

 

(1)  A Ÿ AA | a 

(2)  A Ÿ AaA | b 

(3)  A Ÿ aA | Ab | g   (ʟʜʝʩʴ ʭʦʪʷ ʙʳ ʦʜʥʘ ʠʟ ʮʝʧʦʯʝʢ a ʠʣʠ b ʥʝ ʧʫʩʪʘ) 

(4)  A Ÿ aA | aAbA | g  

ʆʪʤʝʪʠʤ, ʯʪʦ ʵʪʦ ʚʩʝʛʦ ʣʠʰʴ ʥʝʢʦʪʦʨʳʝ ʰʘʙʣʦʥʳ. ɺʩʝ ʩʠʪʫʘʮʠʠ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʥʝʦʜ-
ʥʦʟʥʘʯʥʦʩʪʠ, ʧʝʨʝʯʠʩʣʠʪʴ ʥʝʚʦʟʤʦʞʥʦ ʚ ʩʠʣʫ ʫʪʚʝʨʞʜʝʥʠʷ 9. 

ʇʨʠʤʝʨ ʥʝʦʜʥʦʟʥʘʯʥʦʛʦ ʂʉ-ʷʟʳʢʘ: 

L = { a 
i
b 

j
c

k 
| i, j, k ² 0, i = j ʠʣʠ j = k} . 

ʀʥʪʫʠʪʠʚʥʦ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ L ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʮʝʧʦʯʢʠ ʩ i = j ʜʦʣʞʥʳ ʧʦʨʦʞ-

ʜʘʪʴʩʷ ʛʨʫʧʧʦʡ ʧʨʘʚʠʣ ʚʳʚʦʜʘ, ʦʪʣʠʯʥʳʭ ʦʪ ʧʨʘʚʠʣ, ʧʦʨʦʞʜʘʶʱʠʭ ʮʝʧʦʯʢʠ ʩ j = k. ʅʦ ʪʦʛʜʘ, 

ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʮʝʧʦʯʝʢ ʩ i = j = k ʙʫʜʫʪ ʧʦʨʦʞʜʘʪʴʩʷ ʦʙʝʠʤʠ ʛʨʫʧʧʘʤʠ ʧʨʘ-

ʚʠʣ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʫʜʫʪ ʠʤʝʪʴ ʧʦ ʜʚʘ ʨʘʟʥʳʭ ʜʝʨʝʚʘ ʚʳʚʦʜʘ. ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʪʦʛʦ, ʯʪʦ 

ʂʉ-ʷʟʳʢ L  ʥʝʦʜʥʦʟʥʘʯʥʳʡ, ʧʨʠʚʝʜʝʥʦ ʚ [3, ʪ.1, ʩʪʨ. 235ï236]. 

 ʆʜʥʘ ʠʟ ʛʨʘʤʤʘʪʠʢ, ʧʦʨʦʞʜʘʶʱʠʭ L, ʪʘʢʦʚʘ: 

 S Ÿ AB | DC 

 A Ÿ aA | e 

 B Ÿ bBc | e 

 C Ÿ cC | e 

 D Ÿ aDb | e 
 

 

ʆʥʘ ʥʝʦʜʥʦʟʥʘʯʥʘ; ʦʜʥʦʟʥʘʯʥʳʭ ʛʨʘʤʤʘʪʠʢ ʜʣʷ  L ʥʝ ʩʫʱʝʩʪʚʫʝʪ.  

ɼʝʨʝʚʦ ʚʳʚʦʜʘ ʤʦʞʥʦ ʩʪʨʦʠʪʴ ʥʠʩʭʦʜʷʱʠʤ ʣʠʙʦ ʚʦʩʭʦʜʷʱʠʤ ʩʧʦʩʦʙʦʤ. 

ʇʨʠ ʥʠʩʭʦʜʷʱʝʤ ʨʘʟʙʦʨʝ ʜʝʨʝʚʦ ʚʳʚʦʜʘ ʬʦʨʤʠʨʫʝʪʩʷ ʦʪ ʢʦʨʥʷ ʢ ʣʠʩʪʴʷʤ; ʥʘ ʢʘʞʜʦʤ 

ʰʘʛʝ ʜʣʷ ʚʝʨʰʠʥʳ, ʧʦʤʝʯʝʥʥʦʡ ʥʝʪʝʨʤʠʥʘʣʴʥʳʤ ʩʠʤʚʦʣʦʤ, ʧʳʪʘʶʪʩʷ ʥʘʡʪʠ ʪʘʢʦʝ ʧʨʘʚʠʣʦ 

                                                
10)

 ʂʘʢ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʧʨʘʚʠʣ, ʥʝ ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʦʩʪʨʦʝʥʠʠ ʚʳʚʦʜʦʚ, ʧʦʢʘʟʘʥʦ ʚ ʨʘʟʜʝʣʝ çʇʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʛʨʘʤʤʘʪʠʢè.  
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ʚʳʚʦʜʘ, ʯʪʦʙʳ ʠʤʝʶʱʠʝʩʷ ʚ ʥʝʤ ʪʝʨʤʠʥʘʣʴʥʳʝ ʩʠʤʚʦʣʳ ʧʨʦʝʮʠʨʦʚʘʣʠʩʴ ʥʘ ʩʠʤʚʦʣʳ ʠʩʭʦʜ-

ʥʦʡ (ʘʥʘʣʠʟʠʨʫʝʤʦʡ) ʮʝʧʦʯʢʠ. 

ʄʝʪʦʜ ʚʦʩʭʦʜʷʱʝʛʦ ʨʘʟʙʦʨʘ ʦʩʥʦʚʘʥ ʥʘ ʦʙʨʘʪʥʦʤ ʧʦʩʪʨʦʝʥʠʠ ʚʳʚʦʜʘ ʩ ʧʦʤʦʱʴʶ 

ʩʚʝʨʪʦʢ ʦʪ ʠʩʭʦʜʥʦʡ ʮʝʧʦʯʢʠ ʢ ʮʝʣʠ ʛʨʘʤʤʘʪʠʢʠ   S. ʇʨʠ ʵʪʦʤ ʜʝʨʝʚʦ ʨʘʩʪʝʪ ʩʥʠʟʫ ʚʚʝʨʭ ð 

ʦʪ ʣʠʩʪʴʝʚ (ʩʠʤʚʦʣʦʚ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʮʝʧʦʯʢʠ) ʢ ʢʦʨʥʶ S. ɽʩʣʠ ʛʨʘʤʤʘʪʠʢʘ ʦʜʥʦʟʥʘʯʥʘʷ, ʪʦ 

ʧʨʠ ʣʶʙʦʤ ʩʧʦʩʦʙʝ ʧʦʩʪʨʦʝʥʠʷ ʙʫʜʝʪ ʧʦʣʫʯʝʥʦ ʦʜʥʦ ʠ ʪʦ ʞʝ ʜʝʨʝʚʦ ʨʘʟʙʦʨʘ. 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʷ ʛʨʘʤʤʘʪʠʢ 

ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʂʉ-ʛʨʘʤʤʘʪʠʢʘ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʙʝʩʧʦʣʝʟʥʳʝ ʩʠʤʚʦʣʳ, ʢʦʪʦ-

ʨʳʝ ʥʝ ʫʯʘʩʪʚʫʶʪ ʚ ʧʦʨʦʞʜʝʥʠʠ ʮʝʧʦʯʝʢ ʷʟʳʢʘ ʠ ʧʦʵʪʦʤʫ ʤʦʛʫʪ ʙʳʪʴ ʫʜʘʣʝʥʳ ʠʟ ʛʨʘʤʤʘʪʠ-
ʢʠ. 

ʆʧʨʝʜʝʣʝʥʠʝ: ʩʠʤʚʦʣ x Í T Ç N ʥʘʟʳʚʘʝʪʩʷ ʥʝʜʦʩʪʠʞʠʤʳʤ ʚ ʛʨʘʤʤʘʪʠʢʝ 

G = àT,  N,  P, S ð, ʝʩʣʠ ʦʥ ʥʝ ʧʦʷʚʣʷʝʪʩʷ ʥʠ ʚ ʦʜʥʦʡ ʩʝʥʪʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʝ ʵʪʦʡ ʛʨʘʤʤʘʪʠʢʠ. 

ɸʣʛʦʨʠʪʤ ʫʜʘʣʝʥʠʷ ʥʝʜʦʩʪʠʞʠʤʳʭ ʩʠʤʚʦʣʦʚ 

ɺʭʦʜ: ʂʉ-ʛʨʘʤʤʘʪʠʢʘ G = àT, N, P, S ð, 

ɺʳʭʦʜ: ʂʉ-ʛʨʘʤʤʘʪʠʢʘ G' = àT', N', P', S ð, ʥʝ ʩʦʜʝʨʞʘʱʘʷ ʥʝʜʦʩʪʠʞʠʤʳʭ ʩʠʤʚʦʣʦʚ,  

                          ʜʣʷ ʢʦʪʦʨʦʡ L(G) = L(G'). 

ʄʝʪʦʜ: 

1. V0 := { S }; i := 1. 

2. Vi := Vi ī 1 Ç { x | x Í T Ç N,    A Ÿ axb Í P,  A Í Vi ī 1,  a, b Í ( T Ç N )
*
}  . 

ɽʩʣʠ Vi  ̧Vi ī 1, ʪʦ  i := i + 1  ʠ ʧʝʨʝʭʦʜʠʤ ʢ ʰʘʛʫ 2, ʠʥʘʯʝ N' := Vi Æ N ;     T' := Vi Æ T ;   

            P' ʩʦʩʪʦʠʪ ʠʟ ʧʨʘʚʠʣ ʤʥʦʞʝʩʪʚʘ P, ʩʦʜʝʨʞʘʱʠʭ ʪʦʣʴʢʦ ʩʠʤʚʦʣʳ ʠʟ Vi ;  

            G' := àT', N', P', S ð. 

ʆʧʨʝʜʝʣʝʥʠʝ: ʩʠʤʚʦʣ A Í N ʥʘʟʳʚʘʝʪʩʷ ʙʝʩʧʣʦʜʥʳʤ ʚ ʛʨʘʤʤʘʪʠʢʝ  

G = à T, N, P, S ð, ʝʩʣʠ ʤʥʦʞʝʩʪʚʦ {a Í T 
*
 | A Ý a} ʧʫʩʪʦ. 

ɸʣʛʦʨʠʪʤ ʫʜʘʣʝʥʠʷ ʙʝʩʧʣʦʜʥʳʭ ʩʠʤʚʦʣʦʚ 

ɺʭʦʜ: ʂʉ-ʛʨʘʤʤʘʪʠʢʘ G = àT, N, P, S ð. 

ɺʳʭʦʜ: ʂʉ-ʛʨʘʤʤʘʪʠʢʘ G' = àT, N', P', S ð, ʥʝ ʩʦʜʝʨʞʘʱʘʷ ʙʝʩʧʣʦʜʥʳʭ ʩʠʤʚʦʣʦʚ, ʜʣʷ  

                          ʢʦʪʦʨʦʡ L(G) = L(G' ). 

ʄʝʪʦʜ:  

ʉʪʨʦʠʤ ʤʥʦʞʝʩʪʚʘ N0, N1, ...  

1. N0 := Å, i := 1. 

2. Ni := Ni ī 1 Ç {A |  A Ÿ a Í P   ʠ  a Í (Ni ī 1 Ç T)
*  
}.  

ɽʩʣʠ Ni  ̧Ni ī 1, ʪʦ i := i + 1 ʠ ʧʝʨʝʭʦʜʠʤ ʢ ʰʘʛʫ 2, ʠʥʘʯʝ N' := Ni ; P' ʩʦʩʪʦʠʪ ʠʟ ʧʨʘʚʠʣ  

            ʤʥʦʞʝʩʪʚʘ P, ʩʦʜʝʨʞʘʱʠʭ ʪʦʣʴʢʦ ʩʠʤʚʦʣʳ ʠʟ  N' Ç T ; G' := àT, N', P', S ð.  

ʆʧʨʝʜʝʣʝʥʠʝ: ʂʉ-ʛʨʘʤʤʘʪʠʢʘ  G  ʥʘʟʳʚʘʝʪʩʷ ʧʨʠʚʝʜʝʥʥʦʡ, ʝʩʣʠ ʚ ʥʝʡ ʥʝʪ ʥʝʜʦʩʪʠ-

ʞʠʤʳʭ ʠ ʙʝʩʧʣʦʜʥʳʭ ʩʠʤʚʦʣʦʚ. 
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ɸʣʛʦʨʠʪʤ ʧʨʠʚʝʜʝʥʠʷ ʛʨʘʤʤʘʪʠʢʠ 

1. ʆʙʥʘʨʫʞʠʚʘʶʪʩʷ ʠ ʫʜʘʣʷʶʪʩʷ ʚʩʝ ʙʝʩʧʣʦʜʥʳʝ ʥʝʪʝʨʤʠʥʘʣʳ. 

2. ʆʙʥʘʨʫʞʠʚʘʶʪʩʷ ʠ ʫʜʘʣʷʶʪʩʷ ʚʩʝ ʥʝʜʦʩʪʠʞʠʤʳʝ ʩʠʤʚʦʣʳ. 

ʋʜʘʣʝʥʠʝ ʩʠʤʚʦʣʦʚ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʜʘʣʝʥʠʝʤ ʧʨʘʚʠʣ ʚʳʚʦʜʘ, ʩʦʜʝʨʞʘʱʠʭ ʵʪʠ ʩʠʤ-

ʚʦʣʳ.
11)

 

ɿʘʤʝʯʘʥʠʝ 

ɽʩʣʠ ʚ ʵʪʦʤ ʘʣʛʦʨʠʪʤʝ ʧʨʠʚʝʜʝʥʠʷ ʧʦʤʝʥʷʪʴ ʤʝʩʪʘʤʠ ʰʘʛʠ (1) ʠ (2), ʪʦ ʥʝ ʚʩʝʛʜʘ ʨʝʟʫʣʴʪʘʪʦʤ 

ʙʫʜʝʪ ʧʨʠʚʝʜʝʥʥʘʷ ʛʨʘʤʤʘʪʠʢʘ. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʩʠʥʪʘʢʩʠʩʘ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʩʪʘʨʘʶʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʥʦ-

ʟʥʘʯʥʳʝ ʧʨʠʚʝʜʝʥʥʳʝ ʂʉ-ʛʨʘʤʤʘʪʠʢʠ. 

ʅʝʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʝʤʳʝ ʥʘ ʧʨʘʢʪʠʢʝ ʘʣʛʦʨʠʪʤʳ ʨʘʟʙʦʨʘ ʧʦ ʂʉ-ʛʨʘʤʤʘʪʠʢʘʤ ʪʨʝʙʫ-

ʶʪ, ʯʪʦʙʳ ʚ ʛʨʘʤʤʘʪʠʢʘʭ ʥʝ ʙʳʣʦ ʧʨʘʚʠʣ ʩ ʧʫʩʪʦʡ ʧʨʘʚʦʡ ʯʘʩʪʴʶ, ʪ. ʝ. ʯʪʦʙʳ ʂʉ-ʛʨʘʤʤʘʪʠʢʘ 

ʙʳʣʘ ʥʝʫʢʦʨʦʯʠʚʘʶʱʝʡ. ɼʣʷ ʣʶʙʦʡ ʂʉ-ʛʨʘʤʤʘʪʠʢʠ ʩʫʱʝʩʪʚʫʝʪ ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʥʝʫʢʦʨʘʯʠ-

ʚʘʶʱʘʷ (ʩʤ. ʫʪʚʝʨʞʜʝʥʠʝ 2).  

 ʅʠʞʝ ʧʨʠʚʦʜʠʪʩʷ ʘʣʛʦʨʠʪʤ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʣʶʙʫʶ ʂʉ-ʛʨʘʤʤʘʪʠʢʫ ʚ 

ʥʝʫʢʦʨʘʯʠʚʘʶʱʫʶ. ʅʘ ʧʝʨʚʦʤ ʰʘʛʝ ʘʣʛʦʨʠʪʤʘ ʩʪʨʦʠʪʩʷ ʤʥʦʞʝʩʪʚʦ X, ʩʦʩʪʦʷʱʝʝ ʠʟ ʥʝʪʝʨ-

ʤʠʥʘʣʦʚ ʛʨʘʤʤʘʪʠʢʠ, ʠʟ ʢʦʪʦʨʳʭ ʚʳʚʦʜʠʤʘ ʧʫʩʪʘʷ ʮʝʧʦʯʢʘ. ʇʦʩʪʨʦʝʥʠʝ ʵʪʦʛʦ ʤʥʦʞʝʩʪʚʘ 

ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʰʘʛʘʤʠ ʘʣʛʦʨʠʪʤʘ ʫʜʘʣʝʥʠʷ ʙʝʩʧʣʦʜʥʳʭ ʩʠʤʚʦʣʦʚ:               

(1) X1 := {  A | (A Ÿ e) Í P }; i :=2;  (2) Xi := {A | (A Ÿ a) Í P ʠ a Í Xi ī 1
*
} Ç Xi ī 1. ɼʘʣʝʝ, ʧʦʢʘ 

Xi  ̧Xi ī 1  ʫʚʝʣʠʯʠʚʘʝʤ i ʥʘ ʝʜʠʥʠʮʫ ʠ ʧʦʚʪʦʨʷʝʤ (2).  ʇʦʩʣʝʜʥʝʝ Xi  ð ʠʩʢʦʤʦʝ ʤʥʦʞʝʩʪʚʦ  X. 

ɸʣʛʦʨʠʪʤ ʫʩʪʨʘʥʝʥʠʷ ʧʨʘʚʠʣ ʩ ʧʫʩʪʦʡ ʧʨʘʚʦʡ ʯʘʩʪʴʶ 

ɺʭʦʜ: ʂʉ-ʛʨʘʤʤʘʪʠʢʘ G = à T, N, P, S ð. 

ɺʳʭʦʜ: ʂʉ-ʛʨʘʤʤʘʪʠʢʘ G' = à T, N', P', S' ð, G' ð ʥʝʫʢʦʨʘʯʠʚʘʶʱʘʷ, L(G') = L(G). 

ʄʝʪʦʜ:  

1. ʇʦʩʪʨʦʠʪʴ ʤʥʦʞʝʩʪʚʦ ʍ = { A Í N | A Ý e}  ; Nǋ:=N . 

2. ʇʦʩʪʨʦʠʪʴ Pǋ, ʫʜʘʣʠʚ ʠʟ ʤʥʦʞʝʩʪʚʘ ʧʨʘʚʠʣ P ʚʩʝ ʧʨʘʚʠʣʘ ʩ ʧʫʩʪʦʡ ʧʨʘʚʦʡ ʯʘʩʪʴʶ. 

3. ɽʩʣʠ S Í X, ʪʦ ʚʚʝʩʪʠ ʥʦʚʳʡ ʥʘʯʘʣʴʥʳʡ ʩʠʤʚʦʣ Sǋ, ʜʦʙʘʚʠʚ ʝʛʦ ʚ Nǋ, ʠ ʚ ʤʥʦʞʝʩʪʚʦ 

ʧʨʘʚʠʣ Pǋ ʜʦʙʘʚʠʪʴ ʧʨʘʚʠʣʦ Sǋ­ S | e. ʀʥʘʯʝ ʧʨʦʩʪʦ ʧʝʨʝʠʤʝʥʦʚʘʪʴ  S  ʚ  Sǋ.  

4. ʀʟʤʝʥʠʪʴ Pǋ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʂʘʞʜʦʝ ʧʨʘʚʠʣʦ ʚʠʜʘ  

B Ÿ a1A1a2A2...an Anan + 1, ʛʜʝ Ai Í X ʜʣʷ i = 1,..., n, ai Í ( (Nǋ - X) Ç T )
*

 ʜʣʷ i = 1,..., n + 1 (ʪ. ʝ. 

ai ð ʮʝʧʦʯʢʘ, ʥʝ ʩʦʜʝʨʞʘʱʘʷ ʩʠʤʚʦʣʦʚ ʠʟ X ), ʟʘʤʝʥʠʪʴ 2
n
 ʧʨʘʚʠʣʘʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʚʩʝʤ ʚʦʟʤʦʞʥʳʤ ʢʦʤʙʠʥʘʮʠʷʤ ʚʭʦʞʜʝʥʠʡ ɸi ʤʝʞʜʫ a i: 

 B Ÿ a1a2...anan + 1 

 B Ÿ a1a2...anAnan + 1 

  ...  

 B Ÿ a1a2A2...anAnan + 1 

 B Ÿ a1A1a2A2...anAnan + 1 
 

 

                                                
11) ɽʩʣʠ ʥʘʯʘʣʴʥʳʡ ʩʠʤʚʦʣ S ð ʙʝʩʧʦʣʝʟʥʳʡ ʚ ʛʨʘʤʤʘʪʠʢʝ, ʪʦ ʛʨʘʤʤʘʪʠʢʘ ʧʦʨʦʞʜʘʝʪ ʧʫʩʪʦʡ ʷʟʳʢ. ʄʥʦʞʝʩʪʚʦ 

P ʧʦʩʣʝ ʧʨʠʚʝʜʝʥʠʷ ʪʘʢʦʡ ʛʨʘʤʤʘʪʠʢʠ ʙʫʜʝʪ ʧʫʩʪʳʤ, ʦʜʥʘʢʦ S ʥʝ ʩʣʝʜʫʝʪ ʫʜʘʣʷʪʴ ʠʟ N, ʪʘʢ ʢʘʢ ʘʣʬʘʚʠʪ N ʥʝ 

ʤʦʞʝʪ ʙʳʪʴ ʧʫʩʪʳʤ ʠ ʥʘ ʧʦʩʣʝʜʥʝʤ ʤʝʩʪʝ ʚ ʯʝʪʚʝʨʢʝ, ʟʘʜʘʶʱʝʡ ʛʨʘʤʤʘʪʠʢʫ, ʜʦʣʞʝʥ ʩʪʦʷʪʴ ʥʝʪʝʨʤʠʥʘʣ ð 

ʥʘʯʘʣʴʥʳʡ ʩʠʤʚʦʣ. 



      / ɺʚʝʜʝʥʠʝ 
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ɿʘʤʝʯʘʥʠʝ 

ɽʩʣʠ  ai = e  ʜʣʷ ʚʩʝʭ i = 1, ..., n + 1, ʪʦ ʧʦʣʫʯʠʚʰʝʝʩʷ ʥʘ ʜʘʥʥʦʤ ʰʘʛʝ ʧʨʘʚʠʣʦ B Ÿ e   ʥʝ ʚʢʣʶ-

ʯʘʪʴ ʚ ʤʥʦʞʝʩʪʚʦ  Pǋ. 

5. ʋʜʘʣʠʪʴ ʙʝʩʧʣʦʜʥʳʝ ʠ ʥʝʜʦʩʪʠʞʠʤʳʝ ʩʠʤʚʦʣʳ ʠ ʧʨʘʚʠʣʘ, ʠʭ ʩʦʜʝʨʞʘʱʠʝ. (ʂʨʦʤʝ 

ʠʟʥʘʯʘʣʴʥʦ ʠʤʝʶʱʠʭʩʷ (ʚ ʥʝʧʨʠʚʝʜʝʥʥʦʡ ʛʨʘʤʤʘʪʠʢʝ), ʙʝʩʧʦʣʝʟʥʳʝ ʩʠʤʚʦʣʳ ʤʦʛʫʪ ʚʦʟʥʠʢ-

ʥʫʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʰʘʛʦʚ 2ï4). 

ɿʘʤʝʯʘʥʠʝ 

ɽʩʣʠ ʧʨʠʤʝʥʠʪʴ ʜʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʢ ʨʝʛʫʣʷʨʥʦʡ (ʘʚʪʦʤʘʪʥʦʡ) ʛʨʘʤʤʘʪʠʢʝ, ʪʦ ʨʝʟʫʣʴʪʘʪʦʤ ʙʫʜʝʪ 

ʥʝʫʢʦʨʘʯʠʚʘʶʱʘʷ ʨʝʛʫʣʷʨʥʘʷ (ʘʚʪʦʤʘʪʥʘʷ) ʛʨʘʤʤʘʪʠʢʘ. 

ɼʘʣʝʝ ʚʝʟʜʝ, ʝʩʣʠ ʥʝ ʦʛʦʚʦʨʝʥʦ ʠʥʦʝ, ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʦʣʴʢʦ ʧʨʠʚʝʜʝʥʥʳʝ ʛʨʘʤ-

ʤʘʪʠʢʠ. 

 

ʕʣʝʤʝʥʪʳ ʪʝʦʨʠʠ ʪʨʘʥʩʣʷʮʠʠ 

ɺʚʝʜʝʥʠʝ 

ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʢʦʪʦʨʳʝ ʘʣʛʦʨʠʪʤʳ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʠʝʤʳ, ʧʨʠ-

ʤʝʥʷʝʤʳʝ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʪʨʘʥʩʣʷʪʦʨʦʚ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʪʨʘʥʩʣʷʪʦʨʘʭ (ʠ ʚ ʢʦʤʧʠʣʷʪʦ-

ʨʘʭ, ʠ ʚ ʠʥʪʝʨʧʨʝʪʘʪʦʨʘʭ) ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ ʚʠʜʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʝʨʝʯʠʩʣʝʥʥʳʭ 
ʥʠʞʝ ʧʨʦʮʝʩʩʦʚ: 

Á ʣʝʢʩʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, 

Á ʩʠʥʪʘʢʩʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, 

Á ʩʝʤʘʥʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, 

Á ʛʝʥʝʨʘʮʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤʳ, 

Á ʦʧʪʠʤʠʟʘʮʠʷ, 

Á ʛʝʥʝʨʘʮʠʷ ʦʙʲʝʢʪʥʦʡ ʧʨʦʛʨʘʤʤʳ. 

ɺ ʢʦʥʢʨʝʪʥʳʭ ʢʦʤʧʠʣʷʪʦʨʘʭ ʧʦʨʷʜʦʢ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʤʦʞʝʪ ʙʳʪʴ ʥʝʩʢʦʣʴʢʦ ʠʥʳʤ, 

ʢʘʢʠʝ-ʪʦ ʠʟ ʥʠʭ ʤʦʛʫʪ ʦʙʲʝʜʠʥʷʪʴʩʷ ʚ ʦʜʥʫ ʬʘʟʫ, ʜʨʫʛʠʝ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴʩʷ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ 

ʧʨʦʮʝʩʩʘ ʢʦʤʧʠʣʷʮʠʠ. ɺ ʠʥʪʝʨʧʨʝʪʘʪʦʨʘʭ ʠ ʧʨʠ ʩʤʝʰʘʥʥʦʡ ʩʪʨʘʪʝʛʠʠ ʪʨʘʥʩʣʷʮʠʠ ʯʘʩʪʴ ʵʪʠʭ 
ʧʨʦʮʝʩʩʦʚ ʤʦʞʝʪ ʚʦʦʙʱʝ ʦʪʩʫʪʩʪʚʦʚʘʪʴ. 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʤ  rʨʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʤʝʪʦʜʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʘʥʘʣʠʟʘʪʦʨʦʚ (ʣʝʢʩʠʯʝʩʢʦʛʦ, ʩʠʥʪʘʢʩʠʯʝʩʢʦʛʦ ʠ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ), ʷʟʳʢ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤʳ, ʩʧʦʩʦʙ ʛʝʥʝʨʘʮʠʠ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʧʨʦʛʨʘʤʤʳ, ʝʝ ʠʥʪʝʨʧʨʝʪʘʮʠʶ. 

ʀʟʣʘʛʘʝʤʳʝ ʘʣʛʦʨʠʪʤʳ ʠ ʤʝʪʦʜʳ ʠʣʣʶʩʪʨʠʨʫʶʪʩʷ ʥʘ ʧʨʠʤʝʨʝ ʤʦʜʝʣʴʥʦʛʦ ʧʘʩʢʘʣʝʧʦʜʦʙʥʦʛʦ 

ʷʟʳʢʘ (ʄ-ʷʟʳʢʘ). ʇʨʠʚʦʜʠʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʚ ʚʠʜʝ ʧʨʦʛʨʘʤʤʳ ʥʘ ʉʠ + +. 

ʀʥʬʦʨʤʘʮʠʶ ʦ ʜʨʫʛʠʭ ʤʝʪʦʜʘʭ, ʘʣʛʦʨʠʪʤʘʭ ʠ ʧʨʠʝʤʘʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʪʨʘʥʩʣʷʪʦʨʦʚ, ʤʦʞʥʦ ʥʘʡʪʠ ʚ [1, 2, 3, 4, 5, 8]. 
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ʈʘʟʙʦʨ ʧʦ ʨʝʛʫʣʷʨʥʳʤ ʛʨʘʤʤʘʪʠʢʘʤ 

ʈʘʩʩʤʦʪʨʠʤ ʤʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʣʝʢʩʠ-

ʯʝʩʢʠʭ ʘʥʘʣʠʟʘʪʦʨʦʚ. ɺ ʦʩʥʦʚʝ ʪʘʢʠʭ ʘʥʘʣʠʟʘʪʦʨʦʚ ʣʝʞʘʪ ʨʝʛʫʣʷʨʥʳʝ ʛʨʘʤʤʘʪʠʢʠ, ʧʦʵʪʦʤʫ 
ʨʘʩʩʤʦʪʨʠʤ ʛʨʘʤʤʘʪʠʢʠ ʵʪʦʛʦ ʢʣʘʩʩʘ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ. 

ʉʦʛʣʘʰʝʥʠʝ: ʚ ʜʘʣʴʥʝʡʰʝʤ, ʝʩʣʠ ʦʩʦʙʦ ʥʝ ʦʛʦʚʦʨʝʥʦ, ʧʦʜ ʨʝʛʫʣʷʨʥʦʡ ʛʨʘʤʤʘʪʠʢʦʡ 

ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʣʝʚʦʣʠʥʝʡʥʫʶ ʘʚʪʦʤʘʪʥʫʶ ʛʨʘʤʤʘʪʠʢʫ   G = à T, N, P, S ð ʙʝʟ ʧʫʩʪʳʭ ʧʨʘʚʳʭ 

ʯʘʩʪʝʡ
12)

. ʅʘʧʦʤʥʠʤ, ʯʪʦ ʚ ʪʘʢʦʡ ʛʨʘʤʤʘʪʠʢʝ ʢʘʞʜʦʝ ʧʨʘʚʠʣʦ ʠʟ ʈ ʠʤʝʝʪ ʚʠʜ A Ÿ Bt   ʣʠʙʦ   

A Ÿ t,    ʛʜʝ A, B Í N,  t Í T.  

ʉʦʛʣʘʰʝʥʠʝ: ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʘʥʘʣʠʟʠʨʫʝʤʘʷ ʮʝʧʦʯʢʘ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤ 

ʩʠʤʚʦʣʦʤ   ̂ ð ʧʨʠʟʥʘʢʦʤ ʢʦʥʮʘ ʮʝʧʦʯʢʠ. 

ɼʣʷ ʛʨʘʤʤʘʪʠʢ ʵʪʦʛʦ ʪʠʧʘ ʩʫʱʝʩʪʚʫʝʪ ʘʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʛʦ, ʧʨʠʥʘʜʣʝʞʠʪ ʣʠ 
ʘʥʘʣʠʟʠʨʫʝʤʘʷ ʮʝʧʦʯʢʘ ʷʟʳʢʫ, ʧʦʨʦʞʜʘʝʤʦʤʫ ʵʪʦʡ ʛʨʘʤʤʘʪʠʢʦʡ (ʘʣʛʦʨʠʪʤ ʨʘʟʙʦʨʘ): 

(1) ʧʝʨʚʳʡ ʩʠʤʚʦʣ ʠʩʭʦʜʥʦʡ ʮʝʧʦʯʢʠ a1a2...an  ̂ʟʘʤʝʥʷʝʤ ʥʝʪʝʨʤʠʥʘʣʦʤ A, ʜʣʷ ʢʦʪʦ-

ʨʦʛʦ ʚ ʛʨʘʤʤʘʪʠʢʝ ʝʩʪʴ ʧʨʘʚʠʣʦ ʚʳʚʦʜʘ A Ÿ a1 (ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʧʨʦʠʟʚʦʜʠʤ  
ʩʚʝʨʪʢʫ ʪʝʨʤʠʥʘʣʘ a1 ʢ ʥʝʪʝʨʤʠʥʘʣʫ A) 

(2) ʟʘʪʝʤ ʤʥʦʛʦʢʨʘʪʥʦ (ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʩʯʠʪʘʝʤ ʧʨʠʟʥʘʢ ʢʦʥʮʘ ʮʝʧʦʯʢʠ) ʚʳʧʦʣʥʷ-

ʝʤ ʩʣʝʜʫʶʱʠʝ ʰʘʛʠ: ʧʦʣʫʯʝʥʥʳʡ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʰʘʛʝ ʥʝʪʝʨʤʠʥʘʣ A ʠ ʨʘʩʧʦʣʦ-

ʞʝʥʥʳʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʧʨʘʚʘ ʦʪ ʥʝʛʦ ʦʯʝʨʝʜʥʦʡ ʪʝʨʤʠʥʘʣ ai ʠʩʭʦʜʥʦʡ ʮʝʧʦʯʢʠ 

ʟʘʤʝʥʷʝʤ ʥʝʪʝʨʤʠʥʘʣʦʤ B, ʜʣʷ ʢʦʪʦʨʦʛʦ ʚ ʛʨʘʤʤʘʪʠʢʝ ʝʩʪʴ ʧʨʘʚʠʣʦ ʚʳʚʦʜʘ B Ÿ 

Aai (i = 2, 3, .., n); 

ʕʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ ʧʦʩʪʨʦʝʥʠʶ ʜʝʨʝʚʘ ʨʘʟʙʦʨʘ ʤʝʪʦʜʦʤ ʩʥʠʟʫ-ʚʚʝʨʭ: ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ 

ʘʣʛʦʨʠʪʤʘ ʩʪʨʦʠʤ ʦʜʠʥ ʠʟ ʫʨʦʚʥʝʡ ʚ ʜʝʨʝʚʝ ʨʘʟʙʦʨʘ, ʧʦʜʥʠʤʘʷʩʴ ʦʪ ʣʠʩʪʴʝʚ ʢ ʢʦʨʥʶ. 

ʇʨʠ ʨʘʙʦʪʝ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤʘ ʚʦʟʤʦʞʥʳ ʩʣʝʜʫʶʱʠʝ ʩʠʪʫʘʮʠʠ: 

(1) ʧʨʦʯʠʪʘʥʘ ʚʩʷ ʮʝʧʦʯʢʘ; ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʥʘʭʦʜʠʣʘʩʴ ʝʜʠʥʩʪʚʝʥʥʘʷ ʥʫʞʥʘʷ ʩʚʝʨʪʢʘ; 

ʥʘ ʧʦʩʣʝʜʥʝʤ ʰʘʛʝ ʩʚʝʨʪʢʘ ʧʨʦʠʟʦʰʣʘ ʢ ʩʠʤʚʦʣʫ  S. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʠʩʭʦʜʥʘʷ 

ʮʝʧʦʯʢʘ   a1a2...an ̂  Í L(G). 

(2) ʧʨʦʯʠʪʘʥʘ ʚʩʷ ʮʝʧʦʯʢʘ; ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʥʘʭʦʜʠʣʘʩʴ ʝʜʠʥʩʪʚʝʥʥʘʷ ʥʫʞʥʘʷ ʩʚʝʨʪʢʘ; 

ʥʘ ʧʦʩʣʝʜʥʝʤ ʰʘʛʝ ʩʚʝʨʪʢʘ ʧʨʦʠʟʦʰʣʘ ʢ ʩʠʤʚʦʣʫ, ʦʪʣʠʯʥʦʤʫ ʦʪ S. ʕʪʦ ʦʟʥʘʯʘʝʪ, 

ʯʪʦ ʠʩʭʦʜʥʘʷ ʮʝʧʦʯʢʘ   a1a2...an  ̂Î L(G). 

(3) ʥʘ ʥʝʢʦʪʦʨʦʤ ʰʘʛʝ ʥʝ ʥʘʰʣʦʩʴ ʥʫʞʥʦʡ ʩʚʝʨʪʢʠ, ʪ. ʝ. ʜʣʷ ʧʦʣʫʯʝʥʥʦʛʦ ʥʘ ʧʨʝʜʳ-

ʜʫʱʝʤ ʰʘʛʝ ʥʝʪʝʨʤʠʥʘʣʘ A ʠ ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʧʨʘʚʘ ʦʪ ʥʝʛʦ 

ʦʯʝʨʝʜʥʦʛʦ ʪʝʨʤʠʥʘʣʘ ai ʠʩʭʦʜʥʦʡ ʮʝʧʦʯʢʠ ʥʝ ʥʘʰʣʦʩʴ ʥʝʪʝʨʤʠʥʘʣʘ B, ʜʣʷ ʢʦʪʦ-

ʨʦʛʦ ʚ ʛʨʘʤʤʘʪʠʢʝ ʙʳʣʦ ʙ  rʧʨʘʚʠʣʦ ʚʳʚʦʜʘ B Ÿ Aai. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʠʩʭʦʜʥʘʷ 

ʮʝʧʦʯʢʘ   a1a2...an ̂  Î L(G). 

(4) ʥʘ ʥʝʢʦʪʦʨʦʤ ʰʘʛʝ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʝʩʪʴ ʙʦʣʝʝ ʦʜʥʦʡ ʧʦʜʭʦʜʷʱʝʡ 

ʩʚʝʨʪʢʠ, ʪ. ʝ. ʚ ʛʨʘʤʤʘʪʠʢʝ ʨʘʟʥʳʝ ʥʝʪʝʨʤʠʥʘʣʳ ʠʤʝʶʪ ʧʨʘʚʠʣʘ ʚʳʚʦʜʘ ʩ ʦʜʠʥʘ-

ʢʦʚʳʤʠ ʧʨʘʚʳʤʠ ʯʘʩʪʷʤʠ, ʠ ʧʦʵʪʦʤʫ ʥʝʧʦʥʷʪʥʦ, ʢ ʢʘʢʦʤʫ ʠʟ ʥʠʭ ʧʨʦʠʟʚʦʜʠʪʴ 

ʩʚʝʨʪʢʫ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʥʝʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʩʪʠ ʨʘʟʙʦʨʘ. ɸʥʘʣʠʟ ʵʪʦʡ ʩʠʪʫʘʮʠʠ 

ʙʫʜʝʪ ʜʘʥ ʥʠʞʝ. 

ɼʦʧʫʩʪʠʤ, ʯʪʦ ʨʘʟʙʦʨ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ. 

                                                
12)

 ʇʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ e-ʧʨʘʚʠʣ ʚ ʛʨʘʤʤʘʪʠʢʝ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʳʚʘʪʴ ʷʟʳʢʠ, ʩʦʜʝʨʞʘʱʠʝ ʧʫʩʪʫʶ ʮʝʧʦʯʢʫ. ɼʣʷ 

ʥʘʰʠʭ ʮʝʣʝʡ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʵʪʦ ʦʛʨʘʥʠʯʝʥʠʝ ʦʧʨʘʚʜʘʥʦ ð ʤʳ ʙʫʜʝʤ ʧʨʠʤʝʥʷʪʴ ʘʚʪʦʤʘʪʥʳʝ ʛʨʘʤʤʘʪʠʢʠ 

ʜʣʷ ʦʧʠʩʘʥʠʷ ʠ ʨʘʟʙʦʨʘ ʣʝʢʩʠʯʝʩʢʠʭ ʝʜʠʥʠʮ (ʣʝʢʩʝʤ) ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʃʝʢʩʝʤʳ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʫ-

ʩʪʳʤʠ. 
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ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʙʳʩʪʨʝʝ ʥʘʭʦʜʠʪʴ ʧʨʘʚʠʣʦ ʩ ʧʦʜʭʦʜʷʱʝʡ ʧʨʘʚʦʡ ʯʘʩʪʴʶ, ʟʘʬʠʢʩʠʨʫ-

ʝʤ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʩʚʝʨʪʢʠ (ʵʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʛʨʘʤʤʘʪʠʢʦʡ ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʘ ʘʥʘ-

ʣʠʟʠʨʫʝʤʦʡ ʮʝʧʦʯʢʠ). ʉʜʝʣʘʝʤ ʵʪʦ ʚ  ʚʠʜʝ ʪʘʙʣʠʮʳ, ʩʪʦʣʙʮʳ ʢʦʪʦʨʦʡ ʧʦʤʝʯʝʥʳ ʪʝʨʤʠʥʘʣʴ-

ʥʳʤʠ ʩʠʤʚʦʣʘʤʠ. ʇʝʨʚʘʷ ʩʪʨʦʢʘ ʧʦʤʝʯʝʥʘ ʩʠʤʚʦʣʦʤ ʅ (ʅÎN), ʘ ʟʥʘʯʝʥʠʝ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ 

ʵʪʦʡ ʩʪʨʦʢʠ  ð ʵʪʦ ʥʝʪʝʨʤʠʥʘʣ, ʢ ʢʦʪʦʨʦʤʫ ʤʦʞʥʦ ʩʚʝʨʥʫʪʴ ʧʦʤʝʯʘʶʱʠʡ ʩʪʦʣʙʝʮ ʪʝʨʤʠ-

ʥʘʣʴʥʳʡ ʩʠʤʚʦʣ. ʆʩʪʘʣʴʥʳʝ ʩʪʨʦʢʠ ʧʦʤʝʯʝʥʳ ʥʝʪʝʨʤʠʥʘʣʴʥʳʤʠ ʩʠʤʚʦʣʘʤʠ ʛʨʘʤʤʘʪʠʢʠ. 

ɿʥʘʯʝʥʠʝ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʪʘʙʣʠʮʳ, ʥʘʯʠʥʘʷ ʩʦ ʚʪʦʨʦʡ ʩʪʨʦʢʠ ð ʵʪʦ ʥʝʪʝʨʤʠʥʘʣʴʥʳʡ ʩʠʤ-

ʚʦʣ, ʢ ʢʦʪʦʨʦʤʫ ʤʦʞʥʦ ʩʚʝʨʥʫʪʴ ʧʘʨʫ çʥʝʪʝʨʤʠʥʘʣ-ʪʝʨʤʠʥʘʣè, ʢʦʪʦʨʳʤʠ ʧʦʤʝʯʝʥʳ ʩʦʦʪʚʝʪ-
ʩʪʚʫʶʱʠʝ ʩʪʨʦʢʘ ʠ ʩʪʦʣʙʝʮ.  

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʣʝʚʦʣʠʥʝʡʥʦʡ ʛʨʘʤʤʘʪʠʢʠ Gleft = à{ a, b, }̂,  { S, A, B, C},  P, S ð, ʛʜʝ 

P:    

 S Ÿ C  ̂

 C Ÿ Ab | Ba 

 A Ÿ a | Ca 

 B Ÿ b | Cb ,  
 

 

ʪʘʢʘʷ ʪʘʙʣʠʮʘ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 a b  ̂

H A B ð 

C A B S 

A ð C ð 

B C ð ð 

S ð ð ð 

ɿʥʘʢ çðè ʩʪʘʚʠʪʩʷ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʚʝʨʪʢʠ ʥʝʪ. 

ʅʦ ʯʘʱʝ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʦʟʤʦʞʥʳʭ ʩʚʝʨʪʢʘʭ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚ ʚʠʜʝ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦ-

ʷʥʠʡ (ɼʉ) ð ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʦʤʝʯʝʥʥʦʛʦ ʛʨʘʬʘ, ʢʦʪʦʨʳʡ ʩʪʨʦʠʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

(1) ʩʪʨʦʠʤ ʚʝʨʰʠʥʳ ʛʨʘʬʘ, ʧʦʤʝʯʝʥʥʳʝ ʥʝʪʝʨʤʠʥʘʣʘʤʠ ʛʨʘʤʤʘʪʠʢʠ (ʜʣʷ ʢʘʞʜʦʛʦ ʥʝ-

ʪʝʨʤʠʥʘʣʘ ð ʦʜʥʫ ʚʝʨʰʠʥʫ), ʠ ʝʱʝ ʦʜʥʫ ʚʝʨʰʠʥʫ, ʧʦʤʝʯʝʥʥʫʶ ʩʠʤʚʦʣʦʤ, ʦʪ-

ʣʠʯʥʳʤ ʦʪ ʥʝʪʝʨʤʠʥʘʣʴʥʳʭ, ʥʘʧʨʠʤʝʨ, H. ʕʪʠ ʚʝʨʰʠʥʳ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʩʦʩʪʦʷ-
ʥʠʷʤʠ. H ð ʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ.  

(2) ʩʦʝʜʠʥʷʝʤ ʵʪʠ ʩʦʩʪʦʷʥʠʷ ʜʫʛʘʤʠ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʨʘʚʠʣʘʤ: 

ʘ) ʜʣʷ ʢʘʞʜʦʛʦ ʧʨʘʚʠʣʘ ʛʨʘʤʤʘʪʠʢʠ ʚʠʜʘ W Ÿ t ʩʦʝʜʠʥʷʝʤ ʜʫʛʦʡ ʩʦʩʪʦʷʥʠʷ  H  

ʠ  W (ʦʪ H ʢ W ) ʠ ʧʦʤʝʯʘʝʤ ʜʫʛʫ ʩʠʤʚʦʣʦʤ t; 

ʙ) ʜʣʷ ʢʘʞʜʦʛʦ ʧʨʘʚʠʣʘ W Ÿ Vt ʩʦʝʜʠʥʷʝʤ ʜʫʛʦʡ ʩʦʩʪʦʷʥʠʷ V ʠ W (ʦʪ V ʢ W) ʠ 
ʧʦʤʝʯʘʝʤ ʜʫʛʫ ʩʠʤʚʦʣʦʤ t; 

ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʡ ʜʣʷ ʛʨʘʤʤʘʪʠʢʠ Gleft (ʩʤ. ʧʨʠʤʝʨ ʚʳʰʝ) ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ.4:  

                                               

H A

B C S
^

a

b b

a

b

a

 
ʈʠʩ. 4. ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʡ ʜʣʷ ʛʨʘʤʤʘʪʠʢʠ Gleft. 
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ɸʣʛʦʨʠʪʤ ʨʘʟʙʦʨʘ ʧʦ ʜʠʘʛʨʘʤʤʝ ʩʦʩʪʦʷʥʠʡ 

(1) ʦʙʲʷʚʣʷʝʤ ʪʝʢʫʱʠʤ ʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ H; 

(2) ʟʘʪʝʤ ʤʥʦʛʦʢʨʘʪʥʦ (ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʩʯʠʪʘʝʤ ʧʨʠʟʥʘʢ ʢʦʥʮʘ ʮʝʧʦʯʢʠ) ʚʳʧʦʣʥʷ-

ʝʤ ʩʣʝʜʫʶʱʠʝ ʰʘʛʠ: ʩʯʠʪʳʚʘʝʤ ʦʯʝʨʝʜʥʦʡ ʩʠʤʚʦʣ ʠʩʭʦʜʥʦʡ ʮʝʧʦʯʢʠ ʠ ʧʝʨʝʭʦ-

ʜʠʤ ʠʟ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʜʨʫʛʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦ ʜʫʛʝ, ʧʦʤʝʯʝʥʥʦʡ ʵʪʠʤ ʩʠʤʚʦ-

ʣʦʤ. ʉʦʩʪʦʷʥʠʝ, ʚ ʢʦʪʦʨʦʝ ʤ  rʧʨʠ ʵʪʦʤ ʧʦʧʘʜʘʝʤ, ʩʪʘʥʦʚʠʪʩʷ ʪʝʢʫʱʠʤ. 

ʇʨʠ ʨʘʙʦʪʝ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤʘ ʚʦʟʤʦʞʥʳ ʩʣʝʜʫʶʱʠʝ ʩʠʪʫʘʮʠʠ (ʘʥʘʣʦʛʠʯʥʳʝ ʩʠʪʫʘʮʠʷʤ, 

ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʨʘʟʙʦʨʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦ ʨʝʛʫʣʷʨʥʦʡ ʛʨʘʤʤʘʪʠʢʝ): 

1) ʇʨʦʯʠʪʘʥʘ ʚʩʷ ʮʝʧʦʯʢʘ; ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʥʘʭʦʜʠʣʘʩʴ ʝʜʠʥʩʪʚʝʥʥʘʷ ʜʫʛʘ, ʧʦʤʝʯʝʥ-

ʥʘʷ ʦʯʝʨʝʜʥʳʤ ʩʠʤʚʦʣʦʤ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʮʝʧʦʯʢʠ; ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʣʝʜʥʝʛʦ ʧʝʨʝ-

ʭʦʜʘ ʦʢʘʟʘʣʠʩʴ ʚ ʩʦʩʪʦʷʥʠʠ S. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʠʩʭʦʜʥʘʷ ʮʝʧʦʯʢʘ ʧʨʠʥʘʜʣʝʞʠʪ 
L(G). 

2) ʇʨʦʯʠʪʘʥʘ ʚʩʷ ʮʝʧʦʯʢʘ; ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʥʘʭʦʜʠʣʘʩʴ ʝʜʠʥʩʪʚʝʥʥʘʷ çʥʫʞʥʘʷè ʜʫʛʘ; 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʣʝʜʥʝʛʦ ʰʘʛʘ ʦʢʘʟʘʣʠʩʴ ʚ ʩʦʩʪʦʷʥʠʠ, ʦʪʣʠʯʥʦʤ ʦʪ S. ʕʪʦ ʦʟʥʘʯʘʝʪ, 
ʯʪʦ ʠʩʭʦʜʥʘʷ ʮʝʧʦʯʢʘ ʥʝ ʧʨʠʥʘʜʣʝʞʠʪ L(G). 

3) ʅʘ ʥʝʢʦʪʦʨʦʤ ʰʘʛʝ ʥʝ ʥʘʰʣʦʩʴ ʜʫʛʠ, ʚʳʭʦʜʷʱʝʡ ʠʟ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʧʦʤʝ-

ʯʝʥʥʦʡ ʦʯʝʨʝʜʥʳʤ ʘʥʘʣʠʟʠʨʫʝʤʳʤ ʩʠʤʚʦʣʦʤ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʠʩʭʦʜʥʘʷ ʮʝʧʦʯʢʘ 
ʥʝ ʧʨʠʥʘʜʣʝʞʠʪ L(G). 

4) ʅʘ ʥʝʢʦʪʦʨʦʤ ʰʘʛʝ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʝʩʪʴ ʥʝʩʢʦʣʴʢʦ ʜʫʛ, ʚʳʭʦʜʷ-

ʱʠʭ ʠʟ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ, ʧʦʤʝʯʝʥʥʳʭ ʦʯʝʨʝʜʥʳʤ ʘʥʘʣʠʟʠʨʫʝʤʳʤ ʩʠʤʚʦʣʦʤ, 

ʥʦ ʚʝʜʫʱʠʭ ʚ ʨʘʟʥʳʝ ʩʦʩʪʦʷʥʠʷ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʥʝʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʩʪʠ ʨʘʟʙʦʨʘ. 

ɸʥʘʣʠʟ ʵʪʦʡ ʩʠʪʫʘʮʠʠ ʙʫʜʝʪ ʧʨʠʚʝʜʝʥ ʥʠʞʝ. 

ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʡ ʦʧʨʝʜʝʣʷʝʪ ʢʦʥʝʯʥʳʡ ʘʚʪʦʤʘʪ, ʧʦʩʪʨʦʝʥʥʳʡ ʧʦ ʨʝʛʫʣʷʨʥʦʡ 

ʛʨʘʤʤʘʪʠʢʝ, ʢʦʪʦʨʳʡ ʜʦʧʫʩʢʘʝʪ ʤʥʦʞʝʩʪʚʦ ʮʝʧʦʯʝʢ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʷʟʳʢ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʵʪʦʡ 

ʛʨʘʤʤʘʪʠʢʦʡ. ʉʦʩʪʦʷʥʠʷ ʠ ʜʫʛʠ ɼʉ ð ʵʪʦ ʛʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʬʫʥʢʮʠʠ ʧʝʨʝʭʦʜʦʚ ʢʦ-

ʥʝʯʥʦʛʦ ʘʚʪʦʤʘʪʘ ʠʟ ʩʦʩʪʦʷʥʠʷ ʚ ʩʦʩʪʦʷʥʠʝ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʦʯʝʨʝʜʥʦʡ ʘʥʘʣʠʟʠʨʫʝʤʳʡ ʩʠʤ-

ʚʦʣ ʩʦʚʧʘʜʘʝʪ ʩ ʩʠʤʚʦʣʦʤ-ʤʝʪʢʦʡ ʜʫʛʠ. ʉʨʝʜʠ ʚʩʝʭ ʩʦʩʪʦʷʥʠʡ ʚʳʜʝʣʷʝʪʩʷ ʥʘʯʘʣʴʥʦʝ (ʩʯʠʪʘ-

ʝʪʩʷ, ʯʪʦ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʩʚʦʝʡ ʨʘʙʦʪʳ ʘʚʪʦʤʘʪ ʥʘʭʦʜʠʪʩʷ ʚ ʵʪʦʤ ʩʦʩʪʦʷʥʠʠ) ʠ ʟʘʢʣʶʯʠ-

ʪʝʣʴʥʦʝ (ʝʩʣʠ ʘʚʪʦʤʘʪ ʟʘʚʝʨʰʘʝʪ ʨʘʙʦʪʫ ʧʝʨʝʭʦʜʦʤ ʚ ʵʪʦ ʩʦʩʪʦʷʥʠʝ, ʪʦ ʘʥʘʣʠʟʠʨʫʝʤʘʷ ʮʝ-

ʧʦʯʢʘ ʠʤ ʜʦʧʫʩʢʘʝʪʩʷ). ʅʘ ɼʉ ʵʪʠ ʩʦʩʪʦʷʥʠʷ ʦʪʤʝʯʘʶʪʩʷ ʢʦʨʦʪʢʠʤʠ ʚʭʦʜʷʱʝʡ ʠ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ ʠʩʭʦʜʷʱʝʡ ʩʪʨʝʣʢʘʤʠ, ʥʝ ʩʦʝʜʠʥʝʥʥʳʤʠ ʩ ʜʨʫʛʠʤʠ ʚʝʨʰʠʥʘʤʠ. 

 

ʆʧʨʝʜʝʣʝʥʠʝ: ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ ʢʦʥʝʯʥʳʡ ʘʚʪʦʤʘʪ (ɼʂɸ) ð ʵʪʦ ʧʷʪʝʨʢʘ à K, T, d, 

H, S ð, ʛʜʝ 

K ð ʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʩʦʩʪʦʷʥʠʡ; 

T ð ʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʜʦʧʫʩʪʠʤʳʭ ʚʭʦʜʥʳʭ ʩʠʤʚʦʣʦʚ; 

d ð ʦʪʦʙʨʘʞʝʥʠʝ ʤʥʦʞʝʩʪʚʘ K ³ T ʚ K, ʦʧʨʝʜʝʣʷʶʱʝʝ ʧʦʚʝʜʝʥʠʝ ʘʚʪʦʤʘʪʘ;  

H Í K ð ʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ; 

S Í K ð ʟʘʢʣʶʯʠʪʝʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ (ʣʠʙʦ ʤʥʦʞʝʩʪʚʦ ʟʘʢʣʶʯʠʪʝʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ 

S Ë K). 

ɿʘʤʝʯʘʥʠʷ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ɼʂɸ: 

(1) ɿʘʢʣʶʯʠʪʝʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚ ɼʂɸ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʝʝ ʦʜʥʦʛʦ, ʦʜʥʘʢʦ ʜʣʷ ʣʶʙʦʛʦ 

ʨʝʛʫʣʷʨʥʦʛʦ ʷʟʳʢʘ, ʚʩʝ ʮʝʧʦʯʢʠ ʢʦʪʦʨʦʛʦ ʟʘʢʘʥʯʠʚʘʶʪʩʷ ʤʘʨʢʝʨʦʤ ʢʦʥʮʘ ( )̂, ʩʫ-
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ʱʝʩʪʚʫʝʪ ɼʂɸ ʩ ʝʜʠʥʩʪʚʝʥʥʳʤ ʟʘʢʣʶʯʠʪʝʣʴʥʳʤ ʩʦʩʪʦʷʥʠʝʤ. ɿʘʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ 

ɼʂɸ, ʧʦʩʪʨʦʝʥʥʳʡ ʧʦ ʨʝʛʫʣʷʨʥʦʡ ʛʨʘʤʤʘʪʠʢʝ ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʚʳʰʝ ʩʧʦʩʦʙʦʤ, 
ʚʩʝʛʜʘ ʙʫʜʝʪ ʠʤʝʪʴ ʝʜʠʥʩʪʚʝʥʥʦʝ ʟʘʢʣʶʯʠʪʝʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ  S. 

13)
 

(2) ʆʪʦʙʨʘʞʝʥʠʝ d: K ³ T Ÿ K ʥʘʟʳʚʘʶʪ ʬʫʥʢʮʠʝʡ ʧʝʨʝʭʦʜʦʚ ɼʂɸ. d(A, t) = B ʦʟʥʘʯʘ-

ʝʪ, ʯʪʦ ʠʟ ʩʦʩʪʦʷʥʠʷ A ʧʦ ʚʭʦʜʥʦʤʫ ʩʠʤʚʦʣʫ  t  ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʚ ʩʦʩʪʦʷʥʠʝ B. 

ʀʥʦʛʜʘ d ʦʧʨʝʜʝʣʷʶʪ ʣʠʰʴ ʥʘ ʧʦʜʤʥʦʞʝʩʪʚʝ K ³ T (ʯʘʩʪʠʯʥʘʷ ʬʫʥʢʮʠʷ). ɽʩʣʠ 

ʟʥʘʯʝʥʠʝ d(A, t) ʥʝ ʦʧʨʝʜʝʣʝʥʦ, ʪʦ ʘʚʪʦʤʘʪ ʥʝ ʤʦʞʝʪ ʜʘʣʴʰʝ ʧʨʦʜʦʣʞʘʪʴ ʨʘʙʦʪʫ ʠ 

ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ çʦʰʠʙʢʘè. 

ʆʧʨʝʜʝʣʝʥʠʝ: ɼʂɸ ʜʦʧʫʩʢʘʝʪ ʮʝʧʦʯʢʫ a1a2...an, ʝʩʣʠ d (H, a1) = A1; d (A1, a2) = A2 ; é 

; d (An ī 2, an ī 1) = An ī 1; d (An ī 1, an) = S, ʛʜʝ ai Í T, Aj Í K, j = 1, 2, ..., n - 1; i = 1, 2, ..., n;  H ð 

ʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ,  S ð ʟʘʢʣʶʯʠʪʝʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ.  

ʆʧʨʝʜʝʣʝʥʠʝ: ʤʥʦʞʝʩʪʚʦ ʮʝʧʦʯʝʢ, ʜʦʧʫʩʢʘʝʤʳʭ ɼʂɸ, ʩʦʩʪʘʚʣʷʝʪ ʦʧʨʝʜʝʣʷʝʤʳʡ ʠʤ 

ʷʟʳʢ. 

ɼʣʷ ʙʦʣʝʝ ʫʜʦʙʥʦʡ ʨʘʙʦʪʳ ʩ ʜʠʘʛʨʘʤʤʘʤʠ ʩʦʩʪʦʷʥʠʡ ʚʚʝʜʝʤ ʥʝʩʢʦʣʴʢʦ ʩʦʛʣʘʰʝʥʠʡ: 

Á ʝʩʣʠ ʠʟ ʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʜʨʫʛʦʝ ʚʳʭʦʜʠʪ ʥʝʩʢʦʣʴʢʦ ʜʫʛ, ʧʦʤʝʯʝʥʥʳʭ ʨʘʟʥʳʤʠ 

ʩʠʤʚʦʣʘʤʠ, ʪʦ ʙʫʜʝʤ ʠʟʦʙʨʘʞʘʪʴ ʦʜʥʫ ʜʫʛʫ, ʧʦʤʝʯʘʷ ʝʝ ʩʧʠʩʢʦʤ ʠʟ ʚʩʝʭ ʪʘʢʠʭ ʩʠʤ-

ʚʦʣʦʚ; 

Á ʥʝʧʦʤʝʯʝʥʥʘʷ ʜʫʛʘ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʧʝʨʝʭʦʜʫ ʧʨʠ ʣʶʙʦʤ ʩʠʤʚʦʣʝ, ʢʨʦʤʝ ʪʝʭ, 
ʢʦʪʦʨʳʤʠ ʧʦʤʝʯʝʥʳ ʜʨʫʛʠʝ ʜʫʛʠ, ʚʳʭʦʜʷʱʠʝ ʠʟ ʵʪʦʛʦ ʩʦʩʪʦʷʥʠʷ; 

Á ʚʚʝʜʝʤ ʩʦʩʪʦʷʥʠʝ ʦʰʠʙʢʠ (ER); ʧʝʨʝʭʦʜ ʚ ʵʪʦ ʩʦʩʪʦʷʥʠʝ ʙʫʜʝʪ ʦʟʥʘʯʘʪʴ, ʯʪʦ ʠʩʭʦʜ-

ʥʘʷ ʮʝʧʦʯʢʘ ʷʟʳʢʫ ʥʝ ʧʨʠʥʘʜʣʝʞʠʪ. 

