WO 2025/062009 PCT/EP2024/076533

1/10
Monolithic Kernel Microkernel
based Operating System based Operating System
2 1
1d — /
Application /SystemCali 7
- user /
% 12 A3 A4
o Ve
1c
e IPC, File System ¥ » »

Application | UNIX | Device | File 10
4 IPC Server | Driver SerXer

1 i

- ¥
1a— > Device Drivers, Dispatcher, ... Basic IPC, Virtual Memory, Scheduling

1b—, Scheduler, Virtual Memory

Hardware Hardware

3/ Figure 1 (Prior Art)

d
Agreement : 0S node || OS node || OS node

algorithms ! State State State
I |Lreplica replica replica

|
|
Arch-specifici |
|

|
code e A B i—-—/zz
Heterogeneous PP
cores
< Interconnect S
Vv

Figure 2 (Prior Art)

0S node /25
State A

replica

SUBSTITUTE SHEET (RULE 26)



PCT/EP2024/076533

WO 2025/062009

2/10

10)4

4014

€0y

14017

uolbay a1eAlld
0 ®PON

uoibay a1eAlld
| 8PON

uolbay 81eAlld
Z ®PON

uolbay a1eAlld
€ 9PON

LV Jagng bury

Zv layng bury

¢V Jayng bury

LD Jayng bury

2o Jeyng bury

€0 Jayng bury

sepou
usamiag paleys
fiowsw sjgejieAy

S0INSP
paddew-Aiowap

AJOWay WalsAs

¢ ainbi4

tee ~
_ |ouI8)0JoIW $8S |
pmmmmmm s -
: ; £e 9
: — uaby Jayng
ERCT \aus/ 8¢
' ioeee
: ! €0
] ; 8j0su0) u
T € 9PON )
e \
—CE e 2919
_ [2UISX0UDIW 19S _j _ |aUISM0DIW p19S _j
I o )
: ! 44 -
: — waby _\mty Jobeuepy tiipy
oy as ; é\ sl0Wwey
POAINA : cze J c0¢ G0e
; : J8AlQ (28} Kejoy J8AlQ
; | elosuoo [ _mw_:m 8j0suU0D WOMIBN dd
/(.|||||||||||||_ NOUOZ & - mom .ANom
\ \ 09PN
Nm L&
Jgi 225 ™~ 0¢ \
[ |oUIaY0IOIW $]8S |
A
: : LV
: ] weby @
il | - \ewy/
oW epe L€
! i JaAuq 9
| 8|0SU0D [@._Wm\
Tt LepoN .

SUBSTITUTE SHEET (RULE 26)



PCT/EP2024/076533

WO 2025/062009

3/10

uoiBay a1eALd
0 SPON

uoibey a1eAld
| 8PON

uoibay a1eAld
Z SPON

uoibay a1eAld
€ S9PON

L Jagng bBury

2V Jayng bury

¢V Jayng bury

LD Jang bury

Z0 Jayng bury

£0 Jayng bury

1senb Buipnjoul
‘Alowsw
Bunom | INA

sapou
usamiaq paJeys
AJOWaW ajqejieAy

80IA8( NIOMIBN
uoljound [enUIA
LERINET)
paddew-AlowaipN

AIOWBN Walshs

# 2inbi4

v
Jayng
Bul

(T -\
_ [2UISM0IDIW P19S _
1  jeby
POAWA

: P [ senna |
7| sjosuon
\_ mmvoz\

€0
Jayng
Bury

T I - -\
_ [oUISY0IoIW YOS _ _ [oUISY0IOIW $9S _
R
/T Uy
H zndon waby Jayng Jabeuep o10WaY
LINA g
1 wwa JonIqd 49 fejoy JoAld
| sjosuon [ ;Nt:m_ 2]0SU0D WIOMISN dd
ury
- € 9PON 0 8poN
g J
e )
_ [2UISM0IOIW P19S _
A
H lngon waby Jayng
LINA oul
10
TATATAN oAl
- — Jeung
b 2|0SU0D U
apo
( | ®PON y,

SUBSTITUTE SHEET (RULE 26)



PCT/EP2024/076533

4/10

G ainbi4

b |

095
S9g / L

150n6 UeIg ' »
Nd2 J8ylo joog
0SS

¢ ggg —
1sonb vels - SvS

: 1senb ueis

1senb ueis

palealo A

SRRt ¢

. ggowmmmA [ |
. auyeinbyuon -

 pEcsamATLE ,,
. 8ui sunbyuon I als | L

‘sebinsp ‘Aiowaw

0 F%_woc :§80Jnosal -—

teqo|6 8jeo0|ly

G0g
uoljealo
A 1senbay

RECTIFIED SHEET (RULE 91) ISA/EP

WO 2025/062009

¢ ©PON
1seng5)

¢ 9PON
NWINA

¢ ©PON
waby

L 8PON
188Nn5)

}l 8PON
NINA

| ®PON
uaby

0 ®PON
Jebeuepy

89

LS

99

GG

12

€§

(4]



610

615

620

630

640

Node Initialisation

Node Initialisation

Node Initialisation

WO 2025/062009 PCT/EP2024/076533
Processor Processor Processor Processor
Core #0 Core #1 Core #2 Core #4
Phase 1
Hardware
Discovery and
Initialisation
A 4
Phase 1.5
Static Resource
Partitioning into
Nodes
v A 4
Phase 2 Phase 2 Phase 2 Phase 2
Kernel State Kernel State Kernel State Kernel State
Initialisation Initialisation Initialisation Initialisation
N X A
Phase 3 Phase 3 Phase 3 Phase 3
Root Task Root Task Root Task Root Task
Creation Creation Creation Creation
A A 4 A 4 \ 4
Root Task Root Task Root Task Root Task

Node Initialisation

%

|

Figure 6

!

