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ÅéóáãùãÞ (i)
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ÅéóáãùãÞ (ii)

I Áñ÷éêÞ ãëþóóá LA

I ÔåëéêÞ ãëþóóá LT

I Ãëþóóá õëïðïßçóçò LY

I Óçìáóéïëïãßá ôïõ ðñïãñÜììáôïò P óôç ãëþóóá L

[[P ]]L : Inp(P )→ Out(P )

I Óçìáóßá åíüò ìåôáãëùôôéóôÞ C

[[C ]]LY
: LA → LT
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ÅéóáãùãÞ (iii)
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ÅéóáãùãÞ (iv)

I Åßäç ìåôáãëùôôéóôþí:
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I Áíôßóôñïöïé (decompilers)
I Ìåôá-ìåôáãëùôôéóôÝò (meta-compilers)

I ÅéäéêÝò ðåñéðôþóåéò ìåôáãëùôôéóôþí:
I ÐñïåðåîåñãáóôÝò (preprocessors)
I ÓõìâïëïìåôáöñáóôÝò (assemblers)
I ÃåííÞôïñåò ðñïãñáììÜôùí (program generators)
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ÊáôáóêåõÞ ìåôáãëùôôéóôÞ (i)

I ÂáóéêÝò áðáéôÞóåéò:
I Íá ëåéôïõñãåß óùóôÜ
I Íá óõììïñöþíåôáé ìå ôéò ðñïäéáãñáöÝò ôçò áñ÷éêÞò

êáé ôçò ôåëéêÞò ãëþóóáò
I Íá ìåôáãëùôôßæåé ðñïãñÜììáôá êÜèå ìåãÝèïõò
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ÊáôáóêåõÞ ìåôáãëùôôéóôÞ (ii)

I Åðéðñüóèåôåò áðáéôÞóåéò:
I Íá ðáñÜãåé áðïäïôéêü êþäéêá
I Íá Ý÷åé ìéêñü ÷ñüíï ìåôáãëþôôéóçò
I Íá Ý÷åé ìéêñÝò áðáéôÞóåéò ìíÞìçò êáôÜ ôç

ìåôáãëþôôéóç
I Íá äßíåé êáëÜ äéáãíùóôéêÜ ìçíýìáôá
I Íá óõíå÷ßæåé ýóôåñá áðü ëÜèç
I Íá åßíáé ìåôáöÝñóéìïò

Íßêïò Ðáðáóðýñïõ, ÊùóôÞò Óáãþíáò ÌåôáãëùôôéóôÝò ÌÜñôéïò 2009 8 / 123



ÖÜóåéò êáé ðñïúüíôá ôçò ìåôáãëþôôéóçò

I ËåêôéêÞ áíÜëõóç

I ÓõíôáêôéêÞ áíÜëõóç

I ÓçìáóéïëïãéêÞ áíÜëõóç

I ÐáñáãùãÞ åíäéÜìåóïõ
êþäéêá

I Âåëôéóôïðïßçóç

I ÐáñáãùãÞ ôåëéêïý
êþäéêá
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αρχικό πρόγραµµα

Λεκτική ανάλυση

Συντακτική Ανάλυση

Σηµασιολογική Ανάλυση

Παραγωγή ενδιάµεσου κώδικα

Βελτιστοποίηση ενδιάµεσου κώδικα

Παραγωγή τελικού κώδικα

λεκτικές µονάδες

συντακτικό δέντρο

συντακτικό δέντρο

ενδιάµεσος κώδικας

ενδιάµεσος κώδικας

τελικός κώδικας

Βελτιστοποίηση τελικού κώδικα

τελικό πρόγραµµα

Πίνακας

συµβόλων

Χειριστής

σφαλµάτων



ÈÝìáôá õëïðïßçóçò

I ÏñãÜíùóç óå ðåñÜóìáôá

I ÏñãÜíùóç óå åìðñüóèéï êáé ïðßóèéï ôìÞìá
(front-end / back-end)

I ¸ëåã÷ïò ïñèüôçôáò
I Åßäç äéáãíùóôéêþí ìçíõìÜôùí êáé áíÜíçøç

I ÅóùôåñéêÜ (internal)
I ÓöÜëìáôá (errors)
I ÐñïåéäïðïéçôéêÜ ìçíýìáôá (warnings)
I ÁðëÜ ìçíýìáôá (messages)
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Åêêßíçóç { bootstrapping

S T

T

A T

S

A T

T

A T

A

A T

T

I ÂÞìá 1: ÌåôáãëùôôéóôÞò ãéá S ⊂ A óôçí T .

I ÂÞìá 2: ÌåôáãëùôôéóôÞò ãéá ôçí A óôçí S.

I ÂÞìá 3: ÌåôáãëùôôéóôÞò ãéá ôçí A óôçí A.
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ÏñãÜíùóç óå Ýíá ðÝñáóìá
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Γεννήτορας τελικού

κώδικα

Βελτιστοποιητής τελικού

κώδικα

Οπίσθιο τµήµα

Συντακτικός

αναλυτής

Σηµασιολογικός αναλυτής

Γεννήτορας ενδιάµεσου

κώδικα
Λεκτικός

αναλυτής
Βελτιστοποιητής ενδιάµεσου

κώδικα

Εµπρόσθιο τµήµα
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ÊåöÜëáéï 2:
ÔõðéêÝò ãëþóóåò
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ÔõðéêÝò ãëþóóåò (i)

ÂáóéêÝò Ýííïéåò

I ÁëöÜâçôï Σ

I Óýìâïëï a

I ÓõìâïëïóåéñÜ α

I ÌÞêïò óõìâïëïóåéñÜò |α|
I Óýíïëï óõìâïëïóåéñþí ìÞêïõò n Σn

I Óýíïëï üëùí ôùí óõìâïëïóåéñþí

Σ∗ =
∞⋃

n=0

Σn

Íßêïò Ðáðáóðýñïõ, ÊùóôÞò Óáãþíáò ÌåôáãëùôôéóôÝò ÌÜñôéïò 2009 14 / 123



ÔõðéêÝò ãëþóóåò (ii)

ÂáóéêÝò Ýííïéåò (óõíÝ÷åéá)

I ÊåíÞ óõìâïëïóåéñÜ ε

I ÐáñÜèåóç óõìâïëïóåéñþí αβ

I ÐáñÜèåóç óõìâïëïóåéñÜò ìå ôïí åáõôü ôçò

α0 = ε
αn+1 = ααn

I Ðñüèåìá, åðßèåìá, õðïóõìâïëïóåéñÜ
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ÔõðéêÝò ãëþóóåò (iii)

ÂáóéêÝò Ýííïéåò (óõíÝ÷åéá)

I Ãëþóóá L ⊆ Σ∗

I ¸íùóç ãëùóóþí

L1 ∪ L2 = {α | α ∈ L1 ∨ α ∈ L2 }
I ÐáñÜèåóç ãëùóóþí

L1L2 = {αβ | α ∈ L1 ∧ β ∈ L2 }
I ÐáñÜèåóç ãëþóóáò ìå ôïí åáõôü ôçò

L0 = { ε }
Ln+1 = LLn

I Êëåßóéìï Þ Üóôñï ôïõ Kleene

L∗ =
∞⋃

n=0

Ln L+ = LL∗
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ÔõðéêÝò ãëþóóåò (iv)

ÃåííçôéêÜ ìïíôÝëá
I ÃñáììáôéêÞ G = (T,N, P, S)

I T : ôåñìáôéêÜ óýìâïëá a
I N : ìç ôåñìáôéêÜ óýìâïëá A
I P : êáíüíåò ðáñáãùãÞò α→ β
I S : áñ÷éêü óýìâïëï

I ÐáñáãùãÝò: áí α, β, γ, δ ∈ (T ∪N)∗

êáé (α→ β) ∈ P
ôüôå γαδ ⇒ γβδ

I Ãëþóóá: L(G) = {α ∈ T ∗ | S ⇒+ α }
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ÔõðéêÝò ãëþóóåò (v)

Éåñáñ÷ßá Chomsky

I Ôýðïõ 0: üëåò ïé ãñáììáôéêÝò, α→ β

I Ôýðïõ 1: ãñáììáôéêÝò ìå óõìöñáæüìåíá
(context-sensitive), α→ β ìå |α| ≤ |β|

I Ôýðïõ 2: ãñáììáôéêÝò ÷ùñßò óõìöñáæüìåíá
(context-free) A→ β

I Ôýðïõ 3: êáíïíéêÝò ãñáììáôéêÝò (regular)
A→ aB Þ A→ a

I ÅéäéêÞ ðåñßðôùóç: ãëþóóåò ðïõ ðáñÜãïõí ôçí êåíÞ
óõìâïëïóåéñÜ
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ÔõðéêÝò ãëþóóåò (vi)

ÁíáãíùñéóôÝò

I Ôýðïõ 0: ìç÷áíÞ Turing

I Ôýðïõ 1: ãñáììéêÜ ðåñéïñéóìÝíç ìç÷áíÞ Turing
I Ôýðïõ 2: áõôüìáôá óôïßâáò (push-down automata)

I ×ñÞóéìá óôç óõíôáêôéêÞ áíÜëõóç

I Ôýðïõ 3: ðåðåñáóìÝíá áõôüìáôá (�nite automata)
I ×ñÞóéìá óôç ëåêôéêÞ áíÜëõóç
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ÊáíïíéêÝò ãëþóóåò (i)

I ÊáíïíéêÝò ãñáììáôéêÝò
I Ìüíï êáíüíåò A→ aB Þ A→ a
I éóïäýíáìá A→ Ba Þ A→ a

I ÊáíïíéêÝò åêöñÜóåéò (regular expressions)
I ÊåíÞ óõìâïëïóåéñÜ: ε
I ÊÜèå óýìâïëï ôïõ Σ: a
I ÐáñÜèåóç äýï êáíïíéêþí åêöñÜóåùí: (rs)
I ÄéÜæåõîç äýï êáíïíéêþí åêöñÜóåùí: (r|s)
I Êëåßóéìï (Þ Üóôñï) Kleene: (r∗)

I Óõíôïìïãñáößåò:
I áðáëïéöÞ ðåñéôôþí ðáñåíèÝóåùí
I r+ [a1, a2, . . . , an] [a1 − a2] r? .
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ÊáíïíéêÝò ãëþóóåò (ii)

Ðáñáäåßãìáôá êáíïíéêþí åêöñÜóåùí
I ÁêÝñáéåò óôáèåñÝò ÷ùñßò ðñüóçìï óôçí Pascal

I Ýíá Þ ðåñéóóüôåñá äåêáäéêÜ øçößá

[0-9]+

I ÁñéèìçôéêÝò óôáèåñÝò ÷ùñßò ðñüóçìï óôç C

I áêÝñáéï ìÝñïò ðïõ äåí áñ÷ßæåé ìå ìçäÝí,
åêôüò áí åßíáé ìçäåíéêü (ãéáôß;)

I ðñïáéñåôéêÜ: õðïäéáóôïëÞ êáé êëáóìáôéêü ìÝñïò
I ðñïáéñåôéêÜ: åêèÝôçò ìå Þ ÷ùñßò ðñüóçìï

([1-9][0-9]∗|0)(\.[0-9]+)?((E|e)(+|−)?[0-9]+)?
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ÊáíïíéêÝò ãëþóóåò (ii)

Ðáñáäåßãìáôá êáíïíéêþí åêöñÜóåùí
I ÁêÝñáéåò óôáèåñÝò ÷ùñßò ðñüóçìï óôçí Pascal

I Ýíá Þ ðåñéóóüôåñá äåêáäéêÜ øçößá

[0-9]+

I ÁñéèìçôéêÝò óôáèåñÝò ÷ùñßò ðñüóçìï óôç C
I áêÝñáéï ìÝñïò ðïõ äåí áñ÷ßæåé ìå ìçäÝí,

