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1 �« áá IndexedCollection

� ç¥¬ ¨§ãç¥¨¥ á«¥¤ãîé¥£® ¯®¤ª« áá  ª« áá  Collection | ª« áá  In-
dexedCollection, ª®â®àë© ï¢«ï¥âáï  ¡áâà ªâë¬ ª« áá®¬, ¯à¥¤áâ ¢«ï-
îé¨¬  ¡®àë, í«¥¬¥âë ª®â®àëå ã¯®àï¤®ç¥ë ¨ ¬®£ãâ ¨¬¥®¢ âìáï

¨§¢¥ á ¯®¬®éìî æ¥«ëå ¨¤¥ªá®¢. �®íâ®¬ã, £®¢®àï §¤¥áì ®¡ íª§¥¬¯«ï-
à å íâ®£® ª« áá , ¢á¥£¤  ¨¬¥îâáï ¢ ¢¨¤ã íª§¥¬¯«ïàë ¥£® ¯®¤ª« áá®¢,
ª®â®àë¥ ¯®«®áâìî ¯®¤¤¥à¦¨¢ îâ ®¯à¥¤¥«¥ë© §¤¥áì ®¡é¨© ¯à®â®-
ª®«. �« áá IndexedCollection ï¢«ï¥âáï ¯®¤ª« áá®¬ ª« áá  Collection ¨
¯®¤¤¥à¦¨¢ ¥â ¯à®â®ª®« ¤®áâã¯ , ª®¯¨à®¢ ¨ï, ¯¥à¥ç¨á«¥¨ï í«¥¬¥-
â®¢ ¨§  ¡®à , ª®£¤  ¨§¢¥áâ®, çâ® áãé¥áâ¢ã¥â ¯®àï¤®ª áà¥¤¨ ¥£® í«¥-
¬¥â®¢. �á¥ íª§¥¬¯«ïàë ª« áá  IndexedCollection  á«¥¤ãîâ ¨§ ª« á-
á  Object á®®¡é¥¨ï ¤«ï à ¡®âë á ¨¤¥ªá¨à®¢ ë¬¨ í«¥¬¥â ¬¨ â -
ª¨¥, ª ª at:, at:put:, size. �®¯®«¨â¥«ì®, ª« áá IndexedCollection ¯®¤-
¤¥à¦¨¢ ¥â à §¬¥é¥¨¥ § ¤ ®£® ®¡ê¥ªâ  ¢® ¢á¥å § ¤ ¢ ¥¬ëå ¯®§¨æ¨-
ïå (atAll:put:), à §¬¥é¥¨¥ § ¤ ®£® ®¡ê¥ªâ  ¢® ¢á¥å ¯®§¨æ¨ïå  ¡®à 
(atAllPut:), § ¬¥ã í«¥¬¥â®¢ ¨§ ®¤®£®  ¡®à    í«¥¬¥âë ¨§ ¤àã£®£®

 ¡®à  (replaceFrom:to:with:, replaceFrom:to:with:startingAt:).

IndexedCollection instance protocol

atAll: aCollection put: anObject | § ¬¥ï¥â ª ¦¤ë© í«¥¬¥â  ¡®à -¯à¨-
¥¬¨ª  á ª«îç®¬ ¨§  à£ã¬¥â  aCollection (¨¤¥ªá®¬ ¨«¨ ¤àã£¨¬

¢¥è¨¬ ª«îç®¬)   ¢â®à®©  à£ã¬¥â anObject.

atAllPut: anObject | § ¬¥ï¥â ª ¦¤ë© í«¥¬¥â ¯à¨¥¬¨ª     à£ã¬¥â

anObject.

�rst | ¢®§¢à é ¥â ¯¥à¢ë© í«¥¬¥â ¯à¨¥¬¨ª , á®®¡é ¥â ®¡ ®è¨¡ª¥,
¥á«¨ ¯à¨¥¬¨ª ¯ãáâ. item[last] | ¢®§¢à é ¥â ¯®á«¥¤¨© í«¥¬¥â

¯à¨¥¬¨ª , á®®¡é ¥â ®¡ ®è¨¡ª¥, ¥á«¨ ¯à¨¥¬¨ª ¯ãáâ.

indexOf: anElement | ¢®§¢à é ¥â ¯¥à¢ë© ¨¤¥ªá í«¥¬¥â  ¨§  ¡®à -
¯à¨¥¬¨ª  à ¢®£®  à£ã¬¥âã anElement, ¥á«¨ â ª®£® í«¥¬¥â 

¥â, ¢®§¢à é ¥â 0.

indexOf: anElement ifAbsent: aBlock | ¢®§¢à é ¥â ¨¤¥ªá ¯¥à¢®£® í«¥-
¬¥â  ¨§  ¡®à -¯à¨¥¬¨ª  à ¢®£®  à£ã¬¥âã anElement, ¥á«¨
â ª®£® í«¥¬¥â  ¥â, ¢®§¢à é ¥â à¥§ã«ìâ â ¢ëç¨á«¥¨ï ¡«®ª 

aBlock.



replaceFrom: start to: stop with: replacementCollection | ¢®§¢à é ¥â  -
¡®à-¯à¨¥¬¨ª, ¢ ª®â®à®¬,  ç¨ ï á ¨¤¥ªá  start ¨ § ª ç¨¢ ï
¨¤¥ªá®¬ stop, í«¥¬¥âë § ¬¥¥ë   í«¥¬¥âë  ¡®à - à£ã¬¥â 
replacementCollection; ¢ replacementCollection ¤®«¦® ¡ëâì â®ç®

stop - start + 1 í«¥¬¥â®¢.

replaceFrom: start to: stop
with: replacementCollection startingAt: repStart

| ¢®§¢à é ¥â  ¡®à-¯à¨¥¬¨ª, ¢ ª®â®à®¬,  ç¨ ï á ¨¤¥ªá  start
¨ § ª ç¨¢ ï ¨¤¥ªá®¬ stop, í«¥¬¥âë § ¬¥¥ë   í«¥¬¥âë  -
¡®à - à£ã¬¥â  replacementCollection,  ç¨ ï á ¨¤¥ªá  repStart.

� áá¬®âà¨¬ ¯à¨¬¥àë à¥ «¨§ æ¨¨ íâ¨å á®®¡é¥¨©, ¯à¨¬¥¨â¥«ì® ª
íª§¥¬¯«ïà ¬ ª« áá  String, ª®â®àë© ï¢«ï¥âáï ¯®¤ª« áá®¬ ª« áá  Inde-
xedCollection.

¢ëà ¦¥¨¥ à¥§ã«ìâ â

'aaaaaaaa' size 8
'aaaaaaaa' at: (2 to: 8 by: 2) put: $b 'abababab'
'abababab' indexOf: $b 2
'aaaaaaaa' atAllPut: $b 'bbbbbbbb'
'This string' �rst $T
'This string' last $g
'ABCDEFGH' indexOf: $F 6
'ABCDEFGH' indexOf: $M ifAbsent: [0] 0
'ABCDEFGH' indexOf: $C ifAbsent: [0] 3
'The cow eat' replaceFrom: 5 to: 7 with: 'dog' 'The dog eat'

�á¥ íâ¨ ¯à¨¬¥àë   «®£¨ç® á®§¤ îâáï ¨ ¤«ï íª§¥¬¯«ïà®¢ ¤àã£¨å

¯®¤ª« áá®¢ ª« áá  IndexedCollection. �é¥ ®¤® ®¡é¥¥ § ¬¥ç ¨¥: ¢®§-
¬®¦® ¯à¨ â ª¨å ¯à¥®¡à §®¢ ¨ïå á«¥¤ã¥â á®åà ïâì  ¡®à-®à¨£¨ «,
¤¥« ï ¯à¥¤¢ à¨â¥«ì® ¥£® ª®¯¨î. �à®â®ª®« ª®¯¨à®¢ ¨ï ª« áá  Inde-
xedCollection ¯®¤¤¥à¦¨¢ ¥â ª®¯¨à®¢ ¨¥ ¯®á«¥¤®¢ â¥«ì®áâ¨ í«¥¬¥â®¢
¢  ¡®à, ª®¯¨à®¢ ¨¥  ¡®à  á § ¬¥®© ¥£® ç áâ¨, ª®¯¨à®¢ ¨¥  ¡®à 
á ã¤ «¥¨¥¬ ç áâ¨ í«¥¬¥â®¢, ª®¯¨à®¢ ¨¥  ¡®à  á ¯à¨á®¥¤¨¥¨¥¬
®¢ëå í«¥¬¥â®¢.



