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English abstract

The research question is which public-service decisions can be safely authorized locally during a network
partition, rather than simply which interfaces remain operational. A distinction is made among viewing signed
and time-bounded information, receiving provisional intent, consuming preallocated scarce authorization, and
making final decisions that require shared, fresh knowledge. The synthesis draws on CALM, invariant-confluent
coordination avoidance, conflict-free replication, and the Bank for International Settlements' Project Polaris
research on offline payment design. Documented case evidence covers the April 2025 Iberian blackout and
payment distuption, the British Library's post-2023 partial-service restoration, and Saudi rules on institutional

business continuity.

An executed, fully synthetic, bounded exhaustive analysis explores 25 demand states at two disconnected sites
under five decision policies. The global scarce authorization budget equals three invented units. Blindly letting
each site independently commit against the old global balance violates the shared quota in 13 of 25 cases.
Honest, disjoint escrow allocation presetves the quota in all enumerated cases but yields 10 fewer safely
finalized units in aggregate than an always-connected benchmark. These are counts of constructed abstract

states, not estimated risks, probabilities, Saudi results, or guarantees against adversarial compromise. A
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separate replay counterexample illustrates why a valid issuer signature alone does not ensure unique offline
redemption. We propose an Offline Authority Profile and an authorized measurement protocol with explicit

outcomes, safety invariants, revocation constraints, appeal handling, and distributional assessment.

Keywords: offline public services; delegated authority; safety invariants; network partition; application

semantics; bounded escrow; digital identity; payment resilience; Saudi Arabia.

Lo #oc: BURBUHIIAT M

Ak g5 %L (Business Continuity) 35 8% 5 ¥ NFERIBETAIC : 25 — B RSF &8 AR, A&
B PR XU TFEAMRER, AN B EE AR W02R S BRI T 0 A S A R sk

&K, BATAFHERE R EBIRA R AMBERE T LIRSS, (BRI IE A T R 245 — ik
A AR . I, ARSCERBER R HT T KRREPRAZEITA  (Authorized State-Changing

Action) ; X T ABASIRESHIBERAT N . WLAZ5T 350 W HALE 5 A A B2 o

Bl IS 24 5 3k AU W RR S IR NI, 20 SEHUAA Mot e iR s RBAEH A% 6
B B EIETAAET, USSR IUEARAT R, RN B PR, dA > A TeiE e R B b

5¢?
AR TAF A

1 RS P s A LUE W 2B 8 15 BT AR 8% e MRS e s R 8 T RN I 7 S AN AE 5 — TIUSUR B PR il 2
2. BB LA, HRFESERBUARMEHA K, A2 Xil?

3. QAR FEA I ST PR 3t i 2 18] 23 BIRR BRASR L T AS SR 2 JR B IE AR B RAE R R AR AT
27

4 AT AmHE, IR IE R AR AL S E, U SE EIFIAL A L e AR T 2

5. YAl [ AR I I 55 . NBIELSE AT IR, DR s AIAIIN T 23 FEANYS, RS A HuRE 772

AT H AR RS SRS, A —A B 58 B BT S ARG 4 ] J2 T A R RS

A, PEBES R LR, WARIER LA RGN etk ASGUEE. B ReEMESIEl
43IF s —BRBMRSHURI S T4 BFRR, A2 Btk B 3R UL R A% o

R 5 BOIEFR AR

HI—H AR PRI AT NI AR BT DLl AR R IR T SRR B R A BRAZ AT E A H 4
. AR REIENE. &4 W, IR AR SE B BRI S

H2—— RIS JE RIS . 5 — B4 b 5 Rl 8 105 B TR — 1k o AR A B4 i s B 1] — 1y
IHEIA AT R A2 £ A% UM EL i SEEIRUR o

3/16



H3I—0 F R BB ECRT DLORIEHEA PR D5 . 20 R IR A HE SE L A 2 e R
R A M T e TR D) A SR Y T il 255

HA——IG I AR B E . AT R A 20 mT LR B £ 58 I TR B i NS AAR (BB e e 30
7. WAER T AR

H5—RI{TH R WS BIBURIREIN 5, REBOTTRERZ 2. RS2 R IARERE, SR
W2 ™ N THRST 5, AR AR B AR AL o X B R T7 SR B HE LU ST B A

WEREEAMER . TEABGE 28R 5 EA)E . — IR A HBAS IR EG I I 4 1 390 2%
SERCER, B RA BORA R AT IR AN 2y . AR 4 H S A (B SR RS 5 -

