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42	 PART I  Agile development frameworks

The edge labeled 1 is the case when the if statement has a false condition, thus its body is not ex-
ecuted. Edge 2 is when the if statement’s body is executed, but the contained loop is not. Edge 3 is the 
case when both the if statement and loop are executed.

FIGURE 1-13  Each extra path through  
the code adds further complexity.

As cyclomatic complexity increases, the testing effort required to gain unit test code coverage on 
each branch also increases. Therefore, it is best to keep branching, and thus cyclomatic complexity, 
low to avoid extra test code.

To calculate cyclomatic complexity, take the number of edges in the graph, subtract the number 
of nodes in the graph, and add twice the number of connected components. A connected component 
is a set of nodes that can be traversed by following the edges. Usually there is only one connected 
component in a single codebase.

Cyclomatic Complexity = # Edges - # Nodes + 2

Refer to Figure 1-13 as an example: there are nine nodes with 10 edges and one connected 
component. Thus, the code represented by this graph has a cyclomatic complexity measurement of 
10 – 9 + 2 × 1 = 3.

There is also a statistical correlation between high complexity and defect count. That is, code with 
more branching tends to have more defects.
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	 Chapter 2  Introduction to Kanban	 49

FIGURE 2-4  Some phases of a process might have sub-states that represent completion of the parent phase.

Figure 2-5 shows a Kanban board with numbers below some of the column heads or sub-column 
heads. These numbers represent limits on work in progress (WIP).

One of the key tenets of Kanban is the enforcement of limits on work in progress. Each work item 
placed under a column header counts toward that column’s WIP limit.

FIGURE 2-5  Work-in-progress limits can apply to either columns or their sub-columns.

The addition of work items to the board shown in Figure 2-6 shows that the Implement column 
has reached its WIP limit, and no more items can transition to this state. However, the Analyze column 
has not yet reached its WIP limit, so another work item can be moved into the Analyze column.
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PART I I

Foundations of 
adaptive code
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This part of the book gives you a grounding in the principles 
and practices of writing adaptive code.

Writing code is the central pillar of software development. 
However, there are many different ways to achieve the goal 
of working code. Even discounting the selection of platform, 
language, and framework, there are a multitude of choices pre-
sented to a developer who is tasked with implementing even the 
simplest functionality.

The creation of successful software products has always been 
an obvious focus for the software development industry. In recent 
decades, software development has emphasized the implemen-
tation of patterns and practices that are repeatable and that 
increase the quality of code. This is because the notion of code 
quality is no longer separate from the notion of product qual-
ity. Over time, poor-quality code will degrade the quality of the 
product. At the very least, it will delay the delivery of working 
software.
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A simple example
Let’s look at how a dependency behaves in a practical situation. This example is a very simple console 
application that prints a message to the screen. It’s the universal “Hello World!” example. This example is 
necessarily trivial to distill the problems with dependencies down to their essence.

You can follow the steps here manually or retrieve the solution from GitHub. See the appendix, 
“Adaptive tools,” for basic instructions on using Git and the accompanying sample code.

1. 	 Open Microsoft Visual Studio and create a new console application, as shown in  
Figure 3-2. I have called mine SimpleDependency , but the name is not important.

FIGURE 3-2  The Add New Project dialog box in Visual Studio allows you to select from many different  
project templates.

2.	 Add a second project to the solution, this time a class library. I have called mine  
MessagePrinter .

3.	 Right-click the console application’s References node and select Add Reference.

4.	 In the Add Reference dialog box, navigate to Projects and select the class library project.
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98	 PART II  Foundations of adaptive code

    public void Put(int id, [FromBody]string value)  
    { 
    } 
 
    public void Head() 
    { 
    } 
 
    public void Options() 
    { 
    } 
 
    public void Patch() 
    { 
    } 
 
    public void Delete(int id) 
    { 
    } 
}

Listing 3-19 shows the client code for accessing the GET and POST methods of this service, using 
the HttpClient  class. Although this is by no means the only way to access REST services in the .NET 
Framework, it relies on only the framework itself.

LISTING 3-19  Clients can use the HttpClient  class to access RESTful services.

class Program 
{ 
    static void Main(string[] args) 
    { 
        string uri = "http://localhost:7617/api/values";  
 
        MakeGetRequest(uri); 
        MakePostRequest(uri); 
 
        Console.ReadKey(); 
    } 
 
    private static async void MakeGetRequest(string uri)  
    { 
        var restClient = new HttpClient(); 
        var getRequest = await restClient.GetStringAsync(uri);  
 
        Console.WriteLine(getRequest); 
    } 
 
    private static async void MakePostRequest(string uri)  
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	 Chapter 3  Dependencies and layering	 107

Two layers
A two-layered solution is the simplest step forward from having no discernable layering. It is useful only 
in a narrow set of circumstances, but it is extremely quick to implement. The only two layers included 
are the user interface layer and the data access layer. Remember that this does not limit you to just two 
assemblies, but two logical groups of assemblies: one focusing directly on the user interface, the other 
on data access.

Figure 3-18 shows the two layers as packages in a UML diagram, each layer containing assemblies 
relating to those layers. The only dependency shown is directed from the user interface layer down to 
the data access layer. This is the only way that the dependencies can ever be directed in any layered 
architecture.

FIGURE 3-18  A two-layered application consists of the UI components and the data access components.

User interface  The user interface layer is responsible for:

■� Providing a way for the user to interact with the application (for example, desktop windows 
and controls, a webpage, or a console application’s command line or menu).

■� Presenting data and information to the user.

■� Receiving requests from the user in the form of queries or commands.

■� Validating input that the user has entered.

The user interface layer can vary in its implementation. It could be a Windows Presentation 
Foundation (WPF) client packed with fancy graphics and animation, a set of webpages that the user 
navigates through, or a simple console application that uses command-line switches or a simple menu 
for the user to select a command or query to execute.

Note  In some cases, the user interface could be replaced with a set of services that 
surface functionality to clients elsewhere. There isn’t really a user interface, but the two-
layer architecture is still apparent, with the UI layer being replaced by an API layer.
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108	 PART II  Foundations of adaptive code

The user interface layer sits on top of the data access layer and can make use of it. However, as 
discussed previously in relation to assembly references, the user interface layer should not make 
direct reference to any of the data access layer’s implementation assemblies. There should be a strict 
separation between the interface and implementation assemblies of the two layers. This makes the 
layering diagram look a little more like Figure 3-19.

FIGURE 3-19  The two layers are separated into implementation assemblies and interface assemblies.

Each layer is the combination of an abstraction of the functionality that a higher layer depends on, 
along with an implementation of this abstraction. If a layer above starts referencing part of the implemen-
tation of a layer, that layer is called a leaky abstraction. The dependencies of that layer’s implementation 
will begin to leak into layers further up the stack, resulting in avoidable dependencies.

Data access  The responsibilities of the data access layer are:

■� Servicing queries for data.

■� Serializing and deserializing object models to and from a relational model.

The implementation of the data access layer can be just as varied as that of the user interface layer. 
This layer typically includes some kind of persistent data store that could include a relational database 
such as Microsoft SQL Server, Oracle, MySQL, or PostgreSQL or a document database such as MongoDB, 
RavenDB, or Riak. In addition to the data storage mechanism, there is likely to be one or more support-
ing assemblies for executing queries or insert/update/delete commands by calling stored procedures, or 
for mapping data to a relational database via Entity Framework or NHibernate.

Data access layers should be hidden behind interfaces that do not depend on any of these tech-
nology choices. As with all interfaces, there should be no reference to a third-party dependency, thus 
keeping clients separated from the choice of implementation.

