Problem Solving and Abstraction
(CMPU 101)
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Find the Fastest Growing
Towns in Rhode Island

e Filter out the cities, i.e., keep the towns.

e Calculate the percent change in population
for each town.

e Build a column from the percent changes.
e Sort the table on that column — descending.



fun is-town(r :: Row) -> Boolean:
not(r["city"])
end

fun percent-change(r :: Row) -> Number:
(r["population-2010"] - r["population-20600"]) /
r[ "population-2000"]

end

towns = filter-with(municipalities, is-town)

towns-with-percent-change = build-column(towns,
"percent-change", percent-change)

ordered-towns = order-by(towns-with-percent-change,
"percent-change", false)

growing-fastest = ordered-towns.row-n(@)["name"

»m growing-fastest

"West Greenwich™



name

"West Greenwich"

“North Smithfield"”

"South Kingstown"

"Foster"

"Richmond"

"Exeter"

"Cumberland”

"Hopkinton"

"New Shoreham"

"Coventry"
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false

false

false

false

false

false

false

false

false
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5085

10618
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4274

71222

6045

31840

7836

1010

33668

remaining 21 rows...

population-2010
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11967
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35014

percent-change

0.2064896755162:

0.1270484083631!
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0.0776789892372¢

0.0672943782885t

0.0628618693134¢

0.0523241206030:

0.0449208779989.

0.04059

0.0399786147083.



Testing our Table Program

e Alarge table can be unwieldly.
e Consider making a smaller table of data.

e Use the smaller table for testing functions.



test-municipalities = table: name, city, population-2000,

population-2010
row: "City", true, 100, 101
row: “"Town 1", false, 100, 102
row: “Town 2", false, 100, 99
row: “"Town 3", false, 50, 54

end

fun is-town(r :: Row) -> Boolean:
doc: "Return true if a row represents a town."

not(r["city"])
end

Let’s add tests for is-town.



test-municipalities = table: name, city, population-2000,
population-2010

row: "City", true, 100, 101

row: “"Town 1", false, 100, 102

row: “Town 2", false, 100, 99

row: “"Town 3", false, 50, 54
end

fun is-town(r :: Row) -> Boolean:
doc: "Return true if a row represents a town."
not(r["city"])
where:
is-town(test-municipalities.row-n(0)) 1is false
is-town(test-municipalities.row-n(1)) is true
is-town(test-municipalities.row-n(2)) is true
end

Is that enough?



test-municipalities = table: name, city, population-2000,
population-2010

row: "City", true, 100, 101

row: “"Town 1", false, 100, 102

row: “Town 2", false, 100, 99

row: “"Town 3", false, 50, 54
end

fun percent-change(r :: Row) -> Number:
doc: "Percent change in a towns population 2000-1010."

(r["population-2010"] - r["population-2000"]) /
r[ "population-2000"]
end

Let’s add tests for percent change.



test-municipalities = table: name, city, population-2000,
population-2010

row: "City", true, 100, 101

row: “"Town 1", false, 100, 102

row: “Town 2", false, 100, 99

row: “"Town 3", false, 50, 54
end

fun percent-change(r :: Row) -> Number:
doc: "Percent change in a towns population 2000-1010.
(r["population-2010"] - r["population-2000"]) /
r[ "population-2000"]

where:
percent-change(test-municipalities.row-n(0)) 1s 0.01
percent-change(test-municipalities.row-n(1)) is 0.02
percent-change(test-municipalities.row-n(2)) is -0.01

n

end

These could be calculated exactly in our heads.
But sometimes we might need a hand calculator.
What might happen if percent is not an integer?



Testing the Whole Process

e Previously we used these functions by hand
to find the fastest growing town:

filter-with
build-column
order-by
e What if our manual process was wrong?

e |ets make a function.



test-municipalities = table: name, city, population-2000,

population-2010
row: "City", true, 100, 101
row: “"Town 1", false, 100, 102
row: “Town 2", false, 100, 99
row: “"Town 3", false, 50, 54

end

fun fastest-growing-towns(all-municipalities :: Table) -> Table:
doc: "Create a table of towns sorted percent population growth."
towns = filter-with(all-municipalities, is-town)
towns-with-percent-change = build-column(towns,

"percent-change", percent-change)
order-by(towns-with-percent-change, "percent-change", false)

end

How can we test this function? The out putis a
whole table. So we need to make some tables to
compare to the function’s output.



test-municipalities = table: name, city, population-2000,
population-2010

row: "City", true, 100, 101

row: “"Town 1", false, 100, 102

row: “Town 2", false, 100, 99

row: “"Town 3", false, 50, 54
end

test-after = table: name, city,
population-2000, population-2010, percent-change
row: “"Town 3", false, 50, 54, 0.08
row: “Town 1", false, 100, 102, 0.02
row: “Town 2", false, 100, 99, -0.01
end

fun fastest-growing-towns(all-municipalities :: Table) -> Table:
doc: "Create a table of towns sorted percent population growth."
towns = filter-with(all-municipalities, is-town)
towns-with-percent-change = build-column(towns,
"percent-change", percent-change)
order-by(towns-with-percent-change, "percent-change", false)
where:
fastest-growing-towns(test-municipalities) is test-after
fastest-growing-towns(test-municipalities).row-n(@)["name"] is "Town 3"
end



