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PRAM Introduction

« Memory Cell

&IP

— Phase change material (typically GST) is set (crystalline) or reset (amorphous)

by resistive heating mechanism.

« Advantages
— Scalability: high density is possible.
— Comparable read speed to DRAM
« Challenges

— Slow write speed compared to DRAM
— Limited endurance compared to DRAM
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* Reference: [1] Architecting Phase Change Memory as a Scalable DRAM Alternative, Benjamin C. Lee, Engin Ipek (Microsoft
Research ), Onur Mutlu (Carnegie Mellon University), Doug Burger (Microsoft Research), International Symposium on

Computer Architecture (ISCA) ‘09
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DRAM/PRAM Hybrid Memory Architecture

« DRAM/PRAM hybrid memory 11°4= &2t high density, energy
efficient main memory subsystem £ = &5t [3,4]
« PRAMYO| slow write speedZ QIst AldH M= X{SHE 97| Q8=
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DRAM as buffer for PRAM [3] Side-by-side memories [4]
Presented at ISCA ‘09 Presented at DAC ‘09
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« Simulation Environment
. Simulation tool - QEMU
. S/W: Linux/gcc, glibc

« Assumption

. System simulated - SMDK6400, ARM1176JZF-S, I/D-cache 16KB, 256MB
DRAM, 256MB PRAM

: PRAM read latency= DRAM1} &, PRAM write latency= DRAM x4

» Constraints
: DRAM only 74 vs. DRAM/PRAM hybrid 1+/42| total memory 37| = ¢
: DRAM only 140{|Aq]2| execution time HLC} 10% O|& =O0{L}X| A& Xt

* Performance models of
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execution time B orAMO s ]
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Compilation

« Compiler directives&

A2510 memory allocation hintE

Source code wﬁ T Sensier HcefShaw Cscope Help

Intermediate code ﬁ
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Compiled Binary
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Allocation g

« SPOS Toolchain2 &l Applicatione| | 22| & IfEH EA

« Hybrid Memory 49| HfX| H & & ZE 2o Binary Image Layout 24 /d
« Dynamic LoaderE &3l DRAM/PRAM 0| 2 2| O &
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Linux Kernel Page Binding oz
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Results
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" PRAM portion (%) = Performance degradation (%)
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-« M ot M B 2| access pattern profiling2| ¢{2{2
. Object identification
. Very large memory trace processing

« Write pattern prediction 2tH M
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&IP

e Valgrind memcheck (for x86) module based write-pattern analysis
e Disable dangling pointer checks (--freelist-vol=0)
e Prevent unnecessary heap increasing
o Kernel memory references are ignored.
e Application to analyze: mozilla firefox

e Load three web-pages concurrently:
www.google.co.kr, www.youtube.com, www.valgrind.org

Application Write Pattern Analysis

Valgrind memcheck

Malloc/Free

Event 1
Instruction Cache . Malloc/Free
Load/Store Data Simulator Write Logger

Miss
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Calling Context Based Prediction

o LCHEZ9 call-sites?} significant write trafficS 2 A A| Z
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Summary —
« Hybrid memory 4H0]] & stch o @ 2| HYfX] 2t Simulation
. M7% St data & PRAMO|| &Het JhS3) H|S: B OF 81.4%

- X &Y M| vfX|] A4 Ol
. Object@| write patterng H2t5| ntefsi= 40| 58
. Access pattern analysis - profiling vs. run-time monitoring

. Impact of CPU cache
— Cache hierarchy and structure, read write policy, replacement policy

. Architectural support

* Hybrid Memory 22| & ¢|gt OS/Compiler ¢ EQ

April. 20. 2010/Joo-Young Hwang/OS Tech., ASWR 13/13



References <>

[1] Architecting Phase Change Memory as a Scalable DRAM Alternative, Benjamin
C. Lee, Engin Ipek (Microsoft Research ), Onur Mutlu (Carnegie Mellon
University), Doug Burger (Microsoft Research), International Symposium on
Computer Architecture (ISCA) ‘09

[2] A Durable and Energy Efficient Main Memory Using Phase Change Memory
Technology, Ping Zhou, Bo Zhao, Jun Yang, Youtao Zhang (University of
Pittsburgh), ISCA ‘09

[3] Scalable High Performance Main Memory System Using Phase-Change
Memory Technology, Moinuddin K. Qureshi, Vijayalakshmi Srinivasan, Jude A.
Rivers (IBM T.J. Watson Research Center), ISCA ‘09

[4] PDRAM: A Hybrid PRAM and DRAM Main Memory System, Gaurav
Dhiman, Raid Ayoub, Tajana Rosing, Design Automation Conference (DAC) ‘09

April. 20. 2010/Joo-Young Hwang/OS Tech., ASWR 14/13



