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Íà ïðèêëàäi ïîáóäîâè çàñòîñóíêó, ùî ìîäåëþ¹ ðîáîòó âóëè÷íîãî ñâiòëîôîðà,
ïðîäåìîíñòðîâàíî âèêîðèñòàííÿ çàñîáiâ áiáëiîòåêè Spec i ñåðåäîâèùà Pharo. Ñòèñëî
îïèñàíî ñèíòàêñèñ ìîâè Pharo, îïèñàíî ñòâîðåííÿ êëàñiâ, ùî óòâîðþþòü ìîäåëü äàíèõ
çàäà÷i. Äëÿ ïîáóäîâè ãðàôi÷íîãî iíòåðôåéñó êîðèñòóâà÷à âèêîðèñòàíî âiäîáðàæåííÿ
ãðàôi÷íèõ êîìïîíåíò, çàãàëüíèõ åëåìåíòiâ êåðóâàííÿ, ñòàíäàðòíi êîìïîíåíòè-ìàêåòè
i âëàñíîðó÷ ñïðî¹êòîâàíå âiäîáðàæåííÿ. Ïîáóäîâàíèé çàñîáàìè Pharo çàñòîñóíîê
ïîðiâíÿíî ç WPF-çàñòîñóíêîì ìîâîþ C#, ÿêèé ðîçâ'ÿçó¹ òó ñàìó çàäà÷ó. Ïiäòâåð-
äæåíî ïåðåâàãè Pharo. Àâòîðè õîòiëè á ïðèâåðíóòè óâàãó êîðèñòóâà÷à äî Pharo �
âiëüíî ïîøèðþâàíî¨ îá'¹êòíî-îði¹íòîâàíî¨ ñèñòåìè ç âiäêðèòèì êîäîì.

Êëþ÷îâi ñëîâà: Pharo, Spec, WPF, C#, âiêîííèé çàñòîñóíîê, ãðàôi÷íèé iíòåðôåéñ
êîðèñòóâà÷à, âiçóàëüíèé êîìïîíåíò, êëàñ, îá'¹êò.

1. Âñòóï

Iíòåðåñ äî ïðîãðàìíîãî çàáåçïå÷åííÿ ç âiäêðèòèì êîäîì ïîñòiéíî çðîñòà¹ âïðî-
äîâæ îñòàííiõ ðîêiâ [1], òàê ñàìî é äî ïðîãðàì, ÿêi âiëüíî ïîøèðþþòü. Îñîáëèâî
àêòóàëüíèì ¹ âèêîðèñòàííÿ âiëüíîãî òà âiäêðèòîãî ïðîãðàìíîãî çàáåçïå÷åííÿ â
íàâ÷àëüíèõ çàêëàäàõ, çîêðåìà äëÿ íàâ÷àííÿ ïðîãðàìóâàííþ. Îäíà ç âiäêðèòèõ
ñèñòåì ïðîãðàìóâàííÿ � îá'¹êòíî-îði¹íòîâàíà ñèñòåìà Pharo [2]. �¨ òðèâàëèé ÷àñ
âèêîðèñòîâóþòü íà ôàêóëüòåòi ïðèêëàäíî¨ ìàòåìàòèêè òà iíôîðìàòèêè ËÍÓ iì.
Iâàíà Ôðàíêà, à óíiâåðñèòåò ¹ àêàäåìi÷íèì ïàðòíåðîì Pharo Consortium [3].

Pharo (Ôàð�î) � öå ñó÷àñíà îá'¹êòíî-îði¹íòîâàíà äèíàìi÷íî òèïiçîâàíà ìîâà
ïðîãðàìóâàííÿ, äóæå áëèçüêà çà ñèíòàêñèñîì äî êëàñè÷íî¨ ìîâè Smalltalk. Âîäíî-
÷àñ Pharo � öå iíòåðàêòèâíå ñåðåäîâèùå, îñíàùåíå äîñêîíàëèìè iíñòðóìåíòàìè
äëÿ �æèâîãî� ïðîãðàìóâàííÿ, ÿêå äà¹ çìîãó ðîçðîáíèêîâi ëåãêî ñòâîðþâàòè, íà-
ëàãîäæóâàòè, ïîøèðþâàòè ïðîãðàìíèé êîä, áà áiëüøå � çìiíþâàòè éîãî ïiä ÷àñ
âèêîíàííÿ. Pharo � áàãàòîïëàòôîðìíà ñèñòåìà, ÿêà îäíàêîâî äîáðå ïðàöþ¹ â ðiçíèõ
îïåðàöiéíèõ ñèñòåìàõ: OS X, Windows, Linux, Android, iOS òà Raspberry Pi. Pharo
� óíiâåðñàëüíà ìîâà. Çàâäÿêè íàÿâíèì áiáëiîòåêàì ìîæíà ïèñàòè íàñòiëüíi òà âåá
çàñòîñóíêè, âçà¹ìîäiÿòè ç áàçàìè äàíèõ, çàñòîñîâóâàòè ÷èñëîâi ìåòîäè, ðîçâ'ÿçóâàòè
çàäà÷i øòó÷íîãî iíòåëåêòó òîùî.

Íà îäíîìó íàâ÷àëüíîìó ïðèêëàäi îïèñàíî ïðîöåñ ñòâîðåííÿ ó Pharo âiêîííîãî
çàñòîñóíêó çà äîïîìîãîþ áiáëiîòåêè Spec i ïðîâåäåíî ïîðiâíÿííÿ ç ìîæëèâîñòÿìè
Windows Presentation Foundation (WPF), ìîâè C# i ñåðåäîâèùà ðîçðîáêè Visual
Studio êîìïàíi¨ Microsoft äëÿ ïîáóäîâè òàêîãî æ çàñòîñóíêó. Ïðîäåìîíñòðîâàíî
ïåðåâàãè òà îñîáëèâîñòi Pharo. Àâòîðè ñïîäiâàþòüñÿ, ùî ñòàòòÿ ñïðèÿòèìå ïîïóëÿ-
ðèçàöi¨ Pharo.
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2. Êîðîòêî ïðî ñèíòàêñèñ Pharo

Ðîçðîáíèêè Pharo íåáåçïiäñòàâíî ãîðäÿòüñÿ ïðîñòîòîþ ñèíòàêñèñó ìîâè. Êà-
æóòü, ùî âåñü éîãî îïèñ ìîæíà ïîìiñòèòè íà ïîøòiâêó, i öå ñïðàâäi òàê. Pharo
âiäðiçíÿ¹òüñÿ âiä iíøèõ ìîâ ïðîñòîòîþ i çðîçóìiëiñòþ êîíöåïöié:

• óñi ñóòíîñòi ïðîãðàìè ¹ îá'¹êòàìè, åêçåìïëÿðàìè êëàñiâ;
• òàê ñàìî âñå â ñèñòåìi ¹ îá'¹êòàìè, íàâiòü âiêíà, êëàñè, êîìïiëÿòîð;
• îá'¹êòè âçà¹ìîäiþòü ìiæ ñîáîþ çà äîïîìîãîþ íàäñèëàííÿ ïîâiäîìëåíü.

