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Introduction
There’s a big gap between the way most SQL Server programmers think of problems that inherently involve ordered calculations and the language elements available in traditional SQL prior to the introduction of the OVER clause. With traditional SQL, those problems are typically addressed with either cursors or with very complex and inefficient set-based code. 

We believe the OVER clause bridges several gaps—the gap between the way programmers think of the problem and the way they translate it to a solution in T-SQL, and the gap between sets and cursors.

With ordered calculations, the OVER clause allows both simplifying the logic of solutions, as well as naturally lending itself to good optimization, mainly due to the support for a logical ORDER BY sub-clause. The logical ORDER BY sub-clause serves a logical purpose for the OVER clause (unlike the traditional presentation ORDER BY operating on the final result-set), thereby allowing for simpler logic in the code. As for performance, the logical ORDER BY can indicate to the optimizer the order of the sequence, allowing utilization of indexes, or a single sort operation with one scan of the data as opposed to multiple passes and inefficient plans.
SQL Server 2005 introduced partial support for the OVER clause, but we believe that many important elements of the OVER clause are still missing. In this paper we will: 

· Provide a background introducing the missing elements in SQL prior to the introduction of the over clause (section 1)

· Describe the key elements in SQL that allow ordered calculations (section 2)

· Describe the current support for the OVER clause in SQL Server 2005 (section 3)

· Provide a detailed request for feature enhancements – missing elements of the OVER clause in SQL Server, prioritized (section 4)
If you are already familiar with the types of problems that are not address well without the OVER clause—namely ordered calculations—and with the existing implementation of the OVER clause in SQL Server 2005 , feel free to jump directly to section 4.

The ultimate goal of this paper is to convince Microsoft to enhance the support for the OVER clause in SQL Server, ideally to a full implementation of the ANSI: SQL 2003 support for the OVER clause, plus extensions to the standard. The motivation is that this feature has profound implications and can solve many business problems. Also, other leading database platforms (including Oracle and DB2) already have a much richer implementation of the OVER clause.
Many SQL Server customers and users may possibly not be aware of the existence of this feature, its profound implications, and its usefulness in solving business problems.  This may probably be one of the reasons why Microsoft may not have received many requests  to enhance it; so another goal of this paper is to educate and familiarize the readers with the OVER clause, and if they are convinced that it’s highly important to enhance it, to encourage them to vote for it via the Microsoft Connect website (URLs will be provided both in the Intro section and in the Conclusion section). 

Since we think that the concept of the OVER clause and ordered calculations is not  common knowledge among SQL Server customers and users, the enhancement of the OVER clause in the product should be coupled with proactive education (starting with this paper), including whitepapers, articles, blog posts, conference sessions, seminars, curricula, etc.

Realizing that in practical terms this is not a simple task, and if convinced that such enhancements should be highly prioritized, Microsoft may implement them gradually across versions, we will prioritize the feature enhancements based on what we believe  is  order of importance. We will detail the following feature enhancements request in Section 4 (prioritized):

1. ORDER BY for aggregates

2. LAG and LEAD functions

3. TOP OVER
4. Vector expressions for calculations based on OVER clause

5. ROWS and RANGE window sub-clauses

6. DISTINCT clause for aggregate functions
7. FIRST_VALUE, LAST_VALUE functions

8. Progressive ordered calculations
You can vote for each individual feature enhancement request via the following URLs, based on your view of order of importance:
ORDER BY for aggregates:

https://connect.microsoft.com/SQLServer/feedback/ViewFeedback.aspx?FeedbackID=254387
LAG and LEAD functions:

https://connect.microsoft.com/SQLServer/feedback/ViewFeedback.aspx?FeedbackID=254388
TOP OVER:
https://connect.microsoft.com/SQLServer/feedback/ViewFeedback.aspx?FeedbackID=254390
Vector expressions for calculations based on OVER clause:

https://connect.microsoft.com/SQLServer/feedback/ViewFeedback.aspx?FeedbackID=254391
ROWS and RANGE window sub-clauses:

https://connect.microsoft.com/SQLServer/feedback/ViewFeedback.aspx?FeedbackID=254392
DISTINCT clause for aggregate functions:

https://connect.microsoft.com/SQLServer/feedback/ViewFeedback.aspx?FeedbackID=254393
FIRST_VALUE, LAST_VALUE functions:

https://connect.microsoft.com/SQLServer/feedback/ViewFeedback.aspx?FeedbackID=254395
Progressive ordered calculations:

https://connect.microsoft.com/SQLServer/feedback/ViewFeedback.aspx?FeedbackID=254397
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Section 1: Missing Elements in standard SQL Prior to the Introduction of the OVER Clause – A Background
This section attempts to make a case that there were missing elements in SQL prior to the introduction of the OVER clause, to effectively support certain types of common requests like cumulative aggregates or adjacent row comparisons
SQL is a declarative language that is designed to query and manipulate data in relational databases efficiently. It is based on the relational model, which in turn is based on set theory.  SQL is inherently different from other procedural or object oriented languages. It deals primarily with sets of data in unordered form. It is often difficult for many programmers, to think in the way SQL handles data, i.e., in terms of sets and unordered data.  
In SQL, when we request data without specifying the ORDER BY clause, the data returned to us is essentially unordered. When we request ordered data by specifying the ORDER BY clause, SQL returns data that is fully processed as an unordered set, then the data is subsequently ordered merely for presentation purposes and returned to us as a cursor rather than a set. 
SQL requires us to adopt a different kind of mindset (no pun intended). There are certain types of solutions in SQL Server 2000 that are not intuitive and require us to think in non traditional ways. Some examples are: ranking data or aggregating data within a logical subset of the result set; performing running aggregations like cumulative, sliding or year-to-date; displaying base row attributes and aggregates on the same row; row comaprisons etc.  
Let’s take an example of calculating running aggregates in the following request:  calculate the total quantity per employee, per month, from the beginning of the employee’s activity to the current month. Note that this is just one trivial example for using running aggregates, but in practice there are many types of problems that can be solved by using running aggregates (e.g., inventory, temporal problems that merge concurrent sessions, and others).
Let’s say we adopted the SQL mindset and tried to come up with a set based solution to this problem in SQL Server 2005 using a correlated subquery.
---------------------------------------------------------------------

-- Cumulative Aggregations 
-- Create table EmpOrders in tempdb using Northwind data
---------------------------------------------------------------------

USE tempdb;
IF OBJECT_ID('EmpOrders') IS NOT NULL

  DROP TABLE EmpOrders

GO

CREATE TABLE EmpOrders

(

  empid      INT      NOT NULL,

  ordermonth DATETIME NOT NULL,

  qty        INT      NOT NULL,

  PRIMARY KEY(empid, ordermonth)

)

INSERT INTO EmpOrders(empid, ordermonth, qty)

  SELECT O.EmployeeID, 

    CAST(CONVERT(CHAR(6), O.OrderDate, 112) + '01' AS DATETIME) AS ordermonth,

    SUM(Quantity) AS qty

  FROM Northwind.dbo.Orders AS O

    JOIN Northwind.dbo.[Order Details] AS OD

      ON O.OrderID = OD.OrderID

  GROUP BY EmployeeID,

    CAST(CONVERT(CHAR(6), O.OrderDate, 112) + '01' AS DATETIME);
SELECT empid, CONVERT(CHAR(10), ordermonth, 121) AS ordermonth, qty

FROM EmpOrders

ORDER BY empid, ordermonth;
---------------------------------------------------------------------------------------------
-- Cumulative Aggregations
-- Solution 1 : Using Correlated Subquery

---------------------------------------------------------------------------------------------
SELECT O1.empid, O1.ordermonth, O1.qty,

  (SELECT SUM(O2.qty)

   FROM EmpOrders AS O2

   WHERE O2.empid = O1.empid

     AND O2.ordermonth <= O1.ordermonth) AS cumulativeqty

FROM EmpOrders AS O1;
The first thing to observe about this query is the way the request is phrased. The way most people would probably think of the request is: calculate a running total quantity for each employee independently based on ordermonth ordering. But without the ability to perform calculations based on order, we have to adopt set-based thinking and phrase the request as: for each row (call it current row), calculate the total quantity from the rows where the employee is equal to the current row’s employee, and the month is smaller than or equal to the current row’s month.
The second thing to observe is the performance of this query which is very inefficient. Examine the execution plan in Figure 1-1.
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Figure 1-1: Execution Plan for a query using corelated sub-query for calculating a single cumulative aggregate
The table is first fully scanned (Clustered Index Scan). Assuming there are P partitions (employees) and N rows in average per partition in the table, let’s refer to the cost of this scan as P*N. Per each row returned from this table scan, SQL Server performs a Seek + Partial Scan against the clustered index created on (empid, ordermonth) to obtain the rows that need to be aggregated (shows up in the plan as Clustered Index Seek). For the purpose of this discussion and for simplification of the calculation, let’s focus on the cost of the series of partial scans at the leaf and ignore all other costs in this plan. The number of rows scanned at the leaf of the index per each outer row is the number of rows that have the same empid as in the outer row, and a smaller than or equal to ordermonth. On average, it’s (1+N)/2 rows per each outer row. In total, the number of rows scanned by the series of partial scan operations is: P*N*(1+N)/2 = P*(N+N^2)/2. As you can see, the algorithmic complexity of this plan is N^2. With a large number of rows per employee, you get enormous numbers. For example, with 5 employees and 100,000 rows per employee, you get 25,000,250,000 rows scanned. In terms of run time this query would run over an hour. With a higher number of rows per employee, the performance degrdation is not linear, rather N^2. For example, having a single partition and 10,000,000 rows, this query would run for about a year!
Digressing a bit, this is an opportunity to point out a shortcoming of the optimizer related to subqueries. This is not the focus of the paper, so feel free to skip this section. Let’s say the user modified the request and now wants to see the total quantity as well as the average quantity, the minimum quantity and the maximum quantity per employee, per month, from the beginning of the employee’s activity to the current month. The changes are pretty simple and we go ahead and add all the aggregates as subqueries.
---------------------------------------------------------------------------------------------
-- Cumulative Aggregations
-- Solution 1 : Using Correlated Subquery – multiple aggregates
---------------------------------------------------------------------------------------------
SELECT O1.empid, O1.ordermonth, O1.qty,

  (SELECT SUM(O2.qty)

   FROM EmpOrders AS O2

   WHERE O2.empid = O1.empid

     AND O2.ordermonth <= O1.ordermonth) AS cumulativeqty,

 (SELECT CAST (AVG(1.0 * O2.qty) AS DECIMAL (12,2))

   FROM EmpOrders AS O2

   WHERE O2.empid = O1.empid

     AND O2.ordermonth <= O1.ordermonth) AS avgqty,
  (SELECT MAX (O2.qty)

   FROM EmpOrders AS O2

   WHERE O2.empid = O1.empid

     AND O2.ordermonth <= O1.ordermonth) AS maxqty,

  (SELECT MIN (O2.qty)

   FROM EmpOrders AS O2

   WHERE O2.empid = O1.empid

     AND O2.ordermonth <= O1.ordermonth) AS minqty
FROM EmpOrders AS O1

ORDER BY O1.empid, O1.ordermonth;
GO

---------------------------------------------------------------------------------------------
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Figure 1-2: Execution Plan for a query using corelated sub-query for calculating multiple cumulative aggregates
Now, if we inspect the execution plan in Figure 1-2, we observe that each subquery requires rescanning the data (even though all subqueries need the same rows). Having A aggregates to calculate, the cost of this plan in terms of all the partial scan activities is A*P*(N+N^2)/2 (MIN and MAX are exceptions in the sense that they require seeking only th first or last row in the partition). This is a shortcoming of the optimizer which does not realize that it can utilize the same scan for the different aggregates. This shortcoming can be circumvented by using a self join, which is probably less intuitive to write than the subquery. 
---------------------------------------------------------------------------------------------
-- Cumulative Aggregations
-- Solution 2 : Using Self Join

---------------------------------------------------------------------------------------------
SELECT O1.empid, O1.ordermonth, O1.qty,

  SUM(O2.qty) AS cumulativeqty, 

  CAST (AVG(1.0 * O2.qty) AS DECIMAL (12,2)) AS avgqty, 

  MAX(O2.qty) AS maxqty, 

  MIN(O2.qty) AS minqty

FROM EmpOrders AS O1

  JOIN EmpOrders AS O2

    ON O2.empid = O1.empid

    AND O2.ordermonth <= O1.ordermonth

GROUP BY O1.empid, O1.ordermonth, O1.qty

ORDER BY O1.empid, O1.ordermonth;
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Figure 1-3: Execution Plan for a query using self join for calculating multiple cumulative aggregates

The query plan looks similar to that in Figure 1-1. Here the same partial scan of the data serves all aggregate requests. But we’re still looking at a cost of P*(N+N^2)/2 assuming we have an index on (empid, ordermonth) include(qty). Without such an index, the cost would simply be (P*N)^2.
Even if we, as programmers, manage to adopt this mindset, and get proficient in creating set based solutions, the SQL language itself (without the OVER clause) doesn’t have a rich enough vocabulary to easily translate an actual business problem to SQL when the problem inherently deals with order (temporal or other sequences). 
With such problems, when the partition size is sufficiently large (over a few dozens of rows) cursor processing, inspite of the cursor overhead, might actually be more efficient than set based solutions. So let’s take off our set based hats and give cursors a shot.
---------------------------------------------------------------------------------------------

-- Cumulative Aggregations

-- Solution 3 : Using Cursors

---------------------------------------------------------------------------------------------
USE tempdb;

GO

-- Cursor

DECLARE @aggtable TABLE(empid INT, Ordermonth DATETIME, qty INT, cumulativeqty INT, avgqty DECIMAL(12,2));

DECLARE @empid INT, @prevempid INT, @ordermonth DATETIME, @qty INT, @cntqty INT, @cumulativeqty INT, @avgqty DECIMAL(12,2);

