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Abstract.
We present UASCF Nano Cipher 2026, a symmetric cipher that operates in a 1024-dimensional

ternary lattice space and introduces two novel security mechanisms: an AI-driven invisible nano

position selector and a PBKDF2 Shield Key. The nano position—one of 1024 positions indexed at

the scale of 10■■—is chosen deterministically by an HMAC-SHA3-512 computation over the

secret ghost key and a message fingerprint, making it effectively invisible to any attacker who does

not possess the ghost key. The shield key is derived via PBKDF2-HMAC-SHA256 with 100,000

rounds, binding the ghost key, user key, and nano position into a single cryptographic primitive that

rate-limits any brute-force attack to approximately 7.7 attempts per second on modern hardware.

We report comprehensive empirical security evaluations conducted on an Android ARM64 device

(aarch64, Python 3.13.13): all eight security tests—collision resistance, avalanche effect, key

sensitivity, nonce sensitivity, statistical uniformity, nano position sensitivity, differential analysis, and

brute-force cost—return PASS with results closely matching the theoretical ideal for a ternary

system (66.67% trit-difference). The effective keyspace is 3¹■²■ ≈ 10■■■ (1623-bit equivalent),

surpassing AES-256 by a factor of 6.3× in bit security.
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1. INTRODUCTION

Modern symmetric cryptography is dominated by block ciphers operating in binary space—most

prominently AES-256, which offers 256 bits of key security. While AES-256 remains computationally

secure against classical attacks, the impending threat of large-scale quantum computation has

motivated research into ciphers with fundamentally larger keyspaces and algebraic structures that

do not reduce to problems known to be quantum-vulnerable.

This paper introduces UASCF Nano Cipher 2026, a symmetric cipher with three interlocking security

layers:

(1) A ternary 1024-dimensional character representation. Each plaintext character is expanded

into a 1024-trit vector via a deterministic SHA3-512-based expansion. The ternary alphabet {0, 1, 2}

yields a per-character keyspace of 3¹■²■ ≈ 10■■■.



(2) An AI-selected invisible nano position. An HMAC-SHA3-512 computation over the ghost key

and a message fingerprint deterministically selects one of 1024 nano positions indexed at the

sub-integer scale of p/10■, p ∈ {1, …, 1024}. This position seeds the PBKDF2 derivation, making

the effective key a function of the message itself—a property we call the Invisible Key, as it cannot

be separated from the ghost key by any attacker.

(3) A PBKDF2 Shield Key with 100,000 iterations. The shield key is derived from the combined

ghost key, user key, and nano seed using PBKDF2-HMAC-SHA256. This introduces a

computationally enforced delay of approximately 130 ms per attempt on contemporary mobile

hardware, limiting brute-force attacks to ≈7.7 attempts/second regardless of parallelism.

2. THE UASCF CIPHER FAMILY

UASCF Nano Cipher 2026 is the most advanced member of the Universal Alphabet Secure Cipher

Framework (UASCF), a family of six ciphers sharing a common architecture but varying in

dimension, radix, and key-derivation complexity. All six ciphers use the same UASCF

character-map construction and Feistel-style nonlinear mixing; UASCF Nano adds the Ghost Key,

invisible nano position, and PBKDF2 shield.

Cipher DIMS RADIX Keyspace Eq. Bits Mobile Speed

Binary-256 256 2 2^256 ≈10^77 256 3.8 ms

Binary-1024 1024 2 2^1024≈10^308 1024 15.1 ms

Ternary-1024 1024 3 3^1024≈10^489 1623 14.0 ms

Quinary-1024 1024 5 5^1024≈10^715 2378 20.7 ms

Binary-5120 5120 2 2^5120≈10^1542 5120 444.5 ms

UASCF Nano 2026 1024 3 3^1024≈10^489 1623 145 ms ★

3. FORMAL SPECIFICATION

3.1 Parameters and Notation

DIMS 1024 — number of ternary positions per ciphertext vector

RADIX 3 — alphabet of trit values {0, 1, 2}

NANO_N 1024 — total number of nano positions available

NANO_B 10^9 — nano position denominator

ALPHA 81-character printable ASCII alphabet

CYCLES_MAP [8, 16, 32, 64] — Feistel cycle counts; AI selects one

GK Ghost Key — secret string known only to sender and receiver

UK User Key — second secret key

N Nonce — random or counter byte string per session

3.2 Character Map Construction



Each character c ∈ ALPHA is mapped to a unique 1024-trit vector via SHA3-512-based

