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Overview 
gRPC is a modern open-source high performance Remote Procedure Call (RPC) framework that can run in 

any environment.  Web services can be exposed to clients using gRPC.  Find out more here,  here and here. 

An APL64 cross-platform component exposes APL64 programmer-developed, APL64 public functions in an 

APL64 workspace as a NuGet package.  Find out more here. 

By following the process described in this document, a simple gRPC web service can be created with its 

algorithmic content supported by an APL64 cross-platform component. 

Download the Source Code 
The source code for this example is available for download: 

http://apl2000.com/APL64/UserDocumentation/APL64Cpc_gRpcServer.zip 

Extract the zip-format file to ‘c:\’ 

Follow the directions in this document. 

Create a gRPC Service 

Choose the Visual Studio gRPC Project Template 
In Microsoft Visual Studio 2022 select the gRPC project template: 

 

Set Project and Solution Names 
Click Next and set project and solution names: 

https://en.wikipedia.org/wiki/GRPC
https://learn.microsoft.com/en-us/aspnet/core/grpc/aspnetcore?view=aspnetcore-8.0&tabs=visual-studio
https://www.codemag.com/Article/2212071/A-Deep-Dive-into-Working-with-gRPC-in-.NET-6
https://aplnow.com/APL64/UserDocumentation/APL64_DEVELOPER_VERSION_CROSSPLATFORM_COMPONENT.pdf
https://aplnow.com/APL64/UserDocumentation/APL64Cpc_gRpcServer.zip
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Select the Target .Net Framework for the Project 
Click Next and select the target Framework: 

 

Create the Configured Project 
Click Create to display the Overview pane: 
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Implement the gRPC Service Definition Proto Component 
Close the Overview pane. 

Using the Visual Studio Solution Explorer: 

• Rename the ‘gRpcSquareRootService’ to ‘SquareRootService’ 

• Rename the Protos/greet.proto file to SquareRoot.proto 

Open the SquareRoot.proto file and replace the existing code with: 

syntax  = "proto3" ;  
option  csharp_namespace = "SquareRootService" ;  
package  SquareRoot ;  
service  SquareRooter {  
  rpc  GetSquareRoot  ( SquareRootRequest ) returns  ( SquareRootReply );  
}  
message  SquareRootRequest {  
  double  inputDouble = 1;  
}  
message  SquareRootReply {  
  double  squareRootValue = 1;  
  bool  squareRootHasError = 2;  
  string  squareRootErrMsg = 3;  
}  
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The gRPC Protocol Buffers file (.proto) uses a programming language which is specific to gRPS and 

independent of other programming languages such as C#, java, etc.  To find out more see here. 

Implement the gRPC Services Component 
Using the Visual Studio Solution Explorer, rename the Services/GreeterService.cs file to 

SquareRootService.cs, and sselect the option to rename all references in the project: 

 

Open the SquareRootServices.cs file and replace the existing code with: 

using  Grpc.Core;  
 
namespace  SquareRootService.Services  
{  
    public  class  SquareRooterService  : SquareRooter.SquareRooterBase  
    {  
        private  readonly  ILogger<SquareRooterService> _logger;  
        public  SquareRooterService (ILogger<SquareRooterService> logger)  
        {  
            _logger = logger;  
        }  
        public  override  Task<SquareRootReply> GetSquareRoot(SquareRootRequest 
request, ServerCallContext context)  
        {  
            SquareRootReply squareRootReply = new SquareRootReply();  
            try  
            {  

https://protobuf.dev/programming-guides/proto3/
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                squareRootReply.SquareRootValue = Math.Pow(request.InputDouble, 
0.5);  
                squareRootReply.SquareRootHasError = false ;  
                squareRootReply.SquareRootErrMsg = "" ;  
            }   
            catch  (Exception e)  
            {  
                squareRootReply.SquareRootValue = - 1;  
                squareRootReply.SquareRootHasError = true ;  
                squareRootReply.SquareRootErrMsg = e.Message;  
            }  
            return  Task.FromResult(squareRootReply);  
        }  
    }  
}  

 

 

The algorithmic content of the SquareRootService, currently supported by C#, will be replaced by an APL64 

cross-platform component in a subsequent step described in this document. 