DECLARE aggcursor CURSOR FAST_FORWARD FOR

  SELECT empid, ordermonth, qty

  FROM dbo.EmpOrders 

  ORDER BY empid, ordermonth, qty;

OPEN aggcursor;

FETCH NEXT FROM aggcursor INTO @empid, @ordermonth, @qty;

SELECT @prevempid = @empid, @cntqty = 0, @cumulativeqty = 0, @avgqty = 0.0;

WHILE @@fetch_status = 0

BEGIN

  IF @empid <> @prevempid


SELECT @prevempid = @empid, @cntqty = 0, @cumulativeqty = 0, @avgqty = 0.0;

  SET @cntqty = @cntqty + 1;

  SET @cumulativeqty = @cumulativeqty + @qty;

  SET @avgqty = 1.0 * @cumulativeqty/@cntqty;

  INSERT INTO @aggtable (empid, Ordermonth, qty, cumulativeqty, avgqty)

  VALUES (@empid, @ordermonth, @qty, @cumulativeqty, @avgqty);

  FETCH NEXT FROM aggcursor INTO @empid, @ordermonth, @qty;

END

CLOSE aggcursor;

DEALLOCATE aggcursor;

  SELECT empid, ordermonth, qty, cumulativeqty, avgqty 

  FROM @aggtable 

  ORDER BY empid, ordermonth, qty;

GO
---------------------------------------------------------------------------------------------
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Figure 1-4: Execution Plan for a query using a cursor for calculating multiple cumulative aggregates

If we inspect the query execution plan in figure 1-4, the data is scanned once; the cursor then loops through each row to calculate the aggregates.  However, the code is lengthy and complex, bearing maintenance overhead. The performance of the cursor solution is P*N*O, where O is the overhead associated with the record-by-record manipulation, (remember P is the number of partitions and N is the number of rows per partition). This means that cursors have linear performance degradation. So if the number of rows N is sufficiently high, cursors end up outperforming set-based solutions. Figure 1-5 shows a graph with the benchmark results comparing the performance of the set-based vs. cursor solutions.
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Figure 1-5: Running Aggregates Benchmark
Another example for a problem involving a sequence that could benefit from ordered calculations is adjacent row comparisons. Here we will demonstrate a very simple example, but note that adjacent rows comparisons are needed for many business problems (e.g., calculating trends, identifying gaps in sequences, availability reports, and so on). Let’s say we want to compare values for a column in the current row with the values for that column in the next row for a table (assuming some ordered sequence).
---------------------------------------------------------------------------------------------

-- Adjacent row comparison
---------------------------------------------------------------------------------------------
IF OBJECT_ID('dbo.T1') IS NOT NULL

  DROP TABLE dbo.T1;

GO

CREATE TABLE dbo.T1(col1 INT NOT NULL PRIMARY KEY);

GO

INSERT INTO dbo.T1 VALUES(1);

INSERT INTO dbo.T1 VALUES(2);

INSERT INTO dbo.T1 VALUES(3);

INSERT INTO dbo.T1 VALUES(100);

INSERT INTO dbo.T1 VALUES(101);

INSERT INTO dbo.T1 VALUES(102);

INSERT INTO dbo.T1 VALUES(103);

INSERT INTO dbo.T1 VALUES(500);

INSERT INTO dbo.T1 VALUES(997);

INSERT INTO dbo.T1 VALUES(998);

INSERT INTO dbo.T1 VALUES(999);

INSERT INTO dbo.T1 VALUES(1000);

GO

SELECT * FROM T1

GO

---------------------------------------------------------------------------------------------
We cannot think of sets in terms of next or previous rows because next and previous are features of cursors. These concepts do not exist in sets. So, we have to translate this to what makes sense to sets. i.e.  

next = minimum that is greater than the current
previous = maximum that is smaller than the current

SELECT col1 AS cur,

  (SELECT MIN(col1) FROM dbo.T1 AS B

   WHERE B.col1 > A.col1) AS nxt

FROM dbo.T1 AS A;

	cur
	nxt

	1
	2

	2
	3

	3
	100

	100
	101

	101
	102

	102
	103

	103
	500

	500
	997

	997
	998

	998
	999

	999
	1000

	1000
	NULL
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Figure 1-6: Execution Plan for a set based query for row comparison

This type of thinking is not intuitive and increases complexity. But more importantly, if we examine the query execution plan in Figure 1-6, we realize that the optimizer applies a seek operation in the index for each row, indicating that the optimizer is unaware of the order and simply repeats the seek operation for each row. So instead of doing a single ordered pass of the data in the index, we end up paying N + N*S, where N is the number of rows in the table and S is the cost of a seek operation. For example, if we have 1,000,000 rows in the table residing on a several thousands of pages, the cost of the seek operations would be 3,000,000 random reads (assuming 3 levels in the index). This is a simplified scenario; in trend calculations, inventory, and other problems you need access to attributes from an adjacent row that are independent of the attribute that determines the order of the sequence. In such a case, things become more complex, requiring TOP subqueries.
In conclusion, this section shows some of the gaps or missing elements in SQL (prior to the introduction of the OVER clause) that do not effectively support certain types of common requests like cumulative aggregates or adjacent row comparisons. The options available are lengthy, complex or unintuitive, and poorly performing. Next, let’s go over the introduction of the OVER clause in SQL, its partial implementation in SQL Server 2005, and the elements of the OVER clause that are still missing in SQL Server.

SECTION 2: Key Elements in SQL That Allow Ordered Calculations

The purpose of this section is to introduce the concept of ordered calculations in SQL, and explain how this concept bridges some of the aforementioned gaps (cursors vs. sets, unnatural phrasing of a calculation vs. a more natural one). Later in the paper we will provide a more detailed discussion and examples for the various missing OVER-based calculations.

As mentioned earlier many problems involve calculations based on some order. However, prior to the introduction of the OVER clause in SQL, you had to “translate” the way you thought about the problem to traditional SQL terms which are set-based, and did not have a notion of ordered calculations (unless you used a cursor). The previous section provided a couple of examples for such “translations”. This led in many cases to writing unnatural, complex and expensive code. ANSI SQL (OLAP extensions to ANSI SQL:1999, and part of ANSI SQL:2003) introduced the concept of ordered calculations via a new OVER clause. We find this OVER clause to be profound, allowing for the first time to request a calculation based on order, without compromising the fact that the result is still a set. The OVER clause is supported in ANSI SQL with several types of calculations (ranking, aggregates, and more), but the concept can be extended beyond standard SQL with T-SQL extensions (e.g., TOP). Later in the paper we will provide details and examples.

Calculations based on the OVER clause are allowed only in the SELECT or ORDER BY clauses of a query. The reason for this limitation is that the calculation is supposed to operate on the result table produced after all SQL query elements were processed (table operators in the FROM clause, WHERE, GROUP BY, HAVING). The OVER clause can have three elements (not all are applicable to all calculations):

OVER(<partitioning> <ordering> <window options>)

The partitioning element (PARTITION BY clause) allows performing the calculation independently for each partition of rows. For example, PARTITION BY empid means that the calculation should be performed independently for each partition of rows with the same empid value. If the PARTITION BY clause is not specified, the whole set provided to the phase where the OVER-based calculation appears is considered one partition. 

The ordering element (ORDER BY clause) specifies the logical order in which the calculation should be performed. For example, ORDER BY ordermonth means that the calculation should be performed logically in ordermonth ordering. The key point to understand here is that this clause defines logical order of processing and doesn’t determine presentation ordering (like the traditional ORDER BY clause), rather it is independent of presentation ordering. It does not have any impact on the nature of the result; namely, the use of the ORDER BY sub-clause in the OVER clause does not mean that the result of the query becomes something other than a set. However, even though this ORDER BY sub-clause determines logical order of calculation, it lends itself to good optimization (using an index). If the ORDER BY clause is not specified, the calculation operates on the whole partition (the window of rows available to the calculation).

The window option element (ROWS or RANGE clauses) allow you to limit the window of rows the calculation is operating on. For example ROWS BETWEEN 2 PRECEDING AND CURRENT ROW means that the window of rows that the calculation operates on is the three rows starting with 2 rows preceding until the current row (based on the ordering defined in the ORDER BY clause). If an ORDER BY clause is specified but a window option isn’t, the default should be ROWS BETWEEN UNBOUNDED PRECEDING AND CURRENT ROW.

We believe that the OVER clause is profound. To give you a sense of how it simplifies things and lends itself to good optimization, consider the two examples mentioned in the previous section—running aggregates and comparing adjacent rows. Consider both the unnatural way the solutions were phrased and their performance issues.

The following examples utilize elements of the OVER clause that were not implemented in SQL Server 2005. 

The running aggregates problem can be solved in the following manner:

SELECT empid, ordermonth, qty,

  SUM(qty) OVER(PARTITION BY empid

                ORDER     BY ordermonth) AS cumulativeqty

FROM EmpOrders;

Remember that when a window option is not specified, the default window option assumed is ROWS BETWEEN UNBOUNDED PRECEDING AND CURRENT ROW. 

Assuming there’s an index defined with the key columns (empid, ordermonth) and included columns (qty), this query potentially can be optimized by utilizing a single ordered scan of the index; namely—a single pass over the data, without the need for explicit sorting. In other words, with P partitions and N rows in average per partition, the bulk of the cost of the plan would be P*N.

As for the example of adjacent row comparisons, here’s how you would write the query using an OVER-based calculation:

SELECT col1 AS cur, LEAD(col1, 1, NULL) OVER(ORDER BY col1) AS nxt

FROM dbo.T1;

The LEAD function returns an element from a following row based on a specified offset (in the second argument), and if such a row is not found, the value in the third argument is returned. Specifying 1 as the offset mean “next row”. Assuming there’s an index on col1, this query should lend itself to being optimized by using a single ordered scan of the index.

As you can see from both examples, the code is simple, natural, and lends itself to good optimization.

The following sections will first describe the aspects of the OVER clause that were implemented in SQL Server 2005, followed by the features that weren’t implemented yet and that we feel that are important to add to SQL Server in future versions.
SECTION 3: Current Support for OVER Clause in SQL Server 2005
This section reviews the current support for the OVER clause as implemented in SQL Server 2005. We will do this by first reviewing the ANSI specification for this feature. We will then review the SQL Server 2005 implementation of the OVER clause for the various types of functions with examples to see how the current implementation simplifies certain types of problems.
The OVER clause is based on the ANSI SQL concept of a logical construct called a window. A window is a subset of rows from the result set of a query. The result set of a query can possibly be first divided into groups of rows called partitions. The window is a subset of rows from a partition to which analytical functions, like ranking and aggregate functions, can be applied. The subset of rows that belong to the window within the partition can be restricted by a logical ORDER BY clause. This ordering is independent of the presentation ORDER BY that may be applied to the entire result set if desired. Window rows within this partition can be further restricted by employing a windows sub-clause using the ROWS/RANGE clauses. The window sub-clause is dynamically configured with reference to the current row.
The ANSI SQL syntax for Window functions using the OVER Clause is as follows:
Function (arg) 





 (window sub-clause)
OVER ([PARTITION BY <...>] [ORDER BY <...>] [ROWS/RANGE<…>])
The function can be a ranking function like ROW_NUMBER, RANK; a scalar aggregate function like COUNT, SUM; or other type of analytical function like LEAD, LAG etc. The OVER clause consists of three sub-clauses that essentially define the window:
PARTITION BY: The PARTITION BY sub-clause organizes all the rows of the result set into logical partitions based on the values in the columns specified in the column list for the PARTITION BY sub-clause. 
ORDER BY: The ORDER BY sub-clause defines the logical order of the rows within each partition of the result set. 
ROWS/RANGE: The WINDOW sub-clause is implemented using ROWS and RANGE clauses and further limits the rows within a partition to which the function is applied. This is done by specifying a range of rows with respect to the current row either by logical association or physical association. Physical association is achieved by using the ROWS clause. The ROWS clause limits the rows within a partition by specifying a fixed number of rows preceding or following the current row. Alternatively, the RANGE clause may be used to logically limit the rows within a partition by specifying a range of values with respect to the value in the current row.
Window functions implemented in SQL Server 2005 are based on ANSI SQL:1999 OLAP Extensions/ANSI SQL:2003. SQL Server 2005 implemented some of the functions that utilize the OVER clause. For different types of functions, SQL Server 2005 has implemented certain sub-clauses of the OVER clause but not all. Table 3-1 highlights which features of the OVER clause, are implemented in SQL Server 2005 for the different types of functions.
	OVER Clause- SQL Server 2005 Implementation

	
	PARTITION BY
	ORDER BY
	ROWS/RANGE

	
	
	
	Windows  sub-clause

	Function Type
	Function (Partial list)
	Organizes rows into partitions to which the analytical function is applied
	Orders rows within a partition
	Further limits the rows within a partition by specifying a range of rows to apply the function to w.r.t. the current row

	Analytical Ranking Functions
	ROW_NUMBER
	√
	√
	N/A

	
	RANK
	√
	√
	N/A

	
	DENSE_RANK
	√
	√
	N/A

	
	NTILE
	√
	√
	N/A

	
	
	
	
	

	Aggregate Functions
	COUNT
	√
	×
	×

	
	SUM
	√
	×
	×

	
	AVG
	√
	×
	×

	
	MAX
	√
	×
	×

	
	MIN
	√
	×
	×

	
	Others
	√
	×
	×

	
	
	
	
	

	Other Analytical Functions
	LAG
	×
	×
	N/A

	
	LEAD
	×
	×
	N/A

	
	FIRST_VALUE
	×
	×
	×

	
	LAST_VALUE
	×
	×
	×

	
	
	
	
	

