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Advanced Computer Systems 
Architecture

Chip-Multiprocessors: 
Applications and Architectures
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Project Logistics
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Objectives
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Outline
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Case Study: The N-body Problem

\^] 6UT�(_7G`a%'&b&D(c&Dd
687Z68,S6V%B=�<:Q�&e6f,g6hQ>7!&)d
%_7:/iT�(
=MQZ9_68,S6V('&bj
&e68`k->=?%;, (
687Z, (F4l%�9_,S6VQ>7!&

\Nm %�9_YaQ>nZoV(�9;,p9�Q�-J=?/
n:(q%r<>=?%_7:(;, dJ('sutJs

Resource: Bentley’s Programming Pearls, 2nd edition
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Direct Implementation
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Appel’s Algorithmic Approach
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Quadtree Representation
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System-wide Contributions
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Principles
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Worst-Case Execution Time
(WCET)
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Estimated
WCET

Observed
WCET

WCET: Safety & Tightness

Execution Time

Actual
WCET

Safe boundsUnsafe bounds

Pessimism

WCET on Network Processors
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A Method for Multithreaded 
WCET Estimation
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Example

/*
morecheck = 1;
i = 0; datasize = 10;
wrongone = -1;
*/
while (morecheck) {

if (data[i] < 0) {
wrongone = i;
morecheck = 0;

}
else

if (++i >= datasize)
morecheck = 0;

}
if (wrongone >= 0)

return 0;
else

return 1;

B1 while (morecheck)

B2 if (data[i] < 0)

B4 if (++i >= datasize)B3

wrongone = i;
morecheck = 0;

B5 morecheck = 0;

B7 return 0;

B6 if (wrongone >= 0)

B8 return 1;
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Structural constraints
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B1 while (morecheck)

B2 if (data[i] < 0)

B4 if (++i >= datasize)B3
wrongone = i;
morecheck = 0;

B5 morecheck = 0;

B7 return 0;

B6 if (wrongone >= 0)

B8 return 1;
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Functional constraints
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B1 while (morecheck)

B2 if (data[i] < 0)

B4 if (++i >= datasize)B3
wrongone = i;
morecheck = 0;

B5 morecheck = 0;

B7 return 0;

 B6 if (wrongone >= 0)

 B8 return 1;
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Problem Statement

#%$'&(&*),+.-/-10124365�07&98:2'5<;>=?2A@B3�0C&D0E2F=<G�&*H�04G?H�2F=�&*HDIFJ
#LKM3�-N2F=<G�&*H�O90A8PG?H*&�5�=Q),G�RSHT3�-VU�-F07&98P5<;�-EW?J�X,0Y;P)Z-7&\[
#^]_=Q;PX,-VU`=?O�a^bDcdK	5<ef+.0Agh8P+68:i18PG<jBH�3�-V&�)<+lk

]m),5?n:-124H�H�=oHp3�-q&*H`O`)Z2AHr)sO*0t;?04G�RuUT)<G�24Hp8:=<G�0Y;Z21=<G�&9H�O*0A8PG?H*&

v
=

=
N

i
ii xc

1

Program Execution Time
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Assignment
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