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Introduction

This is the third post in the series, Angular, REST and U2.

In the first post, we looked at the architecture behind Angular, the favourite library for
creating scalable single page applications. We worked with TypeScript, the enhanced meta-
language over JavaScript, and handling simple RESTful calls.

In the second post, we linked our angular application to a U2 database through the Rocket U2
RESTful Web Services. This is a built-in feature that exposes your application to REST through
either file/query based data sources or subroutine calls.

In this final post, we will consider another option for surfacing your application end points.
Whilst the U2 RESTful services are powerful and, with the ability to call subroutines, both
flexible and easy to use, it is the nature of any tool they make some assumptions about the
way in which your data should be presented. They are not the only game in town, and there
are plenty more ways in which you can interface with UniVerse or UniData.

For this post, | will be guiding you through the Microsoft Web API, using the native UniObjects
protocol to provide the middleware glue between .NET and the U2 application platform.
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The U2 Object Model

One of the most powerful features of U2, and the thing that sets these two platforms apart
from other MultiValue solutions, is the Object Model. This first appeared with UniVerse back
in the early 1990s when VMARK released UniVerse Objects, and turned the MultiValue model
on its head. Where before MultiValue had appeared as a single, sprawling and intersecting set
of features, this organized the most salient aspects of the MultiValue architecture into a small
number of simple-to-use classes. | still use the Object Model when training new developers
on U2 today as the best way into understanding what is going on behind the scenes.

Installing the U2 Toolkit for .NET

The original UniVerse Objects protocol was replaced with UniObjects and with UO.NET. Today
this has been similarly displaced by the Rocket U2 Toolkit for .NET, which extends the
functionality to bind together the native object model, ADO.NET and Entity Data. You can still
use the older UO.NET library if you prefer: this continues to use the IBMU2 namespace but is
functionally equivalent to using the native protocol in the Rocket toolkit.

The U2 Toolkit for .NET is provided as a separate download outside the usual U2 tools and
APls. There are two parts to this: the Provider, which is free, and the Developer which is now
also free but only for registered copies of UniVerse and is not available for Personal Edition.
We will therefore have to restrict our use to the features of the Provider.

Navigate to http://www.rocketsoftware.com/u2 and select the Try it Now button as you did
for the previous post. Here you can download the Rocket U2 Toolkit for .NET. Once
downloaded, please install the providers for 32 and 64 bit.
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Creating a new WebAPI Project

The sample project we have working with for the first two posts runs using .NET Core, the
cross-platform implementation of the .NET framework that is setting the direction that
Microsoft is now following. At time of writing, Rocket provides no support for this, so we need
to create a new WebAPI project that runs the full .NET framework.

Start Visual Studio 2017 (or above) and create a new solution. This will keep it segregated
whilst we concentrate on the server: with the move to a modular project style Visual Studio
sometimes attempts to be helpful and load in resources as it finds them and that causes
confusion if we add this directly to the existing solution.

This will give you a choice of project types: under Web select ASP.NET Core Web Application
(.NET Framework) as below:

Add New Project [er=]
P Recent NET Framework 4.5 - Sort by:  Default - i = Search Installed Templates (Ctrl+E) P~
4 Installed Type: Visual C2#

@ ASP.NET Web Application (MET Framework) Visual C# ype: Visua
4 Visual C# Project templates for creating ASP.NET

Windows Classic Desktop @ ASP.NET Core Web Application (NET Core) Visual C# Core applications for Windows using
D the NET Framework.

Web

NET Core @ ASP.NET Core Web Application (MET Framewaork) Visual C#

MNET Standard

Cloud

Extensibility

Test
WCF
I Other Languages

Net finding what you are looking for?

Open Visual Studio Installer

b Online
MName: angular_u2_server
Location: T\angular_u2 hd Browse.. |

OK | Cancel |

Name the application angular_u2_server and on the next page, select Web API as the
application type. Confusingly it is still an ASP.NET Core template, but running on the full .NET
framework (and not on .NET Core).
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-

MNew ASP.NET Core Web Application (MET Framewerk) - angular_u2_server i 3

ASP.NET Corell = | Learn more

ASP.NET Core 1.1 Templates ((NET Framework 4.5)

A project template for creating an ASP.MET Core
application with an example Centroller for a RESTful
HTTP service. This template can also be used for

E @ ASP.NET MVC Views and Controllers.

Empty Web API Web Learn more
Application

Change Authentication

Authentication: No Authentication

OK l [ Cancel

Adding a Reference

Before you can make use of the Rocket U2 Toolkit for .NET in your application you must add
a reference to its assembly. From the Solution Explorer, right click the project name and
select Add -> New Reference from the context menu.

Use the Browse button to navigate to C:\Program Files\Rocket Software\U2 Toolkit for
.NET\U2 Database Provider\bin\.NETFramework\v4.5 and add the U2.Data.Client.dll:

-

Reference Manager - angular_u2 7=
P Projects Search Browse (Ctrl+E) P~
b Shared Projects Mame Path Name:
u Erovese U2.Data.Client.U2)son.dll C\Program Files\Rock |2 Data.Client.dll
U2.Data.Client.dll CA\Program Files\Rocl Created by:
Recent Rocket Software, Inc.
File Version:
2.21.2743
4 »
[ Browse... l [ oK l [ Cancel

Note that this must match the version of the .NET framework you are targeting.
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Connecting to the Server

The UniObjects protocol uses a regular, stateful connection to the database. The Rocket U2
RESTful Services, that you used in the last post, also makes use of UniObjects, but in the java
implementation and hidden behind the tools. Here we will be connecting and making the calls
directly which gives us more flexibility.

Connections are wrapped in and handled by the UniSession object. This represents a user
session connected to a UniVerse account, and is the parent for all the other objects you can
create that in turn represent or expose the content of that account, such as files and cataloged
subroutines.

Rather than spread the data access throughout the code, it is neater to coordinate this into a
suitable class that will handle all the interactions with the database - it makes managing the
connections easier and provides a single place for debugging and logging if required.

Right click on your project and add a new folder you did in the previous post. Call it DAL (Data
Access Layer), and then right click that new folder and add a new Class named Connection.cs.

The connection will need to use the U2 Toolkit for .NET, so first we should add a using clause
to the code to import the U2 namespaces. This works similarly to the imports clause that we
have used throughout the previous post for our TypeScript modules.