ʇʦ ʜʠʘʛʨʘʤʤʝ ʩʦʩʪʦʷʥʠʡ ʣʝʛʢʦ ʥʘʧʠʩʘʪʴ ʘʥʘʣʠʟʘʪʦʨ ʜʣʷ ʨʝʛʫʣʷʨʥʦʡ ʛʨʘʤʤʘʪʠʢʠ. 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʛʨʘʤʤʘʪʠʢʠ Gleft = à { a, b, }̂,  { S, A, B, C},  P, S  ð   ʩ  ʧʨʘʚʠʣʘʤʠ 

P:    

 S Ÿ C  ̂

 C Ÿ Ab | Ba 

 A Ÿ a | Ca 

 B Ÿ b | Cb 
 

 

ʘʥʘʣʠʟʘʪʦʨ ʙʫʜʝʪ ʪʘʢʠʤ: 

#include  <iostream > 
using namespace  std;  
char  c;      // ȻȮȳȼɂȱȲ Ⱥȱȵȫȷȴ 
 
void  gc  ()  {  cin  >> c ; }   // ȺɀȱȻȩȻɅ ȷɀȮȹȮȭȶȷȲ Ⱥȱȵȫȷȴ ȱȰ ȫȾȷȭȶȷȲ ȿȮȸȷɀȳȱ 
  
bool  scan_G  ()  
{  
 enum state  { H, A, B, C, S, ER };  // ȵȶȷȯȮȺȻȫȷ ȺȷȺȻȷɈȶȱȲ 

                                                
13)

 ʅʝʪʨʫʜʥʦ ʫʢʘʟʘʪʴ ʠ ʦʙʨʘʪʥʳʡ ʩʧʦʩʦʙ ð ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʤʤʘʪʠʢʠ ʧʦ ʜʠʘʛʨʘʤʤʝ ʩʦʩʪʦʷʥʠʡ ʘʚʪʦʤʘʪʘ, ð ʧʨʠ-

ʯʝʤ ʧʦʣʫʯʠʚʰʘʷʩʷ ʛʨʘʤʤʘʪʠʢʘ ʙʫʜʝʪ ʘʚʪʦʤʘʪʥʦʡ. ʂʘʞʜʦʡ ʜʫʛʝ ʠʟ ʥʘʯʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʅ ʚ ʩʦʩʪʦʷʥʠʝ W, 

ʧʦʤʝʯʝʥʥʦʡ ʩʠʤʚʦʣʦʤ t, ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʧʨʘʚʠʣʦ W Ÿ t; ʢʘʞʜʦʡ ʜʫʛʝ ʠʟ ʩʦʩʪʦʷʥʠʷ V ʚ ʩʦʩʪʦʷʥʠʝ W, 

ʧʦʤʝʯʝʥʥʦʡ ʩʠʤʚʦʣʦʤ t, ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʧʨʘʚʠʣʦ W Ÿ Vt. ɿʘʢʣʶʯʠʪʝʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ S ʦʙʲʷʚʣʷʝʪʩʷ 

ʥʘʯʘʣʴʥʳʤ ʩʠʤʚʦʣʦʤ ʛʨʘʤʤʘʪʠʢʠ.  
 ɽʩʣʠ ʚ ʚʝʨʰʠʥʫ  ʅ  ʚʭʦʜʠʪ ʥʝʢʦʪʦʨʘʷ ʜʫʛʘ (ʵʪʦ ʚʦʟʤʦʞʥʦ ʚ ʧʨʦʠʟʚʦʣʴʥʦ ʧʦʩʪʨʦʝʥʥʦʤ ʘʚʪʦʤʘʪʝ), ʪʦ ʘʣʛʦ-

ʨʠʪʤ  ʤʦʜʠʬʠʮʠʨʫʝʪʩʷ ʪʘʢ: ʢʘʞʜʦʡ ʜʫʛʝ ʠʟ ʥʘʯʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ  ʅ  ʚ ʩʦʩʪʦʷʥʠʝ W, ʧʦʤʝʯʝʥʥʦʡ ʩʠʤʚʦʣʦʤ 

t, ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʧʨʘʚʠʣʦ W ŸHt, ʠ ʚ ʛʨʘʤʤʘʪʠʢʫ ʜʦʙʘʚʣʷʝʪʩʷ ʧʨʘʚʠʣʦ ʅŸŮ; ʟʘʪʝʤ ʢ ʧʦʩʪʨʦʝʥʥʦʡ 

ʛʨʘʤʤʘʪʠʢʝ ʧʨʠʤʝʥʷʝʪʩʷ ʘʣʛʦʨʠʪʤ ʫʜʘʣʝʥʠʷ ʧʨʘʚʠʣ ʩ ʧʫʩʪʳʤʠ ʧʨʘʚʳʤʠ ʯʘʩʪʷʤʠ.  
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 state  CS;       // CS ññ ȻȮȳȼɂȮȮ ȺȷȺȻȷɈȶȱȮ 
 CS = H;  
  
 do 
 {  gc  ();   
      switch  (CS)  
  {  
  case  H:  if  (  c == 'a'  )  
    {  
     CS = A;  
    }  
    else if  (  c == 'b'  )  
    {  
     CS = B;  
    }  
    else  
     CS = ER;  
    break ;  
  case  A:  if  (  c == 'b'  )  
    {  
     CS = C;  
    }  
    else  
     CS = ER;  
    break ;  
  case  B:  if  (  c == 'a'  )  
    {     
     CS = C;  
    }   
        else  
     CS = ER;  
    break ;  
  case  C:  if  (  c =='a'  )  
    {  
     CS = A;  
    }  
    else  if  (  c == 'b'  )  
    {  
     CS = B;  
    }  

    else  if  (  c == ' '̂  )  

     CS = S;   
                 else   
                CS = ER;  
    break ;  
  }  
 }  
  
    while  ( CS != S && CS != ER);  
 
   return CS == S; // true, ȮȺȴȱ CS != ER,  ȱȶȩɀȮ false    
}  
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ʇʨʠʤʝʨ ʨʘʟʙʦʨʘ ʮʝʧʦʯʢʠ 

ʈʘʩʩʤʦʪʨʠʤ ʨʘʙʦʪʫ ʘʥʘʣʠʟʘʪʦʨʘ ʜʣʷ ʛʨʘʤʤʘʪʠʢʠ G ʥʘ ʧʨʠʤʝʨʝ ʮʝʧʦʯʢʠ abbâ . ʇʨʠ 

ʘʥʘʣʠʟʝ ʜʘʥʥʦʡ ʮʝʧʦʯʢʠ ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʝʨʝʭʦʜʦʚ ʚ ɼʉ: 

SCBCAH abba ½­½½­½½­½½­½½­½ ^
 

ɺʩʧʦʤʥʠʤ, ʯʪʦ ʢʘʞʜʳʡ ʧʝʨʝʭʦʜ ʚ ɼʉ ʦʟʥʘʯʘʝʪ ʩʚʝʨʪʢʫ ʩʝʥʪʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʳ ʧʫʪʝʤ ʟʘʤʝʥʳ 

ʚ ʥʝʡ ʧʘʨʳ çʥʝʪʝʨʤʠʥʘʣ-ʪʝʨʤʠʥʘʣè Nt ʥʘ ʥʝʪʝʨʤʠʥʘʣ L, ʛʜʝ L Ÿ Nt ʧʨʘʚʠʣʦ ʚʳʚʦʜʘ ʚ ʛʨʘʤ-

ʤʘʪʠʢʝ. ʊʘʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʘʚʠʣʘ ʚ ʦʙʨʘʪʥʫʶ ʩʪʦʨʦʥʫ ʙʫʜʝʤ ʟʘʧʠʩʳʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʦʙʨʘʪ-

ʥʦʡ ʩʪʨʝʣʢʠ Nt Ŷ L (ʦʙʨʘʱʝʥʠʝ ʧʨʘʚʠʣʘ ʚʳʚʦʜʘ). ʊʦʛʜʘ ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʫʶ ʧʦʩʣʝʜʦʚʘ-
ʪʝʣʴʥʦʩʪʴ ʩʚʝʨʪʦʢ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʧʝʨʝʭʦʜʘʤ ʚ ɼʉ: 

       abbâ  « Abbâ  « Cba  ̂« Ba  ̂« C  ̂« S 

ʕʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʥʝ ʯʪʦ ʠʥʦʝ, ʢʘʢ ʦʙʨʘʱʝʥʠʝ (ʧʨʘʚʦʛʦ) ʚʳʚʦʜʘ ʮʝʧʦʯʢʠ abbâ  ʚ ʛʨʘʤ-

ʤʘʪʠʢʝ G. ʆʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʩʪʨʦʝʥʠʶ ʜʝʨʝʚʘ ʩʥʠʟʫ ʚʚʝʨʭ (ʩʤ. ʨʠʩ. 5). 
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ʈʠʩ. 5. ʇʦʩʪʨʦʝʥʠʝ ʜʝʨʝʚʘ ʚʳʚʦʜʘ ʩʥʠʟʫ ʚʚʝʨʭ. 

ʈʘʟʙʦʨ ʧʦ ʧʨʘʚʦʣʠʥʝʡʥʦʡ ʛʨʘʤʤʘʪʠʢʝ 

ʇʦ ʜʠʘʛʨʘʤʤʝ ʩʦʩʪʦʷʥʠʡ (ʩʤ. ʨʠʩ. 4) ʧʦʩʪʨʦʠʤ ʧʨʘʚʦʣʠʥʝʡʥʫʶ ʘʚʪʦʤʘʪʥʫʶ ʛʨʘʤʤʘʪʠ-

ʢʫ  Gright   ʩʣʝʜʫʶʱʠʤ ʩʧʦʩʦʙʦʤ:  

Á ʥʝʪʝʨʤʠʥʘʣʘʤʠ ʙʫʜʫʪ ʩʦʩʪʦʷʥʠʷ ʠʟ ɼʉ (ʢʨʦʤʝ S ); 

Á ʢʘʞʜʦʡ ʜʫʛʝ ʠʟ ʩʦʩʪʦʷʥʠʷ V ʚ ʟʘʢʣʶʯʠʪʝʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ S (ʧʦʤʝʯʝʥʥʦʡ ʧʨʠʟʥʘʢʦʤ 

ʢʦʥʮʘ )̂ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʧʨʘʚʠʣʦ V Ÿ ;̂ 

Á ʢʘʞʜʦʡ ʜʫʛʝ ʠʟ ʩʦʩʪʦʷʥʠʷ V ʚ ʩʦʩʪʦʷʥʠʝ W, ʧʦʤʝʯʝʥʥʦʡ ʩʠʤʚʦʣʦʤ t, ʙʫʜʝʪ ʩʦʦʪʚʝʪ-
ʩʪʚʦʚʘʪʴ ʧʨʘʚʠʣʦ V Ÿ tW;  

Á ʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ H ʦʙʲʷʚʣʷʝʪʩʷ ʥʘʯʘʣʴʥʳʤ ʩʠʤʚʦʣʦʤ ʛʨʘʤʤʘʪʠʢʠ 
14)

. 

                                                

14)
 ʅʝʪʨʫʜʥʦ ʦʧʠʩʘʪʴ ʠ ʦʙʨʘʪʥʳʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʧʨʘʚʦʣʠʥʝʡʥʦʡ ʘʚʪʦʤʘʪʥʦʡ ʛʨʘʤʤʘʪʠʢʠ, ʝʩʣʠ ʚʩʝ ʝʝ ʧʨʘʚʠʣʘ ʩ 

ʦʜʥʦʩʠʤʚʦʣʴʥʦʡ ʧʨʘʚʦʡ ʯʘʩʪʴʶ ʠʤʝʶʪ ʚʠʜ V Ÿ .̂ ʉʦʩʪʦʷʥʠʷʤʠ ɼʉ ʙʫʜʫʪ ʥʝʪʝʨʤʠʥʘʣʳ ʛʨʘʤʤʘʪʠʢʠ ʠ ʝʱʝ 

ʦʜʥʦ ʩʧʝʮʠʘʣʴʥʦʝ ʟʘʢʣʶʯʠʪʝʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ S, ʚ ʢʦʪʦʨʦʝ ʜʣʷ ʢʘʞʜʦʛʦ ʧʨʘʚʠʣʘ ʚʠʜʘ V Ÿ  ̂ʧʨʦʚʦʜʠʪʩʷ ʜʫʛʘ 



ʕʣʝʤʝʥʪʳ ʪʝʦʨʠʠ ʪʨʘʥʩʣʷʮʠʠ / ʈʘʟʙʦʨ ʧʦ ʨʝʛʫʣʷʨʥʳʤ ʛʨʘʤʤʘʪʠʢʘʤ 
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Gright = à { a, b, }̂,  { H, A, B, C},  P, H  ð 

P:    

 H Ÿ aA | bB 

 A Ÿ bC 

 C Ÿ bB | aA |  ̂

 B Ÿ aC 
 

 

ɿʘʤʝʪʠʤ, ʯʪʦ L(Gright) = L(Gleft), ʪʘʢ ʢʘʢ ʛʨʘʤʤʘʪʠʢʠ Gright  ʠ  Gleft  ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʜʥʦʡ ʠ ʪʦʡ 

ʞʝ ɼʉ (ʩʤ. ʨʠʩ. 4). 

ʈʘʩʩʤʦʪʨʠʤ ʨʘʟʙʦʨ ʮʝʧʦʯʢʠ abbâ  ʧʦ ʧʨʘʚʦʣʠʥʝʡʥʦʡ ʛʨʘʤʤʘʪʠʢʝ Gright. ʇʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʴ ʧʝʨʝʭʦʜʦʚ ʚ ɼʉ ʜʣʷ ʵʪʦʡ ʮʝʧʦʯʢʠ ʪʘʢʦʚʘ: 

SCBCAH abba ½­½½­½½­½½­½½­½ ^
 

ʂʘʞʜʳʡ ʧʝʨʝʭʦʜ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʦʩʣʝʜʥʝʛʦ, ʦʟʥʘʯʘʝʪ ʪʝʧʝʨʴ ʟʘʤʝʥʫ ʚ ʩʝʥʪʝʥʮʠʘʣʴʥʦʡ 

ʬʦʨʤʝ ʥʝʪʝʨʤʠʥʘʣʘ ʥʘ ʧʘʨʫ çʪʝʨʤʠʥʘʣ-ʥʝʪʝʨʤʠʥʘʣè ʩ ʧʦʤʦʱʴʶ ʥʝʢʦʪʦʨʦʛʦ ʧʨʘʚʠʣʘ ʚʳʚʦʜʘ 

ʛʨʘʤʤʘʪʠʢʠ Gright. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʠʡ (ʣʝʚʳʡ) ʚʳʚʦʜ, ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʝʨʝʭʦʜʦʚ ʚ ɼʉ: 

              H ­ aA ­ abC ­ abbB ­ abbaC ­ abbâ  

ʊʘʢʦʡ ʚʳʚʦʜ ʦʪʨʘʞʘʝʪ ʧʦʩʪʨʦʝʥʠʝ ʜʝʨʝʚʘ ʚʳʚʦʜʘ ʩʚʝʨʭʫ ʚʥʠʟ (ʩʤ. ʨʠʩ. 6). 

 

H

bb ^aa
 

Ý 

H

bb ^aa

A

 

Ý 

H

bb ^aa

C

A

 

Ý 

       

Ý 

H

bb ^aa

B

C

A

 

Ý 

H

bb ^aa

C

B

C

A

 

Ý 

H

bb ^aa

C

B

C

A

 

 

ʈʠʩ. 6. ʇʦʩʪʨʦʝʥʠʝ ʜʝʨʝʚʘ ʚʳʚʦʜʘ ʩʚʝʨʭʫ ʚʥʠʟ. 

ʆ ʥʝʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʤ ʨʘʟʙʦʨʝ 

ʇʨʠ ʘʥʘʣʠʟʝ ʧʦ ʣʝʚʦʣʠʥʝʡʥʦʡ ʛʨʘʤʤʘʪʠʢʝ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ, ʯʪʦ ʥʝʩʢʦʣʴʢʦ ʥʝʪʝʨʤʠʥʘ-

ʣʦʚ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʝ ʧʨʘʚʳʝ ʯʘʩʪʠ, ʠ ʧʦʵʪʦʤʫ ʥʝʷʩʥʦ, ʢ ʢʘʢʦʤʫ ʠʟ ʥʠʭ ʜʝʣʘʪʴ ʩʚʝʨʪʢʫ (ʩʤ. 

ʩʠʪʫʘʮʠʶ 4 ʚ ʦʧʠʩʘʥʠʠ ʘʣʛʦʨʠʪʤʘ). ʇʨʠ ʘʥʘʣʠʟʝ ʧʦ ʧʨʘʚʦʣʠʥʝʡʥʦʡ ʛʨʘʤʤʘʪʠʢʝ ʤʦʞʝʪ ʦʢʘ-

                                                                                                                                                            

ʠʟ V, ʧʦʤʝʯʝʥʥʘʷ ʧʨʠʟʥʘʢʦʤ ʢʦʥʮʘ .̂ ɼʣʷ ʢʘʞʜʦʛʦ ʧʨʘʚʠʣʘ ʚʠʜʘ V Ÿ t W ʧʨʦʚʦʜʠʪʩʷ ʜʫʛʘ ʠʟ V ʚ W, ʧʦʤʝ-
ʯʝʥʥʘʷ ʩʠʤʚʦʣʦʤ t. ʅʘʯʘʣʴʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʚ ɼʉ ʙʫʜʝʪ ʥʘʯʘʣʴʥʳʡ ʩʠʤʚʦʣ  H. 



     ʕʣʝʤʝʥʪʳ ʪʝʦʨʠʠ ʪʨʘʥʩʣʷʮʠʠ / ʈʘʟʙʦʨ ʧʦ ʨʝʛʫʣʷʨʥʳʤ ʛʨʘʤʤʘʪʠʢʘʤ 
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ʟʘʪʴʩʷ, ʯʪʦ ʥʝʪʝʨʤʠʥʘʣ ʠʤʝʝʪ ʜʚʝ ʧʨʘʚʳʝ ʯʘʩʪʠ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʩʠʤʚʦʣʘʤʠ ʠ 

ʧʦʵʪʦʤʫ ʥʝʷʩʥʦ, ʥʘ ʢʘʢʫʶ ʘʣʴʪʝʨʥʘʪʠʚʫ ʟʘʤʝʥʠʪʴ ʥʝʪʝʨʤʠʥʘʣ. ɺ ʪʝʨʤʠʥʘʭ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦ-

ʷʥʠʡ ʵʪʠ ʩʠʪʫʘʮʠʠ ʦʟʥʘʯʘʪʁ, ʯʪʦ ʠʟ ʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʳʭʦʜʠʪ ʥʝʩʢʦʣʴʢʦ ʜʫʛ, ʚʝʜʫʱʠʭ ʚ 

ʨʘʟʥʳʝ ʩʦʩʪʦʷʥʠʷ, ʥʦ ʧʦʤʝʯʝʥʥʳʭ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʩʠʤʚʦʣʦʤ. 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʛʨʘʤʤʘʪʠʢʠ G = à{ a, b, }̂,  { S, A, B},  P, S ð, ʛʜʝ 

P:    

 S Ÿ A  ̂

 A Ÿ a | Bb 

 B Ÿ b | Bb 
 

 

ʨʘʟʙʦʨ ʙʫʜʝʪ ʥʝʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʤ (ʪ.ʢ. ʫ ʥʝʪʝʨʤʠʥʘʣʦʚ A ʠ B ʝʩʪʴ ʦʜʠʥʘʢʦʚʳʝ ʧʨʘʚʳʝ ʯʘ-

ʩʪʠ ð Bb).  

ʊʘʢʦʡ ʛʨʘʤʤʘʪʠʢʝ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʥʝʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ ʢʦʥʝʯʥʳʡ ʘʚʪʦʤʘʪ. 

ʆʧʨʝʜʝʣʝʥʠʝ: ʥʝʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ ʢʦʥʝʯʥʳʡ ʘʚʪʦʤʘʪ (ʅʂɸ) ð ʵʪʦ ʧʷʪʝʨʢʘ à K, T, 

d, H, S ð, ʛʜʝ 

K ð ʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʩʦʩʪʦʷʥʠʡ; 

T ð ʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʜʦʧʫʩʪʠʤʳʭ ʚʭʦʜʥʳʭ ʩʠʤʚʦʣʦʚ; 

d ð ʦʪʦʙʨʘʞʝʥʠʝ ʤʥʦʞʝʩʪʚʘ K ³ T ʚ ʤʥʦʞʝʩʪʚʦ ʧʦʜʤʥʦʞʝʩʪʚ K; 

H Ë K ð ʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʥʘʯʘʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ; 

S Ë K ð ʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʟʘʢʣʶʯʠʪʝʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ. 

d(A, t) = {B1, B2,..., Bn}  ʦʟʥʘʯʘʝʪ, ʯʪʦ ʠʟ ʩʦʩʪʦʷʥʠʷ A ʧʦ ʚʭʦʜʥʦʤʫ ʩʠʤʚʦʣʫ t ʤʦʞʥʦ ʦʩʫʝɦ-

ʩʪʚʠʪʴ ʧʝʨʝʭʦʜ ʚ ʣʶʙʦʝ ʠʟ ʩʦʩʪʦʷʥʠʡ Bi, i = 1, 2, ..., n. ʊʘʢʞʝ ʢʘʢ ʠ ɼʂɸ, ʣʶʙʦʡ ʅʂɸ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ (ʚ ʦʜʥʦʡ ʷʯʝʡʢʝ ʪʘʢʦʡ ʪʘʙʣʠʮʳ ʤʦʞʥʦ ʫʢʘʟʳʚʘʪʴ ʩʨʘʟʫ ʥʝʩʢʦʣʴ-

ʢʦ ʩʦʩʪʦʷʥʠʡ, ʚ ʢʦʪʦʨʳʝ ʚʦʟʤʦʞʝʥ ʧʝʨʝʭʦʜ ʠʟ ʟʘʜʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ  ʧʦ ʪʝʢʫʱʝʤʫ ʩʠʤʚʦʣʫ) 

ʠʣʠ ʚ ʚʠʜʝ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʡ (ɼʉ). ɺ ɼʉ ʢʘʞʜʦʤʫ ʩʦʩʪʦʷʥʠʶ ʠʟ ʤʥʦʞʝʩʪʚʘ K ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʚʝʨʰʠʥʘ; ʠʟ ʚʝʨʰʠʥʳ  A  ʚ ʚʝʨʰʠʥʫ B ʚʝʜʝʪ ʜʫʛʘ, ʧʦʤʝʯʝʥʥʘʷ ʩʠʤʚʦʣʦʤ  t, ʝʩʣʠ 

B Í d (A, t). (ɺ ʅʂɸ ʠʟ ʦʜʥʦʡ ʚʝʨʰʠʥʳ ʤʦʛʫʪ ʠʩʭʦʜʠʪʴ ʥʝʩʢʦʣʴʢʦ ʜʫʛ ʩ ʦʜʠʥʘʢʦʚʦʡ ʧʦʤʝʪ-

ʢʦʡ).   ʋʩʧʝʰʥʳʡ ʧʫʪʴ ð ʵʪʦ ʧʫʪʴ ʠʟ ʥʘʯʘʣʴʥʦʡ ʚʝʨʰʠʥʳ ʚ ʟʘʢʣʶʯʠʪʝʣʴʥʫʶ; ʧʦʤʝʪʢʘ ʧʫʪʠ 

ð ʵʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʦʤʝʪʦʢ ʝʛʦ ʜʫʛ.  ʗʟʳʢ, ʜʦʧʫʩʢʘʝʤʳʡ ʅʂɸ, ð ʵʪʦ ʤʥʦʞʝʩʪʚʦ ʧʦ-

ʤʝʪʦʢ ʚʩʝʭ ʫʩʧʝʰʥʳʭ ʧʫʪʝʡ.  

ɽʩʣʠ ʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʘʚʪʦʤʘʪʘ (ʅʂɸ ʠʣʠ ɼʂɸ) ʦʜʥʦʚʨʝʤʝʥʥʦ ʷʚʣʷʝʪʩʷ ʠ ʟʘʢʣʶ-

ʯʠʪʝʣʴʥʳʤ, ʪʦ ʘʚʪʦʤʘʪ ʜʦʧʫʩʢʘʝʪ ʧʫʩʪʫʶ ʮʝʧʦʯʢʫ e. 

ɿʘʤʝʯʘʥʠʝ 

ɸʚʪʦʤʘʪ, ʧʦʩʪʨʦʝʥʥʳʡ ʧʦ ʨʝʛʫʣʷʨʥʦʡ ʛʨʘʤʤʘʪʠʢʝ ʙʝʟ ʧʫʩʪʳʭ ʧʨʘʚʳʭ ʯʘʩʪʝʡ, ʥʝ ʜʦʧʫʩʢʘʝʪ e. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʨʘʟʙʦʨʘ ʧʦ ʨʝʛʫʣʷʨʥʦʡ ʛʨʘʤʤʘʪʠʢʝ ʚ ʥʝʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʤ ʩʣʫʯʘʝ 

ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʘʣʛʦʨʠʪʤ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʧʝʨʝʙʠʨʘʪʴ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʩʚʝʨʪʦʢ 

(ʧʝʨʝʭʦʜʦʚ) ʦʜʠʥ ʟʘ ʜʨʫʛʠʤ; ʝʩʣʠ ʮʝʧʦʯʢʘ ʧʨʠʥʘʜʣʝʞʠʪ ʷʟʳʢʫ, ʪʦ ʙʫʜʝʪ ʥʘʡʜʝʥ ʫʩʧʝʰʥʳʡ 

ʧʫʪʴ; ʝʩʣʠ ʢʘʞʜʳʡ ʠʟ ʧʨʦʩʤʦʪʨʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚ ʟʘʚʝʨʰʠʪʩʷ ʥʝʫʜʘʯʝʡ, ʪʦ ʮʝʧʦʯʢʘ ʷʟʳʢʫ ʥʝ 

ʧʨʠʥʘʜʣʝʞʠʪ. ʆʜʥʘʢʦ ʪʘʢʦʡ ʘʣʛʦʨʠʪʤ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʧʨʠʝʤʣʝʤ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʧʝʨʝʙʦʨʝ ʚʘ-

ʨʠʘʥʪʦʚ ʤʳ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʩʥʦʚʘ ʦʢʘʞʝʤʩʷ ʧʝʨʝʜ ʧʨʦʙʣʝʤʦʡ ʚʳʙʦʨʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʫʜʝʤ 
ʠʤʝʪʴ çʜʝʨʝʚʦ ʦʪʣʦʞʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚè ʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ  ʨʦʩʪ ʩʣʦʞʥʦʩʪʠ ʨʘʟʙʦʨʘ. 

ʆʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʦʨʠʠ ʢʦʥʝʯʥʳʭ ʘʚʪʦʤʘʪʦʚ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, 

ʯʪʦ ʢʣʘʩʩ ʷʟʳʢʦʚ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʥʝʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʤʠ ʢʦʥʝʯʥʳʤʠ ʘʚʪʦʤʘʪʘʤʠ, ʩʦʚʧʘʜʘʝʪ 
ʩ ʢʣʘʩʩʦʤ ʷʟʳʢʦʚ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʤʠ ʢʦʥʝʯʥʳʤʠ ʘʚʪʦʤʘʪʘʤʠ. 
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ʋʪʚʝʨʞʜʝʥʠʝ 10. ʇʫʩʪʴ L ð ʬʦʨʤʘʣʴʥʳʡ ʷʟʳʢ. ʉʣʝʜʫʶʱʠʝ ʫʪʚʝʨʞʜʝʥʠʷ ʵʢʚʠʚʘ-

ʣʝʥʪʥʳ: 

(1)  L   ʧʦʨʦʞʜʘʝʪʩʷ  ʨʝʛʫʣʷʨʥʦʡ ʛʨʘʤʤʘʪʠʢʦʡ; 

(2)  L   ʜʦʧʫʩʢʘʝʪʩʷ ɼʂɸ; 

(3)  L   ʜʦʧʫʩʢʘʝʪʩʷ ʅʂɸ. 

ʕʢʚʠʚʘʣʝʥʪʥʦʩʪʴ ʧʫʥʢʪʦʚ (1) ʠ (2) ʩʣʝʜʫʝʪ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ ʘʣʛʦʨʠʪʤʦʚ ʧʦ-

ʩʪʨʦʝʥʠʷ ʢʦʥʝʯʥʦʛʦ ʘʚʪʦʤʘʪʘ ʧʦ ʨʝʛʫʣʷʨʥʦʡ ʛʨʘʤʤʘʪʠʢʝ ʠ ʦʙʨʘʪʥʦ ð ʛʨʘʤʤʘʪʠʢʠ ʧʦ ʘʚʪʦʤʘ-

ʪʫ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʠʟ (2) ʩʣʝʜʫʝʪ (3): ʜʦʩʪʘʪʦʯʥʦ ʟʘʧʠʩʘʪʴ ʚʤʝʩʪʦ ʢʘʞʜʦʛʦ ʧʝʨʝʭʦʜʘ ɼʂɸ  

d(C, a) = b  ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʝʤʫ  ʧʝʨʝʭʦʜ ʚ ʅʂɸ  d(C, a) = { b},  ʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ɼʂɸ ʧʦ-

ʤʝʩʪʠʪʴ ʚ ʤʥʦʞʝʩʪʚʦ ʥʘʯʘʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʅʂɸ, ʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ɼʂɸ ʧʦʤʝ-

ʩʪʠʪʴ ʚ ʤʥʦʞʝʩʪʚʦ ʟʘʢʣʶʯʠʪʝʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʅʂɸ. ʇʨʠʚʦʜʠʤʳʡ ʥʠʞʝ ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝ-

ʥʠʷ ɼʂɸ, ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʅʂɸ, ʦʙʦʩʥʦʚʳʚʘʝʪ ʪʦ, ʯʪʦ ʠʟ (3) ʩʣʝʜʫʝʪ (2).  

ɸʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ɼʂɸ ʧʦ ʅʂɸ 

ɺʭʦʜ: ʅʂɸ M = à K, T, d, H, S ð . 

ɺʳʭʦʜ: ɼʂɸ M1 = à K1, T, d1, H1, S1 ð, ʜʦʧʫʩʢʘʶʱʠʡ ʪʦʪ ʞʝ ʷʟʳʢ, ʯʪʦ ʠ ʘʚʪʦʤʘʪ ʄ : 

L(M) = L(M1). 

ʄʝʪʦʜ: 

1. ʕʣʝʤʝʥʪʘʤʠ K1, ʪ. ʝ. ʩʦʩʪʦʷʥʠʷʤʠ ʚ ɼʂɸ, ʙʫʜʫʪ ʥʝʢʦʪʦʨʳʝ ʧʦʜʤʥʦʞʝʩʪʚʘ ʤʥʦʞʝ-

ʩʪʚʘ ʩʦʩʪʦʷʥʠʡ ʅʂɸ. ɿʘʤʝʪʠʤ, ʯʪʦ ʚ ʩʠʣʫ ʢʦʥʝʯʥʦʩʪʠ ʤʥʦʞʝʩʪʚʘ K, ʤʥʦʞʝʩʪʚʦ K1 ʪʘʢʞʝ ʢʦ-

ʥʝʯʥʦ ʠ ʠʤʝʝʪ ʥʝ ʙʦʣʝʝ 2
s
 ʵʣʝʤʝʥʪʦʚ, ʛʜʝ s ð ʤʦʱʥʦʩʪʴ K.  

ʇʦʜʤʥʦʞʝʩʪʚʦ {ɸ1, A2, é, An}  ʩʦʩʪʦʷʥʠʡ ʠʟ ʂ ʙʫʜʝʤ ʜʣʷ ʢʨʘʪʢʦʩʪʠ ʟʘʧʠʩʳʚʘʪʴ ʢʘʢ 

A1A2...An. ʄʥʦʞʝʩʪʚʦ K1 ʠ ʧʝʨʝʭʦʜʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʬʫʥʢʮʠʶ d1, ʙʫʜʝʤ ʩʪʨʦʠʪʴ, ʥʘʯʠʥʘʷ ʩ 

ʩʦʩʪʦʷʥʠʷ H1:  H1 := A1A2...An, ʛʜʝ ɸ1, A2, é, An Í H. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʚʩʝ ʥʘʯʘʣʴʥʳʝ ʩʦʩʪʦʷ-

ʥʠʷ ʅʂɸ  M ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʦʜʥʦ ʩʦʩʪʦʷʥʠʝ H1 ʜʣʷ ɼʂɸ M1. ɼʦʙʘʚʣʷʝʤ ʚ ʤʥʦʞʝʩʪʚʦ K1 ʧʦ-

ʩʪʨʦʝʥʥʦʝ ʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ H1 ʠ ʧʦʢʘ ʩʯʠʪʘʝʤ ʝʛʦ ʥʝʨʘʩʩʤʦʪʨʝʥʥʳʤ (ʥʘ ʚʪʦʨʦʤ ʰʘʛʝ ʦʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠ ʩʪʨʦʷʪʩʷ ʦʩʪʘʣʴʥʳʝ ʩʦʩʪʦʷʥʠʷ ʤʥʦʞʝʩʪʚʘ K1, ʘ ʪʘʢʞʝ ʧʝʨʝʭʦʜʳ d1 .) 

2. ʇʦʢʘ ʚ K1 ʝʩʪʴ ʥʝʨʘʩʩʤʦʪʨʝʥʥʳʡ ʵʣʝʤʝʥʪ A1A2...Am, çʨʘʩʩʤʘʪʨʠʚʘʝʤè ʝʛʦ ʠ ʚʳʧʦʣ-

ʥʷʝʤ ʜʣ ̫ʢʘʞʜʦʛʦ t Í T ʩʣʝʜʫʶʱʠʝ ʜʝʡʩʪʚʠʷ:  

Á ʇʦʣʘʛʘʝʤ d1 ( A1A2...Am, t ) = B1B2...Bk, ʛʜʝ ʜʣʷ 1 ¢ j ¢ k ʚ ʅʂɸ d (Ai, t) = Bj ʜʣʷ ʥʝʢʦ-

ʪʦʨʳʭ 1 ¢ i ¢ m. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, B1B2...Bk ð ʵʪʦ ʤʥʦʞʝʩʪʚʦ ʚʩʝʭ ʩʦʩʪʦʷʥʠʡ ʚ 

ʅʂɸ, ʢʫʜʘ ʤʦʞʥʦ ʧʝʨʝʡʪʠ ʧʦ ʩʠʤʚʦʣʫ t ʠʟ ʤʥʦʞʝʩʪʚʘ ʩʦʩʪʦʷʥʠʡ A1A2...Am. ɺ ɼʂɸ  

M1 ʧʦʣʫʯʘʝʪʩʷ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ ʧʝʨʝʭʦʜ ʧʦ ʩʠʤʚʦʣʫ t ʠʟ ʩʦʩʪʦʷʥʠʷ A1A2...Am ʚ 

ʩʦʩʪʦʷʥʠʝ B1B2...Bk. (ɽʩʣʠ k = 0, ʪʦ ʧʦʣʘʛʘʝʤ d1 ( A1A2...Am, t ) = Å ). 

Á ɼʦʙʘʚʣʷʝʤ ʚ K1 ʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ B1B2...Bk .  

ʐʘʛ 2 ʟʘʚʝʨʰʘʝʪʩʷ, ʧʦʩʢʦʣʴʢʫ ʤʥʦʞʝʩʪʚʦ ʥʦʚʳʭ ʩʦʩʪʦʷʥʠʡ K1 ʢʦʥʝʯʥʦ. 

3. ɿʘʢʣʶʯʠʪʝʣʴʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʧʦʩʪʨʦʝʥʥʦʛʦ ɼʂɸ M1 ʦʙʲʷʚʣʷʶʪʩʷ ʚʩʝ ʩʦʩʪʦʷʥʠʷ, 

ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʝʙʝ ʭʦʪʷ ʙ  r ʦʜʥʦ ʟʘʢʣʶʯʠʪʝʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʅʂɸ M: S1 := { A1A2...Am | 

A1A2...Am Í K1, Ai Í S ʜʣʷ ʥʝʢʦʪʦʨʳʭ 1 ¢ i ¢ m}.  

ɿʘʤʝʯʘʥʠʝ 

ʄʥʦʞʝʩʪʚʦ S1 ʧʦʩʪʨʦʝʥʥʦʛʦ ɼʂɸ ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʙʦʣʝʝ, ʯʝʤ ʠʟ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ. ʅʝ ʜʣʷ ʚʩʝʭ ʨʝ-

ʛʫʣʷʨʥʳʭ ʷʟʳʢʦʚ ʩʫʱʝʩʪʚʫʝʪ  ɼʂɸ ʩ ʝʜʠʥʩʪʚʝʥʥʳʤ ʟʘʢʣʶʯʠʪʝʣʴʥʳʤ ʩʦʩʪʦʷʥʠʝʤ (ʧʨʠʤʝʨ: ʷʟʳʢ 

ʚʩʝʭ ʮʝʧʦʯʝʢ ʚ ʘʣʬʘʚʠʪʝ {a, b}, ʩʦʜʝʨʞʘʱʠʭ ʥʝ ʙʦʣʝʝ ʜʚʫʭ ʩʠʤʚʦʣʦʚ b). ʆʜʥʘʢʦ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 
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ʘʣʛʦʨʠʪʤʘ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ ʨʘʟʙʦʨʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʝʜʠʥʩʪʚʝʥʥʳʤ. 

ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʠʟʤʝʥʷʶʪ ʚʭʦʜʥʦʡ ʷʟʳʢ, ʜʦʙʘʚʣʷʷ ʤʘʨʢʝʨ  ̂ʚ ʢʦʥʝʮ ʢʘʞʜʦʡ ʮʝʧʦʯʢʠ (ʥʘ ʧʨʘʢʪʠʢʝ 

ʚ ʨʦʣʠ ʤʘʨʢʝʨʘ ʢʦʥʮʘ ʮʝʧʦʯʢʠ  ̂ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʧʨʠʟʥʘʢ ʢʦʥʮʘ ʬʘʡʣʘ, ʩʠʤʚʦʣ ʢʦʥʮʘ ʩʪʨʦʢʠ 

ʠʣʠ ʜʨʫʛʠʝ ʨʘʟʜʝʣʠʪʝʣʠ). ɺʚʦʜʠʪʩʷ ʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ S, ʠ ʜʣʷ ʢʘʞʜʦʛʦ ʩʦʩʪʦʷʥʠʷ Q ʠʟ ʤʥʦʞʝʩʪʚʘ 

S1 ʜʦʙʘʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʧʦ ʩʠʤʚʦʣʫ :̂ d1 (Q, )̂ = S. ʉʦʩʪʦʷʥʠʷ ʠʟ S1 ʙʦʣʴʰʝ ʥʝ ʩʯʠʪʘʶʪʩʷ ʟʘʢʣʶ-
ʯʠʪʝʣʴʥʳʤʠ, ʘ S ʦʙʲʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʟʘʢʣʶʯʠʪʝʣʴʥʳʤ ʩʦʩʪʦʷʥʠʝʤ. ʊʝʧʝʨʴ ʧʦ ʪʘʢʦʤʫ 

ɼʂɸ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʘʚʪʦʤʘʪʥʫʶ ʛʨʘʤʤʘʪʠʢʫ, ʜʦʧʫʩʢʘʶʱʫʶ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ ʨʘʟʙʦʨ. 

ʇʨʦʠʣʣʶʩʪʨʠʨʫʝʤ ʨʘʙʦʪʫ ʘʣʛʦʨʠʪʤʘ ʥʘ ʧʨʠʤʝʨʘʭ. 

ʇʨʠʤʝʨ 1. ɿʘʜʘʥ  ʅʂɸ  M = à{  H, A, B, S },  {0, 1}, d, { H },  { S }  ð, ʛʜʝ 

d(H, 1) = {B}   

d(A, 1) = {B, S}        

d(B, 0) = {  A }  

L(M) = {  1(01)
n
 | n ² 1 } . ɼʠʘʛʨʘʤʤʘ  ʜʣʷ  M  ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ.7. 

 
ʈʠʩ. 7. ɼʉ ʜʣʷ ʘʚʪʦʤʘʪʘ M. 

ɻʨʘʤʤʘʪʠʢʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ M:  

 S Ÿ A1 

 A Ÿ B0 

 B Ÿ A1 | 1 
 

 

ʇʦʩʪʨʦʠʤ ɼʂɸ ʧʦ ʅʂɸ, ʧʦʣʴʟʫʷʩʴ ʧʨʝʜʣʦʞʝʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ. ʅʘʯʘʣʴʥʳʤ ʩʦʩʪʦʷʥʠ-

ʝʤ ʙʫʜʝʪ H. 

d1(ʅ, 1) = B 

d1(B, 0) = A 

d1(A, 1) = BS 

d1(BS, 0) = A 

ɿʘʢʣʶʯʠʪʝʣʴʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʧʦʩʪʨʦʝʥʥʦʛʦ ɼʂɸ ʷʚʣʷʝʪʩʷ ʩʦʩʪʦʷʥʠʝ BS. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, M1 = à { H, B, A, BS },  {0, 1}, d1, H, BS ð.  ɼʣʷ ʫʜʦʙʩʪʚʘ ʧʝʨʝʠʤʝʥʫʝʤ ʩʦ-

ʩʪʦʷʥʠʷ ʚ M1 :  BS ʦʙʦʟʥʘʯʘʝʪʩʷ ʪʝʧʝʨʴ ʢʘʢ S1, ʘ ʚ ʦʜʥʦʙʫʢʚʝʥʥʳʭ ʠʤʝʥʘʭ ʩʦʩʪʦʷʥʠʡ ʚʤʝʩʪʦ 

ʧʦʜʯʝʨʢʠʚʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʥʜʝʢʩ 1. ʊʦʛʜʘ M1 = à { H1, B1, A1, S1},  {0, 1}, {  d1(ʅ1, 1) = B1; 

d1(B1, 0) = A1; d1(A1, 1) = S1; d1(S1, 0) = A1},  H1, S1ð. 

ɻʨʘʤʤʘʪʠʢʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ M1: 

 S1 Ÿ A11 

 A1 Ÿ S10 | B10 

 B1 Ÿ 1 

            ʇʦʩʪʨʦʠʤ ʜʠʘʛʨʘʤʤʫ ʩʦʩʪʦʷʥʠʡ (ʨʠʩ. 8). 

 

 

 

H B 

 

S 

 

A 

 

1 

1 

 

0 1 



ʕʣʝʤʝʥʪʳ ʪʝʦʨʠʠ ʪʨʘʥʩʣʷʮʠʠ / ʈʘʟʙʦʨ ʧʦ ʨʝʛʫʣʷʨʥʳʤ ʛʨʘʤʤʘʪʠʢʘʤ 

 

32 

 
 

ʈʠʩ. 8. ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʡ M1. 

ʇʨʠʤʝʨ 2. ɼʘʥʘ ʨʝʛʫʣʷʨʥʘʷ ʛʨʘʤʤʘʪʠʢʘ G = à T, N, P, S ð 

P:    

 S Ÿ Sb | Aa | a 

 A Ÿ Aa | Sb | b, 
 

 

ʢʦʪʦʨʦʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʅʂɸ. ʉ ʧʦʤʦʱʴʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʅʂɸ ʚ ɼʂɸ ʧʦʩʪʨʦʠʪʴ ʛʨʘʤʤʘʪʠʢʫ, 

ʧʦ ʢʦʪʦʨʦʡ ʚʦʟʤʦʞʝʥ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ ʨʘʟʙʦʨ. 

ʈʝʰʝʥʠʝ 

ʇʦʩʪʨʦʠʤ ʬʫʥʢʮʠʶ ʧʝʨʝʭʦʜʦʚ ʅʂɸ: 

d(H, a) = { S}  

d(H, b) = {A}  

d(A, a) = {A, S}  

d(S, b) = { A, S}  

ʇʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥʠʷ ʬʫʥʢʮʠʠ ʧʝʨʝʭʦʜʦʚ ɼʂɸ ʫʜʦʙʥʦ ʠʟʦʙʨʘʟʠʪʴ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ, 

ʥʘʯʘʚ ʝʝ ʟʘʧʦʣʥʝʥʠʝ ʩ ʥʘʯʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ H,  ʜʦʙʘʚʣʷʷ ʩʪʨʦʢʠ ʜʣʷ ʚʥʦʚʴ ʧʦʷʚʣʷʶʱʠʭʩʷ 
ʩʦʩʪʦʷʥʠʡ:  

ʩʠʤʚʦʣ 

ʩʦʩʪʦʷʥʠʝ 
a b 

H S A 

 S Å AS 

A AS Å 

AS AS AS 

ʇʝʨʝʭʦʜʳ ɼʂɸ: 

d1(H, a) = S 

d1(H, b) = A  

d1 (S, b) = AS  

d1(A, a) = AS 

d1(AS, a) = AS  

d1(AS, b) = AS 

 

1 0 

 

1 0 

H1 

 

B1 

 

A1 

 

S1 

 

ʧʦʷʚʠʣʠʩʴ ʩʦʪʦ-

ʷʥʠʷ   S ʠ  A , 

ʦʥʠ ʨʘʩʩʤʘʪʨʠ-

ʚʘʶʪʩʷ ʚ ʩʣʝʜʫ-

ʶʱʠʭ ʩʪʨʦʢʘʭ 

ʪʘʙʣʠʮʳ 
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ʇʝʨʝʦʙʦʟʥʘʯʠʤ ʩʦʪʦʷʥʠʷ:  A    Ý A,  H  Ý  H,  AS   Ý  Y,  S  Ý X. ɼʚʘ ʟʘʢʣʶʯʠʪʝʣʴʥʳʭ 

ʩʦʩʪʦʷʥʠʷ  X  ʠ Y ʩʚʝʜʝʤ ʚ ʦʜʥʦ ʟʘʢʣʶʯʠʪʝʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ S, ʠʩʧʦʣʴʟʫʷ ʤʘʨʢʝʨ ʢʦʥʮʘ ʮʝʧʦʯ-

ʢʠ .̂ ʇʦʩʣʝ ʪʘʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʣʫʯʘʝʤ ɼʂɸ ʩ ʝʜʠʥʩʪʚʝʥʥʳʤ ʟʘʢʣʶʯʠʪʝʣʴʥʳʤ ʩʦʩʪʦʷʥʠ-

ʝʤ  S  ʠ ʬʫʥʢʮʠʝʡ ʧʝʨʝʭʦʜʦʚ: 

d1(H, a) = X  

d1(H, b) = A 

d1(X, b) = Y  

d1(X, ̂ ) = S  

d1(A, a) = Y 

d1(Y, a) = Y  

d1(Y, b) = Y 

d1(Y, )̂ = S 

ʇʦ ɼʂɸ ʩʪʨʦʠʤ ʛʨʘʤʤʘʪʠʢʫ G1, ʧʦʟʚʦʣʷʶʱʫʶ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʘʣʛʦʨʠʪʤʦʤ ʜʝʪʝʨʤʠ-
ʥʠʨʦʚʘʥʥʦʛʦ ʨʘʟʙʦʨʘ: 

G1:    

 S Ÿ X  ̂| Ŷ  

 Y Ÿ Ya | Yb | Aa | Xb 

 X Ÿ a 

 A Ÿ b 
 

 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʨʘʟʜʝʣʘ ʦ ʨʝʛʫʣʷʨʥʳʭ ʷʟʳʢʘʭ ʧʨʠʚʝʜʝʤ ʧʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʚʪʦʤʘ-

ʪʦʚ ʚ ʨʝʰʝʥʠʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʘʜʘʯ.  

 

ɿʘʜʘʯʘ. 

ɼʦʢʘʟʘʪʴ, ʯʪʦ ʢʦʥʪʝʢʩʪʥʦ-ʩʚʦʙʦʜʥʳʡ ʷʟʳʢ  L = { a
n
b

n
 | n Ó 0}  ʥʝʨʝʛʫʣʷʨʝʥ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ (ʦʪ ʧʨʦʪʠʚʥʦʛʦ). 

 ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʷʟʳʢ L  ʨʝʛʫʣʷʨʝʥ. ʊʦʛʜʘ ʩʫʱʝʩʪʚʫʝʪ ʢʦʥʝʯʥʳʡ ʘʚʪʦʤʘʪ ( ɼʂɸ ʠʣʠ 

ʅʂɸ ) ),,,,( FIKA dS= , ʜʦʧʫʩʢʘʶʱʠʡ ʷʟʳʢ L : LAL =)( . ( ʉʦʛʣʘʩʥʦ ʫʪʚʝʨʞʜʝʥʠʶ 10, ʣʁ -

ʙʦʡ ʨʝʛʫʣʷʨʥʳʡ ʷʟʳʢ ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʘʥ ʢʦʥʝʯʥʳʤ ʘʚʪʦʤʘʪʦʤ). ʇʫʩʪʴ ʯʠʩʣʦ ʩʦʩʪʦʷʥʠʡ ʘʚʪʦ-

ʤʘʪʘ A ʨʘʚʥʦ k  (k > 0). ʈʘʩʩʤʦʪʨʠʤ ʮʝʧʦʯʢʫ a
k
b

k
 Í L. ʊʘʢ ʢʘʢ L =L (A), a

k
b

k
 Í L (A). ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʘʚʪʦʤʘʪʝ A  ʝʩʪʴ ʫʩʧʝʰʥʳʡ ʧʫʪʴ T  ʩ ʧʦʤʝʪʢʦʡ  a
k
b

k
 : 

1222121 +++ ½­½½­½½­½½­½½­½½­½½­½½­½ k

b

k

bb

k

b

k

a

k

aaa ppppppp LL , 

ʛʜʝ 12,,1 +=Í kiʜʣʷKpi K . ʊʘʢ ʢʘʢ ʚ ʘʚʪʦʤʘʪʝ A  ʚʩʝʛʦ k  ʩʦʩʪʦʷʥʠʡ, ʩʨʝʜʠ  p1, p2, é, pk + 1 

ʥʘʡʜʫʪʩʷ ʭʦʪʷ ʙ  rʜʚʘ ʦʜʠʥʘʢʦʚʳʭ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʩʫʱʝʩʪʚʫʶʪ i, j, 1 ¢ i < j ¢ k, ʪʘʢʠʝ ʯʪʦ 

pi = pj. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʯʘʩʪʦʢ j

aa

i pp ½­½½­½ L  ʧʫʪʠ T ʷʚʣʷʝʪʩʷ ʮʠʢʣʦʤ. ʇʫʩʪʴ ʜʣʠʥʘ 

ʵʪʦʛʦ ʮʠʢʣʘ ʨʘʚʥʘ m (m > 0, ʪʘʢ ʢʘʢ ʮʠʢʣ ð ʵʪʦ ʥʝʧʫʩʪʦʡ ʧʫʪʴ). ʈʘʩʩʤʦʪʨʠʤ ʫʩʧʝʰʥʳʡ ʧʫʪʴ 

T ¡, ʢʦʪʦʨʳʡ ʦʪʣʠʯʘʝʪʩʷ ʦʪ T ʪʝʤ, ʯʪʦ ʮʠʢʣʠʯʝʩʢʠʡ ʫʯʘʩʪʦʢ j

aa

i pp ½­½½­½ L  ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʚ ʥʝʤ ʜʚʘʞʜʳ: 

1211 )( ++ ½­½½­½½­½½­½=½­½½­½½­½ k

b

k

a

j

aa

ji

aa

i

a ppppppp LLLLL . 



ʕʣʝʤʝʥʪʳ ʪʝʦʨʠʠ ʪʨʘʥʩʣʷʮʠʠ / ʈʘʟʙʦʨ ʧʦ ʨʝʛʫʣʷʨʥʳʤ ʛʨʘʤʤʘʪʠʢʘʤ 

 

34 

ʇʦʤʝʪʢʦʡ ʧʫʪʠ T ¡ ʷʚʣʷʝʪʩʷ ʮʝʧʦʯʢʘ 
kmk ba +

. ʇʦʩʢʦʣʴʢʫ T ¡ ð ʫʩʧʝʰʥʳʡ ʧʫʪʴ, 

)(ALba kmk Í+
. ʊʘʢ ʢʘʢ Lba kmk Î+

, ʧʦʣʫʯʘʝʤ, ʯʪʦ )(ALL¸ . ʕʪʦ ʧʨʦʪʠʚʦʨʝʯʠʪ ʨʘʚʝʥ-

ʩʪʚʫ )(ALL= . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ L  ʨʝʛʫʣʷʨʝʥ, ʥʝʚʝʨʥʦ  

 

ʈʝʛʫʣʷʨʥʳʝ ʚʳʨʘʞʝʥʠʷ 

ʂʨʦʤʝ ʨʝʛʫʣʷʨʥʳʭ ʛʨʘʤʤʘʪʠʢ ʠ ʢʦʥʝʯʥʳʭ ʘʚʪʦʤʘʪʦʚ, ʩʫʱʝʩʪʚʫʝʪ ʝʱʝ ʦʜʠʥ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʤʳʡ  ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʪʝʦʨʠʷʭ ʠ  ʧʨʠʣʦʞʝʥʠʷʭ ʬʦʨʤʘʣʠʟʤ, ʟʘʜʘʶʱʠʡ ʨʝʛʫʣʷʨʥʳʝ 

ʷʟʳʢʠ. ʕʪʦ ʨʝʛʫʣʷʨʥʳʝ ʚʳʨʘʞʝʥʠʷ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʦʧʠʩʘʪʴ ʣ ʙʁʦʡ ʨʝʛʫʣʷʨʥʳʡ ʷʟʳʢ ʥʘʜ ʟʘ-

ʜʘʥʥʳʤ ʘʣʬʘʚʠʪʦʤ, ʠʩʧʦʣʴʟʫʷ ʪʨʠ ʚʠʜʘ  ʦʧʝʨʘʮʠʡ:  +  (ʦʙʲʝʜʠʥʝʥʠʝ),  Ö (ʢʦʥʢʘʪʝʥʘʮʠʷ),  * 

(ʠʪʝʨʘʮʠʷ). 
15)

 

ʆʧʨʝʜʝʣʝʥʠʝ. ʇʫʩʪʴ  L, L1, L2  ð  ʷʟʳʢʠ ʥʘʜ ʘʣʬʘʚʠʪʦʤ S. ʊʦʛʜʘ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʷʟʳʢ  

L1 Ç L2    ʦʙʲʝʜʠʥʝʥʠʝʤ  ʷʟʳʢʦʚ L1 ʠ L2 ;  ʷʟʳʢ     L1ÖL2 = {jÖy| j Í L1, y Í L2} ð ʢʦʥʢʘʪʝʥʘ-

ʮʠʝʡ   (ʩʮʝʧʣʝʥʠʝʤ) ʷʟʳʢʦʚ L1 ʠ L2 (ʩʦʜʝʨʞʠʪ ʚʩʝʚʦʟʤʦʞʥʳʝ ʮʝʧʦʯʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʩʮʝʧʣʝʥʠ-

ʝʤ ʮʝʧʦʯʝʢ ʠʟ L1  ʩ ʮʝʧʦʯʢʘʤʠ ʠʟ L2);   i-ʦʡ ʩʪʝʧʝʥʴʶ ʷʟʳʢʘ  L  ʥʘʟʦʚʝʤ ʷʟʳʢ  L 
i
 = L 

i - 1Ö L  

ʜʣʷ  i > 0,  L
0
 = {e}. ʗʟʳʢ   L

*
 = U

¤

=0n

nL  ʥʘʟʦʚʝʤ  ʠʪʝʨʘʮʠʝʡ   ʷʟʳʢʘ L.  

ʆʧʨʝʜʝʣʝʥʠʝ. ʇʫʩʪʴ  S ð ʘʣʬʘʚʠʪ, ʥʝ ʩʦʜʝʨʞʘʱʠʡ ʩʠʤʚʦʣʦʚ  *, +, e, Å, (, ). ʆʧʨʝʜʝ-

ʣʠʤ ʨʝʢʫʨʩʠʚʥʦ ʨʝʛʫʣʷʨʥʦʝ ʚʳʨʘʞʝʥʠʝ g ʥʘʜ ʘʣʬʘʚʠʪʦʤ S  ʠ ʨʝʛʫʣʷʨʥʳʡ ʷʟʳʢ L(g), ʟʘʜʘʚʘʝ-

ʤʳʡ ʵʪʠʤ ʚʳʨʘʞʝʥʠʝʤ: 

1) a Í S Ç {e, Å} ʝʩʪʴ ʨʝʛʫʣʷʨʥʦʝ ʚʳʨʘʞʝʥʠʝ; L(a) = { a} ʜʣʷ a Í S Ç {e};     L(Å) = Å; 

2) ʝʩʣʠ a ʠ b ð ʨʝʛʫʣʷʨʥʳʝ ʚʳʨʘʞʝʥʠʷ, ʪʦ: 

     ʘ) (a) + (b) ð ʨʝʛʫʣʷʨʥʦʝ ʚʳʨʘʞʝʥʠʝ; L ( (a) + (b) ) = L (a) Ç L  (b); 

     ʙ) (a)(b) ð ʨʝʛʫʣʷʨʥʦʝ ʚʳʨʘʞʝʥʠʝ;  L ( (a)(b) ) = L (a) L  (b); 

     ʚ) (b)
*
 ð ʨʝʛʫʣʷʨʥʦʝ ʚʳʨʘʞʝʥʠʝ;  L ( (b)

*  ) = ( L (b) )
*
; 

3) ʚʩʝ ʨʝʛʫʣʷʨʥʳʝ ʚʳʨʘʞʝʥʠʷ ʢʦʥʩʪʨʫʠʨʫʶʪʩʷ ʪʦʣʴʢʦ ʩ ʧʦʤʦʱʴʶ ʧʫʥʢʪʦʚ 1 ʠ 2. 

ɽʩʣʠ ʩʯʠʪʘʪʴ, ʯʪʦ ʦʧʝʨʘʮʠʷ ç+è ʠʤʝʝʪ ʩʘʤʳʡ ʥʠʟʢʠʡ ʧʨʠʦʨʠʪʝʪ, ʘ ʦʧʝʨʘʮʠʷ ç*è ð 

ʥʘʠʚʳʩʰʠʡ, ʪʦ ʚ ʨʝʛʫʣʷʨʥʳʭ ʚʳʨʘʞʝʥʠʷʭ ʤʦʞʥʦ ʦʧʫʩʢʘʪʴ ʣʠʰʥʠʝ ʩʢʦʙʢʠ. 

ʇʨʠʤʝʨʳ ʨʝʛʫʣʷʨʥʳʭ ʚʳʨʘʞʝʥʠʡ ʥʘʜ ʘʣʬʘʚʠʪʦʤ {a, b}:  

                                    a + b,      (a + b)
*
,        (aa (ab)

*
bb)

*
.  

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʷʟʳʢʠ:  

                                L( a + b ) = { a}  Ç { b}  = { a, b},  

                                                
15)

 ʆʧʝʨʘʮʠʶ ʠʪʝʨʘʮʠʠ ʥʘʟʳʚʘʶʪ ʪʘʢʞʝ ʟʚʝʟʜʦʯʢʦʡ ʂʣʠʥʠ, ʚ ʯʝʩʪʴ ʫʯʝʥʦʛʦ,  ʧʨʝʜʣʦʞʠʚʰʝʛʦ ʨʝʛʫʣʷʨʥʳʝ ʚʳʨʘ-

ʞʝʥʠʷ  ʜʣʷ ʦʧʠʩʘʥʠʷ ʨʝʛʫʣʷʨʥʳʭ ʷʟʳʢʦʚ. çʈʝʛʫʣʷʨʥʦʩʪʴè ʚ ʥʘʟʚʘʥʠʠ ʵʪʦʛʦ ʢʣʘʩʩʘ ʷʟʳʢʦʚ  ʦʟʥʘʯʘʝʪ ʧʦʚʪʦʨʷ-

ʝʤʦʩʪʴ ʥʝʢʦʪʦʨʳʭ ʬʨʘʛʤʝʥʪʦʚ ʮʝʧʦʯʝʢ. ʅʘ ʧʨʠʤʝʨʝ  ʜʠʘʛʨʘʤʤ ʢʦʥʝʯʥʳʭ ʘʚʪʦʤʘʪʦʚ ʚʠʜʥʦ, ʯʪʦ ʧʦʚʪʦʨʷʝ-

ʤʦʩʪʴ ʬʨʘʛʤʝʥʪʦʚ ʦʙʫʩʣʦʚʣʝʥʘ  ʥʘʣʠʯʠʝʤ ʮʠʢʣʦʚ  ʚ ʜʠʘʛʨʘʤʤʝ.  
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                                                    L( (a + b)
*  ) = { a, b}

*
,  

  L( (aa (ab)
*
bb)

*
) = {e}Ç{  aa x1bb aa x2bb... xkbb | k ² 1, xi Í { (ab)

n 
| n ² 0} ʜʣʷ i = 1, ..., k }.  

ʉʫʱʝʩʪʚʫʶʪ ʘʣʛʦʨʠʪʤʳ  ʧʦʩʪʨʦʝʥʠʷ ʨʝʛʫʣʷʨʥʦʛʦ ʚʳʨʘʞʝʥʠʷ  ʧʦ ʨʝʛʫʣʷʨʥʦʡ ʛʨʘʤʤʘ-

ʪʠʢʝ ʠʣʠ ʢʦʥʝʯʥʦʤʫ ʘʚʪʦʤʘʪʫ ʠ ʦʙʨʘʪʥʳʝ ʘʣʛʦʨʠʪʤʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʚʳʨʘʞʝ-

ʥʠʝ ʚ ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʛʨʘʤʤʘʪʠʢʫ ʠʣʠ ʘʚʪʦʤʘʪ  [3]. 

ʈʝʛʫʣʷʨʥʳʝ ʚʳʨʘʞʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʣʝʢʩʝʤ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘ-

ʥʠʷ, ʚ ʟʘʜʘʯʘʭ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʪʝʢʩʪʦʚ; ʧʦʜʭʦʜʷʪ ʜʣʷ ʤʥʦʛʠʭ ʟʘʜʘʯ ʩʨʘʚʥʝʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ʈʘʩʰʠʨʝʥʥʳʝ ʠʭ ʩʧʝʮʠʬʠʢʘʮʠʠ (ʵʢʚʠʚʘ-

ʣʝʥʪʥʳʝ ʧʦ ʦʧʠʩʘʪʝʣʴʥʦʡ ʩʠʣʝ, ʥʦ ʙʦʣʝʝ ʫʜʦʙʥʳʝ ʜʣʷ ʧʨʘʢʪʠʢʠ) ʚʭʦʜʷʪ ʚ ʧʨʦʤʳʰʣʝʥʥʳʡ 

ʩʪʘʥʜʘʨʪ ʦʪʢʨʳʪʳʭ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ POSIX  ʠ  ʚ  ʩʦʩʪʘʚ ʙʘʟʦʚʳʭ ʩʨʝʜʩʪʚ ʷʟʳʢʘ ʧʨʦ-
ʛʨʘʤʤʠʨʦʚʘʥʠʷ Perl. 

 

ɿʘʜʘʯʠ ʣʝʢʩʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʃʝʢʩʠʯʝʩʢʠʡ ʘʥʘʣʠʟ (ʃɸ) ð ʵʪʦ ʧʝʨʚʳʡ ʵʪʘʧ ʧʨʦʮʝʩʩʘ ʢʦʤʧʠʣʷʮʠʠ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʣʠ-

ʪʝʨʳ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʠʩʭʦʜʥʫʶ ʧʨʦʛʨʘʤʤʫ, ʛʨʫʧʧʠʨʫʶʪʩʷ ʚ ʦʪʜʝʣʴʥʳʝ ʣʝʢʩʠʯʝʩʢʠʝ ʵʣʝʤʝʥ-

ʪʳ, ʥʘʟʳʚʘʝʤʳʝ ʣʝʢʩʝʤʘʤʠ. 

ʃʝʢʩʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʘʞʝʥ ʜʣʷ ʧʨʦʮʝʩʩʘ ʢʦʤʧʠʣʷʮʠʠ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʧʨʠʯʠʥʘʤ: 

ʘ) ʟʘʤʝʥʘ ʚ ʧʨʦʛʨʘʤʤʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ, ʢʦʥʩʪʘʥʪ, ʦʛʨʘʥʠʯʠʪʝʣʝʡ ʠ ʩʣʫʞʝʙʥʳʭ ʩʣʦʚ 

ʣʝʢʩʝʤʘʤʠ ʜʝʣʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʦʛʨʘʤʤʳ ʙʦʣʝʝ ʫʜʦʙʥʳʤ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʙ-
ʨʘʙʦʪʢʠ; 

ʙ) ʣʝʢʩʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʫʤʝʥʴʰʘʝʪ ʜʣʠʥʫ ʧʨʦʛʨʘʤʤʳ, ʫʩʪʨʘʥʷʷ ʠʟ ʝʝ ʠʩʭʦʜʥʦʛʦ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʷ ʥʝʩʫʱʝʩʪʚʝʥʥʳʝ ʧʨʦʙʝʣʴʥʳʝ ʩʠʤʚʦʣʳ ʠ ʢʦʤʤʝʥʪʘʨʠʠ; 

ʚ) ʝʩʣʠ ʙʫʜʝʪ ʠʟʤʝʥʝʥʘ ʢʦʜʠʨʦʚʢʘ ʚ ʠʩʭʦʜʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʧʨʦʛʨʘʤʤʳ, ʪʦ ʵʪʦ ʦʪ-

ʨʘʟʠʪʩʷ ʪʦʣʴʢʦ ʥʘ ʣʝʢʩʠʯʝʩʢʦʤ ʘʥʘʣʠʟʘʪʦʨʝ. 

ɺʳʙʦʨ ʢʦʥʩʪʨʫʢʮʠʡ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʚʳʜʝʣʷʪʴʩʷ ʢʘʢ ʦʪʜʝʣʴʥʳʝ ʣʝʢʩʝʤʳ, ʟʘʚʠʩʠʪ ʦʪ 

ʷʟʳʢʘ ʠ ʦʪ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʢʦʤʧʠʣʷʪʦʨʘ. ʆʙʳʯʥʦ ʧʨʠʥʷʪʦ ʚʳʜʝʣʷʪʴ ʩʣʝʜʫʶʱʠʝ 

ʪʠʧʳ ʣʝʢʩʝʤ: ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ, ʩʣʫʞʝʙʥʳʝ ʩʣʦʚʘ, ʢʦʥʩʪʘʥʪʳ ʠ ʦʛʨʘʥʠʯʠʪʝʣʠ. ʂʘʞʜʦʡ ʣʝʢʩʝ-

ʤʝ ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ ʧʘʨʘ: 

                   à ʪʠʧ_ʣʝʢʩʝʤʳ, ʫʢʘʟʘʪʝʣʴ_ʥʘ_ʠʥʬʦʨʤʘʮʠʶ_ʦ_ʥʝʡ ð. 

ʉʦʛʣʘʰʝʥʠʝ: ʵʪʫ ʧʘʨʫ ʪʦʞʝ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʣʝʢʩʝʤʦʡ, ʝʩʣʠ ʵʪʦ ʥʝ ʙʫʜʝʪ ʚʳʟʳʚʘʪʴ 

ʥʝʜʦʨʘʟʫʤʝʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʝʢʩʠʯʝʩʢʠʡ ʘʥʘʣʠʟʘʪʦʨ ð ʵʪʦ ʪʨʘʥʩʣʷʪʦʨ, ʚʭʦʜʦʤ ʢʦʪʦʨʦʛʦ ʩʣʫʞʠʪ 

ʮʝʧʦʯʢʘ ʩʠʤʚʦʣʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʠʩʭʦʜʥʫʶ ʧʨʦʛʨʘʤʤʫ, ʘ ʚʳʭʦʜʦʤ ð ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʣʝʢʩʝʤ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʣʝʢʩʝʤʳ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʪʠʧʦʚ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩ ʧʦʤʦʱʴʶ ʨʝʛʫ-

ʣʷʨʥʳʭ ʛʨʘʤʤʘʪʠʢ. ʇʦʩʢʦʣʴʢʫ ʣʝʢʩʝʤʳ ʥʝ ʧʫʩʪʳ, ʜʣʷ ʦʧʠʩʘʥʠʷ ʣʝʢʩʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʣʶʙʦʛʦ 

ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʘʚʪʦʤʘʪʥʳʭ ʛʨʘʤʤʘʪʠʢ ʙʝʟ e-ʧʨʘʚʠʣ. 

ʅʘʧʨʠʤʝʨ, ʠʜʝʥʪʠʬʠʢʘʪʦʨ (I ) ʦʧʠʩʳʚʘʝʪʩʷ  ʪʘʢ: 
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I Ÿ a | b| ...| z | Ia | Ib |...| Iz | I0 | I1 |...| I9 

ʎʝʣʦʝ ʙʝʟ ʟʥʘʢʘ (N): 

N Ÿ 0 | 1 |...| 9 | N0 | N1 |...| N9       ʠ ʪ. ʜ. 

