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CPU/GPU:

«  Multi-core/parallelism
* Microarchitecture

DS Accelerator:

« DNN-based

« Specialized Al
Interconnect for > °* \oice, ISP, etc.
Heterogeneous:

« Network on Chip
« Cache coherence
« Memory system

Circuits:
« Power, Clock
 RF IO, etc.

* x* *

Technology Scaling & New Devices




ICEsMmss: DARPA DSSoC

EPOCHS Compiler
Reference +
Application Scheduler

Ontology & Design
Space Exploration 10X — 100X

reduction in
person-years

4

FPGA prototype,
emulation, optimization,
software bring-up

Accelerators +
NoC + Memory
Architecture

Agile methodology to quickly design and implement an easily programmed
domain-specific SoC for real-time cognitive decision engines in connected vehicles

Source: DARPA i . . . .
ERI Summit “Super”-Domain: Software-Defined Radio + Computer Vision
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RTL Code Generation
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IP Lib
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Algorithm
Analysis
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ure Design
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PPA
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Document
Generation

Speclim
HLSPilot

EDA physical Implement

module example(...);
always@...)begin

end

assign a=b;

assign c =d;
endmodule

Design cudeP

‘timescale ins / 1ps
module
th_module_name;

Initial begin

endmodule

Test code P

D IP codeﬁJ

GPT4aigchip Chatcpu Chipch
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e Files Files
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f Assuming you're a professional CPU architect. Prompt

Your task is to optimize the CPU parameters.
For numROBEntry, the report is shown as below:

(sysTem.cpu.rename.ROBFuIIEvenTs P )

p means the number of times rename has blocked
due to ROB full.
Here is the report in design(i) :

(sysfem.cpu.renc me.ROBFullEvents 75515 )

To obtain better PPA, numROBEntries should be just
enough.

What are ROBFullEvents and CPI equal to in previous
designs?

Compare previous {ROBFullEvents,CPI} with the current
design(i) .

And refer to other parameters in the design(i) .

Should We increase or decrease or maintain ROB_Entry ?

|_ A clear number is preferred
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IC Co-processor Architecture

interface
« 3-stage pipeline

for mat.

and nonlinear instructions
e Scalar CSR

to L2 D-
cache for high bandwidth

Co-processor Architecture

Ins. Fetch

~

Main-Decoder

e

— | Load/Store Unit

Host Core . - Write Mem ldb>
Main Pipeline Back ||Access
Co- k—ID—K EXE/LS S WB —)|
processor i o
Matrix Module Scalar Reg. £
Ins. CSR ©
Queue | 5 —»|| Mat. Func. Array [ Scalar_operand o
'g Local_param Q
O ] . 8 -
= || > 2 (| |Nonlinear Module = il
2| |© Vector EXP unit @| |Mat Reg.
35 —> —> mat_reg 0
(7)) Vector MAX unit —> .
#\ mat_reg 7

|

L2 Dcache / Main memory
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I[" Overview of SW/HW

« ISA Extension and coprocessor template

(,UNI,,@
& @ . Y
AN LI
= -
P b7
1598

« VeriRAG for agile hardware code generation

i (@ _____ Software _;i"(_b_)_"I'S"A """ 1 © Hardware i

poroceccceccceees recececcoeooenns frecccees *
: ' E Accelerate | 0 ! _
| — E i ‘ AlspecificCPU | | Extension
- Matrix : RISC-V : :
I . ' g .
| Al Computation 4' Matrix  h Agile Ho_st_Co_re : DESlg N
| comp- Specific, Extension [ pagiqn [ LMan pipeline |
1 | uting besign — i :

Nonli ' onlinear

: Or?enr;?ii?mrs Extension I el el i

; Generate 1 .

