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Enterprise Solutions Structure (ESS) is a major 
ISM initiative to establish a standard 
architectural framework to support creation, 
reuse, and maintenance of architecture and 
design  assets  for  developing  and  delivering 
enterprise solutions. It draws on experiences 
with building customer solutions to distill “best 
practice” structures, models, and methods. The 
framework provides a rich  set of architectural 
building  blocks  for  solution architects and 
provides guidance on when and  how to use this 
content to advantage. This paper gives an 
overview  of ESS, describes the advantages of 
this approach, and serves  as an introduction and 
context for  some  of the other papers  in the 
issue. 

D eveloping  solutions  for  large  customers,  also 
known as enterprise  customers, is becoming 

more complex. Factors driving this  increase in com- 
plexity include: 

1. Exploiting new technologies,  such as Internet  or 
intranet  applications 

2. Integration of solutions with a wide array of leg- 
acy systems to achieve the  desired business  re- 
sults 

3. Interoperating with multiple  applications 
4. Solution  customization  for  variations in customer 

business  processes 

Further,  the  development and delivery of these com- 
plex systems are becoming more  time consuming and 
risky for  both IBM and its customers.  Reuse of assets 
can  help  reduce  the cost and risk of software devel- 
opment. ’ Enterprise Solutions  Structure (ESS) is fo- 
cused on mitigating the costs  and risks of building 
and deploying enterprise  solutions, while making 

IBM’s solutions  and services more valuable to  enter- 
prise  customers. 

To serve our customers better by providing timely, 
adaptable,  and  customizable  solutions  and  to in- 
crease our  revenue  and profitability on solution  de- 
ployment  contracts, we must  focus on the  creation, 
reuse,  and  maintenance of a spectrum of assets, 
which include methods, work products, business pat- 
terns, technology templates, and software components. 

These  assets need  to  be  constructed within an over- 
all architecture  that is designed  from the  outset  to 
accommodate a high rate of both  business  and  tech- 
nological change.  Discipline  must  be  applied to al- 
low practitioners to base  their  solution  development 
and delivery on standard  solution  architectures, 
methods,  and tools. Enterprise  Solutions  Structure 
involves building, deploying, and evolving a set of 
reusable  solution  architectures, which, over time, can 
be  populated with reusable  software  components. 
ESS is being  used by Global  Industries, IBM’s solu- 
tion  organization, to develop  solutions,  and by IBM 
Global Services to  integrate  and  customize  solution 
assets  for our customers, as well as to develop cus- 
tom solutions. 

ESS is a major  initiative to establish a standard  ar- 
chitectural  framework  for IBM architects  and design- 
ers  to develop  and  deliver  solutions. It draws on ex- 
periences  with  building  customer  solutions to distill 
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“best  practice”  structures,  models,  and  methods 
that allow more effective creation  and delivery 
of solutions. ESS is built  upon  the  latest  work- 
product  methods  used in the SIiAD (Systems 
Integration/Application  Development)  organization 
and  consulting  competencies in IBM Global Services 
and,  where it has  been possible, is expressed in terms 
of the newly defined  Architecture  Description  Stan- 
dard   ADS).^ As such, the intellectual  capital  con- 
tained within can  be  more easily disseminated to the 
practitioner community of IBM Global Services. 

ESS provides a rich set of architectural building blocks 
for  solution  architects,  and provides guidance on 
when  and how to use this content  to advantage. As 
part of an architect’s “tool bag,” ESS packages  a  pre- 
defined,  strategic  set of technical  reference  models 
(also known as technology templates) with recom- 
mended  vendor  product mappings. Presently, ESS has 
five technical reference models: (1) thin-client trans- 
actional, (2) collaboration, ( 3 )  business intelligence, 
(4) call center,  and (5) mobile  computing. ESS adds 
significant value to IBM’s e-business  (electronic bus- 
iness)  computing  strategy by providing a  wealth of 
detailed  information  about practical implementation 
scenarios,  for  example: 

The aggregation of business logic, data access, and 
services into system building blocks (how to  con- 
struct components) 
Component topologies (where  toplace  components 
in  the system) 
Component  interactions (how to describe  the  over- 
all  system behavior) 
Security  management 
Systems management 
Performance  characteristics 