ɼʣʷ ʛʨʘʤʤʘʪʠʢ ʵʪʦʛʦ ʢʣʘʩʩʘ, ʢʘʢ ʤ  rʫʞʝ ʚʠʜʝʣʠ, ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʩʪʦʡ ʠ ʵʬʬʝʢʪʠʚʥʳʡ 

ʘʣʛʦʨʠʪʤ ʘʥʘʣʠʟʘ ʪʦʛʦ, ʧʨʠʥʘʜʣʝʞʠʪ ʣʠ ʟʘʜʘʥʥʘʷ ʮʝʧʦʯʢʘ ʷʟʳʢʫ, ʧʦʨʦʞʜʘʝʤʦʤʫ ʵʪʦʡ ʛʨʘʤ-

ʤʘʪʠʢʦʡ. ʆʜʥʘʢʦ ʧʝʨʝʜ ʣʝʢʩʠʯʝʩʢʠʤ ʘʥʘʣʠʟʘʪʦʨʦʤ ʩʪʦʠʪ ʙʦʣʝʝ ʩʣʦʞʥʘʷ ʟʘʜʘʯʘ: 

Á ʦʥ ʜʦʣʞʝʥ ʩʘʤ ʚʳʜʝʣʠʪʴ ʚ ʠʩʭʦʜʥʦʤ ʪʝʢʩʪʝ ʮʝʧʦʯʢʫ ʩʠʤʚʦʣʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʫʶ 
ʣʝʢʩʝʤʫ, ʠ ʧʨʦʚʝʨʠʪʴ ʧʨʘʚʠʣʴʥʦʩʪʴ ʝʝ ʟʘʧʠʩʠ; 

Á ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʪʘʙʣʠʮʘʭ ʜʣʷ ʭʨʘʥʝʥʠʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʣʝʢʩʝʤ ʬʘʢʪ 

ʧʦʷʚʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʣʝʢʩʝʤ ʚ ʘʥʘʣʠʟʠʨʫʝʤʦʤ ʪʝʢʩʪʝ; 

Á ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʮʝʧʦʯʢʫ ʩʠʤʚʦʣʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʣʝʢʩʝʤʫ, ʚ ʧʘʨʫ à ʪʠʧ_ʣʝʢʩʝʤʳ, 

ʫʢʘʟʘʪʝʣʴ_ʥʘ_ʠʥʬʦʨʤʘʮʠʶ_ʦ_ʥʝʡ ð; 

Á ʫʜʘʣʠʪʴ ʧʨʦʙʝʣʴʥʳʝ ʣʠʪʝʨʳ ʠ ʢʦʤʤʝʥʪʘʨʠʠ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʨʝʰʠʪʴ ʵʪʫ ʟʘʜʘʯʫ, ʦʧʠʨʘʷʩʴ ʥʘ ʩʧʦʩʦʙ ʘʥʘʣʠʟʘ ʩ ʧʦʤʦʱʴʶ ʜʠʘʛʨʘʤʤʳ 

ʩʦʩʪʦʷʥʠʡ, ʚʚʝʜʝʤ ʥʘ ʜʫʛʘʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʚʠʜ ʧʦʤʝʪʦʢ ð ʧʦʤʝʪʢʠ-ʜʝʡʩʪʚʠʷ. ʊʝʧʝʨʴ ʢʘʞ-
ʜʘʷ ʜʫʛʘ ʚ ɼʉ ʤʦʞʝʪ ʚʳʛʣʷʜʝʪʴ ʪʘʢ: 

 

ʉʤʳʩʣ ti ʧʨʝʞʥʠʡ: ʝʩʣʠ ʚ ʩʦʩʪʦʷʥʠʠ A ʦʯʝʨʝʜʥʦʡ ʘʥʘʣʠʟʠʨʫʝʤʳʡ ʩʠʤʚʦʣ ʩʦʚʧʘʜʘʝʪ ʩ ti 

ʜʣʷ ʢʘʢʦʛʦ-ʣʠʙʦ i = 1, 2, é, n, ʪʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʚ ʩʦʩʪʦʷʥʠʝ B, ʧʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠ-

ʤʦ ʚʳʧʦʣʥʠʪʴ ʜʝʡʩʪʚʠʷ D1, D2, ..., Dm.  

ɿʘʜʘʯʘ.  ʇʦ ʟʘʜʘʥʥʦʡ ʨʝʛʫʣʷʨʥʦʡ ʛʨʘʤʤʘʪʢʝ, ʦʧʠʩʳʚʶʱʝʡ ʮʝʣʦʝ ʯʠʩʣʦ ʙʝʟ ʟʥʘʢʘ, ʧʦ-

ʩʪʨʦʠʪʴ ʜʠʘʛʨʘʤʤʫ ʩ ʜʝʡʩʪʚʠʷʤʠ ʧʦ ʥʘʭʦʞʜʝʥʠʶ ʠ ʧʝʯʘʪʠ ʢʚʘʜʨʘʪʘ ʜʘʥʥʦʛʦ ʯʠʩʣʘ. 

S Ÿ N  ̂

N Ÿ 0 | 1 |...| 9 | N0 | N1 |...| N9 

ʈʝʰʝʥʠʝ 

ʇʝʨʝʚʦʜ ʯʠʩʣʘ ʚʦ ʚʥʫʪʨʝʥʥʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ  (ʧʝʨʝʤʝʥʥʘʷ n ʪʠʧʘ int) ʙʫʜʝʤ ʦʩʫʱʝʩʪʚ-

ʣʷʪʴ ʧʦ ʩʭʝʤʝ ɻʦʨʥʝʨʘ: ʨʘʩʧʦʟʥʘʚ ʦʯʝʨʝʜʥʫʶ ʮʠʬʨʫ ʯʠʩʣʘ, ʫʤʥʦʞʘʝʤ ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʠʝ n 

ʥʘ 10 ʠ ʜʦʙʘʚʣʷʝʤ  ʯʠʩʣʦʚʦʝ ʟʥʘʯʝʥʠʝ ʪʝʢʫʱʝʡ ʮʠʬʨʳ (ʪʝʢʫʱʠʡ ʩʠʤʚʦʣ ʭʨʘʥʠʪʩʷ ʚ ʧʝʨʝʤʝʥ-
ʥʦʡ c ʪʠʧʘ char). ɺʩʪʨʝʪʠʚ ʤʘʨʢʝʨ ʢʦʥʮʘ, ʧʝʯʘʪʘʝʤ ʢʚʘʜʨʘʪ ʯʠʩʣʘ n. 

 

 

 

 

 

 

 

 A  B 
 t1, t2,é, tn 

 D1; D2;é;Dm 

n = n*10 + c ïô0ô; 

cout << n*n; 

  ̂  0, 1,é, 9 

n = cïô0ô; 

0, 1,é, 9 

  N   S   H 
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ʃʝʢʩʠʯʝʩʢʠʡ ʘʥʘʣʠʟʘʪʦʨ ʜʣʷ ʄ-ʷʟʳʢʘ 

ʆʧʠʩʘʥʠʝ ʤʦʜʝʣʴʥʦʛʦ ʷʟʳʢʘ 

 P Ÿ program D1; B  ̂

 D1 Ÿ var D {,D}  

 D Ÿ I {,  I}: [ int | bool ] 

 B Ÿ begin S {;S}  end 

 S Ÿ I := E | if  E then S else S | while E do S | B | read (I ) | write (E) 

 E Ÿ E1 [ = | < | > | != ] E1 | E1 

 E1 Ÿ T {[ + | - | or ] T}  

 T Ÿ F {[  * | / | and ] F}  

 F Ÿ I | N | L | not F | (E) 

 L Ÿ true | false 

 I Ÿ C | IC | IR 

 N Ÿ R | NR 

 C Ÿ a | b | ... | z | A | B | ... | Z 

 R Ÿ 0 | 1 | 2 | ... | 9 
 

ɿʘʤʝʯʘʥʠʷ ʢ ʛʨʘʤʤʘʪʠʢʝ ʤʦʜʝʣʴʥʦʛʦ ʷʟʳʢʘ: 

ʘ) ʟʘʧʠʩʴ ʚʠʜʘ {a}  ʦʟʥʘʯʘʝʪ ʠʪʝʨʘʮʠʶ ʮʝʧʦʯʢʠ a, ʪ. ʝ. ʚ ʧʦʨʦʞʜʘʝʤʦʡ ʮʝʧʦʯʢʝ ʚ 

ʵʪʦʤ ʤʝʩʪʝ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʣʠʙʦ e, ʣʠʙʦ a, ʣʠʙʦ aa, ʣʠʙʦ aaa ʠ ʪ. ʜ.; 

ʙ) ʟʘʧʠʩʴ ʚʠʜʘ [a | b] ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʧʦʨʦʞʜʘʝʤʦʡ ʮʝʧʦʯʢʝ ʚ ʵʪʦʤ ʤʝʩʪʝ ʤʦʞʝʪ 

ʥʘʭʦʜʠʪʴʩʷ ʣʠʙʦ a, ʣʠʙʦ b; 

ʚ) P ð ʮʝʣʴ ʛʨʘʤʤʘʪʠʢʠ; ʩʠʤʚʦʣ   ̂ð ʤʘʨʢʝʨ ʢʦʥʮʘ ʪʝʢʩʪʘ ʧʨʦʛʨʘʤʤʳ. 

 

ʂʦʥʪʝʢʩʪʥʳʝ ʫʩʣʦʚʠʷ: 

1. ʃʶʙʦʝ ʠʤʷ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʚ ʧʨʦʛʨʘʤʤʝ, ʜʦʣʞʥʦ ʙʳʪʴ ʦʧʠʩʘʥʦ ʠ ʪʦʣʴʢʦ ʦʜʠʥ ʨʘʟ. 

2. ɺ ʦʧʝʨʘʪʦʨʝ ʧʨʠʩʚʘʠʚʘʥʠʷ ʪʠʧʳ ʧʝʨʝʤʝʥʥʦʡ ʠ ʚʳʨʘʞʝʥʠʷ ʜʦʣʞʥʳ ʩʦʚʧʘʜʘʪʴ. 

3. ɺ ʫʩʣʦʚʥʦʤ ʦʧʝʨʘʪʦʨʝ ʠ ʚ ʦʧʝʨʘʪʦʨʝ ʮʠʢʣʘ ʚ ʢʘʯʝʩʪʚʝ ʫʩʣʦʚʠʷ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ 

ʣʦʛʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ. 

4. ʆʧʝʨʘʥʜʳ ʦʧʝʨʘʮʠʠ ʦʪʥʦʰʝʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʮʝʣʦʯʠʩʣʝʥʥʳʤʠ. 

5. ʊʠʧ ʚʳʨʘʞʝʥʠʷ ʠ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʪʠʧʦʚ ʦʧʝʨʘʥʜʦʚ ʚ ʚʳʨʘʞʝʥʠʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ 
ʦʙʳʯʥʳʤ ʧʨʘʚʠʣʘʤ; ʩʪʘʨʰʠʥʩʪʚʦ ʦʧʝʨʘʮʠʡ ʟʘʜʘʥʦ ʩʠʥʪʘʢʩʠʩʦʤ. 

ɺ ʣʶʙʦʤ ʤʝʩʪʝ ʧʨʦʛʨʘʤʤʳ, ʢʨʦʤʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ, ʩʣʫʞʝʙʥʳʭ ʩʣʦʚ ʠ ʯʠʩʝʣ, ʤʦʞʝʪ 

ʥʘʭʦʜʠʪʴʩʷ ʧʨʦʠʟʚʦʣʴʥʦʝ ʯʠʩʣʦ ʧʨʦʙʝʣʦʚ ʠ ʢʦʤʤʝʥʪʘʨʠʝʚ ʚ ʬʠʛʫʨʥʳʭ ʩʢʦʙʢʘʭ ʚʠʜʘ {  

à ʣʶʙʳʝ ʩʠʤʚʦʣʳ, ʢʨʦʤʝ ç}è ʠ ç̂è ð }.  

true, false, read ʠ write ð ʩʣʫʞʝʙʥʳʝ ʩʣʦʚʘ (ʚ ʄ-ʷʟʳʢʝ ʠʭ ʥʝʣʴʟʷ ʧʝʨʝʦʧʨʝʜʝʣʷʪʴ ʚ ʦʪ-
ʣʠʯʠʝ ʦʪ ʘʥʘʣʦʛʠʯʥʳʭ ʩʪʘʥʜʘʨʪʥʳʭ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʚ ʇʘʩʢʘʣʝ). 

ʈʘʟʜʝʣʠʪʝʣʠ ʤʝʞʜʫ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘʤʠ, ʯʠʩʣʘʤʠ ʠ ʩʣʫʞʝʙʥʳʤʠ ʩʣʦʚʘʤʠ ʫʧʦʪʨʝʙʣʷ-

ʶʪʩʷ ʪʘʢ ʞʝ,  ʢʘʢ ʚ ʇʘʩʢʘʣʝ. 
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ʇʝʨʝʡʜʝʤ ʢ ʧʦʩʪʨʦʝʥʠʶ ʣʝʢʩʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ. 

ɺʭʦʜ ʣʝʢʩʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ ð ʩʠʤʚʦʣʳ ʠʩʭʦʜʥʦʡ ʧʨʦʛʨʘʤʤʳ ʥʘ ʄ-ʷʟʳʢʝ; ʨʝʟʫʣʴ-

ʪʘʪ ʨʘʙʦʪʳ ð ʠʩʭʦʜʥʘʷ ʧʨʦʛʨʘʤʤʘ ʚ ʚʠʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʣʝʢʩʝʤ (ʠʭ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʷ). ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʣʝʢʩʠʯʝʩʢʠʡ ʘʥʘʣʠʟʘʪʦʨ ʙʫʜʝʪ ʚʳʟʳʚʘʪʴʩʷ, ʢʦʛʜʘ ʧʦʪʨʝʙʫʝʪʩʷ 

ʦʯʝʨʝʜʥʘʷ ʣʝʢʩʝʤʘ ʠʩʭʦʜʥʦʡ ʧʨʦʛʨʘʤʤʳ, ʧʦʵʪʦʤʫ ʨʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʣʝʢʩʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ-
ʪʦʨʘ ʙʫʜʝʪ ʦʯʝʨʝʜʥʘʷ ʣʝʢʩʝʤʘ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʧʨʦʛʨʘʤʤʳ ʥʘ ʄ-ʷʟʳʢʝ. 

ʃʝʢʩʠʯʝʩʢʠʡ ʘʥʘʣʠʟʘʪʦʨ ʜʣʷ ʤʦʜʝʣʴʥʦʛʦ ʷʟʳʢʘ ʙʫʜʝʤ ʩʦʟʜʘʚʘʪʴ ʧʦʵʪʘʧʥʦ: ʩʥʘʯʘʣʘ 

ʦʧʠʰʝʤ ʥʘ ʷʟʳʢʝ ʉʠ + + ʢʣʘʩʩʳ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩ ̫ʧʨʠ ʃɸ, ʟʘʪʝʤ ʧʦ-

ʩʪʨʦʠʤ ɼʉ ʩ ʜʝʡʩʪʚʠʷʤʠ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʣʝʢʩʝʤ, ʘ ʟʘʪʝʤ ʧʦ ɼʉ ʥʘʧʠʰʝʤ ʧʨʦʛʨʘʤʤʫ ʃɸ. ʆʪʤʝʪʠʤ, ʯʪʦ ʤ  rʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʜʠʥ 

ʠʟ ʚʦʟʤʦʞʥʳʭ ʩʧʦʩʦʙʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʃɸ   ʥʘ ʉʠ + +, ʙʳʪʴ ʤʦ-
ʞʝʪ, ʥʝ ʩʘʤʳʡ ʣʫʯʰʠʡ. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʢʣʘʩʩʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʣʝʢʩʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ 

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʣʝʢʩʝʤ: ʚʳʜʝʣʠʤ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ ʣʝʢʩʝʤ, ʚʚʝʜʷ ʩʣʝʜʫʶʱʠʡ ʧʝʨʝʯʠʩ-
ʣʠʤʳʡ ʪʠʧ ʜʘʥʥʳʭ: 

 
enum type_of_lex  
{  
 LEX_NULL,        // 0  
 LEX_AND, LEX_BEGIN, é LEX_WRITE,   // 18  
 LEX_FIN,        // 19  
 LEX_SEMICOLON, LEX_COMMA, é LEX_GEQ,  // 35 
 LEX_NUM,        // 36  
 LEX_ID,         // 37  
 POLIZ_LABEL,         // 38  
 POLIZ_ADDRESS,       // 39  
 POLIZ_GO,        // 40  
 POLIZ_FGO       // 41  
};  
 

 

ʉʦʜʝʨʞʘʪʝʣʴʥʦ ʚʥʫʪʨʝʥʥʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʣʝʢʩʝʤ ð ʵʪʦ ʧʘʨʘ (ʪʠʧ_ʣʝʢʩʝʤʳ, ʟʥʘʯʝ-

ʥʠʝ_ʣʝʢʩʝʤʳ). ɿʥʘʯʝʥʠʝ ʣʝʢʩʝʤʳ ð ʵʪʦ ʥʦʤʝʨ ʩʪʨʦʢʠ ʚ ʪʘʙʣʠʮʝ ʣʝʢʩʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʢʣʘʩʩʘ, ʩʦʜʝʨʞʘʱʝʡ ʠʥʬʦʨʤʘʮʠʶ ʦ ʣʝʢʩʝʤʝ, ʠʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʥʘʧʨʠʤʝʨ, ʚ 

ʩʣʫʯʘʝ ʮʝʣʳʭ ʯʠʩʝʣ. 

 

ʉʦʛʣʘʰʝʥʠʝ ʦʙ ʠʩʧʦʣʴʟʫʝʤʳʭ ʪʘʙʣʠʮʘʭ ʣʝʢʩʝʤ: 

TW  ð ʪʘʙʣʠʮʘ ʩʣʫʞʝʙʥʳʭ ʩʣʦʚ ʄ-ʷʟʳʢʘ; 

TD ð ʪʘʙʣʠʮʘ ʦʛʨʘʥʠʯʠʪʝʣʝʡ ʄ-ʷʟʳʢʘ; 

TID  ð ʪʘʙʣʠʮʘ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʧʨʦʛʨʘʤʤʳ; 

ʊʘʙʣʠʮʳ TW ʠ TD ʟʘʧʦʣʥʷʶʪʩʷ ʟʘʨʘʥʝʝ, ʪ. ʢ. ʠʭ ʩʦʜʝʨʞʠʤʦʝ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʠʩʭʦʜʥʦʡ 
ʧʨʦʛʨʘʤʤʳ;  TID ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʘʥʘʣʠʟʘ. 

ʅʝʦʙʭʦʜʠʤʳʝ ʪʘʙʣʠʮʳ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʦʙʲʝʢʪʦʚ, ʢʦʥʢʨʝʪʥʳʡ ʚʠʜ ʢʦʪʦʨʳʭ 

ʤ  rʨʘʩʩʤʦʪʨʠʤ ʯʫʪʴ ʧʦʟʞʝ, ʠʣʠ ʚ ʚʠʜʝ ʤʘʩʩʠʚʦʚ ʩʪʨʦʢ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʩʣʫʞʝʙʥʳʭ ʩʣʦʚ. 

ʂʣʘʩʩ Lex: 
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class  Lex  
{  
 type_of_lex  t_lex;  
 int    v_lex;  
public :  
 Lex ( type_of_lex t = LEX_NULL, int  v = 0)  
 {  
  t_lex = t; v_lex = v;  
 }  
 type_of_lex  get_type () { return  t_lex; }  
 int  get_value () { return  v_lex; }  
 friend  ostream& operator << (  ostream &s, Lex l  )  
 {  
  s << '(' << l. t_lex << ',' << l.v_lex << ");" ;  
  return  s;  
 }  
};  
 

 

ʂʣʘʩʩ Ident: 

 
class  Ident  
{  
 char   *  name;  
 bool    declare;  
 type_of_lex  type;  
 bool    assign;  
 int    value;  

public :  
 Ident  ()  
 {  
  declare  = false ;  
  assign  = false ;  
 }  
 
 char  *get_name ()  
 {  
  return  name;  
 }  
 void  put_name ( const  char  *n)  
 {  
  name = new char  [ strlen(n)  + 1 ];  
  strcpy  (  name,  n );  
 }  
 bool  get_declare ()  
 {  
  return  declare;  
 }  
 

     void  put_declare ()  
 {  
  declare = true;  
 }  
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    t ype_of_lex get_type ()  
 {  
  return  type;  
 }  
 void  put_type ( kind_of_lex t )  
 {  
  type = t;  
 }  
 bool  get_assign ()  
 {  
  return  assign;  
 }  
 void  put_assign ()  
 {  
  assign = true ;  
 }  
 int  get_value ()  
 {  
  return  value;  
 }  
 void  put_value ( int  v)  
 {  
  value = v;  
 }  
};  
 

 

ʂʣʘʩʩ tabl_ident : 

 
class  tabl_ident  
{  
 ident  *  p;  
 int    size;  
 int    top;  

public :  
 tabl_ident ( int  max_size )  
 {  
  p = new ident[size=max_size];  
  top  = 1;  
 }  
 ~tabl_ident ()  
 {  
  delete  []p;  
 }  
 ident& operator [] ( int  k )  
 {  
  return  p[k];  
 }  
 int  put ( const char  *buf );  
};  
 

int  tabl_ident::put  (  const char  *buf  )  
{  
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    for  (  int  j=1; j<top; ++j )  
  if  (  !strcmp(buf,  p[j].get_name())  )  
   return  j;  
 p[top].put_name(buf);  
 ++top ;  
 return  top - 1;  
}  

 

 

ʂʣʘʩʩ Scanner : 

 
class  Scanner  
{  
 enum     state { H, IDENT, NUMB, COM, ALE, DELIM, NEQ };  
 static char   *  TW[];  
 static  type_of_lex   words[];  
 static  char   *  TD[];  
 static  type_of_lex   dlms[];  
 state     CS;  
 FILE     *  fp;  
 char      c;   
 char      buf[ 80];  
 int      buf_top;  
 
 void  clear ()  
 {  

  buf_top = 0;  
  for  (  int  j = 0; j < 80; ++j  )  
   buf[j] = ' \ 0';  
 }  
 
 void  add ()  
 {  
  buf [ buf_top ++ ] = c;  
 }  
 
 int  look (  const char  *buf, char  **list  )  
 {  
  int  i = 0;  
  while  (  list[i]  )  
  {  
   if  (  !strcmp(buf, li st[i])  )  
    return  i;  
   ++i;  
  }  
  return  0;  
 }  
  
 void  gc ()  
 {  
  c = fgetc (fp);  
 }  

public :  
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 Lex get_lex ();  
 
 Scanner (  const char  * program  )  
 {  
  fp = fopen ( program, "r" );  
  CS = H;  
  clear();  
  gc();  
 }  
};  
 

 

ʊʘʙʣʠʮʳ ʣʝʢʩʝʤ ʄ-ʷʟʳʢʘ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʥʘ  ʉʠ + +, ʥʘʧʨʠʤʝʨ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ: 

 
char  * Scanner :: TW[] =  
{  
 ""       // 0  ȸȷȰȱȿȱɈ 0 ȶȮ ȱȺȸȷȴɅȰȼȮȻȺɈ 
 "and",   // 1  
 "begin",   // 2  
 "bool",    // 3  
 "do",   // 4  
 "else",   // 5  
 "end",   // 6  
 "if",   // 7  
 "false",   // 8  
 "int",   // 9  
 "not",   // 10  
 "or",   // 11  
 "program",  // 12  
 "read",   // 13  
 "then",   // 14  
 "true",   // 15  
 "var",   // 16  
 "while",   // 17  
 "write" ,   // 18  
  NULL 
};  
 
char * Scanner:: TD [] =  
{    
     ""        // 0   ȸȷȰȱȿȱɈ 0 ȶȮ ȱȺȸȷȴɅȰȼȮȻȺɈ 
 " @",    // 1  
 " ; ",    // 2  
 ",",    // 3  
 ":",    // 4  
 ":=",    // 5  
 "(",    // 6  
 ")",    // 7  
 "=",    // 8  
 "<",    // 9  
 ">",    // 10  
 " +",    // 11  
 " - ",    // 12  
 " * ",    // 13  
 "/",   // 14  
     "<=",    // 15  
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 "!=",    // 16  
 ">=" ,    // 17  
     NULL  
};  
 
tabl _ident  TID (100);  
 
type_of_lex Scanner::words[] =  
{  
 LEX_NULL,  
 LEX_AND, 
 LEX_BEGIN,  
 LEX_BOOL, 
 LEX_DO, 
 LEX_ELSE,  
 LEX_END, 
 LEX_IF,  
 LEX_FALSE,  
 LEX_INT,  
 LEX_NOT, 
 LEX_OR, 
 LEX_PROGRAM, 
 LEX_READ, 
 LEX_THEN, 
 LEX_TRUE, 
 LEX_VAR, 

 LEX_WHILE,  
 LEX_WRITE,  
 LEX_NULL  
};  
 
type_of_lex Scanner::dlms[] =  
{  
 LEX_NULL,  
 LEX_FIN,  
 LEX_SEMICOLON, 
 LEX_COMMA, 
 LEX_COLON, 
 LEX_ASSIGN,  
 LEX_LPAREN, 
 LEX_RPAREN, 
 LEX_EQ, 
 LEX_LSS,  
 LEX_GTR, 
 LEX_PLUS,  
 LEX_MINUS,  
 LEX_TIMES,  
 LEX_SLASH, 
 LEX_LEQ,  
 LEX_NEQ, 
 LEX_GEQ, 
 LEX_NULL 
};  
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ʈʠʩ. 9. ɼʉ ʜʣʷ ʤʦʜʝʣʴʥʦʛʦ ʷʟʳʢʘ. 

H 

clear(); add(); gc();  

gc();  

 ô_ô 

ALE 

NEQ 

DELIM 

add(); gc();  

IDENT 

ʙʫʢʚʘ,  

ʮʠʬʨʘ 

NUMB 

d = d*10 + ( c ïË0Ë); gc( );  

ʮʠʬʨʘ 

COM 

gc( );  

gc();  

}  

 ̂
ER 

 ̂

ER 

 

ʙʫʢʚʘ 

 ʮʠʬʨʘ 

 {  

: , < , > 

 ̂

! 

+ , - , * , / , , , ; , ( , ) , = 

= 

d = c-Ë0Ë; gc();  

gc();  

clear(); add(); gc();  

gc();  

clear( ); add( ); gc( ); 

j=look(buf, TD); Lex(dlms[j], j);  

 add( ); gc( ); j=look(buf, TD); Lex(dlms[j], j);  

Lex(LEX_FIN);  

gc() ; Lex(LEX_NEQ);  

 j=look(buf, TD); Lex(dlms[j], j);  

Lex(LEX_NUM, d);  

 j = look(buf, TW); Lex(words[j], j);  

ʠʣʠ j = TID.put(buf); Lex(LEX_ID, j);  
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ʅʘ ʨʠʩ. 9 ʧʨʠʚʝʜʝʥʘ ʜʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʡ ʜʣʷ ʤʦʜʝʣʴʥʦʛʦ ʷʟʳʢʘ. ʃʝʢʩʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʦʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ ʪʨʘʥʩʣʷʮʠʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʩʭʦʜʥʳʡ 

ʬʘʡʣ ʩ ʪʝʢʩʪʦʤ ʧʨʦʛʨʘʤʤʳ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʣʝʢʩʝʤ ʚʦ ʚʥʫʪʨʝʥʥʝʤ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʠ ʩʦʛʣʘʩʥʦ ʧʦʩʪʨʦʝʥʥʦʡ ɼʉ; ʟʘʪʝʤ ʵʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʦʜʘʝʪʩʷ ʥʘ ʚʭʦʜ ʩʠʥʪʘʢ-
ʩʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʘʪʦʨʫ. 

ʄ  rʨʝʘʣʠʟʫʝʤ ʜʨʫʛʦʡ ʧʦʜʭʦʜ: ʣʝʢʩʠʯʝʩʢʠʡ ʘʥʘʣʠʟʘʪʦʨ ʚʳʜʘʝʪ ʦʯʝʨʝʜʥʫʶ ʣʝʢʩʝʤʫ ʧʦ 

ʪʨʝʙʦʚʘʥʠ ʁʩʠʥʪʘʢʩʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ ʠ ʟʘʪʝʤ çʟʘʤʠʨʘʝʪè, ʧʦʢʘ ʢ ʥʝʤʫ ʥʝ ʦʙʨʘʪʷʪʩʷ ʟʘ 

ʩʣʝʜʫʶʱʝʡ ʣʝʢʩʝʤʦʡ. ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʜʝʡʩʪʚʠʝ Lex(k, l); ʚ ɼʉ ʦʟʥʘʯʘʝʪ return Lex(k, l);. 

ʂʨʦʤʝ ʪʦʛʦ, ʚʤʝʩʪʦ ʧʝʨʝʭʦʜʘ ʚ ʩʦʩʪʦʷʥʠʝ ʦʰʠʙʢʠ ER ʛʝʥʝʨʠʨʫʝʪʩʷ ʠʩʢʣʶʯʝʥʠʝ ʩ ʫʢʘʟʘʥʠʝʤ 

ʩʠʤʚʦʣʘ, ʢʦʪʦʨʳʡ ʧʨʠʚʝʣ ʢ ʦʰʠʙʦʯʥʦʡ ʩʠʪʫʘʮʠʠ. ʇʝʨʝʭʚʘʪʳʚʘʪʴʩʷ  ʠ ʦʙʨʘʙʘʪʳʚʘʪʴʩʷ ʠʩ-

ʢʣʶʯʝʥʠʷ ʙʫʜʫʪ ʥʝ ʚ ʣʝʢʩʠʯʝʩʢʦʤ ʘʥʘʣʠʟʘʪʦʨʝ, ʘ ʚ  ʦʩʥʦʚʥʦʡ ʧʨʦʛʨʘʤʤʝ, ʩʦʜʝʨʞʘʱʝʡ ʘʥʘʣʠ-

ʟʘʪʦʨ. ʆʙʨʘʙʦʪʢʘ ʠʩʢʣʶʯʝʥʠʷ ʩʦʩʪʦʠʪ ʚ ʚʳʚʦʜʝ ʩʦʦʙʱʝʥʠʷ ʦʙ ʦʰʠʙʢʝ ʠ ʢʦʨʨʝʢʪʥʦʤ ʟʘʚʝʨ-

ʰʝʥʠʠ ʧʨʦʛʨʘʤʤʳ. 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʝʘʣʠʟʫʝʪ ʃɸ ʧʦ ɼʉ ʬʫʥʢʮʠʷ get_lex(): 

 
Lex Scanner::get_lex ()  
{  
 int  d, j;  
  
 CS = H;  
 do 
 {  
  switch  (  CS )  
  {  
  case  H:  
   if  ( c ==' ' || c ==' \ n' || c==' \ r' || c ==' \ t' )  
    gc ();  
   else if  ( isalpha(c) )  
   {  
    clear  ();  
    add  ();  
    gc  ();  
    CS = IDENT;  
   }  
   else if  ( isdigit(c) )  
   {  
    d = c -  '0';  
    gc  ();  
    CS = NUMB;  
   }  
   else if  ( c== '{ ' )  
   {  
    gc  ();  
    CS = COM;  
   }  
   else if  (  c== ':' || c== '<' || c== '>')  
   {  
    clear  ();  
    add  ();  
    gc  ();  
    CS = ALE;  
   }  
   else  if  (  c == '@'  )  
    return  Lex(LEX_FIN);  
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             else  if  (  c == '!'  )  
      {  
                  clear  ();  
    add  ();  
    gc  ();  
    CS = NEQ;  
   }  
   else   
    CS = DELIM;  
   break ;  
  case  IDENT:  
   if  ( isalpha(c) || isdigit(c) )  
   {  
    add  ();  
    gc  ();  
   }  
   else  
    if  ( j = look (buf, TW) )  
     return  Lex (words[j], j);  
    else   
    {  
     j = TID.put(buf);  
     return  Lex (LEX_ID, j);  
    }  
   break ;  
  case  NUMB: 
   if  ( isdigit(c) )  
   {  

    d = d * 10 + (c -  '0');  

    gc();  
   }  
   else  
    return  Lex ( LEX_NUM, d  );  
   break ;  
  case  COM: 
   if  ( c == '}' )  
   {  
    gc  ();  
    CS = H;  
   }  
   else  if  (c == '@' || c == '{' )  
    throw  c;  
   else  
    gc  ();  
   break ;  
  case  ALE:  
   if  (  c == '='  )  
   {  
    add  ();  
    gc  ();  
    j = look ( buf, TD );  
    return  Lex ( dlms[j], j  );  
   }  
   else  
             {  
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    j = look (buf, TD);  
    return  Lex ( dlms[j], j );  

   }  
   break ;  
  case  NEQ: 
       if  (  c == '='  )  
   {  
    add  ();  
    gc  ();  
    j = look ( buf, TD );  
    return  Lex ( LEX_NEQ, j );  
   }  
   else  
    throw  '!';  
   break ;  
  case  DELIM:  
   clear  ();  
   add  ();  
   if  (  j = look(buf, TD)  )  
   {  
    gc  ();  
    return  Lex (  dlms[j], j  );  
   }  
   else  
    throw  c;  
   break ;  
  }     // end switch  
 }  
 while  ( true );  
}  
 

ʄʦʞʥʦ ʫʧʨʦʩʪʠʪʴ ʨʝʘʣʠʟʘʮʠʶ ʤʝʪʦʜʘ get_lex(), ʚʳʥʝʩʷ ʦʙʨʘʱʝʥʠʝ ʢ gc() ʠʟ ʪʝʣʘ 

switch ʠ ʚʩʪʘʚʠʚ ʝʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ  ʦʧʝʨʘʪʦʨʦʤ switch. 

ʉʠʥʪʘʢʩʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʅʘ ʵʪʘʧʝ ʩʠʥʪʘʢʩʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʥʫʞʥʦ: 

1) ʫʩʪʘʥʦʚʠʪʴ, ʠʤʝʝʪ ʣʠ ʮʝʧʦʯʢʘ ʣʝʢʩʝʤ ʩʪʨʫʢʪʫʨʫ, ʟʘʜʘʥʥʫʶ ʩʠʥʪʘʢʩʠʩʦʤ ʷʟr-

ʢʘ, ʠ 

2) ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʵʪʫ ʩʪʨʫʢʪʫʨʫ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʥʦʚʘ ʥʘʜʦ ʨʝʰʘʪʴ ʟʘʜʘʯʫ ʨʘʟʙʦʨʘ: ʜʘʥʘ ʮʝʧʦʯʢʘ ʣʝʢʩʝʤ, ʠ ʥʘʜʦ ʦʧʨʝ-

ʜʝʣʠʪʴ, ʚʳʚʦʜʠʤʘ ʣʠ ʦʥʘ ʚ ʛʨʘʤʤʘʪʠʢʝ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʩʠʥʪʘʢʩʠʩ ʷʟʳʢʘ. ɽʩʣʠ ʜʘ, ʪʦ ʧʦʩʪʨʦ-

ʠʪʴ ʚʳʚʦʜ ʵʪʦʡ ʮʝʧʦʯʢʠ ʠʣʠ ʜʝʨʝʚʦ ʚʳʚʦʜʘ. ʆʜʥʘʢʦ ʩʪʨʫʢʪʫʨʘ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʢʘʢ ʚʳʨʘ-

ʞʝʥʠʝ, ʦʧʠʩʘʥʠʝ, ʦʧʝʨʘʪʦʨ ʠ ʪ.ʧ., ʙʦʣʝʝ ʩʣʦʞʥʘʷ, ʯʝʤ ʩʪʨʫʢʪʫʨʘ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʠ ʯʠʩʝʣ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʠʥʪʘʢʩʠʩʘ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʥʫʞʥʳ ʙʦʣʝʝ ʤʦʱʥʳʝ ʛʨʘʤʤʘ-

ʪʠʢʠ, ʯʝʤ ʨʝʛʫʣʷʨʥʳʝ. ʆʙʳʯʥʦ ʜʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʶʪ ʂʉ-ʛʨʘʤʤʘʪʠʢʠ, ʧʨʘʚʠʣʘ ʢʦʪʦʨʳʭ ʠʤʝ-

ʶʪ ʚʠʜ A Ÿ a, ʛʜʝ A Í N, a Í (T Ç N )
*
. ɻʨʘʤʤʘʪʠʢʠ ʵʪʦʛʦ ʢʣʘʩʩʘ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʦʟʚʦʣʷ-

ʶʪ ʚʧʦʣʥʝ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʘʪʴ ʩʠʥʪʘʢʩʠʩ ʨʝʘʣʴʥʳʭ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ; ʩ ʜʨʫʛʦʡ ʩʪʦ-

ʨʦʥʳ, ʜʣʷ ʨʘʟʥʳʭ ʧʦʜʢʣʘʩʩʦʚ ʂʉ-ʛʨʘʤʤʘʪʠʢ ʧʦʩʪʨʦʝʥʳ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ 
ʨʘʟʙʦʨʘ. 
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ʀʟ ʪʝʦʨʠʠ ʩʠʥʪʘʢʩʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʘʣʛʦʨʠʪʤ, ʢʦʪʦʨʳʡ ʧʦ 

ʣʶʙʦʡ ʜʘʥʥʦʡ ʂʉ-ʛʨʘʤʤʘʪʠʢʝ ʠ ʜʘʥʥʦʡ ʮʝʧʦʯʢʝ ʚʳʷʩʥʷʝʪ, ʧʨʠʥʘʜʣʝʞʠʪ ʣʠ ʮʝʧʦʯʢʘ ʷʟʳʢʫ, 

ʧʦʨʦʞʜʘʝʤʦʤʫ ʵʪʦʡ ʛʨʘʤʤʘʪʠʢʦʡ. ʅʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʪʘʢʦʛʦ ʘʣʛʦʨʠʪʤʘ (ʩʠʥʪʘʢʩʠʯʝʩʢʦʛʦ ʘʥʘ-

ʣʠʟʘ ʩ ʚʦʟʚʨʘʪʘʤʠ) ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʜʣʠʥʳ ʮʝʧʦʯʢʠ, ʯʪʦ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ 
ʟʨʝʥʠʷ ʩʦʚʝʨʰʝʥʥʦ ʥʝʧʨʠʝʤʣʝʤʦ. 

ʉʫʱʝʩʪʚʫʶʪ ʪʘʙʣʠʯʥʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ([3]), ʧʨʠʤʝʥʠʤʳʝ ʢʦ ʚʩʝʤʫ ʢʣʘʩʩʫ ʂʉ-

ʛʨʘʤʤʘʪʠʢ ʠ ʪʨʝʙʫʶʱʠʝ ʜʣʷ ʨʘʟʙʦʨʘ ʮʝʧʦʯʝʢ ʜʣʠʥʳ n ʚʨʝʤʝʥʠ Cn
3
 (ʘʣʛʦʨʠʪʤ ʂʦʢʘ-ʗʥʛʝʨʘ-

ʂʘʩʘʤʠ), ʛʜʝ C ð ʢʦʥʩʪʘʥʪʘ, ʣʠʙʦ Cn
2 
(ʘʣʛʦʨʠʪʤ ʕʨʣʠ). ʀʭ ʨʘʟʫʤʥʦ ʧʨʠʤʝʥʷʪʴ ʪʦʣʴʢʦ ʚ ʪʦʤ 

ʩʣʫʯʘʝ, ʝʩʣʠ ʜʣʷ ʠʥʪʝʨʝʩʫʶʱʝʛʦ ʥʘʩ ʷʟʳʢʘ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʛʨʘʤʤʘʪʠʢʠ, ʧʦ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʧʦ-

ʩʪʨʦʠʪʴ ʘʥʘʣʠʟʘʪʦʨ ʩ ʣʠʥʝʡʥʦʡ ʚʨʝʤʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʦʪ ʜʣʠʥʳ ʮʝʧʦʯʢʠ (ʪʘʢʠʤʠ ʷʟʳʢʘʤʠ 

ʤʦʛʫʪ ʙʳʪʴ, ʥʘʧʨʠʤʝʨ, ʧʦʜʤʥʦʞʝʩʪʚʘ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ). 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠʭ ʩʠʥʪʘʢʩʠʩ ʦʙʳʯʥʦ ʩʪʘʨʘʶʪʩʷ ʩʜʝʣʘʪʴ 

ʪʘʢʠʤ, ʯʪʦʙʳ ʚʨʝʤʷ ʥʘ ʘʥʘʣʠʟ ʙʳʣʦ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʜʣʠʥʝ ʧʨʦʛʨʘʤʤʳ. ɸʣʛʦʨʠʪʤʳ 

ʘʥʘʣʠʟʘ, ʨʘʩʭʦʜʫʶʱʠʝ ʥʘ ʦʙʨʘʙʦʪʢʫ ʚʭʦʜʥʦʡ ʮʝʧʦʯʢʠ ʣʠʥʝʡʥʦʝ ʚʨʝʤʷ, ʧʨʠʤʝʥʠʤʳ ʪʦʣʴʢʦ ʢ 
ʥʝʢʦʪʦʨʳʤ ʧʦʜʢʣʘʩʩʘʤ ʂʉ-ʛʨʘʤʤʘʪʠʢ.  

ʈʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʘʢʩʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʠʣʠ ʨʘʟʙʦʨʘ, ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʨʘʟʥʳʭ 

ʧʨʠʥʮʠʧʘʭ, ʠ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʠʢʠ ʧʦʩʪʨʦʝʥʠʷ ʜʝʨʝʚʘ ʚʳʚʦʜʘ. ʂʘʞʜʳʡ ʤʝʪʦʜ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʚʦʡ ʩʧʦʩʦʙ ʧʦʩʪʨʦʝʥʠʷ ʧʦ ʛʨʘʤʤʘʪʠʢʝ ʧʨʦʛʨʘʤʤʳ-ʘʥʘʣʠʟʘʪʦʨʘ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʘʟʙʦʨ ʮʝʧʦʯʝʢ. ʂʦʨʨʝʢʪʥʳʡ ʘʥʘʣʠʟʘʪʦʨ ʟʘʚʝʨʰʘʝʪ ʩʚʦʶ ʨʘʙʦʪʫ ʜʣʷ ʣʶʙʦʡ 

ʚʭʦʜʥʦʡ ʮʝʧʦʯʢʠ  ʠ  ʚʳʜʘʝʪ ʚʝʨʥʳʡ ʦʪʚʝʪ ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʮʝʧʦʯʢʠ ʷʟʳʢʫ. ɸʥʘʣʠʟʘʪʦʨ ʥʝ-

ʢʦʨʨʝʢʪʝʥ, ʝʩʣʠ: 

Á ʥʝ ʨʘʩʧʦʟʥʘʝʪ ʭʦʪʷ ʙ  rʦʜʥʫ ʮʝʧʦʯʢʫ, ʧʨʠʥʘʜʣʝʞʘʱʫʶ ʷʟʳʢʫ; 

Á ʨʘʩʧʦʟʥʘʝʪ  ʭʦʪʷ ʙ  rʦʜʥʫ ʮʝʧʦʯʢʫ, ʷʟʳʢʫ ʥʝ ʧʨʠʥʘʜʣʝʞʘʱʫʶ; 

Á ʟʘʮʠʢʣʠʚʘʝʪʩʷ ʥʘ ʢʘʢʦʡ-ʣʠʙʦ ʮʝʧʦʯʢʝ.  

ɻʦʚʦʨʷʪ, ʯʪʦ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʧʨʠʤʝʥʠ͕ʤ ʢ ʜʘʥʥʦʡ ʛʨʘʤʤʘʪʠʢʝ, ʝʩʣʠ ʘʥʘʣʠʟʘʪʦʨ, ʧʦʩʪʨʦ-

ʝʥʥʳʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʤʝʪʦʜʦʤ, ʢʦʨʨʝʢʪʝʥ.  

ʈʘʩʩʤʦʪʨʠʤ ʦʜʠʥ ʠʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʨʘʟʙʦʨʘ, ʧʨʠʤʝʥʠʤʳʡ ʢ ʥʝʢʦʪʦʨʦʤʫ 
ʧʦʜʢʣʘʩʩʫ ʂʉ-ʛʨʘʤʤʘʪʠʢ. 

 

ʄʝʪʦʜ ʨʝʢʫʨʩʠʚʥʦʛʦ ʩʧʫʩʢʘ  

ʇʨʠʤʝʨ: ʧʫʩʪʴ ʜʘʥʘ ʛʨʘʤʤʘʪʠʢʘ G1 = à { a, b, c, d},  { S, A, B},  P, S  ð , ʛʜʝ 

P: 
   

 S Ÿ ABd 

 A Ÿ a | cA 

 B Ÿ bA 
 

 

ʠ ʥʘʜʦ ʦʧʨʝʜʝʣʠʪʴ, ʧʨʠʥʘʜʣʝʞʠʪ ʣʠ ʮʝʧʦʯʢʘ cabad ʷʟʳʢʫ L(G1).  ʇʦʩʪʨʦʠʤ ʣʝʚʳʡ ʚʳʚʦʜ ʵʪʦʡ 
ʮʝʧʦʯʢʠ:   S Ÿ ABd Ÿ cABd Ÿ caBd Ÿ cabAd Ÿ cabad. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʮʝʧʦʯʢʘ cabad ʧʨʠʥʘʜʣʝʞʠʪ ʷʟʳʢʫ L(G1).  

ʇʦʩʪʨʦʝʥʠʝ ʣʝʚʦʛʦ ʚʳʚʦʜʘ ʵʢʚʠʚʘʣʝʥʪʥʦ ʧʦʩʪʨʦʝʥʠʶ ʜʝʨʝʚʘ ʚʳʚʦʜʘ ʤʝʪʦʜʦʤ ʩʚʝʨʭʫ-

ʚʥʠʟ (ʥʠʩʭʦʜʷʱʠʤ ʤʝʪʦʜʦʤ), ʧʨʠ ʢʦʪʦʨʦʤ ʥʘ ʦʯʝʨʝʜʥʦʤ ʰʘʛʝ ʨʘʩʢʨʳʚʘʝʪʩʷ ʩʘʤʳʡ ʣʝʚʳʡ ʥʝ-
ʪʝʨʤʠʥʘʣ ʚ ʯʘʩʪʠʯʥʦ ʧʦʩʪʨʦʝʥʥʦʤ ʜʝʨʝʚʝ ( ʨʠʩ. 10): 
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ʈʠʩ. 10. ʇʦʩʪʨʦʝʥʠʝ ʣʝʚʦʛʦ ʚʳʚʦʜʘ. 

ʄʝʪʦʜ ʨʝʢʫʨʩʠʚʥʦʛʦ ʩʧʫʩʢʘ (ʈʉ-ʤʝʪʦʜ) ʨʝʘʣʠʟʫʝʪ ʨʘʟʙʦʨ ʩʚʝʨʭʫ-ʚʥʠʟ ʠ ʜʝʣʘʝʪ ʵʪʦ ʩ 

ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʨʝʢʫʨʩʠʚʥʳʭ ʧʨʦʮʝʜʫʨ. 

 ɼʣʷ ʢʘʞʜʦʛʦ ʥʝʪʝʨʤʠʥʘʣʘ ʛʨʘʤʤʘʪʠʢʠ ʩʦʟʜʘʝʪʩʷ ʩʚʦʷ ʧʨʦʮʝʜʫʨʘ, ʥʦʩʷʱʘʷ ʝʛʦ ʠʤ;̫ 

ʝʝ ʟʘʜʘʯʘ ð ʥʘʯʠʥʘʷ ʩ ʫʢʘʟʘʥʥʦʛʦ ʤʝʩʪʘ ʠʩʭʦʜʥʦʡ ʮʝʧʦʯʢʠ ʥʘʡʪʠ ʧʦʜʮʝʧʦʯʢʫ, ʢʦʪʦʨʘʷ ʚʳʚʦ-
ʜʠʪʩʷ ʠʟ ʵʪʦʛʦ ʥʝʪʝʨʤʠʥʘʣʘ. 

ɽʩʣʠ ʪʘʢʫʶ ʧʦʜʮʝʧʦʯʢʫ ʥʘʡʪʠ ʥʝ ʫʜʘʝʪʩʷ, ʪʦ ʧʨʦʮʝʜʫʨʘ ʟʘʚʝʨʰʘʝʪ ʩʚʦʶ ʨʘʙʦʪʫ, ʩʠʛ-

ʥʘʣʠʟʠʨʫʷ ʦʙ ʦʰʠʙʢʝ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʮʝʧʦʯʢʘ ʥʝ ʧʨʠʥʘʜʣʝʞʠʪ ʷʟʳʢʫ; ʨʘʟʙʦʨ ʦʩʪʘʥʘʚʣʠʚʘ-
ʝʪʩʷ. 

ɽʩʣʠ ʧʦʜʮʝʧʦʯʢʫ ʫʜʘʣʦʩʴ ʥʘʡʪʠ, ʪʦ ʨʘʙʦʪʘ ʧʨʦʮʝʜʫʨʳ ʩʯʠʪʘʝʪʩʷ ʥʦʨʤʘʣʴʥʦ ʟʘʚʝʨ-

ʰʝʥʥʦʡ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʦʟʚʨʘʪ ʚ ʪʦʯʢʫ ʚʳʟʦʚʘ. 

ʊʝʣʦ ʢʘʞʜʦʡ ʪʘʢʦʡ ʧʨʦʮʝʜʫʨʳ ʧʠʰʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦ ʧʨʘʚʠʣʘʤ ʚʳʚʦʜʘ (ʧʦ ʘʣʴ-

ʪʝʨʥʘʪʠʚʘʤ) ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʥʝʪʝʨʤʠʥʘʣʘ: ʜʣʷ ʧʨʘʚʦʡ ʯʘʩʪʠ ʢʘʞʜʦʛʦ ʧʨʘʚʠʣʘ ʦʩʫʱʝʩʪʚʣʷ-

ʝʪʩʷ ʧʦʠʩʢ ʧʦʜʮʝʧʦʯʢʠ, ʚʳʚʦʜʠʤʦʡ ʠʟ ʵʪʦʡ ʧʨʘʚʦʡ ʯʘʩʪʠ. ʇʨʠ ʵʪʦʤ ʪʝʨʤʠʥʘʣʳ ʠʟ ʧʨʘʚʦʡ ʯʘ-

ʩʪʠ ʨʘʩʧʦʟʥʘʶʪʩʷ ʩʘʤʦʡ ʧʨʦʮʝʜʫʨʦʡ, ʘ ʥʝʪʝʨʤʠʥʘʣʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʳʟʦʚʘʤ ʧʨʦʮʝʜʫʨ, ʥʦ-

ʩʷʱʠʭ ʠʭ ʠʤʝʥʘ. ʇʦʩʣʝ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʢʘʞʜʦʛʦ ʪʝʨʤʠʥʘʣʘ ʧʨʦʮʝʜʫʨʘ ʩʯʠʪʳʚʘʝʪ ʩʣʝʜʫʶʱʠʡ 

ʩʠʤʚʦʣ ʠʟ ʠʩʭʦʜʥʦʡ ʮʝʧʦʯʢʠ, ʢʦʪʦʨʳʡ ʩʪʘʥʦʚʠʪʩʷ ʪʝʢʫʱʠʤ ʘʥʘʣʠʟʠʨʫʝʤʳʤ ʩʠʤʚʦʣʦʤ. ɺr -

ʙʦʨ ʥʫʞʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʮʝʜʫʨʦʡ ʧʦ ʧʝʨʚʦʤʫ ʩʠʤʚʦʣʫ ʠʟ ʝʱʝ ʥʝʨʘʩ-
ʩʤʦʪʨʝʥʥʦʡ ʯʘʩʪʠ ʠʩʭʦʜʥʦʡ ʮʝʧʦʯʢʠ (ʪ. ʝ. ʧʦ ʪʝʢʫʱʝʤʫ ʩʠʤʚʦʣʫ).  

ʈʘʙʦʪʘ ʩʠʩʪʝʤʳ ʧʨʦʮʝʜʫʨ ʥʘʯʠʥʘʝʪʩʷ ʩ ʛʣʘʚʥʦʡ ʬʫʥʢʮʠʠ main( ). ʆʥʘ ʩʯʠʪʳʚʘʝʪ ʧʝʨ-

ʚʳʡ ʩʠʤʚʦʣ ʠʩʭʦʜʥʦʡ ʮʝʧʦʯʢʠ (ʟʘʜʘʥʥʦʡ ʚʦ ʚʭʦʜʥʦʤ ʧʦʪʦʢʝ stdin) ʠ ʚʳʟʳʚʘʝʪ ʧʨʦʮʝʜʫʨʫ S( ), 

ʢʦʪʦʨʘʷ ʧʨʦʚʝʨʷʝʪ, ʚʳʚʦʜʠʪʩʷ ʣʠ ʚʭʦʜʥʘʷ ʮʝʧʦʯʢʘ ʠʟ ʥʘʯʘʣʴʥʦʛʦ ʩʠʤʚʦʣʘ S (ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ʵʪʦ ʜʝʣʘʝʪʩʷ ʩ ʫʯʘʩʪʠʝʤ ʜʨʫʛʠʭ ʧʨʦʮʝʜʫʨ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʨʝʢʫʨʩʠʚʥʦ ʤʦʛʫʪ ʚʳʟr-

ʚʘʪʴ ʠ ʩʘʤʫ S( ) ʜʣʷ ʘʥʘʣʠʟʘ ʬʨʘʛʤʝʥʪʘ ʠʩʭʦʜʥʦʡ ʮʝʧʦʯʢʠ). ɹʫʜʝʤ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʚ ʢʦʥʮʝ ʣʁ -

ʙʦʡ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʮʝʧʦʯʢʠ ʚʩʝʛʜʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʩʠʤʚʦʣ  ̂(ʧʨʠʟʥʘʢ ʢʦʥʮʘ ʮʝʧʦʯʢʠ)
16)

, ʪʘʢ 

ʯʪʦ ʚ ʟʘʜʘʯʫ main( ) ʚʭʦʜʠʪ ʪʘʢʞʝ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʩʠʤʚʦʣʘ .̂ ʄʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ main( ) ʩʦʦʪ-
ʚʝʪʩʪʚʫʝʪ ʜʦʙʘʚʣʝʥʥʦʤʫ ʚ ʛʨʘʤʤʘʪʠʢʫ ʧʨʘʚʠʣʫ  M Ÿ Ŝ , ʛʜʝ  M ð  ʥʦʚʳʡ ʥʘʯʘʣʴʥʳʡ ʩʠʤʚʦʣ. 

                                                
16)

 ʅʘ ʧʨʘʢʪʠʢʝ ʵʪʠʤ ʧʨʠʟʥʘʢʦʤ  ʤʦʞʝʪ ʙʳʪʴ ʩʠʪʫʘʮʠʷ çʢʦʥʝʮ ʬʘʡʣʘè ʠʣʠ çʢʦʥʝʮ ʩʪʨʦʢʠè. 
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ʇʨʠʤʝʨ.  ʉʦʚʦʢʫʧʥʦʩʪʴ ʧʨʦʮʝʜʫʨ ʨʝʢʫʨʩʠʚʥʦʛʦ ʩʧʫʩʢʘ ʜʣʷ ʛʨʘʤʤʘʪʠʢʠ 

G1:    

 S Ÿ ABd 

 A Ÿ a | cA 

 B Ÿ bA 
 

 

ʙʫʜʝʪ ʪʘʢʦʡ: 

 

#include  <iostream > 
using namespace  std ;  
 
int  c;          // ȻȮȳȼɂȱȲ ȩȶȩȴȱȰȱȹȼȮȵɄȲ Ⱥȱȵȫȷȴ 
void  A ();     
void  B ();  
void  gc  ()  
{  
 cin  >> c;   // ȺɀȱȻȩȻɅ ȷɀȮȹȮȭȶȷȲ Ⱥȱȵȫȷȴ  
}  
 
void  S ()  
{  
 cout  << " S-- >ABd, ";  // ȸȹȱȵȮȶɈȮȵȷȮ ȸȹȩȫȱȴȷ ȫɄȫȷȭȩ 
 A();  
 B();  
 if  (  c != 'd'  )  
  throw  c;  
    gc ();  
}  
 
void  A ()  
{  
 if  (  c =='a'  )  
 {  
  cout << "A -- >a, ";  
  gc  ();  
 }  
 else  if  (  c =='c'  )  
 {  
  cout << "A -- >cA, ";  
  gc  ();  
  A ();  
 }  
 else  
  throw  c;  
}  
 
void  B ()  
{  
 if  (  c =='b'  )  
 {  
  cout << "B -- >bA, ";  
  gc  ();  
  A ();  
 }  
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 else  
  throw  c;  
}  
 
int  main  ()  
{  
 try  
 {  
  gc  ();  

      S ();  

  if  (  c != ' '̂  )  

   throw  c;  
  cout << "SUCCESS !!!" << endl;  
  return  0;  
 }  
 catch  (  int  c )  
 {  
  cout << "ERROR on lexeme" << c << endl;  
  return  1;  
 }  
}  
 

 

ɼʣʷ ʮʝʧʦʯʢʠ, ʚʳʚʦʜʠʤʦʡ ʠʟ  S,  ʧʨʦʛʨʘʤʤʘ ʥʘʧʝʯʘʪʘʝʪ (ʧʦʤʠʤʦ ʩʦʦʙʱʝʥʠʷ ʦʙ ʫʩʧʝʭʝ) 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʘʚʠʣ, ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʠ ʥʠʩʭʦʜʷʱʝʤ ʧʦʩʪʨʦʝʥʠʠ ʜʝʨʝʚʘ ʚʳʚʦʜʘ ʜʣʷ 

ʜʘʥʥʦʡ ʮʝʧʦʯʢʠ (ʵʪʘ ʞʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʛʦʜʠʪʩʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʣʝʚʦʛʦ ʚʳʚʦʜʘ). ɺʤʝʩʪʦ 

ʧʝʯʘʪʠ ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʘʚʠʣ ʤʦʞʥʦ ʚʩʪʘʚʠʪʴ ʜʝʡʩʪʚʠʷ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʜʝʨʝʚʘ ʚ ʜʠʥʘʤʠʯʝ-

ʩʢʦʡ ʧʘʤʷʪʠ ʚ ʚʠʜʝ ʫʟʣʦʚ, ʩʚʷʟʘʥʥʳʭ ʫʢʘʟʘʪʝʣʷʤʠ. ʊʘʢʦʝ ʜʝʨʝʚʦ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʘ ʧʦ-

ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʘʭ ʪʨʘʥʩʣʷʮʠʠ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʜʘʞʝ ʝʩʣʠ ʩʧʝʮʠʘʣʴʥʦ ʥʝ ʬʠʢʩʠʨʦʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʮʝʧʦʯ-

ʢʠ, ʩʠʩʪʝʤʘ ʨʝʢʫʨʩʠʚʥʳʭ ʧʨʦʮʝʜʫʨ ʚʩʝ ʨʘʚʥʦ ʥʝʷʚʥʦ ʦʙʭʦʜʠʪ ʜʝʨʝʚʦ ʚʳʚʦʜʘ ʵʪʦʡ ʮʝʧʦʯʢʠ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʪʝʨʤʠʥʘʣʘ b ʧʨʦʮʝʜʫʨʦʡ B( ) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚ ʜʝʨʝʚʝ ʚʳʚʦʜʘ ʚʝʪ-
ʚʠ

b
÷

B, ʘ ʚʳʟʦʚ ʧʨʦʮʝʜʫʨʳ A( ) ʠʟ ʧʨʦʮʝʜʫʨʳ B( ) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʝʪʚʠ B
ø

A

 . ɼʦʙʘʚʠʚ ʚ ʧʨʦʮʝʜʫʨʳ 

ʘʥʘʣʠʟʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʝʡʩʪʚʠʷ, ʤʦʞʥʦ ʥʘʨʷʜʫ ʩ ʧʨʦʚʝʨʢʦʡ ʩʠʥʪʘʢʩʠʩʘ ʦʧʨʝʜʝʣʷʪʴ ʩʤʳʩʣ 

(ʩʝʤʘʥʪʠʢʫ) ʚʭʦʜʥʦʡ ʮʝʧʦʯʢʠ. ʅʘʧʨʠʤʝʨ, ʩʤʳʩʣʦʤ ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ ʚʳʨʘʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʝʛʦ 

ʟʥʘʯʝʥʠʝ, ʠ ʦʥʦ ʤʦʞʝʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥʦ ʚ ʧʨʦʮʝʩʩʝ ʥʝʷʚʥʦʛʦ ʦʙʭʦʜʘ ʜʝʨʝʚʘ ʧʨʠ ʨʘʟʙʦʨʝ ʵʪʦʛʦ 

ʚʳʨʘʞʝʥʠʷ ʩʠʩʪʝʤʦʡ ʨʝʢʫʨʩʠʚʥʳʭ ʧʨʦʮʝʜʫʨ. 

ɺʳʙʦʨ ʥʫʞʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚ rʧʨʠ ʘʥʘʣʠʟʝ ʤʝʪʦʜʦʤ ʨʝʢʫʨʩʠʚʥʦʛʦ ʩʧʫʩʢʘ ʣʝʛʢʦ ʦʩʫʝɦ-

ʩʪʚʠʤ, ʝʩʣʠ ʚʩʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʥʘʯʠʥʘʶʪʩʷ ʩ ʧʦʧʘʨʥʦ ʨʘʟʣʠʯʥʳʭ ʪʝʨʤʠʥʘʣʴʥʳʭ ʩʠʤʚʦʣʦʚ. 

ʉʬʦʨʤʫʣʠʨʫʝʤ ʜʦʩʪʘʪʦʯʥʦʝ ʫʩʣʦʚʠʝ ʧʨʠʤʝʥʠʤʦʩʪʠ ʤʝʪʦʜʘ ʨʝʢʫʨʩʠʚʥʦʛʦ ʩʧʫʩʢʘ.  

ɼʦʩʪʘʪʦʯʥʦʝ ʫʩʣʦʚʠʝ ʧʨʠʤʝʥʠʤʦʩʪʠ ʤʝʪʦʜʘ ʨʝʢʫʨʩʠʚʥʦʛʦ ʩʧʫʩʢʘ 

ɼʣʷ ʧʨʠʤʝʥʠʤʦʩʪʠ ʤʝʪʦʜʘ ʨʝʢʫʨʩʠʚʥʦʛʦ ʩʧʫʩʢʘ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʢʘʞʜʦʝ ʧʨʘʚʠʣʦ ʚ 

ʛʨʘʤʤʘʪʠʢʝ ʫʜʦʚʣʝʪʚʦʨʷʣʦ ʦʜʥʦʤʫ ʠʟ ʜʚʫʭ ʚʠʜʦʚ: 

(ʘ)   X Ÿ a, 

ʛʜʝ a Í (T Ç N )
*
 ʠ ʵʪʦ ʝʜʠʥʩʪʚʝʥʥʦʝ ʧʨʘʚʠʣʦ ʚʳʚʦʜʘ ʜʣʷ ʵʪʦʛʦ ʥʝʪʝʨʤʠʥʘʣʘ; 

(ʙ)   X Ÿ a1a1 | a2a2 | ... | anan, 
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ʛʜʝ ai Í T ʜʣʷ ʚʩʝʭ i = 1, 2,..., n ; ai  ̧aj  ʜʣʷ  i  ̧j; ai Í (T Ç N )
*
, ʪ. ʝ. ʝʩʣʠ ʜʣʷ ʥʝ-

ʪʝʨʤʠʥʘʣʘ  X ʧʨʘʚʠʣ ʚʳʚʦʜʘ ʥʝʩʢʦʣʴʢʦ, ʪʦ ʦʥʠ ʜʦʣʞʥʳ ʥʘʯʠʥʘʪʴʩʷ ʩ ʪʝʨʤʠʥʘ-

ʣʦʚ, ʧʨʠʯʝʤ ʚʩʝ ʵʪʠ ʪʝʨʤʠʥʘʣʳ ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʧʘʨʥʦ ʨʘʟʣʠʯʥʳʤʠ; 

ʕʪʦ ʫʩʣʦʚʠʝ ʥʝ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ. ɻʨʘʤʤʘʪʠʢʫ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʫʶ ʜʘʥʥʦʤʫ ʫʩʣʦʚʠʶ, 
ʥʘʟʳʚʘʶʪ s-ʛʨʘʤʤʘʪʠʢʦʡ. 

ʄʝʪʦʜ ʨʝʢʫʨʩʠʚʥʦʛʦ ʩʧʫʩʢʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʦʟʤʦʞʥʳʭ ʨʝʘʣʠʟʘʮʠʡ ʥʠʩʭʦʜʷʱʝʛʦ 

ʘʥʘʣʠʟʘ ʩ ʧʨʦʛʥʦʟʠʨʫʝʤʳʤ ʚʳʙʦʨʦʤ ʘʣʴʪʝʨʥʘʪʠʚ. ʇʨʦʛʥʦʟʠʨʫʝʤʳʡ ʚʳʙʦʨ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʦ 

ʛʨʘʤʤʘʪʠʢʝ ʤʦʞʥʦ ʟʘʨʘʥʝʝ ʧʨʝʜʩʢʘʟʘʪʴ, ʢʘʢʫʶ ʘʣʴʪʝʨʥʘʪʠʚʫ ʥʫʞʥʦ ʙʫʜʝʪ ʚʳʙʨʘʪʴ ʥʘ ʦʯʝ-

ʨʝʜʥʦʤ ʰʘʛʝ ʚʳʚʦʜʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʢʫʱʠʤ ʩʠʤʚʦʣʦʤ (ʪ.ʝ.  ʧʝʨʚʳʤ ʩʠʤʚʦʣʦʤ ʠʟ ʝʱʝ ʥʝ 

ʧʨʦʯʠʪʘʥʥʦʡ ʯʘʩʪʠ ʚʭʦʜʥʦʡ ʮʝʧʦʯʢʠ). ɼʘʣʝʝ ʤ  rʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʠʤ ʵʪʦʪ ʧʦʜʭʦʜ ʠ ʩʬʦʨ-

ʤʫʣʠʨʫʝʤ ʢʨʠʪʝʨʠʡ  ʝʛʦ ʧʨʠʤʝʥʠʤʦʩʪʠ.  