deterministic expansion with prefix PREFIX = "UASCF_MICRO_1024_MAP_2026|".

Algorithm 1: _expand(seed, n_bytes) — Deterministic expansion

h <- SHA3-512(seed)

while len(h) < n_bytes:

h <- h || SHA3-512(h)

return h[:n_bytes]

# Character map construction:

for c in ALPHA:

seed <- PREFIX || c.encode()

MAP[c] <- [b % RADIX for b in _expand(seed, 2048)][:DIMS]

3.3 Feistel-Style Nonlinear Mixing

Each character's 1024-trit vector is split into left half L and right half R (each 512 trits), then mixed

for c cycles using SHA3-512-derived sub-keys.

Algorithm 2: _nl_mix(vec, key, cycles) — Encryption Mixing

L, R <- vec[:HALF], vec[HALF:]

for i in range(cycles):

h1 <- SHA3-512(key || i.to_bytes(4) || b'L')

h2 <- SHA3-512(key || i.to_bytes(4) || b'R')

L <- [(L[j] + h1[j%64]) % RADIX for j in range(HALF)]

R <- [(R[j] + h2[j%64]) % RADIX for j in range(HALF)]

L, R <- R, L # Feistel swap

return L || R

3.4 AI Nano Position Selection

The nano position p ∈ {1, …, 1024} is selected deterministically by HMAC-SHA3-512 over the ghost

key and message fingerprint. The receiver recomputes it identically without explicit transmission.

Algorithm 3: select_nano_position(ghost_key, message)

fingerprint <- SHA3-512(message.encode())[:16]

digest <- HMAC-SHA3-512(ghost_key.encode(), fingerprint)

index <- int.from_bytes(digest[:8], 'big') % NANO_N

return index + 1 # 1-indexed: 1 ... 1024

# Cycle count also AI-selected:

c_idx <- int.from_bytes(digest[8:16], 'big') % len(CYCLES_MAP)

cycles <- CYCLES_MAP[c_idx] # 8, 16, 32, or 64

3.5 PBKDF2 Shield Key Derivation



nano_seed <- SHA3-256( (ghost_key + str(p)).encode() )[:16]

combined <- (ghost_key + user_key).encode()

shield_key <- PBKDF2-HMAC-SHA256(

password = combined,

salt = nano_seed || nonce,

rounds = 100,000,

dklen = 32 )

The 100,000 PBKDF2 rounds enforce a minimum of ≈130 ms per encryption attempt on ARM64

hardware, limiting brute-force to ≈7.7 attempts/second.

4. SECURITY ANALYSIS — EMPIRICAL RESULTS

All tests were executed on an Android ARM64 device (Linux aarch64, Python 3.13.13) at 8 Feistel

cycles (worst-case, minimum cycle count). Ghost Key: "GhostNano2026_InvisibleShield_AI" (32

chars). User Key: "Ravi_Shield_Key_2026". Nonce: b"SECURITY_TEST_01".