åêôüò áí åßíáé ìçäåíéêü (ãéáôß;)

I ðñïáéñåôéêÜ: õðïäéáóôïëÞ êáé êëáóìáôéêü ìÝñïò
I ðñïáéñåôéêÜ: åêèÝôçò ìå Þ ÷ùñßò ðñüóçìï

([1-9][0-9]∗|0)(\.[0-9]+)?((E|e)(+|−)?[0-9]+)?
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ÊáíïíéêÝò ãëþóóåò (ii)

Ðáñáäåßãìáôá êáíïíéêþí åêöñÜóåùí
I ÁêÝñáéåò óôáèåñÝò ÷ùñßò ðñüóçìï óôçí Pascal

I Ýíá Þ ðåñéóóüôåñá äåêáäéêÜ øçößá

[0-9]+

I ÁñéèìçôéêÝò óôáèåñÝò ÷ùñßò ðñüóçìï óôç C
I áêÝñáéï ìÝñïò ðïõ äåí áñ÷ßæåé ìå ìçäÝí,

åêôüò áí åßíáé ìçäåíéêü (ãéáôß;)

I ðñïáéñåôéêÜ: õðïäéáóôïëÞ êáé êëáóìáôéêü ìÝñïò
I ðñïáéñåôéêÜ: åêèÝôçò ìå Þ ÷ùñßò ðñüóçìï

([1-9][0-9]∗|0)

(\.[0-9]+)?((E|e)(+|−)?[0-9]+)?
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ÊáíïíéêÝò ãëþóóåò (ii)

Ðáñáäåßãìáôá êáíïíéêþí åêöñÜóåùí
I ÁêÝñáéåò óôáèåñÝò ÷ùñßò ðñüóçìï óôçí Pascal

I Ýíá Þ ðåñéóóüôåñá äåêáäéêÜ øçößá

[0-9]+

I ÁñéèìçôéêÝò óôáèåñÝò ÷ùñßò ðñüóçìï óôç C
I áêÝñáéï ìÝñïò ðïõ äåí áñ÷ßæåé ìå ìçäÝí,

åêôüò áí åßíáé ìçäåíéêü (ãéáôß;)
I ðñïáéñåôéêÜ: õðïäéáóôïëÞ êáé êëáóìáôéêü ìÝñïò

I ðñïáéñåôéêÜ: åêèÝôçò ìå Þ ÷ùñßò ðñüóçìï

([1-9][0-9]∗|0)

(\.[0-9]+)?((E|e)(+|−)?[0-9]+)?

Íßêïò Ðáðáóðýñïõ, ÊùóôÞò Óáãþíáò ÌåôáãëùôôéóôÝò ÌÜñôéïò 2009 21 / 123



ÊáíïíéêÝò ãëþóóåò (ii)

Ðáñáäåßãìáôá êáíïíéêþí åêöñÜóåùí
I ÁêÝñáéåò óôáèåñÝò ÷ùñßò ðñüóçìï óôçí Pascal

I Ýíá Þ ðåñéóóüôåñá äåêáäéêÜ øçößá

[0-9]+

I ÁñéèìçôéêÝò óôáèåñÝò ÷ùñßò ðñüóçìï óôç C
I áêÝñáéï ìÝñïò ðïõ äåí áñ÷ßæåé ìå ìçäÝí,

åêôüò áí åßíáé ìçäåíéêü (ãéáôß;)
I ðñïáéñåôéêÜ: õðïäéáóôïëÞ êáé êëáóìáôéêü ìÝñïò

I ðñïáéñåôéêÜ: åêèÝôçò ìå Þ ÷ùñßò ðñüóçìï

([1-9][0-9]∗|0)(\.[0-9]+)?

((E|e)(+|−)?[0-9]+)?
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ÊáíïíéêÝò ãëþóóåò (ii)

Ðáñáäåßãìáôá êáíïíéêþí åêöñÜóåùí
I ÁêÝñáéåò óôáèåñÝò ÷ùñßò ðñüóçìï óôçí Pascal

I Ýíá Þ ðåñéóóüôåñá äåêáäéêÜ øçößá

[0-9]+

I ÁñéèìçôéêÝò óôáèåñÝò ÷ùñßò ðñüóçìï óôç C
I áêÝñáéï ìÝñïò ðïõ äåí áñ÷ßæåé ìå ìçäÝí,

åêôüò áí åßíáé ìçäåíéêü (ãéáôß;)
I ðñïáéñåôéêÜ: õðïäéáóôïëÞ êáé êëáóìáôéêü ìÝñïò
I ðñïáéñåôéêÜ: åêèÝôçò ìå Þ ÷ùñßò ðñüóçìï

([1-9][0-9]∗|0)(\.[0-9]+)?

((E|e)(+|−)?[0-9]+)?
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ÊáíïíéêÝò ãëþóóåò (ii)

Ðáñáäåßãìáôá êáíïíéêþí åêöñÜóåùí
I ÁêÝñáéåò óôáèåñÝò ÷ùñßò ðñüóçìï óôçí Pascal

I Ýíá Þ ðåñéóóüôåñá äåêáäéêÜ øçößá

[0-9]+

I ÁñéèìçôéêÝò óôáèåñÝò ÷ùñßò ðñüóçìï óôç C
I áêÝñáéï ìÝñïò ðïõ äåí áñ÷ßæåé ìå ìçäÝí,

åêôüò áí åßíáé ìçäåíéêü (ãéáôß;)
I ðñïáéñåôéêÜ: õðïäéáóôïëÞ êáé êëáóìáôéêü ìÝñïò
I ðñïáéñåôéêÜ: åêèÝôçò ìå Þ ÷ùñßò ðñüóçìï

([1-9][0-9]∗|0)(\.[0-9]+)?((E|e)(+|−)?[0-9]+)?
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ÐåðåñáóìÝíá áõôüìáôá (i)

0 0

A B
1

1

I ÊáôáóôÜóåéò êáé ìåôáâÜóåéò

I ÍôåôåñìéíéóôéêÜ (ÍÐÁ), ìç íôåôåñìéíéóôéêÜ (ÌÐÁ) êáé
ÌÐÁ ìå êåíÝò ìåôáâÜóåéò (ÌÐÁ-ε)

I Áñ÷éêÞ êáôÜóôáóç, ôåëéêÝò êáôáóôÜóåéò
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ÐåðåñáóìÝíá áõôüìáôá (ii)

0 0

A B
1

1

I Ðïéá ãëþóóá áíáãíùñßæåé;

I Ôç ãëþóóá ôùí óõìâïëïóåéñþí ðïõ áðïôåëïýíôáé áðü
0 êáé 1 êáé ðåñéÝ÷ïõí Üñôéï áñéèìü 1
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ÐåðåñáóìÝíá áõôüìáôá (ii)

0 0

A B
1

1

I Ðïéá ãëþóóá áíáãíùñßæåé;

I Ôç ãëþóóá ôùí óõìâïëïóåéñþí ðïõ áðïôåëïýíôáé áðü
0 êáé 1 êáé ðåñéÝ÷ïõí Üñôéï áñéèìü 1
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ÊáíïíéêÝò ãëþóóåò, áíáóêüðçóç

ÁíáãùãÝò êáé éóïäõíáìßåò

I êáíïíéêÞ ãñáììáôéêÞ ⇒ ÌÐÁ-ε

I ÌÐÁ-ε ⇒ êáíïíéêÞ ãñáììáôéêÞ

I êáíïíéêÞ Ýêöñáóç ⇒ ÌÐÁ-ε

I ÌÐÁ-ε ⇒ êáíïíéêÞ Ýêöñáóç

I ÌÐÁ-ε ⇒ ÍÐÁ

I Åëá÷éóôïðïßçóç ÍÐÁ

Íßêïò Ðáðáóðýñïõ, ÊùóôÞò Óáãþíáò ÌåôáãëùôôéóôÝò ÌÜñôéïò 2009 24 / 123



ÊåöÜëáéï 3:
ËåêôéêÞ áíÜëõóç
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ËåêôéêÞ áíÜëõóç

I ËåêôéêÝò ìïíÜäåò (tokens)
I Áíáãíùñßæïíôáé ìå ðåðåñáóìÝíá áõôüìáôá ðïõ:

I äéáâÜæïõí åíäå÷ïìÝíùò ðåñéóóüôåñïõò ÷áñáêôÞñåò
I ïðéóèïäñïìïýí áí ÷ñåéáóôåß
I äéáèÝôïõí Ýîïäï ðïõ ÷ñçóéìïðïéåßôáé óôç óõíôáêôéêÞ

áíÜëõóç

I Åéäéêüò óõìâïëéóìüò: äéáãñÜììáôá ìåôÜâáóçò
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ÄéáãñÜììáôá ìåôÜâáóçò (i)

I ÁíáãíùñéóôéêÜ ôçò Pascal

D

L

L
10

D

L

L
0 21

όχι L/D

*

(T_id)
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ÄéáãñÜììáôá ìåôÜâáóçò (i)

I ÁíáãíùñéóôéêÜ ôçò Pascal

D

L

L
10

D

L

L
0 21

όχι L/D

*

(T_id)
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ÄéáãñÜììáôá ìåôÜâáóçò (ii)

I ÔåëåóôÝò > êáé >=

>
10

=
2

>0

2

1

*

(T_gt)

όχι =

3 (T_ge)

=
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ÄéáãñÜììáôá ìåôÜâáóçò (ii)

I ÔåëåóôÝò > êáé >=

>
10

=
2

>0

2

1

*

(T_gt)

όχι =

3 (T_ge)

=
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ÊáôáóêåõÞ ôïõ ËÁ (i)

I ÊáôáãñáöÞ êáé ôáîéíüìçóç ÷áñáêôÞñùí

mapping : (ASCII ∪ { EOF })→ Σ

I ÊáôáãñáöÞ êáé ôáîéíüìçóç ëåêôéêþí ìïíÜäùí
I Êùäéêïðïßçóç ëåêôéêþí ìïíÜäùí
I Áêïëïõèßá ÷áñáêôÞñùí (lexeme)

I Ó÷åäßáóç ôïõ äéáãñÜììáôïò ìåôÜâáóçò

I Õëïðïßçóç ôïõ ëåêôéêïý áíáëõôÞ
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ÊáôáóêåõÞ ôïõ ËÁ (ii)

I ÅðéìÝñïõò èÝìáôá
I Ôñüðïò äéá÷ùñéóìïý ëåêôéêþí ìïíÜäùí
I Ó÷üëéá
I ÄéÜêñéóç ðåæþí / êåöáëáßùí ãñáììÜôùí
I ÅíäéÜìåóç ìíÞìç (bu�er)
I ÁíÜíçøç áðü óöÜëìáôá
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ÊáôáóêåõÞ ôïõ ËÁ (iii)

Ó÷åäßáóç
óõíïëéêïý
äéáãñÜììáôïò
ìåôÜâáóçò
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=

W

.

20

0

21

;

22

(

23

)

:

4024

26

=

30

+

31

-

όχι ==

1

*

(T_assign)

(T_dot) (T_smcolon) (T_lparen) (T_eq) (T_plus) (T_minus)(T_rparen)

(T_colon)

4125

*

(T_le) (T_lt)

4227

*

(T_ge) (T_gt)

4328

*

(T_ne) (T_div)

4429

*

(T_power) (T_times)

< > */

L|E

L|E|D|_

45

*

(T_id)

6
όχι L|E|D|_

D

D

.

