Use DAX time intelligence functions in
semantic models

1. Introduction

https://learn.microsoft.com/en-us/training/modules/dax-power-bi-time-intelligence/1-introduction

Introduction

Completed

Time intelligence relates to calculations over time. Specifically, it relates to calculations over dates,
months, quarters, or years, and possibly time. Rarely would you need to calculate over time in the
sense of hours, minutes, or seconds.

In Data Analysis Expressions (DAX) calculations, time intelligence refers to modifying the filter context
for date filters.

For example, at the Adventure Works company, their financial year begins on July 1 and ends on June
30 of the following year. They produce a table visual that displays monthly revenue and year-to-date
(YTD) revenue.
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Year

Revenue

Revenue ¥TD

= FY2018 §23,860,891.17 $23,860,891.17
2017 Jul $1.423,357.32 51.423,357.32
2017 Aug 52,057,902.45 $3.481,259.78
2017 Sep 52,523,947 .55 56,005,207.32
2017 Oct $561,651.48 £6,566,888.80
2017 MNov $4,764,920.16  $11,331,808.96
2017 Dec $596,746.56  $11,928,555.52
2018 Jan $1.327,674.63  $13,256,230.15
2018 Feb $3.936463.31  $17,192,693.45
2018 Mar $700,873.18  $17.893,566.64
2018 Apr 51.519.275.24  $19.412,841.88
2018 May $2,960,378.09 $22,373,219.97
2018 Jun 51.487.671.19  $23,860,891.17
= FY2019 $34,070,108.50 $34,070,108.50
2018 Jul 52,939.691.00 $2,939,691.00
2018 Aug $3.964,801.20  55,904,492.20
2015 Sep 53,267,605.93 5$10,192,098.13

The filter context for 2077 August contains each of the 31 dates of August, which are stored in the
Date table. However, the calculated year-to-date revenue for 2077 August applies a different filter
context. It's the first date of the year through to the last date in filter context. In this example, that's
July 1, 2017 through to August 31, 2017.

Time intelligence calculations modify date filter contexts. They can help you answer these time-
related questions:

What's the accumulation of revenue for the year, quarter, or month?

What revenue was produced for the same period last year?

What growth in revenue has been achieved over the same period last year?
How many new customers made their first order in each month?

What's the inventory stock on-hand value for the company's products?

This module describes how to create time intelligence measures to answer these questions.

Note

Many units in this module present inline activities to follow along and create calculations. These
activities are optional. If you want to complete the activities, you can download the Power B
Desktop file by using the links provided in the units.

At the end of this module, you have the opportunity to complete an exercise in a virtual machine
to apply the lessons on how to create calculated tables, calculated columns, and simple
measures using DAX.
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2. Use DAX time intelligence functions
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Use DAX time intelligence functions

Completed

DAX includes several time intelligence functions to simplify the task of modifying date filter context.
You can write many of these intelligence formulas by using a CALCULATE function that modifies date
filters, but that creates more work.

Note

Many DAX time intelligence functions work with standard date periods such as years, quarters,
and months. If you have irregular time periods, like financial months that do not match the
calendar, or if you need to work with weeks or shorter time periods, the built-in DAX functions
will not help. In these cases, use the CALCULATE function with custom date or time filters.

Date table requirement

To work with time intelligence DAX functions, you need to meet the prerequisite model requirement
of having at least one date table in your model. A date table is a table that is marked as a Date table.
That table must have a column of data type Date (or date/time), known as the date column. The date

column must:;

® Contain unique values.

® Span full years.

* Not contain BLANKSs.

* Not have any missing dates.

For more information, see Create date tables in Power Bl Desktop.

Summarizations over time

One group of DAX time intelligence functions is concerned with summarizations over time:

® DATESYTD - Returns a single-column table that contains dates for the year-to-date (YTD) in
the current filter context. This group also includes the DATESMTD and DATESQTD functions for
month-to-date (MTD) and quarter-to-date (QTD). You can pass these functions as filters into
the CALCULATE function.
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e TOTALYTD - Evaluates an expression for YTD in the current filter context. The equivalent QTD
and MTD DAX functions of TOTALQTD and TOTALMTD are also included.

e DATESBETWEEN - Returns a table that contains a column of dates that begins with a given start
date and continues until a given end date.

