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ȹɘŬűɎɜŮɘŮɠ ˊŬɟɞɡůɘɎůŮɤɜ 

V ȺɘůŬɔɤɔɐ ůŰɖɜ ˊɚɖɟɞűɞɟɘəɐ 

V ȺɘůŬɔɤɔɐ ůŰɞɜ ˊɟɞɔɟŬɛɛŬŰɘůɛɧ 
ɛŮ Űɖ ɔɚɩůůŬ C++ 

V ɀŮɗɞŭɞɚɞɔɑŬ Ŭɚɔɞɟɘɗɛɘəɐɠ Ůˊɑɚɡůɖɠ 
ˊɟɞɓɚɖɛɎŰɤɜ 
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2 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȺɘůŬɔɤɔɐ (i) 

ÉɆəɞˊɧɠ Űɞɡ ɛŬɗɐɛŬŰɞɠ 

¸ȺɘůŬɔɤɔɐ ůŰɖɜ ˊɚɖɟɞűɞɟɘəɐ 

(computer science) 

¸ȺɘůŬɔɤɔɐ ůŰɞɜ ˊɟɞɔɟŬɛɛŬŰɘůɛɧ 

ɖɚŮəŰɟɞɜɘəɩɜ ɡˊɞɚɞɔɘůŰɩɜ (ȼ/Ɉ) 

¸ɀŮɗɞŭɞɚɞɔɑŬ Ŭɚɔɞɟɘɗɛɘəɐɠ Ůˊɑɚɡůɖɠ 

ˊɟɞɓɚɖɛɎŰɤɜ 



3 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȺɘůŬɔɤɔɐ     (ii)  

Éȷɚɔɧɟɘɗɛɞɠ 

¸ɄŮˊŮɟŬůɛɏɜɖ ŬəɞɚɞɡɗɑŬ ŮɜŮɟɔŮɘɩɜ 

ˊɞɡ ˊŮɟɘɔɟɎűŮɘ Űɞɜ Űɟɧˊɞ Ůˊɑɚɡůɖɠ Ůɜɧɠ 

ˊɟɞɓɚɐɛŬŰɞɠ 

¸ȺűŬɟɛɧɕŮŰŬɘ ůŮ ŭŮŭɞɛɏɜŬ (data) 

ÉɄɟɧɔɟŬɛɛŬ 

¸ȷəɟɘɓɐɠ ˊŮɟɘɔɟŬűɐ Ůɜɧɠ Ŭɚɔɞɟɑɗɛɞɡ ůŮ 

ɛɘŬ Űɡˊɘəɐ ɔɚɩůůŬ ˊɞɡ ɞɜɞɛɎɕŮŰŬɘ 

ɔɚɩůůŬ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ 



4 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȺɘůŬɔɤɔɐ     (iii)  

Éūɡůɘəɐ ɔɚɩůůŬ 

¸ɉɤɟɑɠ Űɧůɞ ŬɡůŰɖɟɞɨɠ ůɡɜŰŬəŰɘəɞɨɠ 
ˊŮɟɘɞɟɘůɛɞɨɠ 

¸ɀŮɔɎɚɖ ˊɡəɜɧŰɖŰŬ əŬɘ ůɖɛŬůɘɞɚɞɔɘəɐ 
ɘəŬɜɧŰɖŰŬ 

Éɇɡˊɘəɐ ɔɚɩůůŬ 

¸ȷɡůŰɖɟɧŰŬŰɖ ůɨɜŰŬɝɖ əŬɘ ůɖɛŬůɘɞɚɞɔɑŬ 

ÉũɚɩůůŬ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ 

¸ɇɡˊɘəɐ ɔɚɩůůŬ ůŰɖɜ ɞˊɞɑŬ ɛˊɞɟɞɨɜ ɜŬ 
ˊŮɟɘɔɟŬűɞɨɜ ɡˊɞɚɞɔɘůɛɞɑ 

¸ȺəŰŮɚɏůɘɛɖ Ŭˊɧ ɏɜŬɜ ɖɚŮəŰɟɞɜɘəɧ ɡˊɞɚɞɔɘůŰɐ 



5 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȺɘůŬɔɤɔɐ     (iv) 

ÉɄɚɖɟɞűɞɟɘəɐ 

ȼɚŮəŰɟɞɜɘəɞɑ 

ɡˊɞɚɞɔɘůŰɏɠ 

(engineering) 

ɀŬɗɖɛŬŰɘəɎ 

ɆɢŮŭɑŬůɖ əŬɘ 

əŬŰŬůəŮɡɐ 

ŪŮɤɟɑŬ əŬɘ 

ŬɜŬɚɡŰɘəɐ ɛɏɗɞŭɞɠ 

ÉȾŮɜŰɟɘəɐ ɏɜɜɞɘŬ: 

 ɡˊɞɚɞɔɘůɛɧɠ  (computation) 



6 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȺɘůŬɔɤɔɐ     (v) 

ÉɄɚɖɟɞűɞɟɘəɐ: ɛŬɗɖɛŬŰɘəɞˊɞɑɖůɖ Űɖɠ 
ɛŮɗɞŭɞɚɞɔɑŬɠ Űɤɜ ɛɖɢŬɜɘəɩɜ 
¸ ȷˊŬɘŰɐůŮɘɠ ï ɄɟɧɓɚɖɛŬ 
¸ ɄɟɞŭɘŬɔɟŬűɏɠ 
¸ ɆɢŮŭɑŬůɖ 
¸ Ɉɚɞˊɞɑɖůɖ 
¸ ȺɛˊŮɘɟɘəɧɠ ɏɚŮɔɢɞɠ ï ŪŮɤɟɖŰɘəɐ ŮˊŬɚɐɗŮɡůɖ 
¸ ȸŮɚŰɘůŰɞˊɞɑɖůɖ 
¸ ɄɞɚɡˊɚɞəɧŰɖŰŬ (əɧůŰɞɠ ˊɧɟɤɜ-ŬɔŬɗɩɜ) 
¸ ɇŮəɛɖɟɑɤůɖ 
¸ ɆɡɜŰɐɟɖůɖ 

 ȰɜɜɞɘŮɠ ˊɞɡ ɡˊɐɟɢŬɜ ɔɘŬ Űɞɡɠ ɛɖɢŬɜɘəɞɨɠ, ůŰɖɜ 
ˊɚɖɟɞűɞɟɘəɐ ŰɡˊɞˊɞɘɐɗɖəŬɜ, ˊɐɟŬɜ ɛŬɗɖɛŬŰɘəɐ ɛɞɟűɐ, 
ɎɟŬ ɛˊɞɟŮɑ əŬɜŮɑɠ ɜŬ ŮˊɘɢŮɘɟɖɛŬŰɞɚɞɔɐůŮɘ ɛŮ ŬɡŰɏɠ Űɘɠ 
ɏɜɜɞɘŮɠ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŬˊɞŭŮɑɝŮɘɠ. 



7 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȺɘůŬɔɤɔɐ     (vi) 

ÉȹŮɡŰŮɟɞɓɎɗɛɘŬ ŮəˊŬɑŭŮɡůɖ 
Ɇəɞˊɧɠ: ɜŬ ɛɎɗŮɘɠ ɜŬ ůəɏűŰŮůŬɘ 
¸ ȼ ȺɡəɚŮɑŭŮɘŬ ũŮɤɛŮŰɟɑŬ (ɛŮ Űɖ ɓŬůɘəɐ ŭɘŭŬəŰɘəɐ Űɖɠ ŬɝɑŬ) 
ŬˊɞɡůɘɎɕŮɘ Ŭˊɧ Űɞ ˊɟɧɔɟŬɛɛŬ ůˊɞɡŭɩɜ Ůŭɩ əŬɘ ɢɟɧɜɘŬ. 

¸ ȷˊɞŰɏɚŮůɛŬ: ɧˊɤɠ ŮɑŭŬɛŮ əŬɘ ůŰɘɠ ˊŬɜŮɚɚɐɜɘŮɠ ŮɝŮŰɎůŮɘɠ 
ŭɑɜŮŰŬɘ ɏɛűŬůɖ ůŰɖɜ ŬˊɞůŰɐɗɘůɖ Ŭɜɞɡůɑɤɜ ɗŮɤɟɖɛɎŰɤɜ əŬɘ 
ɔɜɩůŮɤɜ ŭɘŬűɞɟɘəɞɨ əŬɘ ŬˊŮɘɟɞůŰɘəɞɨ ɚɞɔɘůɛɞɨ. ȼ 
ɘəŬɜɧŰɖŰŬ ɛŬɗɖɛŬŰɘəɐɠ Ůˊɑɚɡůɖɠ Ŭˊɚɩɜ ŬɚɚɎ ˊɟɤŰɧŰɡˊɤɜ 
ˊɟɞɓɚɖɛɎŰɤɜ ŭŮɜ ˊŬɑɕŮɘ ɟɧɚɞ. 

¸ ȷˊɞɡůɑŬ ɔɜɩůŮɤɜ ůɡɜŭɡŬůŰɘəɐɠ (ɛɏŰɟɖůɖ ˊŮɟɘˊŰɩůŮɤɜ, 
Űɟɑɔɤɜɞ Pascal). 

¸ ȺűŬɟɛɞɔɐ Űɤɜ ŬˊɞůŰɖɗɘůɛɏɜɤɜ əŬɜɧɜɤɜ; 

¸ ȯɚɔŮɓɟŬ: Ŭɜ ɟɤŰɐůɤ ɏɜŬɜ ŰŮɚŮɘɧűɞɘŰɞ ȿɡəŮɑɞɡ ˊɧůɞ əɎɜŮɘ 
107Ĭ93 ɗŬ ŭɡůəɞɚŮɡŰŮɑ ˊɞɚɨ ɜŬ ŬˊŬɜŰɐůŮɘ, Ůɜɩ űɡůɘəɎ 
ɔɜɤɟɑɕŮɘ ɧŰɘ  (Ŭ+ɓ)(Ŭïɓ) = Ŭ2ïɓ2 



8 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȺɘůŬɔɤɔɐ     (vii)  

ÉɃɘ ɛŬɗɖŰɏɠ Ŭɔɜɞɞɨɜ Űɖɜ ɏɜɜɞɘŬ Űɞɡ 

ñŬˊɞŭɞŰɘəɞɨ Ŭɚɔɧɟɘɗɛɞɡò 

¸ˊ.ɢ. ɛŬɗŬɑɜɞɡɜ ɏɜŬ ɛɖ-ŬˊɞŭɞŰɘəɧ Ŭɚɔɧɟɘɗɛɞ 

ɔɘŬ Űɖɜ ŮɨɟŮůɖ Űɞɡ ɀ.Ⱦ.ȹ. Ůɜɩ ɞ Ŭɚɔɧɟɘɗɛɞɠ 

Űɞɡ ȺɡəɚŮɑŭɖ ŬˊɞɡůɘɎɕŮɘ Ŭˊɧ Űɖɜ ɨɚɖ 

ÉɄɟɧŰŬůɖ 

¸ȺɘůŬɔɤɔɐ Űɖɠ ŪŮɤɟɖŰɘəɐɠ Ʉɚɖɟɞűɞɟɘəɐɠ 

ůŰɖ ŭŮɡŰŮɟɞɓɎɗɛɘŬ ŮəˊŬɑŭŮɡůɖ ɔɘŬ ɧɚɞɡɠ 

Űɞɡɠ ɛŬɗɖŰɏɠ 

¸ɀŮɗɞŭɞɚɞɔɑŬ Ůˊɑɚɡůɖɠ ˊɟɞɓɚɖɛɎŰɤɜ ɛŮ 

ůɢŮŭɑŬůɖ əŬɘ ɡɚɞˊɞɑɖůɖ Ŭɚɔɞɟɑɗɛɤɜ 



9 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȺɘůŬɔɤɔɐ     (viii)  