IndexedCollection instance protocol

, anIndexedCollection | ª®ª â¥ æ¨ï (®¡ê¥¤¨¥¨¥)  ¡®à®¢; ¢®§¢à -
é ¥â  ¡®à-¯à¨¥¬¨ª, ¢ ª®â®àë© ¯® ¯®àï¤ªã ¤®¡ ¢«¥ë ¢á¥ í«¥-
¬¥âë  à£ã¬¥â  anIndexedCollection.

copyFrom: start to: stop | ¢®§¢à é ¥â ª®¯¨î ç áâ¨ ¯à¨¥¬¨ª  á®®¡é¥-
¨ï, á®áâ®ïéãî ¨§ ¥£® í«¥¬¥â®¢ á ¨¤¥ªá ¬¨ ®â start ¤® stop.

copyReplaceFrom: start to: stop with: replCollection | ª®£¤  ç¨á«  start ¨
stop ¢§ïâë ¢ ¤®¯ãáâ¨¬ëå ¯à¥¤¥« å, ¢®§¢à é ¥â ª®¯¨î ¯à¨¥¬¨-
ª  á®®¡é¥¨ï, ª®â®à ï á®áâ®¨â ¨§ ª®ª â¥ æ¨¨ ç áâ¨ ¯à¨¥¬¨ª 
á®®¡é¥¨ï ®â ¥£®  ç «  ¤® í«¥¬¥â  á ¨¤¥ªá®¬ start� 1,  ¡®à 
replCollection ¨ ç áâ¨ ¯à¨¥¬¨ª  á®®¡é¥¨ï ®â í«¥¬¥â  á ¨¤¥ª-
á®¬ stop + 1 ¤® ª®æ .

copyWith: newElement | ¢®§¢à é ¥â ª®¯¨î ¯à¨¥¬¨ª  á®®¡é¥¨ï, ¢
ª®¥æ ª®â®à®£® ¤®¡ ¢«¥ ¥é¥ ®¤¨ í«¥¬¥â newElement.

copyWithout: oldElement | ¢®§¢à é ¥â ª®¯¨î ¯à¨¥¬¨ª  á®®¡é¥¨ï, ¨§
ª®â®à®£® ã¤ «¥ ¯¥à¢ë© í«¥¬¥â à ¢ë© oldElement.

�®á«¥¤¨¥ ¤¢  á®®¡é¥¨ï ¨§ ¯à®â®ª®«  ª®¯¨à®¢ ¨ï ¯®«¥§ë ¯à¨

ª®¯¨à®¢ ¨¨ íª§¥¬¯«ïà®¢ ª« áá  Array á ¤®¡ ¢«¥¨¥¬ ¨«¨ ã¤ «¥¨¥¬

í«¥¬¥â®¢. � ¯à¨¬¥à,

¢ëà ¦¥¨¥ à¥§ã«ìâ â

#(one two three) copyWith: #four (one two three four)
#(one two three) copyWithout: #two (one three)

� ª ª ª í«¥¬¥âë ¨§ íª§¥¬¯«ïà®¢ ª« áá  IndexedCollection ã¯®àï-
¤®ç¥ë, â® ¢®§¬®¦® ¨å ¯¥à¥ç¨á«¥¨¥ | ¢ë§®¢ ¯® ¯®àï¤ªã,  ç¨ ï á
¯¥à¢®£® ¨ ¤® ¯®á«¥¤¥£®. �®§¬®¦® ¯¥à¥ç¨á«¥¨¥ ¨ ¢ ®¡à â®¬ ¯®àï¤ª¥
(®â ¯®á«¥¤¥£® ª ¯¥à¢®¬ã), ¤«ï ç¥£® ¨á¯®«ì§ã¥âáï á®®¡é¥¨¥ reverseDo:
aBlock. �®§¬®¦® â ª ¦¥ á®¢¬¥áâ®¥ ¯¥à¥ç¨á«¥¨¥ ¤¢ãå íª§¥¬¯«ïà®¢
ª« áá  IndexedCollection, ¯à¨ ª®â®à®¬ ¯ à  í«¥¬¥â®¢, ¯® ®¤®¬ã ¨§ ª -
¦¤®£®  ¡®à , ¨á¯®«ì§ã¥âáï ¢ ª ç¥áâ¢¥  à£ã¬¥â®¢ ¢ëç¨á«ï¥¬®£® ¡«®-
ª .



IndexedCollection instance protocol

�ndFirst: aBlock | ¢ëç¨á«ï¥â ®¤®  à£ã¬¥âë© ¡«®ª aBlock á ª ¦¤ë¬
í«¥¬¥â®¬ ¨§ ¯à¨¥¬¨ª  á®®¡é¥¨ï ¢ ª ç¥áâ¢¥  à£ã¬¥â ,  ç¨-
 ï á ¯¥à¢®£®; ¢®§¢à é ¥â ¨¤¥ªá ¯¥à¢®£® í«¥¬¥â , ¤«ï ª®â®à®£®
¢ëç¨á«¥¨¥ ¡«®ª  § ¢¥àè ¥âáï ¢®§¢à é¥¨¥¬ § ç¥¨ï true.

�ndLast: aBlock | ¢ëç¨á«ï¥â ®¤®  à£ã¬¥âë© ¡«®ª aBlock á ª ¦¤ë¬
í«¥¬¥â®¬ ¨§ ¯à¨¥¬¨ª  á®®¡é¥¨ï ¢ ª ç¥áâ¢¥  à£ã¬¥â ,  ç¨-
 ï á ¯¥à¢®£®; ¢®§¢à é ¥â ¨¤¥ªá ¯®á«¥¤¥£® í«¥¬¥â , ¤«ï ª®â®-
à®£® ¢ëç¨á«¥¨¥ ¡«®ª  § ¢¥àè ¥âáï ¢®§¢à é¥¨¥¬ § ç¥¨ï true.

reverseDo: aBlock | ¢ëç¨á«ï¥â ®¤®  à£ã¬¥âë© ¡«®ª aBlock á ª -
¦¤ë¬ í«¥¬¥â®¬ ¨§ ¯à¨¥¬¨ª  á®®¡é¥¨ï ¢ ª ç¥áâ¢¥  à£ã¬¥-
â ,  ç¨ ï á ¯®á«¥¤¥£® (¢á¥ ¯à®¨áå®¤¨â ¢ ®¡à â®¬ ¯®àï¤ª¥ ¯®-
áà ¢¥¨î á ¢ë¯®«¥¨¥¬ á®®¡é¥¨ï do: aBlock).

with: aIndexedCollection do: aBlock | ¢ëç¨á«ï¥â ¤¢ãå  à£ã¬¥âë© ¡«®ª

aBlock ¤«ï ª ¦¤®£® í«¥¬¥â  ¨§ ¯à¨¥¬¨ª  á®®¡é¥¨ï ¨ á®®â-
¢¥âáâ¢ãîé¥£® í«¥¬¥â  ¨§  ¡®à - à£ã¬¥â  aIndexedCollection ¢
ª ç¥áâ¢¥  à£ã¬¥â®¢ ¡«®ª ; à §¬¥àë ¯à¨¥¬¨ª  á®®¡é¥¨ï ¨

 ¡®à - à£ã¬¥â  ¤®«¦ë ¡ëâì à ¢ë.

�«¥¤ãîé¥¥ ¢ëà ¦¥¨¥ á®§¤ ¥â â®â ¦¥ á ¬ë© á«®¢ àì opposites, ª®-
â®àë© à ¥¥ ã¦¥ ¨á¯®«ì§®¢ «áï ª ª ¯à¨¬¥à.

opposites := Dictionary new.
#(come cold front hot push stop)
with: #(go hot back cold pull start)
do: [:key :value | opposites at: key put: value].

�«®¢ àì opposites ¨¬¥¥â á¥©ç á 6 í«¥¬¥â®¢, ª ¦¤ë© ¨§ ª®â®àëå |
íª§¥¬¯«ïà ª« áá  Association.

� ª ¬ë ã¦¥ § ¥¬, «î¡®© íª§¥¬¯«ïà ª« áá  IndexedCollection ¬®¦®
¯à¥®¡à §®¢ âì ¢ íª§¥¬¯«ïà ª« áá  Array, ¥á«¨ ¯®á« âì ¥¬ã á®®¡é¥¨¥
asArray,  á«¥¤ã¥¬®¥ ¨§ ª« áá  Collection. �®á«¥ ¯à¨¢¥¤¥ëå ¯à¨¬¥-
à®¢ ¨ à §êïá¥¨©, ¢ à¥ «¨§ æ¨¨ ¬¥â®¤®¢ íâ®£® ª« áá  ç¨â â¥«ì, ª ª
¬ë  ¤¥¥¬áï, á¬®¦¥â à §®¡à âìáï á ¬®áâ®ïâ¥«ì®, ¨á¯®«ì§ãï ¡à ã§¥à
¨¥à àå¨¨ ª« áá®¢.



