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�¡ê¥ªâ­®-®à¨¥­â¨à®¢ ­­®¥ ¯à®£à ¬¬¨à®¢ ­¨¥
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�« áá Magnitude ¨ ¥£® ¯®¤ª« ááë.

�­­®â æ¨ï

�¥â®¤¨ç¥áª ï à §à ¡®âª  ¯®á¢ïé¥­  á®¢à¥¬¥­­®¬ã ­ ¯à ¢«¥-
­¨î ¢ ¯à®£à ¬¬¨à®¢ ­¨¨ | ®¡ê¥ªâ­®-®à¨¥­â¨à®¢ ­­®© ¬¥â®¤®«®-
£¨¨ ¯à®£à ¬¬¨à®¢ ­¨ï ¨ ï§ëªã Smalltalk ¨ ï¢«ï¥âáï ¯à®¤®«¦¥­¨¥¬
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¤¥ ¯à®£à ¬¬¨à®¢ ­¨ï, ª« ááã Collection ¨ ¥£® ¯®¤ª« áá ¬. � ¤ ­-
­®¬ à ¡®â¥ ®¯¨áë¢ ¥âáï ¯à®â®ª®« ¨ à¥ «¨§ æ¨ï á¨áâ¥¬­®£® ª« á-
á  Magnitude ¨ ¥£® ¯®¤ª« áá®¢. �áî¤ã ¤ «¥¥ ¯à¨ ®¯¨á ­¨¨ ª« á-
á®¢ ï§ëª  Smalltalk ¬ë ¡ã¤¥¬ ¨¬¥âì ¢¢¨¤ã ¨å à¥ «¨§ æ¨î ¢ ï§ëª¥
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1 �« ááMagnitude

�¢«ï¥âáï «¨ ®¤­® ç¨á«® ¡®«ìè¥, ç¥¬ ¤àã£®¥? �«¥¤ã¥â «¨ íâ  ¤ â 
§  â®©? �â®¨â «¨ ­¥ª®â®à ï ¡ãª¢  ¯¥à¥¤ ¨«¨ §  ãª § ­­®© ¡ãª¢®©

¢  «ä ¢¨â¥? �¡é¨© ¯à®â®ª®« ¤«ï ®â¢¥â  ­  ¢á¥ íâ¨ ¢®¯à®áë ¯à¥-
¤®áâ ¢«ï¥â  ¡áâà ªâ­ë© ª« áá Magnitude (�¥«¨ç¨­ ). � ­¥¬ ®¡¥á¯¥-
ç¨¢ îâáï «î¡ë¥ áà ¢­¥­¨ï «¨­¥©­® ã¯®àï¤®ç¥­­ëå ®¡ê¥ªâ®¢. � ª
áã¯¥àª« áá ª« ááMagnitude ¢ª«îç ¥â ¯®¤ª« ááë Time (�à¥¬ï), Date
(� â ), Number (�¨á«®), Character (�¨¬¢®«). �®«­ ï ¨¥à àå¨ï ª« á-
á  Magnitude ¢ ï§ëª¥ Smalltalk á«¥¤ãîé ï

Magnitude
Association
Character
Date
Time
Number
Float
Fraction
Integer
LargeNegativeInteger
LargePositiveInteger
SmallInteger

Magnitude instance protocol

< aMagnitude | ãª §ë¢ ¥â, ¬¥­ìè¥ «¨ ¯à¨¥¬­¨ª á®®¡é¥­¨ï  à£ã-
¬¥­â  aMagnitude

<= aMagnitude | ãª §ë¢ ¥â, ¬¥­ìè¥ ¨«¨ à ¢¥­ ¯à¨¥¬­¨ª á®®¡é¥-
­¨ï  à£ã¬¥­â  aMagnitude

> aMagnitude | ãª §ë¢ ¥â, ¡®«ìè¥ «¨ ¯à¨¥¬­¨ª á®®¡é¥­¨ï  à£ã-
¬¥­â  aMagnitude

>= aMagnitude | ãª §ë¢ ¥â, ¡®«ìè¥ ¨«¨ à ¢¥­ ¯à¨¥¬­¨ª á®®¡é¥-
­¨ï  à£ã¬¥­â  aMagnitude

between: min and: max | ãª §ë¢ ¥â, ¡ã¤¥â «¨ ¯à¨¥¬­¨ª á®®¡é¥­¨ï
¡®«ìè¥ ¨«¨ à ¢¥­  à£ã¬¥­â  min, ¨ ¬¥­ìè¥ ¨«¨ à ¢¥­  à£ã-
¬¥­â  max.



min: aMagnitude | ¨§ ¤¢ãå ¢¥«¨ç¨­, ¯à¨¥¬­¨ª  á®®¡é¥­¨ï ¨  à£ã-
¬¥­â , ¢®§¢à é ¥â âã, ª®â®à ï ¬¥­ìè¥.

max: aMagnitude | ¨§ ¤¢ãå ¢¥«¨ç¨­, ¯à¨¥¬­¨ª  á®®¡é¥­¨ï ¨  à£ã-
¬¥­â , ¢®§¢à é ¥â âã, ª®â®à ï ¡®«ìè¥.

�â¬¥â¨¬, çâ® ¬¥â®¤,  áá®æ¨¨à®¢ ­­ë© á á®®¡é¥­¨¥¬ =, à¥ «¨§®-
¢ ­ ª ª self implementedBySubclass. �®íâ®¬ã ª ¦¤ë© ¯®¤ª« áá ª« á-
á  Magnitude ®¡ï§ â¥«ì­® ¯¥à¥®¯à¥¤¥«ï¥â íâ® á®®¡é¥­¨¥. �¬¥áâ¥ á
â¥¬, ¯à®â®ª®« áà ¢­¥­¨ï ­  á®¢¯ ¤¥­¨¥ ==, s=, ss ­ á«¥¤ã¥âáï ¨§
ª« áá  Object. �á¯®«ì§ãï æ¥«ë¥ ç¨á«  ª ª ®¤¨­ ¨§ ¢¨¤®¢ ®¡ê¥ªâ®¢
ª« áá  Magnitude, ¯®«ãç¨¬

¢ëà ¦¥­¨¥ à¥§ã«ìâ â

3 <= 4 true
3 > 4 false
5 between: 2 and: 6 true
34 max: 45 45

�â®¨â § ¬¥â¨âì, çâ® ¢® ¬­®£¨å ¬¥â®¤ å, ®¯à¥¤¥«ï¥¬ëå ¯®¤ª« á-
á ¬¨ ª« áá  Magnitude ¨ ¢ë¯®«­ïîé¨å ä ªâ¨ç¥áªãî à ¡®âã á ¢¥«¨-
ç¨­ ¬¨, è¨à®ª® ¨á¯®«ì§ãîâáï ¯à¨¬¨â¨¢­ë¥ ¬¥â®¤ë á¨áâ¥¬ë. �á-
ª«îç¥­¨¥ á®áâ ¢«ï¥â â®«ìª® ª« ááë Association ¨ Fraction.

2 �áá®æ¨ â¨¢­ë¥ ¯ àë

�®¦ «ã© ­ ¨¡®«¥¥ ¯à®áâë¬ ¯®¤ª« áá®¬ ª« áá  Magnitude ï¢«ï¥âáï
ª« áá Association (�áá®æ¨ â¨¢­ ï� à ), íª§¥¬¯«ïàë ª®â®à®£® ¨£à îâ
®ç¥­ì ¢ ¦­ãî à®«ì ¢ ª« áá¥ Dictionary ¨ ¥£® ¯®¤ª« áá å.

Magnitude subclass: #Association
instanceVariableNames: ' key value '
classVariableNames: ' '
poolDictionaries: ' '



� ª ¢¨¤­® ¨§ ®¯à¥¤¥«¥­¨ï ª« áá , ª ¦¤ë© íª§¥¬¯«ïà ª« áá 

Association ¨¬¥¥â ¤¢¥ ¯¥à¥¬¥­­ë¥ key (ª«îç) ¨ value (§­ ç¥­¨¥), ¯¥à-
¢ ï ¨§ ª®â®àëå ®¡ï§ â¥«ì­® ¤®«¦­  ááë« âìáï ­  ®¡ê¥ªâ, ¢ ¨­â¥à-
ä¥©á ª®â®à®£® ¢å®¤ïâ á®®¡é¥­¨ï áà ¢­¥­¨ï <;<=; >;>=;=. �«î-
ç ¬¨  áá®æ¨ â¨¢­ëå ¯ à ¬®£ãâ ¡ëâì, ­ ¯à¨¬¥à, ç¨á« , áâà®ª¨ ¨«¨
á¨¬¢®«ë. � ¬¨  áá®æ¨ â¨¢­ë¥ ¯ àë ¢ª«îç îâ ¢ á¢®© ¨­â¥àä¥©á

¢ëè¥¯¥à¥ç¨á«¥­­ë¥ á®®¡é¥­¨ï áà ¢­¥­¨ï, ¢ë¯®«­ïï ¨å ­ ¤ ª«î-
ç ¬¨. �â®à®©  à£ã¬¥­â | value | ¬®¦¥â ááë« âìáï ­  «î¡®© ®¡ê-
¥ªâ á¨áâ¥¬ë. �®§¤ âì íª§¥¬¯«ïà ª« áá  Association ¯®§¢®«ïîâ á«¥-
¤ãîé¨¥ á®®¡é¥­¨ï, ¢å®¤ïé¨¥ ¢ ¥£® ¯à®â®ª®«

Association class protocol

key: aKey | ¢®§¢à é ¥â íª§¥¬¯«ïà ª« áá  Association á ª«îç®¬

aKey.

key: aKey value: anObject | ¢®§¢à é ¥â íª§¥¬¯«ïà ª« áá  Associat-
ion á ª«îç®¬ aKey ¨ §­ ç¥­¨¥¬ anObject.

�®¬¨¬® á®®¡é¥­¨© áà ¢­¥­¨ï, ¯à®â®ª®« á®®¡é¥­¨©, ¯®áë« ¥-
¬ëå íª§¥¬¯«ïà ¬ íâ®£® ª« áá  á®¤¥à¦¨â ã­ à­ë¥ á®®¡é¥­¨ï key ¨
value ¤«ï ¤®áâã¯  ª ¯¥à¥¬¥­­ë¬ íª§¥¬¯«ïà , ª«îç¥¢ë¥ á®®¡é¥­¨ï
key: ¨ value: ¤«ï ¨§¬¥­¥­¨ï á®®â¢¥âáâ¢ãîé¨å ¯¥à¥¬¥­­ëå. �à®¬¥
â®£®, §¤¥áì ¯¥à¥®¯à¥¤¥«ïîâáï á®®¡é¥­¨ï printOn: ¨ storeOn:, ­ á«¥-
¤ã¥¬ë¥ ¨§ ª« áá  Object.

�¥ «¨§ æ¨ï á®®¡é¥­¨© ¯à¨¢¥¤¥­­®£® ¢ëè¥ ¯à®â®ª®«  ª« áá  ¤®-
áâ â®ç­® ¯à®áâ . � ®¡®¨å á«ãç ïå á­ ç «  á ¯®¬®éìî á®®¡é¥­¨ï

self new á®§¤ ¥âáï ­®¢ë© íª§¥¬¯«ïà ª« áá  Association á ¯¥à¥¬¥­­ë-
¬¨ key ¨ value, ááë« îé¨¬¨áï ­  nil,   § â¥¬ á®§¤ ­­®¬ã íª§¥¬¯«ïàã
¯®áë« îâáï ª«îç¥¢ë¥ á®®¡é¥­¨ï íª§¥¬¯«ïà , ¨­¨æ¨ «¨§¨àãîé¨¥
íâ¨ ¯¥à¥¬¥­­ë¥.

Association class methods

key: anObject
"�®§¢à é ¥â íª§¥¬¯«ïà ª« áá  Association á § ¤ ­­ë¬ ª«îç®¬"

^ self new key: anObject



key: aKey value: anObject
"�®§¢à é ¥â íª§¥¬¯«ïà ª« áá  Association
á § ¤ ­­ë¬¨ ª«îç®¬ ¨ §­ ç¥­¨¥¬"

^ (self key: aKey) value: anObject

Association methods

key: anObject
"� ¤ ¥â §­ ç¥­¨¥ ª«îç  (¯¥à¢®£® ®¡ê¥ªâ ) ¯à¨¥¬­¨ª .
�®§¢à é ¥â ¯à¨¥¬­¨ª ¢ ª ç¥áâ¢¥ à¥§ã«ìâ â "

key := anObject

value: anObject
"� ¤ ¥â §­ ç¥­¨¥ (¢â®à®© ®¡ê¥ªâ) ¯à¨¥¬­¨ª .
�®§¢à é ¥â ¯à¨¥¬­¨ª ¢ ª ç¥áâ¢¥ à¥§ã«ìâ â ."

value := anObject

�¡à â¨â¥ ¢­¨¬ ­¨¥, çâ® ¢ ª« áá¥ Association áãé¥áâ¢ã¥â ¨ á®®¡-
é¥­¨¥ ª« áá  ¨ á®®¡é¥­¨¥ íª§¥¬¯«ïà  á ®¤­¨¬ ¨ â¥¬ ¦¥ á¥«¥ªâ®-
à®¬ á®®¡é¥­¨ï key:. �¨ª ª®© ¯ãâ ­¨æë ¯à¨ íâ®¬ ­¥ ¢®§­¨ª ¥â. �®-
£¤  á®®¡é¥­¨¥ ¯®áë« ¥âáï ª« ááã ª ª ®¡ê¥ªâã á¨áâ¥¬ë, ¯®¨áª á®®â-
¢¥âáâ¢ãîé¥£® ¬¥â®¤  ­ ç¨­ ¥âáï ¢ ¬¥â ª« áá  ª« áá  Association ¨
â ¬ ­ å®¤¨âáï. �®£¤  ¦¥ á®®¡é¥­¨¥ ¯®áë« ¥âáï íª§¥¬¯«ïàã ª« áá 
Association, ¯®¨áª ­ã¦­®£® ¬¥â®¤  ­ ç¨­ ¥âáï ¢ á ¬®¬ ª« áá¥.