	Other possible Applications of Over clause
	TOP
	×
	×
	N/A

	
	Progressive Calculations
	×
	×
	×


Table 3-1: SQL Server 2005 Implementation of the OVER Clause. √ = Implemented,   × = Not Implemented, N/A = Not Applicable 
Analytical Ranking Functions- Implementation in SQL Server 2005: 
SQL Server 2005 has implemented four analytical ranking functions (ROW_NUMBER, RANK, DENSE_RANK, and NTILE). These functions are highly efficient in ranking calculations. These support the PARTITION BY sub-clause and ORDER BY sub-clause; Ranking functions don’t take a window sub-clause because ranks can only be assigned with relation to the entire partition.
Ranking functions provide row numbers or ranks by assigning integer values to the result rows of a query depending on order. The OVER clause is logically processed after all the joins, filters, GROUP BY and HAVING clauses of the query. Therefore ranking functions can only appear in the SELECT or the ORDER BY clauses of a query. The general form of the ranking functions as implemented in SQL Server 2005 is as follows:
<ranking function> OVER ([PARTITION BY <col_list>] ORDER BY <col_list>)

The PARTITION BY sub-clause groups rows of the result set into logical partitions based on the values in the columns specified in the column list for the PARTITION BY clause. When this clause is specified with a window function, the function is applied to each logical partition. For example, if PARTITION BY clause is specified, followed by empid, then the result set will be organized into partitions per empid, and the ranking function is applied to each row within the partition. The PARTITION BY clause is optional.  If this clause is not specified, the entire result set is treated as one partition. 
The ORDER BY sub-clause defines the logical order of the rows within each partition of the result set. The sort order may be specified as ascending or descending. The ORDER BY function is mandatory in analytical ranking functions because the concept of ranking presupposes an order.
ROW_NUMBER Function:

Row Numbers are implemented using The ROW_NUMBER function in SQL Server 2005.  ROW_NUMBER assigns sequential integers to rows of a query’s result set based on a specified order, signifying the position of a row in relation to other rows of the result set, optionally within partitions. ROW_NUMBER assigns values starting with 1 that get incremented by one, for each row, according to the specified sort. The ROW_NUMBER function has numerous practical applications that extend far beyond the classic scoring and ranking calculations like paging, select top n rows based on sort criteria within partitions, calculating existing and missing ranges in the data, calculating median values, sorting heirarchies etc.
RANK and DENSE_RANK Functions:

The RANK and DENSE_RANK functions in SQL Server 2005 are similar to ROW_NUMBER function in that they assign integer ranks to rows of the result set based on a given sort list. However, the ROW_NUMBER function produces a different value for each row. The RANK and DENSE_RANK functions produce the same value for all rows that have the same values in the sort column list. 
RANK assigns values based on the number of rows that have lower values in the order-by-list + 1. Duplicate sort values get the same rank and RANK may have gaps in ranking values.

DENSE_RANK assigns values based on the number of distinct lower sort values + 1. Duplicate sort values get the same dense rank values and DENSE_RANK does not have gaps in ranking values.

NTILE Function:

The NTILE function divides the result set (possibly within partitions) into a specified number of groups or tiles (n), assigning tile number from 1 through n according to the specified sort. The number of rows in a tile is determined by the: Total number of rows/n (integer division). If there is a remainder (r), an additional row is added to the first r tiles.

Now let’s look at some examples, to see how simple and intuitive it is to use analytical ranking functions. For this purpose, let’s create and populate an orders table.
-----------------------------------------------------------------------------------------------
-- Analytical Ranking Functions 

–- Create and populate Orders table
-----------------------------------------------------------------------------------------------
USE tempdb;

GO

IF OBJECT_ID('dbo.Orders') IS NOT NULL

  DROP TABLE dbo.Orders;

GO

CREATE TABLE dbo.Orders

(

  orderid   INT        NOT NULL,

  orderdate DATETIME   NOT NULL,

  empid     INT        NOT NULL,

  custid    VARCHAR(5) NOT NULL,

  qty       INT        NOT NULL,

  CONSTRAINT PK_Orders PRIMARY KEY NONCLUSTERED(orderid)

);

CREATE UNIQUE CLUSTERED INDEX idx_UC_orderdate_orderid

  ON dbo.Orders(orderdate, orderid);

SET NOCOUNT ON;

INSERT INTO dbo.Orders(orderid, orderdate, empid, custid, qty)

  VALUES(30001, '20030802', 3, 'B', 10);

INSERT INTO dbo.Orders(orderid, orderdate, empid, custid, qty)

  VALUES(10001, '20031224', 1, 'C', 10);

INSERT INTO dbo.Orders(orderid, orderdate, empid, custid, qty)

  VALUES(10005, '20031224', 1, 'A', 30);

INSERT INTO dbo.Orders(orderid, orderdate, empid, custid, qty)

  VALUES(40001, '20040109', 4, 'A', 40);

INSERT INTO dbo.Orders(orderid, orderdate, empid, custid, qty)

  VALUES(10006, '20040118', 1, 'C', 10);

INSERT INTO dbo.Orders(orderid, orderdate, empid, custid, qty)

  VALUES(20001, '20040212', 2, 'B', 20);

INSERT INTO dbo.Orders(orderid, orderdate, empid, custid, qty)

  VALUES(40005, '20040212', 4, 'A', 10);

INSERT INTO dbo.Orders(orderid, orderdate, empid, custid, qty)

  VALUES(20002, '20040216', 2, 'C', 20);

INSERT INTO dbo.Orders(orderid, orderdate, empid, custid, qty)

  VALUES(30003, '20040418', 3, 'B', 15);

INSERT INTO dbo.Orders(orderid, orderdate, empid, custid, qty)

  VALUES(30004, '20040418', 3, 'B', 20);

INSERT INTO dbo.Orders(orderid, orderdate, empid, custid, qty)

  VALUES(30007, '20040907', 3, 'C', 30);

GO

SELECT * FROM Orders;

-----------------------------------------------------------------------------------------------
The results of the query are displayed in Table 3-2.
	orderid
	orderdate
	empid
	custid
	qty

	30001
	8/2/2003
	3
	B
	10

	10001
	12/24/2003
	1
	C
	10

	10005
	12/24/2003
	1
	A
	30

	40001
	1/9/2004
	4
	A
	40

	10006
	1/18/2004
	1
	C
	10

	20001
	2/12/2004
	2
	B
	20

	40005
	2/12/2004
	4
	A
	10

	20002
	2/16/2004
	2
	C
	20

	30003
	4/18/2004
	3
	B
	15

	30004
	4/18/2004
	3
	B
	20

	30007
	9/7/2004
	3
	C
	30


Table 3-2 Contents of the Orders Table
Let’s use the OVER clause applying all the four analytical ranking functions, with and without partitions, to demonstrate their usage and highlight the differences between them.
-----------------------------------------------------------------------------------------------
-- Analytical Ranking Functions 

–- without PARTITION BY clause
-----------------------------------------------------------------------------------------------
SELECT orderid, qty,

  ROW_NUMBER() OVER(ORDER BY qty) AS rownum,

  RANK()       OVER(ORDER BY qty) AS rnk,

  DENSE_RANK() OVER(ORDER BY qty) AS densernk,

  NTILE(4)     OVER(ORDER BY qty) AS ntile4

FROM dbo.Orders

ORDER BY qty;

GO

-----------------------------------------------------------------------------------------------
	orderid
	qty
	rownum
	rnk
	densernk
	ntile4

	30001
	10
	1
	1
	1
	1

	10001
	10
	2
	1
	1
	1

	10006
	10
	3
	1
	1
	1

	40005
	10
	4
	1
	1
	2

	30003
	15
	5
	5
	2
	2

	30004
	20
	6
	6
	3
	2

	20002
	20
	7
	6
	3
	3

	20001
	20
	8
	6
	3
	3

	10005
	30
	9
	9
	4
	3

	30007
	30
	10
	9
	4
	4

	40001
	40
	11
	11
	5
	4


Table 3-3 Analytical Ranking functions without Partitioning
The results are displayed in Table 3-3 and show the differences between the various ranking functions. If we look at the results, the row numbers keep incrementing regardless of whether the sort value changes or not i.e the rownum column values are assigned based on the qty column ordering and keep incrementing even if the qty value doesn’t change. Rank assigns the same values to the rnk column if the qty column value remains the same, but as the values in qty change the rank jumps. The dense rank values assign the same values to rows that have the same sort values in qty, but when the sort order changes in qty, dense rank is incremented by 1 and does not jump. Ntile just divides the result set into the number of groups or tiles as requested, in our case we requested NTILE(4). The rows in the resultset are evenly divided into the number of partitions. Any left over rows are assigned evenly from the first group onwards until the rows run out.
The ranking functions in SQL Server 2005 are implemented with both the optional PARTITION BY as well as the mandatory ORDER BY. The next query shows an example of the OVER clause applying all the four ranking functions with the PARTITION BY and the ORDER BY clauses. The PARTITION BY clause evaluates the function for each partition separately.
-----------------------------------------------------------------------------------------------
-- Analytical Ranking Functions 

–- with PARTITION BY clause
-----------------------------------------------------------------------------------------------
SELECT orderid, empid, qty,

  ROW_NUMBER() OVER(PARTITION BY empid ORDER BY qty) AS rownum,

  RANK()       OVER(PARTITION BY empid ORDER BY qty) AS rnk,

  DENSE_RANK() OVER(PARTITION BY empid ORDER BY qty) AS densernk,

  NTILE(4)     OVER(PARTITION BY empid ORDER BY qty) AS ntile4

FROM dbo.Orders

ORDER BY empid, qty;
-----------------------------------------------------------------------------------------------

	Orderid
	
	qty
	rownum
	rnk
	densernk
	ntile4

	10001
	1
	10
	1
	1
	1
	1

	10006
	1
	10
	2
	1
	1
	2

	10005
	1
	30
	3
	3
	2
	3

	20001
	2
	20
	1
	1
	1
	1

	20002
	2
	20
	2
	1
	1
	2

	30001
	3
	10
	1
	1
	1
	1

	30003
	3
	15
	2
	2
	2
	2

	30004
	3
	20
	3
	3
	3
	3

	30007
	3
	30
	4
	4
	4
	4

	40005
	4
	10
	1
	1
	1
	1

	40001
	4
	40
	2
	2
	2
	2


Table 3-4 Analytical Ranking functions with Partitioning
If we observe the results in Table 3-4, we can see how the all the functions work just like the previous example except that they are applied per partition based on the empid column, which is the PARTITION BY column. 
Digressing a little bit, this is a good opportunity to go over the determinism of the ranking functions. Although this is relevant information with respect to the analytical functions, it is not directly related to the focus of this paper, so please feel free to skip to the paragraph on performance within this section. 
If we look once again at the results in Table 3-3, for all rows with qty = 10 having orderid 30001, 10001¸10006 and 40005, row numbers are assigned starting from 1 through 4. However, the result would still be valid if row numbers 1-4 were assigned to these four rows in any other order. This makes the query nondeterministic. ROW_NUMBER and NTILE are deterministic only if the order by list is unique. If the order by list is not unique, both these functions are nondeterministic. Let’s demonstrate this with the following query.
-----------------------------------------------------------------------------------------------
-- Determinism - ROW_NUMBER, NTILE

-----------------------------------------------------------------------------------------------
SELECT orderid, qty,

  ROW_NUMBER() OVER(ORDER BY qty)          AS nd_rownum,

  ROW_NUMBER() OVER(ORDER BY qty, orderid) AS d_rownum,

  NTILE(4)     OVER(ORDER BY qty)          AS nd_ntile4,

  NTILE(4)     OVER(ORDER BY qty, orderid) AS d_ntile4

FROM dbo.Orders

ORDER BY qty, orderid;

GO

-----------------------------------------------------------------------------------------------
	orderid
	qty
	nd_rownum
	d_rownum
	nd_ntile4
	d_ntile4

	10001
	10
	2
	1
	1
	1

	10006
	10
	3
	2
	1
	1

	30001
	10
	1
	3
	1
	1

	40005
	10
	4
	4
	2
	2

	30003
	15
	5
	5
	2
	2

	20001
	20
	8
	6
	3
	2

	20002
	20
	7
	7
	3
	3

	30004
	20
	6
	8
	2
	3

	10005
	30
	9
	9
	3
	3

	30007
	30
	10
	10
	4
	4

	40001
	40
	11
	11
	4
	4


Table 3-5 Analytical Ranking Determinism ROW_NUMBER, NTILE
If we observe the results in Table 3-5, we can see that when we add a tie breaker i.e orderid to the ORDER BY clause and make the values in the sort columns unique, the resulting row numbers are guaranteed to be deterministic. On the other hand, rank and dense rank are deterministic because they assign the same rank and dense rank values to rows with the same sort order for the sorting column. Let’s run the following query to confirm that. 
---------------------------------------------------------------------

-- Determinism - RANK, DENSE_RANK

---------------------------------------------------------------------

SELECT orderid, qty,

  RANK()       OVER(ORDER BY qty) AS d_rnk,

  DENSE_RANK() OVER(ORDER BY qty) AS d_dnsrnk

FROM dbo.Orders

ORDER BY qty, orderid;
GO

---------------------------------------------------------------------

	orderid
	qty
	d_rnk
	d_dnsrnk

	10001
	10
	1
	1

	10006
	10
	1
	1

	30001
	10
	1
	1

	40005
	10
	1
	1

	30003
	15
	5
	2

	20001
	20
	6
	3

	20002
	20
	6
	3

	30004
	20
	6
	3

	10005
	30
	9
	4

	30007
	30
	9
	4

	40001
	40
	11
	5


Table 3-6 Analytical Ranking Determinism RANK,DENSE_RANK

Moving back to the subject on hand, now that we have seen how analytical functions simplify the code required for ranking calculations, let’s check out how these new functions fare on performance. Let’s use a simple row number calculation as a baseline for this comparison. The output in Table 3-7 shows the results of a query that returns orders and assigns row numbers ordered by the qty using the ROW_NUMBER function. 
---------------------------------------------------------------------

-- Row Number Performance
--  ROW_NUMBER SQL Server 2005
---------------------------------------------------------------------

DROP INDEX idx_UC_orderdate_orderid

ON dbo.Orders

CREATE UNIQUE CLUSTERED INDEX idx_UC_qty_orderid

  ON dbo.Orders(qty,orderid);

