CPS616 Technologies of the
| nfformation Age

| ntroductory Material
http://www. npac.syr.edu/user s/gcf/cps616master 99

Instructor: Nancy McCracken

teamed with Geoffrey Fox and Wojtek Furmanski and many
talented NPAC students

H Syracuse University
B Fynie
Falayau NPAC & Achciaca Dads
ol s Ul ety
111 College Race y

Syracuse NY 13244 4100

Fhone: 3154432163
1/19/99 cps616master99 http://www.npac.syr.edu gcf@npac.syr.edu

Overview of CPS Web/I nformation Technology Courses - |

CPS606 Taught last semester isbasic Java and Per| (CGI Scripts) and
introduction to RMI (Remote Method | nvocation)

CPS616 is critical leading edgedistributed object and web software
system and application building technologies including JavaScript,
Advanced Java Capabilities, Web-linked Databases, Security, Object
Web.

CPS616 containscor e softwar e technologies needed to build world wide
distributed systems -- this is the key challenge today in computer science
CPS714 is newand specialized topics in the same area as CPS616 and is
set up as a mix of lectures and a project course

CPS640 isMultiMedia and Network Systems including digital video - it
is the hardware and network technologies needed for world wide
distributed systems

CPS690 areintroductory research projects with Geoffrey Fox and
NPAC staff
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Overall Course Details

Therearetwo sections of course:

1) Main Syracuse University Offering: 4 —>5.20pm T uesday T hursday
2)Internet Section (Access viaT angol nteractiveor in room 3-201 CST):
5->6.20pm (Eastern Time) Monday Wednesday

All Students MUST read introductory material at Web Sites

1) Syracuse Course: http://www.npac.syr .edu/projects/cps616spring99/
2) Internet Section of Course:

http://www.npac.syr .edu/projects/jsuspring99

I nstructor: Nancy McCracken njm@npac.syr.edu X4687, Room 3-234
Reserve | nstructor: Geoffrey Fox gcf @npacsyr.edu, Fhone X2163, Room 3-131 CST

Thereareno special books aswearecovering so much material and
much is on theWeb.

— Wearewriting a newbook“ Building Distributed Systems on the
Fragmatic Object Web” which will be made available to students

— Other books will be recommended in various parts of course
— http://www.npac.syr.edu/projects/tutorials has background material
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Abstract of CFS616-99
| ntroductory/Administrative Set

ThisFoilset contains introductory material on CPS616 coursefor
spring 1999
Some Aspects of CourseL ogistics - all students must go to web
sites for complete discussion of this

— http://www.npac.syr .edu/projects/cps616spring99/

— http://www.npac.syr .edu/projects/jsuspring99/
Overviewof Held and Material covered and relation to other
courses CPS606 CPS640 CPS714 and Syracuse University CI S
PhD Qualifying exams
Summary of Base Fragmatic Object Web and Relevant
Technologies
Thisfied isalso called | nternetics
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Overview of CPS Web/I nformation
Technology Courses -

Courses CP606 616 714
<--- HTML Java Web Technologies Web Systems <--

Material changes with time(<--) so that as newtechnologies added

in CPS714, older and better understood ones are moved into

CPS616 which itsdf hands technologies to CPS606!

— Example RMI (Java Remote Method | nvocation) was taught
in CPS606 last semester for first time. Rreviously it was in
CPS616. VRML has been de-emphasized as it appears to
declinein interest

— Security and object/component technologies (such as
Javabeans) were covered in CPS714 last timeand will be part
of CPS616 this spring

— Web Computing and Collaborationwill stay in CPS714
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Some Course Rrerequisites

Wewill assume Basic Web Browsing and HTML expertiseand
Java at the level of CPS606

— Rermission of Instructor is needed if you have not taken
CPS606

You should befamiliar with either RC or UNI X environment and
program in at least onereal language induding Java

— Perl could be useful but not essential - wewill not teach Perl
Wewill not assume anydatabaseor CORBA knowledge and will
reviewbasic material such as SQL

NPAC provides servers for you to access Oracle databases and
other needed coreresources
You need a UNI X workstation or a PC running Windows (95,98
or NT)
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; Components of a Basic Web System
Some Ruses and Minuses

CPS616 material underlies all major new software systems built
by modern companies and so you can get ahead by exploiting
NPAC’ sunusually deep knowledge of it asweare engaged in
many significant distributed systems projects