ʅʠʩʭʦʜʷʱʠʡ ʘʥʘʣʠʟ ʩ ʧʨʦʛʥʦʟʠʨʫʝʤʳʤ ʚʳʙʦʨʦʤ ʘʣʴʪʝʨʥʘʪʠʚ 

ɺ ʧʨʦʮʝʩʩʝ ʧʦʩʪʨʦʝʥʠʷ ʣʝʚʦʛʦ ʚʳʚʦʜʘ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʡ ʮʝʧʦʯʢʠ ʚ ʛʨʘʤʤʘʪʠʢʝ 

G1:    

 S Ÿ ABd 

 A Ÿ a | cA 

 B Ÿ bA 
 

 

ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʝʝ: 

(1) ʣʶʙʦʡ ʚʳʚʦʜ ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʷ ʧʨʘʚʠʣʘ S Ÿ ABd ;  

(2) ʝʩʣʠ ʥʘ ʦʯʝʨʝʜʥʦʤ ʰʘʛʝ ʩʝʥʪʝʥʮʠʘʣʴʥʘʷ ʬʦʨʤʘ ʠʤʝʝʪ ʚʠʜ wBa, ʛʜʝ w Í T 
*
 ð 

ʥʘʯʘʣʦ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʮʝʧʦʯʢʠ, ʥʝʪʝʨʤʠʥʘʣ  B ð ʩʘʤʳʡ ʣʝʚʳʡ ʚ ʩʝʥʪʝʥʮʠʘʣʴʥʦʡ 

ʬʦʨʤʝ, ʪʦ ʜʣʷ ʧʨʦʜʦʣʞʝʥʠʷ ʚʳʚʦʜʘ ʝʛʦ ʥʫʞʥʦ ʟʘʤʝʥʠʪʴ ʥʘ bA (ʜʨʫʛʠʭ ʘʣʴʪʝʨʥʘ-
ʪʠʚ ʥʝʪ);  

(3) ʝʩʣʠ ʥʘ ʦʯʝʨʝʜʥʦʤ ʰʘʛʝ ʩʝʥʪʝʥʮʠʘʣʴʥʘʷ ʬʦʨʤʘ ʠʤʝʝʪ ʚʠʜ wAa, ʛʜʝ w Í T 
*
 ð 

ʥʘʯʘʣʦ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʮʝʧʦʯʢʠ, ʪʦ ʚʳʙʦʨ ʥʫʞʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʳ ʜʣʷ ʟʘʤʝʥʳ A 

ʤʦʞʥʦ ʦʜʥʦʟʥʘʯʥʦ ʧʨʝʜʩʢʘʟʘʪʴ ʧʦ ʪʦʤʫ, ʢʘʢʦʡ ʩʠʤʚʦʣ ʚ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʮʝʧʦʯʢʝ 

ʩʣʝʜʫʝʪ ʟʘ ʥʘʯʘʣʴʥʦʡ ʧʦʜʮʝʧʦʯʢʦʡ w: ʝʩʣʠ ʩʠʤʚʦʣ a, ʪʦ ʧʨʠʤʝʥʷʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʘ 

A Ÿ a, ʝʩʣʠ ʩʠʤʚʦʣ c, ʪʦ ʘʣʴʪʝʨʥʘʪʠʚʘ A Ÿ cA; ʝʩʣʠ ʢʘʢʦʡ-ʪʦ ʠʥʦʡ ʩʠʤʚʦʣ ð 

ʬʠʢʩʠʨʫʝʪʩʷ ʦʰʠʙʢʘ: ʘʥʘʣʠʟʠʨʫʝʤʘʷ ʮʝʧʦʯʢʘ ʥʝ ʧʨʠʥʘʜʣʝʞʠʪ ʷʟʳʢʫ L(G1); 

(4) ʝʩʣʠ ʥʘ ʢʘʢʦʤ-ʪʦ ʰʘʛʝ ʧʦʣʫʯʠʣʘʩʴ ʩʝʥʪʝʥʮʠʘʣʴʥʘʷ ʬʦʨʤʘ ʚʠʜʘ wa, ʦʪʣʠʯʥʘʷ ʦʪ 

(2) ʠ (3), ʛʜʝ w ð ʤʘʢʩʠʤʘʣʴʥʦ ʜʣʠʥʥʦʝ ʥʘʯʘʣʦ, ʩʦʩʪʦʷʱʝʝ ʪʦʣʴʢʦ ʠʟ ʪʝʨʤʠʥʘʣʦʚ, 

ʪʦ ʝʩʣʠ a ʧʫʩʪʘ ʠ w ʩʦʚʧʘʜʘʝʪ ʩ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʮʝʧʦʯʢʦʡ, ʧʨʦʮʝʩʩ ʚʳʚʦʜʘ ʫʩʧʝʰ-

ʥʦ ʟʘʚʝʨʰʘʝʪʩʷ, ʠʥʘʯʝ ʬʠʢʩʠʨʫʝʪʩʷ ʦʰʠʙʢʘ: ʘʥʘʣʠʟʠʨʫʝʤʘʷ ʮʝʧʦʯʢʘ ʥʝ ʧʨʠʥʘʜ-
ʣʝʞʠʪ ʷʟʳʢʫ L(G1). 

ʆʪʤʝʯʝʥʥʳʝ ʬʘʢʪʳ ʧʦ ʧʦʚʦʜʫ ʚʳʙʦʨʘ ʥʫʞʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʳ ʥʘ ʦʯʝʨʝʜʥʦʤ ʰʘʛʝ ʚʳʚʦ-

ʜʘ ʚ ʛʨʘʤʤʘʪʠʢʝ G1 ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʪʘʙʣʠʮʳ ʧʨʦʛʥʦʟʦʚ (ʠʣʠ ʪʘʙʣʠʮʳ 
ʧʨʝʜʩʢʘʟʘʥʠʡ): 

 a b c d 

S  S Ÿ ABd S Ÿ ABd    S Ÿ ABd S Ÿ ABd 

A A Ÿ a  A Ÿ cA  

B  B Ÿ bA   

ʀʤʝʷ ʪʘʢʫʶ ʪʘʙʣʠʮʫ ʧʨʦʛʥʦʟʦʚ (ʧʨʝʜʩʢʘʟʘʥʠʡ) ʜʣʷ ʂʉ-ʛʨʘʤʤʘʪʠʢʠ G, ʤʦʞʥʦ ʧʨʝʜʣʦ-

ʞʠʪʴ ʩʣʝʜʫʶʱʠʡ ʘʣʛʦʨʠʪʤ ʥʠʩʭʦʜʷʱʝʛʦ ʘʥʘʣʠʟʘ (ʧʦʩʪʨʦʝʥʠʝ  ʣʝʚʦʛʦ ʚʳʚʦʜʘ): 
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1. ʅʘʯʘʪʴ ʧʦʩʪʨʦʝʥʠʝ ʚʳʚʦʜʘ ʩ ʩʝʥʪʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʦʜʥʦʛʦ ʥʘʯʘʣʴ-

ʥʦʛʦ ʩʠʤʚʦʣʘ  S. 

2. ʇʦʢʘ ʥʝ ʙʫʜʝʪ ʧʦʣʫʯʝʥʘ ʮʝʧʦʯʢʘ, ʩʦʚʧʘʜʘʶʱʘʷ ʩ ʘʥʘʣʠʟʠʨʫʝʤʦʡ, ʧʦʚʪʦʨʷʪʴ ʩʣʝʜʫ-
ʶʱʠʝ ʜʝʡʩʪʚʠʷ: 

ʇʫʩʪʴ wYa ð ʦʯʝʨʝʜʥʘʷ ʩʝʥʪʝʥʮʠʘʣʴʥʘʷ ʬʦʨʤʘ, ʛʜʝ w Í T 
*
. ɽʩʣʠ w ʥʝ 

ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʯʘʣʦʤ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʮʝʧʦʯʢʠ, ʪʦ ʧʨʝʢʨʘʪʠʪʴ ʧʦʩʪʨʦʝʥʠʝ ʚʳʚʦʜʘ 

ʠ ʩʦʦʙʱʠʪʴ ʦʙ ʦʰʠʙʢʝ: ʮʝʧʦʯʢʘ ʥʝ ʧʨʠʥʘʜʣʝʞʠʪ L(G). ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ w ʩʦʚʧʘ-

ʜʘʝʪ ʩ ʥʘʯʘʣʦʤ, ʠ ʩʣʝʜʫʶʱʠʤ ʧʦʩʣʝ w ʩʠʤʚʦʣʦʤ ʚ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʮʝʧʦʯʢʝ ʚ̫-

ʣʷʝʪʩʷ ʩʠʤʚʦʣ z, ʟʘʤʝʥʠʪʴ ʥʝʪʝʨʤʠʥʘʣ Y ʥʘ ʧʨʘʚʫʶ ʯʘʩʪʴ ʧʨʘʚʠʣʘ, ʢʦʪʦʨʦʝ 

ʥʘʭʦʜʠʪʩʷ ʚ ʷʯʝʡʢʝ ʪʘʙʣʠʮʳ ʧʨʦʛʥʦʟʦʚ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʩʪʨʦʢʠ Y ʠ ʩʪʦʣʙʮʘ z. 

ɽʩʣʠ ʫʢʘʟʘʥʥʘʷ ʷʯʝʡʢʘ ʧʫʩʪʘ, ʧʨʝʢʨʘʪʠʪʴ ʧʦʩʪʨʦʝʥʠʝ ʚʳʚʦʜʘ ʠ ʩʦʦʙʱʠʪʴ ʦʙ 

ʦʰʠʙʢʝ: ʮʝʧʦʯʢʘ ʥʝ ʧʨʠʥʘʜʣʝʞʠʪ L(G).  

ʂʘʢ ʤ  rʚʠʜʝʣʠ ʚʳʰʝ, ʦʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʦʛʨʘʤʤʫ-ʘʥʘʣʠʟʘʪʦʨ ʜʣʷ ʥʠʩ-

ʭʦʜʷʱʝʛʦ ʘʥʘʣʠʟʘ ʩ ʧʨʦʛʥʦʟʠʨʫʝʤʳʤ ʚʳʙʦʨʦʤ ʘʣʴʪʝʨʥʘʪʠʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʪʨʦʝʥʠʠ ʩʠʩʪʝ-
ʤ  rʨʝʢʫʨʩʠʚʥʳʭ ʧʨʦʮʝʜʫʨ

17)
. ʕʪʦ ʤʝʪʦʜ ʨʝʢʫʨʩʠʚʥʦʛʦ ʩʧʫʩʢʘ. 

ʊʝʭʥʠʢʘ ʧʦʩʪʨʦʝʥʠʷ ʨʝʢʫʨʩʠʚʥʳʭ ʧʨʦʮʝʜʫʨ ʫʞʝ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʠ ʧʨʦʜʝʤʦʥʩʪʨʠ-

ʨʦʚʘʥʘ ʥʘ ʧʨʠʤʝʨʝ, ʥʦ ʦʩʪʘʣʩʷ ʦʪʢʨʳʪʳʤ ʚʦʧʨʦʩ:  ʢʘʢ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ çʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴè 

ʧʨʦʮʝʜʫʨʫ ʥʘ  ʚʳʙʦʨ ʥʫʞʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʳ ʧʦ ʪʝʢʫʱʝʤʫ ʩʠʤʚʦʣʫ. ʆʪʚʝʪ ʪʝʧʝʨʴ ʠʟʚʝʩʪʝʥ ð 

ʠʩʧʦʣʴʟʦʚʘʪʴ  ʪʘʙʣʠʮʫ ʧʨʦʛʥʦʟʦʚ.   

ʂ ʩʦʞʘʣʝʥʠʶ, ʥʝ ʜʣʷ ʢʘʞʜʦʡ ʂʉ-ʛʨʘʤʤʘʪʠʢʠ ʩʫʱʝʩʪʚʫʝʪ ʪʘʙʣʠʮʘ ʩ ʦʜʥʦʟʥʘʯʥʳʤʠ 

ʧʨʦʛʥʦʟʘʤʠ, ʧʦʟʚʦʣʷʶʱʘʷ ʙʝʟʦʰʠʙʦʯʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʚʳʙʦʨ ʘʣʴʪʝʨʥʘʪʠʚʳ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ 

ʚʳʚʦʜʘ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʟʘʨʘʥʝʝ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʳʙʦʨ ʘʣʴʪʝʨʥʘʪʠʚʳ ʥʝʚʦʟʤʦʞʥʦ: 

ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ, ʯʪʦ ʧʦʜʭʦʜʷʱʠʤʠ ʚ ʜʘʥʥʦʡ ʩʠʪʫʘʮʠʠ ʷʚʣʷʶʪʩʷ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ ʘʣʴʪʝʨʥʘ-

ʪʠʚ (ʥʝʦʜʥʦʟʥʘʯʥʳʡ ʧʨʦʛʥʦʟ)
18)

. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʠʩʭʦʜʷʱʠʡ ʘʥʘʣʠʟ ʩ ʧʨʦʛʥʦʟʠʨʫʝʤʳʤ ʚʳʙʦʨʦʤ ʘʣʴʪʝʨʥʘʪʠʚ ʧʨʠʛʦ-
ʜʝʥ ʣʠʰʴ ʜʣʷ ʥʝʢʦʪʦʨʦʛʦ ʧʦʜʢʣʘʩʩʘ ʂʉ-ʛʨʘʤʤʘʪʠʢ.  

ʄʝʪʦʜ ʨʝʢʫʨʩʠʚʥʦʛʦ ʩʧʫʩʢʘ ʧʨʠʤʝʥʠӢʤ ʢ ʛʨʘʤʤʘʪʠʢʝ, ʝʩʣʠ ʜʣʷ ʥʝʝ ʩʫʱʝʩʪʚʫʝʪ ʪʘʙʣʠʮʘ 

ʦʜʥʦʟʥʘʯʥʳʭ ʧʨʦʛʥʦʟʦʚ.   

  

ʆ ʧʨʠʤʝʥʠʤʦʩʪʠ ʤʝʪʦʜʘ ʨʝʢʫʨʩʠʚʥʦʛʦ ʩʧʫʩʢʘ 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʤʝʪʦʜ ʨʝʢʫʨʩʠʚʥʦʛʦ ʩʧʫʩʢʘ (ʙʝʟ ʚʦʟʚʨʘʪʦʚ) ʥʝʧʨʠʤʝʥʠӢʤ ʢ ʥʝʦʜʥʦʟʥʘʯ-

ʥʳʤ ʛʨʘʤʤʘʪʠʢʘʤ. ʅʘʧʨʠʤʝʨ, ʧʦ ʛʨʘʤʤʘʪʠʢʝ 

G2:    

 S Ÿ aA |B | d 

 A Ÿ d | aA 

 B Ÿ aA | a 
 

 

                                                
17)

 ɼʨʫʛʦʡ ʩʧʦʩʦʙ, ʩ ʷʚʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʝʢʘ ʜʣʷ ʭʨʘʥʝʥʠʷ ʥʝʪʝʨʤʠʥʘʣʴʥʦʡ ʯʘʩʪʠ ʩʝʥʪʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʳ, 

ʠʟʚʝʩʪʝʥ ʢʘʢ LL(1)-ʘʥʘʣʠʟʘʪʦʨ. 
18)

 ʆʙʦʙʱʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʤʝʪʦʜʘ ð ʨʝʢʫʨʩʠʚʥʳʡ ʩʧʫʩʢ ʩ ʚʦʟʚʨʘʪʘʤʠ ð çʧʨʦʙʫʝʪè ʧʦ ʦʯʝʨʝʜʠ ʚʩʝ ʚʦʟ-

ʤʦʞʥʳʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʚ ʩʣʫʯʘʝ ʥʝʦʜʥʦʟʥʘʯʥʦʛʦ ʧʨʦʛʥʦʟʘ; ʦ ʥʝʫʜʘʯʝ ʩʦʦʙʱʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ 
ʥʠ ʦʜʥʘ ʠʟ ʘʣʴʪʝʨʥʘʪʠʚ ʥʝ ʧʨʠʚʝʣʘ ʢ ʫʩʧʝʭʫ. ɽʩʣʠ ʛʨʘʤʤʘʪʠʢʘ ʥʝʦʜʥʦʟʥʘʯʥʘ, ʦʙʦʙʱʝʥʥʳʡ ʤʝʪʦʜ ʧʦʩʪʨʦʠʪ 

ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʜʝʨʝʚʴʷ ʚʳʚʦʜʦʚ. ʄʳ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʧʦʜʨʦʙʥʦ ʨʝʢʫʨʩʠʚʥʳʡ ʩʧʫʩʢ ʩ ʚʦʟʚʨʘʪʘʤʠ, ʧʦ-

ʩʢʦʣʴʢʫ ʚʨʝʤʷ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ ʘʥʘʣʠʟ ʧʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ, ʤʦʞʝʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʟʘʚʠʩʝʪʴ ʦʪ ʜʣʠʥʳ 

ʚʭʦʜʥʦʡ ʮʝʧʦʯʢʠ.  
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ʥʝʣʴʟʷ ʜʘʪʴ ʦʜʥʦʟʥʘʯʥʳʡ ʧʨʦʛʥʦʟ, ʯʪʦ ʜʝʣʘʪʴ ʥʘ ʧʝʨʚʦʤ ʰʘʛʝ ʧʨʠ ʘʥʘʣʠʟʝ ʮʝʧʦʯʢʠ, ʥʘʯʠʥʘ-

ʶʱʝʡʩʷ ʩ ʩʠʤʚʦʣʘ a,   ʪ.ʝ. ʧʦ ʪʝʢʫʱʝʤʫ ʩʠʤʚʦʣʫ a ʥʝʚʦʟʤʦʞʥʦ ʩʜʝʣʘʪʴ ʦʜʥʦʟʥʘʯʥʳʡ ʚʳʙʦʨ:  
S Ÿ aA  ʠʣʠ S Ÿ B . 

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʩʣʝʜʫʶʱʠʡ ʧʨʠʤʝʨ, ʛʨʘʤʤʘʪʠʢʘ ʤʦʞʝʪ ʙʳʪʴ ʦʜʥʦʟʥʘʯʥʦʡ, ʦʜʥʘʢʦ ʦʜ-

ʥʦʟʥʘʯʥʳʭ ʧʨʦʛʥʦʟʦʚ ʜʣʷ ʥʝʝ ʪʘʢʞʝ ʥʝ ʩʫʱʝʩʪʚʫʝʪ: 

G3:    

 S Ÿ A | B 

 A Ÿ aA | d 

 B Ÿ aB | b 
 

 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʢʘʞʜʘʷ ʮʝʧʦʯʢʘ, ʚʳʚʦʜʠʤʘʷ ʚ G3 ʠʟ S, ʦʢʘʥʯʠʚʘʝʪʩʷ ʣʠʙʦ ʩʠʤʚʦʣʦʤ b, 

ʣʠʙʦ ʩʠʤʚʦʣʦʤ d, ʠ ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʜʝʨʝʚʦ ʚʳʚʦʜʘ. ʅʦ ʥʝʚʦʟʤʦʞʥʦ ʧʨʝʜʩʢʘʟʘʪʴ, ʩ ʢʘʢʦʡ 

ʘʣʴʪʝʨʥʘʪʠʚʳ ( S Ÿ A  ʠʣʠ  S Ÿ B ) ʥʘʯʠʥʘʪʴ ʚʳʚʦʜ, ʥʝ ʧʨʦʩʤʦʪʨʝʚ ʚʩʶ ʮʝʧʦʯʢʫ ʜʦ ʢʦʥʮʘ ʠ 

ʥʝ ʫʚʠʜʝʚ ʧʦʩʣʝʜʥʠʡ ʩʠʤʚʦʣ. 

ʅʘʣʠʯʠʝ ʚ ʛʨʘʤʤʘʪʠʢʝ ʥʝʪʝʨʤʠʥʘʣʘ  X  ʩ ʧʨʘʚʠʣʘʤʠ ʚʠʜʘ X Ÿ a  ʠ  X Ÿ b, ʠʟ ʧʨʘʚʳʭ 

ʯʘʩʪʝʡ ʢʦʪʦʨʳʭ ʚʳʚʦʜʷʪʩʷ ʮʝʧʦʯʢʠ, ʥʘʯʠʥʘʶʱʠʝʩʷ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʪʝʨʤʠʥʘʣʦʤ a,  ʪ. ʝ. 

a Ý aa¡  ʠ  b Ý ab¡, ʜʝʣʘʝʪ ʥʝʦʜʥʦʟʥʘʯʥʳʤ ʧʨʦʛʥʦʟ ʧʦ ʩʠʤʚʦʣʫ a. ʊʘʢ ʯʪʦ ʥʠʩʭʦʜʷʱʠʡ ʘʥʘ-

ʣʠʟ ʩ ʧʨʦʛʥʦʟʠʨʫʝʤʳʤ ʚʳʙʦʨʦʤ ʘʣʴʪʝʨʥʘʪʠʚ ʥʝʚʦʟʤʦʞʝʥ ʧʦ ʪʘʢʦʡ ʛʨʘʤʤʘʪʠʢʝ, ʠ ʤʝʪʦʜ ʨʝ-

ʢʫʨʩʠʚʥʦʛʦ ʩʧʫʩʢʘ ʥʝʧʨʠʤʝʥʠӢʤ. ʉʬʦʨʤʫʣʠʨʫʝʤ ʵʪʦ ʫʩʣʦʚʠʝ ʙʦʣʝʝ ʬʦʨʤʘʣʴʥʦ. 

ʆʧʨʝʜʝʣʝʥʠʝ:  ʤʥʦʞʝʩʪʚʦ first (a) ʚ ʛʨʘʤʤʘʪʠʢʝ G = à T, N, P, S ð ð ʵʪʦ ʤʥʦʞʝʩʪʚʦ 

ʪʝʨʤʠʥʘʣʴʥʳʭ ʩʠʤʚʦʣʦʚ, ʢʦʪʦʨʳʤʠ ʥʘʯʠʥʘʶʪʩʷ ʮʝʧʦʯʢʠ, ʚʳʚʦʜʠʤʳʝ ʚ G  ʠʟ ʮʝʧʦʯʢʠ a Í ( T 

Ç N )
*
,  ʪ. ʝ.   first (a) = {  a Í T |  a Ý aa¡,   a¡ Í ( T Ç N )

*  
}.  

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʘʣʴʪʝʨʥʘʪʠʚ ʧʨʘʚʠʣʘ S Ÿ A | B ʚ ʛʨʘʤʤʘʪʠʢʝ G3 ʠʤʝʝʤ: 

first (A) = {  a, d },  first (B) = {  a, b }.  ʇʝʨʝʩʝʯʝʥʠʝ ʵʪʠʭ ʤʥʦʞʝʩʪʚ ʥʝʧʫʩʪʦ: 

first (A) Æ first (B) = {  a }   ̧Å, ʠ ʧʦʵʪʦʤʫ ʤʝʪʦʜ ʨʝʢʫʨʩʠʚʥʦʛʦ ʩʧʫʩʢʘ ʢ G3 ʥʝʧʨʠʤʝʥʠӢʤ.  

ʀʪʘʢ, ʥʘʣʠʯʠʝ ʚ ʛʨʘʤʤʘʪʠʢʝ ʧʨʘʚʠʣʘ ʩ ʘʣʴʪʝʨʥʘʪʠʚʘʤʠ  X Ÿ a | b, ʪʘʢʠʤʠ ʯʪʦ  

first ( a ) Æ first ( b )  ̧Å,  ʜʝʣʘʝʪ ʤʝʪʦʜ ʨʝʢʫʨʩʠʚʥʦʛʦ ʩʧʫʩʢʘ ʥʝʧʨʠʤʝʥʠʤʳʤ.  

ʈʘʩʩʤʦʪʨʠʤ  ʧʨʠʤʝʨʳ ʛʨʘʤʤʘʪʠʢ  ʩ  e-ʧʨʘʚʠʣʘʤʠ. 

G4:    

 S Ÿ aA |BDc 

 A Ÿ BAa | aB | b 

 B Ÿ e 

 D Ÿ B | b 
 

first(aA) = {  a },   first(BDc) = {  b, c };   

first(BAa) = {  a, b },  first(aB) = {  a },  first(b) = {  b };   

first(e) = Å; 

first(B) = Å,  first(b) = {  b } . 

ʄʝʪʦʜ ʨʝʢʫʨʩʠʚʥʦʛʦ ʩʧʫʩʢʘ ʥʝʧʨʠʤʝʥʠӢʤ ʢ ʛʨʘʤʤʘʪʠʢʝ G4, ʪʘʢ ʢʘʢ 

first (BAa) Æ first (aB) = {  a }   ̧Å.  

ʉʣʝʜʫʶʱʠʡ ʧʨʠʤʝʨ ʧʦʢʘʟʳʚʘʝʪ ʝʱʝ ʦʜʥʦ ʩʚʦʡʩʪʚʦ ʛʨʘʤʤʘʪʠʢ,  ʥʘʣʠʯʠʝ ʢʦʪʦʨʦʛʦ ʜʝ-

ʣʘʝʪ ʈʉ-ʤʝʪʦʜ  ʥʝʧʨʠʤʝʥʠʤʳʤ. 

G5:    

 S Ÿ aA 

 A Ÿ BC | B 

 C Ÿ b | e 

 B Ÿ e 
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ʇʝʨʝʩʝʯʝʥʠʝ ʤʥʦʞʝʩʪʚ  first  ʧʫʩʪʦ ʜʣʷ ʣʶʙʦʡ ʧʘʨʳ ʘʣʴʪʝʨʥʘʪʠʚ ʛʨʘʤʤʘʪʠʢʠ G5, ʦʜʥʘ-

ʢʦ ʥʘʣʠʯʠʝ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʘʣʴʪʝʨʥʘʪʠʚ, ʠʟ ʢʦʪʦʨʳʭ ʚʳʚʦʜʠʪʩʷ ʧʫʩʪʘʷ ʮʝʧʦʯʢʘ, ʜʝʣʘʝʪ ʜʘʥ-

ʥʫ ʁʛʨʘʤʤʘʪʠʢʫ ʥʝʦʜʥʦʟʥʘʯʥʦʡ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʝʪʦʜ ʨʝʢʫʨʩʠʚʥʦʛʦ ʩʧʫʩʢʘ ʢ ʥʝʡ ʥʝʧʨʠ-

ʤʝʥʠӢʤ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, BC Ý e  ʠ  B Ý e. ʎʝʧʦʯʢʘ a ʠʤʝʝʪ ʜʚʘ ʨʘʟʣʠʯʥʳʭ ʜʝʨʝʚʘ ʚʳʚʦʜʘ : 

S

a e

B

A

 

S

a e

B

A

e

C

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʚ ʛʨʘʤʤʘʪʠʢʝ ʜʣʷ ʧʨʘʚʠʣʘ  X Ÿ a | b ʚʳʧʦʣʥʷʶʪʩʷ ʩʦʦʪʥʦ-

ʰʝʥʠʷ a Ý e  ʠ  b Ý e, ʪʦ ʤʝʪʦʜ ʨʝʢʫʨʩʠʚʥʦʛʦ ʩʧʫʩʢʘ ʥʝʧʨʠʤʝʥʠʤ.  

ʆʩʪʘʣʦʩʴ ʚʳʷʩʥʠʪʴ, ʢʘʢ ʦʙʩʪʦʷʪ ʜʝʣʘ ʩ ʧʨʠʤʝʥʠʤʦʩʪʴʶ ʤʝʪʦʜʘ, ʝʩʣʠ ʜʣʷ ʢʘʞʜʦʛʦ ʥʝ-

ʪʝʨʤʠʥʘʣʘ ʛʨʘʤʤʘʪʠʢʠ ʩʫʱʝʩʪʚʫʝʪ ʥʝ ʙʦʣʝʝ ʦʜʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʳ, ʠʟ ʢʦʪʦʨʦʡ ʚʳʚʦʜʠʪʩʷ e. 

G6:    

 S Ÿ cAd | d 

 A Ÿ aA | e 
 

 

first ( cAd ) = {  c },  first (d ) = {  d };  

ʆʜʥʦʟʥʘʯʥʳʝ ʧʨʦʛʥʦʟʳ ʜʣʷ ʚʳʙʦʨʘ ʘʣʴʪʝʨʥʘʪʠʚʳ ʥʝʪʝʨʤʠʥʘʣʘ S ʩʫʱʝʩʪʚʫʶʪ, ʪʘʢ ʢʘʢ 

first (cAd) Æ first (d ) = Å.  

ɺʳʙʦʨ ʘʣʴʪʝʨʥʘʪʠʚʳ ʜʣʷ A ʚ ʜʘʥʥʦʡ ʛʨʘʤʤʘʪʠʢʝ ʪʘʢʞʝ ʤʦʞʥʦ ʦʜʥʦʟʥʘʯʥʦ ʩʧʨʦʛʥʦʟʠ-

ʨʦʚʘʪʴ: ʝʩʣʠ ʪʝʢʫʱʠʤ ʩʠʤʚʦʣʦʤ ʷʚʣʷʝʪʩʷ a, ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʘʚʠʣʦ A Ÿ aA, ʠʥʘʯʝ ʧʨʘʚʠʣʦ 

A Ÿ e. ʕʪʦ ʚʦʟʤʦʞʥʦ ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʟʘ ʣʶʙʦʡ ʧʦʜʮʝʧʦʯʢʦʡ, ʚʳʚʦʜʠʤʦʡ ʠʟ A, ʩʣʝʜʫʝʪ 

ʩʠʤʚʦʣ d, ʢʦʪʦʨʳʡ ʩʘʤ ʚ ʵʪʫ ʧʦʜʮʝʧʦʯʢʫ ʥʝ ʚʭʦʜʠʪ. ʇʨʦʮʝʜʫʨʘ A( ) ʧʨʠ ʚʳʙʦʨʝ ʘʣʴʪʝʨʥʘʪʠʚʳ 

A Ÿ e  ʧʨʦʩʪʦ ʚʦʟʚʨʘʱʘʝʪ ʫʧʨʘʚʣʝʥʠʝ ʚ ʪʦʯʢʫ ʚʳʟʦʚʘ, ʥʝ ʩʯʠʪʳʚʘʷ ʩʣʝʜʫʶʱʠʡ ʩʠʤʚʦʣ ʚʭʦʜ-

ʥʦʡ ʮʝʧʦʯʢʠ. ʇʨʦʮʝʜʫʨʘ S( ), ʧʦʣʫʯʠʚ ʫʧʨʘʚʣʝʥʠʝ ʧʦʩʣʝ ʚʳʟʦʚʘ A( ), ʧʨʦʚʝʨʷʝʪ, ʯʪʦ ʪʝʢʫʱʠʤ 

ʩʠʤʚʦʣʦʤ ʷʚʣʷʝʪʩʷ d. ɽʩʣʠ ʵʪʦ ʥʝ ʪʘʢ, ʬʠʢʩʠʨʫʝʪʩʷ ʦʰʠʙʢʘ. ʂʦʥʝʯʥʦ, ʧʨʦʚʝʨʢʫ ʩʠʤʚʦʣʘ d 

(ʙʝʟ ʩʯʠʪʳʚʘʥʠʷ ʩʣʝʜʫʶʱʝʛʦ ʩʠʤʚʦʣʘ ʠʟ ʚʭʦʜʥʦʡ ʮʝʧʦʯʢʠ) ʤʦʛʣʘ ʙ  rʩʜʝʣʘʪʴ ʠ ʩʘʤʘ A( ), ʥʦ 

ʵʪʦ ʠʟʣʠʰʥʝ, ʪʘʢ ʢʘʢ S( ) ʚʩʝ ʨʘʚʥʦ ʙʫʜʝʪ ʧʨʦʚʝʨʷʪʴ d, ʠ ʝʩʣʠ ʚʤʝʩʪʦ d  ʦʙʥʘʨʫʞʠʪ ʜʨʫʛʦʡ 
ʩʠʤʚʦʣ, ʦʰʠʙʢʘ ʙʫʜʝʪ ʟʘʬʠʢʩʠʨʦʚʘʥʘ. ʊʘʙʣʠʮʘ ʧʨʦʛʥʦʟʦʚ ʜʣʷ G6:  

 

 a c d 

S  S Ÿ cAd S Ÿ d 

A A Ÿ a A A Ÿ e A Ÿ e 

 

ʀʪʘʢ, ʜʣʷ ʛʨʘʤʤʘʪʠʢʠ G6, ʠʤʝʶʱʝʡ ʜʣʷ ʢʘʞʜʦʛʦ ʥʝʪʝʨʤʠʥʘʣʘ ʥʝ ʙʦʣʝʝ ʦʜʥʦʡ ʘʣʴʪʝʨ-

ʥʘʪʠʚʳ, ʠʟ ʢʦʪʦʨʦʡ ʚʳʚʦʜʠʪʩʷ ʧʫʩʪʘʷ ʮʝʧʦʯʢʘ, ʤʝʪʦʜ ʨʝʢʫʨʩʠʚʥʦʛʦ ʩʧʫʩʢʘ ʧʨʠʤʝʥʠʤ.  ʇʨʦ-

ʮʝʜʫʨʘ  A( ) ʜʣʷ ʥʝʪʝʨʤʠʥʘʣʘ  A,  ʠʤʝʶʱʝʛʦ ʧʫʩʪʫʶ ʘʣʴʪʝʨʥʘʪʠʚʫ ʚ  ʛʨʘʤʤʘʪʠʢʝ G6,  ʨʝʘʣʠʟʫ-

ʝʪʩʷ ʪʘʢ: 

void  A ()  
{  
 if  (  c =='a'  )  
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 {  
  cout << " A- >aA, ";  
  gc  ();  
  A ();  
 }  
 else   
 {  
  cout  << " A- >epsilon , ";  // ȺȴȮȭ. Ⱥȱȵȫȷȴ ȶȮ ȺɀȱȻɄȫȩȮȻȺɈ 
 }  
}  

ʉʣʝʜʫʶʱʠʡ ʧʨʠʤʝʨ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʣʠʯʠʝ  ʘʣʴʪʝʨʥʘʪʠʚʳ a, ʪʘʢʦʡ ʯʪʦ a Ý e, ʚʩʝ 

ʞʝ ʤʦʞʝʪ ʩʜʝʣʘʪʴ ʤʝʪʦʜ ʨʝʢʫʨʩʠʚʥʦʛʦ ʩʧʫʩʢʘ ʥʝʧʨʠʤʝʥʠʤʳʤ. 

G 7:    

 S Ÿ Bd 

 B Ÿ cAa | a 

 A Ÿ aA | e 
 

 

first ( cAa ) = {  c },    first (a ) = {  a };  

ʋ ʥʝʪʝʨʤʠʥʘʣʘ  S  ʧʨʘʚʘʷ ʯʘʩʪʴ ʝʜʠʥʩʪʚʝʥʥʘ ʠ ʧʨʦʙʣʝʤʘ ʚʳʙʦʨʘ ʘʣʴʪʝʨʥʘʪʠʚʳ ʜʣʷ S ʥʝ 

ʩʪʦʠʪ. ɼʣ ̫ʚʳʙʦʨʘ ʘʣʴʪʝʨʥʘʪʠʚʳ ʥʝʪʝʨʤʠʥʘʣʘ B  ʩʫʱʝʩʪʚʫʶʪ ʦʜʥʦʟʥʘʯʥʳʝ ʧʨʦʛʥʦʟʳ, ʧʦ-

ʩʢʦʣʴʢʫ   first (cAa) Æ first (a) = Å . 

ʆʜʥʘʢʦ ʜʣʷ ʥʝʪʝʨʤʠʥʘʣʘ  A  ʧʨʦʛʥʦʟ ʧʦ ʩʠʤʚʦʣʫ  a ʥʝʦʜʥʦʟʥʘʯʝʥ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʣʁ -

ʙʦʡ ʚʳʚʦʜ, ʩʦʜʝʨʞʘʱʠʡ A, ʠʤʝʝʪ ʚʠʜ: S Ÿ Bd Ÿ cAad Ÿ é Ÿ caéaAad. ʇʦʵʪʦʤʫ ʘʣʴʪʝʨʥʘ-

ʪʠʚʫ   A Ÿ e   ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʷʪʴ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʪʝʢʫʱʠʤ  ʩʠʤʚʦʣʦʤ ʷʚʣʷʝʪʩʷ  a,  

ʘ ʩʣʝʜʫʶʱʠʡ ʟʘ ʥʠʤ ʩʠʤʚʦʣ ʦʪʣʠʯʝʥ ʦʪ a (ʥʘʧʨʠʤʝʨ, d ). ɽʩʣʠ  ʪʝʢʫʱʠʡ ð a  ʠ ʩʣʝʜʫʶʱʠʡ ʟʘ 

ʥʠʤ ʩʠʤʚʦʣ ð ʪʦʞʝ  a, ʪʦ ʚʳʙʠʨʘʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʘ A Ÿ aA. ʅʦ ʩʜʝʣʘʪʴ ʦʜʥʦʟʥʘʯʥʳʡ ʚʳʙʦʨ 

ʪʦʣʴʢʦ ʧʦ ʪʝʢʫʱʝʤʫ ʩʠʤʚʦʣʫ ʚ ʧʦʣʴʟʫ ʢʘʢʦʡ-ʪʦ ʦʜʥʦʡ ʠʟ ʵʪʠʭ ʘʣʴʪʝʨʥʘʪʠʚ ʥʝʚʦʟʤʦʞʥʦ, 

ʪʘʢ ʢʘʢ ʘʥʘʣʠʟʘʪʦʨ ʥʝ ʫʤʝʝʪ ʟʘʛʣʷʜʳʚʘʪʴ ʚʧʝʨʝʜ (ʚ ʥʝʧʨʦʯʠʪʘʥʥʫʶ ʯʘʩʪʴ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʮʝ-
ʧʦʯʢʠ).  

ʂʘʢ ʚʠʜʠʤ, ʚ G 7 ʩʫʱʝʩʪʚʫʝʪ ʩʝʥʪʝʥʮʠʘʣʴʥʘʷ ʬʦʨʤʘ, ʥʘʧʨʠʤʝʨ cAad, ʚ ʢʦʪʦʨʦʡ ʧʦʩʣʝ 

ʥʝʪʝʨʤʠʥʘʣʘ A, ʠʤʝʶʱʝʛʦ ʚ ʛʨʘʤʤʘʪʠʢʝ ʧʫʩʪʫʶ ʘʣʴʪʝʨʥʘʪʠʚʫ, ʩʪʦʠʪ ʩʠʤʚʦʣ a, c ʢʦʪʦʨʦʛʦ 

ʪʘʢʞʝ ʥʘʯʠʥʘʝʪʩʷ ʠ ʥʝʧʫʩʪʘʷ ʘʣʴʪʝʨʥʘʪʠʚʘ ʜʣʷ A. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʧʨʦʮʝʜʫʨʘ A( ) ʥʝ ʩʤʦʞʝʪ 

ʧʨʘʚʠʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʪʝʢʫʱʝʤʫ ʩʠʤʚʦʣʫ a, ʩʯʠʪʳʚʘʪʴ ʣʠ ʩʣʝʜʫʶʱʠʡ ʩʠʤʚʦʣ ʠ ʚʳʟʳʚʘʪʴ 

A( ) (ʪ. ʝ. ʧʨʠʤʝʥʷʪʴ ʧʨʘʚʠʣʦ A Ÿ aA) ʠʣʠ ʚʦʟʚʨʘʱʘʪʴ ʫʧʨʘʚʣʝʥʠʝ ʙʝʟ ʩʯʠʪʳʚʘʥʠʷ ʩʠʤʚʦʣʘ 

(ʧʨʘʚʠʣʦ A Ÿ e). ʆʧʠʰʝʤ ʵʪʫ ʩʠʪʫʘʮʠʶ ʙʦʣʝʝ ʬʦʨʤʘʣʴʥʦ. 

ʆʧʨʝʜʝʣʝʥʠʝ: ʤʥʦʞʝʩʪʚʦ follow(A) ð ʵʪʦ ʤʥʦʞʝʩʪʚʦ ʪʝʨʤʠʥʘʣʴʥʳʭ ʩʠʤʚʦʣʦʚ, ʢʦʪʦ-

ʨʳʝ ʤʦʛʫʪ ʧʦʷʚʣʷʪʴʩʷ ʚ ʩʝʥʪʝʥʮʠʘʣʴʥʳʭ ʬʦʨʤʘʭ ʛʨʘʤʤʘʪʠʢʠ G = àT, N, P, S ð ʥʝʧʦʩʨʝʜʩʪʚʝʥ-

ʥʦ ʩʧʨʘʚʘ  ʦʪ A (ʠʣʠ ʦʪ ʮʝʧʦʯʝʢ, ʚʳʚʦʜʠʤʳʭ ʠʟ A), ʪ.ʝ. 

                      follow(A) ={  a Í T | S Ý aAb, b Ý a g,  A Í N,  a, b, g Í (T Ç N)
*
}.  

ʊʦʛʜʘ, ʝʩʣʠ ʚ ʛʨʘʤʤʘʪʠʢʝ ʝʩʪʴ ʧʨʘʚʠʣʦ X Ÿ a | b, ʪʘʢʦʝ ʯʪʦ b Ý e, 

first(a) Æ follow(X)  ̧Å, ʪʦ ʤʝʪʦʜ ʨʝʢʫʨʩʠʚʥʦʛʦ ʩʧʫʩʢʘ ʥʝʧʨʠʤʝʥʠʤ ʢ ʜʘʥʥʦʡ ʛʨʘʤʤʘʪʠ-

ʢʝ. 

ʀʪʘʢ, ʥʘ ʧʨʠʤʝʨʘʭ ʤ  rʨʘʩʩʤʦʪʨʝʣʠ ʚʩʝ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʦʜʥʦʟʥʘʯʥʳʝ 

ʧʨʦʛʥʦʟʳ ʧʦ ʛʨʘʤʤʘʪʠʢʝ. ʇʦʜʳʪʦʞʠʚ ʠʭ, ʩʬʦʨʤʫʣʠʨʫʝʤ ʢʨʠʪʝʨʠʡ ʧʨʠʤʝʥʠʤʦʩʪʠ ʤʝʪʦʜʘ 

ʨʝʢʫʨʩʠʚʥʦʛʦ ʩʧʫʩʢʘ. 
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ʋʪʚʝʨʞʜʝʥʠʝ 11 (ʢʨʠʪʝʨʠʡ ʧʨʠʤʝʥʠʤʦʩʪʠ ʈʉ-ʤʝʪʦʜʘ). ʇʫʩʪʴ G ð ʂʉ-ʛʨʘʤʤʘʪʠʢʘ. 

ʄʝʪʦʜ ʨʝʢʫʨʩʠʚʥʦʛʦ ʩʧʫʩʢʘ ʧʨʠʤʝʥʠӢʤ ʢ G, ʝʩʣʠ ʠ ʪʦʣʴʢʦ ʝʩʣʠ ʜʣʷ ʣʶʙʦʡ ʧʘʨʳ ʘʣʴʪʝʨʥʘʪʠʚ  

X Ÿ a | b ʚʳʧʦʣʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ: 

(1) first(a) Æ first (b) = Å ; 

(2) ʩʧʨʘʚʝʜʣʠʚʦ ʥʝ ʙʦʣʝʝ ʯʝʤ ʦʜʥʦ ʠʟ ʜʚʫʭ ʩʦʦʪʥʦʰʝʥʠʡ: a Ý e, b Ý e ; 

(3) ʝʩʣʠ  b Ý e, ʪʦ first(X) Æ follow( X ) = Å. 

 

ʈʘʩʩʤʦʪʨʠʤ ʛʨʘʤʤʘʪʠʢʫ 

G8:    

 S Ÿ BDC 

 C Ÿ Bd 

 D Ÿ aB | d 

 B Ÿ bB | e 
 

 

first (aB ) = {  a },  first ( d ) = {  d };  

first (bB ) = {  b },    

follow (B ) = { a, b, d},  ʪʘʢ ʢʘʢ ʚʦʟʤʦʞʥʳ ʩʣʝʜʫʶʱʠʝ ʩʝʥʪʝʥʮʠʘʣʴʥʳʝ ʬʦʨʤʳ: BdC, 

BaBbd 
19)

. ʇʦʩʢʦʣʴʢʫ first (bB) Æ follow (B) = {  b }   ̧Å, ʤʝʪʦʜ ʨʝʢʫʨʩʠʚʥʦʛʦ ʩʧʫʩʢʘ ʥʝʧʨʠʤʝ-
ʥʠӢʤ ʢ ʜʘʥʥʦʡ ʛʨʘʤʤʘʪʠʢʝ. 

ɽʩʪʝʩʪʚʝʥʥʦ ʟʘʜʘʪʴʩʷ ʚʦʧʨʦʩʦʤ: ʝʩʣʠ ʛʨʘʤʤʘʪʠʢʘ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʢʨʠʪʝʨʠʶ ʧʨʠʤʝ-

ʥʠʤʦʩʪʠ ʤʝʪʦʜʘ ʨʝʢʫʨʩʠʚʥʦʛʦ ʩʧʫʩʢʘ, ʪʦ ʝʩʪʴ ʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʠʪʴ ʵʢʚʠʚʘʣʝʥʪʥʫʶ 

ʛʨʘʤʤʘʪʠʢʫ, ʢ ʢʦʪʦʨʦʡ ʜʘʥʥʳʡ ʤʝʪʦʜ ʧʨʠʤʝʥʠӢʤ. 

ʋʪʚʝʨʞʜʝʥʠʝ 12. ʅʝ ʩʫʱʝʩʪʚʫʝʪ ʘʣʛʦʨʠʪʤʘ, ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʡ ʂʉ-

ʛʨʘʤʤʘʪʠʢʠ, ʩʫʱʝʩʪʚʫʝʪ ʣʠ ʜʣʷ ʥʝʝ ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʛʨʘʤʤʘʪʠʢʘ, ʢ ʢʦʪʦʨʦʡ ʤʝʪʦʜ ʨʝʢʫʨʩʠʚʥʦ-
ʛʦ ʩʧʫʩʢʘ ʧʨʠʤʝʥʠӢʤ (ʪ. ʝ. ʵʪʦ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠ ʥʝʨʘʟʨʝʰʠʤʘʷ ʧʨʦʙʣʝʤʘ

20)
). 

ʇʦʩʪʨʦʝʥʠʝ ʪʘʙʣʠʮʳ ʧʨʦʛʥʦʟʦʚ 

ɽʩʣʠ ʢʨʠʪʝʨʠʡ ʧʨʠʤʝʥʠʤʦʩʪʠ ʤʝʪʦʜʘ ʨʝʢʫʨʩʠʚʥʦʛʦ ʩʧʫʩʢʘ ʚʳʧʦʣʥʷʝʪʩʷ ʜʣʷ ʛʨʘʤʤʘ-
ʪʠʢʠ G, ʪʦ ʪʘʙʣʠʮʫ M ʦʜʥʦʟʥʘʯʥʳʭ ʧʨʦʛʥʦʟʦʚ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1. ɼʣʷ ʢʘʞʜʦʛʦ ʧʨʘʚʠʣʘ X Ÿ a  ʠ ʜʣʷ ʢʘʞʜʦʛʦ ʪʝʨʤʠʥʘʣʘ a Í first(a) ʧʦʤʝʱʘʝʤ X Ÿ a 
ʚ ʷʯʝʡʢʫ M [X, a]; 

2. ɼʣʷ ʢʘʞʜʦʛʦ ʧʨʘʚʠʣʘ X Ÿ a, ʪʘʢʦʛʦ ʯʪʦ a Ý e, ʧʦʤʝʱʘʝʤ  X Ÿ a ʚʦ ʚʩʝ ʥʝʟʘʧʦʣ-

ʥʝʥʥʳʝ ʥʘ  1-ʤ ʰʘʛʝ ʷʯʝʡʢʠ ʩʪʨʦʢʠ  X.  

3. ɼʣʷ ʢʘʞʜʦʛʦ ʧʨʘʚʠʣʘ  X Ÿ Y b, ʛʜʝ YÍ N,  Y b ð ʝʜʠʥʩʪʚʝʥʥʘʷ ʘʣʴʪʝʨʥʘʪʠʚʘ ʜʣʷ X,  

ʧʦʤʝʱʘʝʤ  X Ÿ Y b  ʚʦ ʚʩʝ ʥʝʟʘʧʦʣʥʝʥʥʳʝ ʥʘ  1-ʤ  ʠ  2-ʤ  ʰʘʛʘʭ  ʷʯʝʡʢʠ ʩʪʨʦʢʠ  X.  

ʅʘ 2-ʤ   ʰʘʛʝ  ʤʦʛʫʪ ʙʳʪʴ ʟʘʧʦʣʥʝʥʳ  ʷʯʝʡʢʠ ʜʣʷ ʪʝʨʤʠʥʘʣʦʚ, ʥʝ ʚʭʦʜʷʱʠʭ ʚ ʤʥʦʞʝ-

ʩʪʚʦ follow(X), ʪʦ ʝʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʰʠʙʦʯʥʳʤ ʩʠʪʫʘʮʠʷʤ. ʊʘʢ ʢʘʢ ʧʨʠ ʘʥʘʣʠʟʝ ʈʉ-

                                                
19)

 ɺ ʥʘʰʠʭ ʧʨʠʤʝʨʘʭ ʤʳ ʚʳʯʠʩʣʷʝʤ  first  ʠ  follow çʠʥʪʫʠʪʠʚʥʦè, ʦʧʠʨʘʷʩʴ ʥʘ ʦʧʨʝʜʝʣʝʥʠʷ. ɸʣʛʦʨʠʪʤʳ ʚʳ-

ʯʠʩʣʝʥʠʷ ʤʥʦʞʝʩʪʚ first ʠ follow ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʣʠʪʝʨʘʪʫʨʝ (ʥʘʧʨʠʤʝʨ, ʚ [3]) ʠʣʠ ʧʦʩʪʨʦʠʪʴ ʠʭ ʩʘʤʦʩʪʦʷ-

ʪʝʣʴʥʦ.  
20)

 ʅʘʧʦʤʥʠʤ, ʯʪʦ ʘʣʛʦʨʠʪʤʠʯʝʩʢʘʷ ʥʝʨʘʟʨʝʰʠʤʦʩʪʴ  ʦʟʥʘʯʘʝʪ ʥʝ ʪʦ, ʯʪʦ ʜʘʥʥʫʶ ʟʘʜʘʯʫ ʥʝʣʴʟʷ ʨʝʰʠʪʴ ʜʣʷ 

ʢʘʞʜʦʡ ʢʦʥʢʨʝʪʥʦʡ ʛʨʘʤʤʘʪʠʢʠ, ʘ ʪʦ, ʯʪʦ ʥʝʪ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʩʧʦʩʦʙʘ ʨʝʰʝʥʠʷ, ʧʨʠʛʦʜʥʦʛʦ ʜʣʷ ʚʩʝʭ ʛʨʘʤ-

ʤʘʪʠʢ.  
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ʤʝʪʦʜʦʤ ʩʯʠʪʳʚʘʥʠʷ ʩʣʝʜʫʶʱʝʛʦ ʩʠʤʚʦʣʘ ʚ ʩʣʫʯʘʝ X Ý e  ʥʝ ʧʨʦʠʩʭʦʜʠʪ,   ʦʰʠʙʢʘ ʚ ʪʝʢʫ-

ʱʝʡ ʧʦʟʠʮʠʠ ʦʙʥʘʨʫʞʠʪʩ ̫ʯʫʪʴ ʧʦʟʞʝ, ð ʪʦʡ ʧʨʦʮʝʜʫʨʦʡ, ʢʦʪʦʨʘʷ  ʘʥʘʣʠʟʠʨʫʝʪ ʪʝʢʫʱʠʡ 

ʩʠʤʚʦʣ.  

ʅʘ 3-ʤ ʰʘʛʝ  ʟʘʧʦʣʥʷʶʪʩʷ ʷʯʝʡʢʠ ʜʣʷ ʪʝʨʤʠʥʘʣʦʚ, ʥʝ ʚʭʦʜʷʱʠʭ ʚ first(X), ʯʪʦ ʪʘʢʞʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʰʠʙʦʯʥʳʤ ʩʠʪʫʘʮʠʷʤ. ʇʦʩʢʦʣʴʢʫ ʩʯʠʪʳʚʘʥʠʷ ʩʣʝʜʫʶʱʝʛʦ ʩʠʤʚʦʣʘ  ʚ ʩʣʫʯʘʝ 

ʝʜʠʥʩʪʚʝʥʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʳ  X Ÿ Ya  ʚ ʧʨʦʮʝʜʫʨʝ X ʥʝ ʧʨʦʠʩʭʦʜʠʪ, ʦʙʥʘʨʫʞʝʥʠʝ ʦʰʠʙʢʠ 
ʧʨʦʠʟʦʡʜʝʪ ʧʦʟʞʝ, ð ʚ  ʧʨʦʮʝʜʫʨʝ, ʘʥʘʣʠʟʠʨʫʶʱʝʡ ʪʝʢʫʱʠʡ ʩʠʤʚʦʣ.   

ʄʦʞʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʧʦʩʪʨʦʝʥʠʝ ʪʘʙʣʠʮʳ ʧʨʦʛʥʦʟʦʚ:  ʪʨʝʪʠʡ ʰʘʛ ʥʝ ʚʳʧʦʣʥʷʪʴ 

ʚʦʚʩʝ (ʪ.ʢ. ʚʳʙʦʨ  ʝʜʠʥʩʪʚʝʥʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʳ ʫʞʝ ʦʩʫʱʝʩʪʚʣʝʥ ʥʘ ʰʘʛʝ 1),  ʥʘ ʚʪʦʨʦʤ ʰʘʛʝ 

ʢʘʞʜʦʝ ʧʨʘʚʠʣʦ  X Ÿ a, ʪʘʢʦʝ ʯʪʦ a Ý e,  ʧʦʤʝʱʘʪʴ ʚ ʷʯʝʡʢʫ M [X, a]  ʜʣʷ ʢʘʞʜʦʛʦ ʪʝʨʤʠʥʘ-

ʣʘ a Í follow(X) 
21)

 ; ʥʝʟʘʧʦʣʥʝʥʥʳʝ ʥʘ 1-ʤ ʠ 2-ʤ ʰʘʛʘʭ ʷʯʝʡʢʠ ʩʪʨʦʢʠ X ʦʩʪʘʚʠʪʴ ʧʫʩʪʳʤʠ. 

ʕʪʦ ʧʦʟʚʦʣʠʪ ʨʘʥʴʰʝ ʦʙʥʘʨʫʞʠʚʘʪʴ ʦʰʠʙʢʠ ʚ ʠʩʭʦʜʥʦʡ ʮʝʧʦʯʢʝ,  ʦʜʥʘʢʦ ʫʩʣʦʞʥʠʪ ʧʦʚʝʜʝ-

ʥʠʝ ʩʘʤʠʭ ʧʨʦʮʝʜʫʨ, ʪʘʢ ʢʘʢ ʠʤ ʧʨʠʜʝʪʩʷ ʜʝʣʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʦʚʝʨʢʠ.  

ʇʨʠʤʝʨ. ʇʦʩʪʨʦʠʤ ʪʘʙʣʠʮʫ ʧʨʦʛʥʦʟʦʚ ʜʣʷ ʛʨʘʤʤʘʪʠʢʠ  

G9:    

 S Ÿ A |BS |cS  

 B Ÿ bB | d 

 A Ÿ aA | E | e 

 E Ÿ e 
 

 

ɺʳʯʠʩʣʠʤ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʵʪʦʛʦ ʤʥʦʞʝʩʪʚʘ:  

first ( A) = {  a, e },  first ( BS ) = {  b, d },  first ( cS ) = {  c } ,  follow(S) = Å; 

first (bB) = {   b },   first (d  )  = {  d };  

first (  aA ) = {  a },  first (E ) = {  e } ,   follow(A) = Å; 

first (e ) = {  e }.  

ʂʘʢ ʚʠʜʥʦ, ʤʥʦʞʝʩʪʚʘ  first  ʜʣʷ ʣʶʙʦʡ ʧʘʨʳ ʘʣʴʪʝʨʥʘʪʠʚ ʥʝ ʧʝʨʝʩʝʢʘʶʪʩʷ, ʘ  ʪʘʢʞʝ  ʩʧʨʘʚʝʜ-

ʣʠʚ r  first ( A) Æ follow ( A) = Å  ʠ  first ( S) Æ follow ( S) = Å. ɻʨʘʤʤʘʪʠʢʘ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʢʨʠʪʝ-

ʨʠʶ ʧʨʠʤʝʥʠʤʦʩʪʠ ʤʝʪʦʜʘ ʨʝʢʫʨʩʠʚʥʦʛʦ ʩʧʫʩʢʘ, ʠ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʪʘʙʣʠʮʫ ʦʜʥʦʟʥʘʯʥʳʭ 

ʧʨʦʛʥʦʟʦʚ: 

 a b c d e 

S  S Ÿ A S Ÿ BS    S Ÿ cS S Ÿ BS S Ÿ A 

A A Ÿ aA A Ÿ e A Ÿ e A Ÿ e A Ÿ E 

B  B Ÿ bB  B Ÿ d  

E     E Ÿ e 

ʇʦʩʪʨʦʠʤ ʜʣʷ  G9  ʘʥʘʣʠʟʘʪʦʨ ʚ ʚʠʜʝ ʩʠʩʪʝʤʳ ʨʝʢʫʨʩʠʚʥʳʭ ʧʨʦʮʝʜʫʨ. ʇʦʚʝʜʝʥʠʝ ʧʨʦ-

ʮʝʜʫʨ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʫʯʝʥʥʦʡ ʪʘʙʣʠʮʝʡ ʧʨʦʛʥʦʟʦʚ. ɿʘʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʚʳʙʦʨʝ ʘʣʴʪʝʨʥʘʪʠʚʳ, 

ʥʘʯʠʥʘʶʱʝʡʩʷ ʩ ʥʝʪʝʨʤʠʥʘʣʘ, ʥʦʚʳʡ ʩʠʤʚʦʣ ʩʦ ʚʭʦʜʘ ʥʝ ʩʯʠʪʳʚʘʝʪʩʷ, ʘ ʩʨʘʟʫ ʚʳʟʳʚʘʝʪʩʷ 

ʧʨʦʮʝʜʫʨʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʵʪʦʤʫ ʥʝʪʝʨʤʠʥʘʣʫ.  

#include  <iostream > 
using namespace  std;  

                                                
21)

 ʄʥʦʞʝʩʪʚʦ  follow(X)  ʜʦʣʞʥʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʦʜʝʨʞʘʪʴ ʭʦʪʷ ʙʳ ʦʜʠʥ ʩʠʤʚʦʣ, ð ʜʣʷ ʵʪʦʛʦ  ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, 

ʯʪʦ ʚ ʢʦʥʮʝ ʢʘʞʜʦʡ ʚʭʦʜʥʦʡ ʮʝʧʦʯʢʠ ʷʟʳʢʘ ʝʩʪʴ ʤʘʨʢʝʨ   .̂ 
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int  c;  

void  S ();  
void   A ();  
void   B ();  
void   E ();  

void  gc  ()  
{  
 cin  >> c;   // ȺɀȱȻȩȻɅ ȷɀȮȹȮȭȶȷȲ Ⱥȱȵȫȷȴ 
}  

void  S ()  
{  
 if  (  c =='a' || c =='e')  
 {  
  cout  << " S-- >A, "; // ȸȹȱȵȮȶɈȮȵȷȮ ȸȹȩȫȱȴȷ ȫɄȫȷȭȩ 
  // gc () ȶȮ ȫɄȰɄȫȩȮȻȺɈ,ȻȮȳȼɂȱȲ Ⱥȱȵȫȷȴ ȪȼȭȮȻ ȹȩȺȸȷȰȶȩȶ ȸȹȷȿȮȭȼȹȷȲ A() 
     A ();  
     }  
     else if  (  c =='b' || c =='d')  
     {  
  cout  << " S-- >BS, ";  
  // gc () ȶȮ ȫɄȰɄȫȩȮȻȺɈ; 
     B ();  
         S ();   
     }  
     else if  (  c =='c')  
     {  
  cout  << " S-- >cS, ";  
  gc (); // Ⱥȱȵȫȷȴ 'c' ȹȩȺȸȷȰȶȩȶ ȸȹȷȿȮȭȼȹȷȲ S(), ȺɀȱȻɄȫȩȮȵ ȺȴȮȭȼɇɂȱȲ 
      S ();  
     }  
     else   

         A (); // ȫȷȰȵȷȯȶȷ A Ý e 

}  
 
void  A ()  
{  
 if  (  c =='a'  )  
 {  
  cout << "A -- >aA, ";  
  gc ();  
         A ();   
 }  
 else  if  (  c =='e'  )  
 {  
  cout  << " A-- >E, ";  
  // gc () ȶȮ ȫɄȰɄȫȩȮȻȺɈ;  
  E ();  
 }  
 else  
 {   // gc () ȶȮ ȫɄȰɄȫȩȮȻȺɈ;  
  cout  << " A- >epsilon , ";  
 }  
}  
 
 
void  B ()  
{  
 if  (  c =='b'  )  
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 {  
  cout << "B -- >bB, ";  
  gc  ();  
  B ();  
 }  
 else  if (  c =='d'  )  
    {  
  cout << "B -- >d, ";  
  gc  ();  
    }  
    else  
  throw  c;  
}  

void  E ()  
{  
 if  ( c =='e' )  
 {  
  cout << "E -- >e, ";  
  gc  ();  
 }  
 else  
  throw  c;  
}  
 
int  main  ()  
{  
 try  
 {  
  gc ();  
  S ();  

  if  (  c != ' '̂  )  

   throw  c;  
  cout << "SUCCESS !!!" << endl;  
  return  0;  
 }  
 catch  (  int  c )  
 {  
  cout << "ERROR on lexeme" << c << endl;  
  return  1;  
 }  

}  

 

ʈʝʢʫʨʩʠʚʥʳʡ ʩʧʫʩʢ ʙʝʟ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʛʥʦʟʦʚ  

ɺʳʜʝʣʠʤ ʧʦʜʢʣʘʩʩ ʛʨʘʤʤʘʪʠʢ, ʧʦ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʩʪʨʦʠʪʴ ʩʠʩʪʝʤʫ ʨʝʢʫʨʩʠʚʥʳʭ ʧʨʦ-
ʮʝʜʫʨ, ʤʠʥʫʷ ʧʦʩʪʨʦʝʥʠʝ ʪʘʙʣʠʮʳ ʧʨʦʛʥʦʟʦʚ.  

ɹʫʜʝʤ ʛʦʚʦʨʠʪʴ, ʯʪʦ ʧʨʘʚʠʣʘ ʂʉ-ʛʨʘʤʤʘʪʠʢʠ ʠʤʝʶʪ ʢʘʥʦʥʠʯʝʩʢʠʡ  (ʜʣʷ ʈʉ-ʤʝʪʦʜʘ) 

ʚʠʜ, ʝʩʣʠ ʢʘʞʜʘʷ ʛʨʫʧʧʘ ʧʨʘʚʠʣ ʩ ʦʜʠʥʘʢʦʚʳʤ ʥʝʪʝʨʤʠʥʘʣʦʤ ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʦʪʥʦʩʠʪʩʷ ʢ ʦʜ-

ʥʦʤʫ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʥʠʞʝ ʚʠʜʦʚ ʠ ʚʳʧʦʣʥʷʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ: 
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ʘ)  X Ÿ a ,  

ʛʜʝ a Í (T Ç N)
*
 ʠ ʵʪʦ ʝʜʠʥʩʪʚʝʥʥʦʝ ʧʨʘʚʠʣʦ ʚʳʚʦʜʘ ʜʣʷ ʵʪʦʛʦ ʥʝʪʝʨʤʠʥʘʣʘ; 

ʙ)  X Ÿ a1a1 | a2a2 | ... | anan ,     

ʛʜʝ  ai Í T  ʜʣʷ ʚʩʝʭ i = 1, 2,..., n ;  ai  ̧aj ʜʣʷ i  ̧j; ai Í (T Ç N )
*
, ʪ. ʝ. ʝʩʣʠ ʜʣʷ ʥʝ-

ʪʝʨʤʠʥʘʣʘ   X  ʧʨʘʚʠʣ ʚʳʚʦʜʘ ʥʝʩʢʦʣʴʢʦ, ʪʦ ʦʥʠ ʜʦʣʞʥʳ ʥʘʯʠʥʘʪʴʩʷ ʩ ʪʝʨʤʠʥʘʣʦʚ, 
ʧʨʠʯʝʤ ʚʩʝ ʵʪʠ ʪʝʨʤʠʥʘʣʳ ʧʦʧʘʨʥʦ ʨʘʟʣʠʯʥʳ; 

ʚ)  X Ÿ a1a1 | a2a2 | ... | anan | e , 

ʛʜʝ ai Í T ʜʣʷ ʚʩʝʭ i = 1, 2,..., n;  ai  ̧aj  ʜʣʷ  i  ̧j; ai Í (T Ç N )
*
, ʠ 

first (X ) Æ follow (X ) = Å. 

