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CONFIDENTIAL INFORMATION
The information contained in this presentation is the confidential and proprietary 

information of Synopsys. You are not permitted to disseminate or use any of 

the information provided to you in this presentation outside of Synopsys 

without prior written authorization. 

IMPORTANT NOTICE
In the event information in this presentation reflects Synopsys’ future plans, such plans 

are as of the date of this presentation and are subject to change. Synopsys is not 

obligated to update this presentation or develop the products with the features and 

functionality discussed in this presentation. Additionally, Synopsys’ services and products 

may only be offered and purchased pursuant to an authorized quote and purchase order 

or a mutually agreed upon written contract with Synopsys.
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Agenda

• Time To Market (TTM) Challenges 

• ARC processor family

• HS68 Processor configuration and objectives

• Overall flow

• Fusion QuickStart Implementation Kit (QIK)

• AI-driven implementation with DSO.ai

• Results

• Summary
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• IP download to GDS

– IP configuration

– Flow optimization

• Freq vs Power tradeoff

• Required resources

– Single team versus multiple teams

• Multiple – IP optimization

– Leveraging work done in one IP on 
similar IPs

• Node migration 

Time To Market (TTM) Challenges Addressed

Node A Node B

Y 1.0

Y 2.0

RDF

QIK

QIK + DSO.ai

QIK + DSO.ai

QIK + DSO.ai

QIK + DSO.ai Same IP

Similar IP

Team A

Team A Team A

Team B
Team A

Team B

Team B

Team C

Team B

Team C

Team C

Team C

RDF – Reference Design Flow

QIK  – QuickStart Implementation Kit

DSO – Design Space Optimization

X 2.0

X 1.0

H 1.0

H 2.0

L 2.0
L 1.0
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• Combining the Best in Class

–IP

–Libraries

–Tools

–Methodologies

• Services

• Support

One Solution

IP
Technology 

Libraries

Tools Methodologies

Synopsys
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DesignWare ARC Processor IP
Unrivaled Efficiency for Embedded Applications

EM Family

• Optimized for 

ultra low power 

IoT 

• 3-stage pipeline 

w/ high efficiency 

DSP 

• Power as low as 

2.8uW/ MHz

• Area as small as 

0.005mm2 in 

16FFC

SEM Family

• Security 

processors for 

IoT and mobile, 

including DSP 

• Protection 

against HW, SW, 

and side channel 

attacks

• SecureShield for  

Trusted 

Execution  

Environments

HS Family

• Highest 

performing 

CPUs, CPU + 

DSP

• 32- & 64-bit ISAs

• High-speed 10-

stage pipeline 

• SMP Linux 

support

• Single- and 

multi-core 

configurations

VPX Family

• High 

performance 

vector DSP 

• SIMD/VLIW 

design for 

massive parallel 

processing

• Multiple vector 

FP engines for 

high precision 

results

EV Family

• Heterogeneous 

multicore for 

vision and AI 

processing

• DNN (Deep 

Neural Network) 

Engine

• High productivity, 

standards-based 

tool suite

NPX Family

• Scalable neural 

processor units

• From 1 to 250 

TOPS

• Supports latest 

AI applications

• High productivity, 

standards-based 

tool suite

Functional Safety (FS) Processors

• Integrated hardware safety features for ARC EM, SEM, HS, VPX, EV and NPX processor families

• Accelerates ISO 26262 certification for safety-critical automotive SoCs
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Licensable Option

Licensable Option

Dual-issue, 10-stage pipeline

Instruction 

CCM

Instruction 

Cache

Data

Cache
Data

CCM

ARCv3 ISA

Real-Time

Trace

IDU

Cache Coherency Unit

Memory Protection Unit Memory Management Unit 

Cluster 

DMA

Decode2-Cycle Fetch
ALU1

32x32 MAC/Multiplier
Divider

ALU2

Data Memory Pipeline

IEEE 754 FPU
User-defined Inst (APEX)

Shared Cluster Memory 

ARC HS6xMP Processor

AXI Memory Interface

ARC HS6x 64-bit Processor IP
Implements the ARCv3-ARC64 ISA: Optimized for High-end Embedded 