Test Metric Result Status

T1: Collision Resistance 0 collisions / 81 chars Bijection confirmed PASS

T2: Avalanche Effect Avg 66.61% trit-diff Ideal: 66.67% PASS

T3: Key Sensitivity
Avg 66.09% (1-char

change)
5 keys tested PASS

T4: Nonce Sensitivity Avg 67.60% 5 nonces tested PASS

T5: Statistical Uniformity χ² = 0.5359 Critical: 5.991 PASS

T6: Nano Pos. Sensitivity Avg 66.48% 5 positions tested PASS

T7: Differential Analysis Mean 66.60%, Std 1.48% 3,240 pairs, 0<50% PASS

T8: Brute Force Cost 10^55 years PBKDF2-limited PASS

4.1 T1: Collision Resistance

81 unique ciphertext tuples, 0 collisions. The encryption function is injective on ALPHA, confirming

that the cipher forms a bijection on its output space — a necessary condition for lossless decryption.

4.2 T2: Avalanche Effect

For each adjacent pair (c_i, c_{i+1}) the trit-difference ratio ∆T(u,v) = |{j : u_j ≠ v_j}| / DIMS was

computed. The ideal for a uniform ternary output is 2/3 ≈ 66.67%.

Pair Trit-Diff % Pair Trit-Diff %

'A'→'B' 65.92% 'E'→'F' 66.31%

'B'→'C' 68.07% 'F'→'G' 66.99%

'C'→'D' 65.04% 'G'→'H' 66.41%

'D'→'E' 63.48% (min) 'H'→'I' 66.70%



… (80 pairs total) Avg: 66.61% Max: 69.63%

4.3 T3–T4: Key and Nonce Sensitivity

Test Variants Average Trit-Diff Status

Key Sensitivity (T3) 5 keys (1-char change each) 66.09% PASS

Nonce Sensitivity (T4) 5 distinct nonces 67.60% PASS

4.4 T5: Statistical Uniformity (Chi-Square Test)

Trit Count Proportion Expected

0 27,564 33.23% 33.33%

1 27,736 33.44% 33.33%

2 27,644 33.33% 33.33%

χ² statistic = 0.5359 vs. critical value 5.991 (df=2, p=0.05). Strong statistical evidence that ciphertext

output is indistinguishable from uniform random ternary strings.

4.5 T6: Nano Position Sensitivity (Invisible Key Test)

Five distinct nano positions (1, 100, 300, 512, 1024) were used to encrypt the same character with

the same key and nonce. Each position produced a completely different shield key and ciphertext.

Nano Position p Shield Key (first 8 hex) Trit-Diff vs. p=1

1 (baseline) b69b7dc6… —

100 5f5a3ea9… 66.89%

300 995fb9b9… 67.38%

512 ae5806bd… 65.72%

1024 6978998d… 65.92%

Average 66.48%

4.6 T7: Comprehensive Differential Analysis

All C(81,2) = 3,240 distinct pairs of ciphertext vectors were analyzed.

Metric Value Interpretation

Total pairs analyzed 3,240 All C(81,2) pairs

Mean trit-diff 66.60% Within 0.07% of ideal 66.67%

Std deviation 1.48% Tightly clustered

Minimum diff 61.91% No pair below 50%

Maximum diff 71.29% No pair above 75%

Pairs < 50% 0 / 3,240 No vulnerable differential pairs

4.7 T8: Brute-Force Cost Analysis



Attack 1 (Ghost Key): 95^32 = 10^63 combinations

Rate: 10^9 attempts/sec => Time: ~10^47 years

Attack 2 (Nano pos, Ghost Key known): 1,024 x 130 ms = 133 sec (trivial,

but requires Ghost Key first -- see Attack 1)

Attack 3 (Full, no Ghost Key):

PBKDF2 rate: 7.7 attempts/sec

Time: ~10^55 years (physically impossible)

Cipher Key Bits Brute-Force Time

AES-256 256 ~10^58 years (classical)

UASCF Nano 2026 1623 ~10^55 years (PBKDF2-limited)

UASCF Nano 2026 1623 ~10^47 years (without PBKDF2 limit)

SECURITY TEST SUMMARY — ALL 8 TESTS PASS

Avalanche average: 66.61% (ideal: 66.67%, deviation: 0.06%)

Chi-square: 0.5359 vs. critical 5.991 — statistically uniform output

Differential: 0 out of 3,240 pairs below 50% — no exploitable pattern

Brute-force cost: 10^55 years (PBKDF2-limited full attack)

5. PERFORMANCE ANALYSIS

All benchmarks on Android ARM64, Python 3.13.13 (Pydroid3), 2 repetitions.

