% STARKWARE

Stark 101: Part 2



What Do We Want to Prove?

We will use part I:
There is a number x such that:
Trace - a

Generatorof G- g

Trace Polynomial - f(x)

a,,,,= 2338775057

. . . _ 2 2 .
For{a }FibonacciSq: a_,,=a . *+a“ mod prime, foranyn
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Constraints on {a_}

We need:

aozl

a,.,,=2338775057

1022

[If {an} satisfies constraints — Original statement is true! ]
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Where are We Heading?

Constraints on {an}:

Reductions

aozl

a,,,,= 2338775057

—> Another statement

T Implies
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Where are We Heading?

Trace
pelemiEl
Constraints on {a }: .
Reductions Exists a polynomial f(x)
6= 1
—» such that:
G022 = 2338775057 — 3 rational functions
an+2 - an+l2 * an2 ‘,---(---)-~\ E po(X); pl(X); pz(X) are pOlyI‘IomialS
al\x S cecod
()

________
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Trace

Step I - From {a,} to fiy oo

3 constraintsonia } - ---- » 3 constraints on f(}()

Q=1  -===- » f(x)=1,forx=g°

a,,,,= 2338775057 ====- > f(x) = 2338775057, for x = g10?2
Ay = Ay + 0,7
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) ¢ f(x)
9’ | a
g a,
9° | a,
g1022 a1022




Step I - From {a } to f(x)
an+2 - an+l2 u an2 _____ > f(g2X) :f(gX)2 +f(X)2;
forx=g,0<is1020

Example: for x = g°:

flg*g’) = f(g-g°)* +f(g5)2
—~ N~
g7 gé g5

«» STARKWARE STARK 101

X f(x)
@ | a,
g’ a,
9° | a,
g | a,
¢ | a
\_/
g1022 31022




Step I - From {a } to f(x)

3 constraintson{a } - ---- » 3 constraints on f(x)

a,=1  —===- » f(x)=1,forx=g°

a,p,,= 2338775057 —==-=- > f(x) =2338775057, for x = g102?
0y =0ny” 07  —mmm - > [0 = f(§)? + f(x)?,

forx=g,0<i<1020
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Step I - From {a } to f(x)

3 constraintson{a } ---» 3 constraints on f(x)

a,=1 -==»  f(x)=1,forx=g"

a,,,,= 2338775057 ===»  f(x)=2338775057, for x = g*%%
Oy = Appg” + 0,72 --=>  fg’x) = f(gx)? + f(x)?,

forx=g,0<i<1020

[Iff(x) satisfies constraints —— Original statement is true ]
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Step II - From Constraints to Roots - S is a root of

p(x) if p(z)=0

____________________________

(f(x) =1, forx=g°%)
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Step II - From Constraints to Roots

f(X) - 2338775057 = 0, for x = g1022 = = root: g1022
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Step II - From Constraints to Roots

f(X) - 2338775057 = 0, for x = g1022 = = root: g1022
f(8%%) - f(8x)? - f)? = 0, forx =g, 0 < i  1020- = = = » roots: {g' [0 < i < 1020}
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Step II - From Constraints to Roots

f6)-1=0,forx=g"° - -—--» root: g°

f(x) - 2338775057 = 0, forx =g1922 - o o = p root: gi922

f(&x) - f(gx)? - f(x)?> =0, forx =g, 0 s i< 1020~ - = — » roots: {g' |0 < i< 1020}
Cgoisarootoff(x)-l Original )

g1922 s a root of f(x) - 2338775057 statement is
\{g" [0 < i< 1020} are roots of f(g*x) - f(gx)? - f(x)? true
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Step III - From Roots to Rational Functions

Thm: zis a root of p(x) < (x - z) divides p(x)

Def: (x - z) divides p(x) if p(x) / (x - z) is a polynomial

Polynomial Not polynomial
2t — 3z 12 (1 —2)(z — 1) > —Tr+6 (z—1)(z —6)
- =x—1 — = —
T — 2 T — 2 T — 2 T — 2
2 is a root 2 is NOT a root
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Step III - From Roots to Rational Functions

Thm: zis a root of p(x) < (x - z) divides p(x)

Def: (x - z) divides p(x) if p(x) / (x - z) is a polynomial

0 ; f(*r) — 1 : .
g’isarootoff(x)-1——-» o isa polynomial
r—
" — 922Q77R0R”7
g1%22is aroot of f(x) - 2338775057 — - —p» f(x) — 2338775057

Is a polynomial
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Step III - From Roots to Rational Functions

{g'| 0 < i < 1020} are roots of f(g?x) - f(gx)? - f(x)?> = = —=»

flg*z) = flgz)* - f(a)®

1020

(x — ¢') is a polynomial
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3 Rational Functions

r)—1
S fﬁ( —) g°
131(:17) = f(z) ;_239315(3);75057
Polw) = flg°x) — fgx)* — f(x)’

(1?1024 _ 1)/[(33 _ 91021)(1-' _ 91022)(3} _ g1023)]

[If p,(x), p,(X), p,(x) are polynomials— Original statement is true!]
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Where are We Heading?

Constraints on {an}:

Y1 Reductions Exists a polynomial f(x)
—» such that:

a,.,,=2338775057

1022 3 rational functions

a. . =a_ ’+a? p,X), p,(x), p,(x) are polynomials
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Reduction Overview - First Constraint

Step III
Reductions
Exists a polynomial
a,=1 >
Step I Step II f(x) such that:
(x) =1 g%is a root po(z) = flz) -1
169 = ]
for x = g° of f(x)-1 is a polynomial
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3 Rational Functions

r)—1
S fﬁ( —) g°
131(:17) = f(z) ;_239315(3);75057
Polw) = flg°x) — fgx)* — f(x)’

(1?1024 _ 1)/[(33 _ 91021)(1-' _ 91022)(3} _ g1023)]

[If p,(x), p,(X), p,(x) are polynomials— Original statement is true!]
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Combining p,(x)’s

Random linear combination:

——————————————————————

Composition  >====== CP =a, 'PO(X) ta, 'Pl(X) + a'z'pz(X)
Polynomial

With high probability:

CPis a polynomial <> allp/’s are polynomials

Commiting on CP with Merkle Tree
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What’s Next?

Part 3 - how to prove that CP is a polynomial?

But first - coding.....
1) pyX), p,(x), p,(x)
2) CP=a,p,(x)+a,p,(x)+a,p,x)

3) Commiton CP
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Thank you
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