— Several successful students from these classes end with either .
good jobsin Universities, I ndustry and/or research RS th W Network trying to i 8 Web
. . A and attached CGI Script A . Browser displaying
assistantshipswith NPAC in Per| or Java provide Quality of “simple’ HTML Text

— NPAC a‘nphasizes “ serious ddiverables’ not |0ng term Ferhaps linking to a Backend Service and I mages obtained
service such as a database and using from host.

research or digital video server compression Client runs JavaScript
Geoffrey Fox leads NPAC butis out of town some40% of thetime Hoxt rola to make better (“0’“1 ;‘WT (I‘OCL”“[“"“S)
. A - ost holds iles use of available and Java I nterpreters
starting theend of January. Thus he misses many classes Thisis i cally eore I ke RRinolon o ORt ]
plus and minus respectively of being at leading edge UNI X/Windows NT JavaVM bytecodes)

D i - A @ " filesystem but could also Java and JavaScript
Ifyou J eglste for dass, el t this * feature bein a database such as give general dynamic

Oracle or Microsoft Access behavior
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e Browsers have SAME interfaceon AL L Computers

CPS606: HTML , Java and CGI Scripts with FERL » CGI Rogramswereoriginally usually written in FERL but can
. . . " be essentially any Rrocess and so do simulation, database access

_CF’564_0. Network Servi ges, Myl_tlmed_la Systems (thisisJDBC), advanced document processing etc. Java (serviets)

including Server and Client Digital Video is of growing importancein Server Code

CPS616: Web-linked Databases (JDBC to Cold Fusion), Broveer

JavaScript, Javabeans, dynamic HTML, XML, Java e URL (location of

Web Servers, Serviets, RMI, Java I DL, CORBA, COM, Intarpreting o) pe—
eb
ActiveX, Security, JDK1.2, and some mention of L otus ER Server

NOtES, VRML 2'0’ JavazD and Java3D MIME format with HT ML etc. beoming Ja
CPS714: Collaborative and Computing Technologies Viersr and (erEneEl e EmeEn)) t G

. ) helper Rogram
and whatever ison leading edge Applications (@, FERL
for MFEaG‘ VRML becoming

C.
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The 1997 Web Client Server Model Architecture of Web Software
» There areevolving/confusing/overlapping capabilities ...

- Education
ClassicHTTP HeallhCare

Client S
ervices are
HTML Java EENET Commerce

iveWire | nter Manufactiing elc, Generic

Javascript Applications

embedded Basic Multi-Use NIl Services
in
VRML/HTML X WebWindows is an operating
Java bytecodes ) Such as Java, | "WebWindows" | System for distributed computing

Java C++ and invoked — JavaScript, VRML {from 1 PC to all the world) built ar)

top of Webservers and Clients and
other processes empEbbic O O O HTTP.PERL, Key implementation supporting all the basic /S

Tags v - it i
Servlets / Java Processes MIME HTM i functionalities {fite mana |
—Lb Technologies 1 bejainy LkdlY
g "ord", Mexgel® et.)

General or Specialized NIl Infrastructure (ATM, ISDN , Optical fiber etc.)
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The1998 3(Multi)-Tier I nformation
System Architectur

Client runs custom
software produced with
components such as
Visual Basic for RC’ s
and Web (Java Applets)

Thesewill merge
as Object Web
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Application Server
runs custom

software currently
produced in ad-hoc
fashion but will adopt
Object Web
Technology approach

ap
Database

N

Critical

Generic Services
such as databases
Specialized
Software
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Multi-Tier Client Server Service

or Custom

1/19/99 cps616master 99

4/' t
!

—
RMI(IIOP)

Middle Tier

Enterprise Javabean

Back-end Tier
Services

.

Object Store
A
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Old and New
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Systems
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Specifying Server Side Objects

Ragmatic Object Web Technology Mode - |

Basic Vision: The current incoherent but highly creative Web will
mergewith distributed object technologyin a multi-tier client-server-
servicearchitecturewith Java based combined Web-ORB’ s
Need to abstract entities (Web Pages, database entries, simulations) and
services as objects with methods(inter faces)

— CORBA .. XML is“just” CGI doneright

COM (Microsoft) and CORBA(world) are competing cross platform and
language object technologies

— Every Netscape4 browser has a Visigenic ORB built in

Javabeans plus RMI and JINI is 100% pureJava distributed object
technology

W3C says you should use XML which defines a better |DL and perhaps
an object model - certainly does for documents

Howdo we do this whiletechnology is still changing rapidly!
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Ragmatic Object Web Technology Mode - 11

