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Introduction

Design Productivity Gap
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YSEMICO Research Corp. SoC Silicon and Software 2018 Design Cost Analysis: How Rising Costs
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Introduction

Design Quality Gap
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(Tools and flows have steadily increased in complexity) Design quality is not scaling
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Introduction

Agile Hardware Manifesto

¢ Incomplete, fabricatable prototypes over fully featured models

Collaborative, flexible teams over rigid silos
¢ Improvement of tools and generators over improvement of the instance

* Response to change over following a plan

Key Points

¢ Incomplete, fabricatable prototypes — Full RTL implementation model
¢ Improvement of tools and generators — Parametric chip generator

¢ Response to change — Available tape-out candidate for any product deadline
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Introduction

RISC-V Implementations
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RISC-V Implementations
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Introduction

Contribute to Agile Methodolog

® Infrastructure

* Bluespec System Verilog [Nikhil 2004], ROHD ?, Chisel [Bachrach et al. 2012],
PyMTL [Lockhart, Zibrat, and Batten 2014], SpinalHDL 3

® Mamba [Jiang, Ilbeyi, and Batten 2018], FireMarshal [Pemberton and Amid
2021], Dromajo [Kabylkas et al. 2021], Chisel Verifyer [Dobis et al. 2021]

¢ Hammer [Wang et al. 2020]

¢ Methodology
° BOOM-Explorer [Bai et al. 2021]

¢ Platform

¢ OpenPiton [Balkind et al. 2016], Chipyard [Amid et al. 2020], CHIPKIT
[Whatmough et al. 2020]

2Rapid Open Hardware Development (ROHD) Framework (2021).
https://github.com/intel/rohd

*SpinalHDL: A Language to Describe Digital Hardware (2020).
https://github.com/SpinalHDL/SpinalHDL 8/45
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Design Space Exploration

Start
Start 9
9 Initialization

[ Initialization ]

Y

[ Construct a model ]

!

[Sweep the design space]

Get Pareto-optimal

[ Get Pareto-optimal ]
microarchitectures

microarchitectures

O O
End End
(a) (b)

(a) Offline design space exploration flow. (b) Online design space exploration flow. 10/45



Design Space Exploration

Domination Criterion

For an n-objective maximization problem, a
vector of objective values ¥’ is said to
dominate y if

Vie[ln], y >y;

1
JeLn, v>v, @

Hence, we denote y’ = y. Otherwise, y' 7 y.

Pareto-optimal Set

Given Y = {y1,>, ..., yn }, the Pareto-optimal
set is to be defined as

PY)={yi€ Y|y £yi,Vj € Y\ {yi}}.

Y24

© Pareto-optimal Set
O Dominated Set

>
1

Overview of Pareto-optimal Set
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Desi n S ace Exploration

RISC-
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Overview of RISC-V BOOM [Asanovic, Patterson, and C. Celio 2015; C. P. Celio 2017; Zhao et al. 2020]
12/45



Desa%n Space Exploration

RISC

Microarchitecture Design Space

Table: Microarchitecture Design Space of BOOM

Design Boxes Total
Fetch  Decoder 1SU TFU ROB PRF LSU T-cache/MMU  D-cache/MMU
sub-design-1 1 1 1,2,3 1,2,3 1,2,3,4 1,2,3 1,2,3 1,2,3,4 1,2,3,4
sub-design-2 1 2 4,5,6 4,5,6 5,6,7 4,5,6 4,5,6 1,2,3,4 1,2,3,4
sub-design-3 2 3 7,8,9 7,8,9 8,9,10 ,8,9 7,8,9 5,6,7 5,6,7 15633
sub-design-4 2 4 10,11,12 10,11,12 11,12,13 10,11,12 10,11,12 5,6,7 8,9,10
sub-design-5 2 5 13,14,15 12,13,14 14,15,16 11,12,13 10,11,12 5,6,7 8,9,10
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Desa%n Space Exploration

RISC-V Microarchitecture Design Space

Table: Components I

Index Fetch | Decoder Lsul I-cache/MMU D-cache/MMU
Width | Width | LDQ STQ | Sets Ways I-TLBSets I-TLBWays | Sets Ways RP“ MSHR D-TLBSets D-TLBWays