Plotting Data

Data scientists use plots for both exploratory and
explanatory purposes — they are useful for understanding
data in preparation for further analysis and in presenting
data to a general audience.

pie-chart
histogram
box-plot
bar-chart
scatter-plot
Ir-plot



Plotting population-2020
Municipalities Data

municipalities = load-table:

name :: String,

city :: Boolean,

population-2000 :: Number,

population-2010 :: Number

# true because the sheet has a "header" row

source: spreadsheet.sheet-by-name("municipalities", true)
end

pie-chart(municipalities, "name", "population-2010")
mun-ordered = order-by(municipalities, "population-2010",true)
pie-chart(mun-ordered, "name", "population-2010")
histogram(municipalities, "population-2010", 1000)
histogram(municipalities, "population-2010", 10000)
histogram(municipalities, "population-2010", 50000)
box-plot(municipalities, "population-26010")



Plotting Growth
in Municipalities Data

municipalities = load-table:

name :: String,

city :: Boolean,

population-2000 :: Number,

population-2010 :: Number

# true because the sheet has a "header" row

source: spreadsheet.sheet-by-name("municipalities", true)
end

ft = fastest-growing-towns(municipalities)

bar-chart(ft, "name", "population-2010")
scatter-plot(ft, "population-2000", "percent-change")
lr-plot(ft, "population-2000", "percent-change")
box-plot(municipalities, "population-2010")



Spreadsheet with a “county” column.

municipalities-counties = load-table:
name :: String,
city :: Boolean,
population-2000 :: Number,
population-2010 :: Number,
county :: String
# true because the sheet has a "header" row
source: spreadsheet.sheet-by-name("municipalities-counties”, true)

end



munis-in-county

fun munis-in-countyl(munis :: Table, county :: String) -> Table:
doc: Return table with cities/town located in county.

iiiiiii



munis-in-county

fun munis-in-countyl(munis :: Table, county :: String) -> Table:
fun in-county(r :: Row) -> Boolean:
r["county"] == county
end
filter-with(munis, in-county)
end
fun munis-in-county2(munis :: Table, county :: String) -> Table:
filter-with(munis, lam(r): r["county"] == county end)

end



Creating Pie Charts

mipl = munis-in-countyl(municipalities-counties, "Providence")
mip2 = munis-in-county2(municipalities-counties, "Providence")
pie-chart(mip1l, "name", "population-2010")
pie-chart(mip2, "name", "population-2010")



Florence Nightingale created a visualization of mortality
data from the Crimean War, which was published in Notes
on Matters Affecting the Health Efficiency, and Hospital
Administration of the British Army and was sent to Queen

Victoria in 1858.
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America’s Racial Tapestry Is Changing "

At the same time our population is going
gray, wee also becoming multi-colored. In Percent of total U.S. population by race and ethnicity,
1960, the population of the United States 1960-2060

was 85% white; by 2060, it will be only 100%
43% white. We were once a black and

. , .
white country. Now, we’re a rainbow. 75%

Our intricate new racial tapestry is being
7 50%
woven by the more than 40 million
immigrants who have arrived since 1965,
about half of them Hispanics and nearly 25%

three-in-ten Asians.
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with a drum roll or press conference, they
are sometimes hard to perceive.

But every so often societies experience “aha” moments, when the change is right there

in plain sight. We had several such moments in early 2014, as three iconic American

brands, Coke, Chevy and Cheerios, rolled out ads during the Super Bowl and Olympics

that were aimed at what one voice-over called "the new us." (( ))
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rseactt scgéemplay, we mapped characters with at least 100 words of

a
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gue toga person’s IMDB page (which identifies people as an actor or
ress). We did this because minor characters are poorly labeled on IMDB

ges. This has unintended consequences: Schindler’s List, for example, has

women with lines, just not over this threshold. Which means a more accurate

result would be 99.5% male dialogue instead of our result of 100%. There are

other problems with this approach as well: films change quite a bit from

script to screen. Directors cut lines. They cut characters. They add characters.

They change character names. They cast a different gender for a character. We

believe the results are still directionally accurate, but individual films will

definitely have errors.
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https://www.nytimes.com/interactive/2019/08/19/us/politics/presidential-campaign-songs-playlists.html

The dcic-2021 library we’ve been using to work with tables
includes several functions to generate different kinds of
plots like the ones we’ve talked about.
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# How is population distributed in the state?

pie-chart(municipalities, "name", "population-2010")
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# How many municipalities of various sizes are there?
histogram(municipalities, "population-2010", 1000)
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# How many municipalities of various sizes are there?
histogram(municipalities, "population-2010", 10000)
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# How is population distributed in the state?
pie-chart(municipalities, "name", "population-2010“ 50000)
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# How much, and how, does population vary?
box-plot(municipalities, "population-2010")
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ft = fastest-growing-towns(municipalities)

# Visually present the growth data

bar-chart(ft, "name", "population-2010")
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ft = fastest-growing-towns(municipalities)

# Is a town's size (in 2000) correlated with its growth?
scatter-plot(ft, "population-2000", "percent-change")
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ft = fastest-growing-towns(municipalities)

# Linear regression
Ir-plot(ft, "population-2000", "percent-change")
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