A well-designed data access layer is reusable across multiple applications. If two different user 
interfaces require the same data but present it in different forms, the same data access layer can be 
shared between them. Imagine an application that runs across multiple platforms: Windows 10 and 
Windows Phone 10. Both have different user interface requirements, but each could use the same 
data access layer.
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	 Chapter 4  Interfaces and design patterns	 117

        { 
            this.encapsulatedInteger = value;  
        } 
    } 
 
    public event EventHandler<EventArgs> InterfacesCanContainEventsToo = delegate { };  
 
    private int encapsulatedInteger; 
}

The .NET Framework does not support the concept of multiple inheritance of classes, but it does 
support multiple interface implementation for a single class.

There is no limit imposed on the number of interfaces that a class can implement; the number of 
interfaces that really make sense on one class is more of a practical concern. Listing 4-2 extends the 
prior example to implement a second interface on the implementing class.

LISTING 4-2  Multiple interfaces can be implemented by a single class.

public interface IInterfaceOne 
{ 
    void MethodOne(); 
} 
// . . . 
public interface IInterfaceTwo 
{ 
    void MethodTwo(); 
} 
// . . .  
public class ImplementingMultipleInterfaces : IInterfaceOne, IInterfaceTwo  
{ 
    public void MethodOne() 
    { 
    } 
 
    public void MethodTwo() 
    { 
    } 
}

There can be multiple interfaces implemented on a single class, and a single interface can be 
implemented by different classes.
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    // As would this: return values are not considered  
    //public int MethodA() 
    //{ 
    //    return 0; 
    //} 
 
    public int MethodB(int x) 
    { 
        return x; 
    } 
 
    // There is no clash here: the parameters differ.  
    // This is an overload of the previous MethodB.  
    public int MethodB(int x, int y) 
    { 
        return x + y; 
    } 
}

Properties, because they don’t have parameter lists, are differentiated solely on their name. Thus, 
two properties’ signatures clash if they possess the same name.

Imagine the class shown in Listing 4-6, which is needed to implement the aforementioned inter-
face, InterfaceOne .

LISTING 4-6  The interface that this class needs to implement will cause method signature collisions.

public class ClassWithMethodSignatureClash 
{ 
    public void MethodOne() 
    { 
    } 
}

First, because the method signatures are the same, you need to add only the interface implemen-
tation notation to the class declaration, as shown in Listing 4-7.

LISTING 4-7  Implicitly implementing the interface will allow reuse of the existing methods.

public class ClassWithMethodSignatureClash : IInterfaceOne  
{ 
    public void MethodOne() 
    { 
    } 
}
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126	 PART II  Foundations of adaptive code

Checking for null  values indicates that you are placing too much unnecessary burden on all of the 
clients of IRepository . The more clients that use this method, the greater the probability of forget-
ting a null  reference check. Instead, you should change the source of the problem to perform the 
check for you, as shown in Listing 4-13.

LISTING 4-13  The service code should implement the Null Object pattern.

public class UserRepository : IUserRepository  
{ 
    public UserRepository() 
    { 
        users = new List<User> 
        { 
            new User(Guid.NewGuid()), 
            new User(Guid.NewGuid()), 
            new User(Guid.NewGuid()), 
            new User(Guid.NewGuid()) 
        }; 
    } 
 
    public IUser GetByID(Guid userID) 
    { 
        IUser userFound = users.SingleOrDefault(user => user.ID == userID);  
        if(userFound == null) 
        { 
            userFound = new NullUser(); 
        } 
        return userFound; 
    } 
 
    private ICollection<User> users; 
}

First, this code attempts to retrieve the User  from the in-memory collection, which is no change 
from the previous usage shown in Listing 4-12. Now, though, you check whether the User  instance 
returned is actually a null  reference. If it is, you return a special subclass of the IUser  type: the 
NullUser . This subclass overrides the IncrementSessionTicket  method to do precisely nothing, 
as shown in Listing 4-14. In fact, a proper NullUser  implementation overrides all methods to do as 
close to nothing as possible.

LISTING 4-14  The NullUser  method implementations all do nothing.

public class NullUser : IUser 
{ 
    public void IncrementSessionTicket() 
    { 
        // do nothing 
    } 
}
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The IsNull property anti-pattern
Sometimes the Null Object pattern involves adding a Boolean IsNull  property to the interface. All 
real implementations of this interface return the value false  for this property. The Null Object imple-
mentation of the interface returns true . Listing 4-15 shows how this might work, given the previous 
example.

LISTING 4-15  The IsNull  property is true only for Null Object implementations.

public interface IUser 
{ 
    void IncrementSessionTicket(); 
 
    bool IsNull 
    { 
        get; 
    } 
} 
// . . . 
public class User : IUser 
{ 
    // . . . 
    public bool IsNull 
    { 
        get 
        { 
            return false; 
        } 
    } 
 
    private DateTime sessionExpiry; 
} 
// . . . 
public class NullUser : IUser 
{ 
    public void IncrementSessionTicket() 
    { 
        // do nothing 
    } 
 
    public bool IsNull 
    { 
        get 
        { 
            return true; 
        } 
    } 
}

The problem with this property is that it causes logic to spill out of the objects whose purpose is to 
encapsulate behavior. For example, if  statements will start to creep into client code to differentiate 
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The Object Adapter pattern
The Object Adapter pattern uses composition to delegate from the methods of the interface to those 
of a contained, encapsulated object. Figure 4-6 shows the collaborating classes and interfaces used in 
the Object Adapter pattern.

FIGURE 4-6  The UML class diagram for the Object Adapter pattern.

Listing 4-19 shows how this works in practice.

LISTING 4-19  The adaptor accepts the target class as a constructor parameter and delegates to it.

public interface IExpectedInterface 
{ 
    void MethodA(); 
} 
// . . . 
public class Adapter : IExpectedInterface 
{ 
    public Adapter(TargetClass target) 
    { 
        this.target = target; 
    } 
 
    public void MethodA() 
    { 
        target.MethodB(); 
    } 
 
    private TargetClass target; 
} 
// 
public class TargetClass 
{ 
    public void MethodB() 
    { 
 
    } 
} 
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136	 PART II  Foundations of adaptive code

        Console.WriteLine("The swan can swim like a duck.");  
    } 
 
    public void Quack() 
    { 
        Console.WriteLine("The swan is quacking.");  
    } 
} 
// . . . 
class Program 
{ 
    static void Main(string[] args) 
    { 
        var swan = new Swan(); 
 
        var swanAsDuck = swan as IDuck; 
 
        if(swan is IDuck || swanAsDuck != null)  
        { 
            swanAsDuck.Walk(); 
            swanAsDuck.Swim(); 
            swanAsDuck.Quack(); 
        } 
    } 
}

The is  predicate and the as  cast return false  and null , respectively. The Common Language 
Runtime (CLR) does not consider a Swan as being an IDuck , even though it contains the same methods 
as the interface. A type must implement the interface via interface inheritance.

There are a couple of tricks that you can employ to enable the Swan class to be usable as an 
instance of the IDuck  interface without having to implement it. Either you take advantage of the 
dynamic typing extensions in newer versions of the CLR, or you make use of a third-party library 
called Impromptu Interface.

Using the Dynamic Language Runtime
As of version 4, the .NET Framework was no longer strictly statically typed. With the introduction of 
the dynamic  keyword, and some supporting types, you can avoid the CLR’s static typing and switch 
to the dynamic typing of the Dynamic Language Runtime (DLR). An example of dynamic typing in C# 
is shown in Listing 4-22.

LISTING 4-22  The DLR can be used for duck-typing.

class Program 
{ 
    static void Main(string[] args) 
    { 
        var swan = new Swan(); 
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	 Chapter 5  Testing	 161

LISTING 5-13  A very simple implementation of a repository that is only for testing purposes.

public class FakeAccountRepository : IAccountRepository  
{ 
    public FakeAccountRepository(Account account)  
    { 
        this.account = account; 
    } 
 
    public Account GetByName(string accountName)  
    { 
        return account; 
    } 
 
    private Account account; 
}

You can now create an account service implementation. Listing 5-14 shows the new implementa-
tion of the AccountService  class.

