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×òî áû íàì åù¼ òàêîå äîêàçàòü

Ìû âîò óæå ïîñòðîèëè àóêöèîí, ó êîòîðîãî êîíñòàíòíàÿ

îïòèìàëüíîñòü îòíîñèòåëüíî F (2).

Òåïåðü îñòàëîñü åù¼ ïîíÿòü, êàêèå áûâàþò êîíñòàíòû.

Òî åñòü õîòåëîñü áû äîêàçàòü íèæíþþ îöåíêó íà

âîçìîæíóþ îïòèìàëüíîñòü.
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×òî âåðíî è ÷òî ìû äîêàæåì

Òåîðåìà

Ëþáîé àóêöèîí íå ìåíåå ÷åì 2.42-îïòèìàëåí îòíîñèòåëüíî

F (2).

Íî ìû äîêàæåì øòóêó ïîïðîùå.

Òåîðåìà

Ëþáîé àóêöèîí ñ äâóìÿ àãåíòàìè íå ìåíåå ÷åì 2-îïòèìàëåí

îòíîñèòåëüíî F (2).
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Äîêàçàòåëüñòâî

Îáùàÿ èäåÿ òàêàÿ: ñíà÷àëà ìû ðàññìîòðèì ñòàâêè, âçÿòûå

ñëó÷àéíî èç íåêîòîðîãî ðàñïðåäåëåíèÿ.

Çàòåì äîêàæåì, ÷òî Eb[A(b)] ≤ Eb [F(2)(b)]
2

.

Èç ýòîãî áóäåò ñëåäîâàòü, ÷òî åñòü âåêòîð b∗, äëÿ êîòîðîãî

A(b∗) ≤ F(2)(b∗)
2

.
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Âûáåðåì ðàñïðåäåëåíèå òàê, ÷òîáû ïðîùå áûëî èñêàòü

Eb[A(b)] (íàì âåäü äëÿ êàæäîãî àóêöèîíà íàäî

àíàëèçèðîâàòü).

Âñïîìíèì ïðèìåð èç ñàìîãî íà÷àëà ïðîøëîé ëåêöèè: ìû

òîãäà íàøëè òàêîå ðàñïðåäåëåíèå, íà êîòîðîì êàêóþ öåíó

íè âîçüìè, ïðèáûëü áóäåò îäíà è òà æå.

È ñåé÷àñ ìû åãî òîæå èñïîëüçóåì... êàêîå îíî?
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Äîêàçàòåëüñòâî

Ðàññìîòðèì b, äëÿ êîòîðîãî Pr[bi > z ] = 1

z
.

Ýòî çíà÷èò, ÷òî äëÿ ëþáîé öåíû ti îæèäàåìàÿ âûïëàòà

àãåíòà i ðàâíà ti × Pr[bi ≥ ti ] = 1.

Çíà÷èò, îæèäàåìàÿ ïðèáûëü ëþáîãî àóêöèîíà A ðàâíà

Eb[A(b)] = n, ò.å. 2 â ñëó÷àå äâóõ àãåíòîâ.
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À êàêîå áóäåò Eb[F (2)(b)]?

F (2)(b) = maxi≥2 ib(i), ãäå b(i) � i-ÿ ñâåðõó ñòàâêà.

Äëÿ äâóõ àãåíòîâ ýòî ïðîñòî

F (2)(b1, b2) = 2b(2) = 2min{b1, b2}.

Çíà÷èò,

Pr b

[
F (2)(b) > z

]
= Pr b

[
b1 ≥

z

2
∧ b2 ≥

z

2

]
=

= Pr b

[
b1 ≥

z

2

]
Pr b

[
b2 ≥

z

2

]
=

4

z2
.
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Prb
[
F (2)(b) > z

]
= 4

z2
.

Ýòî âåðíî äëÿ z ≥ 2; î÷åâèäíî, ÷òî äëÿ z < 2

Prb
[
F (2)(b) > z

]
= 1.

Òàêèì îáðàçîì,

Eb

[
F (2)(b)

]
=

∫∞
0

Pr b

[
F (2)(b) ≥ z

]
dz = 2+

∫∞
2

4

z2
dz = 4.
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Âîò è âñ¼ äîêàçàëè: íàøëè ðàñïðåäåëåíèå, äëÿ êîòîðîãî

Eb

[
F (2)(b)

]
= 4 ≥ 2× 2 = 2× Eb [A(b)] .

