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Spending Moore’s Dividend




Moore’s Law

Cramming more components
onto integrated circuits
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Moore’s Law Enforced
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Intel x86 Family
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More Than Processors
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Moore’s Dividend
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It's Over

Denial Acceptance

Bargaining

Self Esteem

Depression

Time



Outline
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Software size
Software functionality
Programming complexity



Myhrvold’s Laws, c. 1997

1st Law
Software is a gas!

2nd Law
Initial growth is rapid like gas expanding (like browser)
Eventually, limited by hardware (like NT)
Bring any processor to its knees, just before the new model

3rd Law
AEAO8O xEU DPAIT Bl-Acond@icmotivdier EAOA x AOA
AEAOB6O xEU AEEDPO CAO EAOOAO AO OAI A
Will continue as long as there is opportunity for new software
4th Law
)y 060 Ei Pl OOEAT A O EAOA A11 OCE
New algorithms
New applications and new users
New notions of what is cool




Code Size Increases Less Than

Processor Speed
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Win 3.1 Win 95 NT 4.0 Win 98 Win XP Win 2003 Server Vista

Fine print: Wikipedia estimates &oC.Does not measure code shipped to customers.
SPEC normalized between SPEC95 and SPEC2000.
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Where Moore’s Dividend

Was Spent
-
Processor performance consumed by
changes In:

Software functionality
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Expectations Evolve

State of the Art, ¢ 1981 Aspirational, c 1981

PERQ (c 1981)
O0Q-06 | AAEETA X -)03

IBM PC
Intel 8080 @ 4.77 Mhz
16640 KB memory
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http://en.wikipedia.org/wiki/Image:IBM_PC_5150.jpg

Pervasive Improvements

1 bit display

25 lines of 80 chars (4K)

Console

stdio.h

Single task, single address space
No protection

etc.

24 bit display

1280x1024 (64M)

GUI

Window system

Multi-tasking, virtual address space
Sophisticated security

etc.
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Recommended Windows

Configurations

1000.0
Processor (SPECInt

Memory (MB)
Disk (MB)

Moore's Law

100.0 ./
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Windows 3.1 NT 3.51 Windows 95 Windows 98 Windows Windows XP Windows XP Vista
2000 SP2 Premium
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Legacy Compatibility

Features monotonically increases
Office user uses 10% of features
Everyone uses a different 10% and 100% used

Legacy compatibility sets floor

Relativeto WinXP

Size Increase New Software Legacy Code
Files Lines New Lines Files Edited| Original
Files | added | untouched| Files Lines

or
churned

Win 2k3 1.43 1.42 1.11 1.13 0.73| 0.93 0.78
Vista 1.80 1.46 1.07 1.03 0.80| 1.00 0.94
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Generalized Functionality

Improvements argrevasive
Abstract model for many needs becomes less efficient

Generality precludes optimization iy
E.g. print spooling \s/‘@
Security, notificationz 1.54x Ay

Color management, better text handlirg2x

Resolution
300*300 dip @ 1bit 600*600 @ 24bits (1IMB 96MB)

Memory latency and bandwidth
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Where Moore’s Dividend

Was Spent

Processor performance consumed by
changes In:

Programming complexity
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Increased Abstraction

High-level programming languages jij
Object-oriented (C++, Java, C#) %’2
Interpreted (VB, Perl, Python, Ruby, etc.)  JAVA

Rich, abstract libraries Microsoft

C++ Standard Template Library (STL) n_e—t
Java class libraries °

NET platform

Domain-specific language/systems
Ruby on Rails
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Increased Use of C++ iIn Windows

Vista / Win 2003 (Mean per binary

4.5

3.5

2.5

15

0.5

Total Functions Max Class Total Class Max Inheritance Total Inheritance Max Sub Classe: Total Sub Classe:
Methods Methods Depth Depth
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