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Introduction to Architectural Patterns:
Pipes & Filters, Layers, Message Queues

MVC Design Pattern



Epigram

“One little incident of LISP beauty happened when Allen Newell visited PARC 
with his theory of hierarchical thinking and was challenged to prove it.  He 
was given a programming problem to solve . . . given a list of items, produce 
a list consisting of all the odd indexed items followed by all of the even 
indexed items.  [Newell] got into quite a struggle to do the program [with his 
IPL-V like language].  In 2 seconds I wrote down oddsEvens(x) = 
append(oods(x), evens(x)).  This characteristic of writing down many 
solutions in declarative form and have them also be the programs is part of 
the appeal and beauty of this kind of language.  Watching a famous guy 
much smarter then I struggle for more than 30 minutes to not quite solve the 
problem his way (there was a bug) made quite an impression.  It brought 
home to me once again that point of view is worth 80 IQ points.  I wasn’ t 
smarter but I had a much better internal thinking tool to amplify my abilities.  
This incident and others like it made it paramount that any tool for children 
should have great thinking patterns and deep beauty ‘built-in’ .”

--Alan Kay, creator of Smalltalk



What is Software Architecture
• A Software Architecture provides a fundamental 

description of a system, detailing the components 
that make up the system, the significant 
collaborations between those components, 
including the data and control flows of the 
system

• A Software Architecture attempts to provide a 
sound basis for analysis, decision making, and 
risk assessment of both design and performance

• Architecture is an asset that constitutes tangible 
value to the organization that has created it



What is an Architectural Pattern?

• An enterprise-level solution to common design problems
• A set of design artifacts that together provide mechanisms 

for solving or avoiding common enterprise-level design 
problems

• An architectural pattern represents common best practice 
models for solving problems related to designing 
enterprise software

• Architectural patterns, like design patterns, promote a 
common vocabulary within which to discuss enterprise 
design issues, along with constraints on their 
implementations

• Sometimes, you’ ll see architectural patterns called 
“styles”  (cf. Shaw and Garlan).  They’ re the same thing.



Pipes and Filters Pattern

Operative Metaphor:
Conveyer Belt



Pipes and Filters Pattern

• The Pipes and Filters pattern is a data-flow architectural 
pattern that views the system as a series of 
transformations on successive pieces of input data

• Pipes are stateless and serve as conduits for moving 
streams of data between multiple filters

• Filters are stream modifiers, which process incoming data 
in some specialized way and send that modified data 
stream out over a pipe to another filter

• If you are familiar with the decorator design pattern, 
filters may be seen as decorators.  Java’s stream IO is an 
example of the use of decorators as stream filters



Details

• Unix background
– Origination of Pipes and Filters concept with 

Ken Thompson of Bell Labs

• Active filters (passive pipes)
– filters do the pushing and pulling from a 

passive pipe (Unix model)

• Passive filters (utilize active pipes, push 
and pull)
– CORBA Event Services model with Push 

Consumers and Pull Supplier



Motivation:
Batch Sequential Data Processing

• In the beginning, there was a void...

DASD
BSAM/QSAM

JOB A

JOB B

MVS
Process X

/tmp/somefile

Process Y

UNIX

Px >/tmp/somefile
Py < /tmp/somefile



Batch Sequential Data Processing

• Stand-alone programs would operate on data, 
producing a file as output

• This file would stand as input to another stand-
alone program, which would read the file in, 
process it, and write another file out

• Each program was dependent on its version of 
input before it could begin processing

• Therefore processing took place sequentially, 
where each process in a fixed sequence would 
run to completion, producing an output file in 
some new format, and then the next step would 
begin



Pipes and Filters Features

• Incremental delivery:  data is output as work is conducted
• Concurrent (non-sequential) processing, data flows

through the pipeline in a stream, so multiple filters can be 
working on different parts of the data stream 
simultaneously (in different processes or threads)

• Filters work independently and ignorantly of one another, 
and therefore are plug-and-play