Çíà÷èò, ìîæíî âûáðàòü òàêîé b∗, äëÿ êîòîðîãî

A(b∗) ≤ F(2)(b∗)
2

.

Ñåðãåé Íèêîëåíêî Îíëàéí-àóêöèîíû



Íèæíèå îöåíêè
Îïðåäåëåíèÿ è expert advice

Àëãîðèòì Êàëàè
Ïðèëîæåíèå ê îöåíêàì íà âûïëàòû àóêöèîíîâ

Îíëàéí-àóêöèîíû
Machine Learning: expert advice
Follow the leader è Weighted Majority

Outline

1 Íèæíèå îöåíêè

Íèæíÿÿ îöåíêà â 2

2 Îïðåäåëåíèÿ è expert advice

Îíëàéí-àóêöèîíû

Machine Learning: expert advice

Follow the leader è Weighted Majority

3 Àëãîðèòì Êàëàè

Îïðåäåëåíèå

4 Ïðèëîæåíèå ê îöåíêàì íà âûïëàòû àóêöèîíîâ

Non-uniform àëãîðèòì

Îáñóæäåíèå

Ñåðãåé Íèêîëåíêî Îíëàéí-àóêöèîíû



Íèæíèå îöåíêè
Îïðåäåëåíèÿ è expert advice

Àëãîðèòì Êàëàè
Ïðèëîæåíèå ê îöåíêàì íà âûïëàòû àóêöèîíîâ

Îíëàéí-àóêöèîíû
Machine Learning: expert advice
Follow the leader è Weighted Majority

Ïîñòàíîâêà

Êàê è ïðåæäå, ó íàñ åñòü íåêàÿ âåùü è N àãåíòîâ, êîòîðûå

õîòÿò å¼ êóïèòü.

Ó àãåíòîâ åñòü ñâîè öåíû xi .

Ó íàñ åñòü N êîïèé âåùè, òàê ÷òî ìû ìîæåì õîòü êàæäîìó

àãåíòó ïðîäàòü (digital good).
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Òåïåðü çàäà÷à ìîäèôèöèðóåòñÿ: àãåíòû ïðèõîäÿò ïî

îäíîìó, è ìû äîëæíû êàæäîìó âûäàòü öåíó.

Òî åñòü íà øàãå i ïðèõîäèò àãåíò ñî ñòàâêîé bi , è ìåõàíèçì

ðåøàåò, ïðîäàòü ëè åìó (áèò di ) è ïî êàêîé öåíå pi .

Äëÿ ïðàâäèâîñòè íóæíî, ÷òîáû di è pi íå çàâèñåëè îò bi .

Ñåðãåé Íèêîëåíêî Îíëàéí-àóêöèîíû



Íèæíèå îöåíêè
Îïðåäåëåíèÿ è expert advice

Àëãîðèòì Êàëàè
Ïðèëîæåíèå ê îöåíêàì íà âûïëàòû àóêöèîíîâ

Îíëàéí-àóêöèîíû
Machine Learning: expert advice
Follow the leader è Weighted Majority

Ìèíèìàëüíàÿ âûèãðûâàþùàÿ ñòàâêà

Êàê è ðàíüøå, ñóòü â òîì, ÷òîáû îïðåäåëÿòü ìèíèìàëüíóþ

âûèãðûâàþùóþ ñòàâêó ti : ìèíèìàëüíóþ ñòàâêó, ïðè

êîòîðîé àãåíò i âûèãðûâàåò.

Äëÿ ïðàâäèâîñòè íóæíî, ÷òîáû ti íå çàâèñåëî îò ñòàâêè bi .

À äëÿ îíëàéíîâîñòè íóæíî, ÷òîáû ti íå çàâèñåëî îò ñòàâîê

àãåíòîâ, êîòîðûå ïðèäóò ïîòîì.

Òî åñòü ýòî ôóíêöèÿ ti (b1, . . . , bi−1).
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Öåëü

Êàê è ïðåæäå, íàøà öåëü � ïðèáëèçèòüñÿ ê áåí÷ìàðêå.