Here we import the U2.Data.Client namespace and the System.Data namespace on which it
depends, as below:

using System;

using System.Collections.Generic;
using System.Ling;

using System.Threading.Tasks;
using System.Data;

using U2.Data.Client;

using U2.Data.Client.UO;

namespace angular_u2_server

{
public class Connection
{
}

}

We are going to use the Connection class to log into to your U2 demonstration database. Let’s
add a Connect() method that will use a UOConnection to instantiate a UniSession. We will
also add a disconnect method to release our session when we are finished with it. For a real
application we would look to some form of pooling.
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public class Connection {

protected U2Connection _conn = null;
protected UniSession sess = null;

public bool Connect(string hostName, string userName, string accountPath,
string pass, string service, ref string errText) {
try {
U2ConnectionStringBuilder s = new U2ConnectionStringBuilder();
.UserID = userName;
.Password = pass;
.Server = hostName;
.Database = accountPath;
.ServerType = "UniVerse";
.AccessMode = "Native";
.RpcServiceType = service;
.Pooling = false;

n nuunuununn nun

_conn = new U2Connection();
_conn.ConnectionString = s.ToString();
_conn.Open();
sess = _conn.UniSession;

} catch (Exception ex) {
errText = ex.Message;
return false;

}

return true;

}

public void disconnect() {
_conn.Close();
}

The session logs in using details provided in the ConnectionString: most of this should be
obvious except possibly for the service name. This is the entry in the unirpcservices file that
defines the specific listener it will be connect to and additional details such as the timeout
period and any additional security constraints. On a vanilla UniVerse installation, the service
name will be uvcs (for UniData, it is udcs, allowing UniVerse and UniData to coexist on the
same machine).

A UniObjects connection is similar to a regular TELNET connection in that it will need your
credentials. For Personal Edition it will take the same credentials that you use to log into your
PC or laptop, although you may need to experiment with whether or not it requires a domain
prefix. If you managed to log in using the Rocket U2 RESTful Web Services Designer in the
previous post, it will be the same credentials that you used there.

Unlike a desktop application it cannot prompt for these, so we will simply store them in the
application settings. Please note that this is not secure and you should encrypt this were you
to do this for a live implementation.

Microsoft has offered various models for configuration over the different versions of .NET. For
an ASP.NET Core application, settings are stored in the appsettings.json file which you will find
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in your Solution Explorer. Open this and add a new section, substituting an appropriate user
name and password. Make sure to add the comma before the Connection section:

{

"Logging": {
"IncludeScopes": false,
"LogLevel”: {

"Default”: "Warning"

}
}s

"Connection”: {
"Host": "localhost",
"User": "demo",
"Pass": "demo",
"Account"”: "u2_books",
"Service": "uvcs"

Remember how Angular likes to use dependency injection for settings and services? Well,
Microsoft has chosen to do the same with configuration settings. It makes it typically more
verbose than using settings in previous versions of .NET, but there you go.

First, we need to define a simple class to hold these settings, using the same names for the
properties as the keys in the appsettings.json file above, so that the framework can populate
these automatically. Add a new Class to the root of the project (not in the DAL folder) called
ConnectionSettings and set out the properties as below:

public class ConnectionSettings

{
public string Host { get; set; }
public string User { get; set; }
public string Pass { get; set; }
public string Account { get; set; }
public string Service { get; set; }
}

To have this class created for us automatically, we must register it with the ASP.NET
framework services, similar again to the way that Angular required us to register things of
interest with its AppModules. The framework services are configured in the Startup.cs file
which is already loaded into your project.

Open this and add a line to the ConfigureServices method as below:

public void ConfigureServices(IServiceCollection services)

{
// Add framework services.
services.AddMvc();
services.Configure<ConnectionSettings>(
Configuration.GetSection("Connection"));
}
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WebAPI Controllers

Before we do anything more spectacular, it would be a good idea to check that we can simply
connect to the database using this new Connection class, and can return something in
response to a web service call.

The UniSession class comes with a useful GetAtVariable() method that returns one of the
regular UniVerse environment variables such as @WHO and @USERNO, identified by number.
We will use that to prove we have connected successfully, by adding a new property to the
Connection class:

public string Who {

get {
return sess.GetAtVariable(1).StringValue;
}

When we access the Who property of the Connection, it will return the @ LOGNAME variable
from the server.

You have a Connection class with a Connect() method and a Who property, and a settings class
that will hold the connection details. All you need now is a way to call it in response to a REST
style request?.

The WebAPI model has massively simplified working with RESTful services. Where before
developers had to wrestle with a complex MVC model, WebAPI has pared that back to the
minimum. As with our Angular project on the client, it uses convention over coding and a
routing model that maps URI end points to calls to methods in classes.

Those classes live in the Controllers folder and have a specific naming convention:
ActionController. The scaffolding for a WebAPI project creates an example controller called
ValuesController: let’s take a look.

1 For a real project we would, of course, have set up a Unit Test project and tested all the data access
calls and connectivity from that before messing about with controllers and web requests. But this is a
tutorial and we don’t have space.
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namespace angular_u2_server.Controllers
{
[Route("api/[controller]™)]
public class ValuesController : Controller
{
// GET api/values
[HttpGet]
public IEnumerable<string> Get()
{

}

// GET api/values/5
[HttpGet ("{id}")]

public string Get(int id)
{

}

// POST api/values

[HttpPost]

public void Post([FromBody]string value)
{

}

// PUT api/values/5

[HttpPut ("{id}")]

public void Put(int id, [FromBody]string value)
{

}

// DELETE api/values/5
[HttpDelete("{id}")]
public void Delete(int id)
{

}

return new string[] { "valuel", "value2" };

return "value";

Here is a complete implementation of a simple RESTful service endpoint. The link-up between
the HTTP verbs and routing is handled through attributes.

The first is the Route attribute attached to the class, which sets the routing for this action to
the default (api/[controller]). We learned about routing and instantiation when looking at
Angular on the client, and the same principles apply here: this means the ASP.NET Core will
automatically instantiate this class in response to any call made to /api/Values (or /api/values,
it will be mapped case insensitively).

Each of the main RESTful HTTP verbs (GET, PUT, POST, DELETE) can be handled by one or more
methods, decorated with the HttpXXX attribute. Again, the routing is managed automatically

by the ASP.NET framework.