Map the Service within the Service Application 
Using the Visual Studio Solution Explorer, open the Program.cs file and replace the existing code with: 

using  SquareRootService.Services;  
 
namespace  SquareRootService  
{  
    public  class  Program  
    {  
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        public  static  void  Main( string [] args)  
        {  
            var  builder = WebApplication.CreateBuilder(args);  
            builder.Services.AddGrpc();  
            var  app = builder.Build();  
            app.MapGrpcService<SquareRooterService>();  
            app.MapGet( "/" , () => "Communication with gRPC endpoints require a  gRPC 
client.  " );  
            app.Run();  
        }  
    }  
}  

 

 

Change the Build Configuration to x64 
Because this project will use an APL64 CPC, the project must be build as x64. 

• Open the Visual Studio Build | Build Configuration… dialog and change the Platform to New. 

• In the New Platform dialog, select x64, select Copy Settings from Any CPU, and click OK. 

• Click the Build Configuration Close button 
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Verify the gRPC Service will Run 

Debug the Service Application in Visual Studio 
In Visual Studio, Debug the SquareRootService project to verify that the service will start (using the local 

workstation IIS web server): 

 

Observe the Service Port Numbers of the Running Service 
The port numbers are randomly chosen, and will be used by a gRPC client using this gRPC service.  Port 

numbers are provided for the HTTP and HTTPS protocols.  In a production environment the port numbers 

can be specified. 

Create a gRPC Client for the gRPC Service 

Add a gRPC client Project 
Using the Visual Studio Solution Explorer, add a gRPC Client Project, named SquareRootClient, to the 

SquareRootService Solution as a ConsoleProject: 
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Enter the gRPC Client Project Name 
Click Next and enter the Project Name: 

 

Select the target .Net Framework for the gRPC Client Project 
Click Next and select the target .Net Framework: 
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Click Create to create the SquareRootClient project in the SquareRoot solution. 

Add Grpc.AspNetCore NuGet Package to the SquareRootClient Project 
Add the Grpc.AspNetCore NuGet packages to the SquareRootClient project using Visual Studio in Tools | 

NuGet Package Manager | NuGet Package Manager For Solution: 

 

The Grpc.AspNetCore NuGet package was installed into the SquareRootService project when the Visual 

Studio gRPC Service project template was used.  The Grpc.AspNetCore NuGet package must also be 

installed into the SquareRootClient project. 
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Implement the gRPC Service Definition Proto Component 

Copy the Protos Folder from the Service Project to the Client Project 
Using the Visual Studio Solution Explorer copy the Protos folder (and its content) from the 

SquareRootService project and paste it to the SquareRootClient folder: 

 

Set the Client Project Proto File Namespace 
Open the SquareRoot.proto file in the SquareRootClient project and change: 

From: option csharp_namespace = “SquareRootService” 

To: option csharp_namespace = “SquareRootClient” 

 

Set the Properties of the Client Project Proto File 
Using the Visual Studio Solution Explorer, right click the client project SquareRoot.proto file and select 

Properties. 
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Modify the Properties of the the SquareRoot.proto file in the SquareRootClient project as follows, and 

click OK. 

 

Implement the Program.cs File in the SquareRootClient Project 
Open the Program.cs file in the SquareRootClient project and replace the existing code with: 

using Grpc.Net.Client;  
namespace SquareRootClient  
{  
    internal class Program  
    {  
        static async Task Main(string[] args)  
        {  
            var data = new SquareRootRequest { InputDouble = 2.00 };  
            var grpcChannel = GrpcChannel.ForAddress("https://localhost:7254");  
            //^ Access server using HTTPS protocol  
            //var grpcChannel = GrpcChannel.ForAddress("http://localhost:5293");  
            //^ Access server using HTTP protocol  
            //^ The port# must match the port number of the running 
SquareRootService  
            var client = new SquareRooter.SquareRooterClient(grpcChannel);  
            var response = await client.GetSquareRootAsync(data);  
            Console.WriteLine($"SquareRootValue: {response.SquareRootValue}");  
            Console.WriteLine($"SquareRootHasError: 
{response. SquareRootHasError}");  
            Console.WriteLine($"SquareRootErrMsg: {response.SquareRootErrMsg}");  
            Console.WriteLine("Press any key to exit...");  
            Console.ReadLine();  
        }  
    }  
}  
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Set the SquareRootClient Port Numbers to match the SquareRootService Port Numbers 
The port number in the gcpcChannel value must match the port number being used by the running 