D

E +|-
10

D

D

11
όχι D

46

*

(T_const)

όχι }

12
}

0
{

45

*

(T_eof)

EOF

όχι == όχι == όχι = όχι **

2 3 4 5

Ε

D

9

όχι D|Ε

8

όχι D|.|Ε

7



ÊáôáóêåõÞ ôïõ ËÁ (iv)

I Åíáëëáêôéêïß ôñüðïé õëïðïßçóçò:
I ×åéñùíáêôéêÜ
I Ìå ðßíáêá ìåôáâÜóåùí
I Ìå ôï ìåôáåñãáëåßï 
ex
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Õëïðïßçóç ËÁ ìå ôï 
ex (i)

I Ìåôáåñãáëåßï 
ex: ãåííÞôïñáò ËÁ

I Åßóïäïò: ìåôáðñüãñáììá ðïõ ðåñéãñÜöåé ôéò ëåêôéêÝò
ìïíÜäåò

I ¸îïäïò: ðñüãñáììá óå C
I Ç óõíÜñôçóç yylex õëïðïéåß ôï ËÁ
I ÅðéóôñÝöåé ôïí êùäéêü ôçò ëåêôéêÞò ìïíÜäáò ðïõ

áíáãíùñßóôçêå, Þ 0 óôï ôÝëïò ôçò óõìâïëïóåéñÜò
åéóüäïõ

I Ôïðïèåôåß óôç ìåôáâëçôÞ yytext ôçí áíôßóôïé÷ç
áêïëïõèßá ÷áñáêôÞñùí (lexeme)
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Õëïðïßçóç ËÁ ìå ôï 
ex (ii)

I ÄïìÞ ôïõ ìåôáðñïãñÜììáôïò

ÌÝñïò Á
%%

ÌÝñïò Â
%%

ÌÝñïò Ã

Êáé ôá ôñßá ìÝñç ìðïñïýí íá åßíáé êåíÜ
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Õëïðïßçóç ËÁ ìå ôï 
ex (iii)

I ÌÝñïò Á, ðåñéÝ÷åé
I Ó÷üëéá, üðùò óôç C
I Êþäéêá C, ìÝóá óå %{ êáé %}
I ÌíçìïíéêÜ ïíüìáôá ùò óõíôïìïãñáößåò êáíïíéêþí

åêöñÜóåùí
I Äçëþóåéò áñ÷éêþí êáôáóôÜóåùí
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Õëïðïßçóç ËÁ ìå ôï 
ex (iv)

I ÌÝñïò Á, ðáñÜäåéãìá

%{

#define T_eof 0

#define T_id 1

...

#define T_while 52

void ERROR (const char msg []);

%}

L [A-Za-z] /* letters */

D [0-9] /* digits */

W [ \t\n] /* white space */
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Õëïðïßçóç ËÁ ìå ôï 
ex (v)

I ÌÝñïò Â, ðåñéÝ÷åé êáíüíåò ôçò ìïñöÞò

êáíïíéêÞ Ýêöñáóç åíÝñãåéá

I ÊÜèå åíÝñãåéá åßíáé ìéá åíôïëÞ ôçò C
I Ëåéôïõñãßá:

I ÄéáâÜæåôáé ôï ìáêñýôåñï ðñüèåìá ôçò óõìâïëïóåéñÜò
åéóüäïõ ðïõ ìðïñåß íá áíáãíùñéóôåß áðü êÜðïéá
êáíïíéêÞ Ýêöñáóç

I Åêôåëåßôáé ç áíôßóôïé÷ç åíÝñãåéá
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Õëïðïßçóç ËÁ ìå ôï 
ex (vi)

I ÊáíïíéêÝò åêöñÜóåéò

a Ï ÷áñáêôÞñáò a.
. ÏðïéïóäÞðïôå ÷áñáêôÞñáò åêôüò ôçò áëëáãÞò

ãñáììÞò.
\x Áí x Ýíá áðü ôá a, b, f, n, r, t, v Þ 0, ôüôå üðùò

óôç C, áëëéþò ï ßäéïò ï ÷áñáêôÞñáò x.
\123 Ï ÷áñáêôÞñáò ASCII ìå ïêôáäéêÞ ôéìÞ 123.
\x3f Ï ÷áñáêôÞñáò ASCII ìå äåêáåîáäéêÞ ôéìÞ 3F.
"abc" Ç óõìâïëïóåéñÜ abc.
[abc] ¸íáò áðü ôïõò ÷áñáêôÞñåò a, b Þ c.
[a-z] ¸íáò áðü ôïõò ÷áñáêôÞñåò a Ýùò z.
[ac-fs] ¸íáò áðü ôïõò ÷áñáêôÞñåò a, c Ýùò f, Þ s.
[^a-z] ¸íáò áðü ôïõò ÷áñáêôÞñåò åêôüò üóùí áíÞêïõí

óôçí ðåñéï÷Þ a Ýùò z.
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Õëïðïßçóç ËÁ ìå ôï 
ex (vii)

I ÊáíïíéêÝò åêöñÜóåéò (óõíÝ÷åéá)

{name} Ç êáíïíéêÞ Ýêöñáóç ìå ìíçìïíéêü üíïìá name.

rs Ç ðáñÜèåóç ôùí r êáé s.
r|s Ç äéÜæåõîç ôùí r êáé s.
(r) Ç êáíïíéêÞ Ýêöñáóç r. Ïé ðáñåíèÝóåéò ÷ñçóéìï-

ðïéïýíôáé ãéá ïìáäïðïßçóç.

r* Ç r åðáíáëáìâÜíåôáé ìçäÝí Þ ðåñéóóüôåñåò öïñÝò.
r+ Ç r åðáíáëáìâÜíåôáé ìéá Þ ðåñéóóüôåñåò öïñÝò.
r? Ç r åßíáé ðñïáéñåôéêÞ (åðáíáëáìâÜíåôáé ìçäÝí Þ

ìéá öïñÜ).
r{7} Ç r åðáíáëáìâÜíåôáé áêñéâþò 7 öïñÝò.
r{3,5} Ç r åðáíáëáìâÜíåôáé áðü 3 Ýùò 5 öïñÝò.
r{4,} Ç r åðáíáëáìâÜíåôáé 4 Þ ðåñéóóüôåñåò öïñÝò.
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Õëïðïßçóç ËÁ ìå ôï 
ex (viii)

I ÊáíïíéêÝò åêöñÜóåéò (óõíÝ÷åéá)

^r Ç r áëëÜ ìüíï óôçí áñ÷Þ ìéáò ãñáììÞò.
r$ Ç r áëëÜ ìüíï óôï ôÝëïò ìéáò ãñáììÞò.
<<EOF>> Ôï ôÝëïò ôïõ áñ÷åßïõ åéóüäïõ.
r/s Ç êáíïíéêÞ Ýêöñáóç r áëëÜ ìüíï áí áêï-

ëïõèåß ç êáíïíéêÞ Ýêöñáóç s.

<S>r Ç r áëëÜ ìüíï üôáí ç ôñÝ÷ïõóá áñ÷éêÞ
êáôÜóôáóç åßíáé ç S.

<S1,S2,S3>r Ç r, áëëÜ ìüíï üôáí ç ôñÝ÷ïõóá áñ÷éêÞ
êáôÜóôáóç åßíáé ìéá áðü ôéò S1, S2 Þ S3.

<*>r Ç r óå ïðïéáäÞðïôå áñ÷éêÞ êáôÜóôáóç.
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Õëïðïßçóç ËÁ ìå ôï 
ex (ix)

I ÌÝñïò Â, ðáñÜäåéãìá

"and" { return T_and; }

...

"while" { return T_while; }

":=" { return T_assign; }

":" { return T_colon; }

{L}({L}|{D}|_)* { return T_id; }

{D}+(\.{D}*(e\-?{D}+)?)? { return T_const; }

{W}+ { /* nothing */ }

"(*"([^*]+|\*+[^*)])*\*+")" { /* nothing */ }

. { ERROR("illegal token"); }

Íßêïò Ðáðáóðýñïõ, ÊùóôÞò Óáãþíáò ÌåôáãëùôôéóôÝò ÌÜñôéïò 2009 41 / 123



Õëïðïßçóç ËÁ ìå ôï 
ex (x)

I ÌÝñïò Ã, ðåñéÝ÷åé êþäéêá C

I ÐáñÜäåéãìá

void ERROR (const char msg [])

{

fprintf(stderr, "ERROR: %s\n", msg);

exit(1);

}
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Õëïðïßçóç ËÁ ìå ôï 
ex (xi)

I ÐáñÜäåéãìá (óõíÝ÷åéá)

int main ()

{

int token;

do {

token = yylex();

printf("token=%d, lexeme=\"%s\"\n",

token, yytext);

} while (token != T_eof);

return 0;

}
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Õëïðïßçóç ËÁ ìå ôï 
ex (xii)

I ÐáñÜäåéãìá: Áñßèìçóç ãñáììþí

int lineno = 1;

[ \t]+ { /* nothing */ }

\n { lineno++; }

void ERROR (const char msg [])

{

fprintf(stderr, "ERROR, line %d: %s\n",

lineno, msg);

exit(1);

}

I Ðñüâëçìá: ËÜèïò áñßèìçóç óå ó÷üëéá
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Õëïðïßçóç ËÁ ìå ôï 
ex (xiii)

I Áñ÷éêÝò êáôáóôÜóåéò
I ÊïéíÝò: %s
I ÁðïêëåéóôéêÝò: %x

I Åíåñãïß êáíüíåò óå êÜðïéá êáôÜóôáóç

I ÌåôÜâáóç ìåôáîý êáôáóôÜóåùí: BEGIN(s)

I Áñ÷éêÞ êáôÜóôáóç êáôÜ ôçí Ýíáñîç ëåéôïõñãßáò ôïõ
ËÁ: INITIAL
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Õëïðïßçóç ËÁ ìå ôï 
ex (xiv)

I ÐáñÜäåéãìá: Áñßèìçóç ãñáììþí (äéüñèùóç)

%x COMMENT

"(*" { BEGIN(COMMENT); }

<COMMENT>"*)" { BEGIN(INITIAL); }

<COMMENT>\n { lineno++; }

<COMMENT>"*" { /* nothing */ }

<COMMENT>[^*\n]+ { /* nothing */ }
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ÊåöÜëáéï 2:
ÔõðéêÝò ãëþóóåò
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(ìÝñïò 2ï)



Ãëþóóåò ÷ùñßò óõìöñáæüìåíá (i)

I ÃñáììáôéêÝò ÷ùñßò óõìöñáæüìåíá: A→ α
I Óå êÜèå ðáñáãùãÞ Ýíá ìç ôåñìáôéêü óýìâïëï

áíôéêáèßóôáôáé, âÜóåé åíüò êáíüíá
I ÐïëëÝò äéáöïñåôéêÝò ðáñáãùãÝò äéáöÝñïõí ìüíï óôç

óåéñÜ ôùí áíôéêáôáóôÜóåùí

I Áñéóôåñüôåñç / äåîéüôåñç ðáñáãùãÞ
(leftmost / rightmost derivation)

I ÓõíôáêôéêÜ äÝíôñá (parse trees)
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Ãëþóóåò ÷ùñßò óõìöñáæüìåíá (i)

I ÃñáììáôéêÝò ÷ùñßò óõìöñáæüìåíá: A→ α
I Óå êÜèå ðáñáãùãÞ Ýíá ìç ôåñìáôéêü óýìâïëï

áíôéêáèßóôáôáé, âÜóåé åíüò êáíüíá
I ÐïëëÝò äéáöïñåôéêÝò ðáñáãùãÝò äéáöÝñïõí ìüíï óôç

óåéñÜ ôùí áíôéêáôáóôÜóåùí

I Áñéóôåñüôåñç / äåîéüôåñç ðáñáãùãÞ
(leftmost / rightmost derivation)

I ÓõíôáêôéêÜ äÝíôñá (parse trees)
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Ãëþóóåò ÷ùñßò óõìöñáæüìåíá (i)
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Ãëþóóåò ÷ùñßò óõìöñáæüìåíá (ii)

I Ìßá ðáñáãùãÞ

S ⇒ aAB c ⇒ aA bBc
⇒ acS B bBc ⇒ ac S abBc
⇒ acabB c ⇒ acabac

I Áñéóôåñüôåñç ðáñáãùãÞ

S ⇒L aABC ⇒L aA bBc
⇒L ac S BbBc ⇒L acB bBc
⇒L acabB c ⇒L acabac

I Äåîéüôåñç ðáñáãùãÞ

S ⇒R aAB c ⇒R aA ac
⇒R aA bac ⇒R acS B bac
⇒R ac S abac ⇒R acabac
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S → aABc | ε
A → cSB | Ab
B → bB | a



Ãëþóóåò ÷ùñßò óõìöñáæüìåíá (ii)
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Ãëþóóåò ÷ùñßò óõìöñáæüìåíá (ii)

I Ìßá ðáñáãùãÞ
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Äéöïñïýìåíåò ãñáììáôéêÝò (i)

I Äýï ãñáììáôéêÝò åßíáé éóïäýíáìåò üôáí ðáñÜãïõí ôçí
ßäéá ãëþóóá.

