
ō ō ō ‴ŁËŔ∆¼ŕ ‴fiđİ

î đ¼ŌËĴġĤ̟İ ∆īŁÈİ ∆īšĠĴËĤ̟ĜđĴ ġ̟¼ËĤ̟Ĝġđ› ¼Ùİ ËĤ̟
‰ͨđġ‰đŞŞ∆ŞfiËİ ËŞī̟

  ĴŞË̟ŌšË̟ËŔšĤīË̟∆Ĵ‗‰Ë¼÷ ̟‰Ë̟¼∆̟çi o@  ‴

çŁš¼šĜĜË̟ i ∆› đġšË

Ĝ¼∆› đġšËǆŁËŔ∆¼ŕ ‴fiđİ



ɛ



Mathematical solvers for scheduling problems
� ‟⁄»øµ‟µİ »̊ š̊ ‟™µŞË· ±‟H· šµ¿µ˜‟X»· µû˜‟q˜Ë¿˜û‡ ‡ »· ¿

ɜ

5ĴĤšŞËĤĤ̟Ĝġđ› ¼Ëİ

� ¼̊đġšīŁİ

n ∆īŁËİ ∆īšfi∆¼̟
İ đ‰Ë¼šŞ˚ î đ¼ŌËġ

5ĴĤšŞËĤĤ̟Ĥđ¼ĴīšđŞ



Mathematical solvers for scheduling problems
� ‟⁄»øµ‟µİ »̊ š̊ ‟™µŞË· ±‟H· šµ¿µ˜‟X»· µû˜‟q˜Ë¿˜û‡ ‡ »· ¿

ɩ

• ZŞ‰ĴĤīġš∆¼̟ĤfiŁË‰Ĵ¼šŞ˚ ̟ Ĝġđ› ¼Ëİ Ĥ

• î đİ Ë̟ İ ∆īŁËİ ∆īšfi∆¼̟fiđŞfiËĜīĤ̟˙ġđİ ̟ ĤfiŁđđ¼

• Z¼¼ĴĤīġ∆īšđŞ̟ō šīŁ̟WËŔ∆¼ŕ ̟ uĜīšİ šŝËġ
• n đ‰Ë¼šŞ˚ ̟ ¼∆Ş˚ Ĵ∆˚ Ë

• çËġ̇ đġİ ∆ŞfiË



Mathematical solvers for scheduling problems
H· ±Ð̊ š̃ »û⁄ ˚ ´ ≈µ±Ð⁄»· ¿‟Ù̃ Ë™⁄µ‡ ˚

ʃ

WËīËġđ˚ ËŞËđĴĤ
• î ËŌËġ∆¼̟īŕ ĜËĤ̟đ˙ ̟ ġËĤđĴġfiËĤ̟‑̟‰šĤ¹ĴŞfiīšŌË‷̟fiĴİ Ĵ¼∆īšŌË‷̟šŞŌËŞīđġšËĤ‷̟‒

• êËĤđĴġfiË̟∆¼¼đfi∆īšđŞ̟‰ËfišĤšđŞĤ

• < ṧ˙ËġËŞī̟ īŕ ĜËĤ̟đ˙ ̟ fiđŞĤīġ∆šŞīĤ‑̟ īËİ Ĝđġ∆¼‷̟fi∆¼ËŞ‰∆ġĤ‷̟ĤËīĴĜ̟īšİ ËĤ‷̟‒

• î ËŌËġ∆¼̟īŕ ĜËĤ̟đ˙ ̟ đ› ¹ËfiīšŌËĤ̟‑̟ ī∆ġ‰šŞËĤĤ‷̟∆¼¼đfi∆īšđŞ̟fiđĤīĤ‷̟ġËĤđĴġfiË̟ĤËīĴĜ̟fiđĤīĤ‷̟‒

i ∆ġ̊ Ë
• î đİ Ë̟Ĝġđ› ¼Ëİ Ĥ̟ō šīŁ̟ ĴĜ̟īđ̟ ŞⅣɺ‷ɼ ɼ ɼ ‷ɼ ɼ ɼ ̟ ∆fiīšŌšīšËĤ‷̟ɺ‷ɼ ɼ ɼ ̟ ġËĤđĴġfiËĤ

• QšŞË̟ ˚ ġ∆šŞ̟ ˚ ġ∆ŞĴ¼∆ġšīŕ ̟ đ˙ ̟ īšİ Ë‷̟īŕ Ĝšfi∆¼¼ŕ ̟ õⅣɺ‷ɼ ɼ ɼ ‷ɼ ɼ ɼ ̟ īšİ Ë̟ĜđšŞīĤ

†ĤĴ∆¼¼ŕ ‷̟n Zç ̟ īËfiŁŞđ¼đ˚ ŕ ̟‰đËĤ̟Şđī̟ Ĥfi∆¼Ë̟ō Ë¼¼̟đŞ̟ īŁËĤË̟Ĝġđ› ¼Ëİ Ĥ
• n ∆ŞŞË̜ Ĥ̟˙đġİ Ĵ¼∆īšđŞ̟ ˙đġ̟‰šĤ¹ĴŞfiīšŌË̟ġËĤđĴġfiËĤ‑̟u   Şɛ  ɺ‷ɼ ɼ ɼ ‷ɼ ɼ ɼ ‷ɼ ɼ ɼ ‷ɼ ɼ ɼ

• <šĤfiġËīË̟ īšİ Ë̟ ˙đġİ Ĵ¼∆īšđŞĤ̟∆ġË̟šŞ̟u   Ş‴õ  ̟ ɺ‷ɼ ɼ ɼ ‷ɼ ɼ ɼ ‷ɼ ɼ ɼ ‷ɼ ɼ ɼ
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^ ûš≈µ‡ ûš»́ û⁄ ´ Ë· ´ µÙš̊

ʇ

Qġđİ ̟ Ë¼Ëİ ËŞī∆ġŕ ̟ ĤfiŁđđ¼
• oĴİ › ËġĤ‑̟ ɺ‷̟ɛ‷̟ɜ‷̟‒ ̟ Ĵš
• 6đİ Ĝ∆ġšĤđŞ̟ › Ëīō ËËŞ̟ŞĴİ › ËġĤ‑̟ ɛ̟ Ⅸ̟ɩ ̟ ĴšⅨ̟êWî

• � ‰‰šīšđŞ̟ ī∆› ¼ËĤ‑̟ ɛ̟ K̟ɜ̟ Ⅳ̟ʃ ЅĴš
• n Ĵ¼īšĜ¼šfi∆īšđŞ̟ ī∆› ¼ËĤ‑̟ ɛ̟  ̟ ɜ̟ Ⅳ̟ʇ Ѕ ∆š̟Ĵš
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^ ûš≈µ‡ ûš»́ û⁄ ´ Ë· ´ µÙš̊

