
�®áâ®¢áª¨© £®cy¤ àáâ¢¥ë© ã¨¢¥àá¨â¥â

�.�. �¨àîâ¥ª®, �.�. � ¢¥«ì¥¢

�¡ê¥ªâ®-®à¨¥â¨à®¢ ®¥ ¯à®£à ¬¬¨à®¢ ¨¥

¨ ï§ëª Smalltalk.

�« áá Collection ¨ ¥£® ¯®¤ª« ááë.

� áâì 1

�®áâ®¢- -�®ã

1997



�¡ê¥ªâ®-®à¨¥â¨à®¢ ®¥ ¯à®£à ¬¬¨à®¢ ¨¥
¨ ï§ëª Smalltalk.

�« áá Collection ¨ ¥£® ¯®¤ª« ááë.

� áâì 1

�®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®¤®«¦¥¨¥¬ ¢ëè¥¤è¨å
à ¥¥ ¤¢ãå ¬¥â®¤¨ç¥áª¨å à §à ¡®â®ª ¯® ®¡ê¥ªâ®-®à¨¥â¨à®¢ ®¬ã
¯à®£à ¬¬¨à®¢ ¨î ¨ ï§ëªã Smalltalk, ¯®á¢ïé¥ëå ®¡é¨¬ ª®æ¥¯æ¨-
ï¬ ¨ á¨â ªá¨áã, ¨â¥àä¥©áã ¯®«ì§®¢ â¥«ï ¨ áà¥¤¥ ¯à®£à ¬¬¨à®¢ ¨ï.
� ¤¢ãå ¥¥ ç áâïå ®¯¨áë¢ ¥âáï ¯à®â®ª®« ¨ à¥ «¨§ æ¨ï ª« áá  Collection
¨ ¢ ¦¥©è¨å ¨§ ¥£® ¬®£®ç¨á«¥ëå ¯®¤ª« áá®¢. �áî¤ã ¤ «¥¥ ¯à¨ ®¯¨-
á ¨¨ ª« áá®¢ ï§ëª  Smalltalk ¬ë ¡ã¤¥¬ ¨¬¥âì ¢¢¨¤ã ¨å à¥ «¨§ æ¨î ¢

ï§ëª¥ Smalltalk/V ä¨à¬ë Digitalk (���).
�¥â®¤¨ç¥áª ï à §à ¡®âª  ¯à¥¤ § ç¥  ¤«ï áâã¤¥â®¢ 3{5 ªãàá®¢

¬¥å ¨ª®-¬ â¥¬ â¨ç¥áª®£® ä ªã«ìâ¥â  ¨ á«ãè â¥«¥© ���.
�¥ç â ¥âáï ¢ á®®â¢¥âáâ¢¨¨ á à¥è¥¨¥¬ ª ä¥¤àë ¬ â¥¬ â¨ç¥áª®£®

  «¨§  �®áâ®¢áª®£® £®áã¤ àáâ¢¥®£® ã¨¢¥àá¨â¥â , ¯à®â®ª®« ò 10 ®â
\5" ¨îï 1996 £®¤ .

� áâ®ïé¨¥ ¬¥â®¤¨ç¥áª¨¥ ãª § ¨ï  ¡à ë ¢ á¨áâ¥¬¥ LaTEX c ¨á¯®«ì§®¢ ¨¥¬
ª¨à¨««¨ç¥áª¨å èà¨äâ®¢ á¥¬¥©áâ¢  LH (¤¨§ ©¥àë �.� ¯ª® ¨ �.�®¤ã«¥¢).

c 1996, 1997, �.�. �¨àîâ¥ª®, �.�. � ¢¥«ì¥¢



1 �¥à àå¨ï ª« áá  Collection

� ¡®à | íâ® £àã¯¯  (á®¢®ªã¯®áâì, ®¡ê¥¤¨¥¨¥) ®¡ê¥ªâ®¢. �â¨ ®¡ê-
¥ªâë  §ë¢ îâáï í«¥¬¥â ¬¨  ¡®à . � ¯à¨¬¥à, ¬ áá¨¢ | íâ®  ¡®à.
� ª ¬ áá¨¢

#('word' 3 5 $G (1 2 3))

á®áâ®¨â ¨§ ¯ïâ¨ í«¥¬¥â®¢, ¯¥à¢ë©| áâà®ª  'word', ¢â®à®© ¨ âà¥â¨©|
ç¨á«  3 ¨ 5, ç¥â¢¥àâë© | á¨¬¢®« G,   ¯ïâë© | ¬ áá¨¢ ¨§ âà¥å ç¨á¥«.
�«¥¬¥â-áâà®ª  'word' | íâ® â®¦¥  ¡®à, ¢ ¤ ®¬ á«ãç ¥ íâ®  ¡®à,
á®áâ®ïé¨© ¨§ ç¥âëà¥å á¨¬¢®«®¢.

� ¡®àë ®¡¥á¯¥ç¨¢ îâ ¯à¥¤áâ ¢«¥¨¥ ®á®¢ëå áâàãªâãà ¤ ëå ¢

áà¥¤¥ Smalltalk. � áá¬®âà¨¬ á ç «  ¨¥à àå¨î ¯®¤ª« áá®¢ ª« áá  Col-
lection. �à®¬¥ ãª § ëå ª« áá®¢ ¢ íâ®© ¨¥à àå¨¨ ¥áâì ¨ ¤àã£¨¥, ª®â®-
àë¥ ¬ë §¤¥áì à áá¬ âà¨¢ âì ¥ ¡ã¤¥¬.

� ¡®àë, ®¯à¥¤¥«ï¥¬ë¥ à §ë¬¨ ¯®¤ª« áá ¬¨ ¨§ íâ®© ¨¥à àå¨¨, ®â-
«¨ç îâáï ¯® á¢®¨¬ á¢®©áâ¢ ¬. �¤® ¨§ ®â«¨ç¨© á®áâ®¨â ¢ â®¬, ®¯à¥¤¥-
«¥ ¨«¨ ¥â ¯®àï¤®ª áà¥¤¨ í«¥¬¥â®¢  ¡®à . �àã£®¥ ®â«¨ç¨¥ á®áâ®¨â
¢ â®¬, ¨¬¥¥â ¨«¨ ¥â  ¡®à ä¨ªá¨à®¢ ë© à §¬¥à ¨«¨ ® ¯à¨ ¥®¡-
å®¤¨¬®áâ¨ ¬®¦¥â ¬¥ïâìáï. �ãé¥áâ¢ãîâ  ¡®àë, ¤®áâã¯ ª í«¥¬¥â ¬
ª®â®àëå ¯à®¨áå®¤¨â ¯® ¨§¢¥áâë¬ ¢¥  ¡®à  ¨¬¥ ¬ (â ª  §ë¢ ¥¬ë¬
ª«îç ¬). �¨¤ ª«îç¥© ®¯à¥¤¥«ï¥â ¥é¥ ®¤® ®â«¨ç¨¥ ¬¥¦¤ã ª« áá ¬¨
 ¡®à®¢. �«¥¬¥âë ®¤¨å  ¡®à®¢ ¤®áâã¯ë ¯® ç¨á«®¢ë¬  âãà «ì-
ë¬ ¨¤¥ªá ¬, ª®â®àë¥ ®¯à¥¤¥«ïîâ ¯®àï¤®ª í«¥¬¥â®¢ ¢  ¡®à¥,  
¢ ¤àã£¨å ¨á¯®«ì§ã¥âáï ï¢® á¢ï§ ë¥ á í«¥¬¥â ¬¨  ¡®à  ¢¥è¨¥

®¡ê¥ªâë, á«ã¦ é¨¥ ª«îç ¬¨ ¯®¨áª .
�¥®âá®àâ¨à®¢ ë©  ¡®à á ¢¥è¨¬¨ ª«îç ¬¨ | íâ® íª§¥¬¯«ïà

ª« áá  Dictionary. �£® ª«îç ¬¨ ¬®£ãâ ¡ëâì «î¡ë¥ ®¡ê¥ªâë á¨áâ¥¬ë;
áà ¢¥¨¥ ª«îç¥©   á®¢¯ ¤¥¨¥ ¯à®¢¥àï¥âáï á ¯®¬®éìî à ¢¥áâ¢ 

(=). �« áá Dictionary ¨¬¥¥â ¯®¤ª« áá IdentityDictionary, çì¨ ¢¥è¨¥

ª«îç¨ áà ¢¨¢ îâáï   á®¢¯ ¤¥¨¥ á ¯®¬®éìî ®¯¥à æ¨¨ â®¦¤¥áâ¢ 

(==). �ç¥ì ç áâ® ª«îç ¬¨ ¢ íâ®¬ ª« áá¥ ¢ëáâã¯ îâ íª§¥¬¯«ïàë

ª« áá  Symbol. �«¥¬¥âë íª§¥¬¯«ïà®¢ ª« áá®¢ Bag ¨ Set ¥ á®àâ¨àã-
îâáï ¨ ¥ á¢ï§ë¢ îâáï ¨ á ª ª¨¬¨ ª«îç ¬¨. �ã¡«¨ª âë í«¥¬¥â®¢

¢®§¬®¦ë ¢ íª§¥¬¯«ïà å ª« áá  Bag, ¨ ¥¢®§¬®¦ë ¢ íª§¥¬¯«ïà å

ª« áá  Set.



¨¬ï ª« áá  ¯®àï¤®ª à §¬¥à ¤ã¡«¨ ª«îç¨ í«¥¬¥âë

Bad ¥â «î¡®© ¤  ¥â «î¡®©

IndexedCollection ¤  ®.¯. ®.¯. æ¥«®¥ ®.¯.
FixedSizeCollection ¤  ä¨ªá ®.¯. æ¥«®¥ «î¡®©

Array ¤  ä¨ªá ¤  æ¥«®¥ SmallInteger
Interval ¤ ! ä¨ªá ¥â æ¥«®¥ Number
String ¤  ä¨ªá ¤  æ¥«®¥ Character
Symbol ¤  ä¨ªá ¤  æ¥«®¥ Character
OrderedCollection ¤  «î¡®© ¤  æ¥«®¥ «î¡®©

SortedCollection ¤ ! «î¡®© ¤  æ¥«®¥ «î¡®©

Set ¥â «î¡®© ¥â ¥â «î¡®©

Dictionary ¥â «î¡®© ¥â «î¡®© «î¡®©

IdentityDictionary ¥â «î¡®© ¥â «î¡®© «î¡®©

� â ¡«¨æ¥ ¨á¯®«ì§®¢ ë á«¥¤ãîé¨¥ á®ªà é¥¨ï: ¤ ! |  ¡®à ã¯®-

àï¤®ç¥ ¢ á®®â¢¥âáâ¢¨¨ á ¢ãâà¥¨¬ å à ªâ¥à¨áâ¨ª ¬, ®.¯. |

á¢®©áâ¢® ®¯à¥¤¥«ï¥âáï ¯®¤ª« áá®¬.

�á¥ ã¯®àï¤®ç¥ë¥  ¡®àë | íª§¥¬¯«ïàë ¯®¤ª« áá®¢ ª« áá  Inde-
xedCollection. �® ¢á¥å ¨å, í«¥¬¥âë ¤®áâã¯ë ç¥à¥§ ª«îç¨, ª®â®àë¥
ï¢«ïîâáï æ¥«ë¬¨ ¯®«®¦¨â¥«ìë¬¨ ¨¤¥ªá ¬¨. �®¤ª« ááë ª« áá  In-
dexedCollection ¯®¤¤¥à¦¨¢ îâ à §ë¥ á¯®á®¡ë ã¯®àï¤®ç¨¢ ¨ï á¢®¨å

í«¥¬¥â®¢. �é¥ ®¤® à §«¨ç¨¥ ¬¥¦¤ã íâ¨¬¨ ¯®¤ª« áá ¬¨ á®áâ®¨â ¢

â®¬, ¬®£ãâ «¨ í«¥¬¥âë ¡ëâì ¯à®¨§¢®«ìë¬¨ ®¡ê¥ªâ ¬¨ ¨«¨ ®¨ ¤®«¦-
ë ¡ëâì íª§¥¬¯«ïà ¬¨ ®¯à¥¤¥«¥®£® ª« áá .

�®àï¤®ª í«¥¬¥â®¢ ï¢«ï¥âáï ¢¥è¨¬ ¤«ï íª§¥¬¯«ïà®¢ ª« áá®¢

OrderedCollection, FixedSizeCollection. �«ï OrderedCollection ¯®á«¥¤®¢ -
â¥«ì®áâì ®¯¥à æ¨© ¤®¡ ¢«¥¨ï ¨ ã¤ «¥¨ï í«¥¬¥â®¢ ®¯à¥¤¥«ï¥â ¯®-
àï¤®ª í«¥¬¥â®¢. �«¥¬¥â ¬¨ íª§¥¬¯«ïà®¢ ª« áá  OrderedCollection
¬®£ãâ ¡ëâì «î¡ë¥ ®¡ê¥ªâë. �®¤ª« áá ¬¨ ª« áá  FixedSizeCollection
ï¢«ïîâáï ª« ááë Array, String, Interval. �«¥¬¥â ¬¨ íª§¥¬¯«ïà®¢ ª« á-
á®¢ Array ¡ëâì «î¡ë¥ ®¡ê¥ªâë, í«¥¬¥â ¬¨ íª§¥¬¯«ïà®¢ ª« áá  String
¬®£ãâ ¡ëâì â®«ìª® íª§¥¬¯«ïàë ª« áá  Character,   í«¥¬¥â ¬¨ íª§¥¬-
¯«ïà®¢ ª« áá  Interval | â®«ìª® ç¨á« .

�®àï¤®ª áà¥¤¨ í«¥¬¥â®¢ íª§¥¬¯«ïà®¢ ª« áá®¢ Interval ¨ SortedCol-
lection ®¯à¥¤¥«ï¥âáï ¢ãâà¥¨¬¨ á¢®©áâ¢ ¬¨ á ¬¨å í«¥¬¥â®¢. �«¥-
¬¥âë íª§¥¬¯«ïà  ª« áá  Interval á®áâ ¢«ïîâ  à¨ä¬¥â¨ç¥áª ï ¯à®£à¥á-
á¨ï, ª®â®à ï ®¤®§ ç® ®¯à¥¤¥«ï¥âáï ¢® ¢à¥¬ï ¨¨æ¨ «¨§ æ¨¨ íâ®£®
íª§¥¬¯«ïà . �«ï ª« áá  SortedCollection ¯®àï¤®ª í«¥¬¥â®¢ ®¯à¥¤¥«ï-
¥âáï § ¤ ¢ ¥¬ë¬ ¤«ï ¤ ®£® íª§¥¬¯«ïà  ¡«®ª®¬ á®àâ¨à®¢ª¨. � è 



æ¥«ì | ®¯¨á âì ¯®¤ª« ááë ª« áá  Collection ¨ ¢á¥ ®á®¡¥®áâ¨ ¨å ¯à®-
â®ª®«®¢ á®®¡é¥¨©,   â ª¦¥ ¯à¨¢¥áâ¨ ¯à®áâë¥ ¯®ïáïîé¨¥ ¯à¨¬¥àë.

