Maintaining order

Sorting and searching

CS5112 Scientific Computation
ﬁ Department of Computer Science
Wellesley College

A small student database

ID# | First Last | Year | Major | GPA

Amy Clark 2009 | CHIN 35
Brenda | Thomas 2007 ECON 25

1 Jane Williams | 2007 BISC 33
2 Ann Smith 2009 cs 28
3 Susan Jones 2008 ARTS 31
4 Claire French 2007 ENG 27
5
6

Some questions:

1. How many ECON majors are in the class of 2009?

2. What are the names of all the ARTS majors?

3. What is the average GPA of CHEM majors in the class of 20072
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Managing databases Representing table of student data
o Database management focuses on o The table of student data has the following organization:
developing ways to organize and . o ) .
maintain large amounts of data, ... {1 "Jane’" 'Williams' 2006 'BISC' 3.3}
o ...and ways to extract information {2 "Ann’ "Smith' 2008 'CS' 2.8}
from this data }
Y
Common database operations: S
o Select a subset of the data that N
satisfies certain criteria o
o Summarize the data, or some T
portion of it 01010010
100100101
01010100100
0010101010010
10010101001001
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Selecting data from studentData table
Select students from the class of 2010:

function newTable = selectFromTablel (table)
% constructs a new table that only contains data for
% students from the class of 2010
newTable = { };
for index = 1:length(table)
% preserve items whose year is 2010
if (table{index}{4} == 2010)
newTable{end+1,1} = table{index};
end
end
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Time-out exercises

function newTable = selectFromTablel (table)
% constructs a new table that only contains data for
% students from the class of 2010
newTable = { };
for index = 1:length(table)

% preserve items whose year is 2010

if (table{index}{4} == 2010)

newTable{end+1,1} = table{index};

end

end

(1) Modify selectFromTablel to return a table that only contains data
for students who are CS majors

(2) Modify selectFromTablel fo return a table that only contains data
for students who who have a GPA that is at least 3.
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Projecting fields of data

Another common database operation, called projection, selects
one or more fields (columns) of data

> majors = projectfromTable (studentData, fields, ‘'major")

majors =
'‘BISC
s
'ARTS'
'ENG'
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Code for projectFromTable

function projection = projectFromTable (table, fields, fieldName)
% extracts a single field of data from the input table, given a cell
% array of all field names and desired single field hame as input

% determine column index from field name

fieldIndex = find(strcmp(fields, fieldName));

numItems = length(table); % determine number of items

projection = cell(numItems, 1); % create empty cell array

for index = linumItems % store items in projection
projection{index} = fable{index}{fieldIndex};

end
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How do you search a phonebook?

o If you expect to search for values in
certain field a lot, it pays to order
the data, either alphabetically or
numerically

o But, how can we sort the items ina
table in the first place?
2
o And, once the items are sorted, how
can we search for a particular value, /
in an efficient way?

Y= ==
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MATLAB sort function

»nums=[7 29783613 4]
> sortNums = sort(nums)
sortNums =

12334677289
>> sortNums = sort(nums, 'descend')
sortNums =

98776 43321
>> [sortNums sortIndices] = sort(nums, 'ascend')
sortNums =

12334677289
sortIndices =

826 91071453

Exercise: What does the expression nums(sortIndices) return?
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Now let's sort a cell array of strings

> words = {"early’ 'cloud" 'heights' 'a' 'black’ 'great' 'from’ ‘descended'};
>> sortWords = sort(words)
sortWords =

‘a" ‘'black’ ‘cloud' ‘'descended’ ‘early’ ‘from' ‘great’ ‘'heights’
> words = {'early’ 'Cloud" 'heights' 'A" 'black' 'Great’ 'from' 'Descended'};
>> [sortWords sortIndices] = sort(words)
sortWords =

‘A" 'Cloud" 'Descended’ 'Great' ‘black’ ‘early’ 'from' ‘heights’
sortIndices =

42865173 g".
Hmmmm.... What's going on here???
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ASCIT code (again)

o When comparing the order of
two strings MATLAB uses the
order of characters in the
ASCIT code in which a//
capital letters appear before
all lowercase letters

o Exercise: Write a function
that sorts a cell array of
words alphabetically,
independent of capitalization
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Sorting the table of student data

o Recall that the table of student data has the following
organization:
{{1 'Jane' 'Williams' 2006 'BISC' 3.3}
{2 'Ann" 'Smith' 2008 'CS' 2.8}
}

o How can we create a hew table in which the students’
last names are ordered alphabetically?