Here we can see that the first method will be called in response to an HTTP GET request:
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// GET api/values

[HttpGet]

public IEnumerable<string> Get()
{

}

return new string[] { "valuel", "value2" };

This will return an array of two string values in response to the call. You can test this out by
running this project: right click on the angular_u2_server project and select Debug->Start New
Instance to run it and launch a browser to show the results.

ol IEIE

[ localhost:50789/api/Vale X

& C 1} | @ localhost:50789/api/Values W :
[

“valuel™,

"walue2"
]

To create new service endpoints, we just need to create new controllers and set the routing
and verb handlers. We will add a new controller to handle a Who request to test our
connection.

Stop the project debugging, and right click in the Controllers folder and select Add->Controller.
The first time you do this you will be prompted to add some more scaffolding to the project.
Choose only the minimal dependencies: we won’t be needing the rest.

i "

Add MVC Dependencies [

@ Minimal Dependencies
Adds the minimal packages and references to start using ASP.NET MVC Core.

Full Dependencies

Adds packages and configurations, as well as a default layout, error page, script libraries, and script
bundling to your application.

[ Add l[ Cancel |

After this has completed, right click in the Controllers folder (again) and Add ->Controller (yes
it forgets the first time). Wait for Visual Studio to ask you for the necessary scaffolding it should
create.
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Select API Controller with Read/Write actions to create a regular RESTful WebAPI controller
similar to the ValuesController above and when prompted, name it WhoController.

Add Scaffold 3
4 Installed
I Common ‘E; MVC Controller - Empty API C.ontroller with read/write actions
Controller by Microsoft

v1.00.0

An API centroller with REST actions to
create, read, update, delete, and list entities.

‘E: MVC Controller with read/write actions
.l;j MVC Controller with views, using Entity Framework

Id: ApiControllerWithActionsScaffolder

‘E; API Controller - Empty
‘E: API Controller with read/write actions

‘E: API Controller with actions, using Entity Framework

Click here to go online and find mere scaffolding extensions.

Add || Cancel |

At the end, you will have an identical controller to the ValueController we have just seen: in
fact, it even has the same examples. The only differences are the name and a Route attribute
that maps this class to an “api/Who” endpoint - meaning that we can point our browser at
http://localhost:port_number/api/Who to automatically instantiate the class.

We will use the Get() method to log into the server and return the @LOGNAME through the
Who property on our Connection class. There is only one thing missing: we need to get our
paws on those connection settings to authenticate the connection.

Injecting the Settings

When the .NET Core framework instantiates the controller, we have the option to tell it to
automatically pass in our configuration settings using dependency injection. You should be
accustomed to this by now.

The syntax for this is slightly different than for the dependency injection in Angular of course:
for this we need to add a constructor to the class that will receive an
IOptions<ConnectionSettings> value. |I0ptions<T> is a generic interface that can be attached
to any class and returns an instance of that class through a Value property.

Angular, REST and U2 Page 13 Blog Post 3
Brian Leach Consulting Limited Version 1.0



Here’s how it all looks when put together. Note that you need to add the using clause to
reference the Microsoft.Extensions.Options namespace:

using
using
using
using
using
using
using

Systenm;
System.Collections.Generic;
System.Ling;
System.Threading.Tasks;
Microsoft.AspNetCore.Http;
Microsoft.AspNetCore.Mvc;
Microsoft.Extensions.Options;

namespace angular_u2_server.Controllers

{

[Produces("application/json™)]
[Route("api/Who")]
public class WhoController : Controller

{

protected ConnectionSettings _settings = null;
public WhoController(IOptions<ConnectionSettings> config) {
_settings = config.Value;

}
// GET: api/Who
[HttpGet]
public IEnumerable<string> Get()
{
Connection connection = new Connection();
string errText = string.Empty;
if (connection.Connect(_settings.Host, _settings.User,
_settings.Account, _settings.Pass, _settings.Service,
ref errText)) {
return new string[] { connection.Who };
} else {
return new string[] { errText };
}
}

(other methods excluded)

}
}

If the connection succeeds it will return the Who property. If not it will return a reason for the

connection failure given in errText.

That’s all - you can now run the project again and point your browser at /api/Who to see the

result: it should display your user name. If not, please check your connection settings are
correct.
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Reading Data

It’s all very exciting being able to get a session property, but we want to see some data. The
U2 Data Provider for .NET Toolkit gives us a convenient way to read data using a UniFile object:
as the name suggests this represents a UniVerse data file.

We cannot simply open a file without connecting, and without knowing what account the file
belongs to. A UniFile object is therefore created from the UniSession that represents a
connection to an account. Just as for a regular UniVerse session, once the UniSession closes
so do any UniFile instances that belong to that session.

The session is owned by our Connection class, so open this and add a simple, generic Read
method to the class:

public UniDynArray Read(string fileName, string itemName) {
using (var uniFile = sess.CreateUniFile(fileName)) {
return uniFile.Read(itemName);

}

The Read() method returns a dynamic array. The .NET framework does not have an equivalent
data type that can manipulate the various fields, values and subvalues of a record, and so the
UniObjects model gives us another class to offer this functionality: a UniDynArray. This
encapsulates a dynamic array and offers Extract, Replace, Insert and Delete methods similar
to those found on the server in the business language and in Interpreted Descriptors.

The Read method returns the record it has read as a UniDynArray, which is useful for accessing
fields but won’t be too helpful to us in returning data from a web service call until we tell .NET
how this should be serialized into something we can understand rather than a plain dynamic
array. We want to split out the fields we care about into a nicely formatted JSON package with
sensible names.

Creating a Model

When, in the previous blog, we needed a representation of a book for the Angular side to
receive the details from a RESTful call, we created a TypeScript model of a book containing
the fields that interested us called BookDetail:
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export class BookDetail {
public id: number;
public title: string;
public author_id: string;
public author_name: string;
public isbn: string;
public dept: string;
public genre: string;
public media: string;
public publisher_id: string;
public publisher_name: string;
public sale_price: number;
public stock_level: number;
public on_order: number;
public tax_code: string;
public tax_rate: number;
public supplier_id: string;
public supplier_name: string;
public purch_price: number;
public u2version: string;

Angular automatically deserialized the web service message that contained the book details
from JSON to create an instance of this class.

Here in the middle tier, WebAPI will do exactly the same, but in reverse. If we give it a model
of the book details, it will serialize it into JSON on our behalf. Yes, this would be a nice easy
utility to write as a UniVerse program to generate both of these off a dictionary.