Pharo âèêîðèñòîâó¹ âñüîãî êiëüêà ñèíòàêñè÷íèõ êîíñòðóêöié:

• íàäñèëàííÿ ïîâiäîìëåííÿ, ÿêå ìà¹ âèãëÿä îòðèìóâà÷ ñåëåêòîð àðãóìåíò;
• ïðèñâî¹ííÿ âèãëÿäó çìiííà := îá'¹êò;
• ïîâåðíåííÿ ðåçóëüòàòó âèêîíàííÿ ìåòîäó ^îá'¹êò, çà çàìîâ÷óâàííÿì ìåòîä
ïîâåðòà¹ îòðèìóâà÷à ïîâiäîìëåííÿ;

• çîáðàæåííÿ ëiòåðàëiâ, îãîëîøåííÿ òèì÷àñîâèõ çìiííèõ ìåòîäó.

Ìîâà ïðîãðàìóâàííÿ Pharo (÷è Smalltalk) íå íàäòî ïîøèðåíà, òîìó äëÿ êðàùîãî
ðîçóìiííÿ îïèøåìî ñòèñëî ¨¨ ñèíòàêñèñ. Äîêëàäíèé éîãî îïèñ ìîæíà çíàéòè â [4].

Ïîâiäîìëåííÿ ó Pharo ïîäiëÿþòü íà òðè êàòåãîði¨: óíàðíi, áiíàðíi, êëþ÷îâi �
òóò âîíè ïåðåëi÷åíi çà ñïàäàííÿì ïðiîðèòåòó.

Óíàðíå ïîâiäîìëåííÿ ñêëàäà¹òüñÿ ç îäíîãî ñåëåêòîðà (áåç àðãóìåíòó). Íàïðèê-
ëàä, ó êîæíîãî îá'¹êòà ìîæíà çàïèòàòè, åêçåìïëÿðîì ÿêîãî êëàñó âií ¹: 3.1416 class.
Êîæåí îá'¹êò óìi¹ çîáðàçèòè ñåáå ðÿäêîì: myObj printString. Óíàðíå ïîâiäîìëåííÿ
ìîæíà íàäiñëàòè ðåçóëüòàòîâi iíøîãî óíàðíîãî ïîâiäîìëåííÿ. Íàïðèêëàä, ëàíöþ-
æîê 100 factorial printString size ïîâiäîìèòü, ñêiëüêè öèôð ó äåñÿòêîâîìó çàïèñi
÷èñëà 100!.

Áiíàðíå ïîâiäîìëåííÿ ìà¹ îäèí àðãóìåíò, à éîãî ñåëåêòîð ñêëàäà¹òüñÿ ç îäíîãî-
äâîõ ñèìâîëiâ. Íàïðèêëàä, àðèôìåòè÷íi äi¨ ïðîãðàìóþòü çà äîïîìîãîþ áiíàðíèõ
ïîâiäîìëåíü. Ó âèðàçi 7 * 8 îá'¹êò 7 � îòðèìóâà÷, çiðî÷êà � ñåëåêòîð, îá'¹êò 8 �
àðãóìåíò. Áiíàðíi ïîâiäîìëåííÿ ìîæíà îá'¹äíóâàòè â ëàíöþæêè ÿê óíàðíi.

Ñåëåêòîð êëþ÷îâîãî ïîâiäîìëåííÿ ñêëàäà¹òüñÿ ç îäíîãî àáî áiëüøå êëþ÷iâ (ñëîâà
ç äâîêðàïêîþ íàïðèêiíöi) òà âiäïîâiäíî¨ êiëüêîñòi àðãóìåíòiâ, ÿêi çàïèñóþòü ïiñëÿ
äâîêðàïîê. Íàïðèêëàä, ùîá çàäàòè çíà÷åííÿ ïåðøîãî åëåìåíòà äåÿêîãî ìàñèâó,
ìîæíà âèêîðèñòàòè ïîâiäîìëåííÿ myArray at: 1 put: 'Hello'. Ìîæíà íàäiñëàòè
íèçêó ïîâiäîìëåíü îäíîìó îòðèìóâà÷ó. Òîäi ¨õ âiäîêðåìëþþòü êðàïêîþ ç êîìîþ.

Îá'¹êòíà ìîäåëü Pharo. Ùîá íàïèñàòè ïðîãðàìó ìîâîþ Pharo, ïîòðiáíî
îãîëîñèòè êëàñ (÷è êëàñè) i âèçíà÷èòè éîãî ìåòîäè. Pharo ïiäòðèìó¹ ïðîñòå
íàñëiäóâàííÿ êëàñiâ. I¹ðàðõiþ çàñíîâàíî íà ¹äèíîìó êîðåíåâîìó êëàñi Object.
Êîæåí êëàñ ìîæå ìàòè äîâiëüíó êiëüêiñòü ïiäêëàñiâ. Ùîá îãîëîñèòè íîâèé êëàñ,
áàçîâîìó êëàñîâi íàäñèëàþòü ïîâiäîìëåííÿ. Îãîëîøåííÿ ïîâ'ÿçàíèõ êëàñiâ îá'¹ä-
íóþòü ó ïàêåòè. Ñòâîðåíèé êëàñ ñòà¹ ïîâíîïðàâíèì ÷ëåíîì íàÿâíî¨ i¹ðàðõi¨ êëàñiâ.

Óñi ìåòîäè îá'¹êòà � âiäêðèòi, íåìà¹ ïðèâàòíèõ ÷è çàõèùåíèõ. Óñi çìiííi îá'¹êòà
(ïîëÿ äàíèõ) � çàõèùåíi: îá'¹êò ìîæå âèêîðèñòîâóâàòè âëàñíi çìiííi òà óñïàäêîâàíi
âiä íàäêëàñiâ. Äîñòóïèòèñÿ äî çìiííèõ îá'¹êòà ìîæíà ëèøå çà äîïîìîãîþ ïîâi-
äîìëåíü (îãîëîøåíèõ ìåòîäiâ äîñòóïó). Ïðèâàòíiñòü îá'¹êòà çàõèùåíà íà ðiâíi
åêçåìïëÿðà, à íå íà ðiâíi òèïó, ÿê â iíøèõ ìîâàõ. Öå îçíà÷à¹, ùî åêçåìïëÿð êëàñó
íå ìà¹ äîñòóïó äî çìiííèõ iíøîãî åêçåìïëÿðà öüîãî æ êëàñó. Íàâiòü êëàñ íå ìà¹
äîñòóïó äî ïàì'ÿòi ñâî¨õ åêçåìïëÿðiâ. Êëàñ ó Pharo � òàêîæ îá'¹êò, òîìó é âií ìîæå
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ìàòè çìiííi òà ìåòîäè. Ùîá ñòâîðèòè åêçåìïëÿð, êëàñîâi íàäñèëàþòü âiäïîâiäíå
ïîâiäîìëåííÿ.

