Trends in Scientific
Discovery Engines

Mark Stalzer
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Source: Computer History Museum, Mt.View, CA



Some Truths about Computing

* |t must be COTS (cheaply manufacturable |P)
» Cray-| was COTS: 6 dual in-out ECL gates per chip
» Drivers: missile guidance and virtual missile guidance
e Advanced computing systems are all about and packaging
» Batteries and 100 MWV power plants are expensive
» Apple iPad and Cray- |
e Advanced computers are hard to program
» But they can be easy to use

» It only takes a few good abstractions



Trends in Simulation Engines:

- Exascale or Bust
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Top 10 Supercomputers
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Optimized for dot products:
complex s = 0;

for (complex™ Ip = xp + n; s += *xp++ * *yp++; xp < Ip) ;
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Intel Many Integrated Core (MIC)

e 50+ |A64 cores (Pentium-like)
» 8 (double) SIMD
» 200+ hardware threads
» Tflops per socket
* Will scale to O(1,000) threads ~2 yrs
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ure
and Extreme Parallelism

many iterations “Hero” runs

UQ INTRINSIC PARALLELISM U (2 (:)p tHmizer Convergence Studies
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* Assuming full pipelines, no hyperthread contention, and a power plant

2048 way job

NODE .,

(Server Processor)
1s0cket
8x cores

2x hyperthreading

(MICJguess])
3x sockels
50%x cores

§ 1> hyperthreading

Single Instruction

Multiple Data



Follow the Power
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Non-local
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Read 4W DRAM—*
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L+ Chip-Chip (TSV)f

Operation Ener J/bit
Register File Access 0.16
SRAM Access 0.23
DRAM Access 1
On-chip movement 0.0187
Thru Silicon Vias (TSV) 0.011
Chip-to-Board 2
Chip-to-optical 10
Router on-chip 2

Source: Peter Kogge, Notre Dame, 8/201 |
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|

Step Target | pd |#Occurrances| Total pJ| % of Total
Read Alphas |Remote 13319 4 5276 | 16.5%
Read pivot row |Remote[13,813 4 5276 | 16.5%
Read 1st Y[i] | Local | 1,380 88 121,400 36.3%
Read Other Y[i]s| L1 39 264 104251 3.1%
Wirite Y's L1 39 352 13300 | 4.2%
Flush Y's Local | 891 88 78380 | 23.4%
Total 334.656
Ave per Flop 475
2
cacr



Trends in Data to Discovery Engines




Latency Gap

Shared memory
programming

—

Memory
. . (iMcycles)

Remote Memory Message passing
(10,000 cycles) programming

Latency Gap

Spinning Disks

(10,000,000 cycles) Disk /O

Several efforts at closing the latency gap using flash memories...



SDSC

SAN DIEGO SUPERCOMPUTER (ENTER

Gordon Supernode Architecture

32 Appro Extreme-X
compute nodes

* Dual processor Intel
Sandy Bridge
- 64 GB
2 Appro Extreme-X 10
nodes

* Intel SSD drives

« 4 TB ea. 64 GB
- 560,000 IOPS RAM

ScaleMP vSMP virtual
shared memory vSMP memory
- 2 TB RAM aggregate virtualization

- 8 TB SSD aggregate M

Full machine is 32 supernodes interconnected by dual-rail QDR IB in 3D torus.




Gordon BFS Performance

MR-BFS serial performance
134217726 nodes

/O time

non-l/O time

1000

500

SDDs HDDs

Source: Shawn Strande & Allan Snavely, UCSD/SDSC cacr



Amdahl-Balanced Blades

 Gene Amdahl’s Laws for I/O & memory (1965,2007):
» A bit of seq. |/O per sec. per instruction per sec. (Amdahl #)
» Mbytes / MIPS ~ | (Memory ratio)

» One I/O operations per 50,000 instructions (IOPS ratio)

e Simulation codes may have an Amdahl # of 10-; data intensive apps
may need ~|

e Szalay, Bell, Huang, Terzis, White (Hotpower-09):
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Table 2: Performance, power, and cost characteristics of various data-intensive architectures.

CPU Mem SeqlO RandlO Disk Power Cost Relative Amdahl numbers
(GHz] [GB] [GB/s] [kIOPS] |[TB] (W] [$] Power Seq Mem Rand

GrayWulf 21.3 24 1.500 6.0 225 1,150 19,253 1.000 056 1.13 0.014

ASUS 1.6 0.124 4.6 0.25 19 820 0017 0.62 125 0.144
Intel 3.2 0.500 104 0.50 28 1,177 0024 125 0.63 0.156
Zotac 3.2 0.500 104  0.50 30 1,189 0026 125 1.25 0.163
AxiomTek 1.6 0.120 4.0 0.25 15 995 0013 0.60 1.25 0.125
Alix 3C2 0.5 . 0.025 N/A  0.008 - 225 0.003 040 1.00




Cyberbricks

e 36-node Amdahl cluster at 1,200 WV total!

