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1. I am the Office Manager at the Internet Archive, located in San Francisco,

California. I make this declaration of my own personal knowledge.

Tt s 2. The'Internet Archive is a website that provides access to a digital library of

300 Fiitision Aviiitie Internet sites and other cultural artifacts in digital form. Like a paper library, we provide
San Francisco, CA' 94118 free access to researchers, historians, scholars, and the general public. The Internet
Archive has partnered with and receives support from various institutions, including the
Library of Congress.

3. The Internet Archive has created a service known as the Wayback Machine. The
Wayback Machine makes it possible to surf more than 450 billion pages stored in the
Internet Archive's web archive. Visitors to the Wayback Machine can search archives
by URL (i.e., a website address). If archived records for a URL are available, the visitor
will be presented with a list of available dates. The visitor may select one of those
dates, and then begin surfing on an archived version of the Web. The links on the
archived files, when served by the Wayback Machine, point to other archived files
(whether HTML pages or images). If a visitor clicks on a link on an archived page, the
Wayback Machine will serve the archived file with the closest available date to the page
upon which the link appeared and was clicked.

4. The archived data made viewable and browseable by the Wayback Machine is
compiled using software programs known as crawlers, which surf the Web and
automatically store copies of web files, preserving these files as they exist at the point of
time of capture.

5. The Internet Archive assigns a URL on its site to the archived files in the format
http://web.archive.org/web/[ Year in yyyy][Month in mm][Day in dd][Time code in
hh:mm:ss})/[Archived URL]. Thus, the Internet Archive URL
http://web.archive.org/web/19970126045828/http://www.archive.org/ would be the
URL for the record of the Internet Archive home page HTML file
(http://www.archive.org/) archived on January 26, 1997 at 4:58 a.m. and 28 seconds
(1997/01/26 at 04:58:28). A web browser may be set such that a printout from it will
display the URL of a web page in the printout’s footer. The date assigned by the Internet
Archive applies to the HTML file but not to image files linked therein. Thus images that
appear on a page may not have been archived on the same date as the HTML file.
Likewise, if a website is designed with "frames," the date assigned by the Internet
Archive applies to the frameset as a whole, and not the individual pages within each
frame.

6. Attached hereto as Exhibit A are true and accurate copies of printouts of the
Internet Archive's records of the HTML files or .ps files for the URLs and the dates
specified in the footer of the printout (HTML) or attached coversheet (.ps).

7. 1 declare under penalty of perjury that the foregoing is true and cerrect.
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ey.ps

DOCKET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

Power Management in Mobile Computing*

Sanjay Udani Jonathan Smith
Distributed Systems Laboratory
Department of Computer Information Science
University of Pennsylvania
{udani, jms}@dsl.cis.upenn.edu

August 1996

Abstract

Rapid advances in technology have resulted in laptop (mobile) computers with performance and
features comparable to desktop (stationary) machines. Advances in rechargeable battery technology
have failed to keep pace, decreasing the usefulness of mobile computers and portable wireless devices.

Several methods of power management can be used to prolong the battery life of a mobile computer.
We provide a detailed analysis of power consumption typically encountered in a networked laptop com-
puter and the power management methods currently used. We also outline some novel proposed power
management methods.

1 Introduction

Laptop computers have often served as portable word processors or game machines. Such machines were
generally two or more generations behind desktop computers in terms of processing power, features and
performance. Limitations in display and miniaturization technology prevented laptops from being able to
compete with desktops as “real” (i.e. full featured) computers.

Recent advances in technology have dramatically improved laptop performance and it is increasingly
common to see software development being done on a laptop. Laptops with a 133 MHz Pentium processor,
1.2 Gigabyte hard disk, modular 6x CD ROM drive and 12.1 inch SVGA display are available in mid-1996,
albeit at a price premium over comparable desktops. A survey in Computerworld [7] predicts that the
number of workers using portable computers will expand from about one in five today to about one in three
by the year 2000, and that 80% of portable users will use their portables as their primary machines, up
from the current 30%. This optimistic view is heavily dependent on laptops being able to overcome some
key drawbacks. In addition to a price premium, laptops have another significant disadvantage compared to
desktops—Ilimited battery life.