1 4 1 8 8 64 4 1 32 64 4 0 2 1 8
2 8 2 6 6 32 8 1 32 64 4 0 2 1 32
3 3 12 12 32 4 1 16 64 6 1 2 1 8
4 4 16 16 64 1 1 16 64 4 1 2 1 32
5 5 12 12 64 8 1 32 64 2 0 4 1 32
6 20 20 64 8 2 16 64 4 1 4 1 32
7 24 24 64 8 2 32 64 4 1 8 1 32
8 22 22 64 8 2 32 64 8 0 8 2 32
9 28 28 64 8 1 8 2 32

10 32 32 64 8 1 8 1 32

11 28 28

12 36 36

1LDQ and STQ are shored for load and store queue entries, respectively.
2RP is shorted for a replacement policy. Specifically, 0 denotes LRU, and 1 represents Pseudo
LRU.
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Desa%n Space Exploration

RISC-V Microarchitecture Design Space

Table: Components II

Index 1SU ! IFU 2 ROB PRF 3
MEMDW MEMIW MEMQE INTDW INTIW INTQE FPDW FPIW FPQE | Tag FBE FIQ | Entries | INT _FP
T 1 T 3 T T 3 T T 3 8 8 16 32 52 48
7 T T 3 T T 3 T T 3 6 6 14 30 7 38
3 T T 10 T T 12 T T T2 | 10 12 20 34 62 58
1 2 T 2 2 2 20 ) T 6 | 12 16 32 36 80 64
5 2 2 2 2 2 20 2 2 6 | 10 14 30 64 70 54
6 7 7 i 7 7 o4 7 2 20 | 14 20 36 60 90 74
7 3 T 16 3 3 32 3 T 24 | 16 2% 32 72 [ 100 9
B 3 2 16 3 3 32 3 2 24 | 14 2130 %6 90 86
9 3 2 20 3 3 36 3 3 28 | 18 30 36 90 | 110 106
10 I 7 2 ! ! 0 I 2 32 | 20 32 40 108 | 118 118
T 7 2 23 ! ! i I I 36 | 22 36 44 128 | 128 128
2 I 2 22 1 ! 36 I 2 28 | 24 40 48 132 | 138 138
3 5 2 2 5 5 0 5 7 32 | 20 35 40 136 | 146 146
i 5 7 26 5 ! i 5 I 36 | 26 45 50 130
15 5 2 28 5 5 8 5 5 0 120
16 140

I DW, IW, and QE are shorted for dispatch width, issue width, and queue entries.

2FBE and FTQ are shorted for fetch buffer entries and fetch target queue entries, respectively.

3INT and FP are shorted for the number of integer and floating-point physical registers, respec-
tively.
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Design Space Exploration

BOOM VLSI Flow
D Tool
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Problem Formulation
Microarchitecture Embedding

Our Solution Encoding

Microarchitecture embedding is defined as a combination of candidate values for each
component of a microarchitecture, as shown in Table 1, Table 2, and Table 3.

Our Optimization Target

Performance, power, and area (PPA) are three optimization targets.

¢ Microarchitecture embedding is denoted as a feature vector x.

¢ A better microarchitecture has higher performance and lower power and area.
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Problem Formulation
Microarchitecture Design Space Exploration

Our Problem

Given a design space D = {x1, %, ..., X, }, experiment f maps the design space D to PPA
metric value space Y = {y1,y2, ..., yu }-

The microarchitecture design space exploration is to find X C D, whose objective values
are P(Y) as far as possible.

Y2 A

© Current Solution
© Dominated Set
O Better Solution?

