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ARTIFICIAL INTELLIGENCE

The development of computer systems
able to perform tasks requiring human-like
intelligence, such as visual perception, speech
recognition, decision-making and translation.

MACHINE LEARNING

Algorithms whose performance improve
as they are exposed to more data over time.

DEEP LEARNING

Subset of Machine Learning in
which multilayered neural
networks learn from vast
amounts of data.
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Cognitive
Prescriptive Analytics
Predictive Analytics |
Analytics
Diagnostic
Analytics
Descriptive |
Analytics |
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Exascale machines must treat all as first class citizens
« Thisis both a hardware and a software requirement

Al has become a major consumer of computing cycles and
it is expected to grow

«  Compute deployment both at edge and in large

cloud
Will drive economies in fabric, compute with a large

focus on power and perf/W
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HPC, Analytics and Big Data, Al and Machine Learning

i Big Data Analytics Al ML DL

(e.g., MPI, SHMEM) (e.g., Hadoop) (e.g., Tensor Flow)

(e.g., YARN, Spark
RM)

Multi-domain Resource Manager

(e.g., Cobalt, SLURM) (e.g., Caffe)

Bare-metal Provisioning SDI Virtualized Provisioning
(e.g., xCAT, Warewulf, Ironic) (e.g., OpenStack, AWS, Azure, Google, Containers)

Storage Abstractions
(e.g., POSIX, Object, Block, HDFS, DAOS)

Compute Networking
(Xeon, Xeon Phi, FPGA) Object Stores (OmniPath, Ethernet, IB)
(e.g.,RADOS (Ceph), AWS S3, Swift, Lustre
0ST)
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Xeon

Accelerator

Nervana
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Neuromorphic
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Silicon Silicon
Integration Manufacturing

Silicon Scale
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Storage
‘ High msg rate & bandwidth Highly scalable High IOPS & bandwidth
Omni-Path End-to-end OS bypass 3D-XPoint™/3D-NAND, NVRAM/NVMe,...
libfabric (userspace libraries) Rich Storage API SPDK/NVML (userspace libraries)
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Topology choices will continue to trade off repeatable execution
against bisection. Progress has been made in dragonfly-like
topologies lately
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HABRICAND OPTIES POWER MOST CRITICAL WHENITIS NOTUSED

Power and performance trade off. Overlapping will drive up system
maximum power or cause performance throttling. Timescale to idle power
in fabric will determine whether this is hardware or software.




FNMVIMIVU: T VI VLUV MYV VI 1TVINL VDVIYTVLL UL T IFRE VIR f N

Topology Number of unique

Destinations from each rack
(N= number of racks)

Dragonfly ~ NA2
Fat Tree ~ N
Torus 41010

(Now looking like 2022)
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Trend is continuing although data centers
are now helping to drive higher bandwidth.

Reference: wikipedia.org/internet_traffic
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Permanent failure Rate (FF2)

Processor & DRAM both VLSI,
but DRAMs are more fragile
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COST/ CAPACITY X
(SHORT TERM VIEW IS ~ 3X)

COST/BW X 110X T01/40X
(Now1/5T01/20)
POWER/BIT X 12X T01/10X
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+  Will start to see new technologies and techniques that will be focused on information processing per watt (backup talk)

* Quantum and Neuromorphic will likely be used as special purpose accelerators before 2030.
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Dhrystone Benchmark

Big Cores

Many Cores
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Tiny Cores

Performance (DMIPS)

http://www.intel.com/performance
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- lsmwowm  Jome w2 fws  fwp
20PF ~200PF 2 20EF 100EF
Nt 10 100K 1000K 5,000
Nt 10 200X 5000 50,000
16PPB 25PB 8PB 30PB 60PB
PERFORMANCE
(MMBW T 30PB[S 200 PBS 1500 PB/S 5,000 B[S
5078 198/ 1098/ 50 PB]S 100PB/S
2PB[S 3PB[S 30PB[S 150 PBJS 300 PBS
m MW 18MW 25MW 5OMW BOMW
(PROBABLY 40MW NOW) (65MW?) (100MW?)

IXPUG 2018



LY A AR AY I MV AV AV D

IXPUG 2018



RV IATI"EIAIRYJATIEIARELAYAAR

IXPUG 2018