2. JREERL : B AEFE 14T M8 L

2.1 Jft 2B B IRE A

A ARGE (Distributed Systems) WFFUR IR M B I RIBAT B E AT REE R 5 b W A BRST
TEXFPEREE R, “IERIFIE A RS o B LISRIAE I SIS B RBE, o LS i
AN AU T AR R AR AF G — SOV o] ) 22 A B SRR RN o 55— A~ HARWT REAE 26 — A~ HARE 8
B R A LI

e - EE% (Marc Shapiro) 2 AXET M98 #1432k A! (Conflict-Free Replicated Data Types;
CRDT) FFFEHRM, (ERE 54 T LAt B R 2 S oA AR R A . R, IR T RAR
IER R E S IR, ASA R LUE SR SR YERE, WA 2 DL IR — TR A B I PI k. S10

2.2 R ] DU G 56 12

—EPERE#HIIYE (Consistency as Logical Monotonicity; CALM) FFU3ESe iR, STERKE
—H0E R R I S TR R AT REME Z I R R o ZBER - BN (Joseph M. Hellerstein) {45
- BI/RELS (Peter Alvaro) [ T X — X 43 B HA 73 A KA BT . S08

XA IR AN EORMES . RS YRR ARG . BT LLE R A
FAFET A E ISR . I, EFRMSE R EIE I — AR E SRRSO, B AR MK
B RGEHAN IR A R A F W PE R e Al SRR S B A MBRE SR s
AR PR AR BUE AL, AT RS A o

P45 - DR (Peter Bailis) 2 \YE CBCIREE R H B HE>  (Coordination Avoidance in Database
Systems) H$EH T 5 W AR BA G bRE: B ERILAME (Invariant Confluence; I-Confluence) . X
ARSI EEM LIRS R AEERBRIARBIS, BEABHAN & B EAMARPRESEHFE, &5
oE R RIEE . SR BX S T SWSUEY: . DU N AR B2 RiE. S09

4116


https://inria.hal.science/inria-00609399v2/document
https://arxiv.org/html/1901.01930v2
https://www.vldb.org/pvldb/vol8/p185-bailis.pdf

FERCTE RS, ARG VT REHE MRS A, JETIER U AR, M
BRI R AR ES LT RENERDFAERE L, AR RN DIE BRI —
BRI, FHBE BT AU ERAT X 55 85

2.3 BB R— AN BUREIIT R

brig 24817 (Bank for International Settlements; BIS) ¥E“JUAREH" (Project Polaris) FF 2023 4F
RAGRATHF ST B A A Tl AR AR B&R4e. A5 ER. BITECRMES
il XU B85 R BTt ke, AFTEIE & A G B — 7 58, 2023 48 10 7 R ARHY G 2230 AF3E— B 48
UYL T AT L EIT R B B, RE I 4R N s 7 i TT SRR AR . S06507

BRI Je4RTT (European Central Bank; ECB) F 2026 4F 8 H it 2 nA AN W 1 b e R IT &1
X H AU 7 BT B ST RE T — 070 . BREAISSCIER AL H 3, 7 WOTA B 4 R BCOA A AR AT
JALET ;s AREGATREHEN , EAIBORT Lk PR, S16817

X SR PRI PRI A A BT #E R BB RAUAUR , FR R PR BRI Bk, IR AR BAL
BHOr. HOREE, 1A S BRI EAHIER] , AR S LR B RS 2 A ML B R R 5%
%o

