1120

| "Old

(0SV) (00g) J0jensayaI0
J9]j03u0) Ajnoag aAndepy aouelidwo) uleyoxoo|g
91~ ~pll
(3vL) (3043) suibug
auibug uonnqLNy 1ealy | uonoaaleq pnel4 a1elsg
A 0L}
(INDYHD) Jobeue (34n0) suibug
o1ydelboydAin Juelsisay-wnjueny uoIsn4 [epOJA-NIA Shonuiuo)
801 901
(9d)Z) Jojessuss (IN73H) ainpoj Jaker
J00.d abpajmouy-01s7 uondAiou3 21ydiowowoH
0L~ 201

wa)sAg

001}




200~

2/20

202~
Obtain biometric features

204~ !

Quantize biometric features
to 16-bit integers

206~ v
Encrypt each feature using
BFV.Encrypt
208~ v
Create encrypted template
with SIMD packing
210~ v

Cryptographically erase

original template

212

Is secure

deletion gomplete

214~
Store encrypted template

FIG. 2



3120

300~
302~

Receive encrypted
templates E(a) and E(b)

304~ v

Compute E(a2) using
HE.square

306~ v

Compute E(b?) using
HE.square

308~ v

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

310~ v

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

312

Is noise
budget within acceptable

314~ i 1 316

Output encrypted Perform noise budget
euclidean distance E(D?) optimization

FIG. 3



4/20
400~

402~

Receive biometric features
for encryption

404

Multiple
features to process

406~

Apply SIMD batched
processing

408~ v

Determine required
precision

A

High

precision required No
9
412~ Yes v 414
Use BFV (exact) scheme Use CKKS (approximate)
scheme

416~ v

Perform automatic key-
switching and modulus
reduction

418~ 4

Apply custom coefficient
modulus selection

FIG. 4



5/20

GOl

| | 1orepiie dwejsawi] Jojepijey\ uoibay 10S$820.d 81eulploo]
428 228 028
lojebaibby jooid }N2II9) UOIJRILLIDA UOI}RI0T]
<
oes 1 818
10jI8URY JOOId 1« 10}eplje/\ UOIEI0T 10)e|n9jen) aby 108580014 dwejsaul|
825~ <915 his <15
JIn2u19 uoljeaylap aby
016
JsZjwpdQ HNoIY 10)eJ8USS) ndiNO J0j)enjeA3 Jule.jsuo) 108589014 Jndu|
7
3¢5 805 <905 h05
JIN2JIJ UoiedlLIsA Jlijawiolg
205

10}eJauan) J0oid abpajmouyy-01o7

101




6/20
600~

600~

Zero-Knowledge Proof Optimization System
602~

Constraint Minimizer

604~ 606
Custom Gate Generator Algebraic Optimizer

608~

Parallel Witness Generator

610~ 612
Multi-Threading Manager Computation Distributor

614~
Proof Aggregation Module
616~ 618
Batching Engine Verification Time Optimizer
620~

Recursive Composition Engine

622~ 624
Proof Validity Verifier |dentify Statement Compiler

FIG. 6



700~

702~

7120

Receive input data
for verification

704

706~

Generate poseidon hash
of biometric data

708~ 4

Calculate cosine similarity
with stored template

710~ v

Compare similarity to
threshold

712~ v

Verify hash match with
public hash

124~ v

Generate groth16 zero-
knowledge proof

s it

age verification
?

Yes 716

Calculate age from
timestamps

4 118

Verify age and location

720

Verify location within

region bounds

| 722

Check timestamp
freshness

FIG. 7



8/20

8 "Old

SINPOJ UOHEDLIoA
|epOJ\-SS0J)

Jaulel| SSaujSngoy
|eLesIaApY

9INPON
Juawissassy Aljend

Joysnlpy aouspluo)
aIEMY/-1X8JU0D)

1a1depy pjoysaiy]
paseg-ysiy

Y N0e8

A \g8

A Nozg

\-z28

10SS9820.d
MOPUIAA BulplS

+ No0z8

Y

YIOMIBN 89udJayo)
leJodws] N1ST

\-818

a|npoy uoisn4 jesodwa]

9|NPOI
uoioeX3 ainjes

18

018

428

10)09]|09
leubig jeaibojoisAyd

10J09]|0)

SOI)S1IBjORIBYD) BOI0A

10}09]|09)
uoniubooay [eoe

10]09)|0)
JUSWAAO\ 9SO

10109]|09) a)0.)s/oY

718

018

3INPOJy Uo93||09 BleQ

\-808

\-008

108

auibug uoisn4 [epPON-3ININ SNONUIUOYH

\-208

90}




900~
902~

9/20

Collect biometric data Bit)

904~ |

Extract features for each
modality

906~ 4

Perform temporal fusion

with sliding window

908~

A

y

Calculate fused score

F_fused(t)

910

912~

Is co

ntext

adjustment needed

No

914~

Apply context-aware
confidence adjustment

A

y

916~

\

y

Use unadjusted fused

score

918~

\

y

Calculate final confidence

C_final(t)

920~

Set C_final(t) to F_fused(t)

Y

Adapt risk-based threshold

T_adaptive(t)

922~

Y

Compare C_final(t) to

T_adaptive(t)

FIG. 9




10/20

0L "Old

8|npoj\ uoneziwndQ 8ouBwIOLSd

~v10)
a|Npo|\ Juswabeue|y a|npoj\ Absrens auIbug a|npo|\ A1enoasiq
Angredwon Aoeba JuawAhodaq pugiH JUBLLISSOSSY YSIY olydelboydAin
\-Z10l 010} -8001 -900}
JlojesysayaiQ uonjelbip
1001

9INPOJ UO9[8S WiLoBly

\-2001

Jabeuepy s1ydesboydAin juejsisay-wnjuend

801



1100~

11/20
1102~

Perform cryptographic
discovery phase

1104~ |

Conduct automated
scanning for RSA/ECC
usage

1106~ !

