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In this notebook, we'll explore some tools that are part of the PyViz conda metapackage



In [1]: # read the google maps API from the env
# * remember to export the key before starting the notebook. ..
# source ~/google maps api key
GOOGLE API KEY = %env GOOGLE API KEY

%smatplotlib inline

# pandas DataFrame object is at the heart of most of these visualizations
import pandas as pd

import matplotlib.pyplot as plt

# note that seaborn isn't part of the dataviz conda metapackage, and you'll have
to pip install it

import seaborn as sns

# bokeh produces interactive plots / visualizations

from bokeh.io import output file, output notebook, show

from bokeh.models import ColumnDataSource, GMapOptions, Label

from bokeh.plotting import gmap, figure, output file, show

output notebook()

(htfPRehdRraf) aueassigyly loaded.



https://bokeh.pydata.org/

We previously geo-coded data about patrons ...

We ran data through the smartystreets service to clean up address information, and to
get geo-coded values from the address info. This data is now in 3 .csv files:

1.patron_data.csv:basiclibrary patron data (including geo-coded locations)
of patrons having circulation activity

2.patron data active no circs.csv:geo-coded locations of patrons
having no circulation activity, but some other type of activity or interaction with
the library

3.branches. csv:geo-coded locations of library branches



In [41]: # show the head of the .csv file about patrons ...
# (data has been fuzzed to obscure patron data)
'head -n 5 data/patron data fuzz.csv

patron record id,patron zipcode,patron full zipcode,patron latitude,patron lon
gitude, count checkouts,count checkins
481037331234,45233,45233-1460,39.11,-84.68,7,8
481037331235,45039,45039-9222,39.33,-84.23,498,486
481037331236,45230,45230-1606,39.09, -84.38,92,95
481037331237,45208,45208-1760,39.14,-84.41,92,91



In [42]:  # show the head of the .csv file about patrons (no physical-item circulation
s)...
# (data has been fuzzed to obscure patron data)
'head -n 5 data/patron data active no circs fuzz.csv

patron record id,patron zipcode,patron full zipcode,patron latitude,patron lon
gitude

481037331234,45247,45247-6958,39.19, -84.61
481037331235,45249,45249-1246,39.29,-84.34
481037331236,45014,45014-3516,39.32,-84.56
481037331237,45140,45140-2815,39.25,-84.27



In [4]: # show the head of the .csv file with branch location information. ..
'head -n 5 data/branches.csv

location code,branch latitude,branch longitude
1,39.10577,-84.51331

an,39.08623, -84.35268

av,39.14699, -84.48798

ba,39.2298,-84.37373



Read that data!

Now that we have the modules and some environment stuff set, lets read some data
into DataFrames



In [5]: # create pandas dataframe of: patrons with circulations
patron data = pd.read csv(
'./data/patron_data.csv')

# create pandas dataframe of: patrons with activity

# (patrons with login to account or download of e-books, etc but no pysical circ

s)

patron data active no circs = pd.read csv(
'./data/patron data active no circs.csv')

# create pandas dataframe of: branch locations
branches = pd.read csv(
'./data/branches.csv')



Get some info about the records we just read in...



In [6]: # count the number of records we have in the: patrons with circulations
patron datal[ 'patron record id'].count()

out[e]: 103814



In [7]: # count the number of records we have in the: patrons with circulations
patron data active no circs['patron record id'].count()

Out[7]: 181993



In [8]: # count the number of records we have in the: branch locations
branches['location code'].count()

out[8]: 42



Using pandas dataframes, we can also quickly get some
additional data from our datasets...

Computing what the median, and standard deviations of the latitude, and longitude
values may be useful ...