* DATESINPERIOD - Returns a table that contains a column of dates that begins with a given
start date and continues for the specified number of intervals.

Note

While the TOTALYTD function is simple to use, you're limited to passing in one filter expression.
If you need to apply multiple filter expressions, use the CALCULATE function and then pass the
DATESYTD function in as one of the filter expressions.

In the following example, you'll create your first time intelligence calculation that uses the TOTALYTD
function. The syntax is as follows:

TOTALYTD(<expression>, <dates>, [, <filter>][, <year_end_date>])

The function requires an expression and, as is common to all time intelligence functions, a reference
to the date column of a marked date table. Optionally, a single filter expression or the year-end date
can be passed in (required only when the year doesn't finish on December 31).

Download and open the Adventure Works DW 2020 MO07.pbix file. Then, add the following
measure definition to the Sales table that calculates YTD revenue. Format the measure as currency
with two decimal places.

Revenue YTD =

TOTALYTD(
[Revenue],
'Date' [Date],
n 6_30 n

The year-end date value of "6-30" represents June 30.

On Page 1 of the report, add the Revenue YTD measure to the matrix visual. Notice that it produces
a summarization of the revenue amounts from the beginning of the year through to the filtered
month.
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Year

Revenue

Revenue YTD

F FY2018
2017 Jul
2017 Aug
2017 Sep
2017 Oct
2017 Mov
2017 Dec
2018 Jan
2018 Feb
2018 Mar
2018 Apr
2018 May
2018 Jun

$23,860,891.17

$1.423,357.32
52,057,902.45
52,523,947.55

$561,6531.48
54,764,920.16

$596,746.56
$1,327,674.63
53.936.463.31

$700,873.18
51.519.275.24
$2,960,378.09
51.487.671.19

Comparisons over time

Another group of DAX time intelligence functions is concerned with shifting time periods:

e DATEADD - Returns a table that contains a column of dates, shifted either forward or backward
in time by the specified number of intervals from the dates in the current filter context.

® PARALLELPERIOD - Returns a table that contains a column of dates that represents a period
that is parallel to the dates in the specified dates column, in the current filter context, with the
dates shifted a number of intervals either forward in time or back in time.

e SAMEPERIODLASTYEAR - Returns a table that contains a column of dates that are shifted one
year back in time from the dates in the specified dates column, in the current filter context.

® Many helper DAX functions for navigating backward or forward for specific time periods, all of
which returns a table of dates. These helper functions include NEXTDAY, NEXTMONTH,
NEXTQUARTER , NEXTYEAR, and PREVIOUSDAY, PREVIOUSMONTH, PREVIOUSQUARTER, and
PREVIOUSYEAR .

Now, you'll add a measure to the Sales table that calculates revenue for the prior year by using the
SAMEPERIODLASTYEAR function. Format the measure as currency with two decimal places.

Revenue PY =
[Revenue],

)
RETURN

Add the Revenue PY measure to the matrix visual. Notice that it produces results that are similar to

RevenuePriorYear

the previous year's revenue amounts.

$23,860,891.17

$1.423,357.32
£3.481,259.78
$6,005,207.32
£6,566,888.80
$11,331,808.96
$11,928,555.52
$13,256,230.15
$17,192,693.45
$17.893,566.64
319.412841.88
$22,373,219.97
523,860,891.17

VAR RevenuePriorYear = CALCULATE(

SAMEPERIODLASTYEAR( 'Date' [Date])
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Year Revenue Revenus YTD Fevenue PY

-l FY2018 §2i36ﬂ39t1? £23,860,891.17
2017 Jul $£1,423,357.32 $1,423,357.32
2017 Aug £2,057,902.45 £3,481,259.78
2017 Sep $2,523,947.55 56,005,207.32
2017 Oct £561,6581.48 %6,566,888.80
2017 Nov $4.764.920.16 | $11.,331,808.96
2017 Dec $596,746.56 | $11,928,555.52
2018 Jan $1,327,674.63 | $13.256,230.15
2018 Feb £3,936.463.31 7.192,693.45
2018 Mar §700,873.18 | $T§293.566.64
2018 Apr £1,519,275.24 | 519, 841.58
2018 May $2,960,378.09 | $22.37319.97
2018 Jun §1,487.671.19 | $23.860.5%.17