Íà ýòîò ðàç ìû ïðèáëèæàåìñÿ ê áåí÷ìàðêå F(b) �

ïðèáûëè îò ïðîäàæè ïî îäíîé îïòèìàëüíîé öåíå:

F(x) = max
p

p × {ê-âî ó÷àñòíèêîâ ñ xi ≥ p}.

È, êàê è ïðåæäå, áóäåì ïûòàòüñÿ äåëàòü

ñêîëüêî-íèáóäü-îïòèìàëüíûå àëãîðèòìû.
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Ïîñòàíîâêà

Ïåðåä íàìè ñòîèò çàäà÷à:

ñòàâêè èç [1, h];

n àãåíòîâ;
íà ðàóíäå i ìåõàíèçì

1 âûáèðàåò öåíó ïðåäëîæåíèÿ ti ,
2 óçíà¼ò bi ,
3 ïîëó÷àåò pi = ti , åñëè ti ≤ bi , è 0 â ïðîòèâíîì ñëó÷àå;

öåëü � ïðèáëèçèòüñÿ ê F(b).
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Ïîñòàíîâêà

Â machine learning åñòü òàêàÿ çàäà÷à.

k ýêñïåðòîâ;

n èòåðàöèé;
íà ðàóíäå i àëãîðèòì

1 âûáèðàåò ýêñïåðòà j ,
2 óçíà¼ò payo�s q

(i)
1 , . . . , q

(i)
k ,

3 ïîëó÷àåò q
(i)
j ;

öåëü � ïðèáëèçèòüñÿ ê îïòèìàëüíîìó ýêñïåðòó, ê

maxj

∑n

i=1
q

(i)
j .
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Ïðèìåð

Ïðèìåð � åñòü k ïðåäñêàçàòåëåé ïîãîäû.

Ìû êàæäûé âå÷åð èõ îïðàøèâàåì íà çàâòðà è âûáèðàåì,

êîìó ïîâåðèòü.

Ïîëó÷àåì ñîîòâåòñòâóþùóþ ïðèáûëü (óçíàâàÿ ïðè ýòîì,

íàñêîëüêî îíè âñå áûëè òî÷íû).

Íàøà öåëü � ìàêñèìàëüíî ïðèáëèçèòüñÿ ê ñàìîìó

ëó÷øåìó èç ïðåäñêàçàòåëåé.
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Ñâåäåíèå

Äàâàéòå ñâåä¼ì çàäà÷ó îíëàéí-àóêöèîíà ê çàäà÷å expert

learning.

Ïóñòü ýêñïåðò j íà êàæäîì øàãå ïðåäëàãàåò óñòàíîâèòü

öåíó 2j .

Åãî payo� òîãäà ïîëó÷àåòñÿ 2j , êîãäà 2j ≤ bi , è 0 â

ïðîòèâíîì ñëó÷àå.

Çäåñü k = log h (ñòàâêè â [0, h]).
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Ñâåäåíèå

Òîãäà ïîëó÷àåòñÿ ñîîòâåòñòâèå ìåæäó ëó÷øèì ýêñïåðòîì è

ëó÷øåé öåíîé èç òåõ, êîòîðûå ÿâëÿþòñÿ ñòåïåíÿìè äâîéêè.

Òî åñòü îïòèìàëüíûé àëãîðèòì expert learning äàñò

2-îïòèìàëüíûé îíëàéí-àóêöèîí.

Ðàçóìååòñÿ, 2 ìîæíî çàìåíèòü íà 1 + ε, à ýêñïåðòîâ âñ¼

ðàâíî áóäåò O(log h).

Íî ìû â äàëüíåéøåì áóäåì ïðîñòî ïðåäïîëàãàòü, ÷òî

êîíñòàíòà ðàâíà 2.
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Follow the leader

Âîò ïðèìåð àëãîðèòìà, (íå) ðåøàþùåãî çàäà÷ó

ýêñïåðòíîãî îáó÷åíèÿ.

Follow the leader:

Ïóñòü s
(i)
j =

∑i

i ′=1
q

(i ′)
j � îáùèé äîõîä ýêñïåðòà j âïëîòü

äî ðàóíäà i .

