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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 Technical and mainstream software

Massive parallelism with heterogeneous cores development have diverged

Resilience/reliability at large scale
Energy optimization for utility

C, Fortran,

C++, MP], Python, Ruby, R
OpenMP Cloud/Web
Services ﬁ
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Follow the money and the users ...
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Computing transitions:
Riding the economic wave

By
AQ. amazon
Windows Azure webservices
: Vectors MPPs Clusters & Grids Clouds, Big Data
vainframes (1980s) (1990s) (2000s) . and Devices '
Relational Object-oriented “No SQL”
DBMS DBMS DBMS

The talent in data analytics have shifted from science to NVIDIA.
companies. We can’t compete. i
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Exaflops and big data: twins separated at birth

Mostly similar technology issues With substantial differences

* Node and system architectures « SAN/local storage models

« Communication fabrics * Virtualization and scheduling strategies
 Storage systems and analytics  Software development tools

* Physical plant and operations  Culture and expectations

* Reliability and resilience
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Cloud computing observations programming efficiency

 Rich toolkits and expression

Network optimization

* Flatter networks

 Software virtualization and flow
Supply chain optimization

* The advantage of scale
Generic server design

» Workload-specific optimization

* Functional accelerators
« ODM, not OEM partnerships

Energy optimization
 Substations and generation
 Switchgear control

Systemic resilience
 Failure management, not avoidance
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Have you ever ...

v

Logged onto a node and killed processes just to see what would happen?

Requested 200 nodes and 2 PB for four years?

Wished you could load containers rather than just applications?

Found your code performance limited by the I/O bandwidth of a Raspberry Pi?
Thought SAN was just a typo in a message meant for Sam?

Asked your system for recommendations?
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Wondered why R came after S and C doesn’t matter?



10

Iwo ecosystems

Application Level

Mahout, R and Applications

Applications and Community Codes

o . . FORTRAN, C, C++ and IDEs
.| |n|| Hive || Pig || Sqoop || Flume
5
m 5 Map-Reduce Storm Domain-specific Libraries Perf &
g |2 = Debug
S § J<U (e.g.
E&i S Hbase BigTable O Cl\fljlgﬁgenMgL NA Libs PAPI)
. D | & _ pen

Middleware & 53 |3 (key-value store)

Management o §. : PFS Batch System
% = || HDFS (Hadoop File System) (e.g, Lustre) || Scheduler || Monitoring
Q |
3>
ST
L VMs, Containers and Cloud Services

System Software

________________________________________________________

Linux OS variant

Linux OS variant

Cluster Hardware

Ethernet
Switches

Local Node
Storage

Commodity
X86 Racks
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File systems, SDNs and CDNSs

SAN vs. node-local temporary data
» Local disk store is a cache of SAN data subsets
* Local disks store all data

Software-defined networks (SDN5s)

« Separating control and data planes
« Traffic management and prioritization

Content distribution networks (CDNSs)
 Data caching and quality of service (QoS)
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Resource allocation and policies

User allocations
* Normalized SUs is a univariate metric
 Jobs, particularly data intensive ones, use diverse resources

Software models

Use a community code

Bring your own application

Bring your own data

Bring your own data and software stack

Job scheduling
» Sensor data analysis has soft real-time constraints
« Run “forever” versus aperiodic intervals
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Nettlix Simian Army

Chaos Monkey

* Random service termination to ensure other services continue operation

Latency Monkey

« Simulates service degradation and ensures services react

Janitor Monkey
» Searches for and turns off unused resources

Conformity Monkey
 Ensures virtual machines meet specified standards

Doctor Monkey
 Monitors the “health” of various virtual machines

Security Monkey

« Monitors and analyzes system security
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Blurring the system/application boundary

Virtual machines (VMs)

» Application isolation via operating system duplication

» Hypervisor implementation — hardware virtualization

» Lower limit on viability based on operating system needs

Containers

« Shared operating system

(Potentially) separate libraries for each application
Operating system virtualization

Support via LXC and Docker
» Container IDs for system calls and resource use

Near native performance for many applications

Implications
 Users bring their own stacks L

» Operators and systems provide minimal services fm
THE UNIVERSITY
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The blg data COﬂtiﬂuum Next-generation architecture

(mostly open source and cloud based)
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Knowns, unknowns and sociology

Known questions, the traditional approach
« I know the question, but not the answer
 T'll capture the data and I know the answer is “in there”

Unknown questions, the big data approach
« We have data, but I do not know what is could tell me
« Twant to explore and learn

What information consumes is rather obvious: it consumes the attention of its
recipients. Hence a wealth of information creates a poverty of attention, and a
need to allocate that attention efficiently among the overabundance of
information sources that might consume it.

Herbert Simon
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Deep learning and algorithms
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Blind signal separation/feature extraction for dimensionality reduction
 Principal component analysis (PCA), singular value decomposition (SVD)

Artificial neural networks (ANNS)
 Training based on inputs/outputs ﬁ
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18 OF lowAa



Bioscience Astronomy Social|Graphs Deep  Streaming
[oTENvironment media learning
. Sensing| Core machine
,7%/'I\/Iater|als learning «©
. Network A0
[76) g 0(
2¢ sclence P\\g
Goodness Obencl
Storm Zookeeper pen
: SLURM
PIG Data Analytics R Python DSLs . HPCt Lustre
Ecosystem cosystem
Spark Libraries & tools PAPI
. Scheduling
Mahout/MLIib HBase . Monitoring & Mp1] OpenMP
VMs, containers & :
adaptation
stacks ,
Storage & file L
Multicore/GPUs  Networks & QoS systems  Parallel algorithms fm

19 Reed, Beckman, Choudhary, Dongarra, Fox, Gropp

The UNIVERSITY
OF lowa



Not yet fully realized ... my 2002 NSF presentation
Futures: The Computing Continuum

Building Up

Batloing Out Science, Policy

and Education m;_ﬂ
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