2 �« áá OrderedCollection

�«¥¬¥âë íª§¥¬¯«ïà  ª« áá  OrderedCollection ã¯®àï¤®ç¥ë ¯®á«¥¤®¢ -
â¥«ì®áâìî, ¢ ª®â®à®© ®¨ ¤®¡ ¢«ïîâáï ¨ ã¤ «ïîâáï ¨ åà ïâ ã¯®àï-
¤®ç¥ãî (¥®£à ¨ç¥ãî) ¯®á«¥¤®¢ â¥«ì®áâì í«¥¬¥â®¢. �à¨ íâ®¬
íª§¥¬¯«ïàë ª« áá  OrderedCollections à áè¨àï¥¬ë, ¨ ¢ë¨£àëè ¢ íä-
ä¥ªâ¨¢®áâ¨ ¤®áâ¨£ ¥âáï ¢ë¤¥«¥¨¥¬ ¤®¯®«¨â¥«ì®£® ¯à®áâà áâ¢ 

¤«ï í«¥¬¥â®¢ ¯®á«¥¤®¢ â¥«ì®áâ¨, ª®£¤  ¤«ï ¨å à §¬¥é¥¨ï ¥ å¢ â -
¥â ¬¥áâ . �¢¥ ¯¥à¥¬¥ë¥ íª§¥¬¯«ïà , startPosition ¨ endPosition, ãª -
§ë¢ îâ   ¯¥à¢ë© ¨ ¯®á«¥¤¨© í«¥¬¥âë ¢ íª§¥¬¯«ïà¥. �«¥¬¥âë

¤®áâã¯ë ¯® ¢¥è¨¬ ª«îç ¬-¨¤¥ªá ¬. �à®â®ª®«ë ¤®áâã¯ , ¤®¡ -
¢«¥¨ï ¨ ã¤ «¥¨ï ¤®¯®«ïîâáï ááë«ª ¬¨   ¯¥à¢ë© ¨ ¯®á«¥¤¨©,  
¯à¥¤ë¤ãé¨© ¨ ¯®á«¥¤ãîé¨© í«¥¬¥âë.

�ª§¥¬¯«ïà ª« áá  OrderedCollection ¬®¦¥â ¢ëáâã¯ âì ª ª áâ¥ª ¨«¨
®ç¥à¥¤ì. �â¥ª | íâ® ¯®á«¥¤®¢ â¥«ìë© á¯¨á®ª, ¢ ª®â®à®¬ ã¤ «¥¨¥ ¨

¤®¡ ¢«¥¨¥ í«¥¬¥â®¢ ¯à®¨§¢®¤ïâáï   ®¤®¬ ¨ â®¬ ¦¥ ª®æ¥ á¯¨áª ,
 §ë¢ ¥¬®¬ ¢¥àè¨®© áâ¥ª . � áâ® ® áâ¥ª¥ £®¢®àïâ, çâ® íâ® á¯¨á®ª á
¯®àï¤ª®¬ ó¯®á«¥¤¨¬ ¯à¨è¥« | ¯¥à¢ë¬ ãè¥«ô ('last-in �rst-out' ¨«¨,
á®ªà é¥®, lifo-á¯¨á®ª).

�¡ëçë¥ ¢ëà ¦¥¨ï �®®¡é¥¨ï ª« áá  OrderedCollection
push newObject addLast: newObject
pop removeLast
top last
empty isEmpty

�ç¥à¥¤ì | íâ® ¯®á«¥¤®¢ â¥«ìë© á¯¨á®ª, ¢ ª®â®à®¬ ã¤ «¥¨¥ í«¥-
¬¥â®¢ ¯à®¨§¢®¤ïâáï ¢ ª®æ¥ á¯¨áª ,   ¤®¡ ¢«¥¨¥ í«¥¬¥â®¢ ¯à®¨§-
¢®¤ïâáï ¢  ç «¥ á¯¨áª . � áâ® ®¡ ®ç¥à¥¤¨ £®¢®àïâ, çâ® íâ® á¯¨á®ª
á ¯®àï¤ª®¬ ó¯¥à¢ë¬ ¯à¨è¥« | ¯¥à¢ë¬ ãè¥«ô ('�rst-in �rst-out' ¨«¨,
á®ªà é¥®, �fo-á¯¨á®ª).

®¡ëçë¥ ¢ëà ¦¥¨ï á®®¡é¥¨ï ª« áá  OrderedCollection
add newObject addLast: newObject
delete removeFirst
front �rst
empty isEmpty



2.1 �¯¨á ¨¥ ¯à®â®ª®« 

�®®¡é¥¨¥ add: ¢ ª« áá¥ OrderedCollection ¤®¡ ¢«ï¥â ¢  ¡®à  à£ã¬¥â
á®®¡é¥¨ï ª ª ¯®á«¥¤¨© í«¥¬¥â; á®®¡é¥¨¥ remove:ifAbsent: ã¤ «ï¥â
 à£ã¬¥â á®®¡é¥¨ï ¨§  ¡®à , ¥á«¨ â ª®¢®£® ¥â | ¢®§¢à é ¥â à¥-
§ã«ìâ â ¢ë¯®«¥¨ï ¡«®ª . � ¤®¯®«¥¨¥ ª á®®¡é¥¨ï¬,  á«¥¤ã¥¬ë¬
¨§ á¢®¨å áã¯¥àª« áá®¢, íâ®â ª« áá ®¯à¥¤¥«ï¥â â ª¨¥ á®®¡é¥¨ï

OrderedCollection instance protocol

after: oldObject | ¢®§¢à é ¥â í«¥¬¥â ¨§ ¯à¨¥¬¨ª  á®®¡é¥¨ï, áâ®-
ïé¨© ¯®á«¥ í«¥¬¥â  oldObject, ¥á«¨ ¥â í«¥¬¥â  oldObject ¨«¨
¯®á«¥ ¥£® ¥â í«¥¬¥â , á®®¡é ¥â ®¡ ®è¨¡ª¥.

before: oldObject | ¢®§¢à é ¥â í«¥¬¥â ¨§ ¯à¨¥¬¨ª  á®®¡é¥¨ï, áâ®-
ïé¨© ¤® í«¥¬¥â  oldObject, ¥á«¨ ¥â í«¥¬¥â  oldObject ¨«¨ ¤®
¥£® ¥â í«¥¬¥â , á®®¡é ¥â ®¡ ®è¨¡ª¥.

add: newObject after: oldObject | ¤®¡ ¢«ï¥â ¢ ¯à¨¥¬¨ª í«¥¬¥â new-
Object ¯®á«¥ í«¥¬¥â  oldObject, ¢®§¢à é ¥â newObject; ¥á«¨ í«¥-
¬¥â  oldObject ¢ ¯à¨¥¬¨ª¥ á®®¡é¥¨ï ¥â, á®®¡é ¥â ®¡ ®è¨¡ª¥.

add: newObject before: oldObject | ¤®¡ ¢«ï¥â ¢ ¯à¨¥¬¨ª í«¥¬¥â new-
Object ¥¯®áà¥¤áâ¢¥® ¯¥à¥¤ í«¥¬¥â®¬ oldObject, ¢®§¢à é ¥â
newObject; ¥á«¨ í«¥¬¥â  oldObject ¢ ¯à¨¥¬¨ª¥ á®®¡é¥¨ï ¥â,
á®®¡é ¥â ®¡ ®è¨¡ª¥.

addAllFirst: anOrderedCollection | ¤®¡ ¢«ï¥â ª ¦¤ë© í«¥¬¥â ¨§  ¡®-
à - à£ã¬¥â  anOrderedCollection ¢  ç «® ¯à¨¥¬¨ª  á®®¡é¥¨ï,
¢®§¢à é ¥â anOrderedCollection.

addAllLast: anOrderedCollection | ¤®¡ ¢«ï¥â ª ¦¤ë© í«¥¬¥â ¨§  ¡®-
à - à£ã¬¥â  anOrderedCollection ¢ ª®¥æ ¯à¨¥¬¨ª  á®®¡é¥¨ï,
¢®§¢à é ¥â anOrderedCollection.

addFirst: newObject | ¤®¡ ¢«ï¥â í«¥¬¥â newObject ¢  ç «® ¯à¨¥¬¨-
ª  á®®¡é¥¨ï, ¢®§¢à é ¥â newObject.

addLast: newObject | ¤®¡ ¢«ï¥â í«¥¬¥â newObject ¢ ª®¥æ ¯à¨¥¬¨ª 
á®®¡é¥¨ï, ¢®§¢à é ¥â newObject.

removeFirst | ã¤ «ï¥â ¯¥à¢ë© í«¥¬¥â ¢ ¯à¨¥¬¨ª¥ á®®¡é¥¨ï ¨ ¢®-
§¢à é ¥â ¥£®; ¥á«¨ ¯à¨¥¬¨ª ¯ãáâ, á®®¡é ¥â ®¡ ®è¨¡ª¥.



removeLast | ã¤ «ï¥â ¯®á«¥¤¨© í«¥¬¥â ¨§ ¯à¨¥¬¨ª  á®®¡é¥¨ï ¨

¢®§¢à é ¥â ¥£®; ¥á«¨ ¯à¨¥¬¨ª ¯ãáâ, á®®¡é ¥â ®¡ ®è¨¡ª¥.

removeIndex: anIndex | ã¤ «ï¥â í«¥¬¥â ¨§ ¯à¨¥¬¨ª  ¢ ¯®§¨æ¨¨ anIn-
dex, ¢®§¢à é ¥â ¯à¨¥¬¨ª; ¥á«¨ anIndex ¢¥ ¢®§¬®¦ëå £à ¨æ -
á®®¡é ¥â ®¡ ®è¨¡ª¥.

