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var query = Enumerable.Range(0, 10).AsParallel() 
                     .AsOrdered().Select(x => x); 

Figure 2 AsOrdered() turns on ordering 

Introduction 

PLINQ may yield elements out of order 
When converting a LINQ query to a PLINQ query, one thing that can surprise people is that the results 

come out in an unexpected order. The following code has the sequence {0,1,2,3,4,5,6,7,8,9} as input and 

just applies the identity function on them (x =>  x). 

If this were a normal LINQ to objects query, we would expect the output to be “0 1 2 3 4 5 6 7 8 9”; but 

when I run it on my machine, I can possibly get “0 2 1 3 4 5 9 6 7 8”. A little bit of thinking tells us why 

this is the case: PLINQ processes the elements concurrently, and once an element is processed, PLINQ 

may yield that element immediately even if it is out of order. 

The default behavior of PLINQ is that results come out in a nondeterministic order. It helps to think of 

the source of a LINQ query as a deck of cards, and calling AsParallel() on a data source shuffles the cards. 

Of course, PLINQ does not really shuffle the data sources; instead, it is allowed to pick the cards from 

the deck in any order. The reason for this default shuffled behavior is that PLINQ may be able to execute 

more efficiently if it does not have to track the order of the output in relation to the order of the input. 

For this reason, when you build an application that uses PLINQ, you should try to get used to the non-

deterministic order of the output. However, in some cases the order of the output really matters, and 

we want to preserve output order in relation to input order. We can do that using the AsOrdered() 

method. 

AsOrdered() turns on ordering but… 
It is pretty easy to “turn on” ordering. Just add AsOrdered() after the call to AsParallel() like so: 

The above query will now always yield the values in the order of its input. That is, the output will always 

be “0 1 2 3 4 5 6 7 8 9”. As a general rule we can say that AsParallel().AsOrdered() turns on ordering, but 

AsParallel() by itself turns ordering off. In a lot of cases this simple rule is sufficient to reason about the 

output of our PLINQ queries. However, it turns out that these rules aren’t enough for some queries. 

Here are a few examples: 

    var query = Enumerable.Range(0, 10).AsParallel().Select(x => x); 
    foreach (var item in query) 
    { 
        Console.Write("{0} ", item); 
    } 
    Console.WriteLine(); 
    //can print the numbers out of order 
    //for example, "0 2 1 3 4 5 9 6 7 8" 

Figure 1 enumerating a simple PLINQ query 



Enumerable.Range(1, 4).AsParallel().OrderBy(x => -x); 
 

In this case, we want to have output in reverse order of the input. But we just said AsParallel() by itself 

turns off ordering, so does this mean that the OrderBy can return  items in any order? Similarly, what 

about Reverse()? 

Enumerable.Range(1, 4).AsParallel().Reverse(); 
 

 Should we expect the items in reverse order or not? What about operators that take two data sources? 

Enumerable.Range(1, 4).AsParallel().AsOrdered() 
    .Union( Enumerable.Range(1, 8).AsParallel() ); 
 

In this case we want to take the union1 of {1,2,3,4} and {1,2,3,4,5,6,7,8}, but we have 

AsParallel().AsOrdered() on one sequence,  and only AsParallel() on the other sequence. Will we get 

results in a known order, in an unknown order, or in some partial order? 

What do you think should be the output of the above queries? We will get to what the actual output is 

for PLINQ later, but first we will describe a simple mental model for thinking about the ordering in 

PLINQ. 

An ordering model for PLINQ 
As you can imagine there are an infinite number of PLINQ queries, and to write effective code, we need 

a way to understand how each of these queries are ordered. One way to explain how PLINQ output is 

ordered can be to explain it in terms of the implementation of PLINQ. That is, we can describe all the 

intricate details of the implementation, then show what the order of each query would be. But this isn’t 

such a good idea because the implementation can be complex, and can change from release to release.   

What we need is a simpler set of principles that capture the order of the output of PLINQ queries. Here 

we describe a small set of principles without having to talk about the exact implementation. In fact we 

won’t even have to think about the queries as executing in parallel. 

Principle 1: AsOrdered() preserves input order 
This is quite simple, when we append AsOrdered to AsParallel, the input sequence is preserved.  

AsOrdered  enables the operators that follow to keep track of the order of the inputs . 

1 2 3 4 1 2 3 4AsParallel().AsOrdered()

 

Figure 3 AsParallel().AsOrdered() preserves the order of the input 

                                                           
1
 Union as it applies to sets is not ordered by definition; but LINQ to Objects does define a specific order on the 

return of the Union() operator. See the documentation for Union: http://msdn.microsoft.com/en-
us/library/bb341731.aspx 



Principle 2: AsParallel() allows the input to be shuffled 
If we don’t specify AsOrdered(), PLINQ is free to treat the inputs in any order. Another way to think 

about it is that the AsParallel() method takes the input and shuffles it in some nondeterministic way. In 

other words think about AsParallel() as a function that takes a sequence and returns a permutation of 

that sequence. Here we can visualize the output of AsParallel(). 