2 �®¡ ¢«¥¨¥, ã¤ «¥¨¥, â¥áâ¨à®¢ ¨¥

¨ ¯¥à¥ç¨á«¥¨¥ ¢ ª« áá¥ Collection

�à¥¦¤¥ ¢á¥£® ¬ë ®¯¨è¥¬ ¯à®â®ª®« ª« áá  Collection, à §¤¥«ï¥¬ë© ¢á¥-
¬¨  ¡®à ¬¨. �®®¡é¥¨ï ¢ ª« áá¥ Collection à¥ «¨§ãîâáï ¨«¨ ¢ á ¬®¬
®¡é¥¬ ¢¨¤¥, ¯à¨£®¤®¬ ¤«ï «î¡®£® ¢¨¤   ¡®à , ¨«¨ ª ª

self implementedBySubclass.

� ¯®¬¨¬, çâ® á®®¡é¥¨ï à¥ «¨§ã¥âáï â ª, ª®£¤   áá®æ¨¨à®¢ ë©
á ¨¬ ¬¥â®¤ § ¢¨á¨â ®â ¯à¥¤áâ ¢«¥¨ï ¯à¨¨¬ îé¥£® á®®¡é¥¨¥ ®¡ê-
¥ªâ . � ¦¤ë© ¯®¤ª« áá ¤®«¦¥ ¯¥à¥®¯à¥¤¥«ïâì â ª¨¥ á®®¡é¥¨ï, ã¤®-
¢«¥â¢®àïï ¢á¥ óâà¥¡®¢ ¨ï ¯®¤ª« áá ô. � æ¥«ïå íää¥ªâ¨¢®áâ¨, ¯®¤-
ª« ááë ¬®£ãâ ¯¥à¥®¯à¥¤¥«ïâì ¨ ¤àã£¨¥ á®®¡é¥¨ï ª« áá , ª®â®àë¥ á
®¢ë¬ ¬¥â®¤®¬ ¨á¯®«ì§®¢ âì ¯à¥¤¯®çâ¨â¥«ì¥¥. �®íâ®¬ã ª ¦¤®¥ á®-
®¡é¥¨¥, ®¯¨á ®¥ ¢ íâ®¬ à §¤¥«¥, ¯®¨¬ ¥âáï «î¡ë¬ ¢¨¤®¬  ¡®à ,
§  ¨áª«îç¥¨¥¬ â¥å, ª®â®àë¥ á¯¥æ¨ «ì® ®â¬¥ïîâ â ª®¥ á®®¡é¥¨¥.

�®¤ª« áá ¬®¦¥â ¢ë¯®«ïâì ¥ª®â®àë¥ á®®¡é¥¨ï ¯®áà¥¤áâ¢®¬ ¢ë-
à ¦¥¨ï

self invalidMessage

à¥§ã«ìâ â®¬ ¢ë¯®«¥¨ï ª®â®à®£® ¡ã¤¥â ¯®¤áª §ª  ¯à®£à ¬¬¨áâã ®

â®¬, çâ® ¤ ®¥ ¯®á« ®¥ á®®¡é¥¨¥ ¥«ì§ï ¯®áë« âì íª§¥¬¯«ïà ¬

¤ ®£® ª« áá . � ¯à¨¬¥à, ¯®¤®¡ë¬ ®¡à §®¬ ¢ ª« áá¥ Interval à¥ «¨-
§®¢ ® á®®¡é¥¨¥ á á¥«¥ªâ®à®¬ at:put:, ¯®áª®«ìªã ¯®àï¤®ª áà¥¤¨ í«¥-
¬¥â®¢ íª§¥¬¯«ïà  íâ®£® ª« áá  ®¯à¥¤¥«ï¥âáï ¨å ¢ãâà¥¨¬¨ á¢®©-
áâ¢ ¬¨ ¨ ¢ ¥£® ¥«ì§ï ¢¬¥è¨¢ âìáï ¨§¢¥.

�« áá Collection ¯®¤¤¥à¦¨¢ ¥â 4 â¨¯  (ª â¥£®à¨¨) á®®¡é¥¨© ¤«ï

¤®áâã¯  ª í«¥¬¥â ¬  ¡®à®¢

� á®®¡é¥¨ï ¤®¡ ¢«¥¨ï ®¢ëå í«¥¬¥â®¢

� á®®¡é¥¨ï ã¤ «¥¨ï í«¥¬¥â®¢

� á®®¡é¥¨ï ¯à®¢¥àª¨ ¯à¨ ¤«¥¦®áâ¨ í«¥¬¥â   ¡®àã

� á®®¡é¥¨ï ¯¥à¥ç¨á«¥¨ï í«¥¬¥â®¢



�à®â®ª®« ¤®¡ ¢«¥¨ï, ã¤ «¥¨ï ¨ â¥áâ¨à®¢ ¨ï ¢ ª« áá¥ Collection
â ª®¢:

Collection instance protocol

add: newObject | ¢ª«îç ¥â ®¡ê¥ªâ newObject ª ª ®¤¨ ¨§ í«¥¬¥â®¢

¯à¨¥¬¨ª ; ¢®§¢à é ¥â newObject.

addAll: aCollection | ¢ª«îç ¥â ¢á¥ í«¥¬¥âë  ¡®à  aCollection ª ª í«¥-
¬¥âë ¯à¨¥¬¨ª ; ¢®§¢à é ¥â aCollection.

remove: oldObject | ã¤ «ï¥â ®¡ê¥ªâ oldObject ª ª í«¥¬¥â ¯à¨¥¬¨ª ;
¢®§¢à é ¥â oldObject, ¥á«¨ í«¥¬¥â ã¤ «¥; ¥á«¨ ¢ ¯à¨¥¬¨ª¥ ¥â
â ª®£® í«¥¬¥â , ¢ë¤ ¥â á®®¡é¥¨¥ ®¡ ®è¨¡ª¥.

remove: oldObject ifAbsent: anExeptionBlock | ã¤ «ï¥â ®¡ê¥ªâ oldObject
ª ª í«¥¬¥â ¯à¨¥¬¨ª ; ¥á«¨ ¥áª®«ìª® í«¥¬¥â®¢, à ¢ëå old-
Object á®¤¥à¦ âáï ¢ ¯à¨¥¬¨ª¥, ã¤ «ï¥â ¯¥à¢ë©  ©¤¥ë©; ¢®§-
¢à é ¥â oldObject, ¥á«¨ í«¥¬¥â ã¤ «¥; ¥á«¨ ¢ ¯à¨¥¬¨ª¥ ¥â

â ª®£® í«¥¬¥â , ¢ë¯®«ï¥â ¡«®ª anExeptionBlock ¨ ¢®§¢à é ¥â

à¥§ã«ìâ â ¥£® ¢ëç¨á«¥¨ï.

removeAll: aCollection | ã¤ «ï¥â ¢á¥ í«¥¬¥âë  à£ã¬¥â  aCollection ¨§
¯à¨¥¬¨ª ; ¢®§¢à é ¥â aCollection, ¥á«¨ ã¤ «¥¨¥ ¢á¥å í«¥¬¥â®¢
¯à®è«® ãá¯¥è®, ¨ ç¥ ¢ë¤ ¥â á®®¡é¥¨¥ ®¡ ®è¨¡ª¥.

includes: anObject | ¢®§¢à é ¥â true, ª®£¤  å®âï ¡ë ®¤¨ ¨§ í«¥¬¥â®¢

¯à¨¥¬¨ª  à ¢¥  à£ã¬¥âã anObject.

isEmpty | ¢®§¢à é ¥â true, ª®£¤  ¢ ¯à¨¥¬¨ª¥ ¥â í«¥¬¥â®¢.

occurencesOf: anObject | ¢®§¢à é ¥â æ¥«®¥ ç¨á«® à ¢®¥ ç¨á«ã ¢å®-
¦¤¥¨© í«¥¬¥â  anObject ¢ ¯à¨¥¬¨ª.

�«ï â®£®, çâ®¡ë ¯à®¤¥¬®áâà¨à®¢ âì, ª ª ¨á¯®«ì§®¢ âì íâ¨ á®®¡-
é¥¨ï, ¢¢¥¤¥¬ ¢ à áá¬®âà¥¨¥  ¡®à lotteryA, à ¢ë© Bag(272 572 852
156), ¨  ¡®à lotteryB, à ¢ë© Bag(572 621 274). �® ¥áâì íâ® íª§¥¬¯«ï-
àë ª« áá  Bag, ¯®¤ª« áá  ª« áá  Collection. � ¬ ª« áá Collection | íâ®

 ¡áâà ªâë© ª« áá, ª®â®àë© â®«ìª® ®¯¨áë¢ ¥â ®¡é¨© ¯à®â®ª®« ¤«ï



¢á¥å á¢®¨å ¯®¤ª« áá®¢. �« áá Collection ¥ ¤®áâ â®ç® ª®ªà¥â¨§¨à®-
¢ , çâ®¡ë ®¡¥á¯¥ç¨âì åà ¥¨¥ í«¥¬¥â®¢  ¡®à , ¨ ¯®â®¬ã ¥ ¯®§¢®-
«ï¥â à¥ «¨§®¢ âì ¢ á¥¡¥ ¢á¥ á¢®¨ á®®¡é¥¨ï. �â  ¥¯®«®â  ®¯¨á ¨ï
¨ ¥ ¯®§¢®«ï¥â ª« ááã Collection á®§¤ ¢ âì íª§¥¬¯«ïàë. �« áá Bag |
ã¦¥ ª®ªà¥â¨§¨à®¢ ë© ¯®¤ª« áá ª« áá  Collection ¢ â®¬ á¬ëá«¥, çâ®
® ®¡¥á¯¥ç¨¢ ¥â ¢á¥ ¥®¡å®¤¨¬®¥ ¤«ï åà ¥¨ï í«¥¬¥â®¢ ¨ à¥ «¨§ã¥â

¢á¥ á®®¡é¥¨ï, ª®â®àë¥ ¥ ¡ë«¨ à¥ «¨§®¢ ë ¢ ¥£® áã¯¥àª« áá¥.
�á¥  ¡®àë ¯®¨¬ îâ á®®¡é¥¨¥ size, ª®â®à®¥ ¢®§¢à é ¥â ª®«¨ç¥-

áâ¢® í«¥¬¥â®¢ ¢  ¡®à¥. � ª ¬ë ¬®¦¥¬ ®¯à¥¤¥«¨âì, çâ® lotteryA size
¥áâì 4,   lotteryB size ¥áâì 3. �ëç¨á«ïï ¯® ¯®àï¤ªã á«¥¤ãîé¨¥ á®®¡é¥-
¨ï, ¯®«ãç¨¬

¢ëà ¦¥¨¥ à¥§ã«ìâ â lotteryA, ¥á«¨

¨§¬¥¨«®áì

lotteryA isEmpty false
lotteryA includes: 572 true
lotteryA add: 596 596 Bag(272 572 852

156 596)
lotteryA addAll: lotteryB Bag(572 621 274) Bag(272 274 852

156 596 572 572
621)

lotteryA occurencesOf: 572 2
lotteryA remove: 572 572 Bag(272 274 852

156 596 572 621)
lotteryA size 7

� ¬¥â¨¬, çâ® á®®¡é¥¨ï add: ¨ remove: ¢®§¢à é îâ á¢®¨  à£ã¬¥-
âë,   ¥ á ¬  ¡®à, â ª çâ® ¬®¦® ¯®«ãç¨âì ¤®áâã¯ ª ¢ëç¨á«¥®¬ã
 à£ã¬¥âã. �®®¡é¥¨¥ remove: anObject ã¤ «ï¥â â®«ìª® ®¤¨ í«¥¬¥â
¨§  ¡®à -¯à¨¥¬¨ª , à ¢ë©  à£ã¬¥âã anObject,   ¥ ¢á¥ í«¥¬¥âë
 ¡®à  à ¢ë¥ ¥¬ã.

�®®¡é¥¨¥ remove: oldObject ifAbsent: anExeptionBlock ¨á¯®«ì§ã¥â

¡«®ª ¤«ï â®£®, çâ®¡ë ®¯à¥¤¥«¨âì ¯®¢¥¤¥¨¥  ¡®à -¯à¨¥¬¨ª  ¢ â®¬
á«ãç ¥, ª®£¤  ã¤ «ï¥¬ë© ®¡ê¥ªâ ®âáãâáâ¢ã¥â ¢  ¡®à¥. �á«¨ ¯à¨¥¬¨ª
á®®¡é¥¨ï ¥ á®¤¥à¦¨â í«¥¬¥â  à ¢®£®  à£ã¬¥âã oldObject, ¢ë¯®«-
ï¥âáï ¡«®ª- à£ã¬¥â anExeptionBlock. � ª®© ¡«®ª ¬®¦¥â,  ¯à¨¬¥à,
á®¤¥à¦ âì ª®¤, ®¡¥á¯¥ç¨¢ îé¨© ®¡à ¡®âªã ®è¨¡ª¨ ¨«¨ ¯à®áâ® ¯®§¢®-
«ïîé¨© ¯à®¨£®à¨à®¢ âì ¥¥. � ª ¢ëà ¦¥¨¥

lotteryA remove: 121 ifAbsent: [ ]



¨ç¥£® ¥ ¤¥« ¥â, ¥á«¨ ç¨á«  121 ¥ ®ª ¦¥âáï ¢  ¡®à¥ lotteryA.
�® ã¬®«ç ¨î á®®¡é¥¨¥ remove: oldObject, ª®£¤  ¥  å®¤¨â í«¥-

¬¥â  oldObject ¢  ¡®à¥-¯à¨¥¬¨ª¥, ¯®áë« ¥â  ¡®àã á®®¡é¥¨¥ error:
'object is not in the collection' ('®¡ê¥ªâ ¢  ¡®à¥ ®âáãâáâ¢ã¥â'). � ¯®¬¨¬,
çâ® á®®¡é¥¨¥ error: ®¯à¥¤¥«¥® ¢ ª« áá¥ Object ¨ ¯®â®¬ã ¯®¨¬ ¥âáï
¢á¥¬¨ ®¡ê¥ªâ ¬¨ á¨áâ¥¬ë.