Fl FY2019 £34,070,108.50 $34,070,108Y $23,860,891.17
2018 Jul £2,939.691.00 §2,939.691.0 £1.423,357.32
2018 Aug $3,964,801.20 $6,904,492.20 £2,057,902.45
2018 Sep §3,287,605.93  $10,192,098.13 $2,523,947.55
2018 Oct $2,157.287.40 $12,349,385.53 $561,681.48
2018 Nov §3.611,092.23  $15,960477.76 £4,764,920.16
2018 Dec £2.624078.39 $18,584,556.15 $596,746.56
2019 Jan §1.847,691.91 $20,432,248.06 £1,327,674.63
2019 Feb $2.829361.64 $23,261.609.70 $3,936,463.31
2019 Mar §2,092,434.35 §25,354,044.05 §£700,873.18
2019 Apr $2.40597099 $27.760,015.05 $1,519.275.24
2019 May §3.459,444.04 $31,219.459.08 £2,960,378.09
2019 Jun $2,850,649.42 $34,070.108.50 $1.487.671.19

Next, you'll modify the measure by renaming it to Revenue YoY % and then updating the RETURN
clause to calculate the change ratio. Be sure to change the format to a percentage with two decimals
places.

Revenue YoY % =

VAR RevenuePriorYear =
[Revenue],
SAMEPERIODLASTYEAR( 'Date' [Date])

CALCULATE(

)
RETURN
DIVIDE(
[Revenue] - RevenuePriorYear,
RevenuePriorYear
)

Notice that the Revenue YoY % measure produces a ratio of change factor over the previous year's
monthly revenue. For example, July 2018 represents a 106.53 percent increase over the previous
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year's monthly revenue, and November 2018 represents a 24.22 percent decrease over the previous
year's monthly revenue.

Year Revenue Revenus YTD Fewvenue YoY %
= FY2018 £23,860,891.17 $23,860,891.17
2017 Jul $1,423,357.32 $1.423,357.32
2017 Aug £2,057,902.45 £3,481,259.78
2017 Sep $2,523,947.55 56.005,207.32
2017 Oct £561,6581.48 86.566,8588.580
2017 Now $4,764,920.16  $11,331,808.96
2017 Dec §596,746.56  5$11,928,555.52
2018 Jan $1,32767463 $13,256,230.15
2018 Feb $3.936463.31 $17.192,693.45
2018 Mar §700,873.18 $17,893.,566.64
2018 Apr $1,519.275.24 $19.412,841.88
2018 May $£2,960378.09 $22,373.,219.97
2018 Jun $1.487.671.19  $23,860,891.17
F FY2019 $£34,070,108.50 $34,070,108.50 42.79%
2018 Jul £2,939.691.00 §2,939.691.00 106.53%
2018 Aug $3.964,801.20 56.904,492.20 92.66%
2018 Sep §3,287,605.93  $10,192,098.13 30.26%
2018 Oct $2,157.28740 $12,349,385.53 284.08%
2018 Now £3.611,092.23 §15,960477.76 -24.22%
2018 Dec $2.624.078.39 $18,584,556.15 339.73%
2019 Jan §1,847,691.91 520.432,248.06 39.17%
2019 Feb $2,829,361.64 $23,261,609.70 -28.12%
2019 Mar §2,092,434.35 §25,354,044.05 198.55%
2019 Apr $2,405,970.99 $27.760,015.05 58.36%
2019 May $3.459444.04 $31,219.459.08 16.86%
2019 Jun $2,850,649.42 $34,070,108.50 91.62%
Note

The Revenue YoY % measure demonstrates a good use of DAX variables. The measure
improves the readability of the formula and allows you to unit test part of the measure logic (by
returning the RevenuePriorYear variable value). Additionally, the measure is an optimal
formula because it doesn't need to retrieve the prior year's revenue value twice. Having stored it
once in a variable, the RETURN clause uses to the variable value twice.

