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Consumer Electronics Demand
More and More Energy

Energy consumption in homes by end uses =
guadrillion Btu and percent Cld
1993

24 0%

18.3%

mspace heating  @air conditioning  Ewater heating appliances, electronics, and lighting
Quadrillion BTU (or quad): 1 quad = 10> BTU = 1.055 Exa Joule (EJ). Source: U.S. E
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Smart Home
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What Makes Smart Cities Feasible?

e e \
oA | |

Building Energy Efsnbedded
Agriculture \ Management \Management) L ystems )
Automation
h g e — 3 key features of
( , N o] | | Smart Cities come
= bl =) .
7 g ( = o G from 10T
AMBULANCE .-_ 17 o o U .
E%\—é —fg P Internet of Things Everyday = Intelligence

kTelemedicine and Healthcare y

= Interconnection
s N :
O Sensor @Node = Instrumentation

777 ol
Vehicle, Asset, Pet
monitoring and
controlling

Machine to Machine;
Security and (Wireless Sensor Network )

\

Surveillance
\_ Y,

oSystem Dersign
laboratory
@ UNT uogesmy = 4



Internet of Things: Architecture

Local
Area
Network
(LAN)

The Things The Cloud

“*Overall architecture:
*» A configurable dynamic global network of networks
s Systems-of-Systems
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Internet of Things: Challenges ...

= Massive Scaling

= Architecture and Dependencies

= Creating Knowledge and Big Data
= Robustness

= Security and Privacy

= Energy Consumption

= Design and Operation Cost

75 Dbillion connecting devices by 2020.

s Eventually trillions of things.
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Internet of Things: Challenges

= Traditional controllers and processors do not meet
loT requirements, such as multiple sensor,
communication protocol, energy consumption, and
security requirements.

= EXisting tools are not enough to meet challenges
like time-to-market, complexity, design cost of |oT.

= Can a

framework be developed for simulation,

verification, and optimization:
o of individual (multidiscipline) “Things”

o of lo”

- Components

o of lo”
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How to Handle DfX in IoT Design?
Side ‘
Channel Leakage
Attack
Performance
- Design for X

Space
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Metamodels

yaVvaEs

IVAMS

A Solution - iIVAMS

. . - Verilog-AMS Description
at a Specific Higher
- - Abstraction

System-Level Speed Meets Design-Level

y=f(x1,x2,x3,...)

Behavioral Model 4— * Model complexity # circuit complexity

-»/\/

 Layout-accurate simulation
* Suitable for design exploration
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IVAMS code : OP-AMP Example

function real NN metamodel;
integer ay, B2, by, b,, i, j, readfile, ... ...; real w, b, v, u;
// Read metamodel weights and bias from text files.
// a1, B2, b,, and b,.
.. v = 0.0;
for (7 = 0; 73 < nl; J =73 + 1)

begin
u = 0.0;
for (1 = 0; 1 < size x; 1 =1 + 1)
begin
readfile = Sfscanf (wl, "%e", w); u=u+w * x[1];
end
readfile = S$fscanf (w2,"%e",w); readfile = S$Sfscanf (bl,"%e",b);

v =v + w * tanh(u + b);
end
readfile = $fscanf (b2, "%e", Db);
NN metamodel = v + Db;

end function

< NSPL
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What are Metamodels?

- "Model of a model” -- Metamodels are
mathematical function(s) used to represent the
computer simulation models — e.g. polynomial
functions, DOE predictive functions, neural
networks, and Kriging interpolation:

u Selected Metamodels }

1 ) )
L{ Polynomial ] u Neural- u Kriging

Methods

Networks
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IVAMS : Key Characteristics

—

Accuracy Robustness Efficiency Transparency Simplicity
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IVAMS: Polynomial Metamodel (POM)

*»* The OP-AMP characteristics are estimated using
POlynomial Metamodel (POM).

Gain

Bandwidth
K\\ Ng-1

Phase Margin — f (X) — ZIBI lel X2p2 X3p3 N XISN

7 SN

Power
ransistor widths,
lengths, bias current
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OP-AMP POM Generation

¢ The goal is to find the coefficients for the polynomials.

Design Variable Range

Determination =  An Example: 200 samples

R

OP-AMP Design ¢ — — —
Space Sampling

Latin Hypercube
Sampling with
SPICE Simulations

R

Design Variable OP-AMP Response
Samples Samples

R

Polynomial Regression » / OP'AMPP%hG;aCte”S“C /

R
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IVAMS: Accuracy Analysis for OP-AMP
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Case Study Electronic Design: PLL

Polynomial Metamodel

Schematic .

PFD CpP
d)fb Dn

Schematic . Layout Verilog Verilog-AMS
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IVAMS: Accuracy Analysis for PLL

* IVAMS is capable of layout-accurate PLL design
characteristics such as, center frequency, power
dissipation, and jitter.
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IVAMS : NN Metamodel
Architecture Selection

Training Statistical Training Training Circuit
Sampling Performance Parameter

a ANN Training Phase |
| |
| |
- =" = |
e it i & ANN Verification Phase!
Sample Data Performance ANN Parameter ANN

—_———

I
Verification Metamodel Verification Metamodel Verification |
| I

S I —— ___
v

Select most Accurate ANN Metamodel of the Analog Block
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IVAMS :

AC Analysis for Comparison

1IVAMS Simulation

Analog Simulation of Circuit Netlist
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Kriging Bootstrapping NN Metamodel

ANN
§®7 Metamodel

ANN Training
e e e e e S e e e e e S e S S S e S eSS
|
| [
| _—ﬁ > Y(Xo):Z%fj(X)JFZ(X) >
: m = K_rlglng Data

y(Xo) = > ABi(x) + z(x)

Kriging Function
Generator
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Ordinary Kriging Metamodels

Ordinary Kriging Predicted Sense Delay Time
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Metamodel Comparison:
Polynomial Vs Nonpolynomial

180nm CMOS PLL with Target Specs: f=2.7GHz, P = 3.9mW, 8.5us.