I Ìéá ãñáììáôéêÞ åßíáé äéöïñïýìåíç (ambiguous) áí
õðÜñ÷ïõí äýï Þ ðåñéóóüôåñá óõíôáêôéêÜ äÝíôñá ãéá ôçí
ßäéá ðáñáãüìåíç óõìâïëïóåéñÜ

I ÃñáììáôéêÝò êáé ãëþóóåò åããåíþò äéöïñïýìåíåò
(inherently ambiguous)

I ×ñÞóç äéöïñïýìåíùí ãñáììáôéêþí óôçí ðåñéãñáöÞ ôçò
óýíôáîçò ãëùóóþí ðñïãñáììáôéóìïý
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Äéöïñïýìåíåò ãñáììáôéêÝò (i)

I Äýï ãñáììáôéêÝò åßíáé éóïäýíáìåò üôáí ðáñÜãïõí ôçí
ßäéá ãëþóóá.

I Ìéá ãñáììáôéêÞ åßíáé äéöïñïýìåíç (ambiguous) áí
õðÜñ÷ïõí äýï Þ ðåñéóóüôåñá óõíôáêôéêÜ äÝíôñá ãéá ôçí
ßäéá ðáñáãüìåíç óõìâïëïóåéñÜ

I ÃñáììáôéêÝò êáé ãëþóóåò åããåíþò äéöïñïýìåíåò
(inherently ambiguous)

I ×ñÞóç äéöïñïýìåíùí ãñáììáôéêþí óôçí ðåñéãñáöÞ ôçò
óýíôáîçò ãëùóóþí ðñïãñáììáôéóìïý

Íßêïò Ðáðáóðýñïõ, ÊùóôÞò Óáãþíáò ÌåôáãëùôôéóôÝò ÌÜñôéïò 2009 50 / 123



Äéöïñïýìåíåò ãñáììáôéêÝò (i)
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Äéöïñïýìåíåò ãñáììáôéêÝò (i)

I Äýï ãñáììáôéêÝò åßíáé éóïäýíáìåò üôáí ðáñÜãïõí ôçí
ßäéá ãëþóóá.

I Ìéá ãñáììáôéêÞ åßíáé äéöïñïýìåíç (ambiguous) áí
õðÜñ÷ïõí äýï Þ ðåñéóóüôåñá óõíôáêôéêÜ äÝíôñá ãéá ôçí
ßäéá ðáñáãüìåíç óõìâïëïóåéñÜ

I ÃñáììáôéêÝò êáé ãëþóóåò åããåíþò äéöïñïýìåíåò
(inherently ambiguous)

I ×ñÞóç äéöïñïýìåíùí ãñáììáôéêþí óôçí ðåñéãñáöÞ ôçò
óýíôáîçò ãëùóóþí ðñïãñáììáôéóìïý

Íßêïò Ðáðáóðýñïõ, ÊùóôÞò Óáãþíáò ÌåôáãëùôôéóôÝò ÌÜñôéïò 2009 50 / 123



Äéöïñïýìåíåò ãñáììáôéêÝò (ii)
I ÐáñÜäåéãìá: îåêñÝìáóôï if (dangling if)

stmt → if cond stmt else stmt | if cond stmt | s1 | s2
cond → c1 | c2

I Äéöïñïýìåíï: óå ðïéï if áíôéóôïé÷åß ôï else;

if c1 if c2 s1 else s2

stmt

if cond stmt

c1 if cond stmt

c2 s1

else stmt

s2

if c1 ( if c2 s1 else s2 )

stmt

if cond stmt

c1 if cond stmt

c2 s1

else stmt

s2

if c1 ( if c2 s1 ) else s2
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Äéöïñïýìåíåò ãñáììáôéêÝò (ii)
I ÐáñÜäåéãìá: îåêñÝìáóôï if (dangling if)

stmt → if cond stmt else stmt | if cond stmt | s1 | s2
cond → c1 | c2

I Äéöïñïýìåíï: óå ðïéï if áíôéóôïé÷åß ôï else;

if c1 if c2 s1 else s2

stmt

if cond stmt

c1 if cond stmt

c2 s1

else stmt

s2

if c1 ( if c2 s1 else s2 )

stmt

if cond stmt

c1 if cond stmt

c2 s1

else stmt

s2

if c1 ( if c2 s1 ) else s2
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Ôñüðïé ðáñÜóôáóçò ãñáììáôéêþí (i)
I Backus-Naur Form (BNF)

I Óýìâïëï ::= óôïõò êáíüíåò
I Ìç ôåñìáôéêÜ óýìâïëá óå ãùíéáêÝò ðáñåíèÝóåéò,

ð.÷. 〈expr〉
I Óýìâïëï | ãéá äéÜæåõîç

〈unsigned-number〉 ::= 〈integer-part〉 〈dec-fraction〉 〈exp-part〉
〈integer-part〉 ::= 〈digit〉 〈integer-part〉 | 〈digit〉
〈dec-fraction〉 ::= . 〈integer-part〉 | ε
〈exp-part〉 ::= E 〈sign〉 〈integer-part〉

| e 〈sign〉 〈integer-part〉 | ε
〈sign〉 ::= + | − | ε
〈digit〉 ::= 0 | 1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 | 9
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Ôñüðïé ðáñÜóôáóçò ãñáììáôéêþí (i)
I Backus-Naur Form (BNF)

I Óýìâïëï ::= óôïõò êáíüíåò
I Ìç ôåñìáôéêÜ óýìâïëá óå ãùíéáêÝò ðáñåíèÝóåéò,

ð.÷. 〈expr〉
I Óýìâïëï | ãéá äéÜæåõîç

〈unsigned-number〉 ::= 〈integer-part〉 〈dec-fraction〉 〈exp-part〉
〈integer-part〉 ::= 〈digit〉 〈integer-part〉 | 〈digit〉
〈dec-fraction〉 ::= . 〈integer-part〉 | ε
〈exp-part〉 ::= E 〈sign〉 〈integer-part〉

| e 〈sign〉 〈integer-part〉 | ε
〈sign〉 ::= + | − | ε
〈digit〉 ::= 0 | 1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 | 9
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Ôñüðïé ðáñÜóôáóçò ãñáììáôéêþí (ii)

I Extended Backus-Naur Form (EBNF)
I ÔåñìáôéêÜ óýìâïëá óå åéóáãùãéêÜ
I ÐáñåíèÝóåéò ãéá ïìáäïðïßçóç
I Áãêýëåò ãéá ðñïáéñåôéêÜ ôìÞìáôá
I Óýìâïëá ∗ êáé + ãéá åðáíÜëçøç

〈unsigned-number〉 ::= 〈digit〉+ [ \." 〈digit〉+ ]
[ (\E" | \e") [ \+" | \−" ] 〈digit〉+ ]

〈digit〉 ::= \0" | \1" | \2" | \3" | \4"
| \5" | \6" | \7" | \8" | \9"
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Ôñüðïé ðáñÜóôáóçò ãñáììáôéêþí (ii)

I Extended Backus-Naur Form (EBNF)
I ÔåñìáôéêÜ óýìâïëá óå åéóáãùãéêÜ
I ÐáñåíèÝóåéò ãéá ïìáäïðïßçóç
I Áãêýëåò ãéá ðñïáéñåôéêÜ ôìÞìáôá
I Óýìâïëá ∗ êáé + ãéá åðáíÜëçøç

〈unsigned-number〉 ::= 〈digit〉+ [ \." 〈digit〉+ ]
[ (\E" | \e") [ \+" | \−" ] 〈digit〉+ ]

〈digit〉 ::= \0" | \1" | \2" | \3" | \4"
| \5" | \6" | \7" | \8" | \9"
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Ôñüðïé ðáñÜóôáóçò ãñáììáôéêþí (iii)

I ÓõíôáêôéêÜ äéáãñÜììáôá
I ÔåñìáôéêÜ óýìâïëá óå ïâÜë
I Ìç ôåñìáôéêÜ óýìâïëá óå ïñèïãþíéá
I Äéáäï÷Þ óõìâüëùí (ðáñÜèåóç) ìå âÝëç

unsigned-number

.digit digit

E

e

+

–

digit
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Ôñüðïé ðáñÜóôáóçò ãñáììáôéêþí (iii)

I ÓõíôáêôéêÜ äéáãñÜììáôá
I ÔåñìáôéêÜ óýìâïëá óå ïâÜë
I Ìç ôåñìáôéêÜ óýìâïëá óå ïñèïãþíéá
I Äéáäï÷Þ óõìâüëùí (ðáñÜèåóç) ìå âÝëç

unsigned-number

.digit digit

E

e

+

–

digit
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ÊåöÜëáéï 4:
ÓõíôáêôéêÞ áíÜëõóç
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ÓõíôáêôéêÞ áíÜëõóç

I Óõíôáêôéêü äÝíôñï (parse tree)
I ÊáôáóêåõÜæåôáé ìå äýï ôñüðïõò:

I ÊáèïäéêÜ | Áðü ðÜíù ðñïò ôá êÜôù (top-down)
äçëáäÞ îåêéíþíôáò áðü ôç ñßæá êáé

ðñï÷ùñþíôáò ðñïò ôá öýëëá
I ÁíïäéêÜ | Áðü êÜôù ðñïò ôá ðÜíù (bottom-up)

äçëáäÞ îåêéíþíôáò áðü ôá öýëëá êáé
ðñï÷ùñþíôáò ðñïò ôç ñßæá
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Top-down êáé bottom-up

S

a A B c

abA

c

a

BS

ε

από πάνω προς τα κάτω

(top-down)

1

2 3

4

5 6

7

8

9

10

11

12

13

S

a A B c

abA

c

a

BS

ε

από κάτω προς τα πάνω

(bottom-up)

12

1 8

6

2

5

4

3

7

10

9

11
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Top-down êáé bottom-up

S

a A B c

abA

c

a

BS

ε

από πάνω προς τα κάτω

(top-down)

1

2 3

4

5 6

7

8

9

10

11

12

13

S

a A B c

abA

c

a

BS

ε

από κάτω προς τα πάνω

(bottom-up)