Licensable

AXI low latency peripheral Interface

Shared Cluster Cache 

*standard for HS68

Low latency Interrupt 

Distribution Unit, with 

multiple register banks for 

fast context switch

Efficiently handle data 

transfers

Low latency peripheral 

interface, with optional 

support for fast non-blocking 

MMIO

Accelerator

Interfaces

Closely coupled 

accelerators 

Scalable up to 12 coherent cores

Closely Coupled memories 

for real-time (predictable) 

low-latency accesses

Predictable access time, can be 

cached in L1

Support of 128-bit LD/ST 

instructions

Option for 2-cycle memories 

enables use of small low-power HD 

memories at high frequencies
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HS68 Design Overview
Feature Value

RTL Configuration Single core 64-bit ARCv3 CPU with MMU

Frequency Goal 2.8 GHz

Power Goal Leakage: 10 mW  Total: 87 mW/GHz

Area 0.13 𝑚𝑚2

Technology TSMC-5FF

Cell Height H280

Metal Stack Process       : 1P15M

Metal Option: 1X1Xb1Xe1Ya1Yb5Y2Yy2Z 

PVTs Setup  : SSGNP0P675VN40C

Hold    : FFGNP0P825V125C

Power : TT0P75V25C

Library Synopsys_TSMC_5nm_FF_HS_SVT_LVT_ELVT_hpc

Multivoltage Single voltage, single supply

SAIF dhry_pwr

Main Objectives:

1) Frequency improvement.

2) Power (dynamic and leakage) vs 

frequency trade-off.

3) Floorplan and area with frequency 

and power in mind.

Licensable Option

Licensable Option

Dual-issue, 10-stage pipeline

Instruction 

CCM

Instruction 

Cache

Data

Cache
Data

CCM

ARCv3 ISA

Real-

Time

Trace

IDU

Cache Coherency Unit

Memory Protection Unit
Memory Management 

Unit 

Cluster 

DMA

Decode2-Cycle Fetch
ALU1

32x32 MAC/Multiplier
Divider

ALU2

Data Memory Pipeline

IEEE 754 FPU

User-defined Inst (APEX)

Shared Cluster Memory 

ARC HS6xMP Processor

AXI Memory Interface

Licensable

AXI low latency peripheral Interface

Shared Cluster Cache 

*standard for HS68

Accelerator

Interfaces
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Overall Flow
RDF – QIK – DSO.ai

RDF – Reference Design Flow

QIK   – QuickStart Implementation Kit

DSO – Design Space Optimization

RDF Flow

IP Configuration

FC Flow

Design Files

Library Files

QIK

FC Flow

PPA 
Customizations

Design Files

Library Files

DSO.ai

QIK
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RDF Flow
• Complete RTL to GDS implementation 

flow

• Supporting all ARC CPU families 

(EM/HS/VPX/EV/NPX)

• Configures tailored makefiles and flow 

scripts during IP configuration

• Delivered for free with ARC CPU IP 

libraries

Features

ARC Reference Design Flow (RDF)

IP Configuration

Clock-gate and synchronizer cell replacement

DFT Insertion

RAM generation , selection and RTL integration

Formal Verification

FC 

Flow

Library 

Data

Design 

Data
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• Used during early customer engagements (even on             IP  )

• Used to help customers in hardening the IP and debugging 

• Used during pre-sales PPA benchmarking

• Used intensively during IP development to regress RTL implementation 

feasibility and PPA

• Used during product release to capture off the shelf PPA across many IP 

templates & technologies

Use cases

ARC Reference Design Flow (RDF)
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Fusion QuickStart Implementation Kit (QIK)
Customized Implementation Flow to Speed-Up TTM

HPC

Switch

Design

Customizations

Library and Technology 
Customizations

Flat

Hierarchical 

Bottom-up or Top-Down

Reference Methodology Flow

R

&

D

M

E

T

H

O

D

O

L

O

G

Y

IP Design Experts

• Implementation kit to quickly achieve high PPA 

objectives.

• Starts with proven Reference Methodology (RM) 

flow validated for tool versions and technologies

• Based on implementation objectives a flow is 

selected (Flat or hierarchical)

• Library and technology customizations are added to 

the flow. (e.g., layer assign, NDRs, cells, etc.)

• Design customizations added to the flow. (e.g., 

bounds, placement attractions, path margins, etc.)