• Filters are ignorant of other filters in the pipeline
--there are no filter-filter interdependencies

• Maintenance is again isolated to individual filters, which 
are loosely coupled

• Very good at supporting producer-consumer mechanisms
• Multiple readers and writers are possible



Benefits

• Fairly simple to understand and implement

• Simple, defined interface reduces complex 
integration issues

• Filters are substitutable black boxes, and can be 
plug and played, and thus reused in creative ways

• Filters are highly modifiable, since there’s no 
coupling between filters and new filters can be 
created and added to an existing pipeline



More Benefits

• Filters and Pipes can be hierarchical and 
can be composed into a facade mechanism 
to further simplify client access 

• Because filters stand alone, they can be 
distributed easily and support concurrent 
execution (the stream is in process)

• Multiple filters can be used to design larger 
complex highly-modifiable algorithms, 
which may be modified by adding new 
filters or deleting others



Limitations

• A batch processing metaphor is not inherently limiting, 
but this pattern does not facilitate highly dynamic 
responses to system interaction

• Because filters are black boxes, and are ignorant of one 
another, they cannot intelligently reorder themselves 
dynamically

• Once a pipeline is in progress, it cannot be altered 
without corrupting the stream

• Difficult to configure dynamic pipelines, where 
depending on content, data is routed to one filter or 
another



More Limitations

• The “Kiss It Goodbye”  scenario:  useful for batch-
oriented processing, limited support for interactive 
applications (what happens when already-processed data 
needs to change?  Compare this to a shared-memory 
solution)

• May force a Lowest Common Denominator for data 
transmission, forcing some filters to have to modulate the 
stream before processing (some filters are set to handle 
XML, others strings, etc.)

• Each filter must internally buffer the data (some all of the 
data), creating memory issues in longer pipelines

• Filters which require all input to be delivered before they 
can begin processing (uniq, sort) can require significant 
buffering overhead



Performance Issues

• Filters force a lowest common denominator philosophy 
on data streams, usually forcing an ascii format, which 
can be inefficient

• If a non-ascii stream is used, often, each filter must pay a 
price in marshaling and unmarshaling the data

• Each filter is usually represented as a process, which 
necessarily incurs some overhead (although the use of 
threads can mitigate this problem)

• Data is no longer “encapsulated” , but is rather 
“distributed”



Participating Classes

• Filters
– Filters enrich, refine, or otherwise modify streams of 

data
– Filters can be seen as complementing the GoF

Decorator pattern
• Data Source

– The original source for incoming data to the pipeline
• Data Sink

– The final destination for output data from the pipeline



UML

Filter

read()

Data Source

read()

Pipe

Data Sink



Push Pipeline Scenario

data source push 
: Data Source

Filter1 pus h : 
Filter

Filter2 push : 
Filter

data sink : Data 
Sink

write

fi lter1

write

filter2

write



Pull Pipeline Scenario

Data Source : 
Data Source

Filter1 pull : 
Filter

Filter2 pull : 
Filter

Data sink pull : 
Data Sink

read

read
read

filter1

filter2



Push-Pull Scenario

data source : 
Data Source

filter1 pull : Filter filter2 pull/push : 
Filter

data sink : Data 
Sink

read ( )
read ( )

filter1

write

filter2



Push-Pull Methods

• Filters can connect to other filters in either of three ways:
– Push

• The server filter will notify the client filter when 
new data is available and will deliver it

– Pull
• The client filter will contact the server filter when 

it needs new data
• this is generally a blocking mechanism

– Try-Pull
• The client filter will contact the server filter when 

it needs new data, but will NOT block if no data is 
available

• this is a non-blocking mechanism



Intermediate Buffering and 
Persistence

• Buffering Pipe (e.g., CORBA Event 
Service)