Òóðáóâàòèñÿ ïðî î÷èùåííÿ ïàì'ÿòi âèêîðèñòàíèõ îá'¹êòiâ íå òðåáà, áî â ñèñòåìi
ïðàöþ¹ àâòîìàòè÷íå çáèðàííÿ �ñìiòòÿ�.

Ñòðóêòóðè êåðóâàííÿ ðåàëiçîâàíî ìåòîäàìè âiäïîâiäíèõ êëàñiâ. Íàïðèêëàä,
ãàëóæåííÿ âèêîíóþòü ìåòîäè ifTrue: aBlock, ifTrue: trueBlock ifFalse: falseBlock
êëàñó Boolean, ïîâòîðåííÿ � ìåòîä to: stopValue by: step do: anUnaryBlock êëàñó
Number. Çà ïîòðåáè ìîæíà îãîëîøóâàòè âëàñíi ìåòîäè äëÿ êåðóâàííÿ ïîòîêîì
âèêîíàííÿ. ßê âèäíî ç ïðèêëàäiâ, àðãóìåíòàìè òàêèõ ìåòîäiâ ÷àñòî ¹ áëîêè. Áëîê
ó Pharo � öå ÷àñòèíà êîäó, îáðàìëåíà êâàäðàòíèìè äóæêàìè. Áëîêè íàéáiëüøå
ñõîæi íà ëÿìáäà-âèðàçè ìîâè Ñ++ ÷è Ñ#.

3. Ôîðìóëþâàííÿ çàäà÷i

Äëÿ ïîâíîöiííî¨ äåìîíñòðàöi¨ ìîæëèâîñòåé Pharo i Spec âèêîðèñòà¹ìî ïðîñòå ó
ôîðìóëþâàííi çàâäàííÿ, äëÿ âèêîíàííÿ ÿêîãî ïîòðiáíî çàñòîñóâàòè äîñèòü áàãàòî
ðiçíèõ çàñîáiâ.

Çàäà÷à 1. Ñòâîðiòü âiêîííèé çàñòîñóíîê, ÿêèé ìîäåëþ¹ ðîáîòó âóëè÷íîãî ñâiò-
ëîôîðà. Âií çîáðàæà¹ ëiõòàði ÷åðâîíîãî, æîâòîãî òà çåëåíîãî êîëüîðiâ, äà¹ çìîãó
ïåðåìèêàòè ¨õ ó ðó÷íîìó é àâòîìàòè÷íîìó ðåæèìàõ. Òðèâàëiñòü ñâiòiííÿ êîæíîãî
ëiõòàðÿ â àâòîìàòè÷íîìó ðåæèìi ìîæå íàëàøòîâóâàòè êîðèñòóâà÷. Ïiä ÷àñ ðîáîòè
ñâiòëîôîðà çàñîáè íàëàøòóâàííÿ ïðèõîâàíi.

Ðèñ. 1. Ñõåìà çàñòîñóíêó

Òàêå çàâäàííÿ ñïðàâäi îõîïëþ¹ ðiçíi àñïåêòè ïðîãðàìóâàííÿ âiêîííèõ çàñòîñóí-
êiâ. � íàãîäà îãîëîñèòè êëàñè, âiäïîâiäàëüíi çà ìîäåëü äàíèõ çàäà÷i, âèêîðèñòàòè
ñòàíäàðòíi êîìïîíåíòè äëÿ âçà¹ìîäi¨ ç êîðèñòóâà÷åì, ãðàôi÷íi ïðèìiòèâè, ïåðåäáà-
÷èòè ðiçíi ñïîñîáè êåðóâàííÿ ïðîãðàìîþ: êîìàíäàìè êîðèñòóâà÷à òà ïëèíîì ÷àñó
(â àâòîìàòè÷íîìó ðåæèìi).

Ïåðåëi÷èìî êîìïîíåíòè, ïîòðiáíi äëÿ ïîáóäîâè çàñòîñóíêó

• Ãðàôi÷íi åëåìåíòè äëÿ âiäîáðàæåííÿ ëiõòàðiâ i êîðïóñó ñâiòëîôîðà.
• Êíîïêè äëÿ ðó÷íîãî ïåðåìèêàííÿ ñâiòëà, äëÿ ïåðåõîäó â ðåæèì íàëàøòóâàííÿ
òðèâàëîñòåé, äëÿ çàâåðøåííÿ ðîáîòè òîùî.

• Ïîÿñíþâàëüíi íàïèñè i ïîëÿ äëÿ ââåäåííÿ.
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• Çàñîáè ãðóïóâàííÿ âiçóàëüíèõ åëåìåíòiâ i âçà¹ìíîãî ðîçòàøóâàííÿ ó âiêíi
çàñòîñóíêó.

• Òàéìåð äëÿ àâòîìàòè÷íîãî ïåðåìèêàííÿ.

Ñõåìàòè÷íî ãðàôi÷íèé iíòåðôåéñ çàñòîñóíêó çîáðàæåíî íà ðèñ. 1.
Àëå ðîçïî÷íåìî ðîáîòó íå ç iíòåðôåéñó êîðèñòóâà÷à, à ç ïðî¹êòóâàííÿ êëàñiâ,

âiäïîâiäàëüíèõ çà ìîäåëü. Íàãàäà¹ìî, ùî íàøà ìåòà � ïîðiâíÿòè ðîçðîáêó ó Pharo ç
ðîáîòîþ ó Visual Studio ç âèêîðèñòàííÿì ìîâè C#, òîìó òåêñòè ïðîãðàì äàëi áóäóòü
äâîìà ìîâàìè.

4. Ìîäåëü

Êîæåí ëiõòàð ìà¹ íèçêó âëàñòèâîñòåé: ðîçìiðè, êîîðäèíàòè, êîëið, òðèâàëiñòü
ñâiòiííÿ. Âií ìîæå âìèêàòèñÿ òà âèìèêàòèñÿ. Óñå öå ñâiä÷èòü ïðî òå, ùî ìè
ìà¹ìî ñïðàâó ç îá'¹êòîì ðåàëüíîãî ñâiòó, ñòàí i ïîâåäiíêó ÿêîãî ìîæíà ìîäåëþâàòè
îêðåìèì êëàñîì, íàïðèêëàä, Lamp. Î÷åâèäíî, ùî ðîçìiðè òà êîîðäèíàòè íàëåæàòü
äî âëàñòèâîñòåé ãðàôi÷íîãî êîìïîíåíòà, âiäïîâiäàëüíîãî çà çîáðàæåííÿ ëiõòàðÿ, à
åêçåìïëÿðîâi Lamp äîñòàòíüî çáåðiãàòè ïîñèëàííÿ íà íüîãî. Ó ñåðåäîâèùi Pharo
òàêèì êîìïîíåíòîì ìîæå áóòè åêçåìïëÿð CircleMorph, à â ïðîãðàìi ìîâîþ C# �
åêçåìïëÿð êëàñó System.Windows.Shapes.Ellipse.