ESS provides a  breakthrough  for  both  our  solutions 
and services businesses as we develop  and deliver 
solutions. The ESS architectural tool bag is useful for 
both  the  development of configurable  and  custom- 
izable solutions  for  a  broad  set of customers  and  for 
the  development of one-of-a-kind,  custom  solutions 
for specific clients. For  our solutions business, ESS 
enables  faster  time-to-market  through  reuse of 
proven  architectural  building blocks, decreased  de- 
velopment risk and cost,  easier  integration of com- 
ponents  across  solutions,  and  optimal  use of indus- 
try domain skills for  the  business  problems. For  our 
services business, ESS leads to faster delivery of in- 
dustry  solutions by smaller  teams, improves the “win 
rate” on bids, increases  practitioners’  capabilities, 
and minimizes the risk in solution  engagements. For 

IBM SYSTEMS JOURNAL, VOL 38, NO 1, 1999 

our software  product business, ESS enables effective 
integration of our  products in solutions,  and also 
identifies key requirements  for  product  enhance- 
ments.  For  our customers,  solutions that use ESS in- 
teroperate with and have consistent  behavior with 
other ESS solutions,  arrive  earlier, are  more flexible, 
and  are  more economical. 

An asset-based solutions business 

In late 1996, we surveyed 20 major  solutions devel- 
opment projects in which IBM was involved, and we 
observed that “every project was an  adventure.” 
There was little  reuse of assets, with too much cus- 
tom  development;  tool  support was inadequate.  The 
bigger the project, the  more  these deficiencies mat- 
tered.  For some, the  problems were more technol- 
ogy-related.  In  particular, the move to  the  Internet 
as  a delivery channel  and a subsequent  trend away 
from  fat-client  solutions threatened to render exist- 
ing “~tovepipe”~ applications  prematurely  obsolete. 

What is different about developing and delivering 
business solutions  compared to  our traditional  prod- 
uct and services businesses? To begin with, a solu- 
tion is a combination of hardware,  software  prod- 
ucts, assets,  and services that  together  address  a 
business  problem.  Like  products,  solutions are  de- 
signed to be  used by many customers, but  are in- 
tended to be delivered through services engagements 
and  to  be substantially customized for  each  customer. 
A  solution  must  provide a complete,  integrated ca- 
pability, including business  applications  and  techni- 
cal infrastructure, which can be integrated within an 
existing customer  environment. Like traditional  ser- 
vices engagements, a solution  provides  a capability 
that fits the customer’s  unique  business  and  techni- 
cal needs.  But  unlike  labor-based services engage- 
ments, a solution uses an array of assets,  including mod- 
els, software, methods, tools, and  other intellectual 
assets, to drive down the time and cost of delivery. 

While software reuse offers the promise of decreased 
time to reach  the  marketplace,  increased quality, and 
decreased  development costs, these goals can  be dif- 
ficult to achieve in practice.  Experience  from a num- 
ber of software  reuse  projects shows that to be suc- 
cessful, reuse  must  be  applied systematically and be 
optimized to business goals, and  three  major  areas 
must be  addressed:  architecture, process,  and  orga- 
nization. ’ Enterprise Solutions Structure is focused 
on addressing the  architecture  and technical require- 
ments  for  asset  reuse  and on the  methods  for  cre- 
ating  and using assets. 
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Figure 1 Solution  development  with  and  without  asset  reuse 

Asset-based solution development  and  deployment. 
The major objective of ESS is to enable reuse of so- 
lution assets. The traditional “green field” develop- 
ment starts “from scratch”: a set of requirements is 
analyzed and  a solution that meets those require- 
ments is developed and deployed. This traditional 
path is  shown  in Figure 1 by the arrow that begins 
at  the  top left (with requirements) and ends at  the 
right  (with solutions). 

By contrast, asset-based solution development and 
deployment takes advantage of architecture and de- 
sign assets by “harvesting” them from the develop- 
ment and deployment of each solution and reusing 
them with subsequent solution  developments  and de- 
ployments. This asset-based path is  shown  in Figure 
1 by the arrow beginning in the middle and looping 
clockwise  back to  the  top left (the solution devel- 
opment box). This implies that  the asset-based so- 
lution development process not only has the require- 
ments but also has the harvested assets as input, 
whereas the traditional custom solution development 
process does not have this advantage of assets as 
sources  and thus must  be  developed  completely from 
scratch each time. 