Cipher Enc (ms/char) Dec (ms/char) Dominant Cost

Binary-256 3.8 3.8 Feistel (SHA3-512)

Binary-1024 15.1 14.9 Feistel mixing

Ternary-1024 14.0 14.0 Feistel mixing

Quinary-1024 20.7 20.5 Feistel mixing

Binary-5120 444.5 443.8 Feistel (5x dims)

UASCF Nano 2026 145.3 124.7 PBKDF2 100k rounds

UASCF Nano's 145 ms encryption time is dominated by PBKDF2 (~130 ms), not the Feistel mixing

(~14 ms). This rate-limiting is an intentional security feature. The cipher is faster than Binary-5120

(445 ms) despite equal keyspace security.

6. THE INVISIBLE KEY PROPERTY

Definition 6.1 (Invisible Key). A key component K' derived from a master key K by a one-way

function F is called an invisible key if: (a) K' need not be transmitted alongside the ciphertext; (b) an

attacker without K cannot compute K' in polynomial time; and (c) knowledge of K' alone does not

enable recovery of K.



The nano position p = F(GK, msg) where F = HMAC-SHA3-512 satisfies all three conditions.

Additionally, the nano position is message-dependent: the same ghost key produces a different

nano position for every distinct plaintext character. This means the cipher is not purely key-stream

based: the key material adapts to the message, a property closer to authenticated encryption than

classical stream ciphers.

7. COMPARISON WITH EXISTING STANDARDS

Property AES-256 RSA-2048 UASCF Nano 2026

Key bits 256 2048 (modulus) 1623 equiv.

Keyspace 2^256 ≈10^77 N/A 3^1024≈10^489

Quantum vulnerability Grover: 128-bit Shor: broken Grover: 811-bit

Rate-limiting No No Yes (PBKDF2)

Message-dependent key No No Yes (nano pos.)

Avalanche (ideal) 50% (binary) N/A 66.67% (ternary)

Avalanche (measured) ~50% N/A 66.61%

Against quantum adversaries using Grover's algorithm, AES-256 is reduced to 128-bit security.

UASCF Nano 2026, with 1623 equivalent bits, retains ≈811-bit effective security—far beyond any

foreseeable quantum resource. RSA-2048 is broken by Shor's algorithm; UASCF Nano as a

symmetric cipher does not rely on integer factorization or discrete logarithm hardness.

8. CONCLUSION AND FUTURE WORK

We have presented UASCF Nano Cipher 2026, a novel symmetric cipher with three interlocking

security layers: a ternary 1024-dimensional lattice representation, an AI-driven invisible nano

position key component, and a PBKDF2 shield key with 100,000 iteration cost. Comprehensive

empirical evaluation on Android ARM64 hardware yielded all-PASS results across eight security

tests, with avalanche effect (66.61%), statistical uniformity (χ² = 0.536), and differential analysis

(mean 66.60%, std 1.48%, zero pairs < 50%) all closely matching the theoretical ideal for a ternary

cipher.

The cipher's effective keyspace of 3¹■²■ ≈ 10■■■ (1623-bit equivalent) represents a 6.3×

improvement in bit security over AES-256, and its PBKDF2 rate-limiting provides an additional 8

orders of magnitude in practical brute-force resistance beyond the raw keyspace argument.

Future work includes: (1) formal security reduction to standard hardness assumptions; (2)

extension to a full block cipher mode for arbitrary-length messages; (3) hardware-accelerated

PBKDF2 for higher-throughput applications; and (4) exploration of the Binary Nano architecture, in

which nano positions are indexed at the 10■³■■ scale using a two-level hierarchical key derivation.
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