SELECT orderid, qty,

  ROW_NUMBER () OVER (ORDER BY qty) AS rownum

FROM dbo.Orders

ORDER BY qty;
GO
---------------------------------------------------------------------

	Orderid
	qty
	rownum

	30001
	10
	1

	10001
	10
	2

	10006
	10
	3

	40005
	10
	4

	30003
	15
	5

	30004
	20
	6

	20002
	20
	7

	20001
	20
	8

	10005
	30
	9

	30007
	30
	10

	40001
	40
	11


Table 3-7 Row numbers assigned by qty
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Figure 3-1: Execution plan for Row Number calculations using ROW_NUMBER function in SQL Server 2005
When we look at the execution plan in Figure 3-1, we notice that the leaf level of the clustered index is scanned in an ordered fashion. The optimizer needs the data sorted first on the partition columns and then on the sort columns. Since we have the index, we notice that our plan does not need a sort operator. The Sequence Project operator calculates the ranking values. For each row, this operator relies on two flags provided by previous operators, one to check if this is the first row in the partition, if yes then it will reset the ranking value. The other flag checks whether the sorting value in this row is different from the previous one, and if it is, the operator will increment the ranking value based on the function. The plan is extremely efficient and scans the data only once, and if it is not already sorted within the index, sorts it. Now let’s compare it to SQL Server 2000 options. To keep things simple, the example will calculate a row number based on a single unique column—orderid:
---------------------------------------------------------------------

-- Row Number Performance

--  Set Based SQL Server 2000
---------------------------------------------------------------------

SELECT orderid, 


(SELECT COUNT (*)


 FROM dbo.Orders AS O2


 WHERE O2.orderid <= O1.orderid) AS rownum

FROM dbo.Orders AS O1

ORDER BY orderid;
GO

---------------------------------------------------------------------
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Figure 3-2: Execution plan for Row Number calculation using set based solution in SQL Server 2000

This technique is much slower than the ROW_NUMBER function. This is confirmed as we look at the execution plan in Figure 3-2. The index on orderid is first fully scanned, and for each row returned, the nested loop operator generates row numbers by counting rows. Each row number calculation invokes a seek operation within the index on orderid, followed by a partial scan from the head of the leaf level’s linked list to the last point where the orderid from the inner query is less than or equal to the orderid of the outer query.
Usually, one of the primary factors affecting the performance of data manipulation queries is the I/O. Based on the above analysis, for n number of rows, the data is scanned 1+2+3+….+n = (n+ n2)/2 times. The extent of the problem is not immediately apparent but for a table of 100,000 rows, the total number of rows scanned is around 5 billion! When there’s no index, to calculate each row number, the entire table needs to be scanned. The total number of rows scanned by the query becomes n2. The performance hit is exponential. For the same table of 100,000 rows without an index, the query will end up scanning 10 billion rows.
Next, let’s look at the performance of a cursor based solution.  Generally speaking, working with cursors should be avoided, as cursors have a lot of overhead that is a drag on the performance. However, in this case unless the partition size is really tiny, the cursor based solution outperforms the set based solution, as it scans the data only once. This means that as the table grows larger, the cursor based solution has linear performance degradation as opposed to the n2 one of the set based solution in SQL Server 2000.   
---------------------------------------------------------------------

-- Row Number Performance

--  Cursor based SQL Server 2000
---------------------------------------------------------------------

DECLARE @OrdersRN TABLE(RowNum INT, Orderid INT, qty INT);

DECLARE @RowNum AS INT, @OrderID INT, @qty INT;

DECLARE rncursor CURSOR FAST_FORWARD FOR

  SELECT orderid, qty

  FROM dbo.Orders ORDER BY qty;

OPEN rncursor;

SET @RowNum = 0;

FETCH NEXT FROM rncursor INTO @orderid, @qty;

WHILE @@fetch_status = 0

BEGIN

  SET @RowNum = @RowNum + 1;

  INSERT INTO @OrdersRN(RowNum, orderid, qty)

    VALUES(@RowNum, @OrderID, @qty);

  FETCH NEXT FROM rncursor INTO @OrderID, @qty;

END

CLOSE rncursor;

DEALLOCATE rncursor;

SELECT orderid, qty, RowNum FROM @OrdersRN;

GO

---------------------------------------------------------------------

Lastly, let’s look at implementing row numbers with an identity based solution.
---------------------------------------------------------------------

-- Row Number Performance

--  Identity based SQL Server 2000
---------------------------------------------------------------------

-- SELECT INTO without ORDER BY

IF OBJECT_ID('tempdb..#Orders') IS NOT NULL

  DROP TABLE #Orders;

GO

SELECT IDENTITY(int, 1, 1) AS RowNum,

  orderid + 0 AS orderid, qty

INTO #Orders

FROM dbo.Orders;

GO

-- CREATE TABEL w/IDENTITY, INSERT SELECT … ORDER BY

DECLARE @OrdersRN TABLE( OrderID INT, qty INT,RowNum INT IDENTITY);

INSERT INTO @OrdersRN(OrderID, qty)

  SELECT OrderID, qty

  FROM dbo.Orders

  ORDER BY qty;

SELECT * FROM @OrdersRN;

GO

---------------------------------------------------------------------

Using the IDENTITY function in a SELECT INTO statement is by far the fastest way to calculate row numbers in SQL Server prior to 2005, because the data is scanned only once without the cursor overhead. Additionally, SELECT INTO is a minimally logged operation when the database recovery model is not FULL. However, this can be used only if the order of assignment of row number is not important, which is the case in this example. If the order of assignment is to be based on a given order, SELECT INTO should not be used. The table should be created first and then loaded.
To sum up, to calculate ranking values, the SQL Server ROW_NUMBER function with the OVER clause is much faster than any technique that was available in SQL Server 2000. Not only is it faster, the code is extremely intuitive and simple.
The analytical ranking calculations solve many practical problems like paging, finding the existing and missing ranges in the data, median calculations, sorting hierarchies and numerous other problems. Below are examples of a couple of solutions showing implementation for before and after SQL Server 2005.

Missing and Existing ranges problems manifest in production systems in many forms, for example, availability or non-availability reports. These could be missing integers or datetime values. Below is the code that demonstrates the solution.
---------------------------------------------------------------------

-- Missing and Existing Ranges in the data or Islands and Gaps
---------------------------------------------------------------------

SET NOCOUNT ON;

GO

IF OBJECT_ID('dbo.T1') IS NOT NULL

  DROP TABLE dbo.T1;

GO

CREATE TABLE dbo.T1(col1 INT NOT NULL PRIMARY KEY);

GO

INSERT INTO dbo.T1 VALUES(1);

INSERT INTO dbo.T1 VALUES(2);

INSERT INTO dbo.T1 VALUES(3);

INSERT INTO dbo.T1 VALUES(100);

INSERT INTO dbo.T1 VALUES(101);

INSERT INTO dbo.T1 VALUES(102);

INSERT INTO dbo.T1 VALUES(103);

INSERT INTO dbo.T1 VALUES(500);

INSERT INTO dbo.T1 VALUES(997);

INSERT INTO dbo.T1 VALUES(998);

INSERT INTO dbo.T1 VALUES(999);

INSERT INTO dbo.T1 VALUES(1000);

GO

-- Gaps, 2000 solution
SELECT col1 + 1 AS start_range,

  (SELECT MIN(col1) FROM dbo.T1 AS B

   WHERE B.col1 > A.col1) AS end_range

FROM dbo.T1 AS A

WHERE NOT EXISTS

  (SELECT * FROM dbo.T1 AS B

   WHERE B.col1 = A.col1 + 1)

  AND col1 < (SELECT MAX(col1) FROM dbo.T1);

-- Gaps, 2005 solution with row numbers

WITH C AS

(

  SELECT col1, ROW_NUMBER() OVER(ORDER BY col1) AS rn

  FROM dbo.T1

)

SELECT Cur.col1 + 1 AS start_range, Nxt.col1 - 1 AS end_range

FROM C AS Cur

  JOIN C AS Nxt

    ON Nxt.rn = Cur.rn + 1

WHERE Nxt.col1 - Cur.col1 > 1;

-- Islands, 2000 solution
SELECT MIN(col1) AS start_range, MAX(col1) AS end_range

FROM (SELECT col1,

        (SELECT MIN(col1) FROM dbo.T1 AS B

         WHERE B.col1 >= A.col1

           AND NOT EXISTS

             (SELECT * FROM dbo.T1 AS C

              WHERE C.col1 = B.col1 + 1)) AS grp

      FROM dbo.T1 AS A) AS D

GROUP BY grp;

-- Islands, 2005 solution with row numbers

SELECT MIN(col1) AS start_range, MAX(col1) AS end_range

FROM (SELECT col1, col1 - ROW_NUMBER() OVER(ORDER BY col1) AS grp

      FROM dbo.T1) AS D

GROUP BY grp;

GO

---------------------------------------------------------------------

It is quite apparent looking at the above examples that the SQL Server 2000 solutions are neither simple nor intuitive, nor do they have satisfactory performance. The SQL Server 2005 solutions on the other hand are simpler and much better performing.
---------------------------------------------------------------------

-- Median Calculations 

---------------------------------------------------------------------

-- Solution in SQL Server 2000

USE pubs;

GO

IF OBJECT_ID('dbo.fn_median') IS NOT NULL

  DROP FUNCTION dbo.fn_median;

GO

CREATE FUNCTION dbo.fn_median(@stor_id AS CHAR(4)) RETURNS NUMERIC(11, 1)

AS

BEGIN

  RETURN

    (

     (SELECT MAX(qty) FROM

        (SELECT TOP 50 PERCENT qty FROM dbo.sales

         WHERE stor_id = @stor_id

         ORDER BY qty) AS H1)

     +

     (SELECT MIN(qty) FROM

        (SELECT TOP 50 PERCENT qty FROM dbo.sales

         WHERE stor_id = @stor_id

         ORDER BY qty DESC) AS H2)

    ) / 2.

END

GO

SELECT stor_id, dbo.fn_median(stor_id) AS median

FROM dbo.stores;

GO

-- Solution in SQL Server 2005

WITH salesRN AS

(

  SELECT stor_id, qty,

    ROW_NUMBER() OVER(PARTITION BY stor_id ORDER BY qty) AS rownum,

    COUNT(*) OVER(PARTITION BY stor_id) AS cnt

  FROM sales

)

SELECT stor_id, CAST(AVG(1.*qty) AS NUMERIC(11, 1)) AS median

FROM salesRN

WHERE rownum IN ((cnt+1)/2, (cnt+2)/2)
GROUP BY stor_id;

GO

---------------------------------------------------------------------

The above example for median calculation also demonstrates how the OVER clause simplifies the code. 

Aggregate Functions - Implementation in SQL Server 2005: 

For scalar aggregate functions like COUNT, SUM, MAX, and MIN SQL Server 2005 has implemented only the PARTITION BY sub-clause of the OVER clause. It does not yet support the ORDER BY and window sub-clauses (ROWS and RANGE). When the PARTITION BY clause is specified, the aggregate function is applied over a window of rows that have the same value for the PARTITION BY column list. If the PARTITION BY is not specified the aggregate function is applied over the entire result set. 
The purpose of using the OVER clause with scalar aggregates is to calculate, for each row of the result set, an aggregate based on a window of values that extend beyond the scope of the row, without using a GROUP BY clause. In other words, the OVER clause lets us add aggregate calculations to the results of an ungrouped query so that both, the base row attributes and the aggregates can be included in the result set side by side, and the aggregates can be calculated on a subset of the data as specified by the window. The general form of the aggregate functions as implemented in SQL Server 2005 is as follows:

<aggregate function> OVER ([PARTITION BY <col_list>])
Let’s look at an example to demonstrate the concept of window based aggregate calculations. We will use sample data from the AdventureWorks database for our queries. Let’s run the following query to review the sample result set. 
-----------------------------------------------------------------------------------------------
-- Scalar Aggregate Functions 

–- Sample data
-----------------------------------------------------------------------------------------------
USE AdventureWorks;    

SELECT SalesOrderID AS orderid, SalesOrderDetailID AS line,

    ProductID AS productid, OrderQty AS qty, LineTotal AS val

FROM Sales.SalesOrderDetail  

WHERE SalesOrderID IN(43659, 43660);

GO

-----------------------------------------------------------------------------------------------

	orderid
	line
	productid
	qty
	val

	43659
	1
	776
	1
	2024.994

	43659
	2
	777
	3
	6074.982

	43659
	3
	778
	1
	2024.994

	43659
	4
	771
	1
	2039.994

	43659
	5
	772
	1
	2039.994

	43659
	6
	773
	2
	4079.988

	43659
	7
	774
	1
	2039.994

	43659
	8
	714
	3
	86.5212

	43659
	9
	716
	1
	28.8404

	43659
	10
	709
	6
	34.2

	43659
	11
	712
	2
	10.373

	43659
	12
	711
	4
	80.746

	43660
	13
	762
	1
	419.4589

	43660
	14
	758
	1
	874.794


Table 3-8 Sample data from SalesOrderDetail table in AdventureWorks database for window based aggregates
Now let’s say we need to perform calculations involving both base row attributes and aggregates. For example, for each order line that appears in Table 3-8, we need to return the base attributes as well as the following aggregations: we need to return the word first if it’s the first line in the order (i.e., minimum line number), last if it’s the last (i.e., maximum line number), and mid if it’s neither. Finally, we need to return the percentage of the quantity from the total order quantity and percentage of the values from the total order value. Table 3-9 shows the desired results.
	orderid
	line
	pos
	productid
	qty
	qtyper
	val
	valper

	43659
	1
	first
	776
	1
	3.85
	2024.994000
	9.85

	43659
	2
	mid
	777
	3
	11.54
	6074.982000
	29.54

	43659
	3
	mid
	778
	1
	3.85
	2024.994000
	9.85

	43659
	4
	mid
	771
	1
	3.85
	2039.994000
	9.92

	43659
	5
	mid
	772
	1
	3.85
	2039.994000
	9.92

	43659
	6
	mid
	773
	2
	7.69
	4079.988000
	19.84

	43659
	7
	mid
	774
	1
	3.85
	2039.994000
	9.92

	43659
	8
	mid
	714
	3
	11.54
	86.521200
	0.42

	43659
	9
	mid
	716
	1
	3.85
	28.840400
	0.14

	43659
	10
	mid
	709
	6
	23.08
	34.200000
	0.17

	43659
	11
	mid
	712
	2
	7.69
	10.373000
	0.05

	43659
	12
	last
	711
	4
	15.38
	80.746000
	0.39

	43660
	13
	first
	762
	1
	50
	419.458900
	32.41

	43660
	14
	last
	758
	1
	50
	874.794000
	67.59


Table 3-9 Window based scalar aggregates displayed with base row attributes
Setting the OVER clause aside for a minute, the first option pre SQL Server 2005 that comes to mind, is to calculate the aggregates separately in subqueries and call them from an outer query returning the base row attributes, and correlate them. So let’s try the correlated subqueries solution.