3. Exercise - Use time intelligence functions
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Exercise - Use time intelligence functions

Completed
In this exercise, you learn how to:
® (Create DAX measures using time intelligence functions.

This lab takes approximately 15 minutes to complete.

Note

A virtual machine containing the client tools you need is provided, along with the exercise
instructions. Use the "Launch lab" button to launch the virtual machine.

A limited number of concurrent sessions are available. If the hosted environment is unavailable,

please try again later.

Alternatively, you can open the instructions in a separate window.

Access your environment

Before you start this lab (unless you are continuing from a previous lab), select Launch lab above.
You are automatically logged in to your lab environment as data-ai\student.

You can now begin your work on this lab.

Tip

To dock the lab environment so that it fills the window, select the PC icon at the top and then
select Fit Window to Machine.

8/15


https://learn.microsoft.com/en-us/training/modules/dax-power-bi-time-intelligence/3b-lab
https://go.microsoft.com/fwlink/?linkid=2321440

& labclientlabondemand.com
¥ L1

Full Screen

Fit Window to Machine

Reconnect

4. Additional time intelligence calculations

https://learn.microsoft.com/en-us/training/modules/dax-power-bi-time-intelligence/3-calculations

Additional time intelligence calculations

Completed

Other DAX time intelligence functions exist that are concerned with returning a single date. In this
unit, you learn about these functions by applying them in two different scenarios.

The FIRSTDATE and the LASTDATE functions return the first and last date in the current filter
context for the specified column of dates.

Calculate new occurrences

Another use of time intelligence functions is to count new occurrences. The following example shows
how you can calculate the number of new customers for a time period. A new customer is counted in
the time period in which they made their first purchase.

Your first task is to add the following measure to the Sales table that counts the number of distinct
customers life-to-date (LTD). Life-to-date means from the beginning of time until the last date in filter
context. Format the measure as a whole number by using the thousands separator.

Customers LTD =
VAR CustomersLTD =
CALCULATE(
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Add the Customers LTD measure to the matrix visual. Notice that it produces a result of distinct

DISTINCTCOUNT(Sales[CustomerKey]),

DATESBETWEEN(
'Date'[Date],
BLANK(Q),
MAX('Date'[Date])
g
'Sales Order'[Channel] = "Internet"
)
RETURN
CustomersLTD

customers LTD until the end of each month.

Year

Revenue

Revenue YTD

Revenue YoY 9%

Customers LTD

= FY2018

2017 Jul

2017 Aug
2017 Sep
2017 Oct
2017 Mov
2017 Dec
2018 Jan
2018 Feb
2018 Mar
2018 Apr
2018 May
2018 Jun

The DATESBETWEEN function returns a table that contains a column of dates that begins with a given
start date and continues until a given end date. When the start date is BLANK, it uses the first date in
the date column. (Conversely, when the end date is BLANK, it uses the last date in the date column.)
In this case, the end date is determined by the MAX function, which returns the last date in filter
context. Therefore, if the month of August 2017 is in filter context, then the MAX function will return
August 31, 2017 and the DATESBETWEEN function will return all dates through to August 31, 2017.

Next, you modify the measure by renaming it to New Customers and by adding a second variable
to store the count of distinct customers before the time period in filter context. The RETURN clause
now subtracts this value from LTD customers to produce a result, which is the number of new

$23,860,891.17
$1.423,357.32
52,057,902.45
$2,523,947.55
$561,681.43
54,764,920.16
$596,746.56
$1.327.674.63
53.936,463.31
$700.873.18
51.519.275.24
$2,900,378.09
51.487.671.19

customers in the time period.