1.1 Background

The major components of a typical laptop are the microprocessor (CPU), liquid crystal display (LCD),
hard disk, system memory (DRAM), keyboard/mouse, CD ROM drive, floppy drive, I/O subsystem, audio
subsystem and in the case of a mobile computer, a wireless network card. There are other components, but
these are significant, consumers of power. The CPU/motherboard of a laptop poses several design problems
not found in a desktop. In addition to the power it consumes, there are also extreme thermal dissipation
and space concerns. Because of these issues, laptop CPU’s are still typically several months behind desktop
CPU’s in terms of processing power.

The display is another major power consumer and again poses problems not found in a desktop machine.
Unlike the Cathode Ray Tube (CRT) monitors used in all desktops, there are two major types of displays

*This work was supported by the Hewlett-Packard Research Grants Program, the AT&T Foundation, NSF #CDA-92-14924,
and DARPA #MDA972-95-1-0013.
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used in laptops - passive dual scan (STN - Super Twisted Nematic) and active matrix (TFT - Thin Film
Transistor). The dual scan display is cheaper and easier to manufacture but has poorer picture quality,
especially when displaying fast-moving images. The active matrix display produces excellent picture quality
but at a higher cost and greater power consumption. Active matrix displays are also more difficult to
manufacture and very often have several defective pixels in them. Table 1 shows some of the differences
between typical desktop and laptop displays'.

Display Display size Weight | Power Consumed | Resolution | Number
type (diagonal inches) | (lbs) (Watts) (pixels) of colors
Desktop 177 47.4 190 (max) 1280x1024 | unlimited
Laptop 11.3” 1.1 2.7 800x600 262,144

Table 1: Comparison of typical laptop and desktop displays.

In addition to reducing the physical size (i.e. form factor), laptop drive design also requires increased
tolerance for mechanical shocks and the ability to spin up faster than desktop drives. The latter is necessary
because laptop drives get spun down more often in order to reduce power consumption (this is explained in
more detail in Section 4.1). Table 2 shows the contrast between typical? desktop and laptop drives. The
differences in power consumption are very significant, as we will see later in this paper.

Type Capacity Size Weight | Power (R/W) | Power (Idle) | Shock Tolerance
(MBytes) | (inches3) | (lbs) (Watts) (Watts) (Gs)

Desktop 2113 15.0 1.0 7.0 3.2 2

Laptop 810 8.3 0.4 2.1 1.0 100

Table 2: Comparison of laptop and desktop hard drives

All of the subsystems of the laptop share a single battery as their primary source of power when not
plugged into a wall outlet. There is usually an additional small battery for the real time clock and for
memory backup, but this is not relevant to our discussion.

A mobile computer (for the purposes of this paper, we define a mobile computer as a laptop computer
with wireless networking capabilities) has severe limits on its electrical power usage, and a frequent complaint
about mobile computers is the short lifespan of the battery [11]. Battery life is rarely more than 2-3 hours for a
heavily-used laptop. Additional features, such as larger color displays, larger and faster hard disks, powerful
processors, more memory and CD-ROM drives are becoming common, and result in increased electrical
power demands. Unfortunately, laptop batteries are not advancing as rapidly as the other subsystems (for a
comparison, see Figure 1). Each new feature, unless managed properly, will only further reduce battery life
and inhibit untethered operation.

1.2 Overview

In the next section we discuss laptop batteries and show why batteries are unlikely to improve significantly in
the forseeable future. Section 3 examines relative power consumption of the major subsystems of a laptop.
In Section 4 we survey currently applied power management techniques for each of the subsystems, and
discuss some of the problems associated with them. Section 5 outlines several new power management ideas.
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1The monitor is a Nanao FlexScan T2-17TS and the laptop display is Fujitsu’s FLC29SVC6S Active Matrix LCD
2The desktop drive is a Seagate Medalist Pro 2.1 and the laptop drive is a Seagate Marathon 810
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