LISTING 5-14  The present state of the AccountService  class.

public class AccountService : IAccountService  
{ 
    public AccountService(IAccountRepository repository)  
    { 
        this.repository = repository; 
    } 
 
    public void AddTransactionToAccount(string uniqueAccountName, decimal 
transactionAmount) 
    { 
         
    } 
 
    private readonly IAccountRepository repository;  
}

The unit test can now be completed, with new Arrange criteria:

■� Ensure that there is an Account  instance available to assert against.

■� Ensure that there is a fake IAccountRepository  instance available to pass to the service on 
construction.
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Listing 6-1 shows the new Account  class.

LISTING 6-1  The new class tracks reward points in addition to the account’s balance.

public class Account 
{ 
    public Account(AccountType type) 
    { 
        this.type = type; 
    } 
 
    public decimal Balance 
    { 
        get; 
        private set; 
    } 
 
    public int RewardPoints 
    { 
        get; 
        private set; 
    } 
 
    public void AddTransaction(decimal amount)  
    { 
        RewardPoints += CalculateRewardPoints(amount);  
        Balance += amount; 
    } 
 
    public int CalculateRewardPoints(decimal amount)  
    { 
        int points; 
        switch(type) 
        { 
            case AccountType.Silver: 
                points = (int)decimal.Floor(amount / 10);  
                break; 
            case AccountType.Gold: 
                points = (int)decimal.Floor((Balance / 10000 * 5) + (amount / 5));  
                break; 
            case AccountType.Platinum: 
                points = (int)decimal.Ceiling((Balance / 10000 * 10) + (amount / 2));  
                break; 
            default: 
                points = 0; 
                break; 
        } 
        return Math.Max(points, 0); 
    } 
 
    private readonly AccountType type; 
}
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Note that, at this stage, the original Account  class has not been changed. These classes have been 
created as standalone classes. The unit tests for these classes would mirror the expectations of the 
CalculateRewardPoints  class, but with a different system under test (SUT) for each account type. The 
algorithms for determining the reward points due on the Platinum and Gold account classes have a 
dependency on the current balance; that has been included so that these classes compile in isolation. 
The Balance  property is also publicly settable, which enables unit testing with different values. The 
UML class diagram in Figure 6-1 explains how these classes are related.

FIGURE 6-1  The Account  class will become abstract with an abstract CalculateRewardPoints  method.

This is merely an objective on the way to completing the goal of replacing the switch  statement, 
of course. It is important not to do too much all at once, so that you can verify that you are on the 
right track with a succession of smaller changes. The next change, in Listing 6-4, is to link all four 
classes into an inheritance hierarchy.

LISTING 6-4  The complexity has been removed from the Account  class.

public abstract class AccountBase 
{ 
    public decimal Balance 
    { 
        get; 
        private set; 
    } 
 
    public int RewardPoints 
    { 
        get; 
        private set; 
    } 
 
    public void AddTransaction(decimal amount)  
    { 
        RewardPoints += CalculateRewardPoints(amount);  
        Balance += amount; 
    } 
 
    public abstract int CalculateRewardPoints(decimal amount);  
}
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Previously, these two members were part of the AccountBase  class, but they have been moved 
out because they are wholly dependent on the presence of reward cards. Note that the interface of 
CalculateRewardPoints  has changed in two ways. First, there is no longer a return value on this 
method, because it is expected to mutate the RewardPoints  property directly. Second, you must 
pass in the account balance as a parameter to this method because it is no longer available. This is an 
important side effect of splitting the two objects up in this manner: any context not directly encap-
sulated by the reward card object will need to be handed to it. This might cause the interface of this 
method to change in the future.

Listing 6-15 shows the implementations of this interface for the Bronze and Platinum cards after 
the refactor.

LISTING 6-15  Examples of the reward card implementations.

internal class BronzeRewardCard : IRewardCard  
{ 
    public int RewardPoints 
    { 
        get; 
        private set; 
    } 
 
    public void CalculateRewardPoints(decimal transactionAmount, decimal accountBalance)  
    { 
        RewardPoints += Math.Max((int)decimal.Floor(transactionAmount /  
  BronzeTransactionCostPerPoint), 0); 
    } 
    private const int BronzeTransactionCostPerPoint = 20;  
} 
// . . . 
internal class PlatinumRewardCard : IRewardCard  
{ 
    public int RewardPoints 
    { 
        get; 
        private set; 
    } 
 
    public void CalculateRewardPoints(decimal transactionAmount, decimal accountBalance)  
    { 
        RewardPoints += Math.Max((int)decimal.Ceiling(  
            (accountBalance / PlatinumBalanceCostPerPoint) +  
            (transactionAmount / PlatinumTransactionCostPerPoint)), 0);  
    } 
 
    private const int PlatinumTransactionCostPerPoint = 2;  
    private const int PlatinumBalanceCostPerPoint = 1000;  
}

These classes are very similar to their previous incarnation, with an extra local RewardPoints  
property.
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            { 
                Console.WriteLine("WARN: Trade price on line {0} not a valid decimal:  
  '{1}'", lineCount, fields[2]); 
            } 
 
            var sourceCurrencyCode = fields[0].Substring(0, 3);  
            var destinationCurrencyCode = fields[0].Substring(3, 3);  
 
            // calculate values 
            var trade = new TradeRecord  
            {  
                SourceCurrency = sourceCurrencyCode,  
                DestinationCurrency = destinationCurrencyCode,  
                Lots = tradeAmount / LotSize,  
                Price = tradePrice 
            }; 
 
            trades.Add(trade); 
 
            lineCount++; 
        } 
 
        using (var connection = new System.Data.SqlClient.SqlConnection("Data  
  Source=(local);Initial Catalog=TradeDatabase;Integrated Security=True"))  
        { 
            connection.Open(); 
            using (var transaction = connection.BeginTransaction())  
            { 
                foreach(var trade in trades)  
                { 
                    var command = connection.CreateCommand();  
                    command.Transaction = transaction;  
                    command.CommandType = System.Data.CommandType.StoredProcedure;  
                    command.CommandText = "dbo.insert_trade";  
                    command.Parameters.AddWithValue("@sourceCurrency", trade.  
  SourceCurrency); 
                    command.Parameters.AddWithValue("@destinationCurrency", trade.  
  DestinationCurrency); 
                    command.Parameters.AddWithValue("@lots", trade.Lots);  
                    command.Parameters.AddWithValue("@price", trade.Price);  
 
                    command.ExecuteNonQuery();  
                } 
 
                transaction.Commit(); 
            } 
            connection.Close(); 
        } 
 
        Console.WriteLine("INFO: {0} trades processed", trades.Count);  
    } 
 
    private static float LotSize = 100000f;     
}
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LISTING 7-1  An example of a class with too many responsibilities.

public class TradeProcessor 
{     
    public void ProcessTrades(System.IO.Stream stream)  
    { 
        // read rows 
        var lines = new List<string>(); 
        using(var reader = new System.IO.StreamReader(stream))  
        { 
            string line; 
            while((line = reader.ReadLine()) != null)  
            { 
                lines.Add(line); 
            } 
        } 
 
        var trades = new List<TradeRecord>();  
 
        var lineCount = 1; 
        foreach(var line in lines) 
        { 
            var fields = line.Split(new char[] { ',' });  
 
            if(fields.Length != 3) 
            { 
                Console.WriteLine("WARN: Line {0} malformed. Only {1} field(s) found.",  
  lineCount, fields.Length); 
                continue; 
            } 
 
            if(fields[0].Length != 6) 
            { 
                Console.WriteLine("WARN: Trade currencies on line {0} malformed: '{1}'",  
  lineCount, fields[0]); 
                continue; 
            } 
 
            int tradeAmount; 
            if(!int.TryParse(fields[1], out tradeAmount))  
            { 
                Console.WriteLine("WARN: Trade amount on line {0} not a valid integer:  
  '{1}'", lineCount, fields[1]); 
            } 
 
            decimal tradePrice; 
            if (!decimal.TryParse(fields[2], out tradePrice))  
            { 
                Console.WriteLine("WARN: Trade price on line {0} not a valid decimal:  
  '{1}'", lineCount, fields[2]); 
            } 
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            var sourceCurrencyCode = fields[0].Substring(0, 3);  
            var destinationCurrencyCode = fields[0].Substring(3, 3);  
 