In [9]: | # median latitudes from both our data sets...
print('\n'.join((
str(patron data[ 'patron latitude'].median()),
str(patron data active no circs['patron latitude'].median())

)))

39.18468
39.17685



In [10]: # median longitudes from both our data sets...
print('\n'.join((
str(patron data[ 'patron longitude'].median()),
str(patron data active no circs|['patron longitude'].median())

)))

-84.47425
-84.50079000000001



In [11]:  # standard deviations
print('\n'.join((
str(patron datal[ 'patron longitude'].std()),
str(patron data active no circs['patron longitude'].std())

)))

0.17051549657832074
0.30648479764761066



| thought this was a presentation about data visualizations?!?

Using Matplotlib, and another plotting module, called seaborn ,we can find out some
basic info about our data set...



In [12]: plt.rcParams['figure.dpi'] = 100
sns.set(style="white", color codes=True)
sns.jointplot(“patron longitude", "patron latitude", data=patron data)

OQut[12]: <seaborn.axisgrid.JointGrid at 0x7f5dc9d736a0>
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It looks like we have a few outliers ... maybe we want to take a closer look...



In [13]: patron data['patron longitude'].describe()

Qut[13]: count 103814.000000

mean -84.472887
std 0.170515
min -94.864150
25% -84.578440
50% -84.474250
75% -84.375790
max -80.118610

Name: patron longitude, dtype: float64



In [14]: patron data['patron latitude'].describe()

Qut[14]: count 103814.000000

mean 39.190854
std 0.122342
min 26.143680
25% 39.135260
50% 39.184680
75% 39.239860
max 41.723930

Name: patron latitude, dtype: float64



OK, great ...so, we know must of our data is within the range 39.135260 (25th
percentile,) and 39.239860 (75th percentile)



In [15]: patron data['patron latitude'].quantile([.25, .75])

Out[15]: ©.25 39.13526
0.75 39.23986

Name: patron latitude, dtype: float64



In [16]:

Out[16]:

# filter the latitude values

patron data filtered = patron datal
patron data[ 'patron latitude'].between(39.13526,

# now,

lets see what it looks like

patron data filtered.describe()

patron_record_id patron_zipcode

patron_latitude

39.23986) ]

patron_longitude count_checkouts count_checkins

count 5.190600e+04 51906.000000 51906.000000 51906.000000 51906.000000 51906.000000
mean 4.81037%e+11 45216.008092 39.184200 -84.501022 33.267907 32.903691
std 4.380452e+05 58.254889 0.031353 0.114090 74.463601 71.971787
min 4.810373e+11 45001.000000 39.135270 -85.258940 0.000000 0.000000

25%  4.810375e+11 45212.000000 39.154230 -84.590400 3.000000 3.000000

50% 4.810377e+11 45227.000000 39.184680 -84.492350 10.000000 10.000000
75%  4.810383e+11 45239.000000 39.211780 -84.412800 33.000000 32.000000
max  4.810387e+11 47037.000000 39.239860 -83.692790 3476.000000 3475.000000



In [17]:  # now lets do the same for longitude
patron data[ 'patron longitude'].describe()

Qut[17]: count 103814.000000

mean -84.472887
std 0.170515
min -94.864150
25% -84.578440
50% -84.474250
75% -84.375790
max -80.118610

Name: patron longitude, dtype: float64



In [18]: patron data['patron longitude'].quantile([.25, .75])

out[18]: ©.25 -84.57844
0.75 -84.37579

Name: patron longitude, dtype: float64



In [19]:

Out[19]:

# remember that we're filtering the previous filtered dataframe

patron data filtered = patron data filtered[
patron data filtered['patron longitude'].between(-84.57844,
-84.37579) ]

patron data filtered.describe()

patron_record_id patron_zipcode

patron_latitude

patron_longitude count_checkouts count_checkins

count 3.096300e+04 30963.000000 30963.000000 30963.000000 30963.000000 30963.000000
mean 4.81037%e+11 45223.627652  39.184639 -84.469508 33.698737 33.325679
std 4.470725e+05 10.702195 0.031867 0.058260 76.027779 75.045064
min 4.810373e+11 45206.000000 39.135270 -84.578440 0.000000 0.000000

25%  4.810375e+11 45215.000000 39.153930 -84.523620 3.000000 3.000000

50% 4.810377e+11 45224.000000 39.184940 -84.461690 10.000000 10.000000
75%  4.810384e+11 45232.000000 39.213950 -84.420180 33.000000 32.000000
max  4.810387e+11 45275.000000 39.239860 -84.375800 3476.000000 3475.000000



Plot-em! (using Seaborn / Matplotlib)

Let's re-run the plot from above, but now with the filtered results...