�¡à â¨¬áï ª â®© ç áâ¨ ¯à®â®ª®«  ª« áá  Collection, ª®â®àë© ¢ª«î-
ç ¥â á®®¡é¥¨ï ¯¥à¥ç¨á«¥¨ï í«¥¬¥â®¢  ¡®à , ¯à¥¤®áâ ¢«ïï ¢®§¬®¦-
®áâì ¯¥à¥ç¨á«¨âì ¢á¥ í«¥¬¥âë  ¡®à  ¨ ¨á¯®«ì§®¢ âì ª ¦¤ë© ¨§ ¨å

¯à¨ ¢ëç¨á«¥¨¨ ¡«®ª . �á®¢®¥ á®®¡é¥¨¥ ¯¥à¥ç¨á«¥¨ï| íâ® á®®¡-
é¥¨¥ do: aBlock. � ¥¬  à£ã¬¥â®¬ ï¢«ï¥âáï ®¤®  à£ã¬¥âë© ¡«®ª

aBlock, ª®â®àë© ¢ëç¨á«ï¥âáï, ¤«ï ª ¦¤®£® í«¥¬¥â  ¨§  ¡®à , ¯®«ã-
ç ï ¥£® ¢ ª ç¥áâ¢¥  à£ã¬¥â . �ãáâì,  ¯à¨¬¥à, letters | ¥ª®â®àë©

 ¡®à á¨¬¢®«®¢, ¨ ¬ë å®â¨¬ ®¯à¥¤¥«¨âì áª®«ìª® à § ¢ ¥¬ ¢áâà¥ç îâáï
á¨¬¢®«ë a ¨ A.

count := 0.
letters do: [:each | each asLowercase == $a

ifTrue: [count := count + 1] ].

�¤¥áì ¯à®¨áå®¤¨â ã¢¥«¨ç¥¨¥ áç¥âç¨ª  count   1 ¢áïª¨© à §, ª®-
£¤  í«¥¬¥â ¨§  ¡®à  letters ®ª §ë¢ ¥âáï á®¢¯ ¤ îé¨¬ «¨¡® á a, «¨¡®
á A. �¥« ¥¬ë© à¥§ã«ìâ â | ¯®á«¥¤¥¥ § ç¥¨¥ áç¥âç¨ª . �ë ¬®-
¦¥¬ ¨á¯®«ì§®¢ âì == ¢¬¥áâ® =, â ª ª ª ¢á¥ ®¡ê¥ªâë ª« áá  Character
ã¨ª «ìë.

�¥áâì ®á®¢ëå á®®¡é¥¨© ¯¥à¥ç¨á«¥¨ï ®¯à¥¤¥«¥ë ¢ ª« áá¥ Col-
lection. � ®¯¨á ¨¨ íâ¨å á®®¡é¥¨© £®¢®à¨âáï, çâ® ¯à¨ ¨å ¢ë¯®«¥¨¨
¤«ï á®åà ¥¨ï à¥§ã«ìâ â®¢ á®§¤ ¥âáï ó®¢ë©  ¡®à, ¯®¤®¡ë© ¯à¨¥¬-
¨ªã á®®¡é¥¨ïô. �âã äà §ã  ¤® ¯®¨¬ âì ¢ â®¬ á¬ëá«¥, çâ® ®¢ë©
 ¡®à | íª§¥¬¯«ïà â®£® ¦¥ á ¬®£® ª« áá , çâ® ¨  ¡®à-¯à¨¥¬¨ª á®-
®¡é¥¨ï. � ¯à¨¬¥à, ¥á«¨ ¯à¨¥¬¨ª á®®¡é¥¨ï select: aBlock ï¢«ï¥âáï
íª§¥¬¯«ïà®¬ ª« áá  Set ¨«¨ Array, â® ¢®§¢à é ¥¬ë© á®®¡é¥¨¥¬ à¥-
§ã«ìâ â, ï¢«ï¥âáï íª§¥¬¯«ïà®¬ ª« áá  Set ¨«¨ Array, á®®â¢¥âáâ¢¥®.
� á¨áâ¥¬¥ Smalltalk   íâ®â áç¥â ¥áâì â®«ìª® ®¤® ¨áª«îç¥¨¥: ¢ à¥ «¨-
§ æ¨¨ ª« áá  Interval, ¢ ®â¢¥â   á®®¡é¥¨¥ ¯¥à¥ç¨á«¥¨ï ¢®§¢à é ¥âáï
íª§¥¬¯«ïà ª« áá  Array,   ¥ ®¢ë© íª§¥¬¯«ïà ª« áá  Interval. �à¨ç¨-
  íâ®£® ¨áª«îç¥¨ï ¢ â®¬, çâ® í«¥¬¥âë íª§¥¬¯«ïà  ª« áá  Interval
á®§¤ îâáï ¢ ¬®¬¥â á®§¤ ¨ï á ¬®£® íª§¥¬¯«ïà , ¨ ¯®â®¬ã ¥¢®§¬®¦®
á®åà ¨âì ª ª¨¥ ¡ë â® ¨ ¡ë«® í«¥¬¥âë ¢ãâà¨ ã¦¥ áãé¥áâ¢ãîé¥£®



¨â¥à¢ « .

Collection instance protocol

do: aBlock | ¢ëç¨á«ï¥â  à£ã¬¥â aBlock ¤«ï ª ¦¤®£® í«¥¬¥â  ¯à¨-
¥¬¨ª .

select: aBlock | ¢ëç¨á«ï¥â  à£ã¬¥â aBlock ¤«ï ª ¦¤®£® í«¥¬¥â  ¯à¨-
¥¬¨ª ; á®¡¨à ¥â ¢ ®¢ë©  ¡®à, ¯®¤®¡ë© ¯à¨¥¬¨ªã á®®¡é¥¨ï,
â®«ìª® â¥ í«¥¬¥âë  ¡®à -¯à¨¥¬¨ª , ¤«ï ª®â®àëå ¢ëç¨á«¥¨¥
¡«®ª  aBlock ¢®§¢à é ¥â § ç¥¨¥ true; ¢®§¢à é ¥â ®¢ë©  ¡®à.

reject: aBlock | ¢ëç¨á«ï¥â  à£ã¬¥â aBlock ¤«ï ª ¦¤®£® í«¥¬¥â  ¯à¨-
¥¬¨ª ; á®¡¨à ¥â ¢ ®¢ë©  ¡®à, ¯®¤®¡ë© ¯à¨¥¬¨ªã á®®¡é¥¨ï,
â®«ìª® â¥ í«¥¬¥âë  ¡®à -¯à¨¥¬¨ª , ¤«ï ª®â®àëå ¢ëç¨á«¥¨¥
¡«®ª  aBlock ¢®§¢à é ¥â § ç¥¨¥ false; ¢®§¢à é ¥â ®¢ë©  ¡®à.

collect: aBlock | ¢ëç¨á«ï¥â  à£ã¬¥â aBlock ¤«ï ª ¦¤®£® í«¥¬¥â 

¯à¨¥¬¨ª ; ¢®§¢à é ¥â ®¢ë©  ¡®à, ¯®¤®¡ë© ¯à¨¥¬¨ªã á®®¡-
é¥¨ï, ªã¤  ¢ª«îç îâáï § ç¥¨ï, ¢®§¢à é ¥¬ë¥ ¡«®ª®¬ ¯à¨ ª -
¦¤®¬ ¢ëç¨á«¥¨¨.

detect: aBlock | ¢ëç¨á«ï¥â  à£ã¬¥â aBlock ¤«ï ª ¦¤®£® í«¥¬¥â 

¯à¨¥¬¨ª ; ¢®§¢à é ¥â ¯¥à¢ë© í«¥¬¥â, ¤«ï ª®â®à®£® ¢ëç¨á«¥-
¨¥ ¡«®ª  ¢®§¢à é ¥â § ç¥¨¥ true; ¥á«¨ â ª®£® § ç¥¨ï ¥â,
á®®¡é ¥â ®¡ ®è¨¡ª¥.

detect: aBlock ifNone: expectionBlock | ¢ëç¨á«ï¥â  à£ã¬¥â aBlock ¤«ï
ª ¦¤®£® í«¥¬¥â  ¯à¨¥¬¨ª ; ¢®§¢à é ¥â ¯¥à¢ë© í«¥¬¥â, ¤«ï
ª®â®à®£® ¢ëç¨á«¥¨¥ ¡«®ª  ¢®§¢à é ¥â § ç¥¨¥ true. �á«¨ â -
ª®£® § ç¥¨ï ¥â, ¢ëç¨á«ï¥â  à£ã¬¥â expectionBlock, ª®â®àë©
¤®«¦¥ ¡ëâì ¡«®ª®¬ ¡¥§  à£ã¬¥â®¢.

inject: thisValue into: binaryBlock | ¢ëç¨á«ï¥â  à£ã¬¥â binaryBlock á®-
¢  ¤«ï ª ¦¤®£® í«¥¬¥â  ¯à¨¥¬¨ª ; ¡«®ª binaryBlock ¤®«¦¥

¨¬¥âì ¤¢   à£ã¬¥â : ¢â®à®©  à£ã¬¥â ¡«®ª  | í«¥¬¥â ¨§

 ¡®à -¯à¨¥¬¨ª , ¯¥à¢ë©  à£ã¬¥â | § ç¥¨¥, ¢®§¢à é¥®¥
íâ¨¬ ¡«®ª®¬ ¯à¨ ¯à¥¤ë¤ãé¥¬ ¢ëç¨á«¥¨¨, ¯à¨ íâ®¬ áâ àâ®¢®¥

§ ç¥¨¥ ¯¥à¢®£®  à£ã¬¥â  | § ç¥¨¥  à£ã¬¥â  thisValue; ¢®§-
¢à é ¥â ¯®á«¥¤¨© à¥§ã«ìâ â ¢ëç¨á«¥¨ï ¡«®ª - à£ã¬¥â  bina-
ryBlock.



� ¯®¬®éìî ¯¥à¥ç¨á«ïîé¨å á®®¡é¥¨© ¬®¦® ¯à®¨§¢¥áâ¨ ¢ë¡®à

í«¥¬¥â®¢ ¨§  ¡®à . � ¯à¨¬¥à, ¬ë ¬®£«¨ ¡ë ®¯à¥¤¥«¨âì ª®«¨ç¥áâ¢®

á¨¬¢®«®¢, á®¢¯ ¤ îé¨å á a ¨«¨ A ¢  ¡®à¥ letters, ¨á¯®«ì§ãï á®®¡é¥¨¥
select: á«¥¤ãîé¨¬ ®¡à §®¬

(letters select: [:each | each asLowercase == $a]) size.

�® ¥áâì, á ç «  á®§¤ âì ®¢ë©  ¡®à, á®¤¥à¦ é¨© â®«ìª® â¥ í«¥-
¬¥âë  ¡®à -¯à¨¥¬¨ª , ª®â®àë¥ à ¢ë a ¨«¨ A,   § â¥¬ ¢ëç¨á«¨âì

à §¬¥à íâ®£®  ¡®à .
�®¦® ¯®«ãç¨âì â®â ¦¥ á ¬ë© à¥§ã«ìâ â, ¨á¯®«ì§ãï á®®¡é¥¨¥

reject:

(letters reject: [:each |

each asLowercase ee $a]) size.

�® ¥áâì, á ç «  á®§¤ âì ®¢ë©  ¡®à, ¨áª«îç ï ¨§ letters â¥ í«¥¬¥-
âë  ¡®à -¯à¨¥¬¨ª , ª®â®àë¥ ¥ à ¢ë a ¨«¨ A ,   § â¥¬ ¢ëç¨á«¨âì

à §¬¥à íâ®£®  ¡®à .
�à¨ ¢ë¡®à¥ ¬¥¦¤ã á®®¡é¥¨ï¬¨ select: ¨ reject: á«¥¤ã¥â ®¯¨à âì-

áï    ¨«ãçè¥¥ ¯à¥¤áâ ¢«¥¨¥ ¤«ï â¥áâ¨à®¢ ¨ï í«¥¬¥â®¢  ¡®à -
¯à¨¥¬¨ª . �á«¨ ¢ë¡®à í«¥¬¥â®¢ «ãçè¥ ¢ëà ¦ ¥âáï ¢ â¥à¬¨ å ¯à¨-
 ¤«¥¦®áâ¨, â® á«¥¤ã¥â ¯à¥¤¯®ç¥áâì á®®¡é¥¨¥ select:, ¥á«¨ ¦¥ ¢ë¡®à
í«¥¬¥â®¢ «ãçè¥ ¢ëà ¦ ¥âáï ¢ â¥à¬¨ å ®â¡à ª®¢ª¨ ¥¯®¤å®¤ïé¨å

í«¥¬¥â®¢, â® á«¥¤ã¥â ¯à¥¤¯®ç¥áâì á®®¡é¥¨¥ reject:.
�á¯®«ì§ãï á®®¡é¥¨¥ inject:into:, ¯à®£à ¬¬¨áâ ®¯à¥¤¥«ï¥â ¨¬¥ 

¢à¥¬¥ëå ¯¥à¥¬¥ëå ¨ ¨§¡¥£ ¥â ï¢®© ¨¨æ¨ «¨§ æ¨¨ ®¡ê¥ªâ , ¢ ª®-
â®à®¬  ª ¯«¨¢ ¥âáï à¥§ã«ìâ â. � ¯à¨¬¥à, ¢ à ¥¥ ¯à¨¢¥¤¥®¬ ¯à¨-
¬¥à¥ ¯®¤áç¥â  ç¨á«  á¨¬¢®«®¢ ¢  ¡®à¥ letters, á®¢¯ ¤ îé¨å á a ¨«¨ A,
¬ë ¢¢®¤¨«¨ áç¥âç¨ª count:

count := 0.
letters do: [:each | each asLowercase == $a

ifTrue: [count := count + 1]].

�á¯®«ì§ãï á®®¡é¥¨¥ inject:into:, ¬®¦® ¤®¡¨âìáï â®£® ¦¥. � ª ¨

à ìè¥, ¬ë ¢®¢ì  ªªã¬ã«¨àã¥¬ à¥§ã«ìâ â ¢ ¯¥à¥¬¥®© count, § ¤ ¢ ï
 ç «ì®¥ § ç¥¨¥ à ¢ë¬ ã«î, ® íâ® ã¦¥ ¢à¥¬¥ ï ¯¥à¥¬¥ ï.
�®£¤  á«¥¤ãîé¨© á¨¬¢®« ¢  ¡®à¥ letters à ¢¥ a ¨«¨ A, â® ª count



¤®¡ ¢«ï¥âáï 1, ¨ ç¥ ¤®¡ ¢«ï¥âáï 0.

letters inject: 0
into: [:count :nextElement |

count + (nextElement asLowercase == $a
ifTrue: [1]
ifFalse: [0])].

