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UnifiedBus: An Interconnect Protocol for SuperPoD

A unified interconnect to cover common bus & network scenarios.

UnifiedBus (UB) is a SuperPod-oriented interconnection 5 @ &l
protocol that unifies IO, memory access, and inter-process- " 5 -
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. Higher bandwidth: all high speed SERDES can be . S Uﬂ_swh R |
utilized for any purpose, maximizes resource efficiency s G wewa ] uwmews e

- Simplified Schema: Load/Store + RDMA + uRPC. :ch" ”:: e “Z”"m:“”” .

« Compatibility: UBoE can run natively over Ethernet T T T
Network UBPU (Memory) UBPU (DPU) UBPU (Switch) UBPU (Others)

UB Domain Diagram
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We Build Innovation Platforms Together with the Academic Community

The First Systematic Open Innovation Platform Designed for SuperPod Networks

Driving innovation in architectures, protocols, algorithms, memory semantics, and programmable hardware.

UB Protocol

UB Simulation Platform Verification Platform

Scale-Up SuperPod Networking Scale-Out
Prototype Platform Innovation Platform Prototype Platform

B FEERNFHEKE
= THE HONG KONG
LlM UNIVERSITY OF SCIENCE
AND TECHNOLOGY

Jointly released with academic partners

Openness - Innovation - Collaboration : Success
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UB Simulation Platform:

A UnifiedBus Specification Compliant Network Simulator

Supporting research into the following areas:

= High-reliability, low-cost, traffic-affinity topologies.

= Optimization for collective communication ops.

= Novel transaction ordering and reliability mechanisms.
= Transmission control mechanisms for Ld/St semantics in SuperPod.
= New adaptive routing, LB, CC, and QoS algorithms.
Integrated Tools:

= Flexible topology generation (e.g., CLOS, UB Mesh).

= Custom traffic injection (supports collective ops).

= Node/link fault injection.

= Simulation log analysis and data visualization..
Access:

= Base on ns-3.44. Repo: https://gitcode.com/open-usim/ns-3-ub

ns-3-ub Tools
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ns-3-ub Architecture Diagram

This project provides reference implementations for algorithms not defined in the specification (e.g., switch modeling, congestion marking, buffering, and arbitration).
Features out of scope: hardware modeling, physical layer, control plane behaviors (e.g., initialization, exception handling), memory management, and security policies.
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Supporting Research Areas:
Architecture Exploration, Protocol Innovation, and Algorithm Design

Innovative Topology Architectures

4 ) ( N\ (

UB Mesh Performance Evaluation Sparsely Connected Topologies Electrical + Optical Topology
L2: OXC [w

Memory-Semantic Innovation Innovative Collective Algorithms Traffic Control Innovation

Transport Layer New TA Layer Original Paths Original Paths Original Paths

Multi-Ring  o—o—o—o0 —p—0——0 e [T
n-Order Delivery of Pk, In-Order Exec. of Inst. AllReduce e ; Eﬁqj}; b - <- - -Credit

Transaction Reliability o0—0—0—0

Reliable Trans.
~ A, _P'a'ckeH

Load Balance ~ Compact TP Layer < < ;
Congestion Control ~ \ MUltl-Pa-th and | PFC | | CBFC |
~ | Load Balance 2 2 Hierarchical All-to-
Latency & Sending Rate Ctrl. d 3

Packet Spraying & Adaptive Routing

Congestion
Mark
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Case 1: Memory Semantic Innovation

¢ Utilize LD/ST interfaces to generate complex traffic patterns to evaluate the strengths and limitations of existing

transmission, ordering, and reliability technologies.

¢ Enables users to design and validate innovative mechanisms tailored for Al traffic and specific topologies.

~——— Novel Transmission Control Mechanisms —

» In memory-semantic scenarios, transmission uses a lightweight protocol
stack that bypasses the transport layer.

> For future larger-scale, complex scale-up networks, new lightweight
transmission control mechanisms are needed to meet control

requirements.

User-Customized

Traffic pattern r‘\ Supported

thread1||thread2||thread3 \

cale-Up Network Topologie

ostd||||ostd||||ostd UBP BPU

novel transmission A ~(Switeh)=—(Swi
control mechanisms 'l UBPWA UBPU

Ld/St Interface I

I

Transaction !

Design novel transmission control mechanisms for

~ Network-Level Transaction and Reliability Innovation —

> Straightforward ordering implementations suffer from additional RTT
latency and buffering overhead in ROI/ROT transactions.

» Design novel ordering and reliability schemes to ensure lightweight,
high-efficiency transmission.

Ordering by Initiator ~ Ordering by Target

Initiator Target Initiator OrderingTarget
&@ Store
le,; m’ — ew Ordering Mechanism
PR «— X Low Latency
ACK *  Minimal Buffering

ACK

Store F/ag

ACK Reduces latency;

requires extra

Additional RTT reordering buffer.

