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Web	
  is	
  like	
  1950s	
  office	
  
Domain	
  work	
  as	
  side-­‐effect	
  of	
  shuffling	
  docs	
  around	
  
HTTP	
  is	
  the	
  Web’s	
  application	
  protocol	
  for	
  shuffling	
  documents	
  around	
  
Procurement	
  app	
  used	
  for	
  examples	
  throughout	
  
Example	
  of	
  POSTng	
  doc	
  to	
  trigger	
  work	
  
Resources	
  adapt	
  domain	
  for	
  Web	
  
Hypermedia	
  guides	
  client	
  through	
  domain	
  protocol	
  
Anatomy	
  of	
  a	
  resource	
  
What	
  do	
  we	
  need	
  to	
  test	
  when	
  developing	
  resources?	
  

	
  HTTP	
  uniform	
  interface	
  
	
  Representation	
  formats	
  
	
  Hypermedia	
  
	
  Interaction	
  with	
  underlying	
  domain	
  
	
  	
  



Pick	
  your	
  path	
  to	
  adventure	
  



Executing	
  a	
  specialism	
  in	
  a	
  generalized	
  way	
  

Warlock	
  of	
  Firetop	
  Mountain	
  Protocol	
  

•  Go	
  north	
  
•  Defeat	
  goblin	
  
•  Take	
  key	
  

•  Unlock	
  door	
  
•  Go	
  east	
  
•  Solve	
  riddle	
  

Fighting	
  Fantasy	
  Transfer	
  Protocol	
  

•  Numbered	
  prose	
  paragraphs	
  
•  Multiple	
  choices	
  keyed	
  to	
  numbered	
  paragraphs	
  



Architectural	
  sympathy	
  



HTTP	
  is	
  the	
  Web’s	
  application	
  protocol	
  

Status	
  codes	
  
Coordination	
  
	
  
Headers	
  
Message	
  processing	
  context	
  
Availability	
  and	
  consistency	
  
	
  
Methods	
  
Reliability	
  

	
  
	
  



Work	
  transacted	
  as	
  a	
  side-­‐effect	
  of	
  transferring	
  documents	
  

Check	
  inventory	
  
Setup	
  payment	
  
Create	
  order	
  

Your	
  Domain	
  
(DDD,	
  legacy	
  apps,	
  etc)	
  

The	
  Web’s	
  
Domain	
  

P
O
S
T
 

/orders 

	
  

POST /orders HTTP/1.1!
Host: restbucks.com!
Content-Type: application/restbucks+xml!
!
<shop xmlns="http://schemas.restbucks.com/shop">!
  <items>!
    <item>!
      <description>Costa Rica Tarrazu</description>!
      <amount>250g</amount>!
      <price currency="GBP">4.40</price>!
    </item>!
  </items>!
</shop>!



Resource	
  Development	
  



Links	
  and	
  forms	
  guide	
  the	
  client	
  through	
  your	
  business	
  protocol	
  

home	
   rfq	
   quote/123	
   order-­‐form/123	
  

order/987	
   order/987	
  

pay/xyz	
   confirm/xyz	
  

202	
  Accepted	
   303	
  See	
  Other	
  

Quoting	
  

Ordering	
  

Paying	
  

Procurement	
  



Autonomous	
  resources	
  

created 

created 

awaiting 
payment 

paid cancelled cancelled 

created 

paid 

settled 

Quote Order Payment 



What	
  is	
  the	
  role	
  of	
  a	
  resource?	
  

Resources	
  adapt	
  your	
  domain	
  
for	
  Web	
  clients	
  



Quote	
  

<shop xmlns:rb="http://relations.restbucks.com/" !
      xml:base="http://restbucks.com/" !
      xmlns="http://schemas.restbucks.com/shop">!
  <items>!
    <item>!
      <description>coffee</description>!
      <amount measure="g">125</amount>!
      <price currency="GBP">1.25</price>!
    </item>!
  </items>!
  <link rel="rb:order-form" !
        type="application/vnd.restbucks+xml" !
        href="order-form/68cff6e75a09474fa0098c9393aa6d4e" />!
</shop>!