            // calculate values 
            var trade = new TradeRecord  
            {  
                SourceCurrency = sourceCurrencyCode,  
                DestinationCurrency = destinationCurrencyCode,  
                Lots = tradeAmount / LotSize,  
                Price = tradePrice 
            }; 
 
            trades.Add(trade); 
 
            lineCount++; 
        } 
 
        using (var connection = new System.Data.SqlClient.SqlConnection("Data  
  Source=(local);Initial Catalog=TradeDatabase;Integrated Security=True"))  
        { 
            connection.Open(); 
            using (var transaction = connection.BeginTransaction())  
            { 
                foreach(var trade in trades)  
                { 
                    var command = connection.CreateCommand();  
                    command.Transaction = transaction;  
                    command.CommandType = System.Data.CommandType.StoredProcedure;  
                    command.CommandText = "dbo.insert_trade";  
                    command.Parameters.AddWithValue("@sourceCurrency", trade.  
  SourceCurrency); 
                    command.Parameters.AddWithValue("@destinationCurrency", trade.  
  DestinationCurrency); 
                    command.Parameters.AddWithValue("@lots", trade.Lots);  
                    command.Parameters.AddWithValue("@price", trade.Price);  
 
                    command.ExecuteNonQuery();  
                } 
 
                transaction.Commit(); 
            } 
            connection.Close(); 
        } 
 
        Console.WriteLine("INFO: {0} trades processed", trades.Count);  
    } 
 
    private static float LotSize = 100000f;     
}
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LISTING 7-13  A template example of the Decorator pattern.

public interface IComponent 
{ 
    void Something(); 
} 
// . . .  
public class ConcreteComponent : IComponent 
{ 
    public void Something() 
    { 
             
    } 
} 
// . . . 
public class DecoratorComponent : IComponent  
{ 
    private readonly IComponent decoratedComponent;  
 
    public DecoratorComponent(IComponent decoratedComponent)  
    { 
        this.decoratedComponent = decoratedComponent;  
    } 
 
    public void Something() 
    { 
        SomethingElse(); 
        decoratedComponent.Something(); 
    } 
 
    private void SomethingElse() 
    { 
 
    }    
} 
// . . . 
class Program 
{ 
    static IComponent component; 
 
    static void Main(string[] args) 
    { 
        component = new DecoratorComponent(new ConcreteComponent());  
        component.Something(); 
    } 
}

Because a client accepts the interface shown in the listing as a method parameter, you can provide 
either the original, undecorated type to that client or you can provide the decorated version. Note 
that the client will be oblivious: it will not have to change depending on which version it is being 
provided.
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The Composite pattern
The Composite pattern is a specialization of the Decorator pattern and is one of the more-common 
uses of that pattern. A UML diagram describing the Composite pattern’s collaborators is shown in 
Figure 7-5.

FIGURE 7-5  The Composite pattern closely resembles the Decorator pattern.

The Composite pattern’s purpose is to allow you to treat many instances of an interface as if they 
were just one instance. Therefore, clients can accept just one instance of an interface, but they can be 
implicitly provided with many instances, without requiring the client to change. Listing 7-14 shows a 
composite decorator in practice.

LISTING 7-14  The composite implementation of an interface.

public interface IComponent 
{ 
    void Something(); 
} 
// . . . 
public class Leaf : IComponent 
{ 
    public void Something() 
    { 
             
    } 
} 
// . . . 
public class CompositeComponent : IComponent  
{ 
    public CompositeComponent() 
    { 
        children = new List<IComponent>(); 
    } 
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implementations of an interface as instances of that interface. In the example shown in Listing 7-15, 
the CompositeComponent  instances provided are of different types, further enhancing this pattern’s 
utility.

LISTING 7-15  Instances provided to the composite can be of different types.

public class SecondTypeOfLeaf : IComponent 
{ 
    public void Something() 
    { 
             
    } 
} 
// . . . 
public class AThirdLeafType : IComponent 
{ 
    public void Something() 
    { 
             
    } 
} 
// . . . 
public void AlternativeComposite() 
{ 
    var composite = new CompositeComponent();  
    composite.AddComponent(new Leaf()); 
    composite.AddComponent(new SecondTypeOfLeaf());  
    composite.AddComponent(new AThirdLeafType());  
 
    component = composite; 
    composite.Something(); 
}

Taking this pattern to its logical conclusion, you can even pass in one or more instances of the 
CompositeComponent  interface to the Add method, forming a chain of composite instances in a 
hierarchical tree structure.

In Chapter 3, “Dependencies and layering,” classes were modeled as object graphs. That theme 
continues here, to further demonstrate how the Composite pattern works. In Figure 7-6, the nodes of 
the graph represent object instances, and the edges represent method calls.
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FIGURE 7-6  The object graph notation helps to visualize the runtime structure of the program.

Predicate decorators
The predicate decorator is a useful construct for hiding the conditional execution of code from clients. 
Listing 7-16 shows an example.

LISTING 7-16  This client will execute only the Something  method on even days of the month.

public class DateTester 
{ 
    public bool TodayIsAnEvenDayOfTheMonth 
    { 
        get 
        { 
            return DateTime.Now.Day % 2 == 0;  
        } 
    } 
} 
// . . . 
class PredicatedDecoratorExample 
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{ 
    public PredicatedDecoratorExample(IComponent component)  
    { 
        this.component = component; 
    } 
 
    public void Run() 
    { 
        DateTester dateTester = new DateTester();  
        if (dateTester.TodayIsAnEvenDayOfTheMonth)  
        { 
            component.Something(); 
        } 
    } 
 
    private readonly IComponent component; 
}

The presence of the DateTester  class in this example is a dependency that does not belong in 
this class. The initial temptation is to alter the code toward that of Listing 7-17. However, that is only a 
partial solution.

LISTING 7-17  An improvement is to require the dependency to be passed into the class.

class PredicatedDecoratorExample 
{ 
    public PredicatedDecoratorExample(IComponent component)  
    { 
        this.component = component; 
    } 
 
    public void Run(DateTester dateTester) 
    { 
        if (dateTester.TodayIsAnEvenDayOfTheMonth)  
        { 
            component.Something(); 
        } 
    } 
 
    private readonly IComponent component; 
}

You now require a parameter of the Run method, breaking the client’s public interface and 
burdening its clients with providing an implementation of the DateTester  class. By using the 
Decorator pattern, you are able to keep the client’s interface the same, yet retain the conditional-
execution functionality. Listing 7-18 proves that this is not too good to be true.
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Branching decorators
You can extend the predicate decorator further by accepting a decorated instance of the interface to 
execute something on the false branch of the conditional test, as shown in Listing 7-20.

LISTING 7-20  The branching decorator accepts two components and a predicate.

public class BranchedComponent : IComponent 
{ 
    public BranchedComponent(IComponent trueComponent, IComponent falseComponent,  
IPredicate predicate) 
    { 
        this.trueComponent = trueComponent; 
        this.falseComponent = falseComponent;  
        this.predicate = predicate; 
    } 
         
    public void Something() 
    { 
        if (predicate.Test()) 
        { 
            trueComponent.Something(); 
        } 
        else  
        { 
            falseComponent.Something(); 
        } 
    } 
 
    private readonly IComponent trueComponent;  
    private readonly IComponent falseComponent;  
    private readonly IPredicate predicate; 
}

Whenever the predicate is tested, if it returns true , you call the equivalent interface method 
on the trueComponent  instance. If it returns false , you instead call the interface method on the 
falseComponent  instance.
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    public ComponentClient(IComponent component)  
    { 
        this.component = component; 
    } 
 
    public void Run() 
    { 
        component.Something(); 
    } 
 
    private readonly IComponent component; 
}

Logging decorators
Listing 7-23 shows a common pattern that occurs whenever code contains extensive logging. The logging 
code becomes ubiquitous throughout the application, and the signal-to-noise ratio suffers.