New Customers

CALCULATE(

VAR CustomersLTD =

$23,860,891.17

$1.423,357.32
53,481,259.75
$6,005,207.32
56,506,658.80
$11,331,808.96
$11,928,555.52
$13,256,230.15
$17,192,693.45
$17.893,566.64
$19,412,841.88
$22,373,219.97
$23.860,891.17

DISTINCTCOUNT(Sales[CustomerKey]),

DATESBETWEEN(
'Date'[Date],
BLANK(Q),
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609
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1,013
1,201
1,354
1,571
1,750
1,952
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Year

MAX('Date’' [Date])

Revenue

)l
'Sales Order'[Channel] = "Internet"
)
VAR CustomersPrior =
CALCULATEC(C
DISTINCTCOUNT(Sales[CustomerKeyl),
DATESBETWEEN(
'Date'[Date],
BLANK(),
MIN(C'Date'[Date]) - 1
U
'Sales Order'[Channel] = "Internet"
)
RETURN

CustomersLTD - CustomersPrior

Revenus YTD

Revenue Yol %%

Mew Customers

E FY2018
2017 Jul
2017 Aug
2017 Sep
2017 Oct
2017 Now
2017 Dec
2018 Jan
2018 Feb
2018 Mar
2018 Apr
2018 May
2018 Jun

For the CustomersPrior variable, notice that the DATESBETWEEN function includes dates until the
first date in filter context minus one. Because Power Bl internally stores dates as numbers, you can
add or subtract numbers to shift a date.

$23,860,891.17
$1.423,357.32
52,057,902.45
52,523,947.55
$561,651.43
54,764,920.16
$596,746.56
$1,327.674.63
53.936.463.31
$700,873.18
51.519.275.24
$2.960,378.09
51.487.671.19

Snapshot calculations

Occasionally, fact data is stored as snapshots in time. Common examples include inventory stock

$23,860,891.17

$1.423,357.32
53.481,259.78
56,005,207.32
56,566,888.80
$11.331,808.96
$11,928,555.52
$13,256,230.15
$17,192,693.45
$17,893,566.64
$19,412,641.88
$22,373,219.97
523.860,891.17

2,459
289
159
161
174
230
188
193
177
219
202
222
245

levels or account balances. A snapshot of values is loaded into the table on a periodic basis.

When summarizing snapshot values (like inventory stock levels), you can summarize values across

any dimension except date. Adding stock level counts across product categories produces a

meaningful summary, but adding stock level counts across dates doesn't. Adding yesterday's stock
level to today's stock level isn't a useful operation to perform (unless you want to average that

result).
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When you're summarizing snapshot tables, measure formulas can rely on DAX time intelligence
functions to enforce a single date filter.

In the following example, you explore a scenario for the Adventure Works company. Switch to model
view and select the Inventory model diagram.

Product LA
Inwentory et
Category
Color Datekey g
¥ List Price ! = Producthey w0
e T . "
Mods ] | 2 UnitzBalancs
B Produc R
Productiey Hig} *
KU
¥ Standard Co
dpE
Collapsze
1
Date Ol
Br] Date
Datedey Mg
Fiscal Quartsr
Fiscal Year
B Full Date
Month
¥ MonthKay 0y
Collapse

Notice that the diagram shows three tables: Product, Date, and Inventory.The Inventory
table stores snapshots of unit balances for each date and product. Importantly, the table contains no

missing dates and no duplicate entries for any product on the same date. Also, the last snapshot
record is stored for the date of June 15, 2020.

Now, switch to report view and select Page 2 of the report. Add the UnitsBalance column of the
Inventory table to the matrix visual. Its default summarization is set to sum values.

FY2020 Mountain-200 Bike Stock

Product 2019 Jul 2019 Aug 201935ep 2019 Oct 2019 Nov 2019 Dec 2020Jan 2020 Feb 2020 Mar 2020 Apr 2020 May 2020 Jun Total
Mountain-200 Black, 38 | 4884 4,649 4784 4873 4,505 4943 5,208 4,872 5,208 5,040 5208 2520 56,794
Mountain-200 Black, 42 5.248 5175 5,246 5382 5,200 5415 5177 4,843 5177 5010 5177 2505 59,555

Mountain-200 Black, 46 5.523 5617 5,287 5419 5273 5,663 5,890 5.510 5,890 5,700 5,890 2,850 64,512
Mountain-200 Silver, 38 5412 5,190 5114 5.245 5220 5,406 5,890 5.510 5,890 5,700 5,890 2,850 63,317

Mountain-200 Silver, 42 5,252 5.262 5043 5.266 5072 5,208 5022 4,698 5,022 4,860 5022 2430 58,157
Mountain-200 Silver, 46 5.004 5019 4,960 5012 4,847 5231 5,053 4,727 5,053 4,890 5,053 2445 57294
Total 31,323 30912 30434 31,197 30217 31,866 32240 30,160 32240 31,200 32,240 15,600 359,629

This visual configuration is an example of how not to summarize a snapshot value. Adding daily
snapshot balances together doesn't produce a meaningful result. Therefore, remove the
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UnitsBalance field from the matrix visual.