Ùîá ñòâîðèòè íîâèé êëàñ ó Pharo, äîñòàòíüî âèêîíàòè â ñèñòåìíîìó îãëÿäà÷i
êëàñiâ îäíå êëþ÷îâå ïîâiäîìëåííÿ:

Object subclass: #Lamp

instanceVariableNames: 'color view duration switchedOn'

classVariableNames: '' package: 'TrafficLightsProject'

ÊëàñObject çâåðíåòüñÿ äî êîìïiëÿòîðà ç ïðîõàííÿì óòâîðèòè éîìó ïiäêëàñ Lamp
(iì'ÿ ïiäêëàñó çàäàíî ñèìâîëîì) ç ÷îòèðìà ïîëÿìè, ÷è¨ iìåíà çàïèñàíî â ðÿäêó,
äðóãîìó ïàðàìåòði ïîâiäîìëåííÿ, òà âiäíåñòè ïiäêëàñ äî ïàêåòà Tra�cLightsProject,
ÿêèé ñòâîðèòüñÿ àâòîìàòè÷íî.

Ïiñëÿ âèêîíàííÿ òàêîãî ïîâiäîìëåííÿ â ñèñòåìi ç'ÿâèòüñÿ (ïîêè ùî ïîðîæíié)
êëàñ, ç ÿêèì óæå ìîæíà ïðàöþâàòè: ñòâîðþâàòè éîãî åêçåìïëÿðè, iíñïåêòóâàòè
¨õ òîùî. Ñèñòåìà Pharo ïðèñòîñîâàíà äî ïîñòóïàëüíîãî ñòèëþ ïðîãðàìóâàííÿ.
Ïðîãðàìiñò ïèøå êîä íåâåëèêèìè ÷àñòèíàìè, îãîëîøó¹ çàçâè÷àé îäèí-äâà ìåòîäè é
îäðàçó ìîæå âèïðîáóâàòè ¨õ â äi¨, íàïèñàòè ìîäóëüíi òåñòè é òiëüêè òîäi ïåðåõîäèòè
äî íàñòóïíèõ ÷àñòèí ïðîãðàìè. ×åðåç öþ îñîáëèâiñòü âè ðiäêî áà÷èòå ïîâíå
îãîëîøåííÿ êëàñó: ñèñòåìíèé îãëÿäà÷ âiäîáðàæà¹ ó ñâî¹ìó âiêíi ðåäàãóâàííÿ òiëüêè
îäèí âèáðàíèé âàìè ìåòîä. Çàðàäè åêîíîìi¨ ìiñöÿ ìè íàâåäåìî íèæ÷å âñi ìåòîäè
êëàñó Lamp ïiäðÿä, õî÷à íà ïðàêòèöi ïèñàëè i âèïðîáîâóâàëè ¨õ ïî îäíîìó. Ùîá
çàçíà÷èòè íàëåæíiñòü ìåòîäó, â ëiòåðàòóði âèêîðèñòîâóþòü ïîçíà÷åííÿ Class >>

method, äå çíàê >> ¹ ëèøå ïîçíà÷åííÿì, à íå ÷àñòèíîþ ñèíòàêñèñó. Ó ïîäâiéíèõ
ëàïêàõ ó Pharo çàïèñóþòü êîìåíòàði.

Lamp class >> new: aColor for: time on: aMorph

"ñòâîðåííÿ åêçåìïëÿðà çàäàíîãî êîëüîðó òà òðèâàëîñòi ñâiòiííÿ"

^ self new

color: aColor; duration: time; view: aMorph.

Lamp >> switchOn

switchedOn := true. view color: color.
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Lamp >> switchOff

switchedOn := false. view color: Color lightGray lighter.

"Ìåòîäè äîñòóïó äî çìiííèõ åêçåìïëÿðà"

Lamp >> color: anObject

color := anObject.

Lamp >> isSwitchedOn

^ switchedOn.

Lamp >> duration

^ duration.

Lamp >> duration: anNumber

duration := anNumber.

Lamp >> view: anObject

view := anObject.

Âiäïîâiäíå îãîëîøåííÿ êëàñó ìîâîþ C# íàâåäåíå íèæ÷å. Çãiäíî ç âèìîãàìè
C# âñå îãîëîøåííÿ çàïèñàíå íåïåðåðâíî, êëàñ çà÷èñëèìî äî ïåâíîãî ïðîñòîðó
iìåí. Òåêñò îãîëîøåííÿ äåùî êîìïàêòíiøèé çà ïîïåðåäíié çàâäÿêè ñïðîùåíîìó
ñèíòàêñèñó âëàñòèâîñòåé i íàÿâíîñòi äîñòóïó äî çìiííèõ åêçåìïëÿðà ó êîíñòðóêòîðà
êëàñó.

namespace WpfCrossLightModel

{

class Lamp

{ private Ellipse view;

private SolidColorBrush brush;

private bool switchedOn;

public int Duration { get; set; }

public Lamp(Ellipse ellipse, SolidColorBrush color, int duration)

{

view = ellipse; brush = color;

Duration = duration; switchedOn = false;

}

public bool IsSwitchedOn => switchedOn;

public Lamp SwitchOn()

{

switchedOn = true; view.Fill = brush;

return this;

}

public Lamp SwitchOff()

{

switchedOn = false; view.Fill = Brushes.LightGray;

return this;

}

}

}

Ëåãêî çíàéòè àíàëîãi¨ â íàâåäåíèõ îãîëîøåííÿõ. Äðóãå ç íèõ áàãàòüîì âèäàñòüñÿ
çâè÷íèì i çðîçóìiëèì çàâäÿêè Ñ-ïîäiáíîìó ñèíòàêñèñó. Ïðîòå âàæêî áóäå ñïåðå÷à-
òèñÿ ç òèì ôàêòîì, ùî ìîâà C# âèêîðèñòîâó¹ çíà÷íî áiëüøå ïîíÿòü i ñèíòàêñè÷íèõ
êîíñòðóêöié.
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Ðîáîòîþ ëiõòàðiâ êåðó¹ îêðåìèé êëàñ � ñâiòëîôîð. Âií ìà¹ çáåðiãàòè êîëåêöiþ
ëiõòàðiâ, ïàì'ÿòàòè íîìåð óâiìêíóòîãî, âìiòè ïåðåìèêàòè ëiõòàði ïî îäíîìó àáî
àâòîìàòè÷íî. Ñòâîðèìî êëàñ Tra�cLights ó Pharo çà äîïîìîãîþ âæå çãàäàíîãî
êëþ÷îâîãî ïîâiäîìëåííÿ.

Object subclass: #TrafficLights

instanceVariableNames: 'lamps activeLamp view mustRun stopwatch'

classVariableNames: '' package: 'TrafficLightsProject'

Òóò îãîëîøåíî òàêi çìiííi åêçåìïëÿðà: ìàñèâ ëiõòàðiâ; íîìåð óâiìêíóòîãî ëiõòàðÿ;
ïîñèëàííÿ íà åêçåìïëÿð BorderedMorph, ÿêèé çîáðàæà¹ ñâiòëîôîð íà åêðàíi òà
ìiñòèòü âêëàäåíi CircleMorph ëiõòàðiâ; îçíàêà òîãî, ÷è óâiìêíóòî àâòîìàòè÷íèé
ðåæèì; ñåêóíäîìið.