2.2 �¥ «¨§ æ¨ï ª« áá 

�à¨¢¥¤¥¬ ¯®çâ¨ ¯®«ãî à¥ «¨§ æ¨î ª« áá  OrderedCollection, ¨áª«î-
ç¨¢ ¨§ ¥¥ «¨èì ¥ª®â®àë¥ ç áâë¥ ¬¥â®¤ë.

IndexedCollection subclass: #OrderedCollection
instanceVariableNames:
'startPosition endPosition contents '

classVariableNames: ''
poolDictionaries: ''

OrderedCollection class methods

new
^ self new: 12

new: anInteger
^ (super new) initPositions: anInteger

OrderedCollection methods

, aCollection
^ self copy

addAll: aCollection;
yourself

add: anObject
endPosition = contents size

ifTrue: [self putSpaceAtEnd].
endPosition := endPosition + 1.
contents at: endPosition put: anObject.



^ anObject

add: newObject after: oldObject
| index |

index := 1.
[index <= self size]

whileTrue: [
oldObject = (self at: index)

ifTrue: [^ self add: newObject afterIndex: index].
index := index + 1].

^ self errorAbsentElement

add: anObject afterIndex: anInteger
self putSpaceAfter: anInteger.
^ self at: anInteger + 1 put: anObject

add: newObject before: oldObject
| index |

index := 1.
[index <= self size]

whileTrue: [
oldObject = (self at: index)

ifTrue: [^ self add: newObject beforeIndex: index].
index := index + 1].

^ self errorAbsentElement

add: anObject beforeIndex: anInteger
self putSpaceAfter: anInteger � 1.
^ self at: anInteger put: anObject

addAllFirst: aCollection
| index |

index := aCollection size.
[index <= 0]

whileFalse: [
self addFirst: (aCollection at: index).
index := index � 1].

^ aCollection

addAllLast: aCollection



| index size |

size := aCollection size.
index := 1.
[index <= size]

whileTrue: [
self addLast: (aCollection at: index).
index := index + 1].

^ aCollection

addFirst: anObject
startPosition = 1

ifTrue: [self putSpaceAtStart].
startPosition := startPosition � 1.
contents at: startPosition put: anObject.
^ anObject

addLast: anObject
endPosition = contents size

ifTrue: [self putSpaceAtEnd].
endPosition := endPosition + 1.
contents at: endPosition put: anObject.
^ anObject

after: anObject
^ self

after: anObject
ifNone: [^ self errorAbsentElement]

after: anObject ifNone: aBlock
| index |

index := startPosition.
[index < endPosition]

whileTrue: [
anObject = (contents at: index)

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

^ aBlock value

at: anInteger
| index |



index := anInteger + startPosition � 1.
(startPosition <= index and: [index <= endPosition])

ifFalse: [
^ self errorInBounds: anInteger].

^ contents at: index

at: anInteger put: anObject
| index |

index := anInteger + startPosition � 1.
(startPosition <= index and: [index <= endPosition])

ifFalse: [
^ self errorInBounds: anInteger].

contents at: index put: anObject.
^ anObject

before: anObject
^ self before: anObject

ifNone: [^ self errorAbsentElement]

before: anObject ifNone: aBlock
| index |

index := startPosition + 1.
[index <= endPosition]

whileTrue: [
anObject == (contents at: index)

ifTrue: [^ contents at: index � 1].
index := index + 1].

^ aBlock value

copyFrom: beginning to: end
| answer |
(answer := self species new: self size)

startPosition: 1
endPosition: end � beginning + 1.

^ answer
replaceFrom: 1
to: end � beginning + 1
with: self
startingAt: beginning



�®®¡é¥¨¥ ¯¥à¥ç¨á«¥¨ï á á¥«¥ªâ®à®¬ do: ¯¥à¥®¯à¥¤¥«ï¥âáï ¤«ï

â®£®, çâ®¡ë ®¡¥á¯¥ç¨¢ âì ¡®«ìèãî íää¥ªâ¨¢®áâì ¢ëç¨á«¥¨©, ç¥¬ ã

¬¥â®¤  ¨§ ª« áá  IndexedCollection.

do: aBlock
| index |

index := startPosition � 1.
[(index := index + 1) <= endPosition]

whileTrue: [aBlock value: (contents at: index)]

includes: anObject
| index |

index := startPosition � 1.
[(index := index + 1) > endPosition]

whileFalse: [
anObject = (contents at: index)

ifTrue: [^ true]].
^ false

remove: anObject ifAbsent: aBlock
| index |

index := startPosition.
[index <= endPosition]

whileTrue: [
anObject = (contents at: index)

ifTrue: [
self removeIndex: index.
^ anObject].

index := index + 1].
^ aBlock value

removeFirst
| answer |
startPosition > endPosition

ifTrue: [^ self errorAbsentElement].
answer := contents at: startPosition.
contents at: startPosition put: nil.
startPosition := startPosition + 1.
^ answer



removeIndex: anInteger
| index |

(anInteger between: startPosition and: endPosition)
ifFalse: [^ self errorAbsentElement].

index := anInteger.
[index < endPosition]

whileTrue: [
contents at: index

put: (contents at: index + 1).
index := index + 1].

contents at: endPosition put: nil.
endPosition := endPosition � 1

removeLast
| answer |
startPosition > endPosition

ifTrue: [^ self errorAbsentElement].
answer := contents at: endPosition.
contents at: endPosition put: nil.
endPosition := endPosition � 1.
^ answer

replaceFrom: start to: stop with: aCollection
| �nalSize size index |

size := aCollection size.
�nalSize := self size + size � (stop � start + 1).
�nalSize > contents size

ifTrue: [self growTo: �nalSize + (�nalSize == 3 + 10)].
self

startPosition: startPosition
endPosition: contents size.

self
replaceFrom: start + size
to: �nalSize
with: self
startingAt: stop + 1.

self
replaceFrom: start
to: start + size � 1



with: aCollection
startingAt: 1.

self
startPosition: startPosition
endPosition: startPosition + �nalSize � 1.

index := endPosition + 1.
[index <= contents basicSize]

whileTrue: [
contents at: index put: nil.
index := index + 1].

^ self

size
^ endPosition � (startPosition � 1)

3 �« áá SortedCollection

�« áá SortedCollection | ¯®¤ª« áá ª« áá  OrderedCollection. �«¥¬¥-
âë ¢ íª§¥¬¯«ïà¥ ª« áá  SortedCollection ã¯®àï¤®ç¨¢ îâáï á ¯®¬®éìî
äãªæ¨¨ ¤¢ãå ¯¥à¥¬¥ëå. �â  äãªæ¨ï ¯à¥¤áâ ¢«ï¥âáï ¤¢ãå  à£ã-
¬¥âë¬ ¡«®ª®¬, ª®â®àë©  §ë¢ ¥âáï ¡«®ª®¬ á®àâ¨à®¢ª¨. � â ª¨¥

 ¡®àë ®¢ë© í«¥¬¥â ¬®¦® ¤®¡ ¢¨âì â®«ìª® á ¯®¬®éìî á®®¡é¥¨ï

add:. �¯à¥¤¥«¥¨¥ ¬¥áâ  ¢áâ ¢ª¨ ®¢®£® í«¥¬¥â  ¢ëç¨á«ï¥âáï á ¯®¬®-
éìî ¬¥â®¤  ó¯ã§ëàìª®¢®© á®àâ¨à®¢ª¨ô, å®à®è® ¨§¢¥áâ®£® ¢ ¯à®£à ¬-
¬¨à®¢ ¨¨. �®®¡é¥¨ï addFirst:, addLast, at:put:, ¯®áà¥¤áâ¢®¬ ª®â®àëå

¯à®£à ¬¬¨áâ ¬®¦¥â ®¯à¥¤¥«¨âì ¬¥áâ® ®¢®£® í«¥¬¥â  ¢  ¡®à¥, ¥ ¬®-
£ãâ ¯®áë« âìáï íª§¥¬¯«ïà ¬ ª« áá  SortedCollection.

