Stanford Computer Industr y S tudy

The Changing Software

Paradigm

Gio Wiederhold

February 1996

Topic of Study

Program Creation and Maintenance

A central topic for the Software Industry and

for Education

Background:

3 years as program manager at ARPA (1991-94)

˘ Traditional techniques have topped out

» few new ideas appear in programming

˘ New systems are being built differently

» industrialleadership,poor coherence, no science

˘ Major potential for innovation

» what is missing, who can contribute

What is changing

Programmi ng is changing

from code genera tion

to compositi on of exist ing codes

Two vie ws of the change:

1. Logical progression

2. Paradigm change

Effects of the change

¯ New business models

¯ Need to adapteducation

1945

1955

1960

1975

1990

1. Logical Pr ogression

¯ Machine language

˘ generation of basic code sequences

¯ Assembly l anguage

˘ shared code & shared data in memory

¯ Compiled languages

˘ standardized code units wi th parameters

¯ Database services

˘ control ceded to the DB admini strator

¯ ObjectLibraries for specifi c Domains

˘ domains & solution structure predefined

Loss of autonomy & Cede control

Increase of scale & Benefit from work of others

2. Par adigm Shift

¯ Re-allocation of autonomy is gradual, invisible

¯ In the aggregate, over ti me, affects

˘ Technology Paradigm

˘ Business Practices

˘ Educational needs

¯ Hypothesis:

We have to explici tl y change from

a subroutine mentality (programmer control) to

a service mentality (cooperation & mediation)

Evidence

PAST ARGUMENTS

¯ Hardware architecture

Number of bits/word

Number of registers

Size of address field

¯ DEC vs IBM vs CDC

CURRENT ARGUMENTS

¯ Component architecture

Descripti on

Asynchrony

Inheritance

¯ CORBA vs OLE vs ODE

ARGUING implies VALUE

SHIFT from Hardware to

Software Componentry

An Early Example

~1980

Databases

¯ Provide a Service not under control of the

application programmer

¯ Removed about 50% of code from commercial

applications

¯ Changed training requirements of programmers

¯ Led to new sub-speciali ties:

» database administrators

» database programmers

» database educators

¯ Updates in the interface require negotiation

Database Interfaces

SQL:

two parts

1. a Non-procedural Query Language

2. a Schema which exposes available data

but hides much detail

The query language is restricted to the terms

given in the schema

The schema hides implementation detail

¯ The Database Management System (DBMS)

˘ has the freedom to optimize query processing

˘ must optimize to achieve performance

Recent Examples

~1990

Of removal of code by services:

¯ Objectlibraries

{ Microsoft, KPlib, GNU, NASA, ...}

» not autonomous in terms of control

¯ Graphical Interface (GUI) builders

{MOTIF, . . . }

» procedural, no optimization

¯ Application builders

{Powerbuilder, NeXTstep, Visual Basic}

» high-level programming based on standard interfaces

¯ Domain Specific Softw are Architectures (DSSA)

» structure, rather than code

¯ Mediation Architecture

{middlewa re}

» intermediate, composable information services

Transform Data to Information

Application

Layer

Mediation

Layer

Foundation

Layer data and simulation resources value-added services users at workstations

Evolution of mediation

W2

W1

D2

D6

D4

W3

I1

D1

D5

I2

M1

M2

A1

A4

A5 A2

A6

a.

b.

A3

c.

d.

e.

datasources wrappers mediators

network integrators applications

D3

Example in Health Care

Health Care Planner

Patient

Care domain

Investment

domain

Loan Interest

Patient Volume Growth State Support

Bond Sales

Service Operations

Age Profile

Will the Clinic lose Money?

Mediation on the WWW

¯ Resources on the World-Wide-Web

˘ are plentiful

˘ autonomous

˘ incoherent

¯ Opportunity for value-added services

˘ select best source

˘ improve coverage

˘ minimize overlap

˘ resolve inconsistenci es

˘ summarize results

¯ requires low-overhead charge mechanisms

Workforce reallocation

Integration originally performed for large systems

( > 5Mbyte )

¯ by system integration companies:

˘ Honeywell, IBM federal, Lockheed, SAIC, Andersen ...