Order	
  form	
  

<shop xml:base="http://restbucks.com/" !
      xmlns="http://schemas.restbucks.com/shop">!
  <model id="order" xmlns="http://www.w3.org/2002/xforms">!
    <instance>!
      <shop xml:base="http://restbucks.com/" !
            xmlns="http://schemas.restbucks.com/shop">!
        <items>!
          <item>!
            <description>coffee</description>!
            <amount measure="g">125</amount>!
            <price currency="GBP">1.25</price>!
          </item>!
        </items>!
        <link rel="self" !
              type="application/vnd.restbucks+xml" !
              href="quote/68cff6e75a09474fa0098c9393aa6d4e" />!
      </shop>!
    </instance>!
    <submission resource="/orders/?c=12345&amp;s=325" !
                method="post" !
                mediatype="application/vnd.restbucks+xml" />!
  </model>!
</shop>!



Resources	
  adapt	
  your	
  domain	
  for	
  Web	
  clients	
  

quote	
  

RESTful	
  interface	
  

Domain	
  

/quote/68cf	
   /order-form/68cf	
  



Anatomy	
  of	
  a	
  resource	
  

•  Address	
  +	
  identity	
  (URI)	
  
•  State	
  (own	
  or	
  underlying	
  

domain)	
  
•  Representations	
  (e.g.	
  HTML,	
  

Atom,	
  JSON	
  dialect)	
  
•  Supports	
  HTTP	
  uniform	
  

interface	
  	
  

<shop xmlns="http://schemas.restbucks.com/shop"!
  xmlns:rb="http://relations.restbucks.com/">!
  <items>!
    <item>!
      <description>Costa Rica Tarrazu</description>!
      <amount>250g</amount>!
      <price currency="GBP">4.40</price>!
    </item>!
  </items>!
  <link rel="rb:order-form"!
    href="http://restbucks.com/order-forms/1234"/>!
</shop>!

http://restbucks.com/quotes/1234	
  

GET!
PUT!
POST!
DELETE	
  



Test-­‐driven	
  resources	
  

Ensure	
  that	
  each	
  resource:	
  

•  Adopts	
  HTTP	
  uniform	
  interface	
  
•  Interacts	
  with	
  underlying	
  domain/

resource	
  state	
  
•  Produces	
  correct	
  representations	
  
•  Exposes	
  domain	
  protocol	
  through	
  

hypermedia	
  



Quote	
  resource	
  

[ServiceContract] 
public class Quote 
{ 
  private readonly IQuotationEngine quoteEngine; 
 
  public Quote(IQuotationEngine quoteEngine) 
  { 
    this.quoteEngine = quoteEngine; 
  } 
 
  [WebGet(UriTemplate = "{id}")] 
  public HttpResponseMessage<Shop> Get(string id,  
                                       HttpRequestMessage request) 
  { 
    //Get quotation from quotation engine 
    //Add HTTP headers to response 
    //Return response 
  } 
} 
 
 

Microsoft	
  ASP.NET	
  Web	
  API	
  
http://www.asp.net/web-­‐api	
  

Inject	
  domain/
resource	
  state	
  

Dispatch	
  on	
  HTTP	
  
method	
  



HTTP	
  uniform	
  interface	
  –	
  status	
  codes	
  

[Test] 
public void ShouldReturn404NotFoundWhenGettingQuoteThatDoesNotExist() 
{ 
  var quote = new Quote(EmptyQuotationEngine.Instance); 
 
  try 
  { 
    quote.Get(Guid.NewGuid().ToString("N"), new HttpRequestMessage()); 
    Assert.Fail(); 
  } 
  catch (HttpResponseException ex) 
  { 
    Assert.AreEqual(HttpStatusCode.NotFound, ex.Response.StatusCode); 
  } 
} 

Always	
  throws	
  
KeyNotFoundException	
  



public class Quote 
{ 
  private readonly IQuotationEngine quoteEngine; 
 
  public Quote(IQuotationEngine quotationEngine) 
  { 

 this.quotationEngine = quotationEngine; 
  } 
 
  [WebGet(UriTemplate = "{id}")] 
  public HttpResponseMessage<Shop> Get(string id,  
                                       HttpRequestMessage request) 
  { 
    Quotation quote; 
    try 
    { 
      quote = quoteEngine.GetQuote(new Guid(id)); 
    } 
    catch (KeyNotFoundException) 
    { 
      throw new HttpResponseException(HttpStatusCode.NotFound);; 
    } 
    return null; 
  } 
} 
 