ÉɇɟɘŰɞɓɎɗɛɘŬ ŮəˊŬɑŭŮɡůɖ 
¸ ȼ ŰŮɢɜɞɚɞɔɑŬ ŬɚɚɎɕŮɘ ŬɏɜŬŬ əŬɘ ɔɟɐɔɞɟŬ ï ŰŬ ɗŮɛɏɚɘŬ 
ɛɏɜɞɡɜ 

¸ ȷɡŰɎ ŰŬ ɗŮɛɏɚɘŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɖ ɟŬɢɞəɞəŬɚɘɎ ůŰɖɜ 
ŰɟɘŰɞɓɎɗɛɘŬ ŮəˊŬɑŭŮɡůɖ: ɏɛűŬůɖ ůŰɖɜ Ŭɚɔɞɟɘɗɛɘəɐ 
ůəɏɣɖ ůŮ ŬɜŰɘŭɘŬůŰɞɚɐ ɛŮ Űɘɠ ŰŮɢɜɞɚɞɔɘəɏɠ ŭŮɝɘɧŰɖŰŮɠ 
(computer literacy) 

¸ Computer science, computing science, informatics 

¸ Dijkstra: ɖ ȺˊɘůŰɐɛɖ Űɤɜ ɈˊɞɚɞɔɘůŰɩɜ ɏɢŮɘ Űɧůɖ 
ůɢɏůɖ ɛŮ Űɞɡɠ ɡˊɞɚɞɔɘůŰɏɠ ɧůɖ əŬɘ ɖ ȷůŰɟɞɜɞɛɑŬ ɛŮ 
ŰŬ ŰɖɚŮůəɧˊɘŬ 

¸ Primality: ůɖɛŬɜŰɘəɧ ŮˊɑŰŮɡɔɛŬ ůŮ ɛɑŬ ɢɩɟŬ ɢɤɟɑɠ 
ɡˊɞŭɞɛɏɠ 



10 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȺɘůŬɔɤɔɐ     (ix) 

ÉɁŬ ɛɖɜ ɝŮɢɜɎɛŮ ɧŰɘ 

¸ɇɞ ɜŬ əɎɜŮɘɠ ɚɎɗɖ ŮɑɜŬɘ Ŭɜɗɟɩˊɘɜɞ. 

¸ũɘŬ ɜŬ ŰŬ əɎɜŮɘɠ ɗɎɚŬůůŬ ɢɟŮɘɎɕŮůŬɘ 

ɡˊɞɚɞɔɘůŰɐ! 



11 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȺɘůŬɔɤɔɐ     (x) 

ÉȾŬŰŬůəŮɡɐ ɡˊɞɚɞɔɘůŰɘəɩɜ ɛɖɢŬɜɩɜ 

¸ȷɟɢŬɘɧŰɖŰŬ: ɡˊɞɚɞɔɘůŰɘəɏɠ ɛɖɢŬɜɏɠ, 

ɛɖɢŬɜɘůɛɧɠ Űɤɜ ȷɜŰɘəɡɗɐɟɤɜ, ə.ɚˊ. 

¸ 17ɞɠ ŬɘɩɜŬɠ, Pascal əŬɘ Leibniz, 

ɛɖɢŬɜɘəɏɠ ɡˊɞɚɞɔɘůŰɘəɏɠ ŬɟɘɗɛɞɛɖɢŬɜɏɠ 

Ý ůŰɞɘɢŮɘɩŭŮɘɠ ŬɟɘɗɛɖŰɘəɏɠ ˊɟɎɝŮɘɠ 

¸ 1830ï1840, Babbage, ñŬɜŬɚɡŰɘəɐ ɛɖɢŬɜɐò 

Ý ɚɞɔɎɟɘɗɛɞɘ, ŰɟɘɔɤɜɞɛŮŰɟɘəɏɠ ůɡɜŬɟŰɐůŮɘɠ 

¸ 1880ï1890, Hollerith, ɛɖɢŬɜɐ ɛŮ ŭɘɎŰɟɖŰŮɠ 

əɎɟŰŮɠ ɔɘŬ Űɖɜ ŬɡŰɞɛŬŰɞˊɞɑɖůɖ Űɤɜ Ůəɚɞɔɩɜ 



12 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȺɘůŬɔɤɔɐ     (xi) 

ÉȾŬŰŬůəŮɡɐ ɡˊɞɚɞɔɘůŰɩɜ 

¸ 1920ï1930, Bush, ɖɚŮəŰɟɘəɐ (ŬɜŬɚɞɔɘəɐ) 

ɡˊɞɚɞɔɘůŰɘəɐ ɛɖɢŬɜɐ Ý ŭɘŬűɞɟɘəɏɠ ŮɝɘůɩůŮɘɠ 

¸ ~1940, Zuse, ɖɚŮəŰɟɞɜɘəɐ (ɣɖűɘŬəɐ) 

ɡˊɞɚɞɔɘůŰɘəɐ ɛɖɢŬɜɐ 

Ý ˊɟɧɔɟŬɛɛŬ əŬɘ ŭŮŭɞɛɏɜŬ, ɢɤɟɘůŰɎ 

¸ 1945ï1950, ɛɞɜŰɏɚɞ von Neumann 

Ý ˊɟɧɔɟŬɛɛŬ əŬɘ ŭŮŭɞɛɏɜŬ, Ŭˊɧ əɞɘɜɞɨ 

¸ 1950ïůɐɛŮɟŬ, ɟŬɔŭŬɑŬ ŬɜɎˊŰɡɝɖ Űɖɠ 

ŰŮɢɜɞɚɞɔɑŬɠ Űɤɜ ɖɚŮəŰɟɞɜɘəɩɜ ɡˊɞɚɞɔɘůŰɩɜ 



13 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȺɘůŬɔɤɔɐ     (xii)  

ÉȾŬŰŬůəŮɡɐ ɡˊɞɚɞɔɘůŰɩɜ 

1952ï main frames IBM 650, 7000, 360 

1965ï mini computers DEC PDP-8 

1977ï personal computers Apple II 

1981  IBM PC 

1983, 1984  Apple: Lisa, Macintosh 

1985ï internet 

1990ï world wide web 

2000ï PDA, smartphones, cloud, ə.ɚˊ. 



14 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȺɘůŬɔɤɔɐ (xiii)  

ÉɀɖɢŬɜɘəɞɑ ɡˊɞɚɞɔɘůŰɩɜ 

¸ Tom Watson, IBM, 1945 

Ƀ əɧůɛɞɠ ɢɟŮɘɎɕŮŰŬɘ ˊŮɟɑˊɞɡ 5 ɡˊɞɚɞɔɘůŰɏɠ 

¸ Gordon Moore, Intel, 1965 

ȼ ˊɡəɜɧŰɖŰŬ Űɞɡ 

hardware ůŰŬ 

ɞɚɞəɚɖɟɤɛɏɜŬ 

əɡəɚɩɛŬŰŬ 

ŭɘˊɚŬůɘɎɕŮŰŬɘ 

əɎɗŮ 18 ɛɐɜŮɠ 

http://www.intel.com/research/silicon/mooreslaw.htm  É 



15 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȺɘůŬɔɤɔɐ     (xiv) 

ÉŪŮɛɏɚɘŬ Űɖɠ ˊɚɖɟɞűɞɟɘəɐɠ 

¸ɀŬɗɖɛŬŰɘəɐ ɚɞɔɘəɐ 

¸ȷɟɘůŰɞŰɏɚɖɠ: ůɡɚɚɞɔɘůɛɞɑ 

A A ­ B 

B 
(modus ponens) 

¸ȺɡəɚŮɑŭɖɠ: ŬɝɘɤɛŬŰɘəɐ ɗŮɤɟɑŬ 

¸ȷɟɢɏɠ 20ɞɡ ŬɘɩɜŬ, Hilbert 

Ý ŬɝɑɤɛŬ, ɗŮɩɟɖɛŬ, Űɡˊɘəɐ ŬˊɧŭŮɘɝɖ 



16 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȺɘůŬɔɤɔɐ     (xv) 

ÉɄɟɧɔɟŬɛɛŬ Űɞɡ Leibniz: 

 ɗŮɛŮɚɑɤůɖ Űɤɜ ɛŬɗɖɛŬŰɘəɩɜ 

¸ɔɚɩůůŬ ɔɘŬ ɧɚŬ ŰŬ ɛŬɗɖɛŬŰɘəɎ 

¸ɗŮɤɟɑŬ 

¸ůɡɜŮˊɐɠ (consistent) əŬɘ ˊɚɐɟɖɠ (complete) 

A Ø ×A ŬɜŰɑűŬůɖ 

ÉũɚɩůůŬ (Boole, De Morgan, Frege, Russel) 

¸ˊɟɞŰŬůɘŬəɧɠ ɚɞɔɘůɛɧɠ Ø, Ù, ×, ­, ª 

¸əŬŰɖɔɞɟɖɛŬŰɘəɧɠ ɚɞɔɘůɛɧɠ ", $ 



17 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȺɘůŬɔɤɔɐ     (xvi) 

ÉŪŮɤɟɑŬ 

¸ɆɡɜɞɚɞɗŮɤɟɑŬ, Cantor, Frege Í 

¸ɄŬɟɎŭɞɝɞ Űɞɡ Russel 

A = { x | x Î x }  
AÍA  ­  AÎA 

AÎA  ­  AÍA 

¸ȯɚɚŮɠ ɗŮɤɟɑŮɠ ůɡɜɧɚɤɜ (ZF, ə.ɚˊ.) 

¸ȯɚɚŮɠ ɗŮɤɟɑŮɠ ɔɘŬ Űɖ ɗŮɛŮɚɑɤůɖ Űɤɜ 
ɛŬɗɖɛŬŰɘəɩɜ (ɗŮɤɟɑŬ ůɡɜŬɟŰɐůŮɤɜ, 
əŬŰɖɔɞɟɘɩɜ, ə.ɚˊ.) 

¸ 1920ï1930, ˊɟɞůˊɎɗŮɘŮɠ ɔɘŬ ŬˊɧŭŮɘɝɖ 
ůɡɜɏˊŮɘŬɠ 



18 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȺɘůŬɔɤɔɐ     (xvii)  

ÉɆɡɜɏˊŮɘŬ əŬɘ ˊɚɖɟɧŰɖŰŬ 

¸ 1931, Gºdel, ɗŮɩɟɖɛŬ ɛɖ ˊɚɖɟɧŰɖŰŬɠ 

Ý ŭŮɜ ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ əŬŰŬůəŮɡŬůŰŮɑ 

ůɡɜŮˊɐɠ əŬɘ ˊɚɐɟɖɠ ɗŮɤɟɑŬ Űɖɠ ŬɟɘɗɛɖŰɘəɐɠ 

¸ 1936, Turing, 

Ý ɛɖ ŬˊɞəɟɑůɘɛŮɠ 

 (undecidable) ́ ɟɞŰɎůŮɘɠ 

Ý ɛɖɢŬɜɐ Turing, 

 ɡˊɞɚɞɔɘůɘɛɧŰɖŰŬ 

0 1 1 0

ɎˊŮɘɟɖ ŰŬɘɜɑŬ

əŮűŬɚɐ

ůɨůŰɖɛŬ

Ůɚɏɔɢɞɡ

(ŮůɤŰŮɟɘəɐ

əŬŰɎůŰŬůɖ)

......