�ª§¥¬¯«ïà ª« áá  SortedCollection ¬®¦¥â ¡ëâì á®§¤  ¯®áë«ª®©

ª« ááã SortedCollection á®®¡é¥¨ï sortBlock: aBlock, ¢ ª®â®à®¬  à£ã¬¥â
á®®¡é¥¨ï aBlock | íâ® ¤¢ãå  à£ã¬¥âë© ¡«®ª, ãáâ  ¢«¨¢ îé¨© ¡ã-
¤ãé¨© ¯®àï¤®ª í«¥¬¥â®¢ ¢ á®§¤ ¢ ¥¬®¬  ¡®à¥. � ¯à¨¬¥à,

SortedCollection sortBlock: [:a :b | a <= b].

�à¨¢¥¤¥ë© ¢ íâ®¬ ¯à¨¬¥à¥ ¡«®ª á®àâ¨à®¢ª¨ á®§¤ ¥âáï ¯® ã¬®«-
ç ¨î ¤«ï íª§¥¬¯«ïà  ª« áá  SortedCollection, ª®£¤  ®¢ë© íª§¥¬¯«ïà
á®§¤ ¥âáï ¯®áà¥¤áâ¢®¬ ¯®áë«ª¨ ª« ááã á®®¡é¥¨ï new. �«¥¤ãîé¨¥

¯à¨¬¥àë ¤¥¬®áâà¨àãîâ 4-¥ á¯®á®¡  ®¡à §®¢ ¨ï ®¢®£® íª§¥¬¯«ïà 



ª« áá  SortedCollection, ¨§ ª®â®àëå ¯®á«¥¤¨¥ ¤¢   á«¥¤ãîâáï ¨å ª« á-
á  Collection.

SortedCollection new.
SortedCollection sortBlock: [:a :b | a > b].
anyCollection asSortedCollection.
anyCollection asSortedCollection: [:a :b | a > b].

�áâì ¢®§¬®¦®áâì ¨§¬¥ïâì ®¯à¥¤¥«¥ë© à ¥¥ ¡«®ª á®àâ¨à®¢ª¨,
¨á¯®«ì§ãï á®®¡é¥¨¥ ª íª§¥¬¯«ïà ¬ ª« áá  SortedCollection; ¯à¨ íâ®¬,
ª®£¤  ¬¥ï¥âáï ¡«®ª á®àâ¨à®¢ª¨, í«¥¬¥âë  ¡®à  ¯¥à¥ã¯®àï¤®ç¨¢ -
îâáï ¢ á®®â¢¥âáâ¢¨¨ á ®¢®© äãªæ¨¥© á®àâ¨à®¢ª¨.

SortedCollection instance protocol

sortBlock | ¢®§¢à é ¥â ¡«®ª á®àâ¨à®¢ª¨ ¯à¨¥¬¨ª  á®®¡é¥¨ï.

sortBlock: aBlock | ¬¥ï¥â    à£ã¬¥â aBlock ¡«®ª á®àâ¨à®¢ª¨ ¢  -
¡®à¥-¯à¨¥¬¨ª¥ ¨ ¯¥à¥á®àâ¨à®¢ë¢ ¥â ¯à¨¥¬¨ª.

�¡à â¨¬ ¢¨¬ ¨¥   â®, çâ® ®¤® ¨ â® ¦¥ á®®¡é¥¨¥ (sortBlock:
aBlock) ¯®áë« ¥âáï ª« ááã SortedCollection, ª®£¤  ¥®¡å®¤¨¬® á®§¤ âì
®¢ë© íª§¥¬¯«ïà á ãª § ë¬ ¡«®ª®¬ á®àâ¨à®¢ª¨ (á¬®âà¨ ¯à¨¬¥àë,
¯à¨¢¥¤¥ë¥ ¢ëè¥), ¨ íª§¥¬¯«ïàã ª« áá  SortedCollection, ª®£¤  ¥®¡-
å®¤¨¬® ¨§¬¥¨âì ªà¨â¥à¨© á®àâ¨à®¢ª¨ í«¥¬¥â®¢ ¤ ®£® íª§¥¬¯«ïà .

� áá¬®âà¨¬ ¯à¨¬¥à. �à¥¤¯®«®¦¨¬, çâ® ¬ë ¦¥« ¥¬ á®§¤ âì  «ä -
¢¨â®-ã¯®àï¤®ç¥ë© á¯¨á®ª ¨¬¥ ¤¥â¥© ¥ª®â®à®£® ª« áá .

ch := SortedCollection new.

�® ã¬®«ç ¨î ã  ¡®à  ch ®¡à §®¢ «áï ¡«®ª á®àâ¨à®¢ª¨

[:a :b| a <= b]

�«¥¬¥â ¬¨ íâ®£®  ¡®à  ¬®£ãâ ¡ëâì íª§¥¬¯«ïàë ª« áá®¢ String ¨

Symbol, ª®â®àë¥, ª ª ¡ã¤¥â ¯®ª § ® ¯®§¦¥, ®â¢¥ç îâ   á®®¡é¥¨ï
<;>;<=; >=.



�ëà ¦¥¨¥ �¥§ã«ìâ â

ch add: #Joe Joe
ch add: #Bill Bill
ch add: #Alice Alice
ch SortedCollection(Alice Bill Joe)
ch sortBlock: [:a :b j a > b] SortedCollection(Joe Bill Alice)
ch add: #Dan Dan
ch SortedCollection(Joe Dan Bill Alice)

3.1 �¥ «¨§ æ¨ï ª« áá 

�¥ «¨§®¢  ª« áá SortedCollection â ª¨¬ ®¡à §®¬, çâ® á®®¡é¥¨ï add:af-
ter:, add:before:, addAllFirst:, addAllLast:, addFirst:, addLast:, at:put:,  á«¥-
¤ã¥¬ë¥ ¨§ áã¯¥àª« áá  OrderedCollection ®¯¨áë¢ îâáï ¯®áà¥¤áâ¢®¬^ self
invalidMessage (¨ ¬ë ¨å ¢ ¨¦¥á«¥¤ãîé¥© à¥ «¨§ æ¨¨ ¥ ¯®ª §ë¢ ¥¬,
ª ª ¨ ç áâë¥ ¬¥â®¤ë).

OrderedCollection subclass: #SortedCollection
instanceVariableNames:
'sortBlock '

classVariableNames: ''
poolDictionaries: ''

SortedCollection class methods

new: anInteger
^ (super new: anInteger) sortBlock: [ :a :b | a <= b]

sortBlock: aBlock
^ (super new: 10) sortBlock: aBlock

SortedCollection methods

add: anObject
| index element |
endPosition = contents size

ifTrue: [self putSpaceAtEnd].
index := endPosition.
endPosition := endPosition + 1.



[index < startPosition]
whileFalse: [

element := contents at: index.
(sortBlock

value: anObject
value: element)

ifFalse: [
^ contents at: index + 1

put: anObject].
contents at: index + 1 put: element.
index := index � 1].

^ contents at: index + 1 put: anObject

addAll: aCollection
aCollection do: [ :element |

super addLast: element].
self reSort.
^ aCollection

copyFrom: beginning to: end
| answer |
answer := self species new: self size.
answer sortBlock: sortBlock.
beginning to: end do: [:i |

answer add: (self at: i)].
^ answer

sortBlock
^ sortBlock

sortBlock: aBlock
sortBlock := aBlock.
self reSort "¯à®¨áå®¤¨â ¯¥à¥á®àâ¨à®¢ª   ¡®à "

4 �« áá FixedSizeCollection

�« áá FixedSizeCollection |  ¡áâà ªâë© ¯®¤ª« áá ª« áá  Collection,
íª§¥¬¯«ïà ¯®¤ª« áá®¢ ª®â®à®£® | íâ®  ¡®à í«¥¬¥â®¢ á ¢¥è¨¬¨



ª«îç ¬¨-¨¤¥ªá ¬¨ ä¨ªá¨à®¢ ®£®, ®¯à¥¤¥«ï¥¬®£® ¯à¨ ®¡à §®¢ ¨¨
à §¬¥à . �à¥¤¨ ¯®¤ª« áá®¢ ª« áá  FixedSizeCollection ¢ á¨áâ¥¬¥ Smalltalk
®â¬¥â¨¬ ¯®¤ª« ááë Interval, Array, String ¨ ¥£® ¯®¤ª« áá Symbol.