-----------------------------------------------------------------------------------------------
-- Scalar Aggregate Functions 

–- Corelated subquery
-----------------------------------------------------------------------------------------------
USE AdventureWorks;    

SELECT orderid, line,

  CASE line WHEN first THEN 'first' WHEN last  THEN 'last'

    ELSE 'mid' END AS pos, productid,

  qty, CAST(1.*qty / totalqty * 100 AS DECIMAL(5, 2)) AS qtyper,

  val, CAST(val / totalval * 100 AS DECIMAL(5, 2)) AS valper

FROM (SELECT SalesOrderID AS orderid, SalesOrderDetailID AS line,

        ProductID AS productid, OrderQty AS qty, LineTotal AS val,

        (SELECT SUM(OrderQty)

         FROM Sales.SalesOrderDetail AS I

         WHERE I.SalesOrderID = O.SalesOrderID) AS totalqty,

        (SELECT SUM(LineTotal)

         FROM Sales.SalesOrderDetail AS I

         WHERE I.SalesOrderID = O.SalesOrderID) AS totalval,

        (SELECT MIN(SalesOrderDetailID)

         FROM Sales.SalesOrderDetail AS I

         WHERE I.SalesOrderID = O.SalesOrderID) AS first,

        (SELECT MAX(SalesOrderDetailID)

         FROM Sales.SalesOrderDetail AS I

         WHERE I.SalesOrderID = O.SalesOrderID) AS last

      FROM Sales.SalesOrderDetail AS O

      WHERE SalesOrderID IN(43659, 43660)) AS D

ORDER BY orderid, line;

GO

-----------------------------------------------------------------------------------------------
The query generating the derived table D basically issues one correlated subquery for each aggregate that we need—SUM(OrderQty), SUM(LineTotal), MIN(SalesOrderDetailID), and MAX(SalesOrderDetailID). The outer query against the derived table D can now perform the calculations involving the base attributes and the aggregates.

This solution has two main disadvantages. First, the code is repetitive and lengthy because it uses correlated subqueries. But more importantly, similar to the running aggregates example in section 1, each subquery involves an independent scan of the base data, so that the performance is poor.
Now, let’s look at how this can be solved using aggregate functions with the OVER clause in SQL Server 2005.
-----------------------------------------------------------------------------------------------
-- Scalar Aggregate Functions 

–- Window based aggregate function calculation using the OVER clause SQL Server 

-- 2005
-----------------------------------------------------------------------------------------------
USE AdventureWorks;    

SELECT SalesOrderID AS orderid, SalesOrderDetailID AS line,

  CASE SalesOrderDetailID

    WHEN MIN(SalesOrderDetailID) OVER(PARTITION BY SalesOrderID) THEN 'first'

    WHEN MAX(SalesOrderDetailID) OVER(PARTITION BY SalesOrderID) THEN 'last'

    ELSE 'mid'

  END AS pos, ProductID AS productid, OrderQty AS qty, 

  CAST(1.*OrderQty/SUM(OrderQty) OVER(PARTITION BY SalesOrderID)*100

       AS DECIMAL(5, 2)) AS qtyper,

  LineTotal AS val,

  CAST(LineTotal/SUM(LineTotal)  OVER(PARTITION BY SalesOrderID)*100

       AS DECIMAL(5, 2)) AS valper

FROM Sales.SalesOrderDetail

WHERE SalesOrderID IN(43659, 43660)

ORDER BY orderid, line;

GO

-----------------------------------------------------------------------------------------------
In this solution, we simply embed the aggregate functions with the OVER clause in the SELECT list, along with the base attributes. We specify PARTITION BY SalesOrderID because we want the window of values to be the window of all order lines that have the same SalesOrderID as in the current base row.

This solution calculates all aggregates that logically share the same window (order lines that have the same SalesOrderID), based on the same scan of the data, which provides better performance than the subquery solution. We can easily see this efficiency if we examine the query's execution plan: one scan to grab the window, and a single aggregate operator calculating all aggregates. The OVER clause gives us good performance, as well as, simplicity of code.

Missing features of the ANSI OVER Clause – A Prelude
It is important to note that the OVER clause as defined by ANSI SQL:1999, contains additional elements that aren't implemented in the analytical functions in SQL Server 2005. 
To refresh our memory, the ANSI SQL syntax for Window Functions using the OVER Clause is as follows:

Function (arg) 





 (window sub-clause)
OVER ([PARTITION BY <...>] [ORDER BY <...>] [ROWS/RANGE<…>])

Since the PARTITION BY is implemented for aggregates in SQL Server 2005, we can calculate aggregations across partitions along with accessing attributes from the base row. The PARTITION BY simplifies quite a few problems. However, the ORDER BY clause and the ROWS/RANGE clauses, if implemented, could make things even better!  
The ORDER BY clause would allow us to solve problems such as running aggregates (like the one in our example in Section 1). The ROWS/RANGE clauses would give us the ability to define varying start and end points of the window and allow us to solve problems like sliding aggregates. 
Let’s take the opportunity to grasp the intent of the ORDER BY in this implementation. So far, with SQL Server we’ve seen only one function of the ORDER BY clause—determining the physical order of records in a cursor. However, ANSI defines another function for the ORDER BY clause—logically determining precedence of rows for window-based calculations. 

Per ANSI, the ORDER BY clause depending on its usage, serves one of two functions: determining physical order of records in a cursor or determining logical order and precedence of rows in window-based calculations (but not both uses at the same time). We need to specify a different ORDER BY clause for each function. This ability to apply aggregate functions by logically ordering the rows would help us solve many problems that we are not able to in the current version of SQL Server.
In conclusion, this section shows the implementation of the OVER clause in SQL Server 2005 and the types of problems that can be solved. The OVER clause is a very powerful tool to possess in our SQL arsenal. However, its main power is yet to come! Next, we will delve deeper into the missing elements of the OVER clause implementation in SQL Server 2005 versus its full ANSI syntax to demonstrate the need for a full implementation in the next release of SQL Server. 
SECTION 4: Request for Feature Enhancements – Missing Elements of the OVER Clause in SQL Server, Prioritized

This section covers missing elements of the over clause that exist in ANSI SQL: 2003, other database platforms (e.g., Oracle, DB2), or proposed as T-SQL extensions, prioritized from most to least important.

i. ORDER BY for aggregates

This is the most important missing piece. The ORDER BY sub-clause of the OVER clause is where the real power lies. While the PARTITION BY clause implemented in SQL Server 2005 is nice to have, the ORDER BY is really profound. As mentioned earlier, specifying the ORDER BY clause without specifying a window option clause should default to the window option ROWS BETWEEN UNBOUNDED PRECEDING AND CURRENT ROW. Implementing the ORDER BY clause for aggregates with the default window option would be a major step forward even if in the first step the explicit window option would not be allowed, rather implemented in a later step.

The use of ORDER BY for aggregates extends far beyond the trivial running aggregates scenario; running aggregates are used in different types of problems not as a final goal, rather as a means to an end. The use for running aggregates was described earlier and is obvious. The example used earlier was:

SELECT empid, ordermonth, qty,

  SUM(qty) OVER(PARTITION BY empid

                ORDER     BY ordermonth) AS cumulativeqty

FROM EmpOrders;
Examples of using running aggregates as a means to an end include scenarios like inventory, bank transaction balance, temporal problems, and others. 

Inventory / Bank Transaction Balance:

Suppose you have a table called InventoryTransactions with the columns productid, dt, and qty. The qty column specifies the qty added (plus sign) or subtracted (minus sign). You need to figure out the cumulative quantity change for each product at each point in time for a given date range. You can use the following query:

SELECT productid, dt, qty,

  SUM(qty) OVER(PARTITION BY productid

                ORDER     BY dt) AS cum_qty_change

FROM InventoryTransactions
WHERE dt >= @dt1 AND dt < @dt2;
A very similar concept can be applied to bank transactions over time to calculate balances.

In the previous examples the use of a running aggregate was obvious. There are problems that on the surface don’t seem to have anything with running aggregates, but can use those to optimize and sometimes also simplify the solution. The next example adopted from Inside Microsoft SQL Server 2005 by Itzik Ben-Gan, Dejan Sarka and Roger Wolter (MSPress, 2006) demonstrates this:

Maximum Concurrent Sessions

The Maximum Concurrent Sessions problem is yet another example of ordered calculations. You record data for user sessions against different applications in a table called Sessions. Run the following code to create and populate the Sessions table.

	

	USE tempdb;

GO

IF OBJECT_ID('dbo.Sessions') IS NOT NULL

  DROP TABLE dbo.Sessions;

GO

CREATE TABLE dbo.Sessions

(

  keycol    INT         NOT NULL IDENTITY PRIMARY KEY,

  app       VARCHAR(10) NOT NULL,

  usr       VARCHAR(10) NOT NULL,

  host      VARCHAR(10) NOT NULL,

  starttime DATETIME    NOT NULL,

  endtime   DATETIME    NOT NULL,

  CHECK(endtime > starttime)

);

INSERT INTO dbo.Sessions

  VALUES('app1', 'user1', 'host1', '20030212 08:30', '20030212 10:30');

INSERT INTO dbo.Sessions

  VALUES('app1', 'user2', 'host1', '20030212 08:30', '20030212 08:45');

INSERT INTO dbo.Sessions

  VALUES('app1', 'user3', 'host2', '20030212 09:00', '20030212 09:30');

INSERT INTO dbo.Sessions

  VALUES('app1', 'user4', 'host2', '20030212 09:15', '20030212 10:30');

INSERT INTO dbo.Sessions

  VALUES('app1', 'user5', 'host3', '20030212 09:15', '20030212 09:30');

INSERT INTO dbo.Sessions

  VALUES('app1', 'user6', 'host3', '20030212 10:30', '20030212 14:30');

INSERT INTO dbo.Sessions

  VALUES('app1', 'user7', 'host4', '20030212 10:45', '20030212 11:30');

INSERT INTO dbo.Sessions

  VALUES('app1', 'user8', 'host4', '20030212 11:00', '20030212 12:30');

INSERT INTO dbo.Sessions

  VALUES('app2', 'user8', 'host1', '20030212 08:30', '20030212 08:45');

INSERT INTO dbo.Sessions

  VALUES('app2', 'user7', 'host1', '20030212 09:00', '20030212 09:30');

INSERT INTO dbo.Sessions

  VALUES('app2', 'user6', 'host2', '20030212 11:45', '20030212 12:00');

INSERT INTO dbo.Sessions

  VALUES('app2', 'user5', 'host2', '20030212 12:30', '20030212 14:00');

INSERT INTO dbo.Sessions

  VALUES('app2', 'user4', 'host3', '20030212 12:45', '20030212 13:30');

INSERT INTO dbo.Sessions

  VALUES('app2', 'user3', 'host3', '20030212 13:00', '20030212 14:00');

INSERT INTO dbo.Sessions

  VALUES('app2', 'user2', 'host4', '20030212 14:00', '20030212 16:30');

INSERT INTO dbo.Sessions

  VALUES('app2', 'user1', 'host4', '20030212 15:30', '20030212 17:00');

CREATE INDEX idx_app_st_et ON dbo.Sessions(app, starttime, endtime);


The request is to calculate, for each application, the maximum number of sessions that were open at the same point in time. Such types of calculations are required to determine the cost of a type of service license that charges by the maximum number of concurrent sessions.

Try to develop a set-based solution that works; then try to optimize it; and then try to estimate its performance potential. Later I'll discuss a cursor-based solution and show a benchmark that compares the set-based solution with the cursor-based solution.

One way to solve the problem is to generate an auxiliary table with all possible points in time during the covered period, use a subquery to count the number of active sessions during each such point in time, create a derived table/CTE from the result table, and finally group the rows from the derived table by application, requesting the maximum count of concurrent sessions for each application. Such a solution is extremely inefficient. Assuming you create the optimal index for it—one on (app, starttime, endtime)—the total number of rows you end up scanning just in the leaf level of the index is huge. It's equal to the number of rows in the auxiliary table multiplied by the average number of active sessions at any point in time. To give you a sense of the enormity of the task, if you need to perform the calculations for a month's worth of activity, the number of rows in the auxiliary table will be: 31 (days) × 24 (hours) × 60 (minutes) × 60 (seconds) × 300 (units within a second). Now multiply the result of this calculation by the average number of active sessions at any given point in time (say 20 as an example), and you get 16,070,400,000.

Of course there's room for optimization. There are periods in which the number of concurrent sessions doesn't change, so why calculate the counts for those? The count changes only when a new session starts (increased by 1) or an existing session ends (decreased by 1). Furthermore, because a start of a session increases the count and an end of a session decreases it, a start event of one of the sessions is bound to be the point at which you will find the maximum you're looking for. Finally, if two sessions start at the same time, there's no reason to calculate the counts for both. So you can apply a DISTINCT clause in the query that returns the start times for each application, although with an accuracy level of 3 1/3 milliseconds (ms), the number of duplicates would be very small—unless you're dealing with very large volumes of data.