LISTING 7-23  Logging code clouds the intent of methods.

public class ConcreteCalculator : ICalculator  
{ 
    public int Add(int x, int y) 
    { 
        Console.WriteLine("Add(x={0}, y={1})", x, y);  
 
        var addition = x + y; 
 
        Console.WriteLine("result={0}", addition);  
 
        return addition; 
    } 
}

Instead of proliferating the logging code throughout the application, you can limit it to one 
assembly that implements logging decorators, as shown in Listing 7-24.

LISTING 7-24  Logging decorators factor out the logging code, simplifying the main implementation.

public class LoggingCalculator : ICalculator  
{ 
    public LoggingCalculator(ICalculator calculator)  
    { 
        this.calculator = calculator; 
    } 
 
    public int Add(int x, int y) 

www.EBooksWorld.ir

























































	 Chapter 9  The Liskov substitution principle	 269

��� protected override ShippingStrategy CreateShippingStrategy()  
��� { 
������� return new WorldWideShippingStrategy(decimal.One);  
��� } 
} 
// . . . 
public abstract class ShippingStrategyTestsBase  
{�������  
����[Test] 
��� public void ShippingWeightMustBePositive()  
��� { 
������� strategy.Invoking(s => s.CalculateShippingCost(-1f, ValidSize, null))  
����������� .ShouldThrow<ArgumentOutOfRangeException>("Package weight must be positive and  
  non-zero") 
����������� .And.ParamName.Should().Be("packageWeightInKilograms");  
��� } 
}

Postconditions cannot be weakened
When applying postconditions to subclasses, the opposite rule applies. Instead of not being able to 
strengthen postconditions, you cannot weaken them. As for all the Liskov substitution rules relating to 
contracts, the reason that you cannot weaken postconditions is because existing clients might break 
when presented with the new subclass. Theoretically, if you comply with the LSP, any subclass you create 
should be usable by all existing clients without causing them to fail in unexpected ways.

One such example of causing an unexpected failure in an existing client is explored in Listing 9-10. 
The unit test and implementation relate to the WorldWideShippingStrategy , the Shipping-

Strategy  subclass for international packages.

LISTING 9-10  The new implementation requires a weakening of the postcondition.

[Test] 
public void ShippingDomesticallyIsFree() 
{ 
���strategy.CalculateShippingCost(1f, ValidDimensions, RegionInfo.CurrentRegion)  
������� .Should().Be(decimal.Zero); 
} 
// . . . 
public override decimal CalculateShippingCost(float packageWeightInKilograms, Size<float>  
  packageDimensionsInInches, RegionInfo destination)  
{ 
��� if (destination == null) 
������ throw new ArgumentNullException("destination", "Destination must be provided");  
 
��� if (packageWeightInKilograms <= 0f) 
������� throw new ArgumentOutOfRangeException("packageWeightInKilograms", "Package weight  
  must be positive and non-zero"); 
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    public UserNotFoundException(string message)  
        : base(message) 
    { 
 
    } 
}

Instead, to catch both an EntityNotFoundException  and a UserNotFoundException  with a 
single catch block, you would have to resort to catching the general Exception , which is not recom-
mended.

This problem is exacerbated in the potential code taken from the EntityRepository  and 
UserRepository  classes, as shown in Listing 9-28.

LISTING 9-28  Two different implementations of an interface might throw different types of exceptions.

public Entity GetByID(Guid id) 
{    
    Contract.Requires<EntityNotFoundException>(id != Guid.Empty);  
 
    return new Entity(); 
} 
//. . . 
public User GetByID(Guid id) 
{ 
    Contract.Requires<UserNotFoundException>(id != Guid.Empty);  
 
    return new User(); 
}

Both classes use code contracts to assert a precondition: that the provided id  parameter must 
not be equal to Guid.Empty . Each uses its own exception type if the contract is violated. Consider 
the impact that this would have on a client using the repository. The client would need to catch 
both kinds of exception and could not use a single catch block to target both exceptions without 
resorting to catching the Exception  type. Listing 9-29 shows a unit test that is a client to these two 
repositories.

LISTING 9-29  This unit test will fail because a UserNotFoundException  is not assignable to an EntityNot- 
FoundException .

[TestFixture(typeof(EntityRepository), typeof(Entity))]  
[TestFixture(typeof(UserRepository), typeof(User))]  
public class ExceptionRuleTests<TRepository, TEntity>  
    where TRepository : IEntityRepository<TEntity>, new()  
{ 
    [Test] 
    public void GetByIDThrowsEntityNotFoundException()  
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LISTING 10-2  Some decorators apply to all methods.

public class CrudLogging<TEntity> : ICreateReadUpdateDelete<TEntity>  
{ 
    private readonly ICreateReadUpdateDelete<TEntity> decoratedCrud;  
    private readonly ILog log; 
 
    public CrudLogging(ICreateReadUpdateDelete<TEntity> decoratedCrud, ILog log)  
    { 
        this.decoratedCrud = decoratedCrud; 
        this.log = log; 
    } 
 
    public void Create(TEntity entity) 
    { 
        log.InfoFormat("Creating entity of type {0}", typeof(TEntity).Name);  
        decoratedCrud.Create(entity); 
    } 
 
    public TEntity ReadOne(Guid identity) 
    { 
        log.InfoFormat("Reading entity of type {0} with identity {1}",  
  typeof(TEntity).Name, identity); 
        return decoratedCrud.ReadOne(identity);  
    } 
 
    public IEnumerable<TEntity> ReadAll() 
    { 
        log.InfoFormat("Reading all entities of type {0}", typeof(TEntity).Name);  
        return decoratedCrud.ReadAll(); 
    } 
 
    public void Update(TEntity entity) 
    { 
        log.InfoFormat("Updating entity of type {0}", typeof(TEntity).Name);  
        decoratedCrud.Update(entity); 
    } 
 
    public void Delete(TEntity entity) 
    { 
        log.InfoFormat("Deleting entity of type {0}", typeof(TEntity).Name);  
        decoratedCrud.Delete(entity); 
    } 
 
} 
// . . . 
public class CrudTransactional<TEntity> : ICreateReadUpdateDelete<TEntity>  
{ 
    private readonly ICreateReadUpdateDelete<TEntity> decoratedCrud;  
    public CrudTransactional(ICreateReadUpdateDelete<TEntity> decoratedCrud)  
    { 
        this.decoratedCrud = decoratedCrud; 
    } 
     
    public void Create(TEntity entity) 
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    { 
        using (var transaction = new TransactionScope())  
        { 
            decoratedCrud.Create(entity); 
 
            transaction.Complete(); 
        } 
    } 
 
    public TEntity ReadOne(Guid identity) 
    { 
        TEntity entity; 
        using (var transaction = new TransactionScope())  
        { 
            entity = decoratedCrud.ReadOne(identity);  
 
            transaction.Complete(); 
        } 
        return entity; 
    } 
 
    public IEnumerable<TEntity> ReadAll() 
    { 
        IEnumerable<TEntity> allEntities; 
        using (var transaction = new TransactionScope())  
        { 
            allEntities = decoratedCrud.ReadAll();  
 
            transaction.Complete(); 
        } 
        return allEntities; 
    } 
 
    public void Update(TEntity entity) 
    { 
        using (var transaction = new TransactionScope())  
        { 
            decoratedCrud.Update(entity); 
 
            transaction.Complete(); 
        } 
    } 
 
    public void Delete(TEntity entity) 
    { 
        using (var transaction = new TransactionScope())  
        { 
            decoratedCrud.Delete(entity); 
 
            transaction.Complete(); 
        } 
    } 
 
}
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LISTING 10-14  Two decorators can be implemented in one class.