ʈ

Qġđİ ̟ Ë¼Ëİ ËŞī∆ġŕ ̟ ĤfiŁđđ¼
• oĴİ › ËġĤ‑̟ ɺ‷̟ɛ‷̟ɜ‷̟‒ ̟ Ĵš
• 6đİ Ĝ∆ġšĤđŞ̟ › Ëīō ËËŞ̟ŞĴİ › ËġĤ‑̟ ɛ̟ Ⅸ̟ɩ ̟ ĴšⅨ̟êWî

• � ‰‰šīšđŞ̟ ī∆› ¼ËĤ‑̟ ɛ̟ K̟ɜ̟ Ⅳ̟ʃ ЅĴš
• n Ĵ¼īšĜ¼šfi∆īšđŞ̟ ī∆› ¼ËĤ‑̟ ɛ̟  ̟ ɜ̟ Ⅳ̟ʇ Ѕ ∆š̟Ĵš

☛ n Zç
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^ ûš≈µ‡ ûš»́ û⁄ ´ Ë· ´ µÙš̊

ʌ

Qġđİ ̟ ĤËfiđŞ‰∆ġŕ ̟ ĤfiŁđđ¼
• î ËīĤ � ‷̟̟Ĵ ̟ ∈ � ‷̟̟ǎ� ǎ‷̟̟� ̟⊆ 5‷̟̟Ĝ∆ġīšīšđŞ  � ‷̟ 5š    ‷̟‒
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^ ûš≈µ‡ ûš»́ û⁄ ´ Ë· ´ µÙš̊

ʍ

Qġđİ ̟ ĤËfiđŞ‰∆ġŕ ̟ ĤfiŁđđ¼
• î ËīĤ � ‷̟̟Ĵ ̟ ∈ � ‷̟̟ǎ� ǎ‷̟̟� ̟⊆ 5‷̟̟Ĝ∆ġīšīšđŞ  � ‷̟ 5š    ‷̟‒

� ‑̟ ∆¼¼̟∆fiīšŌšīšËĤ5ɺ‑̟ ∆fiīšŌšīšËĤ̟đŞ̟
İ ∆fiŁšŞË̟n ɺ
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^ ûš≈µ‡ ûš»́ û⁄ ´ Ë· ´ µÙš̊

ɺɼ

Qġđİ ̟ ĤËfiđŞ‰∆ġŕ ̟ ĤfiŁđđ¼
• î ËīĤ � ‷̟̟Ĵ ̟ ∈ � ‷̟̟ǎ� ǎ‷̟̟� ̟⊆ 5‷̟̟Ĝ∆ġīšīšđŞ  � ‷̟ 5š    ‷̟‒

• çËġİ Ĵī∆īšđŞĤ î   �   ‷̱̟ ∈ î   �  



Mathematical solvers for scheduling problems
^ ûš≈µ‡ ûš»́ û⁄ ´ Ë· ´ µÙš̊

ɺɺ

Qġđİ ̟ ĤËfiđŞ‰∆ġŕ ̟ ĤfiŁđđ¼
• î ËīĤ � ‷̟̟Ĵ ̟ ∈ � ‷̟̟ǎ� ǎ‷̟̟� ̟⊆ 5‷̟̟Ĝ∆ġīšīšđŞ  � ‷̟ 5š    ‷̟‒

• çËġİ Ĵī∆īšđŞĤ î   �   ‷̱̟ ∈ î   �  

î ‑̟ ĤËĠĴËŞfiË̟đ˙ ̟
∆fiīšŌšīšËĤ̟đŞ̟
∆̟ İ ∆fiŁšŞË̟n
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^ ûš≈µ‡ ûš»́ û⁄ ´ Ë· ´ µÙš̊

ɺɛ

Qġđİ ̟ ĤËfiđŞ‰∆ġŕ ̟ ĤfiŁđđ¼
• î ËīĤ � ‷̟̟Ĵ ̟ ∈ � ‷̟̟ǎ� ǎ‷̟̟� ̟⊆ 5‷̟̟Ĝ∆ġīšīšđŞ  � ‷̟ 5š    ‷̟‒

• çËġİ Ĵī∆īšđŞĤ î   �   ‷̱̟ ∈ î   �  

• ZŞīËġŌ∆¼Ĥ Ŕ̟Ⅳ̟ Ĵ‷Ō  ‷̟ī̟ ∈Ŕ



Mathematical solvers for scheduling problems
^ ûš≈µ‡ ûš»́ û⁄ ´ Ë· ´ µÙš̊

ɺɜ

Qġđİ ̟ ĤËfiđŞ‰∆ġŕ ̟ ĤfiŁđđ¼
• î ËīĤ � ‷̟̟Ĵ ̟ ∈ � ‷̟̟ǎ� ǎ‷̟̟� ̟⊆ 5‷̟̟Ĝ∆ġīšīšđŞ  � ‷̟ 5š    ‷̟‒

• çËġİ Ĵī∆īšđŞĤ î   �   ‷̱̟ ∈ î   �  

• ZŞīËġŌ∆¼Ĥ Ŕ̟Ⅳ̟ Ĵ‷Ō  ‷̟ī̟ ∈Ŕ

Ŕ̟‑̟ īšİ Ë̟šŞīËġŌ∆¼̟

Ĥī∆ġī Ŕ  ËŞ‰  Ŕ 
¼ËŞ˚ īŁ Ŕ 
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^ ûš≈µ‡ ûš»́ û⁄ ´ Ë· ´ µÙš̊

ɺɩ

Qġđİ ̟ ĤËfiđŞ‰∆ġŕ ̟ ĤfiŁđđ¼
• î ËīĤ � ‷̟̟Ĵ ̟ ∈ � ‷̟̟ǎ� ǎ‷̟̟� ̟⊆ 5‷̟̟Ĝ∆ġīšīšđŞ  � ‷̟ 5š    ‷̟‒

• çËġİ Ĵī∆īšđŞĤ î   �   ‷̱̟ ∈ î   �  

• ZŞīËġŌ∆¼Ĥ Ŕ̟Ⅳ̟ Ĵ‷Ō  ‷̟ī̟ ∈Ŕ

• QĴŞfiīšđŞĤ ˙  ī 



Mathematical solvers for scheduling problems
^ ûš≈µ‡ ûš»́ û⁄ ´ Ë· ´ µÙš̊

ɺʃ

Qġđİ ̟ ĤËfiđŞ‰∆ġŕ ̟ ĤfiŁđđ¼
• î ËīĤ � ‷̟̟Ĵ ̟ ∈ � ‷̟̟ǎ� ǎ‷̟̟� ̟⊆ 5‷̟̟Ĝ∆ġīšīšđŞ  � ‷̟ 5š    ‷̟‒

