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Heterogeneous(Hybrid) Memory System

Future AP Memory Sys.: Heterogeneous (Hybrid) Memory Sys. with non-volatile memory

» Developing various non-volatile memory(PRAM, MRAM, STT-RAM, RRAM, etc.): to bridging gap bet.
DRAM and NAND/HDD

» Hybrid memory hierarchy with volatile (SRAM/DRAM) + non-volatile PRAM/MRAM) memory

@» Non-volatile
@» \olatile
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NV-RAM has different
R/W characteristics

Capacity (bits)
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P R/W memory
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Write / Program Cycle Time(s)

Importance of MemCopy Operations

Power Efficiency Comparison

Cortex-A15 vs Cortex-A7 Cortex-A7 vs Cortex-A15
Performance Efficiency

Dhrystone ‘ 1.9x ‘ 3.3x
FDCT | 2.3x | 3.6x
IMDCT 3.0x 2.8x

NOP n/a 5.7x
Do-While ‘ n/a ‘ 2.9x
WHI | n/a | 4.0x
Static Leakage ‘ n/a ‘ 47

- Both processors use the same measurement approach at TT, Vnom, 85C

Source: MPSoC 2012, John Goodacre (ARM Director)
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7247l 1: Cache replacement policy

7h#| o2
Improve CPU performance by ey T

reducing memory access latency e e e e s B

» Reducing write latency for concentrated
burst memory access like memcopy

»Adaptive replacement policy with
consideration for write-buffer status

» Can reduce almost write latency when
at least one clean block is reside in
each cache set during the burst write.
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7|47l 2: Hybrid memory architecture

3000

Improving hybrid memory performance

» Loading data based on the access characteristics
(read miss data to non-volatile and write miss
data to volatile memory) (Claim 1)

»Loading all data into volatile memory and
selectively replace to non-volatile memory for the
data loaded from read miss set during the burst
write. YT
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With Patent 2, performance improvement can be achieved
» Almost same or better performance with case 1 (for Claim 1) and case 2 (for Claim 6) than 2 times
bigger area SRAM
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Static (Leakage) power and thermal issues becomes serious
» Memory system (Especially L2/L3, DRAM): One of main sources of static power consumption
» Dynamic power for access DRAM: One of main sources of thermal issue
« More and more energy-hungry in mobile devices.
- Thermal-constraints are harsher than battery-limitation in hand-held devices.
= Dynamic Power
2
-‘.95 Static Power
:2 Battery-Limit
;';-' Thermal-Limit
s (Hand-held Devices)
Low-Power Design
102
1990 1995 2000 2005 2010 2015 2020
250nm 180nm 130nm 90nm 65n— Process Node
& 0 s s se ) TeeomGen  gource; IDEC Seminar 2012. 8, K. Lee
<1M- <1- -100- -1Gb- DL Data Rate (Samsung Modem Team)
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Retention Cost and Conservative Shutdown

In Standby (WFI): ~ 30% of time
» OS decide whether shutdown or not based on the cost function
» Long breakeven time due to Save/restore cost => conservative power management

Opportunity For Retention

= CPUs running a modern OS rarely behave like this

= Decision on when to shutdown is left to OS
= Save/restore energy cost may have long breakeven time
= | eads to conservative power management

“cpuo || cput
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. . Source: Coolchips 2013, 2013. 4
= Observed ~30% of time in standby (WFI) James Myer (ARM Silicon R&D)

71=290 3

Early saving of dirty data to non-volatile memory

» Reduce save/restore overhead by saving dirty data that have low possibility to be referenced to non-
volatile memory in advance

» Help OS to be more aggressive to reduce leakage power consumption by go to shutdown state more
easily
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7|=A71 3-1

Early saving and save all data to non-volatile memory for turn-off volatile memory to control
thermal issues

» With reduced save/restore overhead, easily turn-off volatile memory by saving all remaining dirty data
to non-volatile memory => simple, easy mechanism to control thermal issues
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t: directed S/W testing

Easily detectable with directed S/W Testing -

> Use S/W program written for pre-determined Mo o o ooo e oo o B
cache miss pattern and observe the memory
states to check the operation of the memory
system especially loading and storing operation
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Product Differentiation Points

Vertical Integration

APPLICATIONS

+ Apple’s design paradigm
— From silicon to application APPLICATION FRAMEWORK
* Apple’s Own AP
+ Apple’s Own OS
— Product-level differentiation
« Better performance
«» Energy efficiency

LIBRARIES ANDROID RUNTIME

OafkVirtial™

= Android smartphones use OprLS FreT e Hichne
the same design paradigm

Changes of Paradigm

« Closed platform = Open platform (Android)
— Hard to make product different
— Market requires “Unique Selling Point”

Source: IDEC Seminar 2012. 11, J.
Woo (OMAP MM Architect. Tl)

Mobile AP Patents for market players

Opportunity for the new framework of memory hierarchy

» New memory system architecture with non-volatile memory

» Can extend the patent portfolio and devise new patents for memory device or SSD itself for new
memory hierarchy architecture

» Secure new memory hierarchy patents to build a basic strength for future Logic (e.g. AP) business

Source: ASSCC 2012. Panel Discussion Material) e
-+ MRAM or MRAM. There has been
a trade-off between operating
current and memory operating
times: the faster the performance

Normally-Off Computing Project (2011 ~ 2015

<
Tradifional trend HW/SW co-design based 5

of memory hier ar chy new memory hierarchy with VF

the higher the power consumption
and vice-versa. Toshiba's STT-
2 1x102 MRAM overcomes this.
Energy " cach ‘. Brea@ugh!
per product m > S
Patd P Power consumption is
CServer ] polatil £ about one-tenth that of
\ ﬁﬁu g 1x104 N 1 prior prototypes.
4 ° R -ﬂlgm pbwer  Reported devices
Application oriented NYM adaptation -4 corisantption 1 Spintech APL 2009

/—l\ FeRAM, MRAM, Ultrafast STTRAM P . [
Smatt portable devices JFERE, ikiai ) than SRAM-

h | ‘ Target Applications

e 2 Univ. of Minnesota
2 1x109 ppomory J. Phys. D 2012
—W—- g X100 110 1x10® 1x107  31BM APL 2011
o5 — PersF R » "é- Memory Operating Time (s) g?g:,‘:;:h ,23}42‘2’&8
= ) ., - e n . .
¢ * ,_Smart co - Low power device memory system architecture with
Totalvolime non-volatile memory (normally-off computing) — U of
Tokyo, Toshiba, Renesas, etc.

Conducted by Univ. of Tokyo, Renesas Blectronics, Toshiba and Rohm Supported by METYNEDO in Japdn

Source: http://www.engadget.com/2012/12/10/toshiba-goes-perpendicular-to-solve-mram-power-issues/