Integration nowperformed for most systems

( > 5Mbyte )

¯ by application clients and services:

˘ too many to name, including you . . .

Coding

Integration

Dealing with Multiple Services

¯ Multiple resource databases within an enterprise

¯ Related public data resources

¯ Processi ng specialists

˘ industry comparison, projection, si mulation

¯ To reduce risks: multipl e suppliers

But

¯ Difficult setup and reimbursements

¯ Lack of coherence

˘ Multiple standards

(supplier vs customer interests)

˘ No scienti fic basis

(education ignores the changes)

¯ Security concern

(primary barrier for v irtua l enterprises)

Emerging Mediation

¯ Tools

˘ Open server (Sybase)

˘ Blades (Informi x - Il lustra)

˘ Distributed Object Environment

(Sun/Persistence)

¯ Initial Application Areas

˘ Intelligence systems

˘ Flexi ble manufacturing

¯ Future

˘ SimQL to retrieve projections into the future

» information provided by experts & simulations

Maintenance

¯ Definition: Unscheduled tasks to fix

» errors in software (often induced by growth in scope)

» adapt to externally imposed changes (tax laws,

regulations, interfaces, customer expectations, �)

» adapt to internally imposed changes (mergers,

corporate reorganization, new product lines, ...)

¯ Crucial leverage:

˘ 70-90% of system costs are SW-maintenance

» If maintenance cost s candecrease 25%we double our

capability to develop innovative products

» If maintenance cost s increase by 25% we loose any

capability for innovation

˘ Affected by paradigm change

Gio Wiederhold SWparadigm 18

Maintenance Str ategy

Good BENEFIT/COST

wrt customer

¯ Benefit is relevant information,

requires constant updating

¯ Avoid cost of change,

don´t change system, interfaces

We expect SW to be adapatable

˘ enables change, growth

˘ long liftetimes

˘ regular, high maintenance

¯ Cost

˘ initial

˘ maintenance (70- 90% for SW)

100%

long lifetime

low depreciation

1 / lifetime high maintenance cost

0

40

20

70

30

10

80

90

60

50

4

years 10

12

2

7

3

1

8

9

6

5

13

11 auto software hardware

Life Dep MC

Life Dep MC

?

Life Dep MC

Ideal maintenance by reuse

NewApplication

Prior & Revised

Mediators

Extended

Data

Resource

Incremental Maintenance

Gio Wiederhold SWparadigm 21

New Metrics

¯ Productivity

Lines of Code --> Time to Asssemble a Product

¯ Time to Update Product

Several years --> 3/6 months

¯ Satisfaction of

System Administrator --> Customer

˘ -- missing:

¯ Performance based on

Detailed data --> Component / Service specs

New Role for Consultants

Old

¯ Used at Design Time

and

¯ To Explain Fai lures

Future

¯ Available as a S ervice

¯ Responsible for

Knowledge Maintenance

Conclusion

¯ Change in software paradigm to Composition

is occurring, nearl y invisibly

¯ Flexi bility is becoming more important

than satisfying all wi shes wrt to

performance and features

¯ Mediation provides incremental, responsive,

and less risky maintenance at less cost

¯ Old habits and metrics of success

are becomi ng obsolete and a hindrance

Acceptance of Service Paradigm

Dissemination

¯ New Experimental Course: CS446, Fall 1995, evolving

˘ large-scal e software composition

˘ develop princi ples for educati on

¯ Arrangements to develop course materi als

˘ support discussed with Hewl ett-Packard Co.

¯ Book on Intelligent Integration of Information,

˘ with Kluwer, due to appear early 1996 containing

papers that focus on infrastructure research

¯ Monograph to cover Mediation Technology and Effect

˘ under discussion, with two coauthors, for 1997

¯ Web page on Large-scale Integration & Compositi on

˘ leads to many papers