12

1 8

6

2

5

4

3

7

10

9

11

Íßêïò Ðáðáóðýñïõ, ÊùóôÞò Óáãþíáò ÌåôáãëùôôéóôÝò ÌÜñôéïò 2009 57 / 123



ÂïçèçôéêÝò Ýííïéåò (i)

I Óýíïëá FIRST
I ¸óôù óõìâïëïóåéñÜ α ∈ (T ∪N)∗
I Ôï óýíïëï FIRST(α) ⊆ T ∪ { ε } ðåñéÝ÷åé ôá ôåñìáôéêÜ

óýìâïëá áðü ôá ïðïßá áñ÷ßæïõí ïé óõìâïëïóåéñÝò ðïõ
ðáñÜãïíôáé áðü ôçí α

I Áí α⇒∗ aβ ôüôå a ∈ FIRST(α)
I Áí α⇒∗ ε ôüôå ε ∈ FIRST(α)
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ÂïçèçôéêÝò Ýííïéåò (i)

I Óýíïëá FIRST
I ¸óôù óõìâïëïóåéñÜ α ∈ (T ∪N)∗
I Ôï óýíïëï FIRST(α) ⊆ T ∪ { ε } ðåñéÝ÷åé ôá ôåñìáôéêÜ

óýìâïëá áðü ôá ïðïßá áñ÷ßæïõí ïé óõìâïëïóåéñÝò ðïõ
ðáñÜãïíôáé áðü ôçí α

I Áí α⇒∗ aβ ôüôå a ∈ FIRST(α)
I Áí α⇒∗ ε ôüôå ε ∈ FIRST(α)
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ÂïçèçôéêÝò Ýííïéåò (ii)

I Óýíïëá FOLLOW
I ¸óôù ìç ôåñìáôéêü óýìâïëï A
I Ôï óýíïëï FOLLOW(A) ⊆ T ∪ { EOF } ðåñéÝ÷åé ôá

ôåñìáôéêÜ óýìâïëá ðïõ ìðïñïýí íá áêïëïõèïýí ôï A
óôç äéÜñêåéá ìéáò ðáñáãùãÞò

I Áí ôï A ìðïñåß íá åßíáé ôï ôåëåõôáßï óýìâïëï óå ìéá
ðáñáãùãÞ, ôüôå EOF ∈ FOLLOW(A)

I Áí S ⇒∗ αAaβ ôüôå a ∈ FOLLOW(A)
I Áí S ⇒∗ αA ôüôå EOF ∈ FOLLOW(A)
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ÂïçèçôéêÝò Ýííïéåò (ii)

I Óýíïëá FOLLOW
I ¸óôù ìç ôåñìáôéêü óýìâïëï A
I Ôï óýíïëï FOLLOW(A) ⊆ T ∪ { EOF } ðåñéÝ÷åé ôá

ôåñìáôéêÜ óýìâïëá ðïõ ìðïñïýí íá áêïëïõèïýí ôï A
óôç äéÜñêåéá ìéáò ðáñáãùãÞò

I Áí ôï A ìðïñåß íá åßíáé ôï ôåëåõôáßï óýìâïëï óå ìéá
ðáñáãùãÞ, ôüôå EOF ∈ FOLLOW(A)

I Áí S ⇒∗ αAaβ ôüôå a ∈ FOLLOW(A)
I Áí S ⇒∗ αA ôüôå EOF ∈ FOLLOW(A)
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Õðïëïãéóìüò FIRST (i)

I FIRST(ε) = { ε }
I FIRST(aβ) = { a }
I áí ε 6∈ FIRST(A)
ôüôå FIRST(Aβ) = FIRST(A)

I áí ε ∈ FIRST(A)
ôüôå FIRST(Aβ) = (FIRST(A)− { ε }) ∪ FIRST(β)

I ãéá êÜèå êáíüíá A→ α, ðñÝðåé FIRST(α) ⊆ FIRST(A)

Íßêïò Ðáðáóðýñïõ, ÊùóôÞò Óáãþíáò ÌåôáãëùôôéóôÝò ÌÜñôéïò 2009 60 / 123



Õðïëïãéóìüò FIRST (ii)

I ÐáñÜäåéãìá

FIRST(E) = { id, ( }
FIRST(T) = { id, ( }
FIRST(F) = { id, ( }
FIRST(E’) = {+, ε }
FIRST(T’) = { *, ε }
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E → T E’

E’ → ε

E’ → + T E’

T → F T’

T’ → ε

T’ → * F T’

F → ( E )

F → id



Õðïëïãéóìüò FOLLOW (i)

I EOF ∈ FOLLOW(S)

I ãéá êÜèå êáíüíá A→ αBβ
I (FIRST(β)− { ε }) ⊆ FOLLOW(B)
I áí ε ∈ FIRST(β)

ôüôå FOLLOW(A) ⊆ FOLLOW(B)
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Õðïëïãéóìüò FOLLOW (ii)

I ÐáñÜäåéãìá

FOLLOW(E) = { ), EOF }
FOLLOW(T) = {+, ), EOF }
FOLLOW(F) = { *,+, ), EOF }
FOLLOW(E’) = { ), EOF }
FOLLOW(T’) = {+, ), EOF }

FIRST(E’) = {+, ε }
FIRST(T’) = { *, ε }
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E → T E’

E’ → ε

E’ → + T E’

T → F T’

T’ → ε

T’ → * F T’

F → ( E )

F → id



ÓÁ bottom-up (i)

I Ç óõíôáêôéêÞ áíÜëõóç îåêéíÜ áðü ôá öýëëá
I ÊÜèå öïñÜ, áíáæçôÜ:

I ôïí áñéóôåñüôåñï êüìâï ôïõ äÝíôñïõ
I ðïõ äåí Ý÷åé áêüìá êáôáóêåõáóôåß
I åíþ üëá ôá ðáéäéÜ ôïõ Ý÷ïõí êáôáóêåõáóôåß

I ÅðáíáëáìâÜíåé ìÝ÷ñé íá êáôáóêåõáóôåß ç ñßæá

I ÅëÜôôùóç (reducing): ç åðéëïãÞ ôùí êüìâùí ðïõ èá
áðïôåëÝóïõí ôá ðáéäéÜ åíüò íÝïõ êüìâïõ
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ÓÁ bottom-up (ii)
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r
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a . b

S

r

B

B

D D

a . b

S → r B

B → D | B , D

D → a | b



ÓÁ bottom-up (iii)

I ÓÁ ïëßóèçóçò-åëÜôôùóçò (shift-reduce)
I ×ñçóéìïðïéïýí ìéá (áñ÷éêÜ êåíÞ) óôïßâá üðïõ

ôïðïèåôïýí óýìâïëá ôçò ãñáììáôéêÞò
I Ïëßóèçóç (shift): ìåôáöïñÜ åíüò óõìâüëïõ áðü ôçí

åßóïäï óôçí êïñõöÞ ôçò óôïßâáò
I ÅëÜôôùóç (reduce): áöáßñåóç áðü ôçí êïñõöÞ ôçò

óôïßâáò ôïõ äåîéïý ìÝëïõò åíüò êáíüíá êáé ðñüóèåóç
ôïõ áñéóôåñïý ìÝëïõò

I Åðéôõ÷ßá: ç óôïßâá ðåñéÝ÷åé ìüíï ôï S êáé ôá óýìâïëá
ôçò åéóüäïõ Ý÷ïõí åîáíôëçèåß
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ÓÁ bottom-up (iv)

âÞìá óôïßâá åßóïäïò ðåñéãñáöÞ êßíçóçò

0 ε r a , b ïëßóèçóç
1 r a , b ïëßóèçóç
2 r a , b åëÜôôùóç ìå D→ a
3 r D , b åëÜôôùóç ìå B→ D
4 r B , b ïëßóèçóç

(ü÷é åëÜôôùóç ìå S→ r B)
5 r B , b ïëßóèçóç
6 r B , b ε åëÜôôùóç ìå D→ b
7 r B , D ε åëÜôôùóç ìå B→ B , D

(ü÷é åëÜôôùóç ìå B→ D)
8 r B ε åëÜôôùóç ìå S→ r B
9 S ε áíáãíþñéóç
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S → r B

B → D | B , D

D → a | b



ÓÁ bottom-up (v)

I LR(k)

I LR(0)

I SLR(1)

I LALR(1)

I LR(1)
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Πίνακες ελέγχου

συντακτικής ανάλυσης

LR(1)

Συντακτικός Αναλυτής  LR(1)
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ACTION NEXT



Õëïðïßçóç ÓÁ ìå ôï bison (i)

I Ìåôáåñãáëåßï bison: ãåííÞôïñáò ÓÁ LALR(1)

I Åßóïäïò: ìåôáðñüãñáììá ðïõ ðåñéãñÜöåé ôç óýíôáîç
êáé ôéò óçìáóéïëïãéêÝò ñïõôßíåò

I ¸îïäïò: ðñüãñáììá óå C
I Ç óõíÜñôçóç yyparse õëïðïéåß ôï ÓÁ
I ÅðéóôñÝöåé 0 áí áíáãíùñéóôåß ç óõìâïëïóåéñÜ åéóüäïõ

Þ 1 óå ðåñßðôùóç óõíôáêôéêïý óöÜëìáôïò
I ÓõíåñãÜæåôáé ìå ôï ëåêôéêü áíáëõôÞ (óõíÜñôçóç yylex)
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Õëïðïßçóç ÓÁ ìå ôï bison (ii)

I ÄïìÞ ôïõ ìåôáðñïãñÜììáôïò

ÌÝñïò Á
%%

ÌÝñïò Â
%%

ÌÝñïò Ã

Êáé ôá ôñßá ìÝñç ìðïñïýí íá åßíáé êåíÜ
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Õëïðïßçóç ÓÁ ìå ôï bison (iii)

I ÌÝñïò Á, ðåñéÝ÷åé
I Ó÷üëéá, üðùò óôç C
I Êþäéêá C, ìÝóá óå %{ êáé %}
I Äçëþóåéò ëåêôéêþí ìïíÜäùí
I Äçëþóåéò ôåëåóôþí ôçò áñ÷éêÞò ãëþóóáò

(ðñïôåñáéüôçôá, ðñïóåôáéñéóôéêüôçôá)
I ÄÞëùóç ôïõ óõíüëïõ óçìáóéïëïãéêþí ôéìþí (ôýðïò

YYSTYPE Þ ìå ÷ñÞóç ôïõ %union)
I ÄÞëùóç ôïõ ôýðïõ ôçò óçìáóéïëïãéêÞò ôéìÞò êÜèå

óõìâüëïõ
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Õëïðïßçóç ÓÁ ìå ôï bison (iv)

I ÌÝñïò Á, ðáñÜäåéãìá

%{

void ERROR (const char msg []);

%}

%token T_program "program"

%token T_div T_mod

%token T_if T_then T_else

%nonassoc '=' '<' '>'

%left '+' '-'

%left '*' '/' T_div T_mod
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Õëïðïßçóç ÓÁ ìå ôï bison (v)

I ÌÝñïò Á, ðáñÜäåéãìá (óõíÝ÷åéá)

%union{

int i;

double f;

char str[80];

}

%token<str> T_id

%token<i> T_int_const

%token<f> T_float_const

%type<f> expression
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Õëïðïßçóç ÓÁ ìå ôï bison (vi)

I ÌÝñïò Â, ðåñéÝ÷åé:
I ôïõò êáíüíåò ðáñáãùãÞò óå ìïñöÞ BNF
I óçìáóéïëïãéêÝò ñïõôßíåò ðïõ åêôåëïýíôáé êáôÜ ôç