0 1
Where is the Pareto-optimal Set?
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Evaluation

Benchmark Suite

Dataset of 15, 633 RISC-V BOOM microarchitectures

Contest Benchmarking Platform

Evaluation Metrics

Onling Ranking Platform
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Evaluation

Dataset

Microarchitecture Embedding Performance Power
411181------ 218 0.9611 0.0265
411161------ 218 0.9389 0.0224
4111101------ 218 0.9410 0.0225
8552245---- 8 132 2.8075 0.0727
8552265+ 8 132 2.8788 0.0872
8552285+ 8 132 2.9200 0.0711

Area
1508807.5460
1499039.5220
1525471.5550

6295347.7110
6013093.0060
5856744.2460

VLSI Time
11011.3573
10202.0257
10099.7964

36556.3131
40801.0153
35900.8144

Overview of the dataset, each PPA values of a microarchitecture is obtained from Figure 6
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Evaluation

Contest Benchmarking Platform — Solution Implementation

¢ Get started w. the contest benchmarking platform

1 pip3 install iccad-contest

¢ Contest solution implementation: Python3.5+
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Solution Implementation I

Listing: Template of the Solution Implementation

from iccad_contest.abstract_optimizer import
AbstractOptimizer
3 from iccad_contest.design_space_exploration import
experiment

5 class YourAlgorithm(AbstractOptimizer):

primary_import = "iccad_contest"”
7
def __init__(self, design_space):
9 #
# build a wrapper class for an optimizer.
11 #
# parameters
13 # e

24/45



15

17

19

21

23

25

27

Solution Implementation II

def

”

# design_space: <class
MicroarchitectureDesignSpace ">

#

AbstractOptimizer.__init__(self, api_config)

# do whatever other setup is needed

#

suggest (self):

#

# get a suggestion from the optimizer.
#

# returns

# _____

# next_guess: <list > of <list >

# list of “self.n_suggestions ’

suggestion (s).

25/45



Solution Implementation III

# each suggestion is a microarchitecture
embedding .
29 #
# do whatever is mneeded to get the parallel
guesses
31 # ...
return x_guess
33
def observe(self, X, y):
35 #
# send an observation of a suggestion back
to the optimizer.
37 #
# parameters
39 #
# x: <list> of <list >
41 # the output of ‘suggest’

26/45
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45

47

49

51

53

Solution Implementation IV

where each ‘x

# y: <list > of <list >

# corresponding values
mapped to.

#

# update the model with new objective function
observations

#

# no return statement

if __name == "__main__":

needed

# this is the entry point for experiments , so pass

the class to
# ‘experiment_main_entry '
# this statement must be
class file:
experiment (YourAlgorithm)

to use
included

this
in

optimizer .
the wrapper

27/45
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Key Data Structure I

Listing: Data structure Definition of the Design Space

descriptions = {
"sub-design-1": {
"Fetch": [1],
"Decoder": [1],
"Isu": [1, 2, 3],

}
3
components_mappings = {
"Fetch": {
"description": ["FetchWidth"],
"1": [4]
} y
"Decoder": {

28/45



Key Data Structure II

16 "description": ["DecodeWidth"],
"1 [1]
18 1,
"ISU": {
20 "description": [

"MEM_INST.DispatchWidth", "
MEM_INST.IssueWidth"
22 "MEM_INST.NumEntries", "
INT_INST.DispatchWidth",
"INT_INST.IssueWidth", "
INT_INST.NumEntries",
24 "FP_INST.DispatchWidth", "
FP_INST.IssueWidth",
"FP_INST.NumEntries"
26 1,
"1": [1, 1, 8, 1, 1, 8, 1, 1, 8],

28 "2": [1, 1, 6, 1, 1, 6, 1, 1, 6],
29/45



Key Data Structure III

“3": [1, 1, 10, 1, 1, 12, 1, 1, 12]

30 3,
"IFU": {
32 "description": ["BranchTag", "
FetchBufferEntries", "
FetchTargetQueue"]
"1": [8, 8, 16],
34
3,
36
}

30/45
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7

Contest Benchmarking Platform Help Menu I

Listing: Benchmarking Platform Help Menu

$ python3 random-search-optimizer.py -h

usage: random-search-optimizer.py [-h] [-o OUTPUT_PATH]
[-u UUID] [-s SOLUTION_SETTINGS] [-q NUM_OF_QUERIES

]

ICCAD’22 Contest Platform - solutions evaluation

optional arguments:

-h, —--help show this help message and exit

-0 OUTPUT_PATH, —--output-path OUTPUT_PATH contest
output path specification

—-u UUID, --uuid UUID wuniversally unique identifier (

UUID) specification
31/45



Contest Benchmarking Platform Help Menu II

11 —s SOLUTION_SETTINGS, —--solution-settings
SOLUTION_SETTINGS solution submission

specification
—q NUM_OF_QUERIES, --num-of-queries NUM_OF_QUERIES
the number of queries specification

32/45



Example Command of Benchmarking Platform I

Listing: Example Command of Benchmarking Platform

$ python3 random-search-optimizer.py -o output -u "00
ef538e88634ddd9810d034b748c24d" —-q 20

2 ...