{{9 'Joanne' 'Benton' 2009 'ND' 3.3}

{11 'Sally' 'Blake' 2009 ‘ND' 3.1}

{10 'Kate' 'Bower' 2006 'NEUR' 3.4}

{5 "Amy' 'Clark' 2008 'CHIN' 3.5}
}
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First consider a simpler problem

o girls = . Step 1. Write two statements that
{{5 ISG”Y‘} produce the following cell array from
{3 'Jane'} girls:
{6 'Mary'}} names =
sally'
o sortedGirls = {-;anv
{{3 'Jane'} ‘mary'}
{6 'Mary'} Y
{5 'Sally'}}

Step 2. Write two statements that
produce sortedGirls from names and
girls
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sortByField

function newData = sortByField(data, fields, fieldName, isString)

get cell array of
values with given

fieldValues = projectFromTable(data, fields, fieldName);

if isString . field name
- convert strings
values = lower(fieldValues); Yo lower Cusag
else

values = zeros(length(table), 1);
for i = L:length(table)
values(i) = fieldValues{i};

move numbers from
cell array to vector

end
end
. sort values,
‘ [sortValues sortIndices] = sort(values); | save indices

‘ newData = du’ra(sor'rIndices);‘ put Of;ig:'jﬂﬂl ;ﬂlues
In sorted order

Sorting & Searching 17-15

The search is on ...

o Now that we have a field of the table in sorted order,
how can we search this field for a particular value, in
an efficient way?

f@ Let's play a game . . .

I'm thinking of a number
between 1 and 100

What is it?
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An auxiliary function

o To search a cell array for a
particular string, we need a way
to compare two strings to see
which comes first

o Kaplan provides a function
alphabetcompare for this
purpose
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searchTableBinary

function newTable = searchTableBinary (table, fields, fieldName, ...
fieldValue, isString)

% given input table of sorted values in fieldName, searches for all items with

% a value in this field given by fieldValue. isString should be 1 for string values

% and O for numbers. uses the binary search strategy

newTable = {};
fieldIndex = find(strcmp(fields, fieldName));

if isString

compareFunction = 'stringCompare’;
else

compareFunction = ‘numCompare’';
end
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Auxiliary functions

function compare = stringCompare (item, index, value)
% returns 1 if value is equal to item{index}, 2 if value is later
% in the alphabet, and 3 if value is earlier in the alphabet

compare = alphabetcompare(lower(item{index}), lower(value));

function compare = numCompare (item, index, value)
% returns 1 if value is equal to item{index}, 2 if value is larger
% than item{index} and 3 if value is smaller

if (item{index} == value)
compare = 1;

elseif (item{index} < value)
compare = 2;

else
compare = 3;

end
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searchTableBinary - continued...

function newTable = searchTableBinary (table, fields, fieldName, ...
fieldValue, isString)

fif:;f =1L % set initial region of table to search
last = length(table);
while (last-first) > 1

middle = floor((first+last)/2) % calculate middle index
val = feval(compareFunction, table{middle}, fieldIndex, fieldValue)

if (val==1) % fieldValue is found, so add item to table
newTable{end+1,1} = table{middle};
break;

elseif (val == 2) % fieldValue is at an index larger than middle
first = middle;

else % fieldValue is at an index smaller than middle
last = middle;

end

end
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searchTableBinary - continued...

function newTable = searchTableBinary (table, fields, fieldName, ...
fieldValue, isString)

% if one occurrence of fieldValue was found, search above and below

% this item for other items with the same fieldValue

if (length(newTable) >= 1)
index = middle - 1; % check smaller indices
while (index > 0) & ...
(feval(compareFunction, table{index}, fieldIndex, fieldValue) == 1)
newTable{end+1, 1} = table{index};
index = index - 1;
end
index = middle + 1; % check larger indices
while (index <= length(table)) & ...
(feval(compareFunction, table{index}, fieldIndex, fieldValue) == 1)
newTable{end+1, 1} = table{index};
index = index + 1;
end

end
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