• çËġİ Ĵī∆īšđŞĤ î   �   ‷̱̟ ∈ î   �  

• ZŞīËġŌ∆¼Ĥ Ŕ̟Ⅳ̟ Ĵ‷Ō  ‷̟ī̟ ∈Ŕ

• QĴŞfiīšđŞĤ ˙  ī 

ī

¼ËŌË¼ @Ŕ∆İ Ĝ¼Ë‑̟ ¼ËŌË¼̟đ˙ ̟ ∆̟ ġËĤđĴġfiË̟đŌËġ̟īšİ Ë̟



ɺʇ

ç ŕ īŁđŞ e∆Ō∆ 6KK i î ç6 

uĜīšİ šŝ∆īšđŞ̟Ĝġđ› ¼Ëİ

� çZ

î đ¼ŌËġ
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Eµİ û⁄Ş‟eÙš»‡ »čµ˜
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Eµİ û⁄Ş‟eÙš»‡ »čµ˜   ^ Ë±µ⁄»· ¿

ɺʈ

õŁË̟WËŔ∆¼ŕ ̟ İ đ‰Ë¼šŞ˚ ̟ ¼∆Ş˚ Ĵ∆˚ Ë̟šĤ̟˚ ġđĴŞ‰Ë‰̟đŞ̟Ĥšİ Ĝ¼Ë̟ İ ∆īŁËİ ∆īšfi∆¼̟fiđŞfiËĜīĤ̟‑

• oĴİ Ëġšfi∆¼̟Ō∆ġš∆› ¼ËĤ̟ 5đđ¼Ë∆Ş‷̟šŞīË˚ Ëġ‷̟̇¼đ∆īšŞ˚ ̟ ĜđšŞī 

• ZŞīËġŌ∆¼̟Ō∆ġš∆› ¼ËĤ

• î Ëī̟ Ō∆ġš∆› ¼ËĤ

• i šĤī̟  ĜËġİ Ĵī∆īšđŞ  ̟ Ō∆ġš∆› ¼ËĤ

6¼∆ĤĤšfi∆¼̟∆¼̊Ë› ġ∆šfi∆¼̟∆Ş‰̟¼đ˚ šfi∆¼̟đĜËġ∆īđġĤ̟ ĤĴİ ‷̟İ šŞ‷̟İ ∆Ŕ‷̟Ĝġđ‰‷̟∆Ş‰‷̟đġ‷̟‒  

ođ̟ ŞËË‰̟īđ̟ šŞīġđ‰ĴfiË̟∆˚ ˚ ġË˚ ∆īË‰̟fiđŞĤīġĴfiīĤ̟¼š³ Ë̟ ˚ ¼đ› ∆¼̟fiđŞĤīġ∆šŞīĤ̟ ËŌËŞ̟ ˙đġ̟ĤfiŁË‰Ĵ¼šŞ˚  
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Eµİ û⁄Ş‟eÙš»‡ »čµ˜   ^ Ë±µ⁄»· ¿

ɺʌ

˙šŞ‰
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Eµİ û⁄Ş‟eÙš»‡ »čµ˜   ^ Ë±µ⁄»· ¿

ɺʍ

@Ŕ∆İ Ĝ¼Ë‑̟ ĜġËfiË‰ËŞfiË̟fiđŞĤīġ∆šŞī̟ › Ëīō ËËŞ̟ īō đ̟ ∆fiīšŌšīšËĤ
x <- interval(Min, Max);
y <- interval(Min, Max);
constraint x < y;

x y
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Eµİ û⁄Ş‟eÙš»‡ »čµ˜   ^ Ë±µ⁄»· ¿

ɛɼ

@Ŕ∆İ Ĝ¼Ë‑̟ ĜġËfiË‰ËŞfiË̟fiđŞĤīġ∆šŞī̟ › Ëīō ËËŞ̟ īō đ̟ ∆fiīšŌšīšËĤ
x <- interval(Min, Max);
y <- interval(Min, Max);
constraint x < y;

@Ŕ∆İ Ĝ¼Ë‑̟ ĜġËfiË‰ËŞfiË̟fiđŞĤīġ∆šŞīĤ̟› Ëīō ËËŞ̟∆fiīšŌšīšËĤ̟ËŞ‰ĜđšŞīĤ
constraint end(x) + Delay <= start(y);

constraint start(x) + delayExpr == start(y);

x y

x

y

x y
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Eµİ û⁄Ş‟eÙš»‡ »čµ˜   ^ Ë±µ⁄»· ¿

ɛɺ

@Ŕ∆İ Ĝ¼Ë‑̟ ∆fiīšŌšīŕ ̟ ō šīŁ̟ ˙šŔË‰̟‰Ĵġ∆īšđŞ
x <- interval(Min, Max);
constraint length(x) == Duration;
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Eµİ û⁄Ş‟eÙš»‡ »čµ˜   ^ Ë±µ⁄»· ¿

ɛɛ

@Ŕ∆İ Ĝ¼Ë‑̟ ∆fiīšŌšīŕ ̟ ō šīŁ̟ ˙šŔË‰̟‰Ĵġ∆īšđŞ
x <- interval(Min, Max);
constraint length(x) == Duration;

@Ŕ∆İ Ĝ¼Ë‑̟ ∆fiīšŌšīŕ ̟ ō šīŁ̟ šŞīËŞĤšīŕ ̟ ˙ĴŞfiīšđŞ
x <- interval(Min, Max);
constraint sum(x, t => Working[t]) == WorkDuration;

WËŔ∆¼ŕ ̟ uĜīšİ šŝËġ̟̟‰đËĤ̟Şđī̟ ơĴŞġđ¼¼̟ͧīŁË̟ËŔĜġËĤĤšđŞ̟đŌËġ̟īŁË̟ËŞīšġË̟šŞīËġŌ∆¼̟̟đ˙ ̟ ̟ Ŕ

ī

¥ đġ³ šŞ˚
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Eµİ û⁄Ş‟eÙš»‡ »čµ˜   ^ Ë±µ⁄»· ¿

ɛɜ

@Ŕ∆İ Ĝ¼Ë‑̟ ∆fiīšŌšīŕ ̟ ō šīŁ̟ ˙šŔË‰̟‰Ĵġ∆īšđŞ
x <- interval(Min, Max);
constraint length(x) == Duration;

@Ŕ∆İ Ĝ¼Ë‑̟ ∆fiīšŌšīŕ ̟ ō šīŁ̟ šŞīËŞĤšīŕ ̟ ˙ĴŞfiīšđŞ
x <- interval(Min, Max);
constraint sum(x, t => Working[t]) == WorkDuration;