Need to use mix of approaches -- choosing what is good and what will last
For example develop Web-based databases with Java objects using standard
JDBC (Java Database Connectivity) interfaces
— OracleDB2 Informix Sybase, L otus Notes, Object database
confusion becomes an issueof performance/robustness NOT
functionality
Even better use (Enterprise) Javabeans which areJava’ s (middletier)or client
componentware offering visual interfaces, containers (here they are consistent
with CORBA standard) and standard software engineering interfacing rules
— eg. Java Blend is built on top of JDBC to use enterprise Javabeans
to storeJava Objectsin relational databases
Use CORBA to wap existing applications
Note Middle tier insulates client from backend -- can use one object model for
user level and different onefor backend
— specialized object databases getting “ overwhelmed” by multi-tier approach
with Oracle etc. traditional backends
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Two Database Web L inkages

¢ Documents -- URL

* "General Fogramsincluding database invocations"

— Old styleWeb -- CGlI

— New Style Web -- XML makes server side objects
look like applets as far as invocation goes

— CORBA and COM -- special "interface definition

language" (IDL) defines invocation in C++ like syntax
— RMI uses Java languageas | DL language
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Two More3 Tier Web Database L inks
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Java @3V Thin Client
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Two ways of | mplementing Data Objects
* Old way: Use an Object Database

Application Object
using data
st Database

» Current Approach: Use a Relational Database and
business logicin EJB

Application Enterprise Javabean
using data mapping user object to
objects backend persistent data
model

Middle Tier

Backend relational
database such as

Oracle
1/19/99 cps616master99 http://www.npac.syr.edu gcf@npe..-,

Client
Application

$

Client Side

P Stubs (Virtual Services) ———"""

I10P
Cloud

ServerSide —
Skeletons
/ L i\\ distributed

Information
System (There
aresimilar
COM and
Javabean




Emerging Object Web Multi-Server Modéel

Clientsand Back End
their servers Middle Tier Custom Servers Servers and

their services
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NPAC Concept: Summary of Fragmatic Object Web

3-(or more)-tier architecture - Web browser front-ends, legacy (e.g.

databases, HRC modules) backends; fat middleware

Useas appropriatethealternative/ competing Middleware modes:

— Java RMI+ EJB (Enterprise Javabean) - single language solution
by Sun

— CORBA - all languages solution by OMG

— COM - multi1anguage solution by Microsoft

— WOM/XML - emergent solution by the Web Consortium

Each mode has different tradeoffs (most elegant, powerful, fastest,

simplest)

POW attemptsto integrate various models and services in terms of

multi-protocol middleware servers (JWORB)

— NoteJava is often the best language to build middleware whether
thisis Java or some other distributed object model

— Most commercial Java activity is on Server not Client
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Web Technologiesin a Nutshdl - JavaScript

« JavaScript - only superficially related to Java and was called LiveScript —is
Netscape's (somewhat supported by Microsoft) fully interpreted Client side
extension of HTML. Thisis a good Client Windowintegration /customization
technology where flexibility more important than performance

« i.e.useJavaScript for Rapid Rototyping of Complex User | nterfaces

— Frst examples use JavaScript together with frames (HTML extension) for
interactive multi-windowtechnologies
JavaScript is roughly equivalent to " Abstract Windowing Toolkit/ L ayout
Manager" in Java but applied to Browser Frames and not Java windows
JavasScript cannot build complex filters or simulations as slow
But JavaScript with dynamic HT ML is powerful client technology which is
often easier and faster than Java it is faster as invokes optimized browser
functions

— both Internet Explorer 4 and Netscape have excellent JavaScript support

« Server side version of JavaScript called LiveWireruns on Netscape Servers -
unsuccessful

« Expect client side use of JavaScript to growin importance
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Multi-Server Web Computing System

Multidisciplinary
Control (WebFlow)

NEOS Control
Optimization

Gateway
Control

Agent-based
Choice of
Compute Engine

Data Analysis
Server

pac.syr.edu

Web Technologiesin a Nutshell -- Java

Java - Objected Oriented version of C/C++ supporting | nteractive Distributed
Computing. Original Web architecture (e.g. CGl ) was server-side. Java allows
design and I mplementation of balanced Client Server Applications

Java likely to be a dominant software engineering and Scientific Computing
language - see http://www.javagrande.org

This coursewill not discuss Java as a language but rather as a system building
tool

Java will probably be preferred language for development of next generation
general or custom Web servers and clients
— NPAC’ s TANGO collaboratory built around a custom Java Tier-2 server