[INFO]: summary for the solution, the best Pareto
hypervolume: 37.59654046710655, the best Pareto
hypervolume difference: 66.67984662813456 cost:
164902.3422778734.

4
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Evaluation

Evaluation Metrics

¢ Pareto hypervolume
¢ Overall running time: the total time of algorithms including VLSI flow runtime cost.

¢ A final score is calculated based on Pareto hypervolume and overall running time
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Evaluation

Pareto hypervolume

Pareto hypervolume

PVol,,, (P(Y)) = /y Uy velll = [ Ly £ ylldy, )

Y. €P(Y)

f2 (z) ; : Norm. Perf.

Norm. Area

0

Norm. Power

(b)

(a). An example overview of the Pareto hypervolume in the two dimensional space (b). An example
overview of the Pareto hypervolume in the three dimensional space, i.e., power, performance, and
area. 35/45



Evaluation

Final Score

Final Score

_ Rl ,ORT > ¢

(e
0
score = PVol,,, - (3)
ot R0 orT <4

a is an ORT score baseline, equal to 6, and @ is a pre-defined ORT budget,
equivalent to 2625000.
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Evaluation

Online Ranking

Platform

Problem C

ICCAD 2022

CAD Contest

performance, power, and area (PPA) targets of the chip are set aggressively, hoping to deliver
P of gates / staff x

parameterized hardware
sty, exploring a series of chips in a given design

Introduction last update 7/30

in two folds.

Moder chip development requires high cost in design time and worklorce. The reason for
On the other hand,

1 tho cost of input. Tharks to the agile design

the

month) behind
generators, chip arhilocts and engineors possess the capablity fo doiver a high-qualty chip within a imited tme budget. To futh
apaco o achiov difran degroesof ade-ofs w:. prfomance, power, and aroa n shor m s nocessary.Wo oo or afociv and pracicaldesig space oxloraon algarims o sovo 1o problom Spscmcany, in this contest problem, we focus on microarchitecture

&C
z )5/

exploration of processors, .., central processing unis (CPU).
Problem details

@
&

Instruction last update 8/1
Instruction o imp

basedon
LTS

Platiormis.
Follow the ICCAD Contest Starle Kit o prepare your submissions for upload.

-
o
o

Submission  last update 7/25

your password when you

Visitthe page to submit your answer.
accounts in the contest.

The

Ranking last update 817
g s 810, 2022, The.

Visitthe page ranking.
Miscellaneous information
Please visit the ICCAD Contest for more information.

Overview of the online ranking platform.
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Evaluation

Online Ranking Platform

! ICCAD 2022
(i&icpn ==
A
CAD Contest L
Problem C Ranking last update 9/04 (answers submitted before 9/02)
foce @) Team Pareto Hypervolume Overall Running Time (ORT)  Score Description
- [ —" T T
& W cadc1013 7.68993083 940331.78222627 51.07481625
cadc1012 778248535 183971 61405234 5096721015
cadc1004 770817878 1438698.36862783 5031326021
cadet001 768703481 1204515060498 5028213483
cadc0008  7.82024213 1532006.99497922 s0.17763182
cadctots  7.75015027 1530718.41317414 4973175811
cadcl028  7.79705446 1750357.90583499 49.38028184
cadc1006  7.50406694 3119253 84579519 4361148204
cadc1023 NA NA NA [WARN]: failed in evaluating microarchitecture

‘embeddings. set the evaluation of the imit.

Ranking list

¢ The online ranking platform will be maintained after the contest.
¢ Everybody can register and participate in solving the problem.

¢ Evaluation according to fixed frequency.

[ ]

AddreSSI http://47.93.191.38/ 38/45
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