19 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȺɘůŬɔɤɔɐ (xviii)  

Éɀɖ ˊɚɖɟɧŰɖŰŬ (incompleteness) 

¸ David Hilbert, 1862-1943 

¸Kurt Gºdel, 1906-1978 (ŬůɘŰɑŬ) 

¸ȹɞɝɘɎŭɖɠ 

ÅIncompleteness: a play and a theorem 

ÅɃ ɗŮɑɞɠ ɄɏŰɟɞɠ əŬɘ ɖ ŮɘəŬůɑŬ Űɞɡ Goldbach 

¸ɄŬˊŬŭɖɛɖŰɟɑɞɡ 

Åɇɞ ɢŬɛɧɔŮɚɞ Űɞɡ Turing 

¸ Hoffstader 

ÅGºdel, Escher, and Bach 



20 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȺɘůŬɔɤɔɐ     (xix) 

ÉȾɚɎŭɞɘ Űɖɠ ˊɚɖɟɞűɞɟɘəɐɠ 

¸ȷɚɔɧɟɘɗɛɞɘ əŬɘ ŭɞɛɏɠ ŭŮŭɞɛɏɜɤɜ 

¸ũɚɩůůŮɠ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ 

¸ȷɟɢɘŰŮəŰɞɜɘəɐ ɡˊɞɚɞɔɘůŰɩɜ əŬɘ ŭɘəŰɨɤɜ 

¸ȷɟɘɗɛɖŰɘəɞɑ əŬɘ ůɡɛɓɞɚɘəɞɑ ɡˊɞɚɞɔɘůɛɞɑ 

¸ȿŮɘŰɞɡɟɔɘəɎ ůɡůŰɐɛŬŰŬ 

¸ɀŮɗɞŭɞɚɞɔɑŬ ï ŰŮɢɜɞɚɞɔɑŬ ɚɞɔɘůɛɘəɞɨ 

¸ȸɎůŮɘɠ ŭŮŭɞɛɏɜɤɜ əŬɘ ŭɘŬɢŮɑɟɘůɖ ˊɚɖɟɞűɞɟɘɩɜ 

¸ɇŮɢɜɖŰɐ ɜɞɖɛɞůɨɜɖ əŬɘ ɟɞɛˊɞŰɘəɐ 

¸ȺˊɘəɞɘɜɤɜɑŬ Ŭɜɗɟɩˊɞɡ ï ɡˊɞɚɞɔɘůŰɐ 



21 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȺɘůŬɔɤɔɐ     (xx) 

ÉɈˊɞɚɞɔɘůŰɐɠ 

¸ŮˊŮɝŮɟɔŬůŰɐɠ 

¸ɛɜɐɛɖ 

¸ůɡůəŮɡɏɠ Ůɘůɧŭɞɡ/Ůɝɧŭɞɡ 

ÉȽŭɘɧŰɖŰŮɠ 

¸ŬɡŰɧɛŬŰɞ ɢɤɟɑɠ ŮɝɡˊɜɎŭŬ 

¸ɛŮɔɎɚɖ ŰŬɢɨŰɖŰŬ 

¸ŬəɟɑɓŮɘŬ ůŰɘɠ ˊɟɎɝŮɘɠ 



22 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ũɚɩůůŮɠ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ  (i) 

ÉũɚɩůůŬ ɛɖɢŬɜɐɠ 

  0110110  11011011  

 ŭɘŮɨɗɡɜůɖ ŮɜŰɞɚɐ 

ÉɆɡɛɓɞɚɘəɐ ɔɚɩůůŬ (assembly) 

  label:  add  ax, bx  

 ŭɘŮɨɗɡɜůɖ ˊɟɎɝɖ ŭŮŭɞɛɏɜŬ 

ÉũɚɩůůŮɠ ɢŬɛɖɚɞɨ əŬɘ ɡɣɖɚɞɨ Ůˊɘˊɏŭɞɡ 

ÉɈɚɞˊɞɑɖůɖ ɔɚɤůůɩɜ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ 

¸ɛŮŰŬɔɚɤŰŰɘůŰɐɠ (compiler) 

¸ŭɘŮɟɛɖɜɏŬɠ (interpreter) 



23 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ũɚɩůůŮɠ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ  (ii)  

ÉȾɡɟɘɧŰŮɟŮɠ ɔɚɩůůŮɠ, ɘůŰɞɟɘəɎ 

1950 

1960  FORTRAN, LISP, COBOL, Algol, 

   BASIC, PL/I 

1970  Pascal, C, 

   Smalltalk, Prolog, ML, Logo 

1980  C++, Modula-2, Ada, Perl 

1990  Java, Python, Ruby, Haskell, PHP 

2000  C#, ... 



24 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ũɚɩůůŮɠ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ  (iii)  

ÉPascal 
¸ Niklaus Wirth (1971) 

¸ũɚɩůůŬ ɔŮɜɘəɞɨ ůəɞˊɞɨ (general purpose) 

¸ɆɡůŰɖɛŬŰɘəɧɠ əŬɘ ŭɞɛɖɛɏɜɞɠ ˊɟɞɔɟŬɛɛŬŰɘůɛɧɠ 

ÉC 
¸ Dennis Ritchie (1972) 

¸ũŮɜɘəɞɨ ůəɞˊɞɨ ŬɚɚɎ ɢŬɛɖɚɧŰŮɟɞɡ Ůˊɘˊɏŭɞɡ 

¸ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ůɡůŰɖɛɎŰɤɜ 

¸C++ 
¸ Bjarne Stroustrup (1983) 

¸ũŮɜɘəɞɨ ůəɞˊɞɨ, ŬɜŰɘəŮɘɛŮɜɞůŰɟŮűɐɠ 

Pazcal  pzhelp  



25 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȷůəɐůŮɘɠ      (i) 

#include  " pzhelp "  

PROGRAM {  

  WRITELN("hello world");  

}  #include  " pzhelp "  

PROGRAM {  

  WRITELN("hello", "world");  

}  

#include  " pzhelp "  

PROGRAM {  

  WRITE("hello "); WRITELN("world");  

}  #include  " pzhelp "  

PROGRAM {  

   WRITE("hello world"); WRITELN();  

}  



26 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȷůəɐůŮɘɠ  (Pascal)    (i) 

program  Hello1a(output );  

begin  

  writeln ('hello world')  

end .  
program  Hello1b(output );  

begin  

  writeln ('hello ', 'world')  

end .  

program  Hello1c(output );  

begin  

  write('hello '); writeln ('world')  

end .  

program  Hello1d(output );  

begin  

  write('hello world'); writeln  

end .  



27 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȷůəɐůŮɘɠ  (C)     (i) 

#include <stdio.h > 

int  main () {  

  printf ("hello world \ n");  

  return  0;  

}  

#include <stdio.h > 

int  main () {  

  printf ("hello " "world \ n");  

  return  0;  

}  #include <stdio.h > 

int  main () {  

  printf ("hello ");  

  printf ("world \ n");  

  return  0;  

}  

#include <stdio.h > 

int  main () {  

  printf ("hello world");  

  printf (" \ n");  

  return  0;  

}  



28 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȷůəɐůŮɘɠ  (C++)    (i) 

#include <iostream > 

using  namespace  std;  

int  main () {  

  cout  << "hello world" << endl ;  

}  

#include <iostream > 

using  namespace  std;  

int  main () {  

  cout  << "hello " << "world \ n";  

}  #include <iostream > 

using  namespace  std;  

int  main () {  

  cout  << "hello ";  

  cout  << "world \ n";  

}  

#include <iostream > 

using  namespace  std;  

int  main () {  

  cout  << "hello world";  

  cout  << endl ;  

}  



29 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȹɡɞ ɚɧɔɘŬ ɔɘŬ Űɞ  #include " pzhelp "  

#include  " pzhelp "  

PROGRAM {  

  WRITELN("hello world");  

}  

#include <iostream > 

using  namespace  std;  

int  main () {  

  cout  << "hello world" << endl ;  

}  

ȷˊɚɐ C++ 

C++ & pzhelp  



30 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȷůəɐůŮɘɠ      (ii)  

#include  " pzhelp "  

PROC hello () {  

  WRITELN("hello world");  

}  

PROGRAM {  

  hello(); hello();  

  hello(); hello();  

}   

#include  " pzhelp "  

PROC hello () {  

 WRITELN("hello world");  

}  

PROGRAM {  

  int  i ;  

  FOR( i , 1 TO 20) hello ();  

}  



31 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȷůəɐůŮɘɠ  (Pascal)    (ii)  

program  Hello2(output );  

  procedure  hello;  

  begin  

    writeln ('hello world')  

  end ;  

begin  

  hello; hello; hello; hello  

end .   

program  Hello3(output );  

  var  i  : integer;  

  procedure  hello;  

  begin  

    writeln ('hello world')  

  end ;  

begin  

  for  i  := 1 to  20 do hello  

end .  



32 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȷůəɐůŮɘɠ (C)     (ii)  

#include <stdio.h > 

void  hello () {  

  printf ("hello world \ n");  

}  

int  main () {  

  hello(); hello(); hello(); hello();  

  return  0;  

}  

#include <stdio.h > 

void  hello () {  

  printf ("hello world \ n");  

}  

int  main () {  

  for  ( int  i  = 0 ; i  < 20 ; i ++)  

    hello();  

  return  0;  

}  



33 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȷůəɐůŮɘɠ (C++)    (ii)  

#include <iostream > 

using  namespace  std;  

void  hello () {  

  cout  << "hello world \ n";  

}  

int  main () {  

  hello(); hello(); hello(); hello ();  

}  

#include <stdio.h > 

using  namespace  std;  

void  hello () {  

 cout  << "hello world \ n";  

}  

int  main () {  

  for  ( int  i  = 0 ; i  < 20 ; i ++)  

    hello();  

}  



34 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȷůəɐůŮɘɠ      (iii)  

#include  " pzhelp "  

const int  n = 20;  

int  i ;  

PROC num_hello () {  

  WRITELN(i , "hello world");  

}  

PROGRAM {  

  FOR( i , 1 TO n) num_hello ();  

}  



35 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȷůəɐůŮɘɠ  (Pascal)    (iii)  

program  Hello4(output );  

  const  n = 20;  

  var  i  : integer;  

  procedure  num_hello ;  

  begin  

    writeln ( i , ' hello world')  

  end ;  

begin  

  for  i  := 1 to  n do 

    num_hello  

end .  