Java can build client side customized GUI's and graphicsiimage processing but
JavaScript and DHTML competes hereand MOST |ndustry use of Java isin
middletier

New Java 1.1/1.2 have several enhancements including very many specialized
AR’s
Javabeans are (visual) component model for Java applications
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Web Technologiesin a Nutshel - DHT ML
Thereis an emerging DOM or Document Object Model which will be uniform
model used by W3C, Netscape, Microsoft
— Itallowyou to address individual components of a page e.g. text box, image
or collections thereof as separate entities
— DOM isquitecloseto | E 4.0 conventions
Cascading Style Sheets allowone more powerful ways of assigning properties
(such as color fonts etc.) to these components using either name(id) or type
(<h2>tag etc.)
DHTML or dynamic HTML allows oneto address the components of
document and change on the fly (without reloading page) the properties of
these components
— Thisincludes not only natural style properties but also position, sizeand
“visibility”
DHTML currently handicapped by major differences between | E4 and
Netscape 4 -- functionalities are similar but syntax very different
JavaScript combined with DHT ML allows animations, graphs and
replacement of just parts of text
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Web Technologiesin a Nutshdl - XML

HTML is powerful but does not separate display and form (structure of
document component as an object)
XML is a generalization of HT ML which allows definition of arbitrary tags
eg. <student name="Jane Do€" class=" CPS616" grade=".." >Working
Hard</student>is more elegant way of capturing information in a reliable
fashion than HTML
<h2>Students</h2>
<ul><li>Jane Doe: Working Hard</li><ul >

<li>Class: CPS616</li>

<li>Grade: ... </li> ... </ul>
</ul> with a FERL program to extract data
XML allows powerful way of defining dynamic Ascii databases useful for
“modest sizedata” such as people, document citations etc.
XML parsersmap XML tagsinto HTML for display
XML can also be used to define extensions to HTML such as special tags for
mathematics or chemistryor ....
XML defines syntax for “ serializing” Web objects and transmitting between

clients and servers
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Web Technologiesin a Nutshel - Databases

TheWeb provides a convenient integration environment for
"mature" technologies migrating from existing computer
environments.

Relational databases are a good example whereit is now
straightforward in Microsoft Access, Oracle, DB2, I nformix, Sybase
etc. to providea Web | nterface which can beused for data (mail,
curricula material etc.) with Java/JavaScript/Forms based | nterfaces
Object databases such as|llustra also interfaced to Web

Systems such as Cold Fusion provide convenient high level interfaces
to Web-linked databases

Several excellent Java to Database packages becoming available with
the JDBC standard based on ODBC -- more power ful but lower level
than systems like Cold Fusion

CORBA will have good Web and Java | nterfaces and we will discuss
integration of Web CORBA and database technologies

— CORBA views a database as a managed persistent object
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Web Technologiesin a Nutshell - FERL

FERL isareatively old technology which is being overtaken by

Java tidal wave.

Still FERL has significantly better Systems and Document

handling capability than Java

— Very good for UNIX as much easier than Shell for system
scripts - RC versions exist but not so well integrated into O/S

— Wonderful regular expression handling

FERL istraditional but probably not best choice for server CGI

extensions and development of filters

- except for simpler casesinvolving text documents

FERL5 is object oriented but much less elegant (in my opinion)

than Java

— FERLS5 has very useful multidimensional associative and
regular arrays

FERL has wel understood links to databases such as Oracle

oraper|
1/19/99 cps616master99 http://mww.npac.syr.edu gcf@npac.syr.edu

Web Technologiesin a Nutshell - VRML

VRML plays sameroleto 3D worlds that HTML does to documents

VRML 1.0 has been widely available and specifies static 3D scenes through
which you can navigate. Already provides universal visualization environment
and we have examples of use I n Geographical | nformation Systems

— Notecan embed clickable URL ‘s aswith |mageMaps which can be used to
annotateimages to provide interactive resources

VRML 2.0 is nowthe standard with critical enhancements so that individual
elements of 3D world are dynamic and can be programmed

— Itisdesigned to support full interactivity (televirtuality) with texture
mapped video, avatars etc.

— VRML 2.0 could require huge computing resources whether used as the
virtual car-dealership / interactivity gaming or more academic uses such as
collaboration between teachers and studentsin 3D virtual classroom

Bandwidth and computing needs of VRML are handicapping acceptance and
appearsthat VRML will NOT “ makeit” -- replacement unclear

— Microsoft ChromeEffects (XML based) and

— Java3Daddress somebut not all VRML applications
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