In [20]: plt.rcParams['figure.dpi'] = 120
sns.set(style="white", color codes=True)
sns.jointplot("patron longitude", "patron latitude", data=patron data filtered)

OQut[20]: <seaborn.axisgrid.JointGrid at 0x7f5dc77a4208>
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The previous plot doesn't do a great job of showing overplotting ... try using a plot that
uses the concept of "binning"

Hexbin plots

... shows the counts of observations that fall within hexagonal
bins.



In [21]:  # TODO: fix the xlabels

plt.figure(figsize = (16,10))

sns.jointplot("patron longitude",
“patron_ latitude",
data=patron data filtered,
kind="hex"

)

OQut[21]: <seaborn.axisgrid.JointGrid at 0x7f5dc76aada®>

<Figure size 1920x1200 with 0 Axes>
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Bokeh Plot

Below is an interactive bokeh plot of that same data...



In [22]: # basic scatter plot of patrons with physical-item ciculations using longitude,
latitude. ..
plot = figure(plot width=600, plot height=400)
plot.scatter(patron data.patron longitude,
patron data.patron latitude)
show(plot)
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https://bokeh.pydata.org/

In [23]:  # basic scatter plot of patrons with NO physical-item ciculations using longitud
e, latitude...
plot = figure(plot width=600, plot height=400)
plot.scatter(patron data active no circs.patron longitude,
patron data active no circs.patron latitude)

show(plot)
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https://bokeh.pydata.org/

In [24]:  # comment / uncomment depending on if we want output to external file
#output file("gmap.html")

map options = GMapOptions(lat=39.16346, lng=-84.54043, map type="roadmap", zoom=
11)

some other useful dimensions...
plot width=1920,
plot height=1080,
plot width=1024,
plot height=768,
plot width=3840,
plot height=2160,

HHFHHHHR

= gmap (GOOGLE_API KEY,
map_options,
title="Cincy - PLCH",
plot width=800,
plot height=600,
tools="wheel zoom, reset, pan, save, box zoom",
active drag="pan",
active scroll="wheel zoom"

©

)

# plot the patrons with activity, but no circulations
# patron data active no circs
source = ColumnDataSource(
data=dict(lat=patron data active no circs.patron latitude,
lon=patron data active no circs.patron_ longltude)
)
p.triangle(x="lon", y="lat", size=5, fill color="yellow",
fill alpha=0.3, source=source)

# plot the patrons with circulations
source = ColumnDataSource(
data=dict(lat=patron data.patron latitude,
lon=patron data.patron longltude)



Out[24]:

)
p.circle(x="lon", y="lat", size=5, fill color="blue",
fill alpha=0.3, source=source)

# plot the brances
source = ColumnDataSource(
data=dict(lat=branches.branch latitude,
lon=branches.branch longitude)

)

p.square(x="lon", y="lat", size=10, fill color="firebrick",
fill alpha=0.3, source=source)

# plot the median location of the branches
source = ColumnDataSource(
data=dict(lat=[branches.branch latitude.median()],
lon=[branches.branch longitude.median()]
)

)
p.circle(x="lon", y="lat", size=50, fill color="firebrick",
fill alpha=0.3, source=source)

# plot the median location of the patrons
source = ColumnDataSource(
data=dict(lat=[patron data.patron latitude.median()],
lon=[patron data.patron longitude.median()]
)

)
p.circle(x="lon", y="lat", size=50, fill color="blue",
fill alpha=0.3, source=source)

GlyphRenderer(id ='1268,,...)