�é¥ ®¤¨ ¯à¨¬¥à. �à¥¤¯®«®¦¨¬, çâ® ¬®¦¥áâ¢® employees| íâ®  -
¡®à í«¥¬¥â®¢, ¯à¥¤áâ ¢«ïîé¨© à ¡®â¨ª®¢ ¥ª®â®à®£® ¯à¥¤¯à¨ïâ¨ï,
ª ¦¤ë© ¨§ ª®â®àëå ¬®¦¥â ®â¢¥ç âì   á®®¡é¥¨¥ salary, ¢®§¢à é ï ¥£®
 ¨¡®«ìè¨© § à ¡®â®ª. �®§¤ âì ¬®¦¥áâ¢® â¥å à ¡®â¨ª®¢, ª®â®àë¥
§ à ¡ âë¢ îâ ¥ ¬¥¥¥ 10.000, ¬®¦® â ª

employees select: [:each | each salary >= 10000]

¨«¨ â ª

employees reject: [:each | each salary < 10000].

�á¯®«ì§®¢ ¨¥ ¯¥à¥ç¨á«ïîé¨å á®®¡é¥¨© ¯®§¢®«ï¥â ¤®áâ â®ç®

¯à®áâ® áä®à¬¨à®¢ âì ¨§ ¨¬¥îé¥£®áï  ¡®à  ®¢ë©  ¡®à, í«¥¬¥âë
ª®â®à®£® ã¤®¢«¥â¢®àïîâ ¥ª®â®àë¬ ãá«®¢¨ï¬. �à¥¤¯®«®¦¨¬ ¥®¡å®-
¤¨¬® á®áâ ¢¨âì  ¡®à, í«¥¬¥â ¬¨ ª®â®à®£® ¤®«¦¥ ¡ëâì § à ¡®â®ª

ª ¦¤®£® à ¡®ç¥£® ¨§  ¡®à  employees. �â® ¬®¦® á¤¥« âì â ª:

employees collect: [:each | each salary].

�®¢ë©  ¡®à ¡ã¤¥â ¨¬¥âì â®â ¦¥ à §¬¥à, çâ® ¨  ¡®à employees. � -
¦¤ë© í«¥¬¥â ®¢®£®  ¡®à  | § à ¡®â®ª á®®â¢¥âáâ¢ãîé¥£® à ¡®ç¥£®

¨§  ¡®à  employees.
�¥£ª® ¯à®¨§¢¥áâ¨ ¨ ¢ë¡®àªã ¨§  ¡®à . �à¥¤¯®«®¦¨¬  ¤®  ©â¨

å®âï ¡ë ®¤®£® à ¡®ç¥£® á § à ¡®âª®¬, ¯à¥¢ëè îé¨¬ 20.000. �ëà ¦¥-
¨¥

employees detect: [:each | each salary > 20000]



¢¥à¥â â ª®© í«¥¬¥â ¨§  ¡®à  employees, ¥á«¨ ® ¥áâì, ¥á«¨ ¦¥ â ª®£®
í«¥¬¥â  ¥â, á¨áâ¥¬  á®®¡é¨â ®¡ ®è¨¡ª¥: 'object is not in the collection'
('â ª®£® ®¡ê¥ªâ  ¢  ¡®à¥ ¥â'). �«¥¤ãîé¥¥ ¢ëà ¦¥¨¥ á¤¥« ¥â âã ¦¥
à ¡®âã, ® ¢ á«ãç ¥, ª®£¤  ¨ ®¤®£® ã¦®£® í«¥¬¥â  ¥â, ¢¥à¥â nil.

employees detect: [:each | each salary > 20000] ifNone: [nil].

3 �¥ «¨§ æ¨ï ¯à®â®ª®«  ª« áá  Collection

� ¡®àë § ¨¬ îâ § ç¨â¥«ì®¥ ¬¥áâ® ¢ á¨áâ¥¬¥. � ¤«ï â®£®, çâ®¡ë
«ãçè¥ á ¨¬¨ ¯®§ ª®¬¨âìáï, ¨ ¤«ï â®£®, çâ®¡ë ¯®«ãç¨âì ¯à¥¤áâ ¢«¥-
¨¥ ® ¬¥â®¤ å ¯à®£à ¬¬¨à®¢ ¨ï ¢ â ª®© á¨áâ¥¬¥, ¬ë ¤®¯®«¨â¥«ì®

¯®á¬®âà¨¬, ª ª à¥ «¨§®¢ ë ¢ ª« áá¥ Collection á®®â¢¥âáâ¢ãîé¨¥ ¬¥-
â®¤ë. �à¥¦¤¥ ¢á¥£® ®â¬¥â¨¬, çâ® ª« áá Collection ¥ ¬®¦¥â ®¡¥á¯¥ç¨âì
¢ë¯®«¥¨¥ á«¥¤ãîé¨å á®®¡é¥¨© ¨§ ®á®¢®£® ¯à®â®ª®« , ª®â®àë¥
§ ¢¨áïâ ®â ¯à¥¤áâ ¢«¥¨ï  ¡®à  ¨ à¥ «¨§ãîâáï ¯®¤ª« áá®¬:

add:anObject, remove: anObject ifAbsent: aBlock, do: aBlock.

�á¥ ®áâ «ìë¥ á®®¡é¥¨ï ¢ ®á®¢®¬ ¯à®â®ª®«¥ à¥ «¨§ãîâáï á ¯®-
¬®éìî íâ¨å á®®¡é¥¨©.

3.1 �®¡ ¢«¥¨¥ í«¥¬¥â®¢

� ç¥¬ á ¬¥â®¤®¢, ª®â®àë¥ ¯®§¢®«ïîâ ¢®á¨âì ¢  ¡®à ®¢ë¥ í«¥¬¥âë.

add: anObject
self implementedBySubclass

addAll: aCollection
aCollection do: [ :each | self add: each].
^ aCollection

�¡à â¨â¥ ¢¨¬ ¨¥, çâ® à¥ «¨§ æ¨ï á®®¡é¥¨ï á addAll: aCollection
§ ¢¨á¨â ®â á®®¡é¥¨© do: aBlock ¨ add: anObject; ¯®àï¤®ª ¤®¡ ¢«¥¨ï
í«¥¬¥â®¢ ¨§  ¡®à - à£ã¬¥â  aCollection, § ¢¨á¨â ¨ ®â ¯®àï¤ª  ¢ ª®-
â®à®¬ ¯¥à¥ç¨á«ïîâáï í«¥¬¥âë (do:) ¨ ®â á¯®á®¡ , ¢ ª®â®à®¬ í«¥¬¥âë
¢ª«îç îâáï ¢  ¡®à (add:).



3.2 �¤ «¥¨¥ í«¥¬¥â®¢

�®®¡é¥¨ï remove: anObject ¨ removeAll: aCollection ®¯à¥¤¥«ïîâáï ¢

â¥à¬¨ å ¡ §¨á®£® á®®¡é¥¨ï á á¥«¥ªâ®à®¬ remove:ifAbsent:, ª®â®à®¥
¤®«¦® à¥ «¨§®¢ë¢ âìáï ¢ ¯®¤ª« áá å. �â¨ ¬¥â®¤ë á®®¡é îâ ®¡ ®è¨¡-
ª¥, ¥á«¨ í«¥¬¥â, ª®â®àë© ¥®¡å®¤¨¬® ã¤ «¨âì ®âáãâáâ¢ã¥â ¢  ¡®à¥.

remove: anObject ifAbsent: exceptionBlock
^ self implementedBySubclass

remove: anObject
^ self remove: anObject ifAbsent: [self errorAbsentObject]

removeAll: aCollection
aCollection do: [ :each | self remove: each].
^ aCollection

�¤¥áì ¨á¯®«ì§ã¥âáï ç áâ®¥ á®®¡é¥¨¥ ª« áá  Collection, ãª §ë-
¢ îé¥¥ ¯à®£à ¬¬¨áâã   ®âáãâáâ¢¨¥ ã¤ «ï¥¬®£® í«¥¬¥â  ¢  ¡®à¥-
¯à¨¥¬¨ª¥

errorAbsentObject
^ self error: 'object is not in the collection'

� ª« áá¥ Collection à¥ «¨§®¢ ® ¥é¥ ®¤® á®®¡é¥¨¥ ®¡ ®è¨¡ª¥, ª®-
â®à®¥ ¨ä®à¬¨àã¥â ¯à®£à ¬¬¨áâ  ® ¥¢®§¬®¦®áâ¨ ¯®«ãç¨âì ¤®áâã¯ ª

í«¥¬¥â ¬  ¡®à  ¯® ¨¤¥ªáã (®® ¢áâà¥â¨âìáï  ¬ ¯®§¦¥):

errorNotIndexable
^ self error: self class name,

's do not respond to indexing messages'

3.3 �à®¢¥àª  á®áâ®ï¨ï

�á¥ á®®¡é¥¨ï ¯à®â®ª®«  ¯à®¢¥àª¨ á®áâ®ï¨ï  ¡®à  ¯®«®áâìî à¥ -
«¨§®¢ ë ¢ ª« áá¥ Collection.

isEmpty



^ self size = 0

includes: anObject
self do: [:each | anObject = each ifTrue: [^ true]].
^ false

occurrencesOf: anObject
^ self inject: 0

into: [:occurrences :each |

occurrences + (anObject = each ifTrue: [1]
ifFalse: [0])]

�¥ «¨§ æ¨ï á®®¡é¥¨ï ¯¥à¥ç¨á«¥¨ï inject:into: ¡ã¤¥â ¯à¨¢¥¤¥  ¨-
¦¥. � ¬¥â¨¬, çâ® ®â¢¥â®¬   á®®¡é¥¨¥ includes: anObject (ª ª, ¢¯à®-
ç¥¬, ¨   á®®¡é¥¨¥ isEmpty) ï¢«ïîâáï ¡ã«¥¢ë ®¡ê¥ªâë á¨áâ¥¬ë true
¨«¨ false.

�®®¡é¥¨¥ size (à §¬¥à)  á«¥¤ã¥âáï ¨§ ª« áá  Object, ® ¯¥à¥®¯à¥-
¤¥«ï¥âáï ç áâìî ¯®¤ª« áá®¢ ª« áá  Collection

3.4 �¥à¥ç¨á«¥¨¥ í«¥¬¥â®¢

�¡à â¨¬áï ª à¥ «¨§ æ¨¨ ¬¥â®¤®¢ ¯¥à¥ç¨á«¥¨ï.

do: aBlock
self implementedBySubclass

collect: aBlock
| newCollection |

newCollection := self species new.
self do: [ :each | newCollection add: (aBlock value: each)].
^ newCollection

detect: aBlock
self detect: aBlock ifNone: [self errorAbsentObject]

detect: aBlock ifNone: exceptionBlock
self do: [ :each | (aBlock value: each) ifTrue: [^ each]].
^ exceptionBlock value



inject: thisValue into: binaryBlock
| nextValue |
nextValue := thisValue.
self do: [ :each | nextValue := binaryBlock

value: nextValue
value: each]

^ nextValue

reject: aBlock
^ self select: [ :element | (aBlock value: element) not]

select: aBlock
| newCollection |

newCollection := self species new.
self do: [ :each | (aBlock value: each)

ifTrue: [newCollection add: each]].
^ newCollection

� ¬¥â®¤ å, á¢ï§ ëå á á®®¡é¥¨ï¬¨ collect: aBlock ¨ reject: aBlock,
¨á¯®«ì§ã¥âáï á®®¡é¥¨¥ species, ª®â®à®¥ ¯®áë« ¥âáï ¯á¥¢¤®¯¥à¥¬¥®©
self. �®®¡é¥¨¥ species à¥ «¨§®¢ ® ¢ ª« áá¥ Object ¨ ¢®§¢à é ¥â ª« áá
®¡ê¥ªâ -¯à¨¥¬¨ª .

species
^ self class

� ª¨¬ ®¡à §®¬ ¢ëà ¦¥¨¥ self species new á®§¤ ¥â ®¢ë© íª§¥¬¯«ïà

â®£® ¦¥ á ¬®£® ª« áá , çâ® ¨ ª« áá ®¡ê¥ªâ -¯à¨¥¬¨ª . �â® á®®¡é¥¨¥
¨á¯®«ì§ã¥âáï ¤«ï á®§¤ ¨ï \¯®¤®¡ëå" ®¡ê¥ªâ®¢ ¯à¨ ®¯¥à æ¨ïå ¯à¥-
®¡à §®¢ ¨ï/ª®¯¨à®¢ ¨ï á«®¦ëå áâàãªâãà ¤ ëå ¨ ¥á«¨ á®§¤ ¨¥
â®ç®£® \¯®¤®¡¨ï" ®¡ê¥ªâ  ¥¢®§¬®¦® ¨«¨ ¥¦¥« â¥«ì®, íâ®â ¬¥â®¤
¬®¦® ¯¥à¥®¯à¥¤¥«¨âì, á®§¤ ¢ ï ®¡ê¥ªâë ¤àã£®£® ª« áá , ¤®¯ãáª î-
é¨¥ ®¯¥à æ¨¨, ¥¢®§¬®¦ë¥ á ®à¨£¨ «®¬.

�ë ã¦¥ ®â¬¥ç «¨, çâ® ¤«ï ¥ª®â®àëå ª« áá®¢  ¡®à®¢ ( ¯à¨¬¥à,
Interval) ¥«ì§ï â ª¨¬ ®¡à §®¬ á®§¤ âì \¯®¤®¡ë©" íª§¥¬¯«ïà, ¯®íâ®¬ã
íâ¨ ª« ááë  ¡®à®¢ ¤®«¦ë ¯¥à¥®¯à¥¤¥«ïâì á®®¡é¥¨¥ species.

�¥â®¤ ¤«ï á®®¡é¥¨ï inject: thisValue into: binaryBlock ¢ëç¨á«ï¥â
¤¢ãå  à£ã¬¥âë© ¡«®ª binaryBlock, ¨á¯®«ì§ãï ¯® ®¤®¬ã à §ã ª ¦¤ë©
í«¥¬¥â ¨§  ¡®à -¯à¨¥¬¨ª  ¤«ï á¢®¥£® ¢â®à®£®  à£ã¬¥â . � ¦¤ë©



¯à¥¤ë¤ãé¨© à¥§ã«ìâ â ¢ëç¨á«¥¨ï íâ®£® ¡«®ª  ¡¥à¥âáï ¢ ª ç¥áâ¢¥ ¥£®

¯¥à¢®£®  à£ã¬¥â ¢ á«¥¤ãîé¥¬ ¢ëç¨á«¥¨¨,  ç «ì®¥ § ç¥¨¥ ¯¥à¢®-
£®  à£ã¬¥â  ®¯à¥¤¥«ï¥âáï  à£ã¬¥â®¬ thisValue. �¥§ã«ìâ â ¯®á«¥¤¥£®
¢ëç¨á«¥¨ï ¡«®ª  binaryBlock ¢®§¢à é ¥âáï ª ª à¥§ã«ìâ â ¢ëç¨á«¥¨ï
¨áå®¤®£® á®®¡é¥¨ï.