public class ModificationEventPublishing<TEntity> : IDelete<TEntity>, ISave<TEntity>  
{ 
    private readonly IDelete<TEntity> decoratedDelete;  
    private readonly ISave<TEntity> decoratedSave;  
    private readonly IEventPublisher eventPublisher;  
 
    public ModificationEventPublishing(IDelete<TEntity> decoratedDelete, ISave<TEntity>  
  decoratedSave, IEventPublisher eventPublisher)  
    { 
        this.decoratedDelete = decoratedDelete;  
        this.decoratedSave = decoratedSave; 
        this.eventPublisher = eventPublisher;  
    } 
 
    public void Delete(TEntity entity) 
    { 
        decoratedDelete.Delete(entity); 
        var entityDeleted = new EntityDeletedEvent<TEntity>(entity);  
        eventPublisher.Publish(entityDeleted);  
    } 
 
    public void Save(TEntity entity) 
    { 
        decoratedSave.Save(entity); 
        var entitySaved = new EntitySavedEvent<TEntity>(entity);  
        eventPublisher.Publish(entitySaved);  
    } 
} 
// . . . 
public class EntitySavedEvent<TEntity> : IEvent<TEntity>  
{ 
    public EntitySavedEvent(TEntity entity) : base("EntitySaved")  
    { 
        SavedEntity = entity; 
    } 
 
    public TEntity SavedEntity 
    { 
        get; 
        private set; 
    } 
}
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Each controller is now able to depend only on the interface that it truly requires. As Listing 10-25 
shows, the ReadingController  is paired with the IUserSettingsReader , and the Writing-  

Controller  is paired with the IUserSettingsWriter .

LISTING 10-25  Each of the two controllers now depends only on the interface that it requires.

public class ReadingController 
{ 
    private readonly IUserSettingsReader settings;  
 
    public ReadingController(IUserSettingsReader settings)  
    { 
        this.settings = settings; 
    } 
 
    public string GetTheme() 
    { 
        return settings.Theme; 
    } 
} 
// . . . 
public class WritingController 
{ 
    private readonly IUserSettingsWriter settings;  
 
    public WritingController(IUserSettingsWriter settings)  
    { 
        this.settings = settings; 
    } 
 
    public void SetTheme(string theme) 
    { 
        settings.Theme = theme; 
    } 
}

Via interface segregation, you have prevented the reader from being able to write the user settings, 
and you have prevented the writer from being able to read the user settings. Developers are thus not 
able to accidently dilute the purpose of the controller by mistakenly performing an operation that they 
should not.

The implementing class, which uses the ConfigurationManager , changes only very subtly, as 
shown in Listing 10-26.

LISTING 10-26  The UsersSettingsConfig  class now implements both interfaces, but clients are unaware.

public class UserSettingsConfig : IUserSettingsReader, IUserSettingsWriter  
{ 
    private const string ThemeSetting = "Theme";  
 
    private readonly Configuration config; 
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Note that the Login  method returns an interface. It is returned only when the credentials are correct, 
and it allows clients to perform authorized actions, as shown in Listing 10-30.

LISTING 10-30  After logging in, the user will have access to privileged operations.

public interface IAuthorized 
{ 
    void ChangePassword(string oldPassword, string newPassword);  
 
    void AddToBasket(Guid itemID); 
 
    void Checkout(); 
 
    void Logout(); 
}

The operations on this interface are available only to a user who has entered his or her credentials 
and is logged in as authenticated.

Segregating interfaces by client need prevents programmers from doing something they should 
not. In this case, it prevents them from executing a privileged action with an anonymous user. Of 
course, there are ways around this, but it is hoped that developers will realize that they are making a 
very fundamental change to the application to do something that they should not.

Architectural need
Another driver of the interface segregation principle is architectural design. High-level decisions can 
have a large impact on the low-level organization of the code.

In this example, the decision has been made to have an asymmetric architecture. Like the read/
write split shown earlier, the IPersistence  interface shown in Listing 10-31 contains a combination 
of queries and commands.

LISTING 10-31  This persistence-layer interface contains both commands and queries.

public interface IPersistence 
{ 
    IEnumerable<Entity> GetAll(); 
 
    Item GetByID(Guid identity); 
 
    IEnumerable<Entity> FindByCriteria(string criteria);  
 
    void Save(Entity entity); 
 
    void Delete(Entity entity); 
}
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A step up from this is the action interface, which is analogous to the Action  delegate in the frame-
work. It takes a generic parameter that dictates the type of its context. The IAction  interface is shown 
in Listing 10-37.

LISTING 10-37  The IAction  interface adds a context parameter.

public interface IAction<TContext> 
{ 
    void Do(TContext context); 
}

This is only slightly more complex than the task. If you introduce a return value, instead of a 
parameter, you create a function, as shown in Listing 10-38.

LISTING 10-38  IFunction  interfaces have return values.

public interface IFunction<TReturn> 
{ 
    TReturn Do();    
}

A further specialization of this interface is to require that the function return a Boolean value. This 
creates a predicate, as shown in Listing 10-39.

LISTING 10-39  IPredicate  is a function that returns a Boolean value.

public interface IPredicate 
{ 
    bool Test(); 
}

The predicate can be used to encapsulate a branching test, such as an if  statement or the clause 
of a loop.

Although these interfaces look unassuming, a lot can be achieved by decorating, adapting, and 
composing several different instances of these interfaces.
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            { 
                Console.WriteLine("Please supply a command");  
                continue; 
            } 
 
            var command = tokens.First(); 
            var parameters = tokens.Skip(1);  
 
            var handlers = new Dictionary<string, CommandHandler>  
            { 
                {"select", SelectTool}, 
                {"move", Move}, 
                {"zoom", Zoom}, 
                {"capture-image", CaptureImage},  
                {"measure-height", MeasureHeight},  
                {"pitch", Pitch}, 
                {"roll", Roll}, 
                {"raise", Raise}, 
                {"lower", Lower}, 
                {"get-pressure", GetPressure},  
                {"quit", Quit} 
            }; 
 
            if (!handlers.ContainsKey(command))  
            { 
                Console.WriteLine($"Unrecognized command: {command}");  
            } 
            else 
            { 
                handlers[command].Invoke(parameters);  
            } 
        } 
    } 
        // . . . 
}

From this code, it is clear that adding a new command is quite simple: implement a new method 
that matches the CommandHandler  delegate and add a command mapping to the handlers  diction-
ary.

Listing 11-2 shows the command handler for the Zoom method, which is available for only the 
camera sensor.

LISTING 11-2  Command handlers such as the Zoom method must type-sniff for supported classes.

private static void Zoom(IEnumerable<string> parameters)  
{ 
    var camera = CurrentSensor as Camera; 
    if (camera != null) 
    { 
        float level; 
        if (float.TryParse(obj.FirstOrDefault(), out level))  
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    public void Raise(float height) 
    { 
        _height += height; 
    } 
 
    public void Lower(float height) 
    { 
        _height -= height; 
    } 
 
    public PoundsPerSquareInch GetPressure()  
    { 
        return new PoundsPerSquareInch(13.2f);  
    } 
} 
 
public struct PoundsPerSquareInch 
{ 
    public PoundsPerSquareInch(float value) 
    { 
        Value = value; 
    } 
         
    public float Value { get; private set; }  
}

Between the Camera, Laser , and TouchProbe  classes, there is not a lot of commonality in the 
method naming. However, if you look closely, there is commonality as far as behavior is concerned. 
For example, the Camera class has Zoom functionality, whereas the TouchProbe  has Raise  and 
Lower  methods. Could these perhaps be treated as equivalents? They both represent movement in 
the z-axis, so you could unify this behavior and model it as an adjustable height.