SquareRootService. 
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Test the SquareRootClient 
The gRPC Client will make a request to the gRPC Server to calculate the square root of 2.00. 

Start the SquareRootService 

 

Run the SquareRootClient 

 

This version of the SquareRootClient is using C# for the square root algorithm. 

The connection of the SquareRootClient to the SquareRootService is using https. 

The SquareRootClient Program.cs code file can be modified to use an http connection, if desired. 

Implement the APL64 Cross-Platform Component 
For purposes of this document, the APL64 CPC implementation files are contained in the ‘APL64 Cross-

Platform Component’ folder of the SquareRootService solution. 

Using the Visual Studio Solution Explorer add these new folders to the SquareRootService project: 

• APL64 Cross-Platform Component 

• APL64 Cross-Platform Component\CPC Source Folder 

• APL64 Cross-Platform Component\CPC Target Folder 
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Prepare an APL64 Workspace with the APL64 SquareRoot Public Function: 
An APL64 programmer-defined, public function will support the square root algorithm in the web service.  

The ‘APL64 Cross-Platform Component\CPC Source Folder\SquareRootCPC.ws64’ workspace contains the 

required public function. 

The APL64 public function, SquareRoot, has a single right argument, inputDouble, specified as a Double 

numeric value and three result values: 

• squareRootValue, specified as a Double numeric value 

• squareRootHasError, specifies as a Boolean value 

• squareRootErrorMsg, specified as a String value 

When the calculation of the squareRootValue occurs without an exception, the squareRootErrMsg is 

assigned an empty String, «».  If the calculation of the squareRootValue results in an exception, the 

squareRootErrMsg is assigned the string value of the APL64 error message system variable, <⎕EM. 

:public 
(double@squareRootValue;bool@squareRootHasError;string@squareRootErrMsg)←SquareRoot 
(double@inputDouble) 
 
:TRY 
 squareRootValue←inputDouble*0.5 
 squareRootHasError←0 
 squareRootErrMsg←«» 
:CATCHALL 
 squareRootValue←¯1 
 squareRootHasError←1 
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 squareRootErrMsg←<⎕EM 
:ENDTRY 

 

Using the APL64 Developer version: 

• Create a workspace containing the public SquareRoot function 

• Save the workspace, as SquareRootCpc.ws64, to the APL64 Cross-Platform Component\CPC 

Source Folder of the SquareRootService project. 
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Test the APL64 Public Function 

 

 

 

 

Use the APL64 Cross-platform Component Utility 
Use Options | Create Runtime .Net Assembly | Create Cross-Platform Component utility in the APL64 

Developer version: 

 

Complete the CPC Utility Dialog 
• Enter the ‘Cross Platform Component Class Name’ as ‘SquareRootClass’ 

• Browse to the ‘Cross Platform Component Target Folder’ 

• Enter the ‘Properties.Details: Product Name: ‘SquareRootCpc’ 
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• Enter the ‘Properties.Details.Copyright’, e.g. APL64 Programmer 

• Enter the ‘Properties: Details: File Version’, e.g. 1.0.0.1 

• Enter the ‘Assembly.Info: Company Name, e.g. APL64 Programmer LLC 

• Create the ‘Nuget Package Guid’ 

• These entries should be modified as appropriate for the location of the SquareRoot service 

solution on the APL64 programmer’s workstation. 