• Issues
– Persistence
– Redundancy

– Efficiency
– Non-queuing



Layers Pattern

Operative Metaphor:
Assembly Line



Layers

• Architectural layers are collaborating sections of an 
overall complex system that provide several benefits such 
as:
– supporting incremental coding and testing, allowing 

localization of changes
– well-defined interfaces allow substitution of different 

layers
– protection between collaborating layers
– Layers support a responsibility-driven architecture that 

divides subtasks into groups of related responsibilities



Layers Pattern

• In the pure sense, each layer provides services to 
the layer directly above it, and acts as a client to 
the layer directly below it

• In an “ impure”  implementation, distanced layers 
can be “bridged”  which allows communication 
between them but reduces portability and 
flexibility and plug and play capability

• Each layer provides a defined interface to the 
layers above and below it

• Higher layers provide increasing levels of 
abstraction



Features

• Often, layered architectures are applied to 
virtual machine architectures (such as in 
interpreters), in that hardware layers are 
virtualized in software, and either act as 
mediators to actual hardware layers, or are 
stubbed out entirely

• A layered system can be seen as a static 
pipes and filters system but without the 
pipes, where the filters talk directly to their 
neighbors



Benefits
• A layered pattern supports increasing levels of 

abstraction, thus simplifying design
• This allows a complex problem to be partitioned into a 

sequence of manageable incremental strategies (as layers)
• Like Pipes and Filters, layers are loosely coupled, so 

maintenance is enhanced because new layers can be 
added affecting only two existing components (as layers)

• Layers support plug-and-play designs.  As long as the 
interfaces do not change, one layer can be substituted for 
another changing the behavior of the layer system

• Lowest Common Denominator issues of Pipes and Filters 
is not present in Layers



Disadvantages

• Close coupling of juxtaposed layers lowers 
maintainability

• Each layer must manage all data 
marshaling and buffering

• Lower runtime efficiency
• Sometimes difficult to establish the 

granularity of the various layers (10 layers 
or 4?)



The Usual Suspect:
TCP/IP Protocol Stack

OSI Model
(Tannenbaum, 1988)

Device Driver and
Hardware

(twisted pair, NIC)

IP Layer
(IPv4, IPv6)

Transport
(TCP, UDP)

Application
(Telnet, ftp, etc.)

Internet Protocol Suite

Physical
(V.24, 802.3,

Ethernet RJ45)

Datalink
(Ethernet, Token
Ring, ATM, PPP)

Network
(IPv4, IPv6, IPX)

Transport
(TCP, UDP)

Session
(RPC, Netbios,

Appletalk, DECnet)

Presentation
(MIDI, HTML,

EBCDIC)

Application
(Telnet, ftp, etc.)



Protocol Communication

Eternet Controller,
3Com Etherlink 3

Driver

IP Layer, IPv4

TCP Transport

ftp Client

Eternet Controller,
3Com Etherlink 3

Driver

IP Layer, IPv4

TCP Transport

ftpd Server

HUB HUB

Router



Data Encapsulation

• Application puts data out through a socket

• Each successive layer wraps the received data 
with its own header:

Application data

Eternet Controller,
3Com Etherlink 3

Driver

IP Layer, IPv4

TCP Transport

ftp Client

Application data
Transport
Header

Application data
Transport
Header

IP
Header

Application data
Transport
Header

IP
Header

Ethernet
Header



The IP Layer

• The IP layer allows packets to be sent over 
gateways to machines not on the physical 
network

• Addresses used are IP addresses, 32-bit numbers 
divided into a network address (used for routing) 
and a host address

• The IP protocol is connectionless, implying:
– gateways route discrete packets independently and 

irrespective of other packets
– packets from one host to another may be routed 

differently (and may arrive at different times)
– non-guaranteed delivery



The Transport Layer

• Unix has two common transports
– User Datagram Protocol

• record protocol
• connectionless, broadcast
• Metaphor:  Postal Service

– Transmission Control Protocol
• byte stream protocol
• direct connection-oriented
• Metaphor:  Phone Service circa 1945

– “Sarah, this is Andy, get me Barney please.”