In [25]: show(p)
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https://www.google.com/maps/@39.16346,-84.54043,11z/data=!10m1!1e1!12b1?source=apiv3&rapsrc=apiv3
https://maps.google.com/maps?ll=39.16346,-84.54043&z=11&t=m&hl=en-US&gl=US&mapclient=apiv3
https://bokeh.pydata.org/

Heatmaps

Seaborn has some good tools for creating heatmap visualizations, so lets explore some
of those:

This first group of data is juvinile books checked out by branch and iso week number



In [26]: # Previously I ran a query to export checkouts of juvinile items...
# including the location code(library branch), iso week number, and count checko
uts of that group:
'head -n 10 ./data/checkout location by juv itype and iso week.csv

location code,iso8601 week,checkouts
1,2019-01,1673
1,2019-02,1487
1,2019-03,2077
1,2019-04,1870
1,2019-05,2776
1,2019-06,2176
1,2019-07,1987
1,2019-08,2424
1,2019-09,1711



In [27]: checkout location by juv itype and iso week = pd.read csv(
'./data/checkout location by juv itype and iso week.csv'
)

# pivot the data
checkout location by juv itype and iso week = checkout location by juv itype and
_iso week.pivot(
‘1508601 week', 'location code', 'checkouts'
)



In [28]: plt.figure(figsize = (16,10))
sns.heatmap(checkout location by juv itype and iso week, cmap="YLGnBu")

out[28]: <matplotlib.axes._subplots.AxesSubplot at 0x7f5dc5710b70>
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Next, lets take a look at all the item types by branch



In [29]: ‘'head -n 10 ./data/itype by location.csv

item type, location, checkouts
Book,1,129727

Book, 11,84

Book,an, 96659

Book,av, 2431

Book,ba, 71794

Book,bh,6113

Book,ch, 15394

Book, cl,28893

Book, co, 14944



In [30]: itype by locations = pd.read csv(
'./data/itype by location.csv')

# pivot the data
itype by locations = itype by locations.pivot('item type', 'location', 'checkout
s')



In [31]: plt.figure(figsize = (30,15))
sns.heatmap(itype by locations, cmap="YLGnBu")

Out[31]: <matplotlib.axes._subplots.AxesSubplot at 0x7f5dc56fe748>
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In [32]:

# width, height in inches
plt.figure(figsize

Out[32]:

nan
Book

Book (Branches)

Book on CD

Book on Cassette

Braille

CD-ROM

Charging Kit

Cleanup
DVDNVideocassate
Downloadable Audiobook
Ephemeral

Government Document
InterLibrary Loan ltem

Juv Large Print Book (Branches)
Juvenile Book

Juvenile Book (Branches)
juvenile Book on CD
Juvenile Book on Cassette
Juvenile Kit

Juvenile Large Print Book
Juvenile Magazine
Juvenile Music Score
Juvenile Music on CD
Juvenile Playaway

LP Record
Laptop
Large Print Book
Large Print Book (Branches)
Magazine
MakerSpace Equipment

M

Music Score

item_type

OHPIR Requestable
OHPIR Requestable Media
OhioLINK Book

OhioLINK Media

OhioLINK Microforms
OhioLINK Non-Circ.
OhioLINK Sound Record

Playaw
Portable Technology Device
Rare Book

Reference Music on CD
Reference Playaway View
Reference Poster/Print
Reference Realia
Reference Teen Book
Reference Video

