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1 9 6 0 &éewn Chua generalizes circuit theory
to nonlinear systems
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And sees that there is a hole where
an obvious relation seems to be
missing




Chua defined the memristor,

but stated that there was no known example
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— O — —NN— A Memristor can act
like a resistor whose
R value varies with
voltage. And, it
) remembers the value
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MEMRISTIVE SYSTEMS after current stops.

L. O. Chua,-tAiMemrsstaoag circuit el ement, 0519(BOElE Tr a
L. O. Chua and S. M. Kang, "Memristive devices and systems," Proc. IEEE, 64 (2), 209-23 (1976).



HP Labs: Memristor from theory to practice

The missing Memristor found, nature nanotechnology
D. Strukov et al., Nature 453, 80 (2008) ererttive snitori meeariom o

http://www.nature.com/nature/journal/v453/n7191/full/nature06932.html m?ta'f’oxide/meta' nanodevices

MATTHEW D. PICKETT, XUEMA LI, DOUGLAS A. A. OHLBERG
STANLEY WILLIAMS

The Mysterious Memristor, N—
IEEE Spectrum, May 2008

http://spectrum.ieee.org/semiconductors/design/the-mysterious-memristor

Memristive switches enable stateful logic
Operations via material implication,
J. L. Borghetti et al., Nature 464, 873 (2010)

http://www.nature.com/nature/journal/v464/n7290/full/nature08940.html|
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Memristors

I Advantages

AFast, cheap, dense, & low energy
ACan be fabbed with CMOS logic & 3D layers on single die

I Challenges
AUnderstand wear out
AMoving from the lab to the fab

wiring layer

11 Xbar layer

CMOS layer

Figures from Stan Williams @
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Emerging NVMem Technologies

Technology Density | Bandwidt | Read Write Read Write energy
(um?2/bit) | h (GB/s) latency latency energy per | per bit (pJ)
(ns) (ns) bit (pJ)

Hard disk 3,000,000 3,000,000 2500 2500
Flash SSD 0.0021 1.0 25,000 200,000 250 250

M 0.0038 51.2 55 55 24 y
PCRAM (22nm) 0.0058 variable 48 150 2 19

variape TOO TOO 3 T

Table from Partha Ranganathan & Jichuan Chang
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Compare-and-Swap NVMem

I Great fit for Sinfonia (Aguilera et al. SOSP 2007)
ASimplified scalable, distributed data structures

I Leverage CAS NVMem to build mini-transactions
application application application applicatior

node node node node
g user” minitransaction
S library initransactions
= CAS CAS CAS
-(7) NVMem NVMem NVMem
memory memory memory
node node node

Figure from Mehul Shah )



Compute-centric vs. data-centric
architecture

Organize architecture "
around storage. Traditional storage

Colocate compute with nierarchy. Organized
around compute units.
storage. Flatten Pass through many
memory hierarchy;

Introduce compute I?vels t(.) get to s_tab!l_e
hierarchy. Convert Storage, Sxpensive to
between levels.
bottleneck to MO :
memory bo . Adding more layers is
network. Codesign a1 EsialhE e
software. '

NIC NIC
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Figures from Partha Ranganathan & Niraj Tolia@



NVMem and data centers

INovel API 0s

ATransactional interface (e.g., Compare-and-Swap
NVMem)

AData-structure oriented NVMem (e.g., B-tree NVMem)

I Novel architectures
AData-centric architecture
ANVMem + photonics

I Other challenges
ATolerating and masking (transient) faults
ANavigate density-latency tradeoff
ABalance processing, storage, and networking bandwidths

@
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Global-scale storage

I Global infrastructure
I Global clients/applications

I Research challenges
I Scalability
I Availability
I Low cost

I Flexibility




HP-Key Value Store (KVS)

I Research prototype

I Simple interface:
A put(key, value)
A value = get(key)

f Data center\ ( \
Data center
Key lookup|
Key lookup

. Fragment N . Fragia

L FI‘OXy _J N\ Pr?;)
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Clients Clients

I Goals:

A 1+ Exabyte, 1T objects
A 10+ data centers

/
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Storage interface & consistency

I Traditional interfaces based on strong
consistency
ABlock-based accesses

AFile systems
ADBMSes

I Simple put/get interface
AValues Put into the system may be eventually consistent
AGet operations may observe different values
APhoto sharing, video serving, social networking, big data



Example: Eventual consistency

put(boat)

HRKVS
1 A J
\ —— ~—
put(boat) get(boat) get(boat)
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