�à¨ç¨  ¢¢¥¤¥¨ï ¤¢ãå ¯®å®¦¨å á®®¡é¥¨© detect: aBlock ¨ detect:
aBlock ifNone: exceptionBlock ¯®¤®¡  â®©, ¯® ª®â®à®© áãé¥áâ¢ãîâ ¤¢ 
á®®¡é¥¨ï ¤«ï ã¤ «¥¨ï í«¥¬¥â®¢ remove: anObject ¨ remove: anObject
ifAbsent: aBlock. � ¡®«¥¥ ®¡é¥¬ á«ãç ¥ (detect: aBlock), ¢ë¢®¤¨âìáï
á®®¡é¥¨¥ ®¡ ®è¨¡ª¥, ¥á«¨ ¢  ¡®à¥-¯à¨¥¬¨ª¥ ¥â í«¥¬¥â , ¤«ï ª®-
â®à®£® ¢ëç¨á«¥¨¥ ¡«®ª - à£ã¬¥â  aBlock ®â«¨ç® ®â false; ¯à®£à ¬-
¬¨áâ ¬®¦¥â ¨§¡¥¦ âì íâ®£® ã¢¥¤®¬«¥¨ï ®¡ ®è¨¡ª¥, ¨á¯®«ì§ãï ¢â®à®¥
á®®¡é¥¨¥ ¨ ¯à®¨§¢®¤ï ¢ íâ®¬ á«ãç ¥ (¢ á«ãç ¥ ®è¨¡ª¨) ¢ëç¨á«¥¨¥
¢â®à®£® ¡«®ª - à£ã¬¥â  exceptionBlock.

4 �®§¤ ¨¥ ®¢ëå  ¡®à®¢

� á ¬®¬  ç «¥ ¯à¨¢®¤¨«¨áì ¯à¨¬¥àë â ª¨å  ¡®à®¢, ª®â®àë¥ ¢ëà ¦ -
«¨áì ª ª «¨â¥à «ë. �â® ¡ë«¨ íª§¥¬¯«ïàë ª« áá®¢ Array ¨ String. � -
¯à¨¬¥à, ¢ëà ¦¥¨¥ ¤«ï á®§¤ ¨ï ¬ áá¨¢  ¨§ áâà®ª ¨¬¥¥â ¢¨¤ #('�rst'
'second' 'third'), £¤¥ ª ¦¤ë© í«¥¬¥â ¬ áá¨¢ | íâ® áâà®ª , § ¤ ¢ ¥¬ ï
«¨â¥à «ì®.

�®®¡é¥¨ï new ¨ new: â ª¦¥ ¬®¦® ¨á¯®«ì§®¢ âì ¤«ï á®§¤ ¨ï ®-
¢ëå  ¡®à®¢. �®¯®«¨â¥«ì®, ¯à®â®ª®« ª« áá  ¤«ï ª« áá  Collection á®-
¤¥à¦¨â á¯¥æ¨ «ìë¥ á®®¡é¥¨ï, ®¡¥á¯¥ç¨¢ îé¨¥ á®§¤ ¨¥ ®¢®£®  -
¡®à  á ®¤¨¬, ¤¢ã¬ï, âà¥¬ï ¨«¨ ç¥âëàì¬ï í«¥¬¥â ¬¨. �â¨ á®®¡é¥¨ï
®¡¥á¯¥ç¨¢ îâ ªà âªãî § ¯¨áì ¯à¨ á®§¤ ¨¨ â¥å ¢¨¤®¢  ¡®à®¢, ª®â®-
àë¥ ¥ ¤®¯ãáª îâ «¨â¥à «ìëå ¯à¥¤áâ ¢«¥¨©.

Collection class protocol

with: anObject | ¢®§¢à é ¥â  ¡®à á ®¤¨¬ í«¥¬¥â®¬ anObject.

with: anObject1 with: anObject2 | ¢®§¢à é ¥â  ¡®à á ¤¢ã¬ï í«¥¬¥â -
¬¨ anObject1 ¨ anObject2.

with: anObject1 with: anObject2 with: anObject3 | ¢®§¢à é ¥â  ¡®à á

âà¥¬ï í«¥¬¥â ¬¨ anObject1, anObject2 ¨ anObject3.



with: anObject1 with: anObject2
with: anObject3 with: anObject4

| ¢®§¢à é ¥â  ¡®à, á®¤¥à¦ é¨© ç¥âëà¥ í«¥¬¥â  anObject1,
anObject2, anObject3 ¨ anObject4.

� ¯à¨¬¥à, á®§¤ âì íª§¥¬¯«ïà ª« áá  Set á âà¥¬ï í«¥¬¥â ¬¨, ª®â®-
àë¥ ï¢«ïîâáï á¨¬¢®« ¬¨ s, e, t, ¬®¦®, ¢ëç¨á«ïï ¢ëà ¦¥¨¥

Set with: $s with: $e with: $t.

� ¬¥â¨¬, çâ® ®á®¢ ï ¯à¨ç¨ , ¯® ª®â®à®© â®«ìª® íâ¨ ç¥âëà¥,   ¥
¡®«ìè¥ ¨ ¥ ¬¥ìè¥, á®®¡é¥¨ï á®§¤ ¨ï íª§¥¬¯«ïà®¢ ®¡¥á¯¥ç¨¢ îâáï
¯à®â®ª®«®¬ ª« áá , á®áâ®¨â ¢ â®¬, çâ® ¨¬¥® â ª®¥ ¨å ª®«¨ç¥áâ¢®

®ª § «®áì ¤®áâ â®çë¬ ¤«ï à¥è¥¨ï ¢á¥å â¥å § ¤ ç, à ¤¨ ª®â®àëå íâ¨
á®®¡é¥¨ï ¢áâ ¢«ï«¨áì à §à ¡®âç¨ª ¬¨ ¢ á¨áâ¥¬ã.

�à¨¢¥¤¥¬ à¥ «¨§ æ¨î â®«ìª® ¯®á«¥¤¥£® ¨§ íâ¨å ¬¥â®¤®¢, ª®â®àë¥,
 ¯®¬¨¬, ï¢«ïîâáï ¬¥â®¤ ¬¨ ª« áá  (à¥ «¨§ æ¨ï ®áâ «ìëå |   -
«®£¨ç ).

with: anObject1 with: anObject2
with: anObject3 with: anObject4
^ self new.

add: anObject1;
add: anObject2;
add: anObject3;
add: anObject4;

yourself

�ç¥¢¨¤®, çâ® ãá¯¥è ï à¥ «¨§ æ¨ï ª ¦¤®£® ¨§ á®®¡é¥¨© á®§¤ -
¨ï íª§¥¬¯«ïà  § ¢¨á¨â ®â á¯®á®¡®áâ¨ ¢®¢ì á®§¤ ®£® íª§¥¬¯«ïà 

®â¢¥ç âì   á®®¡é¥¨¥ add:.

5 �à¥®¡à §®¢ ¨¥ ¬¥¦¤ã ª« áá ¬¨  ¡®à®¢

�®¯ãáâ¨¬ë¥ ¯à¥®¡à §®¢ ¨ï ¬¥¦¤ã à §«¨çë¬¨ ¢¨¤ ¬¨  ¡®à®¢ § ¢¨-
áïâ ®â á¯®á®¡  ¯à¥¤áâ ¢«¥¨ï ¢ á¨áâ¥¬¥ íª§¥¬¯«ïà  ª ¦¤®£® ¯®¤ª« á-
á  ª« áá  Collection. � ¯à®â®ª®«¥ ¯à¥®¡à §®¢ ¨ï ®¯à¥¤¥«¥® 5 á®®¡-
é¥¨©, ¯®§¢®«ïîé¨å ¯à¥¤áâ ¢¨âì ¯à¨¥¬¨ª á®®¡é¥¨ï ª ª íª§¥¬¯«ïà
ª« áá  Bag, Set, OrderedCollection ¨«¨ SortedCollection. �â¨ á®®¡é¥¨ï



®¯à¥¤¥«¥ë ¢ ª« áá¥ Collection ¤«ï â®£®, çâ®¡ë ®¡¥á¯¥ç¨âì ¯à¥®¡à §®-
¢ ¨¥ «î¡®£®  ¡®à  ¢ íª§¥¬¯«ïà «î¡®£® ¨§ ãª § ëå ª« áá®¢. � ¬¥-
â¨¬, çâ® ã¯®àï¤®ç¨¢ ¨¥ í«¥¬¥â®¢  ¡®à -¯à¨¥¬¨ª , çì¨ í«¥¬¥âë
¥ ã¯®àï¤®ç¥ë, ¯à¨ ¯à¥®¡à §®¢ ¨¨ ¢  ¡®à ã¯®àï¤®ç¥ëå í«¥¬¥-
â®¢, ¯à®¨§¢®¤¨âáï ¯à®¨§¢®«ì®.

Collection instance protocol

asArray | ¢®§¢à é ¥â íª§¥¬¯«ïà ª« áá  Array á â¥¬¨ ¦¥ á ¬ë¬¨ í«¥-
¬¥â ¬¨, çâ® ¨ ã  ¡®à -¯à¨¥¬¨ª .

asBag | ¢®§¢à é ¥â íª§¥¬¯«ïà ª« áá  Bag á â¥¬¨ ¦¥ á ¬ë¬¨ í«¥¬¥-
â ¬¨, çâ® ¨ ã  ¡®à -¯à¨¥¬¨ª .

asSet | ¢®§¢à é ¥â íª§¥¬¯«ïà ª« áá  Set á â¥¬¨ ¦¥ á ¬ë¬¨ í«¥¬¥-
â ¬¨, çâ® ¨ ã  ¡®à -¯à¨¥¬¨ª , ¯à¨ íâ®¬ ¤ã¡«¨ª âë ã¨çâ®¦ -
îâáï.

asOrderedCollection | ¢®§¢à é ¥â íª§¥¬¯«ïà ª« áá  OrderedCollection á
â¥¬¨ ¦¥ á ¬ë¬¨ í«¥¬¥â ¬¨, çâ® ¨ ã  ¡®à -¯à¨¥¬¨ª ; ã¯®àï-
¤®ç¨¢ ¨¥ í«¥¬¥â®¢ ¯à®¨§¢®¤¨âáï ¯à®¨§¢®«ì®.

asSortedCollection | ¢®§¢à é ¥â íª§¥¬¯«ïà ª« áá  SortedCollection á â¥-
¬¨ ¦¥ á ¬ë¬¨ í«¥¬¥â ¬¨, çâ® ¨ ã  ¡®à -¯à¨¥¬¨ª , ®âá®àâ¨à®-
¢ ë¬¨ â ª, çâ® ª ¦¤ë© ¯à¥¤ë¤ãé¨© í«¥¬¥â ¬¥ìè¥ ¨«¨ à ¢¥
¯®á«¥¤ãîé¥£®.

asSortedCollection: aBlock | ¢®§¢à é ¥â íª§¥¬¯«ïà ª« áá  SortedCollec-
tion á â¥¬¨ ¦¥ á ¬ë¬¨ í«¥¬¥â ¬¨, çâ® ¨ ã  ¡®à -¯à¨¥¬¨ª ,
®âá®àâ¨à®¢ ë¬¨ á®£« á®  à£ã¬¥âã aBlock.

� ª  ¯à¨¬¥à, ¥á«¨  ¡®à lotteryA - íâ® íª§¥¬¯«ïà ª« áá  Bag, á®-
¤¥à¦ é¨© ¢ ª ç¥áâ¢¥ í«¥¬¥â®¢ ç¨á«  272, 572, 852, 156, 596, 272, 572,
â®  ¡®à lotteryA asSet á®¤¥à¦¨â ¢ ª ç¥áâ¢¥ í«¥¬¥â®¢ ç¨á«  852, 596,
156, 572, 272,    ¡®à lotteryA asSortedCollection á®¤¥à¦¨â ¢ ª ç¥áâ¢¥ í«¥-
¬¥â®¢ â¥ ¦¥ á ¬ë¥ ç¨á« , ® ®âá®àâ¨à®¢ ë¥ ¯® ¢®§à áâ ¨î: 156,
272, 272, 572, 572, 596, 852.

�à¥®¡à §®¢ ¨¥ «î¡®£®  ¡®à  ¢ íª§¥¬¯«ïà ®¤®£® ¨§ ª« áá®¢ Bag,
Set, OrderedCollection, SortedCollection ¢ë¯®«ï¥âáï â ª: á®§¤ ¥âáï ®-
¢ë© íª§¥¬¯«ïà ã¦®£® ª« áá , ªã¤  § â¥¬ ¤®¡ ¢«ïîâ ã¦ë¥ í«¥-
¬¥âë ¨§ ¯à¥®¡à §ã¥¬®£®  ¡®à -¯à¨¥¬¨ª . � ¡®«ìè¨áâ¢¥ á«ãç ¥¢,



®¢ë© íª§¥¬¯«ïà ¨¬¥¥â â®â ¦¥ á ¬ë© à §¬¥à, çâ® ¨ ¯¥à¢® ç «ìë©
 ¡®à. � á«ãç ¥ ¯à¥®¡à §®¢ ¨ï  ¡®à  ¢ íª§¥¬¯«ïà ª« áá  OrderedCol-
lection, í«¥¬¥âë ¤®¡ ¢«ïîâáï ¢ ª®¥æ ¯®á«¥¤®¢ â¥«ì®áâ¨ (addLast:),
¥§ ¢¨á¨¬® ®â ¯®àï¤ª  ¯¥à¥ç¨á«¥¨ï í«¥¬¥â®¢ ¢ ¨áâ®ç¨ª¥. �®áª®«ì-
ªã à¥ «¨§ æ¨¨ ¯à¥®¡à §ãîé¨å á®®¡é¥¨© ¯®çâ¨   «®£¨ç®, ¯à¨¢¥¤¥¬
à¥ «¨§ æ¨î â®«ìª® ¤¢ãå ¨§ ¨å.

asArray
|answer index|
answer := Array new: self size.
index := 1.
self do: [:element | answer at: index put: element.
index := index + 1].
^ answer

asOrderedCollection
^ (OrderedCollection new self size)

addAll: self;
yourself

�®¤¢®¤ï ¨â®£ áª § ®¬ã, áâ®¨â ¥é¥ à § ¯®¤ç¥àªãâì á«¥¤ãîé¥¥.
�î¡®©  ¡®à ¬®¦® ¯à¥®¡à §®¢ âì ¢ íª§¥¬¯«ïà ª« áá®¢ Bag, Set, Or-
deredCollection, SortedCollection. �î¡®© ¨¤¥ªá¨à®¢ ë©  ¡®à ¬®¦®
¯à¥®¡à §®¢ âì ¢ íª§¥¬¯«ïà ª« áá  Array. � ª ¬ë ã¢¨¤¨¬ ¤ «¥¥, íª§¥¬-
¯«ïàë ª« áá®¢ String ¨ Symbol ¬®£ãâ ¯à¥®¡à §®¢ë¢ âìáï ¤àã£ ¢ ¤àã-
£ . �¨ª ª¨¥  ¡®àë ¥ ¬®£ãâ ¯à¥®¡à §®¢ë¢ âìáï ¢ íª§¥¬¯«ïàë ª« áá 

Interval.

