pplication Interconnectivity and Middlewar

» Application Interconnectivity

* Middleware characteristics
 Connecting remote applications - RPC
Remote database access

» Message oriented

Publish-subscribe

Amjad Umar

Application and Database Connectivity

Order Inventory
Processing| . / Manager
Shipping/ |,
Receiving ERP

“* | Inventory Manager
Asset
Manager

Levels of connectivity:
*Network to transport information
*Middleware to connect above network
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Middleware Concepts

User Interface Application User Data
Middleware Middieware | Middleware
Network Network Network

Definition. MIDDLEWARE isaset of common business-unaware

services enabling applications and end users to interact with each
other across a network.

It resides above the network and below the business-aware software.
Examples: Email, Web, ODBC, EDI, distributed transaction processors,
CORBA, DCOM etc

Important: Middleware typically supports client/server interactions
across machines.

Example: aclient uses middleware to access a machine for a catalog.
However, some information isin master catalog.

Thus the middle machine may house aclient that accesses a third
machine
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Levels of Connectivity

Applications
Application (Business Aware) Application
Presentation Presentation
- Middleware -
Session Services Session
Transport Transport
Network Network
Network
Data L ayer Services Data L ayer
Physical Physical
CoEznght (A. Umar) 2002
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Middleware Services Overview
« Remote logon; extend local logon
« Remotefile transfer: extend locd file transfer
« Client/Server Services; extend local program and data access
— Remote procedure cal (RPC)
— Message oriented middleware (MOM)
— Remote database access (RDA)
— Remote Presentation access (RPA)
* Web Middleware (Web Browsers, Web Servers, Web
Gateways)
« Distributed Object Technolgies (CORBA, DCOM)
« Digtributed Transaction Processors (TP-Lite, TP-Heavy)
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Middleware Taxonomy

Applications
(Layer7)
Middleware Platform Management
(Layer 5, 6) & Support
Application Specific and Special Services

Purpose Middleware
(e.g., ecommerce middleware)

General Purpose Middleware
(e.g., Web, RPCs, ODBC/JDBC, MOM)

Network Services
(Layers1-4)
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Middleware -- Another Look
‘ Applications ‘

Application Specific -
Middl API Middleware for
lddleware Real-Time Applications

i

Management
and

Support

API | Object- Services
Distributed Data | APl Oriented

and Transaction | | Basic C/S Services Services
Management (RPC, MOM, RDA) (CORBA).

Primitive Middleware
(e.g., Terminal Emulation, File
Transfer, Email

Ecommerce APl Middlewarefor
Middleware Mobile Applications

General Purpose Middleware
API

Network Programming Services

Sockets| [NetBIOS LU62
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Models of Distributed Computing

‘ Distributed Computing ‘

File Transfer ‘ ‘CIient/Server ‘ ‘PeertoPeer ‘ ‘Others ‘

Example: order processing system and an inventory manager
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Evolution of Distributed Computing

Mobility
Ecommerce/
Web Ebusiness
Technologies \
1G Distributed 2G Distributed 3G Distributed
Computing Computing Computing
Client/Server
High Speed
Di s_lri buted Networks omponent-
Objects based Software
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Conceptual Modd of Client/Server

Request
—
Response
Client .
Server Client Server
Copyright (A. Umar) 2002
Computer 1 Computer 2
Presentation |, | Business ﬁ a). Centralized
Logic logic (one Tier)
! Remote Business b). Remote
?oﬁ:n tation presentation logic [ presentation
access
. c). Remote
Presentation | | Business||, RemoteSQL i data
Logic logic
Remate d). Distributed
; rocedure i - Distri
Presentation | | Business P Iliu?cnessH programs
Logic logic 9
- - Distributed o
Presentation | Business Data access i €). Distributed
Logic logic — data

Thin Client Versus Fat Client
CoEznght (A. Umar) 2002

Evaluating Architectures

- Presentation | - Presentation | - Presentation | - Presentation

on Server on Client on Client on Client
- Business - Business - Business - Business
logic on logic on logic on logic on
server server Client Client
- Dataon - Dataon - Dataon - Dataon
Server Server Server Client
Performance
Security
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Simple Application Architectures

HTTP A

Web HTML/XML
< ARl Documents
HTML/XML

Displays
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pistriouted Application Architectures

Documents

1,
Servelets P —p
CORBA/
DCOM/MOM <——>,

and Databases

App Server

EMark
P S — rading Partner
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External
APPs
jand Databases

—

uonesbau|
pua-yoeg

Key Building Blocks

S Applications glmma'
Life Cycle (Business Aware) (Security,
(Planning, Performance,
Requirements, . Fault
Development/ Middleware Tolerance,
acquisition, (Business Unaware) change
Testing, management)
Deployment)