3. LS FHIEYR . =P R A AR HT

3.12025 4 4 A 28 HHPYPEAF 5 8% oF

PAPEZF4RAT (Banco de Espafia) 7k 2026 4 4 F 27 H AR EHPIER, KGR ERLT 2025 48 4 7 28
Hrp/p 12:33 J04R, BT SOAPRIBGINLZ BI50M AT A B4 TS A T 73 H g i B I 2 8 ] B
LS MBI, —HBBEWLRRREA SN TE TIE, BT8P T 4 A 29 HM 30 H
MECEHLAMD . SO1

WKM7 (Buropean Central Bank: ECB) 2025 4RSS, Horhbutt, ZHMHIK AL R4
FREA R 11%—42%, 2 EWSE FHES) 54%. YIBBEAFIITN (CaixaBank Rescarch) 3EFHA
SRR HABR ST . 5 H Y R R B I 2 R 24 34% , B JLTRAN T A 000, X 2
H BRI, R RERTRAFED; WKER. MRS R S A TE 1 e

Y. 502504

RN RS2 S BB (European Network of Transmission System Operators for Electricity; ENTSO-
E) F 2026 4£ 3 20 HAAGF LA I ERZE, ERiHEE ORGP S MHEERE R 300
DA AR FE BT RS i B, B — 35 SR SR B AR b T B BB L R A
SO [ 24 I TG W S E) D9 44 R 447 7T o S03

5/16


https://www.bis.org/publications/project-polaris-handbook-offline-payments-cbdc
https://www.bis.org/publications/project-polaris-high-level-design-guide-offline-payments
https://www.ecb.europa.eu/press/intro/news/html/ecb.mipnews260818.en.html
https://www.ecb.europa.eu/euro/digital_euro/faqs/html/ecb.faq_digital_euro.en.html
https://www.bde.es/wbe/en/noticias-eventos/blog/como-pagamos-cuando-todo-se-apaga-la-experiencia-del-apagon-en-espana.html
https://www.ecb.europa.eu/press/economic-bulletin/articles/2025/html/ecb.ebart202506_02~1a773e2ca3.en.html
https://www.caixabankresearch.com/en/sectoral-analysis/consumption/economic-impact-blackout-detail
https://www.entsoe.eu/news/2026/03/20/entso-e-publishes-expert-panel-final-report-on-28-april-2025-blackout-in-spain-and-portugal/

3.2 2023—2025 4F fik) 35 =] |8 45 1

S E 456 (British Library) F 2023 4 10 H @32 M4Hd)G . BYEBRIRTE &8, R HWH
TIHELAR S5 RE AN N BT AU T 2024 48 3 7 %A A S48, FFAE 2025 ARFREER 5 IR 95 B4 IR
0L BUAGERRSATIE I B8 (AR T4 5 R A S SR "R, U T AUAE iy B — 38 20 7T AR B2
17, I 53— Ak T B B A TF R R RAS . S14S15

3.3 YDURp R IR A, T AR TRIAE A S LS 151

W ILUHF (Saudi Central Bank; SAMA) HyUS G T H 2017 4F S A5 Bl 45 o SR E A BAE
DL 2021 4E 6 F4UT A M. R . 2 54 IE3] . T BUFER R (Digital
Government Authority; DGA) 1% fi 57 BOUR U 5 1S S5 A0 W B VORM RN S 951, EoP 34 2.0
WA ESR R R SedE R . S (HISGHY 2025 4E$5H) 12813

AT RITEAL T 1] P3RBT 1 AR BRTORE . 0 AN Wi A SRR B kDA AR, s R A
AR TR o ZESENE W Ul B B A e, A0S RETIE B IR o0 I IR L1 7 O BE RS 67 TTaB
TR S, AN RETIE B Wi B 2R 45 2R

(HLTPUREES

HESA KT REAS UL W] AL 5% AEAHF T A A SuVEHE BEAR B R

PREGAIE 2025 KYEREME L SR SOAPIGES T R PRSI SUMRBIEI N BLE R DIE ST BTA
HNCAR BT 524 AL M2 T IAT R A SRR

5 [ 431 PR ARSI, R SMERS RAAFEZERBIRRERIET  ESTTIEER TR RS, ey

2023—2025 Kz VAR BUAS R e 2 FEHET B A HIAAL AT
WA THEMIATEERER. MAEGER B IR SR hi BERal S CXEERPIT R ITIT R I A 5
WIE S S RIFFAAE B, B AR