6 �« áá Bag

�« áá Bag | ¯®¤ª« áá ª« áá  Collection | ®¯¨áë¢ ¥â ¯à®áâ¥©è¨© ¢¨¤

 ¡®à®¢. �£® íª§¥¬¯«ïà (áã¬ª ) ¯à¥¤áâ ¢«ï¥â  ¡®à, çì¨ í«¥¬¥âë

¥ ã¯®àï¤®ç¥ë ¨ ¥ ¨¬¥îâ ª«îç¥©, ¯®íâ®¬ã ® ¥ ¯®¨¬ ¥â á®®¡é¥-
¨© at: ¨ at:put: (®¨ à¥ «¨§®¢ ë ¢ ¥¬ ¯®áà¥¤áâ¢®¬ ¢ëà ¦¥¨ï self
errorNotIndexable). � ®â¢¥â   á®®¡é¥¨¥ size íª§¥¬¯«ïà ª« áá  Bag ¢®§-
¢à é ¥â ç¨á«® í«¥¬¥â®¢  ¡®à . �ª§¥¬¯«ïà ª« áá  Bag ¢¥¤¥â á¥¡ï



á®£« á® ¯à®â®ª®«  ¤«ï ¢á¥å  ¡®à®¢. �¡é¥¥ ®¯¨á ¨¥ ª« áá  ¥ ®£à -
¨ç¨¢ ¥â ç¨á«  ®¤¨ ª®¢ëå í«¥¬¥â®¢ (¤ã¡«¥©) ¢ íª§¥¬¯«ïà¥. �« áá
Bag ¯®¤ç¥àª¨¢ ¥â íâ® ®¡é¥¥ ¯à ¢¨«® á«¥¤ãîé¨¬ á¯¥æ¨ «ìë¬ á®®¡é¥-
¨¥¬ ¤«ï ¤®¡ ¢«¥¨ï í«¥¬¥â®¢.

Bag instance protocol

add: newObject withOccurrences: anInteger | ¤®¡ ¢«ï¥â  à£ã¬¥â newOb-
ject æ¥«®¥ ç¨á«® à § anInteger ¢  ¡®à-¯à¨¥¬¨ª. �®§¢à é ¥â  à-
£ã¬¥â newObject.

�â®¡ë ¯à¨¢¥áâ¨ á®¤¥à¦ â¥«ìë© ¯à¨¬¥à, ¯à¥¤¯®«®¦¨¬, çâ® ¬ë

®¯à¥¤¥«¨«¨ ª« áá Product, íª§¥¬¯«ïàë ª®â®à®£® ¯à¥¤áâ ¢«ïîâ  ¨¬¥-
®¢ ¨¥ ¡ ª «¥©®£® â®¢ à  ¨ ¥£® æ¥ã. �ãáâì ®¢ë© íª§¥¬¯«ïà ª« áá 
Product á®§¤ ¥âáï ¯®áà¥¤áâ¢®¬ á®®¡é¥¨ï of: aName at: aPrice, ¯®áë« -
¥¬®£® ª« ááã,   æ¥ã «î¡®£® ¡ ª «¥©®£® â®¢ à  ¬®¦® ®¯à¥¤¥«¨âì

¯®áë« ï á®®¡é¥¨¥ price á®®â¢¥âáâ¢ãîé¥¬ã íª§¥¬¯«ïàã. �¥¯¥àì ¬ë

¬®¦¥¬ ó ¯®«¨âì ¥®¡å®¤¨¬ë¬¨ â®¢ à ¬¨  èã ¯à®¤®¢®«ìáâ¢¥ãî

áã¬ªãô:

sack := Bag new.
sack add: (Product of: #steak at: 5.80)
sack add: (Product of: #carrots at: 0.10) withOccurrences: 4.
sack add: (Product of: #potatoes at: 0.50) withOccurrences: 6.
sack add: (Product of: #milk at: 2.20).

�ã¬¬  § âà â   ¯à¨®¡à¥â¥¨¥ íâ¨å â®¢ à®¢ (ª®â®à ï ¯®«ãç ¥âáï
à ¢®© 11.40) ¬®¦¥â ¡ëâì ®¯à¥¤¥«¥  ¢ëç¨á«¥¨¥¬ ¢ëà ¦¥¨©

amount := 0.
sack do: [:eachProduct | amount := amount + eachProduct price]

¨«¨ ¢ëç¨á«¥¨¥¬ ¢ëà ¦¥¨ï

sack inject: 0
into: [:amount :eachProduct | amount + eachProduct price].



�ª§¥¬¯«ïàë ª« áá  Bag ¥ ã¯®àï¤®ç¥ë, ¨ å®âï á®®¡é¥¨ï ¯¥à¥ç¨-
á«¥¨ï ¨¬¨ ¯®¤¤¥à¦¨¢ îâáï, ¯à®£à ¬¬¨áâã ¥ á«¥¤ã¥â ¤¥« âì ª ª¨å-
«¨¡® ¯à¥¤¯®«®¦¥¨© ® ¯®àï¤ª¥, ¢ ª®â®à®¬ ¯¥à¥ç¨á«ïîâáï í«¥¬¥âë.

�à¥¤áâ ¢¨¬ ç áâì ¯à®â®ª®«  à¥ «¨§ æ¨¨ ª« áá  Bag ¢ ª®â®à®¬ ®¯ã-
é¥ë ¥ª®â®àë¥ ç áâë¥ ¬¥â®¤ë. �ë¯®«ï¥¬ë¥ íâ¨¬¨ ç áâë¬¨ ¬¥-
â®¤ ¬¨ ¤¥©áâ¢¨ï ®ç¥¢¨¤ë ¨§ ¨å ¨¬¥,   à¥ «¨§ æ¨ï «¨¡® âà¨¢¨ «ì ,
«¨¡® ¨á¯®«ì§ã¥â â®ª®áâ¨ ª®ªà¥â®© à¥ «¨§ æ¨¨ á¨áâ¥¬ë Smalltalk.

Collection subclass: #Bag
instanceVariableNames: 'elements '
classVariableNames: ''
poolDictionaries: ''

Bag methods

includes: anObject
elements at: anObject ifAbsent: [^ false].
^ true

occurrencesOf: anObject
^ elements at: anObject ifAbsent: [^ 0]

�®¡ ¢¨âì ®¢ë© í«¥¬¥â ¢ íª§¥¬¯«ïà ª« áá  Bag ¯®áà¥¤áâ¢®¬ á®®¡-
é¥¨ï add: newObject | ®§ ç ¥â ¤®¡ ¢¨âì ¢ ¯¥à¥¬¥ãî íª§¥¬¯«ïà 

elements  áá®æ¨ â¨¢ãî ¯ àã á ª«îç®¬ newObject ¨ § ç¥¨¥¬ 1; ¤«ï
íâ®£® ¨á¯®«ì§ã¥âáï á®®¡é¥¨¥ add: anObject withOccurrences: 1. �à¨

ã¤ «¥¨¨ í«¥¬¥â  ¯à®¢¥àï¥âáï ç¨á«® ¥£® ¢å®¦¤¥¨© ¢ íª§¥¬¯«ïà, ª®-
â®à®¥ ã¬¥ìè ¥âáï   1, ¥á«¨ ®® ¡®«ìè¥ 1, ¥á«¨ ¦¥ íâ® ç¨á«® à ¢® 1,
â® á®®â¢¥âáâ¢ãîé ï  áá®æ¨ â¨¢ ï ¯ à  ã¤ «ï¥âáï ¨§ á«®¢ àï elements.
� á¢ï§¨ á íâ¨¬, ¥®¡å®¤¨¬® ¯¥à¥®¯à¥¤¥«¨âì á®®¡é¥¨¥ size.

add: anObject
elements at: anObject
put: (self occurrencesOf: anObject) + 1.

^ anObject

add: anObject withOccurrences: anInteger
elements at: anObject



put: (elements at: anObject ifAbsent: [0]) + anInteger.
^ anObject

remove: anObject ifAbsent: aBlock
| occurrences |
(occurrences := elements

at: anObject
ifAbsent: [^ aBlock value]) = 1
ifTrue: [elements removeKey: anObject]

ifFalse: [
elements at: anObject
put: occurrences � 1].

^ anObject

size
| answer |
answer := 0.
elements associationsDo: [ :element |

answer := answer + element value].
^ answer

�¥à¥ç¨á«¥¨¥ í«¥¬¥â®¢ ¨§ íª§¥¬¯«ïà  ª« áá  Bag ¯®¨¬ ¥âáï ª ª
¢ë¡®à ª ¦¤®© ¯ àë ¨§ á«®¢ àï elements ¨ ¢ëç¨á«¥¨¥ ã¦®£® ¡«®ª 
á ª«îç®¬ íâ®© ¯ àë ¢ ª ç¥áâ¢¥  à£ã¬¥â  ¡«®ª  áâ®«ìª® à §, ª ª®¢®
ç¨á«®-§ ç¥¨¥ íâ®© ¯ àë (â® ¥áâì áª®«ìª® à § ¤ ë© í«¥¬¥â-ª«îç
¢å®¤¨â ¢ áã¬ªã). � á®®â¢¥âáâ¢¨¨ á íâ¨¬ ¨ ®¯à¥¤¥«ï¥âáï ¬¥â®¤ ¤«ï

do: aBlock. �áâ «ìë¥ ¯¥à¥ç¨á«ïîé¨¥ ¬¥â®¤ë  á«¥¤ãîâáï ¨§ ª« áá 

Collection.

do: aBlock
| value |

elements associationsDo: [ :association |

value := association value.
[value > 0] whileTrue: [
aBlock value: association key.
value := value � 1]]



7 �« áá Set

�ª§¥¬¯«ïà ª« áá  Set (¬®¦¥áâ¢®) |  ¡®à, í«¥¬¥âë ª®â®à®£® ¥ ã¯®-
àï¤®ç¥ë ¨ ¥ ¨¬¥îâ ª«îç¥©. �ª§¥¬¯«ïà ª« áá  Set ¥ ®â¢¥ç ¥â  
á®®¡é¥¨ï at: ¨ at:put:. �« áá Set ¢® ¢á¥¬ ¯®¤®¡¥ ª« ááã Bag, ¨áª«î-
ç ï â®«ìª® â®, çâ® ¥£® íª§¥¬¯«ïàë ¥ ¬®£ãâ á®¤¥à¦ âì ¤ã¡«¨ª â®¢,
¯®íâ®¬ã ¤®¡ ¢«¥¨¥ ®¢®£® í«¥¬¥â  ¯à®¨áå®¤¨â â®«ìª® â®£¤ , ª®£¤ 
¥£® ¥â ¢ íª§¥¬¯«ïà¥.

� ¦¤ë© íª§¥¬¯«ïà ª« áá  Set ¨¬¥¥â ¯¥à¥¬¥ãî íª§¥¬¯«ïà  á ¨¬¥-
¥¬ elementCount. � § ç¥¨¥ íâ®© ¯¥à¥¬¥®© | åà ¨âì ç¨á«® í«¥-
¬¥â®¢ íâ®£® ¬®¦¥áâ¢ , çâ® ¯®§¢®«ï¥â ¨§¡¥£ âì ¥íää¥ªâ¨¢®£® ¢ë-
ç¨á«¥¨ï à §¬¥à  ¤ ®£® ¬®¦¥áâ¢  ¯®áà¥¤áâ¢®¬ ¯®¤áç¥â  ¢á¥å í«¥-
¬¥â®¢. � ª¨¬ ®¡à §®¬ á®®¡é¥¨ï á á¥«¥ªâ®à ¬¨ new, new: ¨ size ¯¥-
à¥®¯à¥¤¥«ïîâáï ª« áá®¬ Set; ¯¥à¢ë¥ ¤¢  â ª, çâ®¡ë ¨¨æ¨ «¨§¨à®¢ âì
¯¥à¥¬¥ãî elementCount,   ¯®á«¥¤¨© | çâ®¡ë ¨ç¥£® ¥ ¢ëç¨á«ïï,
¯à®áâ® ¢¥àãâì § ç¥¨¥¬ ¯¥à¥¬¥®© íª§¥¬¯«ïà  elementCount.

Collection subclass: #Set
instanceVariableNames: 'elementCount contents '
classVariableNames: ''
poolDictionaries: ''

Set class methods

new
^ self new: 4

new: anInteger
^ super new initialize: ( 1 max: anInteger)

Set methods

size
^ elementCount

� ¬¥â®¤¥ ¤«ï á®®¡é¥¨ï new: anInteger, ¯á¥¢¤®¯¥à¥¬¥ ï super
¨á¯®«ì§ã¥âáï ¤«ï â®£®, çâ®¡ë ¨§¡¥¦ âì à¥ªãàá¨¨. � áâ®¥ á®®¡é¥-
¨¥ ª« áá  Set ininialize: anInteger ®¯à¥¤¥«ï¥â ¯¥à¢® ç «ìë¥ § ç¥-



¨ï ¯¥à¥¬¥ëå íª§¥¬¯«ïà  (elementCount := 0. contents := Array new:
anInteger).

� á«¥¤ãîé¨å ¬¥â®¤ å íª§¥¬¯«ïà  áãé¥áâ¢¥® ¨á¯®«ì§®¢ ¨¥ ç áâ-
®£® á®®¡é¥¨ï �ndElementIndex: anObject, çâ®¡ë ®¯â¨¬¨§¨à®¢ âì ¯®¨áª
¨ ®¯à¥¤¥«¨âì ¨¤¥ªá, á ª®â®à®£®  ¤®  ç¨ âì ¨áª âì ¢  ¡®à¥ ãª -
§ ë© í«¥¬¥â. �®¨áª ¯à®¤®«¦ ¥âáï ¤® â¥å ¯®à, ¯®ª  ¨«¨  à£ã¬¥â
anObject ¥ ¡ã¤¥â  ©¤¥ ¨«¨ ¯®¨áª ®¡ àã¦¨â á¢®¡®¤®¥ ¬¥áâ® ¢¬¥áâ®
¨áª®¬®£® ®¡ê¥ªâ ; ¢®§¢à é ¥¬ë© ®â¢¥â | ¨¤¥ªá ¯®á«¥¤¥© ¯à®¢¥à¥-
®© ¯®§¨æ¨¨.