ɽʩʣʠ  ʧʨʘʚʠʣʘ ʚʳʚʦʜʘ ʠʤʝʶʪ ʪʘʢʦʡ ʚʠʜ, ʪʦ ʨʝʢʫʨʩʠʚʥʳʡ ʩʧʫʩʢ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ 

ʙʝʟ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʛʥʦʟʦʚ: ʜʣʷ ʧʨʘʚʠʣ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʘʣʴʪʝʨʥʘʪʠʚʘʤʠ ʚr -

ʙʠʨʘʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʘ  ai ai, ʝʩʣʠ ʪʝʢʫʱʠʡ ʩʠʤʚʦʣ ʩʦʚʧʘʜʘʝʪ ʩ  ai, ʠʥʘʯʝ ʚʳʙʠʨʘʝʪʩʷ e-

ʘʣʴʪʝʨʥʘʪʠʚʘ, ʝʩʣʠ ʦʥʘ ʧʨʠʩʫʪʩʪʚʫʝʪ; ʝʩʣʠ ʥʝʪ ʩʦʚʧʘʜʝʥʠʷ ʪʝʢʫʱʝʛʦ ʩʠʤʚʦʣʘ ʥʠ ʩ ʦʜʥʠʤ ʠʟ ai  

ʠ  ʥʝʪ e-ʘʣʴʪʝʨʥʘʪʠʚʳ ð ʬʠʢʩʠʨʫʝʪʩʷ ʦʰʠʙʢʘ.  

 ʂʘʥʦʥʠʯʝʩʢʠʡ ʚʠʜ  ʧʨʘʚʠʣ ʛʨʘʤʤʘʪʠʢʠ ʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦʝ, ʥʦ ʥʝ ʥʝʦʙʭʦʜʠʤʦʝ ʫʩʣʦʚʠʝ 

ʧʨʠʤʝʥʠʤʦʩʪʠ   ʈʉ-ʤʝʪʦʜʘ.  

ɻʨʘʤʤʘʪʠʢʫ ʩ ʧʨʘʚʠʣʘʤʠ ʢʘʥʦʥʠʯʝʩʢʦʛʦ ʚʠʜʘ ʥʘʟʳʚʘʶʪ q-ʛʨʘʤʤʘʪʠʢʦʡ. ʈʘʩʩʤʦʪʨʝʥ-
ʥʳʝ ʚʳʰʝ s-ʛʨʘʤʤʘʪʠʢʠ ʷʚʣʷʶʪʩʷ q-ʛʨʘʤʤʘʪʠʢʘʤʠ, ʦʙʨʘʪʥʦʝ ʥʝʚʝʨʥʦ. 

ʀʪʝʨʘʮʠʠ  ʚ  ʂʉ-ʛʨʘʤʤʘʪʠʢʘʭ 

ʇʨʠ ʦʧʠʩʘʥʠʠ ʩʠʥʪʘʢʩʠʩʘ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʧʨʘʚʠʣʘ, ʦʧʠ-

ʩʳʚʘʶʱʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʜʥʦʪʠʧʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʦʪʜʝʣʝʥʥʳʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʢʘʢʠʤ-

ʣʠʙʦ ʟʥʘʢʦʤ-ʨʘʟʜʝʣʠʪʝʣʝʤ (ʥʘʧʨʠʤʝʨ, ʩʧʠʩʦʢ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʧʨʠ ʦʧʠʩʘʥʠʠ ʧʝʨʝʤʝʥʥʳʭ, 

ʩʧʠʩʦʢ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʚʳʟʦʚʝ ʧʨʦʮʝʜʫʨ ʠ ʬʫʥʢʮʠʡ ʠ ʪ. ʧ.). ʊʘʢʠʝ ʧʨʘʚʠʣʘ ʦʙʳʯʥʦ ʠʤʝʶʪ 

ʚʠʜ: L Ÿ a | a, L  

ɺʤʝʩʪʦ ʦʙʳʯʥʳʭ ʧʨʘʚʠʣ ʂʉ-ʛʨʘʤʤʘʪʠʢ ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʠʥʪʘʢʩʠʩʘ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠ-

ʨʦʚʘʥʠʷ ʥʝʨʝʜʢʦ ʠʩʧʦʣʴʟʫʶʪ ʠʭ ʤʦʜʠʬʠʢʘʮʠʠ, ʥʘʧʨʠʤʝʨ ɹʅʌ 
22)

. ɺ ɹʅʌ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʦ-

ʧʫʩʢʘʶʪʩʷ ʢʦʥʩʪʨʫʢʮʠʠ ʚʠʜʘ {a},  ʛʜʝ ʬʠʛʫʨʥʳʝ ʩʢʦʙʢʠ ð ʵʪʦ ʩʧʝʮʩʠʤʚʦʣʳ ʜʣʷ ʚʳʜʝʣʝʥʠʷ 

ʬʨʘʛʤʝʥʪʘ a, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʦʪʩʫʪʩʪʚʦʚʘʪʴ ʠʣʠ ʧʦʚʪʦʨʷʪʴʩʷ ʧʨʦʠʟʚʦʣʴʥʦʝ ʯʠʩʣʦ ʨʘʟ. ʅʘʟr-
ʚʘʶʪ ʪʘʢʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʠʪʝʨʘʮʠʝʡ.  

ʉ ʧʦʤʦʱʴʶ ʠʪʝʨʘʮʠʠ ʛʨʘʤʤʘʪʠʢʫ L Ÿ a | a, L ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʪʘʢ: L Ÿ a { , a}.   

ʅʘʦʙʦʨʦʪ, ʝʩʣʠ ʚ ʛʨʘʤʤʘʪʠʢʝ ʝʩʪʴ ʧʨʘʚʠʣʦ ʚʠʜʘ  X Ÿ a{b}g, ʩʦʜʝʨʞʘʱʝʝ ʠʪʝʨʘʮʠ ʁ

{b},  ʪʦ ʝʛʦ ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ ʩʝʨʠʝʡ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʧʨʘʚʠʣ ʙʝʟ ʠʪʝʨʘʮʠʠ {b}:  

 X Ÿ aYg 

 Y Ÿ bY | e, 
 

 

ʛʜʝ Y ð ʥʦʚʳʡ ʥʝʪʝʨʤʠʥʘʣʴʥʳʡ ʩʠʤʚʦʣ, ʜʦʙʘʚʣʷʝʤʳʡ ʚ ʘʣʬʘʚʠʪ ʥʝʪʝʨʤʠʥʘʣʦʚ ʛʨʘʤʤʘʪʠʢʠ. 

ʏʪʦʙʳ ʧʨʠʤʝʥʠʪʴ ʤʝʪʦʜ ʨʝʢʫʨʩʠʚʥʦʛʦ ʩʧʫʩʢʘ ʜʣʷ ʛʨʘʤʤʘʪʠʢʠ L Ÿ a {,  a},  ʧʨʝʦʙʨʘʟʫ-

ʝʤ ʵʪʫ ʛʨʘʤʤʘʪʠʢʫ ʚ ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʙʝʟ ʠʪʝʨʘʮʠʠ: 

 L Ÿ a M 

 M Ÿ , a M | e 
 

 

                                                
22)

 ɹʵʢʫʩʘ-ʅʘʫʨʘ ʬʦʨʤʫʣʘ. 
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ʄʝʪʦʜ ʧʨʠʤʝʥʠӢʤ ʢ ʜʘʥʥʦʡ ʛʨʘʤʤʘʪʠʢʝ, ʪʘʢ ʢʘʢ   first ( , a ) Æ follow (M ) = Å. 

ʄʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʩʠʩʪʝʤʫ ʨʝʢʫʨʩʠʚʥʳʭ ʧʨʦʮʝʜʫʨ ʧʦ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʡ ʛʨʘʤʤʘʪʠʢʝ, ʥʦ 

ʣʫʯʰʝ, ʫʙʝʜʠʚʰʠʩʴ, ʯʪʦ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʡ ʛʨʘʤʤʘʪʠʢʠ ʤʝʪʦʜ ʧʨʠʤʝʥʠӢʤ, ʚʝʨʥʫʪʴʩʷ ʢ 
ʥʘʯʘʣʴʥʦʤʫ ʚʘʨʠʘʥʪʫ ʩ ʠʪʝʨʘʮʠʝʡ.  

ʈʝʘʣʠʟʦʚʘʪʴ ʠʪʝʨʘʮʠʶ {b}  (ʛʜʝ b = bb¡, b Í T ) ʫʜʦʙʥʦ ʩ ʧʦʤʦʱʴʶ ʮʠʢʣʘ: çʧʦʢʘ ʪʝʢʫ-

ʱʠʡ ʩʠʤʚʦʣ ʨʘʚʝʥ b, ʩʯʠʪʘʪʴ ʩʦ ʚʭʦʜʘ ʩʣʝʜʫʶʱʠʡ ʩʠʤʚʦʣ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʮʝʧʦʯʢʫ b¡è. 

ɼʣʷ  ʧʨʘʚʠʣʘ  ʩ ʠʪʝʨʘʮʠʝʡ L Ÿ a { , a}   ʧʨʦʮʝʜʫʨʘ-ʘʥʘʣʠʟʘʪʦʨ ʨʝʘʣʠʟʫʝʪʩʷ ʪʘʢ:  

 
void  L ()  
{   
 if  (  c != 'a'  )  
  throw  c;  
 gc ();  
 while  (  c == ','  )  
 {  
  gc  ();  
  if  (  c != 'a'  )  
   throw  c;  
  else  
   gc  ();  
 }  
}  
 

 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʝʱʝ ʦʜʥʦʡ ʛʨʘʤʤʘʪʠʢʠ. 

Gsequence:  

 S Ÿ LB  ̂

 L Ÿ a {, a}  

 B Ÿ , b 
 

 

ɽʩʣʠ ʜʣʷ ʵʪʦʡ ʛʨʘʤʤʘʪʠʢʠ ʩʨʘʟʫ ʥʘʧʠʩʘʪʴ ʘʥʘʣʠʟʘʪʦʨ, ʥʝ ʫʙʝʜʠʚʰʠʩʴ ʚ ʧʨʠʤʝʥʠʤʦʩʪʠ 

ʤʝʪʦʜʘ ʢ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʡ (ʙʝʟ ʠʪʝʨʘʮʠʠ) ʛʨʘʤʤʘʪʠʢʝ, ʪʦ ʮʝʧʦʯʢʘ  ʘ,ʘ,ʘ,b  ʙʫʜʝʪ ʧʨʠʟʥʘʥʘ 

ʪʘʢʠʤ ʘʥʘʣʠʟʘʪʦʨʦʤ ʦʰʠʙʦʯʥʦʡ, ʭʦʪʷ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʘ,ʘ,ʘ,b  ʧʨʠʥʘʜʣʝʞʠʪ  ʧʦʨʦʞʜʘʝ-

ʤʦʤʫ Gsequence ʷʟʳʢʫ. ʕʪʦ ʧʨʦʠʟʦʡʜʝʪ ʧʦʪʦʤʫ, ʯʪʦ ʧʨʦʮʝʜʫʨʘ L( ) ʟʘʭʚʘʪʠʪ  ʯʫʞʫʶ ʟʘʧʷʪʫʶ ð 

ʪʫ, ʯʪʦ ʚʳʚʦʜʠʪʩʷ ʠʟ B, ʠ ʜʘʣʝʝ ʥʝ ʦʙʥʘʨʫʞʠʚ ʩʠʤʚʦʣ ʘ, ʩʦʦʙʱʠʪ ʦʙ ʦʰʠʙʢʝ. 

ʉʣʝʜʫʝʪ ʩʥʘʯʘʣʘ ʧʨʦʚʝʨʠʪʴ ʧʨʠʤʝʥʠʤʦʩʪʴ ʤʝʪʦʜʘ, ʠʩʢʣʶʯʠʚ ʠʟ ʛʨʘʤʤʘʪʠʢʠ ʠʪʝʨʘʮʠʶ 

ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʚʳʰʝ ʩʧʦʩʦʙʦʤ: 

 S Ÿ LB  ̂

 L Ÿ a M 

 M Ÿ , a M | e      

 B Ÿ , b 

ʂʘʢ ʚʠʜʠʤ,  first (, a) Æ follow (M ) = {  , }   ̧Å  ʠ ʧʦʵʪʦʤʫ ʤʝʪʦʜ ʨʝʢʫʨʩʠʚʥʦʛʦ ʩʧʫʩʢʘ ʥʝʧʨʠ-

ʤʝʥʠӢʤ 
23)

. ʄʦʞʥʦ ʧʦʧʳʪʘʪʴʩʷ ʧʦʠʩʢʘʪʴ ʜʨʫʛʫʶ ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʛʨʘʤʤʘʪʠʢʫ, ʢ ʢʦʪʦʨʦʡ ʤʝʪʦʜ 

ʧʨʠʤʝʥʠӢʤ. ʅʝʢʦʪʦʨʳʝ ʧʦʣʝʟʥʳʝ ʜʣʷ ʵʪʦʛʦ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʛʨʘʤʤʘʪʠʢ ʙʫʜʫʪ 

                                                
23)

 ɽʩʣʠ ʙʳ ʚ Gsequence ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʪʝʨʤʠʥʘʣʦʚ, ʧʝʨʝʯʠʩʣʷʝʤʳʭ ʯʝʨʝʟ ʟʘʧʷʪʫʶ, ʟʘʚʝʨʰʘʣʘʩʴ ʦʪʣʠʯʥʳʤ 

ʦʪ ʟʘʧʷʪʦʡ ʩʠʤʚʦʣʦʤ (ʥʘʧʨʠʤʝʨ, ʪʦʯʢʦʡ ʩ ʟʘʧʷʪʦʡ), ʢʘʢ ʵʪʦ ʦʙʳʯʥʦ ʠ ʙʳʚʘʝʪ ʚ ʨʝʘʣʴʥʳʭ ʷʟʳʢʘʭ ʧʨʦʛʨʘʤʤʠ-

ʨʦʚʘʥʠ̫, ʪʦ ʤʝʪʦʜ ʨʝʢʫʨʩʠʚʥʦʛʦ ʩʧʫʩʢʘ ʙrʣ ʙr ʧʨʠʤʝʥʠӢʤ. 
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ʨʘʩʩʤʦʪʨʝʥʳ ʥʠʞʝ. ʆʜʥʘʢʦ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʫʪʚʝʨʞʜʝʥʠʷ 12, ʫʩʧʝʭ ʚ ʧʦʠʩʢʝ ʵʢʚʠʚʘʣʝʥʪʥʦʡ 

ʛʨʘʤʤʘʪʠʢʠ, ʜʣʷ ʢʦʪʦʨʦʡ ʤʝʪʦʜ ʧʨʠʤʝʥʠӢʤ, ʥʝ ʛʘʨʘʥʪʠʨʦʚʘʥ.  

ʇʨʝʦʙʨʘʟʦʚʘʥʠʷ ʛʨʘʤʤʘʪʠʢ  

ɽʩʣʠ ʛʨʘʤʤʘʪʠʢʘ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʠʤʝʥʠʤʦʩʪʠ ʤʝʪʦʜʘ ʨʝʢʫʨʩʠʚʥʦʛʦ 

ʩʧʫʩʢʘ, ʪʦ ʤʦʞʥʦ ʧʦʧʳʪʘʪʴʩʷ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʝʝ, ʪ. ʝ. ʧʦʣʫʯʠʪʴ ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʛʨʘʤʤʘʪʠʢʫ, 
ʧʨʠʛʦʜʥʫʶ ʜʣʷ ʘʥʘʣʠʟʘ ʵʪʠʤ ʤʝʪʦʜʦʤ. 

(1) ɽʩʣʠ ʚ ʛʨʘʤʤʘʪʠʢʝ ʝʩʪʴ ʥʝʪʝʨʤʠʥʘʣʳ, ʧʨʘʚʠʣʘ ʚʳʚʦʜʘ ʢʦʪʦʨʳʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʣʝʚʦʨʝʢʫʨʩʠʚʥʳ, ʪ. ʝ. ʠʤʝʶʪ ʚʠʜ: 

A Ÿ Aa1 | ... | Aan | b1 | ... | bm,   

ʛʜʝ ai Í (T Ç N )
+
 ʜʣʷ i = 1, 2, ..., n; bj Í (T Ç N )

*
 ʜʣʷ  j = 1, 2, ..., m, ʪʦ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʧʨʠʤʝ-

ʥʷʪʴ ʤʝʪʦʜ ʨʝʢʫʨʩʠʚʥʦʛʦ ʩʧʫʩʢʘ ʥʝʣʴʟʷ, ʧʦʩʢʦʣʴʢʫ  first(Aai) Æ first(Aak)  ̧Å ʜʣʷ ʥʝʢʦʪʦʨʳʭ 

i  ̧k, ʠʣʠ bj = e ʜʣʷ ʥʝʢʦʪʦʨʦʛʦ j ʠ first (ɸai) Æ follow (A)  ̧Å ʜʣʷ i = 1, 2, ..., n. 

ʃʝʚʫʶ ʨʝʢʫʨʩʠʶ ʚʩʝʛʜʘ  ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ ʧʨʘʚʦʡ: 

 A Ÿ b1 Aǋ | ... | bm Aǋ 

 Aǋ Ÿ a1 Aǋ | ... | an Aǋ | e 
 

 

ɹʫʜʝʪ ʧʦʣʫʯʝʥʘ ʛʨʘʤʤʘʪʠʢʘ, ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʜʘʥʥʦʡ, ʪ.ʢ. ʠʟ ʥʝʪʝʨʤʠʥʘʣʘ A ʧʦ-

ʧʨʝʞʥʝʤʫ ʚʳʚʦʜʷʪʩʷ ʮʝʧʦʯʢʠ ʚʠʜʘ  bj {ai},  ʛʜʝ i = 1, 2, ...,  n;  j = 1, 2, ...,  m. 

(2) ɽʩʣʠ ʚ ʛʨʘʤʤʘʪʠʢʝ ʝʩʪʴ ʥʝʪʝʨʤʠʥʘʣ, ʫ ʢʦʪʦʨʦʛʦ ʥʝʩʢʦʣʴʢʦ ʧʨʘʚʠʣ ʚʳʚʦʜʘ ʥʘʯʠʥʘ-

ʶʪʩʷ ʦʜʠʥʘʢʦʚʳʤʠ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʩʠʤʚʦʣʘʤʠ, ʪ. ʝ. ʠʤʝʶʪ ʚʠʜ 

A Ÿ aa1 | aa2 | ... | aan | b1 | ... |bm,    

ʛʜʝ a Í T ; ai, bj Í (T Ç N )
*
, bj ʥʝ ʥʘʯʠʥʘʝʪʩʷ ʩ a, i = 1, 2,..., n,  j = 1, 2,..., m, ʪʦ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʧʨʠʤʝʥʷʪʴ ʤʝʪʦʜ ʨʝʢʫʨʩʠʚʥʦʛʦ ʩʧʫʩʢʘ ʥʝʣʴʟʷ, ʪ. ʢ.  first(aai) Æ first(aak)  ̧Å ʜʣʷ 

i  ̧k. ʄʦʞʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʧʨʘʚʠʣʘ ʚʳʚʦʜʘ ʜʘʥʥʦʛʦ ʥʝʪʝʨʤʠʥʘʣʘ, ʦʙʲʝʜʠʥʠʚ ʧʨʘʚʠʣʘ ʩ ʦʙ-

ʱʠʤʠ ʥʘʯʘʣʘʤʠ ʚ ʦʜʥʦ ʧʨʘʚʠʣʦ: 

 A Ÿ aAǋ | b1 | ... | bm 

 Aǋ Ÿ a1 | a2 | ... | an 
 

 

ɹʫʜʝʪ ʧʦʣʫʯʝʥʘ ʛʨʘʤʤʘʪʠʢʘ, ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʜʘʥʥʦʡ.  

(3) ɽʩʣʠ ʚ ʛʨʘʤʤʘʪʠʢʝ ʝʩʪʴ ʥʝʪʝʨʤʠʥʘʣ, ʫ ʢʦʪʦʨʦʛʦ ʥʝʩʢʦʣʴʢʦ ʧʨʘʚʠʣ ʚʳʚʦʜʘ, ʠ ʩʨʝʜʠ 

ʥʠʭ ʝʩʪʴ ʧʨʘʚʠʣʘ, ʥʘʯʠʥʘʶʱʠʝʩʷ ʥʝʪʝʨʤʠʥʘʣʴʥʳʤʠ ʩʠʤʚʦʣʘʤʠ, ʪ. ʝ. ʠʤʝʶʪ ʚʠʜ: 

 A Ÿ B1a1 | ... | Bnan | a1b1 | ... | ambm 

 B1 Ÿ g11 | ... | g1k 

  é  

 Bn Ÿ gn1 | ... | gnp, 
 

 

ʛʜʝ Bi Í N; aj Í T; ai, bj, gij Í ( T Ç N )
*
, ʪʦ ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ ʚʭʦʞʜʝʥʠʷ ʥʝʪʝʨʤʠʥʘʣʦʚ 

Bi ʠʭ ʧʨʘʚʠʣʘʤʠ ʚʳʚʦʜʘ ʚ ʥʘʜʝʞʜʝ, ʯʪʦ ʧʨʘʚʠʣʘ ʥʝʪʝʨʤʠʥʘʣʘ A ʩʪʘʥʫʪ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʩʣʦʚʠ-

ʷʤ ʧʨʠʤʝʥʠʤʦʩʪʠ ʤʝʪʦʜʘ ʨʝʢʫʨʩʠʚʥʦʛʦ ʩʧʫʩʢʘ: 

A Ÿ g11a1 | ... | g1ka1 | ... | gn1an | ... | gnpan | a1b1 | ... | ambm  
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(4) ɽʩʣʠ ʝʩʪʴ ʧʨʘʚʠʣʘ ʩ ʧʫʩʪʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʚʠʜʘ: 

A Ÿ a1 A | ... | an A | b1 | ... | bm| e   

B Ÿ aAb   

ʠ first(A) Æ follow(A)  ̧Å  (ʠʟ-ʟʘ ʚʭʦʞʜʝʥʠʷ ɸ ʚ ʧʨʘʚʠʣʘ ʚʳʚʦʜʘ ʜʣʷ ɺ), ʪʦ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ 
ʪʘʢʫʶ ʛʨʘʤʤʘʪʠʢʫ: 

B Ÿ aAǋ   

Aǋ Ÿ a1Aǋ | ... | an Aǋ | b1b | ... | bmb | b  

ʇʦʣʫʯʝʥʥʘʷ ʛʨʘʤʤʘʪʠʢʘ ʙʫʜʝʪ ʵʢʚʠʚʘʣʝʥʪʥʘ ʠʩʭʦʜʥʦʡ, ʪ. ʢ. ʠʟ B ʧʦ-ʧʨʝʞʥʝʤʫ ʚʳʚʦ-

ʜʷʪʩʷ ʮʝʧʦʯʢʠ ʚʠʜʘ a {ai}  bj b ʣʠʙʦ a {ai}  b. 

ʆʜʥʘʢʦ ʧʨʘʚʠʣʦ ʚʳʚʦʜʘ ʜʣʷ ʥʝʪʝʨʤʠʥʘʣʴʥʦʛʦ ʩʠʤʚʦʣʘ Aǋ  ʙʫʜʝʪ ʠʤʝʪʴ ʘʣʴʪʝʨʥʘʪʠʚʳ, 

ʥʘʯʠʥʘʶʱʠʝʩʷ ʦʜʠʥʘʢʦʚʳʤʠ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʩʠʤʚʦʣʘʤʠ (ʪ. ʢ. first(A) Æ follow(A)  ̧Å);  ʩʣʝ-
ʜʦʚʘʪʝʣʴʥʦ, ʧʦʪʨʝʙʫʶʪʩʷ ʜʘʣʴʥʝʡʰʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʠ ʫʩʧʝʭ ʥʝ ʛʘʨʘʥʪʠʨʦʚʘʥ. 

ʇʨʠʤʝʨ. ʈʘʩʩʤʦʪʨʠʤ ʛʨʘʤʤʘʪʠʢʫ Gorigin: 

Gorigin  

 S Ÿ fASd | e 

 A Ÿ Aa | Ab | dB | f 

 B Ÿ bcB | e 
 

 

first(Aa) = first(Ab) = { d, f }  

first(bcB) = { b},   follow(B) = { a, b, d, f }  

ʋʩʣʦʚʠʷ ʧʨʠʤʝʥʠʤʦʩʪʠ ʤʝʪʦʜʘ ʨʝʢʫʨʩʠʚʥʦʛʦ ʩʧʫʩʢʘ ʥʝ ʚʳʧʦʣʥʷʶʪʩʷ ʜʣʷ Gorigin. ʉ 

ʧʦʤʦʱʴʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʨʠʚʝʜʝʤ ʵʪʫ ʛʨʘʤʤʘʪʠʢʫ ʢ ʢʘʥʦʥʠʯʝʩʢʦʤʫ ʚʠʜʫ ʜʣʷ ʨʝʢʫʨʩʠʚʥʦʛʦ 

ʩʧʫʩʢʘ.  ɹʫʜʝʤ ʧʦʜʯʝʨʢʠʚʘʪʴ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʢʘʥʦʥʠʯʝʩʢʦʤʫ ʚʠʜʫ ʧʨʘʚʠʣʘ ʠ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʢ ʥʦʚʦʡ ʛʨʘʤʤʘʪʠʢʝ ʫʢʘʟʳʚʘʪʴ ʥʦʤʝʨ ʧʨʠʤʝʥʝʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ  Ý(i) , 1 ¢ i ¢ 4 : 

 

Gorigin:    

 S Ÿ  fASd | e 

 A Ÿ Aa | Ab | dB | f 

 B Ÿ bcB | e 
 

Ý(1) 

Gtransform1
:    

 S Ÿ  fASd | e 

 A Ÿ dBA' | fA'           Ý(4)  

 A' Ÿ aA' | bA' | e 

 B Ÿ bcB | e 
 

                                    

                                    first(S) = {  f },   follow( S ) = {  d } ,       first (S) Æ follow(S) = Å; 

                                             first(A') = { a, b},   follow(A') ={  f, d } ,   first (A') Æ follow(A') = Å; 

                                        first(B) ={ b},   follow(B) ={ a, b, f, d } ,  first(B) Æ follow(B) ={ b}  ̧Å. 

 

Ý(4) 

Gtransform2
:    

 S Ÿ  fASd | e 

 A Ÿ dB' | fA' 

 B' Ÿ bcB' | A' 

 A' Ÿ aA' | bA' | e 

    
 

Ý(3) 

Gtransform3
:    

 S Ÿ  fASd | e 

 A Ÿ dB' | fA' 

 B' Ÿ bcB' | aA' | bA' | e 

 A' Ÿ aA' | bA' | e 
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Ý(2) 

Gtransform4
:    

 S Ÿ  fASd | e 
 A Ÿ dB' | fA' 

 B' Ÿ bC | aA' | e 

 C Ÿ cB' | A' 

 A' Ÿ aA' | bA' | e 
 

Ý(3) 

Gobject:    

 S Ÿ  fASd | e 

 A Ÿ dB' | fA' 

 B' Ÿ bC | aA' | e 

 C Ÿ cB' | aA' | bA' | e 

 A' Ÿ aA' | bA' | e 
 

 first(B') ={ a, b},  follow(B') ={ f, d};  first(B') Æ follow(B') = Å; 

 first(A') ={ a, b},  follow(A') = { f, d};  first(A') Æ follow(A') = Å; 

 first(C) ={ a, b, c},  follow(C) ={ f, d};  first(C) Æ follow(C) = Å. 

ʊ. ʝ. ʧʦʣʫʯʠʣʠ ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʛʨʘʤʤʘʪʠʢʫ Gobject, ʢ ʢʦʪʦʨʦʡ  ʧʨʠʤʝʥʠӢʤ ʤʝʪʦʜ ʨʝʢʫʨʩʠʚʥʦʛʦ 

ʩʧʫʩʢʘ. Gobject  ʫʜʦʙʥʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ ʨʝʢʫʨʩʠʚʥʳʭ ʧʨʦʮʝʜʫʨ, ʪʘʢ ʢʘʢ ʝʝ ʧʨʘʚʠʣʘ 

ʠʤʝʪʁ ʢʘʥʦʥʠʯʝʩʢʠʡ ʚʠʜ.  

ɿʘʜʘʯʘ ʨʘʟʙʦʨʘ ʜʣʷ ʥʝʦʜʥʦʟʥʘʯʥʳʭ ʛʨʘʤʤʘʪʠʢ 

 ɼʣʷ ʥʝʦʜʥʦʟʥʘʯʥʳʭ ʛʨʘʤʤʘʪʠʢ ʟʘʜʘʯʘ ʩʠʥʪʘʢʩʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʟʘʜʘʯʘ ʨʘʟʙʦʨʘ) ʤʦ-
ʞʝʪ ʙʳʪʴ ʧʦʩʪʘʚʣʝʥʘ ʜʚʫʤʷ ʦʩʥʦʚʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. 

(1) ɼʘʥʳ ʂʉ-ʛʨʘʤʤʘʪʠʢʘ G ʠ ʮʝʧʦʯʢʘ x. ʊʨʝʙʫʝʪʩʷ ʧʨʦʚʝʨʠʪʴ: x Í L(G)? ɽʩʣʠ ʜʘ, ʪʦ 

ʧʦʩʪʨʦʠʪʴ ʚʩʝ ʜʝʨʝʚʴʷ ʚʳʚʦʜʘ ʜʣʷ x (ʠʣʠ ʚʩʝ ʣʝʚʳʝ ʚʳʚʦʜʳ ʜʣʷ x, ʠʣʠ ʚʩʝ ʧʨʘʚʳʝ ʚʳʚʦʜʳ ʜʣʷ 
x)

 24)
. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʤʦʞʥʦ ʦʙʦʙʱʠʪʴ ʤʝʪʦʜ ʨʝʢʫʨʩʠʚʥʦʛʦ ʩʧʫʩʢʘ, ʯʪʦʙʳ ʦʥ ʨʘ-

ʙʦʪʘʣ ʩ ʚʦʟʚʨʘʪʘʤʠ, ʧʨʦʙʫʷ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʷʱʠʝ ʘʣʴʪʝʨʥʘʪʠʚʳ. 

(2) ɼʘʥʳ ʂʉ-ʛʨʘʤʤʘʪʠʢʘ G ʠ ʮʝʧʦʯʢʘ x. ʊʨʝʙʫʝʪʩʷ ʧʨʦʚʝʨʠʪʴ: x Í L(G)? ɽʩʣʠ ʜʘ, ʪʦ 
ʧʦʩʪʨʦʠʪʴ ʦʜʥʦ ʜʝʨʝʚʦ ʚʳʚʦʜʘ ʜʣʷ x (ʚʦʟʤʦʞʥʦ, ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʝ ʚ ʥʝʢʦʪʦʨʦʤ ʩʤʳʩʣʝ). 

ʇʨʠ ʪʘʢʦʡ ʧʦʩʪʘʥʦʚʢʝ  ʜʣ ̫ʥʝʢʦʪʦʨʳʭ ʥʝʦʜʥʦʟʥʘʯʥʳʭ ʛʨʘʤʤʘʪʠʢ ʫʜʘʝʪʩʷ  ʤʦʜʠʬʠʮʠ-

ʨʦʚʘʪʴ ʦʙʳʯʥʳʡ ʈʉ-ʤʝʪʦʜ ʙʝʟ ʚʦʟʚʨʘʪʦʚ ʪʘʢ, ʯʪʦ ʧʦʣʫʯʘʝʤʳʡ ʘʥʘʣʠʟʘʪʦʨ ʢʦʨʨʝʢʪʝʥ,  ʠ ʩʪʨʦ-

ʠʪ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʝ ʚ ʥʝʢʦʪʦʨʦʤ ʩʤʳʩʣʝ ʜʝʨʝʚʦ.  

 ʅʝʧʨʠʤʝʥʠʤʦʩʪʴ  ʤʝʪʦʜʘ ʨʝʢʫʨʩʠʚʥʦʛʦ ʩʧʫʩʢʘ ʚ çʯʠʩʪʦʤè ʚʠʜʝ ʜʣʷ ʥʝʦʜʥʦʟʥʘʯʥʳʭ 

ʛʨʘʤʤʘʪʠʢ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ ʦʜʥʦʟʥʘʯʥʦ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʳʙʦʨ ʘʣʴʪʝʨʥʘʪʠʚ r

ʧʨʠ ʨʘʟʙʦʨʝ ʮʝʧʦʯʢʠ (ʧʨʦʛʥʦʟ ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʧʦʜʭʦʜʷʱʠʭ ʘʣʴʪʝʨʥʘʪʠʚ). ʄʦ-

ʜʠʬʠʢʘʮʠʷ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʱʝʤ: ʦʜʥʘ ʠʟ ʘʣʴʪʝʨʥʘʪʠʚ ʦʙʲʷʚʣʷʝʪʩʷ çʥʘʠʙʦʣʝʝ ʧʦʜʭʦ-

ʜʷʱʝʡè, ʠ  ʧʨʦʮʝʜʫʨʘ ʘʥʘʣʠʟʘ ʚʩʝʛʜʘ ʚʳʙʠʨʘʝʪ ʵʪʫ ʘʣʴʪʝʨʥʘʪʠʚʫ, ʠʛʥʦʨʠʨʫʷ ʜʨʫʛʠʝ.  

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʡ ʩʠʪʫʘʮʠʶ ʩ ʫʩʣʦʚʥʳʤʠ (ʧʦʣʥʳʤ ʠ ʩʦʢʨʘʱʝʥ-
ʥʳʤ) ʦʧʝʨʘʪʦʨʘʤʠ ʚ ʷʟʳʢʝ ʇʘʩʢʘʣʴ.  

 Gif-then = à { if , then, else, a, b},  { S },  P, S, Sǋ ð, 

ʛʜʝ P = {  S Ÿ if  b then S Sǋ | a ; Sǋ Ÿ else S | e }.  ɺ ʵʪʦʡ ʛʨʘʤʤʘʪʠʢʝ ʧʨʦʛʥʦʟ ʜʣʷ Sǋ ʧʦ else 

ʥʝʦʜʥʦʟʥʘʯʝʥ, ʪʘʢ ʢʘʢ first(else S) Æ follow(Sǋ) ={ else}  ̧Å. ɼʣʷ ʮʝʧʦʯʢʠ if  b then if  b then a 
else a  ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʜʚʘ ʨʘʟʣʠʯʥʳʭ ʜʝʨʝʚʘ ʚʳʚʦʜʘ, ʧʦʢʘʟʘʥʥʳʭ ʥʘ ʨʠʩ. 101 (ʘ, ʙ). 

ɽʩʣʠ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʘʥʘʣʠʟʘʪʦʨʘ ʦʪʜʘʪʴ ʧʨʝʜʧʦʯʪʝʥʠʝ ʥʝʧʫʩʪʦʡ ʘʣʴʪʝʨʥʘʪʠʚʝ ʜʣʷ Sǋ, 

ʪʦ ʪʘʢʦʡ ʘʥʘʣʠʟʘʪʦʨ ʧʦʩʪʨʦʠʪ ʜʝʨʝʚʦ, ʠʟʦʙʨʘʞʝʥʥʦʝ ʥʘ ʨʠʩ. 101 (ʘ),  ʚ ʢʦʪʦʨʦʤ else ʩʦʦʪʥʦ-

ʩʠʪʩʷ ʩ ʙʣʠʞʘʡʰʠʤ (ʥʘ ʝʛʦ ʫʨʦʚʥʝ ʚʣʦʞʝʥʥʦʩʪʠ) if , ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʘʚʠʣʘʤ, ʧʨʠʥʷʪʳʤ ʚ 

                                                
24)

 ʎʝʧʦʯʢʘ ʚ ʥʝʦʜʥʦʟʥʘʯʥʦʡ ʛʨʘʤʤʘʪʠʢʝ ʤʦʞʝʪ ʠʤʝʪʴ ʠ ʙʝʩʢʦʥʝʯʥʦ ʤʥʦʛʦ ʜʝʨʝʚʴʝʚ ʚʳʚʦʜʘ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ 

ʤʦʞʥʦ ʦʛʨʘʥʠʯʠʪʴʩʷ ʧʦʩʪʨʦʝʥʠʝʤ ʚʩʝʭ ʜʝʨʝʚʴʝʚ, ʚʳʩʦʪʘ ʢʦʪʦʨʳʭ ʥʝ ʧʨʝʚʦʩʭʦʜʠʪ ʥʝʢʦʪʦʨʦʡ ʢʦʥʩʪʘʥʪʳ.  
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ʷʟʳʢʝ ʇʘʩʢʘʣʴ ʧʨʠ ʨʘʟʨʝʰʝʥʠʠ ʧʦʜʦʙʥʳʭ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʝʡ ʚ ʢʦʤʙʠʥʘʮʠʷʭ ʫʩʣʦʚʥʳʭ ʦʧʝʨʘ-

ʪʦʨʦʚ.  

ʀʪʘʢ,  ʤ  rʤʦʜʠʬʠʮʠʨʦʚʘʣʠ ʈʉ-ʤʝʪʦʜ ʜʣʷ ʜʘʥʥʦʛʦ ʧʨʠʤʝʨʘ ʥʝʦʜʥʦʟʥʘʯʥʦʡ ʛʨʘʤʤʘʪʠ-

ʢʠ, ʦʪʜʘʚ ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʜʥʦʡ ʠʟ ʘʣʴʪʝʨʥʘʪʠʚ (ʠ ʧʦʣʫʯʠʚ ʪʝʤ ʩʘʤʳʤ ʧʦʜʭʦʜʷʱʝʝ  ʜʣʷ ʩʝʤʘʥ-

ʪʠʢʠ ʷʟʳʢʘ ʇʘʩʢʘʣʴ  ʜʝʨʝʚʦ ʨʘʟʙʦʨʘ).  

ʅʝʪʨʫʜʥʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʧʦʣʫʯʘʝʤʳʡ ʜʣʷ ʛʨʘʤʤʘʪʠʢʠ Gif-then  ʘʥʘʣʠʟʘʪʦʨ ʢʦʨʨʝʢʪʝʥ: 

ʦʥ ʥʝ ʟʘʮʠʢʣʠʚʘʝʪʩʷ, ʨʘʩʧʦʟʥʘʝʪ ʧʨʘʚʠʣʴʥʳʝ ʮʝʧʦʯʢʠ ʠ ʦʪʚʝʨʛʘʝʪ ʥʝʧʨʘʚʠʣʴʥʳʝ. 

 ʆʪʤʝʪʠʤ, ʯʪʦ ʧʦʜʦʙʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʈʉ-ʤʝʪʦʜʘ ʥʝ ʚʩʝʛʜʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʩʪʨʦʝʥʠʶ 

ʢʦʨʨʝʢʪʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ. ʂʦʨʨʝʢʪʥʦʩʪʴ ʥʝʦʙʭʦʜʠʤʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʚʝʨʷʪʴ.  

 

 

 

 

 

 

 

 

 

(a) 

 

 

 

 

 

 

 

 

(ʙ) 

 

ʈʠʩ. 10. ɼʝʨʝʚʴʷ ʚʳʚʦʜʘ ʜʣʷ ʮʝʧʦʯʢʠ if b then if b then a else a. 

ʆ ʜʨʫʛʠʭ ʤʝʪʦʜʘʭ ʨʘʩʧʦʟʥʘʚʘʥʠʷ  ʂʉ-ʷʟʳʢʦʚ 

ʄʝʪʦʜ ʨʝʢʫʨʩʠʚʥʦʛʦ ʩʧʫʩʢʘ ʧʨʠʤʝʥʠʤ ʢ ʜʦʩʪʘʪʦʯʥʦ ʫʟʢʦʤʫ ʧʦʜʢʣʘʩʩʫ ʂʉ-ʛʨʘʤʤʘʪʠʢ. 

ʀʟʚʝʩʪʥʳ ʙʦʣʝʝ ʰʠʨʦʢʠʝ ʧʦʜʢʣʘʩʩʳ ʂʉ-ʛʨʘʤʤʘʪʠʢ, ʜʣʷ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʫʶʪ ʵʬʬʝʢʪʠʚʥʳʝ 

ʘʥʘʣʠʟʘʪʦʨʳ, ʦʙʣʘʜʘʶʱʠʝ ʪʝʤ ʞʝ ʩʚʦʡʩʪʚʦʤ, ʯʪʦ ʠ ʘʥʘʣʠʟʘʪʦʨ, ʧʦʩʪʨʦʝʥʥʳʡ ʤʝʪʦʜʦʤ ʨʝʢʫʨ-

ʩʠʚʥʦʛʦ ʩʧʫʩʢʘ, ð ʚʭʦʜʥʘʷ ʮʝʧʦʯʢʘ ʩʯʠʪʳʚʘʝʪʩʷ ʦʜʠʥ ʨʘʟ ʩʣʝʚʘ ʥʘʧʨʘʚʦ ʠ ʧʨʦʮʝʩʩ ʨʘʟʙʦʨʘ 

ʧʦʣʥʦʩʪʴʶ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘ ʦʙʨʘʙʦʪʢʫ ʮʝʧʦʯʢʠ ʜʣʠʥʳ n ʨʘʩʭʦʜʫʝʪʩʷ ʚʨʝʤʷ 

cn. ʂ ʪʘʢʠʤ ʛʨʘʤʤʘʪʠʢʘʤ ʦʪʥʦʩʷʪʩʷ LL(k)-ʛʨʘʤʤʘʪʠʢʠ, ʧʦ ʢʦʪʦʨʳʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʝʘʣʠʟʫʝʪʩʷ 

ʘʥʘʣʠʟ ʩʚʝʨʭʫ-ʚʥʠʟ ð ʥʠʩʭʦʜʷʱʠʡ; LR(k)-ʛʨʘʤʤʘʪʠʢʠ, ʛʨʘʤʤʘʪʠʢʠ ʧʨʝʜʰʝʩʪʚʦʚʘʥʠʷ, ʧʦ ʢʦ-

ʪʦʨʳʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʝʘʣʠʟʫʝʪʩʷ ʘʥʘʣʠʟ ʩʥʠʟʫ-ʚʚʝʨʭ ð ʚʦʩʭʦʜʷʱʠʡ; ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ 

(ʩʤ., ʥʘʧʨʠʤʝʨ, [2], [3]). 
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ɸʥʘʣʠʟʘʪʦʨ  ʜʣʷ LL(k)-ʛʨʘʤʤʘʪʠʢ ʧʨʦʩʤʘʪʨʠʚʘʝʪ ʚʭʦʜʥʫʶ ʮʝʧʦʯʢʫ ʩʣʝʚʘ ʥʘʧʨʘʚʦ ʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ ʣʝʚʳʡ ʚʳʚʦʜ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ k ʚʭʦʜʥʳʭ ʩʠʤʚʦʣʦʚ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʩʧʨʘʚʘ ʦʪ ʪʝʢʫʱʝʡ ʧʦʟʠʮʠʠ. ɺʳʙʦʨ ʘʣʴʪʝʨʥʘʪʠʚʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʟʘʨʘʥʝʝ ʩʦʩʪʘʚʣʝʥʥʦʡ ʪʘʙʣʠʮʳ ʧʨʦʛʥʦʟʦʚ. 

ɸʥʘʣʠʟʘʪʦʨ  ʜʣʷ LR(k)-ʛʨʘʤʤʘʪʠʢ ʧʨʦʩʤʘʪʨʠʚʘʝʪ ʚʭʦʜʥʫʶ ʮʝʧʦʯʢʫ ʩʣʝʚʘ ʥʘʧʨʘʚʦ ʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ ʧʨʘʚʳʡ ʚʳʚʦʜ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ k ʚʭʦʜʥʳʭ ʩʠʤʚʦ-

ʣʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʩʧʨʘʚʘ ʦʪ ʪʝʢʫʱʝʡ ʧʦʟʠʮʠʠ. ɺʳʚʦʜ ʩʪʨʦʠʪʩʷ ʤʝʪʦʜʦʤ ʩʚʝʨʪʦʢ, ʢʘʢ ʧʨʠ 

ʨʘʟʙʦʨʝ ʧʦ ʣʝʚʦʣʠʥʝʡʥʦʡ ʘʚʪʦʤʘʪʥʦʡ ʛʨʘʤʤʘʪʠʢʝ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦ  LR(k)-ʛʨʘʤʤʘʪʠʢʝ 

ʩʪʨʦʠʪʩʷ ʪʘʙʣʠʮʘ, ʢʦʪʦʨʘʷ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʚʳʚʦʜʘ ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʘʪʦʨʫ ʦʜʥʦʟʥʘʯʥʦ ʚr -
ʙʨʘʪʴ ʥʫʞʥʫʶ ʩʚʝʨʪʢʫ. 

ɸʥʘʣʠʟʘʪʦʨ  ʜʣʷ ʛʨʘʤʤʘʪʠʢ ʧʨʝʜʰʝʩʪʚʦʚʘʥʠʷ ʧʨʦʩʤʘʪʨʠʚʘʝʪ ʚʭʦʜʥʫʶ ʮʝʧʦʯʢʫ ʩʣʝʚʘ 

ʥʘʧʨʘʚʦ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ ʧʨʘʚʳʡ ʚʳʚʦʜ, ʫʯʠʪʳʚʘʷ ʪʦʣʴʢʦ ʥʝʢʦʪʦʨʳʝ ʦʪ-
ʥʦʰʝʥʠʷ ʤʝʞʜʫ ʧʘʨʘʤʠ ʩʤʝʞʥʳʭ ʩʠʤʚʦʣʦʚ ʚʳʚʦʜʠʤʦʡ ʮʝʧʦʯʢʠ. 

ʏʘʩʪʦ ʦʜʥʘ ʠ ʪʘ ʞʝ ʂʉ-ʛʨʘʤʤʘʪʠʢʘ ʤʦʞʝʪ ʙʳʪʴ ʦʪʥʝʩʝʥʘ ʥʝ ʢ ʦʜʥʦʤʫ, ʘ ʩʨʘʟʫ ʢ ʥʝ-

ʩʢʦʣʴʢʠʤ ʢʣʘʩʩʘʤ ʛʨʘʤʤʘʪʠʢ (ʥʘʧʨʠʤʝʨ, ʣʶʙʘʷ LL-ʛʨʘʤʤʘʪʠʢʘ ʷʚʣʷʝʪʩʷ LR-ʛʨʘʤʤʘʪʠʢʦʡ, 

ʦʙʨʘʪʥʦʝ ʥʝʚʝʨʥʦ), ʜʦʧʫʩʢʘʶʱʠʭ ʧʦʩʪʨʦʝʥʠʝ ʣʠʥʝʡʥʳʭ ʧʦ ʚʨʝʤʝʥʥ·ʡ ʩʣʦʞʥʦʩʪʠ ʨʘʩʧʦʟʥʘ-

ʚʘʪʝʣʝʡ. ʅʦ, ʥʘ ʚʦʧʨʦʩ, ʢʘʢʦʡ ʣʫʯʰʝ ʨʘʩʧʦʟʥʘʚʘʪʝʣʴ ʚʳʙʨʘʪʴ, ʥʠʩʭʦʜʷʱʠʡ ʠʣʠ ʚʦʩʭʦʜʷʱʠʡ, 
ʥʝʪ ʦʜʥʦʟʥʘʯʥʦʛʦ ʦʪʚʝʪʘ.  

ʅʠʩʭʦʜʷʱʠʡ ʩʠʥʪʘʢʩʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʝʜʧʦʯʪʠʪʝʣʝʥ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʮʝʩʩʘ ʪʨʘʥʩ-

ʣʷʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʣʝʛʯʝ ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʨʦʮʝʩʩ ʧʦʨʦʞʜʝʥʠʷ ʮʝʧʦʯʝʢ ʨʝʟʫʣʴʪʠ-

ʨʫʶʱʝʛʦ ʷʟʳʢʘ. ɺʦʩʭʦʜʷʱʠʡ ʩʠʥʪʘʢʩʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʠʚʣʝʢʘʪʝʣʴʥʝʝ ʪʝʤ, ʯʪʦ ʯʘʩʪʦ ʜʣʷ 

ʜʘʥʥʦʛʦ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʣʝʛʯʝ ʧʦʩʪʨʦʠʪ ɹ LR-ʛʨʘʤʤʘʪʠʢʫ, ʧʦʩʢʦʣʴʢʫ ʦʛʨʘʥʠʯʝʥʠʷ 
ʥʘ  ʧʨʘʚʠʣʘ  ʩʣʘʙʝʝ, ʯʝʤ ʜʣʷ LL-ʛʨʘʤʤʘʪʠʢ. 

ʂʦʥʢʨʝʪʥʳʡ ʚʳʙʦʨ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʦʛʦ ʢʦʤʧʠʣʷʪʦʨʘ, ʦʪ ʩʣʦʞʥʦʩʪʠ ʛʨʘʤʤʘʪʠʢʠ 

ʚʭʦʜʥʦʛʦ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʦʪ ʪʦʛʦ, ʢʘʢ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ 

ʨʘʩʧʦʟʥʘʚʘʪʝʣʷ. 

ʉʠʥʪʘʢʩʠʯʝʩʢʠʡ ʘʥʘʣʠʟʘʪʦʨ ʜʣʷ ʄ-ʷʟʳʢʘ 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʩʠʥʪʘʢʩʠʯʝʩʢʠʡ ʠ ʣʝʢʩʠʯʝʩʢʠʡ ʘʥʘʣʠʟʘʪʦʨʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩʣʝ-

ʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʘʥʘʣʠʟ ʠʩʭʦʜʥʦʡ ʧʨʦʛʨʘʤʤʳ ʠʜʝʪ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʩʠʥʪʘʢʩʠʯʝʩʢʦʛʦ ʘʥʘ-

ʣʠʟʘʪʦʨʘ; ʝʩʣʠ ʜʣʷ ʧʨʦʜʦʣʞʝʥʠʷ ʘʥʘʣʠʟʘ ʝʤʫ ʥʫʞʥʘ ʦʯʝʨʝʜʥʘʷ ʣʝʢʩʝʤʘ, ʪʦ ʦʥ ʟʘʧʨʘʰʠʚʘʝʪ ʝʝ 

ʫ ʣʝʢʩʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ; ʪʦʪ ʚʳʜʘʝʪ ʦʜʥʫ ʣʝʢʩʝʤʫ ʠ çʟʘʤʠʨʘʝʪè ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʩʠʥʪʘʢ-

ʩʠʯʝʩʢʠʡ ʘʥʘʣʠʟʘʪʦʨ ʥʝ ʟʘʧʨʦʩʠʪ ʩʣʝʜʫʶʱʫʶ ʣʝʢʩʝʤʫ. 

 

ʉʦʛʣʘʰʝʥʠʷ: 

Á ʥʘʰ ʣʝʢʩʠʯʝʩʢʠʡ ʘʥʘʣʠʟʘʪʦʨ ð ʵʪʦ ʬʫʥʢʮʠʷ-ʯʣʝʥ get_lex( ) ʢʣʘʩʩʘ Scanner, ʢʦʪʦʨʘʷ 
ʚ ʢʘʯʝʩʪʚʝ ʨʝʟʫʣʴʪʘʪʘ ʚʳʜʘʝʪ ʣʝʢʩʝʤʳ ʪʠʧʘ (class) Lex; 

Á ʚ ʧʝʨʝʤʝʥʥʦʡ curr_lex ʪʠʧʘ Lex ʙʫʜʝʤ ʭʨʘʥʠʪʴ ʪʝʢʫʱʫʶ ʣʝʢʩʝʤʫ, ʚʳʜʘʥʥʫʶ ʣʝʢʩʠ-

ʯʝʩʢʠʤ ʘʥʘʣʠʟʘʪʦʨʦʤ, ʘ ʚ ʧʝʨʝʤʝʥʥʦʡ c_val ð ʝʝ ʟʥʘʯʝʥʠʝ. 

ɸʥʘʣʠʟʘʪʦʨ  ʤʝʪʦʜʦʤ ʨʝʢʫʨʩʠʚʥʦʛʦ ʩʧʫʩʢʘ ʜʣʷ ʄ-ʷʟʳʢʘ ʨʝʘʣʠʟʫʝʤ ʚ ʚʠʜʝ  ʥʘ ʉʠ + + ʚ 

ʚʠʜʝ  ʢʣʘʩʩʘ  Parser . ʂʨʦʤʝ  ʩʠʥʪʘʢʩʠʯʝʩʢʦʛʦ  ʘʥʘʣʠʟʘ, ʧʨʦʮʝʜʫʨʳ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʦʩʫʱʝʩʪʚ-

ʣʷʶʪ  ʜʝʡʩʪʚʠʷ ʧʦ ʩʝʤʘʥʪʠʯʝʩʢʦʤʫ ʢʦʥʪʨʦʣʶ ʠ ʧʝʨʝʚʦʜʫ ʧʨʦʛʨʘʤʤʳ ʚʦ ʚʥʫʪʨʝʥʥʝʝ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʝ. ʆʙʲʷʩʥʝʥʠʝ ʵʪʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʝʡʩʪʚʠʡ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʙʫʜʝʪ 
ʜʘʥʦ  ʚ ʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʘʭ. 
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class  Parser  
{  
 Lex    curr _lex ;   // ȻȮȳȼɂȩɈ ȴȮȳȺȮȵȩ 
 type_of_lex  c_type;  
 int    c_val;  
 Scanner   scan;  
 Stack < int , 100 > st_int;  
 Stack < type_of_lex,  100 > st_lex;  
 
 void  P();   // ȸȹȷȿȮȭȼȹɄ șȚ- ȵȮȻȷȭȩ 
 void  D1();  
 void  D();  
 void  B();  
 void  S();  
 void  E();  
 void  E1();  
 void  T();  
 void  F();  

 void  dec ( type_of_lex type);   // ȺȮȵȩȶȻȱɀȱȮȺȳȱȮ ȭȮȲȺȻȫȱɈ 
 void  check_id ();  
 void  check_op ();  
 void  check_not ();  
 void  eq_type ();  
 void  eq_bool ();  
 void  check_id_in_read ();  
  
 void  gl ()    // ȸȷȴȼɀȱȻɅ ȷɀȮȹȮȭȶȼɇ ȴȮȳȺȮȵȼ 
 {  
  curr_lex = scan.get_lex();  
  c_type = curr_lex.get_type();  
  c_val = curr_lex.get_value();  
 }  
 
public :  
 Poliz  prog ;   // ȫȶȼȻȹȮȶȶȮȮ ȸȹȮȭȺȻȩȫȴȮȶȱȮ ȸȹȷȬȹȩȵȵɄ 

 Parser  (  const char  *program) : scan  (program), prog (1000)  {}  

 void   analyze ();  // ȩȶȩȴȱȰȩȻȷȹ Ⱥ ȭȮȲȺȻȫȱɈȵȱ 
};  
 
 

void  Parser::analyze ()  
{  
 gl  ();  
 P ();  
 prog.print();  
 cout << endl << "Yes!!!" << endl;  
}  

void  Parser:: P ()  
{  
 if  (  c_type == LEX_PROGRAM  )  
  gl  ();  
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 else  
  throw  curr_lex;  
 D1 ();  
 if  ( c_type == LEX_SEMICOLON )  
  gl  ();  
 else  
  throw  curr_lex;  
 B ();  
 if  (  c_type != LEX_FIN  )  
  throw  curr_lex;  
}  
 
void  Parser::D1 ()  
{  
 if  (  c_type == LEX_VAR  )  
 {  
  gl  ();  
  D ();  
  while  (  c_type == LEX_COMMA  )  
  {    gl();  
   D();  
  }  
 }  
 else  
  throw  curr_lex;  
}  
 
void  Parser::D ()  
{  
 st_int.reset();  
 if  (  c_type != LEX_ID  )  
  throw  curr_lex;  
 else  
 {  
  st_int.push ( c_val );  
  gl  ();  
  while  (  c_type == LEX_COMMA  )  
  {  
   gl();  
   if  (c_type != LEX_ID)  
    throw  curr_lex;  
   else  {  
    st_int.push ( c_val ); gl();  
   }  
  }  

  if  (  c_type != LEX_COLON  )  
   throw  curr_lex;  
  else  
  {  
   gl  ();  
   if  (  c_ type == LEX_INT  )  
   {  
    dec ( LEX_INT );  
    gl();  
   }  
   else  
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   if  (  c_type == LEX_BOOL  )  
   {  
    dec ( LEX_BOOL );  
    gl();  
   }  
   else  
    throw  curr_lex;  
  }  
 }  
}  
 
void  Parser::B ()  
{  
 if  (  c_type == LEX_BEGIN  )  
 {  
  gl();  
  S();  
  while  (  c_type == LEX_SEMICOLON  )  
  {  
   gl();  
   S();  
  }  
  if  (  c_type == LEX_END )  
   gl();  
  else  
   throw  curr_lex;  
 }  
 else  
  throw  curr_lex;  
}  
 
void  Parser::S ()  
{  
 int  pl0, pl1, pl2, pl3;  
 
 if  (  c_type == LEX_IF  )  
 {  
  gl();  
  E();  
  eq_bool();  
  pl2 = prog.get_free ();  
  prog.blank();  
  prog.put_lex (Lex(POLIZ_FGO));  
  if  (  c_type == LEX_THEN  )  
  {  
   gl();  

   S();  
   pl3 = prog.get_free();  
   prog.blank();  
   prog.put_lex (Lex(POLIZ_GO));  
   prog.put_lex (Lex(POLIZ_LABEL, prog.get_free()),pl2);  
   if  (c_type == LEX_ELSE)  
   {  
    gl();  
    S();  
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    prog.put_lex(Lex(P OLIZ_LABEL,prog.get_free()),pl3);  
   }  
   else   
    throw  curr_lex;  
  }  
  else  
   throw  curr_lex;  
 }  //end if  
 else  
 if  (  c_type == LEX_WHILE  )  
 {  
  pl0  = prog.get_free();  
  gl();  
  E();  
  eq_bool();  
  pl1  = prog.get_free();  
  prog.blank();  
  prog.put_lex (Lex(POLIZ_FGO));  
  if  (  c_type == LEX_DO  )  
  {  
   gl();  
   S();  
   prog.put_lex (Lex (POLIZ_LABEL, pl0));  
   prog.put_lex (Lex ( POLIZ_GO));  
   prog.put_lex (Lex(POLIZ_LABEL, prog.get_free()),pl1);  
  }  
  else   
   throw  curr_lex;  
 }  //end while  
 else  
 if  (  c_type == LEX_READ  )  
 {  
  gl();  
  if  (  c_type == LEX_LPAREN  )  
  {  
   gl();  
   if  (  c_type == LEX_ID  )  
   {  
    check_id_in_read();  
    prog.put_lex (Lex ( POLIZ_ADDRESS, c_val) );  
    gl();  
   }  
   else  
    throw  curr_lex;  
   if  ( c_type == LEX_RPAR EN )  
   {  
    gl();  
    prog.put_lex (Lex (LEX_READ));  

   }  
   else  
    throw  curr_lex;  
  }  
  else  
   throw  curr_lex;  
 }  //end read  
 else  
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  if  (  c_type == LEX_WRITE  )  
  {  
   gl();  
   if  (  c_type == LEX_LPAREN  )  
   {  
    gl();  
    E();  
    if  (  c_type == LEX_RPAREN )  
    {  
     gl();  
     prog.put_lex (Lex(LEX_WRITE));  
    }  
    else  
     throw  curr_lex;  
   }  
   else  
    throw  curr_lex;  
  }  //end write  
 else  
  if  ( c_type == LEX_ID )  
  {  
   check_id ();  
   prog.put_lex (Lex(POLIZ_ADDRESS,c_val));  
   gl();  
   if  ( c_type == LEX_ASSIGN )  
   {  
    gl();  
    E(); eq_type();  
    prog.put_lex (Lex (LEX_ASSIGN) );  
   }  
   else  
    throw  curr_lex;  
  }  //assign - end   
 else  B();  
}  
 
void  Parser::E ()  
{  
 E1();  
 if  (  c_type == LEX_EQ || c_type == LEX_LSS || c_type == LEX_GTR ||  
   c_type == LEX_LEQ || c_type == LEX_GEQ || c_type == LEX_NEQ  )  
 {  
  st_lex.push (c_type);  
  gl();  
  E1();  
  check_op();  
 }  
}  
 

void  Parser::E1 ()  
{  
 T();  
 while  (  c_type==LEX_PLUS || c_type==LEX_MINUS || c_type==LEX_OR  )  
 {  
  st_lex.push (c_type);  
  gl();  
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  T();  
  check_op();  
 }  
}  
 
void  Parser::T ()  
{  
 F();  
 while  (  c_type==LEX_TIMES || c_type==LEX_SLASH || c_type==LEX_AND  )  
 {  
  st_lex.push (c_type);  
  gl();  
  F();  
  check_op();  
 }  
}  
 
void  Parser::F ()  
{  
 if  ( c_type == LEX_ID )  
 {  
  check_id();  
  prog.put_lex (Lex (LEX_ID, c_val));  
  gl();  
 }  
 else  
 if  ( c_type == LEX_NUM )  
 {  
  st_lex.push ( LEX_INT );  
  prog.put_lex ( curr_lex );  
  gl();  
 }  
 else  
 if  ( c_type == LEX_TRUE )  
 {  
  st_lex.push ( LEX_BOOL );  
  prog.put_lex (Lex (LEX_TRUE, 1) );  
  gl();  
 }  
 else  
 if  ( c_type == LEX_FALSE  )  
 {  
  st_lex.push ( LEX_BOOL );  
  prog.put_lex (Lex (LEX_FALSE, 0) );  
  gl();  
 }  
 else  
 if  (  c_type == LEX_NOT  )  
 {  
  gl();  

  F();  
  check_not();  
 }  
 else  
 if  ( c_type == LEX_LPAREN )  
 {  
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  gl();  
  E();  
  if  ( c_type == LEX_RPAREN)  
   gl();  
  else  
   throw  curr_lex;  
 }  
 else  
  throw  curr_lex;  
}  
 

ʉʝʤʘʥʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟʘʪʦʨ ʜʣʷ ʄ-ʷʟʳʢʘ 

ʂʦʥʪʝʢʩʪʥʳʝ ʫʩʣʦʚʠʷ, ʚʳʧʦʣʥʝʥʠʝ ʢʦʪʦʨʳʭ ʥʘʤ ʥʘʜʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʚ ʧʨʦʛʨʘʤʤʘʭ 
ʥʘ ʄ-ʷʟʳʢʝ, ʪʘʢʦʚʳ: 

1. ʃʶʙʦʝ ʠʤʷ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʚ ʧʨʦʛʨʘʤʤʝ, ʜʦʣʞʥʦ ʙʳʪʴ ʦʧʠʩʘʥʦ ʠ ʪʦʣʴʢʦ ʦʜʠʥ ʨʘʟ. 

2. ɺ ʦʧʝʨʘʪʦʨʝ ʧʨʠʩʚʘʠʚʘʥʠʷ ʪʠʧʳ ʧʝʨʝʤʝʥʥʦʡ ʠ ʚʳʨʘʞʝʥʠʷ ʜʦʣʞʥʳ ʩʦʚʧʘʜʘʪʴ. 

3. ɺ ʫʩʣʦʚʥʦʤ ʦʧʝʨʘʪʦʨʝ ʠ ʚ ʦʧʝʨʘʪʦʨʝ ʮʠʢʣʘ ʚ ʢʘʯʝʩʪʚʝ ʫʩʣʦʚʠʷ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ 

ʣʦʛʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ. 

4. ʆʧʝʨʘʥʜʳ ʦʧʝʨʘʮʠʠ ʦʪʥʦʰʝʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʮʝʣʦʯʠʩʣʝʥʥʳʤʠ. 

5. ʊʠʧ ʚʳʨʘʞʝʥʠʷ ʠ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʪʠʧʦʚ ʦʧʝʨʘʥʜʦʚ ʚ ʚʳʨʘʞʝʥʠʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ 
ʦʙʳʯʥʳʤ ʧʨʘʚʠʣʘʤ (ʢʘʢ ʚ ʇʘʩʢʘʣʝ). 

ʇʨʦʚʝʨʢʫ ʢʦʥʪʝʢʩʪʥʳʭ ʫʩʣʦʚʠʡ ʩʦʚʤʝʩʪʠʤ ʩ ʩʠʥʪʘʢʩʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ. ɼʣʷ ʵʪʦʛʦ ʚ 

ʩʠʥʪʘʢʩʠʯʝʩʢʠʝ ʧʨʘʚʠʣʘ ʚʩʪʘʚʠʤ ʚʳʟʦʚʳ ʧʨʦʮʝʜʫʨ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʥʝʦʙʭʦʜʠʤʳʡ ʢʦʥ-
ʪʨʦʣʴ, ʘ ʟʘʪʝʤ ʧʝʨʝʥʝʩʝʤ ʠʭ ʚ ʧʨʦʮʝʜʫʨʳ ʨʝʢʫʨʩʠʚʥʦʛʦ ʩʧʫʩʢʘ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʡ ʰʘʙʣʦʥʥʳʡ 

ʢʣʘʩʩ Stack: 

 
template  <class T, int max_size > class  Stack  
{  
 T s[max_size];  
 int  top;  
public :  
 Stack(){top = 0;}  
 void  reset()  {  top = 0;  }  
 void  push(T i);  
 T pop();  
 bool  is_empty(){  return  top == 0;  }  
 bool  is_full()  {  return  top == max_size;  }  
};  
 

template  <class T, int  max_size >  
 
void  Stack <T, max_size > ::push(T i)  
{  
 if  (  !is_full()  )  
 {  
  s[top] = i;  
  ++top ;  
 }  
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 else  
  throw  "Stack_is_full";  
}  
 
template  <class T, int  max_size >  
 
T Stack <T, max_size >::pop()  
{  
 if  ( !is_empty()  )  
 {  
  -- top;  
  return  s[top];  
 }  
 else  
  throw  "Stack_is_empty";  
}  

ʆʙʨʘʙʦʪʢʘ ʦʧʠʩʘʥʠʡ 

ɼʣʷ ʢʦʥʪʨʦʣʷ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʪʠʧʦʚ ʚ ʚʳʨʘʞʝʥʠʷʭ ʠ ʪʠʧʦʚ ʚʳʨʘʞʝʥʠʡ ʚ ʦʧʝʨʘʪʦʨʘʭ, 

ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʪʠʧʳ ʧʝʨʝʤʝʥʥʳʭ, ʚʭʦʜʷʱʠʭ ʚ ʵʪʠ ʚʳʨʘʞʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʥʫʞʥʦ ʧʨʦʚʝ-

ʨʷʪʴ, ʥʝʪ ʣʠ ʧʦʚʪʦʨʥʳʭ ʦʧʠʩʘʥʠʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ. ʕʪʘ ʠʥʬʦʨʤʘʮʠʷ ʩʪʘʥʦʚʠʪʩʷ ʠʟʚʝʩʪʥʦʡ ʚ 

ʪʦʪ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʩʠʥʪʘʢʩʠʯʝʩʢʠʡ ʘʥʘʣʠʟʘʪʦʨ ʦʙʨʘʙʘʪʳʚʘʝʪ ʦʧʠʩʘʥʠʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʩʠʥ-

ʪʘʢʩʠʯʝʩʢʠʝ ʧʨʘʚʠʣʘ ʜʣʷ ʦʧʠʩʘʥʠʡ ʥʫʞʥʦ ʚʩʪʘʚʠʪʴ ʜʝʡʩʪʚʠʷ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʙʫʜʝʤ ʟʘ-
ʧʦʤʠʥʘʪʴ ʪʠʧʳ ʧʝʨʝʤʝʥʥʳʭ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʝʜʠʥʩʪʚʝʥʥʦʩʪʴ ʠʭ ʦʧʠʩʘʥʠʷ. 

