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- If P#£NP, then there exist search problems
that cannot be solved in polynomial time.
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Lower Bound [Sha1949] F:£0,13" = §a (3
Almost all functions of n variables have circuit
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Upper Bound [Lup1958]  F.fg13™ = fq1%
Any function can be computed by a circuit of
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SYMMETRIC FUNCTIONS. EQUIV DEF

f:{0,1}" — {0,1} Is symmetric iff

f:Q(@Jr —I—@)
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for some g: {0,...,n} — {0,1}.

f:{0,1}" — {0,1} 1s symmetric iff
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COMPLEXITY OF Sum
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_ ¥, A rL kX3 =
Slze(Sum3) — 0(1) calrry = 2-Conrny &
«Paulj

9

Sum5?

X Y ()(;quf\’XS th '70'1«.0(441 \jz %l \da
= Yy x2Y 440



COMPLEXITY OF Sum,

——
XX A3Xu A5 Ko X7Xs Xn
1l 14 1L Ll Li— =,
Sum3—-‘iSum3—aSum3—‘}lSum34 cee -—)Sumg @
. 0")/
4
K/
7 ylogn—1
[——
logn-1
-~ 2 ¢ YIOgu-Q




COMPLEXITY OF Sum,

X1Xy  X3X4 XsXe  X7Xg X # blocks
JJ4 I L1 1l J

SumsH{Sums{Sumsp=Sums— - - - —{Sumsb> Yo

N/

Sums Sums

2\

- — Y

Sum; > Yiog n—1




COMPLEXITY OF Sum,

X1 Xy  X3X4 XX  X7Xg
A S A S S

Sum3 Sum3 Sum3 Sum3

N/

Xn # blocks
J

) —)Sum3—) yO H/Z

Sums Sums

2\

- — Y

Sums;

> Yiogn—1



COMPLEXITY OF Sum,

X1 Xy  X3X4 XX  X7Xg
A S A S S

Sum3 Sum3 Sum3 Sum3

N/

Xn # blocks
J

) —)Sum3—) yO H/Z

Sums Sums

2\

- — Y1 n/h

Sums;

> Yiogn—1



COMPLEXITY OF Sum,

X1Xy  X3X4 XsXe  X7Xg X # blocks
JJ4 I L1 1l J

SumsHASumsFASums—Sums— - - - —=3{Sumsp> Yo H/Z

N/

Sums Sums;

2\

- — Y1 n/h

Sums > Yiogn—1 1




COMPLEXITY OF Sum,

X1Xy  X3X4 XsXe  X7Xg X # blocks
JJ4 I L1 1l J

SumsHASumsFASums—Sums— - - - —=3{Sumsp> Yo H/Z

N/

Sums Sums;

2\

- — Y1 n/h

Sums > Yiogn—1 1

g’LJ%,#Q 9’4”‘;,Qacf4 0}; MW‘ ' § 0} Total n — 1

’

Counstaunt 0(() ¢incudt f w»wf[zx P\
vt f ulwplrx? 'S "



X1 X2

X3 Xy

X7 X8

S S N A AN 5

Sum3

Sum3

Sum3

Sum3

‘Sum3

N/

Sums;

COMPLEXITY OF Sum,
X5 Xg

Xn # blocks
J

) —)Sum3—) )/o H/Z

Sums;

.

Size(Sump) < n - Size(Sums) = O(n)

2\

- — Y1 n/h

> Yiogn—1 1

Total: n —1



COMPLEXITY OF SYMMETRIC FUNCTIONS
Theorem

It f: {0,1}" — {0,1} Is a symmetric function,
then
Size(f) < O(n).



COMPLEXITY OF SYMMETRIC FUNCTIONS
Theorem

It f: {0,1}" — {0,1} Is a symmetric function,
then
Size(f) < O(n).

Olw)
= h(Buma(xi, ... Xn)), h: {0,1}82 — {0,1}




COMPLEXITY OF SYMMETRIC FUNCTIONS
Theorem

It f: {0,1}" — {0,1} Is a symmetric function,
then
Size(f) < O(n).

f=h(Sumu(x1,...,X,)), h: {0,1}°8" — 0,1}
Size(f) < Size(Sumy) + Size(h)




COMPLEXITY OF SYMMETRIC FUNCTIONS
Theorem

It f: {0,1}" — {0,1} Is a symmetric function,
then
Size(f) < O(n).

f: h(Sumn(X1, Ce ,Xn))a h: {071}|Ogn — {071}

Size(f) < Size(Sumy) + Size(h)
Size(Sum;,) = O(n)



COMPLEXITY OF SYMMETRIC FUNCTIONS
Theorem

It f: {0,1}" — {0,1} Is a symmetric function,
then
Size(f) < O(n).
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assign x3 = 0
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