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» “Supercomputing director bets $2,000 that we won’t have
exascale computing by 2020...0ne of the biggest problems

standing in our way is power.”

[HE ] http://www.extremetech.com/computing/155941-supercomputing-director-bets-2000-that-we-
wont-have-exascale-computing-by-2020
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» BlueGene/QM;HEEJIDA:ER

[HHR&] S. Wallace, et. al., “Measuring Power Consumption

Domai
-Ch-.f?i': on IBM Blue Gene/Q”. Proc. 9th HPPAC, 2013.
I Isi?gtlé: ress .
i » BGQ®Menvironment database
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» Aty H+SRAM®D E 11: 65%
» DRAME 71 : £914%
» 2RI —DE N 5921% -
Fig. 10. Pie chart showing relative percentages of total power usage

consumed by each of the 7 power domains. Intense network activity largely
contributing to optics percentage.
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[t B ]: Rick Stevens, et. al. “Scientific Grand Challenges: Architectures and Technology for
Extreme Scale Computing”, DoE, Dec. 2009.
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» ITRS roadmap, http://www.itrs.net/

» P. Kogge, et. al., “ExaScale Computing Study, Technology Challenges in
Achieving Exascale Systems”, IPTO Technical report TR-2008-13,
DARPA Sep. 2008.

» R. Stevens, et. al. “Scientific Grand Challenges: Architectures and
Technology for Extreme Scale Computing”, Technical report, ASCR
Scientific Grand Challenges Workshop Series, Dec. 2009.
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| cont | | TEEEEEEE TC: 256 /
8FMA@4GHz Reg. 16FMA@1GHz | Ree. | Ree. Private L2 cache U2 €2 *° M2
(64GFlops) $ (32GFlops) $ : :
16-stages L1(32KB) 8-threades L1(32KB) Shared L2 cache g ¥ vee .
L2 L2 L2
# cores FLOPS Clock speed LLC
LATaAT7 DHTHERK 32 2TFLOPS 4GHz 128MB
AI—TYra7DH THER 512 16 TFLOPS 1GHz 128MB
ANTOER (mFEL LC:TC = 1:1) 16L+256T 9TFLOPS 4GHz/1GHz 128MB
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JOveXH A5nm 32nm 22nm 16nm 11nm
[Z%]D-FLOP & A (pJ/FLOP) 20 10.5 6.0 3.5 2.0
LCE HZhE (GF/W) 0.5-2 1-4 2-16 4 - 30 8 - 40
TCE XN (GF/W) 2-10 4 -20 8- 40 16 - 80 32-160
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SDRAM PC133 1GB 1.50 1.06 4.96 4664.97 583.12

DDR-333 1GB 2.5 2.19 2.66 5.48 2057.06 257.13 245
DDRII-667 2GB 1.8 2.88 5.34 5.18 971.51 121.44 139
DDR3-1333 2GB 1.5 3.68 10.66 5.952 517.63 64.70 52
DDRA4-2667 4GB 1.2 5.50 21.34 6.60 309.34 38.67 39
HMC 4DRAM w/ Logic 1.2 9.23 128.00 11.08 86.53 10.82 13.7

[HHR&]: J. T. Pawlowski, “Hybrid Memory Cube (HMC)”, Hot Chips23, Aug. 2011.
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[HHR&] S. Borkar, “Exascale Computing — a fact or a fiction?”, IPDPS2013 Keynote , May 2013.
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[HiB&] S. Borkar, “Exascale Computing — a fact or a fiction?”, IPDPS2013 Keynote, May 2013.
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Low (Near-Threshold) Voltage Computing

— S —

» BIREEDRLUK
H LU
[H B8] T. Sakurai, “Pitfalls in deep-volt logic

design”. ISSCC’11 Forum: Ultra-Low Voltage QIE/A Fa':ﬁ ﬁ*il.
VLSIs for Energy-Efficient Systems, 2011.
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[HE B8] T. Sakurai, “Designing Ultra-Low Voltage 10 _ tcg
logic”. Proc. ISLPED’11, pp57-58, Aug. 2011. 0.3 2 2
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Hybrid Memory Cube (HMC)

» DRAMA &0 I R L F3IRTIESE
— LEIZ S RGN T IV D THERG

y Oty -HMCR. HMCES 1
» FEMIZ10pd/bit L FOIRILX—FEIHATEE

———————

Hybrid Memory Cube (HMC)

Through-Silicon Vias
~ (M)
: Pass-Thru!
Abstraction | Link |
Protocol = r=n
’ & |Host | Pass- 5| Host !
R 1 | Thru Lg A I
Host _ Link : Cube 1 : e — Link | Cuhe 4
ET -—— =77 =
:]EI:MWB -------
Pass-Thru
| | Link !
— Logic Die ]
- Host Link Host |
Source Link Mode = 1 : Link
_______
Haost Link
Source Link Mode =0
Cube 3

High- Speed Links
[H 8] Hybrid Memory Cube Consortium, “Hybrid

Notes: Tb/s = Terabits / second
Memory Cube Specification 1.0”, 2013
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- HMC height is exaggerated
i, “Hybrid Memory Cube (HMC)
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» 1637 (MPIi5]), B 5|H 1 X:2KB~2GB
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