3 �« áá Character

�« áá Character ¯à¥¤áâ ¢«ï¥â ®á®¡ë© ¨­â¥à¥á, ¯®áª®«ìªã ¯à¥¤áâ -
¢«ï¥â ­¥¨§¬¥­ï¥¬ë¥ ®¡ê¥ªâë á¨áâ¥¬ë. �­ ¢ª«îç¥­ ª ª ¯®¤ª« áá ¢
ª« áá Magnitude ¯®â®¬ã, çâ® ¢á¥ íª§¥¬¯«ïàë ª« áá  Character ®¡à -
§ãîâ «¨­¥©­® ã¯®àï¤®ç¥­­®¥ ¬­®¦¥áâ¢®, â® ¥áâì ¤«ï ¤¢ãå á¨¬¢®«®¢
¨§ íâ®£® ¬­®¦¥áâ¢  ¢á¥£¤  ¬®¦­® áª § âì, ª ª®© ¨§ á¨¬¢®«®¢ ¯à¥¤-
è¥áâ¢ã¥â (<) ¨«¨ á«¥¤ã¥â (>) §  ¤àã£¨¬. �á¥£® ¢ á¨áâ¥¬¥ áãé¥áâ¢ã-
¥â 256 íª§¥¬¯«ïà®¢ ª« áá  Character, ª ¦¤ë© ¨§ ª®â®àëå  áá®æ¨¨-
àã¥âáï á ª®¤®¬ ASCII ¨§ à áè¨à¥­­®© ASCII-â ¡«¨æë á¨¬¢®«®¢ ¨

®¯à¥¤¥«ï¥âáï ¯¥à¥¬¥­­®© íª§¥¬¯«ïà  asciiInteger. �« áá Character
¨¬¥¥â ¤®áâã¯ ª á«®¢ àî CharacterConstants (�¨¬¢®«ì­ë¥�®­áâ ­âë),
ª®â®àë© á®¤¥à¦¨â â ª¨¥ á¨¬¢®«ë ª ª, ­ ¯à¨¬¥à, Tab (� ¡ã«ïæ¨ï),



Space (�à®¡¥«), Cr (�®§¢à â� à¥âª¨) ¨ ¤àã£¨¥. �â® á«¥¤ã¥â ¨§ ¯à¨-
¢®¤¨¬®£® ­¨¦¥ ®¯à¥¤¥«¥­¨ï ª« áá 

Magnitude subclass: #Character
instanceVariableNames: ' asciiInteger '
classVariableNames: ' '
poolDictionaries: ' CharacterConstants '

�à®â®ª®« ¤®áâã¯  ª ¢á¥£¤  áãé¥áâ¢ãîé¨¬ ¢ á¨áâ¥¬¥ íª§¥¬¯«ï-
à ¬ ª« áá  Character ¯à¨¢®¤¨âáï ­¨¦¥. �à®¬¥ â®£®, ¢ á¨áâ¥¬¥ ª -
¦¤ë© íª§¥¬¯«ïà ª« áá  Character ¬®¦¥â ¡ëâì ¯à¥¤áâ ¢«¥­ ¥é¥ ¨
«¨â¥à «ì­®, â® ¥áâì § ¯¨á ­ ¢ ¢¨¤¥ á¨¬¢®«   «ä ¢¨â , ª®â®à®¬ã
¯à¥¤è¥áâ¢ã¥â §­ ª $ (¤®«« à ). � ¯à¨¬¥à, $A ¯à¥¤áâ ¢«ï¥â ¯à®-
¯¨á­ãî  ­£«¨©áªãî ¡ãª¢ã 'A'.

Character class protocol

value: anInteger | ¢®§¢à é ¥â íª§¥¬¯«ïà ª« áá  Character, ASCII
ª®¤ ª®â®à®£® à ¢¥­  à£ã¬¥­âã anInteger. � ¯à¨¬¥à, ¢ëà ¦¥-
­¨¥ Character value: 65 ¢®§¢à é ¥â ¯à®¯¨á­ãî  ­£«¨©áªãî ¡ã-
ª¢ã 'A'.

digitValue: anInteger | ¢®§¢à é ¥â íª§¥¬¯«ïà ª« áá  Character, çì¥
ç¨á«®¢®¥ §­ ç¥­¨¥ ¥áâì  à£ã¬¥­â anInteger. � ¯à¨¬¥à, ¢®§¢à -
é ¥â $9, ¥á«¨  à£ã¬¥­â ¥áâì 9, ¢®§¢à é ¥â $0, ¥á«¨  à£ã¬¥­â
¥áâì 0, ¢®§¢à é ¥â $�, ¥á«¨  à£ã¬¥­â ¥áâì 10 ¨ $Z, ¥á«¨  à-
£ã¬¥­â ¥áâì 35. �¡ëç­®, ¨á¯®«ì§ãîâáï â®«ìª® á¨¬¢®«ë ¤® $F
(¯à¨ 16-à¨ç­®© á¨áâ¥¬¥ áç¨á«¥­¨ï).

�®®¡é¥­¨ï ª íª§¥¬¯«ïà ¬ ª« áá  Character ¯®¤¤¥à¦¨¢ îâ ¤®-
áâã¯ ª ¨åASCII-§­ ç¥­¨ï¬ ¨ ª æ¨äà®¢ë¬ §­ ç¥­¨ï¬ íâ¨å íª§¥¬¯«ï-
à®¢, ¯à®¨§¢®¤ïâ ¯à®¢¥àªã â¨¯  á¨¬¢®« . �¤¨­áâ¢¥­­®¥ ­ §­ ç¥­¨¥
íª§¥¬¯«ïà  ª« áá  Character ¢ á¨áâ¥¬¥ | åà ­¨âì á¢®¥ §­ ç¥­¨¥,
ª®â®à®¥ ­¥ ¬®¦¥â ¡ëâì ¨§¬¥­¥­®. �¡ê¥ªâë á¨áâ¥¬ë, ª®â®àë¥ ­¥
¬®£ãâ ¨§¬¥­¨âì á¢®¥£® ¢­ãâà¥­­¥£® áâ âãá , ­ §ë¢ îâáï ­¥¨§¬¥­ï-
¥¬ë¬¨ ®¡ê¥ªâ ¬¨. �à®¬¥ â®£®, ¢á¥ 256 íª§¥¬¯«ïà®¢ íâ®£® ª« áá 
á®§¤ îâáï ¢® ¢à¥¬ï ¨­¨æ¨ «¨§ æ¨¨ á¨áâ¥¬ë ¨ ­¥ ¨§¬¥­ïîâáï. � ª



â®«ìª® âà¥¡ã¥âáï ­®¢ë© á¨¬¢®« á ASCII-ª®¤®¬ ®â 0 ¤® 255, ãáâ ­ -
¢«¨¢ ¥âáï ááë«ª  ­  ã¦¥ áãé¥áâ¢ãîé¨© á¨¬¢®«.

Character instance protocol

asciiValue | ¢®§¢à é ¥â ç¨á«®, á®®â¢¥âáâ¢ãîé¥¥ ASCII-ª®¤ã ¯à¨-
¥¬­¨ª .

asSymbol | ¯à¥®¡à §ã¥â á¨¬¢®«-¯à¨¥¬­¨ª, íª§¥¬¯«ïà ª« áá  Character,
¢ íª§¥¬¯«ïà ª« áá  Symbol.

digitValue | ¢®§¢à é ¥â ç¨á«®, á®®â¢¥âáâ¢ãîé¥¥ æ¨äà®¢®¬ã ¯à¥¤-
áâ ¢«¥­¨î ¯à¨¥¬­¨ª  á®®¡é¥­¨ï (á¬. á®®¡é¥­¨¥ digitValue:).

isAlphaNumeric | ¢®§¢à é ¥â true, ¥á«¨ ¯à¨¥¬­¨ª ¡ãª¢  ¨«¨ æ¨äà .

isDigit | ¢®§¢à é ¥â true, ¥á«¨ ¯à¨¥¬­¨ª æ¨äà .

isLetter | ¢®§¢à é ¥â true, ¥á«¨ ¯à¨¥¬­¨ª ¡ãª¢ .

isLowercase | ¢®§¢à é ¥â true, ¥á«¨ ¯à¨¥¬­¨ª áâà®ç­ ï ¡ãª¢ .

isUppercase | ¢®§¢à é ¥â true, ¥á«¨ ¯à¨¥¬­¨ª ¯à®¯¨á­ ï ¡ãª¢ .

isSeparator | ¢®§¢à é ¥â true, ¥á«¨ ¯à¨¥¬­¨ª ï¢«ï¥âáï ®¤­¨¬ ¨§

á¨¬¢®«®¢-à §¤¥«¨â¥«¥©: cr, line-feed, form-feed, space, tab.

isVowel | ¢®§¢à é ¥â true, ¥á«¨ ¯à¨¥¬­¨ª ®¤­  ¨§ £« á­ëå ¡ãª¢

 ­£«¨©áª®£®  «ä ¢¨â .

�à®¬¥ â®£®, áãé¥áâ¢ã¥â ¢®§¬®¦­®áâì ¯à¥®¡à §®¢ë¢ âì á¨¬¢®«ë ¨§

¯à®¯¨á­ëå ¢ áâà®ç­ë¥ ¨ ­ ®¡®à®â (asUppercase, asLowercase).
�®¤¤¥à¦¨¢ ¥âáï â ª ¦¥ ¯à®â®ª®« áà ¢­¥­¨ï íª§¥¬¯«ïà®¢ ª« á-

á  Character ¢  «ä ¢¨â­®¬ ¯®àï¤ª¥. � ¯à¨¬¥à, ¬ë ¦¥« ¥¬ ã§­ âì

¯à¥¤è¥áâ¢ã¥â «¨ ®¤­  áâà®ª  ¤àã£®© ¢ â¥«¥ä®­­®© ª­¨£¥. �«¥¬¥­-
âë áâà®ª¨| á¨¬¢®«ë, ¨ áâà®ª  (íª§¥¬¯«ïà ª« áá  String) ¯®­¨¬ ¥â
á®®¡é¥­¨¥ at: anIndex, ª®â®à®¥ ¢®§¢à é ¥â á¨¬¢®« ¨§ áâà®ª¨ á ¨­-
¤¥ªá®¬ anIndex; â ª¨¬ ®¡à §®¬, 'abcde' at: 2 ¥áâì $b. �¯à¥¤¥«¨¬

á¯¥æ¨ «ì­ë© ¬¥â®¤ ¢ ª« áá¥ String, á á¥«¥ªâ®à®¬ min:, ª®â®àë© ¢®§-
¢à é ¥â âã ¨§ ¤¢ãå áâà®ª, ¯à¨¥¬­¨ª  á®®¡é¥­¨ï ¨«¨ ¥£®  à£ã¬¥­â ,
çâ® áâ®¨â à ­ìè¥ á®£« á­® ã¯®àï¤®ç¨¢ ­¨ï ¯®  «ä ¢¨âã.



min: aString
1 to self size do:
[:index|
(index > aString size) ifTrue: [^ aString].
(self at: index) > (aString at: index) ifTrue: [^ aString].
(self at: index) < (aString at: index) ifTrue: [^ self]].

^ self

�«£®à¨â¬ íâ®£® ¬¥â®¤  á®áâ®¨â ¨§ á«¥¤ãîé¨å ®ç¥¢¨¤­ëå ¤¥©-
áâ¢¨©. �¨á«® ¨â¥à æ¨© ®£à ­¨ç¨¢ ¥âáï ç¨á«®¬ á¨¬¢®«®¢ ¢ ¯à¨¥¬-
­¨ª¥ á®®¡é¥­¨ï. �â¥à æ¨¨ ¯à¥ªà é îâáï ¢ á«¥¤ãîé¨å ­¨¦¥¯¥à¥-
ç¨á«¥­­ëå á¨âã æ¨ïå

1) �á¥ ¯à¥¤ë¤ãé¨¥ á¨¬¢®«ë á®¢¯ «¨, ­® ¢  à£ã¬¥­â¥ aString
¡®«ìè¥ ­¥â á¨¬¢®«®¢ (index > aString size).

2) �«¥¤ãîé¨© á¨¬¢®« ¢ ¯à¨¥¬­¨ª¥ á®®¡é¥­¨ï à á¯®«®¦¥­ ¯®á«¥
á®®â¢¥âáâ¢ãîé¥£® á¨¬¢®«  ¢  à£ã¬¥­â¥ aString ((self at: index)
> (aString at: index)).

3) �«¥¤ãîé¨© á¨¬¢®« ¢ ¯à¨¥¬­¨ª¥ á®®¡é¥­¨ï à á¯®«®¦¥­ ¤® á®-
®â¢¥âáâ¢ãîé¥£® á¨¬¢®«  ¢  à£ã¬¥­â¥ aString.

