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-

xmyn m n  

S → XY 
X → xX 
X → x 
Y → yY 
Y → y 

xxxyy 
:

S XY xXY xxXY xxxY xxxyY xxxyy 
S

S XY 

xxxyy 

X → xX 

xxXY 

xxXY xxxY 

X → x 
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xxxY xxxyY 

Y → yY 

  

xxxyY xxxyy 

Y → y 

-
 

:

Таблица 4.1. 

Входная строка Продукция Сентенциальная форма 

xxxyy  S → XY XY  
xxxyy  X → xX xXY  
xxxyy X → xX xxXY  
xxxyy X → x xxxY  
xxxyy Y → yY xxxyY  
Xxxyy  Y → y xxxyy  
xxxyy   
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⊥

4.3. LL(1))грамматики 

   

 

-

T

T → aG 
T → bG 
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T → aG a
T → bG b

R
R → BG 
R → CH 

B
B → cD 
B → TV 

R → BG 

a b c  
B

c
B a b

T

A → BC  B → DE  D → FG  F → HI  H → xY 
x

A → BC 

A → BC 
B → ε 

A → BC
C B

B C

A
BC    
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A → BC 
- A BC

S → Ty 
T → AB 
T → sT 
A → aA 
A → ε 
B → bB 
B → ε 

   
T → AB a b y
T → sT s
A → aA a
A → ε b y
B → bB b
B → ε y

B → ε y
y B

→ ε b y b y
A B

LL(1)-

:
L

L

T A B
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k k

LL(1)-
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D → Dx 
D → y 

DS
:

DS D → Dx = y  
DS D → y = y  

D

D

D → Dx 

D

D

-

A → BC 
B → DE 
D → FG 
F → AH 

A B D F
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-
 

4.4. Рекурсивный спуск 
 

PROGRAM

PROGRAM → begin DECLIST comma STATELIST end 

begin
DECLIST

DECLIST comma
STATELIST

STATELIST end

DECLIST → d semi DECLIST 
                    d 
STATELIST → s semi STATELIST 
                        s 

d s

DS DECLIST → d semi DECLIST = d  
DS DECLIST → d = d  

STATELIST



90  Глава 4. Нисходящий синтаксический анализ 

DECLIST
:

d 
d semi d 
d semi d semi d 

d
DECLIST

d semi d  
d

 semi
DECLIST

DECLIST → dX 
X → semi DECLIST 
        ε 

X
STATELIST

STATELIST→ sY 
Y → semi DECLIST 
        ε 

Y

PROGRAM → begin DECLIST comma STATELIST end 
DECLIST → dX 
X → semi DECLIST 

ε 
STATELIST → sY 
Y → semi STATELIST 
        ε 
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X Y
X

DS X → semi DECLIST = semi  
DS X → ε = comma  

X
comma DECLIST

PROGRAM → begin DECLIST comma STATELIST end 
DECLIST X

DECLIST → dX 
comma X

X → ε 

DS Y → semi STATELIST = semi  
DS Y → ε = end  

end STATELIST
PROGRAM → begin DECLIST comma STATELIST end 

STATELIST

STATELIST → sY 

:
PROGRAM DECLIST X STATELIST Y

void PROGRAM() /*  PROGRAM*/ 
{ if (token! = begin) 
  error(); 
  token = lexical(); 
  DECLIST(); 
  if (token! = comma) 
  error(); 
  token = lexical(); 
  STATELIST(); 
  if (token! = end) 
  error(); 
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} 
 
void DECLIST() 
{ if (token! = d) 
  error(); 
  token = lexical(); 
  X(); 
} 
 
void X() 
{ if (token == semi) 
  { token = lexical(); 
    DECLIST(); 
  } 
  else if (token == comma) 
  ; /*   */ 
  else error(); 
} 
 
void STATELIST() 
{ if (token! = s) 
  error(); 
  token = lexical(); 
  Y(); 
} 
 
void Y() 
{ if (token == semi) 
  {   token = lexical(); 
      STATELIST(); 
  } 
  else if (token == end) 
  ; /*   */ 
  else error(); 
} 
 
main () 
{ token = lexical(); 
  PROGRAM(); 
} 

lexical()
error()

error()

semi comma begin end
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void DECLIST(); 
void STATELIST(); 
void X(); 
void Y(); 

∗

PROGRAM → begin DECLIST comma STATELIST end 
DECLIST → d semi d *
STATELIST → s semi s * 

main()
PROGRAM() DECLIST()

STATELIST() X Y

void DECLIST() 
{ if (token! = d) 
  error(); 
  token = lexical(); 
  while (token == semi) 
  {token = lexical(); 
  if (token! = d) 
  error (); 
  token = lexical(); 
  } 
} 
 
void STATELIST() 
{ if (token! = s) 
  error(); 
  token = lexical(); 
  while (token == semi) 
  {token = lexical(); 
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  if (token! = s) 
  error (); 
  token = lexical(); 
  } 
} 

lexical() error() semi comma begin end

∗
E → E + T 
E → T 
T → T ∗ F 
T → F 
F → E  
F → x  

E → TX 
X → + TX 
X → ε 
T → FY 
Y → ∗ FY 
Y → ε 

F → E  
F → x  

E → T + T ∗ 
T → F ∗ F ∗ 
F → E  
F → x  
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E T
F