: : E RAG Ve” RAG
i External | .V : + @

+ Knowledge — = : Summary- Fl

E e Instr. Spec. | Template LLM oW

[e——————
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I[" Code Generation Flow Overview

- Three text types in database: natural language doc, RTL code,
software code

« Special Summary-Template RAG for RTL code
 Two RTL code generation methods

------------- Library | pased System

Database ~ Mulll Pipeline Unit LLM-assisted
— 9 1 Load/storet o plate.
|| (1) doc “RAG] _+ Decoder - D - AV,
- ' + Reg.file } ase p
/| (2) RTL code |- e ] J : Module [femplate; | Hardware
[ 0

moroome=esey Software- \
(3) Software direct E EXp unit .— V Botto m-up
Code ' Hierarchical
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I[[" RAG for RTL code Generation

« New stage in RAG: pre-summary and template extract after RAG

(@) Doc: standard RAG _ RAG Prompt

Design Instr. Specification |ess=====p Instr. format >

' Doc ; : RAG module — =~

............ Hardware Design Draft|=====—= def. & conect
(b) RTL Code: ST-RAG joeneration Stage;
i GoUcEe) Selected |@Extract | code ||t ;
: Database ! Code " block template[[i o} conext |
: E blocks | "§ ; MY o
 RTIL T v |l i@®summary L ; :
' Code ; . cocccscccccagqg ' H
: @ Split | ' - | :
v ' [ indexe 0 E ‘ '
| Open Source |s Summary set e.g. o |t '
.| Designs |t always@ (*) begin Related 14 |3 HDL :
; : /lmain control in Summary |e ||| v | ;
. ' scalar_alu, exe ops N H Code |

basedon fun_dec ... coccccccccs | ;
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I[C Co-processor Implementation

(@)

950 um

« Different configuration for edge and high-end CPU

(b)

Edge | High-end

CVAG Xuantie C910

R IRLEN _

minimum 4 128
medium 8 256
large 16 512
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IC Performance Improvement

~ A
_ _ E§]D00x 360591 613
« Matrix Extension .
Improvement o
> 1
=
L
; _
Matrix size=64
B Host core only Min
Bl Mid + mem(256)
« Nonlinear Extension <
Improvement EZ
15
0n=

vec_len=512 vec len=1024 vec_len=2048

® Host core only m Vexp(min)
= Vexp +vmax()r/n|n)

698 809

Matrix size=256

B Vexp +vmax(large)

M Large + mem(128)

GELU Perf.

Matrix size=512
|
M Large + mem(512)

vec_len=512vec_len=1024 vec_len=2048

B Host core only B Verf(min)

B Verf(large)
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I[" End-to-End SoC Generation

Architecture Define

Target
domain

Require

IP Lib

©

3

Algorithm
Analysis

7

Architecut
ure Design

1, Revise

PPA
Estimate

1!

Document
Generation

Speclim
HLSPilot

RTL Code Generation

module example(...);
always@(...)begin

end

assigna=h;

assignc=d;
endmodule

Design codep

‘timescale 1ns [ 1ps
module
th_module_name;

Initial begin

endmodule

Test code P

D IP code
7

X

@GPHaigchip Chatcpu Chipch

Autochip

y

EDA physical Implement

RTL Netlist || (=IP B
Simulation Files Files
I 3
Floorplan -bl Routing
Code
Review d 1
l Revise Placement DRCI/LVS
Synthesis J’ J’
l CTS - GDSI|I
&E{ CPU )DSA| | CPU )GPU
Netlist o NPU ( DSA

RTLFixer ...

at ChatEDA EDAcorpus
y AskEDA
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Please design a
domain-specific
SoC that suit for
Al field ...

Propose
requirement

&

Manager

User
Ask for help

Sure, our
team will
design it

for you.