�ndElementIndex: anObject
``Private.''
| index indexedObject lastIndex |

lastIndex := contents size.
index := (anObject hash) nn lastIndex + 1.
[(indexedObject := contents at: index) = anObject]
whileFalse: [ (indexedObject == nil)

ifTrue: [^ index].
(index := index + 1) > lastIndex
ifTrue: [index := 1]].

^ index

includes: anObject
^ ((contents at: (self �ndElementIndex: anObject)) == nil) not

occurrencesOf: anObject
(self includes: anObject)

ifTrue: [^ 1].
^ 0

�¨á«® ¢å®¦¤¥¨© «î¡®£® í«¥¬¥â  ¢ íª§¥¬¯«ïà ª« áá  Set ¥ ¡®«ì-
è¥ 1. �®íâ®¬ã ¬¥â®¤ë ¤«ï á®®¡é¥¨© ¤®¡ ¢«¥¨ï, ã¤ «¥¨ï ¨ ¯¥à¥-
ç¨á«¥¨ï  ¤® ¯¥à¥®¯à¥¤¥«ïâì. �à¨ íâ®¬ ¨á¯®«ì§ãîâáï ç áâë¥ ¢á¯®-
¬®£ â¥«ìë¥ á®®¡é¥¨ï, ª®â®àë¥ «¨¡® ¯à®¨§¢®¤ïâ ¯à¥®¡à §®¢ ¨¥ ¬®-
¦¥áâ¢ , ¥á«¨ ¤«ï ¨áå®¤®£® ¬®¦¥áâ¢  âà¥¡ã¥¬ ï ®¯¥à æ¨ï ¥¢ë¯®«¨-
¬  (grow, adjustSize), «¨¡® ®¯â¨¬¨§¨àãîâ (�ndElementIndex:) «¨¡® ¯®¤-
£®â ¢«¨¢ îâ (rehashFrom:) ¯à ¢¨«ì®¥ ¢ë¯®«¥¨¥ ®¯¥à æ¨©  ¤ ¬®-
¦¥áâ¢®¬. �â¬¥â¨¬, çâ® ¤«ï â®£®, çâ®¡ë £ à â¨à®¢ âì ¯à ¢¨«ìãî à -
¡®âã ¬¥â®¤®¢, ®á®¢ ëå   ¬¥â®¤¨ª¥ å¥è¨à®¢ ¨ï, ®áâ îé¨¥áï í«¥-



¬¥âë ¤®«¦ë ã¯«®âïâìáï (rehashFrom:) ¢áïª¨© à §, ª®£¤  í«¥¬¥â
ã¤ «ï¥âáï ¨§  ¡®à .

add: anObject
| index |

anObject isNil
ifTrue: [`` nil ¥ ¬®¦¥â ¡ëâì í«¥¬¥â®¬ ¬®¦¥áâ¢ .''

^ anObject].
self adjustSize.
(contents at: (index := self �ndElementIndex: anObject)) isNil

ifTrue: [elementCount := elementCount + 1.
^ contents at: index put: anObject].

^ anObject

remove: anObject ifAbsent: aBlock
| index |

index := self �ndElementIndex: anObject.
(contents at: index) == nil

ifTrue: [^ aBlock value].
contents at: index put: nil.
elementCount := elementCount � 1.
self rehashFrom: index.
^ anObject

do: aBlock
| index element |
index := contents size.
[index > 0]

whileTrue: [ (element := contents at: index) == nil
ifFalse: [aBlock value: element].

index := index � 1]

8 �« ááë Dictionary ¨ IdentityDictionary

�ª§¥¬¯«ïà ª« áá  Dictionary (á«®¢ àì) | íâ®  ¡®à  áá®æ¨ â¨¢ëå ¯ à

| íª§¥¬¯«ïà®¢ ª« áá  Association | ¯à¥¤áâ ¢«ïîé¨å á®¡®© ã¯®àï¤®-
ç¥ãî ¯ àã ®¡ê¥ªâ®¢, ¯¥à¢ë© ¨§ ª®â®àëå  §ë¢ ¥âáï ª«îç®¬ (key),
  ¢â®à®© § ç¥¨¥¬ (value)  áá®æ¨ â¨¢®© ¯ àë. �àã£¨¬¨ á«®¢ ¬¨,



íª§¥¬¯«ïàë ª« áá  Dictionary | íâ®  ¡®àë, çì¨ í«¥¬¥âë ¥ ã¯®àï-
¤®ç¥ë, ® ¨¬¥îâ â®ç® ®¯à¥¤¥«¥ë¥ ¨¬¥  (ª«îç¨). � ª¨¬ ®¡à -
§®¬, í«¥¬¥âë á«®¢ àï | ¯à®¨§¢®«ìë¥ ®¡ê¥ªâë á ¢¥è¨¬¨ ª«îç -
¬¨. � ª®¥ ¯à¥¤áâ ¢«¥¨¥ ®¡ íª§¥¬¯«ïà å ª« áá  Dictionary  å®¤¨â
®âà ¦¥¨¥ ¨ ¢ ¯à®â®ª®«¥ á®®¡é¥¨© íâ®£® ª« áá . �®®¡é¥¨ï includes:,
do:, occurencesOf:, ¨¬¥îâ ¤¥«® á® § ç¥¨ï¬¨ (value) á«®¢ à¥© (â® ¥áâì
íâ¨ á®®¡é¥¨ï ¨á¯®«ì§ãîâ ®¡ê¥ªâ value ¨§ ª ¦¤®©  áá®æ¨ â¨¢®© ¯ àë
á«®¢ àï),   ¥ á ª«îç¨ ¨«¨ á ¬¨¬¨ ¯ àë, ¢ â® ¢à¥¬ï ª ª á®®¡é¥¨ï
at:, at:put: ®¡à é îâáï ª ª«îç ¬  áá®æ¨ â¨¢ëå ¯ à á«®¢ à¥©. �« áá
Dictionary ¨á¯®«ì§ã¥â â¥å¨ªã å¥è¨à®¢ ¨ï ¯à¨ à §¬¥é¥¨¨ í«¥¬¥â 
¢ãâà¨ á«®¢ àï,   «®£¨çãî â®©, ª®â®àãî ¨á¯®«ì§ã¥â áã¯¥àª« áá Set,
® å¥è¨à®¢ ¨¥ ¯à®¨§¢®¤¨âáï ¯® ª«îç ¬  áá®æ¨ â¨¢ëå ¯ à,   ¥ ¯®
á ¬¨¬  áá®æ¨ â¨¢ë¬ ¯ à ¬.

8.1 �à®â®ª®« ª« áá  Dictionary

�à®â®ª®« ª« áá  Dictionary à áè¨àï¥âáï ¤«ï ¢§ ¨¬®¤¥©áâ¢¨ï ª ª á á -
¬¨¬¨ ¯ à ¬¨, â ª ¨ á ¨å § ç¥¨ï¬¨ ¯ãâ¥¬ ¤®¡ ¢«¥¨ï á®®¡é¥¨©

associationAt:, keyAtValue:. �«ï â®£®, çâ®¡ë ®¡¥á¯¥ç¨âì ¤®¯®«¨â¥«ìë©
ª®âà®«ì ¢® ¢à¥¬ï ¯®¨áª  í«¥¬¥â®¢ á«®¢ àï, ®¯à¥¤¥«ï¥âáï á®®¡é¥¨¥
at: key ifAbsent: aBlock, á ¯®¬®éìî ª®â®à®£® ¯à®£à ¬¬¨áâ ¬®¦¥â ®¯à¥-
¤¥«¨âì á¢®¨ ¤¥©áâ¢¨ï ¢ â¥å á«ãç ïå, ª®£¤  ã¦ë© ª«îç ¥  ©¤¥.

Dictionary instance protocol

at: key ifAbsent: aBlock | ¢®§¢à é ¥â § ç¥¨¥ ¯® § ¤ ®¬ã ª«îçã

key; ¥á«¨ ª«îç ¥  ©¤¥, ¢®§¢à é ¥âáï à¥§ã«ìâ â ¢ë¯®«¥¨ï
¡«®ª  aBlock.

associationAt: key | ¢®§¢à é ¥â  áá®æ¨ â¨¢ãî ¯ àã á § ¤ ë¬ ª«î-
ç®¬ key; ¥á«¨ ª«îç ¥  ©¤¥, á®®¡é ¥âáï ®¡ ®è¨¡ª¥.

associationAt: key ifAbsent: aBlock | ¢®§¢à é ¥â  áá®æ¨ â¨¢ãî ¯ àã á

§ ¤ ë¬ ª«îç®¬ key; ¥á«¨ ª«îç ¥  ©¤¥, ¢®§¢à é ¥âáï à¥-
§ã«ìâ â ¢ë¯®«¥¨ï ¡«®ª  aBlock.

keyAtValue: value | ¢®§¢à é ¥â ¯¥à¢ë©  ©¤¥ë© ª«îç ¤«ï § ç¥¨ï

value; ¥á«¨ â ª®£® § ç¥¨ï ¥â, ¢®§¢à é ¥â nil.



keyAtValue: value ifAbsent: aBlock | ¢®§¢à é ¥â ¯¥à¢ë© ª«îç,  ©¤¥-
ë© ¤«ï § ç¥¨ï value; ¥á«¨ â ª®£® § ç¥¨ï ¥â, ¢®§¢à é ¥â
à¥§ã«ìâ â ¢ëç¨á«¥¨ï ¡«®ª  aBlock.

keys | ¢®§¢à é ¥â íª§¥¬¯«ïà ª« áá  Set, á®¤¥à¦ é¨© ¢á¥ ª«îç¨ ¯à¨-
¥¬¨ª .

values | ¢®§¢à é ¥â íª§¥¬¯«ïà ª« áá  Bag, á®¤¥à¦ é¨© ¢á¥ § ç¥¨ï
¯à¨¥¬¨ª , ¢ª«îç ï ¢á¥ ¤ã¡«¨ª âë.

� ª ¯à¨¬¥à ¨á¯®«ì§®¢ ¨ï ª« áá  Dictionary, á®§¤ ¤¨¬ á«®¢ àì á

¨¬¥¥¬ opposites, á®áâ®ïé¨© ¨§ á«®¢-ª«îç¥© ¨ ¨å  â®¨¬®¢-§ ç¥¨©.

opposites := Dictionary new.
opposites at: #hot put: #cold.
opposites at: #push put: #pull.
opposites at: #stop put: #go.
opposites at: #come put: #go.

�é¥ ®¤¨ á¯®á®¡, ¯®§¢®«ïîé¨© ¤®¡ ¢¨âì ¢ á«®¢ àì ®¢ãî  áá®æ¨ -
â¨¢ãî ¯ àã, á®áâ®¨â ¢ ¨á¯®«ì§®¢ ¨¨ á®®¡é¥¨ï á á¥«¥ªâ®à®¬ add: ¨
 à£ã¬¥â®¬ | íª§¥¬¯«ïà®¬ ª« áá  Association.

opposites add: (Association key: #front value: #back).
opposites add: (Association key: #top value: #bottom).

�¥¯¥àì á«®¢ àì opposites á®áâ®¨â ¨§ á«¥¤ãîé¨å
¯ à ª«îç{§ ç¥¨¥. � ¬¥âìâ¥, çâ® ®¤® ¨ â® ¦¥

§ ç¥¨¥ ¬®¦¥â ¡ëâì á¢ï§ ® á «î¡ë¬ ç¨á«®¬

ª«îç¥©, ¢ â® ¢à¥¬ï ª ª ¢á¥ ª«îç¨ ®¡ï§ ë ¡ëâì

ã¨ª «ìë¬¨.
�®á¯®«ì§ã¥¬áï á®®¡é¥¨ï¬¨ â¥áâ¨à®¢ ¨ï ¨ á ¨å

¯®¬®éìî ¯à®¢¥à¨¬  «¨ç¨¥ ¢ á«®¢ à¥ opposites
§ ç¥¨© (® ¥ ª«îç¥©!).

ª«îç § ç¥¨¥

hot cold
push pull
stop go
come go
front back
top bottom



¢ëà ¦¥¨¥ à¥§ã«ìâ â

opposites size 6
opposites includes: #cold true
opposites includes: #hot false
opposites occurrencesOf: #go 2
opposites at: #stop put: #start start

�¥â¢¥àâë© ¯à¨¬¥à ¥é¥ à § ¯®ª §ë¢ ¥â ¥ã¨ª «ì®áâì § ç¥¨© ¢

á«®¢ à¥. � ¢®â ª ¦¤ë© ª«îç ¢ á«®¢ à¥ ã¨ª «¥ ¨ ¬®¦¥â ¯®ï¢¨âìáï

â®«ìª® ®¤¨ à §, ¯®íâ®¬ã ¢ ¯®á«¥¤¥¬ ¯à¨¬¥à¥ ¤«ï ã¦¥ áãé¥áâ¢®¢ ¢-
è¥£® ¢ á«®¢ à¥ ª«îç  stop ®¯à¥¤¥«ï¥âáï ®¢®¥ § ç¥¨¥ start ¢¬¥áâ®
'áâ à®£®' § ç¥¨ï go.

�à®¬¥ á®®¡é¥¨©, ¨á¯®«ì§ã¥¬ëå ¤«ï â¥áâ¨à®¢ ¨ï § ç¥¨©, ¢
ª« áá Dictionary ¤®¡ ¢«¥ë á®®¡é¥¨ï ¤«ï â¥áâ¨à®¢ ¨ï í«¥¬¥â®¢-¯ à
á«®¢ à¥© ¨ ª«îç¥© íâ¨å ¯ à.

Dictionary instance protocol

includes: anAssociation | ¢®§¢à é ¥â true, ª®£¤  á«®¢ àì-¯à¨¥¬¨ª á®-
¤¥à¦¨â  áá®æ¨ â¨¢ãî ¯ àã, à ¢ãî  à£ã¬¥âã anAssociation, ¨ -
ç¥ ¢®§¢à é ¥â false.

includesKey: key | ¢®§¢à é ¥â true, ª®£¤  á«®¢ àì-¯à¨¥¬¨ª á®¤¥à¦¨â
 áá®æ¨ â¨¢ãî ¯ àã á ª«îç®¬, à ¢ë¬  à£ã¬¥âã key, ¨ ç¥ ¢®§-
¢à é ¥â false.