Teen Book

Teen Book (Branches)
‘Teen Book on CD

Teen Large Print Back
Teen Magazine

Teen Playaway

3 1
B & ETE 2431 [TI94 6113 15394
i
5841 2 7845 74 7799 674 1186
5
11 2 2
2 1
1383 27 18 2 & 135
54 |55636) 13808 /50882 19230 19407
12
4
19400
21
1
66 36 4
95 % 1 @ 7
325 43 11 415 39 108
20 20 2
651 915 16 689 72 119
424 668 20 306 18 26
28 3 2%
1388 2 4 2% 1 10
11620
5414 5884 78 5354 472 1946
8696 9349 352 7800 1242 2686
671
13
1710 267 8 21 20
48897 21 21046 880 12764 1158 4263
33254 28 26882 7087 19411 6845 10671
4041 1419 2 1300 243 02
334 42 143 911 285 562
2058 54 10 287 B 25
21 2 1 B 5 2
2
2
£
1242 1302 60 1351 170 254
1
772 3 12 1383 1
806
1086 6 18 2 1
1
1 5 177
2
1 3 3
3
4 3
2
5
5 1
11735 14 10881 990 7661 1638 2326
128 06 179 14 45
10 3 8 1
138 “ M 45 3
20 64 6 50 12 24
T @ w b b

28893

1236

a

22603

26636

483

10
13
189
7
12
170
5
73

1265
2619
191
5498
8583
547
207

192
a1

2794

3

14944

1162

3

17194

13797
202
1
3
77
58
3
1
13
1131

1997

5193

9677

1621

(40,20))
sns.heatmap(itype by locations, cmap="YLGnBu"

8530

404

159

12583
1

9906

B-238-8nrw

256

1756

6
1601

5874

1582
1

12
10

o

22531

1579

38395

2143

3984

555

2%

39

o

3
3211559962 2004
3
3126 3173 %2
[
1
57 62 287
26867 42203 10876
3 2
30332 74978 6903
2
69 588 14
19 A
2 3
10 159 25
14
174 588 7
00 1118
6
5 20 8
3779 7471 320
3683 5640 288
43 139
3611 11836 561
15299 24487 4294
573 2831 103
25 84 7
ua 211 18
2 3%
528 802 10
8 12
2 1
1
2 3 2
4204 5913 608
66 68 1
2
“u %
BB 1
& d e

23342 (63667,

2
12265 |[T4794) 47760
1
2159 4297 %07 5131 4133
1 4
10 2
5
o 8 2 75 3

17505 34879 8292 (61224 52356
113 3 7

1
19933 [ZIEH 14104 [EIEN69343
11

2
176 1071 281 985 720
1

5 21 9 155 3
3 2 5 21 3B
30 36 119 167 260
5 13 1 1 10
9 477 118 668 571
66 378 3 427 204
2 8 2 3

8 12 1 13 2
3878 9270 1138 9380 6302
1987 7914 1242 10234 9534
3% 159 3B 105 3B
3406 12229 2296 9826 8394
10993 21462 5812 34835 32502

1

812 1843 197 1360 728
31 744 245 878 1133
M1 155 33 187 78

2 @ 7 2B 3%

527 929 120 1021 1500
7
2 37
5 15

31w
1

2780 6799 1509 9301 8388
1

19 81 16 61 71

106 2 1

% 40 8 07 77

6 2 2 4 2
fo ge gh o ha

haw

44135 3957861830
2781 3568 5265
4
4
4 17 B
20912 26021 40706
7 6 3
62228 63893 {EIE
1
813 844 1098
5
18 2B 2
307 140 418
3 3
369 206 488
77 238 434
2 15
77 9
1526 2760 2986
3405 4115 6844
8 60 9
6970 6481 12141
10748 17446 19041
838 1181 1296
301 328 1163
203 157 200
19 46 2
456 713 1094
2
8 1
6 3
12
3405 4448 5803
7519 8
2 9 6
B % 3
77 R

