
Research Area：Development of System Software Technologies for post-Peta Scale High Performance Computing

Software Technology that Deals with Deeper Memory Hierarchy 
in Post-petascale Era

Overview of Project

Integration of Application Algorithms, System 
Software and Architecture for Large Data 

Applications (Endo Group)

On Exa-scale supercomputers, the “Memory Wall” problem 
will become even more severe, which prevents the realization 
of Extremely Fast&Big Simulations.
This project promotes research towards this problem via co-
design approach among application algorithms, system 
software, architecture.
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Horizontal  and  Vertical Memory Extensions 
for Large Data Applications  (Midorikawa Group)
User-level Remote Memory Paging: DLM (Distributed Large Memory) 

A Locality-aware Algorithm for NVMs as Main Memory Extension
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DLM offers a virtual large memory using distributed node memories in a cluster 
for multithreaded applications (OpenMP and pthread programs).

Stencil Computation using a PCIe‐based 
Flash SSD as Slow and Large Memory

AAPC:  Automatic Adaptive
Page size  Control

Spatial and Temporal
Blocking Algorithm
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Exana: Application Profiling and Optimization 
Infrastructure  (Sato Group, JAIST)

We have been developing the Exana for accelerating system with deeply 
hierarchical memory.  Using an already complied executable binary code and its 
input data set as its input, the Exana can profile various application behaviors
such as precise loop nest structures [1], data dependencies among loop regions 
[2], actual memory footprint and loop trip counts, memory access patterns.  

The key features:
•Aiming for Static and dynamic analysis without specific compiler

- Accept application package's original makefiles and highly optimized compiler options
•Analysis for shared libraries dynamically loaded at runtime
• Support for MPI programs
•Online extraction of memory trace and memory access pattern analysis 

An example of Exana’s profiling result 
(graph500 benchmark code)

Exana

Memory access trace

MemPat

MemPat classify access patterns in a 
memory trace into four basic ones:
(1) Fix, (2) Seq, (3) Fix Stride, (4) Seq Stride
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Ex.  Seq Stride Access: 

R4@4005ac = REP2SeqStr:[4x3](_8_[4x3])*2

RecPat

RecPat analyzes complex patterns 
recursively and detects hierarchical patterns 
as is the cases of detecting strides.
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If the trace can not be represented in a single 
basic pattern, represented as  complex patterns
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Ex.  A complex patternW8@4007ce 7fffa9876810
W8@4007d2 7fffa9876808
W8@4007dc 7fffa9876788
R8@400638 602540
W8@40063e 7fffa9876780
R8@400618 602528
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Target Architecture: Deeper memory hierarchy that consists of 
heterogeneous memory devices

Target: Realizing 
extremely Fast&Big

simulations of
O(100PB/s) & O(100PB) 

in Exa‐scale era

7‐point stencil on a K20X GPU

Execution Model

Airflow performance on a K20X GPU

Highly Optimized Stencils Larger 
than GPU Memory

HHRT: System Software for GPU 
Memory Swap

Integration with Real Simulation 
Application
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For extremely large stencil simulations, 
we implemented temporal blocking (TB) 
technique and clever optimizations on 
GPUs [1][2].
• Eliminating redundant computation
• Reducing memory footprint of TB 

algorithm

For easier programming, we implemented 
system software, named HHRT (hybrid 
hierarchical runtime) [3]. 
• HHRT supports user programs written in 

MPI and CUDA with little modification
• Oversubscription based execution model
• HHRT implicitly supports memory 

swapping between GPU memory and host

We integrated our techniques with the 
city airflow simulation.

Original code on 
MPI+CUDA was 
developed by Naoyuki
Onodera, Tokyo Tech.
We integrated TB into 
it and executed on 
HHRT.

Improvement
In future

7x larger
simulation than
device memory!