�à¨¬¥¨¬ íâ¨ ¬¥â®¤ë ª á«®¢ àî opposites.

¢ëà ¦¥¨¥ à¥§ã«ìâ â

opposites includes: (Association key: #come value: #go) true
opposites includesKey: #hot true

� «®£¨ç®, ¯à®â®ª®« ã¤ «ïîé¨å á®®¡é¥¨© ¨§ ª« áá  Collection
à áè¨àï¥âáï ¢ ª« áá¥ Dictionary ¤«ï â®£®, çâ®¡ë ®¡¥á¯¥ç¨âì ¤®áâã¯ ¨

ª í«¥¬¥â ¬-¯ à ¬ ¨ ª ¨å ª«îç ¬. �¤ ª® § ¬¥â¨¬, çâ® á®®¡é¥¨¥
remove: ¥ ¨á¯®«ì§ã¥âáï ª« áá®¬ Dictionary, ¯®áª®«ìªã ¯à¨ ã¤ «¥¨¨
í«¥¬¥â®¢ ®¡ï§ â¥«ì  ááë«ª    ª«îç.



Dictionary instance protocol

removeAssociation: anAssociation | ã¤ «ï¥â ¨§  ¡®à -¯à¨¥¬¨ª  ¯ àã,
à ¢ãî  à£ã¬¥âã anAssociation, ¨ ¢®§¢à é ¥â íâ®â  à£ã¬¥â.

removeKey: key | ã¤ «ï¥â ¨§  ¡®à -¯à¨¥¬¨ª  ¯ àã c ª«îç®¬, à ¢-
ë¬  à£ã¬¥âã key, ¢®§¢à é ¥â § ç¥¨¥, á¢ï§ ®¥ á íâ¨¬ ª«î-
ç®¬. �á«¨ ¯ àë á ãª § ë¬ ª«îç®¬ ¢ ¯à¨¥¬¨ª¥ ¥â, á®®¡é ¥â
®¡ ®è¨¡ª¥.

removeKey: key ifAbsent: aBlock | ã¤ «ï¥â ¨§  ¡®à -¯à¨¥¬¨ª  ¯ àã c
ª«îç®¬, à ¢ë¬  à£ã¬¥âã key, ¢®§¢à é ¥â § ç¥¨¥, á¢ï§ ®¥
á íâ¨¬ ª«îç®¬. �á«¨ ¯ àë á ãª § ë¬ ª«îç®¬ ¢ ¯à¨¥¬¨ª¥ ¥â,
¢®§¢à é ¥â à¥§ã«ìâ â ¢ëç¨á«¥¨ï ¡«®ª - à£ã¬¥â  aBlock.

�à¨¢¥¤¥¬ ¯à¨¬¥àë. �à¨ ¢ëç¨á«¥¨¨ ¢ëà ¦¥¨ï

opposites removeAssociation: (Association key: #top
value: #bottom)

¡ã¤¥â ¢®§¢à é¥ íª§¥¬¯«ïà ª« áá  Association c ª«îç®¬ top ¨ § ç¥¨-
¥¬ bottom,    ¡®à opposites áâ ¥â ¨¬¥¥â   1 í«¥¬¥â ¬¥ìè¥. �à¨
¢ëç¨á«¥¨¨ ¢ëà ¦¥¨ï

opposites removeKey: #hot

¡ã¤¥â ¢®§¢à é¥ íª§¥¬¯«ïà ª« áá  Association c ª«îç®¬ hot ¨ § ç¥¨-
¥¬ cold,    ¡®à opposites áâ ¥â ¨¬¥¥â ¥é¥   1 í«¥¬¥â ¬¥ìè¥. �à¨
¢ëç¨á«¥¨¨ ¢ëà ¦¥¨ï

opposites removeKey: #cold
ifAbsent: [opposites at: #cold put: #hot]

¯à®¨§®©¤¥â á«¥¤ãîé¥¥: ¯®áª®«ìªã ¯ àë á ª«îç®¬ cold ¢ á«®¢ à¥ ¥â,
¡ã¤¥â ¢ë¯®«¥ ¡«®ª ¨ á«®¢ àì opposites áâ ¥â ¨¬¥âì   1 í«¥¬¥â

¡®«ìè¥.
�®®¡é¥¨¥ do: ¢ëç¨á«ï¥â á¢®© ¡«®ª- à£ã¬¥â ¤«ï ª ¦¤®£® § ç¥-

¨ï ¨§ á«®¢ àï. �à®â®ª®« ¯¥à¥ç¨á«ïîé¨å á®®¡é¥¨©,  á«¥¤ã¥¬ë©



¨§ ª« áá  Collection, ¢ ª« áá¥ Dictionary ¢®¢ì à áè¨àï¥âáï ¤«ï â®£®,
çâ®¡ë ¢ª«îç¨âì ¢ ¥£® á®®¡é¥¨ï ¯¥à¥ç¨á«¥¨ï ¤«ï à ¡®âë á  áá®æ¨-
 â¨¢ë¬¨ ¯ à ¬¨ ¨ ¨å ª«îç ¬¨.

Dictionary instance protocol

associationsDo: aBlock | ¢ëç¨á«ï¥â  à£ã¬¥â aBlock ¤«ï ª ¦¤®© ¯ àë
¨§ á«®¢ àï-¯à¨¥¬¨ª .

keysDo: aBlock | ¢ëç¨á«ï¥â  à£ã¬¥â aBlock ¤«ï ª ¦¤®£® ª«îç  ¨§

á«®¢ àï-¯à¨¥¬¨ª .

� ª¨¬ ®¡à §®¬ ¬ë ¨¬¥¥¬ à §«¨çë¥ ¢®§¬®¦®áâ¨ ¯¥à¥ç¨á«¥¨ï

á«®¢ à¥©. �«ï ¯à¨¬¥à , ¯à¥¤¯®«®¦¨¬, çâ® íª§¥¬¯«ïà ª« áá  Set |
 ¡®à newWord | á®áâ®¨â ¨§ á«®¢, ª®â®àë¥ ¤®«¦¥ ¢ëãç¨âì ãç¥¨ª.
�ãáâì á«®¢  ¨§ á«®¢ àï opposites, ª ª ª«îç¨, â ª ¨ § ç¥¨ï, ã¦¥ ãç¥-
¨ªã ¨§¢¥áâë. �ëç¨á«¥¨¥ á«¥¤ãîé¨å ¤¢ãå ¢ëà ¦¥¨© ã¤ «¨â ã¦¥
¨§¢¥áâë¥ á«®¢  ¨§  ¡®à  newWord (¯¥à¢®¥ ¢ëà ¦¥¨¥ ã¤ «¨â § ç¥-
¨ï,   ¢â®à®¥ | ª«îç¨).

opposites do: [:word | newWord remove: word ifAbsent: [ ] ].
opposites keysDo: [:word | newWord remove: word ifAbsent: [ ] ].

�®â ¦¥ à¥§ã«ìâ â ¯®«ãç¨âáï, ¥á«¨ ¨á¯®«ì§®¢ âì á®®¡é¥¨¥ ¯¥à¥ç¨-
á«¥¨ï ¤«ï  áá®æ¨ â¨¢ëå ¯ à:

opposites associationsDo: [:each |

newWord remove: each key ifAbsent: [ ].
newWord remove: each value ifAbsent: [ ] ]

�®®¡é¥¨ï ¤®áâã¯  keys ¨ values ¬®¦® ¨á¯®«ì§®¢ âì, çâ®¡ë,  -
¯à¨¬¥à, ¯®«ãç¨âì á®®â¢¥âáâ¢ãîé¨¥  ¡®àë á«®¢ ¨§ á«®¢ àï opposites.
�à¥¤¯®«®¦¨¬, çâ® ¢á¥ ¯à¥¤ë¤ãé¨¥ ¯à¨¬¥àë ¤«ï á«®¢ àï opposites ¢ë-
¯®«¥ë, â®£¤ 



¢ëà ¦¥¨¥ à¥§ã«ìâ â

opposites keys Set('push' 'come' 'front'
'stop' 'cold')

opposites values Bag('pull' 'go' 'back'
'start' 'hot')

8.2 �¥ «¨§ æ¨ï ª« áá  Dictionary

�à¨¢¥¤¥¬ â¥¯¥àì à¥ «¨§ æ¨î ¥ª®â®àëå ¬¥â®¤®¢ ª« áá  Dictionary. �â-
¬¥â¨¬, çâ® ¬®£® à ¡®âë ¢ ¯à®â®ª®«¥ ª« áá  Dictionary ¢ë¯®«ï¥âáï
ç áâë¬¨ á®®¡é¥¨ï¬¨, ª®â®àë¥ «¨¡®  á«¥¤ãîâáï ¨§ ª« áá  Set, «¨-
¡® ¯®¤®¡ë á®®¡é¥¨ï¬, ®¯â¨¬¨§¨àãîé¨¬ ¯®¨áª (�ndKeyIndex:).

Set subclass: #Dictionary
instanceVariableNames: ''
classVariableNames: ''
poolDictionaries: ''

Dictionary methods

add: anAssociation
| index element |
index := self �ndKeyIndex: anAssociation key.
(element := contents at: index) == nil

ifTrue: [``â ª®© ¯ àë ¥â, á®åà ¨âì ¥¥''
elementCount := elementCount + 1.
contents at: index put: anAssociation]

ifFalse: [``¯ à  á â ª¨¬ ª«îç®¬ ¥áâì, § ¬¥¨âì § ç¥¨¥''
element value: anAssociation value].

self adjustSize.
^ anAssociation

associationAt: aKey
^ self associationAt: aKey

ifAbsent: [self errorAbsentKey]

associationAt: aKey ifAbsent: aBlock
| answer |
^ (answer := self lookUpKey: aKey) == nil



ifTrue: [aBlock value]
ifFalse: [answer]

associationsDo: aBlock
super do: aBlock

�¬¥® super do: aBlock, ¯®áª®«ìªã á®®¡é¥¨¥ do: aBlock ¯¥à¥®¯à¥¤¥-
«ï¥âáï ¢ ª« áá¥ Dictionary á«¥¤ãîé¨¬ ®¡à §®¬

do: aBlock
super do: [ :association |

aBlock value: association value]

�¥ «¨§ æ¨ï á®®¡é¥¨© ¤®¡ ¢«¥¨ï, ¤®áâã¯  ¨ ã¤ «¥¨ï â®¦¥ ¨¬¥¥â
¢ ª« áá¥ Dictionary á¢®î \á¯¥æ¨ä¨ªã".

at: aKey
| answer |
^ (answer := self lookUpKey: aKey) == nil

ifTrue: [self errorAbsentKey]
ifFalse: [answer value]

at: aKey ifAbsent: aBlock
| answer |
^ (answer := self lookUpKey: aKey) == nil

ifTrue: [aBlock value]
ifFalse: [answer value]

at: aKey put: anObject
self add: (Association key: aKey value: anObject).
^ anObject

includes: anAssociaton
self do: [ :element | element = anAssociaton

ifTrue: [^ true]].
^ false

remove: anObject ifAbsent: aBlock
^ self invalidMessage



removeAssociation: anAssociation
self removeKey: anAssociation key

removeKey: aKey
self removeKey: aKey ifAbsent: [self errorAbsentKey].

removeKey: aKey ifAbsent: aBlock
| index |

index := self �ndKeyIndex: aKey.
(contents at: index) == nil

ifTrue: [^ aBlock value].
contents at: index put: nil.
elementCount := elementCount � 1.
self rehashFrom: index.
^ aKey

�¡à â¨â¥ ¢¨¬ ¨¥   á¨¬¬¥âà¨î ¬¥¦¤ã at:put: ¨ add:. � §«¨ç¨¥
á®áâ®¨â â®«ìª® ¢ ¤¥©áâ¢¨¨, ¥á«¨ í«¥¬¥â ¥  ©¤¥ | ¢ á«ãç ¥ at:put:
á®§¤ ¥âáï ¨ á®åà ï¥âáï ¢ á«®¢ à¥ ®¢ ï  áá®æ¨ â¨¢ ï ¯ à ;   ¢ á«ã-
ç ¥ add:, á ¬  à£ã¬¥â anAssociation á®åà ï¥âáï ª ª ®¢ ï  áá®æ¨ â¨¢-
 ï ¯ à  á«®¢ àï.

�®®¡é¥¨¥ select: aBlock ¯¥à¥®¯à¥¤¥«ï¥âáï, çâ®¡ë ¢ë¡¨à âì  áá®æ¨-
 â¨¢ë¥ ¯ àë ¨§ á«®¢ àï-¯à¨¥¬¨ª  ¯® à¥§ã«ìâ âã ¢ë¯®«¥¨ï  à£ã-
¬¥â  aBlock á ¯ à ¬¥âà®¬, à ¢ë¬ § ç¥¨î  áá®æ¨ â¨¢®© ¯ àë.

select: aBlock
| answer |
answer := self species new.
self associationsDo: [ :each |

(aBlock value: each value)
ifTrue: [answer add: each]].

^ answer

8.3 �« áá IdentityDictionary

�« áá IdentityDictionary, ¯®¤ª« áá ª« áá  Dictionary, ¯®çâ¨ ¢á¥ á®®¡é¥-
¨ï á¢®¥£® áã¯¥àª« áá  ¯¥à¥®¯à¥¤¥«ï¥â â ª, çâ®¡ë ¯à®¨§¢®¤¨âì ¯à®-



¢¥àªã ¨¤¥â¨ç®áâ¨ ª«îç¥© ¢¬¥áâ® ¯à®¢¥àª¨ à ¢¥áâ¢  ª«îç¥©. �®-
íâ®¬ã ¢ ª« áá¥ IdentityDictionary ®¯¥à æ¨¨ ¢áâ ¢ª¨ ¨ ¯®¨áª  ï¢«ï¥âáï
¡®«¥¥ íää¥ªâ¨¢ë¬¨, ç¥¬ ¢ ª« áá¥ Dictionary, ¨ ¢ â¥å á«ãç ïå, ª®-
£¤  ª«îç¨ ã¨ª «ìë, ¢á¥£¤  «ãçè¥ ¨á¯®«ì§®¢ âì íª§¥¬¯«ïàë ª« áá 

IdentityDictionary.
�¥ «¨§ æ¨î ¢á¥å íâ¨å á®®¡é¥¨© ¬ë §¤¥áì ¯à¨¢®¤¨âì ¥ ¡ã¤¥¬. �å,

ª ª ¨ ®áâ «ìë¥ á®®¡é¥¨ï ª« áá  Dictionary, ç¨â â¥«ì ¬®¦¥â ¨§ãç¨âì,
¨á¯®«ì§ãï ¡à ã§¥à ¨¥à àå¨¨ ª« áá®¢ á¨áâ¥¬ë Smalltalk.
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