Message Queue Pattern

Operative Metaphor:
Buffered Publish Subscribe



Message Queues in Unix System V 
Interprocess Communication

• Message Queues got their start in System V IPC 
which was first introduced in AT&T Unix SVR2, 
but is available now in most versions of unix

• Microsoft Message Queue is an implementation 
of message queues on the Windows platform

• IBM’s MQSeries is another example of a 
message queue

• Vitria’s 2 layer approach is built upon message 
queues (message queues as filters via translators)

• Message Queues represent linked lists of 
messages, which can be written to and read from



Unix Message Queues

• A Message Queue is a linked list of message structures 
stored inside the kernel’s memory space and accessible 
by multiple processes 

• Synchronization is provided automatically by the kernel, 
so things like semaphores and other controls mechanisms 
are not necessary

• New messages are added at the end of the queue in a 
FIFO manner

• Each message structure has a long message typewhich 
allows for selective filtering of messages (typed access)

• Messages may be obtained from the queue either in a 
FIFO manner (default) or by requesting a specific typeof 
message (based on message type)



Message Structs

• Each message structure must start with a 
long message type:

struct mymsg {
long msg_type;
char mytext[512]; /*  rest of message * /
int somethingelse;
float dollarval;

} ;



Message Queue Limits

• Each message queue is limited in terms of both 
the maximum number of messages it can contain 
and the maximum number of bytes it may contain

• New messages cannot be added if either limit is 
hit (new writes will normally block)

• On Linux, for example, these limits are defined 
as (in /usr/include/linux/msg.h):
– MSGMAX 8192 /* total number of messages * /
– MSBMNB 16384 /*  max bytes in a queue * /



Microsoft MSMQ (Falcon)
• Integrated into XP and XP Server
• Provides Internet messaging which offers 

– reliable delivery (theoretical 1 terabyte buffering)
– authentication via digital signatures
– delivery notification and confirmation

• One-to-Many messaging model
• Message Queuing Triggers (associate a queue with a 

COM component or executable) (danger Will Robinson)
• Load balancing
• HTTP protocol support for delivery (firewall bypass) or 

HTTPS support over SSL
• URLs can be mapped to a particular queue



Event-Driven Features

• Message Queues are often used to 
implement event-driven (implicit 
invocation) systems

• Consumers of events register interest, and 
producers of events broadcast events as 
they arise

• Implementations can be either priority 
based (on message type) or interest based 
(based on registration which requires 
observers or a type-aware active queue)



Traditional Publish-Subscribe 
Pattern

• Publishers and Subscribers are traditionally 
tightly coupled, and publishers play the role of 
models that publish indications of changes in 
state, etc. to interested parties, called subscribers

• The publisher is responsible for (a) keeping track 
of all her subscribers and (b) notifying those 
subscribers in the event of a change in state

• Gamma et. al. offer the Observer pattern as a way 
to decouple the registration of subscribers and the 
notification process from the publisher

• In once sense, the MVC pattern is a combination 
of layers and a traditional pub-sub pattern



“Modern”  Pub-Sub

• Today, pub-sub is generally intended for 
applications where a single message is required 
by and should be distributed to multiple 
consumers

• Pub-Sub is today a meta-pattern that can be 
implemented on top of a number of architectural 
patterns, including message queues and brokers

• Subscribers can usually selectively subscribe to 
certain types of messages based on interest



The CORBA Event Service
• The COS Event Service allows to decouplepublishers and 

subscribers, via an asynchronous message transfer between 
CORBA distributed objects

• The Event Service acts as a well-known intermediary 
between objects that wish to communicate, but do not wish 
to be tightly coupled

• Senders of events are called suppliers, and receivers of 
events are called consumers.