Ïåâíó öiêàâiñòü âèêëèêà¹ àëãîðèòì ïåðåìèêàííÿ ëiõòàðiâ: ÿêèé êîëið ïîòðiáíî
óâiìêíóòè ïiñëÿ æîâòîãî � çåëåíèé ÷è ÷åðâîíèé? Ùîá íå øóêàòè âiäïîâiäü íà öå
çàïèòàííÿ, çáåðåæåìî â ìàñèâi äâà ïîñèëàííÿ íà æîâòèé ëiõòàð. Òîäi çìîæåìî
çàâæäè ïåðåìèêàòè íà íàñòóïíèé ëiõòàð (ó ïðèïóùåííi, ùî ïiñëÿ îñòàííüîãî çíîâó
éäå ïåðøèé). Ìåòîäè Tra�cLights îãîëîøóþòü i âèïðîáîâóþòü ó ñèñòåìi ïî îäíîìó,
àëå ìè íàâåäåìî ¨õ òóò óñi ïiäðÿä.

TrafficLights class >> newWith: aMorph

" Ñòâîðåííÿ ñâiòëîôîðà ç çàäàíèì ãðàôi÷íèì çîáðàæåííÿì "

^ self basicNew view: aMorph; initialize.

TrafficLights >> view: aMorph

view := aMorph.

TrafficLights >> initialize

" Äëÿ ñòâîðåííÿ êîëåêöi¨ ëiõòàðiâ âèêîðèñòàíî äèíàìi÷íèé ìàñèâ.

Óâiìêíóòî æîâòèé êîëið.

Ìîðô ñâiòëîôîðà ìiñòèòü âêëàäåíi ìîðôè ëiõòàðiâ. "

lamps := { (Lamp new: Color red for: 5 on: (view submorphs at: 1)).

(Lamp new: Color yellow for: 1 on: (view submorphs at: 2)).

(Lamp new: Color green for: 5 on: (view submorphs at: 3)).

nil }.

lamps at: 4 put: (lamps at: 2). " äîäàòêîâå ïîñèëàííÿ íà æîâòèé ëiõòàð "

activeLamp := 2.

(lamps at: activeLamp) switchOn.

mustRun := false.

stopwatch := Stopwatch new.

TrafficLights >> run

" Ìåòîä âiäñòåæó¹ çíà÷åííÿ ñåêóíäîìiðà, ùîáè â÷àñíî ïåðåìêíóòè ëiõòàð.

Àáè íå áëîêóâàòè âiêíî çàñòîñóíêó, âèêîíàííÿ çàïóñêà¹ìî â îêðåìîìó ïîòîöi.

Äëÿ öüîãî äîñòàòíüî íàäiñëàòè áëîêîâi êîäó ïîâiäîìëåííÿ fork."

mustRun := true.

[ [ mustRun ] whileTrue: [ " óâiìêíóòî àâòîìàòè÷íèé ðåæèì "

stopwatch activate.

[ stopwatch duration seconds < (lamps at: activeLamp) duration ]

whileTrue: [ "do nothing, just wait" ].

stopwatch reset.

self changeLamp ] ] fork.

TrafficLights >> stop

" Ñèãíàëiçó¹ ïðî ïîòðåáó çóïèíèòè âiäëiê ÷àñó "

mustRun := false.

TrafficLights >> changeLamp
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" Ïåðåìèêàííÿ íà íàñòóïíèé ëiõòàð (ïî êîëó). "

(lamps at: activeLamp) switchOff.

activeLamp := activeLamp % 4 + 1.

(lamps at: activeLamp) switchOn.

TrafficLights >> setDurations: anArray

" Çáåðiãà¹ òðèâàëîñòi ñâiòiííÿ, çàäàíi êîðèñòóâà÷åì. "

1 to: 3 do: [ :i | (lamps at: i) duration: (anArray at: i) ].

Ïîðiâíÿéòå ç îãîëîøåííÿì òàêîãî æ êëàñó ìîâîþ C#.

namespace WpfCrossLightModel

{

class TrafficLights

{

private const int countOfLamps = 4;

private Lamp[] lamps;

private int activeLamp;

private DispatcherTimer timer;

public TrafficLights(Ellipse[] views, int activeNo = 1)

{

activeLamp = activeNo;

lamps = new Lamp[countOfLamps]

{

new Lamp(views[0], Brushes.Red, 5),

new Lamp(views[1], Brushes.Yellow, 2),

new Lamp(views[2], Brushes.Green, 5),

null

};

lamps[3] = lamps[1];

lamps[activeLamp].SwitchOn();

timer = new DispatcherTimer();

timer.Interval = TimeSpan.FromSeconds(GetDuration());

timer.Tick += timer_Tick;

}

public void ChangeLamp()

{

lamps[activeLamp].SwitchOff();

activeLamp = ++activeLamp % countOfLamps;

lamps[activeLamp].SwitchOn();

}

public int GetDuration() => lamps[activeLamp].Duration;

public void SetDurations(int[] durations)

{

for (int i = 0; i < countOfLamps - 1; ++i)

lamps[i].Duration = durations[i];

}

public void Run() => timer.Start();

public void Stop() => timer.Stop();

private void timer_Tick(object sender, EventArgs e)
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{

ChangeLamp();

timer.Interval = TimeSpan.FromSeconds(GetDuration());

}

}

}

Ãðàôi÷íi çîáðàæåííÿ (ôiãóðè) ó çàñòîñóíêàõWPF ìîâîþ C# íå ìîæóòü óòâîðþâàòè
i¹ðàðõi÷íi ãðóïè, òîìó êîíñòðóêòîð îòðèìó¹ ìàñèâ êðóãiâ (à íå îäíå ïîñèëàííÿ íà
âèãëÿä, ÿê ó âèïàäêó Pharo). Äåùî ïðîñòiøå âèãëÿäà¹ âiäñòåæåííÿ ÷àñó çàâäÿêè
âèêîðèñòàííþ DispatcherTimer.

5. Ãðàôi÷íèé iíòåðôåéñ êîðèñòóâà÷à

Âiêîííèé iíòåðôåéñ çàñòîñóíêó ìîâîþ Pharo ïîáóäó¹ìî çà äîïîìîãîþ çàñîáiâ
áiáëiîòåêè Spec [5], à ìîâîþ C# íàïèøåìî WPF-çàñòîñóíîê [6]. ×åðåç áðàê ìiñöÿ
ìè íå çìîæåìî íàâåñòè ïîâíi òåêñòè ñòâîðåíèõ ïðî¹êòiâ. �õ ìîæíà çíàéòè â [7], [8].
Òóò îáãîâîðèìî ãîëîâíi îñîáëèâîñòi é âiäìiííîñòi âèêîðèñòàíèõ iíñòðóìåíòiâ.

