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Discussion roadmap

Changing nature of science
Technology lessons and exponentials

Re-conceptualizing advanced computing

Thoughts on the future
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Square Kilometer Array (SKA)
BIG, Big, big data

Structure

o SKA-MID (South Africa) with ~2000 15m dishes

« SKA LOW (Australia) with ~1 million dipole antennas

« Spread over 3000 km with construction in 2018 ...

« 50 MHz - 14 GHz coverage; 100X sensitivity; 10° faster

Science
» Galaxy evolution and dark energy

e Gravitational waves
« Dark Ages look back

Dense
Aperture Arrays

Data and processing
» From 100 PB/day to 10,000 PB/day

Sparse

 Real-time reduction at exascale levels Apertire ArBls

» World's biggest FFTs

SKA Central Region

Dishes

SOUARE KILOMETRE ARRRY

SKA AFRICA

SQUARE KILOMETRE ARRAY
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Ocean Opserving Initiative (OOI)

Heterogeneous data

Structure

* Coastal and Global Scale Nodes (CGSN5s)
* Buoys, moorings, cables and AUVs

» Regional Scale Nodes (RSNs)
* 900 km of cabled sensor arrays
Science
* Ocean-atmosphere exchange
Climate variability
Turbulent mixing and biophysical interactions
Coastal ocean dynamics
Geophysics and geodynamics

Data and processing

L

« Extremely heterogeneous data fim
; * Complex software and data products THEOII}TCI)\QE:SHY



Computing transitions:
Riding the economic wave

Google
By
Ld amazon
Windows Azure webservices
: Vectors MPPs Clusters & Grids Clouds, Big Data
vainframes (1980s) (1990s) (2000s) __and Devices "
&4 (intel
The talent in data analytics have shifted from science to TWHBA,
companies. We can't compete. ra
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Quantitative begets qualitative

Four computing capabilities

* Networking — delivering questions and answers

« Computation — transforming data into insights

» Data access — timely access to data by computations
 Storage — long-term data retention

Three defining attributes ...
« Speed, capacity and cost

... and their ratios determine viability [EREEE—
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Planet of the phones

Exponentials are very deceptive
* Early, the future looks like the past
 Suddenly, everything s different

200 MB disk pack
(Wikipedia)
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Generation after generation
Disrupted from below by 10X

Volume
| Unlt price % = n ;E';“Nﬁg?f
LA : Market size 5

IBM System Z

Tablets/Smartphones
iIPad/iPhone/Galaxy

Windows PCs

ersonal Computers

ey Market disruption
) Workstations
. . SUN 3/50 Performance/$

Minicomputers Frozen here? Societal impact
VAX 11/780 L

. ‘ ‘
Mainframes ﬁl]_l
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Chip feature sizes
No exponential is forever (except in the textbooks)
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Intel 8080 Power C Mainstream

Feature Size (nm)
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Room at the bottom: less and less
Yeah, we did that — Dennard scaling has come and gone

Why can't we make them [computers] very
small, make them of little wires, little elements
— and by little, I mean little. For instance, the
wires should be 10 or 100 atoms in diameter,
and the circuits should be a few thousand
angstroms across. Everybody who has analyzed MOSFET (Wikipedia)
the logical theory of computers has come to G (gate), S (source)
the conclusion that the possibilities of 2 D (drain) and C (channel)
computers are very interesting — if they could
be made to be more complicated by several
orders of magnitude.

CV2F+ S

L

Richard Feynman
December 29, 1959 Tue u@mm
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The experts look shead

Cramming more components

onto integrated circuits
The

With it cont tailng 33 e numbor of components per Economist

circuit rises, by 1975 economics may dictate squosaing as

many a3 65,000 componen on a single silicon chip N )

Planet of the phones \
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IBM True North chip
4096 cores x 256 neurons
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A bit of inflection point history
NCSA terascale and PlayStation2 clusters (~2001)

1 TF IA-32 Pentium III cluster (Platinum)

« 512 1 GHz dual processor nodes
* Myrinet 2000 interconnect and 5 TB of RAID storage
* 30th on Top500 list (world's fastest Linux cluster)

1 TF IA-64 Itanium cluster (Titan)
« 164 800 MHz dual processor nodes
* Myrinet 2000 interconnect
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http://www.comrace.ro/Select.asp?Gr=0&prod=Intel
http://www.comrace.ro/Select.asp?Gr=0&prod=Intel

A lesson from another domain
Airspeed records (kilometers/hour) Loci of airplane innovation shifted

8000 » Capacity
* Range
7000 Exponential : - Safety

6000 \ . Ylgld management
* Avionics
2000 * * Fuel efficiency

« Carbon composites

4000 Military jet § SRl '
ilitary jets : ... but it has never stopped

3000
2000 >_—"_ Computing loci are also shifting
| Concorde
1000 == >
555588888 8% jet speed .
|
TrHE UNIVERSITY
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Diverging cultures