IndexedCollection subclass: #FixedSizeCollection
instanceVariableNames: ''
classVariableNames: ''
poolDictionaries: ''

� ¯à®â®ª®«¥ ¬¥â®¤®¢ ª« áá  ¯¥à¥®¯à¥¤¥«ïîâáï ¢á¥ ç¥âëà¥ á®®¡é¥-
¨ï ¨§ ª« áá  Collection ¤«ï á®§¤ ¨ï ®¢ëå íª§¥¬¯«ïà®¢. �à¨¢¥¤¥¬

®¢ãî à¥ «¨§ æ¨î â®«ìª® ®¤®£® ¨§ ¨å.

with: �rstObject
with: secondObject
with: thirdObject
with: fourthObject
| answer |
answer := self new: 4.
answer at: 1 put: �rstObject.
answer at: 2 put: secondObject.
answer at: 3 put: thirdObject.
answer at: 4 put: fourthObject.
^ answer

�®áª®«ìªã à §¬¥à íª§¥¬¯«ïà  ª« áá  FixedSizeCollection ä¨ªá¨à®-
¢  ¨ ¥ ¬®¦¥â ¨§¬¥ïâìáï, á®®¡é¥¨¥ add: ¯®áë« âì â ª¨¬ ®¡ê¥ªâ ¬

¥«ì§ï, ¯®íâ®¬ã ¢ ¯à®â®ª®«¥ íª§¥¬¯«ïà®¢ íâ®£® ª« áá  ¬¥â®¤ ¤«ï á®®¡-
é¥¨ï add: à¥ «¨§®¢  ª ª ^ self invalidMessage. �áâ «ìë¥ á®®¡é¥¨ï
íª§¥¬¯«ïà ¬ ª« áá  FixedSizeCollection ¨¬¥îâ á«¥¤ãîéãî à¥ «¨§ æ¨î.

collect: aBlock
| answer index size |
size := self size.
answer := OrderedCollection new: size.
index := 1.



[index > size]
whileFalse: [

answer add: (aBlock value: (self at: index)).
index := index + 1].

^ (self species new: size)
replaceFrom: 1
to: size

with: answer

copyReplaceFrom: start to: stop with: aCollection
| answer size1 size2 |

size1 := aCollection size.
size2 := self size + size1 � (stop � start + 1).
answer := self species new: size2.
answer

replaceFrom: 1
to: start � 1
with: self
startingAt: 1.

answer
replaceFrom: start
to: start + size1 � 1
with: aCollection.

^ answer
replaceFrom: start + size1
to: size2
with: self
startingAt: stop + 1

deepCopy
^ self shallowCopy

remove: anObject ifAbsent: aBlock
^ self invalidMessage

select: aBlock
| answer index size anObject |
size := self size.
answer := OrderedCollection new: size.
index := 1.



[index > size]
whileFalse: [

anObject := self at: index.
(aBlock value: anObject)

ifTrue: [answer add: anObject].
index := index + 1].

size := answer size.
^ (self species new: size)

replaceFrom: 1
to: size
with: answer

shallowCopy
| answer |
answer := self class new: self size.
answer replaceFrom: 1

to: self size
with: self
startingAt: 1.

^ answer

size
``�¥àãâìáï ª ¬¥â®¤ã ¨§ ª« áá  Object''
<primitive: 62>

storeOn: aStream
| size index �rstTime |
size := self size.
aStream

nextPutAll: '((';
nextPutAll: self class name;
nextPutAll: ' new: '.

size printOn: aStream.
aStream nextPut: $).
index := 1.
�rstTime := true.
[index <= size]

whileTrue: [
�rstTime

ifFalse: [aStream nextPut: $;].



�rstTime := false.
aStream nextPutAll: 'at: '.
index printOn: aStream.
aStream nextPutAll: ' put: '.
(self at: index) storeOn: aStream.
index := index + 1].

�rstTime
ifFalse: [aStream nextPutAll: ';yourself'].

aStream nextPut: $)

4.1 �« áá Array

�ª§¥¬¯«ïà ª« áá  Array (� áá¨¢) ¢ ª ç¥áâ¢¥ í«¥¬¥â®¢ ¬®¦¥â á®¤¥à-
¦ âì «î¡ë¥ ®¡ê¥ªâë ¨ ¯à¥¤áâ ¢«ï¥â á®¡®© ¯à®áâ¥©èãî áâàãªâãàã ¤«ï

åà ¥¨ï ®¡ê¥ªâ®¢, ¨¬¥îé¨å æ¥«ë¥ ¢¥è¨¥ ª«îç¨-¨¤¥ªáë. �« áá

Array ¯®«®áâìî à¥ «¨§ã¥â ¯à®â®ª®« ª« áá  FixedSizeCollection, ¯à ªâ¨-
ç¥áª¨ ¨ç¥£® ®¢®£® ¢ ¥£® ¥ ¤®¡ ¢«ïï,   «¨èì ¯¥à¥®¯à¥¤¥«ïï á®®¡-
é¥¨ï printOn: ¨ storeOn:.

4.2 �« áá Interval

�ª§¥¬¯«ïà ª« áá  Interval (¡ã¤¥¬  §ë¢ âì ¥£® ¨â¥à¢ «®¬) ¯à¥¤áâ -
¢«ï¥â á®¡®©  ¡®à ç¨á¥«, á®áâ ¢«ïîé¨å ª®¥çãî  à¨ä¬¥â¨ç¥áªãî

¯à®£à¥áá¨î. � ¯®¬¨¬, çâ®  à¨ä¬¥â¨ç¥áª ï ¯à®£à¥áá¨ï | íâ® ¯®á«¥-
¤®¢ â¥«ì®áâì ç¨á¥«, ¢ ª®â®à®© § ¤  ¯¥à¢ë© ç«¥ ¯à®£à¥áá¨¨,   ª -
¦¤ë© ¯®á«¥¤ãîé¨© ç«¥ ¢ëç¨á«ï¥âáï ¯à¨¡ ¢«¥¨¥¬ ª ¯à¥¤ë¤ãé¥¬ã

®¤®£® ¨ â®£® ¦¥ ç¨á« ,  §ë¢ ¥¬®£® à §®áâìî ¯à®£à¥áá¨¨. �à®£à¥á-
á¨ï  §ë¢ ¥âáï ª®¥ç®©, ¥á«¨ ®  á®¤¥à¦¨â ª®¥ç®¥ ç¨á«® ç«¥®¢.
�â®¡ë ®¯à¥¤¥«¨âì ¢á¥ ç«¥ë ¥ª®â®à®© ª®¥ç®©  à¨ä¬¥â¨ç¥áª®© ¯à®-
£à¥áá¨¨, ¬®¦® ãª §ë¢ âì ¥ ç¨á«® ¥¥ ç«¥®¢,   ¯à¥¤¥«ë (£à ¨æë), ¢
ª®â®àëå ¤®«¦ë à á¯®« £ âìáï ¢á¥ ç«¥ë ¯à®£à¥áá¨¨. � ª¨¬ ®¡à §®¬,
¨â¥à¢ «,  ¯à¨¬¥à, ¬®¦¥â á®¤¥à¦ âì ¢á¥ æ¥«ë¥ ç¨á«  ®â 1 ¤® 100, ¨«¨
¦¥ ¢á¥ ç¥âë¥ ç¨á«  ®â 2 ¤® 100. �ãâì ¡®«¥¥ á«®¦ë© ¯à¨¬¥à:  à¨ä-
¬¥â¨ç¥áª ï ¯à®£à¥áá¨ï á ¯®«®¦¨â¥«ìë¬¨ ç«¥ ¬¨,  ç¨ îé ïáï á®
100 ¨ ¨¬¥îé ï à §®áâìî ç¨á«® -20; «¥£ª® ¢¨¤¥âì, çâ® íâ® ¯®á«¥¤®¢ -
â¥«ì®áâì ç¨á¥« 100,80,60,40,20.

�« áá Interval  á«¥¤ã¥â á®®¡é¥¨ï ¨§ á¢®¨å áã¯¥àª« áá®¢ ¨ ¤®¯®«-
¨â¥«ì® ® ¯®¤¤¥à¦¨¢ ¥â á®®¡é¥¨ï ¤«ï ¨¨æ¨ «¨§ æ¨¨ íª§¥¬¯«ïà 

ª« áá  Interval ¨ ¤«ï ¤®áâã¯  ª ¢¥«¨ç¨ ¬, å à ªâ¥à¨§ãîé¨¬ ¤ ë©



íª§¥¬¯«ïà ( à¨ä¬¥â¨ç¥áªãî ¯à®£à¥áá¨î). �â¬¥â¨¬, çâ® ¢á¥ í«¥¬¥âë
íª§¥¬¯«ïà  ª« áá  Interval á®§¤ îâáï ¢ ¬®¬¥â ¨¨æ¨ «¨§ æ¨¨ íª§¥¬-
¯«ïà , ¯®íâ®¬ã í«¥¬¥âë ¨§ íª§¥¬¯«ïà  ¥ ¬®£ãâ ¡ëâì ã¤ «¥ë, ¨
¨ª ª¨¥ ®¢ë¥ í«¥¬¥âë ¢ íª§¥¬¯«ïà ¥ ¬®£ãâ ¡ëâì ¤®¡ ¢«¥ë.