 
 

Return	
  404	
  when	
  quotation	
  doesn’t	
  exist	
  



[Test] 
public void ResponseShouldExpire7DaysFromDateTimeQuoteWasCreated() 
{ 
  var resource = new Quote(DummyQuotationEngine.Instance); 
  var response = resource.Get(DummyQuotationEngine.QuoteId,  
    new HttpRequestMessage()); 
 
  Assert.AreEqual("public", response.Headers.CacheControl.ToString()); 
  Assert.AreEqual( 
    DummyQuotationEngine.Quotation.CreatedDateTime.AddDays(7.00),  
    response.Content.Headers.Expires); 
} 
 
public class DummyQuotationEngine : IQuotationEngine 
{ 
  public static readonly IQuotationEngine Instance = new    
    DummyQuotationEngine(); 
 
  public static readonly Quotation Quotation = new Quotation(...); 
  public static readonly string QuoteId = Quotation.Id.ToString("N"); 
  ... 
} 

HTTP	
  uniform	
  interface	
  –	
  headers	
  

Static	
  members	
  provide	
  
test	
  domain	
  object	
  



public class Quote 
{ 
  ... 
 
  [WebGet(UriTemplate = "{id}")] 
  public HttpResponseMessage<Shop> Get(string id,  
                                       HttpRequestMessage request) 
  { 
    //Retrieve quote 
    ... 
 
    var response = new HttpResponseMessage<Shop>(null) { 
      StatusCode = HttpStatusCode.OK}; 
 
    response.Headers.CacheControl =  
      new CacheControlHeaderValue {Public = true}; 
    response.Content.Headers.Expires =  
      quotation.CreatedDateTime.AddDays(7.0); 
 
    return response; 
  } 
} 
 
 
 

Add	
  caching	
  headers	
  



Document	
  object	
  model	
  and	
  formatter	
  example	
  

Items:	
  IEnumerable<SyndicationItem>	
  

SyndicationFeed	
  

Atom10FeedFormatter	
  

<feed xmlns="http://www.w3.org/2005/Atom">!
  <title type="text">Restbucks products and promotions</title>!
  <id>urn:uuid:4aaf346c-1c9c-42cb-a006-5ff35d83c707</id>!
  <updated>2010-11-29T04:38:09Z</updated>!
  <author>!
    <name>Product Catalog</name>!
  </author>!
  <generator>Product Catalog</generator>!
  <link rel="self" href="http://localhost./updates" />!
  <link rel="via" href="http://localhost./updates?p=3" />!
  <link rel="prev-archive" href="http://localhost./updates?p=2" />!
  <entry>!
    ...!
  </entry>!
</feed>!

Formatting	
  

Document	
  
object	
  model	
  



Restbucks	
  media	
  type	
  library	
  

<?xml version="1.0" encoding="utf-8"?>!
<shop xmlns:rb="http://relations.restbucks.com/" !
  xml:base="http://win-cupsr6vr8g5/restbucks/" !
  xmlns="http://schemas.restbucks.com/shop">!
  <link rel="rb:rfq prefetch" type="application/vnd.restbucks+xml" !
    href="request-for-quote/" />!
</shop>!

Request/response	
  
pipeline	
   Assembler	
  

RestbucksMediaTypeProcessor	
  

Formatter	
  

Resource	
  

Forms:	
  IEnumerable<Form>	
  

Shop	
  

Items:	
  IEnumerable<Item>	
  

Links:	
  IEnumerable<Link>	
  



public HttpResponseMessage<Shop> Get(string id,  
                                       HttpRequestMessage request) 
{ 
  //Retrieve quotation 

  ...   

