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MAGESTIC Program

Team: Cadence Design Systems, NVIDIA and Carnegie Mellon University

Goals:
No Human in the Loop (NHIL) Design Flow, Silicon Compiler in < 24 hours TAT
Research in Analog IC Design through Package and PCB Design
Achieve Automated Design Across a Broad Spectrum of Designs in Year 2

Agenda for Today:

Software Demonstration of NHIL Package and PCB Design Progress

Focus for NHIL Package and PCB Design Research in Year 2 eyl vkl

Software Demonstration of NHIL Analog IC Design Progress

Focus for NHIL Analog IC Design Research in Year 2 =lets Pl

Visit MAGESTIC Team to see Live Demos of the Design Data Presented Today
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PCB & Package Synthesis
ERI Conference 2019
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EDA Ages

The Dark Age
Interactive, NAIL

The Industrial Age
NHIL for Some, Hope

The Age of Enlightenment
NHIL for All, Explorations
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The Dark Ages

Cwrancy Yinad Loe Tk Tae to bogrge)
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The Dark Ages Continue
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The Industrial Age

®
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Industrial Age

Training Neural Networks to Avoid Intractable Computational Problems

HPWL
Board Dims| +
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The Industrial Age ... Hope

9,
/@Manually routed and tuned N-1 CPU Automatic routings of N-1 CPU interposer using the /
'\_/ “nterposer. Routing time: ~120 hours Al Global router. Routing time: ~ 30 minutes /
PCB West 2018, September 11-13, 2018, Santa Clara, CA 1 9
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Industrial Age Continues
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What Works
What Does Not Work

Complex
Open Interposer Mobile

Source
RISC PCB PCB

Percent ( ymplete

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
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Achieving NHIL for All Year 2 Goals

User Input

Netlist (Verilog or
Schematic)

RL Feedback

Pipeline Control

Partslist

Developed

Placement Design(s)
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Age of Enlightenment Year 2 Goals
Feature Sensitivity Analysis

» Development of methods and tools that aid in the
interpretability of neural networks by humans

* Explain what features matter

Long-Range RUDY

Macros

Pin Density

RUDY Pins
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The Age of Enlightenment Year 2 Goals

Data Mining to eliminate typing in the known

o

WY
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Analog IC
ERI Conference 2019
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MAGESTIC Analog Analog

Circuit _ _
ol Exploration and Innovation
Analog
Circuit Sizing Genetic
Optimizing Router
Full Graph-

Placement Embedded RL
Global Router

Research Dimensions

Floorplanning

Routin
? CMU RL Agent

Layout Global Router
Finishing
Verify &
Extract
Electrical
Performance

See complex interactions between steps
Evaluate overall electrical performance

=
—
®
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—
=
®
o
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o
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AlphaRoute

Creative research into new approaches

Analog
Layout
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Schematic [GF14 TI SARADC
] from CRAFT project

MAGESTIC

Original CRAFT CRAFT GF14 sub-  Original CRAFT GF14 CRAFT GF14 sub-ADC CRAFT GF14 sub-ADC
GF 14 sub-ADC & ADC + Resized sub-ADC (original (original Comparator) [resizad Comparator)
Comparator Comparator for Comparator) Post-Layout Post-Layout

clrcuit yleld Post-Layout [CRAFT [MAGESTIC-craated) [MAGESTIC-craated)
Schematic Only Schematic Only taped-out] Smulation Slmulation with Slmulation with
Slmulation Slmulation with extracted parasitics  estracted parasitics extracted parasitics

Comparator Yield (Prooess 62% 999, 51%

Cormers/Mismatch)

Comparator Yield |across
ot e 58% 99% 47%

Effective Mumber of Bits .87 6.64 i 570

(ENOB)

ML based yield Within design
improvements metrics, better yield
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Flow Graph Ervirgnment
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Circuit
Analog
Circuit Sizing i {
Floorplanning fgifeSeuEa>X I |

I~

Ranked 48/50 W;uvf*i Ranked 1/50

Placement | w]‘ ];;,—.,

x4

Routing

Layout Fitness Function
Finishing
Verify &
Extract =
Electrical
Performance
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Ranked 24/50

%)
Generations—->

Analog
Layout
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Analog Placer Generation : 296

Circuit Best Sinple

Analog
Circuit Sizing

Floorplanning

Placement

Routing Generations

Layout wirelen
Finishing
Verify &

Extract
Electrical

Performance
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1365.322 %

Ana|Og Generations
Layout

DISTRIBUTION STATEMENT A: Approved forPublic Release, Distribution Unlimited Cd d eN( e®



Layout Group Prediction Problem

* [t Is common practice for layout designers to

group devices that need good matching BEERI S
— Grouped devices are placed closely together, R e o
and there may be interdigitation . ] R

» Grouping decisions are largely made from
experience

— Can we learn them from good hand-crafted layouts?

- To formulate a machine learning problem,
we need to define grouping as a label and
predict it from schematic features
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BUt Walt' There,s More! Exploration and Innovation

Parasitic Prediction ~ Graph Neural Networks for AlphaRoute /
e —— Routing Cost Prediction AlphaAnalogDesign Updates

Policy network
j (design strategy)

| . . - . N
L = Lld it e & Fin:
a) 1 bend paths b) 2 bend paths ¢) 3 bend paths laceme U placemen placement
placeme Vg placeme
I — 4 ﬂ Q‘P\ ﬂ
T | SiE i Router '
| | €) 5 nets
I

, congestion Value network Routed Desigr
d) All paths. 1 pattem U (cost functiol
i
Testbench

T T T T
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JOUTMIs
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Before training After training for 50 epochs

® \87

’ ¢ Edge yute up: unc
€l; = ¢°(e;j, vi,v;) Edge attibute uf date fun

- ’ Concatenation of all
b, = {( ijs Uiy l'/}/. nbr(i) Televant attributes to
node i

’”’:/’.Ay([‘j’/) ggreg n of relevan

message to node i

P ’
‘ v; = ¢"(vi,m;) Node update func

v;: attribute of node i, e : attribute of edge connecting node i and j
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Grouping Cold Start Problem Exploration and Innovation

Graph Convolutional Network (GCN)
Representation of Circuit

Hidden layer Hidden layer

gl

0)

[
Suppose we are given the following (sparse) labels:

- Transistor 0, 4, 6, and 8 will be in different groups
- Transistor 6 & 7 belong to the same group

Can we train a reasonable grouping model using the netlist information?
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GCN Training for Grouping Cold Start Model

— Mean
Variance

Negative Log Likelihood Loss

20
Epoch

The learning curve of 10 runs, each with a
maximum of 50 epochs
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Cadence Design Systems, NVIDIA and Carnegie Mellon University
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