� áá¬®âà¨¬ ¯à¨¬¥àë. �ãáâì áà ¢­¨¢ îâáï áâà®ª¨ 'abcd' ¨ 'abc',
¯à¨ç¥¬ ¯¥à¢ ï | ¯à¨¥¬­¨ª á®®¡é¥­¨ï, â®£¤  ¯à¨ §­ ç¥­¨¨ index
= 4, ¡ã¤¥â ¢®§¢à é¥­  áâà®ª  'abc' (à¥ «¨§®¢ « áì á¨âã æ¨ï (1)).
�á«¨ ¦¥ áâà®ª  'abde' | ¯à¨¥¬­¨ª á®®¡é¥­¨ï - áà ¢­¨¢ ¥âáï á®

áâà®ª®© 'abcd', â® ª®£¤  index = 3, ãá«®¢¨¥ d > c ¢ë¯®«­ï¥âáï ¨

¬¥â®¤ ¢®§¢à é ¥â áâà®ªã 'abcd'. � â®¬ á«ãç ¥, ª®£¤  áà ¢­¨¢ îâáï
áâà®ª¨ 'az' ¨ 'by', ¯à¨ç¥¬ ¯¥à¢ ï | ¯à¨¥¬­¨ª á®®¡é¥­¨ï, à¥ «¨-
§ã¥âáï á¨âã æ¨ï (3) ¨ ¬¥â®¤ ¢®§¢à â¨â áâà®ªã 'az'. � â®¬ á«ãç ¥,
ª®£¤  ¯à¨¥¬­¨ª á®®¡é¥­¨ï ¨¬¥¥â ¬¥­ìè¥ á¨¬¢®«®¢, ç¥¬  à£ã¬¥­â,
¨ ¤ ¦¥ â®£¤ , ª®£¤  ¯à¨¥¬­¨ª á®áâ ¢«ï¥â ­ ç «ì­ãî ¯®¤áâà®ªã  à-
£ã¬¥­â , ãá«®¢¨¥ index > aString size ­¨ª®£¤  ­¥ à¥ «¨§ã¥âáï, ¨ «¨¡®
¢®§­¨ª­ãâ á¨âã æ¨¨ (2), (3), «¨¡® ­¨ ®¤­  ¨§ ­¨å ­¥ à¥ «¨§ã¥âáï
¨ â®£¤  ¢ ¬¥â®¤¥ ¢ë¯®«­¨âáï ¢ëà ¦¥­¨¥ ^ self, ª®â®à®¥ ¢¥à­¥â ¯à¨-
¥¬­¨ª á®®¡é¥­¨ï ª ª à¥§ã«ìâ â. �®á«¥¤­¥¥ ¯à®¨§®©¤¥â, ­ ¯à¨¬¥à,
¯à¨ áà ¢­¥­¨¨ áâà®ª 'abc' ¨ 'abcd', ª®£¤  ¯¥à¢ ï | ¯à¨¥¬­¨ª á®®¡-
é¥­¨ï.



�â¬¥â¨¬, çâ®  à¨ä¬¥â¨ç¥áª¨¥ ®¯¥à æ¨¨ á á¨¬¢®« ¬¨ ­¥ ¯®¤¤¥à-
¦¨¢ îâáï. �®¯ëâª  ¨å ¢ë¯®«­¨âì ¡ã¤¥â ¯à¨¢®¤¨âì ª á®®¡é¥­¨î
®¡ ®è¨¡ª¥.

4 �« áá Date

�®á«¥ â®£®, ª ª ®¯à¥¤¥«¥­ ®¡é¨© ¯à®â®ª®« ª« áá  Magnitude, ¥áâì
¢®§¬®¦­®áâì ¤®¯®«­¨âì ¥£® ­®¢ë¬ ¯à®â®ª®«®¬, ª®â®àë© ¡ë ¨ ¯®¤-
¤¥à¦¨¢ «  à¨ä¬¥â¨ç¥áª¨¥ ®¯¥à æ¨¨ ¨ ¢ë¯®«­ï« á¯¥æ¨ «ì­ë¥ «¨-
­¥©­ë¥ ¨§¬¥à¥­¨ï. �¤­¨¬ ¨§ â ª¨å à áè¨à¥­¨© ï¢«ï¥âáï ª« áá

Date:

Magnitude subclass: #Date
instanceVariableNames: ' day '
classVariableNames: ' MonthNames MonthStrings '
poolDictionaries: ' '

�ª§¥¬¯«ïà ª« áá  Date (� â ) ¯à¥¤áâ ¢«ï¥â á®¡®© ª®­ªà¥â­ë©
¤¥­ì (day) ®â ­ ç «  î«¨ ­áª®£® ª «¥­¤ àï. �â®â ¤¥­ì áãé¥áâ¢ã-
¥â ¢ ª®­ªà¥â­®¬ ¬¥áïæ¥ ¨ £®¤¥. �« áá Date ¨¬¥¥â ¤¢¥ ¯¥à¥¬¥­­ë¥
ª« áá  | á«®¢ à¨ á ¨¬¥­ ¬¨ MonthNames ¨ MonthStrings, á®áâ®ï-
é¨¥ ¨§  áá®æ¨ â¨¢­ëå ¯ à, ¢ ª®â®àëå §­ ç¥­¨ï | ¨­¤¥ªá ¬¥áïæ 

¢ £®¤ã,   ª«îç¨ | ¨¬¥­  ¬¥áïæ¥¢, ¢ëà ¦¥­­ë¥ ¢ ¯¥à¢®¬ á«®¢ à¥

íª§¥¬¯«ïà ¬¨ ª« áá  Symbol,   ¢® ¢â®à®¬ | íª§¥¬¯«ïà ¬¨ ª« á-
á  String. � ¯à¨¬¥à, ¢ ¯¥à¢ë© á«®¢ à¥ ¢å®¤ïâ  áá®æ¨ â¨¢­ë¥ ¯ àë
¢¨¤  (#Jan 1) ¨ (#January 1),   ¢® ¢â®à®© | ('jan' 1) ¨ ('january' 1).
�« ááã Date ¨§¢¥áâ­  ­¥ª®â®à ï ®ç¥¢¨¤­ ï ¨­ä®à¬ æ¨ï:

� ¢ ­¥¤¥«¥ 7 ¤­¥©, ª ¦¤ë© ¤¥­ì ¨¬¥¥â ¨¬ï ¨ á®®â¢¥âáâ¢ãîé¨©
¨­¤¥ªá 1,: : : ,7;

� ¢ £®¤ã 12 ¬¥áïæ¥¢, ª ¦¤ë© ¬¥áïæ ¨¬¥¥â ¨¬ï ¨ á®®â¢¥âáâ¢ãî-
é¨© ¨­¤¥ªá 1,: : : ,12;

� ¢ ª ¦¤®¬ ¬¥áïæ¥ ¬®¦¥â ¡ëâì 28, 29, 30 ¨«¨ 31 ¤¥­ì;

� ª ¦¤ë© £®¤ ¬®¦¥â ¡ëâì ®¡ëç­ë¬ ¢ 365 ¤­¥© ¨«¨ ¢¨á®ª®á­ë¬
¢ 366 ¤­¥©.

�«ï ¯¥à¢®£® §­ ª®¬áâ¢  á ¯à®â®ª®«®¬ ª« áá  Date à áá¬®âà¨¬
á®®¡é¥­¨ï, ¯®¤¤¥à¦¨¢ îé¨¥ ®¡é¨¥ § ¯à®áë ª ª« ááã Date.



Date class protocol

dayOfWeek: dayName | ¢®§¢à é ¥â ¤«ï ¨¬¥­¨ ¤­ï ­¥¤¥«¨, § ¤ ­-
­®£®  à£ã¬¥­â®¬ dayName, ¥£® ¨­¤¥ªá (1,2,: : :¨«¨ 7).

nameOfDay: dayIndex | ¢®§¢à é ¥â ¨¬ï ¤­ï ­¥¤¥«¨ ¯® ¥£® ¨­¤¥ªáã,
£¤¥ 1 { Monday, 2 { Tuesday, ¨ â.¤., ¤® 7 { Sanday.

indexOfMonth: monthName | ¢®§¢à é ¥â ¤«ï ¨¬¥­¨ ¬¥áïæ , § ¤ ­-
­®£®  à£ã¬¥­â®¬ monthName, ¥£® ¨­¤¥ªá (1,2,: : : ,12).

nameOfMonth: monthIndex | ¢®§¢à é ¥â ¨¬ï ¬¥áïæ  ¯® ¥£® ¨­¤¥ªáã,
£¤¥ 1 { January, 2 { February, ¨ â.¤..

daysInMonth: monthName forYear: yearInteger | ¢®§¢à é ¥â ç¨á«® ¤­¥©

¢ ¬¥áïæ¥ á ¨¬¥­¥¬ monthName ¢ £®¤ã yearInntger (£®¤ ¤®«¦¥­
¡ëâì ¨§¢¥áâ¥­, çâ®¡ë ®¯à¥¤¥«¨âì ï¢«ï¥âáï ®­ ¢¨á®ª®á­ë¬ ¨«¨
­¥â).

daysInYear: yearInteger | ¢®§¢à é ¥â ç¨á«® ¤­¥© ¢ £®¤ã yearInteger.

leapYear: yearInteger | ¢®§¢à é ¥â 1, ¥á«¨ £®¤ yearInteger| ¢¨á®ª®á-
­ë©, ¨­ ç¥ ¢®§¢à é ¥â 0.

dateAndTimeNow | ¢®§¢à é ¥â ¬ áá¨¢, ¯¥à¢ë© í«¥¬¥­â ª®â®à®£®

¥áâì â¥ªãé ï ¤ â  (íª§¥¬¯«ïà ª« áá  Date),   ¢â®à®© í«¥¬¥­â
| â¥ªãé¥¥ ¢à¥¬ï (íª§¥¬¯«ïà ª« áá  Time).

� ª¨¬ ®¡à §®¬, ¬ë ¬®¦¥¬ ¯®á« âì ª« ááã Date â ª¨¥ á®®¡é¥­¨ï

¢ëà ¦¥­¨¥ à¥§ã«ìâ â

Date daysInYear: 1982 365
Date dayOfWeek: #Wednesday 3
Date nameOfMonth: 10 October
Date leapYear: 1972 1 (¢¨á®ª®á­ë©)
Date daysInMonth: #February forYear: 1972 29



� ª« áá¥ Date ®¡ëç­® ¤«ï ­ §¢ ­¨© ¤­¥© ­¥¤¥«¨ ¨ ¬¥áïæ¥¢ ¨á-
¯®«ì§ãîâáï ®¡é¥¯à¨­ïâë¥ (¢  ­£«®ï§ëç­ëå áâà ­ å) á®ªà é¥­¨ï.

�«ï á®§¤ ­¨ï íª§¥¬¯«ïà®¢ ª« áá  Date ¬®£ãâ ¨á¯®«ì§®¢ âìáï
á«¥¤ãîé¨¥ ç¥âëà¥ á®®¡é¥­¨ï. �¤­® ¨§ ­¨å,   ¨¬¥­­® today, ®á®-
¡¥­­® ç áâ® ¨á¯®«ì§ã¥âáï ¯à¨ ãáâ ­®¢ª¥ ¤ âë á®§¤ ­¨ï ä ©« .

Date class protocol

today | ¢®§¢à é ¥â ¤ âã, ª®£¤  ¡ë«® ¯®á« ­® íâ® á®®¡é¥­¨¥.

fromDays: dayCount | ¢®§¢à é ¥â ¤ âã, ª®â®à ï á®®â¢¥âáâ¢ã¥â ¤­î
dayCount ¤® ¨«¨ ¯®á«¥ 1-£® ï­¢ àï 1901 £ (¢ § ¢¨á¨¬®áâ¨ ®â
§­ ª   à£ã¬¥­â  dayCount).

newDay: day month: monthName year: yearInteger | ¢®§¢à é ¥â ¤ âã,
ª®â®à ï á®®â¢¥âáâ¢ã¥â ¤­î day ¢ ãª § ­­®¬ ¬¥áïæ¥monthName
¢ £®¤ã yearInteger.

newDay: dayCount year: yearInteger | ¢®§¢à é ¥â ¤ âã, ª®â®à ï á®-
®â¢¥âáâ¢ã¥â ¤­î dayCount á ­ ç «  £®¤  yearInteger.

�®â ¯à¨¬¥àë á®§¤ ­¨ï íª§¥¬¯«ïà®¢ ª« áá  Date, ¨á¯®«ì§ãîé¨¥ íâ¨
á®®¡é¥­¨ï.

¢ëà ¦¥­¨¥ à¥§ã«ìâ â

Date today 3 October 1996
Date fromDays: 200 20 July 1901
Date newDays: 6 month: #Feb year: 96 6 February 1996
Date newDays: 3 year: 96 3 January 1996

�à®â®ª®«®¬ ª« áá  Date ¯®¤¤¥à¦¨¢ îâáï á«¥¤ãîé¨¥ ¯à®áâë¥
 à¨ä¬¥â¨ç¥áª¨¥ ®¯¥à æ¨¨ á ¤ â ¬¨.



Date instance protocol

addDays: dayCount | ¢®§¢à é ¥â ¤ âã ç¥à¥§ § ¤ ­­®¥ ç¨á«® ¤­¥©

dayCount ¯®á«¥ ¤ âë-¯à¨¥¬­¨ª  á®®¡é¥­¨ï.

subtractDays: dayCount | ¢®§¢à é ¥â ¤ âã ç¥à¥§ § ¤ ­­®¥ ç¨á«®

¤­¥© dayCount ¤® ¤ âë-¯à¨¥¬­¨ª  á®®¡é¥­¨ï.

subtractDays: aDate | ¢®§¢à é ¥â æ¥«®¥ ç¨á«®, ¯à¥¤áâ ¢«ïîé¥¥ ç¨-
á«® ¤­¥© ¬¥¦¤ã ¯à¨¥¬­¨ª®¬ á®®¡é¥­¨ï ¨  à£ã¬¥­â®¬ aDate.

� ª ï  à¨ä¬¥â¨ª  á ¤ â ¬¨ ¯®«¥§­ . � ¯à¨¬¥à, ­ ¤® ¢ëç¨-
á«¨âì ¤ âã ¢®§¢à é¥­¨ï ª­¨£¨ ¢ ¡¨¡«¨®â¥ªã ¨«¨ ç¨á«® ¤­¥© ¯à®-
áà®çª¨ ¢®§¢à â . �á«¨ dueDate | íâ® ¤ â  ¢®§¢à é¥­¨ï ª­¨£¨, â®
ç¨á«® ¤­¥© ¯à®áà®çª¨ ¬ë ¯®«ãç¨¬, ¢ëç¨á«ïï ¢ëà ¦¥­¨¥

Date today subtractDate: dueDate.