Add a Models folder to your angular_u2_server project and create the following simple class
to represent a book. You may be presented with a bunch of Naming rule violation errors but
those are just hints and we want the names to match our TypeScript model on the client.

public class BookDetail{
public int id { get; set; }
public string title { get; set; }
public string author_id { get; set; }
public string author_name { get; set; }
public string isbn { get; set; }
public string dept { get; set; }
public string genre { get; set; }
public string media { get; set; }
public string publisher_id { get; set; }
public string publisher_name { get; set; }
public string sale_price { get; set; }
public int stock_level { get; set; }
public int on_order { get; set; }
public string tax_code { get; set; }
public double tax_rate { get; set; }
public string supplier_id { get; set; }
public string supplier_name { get; set; }
public double purch_price { get; set; }
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Adding a Factory

We could add methods to read and write the book here, but let’s split this out further and add
a little factory class to handle that interaction: it makes things neater. The factory will read
the chosen book and populate a BookDetails object.

You would not, | hope, ever write server side code that used field numbers: you would always
use EQUATEs for your field names. If that is not the case, stand in the corner in shame. A
UniDynArray represents a record in a file, and it too is addressed by field (and value, and
subvalue) number, though with a different syntax than used in the business language. The
same rule applies here: for safety and legibility we should always name the field positions.

There are two structures we can use in C# for this, an enumeration or a set of constants. For
various reasons, | prefer to use constants: so we will create the equivalent or a set of EQUATEs
for our U2_BOOKS file. Yes, another thing that could easily be generated from a dictionary
using a utility program.

Add a new folder called Maps to the project and in there, add the following U2_BOOKS class
to define the record layout:

namespace angular_u2_server.Maps

{
public class U2_BOOKS

{
public const int TITLE = 1;
public const int AUTHOR_ID = 2;
public const int ISBN = 3;
public const int DEPT = 4;
public const int GENRE = 5;
public const int MEDIA = 6;
public const int PUBLISHER_ID = 7;
public const int SALE_PRICE = 8;
public const int STOCK_LEVEL = 9;
public const int MIN_ORDER = 10;
public const int ON_ORDER = 11;
public const int TAX_CODE = 12;
public const int SUPPLIER_ID = 13;
public const int PURCH_PRICE = 14;
public const int SUPPLIER_CODE = 15;
public const int LONG_DESCRIPTION = 20;

Now we have the plumbing in place, we can read a book and fill out the details. Add a new
class called BookFactory to the DAL folder to take on this responsibility and read a single book
identified by its ID. We will split out the read from the parsing to promote reuse and testability.
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Itis a little bit verbose and for now, we will only deal with the fields in the U2_BOOK file itself:

using angular_u2_server.Models;
using angular_u2_server.Maps;

namespace angular_u2_server.DAL{

public class BookFactory{

protected Connection _connection = null;

public BookFactory(Connection connection) {
_connection = connection;

}

public BookDetail fetch(int id) {
var bookRec = _connection.Read("U2_BOOKS", id.ToString());
return parseDetail(id, bookRec);

}

public BookDetail parseDetail(int id, UniDynArray bookRec) {
BookDetail bookDetail = new BookDetail();
bookDetail.id = id;
bookDetail.isbn = bookRec.Extract(U2_BOOKS.ISBN).StringValue;
bookDetail.author_id = bookRec.Extract(U2_ BOOKS.AUTHOR_ID).StringValue;
bookDetail.dept = bookRec.Extract(U2 BOOKS.DEPT).StringValue;
bookDetail.genre = bookRec.Extract(U2_BOOKS.GENRE).StringValue;
bookDetail.media = bookRec.Extract(U2_BOOKS.MEDIA).StringValue;
bookDetail.on_order = int.Parse(
bookRec.Extract(U2 BOOKS.ON_ORDER).StringValue);
bookDetail.publisher_id =
bookRec.Extract(U2_ BOOKS.PUBLISHER_ID).StringValue;
bookDetail.purch_price = int.Parse(
bookRec.Extract(U2_BOOKS.PURCH_PRICE).StringValue) / 1090;
bookDetail.sale price = int.Parse(
bookRec.Extract(U2_BOOKS.SALE_PRICE).StringValue) / 100;
bookDetail.stock_level = int.Parse(
bookRec.Extract(U2_BOOKS.STOCK_LEVEL).StringValue);
bookDetail.supplier_id =
bookRec.Extract(U2_BOOKS.SUPPLIER_ID).StringValue;
bookDetail.tax_code = bookRec.Extract(U2_BOOKS.TAX_CODE).StringValue;
bookDetail.title = bookRec.Extract(U2 BOOKS.TITLE).StringValue;

return bookDetail;

That was a lot of typing. Why so verbose?

First, the UniDynArray supports an Extract method similar to the EXTRACT() function on the
server, but it returns a UniDynArray not a string since the result of the EXTRACT() could itself
be multivalued or subvalued. So we need to either cast it to string using ToString() or use the
StringValue property.

Second, we need to cast that to an integer for the stock_level and on_order members, and to
externalize prices. On the server we apply an MD2 conversion, so the best equivalent is to
simply divide by 100 - the UniSession gives us an OCONV() method but that does a round trip

Angular, REST and U2 Page 18 Blog Post 3
Brian Leach Consulting Limited Version 1.0



to the server (think about it and you will work out why) but that makes it very inefficient for
repeated operations.

I’'m lazy when it comes to typing and that method looks ugly. We can make our lives easier by
adding a couple of extension methods to UniDynArray class and use that syntactic sugar to
make the code neater and shorter.

Here is an alternative implementation: add a new folder to your solution called Extensions
and create a UniDynArrayExtensions class as below:

using U2.Data.Client.UO;

namespace angular_u2_server.Extensions

{
public static class UniDynArrayExtensions
{
public static string AsString(this UniDynArray dynArray, int fieldNo) {
return dynArray.Extract(fieldNo).StringValue;
}
public static int AsInt(this UniDynArray dynArray, int fieldNo) {
try {
return int.Parse(dynArray.Extract(fieldNo).StringValue);
} catch {
return @; // non-numeric data where numeric required ..
}
}
public static double AsDouble(this UniDynArray dynArray, int fieldNo) {
try {
return double.Parse(dynArray.Extract(fieldNo).StringValue);
} catch {
return 0.0; // non-numeric data where numeric required ..
}
}
public static double AsPrice(this UniDynArray dynArray, int fieldNo) {
try {
return (double)(
double.Parse(dynArray.Extract(fieldNo).StringValue) / 100);
} catch {
return 0.9; // non-numeric data where numeric required ..
}
}
}
}