36 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȷůəɐůŮɘɠ (C)     (iii)  

#include <stdio.h > 

const  int  n = 20;  

int  i ;  

void  num_hello () {  

  printf ("%d hello world \ n", i );  

}  

int  main () {  

  for  ( i  = 1 ; i  <= n ; i ++)  

    num_hello ();  

  return  0;  

}  



37 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȷůəɐůŮɘɠ (C++)    (iii)  

#include <iostream > 

using  namespace  std;  

const  int  n = 20;  

int  i ;  

void  num_hello () {  

  cout  << i  << " hello world \ n";  

}  

int  main () {  

  for  ( i  = 1 ; i  <= n ; i ++)  

    num_hello ();  

}  



38 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȷůəɐůŮɘɠ      (iv) 

#include  " pzhelp "  

PROC hello() {  

  WRITELN("hello world");  

}  

PROGRAM {  

  int  n, i ;  

  WRITELN("Give number of greetings",  

          "then press <enter>:");  

  n = READ_INT();  

  FOR( i , 1 TO n)  hello ();  

}  



39 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȷůəɐůŮɘɠ (Pascal)       (iv) 

program  Hello5( input,output );  

  var  i,n  : integer;  

  procedure  hello;  

  begin  

    writeln ('hello world')  

  end ;  

begin  

  writeln ('Give number of greetings ',  

          'then press <enter>:');  

  read(n);  

  for  i  := 1 to  n do hello  

end .  



40 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȷůəɐůŮɘɠ (C)     (iv) 

#include <stdio.h > 

void  hello () {  

 printf ("hello world \ n");  

}  

int  main () {  

  int  n;  

  printf ("Give number of greetings "  

         "then press <enter>:");  

  scanf ("%d", &n);  

  for  ( int  i  = 0 ; i  < n ; i ++) hello();  

  return  0;  

}  



41 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȷůəɐůŮɘɠ (C++)    (iv) 

#include <iostream > 

using  namespace  std;  

void  hello () {  

 cout  << "hello world \ n";  

}  

int  main () {  

  int  n;  

  cout  << "Give number of greetings "  

       << "then press <enter>:";  

  cin  >> n;  

  for  ( int  i  = 0 ; i  < n ; i ++) hello();  

}  



42 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȷůəɐůŮɘɠ      (v) 

#include  " pzhelp "  

PROC hello () {  

  WRITELN("hello world");  

}  

PROGRAM {  

  int  n, i ;  

  WRITELN("Give number of greetings",  

          "then press <enter>:");  

  n = READ_INT();  

  if  (n < 0)  

    WRITELN("# is negative");  

  else  

    FOR( i , 1 TO n) hello();  

}  



43 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȷůəɐůŮɘɠ  (Pascal)    (v) 

program  Hello6( input,output );  

  var  i,n  : integer;  

  procedure  hello;  

  begin  

    writeln ('hello world')  

  end ;  

begin  

  writeln ('Give number of greetings ',  

          'then press <enter>:');  

  readln (n);  

  if  n < 0 then  writeln ('# is negative')   

           else  for  i  := 1 to  n do hello  

end .  



44 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȷůəɐůŮɘɠ (C)     (v) 

#include  <stdio.h > 

void  hello () {  

 printf ("hello world \ n");  

}  

int  main () {  

  int  n;  

  printf ("Give number of greetings "  

      "then press <enter>");  

  scanf ("%d \ n", &n);  

  if  ( n < 0)  

    printf ("#is negative \ n");  

  else  

    for  ( int  i =0; i <n; i ++) hello();  

  return  0;  

}  



45 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȷůəɐůŮɘɠ (C++)    (v) 

#include  <iostream > 
using  namespace  std;  

void  hello () {  
 cout  << "hello world \ n";  
}  

int  main () {  
  int  n;  
  cout  << "Give number of greetings "  
    << "then press <enter>";  
  cin  >> n;  
  if  ( n < 0)  
    printf ("#is negative \ n");  
  else  
    for  ( int  i  = 0 ; i  < n ; i ++) hello ();  
}  



46 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ůɩɛŬ = block 

ŭɖɚɩůŮɘɠ 

ŮˊɘəŮűŬɚɑŭŬ 

ȹɞɛɐ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ  

ŮɜŰɞɚɏɠ 

#include " pzhelp "  

PROGRAM 

{    

     REAL r, a;  

 

     WRITE("Give the radius: ");  

     r = READ_REAL();  

     a = 3.1415926 * r * r;  

     WRITELN("The area is:", a);  

}  



47 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ɆɡɜŰŬəŰɘəɎ ŭɘŬɔɟɎɛɛŬŰŬ 

ɄŮɟɘɔɟɎűɞɡɜ Űɖ ůɨɜŰŬɝɖ ŰɛɖɛɎŰɤɜ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ 

Űɞ ɧɜɞɛŬ 

ŬɡŰɞɨ ˊɞɡ 

ɞɟɑɕŮŰŬɘ ɓɏɚɖ: 

ɞɟɑɕɞɡɜ 

Űɖ ůŮɘɟɎ 

Ŭɟɢɐ 

Űɏɚɞɠ 

block 

program 

header 

#include  
new 
line 

header 

" pzhelp "  PROGRAM 

ŰŮŰɟɎɔɤɜŬ əɞɡŰɘɎ: 

ŬˊŬɘŰɞɨɜ Ůɝɐɔɖůɖ 

statements 

block 

declarations {  }  

ɞɓɎɚ əɞɡŰɘɎ: 

ɔɟɎűɞɜŰŬɘ 

Ŭəɟɘɓɩɠ ɏŰůɘ 



48 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȹɖɚɩůŮɘɠ ɛŮŰŬɓɚɖŰɩɜ   (i) 

¸ɛŮŰŬɓɚɖŰɐ: ɏɜŬ çəɞɡŰɑè Űɖɠ ɛɜɐɛɖɠ Űɞɡ 

ɡˊɞɚɞɔɘůŰɐ ɧˊɞɡ ɛˊɞɟŮɑ ɜŬ ŬˊɞɗɖəŮɡŰŮɑ 

ɛɘŬ ˊɚɖɟɞűɞɟɑŬ (ɏɜŬ ŭŮŭɞɛɏɜɞ) 

¸ůŰɞ ŰɛɐɛŬ ŭɖɚɩůŮɤɜ ɞɟɑɕɞɡɛŮ ɧɚŮɠ Űɘɠ 

ɛŮŰŬɓɚɖŰɏɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑ Űɞ ˊɟɧɔɟŬɛɛŬ 

¸ɔɘŬ əɎɗŮ ɛŮŰŬɓɚɖŰɐ ɞɟɑɕɞɡɛŮ Űɞ ɧɜɞɛɎ Űɖɠ 

əŬɘ Űɞɜ Űɨˊɞ Űɖɠ, ŭɖɚŬŭɐ Űɞ ˊŮŭɑɞ Űɤɜ 

Űɘɛɩɜ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ˊɎɟŮɘ ɖ ɛŮŰŬɓɚɖŰɐ 

 int  i ;  



49 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȹɖɚɩůŮɘɠ ɛŮŰŬɓɚɖŰɩɜ   (ii)  

Éȷˊɚɞɑ Űɨˊɞɘ ɛŮŰŬɓɚɖŰɩɜ 

¸ int  ŬəɏɟŬɘɞɘ Ŭɟɘɗɛɞɑ 0, 1, ï3 

¸ REAL ˊɟŬɔɛŬŰɘəɞɑ Ŭɟɘɗɛɞɑ 3.14  

¸ char  ɢŬɟŬəŰɐɟŮɠ 'a'  

¸ bool  ɚɞɔɘəɏɠ Űɘɛɏɠ  true , false  

Éȹɐɚɤůɖ ˊŮɟɘůůɧŰŮɟɤɜ ɛŮŰŬɓɚɖŰɩɜ 

 int  i , j, k;  

 REAL x, y;      char  ch ;  

 bool  changed;  



50 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ɆɡɜŰŬəŰɘəɎ ŭɘŬɔɟɎɛɛŬŰŬ, ɝŬɜɎ 

ÉȷɜŬɚɡŰɘəɧŰŮɟɞ ůɡɜŰŬəŰɘəɧ ŭɘɎɔɟŬɛɛŬ ɔɘŬ 

Űɞ ůɩɛŬ (block) 

{  }  

block 

;  

declaration 

;  

statement 



51 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ɆɢɧɚɘŬ 

ÉɀɑŬɠ ɐ ˊŮɟɘůůɧŰŮɟɤɜ ɔɟŬɛɛɩɜ 

 REAL x,  y;  /* ɞɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ 

                    Űɞɡ əɏɜŰɟɞɡ */  

REAL r;     // ɖ ŬəŰɑɜŬ 

 

ÉũɟɎűɞɜŰŬɘ (ůɢŮŭɧɜ) ˊŬɜŰɞɨ əŬɘ ŬɔɜɞɞɨɜŰŬɘ 

Ŭˊɧ Űɞɜ ɛŮŰŬɔɚɤŰŰɘůŰɐ 

Éȸɞɖɗɞɨɜ ůŰɖɜ əŬŰŬɜɧɖůɖ Űɞɡ əɩŭɘəŬ 



52 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ɇɘ ůɖɛŬɑɜŮɘ ɞɟɗɧ ˊɟɧɔɟŬɛɛŬ  (i) 

ÉɆɡɜŰŬəŰɘəɐ ɞɟɗɧŰɖŰŬ 

¸Űɞ ˊɟɧɔɟŬɛɛŬ ˊɟɏˊŮɘ ɜŬ ɡˊŬəɞɨŮɘ ůŰɞɡɠ 

ůɡɜŰŬəŰɘəɞɨɠ əŬɜɧɜŮɠ Űɖɠ ɔɚɩůůŬɠ 

ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ 

ÉɆɡɜŰŬəŰɘəɎ ůűɎɚɛŬŰŬ ůŰɖ C++ 

¸ŮɛűŬɜɑɕɞɜŰŬɘ ɧŰŬɜ ŭŮɜ ɘəŬɜɞˊɞɘɞɨɜŰŬɘ ŰŬ 

ůɡɜŰŬəŰɘəɎ ŭɘŬɔɟɎɛɛŬŰŬ 

¸ˊŬɟɎŭŮɘɔɛŬ: 

 {  PROGRAM }  ) WRITELN;("hello world"  



53 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ɇɘ ůɖɛŬɑɜŮɘ ɞɟɗɧ ˊɟɧɔɟŬɛɛŬ  (ii)  

ÉɁɞɖɛŬŰɘəɐ ɞɟɗɧŰɖŰŬ 

¸Űɞ ˊɟɧɔɟŬɛɛŬ ˊɟɏˊŮɘ ɜŬ ɡˊŬəɞɨŮɘ Űɞɡɠ 

ɜɞɖɛŬŰɘəɞɨɠ əŬɜɧɜŮɠ Űɖɠ ɔɚɩůůŬɠ 

ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ 

ÉɁɞɖɛŬŰɘəɎ ůűɎɚɛŬŰŬ ůŰɖ C++ 

¸ŮůűŬɚɛɏɜɖ ɢɟɐůɖ ŰŮɚŮůŰɩɜ 

 n = "a" * 3;  

¸ɢɟɐůɖ ɛŮŰŬɓɚɖŰɩɜ ɢɤɟɑɠ ŭɐɚɤůɖ 

 int  n, i ;  

n = i  + j;  



