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Multi-Center Project —
= 9200, 1700, 8400 2600 2300

)
| 4 Team Members
i —  Scott Hutchinson , Rob Hoekstra, Eric
3 o Keiter (09233)
: — David Day (09214)
A —  Tammy Kolda (08950)
; _ — Steve Wix (Pl), Lon Waters, Regina
1 Schells, Thomas Russo, Carolyn
b Bogdan (01734)
J — David Shirley (Abba Tech.)
£ G
; J < Collaborators
" — Trilinos / Epetra / NOX (Mike Heroux, Roger Pawlowski,
o Tammy Kolda)
{ 1 — DAKOTA (Bart van Bloemen Waanders)
é — Entero (David Gardner, Joseph Castro, Mark Gonzales)
Y ik — Malcolm Panthaki (CoMeT Solutions)
I —  Mixed Signal (Phil & Dale)

L My

A HPEMS
Project

% Customers

— Bill Ballard, Ken Marx, Steve
Brandon (08418)

— Marty Stevenson, Fred
Anderson, Pat Smith (02612)

— (George Laguna (02338)David
Shirley (Abba Tech.)

— Bob Brocatto (01735), John Dye
(02331), Mark De Spain
(02125), John Tenney (12333)
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2-gen to First Parallel Run: 6 Months

| Milestone Supporting Calculation on Real
pon Sub-system: 18 Months

ently in Beta 2 Release

2duled Version 1.0 Release in October, 2002:
onths

| Level 1 Hostile Milestone FY03
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Beta 2 Release

n for Official 1.0 ¢ Documentation
€ 4 SQE Gap-Assessment

/)
T =T toTooled & Third Party Software Process
- orted Platforms Tril
. | (32 & 64 bit, MPI) — [Minos
o ux (MPICH, MPILAM) — Xpetra
; eBSD (MPICH, MPILAM) — SuperLU & Epetra_SLU
* =4 mpaq Alpha Tru64 (MPI) ~
s | lant (Ross, Ross2) (MPI) Zoltan & Zoltan_C++
i lant (CA) PENDING — Chaco & Chaco_C++
8 doze (Serial) — Expression
£ st
] Fault Tolerance Workshop 5
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Release Documentation

+ SANDIA REPORT
L)

SAND2002: -XXKX

| r's Guide, Version Beta 2 - .

] Parallel Flactronic

%— -QM : Ign _ Theory and Slmu ScalableAIgon!hénsforDlls(rlbute:-MemoryAnalog
é} | ation, Version Beta 2 S e

T mentation

ﬁ% e and Distribution Management - &

' | : : Parallel Electron

: cwat arty Software Configuration Simulat: -

i ement Plan

i - ; User’s Guide, Version 0.2

.é :;: Xyce Pa ral | e | E | eCtrO n I C S I m u |at0r - Scott A. Hutchinson, Eric R. Ksefe':, :)bertl:l.lﬂueekstri e

sw# . Thomas. V. Russo, Regina Schells, Steven D. Wix i . . .
a W, PrOCeedlngS Of Para”el THE Xyce™ PARALLEL ELECTRONIC SIMULA Release and Distribution
. Management

@ o 2001 S, HUTCHINS o tocss

v# Version 1.1
2 e " Parallel Electronic

5 Simulator Process Overview

% ""‘"+ Third Party Software Configuration

e Management Plan, Version 1.0

: Scott A. Hutchinson, Robert J. Hoekstra
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Background

og Circuit Simulation
dified Kirchoff's Current Law
mpact Device Models
chnical Challenges
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i ulation is applied at several levels of |

: n: "? -
@ N e (PDE) -
s g (ODE/DAE) <€l Xy H

é Al al (VHDL) Ce i_%
: s imulation (Circuit + Software) =l
— imulation models: |

| ork of devices iﬁ
1 ally described by ODEs b=

@ < led via Kirchoff's current and/or voltage laws | :i%

: - d ral analysis options: DC Sweep, l“l |

; ﬁ Operating Point, Transient, AC Analysis L L
S ool
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Modified KCL Formulation

and most other circuit codes) represent the problem using
ed KCL (Kirchoff's current law) equations.

sum of all currents into a circuit node equals zero.
*
) ot KCL , Node 1:
f= 1, —l,—1,=0
|t
'@ ode: 1 KCL equation, 1 nodal voltage variable.
] es -> N KCL equations -> N node voltage variables
% ;.+ formulation becomes a modified KCL formulation when it is

sary to include some current variables.