Âçà¹ìîäiþ ç êîðèñòóâà÷åì ó âiêîííîìó çàñòîñóíêó Pharo áóäóþòü çà äîïîìîãîþ
ïiäêëàñiâ êëàñó SpPresener, êëàñó ïîäàííÿ. Áiáëiîòåêà Spec ìiñòèòü îãîëîøåííÿ
êëàñiâ ïîäàííÿ äëÿ ãðàôi÷íèõ åëåìåíòiâ i äëÿ áàãàòüîõ ïîøèðåíèõ åëåìåíòiâ êåðó-
âàííÿ: êíîïîê, ðÿäêiâ óâåäåííÿ, ñïèñêiâ, ìåíþ òîùî. Îñîáëèâiñòü ïîäàííÿ ó òîìó,
ùî áåç æîäíèõ çóñèëü ìîæíà âiäêðèòè âiêíî, ÿêå ìiñòèòü öå ïîäàííÿ, i âèïðîáóâàòè
éîãî â äi¨. Îòðèìàòè �êíîïêó íà âñå âiêíî� ìîæíà çà äîïîìîãîþ îäíîãî óíàðíîãî
ïîâiäîìëåííÿ. Ïîäàííÿ äîáðå ïðèñòîñîâàíi äëÿ ïî¹äíàííÿ â êîìïîçèòíi ïîäàííÿ.
Äëÿ êåðóâàííÿì âçà¹ìíèì ðîçòàøóâàííÿì âiçóàëüíèõ åëåìåíòiâ ó êîìïîçèòi âèêî-
ðèñòîâóþòü ñòàíäàðòíi êîìïîíåíòè-ìàêåòè, ÿêi àâòîìàòè÷íî ïiäëàøòîâóþòü êîîð-
äèíàòè é ðîçìiðè âêëàäåíèõ êîìïîíåíò äî ðîçìiðiâ âiêíà. Çà äîïîìîãîþ òàêèõ
ìàêåòiâ ïðîãðàìiñò áóäó¹ ðîçìiòêó âiêíà. Ñàìå òîìó ìè îáðàëè äëÿ ïîðiâíÿííÿ
WPF ÿê íàéáiëüø ñõîæó àëüòåðíàòèâó.

Ó ñâî¹ìó ïðî¹êòi ìè âèêîðèñòàëè SpBoxLayout, ïåâíèé àíàëîã StackPanel ó WPF;
SpGridLayout, àíàëîã Grid, òà SpMorphLayout, ÿêèé íå ìà¹ àíàëîãà ó WPF. � ùå é
iíøi, óíiêàëüíi êîìïîíåíòè-ìàêåòè, ïðî ÿêi ìîæíà äîâiäàòèñÿ â [4].

Ùå îäíà õàðàêòåðíà ðèñà êîìïîíåíòà-ïîäàííÿ � ïðèäàòíiñòü äëÿ ïîâòîðíîãî
âèêîðèñòàííÿ. Ìîæíà ñêàçàòè, ùî ðîçðîáêà âiêîííîãî iíòåðôåéñó ó Pharo �êîìïî-
íåíòíî-îði¹íòîâàíà�. Áóäü-ÿêó äåùî ñàìîñòiéíó ÷àñòèíó ìàéáóòíüîãî âiêíà ìîæíà
ñïðî¹êòóâàòè çà äîïîìîãîþ îêðåìîãî êëàñó ïîäàííÿ áåç æîäíèõ äîäàòêîâèõ çóñèëü.
Òàêèé êëàñ ìîæíà âèïðîáîâóâàòè â îêðåìîìó (ñâî¹ìó) âiêíi íåçàëåæíî âiä iíøèõ
÷àñòèí iíòåðôåéñó. Çãîäîì éîãî ìîæíà ïîâòîðíî âèêîðèñòîâóâàòè â iíøèõ ïðî¹êòàõ.
Ìîâîþ C# òàêîæ ìîæíà îãîëîøóâàòè âiçóàëüíi êîìïîíåíòè êîðèñòóâà÷à: i â
ñåðåäîâèùi Windows Forms, i â Windows Presentation Foundation. Àëå äëÿ öüîãî
äîâåäåòüñÿ ñòâîðèòè îêðåìèé ïðî¹êò, âèãîòîâèòè çáiðêó-áiáëiîòåêó òà ïðè¹äíàòè ¨¨
äî îñíîâíîãî ïðî¹êòó � çàòðàòèòè äîâîëi äîäàòêîâèõ çóñèëü.

Íà ðèñ. 1 ïîçíà÷åíî ãðóïó åëåìåíòiâ êåðóâàííÿ, ÿêi âiäïîâiäàþòü çà ââåäåííÿ
òðèâàëîñòåé ñâiòiííÿ. Òóò ¹ íàïèñè, ðÿäêè ââåäåííÿ, êíîïêà. Ó ñâî¹ìó ïðî¹êòi ìè
âèãîòîâèëè ¨¨ ÿê îêðåìå ïîäàííÿ, êëàñ InputPanelPresenter. Çãîäîì âèêîðèñòàëè
éîãî åêçåìïëÿð ïîðó÷ çi ñòàíäàðòíèìè äëÿ ïîáóäîâè öiëîãî âiêíà êëàñó Tra�cPre-
senter.

Äëÿ âèãîòîâëåííÿ ïîäàííÿ âiêîííîãî çàñòîñóíêó ïîòðiáíî âèêîíàòè êiëüêà ïðîñ-
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òèõ êðîêiâ.

• Ñòâîðèòè ïiäêëàñ êëàñó SpPresenter, îãîëîñèòè çìiííèìè åêçåìïëÿðà ìàéáóòíi
âêëàäåíi êîìïîíåíòè.

• Âèçíà÷èòè ìåòîä initializePresenters, ó òiëi ÿêîãî ñòâîðþþòü âêëàäåíi êîìïî-
íåíòè, íàëàøòîâóþòü ¨õíié çîâíiøíié âèãëÿä. ßêùî êîìïîíåíò áàãàòî, òî
ñòâîðåííÿ ìîæíà ðîçïîäiëèòè ïî êiëüêîõ äîïîìiæíèõ ìåòîäàõ, ÿêi âèêëèêàþòü
ó òiëi initializePresenters.

• Âèçíà÷èòè ìåòîä defaultLayout, ó òiëi ÿêîãî îïèñóþòü ðîçìiòêó âiêíà çà äîïî-
ìîãîþ ñòâîðåííÿ åêçåìïëÿðiâ êîìïîíåíò-ìàêåòiâ i ¨õíiõ êîìáiíàöié. Âêëàäåíi
âiçóàëüíi êîìïîíåíòè ðîçòàøîâóþòü óñåðåäèíi ìàêåòà.

• Ïîâåäiíêó âiçóàëüíèõ êîìïîíåíò çàäàþòü ó ìåòîäi connectPresenters, íàïðèê-
ëàä, ðåàêöiþ êíîïêè íà êëàöàííÿ îïèñóþòü òóò.

• Äîäàòêîâèé ìåòîä initializeWindow äà¹ çìîãó íàëàøòóâàòè ïî÷àòêîâèé ðîçìið
ïîäàííÿ òà çàãîëîâîê éîãî âiêíà.