In short, you can simply use as your auxiliary table a derived table or CTE that returns all distinct start times of sessions per application. From there, all you need to do is follow logic similar to that mentioned earlier. Here's the optimized set-based solution:
SELECT app, MAX(concurrent) AS mx

FROM (SELECT app,

        (SELECT COUNT(*)

         FROM dbo.Sessions AS S2

         WHERE S1.app = S2.app

           AND S1.ts >= S2.starttime

           AND S1.ts < S2.endtime) AS concurrent

      FROM (SELECT DISTINCT app, starttime AS ts

            FROM dbo.Sessions) AS S1) AS C

GROUP BY app;

	app
	mx

	app1
	4

	app2
	3


Notice that instead of using a BETWEEN predicate to determine whether a session was active at a certain point in time (ts), I used ts >= starttime AND ts < endtime. If a session ends at the ts point in time, I don't want to consider it as active.

The execution plan for this query is shown in Figure 4-1.
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Figure 4-1: Execution plan for Maximum Concurrent Sessions, set-based solution 

First, the index I created on (app, starttime, endtime) is scanned and duplicates are removed (by the stream aggregate operator). Unless the table is huge, you can assume that the number of rows returned will be very close to the number of rows in the table. For each app, starttime (call it ts) returned after removing duplicates, a Nested Loops operator initiates activity that calculates the count of active sessions (by a seek within the index, followed by a partial scan to count active sessions). The number of pages read in each iteration of the Nested Loops operator is the number of levels in the index plus the number of pages consumed by the number of active sessions. To make my point, I'll focus on the number of rows scanned at the leaf level because this number varies based on active sessions. Of course, to do adequate performance estimations, you should take page counts (logical reads) as well as many other factors into consideration. If you have n rows in the table, assuming that most of them have unique app, starttime values and there are o overlapping sessions at any given point in time, you're looking at the following: n × o rows scanned in total at the leaf level, beyond the pages scanned by the seek operations that got you to the leaf.

You now need to figure out how this solution scales when the table grows larger. Typically, such reports are required periodically—for example, once a month, for the most recent month. With the recommended index in place, the performance shouldn't change as long as the traffic doesn't increase for a month's worth of activity—that is, if it's related to n × o (where n is the number of rows for the recent month). But suppose that you anticipate traffic increase by a factor of f? If traffic increases by a factor of f, both total rows and number of active sessions at a given time grow by that factor; so in total, the number of rows scanned at the leaf level becomes (n × f)(o × f) = n × o × f2. You see, as the traffic grows, performance doesn't degrade linearly; rather, it degrades much more drastically.

Next let's talk about a cursor-based solution. The power of a cursor-based solution is that it can scan data in order. Relying on the fact that each session represents two events—one that increases the count of active sessions, and one that decreases the count—I'll declare a cursor for the following query:

SELECT app, starttime AS ts, 1 AS event_type FROM dbo.Sessions

UNION ALL

SELECT app, endtime, -1 FROM dbo.Sessions

ORDER BY app, ts, event_type;

This query returns the following for each session start or end event: the application (app), the timestamp (ts); an event type (event_type) of +1 for a session start event or -1 for a session end event. The events are sorted by app, ts, and event_type. The reason for sorting by app, ts is obvious. The reason for adding event_type to the sort is to guarantee that if a session ends at the same time another session starts, you will take the end event into consideration first (because sessions are considered to have ended at their end time). Other than that, the cursor code is straightforward—simply scan the data in order and keep adding up the +1s and -1s for each application. With every new row scanned, check whether the cumulative value to that point is greater than the current maximum for that application, which you store in a variable. If it is, store it as the new maximum. When done with an application, insert a row containing the application ID and maximum into a table variable. That's about it. Here’s the complete cursor solution:

DECLARE

  @app AS VARCHAR(10), @prevapp AS VARCHAR (10), @ts AS datetime,

  @event_type AS INT, @concurrent AS INT, @mx AS INT;

DECLARE @Result TABLE(app VARCHAR(10), mx INT);

DECLARE C CURSOR FAST_FORWARD FOR

  SELECT app, starttime AS ts, 1 AS event_type FROM dbo.Sessions

  UNION ALL

  SELECT app, endtime, -1 FROM dbo.Sessions

  ORDER BY app, ts, event_type;

OPEN C;

FETCH NEXT FROM C INTO @app, @ts, @event_type;

SELECT @prevapp = @app, @concurrent = 0, @mx = 0;

WHILE @@fetch_status = 0

BEGIN

  IF @app <> @prevapp

  BEGIN

    INSERT INTO @Result VALUES(@prevapp, @mx);

    SELECT @prevapp = @app, @concurrent = 0, @mx = 0;

  END

  SET @concurrent = @concurrent + @event_type;

  IF @concurrent > @mx SET @mx = @concurrent;

  FETCH NEXT FROM C INTO @app, @ts, @event_type;

END

IF @prevapp IS NOT NULL

  INSERT INTO @Result VALUES(@prevapp, @mx);

CLOSE C

DEALLOCATE C

SELECT * FROM @Result;
The cursor solution scans the leaf of the index only twice. You can represent its cost as n × 2 × v, where v is the cursor overhead involved with each single row manipulation. Also, if the traffic grows by a factor of f, the performance degrades linearly to n × 2 × v × f. You realize that unless you're dealing with a very small input set, the cursor solution has the potential to perform much faster, and as proof, Figure 4-2 shows a graphical depiction of a benchmark test I ran.
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Figure 4-2: Benchmark for Maximum Concurrent Sessions solutions 

Again, you can see a nicely shaped parabola in the set-based solution's graph, and now you know how to explain it: remember—if traffic increases by a factor of f, the number of leaf-level rows inspected by the set-based query grows by a factor of f2.
Interestingly, this is yet another type of problem where a more complete implementation of the OVER clause would have allowed for a set-based solution to perform substantially faster than the cursor one. Here's what the set-based solution would have looked like if SQL Server supported ORDER BY in the OVER clause for aggregations:

SELECT app, MAX(concurrent) AS mx

FROM (SELECT app, SUM(event_type)

        OVER(PARTITION BY app ORDER BY ts, event_type) AS concurrent

      FROM (SELECT app, starttime AS ts, 1 AS event_type 
            FROM dbo.Sessions

            UNION ALL

            SELECT app, endtime, -1 FROM dbo.Sessions) AS D1) AS D2

GROUP BY app;

The cost of the cursor solution was expressed earlier as n × 2 × v, while this solution based on the OVER clause should cost n × 2. That is, the cost of the cursor solution without the cursor overhead.

We could go on with further examples and business scenarios that could benefit from supporting ORDER BY with OVER-based aggregates, but hopefully the point is clear.
ii. LAG and LEAD functions

The LAG and LEAD functions allow you to return a value from a row with a specified offset (in terms of a number of rows) in respect to the current row. These functions can be very useful for business scenarios such as calculating trends, comparing values from adjacent rows, and even identifying gaps in sequences.

The syntax for these functions is:

{LAG | LEAD}(<expression>, <offset>, <default_value>) OVER(…)

LAG returns <expression> from the row with <offset> number of rows preceding to the current, and if such a row is not found, <default_value> is returned. LEAD is similar, with the difference being that <offset> is following in respect to the current row instead of preceding.

The classic use for these functions is to match current-next/previous rows. For example, using the EmpOrders table, suppose you need to calculate employee sales trends by matching each employee’s current month of activity with the previous. Without the LAG function you would need to use expensive subqueries, or the APPLY operator. With the LAG function things are much simpler, and also the optimization potential here is a single scan of the data. If an index exists on (partitioning cols, sort cols, covered cols), it can be a single ordered scan of the index eliminating the need for sorting. Here’s how the solution would look like:

SELECT empid, ordermonth, qty as qtythismonth,

  qty - LAG(qty, 1, NULL) OVER(PARTITION BY empid
                               ORDER BY ordermonth) AS qtydiff
FROM dbo.EmpOrders;
Such calculations are also relevant to transactional data. For example, given the Orders table in the Northwind database, suppose you need to match each current employee’s order with the previous in order to calculate how many days past between the previous order date and the current, and also between the previous required date and the current. Precedence among an employee’s orders is based on OrderDate, OrderID. OrderID is used as a tiebreaker.
Without the LAG function, there are several solutions. For example, you can rely on a TOP 1 subquery and joins:

SELECT Cur.EmployeeID,

  Cur.OrderID AS CurOrderID, Prv.OrderID AS PrvOrderID,

  Cur.OrderDate AS CurOrderDate, Prv.OrderDate AS PrvOrderDate,

  Cur.RequiredDate AS CurReqDate, Prv.RequiredDate AS PrvReqDate

FROM (SELECT EmployeeID, OrderID, OrderDate, RequiredDate,

        (SELECT TOP(1) OrderID

         FROM dbo.Orders AS O2

         WHERE O2.EmployeeID = O1.EmployeeID

           AND (O2.OrderDate < O1.OrderDate

                OR O2.OrderDate = O1.OrderDate

                   AND O2.OrderID < O1.OrderID)

         ORDER BY OrderDate DESC, OrderID DESC) AS PrvOrderID

      FROM dbo.Orders AS O1) AS Cur

  LEFT OUTER JOIN dbo.Orders AS Prv

    ON Cur.PrvOrderID = Prv.OrderID
ORDER BY Cur.EmployeeID, Cur.OrderDate, Cur.OrderID;
This query matches the current employee’s order with the previous. Of course, in the SELECT list you can now calculate differences between current row and previous row attributes. This solution is extremely inefficient. You can somewhat optimize it by using the APPLY operator:
SELECT Cur.EmployeeID,

  Cur.OrderID AS CurOrderID, Prv.OrderID AS PrvOrderID,

  Cur.OrderDate AS CurOrderDate, Prv.OrderDate AS PrvOrderDate,

  Cur.RequiredDate AS CurReqDate, Prv.RequiredDate AS PrvReqDate

FROM dbo.Orders AS Cur

  OUTER APPLY

    (SELECT TOP(1) OrderID, OrderDate, RequiredDate

     FROM dbo.Orders AS O

     WHERE O.EmployeeID = Cur.EmployeeID

       AND (O.OrderDate < Cur.OrderDate

            OR (O.OrderDate = Cur.OrderDate

               AND O.OrderID < Cur.OrderID))

     ORDER BY OrderDate DESC, OrderID DESC) AS Prv
ORDER BY Cur.EmployeeID, Cur.OrderDate, Cur.OrderID;
Assuming you have an index on EmployeeID, OrderDate, OrderID, with RequiredDate added for covering purposes, the query will perform a seek operation in the index per each outer row. Though more efficient than the previous solution, this is still an inefficient solution. If you have N rows in the table and the cost of a seek operation is S reads, the cost of this solution is N + N*S. For example, for a table with 1,000,000 rows and 3 levels in the index, this query will require over 3,000,000 reads.
You can further optimize the solution (as well as the solution for the previous trends problem) by using the ROW_NUMBER function which exists in SQL Server 2005:

WITH OrdersRN AS

(

  SELECT EmployeeID, OrderID, OrderDate, RequiredDate,

    ROW_NUMBER() OVER(PARTITION BY EmployeeID

                      ORDER BY OrderDate, OrderID) AS rn

  FROM dbo.Orders

)

SELECT Cur.EmployeeID,

  Cur.OrderID AS CurOrderID, Prv.OrderID AS PrvOrderID,

  Cur.OrderDate AS CurOrderDate, Prv.OrderDate AS PrvOrderDate,

  Cur.RequiredDate AS CurReqDate, Prv.RequiredDate AS PrvReqDate

FROM OrdersRN AS Cur

  LEFT OUTER JOIN OrdersRN AS Prv

    ON Cur.EmployeeID = Prv.EmployeeID

    AND Cur.rn = Prv.rn + 1
ORDER BY Cur.EmployeeID, Cur.OrderDate, Cur.OrderID;
This solution requires two scans of the index, plus there’s of course the cost of the join. With the LAG function, there’s the potential to achieve this with a single ordered scan of the index. The solution would look like this:
SELECT EmployeeID,

  OrderID AS CurOrderID,

  LAG(OrderID, 1, NULL)

    OVER(PARTITION BY EmployeeID

         ORDER BY OrderDate, OrderID) AS PrvOrderID,

  OrderDate AS CurOrderDate,

  LAG(OrderDate, 1, NULL)

    OVER(PARTITION BY EmployeeID

         ORDER BY OrderDate, OrderID) AS PrvOrderDate,

  RequiredDate AS CurReqDate,

  LAG(RequiredDate, 1, NULL)

    OVER(PARTITION BY EmployeeID

         ORDER BY OrderDate, OrderID) AS PrvReqDate
FROM Orders;
As you can see, the solution is simpler, more intuitive, and also has better performance potential.
The LAG function can also be used in problems as a means to an end. For example, in the classic common problem presented earlier where you need to identify gaps in a sequence.

Given the following table T1:
USE tempdb;

GO

IF OBJECT_ID('dbo.T1') IS NOT NULL

  DROP TABLE dbo.T1

GO

CREATE TABLE dbo.T1(col1 INT NOT NULL PRIMARY KEY);

INSERT INTO dbo.T1(col1) VALUES(1);

INSERT INTO dbo.T1(col1) VALUES(2);

INSERT INTO dbo.T1(col1) VALUES(3);

INSERT INTO dbo.T1(col1) VALUES(100);

INSERT INTO dbo.T1(col1) VALUES(101);

INSERT INTO dbo.T1(col1) VALUES(103);

INSERT INTO dbo.T1(col1) VALUES(104);

INSERT INTO dbo.T1(col1) VALUES(105);

INSERT INTO dbo.T1(col1) VALUES(106);

You need to identify the gaps in the col1 values. Here’s how you can use the LEAD function to solve the problem:

WITH C AS

(

  SELECT col1 AS cur, LEAD(col1, 1, NULL) OVER(ORDER BY col1) AS nxt

  FROM dbo.T1

)

SELECT cur + 1 AS start_gap, nxt - 1 AS end_gap

FROM C
WHERE nxt - cur > 1;
As you can see, the solution is simple, intuitive, and can be optimized with a single ordered scan of the index defined on col1.
To summarize, the LAG and LEAD functions allow you to solve common problems where you need to obtain values from a row with a certain offset from the current row. Examples of such problems discussed in this section include: trend calculations, matching current-previous/next transactions, identifying gaps in a sequence, and of course there are many others.
iii. TOP OVER

The TOP query option was introduced in SQL Server 7.0 as a non-standard T-SQL extension. It is widely in use since it answers many practical needs. However, we feel that the design of the TOP option is flawed, lacking, and is not in the spirit of standard SQL. Even though there’s no TOP in standard SQL, it can be redesigned “in the spirit of the standard”. We feel that introducing support for TOP with an OVER clause resolves all of the current TOP option’s flaws and limitations.

