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HPCS Focus

* Unique combined focus from the beginning on

— Designing petascale systems for a broad range of missions

— Improving the usability of such systems

* Developing a methodology for measuring these
Improvements is the focus of the Productivity Team
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HPCS Phase Il Teams M

» Create a new generation of economically viable computing systems and a
procurement methodology for the security/industrial community (2010)
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Performance

* What limits current mission applications?
— Interconnect, memory subsystem, compilers???
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Programmability

if (send_cnt == 0)

Simplicity vs Performance RandomAccess
e MPI Code e

. #if LEXTBK >0
X ran = starts (NUPDATE/PROCS) * myproc); I Compress the buckets *
Hi g h H P L ) for(k=0; k<PROCS; k++){
for (i=0; i<PROCS; i++) I+ For each destination compress the EXTBK buckets
. pe_update_doneli] = FALSE; bucket for sending.*/
(10 000+ I_| neS) for (1=1;1<EXTBK;1++){
’ send_cnt = NUPDATE/PROCS; J*Find the size of the gap between buckets */
gap = (N(BK_SZ+2)+2) - (Ic_buck[K][0][SLOT_CNT]);

while(lc_recv_done == FALSE){ J*Find the ammout of data in the bucket to be moved */
if (send_cnt > 0) { bsz = Ic_buck[K][I][SLOT_CNT]-2;
1+ Initalize local buckets */ I Calculate the amount of data that needs to be moved to
for (i=0; i<PROCS; i++)( have a single bucket */

mindata = gap < bsz ? gap : bsz;
J* Calculate where the data is comming from */
tail = I(BK_SZ+2) + Ic_buck[K][I][SLOT_CNT]-1;

for (1=0; I<EXTBK; I++){
Ic_buck[i][IJ[SLOT_CNT] = FIRST_SLOT;

Performance

Ic_buck[i][I][DONE] = FALSE; J* Calculate where the data is going to */
next_slot = Ic_buck[k][0][SLOT_CNT];
} Il#pragma unroll 32
I+ Fill local buckets until one is full or out of data */ J*Move the data */
next_slot = FIRST_SLOT; for (m=tail; m>(tail-mindata); m--){
while(next_slot<BK_SZ+2 && send_cnt>0) { Ic_buck[K][0][next_slot] = Ic_buck[K][0][m];

ran =(ran << 1) A ((int64) ran < 0 2 POLY : 0); next_slot++;

O r | g | n al which_pe = (ran >> (LTABSIZE - LPROCS)) & (PROCS - 1); }

sub_buk = (ran >> (LTABSIZE - (LPROCS + LEXTBK)) & (EXTBK - 1)); lc_buck[KJ[OJ[SLOT_CNT] = next_slot;

next_slot = Ic_buck[which_pe][sub_buk][SLOT_CNT];
TO p 500 Ic_buck[which_pe][sub_buk][next_slot] = ran; if(gap < bsz)
Ic_buck[which_pe][sub_buk][SLOT_CNT] = ++next_slot; Ic_buck[k][0][SLOT_CNT] += bsz - gap;
100 | 1 send_cnt--; }
( ines) : J - End of bompress loop

Low sendit

} I*End of sending loop */
Low Code Size High * UPC
for G=0; j<128; j++)
ran[jl = starts ((NUPDATE/128) *7);
far @=0; i<NUPDATE/128; i++) {

®* Does performance require lots of coding? #pragma ivdep

far §=0; §<128; j++) {

* Are there better HPC programming ranf] = il << 3 * (tacsd
environments? ranfj] < 0? POLY : 0);

tablelranfj] & (TABSIZE-1)] "= stablefran[]
— Higher Level Programming Languages sy
— Higher Level Parallel Programming Models
* Portability?
— Must run legacy well

ISI
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Productivity Framework

Benchmarks
Kernel,
Compact & Full

System Parameters
(Examples)

BW bytes/flop (Balance)
Memory latenCy ———p
Memory size ——>

Processor flop/cycle ™~
Processor integer op/cycle —»

Bisection BW —>

Exe Time
Experiments\A

_________ Productivity __ Productivity
Size (ft?) ~—. Metrics (Utility/Cost)
Power/rack e
Facility operation —* /
""""" Dev Time

Common Modeling Interface

Code size
Restart time (Reliability) Code _J
Optimization time __—»

