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Obtain biometric features

Quantize biometric features
to 16-bit integers

Encrypt each feature using
BFV.Encrypt

Create encrypted template
with SIMD packing

Cryptographically erase
original template

Is secure
deletion complete

?

Store encrypted template
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FIG. 2
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Receive encrypted
templates E(a) and E(b)

2Compute E(a ) using
HE.square

2Compute E(b ) using
HE.square

Compute E(2ab) using
HE.multiply and
HE.multiply plain

2Calculate E(D ) using
HE.add and HE.negate

Is noise
budget within acceptable

range
?

Output encrypted
2euclidean distance E(D )

Perform noise budget
optimization
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Receive biometric features
for encryption

Multiple
features to process

?

Apply SIMD batched
processing

Determine required
precision

High
precision required

?

Use BFV (exact) scheme

Perform automatic key-
switching and modulus

reduction

Apply custom coefficient
modulus selection

Use CKKS (approximate)
scheme
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Receive input data
for verification

Is it
Biometric verification

?

Generate poseidon hash
of biometric data

Calculate cosine similarity
with stored template

Compare similarity to
threshold

Verify hash match with
public hash

Generate groth16 zero-
knowledge proof

Is it
age verification

?

Calculate age from
timestamps
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Verify age and location

Check timestamp
freshness
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Collect biometric data B(t)

Extract features for each
modality

Perform temporal fusion
with sliding window

Calculate fused score
F_fused(t)

Is context
adjustment needed

?

Apply context-aware
confidence adjustment

Calculate final confidence
C_final(t)

Adapt risk-based threshold
T_adaptive(t)

Compare C_final(t) to
T_adaptive(t)

Use unadjusted fused
score

Set C_final(t) to F_fused(t)
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Perform cryptographic
discovery phase

Conduct automated
scanning for RSA/ECC

usage

Create dependency
mapping with vulnerability

assessment

Analyze performance
impact of cryptographic

operations

Estimate quantum threat
timeline

Is immediate
migration required

?

Implement parallel classical/
post- quantum operation

Perform gradual traffic
migration using A/B testing

Schedule future migration

Monitor quantum computing
progress indicators

FIG. 11
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Initialize quantum-resistant
cryptographic system

Assess real-time quantum
threat level

is
Threat level high

?

Adjust cryptographic strength
using threat intelligence

Implement hybrid signature
schemes

Perform automated 30-day
key rotation

Optimize performance using
hardware acceleration

Monitor system
performance and security
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cryptographic settings
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Receive access attempt
data

Perform temporal
analysis

Suspicious
rapid access detected

?

Add risk factor for rapid
access

Perform behavioral shift
detection

Biometric
mismatch detected

?

Add fraud indicator for
biometric mismatch

Generate fraud detection
report

Proceed without adding
fraud indicator

Proceed without adding risk
factor
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Infrastructure Analysis
Module

Linguistic Marker Analysis
Module

Campaign Tracking
Algorithm

Behavioral Pattern
Recognition Module

Ensemble Attribution
Modeller

Temporal Correlation
Analysis Module

Threat Attribution Engine
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Receive attack data

Analyze attack infrastructure

Extract behavioral features

Analyze linguistic patterns

Apply random forest
infrastructure classifier

Apply neural network
behavioral classifier

Apply SVM technical
signature matcher

Calculate weighted
ensemble vote

Determine confidence
interval

Output final attribution
score
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Initialize blockchain
compliance system

Receive user data and
consent information

Is consent
granted

?

Record consent on
blockchain

Process and store data
with ZK-compression

Generate compliance proof

is erasure
requested

?

Schedule secure deletion

Execute data deletion with
cryptographic proof

Deny data processing

Continue monitoring for
compliance
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FIG. 19

Perform real-time risk
assessment

Integrate biometric confidence
and environmental context

Analyze threat intelligence
and behavioral anomalies

Is risk 
level high

?

Adjust security threshold using
machine learning models

Enforce automated security
policies

Context
change detected

?

Implement graduated
response mechanisms

Orchestrate security and
incident response

Continue monitoring

Maintain current security
threshold
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