Íà ðàóíäå i âûáåðåì j = argmaxjs
(i−1)
j .
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Ïëîõîé ïðèìåð

Ðàññìîòðèì ïðèìåð ñî ñëåäóþùèìè äîõîäàìè ýêñïåðòîâ:
1 2 3 4 . . .

Expert 1: 1

2
0 1 0 . . .

Expert 2: 0 1 0 1 . . .

Ïîíÿòíî, ÷òî òóò âîîáùå íè÷åãî íå ïîëó÷èòñÿ.

Íî èäåÿ õîðîøà; íàäî òîëüêî ÷óòü ðàíäîìèçèðîâàòü.
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Îíëàéí-àóêöèîíû
Machine Learning: expert advice
Follow the leader è Weighted Majority

Weighted Majority

Ïðåäïîëîæèì, ÷òî äîõîäû ýêñïåðòîâ ëåæàò â [0, h].

Òîãäà îïÿòü ðàññìîòðèì s
(i)
j =

∑i
i ′=1

q
(i ′)
j .

Òåïåðü â ðàóíäå i áóäåì âûáèðàòü ýêñïåðòà j ñ

âåðîÿòíîñòüþ, ïðîïîðöèîíàëüíîé 2
s
(i−1)
j

h .
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Îíëàéí-àóêöèîíû
Machine Learning: expert advice
Follow the leader è Weighted Majority

Êàê ðàáîòàåò Weighted Majority

Òåîðåìà

Äëÿ äîõîäîâ ýêñïåðòîâ â [0, h] îæèäàåìûé äîõîä Weighted

Majority

E [Payo�] ≥ Opt

2
− O(h log k).

Äîêàçûâàòü íå áóäåì.
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Îíëàéí-àóêöèîíû
Machine Learning: expert advice
Follow the leader è Weighted Majority

Êàê ðàáîòàåò Weighted Majority

Òåîðåìà

Äëÿ äîõîäîâ ýêñïåðòîâ â [0, h] îæèäàåìûé äîõîä Weighted

Majority

E [Payo�] ≥ Opt

2
− O(h log k).

Ñëåäñòâèå

Àëãîðèòì Weighted Majority äëÿ îíëàéí-àóêöèîíîâ ïîçâîëÿåò

äîñòè÷ü

E [Pro�t] ≥ F
4

− O(h log log h).
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Ïðèëîæåíèå ê îöåíêàì íà âûïëàòû àóêöèîíîâ

Îïðåäåëåíèå

Outline

1 Íèæíèå îöåíêè

Íèæíÿÿ îöåíêà â 2

2 Îïðåäåëåíèÿ è expert advice

Îíëàéí-àóêöèîíû

Machine Learning: expert advice

Follow the leader è Weighted Majority

3 Àëãîðèòì Êàëàè

Îïðåäåëåíèå

4 Ïðèëîæåíèå ê îöåíêàì íà âûïëàòû àóêöèîíîâ

Non-uniform àëãîðèòì

Îáñóæäåíèå
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Íèæíèå îöåíêè
Îïðåäåëåíèÿ è expert advice

Àëãîðèòì Êàëàè
Ïðèëîæåíèå ê îöåíêàì íà âûïëàòû àóêöèîíîâ

Îïðåäåëåíèå

Àëãîðèòì

Kalai's Online Learning Algorithm.

Ïðåäïîëîæèì, ÷òî äîõîäû ýêñïåðòîâ ëåæàò â [0, h].

1 Ãàëëþöèíàöèè: óñòàíîâèì s
(0)
j = h × {ê-âî îðëîâ ïîäðÿä}.

2 Â ðàóíäå i âûáèðàåì ýêñïåðòà j = argmaxj ′(s
(0)
j ′ + s

(i−1)
j ′ ).
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Àëãîðèòì Êàëàè
Ïðèëîæåíèå ê îöåíêàì íà âûïëàòû àóêöèîíîâ

Îïðåäåëåíèå

Êà÷åñòâî

Òåîðåìà

Äëÿ àëãîðèòìà Kalai E [Payo�] ≥ Opt

2
− O(h log k).