Experiments

e Captures major elements that go into evaluating a system
* Builds on current HPC acquisition processes

ISI

MIT Lincoln Laboratory
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Research Teams

System Parameters
(Examples)

BW bytes/flop (Balance)
Memory latenCy ———p
Memory size ——>

Processor flop/cycle ™~
Processor integer op/cycle —»

Bisection BW —>

Size (ft3) ™~~~
Power/rack
Facility operation —*

Code size
Restart time (Reliability) Code _J
Optimization time __—»

Compact & Ful

Benchmarks

Test & Spec Working Group

Kernel’ Lead: Ashok Krishnamurthy OSU

Execution Time Working Group
Lead: Bob Lucas USC ISI

Common Modeling Interface

ExeTime\

Experiments

Productivity __Productivity
Metrics (Utility/Cost)
Seu T ~ Eat: Doug Post LANL
ev Time

EXpe“mentS Development Time Working Group
Lead: Vic Basili UMD
igh Productivity Language Systems
Working Group
Lead: Rusty Lusk ANL

* Multi-organizational team that spans the HPC community
* Strong contingent from the software engineering community

ISI
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Productivity Team

Sponsors l

Bob Graybill DARPA
Fred Johnson DOE SC

Mission Partners
NSA NRO DOE

Vendor Productivity POCs
David Mizell CRAY

Cray(4) Sun(7) IBM(6)
ARSC ARL UDel Pitt
UCSB(2) UMD(8) Oregon
MissSt ISI(3) NASA(2)
Vanderbilt(2) UMN
Lincoln(4) LANL

LLNL MIT(2) MITRE
NSA(2) PSC SDSC(2)

Cray(4) Sun(7) IBM(6)
ARL UMD(4) Oregon
MissSt DOE HPCMO
LANL(5) ISI UMN
Vanderbilt(2)

Lincoln(4) ANL

MITRE NASA(2) ORNL(2)
SAIC Sandia NSA

Cray(2) Sun(6) IBM(3)
CalTech UMD(3) UNM
ISI(3) Lanl(3) SDSC(3)
Lincoln(4) MITRE
UMN ORNL Sandia
UIUC(2) UTK(2) LBL
ERDC GWU HPCMO

HPCMO NASA NSF — Larry Votta SUN
Productivity Team Mgmt. TBD IBM
Jeremy Kepner LINCOLN
Bob Lucas ISI
I | I
Development Experiments Existing Code Analysis Execution Time Models Test & Spec
Vic Basili UMD Doug Post HPCMP Bob Lucas ISI Ashok OSU

Cray(2) Sun(6) IBM(3)
UIUC(2) UMD(3) UTK(2)
UNM ERDC GWU HPCMO
ISI(2) LANL(3) LBL
Lincoln(4) MITRE UMN
NSA(2) ORNL OSU(2)
Sandia SDSC(3) Uwisc

NSA(2) ORNL OSU UCB Codesourcery

LNROE) Insirumental ]

High Prod. Lang. Systems

Rusty Lusk ANL
CWU, UCB, Rice, NWU
ORNL, Cray, IBM, Sun

' U RN ] =)
N A

National Nuclear Security Administration

-

Office of Science
U.S. Department of Energy
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* |ntroduction

_»  Level 1 and 2 workflows
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* Productivity Formula

* Summary
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Level 1 Functional Workflows

(1) Writing Large Multi-Module Codes (3) Running Codes

Formulate Develop ' Develop \ Iroduction' Analyze Decide;
guestions Approach Code ¢ Runs Results ypothesizg
) ., . K]
Writing Small Codes
2)
'.. t ..'

(4) Porting Code

Identify Change
Rifference Code

y

(5) Administration

Problem Resource Security HW/SW
Resolutio lanageme lanageme Upgrade

* Workflows comprise many steps; many overlapping
* |tem inred represent areas with highest HPC specific interest
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evel 2: Coding small programs quickly

Debug on Test for Test for Change

small data sets Debug Optimize performance |performance

[N TN TN NN /T

Express Express Program Performance Design Design new, /Production .
. — . . Test T T new data : . —
informally in VHLL for HPC run wvisualization run

\ \ / / Structtfre, /O I \
Simulate : , Test for Test for Visualize
. Compile Compile
inputs correctness | eorrectness results
°