Analysis and
Task Distribute

S

Progress
Monitor

Domain-specific Enhanced Workflow

Content Input
Content Output 2

& &

Algorithm Architecture

Expert Expert
1)arch define

B é
RTL RTL
Coder Tester

2)code generate

and verify

@
EDA
Expert

3)EDA implement

e Multi-Agent Workflow

]
|
|
|

1)task analyze

@ Doc
Code
-

®

Profile
code

1

Profile
Algorithm Tool
xpert
Task flow ¢
graph Report |

2)base arch generate

o
Task-Arch
Matching
Architecture
Expe .
R -
Baie ?.OC ’,’( EI
e Arch
CPU setting
Acc
== @
;’c Y%  Task
Y load

N 5
v

4)arch define

Design Dataflow-
NEW!@ driven

@ ¢ | Hierarchy
-driven

| Acc1 Not find in IP Lib G|

OSH IP Lib

T

=9

"0
b

1)IP code geneneration

3)SoC intergration

OSHIP

Self IPJ

Architecture
Expert

3)arch evaluate

Arch
Doc

Estimate

PPA Esti

w

Tool @
Call DSE
S

Architecture p
Expert

@ Architecture Define

2 EE?,“ | Featur:

Arch

Satisfy the
equirement

Dut De5|gn

Coder

@ Fine-tuned

e

Code

Revise

e
IP
RTL
Self,
Coder P

o

[4)

2)IP verification 4)SoC verification

0 4= ~
(o) o B (2)

i RTL i RTL
IP Verify Toak, SoC Verify Tester

w4 Report

DSS
oC

SoC Intergrat

Adapter Layer

| EDA Manual |"

|

Retrieve

el

pamd
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&

|

EDA Scripts
Template
EDA
Expert
GDsll

OSH IP Lib

eCode Generate and Verify @EDA Physical Implement
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Multi-Agents for SoC Design

”

(a)

User

| need to design a DSSoC for intelligent security surveillance.
This chip must be capable of processing high-definition video
streams in real time, performing object detection and
recognition, while ensuring low power consumption for long-
uninterrupted operation.

Upon receiving the user's request, proceed to break it down and
assign tasks...

Arch define @ Pass Code
v—I| "™ @ = Eail generation
o— ~ ~p  — .
— S 2 -

] o EDA pysical
tasklist @ Check Check implement

term

&

Manager

@0

architect and will proceed to generate RTL code in sfrict

newly designed NPU, | will meticulously implement each of its
functional modules.

RTL

Coder

‘DSA generation

— — — Post code generation — — —

Received the RTL coder's code, | developed reference models
and test cases based on the architecture document, and
{Jeriformed verification using the UVM environment and VCS
ools.

DSA CPU
DSA | ", | psa | __SoC | |DsA So€ ,
Verification Integration 0% | Verification

| have received the SoCLang architecture document from the system

accordance with its specifications, adhering to the hierarchical
and modular structure as well as data flow directions. For the

R

()

Algorithm
Expert

retrieval = - i
B ==L | @@ =]
code TFG

Intenet/github

| have begun analyzing typical algorithms in the context of
inteIIi\?ent securitgr/ surveillance. After research, | found that the
ResNet series of algorithms are needed for object detection, as
well as facial recognition algorithms for personnel identification.
Now, | will generate a TFG...

Received the TFG from the algorithm expert, and | will

now proceed to select the appropriate hardware IP to

generate the baseline architecture. After evaluation, | A

plan to use a low-power CPU for general-purpose tasks,

paired with a dedicated NPU to accelerate object

detection and recognition algorithms...

Architecture
Expert

&S

Architecture

— — — Post baseline arch generation — — —

The baseline architecture has been generated and
reviewed by the administrator. Next, we will proceed
with the second task: SoC design space exploration,
aiming to meet the user's requirements...

EDA

| have received the code from the architecture expert and will

which will then be applied to too

Expert

develop customized EDA scri[lats bal:l.sed %n speciﬁ% rlequirements,
s such as Genus and Innovus.

DSA with
sparse

computation

— — —PostDSE — - — Expert
The DSE has been completed and passed the
administrator's feasibility review. We will now proceed ~

with the third task: modifying the NPU to support
sparse computation functionality as per the user's
requirements...

l

SoC
lang

Arch doc

Architecture
Expert

&

Architecture

— — —Feature Added—- — —

| have selected appropriate hardware modules and
IPs from the OSH IP library to meet the design
requirements. However, the OSH IP library does
not include a specialized NPU design that fully
matches our needs. | will notify the administrator
and RTL coder to develop this module.

Expert )
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