Ïëàí äîêàçàòåëüñòâà:

Ñíà÷àëà ïðåäïîëîæèì, ÷òî âìåñòî follow-the-leader ó íàñ

be-the-leader, ò.å. argmaxj ′(s
(0)
j ′ + s

(i)
j ′ ).

Ïîòîì äîêàæåì, ÷òî follow-the-leader íå áîëåå ÷åì âäâîå

õóæå, ÷åì be-the-leader.
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Ïðèëîæåíèå ê îöåíêàì íà âûïëàòû àóêöèîíîâ

Îïðåäåëåíèå

Êà÷åñòâî

Òåîðåìà

Äëÿ àëãîðèòìà Kalai E [Payo�] ≥ Opt

2
− O(h log k).

Ñíà÷àëà äîêàæåì, ÷òî äëÿ be-the-leader

E [Payo�] ≥ Opt − O(h log k).

Îáîçíà÷èì ÷åðåç Hi äîõîä ëó÷øåãî ýêñïåðòà.

H0 = maxj s
(0)
j ; Hn = maxj s

(0)
j + s

(n)
j .

Be-the-leader íà øàãå i îáÿçàòåëüíî ïîëó÷èò íå ìåíüøå

Hi − Hi−1.
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Ïðèëîæåíèå ê îöåíêàì íà âûïëàòû àóêöèîíîâ

Îïðåäåëåíèå

Êà÷åñòâî

Òåîðåìà

Äëÿ àëãîðèòìà Kalai E [Payo�] ≥ Opt

2
− O(h log k).

Çíà÷èò, îáùèé äîõîä áóäåò Hn − H0.

Hn ≥ Opt, ò.å. è E [Hn] ≥ Opt.

H0 � ýòî ìàêñèìóì èç h óìíîæèòü íà k ãåîìåòðè÷åñêèõ

ñëó÷àéíûõ âåëè÷èí (êîëè÷åñòâà îðëîâ).
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Ïðèëîæåíèå ê îöåíêàì íà âûïëàòû àóêöèîíîâ

Îïðåäåëåíèå

Êà÷åñòâî

Òåîðåìà

Äëÿ àëãîðèòìà Kalai E [Payo�] ≥ Opt

2
− O(h log k).

Óïðàæíåíèå: äîêàçàòü, ÷òî ýòîò ìàêñèìóì ðàâåí O(log k).
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Îïðåäåëåíèå

Êà÷åñòâî

Òåîðåìà

Äëÿ àëãîðèòìà Kalai E [Payo�] ≥ Opt

2
− O(h log k).

Òàêèì îáðàçîì, îæèäàåìûé äîõîä àëãîðèòìà be-the-leader

Opt − O(h log k).

Òåïåðü íóæíî äîêàçàòü, ÷òî follow-the-leader íå áîëåå ÷åì

âäâîå õóæå.
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Êà÷åñòâî

Òåîðåìà

Äëÿ àëãîðèòìà Kalai E [Payo�] ≥ Opt

2
− O(h log k).

Ìû äîêàæåì, ÷òî âåðîÿòíîñòü òîãî, ÷òî ëèäåð îñòàíåòñÿ

ïðåæíèì, â êàæäîì ðàóíäå ïî êðàéíåé ìåðå 1

2
.

Òîãäà, ïîñêîëüêó äîõîä âñ¼ ðàâíî íåîòðèöàòåëåí äàæå â

ïðîòèâíîì ñëó÷àå, âñ¼ ïîëó÷èòñÿ.

×òîáû ýòî äîêàçàòü, ðàññìîòðèì îäèí ðàóíä, ðàññìîòðèì

äîõîä s
(i)
j áåç ãàëëþöèíàöèé, à ïîòîì äîáàâèì

ãàëëþöèíàöèè õèòðûì îáðàçîì.
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Îïðåäåëåíèå

Êà÷åñòâî

Òåîðåìà

Äëÿ àëãîðèòìà Kalai E [Payo�] ≥ Opt

2
− O(h log k).

Ñíà÷àëà äëÿ âñåõ j s
(0)
j = 0, ãàëëþöèíàöèé íåò.