The  need  for a  flexible  solution  architecture. To serve 
our  enterprise customers better by providing timely, 
adaptable, and customizable solutions, while  increas- 
ing our revenue and profitability on solution deploy- 
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ment contracts, an approach different from creating 
a series of disjoint and unrelated solutions is needed. 
Rather  than misuse our creative abilities in “rein- 
venting the wheel” on  every project, we must focus 
on the  creation, reuse, and maintenance of assets. 
These assets need to be constructed within an over- 
all architecture that is designed from the outset to 
accommodate a high rate of both business and tech- 
nological change. Discipline must be applied to “en- 
courage” practitioners to base their solution devel- 
opment on a  standard solution architecture, 
methods, and tools. Gartner  Group recognizes the 
importance of these elements; according to  Gartner 
Group,4 by the year 2000, less than 25 percent of 
software development organizations will  have the 
necessary infrastructure to consistently  leverage a so- 
lutions architecture. As a result, these organizations 
will be placed at a competitive disadvantage. In a 
recent r ~ p o r t , ~  Gartner  Group asserts that 60 per- 
cent of IS (information  systems) departments will find 
that their IT (information technology) architecture 
becomes obsolete faster  than they can replan it, be- 
cause of business and technology  changes. Enterprise 
Solutions Structure supports building,  deploying,  and 
rapidly  evolving such a set of solution architectures, 
which can be populated with reusable components. 

ESS description 

The focus of the ESS work is to  capture best prac- 
tices from real-life projects, to identify those ele- 
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Figure 2 Solution  development  with ESS 

ments of solution architecture  that are being invented 
repeatedly,  and to collect the “proof  points”  and key 
design trade-offs. In other words, ESS has  a  real- 
world,  “business  problem” focus. It  addresses bus- 
iness solution  architectural issues, not  just infrastruc- 
ture  and platform.  Additionally, we are paying 
attention to legacy integration  and to  the manage- 
ment of business  change on an ongoing basis. Our 
architectural  patterns are designed  from  the  outset 
to  meet  the  needs of large  enterprises with respect 
to both  performance  and scalability. 

The architecture toolkit. The  top of Figure 2 shows 
solution  development;  the  bottom shows the harvest- 
ing and  reuse of assets.  Requirements  are shown at 
the left; solutions are shown at  the right. The  outer 
rectangle,  labeled ESS, reflects the  important con- 
cept  that ESS encompasses  not only the asset  har- 
vesting and  reuse process, but  also an improved  and 
accelerated  solution  development  process. 

The four  corners of the  diagram  contain  the  four ma- 
jor  steps  that  surround  the many steps implied within 
the solution  development,  asset  harvesting,  and  re- 
use  processes: 

1. Analyze (the  requirements)  to begin the  solution 
development 

2. Deploy (a solution) to  complete  the  solution  de- 
velopment 

3. Harvest  (assets  from the solution  and  also  from 
products) to begin the  harvestheuse  process 

4. Reuse (assets) to  complete  the  harvestheuse  pro- 
cess 

ESS provides  a  toolkit  for  architects.  It consists of a 
way  of describing  architecture  assets,  based on IBM’s 
new standard,2  and a  method  for  reusing  these as- 
sets; architecture  content in the  form of business pro- 
cess patterns  and technical  reference  models;  and  a 
tool  that organizes the  content. 

The elements of this  toolkit have been  integrated 
into IBM’S new integrated  methods  for  asset-based 
application  development  and  deployment. The ma- 
jor activity for the first phase of ESS has  been  the 
harvesting of best  architecture  practices to  create a 
set of technical  reference  models  and  contributing 
to  the  development of IBM’s new standards  for  de- 
scribing architectures  and  the new asset-based  meth- 
ods.  In  future phases, ESS will concentrate on deploy- 
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ing and refining the technical  reference models; 
creating  work  products  for specifying application  ar- 
chitecture; exploring the use of requirements  to link 
business  processes to application  architecture;  and 
developing  methods  for  creating  reusable  software 
components  and  assembling  customizable, configu- 
rable  solutions  from  software  components. Follow- 
ing is a  description of the  major ESS assets: 

1. Architectural  content 

Business reference models: ESS delivers a standard 
approach  for business modeling, including a  stan- 
dard language  (and  constructs). 

