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Motivation

= HW-Software co-design is a challenge as we move towards more complex architectures and applications for exascale era:
o Existing solutions e.g., DVFS, memory throttling are no more efficient
* Problem is exacerbated when:
o Implementing application specific hardware
o Integrating hardware with software
o Changing application/hardware specifications at runtime

Applications
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workload

Mini-apps are the
vehicle for
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https://str.llnl.gov/octobe-2013/richards

Our Approach:
= Automated hardware software co-design for Aspen, which generates
o Automated application model for Aspen
o Automated Machine Model for Aspen

Middleware

= Allows us to
o Develop and test application without requiring real hardware for future and exascale systems
o Obtain portable solution, which can be applied to a range of current and future architectures
o Avoid programmer’s involvement, minimal overhead
o Assist Iin approximate computing

Aspen and Our Hardware Software Co-design Framework

» Aspen is a domain specific language (DSL) that uses special grammatical semantics to represent the performance models by
generating:

Model Model

Aspen Source Code

1. Application Model:
* used to measure flops, loads, stores etc.
2. Machine Model:
* finds theoretical peak performances etc.
» Aspen is fast, portable and accurate [3]

Profiling and Analysis of Application,
Machine, Sensitivity, Performance, etc

* Hardware Software Co-design framework consists of two components: Automated Application and Machine Model Framework

Automated Application Model Generator

Input Program
Analyzer

Aspen Intermediate

Automated Machine Model Generator

Short-list Required
Specs
Aspen Machine IR
Representation Generator
Aspen IR Post Aspen Machine IR
Processor Post Processor
Aspen Code
Analyzer Predictor Analysis Exascale

Results and Analysis

o Automatic Application Model generator
o Analyze source code
o Extract application characteristics e.g., FLOPS, loads, stores etc.
o Generate Aspen’s intermediate representation(IR)[1]
o Process Aspen’s IR to produce Aspen’s post processed IR

pecs.
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o Automatic Machine Model Generator
o Extract machine specifications using Linux user and kernel functions
o Generate Aspen’s intermediate representation
o Insert Aspen’s grammar and process it to produce post processed IR

(o)
100:00% - 100.00% ~§ 100.00% . .
0.00z -COMD USmall T Medium Hlarge \ J bi 7 Matrix MUItlply
. (o) ) .
) ° 90.00% 3 aCcoDl SSmall " Medium Elarge 90.00%
X ' * i
80.00% 80.00% b ) SSmall "Medium ®large
2 — 80.00%
70.00% 0.00% | X 3
. / R N S R 70.00% X
60.00% NI 60.00% L N \ N 3
. (o] ™, ™ : s
% = 0.00% & ‘% % R 6 o 3 .
3 3 3 ) 3 o 0.00% 3 2
o N \ \ \ N EL N \ N
50.00% & 3 50.00% i R 3 8 3 3 ~
N N X X X N 50.00% N \ \
.00% 3 8 % 8 2 8 3 3 R R
N E N \ \ N E N 00% N \ N E N
30.00% i ) 30.00% i : B 3 B 3 B 2 i 3
3 3 B 3 I : = = R o f ] N
: ) 5 3 3 & = 2 30.00% 3 R B 3
o o o ) "“h o %‘ : %{ &h HQ“Et 3 - ] B ::E
20.00% Sl Xl ] N 20.00% i 8 3 X 8 3 X B R
_ \ \ N % \ \ N 20.00% ) 3 N \
o o | o | ,_;} .h:“ | o o Q‘-:.“ ., ] H""\: ] “_:' e - o o
10.00% B 3 N N : 10.00% }} : : “% ;% :% . ;}‘ o ‘:} = :} ﬁ
- . o = o o - - 10.00% - ] i ]
o Nl B a \ N N [ o B 3 \ N N N - RN \ N \
0.00/O i i) i ) " " " " 0.00/O ey A 5 2 o L " ' = E%‘: H"‘-\-\.\_ S% %\: -\.\,\%‘. i“:
GDDRs5- GDDRs SIMD PCle PCle CoreClock Memory GDDRs GDDR5g GDDRs5 SIMD PCle PCle CoreClock Memory  GDDRj5 0.00% A = g 3 e B = Fera ==
Capacity Bandwidth Latency Bandiwthd Clock  sensitivity Capacity Bandwidth Latency Bandwidth Clock Latency GDDR5 GDDR5 BW  SIMD PCle PCle  CoreClock Memory GDDRjs
Capcity Latency Bandwidth Clock Latency

What-If Analysis
Why?

Application

Dominant hardware parameter? Improvements?

CoMD PCle Latency,

Core Clock, Memory Clock

Memory and communication intensive DVFS, memory throttling,
Application specific optimizations etc.

Matrix Multiply

PCle latency, Memory and communication intensive

Core clock, Memory Clock

GDDRS5 capacity, PCle
memory clock

DVFES, memory throttling,
application specific optimization e.g., loop unrolling etc.

Jacobi

atency, core clock, Memory-Intensive nature and much

communication involved

DVFS, memory throttling,
application specific optimizations e.g., optimizing use of on-
chip memory etc.
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