1 2 3 4 AsParallel() 2 3 1 4

 

Figure 4 AsParallel() is an input shuffling operator 

In reality, AsParallel() does not really shuffle the input data; it simply sets internal data structures such 

that the operator following it can ignore the input order. However, I find that thinking about AsParallel 

as if it shuffles the input makes it easy for me to read a PLINQ query and figure out what the output 

order is. Note here that AsParallel() allows the input to be shuffled trivially. That is, it can shuffle 

{1,2,3,4} back to {1,2,3,4}. In other words, an “unordered” query can often return the same answer as 

an “ordered” one. 

There is one other operator that is a shuffling operator—AsUnordered(). The AsUnordered() operator 

can follow any PLINQ operator and the effect is taking the output of that operator and re-shuffling it to 

some permutation of that output. 

Principle 3: PLINQ operators order output like LINQ-to-Objects 
This is perhaps surprising, but should make sense given what we talked about above. We want to use a 

notion of that is already familiar to us, LINQ to objects. When we talk about particular operators such as 

Select(), and Where(), we need only to think about how it will be ordered by LINQ-to-objects. Note that 

we are talking about particular operators here—for example, if our input to Select(x=>x*2) is {1,2,3,4} 

then the output is {2,4,6,8}, and always in that order, same as LINQ. 

1 2 3 4 2 4 6 8Select(x=>x*2)

 

Figure 5 PLINQ Operators always orders output in the same order as the input 

Putting all three together, we can figure out pretty much what the order is of any PLINQ query. Let’s 

take the Select operator above, for example—if we wanted to guarantee that the order of the output 

corresponds to the order of the input, we need to specify AsOrdered(): 

1 2 3 4 1 2 3 4AsParallel().AsOrdered() Select(x=>x*2) 2 4 6 8

 

Figure 6 Select with deterministic output order 



If we didn’t care about the order of the output, but want the potential gains in efficiency, we can skip 

the AsOrdered() and get nondeterministic output order: 

1 2 3 4 AsParallel() 2 1 4 3 Select(x=>x*2) 4 2 8 6

 

Figure 7 Select with nondeterministic output order 

Applying the ordering model 
Earlier we asked what the output would be for some queries. Let’s see if we can apply the principles to 

them. 

OrderBy 
Does OrderBy() result in sorted order? Let’s look at this example: 

Enumerable.Range(1, 4).AsParallel().OrderBy(x => -x); 
 

The input is {1,2,3,4} , AsParallel() allows the input to be shuffled, but OrderBy sorts the shuffled input to 

some order. Since OrderBy sorts the input regardless of the order of the input, the output should be in 

sorted order. So the output should be {4,3,2,1}—the reverse of the input. 

1 2 3 4 2 1 4 3AsParallel() OrderBy 4 3 2 1

 

Figure 8 OrderBy results in sorted order 

Because every PLINQ operator orders output just like LINQ to objects, operations after OrderBy will have 

deterministic output. For example:  

Enumerable.Range(1, 4).AsParallel().OrderBy(x => -x).Select(y => y*2); 

 

The query above will always return {8,6,4,2}.  

Reverse 
Now, let’s look at Reverse: 

Enumerable.Range(1, 4).AsParallel().Reverse(); 
 

The input is {1,2,3,4}, AsParallel() allows the input to be shuffled, and Reverse() reverses the order of the 

shuffled input. Since the input to Reverse can be shuffled, the output of reverse can also be in a shuffled 

order. All we can say at this point is that Reverse gives us some permutation of the input. 

 



1 2 3 4 4 1 3 2AsParallel() Reverse 2 3 1 4

 

Figure 9 Shuffled input to Reverse results in shuffled output 

It should be easy to see that Reverse() is not very useful if the input to Reverse is in some unknown 

order. So if we wanted to get the reverse of the input order we should say: 

Enumerable.Range(1, 4).AsParallel().AsOrdered().Reverse(); 

 

Union 
How about binary operators—those that take two data sources—if one side is has AsOrdered, and the 

other side does not, how should the output look like. Let’s take Union as an example: 

Enumerable.Range(1, 4).AsParallel().AsOrdered() 
    .Union( Enumerable.Range(1, 8).AsParallel() ); 

 

In this case the left source is ordered (AsParallel shuffles, but AsOrdered unshuffles), but the right 

source is not. What should the output be?  Let’s see what MSDN says about the order of Union’s output. 

If we have a query first.Union(second) then the MSDN documentation says “when the object 

returned by this method is enumerated, Union enumerates first and second in that order and yields 

each element that has not already been yielded.” 