54 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ɇɘ ůɖɛŬɑɜŮɘ ɞɟɗɧ ˊɟɧɔɟŬɛɛŬ  (iii)  

 

sqrt  

 
ŭɘŬɑɟŮůɖ ɛŮ 
Űɞ ɛɖŭɏɜ 

ÉɆɖɛŬůɘɞɚɞɔɘəɐ ɞɟɗɧŰɖŰŬ 

¸ɧŰŬɜ Űɞ ˊɟɧɔɟŬɛɛŬ ŮəŰŮɚŮɑŰŬɘ, ˊɟɏˊŮɘ ɜŬ 

əɎɜŮɘ Ŭəɟɘɓɩɠ ŬɡŰɧ ˊɞɡ ɗɏɚɞɡɛŮ ɜŬ əɎɜŮɘ 

ÉɆɖɛŬůɘɞɚɞɔɘəɎ ůűɎɚɛŬŰŬ ůŰɖ C++ 

¸ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɖɜ əŬəɐ ůɢŮŭɑŬůɖ ɐ Űɖɜ 

əŬəɐ ɡɚɞˊɞɑɖůɖ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ 

¸ŬɡŰɎ ŰŬ ůűɎɚɛŬŰŬ ɞɜɞɛɎɕɞɜŰŬɘ ůɡɜɐɗɤɠ bugs 

əŬɘ ɖ ŭɘŬŭɘəŬůɑŬ ŮɝɎɚŮɘɣɐɠ Űɞɡɠ debugging 

 x1 = ( - b + sqr (b*b - 4*a*c))/(2*a);  



55 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ɇɘ ůɖɛŬɑɜŮɘ ɞɟɗɧ ˊɟɧɔɟŬɛɛŬ  (iv) 

ÉɃ ɛŮŰŬɔɚɤŰŰɘůŰɐɠ ɛˊɞɟŮɑ ɜŬ ŮɜŰɞˊɑůŮɘ ůŮ 

ɏɜŬ ˊɟɧɔɟŬɛɛŬ Űɖɜ ɨˊŬɟɝɖ 

¸ůɡɜŰŬəŰɘəɩɜ ůűŬɚɛɎŰɤɜ 

¸ɜɞɖɛŬŰɘəɩɜ ůűŬɚɛɎŰɤɜ 

ÉɇɡˊɩɜŮɘ əŬŰɎɚɚɖɚŬ ɛɖɜɨɛŬŰŬ ůűɎɚɛŬŰɞɠ 

ÉɃ ˊɟɞɔɟŬɛɛŬŰɘůŰɐɠ ŮɑɜŬɘ ɡˊŮɨɗɡɜɞɠ ɔɘŬ 

¸Űɖ ŭɘɧɟɗɤůɖ Űɤɜ ˊŬɟŬˊɎɜɤ 

¸Űɞɜ ŮɜŰɞˊɘůɛɧ əŬɘ Űɖ ŭɘɧɟɗɤůɖ 

ůɖɛŬůɘɞɚɞɔɘəɩɜ ůűŬɚɛɎŰɤɜ 



56 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ɆɡɜŰŬəŰɘəɎ ŭɘŬɔɟɎɛɛŬŰŬ, ɝŬɜɎ 

identifier 

_ 

letter 

letter 

digit 

digit 

0 

1 

9 

... 

ˊŮɕɎ əŬɘ əŮűŬɚŬɑŬ ɔɟɎɛɛŬŰŬ 

ŮɑɜŬɘ ŭɘŬűɞɟŮŰɘəɎ! 

letter 

a 

A 

z 

... 

Z 



57 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ɆɡɜŰŬəŰɘəɎ ŭɘŬɔɟɎɛɛŬŰŬ, ŬɜŬŭɟɞɛɘəɎ 

ÉɄŬɚɑɜŭɟɞɛɞ ɐ əŬɟəɘɜɘəɐ ůɡɛɓɞɚɞůŮɘɟɎ: 

ŭɘŬɓɎɕŮŰŬɘ Űɞ ɑŭɘɞ Ŭˊɧ ŬɟɘůŰŮɟɎ ˊɟɞɠ ŰŬ 

ŭŮɝɘɎ əŬɘ ŬɜŰɑůŰɟɞűŬ: madam, 13431 

ÉɄŬɚɑɜŭɟɞɛŬ ɛŮ ŬɚűɎɓɖŰɞ {0, 1} 

palindrome 

palindrome 0 0 

palindrome 1 1 

0 

1 



58 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȷɜɎɗŮůɖ Űɘɛɐɠ ůŮ ɛŮŰŬɓɚɖŰɐ 

ÉɄŬɟŬŭŮɑɔɛŬŰŬ ŬɜŬɗɏůŮɤɜ 
n = 2;  

pi = 3.14159;  

done = true;  

ch = 'b';  

counter = counter + 1;  

x1 = ( - b + sqrt(b*b - 4*a*c))/(2*a);  



59 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

Ȱɝɞŭɞɠ ůŰɖɜ ɞɗɧɜɖ    (i) 

ÉȰɝɞŭɞɠ ůŰɖɜ ɞɗɧɜɖ 
WRITELN("Hello world!");  

WRITELN("Hello", "world!");  

ÉȰɝɞŭɞɠ ɢɤɟɑɠ ŬɚɚŬɔɐ ɔɟŬɛɛɐɠ 
WRITE("Hel");  

WRITELN("lo", "world!");  



60 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

Ȱɝɞŭɞɠ ůŰɖɜ ɞɗɧɜɖ    (ii) 

ÉȰɝɞŭɞɠ ůŰɖɜ ɞɗɧɜɖ 
x = 6;  

WRITE("x");  

WRITE(" = ");  

WRITE(x);  

WRITELN();  

WRITELN("3*x - 1 =", 3*x - 1);  

WRITELN("x*(x+1) =", x*(x+1));  

x = 6  

3*x - 1 = 17  

x*(x+1) = 42  



61 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

Ȱɝɞŭɞɠ ůŰɖɜ ɞɗɧɜɖ    (iii ) 

ÉȰɝɞŭɞɠ ůŰɖɜ ɞɗɧɜɖ 
WRITE(4);  

WRITELN(2);  

WRITELN(4 , 2);  

WRITE(6 );  

WRITE( 6);  

WRITELN(6 );  

WRITE(6 , 6);  

WRITELN(6 );  

42 

4 2  

666  

6 66  



62 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

Ⱥɑůɞŭɞɠ Ŭˊɧ Űɞ ˊɚɖəŰɟɞɚɧɔɘɞ (i) 

ÉȺɑůɞŭɞɠ Ŭˊɧ Űɞ ˊɚɖəŰɟɞɚɧɔɘɞ 
n = READ_INT();  

r = READ_REAL();  

c = getchar ();  

ÉȺɑůɞŭɞɠ Ŭˊɧ Űɞ ˊɚɖəŰɟɞɚɧɔɘɞ əŬɘ 

ŭɘɎɓŬůɛŬ ɛɏɢɟɘ Űɞ Űɏɚɞɠ Űɖɠ ɔɟŬɛɛɐɠ 

SKIP_LINE();  



63 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

Ⱥɑůɞŭɞɠ Ŭˊɧ Űɞ ˊɚɖəŰɟɞɚɧɔɘɞ (ii ) 

PROGRAM {  

  REAL r, a;  

  WRITE("Give the radius: ");  

  r = READ_REAL();  

  a = 3.1415926 * r * r;  

  WRITELN("The area is:", a);  

}  



64 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

Ⱥɑůɞŭɞɠ Ŭˊɧ Űɞ ˊɚɖəŰɟɞɚɧɔɘɞ (iii ) 

PROGRAM {  

  int  first, second, result;  

  char  operator;  

  first = READ_INT();  

  operator = getchar ();  

  second = READ_INT();  

  switch  (operator) {  

    case  '+': result = first + second; break ;  

    case  ' - ': result = first -  second; break ;  

    case  '*': result = first * second; break ;  

    case  '/': result = first / second; break ;  

  }  

  WRITELN("The result is:", result);  

}  



65 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

Ⱥɑůɞŭɞɠ Ŭˊɧ Űɞ ˊɚɖəŰɟɞɚɧɔɘɞ (iv) 

ÉȷˊɞɗɖəŮɡŰɘəɧɠ ɢɩɟɞɠ (buffer) 

¸ˊŬɟŮɛɓɎɚɚŮŰŬɘ ɛŮŰŬɝɨ Űɞɡ ˊɚɖəŰɟɞɚɞɔɑɞɡ 

əŬɘ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ 

¸ŮəŮɑ ŬˊɞɗɖəŮɨɞɜŰŬɘ ˊɟɞůɤɟɘɜɎ ŰŬ ŭŮŭɞɛɏɜŬ 

ˊɞɡ ˊɚɖəŰɟɞɚɞɔŮɑ ɞ ɢɟɐůŰɖɠ ɛɏɢɟɘ ɜŬ 

ŭɘŬɓŬůŰɞɨɜ Ŭˊɧ Űɞ ˊɟɧɔɟŬɛɛŬ 

¸ɖ ŮɘůŬɔɤɔɐ ůŰɞ buffer ɔɑɜŮŰŬɘ ɛŮ Űɞ ˊɎŰɖɛŬ 

Űɞɡ ˊɚɐəŰɟɞɡ enter 

¸ŬɟɢɘəɎ ɞ buffer ŮɑɜŬɘ əŮɜɧɠ 



66 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

Ⱥɑůɞŭɞɠ Ŭˊɧ Űɞ ˊɚɖəŰɟɞɚɧɔɘɞ (v) 

PROGRAM {  

  int  first, second;  

  WRITE("First: ");  

  first = READ_INT();  

  WRITE("Second: ");  

  second = READ_INT();  

  WRITELN("Result:", first + second);  

}  



67 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

Ⱥɑůɞŭɞɠ Ŭˊɧ Űɞ ˊɚɖəŰɟɞɚɧɔɘɞ (vi) 

ÉɄɟɩŰɖ ŮəŰɏɚŮůɖ ˊŬɟŬŭŮɑɔɛŬŰɞɠ 

First: 3¾ 

Second: 6¾ 

Result: 9 

ÉȹŮɨŰŮɟɖ ŮəŰɏɚŮůɖ ˊŬɟŬŭŮɑɔɛŬŰɞɠ 

First: 3 6 ¾ 

Second: Result: 9 



68 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

Ⱥɑůɞŭɞɠ Ŭˊɧ Űɞ ˊɚɖəŰɟɞɚɧɔɘɞ (vii)  

PROGRAM {  

  int  first, second;  

  WRITE("First: ");  

  first = READ_INT();  

  SKIP_LINE();  

  WRITE("Second: ");  

  second = READ_INT();  

  WRITELN("Result:", first + second);  

}  



69 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

Ⱥɑůɞŭɞɠ Ŭˊɧ Űɞ ˊɚɖəŰɟɞɚɧɔɘɞ (viii)  

ÉɄɟɩŰɖ ŮəŰɏɚŮůɖ ˊŬɟŬŭŮɑɔɛŬŰɞɠ 

First: 3¾ 

Second: 6¾ 

Result: 9 

ÉȹŮɨŰŮɟɖ ŮəŰɏɚŮůɖ ˊŬɟŬŭŮɑɔɛŬŰɞɠ 

First: 3 6 ¾ 

Second: 6¾ 

Result: 9 



70 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȷɟɘɗɛɖŰɘəɏɠ ˊŬɟŬůŰɎůŮɘɠ  (i) 

Éȷˊɚɏɠ ˊŬɟŬůŰɎůŮɘɠ 

¸ůŰŬɗŮɟɏɠ əŬɘ ɛŮŰŬɓɚɖŰɏɠ 

Éȷˊɚɏɠ ˊɟɎɝŮɘɠ 

¸ˊɟɧůɗŮůɖ, ŬűŬɑɟŮůɖ     +, -  

¸ˊɞɚɚŬˊɚŬůɘŬůɛɧɠ      *  

¸ŭɘŬɑɟŮůɖ ˊɟŬɔɛŬŰɘəɩɜ Ŭɟɘɗɛɩɜ  /  

¸ˊɖɚɑəɞ ŬəɏɟŬɘŬɠ ŭɘŬɑɟŮůɖɠ   /  ˊɟɞůɞɢɐ! 

