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Processor Designs
Dominated by three architectures

x86 Arm RISC-V

1971 1990 2010-2015



Processor Designs
Calista Redmond, RISC-V EU Summit



Accelerating Compute for AI/ML

GPU/Parallel Processing

Memory

NoC Fabric

Caches & Cache Coherency 

Chiplets

Going beyond processors



Custom Compute

Compute is becoming faster

Cache subsystems and parallel computing at an unforeseen scale

Coherent NoC fabrics essential for speed and compute

Cores becoming more customised, thanks to RISC-V

Chip design is becoming democratised thanks to open-source

Chiplets providing efficiency and speed

Where are we headed?



Verification in Crisis
Wilson Research Reports 2022

66%

IC/ASIC projects run 

behind schedule

60-80%

Overall verification costs

76%

ASICs require 2 or 

more respins

62%

Logical/Functional flaws causing re-spins in designs 

(>1B gates)

84%

FPGA designs with non-trivial 

bug escapes

1030 simulation cycles not finding bugs



What happens when we get it seriously 
wrong?



SAFETY AND SECURITY STANDARDS

ISO26262DO 254 SECURITY 



INTEL FDIV

Intelrecalledthe defective processors in 

December 1994. In January 1995, Intel 

announced "a pre-tax charge of $475 million 

against earnings, ostensibly the total cost 

associated with replacement of the flawed 

processors."

1994

FUNCTIONAL VERIFICATION



What Needs to Change?
Is the change imminent?

Can anything be done to make things better?

What would it cost to make these improvements?

Would the changes require a revolution?



A Holistic Approach is Missing
A unifying perspective is missing

DESIGN/MICROARCHITECTURE

ARCHITECTURE

NETLIST 

SILICON

Architectural Micro-architectural

Security

X-propagation

Safety

Deadlock

PPA



Custom Verification for Custom Silicon

Efficient Complete Rigorous Scalable Reusable

POWERED BY FORMAL METHODS



Formal verification is still not mainstream

Because the missing link is methodology for scalability



The Axiomise Vision

Enable predictable formal verification for all

We want all chip design engineers to enjoy formal

Make everyone ADEPT with formal so they can

Avoid bugs, detect bugs, erase bugs, prove bug absence

Tape out silicon without any bugs

We are making formal normal



TRAINING CONSULTING SERVICES RISC-V

AxiomiseSolutions

1-2-3-4-5 days

Instructor led: F2F, Online 

Primer

Comprehensive

Methodology 

Problem solving

Vendor neutral

Any duration

Training follow up 

Methodology 

Strategy

Planning

Review

Mentoring

Any duration

Verification Strategy

Verification Planning 

Execution

Sign-off

Weekly updates

Agile workflow

RISC-V ISA Formal®

Tool vendor independent

Push button, easy set -up

Find arch & uArch  bugs

Functional verification

Safety, security, power

Bug presence & absence



Formal Consulting & Services
The Axiomise team has experience in formal verification of over 150 designs

DMA controller

Multi-threaded processor

Bus bridges (AXI/CHI/OCP/TileLink)

Cache sub-systems

GPU shaders

I2C/USB/HDMI/I2S

Network-on-chip 

AI/ML accelerator

Ethernet Switch

Mixed-signal

Low-power

Power controller



Working with Customers Worldwide

© Australian Bureau of Statistics, GeoNames, Microsoft, Navinfo, Open Places, OpenStreetMap, TomTom, Zenrin
Powered by Bing

UK
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High Proof 

Convergence

So that you have 

higher confidence



High Proof 

Convergence
Bugs & Exhaustive 

Proofs

So that you have 

higher confidence
Making sure your 

design is bug free
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Our Expertise

High Proof 

Convergence
Bugs & Exhaustive 

Proofs

Innovation in 

Abstractions

Scalable Proof 

Engineering

High Quality 

Sign-off

So that you have 

higher confidence

Making sure your 

design is bug free

Allowing you to 

have the highest 

quality designs, 

without re-spin 

Our solutions scale 

as your designs do

Functional

Safety

Security

PPA



Abstractions are the key enabler for 
scalable formal verification

POWERED BY FORMAL METHODS



Two Transaction Abstraction ςAshish Darbari, CDNLive, 2014

Tracking arbitrary watched data values

Depth/capacity/slots

Separated by Arbitrary window

w_req

w_data

w_ack

r_req

r_data

r_ack

D1 D2
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Two Transaction Abstraction ςAshish Darbari, CDNLive, 2014

Use four registers in Verilog verify FIFOs as deep as 64K deep

Data structures Type What they do

D1 logic Watched data

D2 logic Watched data

sampled_in_d1 Register Tracking ingress

sampled_in_d2 Register Tracking ingress

sampled_out_d1 Register Tracking egress

sampled_out_d2 Register Tracking egress

assert property (sampled_in_d1 && sampled_in_d2 

                   | - >

                 !sampled_out_d2 || sampled_out_d1)

Efficient Complete Rigorous Scalable Reusable



FIFO and Arbiters: Estranged Cousins
Watched requestors 



CPU Arbiter Abstract Model
Watched requestor

Variable Expression Type

watched_requestor

hsk_in_glbl

hsk_out_glbl

incr

decr

count

sampled_in

sampled_out

can_read

$stable

|hsk_in

|hsk_out

hsk_in_glbl && !sampled_in

hsk_out_glbl && !sampled_out

count + incr ï decr

hsk_in [watched_requestor]

hsk_out [watched requestor]

count==1 && sampled in && hsk_out_glbl

Symbolic variable

Continuous assign

Continuous assign

Continuous assign

Continuous assign

Register, reset to 0

Register, reset to 0

Register, reset to 0

Continuous assign

assert property ( can_read   |=> sampled_out );



GPU Memory Subsystem Cross-Bar
Multi-transactional



GPU Memory Subsystem
Requirements - I



GPU Memory Subsystem
Requirements - II



GPU Memory Subsystem
Requirements - III



GPU Memory Sub-system

Å Scheduling is complex

Å First-come-first-serve

Å Stalling, RAMs, and FIFOs create a complex control mesh

Å Priority order

Å First-come-first-serve takes precedence over priority

Å Strategy

Å Per bank per requestor view

Å 72 asserts generated to check first-come-first-serve

Å All prove within 1-3 hours

Å Priority ordering checked through çcase-splitsè

Å 11 additional assertions (cases) per bank X 2 (groups of requestors)

Å Extensions of çtwo transactionè based models

Å All asserts prove within 5-7 minutes

Å Overall less than 1000 lines of code for arbiter verification 

Verification Strategy



Cache Systems
Watched transaction



Cache Systems
Writes must complete before reads



Network-on-chip (NoC)
Everywhere 