• High Performance Core (HPC) Switch – Highly 

customized flow features for IP family. (e.g., new tool 

features, technology dependent settings, etc.)
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Synopsys Fusion Compiler and the QIK Methodology 
It’s a journey: Evolving and enhancing core optimization technologies 

compile_fusion

set_technology –node $node

clock_opt_cts

clock_opt_opto

route_auto / route_opt

Technology-Specific Side Files

Technology-Node Mega Switch

set_hpc_options –core $core

Customer-Design-Specific Customizations

High Performance Core Mega Switch

eco_opt / pt_eco

Recent Fusion Compiler Collaboration Technologies

Key Technologies for Achieving Timing/Power Targets on Processors
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QIK for HS68 – Implementation, Analysis And Signoff

init_design

clock_opt_cts

clock_opt_opto

route_auto

route_opt

compile_fusion

Design Planning

Hierarchical Flat

icv_in_design

endpoint_opt

IR/PG EM 

analysis

by RH/RHSC

InDesign 

PrimePower

Update 

Activity

DPS

IRDP with RH/RHSC

IRD-CCD with RH/RHSC

PGA with RH/RHSC

ECO

Timing Functional

Star-RC 

InDesign 

Extraction

Formality

GATE2GATES

Static Low 

Power 

Verification 

(VC LP)

RM Features

used in

HS68 QIK

Formality 

RTL2GATES
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Uses machine-learning to navigate the combined design-technology solution space

DSO.ai: AI-driven Design Space Optimization

Breakthrough reinforcement learning engine

– Capable of exploring trillions of design recipes

Multi-objective design space optimization

– High-quality results from feasibility to closure

Fully-integrated with Fusion Design Platform

– Fast ramp-up through industry’s richest 

technology foundation

Cloud-ready for fast deployment

– Supports on-prem, public, and hybrid clouds

AI
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Uses reinforcement-learning to navigate the design-technology solution space

DSO.ai: Design Space Optimization Loop

DSO.ai

Reward

State Algorithm

Action
Settings Flow

Constraints

Process

Hierarchy

Library

Tunable Inputs Faster Results

Design

Trade-offs

Pareto

Fronts

Target

Metrics

AI
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Problem Statement: 

Achieve lowest power 

while maintaining

TNS <-100ns

DSO Parameter Space

• Design, tool, flow 

parameters 

• Library cell parameters

Objectives (prioritized)

• Leakage

• TNS

• Secondary (DRC, etc)

Example : Exploring library cell parameters for better power

AI-driven Design Space Optimization

65000

75000

85000

95000

105000

115000

125000

0 100 200 300 400 500 600 700 800

L
e

a
k
a

g
e

TNS

TNS vs. Leakage

Best known custom result 

Months of manual tuning

100s of trials

DSO.ai autonomously finds

30% better leakage solution

AI
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DSO.ai – Applying Cross-Design Learning for Project Reuse
Boost Design Team Productivity, Improve Compute Efficiency 

Similar Process

Different Technology Node 

Project 1 : Derivative Product 

Reference 

Design

(AT)

Reference Design (A)

Node 1

Next-Gen Design (B)

Node 1

“Warm Start”

(reuse w/ relevance)

Next-Gen 

Design

(BT)

Project 2 : Retarget Product  

Similar Design Style

Different Features, Constraints 

Retarget 

Design

(A’T)

Retarget Design (A’)

Node 2
“Warm Start”

(reuse w/ relevance)

“Cold Start”
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QIK + DSO.ai – Improving Time To Market
• After the QIK flow was established DSO.ai was used to look for optimal results in the solution space

• Cold start

• Seed (default and user permutons) provided

• 50 workers used. Best 10 results, chosen by DSO.ai (ADES), passed to next step

• Warm Start 

• Warm start database used. No seed required. DSO.ai engine selects permutons

• 30 workers used. Best 10 results, chosen by DSO.ai (ADES), passed to next step

• Aggregate Design Score (ADES) = WNS, TNS and power

Cold Start
Compile 50 Wkrs Clock_opt_cts 50 Wkrs Clock_opt_opto 50 Wkrs

Route_auto 50 Wkrs route_opt 50 Wkrs Endpoint_opt 50 jWkrs

10

1010

10

10

DSO.ai 

Prior DB

Can be used in 

similar designs.

