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Given. A keyword s and a text t.

s is a subsequence of t = can delete characters in t to obtain s.
s is a non-subsequence of t = unable to do as above.
Applications.

Preventing plagiarism: a piece of text is plagiarized from a library
DNA matching: a person’s DNA is unrelated to some disease

Content searching in blockchains: Store data off-chain for searching
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SNARKSs

SNARK = succinct non-interactive arguments of knowledge

e for proving the validity of a statement,
e run by a prover,

e verifiable by a verifier.

Properties.

Completeness

Knowledge soundness

Succinctness

Sub-linear verifier
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SNARKSs for (Non-)Subsequences

Alphabet ¥, strings s = (s;)"_; and t = (t;), over ¥.
SNARKSs for non-subsequences.

o first proposed by Ling et al. [LTV'24] at SCN 2024;

e proving whether s is a non-subsequence of t.
Efficiency and proof size.

e Proof size. O(logn+ log N + log |X| 4 auxps)
e Prover time. O(n+ N + |X| 4 auxyp)
o Verifier time. O(logn + log N + log |X| + auxyy)

Observations.

e Prover time depends on N: O(n+ N + |X| 4+ auxyp)
e What if N > n?
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Research Question

Can we achieve a non-subsequence argument with
... proving time sub-linear in N
... after a preprocessing phase?
Sub-linear in N?
e N does not appear in proving time,

e VN, log. N, ... may appear.
What is preprocessing?

e Compute in advance when t is known and s is unknown.

e When s is known, proving time is sub-linear in N.



Our Contributions

We propose a SNARK for (non-)subsequences with prover time
O(nlog(N + |X])).

Ling et al. [LTVT24] This work
Proof size (preprocessing) - O(1)
P time (preprocessing) - O(N + =)
V time (preprocessing) - O(logy (N + |Z]))
Proof size (proving phase) O(logy n + logy N + logy |Z| + auxps) O(1)
‘P time (proving phase) O(n+ N+ || + auxep) O(nlogy(N + |Z]))
V time (proving phase) O(logy n + logy, N + logy |X| + auxty) O(log, n)

Table 1: Comparison between Ling et al. [LTV*24] and ours.
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SNARKS for Lookups

Given. a = (a;)" ;. b = (b)K,
Notations.

e Lookup: {a;}f’zl C {b;},Kzl, or each a; appears in b;.
e Permutation: a x b

From logarithmic derivatives [Hab22]
{a}L C{bi}, <= 3m = (m), st. 21—1 X+a _21—1 X+b

K 1
axb < H=Kand ZI—1X+a, —Zi:1X+b,-

‘ Preprocessing (b known) ‘ Proving (a and b known)
[ P time Proof size P time V time
|'|Iookup = O(1) (?(K) O(log K)
Eﬂerm - O(1) (Q(K) O(log K)
Meg" “cached quotients” MK [EFG22]  O(K) O(1) O(H) O(log H)

Table 2: Efficiency of MiS,,., MK

perm?

and |_|']c'ﬂq’K (K > H). 10
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An Initial Attempt

Recall. Alphabet ¥, strings s = (s;)7_; and t = (¢;)V; over L.
Goal. Proving s <t (subsequence) or s 4 t (non-subsequence).
Sequence id = (id;)?_:

s[1.../] <t=id; is the smallest index s.t. s[1...i] <t[l...id;].
s[l...7]#At=id=N+1.

Observation. id, < N < s <t.

Goal. Proving id is well-formed (correctly computed).

12



An Initial Attempt (Continued)

Idea. Based on Crochemore, Melichar, and Tronicek [CMTO03],
construct a DFA dfa: [0, N + 1] x ¥ — [N + 1]

(i) For i € [0,N] and ¢ € ¥, dfa(i, c) is the smallest j € [N + 1]
s.t. either j € [NJ]Atj=corj=N+1.

(ii) Additionally, dfa(N +1,c) = N+ 1 for any c € ¥.
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An Initial Attempt (Continued)

Idea. Based on Crochemore, Melichar, and Tronicek [CMTO03],
construct a DFA dfa: [0, N + 1] x ¥ — [N + 1]

(i) For i € [0,N] and ¢ € ¥, dfa(i, c) is the smallest j € [N + 1]
s.t. either j € [NJ]Atj=corj=N+1.