• The COS Event Service implements the Mediator and 
Proxy Patterns (GoF)

• The COS Event Service offers what is commonly referred 
to as the Producer-Consumer model



Characteristics
• Messages can be accessed by either a Push or Pull metaphor
• Message passing takes place asynchronously (non-blocking 

model)
• The COS Event Service delivery can be set up to be typed 

or untyped
• The COS Event Service will automatically buffer received 

events, offering semi-persisted messaging
• Communication can follow either a Push or Pull model
• Consumers can either synchronously (Pull) or 

asynchronously (tryPull) obtain messages from the Event 
Services, or have the Event Service deliver events to them 
(Push model)

• A 1-1 correspondence between Producers and Consumers is 
not necessary



The Connection Process
• Regardless of the model, the following steps must be 

taken to connect to an event channel:
– The client must bind to the Event Channel, which 

must already have been created by someone, perhaps 
the client

– The client must get and Admin object from the Event 
Channel

– The client must obtain a proxy object from the Admin 
object (a Consumer Proxy for a Supplier client and a 
Supplier Proxy for a Consumer client)

– Add the Supplier or Consumer client to the event 
channel via a connect() call

– Transfer data between the client and the Event 
Channel via a push(), pull(), or try_pull() call



The COS Event Service Design
• Suppliers and Consumers each connect to the event 

service, via a particular channel.
• Each channel can have multiple consumers and suppliers, 

and all events delivered by a supplier are made available 
to all consumers

• An event channel can be thought of as a repository of 
common interest, the Usenet model is available as a 
metaphor

• Suppliers and consumers connect to an event channel, 
and begin communication through the channel



Interaction Models

• The Event Channel supports two models of interaction:  
Push and Pull
– Push Model:  The sender initiates the delivery of the 

message to the recipient
– Pull Model:  The recipient initiates the delivery of the 

message from the sender by request
• The Event Channel plays roles on behalf of suppliers and 

consumers
– For consumers, it plays the role of a supplier
– For suppliers, it plays the role of a consumer

• Through this role playing, the Event Channel can 
decouple the communication between the two interested 
parties



The Pull Model
• In the Pull Model, the consumer initiates the flow of events from the supplier
• When a Pull supplier wants to connect to the event channel, the event channel 

will “pretend”  it is a Pull consumer, by creating a consumer proxy for the 
supplier to talk to

• The supplier is none the wiser, and simply delivers messages on request to its 
“consumer” , which is a proxy object within the event channel

• When a Pull consumer wants to connect to the event channel, the event 
channel will “pretend”  it is a supplier, by creating a supplier proxy for the 
consumer to talk to.
– In the Pull Consumer scenario, the Pull Consumer pulls (or tries to pull) 

events from the Proxy Pull Supplier
– In the Pull Supplier scenario, the Proxy Pull Consumer pulls events from 

the Pull Supplier.

Pull Supplier
Proxy Pull
Consumer

Event Channel Proxy Pull Supplier Pull Consumer



The Push Model
• In the Push Model, the supplier initiates the flow of events to the consumer
• When a Push Supplier wants to connect to the event channel, the event channel 

will “pretend”  it is a consumer, by creating a consumer proxy for the supplier 
to talk to

• The supplier is none the wiser, and simply delivers messages to its 
“consumer” , which is a proxy object within the event channel

• When a Push Consumer wants to connect to the event channel, the event 
channel will “pretend”  it is a supplier, by creating a supplier proxy for the 
consumer to talk to.
– In the Push Consumer scenario, the event channel pushes events out to the 

consumer via the push supplier proxy
– In the Push Supplier scenario, the supplier pushesevents out to the event 

channel via its push consumer proxy.

Push Supplier
Proxy Push
Consumer

Event Channel
Proxy Push

Supplier
Push Consumer



The Hybrid Model
• Push Supplier/Push Consumer:  Push suppliers push events onto the channel, 

which in turn pushes them out to consumers
• Push Supplier/Pull Consumer:  Push suppliers push events onto the channel, 

and pull consumers pull events (or try to pull) from the channel when they 
need one

• Pull Supplier/Push Consumer:  The event channel pullsevents from the Pull 
Supplier, and then it pushes these events out to the Push Consumers

• Pull Supplier/Pull Consumer:  The Pull Consumers pull events from the event 
channel, which in turn pulls them from the Pull Suppliers.