Develop novel reliability and ordering schemes to boost
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SuperPods and scale-up scenarios. I transmission performance for scale-up scenarios. )
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Case 2: Network Architecture & Algorithm Innovation

¢ Build any network topology to investigate novel architectures tailored for Al training and inference scenarios.

¢ Design innovative routing policies, collective communication algorithms, and flow control mechanisms based on new topologies.

— Routing Mechanism ————— — Collective Algorithm Innovation — - Flow Control Algorithm Innovation —

> S ts UB protocol-defined routi » Generates standard algorithms and injects » Supports CBFC/PFC and Virtual Channels
upports Ub protocol-detined routing traffic in arbitrary serial/parallel patterns. for verifying flow control and deadlock
strategies. prevention.
> Desi ; lgorithms for i i > Allows users to design and simulate custom
i e5|g|]n custom algorithms forinnovative algorithms based on specific topology and » Enables deadlock reproduction and
opologies. traffic needs. resolution algorithm design.
Routing 1~ -*‘Sh'érTeE-t-‘-\: Per=flow [7 SPF Original Paths Original Paths Original Paths - X-Fullmesh
9 )y > APR T2 o RS ,{P%—W,ﬂj... @ |UBPU| |UBPU| |UBPU| |UBPU
Table N All- a.th's ¥ p _ K { Idle Links Ring 2 E E
P S R Packet Spray O—0—0—0 OO0 =
Supported Routing Strategies UB-Mesh Multi—Ring AllReduce ; UBPU UBPU UpPU
1§383 53838 15383
7_5|51T":'§\31[\1|]07|§iﬁﬁz{;ﬂms|5mj_fmuw|€|m?\)z;n % I%%%? O %‘, ’ A, % O O O(O UBPU U PU U P
T | T instmtrio‘n[ma;n insnuc"tinnple > Q(.FBIMQ O > X_E"Mg D > Ox-gu)wg\l. D
(a) Multi-Path All2All  (b) Hierarchical Broadcast  (c) Hierarchical Reduce UBPU U |1 B

Reproduces deadlocks and analyzes root

er?:gzs S:eeri(fjee?is‘r:\éz rr?wzgﬂgnsizﬁzegﬁ;rzrc]ldto vellieiies nmeweile Elgerinms Ll iels causes via logs; resolves issues usin
iy to generate arbitrary traffic types. 095/ 9
specific topology. Virtual Channels.
. RN /. J
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UB protocol Verification Platform:
The Verifier for UnifiedBus Protocol Designing

Supporting verification in the following areas: co N
: Configuration UB Topolo - . |
= Correctness of protocol designs. 7 . | Formal definition of UB !
= Correctness of configurations. | UB Control Plane Mode/ Lo :
[ ) Lo | Jetty URMA Load/Store| !
o . : Routing Load-balance . |
= Compatibility of new designs. e SN S . !
= Robustness of control plane algorithms. UB Data Plane Model i | TP model || Retransmission || CC |1
FIBs | |
Usage: FIB of A ACE 3 B| :
. S FIB of B . !
= By defining new protocol designs in this platform, the | | Load-balance || Priority || LLR |!
verifier can automatically verify their correctness. Access control i i
C&g P D | ]t
= By inputting the deployment configurations to this éCL of A ! CBFC Routing | ;
platform, the verifier can determine the correctness of . |

configurations and compatibility between protocols. Data plane verification for UB SPIN model checker
N\ J

Access:

= Repo: https://gitcode.com/open-uvfy/ub-NetVerify
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Supporting Research Areas:

Protocol Design and Control Plane Algorithm Design

~—— Support for Innovative Protocol Design ————

B The platform contains complete formal descriptions of the main
features of the UB protocol, as shown below.
®m New protocol designs can be verified on this platform by

modifying the formal description.

Protocol Protocol Verification Features
Layer Function
Datalink VL&CBFC Correctness and deadlock-free of credit subscribe and release.
Layer LLR Correctness of state transition and error handling.
Routing Correctness and compatibility of routing.
Network Isolation !Eff(lectt.lveness of the isolation strategy and correctness of
Layer isolation.
Priority Starvation detection and conflicts detection.
TP model Correctness of state transition and reliability function.
Transport TP Correctness of transmission process.
Layer Retransmission | Detection of packet loss status and packet loss deadlock.
CcC Congestion control process verification.
Jetty Correctness of Jetty state transition. Jetty abnormal state
detection.
Transaction URMA Correctness of URMA interaction process and state transition.
Layer
Security Correctness of the security state space.
9 Load/Store Correctness and deadlock-free of memory transactions.
\. J

~—— Support for Control Plane Algorithm Design —

m Verification of load balancing and packet reordering in the

control plane.