Technical reference models: ESS provides and pro- 
motes a set of packaged technical reference archi- 
tectures, based on best-of-breed experience, which 
function as the starting point for  adaptation for so- 
lutions development. These define and describe, for 
major solution categories, the detailed componen- 
try required along with their relationships and in- 
teractions. Design guidance is provided that shows 
how to choose the specific components suitable for 
an implementation. Currently five technical refer- 
ence models are provided: 

Thin-client transactional-transacting business 

Collaboration-partnering to make better busi- 

Business intelligence-analyzing data  to make 

Call center (fat-client transactional with  legacy)- 

Mobile computing-disconnected or wireless 

with customers and vendors 

ness decisions 

decisions to improve business results 

handling customer service interactions 

connection from enterprise to remote user 

2. Catalog of architectural  content: ESS also provides 
a  structured  means of cataloging the architectural 
assets in a consistent,  extensible  framework us- 
ing a schema  based on I B M S  Architecture Descrip- 
tion Standard. This  enables  the  use of the assets 
at the  appropriate  time in the design process, sup- 
ports  customization of the assets as  needed,  and 
allows new assets to  be  added. 

3.  Methods  support: ESS adds value to existing meth- 
ods by optimizing  the  reuse of business  and  tech- 
nical reference  models. 

4. Product  positioning  and  gap analysis: ESS recom- 
mends  the selection of the best  products  for im- 
plementation of the  components in the  reference 
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models  and gives criteria  for selection when there 
is more  than  one  product  suite  to choose. 

5. Deployment  education  materials: ESS provides 
materials  to assist skills transfer  to  our solutions 
and services community. 

Other significant features. ESS places  particular  em- 
phasis on  the processes by which we will introduce 
and  maintain an asset-reuse  approach within the IBM 
solutions  and services communities, rather  than sim- 
ply generating new assets  from  scratch. In  the past, 
information  assets have become  buried  under  the 
weight of newer  materials within a very short  period 
of time. ESS establishes a common  asset  framework; 
a living asset  repository that  has extensive and effec- 
tive cross  referencing  and indexing to  support  the 
analysis and design process,  and yet is maintainable 
over time with direct  input  from the solution  and  ser- 
vices community. ESS provides the basis for  building 
reusable  assets  that deliver the cross-platform  ben- 
efits of IBM's e-business  software  products. 

The ESS audience. ESS addresses  the  broad  require- 
ments of the IBM solutions and services business units 
in their  goal to meet  customer  business  needs.  Par- 
ticular  emphasis is placed on  the solution  develop- 
ment  and  solution delivery aspects. 

The  major users of ESS are: 

Solution  development  architects, designing repli- 
cable  business  solutions 
Services architects, working on  replicable  solution 
deployment projects, custom solution development 
projects,  and IT architecture  projects  for  custom- 
ers 

The ESS papers in  this  issue 

Some of the ESS papers in this issue describe the  ma- 
jor  elements  that have been  produced  to  date;  other 
papers  help position areas of future  focus in ESS. Fig- 
ure 3 helps  illustrate  each  paper's  focus within the 
overall ESS context. In  the  area of solution  develop- 
ment, we have papers  on solution  customization, a 
standard  for  architecture  description,  and  experi- 
ences in reusing  technical  reference  architectures. 
In  the  area of asset harvesting  and  reuse, we have 
a paper on a standard  for business  architecture  de- 
scription  and another  on technical  reference  archi- 
tectures. 
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Figure 3 Papers in this  issue  placed  across  the  Enterprise  Solutions  Structure 

Because ESS is focused  on  solutions, it is appropri- 
ate  to  start with the  business  architecture of solu- 
tions. McDavid’s paper,  “A  Standard for Business 
Architecture  Description,”  introduces  the subject of 
business patterns  and shows how these  patterns  help 
provide  a  context  for an application  architecture in 
terms of the business problem it solves, thereby im- 
proving the communication between the business do- 
main experts and  the application developers. The pa- 
per lays the groundwork  for  a key work in the next 
phase of ESS, namely articulating the variations on 
the business  domain  architecture  and  relating  these 
to  the set of application  architectures  and  technol- 
ogy architectures. 

A  subject that is critical to  the success of ESS is the 
definition of a  standard  for  the  description of archi- 
tecture.  Thus, it is appropriate  to include  the paper 
by Youngs et al., “A  Standard  for  Architecture  De- 
scription,” in this special ESS issue. In  addition  to  pro- 

viding a standard description  for our ESS technical 
reference  models,  the  Architecture  Description 
Standard  also  improves  the  communication  be- 
tween  application  developers  and  infrastructure 
specialists. 

