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Analogy to Human Scales
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Performance Crisis

[ Cheetah 15K.7,4 Jaguar
100 Roadrunner

1960: 0.02 MBytes/s e

F a.
k' - 1 Byte/flop to storage 8
: =
S 10| =
> - =
E [ BlueGene/L — 64 o
5 5
. i Earth-Simulator “
o

¢ B =
< g 5
S
g B ASCI White :,.,'
(7]

] 0.1 = o
- Q
2 [ %
E ASCI Red 41 2
o T 5
g 001 |- In 1956 IBM produced RAMAG, W CP-PACS/2048 é
< | the first computer to include a M SR2201/1024 o~

disk drive. Numerical Wind Tunnel
[ CM-5/1024
0.001 | | I I |

1950 1960 1970 1980 1990 2000 2010

22
- Rob Ross’ talk from SNAPI 2010 (http://personals.ac.unc.edu/toni/SNAPI2010/snani2010 Proaram.htm)



Performance Crisis

[ Cheetah 15K.7,4¥ Jaguar
100 Roadrunner

- i Ultrastar 73LZX A - 512 ?
% - Ultrastar 18ZX u—?

3 =
510 -
z B BlueGene/lL — 64 @

g 3380 S
s L 3370 Earth-Simulator N

P S

g I a
i ls 5

Q i
2z | ASCI g
- 2
o 0.1 [ .

£ L @
a | 2010: 200 MBytes/s for 2 Pflops
g 001 - 4in19seiBMproduced i/ COMpPuUters: 2 1 Byte/ 107 flops
[ fefmcomuerond  need ~10 million disks for

i equivalent performance
0.001 ' '

1950 1960 1970 1980 1990 2000 2010

22
- Rob Ross’ talk from SNAPI 2010 (http://personals.ac.unc.edu/toni/SNAPI2010/snani2010 Proaram.htm)



Solution to Problem of Memory/Storage Latency and Bandwidth:

Storage Class Memory: fast access and large volume

= 2D-array of memory elements

= Bistable material at array cross-
points (non-volatile memory)

Bistable material Access control

Device = switch

Wilcke 08



Emerging Memory Technologies

Memory technology remains an active focus area for the industry
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Memory Price ($/MB)

Historical Cost of Computer Memory and Storage
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A New Paradigm for Storage: Storage Class Memory
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The Blue Gene Design:
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BG/P System—on—a—Chip Networks
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Blue Gene + SCM =2 BG Active Storage Concept
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Prototype using simulation with DRAM

Environment
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SUM: By 2018, Exascale HPC and Big Data

* Disk options look infeasible:

— Exascale 170 requirements: 60TB/s I/O Bandwidth
* equivalent to 60,000 ports of 10 GbE

— Data analytics require high—speed random access to memory/ storage

* Storage Class Memory (PCM, etc) solution:
— “Solid State Disks” with SCM chips provide ~ GB/s /O bandwidth each

— can fit on internode network for network—speed memory
* 1 Byte / 10’°s ofﬂops

— SCM much faster, more reliable, and lower-power than disks

* Total power/ reliability/ speed gain with storage inside rack

THE END