Create dependency
mapping with vulnerability
assessment

1108~ !

Analyze performance
impact of cryptographic
operations

1110~ |

Estimate quantum threat
timeline

1112

ls immediate
migration required
I?

114~ I

Implement parallel classical/
post- quantum operation

1 1116

1118~ !

Schedule future migration

Perform gradual traffic
migration using A/B testing

! ~1120

FIG. 11

Monitor quantum computing
progress indicators




12/20

1200~
1202~
Initialize quantum-resistant

cryptographic system
1204~ v

Assess real-time quantum
threat level

1206 o
Threat level high >>N©
?

1208, Yes 1210~ \

Adjust cryptographic strength Maintain current
using threat intelligence cryptographic settings

1212~ v '

Implement hybrid signature
schemes

1214~ |

Perform automated 30-day
key rotation

1216~ |

Optimize performance using
hardware acceleration

1218~ ,

Monitor system
performance and security

<

FIG. 12



13120

<

¢l old

10J98)8( ouIbug
Aousysisuoou| Ajllenp SOISUB.I04 Blepels|\
8zel - ~-9z¢l
1039939 A1ab.104 Juawnao(
~pzel
lazAjeuy ejepels|\ lazAjeuy
uoneaIuNWWo?) uLdiabul{ 821n8( Joje|a109 d1ydeiboog
zeel- ~-02¢) -8l¢l
3|NPO\ UoI}29}9 UoISN||09H
~olel
JazAjeuy juswiuag lazAjeuy
UOIB2IUNWWOY uianed buidA Jojesedwo) dlisuI0lg
e ~zlel ~-01¢€)
10399)3Q HYS |esolAeyaqg c
80€1
lazAjleuy l10je|a1109
auljawi] juswnaoq 9]edlilia) yiee(d
90€} - 102}
a|npoy\ sisAjeuy [esjodwa]
208}

auibug uonoa)a( pnel aje)s3y




1400, 14/20

1402~

Receive access attempt
data

1404~ v

Perform temporal
analysis

1406 SusDici
uspicious No

rapid accegs detected

1408A~ Yes ! ~1408B
Add risk factor for rapid Proceed without adding risk
access factor
1410~ v '
Perform behavioral shift
detection
1412

Biometric N
mismatch detected 0

1414A~ Yes ! ~1414B
Add fraud indicator for Proceed without adding
biometric mismatch fraud indicator
1416~ i '
Generate fraud detection
report

FIG. 14



15120

112~
112
Threat Attribution Engine
1502~ 1504
Infrastructure Analysis Behavioral Pattern
Module Recognition Module
1506 ~ 1508
Linguistic Marker Analysis Ensemble Attribution
Module Modeller
1510~ 1512
Campaign Tracking Temporal Correlation
Algorithm Analysis Module

FIG. 15



1600~

16/20
1602~

Receive attack data

1604~ !

Analyze attack infrastructure

1606~ |

Extract behavioral features

1608~ |

Analyze linguistic patterns

1610~ |

Apply random forest
infrastructure classifier

1612~ !

Apply neural network
behavioral classifier

1614~ !

Apply SVM technical
signature matcher

1616~ v

Calculate weighted
ensemble vote

1618~ v

Determine confidence
interval

1620~ !

Output final attribution
score

FIG. 16



17/20

Ll Old

lojelausn
Joday ypny

S|NPOA PNy

N

\-80/)

Jajewo)ny aoueldwon

Jabbo7 uoneanuayiny
passaldwo)-y7

a|npo|\ soueldwon

90/

10/

lojes}sayaiQ asueljdwon ureysyoo|g

2011




1800~ 18120
1802~

Initialize blockchain
compliance system

1804~ |

Receive user data_and
consent information

1806
ls consent No

granted

1808~ Yes | 1810
Record consent on -
blockchain Deny data processing
1812~ v v ~1818
Process and store data | Continue monitoring for
with ZK-compression i compliance

1814~ |

Generate compliance proof

1816

IS erasure

requested
?

1820~

Schedule secure deletion

1822~ ,

Execute data deletion with
cryptographic proof

<

FIG. 18



1902,

Perform real-time risk
assessment

1904~ I

Integrate biometric confidence
and environmental context

1906~ 1

Analyze threat intelligence
and behavioral anomalies

1908 .
s risk No

level high
?

1910~ Yes

| 1912

Adjust security threshold using
machine learning models

Maintain current security
threshold

1914~ I

Enforce automated security
policies

1916
Context No

change detected

1918~

| ~1920

Implement graduated
response mechanisms

Continue monitoring

1922~ I

Orchestrate security and
incident response

FIG. 19



20/20

0cl

~ - — »{ 90BUB)U| YJOMION

yloz- %

0¢ 9I4
901A8(] m
Induj Jasn Reidsig “
8102~ 9102 |
8Jemjjos Wa)sAg m
I uonesi|ddy Bunesadp |
N\ N\ “
9SeqBIA| | 1ndinondu 800 ooy 0% | |
NS.N 10102 002 |
\ 4 m
10$$820.1d |
<2002 m
................................. weyshs
00}



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20