Allows vendors to specifically identify which steps they
are addressing with their technologies
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.. until

done

MIT Lincoln Laboratory



Multi-Module Development

Develop Code
. . o : Problem Define
e v e Yuzalo) L Cheek0o Mes( Setup )«Component
PXg- 9y 9y capability Interfaces
Develop Components
I | I '¢' [
. Develop . : nitia
Design Develop Write and Link, Load
<+>stand-alone+» . <> : Debug Component
Comp;onent driver V&V Sirategy edit code & Build Optimization
/' _Develop-. | e aisieietstnteiieieietets et )
' . | I NVerification, , . Initial |
. | Detailed ). ! : Review : e Analyze "\
' “nterfaces” | : Tests : Code Compile Je»{Verification & code !
| ! . | Tests )
|dentify Compi ! Vajljgs:;on :
| \Math.alg./ 1 \ ;
Integrate Components
validate Verify Checkpoint Data Archive , _Yisualization_ Data Analysis Optimize
Integrated j<—> Code REStar.t capability capability Dl capability <_'performance
Code capability

Slide-13
HPCS Productivity

MIT Lincoln Laboratory



Workflow Usage

Scale & New IO New Viz Run

Optimize
Test for Test for
Nerformanceé |performancé

Goals, Reqs & Specs Port

Debug on
siqall data sgts

ange
put/contro
(J

| JC U . . .

m 3 ) P
.Express Progra o new data Jesign ne roductio ,--- until
nformall for HPC 3 - 0 sualizatige run done

Simulate Test for Test for Visualize
inputs gorrectnesy | sgorrectness results
Tool A .. ang/Lib B . OSsC.. CPUD.. gENetwork E .. IO F ..

Technology@iTechnology@TechnologyfTechnologyfTechnologyfTechnology

* Compare proposed technologies against workflow steps
* Predict and then measure impact of technology

MIT Lincoln Laboratory
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Small Code Level 2 Work Flow Example
Markov Model - Classroom (UCSB) Data

Optimize

699 / 4s

1.0/ 303

035/ 3s

1S] —————————————————— e —————— MIT Lincoln Labora‘tory —
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Sensitivity Analysis

Revised Porting Code Workflow

Make a
serial/luntuned
version work

Modify for
performance

uENy
" LIS

*
<

Production

use
*
...lll“

L4
L ]
[ ]
| ]
.
.

*
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*

*

Correctness-
debug
performance
modification

*

Yagst

* probability of more¢

performance tunin
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* Productivity Formula

* Summary
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HPCS Benchmark Spectrum

Execution and

System Bounds

Execution Devel ) o
Indicators eve_opmen e
Indicators o
Di t i=)
I,\SAZ:E € 3 Scalable =
Compact Apps FC_'?
Execution Gr'{;ph Pattern Matching =
Bounds Analysis raph Analyss " "
Local Sighal Processing - e  current
DGEMM Linear © ©  uMm2000 S
STREAM Solvers 3 Petascalel/s o = GAMESS iS
RandomAccess HPCS Simulation o O OVERFLOW «©
. : Compact = — LBMHD/GTC S
o Spanning Set signal A( Iicgtion)s = 2 RrcTH S
Processing applications Q Qo =
Global of Kernels < < HYycowm n
Linpack o o Near-Future
PTRANS = — NWChem
Ll 2 = ALEGRA
Classroom S O ccsM
Experiment LL < o
1/O Codes LLl %
8 HPCchallenge ®
(%]
Benchmarks T
c
C
~40) Micro & Kernel ~10) Compact . . o
(~40) (+10) ~omp 9 Simulation g
Benchmarks Applications %

Applications

Spectrum of benchmarks provide different views of system
* HPCchallenge pushes spatial and temporal boundaries; sets performance bounds
* Applications drive system issues; set legacy code performance bounds
e Kernels and Compact Apps for deeper analysis of execution and development time

ISI MIT Lincoln Laboratory
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System
Trace

HPC
haIIenge

Spatial/
Temporal

Measured
Performance
(Existing System)

Actual Heuristic Quantitative  Instruction  Sub-system
Run Model Model Simulator Prototypes

(Existing System) (Proposed System)

e HPCS Benchmarks provide a standard context for evaluating
performance of a system

* Can be applied at different stages of technology maturity
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Temporal Score

ISI
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1.0

0.5 A

A

Easier ’
]

[Harder

—

0.0

0.5
Spatial Score

1.