» N330 dual core Atom, |16 GPU cores, 4 GB
* Aggregate disk space of ~43 TB

» About | SSD 120 GB per core (~8 TB)

» 35 TB of splnnlng disk
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Calxeda/HP Moonshot

)

o
1}-\;.'25',"::' 31 ...,:'t':' g"’"‘,ff:
1R 3 - "_,‘ ._'_

T 'r'x'i;____n_g.&f' ak
P 34 RS B~ g S T A A >

“The EnergyCore is a single chip with a Cortex-A9 ARM processor running between
|.1GHz and |.4GHz.The chip includes 4MB of cache, an 80-Gigabit fabric switch
and a management engine for power optimization. Servers with the chip, 4GB of
memory and a large-capacity solid-state drive [SATA] draw 5 watts of power.
Besides using a low-power ARM processor, Calxeda has cut down chip power
consumption by integrating key server components.”

- Agam Shah, Computerworld, Nov 11,201 |



Gordon and Cyberbricks are real

(and 6-10x is great but still constrained by 1/O architecture)
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Power Miser Devices:
Apple A5 to CI

o A5
» SoC/PoP
» ARM/GPU/USB 2.0/Flash cntrl.

v

» 10 Gflops? at | W? [
» 64 GB NAND Flash" §
|

Sources: Apple, Wikipedia, Micron, Toshiba



A More Extreme Approach:
FlashBlades

Cl/ | 128F
| GB GB
. 64x

Cl/

Switch

fabric HAILE

x16 PCle

Basic blade

e “XI1” is an FPGA switch for C| array & QPI to CPU & PCle to IB
 The CPU orchestrates abstractions; to the CPU the array looks like:
» A ~6 TB, 25 GB/s (burst), 50 us, || disk (file system, triple stores)
» A ~4 TFlops accelerator (OpenCL with embedded triple stores)
* This all fits on a standard blade (2 sides) and uses commodity |P

» Draws about 600 W and is 100x faster on disk operations



FlashBlade Packaging

CLfs
200MB/s

Low[%’]l Replaceable
LATENCY ' ] Flash
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- Stalzer, FlashBlades: System Architecture and Applications,VWorkshop on Architectures
and Systems for Big Data (ASBD), June 2012, Portland OR



Implications for Data to
Discovery

* HUGE data processing capability: a single server can read (and
“process”) its entire contents in about |10 minutes (200 MB/s)

» A same size disk array would take 100x to read (2 TB disks)
» 100x faster at random access (50 us vs. 5 ms)

» Balanced I/O and computation
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Triple Stores
(a Storage Metric?)

* Triple stores
» (object, attribute, value)
» Graphs: (a, f, b)
e Query:“select (2, f,b) and (b, ?,c)”

¢ Implementation
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Another Big Data Implementation Technology




It Only Takes 10'® Ops (?)

CXPONECNTIAL

LXPONLENTIAL

Source: R. Kurzweil, The Law of Accelerating Returns, 3/2001,The Singularity is Near, pg. 124, 2005 cacr



A 10'¢ Flops Engine

e Quantity: Need about 200 servers (14 blades at /U each)
» Big IB switch fabric too (168 IB ports/rack)
» Volume (need lots of air): 2,000 ft3
e Flash memory: ~17 PB
> SDSC runs I8 PB of tape storage (I OOOs of saentlf ic data sets)

.' ;‘ -.iﬂ ’-.




Comparison to a Natural Big
Data Engine
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e Operations: 10 Pops (|x)
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e Memory: | PB (0.06x & forgets)

e Bandwidth: | PB/s? (0.5x - 12x - 30x)

* Packaging: 0.25 ft3 (8,000x)
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Sources: Brain picture:Wikipedia; Memory: R. Kurzweil, pg 127; Bandwidth: author



Socket Archipelago (2017)
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Engine Software Architecture

Applications
Domain Abstractions &

LAPACK, SQL, T o T R Algorithms
PETSc, Root, etc., , Convergence &
Data to Discovery? Numeric & Storage Complexity?
Kernels
Communicating
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Concluding Remarks

* We are not stuck with “clusters”: COTS is also IP not just Fry’s.
* What is the Top500-like benchmark for data?
» Metrics drive development
o Masswely threaded programming is the future, but can be partlally
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