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Linear-Size IOPs with Sublinear-Time Verification
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Machine Computations
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Algebraic Automata
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|OP for Algebraic Automata
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Completeness

-Svp?ﬁ& that A, Ac:H=F
1§ & witness foe (E,2,T)€ BH.
o For each je Im):
Viedor . T3

ﬂ\ t),...,/A\ (wt) St £y -
Ps (Ru L(r“'l,..., fkfutn)' 8l )""'B‘(w))_ o

= Vu() / (x-w™" divides

. A\,(X) o KK(X) a R )()
Ps (3\(%;,...: A wx ! B, Bold

— K& s defined

P(E,2T),A)

* For each ie[k]:

compyte ]ﬂ;:z ﬁ:‘LGRS[F,L/WH]

* Derive Mx\limy trace By, BpH->F

'F(‘OW\ e exeevtion trace A\,.../Aki H->F

* For each ic[£7:

Carapute g2 B: \ LERS (& ]

» For each \')e [m]:

compute hj:= fiy 9, eRS[FL ]

b. ( B0 el B @le))
R e A e
()=

Vi (x)/ (X-u"")

* hy= ¥ & RSLEL, 1)

A\ N
) (X = _’_‘A.(X)"Z (x)
() Vs, (X)

- hgie I, € RS[FLHH-1]

H\(x)-=ﬂ_’9:_°
YT T W™

{‘FQ:Ldﬂ:j‘-em

{4: L7Fian

{hj’l—"ﬂ\]e[m]
h, :L-F
h,: L=TF

. A\|Hi“5 z = Vi X divides AX-200—+ Ry s defined
e A (w)=0 = X-u"" divides A~ 0 = W) iy defined

Moreover: « proof length (in elts): O ((keLLim) IL1)= O((kelim IH1)= O(IEIT)
* quary Complexity ¢ O((K+Q.+m).loa\l,l)= O(IE\'loaT)
« provec time (in —fofs): O((K\-’L‘rvv\)'lulea“,l) = O(Ig)-T loaT)

V((g,2xT)

- Test each received function
-FOF ‘H’1Q qnampﬁoc\’Q daﬁr(&

» Sample ¥eL and chek Hat
- ¥ je [w)

hJ(X) M _Z FJ( f.lﬂ,, f(¥) I%m//ﬂ((ﬂ)

fiwv, B (wd)

— ) Vg )2 49 =2 ()
~ ho ) G-u™ 2 Hi¥)-0

K - NT"\

o verifies timg (in tops) - O((ksLyw) |°U|Ll)+P°Iy(“) = Ul /oa’\'\ 1 poly(n)



P((E,2T),A) V((g,xT)

Soundness o tch i s
compvte fi:= Al €RS[F.L,1HIM] - HG&J
i L70 )]
* Derive wxiliary trace By, Be:H->TF
SQWO%Q 'H\p'\ (E/il-r) ﬁ/ BH : -Frow\ Fhe Qx(chﬁOv\ trace A,- /AK H->F {hj:l_-?ﬁ:g\-lg[ﬂ
Theee apa. Ywo cases: ¢ For each i¢ [£1: h,:L+F
. Compute §i 2= é\\‘\LGKS[‘F,L,IHI‘/] ho: LT - Test each received function
@ ON’\GF H“F‘V\Cl'\(?/\s i 'rbf {rOM |8 * for each )elml: b ‘F°" Phe appropriatt dagree
-376&] -F is §-far fom 8 DFLIHH] Compute k;:= H ()|, eRS[FL,MH-] [ we will come back 40 Hhis ]
A, A B R « Sample ¥ and check Hat
- a‘eLc/lsa is d"f‘&l‘ ‘F(UM R&[f L ll'”’l] }’\\ X):= P"(A(wx) B lw ) TX\ 2X)> _ VJC\’[W\]
J-far from RS(ELMHT ., e hyle) - r(‘w 5 gt ,3,0))
-3 jelml by is m RUEL HHT ) = ofR)], < RSLF.L WH-1] o= oot
~ (x).. A -2 - 2409 -
— h% is - @\/ foorn RLEL, MHI-1-n] kz(X)mi%i)_"’ hM)VﬂmW OB

A = ko (%) (K'NT4); 'YW\‘)'O
- l\o is 3-for Prom RQUFL [HIF-1) - hg:= h W € RS[FEL,HI-1]

h (x A[x) o
= vefier aeegts w-p. & S5 (8) -
@ all 'G)V\d'l()’\s ang CLO&Q bo (\)MCIJL) @'YNN\&\S {‘e }‘eln/ {85‘&[} gi\\.\g‘éfm’)/k” & H QFVQ‘)C\O\R d’-ﬂ“ﬁo\

O  jelm) }\ (X) Vulx) # P; ({\lxl, ,fn ,a‘b() ,,,g‘t(xy > oS0y Jast paSERE uep. € JJHI-L b2 @.k+2)5

X‘ UJT-‘ lNX 1"7T
" f Al seveml options ‘m malce Hus <l:
@ a0 Vi, b0 # £ -209 » owsisity deck acepts W< ﬂﬂ+zd“ o Stk proximity. parameler. §0(35)<0(7h)
> 4ivs tequires selting. tetition parameter £ 1n FRT
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From Automata to Machines

We naw odd memory :
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Memory from a Permuted Trace
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|OP for Algebraic Machines
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