�á«¨, ¢ë¤ ­­ ï á¥£®¤­ï ª­¨£ , ¤®«¦­  ¡ëâì ¢®§¢à é¥­  ç¥à¥§
¤¢¥ ­¥¤¥«¨, â® ¤ â  ¢®§¢à â  ª­¨£¨ ¢ ¡¨¡«¨®â¥ªã ¢ëç¨á«ï¥âáï ¢ë-
à ¦¥­¨¥¬

Date today addDays: 14.

5 �« áá Time

�¯à¥¤¥«¥­¨¥ ª« áá  Time ¢ á¨áâ¥¬¥ Smalltalk á«¥¤ãîé¥¥

Magnitude subclass: #Time
instanceVariableNames: ' seconds '
classVariableNames: ' TimeTickOn ValueArray '
poolDictionaries: ' '

�ª§¥¬¯«ïà ª« áá  Time (�à¥¬ï) ¯à¥¤áâ ¢«ï¥â ­¥ª®â®àãî ª®­-
ªà¥â­ãî á¥ªã­¤ã ¢ â¥ç¥­¨¥ ¤­ï, á®åà ­ï¥¬ãî ¢ ¯¥à¥¬¥­­®© íª§¥¬-
¯«ïà  seconds. �ç¨â ¥âáï, çâ® ¤¥­ì ­ ç¨­ ¥âáï ¢ ¯®«­®çì. �à®-
¬¥ â®£®, ª« áá Time ¨¬¥¥â ¤¢¥ ¯¥à¥¬¥­­ë¥ ª« áá . � ¯¥à¥¬¥­­®©



ValueArray | ç¥âëà¥å¬¥à­®¬ ¬ áá¨¢¥ | åà ­¨âìáï â¥ªãé¥¥ ¢à¥¬ï,
á®áâ®ïé¥¥ ¨§ ç á®¢, ¬¨­ãâ, á¥ªã­¤, ¬¨««¨á¥ªã­¤. � ¯¥à¥¬¥­­ ï

TimeTickOn | «®£¨ç¥áª ï ¢¥«¨ç¨­  (true ¨«¨ false) | ä« £ ¤®áâã-
¯  ª ¯à¥àë¢ ­¨î á¨áâ¥¬­®£® â ©¬¥à .

Time class protocol

millisecondClockValue | ¢®§¢à é ¥â ç¨á«® ¬¨««¨á¥ªã­¤ ¯®á«¥ ¯®-
á«¥¤­¥© ãáâ ­®¢ª¨ ç á®¢ ­  0.

millisecondsToRun: timeBlock | ¢®§¢à é ¥â ç¨á«® ¬¨««¨á¥ªã­¤, ­¥-
®¡å®¤¨¬ëå ¤«ï ¢ë¯®«­¥­¨ï ¡«®ª  ¢ëà ¦¥­¨© timeBlock.

totalSeconds | ¢®§¢à é ¥â ®¡é¥¥ ç¨á«® á¥ªã­¤, ¯à®è¥¤è¥¥ á 1 ï­¢ -
àï 1901 £®¤ , áª®àà¥ªâ¨à®¢ ­­®¥ ­  ç á®¢®© (¢à¥¬¥­­®©) ¯®ïá.

dateAndTimeNow | ¢®§¢à é ¥â íª§¥¬¯«ïà ª« áá  Array, ç¥© ¯¥à¢ë©
í«¥¬¥­â | â¥ªãé ï ¤ â  (íª§¥¬¯«ïà ª« áá  Date),   ¢â®à®©
í«¥¬¥­â | â¥ªãé¥¥ ¢à¥¬ï (íª§¥¬¯«ïà ª« áá  Time).

now | ¢®§¢à é ¥â ¢à¥¬ï, ¢ ª®â®à®¥ ¡ë«® ¯®á« ­® á®®¡é¥­¨¥, ç¨â ï
â¥ªãé¥¥ ¢à¥¬ï ­  á¨áâ¥¬­ëå ç á å ª®¬¯ìîâ¥à .

fromSeconds: secondCount | ¢®§¢à é ¥â ¢à¥¬ï, ª®â®à®¥ ¯à¥¤áâ ¢«ï-
¥â ç¨á«® á¥ªã­¤ secondCount ¯®á«¥ ¯®«ã­®ç¨.

�®®¡é¥­¨¥ millisecondsToRun: timeBlock - ¥¤¨­áâ¢¥­­ë© ­¥®ç¥¢¨¤-
­ë© § ¯à®á ¢ íâ®¬ ¯à®â®ª®«¥. � áá¬®âà¨¬ ¯à¨¬¥à

Time millisecondsToRun: [Date today].

� à¥§ã«ìâ â¥ ¥£® ¢ë¯®«­¥­¨ï ¬ë ¯®«ãç¨¬ ç¨á«® ¬¨««¨á¥ªã­¤,
ª®â®àë¥ ­¥®¡å®¤¨¬ë á¨áâ¥¬¥, çâ®¡ë ¢ëç¨á«¨âì â¥ªãéãî ¤ âã.

�à®â®ª®« ¤®áâã¯  ª íª§¥¬¯«ïà ¬ ª« áá  Time, ®¡¥á¯¥ç¨¢ ¥â ¯®-
«ãç¥­¨¥ ¨­ä®à¬ æ¨¨ ® ç¨á«¥ ç á®¢, ¬¨­ãâ, á¥ªã­¤ ¢ à áá¬ âà¨¢ ¥-
¬®¬ íª§¥¬¯«ïà¥. �®¤¤¥à¦¨¢ îâáï ¨  à¨ä¬¥â¨ç¥áª¨¥ ®¯¥à æ¨¨.



Time instance protocol

addTime: timeAmount | ¢®§¢à é ¥â íª§¥¬¯«ïà ª« áá  Time, ª®â®-
àë© ¯®ª §ë¢ ¥â ¢à¥¬ï ¯®§¦¥ ¢à¥¬¥­¨-¯à¨¥¬­¨ª  ­  ¢à¥¬ï,
§ ¤ ­­®¥  à£ã¬¥­â®¬ timeAmount.

subtractTime: timeAmount | ¢®§¢à é ¥â íª§¥¬¯«ïà ª« áá  Time, ª®-
â®àë© ¯®ª §ë¢ ¥â ¢à¥¬ï à ­ìè¥ ¢à¥¬¥­¨-¯à¨¥¬­¨ª  ­  ¢à¥-
¬ï, § ¤ ­­®¥  à£ã¬¥­â®¬ timeAmount.

� íâ¨å á®®¡é¥­¨ïå  à£ã¬¥­â timeAmount | íª§¥¬¯«ïà «¨¡® ª« áá 

Time, «¨¡® ª« áá  Date. �â®¡ë ¦¥« ¥¬ë¥ ®¯¥à æ¨¨ ¬®¦­® ¡ë«®

¯à®¢®¤¨âì, á¨áâ¥¬  ¤®«¦­  ¯à¨¢®¤¨âì íª§¥¬¯«ïàë íâ¨å ª« áá®¢ ª

®¡é¥© ¥¤¨­¨æ¥ ¨§¬¥à¥­¨ï. � ª®© ¥¤¨­¨æ¥© ï¢«ï¥âáï á¥ªã­¤ . �«ï
ª« áá  Time, ¯¥à¥¢®¤ íª§¥¬¯«ïà  ª« áá  ¢ á¥ªã­¤ë ¤ ¥â ç¨á«® á¥-
ªã­¤ ¯®á«¥ ¯®«ã­®ç¨. �«ï ª« áá  Date, ¯¥à¥¢®¤ íª§¥¬¯«ïà  ª« áá 
¢ á¥ªã­¤ë ¤ ¥â ç¨á«® á¥ªã­¤ ¬¥¦¤ã ¢à¥¬¥­¥¬ 1-£® ï­¢ àï 1901 £®¤ 
¨ â¥¬ ¦¥ ¢à¥¬¥­¥¬ à áá¬ âà¨¢ ¥¬®© ¤ âë. � ¦¤ë© ¨§ íâ¨å ª« áá®¢
ã¬¥¥â ¯à ¢¨«ì­® à¥ £¨à®¢ âì ­  á®®¡é¥­¨¥ asSeconds.

�à¨ä¬¥â¨ç¥áª¨¥ ®¯¥à æ¨¨ á íª§¥¬¯«ïà ¬¨ ª« áá  Time  ­ «®-
£¨ç­ë â ª¨¬ ¦¥ ®¯¥à æ¨ï¬ á íª§¥¬¯«ïà ¬¨ ª« áá  Date. �à¥¤¯®-
«®¦¨¬, çâ® �¥ªâ® à ¡®â ¥â ­ ¤ ¯à®¥ªâ®¬ ¯à¨ ãá«®¢¨¨ ¯®ç á®¢®©

®¯« âë 5,000 ¢ ç á. �®£¤ , ­ ç¨­ ï à ¡®â âì ¢® ¢à¥¬ï startTime ¨
à ¡®â ï ¡¥§ ¯¥à¥àë¢  ¤® ­ áâ®ïé¥£® ¬®¬¥­â , �¥ªâ® ¤®«¦¥­ ¯®«ã-
ç¨âì §  ¯®«­®áâìî ®âà ¡®â ­­ë¥ ç áë áã¬¬ã

(Time now subtractTime: startTime) hours * 5000.

6 �à®â®ª®« ç¨á«®¢ëå ª« áá®¢

�¨áâ¥¬  Smalltalk | ®¤­®à®¤­ ï áà¥¤  ¯à®£à ¬¬¨à®¢ ­¨ï, ¢ ª®-
â®à®© ®¡ê¥ªâë ¢§ ¨¬®¤¥©áâ¢ãîâ ¯®áà¥¤áâ¢®¬ ¯¥à¥¤ ç¨ á®®¡é¥­¨©.
�â¢¥à¦¤¥­¨¥, çâ® ¤ ¦¥ á«®¦¥­¨¥ ¤¢ãå æ¥«ëå ç¨á¥« á«¥¤ã¥â à áá¬ -
âà¨¢ âì ª ª à¥§ã«ìâ â ¯®áë«ª¨ á®®¡é¥­¨ï, ­  ¯¥à¢ëå ¯®à å ¬®¦¥â
¢ë§¢ âì ­¥ª®â®à®¥ ­¥¯®­¨¬ ­¨¥. �® ®¯ëâ ¯®ª § «, çâ® ¯à¥¨¬ãé¥-
áâ¢  ¯à¥¤¥«ì­® ¥¤¨­®®¡à §­®£® ¯®áâà®¥­¨ï ï§ëª  ¯à®£à ¬¬¨à®¢ -
­¨ï, ¯¥à¥¢¥è¨¢ îâ ­¥ª®â®àë¥ ­¥ã¤®¡áâ¢  ¯à¨ ¥£® à¥ «¨§ æ¨¨. �



â¥¯¥àì ¢  à¨ä¬¥â¨ª¥ ¯®â¥àì (¯® áà ¢­¥­¨î á ¯à®æ¥¤ãà­ë¬¨ ï§ëª -
¬¨ ¯à®£à ¬¬¨à®¢ ­¨ï) ¯®çâ¨ ­¥â,   ¯à¥¨¬ãé¥áâ¢  á®åà ­¨«¨áì.

� §«¨ç­ë¥ â¨¯ë ç¨á«®¢ëå ¢¥«¨ç¨­ ¯à¥¤áâ ¢«ïîâáï ¢ á¨áâ¥¬¥

à §«¨ç­ë¬¨ ª« áá ¬¨, ª®â®àë¥ à¥ «¨§®¢ ­ë â ª¨¬ ®¡à §®¬, çâ®
¢á¥ ç¨á«  ¢¥¤ãâ á¥¡ï â ª, ª ª ¥á«¨ ¡ë ®­¨ ¯à¨­ ¤«¥¦ «¨ ­ ¨¡®«¥¥

®¡é¥¬ã â¨¯ã. �¡é¨© ¯à®â®ª®« ¤«ï ¢á¥å ç¨á«®¢ëå ®¡ê¥ªâ®¢ ­ -
á«¥¤ã¥âáï ¨§ ª« áá  Number, ª®â®àë© ¨¬¥¥â âà¨ ¯®¤ª« áá : Float,
Fraction, Integer. � á¢®î ®ç¥à¥¤ì ª« áá Integer ¨¬¥¥â âà¨ ¯®¤ª« á-
á : SmallInteger, LargeNegativeInteger, LargePositiveInteger. �« ááë

Number ¨ Integer ï¢«ïîâáï  ¡áâà ªâ­ë¬¨ ª« áá ¬¨ ¨ â®«ìª® ®¯à¥-
¤¥«ïîâ à §¤¥«ï¥¬ë© ¢á¥¬¨ ¯à®â®ª®«, ­® ­¥ ¤ îâ ¨­¤¨¢¨¤ã «ì­ëå
¯à¥¤áâ ¢«¥­¨© ¤«ï ç¨á«®¢ëå ¢¥«¨ç¨­.

� ®â«¨ç¨¨ ®â ¡®«ìè¨­áâ¢  ¤àã£¨å ®¡ê¥ªâ®¢, ª®â®àë¥ ¬®£ãâ ¨§-
¬¥­ïâì á¢®¥ ¢­ãâà¥­­¥¥ á®áâ®ï­¨¥, ¥¤¨­áâ¢¥­­®¥ á®áâ®ï­¨¥ ç¨á« 
| íâ® ¥£® ç¨á«®¢®¥ §­ ç¥­¨¥, ª®â®à®¥ ­¥ ¬®¦¥â ¨§¬¥­ïâìáï.