Interval class protocol

from: startInteger to: stopInteger | ¢®§¢à é ¥â íª§¥¬¯«ïà ª« áá  Inter-
val,  ç¨ îé¨©áï á® startInteger ¨ § ª ç¨¢ îé¨©áï stopInteger,
á à §®áâìî ¯à®£à¥áá¨¨ à ¢®© 1.

from: startInteger to: stopInteger by: stepInteger | ¢®§¢à é ¥â íª§¥¬¯«ïà

ª« áá  Interval,  ç¨ îé¨©áï á® startInteger ¨ § ª ç¨¢ îé¨©áï
stopInteger, á à §®áâìî ¯à®£à¥áá¨¨ stepInteger.

� ¤®¯®«¥¨¥ ª á®®¡é¥¨ï¬  á«¥¤ã¥¬ë¬ ¨§ áã¯¥àª« áá®¢, ¯à®â®-
ª®« íª§¥¬¯«ïà  ª« áá  Interval ¯®¤¤¥à¦¨¢ ¥â á®®¡é¥¨¥ ¤«ï ®¯à¥¤¥«¥-
¨ï à §®áâ¨  à¨ä¬¥â¨ç¥áª®© ¯à®£à¥áá¨¨ (á®®¡é¥¨¥ increment).

�« áá Number á®¤¥à¦¨â ¤¢  á®®¡é¥¨ï, ¯®§¢®«ïîé¨¥ ¯à¨¬¥ïâì
¡®«¥¥ ª®à®âªãî § ¯¨áì ¤«ï á®§¤ ¨ï íª§¥¬¯«ïà®¢ ª« áá  Interval. �â®
á®®¡é¥¨ï to: stop ¨ to: stop by: step. � ª¨¬ ®¡à §®¬, ¢ëà ¦¥¨¥
Interval from: 1 to: 10 íª¢¨¢ «¥â® ¢ëà ¦¥¨î 1 to: 10 ¢ â®¬ á¬ë-
á«¥, çâ® ®¨ ®¡  á®§¤ îâ ¨â¥à¢ « ¨§ æ¥«ëå ç¨á¥« ®â 1 ¤® 10 á è £®¬
1. � «®£¨ç®, á®§¤ âì íª§¥¬¯«ïà ª« áá  Interval ¯®«®¦¨â¥«ìëå ç¨-
á¥« á ¯¥à¢ë¬ í«¥¬¥â®¬ à ¢ë¬ 100 ¨ à §®áâìî à ¢®© �20 (â® ¥áâì
 à¨ä¬¥â¨ç¥áªãî ¯à®£à¥áá¨î 100, 80, 60, 40, 20) ¬®¦® ª ª á ¯®¬®éìî
¢ëà ¦¥¨ï Interval from: 100 to: 1 by: -20 , â ª ¨ á ¯®¬®éìî ¢ëà ¦¥¨ï

100 to: 1 by: -20 .
�â¥à¢ « ¥ ®¡ï§ â¥«ì® ¤®«¦¥ á®áâ®ïâì ¨§ æ¥«ëå ç¨á¥«. � ¯à¨-

¬¥à,  à¨ä¬¥â¨ç¥áªãî ¯à®£à¥áá¨î 10 10:2 10:4 10:6 10:8 11 11:2 : : : 40
¬®¦® á®§¤ âì ¨«¨ á ¯®¬®éìî ¢ëà ¦¥¨ï Interval from: 10 to: 40 by:
0.2 ¨«¨ á ¯®¬®éìî ¢ëà ¦¥¨ï 10 to: 40 by: 0.2.

�®®¡é¥¨¥ do: ¯à¨¬¥¨â¥«ì® ª ¨â¥à¢ « ¬ ®¡¥á¯¥ç¨¢ ¥â äãª-
æ¨î,   «®£¨çãî æ¨ª«ã ¢ ¤àã£¨å ï§ëª å ¯à®£à ¬¬¨à®¢ ¨ï. � ¯à¨-
¬¥à, ¢ëà ¦¥¨¥ ï§ëª  Algol

for i:= 10 step 6 until 100 do
begin



< ¯à¥¤«®¦¥¨ï>
end

¢ ó¯¥à¥¢®¤¥ô   ï§ëª Smalltalk § ¯¨è¥âáï ¢ëà ¦¥¨¥¬

(10 to: 100 by: 6) do: [ :i j <¯à¥¤«®¦¥¨ï> ].

�ª§¥¬¯«ïàë ª« áá  Number ®â¢¥ç îâ   á®®¡é¥¨¥ to:by:do:, ¯®íâ®-
¬ã ¯à¨¢¥¤¥®¥ ¢ëè¥ ¢ëà ¦¥¨¥ ¬®¦® § ¯¨á âì ¨ ¡¥§ ªàã£«ëå áª®¡®ª,
â® ¥áâì ¢ ¢¨¤¥

10 to: 100 by: 6 do: [:i j <¯à¥¤«®¦¥¨ï>].

� ¯à¨¬¥à, ã¢¥«¨ç¨âì   ¥¤¨¨æã ª ¦¤ë© 6-®© í«¥¬¥â ¨§ íª§¥¬-
¯«ïà  ª« áá  OrderedCollection á ¨¬¥¥¬ numbers, ¬®¦® â ª

6 to: numbers size
by: 6
do: [:index | numbers at: index put: (numbers at: index) + 1].

�â® ¢ëà ¦¥¨¥ á®§¤ ¥â  à¨ä¬¥â¨ç¥áªãî ¯à®£à¥áá¨î 6 12 18 : : : ¤®
ç¨á«  ¥ ¯à¥¢®áå®¤ïé¥£® à §¬¥à   ¡®à  numbers; ¥á«¨ à §¬¥à  ¡®à 
¬¥ìè¥ 6, â® ¨ç¥£® ¥ ¯à®¨áå®¤¨â, ¨ ç¥ í«¥¬¥âë  ¡®à  á ¨¤¥ªá ¬¨
6, 12, 18 ¨ â.¤., ¤® ¯®á«¥¤¥£® ¢®§¬®¦®£® ¨¤¥ªá , ã¢¥«¨ç¨¢ îâáï  
1.

�à¨¢¥¤¥¬ ¯®«ãî à¥ «¨§ æ¨î ª« áá  Interval.

FixedSizeCollection subclass: #Interval
instanceVariableNames:
'beginning end increment '

classVariableNames: ''
poolDictionaries: ''

Interval class methods

from: beginningInteger to: endInteger
^ self basicNew

initBegin: beginningInteger
end: endInteger
incr: 1



from: beginningInteger
to: endInteger
by: incrementInteger
^ self basicNew

initBegin: beginningInteger
end: endInteger
incr: incrementInteger

Interval methods

at: anInteger
| answer |
anInteger > 0

ifTrue: [
answer := beginning + (increment * (anInteger � 1)).
(increment < 0

and: [answer between: end and: beginning])
ifTrue: [^ answer].

(increment > 0
and: [answer between: beginning and: end])

ifTrue: [^ answer]].
^ self errorInBounds: anInteger

at: anInteger put: aNumber
^ self invalidMessage

increment
^ increment

initBegin: beginningInteger
end: endInteger
incr: incrementInteger

"Private"
beginning := beginningInteger.
end := endInteger.
increment := incrementInteger.
increment = 0

ifTrue: [^ self error: 'interval increment is 0']

size



^ 0 max: end � beginning increment + 1

species
^Array

4.3 �« áá String

�ª§¥¬¯«ïà ª« áá  String (Câà®ª ) ¢ ª ç¥áâ¢¥ í«¥¬¥â®¢ ¬®¦¥â ¨¬¥âì
â®«ìª® íª§¥¬¯«ïàë ª« áá  Character. �ª§¥¬¯«ïàë ª« áá  String ¯®¨-
¬ îâ á®®¡é¥¨ï at:, at:put:, size, replaceFrom:to:with:startingAt: ª ª ¨ ¢á¥
¨¤¥ªá¨à®¢ ë¥  ¡®àë. �à®¬¥ â®£®, ª« áá String ¯®¤¤¥à¦¨¢ ¥â ¤®-
¯®«¨â¥«ìë© ¯à®â®ª®« áà ¢¥¨ï á¢®¨å íª§¥¬¯«ïà®¢, ¯®¤®¡ë© â®¬ã,
çâ® ®¯à¥¤¥«¥ ¢ ª« áá¥ Magnitude. �¥ª®â®àë¥ ¯à¨¬¥àë, ¨á¯®«ì§ãîé¨¥
áâà®ª¨, ã¦¥ ¯à¨¢®¤¨«¨áì à ¥¥.

String instance protocol

< aString | ¢®§¢à é ¥â true, ¥á«¨ á¨¬¢®«ë áâà®ª¨-¯à¨¥¬¨ª  ¯à¥¤-
è¥áâ¢ãîâ á¨¬¢®« ¬ áâà®ª¨- à£ã¬¥â  aString; ¥ ASCII-á¨¬¢®«ë
¨£®à¨àãîâáï.