¸ɡˊɧɚɞɘˊɞ ŬəɏɟŬɘŬɠ ŭɘŬɑɟŮůɖɠ   %  MOD 

¸ˊɟɧůɖɛŬ         +, -  



71 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȷɟɘɗɛɖŰɘəɏɠ ˊŬɟŬůŰɎůŮɘɠ  (ii)  

ÉɄŬɟŬŭŮɑɔɛŬŰŬ 

¸ 1 + 1  Ÿ 2 Űɨˊɞɡ  int  

¸ 1.0 + 2.0  Ÿ 3.0  Űɨˊɞɡ  REAL 

¸ 1 + 3.0  Ÿ 4.0  Űɨˊɞɡ  REAL 

¸ 5 / 2  Ÿ 2 ŬəɏɟŬɘɞ ˊɖɚɑəɞ  

¸ 5 % 2 Ÿ 1 ŬəɏɟŬɘɞ ɡˊɧɚɞɘˊɞ 

¸ 5.0 / 2  Ÿ 2.5  ŭɘŬɑɟŮůɖ  REAL 

¸ 5.0  % 2  Ÿ ~ ŬˊŬɔɞɟŮɨŮŰŬɘ! 

ÉɄɟŬɔɛŬŰɘəɐ ŭɘŬɑɟŮůɖ ɛŮŰŬɝɨ ŬəŮɟŬɑɤɜ; 

int  x=42, y=17;  
WRITE( 1.0 * x / y );  



72 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȷɟɘɗɛɖŰɘəɏɠ ˊŬɟŬůŰɎůŮɘɠ  (iii)  

ÉɄɟɞŰŮɟŬɘɧŰɖŰŬ ŰŮɚŮůŰɩɜ 

¸ˊ.ɢ.  5+3*x - y   ſ  5+(3*x) - y 

ÉɄɟɞůŮŰŬɘɟɘůŰɘəɧŰɖŰŬ ŰŮɚŮůŰɩɜ 

¸ˊ.ɢ.  x- y+1   ſ  (x - y)+1  

ÉɆŮɘɟɎ ŮəŰɏɚŮůɖɠ Űɤɜ ˊɟɎɝŮɤɜ 

¸əŬɗɞɟɑɕŮŰŬɘ Ůɜ ɛɏɟŮɘ Ŭˊɧ Űɖɜ ˊɟɞŰŮɟŬɘɧŰɖŰŬ 

əŬɘ Űɖɜ ˊɟɞůŮŰŬɘɟɘůŰɘəɧŰɖŰŬ Űɤɜ ŰŮɚŮůŰɩɜ 

¸ɔŮɜɘəɎ ɧɛɤɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ ɡɚɞˊɞɑɖůɖ 

¸ˊ.ɢ.  ( x+1)*(y - 1)  



73 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȿɞɔɘəɏɠ ˊŬɟŬůŰɎůŮɘɠ   (i) 

ÉɆɡɔəɟɑůŮɘɠ 

¸ɘůɧŰɖŰŬ, ŬɜɘůɧŰɖŰŬ   ==, !=  

¸ɛŮɔŬɚɨŰŮɟɞ, ɛɘəɟɧŰŮɟɞ  >, < 

¸ɛŮɔŬɚɨŰŮɟɞ ɐ ɑůɞ, ɛɘəɟɧŰŮɟɞ ɐ ɑůɞ >=, <= 

Éȿɞɔɘəɏɠ ˊɟɎɝŮɘɠ 

¸ůɨɕŮɡɝɖ (əŬɘ) && AND 

¸ŭɘɎɕŮɡɝɖ (ɐ) ||  OR 

¸Ɏɟɜɖůɖ (ɧɢɘ) !  NOT 



74 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȿɞɔɘəɏɠ ˊŬɟŬůŰɎůŮɘɠ   (ii)  

ÉɄɑɜŬəŮɠ ŬɚɐɗŮɘŬɠ ɚɞɔɘəɩɜ ˊɟɎɝŮɤɜ 

p q 
p AND q 

p && q 

false  false  false  

false  true  false  

true  false  false  

true  true  true  

p q 
p OR q 

p ||  q 

false  false  false  

false  true  true  

true  false  true  

true  true  true  

p 
NOT p 

!  p 

false  true  

true  false  

ůɨɕŮɡɝɖ ŭɘɎɕŮɡɝɖ 

Ɏɟɜɖůɖ 



75 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ɄɟɞŰŮɟŬɘɧŰɖŰŬ ŰŮɚŮůŰɩɜ  (i) 

ɇŮɚŮůŰɐɠ ɆɖɛŬůɑŬ 
ɄɟɞůŮŰŬɘɟɘ-

ůŰɘəɧŰɖŰŬ 

+ -  !  NOT ˊɟɧůɖɛŬ, ɚɞɔɘəɐ Ɏɟɜɖůɖ ð 

* / % MOD ˊɞɚɚŬˊɚŬůɘŬůɛɧɠ, ŭɘŬɑɟŮůɖ ŬɟɘůŰŮɟɎ 

+ -  ˊɟɧůɗŮůɖ, ŬűŬɑɟŮůɖ ŬɟɘůŰŮɟɎ 

< <= >= >  ůɨɔəɟɘůɖ ŬɟɘůŰŮɟɎ 

== !=  ɘůɧŰɖŰŬ ŬɟɘůŰŮɟɎ 

&& AND ɚɞɔɘəɐ ůɨɕŮɡɝɖ ŬɟɘůŰŮɟɎ 

||  OR ɚɞɔɘəɐ ŭɘɎɕŮɡɝɖ ŬɟɘůŰŮɟɎ 

ŮˊɎɜɤ: ɛŮɔɎɚɖ ˊɟɞŰŮɟŬɘɧŰɖŰŬ 

əɎŰɤ: ɛɘəɟɐ ˊɟɞŰŮɟŬɘɧŰɖŰŬ 



76 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ɄɟɞŰŮɟŬɘɧŰɖŰŬ ŰŮɚŮůŰɩɜ  (ii)  

ÉɄɟɞŰŮɟŬɘɧŰɖŰŬ ŰŮɚŮůŰɩɜ 
  

¸ˊ.ɢ.  NOT p AND q OR r  

   ſ  (( NOT p) AND q) OR r  

¸ˊ.ɢ.  x>3 AND NOT y+z==5     ɚɎɗɞɠ! 

 ſ  (x>3) AND (( NOT y)+z)==5)  

¸ˊ.ɢ.  x>3 AND NOT ( y+z==5 )    ůɤůŰɧ 

 ſ  (x>3) AND ( NOT (( y+z)==5) )  

 

¸ ȳŰŬɜ ŭŮɜ ŮɑɛŬůŰŮ ůɑɔɞɡɟɞɘ, ŭŮ ɓɚɎˊŰŮɘ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɞɨɛŮ Ůˊɘˊɚɏɞɜ ˊŬɟŮɜɗɏůŮɘɠ! 



77 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ɆɨɜŰŬɝɖ ˊŬɟŬůŰɎůŮɤɜ   (i) 

ÉɆŰŬɗŮɟɏɠ 



78 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ɆɨɜŰŬɝɖ ˊŬɟŬůŰɎůŮɤɜ   (ii)  

ÉɀŮŰŬɓɚɖŰɏɠ (Ŭˊɚɏɠ) 

ÉȷɟɘɗɛɖŰɘəɏɠ ˊŬɟŬůŰɎůŮɘɠ 



79 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ɆɨɜŰŬɝɖ ˊŬɟŬůŰɎůŮɤɜ   (iii)  

ÉȷɟɘɗɛɖŰɘəɞɑ ɧɟɞɘ əŬɘ ˊŬɟɎɔɞɜŰŮɠ 



80 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ɆɨɜŰŬɝɖ ˊŬɟŬůŰɎůŮɤɜ   (iv) 

Éȿɞɔɘəɏɠ ˊŬɟŬůŰɎůŮɘɠ əŬɘ ɧɟɞɘ 



81 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ɆɨɜŰŬɝɖ ˊŬɟŬůŰɎůŮɤɜ   (v) 

Éȿɞɔɘəɞɑ ˊŬɟɎɔɞɜŰŮɠ 



82 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȹɞɛɏɠ Ůɚɏɔɢɞɡ 

Éɇɟɞˊɞˊɞɘɞɨɜ Űɖ ůŮɘɟɎ ŮəŰɏɚŮůɖɠ Űɤɜ 

ŮɜŰɞɚɩɜ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ 

ÉɃɘ ŮɜŰɞɚɏɠ űɡůɘɞɚɞɔɘəɎ ŮəŰŮɚɞɨɜŰŬɘ əŬŰɎ 

ůŮɘɟɎ Ŭˊɧ Űɖɜ Ŭɟɢɐ ɛɏɢɟɘ Űɞ Űɏɚɞɠ 

ÉɀŮ Űɘɠ ŭɞɛɏɠ Ůɚɏɔɢɞɡ ŮˊɘŰɡɔɢɎɜŮŰŬɘ: 

¸ɞɛŬŭɞˊɞɑɖůɖ ŮɜŰɞɚɩɜ 

¸ŮəŰɏɚŮůɖ ŮɜŰɞɚɩɜ ɡˊɧ ůɡɜɗɐəɖ 

¸ŮˊŬɜɎɚɖɣɖ ŮɜŰɞɚɩɜ 



83 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȿɞɔɘəɎ ŭɘŬɔɟɎɛɛŬŰŬ ɟɞɐɠ  (i) 

 

Éȷɟɢɐ əŬɘ Űɏɚɞɠ 

 

ÉɃɚɧəɚɖɟŮɠ ɚŮɘŰɞɡɟɔɑŮɠ ɐ 

ŭɘŬŭɘəŬůɑŮɠ 

 

Éȷˊɚɏɠ ŮɜŰɞɚɏɠ 

 

 

ÉȰɚŮɔɢɞɠ ůɡɜɗɐəɖɠ 



84 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȿɞɔɘəɎ ŭɘŬɔɟɎɛɛŬŰŬ ɟɞɐɠ  (ii)  

 

ÉȿŮɘŰɞɡɟɔɑŬ 

Ůɘůɧŭɞɡ/Ůɝɧŭɞɡ 

 

 

 

ÉȺˊŬɜɎɚɖɣɖ (ɓɟɧɢɞɠ) 



85 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ɆɨɜɗŮŰɖ ŮɜŰɞɚɐ    (i) 

