Week 4
Time Series Unit

Elements of Data Visualization

Feb 2, 2026
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Definition

A time series dataset contains an ordered sequence of values of a
variable at equally spaced time intervals. The data points measured
over time may have an internal structure and form patterns and trends,

which may be seasonal.

Source: NIST handbook of statistical methods.



https://doi.org/10.18434/M32189
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Practical Use Case: Crisis Diagnosis
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Practical Use Case: Anomaly Detection
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Practical Use Case: Capacity Planning
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Practical

Customer

POST

200 OK

Customer

Use Case: System Design

Web Controller Order Service Logic Order Database
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(Order
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Practical Use Case: System Design

Customer AP| Gateway Order Service Order DB Inventory Service Inventory DB
0 POST /order
e Create Order
o INSERT INTO orders (Pending)
order_id
e ———s o
e POST /inventory/reserve (order_id, items)
Inventory Transaction
UPDATE stock SET reserved = ...

Success

200 OK (Reserved)

UPDATE orders SET status = ‘Confirmed'

Success

Customer AP| Gateway Order Service Order DB Inventory Service Inventory DB



Time Series Study



Primary Dataset: CDC Weekly US Influenza Activity Estimates Report

Weekly Influenza Activity Estimates Reported

' by State & Territorial Epidemiologists*
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Time Period: Oct. 2005 - May 2025
e Datafile 1: Oct 2005 - May 2020
e Data file 2: Oct 2020 - May 2025

Notable fields: state, activity estimate,
week number, and season.

Complexity: Files use different types of
measurements. Geographic spread versus
clinical intensity of the disease.

Next step: obtain guidance from CDC on
compatibility of their measurements.


https://gis.cdc.gov/grasp/fluview/FluView8.html
https://gis.cdc.gov/grasp/fluview/main.html

Supplemental Datasets: Google Trends

Search Terms:

e Flu

e Flu symptoms
e Fluremedies

Disease:
e Influenza

Time Period:
Jan 2004 - Dec 2025
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Note
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Note
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e

—

Jun 1, 2022


https://trends.google.com/trends/explore?date=all&geo=US&q=flu
https://trends.google.com/trends/explore?date=all&geo=US&q=flu%20symptoms
https://trends.google.com/trends/explore?date=all&geo=US&q=flu%20remedies
https://trends.google.com/trends/explore?date=all&geo=US&q=%2Fm%2F0cycc

Guiding Questions

What do flu activity estimates trends look like from 2005 - 20257

o Across US states and territories

o For a specific state (e.g. Texas)
Do all states and territories seem to have similar trends over the years?
Have flu activity estimates become more or less widespread from 2005 - 20257
Have flu activity estimates remained relatively stable from 2005 - 20257
Do any years stand out for having more widespread flu activity estimates?
Which states have had the most widespread flu activity estimates?
Which states have had the least widespread flu activity estimates?
Do neighboring states and territories have similar flu activity estimates?
Do Google Search trends follow similar patterns to flu activity estimates?
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Source: https://pyviz.org/overviews/index.html



https://pyviz.org/overviews/index.html

Python libraries we’ll be working with

e Pandas: common data manipulation and analysis operations on numerical
tables and time series.

e Matplotlib: static, animated, and interactive visualizations.

e Seaborn: high-level interface for plotting statistical graphs:
o countplot() visualize the data distribution of categorical variables.

o displot() visualize the data distribution of numerical variables.



https://seaborn.pydata.org/generated/seaborn.countplot.html
https://seaborn.pydata.org/generated/seaborn.displot.html#seaborn.displot

Let's dive in:

| oad and examine the data



https://github.com/cs329e-spring2026/snippets/blob/main/explorations/1_time_series_load_examine_data.ipynb

Working with time fields

e Common challenges:
o Joining several datasets that use different date formatting
o Converting a set of points from one time zone to another
o Aggregating data that’s been sampled daily, resulting in weekly
aggregates

e Solution: format timestamps
o Transform time data to datetime type
o Datetime can either be naive or aware


https://docs.python.org/3/library/datetime.html

Handling missing data

e Common challenges:
o Human error in recording data
o Human decision not to record data
o Input pipeline failure

e Solutions:
o Imputation
o Interpolation
o Removal



Adjusting data sampling frequency

e Common challenges:
o Join two sets of points that have been sampled at different intervals
o Sampling granularity isn’'t appropriate for your analysis (e.g. daily instead
of hourly samples)
o Dealing with seasonal data, but care for a narrower time interval (e.g.
summer months instead of every month)

e Solutions:
o Downsampling
o Upsampling



Let's dive in:

Time series: basic tasks



https://github.com/cs329e-spring2026/snippets/blob/main/tutorials/time_series_basics.ipynb