6.1 �à®â®ª®« ª« áá  Number

�« áá Number |  ¡áâà ªâ­ë© ¯®¤ª« áá ª« áá  Magnitude, ª®â®àë©
­¥ ¨¬¥¥â ­¨ ¯¥à¥¬¥­­ëå íª§¥¬¯«ïà , ­¨ ¯¥à¥¬¥­­ëå ª« áá , ­¨ à §-
¤¥«ï¥¬ëå á ¤àã£¨¬¨ ª« áá ¬¨ ¯ã«®¢. �­ â®«ìª® ®¯à¥¤¥«ï¥â á®®¡-
é¥­¨ï, ¯®¤¤¥à¦¨¢ îé¨¥ áâ ­¤ àâ­ë¥  à¨ä¬¥â¨ç¥áª¨¥ ®¯¥à æ¨¨ ¨
®¯¥à æ¨¨ áà ¢­¥­¨ï. �®«ìè¨­áâ¢® ¨§ ­¨å à¥ «¨§ãîâáï ¯®¤ª« áá -
¬¨ ª« áá  Number, ¯®áª®«ìªã áãé¥áâ¢¥­­® § ¢¨áïâ ®â ¯à¥¤áâ ¢«¥-
­¨ï ç¨á«®¢ëå ¢¥«¨ç¨­.

Number instance protocol

+ aNumber | ¢®§¢à é ¥â áã¬¬ã ¯à¨¥¬­¨ª  ¨  à£ã¬¥­â  aNumber.

� aNumber | ¢®§¢à é ¥â à §­®áâì ¬¥¦¤ã ¯à¨¥¬­¨ª®¬ ¨  à£ã¬¥­-
â®¬ aNumber.

� aNumber | ¢®§¢à é ¥â ¯à®¨§¢¥¤¥­¨¥ ¯à¨¥¬­¨ª  ­   à£ã¬¥­â aNumber.

= aNumber | ¢®§¢à é ¥â à¥§ã«ìâ â ¤¥«¥­¨ï ¯à¨¥¬­¨ª  ­   à£ã-
¬¥­â aNumber. � ¬¥â¨¬, çâ® ¤¥«¥­¨¥ ¢ëç¨á«ï¥âáï á ¬ ªá¨-
¬ «ì­® ¢®§¬®¦­®© â®ç­®áâìî, ¨, ¥á«¨ â®ç­®¥ ¤¥«¥­¨¥ ­¥¢®§-
¬®¦­®, à¥§ã«ìâ â ¯à¥¤áâ ¢«ï¥âáï íª§¥¬¯«ïà®¬ ª« áá  Fraction.



== aNumber | ¢®§¢à é ¥â æ¥«ãî ç áâì ¤¥«¥­¨ï ¯à¨¥¬­¨ª  ­   à-
£ã¬¥­â aNumber, á ãá¥ç¥­¨¥¬ ª ¬¨­ãá ¡¥áª®­¥ç­®áâ¨.

nn aNumber | ¢®§¢à é ¥â æ¥«®ç¨á«¥­­ë© ®áâ â®ª ®â ¤¥«¥­¨ï ¯à¨-
¥¬­¨ª  ­   à£ã¬¥­â aNumber, á ãá¥ç¥­¨¥¬ ­¥æ¥«®£® ®áâ âª  ª

¬¨­ãá ¡¥áª®­¥ç­®áâ¨.

abs | ¢®§¢à é ¥â  ¡á®«îâ­ãî ¢¥«¨ç¨­ã ¯à¨¥¬­¨ª .

negated | ¢®§¢à é ¥â ç¨á«®, ª®â®à®¥ ï¢«ï¥âáï ¯à®â¨¢®¯®«®¦­ë¬
ª ¯à¨¥¬­¨ªã á®®¡é¥­¨ï.

quo: aNumber | ¢®§¢à é ¥â æ¥«ãî ç áâì ¤¥«¥­¨ï ¯à¨¥¬­¨ª  ­   à-
£ã¬¥­â aNumber á ãá¥ç¥­¨¥¬ ª ­ã«î.

rem: aNumber | ¢®§¢à é ¥â æ¥«®ç¨á«¥­­ë© ®áâ â®ª ®â ¤¥«¥­¨ï

¯à¨¥¬­¨ª  ­   à£ã¬¥­â aNumber á ãá¥ç¥­¨¥¬ ª ­ã«î.

reciprocal | ¢®§¢à é ¥â à¥§ã«ìâ â ¤¥«¥­¨ï 1 ­  ¯à¨¥¬­¨ª á®®¡é¥-
­¨ï; á®®¡é ¥â ®¡ ®è¨¡ª¥, ¥á«¨ ¯à¨¥¬­¨ª à ¢¥­ 0.

�¡à â¨â¥ ¢­¨¬ ­¨¥, çâ®  à¨ä¬¥â¨ç¥áª¨¥ á®®¡é¥­¨ï, ª®â®àë¥
¢®§¢à é îâ æ¥«®ç¨á«¥­­®¥ ç áâ­®¥ ¨ æ¥«®ç¨á«¥­­ë© ®áâ â®ª, ®¯à¥-
¤¥«¥­ë ¤¢ã¬ï á¯®á®¡ ¬¨. � ®¤­¨å ®ªàã£«¥­¨¥ ¯à®¨áå®¤¨â ¢ áâ®à®­ã
¬¨­ãá ¡¥áª®­¥ç­®áâ¨ (== ¨ nn),   ¢ ¤àã£¨å| ¢ áâ®à®­ã ç¨á«  0 (quo:
¨ rem:). �«ï ¯®«®¦¨â¥«ì­ëå ç¨á¥« à¥§ã«ìâ â ¢á¥£¤  ®¤¨­ ¨ â®â ¦¥,
â ª ª ª 0 ¨ ¬¨­ãá ¡¥áª®­¥ç­®áâì à á¯®« £ îâáï ¢ ®¤­®¬ ­ ¯à ¢«¥-
­¨¨ ®â ç¨á« ,   ¤«ï ®âà¨æ â¥«ì­ëå | à §­ë©.

¢ëà ¦¥­¨¥ à¥§ã«ìâ â

1 + 10 11
5:6� 3 2.6
5� 10:2 -5.2
(�4) abc 4
6 / 2 3
7 / 2 (7/2)| íª§¥¬¯«ïà ª« áá  Fraction
7 reciprocal (1/7)| íª§¥¬¯«ïà ª« áá  Fraction
7 quo: 2 3
(7 quo: 2) + 1 4



7 quo: 2 + 1 2 (¢ëç¨á«ï¥âáï ª ª 7 quo: (2 + 1) )
7 rem: 2 1
7 == 2 3
7 nn 2 1
-7 quo: 2 -3
-7 rem: 2 -1
-7 == 2 -4
-7 nn 2 1

�®¯®«­¨â¥«ì­®, ¯à®â®ª®« ª« áá  Number ®¯à¥¤¥«ï¥â ¬ â¥¬ â¨-
ç¥áª¨¥ äã­ªæ¨¨

Number instance protocol

exp | ¢®§¢à é ¥â ¢¥é¥áâ¢¥­­®¥ ç¨á«®, ª®â®à®¥ à ¢­® íªá¯®­¥­â¥
®â ¯à¨¥¬­¨ª  á®®¡é¥­¨ï.

ln | ¢®§¢à é ¥â ¢¥é¥áâ¢¥­­®¥ ç¨á«®, ª®â®à®¥ à ¢­® ­ âãà «ì­®¬ã
«®£ à¨ä¬ã ®â ¯à¨¥¬­¨ª  á®®¡é¥­¨ï.

log: aNumber | ¢®§¢à é ¥â ¢¥é¥áâ¢¥­­®¥ ç¨á«®, ª®â®à®¥ à ¢­® «®-
£ à¨ä¬ã ¯® ®á­®¢ ­¨î aNumber ®â ¯à¨¥¬­¨ª .

raisedTo: aNumber | ¢®§¢à é ¥â ¢¥é¥áâ¢¥­­®¥ ç¨á«®, à ¢­®¥ ¯®«ã-
ç â¥«î, ¢®§¢¥¤¥­­®¬ã ¢ áâ¥¯¥­ì aNumber.

raisedToInteger: anInteger | ¢®§¢à é ¥â ¢¥é¥áâ¢¥­­®¥ ç¨á«®, à ¢­®¥
¯®«ãç â¥«î, ¢®§¢¥¤¥­­®¬ã ¢ æ¥«ãî áâ¥¯¥­ì anInteger.

sqrt | ¢®§¢à é ¥â ¢¥é¥áâ¢¥­­®¥ ç¨á«®, ª®â®à®¥ à ¢­® ¯®«®¦¨â¥«ì-
­®¬ã ª¢ ¤à â­®¬ã ª®à­î ®â ¯à¨¥¬­¨ª .

squared | ¢®§¢à é ¥â ¢¥é¥áâ¢¥­­®¥ ç¨á«®, ª®â®à®¥ à ¢­® ¯à®¨§¢¥-
¤¥­¨î ¯à¨¥¬­¨ª  ­  á¥¡ï.

�à¨¢¥¤¥¬ ¯à¨¬¥àë, ¢ ª®â®àëå ¨á¯®«ì§ãîâáï â ª¨¥ á®®¡é¥­¨ï.

¢ëà ¦¥­¨¥ à¥§ã«ìâ â



2.718282 ln 1.0
2 exp 7.38906
4 log: 2 2.0
6 log: 2 2.58496
6 raisedTo: 1.2 8.58579
6 raisedToInteger: 2 36
64 sqrt 8
8 squared 64

�â®¡ë ®¯à¥¤¥«¨âì ¡ã¤ãâ «¨ ç¨á«  ç¥â­ë¬¨ ¨«¨ ­¥ç¥â­ë¬¨, ¯®-
«®¦¨â¥«ì­ë¬¨ ¨«¨ ®âà¨æ â¥«ì­ë¬¨, ­ ¤® ¢®á¯®«ì§®¢ âìáï á«¥¤ã-
îé¨¬¨ â¥áâ¨àãîé¨¬¨ á®®¡é¥­¨ï¬¨

Number instance protocol

even | ¢®§¢à é ¥â true, ¥á«¨ ¯à¨¥¬­¨ª - ç¥â­®¥ ç¨á«®.

odd | ¢®§¢à é ¥â true, ¥á«¨ ¯à¨¥¬­¨ª - ­¥ç¥â­®¥ ç¨á«®.

negative | ¢®§¢à é ¥â true, ¥á«¨ ¯à¨¥¬­¨ª ¬¥­ìè¥ 0.

positive | ¢®§¢à é ¥â true, ¥á«¨ ¯à¨¥¬­¨ª ¡®«ìè¥ ¨«¨ à ¢¥­ 0.

strictlyPositive | ¢®§¢à é ¥â true, ¥á«¨ ¯à¨¥¬­¨ª ¡®«ìè¥ 0.

sign | ¢®§¢à é ¥â 1, ¥á«¨ ¯à¨¥¬­¨ª ¡®«ìè¥ 0, ¢®§¢à é ¥â �1, ¥á«¨
¯à¨¥¬­¨ª ¬¥­ìè¥ ­ã«ï, ¨­ ç¥ ¢®§¢à é ¥â 0.

�¢®©áâ¢  ç¨á¥« ¯®¤¢¥à£ âìáï ãá¥ç¥­¨î ¨«¨ ®ªàã£«¥­¨î ®¯¨áë-
¢ ¥âáï á«¥¤ãîé¨¬ ¯à®â®ª®«®¬.

Number instance protocol

celing | ¢®§¢à é ¥â ¡«¨¦ ©è¥¥ æ¥«®¥ ç¨á«®, ­¥ ¬¥­ìè¥¥ ¯®«ãç -
â¥«ï.


oor | ¢®§¢à é ¥â æ¥«ãî ç áâì ¤¥«¥­¨ï ¯à¨¥¬­¨ª  ­  1 (c ãá¥ç¥-
­¨¥¬ ª ¬¨­ãá ¡¥áª®­¥ç­®áâ¨).



rounded | ¢®§¢à é ¥â ¡«¨¦ ©è¥¥ ª ¯®«ãç â¥«î æ¥«®¥ ç¨á«®.

roundTo: aNumber | ¢®§¢à é ¥â ¡«¨¦ ©è¥¥ ª ¯®«ãç â¥«î ¢¥é¥-
áâ¢¥­­®¥ ç¨á«® ªà â­®¥  à£ã¬¥­âã aNumber.

truncated | ¢®§¢à é ¥â ¡«¨¦ ©è¥¥ ª ¯®«ãç â¥«î æ¥«®¥ ç¨á«®, ­¥
¯à¥¢®áå®¤ïé¥¥ ¥£® ¯®  ¡á®«îâ­®© ¢¥«¨ç¨­¥.

truncateTo: aNumber | ¢®§¢à é ¥â ¡«¨¦ ©è¥¥ ª ¯®«ãç â¥«î ¢¥é¥-
áâ¢¥­­®¥ ç¨á«® ªà â­®¥  à£ã¬¥­âã aNumber ¨ ­¥ ¯à¥¢®áå®¤ï-
é¥¥ ¯®«ãç â¥«ì ¯®  ¡á®«îâ­®© ¢¥«¨ç¨­¥.

�®â ¯à¨¬¥àë ¢ëà ¦¥­¨© á â ª¨¬¨ á®®¡é¥­¨ï¬¨.

¢ëà ¦¥­¨¥ à¥§ã«ìâ â

16.32 ceiling 17
16.32 
oor 16
-16.32 ceiling -16
-16.32 
oor -17
-16.32 truncated -16
16.32 truncated 16
16.32 truncateTo: 5 15
16.32 truncateTo: 5.1 15.3
16.32 rounded 16
16.32 roundTo: 6 18
16.32 roundTo: 6.3 18.9

�à®â®ª®« ª« áá  Number ¢ª«îç ¥â á®®¡é¥­¨ï ¤«ï ¯à¥®¡à §®¢ -
­¨ï £à ¤ãá®¢ ¢ à ¤¨ ­ë ¨ ­ ®¡®à®â.