Fault Tolerance Workshop 9



Device Example: Resistor

rs and Capacitors are the simplest circuit elements.
Bvices are a combination of resistive and capacitive elements.
rload: R

R (V=Vi-Vy)
ltage at Node 1. Node 1 Node 2

ltage at Node 2.

1 st =G(Vi-Vy) J DX = -f

— G = 1/R = conductance.

O] 6G -GuDV,u_é& l.u K
- i é 1=€ |

be constant (Ilnearl) & G Ug:)v H S | H K
{3 f(V) (nonlinear)

Fault Tolerance Workshop
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Device Example: Capacitor

ors are charge storage devices.

¥ oot or load: C
B! VIdT = aQ/dT Node 1 Node 2
1.1 acitance = C(V)

arge stored

44

i J DX = -f

1 éC/DT - C/DTuéDV, u_g» .U KCL,
cF & c/or c/oT ¥ov,H & H kel

erivatives are obtained from the Time Integration Package

Fault Tolerance Workshop 11
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Device Example: Voltage Source

dent voltage sources require current variables.

through a voltage source not a function of voltage drop across the source
IR relationship!).

stamp has no diagonals elements.

‘one’s pairs”.
e X = - f y
1DV, é -1, uKCL drop
- ]ggDVZH: g l, H KCL, Node 1> O +<Node 2
BeDl, g & V,+V,+V,gConstr

Fault Tolerance Workshop 12
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3 = Berkeley Short Channel IGFET Model v.3
ating integrated circuit MOSFETSs

| for ASCI milestone. Prerequisite for Rad-Hard Pentium
ation.

or 400 user-defined parameters.
Xyce, the *.C associated with this device ~ 13,000 lines.
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Device Example: MOSFET BSIM3

ished, 1996, by SEMATECH as an industry-wide standard for

3 is one of the most complex device models in widespread use.
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.= Device Example: MOSFET BSIM3

Gate
Gate Channel
: / Current
Oxide 1 /|
_____ Channel ) prain T ]
Source
n+

Bulk Si

Drain

nel MOSFET cross-section Bulk
MOSFET Equivaent Circuit

omplexity lies in the derivation of the nonlinear
ances, capacitances, and currents.

Fault Tolerance Workshop 14
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.*@
Circuits VS. PDE'’s
Mesh Node |Voltage Node MOSFET
<5 1 0-3

Tl | F0 A

ge Count - Dense Rows
ost Load Calculations = Load Imbalance

sembly)

ITS ARE NETWORKS RATHER THAN MESHES

Fault Tolerance Workshop 15
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(== fi +@=:—§=—‘==’———
? - Rad Hard Pentium Multiplier

AsCr

Advanced Simulation
‘nd Computing

0 MOSFET Transistors; ~25,000 Equations
dge Degree >5,000

Original Block RCM
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DC-OP Eigenvalues

Jacobian Eigenvalues (Log Scale)

_10,

_15,

Comparator DC Operating Point

S I R TP

: . 1 ] ] L] (] 3 M 2 2 1 3 N i i H
.

-------

LU T S A
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Circuit Simulation Challanges

empts have resulted in ~50% efficiency on up to 8 processors.

2 e're discovering new challenges as we develop new capability!
£ a
[ hmic (time, nonlinear and linear solutions)
S f, coupled DAE’s - Different characteristics than PDEs
£ hly nonlinear (device model discontinuities, hysteresis, etc.)
T ge, ill-conditioned sparse Jacobian matrices present unique ordering and
4" onditioning challenges
o entation
:. | uit problems can be very heterogeneous in terms of both the devices and the topology
| here is no “characteristic” circuit!
2 ot erent computational phases scale differently

Fault Tolerance Workshop 18
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Xyce

itecture

® oot

oz erview

- pology

t ot lvers

; arallel

® oot ,

% rithms

L artitioning

: d ear Solution
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Xyce Architecture

DMF/SAF Xyce

_ CoMeT Start/Restart Simulation/Numerical
n Solution ithm
@ ~l - Gul Algor S
é . =Visualization P R e e T R R R

- Project Tree Mgt.
- Design Process Mgt.
4 e - Code coupling

w

Device Models
Interface

Netlist
Input

Load-
Balancing

DAKOTA (Zoltan)