(ii) Additionally, dfa(N +1,c) = N+ 1 for any c € ¥.
Observation. idg = 0 and id; = dfa(id;_1, s;).

Well-formedness of id via dfa. Define
Safa :{ (i, c.)) ‘ dfa(i, c) = j }
Then, show that {(id;_l,s;, id;)}?zl C Syfa-

Inefficiency. [Sq4| = O(N - |X]).
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Core Observation

Assume that id;_; is already computed.
Computing id;. Partition t into intervals based on s;.
id; is the heading index of the closest interval that id;_; precedes.

Example. t = “pallacanestro”

If id;_1 =3 and s; = "a", “a" partitions t as follows.
p all ac anestro
\ , —~— —~— ——
index 1 indices 2,...,4 indices 5,6 indices 7,...,13

e except the 1-st interval, others are headed by “a
e id;_; = 3 falls into the 2-nd interval [2, 4]

o — id,'=5

ii5)



There are O(N + |X|) such intervals over X.
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There are O(N + |X|) such intervals over X.

e Each character c¢ partition t into #c + 1 intervals,
where #c is the number of occurrences of ¢ in t.
e There are |X| such characters.
These intervals constitute a set Sjhty containing elements of the

form (c,u,v) s.t. u, v form the interval [u, v] with t,41 = t.

Then, proceed to prove the lookup

{(si, uis vi) g € Sinty
size n size K = O(N + |X])

n< N = compatible with “cached quotients” Mgy [EFG22].
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Preprocessing Constraints at a Glance

The full constraints of preprocessing

fi(wi)=0Vie[N+1,K],

fn(wi) = 1, fanlwicY) = |ZI, fft(W%) =0,
{(F3(wic") = fin(wic 1)) + B - (Ffalwic ) — fige(wic ))Hs C {gam(wic 1)},
£ (X) = fan(wc - X) + |Z] - 4 (wne - X),

fir(X) = fire(wnc - X),

{fire(wic D1 S {ggn(wic HIa,

{frgt(wﬁgl) :K:1 c {grg/v(wni«_l) :K:Ia

{fch(‘*’[{{l) :K:I C {gi(wﬁl«_l)}i}(:h

{frgt(wﬁgl) — fire(w, 6;1) ,K:1 C {gregy(wi 1)}: 1

(Fn(wic ") + B fe(wic D) % (R ) + gars (Wi ) + B - gy (wi )i

17



Proving Constraints at a Glance

The full constraints of proving

fa(wp ') = eoid,

fy(wn - X) = Fa(X) — eoid - £0)(X),

{Awis ) + B fulwy ) + B filwi o € {Feoms(wic )},
{fi(wi Mot € {ex(wic ),

{ﬁl(wh_l)}le - {grgw(wﬁ'«_l)}i}(:h

{f\l(w[iﬂ_l)}:jzl - {grg/v("-’[fg_l)}ﬁh

{fié(wh_l) - ﬁ,(w[iﬂ_l) -1 C {grg,v("-’[fg_l)}ﬁh

{ﬁ,(w[iﬂ—l) - ﬁg(wéﬂ_l)}le C {grg/v(wui«_l) P

{fid(wﬁ_l) -1 C {grgN(wﬁl«_l)}iK:h

{fu(wi 1) + B - fa(wiy )Hor € {ginc(wic )Y

18



Detailed Efficiency

D. Fiore, S. Ling, K. H. Tang, H. H. Tran, H. Wang, and Y. Yan.
A SNARK for (Non-)Subsequences with Text-Sub-Linear Proving Time.
Accepted at ESORICS 2026 (proceedings version to appear)

Archive version [FLT"26]: https://ia.cr/2026/008

Proof size P time V time
MEof | 6161,26,18F | O(K)G1, O(K)F, O(K)Gy | O(1)61, O(1)Gy, O(log, K)F, 12P
niK, | 7261, 25F O(n)Gy, O(nlogy K)F 0O(1)G1, O(1)Gy, O(log, n)F, 12P

Table 3: Efficiency of Mk ¢ and NS K = O(N + [Z]).
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Thank You!
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