 

  var body = new ShopBuilder(new Uri("http://restbucks.com/")) 

     .AddItem(new Item("coffee beans", new Amount("g", 250))) 
     .AddLink(new Link( 
       new Uri("quote/" + quoteId, UriKind.Relative),  
       RestbucksMediaType.Value, LinkRelations.Self)) 
     .AddLink(new Link( 
       new Uri("order-form/" + quoteId, UriKind.Relative),  
       RestbucksMediaType.Value, LinkRelations.OrderForm)) 
     .Build(); 
 
  var response = new HttpResponseMessage<Shop>(body) { 
     StatusCode = HttpStatusCode.OK}; 
 
  //Add headers 
  ... 
 
  return response; 
}	
  
	
  
	
  
	
  
	
  

Entity	
  body	
  object	
  model	
  



Routes	
  
	
  RouteTable.Routes.AddServiceRoute<Quote>("quote", configuration); 
 RouteTable.Routes.AddServiceRoute<OrderForm>("order-form", configuration); 
	
  

Methods	
  
	
  [WebGet(UriTemplate = "{id}")] 
 public HttpResponseMessage<Shop> Get(string id,  
                                      HttpRequestMessage request) 
 { 
   ...	
  	
  	
  
	
  

Links	
  
	
  var body = new ShopBuilder(new Uri("http://restbucks.com/")) 
   .AddItem(new Item("coffee beans", new Amount("g", 250))) 
   .AddLink(new Link( 
     new Uri("quote/" + quoteId, UriKind.Relative),  
     RestbucksMediaType.Value, LinkRelations.Self)) 
   .AddLink(new Link( 
     new Uri("order-form/" + quoteId, UriKind.Relative),  
     RestbucksMediaType.Value, LinkRelations.OrderForm)) 
   .Build(); 
	
  
	
  
	
  
	
  
	
  

Problem:	
  URI	
  redundancy	
  



Solution:	
  UriFactory	
  

[UriTemplate("quote", "{id}")] 
public class Quote 
{ 
} 
 
[Test] 
public void UriFactoryExample() 
{ 
  var uriFactory = new UriFactory(); 
  uriFactory.Register<Quote>(); 
     
  Assert.AreEqual( 
    new Uri("quote/1234", UriKind.Relative),  
    uriFactory.CreateRelativeUri<Quote>(1234)); 
 
  Assert.AreEqual( 
    new Uri("http://restbucks.com/quote/1234"),  
    uriFactory.CreateAbsoluteUri<Quote>( 
      new Uri("http://restbucks.com"), 1234)); 
   
  Assert.AreEqual( 
    new Uri("http://restbucks.com/"),  
    uriFactory.CreateBaseUri<Quote>( 
      new Uri("http://restbucks.com/quote/1234"))); 
} 
	
  	
  	
  	
  	
  	
  	
  	
  	
  



Registering	
  resources	
  at	
  startup	
  

 
 
var types = from t in assembly.GetTypes() 
              where t.GetCustomAttributes(typeof (UriTemplateAttribute),  
                false).Length > 0 
              select t; 
 

Startup	
  

Register	
  resources	
  with	
  UriFactory	
  instance	
  
Register	
  resources	
  with	
  RouteTable 
	
  
	
  
With	
  each	
  request	
  
Populate	
  [WebGet] and	
  [WebInvoke] UriTemplate 
attributes	
  
	
  



[ServiceContract] 
[UriTemplate("quote", "{id}")] 
public class Quote 
{ 
  private static readonly UriFactory uriFactory; 
 
  public Quote(UriFactory uriFactory, IQuotationEngine quotationEngine) 
  {...}  
 
  [WebGet] 
  public HttpResponseMessage<Shop> Get(string id,  
                                       HttpRequestMessage request) 
  { 
    ...  
  
    var baseUri = uriFactory.CreateBaseUri<Quote>(request.Uri); 
    var body = ShopBuilder(baseUri, quote.LineItems.Select( 
        li => new LineItemToItem(li).Adapt())) 
      .AddLink(new Link(uriFactory.CreateRelativeUri<Quote>(quote.Id),  
        RestbucksMediaType.Value, LinkRelations.Self)) 
      .AddLink(new Link( 
        uriFactory.CreateRelativeUri<OrderForm>(quote.Id),  
        RestbucksMediaType.Value, LinkRelations.OrderForm)).Build(); 
   
    ... 
 