- Optimization

-UQ

Fault Tolerance Workshop 20
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Distributed Topology

I’a”ZGd DiStributed . Device or Sub-Circuit Node
Iogical Support @ Voltage Node

————-

_____

ip (Transmis:;ion Line)

Fault Tolerance Workshop 21



4 “Owned’/Internal node

— processor loads associated
rows

% “Not Owned’/External node

— Dev-node: Load to V-node
rows

V-node: Reference for

nonlocal data

* Requires global
communication to update

distribute shared solution
vector data

Fault Tolerance Workshop

Device “Ghosting”

Device Node

Voltage Node

Owned Not Owned

>
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Distributed/Parallel Tools

nicator (Trilinos & Xyce)
munication abstraction layer: serial, MPI, (PVM)...
(Trilinos & Xyce) —> Global Data Lookup

i tributed Hashed Database

= or (Trilinos & Xyce) > Global Data Access

; ! cost data migration of basic data types and arrays

1o r (Xyce) —> Global Data Migration

! ge scale data migration of arbitrary class structures (Devices, Ckt Nodes, etc)

' ot Factory (Xyce, In Progress)

& .1..... plate Based Arbitrary Class Factory

; - ointer (In Progress)

J icy and Trait Based Pointer allowing user controlled reference counting, storage
L e hod, error checking, etc.

Fault Tolerance Workshop 23
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Solvers

ollaboration with ASCI Algorithms at Sandia

L st ohn Shadid, Mike Heroux, David Day, Roger Pawlowski, Tammy Kolda)
— tegration package:

@' kward Euler, BDF2, Trapezoidal

:a aptive step-size control, Discontinuity breakpointing

; ] ar Solver Package

- xact Newton, Modified Newton, Steepest Descent, Trust Region, Hybrid
i balization: Interval halving, Bank & Rose, Backtracking, More’-Thuente
1 st placed by: NOX

I Algebra Services Package: TRILINOS

O, h interface for tighter nonlinear | i

e ghter nonlinear/linear solver coupling

= xible Norm Support

} . amic Load Balancing - ZOLTAN

Fault Tolerance Workshop 24
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[ = Load Balance/Partitioning
foto 7T b
i oration with Trilinos and Zoltan efforts (ASCI Algorithms)
1= ed Load and Solve Phases
Sl Dgy-ZOLTAN : TRILINOS-ZOLTAN Interface
2 a " Partitioning: “Solve” Partitioning:
I “PartKway” and diffusion ParMETIS: “PartKway”
e Load Balance o Constraints: Communication
] ogeneous/Weighted) | Communication! Ordering
L | Cost: Minimize | Preconditioning
: peat g 8 L =
Oz 8 _ 8
1.] ‘- :
e . o o . .
1 | ( ( | |
L | L L L L
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Problem Size Scaled Parallel Efficiency

: ViceS/p rocessor on —o— Netlist =#— Random =—a&— Repartitioned
in

te solve time

>
O
c
2
o
2
=
L

rtitioned

Number of Processors
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0 MOSFETS (of ~2 million)

1= 7 Unknowns

o 65 NonZeroes

= )CESSOrS

! et of MOSFETS connect to power

! MIN  MAX SUM MIN  MAX SUM

: =4| Unknowns: 1555 1566 25187 Unknowns: 915 1995 25187

é} { cuts: 9399 77235( 259126 == | Cuts: 2592 47253 (150800 > | 580
# Boundary: 1508 1553 24697 Boundary: 844 1796 22653

:» | Adj. Proc: 15 15 Adj. Proc: 10 15 (222 H| 900y

Iginal Repartitioned

Fault Tolerance Workshop 27
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Rad Hard Pentium Multiplier

Multiplier Circuit Histogram

100000 -

3 i} 10000 | IS Buses &
: - o o
c 4 Clocks
oh 3 w00 ¢ *
J O X
: (¢D)
é. = -§ 100 ¢ PR . L4 *
: o o 'Y p
2 et 10 7 ° ower
*
;_ 1 —& = /e T T ———

1 10 100 1000 10000 100000
Edge Count

Circuits:
er node generates very dense row (~0.9*N)
lines and clock paths generate order of magnitude increases in bandwidth
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Parmetis — PartK way

Linear System

Sl >,

"= Distributed Sources

tic Decrease In Communication Volume - CUTS
al Decrease In Communication Count = ADJ PROC

