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Clark Barrett
CS Department, 
Stanford University

Expertise in constraint 
solving and formal 
verification

Co-founder of 
Satisfiability Modulo 
Theories (SMT) 
research area

ACM distinguished 
scientist; Haifa 
Verification 
Conference Award; 
IBM Software 
Innovation award

Aarti Gupta
CS Department, 
Princeton University

Expertise in formal 
verification, program 
analysis, decision 
procedures

Led industry research 
dept for 10 years 
(NEC Labs)

Fellow of ACM; three 
NEC technology 
commercialization 
awards

Subhasish Mitra
CS/EE Departments
Stanford University

Expertise in robust 
computing, design, 
validation, and test

X-Compact test 
compression widely 
used in industry

Fellow of IEEE and 
ACM; SRC Technical 
Excellence Award; 
Intel Achievement 
Award; ACM/IEEE 
Technical Impact 
Award in EDA

Mark Horowitz
CS/EE Departments
Stanford University

Expertise in analog 
and digital design

High-speed I/O in 
industry (founder of 
Rambus Inc)

Fellow of IEEE and 
ACM; Natl Academy 
of Engineering; 
American Academy of 
Arts and Science; 
Don Pederson IEEE 
Technical Field 
Award

Sharad Malik
EE Department
Princeton University

Expertise in digital 
design, propositional 
satisfiability (SAT)

Award-winning SAT 
solver (Chaff) widely 
used in research and 
industry

Fellow of IEEE and 
ACM; DAC most-cited 
paper; CAV award; 
ACM/IEEE Technical 
Impact Award in EDA
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SOC VERIFICATION

Uncore, acceleratorsProcessor cores

System on Chip

Analog / Mixed Signal
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SOC VERIFICATION: SYMBOLIC QED

Uncore, acceleratorsProcessor cores

System on Chip

Analog / Mixed Signal



SYMBOLIC QED
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SYMBOLIC QED: DRASTIC BENEFITS

Hardware security applications

1. Derive new attacks (beyond Spectre, Meltdown)           2. Detect Trojans

Industry Flow Symbolic QED

1. Extremely Thorough 2. 60X Productivity

Industry Flow Symbolic QED

0% +7%100%

Detected bugs & spec. errors

2

days
Person

6

months
Person

INFINEON case study: 16 automotive IP versions verified over 5 years



SYMBOLIC QED

Symbolic QED
Uses model checking

Detected bugs

Design  
+   

Instruction Set 
Architecture

RTL

DEMO
https://github.com/upscale-project/generic-sqed-dem

https://github.com/upscale-project/generic-sqed-demo
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SOC VERIFICATION: INSTRUCTION LEVEL ABSTRACTION

Uncore, acceleratorsProcessor cores

System on Chip

Analog / Mixed Signal



13
Distribution: Fundamental Research

Open Source Hardware: 
Need for Formal Specification

• Informal, ambiguous, possibly 
incomplete

• Limits implementation verification, 
limits adoptability

• Instruction-Set Architecture (ISA) 
works for processors – beyond 
processors?

• Instruction-Level Abstraction (ILA)
• Generalizing ISAs to beyond 

processors

https://opencores.org/projects/tiny_aes

AES Specification Document from OpenCores.org
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Distribution: Fundamental Research

Open Source Tool Flow

RTL 
Implementation

(Verilog)

Spec. Design 
from ILA 
(Verilog)

Wrapper (Verilog)

ILA 
Specification
(DSL embedded 

in C++) 

Refinement 
Map

(JSON format)

Verification 
Script

(C++ “main” 
function)

CoSA

ILA 
Library

CoSA
Assertions

DEMO
Available@Docker Hub:
byhuang/ilang:posh-demo

Auto-
generated

Design Under 
Verification

Open Source 
Tools

Specification & 
Verification Inputs



MIXED SIGNAL MODELS



SOC VERIFICATION: MIXED SIGNAL MODELS

Uncore, acceleratorsProcessor cores

System on Chip

Analog / Mixed Signal



FPGAtop.sv
module top( 

input clk,
input rst,
output data, 



Analog Digital ?High-speed I/O



analog_model.py analog_model.sv

Write Python model Automatically compiled into 
synthesizable SystemVerilog

“Analog” Digital

MSDSL

msdsl is on GitHub:
https://github.com/sgherbst/anasymod



results.vc
d

Analog
Model Digital

Generate FPGA 
bitstream 

anasymod is on GitHub:
https://github.com/sgherbst/anasymod

ANASYMOD

Upload to FPGA and 
run emulation

View/process 
results

top.bit

GTKwave
, 

Simvision, 
etc.

Change test 
parameters and re-

run



DEMO AVAILABLE

Analog DigitalAnalogDigital

Transmitter Receiver

High-speed I/O

https://github.com/sgherbst/hslink-emu

https://github.com/sgherbst/hslink-emu
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