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Building the Chip Infrastructure of the AloT Era ¢ T-HEAD

Infrastructure Provider of the AloT Era

MCU Security Intelligent Computing Industry Control Memory Control

Domain Specific SoC Platforms ( IPs from Partners )

RISC-V Compatible Processor Domain Specific Architecture



Xuantie - The Evolving Processor Architecture & T-HEAD
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Ultra High Performance Architecture - Xuantie910 ¢ T-HEAD

Debug Unit

Trace Unit

RISC-V RV64GCV

Cluster Based Muti-core Architecture

1/2/4 Cores per Cluster

32KB/64KB L1 DS$; 32KB/64KB L1 IS

64-bit , 12-stage. Out-of-Order

3-decode , 8-issue

Dual Issue Out-of-Order Memory Access
High Performance Hybrid Branch Processing
Multi-mode Dynamic Data Prefetch

Vector Engine for Al Acceleration

Al, Edge servers, Industrial control , ADAS



Remarkable Performance
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Data source:
http://www?2.eecs.berkeley.edu/Pubs/TechRpts/2018/EECS-2018-151.pdf
https://content.riscv.org/wp-content/uploads/2019/04/RISC-V_SweRV_Roadshow-.pdf
https://content.riscv.org/wp-content/uploads/2019/06/17.00-syntacore_zurich_ws.pdf
https://www.sifive.com/cores/u74-mc



Compatible with RISC-V Specification ¢ T-HEAD

ISA RV64GCV

RISC-V 0.7.1 Vector Extension

Vector
FP16/32/64,INT8/16/32/64
Privilege Mode Machine + Supervisor + User
Memory
Sv39 MMU + 8/16 PMP
Management

Interrupt Controller Clint + PLIC




Extended Enhancement - RISC-V Turbo ¢ T-HEAD

RISC-V Turbo 1_4
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EEMBC Nbench OpenSSL
Native RV m XT910



Deep Superscalar Out-of-Order Pipeline O T-HEAD

Load/Store pipe
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* Issue 8 Instructions/cycle
I3
> —
¢ BaCk'End ALU/MUL pipe
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Instruction Fetch Unit with Hybrid Prediction ™ T-HEAD

. Hybrld Multi-mode Branch Prediction
Branch Direction Prediction
* Branch Target Prediction
 Return Address Prediction Branch Branch

» Indirect Branch Prediction — e S
Branch Indirect
. ngh -bandwidth Parallel Fetch e l predictor
128-bit Fetch Return
« Up to 8 Instructions Packaged in Parallel Address —, Branch
Predictor Address Bus

* Instruction Cache Way Prediction
 Loop Acceleration



Dual Issue OQut-of-Order Load Store Unit O T-HEAD

 Out-of-Order Dual Issue

 Load/store Address Pipeline
* Independent Store Data Pipeline P AU — D-CACHE
» Speculation Fail Prediction

A A

Issue

* Load/store Fast Complete oueue 7 Write

 ——  ——
Al Buffer

3 cycle Load-to-Use
* 1 cycle Store Execution

ST_DATA

* Powerful Prefetching Capabilities

* Multi-mode and Multi-stream
« Both Virtual and Physical Address Prefetching
* Configurable Prefetch Capacity



Efficient Multi-core Interconnection O T-HEAD

* Decoupled Processor Interface Units (PIUx)

« MOESI Coherence Protocol III _

)

* Directory-based Architecture

* Snoop Filter Supported

* Configurable L2 Cache , up to 8MB
 ECC Supported



Al Optimized Vector Computing Engine & T-HEeAD

Compatible with RISC-V 0.7.1 Vector Extension

Supports FP16/32/64,INT8/16/32/64

Vector Register Files

256-Bit Operation Width, VL =128 and 2 pipelines

{
Two 128-Bit Vector ALU Ops per Cycle ' \
One 128-Bit Vector Load and One 128-bit Vector Store per Cycle
Direct Access to L1S on Vector Load and Vector Store
Vector Vector
Execution Execution

Dual-issue Out-of-Order Vector Execution Pipeline

More than 300GFLOPS of FP16 Computing Power per Cluster
(32 FLOPS/core/cycle x 2.5 GHz x 4 Cores)

Half of FP16 computing power when widening to FP32



Efficient Profiling Engine & T-HEAD
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Experimental Results
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FPGA DEMO A T-HEAD

Target Chip Info:
CFU Type is CO10V, Endian=Little, Vlen=128.
DCache size iz 64K
ICache size iz 84K
Target is 2 cores.
MMV has 1024 JTLE items.
BGU zone size iz 4KB.
BGU zone um 1z 8.
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ASIC Implementation ® T-HEAD

Process TSMC 12nm FinFET
__Technology

Operating 2.0GHz2~2.5GHz?®
Frequency

a. LVT 6T-turbo STD cell, 0.8V VDD, TT 85°C

D. 30% ULVT STD cell
Area per Core 0.6 mm? (wﬂ:lﬁout VECi
_ (excl. L2§) 0.8 mm? (with VEC)




Wujian SoC Platform with Xuantie {® T-HEAD

Enabling chip differentiation competition

50%

Reducing Chip Desigh Time by 50%

50%

;.'.. ’ Saving up to 50% on Design Cost




Conclusion A T-HEAD

» Ultra High Performance Superscalar Processor
* RISC-V Compatible plus RISC-V Turbo Technology

* Dual issue Out-of-Order Memory Subsystem

» Al Vector Acceleration Engine ‘ L



	Slide 1
	Slide 2
	Building the Chip Infrastructure of the AIoT Era
	Slide 4
	Slide 5
	Slide 6
	Compatible with RISC-V Specification
	Slide 8
	Deep Superscalar Out-of-Order Pipeline
	Instruction Fetch Unit with Hybrid Prediction
	Dual Issue Out-of-Order Load Store Unit
	Efficient Multi-core Interconnection
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19