Ïðîäåìîíñòðó¹ìî íà ïðèêëàäi êëàñó InputPanelPresenter ÿê öå âèãëÿäà¹ íà
ïðàêòèöi, à òîäi ïîðiâíÿ¹ìî ç âiäïîâiäíîþ XAML-ðîçìiòêîþ çàñòîñóíêó WPF.

SpPresenter subclass: #InputPanelPresenter

instanceVariableNames: 'redInput yellowInput greenInput readyButton'

classVariableNames: ''

package: 'TrafficLightsProject'.

InputPanelPresenter >> initializePresenters

redInput := self newNumberInput rangeMinimum: 1 maximum: 10;

number: 5; yourself.

yellowInput := self newNumberInput rangeMinimum: 1 maximum: 10;

number: 2; yourself.

greenInput := self newNumberInput rangeMinimum: 1 maximum: 10;

number: 5; yourself.

readyButton := self newButton label: 'Ready';

icon: (self iconNamed: #smallOk); yourself.

InputPanelPresenter >> defaultLayout

^ SpGridLayout new

add: 'Set durations of ligths' at: 1 @ 1 span: 2 @ 1;

add: 'red' at: 1 @ 2; add: redInput at: 2 @ 2;

add: 'yellow' at: 1 @ 3; add: yellowInput at: 2 @ 3;

add: 'green' at: 1 @ 4; add: greenInput at: 2 @ 4;

add: readyButton at: 2 @ 5 span: 2 @ 1;

yourself.

InputPanelPresenter >> action: aBlock

" Ïîâåäiíêó êíîïêè çàäà¹ êîðèñòóâà÷ êëàñó "

readyButton action: aBlock! !

InputPanelPresenter >> initializeWindow: aWindowPresenter

aWindowPresenter

title: 'Set durations of ligths'; initialExtent: 200 @ 200.

Òàêèé êîä äîáðå ñòðóêòóðîâàíèé, ëåãêî ïèøåòüñÿ, ëåãêî ÷èòà¹òüñÿ. Íàïðèêëàä,
SpGridLayout àâòîìàòè÷íî äîäà¹ ðÿäêè i ñòîâïöi ó âiäïîâiäü íà ïîâiäîìëåííÿ
add:at:. Êíîïêó ëåãêî îçäîáèòè ïiêòîãðàìîþ, áî ñåðåäîâèùå íàäà¹ áàãàòî ãîòîâèõ
çîáðàæåíü.
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Ðîçãëÿíåìî ôðàãìåíò XAML-ðîçìiòêè òàêî¨ æ ãðóïè êîìïîíåíò ó àëüòåðíàòèâ-
íîìó çàñòîñóíêó.

<GroupBox Name="DurationBox" Header="Set durations of lights"

Height="125" Width="140" Margin="0,10,0,0">

<Canvas>

<Label Canvas.Top="0" Canvas.Left="5" Content="red"/>

<Label Canvas.Top="20" Canvas.Left="5" Content="yellow"/>

<Label Canvas.Top="40" Canvas.Left="5" Content="green"/>

<TextBox Name="RedTextBox" Canvas.Top="4" Canvas.Left="65"

Width="55" Text="5" PreviewTextInput="NumberValidationTextBox"/>

<TextBox Name="YellowTextBox" Canvas.Top="24" Canvas.Left="65"

Width="55" Text="2" PreviewTextInput="NumberValidationTextBox"/>

<TextBox Name="GreenTextBox" Canvas.Top="44" Canvas.Left="65"

Width="55" Text="5" PreviewTextInput="NumberValidationTextBox"/>

<Button Name="ReadyButton" Canvas.Top="67" Canvas.Left="30"

Width="80" Height="30" Content="Ready" Click="ReadyButton_Click"/>

</Canvas>

</GroupBox>

Ïåðåâàãà áiáëiîòåêè êëàñiâ WPF äëÿ öüîãî ïðèêëàäó â òîìó, ùî êîìïîíåíò
GroupBox çîáðàæà¹ ðàìêó íàâêîëî ñåáå (i âêëàäåíèõ êîìïîíåíò). Ç iíøèì ¹ ïåâíi
ïðîáëåìè. Âñåðåäèíi GroupBox íå âäàëîñÿ ïîìiñòèòè ìàêåò Grid, ÿêèé ñòàâ áè â
íàãîäi äëÿ øâèäêîãî çàïîâíåííÿ êîìïîíåíòàìè ðÿäêiâ i ñòîâïöiâ óÿâíî¨ òàáëèöi,
áî äî Grid ïîòðiáíî äîäàâàòè âèçíà÷åííÿ ðÿäêiâ i ñòîâïöiâ, à GroupBox òàêîãî �íå
ðîçóìi¹�. Òîìó äîâåëîñÿ âèêîðèñòàòè Canvas i ïiäáèðàòè àáñîëþòíi êîîðäèíàòè òà
ðîçìiðè âiçóàëüíèõ êîìïîíåíò. Áiáëiîòåêà WPF íå íàäà¹ ñïåöiàëiçîâàíîãî êîìïî-
íåíòà äëÿ ââåäåííÿ ÷èñåë, òîìó äîâåëîñÿ âèêîðèñòîâóâàòè TextBox i äîïîâíþâàòè
éîãî ïîâåäiíêó ïåðåâiðêîþ íà ïðàâèëüíiñòü ââåäåíîãî.

Ðèñ. 2. Âèãëÿä ñòâîðåíèõ çàñòîñóíêiâ: ó Pharo � ëiâîðó÷, C# � ïðàâîðó÷

Íåäîëiêîì ìîæíà ââàæàòè �ìîíîëiòíiñòü� ôàéëó ðîçìiòêè. Â íüîìó ìiñòèòüñÿ
îïèñ öiëîãî âiêíà, óñiõ ìàëèõ i âåëèêèõ éîãî ÷àñòèí. Ïîðó÷ â îäíîìó ðÿäêó
ðîçìiòêè ðîçòàøîâàíî îãîëîøåííÿ òèïó êîìïîíåíòà, iìåíi çìiííî¨ ç ïîñèëàííÿì íà
íüîãî, íàëàøòóâàííÿ çíà÷åíü, ÿêi çàäàþòü éîãî çîâíiøíié âèãëÿä, çàäàííÿ ìåòîäiâ,
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ïðèâ'ÿçóâàííÿ äî áàòüêiâñüêîãî êîìïîíåíòà � äóæå áàãàòî âñüîãî. Çâiñíî, Visual
Studio ïîëåãøó¹ ïðîöåñ ðîçðîáêè çà äîïîìîãîþ âiäñòóïiâ òåêñòó, ñèíòàêñè÷íîãî
ïiäñâi÷óâàííÿ òà ñèíõðîííîãî âiäîáðàæåííÿ ó âiêíi äèçàéíåðà ðîçìi÷åíîãî âiêíà.
Ïðîòå âàðòî òðàïèòèñÿ îäíié ïîìèëöi â òåêñòi ðîçìiòêè, ÿê çîáðàæåííÿ âiêíà çíèêà¹.
Òàêèõ íåäîëiêiâ ïîçáàâëåíèé ìîäóëüíèé êîä ó ñåðåäîâèùi Pharo. Êîæíó íàéìåíøó
÷àñòèíó ïîäàííÿ ìîæíà ïðîãðàìóâàòè òà ïåðåâiðÿòè íåçàëåæíî.

