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link:
id: "hlf:lab-a:wifi-01"
medium: "wireless_rf"
technology: "private_wifi"
endpoints:
- "osframr-02"
- "osf:edge-gateway-01"
performance:
latency_budget_ms: 30
jitter_budget_ms: 10
loss_budget: 0.01
bandwidth_mbps: 200
semantics:
supported_classes: ["K2", "K3"]
forbidden_classes: ["K0"]

maximum_message_age_ms: 500

offline_fallback: "local_safe_mission"
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security:

mutual_authentication: true

encryption: true
replay_protection: true
mobility:

roaming: true

coverage_zones: ["lab-a", "corridor-1"]
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° EFBEPRWECH > MBS ETTHK ;
° RENREFE ;

*  WMAEREILAAVESS o

SECTION

18.3 REEZE®

ERERETR -

reconciliation_conflict:
central_state: ""
station_state: ""
physical_observation: ""
resolution: ""
responsible_party: ""

evidence: []

SECTION

19.1 HERRPFAR I ER

BEBERRARUABBEINRERGE LB o
=

°  BRIEIRER ;

* [EARAFFINERER o

SECTION

19.2 ENERS
el -

* JRIELTT
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® failoverepoch ;

® commandID;

® world epoch ;

® lifespan ;
® fencing°
SECTION

19.3 EEHIT

ZRENEFAIEENFE—YEnHITM

o

)

P
® idempotency ;
® Z#h command ledger ;

°  RUIRFES o

19.4 {R#EFR (R E UL
e -
o WrHH;

705

> A Y
2

ol

® trustdomain ;

® station policy °

SECTION

19.5 2R T
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AEERERBHEZE

7%
© mE;

° HBRE
° EEERA -

SECTION

19.6 Bundle i&XRIEE

=
° ZIHR;
° ZRER;
° B

* ARREMEER ;

° (EFEERE o

SECTION

19.7 B5EERER
£

° ZERIR ;

o MER

® holdover;

o EEEA;
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A2 2R RIRFEE R o

SECTION

20.1 Link Registry

(SEN

f&1E 5

S RERIEER o

SECTION

20.2 Link Adapter

HE

TSN ;

DDS;

ROS2;

OPCUA;

5G;

Wi-Fi ;

BPVvT
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SECTION

20.3 Path Broker

#8425 Path Contract BEEIRIE

SECTION

20.4 QoS,Safety Mapper

#&# DomainIR ~ Task Envelope FIRSREER!PRET EHEEEEK o

SECTION

20.5 Time Authority

® holdover;
* [EIFHKEE ;

° REEM -

SECTION
20.6 Multi-Homing Manager
HiE

©

® active-active ;

® frame replication ;
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°  ERTEUA ;

® failover epoch

SECTION

20.7 Bundle Agent

BRI~ #7F ~ B~ BB B AR IR E -

SECTION

20.8 Link Health Monitor

B
° JEE;
° HH;
° E8;
° EE,

* HZlock;

[ ]
i
(S

° f51E;

° SHEWMEE -

SECTION

20.9 Reconciliation Manager

EERERRAVSE AN FIRAEAM o
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SECTION

20.10 Evidence Journal

fR1ZFRA -

BRI 5
T ;
=8,
FEAR 5
bundle ;
5iE,

ZEHM-

SECTION

21.1 58

— B HhHRIGIRERS ;
M{EREE OSF ik ;
—BaBEs ;

—EE R

B#Z Ethernet /TSN 1&#t ;
Wi-Fi ;

BI#EFAT 5G 3 5G 1R ;
—{R¥TEESCEASRER ;

BPv7 Bundle Agent ;
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L2 2 HERIES o

21.2 {¥3§
EEihiETEA ;

B ENIEIRBIRTS ;

EHEKSETREEE ;

1BRiFa < EA—AIRIFIERES ;

BRI ERRERANES ;

BREFRR ;

BEILRBHREBEEAR

EER IR R R IR SRR

SECTION

21.3 MFEEA

Wi-Fi /218 ;

BERAATNAE ;

MIBERBL
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bundle ZEiE ;

R&E S

FR RIS (B Ik BEREAR o

SECTION

21.4 RIS

KX R L fE4ERE

HERRRAR NN RER ;

BEPH SR ERIRE

ZEERIEERTYES S ;

H_

REARISRER B1TAEM

EERTEZEEPIIRE ;