The  paper “Technical  Reference  Architectures,” by 
Lloyd and  Galambos, describes in detail  the five tech- 
nical reference models (thin-client transactional, col- 
laboration, business intelligence, call center,  and mo- 
bile computing)  that have been  created in ESS from 
best  practices of a  number of solutions  and services 
teams. The  paper explains how an architect  can  eas- 
ily reuse  elements  from  these  technical  reference 
models. 

The next paper, Leishman’s  “Solution  Customiza- 
tion,” shows where we are  headed with ESS in the 
future  to  support  the  creation of software  compo- 
nents  to  enable  the rapid assembly of customizable 
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and  configurable  solutions.  This will require  anal- 
ysis  of the function that should be  common,  and  de- 
signing the solution to accommodate  the variability 
that will be necessary to support  multiple  custom- 
ers. 

Rounding  out  the ESS portion of this  issue is the  paper 
by Harris, Rothwell, and Lloyd, “Experiences in Re- 
using Technical Reference Architectures,” which 
describes the encouraging results of the use of the tech- 
nical reference models in actual customer engage- 
ments. 

Concluding remarks 

Enterprise Solutions  Structure is a  major  initiative 
to establish  a standard  architectural  framework  for 
IBM architects and designers to develop  and deliver 
enterprise  solutions. It draws on experiences with 
building  customer  solutions to distill “best  practice” 
structures,  models,  and  methods  that  support  more 
effective creation  and delivery of solutions. ESS pro- 
vides  a rich set of architectural  building blocks for 
solution  architects,  and  guidance on when  and how 
to use this  content  to  advantage. ESS adds significant 
value to IBM’s e-business  computing  strategy by pro- 
viding a  wealth of detailed  information  about  prac- 
tical implementation  scenarios. 

ESS provides a breakthrough  for  both  our  solutions 
and services businesses  as we develop and deliver 
solutions. The ESS architectural  tool  bag is useful for 
the  development of configurable  and  customizable 
solutions  for a broad  set of customers  and  for  the 
development of one-of-a-kind,  custom  solutions  for 
specific clients. For  our solutions business, ESS en- 
ables  faster  development  through  reuse of proven 
architectural building blocks, decreased development 
risk and  cost,  easier  integration of assets  across so- 
lutions,  and  optimal use of industry  domain skills for 
the business problems. For  our services business, ESS 
leads to faster delivery of industry  solutions by 
smaller  teams,  improves the win rate on bids, in- 
creases  practitioners’ capabilities, and minimizes the 
risk in solution  engagements. For  our software prod- 
uct business, ESS enables effective integration of our 
products in solutions,  and also identifies  key  re- 
quirements  for  product  enhancements.  For  our 
customers,  solutions  that  exploit ESS interoperate 
with  and have consistent behavior with other ESS so- 
lutions, are available more quickly, are  more flexible, 
and  are  more economical. 
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Preface 

The creation of software  from existing resources is 
a well-established part of programming  and software 
engineering  for  reasons of quality, productivity, and 
rapid  development  and  deployment. Progress on this 
broad  approach  to  reuse began at  the lowest levels 
of programming,  such as  code,  and  has slowly 
reached  toward  the highest levels of software,  such 
as  architecture.  The ability to  reuse  architectural as- 
sets is a vital step in the effective, efficient develop- 
ment of new systems and  solutions  from all the work 
that  has  gone  before. 

This issue presents  the  current work of the  Enter- 
prise  Solutions  Structure (ESS) project,  a  major IBM 
initiative focusing on  the reuse of high-level software 
components,  assets,  and  solutions in the large  and 
complex systems environments of major  customers. 
The assets being  reused  include  architectures,  meth- 
ods,  business  patterns,  and technology templates, 
among  others.  There is also  a  technical note on sim- 
plification of data flow diagrams. We  are  indebted 
to P. T. L. Lloyd of the IBM Object  Technology  Prac- 
tice in Wanvick,  England,  for his planning  and co- 
ordination of this issue. 

Plachy and  Hausler  introduce ESS through  their  pa- 
per  on  the motivation,  purpose,  architectural  frame- 
work,  development  model,  architectural  contents, 
and  advantages of ESS. They  present  the  subject of 
high-level software  reuse of solution assets, and in- 
troduce  the  other  papers  on ESS in this issue. 