4 W B s R U SRR AL

Dl a BRI, L RARHGERIATIIER, « BRI . AR E DT IR

LAP R (Authorization) : HLH. B TAE A BT IRAEAT R A SRR

2 SERSGAEE (Bvidence Tntegrity) : Kl 245 SCAFSRFHEIAR S . I LB S5HITEAR GO T
A

3. FAFHTEEE (Freshness) =S4 IHAL W7 Do S0 1] 508 BB O XU . L VT LA X R TE AN Y
.

6/16


https://www.bl.uk/files/v5dwkion/production/99206a2d1e9f07b35712b78f7d75fbb09560c08d.pdf/british-library-cyber-incident-review-8-march-2024.pdf?dl=
https://www.bl.uk/stories/news/restoring-our-services-november-2025-update
https://dga.gov.sa/sites/default/files/2024-02/Controls%20Of%20Risk%20and%20Business%20Continuity%20Management%20For%20Digital%20Government%20V2.0.pdf
https://dga.gov.sa/sites/default/files/2025-01/Guideline%20of%20Risk%20and%20Business%20Continuity%20Management%20for%20Digital%20Government.V1.0.pdf
https://rulebook.sama.gov.sa/en/11-introduction-bcm-framework
https://rulebook.sama.gov.sa/en/providing-backup-generators-branches-and-remittance-centers

4 A g E4e (Invariant Safety) : HHAM KNSR EI G, T WAL AWEA] 5755 BpZE
1A AE

FERIB B THHEZR AT LU T 1 2 4 A5 A R 15 e A AT 8 -
ALLOW(a,i,t) = A(a,i,t) A E(a,i,t) A F(a,t) A I(a,i,t).

E—AFR%, HIRXIHN , &SSO Ik s RN AR i A A2 52 H i 17 T RE K
B RRMERENX, DREBEHIRIL. A REHEEE L, FHELEIEE NS BRI
FIE AT HAE KK

ASORIERE 4455 R T WRER AR B B R EARAL, 44 7] DLIE B — 5K M B RSB S H R B 45 E %
B, EORRESMOIE IR AT A IR W S TR B I AT e . SRR A AL . XA
AR BT R R AP AE . AL o RVBUL . SZORYBEE. SRS MEATIR G Bt
HRATRELR M XURS: ; (H AP AL BE 2 BN A SR (S A 2% A

4.1 PRE 24 5 R TE R R 8] R 06 B X ]
ASCIX 53 P22 -

* Completed Valid: 7EAJF H T B iHHISALTERE N . BB RO 52 84T A -

* Accepted Provisional: HITFTHENL ., [EI BRI R A% A 52

® Deferred or Escalated: FIEFEIZZALEE, FFERMLERER M. IRZS. AL ) % Bhd i

* Rejected or Unsafe: R/ AL SGESE T IEBHELS: siRLIE T —JCE BRFES BRI 2.

ARETEX PR AR A I O e AL 5 M. FRE, it A B — A R 2 BRI T Bl PR
SRR LB T, €T LAGR B AR BRI R0 R S e 1] o B W 73 B i T A B LR S R 2 3 K,
IR o

5. YEFHRERAH] - M ICIE B 24 S5 20 )

SRS — ARG T TR JETAURI RS Bo TR, ABUAY b e A ) 5k S
DEEARERHE a_i. BRI R BHEN TR AR c_i. AR

>0, ca<g Y a<B,
i

7116



K A AFEBR AR SST. . I VBB O 1 U 1 ASHURZS AR Bl SE R A7 Pr 2 5 TR A
MNA TR . EARIE RGN LA : BCATARBERAR. WAEEH S EREGE. B
B, WA RS BRI E « X B AEFFARARTY, M AP — SRR, T RE
B bR B FRORAIE