Number instance protocol

degreesToRadian | ¯®«ãç â¥«ì ¯à¥¤áâ ¢«¥­ ¢ £à ¤ãá å, ¢®§¢à é ¥â
¥£® ¯à¥¤áâ ¢«¥­¨¥ ¢ à ¤¨ ­ å.

radianToDegrees | ¯®«ãç â¥«ì ¯à¥¤áâ ¢«¥­ ¢ à ¤¨ ­ å, ¢®§¢à é ¥â
¥£® ¯à¥¤áâ ¢«¥­¨¥ ¢ £à ¤ãá å.



� ª, ­ ¯à¨¬¥à, 30 degreesToRadian = 0.523599, 90 degreesToRadian
= 1,570796.

�à¨£®­®¬¥âà¨ç¥áª¨¥ ¨ «®£ à¨ä¬¨ç¥áª¨¥ äã­ªæ¨¨ ¢ª«îç¥­ë ¢

¯à®â®ª®« ¬ â¥¬ â¨ç¥áª¨å äã­ªæ¨©. �à¨¥¬­¨ª ¤«ï âà¨£®­®¬¥âà¨-
ç¥áª¨å äã­ªæ¨© cos, sin, tan § ¤ ¥âáï ¢ à ¤¨ ­ å. �¥§ã«ìâ â, ¢®§¢à -
é ¥¬ë© á®®¡é¥­¨ï¬¨ arcSin, arcCos, arcTan, â ª ¦¥ ¯à¥¤áâ ¢«ï¥âáï
¢ à ¤¨ ­ å. � á«¥¤ãîé¨å ¯à¨¬¥à å 30 £à ¤ãá®¢ | íâ® 0.523599 à -
¤¨ ­, 90 £à ¤ãá®¢ | íâ® 1.570796 à ¤¨ ­.

¢ëà ¦¥­¨¥ à¥§ã«ìâ â

0.523599 sin 0.5
0.523599 cos 0.866025
0.523599 tan 0.57735
1.570796 sin 1.0
0.57735 arcTan 0.523599
1.0 arcSin 1.5708

�®£¤  áª« ¤ë¢ îâáï ¤¢  ç¨á«  ¨§ ®¤­®£® ª« áá , à¥§ã«ìâ â, ª ª
¯à ¢¨«® | ç¨á«® â®£® ¦¥ ª« áá . �® ª®£¤ , ­ ¯à¨¬¥à, ¤¢  ®¯¥à ­-
¤  ¯à¨­ ¤«¥¦ â ª« ááã SmallInteger,   ¨å áã¬¬  ¢¥«¨ª , çâ®¡ë ¥¥

¬®¦­® ¡ë«® ¯à¥¤áâ ¢¨âì íª§¥¬¯«ïà®¬ ª« áá  SmallInteger, à¥§ã«ì-
â â ¡ã¤¥â ¯à¥¤áâ ¢«¥­ ª ª íª§¥¬¯«ïà ª« áá  LagerPositiveInteger ¨«¨
LagerNegativeInteger. �¯à¥¤¥«¥­¨¥ ª« áá  à¥§ã«ìâ â , ª®£¤  ®¯¥à ­-
¤ë ¯à¨­ ¤«¥¦ â à §­ë¬ ª« áá ¬, ­¥áª®«ìª® á«®¦­¥¥. �¤¥áì ¨á-
¯®«ì§ã¥âáï ¤¢  á«¥¤ãîé¨å ªà¨â¥à¨ï, ¢®-¯¥à¢ëå, ¯®â¥àï­­®© ¨­-
ä®à¬ æ¨¨ ¤®«¦­® ¡ëâì ª ª ¬®¦­® ¬¥­ìè¥, ¢®-¢â®àëå, ¤®«¦¥­ ¢ë-
¯®«­ïâìáï ª®¬¬ãâ â¨¢­ë© § ª®­: ­¥§ ¢¨á¨¬® ®â â®£®, ª ª®© ®¯¥-
à ­¤ ï¢«ï¥âáï ¯à¨¥¬­¨ª®¬ á®®¡é¥­¨ï,   ª ª®©  à£ã¬¥­â®¬, à¥§ã«ì-
â â ¤®«¦¥­ ¡ëâì ®¤¨­ ¨ â®â ¦¥. � ¯à¨¬¥à, 3:1 � 4 ¢¥à­¥â â®â ¦¥
á ¬ë© à¥§ã«ìâ â, çâ® ¨ 4 � 3:1.

�à¥¤áâ ¢«¥­¨¥ à¥§ã«ìâ â  ¯à¨ ®¯¥à æ¨ïå ­ ¤ ç¨á« ¬¨ ¨§ à §-
­ëå ª« áá®¢, ®¯à¥¤¥«ï¥âáï ç¨á«¥­­®© ¬¥à®© ®¡é­®áâ¨, ¯à¨¯¨á ­-
­®© ª ¦¤®¬ã ç¨á«®¢®¬ã ª« ááã. � ¦¤ë© ª« áá ¤®«¦¥­ "ã¬¥âì"
¯à¥¢à é âì á¢®¨ íª§¥¬¯«ïàë ¢ íª¢¨¢ «¥­â­ë¥ ¨¬ íª§¥¬¯«ïàë ª« á-
á  á ¡®«ìè¥© ®¡é­®áâìî. � á¨áâ¥¬¥ Smalltalk ¨¥à àå¨ï ç¨á«®¢ëå
ª« áá®¢ ¯® ¬¥à¥ ã¡ë¢ ­¨ï ¨å ®¡é­®áâ¨ á«¥¤ãîé ï

Float, Fraction, LargeNegativelnteger, LargePositivelnteger, SmallInteger.



�¥áª®«ìª® ­¥®¡ëç­  ç áâì ¯à®â®ª®«  ª« áá  Number, á¢ï§ ­­ ï
á á®§¤ ­¨¥¬ íª§¥¬¯«ïà  ª« áá  Interval (�­â¥à¢ «), ª®â®àë© ¯à¥¤-
áâ ¢«ï¥â  à¨ä¬¥â¨ç¥áªãî ¯à®£à¥áá¨î.

Number instance protocol

to: stop | ¢®§¢à é ¥â íª§¥¬¯«ïà ª« áá  Interval | ­ ¡®à ç¨á¥« ®â

ç¨á« -¯à¨¥¬­¨ª  ¤® ç¨á«  stop, ª ¦¤ë© á«¥¤ãîé¨© í«¥¬¥­â
ª®â®à®£® ¢ëç¨á«ï¥âáï ¯à¨¡ ¢«¥­¨¥¬ 1 ª ¯à¥¤ë¤ãé¥¬ã.

to: stop by: step |  ­ «®£¨ç­® ¯à¥¤ë¤ãé¥¬ã, ­® á«¥¤ãîé¨© í«¥-
¬¥­â ¢ëç¨á«ï¥âáï ¯à¨¡ ¢«¥­¨¥¬ ¢¥«¨ç¨­ë step.

to: stop do: aBlock | á®§¤ ¥â íª§¥¬¯«ïà ª« áá  Interval| ­ ¡®à ç¨-
á¥« ®â ¯à¨¥¬­¨ª  ¤® ç¨á«  stop, ª ¦¤ë© á«¥¤ãîé¨© í«¥¬¥­â
ª®â®à®£® ¢ëç¨á«ï¥âáï ¯à¨¡ ¢«¥­¨¥¬ 1 ª ¯à¥¤ë¤ãé¥¬ã; ¢ëç¨-
á«ï¥â  à£ã¬¥­â aBlock ¤«ï ª ¦¤®£® ç¨á«  íâ®£® ­ ¡®à .

to: stop by: step do: aBlock |  ­ «®£¨ç­® ¯à¥¤ë¤ãé¥¬ã, ­® á«¥¤ãî-
é¨© í«¥¬¥­â ¢ëç¨á«ï¥âáï ¯à¨¡ ¢«¥­¨¥¬ ¢¥«¨ç¨­ë step.

�â ª, ¥á«¨ ¢ëç¨á«¨¬ ¢ëà ¦¥­¨ï

a := 0.
10 to: 100 by: 10 do: [:each | a := a + each]

â® ¯®á«¥¤­¥¥ ¢ëç¨á«¥­­®¥ §­ ç¥­¨¥ ¡ã¤¥â à ¢­® 550.
�á«¨ arr := #('one' 'two' 'three' 'four' '�ve'), â® ¢ à¥§ã«ìâ â¥ ¢ë-

ç¨á«¥­¨ï ¢ëà ¦¥­¨ï

1 to: arr size do: [:index | arr at: index put: ((arr at: index) at:1)]

¡ã¤¥â ¢®§¢à é¥­ ¬ áá¨¢ #('o' 't' 't' 'f' 'f').
�®âï ¢® ¢á¥å ¯à¥¤ë¤ãé¨å ¯à¨¬¥à å ç¨á«  § ¯¨áë¢ «¨áì ¢ ¤¥áï-

â¨ç­®© á¨áâ¥¬¥ áç¨á«¥­¨ï, á¨áâ¥¬  ¯®§¢®«ï¥â ¨á¯®«ì§®¢ âì ¨ ¤àã-
£¨¥ á¨áâ¥¬ë áç¨á«¥­¨ï ¯à¨ ¯à¥¤áâ ¢«¥­¨ï íª§¥¬¯«ïà®¢ ¢á¥å ç¨á«®-
¢ëå ª« áá®¢. �«ï íâ®£® ¨á¯®«ì§ã¥âáï ¯à¥ä¨ªá ®á­®¢ ­¨ï á¨áâ¥¬ë
áç¨á«¥­¨ï, ¯à¥¤è¥áâ¢ãîé¨© æ¨äà ¬ íª§¥¬¯«ïà  «î¡®£® ç¨á«®¢®£®



ª« áá . �à¥ä¨ªá ®á­®¢ ­¨ï á¨áâ¥¬ë áç¨á«¥­¨ï á®áâ®¨â ¨§ ¢¥«¨ç¨-
­ë ®á­®¢ ­¨ï á¨áâ¥¬ë áç¨á«¥­¨ï (¢á¥£¤  ¢ëà ¦¥­­®© ¢�������-

��� á¨áâ¥¬¥ áç¨á«¥­¨ï) ¨ á«¥¤ãîé¥© §  ­¥© ¡ãª¢ë "r". �«¥¤ãî-
é¨¥ ¯à¨¬¥àë ®¯à¥¤¥«ïîâ ç¨á«  ¢ ¢®áì¬¥à¨ç­®© á¨áâ¥¬¥ áç¨á«¥­¨ï

á ãª § ­¨¥¬ á®®â¢¥âáâ¢ãîé¥£® ¨¬ ¤¥áïâ¨ç­®£® §­ ç¥­¨ï.

�®áì¬¥à¨ç­ ï �¥áïâ¨ç­ ï

8r377 255
8r153 107
8r34.1 28.125
8r-37 -31

�®£¤  ®á­®¢ ­¨¥ á¨áâ¥¬ë áç¨á«¥­¨ï ¡®«ìè¥ 10, ¤«ï æ¨äà ¡®«ì-
è¨å 9 ¨á¯®«ì§ãîâáï § £« ¢­ë¥ « â¨­áª¨¥ ¡ãª¢ë, ­ ç¨­ ï á "�".
�«¥¤ãîé¨¥ ¯à¨¬¥àë ®¯à¥¤¥«ïîâ ç¨á«  ¢ 16-à¨ç­®© á¨áâ¥¬¥ áç¨-
á«¥­¨ï ¨ á®®â¢¥âáâ¢ãîé¨¥ ¨¬ ¤¥áïâ¨ç­ë¥ §­ ç¥­¨ï.

�¥áâ­ ¤æ â¥à¨ç­ ï �¥áïâ¨ç­ ï

16r106 262
16rFF 255
16rAC.DC 172.859
16r-1.C -1.75

�¨á«  â ª¦¥ ¬®£ãâ ¡ëâì ¢ëà ¦¥­ë ¢ íªá¯®­¥­æ¨ «ì­®© ä®à-
¬¥ á ¯®¬®éìî íªá¯®­¥­æ¨ «ì­®£® áãää¨ªá . �ªá¯®­¥­æ¨ «ì­ë©

áãää¨ªá á®áâ®¨â ¨§ ¡ãª¢ë "¥" ¨ á«¥¤ãîé¥£® §  ­¨¬ ¯®àï¤ª , ¢ëà -
¦¥­­®£® ¢ ���������� á¨áâ¥¬¥ áç¨á«¥­¨ï. �¨á«®, ®¯à¥¤¥«¥­-
­®¥ ¯¥à¥¤ íªá¯®­¥­æ¨ «ì­ë¬ áãää¨ªá®¬ ã¬­®¦ ¥âáï ­  ®á­®¢ ­¨¥

á¨áâ¥¬ë áç¨á«¥­¨ï (¥á«¨ ®­® ï¢­® ­¥ ãª § ­®, â® à ¢­® 10), ¢®§¢¥-
¤¥­­®¥ ¢ áâ¥¯¥­ì, ®¯à¥¤¥«¥­­ãî ¯®àï¤ª®¬.