ERE#aF0 bundle B:EiE

SECTION

22.1 t4HE
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LIRS

RrfEER A ©

SECTION

22.2 ;318

REAREIAE |
EEHR

BRYIE(ER o

SECTION

22.3 AISEE

ERRME ;
SUITELFE ;
LR ;

RS

SECTION

224%%

B ARIAHE 5
(RIERRIZA ;

bundle &% ;
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°  BFREERER ;

° NERAFERRICHHERIE o
SECTION
22.5 REilR

° TENEARFEAR ;
° ZWRERNLE ;
° NEBWEMNL

® bundle FEFEMEIXNZS o

H1 : B—IRT FREE R & (B R IEPR A FEHI5E 5!

AFE—ERELZE - B 58« aEHNREESSBERERB L > ASRFTERTED

SECTION

H2 : ZEERRESHYE > BIZNES « AR ZRE

SECTION

H3 : A S e E L r) SR i S R TR A HI IE R 14

SECTION

H4 : SRR RIS ERIAES » (BHIBEEMSEETHR
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H5 : FHHEREEF S RGP R B Z /S T SEHRER R4S

WIEFRBEERIERTEE TSN BRI S EfE -

SECTION

H6 : BRI B R SERIEEN - By RRERREE

SECTION

H7 : fencing £ idempotency AI B Z R IEEEMIT

H8 : B FERM G AN B FERMBIRBEE R

HEehAE  EREREERN ° SRS EBHERFL -

SECTION

REERIERES] > PRTARBE-—TEER -

SECTION

24.2 QoS 2R NHREF—ERTE—

SECTION

24.3 X 2EIRHIR R  REMBIHHERESITIE
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SECTION

24.4 Z EEHIEINE SN AEHEE

SECTION
24.5 DTN &L #7 REDBFIREH

RBERRTIEAM AN EIH -

SECTION

24.6 B3R 2 5 RT BERZ A L R R 0

SECTION

24.7 U5 E! imss PA Lb B8 5@ i iR ol PRI 2

SECTION

24.8 B KRBIBKELZ R HEER
HETY  BRSSREEN AR AR R 2 B0 -
AEREE :

o BETMUNAMAERRENY ;

* 563 Wi-Fi EREEEEN AR ISEIREEEY ;

° TSN BES{EME AR AR5 ;

° FUBHIKIELL RF 23 ;

° NEBRWRAGWEENTIE
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ZRIEERETGRY ;

frame replication ZIZMBEKENEE ;
reliable QoS FTRRan FMIAFEE ;

DTN RISz IRE S BIBFES! ;

REAR UL RESE BN UK 2SN 5

F— & AHE R R E A M EET RS B RIER ;

IhEEE M BIR RIS IR R AR

FRE RN EERG—RE—IGE ;

HLF B2 BUZEZE o

FARBIUBAERMETER  T—RRER :

ZAEULRS ~ ¥ ~ &I~ B - IR ~ EBNAREN ° BNER R —E R B ER

AEIEIRAVIH SRR 2
EItE 9 R4 ¢
AL

Object,“Zone,”Agent Model ;
Event Graph ;

Action Affordance ;
Uncertainty ;

World Epoch ;

Partial Observability ;

Digital Twin Boundary ;

Causal and Custody Relations ;
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® Human and Al Perspectives ;

® World Model Reconciliation °

M) &AW

iy

CHREAR

fal

* EBEBWI-Fi;

i)

SHE ping ;

il

o REKFILDE

HRFENZACEREMS * HIERNERE :

(H1R3EIE
+
*ihBE
+

HERRIBEA

+

B R

+

[EFRILAIER

+

KN BELRZER]

BiR -~ B ABENBEREHEIEFE -

° JEE;
° &AMt
° BE%;
° fREE;
° BEFES
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° f51E;
° M,
° HEHEES -

FEt ° SERBFTZEREE—HEN ° M :

PEHIRARE

—

HERR 249

ﬁ
% RIS B [F AR ERER]

BRRAREGHN—EHE ; HIENER ° 2REMGBEN « BRE - BERINARRS
5

(xR

IR LR AE « AIRAEAR « AIRIRIERY S IERI(A]

® |EEE 802.1 Time-Sensitive Networking Task Group.

https://1.ieee802.org/tsn/

® |EEE 802.1AS. Timing and Synchronization for Time-Sensitive Applications.