SUBSTITUTE SHEET (RULE 26)

!




PCT/EP2024/076533

WO 2025/062009

6/10

ov8

~

JaAuq
AomiaN OIHIA

e

g ainbi4

20IA8(] WoMIaN |eaIsAud
S WolSAS Xoq|iew aJeMPIBH -------- \

(N @poN)
IAIA 1s8nD

vw\

€8
/ OININ | ISIN
Y « Y
sameq J8AQ
< PHOMISN > suomBN 4A
OIMIA
(N @poN)
018 | soyuow sumoen [enun
18

J ainbi4

NETNELEN

$S9208 a)UM-pEaY

Id| UCIIEOHIION

OININ

Y_ VY N

Jaauq
" OMIBN dd

008 (0 @poN)

JBANI(Q YOMIBN
08 \

Xopu|

g obed pesy

| e 559008 A|UO-PEOY

e'\

] obed g obed G obed t obed ¢ obed Z obed | obed 0 obed
$s8008 Ajuo-peay xepul $S9008 SJlUM-PED
juo-pesy > obed 1M < WM-peSY

Japussg

SUBSTITUTE SHEET (RULE 26)



PCT/EP2024/076533

WO 2025/062009

710

ov6

\

0l ainbi4

100}

ZLol
~
/ 0 9PON Ul |auIayoIOIW F]9S
( o) (
p O
s0BUA| NdL WA XnurT
ERITVELS Jaubig SUOIIBOUIION
uonesisILWPY [ | 9 JoleplieA Kiowa pereyg | PUSIPEA OIMA
(paisnil) (paisnaun)
oy Jabeuep ) S WINA cozmbm_c_Eu/x\
oL -~ Lot/
6 ainbi4
90IA8(] YJoMmiaN [eolshAud
\ ......... WB]SAS XO(|IBW SJBMPIBH:----=--~-~,

€6 Z6

\

JaAlQq 8oneq
400id OIHIA

0

8oIA8Qg

WA IS8

—

N
¥6

c6
o0l ﬂ
OIMIA ﬁ

OININ ¢ IS
/ v
- J9ALQ J19ALIC
abelols [BNUIA| | YOMIBN A
(N @poN)

JOHUOIN SUIYOB [ENUIA

rm\

olL6

OININ

006

JanlQ
" IOMISN dd

(0 spoN)
JaAuQ JJomisN

om\

SUBSTITUTE SHEET (RULE 26)



PCT/EP2024/076533

WO 2025/062009

8/10

Ll 8inbi4

sosuodsay g sisenbay

peledijusyiny
e
ool Joleisiuiupy
Buuouuop walskg Z JaWoisny | Jawolsno

A
1A
1

LLL

colLl

vO Buubis
Jawoisng

vo Buiubis
Jasn jeussiu|

vO Buubis
BETNETS

L

\ V0 100y

ainpnaselu) Aoy olgnd
0] _ )

LOLL

SUBSTITUTE SHEET (RULE 26)



WO 2025/062009 PCT/EP2024/076533

9/10

Physical Address
Space Allocation

Node 3: quest VM Node 4: quest VM
Link Interface VMM Link Interface VMM Link Interface
Node 2:
Storage controller

device memor
Node 2: V Ring Buffers Ring Buffers
Storage controller \y Iy

device memory

Netw?r%ﬁtelr:face Node 1: Network Node 2: Storage

device memory [ Network Router }_{ Link Interface] [Storage ManagerH Link Interface]
Node 0: ] I_I
Ndetwork Interface
EViCe memory Device Driver [Device Driver] [Device Driver]

Ring Buffers A:
Shared physical
memory

Ring Buffers B:
Shared physical Node 0: System Administration

memory o
i ultikerne
API Service Vanager

[ Device Driver ] [ Device Driver ] [se}4CP Factory]

Network
nterface

_Node 4:
Private physical
memory
Node 3:
Private physical
memory
Node 2:
Private physical
memory
_Node 1;
Private physical
memory

Node 0: i
Dt p%ysical Figure 12

memory

SUBSTITUTE SHEET (RULE 26)



WO 2025/062009

10/10

Ring
Buffer

Node N

Guest 05
VMM

PCT/EP2024/076533

Guest 0S

VMM

I Link Interface l
L |

>

Dynamic PDs

Created and
destroyed by the
Node Manager PD

‘ seL4CP Monitor ] l Node Manager H Link Interface J -  Static PDs
Created by sel4CP
Node 0 Ring
‘ Buffer
Figure 13
147 148
\ /
Node A X Node B ¥
‘ Guest 0S exposed to 2 vCPUs 1
VMM: VMM
[VM(\jI helper task VCPU £0 J//141 VCPU #1 VMM helper task ]
/‘ J 142/ 7 \
( / Microkernel ) ( Microkernel \\ )
4 B \
/ / Pl ~ \ 146
145 140 144 140

143

Figure 14

SUBSTITUTE SHEET (RULE 26)