Warm Start
Compile 30 Wkrs Clock_opt_cts 30 Wkrs Clock_opt_opto 30 Wkrs

Route_auto 30 Wkrs Route_opt 30 Wkrs Endpoint_opt 30 Wkrs

10

1010

10

10
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Final Results - Frequency
23.0 % Frequency improvement with the combination of QIK and DSO.ai

2.3 GHzBaseline
17.0 % Improvement

2.3 → 2.69 GHz
QIK 5.2 % Improvement

2.69 → 2.83 GHz
DSO.ai

23.0 % Improvement

2.3 → 2.83 GHz

QIK + 

DSO.ai

Baseline Flow – 2.30 GHz 

QIK Flow – 2.69 GHz
DSO.ai – 2.83 GHz
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Leakage Power

Total Power

Final Results - Power
44.1 % Total power improvement with the combination of QIK and DSO.ai

Baseline Flow – 2.30 GHz 
QIK Flow – 2.69 GHz

DSO.ai – 2.83 GHz

244.2 mWBaseline 44.1 % Improvement

244.2 → 124.6 mW
QIK -9.6 % Improvement

124.6 → 136.5 mW
DSO.ai

44.1 % Improvement

244.2 → 136.52 mW

QIK + 

DSO.ai

2.3 GHz
2.3 → 2.69 GHz 2.69 → 2.83GHz

2.3 → 2.83 GHz

Leakage = 10.0 mWBaseline
9.1 % Improvement

10.0 → 9.09 mW
QIK

-15.5 % Improvement

9.09 → 10.5 mW
DSO.ai

-5.0 % Improvement

10.0 → 10.5 mW

QIK + 

DSO.ai

2.3 GHz 2.3 → 2.69 GHz 2.69 → 2.83GHz

2.3 → 2.83 GHz
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• Design teams may have 

stopped at 2.77GHz (30MHz 

gain) when trying to make the 

trade-off between power and 

frequency.

• DSO.ai can easily look at a 

bigger solution space and 

found a 90MHz gain for the 

same increase in power. 

Easy Tradeoff consideration: 90 MHz gain with an increase of 0.6 mW

QIK + DSO.ai – Power vs. Frequency

0.1255

0.1256

0.1257

0.1258

0.1259

0.126

0.1261

0.1262

0.1263

2.7 2.72 2.74 2.76 2.78 2.8 2.82 2.84

T
o

ta
l 
P

o
w

e
r 

(W
)

Frequency (GHz)

FREQUENCY VS. TOTAL POWER
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QIK Area Improvements
3.9 % Area reduction 

Prediction

Table

Data

Cache Data

Data

Cache Tag

Branch

Tag

Instruction

Cache Tag

L2 TLB

Data

Instruc

tion

Cache 

Data

Branch

Cache

L2 TLB

Tag

Baseline Floorplan (375.009 x 343.392) 

Area = 0.129 𝑚𝑚2
QIK Floorplan (377.859 x 329.392) 

Area = 0. 124 𝑚𝑚2

Prediction

Table

Instruction

Cache Data

Instruction

Cache Tag

Branch

Cache

Branch

Tag

L2 TLB

Tag

L2 TLB

Data

Data

Cache Data

Data

Cache Tag
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• HS68 - Improved frequency to 2.83GHz  – QIK  (390 

MHz) and QIK + DSO.ai (530 MHz), while reducing 

total power, maintaining leakage power and reducing 

design area.

• Time To Market improvements with QIK+DSO.ai

• Combining the Best in Class

– IP, Libraries, Tools and Methodologies

• HS5x/HS6x QIK (Flow, cookbook and reference guide) 

is ready to be downloaded from the Synopsys external 

website.

Improving Time To Market (TTM)

Summary

• IP download to GDS

– IP configuration

– Flow optimization

• Freq vs Power tradeoff

• Required resources

– Single team versus multiple teams

• Multiple – IP optimization

– Leveraging work done in one IP on similar IPs

• Node migration 

RDF

QIK

QIK + DSO.ai

QIK + DSO.ai

QIK + DSO.ai

QIK + DSO.ai

RDF Flow

IP Configuration

FC 

Flow

Design Files

Library Files

QIK

FC Flow

PPA

Customizations

Design Files

Library Files

DSO.ai

QIK

IP Technology Libraries

Tools Methodologies

Synopsys
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