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Quantum Chemistry and the
Common Component Architecture (CCA)

CQoS in Quantum Chemistry: Motivation and Approach

CCA Overview:
+ The CCA Forum provides a specification and software tools for the
pment of high-per
+ Components = Composition
— A component is a unit of software deployment/reuse
— Components interact through standard interfaces — no restrictions
on implementation (language, parallel model, etc.)
— A component architecture specifies a framework for composition of
units into applications
o Key CCA benefls'

Motivation:

* QCSAP Challenges: How, during runtime, can we make the best choices
for reliability, accuracy, and performance of interoperable quantum
chemistry components based on NWChem, MPQC, and GAMESS?

— When several QC components provide the same functionality, what
criteria should be employed to select one implementation for a
particular application instance and computational environment?

—
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CQoS Approach:

+ Overall: Develop infrastructure for dynamic component adaptivity, i.e.,

composing, substituting, and reconfiguring running CCA component

applications in response to changing conditions.

— Performance, accuracy, mathematical consistency, reliability, etc.

Approach: Develop CQoS tools for

— Analysis: Performance monitoring, problem/solution characterization,
and performance model building

— Control: Interpretation and execution of control laws to modify an
application’s behavior

— CQoS
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Every package |mplements these |nterfaces to create its own
sharing ities among
chemists and the wider scientific community.
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CQoS Database Usage
Application metadata

~ Molecule characteristics: atom types, topology, moments of
inertia

-end ‘These wiring diagrams made by the
CCA Caffeine framework GUI (developed by SNL) represent component connections between ports. (Uses ports are goid; provides ports are biue)

CQoS Comparator Components
+ Compare sets of parameters within the
performance database

——— and runtime databases to facilitate analysis and decision making
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CQoS Infrastructure and Preliminary Results for Quantum Chemistry
Quantum Chemistry Sclentific Par p
+ Construct interoperating mechanism among several leading high-
performance QC codes (NWChem, GAMESS, and MPQC) through Usage In Ch y: CQoS Analysis Using PerfExplorer and PerfDMF:
CCA infrastructure ) ) ) o rrmerrrgepen et of QC to
. CCA_c!wm_genenc package defines several interfaces for QC learn effective configurations i i
calculations 7 test molecules: bz (benzene), bz-dimer, Lk 6
— Molecule, Model, G i i 1ator AT, np (naphthalene), np-dimer, GC, Cso »< 2%
3 run types: energy, gradient, Hessian & B
User Options

5 SCF wavefunctions: RHF, ROHF, UHF,
GVB, MCSCF

*2 MP levels: 0, 2

* 4 basis sets: cc-pVDZ, 6-31G, 6-31G",
631G

2 methods: direct (dir) or (con)

672 combinations, without even considering
nodejcore counts, machine parameters, architectures ..

Sample Results for GAMESS

— Algorithm tunable

Quantum chemistry applications can match

System parameters
— Compilers

Historical performance data

~ Execution times, iterations to convergence, etc.

— Obtained through source instrumentation, e.g., TAU
— Can guide configuration of related new simulations

— Machine info, e.g., number of nodes, threads per node, network

level
ovel the current application state against

historical data through database queries
during runtime.

+ Use metadata to guide parameter selection
and application configuration

~ Match molecule similarity, basis set similarity,
electronic correlation approach, etc.

Run type = aneray, core count = 8, st type = Y, basis set = c-pVDZ

wotecte /nodes "5 %4 5 se 3 "0 4 ie m
Construction of Classifier (detail) :z:m.

basis set=cc-pVDZ, scf type=RHF, run type=energy, cores=8, vary molecule, mp level, method, and node counts
test machine: bassi.nersc.gov: IBM POWERS, 111 compute nodes with 8 cores, 32GB memory per node
Direct s faster than conventional for some molecules at higher node counts — the correlation is data dependent
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