Technical application complexity is rising
» Multidisciplinary fusion

Temporal and spatial adaptation

Data assimilation and processing

.. along with multiple optimization axes
Massive parallelism with heterogeneous cores
Resilience/reliability at large scale
Energy nptimization for utility

C, Fortran,

C++, MP], Python, Ruby, R
OpenMP Cloud/Web
Services

Technical and mainstream software
development have diverged

““& Top Ten Exascale
| Research Challenges

ENERGY
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Divergent ecosystems

Mahout, R and Applications Applications and Community Codes

Application Level

1
|
|
|
1
o |
b 1 .
i || Hive || Pig || Sqoop Al i FORTRAN, C, C++ and IDEs Muqi%ﬁlg NS
1 | o I
g Map- Storm | Domain-specific Libraries Perf &
o2 Reduce/SPARK | Debug
ig_i 9 ;<U ! (e.g.
=1 |0 Hbase BigTable O| , | MPI-OpenMP NA Lib PAPI)
. @ |S (key-value store) 1 | CUDA/OpenCL >*
Middleware & 2| |3 !
Management § §' , ! PFS Batch System
iﬁ;i N HDFS (Hadoop File System) : (e.g, Lustre) Scheduler Monitoring
o |
> | I
: : r———————————————————————: _______________________________ I
ié; VMs, Containers, SDNs, SDSs !
System | | L.......andCloudServices | |
Software | | !
L Linux OS variant I Linux OS variant
L |
i 1
I
Ethernet Local Node Commodity | | IBf Enet SAN+Local || x86 +GPUs or i
Cluster Hardware Switches Storage X86 Racks | 1 | Switches Storage Accelerators tl]_l‘
: THE UNIVERSITY
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NETFLIX

Recommender technigues

Conaratulations! Movies we think You will W

Frequently Bought Together ama on COI I I

. £ S
Item hierarchy (Amazon) I ----- e
_ N - + "¥ @Addaumeemcan][ Add all three to Wish List |
* You bought a Kindle™, you'll want a cover E | T ——
. [v] This item: Molecular Biology of the Cell by Bruce Alberts Hardcover $134 37
Attrl butes (Pa ndora) [¥] Molecular Biology of the Cell, Fifth Edition: The Problems Book by John Wilson Paperback $40.32
. ! ! . . [¥] Textbook of Biochemistry wi inical Correlations by Thomas M. Deviin Hardcover 3
e You like 70's pop, you Il like Simon and Garfunkel 9] Textbook of Biochemistry with Clinical Correlat $203 11
[tem Si M IIa rlty (N etﬂ IX) Customers Who Bought This Item Also Bought
* You liked Batman, you'll like Spiderman e ey

User similarity (Walmart) -

Y

° Peo p | e Wh @) b uy bee r g enera | |y b uy C h i ps s Molecular Biolagy of the Textbook of Biochemistry ~ Thompson & Thompson Lehninger Principles of
Cell, Fifth Edition: _. with Clinical ... Genetics in Medicine: ... Biochemistry
M : M John Wilson Thomas M. Devlin Robert Nussbaum MD > David L. Nelson
Social network (Linkedin) i
. . .. . . Paperback Hardcover Paperback Hardcover
* Your connections liked this job posting, so will you §40.32 vPrime E 55 40 s il s

Model based (HPC challenges and needs) | comectother aguessbooks

Training, singular value decomposition (SVD), support vector machines (SVM)
* Supervised and unsupervised learning ...
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A machine learmning revolution is underway — it we let it

Big data and massive parallelism
 Supervised machine learning — inference from labeled training sets
« Unsupervised machine learning — finding structure in data without labels

Hidden Layers

N\

Detected Features

THE UNIVERSITY
Source: Dennis Gannon OF lowa
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Have you ever ...

Requested compute and storage for ten years?
Logged onto a node and killed processes just to see what would happen?

Wished you could load containers rather than just applications?

Found your code performance limited by the /O bandwidth of a Raspberry Pi?

nl i

Thought SAN was just a typo in a message meant for Sam?

Asked your system for recommendations?

L
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Follow the money and the users ...

e

HPC

NUI, Data
Analytics

Mainstream /

Computing

”

‘/////,Enabhng

o ar G Y- technologies

.. or the money and the users may not follow you ¢

TrHE UNIVERSITY
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Dot.com boom 2.0 t Co Ugle wi'amazon
& R " webservices™
Dominated by three areas tlnder

e Social networks
* Mobile apps
e Cloud services N E T F I- l x

Enabled by technology changes
» Higher speed broadband

== Microsoft Azure

- Smartphones and apps ol
* Machine learning and data analytics @
acebook.

Skype Ul Tute
L Velpas A |
 Quora WCEEUIVT . /o\ airbnb -

lowa

Flipboard

20
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Clouas 101 e
[ts a birg, it's a plane ...

Some of us are old enough to remember public timesharing ...

