Model Reliability

Mathematical model and its data
describe the real physics with

sufficient accuracy

Algorithm Reliability

Underlying numerical algorithms
should be stable, consistent, and

convergent

Software Reliability

The ability to perform its required
functions under static conditions

for a specific period
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Why Results Are Not As Expected

Edward N. Lorenz BRSSO Margaret Hamilton
Sl S e ps://iéital—hie.nl/ ‘/ |

In 1961, E. Lorenz was using a Royal McBee LGP-30 computer with 6-digit precision to predict
weather. The printout rounded variables off to a 3-digit number, so a value like 0.506127 printed as
0.506. So he tried to input a rounded number, but ...
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The Patriot Missile Failure

® On the news:

During the 1991 Gulf War, a U.S. Patriot Missile battery at Dhahran (A=), Saudi Arabia failed to

intercept an incoming Iraqi Scud missile on February 235, resulting in 28 deaths and 100+ injuries.

® Failure Reasons: 0.343-second time discrepancy

= To track time, the PM system performed a floating-point multiplication
by 0.1, which has no exact binary representation (using 24 bits).

= After 100 hours of operation, the integer time value was approximately
3,600,000 tenths-of-seconds.

= The accumulated error from repeatedly multiplying this large integer by
the inexact floating-point representation of 0.1 resulted in the 0.343-

second time discrepancy that caused the tracking failure.

United States General Accounting Office

G AO Report to the Chairman, _Subcommit@ee on
Investigations and Oversight, Committee
on Science, Space, and Technology, House
of Representatives

February 1992 P ATRIOT MISSILE
DEFENSE

Software Problem Led
to System Failure at
Dhahran, Saudi Arabia

EEESHBHRS
e W
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The Loss of the Sleipner A Platform

® On the news:

On August 23, 1991, the Sleipner A platform suddenly sank near

Stavanger, resulting in approximately $700M in losses.

® Failure Reasons: 45% underestimation of shear forces

= Engineers used NASA's NASTRAN software, but the model
contained distorted elements with skewed faces.

= When analyzing stress results, engineers fitted a second-order
polynomial curve to their data and used extrapolation to determine
edge stresses (over-fitting).

* The analysis relied on the 1977 Norwegian concrete code, which

predicted failure at nearly twice the actual pressure.
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The Legendary “Nine Calculations”

® Chinese scientists attempted to replicate calculations from a Soviet teaching o e e

“Little Boy”
The uranium-235 bomb that destroyed Hiroshima was flown
there in a B-29 bomber and aimed with a bombsight.

model. But the calculation of pressure values during explosive implosion

Cordite Gun Radar Uranium-235
(explosive) barrel antenna target

consistently fell short of the Soviet figures.

Length: 10.5 feet Uranium-
Diameter: 2.4 feet 235 “bullet” Steel __—

® Over nine intense rounds of recalculations and cross-disciplinary debates e —

When the bomb fell to 1,900 feet, a radar
antenna set off a conventional explosive in the bomb chamber. This
catapulted a uranium-235 wedge through the gun barrel into the U-

involving physicists, mechanics experts, and mathematicians, the discrepancy EEEEEEEEE

A modern thermonuclear

This W87 thermonuclear warhead is launched on an MX intercontinental
missile. Packed into a multiple independently targeted re-entry vehicle

persisted’ Stalling the entire atomic bomb project. (VIRY, shown below, I Spts of fom he s 1 sFke I arget,

Fission trigger
Chemical explosive
Beryllium Fusion device
Plutonium-239  Uranium-238 or
235

s Theoretical Breakthrough: Zhou Guangzhao >
hRitSE: RFRER ° ) = oy

» — K= EAR R constructed an ideal model and proved that the

MIRV length: 5.7 feet MIRV base diameter: 1.8 feel

B ARTESERBBE maximum achievable pressure could never

B B AR GRS W87 AR S5k

: , :
reach the Soviet expert's claimed value. Cox Report, 1999
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Mean Time To Failure

MTTF (MTBF):
measures the average
time a non-repairable
asset operates before it

fails

4-6 hours

Soft error in L1 cache

BlueGene/L has one soft error

in L1 cache every 4 to 6 hours

[Bronevetsky, Supinski 2008]

2 days
Ancient but stable

The mean time to failure of

ENIAC (1946) [Alexander
Randall 2006]

4.2 hours

Requires repair actions

Lessons learned from the analysis

of system failures at petascale; see

DSN 2014

26.1

CPU failures per week

ASCI Q at LANL has 26.1 CPU

failures per week [Michalak et al.

2005]

30 mins

Run without problems

Researchers have predicted that

large jobs may fail once every 30

minutes on exascale platforms

C.-S. Zhang, AMSS

67



Modern Implementation

® Main Issues: reliability, user-friendliness, and efficiency

& Reference-LAPACK /lapack ' Public L\ Notifications % Fork 480 V¥ star 17k

® LAPACK is a highly optimized library

<> Code () lIssues 127 1 Pullrequests 37 G Discussions () Actions [ Projects (@ Security [~ Insights

of linear algebra routines written in P e ] P 155ranches © 167a0s T About

LAPACK development repository

Fortran 90. These routines include ﬂ langou Merge pull request #1157 from amontoison/precompilation @@ v 66380df - last month O 3,283 Commits

linear-algebra matrix-factorization

M .github Provide precompiled artifacts for future releases last month blas singular-values eigenvectors
matrlx multlpllc atlon, faCtorlzatlon M BLAS Merge pull request #1048 from grisuthedragon/implemen... last month linear-equations lapack svd
eigenvalues lapacke
I CBLAS Merge pull request #1048 from grisuthedragon/implemen... last month
J Readme
(LU’ ChOleSky, QR, etc . ) 9 leaSt Squares » CMAKE Fixed wrong NAG Fortran compiler flag / definition for strl... last year 55 View license
. . . m Dpocs Merge branch 'Reference-LAPACK:master' into implemen... 6 months ago a5 Security policy
solutions of linear systems, eigenvalue S A nciiy
9 INSTALL fix PROGRAM line in INSTALL 2 months ago .
(=) Custom properties
[ LAPACKE Allocate IWORK to hold at least the one element for works... 3 months ago ¢ 1.7k stars
problems, and many others. , © & watching
[ SRC FlIx errors in the documentation of ?gelqt last month
% 480 forks
W TESTING implicit none in TESTING 2 months ago Report repository
b b b [ .appveyoryml Expressly request flang 11.0.1 from conda 2 years ago
® ScalLAPACK is a parallel-distributed Releases 12
[ .gitignore updating gitignore to ignore the mod files when we compile 11 months ago
© v3.121 ..Latest
version of LAPACK (MPI-parallel) O wavieym Update aravis o dyeasago | onons
[ CMakelLists.txt Merge pull request #1095 from julielangou/master 9 months ago +12releases
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