<= aString | ¢®§¢à é ¥â true, ¥á«¨ á¨¬¢®«ë áâà®ª¨-¯à¨¥¬¨ª  ¯à¥¤-
è¥áâ¢ãîâ á¨¬¢®« ¬ áâà®ª¨- à£ã¬¥â  aString ¨«¨ á®¢¯ ¤ îâ á ¨-
¬¨; ¥ ASCII-á¨¬¢®«ë ¨£®à¨àãîâáï.

> aString | ¢®§¢à é ¥â true, ¥á«¨ á¨¬¢®«ë áâà®ª¨-¯à¨¥¬¨ª  á«¥¤ãîâ
§  á¨¬¢®« ¬¨ áâà®ª¨- à£ã¬¥â  aString; ¥ ASCII-á¨¬¢®«ë ¨£®-
à¨àãîâáï.

>= aString | ¢®§¢à é ¥â true, ¥á«¨ á¨¬¢®«ë áâà®ª¨-¯à¨¥¬¨ª  á«¥¤ã-
îâ §  á¨¬¢®« ¬¨ áâà®ª¨- à£ã¬¥â  aString ¨«¨ á®¢¯ ¤ îâ á ¨¬¨;
¥ ASCII-á¨¬¢®«ë ¨£®à¨àãîâáï.

�á¥ á¨¬¢®«ë áâà®ª¨ ¬®¦® ª®¢¥àâ¨à®¢ âì ¢ áâà®ªã â®«ìª® áâà®ç-
ëå ¨«¨ â®«ìª® ¯à®¯¨áëå á¨¬¢®«®¢. �é¥ áâà®ªã ¬®¦® ¯à¥®¡à §®-
¢ âì ¢ íª§¥¬¯«ïà ª« áá  Symbol.



String instance protocol

asLowerCase | ¢®§¢à é ¥â áâà®ªã-¯à¨¥¬¨ª, á®áâ®ïéãî ¨§ áâà®çëå

á¨¬¢®«®¢.

asUpperCase | ¢®§¢à é ¥â áâà®ªã-¯à¨¥¬¨ª, á®áâ®ïéãî ¨§ ¯à®¯¨áëå

á¨¬¢®«®¢.

asSymbol | ¢®§¢à é ¥â íª§¥¬¯«ïà ª« áá  Symbol, çì¨ á¨¬¢®«ë á®¢¯ -
¤ îâ á á¨¬¢®« ¬¨ áâà®ª¨-¯à¨¥¬¨ª .

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

¢ëà ¦¥¨¥ à¥§ã«ìâ â

'�rst string' asUpperCase 'FIRST STRING'
'First String' asLowerCase '�rst string'
'First' asSymdol First

� § ¢¥àè¥¨¥ à §¤¥«  ¯à¨¢¥¤¥¬ à¥ «¨§ æ¨¨ â®«ìª® ¯¥à¢®£® ¨ ¯®-
á«¥¤¥£® á®®¡é¥¨© ¨§ íâ®£® ¯à®â®ª®« , à¥ «¨§ æ¨ï ¢â®à®£® á®®¡é¥¨ï
  «®£¨ç  ¯¥à¢®¬ã.

asLowerCase
| answer size index aCharacter |
size := self size.
answer := String new: size.
index := 1.
[index <= size] whileTrue: [

(aCharacter := self at: index) isUpperCase
ifTrue: [aCharacter :=
(aCharacter asciiValue + UpperToLower) asCharacter].

answer at: index put: aCharacter.
index := index + 1].

^ answer

asSymbol
^ Symbol intern: self



4.4 �« áá Symbol

�ª§¥¬¯«ïà ª« áá  Symbol (�¬ï) | íâ® ã¨ª «ì ï ¯®á«¥¤®¢ â¥«ì®áâì

á¨¬¢®«®¢. �« áá Symbol (¢ ®â«¨ç¨¥ ®â ª« áá  String) ¥ ¯®¤¤¥à¦¨¢ ¥â
á®®¡é¥¨¥ new: ¨ ®¯à¥¤¥«ï¥â ¢ ¯à®â®ª®«¥ ª« áá  ®¢ë¥ á®®¡é¥¨ï.

Symbol class protocol

intern: aString | ¢®§¢à é ¥â íª§¥¬¯«ïà ª« áá  Symbol, çì¨ á¨¬¢®«ë â¥

¦¥, çâ® ¨ ¢ áâà®ª¥- à£ã¬¥â¥ aString.

mustBeSymbol: anObject | á®®¡é ¥â ®¡ ®è¨¡ª¥, ¥á«¨  à£ã¬¥â anObject
¥ ï¢«ï¥âáï íª§¥¬¯«ïà®¬ ª« áá  Symbol.

� ¯®¬¨¬, çâ® ªà®¬¥ â®£® íª§¥¬¯«ïà ª« áá  Symbol ¬®¦® ¢¢¥áâ¨
«¨â¥à «ì®, ¨á¯®«ì§ãï á¨¬¢®« '#' ª ª ¯à¥ä¨ªá ®¯à¥¤¥«ïîé¥© ¯®á«¥¤®-
¢ â¥«ì®áâ¨ á¨¬¢®«®¢. � ¯à¨¬¥à, #dave | íª§¥¬¯«ïà ª« áá  Symbol,
á®áâ®ïé¨© ¨§ 4-å á¨¬¢®«®¢. �® ¢ë¢®¤¨âáï   ¯¥ç âì íª§¥¬¯«ïà ª« áá 
Symbol ¡¥§ ¯à¥ä¨ªá .

�à¥¨¬ãé¥áâ¢®¬ íª§¥¬¯«ïà®¢ ª« áá  Symbol ï¢«ï¥âáï â®, çâ® á¨-
áâ¥¬  § ¡®â¨âáï ®¡ ¨å ã¨ª «ì®áâ¨, ¨ ¤¢  «¨â¥à «ì® á®¢¯ ¤ îé¨¥
íª§¥¬¯«ïà  íâ®£® ª« áá  á®¢¯ ¤ îâ ¨ ª ª ®¡ê¥ªâë, à á¯®«®¦¥ë¥ ¢
¯ ¬ïâ¨ ¬ è¨ë. �¬¥® íâ  ®á®¡¥®áâì ®â«¨ç ¥â ª« áá Symbol ®â
ª« áá  String, ¢ ª®â®à®¬ ®¤¨ ª®¢ë¥ áâà®ª¨ ¬®£ãâ åà ¨âìáï ¢ ¯ ¬ï-
â¨ ¬ è¨ë ¢ ¥áª®«ìª¨å ä¨§¨ç¥áª¨ à §«¨çëå íª§¥¬¯«ïà å. � ª®©

á¯®á®¡ åà ¥¨ï ¯®§¢®«ï¥â ¢¬¥áâ® ¯à®¢¥àª¨ à ¢¥áâ¢  áâà®ª ¨á¯®«ì-
§®¢ âì ¡®«¥¥ íää¥ªâ¨¢ãî ¯à®¢¥àªã á®¢¯ ¤¥¨ï  ¤à¥á®¢, ¯® ª®â®àë¬
åà ïâáï ¢ ¯ ¬ïâ¨ ¨¬¥ . � ¤àã£®© áâ®à®ë, á¨áâ¥¬  § ¯à¥é ¥â ¬ ¨-
¯ã«ïæ¨¨ á ¢ãâà¥¨¬ á®¤¥à¦ ¨¥¬ ¨¬¥¨. �«ï à¥¤ ªâ¨à®¢ ¨ï ¨¬ï
¯à¥®¡à §ã¥âáï ¢ áâà®ªã,  ¤ ª®â®à®© ¨ ¢ë¯®«ïîâáï ¥®¡å®¤¨¬ë¥ ¯à¥-
®¡à §®¢ ¨ï, ¯®á«¥ ç¥£® áâà®ªã ¬®¦® ¢ª«îç¨âì ¢ á¨áâ¥¬ã ª ª ®¢®¥
¨¬ï.

�¢¨¤ã ®ç¥¢¨¤®áâ¨ ¯®çâ¨ ¢á¥å á®®¡é¥¨©, ¯®áë« ¥¬ëå íª§¥¬¯«ï-
à ¬ ª« áá®¢ String ¨ Symbol, ¨å à¥ «¨§ æ¨î §¤¥áì ¬ë ¯à¨¢®¤¨âì ¥

¡ã¤¥¬ ¨ ¯à¥¤« £ ¥¬ ¨§ãç¨âì ¥¥ á ¬®áâ®ïâ¥«ì®, ¨á¯®«ì§ãï,  ¯à¨¬¥à,
¡à ã§¥à ª« áá®¢.
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