DRY	
  URIs	
  



Client-­‐side	
  Development	
  



The	
  application	
  is	
  in	
  the	
  eye	
  of	
  the	
  client	
  

Started	
  
Quote	
  
Requested	
  

Goods	
  Ordered	
  

Order	
  
Confirmed	
   Paid	
  

Clients	
  apply	
  resources	
  to	
  achieve	
  an	
  application	
  goal	
  



Client-­‐side	
  state	
  machine:	
  buckets	
  of	
  rules	
  

Order	
  
Confirmed	
  

Quote	
  
Requested	
  

Started	
  

Goods	
  
Ordered	
  

Paid	
  Cancelled	
   Error	
  



//Dictionary of state date includes entry point URI 
var stateData = ...  
             
var applicationState = new Uninitialized(stateData); 
 
while (!applicationState.IsTerminalState) 
{ 
  applicationState = applicationState.NextState(HttpClient.Instance); 
} 
 
 

Running	
  the	
  client	
  

Order	
  
Confirmed	
  

Quote	
  
Requested	
  

Started	
  

Goods	
  
Ordered	
  

Paid	
  Cancelled	
   Error	
  



A	
  bucket	
  of	
  rules	
  

public class Started : IState 
{ 
  ... 
 
  public IState NextState(IClientCapabilities httpClient) 
  { 
    var rules = new Rules( 
      When 
        .IsTrue(response => prevResponse.ContainsForm(Forms.Rfq)) 
        .Invoke(actions  => actions.SubmitForm(Forms.Rfq)) 
        .Return(new[]{ 
           On.Status(HttpStatusCode.Created) 
             .Do((response, vars) => new QuoteRequested(response, vars))}), 
      When 
        .IsTrue(response => prevResponse.ContainsLink(Links.Rfq)) 
        .Invoke(actions  => actions.ClickLink(Links.Rfq)) 
        .Return(new[]{ 
           On.Status(HttpStatusCode.OK) 
             .Do((response, vars) => new Started(response, vars))})); 
 
    return rules.Evaluate(previousResponse, stateVariables, httpClient); 
  } 
 
  public bool IsTerminalState { get { return false; } } 
} 
 
 



Get	
  homepage	
  

Request	
  
GET /shop/ HTTP/1.1!
Accept: application/vnd.restbucks+xml!
Host: restbucks.com!
!

Response	
  
HTTP/1.1 200 OK!
Cache-Control: max-age=86400, public!
Content-Length: 285!
Content-Type: application/vnd.restbucks+xml!
Date: Wed, 11 May 2011 17:27:22 GMT!
!
<shop xmlns:rb="http://relations.restbucks.com/" !
      xml:base="http://restbucks.com/" !
      xmlns="http://schemas.restbucks.com/shop">!
  <link rel="rb:rfq" !
        type="application/vnd.restbucks+xml" !
        href="request-for-quote/" />!
</shop>!



Second	
  rule	
  fires	
  

public class Started : IState 
{ 
  ... 
 
  public IState NextState(IClientCapabilities httpClient) 
  { 
    var rules = new Rules( 
      When 
        .IsTrue(response => prevResponse.ContainsForm(Forms.Rfq)) 
        .Invoke(actions  => actions.SubmitForm(Forms.Rfq)) 
        .Return(new[]{ 
           On.Status(HttpStatusCode.Created) 
             .Do((response, vars) => new QuoteRequested(response, vars))}), 
      When 
        .IsTrue(response => prevResponse.ContainsLink(Links.Rfq)) 
        .Invoke(actions  => actions.ClickLink(Links.Rfq)) 
        .Return(new[]{ 
           On.Status(HttpStatusCode.OK) 
             .Do((response, vars) => new Started(response, vars))})); 
 
    return rules.Evaluate(previousResponse, stateVariables, httpClient); 
  } 
 
  public bool IsTerminalState { get { return false; } } 
} 
 
 



Get	
  request	
  for	
  quote	
  form	
  

Request	
  
GET /request-for-quote/ HTTP/1.1!
Accept: application/vnd.restbucks+xml!
Host: restbucks.com!
!