@Ŕ∆İ Ĝ¼Ë‑̟ ∆fiīšŌšīŕ ̟ ō šīŁ̟ īšİ Ë‗‰ËĜËŞ‰ËŞī̟ ĜġšfiË
x <- interval(Min, Max);

cost <- sum(x, t => Price[t])

WËŔ∆¼ŕ ̟ uĜīšİ šŝËġ̟̟‰đËĤ̟Şđī̟ ơĴŞġđ¼¼̟ͧīŁË̟ËŔĜġËĤĤšđŞ̟đŌËġ̟īŁË̟ËŞīšġË̟šŞīËġŌ∆¼̟̟đ˙ ̟ ̟ Ŕ

ī

çġšfiË

ī

¥ đġ³ šŞ˚
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Eµİ û⁄Ş‟eÙš»‡ »čµ˜   ^ Ë±µ⁄»· ¿

ɛɩ

@Ŕ∆İ Ĝ¼Ë‑̟ İ ∆³ËĤĜ∆Ş
x[i in 0…N] <- interval(Min, Max);
minimize max[i in 0…N] end(x[i]);

@Ŕ∆İ Ĝ¼Ë‑̟ ō Ëš̊ ŁīË‰̟ĤĴİ ̟ đ˙ ̟ ī∆ġ‰šŞËĤĤ̟fiđĤī
minimize sum[i in 0…N] ( Weight[i] * max(0, end(x[i])-DueDate[i]) );

@Ŕ∆İ Ĝ¼Ë‑̟oËī̟ çġËĤËŞī̟ ≥∆¼ĴË̟
maximize sum[i in 0…N] ( NetCashFlow[i] / pow(1+DiscountRate, end(x[i])) );
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Eµİ û⁄Ş‟eÙš»‡ »čµ˜   ^ Ë±µ⁄»· ¿

ɛʃ

î Ëī i šĤī

• †ŞšĠĴËŞËĤĤ̟đ˙ ̟ šīËİ Ĥ
• ≥∆ġš∆› ¼Ë̟ĤšŝË

• †ŞšĠĴËŞËĤĤ̟đ˙ ̟ šīËİ Ĥ
• ≥∆ġš∆› ¼Ë̟ĤšŝË
• u ġ‰ËġšŞ˚ ̟ İ ∆īīËġĤ

� ̟ ‑̟ ∆̟ ĤĴ› ĤËī̟ đ˙ ̟   ɼ ‷̟ɺ‷̟‒ ‷̟Ş‗ɺ  î ̟ ‑̟ ĜËġİ Ĵī∆īšđŞ̟đ˙ ̟ ∆̟ ĤĴ› ĤËī̟ đ˙ ̟   ɼ ‷̟ɺ‷̟‒ ‷̟Ş‗ɺ 

0 1

4

3

5

2

i šĤī̟ Ⅳ̟  ɼ ‷̟ɜ‷̟ɩ  i šĤī̟ Ⅳ̟  ɺ ‷̟ɛ‷̟ʃ 

A <- set(n); S <- list(n);

î Ëī̟ Ⅳ̟  ɼ ‷̟ɜ‷̟ɩ  

0

4

3

î Ëī̟ Ⅳ̟  ɺ ‷̟ʃ  

1

5

î Ëī̟ Ⅳ̟  ɛ 

2
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Eµİ û⁄Ş‟eÙš»‡ »čµ˜   ^ Ë±µ⁄»· ¿

ɛʇ

@Ŕ∆İ Ĝ¼Ë‑̟‰šĤ¹ĴŞfiīšŌË̟ġËĤđĴġfiË̟   İ ∆fiŁšŞË 
seq <- list(N); 
x[i in 0…N] <- interval(Min, Max);
constraint count(seq) == N;
constraint and(1…N, i => x[seq[i-1]] < x[seq[i]]);

WËŔ∆¼ŕ ̟ uĜīšİ šŝËġ̟̟‰đËĤ̟Şđī̟ ơĴŞġđ¼¼̟ͧīŁË̟ËŔĜġËĤĤšđŞ̟đŌËġ̟īŁË̟ËŞīšġË̟šŞīËġŌ∆¼̟̟đ˙ ̟ ̟ Ŕ
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2

ĤËĠ̟Ⅳ̟  ɼ ‷̟ɜ‷̟ɩ ‷̟ɺ ‷̟ɛ 

x[0] x[3] x[4] x[1] x[2]

õŁË̟ ˙đġİ Ĵ¼∆īšđŞ̟đ˙ ̟ īŁË̟fiđŞĤīġ∆šŞī̟ ĴĤËĤ̟∆̟Ō∆ġš∆‰šfi ̟ ơ∆Ş‰͗ ̟  ËĠĴšŌ∆¼ËŞī̟ īđ̟ ∆̟ ơ̇đġ∆¼¼̟͗ËŔĜġËĤĤšđŞ  ‑̟ ĤšŝË̟šĤ̟u   Ş  ̟
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Eµİ û⁄Ş‟eÙš»‡ »čµ˜   ^ Ë±µ⁄»· ¿

ɛʈ

@Ŕ∆İ Ĝ¼Ë‑̟‰šĤ¹ĴŞfiīšŌË̟ġËĤđĴġfiË̟   İ ∆fiŁšŞË  ̟ ō šīŁ̟ ĤËĠĴËŞfiË‗‰ËĜËŞ‰ËŞī̟ ĤËīĴĜ̟īšİ ËĤ
seq <- list(N); 
x[i in 0…N] <- interval(Min, Max);
constraint count(seq) == N;
constraint and(1…N, i => end(x[seq[i-1]]) + SetupTime[seq[i-1]][seq[i]] <= start(x[seq[i]]));

WËŔ∆¼ŕ ̟ uĜīšİ šŝËġ̟̟‰đËĤ̟Şđī̟ ơĴŞġđ¼¼̟ͧīŁË̟ËŔĜġËĤĤšđŞ̟đŌËġ̟īŁË̟ËŞīšġË̟šŞīËġŌ∆¼̟̟đ˙ ̟ ̟ Ŕ

0
1

4
3

2

ĤËĠ̟Ⅳ̟  ɼ ‷̟ɜ‷̟ɩ ‷̟ɺ ‷̟ɛ 

x[0] x[3] x[4] x[1] x[2]