Similarly, all of the current sensors are movable in an xy plane, so this could be captured as another 
capability. The TouchProbe  is rotatable. All sensors are measurable.

Consider the words used here: adjustable, movable, rotatable, measurable. These are all attributive 
adjectives that end in -able (although -ible is also acceptable). The root of each of these words is a 
verb: adjust, move, rotate, measure. These are the behaviors you expect of your sensors. From here, 
you can extract interfaces that map to capabilities of a sensor, as shown in Listing 11-6.

LISTING 11-6  Extracted interfaces that represent sensor capabilities.

public interface IMovable 
{ 
    void Move(float x, float y); 
} 
// . . .  
public interface IRotatable 
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{ 
    void Pitch(float pitch); 
    void Roll(float roll); 
} 
// . . . 
public interface IHeightAdjustable 
{ 
    void Raise(float height); 
    void Lower(float height); 
}

These are all of the interfaces for the commands that are supported by the sensors. Querying for a 
sensor’s measurement will take an extra step to create an abstraction, so that will be covered later.

Instead of implementing one large ISensor  interface and putting the full union of all sensor 
commands and queries in there, this allows the creation of a new sensor that will have an intersec-
tion of useful capabilities. However, there is still some commonality between all sensors, which is 
captured in the ISensor  interface shown in Listing 11-7.

LISTING 11-7  A unifying interface that all sensors must implement.

public interface ISensor 
{ 
    string GetName(); 
}

All sensors have a readable name. This also provides a basis from which you can make use of poly-
morphism in the client.

Abstracting sealed code
In this example, the code is redesigned so that both the sensor classes and the command-line 
client of the sensors are changed to use the new abstraction. However, it is not always possible 
to change the target classes. Sometimes these classes are sealed, or they are in a third-party 
assembly.

In those cases, the abstraction is still possible, but it requires intermediate implementations 
of the new interfaces: adapters. (See “The Adapter pattern” in Chapter 4, “Interfaces and design 
patterns.”)
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The main noticeable difference is that the switchboard is shorter; there are fewer commands and 
handlers. In fact, there is a command handler for each capability, as shown in Table 11-1.

TABLE 11-1  Commands have names and handlers and map to capability interfaces 

Command name Command handler Capability interface

move Move IMovable

measure Measure IMeasurable

rotate Rotate IRotatable

adjust height AdjustHeight IHeightAdjustable

This code is more self-documenting than the original. The relationship between the command name, 
handler method name, and interface name is much more intuitive, and someone new approaching the 
code should be able to orient themselves with greater ease.

The handlers have also changed. Listing 11-12 shows the AdjustHeight  handler, which is  
analogous to the old Zoom command, but this is now applicable to any sensor that implements 
IHeightAdjustable .

LISTING 11-12  Each command handler sniffs for the capability that it requires.

private static void AdjustHeight(IEnumerable<string> parameters)  
{ 
    var heightAdjustableSensor = CurrentSensor as IHeightAdjustable;  
    if (heightAdjustableSensor == null) 
    { 
        Console.WriteLine( 
            $"Current sensor '{CurrentSensor.GetName()}' is not height adjustable");  
        return; 
    } 
 
    float height; 
    if (obj.Count() >= 2 && 
        float.TryParse(obj.Skip(1).FirstOrDefault(), out height))  
    { 
        var direction = obj.FirstOrDefault();  
        switch (direction) 
        { 
            case "raise": 
            { 
                heightAdjustableSensor.Raise(height);  
                break; 
            } 
            case "lower": 
            { 
                heightAdjustableSensor.Lower(height);  
                break; 
            } 
            default: 
            { 
                Console.WriteLine( 
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The ADO.NET implementation of the ITaskService  interface is shown in Listing 12-3. The con-
structor is your main concern, but later this chapter will discuss a lingering code smell in this class.

LISTING 12-3  The TaskService  is responsible for retrieving the task list data.

public class TaskServiceAdo : ITaskService 
{ 
     public TaskServiceAdo(ISettings settings)  
    { 
        this.settings = settings; 
    } 
 
    public IEnumerable<TaskDto> GetAllTasks()  
    { 
        var allTasks = new List<TaskDto>(); 
 
        using(var connection = new  
  SqlConnection(settings.GetSetting("TaskDatabaseConnectionString")))  
        { 
            connection.Open(); 
 
            using(var transaction = connection.BeginTransaction())  
            { 
                var command = connection.CreateCommand();  
                command.Transaction = transaction;  
                command.CommandType = CommandType.StoredProcedure;  
                command.CommandText = "[dbo].[get_all_tasks]";  
 
                using(var reader = command.ExecuteReader(CommandBehavior.CloseConnection))  
                { 
                    if (reader.HasRows) 
                    { 
                        while (reader.Read())  
                        { 
                            allTasks.Add( 
                                new TaskDto 
                                { 
                                    ID = reader.GetInt32(IDIndex),  
                                    Description = reader.GetString(DescriptionIndex),  
                                    Priority = reader.GetString(PriorityIndex),  
                                    DueDate = reader.GetDateTime(DueDateIndex),  
                                    Completed = reader.GetBoolean(CompletedIndex)  
                                } 
                            ); 
                        } 
                    } 
                } 
            } 
        } 
 
        return allTasks; 
    } 
 
    private readonly ISettings settings; 
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For example, the TaskService  from Listing 12-3 earlier in this chapter had a remaining code smell 
of manually creating a SqlConnection  instance. This was left there because the lifetime of that con-
nection could not be matched to that of the TaskService , which is created on application startup and 
exists for the duration of the application. If the SqlConnection  was injected into the TaskService , 
as shown in Listing 12-13, it would live for the lifetime of the application. This does not mean, however, 
that the connection would be open for the duration, because opening the connection is a separate 
operation from its construction.

LISTING 12-13  Some resources have a lifetime that must be carefully managed.

private void OnApplicationStartup(object sender, StartupEventArgs e)  
{ 
    CreateMappings(); 
 
    container = new UnityContainer(); 
    container.RegisterType<ISettings, ApplicationSettings>();  
    container.RegisterType<IObjectMapper, MapperAutoMapper>();  
    container.RegisterType<ITaskService, TaskServiceAdo>(new InjectionFactory(c => new  
  TaskServiceAdo(new  
  SqlConnection(c.Resolve<ISettings>().GetSetting("TaskDatabaseConnectionString")))));  
    container.RegisterType<TaskListController>();  
    container.RegisterType<TaskListView>(); 
 
    MainWindow = container.Resolve<TaskListView>();  
    MainWindow.Show(); 
 