Âûáåðåì ýêñïåðòà ñ íàèìåíüøåé ñóììîé,

j = argminj ′(s
(0)
j ′ + s

(i)
j ′ ).

Ïîäáðîñèì ìîíåòêó:
Îðåë: äîáàâèì åù¼ h ê ãàëëþöèíàöèè ýêñïåðòà j :

s
(0)
j ← s

(0)
j + h.

Ðåøêà: îòáðîñèì âîîáùå ýòîãî ýêñïåðòà. Åãî

ãàëëþöèíàöèÿ îñòàíåòñÿ ðàâíîé s
(0)
j , è îáùåé ñóììû

òî÷íî íå õâàòèò, ÷òîáû ñòàòü ëó÷øèì íà ýòîì øàãå.

Ýòî ïîâòîðÿòü, ïîêà íå îñòàíåòñÿ îäèí ýêñïåðò.
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Êà÷åñòâî

Òåîðåìà

Äëÿ àëãîðèòìà Kalai E [Payo�] ≥ Opt

2
− O(h log k).

Â êîíöå êîíöîâ ó ýêñïåðòîâ ãàëëþöèíàöèè áóäóò êàê ðàç

ãåîìåòðè÷åñêèå.

Áîëåå òîãî, ó ëèäåðà åù¼ îñòàíåòñÿ ìîíåòêà â çàïàñå.

Åñëè âûïàäåò îðåë, òî ýêñïåðò, ïîëó÷àåòñÿ, áóäåò

ëèäèðîâàòü áîëåå ÷åì íà h. Ïîýòîìó, äàæå åñëè îòíÿòü îò

íåãî åãî òåêóùèé ðàóíä q
(i)
j , îí âñ¼ ðàâíî áóäåò

ëèäèðîâàòü.

Çíà÷èò, îí è íà ïðåäûäóùåì ðàóíäå áûë ëèäåðîì. Âîò è

âñ¼.
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Èòîãè

Èòîãî ïîëó÷èëîñü, ÷òî ìû ðåøàåì ýêñïåðòíîå îáó÷åíèå ñ
Opt
2

− O(h log k).
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Outline

1 Íèæíèå îöåíêè

Íèæíÿÿ îöåíêà â 2

2 Îïðåäåëåíèÿ è expert advice

Îíëàéí-àóêöèîíû

Machine Learning: expert advice

Follow the leader è Weighted Majority

3 Àëãîðèòì Êàëàè

Îïðåäåëåíèå

4 Ïðèëîæåíèå ê îöåíêàì íà âûïëàòû àóêöèîíîâ

Non-uniform àëãîðèòì

Îáñóæäåíèå
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Non-uniform àëãîðèòì
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Çàìå÷àíèå èç ïðåäûäóùåé ñåðèè

Ìû òàì äîêàçûâàëè îöåíêè, ïðåäïîëàãàÿ, ÷òî íà ýêñïåðòîâ

åñòü îöåíêà h.

Ýòî íå ïðîñòî òàê: ìû ýòèì ïîñòîÿííî ïîëüçîâàëèñü,

êëþ÷åâîé ìîìåíò áûë â òîì, ÷òî h ≥ q
(i)
j .

Íî êîãäà ìû èñïîëüçóåì ýêñïåðòíîå îáó÷åíèå äëÿ

îíëàéí-àëãîðèòìîâ, ìû çíàåì, êàêèå òàì âûïëàòû, à

èìåííî 2j .

Òî åñòü ìû ìîæåì óâåðåííî ãîâîðèòü, ÷òî âûïëàòà

ýêñïåðòà j îãðàíè÷åíà hj = 2j .
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Non-uniform àëãîðèòì

Ïðåäïîëîæèì, ÷òî äîõîäû ýêñïåðòà j ëåæàò â [0, hj ].

1 Ãàëëþöèíàöèè: óñòàíîâèì s
(0)
j = hj × {ê-âî îðëîâ ïîäðÿä}.

2 Â ðàóíäå i âûáèðàåì ýêñïåðòà j = argmaxj ′(s
(0)
j ′ + s

(i−1)
j ′ ).
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Non-uniform àëãîðèòì
Îáñóæäåíèå

Òåîðåìà

Òåîðåìà

Äëÿ ýòîãî àëãîðèòìà E [Payo�] ≥ Opt

2
−
1

2

∑
j

hj .