This adds a new set of extension methods to a UniDynArray that gives us a potentially much
neater and more legible way to rewrite our BookFactory method:
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BookDetail

bookDetail.
bookDetail.
bookDetail.
bookDetail.
.genre = bookRec.AsString(U2_BOOKS.GENRE);
bookDetail.
bookDetail.
bookDetail.

bookDetail

public BookDetail parseDetail(int id , UniDynArray bookRec) {

bookDetail = new BookDetail();

id = id;

isbn = bookRec.AsString(U2_BOOKS.ISBN);

author_id = bookRec.AsString(U2_BOOKS.AUTHOR_ID);
dept = bookRec.AsString(U2_BOOKS.DEPT);

media = bookRec.AsString(U2_BOOKS.MEDIA);
on_order = bookRec.AsInt(U2_BOOKS.ON_ORDER);
publisher_id = bookRec.AsString(U2_BOOKS.PUBLISHER_ID);

bookDetail.purch_price = bookRec.AsPrice(U2_BOOKS.PURCH_PRICE);
bookDetail.sale price = bookRec.AsPrice(U2_BOOKS.SALE_PRICE);
bookDetail.stock_level = bookRec.AsInt(U2_ BOOKS.STOCK_LEVEL);
bookDetail.supplier_id = bookRec.AsString(U2_BOOKS.SUPPLIER_ID);

bookDetail
bookDetail

.tax_code =
.title = bookRec.AsString(U2 BOOKS.TITLE);

bookRec.AsString(U2 BOOKS.TAX_CODE);

return bookDetail;

Requesting a Single Record

The only step remaining is to call this from a controller. Right click on the Controllers folder
and add a new controller called BookController as you did for the WhoController above.

The fetch method above reads a single book identified by its record id, and the RESTful
convention for this is to simply add the id to the end of the GET URI:

http://myserver/api/u2_books/id
If you look at the BookController scaffolding, you will see that this is automatically handled by
the routing which provides an override to the Get method that expects an id, created

specifically for this purpose.

Fill that out to call the fetch method on our BookFactory. You will need to use the same pattern
of dependency injection to create the connection settings and to log in to the server.
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using Microsoft.Extensions.Options;
using angular_u2_server.Models;
using angular_u2_server.DAL;

namespace angular_u2_server.Controllers{
[Produces("application/json")]
[Route("api/Books")]
public class BooksController : Controller

{

protected ConnectionSettings _connectionSettings = null;

public BooksController(IOptions<ConnectionSettings> config) {
_connectionSettings = config.Value;

}

// GET: api/Books/5
[HttpGet ("{id}", Name = "GetBook")]
public BookDetail Get(int id)
{
var connection = new Connection();
BookDetail detail = null;
string errText = string.Empty;
if (connection.Connect(_connectionSettings.Host,
_connectionSettings.User, _connectionSettings.Account,
_connectionSettings.Pass, _connectionSettings.Service,
ref errText)){
detail = new BookFactory(connection).fetch(id);
connection.disconnect();

}

return detail;

Phew, now we can launch the project in IIS Express and navigate in our browser to
http://localhost:port/api/Books/10 and retrieve details on a Harry Potter title:

EElE=EIE

[ localhost49166/api/Boc X
< C ) | © localhost:49166/api/Books/10 *
{

id: 1@,

title: “Harry Potter and the Chamber of Secrets (Book 2 - Unabridged 6 Audio Cassette Set - Adult Edition)”,
author_id: "6",

author_name: null,

isbn: "1855494728",

dept: “IJUNIOR",

genre: "FANTASY",

media: "TAPE",
publisher_id: "e@1",
publisher_name: null,

sale_price: 21.99,
stock_lewvel: 12,
on_order: @,
tax_code: "N",
tax_rate: @,
supplier_id: "BEB",
supplier name: null,
purch_price: 3.7%

title

As an exercise, | will leave you to add the missing author_name, publisher_name and
supplier_name to the book details. Remember to create maps for the U2_AUTHORS,
U2 PUBLISHERS and U2_SUPPLIERS records.
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Returning a Collection

That was a single item returned in response to a RESTful request that included the title id. For
a regular GET we should return a collection. Fortunately, we can now add that easily.

The UniFile class allows us to read a whole batch of records in a single call by calling a
ReadRecords() methods and passing an array of item ids that we want to return. These are
combined together in a UniDataSet, which is nothing more than a set of UniRecords each
consisting of a record id and a record body.

We have a Read method on our Connection class for a single record, so this can be followed
by a ReadAll method as below:

public UniDataSet ReadAll( string fileName, string[] itemNames) {
using(var uniFile = sess.CreateUniFile(fileName)) {
return uniFile.ReadRecords(itemNames);

}

How are we going to get this list of item names? By convention, with no additional parameters
a RESTful call should return all records in the collection, but of course for live data since you
now control this you can decide just what we want to return. You would not, for example,
want a rogue client being able to return your entire 100 million-strong transaction file.

The U2_BOOKS file contains only about 350 records so that is small enough not to make any
kind of impact: we can simply select the whole file as we did using the U2 RESTful Web Services
data source in the previous post.

Selecting Records

For this we will need a selection, and just as a UniFile encapsulates file access, so selection
operations are encapsulated by a UniSelectList.

A UniSelectList surfaces one of the numbered select lists in the UniVerse server environment.
Each session can have 10 active select lists, each identified by a number from 0 to 9. The
default select list is number 0, as you should know from the familiar message:

354 record(s) selected to SELECT list #0.

When you create an instance of a UniFile, you tell it the name of the file to access. For a
UniSelectList you similarly tell it which of the numbered select lists it is accessing.
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The UniSelectList has various methods for returning the select list to the client. A Next method
pops the next entry from the active select list in exactly the same way as ReadNext in the
business language: a LastRecordRead property can be examined to see whether the list has
been exhausted. A Readlist method returns the whole list as a dynamic array, exactly the
same as ReadList on the server. And finally, the ReadListAsStringArray method returns the list
as an array of strings, which will prove very useful here.

On the server, the business language gives us three ways in which we can generate a select
list from a file. The simples of these, sometimes known as a Basic Selection, is the Select or
SSelect statement run against a file variable, which simply selects all the keys to that file. If
the file has indices, this can be used to fuel an alternative index selection using the Selectindex
statement, or of course you can generate a selection using either of the enquiry languages,
RetrieVe or SQL. All of these have equivalents in using a UniSelectList.