Data centers built for Internet services o 'V”C"OSOft Azure
» Search, email, e-commerce ... ‘ -
' : a m azon Tinwe-sharing magnifies the power of your people’s thinkieg
o . ‘g ) “ webservices™
Infrastructure optimization at scale GOUSIQ
e Cloud software stacks, data centers, CDNs  ***" |
* Virtualization, containers, SDNs, laaS/PaaS/SaaS ‘ mesosphere
: - kubernetes ‘
Rise of deep learning ~Googi Jistabriole

 Big data and analytics

© coreOs * Spar

gocker

Hi there. I'm Cortana.

THE UNIVERSI’[Y
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Cloud data centers: The iceberg view

It's all about ratios ...
« Cost, performance, capacity

Jim Gray's four axes
« Networking

« Computation

» Storage

* Access

... and that is still driving change
« Modular building blocks

« Component integration

 Systemic resilience

« Cooling and power

« SDN and SDS, containers ﬁ‘n

L - THE UNIVERSITY
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M Microsoft
WM HololLens

Natural Interfaces and Intelligent Assistants e wwen
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Optimizing the continuum

-

U q@) T

Latency
Bandwidth
Energy

“—
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Storage
Knowledge
Context

O

Hi there. I'm Cortana.

UNITED

STATES
FREQUENCY &
ALLOCATIONS [#55
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~AN

Turtles (almost) all the way down "™ e

Model ngineerir{y v

Based L~~~ _
Off-line Real-time

y 4

Vendors =P  OEMs P  ODMs =P Open

Proprietary ; Commodity : Tailored Customer
processors processors processors designed SoCs
GPUs Hard, soft & FPGAs ﬁ_l
Software is eating the world — Marc Andreessen %P7 *™ Trie UnversiTy
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Software is eating the world

Containerization (OS virtualization)

Software defined networks (SDNs)
* Merchant silicon revolution

 Network control

« Uniform abstractions and separation of concerns
» Control functions in OS not network switches

Software defined storage
» Abstraction and separation

» Storage virtualization
* Policy management

Cont
rol

Data | | Data || Data
Meta | | Meta || Meta
Data Plane

.- I SIS

Abstract virtual network

SDN abstract to global “compiler”

Global network view

l

SDN “network OS”

Host-based tables and packet filters

Acknowledgment: Dennis Gannon
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Rebooting the IT Revolution

Energy efficient sensing and computing
Cyber-physical systems

Intelligent storage

Real-time communication ecosystem
Multilevel and scalable security
Next-generation manufacturing paradigm
Insight computing

- ‘ - H
w8 4 sl 1
X a -j'w i3 .
e =+ | ‘ ST
s RSl . TETT PPt eeY
e B r—— -n At )bt
o N e
A I - - pd
* bd

Rebooting the IT Revolution:
A Call to Action

August, 2015

SEAICONDICTOR duc
A SIA O T Semiconductor
ABSOCIATION Research
Corporation

This report is based on the Rebooting the IT Revolution Workshop held March 30—
31, 2015 in Washington, DC. The workshop was sponsored by Semiconductor
Industry Association and Semiconductor Research Corporation and supported by
the National Science Foundation.
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Computing energy efficiency

100 picojoules can

1.00E+22 | ,
e Run a Cortex MO for 10 Cyc|e5 World's energy production Pl
« Write 1 bit of FLASH LO0ER20
e Write 300 bits of SRAM or DRAM 1.00E+18
 Send 5.b|ts a.cross LPDDR4 é -
* Transmit 2 bits of UWB data >
« Transmit 0.02 bits over Bluetooth LE % LA

7 1.00E+12 |

Remember 1.00E+10
« 1 KW is 3.6 megajoules

1.00E+08

2010 2015 2020 2025 2030 2035 2040 2045
We have to be more efficient
i
)8 Sources: ARM, SIA/SRC (Rebooting the IT Revolution) THE UNIVERSITY
OF lowa
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Analog brains and digital computers

Parallel distributed architecture
Low power (25W)

Small volume (1 liter)
Asynchronous

Analog computing

Integrated memory/computation
Intelligence via learning
Noisy components

Low speed operation
Spontaneously active

Source: SIA/SRC (Rebooting the IT Revolution)

Mostly serial architecture

High power (100 MW)

Large footprint (40M liters)
Synchronous

Digital computing

Separated memory/computation
Intelligence via programmed rules
Precise components

High speed operation

Passive unless instructed
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An error prone experiment

Accept inaccuracy/errors as the norm
* Verification and validation (V&V)

Computation as an {un}biased sample
* "An" approximate answer rather than “the” answer

Many axes
* Variable precision arithmetic
« Bit error tolerance = t:‘
» Software correctness L 5@
* Energy adaptivity

Shifting computing perspectives

Analog, noisy inputs
* Sensors

Analog, error tolerant outputs
* Multimedia, data classification

Multiple acceptable answers
* Web search, climate models

L
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