Response	
  
HTTP/1.1 200 OK!
Cache-Control: max-age=86400, public!
Content-Length: 385!
Content-Type: application/vnd.restbucks+xml!
Date: Wed, 11 May 2011 22:12:52 GMT!
!
<shop xml:base="http://restbucks.com/" !
      xmlns="http://schemas.restbucks.com/shop">!
  <model id="rb:rfq" !
         schema="http://schemas.restbucks.com/shop" !
         xmlns="http://www.w3.org/2002/xforms">!
    <instance />!
    <submission resource="quotes/" !
                method="post" !
                mediatype="application/vnd.restbucks+xml" />!
  </model>!
</shop>!



First	
  rule	
  fires	
  

public class Started : IState 
{ 
  ... 
 
  public IState NextState(IClientCapabilities httpClient) 
  { 
    var rules = new Rules( 
      When 
        .IsTrue(response => prevResponse.ContainsForm(Forms.Rfq)) 
        .Invoke(actions  => actions.SubmitForm(Forms.Rfq)) 
        .Return(new[]{ 
           On.Status(HttpStatusCode.Created) 
             .Do((response, vars) => new QuoteRequested(response, vars))}), 
      When 
        .IsTrue(response => prevResponse.ContainsLink(Links.Rfq)) 
        .Invoke(actions  => actions.ClickLink(Links.Rfq)) 
        .Return(new[]{ 
           On.Status(HttpStatusCode.OK) 
             .Do((response, vars) => new Started(response, vars))})); 
 
    return rules.Evaluate(previousResponse, stateVariables, httpClient); 
  } 
 
  public bool IsTerminalState { get { return false; } } 
} 
 
 



Alternate	
  homepage	
  (inlined	
  form)	
  

Request	
  
GET /shop/ HTTP/1.1!
Accept: application/vnd.restbucks+xml!
Host: restbucks.com!
!

Response	
  
HTTP/1.1 200 OK!
Cache-Control: max-age=86400, public!
Content-Length: 470!
Content-Type: application/vnd.restbucks+xml!
Date: Wed, 11 May 2011 17:25:31 GMT!
!
<shop xml:base="http://restbucks.com/" !
      xmlns="http://schemas.restbucks.com/shop">!
  <link rel="rb:rfq" !
        type="application/vnd.restbucks+xml" !
        href="request-for-quote/" />!
  <model id="rb:rfq" !
         schema="http://schemas.restbucks.com/shop" !
         xmlns="http://www.w3.org/2002/xforms">!
    <instance />!
    <submission resource="quotes/" method="post" !
                mediatype="application/vnd.restbucks+xml" />!
  </model>!
</shop>!



First	
  rule	
  fires	
  

public class Started : IState 
{ 
  ... 
 
  public IState NextState(IClientCapabilities httpClient) 
  { 
    var rules = new Rules( 
      When 
        .IsTrue(response => prevResponse.ContainsForm(Forms.Rfq)) 
        .Invoke(actions  => actions.SubmitForm(Forms.Rfq)) 
        .Return(new[]{ 
           On.Status(HttpStatusCode.Created) 
             .Do((response, vars) => new QuoteRequested(response, vars))}), 
      When 
        .IsTrue(response => prevResponse.ContainsLink(Links.Rfq)) 
        .Invoke(actions  => actions.ClickLink(Links.Rfq)) 
        .Return(new[]{ 
           On.Status(HttpStatusCode.OK) 
             .Do((response, vars) => new Started(response, vars))})); 
 
    return rules.Evaluate(previousResponse, stateVariables, httpClient); 
  } 
 
  public bool IsTerminalState { get { return false; } } 
} 
 
 



Result:	
  a	
  hypermedia	
  Web	
  API	
  

client	
  

server	
  

logical	
  resources	
  
uri	
  +	
  uniform	
  interface	
  

representation	
  
e.g.	
  XML,	
  JSON	
  document	
  

request	
  

response	
  

physical	
  resources	
  
(domain)	
  



Thank	
  you	
  

http://ianSrobinson.com	
  
@ianSrobinson	
  