óõíôáêôéêÞ áíÜëõóç

I Ïé êáíüíåò Ý÷ïõí ôç ìïñöÞ:

A : x1
1 x

1
2 . . . x1

m1

| x2
1 x

2
2 . . . x2

m2

. . .
| xn

1 x
n
2 . . . xn

mn

;
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Õëïðïßçóç ÓÁ ìå ôï bison (vii)

I ÌÝñïò Â, ðáñÜäåéãìá

program : { count=0; } block_list

{ printf("Counted %d block(s)\n",

count); }

;

block_list : /* nothing */

| block_list block { count++; }

;

block : "begin" block_list "end"

;
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Õëïðïßçóç ÓÁ ìå ôï bison (viii)

I ÌÝñïò Ã, ðåñéÝ÷åé êþäéêá C
I Ôï ìåôáðñüãñáììá ôïõ bison áíáëáìâÜíåé ôïí êåíôñéêü
Ýëåã÷ï ôïõ ìåôáãëùôôéóôÞ ðïõ åðéôõã÷Üíåôáé ìå ôç
óõíåñãáóßá ôùí ðáñáêÜôù:

I ôïõ ëåêôéêïý áíáëõôÞ
I ôïõ óõíôáêôéêïý áíáëõôÞ
I ôïõ ðßíáêá óõìâüëùí
I ôïõ óçìáóéïëïãéêïý áíáëõôÞ
I ôïõ ãåííÞôïñá åíäéÜìåóïõ êþäéêá
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Õëïðïßçóç ÓÁ ìå ôï bison (ix)

I ÌÝñïò Ã, ðáñÜäåéãìá

void yyerror (const char * msg)

{

fprintf(stderr,

"syntax error in line %d: %s\n",

linecount, msg);

exit(1);

}

int main ()

{

return yyparse();

}
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Õëïðïßçóç ÓÁ ìå ôï bison (x)

I ÐáñÜäåéãìá ìå óçìáóéïëïãéêÝò ôéìÝò

E → T

E → E + T

T → F

T → T * F

F → ( E )

F → num

I Æçôïýìåíï: íá êáôáóêåõáóôåß ÓÁ ðïõ íá õðïëïãßæåé
ôçí ôéìÞ ìéáò áñéèìçôéêÞò Ýêöñáóçò
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Õëïðïßçóç ÓÁ ìå ôï bison (xi)

I ÐáñÜäåéãìá (óõíÝ÷åéá)

%{

typedef int YYSTYPE;

%}

%token T_num

%%

program :

expression { printf("Value: %d\n", $1); }

;
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Õëïðïßçóç ÓÁ ìå ôï bison (xii)

I ÐáñÜäåéãìá (óõíÝ÷åéá)

expression :

term { $$ = $1; }

| expression '+' term { $$ = $1 + $3; }

;

term :

factor { $$ = $1; }

| term '*' factor { $$ = $1 * $3; }

;

Íßêïò Ðáðáóðýñïõ, ÊùóôÞò Óáãþíáò ÌåôáãëùôôéóôÝò ÌÜñôéïò 2009 80 / 123



Õëïðïßçóç ÓÁ ìå ôï bison (xiii)

I ÐáñÜäåéãìá (óõíÝ÷åéá)

factor :

'(' expression ')' { $$ = $2; }

| T_num { $$ = $1; }

;

%%

I Ðáñáëåßðïíôáé óôï ÌÝñïò Ã:
I ç óõíÜñôçóç yylex (ðéèáíþò óå îå÷ùñéóôü áñ÷åßï, áí

÷ñçóéìïðïéçèåß ôï 
ex)
I ïé óõíáñôÞóåéò yyerror êáé main
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Õëïðïßçóç ÓÁ ìå ôï bison (xiv)

I ÐáñÜäåéãìá | Õëïðïßçóç ËÁ ÷åéñùíáêôéêÜ

int yylex ()

{

int c;

while (isspace(c = fgetc(stdin)));

if (isdigit(c)) {

yylval = c - '0';

while (isdigit(c = fgetc(stdin)))

yylval = yylval * 10 + c - '0';

ungetc(c, stdin);

return T_num;

}
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Óôï ìÝñïò Ã



Õëïðïßçóç ÓÁ ìå ôï bison (xv)

I ÐáñÜäåéãìá (óõíÝ÷åéá)

if (strchr("+*()", c)) return c;

if (c != EOF)

fprintf(stderr, "Illegal character: %c\n", c);

return 0;

}

I Áõôïìáôïðïßçóç ôçò ìåôáãëþôôéóçò ôïõ ÓÁ

mytest1: mytest1.y

bison mytest1.y

gcc -o mytest1 mytest1.tab.c
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Make�le



Õëïðïßçóç ÓÁ ìå ôï bison (xvi)

I ÐáñÜäåéãìá | Õëïðïßçóç ËÁ ìå ôï 
ex

%{

#include "mytest2.tab.h"

%}

%%

[0-9]+ { yylval = atoi(yytext); return T_num; }

\(|\)|\+|\* { return yytext[0]; }

[ \t\n]+ { /* nothing */ }

. { yyerror("illegal character"); }

%%
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mytest2.l



Õëïðïßçóç ÓÁ ìå ôï bison (xvii)

I Áõôïìáôïðïßçóç ôçò ìåôáãëþôôéóçò ËÁ êáé ÓÁ

mytest2: mytest2.l mytest2.y

bison -d mytest2.y

flex -s mytest2.l

gcc -o mytest2 mytest2.tab.c lex.yy.c \

-lfl

I Åðßëõóç óõãêñïýóåùí óôï bison
I shift-reduce: ðÜíôá reduce
I reduce-reduce: ï ðñþôïò êáíüíáò
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Make�le



ÓÁ top-down (i)

I Ç óõíôáêôéêÞ áíÜëõóç îåêéíÜ áðü ôç ñßæá
I ÊÜèå öïñÜ, áíáæçôÜ:

I ôï ìç ôåñìáôéêü óýìâïëï ðïõ èá áíôéêáôáóôáèåß
⇒ óõíÞèùò åðéëÝãåôáé ôï áñéóôåñüôåñï

I ôïí êáíüíá ðáñáãùãÞò ðïõ èá åöáñìïóôåß
⇒ âÜóåé ôùí åðüìåíùí k ëåêôéêþí ìïíÜäùí óôç

óõìâïëïóåéñÜ åéóüäïõ: LL(k)

I ÅðáíáëáìâÜíåôáé ìÝ÷ñé íá åîáíôëçèïýí ôá ìç ôåñìáôéêÜ
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ÃñáììáôéêÝò LL(1)

I Áðáñáßôçôåò ðñïûðïèÝóåéò:
I Áðïõóßá áñéóôåñÞò áíáäñïìÞò (Üìåóçò Þ Ýììåóçò)
I Áðïõóßá êïéíïý ðñïèÝìáôïò óå åíáëëáêôéêïýò êáíüíåò

I ÌåñéêÝò öïñÝò åßíáé äõíáôüò ï ìåôáó÷çìáôéóìüò ìéáò
ãñáììáôéêÞò óå éóïäýíáìç LL(1)

⇒ áðáëïéöÞ áñéóôåñÞò áíáäñïìÞò
⇒ áñéóôåñÞ ðáñáãïíôïðïßçóç
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Ìåôáó÷çìáôéóìüò óå LL(1)
I ÁíôéêáôÜóôáóç

A → α1 | . . . | αn

B → β1Aβ2
⇒

A → α1 | . . . | αn

B → β1α1β2 | . . . | β1αnβ2

I ÁñéóôåñÞ ðáñáãïíôïðïßçóç

A → αβ1 | . . . | αβn ⇒
A → αB

B → β1 | . . . | βn

I ÁðáëïéöÞ Üìåóçò áñéóôåñÞò áíáäñïìÞò

A → Aα1 | . . . | Aαn | β1 | . . . | βm

⇒
A → β1B | . . . | βmB

B → α1B | . . . | αnB | ε
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ÓÁ áíáäñïìéêÞò êáôÜâáóçò

A → α1 | . . . | αn

ìåôáôñÝðåôáé óå êþäéêá ôçò ìïñöÞò:

if token ∈ FIRST(α1) then
êþäéêáò ãéá ôçí áíáãíþñéóç ôçò α1

. . .
else if token ∈ FIRST(αn) then

êþäéêáò ãéá ôçí áíáãíþñéóç ôçò αn

else if ε 6∈ FIRST(α1) ∪ . . . ∪ FIRST(αn) then
óõíôáêôéêü óöÜëìá

else if token 6∈ FOLLOW(A) then
óõíôáêôéêü óöÜëìá

end if
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ÓÁ LL(1) (i)

I ×ñçóéìïðïéïýí ìéá óôïßâá üðïõ ôïðïèåôïýí óýìâïëá
ôçò ãñáììáôéêÞò | áñ÷éêÜ ìüíï ôï S

I ÊÜèå öïñÜ åîåôÜæåôáé ç êïñõöÞ ôçò óôïßâáò:
I Áí åßíáé ôåñìáôéêü óýìâïëï êáé åßíáé ôï ßäéï ìå ôï

åðüìåíï ôçò óõìâïëïóåéñÜò åéóüäïõ, ôüôå áöáéñïýíôáé
êáé ôá äýï

I Áí åßíáé ìç ôåñìáôéêü óýìâïëï, ôüôå áíÜëïãá ìå ôï
åðüìåíï ôçò óõìâïëïóåéñÜò åéóüäïõ åöáñìüæåôáé
êÜðïéïò êáíüíáò

I Åðéôõ÷ßá: ç óôïßâá êáé ç óõìâïëïóåéñÜ åéóüäïõ åßíáé
Üäåéåò
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ÓÁ LL(1) (ii)

Ï áëãüñéèìïò
êáôáóêåõÞò ôïõ
ðßíáêá M ïñßæåé
ôçí ïéêïãÝíåéá ôùí
ãëùóóþí LL(1)
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Πίνακας  M

συντακτικής ανάλυσης

LL(1)

Συντακτικός Αναλυτής  LL(1)

συµβολοσειρά εισόδου

στοίβα

a
1

a
2

a
n

... EOF

x
1

x
2

x
m

...