CHACO — Multilevel-KL
Circuit
25% imbalance
Distrib. Ind. Vsrc's

Fault Tolerance Workshop
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RHP Multiplier Scaling

— =
1. .
] RHP Multiplier Speedup
- 71,097 Devices, 28,609 Equations
. | 40
on 35 —
T, e D
gt Capability Timeline Example
1° o 251 RHP Multiplier Circuit
4 =]
T 20
é. m* §' 15 4 250+
] 10 200 ]
I .
. Solution ;5|
—& Time
[hours] 1001
4 6 8 10 12 501
0 =
Processors PSPICE on | ChileSPICE | ChileSPICE | Xyce on 16
PC: (serial) on |on 16 proc. | proc. sgi
sgi Origin | sgi Origin Origin 3800
2000: 2000:
Jun-99 Aug-99 Nov-01 Dec-01
J

Fault Tolerance Workshop 30




; | Linear System Reduction

ction to “Essential” System
nstraints (‘Singleton’ Rows)
xiliary Equations ('Singleton’ Columns)
sed on Achim Basermann'’s Results (NEC Europe)

ey X ,
REPA O

o, X Kot X'?_, X1 X
- '

I X ol 640 ~17
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Linear System Reduction

it ot

] Day’s Block Algorithm Uy Si» Sia
; i entation in Trilinos and XPetra

4" obal Search Algorithm
o arse global GAXPY operation (BC Reduction) Reduced S
1 duced System Remapping Systemy,

%. ; pck Local Reordering (Zoltan)

% I stributed Backsolve (Low Bandwidth)

J_'- . L | . 1 10 ... . ) ]

o UNCe e N 33: Global Backsolve
& 1) : o DT 22: Global GAXPY

é 4 : LR T e TN I Iterative Solve

: = ! . g ._‘.- | wl =" .' g -..,,“.._ n

t | o 50 50 0 50 o0 7o s 8 0 110 e % @ B % W & % 11: Global GAXPY

_é- Ze - ows. 624 NONZeros Global Backsolve

] pndition: 8.3« 106

' Fault Tolerance Workshop 32
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1%

[

X

&

Block incojmplete
N

LU for theflocal
interface/rows

D

Saad and Sosonkina
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Coupled Simulation

OTA (Bart van Bloemen Waanders, Eric Keiter)
ptimization

ensitivity

Semiconductor Devices (Eric Keiter)

ernal (1D & 2D)

aron (New 3D FE Code)

al/Mixed Signal (Univ. of Cincinnati)

ation (ITS, NuGET, Entero)
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= © Xyce/DAKOTA Black Box Optimization:
Minimize Delay

DTA is a framework of tools for optimization, uncertainty estimation, and
ivity analysis, for use with massively parallel computers.

n Goal: find optimal channel width and lengths for NMOS & PMOS devices to
ize delay of input and output signal

?- : r devices: more charge storage, longer delays.
L rmd er devices: more expensive, more difficult to layout.
;
i DAKOTA:
: oot Optimization
A Uncertainty Estimation |
@} | Parameter Estimation
1 rcuit Sensitivity Analysis Output
% # odel
{ et
1" —» Xyce
I
' Fault Tolerance Workshop 35
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-5 Xyce/Dakota Results

o Comparator Circuit
i=t« " Nominal Design Final Design
| [ / |
" stinput 1 I
@ ; Output | =
21 delay i
& —> <— 1
: e L U L
: ot , |
S gth = 2E-6, width = 2E-6 Channel length = 1E-6, width = 5E-6
®
; T Found solution in 6 fcn evaluations using gradient based method vs 50 fcn
i evaluations using coordinate pattern search
) Comparator circuit: ~ 20 MOSFETs.

Smooth Objective function.

Fault Tolerance Workshop 36
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Milestone FPGA circuit
flip-flop device optimization

Vector Parameter Study - non-smooth behavior

é- ﬂw* il o J- t o1 125
10 gensists of XOR, AND, flip-flop sub-circuits

| uit - 34 devices divided into 12 design N

- 6 x widths/lengths) chosen based on )
Tigaak ith and length specifications g
o | lay between input and output signal 105 -
@ " arameter study results: 100
T om lower values o5
2 ] terminate in certain design space an
] ening for gradient based method as |

L i nsed method (npsol-sqp) failed, a0l

2 ze imeter study from initial point to bounds (40 =L
i tified non-smooth behavior -
3ol modal 1an
R jorithm study identified best design 120

' function evaluations using population size of g

@. i 7 cycles) :
12 PT pga_real (W.E.Hart) =
% S vernight on 8 proc Linux cluster é 50
et inal : 112.1 .
e 292 Best Design
I

Fault Tolerance Workshop
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10 =) 20 25 30 35 40 45

Ohjecctive Function Walue vs Count
= i 5 3 R : 2

.