The simplest of these, the equivalent to the Basic Selection using a file variable on the server,
is to pass an open UniFile object to a Select() method on the UniSelectList. This will give us all
the record keys in an unsorted order.

To use this, add an override ReadAll() method to the Connection that accepts only the file
name as an argument:

public UniDataSet ReadAll(string fileName) {
var selectList = sess.CreateUniSelectList(0);
using (var uniFile = sess.CreateUniFile(fileName)) {
selectList.Select(uniFile);
return uniFile.ReadRecords(selectlList.ReadListAsStringArray());

When we performed this in the previous post, we returned a cut-down version of the book as
a summary view to save on bandwidth. We should really do the same here for consistency,
especially as we would like to hook this up to the same Angular client before we finish.

Custom Serialization

First we add a new map for the book summary. This needs to match the names for the
BookSummary template in our Angular project, but there is slight catch (of course!). The
WebAPI will mess with the ISBN property and rename it as isbn, which means it won’t be
deserialized correctly on the client.

If we want to preserve the original naming, or otherwise customize the serialization process,
we can tell WebAPI to force which properties to publish, and how, by adding a Data Contract
to our class.
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using System;

using System.Collections.Generic;
using System.Ling;

using System.Runtime.Serialization;
using System.Threading.Tasks;

namespace angular_u2_server.Models

{
[DataContract]
public class BookSummary
{
[DataMember]
public string id { get; set; }
[DataMember]
public string title { get; set; }
[DataMember]
public string authorName { get; set; }
[DataMember (Name = "ISBN")]
public string ISBN { get; set; }
[DataMember]
public double salePrice { get; set; }
[DataMember]
public string media { get; set; }
}
}

Now we can add a shorter parseSummary to our BookFactory and an override to the fetch()
method to select the file and return a list of BookSummary objects:

public List<BookSummary> fetch() {
var list = new List<BookSummary>();

UniDataSet bookArray = _connection.ReadAll("U2_BOOKS");
foreach(UniRecord record in bookArray) {

list.Add(parseSummary(record.RecordID, record.Record));
}

return list;

public BookSummary parseSummary(string id, UniDynArray bookRec) {
BookSummary bookSummary = new BookSummary();
bookSummary.id = id;
bookSummary.ISBN = bookRec.AsString(U2_BOOKS.ISBN);
bookSummary.media = bookRec.AsString(U2 BOOKS.MEDIA);
bookSummary.salePrice = bookRec.AsPrice(U2_BOOKS.SALE_PRICE);
bookSummary.title = bookRec.AsString(U2 BOOKS.TITLE);

var authorRec = _connection.Read("U2_AUTHORS",
bookRec.AsString(U2 BOOKS.AUTHOR_ID));
bookSummary.authorName = authorRec.AsString(U2_AUTHORS.FULLNAME);

return bookSummary;

Finally hook this up to the simple Get() method on the BookController and change the return
type to an IEnumerable<BookDetail>.
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[HttpGet]
public IEnumerable<BookSummary> Get()

{

var connection = new Connection();
string errText = string.Empty;
if (connection.Connect(_connectionSettings.Host, _connectionSettings.User,
_connectionSettings.Account, _connectionSettings.Pass,
_connectionSettings.Service, ref errText)) {
return new BookFactory(connection).fetch();
} else {
return new List<BookSummary>();

Navigate in your browser to localhost:port_number/api/Books and see the whole of the
U2_BOOKS file returned as a series of BookSummary items, complete with the forced ISBN
key as below.

&= @] & |

[ localhost40016/api/Boc X

&« C | @ localhost:40

[{"id":"2@5","title":"Great Expectations (Penguin Classics)™,"suthorName":"Charles

Dickens","ISBN" alePrice”:9.99, " media™: "TAPE"}, {"id":"206", "title": "The Colour of Magic","authorName":"Terry

Pratchett"”,"ISBN ,"salePrice”:14.99,"maedia":"CD"}, {"1d": "287 The Jungle Book: Selected Stories (Puffin

C1a551c5}”,"author‘Nama" "Rudyard K:Lpllng",”ISBN '8146865543",”salePrice" 7.99,"media": "TAPE"},

{"id":"2@8","title":"Maskerade", "authorName" erry Pratchett”,"ISBN":"@552153249", salePrlce 114,99," medla""'CD"} {"id":"209","title":"The

Light Fantastic","authorName tt" "ISBN":"@552152234","calePrice"” " i

Unsbridged (Puffin Classics) Rudyard Kiplin "ISBN":" 8146865551

{"id":"211", "title Elizabeth","authorMam: avid Starkey™,"ISBN":"00@8715478X","salePrice
"@552152242" ,"salePri 14,99, "medi

5.)", "authorName”: "Anthony Horowit 1844286818", "salePrice™:19.99, "media Feet of Clay (Discworld

5.)", "authm"Name erry Pratchett”, @552153265", "salePrice™:14.99, "media”: "CD"}, {"id": " 215", "title": Tale of Tuo

iti uthDrName" "Charles Dickens","ISBN":"@140861491","salePrice”:13.8, "media™: "TAPE"},{"id":"216", "t1‘t1e :"Motes from a Small

uthorName™:"Bill Bryson","ISBEN":"@5521517@X"," "salePrice” " title":"Mort", "authorName": "Terry

Pratchett”, " ISBN" 55215225@" "salePrice”:14.99, " media":"CD"}, {"1id": : The Complete Radio Series

1", "authorName™ att Lucas,David Williams","ISBN":"@563526874", "salePrice”:10.99, "media": "TAPE"},{"1id":

Arctic Incident: Complete and Unabridged (Cover to Cover)","authorName":"Ecin Colfer”,"ISBN":"185542812X","salePrice”:19.99, " media":"TAPE"},

{"id":"220","title": "Chocolat", "authorName": "Joanna Har‘ris","ISBN""'184@323345", "salePrice”:14.9%, "media":"CD"},{"id" ar'd

Times: Complete and Unabridged”,"authorMam: "Charles Dickens™,"ISBN":"@754254233","salePrice”:52.93, "media™:"CD" :

wer (Junior Classics)"”,"authorName" k Twain","ISBN":"9862 az3e2", "salePrice”:18.99, "media": "},

Alan Bennett, Three Plays","authorﬂam "Alan Bennstt","ISBM 1846@70473","salePrice”:30.0, "media": "CD"},

A Christmas Carul (Classlc Fiction)","authorName":"Charles

"Ravan s Gate {Pu\.‘er of Five

224" "title

Dickens","ISBN" :13.99, "media":"cD"}, {"1d":" S "title™:"Sourcery”, "authorName™: "Terry
Pratchett” "ISBN ,"salePrice”:14.99, "media D"}, {"i aAnne of Green Gables (Puffin -
P P AT e bmatinma Mt 38 Matmmmnee MTCOMY. Matanocccas’ Mo-lan T TANEN] [MIAM Mot MelelaMa it mdsmn o Ammmioo. ..
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Hooking it Up

We now have a working WebAPI service returning a collection of books and an individual book.
It has taken us some work to get there, and we are now in a similar position to where we were
when we created services using the U2 RESTful Web Service Designer in the previous post. To
complete the sequence, we should hook this up to our Angular client.