XIS ALL T SE 0 B BT AU 70 e (Escrow Allocation) « Je/li4IRAT AR EHTERVF AT, [ MAT3h
B —HR sy CERE TG . HFHR M Ve — e ARTTET BB 43 W A A S e B 30 1) S B
RZHTe AMRRREIETRE, MEAE B ARG ATABURE . SR E%, 35 ARG IRIIEHFS
BAT I LA BHT Lo

5.1 g f+ 2 A ML — 0y 1P A R A0 2

T R e T 7 A LSRR B — 1 B B R R AN B SR R AU A, SO R B CRE R EAN AL, SR
MRS o BT HIR SRR A MBI AT S, AER T RRAAE KRR FIR BT IR A LG
Z i P AR MRz 4] (Counterexample) o MAHEE 5HLH SR RX T : SRRSA RER&H
R S5 RS ORER, AR SORERE B A R L 2

5.2 Mt A A AE T H B i —k?

EMAFPIT T ARl — AT E R TS o1 A ARRITTTES, WA R ARE. W
RGN HUSHRTCIETE 2 55— M B FE R, AT 85 21 A vl g B A 1 iy 5 i P A, AR A M
MHAER T RES IR E— IR BAPIIREARL, (BRI R R R — I SR

data/duplicate token counterexample.json Eﬁﬁﬁfﬂi" T:‘Izﬂilj(,j& °

RIFA RN LR T RAMAETER — G BRUE, AR % 4% 2 LA 1k B W E S AT 1)
Eik, WLAARBEC BT RBIETT N BEBEHIRS. IR ETIH" (Project Polaris) CAFX
43 TEHR R TT S 5 R B2 e R T IR B T A% O B S06807

6. Bo8 AT R 5LEG 25 BifRZS X FLIR RS

6.1 5528 il 5 E Tk A

FRIP e M2 T — TS A RA, RS FERIEAH (Monte Carlo Simulation) , AN A4 HE

Ao FRRRAT, AL B B B RIEREERE £A (0,1,2,3,4), FUILILA sxs=25 MG, BRI
B=3 NA AN, FAHAHAETLITRMG PGS . BRI X e AT & AR, A A DAE.

e SN e R e SR NI WL B

8/16


https://www.bis.org/publications/project-polaris-handbook-offline-payments-cbdc
https://www.bis.org/publications/project-polaris-high-level-design-guide-offline-payments

6.2 FLIFISEME

PO——=Central Stop: i A7 e A HMEHERR AR5 5 ih IR 4 s R BRI AT AR e 2445 . LI TS
PR R EAER, HATEAR RS ETHIEE A

Pl——Provisional Intake: REILRAETEM . FHRC N BT ARL R, FEREE
BRI

P2—FHscrow (1,2): 4 A FiB —A AL, B WAL, B EHEN, S AR ENE S L
KR, AR BE NS AL o

P3——~Escrow (2,1): 5 _E—Wisg e, FUREAER RO AR, BUELE—A#DKR A 75— Hi X 7
FERUE 2 At AR o

P4——-Blind Local Commit: A4l i % S M= AN AL, (5 6k F Ol i I X iskong U T 282
ST, ALl AT RS2 I

K2 H AR TEAE T R . TEMIIRE M nin(3,d_a+d_B) NN, BT
B\ BT A AL AR FEAEE T 55 L R RETE L SE P IR K o

6.3 A[ S HLLE R
SRS TR A EFREY BRAHEME 25 FeRESHRA5E I P 75 1) FRBEIGR M HE e/ b 58 R 22
= R % BRI IS8 ¢ LR
H1JLfi 1| PO 25 0 0 0 0 65
iz P1 25 0 0 0 100 65
FEESE (1, 25 0 0 55 45 10
2) P2
FEEmE (2, 25 0 0 55 45 10
1) P3

P4 IR E, HAPZRBITLE: YR 13 RS FRIEIXF], B — a8 TR rf
BELASREXS B AR BT EACRES KA. FFFE I — I (] 2 A B S B RGN A 13/25 fEFE D
52% B RIUBEF o

9/16



Twenty-five EXHAUSTIVE, SYNTHETIC request states

Blind local finalization Escrow: A gets 1, B gets 2

Exceeded global quota (unsafe units) Safe completions missed vs. an online system
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