õŁË̟ ˙đġİ Ĵ¼∆īšđŞ̟đ˙ ̟ īŁË̟fiđŞĤīġ∆šŞī̟ ĴĤËĤ̟∆̟Ō∆ġš∆‰šfi ̟ ơ∆Ş‰͗ ̟  ËĠĴšŌ∆¼ËŞī̟ īđ̟ ∆̟ ơ̇đġ∆¼¼̟͗ËŔĜġËĤĤšđŞ  ‑̟ ĤšŝË̟šĤ̟u   Ş  ̟
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ɛʌ

@Ŕ∆İ Ĝ¼Ë‑̟‰šĤ¹ĴŞfiīšŌË̟ġËĤđĴġfiË̟   İ ∆fiŁšŞË  ̟ ō šīŁ̟ ĤËĠĴËŞfiË‗‰ËĜËŞ‰ËŞī̟ ĤËīĴĜ̟īšİ ËĤ
seq <- list(N); 
x[i in 0…N] <- interval(Min, Max);
constraint count(seq) == N;
constraint and(1…N, i => end(x[seq[i-1]]) + SetupTime[seq[i-1]][seq[i]] <= start(x[seq[i]]));

@Ŕ∆İ Ĝ¼Ë‑̟ ĤËīĴĜ̟fiđĤīĤ
minimize sum(1…N, i => SetupCost[seq[i-1]][seq[i]]);

WËŔ∆¼ŕ ̟ uĜīšİ šŝËġ̟̟‰đËĤ̟Şđī̟ ơĴŞġđ¼¼̟ͧīŁË̟ËŔĜġËĤĤšđŞ̟đŌËġ̟īŁË̟ËŞīšġË̟šŞīËġŌ∆¼̟̟đ˙ ̟ ̟ Ŕ
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Eµİ û⁄Ş‟eÙš»‡ »čµ˜   ^ Ë±µ⁄»· ¿

ɛʍ

@Ŕ∆İ Ĝ¼Ë‑̟‰šĤ¹ĴŞfiīšŌË̟ġËĤđĴġfiË̟   İ ∆fiŁšŞË  ̟ ∆¼¼đfi∆īšđŞ
seq[j in 0…M] <- list(N); 
x[i in 0…N] <- interval(Min, Max);
constraint partition(seq);
for [j in 0…M] constraint and(1…count(seq[j]), i => x[seq[j][i-1]] < x[seq[j][i]]);

WËŔ∆¼ŕ ̟ uĜīšİ šŝËġ̟̟‰đËĤ̟Şđī̟ ơĴŞġđ¼¼̟ͧīŁË̟ËŔĜġËĤĤšđŞ̟đŌËġ̟īŁË̟ËŞīšġË̟šŞīËġŌ∆¼̟̟đ˙ ̟ ̟ Ŕ

0
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3

2 ĤËĠ ɺ ̟ Ⅳ̟  ɩ ‷̟ɺ ‷̟ɛ 

x[0] x[3] x[4] x[1] x[2]

ĤËĠ ɼ  ̟ Ⅳ̟  ɼ ‷̟ɜ

õŁË̟ ˙đġİ Ĵ¼∆īšđŞ̟đ˙ ̟ īŁË̟fiđŞĤīġ∆šŞī̟ ĴĤËĤ̟∆̟Ō∆ġš∆‰šfi ̟ ơ∆Ş‰͗ ̟  ËĠĴšŌ∆¼ËŞī̟ īđ̟ ∆̟ ơ̇đġ∆¼¼̟͗ËŔĜġËĤĤšđŞ  ‑̟ ĤšŝË̟šĤ̟u   Ş  ̟
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ɜɼ

@Ŕ∆İ Ĝ¼Ë‑̟‰šĤ¹ĴŞfiīšŌË̟ġËĤđĴġfiË̟   İ ∆fiŁšŞË  ̟ ∆¼¼đfi∆īšđŞ
seq[j in 0…M] <- list(N); 
x[i in 0…N] <- interval(Min, Max);
constraint partition(seq);
for [j in 0…M] constraint and(1…count(seq[j]), i => x[seq[j][i-1]] < x[seq[j][i]]);

@Ŕ∆İ Ĝ¼Ë‑̟ ġËĤđĴġfiË‗‰ËĜËŞ‰ËŞī̟ ˙Ë∆īĴġËĤ
constraint  contains(seq[0], 3);   ̟ 6đİ ĜĴ¼Ĥđġŕ ̟ İ ∆fiŁšŞË
constraint !contains(seq[0], 2);   ̟ ZŞfiđİ Ĝ∆īš› ¼Ë̟ İ ∆fiŁšŞË
constraint  contains(seq[0], 1) <= !contains(seq[1], 4) ;   ̟ <ËĜËŞ‰ËŞfiŕ ̟ fiđŞĤīġ∆šŞīĤ
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ɜɺ

@Ŕ∆İ Ĝ¼Ë‑̟‰šĤ¹ĴŞfiīšŌË̟ġËĤđĴġfiË̟   İ ∆fiŁšŞË  ̟ ∆¼¼đfi∆īšđŞ
seq[j in 0…M] <- list(N); 
x[i in 0…N] <- interval(Min, Max);
constraint partition(seq);
for [j in 0…M] constraint and(1…count(seq[j]), i => x[seq[j][i-1]] < x[seq[j][i]]);

@Ŕ∆İ Ĝ¼Ë‑̟ ġËĤđĴġfiË‗‰ËĜËŞ‰ËŞī̟ ˙Ë∆īĴġËĤ
m[i in 0…N] <- find(seq, i); // n ∆fiŁšŞË̟đ˙ ̟ ī∆Ĥ³ ̟ š Ë¼Ëİ ËŞī̟ đ˙ ̟ īŁË̟Ĝ∆ġīšīšđŞ̟š› Ë¼đŞ˚ Ĥ̟īđ 
for [i in 0…N] {

constraint length(x[i]) == Duration[i][m[i]];   ̟ n ∆fiŁšŞË̟‰ËĜËŞ‰ËŞī̟‰Ĵġ∆īšđŞ
constraint start(x[i]) >= AvailableTime[m[i]];   ̟ n ∆fiŁšŞË̟Ĥī∆ġī̟ īšİ Ë

}
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ɜɛ

@Ŕ∆İ Ĝ¼Ë‑̟‰šĤ¹ĴŞfiīšŌË̟ġËĤđĴġfiË̟   İ ∆fiŁšŞË  ̟ ∆¼¼đfi∆īšđŞ
seq[j in 0…M] <- list(N); 
x[i in 0…N] <- interval(Min, Max);
constraint partition(seq);
for [j in 0…M] constraint and(1…count(seq[j]), i => x[seq[j][i-1]] < x[seq[j][i]]);