The platform can verify the balance and multi-path consistency of
innovative control plane algorithms under the following situations:
> Different topologies, such as UB-mesh, CLOS, etc.
> Link failures.

» Different traffic characteristics.

/ Control \
Plane
. 2 Al ith
Configuration [2990"™° Output
~_ b
Network Results:
Conflguratlonr A — No loopsv
o =]
S = Y No black-hole v
Topology » = - ot Balanced enough v
’ S 2. o Consistency x
3 = o N Counter Examples:
Fault & w 2 In topology X, the
definition o = z multi-path
< = o) consistency of flow
Verification 8_ = % Y is inadequate
=1 —-
Target D Q
\ Control Plane Verification j
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SuperPod Networking Innovation Platform: Support innovative UB
topology construction and verification of topology designs.

B Capability Features of the platform:

Infrastructure Networking Innovation Platform: Supports customized interconnection
of Ascend servers, switches, and OCS hardware, and integration,

Ascend / Kunpeng Servers, OCS, Electrical Switches > ; TS ; = )
configuration, and verification of routing and communication algorithms.

Feature 1: Innovative Topology Definition

and Construction
« Direct topologies (FullMesh, 2D-FM, Torus)
+ Indirect connection topologies (Clos, BST, etc.)
« OCS-based variable direct topologies
« Provides more accurate performance evaluation and
realistic problem identification compared to
simulators

Feature 2: Verification of Topology
Algorithms
« Routing algorithms (shortest path routing, full-path
routing), LB algorithms (ECMP, NSLB, etc.), FC
algorithms, and collective communication
algorithm configurations under various topologies.
«  Supports Python-based HCCL translation.

B Access: Huawei will assist in configuring and
setting up the network, with remote access provided
via the Huang Danian platform and the laboratory.
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Innovations in UB SuperPod Topology Architecture, Routing, and
Communication Algorithms

— SuperPod topology innovation —

Supporting UB-mesh topology (Example 1)
and innovative switching topology
(Example 2) prototype development.

Example 1:
UB-mesh Topology

Spine Spine Spine Spine Spine Spine

Leaf Leaf Leaf Leaf

EOEOEDSED

Example 2:
Balanced Sparse Tree Topology

~—— Innovations in Routing and Collective —
Communication Algorithms

Supports efficient configuration of source routing
and static routing;
Innovative routing algorithms (full-path routing).

Addressing Routing | Static || Adaptive |
N e
Addr C: EID4, EIDS FC [ pc | cBC |
Routing |  hcen tool -ping |
Validati | |

on BW measurement

Translating Python algorithm code to HCCL
collective communication library supports efficient
and agile innovation and development of
communication algorithms.

e:) Python — HCCL A Ascend

https://gitcode.com/HCCLang/HCCLang-ub-tools

—

‘ et TR e e
msprof + SR R A ————

Network data monitoring,
platform data visualization

HCCL Operator Behavior Data

Collection and Visualization on
Device-Side (Ascend NPU)

mindstudio - Pl P e b

Network-side port mirroring, "flow-
level/packet-level" traffic behavior
observation strategy

—_—

Flexible and customized
definition of Topology
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Agile Development of
Innovative Algorithm

Data transparency, facilitates

academic and industry research.
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Scale-Up Prototype Platform: Open HW/SW Co-Design Capabilities to
Support Innovation in UnifiedBus Interconnect Architecture

B Features supported by the platform include: UB-Next basic memory
semantic protocol, short-path migration engine, composite semantic

processing engine, low-latency switching, and other innovative functions.
» UB.mem: Supports native memory semantic read/write operations,
on-path/off-path acceleration logic, etc.

. . e Memory Semantic
» UB-SSD: FPGA-based SSD with memory semantic capabilities, near- Interconnect e ———
- |
data computing, etc. S
> Low-latency Switching: Packet-Cell Converged Switching Based on F— UB(°DEPLP§;A —z UB-SW
FPGA PCle )
M Access: Remote access provided via the Huang Danian platform and —| u-ssD FPGA
the laboratory. B
Multi-head Memory Pool Architecture Direct Borrowing Topology Architecture Switch-based Interconnect Architecture
L Mem Pool J \jomj \jomJ [omJ \jomJ
Node Node Node Node
I0__10__10__ 10
o 1 T2 Ty o e o
g} = * = \' T \ — —1 — _ — — R — —
10 10 10 10 Comp. Comp. Comp. Comp. | Low- Latency SW|tch|ng ‘
Comp. Comp. Comp. Comp. Node Node Node Node
Node Node Node Node 0 1 0 1 Comp. Comp. Com Com
0 1 2 3 Node Node Node Node
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Exploration of Hardware-Software Co-Design Innovation Based on
Scale-Up Prototype Platform