Figures-of- Polynomial Nonpolynomial
Merits (FoM) | # of Coefficients RMSE | (Neural Network)

Frequency 48 77.9 MHz 48 MHz
Power 50 2.6 mW 0.29 mW
Locking Time 56 19us 1.2 us

= 56% increase in accuracy over polynomial metamodels.

= On average 3.2% error over golden design surface for
NN metamodels.

= Nonpolynomial is more suitable for large design.
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Nonpolynomial Metamodel Accuracy
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Monte Carlo
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Sampling Comparison: RO/ LC-VCO

RMSE Comparison for Ring Oscillator
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What do we with iIVAMS ?

= Use for accurate design verification
= Use for ultra-fast design optimization
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IVAMS-Based Ultrafast Design Flow

Baseline Layout of an
AMS-SoC Component

Metamodels
(e.g. Polynomial, NN, Kriging)

Design Space Sampling
[ ] ® °
.. iVAMS
_>
spicE | ® 3 Generated
Netlist )
Device Parameter kil il
Statistical Distributions ¢
=
3 Monte Carlo Analysis
. . . g _>
Optimal Design Variables for é over Metamodels

Baseline Design Modification
£ M, G(L,W, VDDa tOX) *

f
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2 Q1
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< i, o(Power) | €— <+ g 1
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20
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Distributions of Design Space Generated .
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Comparison of the Running Time:
45nm RO Optimization

- Metamodel Optimization
[ Actual simulation
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= Optimization without
metamodels: the tabu search
optimization is faster by ~1000x
than the exhaustive search and
~4x faster than the simulated
annealing optimization.

= Optimization with
metamodels: the simulated
annealing optimization Is faster
by ~1000x than the exhaustive
search and ~6x faster than the
tabu search optimization.




Optimization in PLL: Poly Vs NN

Bee Colony Optimization Results

e\Y Polynomial Metamodel NN Metamodel

Average Power 3.9 mW 3.9 mW
Frequency 2.69 GHz 2.70 GHz

Bee Colony Optimization Time Comparison

Algorithm Circuit Netlist Polynomial NN
Metamodel Metamodel

Bee Colony #bees(20) * 5 min * 5 mins 0.12 mins
(100 100 iteration = 10,000
(worst case)
Metamodel O 11 hours for 11 hours for LHS
Generation LHS + 1 min  + 10mins training
creation and verification.
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OP-AMP: Optimization Results

Performance Constraint Optimalpgp, Optimalgy

Ap (dB) > 43 56.4 52.8
BW (kHz) > 50 58.9 85.5
PM (degree) = 70 84.4 87.7
SR (mV/ns) > 5 7.1 8
Objective
Pp (uW) ~ 65 65.5 68.1
Performance Optimalge-y | Optimalpgyy
Power Reduction x3.71 % 3.80
Number of iterations 1200 1200
Computation Time 125 h 2.6 s
Normalized Speed l x 17120
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Ongoing: IVAMS for other “Things”

»
. Photovoltaic Cell ‘ : [
)

S

Photovoltaic Module

~

Diode1

Photovoltaic Array
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Ongoing: IVAMS for other “Things”

Lens/ Active Pixel
Shgtter/ Sensors Liquid Crystal
Mlﬁor Serateh Display
* M (User Interface)
emory

. Key '
Shutter .
Controller[¢--"1~~""""---- [

Il" ""“" Watermark Compression ol acnt®
33557211 »  Unit Unit S ---Control
Bar Code Unit Flash Sorage — Data

= Secure Digital Camera: For Secure Imaging/Video
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Ongoing: IVAMS for other “Things”

= ) Drug Delivery Array (Non-Electrical)
= | 3| Y
=Rl Mechanical Chemical Microfluidic
= | Al Device Device Device RF
% L_P_—' Transducer Transducer Transducer Antenna
15] ?
=
R ...
£ 19 — L |
= Digital Signal Processor,
Microcontroller, Microcode Storage
Battery Load-Sharing System (Flash Memory)
Source (Digital Components) | F 1
System Sensor (Mixed-Signal)

= Nano-Electro-Mechanical-Systems (NEMS) -
Smart Health Care
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Conclusions

loT components and “Things” have multifold challenges.

Intelligent Verilog-AMS (IVAMS) is a unique framework for
loT components simulation, verification, and optimization.

IVAMS can be used for individual components and
architecture following hierarchical approach.

Use of IVAMS and optimization algorithm speed up the
design-space exploration for the design.

Polynomial metamodels are easier create but can be
applied for small designs.

Increase In accuracy is observed using feed forward neural
network over polynomial metamodels.

Kriging and NN metamodels can handle large designs.

IVAMS for muIt|d|SC|pI|ne” “things” needs research
NSPDU s




Some Advertisement

»Winner of the Association of
American Publishers' 2016 PROSE
Award in the Textbook in Physical
Sciences & Mathematics category.

= Cutting-edge nanoelectronic mixed-
signal system design methods

Nanoelectronic
'Mixed-Signal
S\]_stem Design Design discusses mixed-signal circuit and system
design based on existing and emerging
nanoelectronic technologies. The book features
coverage of both digital and analog applications
using nanoscale CMOS and post-CMOS. Key
techniqgues required for design for excellence and
manufacturability are discussed in this practice-
driven text.

/

%* Color lecture slides are available.
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