@Ŕ∆İ Ĝ¼Ë‑̟ ġËĤđĴġfiË‗‰ËĜËŞ‰ËŞī̟ ˙Ë∆īĴġËĤ
m[i in 0…N] <- find(seq, i); // n ∆fiŁšŞË̟đ˙ ̟ ī∆Ĥ³ ̟ š Ë¼Ëİ ËŞī̟ đ˙ ̟ īŁË̟Ĝ∆ġīšīšđŞ̟š› Ë¼đŞ˚ Ĥ̟īđ 
constraint end(x[i]) + TravelTime[m[i]][m[j]] <= start(x[j]);   ̟ 6Ł∆Ş˚ Ë‗đŌËġ̟īšİ Ë
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Eµİ û⁄Ş‟eÙš»‡ »čµ˜   ^ Ë±µ⁄»· ¿

ɜɜ

@Ŕ∆İ Ĝ¼Ë‑̟ fiĴİ Ĵ¼∆īšŌË̟ġËĤđĴġfiË

� ī̟ ∆Şŕ ̟ īšİ Ë̟ ī‷̟īŁË̟ĤĴİ ̟ đ˙ ̟ īŁË̟ō Ëš̊ ŁīĤ̟đ˙ ̟ īŁË̟ ī∆Ĥ³ Ĥ̟ġĴŞŞšŞ˚ ̟ đŞ̟ īŁË̟ġËĤđĴġfiË̟ İ ĴĤī̟ › Ë̟¼ËĤĤ̟īŁ∆Ş̟ īŁË̟
fi∆Ĝ∆fišīŕ ̟ đ˙ ̟ īŁË̟ġËĤđĴġfiË

x[i in 0…N] <- interval(Min, Max);
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ɜɩ

@Ŕ∆İ Ĝ¼Ë‑̟ fiĴİ Ĵ¼∆īšŌË̟ġËĤđĴġfiË

� ī ̟ ∆Şŕ ̟ īšİ Ë̟ ī‷̟īŁË̟ĤĴİ ̟ đ˙ ̟ īŁË̟ō Ëš̊ ŁīĤ̟đ˙ ̟ īŁË̟ ī∆Ĥ³ Ĥ̟ġĴŞŞšŞ˚ ̟ đŞ̟ īŁË̟ġËĤđĴġfiË̟ İ ĴĤī̟ › Ë̟¼ËĤĤ̟īŁ∆Ş̟
īŁË̟fi∆Ĝ∆fišīŕ ̟ đ˙ ̟ īŁË̟ġËĤđĴġfiË

x[i in 0…N] <- interval(Min, Max);

constraint and(0...Horizon, 
t => 
…);
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ɜʃ

@Ŕ∆İ Ĝ¼Ë‑̟ fiĴİ Ĵ¼∆īšŌË̟ġËĤđĴġfiË

� ī ̟ ∆Şŕ ̟ īšİ Ë̟ ī‷̟īŁË̟ĤĴİ ̟ đ˙ ̟ īŁË̟ō Ëš̊ ŁīĤ̟đ˙ ̟ īŁË̟ ī∆Ĥ³ Ĥ̟ġĴŞŞšŞ˚ ̟ đŞ̟ īŁË̟ġËĤđĴġfiË̟ İ ĴĤī̟ › Ë̟¼ËĤĤ̟īŁ∆Ş̟
īŁË̟fi∆Ĝ∆fišīŕ ̟ đ˙ ̟ īŁË̟ġËĤđĴġfiË

x[i in 0…N] <- interval(Min, Max);

constraint and(0...Horizon, 
t => 
sum[i in 0...N](Weight[i] …
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ɜʇ

@Ŕ∆İ Ĝ¼Ë‑̟ fiĴİ Ĵ¼∆īšŌË̟ġËĤđĴġfiË

� ī̟ ∆Şŕ ̟ īšİ Ë̟ ī‷̟īŁË̟ĤĴİ ̟ đ˙ ̟ īŁË̟ō Ëš̊ ŁīĤ̟đ˙ ̟ īŁË̟ ī∆Ĥ³ Ĥ̟ġĴŞŞšŞ˚ ̟ đŞ̟ īŁË̟ġËĤđĴġfiË̟ İ ĴĤī̟ › Ë̟¼ËĤĤ̟īŁ∆Ş̟
īŁË̟fi∆Ĝ∆fišīŕ ̟ đ˙ ̟ īŁË̟ġËĤđĴġfiË

x[i in 0…N] <- interval(Min, Max);

constraint and(0...Horizon, 
t => 
sum[i in 0...N](Weight[i] * contains(x[i], t)) …
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ɜʈ

@Ŕ∆İ Ĝ¼Ë‑̟ fiĴİ Ĵ¼∆īšŌË̟ġËĤđĴġfiË

� ī̟ ∆Şŕ ̟ īšİ Ë̟ ī‷̟īŁË̟ĤĴİ ̟ đ˙ ̟ īŁË̟ō Ëš̊ ŁīĤ̟đ˙ ̟ īŁË̟ ī∆Ĥ³ Ĥ̟ġĴŞŞšŞ˚ ̟ đŞ̟ īŁË̟ġËĤđĴġfiË̟ İ ĴĤī̟ › Ë̟¼ËĤĤ̟īŁ∆Ş̟
īŁË̟ fi∆Ĝ∆fišīŕ ̟ đ˙ ̟ īŁË̟ġËĤđĴġfiË

x[i in 0…N] <- interval(Min, Max);

constraint and(0...Horizon, 
t => 
sum[i in 0...N](Weight[i] * contains(x[i], t)) <= Capacity);

õŁË̟fiđŞĤīġ∆šŞī̟ šĤ̟ō ġšīīËŞ̟ šŞ̟ šŞīËŞīšđŞ‑̟WËŔ∆¼ŕ ̟ uĜīšİ šŝËġ̟‰đËĤ̟Şđī̟ ĴŞġđ¼¼̟īŁË̟¼đđĜ̟đŞ̟ ī̟
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Eµİ û⁄Ş‟eÙš»‡ »čµ˜   ^ Ë±µ⁄»· ¿

ɜʌ

@Ŕ∆İ Ĝ¼Ë‑̟ fiĴİ Ĵ¼∆īšŌË̟ġËĤđĴġfiË

õŁË̟ īËİ Ĝđġ∆¼̟ĤfiđĜË̟fi∆Ş̟ › Ë̟ ∆̟Ō∆ġš∆› ¼Ë̟ġ∆Ş˚ Ë̟đġ̟∆Ş̟šŞīËġŌ∆¼̟Ō∆ġš∆› ¼Ë

x[i in 0…N] <- interval(Min, Max);

constraint and(0...makespan, 
t => 
sum[i in 0...N](Weight[i] * contains(x[i], t)) <= Capacity);