�ªá¯®­¥­æ¨ «ì­ ï ä®à¬  �¥áïâ¨ç­ ï

1.586e5 158600.0
1.586e-3 0.001586
8r3e2 192
2r11e6 192

�é¥ ®â¬¥â¨¬, çâ® á¨áâ¥¬  ¯®§¢®«ï¥â ¯à¨ ¢ë¯®«­¥­¨¨ ¢ëç¨á«¥-
­¨© á¬¥è¨¢ âì ç¨á« , ¯à¥¤áâ ¢«¥­­ë¥ ¢ à §­ëå á¨áâ¥¬ å áç¨á«¥-
­¨ï, ¯à¨ íâ®¬ à¥§ã«ìâ â, ª ª ¯à ¢¨«®, ¡ã¤¥â ¢®§¢à é âìáï ¢ ¢¨¤¥
ç¨á« , ¯à¥¤áâ ¢«¥­­®£® ¢ ¤¥áïâ¨ç­®© á¨áâ¥¬¥ áç¨á«¥­¨ï.

6.2 �« ááë Float ¨ Fraction

�« ááë Float ¨ Fraction ¯®§¢®«ïîâ ¯à¥¤áâ ¢«ïâì «î¡ë¥ ­¥æ¥«ë¥ ¢¥-
«¨ç¨­ë ¤¢ã¬ï à §­ë¬¨ á¯®á®¡ ¬¨. �« áá Float ¯à¥¤áâ ¢«ï¥â à -
æ¨®­ «ì­ë¥ ç¨á«  ¢ 8-¡ ©â®¢®¬ ä®à¬ â¥ IEEE ç¨á¥« á ¯« ¢ îé¥©

â®çª®© ¢ ¤¨ ¯ §®­¥ ®â �4:19e � 307 ¤® �1:67e308 ¨ ®¡¥á¯¥ç¨¢ îâ
â®ç­®áâì ¯à¨¬¥à­® ¢ 18 §­ ç é¨å ç¨á¥«. �¥ª®â®àë¥ ¯à¨¬¥àë:

8.0 13.34 0.3 2.5e6 1.27e-30 -12.987654e12.

�ª§¥¬¯«ïàë ª« áá  Float ¬®£ãâ ¡ëâì á®§¤ ­ë ¨«¨ á ¯®¬®éìî æ¨-
äà®¢®© § ¯¨á¨ ¨«¨ ¯®«ãç¥­ë ª ª à¥§ã«ìâ â  à¨ä¬¥â¨ç¥áª¨å ®¯¥-
à æ¨© ­ ¤ íª§¥¬¯«ïà ¬¨ ª« áá  Float. �« áá Float ®â¢¥ç ¥â ­  á®-
®¡é¥­¨¥ pi, ¢®§¢à é ï á®®â¢¥âáâ¢ãîéãî ª®­áâ ­âã.

�« áá Fraction ¯à¥¤áâ ¢«ï¥â à æ¨®­ «ì­ë¥ ç¨á« , ¯à¥¤áâ ¢«ï-
¥¬ë¥ ®â­®è¥­¨ï¬¨ ¤¢ãå æ¥«ëå | ç¨á«¨â¥«ï ¨ §­ ¬¥­ â¥«ï, §­ -
¬¥­ â¥«ì ª®â®à®£® | ­¥®âà¨æ â¥«ì­®¥ æ¥«®¥ ç¨á«®. �á¥  à¨ä¬¥-
â¨ç¥áª¨¥ ®¯¥à æ¨¨ á à æ¨®­ «ì­ë¬¨ ç¨á« ¬¨ ¤ îâ ¢ à¥§ã«ìâ â¥

¯à¨¢¥¤¥­­®¥ à æ¨®­ «ì­®¥ ç¨á«®. �ª§¥¬¯«ïàë ª« áá  Fraction ¯®-
«ãç îâáï ª ª à¥§ã«ìâ â  à¨ä¬¥â¨ç¥áª¨å ®¯¥à æ¨©, ª®£¤  ®¤¨­ ¨§
®¯¥à ­¤®¢ | à æ¨®­ «ì­ ï ¤à®¡ì,   ¢â®à®© | ­¥ ï¢«ï¥âáï íª§¥¬-
¯«ïà®¬ ª« áá  Float. � æ¨®­ «ì­®¥ ç¨á«® ¬®¦¥â ¡ëâì ¯®«ãç¥­®

¨ ¯à¨ ¢ë¯®«­¥­¨¨ ®¯¥à æ¨¨ ¤¥«¥­¨ï ­ ¤ æ¥«ë¬¨ ç¨á« ¬¨, ª®£¤ 
®­¨ ­¥ ¤¥«ïâáï ­ æ¥«®. �®¯®«­¨â¥«ì­® ª íâ®¬ã, ¯à®â®ª®« ª« áá 
Fraction á®¤¥à¦¨â ¬¥â®¤ ª« áá  á á®®¡é¥­¨¥¬ numerator: numInteger
denominator: denInteger, ª®â®àë© ¯®§¢®«ï¥â á®§¤ ¢ âì à æ¨®­ «ì-
­ë¥ ç¨á«  á ãª § ­­ë¬¨ ç¨á«¨â¥«¥¬ (numInteger) ¨ §­ ¬¥­ â¥«¥¬



(denInteger). �¤­ ª® íâ®£® á¯®á®¡  ®¡à §®¢ ­¨ï à æ¨®­ «ì­®© ¤à®-
¡¨ «ãçè¥ ¨§¡¥£ âì, ¯®áª®«ìªã ¯à¨ â ª®¬ ®¡à §®¢ ­¨¨ íª§¥¬¯«ï-
à  ª« áá  Fraction ­¥ ¯à®¨áå®¤¨â ¯à¨¢¥¤¥­¨ï ª ¤à®¡¨ á ¢§ ¨¬­®-
¯à®áâë¬¨ ç¨á«¨â¥«¥¬ ¨ §­ ¬¥­ â¥«¥¬. �¡ íâ®¬ ¯à®£à ¬¬¨áâ, á®-
§¤ ¢ ï ¤à®¡ì â ª¨¬ ®¡à §®¬, ¤®«¦¥­ § ¡®â¨âìáï á ¬. �à¥¤¨ ¬¥â®-
¤®¢ íª§¥¬¯«ïà  áãé¥áâ¢ã¥â ¬¥â®¤ asFloat ¤«ï ¯à¥®¡à §®¢ ­¨ï à -
æ¨®­ «ì­®© ¤à®¡¨ ¢ à æ¨®­ «ì­®¥ ç¨á«® á ¯« ¢ îé¥© â®çª®©.

�§ ¢á¥£® áª § ­­®£® á«¥¤ã¥â, çâ® ª« áá Fraction, ¥á«¨ ­¥ ¨á-
¯®«ì§®¢ âì ¯à¨ ¢ë¯®«­¥­¨¨  à¨ä¬¥â¨ç¥áª¨å ®¯¥à æ¨© íª§¥¬¯«ï-
à®¢ ª« áá  Float, ¯à¥¤®áâ ¢«ï¥â ¤®áâ â®ç­® à¥¤ªãî ¢ ï§ëª å ¯à®-
£à ¬¬¨à®¢ ­¨ï ¢®§¬®¦­®áâì ¢¥áâ¨ ¢ëª« ¤ª¨ ¡¥§ ®ªàã£«¥­¨© ¨ ¯®-
â®¬ã ¡¥§ ¯®â¥à¨ â®ç­®áâ¨. �â®¡ë áâ «® ïá­®, ª ª íâ® ¤®áâ¨£ ¥âáï,
¯à¨¢¥¤¥¬ §¤¥áì á ®ç¥¢¨¤­ë¬¨ á®ªà é¥­¨ï¬¨ ¯®çâ¨ ¯®«­ãî à¥ «¨-
§ æ¨î ª« áá  Fraction.

Number subclass: #Fraction
instanceVariableNames: ' numerator denominator '
classVariableNames: ' '
poolDictionaries: ' '

Fraction class methods

numerator: n denominator: d
"�®§¢à é ¥â íª§¥¬¯«ïà ª« áá  Fraction á
ç¨á«¨â¥«¥¬ n ¨ §­ ¬¥­ â¥«¥¬ d."

^ self basicNew numerator: n denominator: d

Fraction methods

� aNumber
"�®§¢à é ¥â à¥§ã«ìâ â ã¬­®¦¥­¨ï ¯à¨¥¬­¨ª  ­  ç¨á«® aNumber."

^ (numerator � aNumber numerator) =
(denominator � aNumber denominator)

= aNumber
"�®§¢à é ¥â à¥§ã«ìâ â ¤¥«¥­¨ï ¯à¨¥¬­¨ª  ­  ç¨á«® aNumber."

^ (numerator � aNumber denominator) =
(denominator � aNumber numerator)



+ aNumber
"�®§¢à é ¥â à¥§ã«ìâ â á«®¦¥­¨ï ¯à¨¥¬­¨ª  ¨ ç¨á«  aNumber."

^ ((numerator � aNumber denominator) +
(denominator � aNumber numerator)) =
(denominator � aNumber denominator)

: : : ¬¥â®¤ ¤«ï á®®¡é¥­¨¥ ``�'' § ¤ ¥âáï  ­ «®£¨ç­® : : :

== aNumber
"�®§¢à é ¥â æ¥«®ç¨á«¥­­ë© à¥§ã«ìâ â ¤¥«¥­¨ï ¯à¨¥¬­¨ª 
­  ç¨á«® aNumber á ãá¥ç¥­¨¥¬ ª ¬¨­ãá ¡¥áª®­¥ç­®áâ¨."

^ (numerator � aNumber denominator) ==
(denominator � aNumber numerator)

n n aNumber
"�®§¢à é ¥â æ¥«®ç¨á«¥­­ë© ®áâ â®ª ®â ¤¥«¥­¨ï ¯à¨¥¬­¨ª 
­  ç¨á«® aNumber á ãá¥ç¥­¨¥¬ ª ¬¨­ãá ¡¥áª®­¥ç­®áâ¨."

^ (numerator � aNumber denominator) n n
(denominator � aNumber numerator)

= aNumber
^ (aNumber isKindOf: Number) and:

[numerator = aNumber numerator and:
[denominator = aNumber denominator]]

< aNumber
"�®§¢à é ¥â true, ¥á«¨ ¯à¨¥¬­¨ª ¬¥­ìè¥

ç¨á«  aNumber, ¨­ ç¥ ¢®§¢à é ¥â false."
^ (numerator � aNumber denominator) <

(denominator � aNumber numerator)

: : : ¬¥â®¤ë ¤«ï á®®¡é¥­¨© <=; >; >= § ¤ îâáï  ­ «®£¨ç­® : : :

asFloat
"�®§¢à é ¥â ¯à¨¥¬­¨ª ª ª ç¨á«® á ¯« ¢ îé¥© â®çª®©."

^ numerator asFloat = denominator asFloat

denominator
"�®§¢à é ¥â §­ ¬¥­ â¥«ì ¯à¨¥¬­¨ª ."

^ denominator



fraction
"�®§¢à é ¥â ¯à¨¥¬­¨ª §  ¢ëç¥â®¬ ¥£® æ¥«®© ç áâ¨."

^ self � self truncated

negated
"�®§¢à é ¥â ¯à¨¥¬­¨ª á ¯à®â¨¢®¯®«®¦­ë¬ §­ ª®¬."

^ Fraction
numerator: self numerator negated
denominator: self denominator

numerator
"�®§¢à é ¥â ç¨á«¨â¥«ì ¯à¨¥¬­¨ª ."

^ numerator

numerator: n denominator: d
"� áâ­ë©. �®§¢à é ¥â ¯à¨¥¬­¨ª, ®¯à¥¤¥«ïï ¥£® ç¨á«¨â¥«ì
¨ §­ ¬¥­ â¥«ì à ¢­ë¬¨ n ¨ d, á®®â¢¥âáâ¢¥­­®."

numerator := n.
denominator := d

printOn: aStream
"�®¡ ¢«ï¥â ASCII�¯à¥¤áâ ¢«¥­¨¥ ¯à¨¥¬­¨ª  ¢ ¯®â®ª aStream."

numerator printOn: aStream.
aStream nextPut: $.
denominator printOn: aStream

reciprocal
"�®§¢à é ¥â à æ¨®­ «ì­ãî ¤à®¡ì, ®¡à â­ãî ª ¯à¨¥¬­¨ªã."

^ denominator = numerator

truncated
"�®§¢à é ¥â æ¥«ãî ç áâì ¯à¨¥¬­¨ª ."

^ numerator quo: denominator

6.3 �« ááë æ¥«ëå ç¨á¥«

�« áá Integer ¤®¡ ¢«ï¥â ¯à®â®ª®« ¤«ï æ¥«ëå ç¨á¥«. � ­¥¬ âà¨

¯®¤ª« áá . �« áá SmallInteger ¤ ¥â íª®­®¬¨ç­®¥ ¯à¥¤áâ ¢«¥­¨¥ ¤«ï



¯®¤¬­®¦¥áâ¢  æ¥«ëå ç¨á¥«, ª®â®àë¥ ç é¥ ¢á¥£® ¨á¯®«ì§ãîâáï ¢ ¨­-
¤¥ªá å ¨ áç¥âç¨ª å. �¨ ¯ §®­ ¯à¥¤áâ ¢«¥­¨ï ¤«ï â ª¨å ç¨á¥« ®â
�16384 ¤® 16383. �®«ìè¨¥ æ¥«ë¥, ª®â®àë¥ ¯à¥¤áâ ¢«ïîâáï íª§¥¬-
¯«ïà ¬¨ ª« áá®¢ LargePositiveInteger ¨ LargeNegativeInteger ¯®§¢®«ï-
îâ ¯à¥¤áâ ¢«ïâì æ¥«ë¥ ç¨á«  ¤«¨­­®© ¤® 64� (¢ ¤¢®¨ç­®¬ ¤®¯®«-
­¨â¥«ì­®¬ ª®¤¥). � ¬¥â¨¬, çâ® ¥á«¨ à¥§ã«ìâ â  à¨ä¬¥â¨ç¥áª¨å

®¯¥à æ¨© ­ ¤ ¡®«ìè¨¬¨ æ¥«ë¬¨ ¯à¥¤áâ ¢«ï¥âáï ¬ «ë¬ æ¥«ë¬ ç¨-
á«®¬, â® ®­ ¢ ¤¥©áâ¢¨â¥«ì­®áâ¨ ¡ã¤¥â ¬ «ë¬ æ¥«ë¬.

