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Our approach: Critical—Path Aware Fast Simulation

* One smart simulation only, and theory tells everything

“35% loss due to L2 d—cache miss
30% loss due to branch misprediction
20% loss due to floating—point division
15% loss due to data dependency

= FE 9.

-Key advantages

= Algorithm needs to analyze only in—flight instructions
= Post—analysis tools can be used to reduce # of simulations

= Statistical data—correlation methods can be applied
= Sim VS Sim comparison is easy (e.g., RTL vs Timing)
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GPU programming is HARD

* Programmers must do everything!
* Programmers must do everything right!
* Programmers must do this process over and over!

GPU is useless to the most of programmers,
if you care PERFORMANCE.

s
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Programming (for performance) is Hard

* Application—dependent performance variation
IPC (Normalized to block size = 1)

NN W
o U O

—matrixMul

Normalized IPC
=
[0, ]

=
t O

—mergeSort

0 {
0 100 200 300 400 500
Block size (Grid size = # of threads / block size)

IPC varies with grid/block combinations ~
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Portability (for performance) is Hard

* Architecture—dependent performance variation
IPC (Normalized to 8 SMs, 64 MBs)

2
0 1.5
o
~
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% 1 r— —% e ——vectorAdd
£ \ -=-matrixMul
(o]
= 05 scan
0 |

8 16 24 32 40
Number of SMs (Memory banks = 512 / number of SMs)

R IPC varies with architecture combinations % POSTECH
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Scalability (for performance) is Hard

 Multi GPU—dependent performance variation

8
af 02 GPUs ideal
=] B2 GPUs
2 4 B4 GPUs ideal
o B4 GPUs
?, m8 GPUs ideal

W3 GPUs

0 - L r r

Correlator EigenValue MRI-Q RPES

Performance won’ tincrease even if you add more GPUs
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Current Programming & Optimization

GPU micro-
architecture
specification

| Programming/Optimizatio

!

I Compilation \

Unbounded # of painful re—optimizations (if possib{‘,
oY
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Performance cannot be guaranteed

Hardware

" | 7/ Core

u-%zu

i

Core Core

[Example 4-core CPU]
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No true ‘multi’ thing!

Virtual machine is only ‘virtual’
> Resource contention exists
ALUs,
caches
I/O devices
Net bandwidth

> Difficult performance analysis
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Performance cannot be monitored

samples %
45249 | 98.6892 | kvm_intel
364 | 0.7939 | vmlinux
36 | 0.0785 | r600_dri.so
22 | 0.0480 | kvm

Difficult to analyze the performance of my system

@ 2012 Jangwoo Kim {;?’} POSTECH

o EESUHS

There is no standard workload for cloud

e How to model workloads on cloud?
-Cloud workloads are unique

= Typical
o SPEC CPU, PARSEC, TPC-C, TPC—H, -

0 Known for straightforward instruction—, memory—, and thread—parallelism

= Cloud

o NoSQL database, web server, mail server, map & reduce, -
(likely on top of virtualization)
0 Known for large scale, network and |/O bound, complicated behaviors

How to model, build, reduce, and evaluate
cloud workloads?
=) POSTECH
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Cloud software is too expensive

« Can’ t use immature open—source solutions
-Lack of key features

= g.g., monitoring, migration, RAS, backup, ...

« Can’ t afford commercial solutions
—-costs up to 1000s of dollars per CPU + licensing fees

(for advanced management features)

Price for 1,000~10,000 nodes?
How to modify commercial engines?
%j POSTECH

o EESUHS

@ 2012 Jangwoo Kim 24

Our approach @ POSTECH

PosCloud:
Advanced open—source based cloud engine

=
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PosCloud: open—source implementation
H'g [ Computing

., v

openstack
Postech (
Cloud Engine
gjiﬁkall lr

Tools | Function |

monitoring
analysis
deployment
virtualization
live migration
power saving

OpenStack Infrastructure as a Service (IaaS)
Condor Workload scheduling
3 Hadoop Scalable file system
- =
@ 2012 Jangwoo Kim 26 ggglgg'g

PosCloud: advanced operating system

A
q& Quality of Service

Reliability, Availability, '

Serviceability

Slow

Scalable Node Management
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PosCloud: ‘Big Data’ storage
WO -

Cloud monitoring & analysis
openstack Cloud deployment

< ) Cloud load balancing
&ﬂ Cloud live migration
Cloud elastic scaling

n Data analysis
o InSclom,
Data process
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Scalable, Reliable Storage ‘ BASE Data access

Client E

Client A Client B Client € Client D

| Physical Node || Physical Node | [ Physical Node || Physical Node | - C|OUdStaCk
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|
|
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150+ Nodes Datacenter

.l'.-'u 4-‘“

NVDIA m2090 Fermi GPGPU Big Data storage openstack
(32+ nodes) (PB HDD + TB SSD) Data smray
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PosCloud: Workload

* CloudSuite
- Benchmark suite consists of scale—out applications

= Covers broad range of applications: 6 different categories

« SPECuvirt
- Performance evaluation of a single datacenter server

= Measures all system components: hardware, virtualization
platform, virtualized guest OS and application software

2 Al
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PosCloud vs Others

Service Quality R Typucal_ PosCloud
Open-source | Commercial
v v v

IaaS Service

Performance - v v+

Power - v v+

Cloud Computing HREavEn B v v+

Management Availability - v v+
Other

- ?
Features ’ v
Open-source Platform = - v
1000s of $
S/W costs $0 per CPU $0

Commercial-level services at near zero prices!
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Research projects under PosCloud

-Performance monitoring

= Performance counter virtualization
= Resource contention identification

-Fast, live migration of virtual machines

= Quality—of—Service guarantee
= | opad balancing for power re—cycling
-Realistic workloads

= | arge—scale, virtual machine throughput test
= Potential workload reduction

-Big data management

= Scalable object—oriented storage engine
= SSD—HDD hybrid storage
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Summary
« What we are doing @ POSTECH

-CPU performance analyzer

= Fast and accurate simulation and modeling
-GPU programming

= Compiler and architectural supports
-PosCloud: open—source cloud engine

= Quality—of—Service guarantee

= Performance monitoring and prediction

= VM, process, function migration

= Cloud—level workloads

= Scalable & reliable big data storage
=} POSTECH
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Question?

Thank You!

Jangwoo Kim
e-mail: jangwoo@postech.ac.kr
http://www.postech.ac.kr/~jangwoo
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