επόµενο
σύµβολο

κορυφή



ÊáôáóêåõÞ ÓÁ LL(1)

E → T E’
E’ → + T E’ | ε
T → F T’
T’ → * F T’ | ε
F → ( E ) | id

FIRST(E) = FIRST(T) = FIRST(F) = { id, ( }
FIRST(E’) = {+, ε }
FIRST(T’) = { *, ε }
FOLLOW(E) = FOLLOW(E’) = { ), EOF }
FOLLOW(T) = FOLLOW(T’) = {+, ), EOF }
FOLLOW(F) = { *,+, ), EOF }

id + * ( ) EOF

E E→ TE’ E→ TE’
E’ E’→ +TE’ E’→ ε E’→ ε
T T→ FT’ T→ FT’
T’ T’→ ε T’→ *FT’ T’→ ε T’→ ε
F F→ id F→ (E)
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Ëåéôïõñãßá ÓÁ LL(1)

0 E id + id * id EOF E→ T E’
1 E’ T id + id * id EOF T→ F T’
2 E’ T’ F id + id * id EOF F→ id
3 E’ T’ id id + id * id EOF

4 E’ T’ + id * id EOF T’→ ε
5 E’ + id * id EOF E’→ + T E’
6 E’ T + + id * id EOF

7 E’ T id * id EOF T→ F T’
8 E’ T’ F id * id EOF F→ id
9 E’ T’ id id * id EOF

10 E’ T’ * id EOF T’→ * F T’
11 E’ T’ F * * id EOF

12 E’ T’ F id EOF F→ id
13 E’ T’ id id EOF

14 E’ T’ EOF T’→ ε
15 E’ EOF E’→ ε
16 ε EOF áíáãíþñéóç
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ÊåöÜëáéï 2:
ÔõðéêÝò ãëþóóåò
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(ìÝñïò 3ï)



ÊáôçãïñéêÝò ãñáììáôéêÝò (i)

I ÊáôçãïñéêÞ ãñáììáôéêÞ (attribute grammar):
ãñáììáôéêÞ ÷ùñßò óõìöñáæüìåíá üðïõ êÜèå óýìâïëï
öÝñåé Ýíá óýíïëï êáôçãïñçìÜôùí

I Ïé ôéìÝò ôùí êáôçãïñçìÜôùí õðïëïãßæïíôáé âÜóåé ôïõ
óõíôáêôéêïý äÝíôñïõ:

I ÓõíèåôéêÜ êáôçãïñÞìáôá: ïé ôéìÝò ôïõò åîáñôþíôáé
ìüíï áðü êáôçãïñÞìáôá ôùí ðáéäéþí êÜèå êüìâïõ

I Êëçñïíïìïýìåíá êáôçãïñÞìáôá: ïé ôéìÝò ôïõò
åîáñôþíôáé ìüíï áðü êáôçãïñÞìáôá ôïõ \ðáôÝñá" êáé
ôùí \áäåëöþí" êÜèå êüìâïõ
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ÊáôçãïñéêÝò ãñáììáôéêÝò (ii)

E → E + T { E1.val := E2.val + T.val }
E → T { E.val := T.val }
T → T * F { T1.val := T2.val ∗ F.val }
T → F { T.val := F.val }
F → ( E ) { F.val := E.val }
F → num { F.val := num.val }

Óçìáóéïëïãéêïß êáíüíåò
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ÊåöÜëáéï 5:
Ðßíáêáò óõìâüëùí
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Ðßíáêáò óõìâüëùí

I Óõãêåíôñþíåé ðëçñïöïñßåò ãéá ôá ïíüìáôá ðïõ
åìöáíßæïíôáé óôï áñ÷éêü ðñüãñáììá

I Ïíüìáôá åßíáé:
I ôï ðñüãñáììá
I ïé ìåôáâëçôÝò
I ôá õðïðñïãñÜììáôá (äéáäéêáóßåò, óõíáñôÞóåéò)
I ïé ðáñÜìåôñïé ôùí õðïðñïãñáììÜôùí
I ïé åôéêÝôôåò åíôïëþí
I ïé óôáèåñÝò
I ïé ôýðïé äåäïìÝíùí
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×áñáêôçñéóôéêÜ ïíïìÜôùí

I Êáôçãïñßá áðïèÞêåõóçò (storage class)
I ÊáèïëéêÝò ìåôáâëçôÝò (global variables)
I ÌåôáâëçôÝò óôïßâáò (stack variables)
I ÓôáôéêÝò ìåôáâëçôÝò (static variables)

I ÅìâÝëåéá (scope)

I Ïñáôüôçôá (visibility)

I ÄéÜñêåéá æùÞò (lifetime)
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Ðåñéå÷üìåíá ðßíáêá óõìâüëùí

I ÅìâÝëåéá (Ýììåóá)

I Ïñáôüôçôá (Ýììåóá)

I ÄéÜñêåéá æùÞò

I Ôýðïò

I ÈÝóç (äéåýèõíóç ìíÞìçò, êáôá÷ùñçôÞò, ...)

I Áñéèìüò ðáñáìÝôñùí õðïðñïãñÜììáôïò
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ÏñãÜíùóç ðßíáêá óõìâüëùí

I ÂáóéêÝò ëåéôïõñãßåò
I ÐñïóèÞêç ïíüìáôïò
I ÁíáæÞôçóç ïíüìáôïò
I ÄéáãñáöÞ ïíüìáôïò Þ ïìÜäáò ïíïìÜôùí

I Êüóôïò ðñïóèÞêçò Þ áíáæÞôçóçò áíÜëïãá ìå ôçí
õëïðïßçóç:

ãñáììéêÞ ëßóôá O(n)
äõáäéêü äÝíôñï áíáæÞôçóçò O(log n)
ðßíáêáò êáôáêåñìáôéóìïý O(n/k)
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ÊåöÜëáéï 6:
ÓçìáóéïëïãéêÞ áíÜëõóç
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Óýíôáîç êáé óçìáóéïëïãßá

I Óýíôáîç: ìïñöÞ êáé äïìÞ ôùí êáëþò ó÷çìáôéóìÝíùí
ðñïãñáììÜôùí

I Óçìáóéïëïãßá: åñìçíåßá ôùí êáëþò ó÷çìáôéóìÝíùí
ðñïãñáììÜôùí

I ÓôáôéêÞ óçìáóéïëïãßá: åíôïðéóìüò óçìáóéïëïãéêþí
óöáëìÜôùí êáôÜ ôç äéÜñêåéá ôçò ìåôáãëþôôéóçò

I ÄõíáìéêÞ óçìáóéïëïãßá: áðüäïóç åñìçíåßáò óôá
ðñïãñÜììáôá êáôÜ ôçí åêôÝëåóÞ ôïõò

Íßêïò Ðáðáóðýñïõ, ÊùóôÞò Óáãþíáò ÌåôáãëùôôéóôÝò ÌÜñôéïò 2009 104 / 123



Óýíôáîç êáé óçìáóéïëïãßá

I Óýíôáîç: ìïñöÞ êáé äïìÞ ôùí êáëþò ó÷çìáôéóìÝíùí
ðñïãñáììÜôùí

I Óçìáóéïëïãßá: åñìçíåßá ôùí êáëþò ó÷çìáôéóìÝíùí
ðñïãñáììÜôùí

I ÓôáôéêÞ óçìáóéïëïãßá: åíôïðéóìüò óçìáóéïëïãéêþí
óöáëìÜôùí êáôÜ ôç äéÜñêåéá ôçò ìåôáãëþôôéóçò

I ÄõíáìéêÞ óçìáóéïëïãßá: áðüäïóç åñìçíåßáò óôá
ðñïãñÜììáôá êáôÜ ôçí åêôÝëåóÞ ôïõò

Íßêïò Ðáðáóðýñïõ, ÊùóôÞò Óáãþíáò ÌåôáãëùôôéóôÝò ÌÜñôéïò 2009 104 / 123



Óýíôáîç êáé óçìáóéïëïãßá

I Óýíôáîç: ìïñöÞ êáé äïìÞ ôùí êáëþò ó÷çìáôéóìÝíùí
ðñïãñáììÜôùí

I Óçìáóéïëïãßá: åñìçíåßá ôùí êáëþò ó÷çìáôéóìÝíùí
ðñïãñáììÜôùí

I ÓôáôéêÞ óçìáóéïëïãßá: åíôïðéóìüò óçìáóéïëïãéêþí
óöáëìÜôùí êáôÜ ôç äéÜñêåéá ôçò ìåôáãëþôôéóçò

I ÄõíáìéêÞ óçìáóéïëïãßá: áðüäïóç åñìçíåßáò óôá
ðñïãñÜììáôá êáôÜ ôçí åêôÝëåóÞ ôïõò

Íßêïò Ðáðáóðýñïõ, ÊùóôÞò Óáãþíáò ÌåôáãëùôôéóôÝò ÌÜñôéïò 2009 104 / 123



Óýíôáîç êáé óçìáóéïëïãßá

I Óýíôáîç: ìïñöÞ êáé äïìÞ ôùí êáëþò ó÷çìáôéóìÝíùí
ðñïãñáììÜôùí

I Óçìáóéïëïãßá: åñìçíåßá ôùí êáëþò ó÷çìáôéóìÝíùí
ðñïãñáììÜôùí

I ÓôáôéêÞ óçìáóéïëïãßá: åíôïðéóìüò óçìáóéïëïãéêþí
óöáëìÜôùí êáôÜ ôç äéÜñêåéá ôçò ìåôáãëþôôéóçò

I ÄõíáìéêÞ óçìáóéïëïãßá: áðüäïóç åñìçíåßáò óôá
ðñïãñÜììáôá êáôÜ ôçí åêôÝëåóÞ ôïõò

Íßêïò Ðáðáóðýñïõ, ÊùóôÞò Óáãþíáò ÌåôáãëùôôéóôÝò ÌÜñôéïò 2009 104 / 123



ÓôáôéêÞ óçìáóéïëïãßá (i)

I ÐåñéâÜëëïíôá ôýðùí

Γ1 = { i 7→ integer , x 7→ real }

I Ó÷Ýóç áíôéóôïß÷éóçò ôýðùí

Γ ` E : τ

I Êáíüíåò ôýðùí

Γ ` E1 : integer Γ ` E2 : integer

Γ ` E1+E2 : integer
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ÓôáôéêÞ óçìáóéïëïãßá (i)
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ÓôáôéêÞ óçìáóéïëïãßá (ii)

I ÐáñáãùãÝò ôýðùí

Γ1 ` i : integer Γ1 ` 1 : integer

Γ1 ` i+1 : integer Γ1 ` x : real

Γ1 ` (i+1)*x : real

I Ç áíôéóôïß÷éóç ôýðùí ìå êáíüíåò ôýðùí åðåêôåßíåôáé
óå üëá ôá ôìÞìáôá ðñïãñÜììáôïò

Γ ` E : boolean Γ ` S : stmt
Γ ` while E do S : stmt

Íßêïò Ðáðáóðýñïõ, ÊùóôÞò Óáãþíáò ÌåôáãëùôôéóôÝò ÌÜñôéïò 2009 106 / 123



ÓôáôéêÞ óçìáóéïëïãßá (ii)

I ÐáñáãùãÝò ôýðùí

Γ1 ` i : integer Γ1 ` 1 : integer

Γ1 ` i+1 : integer Γ1 ` x : real

Γ1 ` (i+1)*x : real

I Ç áíôéóôïß÷éóç ôýðùí ìå êáíüíåò ôýðùí åðåêôåßíåôáé
óå üëá ôá ôìÞìáôá ðñïãñÜììáôïò

Γ ` E : boolean Γ ` S : stmt
Γ ` while E do S : stmt

Íßêïò Ðáðáóðýñïõ, ÊùóôÞò Óáãþíáò ÌåôáãëùôôéóôÝò ÌÜñôéïò 2009 106 / 123



ÄõíáìéêÞ óçìáóéïëïãßá (i)

I ËåéôïõñãéêÞ óçìáóéïëïãßá (operational semantics)

⇒ áêïëïõèßá õðïëïãéóôéêþí âçìÜôùí

I ÄçëùôéêÞ óçìáóéïëïãßá (denotational semantics)

⇒ ìáèçìáôéêÞ óõíÜñôçóç áðü ôï ðåäßï ôùí äåäïìÝíùí
åéóüäïõ óôï ðåäßï ôùí áðïôåëåóìÜôùí

I ÁîéùìáôéêÞ óçìáóéïëïãßá (axiomatic semantics)

⇒ ç åñìçíåßá êáèïñßæåôáé Ýììåóá ìÝóù ëïãéêþí
ðñïôÜóåùí ðïõ ðåñéãñÜöïõí éäéüôçôåò ôïõ
ðñïãñÜììáôïò
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ÄõíáìéêÞ óçìáóéïëïãßá (ii)

I Ç åíôïëÞ áíÜèåóçò I=E

I ËåéôïõñãéêÞ óçìáóéïëïãßá

〈E, σ 〉 → v

〈 I=E, σ 〉 → σ[I 7→ v]

I ÄçëùôéêÞ óçìáóéïëïãßá

C[[I=E ]](s) = s[I 7→ E [[E ]](s)]