ÉɃɛŬŭɞˊɞɑɖůɖ ˊɞɚɚɩɜ ŮɜŰɞɚɩɜ ůŮ ɛɑŬ 

Éɉɟɐůɘɛɖ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ ɎɚɚŮɠ ŭɞɛɏɠ 

ÉɆɡɜŰŬəŰɘəɧ ŭɘɎɔɟŬɛɛŬ 



86 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ɆɨɜɗŮŰɖ ŮɜŰɞɚɐ    (ii)  

ÉɄŬɟŬŭŮɑɔɛŬŰŬ 

{  

  int  x=2, y=3, z=3;  

  WRITELN(x, y, z);  

}    
{  

  a=2; b=3;  

  {  

    c=3;  

    WRITE(a, b, c);  

  }  

  WRITELN();  

}  



87 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȺɜŰɞɚɐ if       (i) 

ÉȺəŰɏɚŮůɖ ŮɜŰɞɚɩɜ ɡˊɧ ůɡɜɗɐəɖ 

ÉɆɡɜŰŬəŰɘəɧ ŭɘɎɔɟŬɛɛŬ 

 

 

Éȿɞɔɘəɧ ŭɘɎɔɟŬɛɛŬ 



88 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȺɜŰɞɚɐ if       (ii)  

ÉɄŬɟŬŭŮɑɔɛŬŰŬ 

if ( amount >= x) amount = amount -  x;    

if  (amount >= 1000000)  

 WRITELN("Found a millionaire! " );    

if  (year > 1900 AND year <= 2000)  

 WRITE("20 ɧɠ ŬɘɩɜŬɠ");    

if  (x*x + y*y == z*z) {  

WRITELN(" Pythagorian :", x, y, z);  

s = (z - x)*(z - y)/2;  

WRITELN("Perfect square:", s);  

}  



89 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȺɜŰɞɚɐ if       (iii)  

ÉɄŬɟŬŭŮɑɔɛŬŰŬ 

if  (year % 4 == 0 AND 

   year % 100 != 0 OR 

   year % 400 == 0 AND 

   year % 4000 != 0)  

  WRITELN(" ɇɞ ɏŰɞɠ", year,  

          "ŮɑɜŬɘ ŭɑůŮəŰɞ!");  



90 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȺɜŰɞɚɐ if       (iv) 

ÉɄŬɟŬŭŮɑɔɛŬŰŬ (ůɡɜɏɢŮɘŬ) 

if  (x  % 2 == 0)  WRITELN(" ɎɟŰɘɞɠ");  

else       WRITELN(" ˊŮɟɘŰŰɧɠ");    

if  (x > y)    WRITELN(" əɏɟŭɘůŬ"); 

else if  (x < y)  WRITELN(" əɏɟŭɘůŮɠ"); 

  else     WRITELN(" ɘůɞˊŬɚɑŬ");  

Űɞ ˊŬɟŬəɎŰɤ ŮɑɜŬɘ ɘůɞŭɨɜŬɛɞ ŬɚɚɎ ɢŮɘɟɧŰŮɟɞ: 

if  (x > y)   WRITELN(" əɏɟŭɘůŬ"); 

if  (x < y)   WRITELN(" əɏɟŭɘůŮɠ"); 

if  (x == y)   WRITELN(" ɘůɞˊŬɚɑŬ");  



91 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȺɜŰɞɚɐ if       (v) 

ÉȰɜŬ else  ŬɜŰɘůŰɞɘɢŮɑ ůŰɞ ˊɚɖůɘɏůŰŮɟɞ 

ˊɟɞɖɔɞɨɛŮɜɞ if  ˊɞɡ ŭŮɜ ɏɢŮɘ ɐŭɖ 

ŬɜŰɘůŰɞɘɢɘůŰŮɑ ůŮ Ɏɚɚɞ else  

ÉɄŬɟɎŭŮɘɔɛŬ 

if  (x > 0)  

  if  (y > 0)  

    WRITELN(" ˊɟɩŰɞ ŰŮŰŬɟŰɖɛɧɟɘɞ"); 

  else  if  (y < 0)  

    WRITELN( " ŰɏŰŬɟŰɞ ŰŮŰŬɟŰɖɛɧɟɘɞ"); 

  else  

    WRITELN(" ɎɝɞɜŬɠ Űɤɜ x" );  



92 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȺɜŰɞɚɐ switch     (i) 

ÉȺəŰɏɚŮůɖ ɡˊɧ ůɡɜɗɐəɖ ɔɘŬ ˊɞɚɚɏɠ 
ŭɘŬűɞɟŮŰɘəɏɠ ˊŮɟɘˊŰɩůŮɘɠ 

ÉɄɟɞůűɏɟŮŰŬɘ ˊ.ɢ. ŬɜŰɑ Űɞɡ: 

if  (month == 1)  

  WRITELN(" ȽŬɜɞɡɎɟɘɞɠ"); 

else  if  (month == 2)  

  WRITELN(" ūŮɓɟɞɡɎɟɘɞɠ"); 

else  if  ...  

  ...  

else  if  (month == 12)  

  WRITELN(" ȹŮəɏɛɓɟɘɞɠ"); 

else  

  WRITELN(" Ɏəɡɟɞɠ ɛɐɜŬɠ"); 



93 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȺɜŰɞɚɐ switch     (ii)  

ÉɄŬɟŬŭŮɑɔɛŬŰŬ 

switch (month) {  

  case  1:  WRITELN(" ȽŬɜɞɡɎɟɘɞɠ");   break ;  

  case  2:  WRITELN(" ūŮɓɟɞɡɎɟɘɞɠ");  break ;  

   ...  

  case  12: WRITELN(" ȹŮəɏɛɓɟɘɞɠ");   break ;  

  default : WRITELN(" Ɏəɡɟɞɠ ɛɐɜŬɠ"); break ;  

}  



94 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȺɜŰɞɚɐ switch     (iii)  

ÉɄŮɟɘůůɧŰŮɟŬ ˊŬɟŬŭŮɑɔɛŬŰŬ 

switch  (month) {  

  case  1: case  3: case  5: case  7:  

  case  8: case  10: case  12:  

    WRITELN("31 days"); break ;  

  case  4: case  6: case  9: case  11:  

    WRITELN("30 days"); break ;  

  case  2:  

    WRITELN("28 or 29 days"); break ;  

}    



95 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȺɜŰɞɚɐ switch     (iv) 

ÉɃɘ ɛɏɟŮɠ ɛɏɢɟɘ Űɖɜ ˊɟɤŰɞɢɟɞɜɘɎ 

r = 0;  

switch  (month) {  

  case  1:  r = r + 31;  // ůɡɜŮɢɑɕŮɘ... 
  case  2:  r = r + 28;  // ůɡɜŮɢɑɕŮɘ... 

  case  3:  r = r + 31;  // ůɡɜŮɢɑɕŮɘ... 

  case  4:  r = r + 30;  // ůɡɜŮɢɑɕŮɘ... 

  case  5:  r = r + 31;  // ůɡɜŮɢɑɕŮɘ... 

  ...  

  case  11: r = r + 30;  // ůɡɜŮɢɑɕŮɘ... 

  case  12: r = r + 31;  // ůɡɜŮɢɑɕŮɘ... 

}  

r = r -  day + 1;  

WRITELN( "ɀɏɜɞɡɜ", r, "ɛɏɟŮɠ!");    

ɉɤɟɑɠ break  



96 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȺɜŰɞɚɐ for     (i) 

Look :  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

ũɘŬ ɧɚŮɠ Űɘɠ Űɘɛɏɠ 

Űɖɠ ɛŮŰŬɓɚɖŰɐɠ i  
1 

ȷˊɧ Űɞ 1 ɛɏɢɟɘ 

əŬɘ Űɞ 10 
2 

ȷɨɝɖůŮ əŬŰɎ 1 

Űɖɜ Űɘɛɐ Űɖɠ i  
4 

ȺəŰɏɚŮůŮ 

Űɞ ůɩɛŬ 
3 ȺˊŬɜɎɚŬɓŮ! 5 

ÉɀŬɗŬɑɜɤ ɜŬ ɛŮŰɟɎɤ 
PROGRAM {  // counting  

  int  i ;  

  WRITELN("Look : ");  

  FOR( i , 1 TO 10)  

    WRITELN( i );  

}     



97 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȺɜŰɞɚɐ for     (ii)  

Éɇɞ FOR ɡˊɎɟɢŮɘ ɛɧɜɞ ůŰɞ pzhelp  

ÉɆŰɖ C++ ɡˊɎɟɢŮɘ ɖ ŮɜŰɞɚɐ for   

FOR( i , 1 TO 10)  ... 

ŮɑɜŬɘ ɘůɞŭɨɜŬɛɞ ɛŮ 

for  ( i  = 1; i  <= 10; i ++)  ... 



98 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȺɜŰɞɚɐ for     (iii)  

Look:  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

ɂŮəɑɜɖůŮ Űɖ ɛŮŰŬɓɚɖŰɐ i  

Ŭˊɧ Űɖɜ Űɘɛɐ 1 
1 

ȳůɞ ɖ Űɘɛɐ Űɖɠ i  

ŭŮɜ ɝŮˊŮɟɜɎ Űɞ 10 
2 

ȷɨɝɖůŮ əŬŰɎ 1 

Űɖɜ Űɘɛɐ Űɖɠ i  
4 

ȺəŰɏɚŮůŮ 

Űɞ ůɩɛŬ 
3 

ÉɀŬɗŬɑɜɤ ɜŬ ɛŮŰɟɎɤ (ɝŬɜɎ) 
PROGRAM {  // counting  

  int  i ;  

  WRITELN("Look:");  

  for  ( i  = 1; i  <= 10; i ++)  

    WRITELN( i );  

}     

ȺˊŬɜɎɚŬɓŮ! 5 



99 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȺɜŰɞɚɐ for     (iv) 

ÉɀŬɗŬɑɜɤ ɜŬ ɛŮŰɟɎɤ (ɝŬɜɎ) 
PROGRAM {  // counting  

  WRITELN("Look:");  

  for  ( int  i  = 1; i  <= 10; i ++)  

    WRITELN( i );  

}  

Éȼ ɛŮŰŬɓɚɖŰɐ i  ɞɟɑɕŮŰŬɘ əŬɘ ɛˊɞɟŮɑ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɛɧɜɞ ɛɏůŬ ůŰɞ ɓɟɧɢɞ    



100 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȺɜŰɞɚɐ for     (v) 

ÉȹɡɜɎɛŮɘɠ Űɞɡ ŭɨɞ 
PROGRAM {  // powers of two  

  int  i , p;  

  p = 1;  

  FOR( i , 0 TO 10) {  

    WRITELN(2, "^", i , "=", p);  

    p = p * 2;  

  }  

}     

2^0 = 1  

2^1 = 2  

2^2 = 4  

2^3 = 8  

2^4 = 16  

2^5 = 32  

2^6 = 64  

2^7 = 128  

2^8 = 256  

2^9 = 512  

2^10 = 1024  

ȷɜŬɚɚɞɑɤŰɖ:  p = 2i 



101 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȺɜŰɞɚɐ for     (vi) 

ÉɄŬɟŬɔɞɜŰɘəɧ 

n! = 1 Ĭ 2 Ĭ 3 Ĭ ... Ĭ n   0! = 1 



102 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȺɜŰɞɚɐ for     (vii)  

ÉɄŬɟŬɔɞɜŰɘəɧ 
PROGRAM {  // factorial  

  int  n, p, i ;  

  WRITE("Give n: ");  

  n = READ_INT();  

  p = 1;  

  FOR( i , 2 TO n)  

    p = p * i ;  

  WRITELN(n , "! =", p);  

}  

Give n: 1¾ 

1! = 1  

Give n: 4¾ 

4! = 24  

Give n: 7¾ 

7! = 5040  

Give n: 12¾ 

12! = 479001600  

ȷɜŬɚɚɞɑɤŰɖ:  p = i!  