B GUPS
B Stream
B HPL
M FFT
M CGA1

MG.S.1
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Industry HPC
Experiments
P Challenge
Classroom
Experiments
Case Studies
Informal
Surveys
Measured
Effort/Expertisel/...
Workflow Impacts
(Existing System)
Current APls Workstation Parallel Environment on
Epv_ironment Prototypes Prototypes  Simulator
(Existing System) (Proposed Development Environment)

e HPCS Benchmarks provide a standard context for evaluating
development environment a system

* Can be applied at different stages of technology maturity
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Example: Average Development Time by
Language (PSC team)

Absolute Time

600 [

550 [

500 [

450 |

Oexecuting

Ocleaning

Oparallelizing

O debugging

Oauthoring

O accessing
documentation

400 |

350
300
250
200

150 |

time (minutes, excluding off-task and idle)

100 |

50 |

1
MP1 UPC
Language

Slide-22
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X10

100%

percentage of total time (excluding off-task and idle)

0%

50%

Percentage of Total

MPI

UPC . xi0
Language

Comparing average development
times between languages, several
observations are clear:

Average development time for subjects
using X10 was significantly lower than
that for subjects using UPC and MPI.

The relative time debugging was
approximately the same for all
languages.

X10 programmers spent relatively more
time executing code and relatively less
time authoring and tidying code.

Subjects using MPI spent more time
accessing documentation (tutorials were
online; more documentation is
available).

For this experiment, the effect of batch
VS. interactive environments was
probably significant.

Slide: Courtesy of IBM
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General Productivity Formula

U U(T) v = productivity [utility/$]  Cg = software cost [$]
LIJ = — U = utility [user specified] C, = operation cost [$]
+ + T =time to solution [time] C,, = machine cost [$]
C CS CO CM C =total cost [$] §

e Utility is value user places on getting aresult at time T
— Assume U(T) = A/TB (Biegel)

Class 1: Class 2: Class 3: Class 4:
Baseline Deadline Decreasing Return No Return
U =Alt U=A/B>1 U = A/to<B<1 U=A
u k U Ul \ u
T T T T

* Software costs include time spent by users developing their codes
®* Operating costs include admin time, electric and building costs
* Productivity formula is tailored by each user through use of functional
work flows
— Developing Large multi-module codes
— Developing Small Codes
— Running applications
— Porting codes
— Administration
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Subjective Values:

Site-specific

Example: Sun Figure of Merit

Objective Measurable

System Properties

System-level Utilization  Job-level Utilization

Project Utility Job Utility

P = UsySE util

[ TRV (.

System Availability ~ Computational

Recqniireeg

j(}bR

initial annual
CSyS c o T +c
/ //
System Lifetime

adm adm T+ N C

ro ro
“adm_ proj L proj

Development Costs

System Costs

Admin Costs

ISI
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The Vision: Tying it all together

Worktlows from Case Studies e Use Markov models to estimate
user effort (Cy)
(ST — Also provides info on achieved

Debug on .
Debug Optimize
small data sets performance |performance

/ ’ A\ { \ }\ PN\ /" performance (U)

Design . X =
wtormairg™ v )| Cor e est LA e dare ) (oS e (Productiony — Admin workflow can be used
Structure-A0 done . .
\ N ! ! \ to estimate admin effort (Cg)
Simulate Compile Compile Test for Test for Visualize
inputs correctness correctness results
Measured activities Time estimates
from experiments from user surveys

Achieved Performance

/\ U(T)
Estimated / ______ .

User Effort (Admin Workflow)

Productivity Formula
MIT Lincoln Laboratory

.699/4s
.035/3s

Markov Models from Experiments

IS|
HPCS Producivty Dev Time and Existing Codes Working Group




Summary

* HPCS Goals

— Provide a new generation of economically viable high productivity
computing systems for the national security and industrial user
community (2010)

* Impact

— Performance (time-to-solution): speedup critical national security
applications by a factor of 10X to 40X

— Programmability (idea-to-first-solution): reduce cost and time of
developing application solutions

— Portability (transparency): insulate research and operational
application software from system

— Robustness (reliability): apply all known techniques to protect
against outside attacks, hardware faults, & programming errors

* Vendors have developed a variety of hardware and software
technologies with significant potential

e HPSS Productivity Team goal is to develop an acquisition quality
framework for HPC systems that includes

— Development time
— Execution time
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