 

Save the CPC Configuration File 

 

Create the Cross-platform Component 
Click the Create button and observe the successful creation of the CPC: 
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Copy the APL64 CPC NuGet Package to the Local NuGet Publish Folder 
Copy the ‘APL64Programmer.SquareRootCpc.1.0.0.nupkg’ NuGet package from the CPC Target Folder: 

 

Create the ‘c:\ APL64 Nuget Packages\’ folder 
This folder should not be in the gRpcSquareRootService solution folder. 

Paste the ‘APL64Programmer.SquareRootCpc.1.0.0.nupkg’ NuGet package to the ‘c:\ Local NuGet Publish 

Folder\’: 
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In Visual Studio Recognize the Local NuGet Publish Folder 
In Visual Studio use Tools | NuGet Package Manager | Package Manager Settings | Package Sources | + 

(Add package source) to specify the Local NuGet Publish folder: 

 

Use the APL64 Cross-platform Component in the SquareRootService 
The APL64 cross-platform component will support algorithmic content of the SquareRootService. 

Add a SquareRootServices Project Reference to the APL64 CPC NuGet Package 
In Visual Studio, use Tools | NuGet Package Manager | Manage NuGet Packages For Solution to add the 

reference to the APL64 CPC NuGet package: 
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Verify the APL64 CPC Reference in the SquareRootService Project 

 

Use the APL64 CPC in the SquareRootService Project 
Update the SquareRootService.cs file in the SquareRootService project as follows: 

using  Grpc.Core;  
using  SquareRootCpc;  
namespace  SquareRootService.Services  
{  
    public  class  SquareRooterService  : SquareRooter.SquareRooterBase  
    {  
        private  readonly  ILogger<SquareRooterService> _logger;  
        public  SquareRooterService (ILogger<SquareRooterService> logger)  
        {   
            _logger = logger;  
        }  
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        public  override  Task<SquareRootReply> GetSquareRoot(SquareRootRequest 
request, ServerCallContext context)  
        {  
            SquareRootReply squareRootReply = new SquareRootReply();  
            using  ( var  srClass = new SquareRootCpc.SquareRootClass())  
            {  
                var  aplRes = srClass.SquareRoot(request.InputDouble);  
                squareRootReply.SquareRootValue = aplRes.squareRootValue;  
                squareRootReply.SquareRootHasError = aplRes.squareRootHasError;  
                squareRootReply.SquareRootErrMsg = aplRes.squareRootErrMsg;  
            }  
                //try  
                //{  
                //    squareRootReply.SquareRootValue = 
Math.Pow(request.InputDouble, 0.5);  
                //    squareRootReply.SquareRootHasError  = false;  
                //    squareRootReply.SquareRootErrMsg = "";  
                //}  
                //catch (Exception e)  
                //{  
                //    squareRootReply.SquareRootValue = - 1;  
                //    squareRootReply.SquareRootHasError = true;  
                //    squareRootReply.SquareRootErrMsg = e.Message;  
                //}  
            return  Task.FromResult(squareRootReply);  
        }  
    }  
}  

 

The modified SquareRootService.cs file removes the C# implementation of square root and replaces it with 

the APL64 cross-platform implementation of square root: 
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Save the Modifications and Re-build the SquareRootService Project 

 

Test the SquareRootClient using the APL64 Cross-platform Component 

Start the SquareRootService by running the SquareRootService project 
 

When running (debug) the SquareRootService in Visual Studio warnings about the SSL certificate may be 

presented, such as: 
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When developing and testing a gRPC service, the self-signed certificate should be trusted.  An appropriate 

SSL certificate must be obtained for production use of a gRPC service. 

The running SquareRootService will present this dialog: 

 

Run (Debug in Visual Studio) the SquareRootClient project: 
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Start the SquareRootService by running the SquareRootService project 
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Run (Debug in Visual Studio) the SquareRootClient project: 

 

This version of the SquareRootClient is successfully using the APL64 cross-platform component for the 

square root algorithm. 

In a production environment, a gRPC web server may expose more than one service.  Depending on the 

type of service exposed, additional APL64 public functions may be included in the APL64 CPC Nuget 

package to support these exposed services. 
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