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O O
() () () ()
o QO O O O O ¢
OEAPR AR AP ACRAORAPE AR

parent = H(left chzld|| right chzld)

(O teafs Motivation: make internal Merkle nodes () independent of un-opened data
root — in ROM: data = H(leaf) already independent

salts — in standard model: concat-then-hash not enough x

(@)

— use perfectly-hiding + computationally-binding commitment scheme instead v*
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Trace Randomizer Values: Stingy

pad then concatenate random rows o
complications:
— multiply quotients by deg #0 — 1 Z(X)

R

— Why: make observed rows independent of trace

— quotient degree increases
— more segments, or

w-#O> tew +( 2w + (E+1)-k )-e
— worse rate = more indices
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segments degree
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* evaluation domain
= coset of subgroup of order N/p
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Two-Stage DEEP-ALI

) LDE Trace
0-stage: [ + Quotients DEEP FRI
i Compressed
. Main AIR Aux Quotient Comj
2-stage: Trace randomizers Weights 4’@

randomized AIR > deterministic AIR
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Preprocessing

pre-commit to separate “trace” table
— look-up tables v
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Processor (Example)

clk
ip
ci
argy
arg1
argo
ramp
ramv
rego
reg;
rego
regs

clock / cycle counter
instruction pointer
current instruction
instruction argument 0
instruction argument 1
instruction argument 2
RAM pointer

RAM value

register 0

register 1

register 2

register 3
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instruction pointer
current instruction
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Processor AIR Constraints (Example)

jmp a Jjump to instruction reg,
Jmp g
3 .
dest = Z reg; H arf’;# value of reg,
=0 gt
jump = dest — ip* update value of ip (jump case)
nojump = ip + 1 — ip” update value of ip (no jump)
selector =[] gmees
instreZ\{jmp} 1iffci = jmp

selector - jump + (1 — selector) - nojump
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Permutation Argument
b = o(a) for some permutation o

a b
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Soundness
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Lookup Argument

a = b as sets
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Memory — Problem Statement

Processor

==

Memory cells must have the same value

as the previous time they were touched.

v’ random access
v' read-write
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Memory — Lookup

Processor RAM
> 4 m clk Tamp ramv ! clk Tamp ramv
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1. same data, different order
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37/43




Memory — Contiguity

Processor RAM

clk Tramp ramv clk Tramp ramv

T2 Aq parios
{12 Aq uayy durex Aq 3s41y palos

1. same data, different order

2. within regions of constant ramp, correctly sorted by clk

—) 3. —eorrectlyseorted-by—ramp- regions of constant ramp are contiguous 38/43



Memory — Contiguity

Processor RAM

clk Tramp ramv clk Tamp ramv ca cb

T2 Aq parios
{12 Aq uayy durex Aq 3s41y palos

1. same data, different order

2. within regions of constant ramp, correctly sorted by clk

—) 3. —eorrectlyseorted-by—ramp- regions of constant ramp are contiguous 38/43



Memory — Contiguity

Processor RAM

clk Tamp ramv clk ramp ramv ca cb a(-) b()

1o Aq pajios
1o Aq uayy durex Aq 3sdiy pa1os

1. same data, different order

2. within regions of constant ramp, correctly sorted by clk

—) 3. —correctly-serted-by—ramp- regions of constant ramp are contiguous




Memory — Contiguity
[ 1 accumulates one factor X — ramp

Processor RAM whenever ramp # ramp*
clk Tramp ramv clk Tramp ramv ca cb al-)  b(-) 11 d

1o Aq pajios
1o Aq uayy durex Aq 3sdiy pa1os

1. same data, different order
2. within regions of constant ramp, correctly sorted by clk

—) 3. —correctly-serted-by—ramp- regions of constant ramp are contiguous



Memory — Contiguity

[ 1 accumulates one factor X — ramp

whenever ram ramp*
Processor RAM p 7 ramp

clk Tamp ramv clk ramp ramv ca cb a(:) b() [[ &

1o Aq pajios
1o Aq uayy durex Aq 3sdiy pa1os

1. same data, different order

2. within regions of constant ramp, correctly sorted by clk

—) 3. —correctly-serted-by—ramp- regions of constant ramp are contiguous



Memory — Contiguity
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whenever ram ramp*
Processor RAM p 7 ramp
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1 1 1 !
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Univariate Multilinear
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STIR

— asymptotically and concretely better than FRI
— simpler proof of soundness

— paves way for aggregation
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