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f(z) = Xg+ X, 2+...+ X 2"
. Ly Z"
= 0(2) = Yot Y12+,
= ggz) =f(z) g(z), h(10) or h(2)
%< N=2n+1, Hlay, a,, ..., oy
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Hf (ay), ..., T (o), 9(051) , 9(ay)

= ., N
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m 0 (n lOg n lOg log TL) (Schénhage and Strassen, 1971)
s O(nlogn 20008 MY e, 2007)

m 0 (n Og n 8log n) (Harvey and Hoeven, 2016)

s O (Tl Og n 410g n) (Harvey and Hoeven, 2019)

s O (Tl Og Tl) (Harvey and Hoeven, 2021)

s log'n £ min{k:f()glog:--log?l <1}
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|:a'11 a12 :| ' |:b11 b12 :| _ |:C11 C12 :|
a21 a22 b21 b22 CZl C22

M, = (&, — a8y, )(0, +by,) C,=M +m,—m, +m,
m, = (ay; +a,) (b, +by,) C, =M, +Mm,

My = (8y; — 8y )(0y; +Dy,) C,, =M, +m,

m, = (ay; +a;,)b, C,, =M, —m,+m, —m,
m; =8, (b, —by,)

Mg = Ay, (b21 B b11) O(nlog / zZBl»ﬂﬁﬁE

m, = (3-21 + a22)b11
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= Strassen algorithm’69 0 (n%%1)
- 0(n2.79)’ 0(112'55), 0(7’12'48)

= Coppersmith—-Winograd algorithm’89
0(n2.376)

= Stothers’10 0(n*37%)
= Williams'1ll 0(n*373)
= Le Gall'14 0(n*37%%)
= Alman, Williams'21 0(n?3728596)
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Alvin E. Roth Lloyd S. Shapley

The Sveriges Riksbank Prize in Economic Sciences in
Memory of Alfred Nobel 2012 was awarded jointly to
Alvin E. Roth and Lloyd S. Shapley "for the theory of
stable allocations and the practice of market design"



http://www.nobelprize.org/nobel_prizes/economics/laureates/2012/roth.html
http://www.nobelprize.org/nobel_prizes/economics/laureates/2012/shapley.html
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Gale-Shapley Algorithm (1962)
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i Ixﬁ‘l@m “Xﬁ” 5 a%”
- H;ﬁﬁ%‘—:}“(complexity): BABITRHE

TRI=ET
AV

CBst[g])

s BEZEERFHMANBLT
= f5lan: BiRHF

= [OJENERE: SUEARRILLE)HA

H‘-/ﬁgﬂm

= Flan: #

EFFa]E O(n?), O(nlog n)
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AL 2] B (Id A <, B):
WNRFEL—KIEBO)RAE L, &R AT
LSRR e EEK AR B) A

A is “easler” than B
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= sorting <, convex-hall
= sorting[a] R BRI A x4, X5, ..., X, (x; > 0)

- *@jﬁ: P]_ (xl; xlz); PZ (xZ) xzz); XL’ P’n (x‘l’l' x”l?l)
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Flan: x3 +y3 =23+42022,
X2021 + 3y2022 — 522023 _ 7
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2 f(x,,2) > F(X4, X_, ¥4, V-, 24, 2_)
=flxy —x_,yy —y_, 2y —2_)

= B SPA:
= F(x,y) - f(a,b,c,d,p,q,T,5)
=F(a® +b* +c? +d*p* + q° +r* +5%)
2 23=3°+3°+2°+ 1% LagrangeP 5 E?
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u f(x,y,z) — F(x+,x_,y+,y_
=fXp —x_,yy —Y_, 24 — Z

0 BSPA:

Lagrange
1736~1813

= F(x,y) - f(a,b,c,d,p,q,T,5)
=F(a® +b* +c? +d*p* + q° +r* +5%)

n23=32+32+2%2+1°

Lagrange
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o ZINICATIE] (AISKk#E) [a]fR(Polynomial
time): FERNEHc, DR EESR
E=0(n°)
= O(n), O(n?), O(n3), O(n120) O(n?'®) &R 2 L I

AT (8]
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deterministic Polynomial time):
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Millennium Prize

= Birch and Swinnerton-Dyer Conjecture
= Hodge Conjecture

= Navier-Stokes Equations

= PVvs NP

= Poincare Conjecture (solved)
= Riemann Hypothesis

= Yang-Mills Theory

First Clay Mathematics Institute Millennium Prize Announced:
Prize for Resolution of the Poincaré Conjecture Awarded to Dr.
Grigoriy Perelman
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s AR P=NP
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= Rivest, Shamir, Adleman (1979)
= Factoring n =p X q Is HARD
s P(n) =(p—1) X (q—1),pickd X e = 1(mod ®(n))
= Public key e, private key d
« E(M) =M¢, D(C) = C% (modn)

= Play poker via Wechat
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