� ¤®¯®«­¥­¨¥ ª á®®¡é¥­¨ï¬, ­ á«¥¤ã¥¬ë¬ ¨§ ª« áá  Number,
¯à®â®ª®« ª« áá  Integer á®¤¥à¦¨â ¬¥â®¤ë-¯à¥®¡à §®¢ ­¨ï á á®®¡é¥-
­¨ï¬¨ asCharacter, asFloat, ¬¥â®¤ ¤«ï ¯¥ç â¨ á á®®¡é¥­¨¥¬ printOn:
aStream base: anInteger, ¨ ¬¥â®¤ ¯¥à¥ç¨á«¥­¨ï á á®®¡é¥­¨¥¬ times-
Repeat: aBlock. � ¯à¨¬¥à, ¨á¯®«ì§ãï ¯®á«¥¤­¥¥ á®®¡é¥­¨¥, ¬®¦­®
¯®¢â®à¨âì ¢ëç¨á«¥­¨¥ ¡«®ª  aBlock æ¥«®¥ ç¨á«® à §. �à¨¢¥¤¥¬ â -
ª®© ¯à¨¬¥à, ¢ ª®â®à®¬ ¡«®ª ­¥ ¨¬¥¥â  à£ã¬¥­â®¢:

a := 1.
10 timesRepeat: [a := a + a].

�ª®­ç â¥«ì­®¥ §­ ç¥­¨¥ a | ç¨á«® 1024, â® ¥áâì 2 ¢ áâ¥¯¥­¨ 10.
�« áá Integer ®¯à¥¤¥«ï¥â âà¨ ­®¢ëå ¬¥â®¤ , ª®â®àëå ­¥â ¥£® áã-

¯¥àª« áá å.

Integer instance protocol

factorial | ¢®§¢à é ¥â ä ªâ®à¨ « ¯à¨¥¬­¨ª , ª®â®àë© ¤®«¦¥­ ¡ëâì
> 0.

gcd: anInteger | ¢®§¢à é ¥â ­ ¨¡®«ìè¨© ®¡é¨© ¤¥«¨â¥«ì ¯à¨¥¬­¨-
ª  ¨  à£ã¬¥­â  anInteger.

lcm: anInteger | ¢®§¢à é ¥â ­ ¨¬¥­ìè¥¥ ®¡é¥¥ ªà â­®¥ ¯à¨¥¬­¨ª 

¨  à£ã¬¥­â  anInteger.

�à¨¬¥àë ¯à¨¬¥­¥­¨ï íâ¨å á®®¡é¥­¨©

¢ëà ¦¥­¨¥ à¥§ã«ìâ â



3 factorial 6
55 gcd: 30 5
6 lcm: 10 30

� ¤®¯®«­¥­¨¥ ª ®¯¥à æ¨ï¬ á æ¥«ë¬¨ ª ª á ç¨á« ¬¨, ­¥ª®â®àë¥
 «£®à¨â¬ë ¨á¯®«ì§ãîâ â®â ä ªâ, çâ® ¬®¦­® ¨­â¥à¯à¥â¨à®¢ âì æ¥-
«ë¥ ª ª ¯®á«¥¤®¢ â¥«ì­®áâì ¡¨â®¢. �«¥¤ãîé¨© ¯à®â®ª®« á®®¡é¥-
­¨© ¤«ï ¬ ­¨¯ã«ïæ¨¨ á ¡¨â ¬¨ ®¯à¥¤¥«¥­ ¢ ª« áá¥ Integer.

Integer instance protocol

bitAnd: anInteger | ¢®§¢à é ¥â íª§¥¬¯«ïà ª« áá  Integer, ¢á¥ ¡¨âë
ª®â®à®£® ¯®«ãç¥­ë ª ª à¥§ã«ìâ â ¢ë¯®«­¥­¨ï ®¯¥à æ¨¨ «®£¨-
ç¥áª®£® � ­ ¤ á®®â¢¥âáâ¢ãîé¨¬¨ ¡¨â ¬¨ ¯à¨¥¬­¨ª  á®®¡é¥-
­¨ï ¨  à£ã¬¥­â  anInteger.

bitOr: anInteger | ¢®§¢à é ¥â íª§¥¬¯«ïà ª« áá  Integer, ¢á¥ ¡¨âë
ª®â®à®£® ¯®«ãç¥­ë ª ª à¥§ã«ìâ â ¢ë¯®«­¥­¨ï ®¯¥à æ¨¨ «®£¨-
ç¥áª®£® ��� ­ ¤ á®®â¢¥âáâ¢ãîé¨¬¨ ¡¨â ¬¨ ¯à¨¥¬­¨ª  á®®¡-
é¥­¨ï ¨  à£ã¬¥­â  anInteger.

bitXor: anInteger |- ¢®§¢à é ¥â íª§¥¬¯«ïà ª« áá  Integer, ¢á¥ ¡¨âë
ª®â®à®£® ¯®«ãç¥­ë ª ª à¥§ã«ìâ â ¢ë¯®«­¥­¨ï ®¯¥à æ¨¨ «®-
£¨ç¥áª®£® ������������ ��� ­ ¤ á®®â¢¥âáâ¢ãîé¨¬¨

¡¨â ¬¨ ¯à¨¥¬­¨ª  á®®¡é¥­¨ï ¨  à£ã¬¥­â  anInteger.

bitAt: index | ¢®§¢à é ¥â ¡¨â ¯à¨¥¬­¨ª  ¢ ¯®§¨æ¨¨ index.

bitInvert | ¢®§¢à é ¥â íª§¥¬¯«ïà ª« áá  Integer, ¢á¥ ¡¨âë ª®â®à®£®
¤®¯®«­¨â¥«ì­ë á®®â¢¥âáâ¢ãîé¨¬ ¡¨â ¬ ¯à¨¥¬­¨ª .

bitShift: anInteger | ¢®§¢à é ¥â íª§¥¬¯«ïà ª« áá  Integer, çì¥ §­ -
ç¥­¨¥ (¢ ¡¨­ à­®¬ ¯à¥¤áâ ¢«¥­¨¨) ¯®«ãç ¥âáï á¤¢¨£®¬ ¯à¨¥¬-
­¨ª  á®®¡é¥­¨ï (¢ ¡¨­ à­®¬ ¯à¥¤áâ ¢«¥­¨¨) ­  ç¨á«® ¡¨â®¢,
ãª § ­­ëå  à£ã¬¥­â®¬ anInteger. �á«¨ anInteger < 0, á¤¢¨£
¯à®¨§¢®¤¨âáï ¢¯à ¢®,   ¥á«¨ anInteger > 0 | ¢«¥¢®.



�®â ­¥áª®«ìª® ¯à¨¬¥à®¢. � ¬¥â¨¬, çâ® ¯® ã¬®«ç ­¨î ®á­®¢ ­¨¥
á¨áâ¥¬ë áç¨á«¥­¨ï ¯à¨ ¢ë¢®¤¥ ç¨á¥«, ¯à¨­¨¬ ¥âáï à ¢­ë¬ 10.

¢ëà ¦¥­¨¥ à¥§ã«ìâ â

2r111000111000111 29127
2r101010101010101 21845
2r101000101000101 20805
2r000111000111000 3640
29127 bitAnd: 3640 0
29127 bitOr: 3640 32767
32767 radix:2 2r111111111111111
29127 bitOr: 21845 30167
3640 bitShift: 1 7280

7 �« áá Random

�« áá Random ­¥ ¢å®¤¨â ¢ ¨¥à àå¨î ª« áá  Magnitude, ­® ç áâ® ¥£®
íª§¥¬¯«ïàë ­¥®¡å®¤¨¬ë ¢® ¬­®£¨å ¯à¨«®¦¥­¨ïå, âà¥¡ãîé¨å ¢ë¡®-
à  á«ãç ©­®£® ç¨á« . �«ãç ©­ë¥ ç¨á«  ­ã¦­ë, ­ ¯à¨¬¥à, ¢ áâ â¨-
áâ¨ç¥áª¨å ¯à¨«®¦¥­¨ïå ¨ ¢  «£®à¨â¬ å è¨äà®¢ª¨ ¤ ­­ëå. �« áá
Random ®¯¨áë¢ ¥â £¥­¥à â®à á«ãç ©­ëå ç¨á¥« ¨ ¢ª«îç ¥âáï ¢ ¨¥-
à àå¨î ª« áá  Stream, ª®â®àãî ¬ë ¯®¤à®¡­® à áá¬®âà¨¬ ¢ ®¤­®©

¨§ ­ è¨å á«¥¤ãîé¨å ¬¥â®¤¨ç¥áª¨å à §à ¡®â®ª. �¤¥áì ¦¥ â®«ìª®

ªà âª® ®áâ ­®¢¨¬áï ­  ª« áá¥ Random, ¯®áª®«ìªã ®­ â¥á­® á¢ï§ ­ á
ç¨á« ¬¨ ¨ ®¡¥á¯¥ç¨¢ ¥â ¯à®áâ®© á¯®á®¡ ¯®«ãç¥­¨ï ¯®á«¥¤®¢ â¥«ì-
­®áâ¨ á«ãç ©­ëå ç¨á¥«, à ¢­®¬¥à­® à á¯à¥¤¥«¥­­ëå ­  ¨­â¥à¢ «¥
(0,1).

�ª§¥¬¯«ïà ª« áá  Random | ¨áâ®ç­¨ª, ¯®à®¦¤ îé¨© á«¥¤ãî-
é¥¥ á«ãç ©­®¥ ç¨á«®. �â®â ¨áâ®ç­¨ª á®§¤ ¥âáï á ¯®¬®éìî ¢ëà -
¦¥­¨ï rand := Random new. �®£¤  ¯®âà¥¡ã¥âáï á«¥¤ãîé ï á«ãç ©-
­ ï ¢¥«¨ç¨­ , íª§¥¬¯«ïàã ª« áá  Random ­ ¤® ¯®á« âì á®®¡é¥­¨¥

next, â® ¥áâì ¢ëç¨á«¨âì ¢ëà ¦¥­¨¥ rand next, ª®â®à®¥ ¢¥à­¥â ¢¥é¥-
áâ¢¥­­®¥ ç¨á«® ¬¥¦¤ã 0:0 ¨ 1:0. �¥ «¨§ æ¨ï ¬¥â®¤ , á®®â¢¥âáâ¢ãî-
é¥£® á®®¡é¥­¨î next, ®¯¨à ¥âáï ­  «¨­¥©­ë© ª®­£àãí­â­ë© ¬¥â®¤
�.�. �¥¬¥à  ¢ â®© ä®à¬¥, ª ª ®­ ¨§«®¦¥­ ¢ ª­¨£¥ �. �­ãâ , �á-
ªãááâ¢® ¯à®£à ¬¬¨à®¢ ­¨ï ¤«ï ���, â.2, �., "�¨à", 1977, áâà.
22.



next
| temp |

"�¨­¥©­ë© ª®­£àãí­â­ë© ¬¥â®¤ �.�.�¥¬¥à ."
[seed <� 13849 + (27181 * seed) bitAnd: 8r177777.
temp <� seed / 65536.0.
temp = 0] whileTrue: [ ].
^ temp

�®¦­® ¯®á« âì íª§¥¬¯«ïàã ª« áá  Random ¨ á®®¡é¥­¨¥ next:
anInteger, çâ®¡ë ¯®«ãç¨âì ã¯®àï¤®ç¥­­ë© ­ ¡®à ¨§ anInteger á«ãç ©-
­ëå ç¨á¥«, ¨ á®®¡é¥­¨¥ nextMatchFor: aNumber, çâ®¡ë ®¯à¥¤¥«¨âì

à ¢­® «¨ á«¥¤ãîé¥¥ á«ãç ©­®¥ ç¨á«® ç¨á«ã aNumber. � ª ¨ ¯®ç¥-
¬ã ¢á¥ â ª ¯à®¨áå®¤¨â, ¬®¦­® ã§­ âì ¯®§­ ª®¬¨¢è¨áì ¯®¤à®¡­¥¥ á
ª« áá®¬ Stream ¨ ¥£® ¯®¤ª« áá ¬¨.

� ¯®ª  ¯à¥¤¯®«®¦¨¬, çâ® ­ ¬ ­¥®¡å®¤¨¬® á«ãç ©­ë¬ ®¡à §®¬

¯®«ãç¨âì ®¤­® ¨§ 10 ¯¥à¢ëå ­ âãà «ì­ëå ç¨á¥«, â® ¥áâì ¯®«ãç¨âì
ç¨á«® ¨§ ­ ¡®à  1,2,...,10. �â®£® ¬®¦­® ¤®¡¨âìáï, ¢ëç¨á«ïï ¢ëà -
¦¥­¨¥

(rand next * 10) truncated + 1.

�¥¯¥àì à áá¬®âà¨¬ ¯à®æ¥áá ¢ëç¨á«¥­¨ï íâ®£® ¢ëà ¦¥­¨ï ¯® è -
£ ¬

¢ëà ¦¥­¨¥ à¥§ã«ìâ â

rand next á«ãç ©­®¥ ç¨á«® ¬¥¦¤ã 0.0 ¨ 1.0
rand next * 10 á«ãç ©­®¥ ç¨á«® ¬¥¦¤ã 0.0 ¨ 10.0
(rand next * 10)truncated æ¥«®¥ ç¨á«® ¨§ ­ ¡®à  0,1,2,: : : ,9
(rand next * 10) truncated + 1 æ¥«®¥ ç¨á«® ¨§ ­ ¡®à  1,2,: : : ,10
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