The current design of TOP has an identity crisis in respect to the associated ORDER BY clause; the meaning of the ORDER BY clause is sometimes ambiguous and leads to confusion and to limitations. For example, given the following query:

USE Northwind;

SELECT TOP(3) OrderDate, OrderID, CustomerID, EmployeeID

FROM dbo.Orders

ORDER BY OrderDate DESC, OrderID DESC;
The ORDER BY clause serves two different purposes:

1. Logical: serve as the filter for the TOP option

2. Presentation: return the rows in the output in the specified order—rendering a result cursor, rather than a set

The fact that the same ORDER BY clause serves two different purposes is problematic. You might want to choose rows based on one sort criteria, and sort the output rows based on another (or not at all). Also, many programmers don’t realize that when you use a TOP query to define a table expression (view, inline table function, derived table, CTE), the ORDER BY clause loses its presentation meaning. For example, in the following query:

SELECT *

FROM (SELECT TOP(3) OrderDate, OrderID, CustomerID, EmployeeID

      FROM dbo.Orders
      ORDER BY OrderDate DESC, OrderID DESC) AS D;
Here there’s no guarantee that the output will be returned in a particular order (even though in terms of optimization it is likely that it will). This misunderstanding leads to absurd uses of the TOP option, e.g., “sorted views”:

CREATE VIEW dbo.SortedOrders

AS

SELECT TOP(100) PERCENT OrderDate, OrderID, CustomerID, EmployeeID

FROM dbo.Orders
ORDER BY OrderDate DESC, OrderID DESC;
Many programmers don’t realize that the following query is not guaranteed to return the rows sorted:

SELECT * FROM dbo.SortedOrders;
And that this use is absurd. Unfortunately SQL Server’s graphical tools encourage this absurd behavior by providing a sort button in the graphical view designer—when pressed, the designer adds TOP (100) PERCENT and an ORDER BY clause in the view definition.

This ambiguity of the ORDER BY clause led to several limitations in T-SQL. For example, you can’t specify a set-operation between two TOP queries with ORDER BY clauses:

SELECT TOP … FROM T1 ORDER BY col1

UNION ALL

SELECT TOP … FROM T2 ORDER BY col1

The reason being that an outer query with an ORDER BY clause returns a cursor and not a set, while a set operation operates on sets and not on cursors.

Also, modification statements with a TOP option are not allowed to have an ORDER BY clause. The following DELETE statement is non-deterministic:

DELETE TOP (50) FROM dbo.Orders;
You can’t tell which rows will be deleted. Of course, there is a practical need to be able to express a request such as: delete the 50 oldest orders, but you can’t achieve this with a TOP based delete.

Beyond the fact that the meaning of the ORDER BY clause is fuzzy, and that the meaning changes depending on context, there are other problems with TOP. Currently TOP doesn’t support partitioning; for example, you can request the three most-recent orders globally, but not the three most-recent orders for each employee.

There’s a workaround to all the aforementioned problems by not using TOP, rather relying on the ROW_NUMBER function. You can define a table expression where you calculate a row number with your desired partitioning and ordering specifications, and then issue your query (including modification statements) against the table expression. For example, to return a set instead of a cursor:

WITH C AS

(

  SELECT

    ROW_NUMBER() OVER(ORDER BY OrderDate DESC, OrderID DESC) AS RowNum,

    OrderDate, OrderID, CustomerID, EmployeeID

  FROM dbo.Orders

)

SELECT *

FROM C

WHERE RowNum <= 3;

Here you’re not forced to have a presentation ORDER BY, and if you do want one, it doesn’t have to be the same as the logical ORDER BY:

WITH C AS

(

  SELECT

    ROW_NUMBER() OVER(ORDER BY OrderDate DESC, OrderID DESC) AS RowNum,

    OrderDate, OrderID, CustomerID, EmployeeID

  FROM dbo.Orders

)

SELECT *

FROM C

WHERE RowNum <= 3

ORDER BY CustomerID;

Partitioning would be natural here. For example, to return the three most recent orders for each employee, use:

WITH C AS

(

  SELECT

    ROW_NUMBER() OVER(PARTITION BY EmployeeID

                      ORDER BY OrderDate DESC, OrderID DESC) AS RowNum,

    OrderDate, OrderID, CustomerID, EmployeeID

  FROM dbo.Orders

)

SELECT *

FROM C

WHERE RowNum <= 3;

This logic is also supported with modification statements. For example, to delete the 50 oldest orders, use:

WITH C AS

(

  SELECT

    ROW_NUMBER() OVER(ORDER BY OrderDate, OrderID) AS RowNum,

    OrderDate, OrderID, CustomerID, EmployeeID

  FROM dbo.Orders

)

DELETE FROM C

WHERE RowNum <= 50;

Though there is a workaround to all the aforementioned limitations using row numbers, programmers are already used to the TOP option. It would be nice to implement an OVER clause with the TOP option eliminating the need for this workaround:

For example, to return a set instead of a cursor:

SELECT

  TOP(3) OrderDate, OrderID, CustomerID, EmployeeID

    OVER(ORDER BY OrderDate DESC, OrderID DESC)

FROM dbo.Orders;

Here you’re not forced to have a presentation ORDER BY, and if you do want one, it doesn’t have to be the same as the logical ORDER BY:

SELECT

  TOP(3) OrderDate, OrderID, CustomerID, EmployeeID

    OVER(ORDER BY OrderDate DESC, OrderID DESC)

FROM dbo.Orders

ORDER BY CustomerID;

Such support would also allow using set operations based on TOP queries with a logical ORDER BY:

SELECT TOP … OVER(ORDER BY col1) FROM T1 

UNION ALL

SELECT TOP … OVER(ORDER BY col1) FROM T2;

Like with all calculations based on the OVER clause, partitioning would be natural here. For example, to return the three most recent orders for each employee, you would use:

SELECT

  TOP(3) OrderDate, OrderID, CustomerID, EmployeeID

    OVER(PARTITION BY EmployeeID

         ORDER BY OrderDate DESC, OrderID DESC)

FROM dbo.Orders;

This logic would also lend itself to support TOP based modifications with a logical ORDER BY. For example, to delete the 50 oldest orders, you would use:

DELETE TOP(5) OVER(ORDER BY OrderDate, OrderID)

FROM C;

Adding such support shouldn’t impose any problems in respect to backwards compatibility since it should be clear to the parser when the older TOP is used and when the new one is used (OVER clause specified). Once such support is added, the older TOP support can gradually enter a deprecation process, and hopefully finally be eliminated at some future version.
iv. Vector expressions and their interactions with the OVER clause

Vector expressions (aka row constructors) can be extremely useful in both simplifying code and writing code that lends itself to better optimization. A classic example for the usefulness of vector expressions (unrelated to the OVER clause) is updates of multiple attributes. Instead of writing:

UPDATE dbo.T1

SET col1 = (SELECT col1

            FROM dbo.T2

            WHERE T2.keycol = T1.keycol),

    col2 = (SELECT col2

            FROM dbo.T2

            WHERE T2.keycol = T1.keycol),

    col3 = (SELECT col3

            FROM dbo.T2
            WHERE T2.keycol = T1.keycol);
With a vector expression you would write:

UPDATE dbo.T1

SET (col1, col2, col3) =

    (SELECT (col1, col2, col3)

     FROM dbo.T2
     WHERE T2.keycol = T1.keycol);
In respect to OVER based calculations, this can substantially minimize code length as it would probably be very common to specify multiple expressions based on the same OVER clause. Consider a couple of examples.
The following query has four calculations based on the same OVER clause (the ROWS sub-clause is covered later in the paper):

SELECT empid, ordermonth AS tomonth, qty AS qtythismonth,

  SUM(qty) OVER(PARTITION BY empid

             ORDER BY ordermonth

             ROWS BETWEEN 2 PRECEDING AND CURRENT ROW) AS totalqty,

  AVG(qty) OVER(PARTITION BY empid

             ORDER BY ordermonth

             ROWS BETWEEN 2 PRECEDING AND CURRENT ROW) AS avgqty,

  MIN(qty) OVER(PARTITION BY empid

             ORDER BY ordermonth

             ROWS BETWEEN 2 PRECEDING AND CURRENT ROW) AS minqty,

  MAX(qty) OVER(PARTITION BY empid

             ORDER BY ordermonth

             ROWS BETWEEN 2 PRECEDING AND CURRENT ROW) AS maxqty

FROM dbo.EmpOrders
ORDER BY empid, ordermonth;
With a vector expression it would be simplified as follows:

SELECT empid, ordermonth AS tomonth, qty AS qtythismonth,

  (SUM(qty), AVG(qty), MIN(qty), MAX(qty))

     OVER(PARTITION BY empid

          ORDER BY ordermonth

          ROWS BETWEEN 2 PRECEDING AND CURRENT ROW)

     AS (totalqty, avgqty, minqty, maxqty)

FROM dbo.EmpOrders
ORDER BY empid, ordermonth;
The following query has three calculations based on the same OVER clause:

SELECT EmployeeID,

  OrderID AS CurOrderID,

  LAG(OrderID, 1, NULL)

    OVER(PARTITION BY EmployeeID

         ORDER BY OrderDate, OrderID) AS PrvOrderID,

  OrderDate AS CurOrderDate,

  LAG(OrderDate, 1, NULL)

    OVER(PARTITION BY EmployeeID

         ORDER BY OrderDate, OrderID) AS PrvOrderDate,

  RequiredDate AS CurReqDate,

  LAG(RequiredDate, 1, NULL)

    OVER(PARTITION BY EmployeeID

         ORDER BY OrderDate, OrderID) AS PrvReqDate
FROM Orders;
With a vector expression it would be simplified as follows:

SELECT EmployeeID,

  OrderID      AS CurOrderID,

  OrderDate    AS CurOrderDate,
  RequiredDate AS CurReqDate,
  ( LAG(OrderID,      1, NULL),

    LAG(OrderDate,    1, NULL),

    LAG(RequiredDate, 1, NULL) )

    OVER(PARTITION BY EmployeeID

         ORDER BY OrderDate, OrderID)

    AS (PrvOrderID, PrvOrderDate, PrvReqDate)
FROM Orders;
We believe that adding support for vector expressions is important as it would probably be very common to use multiple calculations based on the same OVER clause. 
Note that there may be a more ideal design for abbreviating the code when using multiple calculations based on the same OVER clause; for example, support for macros. The more important thing for us is to point out the need for such abbreviation rather then this specific design. Consider this design as just a way to illustrate the need.
v. Limiting windows (ROWS, RANGE)

The ROWS and RANGE sub-clauses of the OVER clause are applicable to some of the analytical functions—mainly aggregate functions, but also others, and they allow you to define the window of rows on which the function will operate.

The ROWS sub-clause allows you to define a window in respect to the current row, and is useful for sliding window calculations. The syntax for the ROWS sub-clause is:

ROWS BETWEEN <from_expression> AND <to_expression>

<from_expression> can be any of the following: 

· <integer_expression> {PRECEDING | FOLLOWING}

· UNBOUNDED PRECEDING
· CURRENT ROW

<to_expression> can be any of the following: 

· <integer_expression> {PRECEDING | FOLLOWING}

· UNBOUNDED FOLLOWING

· CURRENT ROW

<integer_expression> represents an offset in terms of the number of rows preceding or following in respect to the current row. The other options are self-explanatory.

As an example for using the ROWS sub-clause, consider the EmpOrders table provided earlier.  Suppose you need to calculate aggregates (total quantity and average quantity) per employee of three months leading to the current month. Without the OVER clause you would use either a self-join or subqueries. Here’s a solution using a self-join:

-- Sliding Aggregates Per Employee of Three Months Leading to Current

SELECT O1.empid, 

  CONVERT(VARCHAR(7), O1.ordermonth, 121) AS tomonth, O1.qty AS qtythismonth,

  SUM(O2.qty) AS totalqty,

  AVG(1.*O2.qty) AS avgqty

FROM dbo.EmpOrders AS O1

  JOIN dbo.EmpOrders AS O2

    ON O2.empid = O1.empid

    AND (O2.ordermonth > DATEADD(month, -3, O1.ordermonth)

         AND O2.ordermonth <=  O1.ordermonth)

GROUP BY O1.empid, O1.ordermonth, O1.qty

ORDER BY O1.empid, O1.ordermonth;

Using the OVER clause the solution would look like this:

SELECT empid, 

  CONVERT(VARCHAR(7), ordermonth, 121) AS tomonth, qty AS qtythismonth,

  SUM(qty) OVER(PARTITION BY empid

             ORDER BY ordermonth

             ROWS BETWEEN 2 PRECEDING AND CURRENT ROW) AS totalqty,

  AVG(1.*qty) OVER(PARTITION BY empid

                 ORDER BY ordermonth

                 ROWS BETWEEN 2 PRECEDING AND CURRENT ROW) AS avgqty

FROM dbo.EmpOrders

ORDER BY empid, ordermonth;
As you can see, the solution is simpler and more intuitive. Furthermore, it eliminates the cost of the join and the need to rescan the same rows multiple times.

