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« We're on the cusp of another Golden Age that will significantly
improve cost, performance, energy, and security.

A New Golden Age for Computer Architecture.
—— Hennessy and Patterson, Turing Award Lecture 2018
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John L. Hennessy David A. Patterson 2017 Turing Award Computer Architecture:
A quantitative Approach
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Q1 (Why): AftAZF I BHNRELEH?
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for(j=0; j<1000; j=j+1) for(k=0; k<5000; k=k+1)

for(k=0; k<5000: k=k+1) for(j=0; j<1000; j=j+1)
x[kl[jl=2 * x[kl[j]; x[kl[jl=2 * x[k][]j];
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s B ETERIERES
a = 1/b*c
ed=a+cC

for(i=0; i<N: i++)
for(j=0;j<N;j++)
alil[jl=1/b[i]1[j1*c[i][]j];

for(i=0; i<N; i++)
for(j=0;j<N;j++)

for(i=0; i<N; i++)

for(j=0;j<N;j++){

ali][j]=1/bl[1i][j]*c[i][]j];

dii][jl=ali]l[jl+c[i]l[]];

diil[jl=alil[jl+c[i]l[]];
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for(j=0; j<1000; j=j+1)
for(k=0; k<5000; k=k+1)

_|E|/J ﬁfx, TA%L_IH/J\_ _TJ%

for(k=0; k<5000; k=k+1)

for(j=0; j<1000; j=j+1)
x[k]l[jl=2 * x[kI[j];

for(i=0; i<N; i++)

for(i=0;
for(j=0;j<N;j++)

for(
alil[jl=1/b[i][j1*cl[i][]j];
for(i=0; i<N; i++)
for(j=0;j<N;j++)

}
dlil[jl=alil[j]+c[1i][]];

x[k1[j1=2 * x[kI[j];

i<N; i++)
j=0;3<N;j++){

ali][j]=1/b[1][jI*c[i][]j];

dii][jl=ali]l[jl+c[i][]];
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Q2 (What): ft4zit Bl #KEH?
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« Computer Architecture
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« AMD Phenom X4  ‘ Intel Atom
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4 Core @ 2.6GHz 1 Core @ 1.6GHz
125W 2W
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Out-of-order  In-order
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« AMD Phenom X4 + IBM Power 7

. X86 Instruction Set « Power Instruction Set
« 4 Core @ 2.6GHz « 8 Core @ 4.25GHz
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3 Instru./Cycle/Core 6 Instru./Cycle/Core

64/64KB L1 I/D Cache 32/32KB L1 I/D Cache
Out-of-order » Out-of-order
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« Onur Mutlu @ ETH Zurich

« Computer Architecture is the science and art of

« designing, selecting, and interconnecting hardware
components

» and designing the hardware/software interface to create a
computing system
- to achieve a set of design goals
 Function
» Performance
« Energy consumption
« Cost/Area
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Technology

Logic gates
Packaging
Biochips
3D stacking

We need to see things in \
terms of parts and
subparts.
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Computer
Architecture
Research

Goals

Functional
Performance
Cost
Efficiency
Reliability

Application
PCs

Servers

Mobile

HPC
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