ʃʝʢʩʠʯʝʩʢʠʡ ʘʥʘʣʠʟʘʪʦʨ ʟʘʧʦʤʥʠʣ ʚ ʪʘʙʣʠʮʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ TID ʚʩʝ ʠʜʝʥʪʠʬʠʢʘ-

ʪʦʨʳ-ʣʝʢʩʝʤʳ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʠʤ ʦʙʥʘʨʫʞʝʥʳ ʚ ʪʝʢʩʪʝ ʠʩʭʦʜʥʦʡ ʧʨʦʛʨʘʤʤʳ. ʀʥʬʦʨʤʘʮʠʷ ʦ 
ʪʠʧʝ ʧʝʨʝʤʝʥʥʳʭ ʠ ʦ ʥʘʣʠʯʠʠ ʠʭ ʦʧʠʩʘʥʠʷ ʟʘʥʦʩʠʪʩʷ ʚ ʪʫ ʞʝ ʪʘʙʣʠʮʫ. 

i-ʘ ̫ʩʪʨʦʢʘ ʪʘʙʣʠʮʳ TID ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʜʝʥʪʠʬʠʢʘʪʦʨʫ-ʣʝʢʩʝʤʝ ʚʠʜʘ àLEX_ID, i ð. 

ʃʝʢʩʠʯʝʩʢʠʡ ʘʥʘʣʠʟʘʪʦʨ ʟʘʧʦʣʥʠʣ ʧʦʣʝ name; ʟʥʘʯʝʥʠʷ ʧʦʣʝʡ declare ʠ type ʙʫʜʝʤ ʟʘ-
ʧʦʣʥʷʪʴ ʥʘ ʵʪʘʧʝ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

ʈʘʟʜʝʣ ʦʧʠʩʘʥʠʡ ʠʤʝʝʪ ʚʠʜ 

D Ÿ I {,  I}:  [int | bool], 

ʪ. ʝ. ʠʤʝʥʠ ʪʠʧʘ (int ʠʣʠ bool) ʧʨʝʜʰʝʩʪʚʫʝʪ ʩʧʠʩʦʢ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ. ʕʪʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ 

(ʚʝʨʥʝʝ, ʥʦʤʝʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʩʪʨʦʢ ʪʘʙʣʠʮʳ TID) ʥʘʜʦ ʟʘʧʦʤʠʥʘʪʴ (ʤʳ ʙʫʜʝʤ ʠʭ ʟʘ-

ʧʦʤʠʥʘʪʴ ʚ ʩʪʝʢʝ ʮʝʣʳʭ ʯʠʩʝʣ Stack<int,100> st_int), ʘ ʢʦʛʜʘ ʙʫʜʝʪ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʠʤʷ ʪʠ-

ʧʘ, ʥʘʜʦ ʟʘʧʦʣʥʠʪʴ ʧʦʣʷ declare ʠ type ʚ ʵʪʠʭ ʩʪʨʦʢʘʭ. 

ʌʫʥʢʮʠʷ void Parser::dec (type_of_lex type) ʩʯʠʪʳʚʘʝʪ ʠʟ ʩʪʝʢʘ ʥʦʤʝʨʘ ʩʪʨʦʢ ʪʘʙʣʠʮʳ 

TID, ʟʘʥʦʩʠʪ ʚ ʥʠʭ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʠʧʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʝʨʝʤʝʥʥʳʭ, ʦ ʥʘʣʠʯʠʠ ʠʭ ʦʧʠʩʘ-

ʥʠʡ ʠ ʢʦʥʪʨʦʣʠʨʫʝʪ ʧʦʚʪʦʨʥʦʝ ʦʧʠʩʘʥʠʝ ʧʝʨʝʤʝʥʥʳʭ. 

 
void  Parser::dec ( type_of_lex type )  
{  
 int  i;  
 while  ( !st_int.is_empty())  
 {  
  i = st_int.pop();  
   
         if  ( TID[i].get_declare() )  
   throw  "twice";  
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        else  
  {  
   TID[i].put_declare();  
   TID[i].put_type(type);  
  }  
 }  
}  

ʉ ʫʯʝʪʦʤ ʠʤʝʶʱʠʭʩʷ ʬʫʥʢʮʠʡ ʧʨʘʚʠʣʦ ʚʳʚʦʜʘ ʩ ʜʝʡʩʪʚʠʷʤʠ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʦʧʠʩʘʥʠʡ 

ʙʫʜʝʪ ʪʘʢʠʤ: 

D Ÿ  à st_int.reset( ) ð I à st_int.push ( c_val ) ð 

 {,  I à st_int.push (c_val) ð }:  

 [ int à dec ( LEX_INT ) ð | bool à dec ( LEX_BOOL ) ð ] 

ʂʦʥʪʨʦʣʴ ʢʦʥʪʝʢʩʪʥʳʭ ʫʩʣʦʚʠʡ ʚ ʚʳʨʘʞʝʥʠʠ 

ʊʠʧʳ ʦʧʝʨʘʥʜʦʚ ʠ ʦʙʦʟʥʘʯʝʥʠʷ ʦʧʝʨʘʮʠʡ ʤ  rʙʫʜʝʤ ʭʨʘʥʠʪʴ ʚ ʩʪʝʢʝ Stack àtype_of_lex, 

100ð st_lex. 

ɽʩʣʠ ʚ ʚʳʨʘʞʝʥʠʠ ʚʩʪʨʝʯʘʝʪʩʷ ʣʝʢʩʝʤʘ ʮʝʣʦʝ_ʯʠʩʣʦ ʠʣʠ ʣʦʛʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ true 

ʠʣʠ  false, ʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʪʠʧ ʩʨʘʟʫ ʟʘʥʦʩʠʪʩʷ ʚ ʩʪʝʢ. 

ɽʩʣʠ ʦʧʝʨʘʥʜ ð ʣʝʢʩʝʤʘ-ʧʝʨʝʤʝʥʥʘʷ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʨʠʪʴ, ʦʧʠʩʘʥʘ ʣʠ ʦʥʘ; ʝʩʣʠ 

ʦʧʠʩʘʥʘ, ʪʦ ʝʝ ʪʠʧ ʥʘʜʦ ʟʘʥʝʩʪʠ ʚ ʩʪʝʢ. ʕʪʠ ʜʝʡʩʪʚʠʷ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ 

check_id( ): 

 
void  parser::check_id()  
{  
 if  ( TID[c_val].get_declare() )  
  st_lex.push(TID[c_val].get_type());  
 else  
  throw  "not declared";  
}  

ʊʦʛʜʘ ʜʣʷ ʢʦʥʪʨʦʣʷ ʢʦʥʪʝʢʩʪʥʳʭ ʫʩʣʦʚʠʡ ʢʘʞʜʦʡ ʪʨʦʡʢʠ ð  àʦʧʝʨʘʥʜ ï ʦʧʝʨʘʮʠʷ ï

 ʦʧʝʨʘʥʜð (ʜʣʷ ʧʨʦʚʝʨʢʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʪʠʧʦʚ ʦʧʝʨʘʥʜʦʚ ʜʘʥʥʦʡ ʜʚʫʤʝʩʪʥʦʡ ʦʧʝʨʘʮʠʠ) ʙʫʜʝʤ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʫʥʢʮʠʶ check_op( ):   

 
void  Parser :: check _op ()  
{  
 type _of _lex  t 1, t 2, op, t  = LEX_INT , r  = LEX_BOOL;  
 t 2 = st _lex . pop ();  
 op = st_lex.pop();  
 t1 = st_lex.pop();  
 
 if  ( op==LEX_PLUS || op==LEX_MINUS || op==LEX_TIMES || op==LEX_SLASH )  
  r = LEX_INT;  
 if  ( op == LEX_OR || op == LEX_AND )  
  t = LEX_BOOL;  
 if  ( t1 == t2 && t1 == t )  
  st_lex.push(r);  
 else  
  throw  "wrong types are in operation";  
}  
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ɼʣʷ ʢʦʥʪʨʦʣʷ ʟʘ ʪʠʧʦʤ ʦʧʝʨʘʥʜʘ ʦʜʥʦʤʝʩʪʥʦʡ ʦʧʝʨʘʮʠʠ not ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʬʫʥʢʮʠʶ check_not( ): 

 

 
void  Parser::check_not ()  
{  
 if  (st_lex.pop() != LEX_BOOL)  
  throw  "wrong type is in not";  
 else  
 {  
  st_lex.push (LEX_BOOL);  
   
 }  
}  
 

 

ʊʝʧʝʨʴ ʛʣʘʚʥʳʡ ʚʦʧʨʦʩ: ʢʦʛʜʘ ʚʳʟʳʚʘʪʴ ʵʪʠ ʬʫʥʢʮʠʠ? 

ɺ ʛʨʘʤʤʘʪʠʢʝ ʤʦʜʝʣʴʥʦʛʦ ʷʟʳʢʘ ʟʘʜʘʥʦ ʩʪʘʨʰʠʥʩʪʚʦ ʦʧʝʨʘʮʠʡ: ʥʘʠʚʳʩʰʠʡ ʧʨʠʦʨʠʪʝʪ 

ʠʤʝʝʪ ʦʧʝʨʘʮʠʷ ʦʪʨʠʮʘʥʠʷ, ʟʘʪʝʤ ʚ ʧʦʨʷʜʢʝ ʫʙʳʚʘʥʠʷ ʧʨʠʦʨʠʪʝʪʘ ð ʛʨʫʧʧʘ ʦʧʝʨʘʮʠʡ ʫʤʥʦ-

ʞʝʥʠʷ (*, /, and), ʛʨʫʧʧʘ ʦʧʝʨʘʮʠʡ ʩʣʦʞʝʥʠʷ (+, -, or), ʦʧʝʨʘʮʠʠ ʦʪʥʦʰʝʥʠʷ. 

E Ÿ E1 | E1 [ = | < | > ] E1 

E1 Ÿ T {  [+ | - | or ] T }  

T Ÿ F {  [ * | / | and ] F}  

F Ÿ I | N | [ true | false ] | not F | (E) 

ʀʤʝʥʥʦ ʵʪʦ ʩʚʦʡʩʪʚʦ ʛʨʘʤʤʘʪʠʢʠ ʧʦʟʚʦʣʠʪ ʧʨʦʚʝʩʪʠ ʩʠʥʪʘʢʩʠʯʝʩʢʠ-ʫʧʨʘʚʣʷʝʤʳʡ 
ʢʦʥʪʨʦʣʴ ʢʦʥʪʝʢʩʪʥʳʭ ʫʩʣʦʚʠʡ. 

 

ʋʧʨʘʞʥʝʥʠʝ. ʉʨʘʚʥʠʪʝ ʛʨʘʤʤʘʪʠʢʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʚʳʨʘʞʝʥʠʷ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʩʠʤʚʦ-

ʣʦʚ +, *, (, ), i: 

G1:    

 E Ÿ E + E | E * E | (E) | I 

    

G2:    

 E Ÿ E + T | E * T | T 

 T Ÿ i | (E) 
 

G4 :   

 E Ÿ T | E + T 

 T Ÿ F | T * F 

 F Ÿ i | (E) 
 

  

G3:    

 E Ÿ T + E | T * E | T 

 T Ÿ i | (E) 
 

G5 :   

 E Ÿ T | T + E 

 T Ÿ F | F * T 

 F Ÿ i | (E) 
 

ʆʮʝʥʠʪʝ, ʥʘʩʢʦʣʴʢʦ ʦʥʠ ʫʜʦʙʥʳ ʜʣʷ ʪʨʘʥʩʣʷʮʠʠ ʚʳʨʘʞʝʥʠʡ ʤʝʪʦʜʦʤ ʨʝʢʫʨʩʠʚʥʦʛʦ 

ʩʧʫʩʢʘ (G1 ð ʥʝʦʜʥʦʟʥʘʯʥʘʷ, ʣʝʚʦʨʝʢʫʨʩʠʚʥʘʷ; G1, G2, G3 ð ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʧʨʠʦʨʠʪʝʪ ʦʧʝ-

ʨʘʮʠʡ; G4, G5 ð ʫʯʠʪʳʚʘʝʪʩʷ ʧʨʠʦʨʠʪʝʪ ʦʧʝʨʘʮʠʡ, G2, G4 ð ʣʝʚʦʨʝʢʫʨʩʠʚʥʳʝ, ʦʧʝʨʘʮʠʠ 

ʛʨʫʧʧʠʨʫʶʪʩʷ ʩʣʝʚʘ ʥʘʧʨʘʚʦ, ʢʘʢ ʧʨʠʥʷʪʦ ʚ ʤʘʪʝʤʘʪʠʢʝ, G3, G5 ð ʦʧʝʨʘʮʠʠ ʛʨʫʧʧʠʨʫʶʪʩʷ 
ʩʧʨʘʚʘ ʥʘʣʝʚʦ). 
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ʇʨʘʚʠʣʘ ʚʳʚʦʜʘ ʚʳʨʘʞʝʥʠʡ ʤʦʜʝʣʴʥʦʛʦ ʷʟʳʢʘ ʩ ʜʝʡʩʪʚʠʷʤʠ ʜʣʷ ʢʦʥʪʨʦʣʷ ʢʦʥ-

ʪʝʢʩʪʥʳʭ ʫʩʣʦʚʠʡ: 

 E Ÿ E1 | E1 [ = | < | > ] àst_lex.push(c_type) ð E1 àcheck_op( ) ð 

 E1 Ÿ T { [ + | -| or ] àst_lex.push (c_type ) ð T àcheck_op( ) ð}  

 T Ÿ F { [ * | / | and ] àst_lex.push (c_type ) ð F àcheck_op( ) ð}  

 F Ÿ I à check_id( ) ð | N àst_lex (LEX_INT) ð | [ true | false ] 

àst_lex.push (LEX_BOOL) ð | not F à check_not( ) ð | (E) 
 

 

ʂʦʥʪʨʦʣʴ ʢʦʥʪʝʢʩʪʥʳʭ ʫʩʣʦʚʠʡ ʚ ʦʧʝʨʘʪʦʨʘʭ 

S Ÿ I := E | if  E then S else S | while E do S | B | read (I) | write (E) 

1. ʆʧʝʨʘʪʦʨ ʧʨʠʩʚʘʠʚʘʥʠʷ 

I := E 

ʂʦʥʪʝʢʩʪʥʦʝ ʫʩʣʦʚʠʝ: ʚ ʦʧʝʨʘʪʦʨʝ ʧʨʠʩʚʘʠʚʘʥʠʷ ʪʠʧʳ ʧʝʨʝʤʝʥʥʦʡ  I ʠ ʚʳʨʘʞʝʥʠʷ E 

ʜʦʣʞʥʳ ʩʦʚʧʘʜʘʪʴ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʪʨʦʣʷ ʢʦʥʪʝʢʩʪʥʳʭ ʫʩʣʦʚʠʡ ʚʳʨʘʞʝʥʠʷ  E  ʚ ʩʪʝʢʝ ʦʩʪʘʥʝʪʩʷ ʪʠʧ ʵʪʦ-

ʛʦ ʚʳʨʘʞʝʥʠʷ (ʢʘʢ ʪʠʧ ʨʝʟʫʣʴʪʘʪʘ ʧʦʩʣʝʜʥʝʡ ʦʧʝʨʘʮʠʠ); ʝʩʣʠ ʧʨʠ ʘʥʘʣʠʟʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ  I  

ʧʨʦʚʝʨʠʪʴ, ʦʧʠʩʘʥ ʣʠ ʦʥ, ʠ ʟʘʥʝʩʪʠ ʝʛʦ ʪʠʧ ʚ ʪʦʪ ʞʝ ʩʪʝʢ (ʜʣʷ ʵʪʦʛʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʬʫʥʢʮʠʶ check_id( ) ), ʪʦ ʜʦʩʪʘʪʦʯʥʦ ʙʫʜʝʪ ʚ ʥʫʞʥʳʡ ʤʦʤʝʥʪ ʩʯʠʪʘʪʴ ʠʟ ʩʪʝʢʘ ʜʚʘ ʵʣʝʤʝʥʪʘ ʠ 

ʩʨʘʚʥʠʪʴ ʠʭ: 

 
void  Parser::eq_type ()  
{  
 if  ( st_lex.pop() != st_lex.pop() )  throw  "wrong types are in :=";  
}  
 

 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʘʚʠʣʦ ʜʣʷ ʦʧʝʨʘʪʦʨʘ ʧʨʠʩʚʘʠʚʘʥʠʷ: 

I à check_id( ) ð := E à eq_type( ) ð 

2. ʋʩʣʦʚʥʳʡ ʦʧʝʨʘʪʦʨ ʠ ʦʧʝʨʘʪʦʨ ʮʠʢʣʘ 

if  E then S else S | while E do S 

ʂʦʥʪʝʢʩʪʥʳʝ ʫʩʣʦʚʠʷ: ʚ ʫʩʣʦʚʥʦʤ ʦʧʝʨʘʪʦʨʝ ʠ ʚ ʦʧʝʨʘʪʦʨʝ ʮʠʢʣʘ ʚ ʢʘʯʝʩʪʚʝ ʫʩʣʦʚʠʷ 
ʚʦʟʤʦʞʥʳ ʪʦʣʴʢʦ ʣʦʛʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʪʨʦʣʷ ʢʦʥʪʝʢʩʪʥʳʭ ʫʩʣʦʚʠʡ ʚʳʨʘʞʝʥʠʷ E ʚ ʩʪʝʢʝ ʦʩʪʘʥʝʪʩʷ ʪʠʧ ʵʪʦʛʦ 

ʚʳʨʘʞʝʥʠʷ (ʢʘʢ ʪʠʧ ʨʝʟʫʣʴʪʘʪʘ ʧʦʩʣʝʜʥʝʡ ʦʧʝʨʘʮʠʠ); ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʦʩʪʘʪʦʯʥʦ ʠʟʚʣʝʯʴ ʝʛʦ 
ʠʟ ʩʪʝʢʘ ʠ ʧʨʦʚʝʨʠʪʴ: 

 

 
 

void  Parser::eq_bool ()  
{  
 if  ( st_lex.pop() != LEX_BOOL )  
  throw  "expression is not boolean";  
}  
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ʊʦʛʜʘ ʧʨʘʚʠʣʘ ʜʣʷ ʫʩʣʦʚʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʠ ʦʧʝʨʘʪʦʨʘ ʮʠʢʣʘ ʙʫʜʫʪ ʪʘʢʠʤʠ: 

if   E  àeq_bool( )ð then S else S | while E àeq_bool( )ð  do  S 

 

3. ɼʣʷ ʧʦʚʝʨʢʠ ʦʧʝʨʘʥʜʘ ʦʧʝʨʘʪʦʨʘ ʚʚʦʜʘ read(I) ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʫʶ 
ʬʫʥʢʮʠʶ: 

 
void  Parser::check_id_in_read ()  
{  
 if  ( !TID [c_val].get_declare() )  
  throw  "not declared";  
}  
 

 

ʇʨʘʚʠʣʦ ʜʣʷ ʦʧʝʨʘʪʦʨʘ ʚʚʦʜʘ ʙʫʜʝʪ ʪʘʢʠʤ: 

read ( I à check_id_in_read( ) ð )  . 

ɺ ʠʪʦʛʝ ʧʦʣʫʯʘʝʤ ʧʨʦʮʝʜʫʨʳ ʜʣʷ ʩʠʥʪʘʢʩʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʤʝʪʦʜʦʤ ʨʝʢʫʨʩʠʚʥʦʛʦ 

ʩʧʫʩʢʘ ʩ ʩʠʥʪʘʢʩʠʯʝʩʢʠ-ʫʧʨʘʚʣʷʝʤʳʤ ʢʦʥʪʨʦʣʝʤ ʢʦʥʪʝʢʩʪʥʳʭ ʫʩʣʦʚʠʡ, ʢʦʪʦʨʳʝ ʣʝʛʢʦ ʥʘʧʠ-

ʩʘʪʴ ʧʦ ʧʨʘʚʠʣʘʤ ʛʨʘʤʤʘʪʠʢʠ ʩ ʜʝʡʩʪʚʠʷʤʠ.  

ʂʣʘʩʩ  Parser ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʧʦʣʷʤʠ ʠ ʤʝʪʦʜʘʤʠ ʜʣʷ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚʳ-
ʛʣʷʜʠʪ ʪʘʢ: 

class  Parser  
{  
 Lex    curr_lex;  
 type_ of_lex  c_type;  
 int    c_val;  
 Scanner   scan;  
 Stack < int , 100 > st_int;  
 Stack < type_of_lex, 100 > st_lex;  
 
 void  P();  void  D1();   void  D();  void  B();  vo id  S();  
 void  E();  void  E1();   void  T();  void  F();  

 void  dec ( type_of_lex type);  
 void  check_id ();  
 void  check_op ();  
 void  check_not ();  
 void  eq_type ();  
 void  eq_bool ();  
 void  check_id_in_read ();  
  
 void  gl ()  
 {  
  curr_lex = scan.get_lex();  
  c_type = curr_lex.get_type();  
  c_val = curr_lex.get_value();  
 }  
 
public :  
 Parser  (  const char  *program) : scan  (program) {}  
 void   analyze();  
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};  
 
void  Parser::analyze ()  
{  
 gl  ();  
 P ();  
 cout << endl << "Yes!!!" << endl;  
}  

 

 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʚʝʜʝʤ ʬʫʥʢʮʠʶ ʩ ʩʝʤʘʥʪʠʯʝʩʢʠʤʠ ʜʝʡʩʪʚʠʷʤʠ ʜʣʷ 

ʥʝʪʝʨʤʠʥʘʣʘ  D  (ʨʘʟʜʝʣ ʦʧʠʩʘʥʠʡ): 

 
void  Parser::D ()  
{  
  st_int.reset();  
  if  (c_type != LEX_ID)  
    throw  curr_lex;  
  else  
  {  
    st_int.push ( c_val );  
    gl();  
    while  (c_type == LEX_COMMA)  
    {  
      gl();  
      if  (c_type != LEX_ID)  
        throw  curr_lex;  
      else  
      {  
        st_int.push ( c_val );  
        gl();  
      }  
    }  
    if  (c_type != LEX_COLON)  
      throw  curr_lex;  
    else  

    {  
      gl();  
      if  (c_type == LEX_INT)  
      {  

        dec ( LEX_INT );  
        gl();  
      }  
      else  
      if  (c_type == LEX_ BOOL) 
      {  
        dec ( LEX_BOOL );  
        gl();  
      }  
      else  throw  curr_lex;  
    }  
  }  
}  
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ɻʝʥʝʨʘʮʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤ 

ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʩʠʥʪʘʢʩʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝʢʦʪʦʨʦʝ ʚʥʫʪʨʝʥʥʝʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠʩʭʦʜʥʦʡ ʮʝʧʦʯʢʠ ʣʝʢʩʝʤ, ʢʦʪʦʨʦʝ ʦʪʨʘʞʘʝʪ ʝʝ ʩʠʥʪʘʢʩʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ. 

ʇʨʦʛʨʘʤʤʘ ʚ ʪʘʢʦʤ ʚʠʜʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʝʪ ʣʠʙʦ ʪʨʘʥʩʣʠʨʦʚʘʪʴʩʷ ʚ ʦʙʲʝʢʪʥʳʡ ʢʦʜ, ʣʠʙʦ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴʩʷ. 

ʗʟʳʢ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤʳ 

ʆʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʷʟʳʢʘ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤ: 

ʘ) ʦʥ ʧʦʟʚʦʣʷʝʪ ʬʠʢʩʠʨʦʚʘʪʴ ʩʠʥʪʘʢʩʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʠʩʭʦʜʥʦʡ ʧʨʦʛʨʘʤʤʳ; 

ʙ) ʪʝʢʩʪ ʥʘ ʥʝʤ ʤʦʞʥʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʛʝʥʝʨʠʨʦʚʘʪʴ ʚʦ ʚʨʝʤʷ ʩʠʥʪʘʢʩʠʯʝʩʢʦʛʦ ʘʥʘʣʠ-
ʟʘ; 

ʚ) ʝʛʦ ʢʦʥʩʪʨʫʢʮʠʠ ʜʦʣʞʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʦ ʪʨʘʥʩʣʠʨʦʚʘʪʴʩʷ ʚ ʦʙʲʝʢʪʥʳʡ ʢʦʜ 

ʣʠʙʦ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴʩʷ. 

 

ʅʝʢʦʪʦʨʳʝ ʦʙʱʝʧʨʠʥʷʪʳʝ ʩʧʦʩʦʙʳ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤ: 

ʘ) ʧʦʩʪʬʠʢʩʥʘʷ ʟʘʧʠʩʴ; 

ʙ) ʧʨʝʬʠʢʩʥʘʷ ʟʘʧʠʩʴ; 

ʚ) ʤʥʦʛʦʘʜʨʝʩʥʳʡ ʢʦʜ ʩ ʷʚʥʦ ʠʤʝʥʫʝʤʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ; 

ʛ) ʤʥʦʛʦʘʜʨʝʩʥʳʡ ʢʦʜ ʩ ʥʝʷʚʥʦ ʠʤʝʥʫʝʤʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ; 

ʜ) ʩʚʷʟʥʳʝ ʩʧʠʩʦʯʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʠʥʪʘʢʩʠʯʝʩʢʦʝ ʜʝʨʝʚʦ. 

 

ɺ ʦʩʥʦʚʝ ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʩʧʦʩʦʙʦʚ ʣʝʞʠʪ ʥʝʢʦʪʦʨʳʡ ʤʝʪʦʜ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʠʥʪʘʢʩʠ-

ʯʝʩʢʦʛʦ ʜʝʨʝʚʘ. 

ɿʘʤʝʯʘʥʠʝ 

ʏʘʱʝ ʚʩʝʛʦ ʩʠʥʪʘʢʩʠʯʝʩʢʠʤ ʜʝʨʝʚʦʤ ʥʘʟʳʚʘʶʪ ʜʝʨʝʚʦ ʚʳʚʦʜʘ ʠʩʭʦʜʥʦʡ ʮʝʧʦʯʢʠ, ʚ ʢʦʪʦʨʦʤ ʫʜʘ-

ʣʝʥr ʚʝʨʰʠʥʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʮʝʧʥʳʤ ʧʨʘʚʠʣʘʤ ʚʠʜʘ A Ÿ B, ʛʜʝ A, B Í N. 

 

ɺʳʙʝʨʝʤ ʚ ʢʘʯʝʩʪʚʝ ʷʟʳʢʘ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʦʩʪʬʠʢʩ-

ʥʫʶ ʟʘʧʠʩʴ (ʝʝ ʪʘʢʞʝ ʥʘʟʳʚʘʶʪ  ʇʆʃʀɿ ð ʧʦʣʴʩʢʘʷ ʠʥʚʝʨʩʥʘʷ ʟʘʧʠʩʴ). 

ʇʆʃʀɿ ʠʜʝʘʣʝʥ ʜʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʭ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤ-

ʤʠʨʦʚʘʥʷ, ʢʦʪʦʨʳʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʫʜʦʙʥʦ ʧʝʨʝʚʦʜʷʪʩʷ ʚ ʇʆʃʀɿ ʠ ʣʝʛʢʦ ʠʥʪʝʨʧʨʝʪʠʨʫʶʪʩʷ. 

ɺ ʇʆʃʀɿʝ ʦʧʝʨʘʥʜʳ ʚʳʧʠʩʘʥʳ ʩʣʝʚʘ ʥʘʧʨʘʚʦ ʚ ʧʦʨʷʜʢʝ ʠʭ ʩʣʝʜʦʚʘʥʠʷ ʚ ʠʩʭʦʜʥʦʤ 

ʪʝʢʩʪʝ. ɿʥʘʢʠ ʦʧʝʨʘʮʠʡ ʩʪʦʷʪ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʟʥʘʢʫ ʦʧʝʨʘʮʠʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʝʜʰʝ-

ʩʪʚʫʶʪ ʝʝ ʦʧʝʨʘʥʜʳ. 

ʇʨʦʩʪʳʤ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʚʳʨʘʞʝʥʠʝ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʦʜʥʦʡ ʢʦʥʩʪʘʥʪʳ ʠʣʠ ʠʤʝʥʠ ʧʝ-

ʨʝʤʝʥʥʦʡ. ʊʘʢʠʝ ʚʳʨʘʞʝʥʠʷ ʚ ʇʆʃʀɿʝ ʦʩʪʘʶʪʩʷ ʙʝʟ ʠʟʤʝʥʝʥʠʡ. ʇʨʠ ʧʝʨʝʚʦʜʝ ʚ ʇʆʃʀɿ 

ʩʣʦʞʥʳʭ ʚʳʨʘʞʝʥʠʡ ʚʘʞʥʦ ʧʨʘʚʠʣʴʥʦ ʦʧʨʝʜʝʣʷʪʴ ʛʨʘʥʠʮʳ ʧʦʜʚʳʨʘʞʝʥʠʡ, ʷʚʣʷʶʱʠʭʩʷ ʣʝ-

ʚʳʤʠ ʠ ʧʨʘʚʳʤʠ ʦʧʝʨʘʥʜʘʤʠ ʙʠʥʘʨʥʳʭ ʦʧʝʨʘʮʠʡ. ʇʨʦʙʣʝʤ ʥʝ ʚʦʟʥʠʢʘʝʪ, ʝʩʣʠ ʩʣʦʞʥʳʝ ʧʦʜ-

ʚʳʨʘʞʝʥʠʷ ʷʚʥʦ ʦʛʨʘʥʠʯʝʥʳ ʩʢʦʙʢʘʤʠ. ʅʘʧʨʠʤʝʨ, ʚ ʚʳʨʘʞʝʥʠʠ (a + b) * ʩ ʣʝʚʳʤ ʦʧʝʨʘʥʜʦʤ 

ʦʧʝʨʘʮʠʠ * ʷʚʣʷʝʪʩʷ ʧʦʜʚʳʨʘʞʝʥʠʝ a + b, ʘ ʧʨʘʚʳʤ ð ʧʨʦʩʪʦʝ ʚʳʨʘʞʝʥʠʝ ʩ. ʂʦʛʜʘ ʩʢʦʙʢʠ 

ʷʚʥʦ ʥʝ ʨʘʩʩʪʘʚʣʝʥʳ, ʢʘʢ ʚ ʩʣʫʯʘʷʭ a + b * ʩ  ʠ a - b + c, ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠʦʨʠʪʝʪ ʦʧʝʨʘ-

ʮʠʡ, ʘ ʪʘʢʞʝ ʘʩʩʦʮʠʘʪʠʚʥʦʩʪʴ ʦʧʝʨʘʮʠʡ ʦʜʠʥʘʢʦʚʦʛʦ ʧʨʠʦʨʠʪʝʪʘ. ʋʤʥʦʞʝʥʠʝ ʠʤʝʝʪ ʙʦʣɹ-

ʰʠʡ ʧʨʠʦʨʠʪʝʪ, ʯʝʤ ʩʣʦʞʝʥʠʝ, ʧʦʵʪʦʤʫ ʚ ʚʳʨʘʞʝʥʠʠ a + b * c ʦʧʝʨʘʥʜ b ʦʪʥʦʩʠʪʩʷ ʢ ʦʧʝʨʘ-
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ʮʠʠ ʫʤʥʦʞʝʥʠʷ ʠ ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʚʳʨʘʞʝʥʠʝ ʩʦ ʩʢʦʙʢʘʤʠ ʙʫʜʝʪ ʪʘʢʠʤ: a + (b * c). ɺ ʚʳʨʘʞʝ-

ʥʠʠ a - b + c ʦʧʝʨʘʥʜ b ʦʪʥʦʩʠʪʩʷ ʢ ʣʝʚʦʡ ʦʧʝʨʘʮʠʠ, ʪ. ʝ. ʢ çʤʠʥʫʩʫè, ʘ ʥʝ ʢ çʧʣʶʩʫè (ʚ ʩʠʣʫ 

ʣʝʚʦʡ ʘʩʩʦʮʠʘʪʠʚʥʦʩʪʠ ʦʧʝʨʘʮʠʡ + ʠ -, ʠʤʝʶʱʠʭ ʦʜʠʥʘʢʦʚʳʡ ʧʨʠʦʨʠʪʝʪ), ʠ ʵʪʦ ʚʳʨʘʞʝʥʠʝ 

ʵʢʚʠʚʘʣʝʥʪʥʦ ʚʳʨʘʞʝʥʠʶ  (a - b) + c. ʃʝʚʦ-ʘʩʩʦʮʠʘʪʠʚʥʳʝ ʦʧʝʨʘʮʠʠ ʛʨʫʧʧʠʨʫʶʪʩʷ ʩ ʧʦʤʦ-

ʱʴ ʁʩʢʦʙʦʢ ʩʣʝʚʘ ʥʘʧʨʘʚʦ:  a - b + c - d   ɻ ʢʚʠʚʘʣʝʥʪʥʦ  (( a - b ) + c) - d . 

 ʊʝʧʝʨʴ ʤʦʞʝʤ ʬʦʨʤʘʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦʩʪʬʠʢʩʥʫʶ ʟʘʧʠʩʴ ʚʳʨʘʞʝʥʠʡ ʪʘʢʠʤ ʦʙʨʘ-

ʟʦʤ: 

1) ʝʩʣʠ  ɽ  ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʳʤ ʚʳʨʘʞʝʥʠʝʤ, ʪʦ ʇʆʃʀɿ ʚʳʨʘʞʝʥʠʷ  ɽ ð ʵʪʦ ʩʘʤʦ ʚr -
ʨʘʞʝʥʠʝ  ɽ; 

2) ʇʆʃʀɿʦʤ ʚʳʨʘʞʝʥʠʷ ɽ1 q ɽ2, ʛʜʝ q ð ʟʥʘʢ ʙʠʥʘʨʥʦʡ ʦʧʝʨʘʮʠʠ, ɽ1 ʠ ɽ2 ʦʧʝʨʘʥʜʳ 

ʜʣʷ  q, ʷʚʣʷʝʪʩʷ ʟʘʧʠʩʴ E1ǋ E2ǋ q, ʛʜʝ E1ǋ ʠ E2ǋ ð ʇʆʃʀɿ ʚʳʨʘʞʝʥʠʡ ɽ1  ʠ  ɽ2 ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ; 

3) ʇʆʃʀɿʦʤ ʚʳʨʘʞʝʥʠʷ  q E, ʛʜʝ q ð ʟʥʘʢ ʫʥʘʨʥʦʡ ʦʧʝʨʘʮʠʠ, ʘ ɽ ð ʦʧʝʨʘʥʜ q,  ʚ̫-

ʣʷʝʪʩʷ ʟʘʧʠʩʴ Eǋ q, ʛʜʝ Eǋ ð ʇʆʃʀɿ ʚʳʨʘʞʝʥʠʷ ɽ; 

4) ʇʆʃʀɿʦʤ ʚʳʨʘʞʝʥʠʷ (ɽ) ʷʚʣʷʝʪʩʷ ʇʆʃʀɿ ʚʳʨʘʞʝʥʠʷ  ɽ. 

 

ʇʨʠʤʝʨ. ʇʆʃʀɿʦʤ ʚʳʨʘʞʝʥʠʷ a + b + c ʷʚʣʷʝʪʩʷ a b + c +, ʥʦ ʥʝ a b c + +. ʇʦʩʣʝʜʥʷʷ 

ʟʘʧʠʩʴ ʷʚʣʷʝʪʩʷ ʇʆʃʀɿʦʤ  ʜʣʷ  ʚʳʨʘʞʝʥʠʷ a + (b + c). 

ɸʣʛʦʨʠʪʤ ɼʝʡʢʩʪʨʳ ʧʝʨʝʚʦʜʘ ʚ ʇʆʃʀɿ ʚʳʨʘʞʝʥʠʡ 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʇʆʃʀɿ ʚʳʨʘʞʝʥʠʷ ʙʫʜʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚ ʤʘʩʩʠʚʝ, ʩʦʜʝʨʞʘʱʝʤ 

ʣʝʢʩʝʤʳ ð ʵʣʝʤʝʥʪʳ ʇʆʃʀɿʘ, ʠ ʧʨʠ ʧʝʨʝʚʦʜʝ ʚ ʇʆʃʀɿ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚʩʧʦʤʦʛʘ-

ʪʝʣʴʥʳʡ ʩʪʝʢ, ʪʘʢʞʝ ʩʦʜʝʨʞʘʱʠʡ ʵʣʝʤʝʥʪʳ ʇʆʃʀɿʘ (ʦʧʝʨʘʮʠʠ, ʠʤʝʥʘ ʬʫʥʢʮʠʡ) ʠ ʢʨʫʛʣʳʝ 

ʩʢʦʙʢʠ. 

1. ɺʳʨʘʞʝʥʠʝ ʧʨʦʩʤʘʪʨʠʚʘʝʪʩʷ ʦʜʠʥ ʨʘʟ ʩʣʝʚʘ ʥʘʧʨʘʚʦ. 

2. ʇʦʢʘ ʝʩʪʴ ʥʝʧʨʦʯʠʪʘʥʥʳʝ ʣʝʢʩʝʤʳ ʚʭʦʜʥʦʛʦ ʚʳʨʘʞʝʥʠʷ, ʚʳʧʦʣʥʷʝʤ ʜʝʡʩʪʚʠʷ:  

ʘ) ʏʠʪʘʝʤ ʦʯʝʨʝʜʥʫʶ ʣʝʢʩʝʤʫ.  

ʙ) ɽʩʣʠ ʣʝʢʩʝʤʘ ʷʚʣʷʝʪʩʷ ʯʠʩʣʦʤ ʠʣʠ ʧʝʨʝʤʝʥʥʦʡ, ʜʦʙʘʚʣʷʝʤ ʝʝ ʚ ʇʆʃʀɿ-ʤʘʩʩʠʚ.  

ʚ) ɽʩʣʠ ʣʝʢʩʝʤʘ ʷʚʣʷʝʪʩʷ ʩʠʤʚʦʣʦʤ ʬʫʥʢʮʠʠ, ʧʦʤʝʱʘʝʤ ʝʝ ʚ ʩʪʝʢ.  

ʛ) ɽʩʣʠ ʣʝʢʩʝʤʘ ʷʚʣʷʝʪʩʷ ʨʘʟʜʝʣʠʪʝʣʝʤ ʘʨʛʫʤʝʥʪʦʚ ʬʫʥʢʮʠʠ (ʥʘʧʨʠʤʝʨ, ʟʘʧʷʪʘʷ), 

ʪʦ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʚʝʨʭʥʠʤ ʵʣʝʤʝʥʪʦʤ ʩʪʝʢʘ ʥʝ ʩʪʘʥʝʪ ʦʪʢʨʳʚʘʶʱʘʷʩʷ ʩʢʦʙʢʘ, 

ʚʳʪʘʣʢʠʚʘʝʤ ʵʣʝʤʝʥʪʳ ʠʟ ʩʪʝʢʘ ʚ ʇʆʃʀɿ-ʤʘʩʩʠʚ. ɽʩʣʠ ʦʪʢʨʳʚʘʶʱʘʷʩʷ ʩʢʦʙʢʘ 

ʥʝ ʚʩʪʨʝʪʠʣʘʩʴ, ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʚʳʨʘʞʝʥʠʠ ʣʠʙʦ ʥʝʚʝʨʥʦ ʧʦʩʪʘʚʣʝʥ ʨʘʟʜʝ-

ʣʠʪʝʣʴ, ʣʠʙʦ ʥʝ ʩʦʛʣʘʩʦʚʘʥʳ ʩʢʦʙʢʠ.  

ʜ) ɽʩʣʠ ʣʝʢʩʝʤʘ ʷʚʣʷʝʪʩʷ ʦʧʝʨʘʮʠʝʡ q, ʪʦʛʜʘ: 

Á ʧʦʢʘ ʧʨʠʦʨʠʪʝʪ q ʤʝʥʴʰʝ ʣʠʙʦ ʨʘʚʝʥ ʧʨʠʦʨʠʪʝʪʫ ʦʧʝʨʘʮʠʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ 

ʚʝʨʰʠʥʝ ʩʪʝʢʘ (ʜʣʷ ʣʝʚʦ-ʘʩʩʦʮʠʘʪʠʚʥʳʭ ʦʧʝʨʘʮʠʡ), ʠʣʠ ʧʨʠʦʨʠʪʝʪ q ʩʪʨʦʛʦ 

ʤʝʥʴʰʝ ʧʨʠʦʨʠʪʝʪʘ ʦʧʝʨʘʮʠʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ ʚʝʨʰʠʥʝ ʩʪʝʢʘ (ʜʣʷ ʧʨʘʚʦ-

ʘʩʩʦʮʠʘʪʠʚʥʳʭ ʦʧʝʨʘʮʠʡ), ʚʳʪʘʣʢʠʚʘʝʤ ʚʝʨʭʥʠʝ ʵʣʝʤʝʥʪʳ ʩʪʝʢʘ ʚ ʇʆʃʀɿ-

ʤʘʩʩʠʚ;  

Á ʧʦʤʝʱʘʝʤ ʦʧʝʨʘʮʠʶ q ʚ ʩʪʝʢ.  

ʝ) ɽʩʣʠ ʣʝʢʩʝʤʘ ʷʚʣʷʝʪʩʷ ʦʪʢʨʳʚʘʶʱʝʡ ʩʢʦʙʢʦʡ, ʧʦʤʝʱʘʝʤ ʝʝ ʚ ʩʪʝʢ. 
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ʞ) ɽʩʣʠ ʣʝʢʩʝʤʘ ʷʚʣʷʝʪʩʷ ʟʘʢʨʳʚʘʶʱʝʡ ʩʢʦʙʢʦʡ, ʚʳʪʘʣʢʠʚʘʝʤ ʵʣʝʤʝʥʪʳ ʠʟ ʩʪʝʢʘ 

ʚ ʇʆʃʀɿ-ʤʘʩʩʠʚ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʘ ʚʝʨʰʠʥʝ ʩʪʝʢʘ ʥʝ ʦʢʘʞʝʪʩʷ ʦʪʢʨʳʚʘʶʱʘʷ 

ʩʢʦʙʢʘ. ʇʨʠ ʵʪʦʤ ʦʪʢʨʳʚʘʶʱʘʷ ʩʢʦʙʢʘ ʫʜʘʣʷʝʪʩʷ ʠʟ ʩʪʝʢʘ, ʥʦ ʚ ʇʆʃʀɿ-ʤʘʩʩʠʚ 

ʥʝ ʜʦʙʘʚʣʷʝʪʩʷ. ɽʩʣʠ ʧʦʩʣʝ ʵʪʦʛʦ ʰʘʛʘ ʥʘ ʚʝʨʰʠʥʝ ʩʪʝʢʘ ʦʢʘʟʳʚʘʝʪʩʷ ʩʠʤʚʦʣ 

ʬʫʥʢʮʠʠ, ʚʳʪʘʣʢʠʚʘʝʤ ʝʛʦ ʚ ʇʆʃʀɿ-ʤʘʩʩʠʚ. ɽʩʣʠ ʚ ʧʨʦʮʝʩʩʝ ʚʳʪʘʣʢʠʚʘʥʠʷ 

ʦʪʢʨʳʚʘʶʱʝʡ ʩʢʦʙʢʠ ʥʝ ʥʘʰʣʦʩʴ ʠ ʩʪʝʢ ʧʫʩʪ, ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʚʳʨʘʞʝʥʠʠ ʥʝ 
ʩʦʛʣʘʩʦʚʘʥʳ ʩʢʦʙʢʠ.  

3. ʂʦʛʜʘ ʧʨʦʩʤʦʪʨ ʚʭʦʜʥʦʛʦ ʚʳʨʘʞʝʥʠʷ ʟʘʚʝʨʰʝʥ, ʚʳʪʘʣʢʠʚʘʝʤ ʚʩʝ ʦʩʪʘʚʰʠʝʩʷ ʚ ʩʪʝ-

ʢʝ ʩʠʤʚʦʣʳ ʚ ʇʆʃʀɿ-ʤʘʩʩʠʚ. (ɺ ʩʪʝʢʝ ʜʦʣʞʥʳ ʙʳʣʠ ʦʩʪʘʚʘʪʴʩʷ ʪʦʣʴʢʦ ʩʠʤʚʦʣʳ ʦʧʝʨʘʮʠʡ; 

ʝʩʣʠ ʵʪʦ ʥʝ ʪʘʢ, ʟʥʘʯʠʪ ʚ ʚʳʨʘʞʝʥʠʠ ʥʝ ʩʦʛʣʘʩʦʚʘʥʳ ʩʢʦʙʢʠ.)  

 

ʅʘʧʨʠʤʝʨ, ʦʙʳʯʥʦʡ (ʠʥʬʠʢʩʥʦʡ) ʟʘʧʠʩʠ ʚʳʨʘʞʝʥʠʷ 

a * ( b + c) - (d - e) / f 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʘʢʘʷ ʧʦʩʪʬʠʢʩʥʘʷ ʟʘʧʠʩʴ: 

a b c + * d e - f / - 

ɿʘʤʝʯʘʥʠʝ 

ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʚ ʇʆʃʀɿʝ ʧʦʨʷʜʦʢ ʦʧʝʨʘʥʜʦʚ ʦʩʪʘʣʩʷ ʪʘʢʠʤ ʞʝ, ʢʘʢ ʠ ʚ ʠʥʬʠʢʩ-

ʥʦʡ ʟʘʧʠʩʠ, ʫʯʪʝʥʦ ʩʪʘʨʰʠʥʩʪʚʦ ʦʧʝʨʘʮʠʡ, ʘ ʩʢʦʙʢʠ ʠʩʯʝʟʣʠ. 

 

ɿʘʧʠʩʴ ʚʳʨʘʞʝʥʠʷ ʚ ʪʘʢʦʡ ʬʦʨʤʝ ʦʯʝʥʴ ʫʜʦʙʥʘ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ (ʪ. ʝ. 

ʚʳʯʠʩʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʵʪʦʛʦ ʚʳʨʘʞʝʥʠʷ) ʩ ʧʦʤʦʱʴʶ ʩʪʝʢʘ. 

ɸʣʛʦʨʠʪʤ ʚʳʯʠʩʣʝʥʠʷ ʚʳʨʘʞʝʥʠʡ, ʟʘʧʠʩʘʥʥʳʭ ʚ ʇʆʃʀɿʝ  

1) ɺʳʨʘʞʝʥʠʝ ʧʨʦʩʤʘʪʨʠʚʘʝʪʩʷ ʦʜʠʥ ʨʘʟ ʩʣʝʚʘ ʥʘʧʨʘʚʦ ʠ ʜʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʚr -

ʧʦʣʥʷʶʪʩʷ ʰʘʛʠ (2) ʠʣʠ (3); 

2) ɽʩʣʠ ʦʯʝʨʝʜʥʦʡ ʵʣʝʤʝʥʪ ʇʆʃʀɿʘ ð ʦʧʝʨʘʥʜ, ʪʦ ʝʛʦ ʟʥʘʯʝʥʠʝ ʟʘʥʦʩʠʪʩʷ ʚ ʩʪʝʢ; 

3) ɽʩʣʠ ʦʯʝʨʝʜʥʦʡ ʵʣʝʤʝʥʪ ʇʆʃʀɿʘ ð ʦʧʝʨʘʮʠʷ, ʪʦ ʥʘ ʚʝʨʭʫʰʢʝ ʩʪʝʢʘ ʩʝʡʯʘʩ ʥʘʭʦ-

ʜʷʪʩʷ ʝʝ ʦʧʝʨʘʥʜʳ (ʵʪʦ ʩʣʝʜʫʝʪ ʠʟ ʦʧʨʝʜʝʣʝʥʠʷ ʇʆʃʀɿʘ ʠ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʜʝʡ-

ʩʪʚʠʡ ʘʣʛʦʨʠʪʤʘ); ʦʥʠ ʠʟʚʣʝʢʘʶʪʩʷ ʠʟ ʩʪʝʢʘ, ʥʘʜ ʥʠʤʠ ʚʳʧʦʣʥʷʝʪʩʷ ʦʧʝʨʘʮʠʷ, ʨʝ-
ʟʫʣʴʪʘʪ ʩʥʦʚʘ ʟʘʥʦʩʠʪʩʷ ʚ ʩʪʝʢ; 

4) ʂʦʛʜʘ ʚʳʨʘʞʝʥʠʝ, ʟʘʧʠʩʘʥʥʦʝ ʚ ʇʆʃʀɿʝ, ʧʨʦʯʠʪʘʥʦ, ʚ ʩʪʝʢʝ ʦʩʪʘʥʝʪʩʷ ʦʜʠʥ ʵʣʝ-

ʤʝʥʪ ð ʵʪʦ ʟʥʘʯʝʥʠʝ ʚʩʝʛʦ ʚʳʨʘʞʝʥʠʷ, ʪ. ʝ. ʨʝʟʫʣʴʪʘʪ ʚʳʯʠʩʣʝʥʠʷ. 

 

ɿʘʤʝʯʘʥʠʝ 

1. ɼʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ, ʢʨʦʤʝ ʇʆʃʀɿʘ ʚʳʨʘʞʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʘ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ 
ʦʧʝʨʘʥʜʘʭ, ʭʨʘʥʷʱʘʷʩʷ ʚ ʪʘʙʣʠʮʘʭ. 

2. ʄʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʪʘʢ, ʯʪʦ ʟʥʘʢ ʙʠʥʘʨʥʦʡ ʦʧʝʨʘʮʠʠ ʧʦ ʥʘʧʠʩʘʥʠʶ ʩʦʚʧʘʜʘʝʪ ʩʦ ʟʥʘʢʦʤ ʫʥʘʨ-

ʥʦʡ; ʥʘʧʨʠʤʝʨ, ʟʥʘʢ ç-è ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʦʟʥʘʯʘʝʪ ʠ ʙʠʥʘʨʥʫʶ ʦʧʝʨʘʮʠʶ ʚʳʯʠ-

ʪʘʥʠʷ, ʠ ʫʥʘʨʥʫʶ ʦʧʝʨʘʮʠʶ ʠʟʤʝʥʝʥʠʷ ʟʥʘʢʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʦ ʚʨʝʤʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʦʧʝʨʘʮʠʠ ç-è ʚʦʟ-
ʥʠʢʥʝʪ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ: ʩʢʦʣʴʢʦ ʦʧʝʨʘʥʜʦʚ ʥʘʜʦ ʠʟʚʣʝʢʘʪʴ ʠʟ ʩʪʝʢʘ ʠ ʢʘʢʫʶ ʦʧʝʨʘʮʠʶ ʚʳʧʦʣʥʷʪʴ. 

ʋʩʪʨʘʥʠʪʴ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʤʦʞʥʦ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: 

Á ʟʘʤʝʥʠʪʴ ʫʥʘʨʥʫʶ ʦʧʝʨʘʮʠʶ ʙʠʥʘʨʥʦʡ, ʪ. ʝ. ʩʯʠʪʘʪʴ, ʯʪʦ -ʘ  ʦʟʥʘʯʘʝʪ 0 - ʘ; 

Á ʣʠʙʦ ʚʚʝʩʪʠ ʩʧʝʮʠʘʣʴʥʳʡ ʟʥʘʢ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʫʥʘʨʥʦʡ ʦʧʝʨʘʮʠʠ; ʥʘʧʨʠʤʝʨ, -ʘ ʟʘʤʝʥʠʪʴ ʥʘ 

&a. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʦ ʠʟʤʝʥʝʥʠʝ ʢʘʩʘʝʪʩʷ ʪʦʣʴʢʦ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʦ-
ʛʨʘʤʤʳ ʠ ʥʝ ʪʨʝʙʫʝʪ ʠʟʤʝʥʝʥʠʷ ʚʭʦʜʥʦʛʦ ʷʟʳʢʘ. 
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ʆʧʝʨʘʪʦʨ ʧʨʠʩʚʘʠʚʘʥʠʷ 

I := E 

ʚ ʇʆʃʀɿʝ ʙʫʜʝʪ ʟʘʧʠʩʘʥ ʢʘʢ 

 I E := 

ʛʜʝ ç:=è ð ʵʪʦ ʜʚʫʭʤʝʩʪʥʘʷ ʦʧʝʨʘʮʠʷ, ʘ  I   ʠ  ɽ ð ʝʝ ʦʧʝʨʘʥʜʳ; ʧʦʜʯʝʨʢʥʫʪʦʝ  I ʦʟʥʘʯʘʝʪ, 

ʯʪʦ ʦʧʝʨʘʥʜʦʤ ʦʧʝʨʘʮʠʠ ç:=è ʷʚʣʷʝʪʩʷ ʘʜʨʝʩ ʧʝʨʝʤʝʥʥʦʡ  I,  ʘ ʥʝ ʝʝ ʟʥʘʯʝʥʠʝ. 

 

ʆʧʝʨʘʪʦʨ ʧʝʨʝʭʦʜʘ ʚ ʪʝʨʤʠʥʘʭ ʇʆʃʀɿʘ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʦʮʝʩʩ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʥʘʜʦ 
ʧʨʦʜʦʣʞʠʪʴ ʩ ʪʦʛʦ ʵʣʝʤʝʥʪʘ ʇʆʃʀɿʘ, ʢʦʪʦʨʳʡ ʫʢʘʟʘʥ ʢʘʢ ʦʧʝʨʘʥʜ ʦʧʝʨʘʮʠʠ ʧʝʨʝʭʦʜʘ. 

ʏʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ ʩʩʳʣʘʪʴʩʷ ʥʘ ʵʣʝʤʝʥʪʳ ʇʆʃʀɿʘ, ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʚʩʝ ʦʥʠ ʧʝʨʝ-

ʥʫʤʝʨʦʚʘʥʳ, ʥʘʯʠʥʘʷ ʩ 1 (ʜʦʧʫʩʪʠʤ, ʟʘʥʝʩʝʥʳ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʦʜʥʦʤʝʨʥʦʛʦ 
ʤʘʩʩʠʚʘ). 

ʇʫʩʪʴ ʇʆʃʀɿ ʦʧʝʨʘʪʦʨʘ, ʧʦʤʝʯʝʥʥʦʛʦ ʤʝʪʢʦʡ  L, ʥʘʯʠʥʘʝʪʩʷ ʩ ʥʦʤʝʨʘ p, ʪʦʛʜʘ ʦʧʝʨʘ-

ʪʦʨ ʧʝʨʝʭʦʜʘ   goto L   ʚ ʇʆʃʀɿʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ 

p! 

ʛʜʝ ç!è ð ʦʧʝʨʘʮʠʷ ʚʳʙʦʨʘ  ʵʣʝʤʝʥʪʘ ʇʆʃʀɿʘ, ʥʦʤʝʨ ʢʦʪʦʨʦʛʦ ʨʘʚʝʥ p. 

 

ʅʝʤʥʦʛʦ ʩʣʦʞʥʝʝ ʦʢʘʞʝʪʩʷ ʟʘʧʠʩʴ ʚ ʇʆʃʀɿʝ ʫʩʣʦʚʥʳʭ ʦʧʝʨʘʪʦʨʦʚ ʠ ʦʧʝʨʘʪʦʨʦʚ 

ʮʠʢʣʘ. 

ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʧʝʨʘʪʦʨ if  B then S1 else S2 ʢʘʢ ʦʙʳʯʥʫʶ ʪʨʝʭʤʝʩʪʥʫʶ 

ʦʧʝʨʘʮʠʶ ʩ ʦʧʝʨʘʥʜʘʤʠ B, S1, S2, ʪʦ ʇʆʃʀɿ ʪʘʢʦʛʦ ʦʧʝʨʘʪʦʨʘ ʜʦʣʞʝʥ ʚʳʛʣʷʜʝʪʴ ʧʨʠʤʝʨʥʦ 

ʪʘʢ: Bǋ S1ǋ S2ǋ if , ʛʜʝ Bǋ ð ʇʆʃʀɿ ʫʩʣʦʚʠʷ, S1ǋ S2ǋ ð ʇʆʃʀɿ ʦʧʝʨʘʪʦʨʦʚ S1, S2, if  ð ʦʙʦʟʥʘʯʝ-

ʥʠʝ ʫʩʣʦʚʥʦʡ ʦʧʝʨʘʮʠʠ. ʅʦ ʪʦʛʜʘ ʧʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʇʆʃʀɿʘ ʦʙʝ ʚʝʪʚʠ S1, S2 ʟʘʨʘʥʝʝ ʚr -

ʯʠʩʣʷʶʪʩʷ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʫʩʣʦʚʠʷ B, ʯʪʦ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʝʤʘʥʪʠʢʝ ʫʩʣʦʚʥʦʛʦ ʦʧʝʨʘʪʦʨʘ. 

ɼʣʷ ʢʦʨʨʝʢʪʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʚ ʇʆʃʀɿʝ ʫʧʨʘʚʣʷʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ if , while ʠ ʪ. ʧ., ʠʭ ʩʥʘʯʘʣʘ 

ʟʘʤʝʥʷʶʪ ʵʢʚʠʚʘʣʝʥʪʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʧʨʠ ʧʦʤʦʱʠ ʦʧʝʨʘʪʦʨʦʚ ʧʝʨʝʭʦʜʘ.  ɺʚʝʜʝʤ ʚʩʧʦʤʦ-
ʛʘʪʝʣʴʥʫʶ ʦʧʝʨʘʮʠʶ ð ʫʩʣʦʚʥʳʡ ʧʝʨʝʭʦʜ çʧʦ ʣʞʠè ʩ ʩʝʤʘʥʪʠʢʦʡ 

if  (!B) goto L 

ʕʪʦ ʜʚʫʭʤʝʩʪʥʘʷ ʦʧʝʨʘʮʠʷ ʩ ʦʧʝʨʘʥʜʘʤʠ B ʠ L. ʆʙʦʟʥʘʯʠʤ ʝʝ  !F, ʪʦʛʜʘ ʚ ʇʆʃʀɿʝ ʦʥʘ 
ʙʫʜʝʪ ʟʘʧʠʩʘʥʘ ʢʘʢ 

Bǋ p !F, 

ʛʜʝ p ð ʥʦʤʝʨ ʵʣʝʤʝʥʪʘ, ʩ ʢʦʪʦʨʦʛʦ ʥʘʯʠʥʘʝʪʩʷ ʇʆʃʀɿ ʦʧʝʨʘʪʦʨʘ, ʧʦʤʝʯʝʥʥʦʛʦ ʤʝʪʢʦʡ  L, 
Bǋ ð ʇʆʃʀɿ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʨʘʞʝʥʠʷ ɺ. 

ʉʝʤʘʥʪʠʢʘ ʫʩʣʦʚʥʦʛʦ ʦʧʝʨʘʪʦʨʘ 

if  ɽ then S1 else S2 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʚʝʜʝʥʥʦʡ ʦʧʝʨʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʪʘʢ: 

if  (! ɽ) goto L2; S1; goto L3; L2: S2; L3: ... 

ʊʦʛʜʘ ʇʆʃʀɿ ʫʩʣʦʚʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʙʫʜʝʪ ʪʘʢʠʤ (ʧʦʨʷʜʦʢ ʦʧʝʨʘʥʜʦʚ ð ʧʨʝʞʥʠʡ!): 

ɽǋ p2 !F S1ǋ p3 ! S2ǋ ..., 

ʛʜʝ pi ð ʥʦʤʝʨ ʵʣʝʤʝʥʪʘ, ʩ ʢʦʪʦʨʦʛʦ ʥʘʯʠʥʘʝʪʩʷ ʇʆʃʀɿ ʦʧʝʨʘʪʦʨʘ, ʧʦʤʝʯʝʥʥʦʛʦ ʤʝʪʢʦʡ Li,  

i = 2,3,  ɽǋ ð ʇʆʃʀɿ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʨʘʞʝʥʠʷ ɽ.  ɿʘʤʝʪʠʤ, ʯʪʦ ʨʘʩʧʦʣʦʞʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ 
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ʢʦʥʩʪʨʫʢʮʠʡ  ð ʫʩʣʦʚʠʷ ɽ ʠ ʦʧʝʨʘʪʦʨʦʚ S1 , S2 ð ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʥʝ ʠʟʤʝʥʠʣʦʩʴ. 

ʕʪʦ ʦʙʷʟʘʪʝʣʴʥʦʝ ʪʨʝʙʦʚʘʥʠʝ ʢ ʇʆʃʀɿʫ ʫʧʨʘʚʣʷʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʉʝʤʘʥʪʠʢʘ ʦʧʝʨʘʪʦʨʘ ʮʠʢʣʘ   while ɽ do S  ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʪʘʢ: 

L0: if  (! ɽ) goto L1; S; goto L0; L1: ... . 

ʊʦʛʜʘ ʇʆʃʀɿ ʦʧʝʨʘʪʦʨʘ ʮʠʢʣʘ while ʙʫʜʝʪ ʪʘʢʠʤ (ʧʦʨʷʜʦʢ ʦʧʝʨʘʥʜʦʚ ð ʧʨʝʞʥʠʡ!): 

ɽǋ p1 !F Sǋ p0 ! ..., 

ʛʜʝ pi ð ʥʦʤʝʨ ʵʣʝʤʝʥʪʘ, ʩ ʢʦʪʦʨʦʛʦ ʥʘʯʠʥʘʝʪʩʷ ʇʆʃʀɿ ʦʧʝʨʘʪʦʨʘ, ʧʦʤʝʯʝʥʥʦʛʦ ʤʝʪʢʦʡ Li, 

i = 0,1,  ɽǋ ð ʇʆʃʀɿ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʨʘʞʝʥʠʷ ɽ. 

ʆʧʝʨʘʪʦʨʳ ʚʚʦʜʘ ʠ ʚʳʚʦʜʘ ʄ-ʷʟʳʢʘ ʷʚʣʷʶʪʩʷ ʦʜʥʦʤʝʩʪʥʳʤʠ ʦʧʝʨʘʮʠʷʤʠ. 

ʆʧʝʨʘʪʦʨ ʚʚʦʜʘ read (I)  ʚ ʇʆʃʀɿʝ ʙʫʜʝʪ ʟʘʧʠʩʘʥ ʢʘʢ  I read; 

ʆʧʝʨʘʪʦʨ ʚʳʚʦʜʘ write (E) ʚ ʇʆʃʀɿʝ ʙʫʜʝʪ ʟʘʧʠʩʘʥ ʢʘʢ ɽǋ write, ʛʜʝ ɽǋ ð ʇʆʃʀɿ  

ʚʳʨʘʞʝʥʠʷ  ɽ. 

ʇʦʩʪʬʠʢʩʥʘʷ ʧʦʣʴʩʢʘʷ ʟʘʧʠʩʴ ʦʧʝʨʘʪʦʨʦʚ ʦʙʣʘʜʘʝʪ ʚʩʝʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʭʘʨʘʢʪʝʨʥʳʤʠ 

ʜʣʷ ʧʦʩʪʬʠʢʩʥʦʡ ʧʦʣʴʩʢʦʡ ʟʘʧʠʩʠ ʚʳʨʘʞʝʥʠʡ, ʧʦʵʪʦʤʫ ʘʣʛʦʨʠʪʤ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʚʳʨʘʞʝʥʠʡ 

ʧʨʠʛʦʜʝʥ ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʚʩʝʡ ʧʨʦʛʨʘʤʤʳ, ʟʘʧʠʩʘʥʥʦʡ ʚ ʇʆʃʀɿʝ (ʥʫʞʥʦ ʪʦʣʴʢʦ ʨʘʩʠh-

ʨʠʪʴ ʥʘʙʦʨ ʦʧʝʨʘʮʠʡ; ʢʨʦʤʝ ʪʦʛʦ, ʚʳʧʦʣʥʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʠʟ ʥʠʭ ʥʝ ʙʫʜʝʪ ʜʘʚʘʪʴ ʨʝʟʫʣʴʪʘʪʘ, 

ʟʘʧʠʩʳʚʘʝʤʦʛʦ ʚ ʩʪʝʢ). 