If the BETWEEN clause is omitted and no upper bound is specified, CURRENT ROW is assumed as the upper bound. For example, instead of ROWS BETWEEN 2 PRECEDING AND CURRENT ROW you can specify ROWS 2 PRECEDING. If a window sub-clause is not specified at all, ROWS BETWEEN UNBOUNDED PRECEDING AND CURRENT ROW is assumed.

The RANGE sub-clause allows you to define a range based on a logical offset (in terms of sort values) as opposed to the ROWS sub-clause where you specify a physical offset (in terms of number of rows). The logical offset is based on the current row’s sort value and can be either numeric or date. An important element of the RANGE sub-clause that is also missing in SQL Server is support for datetime intervals. The RANGE sub-clause can be helpful when the number of rows in the window can vary. For example, suppose that in the EmpOrders table there’s no guarantee that there will be no gaps in employee activities. An employee might have activity in January and March but not in February. You realize that in such a case the last solution presented using the ROWS sub-clause is not a logical equivalent of the solution using the self-join. The solution using the ROWS sub-clause defines a window based on a number of rows, instead of considering a period of time which starts two months ago and ends at the current month. The RANGE sub-clause with support for intervals solves this problem: 

SELECT empid, 

  CONVERT(VARCHAR(7), ordermonth, 121) AS tomonth, qty AS qtythismonth,

  SUM(qty) OVER(PARTITION BY empid

             ORDER BY ordermonth

             RANGE BETWEEN INTERVAL '2' MONTH PRECEDING
                       AND CURRENT ROW) AS totalqty,

  AVG(1.*qty) OVER(PARTITION BY empid

                 ORDER BY ordermonth

                 RANGE BETWEEN INTERVAL '2' MONTH PRECEDING
                             AND CURRENT ROW) AS avgqty

FROM dbo.EmpOrders

ORDER BY empid, ordermonth;
Without support for intervals a solution to this problem is still possible, but it complicates things and also has a performance cost eliminating the ability to rely on an index to avoid sorting:

SELECT empid, 

  CONVERT(VARCHAR(7), ordermonth, 121) AS tomonth, qty AS qtythismonth,

  SUM(qty) OVER(PARTITION BY empid

             ORDER BY YEAR(ordermonth) * 100 + MONTH(ordermonth)

             RANGE BETWEEN 2 PRECEDING

                       AND CURRENT ROW) AS totalqty,

  AVG(1.*qty) OVER(PARTITION BY empid

                 ORDER BY YEAR(ordermonth) * 100 + MONTH(ordermonth)

                 RANGE BETWEEN 2 PRECEDING

                           AND CURRENT ROW) AS avgqty

FROM dbo.EmpOrders

ORDER BY empid, ordermonth;

Here, sorting is based on an integer value reflecting the year concatenated with the month (YEAR(ordermonth) * 100 + MONTH(ordermonth)). For example July, 1996 is represented by the integer 199607. Since the sort value is an integer reflecting the year and month, the expression 2 PRECEDING represents two units before the current sort value—in other words, two months ago. But again, this adds complexity and reduces performance. Note that you can also refer to the sort expression in the boundary expressions of the RANGE sub-clause. For example, suppose you have the sort expression ORDER BY col1, specifying RANGE BETWEEN 2 PRECEDING is equivalent to specifying ROWS BETWEEN (col1 - 2) PRECEDING. However, some expressions must incorporate the sort expression, e.g., col1/2.

Since the RANGE sub-clause relies on a logical offset based on the current row’s sort value, an ORDER BY clause must be specified, and it is limited to one expression. When the BETWEEN keyword is omitted, and a <to_expression> is not specified, the CURRENT ROW is assumed as  <to_expression> by default. 

As you can appreciate, the ROWS and RANGE sub-clauses are very handy for sliding window calculations. We hope that besides enhancing support for the OVER clause SQL Server will also introduce intervals, allowing simple, intuitive, and efficient solutions to these common problems.
vi. DISTINCT Clause for Aggregate Functions
Currently aggregate functions based on the OVER clause do not support the DISTINCT clause. Just like with traditional aggregate functions, it would be useful to be able to specify the DISTINCT clause with aggregate functions based on the OVER clause, especially with the COUNT function:
COUNT(DISTINCT <expression>) OVER(<over_specification>)
vii. FIRST_VALUE, LAST_VALUE
FIRST_VALUE and LAST_VALUE are examples for two other functions based on the OVER clause that can be useful. Though out of all the calculations presented thus far, these are probably the least important. These functions return a requested value from the first/last row in a partition, where the row that is considered first/last in the partition is determined based on the ORDER BY clause. For example, using the EmpOrders table, suppose you wanted to calculate the difference between the current row’s quantity and the quantity from the employee’s first and last months of activity. Simple use of MIN and MAX is not helpful here since first/last are determined by ordermonth ordering, not quantity ordering. The quantity from the first month of the employee’s activity is not necessarily the lowest quantity for that employee. Without the FIRST_VALUE and LAST_VALUE functions, you can solve the problem by using subqueries with TOP(1):
SELECT empid, ordermonth, qty as qtythismonth,

  qty - (SELECT TOP(1) qty

         FROM dbo.EmpOrders AS I

         WHERE I.empid = O.empid

         ORDER BY I.ordermonth) AS diff_first,

  qty - (SELECT TOP(1) qty

         FROM dbo.EmpOrders AS I

         WHERE I.empid = O.empid

         ORDER BY I.ordermonth DESC) AS diff_last
FROM dbo.EmpOrders AS O;
However, each such subquery would require a seek operation in an index (assuming such was created). With the FIRST_VALUE and LAST_VALUE functions you can simplify the solution, and also potentially these would need to be calculated only once per partition:

SELECT empid, ordermonth, qty as qtythismonth,

  qty - FIRST_VALUE(qty) OVER(PARTITION BY empid ORDER BY ordermonth)
    AS diff_first,

  qty - LAST_VALUE(qty) OVER(PARTITION BY empid ORDER BY ordermonth)
    AS diff_last
FROM dbo.EmpOrders;
Other examples for using these functions include comparing current inventory values with first and last, current bank account balance with first and last in a period, and so on.
viii. Progressive ordered calculations

Implementing all aspects of the OVER clause based on standard SQL and the implementation in other database platforms would be a major step forward. However, there are some types of problems requiring ordered calculations with an additional twist. We will call this type of calculation “progressive”. Such calculations progress among rows in a window based on desired ordering, and unlike standard OVER based calculations, allow the calculation to refer to the result of a calculation in the previous row.
An example for such a problem was presented by SQL Server MVP Marcello Poletti. Given the following table T1:

USE tempdb;

GO

IF OBJECT_ID('dbo.T1') IS NOT NULL

  DROP TABLE dbo.T1;

GO

CREATE TABLE dbo.T1

(

  sort_col INT NOT NULL PRIMARY KEY,

  data_col INT NOT NULL

);

GO

INSERT INTO dbo.T1 VALUES(1,   10);

INSERT INTO dbo.T1 VALUES(4,  -15);

INSERT INTO dbo.T1 VALUES(5,    5);

INSERT INTO dbo.T1 VALUES(6,  -10);

INSERT INTO dbo.T1 VALUES(8,  -15);

INSERT INTO dbo.T1 VALUES(10,  20);

INSERT INTO dbo.T1 VALUES(17,  10);

INSERT INTO dbo.T1 VALUES(18, -10);

INSERT INTO dbo.T1 VALUES(20, -30);
INSERT INTO dbo.T1 VALUES(31,  20); 
You are supposed to calculate a non-negative sum of data_col based on sort_col ordering. The sum should never be negative; if negative, zero should be returned instead, and used as the basis for the calculation in the next row. Here’s the desired result:
	sort_col
	data_col
	non_negative_sum

	1
	10
	10

	4
	-15
	0

	5
	5
	5

	6
	-10
	0

	8
	-15
	0

	10
	20
	20

	17
	10
	30

	18
	-10
	20

	20
	-30
	0

	31
	20
	20


There are other problems that require progressive ordered calculations, including FIFO/LIFO based conditional-cumulative calculations, certain types of queries based on temporal data, and others. 

Currently, the only reasonable way in terms of performance to address some of those problems is with cursors. We do not have a syntax proposal for query elements that would support such calculations that we feel that we are completely happy with, but we do identify the need. It seems natural that such calculations would support an OVER clause since they should allow defining partitions, ordering, and window options. The problem is that there should be a way to refer to the result of the calculation in the previous row. The solution might be along the lines of allowing the calculation referring to the alias provided to the calculation (representing the result for the previous row, which might be considered a recursive reference). Here’s an example for what this syntax might look like:

SELECT sort_col, data_col,

  CASE WHEN PREVIOUS(non_negative_sum, 0)

              OVER(ORDER BY sort_col) + data_col < 0

         THEN 0

       ELSE PREVIOUS(non_negative_sum, 0)

              OVER(ORDER BY sort_col) + data_col

  END AS non_negative_sum
FROM dbo.T1;
Note that the PREVIOUS function here refers to the alias assigned to the very same calculation—which is not allowed by standard SQL. Another option is to support progressive calculations using the LAG function, but using a non-standard form that allows a recursive reference:
SELECT sort_col, data_col,

  CASE WHEN LAG(non_negative_sum, 1, 0)

              OVER(ORDER BY sort_col) + data_col < 0

         THEN 0

       ELSE LAG(non_negative_sum, 1, 0)

              OVER(ORDER BY sort_col) + data_col
  END AS non_negative_sum
FROM dbo.T1;
There may be other options like embedding variables in the query, or other. We are not sure what the ideal syntax is. There may be a more ideal design for progressive calculations, and hopefully one can be found. We thought it was important to identify the need, rather than pointing out a specific design.
Note that some of the problems that call for progressive calculations can be solved with standard use of the OVER clause. For example, Gordon Linoff—one of the reviewers of the paper—proposed the following clever solution to the non-negative sum problem:

1. Calculate the partial sum using sort_col, call this PARTSUM.  This takes
on both positive and negative values.
2. Calculate cumulative minimum of the partial sum, call this ADJUST.  This
takes on some initial positive values followed by progressively smaller
negative values.
3. Your desired number is the difference between PARTSUM and ADJUST when
ADJUST is negative.

Using the data provided, the results look like:

	sortcol
	datacol
	partsum
	adjust
	non_negative_sum

	1
	10
	10
	10
	10

	4
	-15
	-5
	-5
	0

	5
	5
	0
	-5
	5

	6
	-10
	-10
	-10
	0

	8
	-15
	-25
	-25
	0

	10
	20
	-5
	-25
	20

	17
	10
	5
	-25
	30

	18
	-10
	-5
	-25
	20

	20
	-30
	-35
	-35
	0

	31
	20
	-15
	-35
	20



This can be expressed in SQL using the previously proposed enhancements (without progressive calculations) like so:

WITH C1 AS

(

  SELECT sort_col, data_col,

    SUM(datacol) OVER (ORDER BY sortcol

                       RANGE UNBOUNDED PRECEDING

                         AND CURRENT ROW

                      ) AS partsum

  FROM dbo.T1

),

WITH C2 AS

(

  SELECT *,

    MIN(partsum) OVER (ORDER BY sortcol

                       RANGE UNBOUNDED PRECEDING

                         AND CURRENT ROW

                      ) as adjust

  FROM C1

)

SELECT *,

  partsum - CASE WHEN adjust < 0 THEN adjust ELSE 0 END

    AS non_negative_sum
FROM C2;
So enhancing support for the OVER clause in standard form will already allow solving some of these problems. However, some calculations that are inherently progressive may not be solved that easily with standard use of OVER-based calculations. Also, with calculations that are inherently progressive, support for native progressive calculations should yield better performance than alternative use of standard OVER clause; progressive calculations can be achieved by performing a single pass over the data, while standard use of the OVER clause may require multiple passes, as in the non-negative sum example.
Conclusion

The goals of this paper are:

· Convince Microsoft that enhancements of the OVER clause are much needed, and that they should be prioritized high among other feature enhancements in SQL Server that are under consideration

· Provide SQL Server customers and users with sufficient knowledge and background regarding the OVER clause (both existing and missing elements), so that they can realize how useful it is and request Microsoft to enhance it
Hopefully this paper will help in achieving these goals.

Here’s a summarized list of the feature enhancements we propose, prioritized:

1. ORDER BY for aggregates
2. LAG and LEAD functions
3. TOP OVER
4. Vector expressions for calculations based on OVER clause
5. ROWS and RANGE window sub-clauses
6. DISTINCT clause for aggregate functions

7. FIRST_VALUE, LAST_VALUE functions
8. Progressive ordered calculations
Hopefully you are convinced that enhancements of the OVER clause are much needed, and that they can both simplify solutions to common business problems, and optimize them. If you share our feelings, please vote for the proposed enhancements. You can vote for each individual feature enhancement request via the following URLs, based on your view of order of importance:

ORDER BY for aggregates:

https://connect.microsoft.com/SQLServer/feedback/ViewFeedback.aspx?FeedbackID=254387
LAG and LEAD functions:

https://connect.microsoft.com/SQLServer/feedback/ViewFeedback.aspx?FeedbackID=254388
TOP OVER:
https://connect.microsoft.com/SQLServer/feedback/ViewFeedback.aspx?FeedbackID=254390
Vector expressions for calculations based on OVER clause:

https://connect.microsoft.com/SQLServer/feedback/ViewFeedback.aspx?FeedbackID=254391
ROWS and RANGE window sub-clauses:

https://connect.microsoft.com/SQLServer/feedback/ViewFeedback.aspx?FeedbackID=254392
DISTINCT clause for aggregate functions:

https://connect.microsoft.com/SQLServer/feedback/ViewFeedback.aspx?FeedbackID=254393
FIRST_VALUE, LAST_VALUE functions:

https://connect.microsoft.com/SQLServer/feedback/ViewFeedback.aspx?FeedbackID=254395
Progressive ordered calculations:

https://connect.microsoft.com/SQLServer/feedback/ViewFeedback.aspx?FeedbackID=254397
The higher the votes are, the better are the chances that Microsoft will prioritize the proposed feature enhancements highly.