Now, you add a measure to the Inventory table that sums the UnitsBalance value for a single
date. The date is the last date of each time period. It's achieved by using the LASTDATE function.
Format the measure as a whole number with the thousands separator.

Stock on Hand =

CALCULATE(
SUM(Inventory[UnitsBalance]),
LASTDATE('Date' [Date])

Note

Notice that the measure formula uses the SUM function. An aggregate function must be used
(measures don't allow direct references to columns), but given that only one row exists for each
product for each date, the SUM function only operates over a single row.

Add the Stock on Hand measure to the matrix visual. The value for each product is now based on
the last recorded units balance for each month.

FY¥2020 Mountain-200 Bike Stock

Product 2019 Jul 2019 Aug 2019 Sep 2019 Oct 2019 Nov 2019 Dec 2020 Jan 2020 Feb 2020 Mar 2020 Apr 2020 May 2020 Jun Total
Mountain-200 Black, 38 151 171 ] 172 30 168 168 168 168 168 168
Mountain-200 Black, 42 165 186 116 176 76 167 167 167 167 167 167
Mountain-200 Black, 46 182 184 131 172 111 190 180 190 190 190 190
Mountain-200 Silver, 38 171 173 129 190 85 190 190 190 190 190 190
Mountain-200 Silver, 42 177 169 109 170 120 162 162 162 162 162 162
Mountain-200 Silver, 46 181 158 126 178 88 163 163 163 163 163 163
Total 1,027 1,041 710 1,058 510 1,040 1,040 1,040 1,040 1,040 1,040

The measure returns BLANKSs for June 2020 because no record exists for the last date in June.
According to the data, it hasn't happened yet.

Filtering by the last date in filter context has inherent problems: A recorded date might not exist
because it hasn't yet happened, or perhaps because stock balances aren't recorded on weekends.

Your next step is to adjust the measure formula to determine the last date that has a non-BLANK
result and then filter by that date. You can achieve this task by using the LASTNONBLANK function.

Use the following measure definition to modify the Stock on Hand measure.

Stock on Hand =
CALCULATE(
SUM(Inventory[UnitsBalance]),
LASTNONBLANK(
'Date' [Date],
CALCULATE(SUM(Inventory[UnitsBalance]))
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In the matrix visual, notice the values for June 2020 and the total (representing the entire year).

2020 Apr 2020 May | 2020 Jun Total
168 168 1682 168

167 167 167 167

190 190 190 190

190 190 190 190

162 162 162 162

163 163 163 163
1,040 1,040 1,040 1,040

The LASTNONBLANK function is an iterator function. It returns the last date that produces a non-
BLANK result. It achieves this result by iterating through all dates in filter context in descending
chronological order. (Conversely, the FIRSTNONBLANK iterates in ascending chronological order.) For
each date, it evaluates the passed in expression. When it encounters a non-BLANK result, the
function returns the date. That date is then used to filter the CALCULATE function.

Note

The LASTNONBLANK function evaluates its expression in row context. The CALCULATE function
must be used to transition the row context to filter context to correctly evaluate the expression.

You should now hide the UnitsBalance column inthe Inventory table. It prevents report authors
from inappropriately summarizing snapshot unit balances.

5. Check your knowledge
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Check your knowledge

Completed

6. Summary
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Summary

Completed

In this module, you learned how time intelligence calculations work by changing the filter context for
date filters. You learned about several DAX time intelligence functions. These functions help you
create calculations like year-to-date (YTD) and year-over-year (YoY).

You also learned about life-to-date (LTD) calculations. LTD calculations help you count new
occurrences in your fact data. Additionally, you saw how to filter snapshot data to ensure that only a
single snapshot value is returned.
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