
On the Board

Reading: Chapter 1 in Algorithmics

Homework: none yet

Administrative Details

1. Web site is http://www.owlnet.rice.edu/~comp200; other information flows from the
web site.  See, in particular, general information page.

2. Professor is Keith Cooper, DH 3131, x6013, keith@rice.edu; give some background
information.

3. Laboratory Assistants are Nathan Froyd and Gabriel  Marin; office hours and contact
information to be posted on the web site

4. Go over the general information document.

5. Lecture style: some will be (slick) PowerPoint presentations. Some will be taught at
the marker board. Some will be discussions.  Some will (I hope) be guest lectures.

What is Computer Science?

“Computer science” is a strange term. Why is a “science” located in the School of
Engineering? (CAAM used to be “Mathematical Sciences”.)  If “computer science” is an
academic discipline, what about television science, toaster science, or motorcycle
science?  In one sense, “computer science” is a misnomer. Better terms might be
“computation” or “digital-systems engineering.  However, we’re stuck with “computer
science”, so we should get used to it.

Teachers at elementary and secondary schools who use the term “computer class” drive
me nuts. Most of the time, they are talking about a course in typing or in using specific
applications, such as Microsoft Office.

Computer Science is hard to define because so many of the main ideas are abstract.

My definition:  Computer Science is the academic discipline that encompasses the design
of computers and the software that runs on them.

This definition is usually followed by a list of subareas in Computer Science.  The list is
constructed so that no colleague is ignored or neglected.  The result is an excessively long
list that provides almost no motivation or excitement.

Gibbs & Tucker propose the following definition (somewhat algorithm-centric):
(paraphrased)
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The study of algorithms including aspects of linguistic implementation, hardware
implementation, mathematical properties, and applications.

Again, I find this definition to be unsatisfying.  The point of the course is to convey to
you the breadth and depth of the field that we call Computer Science, and to introduce
you to the fundamental concepts that make it a field worth studying. The book, and the
professor, both take the position that the core of Computer Science lies in the notion of an
algorithm.

What is an algorithm?

Ask the class to define algorithm.

Definitions that I saw in classes that I took:

1. Turing machine that always halts

2. An effective procedure for solving a problem

Actually, these two are equivalent, but the second is more comprehensible.

• An algorithm must produce an answer — that is what we mean by effective.  The
answer may be imprecise or approximate (a Google search); but the answer must
appear.

• An algorithm must halt. The set of steps that it executes must be finite. Running
through a series of steps forever without producing an answer may be a good way to
burn power or waste money, but it is not an algorithm.  Lather. Rinse. Repeat.

• An algorithm must be precisely specified  finite set of well-defined steps. The steps
can be described at a high-level of abstraction (look up the phone number in the white
pages), but each step must be concrete and doable in a finite number of steps.

• An algorithm must be complete  it must handle any situation that can arise during
its execution.  Windows XP is not an algorithm.

• An algorithm must be executable  otherwise, we cannot tell if it halts and we
cannot use it for effective computation.

Example — using a phone book

Consider the problem that arises when you want to order pizza.  (After all the details are
worked out…)  Eventually, you need the phone number where you can place an order.
Since there is only one pizza place in Houston (Star Pizza on Norfolk), you grab the
business white pages and lookup the number.  How do you lookup a number in the
phonebook?

 Start at the first entry and work forward, one at a time.  Stop when you find the entry
for Star Pizza on Norfolk or when you run out of entries?

 Is that an algorithm?  Effective? Halts? Precisely Specified? Complete? Executable?
Yes to all five.
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 Divide the book in half and examine the middle entry. If the entry is Star Pizza on
Norfolk, halt.  Otherwise, repeat the process on half of the remaining entries, choosing
the half in which Star will fall.  (If “Star Pizza” is earlier in lexicographic order, focus on
the first half.  If “Star Pizza is later in lexicographic order, focus on the second half.)  If
the remaining part of the book is a single entry, then halt and report failure.

 Is that an algorithm?  Effective? Halts? Precisely Specified? Complete? Executable?
Yes to all five.

 Search the section for entries beginning with S in the same way.  (Why do dictionaries
have those inset tabs, anyway?)

 This algorithm is an optimization of the previous algorithm that considers a smaller
problem (a smaller set of entries).  We should expect its properties to be the same, except
that it probably runs faster.

This method uses the previous method as a subtask — it invokes the functionality of the
previous method as if that method were both well understood and easily available.
(Using a previously defined algorithm as a step in a new algorithm is, essentially,
functional abstraction.)

 Check your own memory, where you find the number 713 523 0800.

 Is this an algorithm?  Effective? – yes; number is there or it is not.  Other questions?
Sure.

Each of these methods has different properties.

First idea (linear search) is simple to explain and to execute.  We expect it to take, on
average, time proportional to the size of the phonebook.

Second idea (binary search) is much harder to describe.  (For example, critical details
depend on whether the phonebook has an even or an odd number of entries.)  It halves the
problem size at each step.  On average, it should take roughly log2(number of entries)
time.

Third idea (binary search over single letter) has properties of two but reduces problem
size  it should run faster.  (Of course, we could use linear search on a single letter and
improve its performance, too.)  This idea is an algorithm, but it is not distinct from binary
search. Instead, it is a trick to decrease the number of steps that binary search requires.
We call such a trick an “optimization” (even though it has nothing to do with
“optimality”.)

Fourth idea is easy to describe—imagine a mathematical function

Make a
table



F: name—> integer

that takes each name into a unique integer.  If we associate each phone number with
F(name), then the algorithm consists of evaluating F to obtain the integer and then
obtaining its associated phone number.

(Simplest example considers the name as a base 26 number of admittedly huge size.
Trick to making this notion efficient is capitalizing on the sparsity of the space of words
and, in particular, the sparsity of the set of names that you call on the phone.)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