OpenCCU Collective Compound Memory Semantics .
( Communication Accelerator ) Microarchitecture —(—— Memory Semantics UB SSD —
l NL-10 ES::!,’SIWE PIFFIEXSSD FPGA BiEF &
RISCV CCu %g;?;g}g E | TWrite wf:ttl?f::lsnutatiunT I Op;nsl:lN- [ Ca:tsrgller <
<jf’> G T u Logic
PE i Norma o Load/Store TR to
- Bt;:'g(e 9 PHY LDad/S‘tore J%l Tagéing || Bulk LO;d/Stnre |_ gz:;:%ﬁjr:me " Mmcio <1,::> Fé’:gg}%{ﬁ <:::> PCIE SSD
een e L0C3|eEr);Eﬁ;1:iSDn ] E T - ‘
| Control Memory | Iﬁ'éﬁﬁx P Operat Coﬁﬂg;or One Unit Ll U
\?uat:l%é%ite NL-1O Add Counters | IE
] e oo % | =
AXI Bridge AXI & Control Path %gg;p‘;u;g Store Cachelines T
Device 0 HBM (3] Ren'éote E)t{ecution
perations
» Multi-core RISC-V Architecture: Based on > FPGA exposes host memory semantics:
RISC-V instruction set, parses collective > Compound Memory Semantics Support: Manages FPGA memory as SSD cache
communication instructions via parallel Trigger multiple transactions (bulk transfer, supporting host semantic access
processing at the multi-core frontend. sync, conditional ops) via a single Ld/St > Near-storage computing: Handles
> Collective Communication Extension request. compression/decompression
IvstLuc:ogéz'Exte?ds coIIectwe_ mstructlon; > On-path measurement: Measures remote encryption/decryption, and matrix
via the RoCC interface, supporting ops suc , , o :
PP Jop memory traffic and identifies hot computation.
as Reduce, LoadTensor, and StoreTensor. > GPU th h: Enables GPU/NPU
> Automatic Architecture Design pages/conflicts, enabling SW/HW co- passtE:;:ghrfc): gir.ectlfl in?’fiate SSD access
Optimization: Automatically optimizes optimization for hierarchical memory. » NVMe-of Target offloading: SSDs act a0 :
parameters, identifying the optimal ratio of )
PE RV C target nodes for network access.
. s to ores. JIN J1%
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Scale-Out Prototype Platform: Supporting Innovation in Protocols and
Algorithms for Scale-Out Networks

Fundamental Capabilities Platform overview
B Basic components: 10+ NICs, 10+ switches. 2-layer Clos
architecture; supports other common topologies. switches

B Programmability: Programmable NICs and switches. M

B Protocol Capabilities: UBoE and standard RoCE. Supports =) Tester
UB TP/TPG, multipath, packet spraying, out-of-order
reception, congestion control, and lossless/lossy modes. e
B Access: Remote access provided via the Huang Danian
platform and the laboratory.
Platform-Enabled Innovation Capabilities
& switch 2 < NIC/ DPU >l< Host ——>
B Focuses on protocol and = Host N }
: i P = ost Networ
algorithm innovation Load Balancing 2 m
* Per-packet load balancing = = |
« multi-path transmission -y Resource
« Congestion control Programm 8= Management
« Packet trimming abilities - TN 3 §| 1
+ Flow Control ongestion tontro 3, 2 Vi lizati
« Virtualization, etc. 0~ Il P
B New features coming soon, Out-of-Order Reception g N
including NIC architecture, fault detection
compute system Flow control




CompuNet: A Summit Focused on Computing Networks

> CompuNet aims to build an open platform for exchange and innovation, fostering technological breakthroughs and industrial
progress in computing networks while contributing to academic development and talent cultivation.

» The 2nd CompuNet Summit was successfully held by Huawei and academic partners on Oct. 15, 2025.

« The CompuNet Scale-Up Network Innovation Platform was officially released as the industry's first open innovation
platform dedicated to Scale-Up networks.

« A strategic collaboration was launched between CompuNet and the CCF (TCDCS, TCHPC, & TCl) to deepen industry-
academia-research synergy. This initiative will explore cooperation through seminars, competitions, and academic
courses, promoting cross-disciplinary innovation in Scale-Up networks across multiple computer science subfields.

Organization —~ Platform — Achievements

Exchange Cooperation

Platform Platform

= =B, 3 O . Jrels) /
ey A M 5 'R
eleliiI" T Thll
§ Ao W J1°) 8 AR o B

'TC K THRY Tryy YPITEIY D |
Ar“! JW%V‘S ;“Jv "m! <8 i{ Yy ¥y )

Innovation Open
Platform Ecology
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Thank you.
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