Äîêàçàòåëüñòâî ñëåäóåò òîé æå ñõåìå. Ñíà÷àëà äîêàæåì,

÷òî be-the-leader ðàáîòàåò êàê Opt −
∑

j hj .
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Non-uniform àëãîðèòì
Îáñóæäåíèå

Òåîðåìà

Òåîðåìà

Äëÿ ýòîãî àëãîðèòìà E [Payo�] ≥ Opt

2
−
1

2

∑
j

hj .

Ýòî òî÷íî òàê æå, íî íà ïîñëåäíåì øàãå, êîãäà îöåíèâàåì

E [H0], ñêàæåì, ÷òî îæèäàåìûé ìàêñèìóì ãàëëþöèíàöèé

óæ òî÷íî ìåíüøå, ÷åì ñóììà âñåõ ãàëëþöèíàöèé.
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Non-uniform àëãîðèòì
Îáñóæäåíèå

Òåîðåìà

Òåîðåìà

Äëÿ ýòîãî àëãîðèòìà E [Payo�] ≥ Opt

2
−
1

2

∑
j

hj .

×òîáû äîêàçàòü, ÷òî follow-the-leader âäâîå õóæå, íóæíî òî

æå ñàìîå äîêàçàòåëüñòâî, ïðîñòî q
(i)
j ≤ hj .

Âîò è âñ¼.
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Îáñóæäåíèå

Âîò, ñîáñòâåííî, è âñ¼ íà ñåãîäíÿ.

Íî ýòî íå ñîâñåì âñ¼ èç òîãî, ÷òî ëþäè äåëàþò.
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Îáñóæäåíèå

Åù¼ íàïðàâëåíèå: online posted price mechanisms.

Çäåñü â êàæäîì ðàóíäå ïðîäàâåö âûñòàâëÿåò öåíó, íî

íè÷åãî íå óçíà¼ò î ñòàâêå ïîêóïàòåëÿ.

Ïîêóïàòåëü ïðîñòî ëèáî áåð¼ò òîâàð ïî ýòîé öåíå, ëèáî íå

áåð¼ò.

Ýòî âïîëíå åñòåñòâåííàÿ ñèòóàöèÿ.

Ñåðãåé Íèêîëåíêî Îíëàéí-àóêöèîíû



Íèæíèå îöåíêè
Îïðåäåëåíèÿ è expert advice

Àëãîðèòì Êàëàè
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Îáñóæäåíèå

Åù¼ íàïðàâëåíèå: limited supply online auctions.

Ýòî êîãäà ó íàñ îãðàíè÷åííîå êîëè÷åñòâî âåùåé íà

ïðîäàæó.

Òî åñòü åñëè âñ¼ áûñòðî ïðîäàòü, ìîæíî îãîð÷èòüñÿ, êîãäà

ïðèäóò ðåáÿòà ñ âûñîêèìè ñòàâêàìè.

Òóò òîæå åñòü íþàíñû. Âîçìîæíî, âñ¼ ýòî ìû ðàññìîòðèì

ïîçæå.

Ñåðãåé Íèêîëåíêî Îíëàéí-àóêöèîíû



Íèæíèå îöåíêè
Îïðåäåëåíèÿ è expert advice

Àëãîðèòì Êàëàè
Ïðèëîæåíèå ê îöåíêàì íà âûïëàòû àóêöèîíîâ

Non-uniform àëãîðèòì
Îáñóæäåíèå

Ñïàñèáî çà âíèìàíèå!

Lecture notes è ñëàéäû áóäóò ïîÿâëÿòüñÿ íà ìîåé

homepage:

http://logic.pdmi.ras.ru/∼sergey/index.php?page=teaching

Ïðèñûëàéòå ëþáûå çàìå÷àíèÿ, ðåøåíèÿ óïðàæíåíèé,

íîâûå ÷èñëåííûå ïðèìåðû è ïðî÷åå ïî àäðåñàì:

sergey@logic.pdmi.ras.ru, snikolenko@gmail.com

Çàõîäèòå â ÆÆ smartnik.
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