Software I nfrastructure
(Operating systems, Networks
Database managers,,)
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High Level View: Revisited
Standzlone Distributed Application
Business
Logic (B)
Layer
System .
Life Cycle i Operational
(Ptanning, Middleware Support
Reqirements, (Roughly layer 5, 6) (s,
Development/ 'F:’erflct)rma]oe,
acquisition, 4 I aul
o | e |
Deployment) || pawms,) Network Services change
(Layer 3,4) management)
Computing Hardware I
Worl 1Ces
(Layer 1, 2)
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Example of a Distributed App (Four Machine Configuration)
Mainframe
Windows97 NT Solaris (Data- Backend?)
(Presentation) (Business Logic) (Data)
P
S| | |[cases
S~ C/Sl/ Middleware
Middeware ||[ Middleware pllodenae (IMSDC)
(browser ) ||| (Web Server) (ODBC) (ODBC)
Fen
OpSystem || TCP (MVS)
(Windows97) || 4P
IPISNA

Public
Internet

Corporate
Intranet

ATM newtork
Over Sonet

.

Internet Gateway
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Presentation
Layer

Layered Systems - Another View

Distributed Application

e
usiness Logic Layer Layer

Middleware
Telne, ‘ H"I'TP‘ ‘ CORBA ‘ ‘ Others‘ Other jaly
FTP, SMTP, otocal FS
s ‘ g ‘ (H323, SIP)
| I
TCP Other Transport UDP
(Transmission Control Protocol) Protocols (User Datagram Protocol)

P
(Internet Protocol)

|Ethernet| |FDDI| [X.25] [ATM| [FrameRelay |

Other

Physical
Networks
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Basic Remote I nteractions Services

RPC (eg: HTTP, CORBA) RDA (ODBC)
. RPC Data . SQL Data
’ Client Saver M base ’ Client Ql Server M base
Application Application Application
Program Program Program

MOM (eg., IBM'sMQ)

Publish/Subscribe (e.g., IMS)

Push
-
Pull
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Remote Procedure Call (RPC)

Optional

* Supports apps distributed across multiple machines.
* Uses IDL to specify API
* Does not support improvised queries.
* Two types:
— Asynchronous RPC
* Highly scalable.
— Synchronous RPC
* Best recoverability of all C/S services.
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RPC Flow
Client Server
Application code Application code
emote Procedure C: Remote Procedure
_/ Called
Client Stub
; 1 10 Server Stub
(Middleware) (Middieware) 6 ‘ 5
Network
Network
SRl 2 9 Transport 7
ST Services 4
8
3
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Remote Data Access (RDA)

SQL SQL Procedure Call
EEra- MCEISS
,,,,, > er er
A) Adhoc SQL B) Stored Database Procedure

« Client programs and/or end-user toolsissue
improvised queries, usualy in SQL and without the
need for prestructuring of remote databases.

¢ Transactions are usually synchronous.

« RDAs can support virtual databases through a
distributed-query processor, alowing joins among
remotely located tables.

+ RDAs have wide support by DMBS vendors.
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Remote SQL Flow -

Client e
Remote SQL Call Database
o =
Client Stub
€ 1 10 Server Stub
(MlddI(Ia(Na’E) (Middleware) 6 ‘ °
T 2 o | [
i Transport 7
Services Services ¢
Tables 8
sQL| 3

CoEyrlght (A. Umar) 2002

Message-Oriented Middleware (MOM)

\ " /
Queue,

« Senders and receivers exchange messages through
queues.

¢ Example: Queued Message Processing (QMP).

« Supports guaranteed message delivery between client
and database.

« Asynchronous.

« Some recovery through queue if system fails.
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CIientQueued M essage Server

Application code Application code

Put Get Put

Q1 Q2 Q2
Client Stub

; 10 Server Stub
(Middleware) (Middieware) 6 ‘ 5
Network Network
Transport 2 9 Transport 7
Services e 4
8
3
()
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Publish/Subscribe
Eblish%w, A
Pull

« Senders and receivers exchange messages through
channels.
* Resembles the TV/radio model
« Publisher pushes messages on channels (topic)
« Subscribe either:
— Pull the info when needed
— Receive theinformation
« Many new applications use this model - suitable for
enterprise apps
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Publish/Subscribe Model

Publisher Subscriber
Application code Application code
Pull
@
Fnt_;limer Stub 1 Subscriber Stub
(Middleware) (Middleware) 6 B
Network
Network
Transport 2
; Transport 7
Services Services 10 14
8
Push | 3 Pull 9
Push
r i
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Putting The Pieces Together (Viewl)
Mini JUNIX
Mini

RDBMS

Mini/Server
umx@ =
HP
RDBMS
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Putting The Pieces Together (View2)
Terminas Dsﬁi;;rrt‘ V\(I;)I;qu)rs E;t;i:’oT
Clients Clients

Private 4‘ Object Intranet| Object
Network Clients (Private] Clients
(eg., | nternet: Web Servers
SNA, TCP/IP (Private)
Novell) etwork
NES
Database Servers
Servers Database
tovayFreval> e

Gateway/Firewall

L Public I nternet | |

Web Users
’ (Clients)

Web Servers
(Public)
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Evaluating Middleware Services

— Synchronous or Asynchronous?
— Loose versus tight coupling

— Scalability

— Recoverability

— Cost
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