I ÁîéùìáôéêÞ óçìáóéïëïãßá

{P [I 7→ E] } I=E {P }
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Óçìáóéïëïãéêüò Ýëåã÷ïò (i)

I ¸ëåã÷ïò ôýðùí

ð.÷. ïé ôåëåóôÝò åöáñìüæïíôáé óå êáôÜëëçëá ôåëïýìåíá

I ¸ëåã÷ïò ñïÞò

ð.÷. ü÷é continue Ýîù áðü âñü÷ï (C)
ð.÷. ïé ìåôáâëçôÝò áñ÷éêïðïéïýíôáé ðñéí ôç ÷ñÞóç (Java)

I ¸ëåã÷ïò ýðáñîçò ïíïìÜôùí

ð.÷. ïé ìåôáâëçôÝò ïñßæïíôáé ðñéí ôç ÷ñÞóç ôïõò

I ¸ëåã÷ïò ìïíáäéêüôçôáò

ð.÷. ïé óôáèåñÝò óå ìßá äïìÞ case åßíáé ìïíáäéêÝò (Pascal)

I ¸ëåã÷ïò óõíÝðåéáò

ð.÷. óùóôü üíïìá õðïðñïãñÜììáôïò óôï end (Ada)
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Óçìáóéïëïãéêüò Ýëåã÷ïò (ii)

I Áðïõóßá óçìáóéïëïãéêþí óöáëìÜôùí 6⇒
áðïõóßá óöáëìÜôùí åêôÝëåóçò

I ÌåñéêÝò öïñÝò üìùò åßíáé äõíáôü íá ðñïâëåöèïýí
óöÜëìáôá åêôÝëåóçò

program p;

var x, y : integer;

begin

read(x);

y := 5/(x-x)

end.
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Óýóôçìá ôýðùí

I Âáóéêïß ôýðïé (integer, boolean, real, char, ...)
I Óýíèåôïé ôýðïé

I Ðßíáêåò (arrays)
I Æåýãç (products) êáé ðëåéÜäåò (tuples)
I ÅããñáöÝò (records)
I Äåßêôåò (pointers)
I ÓõíáñôÞóåéò (functions)

I Ôýðïé êáé ôéìÝò ðñþôçò ôÜîçò (�rst class)
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ÁðëÝò åêöñÜóåéò, âáóéêïß ôýðïé (i)
I ÓçìáóéïëïãéêÞ áíÜëõóç óôï bison

I Óêïðüò: õðïëïãéóìüò ôïõ ðåäßïõ type

%{
typedef enum { TY_int, TY_real, TY_bool } Type;
%}

%union{
char * n;
Type t;
struct { Type type; /* other fields */ } v;
...

}

%type<n> T_id
%type<t> typename
%type<v> expression
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ÁðëÝò åêöñÜóåéò, âáóéêïß ôýðïé (ii)

expression :
T_intconst { $$.type = TY_int; }

| T_realconst { $$.type = TY_real; }
| '(' expression ')' { $$.type = $2.type; } ;

expression : T_id
{
Entry * id = lookup($1);

if (id != NULL && id->kind == K_variable)
$$.type = id->type;

else
yyerror("identifier not found");

} ;
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ÁðëÝò åêöñÜóåéò, âáóéêïß ôýðïé (iii)

expression : expression "mod" expression
{
if ($1.type == TY_int && $3.type == TY_int)

$$.type = TY_int;
else

yyerror("type mismatch");
} ;

statement : "while" expression "do" statement
{
if ($2.type != TY_bool)

yyerror("condition type mismatch")
} ;
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ÌåôáôñïðÝò ôýðùí

I ¶ìåóç ìåôáôñïðÞ (type casting)

expression : '(' typename ')' expression
{
if (isCastAllowed($2, $4.type))

$$.type = $2;
else

yyerror("illegal type cast");
} ;

I ¸ììåóç ìåôáôñïðÞ { åîáíáãêáóìüò (coercion)
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ÌåôáôñïðÝò ôýðùí
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Õðåñöüñôùóç ôåëåóôþí

expression : expression '+' expression
{
if ($1.type == TY_int)

if ($3.type == TY_int) $$.type = TY_int;
else if ($3.type == TY_real) $$.type = TY_real;
else yyerror("type mismatch");

else if ($1.type == TY_real)
if ($3.type == TY_int) $$.type = TY_real;
else if ($3.type == TY_real) $$.type = TY_real;
else yyerror("type mismatch");

else
yyerror("type mismatch");

} ;
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Ðïëõìïñöéêïß ôåëåóôÝò

typedef struct type_str {
enum { TY_integer, TY_real, TY_boolean, TY_ptr } code;
struct type_str * ptr_type;

} Type;

expression : expression '^'
{
if ($1.type.code == TY_ptr)

$$.type = *($$.type.ptr_type);
else

yyerror("type mismatch");
} ;
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Ðïëõìïñöéêïß ôåëåóôÝò
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Óõíþíõìá êáé éóïäõíáìßá ôýðùí

I Óõíþíõìá ôýðùí (type aliases)

type complex = record
re, im : real

end;

I Éóïäõíáìßá ôýðùí (type equivalence)
I ÄïìéêÞ éóïäõíáìßá
I ÏíïìáóôéêÞ éóïäõíáìßá
I (ÄçëùôéêÞ éóïäõíáìßá)
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Õðïóýíïëá ôýðùí êáé õðïôýðïé

Γ ` E : τ τ <: τ ′

Γ ` E : τ ′

var indexSmall : 1..10;
indexLarge : 1..1000;
indexGeneral : integer;

indexGeneral := indexSmall; (* OK: 1..10 <: integer *)

indexLarge := indexGeneral; (* äõíáìéêüò Ýëåã÷ïò! *)

I Õðïôýðïé

⇒ êõñßùò óå áíôéêåéìåíïóôñåöåßò ãëþóóåò
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Ðïëõìïñöéêïß ôýðïé

I Ðáñáìåôñéêüò ðïëõìïñöéóìüò (templates, generics)

template <class T>
bool exists (int length, T array [], T element)
{

for (int i=0; i < length; i++)
if (array[i] == element)

return true;
return false;

}

I ÓõíáñôçóéáêÝò ãëþóóåò

Íßêïò Ðáðáóðýñïõ, ÊùóôÞò Óáãþíáò ÌåôáãëùôôéóôÝò ÌÜñôéïò 2009 120 / 123



Ðïëõìïñöéêïß ôýðïé

I Ðáñáìåôñéêüò ðïëõìïñöéóìüò (templates, generics)

template <class T>
bool exists (int length, T array [], T element)
{

for (int i=0; i < length; i++)
if (array[i] == element)

return true;
return false;

}

I ÓõíáñôçóéáêÝò ãëþóóåò

Íßêïò Ðáðáóðýñïõ, ÊùóôÞò Óáãþíáò ÌåôáãëùôôéóôÝò ÌÜñôéïò 2009 120 / 123



Áíôéóôïß÷éóç ôýðùí

I ÓôáôéêÞ
I ñçôÞ
I Ýììåóç

I ÄõíáìéêÞ
x := 5; (* x : integer *)
x := "hello"; (* ôþñá üìùò x : string *)
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ÅîáãùãÞ ôýðùí

val pi = 3.14159; (* pi : real *)
fun inc x = x + 1; (* inc : int -> int *)
fun add x y = x + y; (* add : int -> int -> int *)

fun add1 (x : real) y = x + y;
fun add2 x y : real = x + y;

(* add1, add2 : real -> real -> real *)

fun id x = x; (* id : 'a -> 'a *)

Íßêïò Ðáðáóðýñïõ, ÊùóôÞò Óáãþíáò ÌåôáãëùôôéóôÝò ÌÜñôéïò 2009 122 / 123



ÅîáãùãÞ ôýðùí

val pi = 3.14159; (* pi : real *)
fun inc x = x + 1; (* inc : int -> int *)
fun add x y = x + y; (* add : int -> int -> int *)

fun add1 (x : real) y = x + y;
fun add2 x y : real = x + y;

(* add1, add2 : real -> real -> real *)

fun id x = x; (* id : 'a -> 'a *)

Íßêïò Ðáðáóðýñïõ, ÊùóôÞò Óáãþíáò ÌåôáãëùôôéóôÝò ÌÜñôéïò 2009 122 / 123



ÅîáãùãÞ ôýðùí

val pi = 3.14159; (* pi : real *)
fun inc x = x + 1; (* inc : int -> int *)
fun add x y = x + y; (* add : int -> int -> int *)

fun add1 (x : real) y = x + y;
fun add2 x y : real = x + y;

(* add1, add2 : real -> real -> real *)

fun id x = x; (* id : 'a -> 'a *)

Íßêïò Ðáðáóðýñïõ, ÊùóôÞò Óáãþíáò ÌåôáãëùôôéóôÝò ÌÜñôéïò 2009 122 / 123



Äõíáìéêüò Ýëåã÷ïò ôýðùí

I ÅðéâÜëëåôáé üôáí õðÜñ÷åé äõíáìéêÞ áíôéóôïß÷éóç ôýðùí

I ÐïëëÝò öïñÝò üìùò áðáéôåßôáé êáé óå óôáôéêÞ
áíôéóôïß÷éóç ôýðùí, ð.÷. Ýëåã÷ïò ïñßùí óå arrays:

var a : array [0..100] of integer;
...
a[i] := 42

if i ≥ 0 and i ≤ 100 then
êþäéêáò ãéá ôçí áíÜèåóç ôïõ 42 óôï a[i]

else
óöÜëìá åêôÝëåóçò

end if

Íßêïò Ðáðáóðýñïõ, ÊùóôÞò Óáãþíáò ÌåôáãëùôôéóôÝò ÌÜñôéïò 2009 123 / 123



Äõíáìéêüò Ýëåã÷ïò ôýðùí

I ÅðéâÜëëåôáé üôáí õðÜñ÷åé äõíáìéêÞ áíôéóôïß÷éóç ôýðùí

I ÐïëëÝò öïñÝò üìùò áðáéôåßôáé êáé óå óôáôéêÞ
áíôéóôïß÷éóç ôýðùí, ð.÷. Ýëåã÷ïò ïñßùí óå arrays:

var a : array [0..100] of integer;
...
a[i] := 42

if i ≥ 0 and i ≤ 100 then
êþäéêáò ãéá ôçí áíÜèåóç ôïõ 42 óôï a[i]

else
óöÜëìá åêôÝëåóçò

end if

Íßêïò Ðáðáóðýñïõ, ÊùóôÞò Óáãþíáò ÌåôáãëùôôéóôÝò ÌÜñôéïò 2009 123 / 123


	﻿Εισαγωγή
	﻿Τυπικές γλώσσες
	﻿Εισαγωγή
	﻿Κανονικές γλώσσες
	﻿Πεπερασμένα αυτόματα

	﻿Λεκτική ανάλυση
	﻿Εισαγωγή
	﻿Διαγράμματα μετάβασης
	﻿Κατασκευή του ΛΑ
	﻿Υλοποίηση ΛΑ με το flex

	﻿Τυπικές γλώσσες \(συνέχεια\)
	﻿Γλώσσες χωρίς συμφραζόμενα

	﻿Συντακτική ανάλυση
	﻿Βοηθητικές έννοιες
	﻿Συντακτική ανάλυση bottom-up
	﻿Υλοποίηση ΣΑ με το bison
	﻿Συντακτική ανάλυση top-down

	﻿Τυπικές γλώσσες \(συνέχεια\)
	﻿Γλώσσες με συμφραζόμενα

	﻿Πίνακας συμβόλων
	﻿Σημασιολογική ανάλυση