https://1.ieee802.org/maintenance/802-1as-2025-revision-timing-and-synchronization-for-time-

sensitive-applications/
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IEEE 802.1CB. Frame Replication and Elimination for Reliability.

https://1.ieee802.0rg/tsn/802-1cb/

3GPP. 5G for Industry 4.0 /TSN Integration.

https://www.3gpp.org/technologies/tsn-v-lan

3GPP. Industrial 5G.

https://www.3gpp.org/technologies/ind-5g
Object Management Group. Data Distribution Service, Version 1.4.

https://www.omg.org/spec/DDS/1.4/

Open Robotics. ROS 2 Quality of Service Settings.

https://docs.ros.org/en/humble/Concepts/Intermediate/About-Quality-of-Service-Settings.html

IEEE 802.11 Working Group. IEEE Std 802.11bb-2023 Light Communications.

https://www.ieee802.org/11/overview.html

IEEE 802.11 Working Group. P802.11br Enhanced Light Communications.

https://www.ieee802.org/11/Reports/tgbr_update.htm

NASA. Laser Communications.

https://www.nasa.gov/communicating-with-missions/lasercomms/

NASA. Optical Communications Overview.

https://www.nasa.gov/technology/space-comms/optical-communications-overview/

[ETF. RFC 9171: Bundle Protocol Version 7.

https://www.rfc-editor.org/rfc/rfc9171.html

I[ETF. RFC 9172: Bundle Protocol Security.

https://www.rfc-editor.org/rfc/rfc9172.html

IETF. RFC 9173: Default Security Contexts for Bundle Protocol Security.
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https://www.rfc-editor.org/rfc/rfc9173.html

® Neo.K “Aletheia. Oversoul Station Fabric : EE L -~ # 8k E#tuEMN 2B 5488,

® Neo.KAletheia. F#EEIEIEIEHE @ Al MMfEIGHER « AR R 2 AR — (B IRRF 221

® Neo.K Aletheia. FREHE « #th77 BIGEBEAEREPR.

link:
id: mnn

medium:

technology:
endpoints: []
performance:
latency_budget: null
jitter_budget: null
loss_budget: null
bandwidth: null
semantics:
supported_control_classes: []
forbidden_control_classes: []
maximum_message_age: null
offline_fallback: null
time:
synchronization_supported: false
maximum_time_error: null
holdover: null
security:
mutual_authentication: false
integrity: false
confidentiality: false
replay_protection: false
mobility:
roaming: false
coverage_zones: []
evidence:
monitoring_required: true
logs: []
path_contract:
flow_id: ""
control_class: "KO | K1 | K2 | K3 | K4"
bounds:
maximum_latency: null
maximum_jitter: null

maximum_loss: null
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maximum_message_age: null
minimum_bandwidth: null
time:
synchronization_required: false
maximum_clock_error: null
security:
trust_domain: ""
confidentiality: false
integrity: true
failover:
mode: "none | active_standby | active_active | replicated"
fallback_path: null
local_behavior_on_loss: "safe_stop"
mission_bundle:
id:""

source:

destination:
governance:
domain_id: ""
governance_epoch: 0
world_epoch: ""
lease_id: ""
task:
graph: ""
allowed_actions: []
forbidden_actions: []
validity:
created_at: ""
valid_from: ""
expires_at: ""
safety:
local_safe_set: []
stop_conditions: []
human_approval_required: false
reporting:
required_events: []
evidence_required: []
compensation_on_failure: []
security:
integrity: true
confidentiality: true
anti_replay: true
signature: ""
link_degradation_policy:
healthy:
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allowed_classes: ["K1", "K2", "K3", "K4"]

constrained:
actions:
- reduce_bandwidth

- compress_data

- extend_noncritical_reporting

high_latency:

actions:

- disable_remote_closed_loop

- increase_local_autonomy

- batch_noncritical_data
intermittent:
actions:
- activate_bundle_mode

- shorten_offline_lease

- preserve_local_evidence

partitioned:
actions:
- freeze_C2
- prohibit_C3
-allow_CO
- allow_limited_C1
failover:
id:""
flow_id: ""
failover_epoch: 0
old_path: ""
new_path: ""

reason:

old_path_last_sequence: 0
new_path_first_sequence: 0
duplicate_elimination: true

physical_command_idempotency_checked: false

committed_at: ""
evidence: []
OSF
LhEAERRE ST I
4,
PCD
SRR IR EE
4
DFC
FRR 75~ ACTTEARER
4
Zf HLF
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