Pull Supplier
Proxy Pull
Consumer

Event Channel

Proxy Pull Supplier Pull Consumer

Proxy Push
Consumer

Proxy Push
Supplier

Push Supplier Push Consumer
Event Direction through channel



Model View Controller Pattern

Operative Metaphor:
Separation of Concern



A Bit of GUI History

• Early HCI (Human Computer 
Interaction) focused on two 
primary goals:  
– to minimize the effects of 

interface changes on the 
application as a whole

– to promote portability among 
different windowing systems

• The Seeheim model (left) was 
the first model to focus on a 
solution to these problems

• Notice the bridging between 
layers

Presentation Component

Dialog Control

Application Interface



Problems

• The Seeheim model suffered from two 
main difficulties:
– when replacing a presentation component, one 

usually had to rewrite the dialog to 
accommodate the new features of the new 
presentation component

– Each dialog tended to need to be presentation 
based, requiring a change in the presentation 
component each time the dialog changed



Model-View-Controller
• MVC got its start with Smalltalk 80, and tried to address 

some of the same issues
• Spawned from early HCI (Human Computer Interaction) 

problems, where a need existed to insulate the “system” 
from the “ fickle”  user interface

• How do we update and support multiple renditions of 
data from a single set of data?

• The MVC pattern separates responsibilities so that:
– multiple views may individually render the data
– a single data model may be rendered in a variety of 

different ways by the multiple views
– a controller controls the communication between the 

various views and the singular data model



Approaches

• The Seeheim model’s guard against the 
impact of changes was layering.

• MVC’s guard against the impact of 
changes was to encapsulate the 
functionality into distinct components



MVC UML

Observer

update()

View

myModel
myController

ini tial ize()
makeController()
activa te()
display()
update()

Model

coreData
setOfObservers

attach()
detach()
notify()
getData()
service()

Controller

myModel
myView

initialize()
handleEvent()
update()



MVC Scenario
main program  : Model  : View  : Controller

ini tial ize (Model )

create

attach (Observer)

makeControlle r ( )

initialize (Model, View)

attach (Observer)

startEventProcessing



User Input Scenario
anObject  : Controller  : Model  : View

handleEvent ( )
service ( )

notify ( )

update ( )

display ( )

getData ( )

update ( )

getData ( )



The Model

• The model encapsulates and manipulates the domain data 
to be rendered

• The model has no idea how to display the information is 
has nor does it interact with the user or receive any user 
input

• The model encapsulates the functionality necessary to 
manipulate, obtain, and deliver that data to others, 
independent of any user interface or any user input device

• Each model has a list of dependents, about which is 
knows nothing:  the dependents are interested in the 
model, the model is not interested in its dependents

• Whenever the model changes, it first notifies itself of the 
change, and then notifies all of its dependents of the 
change



The View

• A View is a specific visual rendering of the 
information contained in the model.

• A view may be graphical or text based
• Multiple views may present multiple 

renditions of the data in the model
• Each view is a dependent of a model
• When the model changes, all dependent 

views are updated (using a publish-
subscribe pattern)



MVC in Smalltalk



The Controller
• Controllers handle user input.  They “ listen”  for user 

direction, and handle requests using the model and views
• Controllers often watch mouse events and keyboard 

events
• The controller allows the decoupling of the model and its 

views, allowing views to simply render data and models 
to simply encapsulate data

• Controllers are “paired up”  with collections of view 
types, so that a “pie graph”  view would be associated 
with its own “pie graph”  controller, etc.

• The behavior of the controller is dependent upon the state
of the model



How Does It Work?

• The model has a list of views it supports
• Each view has a reference to its model, as well as its 

supporting controller
• Each controller has a reference to the view it controls, as 

well as to the model the view is based on.  However, 
models know nothing about controllers.

• On user input, the controller notifies the model which in 
turn notifies its views of a change

• Changing a controller’s view will give a different look.  
Changing a view’s controller will give a different feel.

• In this way, the model is decoupled from its views in 
terms if management