McDavid takes  a high-level view  of systems as a  set 
of interconnected,  business-oriented  architectures 
and  resulting  software  solutions.  This  leads to  the 
description of a business systems architecture  for ESS 
that uses key business  concepts in the style of other 
architectures  as  a  means  for  understanding  and  cod- 
ifying systems aspects  such  as business requirements, 
boundaries of the business, and  the delivery of bus- 
iness value. 

2 PREFACE 

The ESS model  for  reuse  depends  on  the ability to 
express, in terminology  and  notation, the architec- 
tural  aspects of existing reusable  assets.  The  form of 
that  expression is called the  Architecture  Descrip- 
tion Standard (ADS). With ADS, assets that have been 
collected  for  reuse, or  “harvested,” can be system- 
atically found  and  properly  reused.  The  authors, 
Youngs et al., show that common  descriptions of ar- 
chitectures in an  operational  model,  and of compo- 
nents in a  functional  model,  set the  stage for active 
reuse. 

Given the philosophy of standardization  and descrip- 
tion  for  reuse that  surrounds ESS, Lloyd and  Galam- 
bos take  the next step by describing five standard- 
ized reference  architectures, which are  meant  to 
cover the administrative systems needs of large  bus- 
inesses across the  entire  enterprise.  These five have 
been carefully gleaned  and  abstracted  from success- 
ful enterprise systems implementations. 

Leishman moves beyond the basic ESS approach to 
describe  her  on-going  research on solution  customi- 
zation. Two properties  are  found  to  be  fundamen- 
tal-commonality and variability-and the  author 
describes how these  properties have been  applied 
in  six examples of customizable systems. She also ex- 
plains mechanisms for  introducing commonality and 
variability, and shows in which phases of the customi- 
zation life cycle the mechanisms can be  applied. 

Previous  experience with enterprise-wide  reuse  has 
not  been generally favorable. So, practical  experi- 
ence with such high-level and  broad  reuse is a  nec- 
essary part of explaining the value of ESS. Harris, 
Rothwell,  and Lloyd present  the results of a  num- 
ber of uses of ESS in actual  business  situations. The 
conclusion is positive: ESS made it easier  to rapidly 
and effectively provide  work  products that  address 
business  needs,  and to  support  those work products 
later  on. The  authors also present  the challenges they 
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found  in  further sophistication of ESS and  the ESS 
approach. 

In a  technical  note, Millet presents  a modification 
to usual data flow diagram  notation  and  use in which 
each  data  store symbol represents  a whole database 
instead of a  table. The claim is that such  a modifi- 
cation  makes it easier to create,  understand,  and 
maintain  data flow diagrams. 

As the Journal begins its 38th  year, we would like to 
acknowledge the  support of readers,  authors,  and 
referees  that  makes such  a  long history possible. We 
thank you and  encourage you to  continue  your in- 
terest  and  participation in this  publication. It also 
seems  appropriate  at such  a  time to  state a few facts 
that  sometimes  escape us as we focus on a single pa- 
per,  theme, or special issue. First,  this  quarterly  pub- 
lication is a  refereed  technical  journal, which means 
that  the integrity of each paper is ensured by a pro- 
cess that  depends  upon  peer reviews of content,  cur- 
rency, and  value by recognized  experts within and 
outside IBM. Second,  it is intended  for  the software 
and systems professional  and  applied  research  com- 
munity worldwide. The papers  are written  for  a  tech- 
nically aware  readership,  and we welcome  submis- 
sions by knowledgeable authors  around  the globe, 
within and  outside IBM. Third,  the Journal has  over 
50 000 subscribers worldwide. Of those,  approxi- 
mately two-thirds are technical professionals and re- 
searchers  outside IBM and  one-third are IBM employ- 
ees; two-thirds are in the  United  States  and  one-third 
are  outside  the  United  States. 

The  next issue of the Journal will be  a  unique,  ret- 
rospective issue on some of the key turning  points 
in the evolution of computing  during the twentieth 
century,  as  reflected in the  pages of the Journal since 
1962. There will also  be  commentary  on  the  impor- 
tance of those  turning  points  and  the  related  papers 
by key individuals who saw it happen,  written  from 
their  perspective at  the close of the century. 

Gene F. Hoffnagle 
Editor 
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