E T

S → E 
E → T + T ∗ 
T → F ∗ F ∗ 
F → E  
F → x  

void E() 
{  T(); 
   while (token == plus) 
   {token = lexical(); 
   T(); 
   } 
} 
 
void T() 
{  F(); 
   while (token == times) 
   {token = lexical(); 
   F(); 
   } 
} 
 
void F() 
{  if (token == obracket) 
   {token=lexical(); 
   E(); 
   if (token == cbracket) 
   token=lexical(); 
   else error(); 
   } 
   else if (token == x) 
   token = lexical(); 
   else error(); 
} 
 
main () 
{ token = lexical(); 
E(); 
} 
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plus times obracket cbracket x
+ ∗ x

E F T

4.5. Преобразования грамматик 

4.5.1. Удаление левой рекурсии 

E → E + T 
E → T 

E → T + E 
E → T 

T + T + T + T 

E E + T E + T + T E + T + T + T T + T + T + T 

T + T + T + T + T  
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E T + E T + T + E T + T + T + E T + T + T + T 

T + T + T + T + T  

+ +

E → TX 
X → + TX 
X → ε 

T + T + T + T 

E T X T + T X T + T + T X T + T + T + T X T + T + T + T 

T + T + T + T + T  

E → E + T 
E → T 

E → TX 
X → + TX 
X → ε 
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P → Pa 
P → b 

ba  

P → bX 
X → aX 
ε 

P P

P → Pα P → Pα P → Pα P → Pαn 
P → β P → β P → β P → βm 

β P
β β β βm α α α αn  

P → β , P → β P → β P → βm 
P → β Z, P → β Z P → β Z P → βmZ 
Z → α , Z → α Z → α Z → αn 
Z → α Z, Z → α Z, Z → α Z Z → αnZ 

Z

4.5.2. Факторизация 
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P → aPb 
P → aPc 
P → d 

a

P → aPX 
X → b 
X → c 
P → d 

aP X

P → abQ 
P → acR 

P → aX 
X → bQ 
X → cR 

P → Qx 
P → Ry 
Q → sQm 
Q → q 
R → sRn 
R → r 

s
Q R

P → sQmx 
P → qx 
P → sRny 
P → ry 
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P → sP  
P → qx 
P → ry 

P → Qmx 
P → Rny 

P → sP  
P → qx 
P → ry 
P → Qmx 
P → Rny 
Q → sQm 
Q → q 
R → sRn 
R → r 

P s

Q R

P
P P P

siqmix sirniy  

s
m n

s q r
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4.6. Достоинства и недостатки LL(1))анализа 

  

•
•

•   

•
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-

4.7. Введение действий в грамматику 

a + b ∗ c + d  

ab + cd + ∗ 

S → EXP 
EXP → TERM 
EXP → EXP + TERM 
EXP → EXP − TERM 
TERM → FACT 
TERM → TERM∗FACT 
TERM → TERM FACT 
FACT → −FACT 
FACT → VAR 
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FACT → EXP  
VAR → a b c d e 

a + b ∗c 
a∗b + c 
a∗b + c∗d∗e 

A1 A2 A3
S → EXP 
EXP → TERM 
EXP → EXP + A1 TERM A2  
EXP → EXP − A1 TERM A2  
TERM → FACT 
TERM → TERM∗ A1 FACT A2  
TERM → TERM A1 FACT A2  
FACT → − A1 FACT A2  
FACT → VAR A3  
FACT → EXP  
VAR → a b c d e 

char stack [3]; 
int ptr = 0; 

char in; 

<A1> 
{  stack[++ptr] = in; 
} 
   <A2> 
{  printf("%c", stack [ptr--]); 
} 
<A3> 
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{  printf("%c", in); 
} 

−a + b ∗ c + d  

− A1 a A3 A2 + A1 b A3 A2 ∗ A1 c A3 +
A1 d A3 A2 A2  

Таблица 4.2. 

Считываемый символ Действие Содержимое стека Выход 

(    
− (минус) A1 − (минус)  
a A3 − a 
 A2 − − (минус) 
+ A1 +  
b A3 + b 
 A2 + + 
)    
* A2 *  
(  *  
c A3 * c 
+ A1 *+  
d A3 *+ d 
 A2 * + 
) A2 * * 
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4.8. Резюме 

•
•

•

•

•
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Дополнительная литература 

Упражнения 

xnayn n 
xnayn∪xnazn n =
xnayn∪znayn n =

∪

DECLIST → d semi DECLIST
DECLIST → d
DECLIST → DECLIST semi d

DECLIST → d

d semi d semi d 
d

DECLIST → d 
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na n n ≥
α α ∗

α α

S → AB 
S → PQx 
A → xy 
A → m 
B → bC 
C → bC 
C → ε 
P → pP 
P → ε 
Q → qQ 
Q → ε 

S

S → EXP 
EXP → TERM 
EXP → EXP + TERM 
EXP → EXP − TERM 
TERM → FACT 
TERM → TERM∗ FACT 
TERM → TERM/FACT 
FACT → − FACT 
FACT → EXP  
FACT → VAR 
VAR → a b c d e 
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