Give n: 17¾  

17! = - 288522240  

ɈˊŮɟɢŮɑɚɘůɖ! 



103 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȺɜŰɞɚɐ for     (viii)  

Éȸɚɏˊɤ ŬůŰŮɟɎəɘŬ 

FOR( i , 1 TO 5) {  

  FOR(j, 1 TO 10)  

    WRITE("*");  

  WRITELN();  

}  

**********  

**********  

**********  

**********  

**********  

**  

****  

******  

********  

**********  

FOR( i , 1 TO 5) {  

  FOR(j, 1 TO 2* i )  

    WRITE("*");  

  WRITELN();  

}  



104 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȺɜŰɞɚɐ for     (ix) 

ÉɁŰɧɛɘɜɞ 

Éɞɘ Ŭɟɘɗɛɞɑ ˊɖɔŬɑɜɞɡɜ ɛɏɢɟɘ Űɞ n = 6 

ÉůɡɜɞɚɘəɎ 28 əɞɛɛɎŰɘŬ 

ÉŰɘ ɔɑɜŮŰŬɘ ɔɘŬ ɎɚɚŮɠ 

Űɘɛɏɠ Űɞɡ n; 



105 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȺɜŰɞɚɐ for     (x) 

PROGRAM {  // domino2  

  int  n, count, i , j;  

  WRITE("Give n: ");  

  n = READ_INT();  

  count = 0;  

  FOR( i , 0 TO n)  

    FOR(j, i  TO n) {  

      WRITELN( i , j);  

      count = count + 1;  

    }  

  WRITELN("Total", count,  

          "pieces.");  

}  

Give n: 3¾ 

0 0  

0 1  

0 2  

0 3  

1 1  

1 2  

1 3  

2 2  

2 3  

3 3  

Total 10 pieces.  



106 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȺɜŰɞɚɐ for     (xi) 

PROGRAM {  // domino1  

  int  n, count, i ;  

  WRITE("Give n: ");  

  n = READ_INT();  

  count = 0;  

  FOR( i , 0 TO n) {  

    WRITELN(i+1, "with largest", i );  

    count = count + i  + 1;  

  }  

  WRITELN("Total", count, "pieces.");  

}  

Give n: 6¾ 

1 with largest 0  

2 with largest 1  

3 with largest 2  

4 with largest 3  

5 with largest 4  

6 with largest 5  

7 with largest 6  

Total 28 pieces.  

Éȷəɟɘɓɩɠ i+1 əɞɛɛɎŰɘŬ ɏɢɞɡɜ 

Űɞɜ Ŭɟɘɗɛɧ i ɤɠ ɛŮɔŬɚɨŰŮɟɞ! 



107 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȺɜŰɞɚɐ for     (xii)  

PROGRAM {  // domino0  

  int  n, count;  

  WRITE("Give n: ");  

  n = READ_INT();  

  count = (n+2)*(n+1)/2;  

  WRITELN("Total", count, "pieces.");  

}  

Give n: 6¾ 

Total 28 pieces.  

Give n: 17¾ 

Total 171  pieces.  

Give n: 42¾ 

Total 946  pieces.  

ÉȿɑɔŬ ɛŬɗɖɛŬŰɘəɎ ŭŮ ɓɚɎˊŰɞɡɜ... 

ä ä
=
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=

++
==+=

n

i

n

i

nn
iicount

0

1

1 2
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)1(



108 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȺɜŰɞɚɐ for          (xiii)  

ÉɈˊɞɚɞɔɑɕɞɡɛŮ Űɞ ɑŭɘɞ ɛŮ 3 ŭɘŬűɞɟŮŰɘəɞɨɠ Űɟɧˊɞɡɠ 

2

)2)(1(
)1(1

00

++
=+== äää

== =

nn
icount

n

i

n

i

n

ij

domino2  domino1  domino0  

ÉɄɧůŮɠ ŬɟɘɗɛɖŰɘəɏɠ ˊɟɎɝŮɘɠ əɎɜɞɡɜ; 

Édomino2 : (n+1)(n+2)/2 ́ ɟɞůɗɏůŮɘɠ    Ƀ(n2) 

Édomino1 : 2(n+1) ˊɟɞůɗɏůŮɘɠ      Ƀ(n) 

Édomino 0: 2 ˊɟɞůɗɏůŮɘɠ, 1 ˊɞɚɚŬˊɚŬůɘŬůɛɧɠ Ƀ(1) 

ÉȾŬɚɨŰŮɟɞ (ɔɟɖɔɞɟɧŰŮɟɞ) ˊɟɧɔɟŬɛɛŬ: 

ŬɡŰɧ ɛŮ Űɖ ɛɘəɟɧŰŮɟɖ ŭɡɜŬŰɐ ˊɞɚɡˊɚɞəɧŰɖŰŬ! 

ÉɄɧůɞ ůəɏűŰɞɛŬɘ Ůɔɩ / Ʉɧůɞ çůəɏűŰŮŰŬɘè ɞ ȼ/Ɉ ! 



109 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȺɜŰɞɚɐ for     (xiv) 

ÉɄŬɟŬɚɚŬɔɏɠ: Ŭɨɝɖůɖ əŬɘ ɛŮɑɤůɖ 

ÉFOR( i , lower TO upper )  

for ( i  = lower; i  <= upper; i ++)  

Ŭɜ lower  Ò upper , ɗŬ ɔɑɜɞɡɜ upper  ī lower  + 1 

ŮˊŬɜŬɚɐɣŮɘɠ, Ŭɚɚɘɩɠ əŬɛɑŬ 

ÉFOR( i , upper DOWNTO lower )  

for ( i  = upper; i  >= lower; i -- )  

Ŭɜ lower  Ò upper , ɗŬ ɔɑɜɞɡɜ upper  ī lower  + 1 

ŮˊŬɜŬɚɐɣŮɘɠ, Ŭɚɚɘɩɠ əŬɛɑŬ 



110 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȺɜŰɞɚɐ for     (xv) 

ÉɄŬɟŬɚɚŬɔɏɠ: Ŭɨɝɖůɖ əŬɘ ɛŮɑɤůɖ ɛŮ ɓɐɛŬ 

ÉFOR( i , 1 TO 20 STEP 3)  

for ( i  = 1; i  <= 20; i  += 3 )  

i  ˊŬɑɟɜŮɘ Űɘɠ Űɘɛɏɠ:  1, 4, 7, 10, 13, 16, 19 

ÉFOR( i , 1 00 DOWNTO 50 STEP 5)  

for  ( i  = 100 ; i  >= 50; i  - = 5 )  

i  ˊŬɑɟɜŮɘ Űɘɠ Űɘɛɏɠ:  100, 95, 90, 85, ..., 60, 55, 50 



111 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȺɜŰɞɚɐ for     (xvi) 

ÉȺɘŭɘəɏɠ ˊŮɟɘˊŰɩůŮɘɠ: ɛɑŬ űɞɟɎ 
FOR( i , 10 TO 10)  

for  ( i  = 10; i  <= 1 0; i ++)  

FOR( i , 10 DOWNTO 10)  

for  ( i  = 10; i  >= 1 0; i -- )  

ÉȺɘŭɘəɏɠ ˊŮɟɘˊŰɩůŮɘɠ: əŬɛɑŬ űɞɟɎ 
FOR( i , 1 2 TO 10)  

for  ( i  = 12; i  <= 1 0; i ++)  

FOR( i , 10 DOWNTO 12)  

for  ( i  = 10; i  >= 1 2; i -- )  



112 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȺɜŰɞɚɐ for     (xvii)  

ÉȾŬəɐ ɘŭɏŬ #1: 

ÉɁŬ ŬɚɚɎɕɞɡɛŮ Űɖ ɛŮŰŬɓɚɖŰɐ Ůɚɏɔɢɞɡ 

(ˊ.ɢ. ɛŮ ŬɜɎɗŮůɖ) ɛɏůŬ ůŰɞ ůɩɛŬ Űɞɡ ɓɟɧɢɞɡ 

FOR( i , 1 TO 10)  {  

  if  ( i  > 5) i  = 20;  

  WRITELN(i );  

}  

ÉȹŮɜ ŬˊŬɔɞɟŮɨŮŰŬɘ, əɎɜŮɘ ɧɛɤɠ ŭɨůəɞɚɖ Űɖɜ 

əŬŰŬɜɧɖůɖ Űɤɜ ɓɟɧɢɤɜ! 

for : ůɡɔəŮəɟɘɛɏɜɞ, Ůə Űɤɜ ˊɟɞŰɏɟɤɜ ɔɜɤůŰɧ ˊɚɐɗɞɠ ŮˊŬɜŬɚɐɣŮɤɜ! 



113 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȺɜŰɞɚɐ for     (xviii)  

ÉȾŬəɐ ɘŭɏŬ #2: 

ÉɁŬ ŬɚɚɎɕɞɡɛŮ Űɞ (Ɏɜɤ ɐ əɎŰɤ) ɧɟɘɞ (ˊ.ɢ. ɛŮ 

ŬɜɎɗŮůɖ) ɛɏůŬ ůŰɞ ůɩɛŬ Űɞɡ ɓɟɧɢɞɡ 

n = 10;  

FOR( i , 1 TO n)  {  

  n-- ;                 // ɐ ɢŮɘɟɧŰŮɟŬ n++;  

  WRITELN(i );  

}  

ÉɃɨŰŮ ŬɡŰɧ ŬˊŬɔɞɟŮɨŮŰŬɘ, əɎɜŮɘ ɧɛɤɠ 

ŭɨůəɞɚɖ Űɖɜ əŬŰŬɜɧɖůɖ Űɤɜ ɓɟɧɢɤɜ! 

for : ůɡɔəŮəɟɘɛɏɜɞ, Ůə Űɤɜ ˊɟɞŰɏɟɤɜ ɔɜɤůŰɧ ˊɚɐɗɞɠ ŮˊŬɜŬɚɐɣŮɤɜ! 



114 Ɇ. ȻɎɢɞɠ, Ɂ. ɄŬˊŬůˊɨɟɞɡ  ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȼɚŮəŰɟɞɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

ȺɜŰɞɚɐ while     (i) 

Éȸɟɧɢɞɠ ɧůɞ ɘəŬɜɞˊɞɘŮɑŰŬɘ ɛɘŬ ůɡɜɗɐəɖ 

Éȿɞɔɘəɧ ŭɘɎɔɟŬɛɛŬ 

ÉɆɡɜŰŬəŰɘəɧ ŭɘɎɔɟŬɛɛŬ 