õŁË̟fiđŞĤīġ∆šŞī̟ šĤ̟ō ġšīīËŞ̟ šŞ̟ šŞīËŞīšđŞ‑̟WËŔ∆¼ŕ ̟ uĜīšİ šŝËġ̟‰đËĤ̟Şđī̟ ĴŞġđ¼¼̟īŁË̟¼đđĜ̟đŞ̟ ī̟
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ɜʍ

@Ŕ∆İ Ĝ¼Ë‑̟ fiĴİ Ĵ¼∆īšŌË̟ġËĤđĴġfiË

õŁË̟fi∆Ĝ∆fišīŕ ̟ İ ∆ŕ ̟ › Ë̟ īšİ Ë‗‰ËĜËŞ‰ËŞī

x[i in 0…N] <- interval(Min, Max);

constraint and(0...makespan, 
t => 
sum[i in 0...N](Weight[i] * contains(x[i], t)) <= Capacity[t]);

õŁË̟fiđŞĤīġ∆šŞī̟ šĤ̟ō ġšīīËŞ̟ šŞ̟ šŞīËŞīšđŞ‑̟WËŔ∆¼ŕ ̟ uĜīšİ šŝËġ̟‰đËĤ̟Şđī̟ ĴŞġđ¼¼̟īŁË̟¼đđĜ̟đŞ̟ ī̟
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ɩ ɼ

@Ŕ∆İ Ĝ¼Ë‑̟ fiĴİ Ĵ¼∆īšŌË̟ġËĤđĴġfiË

õŁË̟ ī∆Ĥ³ ̟ ĤfiđĜË̟ İ ∆ŕ ̟ › Ë̟ ∆̟  Ō∆ġš∆› ¼Ë  ̟ ĤËī

x[i in 0…N] <- interval(Min, Max);

constraint and(0...makespan, 
t => 
sum(taskset, i => (Weight[i] * contains(x[i], t)) <= Capacity[t]);

õŁË̟fiđŞĤīġ∆šŞī̟ šĤ̟ō ġšīīËŞ̟ šŞ̟ šŞīËŞīšđŞ‑̟WËŔ∆¼ŕ ̟ uĜīšİ šŝËġ̟‰đËĤ̟Şđī̟ ĴŞġđ¼¼̟īŁË̟¼đđĜ̟đŞ̟ ī̟
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ɩ ɺ

¥ ġ∆Ĝ‗ĴĜ‑̟6đİ Ĝ¼ËīË̟ i î ç ̟ İ đ‰Ë¼̟̇đġ̟īŁË̟êËĤđĴġfiË̟6đŞĤīġ∆šŞË‰̟çġđ¹Ëfiī̟ î fiŁË‰Ĵ¼šŞ˚ ̟ çġđ› ¼Ëİ  ê6 çî ç  

41

function model() {
  task[i in 0...n] <- interval(0, H);
 for [i in 0...n] constraint length(task[i]) == DUR[i];
 for [i in 0...n][j in 0...NSUCC[i]] constraint task[i] < task[SUCC[i][j]];
 makespan <- max[i in 0...n](end(task[i]));
 for [r in 0...m]
  constraint and(0...makespan, t => sum[i in 0...n](USE[i][r] * contains(task[i],t)) <= CAP[r]);
 minimize makespan;
}

W‑̟ ̟ ̟ ̟ î fiŁË‰Ĵ¼Ë̟ŁđġšŝđŞ
<†ê  š ‑̟ ̟ ̟ ̟ ̟ ̟ ̟ ̟ ̟ ̟ ̟ ̟ <Ĵġ∆īšđŞ̟đ˙ ̟ ī∆Ĥ³ ̟ š̟
o î †66   š ‑̟ ̟ ̟ ̟ ̟ oĴİ › Ëġ̟đ˙ ̟ ĤĴfifiËĤĤđġĤ̟đ˙ ̟ ī∆Ĥ³ ̟ š̟̟
î † 6 6   š   ¹ ‑̟ ̟ ̟ ¹īŁ̟ ĤĴfifiËĤĤđġ̟đ˙ ̟ ī∆Ĥ³ ̟ š̟̟
6 � ç   ġ ‑̟ ̟ ̟ ̟ 6∆Ĝ∆fišīŕ ̟ đ˙ ̟ ġËĤđĴġfiË̟ ġ̟
† î @  š   ġ ‑̟ ̟ ̟ ̟ è Ĵ∆Şīšīŕ ̟ đ˙ ̟ ġËĤđĴġfiË̟ ġ̟ĴĤË‰̟› ŕ ̟ ī∆Ĥ³ ̟ š

ī∆Ĥ³   š ‑̟ ̟ ̟ ̟ ̟ ̟ ̟ ̟ ̟ ̟ ̟ ̟ ZŞīËġŌ∆¼̟ġËĜġËĤËŞīšŞ˚ ̟ ī∆Ĥ³ ̟ š



ɩ ɛ

ç ŕ īŁđŞ e∆Ō∆ 6KK i î ç6 

uĜīšİ šŝ∆īšđŞ̟Ĝġđ› ¼Ëİ

� çZ

î đ¼ŌËġ

5đĴŞ‰Ĥî đ¼ĴīšđŞĤ
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6đđĜËġ∆īšđŞ̟đ˙ ̟‰ṧ˙ËġËŞī̟ ËŔ∆fiī̟ ∆Ş‰̟ŁËĴġšĤīšfi ̟ ∆¼̊đġšīŁİ Ĥ̟



ɩ ɜ

qµ˜øË˜‡ û· ´ µ

Q¼ËŔš› ¼Ë̟ eđ› ̟ î ŁđĜ
̟

Eµİ û⁄Ş‟½‶̊ ‶‟@Ð̃ Ë™»‟Ë· ‟š≈µ‟?⁄µİ »™⁄µ‟
SË™‟x≈ËÙ‟x´ ≈µ±Ð⁄»· ¿‟q˜Ë™⁄µ‡ ‟
 ?Sxq 



ɩ ɩ

qµ˜øË˜‡ û· ´ µ‟ q˜»‡ û⁄ ‟̊ Ë⁄Ðš»Ë· ˚ 

eđ› ̟ î ŁđĜ
̟ ɛ‴ɛⅶ̟‰ËŌš∆īšđŞ‷̟
̟ šŞĤī∆ŞfiËĤ̟ĴĜ̟īđ̟ ɛɼ ɼ ɼ ̟ ¹đ› Ĥ

Q¼ËŔš› ¼Ë̟ eđ› ̟ î ŁđĜ
̟ ɼ ‴ʃ ⅶ̟‰ËŌš∆īšđŞ‷̟
̟ šŞĤī∆ŞfiËĤ̟ĴĜ̟īđ̟ ʃ ɼ ɼ ̟ ¹đ› Ĥ

Qeî ç ̟ ō šīŁ̟ īġ∆ŞĤšīšđŞ̟ īšİ Ë
̟ ɼ ‴ʍʇ ⅶ̟‰ËŌš∆īšđŞ‷̟
̟ šŞĤī∆ŞfiËĤ̟ĴĜ̟īđ̟ ʃ ɼ ɼ ̟ ī∆Ĥ³Ĥ