In this query we know that first is {1,2,3,4} in that order, and second is some permutation of 

{1,2,3,4,5,6,7,8}. So the output should be 1,2,3,4 followed by whatever is left of second, in any order.  

That is, 1,2,3,4 followed by some permutation of {5,6,7,8}. 

1 2 3 4

AsParallel().AsOrderd()

1 2 3 4

1 2 3 4

AsParallel()

5 6 7 8

8 1 3 2 7 5 4 6

Union

1 2 3 4 8 7 5 6
 

Figure 10 Union with only one source ordered 

http://msdn.microsoft.com/en-us/library/system.linq.enumerable.union.aspx


Hopefully, with these three examples, we have illustrated how we can apply the ordering model to any 

PLINQ query, no matter how complicated. 

Caveats 
All abstractions are leaky, and unfortunately, our ordering model is no exception. There are some things 

we need to keep in mind when we run PLINQ queries which may not exactly fit with our model. 

The order of the output does not imply the order of execution 
Throughout this document, we have discussed PLINQ ordering in terms of the enumerable input, and 

the enumerable output. When we talked about ordering, we only mean the order of the output, and not 

the order of execution of the delegates we pass into PLINQ. 

 

When we get some output in some order, we cannot assume that these were computed in the same 

order. Figure 12 shows a query with a Console.WriteLine() in a Select delegate, and we can see clearly 

that the Console.WriteLines are executed in an order that is different from the output. 

        var array = Enumerable.Range(1, 4).AsParallel().AsOrdered() 
            .Select(x => 
            { 
                Console.WriteLine("during query execution:{0}", x); 
                return x; 
            }) 
            .ToArray(); 
 
        foreach (var item in array) 
        { 
            Console.WriteLine("During array enumeration:{0}", item); 
        } 

 

 

Figure 11 The order of output does not imply the order of execution 



Note that we put Console.WriteLine in the Select delegate for illustration purposes; in general we should 

avoid using Console.WriteLine inside blocks of parallel execution because of the contention that can 

occur between threads writing to the console. In general, when writing PLINQ, we should avoid I/O and 

anything that writes to shared state.  Finally, we should also avoid queries that rely on any assumptions 

on the order of execution of the delegates passed into PLINQ operators, we can see that they may 

actually execute out of order (and in some cases such as …Select(..).Count(), even not executed at all 

because of optimizations). 

PLINQ OrderBy is not a stable sort 
There is a subtle difference in the result of PLINQ OrderBy when compared against LINQ to objects, and 

this is when there are two items that are ordered by the same key. Here’s an example where we want to 

sort {1 ... 99} in by their first digit: 

        Enumerable.Range(1,100).AsParallel().OrderBy(i => i.ToString()[0]); 

 

Now, if this query were executed with LINQ to objects, we will get {1, 10, 11, 12, … 97, 98, 99} in LINQ to 

objects, when the keys are the same, the output will be in the same order as the input. For the same 

key, the elements that come earlier in the input will come earlier in the output. In other words, LINQ to 

objects has a stable sort. 

PLINQ’s OrderBy operation, however, is not a stable sort. For example, if I run the code above, I could 

get  { 15, 14, 16, 19, 1, …} I still get all the numbers whose leftmost digit is 1 first, but among those 

numbers, the order is not specified.  

Aggregation and order 
The fact that we can’t guarantee the order of execution of delegates in a query can become apparent 

with aggregation operators. Consider this code snippet: 

The intent of the code is to first sort all the strings into {“a”, “x”, “y”, “z”} then concatenate them 

together to a single string “axyz”. However, when you run this query, it will not give the string one might 

expect (it returns “azyx”). In our model, we can think of OrderBy still giving the right output {“a”, “x”, 

“y”, “z”}, but that during the execution of Aggregate, it chooses to concatenate different parts from the 

output. In general, we should only use PLINQ aggregations for operators that are both associative and 

commutative.  This way we need not have to worry about the order in which the items are combined. 

        var source = new string[] { "a", "z", "y", "x" }; 
        var concatenatedString = source.AsParallel() 
            .OrderBy( x => x ) 
            .Aggregate((stringSoFar, item) => string.Concat(stringSoFar, item)); 

Figure 13 We should not rely on the order of execution in aggregation 



Conclusion 
Nondeterministic behavior in PLINQ can lead to nondeterministic output given the same input. 

However, we can still reason about what the order of the output of any PLINQ query given a simplified 

model in which we apply just three principles. Hopefully these principles can help us be better at 

understanding and writing PLINQ queries. 

More Information 
PLINQ aggregations are discussed in depth with the More Powerful Aggregations in PLINQ blog post. 

There have been other explanations of how ordering works in PLINQ in a blog post and the .Net 4 beta 

documentation. Learn more about developing for concurrency (including PLINQ) in the Parallel 

Computing Developer Center .  
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