It should not surprize you by now, that there is one more piece of unnecessary complexity to
add just to make our lives miserable. Since these are now separate projects, calling one from
the other will cause our famous Cross Origin Resource Sharing (CORS) errors once again since
they will be running on different ports. That is a common enough situation that it is worth
handling here.

Dealing with CORS

Microsoft has added support to WebAPI 2 and above to resolve CORS errors, but it is not
provided by the templates out of the box which would have been useful. We need to install
another package.

Package management, on the plus side, is an area of strength for Visual Studio. Select Tools -
> NuGet Package Manager -> Package Manager Console from Visual Studio to open the
Package Manager Console window.

Type the following command in the Package Manager Console window and let Visual Studio
do the rest:

Install-Package Microsoft.AspNet.WebApi.Cors

Package Manager Console

I

Package source: MuGet official package source ~ o] Default project:  angular_u2_server -
Package Manager Console Host Version 4.2.8.2457

Type 'get-help NuGet' to see all available MuGet commands.

PM» Install-Package Microsoft.Asphet.WebApi.Cors

Restoring packages for T:\angular_u2_server\angular_u2_server\angular_u?_server\angular_u2_server.csproj...
GET https://nuget.orgfapi/v2/FindPackagesById()?id="Microsoft.AspNet.WebApi.Cors'
OK https://nuget.org/api/v2/FindPackagesById()?id="Microsoft.AspNet.WebApi.Cors' 264ms

To enable cross-origin requests, CORS support is added to the application configuration in the
Startup.cs file, where previously you configured the services. Add the following to globally
enable access to our server: for a live situation you can, of course, be more specific in locking
down requests.
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public void Configure(IApplicationBuilder app, IHostingEnvironment env,
ILoggerFactory loggerFactory)
{
loggerFactory.AddConsole(Configuration.GetSection("Logging"));
loggerFactory.AddDebug();

if (env.IsDevelopment()) {
app.UseDeveloperkExceptionPage();

} else {
app.UseExceptionHandler("/Home/Error");

}

app.UseStaticFiles();
app.UseCors(builder => AllowAnyOrigin().AllowAnyHeader().AllowAnyMethod());

app.UseMvc(routes => {
routes.MapRoute(
name: "default",
template: "{controller=Home}/{action=Index}/{id?}");
1)
}

Start the project and leave it running whilst we attend to the client.

Hooking up the Summary Listing

Open up a second copy of Visual Studio and load the angular_u2 solution from the previous
posts.

If you recall, we consolidated all of the operations for reading and writing books in the
BookListService class, held in the booklist.service.ts file under ClientApp\app\services. We
added a getBooksFromREST method to return the list of books from the U2 RESTful Web
Services like this:

getBooksFromREST (searchTerm: string) {
var uri = this.restUrl + "/U2_book_summary?sort=BY ID";
if (searchTerm) {
uri = uri + '&select=TITLE LIKE "..."' + searchTerm + '..." OR AUTHOR_NAME

LIKE "..." + searchTerm + '..."";

}
this._http.get(uri).subscribe(
result => {
this.books = result.json().U2_book_summary as BookSummary[];
this.getPage(1);
1)
}

Now we can add a similar method to return the books from WebAPI, although at this stage
we are not yet supporting the selection clause. Substitute the port number for your WebAPI
project and note that the selection clause begins the query string with a question mark.
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getBooksFromWebAPI(searchTerm: string) {
var uri = "http://localhost:40016/api/Books";
if (searchTerm) {
uri = uri + '?select=TITLE LIKE "...' + searchTerm
+ '..." OR AUTHOR_NAME LIKE "...' + searchTerm + "'..."";
}
this._http.get(uri)
.subscribe(
result => {
this.books = result.json() as BookSummary[];
this.getPage(1);
1)

The getBooksFromREST method is called from your BookListComponent, held in the file
ClientApp\app\ components\booklist.component.ts. Change that to call the new method on
the constructor and the onSearch method:

constructor(public bookListService: BookListService) {
//bookListService.getBooksFromREST("");
bookListService.getBooksFromWebAPI('");

}

onSearch() {
//this.bookListService.getBooksFromREST(this.searchText);
this.bookListService.getBooksFromWebAPI(this.searchText);

Start the project and check that it returns the same list of books, without the sort ordering,
to populate the summary listing.

[a
| Home Page - angular_u2
&« C | ® localhost:49565/book-list
Book Listing Search Text
Id Title Author Name ISBN
Edit 205 Great Expectations (Penguin Classics) Charles Dickens 014086041X
Edit 206 The Colour of Magic Terry Pratchett 0552152226
Edit 207 The Jungle Book: Selected Stories (Puffin Classics) Rudyard Kipling 0140865543
Edit 208 IMaskerade Termy Pratchett 0552153249
Eat 209  The Light Fantastic Terry Pratchett 0552152234
Edit 210 Just So Stories: Unabridged (Puffin Classics) Rudyard Kipling 0140865551
Edit 21 Elizabeth David Starkey 000715478X
Edit 212 Equal Rites Termy Pratchett 0552152242
Edit 213 Raven's Gate (Power of Five 5.) Anthony Horowitz 1844280810
Eart 214 Feet of Clay (Discworld S.) Terry Pratchett 0552153265
Page 10f35
« |
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Using the QueryString

The U2 RESTful Web Services makes use of the QueryString to qualify the RESTful actions. As
we have already seen, the selection clause is passed verbatim in the format:

path/to/resource?select=clause

For simplicity sake, we will do exactly the same using your WebAPI project, to discover how
to handle the query string. The Get method on the BookController will take an optional select
clause that will be used to limit the list of books selected.