    ((TaskListController)MainWindow.DataContext).OnLoad();  
} 
// . . . 
public class TaskServiceAdo : ITaskService 
{ 
 
    private readonly IDbConnection connection;  
    public TaskServiceAdo(IDbConnection connection)  
    { 
        this.connection = connection; 
    } 
 
    public IEnumerable<TaskDto> GetAllTasks()  
    { 
        var allTasks = new List<TaskDto>(); 
 
        using (connection) 
        { 
            connection.Open(); 
 
            using (var transaction = connection.BeginTransaction())  
            { 
                var command = connection.CreateCommand();  
                command.Transaction = transaction;  
                command.CommandType = CommandType.StoredProcedure;  
                command.CommandText = "[dbo].[get_all_tasks]";  
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    { 
        var allTasks = new List<TaskDto>(); 
 
        connection.Open(); 
 
        try 
        { 
            using (var transaction = connection.BeginTransaction())  
            { 
                var command = connection.CreateCommand();  
                command.Transaction = transaction;  
                command.CommandType = CommandType.StoredProcedure;  
                command.CommandText = "[dbo].[get_all_tasks]";  
 
                using (var reader =  
  command.ExecuteReader(CommandBehavior.CloseConnection))  
                { 
                    while (reader.Read()) 
                    { 
                        allTasks.Add( 
                            new TaskDto 
                            { 
                                ID = reader.GetInt32(IDIndex),  
                                Description = reader.GetString(DescriptionIndex),  
                                Priority = reader.GetString(PriorityIndex),  
                                DueDate = reader.GetDateTime(DueDateIndex),  
                                Completed = reader.GetBoolean(CompletedIndex)  
                            } 
                        ); 
                    } 
                } 
            } 
        } 
        finally  
        { 
            connection.Close(); 
        } 
 
        return allTasks; 
    } 
 
    public void Dispose() 
    { 
        connection.Dispose(); 
    } 
}

Instead of disposing of the connection in the method, the connection is disposed of only when the 
service is disposed of. This raises the important question of when the task service should be disposed 
of. Should all of the task’s clients, which will receive ITaskService  as a constructor parameter, also 
implement IDisposable ? Who will dispose of these objects? Eventually, you would need to call 
Dispose()  on something.
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It is important to note that if a class is handed a dependency via its constructor, it should not 
manually dispose of the dependency itself. The class cannot guarantee that it has been given the one 
and only instance of the dependency; it might share it with others and therefore cannot dispose of it 
without potentially having a negative impact on other classes.

The answer to the question of how to manage the lifetime of objects when using dependency 
injection is much closer to how the service was originally implemented.

The connection factory   The Factory pattern is a way of replacing manual object instantiation with 
delegation to a class whose purpose is to create objects.

A connection factory could look something like the interface shown in Listing 12-15. This interface 
has been made slightly more general by returning the IDbConnection  interface, rather than com-
mitting all of its clients to the SqlConnection  class.

LISTING 12-15  The connection factory interface is very simple.

public interface IConnectionFactory 
{ 
    IDbConnection CreateConnection(); 
}

This interface will be injected into the task service so that you have a way of retrieving a connec-
tion without manually constructing it, keeping the service testable through mocking. Listing 12-16 
shows the refactored service.

LISTING 12-16  Dependency injection can work in tandem with the Factory pattern.

public class TaskServiceAdo : ITaskService 
{ 
    private readonly IConnectionFactory connectionFactory;  
 
    public TaskServiceAdo(IConnectionFactory connectionFactory)  
    { 
        this.connectionFactory = connectionFactory;  
    } 
 
    public IEnumerable<TaskDto> GetAllTasks()  
    { 
        var allTasks = new List<TaskDto>(); 
 
        using(var connection = connectionFactory.CreateConnection())  
        { 
            connection.Open(); 
 
            using (var transaction = connection.BeginTransaction())  
            { 
                var command = connection.CreateCommand();  
                command.Transaction = transaction;  
                command.CommandType = CommandType.StoredProcedure;  
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    var connection = connectionFactory.CreateConnection();  
    try 
    { 
        connection.Open(); 
 
        using (var transaction = connection.BeginTransaction())  
        { 
            var command = connection.CreateCommand();  
            command.Transaction = transaction;  
            command.CommandType = CommandType.StoredProcedure;  
            command.CommandText = "[dbo].[get_all_tasks]";  
 
            using (var reader = command.ExecuteReader(CommandBehavior.CloseConnection))  
            { 
                while (reader.Read()) 
                { 
                    allTasks.Add( 
                        new TaskDto 
                        { 
                            ID = reader.GetInt32(IDIndex),  
                            Description = reader.GetString(DescriptionIndex),  
                            Priority = reader.GetString(PriorityIndex),  
                            DueDate = reader.GetDateTime(DueDateIndex),  
                            Completed = reader.GetBoolean(CompletedIndex)  
                        } 
                    ); 
                } 
            } 
        } 
    } 
    finally 
    { 
        if(connection is IDisposable) 
        { 
            var disposableConnection = connection as IDisposable;  
            disposableConnection.Dispose(); 
        } 
    } 
 
    return allTasks; 
}

Only if the connection is of type IDisposable  do you then attempt to call the Dispose  method on 
it. This will work regardless of whether the product returned by the factory implements IDisposable  
or not, but if it does, it will clean up its resources by disposing of it.

The Responsible Owner pattern deterministically disposes of objects if they implement IDisposable . 
The pattern effectively ignores the objects if they do not implement IDisposable . However, SOLID 
code often results in multiple decorators that wrap around each other to add extra functionality. In 
this case, only if the top-layer object implements IDisposable  will the Responsible Owner pattern 
function correctly. When the outer decorator does not implement IDisposable , but subsequent layers 
do, the Responsible Owner pattern will not correctly dispose of these instances. Instead, you can use the 
Factory Isolation pattern.
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The Factory Isolation pattern   This pattern is able to deterministically dispose of the complex 
object graphs that often form as a result of SOLID code. It is named after the glove box isolators that 
are commonly found in laboratories. These are glass or metal boxes with integrated gloves to allow 
safe, protected access to the contents. In a similar fashion, the Factory Isolation pattern allows safe, 
protected access to an instance of an object that will be correctly disposed of after use.

The Factory Isolation pattern is only required when the target interface does not implement 
IDisposable . Extending the IDisposable  interface burdens all implementations with the require-
ment that they implement a Dispose  method, even in circumstances where this is unnecessary. 
Instead, IDisposable  should be treated as an implementation detail and assigned only to classes, 
on an individual basis. This leads to the application of the Responsible Owner pattern and the Factory 
Isolation pattern.

The examples so far have all targeted the lifetime of the IDbConnection  interface. Unfortunately, 
this interface extends the IDisposable  interface. If, instead, the assumption is made that the target 
interface does not extend IDisposable , the client-side view of the Factory Isolation pattern would 
look like the code in Listing 12-18.

LISTING 12-18  An example of a client using the Factory Isolation pattern.

public IEnumerable<TaskDto> GetAllTasks() 
{ 
    var allTasks = new List<TaskDto>(); 
    connectionFactory.With(connection => 
    { 
        connection.Open(); 
        using (var transaction = connection.BeginTransaction())  
        { 
            var command = connection.CreateCommand();  
            command.Transaction = transaction;  
            command.CommandType = CommandType.StoredProcedure;  
            command.CommandText = "[dbo].[get_all_tasks]";  
            using (var reader = command.ExecuteReader(CommandBehavior.CloseConnection))  
            { 
                while (reader.Read()) 
                { 
                    allTasks.Add( 
                        new TaskDto 
                        { 
                            ID = reader.GetInt32(IDIndex),  
                            Description = reader.GetString(DescriptionIndex),  
                            Priority = reader.GetString(PriorityIndex),  
                            DueDate = reader.GetDateTime(DueDateIndex),  
                            Completed = reader.GetBoolean(CompletedIndex)  
                        } 
                    ); 
                } 
            } 
        } 
    }); 
     
    return allTasks; 
}
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FIGURE 12-4  A UML sequence diagram showing how MVC constructs controllers via a factory.

Listing 12-25 shows the composition root of an ASP.NET MVC user interface for the Task List 
application.

LISTING 12-25  The Application_Start  method of the HttpApplication  is a common composition root in 
web applications.

public class MvcApplication : HttpApplication  
{ 
    public static UnityContainer Container; 
 
    protected void Application_Start() 
    { 
        AreaRegistration.RegisterAllAreas();  
 
        FilterConfig.RegisterGlobalFilters(GlobalFilters.Filters);  
        RouteConfig.RegisterRoutes(RouteTable.Routes);  
        BundleConfig.RegisterBundles(BundleTable.Bundles);  
 
        AutoMapper.Mapper.CreateMap<TaskDto, TaskViewModel>();  
 
        Container = new UnityContainer(); 
        Container.RegisterType<ISettings, ApplicationSettings>();  
        Container.RegisterType<IObjectMapper, MapperAutoMapper>();  
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