
Analytical Performance Modeling and 

Simulation for Blue Waters

Torsten Hoefler

With contributions from: Greg Bauer, Steven Gottlieb, William 

Gropp, William Kramer, Marc Snir, IBM, and the Blue Waters team

Keynote at the Workshop on Productivity and Performance (PROPER 2010)

August 30th Ischia Italy



Imagine é

Åé youôre planning to construct a multi-million 

Dollar Supercomputer é

Åé that consumes as much energy as a small 

[european] town é

Åé to solve computational problems at an 

international scale and advance science to the 

next level é 

Åé with ñhero-runsò of [insert verb here] scientific 

applications that cost $10k and more per run é
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é and all you have (now) is é

Åé then you better plan ahead! (same for Exascale)
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HPC is all about ñPerformanceò ïWhat is this?

ÅFLOP/s? 

ÅMerriam Webster ñflop: to fail completelyò

ÅHPCC: MB/s? GUPS? FFT-rate?

ÅItôs a multi-dimensional vector space 

ÅIdentify independent vectors

Ånetwork: bandwidth, latency, injection rate, é 

Åmemory and I/O: bandwidth, latency, random access rate, é

ÅCPU: latency (pipeline depth), # execution units, clock speed, é

ÅCategorize each vector for a particular machine

Åopen a ñfeasible regionò in the n-dimensional space
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Example: Memory Subsystem

Åeach application has particular coordinates
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ñinformaticsò 

applications regular mesh 

computations

highly irregular

mesh computations

ÅApplication A

ÅApplication B



Multi-dimensional Performance Metrics

ÅVery helpful for HW/SW co-design

ÅGood for comparison of applications

ÅGood for comparison of machines

ÅDesign application-optimized (specific) HW

ÅNot good for absolute estimates

ÅApp. A on machine A vs. app. B on machine B

ÅñAbsolute performanceò is very hard to define

ÅMost useful (universal) metric: ñtimeto solve problem Xò

ÅAlso most important as time is fundamentally limited

6Performance Modeling and Simulation on Blue Waters



What is Performance Modeling?

ÅUnderstand the resource usage of an application 

on a particular architecture

ÅWe  focus mostly on time as a resource

ÅGenerate analytic expressions to estimate runtime

ÅClosely related to ñPerformance Engineeringò 

ÅOften builds on empirical techniques

ÅAlso cutting into complexity theory

ÅMore pragmatic (asymptotes often insufficient)

ÅComplex (low-order terms cannot be dropped)
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Performance Modeling and Productivity?

ÅPredict resources and costs to solve a particular 

problem instance

ÅEvaluate effectiveness of a computing platform to 

solve a particular problem

ÅUnderstand bottlenecks, i.e., HW/SW Co-Design

ÅFind performance bugs and assess upper and 

lower bounds of code optimizations

ÅMakes programmers think about the structured 

performance profile of an application or platform
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Performance Modeling from 10.000 Feet

Platform or System Model 

(Hardware, Middleware)

Application Model

(Algorithm, Structure)

Performance Model
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Of course itôs more complex than that
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How to Derive a Platform Model

Platform or System Model 

(Hardware, Middleware)

Application Model

(Algorithm, Structure)

Performance Model
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Example: Blue Waters - Overview

Å>300.000 compute cores

ÅBased on POWER7

Å10 PF/s peak (not important, more later)

Å1 PF/s sustained

ÅDirect network with 1.1 TB/s per hub

ÅTotal approx. 10 PB/s

Å>1.2 PB main memory

Å>18 PB on-line disk storage

Å>500 PB near-line storage
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From Chip to Entire Integrated System
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POWER7 Chip (8 cores)

Å Base Technology

Å 45 nm, 576 mm2

Å 1.2 B transistors

Å Chip

Å 8 cores

Å 4 FMAs/cycle/core

Å 32 MB L3 (private/shared)

Å Dual DDR3 memory 

Å128 GiB/s peak bandwidth 

Å (1/2 byte/flop)

Å Clock range of 3.5 ï4 GHz

15

Quad-chip MCM
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L3 Cache/On-Chip Communication

16

Å L1 32KB Instruction / core

Å L1 32KB Data / core

Å L2 = 256KB / core

Å L3 = 4MB eDRAM / core

Å Fast private and

shared region
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Å32 cores

Å 32 cores*8 F/core*4 GHz = 1 TF

Å4 threads per core (max)

Å 128 threads per package

Å4x32 MiB L3 cache

Å 512 GB/s RAM BW (0.5 B/F)

Å800 W (0.8 W/F)
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Adding a Network Interface (Hub)
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Å Connects QCM to PCI-e 

Å Two 16x and one 8x PCI-e slot

Å Connects 8 QCM's via low latency, 

high bandwidth, copper fabric.

Å Provides a message passing 

mechanism with very 

high bandwidth

Å Provides the lowest possible 

latency between 8 QCM's 
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Å 192 GB/s Host Connection

Å 336 GB/s to 7 other local nodes

Å 240 GB/s to local-remote nodes

Å 320 GB/s to remote nodes

Å 40 GB/s to general purpose I/O

Å cf. ñThe PERCS interconnectò @HotIô10 
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