6037

217

172

8806

7029

7

109

475

4
1089
6185
156
170

20
2

35022 11448 45830
2545 726 2737
5 1 1
27 45 8
19118 17646 25109

1
1 1
51778 21199 54071
4
26 235 43
4 7
3 1 17
% 237
2 1
179 147 367
131 2 78
3 4 5
" 4 7
2570 1229 5118
4986 1760 5148
4 12 15
4549 1840 6204
9984 12172 15702
1
664 709 2372
446 1032 618
145 100 245
24 2% 16
546 799 620
4 1
1 3 6
6
4701 2437 5025
35 “ 53
1 1
28 24 2
19 30 9
moom o mo

1
10396
2

1313

19

14343

9801
2
7
4
@2
1
9%
15

9
3494
1353

1915

Ed
3090

7594

201

466

1774

mt

2
26827

1916

51

36875

1
27356,

a7
5
o
6
M
134
2

2096

4159

9%
5638
19516
517
993

120
13

a12

3715
1

212

39952

3
334
1

73
11259

18619
1498
554

153
2%

4360

75
13

14922

97

79

18960

15874

134

304
1223
a7
4285
7153
801
52

170
2

1452

1
17480
2
697
2
5

25448

17693
1
138
1
2

13
17

2157
2235
48
2559
12031
470
523

%
2

155

1921

# include some numbers in there, just for the heck of it

<matplotlib.axes. subplots.AxesSubplot at 0x7f5dc4942b00>

27204 36331 26497
1

1651 6774 1869
8 1

1100 2
£ 10
17121 14238 22205

14
1 1
33384 (Y] 43307

8
342 1235 628
3

5 2 1
% 47 14
67 267 312
0 4 2
128 433 302
34 167 152
214 6
3 3 s
2701
1588 (57342 1086
2577 2405 2956
66 46 150
3714 5455 6034
10574 5417 11817
20 2 6%
433 888
67 250
13 2
1
233 836 274
8
1 499
1533
29 8
7

154
1415 3683

2412
M2 4
2 9
“ 55 3B
8 3 8
oa  os o

2

13048

3765

2%

20
1139

4970

1182

15509

900

138

30108

25997

253

158

105

1431

2694

2
55

17156

308

2030

9144

870

154

15832

11669

63
2

706
1595
21
1382
9726
188

327
106
3

177

50779{(EE 6830

1
59 8963 281

5 3
2 3
59 24
3011564232 30450
2 6
1
57610 [ZEFE 8631
e
639 2035 26
2
55 25 52
36
68 740 14
71
24 1193 30
139703 5
5 6
® 14 2
5240
6128 7959 156
6777 11308 929
95 249 11
10410 14155 2399
4
15696 37490 13169
823 1774 210
366 1001 629
197 563 53
6 3 2
681 1507 43
8
0 4 729
19 4
6 2
8 20
5793 12363 1747
0 20 1
2 7
42 109 2
749 3
s wh

, annot=True, fmt='g")

3

8

158

22857

5153

7

1
1162

10133
207

123
6

18077 34151
2

931 1595
1
45 67
29542 19101
1
22279 47637
2
45 460
1
13 10
1 10
70 151
5 1
220 143
45 9%
2
4 23
1094 2004
2295 5126
37
4532 4948
13286 14565
357 1028
435 4m
142 187
8 2%
231 351
12
o6
3
4
3 2
2413 4555
25 39
1 1
32
22 20
ooy

150000

120000

20000

- 60000

- 30000



Examine source and destination for items delivered to branch pickup
locations (hold shelf)



In [33]: 'head -n 5 ./data/source destination hold shelf.csv



In [34]: source destination hold shelf = pd.read csv(
'./data/source destination hold shelf.csv')

# pivot the data

source destination hold shelf = source destination hold shelf.pivot(
‘s location code', 'pickup location code', 'counted’
)



In [35]: plt.figure(figsize = (30,15))
sns.heatmap(source destination hold shelf, cmap="YLlGnBu")

Qut[35]: <matplotlib.axes. subplots.AxesSubplot at 0x7f5dc53e78d0>
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