Íàãàäà¹ìî, ùî ïîâíèé òåêñò ïðîãðàì íà Pharo i íà C# ìîæíà çàâàíòàæèòè çi
ñõîâèù GitHub, âiäïîâiäíî, [7] i [8]. Çîâíiøíié âèãëÿä ãîòîâèõ çàñòîñóíêiâ çîáðàæåíî
íà ðèñ. 2.

6. Âèñíîâêè

Pharo � âiëüíî ïîøèðþâàíà ñèñòåìà ïðîãðàìóâàííÿ ç âiäêðèòèì êîäîì, ÿêà ìîæå
ñêëàñòè ãiäíó êîíêóðåíöiþ ïîïóëÿðíèì íèíi ìîâàì i ñåðåäîâèùàì ïðîãðàìóâàííÿ.
Ìîâà Pharo ¹ ñó÷àñíèì âòiëåííÿì i òâîð÷èì ðîçâèòêîì ìîâè Smalltalk, ÿêà ìàëà
çíà÷íèé âïëèâ íà øëÿõè ðîçâèòêó òà ìîæëèâîñòi ñó÷àñíîãî ïðîãðàìíîãî çàáåçïå-
÷åííÿ. Ñèíòàêñèñ ìîâè Pharo ó ðàçè ïðîñòiøèé çà ñèíòàêñèñ C++, C# ÷è Java,
à ìîæëèâîñòi íàäà¹ òàêi ñàìi, ÷è é áiëüøi. Àäæå ïðèâàòíiñòü ïàì'ÿòi íà ðiâíi
åêçåìïëÿðà íå ïiäòðèìó¹ æîäíà ç ïåðåëi÷åíèõ ìîâ. Ñåðåäîâèùå Pharo ïðèñòîñîâàíå
äî iíêðåìåíòíîãî ïðîöåñó ïîáóäîâè ïðîãðàì. Ðîçðîáíèê ñòâîðþ¹ êîä íåâåëèêèìè
÷àñòèíàìè, ÿêi âiäðàçó ìîæíà òåñòóâàòè òà âèêîðèñòîâóâàòè, à äèíàìi÷íà òèïiçàöiÿ
òà âçà¹ìîäiÿ âèêëþ÷íî ÷åðåç íàäñèëàííÿ ïîâiäîìëåíü ðîáèòü ìîæëèâîþ çìiíó
ïðîãðàìíîãî êîäó ïiä ÷àñ éîãî âèêîíàííÿ.

Áiáëiîòåêà Spec íàäà¹ áàãàòèé àðñåíàë çàñîáiâ äëÿ øâèäêî¨ ïîáóäîâè ðîçâèíóòîãî
ãðàôi÷íîãî iíòåðôåéñó âiêîííèõ çàñòîñóíêiâ. Ïðîãðàìíèé êîä äîáðå ñòðóêòóðîâà-
íèé, ïðèäàòíèé äëÿ ïîâòîðíîãî âèêîðèñòàííÿ áåç äîäàòêîâèõ çóñèëü. Çäàòíiñòü
êîæíîãî ïîäàííÿ � ñòàíäàðòíîãî ÷è íàïèñàíîãî ðîçðîáíèêîì � âiäîáðàæàòèñÿ i
ôóíêöiîíóâàòè â îêðåìîìó âiêíi òiëüêè ïðèøâèäøó¹ ïðîöåñ ðîçðîáêè òà íàëàãî-
äæåííÿ. Äèíàìi÷íà ïðèðîäà Pharo äà¹ çìîãó ëåãêî çìiíþâàòè çîâíiøíié âèãëÿä
ïðîãðàìè ïiä ÷àñ ¨¨ âèêîíàííÿ. Äîñòàòíüî çìiíèòè âèêîðèñòàíèé êîìïîíåíò-ìàêåò
íà iíøèé, äîäàòè ÷è âèëó÷èòè âiçóàëüíèé êîìïîíåíò ÷åðåç íàäñèëàííÿ âiäïîâiäíèõ
ïîâiäîìëåíü, i çàñòîñóíîê ìèòò¹âî ïðèñòîñó¹òüñÿ äî ïîòðåá êîðèñòóâà÷à. Äîêëàäíi-
øå òàêi ìîæëèâîñòi îïèñàíi â [5].
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Pharo is a modern object oriented dynamically typed programming language. It is also
an interactive environment, equipped with excellent tools for �live� programming, which
allows to easily create, debug and share program code, as well as change it during execution.
Pharo is a cross-platform system, which works perfectly well in multiple operating systems:
OS X, Windows, Linux, Android, iOS òà Raspberry Pi. Pharo is a multi-purpose language.
With the usage of available libraries, it is possible to create desktop and web applications,
interact with databases, solve the problems of arti�cial intelligence, etc.

This article, based on one training example, describes the process of creating a win-
dow application in Pharo using the Spec library. It also provides a comparison with the
possibilities of Windows Presentation Foundation (WPF), programming language C# and
development environment Microsoft Visual Studio for the creation of a similar window ap-
plication. It presents the advantages and particularities of Pharo. The authors' intention
is to popularize Pharo with this article.

The training example consists in the creation of a window application which models the
street tra�c light operation. It presents the lights of red, yellow and green colors, allows to
switch them in manual and automatic modes. The duration of each lamp glow in automatic
mode can be modi�ed by a user. While the tra�c light is working, the modi�cation
tools should be hidden. Such a task allows to describe quite some tools: declaration and
implementation of classes responsible for the data model of the problem, usage of standard
components for user interaction, graphic primitives, realization of di�erent types of control
of the application: by user commands and by the time �ow (in automatic mode). A high
level representation of graphic interface of the application is given at the scheme 1. In order
to better understand the presented code snippets, check the syntax of Pharo explained in
http://books.pharo.org/pharo-by-example9.

The two following classes are used for the data model: Lamp saves the color, size, co-
ordinates and lamp glow duration, and Tra�cLights contains a collection of lanterns and
implements the algorithm of switching lights. The application window in Pharo is described
with two entities: InputPanelPresenter which represents the lamp glow duration con�gura-
tion panel, and which is part of the window implemented via Tra�cLightsPresenter. The
complete program code in Pharo and in C# can be downloaded from GitHub repositories
Tra�cLightsBySpec and WpfCrossLightModel respectively. General appearance of both
applications is presented.

Pharo environment is designed for an incremental process of software application cre-
ation. Developer creates the programming code in smaller parts, which can immediately
be tested and used, and dynamic typization and interaction via sending messages make it
possible to modify the programming code during its execution. Spec library provides an
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extensive set of tools to quickly and easily construct an advanced graphical interface of
windows applications. The program code is well structured and available for reuse without
any additional e�orts. The ability of any layout � standard or implemented by a developer
� to be displayed and executed in a separate window speeds up the complete development
and debugging process.

Key words: Pharo, Spec, WPF, C#, desktop application, graphical user interface, visual
component, class, object.