Qeî ç ̟ ō šīŁ̟ fi∆¼ËŞ‰∆ġĤ
̟ ɛ‴ɛʃ ⅶ̟‰ËŌš∆īšđŞ‷̟
̟ šŞĤī∆ŞfiËĤ̟ĴĜ̟īđ̟ ʃ ɼ ɼ ̟ ¹đ› Ĥ

uĜËŞ̟ î ŁđĜ
̟ ɼ ‴ɼ ʇ ⅶ̟‰ËŌš∆īšđŞ‷̟
̟ šŞĤī∆ŞfiËĤ̟ĴĜ̟īđ̟ ɩ ɼ ɼ ̟ ī∆Ĥ³Ĥ

ê6 ç î ç ̟   fiĴ İ Ĵ¼∆īšŌË 
̟ ɺ‴ɩ ɛⅶ̟‰ËŌš∆īšđŞ‷̟
̟ šŞĤī∆ŞfiËĤ̟ĴĜ̟īđ̟ ɜɼ ɼ ̟ ī∆Ĥ³Ĥ

1µ½»ûš»Ë· ‟šË‟š≈µ‟™µ˚ š  ◊· Ë¼· ‟
˚ Ë⁄Ðš»Ë· ‟»· ‟̗ ̔ ˚ ‟¼»š≈‟Eµİ û⁄Ş‟̏ ̍ ‶̔



ɩ ʃ

qµ˜øË˜‡ û· ´ µ‟ XË¼µ˜ ‟™ËÐ· ±˚ 

@ûÙ‟™µš¼µµ· ‟Eµİ û⁄Ş‟⁄Ë¼µ˜‟™ËÐ· ±‟
û· ±‟š≈µ‟™µ˚ š  ◊· Ë¼· ‟̊ Ë⁄Ðš»Ë· ‟»· ‟̗ ̔ ˚

ê6 ç î ç
̟ WËŔ∆¼ŕ ̟ šİ ĜġđŌËĤ̟īŁË̟ › ËĤī̟ ³ Şđō Ş̟
̟ ¼đō Ëġ̟› đĴŞ‰Ĥ̟đŞ̟ɛʃ ⅶ̟ đ˙ ̟ īŁË̟
̟ šŞĤī∆ŞfiËĤ̟˙ġđİ ̟ īŁË̟êRɜɼ ɼ ̟ › ËŞfiŁİ ∆ġ³
̟   ɺɛɺ ̟ šŞĤī∆ŞfiËĤ̟đŌËġ̟ɩ ʌɼ  



ɩ ʇ

qµ˜øË˜‡ û· ´ µ‟ x ´ û⁄»· ¿‟Ë· ‟⁄ û˜¿µ‟Ù˜Ë™⁄µ‡ ˚ 

~»‡ µ‟šË‟ø»· ±‟û‟øµû˚ »™⁄µ‟̊ Ë⁄Ðš»Ë· ‟øË˜‟
”Ë™  ˚ ≈ËÙ‟Ù̃ Ë™⁄µ‡ ˚ ‟ÐÙ‟šË‟̏ ‶̔ ̔ ̔ ‶̔ ̔ ̔ ‟
ËÙµ˜ûš»Ë· ˚ ‟¼»š≈‟Eµİ û⁄Ş‟̏ ̍ ‶̔



Mathematical solvers for scheduling problems
Eµİ û⁄Ş‟eÙš»‡ »čµ˜

ɩ ʈ

õ∆³ Ë̟Łđİ Ë̟ İ ËĤĤ∆˚ ËĤ

ɺ‴ †ĤšŞ˚ ̟ İ ∆īŁËİ ∆īšfi∆¼̟fiđŞfiËĜīĤ̟› Ëŕ đŞ‰̟ŞĴİ Ëġšfi∆¼̟Ō∆ġš∆› ¼ËĤ̟∆Ş‰̟¼šŞË∆ġ̟fiđŞĤīġ∆šŞīĤ̟ŁË¼ĜĤ̟˙đġ̟
İ đ‰Ë¼šŞ˚ ̟ ∆Ş‰̟Ĥđ¼ŌšŞ˚ ̟ ĤfiŁË‰Ĵ¼šŞ˚ ̟ Ĝġđ› ¼Ëİ Ĥ‑

• çËġİ Ĵī∆īšđŞĤ̟ ¼šĤīĤ  ̟ ∆¼¼đō ̟ ˙đġ̟¼šŞË∆ġ̟İ đ‰Ë¼šŞ˚ ̟ đ˙ ̟ ĤËĠĴËŞfišŞ˚ ̟ fiđŞĤīġ∆šŞīĤ̟  šŞĤīË∆‰̟đ˙ ̟ ĠĴ∆‰ġ∆īšfi 

• ZŞīËġŌ∆¼Ĥ̟∆Ş‰̟̇ĴŞfiīšđŞĤ̟∆¼¼đō ̟ ˙đġ̟∆Ōđš‰šŞ˚ ̟ īŁË̟fiĴġĤË̟đ˙ ̟ īšİ Ë̟ËŞĴİ Ëġ∆īšđŞ̟  ∀ī 

• õŁËĤË̟fiđŞfiËĜīĤ̟ĜġđŌš‰Ë̟ĤīġĴfiīĴġË̟ īŁ∆ī̟ fi∆Ş̟ › Ë̟ËŔĜ¼đšīË‰̟› ŕ ̟ īŁË̟Ĥđ¼ŌËġ

• õŁËġË̟šĤ̟Şđ̟ ġË∆¼̟ŞËË‰̟̇đġ̟˚ ¼đ› ∆¼̟fiđŞĤīġ∆šŞīĤ̟šŞ̟ īŁË̟ İ đ‰Ë¼šŞ˚ ̟ ¼∆Ş˚ Ĵ∆˚ Ë

ɛ‴WËŔ∆¼ŕ ̟ uĜīšİ šŝËġ̟šĤ̟∆̟ İ ∆īŁËİ ∆īšfi∆¼̟Ĥđ¼ŌËġ̟īŁ∆ī̟ ĜËġ̇Ëfiī¼ŕ ̟ š¼¼ĴĤīġ∆īËĤ̟īŁË̟∆› đŌË̟ĜġšŞfišĜ¼ËĤ