L I
200 300

I L m L L L I
400 s00 {=10]H] oo 0o 00 1000 1100
Function Evaluation Mumber
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PDE Device Simulation

'; | term: CSRF to develop Charon, a

- acting flow simulator. (see the next

1 ith Gary Hennigan)

lf;?} . itial application: 3D device simulation.

£ | inite Element discretization (unusual in

; ] evice simulation).

e term: LDRD for Device-Circuit

{ ng.

: i D unstructured mesh device simulator

T ilt inside of Xyce. 3D MOSFET mesh from
@ g rototype for Charon. DaVinci

?- : inite volume discretization - same as

é @ ost commercial device codes: DaVinci,

1" isces, Taurus, etc.

— Fault Tolerance Workshop 38
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SE PDE Device Simulation

é ﬂ'ﬁ'* 2o I : ’ + L)

. onsistently models transport of two charged species:

Lo ons and holes.

L] rically solves the semiconductor equations:

‘- 0iSSON: N(x N ¥ p n - N

: o

% ontinuity: %=% NI, x - % X p-U

: ot ) ) ) )

é} | here Jn=q ND,-m Ny, Wand=, - DN, p- qiyp Y
- equations comprise the drift-diffusion formulation,

2 et

is the most common equation set for device simulation.

Fault Tolerance Workshop 39
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@Circuit-Device Coupling Approaches:
Full-Newton and Two-Level Newton

: -Newton algorithm solves the PDE device and the ODE circuit nodes

neously using the same Jacobian matrix.

-level Newton algorithm solves the ODE circuit at one level and sub-

on the PDE device on a second level.
-level in Xyce will still use same Jacobian.

Full Newton

evel Newton
Device #1
. Matrix
—p Device #1 Problem ;
Device #2
Matrix
Circuit Problem —p Device #2 Problem Device #3
Matrix

Circuit Connectivity Elements

—Jpp Device #3 Problem

Circuit
Matrix

Fault Tolerance Workshop
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+®/: ) M.
S DC(Steady State) Coupled
5 Circuit/PDE Simulation

t

¢ Electrostatic Potential

or at a high positive

max: ~1.0V

| _

L | (‘).0005l 0.001 0.0015
ax: ~5.5V

1.0e+19 0

-0.0002
. 1.0e+19 per ccm

-0.0004
-0.0006

-0.0008

e initial potential
n, due to the built-in 1.0e+7

3l of the device. ¢ Electron Density

-0.001
0000

0.0005 0.001 0.0015 0.002
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Fault Tolerance
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e Checkpoint/Restart

eatured Serial and Parallel Support
exible checkpoint frequency control
dependent repartitioning of restart run
pelined through control node (Proc 0)

ent Storage
acked Data - Relatively Small Data Sets
ansient nonlinear system state snapshot

ternal Device State
olver Conditions (Breakpoints, Time Step, etc.)

Fault Tolerance Workshop 43
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Gy 2 2
Lawrence Livermore )
. = BT O, r
~ J- LT TR} LF )= .
4 d
T ewiz
E: E
é E)
T L

)ut Commit Rate

3 owt

ser Determined/Problem Dependent
' |

1.7 atively Small Data Sets

Kpoint Data Size
y Full Checkpoint Currently

i= all: 0.1 10 Mbytes
O 2 munication
.

P, Single Threaded
iven by Linear Solver
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Questions

ess Synchronization
latively Tight Due to Linear Solver

ory ?
Jwidth ?
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eI Issues/Future
;4 irements Similar to Transient PDE Simulation
Szl Tolerance with Coupled Physics

SCI FY03 Level 1 Milestone

DE Devices
idiation, Thermal : EXTERNAL CODES

| Platforms

°| Variants
stom OS and Compilers?

Fault Tolerance Workshop 46
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Summary

Version 1.0 Release (Oct., 2002)
ASCI Electrical Milestone

Tolerance

nos Solver Framework
omated Checkpoint/Restart
pled Simulations
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