 ʇʦʩʪʬʠʢʩʥʘʷ ʧʦʣʴʩʢʘʷ ʟʘʧʠʩʴ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʧʨʦʛʨʘʤʤʳ, ʥʦ ʠ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʧʦ ʥʝʡ ʦʙʲʝʢʪʥʦʡ ʧʨʦʛʨʘʤʤʳ. ɼʣʷ ʵʪʦʛʦ ʚ 

ʘʣʛʦʨʠʪʤʝ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʚʤʝʩʪʦ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ ʥʫʞʥʦ ʛʝʥʝʨʠʨʦʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶ-
ʱʠʝ ʢʦʤʘʥʜʳ ʦʙʲʝʢʪʥʦʡ ʧʨʦʛʨʘʤʤʳ. 

 

ʉʠʥʪʘʢʩʠʯʝʩʢʠ ʫʧʨʘʚʣʷʝʤʳʡ ʧʝʨʝʚʦʜ 

ʅʘ ʧʨʘʢʪʠʢʝ ʩʠʥʪʘʢʩʠʯʝʩʢʠʡ, ʩʝʤʘʥʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠ ʛʝʥʝʨʘʮʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʝʜ-
ʩʪʘʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤʳ ʯʘʩʪʦ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʧʨʦʛʨʘʤʤʳ. ʆʜʠʥ ʠʟ ʥʠʭ, 

ʥʘʟʳʚʘʝʤʳʡ ʩʠʥʪʘʢʩʠʯʝʩʢʠ ʫʧʨʘʚʣʷʝʤʳʤ ʧʝʨʝʚʦʜʦʤ, ʦʩʦʙʝʥʥʦ ʧʨʦʩʪ ʠ ʵʬʬʝʢʪʠʚʝʥ. 

ɺ ʦʩʥʦʚʝ ʩʠʥʪʘʢʩʠʯʝʩʢʠ ʫʧʨʘʚʣʷʝʤʦʛʦ ʧʝʨʝʚʦʜʘ ʣʝʞʠʪ ʫʞʝ ʠʟʚʝʩʪʥʘʷ ʥʘʤ ʛʨʘʤʤʘʪʠʢʘ 

ʩ ʜʝʡʩʪʚʠʷʤʠ (ʩʤ. ʨʘʟʜʝʣ ʦ ʢʦʥʪʨʦʣʝ ʢʦʥʪʝʢʩʪʥʳʭ ʫʩʣʦʚʠʡ). ʊʝʧʝʨʴ, ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʘʥʘʣʠʟʦʤ 

ʠʩʭʦʜʥʦʡ ʮʝʧʦʯʢʠ ʣʝʢʩʝʤ, ʙʫʜʝʤ ʚʳʧʦʣʥʷʪʴ ʜʝʡʩʪʚʠʷ ʧʦ ʛʝʥʝʨʘʮʠʠ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʷ ʧʨʦʛʨʘʤʤʳ. ɼʣʷ ʵʪʦʛʦ ʜʦʧʦʣʥʠʤ ʛʨʘʤʤʘʪʠʢʫ ʚʳʟʦʚʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʮʝʜʫʨ ʛʝʥʝ-

ʨʘʮʠʠ. 

ʉʦʜʝʨʞʘʪʝʣʴʥʳʡ ʧʨʠʤʝʨ ð ʛʝʥʝʨʘʮʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʄ-
ʷʟʳʢʘ ð ʧʨʠʚʝʜʝʥ ʥʠʞʝ, ʘ ʟʜʝʩʴ ʚ ʢʘʯʝʩʪʚʝ ʠʣʣʶʩʪʨʘʮʠʠ ʨʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʧʨʠʤʝʨ. 

ʇʫʩʪʴ ʝʩʪʴ ʛʨʘʤʤʘʪʠʢʘ, ʦʧʠʩʳʚʘʶʱʘʷ ʧʨʦʩʪʝʡʰʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ. 

Gexpr:   

 E Ÿ T {+T }  

 T  Ÿ F {*F }  

 F Ÿ a | b | (E) 
 

 

ʊʦʛʜʘ ʛʨʘʤʤʘʪʠʢʘ ʩ ʜʝʡʩʪʚʠʷʤʠ ʧʦ ʧʝʨʝʚʦʜʫ ʵʪʦʛʦ ʚʳʨʘʞʝʥʠʷ ʚ ʇʆʃʀɿ ʙʫʜʝʪ ʪʘʢʦʡ. 



ʕʣʝʤʝʥʪʳ ʪʝʦʨʠʠ ʪʨʘʥʩʣʷʮʠʠ / ɻʝʥʝʨʘʮʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤ 
 

86 

Gexpr_polish:  

 E Ÿ T {+T à cout << '+';ð }  

 T  Ÿ F {*F à cout << '*'; ð }  

 F Ÿ a à cout << 'a'; ð | b à cout << 'b'; ð | (E) 
 

 

ɺ ʧʨʦʮʝʩʩʝ ʘʥʘʣʠʟʘ ʤʝʪʦʜʦʤ ʨʝʢʫʨʩʠʚʥʦʛʦ ʩʧʫʩʢʘ ʚʭʦʜʥʦʡ ʮʝʧʦʯʢʠ a + b * ʩ ʧʦ ʛʨʘʤ-

ʤʘʪʠʢʝ  Gexpr_polish  ʚ ʚʳʭʦʜʥʦʡ ʧʦʪʦʢ ʙʫʜʝʪ ʚʳʚʝʜʝʥʘ ʮʝʧʦʯʢʘ a b ʩ * +, ʷʚʣʷʶʱʘʷʩʷ ʧʦʣʴʩʢʦʡ 

ʟʘʧʠʩʴʶ ʠʩʭʦʜʥʦʡ ʮʝʧʦʯʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʘʷ ʛʨʘʤʤʘʪʠʢʘ ʩ ʜʝʡʩʪʚʠʷʤʠ ʢʘʞʜʦʡ ʮʝʧʦʯ-

ʢʝ ʷʟʳʢʘ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ ʩʪʘʚʠʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʦʜʭʦʜʷʱʫʶ ʮʝʧʦʯʢʫ ʷʟʳʢʘ 

ʧʦʣʴʩʢʠʭ ʟʘʧʠʩʝʡ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʪʘʢʘʷ ʛʨʘʤʤʘʪʠʢʘ ʟʘʜʘʝʪ  
ʧʝʨʝʚʦʜ  ʠʟ ʦʜʥʦʛʦ ʬʦʨʤʘʣʴʥʦʛʦ ʷʟʳʢʘ ʚ ʜʨʫʛʦʡ. 

ʆʧʨʝʜʝʣʝʥʠʝ: ʇʫʩʪʴ T1 ʠ T2 ð ʘʣʬʘʚʠʪʳ. ʌʦʨʤʘʣʴʥʳʡ ʧʝʨʝʚʦʜ t ð ʵʪʦ ʧʦʜʤʥʦʞʝ-

ʩʪʚʦ ʤʥʦʞʝʩʪʚʘ ʚʩʝʚʦʟʤʦʞʥʳʭ ʧʘʨ ʮʝʧʦʯʝʢ ʚ ʘʣʬʘʚʠʪʘʭ  T1 ʠ T2: t Ì (T1
*
 ³ T2

*
). 

ʅʘʟʦʚʝʤ ʚʭʦʜʥʳʤ ʷʟʳʢʦʤ ʧʝʨʝʚʦʜʘ t ʷʟʳʢ Lʚʭ(t) = {a | $ b: (a, b ) Í t}.  

ʅʘʟʦʚʝʤ ʮʝʣʝʚʳʤ (ʠʣʠ ʚʳʭʦʜʥʳʤ) ʷʟʳʢʦʤ ʧʝʨʝʚʦʜʘ t ʷʟʳʢ Lʮ(t) = {b | $ a: (a, b) Í t}.  

ʇʝʨʝʚʦʜ  t  ʥʝʦʜʥʦʟʥʘʯʝʥ, ʝʩʣʠ ʜʣʷ ʥʝʢʦʪʦʨʳʭ a Í T1
*
,
   
b, g Í

 
T2

*
, b  ̧g, (a, b) Í t  ʠ 

(a, g) Í t. 

ʈʘʩʩʤʦʪʨʝʥʥʘʷ ʚʳʰʝ ʛʨʘʤʤʘʪʠʢʘ Gexpr_polish ʟʘʜʘʝʪ ʦʜʥʦʟʥʘʯʥʳʡ ʧʝʨʝʚʦʜ: ʢʘʞʜʦʤʫ ʚʳ-

ʨʘʞʝʥʠʶ ʩʪʘʚʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʝʜʠʥʩʪʚʝʥʥʘʷ ʧʦʣʴʩʢʘʷ ʟʘʧʠʩʴ. ʅʝʦʜʥʦʟʥʘʯʥʳʝ ʧʝʨʝʚʦʜʳ 

ʤʦʛʫʪ ʙʳʪʴ ʠʥʪʝʨʝʩʥʳ ʧʨʠ ʠʟʫʯʝʥʠʠ ʤʦʜʝʣʝʡ ʝʩʪʝʩʪʚʝʥʥʳʭ ʷʟʳʢʦʚ; ʜʣʷ ʪʨʘʥʩʣʷʮʠʠ ʷʟʳʢʦʚ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʜʥʦʟʥʘʯʥʳʝ ʧʝʨʝʚʦʜʳ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʜʚʫʭ ʟʘʜʘʥʥʳʭ ʷʟʳʢʦʚ L1 ʠ L2 ʩʫʱʝʩʪʚʫʝʪ ʙʝʩʢʦʥʝʯʥʦ ʤʥʦʛʦ ʬʦʨ-

ʤʘʣʴʥʳʭ ʧʝʨʝʚʦʜʦʚ
25)

. ʏʪʦʙʳ ʟʘʜʘʪʴ ʧʝʨʝʚʦʜ ʠʟ L1  ʚ L2, ʚʘʞʥʦ ʪʦʯʥʦ ʫʢʘʟʘʪʴ ʟʘʢʦʥ ʩʦʦʪʚʝʪ-

ʩʪʚʠʷ ʤʝʞʜʫ ʮʝʧʦʯʢʘʤʠ  L1  ʠ  L2.  

ʇʨʠʤʝʨ. ʇʫʩʪʴ L1 = {0
n
1

m
 | n ² 0, m > 0} ð ʚʭʦʜʥʦʡ ʷʟʳʢ, L2 = { a 

m
b

n
 | n ² 0, m > 0} ð 

ʚʳʭʦʜʥʦʡ ʷʟʳʢ ʠ ʧʝʨʝʚʦʜ t ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʘʢ: ʜʣʷ ʣʶʙʳʭ n ² 0, m > 0 ʮʝʧʦʯʢʝ 

0 

n
1

m
Í L1 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʮʝʧʦʯʢʘ a 

m
b 

n
Í L2. ʄʦʞʥʦ ʟʘʧʠʩʘʪʴ t ʩ ʧʦʤʦʱʴʶ ʪʝʦʨʝʪʠʢʦ-

ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʬʦʨʤʫʣʳ:  t ={  (0 

n
1

m
, a 

m
b 

n 
) | n ² 0, m > 0 }, Lʚʭ (t) = L1, Lʮ (t) = L2 . 

ɿʘʜʘʯʘ.  

ʈʝʘʣʠʟʦʚʘʪʴ ʧʝʨʝʚʦʜ  t ={  (0 

n
1

m
, a 

m
b 

n 
) | n ² 0, m > 0}  ʛʨʘʤʤʘʪʠʢʦʡ ʩ ʜʝʡʩʪʚʠʷʤʠ.  

ʈʝʰʝʥʠʝ 

ʗʟʳʢ L1 ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʛʨʘʤʤʘʪʠʢʦʡ: 

 S Ÿ 0S | 1A 

 A Ÿ 1A | e 
 

 

ɺʩʪʘʚʠʤ ʜʝʡʩʪʚʠʷ ʧʦ ʧʝʨʝʚʦʜʫ ʮʝʧʦʯʝʢ ʚʠʜʘ 0 

n
1

m 
ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʮʝʧʦʯʢʠ ʚʠʜʘ 

a 

m
b 

n
:  

 S Ÿ 0S àcout << 'b';ð | 1 àcout << 'a';ð A 

 A Ÿ 1 àcout << 'a';ð A | e 
 

 

                                                
25) 
ʇʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʭʦʪʷ ʙʳ ʦʜʠʥ ʠʟ ʷʟʳʢʦʚ L1, L2 ʙʝʩʢʦʥʝʯʝʥ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʫʩʪʴ L1 = { a

n
 | n ² 0},  

L2 = { b, c}. ʉʫʱʝʩʪʚʫʝʪ ʙʝʩʢʦʥʝʯʥʦ ʤʥʦʛʦ ʧʝʨʝʚʦʜʦʚ ti  = {( a
i
, b)}  Ç {( a

n
, c) | n  ̧i,  i ² 0}, ʛʜʝ 

Lʚʭ(ti) = L1, Lʮ(ti) = L2. 
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ʊʝʧʝʨʴ ʧʨʠ ʘʥʘʣʠʟʝ ʤʝʪʦʜʦʤ ʨʝʢʫʨʩʠʚʥʦʛʦ ʩʧʫʩʢʘ ʮʝʧʦʯʝʢ ʷʟʳʢʘ  L1 ʩ ʧʦʤʦʱʴʶ ʜʝʡ-

ʩʪʚʠʡ ʙʫʜʫʪ ʧʦʨʦʞʜʘʪʴʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʮʝʧʦʯʢʠ ʷʟʳʢʘ  L2. 

ɻʝʥʝʨʘʪʦʨ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤʳ ʥʘ ʄ-ʷʟʳʢʝ 

ʂʘʞʜʳʡ ʵʣʝʤʝʥʪ ʚ ʇʆʃʀɿʝ ð ʵʪʦ ʣʝʢʩʝʤʘ, ʪ. ʝ. ʧʘʨʘ ʚʠʜʘ à ʪʠʧ_ʣʝʢʩʝʤʳ, ʟʥʘʯʝ-

ʥʠʝ_ʣʝʢʩʝʤʳ ð. ʇʨʠ ʛʝʥʝʨʘʮʠʠ ʇʆʃʀɿʘ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʠʧʳ ʣʝʢʩʝʤ 
(ʜʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʧʝʨʘʪʦʨʦʚ): 

Á POLIZ_GO ð ç!è; 

Á POLIZ_FGO ð ç!Fè;  

Á POLIZ_LABEL ð ʜʣʷ ʩʩʳʣʦʢ ʥʘ ʥʦʤʝʨʘ ʵʣʝʤʝʥʪʦʚ ʇʆʃʀɿʘ; 

Á POLIZ_ADDRESS ð ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʦʧʝʨʘʥʜʦʚ-ʘʜʨʝʩʦʚ (ʥʘʧʨʠʤʝʨ, ʚ ʇʆʃʀɿʝ 

ʦʧʝʨʘʪʦʨʘ ʧʨʠʩʚʘʠʚʘʥʠʷ). 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʛʝʥʝʨʠʨʫʝʤʘʷ ʧʨʦʛʨʘʤʤʘ ʨʘʟʤʝʱʘʝʪʩʷ ʚ ʦʙʲʝʢʪʝ  prog   ʢʣʘʩʩʘ 
Poliz, ʟʘʜʘʥʥʦʤ ʦʧʠʩʘʥʠʝʤ:  

Poliz  prog (1000); 

 
class  Poliz  
{  
 lex *p;  
 int  size;  
 int  free;  
public :  
 Poliz (  int  max_size )  
 {  
  p = new Lex [size = max_size];  
  free  = 0;  
 };  
 ~Poliz() { delete  []p; };  
 void  put_lex(Lex l) { p[free]=l; ++free ; };  
 void  put_lex(Lex l, int  place) { p[place]=l; };  
 void  blank() { ++free; };  
 int  get_free() { return  free; };  
 lex& operator []  (  int  index  )  
 {  
  if  (index > size)  
   throw  "POLIZ:out of array";  
  else  
   if  (  index > free  )  
    throw  "POLIZ:indefinite element of array";  
   else  
    return  p[index];  
 };  
 
 void  print()  
 {  
  for  (  int  I = 0; i < free; ++i )  
   cout << p[i];  
 };  
};  
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ʆʙʲʝʢʪ  prog  ʜʣʷ ʭʨʘʥʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤʳ ʨʘʟʤʝʩʪʠʤ ʚ ʦʪ-

ʢʨʳʪʦʡ ʯʘʩʪʠ ʢʣʘʩʩʘ Parser: 

 
class  Parser  
{  
     Lex curr_lex;  
      ...  
 
public :  
     Poliz        prog;  
     Parser (const char *program ) : scan (program),prog (1000) {}  
     void          analyze();  
};  

 

 ɻʝʥʝʨʘʮʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤʳ ʙʫʜʝʪ ʧʨʦʭʦʜʠʪʴ ʚʦ ʚʨʝʤʷ ʩʠʥʪʘʢ-

ʩʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʢʦʥʪʨʦʣʝʤ ʢʦʥʪʝʢʩʪʥʳʭ ʫʩʣʦʚʠʡ, ʧʦʵʪʦʤʫ ʜʣʷ ʛʝʥʝʨʘʮʠʠ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ, ʩʦʙʨʘʥʥʫʶ ʩʠʥʪʘʢʩʠʯʝʩʢʠʤ ʠ ʩʝʤʘʥʪʠʯʝʩʢʠʤ ʘʥʘʣʠʟʘʪʦ-

ʨʘʤʠ; ʥʘʧʨʠʤʝʨ, ʧʨʠ ʛʝʥʝʨʘʮʠʠ ʇʆʃʀɿʘ ʚʳʨʘʞʝʥʠʡ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʦʜʝʨʞʠʤʳʤ 

ʩʪʝʢʘ, ʩ ʢʦʪʦʨʳʤ ʨʘʙʦʪʘʝʪ ʩʝʤʘʥʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟʘʪʦʨ. ʂʨʦʤʝ ʪʦʛʦ, ʤʦʞʥʦ ʜʦʧʦʣʥʠʪʴ ʬʫʥʢ-
ʮʠʠ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʝʡʩʪʚʠʷʤʠ ʧʦ ʛʝʥʝʨʘʮʠʠ.  

ɼʦʙʘʚʠʤ ʚ ʢʦʥʝʮ  ʪʝʣʘ ʬʫʥʢʮʠʠ  check_op( )  ʦʧʝʨʘʪʦʨ    prog.put_lex (Lex (op) ); ʟʘʧʠ-

ʩʳʚʘʶʱʠʡ ʚ ʇʆʃʀɿ ʟʥʘʢ ʦʧʝʨʘʮʠʠ op, ʘ ʚ ʢʦʥʝʮ ʬʫʥʢʮʠʠ  check_not( )  ʜʦʙʘʚʠʤ ʦʧʝʨʘʪʦʨ    

prog.put_lex (Lex (LEX_NOT) ); ʟʘʧʠʩʳʚʘʶʱʠʡ ʣʝʢʩʝʤʫ not (ʚʦ ʚʥʫʪʨʝʥʥʝʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ) ʚ 

ʇʆʃʀɿ. 

ʊʦʛʜʘ ʛʨʘʤʤʘʪʠʢʘ, ʩʦʜʝʨʞʘʱʘʷ ʜʝʡʩʪʚʠʷ ʧʦ ʢʦʥʪʨʦʣʶ ʢʦʥʪʝʢʩʪʥʳʭ ʫʩʣʦʚʠʡ ʠ ʧʝʨʝʚʦ-
ʜʫ ʚʳʨʘʞʝʥʠʡ ʤʦʜʝʣʴʥʦʛʦ ʷʟʳʢʘ ʚ ʇʆʃʀɿ, ʙʫʜʝʪ ʪʘʢʦʡ: 

 

 E Ÿ E1 | E1 [ = | < | > ] à st_lex.push (c_type ) ð E1 à check_op ( ) ð 

 E1 Ÿ T { [ + | - | or ] à st_lex.push (c_type ) ð T à check_op ( ) ð }  

 T Ÿ F { [ * | / | and ] à st_lex.push (c_type ) ð F à check_op ( ) ð }  

 F Ÿ I à check_id ( ); prog.put_lex ( curr_lex ); ð | 

 N à st_lex.push (LEX_INT); prog.put_lex ( curr_lex ); ð | 

[ true | false ] à st_lex.push (LEX_BOOL); prog.put_lex ( curr_lex ); ð | 

not F à check_not( ); ð | (E) 
 

 

ɼʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʤʠ ʥʫʞʥʦ ʜʦʧʦʣʥʠʪʴ ʧʨʘʚʠʣʦ ʚʳʚʦʜʘ ʦʧʝʨʘʪʦʨʘ ʧʨʠʩʚʘʠʚʘʥʠʷ, ʪʘʢ-

ʞʝ ʜʦʩʪʘʪʦʯʥʦ ʦʯʝʚʠʜʥʳ: 

 S Ÿ I à check_id ( ); prog.put_lex ( Lex ( POLIZ_ADDRESS, c_val ) ); ð := 

 E à eqtype ( ); prog.put_lex ( Lex ( LEX_ASSIGN ) ); ð 
 

 

ʇʨʠ ʛʝʥʝʨʘʮʠʠ ʇʆʃʀɿʘ ʚʳʨʘʞʝʥʠʡ ʠ ʦʧʝʨʘʪʦʨʘ ʧʨʠʩʚʘʠʚʘʥʠʷ ʵʣʝʤʝʥʪʳ ʦʙʲʝʢʪʘ prog 

ʟʘʧʦʣʥʷʣʠʩʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ. ʉʝʤʘʥʪʠʢʘ ʫʩʣʦʚʥʦʛʦ ʦʧʝʨʘʪʦʨʘ 

if  E then S1 else S2 ʪʘʢʦʚʘ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʦʧʝʨʘʥʜʦʚ ʜʣʷ ʦʧʝʨʘʮʠʡ ʙʝʟʫʩʣʦʚʥʦʛʦ ʧʝʨʝʭʦʜʘ ʠ ʧʝ-
ʨʝʭʦʜʘ çʧʦ ʣʞʠè ʚ ʤʦʤʝʥʪ ʛʝʥʝʨʘʮʠʠ ʦʧʝʨʘʮʠʡ ʝʱʝ ʥʝʠʟʚʝʩʪʥʳ: 

if  (!E) goto l2; S1; goto l3; l2: S2; l3 :é 
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ʇʦʵʪʦʤʫ ʧʨʠʜʝʪʩʷ ʦʩʪʘʚʣʷʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʪʠʤ ʦʧʝʨʘʥʜʘʤ ʵʣʝʤʝʥʪʳ ʦʙʲʝʢʪʘ 

prog ʥʝʟʘʧʦʣʥʝʥʥʳʤʠ ʠ ʟʘʧʦʤʠʥʘʪʴ ʠʭ ʥʦʤʝʨʘ, ʘ ʟʘʪʝʤ, ʢʦʛʜʘ ʩʪʘʥʫʪ ʠʟʚʝʩʪʥʳ ʠʭ ʟʥʘʯʝʥʠʷ, 
ʟʘʧʦʣʥʷʪʴ ʧʨʦʧʫʱʝʥʥʦʝ. 

ʊʦʛʜʘ ʛʨʘʤʤʘʪʠʢʘ, ʩʦʜʝʨʞʘʱʘʷ ʜʝʡʩʪʚʠʷ ʧʦ ʢʦʥʪʨʦʣʶ ʢʦʥʪʝʢʩʪʥʳʭ ʫʩʣʦʚʠʡ ʠ ʧʝʨʝʚʦ-

ʜʫ ʫʩʣʦʚʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʤʦʜʝʣʴʥʦʛʦ ʷʟʳʢʘ ʚ ʇʆʃʀɿ, ʙʫʜʝʪ ʪʘʢʦʡ: 

 
S Ÿ if E à eqbool( ); pl2 = prog.get_free( ); prog.blank( ); 

 prog.put_lex ( Lex (POLIZ_FGO ) ); ð 

then S1 à pl3 = prog.get_free( ); prog.blank( ); 

 prog.put_lex ( Lex (POLIZ_GO) ); 

 prog.put_lex ( Lex (POLIZ_LABEL, prog.get_free( ) ), pl2); ð 

else S2 à prog.put_lex ( Lex (POLIZ_LABEL, prog.get_free( ) ), pl3); ð 
 

 

ʉʝʤʘʥʪʠʢʘ ʦʧʝʨʘʪʦʨʘ ʮʠʢʣʘ while E do S ʦʧʠʩʳʚʘʝʪʩʷ ʪʘʢ: 

L0: if  (!E) goto l1; S; goto l0; l1: ..., 

ʘ ʛʨʘʤʤʘʪʠʢʘ ʩ ʜʝʡʩʪʚʠʷʤʠ ʧʦ ʢʦʥʪʨʦʣʶ ʢʦʥʪʝʢʩʪʥʳʭ ʫʩʣʦʚʠʡ ʠ ʧʝʨʝʚʦʜʫ ʦʧʝʨʘʪʦʨʘ ʮʠʢʣʘ ʚ 

ʇʆʃʀɿ ʙʫʜʝʪ ʪʘʢʦʡ: 

 S Ÿ while à pl0 = prog.get_free ( );ð E à eqbool ( ); 

 pl1 = prog.get_free ( ); prog.blank ( ); 

 prog.put_lex (Lex (POLIZ_FGO)); ð 

do S à prog.put_lex (Lex (POLIZ_LABEL, pl0); 

 prog.put_lex (Lex (POLIZ_GO) ); 

 prog.put_lex (Lex (POLIZ_LABEL, prog.get_free( ) ), pl1); ð 
 

 

 

ɿʘʤʝʯʘʥʠʝ 

ʇʝʨʝʤʝʥʥʳʝ pli (i = 0, 1, 2, 3) ʜʦʣʞʥʳ ʙʳʪʴ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʧʨʦʮʝʜʫʨʝ S, ʠʥʘʯʝ ʚʦʟʥʠʢʥʝʪ ʦʰʠʙʢʘ 

ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʚʣʦʞʝʥʥʳʭ ʦʧʝʨʘʪʦʨʦʚ. 

ʅʘʢʦʥʝʮ, ʟʘʧʠʰʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʝʡʩʪʚʠʷ ʜʣʷ ʦʧʝʨʘʪʦʨʦʚ ʚʚʦʜʘ ʠ ʚʳʚʦʜʘ: 

 S Ÿ read ( I à check_id_in_read( );  

                prog.put_lex ( Lex (POLIZ_ADDRESS, c_val) ); ð ) 

 à prog.put_lex ( Lex (LEX_READ) ); ð 

 
S Ÿ write ( E ) à prog.put_lex ( Lex (LEX_WRITE) ); ð 

 

 

ʀʥʪʝʨʧʨʝʪʘʪʦʨ ʇʆʃʀɿʘ ʜʣʷ ʤʦʜʝʣʴʥʦʛʦ ʷʟʳʢʘ   

ʇʦʣʴʩʢʘʷ ʠʥʚʝʨʩʥʘʷ ʟʘʧʠʩʴ ʙʳʣʘ ʚʳʙʨʘʥʘ ʥʘʤʠ ʚ ʢʘʯʝʩʪʚʝ ʷʟʳʢʘ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʪʦʤʫ, ʯʪʦ ʟʘʧʠʩʘʥʥʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʦʛʨʘʤʤʘ ʤʦʞʝʪ 

ʙʳʪʴ ʣʝʛʢʦ ʧʨʦʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʘ. 

ʀʜʝʷ ʘʣʛʦʨʠʪʤʘ ʦʯʝʥʴ ʧʨʦʩʪʘ: ʧʨʦʩʤʘʪʨʠʚʘʝʤ ʇʆʃʀɿ ʩʣʝʚʘ ʥʘʧʨʘʚʦ; ʝʩʣʠ ʚʩʪʨʝʯʘʝʤ 

ʦʧʝʨʘʥʜ, ʪʦ ʟʘʧʠʩʳʚʘʝʤ ʝʛʦ ʚ ʩʪʝʢ; ʝʩʣʠ ʚʩʪʨʝʪʠʣʠ ʟʥʘʢ ʦʧʝʨʘʮʠʠ, ʪʦ ʠʟʚʣʝʢʘʝʤ ʠʟ ʩʪʝʢʘ 

ʥʫʞʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʧʝʨʘʥʜʦʚ ʠ ʚʳʧʦʣʥʷʝʤ ʦʧʝʨʘʮʠʶ, ʨʝʟʫʣʴʪʘʪ (ʝʩʣʠ ʦʥ ʝʩʪʴ) ʟʘʥʦʩʠʤ ʚ 
ʩʪʝʢ ʠ ʪ. ʜ. 

ʀʪʘʢ, ʟʘʧʠʩʘʥʥʘʷ ʚ ʇʆʃʀɿʝ ʧʨʦʛʨʘʤʤʘ ʭʨʘʥʠʪʩʷ ʚ ʚʠʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʣʝʢʩʝʤ ʚ 

ʦʙʲʝʢʪʝ prog ʢʣʘʩʩʘ Poliz. ʃʝʢʩʝʤʳ ʤʦʛʫʪ ʙʳʪʴ ʩʣʝʜʫʶʱʠʝ: ʣʝʢʩʝʤʳ-ʢʦʥʩʪʘʥʪʳ (ʯʠʩʣʘ, true, 
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false), ʣʝʢʩʝʤʳ-ʤʝʪʢʠ ʇʆʃʀɿʘ, ʣʝʢʩʝʤʳ-ʦʧʝʨʘʮʠʠ (ʚʢʣʶʯʘʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʚʝʜʝʥʥʳʝ ʚ 

ʇʆʃʀɿʝ) ʠ ʣʝʢʩʝʤʳ-ʧʝʨʝʤʝʥʥʳʝ (ʠʭ ʟʥʘʯʝʥʠʷ ʠʣʠ ʘʜʨʝʩʘ ð ʥʦʤʝʨʘ ʩʪʨʦʢ ʚ ʪʘʙʣʠʮʝ TID). 

ɺ ʧʨʦʛʨʘʤʤʝ-ʠʥʪʝʨʧʨʝʪʘʪʦʨʝ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʢʦʪʦʨʳʝ ʧʝʨʝʤʝʥʥʳʝ ʠ ʬʫʥʢʮʠʠ, 
ʚʚʝʜʝʥʥʳʝ ʥʘʤʠ ʨʘʥʝʝ. 

 
class  Executer  
{  
 Lex pc_el;  
public :  
 void  execute (  Poliz& prog  );  
};  
void  Executer::execute ( Poliz& prog )  
{  
 Stack < int , 100 > args;  
 int  i, j, index = 0, size = prog.get_free();  
  
 while  ( index < size )  
 {  
  pc_el = prog [ index ];  

  switch  ( pc_el.get_type () )  
  {  
   case  LEX_TRUE:  
   case  LEX_FALSE:  
   case  LEX_NUM: 
   case  POLIZ_ADDRESS: 
   case  POLIZ_LABEL:  
    args.push ( p c_el.get_value () );  
    break ;  
   case  LEX_ID:  
    i = pc_el.get_value ();  
    if  ( TID[i].get_assign () )  
    {  
     arg s.push ( TID[i].get_value () );  
     break ;  
    }  
    else  
     throw  "POLIZ: indefinite identifier";  
   case  LEX_NOT: 
    args.push( !args.pop() );  
    break ;  
   case  LEX_OR: 
    i = args.p op();  
    args.push ( args.pop() || i );  
    break ;  
   case  LEX_AND: 
    i = args.pop();  
    args.push ( args.pop() && i );  
     break ;  
   case  POLIZ_GO:  
    index = args.pop() -  1;  
    break ;  
   case  POLIZ_FGO:  
    i = args.pop();  

    if  ( !args.pop() )  
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     index = i  -  1;  
    break ;  
   case  LEX_WRITE:  
    cout << args.pop () << endl;  
    break ;  
   case  LEX_READ: 
    {  
     int  k;  
     i = args.pop ();  
     if  ( TID[i].get_type () == LEX_INT )  
     {  
      cout << "Input int value for";  
      cout << TID[i ].get_name () << endl;  
      cin >> k;  
     }  
     else   
     {  
      char j[20];  
     rep:  
      cout << "Input boolean value;  
      cout << (true or false) for";  

      cout << TID[i].get_name() << endl;  
      cin >> j;  
      if  (  !strcmp(j, "true")  )  
       k = 1;  
      else  if  (  !strcmp(j, "false")  )  
       k = 0;  
      else  
      {  
       cout  << "Error in input:true/false";  
       cout << endl;  
       goto  rep;  
      }  
    }  
    TID[i].put_value (k);  
    TID[i].put_assign ();  
    break ;}   
   case  LEX_PLUS:  
    args.push ( args.pop() + args.pop() );  
    break ;  
   case  LEX_TIMES:  
    args.pu sh ( args.pop() * args.pop() );  
    break ;  
   case  LEX_MINUS:  
    i = args.pop();  
    args.push ( args.pop() -  i );  
     break ;  
   case  LEX_SLASH: 
    i = args.pop();  
    if  ( !i )  
    {  
     args.push (  args.pop() / i  );  
     break ;  
    }  
    else throw  "POLIZ:divide by zero";  
   case  LEX_EQ: 
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    args.pus h ( args.pop() == args.pop() );  

    break ;  
   case  LEX_LSS:  
    i = args.pop();  
    args.push ( args.pop () < i);  
    break ;  
   case  LEX_GTR: 
    i = args.pop();  
    args.push ( args.pop() > i );  
    break ;  
   case  LEX_LEQ:  
    i = args.pop();  
    args.push ( args.pop() <= i );  
    break ;  
   case  LEX_GEQ: 
    i = args.pop();  
    args.push ( args.pop() >= i );  
    break ;  
   case  LEX_NEQ: 
    i = args.pop();  

    args.push ( args.pop() != i );  
    break ;  
   case  LEX_ASSIGN:  
    i = args.pop();  
    j = args.pop();  
    TID[j].put_value(i);  
    TID[j].put_assign();  
    break ;  
   default :  
    throw  "POLIZ: unexpecte d elem";  
  }       //  end of switch  
  ++index ;  
 };       //end of while  
 cout << "Finish of executing!!!" << endl;  
}  
 
class  Interpretator  
{    Parser pars;  
 Executer E;  
public :  
 Interpretator (  char * program  ): pars (program)  {};  
 void  interpretation ();  
};  
 
void  Interpretator::interpretation ()  
{  
 pars.analyze ();  
 E.execute ( pars.prog );  
}  
 
int  main ()  
{  
 try  
 {     Interpretator I (  "program.txt"  );  
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         I.interpretation ();  
  return  0;  
 }  

 catch  (  char  c )  
 {  
  cout << "unexpected symbol " << c < < endl;  
  return  1;  
 }  
 catch  (  Lex l  )  
 {  
  cout << "unexpected lexeme";  
  cout << l;  
  return  1;  
 }  
 catch  (  const  char  *source  )  
 {     cout << source << endl;  
  return  1;  
 }  
}  

 

ɿʘʜʘʯʠ 

I. ɻʨʘʤʤʘʪʠʢʠ ʠ ʷʟʳʢʠ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦ ʍʦʤʩʢʦʤʫ 

1. ɼʘʥʳ ʛʨʘʤʤʘʪʠʢʘ ʠ ʮʝʧʦʯʢʘ. ʇʦʩʪʨʦʠʪʴ ʚʳʚʦʜ ʟʘʜʘʥʥʦʡ ʮʝʧʦʯʢʠ. 

 a) S ­ T | T+S | T-S  b) S ­ aSBC | abC 

  T ­ F | F*T    CB ­ BC 

  F ­ a | b    bB ­ bb 

    ʎʝʧʦʯʢʘ:   a-b*a+b        bC ­ bc 

       cC ­ cc 

                     ʎʝʧʦʯʢʘ:   aaabbbccc 

2. ʇʦʩʪʨʦʠʪʴ ʚʩʝ ʩʝʥʪʝʥʮʠʘʣʴʥʳʝ ʬʦʨʤʳ ʜʣʷ ʛʨʘʤʤʘʪʠʢʠ ʩ ʧʨʘʚʠʣʘʤʠ: 

   S ­ A+B | B+A 

   A ­ a 

   B ­ b 

3. ʂ ʢʘʢʦʤʫ ʪʠʧʫ ʧʦ ʍʦʤʩʢʦʤʫ ʦʪʥʦʩʠʪʩʷ ʜʘʥʥʘʷ ʛʨʘʤʤʘʪʠʢʘ? ʂʘʢʦʡ ʷʟʳʢ ʦʥʘ ʧʦʨʦʞʜʘʝʪ? 

ʂʘʢʦʚ ʪʠʧ ʷʟʳʢʘ? ʋʢʘʟʘʪʴ ʤʘʢʩʠʤʘʣɹ ʥʦ ʚʦʟʤʦʞʥʳʡ ʥʦʤʝʨ ʪʠʧʘ ʛʨʘʤʤʘʪʢʠ ʠ ʷʟʳʢʘ. 

 a) S ­ APA b) S ­ A | SA | SB 

  P ­ + | -  A ­ a  

  A ­ a | b  B ­ b 



ɿʘʜʘʯʠ / I. ɻʨʘʤʤʘʪʠʢʠ ʠ ʷʟʳʢʠ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦ ʍʦʤʩʢʦʤʫ 

 

94 

 c) S ­ 1B d) S ­  aQb | e 

  B ­ B0 | 1  Q ­ cSc  

 e) S ­ a | Ba f) S ­ Ab 

  B ­ Bb | b  A ­ Aa | ba 

 g) S ­ 0A1 | 01 h) S ­ AB 

  0A ­ 00A1  AB ­ BA 

  A ­ 01  A ­ a 

    B ­ b 

 i) S ­ A | B j) S ­ 0A | 1S 

  A ­ aAb | 0  A ­ 0A | 1B 

  B ­ aBbb | 1  B ­ 0B | 1B | ̂  

 k) S ­ 0S | S0 | D l) S ­ 0A | 1S | e 

  D ­ DD | 1A | e  A ­ 1A | 0B 

  A ­ 0B | e  B ­ 0S | 1B 

  B ­ 0A | 0 

 m) S ­ SS | A n) S ­ AB̂  

  A ­ a | bb  A ­ a | cA 

    B ­ bA 

 o) S ­ aBA | e p) S ­ Ab | c 

  B ­ bSA  A ­ Ba 

  AA ­ c  B ­ cS 

  

 r)  1.  S ­ KF           7. Bb ­ bB 

2.  K ­ KB | CB         8.  Ab ­ bA 

3.  C ­ CA | DA         9.  DF ­ E 

4.  DA ­ aAD     10.  BE ­ Eb 

5.  Aa ­ aA      11.  AE ­ Ea 

6.  DB ­ bBD      12.  bE ­ b 

s)   1.  S ­ DC     6. Ba ­ aB 

2.   D ­ aDA | bDB | aA |bB   7.  Ab ­ bA 

3.   AC ­ aC     8.  Bb ­ bB 

4.   BC ­ bC     9.     C ­ e 

5.   Aa ­ aA        

t) S ­ aAc      u)  S ­ 0A1 

  aA ­ aaBbC | ab    0A ­ 0B1 | 0 

  Bb ­ bb | abbbc | aDbbbcc    B1 ­ 0C11 | 01 

  C ­ c       C ­ 0D | 00D1 | 0 

  D ­ ab      D ­ 01 
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4. ʇʦʩʪʨʦʠʪʴ ʛʨʘʤʤʘʪʠʢʫ, ʧʦʨʦʞʜʘʶʱʫʶ ʟʘʜʘʥʥʳʡ ʷʟʳʢ L. ʂʘʢʦʚ ʪʠʧ ʧʦʩʪʨʦʝʥʥʦʡ ʛʨʘʤʤʘ-

ʪʠʢʠ? ʂʘʢʦʚ ʪʠʧ ʷʟʳʢʘ? 

a) L = { a 

n
b

m
 | n, m ² 1}; 

b) L = { acbcgc | a, b, g Í { a,b}
*
 (ʪ.ʝ. a, b, g ð ʣʶʙʳʝ ʮʝʧʦʯʢʠ ʠʟ a ʠ b)} ; 

c) L = { a1 a2 ... an an ... a2 a1 | ai Í{  0, 1} ,  n ² 1}; 

d) L = { 0
n
1[

n/2] | n²1}; 

e) L = { ca 

ncbmcn
| n²0, m²0 }; 

f)  L = { a 

nbm
 | n  ̧m ; n, m ² 0}; 

g) L = { w | w Í {0,1}
*
, |w|0 |̧w|1 } (ʪ.ʝ. ʚʩʝ ʮʝʧʦʯʢʠ ʠʟ 0 ʠ 1 ʩ ʥʝʨʘʚʥʳʤ ʯʠʩʣʦʤ 0 ʠ 1); 

h) L = { aa | a Í { a,b}
+
} ; 

i)  L = { w | w Í {0,1}
+
, |w|0 = |w|1, " x,yÍ {0,1}

*
 : w = xy Ý  | x |1 ¢ | x |0}  

              (ʪ.ʝ. ʚʩʝ ʥʝʧʫʩʪʳʝ ʮʝʧʦʯʢʠ,  ʩʦʜʝʨʞʘʱʠʝ ʨʘʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 0 ʠ 1, ʧʨʠʯʝʤ ʣʶʙʘʷ ʧʦʜʮʝʧʦʯʢʘ,  

                   ʚʟʷʪʘʷ ʩ ʣʝʚʦʛʦ  ʢʦʥʮʘ, ʩʦʜʝʨʞʠʪ ʝʜʠʥʠʮ ʥʝ ʙʦʣʴʰʝ, ʯʝʤ ʥʫʣʝʡ) ; 

j)  L = { w1w2éwn | n ² 0,  wi Í{  a 

2m
 b 

m 
|  m ² 1} ʜʣʷ 1¢ i¢ n } ; 

k) L = { a
n3 1+

 ̂| n ² 1}; 

l)   L = { an2

 | n ² 1}; 

m)  L = { an3 1+
| n ² 1}. 

5. ʂ ʢʘʢʦʤʫ ʪʠʧʫ ʧʦ ʍʦʤʩʢʦʤʫ ʦʪʥʦʩʠʪʩʷ ʜʘʥʥʘʷ ʛʨʘʤʤʘʪʠʢʘ (ʫʢʘʟʘʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞ-

ʥʳʡ ʥʦʤʝʨ)?  ʂʘʢʦʡ ʷʟʳʢ ʦʥʘ ʧʦʨʦʞʜʘʝʪ? ʂʘʢʦʚ ʪʠʧ ʷʟʳʢʘ? ɺʳʧʠʩʘʪʴ ʧʦʜʪʚʝʨʞʜʘʶʱʫʶ ʦʪ-

ʚʝʪ ʛʨʘʤʤʘʪʠʢʫ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ ʚʭʦʜʠʪ ʪʦʣʴʢʦ ʦʜʠʥ ʥʝʪʝʨʤʠʥʘʣ ð ʮʝʣʴ ʛʨʘʤʤʘʪʠʢʠ. 

 a) S ­ AB | ASB  b) S ­ 1A0   

  A ­ a    1A ­ 11A0 | 01   

  aB ­ b 

  bB ­ bb 

6. ʕʢʚʠʚʘʣʝʥʪʥʳ ʣʠ ʛʨʘʤʤʘʪʠʢʠ ʩ ʧʨʘʚʠʣʘʤʠ: 

 ʘ) S ­ AB ʠ S ­ AS | SB | AB 

  A ­ a | Aa A ­ a 

  B ­ b | Bb B ­ b 

 

 b) S ­ aSL | aL ʠ S ­ aSBc | abc 

  L ­ Kc cB ­ Bc 

  cK ­ Kc bB ­ bb 

  K ­ b 
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7. ʇʦʩʪʨʦʠʪʴ ʂʉ-ʛʨʘʤʤʘʪʠʢʫ,  ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʛʨʘʤʤʘʪʠʢʝ ʩ ʧʨʘʚʠʣʘʤʠ: 

 ʘ) S ­ aAb b) S ­ AB | ABS 

  aA ­ aaAb  AB ­ BA 

  A ­ e  BA ­ AB 

    A ­ a 

    B ­ b 

8. ʇʦʩʪʨʦʠʪʴ ʨʝʛʫʣʷʨʥʫʶ ʛʨʘʤʤʘʪʠʢʫ, ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʛʨʘʤʤʘʪʠʢʝ ʩ ʧʨʘʚʠʣʘʤʠ: 

 ʘ) S ­ A | AS b) S ­ A.A 

  A ­ a | bb  A ­ B | BA 

    B ­ 0 | 1 

9.  ʇʨʠʚʝʩʪʠ ʧʨʠʤʝʨ ʛʨʘʤʤʘʪʠʢʠ, ʢʘʞʜʦʝ ʧʨʘʚʠʣʦ  ʢʦʪʦʨʦʡ ʦʪʥʦʩʠʪʩʷ ʢ ʦʜʥʦʤʫ ʠʟ ʪʨʝʭ ʚʠ-

ʜʦʚ                      A ­ Bt,  ʣʠʙʦ   A ­ t B, ʣʠʙʦ   A ­ t,  ʜʣʷ ʢʦʪʦʨʦʡ ʥʝ ʩʫʱʝʩʪʚʫʝʪ 
ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʨʝʛʫʣʷʨʥʦʡ ʛʨʘʤʤʘʪʠʢʠ. 

10. ɼʦʢʘʟʘʪʴ, ʯʪʦ ʛʨʘʤʤʘʪʠʢʘ ʩ ʧʨʘʚʠʣʘʤʠ: 

  S ­ aSBC | abC 

   CB ­ BC 

  bB ­ bb 

  bC ­ bc 

  cC ­ cc 

ʧʦʨʦʞʜʘʝʪ ʷʟʳʢ L = { a 

n
b 

n
c

n
 | n ² 1}.  

ɼʣʷ ʵʪʦʛʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʚ ʜʘʥʥʦʡ ʛʨʘʤʤʘʪʠʢʝ: 

I ) ʚʳʚʦʜʠʪʩʷ ʣʶʙʘʷ ʮʝʧʦʯʢʘ ʚʠʜʘ a 

n
b 

n
c

n
 (n ² 1) ʠ 

II ) ʥʝ ʚʳʚʦʜʷʪʩʷ ʥʠʢʘʢʠʝ ʜʨʫʛʠʝ ʮʝʧʦʯʢʠ. 

11. ɼʘʥʘ ʛʨʘʤʤʘʪʠʢʘ ʩ ʧʨʘʚʠʣʘʤʠ: 

 a) S ­ S0 | S1 | D0 | D1 b) S ­ if   B then S | B = E 

  D ­ H.  E ­ B | B + E 

  H ­ 0 | 1 | H0 | H1  B ­ a | b 

ʇʦʩʪʨʦʠʪʴ ʚʦʩʭʦʜʷʱʠʤ ʠ ʥʠʩʭʦʜʷʱʠʤ ʤʝʪʦʜʘʤʠ ʜʝʨʝʚʦ ʚʳʚʦʜʘ ʜʣʷ ʮʝʧʦʯʢʠ: 

a)   10.1001                 b)   if  a then  b = a +b +b 

12. ʆʧʨʝʜʝʣʠʪʴ ʪʠʧ ʛʨʘʤʤʘʪʠʢʠ. ʆʧʠʩʘʪʴ ʷʟʳʢ, ʧʦʨʦʞʜʘʝʤʳʡ ʵʪʦʡ ʛʨʘʤʤʘʪʠʢʦʡ. ʇʦʩʪʨʦʠʪʴ 

ʜʣʷ ʵʪʦʛʦ ʷʟʳʢʘ ʂʉ-ʛʨʘʤʤʘʪʠʢʫ. 

  S ­ P  ̂

  P ­ 1P1 | 0P0 | T 

  T ­ 021 | 120R 

  R1 ­ 0R 

  R0 ­ 1R 

  R ­̂ 1  ̂
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13. ʇʦʩʪʨʦʠʪʴ ʨʝʛʫʣʷʨʥʫʶ ʛʨʘʤʤʘʪʠʢʫ, ʧʦʨʦʞʜʘʶʱʫʶ ʮʝʧʦʯʢʠ ʚ ʘʣʬʘʚʠʪʝ  

{ a, b},  ʚ ʢʦʪʦʨʳʭ ʩʠʤʚʦʣ  a  ʥʝ ʚʩʪʨʝʯʘʝʪʩʷ ʜʚʘ ʨʘʟʘ ʧʦʜʨʷʜ. 

14. ʇʦʩʪʨʦʠʪʴ ʂʉ-ʛʨʘʤʤʘʪʠʢʫ ʜʣʷ ʷʟʳʢʘ L, ʧʦʩʪʨʦʠʪʴ ʜʝʨʝʚʦ ʚʳʚʦʜʘ ʠ ʣʝʚʦʩʪʦʨʦʥʥʠʡ ʚʳ-

ʚʦʜ ʜʣʷ ʮʝʧʦʯʢʠ   aabbbcccc. 

  L = { a
2n

 b
m

 c
2k

 | m = n + k, m > 1}. 

15. ʇʦʩʪʨʦʠʪʴ ʛʨʘʤʤʘʪʠʢʫ, ʧʦʨʦʞʜʘʶʱʫʶ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʫʛʣʳʭ ʩʢʦʙʦʢ 

ʮʝʧʦʯʢʠ ʚ ʘʣʬʘʚʠʪʝ { a, ( , ),  ̂ }. ʉʙʘʣʘʥʩʠʨʦʚʘʥʥʫʶ ʮʝʧʦʯʢʫ a ʦʧʨʝʜʝʣʠʤ ʨʝʢʫʨʩʠʚʥʦ: ʮʝ-

ʧʦʯʢʘ a ʩʙʘʣʘʥʩʠʨʦʚʘʥʘ, ʝʩʣʠ 

a) a  ʥʝ ʩʦʜʝʨʞʠʪ ʩʢʦʙʦʢ, 

b) a = (a1) ʠʣʠ a = a1 a2, ʛʜʝ a1 ʠ a2  ʩʙʘʣʘʥʩʠʨʦʚʘʥʳ. 

16. ʇʦʩʪʨʦʠʪʴ ʂʉ-ʛʨʘʤʤʘʪʠʢʫ, ʧʦʨʦʞʜʘʶʱʫʶ ʷʟʳʢ L,  ʠ ʚʳʚʦʜ ʜʣʷ ʮʝʧʦʯʢʠ aacbbbcaa ʚ 

ʵʪʦʡ ʛʨʘʤʤʘʪʠʢʝ.    

L = { a 

n
cb

m
ca 

n
 | n,m > 0}.  

17. ʇʦʩʪʨʦʠʪʴ ʂʉ-ʛʨʘʤʤʘʪʠʢʫ, ʧʦʨʦʞʜʘʶʱʫʶ ʷʟʳʢ L, ʠ ʚʳʚʦʜ ʜʣʷ ʮʝʧʦʯʢʠ  110000111 ʚ 
ʵʪʦʡ ʛʨʘʤʤʘʪʠʢʝ. 

  L = {1
n
 0

m
 1

p
 | n + p >m; n, p, m > 0}.  

18. ɼʘʥ ʷʟʳʢ L = {1
3n+2

 0 

n
 | n ² 0}. ʆʧʨʝʜʝʣʠʪʴ ʝʛʦ ʪʠʧ, ʧʦʩʪʨʦʠʪʴ ʛʨʘʤʤʘʪʠʢʫ, ʧʦʨʦʞʜʘʶ-

ʱʫʶ L. ʇʦʩʪʨʦʠʪʴ ʣʝʚʦʩʪʦʨʦʥʥʠʡ ʠ ʧʨʘʚʦʩʪʦʨʦʥʥʠʡ ʚʳʚʦʜʳ, ʜʝʨʝʚʦ ʨʘʟʙʦʨʘ ʜʣʷ ʮʝʧʦʯʢʠ 
1111111100. 

19. ʅʘʡʪʠ ʦʙʱʠʝ ʘʣʛʦʨʠʪʤʳ ʧʦʩʪʨʦʝʥʠʷ ʧʦ ʜʘʥʥʳʤ ʂʉ-ʛʨʘʤʤʘʪʠʢʘʤ  G1 ʠ G2, ʧʦʨʦʞʜʘʶ-
ʱʠʤ ʷʟʳʢʠ  L1  ʠ  L2,  ʂʉ-ʛʨʘʤʤʘʪʠʢʠ ʜʣʷ 

a) L1ÇL2 ; 

b) L1 Ö L2  ; 

c) L1
*  

. 

ɿʘʤʝʯʘʥʠʝ 

L = L1 Ö L2 ð ʵʪʦ ʢʦʥʢʘʪʝʥʘʮʠʷ ʷʟʳʢʦʚ L1 ʠ L2, ʪ.ʝ. L = { aÖb | a Í L1, b Í L2};  L = L1
*
 ð ʵʪʦ ʠʪʝʨʘ-

ʮʠʷ ʷʟʳʢʘ L1, ʪ.ʝ. ʦʙʲʝʜʠʥʝʥʠʝ {e} Ç L1 Ç L1ÖL1 Ç L1ÖL1ÖL1 Ç ... 

20. ʇʦʩʪʨʦʠʪʴ ʂʉ-ʛʨʘʤʤʘʪʠʢʫ ʜʣʷ  L = {wi 2 wi+1
R
 | i Í N, wi  = (i)2 ð ʜʚʦʠʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʯʠʩʣʘ  i (ʙʝʟ ʥʝʟʥʘʯʘʱʠʭ ʥʫʣʝʡ), w
R
 ð ʦʙʨʘʱʝʥʠʝ ʮʝʧʦʯʢʠ w}. ʇʦʩʪʨʦʠʪʴ ʂʉ-ʛʨʘʤʤʘʪʠʢʫ 

ʜʣʷ ʷʟʳʢʘ L
* 
(ʩʤ. ʟʘʤʝʯʘʥʠʝ ʢ ʟʘʜʘʯʝ 19). 

21. ʇʦʢʘʟʘʪʴ, ʯʪʦ ʛʨʘʤʤʘʪʠʢʘ 

  E ­ E+E | E*E | (E) | i 

ʥʝʦʜʥʦʟʥʘʯʥʘ. ʂʘʢ ʦʧʠʩʘʪʴ ʵʪʦʪ ʞʝ ʷʟʳʢ ʩ ʧʦʤʦʱʴʶ ʦʜʥʦʟʥʘʯʥʦʡ ʛʨʘʤʤʘʪʠʢʠ? 
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22. ʇʦʢʘʟʘʪʴ, ʯʪʦ ʥʘʣʠʯʠʝ ʚ ʧʨʠʚʝʜʝʥʥʦʡ  ʂʉ-ʛʨʘʤʤʘʪʠʢʝ ʧʨʘʚʠʣ ʚʠʜʘ 

a) A ­ AA | a 

b) A ­ AaA | b 

c) A ­ aA | Ab | g, 

ʛʜʝ a, b, g Í (TÇN)
*
, A Í N, ʜʝʣʘʝʪ ʝʝ ʥʝʦʜʥʦʟʥʘʯʥʦʡ. ʄʦʞʥʦ ʣʠ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʵʪʠ ʧʨʘʚʠʣʘ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʦʣʫʯʝʥʥʘʷ ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʛʨʘʤʤʘʪʠʢʘ ʙʳʣʘ ʦʜʥʦʟʥʘʯʥʦʡ? 

23. ʇʦʢʘʟʘʪʴ, ʯʪʦ ʛʨʘʤʤʘʪʠʢʘ G ʥʝʦʜʥʦʟʥʘʯʥʘ. ʂʘʢʦʡ ʷʟʳʢ ʦʥʘ ʧʦʨʦʞʜʘʝʪ? ʗʚʣʷʝʪʩʷ ʣʠ ʵʪʦʪ 
ʷʟʳʢ ʦʜʥʦʟʥʘʯʥʳʤ? 

 G: S ­ aAc | aB 

  B ­ bc 

  A ­ b 

24. ɼʘʥʘ ʂʉ-ʛʨʘʤʤʘʪʠʢʘ G = àT, N, P, S ð. ʇʨʝʜʣʦʞʠʪʴ ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʤʥʦʞʝʩʪʚʘ 

       X = { A Í N | A Ý e}.  

25. ɼʣʷ ʧʨʦʠʟʚʦʣʴʥʦʡ ʂʉ-ʛʨʘʤʤʘʪʠʢʠ G ʧʨʝʜʣʦʞʠʪʴ ʘʣʛʦʨʠʪʤ, ʦʧʨʝʜʝʣʷʶʱʠʡ, ʧʫʩʪ ʣʠ 

ʷʟʳʢ  L(G). 

26. ʇʦʩʪʨʦʠʪʴ ʧʨʠʚʝʜʝʥʥʫʶ ʛʨʘʤʤʘʪʠʢʫ, ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʜʘʥʥʦʡ ʂʉ-ʛʨʘʤʤʘʪʠʢʝ. 

 a) S ­ aABS | bCACd b) S ­ aAB | E 

  A ­ bAB | cSA | cCC  A ­ dDA | e 

  B ­ bAB | cSB  B ­ bE | f 

  C ­ cS | c  C ­ cAB | dSD | a 

    D ­ eA 

    E ­ fA | g 

27. ʇʦʩʪʨʦʠʪʴ ʥʝʫʢʦʨʘʯʠʚʘʶʱʫʶ ʂʉ-ʛʨʘʤʤʘʪʠʢʫ, ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʜʘʥʥʦʡ, ʧʨʠʤʝʥʠʚ ʘʣʛʦ-
ʨʠʪʤ ʫʩʪʨʘʥʝʥʠʷ ʧʨʘʚʠʣ ʩ ʧʫʩʪʦʡ ʧʨʘʚʦʡ ʯʘʩʪʴʶ. 

S ­ aS |  Sa | C 

C ­ CC | bA | e 

A ­ aB | e 

B ­ a A | a 

28. ʗʟʳʢ ʥʘʟʳʚʘʝʪʩʷ ʨʘʩʧʦʟʥʘʚʘʝʤʳʤ, ʝʩʣʠ ʩʫʱʝʩʪʚʫʝʪ ʘʣʛʦʨʠʪʤ, ʢʦʪʦʨʳʡ ʟʘ ʢʦʥʝʯʥʦʝ ʯʠʩ-

ʣʦ ʰʘʛʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʦʪʚʝʪ ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʣʶʙʦʡ ʮʝʧʦʯʢʠ ʵʪʦʤʫ ʷʟʳʢʫ. ɽʩʣʠ 

ʯʠʩʣʦ ʰʘʛʦʚ ʟʘʚʠʩʠʪ ʦʪ ʜʣʠʥʳ ʮʝʧʦʯʢʠ ʠ ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʦ ʜʦ ʚʳʧʦʣʥʝʥʠʷ ʘʣʛʦʨʠʪʤʘ, 

ʷʟʳʢ ʥʘʟʳʚʘʝʪʩʷ ʣʝʛʢʦ ʨʘʩʧʦʟʥʘʚʘʝʤʳʤ. ɼʦʢʘʟʘʪʴ, ʯʪʦ ʷʟʳʢ, ʧʦʨʦʞʜʘʝʤʳʡ ʥʝʫʢʦʨʘʯʠʚʘʶ-

ʱʝʡ ʛʨʘʤʤʘʪʠʢʦʡ, ʣʝʛʢʦ ʨʘʩʧʦʟʥʘʚʘʝʤ. 

29. ɼʦʢʘʟʘʪʴ, ʯʪʦ ʣʶʙʦʡ ʢʦʥʝʯʥʳʡ ʷʟʳʢ  ʷʚʣʷʝʪʩʷ ʨʝʛʫʣʷʨʥʳʤ ʷʟʳʢʦʤ. 

30. ɼʦʢʘʟʘʪʴ, ʯʪʦ ʥʝʮʠʢʣʠʯʝʩʢʘʷ ʂʉ-ʛʨʘʤʤʘʪʠʢʘ ʧʦʨʦʞʜʘʝʪ ʢʦʥʝʯʥʳʡ ʷʟʳʢ.  

ɿʘʤʝʯʘʥʠʝ 

ʅʝʪʝʨʤʠʥʘʣʴʥʳʡ ʩʠʤʚʦʣ A Í N ð  ʮʠʢʣʠʯʝʩʢʠʡ, ʝʩʣʠ ʚ ʛʨʘʤʤʘʪʠʢʝ ʩʫʱʝʩʪʚʫʝʪ ʚʳʚʦʜ A Ý 

x1Ax2. ʂʉ-ʛʨʘʤʤʘʪʠʢʘ ʥʘʟʳʚʘʝʪʩʷ ʮʠʢʣʠʯʝʩʢʦʡ, ʝʩʣʠ ʚ ʥʝʡ ʠʤʝʝʪʩʷ ʭʦʪʷ ʙʳ ʦʜʠʥ ʮʠʢʣʠʯʝʩʢʠʡ 
ʩʠʤʚʦʣ. 
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31. ʇʦʢʘʟʘʪʴ, ʯʪʦ ʫʩʣʦʚʠʝ ʮʠʢʣʠʯʥʦʩʪʠ ʛʨʘʤʤʘʪʠʢʠ (ʩʤ. ʟʘʜʘʯʫ 29) ʥʝ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤ 

ʫʩʣʦʚʠʝʤ ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʧʦʨʦʞʜʘʝʤʦʛʦ ʝʶ ʷʟʳʢʘ. 

32. ɼʦʢʘʟʘʪʴ, ʯʪʦ ʷʟʳʢ, ʧʦʨʦʞʜʘʝʤʳʡ ʮʠʢʣʠʯʝʩʢʦʡ ʧʨʠʚʝʜʝʥʥʦʡ ʂʉ-ʛʨʘʤʤʘʪʠʢʦʡ, ʩʦʜʝʨ-

ʞʘʱʝʡ ʭʦʪʷ ʙʳ ʦʜʠʥ ʵʬʬʝʢʪʠʚʥʳʡ ʮʠʢʣʠʯʝʩʢʠʡ ʩʠʤʚʦʣ, ʙʝʩʢʦʥʝʯʝʥ. 

ɿʘʤʝʯʘʥʠʝ 

ʎʠʢʣʠʯʝʩʢʠʡ ʩʠʤʚʦʣ ʥʘʟʳʚʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ, ʝʩʣʠ A Ý aAb, ʛʜʝ |aAb| > 1; ʠʥʘʯʝ ʮʠʢʣʠʯʝʩʢʠʡ 
ʩʠʤʚʦʣ ʥʘʟʳʚʘʝʪʩʷ ʬʠʢʪʠʚʥʳʤ. 

II. ʈʝʛʫʣʷʨʥʳʝ ʛʨʘʤʤʘʪʠʢʠ, ʢʦʥʝʯʥʳʝ ʘʚʪʦʤʘʪʳ, ʨʘʟʙʦʨ ʧʦ ɼʉ 

1. ɼʘʥʘ ʨʝʛʫʣʷʨʥʘʷ ʛʨʘʤʤʘʪʠʢʘ ʩ ʧʨʘʚʠʣʘʤʠ: 

  S ­ S0 | S1 | P0 | P1 

  P ­ N. 

  N ­ 0 | 1 | N 0 | N 1 

ʇʦʩʪʨʦʠʪʴ ʧʦ ʥʝʡ ʜʠʘʛʨʘʤʤʫ ʩʦʩʪʦʷʥʠʡ (ɼʉ) ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ɼʉ ʜʣʷ ʨʘʟʙʦʨʘ ʮʝʧʦʯʝʢ: 

11.010, 0.1, 01., 100. ʂʘʢʦʡ ʷʟʳʢ ʧʦʨʦʞʜʘʝʪ ʵʪʘ ʛʨʘʤʤʘʪʠʢʘ? 

2. ɼʘʥʘ ɼʉ. 

a) ʆʩʫʱʝʩʪʚʠʪʴ ʨʘʟʙʦʨ ʮʝʧʦʯʝʢ 1011,̂ 10 + 011̂  ʠ 0 -101+1 .̂ 

b) ɺʦʩʩʪʘʥʦʚʠʪʴ ʨʝʛʫʣʷʨʥʫʶ ʛʨʘʤʤʘʪʠʢʫ, ʧʦ ʢʦʪʦʨʦʡ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʜʘʥʥʘʷ ɼʉ. 

c) ʂʘʢʦʡ ʷʟʳʢ ʧʦʨʦʞʜʘʝʪ ʧʦʣʫʯʝʥʥʘʷ ʛʨʘʤʤʘʪʠʢʘ? 

 

 

 

 

 

 

3. ʇʫʩʪʴ ʠʤʝʝʪʩʷ ʧʝʨʝʤʝʥʥʘʷ c ʠ ʬʫʥʢʮʠʷ gc(), ʩʯʠʪʳʚʘʶʱʘʷ ʚ ʩ ʦʯʝʨʝʜʥʦʡ ʩʠʤʚʦʣ ʘʥʘʣʠʟʠ-

ʨʫʝʤʦʡ ʮʝʧʦʯʢʠ. ɼʘʥʘ ɼʉ ʩ ʜʝʡʩʪʚʠʷʤʠ: 

 

 

 

a) ʆʧʨʝʜʝʣʠʪʴ, ʯʪʦ ʙʫʜʝʪ ʚʳʜʘʥʦ ʥʘ ʧʝʯʘʪʴ ʧʨʠ ʨʘʟʙʦʨʝ ʮʝʧʦʯʢʠ 

                1+101/  /p11+++1000 /5  ̂. 

0,1 

gc( ); 0,1 

gc( ); b=2*b+c-ô0ô;gc( ); 

b=c-ô0ô;gc( ); 

printf(ò%dò,b); 

H S 

H A S 

 +,-  0,1 

  ̂ 0,1 

 0,1 

ER B 
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b)    ʅʘʧʠʩʘʪʴ ʥʘ  ʉʠ ++ ʘʥʘʣʠʟʘʪʦʨ ʧʦ ʵʪʦʡ ɼʉ. 

