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* Recap : complexity theory

setup :
. Problem : Language A CEO ,

t }* determine if WEA .

- computational model : Turing Machine
- Complexity class : P carp

Main Tha : C Cook - Levin )

The language SAT and 3- SAT are NP - complete .

Using the Tha , one can show many other languages are

NP - complete .
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* Transition to

algebrakwmplexttytheoryl.ee
K be a field , ex : k= Q . R . E or Np where pi 's prime .

( everything we do depends on k )

Define the ring KEY , . . -

i Xn ) = set of all polynomials full ,
. .

-

s Xn ) with
coefficient in K .

Def 't : The complexity of a polynomial f C- KEY , . .

, Xu 's is the minimal
number of addition and multiplication needed to compute f .

Denoted the complexity of f as Ccf ) .

An arithmetic circuit is a directed graph where
• vertices are labeled as

' '
t

' '

or
"

X
"

• no cycles .

• input ( sources ) of the graph are variables Xi , . .

; Xu or constant

in K

•

output is what circuit computes .

Exe : X 3 5

" * " xx .



The complexity of f- is the minimum number of
' '

t
" and "

x
"
in an arithmetic

circuit computes f .

Ed : fall , 421 = XP t 2X , Xz -1×22 = He -1×212
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Far f- C- KEY , Xi
'

- complexity 0 : f -

- Xi ,
- . -

, Xu or f- 2 , AEK .

complexity 1 : Xix 's

Xietxj
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Lt Xi
⇒ Ccf )=2 .

: thx ) = Xl 3-1×23
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let 's consider k= 2/3 ⇒ 3=0
then f-CX) = Xi 3-1×23 = ( X , -1×273 = XP + 3×12×2 + 3×1×22+1323

-
-

0×12×2 0×1×22
Xl Xz

Ccf 1=3 .
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* characteristic

let R be a ring , the characteristic of R is the minimum integer
n 70 sit . V XER , NX = xtxt . . - + x =D .

If I n . the characteristic of R is O -

Ey : characteristic of Mn is u

¥
"
Eaa

. .
. . ,×n ,

}°
74pA , . . - in ] is p

special property in 74pA , . . . ,Xn] characteristic p when p is prime
① ( atb ) P = apt BP
② For Hp .

A d C- Np .

XP =L ( Fermat 's little Tha )
-

Hata
, a Pzdcmodp )

⇒ xp
- I

I I Cmodp)

Keypointi Let K' - Np
then let film -_ X , fax ) = XP

.

clearly fit fz as polynomials ,
but they have the same

values . ie , tf d C- Elp , fill ) = fold )
.

If fam -
- XP

, the arithmetic circuit

input ④

output
¥ does not compute f .