Running a Command

To fetch the list of books, we took the simplest route of passing an open UniFile to the Select
method of the UniSelectList. That was all very well but it did not let us set the sort order or
any filtering. To allow for these we should really execute a SELECT or SSELECT statement.

To execute a command on the server, UniObjects predictably provides a UniCommand class.
This sets the Command and offers an Execute() method to run it. If the command generates
an active select list, it can be picked up by a UniSelectList targeting that list number.

To add this, create a second override for the ReadAll method on the Connection:

public UniDataSet ReadAll(string fileName, string selection) {
var selectList = sess.CreateUniSelectlList(0);
var command = sess.CreateUniCommand();
command.Command = selection;
command.Execute();

using (var uniFile = sess.CreateUniFile(fileName)) {
return uniFile.ReadRecords(selectList.ReadListAsStringArray());
}

}

Then a matching override for the fetch() method on the BookFactory:

public List<BookSummary> fetch(string selectClause) {
var list = new List<BookSummary>();
string selection = "SSELECT U2_BOOKS WITH " + selectClause;
UniDataSet bookArray = _connection.ReadAll("U2_BOOKS", selection);
foreach (UniRecord record in bookArray) {

list.Add(parseSummary(record.RecordID, record.Record));
}

return list;
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Fetching the QueryString

If we want to get to the QueryString portion of the URI, we can examine that within the
Controller methods by accessing the controller context, which gives access to details of the
request and much more.

To get to the query is typically tortuous, but can return either the string as a whole in the
QueryString property of the request, or parsed for our convenience into a set of query

elements each consisting of the key and value:

var allKeys = ControllerContext.HttpContext.Request.Query;

If we pass a selection clause we can gather that here as below using a lambda query

expression:

string selectClause = allKeys.LastOrDefault(x => x.Key == "select").Value;

That is all you need to add the selection into your BookController:

[HttpGet]
public IEnumerable<BookSummary> Get(){

}

var allKeys = ControllerContext.HttpContext.Request.Query;
string selectClause = allKeys.lLastOrDefault(x => x.Key == "select").Value;
var list = new List<BookSummary>();

var connection = new Connection();
string errText = string.Empty;
if (connection.Connect(_connectionSettings.Host, _connectionSettings.User,
_connectionSettings.Account, _connectionSettings.Pass,
_connectionSettings.Service, ref errText)) {
if (string.IsNullOrEmpty(selectClause)) {
list = new BookFactory(connection).fetch();
} else {
list = new BookFactory(connection).fetch(selectClause);
}

connection.disconnect();

}

return list;

Start your Angular client once again and check that now you can use the search box to limit

the books returned.
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| Home Page - angular_u? X

< C | ® localhost495

Getting the Detail

Book Listing
Id
Edit| 10
Edit| 22
Edit | 47
Edit | 84
Edit| 116
Edit| 117
Edit | 150
Edit | 159
Edit | 303
Edit | 304
Page 10f 1

Harry

Title

Harry Potter and the Chamber of Secrets (Book 2 - Unabridged 6 Audio Cassette Set - Adult
Edition)

Harry Potter and the Prisoner of Azkaban (Book 3 - Unabridged 8 Audio Cassette Set - Adult
Edition)

Harry Potter and the Goblet of Fire (Book 4 - Unabridged 14 Audio Cassette Set)

Harry Potter and the Order of the Phoenix (Book 5 - Unabridged Audio CD Set - Adult
Edition)

Harry Potter and the Half-Blood Prince (Harry Potter 6): Children's audio CD edition
Harry Potter and the Half-Blood Prince (Harry Potter 6): Adult audio cassette edition

Harry Potter and the Order of the Phoenix (Book 5 - Unabridged Audio Cassette Set - Adult
Edition)

Harry Potter and the Philosopher's Stone (Book 1 - Unabridged 6 Audio Cassette Set - Adult
Edition)

Harry Potter and the Deathly Hallows

Harry Potter and the Order of the Pheenix

Author
Name

JK Ro

JK Ro

JK Ro

J.K. Ro

JK RO

JK RO

JK Ro

JK Ro

JK Ro

JK. Rot

wiing

wiing

wiing

wiing

wiing

wiing

wiing

wiing

wiing

wling

ISBN

1855494728

1855494760

1855494787

1855496879

0747582599

0747582602

1855496488

1855494981

9780747595830

9780747561071

As the final act in this post, you can use the fetch of a single BookDetail to populate the

editor view. Change the onEdit() action to run a new GetBookFromWebAPI method similar
to the GetBookFromREST. There is no envelope added for the book, so you do not need the
u2_book_detail added to the result.json() path.

getBookFromWebAPI(id: any) {

var book: BookDetail = null;
this.selectedBook = new BookDetail(); // ensure no nulls for template

var uri =

this._http.get(uri)
.subscribe(
result => {

"http://localhost:40016/api/Books/" + id;

this.selectedBook = result.json() as BookDetail;

})s
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Book Title
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That’s it! You have a working WebAPI project that can read and display collections and
individual records using RESTful conventions, and leveraging the UniObjects protocol behind
the scenes.

Next Steps

This post has only scratched the surface of using WebAPI with the UniObjects model. There
are more objects to play with: UniSelectList to run stored procedures, UniXML for fetching
data sets to name but two. WebAPI involves more work than using tools like the Rocket U2
RESTful Web Services, but the payback is in the flexibility and power you can harness. It is also
constantly evolving and changing, so by the time you read this there will already be a new
version around the corner.

In this example, limited by Personal Edition, we have used a simple connection model with a
new connection being instantiated and destroyed for each action. This is obviously not
scalable for real world applications, and so a production quality service would look to employ
connection pooling and better security.

| encourage you to play with WebAPI and all the new features of the ASP.NET Core platform.
These things have come a long way and are opening up new opportunities, especially when
combined with the power of a MultiValue platform like UniVerse behind the scenes.
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A Final Word

This series has been a helter-skelter journey through a number of exciting technologies:
Angular, TypeScript, U2 RESTful Services, ASP.NET and WebAPI, and of course, Rocket U2 and
its object model. | hope you have found this enjoyable as well as educational.

The U2 Platforms are perfectly positioned to take advantage of new technologies, and always
have been. If you wish to learn more, please visit my website at http://www.brianleach.co.uk
and continue to subscribe to the Rocket MultiValue Blog.
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