4. ʇʦʩʪʨʦʠʪʴ ʨʝʛʫʣʷʨʥʫʶ (ʘʚʪʦʤʘʪʥʫʶ) ʣʝʚʦʣʠʥʝʡʥʫʶ ʛʨʘʤʤʘʪʠʢʫ ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʷʟʳʢʘ, ʧʦ 
ʥʝʡ ʧʦʩʪʨʦʠʪʴ ɼʉ, ʘ ʧʦ  ɼʉ  ð  ʥʘʧʠʩʘʪʴ ʧʨʦʛʨʘʤʤʫ ʘʥʘʣʠʟʘʪʦʨʘ:  

 a) L  =  { xay  ̂ |  a Í {x, y}
*
}  ; 

 b) L  =  { (xy
3
)
n
  ̂ |  n ² 1 }  ;  

 ʩ) L = {( abb)
k

|̂ k ² 1} ; 

 d) L = { ŵ  | w Í {0,1}
*
, ʛʜʝ ʟʘ ʢʘʞʜʦʡ 1 ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʣʝʜʫʝʪ 0} ; 

 e) L = {1w1  ̂| w Í {0,1}
+
 , ʛʜʝ ʚʩʝ ʧʦʜʨʷʜ ʠʜʫʱʠʝ 0 ð ʧʦʜʮʝʧʦʯʢʠ ʥʝʯʝʪʥʦʡ ʜʣʠʥʳ}. 

5. ɼʘʥʘ ʨʝʛʫʣʷʨʥʘʷ ʛʨʘʤʤʘʪʠʢʘ: 

  S ­ A  ̂

  A ­ Ab | Bb | b 

  B ­ Aa 

ʆʧʨʝʜʝʣʠʪʴ ʷʟʳʢ, ʢʦʪʦʨʳʡ ʦʥʘ ʧʦʨʦʞʜʘʝʪ; ʧʦʩʪʨʦʠʪʴ ɼʉ; ʥʘʧʠʩʘʪʴ ʥʘ ʉʠ++ ʘʥʘʣʠʟʘʪʦʨ. 

6. ʇʦʩʪʨʦʠʪʴ ɼʉ, ʧʦ ʢʦʪʦʨʦʡ ʚ ʟʘʜʘʥʥʦʤ ʪʝʢʩʪʝ, ʦʢʘʥʯʠʚʘʶʱʝʤʩʷ ʥʘ ,̂ ʚʳʷʚʣʷʶʪʩʷ ʚʩʝ ʧʘʨ-

ʥʳʝ ʢʦʤʙʠʥʘʮʠʠ  < >,  <=  ʠ  >=  ʠ ʧʦʜʩʯʠʪʳʚʘʝʪʩʷ ʠʭ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ. 

7. ʅʘʧʠʩʘʪʴ ʥʘ ʉʠ++  ʘʥʘʣʠʟʘʪʦʨ, ʚʳʜʝʣʷʶʱʠʡ ʠʟ ʪʝʢʩʪʘ ʚʝʱʝʩʪʚʝʥʥʳʝ ʯʠʩʣʘ ʙʝʟ ʟʥʘʢʘ (ʦʥʠ 

ʦʧʨʝʜʝʣʝʥʳ ʢʘʢ ʚ ʇʘʩʢʘʣʝ) ʠ ʧʨʝʦʙʨʘʟʫʶʱʠʡ ʠʭ ʠʟ ʩʠʤʚʦʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚ ʯʠʩʣʦʚʦʝ. 

8. ʅʘʧʠʩʘʪʴ ʥʘ ʉʠ++  ʘʥʘʣʠʟʘʪʦʨ, ʚʳʜʝʣʷʶʱʠʡ ʠʟ ʪʝʢʩʪʘ ʚʝʱʝʩʪʚʝʥʥʳʝ ʯʠʩʣʘ  (ʦʥʠ ʦʧʨʝʜʝ-
ʣʝʥʳ ʢʘʢ ʚ ʉʠ) ʠ ʧʨʝʦʙʨʘʟʫʶʱʠʡ ʠʭ ʠʟ ʩʠʤʚʦʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚ ʯʠʩʣʦʚʦʝ. 

9. ɼʘʥʳ ʜʚʝ ʛʨʘʤʤʘʪʠʢʠ  G1 ʠ G2. 

G1: S ­ 0C | 1B G2: S ­ 0D | 1B 

  B ­ 0B | 1C | e  B ­ 0C | 1C 

  C ­ 0C | 1C  C ­ 0D | 1D | e 

    D ­ 0D | 1D 

  ʇʫʩʪʴ   L1 = L(G1),   L2 = L(G2).  ʇʦʩʪʨʦʠʪʴ ʨʝʛʫʣʷʨʥʫʶ (ʘʚʪʦʤʘʪʥʫʶ) ʛʨʘʤʤʘʪʠʢʫ 

ʜʣʷ: 

a) L1ÇL2 

b) L1ÆL2 

c) L1
*
 \{e}  

d) L2
*
 \ {e}  

e) L1ÖL2 

ɽʩʣʠ ʨʘʟʙʦʨ ʧʦ ʥʝʡ ʦʢʘʟʘʣʩʷ ʥʝʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʤ, ʧʦʩʪʨʦʠʪʴ ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʝʡ ʛʨʘʤʤʘ-
ʪʠʢʫ, ʜʦʧʫʩʢʘʶʱʫʶ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ ʨʘʟʙʦʨ. 
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10. ʇʦʩʪʨʦʠʪʴ ʣʝʚʦʣʠʥʝʡʥʫʶ ʨʝʛʫʣʷʨʥʫʶ ʛʨʘʤʤʘʪʠʢʫ, ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʜʘʥʥʦʡ ʧʨʘʚʦʣʠʥʝʡ-

ʥʦʡ, ʜʦʧʫʩʢʘʶʱʫʶ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ ʨʘʟʙʦʨ. 

 

 a) S ­ 0S | 0B b) S ­ 0B 

  B ­ 1B | 1C  B ­ 1C | 1S 

  C ­ 1C | ̂   C ­  ̂

 

 c) S ­ aB 

  B ­ aC | aD | dB 

  C ­ aB 

  D ­  ̂

11. ɼʣʷ ʜʘʥʥʦʡ ʛʨʘʤʤʘʪʠʢʠ 

a) ʦʧʨʝʜʝʣʠʪʴ ʝʝ ʪʠʧ; 

b) ʦʧʨʝʜʝʣʠʪʴ ʧʦʨʦʞʜʘʝʤʳʡ ʝʶ ʷʟʳʢ; 

c) ʧʦʩʪʨʦʠʪʴ ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʘʚʪʦʤʘʪʥʫʶ ʛʨʘʤʤʘʪʠʢʫ; 

d) ʧʦʩʪʨʦʠʪʴ ɼʉ ʠ ʘʥʘʣʠʟʘʪʦʨ ʥʘ ʉʠ++. 

  S ­ 0S | S0 | D 

  D ­ DD | 1A | e 

  A ­ 0B | e 

  B ­ 0A | 0 

12. ʇʦʩʪʨʦʠʪʴ ɼʉ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʟʘʜʘʥʥʦʡ ʣʝʚʦʣʠʥʝʡʥʦʡ ʘʚʪʦʤʘʪʥʦʡ ʛʨʘʤʤʘʪʠʢʝ. ɽʩʣʠ 

ɼʉ ʟʘʜʘʝʪ ʅʂɸ, ʪʦ ʧʦʩʪʨʦʠʪʴ ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʝʤʫ ɼʂɸ, ʠʩʧʦʣʴʟʫʷ  ʘʣʛʦʨʠʪʤ. ɼʣʷ ʧʦʣʫʯʝʥ-
ʥʦʛʦ ɼʂɸ ʧʦʩʪʨʦʠʪʴ ʘʥʘʣʠʟʘʪʦʨ.  ʇʦʩʪʨʦʠʪʴ ʩʦʦʪʚʝʩʪʚʫʶʱʫʶ ɼʂɸ  ʛʨʘʤʤʘʪʠʢʫ. 

a) S ­ Sa | Ab | b  b) S ­ Sb | Aa | a 

 A ­ Ab | Sa | a   A ­ Sb | a | b 

c) S ­ C  ̂   d) S ­ A  ̂

C ­ A1 | B1 | 1   A ­ Bb | a 

A ­ A1 | C0 | 0   B ­ Bb | b 

B ­ C0 | 0 

e) S ­ B0 | C0   f) S ­ Bb | Cc 

 B ­ B0 | 0    B ­ Bb | Ab 

 C ­ C1 | A1    C ­ Cc | Ab 

 A ­ 0     A ­ a 

g) S ­ S1 | A0   h) S ­ Sa | Cc | a 

 A ­ B1 | C1    C ­ Bb 

 B ­ A0    B ­ Sa | a 

 C ­ C0 | 0 
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i) S ­ C  ̂   j) S ­ A  ̂

 C ­ A1 | B1 | 1   A ­ Bb | a 

 A ­ A1 | C0 | 0   B ­ Bb | b 

 B ­ C0 | 0 

k) S ­ C  ̂   l) S ­ C  ̂

 B ­ B1 | 0 | D0   C ­ B1 

 C ­ B1 | C1    B ­ 0 | D0 

 D ­ D0 | 0    D ­ B1 

m) S ­ A0   n) S ­ B0 | 0 

 A ­ A0 | S1 | 0   B ­ B0 | C1 | 0 | 1 

      C ­ B0 

o) S ­ A0 | A1 | B1 | 0 | 1 p) S ­ S0 | A1 | 0 | 1 

 A ­ A1 | B1 | 1   A ­ A1 | B0 | 0 | 1 

 B ­A0    B ­ A0 

r) S ­ Sb | Aa | a | b 

 A ­ Aa | Sb | a 

13. ɻʨʘʤʤʘʪʠʢʘ G ʦʧʨʝʜʝʣʷʝʪ ʷʟʳʢ L  =L1ÇL2, ʧʨʠʯʝʤ L1Æ L2 =Å. ʇʦʩʪʨʦʠʪʴ ʨʝʛʫʣʷʨʥʫʶ (ʘʚ-

ʪʦʤʘʪʥʫʶ) ʛʨʘʤʤʘʪʠʢʫ G1, ʢʦʪʦʨʘʷ ʧʦʨʦʞʜʘʝʪ ʷʟʳʢ L1ÖL2 (ʩʤ. ʟʘʤʝʯʘʥʠʝ ʢ ʟʘʜʘʯʝ 19 ʨʘʟʜʝʣʘ I). ɼʣʷ 
ʥʝʝ ʧʦʩʪʨʦʠʪʴ ɼʉ ʠ ʘʥʘʣʠʟʘʪʦʨ. 

  S ­ A  ̂

  A ­ A0 | A1 | B1 

  B ­ B0 | C0 | 0 

  C ­ C1 | 1 

14. ɼʘʥʳ ʜʚʝ ʛʨʘʤʤʘʪʠʢʠ G1 ʠ G2, ʧʦʨʦʞʜʘʶʱʠʝ ʷʟʳʢʠ L1 ʠ L2.  

G1: S ­ S1 | A0 G2: S ­ A1 | B0 | E1 

  A ­ A1 | 0  A ­ S1 

    B ­ C1 | D1 

    C ­ 0 

    D ­ B1 

    E ­ E0 | 1 

ʇʦʩʪʨʦʠʪʴ ʨʝʛʫʣʷʨʥʳʝ (ʘʚʪʦʤʘʪʥʳʝ) ʛʨʘʤʤʘʪʠʢʠ ʜʣʷ ʷʟʳʢʦʚ 

a) L1 Ç L2 ; 

b) L1 Æ L2 ; 

c) L1 Ö L2     (ʩʤ. ʟʘʤʝʯʘʥʠʝ ʢ ʟʘʜʘʯʝ 19 ʨʘʟʜʝʣʘ I). 

ɼʣʷ ʧʦʣʫʯʝʥʥʦʡ ʛʨʘʤʤʘʪʠʢʠ ʧʦʩʪʨʦʠʪʴ ɼʉ ʠ ʘʥʘʣʠʟʘʪʦʨ. 



     ɿʘʜʘʯʠ / III. ʄʝʪʦʜ ʨʝʢʫʨʩʠʚʥʦʛʦ ʩʧʫʩʢʘ. ʂʉ-ʛʨʘʤʤʘʪʠʢʠ ʩ ʜʝʡʩʪʚʠʷʤʠ 
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15. ʇʦ ʜʘʥʥʦʡ ʛʨʘʤʤʘʪʠʢʝ G1 ʧʦʩʪʨʦʠʪʴ ʨʝʛʫʣʷʨʥʫʶ ʛʨʘʤʤʘʪʠʢʫ G2 ʜʣʷ ʷʟʳʢʘ L1ÖL1 (ʩʤ. ʟʘʤʝ-

ʯʘʥʠʝ ʢ ʟʘʜʘʯʝ 19 ʨʘʟʜʝʣʘ I ), ʛʜʝ L1 = L(G1); ʧʦ ʛʨʘʤʤʘʪʠʢʝ G2  ʧʦʩʪʨʦʠʪʴ ɼʉ ʠ ʘʥʘʣʠʟʘʪʦʨ. 

G1: S ­ S1 | A1 

  A ­ A0 | 0 

16. ʇʦʩʪʨʦʠʪʴ ʣʝʢʩʠʯʝʩʢʠʡ ʙʣʦʢ (ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ) ʜʣʷ ʢʦʜʘ ʄʦʨʟʝ. ɺʭʦʜʦʤ ʩʣʫʞʠʪ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʴ "ʪʦʯʝʢ", "ʪʠʨʝ" ʠ "ʧʘʫʟ" (ʥʘʧʨʠʤʝʨ, ..--. .- ...- )̂. ɺʳʭʦʜʦʤ ʷʚʣʷʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʝ ʙʫʢʚʳ, ʮʠʬʨʳ ʠ ʟʥʘʢʠ ʧʫʥʢʪʫʘʮʠʠ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʦʙʨʘʪʠʪʴ ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ ʪʘʙʣʠʮʳ. 

III. ʄʝʪʦʜ ʨʝʢʫʨʩʠʚʥʦʛʦ ʩʧʫʩʢʘ. ʂʉ-ʛʨʘʤʤʘʪʠʢʠ ʩ ʜʝʡʩʪʚʠʷʤʠ  

1. ʆʧʨʝʜʝʣʠʪʴ,  ʧʨʠʤʝʥʠӢʤ  ʣʠ  ʈʉ-ʤʝʪʦʜ  ʢ ʛʨʘʤʤʘʪʠʢʝ. ʆʪʚʝʪ ʦʙʦʩʥʦʚʘʪʴ. 

 

ʘ) S ­ cA | B | d   b) S ­ aAbc | A 

 A ­ abA | c | e   A ­ bB | cBc 

 B ­ bSc | aAb              B ­ bcB | a | Ů 

 

c) S ­ aSB | bAf | e  d) S ­ aSB | bA 

 A ­ bAc | cS    A ­ aS | cA | e 

 B ­ cB | d    B ­ bB | d 

e)  S ­ bABCb | d  f) S ­ aAb | cC 

A ­ aA | cB | e   A ­ a { bab }  

B ­ Sc    B ­ cAc | aB | e 

C ­ a { bb}     C ­ Bb 

g)  S ­ aA{ xx}    h) S ­ aSc | bA | e 

A ­ bA | cBx | e   A ­ cS{ da} bA | d 

B ­ bSc 

i) S ­ bS | aAB   j) S ­ aASb | cfAd 

 A ­ bcA | ccA | e   A ­ bA | c | e 

 B ­ cbB | e 

k) S ­ A | B   l) S ­ AS | B 

 A ­ bA |  e               A ­ b | c  

 B ­ cB | b | e                                     B ­ dB | a | e 

 

2.  ʇʫʩʪʴ ʠʤʝʝʪʩʷ ʘʥʘʣʠʟʘʪʦʨ ʚ ʚʠʜʝ ʩʠʩʪʝʤʳ ʨʝʢʫʨʩʠʚʥʳʭ ʧʨʦʮʝʜʫʨ, ʧʦʩʪʨʦʝʥʥʳʭ ʧʦ ʥʝʢʦʪʦ-

ʨʦʡ ʛʨʘʤʤʘʪʠʢʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʦʤ ʨʝʢʫʨʩʠʚʥʦʛʦ ʩʧʫʩʢʘ ( S ð ʥʘʯʘʣʴʥʳʡ ʩʠʤʚʦʣ ʛʨʘʤ-

ʤʘʪʠʢʠ).  
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       #include  <iostream > 
       using namespace  std;  

int  c; // ȻȮȳȼɂȱȲ Ⱥȱȵȫȷȴ 

void  S();// ȷȪɃɈȫȴȮȶȱɈ ȸȹȷȿȮȭȼȹ, ȺȷȷȻȫȮȻȺȻȫȼɇɂȱȾ ȶȮȻȮȹȵȱȶȩȴȩȵ ȬȹȩȵȵȩȻȱȳȱ 

void  A();  

 é 

void  gc () { cin  >> c ;}  // ȺɀȱȻȩȻɅ ȷɀȮȹȮȭȶȷȲ Ⱥȱȵȫȷȴ 
 
void  S() {  é }     // ȹȮȩȴȱȰȩȿȱɈ ȸȹȷȿȮȭȼȹ PC- ȵȮȻȷȭȩ 

void  A() {  é }    

 é 
 
int  main() {    

  try  {   

         gc();   S();  if  (  c != ' '̂  ) throw  c;  

         cout << "SUCCESS !!!" << endl;  

         return  0;  

  }  

  catch  ( int  c) {   

         cout << "ERROR on lexeme  " << c << endl;  

         return  1;  

  }  
 
}  

ɺʦʩʩʪʘʥʦʚʠʪʴ ʛʨʘʤʤʘʪʠʢʫ ʧʦ ʬʫʥʢʮʠʷʤ, ʨʝʘʣʠʟʫʶʱʠʤ ʩʠʥʪʘʢʩʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʤʝʪʦʜʦʤ ʨʝʢʫʨ-

ʩʠʚʥʦʛʦ ʩʧʫʩʢʘ. ʋʜʦʚʣʝʪʚʦʨʷʝʪ ʣʠ  ʧʦʣʫʯʝʥʥʘʷ ʛʨʘʤʤʘʪʠʢʘ ʢʨʠʪʝʨʠʶ ʧʨʠʤʝʥʠʤʦʩʪʠ ʤʝʪʦʜʘ 

ʨʝʢʫʨʩʠʚʥʦʛʦ ʩʧʫʩʢʘ? 

a)   
 
void  S() {   A();   if  ( c != ' d')   throw  c;  }  

void  A() {   B();  while  ( c == 'a') {  gc();  B();  }    }  

void  B() {  if  ( c == 'b' )  gc();  }  
 

 b)  

void  S() {  if       (c == ' a' ) {  gc();  A();  }  
           else  if  (c == ' b' ) {  gc();  B();  }  else  throw  c;  
}  
 
void  A() {  if  ( c == ôcõ) { gc(  );  S(  );  }  }  
 
void  B() {  while  ( c == ',' ) {  gc(  );  if  (c != õbõ) throw  c;  gc();  }    
}  
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c) 

 
void  S () {  if  (c == 'a')  {  gc();  S();  if  (c == 'b')  gc();   
                                       else  throw  c;}  
         else  A();   
}  
 
void  A () {  if       (c == 'b')  gc();  else   throw  c;  
         while   (c == 'b')  gc();  
}  

 d)  

void  S () {  A();  if  ( c != ' d')  throw  c;  }  

void  A () {  B();  while  ( c == 'a' ) {  gc();  B();  }  B();  }  

void  B () {  if  ( c == 'b' )  gc();  }  

 e)  

void  S () { if  ( c == 'a' || c ==õbõ ) { A(); S();}  

            else   if   ( c == ' Ⱥ')     B();  

}  

 

void  A () { if       ( c == 'a')   gc();   

            else  if  ( c == 'b') { gc(); B(); }  

}  

void  B () { while  ( c == ' c ' ) { gc(); B(); }  }  

3. ɿʘʜʘʥʘ ʂʉ-ʛʨʘʤʤʘʪʠʢʘ  G = à T, N, P, S ð. ʇʦ ʥʝʡ ʥʘʧʠʩʘʪʴ ʩʠʥʪʘʢʩʠʯʝʩʢʠʡ ʘʥʘʣʠʟʘʪʦʨ, ʨʝʘ-

ʣʠʟʫʶʱʠʡ ʈʉ-ʤʝʪʦʜ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʝʦʙʨʘʟʦʚʘʚ ʟʘʜʘʥʥʫʶ ʛʨʘʤʤʘʪʠʢʫ, ʝʩʣʠ ʵʪʦ ʪʨʝʙʫʝʪ-

ʩʷ ʜʣʷ ʧʨʠʤʝʥʠʤʦʩʪʠ ʈʉ-ʤʝʪʦʜʘ ʠ ʝʩʣʠ ʵʪʦ ʚʦʟʤʦʞʥʦ. 

 a) S ­ bS | aAB    b)  S ­ aASb | cfAd  

  A ­ bcA | ccA | e    A ­ bA | c | e 

  B ­ cbB | e 

 c) S ­ Sa | Sbb | fAc   d) S ­ cAd 

  A ­ aB | d     A ­ Aa | bB 

  B ­ abB | Sb     B ­ abB | e 

 e) S ­ E  ̂               f)         S ­ P := E | if   E then S |  

  E ­ ( ) | (E {, E}) | A                                  if  E then S else S 

  A ­ a | b                          P ­ I | I (E) 

                                                                                              E ­ T {+T}  

                             T ­ F {*F}  

                             F ­ P | (E) 

                             I ­ a | b 
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 g) F ­ function I(I  ) S; I:=E end h) S ­ SaAb | Sb | bABa 

  S ­ ; I:=E S | e    A ­ acAb | cA | e 

  E ­ E*I | E+I | I    B ­ bB | e 

 i) S ­ Ac | dBea    j) S ­ fASd | e 

  A ­ Aa | Ab | daBc    A ­ Aa | Ab | dB | f 

  B ­ cB | e     B ­ bcB | e 

4. ʂʘʢʦʡ ʷʟʳʢ ʟʘʜʘʝʪ ʜʘʥʥʘʷ ʛʨʘʤʤʘʪʠʢʘ ʩ ʜʝʡʩʪʚʠʷʤʠ? ʇʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʮʝʧʦʯʢʠ 

(a,(b,a),(a,(b)),b) .̂ 

  S ­ àk = 0ð E  ̂

  E ­ A | ( à k = k+1; if  (k == 3) ERROR( ); ð E {,E}) à k = k-1ð 

  A ­ a | b 

ɿʘʤʝʯʘʥʠʝ 

ʌʫʥʢʮʠʷ ERROR( ) ʩʦʦʙʱʘʝʪ ʦʙ ʦʰʠʙʢʝ ʠ ʟʘʚʝʨʰʘʝʪ ʨʘʙʦʪʫ ʧʨʦʛʨʘʤʤʳ. 

5. ɽʩʪʴ ʛʨʘʤʤʘʪʠʢʘ, ʦʧʠʩʳʚʘʶʱʘʷ ʮʝʧʦʯʢʠ ʚ ʘʣʬʘʚʠʪʝ {0, 1, 2, }̂:  

 S ­ A  ̂

 A ­ 0A | 1A | 2A | e 

ɼʦʧʦʣʥʠʪʴ ʵʪʫ ʛʨʘʤʤʘʪʠʢʫ ʜʝʡʩʪʚʠʷʤʠ, ʠʩʢʣʶʯʘʶʱʠʤʠ ʠʟ ʷʟʳʢʘ ʚʩʝ ʮʝʧʦʯʢʠ, ʩʦʜʝʨʞʘʱʠʝ 

ʧʦʜʮʝʧʦʯʢʠ 002. 

6. ɼʘʥʘ ʛʨʘʤʤʘʪʠʢʘ, ʦʧʠʩʳʚʘʶʱʘʷ ʮʝʧʦʯʢʠ ʚ ʘʣʬʘʚʠʪʝ {a, b, c, ̂ }:  

 S ­ A  ̂

 A ­ aA | bA | cA | e 

ɼʦʧʦʣʥʠʪʴ ʵʪʫ ʛʨʘʤʤʘʪʠʢʫ ʜʝʡʩʪʚʠʷʤʠ, ʠʩʢʣʶʯʘʶʱʠʤʠ ʠʟ ʷʟʳʢʘ ʚʩʝ ʮʝʧʦʯʢʠ, ʚ ʢʦʪʦʨʳʭ ʥʝ 

ʚʳʧʦʣʥʷʝʪʩʷ ʭʦʪʷ ʙʳ ʦʜʥʦ ʠʟ ʫʩʣʦʚʠʡ: 

¶ ʚ ʮʝʧʦʯʢʫ ʜʦʣʞʥʦ ʚʭʦʜʠʪʴ ʥʝ ʤʝʥʝʝ ʪʨʝʭ ʙʫʢʚ ʩ ; 

¶ ʝʩʣʠ ʚʩʪʨʝʯʘʶʪʩʷ ʧʦʜʨʷʜ ʜʚʝ ʙʫʢʚʳ ʘ, ʪʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘ ʥʠʤʠ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞ-

ʥʘ ʠʜʪʠ ʙʫʢʚʘ b. 

7. ɽʩʪʴ ʛʨʘʤʤʘʪʠʢʘ, ʦʧʠʩʳʚʘʶʱʘʷ ʮʝʧʦʯʢʠ ʚ ʘʣʬʘʚʠʪʝ {0, 1}: 

  S ­ 0S | 1S | e 

ɼʦʧʦʣʥʠʪʴ ʵʪʫ ʛʨʘʤʤʘʪʠʢʫ ʜʝʡʩʪʚʠʷʤʠ, ʠʩʢʣʶʯʘʶʱʠʤʠ ʠʟ ʷʟʳʢʘ ʣʶʙʳʝ ʮʝʧʦʯʢʠ, ʩʦʜʝʨʞʘ-

ʱʠʝ ʧʦʜʮʝʧʦʯʢʫ 101. 

8. ʇʦʩʪʨʦʠʪʴ ʂʉ-ʛʨʘʤʤʘʪʠʢʫ ʩ ʜʝʡʩʪʚʠʷʤʠ ʜʣʷ ʧʦʨʦʞʜʝʥʠʷ 

L = { a
m
 b

n
 c

k
 | m + k = n   ʣʠʙʦ  m - k = n}.  

9. ʇʦʩʪʨʦʠʪʴ ʂʉ-ʛʨʘʤʤʘʪʠʢʫ ʩ ʜʝʡʩʪʚʠʷʤʠ ʜʣʷ ʧʦʨʦʞʜʝʥʠʷ 

L = {1
n
 0

m
 1

p
 | n+p > m,   m ² 0}. 
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10. ɼʘʥʘ ʛʨʘʤʤʘʪʠʢʘ ʩ ʩʝʤʘʥʪʠʯʝʩʢʠʤʠ ʜʝʡʩʪʚʠʷʤʠ: 

 S ­ à A = 0; B = 0 ð L { L} à if   (A > 5) ERROR( ) ð ̂              

 L ­ a à A = A+1 ð | b à B = B+1; if   (B > 2) ERROR( ) ð | 

     c à if   (B == 1) ERROR( ) ð  

ʂʘʢʦʡ ʷʟʳʢ ʦʧʠʩʳʚʘʝʪ ʵʪʘ ʛʨʘʤʤʘʪʠʢʘ?  (ʩʤ. ʟʘʤʝʯʘʥʠʝ ʢ ʟʘʜʘʯʝ 4) 

11. ɼʘʥʘ ʛʨʘʤʤʘʪʠʢʘ:  

 S ­ E  ̂

 E ­ ( ) | (E {, E}) | A 

 A ­ a | b 

ɺʩʪʘʚʠʪʴ ʚ ʟʘʜʘʥʥʫʶ ʛʨʘʤʤʘʪʠʢʫ ʜʝʡʩʪʚʠʷ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʝ ʩʦʙʣʶʜʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦ-

ʚʠʡ: 

¶ ʫʨʦʚʝʥʴ ʚʣʦʞʝʥʥʦʩʪʠ ʩʢʦʙʦʢ ʥʝ ʙʦʣʴʰʝ ʯʝʪʳʨʝʭ; 

¶ ʥʘ ʢʘʞʜʦʤ ʫʨʦʚʥʝ ʚʣʦʞʝʥʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʜʦʚʘʥʠʝ ʩʢʦʙʦʯʥʳʭ ʠ ʙʝʩʩʢʦʙʦʯʥʳʭ 
ʵʣʝʤʝʥʪʦʚ. 

12. ɺʢʣʶʯʠʪʴ ʚ ʧʨʘʚʠʣʘ ʚʳʚʦʜʘ ʜʝʡʩʪʚʠʷ, ʧʨʦʚʝʨʷʶʱʠʝ ʚʳʧʦʣʥʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʢʦʥ-

ʪʝʢʩʪʥʳʭ ʫʩʣʦʚʠʡ: 

a)  ʇʫʩʪʴ ʚ ʷʟʳʢʝ L ʝʩʪʴ ʧʝʨʝʤʝʥʥʳʝ ʠ ʢʦʥʩʪʘʥʪʳ ʮʝʣʦʛʦ, ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʠ ʣʦʛʠʯʝʩʢʦʛʦ ʪʠ-

ʧʦʚ, ʘ ʪʘʢʞʝ ʝʩʪʴ ʦʧʝʨʘʪʦʨ ʮʠʢʣʘ 

  S ­ for I = E step E to E do S 

ɺʢʣʶʯʠʪʴ ʚ ʵʪʦ ʧʨʘʚʠʣʦ ʚʳʚʦʜʘ ʜʝʡʩʪʚʠʷ, ʧʨʦʚʝʨʷʶʱʠʝ ʚʳʧʦʣʥʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʦʛʨʘʥʠʯʝ-

ʥʠʡ: 

¶ ʪʠʧ  I  ʠ ʚʩʝʭ ʚʭʦʞʜʝʥʠʡ  ɽ ʜʦʣʞʝʥ ʙʳʪʴ ʦʜʠʥʘʢʦʚʳʤ; 

¶ ʧʝʨʝʤʝʥʥʘʷ ʣʦʛʠʯʝʩʢʦʛʦ ʪʠʧʘ ʥʝʜʦʧʫʩʪʠʤʘ ʚ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʘ ʮʠʢʣʘ. 

ɼʣʷ ʢʘʞʜʦʡ ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʨʦʮʝʜʫʨʳ ʧʨʠʚʝʩʪʠ ʝʝ ʪʝʢʩʪ ʥʘ ʉʠ++. 

b)  ɼʘʥ ʬʨʘʛʤʝʥʪ ʛʨʘʤʤʘʪʠʢʠ 

P ­ program D; begin S {; S } end 

D ­ ... | label L{,L} |... 

S ­ L { , L } : Sǋ | Sǋ 

Sǋ ­ ...| goto L |... 

L ­ I 

ʛʜʝ   I  ð ʠʜʝʥʪʠʬʠʢʘʪʦʨ. 

ɺʩʪʘʚʠʪʴ ʚ ʛʨʘʤʤʘʪʠʢʫ ʜʝʡʩʪʚʠʷ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʝ ʚʳʧʦʣʥʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʡ: 

¶ ʢʘʞʜʘʷ ʤʝʪʢʘ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʧʨʦʛʨʘʤʤʝ, ʜʦʣʞʥʘ ʙʳʪʴ ʦʧʠʩʘʥʘ ʠ ʪʦʣʴʢʦ ʦʜʠʥ ʨʘʟ; 

¶ ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ ʦʜʠʥʘʢʦʚʳʭ ʤʝʪʦʢ ʫ ʨʘʟʣʠʯʥʳʭ ʦʧʝʨʘʪʦʨʦʚ; 

¶ ʝʩʣʠ ʤʝʪʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʦʧʝʨʘʪʦʨʝ goto, ʪʦ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʝʥ ʙʳʪʴ ʦʧʝʨʘʪʦʨ, ʧʦ-

ʤʝʯʝʥʥʳʡ ʪʘʢʦʡ ʤʝʪʢʦʡ. 

ɼʣʷ ʢʘʞʜʦʡ ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʨʦʮʝʜʫʨʳ ʧʨʠʚʝʩʪʠ ʝʝ ʪʝʢʩʪ ʥʘ ʉʠ++. 
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IV. ʉʠʥʪʘʢʩʠʯʝʩʢʠ ʫʧʨʘʚʣʷʝʤʳʡ ʧʝʨʝʚʦʜ 

1. ʇʦʩʪʨʦʠʪʴ ʛʨʘʤʤʘʪʠʢʫ ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ ʚʳʨʘʞʝʥʠʷ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʦʧʝʨʘʮʠʠ  +, -, *, / ʠ 

ʢʨʫʛʣʳʝ ʩʢʦʙʢʠ (ʧʨʠʦʨʠʪʝʪ ʦʧʝʨʘʮʠʡ ʩʪʘʥʜʘʨʪʥʳʡ), ʧʨʦʩʪʳʝ ʘʨʛʫʤʝʥʪʳ ʦʧʝʨʘʮʠʡ ð ʧʝʨʝ-

ʤʝʥʥʳʝ a ʠ b,  ʥʘʧʨʠʤʝʨ: a+(b-a)*b/a+b. ʇʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʘʥʘʣʠʟ ʛʨʘʤʤʘʪʠʢʠ ʙʫʜʝʪ ʧʨʦ-

ʠʟʚʦʜʠʪʴʩʷ ʈʉ-ʤʝʪʦʜʦʤ, ʚʩʪʘʚʠʪʴ ʚ ʥʝʝ ʜʝʡʩʪʚʠʷ ʚʠʜʘ  cout << ǋʩʠʤʚʦʣǋ  ʧʦ ʧʝʨʝʚʦʜʫ ʪʘʢʠʭ 

ʚʳʨʘʞʝʥʠʡ ʚ ʇʆʃʀɿ. 

2. ɼʘʥʘ ʛʨʘʤʤʘʪʠʢʘ ʷʟʳʢʘ L1, ʚ ʢʦʪʦʨʫʶ ʚʩʪʘʚʣʝʥʳ ʜʝʡʩʪʚʠʷ ʧʦ ʧʝʨʝʚʦʜʫ ʮʝʧʦʯʝʢ ʷʟʳʢʘ L1 ʚ 

ʮʝʧʦʯʢʠ ʷʟʳʢʘ L2. ʆʧʨʝʜʝʣʠʪʴ ʷʟʳʢʠ L1  ʠ  L2. 

 a)  S ­ a à a = 1; b = 0; ð A  ̂

A ­ a à if  ( a ) { cout << ǋaǋ; a = 0; }  else  a++; ð A | 

             bA à if  ( b ) { cout << ǋbǋ; b = 0; } else b++; ð | Ů 

 b) S ­ à a = 0; ð E  ̂à cout << ǋ̂ǋ ; ð 

E ­ a à a = 1;ð E à cout << ǋaǋ ; ð | 

              b à if  (a == 0) cout << ǋbǋ;ð E à cout << ǋbǋ ; ð | Ů 

3. ʇʦʩʪʨʦʠʪʴ ʛʨʘʤʤʘʪʠʢʫ ʜʣʷ ʷʟʳʢʘ L1. ɺʩʪʘʚʠʪʴ ʚ ʥʝʝ ʜʝʡʩʪʚʠʷ ʧʦ ʛʝʥʝʨʘʮʠʠ ʮʝʧʦʯʝʢ ʷʟʳʢʘ 

L2  ʚ ʧʨʦʮʝʩʩʝ ʘʥʘʣʠʟʘ ʤʝʪʦʜʦʤ ʨʝʢʫʨʩʠʚʥʦʛʦ ʩʧʫʩʢʘ.   ʉʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʮʝʧʦʯʢʘʤʠ ʟʘ-

ʜʘʝʪʩʷ   ʬʦʨʤʘʣʴʥʳʤ ʧʝʨʝʚʦʜʦʤ  t.  ɺ  ʢʘʯʝʩʪʚʝ ʜʝʡʩʪʚʠʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʣʴʢʦ ʦʧʝʨʘ-

ʪʦʨr ʚʠʜʘ  cout << ǋʩʠʤʚʦʣǋ.   

a)  L1 ={ a 

n
c

m
b

n 
| n²0, m²1},            L2 ={ 0

i
1

k 
| i ²0, k  > i } ,   

            t ={  ( a 

n
c

m
b

n
,  0

n
1

n+m 
) | n ² 0, m²1  } ; 

b)  L1 ={ ac
n 

| a Ԝ { a, b}
*
, n²1},       L2 ={ a 

n
c

m
 
 
| n²1, m ² 0 },  

            t ={  (ac
n
,  a 

n
c

m 
) | a Ԝ { a, b}

*
, n ² 1, m = |a|a (ʪ.ʝ. m ð ʢʦʣʠʯʝʩʪʚʦ ʩʠʤʚʦʣʦʚ  ʘ  ʚ  

                                         ʮʝʧʦʯʢʝ a )};  

c) L1 =  { a, b}
+
,    L2  =  { 1

i
0  

j
 | i ² 1, j ² 0; i²j  } , 

             t ={  (w, 1
n+m 

0
n 

) | w Ԝ { a,b}
+
,  n = |w|a, m = |w|b };  

d) L1 = { a, b}
+
,   L2 = { 2

n
a | n ² 0, a Ԝ { a, b}

+
 } , 

             t ={  ( w, 2
n 
w

R 
) | w Ԝ { a,b}

+
,  n = |w|a   (ʟʜʝʩʴ  wR ð ʨʝʚʝʨʩ ʮʝʧʦʯʢʠ   w) };  

 e) L1 = {1
n

 0
m

 1
m

 0
n
 | m, n > 0},   L2 = {1

i
 0 

k
 | k > i > 0} , 

            t ={  ( 1
n

 0
m

 1
m

 0
n
,   1

m
 0

n+m 
) |  m, n > 0  };  

 f  ) L1 = {a1a2éan  ̂| n ²1, ai  Í { ab, ba}  ʜʣʷ 1 ¢ i ¢ n } ,     L2 = { ŵ  | wԜ { a, b}
+ 
} , 

            t ={  ( a1a2éan ,̂   b1b2ébn^
 
) | n ²1; ʜʣʷ 1 ¢ i ¢ n  ai  Í { ab, ba} , bi  = b,  

                                ʝʩʣʠ ai  = ab,  bi  =  a, ʝʩʣʠ ai  =ba };  
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4. ʇʦʩʪʨʦʠʪʴ ʛʨʘʤʤʘʪʠʢʫ ʜʣʷ ʷʟʳʢʘ L1. ɺʩʪʘʚʠʪʴ ʚ ʥʝʝ ʜʝʡʩʪʚʠʷ ʧʦ ʛʝʥʝʨʘʮʠʠ ʮʝʧʦʯʝʢ ʷʟʳʢʘ 

L2  ʚ ʧʨʦʮʝʩʩʝ ʘʥʘʣʠʟʘ ʤʝʪʦʜʦʤ ʨʝʢʫʨʩʠʚʥʦʛʦ ʩʧʫʩʢʘ.   ʉʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʮʝʧʦʯʢʘʤʠ ʟʘ-

ʜʘʝʪʩʷ   ʬʦʨʤʘʣʴʥʳʤ ʧʝʨʝʚʦʜʦʤ  t.  ɺ ʢʘʯʝʩʪʚʝ ʜʝʡʩʪʚʠʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʶʙʳʝ ʦʧʝʨʘ-

ʪʦʨʳ.  

a) L1 = { 1
m

 0
n
 | n, m >0} ,  L2 = { 1

k
|  k >0}  Ç { 0 

i
|  i  >0}  Ç {e} , 

t ={  ( 1
m

 0 

n
, 1

m-n 
) | m > n > 0 }  Ç {  ( 1

m
 0 

n
, 0 

n-m 
) | n > m  > 0 }  Ç { ( 1

m
 0 

n
, e

 
)  | m = n} ; 

 b) L1 = {wi | i  ² 0, wi =(i)2  (ʪ.ʝ. wi   ð  ʵʪʦ ʜʚʦʠʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʯʠʩʣʘ i Í N  ʙʝʟ  

                                          ʥʝʟʥʘʯʘʱʠʭ ʚʝʜʫʱʠʭ ʥʫʣʝʡ) } , 

  L2 = {(wi)
R
 | i  ²1, wi=(i)2   (w

R  ð  ʦʙʨʘʱʝʥʠʝ ʮʝʧʦʯʢʠ w) } , 

                        t = {  ( wi, (wi+1)
R 

) | i  ² 0, wi =(i)2,  wi+1=(i+1)2  }  ;  

  c) L1 = { â  | a Í { a, b}
*
 } ,      L2={ b

n
 b̂  | n ² 0, b Í { a, b}

*
  } , 

t ={  (â ,  b
n
a

R
)̂ | a Ԝ { a, b}

*
, n = |a|a ( n ð ʢʦʣʠʯʝʩʪʚʦ ʩʠʤʚʦʣʦʚ  ʘ  ʚ  

         ʮʝʧʦʯʢʝ a,  aR ð ʨʝʚʝʨʩ ʮʝʧʦʯʢʠ a)};  

 d) L1={ ŵ  | w Í { a, b}
+
 } ,      L2={ a 

i
 b

k
 | i, k ² 0,  i+k > 0 } , 

t ={  (ŵ ,  a
[n/2]

 b
[m/2]

) | w Ԝ { a, b}
+
, n = |w|a, m = |w|b  ( ʟʜʝʩʴ [x]  ð ʙʣʠʞʘʡʰʝʝ ʢ x ʮʝ-

ʣʦʝ, ʥʘʧʨʠʤʝʨ:  [1/2] = 1,   [1/3] = 0, [5/3] = 2) };  

 e) L1={ ŵ  | w Í { a, b}
+
 },      L2={ a 

i
 b

k
 | i, k ² 0,  i+k > 0 },  

t ={  (ŵ ,  a
[(n+1)/3]

 b
[ |

 

m-n
 

|
 

/2] 
) | w Ԝ { a, b}

+
, n = |w|a, m = |w|b };  

f ) L1 ={ ŵ  | wÍ{0,1}
+
,
  
w = (i)2 

R
, i ² 0 (ʪ. ʝ. w ð ʨʝʚʝʨʩ ʜʚʦʠʯʥʦʡ ʟʘʧʠʩʠ ʯʠʩʣʘ  i ) } , 

L2 ={ | 

n
 | n ² 0 } ,    t ={  (ŵ ,  | 

i 
) | wÍ{0,1}

+
,
  
w = (i)2 

R
, i ² 0 } . 

5. ʇʦʩʪʨʦʠʪʴ ʛʨʘʤʤʘʪʠʢʫ, ʦʧʠʩʳʚʘʶʱʫʶ ʮʝʣʳʝ ʜʚʦʠʯʥʳʝ ʯʠʩʣʘ (ʢʦʣʠʯʝʩʪʚʦ 0 ʠ 1 ʯʝʪʥʦ, 

ʜʦʧʫʩʢʘʶʪʩʷ ʥʝʟʥʘʯʘʱʠʝ ʥʫʣʠ). ɺʩʪʘʚʠʪʴ ʚ ʥʝʝ ʜʝʡʩʪʚʠʷ ʧʦ ʧʝʨʝʚʦʜʫ ʵʪʠʭ ʮʝʣʳʭ ʯʠʩʝʣ ʚ 

ʯʝʪʚʝʨʠʯʥʫʶ ʩʠʩʪʝʤʫ ʩʯʠʩʣʝʥʠʷ. 

6. ʇʦʩʪʨʦʠʪʴ ʛʨʘʤʤʘʪʠʢʫ ʜʣʷ ʚʳʨʘʞʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʧʝʨʝʤʝʥʥʳʝ, ʟʥʘʢʠ ʦʧʝʨʘʮʠʡ +, -, *, 

/, ** ʠ ʩʢʦʙʢʠ (  ) ʩ ʦʙʳʯʥʳʤ ʧʨʠʦʨʠʪʝʪʦʤ ʦʧʝʨʘʮʠʡ ʠ ʩʢʦʙʦʢ. ɺʢʣʶʯʠʪʴ ʚ ʵʪʫ ʛʨʘʤʤʘʪʠʢʫ 

ʜʝʡʩʪʚʠʷ ʧʦ ʧʝʨʝʚʦʜʫ  ʚʳʨʘʞʝʥʠʡ ʚ ʧʨʝʬʠʢʩʥʫʶ ʟʘʧʠʩʴ (ʦʧʝʨʘʮʠʠ ʧʨʝʜʰʝʩʪʚʫʶʪ ʦʧʝʨʘʥ-

ʜʘʤ). ʇʨʝʜʣʦʞʠʪʴ ʠʥʪʝʨʧʨʝʪʘʪʦʨ ʧʨʝʬʠʢʩʥʦʡ ʟʘʧʠʩʠ ʚʳʨʘʞʝʥʠʡ. 

7. ɺ ʛʨʘʤʤʘʪʠʢʫ, ʦʧʠʩʳʚʘʶʱʫʶ ʚʳʨʘʞʝʥʠʷ, ʚʢʣʶʯʠʪʴ ʜʝʡʩʪʚʠʷ ʧʦ ʧʝʨʝʚʦʜʫ ʚʳʨʘʞʝʥʠʡ ʠʟ 
ʠʥʬʠʢʩʥʦʡ ʬʦʨʤʳ (ʦʧʝʨʘʮʠʷ ʤʝʞʜʫ ʦʧʝʨʘʥʜʘʤʠ) ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʟʘʧʠʩʴ. 

ʅʘʧʨʠʤʝʨ,            ʘ+b  Ý     +(a, b), 

 a+b*c Ý     +(a, *(b, c)). 

V. ʇʆʃʀɿ, ʧʝʨʝʚʦʜ ʚ ʇʆʃʀɿ 

1. ʇʨʝʜʩʪʘʚʠʪʴ ʚ ʇʆʃʀɿʝ ʩʣʝʜʫʶʱʠʝ ʚʳʨʘʞʝʥʠʷ: 

 ʘ) a+b-c b) a*b+c/a 

 c) a/(b+c)*a d) (a+b)/(c+a*b) 
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 e) a and b or c f ) not a or b and a 

 g) x+y=x/y h) (x*x+y*y<1) and (x>0) 

2. ɼʣʷ ʩʣʝʜʫʶʱʠʭ ʚʳʨʘʞʝʥʠʡ ʚ ʇʆʃʀɿʝ ʜʘʪʴ ʦʙʳʯʥʫʶ ʠʥʬʠʢʩʥʫʶ ʟʘʧʠʩʴ: 

 ʘ
 
) ab*c+ b) abc*/ c) ab+c* 

 d) ab+bc-/a+ e) a not b and not f) abca and or and 

 g
 
) 2x+2x*< 

3. ʀʩʧʦʣʴʟʫʷ ʩʪʝʢ, ʚʳʯʠʩʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʨʘʞʝʥʠʷ ʚ ʇʆʃʀɿʝ: 

 ʘ)  x y*x y / +      ʧʨʠ x = 8, y = 2; 

 b)  a 2+b / b 4*+     ʧʨʠ a = 4, b = 3; 

 c)  a b not and a or not            ʧʨʠ a = b = true; 

 d)  x y*0 > y 2 x - < and    ʧʨʠ x = y = 1. 

4. ʇʝʨʝʚʝʩʪʠ  ʚ  ʇʆʃʀɿ  ʬʨʘʛʤʝʥʪ ʧʨʦʛʨʘʤʤʳ ʥʘ ʉʠ: 

a) S  = 0; i  =1; while ( i  < 10) { S = S*(i+i); i  + +; }  

 b) if  ( (x+1) > (2*y) ) x = y ; else y = (x+y)*2; 

 c) i = 1; S = 0; while ( i < 10 && S < 40 ) { S = S + f(i); + + i; }  

  d)  if  (z<x*y+5) a = x<y, z = (x+6)/(a-y); else z = y << 2; 

  e) a = x + y < z*(t + x) ? - (a + b)/(c-d)*2 : ++x+5; 

  f) S = x + y; i = 1;  for (j = 0; j < n; j++) { S = S + i*j*S; i = i*x; }  

  g) i = 1; S = 0; while ( i < 10 && S < 40 ) { S = S + f(i); ++i; }  

  h) if  (z<x*y+5) a = x<y, z = (x+6)/(a-y); else z = y << 2; 

  i) do { x = y; y = 2*y;} while (x < k); 

  j) S = 0;  for (i = 1; i <= k; i = i + 1)  S + =  i*i; 

 k) switch (k) {  
   case 1:   a = ! a; break; 
   case 2:   b = a || ! b; 
   case 3:   a = b ; 
  } 

ɿʘʤʝʯʘʥʠʝ 

ʇʆʃʀɿ ʫʧʨʘʚʣʷʶʱʠʭ ʦʧʝʨʘʪʦʨʦʚ ʷʟʳʢʘ ʉʠ ʩʦʩʪʘʚʣʷʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦ ʇʆʃʀɿʫ ʦʧʝʨʘʪʦʨʦʚ ʄ-

ʷʟʳʢʘ ʠ  ʇʘʩʢʘʣʷ. ʇʨʠ ʧʝʨʝʚʦʜʝ ʚ ʇʆʃʀɿ ʩʣʦʞʥʳʭ ʦʧʝʨʘʪʦʨʦʚ ʧʦʨʷʜʦʢ ʚʥʫʪʨʝʥʥʠʭ ʢʦʥʩʪʨʫʢ-

ʮʠʡ (ʦʧʝʨʘʪʦʨʦʚ ʠ ʚʳʨʘʞʝʥʠʡ) ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʩʦʭʨʘʥʷʝʪʩʷ. ʅʘʧʨʠʤʝʨ, ʚ ʇʆʃʀɿʝ ʜʣʷ 
ʦʧʝʨʘʪʦʨʘ ʮʠʢʣʘ ʚʠʜʘ  for (expr1; expr2; expr3) {body}   ʇʆʃʀɿ expr3 ʜʦʣʞʝʥ ʧʨʝʜʰʝʩʪʚʦʚʘʪʴ 

ʇʆʃʀɿʫ body.  

ɺ ʷʟʳʢʝ ʉʠ ʧʨʠʩʚʘʠʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʦʧʝʨʘʮʠʝʡ, ʘ ʥʝ ʦʧʝʨʘʪʦʨʦʤ, ʧʦʵʪʦʤʫ ʧʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʇʆʃʀɿʘ ʧʨʠʩʚʦʝʥʥʦʝ ʟʥʘʯʝʥʠʝ  ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʩʪʝʢʝ (ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʦʧʝʨʘʮʠʠ). ʏʪʦʙʳ ʫʜʘʣʠʪʴ 

ʥʝʥʫʞʥʦʝ ʟʥʘʯʝʥʠʝ ʩ ʚʝʨʰʠʥʳ ʩʪʝʢʘ (ʪʘʢʠʝ ʟʥʘʯʝʥʠʷ ʦʩʪʘʶʪʩʷ ʚ ʩʪʝʢʝ, ʥʘʧʨʠʤʝʨ, ʧʦʩʣʝ ʠʩʧʦʣ-

ʥʝʥʠʷ ʦʧʝʨʘʪʦʨʘ-ʚʳʨʘʞʝʥʠʷ), ʚ ʇʆʃʀɿʝ ʷʟʳʢʘ ʉʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʧʝʨʘʮʠʷ " ; ".  
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ʏʪʦʙʳ ʦʪʣʠʯʠʪʴ ʧʨʝʬʠʢʩʥʳʝ ʦʧʝʨʘʮʠʠ  ++  ʠ  --  ʦʪ ʧʦʩʪʬʠʢʩʥʳʭ,  ʧʨʝʬʠʢʩʥʳʝ ʦʙʦʟʥʘʯʘʶʪ ʚ 

ʇʆʃʀɿʝ   ʢʘʢ  +# ʠ ï#, ʘ ʧʦʩʪʬʠʢʩʥʳʝ ʢʘʢ  #+ ʠ  #ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.   

 ʇʆʃʀɿ  ʚʳʟʦʚʘ ʬʫʥʢʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʝʝ ʘʨʛʫʤʝʥʪʦʚ ʚ ʇʆʃʀɿʝ, ʟʘ  

ʢʦʪʦʨʳʤʠ ʩʣʝʜʫʝʪ ʠʤʷ ʬʫʥʢʮʠʠ. ɼʣʷ ʬʫʥʢʮʠʡ ʩ ʧʝʨʝʤʝʥʥʳʤ ʯʠʩʣʦʤ ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʝʜ ʠʤʝʥʝʤ 

ʬʫʥʢʮʠʠ ʚ ʇʆʃʀɿ ʚʩʪʘʚʣʷʝʪʩʷ  ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʘʨʛʫʤʝʥʪ ð ʢʦʣʠʯʝʩʪʚʦ ʬʘʢʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪ-

ʨʦʚ ʚ ʜʘʥʥʦʤ ʚʳʟʦʚʝ ʬʫʥʢʮʠʠ. ʇʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʥʘʯʘʣʘ ʠʟ ʩʪʝʢʘ ʠʟʚʣʝʢʘʝʪʩʷ ʵʪʦʪ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʡ ʘʨʛʫʤʝʥʪ, ʘ ʟʘʪʝʤ ð ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʝʤʫ ʯʠʩʣʦ  ʬʘʢʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

5. ʇʦ ʟʘʜʘʥʥʦʤʫ ʇʆʃʀɿʫ ʚʳʨʘʞʝʥʠʷ  ʟʘʧʠʩʘʪʴ  ʝʛʦ ʚ  ʠʥʬʠʢʩʥʦʡ ʬʦʨʤʝ (ʥʘ ʉʠ). 

 a) x y z a x 5 y / + * z 6 + 8 * - = = = ;    b) x a x z y / + * z 6 a - * + = ; 

6. ʗʚʣʷʝʪʩʷ ʣʠ ʟʘʧʠʩʴ 

ʇʆʃʀɿ 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

y 15 = ; x x a b c 2 /  1 + *  -  *  a 

 

18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35  

-  =
 

; y y 2 -  =
 

; y 10 <= 5 ! F      

ʧʨʘʚʠʣʴʥʦʡ ʟʘʧʠʩʴʶ ʚ ʇʆʃʀɿʝ ʩʣʝʜʫʶʱʝʛʦ ʬʨʘʛʤʝʥʪʘ ʧʨʦʛʨʘʤʤʳ ʥʘ ʉʠ (ʩʯʠʪʘʝʤ, ʯʪʦ ʵʣʝ-

ʤʝʥʪʳ ʇʆʃʀɿʘ ʥʫʤʝʨʫʶʪʩʷ ʩ 1):  y = 15; do { x = x*(a-b*(c/2+1))-a; y = y-2;} while (y >10); 

ɽʩʣʠ ʥʝ ʷʚʣʷʝʪʩʷ, ʦʙʲʷʩʥʠʪʝ ʧʦʯʝʤʫ, ʠ ʧʨʝʜʣʦʞʠʪʝ ʩʚʦʡ ʚʘʨʠʘʥʪ ʇʆʃʀɿʘ ʜʣʷ ʵʪʦʛʦ ʬʨʘʛ-
ʤʝʥʪʘ ʧʨʦʛʨʘʤʤʳ. 

7. ʗʚʣʷʝʪʩʷ ʣʠ ʟʘʧʠʩʴ  

ʇʆʃʀɿ 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

i 1 = ; i n < 36 ! F a a b + 1 -  x y  

 

18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 

y 2
 

+ /  -  *  5 + =
 

; i i 2 + =
 

; 5 !   

ʧʨʘʚʠʣʴʥʦʡ ʟʘʧʠʩʴʶ ʚ ʇʆʃʀɿʝ ʩʣʝʜʫʶʱʝʛʦ ʬʨʘʛʤʝʥʪʘ ʧʨʦʛʨʘʤʤʳ ʥʘ ʉʠ: 

for ( i = 1; i < n; i = i  +2 )  a = (a+b-1)*(x-y /(y+2))+5; 

ɽʩʣʠ ʥʝ ʷʚʣʷʝʪʩʷ,  ʦʙʲʷʩʥʠʪʝ ʧʦʯʝʤʫ ʠ ʧʨʝʜʣʦʞʠʪʝ ʩʚʦʡ ʚʘʨʠʘʥʪ ʇʆʃʀɿʘ ʜʣʷ ʵʪʦʛʦ ʬʨʘʛ-
ʤʝʥʪʘ ʧʨʦʛʨʘʤʤʳ.  

8. ʘ) ʧʝʨʝʚʝʩʪʠ ʚ ʇʆʃʀɿ ʬʨʘʛʤʝʥʪ ʧʨʦʛʨʘʤʤʳ ʥʘ ʉʠ: 

i = 10; s = 0; while ( i > 0 && s < 40 ) { p + =  f(i+s) ? --i : s++ ;  };   

      b) ʚʳʨʘʞʝʥʠʝ  ʚ ʇʆʃʀɿʝ  ʟʘʧʠʩʘʪʴ ʚ ʠʥʬʠʢʩʥʦʡ ʬʦʨʤʝ (ʥʘ ʉʠ). 

           x y z a x 5 y / + * z 6 + 8 * - = = = ;   

9. ʘ) ʧʝʨʝʚʝʩʪʠ ʚ  ʇʆʃʀɿ ʬʨʘʛʤʝʥʪ ʧʨʦʛʨʘʤʤʳ ʥʘ ʉʠ: 

                        if   (z < x*y+5) a = x<y? (z = x+6): (z=a-y); else z + = y ; 

     b) ʚʳʨʘʞʝʥʠʝ ʚ ʇʆʃʀɿʝ   ʟʘʧʠʩʘʪʴ ʚ ʠʥʬʠʢʩʥʦʡ ʬʦʨʤʝ (ʥʘ ʉʠ). 

 x a x z y / + * z 6 a - * + = ; 
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10. ʇʨʝʜʣʦʞʠʪʴ ʇʆʃʀɿ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʦʧʝʨʘʪʦʨʦʚ: 

 a)  if  ( E ) S1; S2; S3 

ʉʝʤʘʥʪʠʢʘ ʵʪʦʛʦ ʦʧʝʨʘʪʦʨʘ ʪʘʢʦʚʘ: ʚʳʯʠʩʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʚʳʨʘʞʝʥʠʷ ɽ; ʝʩʣʠ ʝʛʦ ʟʥʘʯʝʥʠʝ 
ʤʝʥʴʰʝ 0, ʪʦ ʚʳʧʦʣʥʷʝʪʩʷ ʦʧʝʨʘʪʦʨ S1 ; ʝʩʣʠ ʨʘʚʥʦ 0 ð ʦʧʝʨʘʪʦʨ S2, ʠʥʘʯʝ ð ʦʧʝʨʘʪʦʨ S3 . 

b)  choice ( S1; S2; S3), E 

ʉʝʤʘʥʪʠʢʘ: ʚʳʯʠʩʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʚʳʨʘʞʝʥʠʷ ɽ; ʝʩʣʠ ʝʛʦ ʟʥʘʯʝʥʠʝ ʨʘʚʥʦ i, ʪʦ ʚʳʧʦʣʥʷʝʪʩʷ 

ʦʧʝʨʘʪʦʨ  Si   ʜʣʷ i = 1, 2, 3; ʠʥʘʯʝ ʦʧʝʨʘʪʦʨ choice ʵʢʚʠʚʘʣʝʥʪʝʥ ʧʫʩʪʦʤʫ ʦʧʝʨʘʪʦʨʫ. 

c) cycle ( E1; E2; E3), S 

ʉʝʤʘʥʪʠʢʘ ʵʪʦʛʦ ʦʧʝʨʘʪʦʨʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʝʤʘʥʪʠʢʠ ʦʧʝʨʘʪʦʨʘ  for ʚ ʷʟʳʢʝ ʉʠ ʪʦʣʴʢʦ ʪʝʤ, 

ʯʪʦ ʦʧʝʨʘʪʦʨ S ʚʳʧʦʣʥʷʝʪʩʷ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʦʜʠʥ ʨʘʟ (ʪ.ʝ. ʧʦʩʣʝ ʚʳʯʠʩʣʝʥʠʷ ʚʳʨʘʞʝʥʠʷ 

ɽ1 ʩʨʘʟʫ ʚʳʧʦʣʥʷʝʪʩʷ ʦʧʝʨʘʪʦʨ S, ʟʘʪʝʤ ʚʳʯʠʩʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ɽ3, ʧʦʪʦʤ ð ʟʥʘʯʝʥʠʝ ɽ2, ʢʦ-

ʪʦʨʦʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʢʦʥʪʨʦʣʷ ʟʘ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʚʪʦʨʝʥʠʡ ʮʠʢʣʘ ʪʘʢʞʝ, ʢʘʢ ʠ ʚ ʮʠʢʣʝ  

for). 

11. ʇʦʩʪʨʦʠʪʴ ʛʨʘʤʤʘʪʠʢʫ ʜʣʷ ʚʳʨʘʞʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʧʝʨʝʤʝʥʥʳʝ, ʟʥʘʢʠ ʦʧʝʨʘʮʠʡ +, -, *, 

/ ʠ ʩʢʦʙʢʠ ( ). ɻʨʘʤʤʘʪʠʢʘ ʜʦʣʞʥʘ ʦʪʨʘʞʘʪʴ ʦʜʠʥʘʢʦʚʳʡ ʧʨʠʦʨʠʪʝʪ ʠ ʣʝʚʦ-ʘʩʩʦʮʠʘʪʠʚʥʦʩʪʴ 

ʚʩʝʭ ʯʝʪʳʨʝʭ ʦʧʝʨʘʮʠʡ. ʆʧʨʝʜʝʣʠʪʴ ʜʝʡʩʪʚʠʷ ʧʦ ʧʝʨʝʚʦʜʫ ʪʘʢʠʭ ʚʳʨʘʞʝʥʠʡ ʚ ʇʆʃʀɿ. 

12. ʀʟʤʝʥʠʪʴ ʧʨʠʦʨʠʪʝʪ ʦʧʝʨʘʮʠʡ ʦʪʥʦʰʝʥʠʷ ʚ ʄ-ʷʟʳʢʝ ð ʩʜʝʣʘʪʴ ʝʛʦ ʥʘʠʚʳʩʰʠʤ. ʇʦ-

ʩʪʨʦʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʛʨʘʤʤʘʪʠʢʫ, ʦʪʨʘʞʘʶʱʫʶ ʵʪʦʪ ʧʨʠʦʨʠʪʝʪ. ʅʘʧʠʩʘʪʴ ʩʠʥʪʘʢʩʠʯʝ-
ʩʢʠʡ ʘʥʘʣʠʟʘʪʦʨ, ʦʙʝʩʧʝʯʠʪʴ ʢʦʥʪʨʦʣʴ ʪʠʧʦʚ, ʟʘʜʘʪʴ ʧʝʨʝʚʦʜ ʚ ʇʆʃʀɿ. 

13. ʇʦʩʪʨʦʠʪʴ ʂʉ-ʛʨʘʤʤʘʪʠʢʫ, ʘʥʘʣʦʛʠʯʥʫʶ ʜʘʥʥʦʡ, 

  E ­ T {+T}  

  T ­ F {*F}  

  F ­ (E) | i 

ʩ ʪʦʡ ʣʠʰʴ ʨʘʟʥʠʮʝʡ, ʯʪʦ ʚ ʥʦʚʦʤ ʷʟʳʢʝ ʧʝʨʝʜ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʤ ʙʫʜʝʪ ʜʦʧʫʩʢʘʪʴʩʷ ʫʥʘʨ-

ʥʳʡ ʤʠʥʫʩ, ʠʤʝʶʱʠʡ ʥʘʠʚʳʩʰʠʡ ʧʨʠʦʨʠʪʝʪ (ʥʘʧʨʠʤʝʨ, a*-b+-c   ʜʦʧʫʩʢʘʝʪʩʷ ʠ ʦʟʥʘʯʘʝʪ 

a*(-b)+(-c).   ɺ ʩʦʟʜʘʥʥʫʶ ʛʨʘʤʤʘʪʠʢʫ ʚʩʪʘʚʠʪʴ ʜʝʡʩʪʚʠʷ ʧʦ ʧʝʨʝʚʦʜʫ ʪʘʢʦʛʦ ʚʳʨʘʞʝʥʠʷ ʚ 

ʇʆʃʀɿ. ɼʣʷ ʢʘʞʜʦʡ ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʨʦʮʝʜʫʨʳ ʧʨʠʚʝʩʪʠ ʝʝ ʪʝʢʩʪ ʥʘ ʉʠ + +. 

14. ɼʘʥʘ ʛʨʘʤʤʘʪʠʢʘ, ʦʧʠʩʳʚʘʶʱʘʷ ʚʳʨʘʞʝʥʠʷ: 

 E ­ TE ¡  E ¡ ­ + TE ¡ | e 

 T ­ FT ¡  T ¡ ­ * FT ¡  | e 

 F ­ PF ¡  F ¡ ­ ^ PF ¡ | e 

 P ­ (E) | i 

ɺʢʣʶʯʠʪʴ ʚ ʵʪʫ ʛʨʘʤʤʘʪʠʢʫ ʜʝʡʩʪʚʠʷ ʧʦ ʧʝʨʝʚʦʜʫ ʵʪʠʭ ʚʳʨʘʞʝʥʠʡ ʚ ʇʆʃʀɿ. ɼʣʷ ʢʘʞʜʦʡ 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʨʦʮʝʜʫʨʳ ʧʨʠʚʝʩʪʠ ʝʝ ʪʝʢʩʪ ʥʘ ʉʠ++. 
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